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ʄʘʡ 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 
ɺʳʭʦʜʠʪ 12 ʨʘʟ ʚ ʛʦʜ. 
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ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 20.05.2016. 
ʊʠʨʘʞ 900 ʵʢʟ. 
ɿʘʢʘʟ 26134 
ʆʪʧʝʯʘʪʘʥʦ ʩ ʛʦʪʦʚʦʛʦ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʘ. 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʪʠʧʦʛʨʘʬʠʠ ʆʆʆ "ʂʦʤʧʘʥʠʷ ʇʆʃʀɻʈɸʌʀʉʊ", 
623701, ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, ʫʣ. ʊʝʘʪʨʘʣʴʥʘʷ, ʜʦʤ ˉ 1, ʦʬ. 88. 

 

 

ʉʙʦʨʥʠʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ L ʟʘʦʯʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ International Research Journal. 

ɿʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʪʴʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ.  

ɾʫʨʥʘʣ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʘʪʴʠ ʤʦʞʥʦ ʯʠʪʘʪʴ, ʟʘʛʨʫʞʘʪʴ, 

ʢʦʧʠʨʦʚʘʪʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ, ʧʝʯʘʪʘʪʴ ʠ ʩʩʳʣʘʪʴʩʷ ʥʘ ʠʭ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʘʚʪʦʨʩʪʚʘ ʙʝʟ 

ʢʘʢʠʭ ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʠʧ ʣʠʮʝʥʟʠʠ CC ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʞʫʨʥʘʣʦʤ: Attribution 4.0 

International (CC BY 4.0). ɾʫʨʥʘʣ ʚʭʦʜʠʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Agris. 

ʅʦʤʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʉʣʫʞʙʝ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ: ʇʀ ˉ ʌʉ 77 ï 51217. 
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ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʈʘʩʪʷʛʘʝʚ ɸ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʉʣʦʞʝʥʠʢʠʥʘ ʖ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʐʪʨʝʢʝʨ ʅ.ʖ. ʢ.ʬʠʣʦʣ.ʥ., 

ɺʝʨʙʠʮʢʘʷ ʆ.ʄ. ʢ.ʬʠʣʦʣ.ʥ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʇʘʯʫʨʠʥ ɻ.ɺ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʌʝʜʦʨʦʚʘ ɽ.ɸ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ɻʝʨʘʩʠʤʦʚʘ ʃ.ɻ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʂʫʨʘʩʦʚ ɺ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʆʩʴʢʠʥ ʉ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʃʝʞʥʝʚʘ ʅ.ɺ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʂʫʣʠʢʦʚʩʢʘʷ ʀ.ʕ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʉʘʡʢʠʥʘ ɽ.ɻ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʃʫʢʴʷʥʦʚʘ ʄ.ʀ. 

ʜ-ʨ ʧʝʜ. ʥʘʫʢ. 
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1,3
ɸʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

2
ʤʘʛʠʩʪʨʘʥʪ, 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʅ.ʕ.ɹʘʫʤʘʥʘ 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʆʇʊʀʄɸʃʔʅʆɻʆ ʏʀʉʃɸ ʋɿʃʆɺ ʂʃɸʉʊɽʈɸ ɺʀʈʊʋɸʃʀɿɸʎʀʀ 

ʏɸʉʊʅʆɻʆ ʆɹʃɸʂɸ ɺʀʈʊʋɸʃʔʅʓʍ ʈɸɹʆʏʀʍ ʉʊʆʃʆɺ ʇʆ ʂʈʀʊɽʈʀʖ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʯʥʳʭ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʩʪʦʣʦʚ (VDI). ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʦʮʝʥʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʯʠʩʣʘ ʥʝʦʙʭʦʜʠʤʳʭ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʧʦ ʢʨʠʪʝʨʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʫʧʨʦʱʘʝʪ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʧʘʨʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʧʦʜ ʪʝʢʫʱʠʝ ʟʘʜʘʯʠ. ʆʜʥʘʢʦ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʙʣʘʢʝ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʘʣʛʦʨʠʪʤʳ ʨʘʟʤʝʱʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʘʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʦʮʝʥʢʠ ʪʨʝʙʫʝʤʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ 

ʦʮʝʥʢʠ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʚ ʢʣʘʩʪʝʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʘʟʤʝʱʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʩʪʥʦʝ ʦʙʣʘʢʦ, VDI, ʚʠʨʪʫʘʣʠʟʘʮʠʷ. 
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METHOD OF CALC ULATION OF OPTIMUM NUMBER OF KNOTS OF THE CLUSTER  OF 

VIRTUALIZATION OF THE PRIVATE CLOUD OF VIRTUAL DESKTOPS BY CRITERION OF EFFICIENCY  

Abstract  
In this article, problems of cloud data center creation based on virtual desktop infrastructure (VDI) are considered. The 

main attention is paid assessment of optimum number of necessary virtualization cluster nodes. Cloud technologies integration 

provides unified resource usage, simplifies IT infrastructure administration and allows scaling virtual computers under the 

current needs. However, dynamic change of consumed resources quantity in a cloud complicates an assessment of the 

necessary equipment. Algorithms of virtual machines placement on computing servers and development of mathematical 

apparatus of an assessment of demanded number of virtualization cluster nodes is an object of a research. Formulas of the 

bottom and top assessment of demanded quantity of resources in a cluster depending on use of virtual machine placement 

algorithm on computing servers are described. The received formulas allow researchers to calculate necessary number of 

cluster nodes at a dynamic change of consumed level of resources by virtual machines. 

Keywords: private cloud, VDI, virtualization. 

 

ʚʝʜʝʥʠʝ 
ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ - ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʀʉ). ʇʦʜ ʪʝʨʤʠʥʦʤ 

"ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ" (ʆʊ) ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʜʦʩʪʫʧ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ (ɺʈ) ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʋʧʨʘʚʣʝʥʠʝ 

ʟʘʛʨʫʟʢʦʡ ɺʈ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦ ʧʦ ʟʘʧʨʦʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪʘʭ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʆʊ ʷʚʣʷʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʠ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ on-line ʩʝʨʚʠʩʦʚ, ʦʙʲʝʤ ʧʨʠʤʝʥʝʥʠʷ ʆʊ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ [1]. 

ɼʦʩʪʫʧ ʢ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ɺʈ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʣʘʯʥʳʡ ʧʨʦʚʘʡʜʝʨ. ɽʩʣʠ ʦʥ ʷʚʣʷʝʪʩʷ ʩʪʦʨʦʥʥʝʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʨʝʩʫʨʩʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʥʝʪ - ʦʙʣʘʢʦ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʧʫʙʣʠʯʥʳʤ (public cloud). 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʦʣʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘʪʨʝʙʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʦʨʦʥʥʝʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʚ ʦʙʣʘʢʝ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʥʦ ʙʝʩʢʦʥʝʯʥʳʤ ï ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʨʦʚʥʦ 

ʩʪʦʣʴʢʦ ʨʝʩʫʨʩʦʚ, ʩʢʦʣʴʢʦ ʟʘʧʨʘʰʠʚʘʝʪ. 

ɽʩʣʠ ʦʙʣʘʯʥʳʤ ʧʨʦʚʘʡʜʝʨʦʤ ʷʚʣʷʝʪʩʷ ʀʊ ʦʪʜʝʣ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʨʝʩʫʨʩʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʚʥʫʪʨʠ ʀʉ, ʪʦ ʦʙʣʘʢʦ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ (private cloud). ʏʘʩʪʥʦʝ ʦʙʣʘʢʦ, ʵʪʦ ʦʙʣʘʢʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʦʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʳʛʣʷʜʠʪ ʢʘʢ 

ʧʫʙʣʠʯʥʦʝ. ʆʥʦ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ, ʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʙʘʟʝ ʣʦʢʘʣʴʥʦʛʦ ʎʆɼ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʣʥʳʡ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʚʦʠʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚ ʧʫʙʣʠʯʥʦʤ ʦʙʣʘʢʝ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ [2]. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʥʪʨʘʣʠʟʠʨʫʝʪʩʷ ʠ ʚʠʨʪʫʘʣʠʟʠʨʫʝʪʩʷ. ʊʦ ʝʩʪʴ ʚʩʝ 

ɺʈ ʩʦʙʠʨʘʶʪʩʷ ʚ ʦʜʠʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, ʟʘʪʝʤ ʜʝʣʷʪʩʷ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ (ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ (ɺʄ)) ʠ 

ʚʳʜʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʱʠʝ ʘʧʧʘʨʘʪʥʳʝ ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʘʟʥʳʭ ʟʘʜʘʯ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, ɺʄ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ [3]. ɺʥʝʜʨʝʥʠʝ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʫʤʝʥʴʰʘʝʪ ʩʣʦʞʥʦʩʪʴ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʚʳʰʘʝʪ ʝʝ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ. ʕʢʦʥʦʤʠʷ ʚ ʦʙʣʘʯʥʦʡ ʤʦʜʝʣʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʜʝʣʷʝʤʦʛʦ ʧʫʣʘ ɺʈ. ʆʧʪʠʤʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ ʠ ʟʘ ʩʯʝʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ - ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ, ʯʠʩʣʦ ʩʠʩʪʝʤʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ [4]. 

ɺ 
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ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʙʣʘʢʘ (community cloud) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʙʱʝʩʪʚʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʣʠ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʝ ʦʙʣʘʢʘ (hybrid cloud). ɻʠʙʨʠʜʥʳʤ ʦʙʣʘʢʦʤ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʯʘʩʪʥʦʛʦ ʠ 

ʧʫʙʣʠʯʥʦʛʦ ʦʙʣʘʢʘ ï ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʝ ʯʘʩʪʥʦʝ ʦʙʣʘʢʦ, ʥʦ ʧʨʠ ʥʝʭʚʘʪʢʝ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʟʘʢʘʟʳʚʘʶʪʩʷ ʚ ʧʫʙʣʠʯʥʳʭ ʦʙʣʘʢʘʭ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʝʨʚʠʩʥʳʝ ʤʦʜʝʣʠ ʦʙʣʘʢʘ: SaaS (Software as a Service ð çʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʘʢ ʩʝʨʚʠʩè), IaaS (Infrastructure as a Service ð çʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʢ ʩʝʨʚʠʩè) ʠ PaaS (Platform as a Service ð 

çʧʣʘʪʬʦʨʤʘ ʢʘʢ ʩʝʨʚʠʩè) [5]. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʫʩʣʫʛʘ - Cloud Software as a Service (SaaS). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) - ʧʨʠʣʦʞʝʥʠʷ ʧʨʦʚʘʡʜʝʨʘ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ "ʦʙʣʘʢʝ". ʇʆ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʝʥʪʘʤʠ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʨʝʜʝ. ʇʦʪʨʝʙʠʪʝʣʴ ʥʝ ʫʧʨʘʚʣʷʝʪ ʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʘʤʫ 

ʦʙʣʘʯʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ, ʙʫʜʴ ʪʦ ʩʝʪʠ, ʩʝʨʚʝʨʳ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠʣʠ ʜʘʞʝ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʚʦʟʤʦʞʥʦʩʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʦʪʨʝʙʠʪʝʣʶ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʥʝʢʦʪʦʨʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʤ ʥʘʩʪʨʦʡʢʘʤ.  

ʇʣʘʪʬʦʨʤʘ ʢʘʢ ʫʩʣʫʛʘ - Cloud Platform as a Service (PaaS). ʀʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ ʠʥʪʝʛʨʘʪʦʨʘʤʠ ʇʆ. 

ʇʦʪʨʝʙʠʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʥʘ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʦʟʜʘʚʘʝʤʳʭ ʠʣʠ 

ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʧʨʦʚʘʡʜʝʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʢ ʫʩʣʫʛʘ - Cloud Infrastructure as a Service (IaaS). ʇʦʪʨʝʙʠʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʭʨʘʥʝʥʠʷ, ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ ʙʘʟʦʚʳʭ ɺʈ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʪʨʝʙʠʪʝʣʴ ʤʦʞʝʪ ʨʘʟʚʝʨʪʳʚʘʪʴ ʠ ʚʳʧʦʣʥʷʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʇʆ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʇʦʪʨʝʙʠʪʝʣʴ ʥʝ ʫʧʨʘʚʣʷʝʪ ʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʘʤʫ 

ʦʙʣʘʯʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʥʦ ʤʦʞʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ, ʨʘʟʚʝʨʪʳʚʘʝʤʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʦʙʣʘʜʘʪʴ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʥʘʜ ʚʳʙʨʘʥʥʳʤʠ ʩʝʪʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʥʳʤʠ (ʥʘʧʨʠʤʝʨ, 

ʩʝʪʝʚʦʡ ʵʢʨʘʥ ʭʦʩʪʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʪʨʝʙʠʪʝʣʝʤ). 

ʂʘʞʜʘʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʝʨʚʠʩʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ ʧʦʜʚʠʜʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ. ʆʜʥʫ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʰʘʝʪ ʩʝʨʚʠʩʥʘʷ ʤʦʜʝʣʴ DaaS (Desktop as a Service) 

ï ʨʘʙʦʯʠʡ ʩʪʦʣ ʢʘʢ ʩʝʨʚʠʩ.  

DaaS ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʩʝʨʚʠʩʥʦʡ ʤʦʜʝʣʠ IaaS. ɽʩʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ IaaS ʦʙʳʯʥʦ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʨʝʩʫʨʩʳ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʝʨʚʝʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʦ DaaS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʝʩʫʨʩʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʩʝʨʚʝʨʝ. DaaS ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ï ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠʣʠ VDI (Virtual Desktop 

Infrastructure). 

ʊʨʘʜʠʮʠʦʥʥʦ ʢʘʞʜʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʠ ʥʘʙʦʨ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ [6-8]: 

- ʫʩʪʘʨʝʚʘʥʠʝ ʧʘʨʢʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʟʘʤʝʥʳ ʢʘʞʜʳʝ 4-5 ʣʝʪ; 

- ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʢʘʞʜʳʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʴʥʦ ʥʘʩʪʨʘʠʚʘʪʴ; 

- ʧʨʦʩʪʘʠʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦʪʨʫʜʥʠʢʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ; 

- ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʚʥʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. 

ʅʘ ʩʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʭʦʜʠʪ ʢʦʥʮʝʧʮʠʷ DaaS [9]. 

ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ð ʵʪʦ ʨʘʟʜʝʣʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʩʝʨʚʝʨʥʫʶ ʠ 

ʢʣʠʝʥʪʩʢʫʶ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʯʘʩʪʴ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʩʪʦʨʦʥʫ ʩʝʨʚʝʨʘ. ʅʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ 

ʧʝʨʠʬʝʨʠʷ. ʊʦ ʝʩʪʴ, ʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʚʘʨʠʘʥʪʝ, ʧʝʨʝʜ ʢʦʥʝʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʩʪʘʝʪʩʷ ʤʦʥʠʪʦʨ, 

ʤʳʰʢʘ, ʢʣʘʚʠʘʪʫʨʘ ʠ ʥʝʙʦʣʴʰʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʢ ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʩʚʦʝʤʫ ʢʦʤʧʴʶʪʝʨʫ ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʚʦʝʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ, ʥʦ ʠ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ [10 - 12]: 

- ʫʧʨʦʱʝʥʠʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ: ʢʘʞʜʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʷʚʣʷʝʪʩʷ ʢʦʧʠʝʡ ʦʜʥʦʢʨʘʪʥʦ ʥʘʩʪʨʦʝʥʥʦʛʦ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ; 

- ʧʦʚʳʰʝʥʠʝ ʤʦʙʠʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ: ʘʨʭʠʪʝʢʪʫʨʘ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʦʠʪʴ 

ʫʜʘʣʝʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʣʶʙʦʤʫ ʚʠʨʪʫʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ; 

- ʫʧʨʦʱʝʥʠʝ ʦʙʥʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʧʨʠ ʟʘʤʝʥʝ ʩʝʨʚʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʭʨʘʥʠʪʴ ʚʩʝ 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʚʩʝʭ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ; 

- ʵʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ: ʟʘ ʢʘʞʜʳʤ ʚʠʨʪʫʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʥʝ ʟʘʢʨʝʧʣʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʝʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ DaaS ʦʙʣʘʢʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ VDI ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʊʘʢ ʢʘʢ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʚ ʦʙʣʘʢʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʦʪʨʝʙʣʷʝʤʫʶ ʥʘʛʨʫʟʢʫ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʘʷ ɺʄ ʤʦʞʝʪ ʧʦʪʨʝʙʣʷʪʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʥʘʛʨʫʟʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʳʭ ɺʄ ʨʝʩʫʨʩʦʚ ʧʨʠʤʝʥʷʶʪ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘʛʨʫʟʢʠ [13]. 

ʊʘʢʞʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (ʉʍɼ) ʠ ʘʣʛʦʨʠʪʤ ʨʘʟʤʝʱʝʥʠʷ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʘʭ ï ʯʝʤ ʧʣʦʪʥʝʝ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ɺʄ, ʪʝʤ ʤʝʥʴʰʝ ʥʫʞʥʦ 

ʩʝʨʚʝʨʦʚ. ʇʣʦʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ɺʄ ʥʘ ʩʝʨʚʝʨʘʭ ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ ʚʳʢʣʶʯʘʪʴ ɺʉ ʧʨʠ ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʨʝʞʠʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ [14]. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʦʙʣʘʢʘ. 
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1 ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʣʘʢʘ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʣʘʢʘ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ (ɺʈʄ) ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʦʧʨʝʜʝʣʠʤ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɺ ʩʦʩʪʘʚʝ ʦʙʣʘʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʠ ʘʧʧʘʨʘʪʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɸʧʧʘʨʘʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʷʚʣʷʶʪʩʷ: ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʨʚʝʨʘ, ʩʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʢʣʠʝʥʪʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʇʆ ʫʧʨʘʚʣʝʥʠʷ ʉʍɼ, ʤʦʥʠʪʦʨ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʇʆ ʫʧʨʘʚʣʝʥʠʷ ʤʦʥʠʪʦʨʦʤ 

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ, ʢʣʠʝʥʪʩʢʦʝ ʇʆ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ. ʉʪʨʫʢʪʫʨʘ ʪʠʧʦʚʦʛʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

˴͙͔͙͔ͤͭͫ͟͡ ͚͍ͯͫͭͪͦͫͭ͊

ˤ·;͙͙͔ͫͭ͡͡Έͤ·͔ 
͔͍͔ͫͪͪ· ͫ ˤ˸

˿͔͔͍ͭ͊Ύ 
͙ͤͺͪ͊ͫͭͪͯͭͯͪ͊͟

˿͙͔ͫͭͣ͊ ͻ͔͙ͪ͊ͤͤΎ 
͒͊ͤͤ·ͻ

 
ʈʠʩ. 1 - ʉʪʨʫʢʪʫʨʘ ʪʠʧʦʚʦʛʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ 

 

ɼʣʷ ʟʘʧʫʩʢʘ ʧʨʠʣʦʞʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ ʢʣʠʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʫʜʘʣʝʥʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʚʠʨʪʫʘʣʴʥʳʤ ʤʘʰʠʥʘʤ, 

ʟʘʧʫʱʝʥʥʳʤ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʘʭ. ʇʨʠ ʵʪʦʤ ʬʘʡʣʳ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ (ʚʠʨʪʫʘʣʴʥʳʝ ʞʝʩʪʢʠʝ ʜʠʩʢʠ) 

ʭʨʘʥʷʪʩʷ ʚ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʦʤʤʫʪʘʪʦʨʳ ʠʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ) ʠ ʩʨʝʜʳ 

ʧʝʨʝʜʘʯʠ(ʢʘʙʝʣʝʡ). 

ʅʘ ʢʣʠʝʥʪʩʢʠʭ ʤʝʩʪʘʭ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʚʠʨʪʫʘʣʴʥʳʤ 

ʤʘʰʠʥʘʤ. ʈʘʙʦʪʫ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʥʠʪʦʨ ɺʄ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ɺʉ. ʆʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʥʠʪʦʨʘ ɺʄ ʤʦʛʫʪ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ɺʉ. ɼʘʥʥʳʝ ɺʄ ʭʨʘʥʷʪʩʷ ʥʘ ʩʠʩʪʝʤʝ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. ʆʙʨʘʱʝʥʠʷ ʢ ʵʪʠʤ ʜʘʥʥʳʤ ʦʪ ʤʦʥʠʪʦʨʘ ɺʄ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʉʍɼ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ɺʉ, ʢʦʪʦʨʳʝ ʟʘʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ. 

ʇʨʠ ʵʪʦʤ, ɺʄ ʟʘʧʫʱʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʩʝʨʚʝʨʝ, ʤʠʛʨʠʨʫʶʪ ʥʘ ʜʨʫʛʦʡ ʙʝʟ ʦʩʪʘʥʦʚʢʠ (ʨʘʙʦʪʘ ɺʄ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ). ʉʍɼ ʪʘʢ ʞʝ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʜʣʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʦʪ ɺʉ. ɼʘʥʥʳʝ ʚ ʉʍɼ ʭʨʘʥʷʪʩʷ ʚ RAID ʤʘʩʩʠʚʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʜʘʥʥʳʝ, ʜʘʞʝ ʝʩʣʠ 

ʥʝʢʦʪʦʨʳʝ ʜʠʩʢʠ ʚʳʰʣʠ ʠʟ ʩʪʨʦʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʚʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ: 

 

 
ʈʠʩ. 2 ï ʆʙʝʩʧʝʯʝʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʯʘʩʪʥʳʭ ʦʙʣʘʢʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʨʘʙʦʯʠʤʠ ʩʪʦʣʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ɺʉ ʢ ʢʣʠʝʥʪʩʢʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.  

2 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ɼʣʷ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʩʨʝʜʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [8, 10, 11] ʧʦʩʪʨʦʠʤ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɿʘ ʦʩʥʦʚʫ, ʚʦʟʴʤʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʨʘʙʦʪʝ [15], ʜʦʧʦʣʥʠʚ ʝʝ ʨʘʩʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ ʧʦ ʢʨʠʪʝʨʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʚ 

ʯʘʩʪʥʦʤ ʦʙʣʘʢʝ. ʇʨʠʤʝʨ ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. ɺ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 

ʨʘʟʚʝʨʪʳʚʘʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ 2, 5 ʠ 11. ɺʄ 1 ʠ 5 ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʘ 6, 7 ʠ 8 ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʫ. ʇʨʠ ʵʪʦʤ 

ʚʩʝ ʵʪʠ ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ.  

 

 
ʈʠʩ. 3 ï ʇʦʚʝʜʝʥʠʝ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʚ ʦʙʣʘʢʝ 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ M ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ. ʂʘʞʜʳʡ ʩʝʨʚʝʨ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩ ʧʦʤʦʱʴʶ R ʧʘʨʘʤʝʪʨʦʚ (ʧʨʦʮʝʩʩʦʨ, ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʠ ʪʘʢ ʜʘʣʝʝ). ʂʘʞʜʳʡ j ʩʝʨʚʝʨ ʦʙʣʘʜʘʝʪ 

ʠʟʚʝʩʪʥʦʡ ʝʤʢʦʩʪʴʶ Cjk, ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʩʫʨʩʘ k, ʛʜʝ Ὦɴ ρȢȢὓ  ʠ Ὧᶰ ρȢȢὙ. ʆʙʦʟʥʘʯʠʤ k=1 ʟʘ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʩʦʨʘ.  

ʂʘʞʜʘʷ ɺʄ i ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ r ik ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ k. ʅʘʟʦʚʝʤ ʵʪʦ 

ʨʝʟʝʨʚʦʤ ʨʝʩʫʨʩʦʚ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʝʨʚʝʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, 

ʚʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ ʥʝ ʙʫʜʝʪ ʨʘʟʚʝʨʥʫʪʘ.  

ɽʩʣʠ ʨʝʟʝʨʚ, ʵʪʦ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʪʦ ʟʘʧʨʦʩ ʵʪʦ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʡʩʷ ʧʘʨʘʤʝʪʨ 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʝʘʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʩʫʨʩʘʭ.  

ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʳʝ ɺʄ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʫʞʝ ʨʘʟʤʝʱʝʥʥʳʝ ɺʄ, ʠ ʪʝ ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ. ɿʘʧʠʰʝʤ ʵʪʦ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ: 

╪╬◄░○▄◄
▬■╪╬▄▀◄

►▄□▫○▄▀◄
᷾╪▀▀▄▀◄ 

                     

(1) 

ʛʜʝ placed(t) ʵʪʦ ʫʞʝ ʨʘʟʤʝʱʝʥʥʳʝ ɺʄ, removed(t) ï ʚʳʢʣʶʯʝʥʥʳʝ ɺʄ, added(t) ï ɺʄ, ʛʦʪʦʚʳʝ ʢ ʨʘʟʤʝʱʝʥʠʶ. 

ʈʘʟʤʝʱʝʥʠʝ ɺʄ ʦʙʣʘʢʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ: ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʝʩʫʨʩʘ ʠ 

ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʝʨʚʝʨʝ. 

ʇʝʨʚʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʧʠʩʳʚʘʝʪ ʩʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʙʳʣʦ ʥʘʟʥʘʯʝʥʦ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʝ. ɺʪʦʨʘʷ 

ʧʝʨʝʤʝʥʥʘʷ ʧʦʢʘʟʳʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʝʨʚʝʨʦʤ ʠ ɺʄ. ʊʦ ʝʩʪʴ ʙʠʥʘʨʥʘʷ ʧʝʨʝʤʝʥʥʘʷ xij(t)=1 ʝʩʣʠ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʚʠʨʪʫʘʣʴʥʘʷ ʤʘʰʠʥʘ i ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʩʝʨʚʝʨʝ j. 

ʇʨʠʤʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʩʝʭ ʟʘʧʨʦʩʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

●░▒◄ ȟᶅ░ɴ ╪╬◄░○▄◄

╜

▒

 
                                                    

(2) 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʨʝʩʫʨʩʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ʉʫʤʤʘ ʚʩʝʭ 

ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʝʤʢʦʩʪʴ ʩʝʨʚʝʨʘ ʧʦ ʜʘʥʥʦʤʫ ʨʝʩʫʨʩʫ. 

●░▒◄Ͻ►░▓ ╒▒▓ȟᶅ▒ ȢȢ╜ȟ▓ ȢȢ╚

░ɴ╪╬◄░○▄◄

 
 (3) 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʝʩʫʨʩʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ: 

●░▒◄Ͻ╪░◄ ╒▒╒╟╤ȟᶅ▒ ȢȢ╜

░ɴ╪╬◄░○▄◄

 (4) 

ʇʝʨʝʡʜʝʤ ʦʪ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦʚ ʩʝʨʚʝʨʘ ʢ ʦʮʝʥʢʝ ʨʝʩʫʨʩʦʚ ʚʩʝʛʦ ʦʙʣʘʢʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ ʤʳ ʤʦʞʝʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʫʶ ʟʘʛʨʫʟʢʫ ɺʉ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʙʣʘʢʘ ʢʦʥʝʯʥʦ ʠ ʠʟʚʝʩʪʥʦ ʥʘʤ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 

 

10 

 

ʟʘʛʨʫʟʢʠ ɺʉ [16-20]. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʫʙʣʠʯʥʦʛʦ ʦʙʣʘʢʘ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʥʦʡ ʦʮʝʥʢʠ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʥʘʧʦʣʥʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ. 

ʆʧʨʝʜʝʣʠʤ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ɺʉ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ. ʇʨʠ ʵʪʦʤ, ʧʨʠʤʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ɺʄ ʠ ʠʭ ʧʦʪʨʝʙʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʝʩʫʨʩʘ ʠʟʚʝʩʪʥʦ. 

ʇʫʩʪʴ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ N ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ M ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʘʭ. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʩʫʨʩʦʚ ʚʩʝʭ ɺʄ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ: 

●░▒◄Ͻ╪░◄ ╒▒╒╟╤

╜

▒░ɴ╪╬◄░○▄◄

 (5) 

ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʦʜʥʘʢʦ ʦʥʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʨʘʟʤʝʱʝʥʠʷ ʚʩʝʭ ɺʄ ʥʘ ʩʝʨʚʝʨʘʭ. ʅʘʧʨʠʤʝʨ, 

ʤʦʞʝʪ ʩʣʫʯʠʪʩʷ ʪʘʢ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʥʝʢʦʪʦʨʳʤ ɺʄ ʥʝ ʭʚʘʪʠʪ ʨʝʩʫʨʩʦʚ: ʵʪʠ ʨʝʩʫʨʩʳ ʙʫʜʫʪ ʚ 

ʜʦʩʪʫʧʥʳ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘ ʚʩʝʭ ʩʝʨʚʝʨʘʭ, ʥʦ ʥʝ ʥʘʡʜʝʪʩʷ ʥʠ ʦʜʥʦʛʦ ʩʝʨʚʝʨʘ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ɺʄ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ɺʄ ʚ ʦʙʣʘʢʝ.  

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʦʙ ʫʧʘʢʦʚʢʝ ʧʨʠʤʝʥʠʤʦʡ ʢ ʪʝʭʥʦʣʦʛʠʠ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ [21]. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʠʟʚʝʩʪʥʘ ʪʘʢʞʝ ʢʘʢ çʟʘʜʘʯʘ ʦʙ ʫʧʘʢʦʚʢʝ ʚ ʢʦʥʪʝʡʥʝʨʳè ʠʣʠ çʟʘʜʘʯʘ ʦ ʨʶʢʟʘʢʝè. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ NP-ʪʨʫʜʥʦʡ [22], ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʳʝ ʜʘʶʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ [22, 23]. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ [23]. ʉʘʤʳʤ ʦʯʝʚʠʜʥʳʤ ʪʘʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʙʦʨ, ʠʤʝʶʱʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ. 

ɽʩʣʠ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʨʝʩʫʨʩʦʚ ʥʫʞʥʦ ʫʯʝʩʪʴ ʦʜʠʥ ʧʘʨʘʤʝʪʨ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʤʝʨʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʝʩʣʠ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʤʝʨʥʳʝ ʘʣʛʦʨʠʪʤʳ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʦʚʦʡ ɺʄ ʨʘʟʨʝʰʝʥʳ ʤʠʛʨʘʮʠʠ ʫʞʝ ʨʘʟʤʝʱʝʥʥʳʭ ɺʄ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʬʣʘʡʥ ʨʘʟʤʝʱʝʥʠʷ. ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʘʶʪ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪ. ʅʘʧʨʠʤʝʨ, 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ FFD ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʥʝ ʙʦʣʝʝ ʯʝʤ ϽὕὖὝ [22], ʛʜʝ OPT ï ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʨʚʝʨʦʚ. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʬʣʘʡʥ ʘʣʛʦʨʠʪʤʦʚ, ʜʦʙʘʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʩʝʨʚʝʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʤʠʛʨʘʮʠʡ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʚʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ɺʄ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʘʢ ʯʘʩʪʦ, ʠ ʜʦʧʫʩʪʠʤʘ ʧʨʠʦʩʪʘʥʦʚʢʘ ʨʘʙʦʪʳ ɺʄ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ (ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ɺʄ ʩ ʩʝʨʚʝʨʘ ʥʘ ʩʝʨʚʝʨ). ʄʠʛʨʘʮʠʷ ɺʄ ʪʘʢʞʝ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʤʠʛʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʜʘʥʥʳʭ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʩ ʩʝʨʚʝʨʘ ʥʘ ʩʝʨʚʝʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʬʣʘʡʥ ʘʣʛʦʨʠʪʤʦʚ ʜʦʧʫʩʪʠʤʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ɺʄ ʥʝ ʚʳʢʣʶʯʘʶʪʩʷ ʧʦ ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʦʚʳʭ ʨʘʟʤʝʱʝʥʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʛʨʘʮʠʡ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʠʛʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ɺʄ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʠʨʘʥʠʝ ʤʳʰʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ, ʯʪʦ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʦʮʝʥʢʦʡ ʄʘʨʪʝʣʣʦ-ʊʦʩʩʘ (Martello&Toth) [23]. ʇʨʠ ʵʪʦʤ, ʜʦʙʘʚʠʤ ʧʘʨʘʤʝʪʨ ʚʨʝʤʝʥʠ, ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʝʤʢʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ. ʇʨʠʤʝʤ, ʯʪʦ ʚʩʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʝʨʚʝʨʘ ʚ ʥʘʰʝʤ ʦʙʣʘʢʝ ʦʜʠʥʘʢʦʚʳʝ, ʪʦ ʝʩʪʴ: 

╒▒▓ ╒▓ȟᶅ▒ ȢȢ╜ȟ▓ ȢȢ╚ (6) 

ʋʯʪʝʤ ʪʘʢʞʝ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ π ‌ Ͻʉ  ʨʘʟʦʙʴʝʤ ʤʥʦʞʝʩʪʚʦ ʧʣʘʥʠʨʫʝʤʳʭ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ active(t) ʥʘ 

ʧʦʜʤʥʦʞʝʩʪʚʘ a1(t), a2(t), a3(t), ʪʘʢ ʯʪʦ: 

╪ ◄ ░ɴ ╪╬◄░○▄◄ ȿ ╪░◄ ʉ╒╟╤ ♪ 

╪ ◄ ░ɴ ╪╬◄░○▄◄ ȿ ʉ╒╟╤ ♪ ╪░◄ Ͻʉ╒╟╤ 

╪ ◄ ░ɴ ╪╬◄░○▄◄ ȿ Ͻʉ╒╟╤  ╪░◄ ♪ 

(7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʤʥʦʞʝʩʪʚʦ a1 ὸ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʙʦʣʴʰʠʭ ɺʄ, a2 ὸ ʠʟ ʩʨʝʜʥʠʭ, ʘ a3 ὸ ʠʟ ʤʘʣʝʥʴʢʠʭ. 

ʅʠʞʥʝʡ ʦʮʝʥʢʦʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʚʝʨʦʚ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ: 

╜ ♪ȟ◄ ȿ╪ ◄ȿ ȿ╪ ◄ȿ ἵἩὀ ȟ
В ╪░◄░ɴ╪ ◄ ╒▓Ͻȿ╪ ◄ȿ В ╪░◄░ɴ╪ ◄

╒▓
 (8) 

ʇʨʦʠʟʚʝʩʪʠ ʥʠʞʥʷʷ ʦʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʚʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

Ŭ: 

╜ ♪ȟ◄ ȿ╪ ◄ȿ ȿ╪ ◄ȿ ἵἩὀ ȟ
ȿ╪ ◄ȿ В

╒▓ ╪░◄
♪░ɴȿ╪ ◄ȿ

╒▓
♪

 
(9) 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʨʫʛʣʷʶʪʩʷ ʜʦ ʮʝʣʦʛʦ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ. ʀʪʦʛʦʚʦʡ ʥʠʞʥʝʡ ʦʮʝʥʢʦʡ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʚʝʨʦʚ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ: 

╜ ◄ ἵἩὀ ╜ ♪ȟ◄ȟ╜ ♪ȟ◄ȟ ♪  (10) 

ɺ ʩʣʫʯʘʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʚʝʨʦʚ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʪʨʝʙʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚʩʝʭ ɺʄ ʥʘʩʪʫʧʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʪʘʢʞʝ ʯʪʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʦ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 

 

11 

 

ʨʘʟʚʝʨʥʫʪʳʭ ɺʄ ʤʘʢʩʠʤʘʣʴʥʦ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʳ ʧʝʨʝʩʪʨʘʭʦʚʳʚʘʝʤʩʷ ʦʪ ʚʦʟʤʦʞʥʦʡ ʥʝʭʚʘʪʢʠ ʨʝʩʫʨʩʦʚ ʥʘ 

ʩʝʨʚʝʨʘʭ. ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʳ ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʫʩʪʴ ȿὥὧὸὭὺὩȿ άὥὼȿὥὧὸὭὺὩὸȿ. ʊʦ ʝʩʪʴ ʚ ʤʥʦʞʝʩʪʚʝ ὥὧὸὭὺὩ ʢʦʣʠʯʝʩʪʚʦ ɺʄ ʤʘʢʩʠʤʘʣʴʥʦ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ: 

╪ □╪● ░ɴ ╪╬◄░○▄□╪● ȿ ἵἩὀ╪░◄ ρ ♪ 

╪ □╪● ░ɴ ╪╬◄░○▄□╪● ȿ ♪ ἵἩὀ╪░◄  

╪ □╪● ░ɴ ╪╬◄░○▄□╪● ȿ  ἵἩὀ╪░◄  ♪ 

(11) 

ʅʠʞʥʷʷ ʦʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʚʝʨʦʚ: 

, 

(12) 

╜ □╪●♪ ȿ╪ □╪●ȿ ȿ╪ □╪●ȿ ἵἩὀ ȟ
ȿ╪□╪●ȿВ

╒▓ □╪●╪░◄

♪░ɴȿ╪□╪●ȿ

╒▓
♪

, (13) 

╜□╪● ἵἩὀ╜ □╪●♪ȟ╜ □╪●♪ȟ ♪  (14) 

ɹʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʫʶ ʦʮʝʥʢʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ 8-10 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t` ʧʨʠ ʫʩʣʦʚʠʠ: 

●░▒◄ǬϽ╪░◄Ǭ □╪● ●░▒◄Ͻ╪░◄

░ɴ╪╬◄░○▄◄░ɴ╪╬◄░○▄◄Ǭ

ȟ (14) 

ʊʦ ʝʩʪʴ, ʦʙʱʘʷ ʟʘʛʨʫʟʢʘ ʩʝʨʚʝʨʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t`ʤʘʢʩʠʤʘʣʴʥʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʨʚʝʨʦʚ ʷʚʣʷʝʪʩʷ ʘʛʨʝʩʩʠʚʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʤʠʥʠʤʫʤ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʚʝʨʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʫʤʥʦʞʠʚ ʧʦʣʫʯʝʥʥʳʡ ʧʦ 

ʬʦʨʤʫʣʝ 10 ʨʝʟʫʣʴʪʘʪ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ R, ʟʘʚʠʩʷʱʠʡ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʟʤʝʱʝʥʠʷ ɺʄ ʥʘ ʩʝʨʚʝʨʘʭ. 

ʂʦʵʬʬʠʮʠʝʥʪ R ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

╡
╛

╞╟╣
ȟ (15) 

ʛʜʝ L ï ʧʦʣʫʯʠʚʰʝʝʩʷ ʯʠʩʣʦ ʩʝʨʚʝʨʦʚ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, OPT ï ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʚʝʨʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ R ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [23] ʠ ʷʚʣʷʝʪʩʷ 

ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ R ʜʣʷ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ: 

çʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜʷʱʠʡè (NF), çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡè (FF), çʥʘʠʣʫʯʰʠʡ ʧʦʜʭʦʜʷʱʠʡè (BF), çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡ ʩ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʝʤè (FFD), çʩʣʝʜʫʶʱʠʡ ʧʦʜʭʦʜʷʱʠʡ ʩ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝʤè (NFD), çʥʘʠʣʫʯʰʠʡ ʧʦʜʭʦʜʷʱʠʡ ʩ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʝʤè (BFD). 

 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ R ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

 ʆʥʣʘʡʥ ʘʣʛʦʨʠʪʤʳ ʆʬʣʘʡʥ ʘʣʛʦʨʠʪʤʳ 

ɸʣʛʦʨʠʪʤ NF FF BF NFD FFD BFD 

ɿʥʘʯʝʥʠʝ R 2.000 1.700 1.700 1.691 1.222 1.222 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʦʙʥʦʡ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʦʙʣʘʢʝ ï ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʧʫʩʢʘʶʪ ʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ɺʄ ʚ ʦʙʱʝʤ ʧʫʣʝ ʨʝʩʫʨʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʠʟʤʝʥʷʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʧʫʱʝʥʥʳʭ ɺʄ ʚ ʦʙʣʘʢʝ, ʘ ʪʘʢʞʝ ʢʘʢ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʠʭ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʩʫʨʩʘʭ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ 

ʝʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʧʨʦʱʝʥʠʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. ʆʙʣʘʢʦ 

ʚʠʨʪʫʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ (DaaS) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ï ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʤʝʩʪ ʠ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʢ ʚʠʨʪʫʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʤʝʩʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʠʨʪʫʘʣʴʥʳʭ 

ʨʘʙʦʯʠʭ ʤʝʩʪ (VDI).  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ VDI ʦʙʣʘʢʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ 

ʚʠʨʪʫʘʣʠʟʘʮʠʠ ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʤʘʰʠʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʘʟʤʝʱʝʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ɺʉ. ɺʳʙʦʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ɺʄ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʯʠʩʣʘ ʫʟʣʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʯʝʩʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʢʣʘʩʪʝʨʘ ʚʠʨʪʫʘʣʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʫʧʘʢʦʚʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʪʘʥʦʚʠʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʧʦʪʨʝʙʣʝʥʠʷ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʣʘʯʥʳʭ ʧʣʘʪʬʦʨʤ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [6-8, 10-12]. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʅɽʊʗɻʆɺʆɻʆ ʇʆɼɺʀɾʅʆɻʆ ʉʆʉʊɸɺɸ 

ɺ ʌʆʈʉʀʈʆɺɸʅʀʀ ʇʈʆɺʆɿʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ ʆɼʅʆʇʋʊʅʓʍ ʃʀʅʀʁ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʦʜʥʦʧʫʪʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʵʢʩʧʦʨʪʘ ʫʛʣʷ ʠ ʝʛʦ ʧʦʛʨʫʟʢʠ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʘʜʨʝʩ ʪʠʭʦʦʢʝʘʥʩʢʠʭ ʧʦʨʪʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʣʠʯʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʩʪʢʦʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʛʨʫʟʦʧʦʪʦʢʘ ʜʦ 100 ʤʣʥ. ʪʦʥʥ ʚ ʛʦʜ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ 

ʧʦʪʨʝʙʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʛʦʥʦʚ ɺʦʩʪʦʯʥʦʛʦ ʧʦʣʠʛʦʥʘ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ (ɹɸʄ). ɼʘʥʘ 

ʦʮʝʥʢʘ ʧʦʵʪʘʧʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʚʘʛʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʦʩʝʚʦʡ 

ʥʘʛʨʫʟʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʚʦʟʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʤʘʩʩʘ ʧʦʝʟʜʘ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʚʘʛʦʥ. 
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PROSPECTS OF INNOVATIVE NON TRACTION ROLLING STOCK IN THE FORCING OF THE LINE 

CARRYING CAPACITY OF RAILWAY SINGLE TRACKS  

Abstract 

The article discusses the possibility of increasing the carrying capacity of a single-track railway line in terms of positive 

dynamics of coal export and its loading on rail transport, including the Pacific ports direction. The available carrying 

capacity of sections of the railway line was analyzed in this work. The calculation of required carrying capacity of the running 

line of the Eastern operating domain The Baikal-Amur mainline (BAM) was worked out based on the freight traffic predicted 

value up to 100 mln. tons per year. The phased development of carrying capacity using innovative wagons with higher axle 

load was assessed. 

Keywords: carrying capacity, train weight, innovative wagon. 

 

ʝʣʝʟʥʳʝ ʜʦʨʦʛʠ ʚ ʈʦʩʩʠʠ ʠʩʪʦʨʠʯʝʩʢʠ ʥʝʩʣʠ ʦʩʥʦʚʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʥʘʛʨʫʟʢʫ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʫʟʦʚ. ʇʦʩʪʝʧʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʦʟʜʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʦʥʢʫʨʝʥʮʠʶ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʪʦʠʤʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʦʛʨʦʤʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ. ʉʪʨʫʢʪʫʨʥʳʝ ʩʜʚʠʛʠ ʠ ʤʝʞʚʠʜʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʚʝʜʫʪ ʢ ʨʦʩʪʫ ʟʘʚʠʩʠʤʦʩʪʠ ʈɾɼ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʛʨʫʟʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʩʧʦʨʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ɹʝʟ ʫʯʝʪʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ 

ʚ ʈʦʩʩʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 85% ʛʨʫʟʦʦʙʦʨʦʪʘ, ʪʦ ʝʩʪʴ ʥʘ ʜʘʣʴʥʠʭ ʤʘʨʰʨʫʪʘʭ ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ 

ʫʩʧʝʰʥʦ ʚʳʠʛʨʳʚʘʶʪ ʢʦʥʢʫʨʝʥʪʥʫʶ ʙʦʨʴʙʫ ʟʘ ʛʨʫʟʳ.  

ʇʦ ʪʦʥʥʘʞʫ ʧʦʛʨʫʟʢʠ ʧʝʨʚʦʝ ʤʝʩʪʦ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʟʘʥʠʤʘʝʪ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʩʦʩʪʘʚʣʷʷ 26% ʦʪ 

ʚʩʝʭ ʛʨʫʟʦʚ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ð 21%, ʪʘʢʞʝ ʙʦʣʴʰʫʶ ʜʦʣʶ ʩʦʩʪʘʚʣʷʶʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʛʨʫʟʳ 

(ʱʝʙʝʥʴ ʠ ʜʨ.) ð 11,5%. ɺ ʧʝʨʝʚʦʟʢʘʭ ʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʦʚʘʨʦʚ ʚʝʣʠʢʘ ʜʦʣʷ ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ: 48% ʫʛʣʷ ʠ 45% 

ʥʝʬʪʷʥʳʭ ʛʨʫʟʦʚ. ʇʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪ ʄʠʥʵʥʝʨʛʦ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʵʢʩʧʦʨʪʘ ʫʛʣʷ ʠ ʝʛʦ ʧʦʛʨʫʟʦʢ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ: ʩ ʪʨʝʪʴʝʛʦ ʢʚʘʨʪʘʣʘ 2015 ʛ. ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ, ʢʘʢ ʧʦʛʨʫʟʦʢ ʫʛʣʷ, ʪʘʢ ʠ ʝʛʦ 

ʵʢʩʧʦʨʪʘ (ʨʠʩ.1) [1]. 
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ʈʠʩ.1 - ʆʙʲʝʤʳ ʧʦʛʨʫʟʢʠ ʫʛʣʷ, ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʛʨʫʟʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʠ 

ʵʢʩʧʦʨʪ ʫʛʣʷ 

ɾ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 

 

15 

 

 

ɺ ʬʝʚʨʘʣʝ 2016 ʛʦʜʘ ʜʦʣʷ ʵʢʩʧʦʨʪʥʳʭ ʛʨʫʟʦʚ, ʦʪʧʨʘʚʣʷʝʤʳʭ ʩʦ ʚʩʝʡ ʩʝʪʠ ʨʦʩʩʠʡʩʢʠʭ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʚ ʘʜʨʝʩ 

ʪʠʭʦʦʢʝʘʥʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ, ʧʨʝʚʳʩʠʣʘ 36% [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʦ ʥʘʨʘʱʠʚʘʥʠʠ 

ʧʨʦʚʦʟʥʳʭ ʠ ʧʨʦʧʫʩʢʥʳʭ ʤʦʱʥʦʩʪʝʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʚʝʜʫʱʠʭ ʢ ʧʦʨʪʘʤ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ ɺʦʩʪʦʯʥʦʛʦ ʧʦʣʠʛʦʥʘ ɹʘʡʢʘʣʦ ï ɸʤʫʨʩʢʦʡ ʤʘʛʠʩʪʨʘʣʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ ʤʘʛʠʩʪʨʘʣʴ ʥʫʞʜʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʧʝʨʝʚʦʦʨʫʞʝʥʠʠ, ʦʩʦʙʝʥʥʦ ʝʸ ʦʜʥʦʧʫʪʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʝʟʝʨʚʘ ʧʨʦʧʫʩʢʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ (ʨʠʩ.2). 
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ʈʠʩ. 2 - ʅʘʣʠʯʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʛʦʥʦʚ ɺʦʩʪʦʯʥʦʛʦ ʧʦʣʠʛʦʥʘ ɹɸʄʘ 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦ 2030 ʛʦʜʘ, ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʂʫʟʙʘʩʩ - 

ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ ʧʨʝʜʝʣʴʥʘʷ ʤʘʩʩʘ ʛʨʫʟʦʚʦʛʦ ʧʦʝʟʜʘ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʘ ʜʦ 7,1 ʪʳʩ. ʪʦʥʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʥʘ ʫʯʘʩʪʢʘʭ ɺʦʩʪʦʯʥʦʛʦ ʧʦʣʠʛʦʥʘ ɹɸʄ ʚ ʛʨʘʥʠʮʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʍʘʥʠ ʠ ɺʘʥʠʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 5600 ʪʦʥʥ. ʆʜʥʘʢʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʧʝʨʝʚʦʟʢʫ ʤʘʩʩʦʚʳʭ ʛʨʫʟʦʚ ʧʦʝʟʜʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʤʘʩʩʳ ʠ ʜʣʠʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʟʘʚʝʨʰʠʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩʪʘʥʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ 80% ʠʟ ʥʠʭ 

ʠʤʝʶʪ ʧʫʪʠ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʷʪʴ ʩʦʩʪʘʚ ʠʟ 71 ʚʘʛʦʥʘ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʫʪʠ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʦʡ ʜʦʨʘʙʦʪʢʠ, ʘ ʚ ʨʷʜʝ ʤʝʩʪ 

- ʧʦʣʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʜʣʷ ʪʷʞʝʣʦʚʝʩʥʳʭ ʧʦʝʟʜʦʚ. 

ʇʨʠ ʧʦʵʪʘʧʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʧʦʪʨʝʙʥʳʝ ʨʘʟʤʝʨʳ 

ʜʚʠʞʝʥʠʷ. ʊʘʢ ʧʨʠ ʤʘʩʩʝ ʧʦʝʟʜʘ 5600 ʠʣʠ 6300 ʪ ʢʘʞʜʳʝ ʧʦʩʣʝʜʫʶʱʠʝ 10 ʤʣʥ. ʪʦʥʥ ʛʨʫʟʘ ʚ ʛʦʜ ʧʦʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ 7 ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ; ʧʨʠ ʤʘʩʩʝ - 7100 ʪ ï 5 ʧʦʝʟʜʦʚ ʚ ʩʫʪʢʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʬʠʮʠʪ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʝʛʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ ʦʙʲʝʤʦʚ 

ʧʝʨʝʚʦʟʦʢ (ʨʠʩ.3). 
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ʈʠʩ. 3 - ʇʦʪʨʝʙʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʵʪʘʧʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

 

ʋʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʧʦʝʟʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʦʩʪʠʯʴ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʘʛʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʚ ʦʜʥʦʤ ʩʦʩʪʘʚʝ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 
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ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʷʞʝʣʦʚʝʩʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʚʘʛʦʥʳ ʩ ʦʩʝʚʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ 25 ʪʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇɸʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çʆʙʲʝʜʠʥʝʥʥʘʷ ɺʘʛʦʥʥʘʷ ʂʦʤʧʘʥʠʷè, 

ʆɸʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çʋʨʘʣɺʘʛʦʥɿʘʚʦʜè, ʆɸʆ çɸʣʪʘʡʚʘʛʦʥè. ʅʘ ʩʝʪʠ ʩʝʡʯʘʩ ʫʞʝ 35 ʪʳʩ. 

ʪʘʢʠʭ ʧʦʣʫʚʘʛʦʥʦʚ [3], ʘ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʩʘʤʳʤ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʨʦʜʦʤ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʶʪʩʷ ʢʘʢ ʨʘʟ ʧʦʣʫʚʘʛʦʥʳ, ʩʧʨʦʩ ʥʘ ʢʦʪʦʨʳʝ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʝʪ ʚʩʝ ʙʦʣʴʰʝ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʠʭ 

ʧʨʦʜʚʠʞʝʥʠʝ, ʘ ʟʘʦʜʥʦ ʩʦʢʨʘʱʘʝʪ ʪʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʦʩʤʦʪʨʝ ʦʙʳʯʥʳʭ ʚʘʛʦʥʦʚ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʷʭ. ʅʦ ʢʨʦʤʝ ʪʦʛʦ ʙʳʪʫʝʪ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʚʘʛʦʥʳ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʫʪʴ, 

ʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʝʨʭʥʝʝ ʦʩʥʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʣʦʩʴ. ʅʘ ʚʩʝʭ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʝʪʠ ʧʝʨʝʰʣʠ ʚʤʝʩʪʦ 

ʜʝʨʝʚʷʥʥʳʭ ʰʧʘʣ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʰʧʘʣʳ ʫʩʠʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [3]. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʚʘʛʦʥʳ ʧʨʠʤʝʥʠʤʳ ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ɺʝʜʴ ʦʥʠ ʩʦʟʜʘʚʘʣʠʩʴ ʧʦʜ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤʳʝ ʧʦʩʣʝʜʥʠʝ ʤʦʜʝʣʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʠʤʝʶʪ ʧʘʨʘʤʝʪʨʳ, ʦʧʝʨʝʞʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ, ʚ ʥʠʭ ʟʘʣʦʞʝʥʘ ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ 27 ʪʩ [4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ ʧʦʝʟʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʤʘʩʩʳ ʠʟ ʚʘʛʦʥʦʚ ʩ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ 25 ʠ 27 ʪʩ 

ʧʦʪʨʝʙʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʜʥʦʧʫʪʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʣʠʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 5,6) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʝʟʜʦʚ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʘʩʩʳ ʠʟ ʚʘʛʦʥʦʚ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ (ʨʠʩ.4). 
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ʈʠʩ. 4 - ʇʦʪʨʝʙʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʵʪʘʧʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʝʟʜʦʚ ʤʘʩʩʦʡ 5600 ʪʦʥʥ 

 

 

 

0

10

20

30

40

50

60

30 40 50 60 70 80 90 100

23,5 ʪ/ʦʩɹ

25 ʪ/ʦʩɹ

27 ʪ/ʦʩɹ

ɻ, 

ʤʣʥ.ʪʦʥʥ 

ʛʦʜ

n, 

ʧʘʨ 

ʧʦʝʟʜʦʚ

 
ʈʠʩ. 5 - ʇʦʪʨʝʙʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʵʪʘʧʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʝʟʜʦʚ ʤʘʩʩʦʡ 6300 ʪʦʥʥ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 
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ʈʠʩ. 6 - ʇʦʪʨʝʙʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʵʪʘʧʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʝʟʜʦʚ ʤʘʩʩʦʡ 7100 ʪʦʥʥ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʛʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʦʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʜʝʬʠʮʠʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʦʩʚʦʝʥʠʷ ʧʣʘʥʠʨʫʝʤʳʭ ʦʙʲʝʤʦʚ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʥʘ ɺʦʩʪʦʯʥʦʤ ʧʦʣʠʛʦʥʝ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʦʡ 

ʤʘʛʠʩʪʨʘʣʠ. ʊʘʢ ʧʨʠ ʫʩʣʦʚʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʝʟʜʦʚ ʧʦʚʳʰʝʥʥʦʡ ʤʘʩʩʳ - 6300 ʪʦʥʥ ʜʝʬʠʮʠʪ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʢʨʘʪʠʪʩʷ ʥʘ ʵʪʘʧʘʭ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʝʨʝʚʦʟʦʢ: 

- ʦʪ 30 ʜʦ 40 ʤʣʥ.ʪʦʥʥ ʚ ʛʦʜ ʜʦ 16%; 

- ʦʪ 50 ʜʦ 80 ʤʣʥ.ʪʦʥʥ ʚ ʛʦʜ ʜʦ 13%; 

- ʦʪ 90 ʜʦ 100 ʤʣʥ.ʪʦʥʥ ʚ ʛʦʜ ʜʦ 15%, 

ʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʝʟʜʦʚ ʤʘʩʩʦʡ 7100 ʪʦʥʥ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʜʝʬʠʮʠʪ ʩʦʢʨʘʪʠʪʩʷ ʥʘ 23%. 

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʫʯʘʩʪʢʦʚ ʧʫʪʠ ʜʣʷ ʪʷʞʝʣʦʚʝʩʥʳʭ ʧʝʨʝʚʦʟʦʢ ʩ ʦʩʝʚʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ, ʢʘʢ ʤʠʥʠʤʫʤ ʜʦ 30 ʪʩ. ʇʝʨʝʭʦʜ ʥʘ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ 27 ʪʦʥʥ ʜʘʩʪ ʫʚʝʣʠʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʥʘ 14%. 

ʇʝʨʝʭʦʜ ʥʘ 30-ʪʦʥʥʳʝ ʜʦʧʫʩʪʠʤʳʝ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ ʜʘʩʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 20ï30%. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʘʢʠʤʠ ʚʘʛʦʥʘʤʠ, ʚʘʛʦʥ ʩʪʘʨʦʡ ʧʦʩʪʨʦʡʢʠ ʦʢʘʞʝʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʩʧʨʦʩ ʥʘ ʥʦʚʳʝ ʚʘʛʦʥʳ ʚʦʟʨʘʩʪʝʪ. ʊʦʣʴʢʦ ʚ 

ʈʦʩʩʠʠ ʧʦʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʠʪʴ 1,2 ʤʣʥ. ʠʤʝʶʱʠʭʩʷ ʚʘʛʦʥʦʚ. ʕʪʠʤ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʞʝʣʘʥʠʷ ʦʧʝʨʘʪʦʨʦʚ, 

ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʚʘʛʦʥʦʚ ʠ ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʝʡ [5]. 

ʉʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʟʥʘʯʠʤʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʥʝʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʦʟʨʘʩʪʘʶʱʠʝ 

ʦʙʲʝʤʳ ʧʦʛʨʫʟʢʠ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʘʜʨʝʩ ʧʦʨʪʦʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ, ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ 

ʧʦʪʨʝʙʥʳʝ ʨʘʟʤʝʨʳ ʛʨʫʟʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʛʦʥʦʚ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʚ ʩʦʩʪʘʚʝ ʧʦʝʟʜʦʚ, 

ʢʨʦʤʝ ʪʦʛʦ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ.  
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ʀ ɺʋʃʂɸʅʀɿɸʎʀʆʅʅʓʍ ʍɸʈɸʂʊʈʀʉʊʀʂ 

ɸʥʥʦʪʘʮʠʷ 
ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʝʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ 

ʵʣʘʩʪʦʤʝʨʥʳʭ ʩʠʩʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʦʧʠʩʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʣʠʥʝʡʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʝʡ ʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʤʦʜʝʣʝʡ, 

ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʪʘʢʠʤʠ ʥʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʪʝʧʝʥʴ ʚʫʣʢʘʥʠʟʘʮʠʠ, 

ʩʢʦʨʦʩʪʴ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ, ʤʦʜʝʣʴ, ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʘʥʘʣʠʟ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʧʨʦʮʝʩʩʘ. 
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MODIFICATION AXES IN RHEOMETER CURVES QUANTITATIVE INTER PRE TATION. REPORT II. 

THE RELATIONSHIP OF PARAMETERS OF THE MODEL AND C URE CHARACTERISTICS ANALYSIS  

Abstract 
We consider methods of quantitative interpretation of kinetic curves of process structuring elastomeric systems through 

their descriptions on the basis of mathematical models of non-linear with respect to parameters. The analysis of the 

relationships between the model parameters and cure characteristics is performed. The expediency of constructing generalized 

graphical relationships between model coefficients, cure characteristics, and these new values, such as degree of cure, the 

cure rate, speeding up the process is shown. The limits of the model parameters change are established. 

Keywords: rheometer curve model, cure characteristics, parameters of the model, relations analysis, the range of variation 

of the process variables. 

ɺʚʝʜʝʥʠʝ 

 ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʠʟ ʵʣʘʩʪʦʤʝʨʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ 

ʩʤʝʰʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʵʣʘʩʪʦʤʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʚʠʙʨʦʨʝʦʤʝʪʨʠʠ.[1, 2] ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʘʤʘ ʨʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ, ʜʘʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʫʣʢʘʥʠʟʘʮʠʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʪʠʤʫʤʘ, ʧʣʘʪʦ ʚʫʣʢʘʥʠʟʘʮʠʠ. ʊʘʢʞʝ ʩ ʢʨʠʚʦʡ ʩʥʠʤʘʶʪ ʥʝʢʦʪʦʨʳʝ ʯʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʵʣʘʩʪʦʤʝʨʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʧʦʜʚʫʣʢʘʥʠʟʘʮʠʠ t10 ʠ  ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʫʣʢʘʥʠʟʘʮʠʠ 

t90. ʈʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, 

ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.[1-4] ʇʦʵʪʦʤʫ ʦʙʩʥʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ 

ʥʦʨʤʠʨʦʚʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʦʚʤʝʩʪʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʢʨʠʚʳʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʧʳʪʘ ʚ ʦʜʥʫ.  

ʆʧʠʩʘʥʠʝ ʨʝʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʝʡ ʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ, ʢʘʢ ʩʢʦʨʦʩʪʴ, 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʮʝʥʪʠʣʴʥʘʷ ʰʠʨʦʪʘ. 

 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʝʦʛʨʘʤʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ 4-ʭ ʠ 5-ʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʩʷ 

ʢ ʨʘʟʨʷʜʫ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʝ Table Curve 2D 

(SYSTAT).[4] 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ɺ 
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ɺ ʜʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (ʩ ʫʯʝʪʦʤ ʦʰʠʙʢʠ ʦʧʳʪʘ) ʧʘʨʘʤʝʪʨ ʘ ʨʘʚʝʥ ʚʝʣʠʯʠʥʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

Mmin, ʧʘʨʘʤʝʪʨ b ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʨʘʱʝʥʠʶ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ MmaxïMmin, ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʩ ʨʘʚʥʦ 

ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ t50. 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʦʛʨʘʤʤ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʩʘʤʠ ʟʥʘʯʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ (ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ) ʄ, ʘ ʝʛʦ 

ʙʝʟʨʘʟʤʝʨʥʫʶ ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɓ, ʚʳʯʠʩʣʷʝʤʫʶ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: ɓ=(MïMmin)/(MmaxïMmin). (ɓ 

Í[0;1]) [4, 5] 

ʇʨʠ ʵʪʦʤ, ʩ ʫʯʝʪʦʤ ʧʦʜʩʪʘʥʦʚʦʢ, ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʦʜʝʣʝʡ ʟʘʧʠʰʫʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ö
÷

õ
æ
ç

å -
-+

=

d

ct
exp1

1
b  

(4) 

d

t

c
ö
÷

õ
æ
ç

å
+

=

1

1
b  

(5) 

.
d

c)12ln(dt
exp11

e
e/1

-

ö
ö

÷

õ

æ
æ

ç

å

ö
ö
÷

õ
æ
æ
ç

å --Ö+
+-=b  (6) 

ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʵʣʘʩʪʦʤʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ 

ʵʪʦʤ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 
dt

db
 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʤʦʜʝʣʝʡ 8013 ʠ 8092: 
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ɺʳʨʘʞʘʷ ʚʨʝʤʷ t ʯʝʨʝʟ ʩʪʝʧʝʥʴ ʚʫʣʢʘʥʠʟʘʮʠʠ ɓ, ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 
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(10) 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʤʦʜʝʣʝʡ 8013 ʠ 8092 ʧʦʣʫʯʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʦʣʫʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʝʡ ʩ, d,e ʠ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ t10, t50 ʠ t90 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ. [1, 4, 7] 

ʇʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʝʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 

 

 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 
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(15) 

 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʤʦʜʝʣʝʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʜʣʷ ʤʦʜʝʣʠ 8092 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ (ʩʝʤʝʡʩʪʚʦ ʠʟʦʣʠʥʠʡ) ʜʣʷ 

ʩʢʦʨʦʩʪʠ 
dt

db
, ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

2

2

dt

bd
 ʠ ʧʨʦʮʝʥʪʠʣʴʥʦʡ ʰʠʨʦʪʳ t90-t10 ʦʪ ʧʘʨʘʤʝʪʨʦʚ d ʠ e ʤʦʜʝʣʠ. (ʨʠʩ. 1.) 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 
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ʈʠʩ. 1 ï ʂʦʥʪʫʨʥʳʝ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʫʣʢʘʥʠʟʘʮʠʠ 
dt

db
, ʫʩʢʦʨʝʥʠʷ 

2

2

dt

bd
ʠ ʧʨʦʮʝʥʪʠʣʴʥʦʡ ʰʠʨʦʪʳ 

t90-t10 ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ d ʠ ʝ ʜʣʷ ʤʦʜʝʣʠ 8092 

(ʚʝʨʭʥʠʡ ʨʷʜ ï t= t10, ʥʠʞʥʠʡ ʨʷʜ ï t= t90). 

 

ʄʦʜʝʣʴ (1) ʬʦʨʤʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʨʠʚʫʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʷʤʠ 

ʩʪʝʧʝʥʠ ʚʫʣʢʘʥʠʟʘʮʠʠ ɓ=0.9 ʠ ɓ=0.1 ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʦʮʝʥʪʠʣʴʥʘʷ ʰʠʨʦʪʘ (tC(90)ïc)/dï

(tC(10)ïc)/d=tC(90)ïtC(10). ʇʨʦʮʝʥʪʠʣʴʥʘʷ ʰʠʨʦʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (13), ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʝ ʠ ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ d. ʊʘ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʠʟʦʣʠʥʠʡ ʩʢʦʨʦʩʪʠ 

ʚʫʣʢʘʥʠʟʘʮʠʠ. 

ɺʳʚʦʜʳ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ, ʪ.ʝ. ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʚʫʣʢʘʥʠʟʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʤʦʜʝʣʠ 

ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 

3. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʝʦʛʨʘʤʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʪ.ʢ. ʭʨʘʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʝʡ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʙʦʣʝʝ ʫʜʦʙʥʦ ʯʝʤ ʨʝʦʛʨʘʤʤʳ. 
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ɸʨʘʙʦʚ ɼ.ʀ., ɺʣʘʩʦʚ ɸ.ʀ.
1
, ɻʨʠʜʥʝʚ ɺ.ʅ.

1
, ɻʨʠʛʦʨʴʝʚ ʇ.ɺ. 

1
ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʅ.ʕ.ɹʘʫʤʘʥʘ 

ʂʆʅʎɽʇʎʀʗ ʎʀʌʈʆɺʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ (FAB LAB ) 

ɼʃʗ ʇʈʆʊʆʊʀʇʀʈʆɺɸʅʀʗ ʀɿɼɽʃʀʁ ʕʃɽʂʊʈʆʅʅʆʁ ʊɽʍʅʀʂʀ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʨʝʩʫʨʩʦʚ ʮʝʥʪʨʦʚ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (FAB LAB) ʜʣʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʣʠʥʝʡʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ 

ʦʧʝʨʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʪʠʧʦʚʦʛʦ ʊʇ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ: ʬʨʝʟʝʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʨʠʩʫʥʢʘ, ʤʦʥʪʘʞʥʳʭ, ʧʝʨʝʭʦʜʥʳʭ 

ʦʪʚʝʨʩʪʠʡ ʠ ʢʦʥʪʫʨʘ ʇʇ, ʤʝʪʘʣʣʠʟʘʮʠʷ ʧʝʨʝʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ (2 ʩʧʦʩʦʙʘ), ʥʘʥʝʩʝʥʠʝ ʧʘʷʣʴʥʦʡ ʤʘʩʢʠ, ʥʘʥʝʩʝʥʠʝ 

ʨʠʩʫʥʢʘ ʰʝʣʢʦʛʨʘʬʠʠ. ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʧʨʦʝʢʪʘ ʇʇ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʣʠʥʝʡʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ 

LPKF ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʳʪʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. 
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THE CONCEPT OF DIGITAL TOOL PRODUCTION (FAB LAB) FOR PROTOTY PING OF PRODUCTS 
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Abstract 

In this work the concept of application of resources of the centers of digital tool production (FAB LAB) for prototyping of 

products of electronic equipment is submitted. Aspects of expansion of a line of processing equipment of digital prototyping 

are considered. The operational analysis of standard TP of prototyping is provided in article: milling of the carrying-out 

drawing, assembly, transitional openings and a contour of software, metallization of transitional openings (2 ways), drawing a 

soldering mask, drawing of silk-screen printing. Process of generation of the software project for transfer on a line of the 

equipment LPKF with the detailed description of stages of technological process is briefly considered. In the conclusion 

recommendations about pilot production are made. 
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ɺʚʝʜʝʥʠʝ 

ʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʥʮʝʧʮʠʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʜʫʣʴʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(FAB LAB) ʜʣʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩ ʩʠʥʭʨʦʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [1, 2]. 

ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʰʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʜʘʯ ʧʦ 

ʧʝʨʝʜʘʯʠ (ʵʢʩʧʦʨʪʘ) ʮʠʬʨʦʚʦʡ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʵʪʘʧʳ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ [3, 4]. ɺ ʣʶʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. ʊʝʭʥʦʣʦʛʠʷ FAB LAB ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʟʠʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʣʝʛʢʦʩʪʴ ʠ ʜʝʰʝʚʠʟʥʫ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. 

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧʦʚ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʟʣʦʚ ʠ 

ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʉɸʇʈ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʭʦʜʷʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [5]. ʆʙʦʙʱʝʥʥʫʶ 

ʢʦʥʮʝʧʮʠʶ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʣʴʟʷ ʦʪʜʝʣʷʪʴ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ CALS 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʦʢ 1) ʚ ʢʦʥʮʝʧʮʠʠ "ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ" [6]. 

ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʝʢʪʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [7-15]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ FAB 

LAB ʥʘ ʧʨʠʤʝʨʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʝʭʥʦʣʦʛʠʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ï ʦʩʥʦʚʘ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʕɸ ʠ ʝʸ ʫʟʣʦʚ [16, 17]. ɺʦʟʤʦʞʥʦʩʪʠ ʠʭ ʰʪʫʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ 

ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʝʤʦʛʦ FAB LAB ʢʦʤʧʣʝʢʩʘ. 

ɼ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 5 (47) ǐ ʏʘʩʪʴ 3 ǐ ʄʘʡ 
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ʈʠʩ. 1 - ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ CALS 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ: 

- ʤʘʢʝʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʕɸ ʠ ʝʸ ʫʟʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʰʪʫʯʥʦʡ ʥʝʦʪʚʝʪʩʪʚʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦ ʯʘʩʪʥʳʤ ʟʘʢʘʟʘʤ ʯʘʩʪʥʳʤ ʠʣʠ ʥʝʧʨʦʬʠʣʴʥʳʤ 

ʧʦʜʨʷʜʯʠʢʦʤ, ʥʝ ʠʤʝʶʱʠʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʇ; 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʩʥʘʩʪʢʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʟʣʦʚ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʕɸ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʤʝʣʢʦʩʝʨʠʡʥʦʤ ʠ ʦʧʳʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ; 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʣʘʪ ʚ ʨʘʜʠʦʢʨʫʞʢʘʭ, ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷ ʚ ʫʯʝʙʥʳʭ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʮʝʣʷʭ; 

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʟʣʦʚ ʕɸ ʧʨʠ ʨʝʤʦʥʪʝ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʟʘʤʝʥʘ ʥʘ ʰʪʘʪʥʳʝ ʫʟʣʳ ʟʘʚʦʜʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʘʪʨʫʜʥʝʥʘ ʠʣʠ ʥʝʚʦʟʤʦʞʥʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʝʡʢʘ LPKF ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʦʧʳʪʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʢʦʥʮʝʧʮʠʠ ʮʠʬʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʯʠʥʘʷ ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʤʦʥʪʘʞʘ ʠ 

ʧʘʡʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʠʟʫʘʣʴʥʦʡ ʠʥʩʧʝʢʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʭʥʦʣʦʛʠʷ FAB LAB ʥʘ ʧʨʠʤʝʨʝ ʦʙʦʨʫʜʦʚʘʥʠʠ ʬʠʨʤʳ LPKF (www.lpkf.ru). 

ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ (ʣʘʙʦʨʘʪʦʨʥʦʛʦ) ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʦʚʦʡ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ LPKF: 

- ʩʪʘʥʦʢ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ LPKF ProtoMat S103; 

- ʫʩʪʨʦʡʩʪʚʦ ʋʌ ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ UV- Exposure for ProMask; 

- ʩʪʘʥʦʢ ʜʣʷ ʧʝʯʘʪʠ ʪʨʘʬʘʨʝʪʦʚ ProtoPrint S RP; 

- ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʦʥʪʘʞʘ ʢʦʤʧʦʥʝʥʪʦʚ ProtoPlace S ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʫʩʪʘʥʦʚʱʠʢ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʢʦʥʚʝʢʮʠʦʥʥʘʷ ʧʝʯʴ ProtoFlow S/N2. 
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ʈʠʩ. 2 - ʊʠʧʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ 

 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ (ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʠ 

ʦʜʥʦʩʪʦʨʦʥʥʠʭ). 

1 ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʪʠʧʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʊʠʧʦʚʦʡ ʩʦʩʪʘʚ ʮʠʬʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (FAB LAB) ʚʢʣʶʯʘʝʪ: ʣʘʟʝʨʥʳʝ ʨʝʟʘʢʠ, ʧʣʘʟʤʝʥʥʳʝ 

ʨʝʟʘʢʠ, ʚʦʜʦʩʪʨʫʡʥʳʝ ʨʝʟʘʢʠ, ʥʦʞʝʚʳʝ ʨʝʟʘʢʠ ʜʣʷ ʨʝʟʢʠ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʘʥʢʠ ʩ ʏʇʋ (3 ʠʣʠ ʙʦʣʝʝ ʦʩʝʡ), 

ʩʫʙʪʨʘʢʪʠʚʥʳʝ ʬʨʝʟʝʨʥʳʝ ʠ ʪʦʢʘʨʥʳʝ ʩʪʘʥʢʠ, ʩʨʝʜʩʪʚʘ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ (ʦʙʳʯʥʦ ç3D-ʧʨʠʥʪʝʨè ʠʟ 

ʧʣʘʩʪʠʢʘ ʠʣʠ ʧʣʘʩʪʠʢʦʚʳʭ ʜʝʪʘʣʝʡ), ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʬʨʝʟʝʨʦʚʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ (2 ʤʝʨʥʳʝ, ʚʳʩʦʢʦʧʨʝʮʠʟʠʦʥʥʳʝ 

ʬʨʝʟʝʨʥʳʝ ʩʪʘʥʢʠ), ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʩʙʦʨʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʜʝʣʠʡ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩ.3 ï ʊʠʧʦʚʦʡ ʩʦʩʪʘʚ FAB LAB 

(ʘ - ʌʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ ʩʪʘʥʦʢ LPKF ProtoMat, ʙ - ʊʨʘʬʘʨʝʪʥʳʡ ʧʨʠʥʪʝʨ LPKF ProtoPrint, ʚ - ʋʩʪʘʥʦʚʱʠʢ 

ʢʦʤʧʦʥʝʥʪʦʚ LPKF ProtoPlace, ʛ - ʂʦʥʚʝʢʮʠʦʥʥʘʷ ʧʝʯʴ LPKF ProtoFlow, ʜ - ʌʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ ʩʪʘʥʦʢ vhf CAM, 

ʝ - 3D-ʧʨʠʥʪʝʨ Stratasys Fortus, ʞ - ʃʘʟʝʨʥʳʡ ʛʨʘʚʝʨ Trotec Speedy, ʟ - ɺʝʨʩʪʘʢ ʂʈʆʅ, ʠ - ɺʠʙʨʦʩʪʝʥʜ, ʢ - ʊʝʧʣʦʚʠʟʦʨ 

ʀʈʊʀʉ, ʣ - ʕʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤ - ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ Mitutoyo) 

 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʠʬʨʦʚʦʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʢʣʶʯʘʝʪ ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ ʠ ʧʨʠʥʪʝʨ 3D ʧʝʯʘʪʠ. 

ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʫʞʝ ʨʘʩʰʠʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʡ, ʢ ʧʨʠʤʝʨʫ, ʚ 

ʩʝʙʝ ʫʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʬʨʝʟʝʨʦʚʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʥʪʘʞʘ ʠ ʧʘʡʢʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʥʘʥʝʩʝʥʠʷ ʧʘʷʣʴʥʦʡ ʤʘʩʢʠ ʠ ʰʝʣʢʦʛʨʘʬʠʠ, ʇʆ (ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ), ʫʩʪʨʦʡʩʪʚʘ ʚʠʟʫʘʣʴʥʦʛʦ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʧʝʯʴ (ʦʙʳʯʥʦ ʦʜʥʦʩʝʢʮʠʦʥʥʘʷ). 

ʆʙʦʙʱʝʥʥʳʡ ʤʘʨʰʨʫʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1 (ʨʠʩʫʥʦʢ 2). 

 

 

 


























































































































































































































































































































































































