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ʏʘʩʪʴ 5 

ɼʝʢʘʙʨʴ 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 
ɺʳʭʦʜʠʪ 12 ʨʘʟ ʚ ʛʦʜ. 
ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: ʀʇ ʉʦʢʦʣʦʚʘ ʄ.ɺ. 
ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: ʄʠʣʣʝʨ ɸ.ɺ. 
ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 620075, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʂʨʘʩʥʦʘʨʤʝʡʩʢʘʷ, 
ʜ. 4, ʢʦʨʧ. ɸ, ʦʬ. 17. 
ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: editors@research-journal.org 
ʉʘʡʪ: www.research-journal.org 

 

 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 19.12.2016. 
ʊʠʨʘʞ 900 ʵʢʟ. 
ɿʘʢʘʟ 26169 
ʆʪʧʝʯʘʪʘʥʦ ʩ ʛʦʪʦʚʦʛʦ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʘ. 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʪʠʧʦʛʨʘʬʠʠ ʆʆʆ "ʂʦʤʧʘʥʠʷ ʇʆʃʀɻʈɸʌʀʉʊ", 
623701, ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, ʫʣ. ʊʝʘʪʨʘʣʴʥʘʷ, ʜʦʤ ˉ 1, ʦʬ. 88. 

 

 

ʉʙʦʨʥʠʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LVII 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. 
 
ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

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. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʄʘʟʠʣʦʚ ɺ.ɸ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʈʦʟʝʥʦʚʘ ʄ.ʀ., ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʀʚʢʦʚ ʅ.ʅ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ. 
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USING CLUSTER ANALYSIS TO DIFFERENTIATE THE DISEASES DIAGNOSED ON THE TOMOGRAMS 

OF THE LUNGS 

Abstract 
The possibility of using cluster analysis to differentiate pathologies (cancer and tuberculosis), leading to the appearance 

of spherical formations in the lungs. As the diagnostic features used parameters are defined on the basis of imaging X-ray 

computed tomography. We compared the results of two methods of cluster analysis: k-means and hierarchical clustering. The 

criterion of the quality of the method of cluster analysis is to compare the clustering results to verify the diagnosis. It was 

established that the complete-linkage method (hierarchical clustering) is more reliable than the k-means method allocates the 

correct diagnosis. 
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 ʨʘʙʦʪʘʭ [1-5] ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʰʘʨʦʚʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʝʛʢʠʭ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʨʘʢ, ʠʥʬʠʣʴʪʨʘʪʠʚʥʳʡ ʪʫʙʝʨʢʫʣʝʟ ʠ ʧʥʝʚʤʦʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʪʘʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʅʝ ʚʩʝʛʜʘ 

ʜʘʞʝ ʦʧʳʪʥʳʡ ʚʨʘʯ-ʨʝʥʪʛʝʥʦʣʦʛ ʤʦʞʝʪ ʩʫʜʠʪʴ ʦ ʚʠʜʝ ʥʦʟʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʞʝ ʩʣʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʨʘʢ ʠ ʪʫʙʝʨʢʫʣʝʟ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʟʘʜʘʯʘ ʚʳʙʦʨʘ 

ʦʙʲʝʢʪʠʚʥʳʭ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʣʠʯʠʪʴ ʵʪʠ ʜʚʘ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʪʦʤʦʛʨʘʤʤʝ, ʩʦʭʨʘʥʝʥʥʦʡ ʚ DICOM-ʬʦʨʤʘʪʝ, ʚʨʘʯ-

ʨʝʥʪʛʝʥʦʣʦʛ ʚʳʜʝʣʷʣ çʦʙʣʘʩʪʴ ʠʥʪʝʨʝʩʘè. ɿʘʪʝʤ ʩʪʨʦʠʣʩʷ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʟʥʘʯʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʘ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʬʘʡʣʦʚ ʠʟ 2490 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʫʞʝ ʨʘʥʝʝ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʜʠʘʛʥʦʟʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʦʩʴ 1850 ʩʣʫʯʘʝʚ ʨʘʢʘ 

ʠ 640 ʩʣʫʯʘʝʚ ʠʥʬʠʣʴʪʨʘʪʠʚʥʦʛʦ ʪʫʙʝʨʢʫʣʝʟʘ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʤʠ ʠʩʩʣʝʜʫʝʤʳʝ ʥʦʟʦʣʦʛʠʠ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ H ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ů ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ ʜʣʷ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ D ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ, 

ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ B, ʥʘʟʚʘʥʥʘʷ çʫʢʣʦʥè, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʣʦʛʘʨʠʬʤʘ ʤʝʨʳ ʧʦ ʣʦʛʘʨʠʬʤʫ 

ʤʘʩʰʪʘʙʘ ʵʪʦʡ ʦʙʣʘʩʪʠ [5, ʉ. 44].  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʦʟʦʣʦʛʠʡ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʩʦʚʤʝʩʪʥʦ. ɺ ʨʘʙʦʪʝ [5, ʉ. 46] ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ H ʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D ʜʣʷ ʨʘʢʘ ʠ ʪʫʙʝʨʢʫʣʝʟʘ, ʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʝʡ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ ů ʠ ʬʫʥʢʮʠʠ çʫʢʣʦʥè B 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʠʤʳ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʯʝʪʳʨʝ ʵʪʠ ʚʝʣʠʯʠʥʳ ʢʘʢ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʪʘʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦ 

ʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʭ ʚʳʙʦʨʦʢ [6, ʉ. 159] ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ [6-8]. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʦʙʣʝʛʯʘʣʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʤʳ ʟʘʚʝʜʦʤʦ ʟʥʘʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ 

ʠʤʝʥʥʦ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʯʠʩʣʫ ʥʦʟʦʣʦʛʠʡ.  

ʉʥʘʯʘʣʘ ʙʳʣʦ ʨʝʰʝʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʠʩʢʦʤʳʝ ʛʨʫʧʧʳ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ k-means (k-ʩʨʝʜʥʠʭ), ʚ 

ʢʦʪʦʨʦʤ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʩʫʤʤʘʨʥʦʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʦʯʝʢ ʢʣʘʩʪʝʨʦʚ ʦʪ ʮʝʥʪʨʦʠʜʦʚ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ 

[6, ʉ. 172]. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ k-means ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʤʦʞʝʪ ʩʭʦʜʠʪʴʩʷ ʥʝ ʛʣʦʙʘʣʴʥʦʤʫ, ʘ ʣʦʢʘʣʴʥʦʤʫ 

ʤʠʥʠʤʫʤʫ ʩʫʤʤʘʨʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ ʠʩʭʦʜʥʳʭ ʮʝʥʪʨʦʠʜʦʚ ʢʣʘʩʪʝʨʦʚ 

ʥʝʠʟʚʝʩʪʝʥ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʨʘʟʥʳʝ ʢʣʘʩʪʝʨʳ ʦʪ ʦʜʥʦʛʦ 

ʟʘʧʫʩʢʘ ʤʝʪʦʜʘ ʢ ʜʨʫʛʦʤʫ [9, ʉ. 12]. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜ k-means ʟʘʧʫʩʢʘʣʩʷ ʤʥʦʛʦʢʨʘʪʥʦ, ʘ ʧʦʣʫʯʝʥʥʳʡ 

ʠʪʦʛ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʟʘʧʫʩʢʦʚ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʝ [5, ʉ. 46] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ H 

ʠ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D ï ʟʥʘʯʠʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʪʦ ʙʳʣʦ ʨʝʰʝʥʦ, ʯʪʦ ʠ ʜʣʷ 

ɺ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 

 

7 

 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʦ ʚʘʞʥʳʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʥʘʙʦʨʘʤ ʧʘʨʘʤʝʪʨʦʚ: (H, D), (H, D, B), (H, D, ů) ʠ (H, D, B, ů). ʆʜʥʘʢʦ ʠʪʦʛ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ k-means 

ʦʢʘʟʘʣʩʷ ʥʝ ʩʣʠʰʢʦʤ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ:  

1. ʜʣʷ ʥʘʙʦʨʘ (H, D), ʪ.ʝ. ʪʦʣʴʢʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ H ʠ 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D, ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʣʠʰʴ ʚ 1032 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 41%) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

2. ʜʣʷ ʥʘʙʦʨʘ (H, D, B), ʪ.ʝ. ʪʦʣʴʢʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ H, 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D ʠ ʚʝʣʠʯʠʥʘ B (çʫʢʣʦʥè), ʧʦʣʫʯʠʣʩʷ ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʳʜʫʱʝʤʫ 

ʨʝʟʫʣʴʪʘʪ ï ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʣʠʰʴ ʚ 1032 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 41%) ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

3. ʜʣʷ ʥʘʙʦʨʘ (H, D, ů), ʪ.ʝ. ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D, ʩʨʝʜʥʝʝ (H) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ (ů) 

ʟʥʘʯʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ, ï ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʣʠʰʴ ʚ 1456 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 58%) 

ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

4. ʜʣʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ (H, D, B, ů), ʪ.ʝ. ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D, çʫʢʣʦʥè B, 

ʩʨʝʜʥʝʝ (H) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ (ů) ʟʥʘʯʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ, ʧʦʣʫʯʠʣʩʷ 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʳʜʫʱʝʤʫ ʨʝʟʫʣʴʪʘʪ ï ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʣʠʰʴ ʚ 1456 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 58%) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ [6, ʉ. 168], [7, ʉ. 103]. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʩʪʨʦʠʪʩʷ ʜʝʥʜʨʦʛʨʘʤʤʘ, 

ʪ.ʝ. ʛʨʘʬ ʙʝʟ ʮʠʢʣʦʚ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʤʘʪʨʠʮʝ ʧʦʜʦʙʠʷ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʤʝʪʦʜ ʧʦʣʥʦʡ ʩʚʷʟʠ ʠʣʠ ʤʝʪʦʜ çʜʘʣʴʥʝʛʦ 

ʩʦʩʝʜʘè). ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʜʝʥʜʨʦʛʨʘʤʤʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʥʘʛʣʷʜʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʠʪʩʷ, ʦʜʥʘʢʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʘʜʘʯʘ ʫʧʨʦʱʘʣʘʩʴ ʪʝʤ, ʯʪʦ ʥʘʤ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʜʚʘ ʢʣʘʩʪʝʨʘ ʧʦ ʯʠʩʣʫ ʠʩʩʣʝʜʫʝʤʳʭ ʥʦʟʦʣʦʛʠʡ. ʀʪʦʛ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʦʢʘʟʘʣʩʷ ʪʘʢʦʚ: 

1. ʜʣʷ ʥʘʙʦʨʘ (H, D), ʪ.ʝ. ʪʦʣʴʢʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ H ʠ 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D, ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʣʠʰʴ ʚ 1075 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 43%) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

2. ʜʣʷ ʥʘʙʦʨʘ (H, D, B), ʪ.ʝ. ʪʦʣʴʢʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ H, 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D ʠ ʚʝʣʠʯʠʥʘ B (çʫʢʣʦʥè) ï ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʚ 1357ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 

54%) ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

3. ʜʣʷ ʥʘʙʦʨʘ (H, D, ů), ʪ.ʝ. ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D, ʩʨʝʜʥʝʝ (H) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ (ů) 

ʟʥʘʯʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ, ï ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ ʚ 1823 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 73%) ʨʝʟʫʣʴʪʘʪ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

4. ʜʣʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ (H, D, B, ů), ʪ.ʝ. ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ D, çʫʢʣʦʥè B, 

ʩʨʝʜʥʝʝ (H) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ (ů) ʟʥʘʯʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʍʘʫʥʜʩʬʠʣʜʘ, ï ʠʟ 2490 ʥʘʙʣʶʜʝʥʠʡ 

ʚ 1618 ʩʣʫʯʘʷʭ (ʠʣʠ ʚ 65%) ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʦʚʧʘʣ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ. 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʥʦʟʦʣʦʛʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʰʘʨʦʚʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʣʝʛʢʠʭ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ 

ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ, ʬʫʥʢʮʠʷ çʫʢʣʦʥè, ʩʨʝʜʥʝʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʷ ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʍʘʫʥʜʩʬʠʣʜʘ ʜʣʷ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ. ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʥʘʜʝʞʥʝʡ, ʯʝʤ ʤʝʪʦʜ k-means, ʚʳʜʝʣʷʝʪ ʚʝʨʥʳʡ 

ʜʠʘʛʥʦʟ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʧʘʜʝʥʠʷ ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ʜʠʘʛʥʦʟʦʤ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 
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ʂʦʥʩʪʘʥʪʠʥʦʚ ʄ.ʖ. 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

ɻʀʇʆʊɽɿɸ ʍʆʂʀʅɻɸ ʆ ɽɺʂʃʀɼʆɺʆʁ ʇʈʀʈʆɼɽ ʇʈʆʉʊʈɸʅʉʊɺɸ-ɺʈɽʄɽʅʀ 

ɺ ʂʃɸʉʉʀʏɽʉʂʆʁ ʌʀɿʀʂɽ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʛʨʘʚʠʪʘʮʠʠ ʠ ʢʦʩʤʦʣʦʛʠʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʛʠʧʦʪʝʟʘ ʍʦʢʠʥʛʘ ʦ ʝʚʢʣʠʜʦʚʦʡ ʧʨʠʨʦʜʝ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʪʘ ʛʠʧʦʪʝʟʘ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʢ ʧʦʣʠʤʝʪʨʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʙʩʫʞʜʘʝʤʘʷ ʛʠʧʦʪʝʟʘ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. ʆʪʤʝʯʝʥʦ 

ʪʘʢʞʝ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ ʥʴʶʪʦʥʦʚʩʢʦʤʫ ʧʨʝʜʝʣʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ, ʛʠʧʦʪʝʟʘ ʍʦʢʠʥʛʘ, ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʧʦʣʠʤʝʪʨʠʯʝʩʢʠʝ 

ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʪʝʤʥʘʷ ʤʘʪʝʨʠʷ. 

 

Konstantinov M.Yu. 

PhD in Physics and mathematics, N. E. Bauman Moscow State Technical University 

THE HAWKINGôS HYPOTHESIS ABOUT EUCLIDEAN STRUCTURE OF SPACE-TIME  

IN CLASSICAL PHYSICS  

Abstract 

In connection with current problems of General relativity, gravitation, and cosmology the hypothesis of Hawking about of 

Euclidean nature of space-time is analyzed. It is shown that in the classical theory this hypothesis leads naturally to the dark 

matter existence and to the polymetric space-time theories. It is pointed out that the hypothesis under consideration does not 

contradict to the gravitation waves existence. It is pointed out also that the Newtonian approximation is realized by the usual 

manner. 

Keywords: space-time, the Hawkingôs hypothesis, general relativity, polymetric space-time theories, dark matter. 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 

 

9 

 

ʚʝʜʝʥʠʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʛʨʘʚʠʪʘʮʠʠ ʠ ʢʦʩʤʦʣʦʛʠʠ ʪʨʝʙʫʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʪʘʢʠʭ, ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʝ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠ ʩ 

ʚʘʨʠʘʮʠʝʡ ʢʦʥʩʪʘʥʪ [1,2], ʤʦʜʝʣʠ ʌʠʥʩʣʝʨʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ [3,4], ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʦʨʠʠ ʧʦʣʷ [5] ʠ 

ʜʨʫʛʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʍʦʢʠʥʛʘ ʦ ʪʦʤ, ʯʪʦ çéʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ (ʘ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʩʷ ʬʠʟʠʢʘ) ʨʝʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ ʚ ʝʚʢʣʠʜʦʚʦʡ ʦʙʣʘʩʪʠ ʠ ʣʠʰʴ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ 

ʧʨʠʚʦʜʷʪ ʥʘʩ ʢ ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʣʦʨʝʥʮʝʚʦʤ ʨʝʞʠʤʝè [6].  

ɺ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʚ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʢʦʥʪʠʥʫʘʣʴʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʦʨʦʪ ɺʠʢʘ, ʩʦʩʪʦʷʱʠʡ ʚ ʧʝʨʝʭʦʜʝ ʢ ʤʥʠʤʦʤʫ ʚʨʝʤʝʥʠ ʧʫʪʝʤ ʟʘʤʝʥʳ t it . ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʄʠʥʢʦʚʩʢʦʛʦ ʩ ʣʦʨʝʥʮʝʚʦʡ ʤʝʪʨʠʢʦʡ ʩʠʛʥʘʪʫʨʳ ( )- + + +, , ,  ʧʝʨʝʭʦʜʠʪ ʚ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʤʝʪʨʠʢʦʡ 

ʩʠʛʥʘʪʫʨʳ ( )+ + + +, , , . ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʧʨʦʮʝʜʫʨʳ ʠ ʧʨʠʚʝʣʘ ʍʦʢʠʥʛʘ ʢ ʫʢʘʟʘʥʥʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʦʚʦʨʦʪ ɺʠʢʘ ʥʝ ʧʨʠʤʝʥʠʤ. ʆʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʩʝʚʜʦʨʠʤʘʥʦʚʳʤʠ ʠ 

ʨʠʤʘʥʦʚʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʙʝʟ ʧʝʨʝʭʦʜʘ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʩʫʜʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʛʠʧʦʪʝʟʳ ʍʦʢʠʥʛʘ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʢʦʪʦʨʳʝ 

ʩʣʝʜʩʪʚʠʷ. 

ʆ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʝʞʜʫ ʨʠʤʘʥʦʚʳʤʠ ʠ ʧʩʝʚʜʦʨʠʤʘʥʦʚʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʠʤʘʥʦʚʳʤʠ ʠ ʧʩʝʚʜʦʨʠʤʘʥʦʚʳʤʠ ʤʝʪʨʠʢʘʤʠ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʝʝ ʧʝʨʝʭʦʜʘ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʚʨʝʤʝʥʠ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ [7-8]. ʇʫʩʪʴ 
ŬɓG  - ʨʠʤʘʥʦʚʘ ʤʝʪʨʠʢʘ (ʩʠʛʥʘʪʫʨʘ ( )+ + + +, , , ) ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʛʣʘʜʢʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ 
4M , ʠ ʧʫʩʪʴ Ŭu  - ʝʜʠʥʠʯʥʦʝ (ʜʣʷ ʧʨʦʩʪʦʪʳ) ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʥʘ 

ʵʪʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ, ʪʦ ʝʩʪʴ 
Ŭɓ

Ŭ ɓ=1G u u . ʊʦʛʜʘ ʨʘʚʝʥʩʪʚʦ 

 
Ŭɓ Ŭ ɓ Ŭɓ= -2g u u G   (1) 

ʦʧʨʝʜʝʣʷʝʪ ʥʘ 
4M  ʧʩʝʚʜʦʨʠʤʘʥʦʚʫ ʤʝʪʨʠʢʫ ʣʦʨʝʥʮʝʚʦʡ ʩʠʛʥʘʪʫʨʳ ( )+ - - -, , , , ʧʨʠʯʝʤ Ŭu  ʷʚʣʷʝʪʩʷ 

ʚʨʝʤʝʥʠʧʦʜʦʙʥʳʤ ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʤ ʚ ʤʝʪʨʠʢʝ 
Ŭɓg . ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʡ ʪʝʥʟʦʨ 

Ŭɓg  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʨʘʚʝʥʩʪʚʫ (1) 

 
Ŭɓ Ŭ ɓ Ŭɓ= -2g u u G ,  (1ʘ) 

ʧʨʠʯʝʤ 
Ŭɓ Ŭ ɓ Ŭɓ

Ŭ ɓ= =1g u u G u u . 

ʆʙʨʘʪʥʦ, ʝʩʣʠ 
Ŭɓg  - ʥʝʢʦʪʦʨʘʷ ʧʩʝʚʜʦʨʠʤʘʥʦʚʘ ʤʝʪʨʠʢʘ ʣʦʨʝʥʮʝʚʦʡ ʩʠʛʥʘʪʫʨʳ ʥʘ 

4M  ʠ Ŭu  - ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʝʜʠʥʠʯʥʦʝ ʚʨʝʤʝʥʠʧʦʜʦʙʥʦʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʪʦ ʨʘʚʝʥʩʪʚʦ 

 
Ŭɓ Ŭ ɓ Ŭɓ= -2G u u g   (2) 

ʦʧʨʝʜʝʣʷʝʪ 
4M  ʨʠʤʘʥʦʚʫ ʤʝʪʨʠʢʫ ʩʠʛʥʘʪʫʨʳ ( )+ + + +, , , . 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʨʠʤʘʥʦʚʦʡ ʠ ʣʦʨʝʥʮʝʚʦʡ ʤʝʪʨʠʢʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʨʘʚʝʥʩʪʚʘʤʠ (1) ï (2), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʤ. ʏʪʦʙʳ ʪʘʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʳʣʦ ʩʧʨʘʚʝʜʣʠʚʦ ʥʘ ʚʩʸʤ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ 
4M  ʥʠʛʜʝ ʥʝ ʦʙʨʘʱʘʶʱʝʛʦʩʷ ʚ ʥʫʣʴ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʩʣʦʚʠʶ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ 

ʵʡʣʝʨʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9].  

ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʝʜʠʥʠʯʥʦʛʦ) ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ Ŭu  ʨʘʚʝʥʩʪʚʘ (1) ï (2) ʧʝʨʝʧʠʰʫʪʩʷ ʚ 

ʚʠʜʝ 

 
Ŭ ɓ

Ŭɓ Ŭɓɛɜ

ɛ ɜ

= -2
u u

g G
G u u

,

Ŭ ɓ
Ŭɓ Ŭɓ

ɛɜ

ɛ ɜ

= -2
u u

G g
g u u

, (3) 

ʧʨʠʯʝʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʨʘʚʝʥʩʪʚʦ 
Ŭɓ Ŭ ɓ Ŭɓ

Ŭ ɓ=g u u G u u  ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. 

ɺʥʝ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʳʭ ʪʦʯʝʢ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ Ŭu  ʨʘʚʝʥʩʪʚʘ (1) ï (2) ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʳ ʨʘʚʝʥʩʪʚʘʤ (3). 

ʊʝʥʟʦʨʳ ʢʨʠʚʠʟʥʳ ʈʠʤʘʥʘ-ʂʨʠʩʪʦʬʬʝʣʷ, ʈʠʯʯʠ ʠ ʩʢʘʣʷʨʥʘʷ ʢʨʠʚʠʟʥʘ ʤʝʪʨʠʢ 
ŬɓG  ʠ 

Ŭɓg  ʩʚʷʟʘʥʳ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʙʠʤʝʪʨʠʯʝʩʢʦʛʦ ʬʦʨʤʘʣʠʟʤʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʥʟʦʨʘ ʢʨʠʚʠʟʥʳ ʈʠʯʯʠ ʠʤʝʝʤ 

() ()
ɟ ɟ ɟ ů ɟ ů

Ŭɓ ɟ Ŭɟ ɓ Ŭɓ ɟů Ŭů ɟɓŬɓ Ŭɓ
= +P -P +P P -P P; ;G g

R R , 

ʛʜʝ  

() ()
ɟ ɟ ɟ

Ŭɓ Ŭɓ Ŭɓ
P =G -G

G g
, 

ʪʦʯʢʘ ʩ ʟʘʧʷʪʦʡ ʦʙʦʟʥʘʯʘʝʪ ʢʦʚʘʨʠʘʥʪʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʨʠʢʦʡ 
Ŭɓg , ʘ ʚʟʷʪʳʝ ʚ ʩʢʦʙʢʠ 

ʠʥʜʝʢʩʳ G  ʠ g  ʦʙʦʟʥʘʯʘʶʪ ʚʝʣʠʯʠʥʳ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʪʨʠʢʘʤ. 

ɺ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʜʥʘ ʠʟ ʤʝʪʨʠʢ 
Ŭɓg  ʠʣʠ 

ŬɓG  ʧʣʦʩʢʘʷ, ʚʦʚʩʝ ʥʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʪʦʨʘʷ ʤʝʪʨʠʢʘ ʪʘʢʞʝ 

ʙʫʜʝʪ ʧʣʦʩʢʦʡ.  

ɻʠʧʦʪʝʟʘ ʍʦʢʠʥʛʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ 

ɽʩʣʠ ʩʣʝʜʦʚʘʪʴ ʛʠʧʦʪʝʟʝ ʍʦʢʠʥʛʘ, ʪʦ ʘʨʝʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʨʠʤʘʥʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʦ ʝʩʪʴ 

ʧʘʨʫ ( )Ŭɓ4,M G , ʛʜʝ 
4M  - ʯʝʪʳʨʝʭʤʝʨʥʦʝ ʛʣʘʜʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʘ 

ŬɓG  ï ʥʝʢʦʪʦʨʘʷ ʨʠʤʘʥʦʚʘ ʤʝʪʨʠʢʘ ʩʠʛʥʘʪʫʨʳ 

( )+ + + +, , ,  ʥʘ 
4M . ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ ʜʝʡʩʪʚʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 ( )ə= +ñ
4

G mS R L Gd x,  (4) 

ʛʜʝ ə - ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ, GR  - ʩʢʘʣʷʨ ʈʠʯʯʠ ʤʝʪʨʠʢʠ 
ŬɓG , mL  - ʣʘʛʨʘʥʞʠʘʥ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʣʝʡ, ʘ 

Ŭɓ=detG G .  

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʍʦʢʠʥʛʘ ʦ ʪʦʤ, ʯʪʦ ʣʦʨʝʥʮʝʚʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʥʘʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʯʣʝʥ ʣʘʛʨʘʥʞʠʘʥʘ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʣʝʡ mL  ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʦʨʝʥʮʝʚʦʡ ʤʝʪʨʠʢʦʡ 
Ŭɓg , ʩʚʷʟʘʥʥʦʡ ʩ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʦʡ 

ŬɓG  ʨʘʚʝʥʩʪʚʦʤ 

(2) (ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʝʤʫ ʨʘʚʝʥʩʪʚʦʤ (3)).  

ɽʩʣʠ ʣʘʛʨʘʥʞʠʘʥ mL  ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʘʛʨʘʥʞʠʘʥ ʧʦʣʝʡ ʥʘʙʣʶʜʘʪʝʣʷ, ʪʦ ʨʠʤʘʥʦʚ ʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ 
ŬɓG  ʠ 

ʚʩʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʝʛʦ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʠʥʪʝʛʨʘʣ ʜʝʡʩʪʚʠʷ (4) ʝʩʪʝʩʪʚʝʥʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʣʦʨʝʥʮʝʚʫ ʤʝʪʨʠʢʫ 

Ŭɓg , ʠʩʧʦʣʴʟʫʷ ʨʘʚʝʥʩʪʚʘ (1) ï (2). ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣ ʜʝʡʩʪʚʠʷ (4) ʧʨʠʤʝʪ ʚʠʜ 

 ( )Ŭ Ŭɓə= - + + -ñ
4

,( , )g mS R L F u u gd x,  (5) 

ʛʜʝ 

() ( )( )ɟ ɟ ɟ ů ɟ ů

Ŭ Ŭɓ Ŭɓɟ Ŭɟɓ Ŭɓ ɟů Ŭů ɟɓ

a b a b ab

ab
= + - P -P +P P -P P, ; ;( , ) 2 2

g
F u u u u R u u g . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ  

( )Ŭ Ŭɓə ə- + - =,( , )g GR F u u g R G. 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʨʘʚʝʥʩʪʚʘ ʜʦʢʘʟʳʚʘʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʦʚ (4) ʠ (5). 

ʀʥʪʝʛʨʘʣ (5) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣ ʜʝʡʩʪʚʠʷ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 
Ŭɓg , ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʘʷ ʤʘʪʝʨʠʷ ʠ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ Ŭu . ɿʘʤʝʪʠʤ, ʯʪʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʝ Ŭu  ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠ ʚ ʠʥʪʝʛʨʘʣʝ (4). 

ʌʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣ ʜʝʡʩʪʚʠʷ (5) ʦʧʠʩʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ, ʧʦʨʦʞʜʘʝʤʦʝ ʧʦʣʷʤʠ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʠ 

(ʩʣʘʛʘʝʤʦʝ mL  ʚ (5)) ʠ ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʤ Ŭu  ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʚʷʟʴʶ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʤʦʜʝʣʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʚʷʟʴʶ, ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʝʡ ʠ ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʤ Ŭu  ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ, ʘ ʥʝ 

ʧʨʠʙʣʠʞʸʥʥʳʤ. ʇʦʵʪʦʤʫ ʩʣʘʛʘʝʤʦʝ 
Ŭ Ŭɓ,( , )F u u  ʚ ʠʥʪʝʛʨʘʣʝ (5) ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʘʛʨʘʥʞʠʘʥ ʪʸʤʥʦʡ 

ʤʘʪʝʨʠʠ (ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʠʤ ʠʟ ʩʣʝʜʩʪʚʠʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʛʠʧʦʪʝʟʳ ʍʦʢʠʥʛʘ ʦ ʝʚʢʣʠʜʦʚʦʡ ʧʨʠʨʦʜʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʠʣʠ ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ. 

ʇʦʣʠʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ 

ʉ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ Ŭu ʥʘ ʨʠʤʘʥʦʚʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ( )Ŭɓ4,M G  ʥʠ ʯʝʤ ʥʝ ʚʳʜʝʣʝʥʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʝʜʠʥʠʯʥʳʤʠ ʚʝʢʪʦʨʥʳʤʠ ʧʦʣʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʨʠʤʘʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ( )Ŭɓ4,M G  ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʤʘʪʝʨʠʠ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʥʳʤʠ ʣʦʨʝʥʮʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 
()( )Ŭɓ4,
i

M g , ʧʦʨʦʞʜʘʝʤʳʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʝʪʨʠʢʦʡ 

ŬɓG  ʠ ʨʘʟʥʳʤʠ ʚʝʢʪʦʨʥʳʤʠ ʧʦʣʷʤʠ 
()
Ŭ

i
w , ʛʜʝ =1,2,...,i n  ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʥʦʛʦʦʙʨʘʟʠʠ 

4M . ʊʘʢʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʚʧʝʨʚʳʝ ʚʳʩʢʘʟʘʥʦ ʘʚʪʦʨʦʤ ʚ 1985 ʛʦʜʫ [10] ʠ ʚʪʦʨʠʯʥʦ ʚʳʩʢʘʟʘʥʦ ʥʝʜʘʚʥʦ ɻʝʨʦʢʦʤ 

[11].  

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʠ 
4M  ʥʘʨʷʜʫ ʩ ʧʦʣʝʤ Ŭu  ʩʠʩʪʝʤʫ ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʡ 

()
Ŭ

i
w , ʛʜʝ =1,2,...,i n. ʉ 

ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʠʯʥʳʭ ʥʘʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʶ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʧʩʝʚʜʦʨʠʤʘʥʦʚʳʭ ʤʝʪʨʠʢ 
()
ab

i
g  

ʣʦʨʝʥʮʝʚʦʡ ʩʠʛʥʘʪʫʨʳ ( )+ - - -, , , : 

 
()

()( )() ()
Ŭɓ Ŭ ɓ Ŭɓ= + -2 1
i i i

i
g c w w G ,  (6) 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 
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ʛʜʝ ʚʝʣʠʯʠʥʳ ()
>0

i
c  ʠʤʝʶʪ ʩʤʳʩʣ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʩ 

ʤʝʪʨʠʢʦʡ 
()
ab

i
g  ʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ, ʠʩʢʣʶʯʘʶʱʠʤ ʩʦʚʧʘʜʝʥʠʝ ʤʝʪʨʠʢ 

Ŭɓg , 
()
ab

i
g  ʠ 

()
ab

j
g : 

¸( ) 1ic  ʝʩʣʠ 
()
a a=
i

w u  ʠ ¸( ) ( )i jc c  ʝʩʣʠ 
() ()
a a=
i j

w w .  

ɼʣʷ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʝʪʨʠʢʠ 
()
ab

i
g  ʧʦʣʫʯʠʤ 

()

()

()
() ()

Ŭɓ Ŭ ɓ Ŭɓ
+

= -

2

2

1
i

i i i

i

c
g w w G

c
, 

ʛʜʝ 
()

()Ŭ Ŭɓ

ɓ=
i

i
w G w . ʀʩʢʣʶʯʘʷ ʪʝʥʟʦʨ 

ŬɓG  ʥʘʭʦʜʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʚʘʨʠʘʥʪʥʳʤʠ ʠ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʪʨʠʢ 
Ŭɓg  ʠ 

()
ab

i
g : 

()
()( )() ()

Ŭɓ Ŭɓ Ŭ ɓ Ŭ ɓ= - + +22 1
i i i

i
g g u u c w w , 

()

()

()
()

Ŭɓ Ŭɓ Ŭ ɓ Ŭɓ
+

= - +

2

2

1
2

i

i i

i

c
g g u u k

c
,  (7) 

ʛʜʝ 

( ) () ()( )( ) () ()
Ŭɓ Ŭ ɓ ɟ Ŭ ɓ Ŭ ɓ ɟ Ŭ ɓ

ɟr= - + +
2

4 2i

i i g i g i g i g
k u u u w u w w u u w w w . 

ɿʜʝʩʴ 
()a ab

b=( )

i

i gw g w .  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʠʜʘ (7) ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʣʦʨʝʥʮʝʚʳʭ ʤʝʪʨʠʢ. 

ɽʩʣʠ ʨʠʤʘʥʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ( )Ŭɓ4,M G  ʧʦʨʦʞʜʝʥʦ +1n  ʚʠʜʘʤʠ ʤʘʪʝʨʠʠ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ ʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥ ʚ ʚʠʜʝ, ʘʥʘʣʦʛʠʯʥʦʤ ʨʘʚʝʥʩʪʚʫ (4) 

 ( ) () ()( )Ŭ Ŭə a a b b
= =

å õ
= + + +æ ö
ç ÷

ä äñ
4

, ,

0 1

, ,
n n

i i

G mi i

i i

S R L u u L L w w Gd x,  (8) 

ʛʜʝ ( )a a b,,L u u  - ʣʘʛʨʘʥʞʠʘʥ ʧʦʣʷ Ŭu , 
() ()( )Ŭ Ŭb,,
i i

iL w w  - ʣʘʛʨʘʥʞʠʘʥʳ ʧʦʣʝʡ 
()
Ŭ

i
w , miL  - ʣʘʛʨʘʥʞʠʘʥ i -ʛʦ ʚʠʜʘ 

ʤʘʪʝʨʠʠ, ʧʨʠʯʸʤ ʜʣʷ ʤʘʪʝʨʠʠ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ( )Ŭɓ4,M g  ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ =0i . ʃʘʛʨʘʥʞʠʘʥ ( )a a b,,L u u  ʚʢʣʶʯʝʥ ʚ ʠʥʪʝʛʨʘʣ (8), ʯʪʦʙʳ ʚʩʝ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʘʪʝʨʠʠ ʙʳʣʠ 

ʬʦʨʤʘʣʴʥʦ ʨʘʚʥʦʧʨʘʚʥʳʤʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ( )Ŭɓ4,M g  ʜʝʡʩʪʚʠʝ (8) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, 

ʦʙʦʙʱʘʶʱʠʡ ʜʝʡʩʪʚʠʝ (5): 

( ){ Ŭ Ŭɓə a a b= - + + + +ñ , ,, ( , )g mS R L L u u F u u  

 
()( ) ()

() ()( )Ŭ Ŭ Ŭ Ŭb
=

ûè ø+ + + -üê úý
ä 4

,

1

, ,
n

i i i

i migig i
i

U u w L w w L gd x, (8ʘ) 

ʛʜʝ 
migiL  - ʣʘʛʨʘʥʞʠʘʥ i -ʛʦ ʚʠʜʘ ʤʘʪʝʨʠʠ, ʘ 

()( )a a,
i

iF u w - ʣʘʛʨʘʥʞʠʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʝʡ 
()
Ŭ

i
w  ʠ Ŭu . 

ʉʣʘʛʘʝʤʳʝ  

( ) ()( ) ()
() ()( )Ŭ Ŭɓ Ŭ Ŭ Ŭ Ŭa a b b

=

è ø+ + + +
ê úä, , ,

1

, ( , ) , ,
n

i i i

i migig i
i

L u u F u u U u w L w w L  

ʚ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʜʝʡʩʪʚʠʷ S ʝʩʪʝʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʧʠʩʳʚʘʶʱʠʝ ʪʸʤʥʫʶ ʤʘʪʝʨʠʶ, ʘ 

ʧʝʨʝʭʦʜ ʦʪ ʜʝʡʩʪʚʠʷ (8) ʢ ʜʝʡʩʪʚʠʶ (8ʘ) ï ʢʘʢ ʘʥʘʣʦʛ ʩʧʦʥʪʘʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʝ ʟʘʤʝʯʘʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʛʠʧʦʪʝʟʘ ʍʦʢʠʥʛʘ ʦ ʝʚʢʣʠʜʦʚʦʡ ʧʨʠʨʦʜʝ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

ʧʨʠʚʦʜʠʪ, ʚʦ-ʧʝʨʚʳʭ, ʢ ʚʳʚʦʜʫ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʢ ʧʦʣʠʤʝʪʨʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʜʦʧʫʩʢʘʶʱʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. ʆʙʘ ʵʪʠʭ ʚʳʚʦʜʘ ʥʫʞʜʘʶʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʤʤʝʥʪʘʨʠʷʭ. 

ɺʦ-ʧʝʨʚʳʭ, ʪʸʤʥʘʷ ʤʘʪʝʨʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʍʦʢʠʥʛʘ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʦʩʧʨʠʷʪʠʷ ʨʠʤʘʥʦʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʢʘʢ ʧʩʝʚʜʦʨʠʤʘʥʦʚʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʨʫʛʠʭ ʬʦʨʤ 

ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʪʸʤʥʦʡ ʵʥʝʨʛʠʠ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɺʦ ʚʪʦʨʳʭ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝʠʟʙʝʞʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʠʯʠʥʥʦʩʪʠ ʠ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʜʦʢʩʘʤ (ʩʤ. ʥʘʧʨ. [12]). ʆʜʥʘʢʦ ʧʨʷʤʦʡ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʝʩʣʠ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ) ʩʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʱʝʢʦʚʘʨʠʘʥʪʥʳʤʠ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 

 

12 

 

ʫʨʘʚʥʝʥʠʷʤʠ, ʪʦ ʥʘʨʫʰʝʥʠʝ ʧʨʠʯʠʥʥʦʩʪʠ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʦʪʨʦʧʥʳʡ ʢʦʥʫʩ 

ʙʫʜʫʱʝʛʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʤʘʪʝʨʠʠ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʢʦʥʫʩʦʚ ʧʨʦʰʣʦʛʦ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʠ [13].  

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʜʚʠʞʝʥʠʝ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʧʩʝʚʜʦʨʠʤʘʥʦʚʦʡ ʤʝʪʨʠʢʦʡ 
abg , ʪʦ 

ʧʝʨʝʭʦʜ ʢ ʅʴʪʦʥʦʚʩʢʦʤʫ ʧʨʝʜʝʣʫ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ. 
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COMPUTER ALGEBRA APPLICATION FOR MEA SURING INSTRUMENT QUANTITY OPTIMIZATION 

FOR MATERIAL BALANCE RECONCILIATION  

Abstract 

The problem of optimization of the number of measuring devices for refinery material balance reconciliation is considered. 

The algorithm for minimization of measuring devices quantity for data reconciliation and identification all flows is designed. 

Arrangement redundancy measuring devices algorithm is proposed. Heuristic algorithm for gross error detection is developed. 
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ʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʟʚʝʥʦʤ ʚ ʩʠʩʪʝʤʘʭ ʫʯʝʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ: ʧʝʨʝʨʘʙʦʪʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [1,2], 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [3,4], ʩʠʩʪʝʤʳ ʩʤʝʰʝʥʠʷ ʧʨʦʜʫʢʮʠʠ [5]. ʊʨʝʙʦʚʘʥʠʷ 

ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʫʯʝʪʘ ʚ ʙʠʟʥʝʩʝ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦ 

ʚʦʟʨʘʩʪʘʶʪ.  

ʀʟʤʝʨʝʥʠʷ ʚ ʙʘʣʘʥʩʦʚʳʭ  ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʫʙʣʠʨʫʶʪʩʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʝʧʨʠʝʤʣʝʤʳʝ ʦʰʠʙʢʠ ʧʨʠʙʦʨʥʳʭ ʜʘʥʥʳʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʅʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʩʯʠʪʳʚʘʶʪʩʷ 

ʩʦʪʥʠ ʧʨʠʙʦʨʦʚ. ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʠ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʝʰʠʪʴ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʜʣʷ ʮʝʣʝʡ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʧʨʠ ʨʝʰʝʥʠʠ 

ʩʣʦʞʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ [6,7]. ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʤʚʦʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʜʘʥʥʳʭ ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [8]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʙʦʨʥʦʛʦ ʫʯʝʪʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʠʩʪʝʤʘʭ ʩʚʝʜʝʥʠʷ ʙʘʣʘʥʩʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ: ʨʘʩʯʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʠʪʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ; ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʧʨʠ ʧʦʣʦʤʢʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ. 

ʇʨʠ  ʩʦʩʪʘʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, ʧʦʤʠʤʦ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʪʦʯʥʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [3]. ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ m ʫʟʣʦʚ 
)( jU  ),1( mj =  

ʠ ʩʦʜʝʨʞʘʱʫʶ n ʧʦʪʦʢʦʚ ʩ ʨʘʩʭʦʜʦʤ ix  ),1( ni = . ʇʨʠʤʝʤ ʜʣʷ ʚʭʦʜʷʱʠʭ ʚ ʫʟʝʣ 
)( jU  ʧʦʪʦʢʦʚ  ʟʥʘʢ ʤʠʥʫʩ, ʜʣʷ 

ʚʳʭʦʜʷʱʠʭ ï ʧʣʶʩ, ʜʣʷ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʧʦʪʦʢʦʚ ïʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʦʪʦʯʥʦʡ ʤʦʜʝʣʠ ʙʘʣʘʥʩʘ ʠʤʝʝʪ ʚʠʜ [2]: 

                                         0=Aʍ  , (1) 

ʛʜʝ X  - ʚʝʢʪʦʨ ʨʝʰʝʥʠʡ, A - ʤʘʪʨʠʮʘ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʘʷ ʟʥʘʯʝʥʠʷ  

-1, 0, +1. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʰʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʧʦʪʦʢʦʚ. ʅʝʠʟʤʝʨʷʝʤʳʝ 

ʧʦʪʦʢʠ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʥʘʙʣʶʜʘʝʤʳʝ, ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʠ ʥʝʥʘʙʣʶʜʘʝʤʳʝ [3]. 

ʉ 

http://aims.fao.org/skosmos/agrovoc/en/page/c_4881
http://aims.fao.org/skosmos/agrovoc/en/page/c_5372
http://aims.fao.org/skosmos/agrovoc/en/page/c_12457
http://aims.fao.org/skosmos/agrovoc/en/page/c_24009
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ʆʙʦʟʥʘʯʠʤ ʧʦʜʤʥʦʞʝʩʪʚʦ ʠʟʤʝʨʷʝʤʳʭ ʧʦʪʦʢʦʚ 
(1)M , ʥʘʙʣʶʜʘʝʤʳʭ - 

(2)M  ʠ ʥʝʥʘʙʣʶʜʘʝʤʳʭ - 
(3)M , ʩ 

ʵʣʝʤʝʥʪʘʤʠ Í(1) (1)

kx M , Í(2) (2)

jx M , Í(3) (3)

lx M . 

ɺʳʯʠʩʣʠʤ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦkʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʥʘʙʣʶʜʘʝʤʳʭ ʧʦʪʦʢʦʚ, ʪ.ʝ. 

ʤʥʦʞʝʩʪʚʦ = /
(3)M O - ʧʫʩʪʦʝ.  

ʆʙʦʟʥʘʯʠʤ ʨʘʥʛ ʤʘʪʨʠʮʳ =( )rang rA . ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ, -n r  

ʥʝʠʟʚʝʩʪʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʧʨʦʠʟʚʦʣʴʥʦ ʠ ʚʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʩʪʨʦʝʥʠʝʤ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʠʟ -n r  ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ [9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ = -k n r .  

 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʦʪʦʢʦʚ ʩ ʨʘʩʭʦʜʦʤ ix ʩ ʫʟʣʘʤʠ ( )U j
; 

6 7 8 9, , ,x x x x  - ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ, 
2x - ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʠʟʤʝʨʷʝʤʦʝ ʟʥʘʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʫʯʝʪ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʣʶʙʦʛʦ ʠʟ ʧʨʠʙʦʨʦʚ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʨʘʟʤʝʱʝʥʠʠ ʧʨʠʙʦʨʦʚ ʚ ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ, ʙʦʣʝʝ 

ʪʦʛʦ, ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʥʘʙʣʶʜʘʝʤʳʤ ʧʦʪʦʢʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʠʙʦʨʦʚ. 

ʈʝʰʝʥʠʷ ʚ ʩʠʤʚʦʣʴʥʦʡ ʬʦʨʤʝ ʧʦʟʚʦʣʷʶʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ ʨʘʟʤʝʱʝʥʠʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ 

ʨʘʩʭʦʜ Í
(2) (2)

jx M ʜʣʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʪʦʢʘ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 
jf  ʦʪ kʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ Í(1) (1)

kx M : 

                                   =(2) (1) (1)

1( ,..., )j j kx f x x . (2) 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ ʵʬʬʝʢʪʠʚʥʦ ʚ ʟʘʜʘʯʘʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʪ.ʢ. ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʚ ʬʦʨʤʝ (2). 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʩʣʠʷʥʠʝʤ ʧʦʪʦʢʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ 1. ʇʫʩʪʴ ʥʘ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʧʦʪʦʢ ʩ ʨʘʩʭʦʜʦʤ 1x , ʥʘ ʚʳʭʦʜʝ - 8x , 9x . ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ 

ʧʝʨʝʤʝʥʥʳʭ n=9 ʠ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ m= 5. 

ʆʧʨʝʜʝʣʠʤ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚ ʩʭʝʤʝ ʧʦʪʦʢʦʚ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 1. ʉʠʩʪʝʤʘ 

ʙʘʣʘʥʩʦʚʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʜʣʷ ʨʘʩʭʦʜʘ ix  ( =1,9i ) ʠʤʝʝʪ ʚʠʜ 

                                              

- + + =ë
î
- + + =
î
î
- + + =ì
î- - + =
î
î- - + =í

1 2 3

2 4 5

3 6 7

4 6 8

5 7 9

0;

0;

0;

0;

0.

x x x

x x x

x x x

x x x

x x x

   , (3) 

ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3) 

                                     

-

-

= -

- -

- -

1 1 1 0 0 0 0 0 0

0 1 0 1 1 0 0 0 0

0 0 1 0 0 1 1 0 0

0 0 0 1 0 1 0 1 0

0 0 0 0 1 0 1 0 1

A  . (4) 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʤʘʪʨʠʮʳ (4) =( ) 5rang A , ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʚʥʦ k=4, ʘ ʦʩʪʘʣʴʥʳʝ ʤʦʞʥʦ 
ʚʳʯʠʩʣʠʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 4  ʧʨʠʙʦʨʘ, ʥʦ ʠʭ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʦʪʦʯʥʦʡ ʩʭʝʤʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʥʘʙʣʶʜʘʝʤʳʤ ʧʦʪʦʢʘʤ. ʊʘʢ, ʝʩʣʠ ʠʟʤʝʨʷʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ 

 

x2 

x5 

x4 

x6 

x8 

x7 

x3 

x9 

x1 

X
(2)

 

U(1)
 

U(3)
 U(5)

 

U(4)
 U(2)
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(1) (1) (1) (1)

2 3 8 9, , ,x x x x , ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʥʝʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ 
(3) (3) (3) (3)

4 5 6 7,x x x x  (ʨʠʩ.1) ʠ ʪʘʢʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʧʨʠʝʤʣʝʤʦ.  

ʇʨʠʤʝʥʠʤ ʩʠʤʚʦʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘʠʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʚʳʯʠʩʣʠʪʴ ʨʘʩʭʦʜ ʚʩʝʭ ʧʦʪʦʢʦʚ ʥʘ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʩʠʩʪʝʤʳ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Maple. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʩʠʤʚʦʣʴʥʦʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ¡= + - - + + + - -8 9 6 7 8 9 6 7 8 6 9 7 6 7 8 9( , , , , , , , , )X x x x x x x x x x x x x x x x x,   (5) 

ʛʜʝ ¡X - ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ.  

ʇʫʩʪʴ ʠʟʤʝʨʷʶʪʩʷ 4 ʧʘʨʘʤʝʪʨʘ 
(1) (1) (1) (1)

6 7 8 9, , ,x x x x  (ʨʠʩ.1). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʰʝʥʠʷ (5), ʦʩʪʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ: 

= +

=- - + +

= +

= -

= -

(2) (1) (1)

1 8 9

(2) (1) (1) (1) (1)

2 6 7 8 9

(2) (1) (1)

3 6 7

(2) (1) (1)

4 8 6

(2) (1) (1)

5 9 7

,

,

,

,

.

x x x

x x x x x

x x x

x x x

x x x

 

ɽʩʣʠ ʦʜʠʥ ʠʟ ʚʳʙʨʘʥʥʳʭ ʧʨʠʙʦʨʦʚ = -k n r  ʥʝ ʨʘʙʦʪʘʝʪ, ʪʦ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʠʤ 

ʟʘʜʘʯʫ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʠʟʤʝʨʝʥʠʷ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʪʘʢʠʭ 

ʧʨʠʙʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1) ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʠʤʚʦʣʴʥʦʤ ʚʠʜʝ; ʚʦ-ʚʪʦʨʳʭ, ʚʳʙʝʨʝʤ ʧʝʨʝʤʝʥʥʫʶ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ, ʧʨʠ ʵʪʦʤ ʤʥʦʞʝʩʪʚʦ ʥʝʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ï ʧʫʩʪʦʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʧʨʠʤʝʨʝ (3), ʩ ʧʦʪʦʯʥʦʡ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ.1. ɸʥʘʣʠʟ 

ʨʝʰʝʥʠʷ (2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʭʦʜʘ ʧʦʪʦʢʘ 2x , ʧʦʩʢʦʣʴʢʫ ʚ ʦʙʱʝʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ (5) ʟʥʘʯʝʥʠʝ 2x ʧʨʝʜʩʪʘʚʣʷʝʪ  ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʈʝʰʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʙʦʨʦʚ ʝʜʠʥʩʪʚʝʥʥʦ, ʠ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (2), ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʣʦʤʢʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʙʦʨʦʚ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚʳʯʠʩʣʷʶʪʩʷ ʠ ʷʚʣʷʶʪʩʷ ʥʘʙʣʶʜʘʝʤʳʤʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʢʘʢ ʠʟʤʝʨʷʝʤʳʝ ʠ 

ʚʳʯʠʩʣʷʪʴ ʦʩʪʘʚʰʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʚʝʜʝʥʠʷ ʙʘʣʘʥʩʘ ʧʨʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʤʝʨʷʝʤʳʭ ʧʦʪʦʢʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘ ʩ ʯʠʩʣʦʤ ʧʦʪʦʢʦʚ ʙʦʣʝʝ ʪʳʩʷʯʠ. ʆʧʨʝʜʝʣʷʣʦʩʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ ʨʘʟʤʝʱʝʥʠʝ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʵʪʘʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʜʦ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʥʠʤʘʣʠʩʴ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʫʩʪʘʥʦʚʢʝ ʥʝʜʦʩʪʘʶʱʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʠʙʦʨʦʚ ʩ ʮʝʣʴʶ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʀʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʝʞʘʪʴ ʠʟʣʠʰʥʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʠʙʦʨʦʚ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʙʘʣʘʥʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ ʚ 

ʙʘʣʘʥʩʦʚʳʭ ʩʠʩʪʝʤʘʭ ʫʯʝʪʘ ʠ ʫʢʘʟʘʪʴ ʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ 

ʧʦʪʦʢʘʤʠ. 
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ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʬʝʜʨʳ ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʌɻɹʆʋ ɺʆ ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄɽʊʆɼ 3D ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ ʉʄɽʐɽʅʀʗ ʅʔʖʊʆʅʆɺʉʂʀʍ ɾʀɼʂʆʉʊɽʁ 

ɺ ʊʈʋɹʏɸʊʓʍ ʂɸʅɸʃɸʍ ɼʀʌʌʋɿʆʈ-ʂʆʅʌʋɿʆʈʅʆɻʆ ʊʀʇɸ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʮʝʩʩʦʚ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ 

ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʯʘʪʳʭ ʢʘʥʘʣʘʭ ʜʠʬʬʫʟʦʨ - ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ. ʀʟʫʯʝʥʳ ʤʦʜʝʣʠ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʨʠʤʝʨʝ 2D ʤʦʜʝʣʠ ʜʣʷ ʪʨʫʙʯʘʪʦʛʦ ʢʘʥʘʣʘ ʜʠʬʬʫʟʦʨ - ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʨʘʟʨʘʙʦʪʢʝ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 2D ʤʦʜʝʣʠ. 

ʇʦʢʘʟʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʚʪʦʨʦʤ ʩʪʘʪʴʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʝʜʣʦʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 3D ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 
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METHOD 3D DESIGNS OF PROCESS OF MIXING OF NEWTONIAN LIQUIDS IN TUBULAR CHANNELS 

OF THE DIF FUSER-CONFUSER TYPE 

Abstract 

To the article results are driven 3D designs and numeral experiments of processes of mixing of streams of newtonian 

liquids in tubular channels diffuser - confuser type. The models of similar task of specialists of this area are studied on an 

example 2d models for a tubular channel diffuser - confuser type, a design of that was base on development, forming and 

numeral experiments 2d models. The lacks of this method of design are shown and reasonable. The author of the article for the 

decision of task is offer forming 3d models. As an instrument for realization of decision the set problem a programmatic 

complex "Fluent" is offered. 

Keywords: turbulent motion, newtonian liquids, processes of mixing of liquids, channel of the diffuser-confuser type. 

 

ʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʪʝʯʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʩʤʝʰʠʚʘʶʱʠʭʩʷ 

ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʯʘʪʳʭ ʢʘʥʘʣʘʭ. ɺ ʨʷʜʝ ʨʘʙʦʪ (ʄʠʥʩʢʝʨ ʂ.ʉ., ʐʣʠʭʪʠʥʛ ɻ.ɸ., ʂʘʤʠʥʩʢʠʡ ɺ.ɸ., 

ʍʠʥʮʝ ʀ.ʆ., ʌʘʬʫʨʠʥ ɺ.ɸ., ʊʘʭʘʚʫʪʜʠʥʦʚ ʈ.ɻ., ɼʘʥʠʣʦʚ ʖ.ʄ., ʄʫʭʘʤʝʪʟʷʥʦʚʘ ɸ.ɻ., ʇʝʪʨʦʚʠʯʝʚʘ ɽ.ɸ., ɿʘʭʘʨʦʚ ɺ.ʇ. ʠ 

ʜʨ.) ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʥʘʣʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʥʦ ʟʘʜʘʯʘ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʩʪʘʚʠʣʘʩʴ ʢʘʢ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ [1,2] ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʥʝʸ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ 2D ʤʦʜʝʣʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 2D ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʴʶʪʦʥʦʚʩʢʠʭ 

ʉ 
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ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʥʘʣʝ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʚʦʜʘ ʚʪʦʨʦʛʦ ʩʤʝʰʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʢʘʢ ʯʝʨʝʟ 

ʢʦʣʴʮʝʚʫʶ ʱʝʣʴ ʠʣʠ ʢʘʢ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ.  2D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʢʘʥʘʣʝ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʤʝʰʝʥʠʝ ʚ ʫʩʣʦʚʠʠ 

ʦʪʩʫʪʩʪʚʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ V=0,3+1 

ʤ/ʩ, R=025+0,06 ʤ; L=1-1,5 ʤ., ʧʦʜʘʯʘ ʧʦʪʦʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʪʦʢʫ ʤʦʥʦʤʝʨʘ, ʠ ʪʠʧ ʪʨʫʙʯʘʪʳʭ 

ʢʘʥʘʣʦʚ ʜʠʬʬʫʟʦʨʥʦʛʦ - ʢʦʥʬʫʟʦʨʥʦ ʪʠʧʘ (ʨʠʩ.1).  

 

 
ʈʠʩ. 1 ï ʊʨʫʙʯʘʪʳʡ ʢʘʥʘʣ ʜʠʬʬʫʟʦʨ-ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʘʧʧʘʨʘʪʳ ʩ ʚʚʦʜʦʤ ʚʪʦʨʦʛʦ ʩʤʝʰʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʯʝʨʝʟ ʩʪʨʫʡʥʳʝ ʬʦʨʩʫʥʢʠ 

ʠʣʠ ʠʭ ʩʠʩʪʝʤʫ, ʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʚʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʘʥʘʣ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʝʱʸ ʥʝ ʙʳʣʦ. 

ɸʚʪʦʨʦʤ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʤʦʞʥʦ ʧʨʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚʚʦʜ 

ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʩʪʨʫʡʥʳʝ ʬʦʨʩʫʥʢʠ ʠʣʠ ʬʦʨʩʫʥʦʯʥʳʝ ʛʦʣʦʚʢʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʘʞʝ ʚ 

ʪʨʫʙʯʘʪʦʤ ʢʘʥʘʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʝʩʧʝʯʠʪʴ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʤʝʰʝʥʠʷ. ʉʠʩʪʝʤʘ ʩʪʨʫʡ ʚ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʠʛʨʘʝʪ ʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʫʨʙʫʣʠʟʘʪʦʨʘ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʫʡʥʦʛʦ ʧʦʜʚʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʘʣʴʥʳʭ ʩʪʨʫʡʥʳʭ ʬʦʨʩʫʥʦʢ ʠ ʬʦʨʩʫʥʦʯʥʳʭ ʛʦʣʦʚʦʢ. ʕʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʬʘʢʪʘ 

ʩʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʨʫʠ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʬʦʨʩʫʥʢʠ ʚ ʩʥʦʩʷʱʝʤ 

ʧʦʪʦʢʝ, ʠ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʢʘʥʘʣʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ  

ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʧʫʪʸʤ ʯʠʩʣʝʥʥʦʛʦ 3D ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʤʝʰʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʥʘʣʝ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ  ʩʤʝʰʝʥʠʷ ʚ ʪʨʫʙʯʘʪʦʤ ʢʘʥʘʣʝ, ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʝʦʙʲʸʤʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ ɔʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ Ů, ʘ 

ʪʘʢʞʝ ʧʦʪʝʨʷʤʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ.  
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ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ ʩʣʫʞʠʪ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʤʝʰʝʥʠʷ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʦʜʠʥ ʠʟ 

ʚʘʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʥʘʣʘ - ʩʪʝʧʝʥʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (- ʩʨʝʜʥʠʡ ʧʦ ʦʙʲʸʤʫ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ), ʉ0 - ʟʘʜʘʥʥʘʷ ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ. 

ɿʘʜʘʯʝʡ ʪʝʭʥʦʣʦʛʠʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʩʪʨʦʝʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʦʪʦʢʦʚ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʯʘʪʳʭ ʢʘʥʘʣʘʭ ʜʠʬʬʫʟʦʨʥʦʛʦ - ʢʦʥʬʫʟʦʨʥʦ ʪʠʧʘ. ʉʪʨʦʠʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ FLUENT 6.3.  

ʉʤʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʩʧʣʦʰʥʘʷ ʩʨʝʜʘ ʩʦ ʩʨʝʜʥʠʤʠ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ: ʢʦʥʮʝʥʪʨʘʮʠʠ - 

),,( zyxʉ , ),,( zyxr - ʧʣʦʪʥʦʩʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ - .mʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʤʝʰʠʚʘʶʪʩʷ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ 
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ʛʜʝ 2121 ,,, rrmm - ʚʷʟʢʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ 

ʜʚʠʞʝʥʠʠ ʣʦʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʢʦʨʦʩʪʝʡ: 

ʩʢʦʨʦʩʪʠ ʦʩʨʝʜʥʸʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʩʢʦʨʦʩʪʠ uuu ¡+= . ʆʩʨʝʜʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦ ʚʨʝʤʝʥʠ - ʧʦ 

ʌʘʚʨʫ: 

( )ñ-
=

2

1
21

1
t

t

udt
tt

u  

ɿʘ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʙʳʣʠ ʚʟʷʪʳ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ: 

 

2

2

0, 0

ii i i

j

j i j j j

j j

j j

j

j jj

uu u up
u u

t x x x x x

u u

x x

C C C
u D

t x x

r m r
ë ¡è ø å õµµ µ µµ µ
î ¡+ =- + -æ öé ù æ öµ µ µ µ µ µî é ùê ú ç ÷
î

¡µ µî
= =ì

µ µî
î
µ µ µ
î + =
îµ µ µ
í

  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 

 

18 

 

ɿʜʝʩʴ iu - i-ʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, { }zyxji ,,, = , p ï  ʜʘʚʣʝʥʠʝ ʧʫʣʴʩʘʮʠʠ, D - ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ, 
jx - j-ʷ ʦʩʴ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʫʨʘʚʥʝʥʠʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ  ʜʠʚʝʨʛʝʥʪ ʥʘʧʨʷʞʝʥʠʡ  
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ɿʜʝʩʴ .ij ʩʠʤʚʦʣʂʨʦʥʝʢʝʨʘd-  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʥʝ ʟʘʤʢʥʫʪʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʟʘʤʳʢʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [3]. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ: 

1. ʉʪʘʥʜʘʨʪʥʘʷ ( )e-k  ʤʦʜʝʣʴ; 

2. ɼʚʫʭʩʣʦʡʥʘʷ RNG ʤʦʜʝʣʴ; 

3. ɼʚʫʭʩʣʦʡʥʘʷ SST ʤʦʜʝʣʴ Menter F.R.; 

4. ʉʪʘʥʜʘʨʪʥʘʷ( )w-k  ʤʦʜʝʣʴ; 

5. ʉʪʘʥʜʘʨʪʥʘʷ( )w-k ʤʦʜʝʣʴ ʩ ʠʟʤʝʥʸʥʥʳʤʠ, ʧʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ, ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʧʨʠ ʯʣʝʥʘʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʛʝʥʝʨʘʮʠʶ ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ - kʠ ʚʠʭʨʝʚʦʡ ʜʠʩʩʠʧʘʮʠʠ - w. 

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʪʨʫʙʯʘʪʦʛʦ ʢʘʥʘʣʘ ʥʘ (ʨʠʩ. 2): 

 

 
ʈʠʩ. 2 ï ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʨʫʙʯʘʪʦʛʦ ʢʘʥʘʣʘ  

 

ɺ ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʢʘʥʘʣʘ (çʚʭʦʜ 2è - ʬʦʨʩʫʥʦʯʥʘʷ ʛʦʣʦʚʢʘ, çʚʭʦʜ 1è) ʟʘʜʘʶʪʩʷ: ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ, ʥʘʯʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʦʙʲʸʤʥʳʝ ʜʦʣʠ,  ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʠʜʘ ),( yxj : 

ɺʭʦʜ 1: 111111 ),(),,,,( yxkʉu jem = ,  

ɺʭʦʜ 2: 222222 ),(),,,,( yxkʉu jem =  

ɺ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʟʘʜʘʶʪʩʷ çʤʷʛʢʠʝè ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʝʯʝʥʠʷ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʠʧʘ: 
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ɺ ʦʙʣʘʩʪʠ ʩʪʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʩʪʝʥʦʯʥʳʝ ʬʫʥʢʮʠʠ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ: ʥʝʨʘʚʥʦʚʝʩʥʘʷ 

ʬʫʥʢʮʠʷ ʩʪʝʥʢʠ (Non-Equilibrium Wall Functions ï NEWF), ʢʦʪʦʨʘʷ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʨʠʩʦʝʜʠʥʷʶʱʠʭʩʷ ʪʝʯʝʥʠʡ 

ʩʪʝʩʥʸʥʥʳʭ ʩʪʝʥʢʘʤʠ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʪʦʢʠ ʚ ʢʘʥʘʣʘʭ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠ ʜʠʬʬʫʟʦʨ ï ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ, 

ʦʢʘʟʘʣʘʩʴ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ, ʦʧʠʩʳʚʘʶʱʘʷ  ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ. 

ʅʫʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʫʙʯʘʪʳʭ 

ʢʘʥʘʣʘʭ ʚʦʟʥʠʢʘʝʪ ʦʜʥʘ ʠʟ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʘʯʝʩʪʚʦʤ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ (ʩʝʪʢʠ), ʟʘʤʝʥʷʶʱʝʡ ʬʠʟʠʯʝʩʢʫʶ 

ʦʙʣʘʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʝʞʜʝ ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʨʘʩʯʸʪʘʤ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʪʨʫʙʯʘʪʦʤ ʢʘʥʘʣʝ ʚ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 
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ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ çFluentè ʩʣʝʜʫʝʪ ʧʦʜʛʦʪʦʚʠʪʴ  ʩʝʪʦʯʥʫʶ ʦʙʣʘʩʪʴ [4,5]. ʎʝʣʴʶ ʪʘʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʚʳʷʩʥʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʫʩʣʦʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʩʝʪʢʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘ (ʨʠʩ. 3 (ʘ)) ʧʨʠʚʝʜʸʥ ʬʨʘʛʤʝʥʪ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʫʩʤʦʪʨʝʪʴ ʝʸ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʧʦʪʦʢʘ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʥʘʣʘʭ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʝʪʢʫ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʦʧʮʠʡ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʧʦʚʦʨʦʪʘ 

(ʙ). ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʨʘʥʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʰʝʥʠʠ.  

 

ʘ)            ʙ)  

ʈʠʩ. 3 ï ʉʝʪʢʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʦʧʮʠʡ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ (ʘ) ʠ ʩ ʥʠʤʠ (ʙ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3D ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʪʝʯʝʥʠʡ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʥʘʣʘʭ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʘ ʩʠʤʤʝʪʨʠʯʥʦʡ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ ʩʝʪʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʠʤʝʪʴ ʪ.ʥ. ʩʝʪʦʯʥʫʶ ʥʝʟʘʚʠʩʠʤʦʩʪʴ, ʪ.ʝ. ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ (ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨʳ ʷʯʝʡʢʠ).  

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʦʟʤʦʞʥʫʶ ʘʩʩʠʤʝʪʨʠʶ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʩʝʪʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʫʜʘʣʦʩʴ 

ʫʩʪʨʘʥʠʪʴ, ʧʝʨʝʭʦʜʷʪ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ 

ʢʘʥʘʣʘʭ  ʜʠʬʬʫʟʦʨ-ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ. 

ɺ ʯʠʩʣʝʥʥʦʤ ʦʧʳʪʝ (ʨʠʩ. 4) - 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʢʘʥʘʣ ʜʠʬʬʫʟʦʨ-ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ ʦʩʥʦʚʥʳʤ ʧʦʪʦʢʦʤ 

ʧʦʩʪʫʧʘʝʪ ʧʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ï ʚʦʜʘ:  u1 = 0.5 ʤ/ʩ, Re1 = 2*10
4 
, ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʯʝʨʝʟ ʩʪʨʫʡʥʫʶ ʨʘʜʠʘʣʴʥʫʶ 

ʬʦʨʩʫʥʢʫ ʨʘʟʤʝʨʦʤ 0.1d - ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ: u2 = 1 ʤ/ʩ,  ʦʙʲʸʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ: C=0.677, ʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ 

ʢʦʤʧʦʥʝʥʪʦʚ m2/m1=0.226. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ ʥʘ ʚʳʭʦʜʝ: ɔʘ= 0.923. 

 

 
ʈʠʩ. 4 ï ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʘʥʘʣʝ ʜʠʬʬʫʟʦʨ-ʢʦʥʬʫʟʦʨʥʦʛʦ ʪʠʧʘ 

 

ɽʩʣʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʚʦʜ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʩʧʠʨʪʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʪʨʫʡʥʳʭ ʬʦʨʩʫʥʦʢ ʠʟ 4 ʰʪʫʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʩʝʯʝʥʠʶ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ ɔʘ= 0.943. ʇʨʠ 

ʢʦʣʠʯʝʩʪʚʝ ʬʦʨʩʫʥʦʢ ʠʟ 8 ʰʪʫʢ - ɔʘ= 0.956. ɼʘʣʝʝ, ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʬʦʨʩʫʥʦʢ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ 

ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʜʦ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʘʭ: ɔʘ=0.973 (18 ʬʦʨʩʫʥʦʢ ʨʠʩ. 5). 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʘʜʠʘʣʴʥʦʤ ʩʪʨʫʡʥʦʤ ʧʦʜʚʦʜʝ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʩʤʝʰʝʥʠʷ. ʉʠʩʪʝʤʘ ʩʪʨʫʡ ʠʛʨʘʝʪ ʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʫʨʙʫʣʠʟʘʪʦʨʘ. ʇʨʠ ʢʦʣʠʯʝʩʪʚʝ ʞʝ ʬʦʨʩʫʥʦʢ ʙʦʣʝʝ 30 ʨʝʟʫʣʴʪʘʪ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʤʝʰʝʥʠʷ ʫʭʫʜʰʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʩʭʦʜʥʳʤ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʤʝʰʝʥʠʷ ʢʘʢ 

ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʚʦʜʘ ʚʪʦʨʦʛʦ ʩʤʝʰʠʚʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʯʝʨʝʟ ʢʦʣʴʮʝʚʫʶ ʱʝʣʴ: ɔʘ = 0.903, ʪʦ ʝʩʪʴ ʢʘʢ ʧʨʠ 2D 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  
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ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʩʪʝʧʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʪ ʯʠʩʣʘ ʩʪʨʫʡʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʬʦʨʩʫʥʦʢ 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʪʨʫʙʯʘʪʳʭ ʢʘʥʘʣʘʭ ʩ ʩʪʨʫʡʥʳʤ ʧʦʜʚʦʜʦʤ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʤʝʰʝʥʠʷ. ʉʪʨʫʡʥʳʝ ʬʦʨʩʫʥʢʠ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦ ʩʝʯʝʥʠʶ ʢʘʥʘʣʘ, ʠ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʬʦʨʩʫʥʦʢ.  
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, ʐʘʨʠʢʦʚ ʖ.ɺ.

2
 

1
ɸʩʧʠʨʘʥʪ, 

2
ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʈʀʄɽʅɽʅʀɽ ʇʈʆɻʈɸʄʄʅʆɻʆ ʂʆʄʇʃɽʂʉɸ PROFICY TROUBLESHOOTER  ɼʃʗ 

ʋʉʊɸʅʆɺʃɽʅʀʗ ɿɸɺʀʉʀʄʆʉʊʀ ʄɽɾɼʋ ɺʍʆɼʅʓʄʀ ʀ ɺʓʍʆɼʅʓʄʀ ʇɽʈɽʄɽʅʅʓʄʀ ʆɹɾʀɻɸ 

ʅʀʂɽʃɽɺʆɻʆ ʂʆʅʎɽʅʊʈɸʊɸ ɺ ʇɽʏʀ ʂʀʇʗʑɽɻʆ ʉʃʆʗ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Proficy Troubleshooter, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ 

ʥʠʢʝʣʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʝʯʠ ʂʠʧʷʱʝʛʦ ʩʣʦʷ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʟʘʛʨʫʟʢʠ ʢʝʢʘ ʚ ʧʝʯʴ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʦʛʘʨʢʘ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʞʠʛʘ ʚ ʧʝʯʘʭ ʂʠʧʷʱʝʛʦ ʩʣʦʷ. ʆʧʨʝʜʝʣʝʥʳ 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʙʞʠʛʘ ʧʘʨʘʤʝʪʨʳ. ʇʨʝʜʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ çʪʝʯʢʠè ʠʟ ʧʝʯʠ 

ʂʠʧʷʱʝʛʦ ʉʣʦʷ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʯʴ ʢʠʧʷʱʝʛʦ ʩʣʦʷ, ʟʘʛʨʫʟʢʘ ʢʝʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʛʘʨʢʘ, Proficy Troubleshooter 
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APPLICATION OF PROFICY TROUBLE SHOOTER SOFTWARE COMPLEX FOR RELATIONSHIP 

ESTABLISHING BETWEEN INPUT AND OUTPUT VARIABLES OF THE FIRING NICKEL CONCENTRATE IN 

THE FLUIDIZED LAYER FURNACE  

In this article, with the help of software Proficy Troubleshooter product, was analyzed nickel concentrate firing process in 

the fluidized layer furnace. Archive statistical data was analyzed Based on production data was examined relationship between 

the effect of loading the cake in an oven and a temperature of cinder. The main quality parameters depending on firing in 

fluidized layer furnaces were identified. The parameters influencing the roasting process were identified. It proposed the use of 

temperature of the fluidized bed calcine to calculate the flow rate. 
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ʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʠ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʤʝʥʴʰʘʪʴ ʩʪʘʪʴʠ ʨʘʩʭʦʜʦʚ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʥʦʚʦʚʚʝʜʝʥʠʡ ʠ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʚʦʠʭ ʚʳʚʦʜʦʚ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʦʙʲʝʢʪʝ, 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ʆʯʝʥʴ ʯʘʩʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ ï ʥʝ ʠʟʫʯʝʥʳ ʠ 

ʚʟʘʠʤʦʩʚʷʟʴ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ. ʇʦʤʠʤʦ ʥʝʠʟʫʯʝʥʥʳʭ ʩʚʷʟʝʡ, ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʦʟʤʫʱʝʥʠʷ ʩʠʩʪʝʤʳ. ʊʘʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʦʩʪʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ, ʘ 

ʟʥʘʯʠʪ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʙʱʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʢʦʡ ʣʠʙʦ ʤʦʜʝʣʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʵʪʦ ʦʙʨʘʙʦʪʢʘ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʙʞʠʛʝ ʥʠʢʝʣʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʝʯʠ 

ʢʠʧʷʱʝʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ. 

ʆʙʨʘʙʦʪʢʘ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Proficy Troubleshooter, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ: ʦʙʨʘʙʦʪʘʪʴ ʜʘʥʥʳʝ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʩʵʤʧʣʦʚ; ʥʘʡʪʠ ʚʩʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ; ʧʦʩʪʨʦʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ; ʧʨʝʜʣʦʞʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʮʝʣʝʚʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. 

Proficy Troubleshooter 

Proficy Troubleshooter (ʜʘʣʝʝ PT) ï  ʵʪʦ ʢʦʤʧʣʝʢʩ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ 

ʟʥʘʥʠʷ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʙʦʪʘʶʪ ʩ ʘʨʭʠʚʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʚʳʛʨʫʟʢʦʡ ʠ ʧʦʤʦʛʘʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙʳ 

ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. 

Proficy Troubleshooter (ʜʘʣʝʝ PT) ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ, ʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʦ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ PT ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʩʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ. 

PT ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʣʶʙʳʤ ʘʨʭʠʚʥʳʤ ʧʨʦʛʨʘʤʤʘʤ. ʃʶʙʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʭʨʘʥʠʪ ʩʚʦʠ 

ʠʩʪʦʨʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʚ ʢʘʢʦʡ ʣʠʙʦ ʙʘʟʝ ʜʘʥʥʳʭ. ʉ ʧʦʤʦʱʴʶ PT ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ ʮʝʥʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʟʥʘʥʠʡ ʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ: 

1. ʈʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʳʝ ʧʨʠʯʠʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʚʘʨʠʘʮʠʡ; 

2. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʚʦʜʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟ ʜʘʥʥʳʭ; 

ɺ 
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3. ʋʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʙʨʘʢʦʚʘʥʥʳʭ ʧʘʨʪʠʡ; 

4. ʋʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʤʝʥʥʳʭ; 

5. ʆʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

6. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʜʨʫʛʠʤ 
ʢʦʤʧʦʥʝʥʪʘʤ Proficy, ʥʘʧʨʠʤʝʨ, Proficy Cause+. 

ʀʩʩʣʝʜʦʚʘʥʠʝ 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ ʥʠʢʝʣʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʝʯʠ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩ ʆɸʆ çʂʦʣʴʩʢʘʷ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷè. 

ʂʦʣʴʩʢʘʷ ɻʄʂ ʩʝʛʦʜʥʷ - ʵʪʦ ʝʜʠʥʦʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʜʦʙʳʯʝ ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʦ-

ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʳʧʫʩʢʘʝʤʘʷ ʧʨʦʜʫʢʮʠʷ - ʵʣʝʢʪʨʦʣʠʪʥʳʡ ʥʠʢʝʣʴ ʠ ʤʝʜʴ, 

ʢʘʨʙʦʥʠʣʴʥʳʝ ʥʠʢʝʣʝʚʳʝ ʧʦʨʦʰʢʠ, ʢʦʙʘʣʴʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠ ʢʦʥʮʝʥʪʨʘʪʳ ʜʨʘʛʤʝʪʘʣʣʦʚ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʝʯʠ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ ʠʟ ʧʝʯʠ, 

ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʇʨʦʙʣʝʤʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʭʦʜʦʤʝʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʘʢʦʡ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1150 Áʉ). 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Proficy Troubleshooter ʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʟʘʛʨʫʟʢʠ 

ʢʝʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʯʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘʤ ʜʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ  

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʯʢʠ, ʚʝʜʴ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʪʝʯʢʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʛʦ ʝʡ ʦʛʘʨʢʦʤ. ʏʝʤ ʙʦʣʴʰʝ 

ʧʨʦʡʜʝʪ ʦʛʘʨʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʪʝʧʣʘ ʙʫʜʝʪ ʧʝʨʝʜʘʥʦ ʪʝʯʢʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ ʧʦʟʚʦʣʠʪ ʟʘʜʘʚʘʪʴ ʪʦʯʥʳʡ 

ʨʘʩʭʦʜ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʫʛʣʷ). 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʙʝʨʝʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʠ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʟʘ ʤʝʩʷʮ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʵʪʦ 42642 ʟʥʘʯʝʥʠʷ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ ʤʠʥʫʪʫ.  

ʆʙʦʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ: 

¶ Flow_Kek ï ʟʘʛʨʫʟʢʘ ʢʝʢʘ (ʥʠʢʝʣʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ), ʪ/ʯʘʩ; 

¶ P_podina ï ʜʘʚʣʝʥʠʝ ʚ ʧʦʜʠʥʝ, ʢʛ/ʩʤ2; 

¶ Temp_1 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʟʘʛʨʫʟʢʠ ʢʝʢʘ ʚ ʧʝʯʴ ʂʉ, Áʉ; 

¶ Temp_10 ï ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜ ʩʚʦʜʦʤ ʧʝʯʠ ʂʉ, Áʉ; 

¶ Temp_7 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʚʳʛʨʫʟʢʠ ʢʝʢʘ ʠʟ ʧʝʯʠ ʂʉ, Áʉ; 

¶ Temp_Tech ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʯʢʝ, ʧʦ ʢʦʪʦʨʦʡ ʦʛʘʨʦʢ ʧʦʩʪʫʧʘʝʪ ʠʟ ʧʝʯʠ ʂʉ ʚ ʊʨʫʙʯʘʪʫʶ ʧʝʯʴ. 

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʚ PT ʪʨʝʙʫʝʪʩʷ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʘ ʠʤʝʥʥʦ, ʫʜʘʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʚʳʙʨʦʩʦʚ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʘ ʟʘʛʨʫʟʢʠ ʢʝʢʘ. ɼʣʷ ʵʪʦʛʦ ʚ PT ʝʩʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ çLimit  Valuesè, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʚʚʦʜʷʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ 10 ï 15 ʪ/ʯʘʩ. ʆʩʥʦʚʥʦʝ ʦʢʥʦ ʟʘʛʨʫʟʢʠ ʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʟʳʚʘʝʪʩʷ çData Preparationè (ʈʠʩ. 1). 

 

 
ʈʠʩ. 1 ï ʆʢʥʦ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ 

   

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʵʪʦ ʚʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 

 

23 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʦʧʨʝʜʝʣʷʣʠ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʯʢʠ. ʇʦʤʠʤʦ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ 

PT, ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʨʘʩʩʯʠʪʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʤ ʤʝʪʦʜʦʤ ʠ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (ʚ ʩʢʦʙʢʘʭ ʜʘʥʥʳʝ ʨʘʩʯʝʪʦʚ): 

¶ Temp_Tech  ï Flow_Kek ï 83,94 % (86,1%); 

¶ Temp_Tech  ï P_Podina ï 59,73 % (58,4%); 

¶ Temp_Tech  ï Temp_1 ï 14,36 % (12,78%); 

¶ Temp_Tech  ï Temp_10 ï 33,81 %(35,21%); 

 

 
ʈʠʩ. 2 ï ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʟʘʛʨʫʟʢʦʡ ʢʝʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʝʯʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 83,94 %, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʯʢʠ ʠ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ.   ʊʘʢʞʝ ʜʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ ʚ ʪʨʫʙʯʘʪʫʶ ʧʝʯʴ. 

ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʯʢʠ ʠʟ ʧʝʯʠ ʂʉ ʚ 

ʊʨʫʙʯʘʪʫʶ ʧʝʯʴ, ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʩʭʦʜ ʦʛʘʨʢʘ ʤʝʞʜʫ ʵʪʠʤʠ ʧʝʯʘʤʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʩʷʯʥʳʡ ʘʨʭʠʚ ʧʘʨʘʤʝʪʨʦʚ ʦʙʞʠʛʘ ʧʝʯʠ ʂʉ. ʆʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ,  ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʘ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʵʪʦ Proficy Troubleshooter. PT ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʟʘʛʨʫʟʢʦʡ ʢʝʢʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʝʯʢʠ. ʊʘʢʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʯʢʠ, ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʛʦ ʝʡ ʦʛʘʨʢʦʤ, ʘ ʯʝʤ ʙʦʣʴʰʝ ʦʛʘʨʢʘ ʧʨʦʡʜʝʪ, ʪʝʤ ʙʦʣʴʰʝ ʪʝʧʣʘ ʙʫʜʝʪ ʧʝʨʝʜʘʥʦ ʪʝʯʢʝ. 

ʏʝʤ ʙʦʣʴʰʝ ʢʝʢʘ ʤʳ ʟʘʛʨʫʞʘʝʤ ʚ ʧʝʯʴ ʂʉ, ʪʝʤ ʙʦʣʴʰʝ ʦʛʘʨʢʘ ʧʦʣʫʯʘʝʤ ʚ ʪʝʯʢʝ ʠ ʪʝʤ ʙʦʣʴʰʝ ʪʝʧʣʦʪʳ ʧʝʨʝʜʘʝʤ 

ʪʝʯʢʝ. 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʵʪʦ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ 

ʦʛʘʨʢʘ ʚ ʊʨʫʙʯʘʪʫʶ ʧʝʯʴ. ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʦʛʘʨʢʘ ʧʦʟʚʦʣʠʪ  ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʧʦ ʥʝʤʫ ʩʦʟʜʘʪʴ ʢʦʥʪʫʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ,  ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. 
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ʅɸ ʆʉʅʆɺɸʅʀʀ 

ɸʥʥʦʪʘʮʠʷ 
ʀʩʩʣʝʜʫʝʪʩʷ ʫʜʘʨ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ ʧʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʪʷʥʫʪʦʡ (ʩʞʘʪʦʡ) ʧʣʘʩʪʠʥʝ, ʣʝʞʘʱʝʡ ʥʘ ʦʩʥʦʚʘʥʠʠ. 

ʆʙʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʩʪʠʥʳ ʩʯʠʪʘʶʪʩʷ ʫʧʨʫʛʠʤʠ, ʘ ʤʝʩʪʥʳʝ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ï ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʘʥʘʣʠʟʝ ʫʜʘʨʘ ʧʦ ʮʝʥʪʨʫ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠʣʠ ʢʨʫʛʣʦʡ ʧʣʘʩʪʠʥʳ, ʣʝʞʘʱʝʡ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ɺʠʥʢʣʝʨʘ ʠʣʠ ʧʦ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʜʘʨʘ (ʩʠʣʳ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʝʸ ʤʘʢʩʠʤʫʤʘ, ʤʦʤʝʥʪʘ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʫʜʘʨʝ) ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʫʯʸʪ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʪʝʣʦ ʠ ʧʣʘʩʪʠʥʫ, ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʪʝʣ. ʇʨʦʚʝʜʸʥ 

ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤʳ çʧʣʘʩʪʠʥʘ ï ʦʩʥʦʚʘʥʠʝè. ʉʦʫʜʘʨʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʉ. ʇ. ʊʠʤʦʰʝʥʢʦ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʥʝʙʨʝʛʘʶʪ ʚʦʣʥʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʘʣʦʡ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʪʝʣ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʰʝʥʠʝ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʪʝʣ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ 

ʯʠʩʣʝʥʥʳʤʠ ʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʇʨʠ ʙʦʣʴʰʠʭ ʤʝʩʪʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʫʧʨʫʛʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʥʠʝ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʡ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʞʸʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʫʜʘʨʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯʠ ʫʜʘʨʘ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʦ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʝ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʫʜʘʨʝʥʠʝ, ʧʨʷʤʦʫʛʦʣʴʥʘʷ, ʢʨʫʛʣʘʷ, ʙʝʩʢʦʥʝʯʥʘʷ ʧʣʘʩʪʠʥʳ, ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʪʷʞʝʥʠʝ, ʦʩʥʦʚʘʥʠʝ, ʘʩʠʤʧʪʦʪʠʢʘ. 
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STUDY OF THE BLOW EVENLY STRETCHED PLATE LYING  ON THE BASE 

Abstract 

Examines the impact of a massive body at evenly stretched (compressed) plate, lying on the ground. The total displacement 

of the plate is considered elastic, and local to the contact is elastic-plastic. Considered a common approach in the analysis of 

the attack on the center of a rectangular or circular plate lying on the base of the Winkler or an endless plate on the surface of 

an ideal incompressible fluid. When calculating the main characteristics of the impact (force of contact interaction, its 

maximum, the moment of achievement, duration of impact, coefficient of restitution at impact) important is the consideration of 

the initial impact velocity, the magnitude of the external influences on the body and the plate, the state of material bodies. the 

analysis of the dynamic function of the influence of the çplate ï baseè. The collision is considered in the framework of the 

theory of S. P. Timoshenko, which neglect wave processes in a small area of contact. The solution of the quasistatic contact 

problems for elastoplastic bodies, which are in good agreement with numerical and empirical results. For large local plastic 

deformations can be neglected elasticity of the material in the contact area, use the solution to rigid-plastic contact problem 

and to investigate rigid-plastic collision. The asymptotic results are in good agreement with analytical and numerical solutions 

to the problem of hitting the half-space and an endless plate and can be recommended for engineering calculations. 

Keywords: elastoplastic collision, rectangular, circular, endless plate, even stretching, base, asymptotics. 

 

ʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʫʜʘʨʝʥʠʷ ʪʚʝʨʜʳʭ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʪʝʣ: ʩʠʣʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ, ʧʨʦʥʠʢʘʥʠʝ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʛʦ ʩʤʷʪʠʷ Ŭ(P) ʜʣʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʪʝʣ [1]. 

ɺ [2], [4], [6], [7] ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʘ ʨʘʚʥʦʤʝʨʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʣʘʩʪʠʥʳ. ɺ [3] ʠʩʩʣʝʜʦʚʘʣʩʷ ʫʜʘʨ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ ʧʦ ʧʣʘʩʪʠʥʝ ʥʘ ʫʧʨʫʛʦʤ ʞʠʜʢʦʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʚ [5] ï ʧʦ 

ʢʨʫʛʣʦʡ ʧʣʘʩʪʠʥʝ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʨʘʝʤ, ʣʝʞʘʱʝʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ɺʠʥʢʣʝʨʘ. 

ʋʜʘʨ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʰʘʨʥʠʨʥʦ ʦʧʸʨʪʦʡ ʧʣʘʩʪʠʥʝ. ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ [6], [7] ʠʩʩʣʝʜʫʝʪʩʷ ʫʜʘʨ 

ʪʝʣʘ ʤʘʩʩʳ m, ʜʚʠʛʘʶʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V0, ʧʦ ʮʝʥʪʨʫ ʰʘʨʥʠʨʥʦ ʦʧʸʨʪʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʳ h, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʪʷʥʫʪʦʡ (ʩʞʘʪʦʡ) ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ ʫʩʠʣʠʷʤʠ p0 ʠ ʣʝʞʘʱʝʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ɺʠʥʢʣʝʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʩʪʝʣʠ k0. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʝʣʘ ʚ ʪʦʯʢʝ ʫʜʘʨʘ ʨʘʚʝʥ R. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʫʜʘʨʘ ʉ.ʇ.ʊʠʤʦʰʝʥʢʦ ʧʝʨʝʤʝʱʝʥʠʝ z(t) ʪʝʣʘ 

ʨʘʚʥʦ ʩʫʤʤʝ ʤʝʩʪʥʦʛʦ ʩʤʷʪʠʷ a ʠ ʧʝʨʝʤʝʱʝʥʠʷ w ʧʣʘʩʪʠʥʳ ʚ ʪʦʯʢʝ ʫʜʘʨʘ: 

 ),2/,2/()()( tbawttz +=a ,  (1) 

ʛʜʝ a, b ï ʩʪʦʨʦʥʳ ʧʣʘʩʪʠʥʳ, byaxtyxww ¢¢¢¢= 0,0),,,( . ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ʪʷʞʝʩʪʠ ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ P(t) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

 ,))((2/
0
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0 ñ --+= -

t

dtPmgttVz ttt   (2) 

ʛʜʝ g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʈʝʰʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ [1] ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

ʆ 
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ɿʜʝʩʴ ʈ1 ʠ 1a  ï ʢʦʥʪʘʢʪʥʘʷ ʩʠʣʘ ʠ ʤʝʩʪʥʦʝ ʩʤʷʪʠʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʶʪ ʫʯʠʪʳʚʘʪʴʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ; 1100 ,,, nn EE  ï ʤʦʜʫʣʠ ʖʥʛʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʇʫʘʩʩʦʥʘ ʪʝʣʘ ʠ ʧʣʘʩʪʠʥʳ; 2/ʪs=k  ï ʥʘʠʤʝʥʴʰʘʷ 

ʧʣʘʩʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʦʜʥʦʛʦ ʠʟ ʪʝʣ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʷʪ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ; 7,5=h  ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʪʝʣʘʤʠ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʘʟʦʨʘ0,33=b  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʣʘʩʪʠʯʝʩʢʦʝ ʚʳʪʝʢʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʠʟ-ʧʦʜ ʰʪʘʤʧʘ. )]/[12(1
2

1

3

1 n-= hED  ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ ʧʣʘʩʪʠʥʳ, 0p  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʪʷʛʠʚʘʶʱʝʡ 

ʥʘʛʨʫʟʢʠ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʣʘʩʪʠʥʳ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 
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t

dssyxfstPtyxw   (4) 

ʛʜʝ ʜʠʥʘʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʚʣʠʷʥʠʷ (ʌɺ) ɻʨʠʥʘ f(ʭ, ʫ, t) ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʘʩʪʠʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʝʸ ʮʝʥʪʨ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ )()( ttP d= . 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʌɺ (ʅʌɺ) 

 ),2/,2/(8)( 2* mtmt abafDf = ,     Dh /1

2 rm =  (5) 

ʚ ʪʦʯʢʝ ʫʜʘʨʘ (ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʳ) ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ [6] ʠ [7] ʧʨʠ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʚʨʝʤʝʥʠ )/( 2mt at= , ʘ ʪʘʢʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ 
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/2122/2122 )(,)( Jwtzc -==-= BBA .  

),(* czf  ʷʚʣʷʝʪʩʷ ʅʌɺ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʪʷʥʫʪʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʳ (ɹʇ) ʥʘ ʦʩʥʦʚʘʥʠʠ ɺʠʥʢʣʝʨʘ. ʇʨʠ 

0=J  ),(* czf  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʃʫʨʴʝ )()( 0

* ct Jf =  ʜʣʷ ɹʇ ʥʘ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ. ʊ.ʢ. 

2/)( 2/1

1

-== hDt rJtz  ʠ 
2/1

10 ))/(( hkt rwtc ==  ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʦʚ a ʠ b ʧʣʘʩʪʠʥʳ, ʪʦ ʠʟ (7) ʩʣʝʜʫʝʪ, 

ʯʪʦ ʧʨʠ ʤʘʣʳʭ t ʢʨʘʡ ʧʣʘʩʪʠʥʳ ʥʝ ʚʣʠʷʝʪ ʥʘ ʝʝ ʩʤʝʱʝʥʠʝ ʚ ʪʦʯʢʝ ʫʜʘʨʘ. 

ʇʦʣʫʯʝʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʌɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ t: 
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ʇʨʦʠʟʚʝʜʸʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ 

zkPwkwkzkztkt Pzzzt ===== ;;;; aa ; 

dRcmVkkVkmk Ptzt q==== ;ʩ;;/ʩ 00 , 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ zk  ʠ Pk  ʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʘ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʭ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʦʤ ʫʜʘʨʝ (ɾʇʋ) ʪʝʣʘ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ ʙʝʟ ʫʯʸʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ [2]. 

ʆʧʫʩʢʘʷ ʥʘʜʯʝʨʢʠ, ʧʦʣʫʯʘʝʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 
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ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ɾʇʋ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ X, Z, W, F*  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʩ ʧʘʨʘʤʝʪʨʦʤ s ʧʦ ʙʝʟʨʘʟʤʝʨʥʦʤʫ 

ʚʨʝʤʝʥʠ t ʬʫʥʢʮʠʡ P, z, w ʠ  f*.  ʅʘ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ɾʇʋ 

 ññ -=--+=+==

tt

dsstfsPwdsstsPtGtzwPzP
0

*

0

2 ;)()(;))((2/;;a  (10) 

.;;)1/()/1( *2*2 WXZXFWsFssGX +==+++= ss  

ʀʟ (10) ʧʨʠ 0=s  ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ɾʇʋ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ: 

;0);cos1(sin;)1/()/1( 2 =-+=++= wtGtPssGX  

2

maxmaxmax 1)sin1(cos;;2/;0)( GGGPGarctgttP ++=++==+== jjjjp# . 

ʇʨʠ ʙʦʣʴʰʠʭ G ʟʥʘʯʝʥʠʝ Pmax ʵʢʚʠʚʘʣʝʥʪʥʦ 2G. ʈʝʰʝʥʠʝ ʧʨʠ G=0 ʥʠʞʝ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚʝʨʭʥʠʤ ʠʥʜʝʢʩʦʤ ç0è ʠ 

ʠʤʝʝʪ ʚʠʜ: 

 .1)/2(;sin;)1/(1 0

max

0

max

020 ===+= PttPsX p  (11) 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʠʣʳ ʫʜʘʨʘ ʠʤʝʝʪ ʚʠʜ ʧʦʣʦʚʠʥʳ ʚʦʣʥʳ ʩʠʥʫʩʦʠʜʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʤʦʤʝʥʪʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ, ʪ.ʝ. ʜʣʷ ʤʦʤʝʥʪʘ *t  ʟʘʚʝʨʰʝʥʠʷ ʫʜʘʨʘ max* tt = . 

ʇʨʠ ʥʘʛʨʫʞʝʥʠʠ )0( >P#  ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ɾʇʋ ʧʦ ʙʝʩʢʦʥʝʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʣʘʩʪʠʥʝ: 

;)t/2)sin(exp(G;/;)1/()1(; 11

211* W+W-+==+++== -- tAPsXWssGsXsF ssss sss  

)];2/(2[)/2(;/)(1;4/1 11

2 GarctgarctgGGA -W-W=WW-+=-=W ssss  

 );/2()};t/2)sin(exp()(1{ 1221 ssss W+W=WW+W---+= arctgtAtGws
 (12) 

/2).exp()](1[)(;/)]2//([ maxmaxmaxmax tGGGtPPGarctgt ssss sss --++==W-W=  

ʇʨʠ G=0 ʠ ʤʘʣʳʭ s, ʚʳʜʝʣʷʷ (11) ʚ (12), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ 

)];1(/[;)1/( 2220 +º+-º ssWssXX ss ss .)cos1(;)2/1( 0 twPtP ss -º-º ss  

ʇʦʜʩʪʘʥʦʚʢʘ e+=0

maxmax tt s
 ʚ ʫʨʘʚʥʝʥʠʝ0)( max =

ss tP#  ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ e ʠ ʧʨʠʙʣʠʞʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʫʜʘʨʘ: 

 ).4/1(1;;4/1;2/)( maxmaxmaxmax pssspsp -+ºº-º-º zwPt s
  (13) 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʤ ʦʙʦʟʥʘʯʝʥʠʷʤ (t ʙʝʟʨʘʟʤʝʨʥʦʝ) 

Lt=t , ʛʜʝ )/(),/(/ 10

2 hkklaklL tt rmw === . 

ʉ ʫʯʸʪʦʤ ʩʚʦʡʩʪʚ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ, ʠʟ (8) ʩʣʝʜʫʝʪ:  

 ),(),(),,(),(),()(),( 11* wJwwJjwJjwJdtdwJ F==F==Fº -- lLCtCf .     (14) 

ʇʨʠ ʙʦʣʴʰʠʭ Jw> , ʪ.ʝ. ʧʨʠ ʙʦʣʴʰʠʭ B, ʧʦʣʫʯʠʤ ö
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1),( . 

ɺ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʅʌɺ ʜʣʷ ɹʇ ʥʘ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ: 

.)/(),()()( 10t000

* hkkltlJJJf rwtc ====  
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɾʇʋ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ ʧʦ ɹʇ ʥʘ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ )0( =J  ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʠʙʦʣʴʰʝʡ ʩʠʣʳ ʫʜʘʨʘ ʈmax ʠ ʤʦʤʝʥʪʘ ʝʸ ʜʦʩʪʠʞʝʥʠʷ tmax ʦʪ ʧʘʨʘʤʝʪʨʦʚ s ʠ l, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʜʘʪʣʠʚʦʩʪʴ ɹʇ ʠ 

ʞʸʩʪʢʦʩʪʴ ʦʩʥʦʚʘʥʠʷ ɺʠʥʢʣʝʨʘ: ɹʇ ʚ ʩʣʫʯʘʝ l=0 ʩʯʠʪʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ l ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʘ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʫʜʘʨʘ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ (0=s ). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ɾʇʋ ʧʦ 

ʢʚʘʜʨʘʪʥʦʡ ʧʣʘʩʪʠʥʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʦʜʭʦʜʘ. ɽʩʣʠ ʩʪʦʨʦʥʘ ʧʣʘʩʪʠʥʳ a ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʪʦ w 

ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʧʨʦʠʟʚʝʜʝʥʠʝ wt, ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ a, ʦʩʪʘʸʪʩʷ ʢʦʥʝʯʥʳʤ. ʇʨʠ ʙʦʣʴʰʠʭ w ʩʠʩʪʝʤʘ (3) 

ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ wJs ,,, l . 

ʇʨʠ k0=0 ʚʠʥʢʣʝʨʦʚʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ (0=l ), ʘ ʦʪʥʦʰʝʥʠʝ 
1/ -=Llw , ʥʝ ʟʘʚʠʩʷʱʝʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

k0, ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʨʘʟʤʝʨ ʧʣʘʩʪʠʥʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʤʘʣʳʭ w ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʩʪʝʤʳ (3) ʦʪ ʧʘʨʘʤʝʪʨʘ 
1-L , ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥʳ ʥʘ ʧʨʦʮʝʩʩ 

ʫʜʘʨʘ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ (3) ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ wJs ,,, 1-L . ʇʘʨʘʤʝʪʨ lL /1 w=-  ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʧʣʘʩʪʠʥʳ ʥʘ ʧʨʦʮʝʩʩ ʫʜʘʨʘ. 

ʀʩʧʦʣʴʟʫʷ (14), ʩʪʨʦʠʤ ʧʨʠʙʣʠʞʸʥʥʳʝ ʨʝʰʝʥʠʷ ɾʇʋ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʤʝʱʝʥʠʝ ʧʣʘʩʪʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʫʜʘʨʘ ʤʘʣʦ, 

ʘ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʘ ʙʣʠʟʢʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ɾʇʋ ʧʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʫ. ʇʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ B, ʧʦʜʩʪʘʚʠʚ (14) ʚ (10), ʥʘʭʦʜʠʤ 

 ;)1(;;;)]1)1)[(/1(;)( 000

12

0

* XZXWCssGXCsF Y+ºYº=Y+Y++ºº - s     (15) 

.)1()],cos(1[)sin(;)1(, 2/1

000

-Y+=-+ºY+ºYº HHtGHtHPPzPw  

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ tmax ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʩʠʣʳ ʢʦʥʪʘʢʪʘ 0)( max =tP# , ʦʪʢʫʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʘ 

 ;)sin1(cos;)/(;/)2/( 22

maxmax GHGGHPHGarctgHt ++=++º=+º jjjjp     (16) 

max0maxmax0max )1(; PzPw Y+ºYº . 

ʇʨʠ G=0 

,;;1/1)/2( max0maxmax0maxmax PwHPHzt YººY+=ººp  

ʧʨʠʯʝʤ ʜʣʷ ʤʘʣʳʭ 0Y  

 .;2/1;2/1)/2( 0max0max0maxmax YºY-ºY+ºº wPztp  (17) 

ʇʦʜʩʪʘʚʣʷʷ (17) ʠ (13) ʚ ʥʝʨʘʚʝʥʩʪʚʦ 
sPP maxmax² , ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʣʫʯʠʤ, ʯʪʦ (16 ʠ (17) ʠʤʝʶʪ ʩʤʳʩʣ ʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʣʠʰʴ ʧʨʠ pwJ /),(2F>>L  ʚ ʩʣʫʯʘʝ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ B, ʵʪʠ ʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ pwJj /),(2>>l  ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ 

B. 

ʅʘ ʵʪʘʧʝ ʨʘʟʛʨʫʟʢʠ ʧʨʠ ɾʇʋ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʧʨʠ ʣʶʙʳʭ G ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʩ ʫʯʸʪʦʤ (14) ʚ 

ʧʨʠʙʣʠʞʸʥʥʦʤ ʚʠʜʝ 

 0)(),(,, maxmaxmaxmax0 ====-Yº-= tPtPPwzPwPGz ### a , (18) 

ʈʝʰʘʷ (18) ʦʪʥʦʩʠʪʝʣʴʥʦ ʈ(t), ʥʘʭʦʜʠʤ 

 ,)/)cos(()( 2/1

0maxmax GttGPP +Y--º   (19) 

],/)sin[()( 2/1

0max

2/1

0max0 Y-Y-=Yº= ttGPPwz ###  

ʦʪʢʫʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʙʣʠʞʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʘ ʚ ʤʦʤʝʥʪ *t  ʟʘʚʝʨʰʝʥʠʷ ʢʦʥʪʘʢʪʘ: 

 ,)2()],/(arccos[ maxmax

2/1

0*max

2/1

0max* GPPzPGGtt -Y-=-Y+= #  (20) 

ʛʜʝ tmax ʠ ʈmax ʠʤʝʶʪ ʚʠʜ (16). ɺʝʣʠʯʠʥʘ ** zz ## -=  ʨʘʚʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ɾʇʋ. ʀʟ 

(20) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ɾʇʋ ʩʢʦʨʦʩʪʴ ʦʪʩʢʦʢʘ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʯʠ ʝʤʫ 

ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʧʣʘʩʪʠʥʳ ʠ ʦʩʥʦʚʘʥʠʷ.  

ʇʨʠ ʙʦʣʴʰʠʭ B, ʪ.ʝ. ʧʨʠ ʙʦʣʴʰʠʭ Jw> , ʧʣʘʩʪʠʥʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʝʩʢʦʥʝʯʥʦʡ, ʘ ʢʨʘʡ ʧʣʘʩʪʠʥʳ ʥʘʯʠʥʘʝʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʫʜʘʨʘ, ʝʩʣʠ ),( wJj  ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 1),0( =¤j . ʇʨʠ ʤʘʣʳʭ w ʞʸʩʪʢʦʩʪʴ 

ʦʩʥʦʚʘʥʠʷ ʤʘʣʘ ʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʫʜʘʨʘ, ʝʩʣʠ ),( wJF  ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 093.0)0,0( =F . 

ʅʦʨʤʘʣʴʥʳʡ ʫʜʘʨ ʧʦ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʘʩʪʠʥʝ, ʣʝʞʘʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

ʅʌɺ ʧʦʩʪʨʦʝʥʘ ʚ ʨʘʙʦʪʝ [2], ʛʜʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ )(* lf  ʜʣʷ .13...7,2 -== NNl  

ʇʦʩʪʨʦʝʥʘ ʘʩʠʤʧʪʦʪʠʢʘ )(* lf  ʧʨʠ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ l, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʥʝʨʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ ʠ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ l ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

 lpll 1968.11)2/(31)( /21* -º-ºf  . (21) 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 12 (54) ǐ ʏʘʩʪʴ 5 ǐ ɼʝʢʘʙʨʴ 

 

28 

 

ɸʩʠʤʧʪʦʪʠʢʘ ʬʫʥʢʮʠʠ ʧʨʠ ʙʦʣʴʰʠʭ l ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 7225.0(1.2))15(
2

,)( *

4.0

*

* ºG-=º -

p
ll nnf  (22) 

ʇʫʪʸʤ ʟʘʤʝʥʳ l ʥʘ *ll+ ʧʦʣʫʯʘʝʤ ʧʨʠʙʣʠʞʸʥʥʫʶ ʬʦʨʤʫʣʫ, ʧʨʠʤʝʥʠʤʫʶ ʧʨʠ ʣʶʙʦʤ l: 

 4438.0,)()(
5.2

**

4.0

**

* º=+º - nnf llll    (23). 

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (23) ʥʝ ʚʳʰʝ 0.017 ʠ ʢʘʢ 

ʬʫʥʢʮʠʷ ʘʨʛʫʤʝʥʪʘ l2log ʙʣʠʟʢʘ ʢ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʥʝʢʦʪʦʨʦʝ 

ʯʠʩʣʦ. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʧʦʣʫʯʠʤ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʠʙʣʠʞʸʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʅʌɺ: 

 .]/11.67)52.1(logexp[0169.0)()( 2

2

4.0

**

* +--+º - llll nf  (24) 

ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (24) ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 0.0007 . 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʬʫʥʢʮʠʷ )(* lf  ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʸʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʪʘʙʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʘʩʠʤʧʪʦʪʠʢ (21) ʠ (22). ʆʜʥʘʢʦ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʦ 

ʧʨʠʙʣʠʞʸʥʥʦʡ ʬʦʨʤʫʣʝ (24) ʜʦʧʫʩʢʘʝʪ ʝʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʩʯʸʪʘʭ ʚʤʝʩʪʦ ʫʢʘʟʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʚʣʠʷʥʠʷ. ɺ [2] ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɾʇʋ ʫʜʘʨʘ maxmaxmax ,, Pzt  ʠ 

maxmaxmax Pzw -=  ʦʪ ʧʘʨʘʤʝʪʨʘ s ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ j, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʞʠʜʢʦʛʦ 

ʦʩʥʦʚʘʥʠʷ. 

ʋʜʘʨ ʧʦ ʮʝʥʪʨʫ ʢʨʫʛʣʦʡ ʧʣʘʩʪʠʥʳ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʨʘʝʤ, ʣʝʞʘʱʝʡ ʥʘ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ. ʇʫʩʪʴ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʠʤʧʫʣʴʩ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʳ, ʣʝʞʘʱʝʡ ʥʘ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʢʦʥʪʫʨʦʤ r=L. ʅʌɺ ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ )/( 2mt Lt=  ʠ ʧʘʨʘʤʝʪʨʘ 
2/1

0

2 )/( DkL=w : 

 .,)sin(4)sin(
8

)( 24

1

1* wttw
pw

t +=LLL+= ä
¤

=

-

NN

N

NNN uAf  (25) 

ɺ [5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʙʣʠʞʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (25) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʧʨʠʙʣʠʞʸʥʥʳʤ ʬʦʨʤʫʣʘʤ 

NANu NN pp ºº , . 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (25) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʧʣʘʩʪʠʥʳ ʢʘʢ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ ʤʘʩʩʳ 1

2 rp hLM = , 

ʟʘʢʨʝʧʣʸʥʥʦʛʦ ʥʘ ʧʨʫʞʠʥʝ ʞʸʩʪʢʦʩʪʠ 
0

2

0 kLc p= . ɼʣʷ ʩʚʦʙʦʜʥʦʡ ʧʣʘʩʪʠʥʳ 00 =k , ʪʦ ʝʩʪʴ 0=w . ʇʨʠ ʙʦʣʴʰʠʭ w 

ʠʟ (25) ʧʦʣʫʯʝʥʘ ʧʨʠʙʣʠʞʸʥʥʘʷ ʬʦʨʤʫʣʘ 

 wtcccpwt =+º - ,) ()sin()(8)( 0

1* Jf .  (26) 

ɽʩʣʠ ʚ (26) ʧʨʝʥʝʙʨʝʯʴ ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ, ʪʦ ʝʩʪʴ ʦʙʱʠʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʧʣʘʩʪʠʥʳ ʢʘʢ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ, ʠ 

ʫʯʠʪʳʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʪʷʞʝʥʠʝ (ʩʞʘʪʠʝ), ʪʦ ʜʣʷ ʢʨʫʛʣʦʡ ʧʣʘʩʪʠʥʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, 

ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ (8) ʜʣʷ ʅʌɺ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ɾʇʋ (15) ï (19). 
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