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ʏʘʩʪʴ 3 

ɸʚʛʫʩʪ 

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 18.08.2017. 
ʊʠʨʘʞ 900 ʵʢʟ. 
ɿʘʢʘʟ 26196. 
ʆʪʧʝʯʘʪʘʥʦ ʩ ʛʦʪʦʚʦʛʦ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʘ. 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʪʠʧʦʛʨʘʬʠʠ ʆʆʆ "ʂʦʤʧʘʥʠʷ ʇʆʃʀɻʈɸʌʀʉʊ", 
623701, ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, ʫʣ. ʊʝʘʪʨʘʣʴʥʘʷ, ʜʦʤ ˉ 1, ʦʬ. 88. 

 

 

 

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

ʜ-ʨ ʧʝʜ. ʅʘʫʢ, ʍʦʜʘʢʦʚʘ ʅ.ʇ., ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʧʨʦʬ. 
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ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʐʘʤʦʣʠʥ ʄ.ɺ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ɻʣʝʟʝʨ ɸ.ʄ. ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʉʚʠʩʪʫʥʦʚ ʖ.ɸ.,  
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ʜ-ʨ ʛʝʦʛʨ. ʥʘʫʢ, ʧʨʦʬ. 
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ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʉʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɻʦʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ  
2
ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʉʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɻʦʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ɺʃʀʗʅʀɽ ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ʄɸʉʉʀɺɸ ʅɸ ʋʉʊʆʁʏʀɺʆʉʊʔ ʇʈʆʍʆɼʏɽʉʂʆɻʆ ɿɸɹʆʗ 

ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʄɽʊʈʆʇʆʃʀʊɽʅɸ 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʥʘ ʟʘʙʦʡ ʪʦʥʥʝʣʷ. ɺʳʷʚʣʝʥ ʨʷʜ ʵʬʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʥʘʨʫʰʝʥʠʶ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʥʥʝʣʷ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʘ ʪʘʢʞʝ ʚ ʩʨʝʜʝ, ʦʩʣʘʙʣʝʥʥʦʡ ʥʘʨʫʰʝʥʠʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʳʨʘʙʦʪʦʢ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʠʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʥʘʨʷʜʫ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʦʥʥʝʣʝʧʨʦʭʦʜʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʨʦʭʦʜʢʠ ʧʝʨʝʛʦʥʥʳʭ 

ʪʦʥʥʝʣʝʡ ʤʝʪʨʦʧʦʣʠʪʝʥʘ, ʪʘʢʞʝ ʠ ʪʨʫʜ ʙʨʠʛʘʜʳ ʧʨʦʭʦʜʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʨʦʭʦʜʢʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʚʳʨʘʙʦʪʦʢ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʪʘʢʠʭ ʚʳʨʘʙʦʪʦʢ, ʙʝʟ ʱʠʪʘ, ʩʧʦʩʦʙʦʤ ʩʧʣʦʰʥʦʛʦ ʟʘʙʦʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʛʨʫʥʪʘ ʦʪʙʦʡʥʳʤʠ ʤʦʣʦʪʢʘʤʠ ʠ ʫʩʪʘʥʦʚʢʦʡ ʚʨʝʤʝʥʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʢʨʦʚʣʠ ʠ ʣʙʘ ʟʘʙʦʷ. ɼʣʷ ʚʝʨʥʦʛʦ ʚʳʙʦʨʘ ʢʨʝʧʠ 

ʟʘʙʦʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʙʦʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ï ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʥʘʨʫʰʝʥʠʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʇʨʠʚʝʜʝʥʘ ʢʘʨʪʠʥʘ ʥʘʧʨʷʞʝʥʠʡ ʤʘʩʩʠʚʘ ʚ ʟʦʥʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʣʙʘ 

ʟʘʙʦʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʥʘʨʫʰʝʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʙʦʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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INFLUENCE OF THE INHOMOGENEITY O F THE SOLID MASS ON THE STABILITY OF THE MINE 

WORKING DURING THE CONSTRUCTION OF THE SUBWAY  

Abstract 
The article examines the influence of geological violation on the tunnel face. A number of effects that arise when 

approaching a violation are revealed. The article presents and compares the results of modeling the construction of a tunnel in 

a homogeneous medium, as well as in a medium weakened by a violation. 

At present, a range of technologies is applied for the construction of underground workings, including the work of a team 

of drifters used to drive auxiliary workings as well as tunneling complexes used for the penetration of the subway tunnels. The 

construction of such excavations without a shield with the help of the method of continuous mine working is carried out with 

the development of the soil with jackhammers and the installation of a temporary fixing of the roof and the forehead of the 

face. It is necessary to reliably predict the stress-strain state in the vicinity of the face for the correct choice of a face support 

that can guarantee safe working conditions, and, accordingly, a stable state depending on various factors. One of the factors 

and namely a tectonic violation is considered in this paper. A picture of the stresses of the solid mass in the zone of tectonic 

disturbance is given, as well as the character of the deformation of the mine working. 

Keywords: geological violation, mine working stability, mathematical modeling. 

 

ʦʛʣʘʩʥʦ ɺʉʅ 190-78, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʦʚ, ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʜʦʣʞʥʳ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʙʘ ʟʘʙʦʷ, ʢʨʦʚʣʠ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥ ʚʳʨʘʙʦʪʢʠ, ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʧʨʦʷʚʣʝʥʠʷ ʛʦʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʥʘʣʠʯʠʝ ʚʳʚʘʣʦʚ ʠ ʚʥʝʛʘʙʘʨʠʪʥʳʭ ʧʝʨʝʙʦʨʦʚ ʛʨʫʥʪʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʥʘ ʟʘʙʦʡ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ, 

ʦʜʥʘʢʦ, ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʫʯʝʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʜʘʥ çɻʝʦʣʦʛʠʯʝʩʢʠʡ ʘʪʣʘʩ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʚ ʢʨʠʩʪʘʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ ʛʦʨʦʜʘ ʠʤʝʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʦʭʦʜʢʝ 

ʯʝʨʝʟ ʟʦʥʳ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʭʦʜʯʝʩʢʦʡ ʙʨʠʛʘʜʳ, ʘ ʚ ʙʫʜʫʱʝʤ ʠ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʜʢʝ ʪʦʥʥʝʣʝʡ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʦʜʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʥʘ 

ʜʨʫʛʫʶ, ʠ ʢʦʥʪʘʢʪ ʵʪʠʭ ʨʘʟʥʦʩʪʝʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʟʘʙʦʷ. ɺ ʵʪʠʭ ʟʦʥʘʭ ʨʝʟʢʦ 

ʠʟʤʝʥʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʥʘ ʛʦʨʥʦʧʨʦʭʦʜʯʝʩʢʠʡ ʱʠʪ, ʠʟ-ʟʘ ʨʘʟʚʠʪʦʡ ʚʙʣʠʟʠ ʥʘʨʫʰʝʥʠʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʫʭʫʜʰʘʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ ʧʦʨʦʜ ʢʨʦʚʣʠ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɺʣʠʷʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠʟʫʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ ɻʟʦʚʩʢʦʛʦ ʄ.ɺ., ɹʝʟʨʦʜʥʦʛʦ ʂ.ʇ., ʇʨʦʪʦʩʝʥʠ ɸ.ɻ., 

ɹʦʣʠʢʦʚʘ ɺ.ɽ., ʈʳʙʘʢʘ ʉ.ɸ., ʄʠʭʘʡʣʦʚʘ ɺ.ʀ., ʠ ʜʨ. 

ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʟʘʙʦʷ ʢ ʥʘʨʫʰʝʥʠʷʤ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʚʦʟʥʠʢʘʝʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʢʦʪʦʨʦʝ ʚ ʟʦʥʝ ʘʢʪʠʚʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʢ ʨʘʟ ʧʦʜ ʚʠʣʷʥʠʝʤ ʩʘʤʦʛʦ ʥʘʨʫʰʝʥʠʷ. ɺ 

ʉ 
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ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ ʇʨʦʪʦʩʝʥʠ ɸ.ɻ., ʆʛʦʨʦʜʥʠʢʦʚʘ ʖ.ʅ., ɼʝʤʝʥʢʦʚʘ ʇ.ɸ. [1] ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʚ ʩʣʫʯʘʝ ʧʦʣʦʛʦʛʦ ʥʘʜʚʠʛʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʧʦʪʦʣʦʯʠʥʳ. 

ɺ ʨʘʙʦʪʝ [2] ɹʝʟʨʦʜʥʳʡ ʂ.ʇ., ʄʘʮʝʛʦʨʘ ɸ.ɻ, ɹʝʩʩʦʣʦʚ ɺ.ɸ. ʘʥʘʣʠʟʠʨʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʭʦʜʢʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʣʠʩʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʉʝʚʝʨʦ-ʄʫʡʩʢʦʛʦ ʪʦʥʥʝʣʷ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʥʘ ʢʦʥʪʘʢʪʘʭ ʙʣʦʢʦʚ ʧʦʨʦʜʳ ʨʘʟʨʫʰʘʣʠʩʴ, ʠʟʤʝʣʴʯʘʣʠʩʴ ʜʦ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʦ-

ʜʨʝʩʚʷʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʙʨʘʟʫʷ ʚʦʜʦʧʨʦʚʦʜʷʱʠʝ ʢʘʥʘʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʮʠʨʢʫʣʠʨʫʶʪ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 5 

ʄʇʘ ʥʘ ʫʨʦʚʥʝ ʪʦʥʥʝʣʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦʙ ʚʦʟʤʦʞʥʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ (ʛʨʘʥʠʮʳ 

ʙʣʦʢʦʚ) ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʣʠʥʳ ʚ 

ʧʝʨʝʤʷʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʛʣʠʥʳ ʧʣʘʩʪʠʯʥʳ, ʠ, ʥʘ ʢʦʥʪʘʢʪʝ ʨʘʟʣʦʤʘ, ʚʩʣʝʜʩʪʚʠʝ ʩʦʚʤʝʩʪʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʙʣʦʢʦʚ ʦʙʨʘʟʫʝʪʩʷ çʧʝʨʝʤʷʪʘʷè ʟʦʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ɻʟʦʚʩʢʦʛʦ ʄ.ɺ. [3] ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʷʚʥʦ ʟʘʤʝʪʥʦ ʚʣʠʷʥʠʝ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʥʘ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʝʝ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʩʣʘʙʣʝʥʥʳʭ ʥʘʨʫʰʝʥʠʝʤ, ʦʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʟʘʙʦʷ ʝʝ ʚʣʠʷʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʝʪ ʠ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʨʳʣʴʷʭ ʦʜʥʦʛʦ ʨʘʟʨʳʚʘ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʝʯʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʟʥʘʢʫ 

ʠʩʢʘʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʌʘʢʪʦʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʘʙʦʷ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʚʙʣʠʟʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʘʨʘʤʝʪʨʘʤʠ ʩʘʤʦʛʦ ʥʘʨʫʰʝʥʠʷ ʠ ʟʦʥʳ ʝʛʦ ʚʣʠʷʥʠʷ. ʉʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ ʠʟʤʝʥʷʶʪ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʝʨʝʭʦʜʘ 

ʥʘʨʫʰʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʚʦʟʥʠʢʘʶʱʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ: 

1. ɿʘʢʦʣʳ ʢʨʦʚʣʠ ʧʨʠ ʢʨʫʧʥʦʙʣʦʯʥʦʤ ʦʙʨʫʰʝʥʠʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʦʙʥʘʞʝʥʠʷ ʫʯʘʩʪʢʘ 

ʤʘʩʩʠʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʙʲʸʤʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦ ʪʝʨʷʶʱʝʛʦ ʩʮʝʧʣʝʥʠʝ ʩ ʤʘʩʩʠʚʦʤ. 

ʆʙʲʝʤ ʟʘʢʦʣʘ ʠ ʝʛʦ ʚʝʩ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʟʘʢʦʥʦʤʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ ʦʪ 

ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. 

2. ʇʨʠ ʚʭʦʜʝ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ ʚ ʟʦʥʫ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʚ ʢʨʦʚʣʝ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ ʚʳʚʘʣʳ ʠ 

ʢʫʧʦʣʘ. ʂʫʧʦʣʝʥʠʝ ï ʧʨʦʮʝʩʩ ʪʨʫʜʥʦʫʩʪʨʘʥʠʤʳʡ, ʠ, ʦʜʥʘʞʜʳ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʫʧʦʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʦʩʝʜʥʠʝ 

ʫʯʘʩʪʢʠ ʦʙʜʝʣʢʠ ʧʦ ʤʝʨʝ ʠʭ ʚʭʦʜʘ ʚ ʟʦʥʫ ʥʘʨʫʰʝʥʠʷ. ʇʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʣʠʢʚʠʜʠʨʫʶʪʩʷ ʧʫʪʝʤ ʥʘʛʥʝʪʘʥʠʷ 

ʪʚʝʨʜʝʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʋʯʘʩʪʢʠ ʢʨʝʧʠ ʩʪʘʥʦʚʷʪʩʷ ʢʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʨʫʰʘʝʪʩʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʜʝʣʢʠ ʩ ʤʘʩʩʠʚʦʤ, ʠ ʦʥʘ ʧʝʨʝʩʪʘʝʪ ʨʘʙʦʪʘʪʴ ʧʦ ʢʦʥʪʘʢʪʥʦʡ ʩʭʝʤʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʝʧʠ ʟʘʙʦʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʙʫʩʣʦʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦʪʝʨʷʚʰʠʭ ʩʧʣʦʰʥʦʩʪʴ 

ʧʦʨʦʜ. ʇʨʠ ʧʦʜʭʦʜʝ ʢ ʥʘʨʫʰʝʥʠʶ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʦʢʦʚʳʭ ʧʦʨʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʞʠʤ ʧʦʨʦʜ ʦʪ ʟʘʙʦʷ, ʘ 

ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦ ʛʨʘʥʠʮʘʤ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ. 

3. ʅʘʣʠʯʠʝ ʢʨʫʧʥʳʭ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʛʣʠʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʧʨʦʭʦʜʯʝʩʢʠʭ ʤʘʰʠʥ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʘ ʬʦʥʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʀʟ ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʘʪʣʘʩʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʬʫʥʜʘʤʝʥʪ ʚ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʘ ʠ ʦʙʣʘʩʪʠ ʨʘʟʙʠʪ ʩʠʩʪʝʤʦʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʘ ʪʘʢʞʝ ʩʝʪʴʶ ʙʦʣʝʝ 

ʤʝʣʢʠʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʦʙʨʘʟʫʷ ʙʣʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.1). ɸʢʪʠʚʥʫʶ ʨʘʟʣʦʤʥʫʶ ʪʝʢʪʦʥʠʢʫ ʬʫʥʜʘʤʝʥʪʘ 

ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʜʚʫʭ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ï ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ ʯʘʩʪʠ 

ʈʫʩʩʢʦʡ ʧʣʠʪʳ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʚʠʞʝʥʠʝ ʙʣʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʝ (ʯʝʪʚʝʨʪʠʯʥʦʝ) ʚʨʝʤʷ. 

ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. [4, 8,9] ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʠ ʥʘʨʫʰʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʟʘʙʦʷ ʩʪʨʦʷʱʠʭʩʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʩʪʚʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ - ʧʝʨʝʤʷʪʳʝ ʛʣʠʥʳ ʠ ʧʨʦʩʣʦʡʢʠ ʧʝʩʯʘʥʠʢʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 08 (62) ǐ ʏʘʩʪʴ 3 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ.1. ï ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (ʧʦ ʃ.ɻ. ʂʘʙʘʢʦʚʫ, ɽ.ʂ. ʄʝʣʴʥʠʢʦʚʫ, ɹ.ɻ. ɼʚʝʨʥʠʮʢʦʤʫ) 

[4, ʉ. 5], ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʢʘʨʪʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʜʦ 2025 ʛʦʜʘ (ʦʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ 

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʤʝʪʨʦʧʦʣʠʪʝʥʘ http://www.metro.spb.ru/fu 
 

ʆʙʘ ʵʪʠ ʷʚʣʝʥʠʷ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʙʦʪʝ ʙʫʜʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩʣʫʯʘʡ çʧʝʨʝʤʷʪʦʛʦè ʢʦʥʪʘʢʪʘ ʛʣʠʥʠʩʪʳʭ ʙʣʦʢʦʚ. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ ʛʣʠʥ, ʠʟ ʪʘʙʣʠʮʳ ʚʠʜʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʧʨʦʙʳ (ʪ.ʝ. ʚ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫ ʥʝʥʘʨʫʰʝʥʥʳʭ ʚʝʨʭʥʝʢʦʪʣʠʥʩʢʠʭ ʛʣʠʥ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʰʝ, ʠ, ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ, ʦʢʦʣʦ 2,4-2,8 

ʄʇʘ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʧʨʦʯʥʦʩʪʴ ʛʣʠʥ ʥʘ ʩʞʘʪʠʝ ʩʥʠʞʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʟʘʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʘʙʦʠ ʥʝʟʘʢʨʝʧʣʝʥʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʧʨʦʡʜʝʥʥʳʭ ʚ ʪʘʢʦʤ ʤʘʩʩʠʚʝ, ʙʫʜʫʪ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʴʥʦʤ ʠʣʠ ʥʝʫʩʪʦʡʯʠʚʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʛʣʠʥ 
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ʇʣʦʱʘʜʴ ʦʙʨʘʟʮʘ, ʩʤ
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ʉʨʝʜʥʝʝ 810 340 1200 
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ʅʘ ʨʠʩ.2 ʠ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [4, ʉ.16] ʩʜʚʠʛʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʝʥʥʳʭ ʛʣʠʥ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦ ʛʣʫʙʠʥʝ ʟʦʥʘʭ, ʩ ʫʯʝʪʦʤ ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʤʠʢʨʦʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʛʣʠʥʠʩʪʳʭ 

ʧʦʨʦʜ ʠʛʨʘʝʪ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʧʨʦʯʥʦʩʪʠ ʛʣʠʥ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 08 (62) ǐ ʏʘʩʪʴ 3 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 2 ï  ɿʥʘʯʝʥʠʝ ʩʮʝʧʣʝʥʠʷ ʢʦʨʝʥʥʳʭ ʛʣʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʣʫʙʠʥʝ ʟʦʥʘʭ ʩ ʫʯʝʪʦʤ ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ 

 

 
ʈʠʩ. 3 ï ɿʥʘʯʝʥʠʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʢʦʨʝʥʥʳʭ ʛʣʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʣʫʙʠʥʝ ʟʦʥʘʭ ʩ ʫʯʝʪʦʤ ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ 

 

ɿʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʚʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʠ 

ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʤʦʜʝʣʝʡ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 ʠ ʨʠʩ. 6. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 08 (62) ǐ ʏʘʩʪʴ 3 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 4 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ 

 

ʉʨʘʚʥʠʤ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʙʦʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʦʤ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ. 4, 5) ʚʠʜʥʦ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʟʘʙʦʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʝ: 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʷʜʨʝ ʟʘʙʦʷ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ. 

ʇʨʦʠʩʭʦʜʠʪ ʩʧʦʣʟʘʥʠʝ ʦʙʲʝʤʘ ʧʨʠʟʘʙʦʡʥʳʭ ʧʦʨʦʜ ʚ ʚʳʨʘʙʦʪʢʫ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. ʗʜʨʦ ʟʘʙʦʷ çʩʜʚʠʛʘʝʪʩʷè 

ʚ ʪʦʥʥʝʣʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʯʝʪʘʥʠʷ ʩʞʠʤʘʶʱʠʭ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʰʝʣʳʛʝ ʩʚʦʜʘ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʙʝʟ 

ʦʪʩʪʘʚʘʥʠʷ ʢʨʝʧʣʝʥʠʷ ʦʪ ʟʘʙʦʷ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 08 (62) ǐ ʏʘʩʪʴ 3 ǐ ɸʚʛʫʩʪ 
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ʈʠʩ. 5 ï ʂʘʨʪʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʟʘʙʦʷ 

 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʪʨʦʥʫʪʦʛʦ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ (ʨʠʩ.6, 7), ʨʘʩʩʤʦʪʨʠʤ ʤʘʩʩʠʚ ʢʘʢ ʙʣʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʨʘʟʨʳʚʥʳʤ ʥʘʨʫʰʝʥʠʝʤ. ʊʘʢ ʢʘʢ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʢʘʟʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ 

ʢʦʥʪʘʢʪʘʤ ʙʣʦʢʦʚ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʦ ʜʚʠʞʝʥʠʠ ʙʣʦʢʦʚ ʥʘ ʠʟʫʯʘʝʤʦʤ ʫʯʘʩʪʢʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʝʜʴ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʝʨʝʤʷʪʳʝ ʛʣʠʥʳ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʨʝʘʣʠʟʘʮʠʠ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʪʘʢʪʘʭ ʙʣʦʢʦʚ, ʚʳʟʚʘʥʥʳʭ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ. 

ʉʘʤʠ ʙʣʦʢʠ ʟʘʜʘʚʘʣʠʩʴ ʢʘʢ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʝ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝʦʙʨʘʪʠʤʳʝ ʧʣʘʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʥʘʨʫʰʝʥʠʷ. ʂʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʣʦʢʦʚ - ʧʦʣʥʦʝ ʩʮʝʧʣʝʥʠʝ. 

[5] 
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ʈʠʩ. 6 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ 

 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʭʦʞ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɻʟʦʚʩʢʦʛʦ ʄ.ɺ. [3], ʠ ʚʠʜʥʦ, ʯʪʦ c ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ 

ʨʘʟʨʳʚʘ ʧʦʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʦʜʥʘʢʦ ʨʘʟʣʠʯʥʳʝ ʧʦ ʟʥʘʢʫ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʥʝ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʨʳʣʘ, ʘ ʧʦ ʨʘʟʥʳʤ ʛʨʘʥʠʮʘʤ ʥʘʨʫʰʝʥʠʷ. 

 

 
ʈʠʩ. 7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ YZ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʦʤ ʥʝʪʨʦʥʫʪʦʤ ʤʘʩʩʠʚʝ, ʢʇʘ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʡʜʝʥʥʦʡ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʫʧʨʫʛʠʭ ʠ ʠʟʦʪʨʦʧʥʳʭ ʧʦʨʦʜ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʢʠ ʧʦʷʚʣʷʶʪʩʷ ʨʘʩʪʷʛʠʚʘʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʦʙʨʫʰʝʥʠʝ ʧʦʨʦʜ ʢʨʦʚʣʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʟʦʥʝ ʦʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʚʠʜʥʦ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 08 (62) ǐ ʏʘʩʪʴ 3 ǐ ɸʚʛʫʩʪ 
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ʣʙʘ ʟʘʙʦʷ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʪʦʨʦʥʳ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʠ ʠʤʝʥʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʡ 

ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʚʦʮʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ.8). 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ [4] ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘʨʫʰʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

ʦʜʥʦʨʦʜʥʳʭ ʚ 3-4 ʨʘʟʘ. ɸ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʧʦʨʦʜ ʠ ʜʦ 7 ʨʘʟ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʧʦʨʦʜ ʚ ʟʦʥʝ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠʥʠʤʘʣʩʷ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʝʤ ʤʘʩʩʠʚʝ. 

 

 
ʈʠʩ. 8 ï ʅʘʧʨʷʞʝʥʠʷ ʚ ʟʘʙʦʝ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʟʦʥʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ, ʢʇʘ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʫʯʝʪʘ ʥʘʨʫʰʝʥʠʡ, ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʪʘʢʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤ ʙʣʦʢʘʤ. ʉʘʤ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʤʘʩʩʠʚʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʴʶ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʜʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʩ ʦʪʣʠʯʥʳʤʠ ʦʪ ʦʩʪʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚ ʯʘʩʪʠ ʩʧʦʩʦʙʦʚ ʦʧʠʩʘʥʠʷ ʢʦʥʪʘʢʪʦʚ ʙʣʦʢʦʚ ʠ ʫʯʝʪʘ ʠʭ ʜʚʠʞʝʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʮʝʣʳʡ ʨʷʜ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʚʚʠʜʫ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʢʦʥʪʘʢʪʝ. ɼʣʷ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʩʧʦʩʦʙʘ ʠ 

ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʥʘʨʫʰʝʥʠʶ.  

 

 
ʈʠʩ. 9 ï ɼʝʬʦʨʤʘʮʠʠ ʟʘʙʦʷ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʥʘʨʫʰʝʥʠʶ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʚʦʜʠʪ ʜʦʚʦʜʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʧʨʠ 

ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʦʭʦʜʢʦʡ ʟʦʥ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʉʝʛʦʜʥʷʰʥʠʤ ʚʘʨʠʘʥʪʦʤ ʫʯʸʪʘ ʥʘʨʫʰʝʥʠʡ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [6] ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʝʢʪʥʦʛʦ ʩʮʝʥʘʨʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʚ ʟʦʥʝ ʥʘʨʫʰʝʥʠʡ, ʜʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʳʩʢʘʥʠʡ ʩʦʟʜʘʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ. ʇʦ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʝʨʳ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʜʘʥʥʳʤ ʟʦʥʘʤ. ʊʘʢʞʝ, ʧʨʠ ʨʫʯʥʦʤ ʩʧʦʩʦʙʝ ʧʨʦʭʦʜʢʝ ʚʦʟʤʦʞʥʦ ʫʩʪʨʦʡʩʪʚʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʨʝʤʝʥʥʦʡ ʢʨʝʧʠ, ʦʪʣʠʯʥʦʡ ʦʪ ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʥʝʥʘʨʫʰʝʥʥʦʡ ʟʦʥʝ ʪʦʥʥʝʣʷ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ. ʀʤʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ 

ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʟʘʙʦʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʩʣʫʯʘʷʭ ʙʫʜʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʚ 5 ʨʘʟ. (ʨʠʩ. 5, ʨʠʩ.9). ʅʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʪʦʥʥʝʣʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʮʳ ʥʘʨʫʰʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʥʘʨʫʰʝʥʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʟʘʙʦʷ. 
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2
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1
ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè, 
2
 ʘʩʧʠʨʘʥʪ, çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè, 
3
ORCID: 0000-0003-2506-6121, ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, çʂʝʤʝʨʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʫʥʠʚʝʨʩʠʪʝʪ)è 

ʄɽʊɸʈɽʆʃʆɻʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʗɿʂʆʋʇʈʋɻʀʍ ʉɺʆʁʉʊɺ ʍʃɽɹʆɹʋʃʆʏʅʓʍ 

ʀɿɼɽʃʀʁ 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʭʣʝʙʘ ʚ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ (15ï25Á ʉ) ʯʝʨʝʟ 8ï10 ʯ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ 

ʯʝʨʩʪʚʝʥʠʷ, ʫʩʠʣʠʚʘʶʱʠʝʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʭʨʘʥʝʥʠʠ. ʄʷʢʠʰ ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʩʪʘʥʦʚʠʪʩʷ 

ʞʝʩʪʢʠʤ ʠ ʢʨʦʰʘʱʠʤʩʷ, ʫʭʫʜʰʘʝʪʩʷ ʚʢʫʩ ʠ ʩʥʠʞʘʝʪʩʷ ʘʨʦʤʘʪ ʭʣʝʙʘ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʩʚʝʞʝʤʫ ʠʟʜʝʣʠʶ. ʍʨʫʧʢʘʷ 

ʧʦʩʣʝ ʚʳʧʝʯʢʠ ʢʦʨʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʷʛʢʫʶ, ʵʣʘʩʪʠʯʥʫʶ ʠ ʠʥʦʛʜʘ ʤʦʨʱʠʥʠʩʪʫʶ. ʆʯʝʨʩʪʚʝʥʠʝ ʚʳʟʳʚʘʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʘ ʧʨʠ ʭʨʘʥʝʥʠʠ ʭʣʝʙʘ. ʂʣʝʡʩʪʝʨʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʝʯʢʠ ʢʨʘʭʤʘʣ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʳʜʝʣʷʝʪ ʧʦʛʣʦʱʝʥʥʫʶ ʠʤ ʚʣʘʛʫ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʝʞʥʝʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʢʨʘʭʤʘʣʘ 

ʤʫʢʠ. ʂʨʘʭʤʘʣʴʥʳʝ ʟʝʨʥʘ ʧʨʠ ʵʪʦʤ ʫʧʣʦʪʥʷʶʪʩʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʦʙʲʝʤʝ, ʤʝʞʜʫ ʥʠʤʠ ʦʙʨʘʟʫʶʪʩʷ 

ʚʦʟʜʫʰʥʳʝ ʧʨʦʩʣʦʡʢʠ. ʇʦʵʪʦʤʫ ʯʝʨʩʪʚʝʶʱʠʡ ʤʷʢʠʰ ʩʪʘʥʦʚʠʪʩʷ ʢʨʦʰʢʦʚʘʪʳʤ. ʉʚʦʙʦʜʥʘʷ ʚʣʘʛʘ, ʚʳʜʝʣʝʥʥʘʷ 

ʢʨʘʭʤʘʣʦʤ, ʧʨʠ ʦʯʝʨʩʪʚʝʥʠʠ ʭʣʝʙʘ ʚʧʠʪʳʚʘʝʪʩʷ ʙʝʣʢʘʤʠ ʠ ʯʘʩʪʠʯʥʦ ʠʩʧʘʨʷʝʪʩʷ, ʘ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʧʨʦʩʣʦʡʢʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʣʝʙ; ʭʨʘʥʝʥʠʝ; ʢʨʘʭʤʘʣ; ʚʣʘʛʘ; ʦʯʝʨʩʪʚʝʥʠʝ.  
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METEOROLOGICAL STUDY OF VISCO -ELASTIC PROPERTIES OF BAKERY PRODUCTS  

Abstract 

If you store bread under ordinary temperature conditions (15-25ÁC) signs of staling will appear in 8-10 hours, which 

increases with further storage. The crumb loses its elasticity, becomes hard and crumbly, deteriorates the taste and reduces the 

flavour of bread, characteristic of a fresh product. The crust which is usually fragile after baking becomes soft, elastic and 

sometimes wrinkled. Staleness is caused mainly by a change in the structure of starch while storing bread. Gelatinized starch 

releases the moisture in the process of baking absorbed by it over time and passes to the previous state, characteristic of flour 

starch. Starchy grains are compacted and significantly reduced in volume, air layers are formed between them. Therefore, the 

hardening crumb becomes crumbly. Free moisture released by starch, when bread becomes stale, is absorbed by proteins and 

partially evaporates and remains in the formed air layers. 

Keywords: bread; storage; starch; moisture; staleness. 

 

ʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʚ ʄʊʀʇʇʝ (ʥʳʥʝ ʄɻʋʇʇ) [1], ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʚʫʟʘʭ ʩʪʨʘʥʳ [2], [3], [4], [5], 

[6], [7], ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʠʦʧʦʣʠʤʝʨʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʧʨʦʜʫʢʪʘ (ʙʝʣʢʠ ʠ ʢʨʘʭʤʘʣ), 

ʧʦʜʚʝʨʛʥʫʪʳʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ, ʘ ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʠʥʞʝʥʝʨʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

(ʨʝʦʣʦʛʠʠ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ ʥʝʠʩʯʝʨʧʘʝʤʳ ʠ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʥʘʫʯʥʳʡ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʠʭ ʫʯʝʥʳʭ ʢʘʢ ɹ.ʄ. ɸʟʘʨʦʚ, ɸ. ɺ. ɻʦʨʙʘʪʦʚ, ɸ. ʄ. ʄʘʩʣʦʚ, 

ʖ. ɸ. ʄʘʯʠʭʠʥ ʠ ʉ. ɸ. ʄʘʯʠʭʠʥ, ʈʦʛʦʚ ʀ. ɸ., ʋʨʴʝʚ ʅ. ɹ. ʠ ʜʨʫʛʠʭ ʚ ʨʘʟʚʠʪʠʠ ʨʝʦʣʦʛʠʠ ʧʠʱʠ.  

ʆʜʥʠʤ ʠʟ ʩʣʦʞʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʯʝʨʩʪʚʝʥʠʝ ʭʣʝʙʘ. ʇʨʦʮʝʩʩ ʦʯʝʨʩʪʚʝʥʠʷ 

ʭʣʝʙʘ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ, ʢʦʤʧʣʝʢʩʥʳʤ ʠ ʥʝʦʜʥʦʟʥʘʯʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʵʢʦʥʦʤʠʢʦʡ ʪʘʢʦʡ ʢʨʫʧʥʦʡ ʦʪʨʘʩʣʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢʘʢ ʭʣʝʙʦʧʝʯʝʥʠʝ. 

ʇʦʩʣʝ ʚʳʧʝʯʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʭʣʝʙʘ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, ʦʙʨʘʪʥʳʝ 

ʪʝʤ, ʯʪʦ ʧʨʦʪʝʢʘʣʠ ʧʨʠ ʚʳʧʝʯʢʝ. ʊʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʙʝʣʢʦʚʘʷ, ʪʘʢ ʠ ʢʨʘʭʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʷʢʠʰʘ. ʅʦ 

ʙʝʣʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʝʪʨʦʛʨʘʜʠʨʫʝʪ ʚ 4 ï 6 ʨʘʟ ʤʝʜʣʝʥʥʝʝ ʢʨʘʭʤʘʣʴʥʦʡ. ʊʦʛʜʘ ʢʘʢ ʧʦʩʣʝʜʥʷʷ ʚ 5 - 6 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʦʚʫʶ. ʀʤʝʥʥʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʨʘʭʤʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʩʩ ʦʯʝʨʩʪʚʝʚʘʥʠʷ. ʇʨʠʯʝʤ ʧʦʪʝʨʷ 

ʚʣʘʛʠ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ, ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʭʣʝʙʘ: ʩʪʝʧʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʤʝʩʘ ʦʧʘʨʳ ʠ ʪʝʩʪʘ, ʚʨʝʤʷ ʙʨʦʞʝʥʠʷ ʠ ʨʘʩʩʪʦʡʢʠ. ɽʩʣʠ ʚʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʙʣʶʜʝʥʳ, ʪʦ , ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʮʝʩ ʦʯʝʨʩʪʚʝʚʘʥʠʷ 

ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ. ʅʦ ʚʘʞʥʝʡʰʠʤʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ.  ʇʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʧʨʦʜʣʝʥʠʷ ʩʚʝʞʝʩʪʠ ʭʣʝʙʘ: ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ, ʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʥʦʡ 

ʫʧʘʢʦʚʢʦʡ, ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʠ ʧʨ. 

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʭʨʘʥʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʦʯʝʨʩʪʚʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʯʝʨʩʪʚʝʥʠʷ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʝʙʘ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʦʙʨʘʪʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʧʨʠʙʦʨ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʵʪʦʛʦ 

ʠʟʦʙʨʝʪʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʝʪʳʨʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʷ 

ʩ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʦʡ 40 ʛ ʢʘʞʜʦʝ (ʜʘʣʝʝ ʦʙʲʝʢʪʳ ˉ1, ˉ2, ˉ3 ʠ ˉ4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʦʧʳʪʦʚ 

ʦʙʲʝʢʪʘʤ ʙʳʣʦ 3.5 ʯʘʩʘ. ʄʘʩʩʘ ʢʘʞʜʦʛʦ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ 34 ʛ. ʆʙʲʝʢʪ ˉ1 ʙʳʣ ʠʟʤʝʨʝʥ ʩʨʘʟʫ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ ʙʳʣ 

ʀ 
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ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 08 (62) ǐ ʏʘʩʪʴ 3 ǐ ɸʚʛʫʩʪ 

 

16 

 

ʠʩʧʦʣʴʟʦʚʘʥ ʛʨʫʟ ʤʘʩʩʦʡ 1322 ʛ. ɼʝʬʦʨʤʘʮʠʷ ʦʙʲʝʢʪʘ ˉ1 ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʘ ʚʠʜʝʦʫʩʪʨʦʡʩʪʚʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʣʫʯʘ ʣʘʟʝʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʜʦʣʴ ʰʢʘʣʳ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

 

 
ʈʠʩ. 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʝʪʝʥʠʷ (ʚʠʜ ʩʙʦʢʫ): 1-ʢʦʨʧʫʩ;  

3-ʤʝʪʘʣʠʯʝʩʢʘʷ ʧʣʘʥʢʘ; 4-ʣʘʟʝʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 6-ʣʘʟʝʨʥʳʡ ʣʫʯ;  

7-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʰʢʘʣʘ; 8-ʧʦʜʧʦʨʢʘ; 9-ʭʣʝʙʦʙʫʣʦʯʥʦʝ ʠʟʜʝʣʠʝ; 10-ʛʨʫʟ (ʛ); 

11-ʧʨʦʪʠʚʦʚʝʩ; 12-ʚʠʜʝʦʫʩʪʨʦʡʩʪʚʦ 

 

ɿʘʪʝʤ, ʛʨʫʟ ʙʳʣ ʫʜʘʣʝʥ, ʠ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʦʙʨʘʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʙʲʝʢʪʘ. ʆʙʲʝʢʪ ˉ2 ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʙʲʝʢʪ ˉ3 ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʭʦʣʦʜʠʣʴʥʫʶ ʢʘʤʝʨʫ. ʆʙʲʝʢʪ ˉ4 ʙʳʣ ʧʦʤʝʱʝʥ ʚ ʤʦʨʦʟʠʣʴʥʫʶ ʢʘʤʝʨʫ. ʅʘ 

ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʦʙʲʝʢʪʳ ˉ2, ˉ3 ʠ ˉ4 ʪʘʢ ʞʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘ ʦʙʨʘʪʥʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ.  

 

ʈʠʩ. 2 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʝʪʝʥʠʷ(ʚʠʜ ʩʚʝʨʭʫ): 

2-ʦʩʴ; 5-ʛʣʫʙʦʢʦʝ ʦʪʚʝʨʩʪʠʝ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ (H) ʦʪ ʚʨʝʤʝʥʠ (t) ʜʣʷ ʚʩʝʭ 

ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʦʚ. 

 

 
ʈʠʩ. 3 ï ɻʨʘʬʠʢ ʦʙʨʘʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʦʙʲʝʢʪʘ ˉ1 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ, ʦʙʲʝʢʪ ˉ1 ʦʙʣʘʜʘʣ ʩʠʣʴʥʦʡ, ʛʣʫʙʦʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. ʆʙʲʝʢʪʫ ˉ1 ʥʘ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ 3.5 ʯʘʩʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʢʪ ˉ1 ʦʙʣʘʜʘʣ ʷʨʢʦʡ ʦʙʨʘʪʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʣ 

ʩʚʦʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ. 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʜʘʥʥʦʛʦ ʛʨʘʬʠʢʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
















































































































































































































































































