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ʆʧʠʩʘʥʦ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 
ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. ʇʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʚʝʜʝʥʠʷ ʪʘʢʠʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʝʡ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 
ʚʦʟʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʥʦʡ ʢʦʨʨʦʟʠʠ ʠ ʢʘʨʙʦʥʠʟʘʮʠʠ. 

Key words: calculation; reinforced structures; modeling; corrosion; carbonization. 

Described the general problem state calculation of reinforced structures that are exposed to corrosive 
environments. General approaches to modeling the behavior of such structures under impact chloride corrosive 
environment are given. Simultaneous effect of chloride corrosion and carbonation is given too. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʤʧʣʝʢʩʫ ʚʥʝʰʥʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ: ʥʘʛʨʫʟʦʢ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʘʛʨʝʩʩʠʚʥʳʭ  ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʨʝʜ, ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
ʧʦʣʝʡ, ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ  ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ 
ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʦʦʨʫʞʝʥʠʡ. 

ɸʛʨʝʩʩʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʦʙʟʦʨʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʜʚʫʤ ʪʠʧʘʤ 
ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ: ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʤ ʩʨʝʜʘʤ ʠ ʩʨʝʜʘʤ, ʚʳʟʳʚʘʶʱʠʤ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ 
[105]. ʍʣʦʨʠʜʩʦʜʝʨʞʘʱʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʨʝʜ ʜʣʷ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ (ʦʩʦʙʝʥʥʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ). ʉʨʝʜʠ 
ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʭʣʦʨʠʜʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ: 
ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʝ ʩʨʝʜʩʪʚʘ-ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʠ (ʥʘ ʦʩʥʦʚʝ ʢʘʤʝʥʥʦʡ ʩʦʣʠ), ʧʨʠʤʝʥʷʝʤʳʝ ʩ ʮʝʣʴʶ 
ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʝʟʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʛʦʣʦʣʝʜʝ ʥʘ ʧʨʦʝʟʞʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ; ʤʦʨʩʢʫʶ ʚʦʜʫ ʠʣʠ ʩʦʣʝʚʦʡ ʪʫʤʘʥ, ʢʦʪʦʨʳʝ  ʠʤʝʶʪ ʢʦʥʪʘʢʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʨʤʠʨʦʚʘʥʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʝ ʩʨʝʜʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ; ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʠʜʥʳʭ 
ʩʦʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʚʚʦʜʠʣʠʩʴ ʧʨʠ ʟʠʤʥʝʤ ʙʝʪʦʥʠʨʦʚʘʥʠʠ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʪʚʝʨʜʝʥʠʷ 
ʙʝʪʦʥʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʝʡ ʩʨʝʜʳ 
ʧʨʠʚʦʜʠʪ ʢ  ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʤʘʪʝʨʠʘʣʘ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʧʦʨʘʞʝʥʠʶ ʘʨʤʘʪʫʨʳ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʨʠʚʦʜʠʪ 
ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʶ 
ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ  ʥʘʪʫʨʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ [104],  ʧʨʦʝʢʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʢʩʧʝʨʪʥʳʡ ʦʧʨʦʩ 
ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ [1,2], ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʭ, 
ʩʨʝʜ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʦ 75 % ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ï ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʧʠʱʝʚʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ,  ʘ ʪʘʢʞʝ ʚ ʜʦʨʦʞʥʦ-ʤʦʩʪʦʚʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʥʘ ʦʙʲʝʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ 
ʤʦʨʩʢʠʭ ʧʦʙʝʨʝʞʠʡ. 

ɺ ʤʦʥʦʛʨʘʬʠʷʭ [1,2,3,4,5] ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʧʦʚʨʝʞʜʝʥʠʡ, ʨʘʟʨʫʰʝʥʠʡ, ʜʝʛʨʘʜʘʮʠʠ ʠ ʚʳʭʦʜʘ 
ʠʟ ʩʪʨʦʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠ ʧʦʣʠʤʝʨʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ  ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 
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ʘʛʨʝʩʩʠʚʥʳ ʩʨʝʜ. /  
Ovchinnikov I.I. Current state of the calculation of reinforced structures that are exposed to aggressive medium. 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʧʦʵʪʦʤʫ ʥʠʞʝ ʦʪʤʝʪʠʤ ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜ. 

ɺ [6] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʦʩʪʦʚ 
ʩʦʩʪʘʚʣʷʶʪ 40 % ʦʪ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʟʘʪʨʘʪ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʠʭ. ʈʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʘ 
ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʝʡ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʣʘʛʠ. ʇʨʦʮʝʩʩ ʢʘʨʙʦʥʠʟʘʮʠʠ ʙʝʪʦʥʘ ʩʥʠʞʘʝʪ 
ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʅ ʜʦ 10,5. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʥʠʢʘʥʠʝ 
ʭʣʦʨʠʜʦʚ ʚ ʙʝʪʦʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʨʠʭʦʜʠʪ ʚ 
ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ [7] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʷ 
ʘʨʤʘʪʫʨʳ, ʠʥʠʮʠʠʨʫʝʤʘʷ ʠ ʫʩʢʦʨʷʝʤʘʷ ʧʨʠʤʝʥʝʥʠʝʤ ʭʣʦʨʠʩʪʳʭ ʩʦʣʝʡ-ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʝʡ. ɺ ʦʧʦʨʥʳʭ 
ʩʪʦʡʢʘʭ, ʙʘʣʢʘʭ, ʧʣʠʪʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʠ ʧʘʨʘʧʝʪʘʭ ʦʛʨʘʞʜʝʥʠʷ ʦʙʱʘʷ ʢʦʨʨʦʟʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʘ ʘʨʤʘʪʫʨʳ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʘ ʦʢʠʩʠ ʞʝʣʝʟʘ Fe2O3ÖnH2O, 
ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʦʙʲʝʤ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʦʢʠʩʣʝʥʥʘʷ ʩʪʘʣʴ. ɽʛʦ ʜʘʚʣʝʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʠʡ 
ʘʨʤʘʪʫʨʫ ʙʝʪʦʥ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʚʜʦʣʴ ʩʪʝʨʞʥʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʝʱʝ ʙʦʣʴʰʝʤʫ 
ʧʨʠʪʦʢʫ ʭʣʦʨʠʜʦʚ ʢ ʟʦʥʝ ʢʦʨʨʦʟʠʠ. ɺ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ 
ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʨʅ ʚ ʙʝʪʦʥʝ ʩ 13 ʜʦ 9 ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 
ʢʦʨʨʦʟʠʠ ʘʨʤʘʪʫʨʳ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ ʙʝʪʦʥʝ, 
ʧʨʦʥʠʢʰʠʭ ʚ ʥʝʛʦ ʯʝʨʝʟ ʧʦʨʳ ʠ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʧʘʩʥʦʩʪʴ ʢʦʨʨʦʟʠʠ 
ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 
ʨʞʘʚʯʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʘʨʤʘʪʫʨʳ ʩ ʙʝʪʦʥʦʤ ʠ ʚʳʟʳʚʘʝʪ ʪʝʤ 
ʩʘʤʳʤ ʠʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ [106]. 

ɺ ʨʘʙʦʪʝ [8] ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʠʭ 
ʨʝʘʛʝʥʪʦʚ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʣʝʜʝʥʝʥʠʷ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʤʦʩʪʦʚ ʨʝʟʢʦ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ 
ʢʦʨʨʦʟʠʶ ʘʨʤʘʪʫʨʳ ʠ ʨʘʟʨʫʰʝʥʠʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʪʦʥʘ.  

ʂʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ  ʦʧʘʩʥʳʤ ʚʠʜʦʤ ʨʘʟʨʫʰʝʥʠʷ ʘʨʤʠʨʦʚʘʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʢʘʢ ʦʩʦʙʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʨʦʷʚʣʷʶʪ 
ʩʪʘʣʠ ʧʦʚʳʰʝʥʥʦʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ 
ʘʨʤʘʪʫʨʳ. ʕʪʦʪ ʚʠʜ ʨʘʟʨʫʰʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʠ 
ʤʦʞʝʪ ʙʳʪʴ  ʧʨʠʯʠʥʦʡ ʩʝʨʴʝʟʥʳʭ ʘʚʘʨʠʡ.  ʅʘʧʨʠʤʝʨ, ʦʙʨʫʰʝʥʠʝ ʤʦʩʪʘ ʯʝʨʝʟ ʨʝʢʫ ʆʛʘʡʦ, ʢʦʪʦʨʦʝ 
ʧʨʦʠʟʦʰʣʦ 1967 ʛʦʜʫ ʧʦʩʣʝ 40 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʛʠʙʝʣʠ ʩʦʨʦʢʘ ʰʝʩʪʠ ʯʝʣʦʚʝʢ ʠ 
ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ [9]. ɺ ʈʦʩʩʠʠ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʘʨʤʘʪʫʨʳ 
ʧʨʦʠʟʦʰʣʘ ʘʚʘʨʠʷ ʧʝʰʝʭʦʜʥʦʛʦ ʤʦʩʪʘ ʚ ʇʫʰʢʠʥʦ.  

ʅʘ ʧʨʦʙʣʝʤʫ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʩʪʘʣʝʡ ʦʙʨʘʪʠʣʠ 
ʚʥʠʤʘʥʠʝ ʚ 50-ʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʙʨʳʚʘʭ ʘʨʤʘʪʫʨʳ ʠ ʦʙʨʫʰʝʥʠʷʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ [102]. ʂʦʨʨʦʟʠʦʥʥʦʝ 
ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʘʨʤʘʪʫʨʥʳʭ ʩʪʘʣʝʡ ʚʝʩʴʤʘ ʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʙʨʫʰʝʥʠʝ 
ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʦʙʘʷ ʦʧʘʩʥʦʩʪʴ ʪʘʢʠʭ ʦʙʨʫʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ ʚʥʝʟʘʧʥʦ - ʙʝʟ 
ʢʘʢʠʭ-ʣʠʙʦ ʟʘʤʝʪʥʳʭ ʚʥʝʰʥʠʭ ʧʨʠʟʥʘʢʦʚ (ʫʚʝʣʠʯʝʥʥʳʭ ʧʨʦʛʠʙʦʚ, ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ, ʦʪʩʣʦʝʥʠʷ 
ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ), ʢʦʪʦʨʳʝ ʙʳ ʧʨʝʜʫʧʨʝʞʜʘʣʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʘʨʤʠʨʦʚʘʥʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʚʦʟʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʢʦʤʧʣʝʢʩ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʚʳʩʦʢʠʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, 
ʘʛʨʝʩʩʠʚʥʘʷ ʚʥʝʰʥʷʷ ʩʨʝʜʘ), ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʛʦ ʚʠʜʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ 
ʧʦʨʘʞʝʥʠʷ  - ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ.  ʊʦ ʝʩʪʴ  ʧʨʠʯʠʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʛʫʪ 
ʚʳʩʪʫʧʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʝʢʪʦʤ, ʠʣʠ, ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ [10], ʟʘʧʨʦʝʢʪʥʳʝ 
ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʨʤʠʨʦʚʘʥʥʳʭ,  ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʦʙʘʷ ʨʦʣʴ ʟʜʝʩʴ 
ʜʦʣʞʥʘ ʦʪʚʦʜʠʪʴʩʷ ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ, ʫʯʠʪʳʚʘʶʱʠʤ ʢʠʥʝʪʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩ 
ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ ʩ ʫʯʝʪʦʤ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʥʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦ ʠ 
ʦʙʨʘʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʢʠʥʝʪʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ. ʄʦʞʥʦ ʪʘʢʞʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ 
ʨʘʟʚʠʪʠʝʤ ʪʝʦʨʠʠ  ʞʠʚʫʯʝʩʪʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 
ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ, ʧʦ ʤʥʝʥʠʶ ɺ.ʄ. ɹʦʥʜʘʨʝʥʢʦ [11,12] ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʧʨʦʩ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ  ʙʝʟ ʫʯʝʪʘ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [10] ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ  ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʪʦʨʦʥ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʫʯʥʦ-




