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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʜʝʬʝʢʪʥʳʭ ʟʦʥʘʭ ʠʟʜʝʣʠʷ ï ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʦʪʦʚʳʭ ʧʘʥʝʣʷʭ ʩ 

ʫʜʘʨʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʩʪʝʧʝʥʴ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ. 

This paper overview problem of fracture of composite materials and presents technique of estimation 

the integral parameter called the coefficient of material damage which characterizes changes of physic-

mechanical properties in defective zones of composite material. Experimental results obtained in studies of 

honeycomb sandwich panels with impact damages. 

Keywords: composite materials, non-destructive testing, the degree of damage. 
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çʂʨʠʚʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

ʄʆɼɽʈʅʀɿɸʎʀʗ ʃʀʅʀʀ ʋʉʂʆʈɽʅʅʆɻʆ ʆʍʃɸɾɼɽʅʀʗ ɺ 

ʋʉʃʆɺʀʗʍ ʄɽʃʂʆʉʆʈʊʅʆɻʆ ʉʊɸʅɸ 250-4 ʇɸʆ çɸʄʂʈè  

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʛʠʙʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʣʠʥʠʷ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʘʨʤʘʪʫʨʥʳʡ ʧʨʦʢʘʪ. 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 
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ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʫʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʨʳʥʢʘʭ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ [1-6]. 

ʇʫʪʠ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʦʢʘʪʘ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.  

ʊʝʨʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ ʚ ʧʦʪʦʢʝ ʧʨʦʢʘʪʢʠ ʥʝʧʨʝʨʳʚʥʳʭ 

ʩʪʘʥʦʚ ʚ ʩʚʦʝ ʚʨʝʤʷ ʷʚʠʣʦʩʴ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʦʪʦʚʦʛʦ ʧʨʦʢʘʪʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʠʟ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʨʦʢ ʩʪʘʣʝʡ [2]. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʩ ʛʠʙʢʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʣʠʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 

ʤʝʣʢʦʩʦʨʪʥʦʛʦ ʩʪʘʥʘ 250-4 ʉʇʎ-2 ʇɸʆ çɸʨʩʝʣʦʨ ʄʠʪʪʘʣ ʂʨʠʚʦʡ ʈʦʛè. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʨʤʘʪʫʨʥʳʡ ʧʨʦʢʘʪ ʥʘ ʄʉ 250-4 ʧʨʦʠʟʚʦʜʷʪ 

ʤʝʪʦʜʦʤ ʧʨʦʢʘʪʢʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ. ʇʦ ʢʘʞʜʦʡ ʩʪʦʨʦʥʝ ʩʪʘʥʘ ʠʟ ʯʠʩʪʦʚʦʡ ʢʣʝʪʠ 

ʚrʭʦʜʠʪ ʜʚʝ ʥʠʪʢʠ ʧʨʦʢʘʪʘ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʥʠʷ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʜʘʣʝʝ ï ʃʋʆ)  

(ʨʠʩ. 1) ʩʦʩʪʦʠʪ ʠʟ ʥʘʛʥʝʪʘʶʱʝʡ 

ʬʦʨʩʫʥʢʠ (1) ʩ ʜʚʫʤʷ ʚʭʦʜʘʤʠ 

(ʜʣʷ ʢʘʞʜʦʡ ʥʠʪʢʠ) ʠ ʜʚʫʤʷ 

ʚʳʭʦʜʘʤʠ. ʇʦʩʣʝ ʬʦʨʩʫʥʢʠ 

ʧʨʦʢʘʪ ʚʤʝʩʪʝ ʩ ʚʦʜʦʡ ʧʦʧʘʜʘʝʪ ʚ 

ʢʘʤʝʨʳ ʨʘʟʜʝʣʥɹʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ (2). ʕʪʠ ʜʚʝ ʢʘʤʝʨʳ  

 
ʈʠʩ. 1 - ʉʫʱʝʩʪʚʫʶʱʘʷ ʣʠʥʠʷ ʫʩʢʦʨʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʄʉ 250-4 

ʧʦʩʪʝʧʝʥʥʦ ʩʙʣʠʞʘʶʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ "ʩʚʦʜʢʦʡ". ʇʦʩʣʝ ʩʚʦʜʢʠ 

ʨʘʩʢʘʪ (ʦʙʝ ʥʠʪʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ) ʜʚʠʞʝʪʩʷ ʚ ʢʘʤʝʨʘʭ ʩʦʚʤʝʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (3). 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʦʜʘ ʦʪʚʦʜʠʪʩʷ ʦʪ ʨʘʩʢʘʪʘ 

ʫʟʣʦʤ ʩʙʨʦʩʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ (4). ʇʦʩʣʝ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʚʫʭʙʘʨʘʙʘʥʥʳʝ ʥʦʞʥʠʮʳ (5). 

ʇʨʠ ʪʘʢʦʡ ʩʭʝʤʝ ʩʪʝʧʝʥʴ ʦʭʣʘʞʜʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʪʦʢʘ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ 

ʫʯʘʩʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʤʚrʘʶʱʝʛʦ ʨʘʩʢʘʪ ʧʦʪʦʢʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ. 

ɺ ʧʝʨʚʫʶ ʩʝʢʫʥʜʫ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʢʘʪʘ (ʚ ʪʝʦʨʠʠ - ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ). ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʩʭʦʜʷʪ ʩʨʘʟʫ ʧʦʩʣʝ ʬʦʨʩʫʥʦʢ ʚ ʢʘʤʝʨʘʭ ʨʘʟʜʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɸ ʚ ʢʘʤʝʨʘʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʩʲʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʥʠʪʢʘʤ ʫʞʝ ʩʦʟʜʘʥʦ ʚ ʢʘʤʝʨʘʭ ʨʘʟʜʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʦ ʜʘʞʝ ʠʜʝʘʣʴʥʳʤ ʩʦʚʤʝʩʪʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ɺ ʣʶʙʦʡ ʃʋʆ ʩʪʝʧʝʥʴ ʦʭʣʘʞʜʝʥʠʷ (ʪ.ʝ. ʢʦʥʝʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʢʘʪʘ) ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʠʟʤʝʥʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʠʟʤʝʥʷʶʪ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʚ ʢʦʣʣʝʢʪʦʨʝ ʧʝʨʝʜ ʬʦʨʩʫʥʢʦʡ. ʇʨʠʤʝʨʥʦ ʪʦʪ ʞʝ ʵʬʬʝʢʪ 



ISSN 2079.5459. ɺʽʩʥʠʢ ʅʊʋ ñʍʇɯè. 2013. ˉ56(1029)         28 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʢʘʤʝʨʳ ʦʭʣʘʞʜʝʥʠʷ, ʪ.ʝ. ʨʝʛʫʣʠʨʦʚʢʠ 

ʱʝʣʝʚʦʛʦ ʟʘʟʦʨʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʚ ʬʦʨʩʫʥʢʝ ʧʦʜʘʝʪʩʷ ʚʦʜʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʥʪʫʠʪʠʚʥʦ  

ʧʦʥʷʪʝʥ ʠ ʦʙʣʘʜʘʝʪ 

ʢʘʞʫʱʝʡʩʷ ʧʨʦʩʪʦʪʦʡ. 

ʆʜʥʘʢʦ, ʵʪʦ 

ʢʘʞʫʱʘʷʩʷ ʧʨʦʩʪʦʪʘ. 

ʅʘ ʨʠʩ. 2 ʩʭʝʤʘʪʠʯʥʦ 

ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʘ 

ʫʩʢʦʨʝʥʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʧʝʨʝʜ 

ʬʦʨʩʫʥʢʦʡ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩ.2, ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ 

ʜʘʚʣʝʥʠʝʤ ʢʨʘʡʥʝ 

ʦʛʨʘʥʠʯʝʥʘ. ɺʦ-

ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʢʦʝ ʥʘʩʳʱʝʥʠʝ. 

 
ʈʠʩ. 2 - ʉʭʝʤʘʪʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʘ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ 

ʚʦʜʳ ʚ ʢʦʣʣʝʢʪʦʨʝ ʧʝʨʝʜ ʬʦʨʩʫʥʢʦʡ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʅʘ ʧʨʠʚʝʜʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 8 ʢʛʩ/ʩʤ2 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʦʪʧʫʩʢʘ ʨʘʩʢʘʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʢʘʪʘ. ɿʘʪʦ 

ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʝʨʘʩʭʦʜ ʚʦʜʳ ʠ ʨʘʟʛʦʥ ʨʘʩʢʘʪʘ ʧʦʩʣʝ ʝʛʦ ʚʳʭʦʜʘ ʠʟ ʯʠʩʪʦʚʦʡ ʢʣʝʪʠ ʟʘ 

ʩʯʝʪ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ɸ, ʚʦ-ʧʝʨʚʳʭ, ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʘʡʥʝ ʫʟʢʘʷ. ʅʘ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʚʦʜʳ ʧʝʨʝʜ ʬʦʨʩʫʥʢʦʡ ʥʠʞʝ 4 ʢʛʩ/ʩʤ2 ʦʭʣʘʞʜʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʩʪʘʙʠʣʥɹʳʤ. ɿʘʚʠʩʠʤʦʩʪʴ "ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʢ ʬʫʥʢʮʠʷ ʜʘʚʣʝʥʠʷ" ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ 

ʤʦʥʦʪʦʥʥʦʡ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʧʘʜʘʝʪ, ʢʘʢ ʪʘʢʦʚʘʷ. ɺ ʠʪʦʛʝ ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫ ʥʘʩ ʦʩʪʘʝʪʩʷ ʫʯʘʩʪʦʢ ʩ ʜʘʚʣʝʥʠʝʤ 4 õ 8 ʢʛʩ/ʩʤ2, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʠʥʪʝʨʚʘʣʝ æ 50 Áʉ. 

ɺʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʠʟʤʝʥʷʶʪ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ (ɿɸʆ). ʇʦʩʢʦʣʴʢʫ ʨʘʩʢʘʪ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʢʣʝʪʠ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʨʦʢʘʪʢʠ ʠ 

ʜʣʠʥʦʡ ɿɸʆ. ɽʩʣʠ ʦʪʚʣʝʯʴʩʷ ʦʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʦ ʜʣʠʥʘ ɿɸʆ - ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʬʦʨʩʫʥʢʠ ʜʦ ʫʟʣʘ ʩʙʨʦʩʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ. ʊ.ʝ. ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʤʝʥʠʪʴ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʚʠʛʘʪʴ ʣʠʙʦ ʬʦʨʩʫʥʢʫ, ʣʠʙʦ ʫʟʝʣ 

ʩʙʨʦʩʘ. 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ "ʂʨʠʚʦʨʦʞʩʪʘʣʠ" ʚ ʩʚʦʝ ʚʨʝʤʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʫʥʠʢʘʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʫʟʣʘ ʩʙʨʦʩʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ (ʦʪʩʝʯʢʠ), ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʜʣʷ ʩʚʦʝʡ 

ʨʘʙʦʪʳ ʧʦʜʚʦʜʘ ʚʦʜʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʜʘʯʝ ʚʦʜʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʧʝʨʝʤʝʱʘʪʴ ʦʪʩʝʯʢʫ ʚ ʪʨʝʙʫʝʤʦʝ 

ʤʝʩʪʦ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʫʟʣʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʴ - ʩʞʘʪʳʡ 

ʚʦʟʜʫʭ ʧʨʠ ʜʘʚʣʝʥʠʠ ʜʦ 3 ʢʛʩ/ʩʤ2 . 

ʇʨʠʤʝʥʷʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʚ ʣʠʥʠʠ ʄʉ 250-4 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. ʆʪʩʝʯʢʘ ʩʪʦʠʪ ʧʦʩʣʝ ʢʘʤʝʨʳ  
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ʩʦʚʤʝʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺ 

ʥʝʝ ʚʭʦʜʷʪ ʦʙʘ ʨʘʩʢʘʪʘ ʜʚʫʭ 

ʥʠʪʦʢ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ 

ʦʪʩʝʯʢʠ ʚ ʢʨʘʡʥʝʝ ʜʘʣʴʥʝʝ 

ʧʦʣʦʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʢʘʪʘ. 

ʇʝʨʝʜʚʠʛʘʷ ʫʟʝʣ ʩʙʨʦʩʘ 

ʙʣʠʞʝ ʢ ʬʦʨʩʫʥʢʘʤ, ʤʦʞʥʦ 

ʫʤʝʥʴʰʘʪʴ ʜʣʠʥʫ ʟʦʥʳ 

ʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ - ʚʨʝʤʷ ʠ ʩʪʝʧʝʥʴ 

ʦʭʣʘʞʜʝʥʠʷ. ʋʩʪʘʥʦʚʢʘ ʫʟʣʘ 

ʩʙʨʦʩʘ ʩʨʘʟʫ ʟʘ ʩʚʦʜʢʦʡ ʜʘʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ 

ʦʭʣʘʞʜʝʥʠʷ. 

 
ʈʠʩ. 3 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʢʘʪʘ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʃʋʆ 

ɸʥʘʣʠʟ (ʨʠʩ. 3) ʩʨʘʟʫ ʧʦʢʘʟʳʚʘʝʪ ʥʘʤ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʃʋʆ. ʉʘʤʘʷ ʤʘʣʘʷ ʩʪʝʧʝʥʴ ʦʭʣʘʞʜʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʣʠʥʦʡ ʢʘʤʝʨ ʨʘʟʜʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʊ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʘʷ "ʤʝʨʪʚʘʷ ʟʦʥʘ", ʚ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʦʪʩʝʯʢʫ (ʩʤ. ʨʠʩ. 4). ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʃʋʆ ʥʝ ʙʳʣ ʢʨʠʪʠʯʝʩʢʠʤ ʚ ʪʦ 

ʚʨʝʤʷ, ʢʦʛʜʘ ʦʥʘ ʩʦʟʜʘʚʘʣʘʩʴ. ʅʘ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʄʉ 250-4 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʣʩʷ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ ʢʣʘʩʩʦʚ ɸ400ʉ ʠ ɸ500ʉ ʧʦ 

ɼʉʊʋ 3760. ʈʘʩʰʠʨʝʥʠʝ ʩʦʨʪʘʤʝʥʪʘ ʩʪʘʥʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʚʠʜʦʚ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ ʢʣʘʩʩʦʚ ɸ400 ʧʦ ɻʆʉʊ 5781 ʠ Grade 40 

ʧʦ ASTM 615 ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʤʝʥʴʰʘʪʴ ʜʣʠʥʫ ʢʘʤʝʨ ʨʘʟʜʝʣʴʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ, ʧʝʨʝʜʚʠʛʘʪʴ ʩʚʦʜʢʫ ʙʣʠʞʝ ʢ ʬʦʨʩʫʥʢʘʤ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʠʤʝʶʪ ʛʨʘʥʠʮʳ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʫʤʥʳʝ ʧʨʝʜʝʣʳ ʫʛʣʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʘʩʢʘʪʘ. ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʟʘ ʩʯʝʪ 

ʜʣʠʥʳ ɿɸʆ ʩʪʘʣʦ ʥʝʚʦʟʤʦʞʥʳʤ. ʉʥʠʞʘʪʴ ʩʪʝʧʝʥʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʰʣʦʩʴ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʧʝʨʝʜ ʬʦʨʩʫʥʢʦʡ. ʊʨʫʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ, ʦʧʠʩʘʥʳ ʚʳʰʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ 

ʢʨʠʚʠʟʥʳ ʧʨʫʪʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʥʝʢʦʥʜʠʮʠʠ. 

 

 
ʈʠʩ. 4 - ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʃʋʆ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ 

"ʤʝʨʪʚʘʷ ʟʦʥʘ" 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ, ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʵʪʘʧʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ. ʂʘʞʜʘʷ 

ʩʪʘʜʠʷ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʚʦʡ ʢʨʫʛ ʟʘʜʘʯ: 

1. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʚʪʦʨʦʛʦ ʙʣʦʢʘ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʚʦʠʪʴ ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʘʨʤʘʪʫʨʥʳʡ ʧʨʦʢʘʪ ˉˉ 10-14 (ʢʣʘʩʩʳ ɸ800 ʠ 

ɸ1000). 

2. ɺʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ  
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ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʦʢʘʪʘ. 

3. ʀʟʛʦʪʦʚʣʝʥʠʝ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʘʤʝʨ. 

4.  ɺʥʝʜʨʝʥʠʝ ʛʠʙʢʦʡ ʣʠʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʫ ñʊʝʣʝʩʢʦʧò. 

ʇʝʨʚʳʡ ʵʪʘʧ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʟʣʦʚ ʃʋʆ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʨʘʩʢʘʪʘ ʚ ʦʪʜʝʣʴʥʳʭ ʢʘʤʝʨʘʭ (ʨʠʩ. 5).  

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʚʥʝʜʨʝʥʠʷ ʄʉ 250-4 ʙʫʜʝʪ 

ʩʧʦʩʦʙʝʥ ʧʨʦʠʟʚʦʜʠʪʴ 

ʘʨʤʘʪʫʨʥʳʡ ʧʨʦʢʘʪ Ï8-16 

ʤʤ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʣʠʥʠʷ 

ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

 
ʈʠʩ. 5 - ʃʋʆ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ʧʝʨʚʦʛʦ ʙʣʦʢʘ 

ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ ʩʦʩʪʦʠʪ ʠʟ ʬʦʨʩʫʥʢʠ (1). ʌʦʨʩʫʥʢʘ ʩʧʘʨʝʥʥʘʷ, ʠʤʝʝʪ ʜʚʘ ʚʭʦʜʘ 

ʜʣʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʧʨʦʢʘʪʘ ʠ ʜʚʘ ʚʳʭʦʜʘ ʥʘ ʢʘʤʝʨʫ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ 

ʧʨʦʢʘʪʘ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ. ʂʘʤʝʨʳ ʫʩʢʦʨʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (2) ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ. ʈʘʩʢʘʪ ʢʘʞʜʦʡ ʥʠʪʢʠ ʜʚʠʞʝʪʩʷ ʧʦ ʦʪʜʝʣʴʥʦʡ ʢʘʤʝʨʝ. ʋʟʝʣ ʩʙʨʦʩʘ 

ʦʪʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ (3) ʤʦʞʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʟʦʥʳ 

ʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ. 7). ʇʝʨʝʤʝʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʜʠʩʢʨʝʪʥʦ 

(ʦʩʪʘʥʦʚʢʘ ʩʪʘʥʘ ʠ ʫʩʪʘʥʦʚʢʘ ʫʟʣʘ ʩʙʨʦʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ), ʪʘʢ ʠ 

ʥʝʧʨʝʨʳʚʥʦ (ʦʧʝʨʘʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ɿɸʆ ʫʩʪʨʦʡʩʪʚʦʤ ʪʠʧʘ "ʪʝʣʝʩʢʦʧ"). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʡʪʠ ʦʪ ʥʝʜʦʩʪʘʪʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʣʠʯʠʝʤ çʤʝʨʪʚʦʡ ʟʦʥʳè 

(ʦʧʠʩʘʥʦ ʚʳʰʝ), ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʜʚʘ ʪʠʧʘ ʫʩʪʘʥʦʚʢʠ ʫʟʣʘ ʩʙʨʦʩʘ:  

ʩʪʘʮʠʦʥʘʨʥʦ ʠ "ʪʝʣʝʩʢʦʧʦʤ". 

ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʦʪʩʝʯʢʠ ʤʳ ʤʦʞʝʤ ʧʝʨʝʜʚʠʥʫʪʴ 

ʝʝ ʚʧʣʦʪʥʫʶ ʢ ʬʦʨʩʫʥʢʝ (ʩʘʤʦʝ 

ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʠʩ. 6). 

ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʭʣʘʞʜʝʥʠʝ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ 

ʧʨʦʢʘʪʘ ʤʘʣʳʭ (8, 10 ʤʤ) 

ʜʠʘʤʝʪʨʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ ʚʘʞʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʦʪʩʝʯʢʠ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʜʣʷ Ï 

14, 16 ʤʤ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ 

ʦʭʣʘʞʜʝʥʠʷ ʧʨʦʢʘʪʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ 

çʪʝʣʝʩʢʦʧʘè ʚ ɯ ʙʣʦʢʝ ʃʋʆ. ʉ 

ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʘʨʤʘʪʫʨʳ 

 
ʈʠʩ. 6 - ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ 

ʧʨʦʢʘʪʘ ʚ ʃʋʆ ʚʪʦʨʦʡ ʩʝʢʮʠʠ ɯ ʙʣʦʢʘ 

ʢʣʘʩʩʦʚ ɸ800, ɸ1000 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʦʡ ʙʣʦʢ ʃʋʆ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ ʜʚʫʭ ʨʘʩʢʘʪʦʚ ʚ ʦʜʥʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʪʨʫʙʝ (ʨʠʩ. 7). 

ʈʘʙʦʪʳ ʧʦ ʨʘʩʯʝʪʫ ʃʋʆ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʤʝʨʦʚ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʚ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʃʋʆ ʄʉ 250-4. 
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ʈʠʩ. 7 ï ʉʭʝʤʘ ʃʋʆ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʨʤʘʪʫʨʳ ʢʣʘʩʩʘ ɸ800, ɸ1000 

 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦ ʧʨʠʥʮʠʧʫ ʫʚʝʣʠʯʝʥʠʷ 

ʜʣʠʥʳ ʘʢʪʠʚʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ.  
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ʟʘʛʦʪʦʚʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. [ʊʝʢʩʪ] / ɸ. ʂ.  ɻʨʠʛʦʨʴʝʚ, ɻ. ɽ. ʂʦʜʞʘʩʧʠʨʦʚ.  ï ʃ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1985. - 143 ʉ. 2. ʉʪʘʨʦʜʫʙʦʚ, ʂ. ʌ. ʊʝʨʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʧʨʦʢʘʪʘ. [ʊʝʢʩʪ] /  

ʂ. ʌ. ʉʪʘʨʦʜʫʙʦʚ, ʀ. ɻ. ʋʟʣʦʚ ʠ ʜʨ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1970. - 368 ʉ. 3. ʉʘʚʝʥʢʦʚ, ɺ. ʗ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʜʚʠʞʫʱʝʛʦʩʷ 

ʤʝʣʢʦʩʦʨʪʥʦʛʦ ʧʨʦʬʠʣʷ [ʊʝʢʩʪ] / ɺ. ʗ. ʉʘʚʝʥʢʦʚ // ʋʧʨʦʯʥʷʶʱʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʨʦʢʘʪʘ. - ɺʳʧ. 1, ʂʠʝʚ. - 1968. -  ʉ.7-14. 4. ʉʪʘʨʦʜʫʙʦʚ, ʂ. ʌ. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ 
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