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ɿʘʨʝʻʩʪʨʦʚʘʥʠʡ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ (ʩʚʽʜʦʮʪʚʦ ʂɺ 22149-

12049ʈ ʚʽʜ 23.05.2016). 

ʄʘʪʝʨʽʘʣʠ ʟʙʽʨʥʠʢʘ ʩʭʚʘʣʝʥʽ ʥʘ ʟʘʩʽʜʘʥʥʽ ɺʯʝʥʦʾ ʨʘʜʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʦ ʚʠʜʘʥʥʷ (ʧʨʦʪʦʢʦʣ ˉ 53 ʚʽʜ 31 ʙʝʨʝʟʥʷ 2017 ʨ.). 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʤʝʪʦʜʠ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. 

ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʥʘʫʢʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʩʧʝʮʽʘʣʽʩʪʽʚ ʧʨʦʝʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ 

ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʜʦʢʪʦʨʘʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʩʪʫʜʝʥʪʽʚ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʥʘʧʨʷʤʢʫ.  

 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ 

ɾʫʨʘʚʩʴʢʠʡ ʆ.ɼ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ï ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ (ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); ɹʽʣʠʢ ʉ.ɯ., ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ); 

ɹʦʡʢʦ ɯ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ); ʂʣʽʤʦʚ ʖ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
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ʘʨʭʽʪʝʢʪʫʨʠ); ɹʘʙʠʯ ɭ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ 
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ʧʦʣʽʪʝʭʥʽʢʘè); ɼʘʚʠʜʝʥʢʦ ʆ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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(ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ); ʇʘʚʣʽʢʦʚ ɸ.ʄ., ʜ.ʪ.ʥ., 
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ʂʆʅʉʊʈʋʂʎʀʁ 

 

LOAD  CARRYING  CAPACITY  OF SPATIAL  PLATE  STRUCTURES 

 

ɼʝʭʪʷʨ ɸ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʦʙʨʘʟʦʪʚʦʨʯʦʛʦ ʤʠʩʪʝʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ 

 

ɼʝʭʪʷʨʴ ɸ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʅʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʽʷ ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʠʩʢʫʩʩʪʚ 

ʠ ʘʨʭʠʪʝʢʪʫʨʳ 

 

Dekhtyar A. Sci.D, Prof., National academy of fine arts and architecture 

 

ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʨʦ ʥʝʩʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʪʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ 

ʜʽʾ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʝʨʭʥʽʭ ʦʮʽʥʦʢ  

ʟʘʩʪʦʩʦʚʘʥʦ ʢʽʥʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʛʨʘʥʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʬʦʨʤʽ ʪʝʦʨʽʾ 

ʣʽʥʽʡ ʪʝʢʫʯʦʩʪʽ. ɺʠʚʯʝʥʦ ʪʨʠ ʤʦʞʣʠʚʽ ʬʦʨʤʠ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ. ɺʩʽ 

ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʦ ʚ ʟʘʤʢʥʫʪʽʡ ʬʦʨʤʽ. ɿʨʦʙʣʝʥʦ ʥʝʦʙʭʽʜʥʽ ʧʦʨʽʚʥʷʥʥʷ. 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʩʪʠʥʯʘʪʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʧʝʨʝʯʥʦʡ 

ʥʘʛʨʫʟʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʨʭʥʠʭ ʦʮʝʥʦʢ ʧʨʠʤʝʥʝʥ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ  ʚ ʬʦʨʤʝ ʪʝʦʨʠʠ ʣʠʥʠʡ ʪʝʢʫʯʝʩʪʠ. ʀʟʫʯʝʥʳ 

ʪʨʠ ʚʦʟʤʦʞʥʳʝ ʬʦʨʤʳ ʠʩʯʝʨʧʘʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʩʝ ʦʮʝʥʢʠ 

ʧʦʣʫʯʝʥʳ ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ. ʇʨʦʚʝʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʩʨʘʚʥʝʥʠʷ. 

 

A load carrying capacity problem  of plate spatial structures is considered. The 

transversal loading is uniformly distributed. The kinematical method of  limit 

equilibrium theory is applied in the form of the yield lines  theory. Three possible 

smash forms are studied. All estimations are got in the closed form. Necessary 

comparisons are done. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ʇʣʘʩʪʠʥʯʘʪʽ ʩʠʩʪʝʤʠ, ʥʝʩʥʘ ʟʜʘʪʥʽʩʪʴ, ʛʨʘʥʠʯʥʘ ʨʽʚʥʦʚʘʛʘ. 

ʇʣʘʩʪʠʥʯʘʪʳʝ ʩʠʩʪʝʤʳ, ʥʝʩʫʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʝʜʝʣʴʥʦʝ  ʨʘʚʥʦʚʝʩʠʝ. 

Plate structures. load carrying capacity, limit equilibrium. 

 

ʇʦʷʚʘ ʧʦʪʫʞʥʠʭ ʙʝʪʦʥʦʥʘʩʦʩʽʚ ʽ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʦʧʘʣʫʙʢʦʚʠʭ ʨʦʙʽʪ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʦʙʫʤʦʚʠʣʠ ʚ ʮʠʚʽʣʴʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ  ʧʝʨʝʭʽʜ ʜʦ 
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ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʧʨʠʟʚʝʣʠ ʜʦ ʤʘʡʞʝ ʧʦʚʥʦʛʦ ʚʠʪʠʩʥʝʥʥʷ ʟʙʽʨʥʦʛʦ 

ʟʘʣʽʟʦʙʝʪʦʥʫ,   ʟʦʢʨʝʤʘ ʬʘʢʪʠʯʥʦ ʟʥʠʢʣʦ ʩʧʦʨʫʜʞʝʥʥʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʟ ʦʙôʻʤʥʠʭ ʙʣʦʢʽʚ. ʇʨʦʪʝ ʡ ʜʦʩʽ ʻ ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʜʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʦʪʦʚʠʭ ʦʙôʻʤʥʠʭ ʙʣʦʢʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʽ ʪʝʭʥʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. ʎʝ ï ʦʜʥʦ- ʽ 

ʜʚʦʧʦʚʝʨʭʦʚʽ ʪʦʨʛʦʚʝʣʴʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ  ʽ ʥʘʩʦʩʥʽ 

ʩʪʘʥʮʽʾ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʛʘʨʘʞʽ, ʩʢʣʘʜʩʴʢʽ ʧʨʠʤʽʱʝʥʥʷ, 

ʧʝʨʝʧʫʩʢʥʽ ʽ ʢʦʥʪʨʦʣʴʥʽ ʧʫʥʢʪʠ, ʘ ʪʘʢʦʞ ʪʠʤʯʘʩʦʚʽ ʩʧʦʨʫʜʠ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ. 

   ʆʙôʻʤʥʽ ʙʣʦʢʠ ï ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʱʦ ʡʜʝʪʴʩʷ ʧʨʦ  ʥʘʧʨʫʞʝʥʥʷ 

ʽ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʤʦʥʪʘʞʽ  ʽ ʚ 

ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʦʪʝ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʢʣʘʜʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʥʝ ʧʦʪʨʽʙʥʽ, ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʦʮʽʥʠʪʠ ʥʝʩʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʥʘʙʣʠʞʝʥʽ ʽ ʩʧʨʦʱʝʥʽ ʧʽʜʭʦʜʠ. ɼʦʪʝʧʝʨ ʥʝʩʥʽʩʪʴ  ʧʨʦʩʪʦʨʦʚʠʭ 

ʙʣʦʢʽʚ ʥʝ ʚʠʚʯʘʣʘʩʷ. 

   ʅʠʞʯʝ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴʥʫ ʟʘʜʘʯʫ ʧʨʦ ʥʝʩʥʫ ʟʜʘʪʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʪʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ.1) ʧʨʠ ʜʽʾ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʚʝʨʭʥʴʦʾ ʘʙʦ ʜʦ ʥʠʞʥʴʦʾ ʧʣʠʪʠ. ʄʘʪʝʨʽʘʣ ʢʦʥʩʪʨʫʢʮʽʾ  - 

ʽʜʝʘʣʴʥʠʡ ʞʦʨʩʪʦʢʦʧʣʘʩʪʠʯʥʠʡ ʟ  

 

a

a

a

h

h

1

2

q

 
ʈʠʩ.1 

 ʥʝʦʜʥʘʢʦʚʠʤʠ ʛʨʘʥʠʮʷʤʠ ʪʝʢʫʯʦʩʪʽ  
-s  ʧʨʠ  ʩʪʠʩʢʫ ʽ s ʧʨʠ ʨʦʟʪʷʛʫ, ʧʨʠʯʦʤʫ 

ss ==-
. ʊʘʢʘ ʤʦʜʝʣʴ ʤʘʪʝʨʽʘʣʫ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʤʝʭʘʥʽʯʥʽʡ ʧʦʚʝʜʽʥʮʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ. 

   ɺʚʝʜʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ a   ʜʦʚʞʠʥʘ ʨʝʙʨʘ ʢʫʙʽʯʥʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʙʣʦʢʫ, 1h  ï 

ʦʜʥʘʢʦʚʘ ʪʦʚʱʠʥʘ ʚʝʨʭʥʴʦʾ ʽ ʥʠʞʥʴʦʾ ʧʣʠʪʠ, 2h  ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ, q  ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠʡʥʷʪʦ ʪʘʢʦʞ, ʱʦ ʙʣʦʢ 

ʦʙʧʠʨʘʻʪʴʩʷ ʧʦ ʢʦʥʪʫʨʫ ʥʠʞʥʴʦʾ ʧʣʠʪʠ. 

   ɼʣʷ ʦʮʽʥʢʠ ʥʝʩʥʦʩʪʽ ʥʠʞʯʝ ʟʘʩʪʦʩʦʚʘʥʦ ʢʽʥʝʤʘʪʠʯʥʠʡ  ʤʝʪʦʜ ʪʝʦʨʽʾ ʛʨʘʥʠʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʟ ʟʘʣʫʯʝʥʥʷʤ ʧʦʥʷʪʪʷ ʧʨʦ ʟʦʩʝʨʝʜʞʝʥʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ (ʣʽʥʽʾ  
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ʪʝʢʫʯʦʩʪʽ) [1,2]. ʂʽʥʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʝʨʭʥʶ ʦʮʽʥʢʫ  

ʛʨʘʥʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

   ʇʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʝʨʭʥʴʦʾ ʧʣʠʪʠ ʤʦʞʣʠʚʽ ʜʝʢʽʣʴʢʘ ʬʦʨʤ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʇʝʨʰʘ ʟ ʥʠʭ ï ʨʫʡʥʫʚʘʥʥʷ ʩʘʤʦʾ ʣʠʰʝ ʚʝʨʭʥʴʦʾ ʧʣʠʪʠ ʷʢ ʧʣʘʩʪʠʥʠ, 

ʟʘʪʠʩʥʝʥʦʾ ʧʦ ʚʩʴʦʤʫ ʢʦʥʪʫʨʫ. ɺʽʜʧʦʚʽʜʥʘ ʚʝʨʭʥʷ ʦʮʽʥʢʘ ʥʝʩʥʦʩʪʽ ʜʦʙʨʝ ʚʽʜʦʤʘ 

[1]. ʽ ʩʪʘʥʦʚʠʪʴ 

.12 2

0

-= amq                                                       (1) 

ʊʫʪ 
0m  ï ʛʨʘʥʠʯʥʠʡ ʧʦʛʦʥʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ɼʣʷ  ʧʨʠʡʥʷʪʦʛʦ 

çʥʝʩʪʠʩʣʠʚʦʛʦè ʤʘʪʝʨʽʘʣʫ .5,0 2

10 hm s=  

   ɼʘʣʽ ʟʘʤʽʩʪʴ ʪʦʚʱʠʥ 21,hh  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʾʭʥʽ ʙʝʟʨʦʟʤʽʨʥʽ ʚʝʣʠʯʠʥʠ 

1

22

1

11 ; -- == ahah ee . ɿʘʫʚʘʞʠʤʦ, ʱʦ ʚʠʨʘʟ (1) ʦʪʨʠʤʘʥʦ [1]  ʟ ʨʽʚʥʷʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʫ ʬʦʨʤʽ ʧʨʠʥʮʠʧʫ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʃʘʛʨʘʥʞʘ. ɼʦʜʘʤʦ, ʱʦ  ʜʣʷ 

ʧʝʨʰʦʾ ʩʭʝʤʠ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ ʨʦʙʦʪʘ 
1iD   ʛʨʘʥʠʯʥʠʭ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʥʘ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʤʝʭʘʥʽʟʤʫ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 

01 16mDi =
 .                                                   (2) 

ʇʦʟʘʷʢ ʚ ʧʦʜʘʣʴʰʽʭ  ʬʦʨʤʘʭ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ ʨʦʙʦʪʘ eD  ʟʦʚʥʽʰʥʴʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʘʢʦʾ  ʜʣʷ ʧʝʨʰʦʾ ʬʦʨʤʠ, ʜʘʣʽ ʚ ʧʦʨʽʚʥʷʥʥʷʭ 

ʨʽʟʥʠʭ ʬʦʨʤ ʨʫʡʥʫʚʘʥʥʷ  ʦʙʤʝʞʠʤʦʩʷ ʦʙʯʠʩʣʝʥʥʷʤʠ ʣʠʰʝ ʨʦʙʦʪʠ iD  

ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ. 

ɼʨʫʛʫ ʤʦʞʣʠʚʫ ʬʦʨʤʫ ʨʫʡʥʫʚʘʥʥʷ  ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2. ʊʫʪ ʫʪʚʦʨʶʶʪʴʩʷ 

ʜʚʦʛʨʘʥʥʽ ʝʣʝʤʝʥʪʠ ʟ ʯʘʩʪʠʥʠ ʧʣʠʪʠ ʽ ʙʽʯʥʦʾ ʩʪʽʥʢʠ, ʧʨʠ ʮʴʦʤʫ ʚʝʨʭʥʷ ʧʣʠʪʘ ʥʝ 

ʤʘʻ ʚʽʜôʻʤʥʠʭ ʣʽʥʽʡʥʠʭ ʰʘʨʥʽʨʽʚ ʧʦ ʧʝʨʠʤʝʪʨʫ. 

 

 
ʈʠʩ.2 

 

 



6 

 

ʌʦʨʤʽ ʨʫʡʥʫʚʘʥʥʷ , ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 2, ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʪʘ 2iD  ʧʦʛʦʥʥʠʭ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

02012 428 mmDi +=     .                                                (3) 

ʄʦʞʣʠʚʘ ʱʝ ʦʜʥʘ ʬʦʨʤʘ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʧʣʘʩʪʠʥʯʘʪʦʾ 

ʩʠʩʪʝʤʠ, ʾʾ ʧʦʢʘʟʘʥʦ  ʥʘ ʨʠʩ.3. ɺʽʜ ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʩʭʝʤ ʚʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʦʢʨʽʤ ʣʽʥʽʡʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʰʘʨʥʽʨʽʚ ʤʘʻ ʱʝ ʜʽʣʷʥʢʠ ʟ ʨʦʟʪʷʛʫʚʘʣʴʥʠʤʠ  

ʤʝʤʙʨʘʥʥʠʤʠ ʩʠʣʘʤʠ.. 

 

 

 
ʈʠʩ.3 

ɿʛʠʥʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʦʙʦʪʠ 
3iD  ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʨʘʟʦʤ 

020131 4816 mmDi += .        .                                   (4) 

ɼʦ ʥʠʭ ʤʘʻ ʙʫʪʠ ʜʦʜʘʥʦ ʨʦʙʦʪʫ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʩʠʣ 

.2 2

2

32 esaDi =                                                       (5) 

   ɼʣʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (4) ʽ (5) ʽ ʥʘʜʘʥʥʷ ʾʤ ʧʦʨʽʚʥʷʥʦʛʦ 

ʚʠʛʣʷʜʫ ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʽʜʥʦʩʥʠʭ ʪʦʚʱʠʥ 21,ee , ʪʦʜʽ ʟʘʤʽʩʪʴ (4) ʦʪʨʠʤʘʻʤʦ 

).248( 2

2

2

1

2

31 ees += aDi
                                               (6) 

    ʇʦʚʥʫ ʚʝʣʠʯʠʥʫ 
3iD  ʨʦʙʦʪʠ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʦʪʨʠʤʘʻʤʦ ʜʦʜʘʚʘʥʥʷʤ ʧʨʘʚʠʭ 

ʯʘʩʪʠʥ ʚʠʨʘʟʽʚ (5) ʽ (6) 

 

).2248( 2

2

2

2

1

2

3 eees ++= aDi
                                        (7) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʝʦʨʝʤʠ ʪʝʦʨʽʾ ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟ ʫʩʽʭ ʤʦʞʣʠʚʠʭ  

ʬʦʨʤ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ ʽʩʪʠʥʥʦʶ ʻ ʪʘ ʟ ʥʠʭ, ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʤʝʥʰʘ 

ʚʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʧʦʯʘʪʢʫ ʟʽʩʪʘʚʠʤʦ ʦʮʽʥʢʠ (2) ʽ (3).ʇʨʠʨʽʚʥʷʚʰʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʮʠʭ ʚʠʨʘʟʽʚ, 

ʦʪʨʠʤʘʻʤʦ 
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,42816 020101 mmm +=                                             (8) 

ʟʚʽʜʢʠ  ʟʥʘʭʦʜʠʤʦ ʫʤʦʚʫ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʝʨʰʦʾ ʬʦʨʤʠ ʜʦ ʜʨʫʛʦʾ 

 

,25,5 0201 mm =  

ʘʙʦ                (9) 

.3,2 21 hh =  

                                                                   

ʆʪʞʝ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 21 2hh =  ʨʫʡʥʫʻʪʴʩʷ ʣʠʰʝ ʚʝʨʭʥʷ ʧʣʠʪʘ, ʪʠʤ ʯʘʩʦʤ 

ʧʨʠ 21 3hh =  ʤʘʻʤʦ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʜʨʫʛʦʶ ʬʦʨʤʦʶ (ʨʠʩ.2). 

   ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (9) ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʘʚʜʦʧʦʜʽʙʥʠʤ. ɼʽʡʩʥʦ, ʚ ʦʙôʻʤʥʠʭ 

ʙʣʦʢʘʭ, ʟ ʷʢʠʭ ʡ ʜʦʪʝʧʝʨ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʽ ʙʫʜʠʥʢʠ, ʧʨʠ ʪʦʚʱʠʥʽ 

ʧʣʠʪʠ 120 ï 130 ʤʤ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʩʪʘʥʦʚʠʪʴ 55 ï 60 ʤʤ, ʱʦ ʷʢʨʘʟ ʚʽʜʧʦʚʽʜʘʻ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ (9). 

   ʆʮʽʥʢʘ ʪʨʝʪʴʦʾ ʬʦʨʤʠ (7) ʨʫʡʥʫʚʘʥʥʷ ʫʩʢʣʘʜʥʝʥʘ ʪʠʤ, ʱʦ ʚʠʨʘʟ (7) ʤʽʩʪʠʪʴ 

ʚʽʜʥʦʩʥʽ ʪʦʚʱʠʥʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʪʽʣʴʢʠ ʚ ʧʝʨʰʦʤʫ ʩʪʝʧʝʥ,̔ ʘ ʡ  ʚ 

ʢʚʘʜʨʘʪʽ. ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʠ 21,ee  ʤʘʶʪʴ ʧʦʨʷʜʦʢ 0,01 ï 0,04, ʤʦʞʥʘ  ʧʦʤʽʪʠʪʠ, 

ʱʦ ʦʮʽʥʢʘ (7)  ʟʘʚʜʷʢʠ ʨʦʙʦʪʽ ʤʝʤʙʨʘʥʥʠʭ  ʩʠʣ ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʶ ʚʽʜ ʜʚʦʭ 

ʽʥʰʠʭ ʦʮʽʥʦʢ. ɼʽʡʩʥʦ, ʥʝʭʘʡ ,01,0;03,0 21 -= ee , ʪʦʜʽ ʟ (3) ʽ (7) ʦʪʨʠʤʫʻʤʦ 

ʚʽʜʧʦʚʽʜʥʦ 

.019,0;0057,0 32 == ii DD  

   ɿ ʧʦʨʽʚʥʷʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʪʨʝʪʷ ʬʦʨʤʘ ʨʫʡʥʫʚʘʥʥʷ ʥʝ ʩʪʚʦʨʶʻ ʢʦʥʢʫʨʝʥʮʽʾ ʜʦ 

ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ. 

   ʗʢɦʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʥʠʞʥʴʦʾ ʧʣʠʪʠ, ʧʝʨʰʽ ʜʚʽ 

ʬʦʨʤʠ ʚʠʯʝʨʧʘʥʥʷ ʥʝʩʥʦʩʪʽ ʟʙʝʨʽʛʘʶʪʴ ʯʠʥʥʽʩʪʴ, ʧʨʦʪʝ ʪʨʝʪʷ ʬʦʨʤʘ ʧʨʠʥʮʠʧʦʚʦ 

ʥʝʤʦʞʣʠʚʘ, ʧʦʟʘʷʢ  ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʤʝʤʙʨʘʥʥʽ ʟʫʩʠʣʣʷ ʤʘʣʠ ʙʠ ʙʫʪʠ ʟʘʤʽʥʝʥʦ 

ʩʪʠʩʢʘʣʴʥʠʤʠ, ʱʦ ʧʨʦʪʠʨʽʯʠʪʴ ʧʨʠʡʥʷʪʽʡ ʤʦʜʝʣʽ ʤʘʪʝʨʽʘʣʫ. 

   ʇʦʜʘʥʽ ʪʫʪ ʤʦʜʝʣʽ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ  ʚʝʨʭʥʽ ʦʮʽʥʢʠ ʛʨʘʥʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʘʶʪʴ ʤʝʪʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʧʦʰʠʨʝʥʘ ʥʘ ʽʥʰʽ 

ʩʢʣʘʜʥʽʰʽ ʟʘʜʘʯʽ ʧʨʦ ʥʝʩʥʽʩʪʴ ʧʣʘʩʪʠʥʯʘʪʠʭ ʩʠʩʪʝʤ ʟ ʽʥʰʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

ʨʦʟʤʽʨʽʚ, ʟ ʦʪʚʦʨʘʤʠ, ʚʽʢʦʥʥʠʤʠ ʽ ʜʚʝʨʥʠʤʠ ʧʨʦʨʽʟʘʤʠ ʪʘ ʽʥ. 

   ʆʮʽʥʢʠ, ʦʪʨʠʤʘʥʽ ʪʫʪ, ʤʘʶʪʴ ʟʘʤʢʥʫʪʫ ʬʦʨʤʫ, ʚʦʥʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʘʜʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʟʘʣʫʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʫ ʪʫʪ ʢʦʥʢʫʨʝʥʮʽʶ ʤʦʞʣʠʚʠʭ ʬʦʨʤ ʨʫʡʥʫʚʘʥʥʷ 

ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʩʫʯʘʩʥʠʭ ʥʦʨʤ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

 
1.  ʈʞʘʥʠʮʳʥ ɸ.ʈ. ʇʨʝʜʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʣʘʩʪʠʥʦʢ ʠ ʦʙʦʣʦʯʝʢ.- ʄ.: ʅʘʫʢʘ, ɻʈʌʄʃ, 

1983. -288 ʩ. 2. ʄʠʢʝʣʘʜʟʝ ʄ.ʐ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʠʜʝʘʣʴʥʦ-ʧʣʘʩʪʠʯʥʳʭ 

ʪʦʥʢʠʭ ʦʙʦʣʦʯʝʢ // ʄʝʮʥʠʝʨʝʙʘ. -1969.- ʊʙʠʣʠʩʠ. -182 ʩ. 

 

 



8 

 

ʋɼʂ 624.01 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɻʅʋʏʂʆɻʆ ɸʈʄʋɺɸʅʅʗ ʆʈɻɸʅɯʏʅʆɻʆ 

ʇʆʍʆɼɾɽʅʅʗ ɺ ɿɻʀʅɸʅʀʍ ʂʆʄʇʃɽʂʉʅʀʍ ɽʃɽʄɽʅʊɸʍ ɿ 

ʅɯɿɼʈʖɺɸʊʀʍ ɹɽʊʆʅɯɺ 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɻʀɹʂʆɻʆ ɸʈʄʀʈʆɺɸʅʀʗ ʆʈɻɸʅʀʏɽʉʂʆɻʆ 

ʇʈʆʀʉʍʆɾɼɽʅʀʗ ɺ ʀɿɻʀɹɸɽʄʓʍ ʂʆʄʇʃɽʂʉʅʓʍ ʕʃɽʄɽʅʊɸʍ 

ʀɿ ʗʏɽʀʉʊʓʍ ɹɽʊʆʅʆɺ  

 

THE USE OF FLEXIBLE REINFORCEMENT OF ORG ANIC ORIGIN IN 

COMPLEX ELEMENTS OF CELLULAR CONCRETE  

 

ɼʝʤʯʠʥʘ ɹ.ɻ. ʜ.ʪ.ʥ., ʧʨʦʬ. (ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

ʤ. ʃʴʚʽʚ), ʌʘʤʫʣʷʢ ʖ.ɭ. ʢ.ʪ.ʥ., ʜʦʮ., (ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʴʚʽʚ-ɼʫʙʣʷʥʠ) 

 

ɼʝʤʯʠʥʘ ɹ.ɻ. ʜ.ʪ.ʥ., ʧʨʦʬ. (ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʴʚʦʚʩʢʘʷ 

ʧʦʣʠʪʝʭʥʠʢʘè, ʛ. ʃʴʚʦʚ), ʌʘʤʫʣʷʢ ʖ.ɽ. ʢ.ʪ.ʥ., ʜʦʮ., (ʃʴʚʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʃʴʚʦʚ-ɼʫʙʣʷʥʳ) 

 

Demchyna B.G., doctor of engineering sciences, professor (National university 

çLviv polytechnicè, Lviv), Famulyak Yu.Ye., candidate of engineering sciences, 

docent, (Lviv national agrarian university, Lviv-Dublyany) 

 

ʇʦʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʢʝʨʘʤʟʠʪʦʛʘʟʦʙʝʪʦʥʥʠʭ ʟʛʠʥʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʛʥʫʯʢʠʤ ʘʨʤʫʚʘʥʥʷʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʚʢʘʟʘʥʦ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ.  

 

ʇʦʜʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʝʨʘʤʟʠʪʦʛʘʟʦʙʝʪʦʥʥʳʭ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʛʠʙʢʠʤ ʘʨʤʠʨʦʚʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʫʢʘʟʘʥʦ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ. 

 

Presents the results of experimental and theoretical studies of aerated concrete 

and claydite-concrete elements with a flexible reinforcement of organic origin 

and is indicated on the specifics of their work load. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ɻʘʟʦʙʝʪʦʥ, ʢʝʨʘʤʟʠʪʦʙʝʪʦʥ, ʥʝʪʨʘʜʠʮʽʡʥʝ ʘʨʤʫʚʘʥʥʷ, ʛʥʫʯʢʘ ʦʨʛʘʥʽʯʥʘ 

ʘʨʤʘʪʫʨʘ, ʤʽʮʥʽʩʪʴ, ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ. 

ɻʘʟʦʙʝʪʦʥ, ʢʝʨʘʤʟʠʪʦʙʝʪʦʥ, ʥʝʪʨʘʜʠʮʠʦʥʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ, ʛʠʙʢʘʷ 

ʦʨʛʘʥʠʯʝʩʢʘʷ ʘʨʤʘʪʫʨʘ, ʧʨʦʯʥʦʩʪʴ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ. 
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Aerated concrete, claydite-concrete, alternative reinforcement, flexible organic 

reinforcement, strength, deformability. 

 

ɺʩʪʫʧ. ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ 

ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʘʢʪʠʮʽ ʋʢʨʘʾʥʠ, ʇʦʣʴʱʽ, ʅʽʤʝʯʯʠʥʠ ʪʘ ʽʥʰʠʭ ʟʘʨʫʙʽʞʥʠʭ ʢʨʘʾʥ 

ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʧʽʩʣʷ ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʜʘʣʦʛʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʜʦʩʚʽʜʫ [1-3]. ʋ ʮʠʭ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʥʽʟʜʨʶʚʘʪʽ ʙʝʪʦʥʠ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʫ ʞʠʪʣʦʚʦʤʫ, ʪʘʢ ʽ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʩʝʨʝʜ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʻ ʧʽʥʦ- ʪʘ 

ʛʘʟʦʙʝʪʦʥʠ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʞʠʪʣʦʚʦʛʦ ʡ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. ʑʦʙ ʫʪʚʦʨʠʪʠ ʥʽʟʜʨʶʚʘʪʫ ʩʪʨʫʢʪʫʨʫ ʚ ʪʘʢʠʭ 

ʙʝʪʦʥʘʭ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʜʚʘ ʩʧʦʩʦʙʠ: ʜʦʜʘʚʘʥʥʷ ʜʦ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ 

ʟʤʽʰʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʘʟʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʘʙʦ ʟʤʽʰʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʟ 

ʧʽʥʦʶ. ʄʘʪʝʨʽʘʣ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʘ ʧʝʨʰʠʤ ʩʧʦʩʦʙʦʤ, ʤʘʻ ʥʘʟʚʫ çʛʘʟʦʙʝʪʦʥè, ʘ ʟʘ 

ʜʨʫʛʠʤ ï çʧʽʥʦʙʝʪʦʥè. ʈʦʣʴ ʚ'ʷʞʫʯʦʛʦ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʮʠʭ ʢʦʤʽʨʢʦʚʠʭ ʙʝʪʦʥʽʚ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻ ʮʝʤʝʥʪ. 

ʇʽʥʦ- ʯʠ ʛʘʟʦʙʝʪʦʥʥʽ ʚʠʨʦʙʠ ʪʘ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʫʨʫʚʘʥʥʷ 

ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥ, ʧʝʨʝʛʦʨʦʜʦʢ, ʟ ʥʠʭ ʚʣʘʰʪʦʚʫʶʪʴ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʧʦʢʨʽʚʝʣʴ, ʛʦʨʠʱ, ʧʽʜʣʦʛ, ʟʘʧʦʚʥʶʶʪʴ ʧʫʩʪʦʪʠ, ʚʠʢʦʥʫʶʪʴ ʟʚʫʢʦʽʟʦʣʷʮʽʶ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ [4, 5]. ʊʘʢʽ ʚʠʨʦʙʠ ʣʝʛʢʽ, ʥʝʜʦʨʦʛʽ, ʟ ʜʦʩʪʘʪʥʽʤʠ 

ʪʝʧʣʦ- ʪʘ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ; ʦʢʨʽʤ ʪʦʛʦ, ʾʭ 

ʤʦʞʥʘ ʣʝʛʢʦ ʜʦʜʘʪʢʦʚʦ ʤʝʭʘʥʽʯʥʦ ʦʙʨʦʙʣʷʪʠ, ʪʦʙʪʦ: ʧʠʣʷʪʠ, ʩʚʝʨʜʣʠʪʠ, 

ʬʨʝʟʝʨʫʚʘʪʠ ʪʦʱʦ. 

ʗʢ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, ʧʽʥʦ- ʯʠ ʛʘʟʦʙʝʪʦʥ, ʷʢ ʽ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ ʥʘ 

ʦʩʥʦʚʽ ʮʝʤʝʥʪʫ, ʟ ʯʘʩʦʤ ʥʘʢʦʧʠʯʫʶʪʴ ʤʽʮʥʽʩʪʴ [6]. ɺʦʥʠ ʚʚʘʞʘʶʪʴʩʷ 

ʥʝʛʦʨʶʯʠʤʠ ʙʫʜʽʚʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɿʘʚʜʷʢʠ ʧʦʨʘʤ ʫ ʪʘʢʠʭ ʙʝʪʦʥʘʭ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ: ʚʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʤʘʣʫ ʚʘʛʫ ʽ ʧʨʦʩʪʦʪʫ ʦʙʨʦʙʢʠ. 

ʑʦʜʦ ʥʝʩʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ, ʪʦ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʢʨʠʭʢʠʭ ʙʝʪʦʥʽʚ ʽ ʪʦʤʫ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʙʠ ʩʧʨʠʡʤʘʣʠ ʨʦʟʪʷʛʫʚʘʣʴʥʽ 

ʟʫʩʠʣʣʷ, ʾʭ ʚʘʞʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʨʦʣʽʪʥʽ ʟʛʠʥʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʙʝʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʩʦʙʽʚ, ʷʢʽ ʙʠ ʩʧʨʠʡʤʘʣʠ ʩʪʠʩʢʘʣʴʥʽ ʟʫʩʠʣʣʷ, ï ʪʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʘʞʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʮʝʥʪʨʘʣʴʥʦ ʡ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʝʣʝʤʝʥʪʠ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ.  

ʅʘʷʚʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ, ʩʪʦʩʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʢʦʥʘʥʠʭ ʟ ʦʜʥʦʨʽʜʥʦʛʦ ʥʽʟʜʨʶʚʘʪʦʛʦ ʙʝʪʦʥʫ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ ʤʝʪʘʣʝʚʦʶ ʩʪʨʠʞʥʝʚʦʶ ʘʨʤʘʪʫʨʦʶ ʛʣʘʜʢʦʛʦ ʯʠ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʽʚ ʘʙʦ ʙʝʟ ʘʨʤʫʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʽʟ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ, ʷʢʽ ʙ ʜʘʚʘʣʠ ʟʤʦʛʫ ʚ ʦʜʥʦʤʫ ʧʝʨʝʨʽʟʽ ʧʦʻʜʥʫʚʘʪʠ 

ʣʝʛʢʽʩʪʴ, ʪʝʧʣʦ- ʪʘ ʟʚʫʢʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʽ ʤʽʮʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʣʝʛʢʠʭ ʙʝʪʦʥʽʚ, ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʘʨʤʫʶʪʴʩʷ ʥʝ 

ʪʨʘʜʠʮʽʡʥʦʶ ʩʪʨʠʞʥʝʚʦʶ ʤʝʪʘʣʝʚʦʶ ʘʨʤʘʪʫʨʦʶ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʰʠʡ ʪʠʧ 

ʘʨʤʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʛʥʫʯʢʝ ʯʠ ʞʦʨʩʪʢʝ ʘʨʤʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʯʠ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʠʧʠ ʩʽʪʦʢ, ʤʝʪʘʣʝʚʠʭ ʽ ʥʝʤʝʪʘʣʝʚʠʭ, 
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ʪʦʱʦ) [7], ʚʠʚʯʝʥʽ ʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝʜʦʩʪʘʪʥʴʦ, ʽ ʪʦʤʫ ʾʭ ʥʝ ʪʘʢ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʧʨʘʢʪʠʮʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ 

ʩʴʦʛʦʜʝʥʥʷ ʚʠʨʦʙʠ ʟ ʧʽʥʦ- ʪʘ ʛʘʟʦʙʝʪʦʥʫ ʥʘʙʫʚʘʶʪʴ ʜʝʜʘʣʽ ʰʠʨʰʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʣʠʰʝ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʦʰʪʫʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʡ ʷʢ ʧʨʦʣʽʪʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ɺʦʜʥʦʯʘʩ ʫ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʨʘʜʠʮʽʡʥʫ ʩʪʨʠʞʥʝʚʫ ʩʪʘʣʝʚʫ ʘʨʤʘʪʫʨʫ. ɺʽʜʧʦʚʽʜʘʶʯʠ ʥʘ ʟʘʧʠʪʠ ʩʴʦʛʦʜʝʥʥʷ, 

ʥʘʫʢʦʚʮʽ ʘʢʪʠʚʥʦ ʚʠʚʯʘʶʪʴ ʮʶ ʧʨʦʙʣʝʤʫ ʫ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʑʦʜʦ ʩʫʯʘʩʥʠʭ 

ʥʘʫʢʦʚʠʭ ʰʢʽʣ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʣʝʛʢʽ ʥʽʟʜʨʶʚʘʪʽ ʙʝʪʦʥʠ ʚ ʋʢʨʘʾʥʽ, ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ 

ʰʢʦʣʠ, ʩʬʦʨʤʦʚʘʥʽ ʚ ʤʽʩʪʘʭ ʆʜʝʩʽ (ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɺ.ɸ. ɺʦʟʥʝʩʝʥʩʴʢʦʛʦ, ʆ.ʉ. 

ʐʠʥʢʝʚʠʯʘ, ɺ.ɯ. ʄʘʨʪʠʥʦʚʘ, ɺ.ʄ. ɺʠʨʦʚʦʛʦ, ɸ.ɯ. ʂʦʩʪʶʢʘ ʪʘ ʽʥ.), ɼʥʽʧʨʽ (ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ɸ.ʇ. ʇʨʠʭʦʜʴʢʘ), ʂʠʻʚʽ (ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ  ʇ.ɺ. ʂʨʠʚʝʥʢʦ) ʪʘ 

ʃʴʚʦʚʽ (ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʄ.ɸ. ʉʘʥʠʮʴʢʦʛʦ, ɹ.ɻ. ɼʝʤʯʠʥʠ). ʗʢʱʦ ʞ ʛʦʚʦʨʠʪʠ 

ʧʨʦ ʘʨʤʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʽʥʦ- ʪʘ ʛʘʟʦʙʝʪʦʥʫ, ʪʦ ʪʫʪ ʚʘʨʪʦ ʚʠʦʢʨʝʤʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʧʨʘʮʶʚʘʣʠ ʥʘʜ ʮʽʻʶ ʧʨʦʙʣʝʤʦʶ ʟʽ ʩʝʨʝʜʠʥʠ ʍʍ 

ʩʪʦʣʽʪʪʷ, ʘ ʩʘʤʝ: ʇ.ɸ. ʊʝʩʣʝʨ, ɭ.ʅ. ɼʦʙʨʠʥʽʥ, ɺ.ɸ. ʇʽʥʩʢʝʨ, ʂ.ʄ. ʈʦʤʘʥʦʚʩʴʢʘ, 

ʅ.ɯ. ʃʝʚʽʥ, ɺ.ɺ. ʄʘʢʘʨʠʯʝʚ, ʄ.ʗ. ʂʨʠʚʠʮʴʢʠʡ, ɹ.ʇ. ʌʽʣʽʧʦʚ, ʆ.ʇ. ɺʽʥʦʢʫʨʦʚ, 

ɭ.ʄ. ɹʘʙʠʯ, ɺ.ʉ. ʇʽʩʘʨʻʚ, ɸ.ɻ. ʇʦʯʪʝʥʢʦ ʪʘ ʽʥ. ʍʦʯʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʣʽʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʩʝ-ʪʘʢʠ ʧʨʠʜʽʣʷʣʠ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ. ʄʝʪʘ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʜʦʚʝʩʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʫ ʨʦʙʦʪʫ ʟʛʠʥʘʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʛʘʟʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ ʟʽ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʛʥʫʯʢʦʾ ʘʨʤʘʪʫʨʠ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʟʛʠʥʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʽʟ ʥʝʪʨʘʜʠʮʽʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ ʫ ʚʠʛʣʷʜʽ ʛʥʫʯʢʦʾ 

ʦʨʛʘʥʽʯʥʦʾ ʘʨʤʘʪʫʨʠ (ʢʘʧʨʦʥʦʚʘ ʤʦʪʫʟʢʘ) ʪʘ ʾʾ ʚʧʣʠʚʫ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʥʝʩʫʯʫ 

ʟʜʘʪʥʽʩʪʴ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʣʢʦʚʠʭ ʟʨʘʟʢʽʚ ʟ 

ʨʽʟʥʦʶ ʩʭʝʤʦʶ ʘʨʤʫʚʘʥʥʷ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʘʟʦʙʝʪʦʥ, ʱʦ ʩʣʫʛʫʚʘʚ 

ʩʝʨʮʝʚʠʥʦʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʪʘ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥ, ʟ ʷʢʦʛʦ ʚʠʢʦʥʫʚʘʣʠ 

ʟʦʚʥʽʰʥʶ ʦʙʦʣʦʥʢʫ ʙʘʣʢʦʚʦʛʦ ʟʨʘʟʢʘ. ʂʝʨʘʤʟʠʪʦʙʝʪʦʥ ʥʘʣʝʞʠʪʴ ʜʦ ʣʝʛʢʠʭ 

ʙʝʪʦʥʽʚ, ʟʘʧʦʚʥʶʚʘʯʝʤ ʚ ʷʢʦʤʫ ʩʣʫʛʫʻ ʢʝʨʘʤʟʠʪ ï ʜʦʩʪʘʪʥʴʦ ʥʝʜʦʨʦʛʠʡ ʤʘʪʝʨʽʘʣ. 

ʂʨ̔ʤ ʪʦʛʦ, ʚʠʙʽʨ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʷʢ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʟʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʪʘʢʠʡ ʤʘʪʝʨʽʘʣ ʦʪʨʠʤʫʶʪʴ ʟʘ ʧʨʦʩʪʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʠʛʦʪʫʚʘʥʥʷ. 

ɻʘʟʦʙʝʪʦʥʥʫ ʩʝʨʮʝʚʠʥʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʚʠʢʦʥʫʚʘʣʠ ʟ ʛʦʪʦʚʦʛʦ 

ʛʘʟʦʙʝʪʦʥʥʦʛʦ ʙʣʦʢʫ ʬʽʨʤʠ çʉʪʦʫʥ ʃʘʡʪè (ʤ. ɹʨʦʚʘʨʠ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ).  

ɻʦʪʦʚʠʡ ʛʘʟʦʙʝʪʦʥʥʠʡ ʙʣʦʢ ʨʦʟʨʽʟʘʣʠ ʥʘ ʙʘʣʦʯʢʠ ʨʦʟʤʽʨʘʤʠ 100 Ĭ 100 Ĭ 600 ʤʤ. 

ɿʦʚʥʽʰʥʽʡ ʟʘʭʠʩʥʠʡ ʰʘʨ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʟʽ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʟʘʚʪʦʚʰʢʠ     3 

ʩʤ. ʉʫʤʽʰ ʟʘʤʽʰʫʚʘʣʠ ʫ ʧʨʦʧʦʨʮʽʷʭ 1:3:3 (ʦʜʥʘ ʯʘʩʪʠʥʘ ʮʝʤʝʥʪʫ, ʪʨʠ ʯʘʩʪʠʥʠ 

ʧʽʩʢʫ ʽ ʪʨʠ ʯʘʩʪʠʥʠ ʢʝʨʘʤʟʠʪʫ) ʪʘ ʚʦʜʠ ʚ ʤʝʞʘʭ 1,5 ʯʘʩʪʠʥʠ. ʎʝʤʝʥʪ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʨʢʠ ʄ400 ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʫ. 

ɺ ʷʢʦʩʪʽ ʘʨʤʘʪʫʨʠ ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʙʫʚ 

ʢʘʧʨʦʥʦʚʘ ʤʦʪʫʟʢʘ Ï 4 ʤʤ, ʷʢʦʶ ʘʨʤʫʚʘʣʠ ʜʦʩʣʽʜʥʽ ʙʘʣʢʠ ʟʘ ʨʽʟʥʦʶ ʩʭʝʤʦʶ 
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ʘʨʤʫʚʘʥʥʷ. ʈʦʟʨʠʚʥʝ ʟʫʩʠʣʣʷ ʢʘʧʨʦʥʦʚʦʾ ʤʦʪʫʟʢʠ ʩʪʘʥʦʚʠʣʦ Rʤʦʪʫʟ. = 260 ʢʛʩ. 

ʂʘʧʨʦʥʦʚʫ ʤʦʪʫʟʢʫ ʚʪʦʧʣʶʚʘʣʠ ʫ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʫ ʦʙʦʣʦʥʢʫ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʽ ʚʦʥʘ ʨʦʟʤʽʱʫʚʘʣʘʩʴ ʥʘ ʚʽʜʩʪʘʥʽ 2 ʩʤ ʚʽʜ ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʙʘʣʢʠ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʘʟʦ- ʪʘ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʢʫʙʽʚ ʟ ʨʝʙʨʦʤ 100 Ĭ 100 ʤʤ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʝʩʽ ʇ-10. 

ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʟʛʠʥʘʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ 

ʙʘʣʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʟʘʭʠʩʥʠʤ ʘʨʤʦʚʘʥʠʤ ʪʘ ʥʝʘʨʤʦʚʘʥʠʤ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ 

ʰʘʨʘʤʠ  ʙʫʣʦ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʽ ʚʠʛʦʪʦʚʣʝʥʦ ʰʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʙʘʣʦʢ. ɿʘʛʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʙʘʣʦʢ ʩʪʘʥʦʚʠʣʘ 640 ʤʤ. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʧʝʨʰʦʾ ʜʦʩʣʽʜʥʦʾ ʙʘʣʢʠ 

ʩʪʘʥʦʚʠʚ 100 Ĭ 100(h) ʤʤ (ʛʘʟʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʙʝʟ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ), ʨʝʰʪʘ 

ʜʦʩʣʽʜʥʠʭ ʙʘʣʦʢ ï ʧʝʨʝʨʽʟʦʤ 160 Ĭ 160(h) ʤʤ (ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʽ ʙʘʣʢʠ ʽʟ 

ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʟʽ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʟʘʚʪʦʚʰʢʠ 30 ʤʤ). ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʥʽ 

ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʽ ʙʘʣʢʠ ʽʟ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʟ ʨʽʟʥʦʶ ʩʭʝʤʦʶ 

ʘʨʤʫʚʘʥʥʷ ʢʘʧʨʦʥʦʚʦʶ ʤʦʪʫʟʢʦʶ, ʽ ʦʜʥʘ ʙʘʣʢʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʙʝʟ ʘʨʤʫʚʘʥʥʷ.   

ɹʘʣʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʛʦʪʦʚʣʷʣʠ ʫ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʽʡ ʜʝʨʝʚôʷʥʽʡ ʬʦʨʤʽ. 

ʉʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʪʘ ʢʨʽʧʠʣʠ ʜʦ ʬʦʨʤʠ ʢʘʧʨʦʥʦʚʫ ʤʦʪʫʟʢʫ ʫ ʧʦʪʨʽʙʥʦʤʫ 

ʤʽʩʮʽ ʥʘ ʚʠʩʦʪʽ 2 ʩʤ ʚʽʜ ʜʥʠʱʘ ʬʦʨʤʠ (ʨʠʩ. 1), ʜʘʣʽ ʚʣʘʰʪʦʚʫʚʘʣʠ ʥʠʞʥʽʡ 

ʟʘʭʠʩʥʠʡ ʰʘʨ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʟʘʚʪʦʚʰʢʠ 30 ʤʤ, ʚ ʷʢʠʡ ʙʫʣʠ ʚʪʦʧʣʝʥʽ ʤʦʪʫʟʢʠ. 

ʇʽʩʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʥʠʞʥʴʦʛʦ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ, ʧʦʩʝʨʝʜʠʥʽ ʬʦʨʤʠ ʚʢʣʘʜʘʣʠ ʙʘʣʢʫ 

ʟ ʛʘʟʦʙʝʪʦʥʫ ʨʦʟʤʽʨʘʤʠ 100 Ĭ 100 Ĭ 600 ʤʤ. ɹʽʯʥʽ ʧʨʦʤʽʞʢʠ ʤʽʞ ʙʘʣʢʦʶ ʪʘ 

ʬʦʨʤʦʶ ʱʽʣʴʥʦ ʟʘʧʦʚʥʶʚʘʣʠ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʦʤ ʪʘʢ, ʱʦʙ ʥʝ ʧʦʨʫʰʠʪʠ 

ʧʨʦʝʢʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʛʘʟʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ (ʨʠʩ. 1). 
 

  
ʈʠʩ. 1. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʙʘʣʢʠ 

 

ɺʝʨʭʥʽʡ ʟʘʭʠʩʥʠʡ ʰʘʨ ʟʽ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʚʢʣʘʜʘʣʠ ʧʦʚʝʨʭ ʛʘʟʦʙʝʪʦʥʥʦʾ 

ʙʘʣʢʠ ʧʽʩʣʷ ʫʱʽʣʴʥʝʥʥʷ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʚ ʙʽʯʥʠʭ ʧʨʦʤʽʞʢʘʭ. ɿʘʧʦʚʥʝʥʥʷ 

ʙʽʯʥʦʛʦ ʧʨʦʤʽʞʢʫ ʤʽʞ ʛʘʟʦʙʝʪʦʥʥʦʶ ʙʘʣʢʦʶ ʪʘ ʬʦʨʤʦʶ ʽ ʚʝʨʭʥʽʡ ʟʘʭʠʩʥʠʡ ʰʘʨ 

ʚʢʣʘʜʘʣʠ ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ, ʙʝʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʨʚ, ʱʦʙ ʜʦʩʷʛʪʠ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ. 

ʋʩʽ ʚʠʛʦʪʦʚʣʝʥʽ ʙʘʣʢʦʚʽ ʟʨʘʟʢʠ ʟʙʝʨʽʛʘʣʠ ʟʘ ʥʘʣʝʞʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ ʧʨʦʪʷʛʦʤ 28 ʜʽʙ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʤʘʪʝʨʽʘʣ ʥʘʙʫʚ ʤʘʨʢʦʚʦʾ 

ʤʽʮʥʦʩʪʽ. 

ɸʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʙʘʣʦʢ ʙʫʣʠ ʪʘʢʠʤʠ: 

V ʙʘʣʢʘ ˉ 1 ï ʛʘʟʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʙʝʟ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ; 

V ʙʘʣʢʘ ˉ 2 ï ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʽʟ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʟ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʙʝʟ ʘʨʤʫʚʘʥʥʷ; 
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V ʙʘʣʢʘ ˉ 3 ï ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʽʟ ʟʘʭʠʩʥʠʤ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ ʰʘʨʦʤ ʟ ʘʨʤʫʚʘʥʥʷʤ ʜʚʦʤʘ ʛʣʘʜʢʠʤʠ ʢʘʧʨʦʥʦʚʠʤʠ 

ʤʦʪʫʟʢʘʤʠ; 

V ʙʘʣʢʘ ˉ 4 ï ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʽʟ ʟʘʭʠʩʥʠʤ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ ʰʘʨʦʤ ʟ ʘʨʤʫʚʘʥʥʷʤ ʜʚʦʤʘ ʢʘʧʨʦʥʦʚʠʤʠ ʤʦʪʫʟʢʘʤʠ ʟ 

ʚʫʟʣʠʢʘʤʠ ʯʝʨʝʟ 5 ʩʤ; 

V ʙʘʣʢʘ ˉ 5 ï ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʽʟ ʟʘʭʠʩʥʠʤ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ ʰʘʨʦʤ ʟ ʘʨʤʫʚʘʥʥʷʤ ʜʚʦʤʘ ʢʘʧʨʦʥʦʚʠʤʠ ʤʦʪʫʟʢʘʤʠ ʟ 

ʚʫʟʣʠʢʘʤʠ ʯʝʨʝʟ 10 ʩʤ; 

V ʙʘʣʢʘ ˉ 6 ï ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʘ ʙʘʣʢʘ ʽʟ ʟʘʭʠʩʥʠʤ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ ʰʘʨʦʤ ʟ ʘʨʤʫʚʘʥʥʷʤ ʯʦʪʠʨʤʘ ʛʣʘʜʢʠʤʠ ʢʘʧʨʦʥʦʚʠʤʠ 

ʤʦʪʫʟʢʘʤʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ 

ʙʘʣʢʦʚʠʭ ʟʨʘʟʢʽʚ ʥʘ ʟʛʠʥ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʩʪʝʥʜʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʜʚʦʤʘ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ, ʧʨʠʢʣʘʜʝʥʠʤʠ 

ʥʘ ʚʽʜʩʪʘʥʽ 225 ʤʤ ʚʽʜ ʦʧʦʨʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʚʝʨʭʥʽʡ ʡʦʛʦ ʛʨʘʥʽ (ʨʠʩ. 2). 

ɹʘʣʢʠ ʩʧʠʨʘʣʠʩʷ ʥʘ ʜʚʽ ʦʧʦʨʠ: ʨʫʭʦʤʫ ʡ ʥʝʨʫʭʦʤʫ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʩʪʚʦʨʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʜʦʤʢʨʘʪʘ. ɹʘʣʢʠ ʧʝʨʝʜ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʜʝʪʘʣʴʥʦ 

ʚʠʩʪʘʚʣʷʣʠ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʙʘʣʢʦʚʦʛʦ ʟʨʘʟʢʘ ʫ ʧʨʦʮʝʩʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʡ ʨʫʡʥʫʚʘʥʥʷ. ʊʘʢʘ ʜʽʷ ï 

ʜʦʩʠʪʴ ʚʘʞʣʠʚʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʇʨʦʛʠʥʠ ʙʘʣʦʢ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʘ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʟ 

ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,01 ʤʤ. ɯʥʜʠʢʘʪʦʨ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ 

ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʽ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʥʝʟʘʣʝʞʥʦʤʫ ʰʪʘʪʠʚʽ, ʱʦ ʜʘʚʘʣʦ ʟʤʦʛʫ 

ʫʥʝʤʦʞʣʠʚʠʪʠ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ ʥʘ ʧʦʢʘʟʠ ʽʥʜʠʢʘʪʦʨʘ ʫ ʧʨʦʮʝʩʽ ʟʘʚʘʥʪʘʞʝʥʥʷ 

(ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ɼʦʩʣʽʜʥʠʡ ʩʪʝʥʜ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ ʙʘʣʢʦʚʠʭ ʟʨʘʟʢʽʚ 

 

ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʣʦ 0,50 ʢʅ, ʜʦʩʣʽʜʥʽ ʙʘʣʢʠ 

ʚʠʪʨʠʤʫʚʘʣʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʪʷʛʦʤ 10-15 ʭʚ. ʪʘ ʟʥʽʤʘʣʠ ʧʦʢʘʟʠ 

ʽʥʜʠʢʘʪʦʨʘ. 
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ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ 

ʨʝʟʫʣʴʪʘʪʠ:  

- ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ ʙʘʣʢʦʚʠʭ 
ʟʨʘʟʢʽʚ ʽʟ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʟ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʚʞʝ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʷʚʠʣʠʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʦʢʨʝʤʘ ʜʨʫʛʘ 

ʩʪʘʜʽʷ ʨʦʙʦʪʠ ʚ ʪʘʢʠʭ ʝʣʝʤʝʥʪʘʭ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ʆʩʢʽʣʴʢʠ ʛʘʟʦ- ʽ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥ ï ʜʦʩʠʪʴ ʢʨʠʭʢʽ ʤʘʪʝʨʽʘʣʠ, ʪʦʤʫ ʧʨʦʮʝʩ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʚ 

ʢʦʤʧʣʝʢʩʥʠʭ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ ʙʘʣʢʦʚʠʭ ʟʨʘʟʢʘʭ ʽʟ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʟ 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ (ʦʩʦʙʣʠʚʦ ʥʝʘʨʤʦʚʘʥʠʭ) ʙʫʚ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʤ ʘʙʦ ʚʽʜʙʫʚʘʚʩʷ 

ʤʘʡʞʝ ʤʠʪʪʻʚʦ, ʪʦʙʪʦ ʙʘʣʢʦʚʽ ʟʨʘʟʢʠ ʧʨʫʞʥʦ ʧʨʘʮʶʚʘʣʠ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʥʠʢʣʠ ʥʝʚʝʣʠʢʽ ʟʘ ʜʦʚʞʠʥʦʶ ((1/10-1/20)h) 

ʥʦʨʤʘʣʴʥʽ ʪʨʽʱʠʥʠ ʧʨʘʢʪʠʯʥʦ ʟʘ ʚʩʽʻʶ ʜʦʚʞʠʥʦʶ ʙʘʣʢʠ; 

-  ʟʘ ʧʦʜʘʣʴʰʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʣʘ ʜʦʤʽʥʫʶʯʘ ʪʨʽʱʠʥʘ, 

ʷʢʘ ʧʝʨʝʪʠʥʘʣʘ ʚʽʜ 80 ʜʦ 95 % ʚʠʩʦʪʠ ʙʘʣʢʦʚʦʛʦ ʟʨʘʟʢʘ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʨʦʟʚʠʪʦʢ 

ʽʩʪʦʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʙʝʪʦʥʥʠʭ ʯʘʩʪʠʥʘʭ ʙʘʣʦʢ ʽ ʝʣʝʤʝʥʪʠ ʧʝʨʝʭʦʜʠʣʠ ʫ ʪʨʝʪʶ 

ʟʘʚʝʨʰʘʣʴʥʫ ʩʪʘʜʽʶ ï ʩʪʘʜʽʶ ʨʫʡʥʫʚʘʥʥʷ. 
 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ 

ʙʘʣʢʦʚʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʘ 

ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ 

 
ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʛʠʥʽʚ 

ʙʘʣʢʦʚʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʘ 

ʩʭʝʤʠ ʘʨʤʫʚʘʥʥʷ 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ (ʜʠʚ. ʨʠʩ. ɿ, 4), ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʤʽʮʥʽʩʪʶ 

ʦʪʨʠʤʘʥʦ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʙʘʣʢʠ ʧʽʜ ʥʦʤʝʨʦʤ 6. ɸʨʤʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ 

ʯʦʪʠʨʤʘ ʛʣʘʜʢʠʤʠ ʢʘʧʨʦʥʦʚʠʤʠ ʤʦʪʫʟʢʘʤʠ. ɼʝʱʦ ʛʽʨʰʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʘʥʦ 

ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʙʘʣʢʠ ʟ ʘʨʤʫʚʘʥʥʷʤ ʜʚʦʤʘ ʢʘʧʨʦʥʦʚʦʚʠʤʠ ʤʦʪʫʟʢʘʤʠ ʟ 

ʚʫʟʣʘʤʠ ʯʝʨʝʟ 5 ʩʤ. ʈʫʡʥʫʚʘʥʥʷ ʙʫʣʦʢ ʟ ʘʨʤʫʚʘʥʥʷʤ ʢʘʧʨʦʥʦʚʠʤʠ ʤʦʪʫʟʢʘʤʠ ʟ 

ʚʫʟʣʘʤʠ ʯʝʨʝʟ 10 ʩʤ ʪʘ ʙʝʟ ʚʫʟʣʽʚ ʚʽʜʙʫʣʦʩʴ ʧʨʘʢʪʠʯʥʦ ʟʘ ʦʜʥʘʢʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʑʦʜʦ ʧʨʦʛʠʥʽʚ, ʪʦ ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʘʥʦ ʟʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʘʣʢʠ ˉ 4 (ʘʨʤʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʜʚʦʤʘ ʢʘʧʨʦʥʦʚʠʤʠ ʤʦʪʫʟʢʘʤʠ ʟ 

ʚʫʟʣʠʢʘʤʠ ʯʝʨʝʟ 5 ʩʤ). 
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ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʘʣʦʢ ʽʟ 

ʥʽʟʜʨʶʚʘʪʠʭ ʙʝʪʦʥʽʚ ʟ ʥʝʪʨʘʜʠʮʽʡʥʠʤ ʘʨʤʫʚʘʥʥʷʤ ʪʘ ʾʭ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʜʽʡʪʠ 

ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ: 

1. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʛʥʫʯʢʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʥʘ ʨʦʙʦʪʫ 

ʟʛʠʥʘʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ. 

2. ɼʦʩʣʽʜʞʝʥʦ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʽ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ 

ʛʘʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʟ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʠʤ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ, ʘʨʤʦʚʘʥʠʤ ʪʘ 

ʥʝʘʨʤʦʚʘʥʠʤ ʢʘʧʨʦʥʦʚʦʶ ʤʦʪʫʟʢʦʶ.  

3. ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʛʥʫʯʢʦʶ ʦʨʛʘʥʽʯʥʦʶ 

ʘʨʤʘʪʫʨʦʶ ʪʘ ʤʘʩʠʚʦʤ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʫ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʟʛʠʥʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ. ɺ 

ʙʘʣʢʘʭ, ʘʨʤʦʚʘʥʠʭ ʢʘʧʨʦʥʦʚʦʶ ʤʦʪʫʟʢʦʶ ʟ ʚʫʟʣʘʤʠ ʨʫʡʥʽʚʥʝ ʟʫʩʠʣʣʷ 

ʟʙʽʣʴʰʠʣʦʩʷ ʥʘ 5% ʧʦʨʽʚʥʷʥʦ ʟ  ʙʘʣʢʘʤʠ ʘʨʤʦʚʘʥʠʤʠ ʢʘʧʨʦʥʦʚʦʶ ʛʣʘʜʢʦʶ 

ʤʦʪʫʟʢʦʶ, ʪʘ ʥʘ 30% ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʣʢʘʤʠ ʙʝʟ ʘʨʤʫʚʘʥʥʷ. 

4. ʅʘʷʚʥʽʩʪʴ ʘʨʤʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟʤʽʥʠʣʦ ʧʨʦʮʝʩ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʙʘʣʦʢ. ʗʢʱʦ ʫ ʙʘʣʢʘʭ ʙʝʟ 

ʘʨʤʫʚʘʥʥʷ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʦʭʦʜʠʚ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ ʽ ʜʦʤʽʥʫʶʯʘ 

ʪʨʽʱʠʥʘ ʚʠʨʦʩʪʘʣʘ ʥʘ ʚʩʶ ʚʠʩʦʪʫ ʧʝʨʝʨʽʟʫ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʤʠʪʪʻʚʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʪʦ ʙʘʣʢʠ ʟ ʘʨʤʫʚʘʥʥʷʤ ʦʪʨʠʤʫʚʘʣʠ ʱʝ ʧʝʚʥʠʡ ʚʽʜʩʦʪʦʢ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʩʘʤʦʛʦ ʘʨʤʫʚʘʥʥʷ. 

5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ 

ʛʥʫʯʢʦʛʦ ʘʨʤʫʚʘʥʥʷ, ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʟʯʝʧʣʝʥʥʷ ʟ ʤʘʩʠʚʦʤ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ 

ʢʦʤʧʣʝʢʩʥʦʾ ʛʘʟʦʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ ʟʙʽʣʴʰʫʻ ʾʾ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʪʘ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ. 
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ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ ʟʘʣʫ çʈʘʡʜʫʛʘè, ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʧʦʨʫʜʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʘʮʽʦʥʘʣʴʥʫ 

ʢʦʥʩʪʨʫʢʮ̔ ʶ ʧʽʜʩʠʣʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʆʙʦʙʱʝʥ ʠʥʞʝʥʝʨʥʳʡ ʦʧʳʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʫʥʠʢʘʣʴʥʳʭ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʢʠʥʦʢʦʥʮʝʨʪʥʦʛʦ ʟʘʣʘ çʈʘʜʫʛʘè, ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ 

ʥʘʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʘ 

ʨʘʮʠʦʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʠʣʝʥʠʷ ʧʝʨʝʛʨʫʞʝʥʥrʭ ɻʣʝʤʝʥʪʦʚ. 

 

In this article have been summarized engineering experience of strengthening of 

unique metal constructions of concert hall "Rainbow" wich was getting after 

technical inspection. Have been developed the supere-element model of 

structures considered ways to reinforce the main load-bearing structures. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʄʝʪʘʣʝʚʠʡ ʢʘʨʢʘʩ, ʪʝʭʥʽʯʥʝ ʦʙʩʪʝʞʝʥʥʷ, ʥʘʜʽʡʥʽʩʪʴ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʥʘʜʝʞʥʦʩʪʴ. 

Metal constructions, technical inspection, reliability. 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʙʽʣʴʰʦʩʪʽ ʦʙʣʘʩʥʠʭ ʮʝʥʪʨʽʚ ʋʢʨʘʾʥʠ, ʦʢʨʽʤ ʤʽʩʪ-

ʤʽʣʴʡʦʥʥʠʢʽʚ, ʚʽʜʩʫʪʥʽ ʩʫʯʘʩʥʽ ʨʦʟʚʘʞʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʤʦʛʣʠ ʙ ʚʤʽʱʫʚʘʪʠ 

ʦʜʥʦʯʘʩʥʦ ʥʝ ʤʝʥʰʝ 1 500 ʛʣʷʜʘʯʽʚ. ɹ̔ ʣʴʰʽʩʪʴ ʤʝʰʢʘʥʮʽʚ ʢʨʘʾʥʠ ʥʝ ʤʦʞʫʪʴ 

ʥʘʩʦʣʦʜʠʪʠʩʷ ʧʝʨʝʛʣʷʜʦʤ ʚʠʩʪʫʧʽʚ ʟʽʨʦʢ ʩʚʽʪʦʚʦʾ ʝʩʪʨʘʜʠ, ʘʜʞʝ, ʚʘʨʪʽʩʪʴ ʙʽʣʝʪʫ 

ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʘ ʛʦʥʦʨʘʨʫ ʢʦʥʮʝʨʪʥʦʾ ʛʨʫʧʠ, ʱʦ ʜʽʣʠʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʛʣʷʜʘʮʴʢʠʭ ʤʽʩʮʴ. ɽʢʦʥʦʤʽʯʥʽ ʯʠʥʥʠʢʠ ʜʠʢʪʫʶʪʴ ʫʤʦʚʫ: ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ 

ʙʽʣʝʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʤʽʩʪʢʽʩʪʴ ʟʘʣʽʚ. ɺ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʢʨʠʟʠ ʙʫʜʽʚʥʠʮʪʚʦ ʪʘʢʠʭ ʧʦʪʫʞʥʠʭ ʦʙô̒ ʢʪʽʚ çʟ ʥʫʣʷè ʢʦʰʪʫʻ ʜʝʩʷʪʢʠ ʤʽʣʴʡʦʥʽʚ 

ʜʦʣʘʨʽʚ  ̔ʬʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʽʥʦʟʝʤʥʠʭ ʽʥʚʝʩʪʠʮʽʡ. 



16 

 

ʆʜʥʘʢ ʫ 70-80 ʨʨ. ʍʍ ʩʪʦʨʽʯʯʷ, ʪʦʙʪʦ ʟʘ ʯʘʩʽʚ ʚʽʜʥʦʩʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ, ʙʫʣʘ ʟʙʫʜʦʚʘʥʘ ʥʠʟʢʘ ʚʝʣʠʢʠʭ ʪʠʤʯʘʩʦʚʠʭ ʨʦʟʚʘʞʘʣʴʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʣʽʪʥʽʭ ʪʝʘʪʨʽʚ. ʎʽ ʫʥʽʢʘʣʴʥʽ ʩʧʦʨʫʜʠ ʙʫʜʫʚʘʣʠʩʷ ʧʽʜ 

ʧʨʦʚʦʜʦʤ ʚʽʜʦʤʠʭ ʽʥʞʝʥʝʨʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ, ʷʢʽ ʟʨʦʙʠʣʠ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʫ 

ʚʽʪʯʠʟʥʷʥʫ ʙʫʜʽʚʝʣʴʥʫ ʛʘʣʫʟʴ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʩʫʯʠʡ ʦʩʪʦʚ ʪʘʢʠʭ ʩʧʦʨʫʜ 

ʟʘʧʨʦʝʢʪʦʚʘʥʠʡ ʨʘʮʽʦʥʘʣʴʥʦ. ʆʜʥʘʢ ʪʝʭʥʽʯʥʝ ʦʩʥʘʱʝʥʥʷ ʮʠʭ ʙʫʜʽʚʝʣʴ-ʛʽʛʘʥʪʽʚ 

ʙʝʟʥʘʜʽʡʥʦ ʟʘʩʪʘʨʽʣʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʫʤʦʚʠ ʘʢʪʫʘʣʽʟʘʮʽʾ ʦʩʥʘʱʝʥʥʷ, ʪʦʙʪʦ ʥʘʧʦʚʥʝʥʥʷ ʩʫʯʘʩʥʠʤʠ 

ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʟʨʫʯʥʠʤʠ ʧʦʩʘʜʢʦʚʠʤʠ ʤʽʩʮʷʤʠ, ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʘʢʫʩʪʠʢʠ, ʘ ʪʘʢʦʞ, ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʙʣʠʟʫ ʩʧʦʨʫʜ, 

ʦʥʦʚʣʝʥʽ çʧʝʨʝʞʠʪʢʠè ʤʠʥʫʣʦʛʦ ʮʽʣʢʦʤ ʤʦʞʫʪʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ çʚʝʣʠʢʠʭè 

ʨʦʟʚʘʞʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʨʠʢʨʘʩʠʪʠ ʤʽʩʪʦ. 

ʈʝʛʽʦʥʘʣʴʥʘ ʚʣʘʜʘ ʤ. ɺʽʥʥʠʮʽ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʢʣʘʜʝʥʽ ʚʠʱʝ ʤʽʨʢʫʚʘʥʥʷ, 

ʚʠʨʽʰʠʣʘ ʦʥʦʚʠʪʠ ʣʽʪʥʽʡ ʢʽʥʦʢʦʥʮʝʨʪʥʠʡ ʟʘʣ çʈʘʡʜʫʛʘè, ʷʢʠʡ ʫ 80-ʭ ʨʦʢʘʭ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʙʫʚ ʟʙʫʜʦʚʘʥʠʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʤôʷʪʢʠ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʎʇʂʽɺ ʽʤ. ɻʦʨʴʢʦʛʦ (ʨʠʩ. 1).  

 

 

 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ ʟʘʣʫ çʈʘʡʜʫʛʘè ʟ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʙʦʢʫ. 

 

ɸʚʪʦʨʘʤʠ ʧʨʦʝʢʪʫ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʠ ʩʧʝʮʽʘʣʽʩʪʠ ʋʢʨʅɼɯ 

çʇʨʦʝʢʪʩʪʘʣʴʢʦʥʩʪʨʫʢʮʽʷè (ʤ. ʂʠʾʚ). ʇʨʦʚʽʜʥʽ ʬʘʭʽʚʮʽ ʮʴʦʛʦ ʽʥʩʪʠʪʫʪʫ, ʘ ʩʘʤʝ, 

ɸ.ɺ. ʇʝʨʝʣʴʤʫʪʝʨ, ɺ.ʄ. ɻʦʨʜʻʻʚ, ɺ.ʄ. ʐʠʤʘʥʦʚʩʴʢʠʡ, ʆ.ɯ. ɻʦʣʦʜʥʦʚ ʪʘ ʽʥʰʽ ʽ 

ʜʦʪʝʧʝʨ ʟʘʡʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʤʝʪʘʣʫ [1 ï 2]. 

ʈʦʙʦʪʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ çʈʘʡʜʫʛʠè ʙʫʣʠ ʟʘʤʦʚʣʝʥʽ ʬʽʨʤʽ 

ʊʆɺ çɻʝʨʚʽʥ ʇʨʦʝʢʪè ʪʘ ʨʦʟʜʽʣʝʥʥʽ ʥʘ ʝʪʘʧʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʩʪʝʞʝʥʥʷʤ ʪʘ 

ʦʮʽʥʢʦʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʽ, ʚʣʘʩʥʝ, ʧʨʦʝʢʪʫʚʘʥʥʽʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʆʧʠʩ 
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ʧʽʜʭʦʜʽʚ ʜʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ ʟʘʣʫ ʪʘ ʧʨʠʥʮʠʧʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʡʦʛʦ ʦʩʫʯʘʩʥʝʥʥʷ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʦʙʩʷʛʽʚ ʩʪʘʪʪʽ, ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʫ 

ʥʘʩʪʫʧʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʯʘʩ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʘʥʝʧʘʜʫ 

90-ʭ ʨʦʢʽʚ, ʩʧʦʨʫʜʘ ʥʝ ʪʽʣʴʢʠ ʚʪʨʘʪʠʣʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʧʨʠʜʘʪʥʽʩʪʴ, ʘʣʝ ʡ ʥʘʙʫʣʘ 

ʯʠʩʣʝʥʠʭ ʦʟʥʘʢ ʘʚʘʨʽʡʥʦʩʪʽ. ʆʪʞʝ, ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʧʨʦʝʢʪʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʪʘʣʠ 

ʧʝʨʰʦʯʝʨʛʦʚʽ ʧʨʦʪʠʘʚʘʨʽʡʥʽ ʟʘʭʦʜʠ. ʎʷ ʥʘʫʢʦʚʘ ʨʦʙʦʪʘ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʩʚʷʯʝʥʘ 

ʧʠʪʘʥʥʷʤ ʟʥʷʪʪʷ ʘʚʘʨʽʡʥʦʩʪʽ. 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʐʣʷʭʦʤ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʦʜʝʣʽ 

ʤʝʪʘʣʦʢʘʨʢʘʩʫ ʢʽʥʦʢʦʥʮʝʨʥʦʛʦ ʟʘʣʫ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ, ʥʘʚʝʜʝʥʠʭ ʥʠʞʯʝ: 

- ʨʦʟʨʦʙʠʪʠ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʫ ʤʦʜʝʣʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʩʧʦʨʫʜʠ ʧʽʜ ʜʽʻʶ ʢʣʽʤʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ, 

- ʚʠʷʚʠʪʠ ʥʘʡʙʽʣʴʰ ʟʥʦʰʝʥʽ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʽ ʜʽʣʷʥʢʠ ʤʝʪʘʣʦʢʘʨʢʘʩʫ 

ʩʧʦʨʫʜʠ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʩʧʦʩʦʙʠ ʧʽʜʩʠʣʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʜʽʣʷʥʦʢ; 

- ʦʢʨʝʩʣʠʪʠ ʧʦʜʘʣʴʰʽ ʥʘʧʨʷʤʢʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʧʦʨʫʜʠ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʢʦʤʧʣʝʢʩʥʝ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʦʙʤʽʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ 

ʟʘʣʫ ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʤʠ [3 ï 8]. ɹʫʜʽʚʣʷ ʚ ʧʣʘʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʝʢʪʦʨ, ʚ ʮʝʥʪʨʽ ʷʢʦʛʦ 

ʧʝʨʝʜʙʽʯʝʥʘ ʩʮʝʥʽʯʥʘ ʯʘʩʪʠʥʘ. ɹʫʜʽʚʣʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʯʘʩʪʠʥ, ʷʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʻʜʥʘʥʽ ʩʧʽʣʴʥʦʶ ʩʪʽʥʦʶ ï ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʪʘ 

ʢʽʥʦʢʦʥʮʝʨʥʦʾ ʟʘʣʠ. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʯʘʩʪʠʥʘ, ʚ ʦʩʥʦʚʥʦʤʫ ï ʙʝʟʢʘʨʢʘʩʥʘ, ʩʪʽʥʠ 

ʚʠʢʦʥʘʥʽ ʟ ʮʝʛʣʷʥʦʾ ʢʣʘʜʢʠ. ʂʽʥʦʢʦʥʮʝʨʪʥʘ ʟʘʣʘ ï ʟ ʧʦʚʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʤʝʪʘʣʝʚʠʤ ʢʘʨʢʘʩʦʤ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʦʧʠʩ ʚʠʢʦʥʘʥʠʡ ʪʽʣʴʢʠ ʜʣʷ ʛʣʷʜʘʮʴʢʦʾ ʟʘʣʠ. 
ʄʝʪʘʣʝʚʠʡ ʢʘʨʢʘʩ ʟʘʣʠ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʠʞʥʝʚʫ ʩʠʩʪʝʤʫ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʘʥʘʜʮʷʪʠ ʤʝʪʘʣʝʚʠʭ ʧʦʧʘʨʥʦ ʟôʻʜʥʘʥʠʭ ʫ ʧʨʦʩʪʦʨʦʚʽ ʙʣʦʢʠ çɻè-
ʧʦʜʽʙʥʠʭ ʨʘʤ, ʷʢʽ ʚʣʘʰʪʦʚʘʥʽ ʚʟʜʦʚʞ ʮʠʬʨʦʚʠʭ ʦʩʝʡ ʩʧʦʨʫʜʠ. ʈʘʤʠ ʞʦʨʩʪʢʦ 
ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʬʫʥʜʘʤʝʥʪʽʚ, ʪʘ ʰʘʨʥʽʨʥʦ ʨʫʭʦʤʦ ʥʘ ʥʝʩʫʯʠʡ ʩʝʢʪʦʨʽʘʣʴʥʠʡ 
ʧʽʣʦʥ. ʈʘʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ ï ʧʦʭʠʣʦʾ ʩʪʽʡʢʠ ʪʘ ʨʠʛʝʣʷ, ʷʢʽ, ʚ ʩʚʦʶ 
ʯʝʨʛʫ, ʚʠʨʽʰʝʥʽ ʫ ʚʠʛʣʷʜʽ ʰʧʨʝʥʛʝʣʴʥʠʭ ʬʝʨʤ. ɹʽʯʥʽ ʩʪʽʥʢʠ ʩʪʽʡʢʠ ʟʘʰʠʪʽ 
ʤʝʪʘʣʝʚʠʤ ʣʠʩʪʦʤ.  
ɺ ʨʽʚʥʽ ʥʠʞʥʴʦʛʦ ʧʦʷʩʫ ʨʠʛʝʣʽʚ ʨʘʤ ʚʣʘʰʪʦʚʘʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʟʚôʷʟʢʦʚʽ 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʧʦʧʘʨʥʦ ʟôʻʜʥʫʶʪʴ ʨʠʛʝʣʽ ʨʘʤ. 
ʂʦʥʩʪʨʫʢʮʽʷ ʧʦʢʨʽʚʣʽ ʙʫʜʽʚʣʽ ʚʠʨʽʰʝʥʘ ʫ ʚʠʛʣʷʜʽ ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʭ ʤʝʪʘʣʝʚʠʭ 

ʧʘʥʝʣʝʡ, ʚʝʨʭʥʷ ʧʦʚʝʨʭʥʷ ʷʢʠʭ ʧʣʦʩʢʘ ʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ, ʧʽʜʢʨʽʧʣʝʥʘ 
ʧʦʚʟʜʦʚʞʥʽʤʠ ʪʘ ʧʦʧʝʨʝʯʥʠʤʠ ʙʘʣʢʘʤʠ ʟʽ ʰʚʝʣʝʨʽʚ. ʄʽʞ ʩʧʘʨʝʥʠʤʠ çɻè-
ʧʦʜʽʙʥʠʤʠ ʨʘʤʘʤʠ ʤʝʪʘʣʦʢʘʨʢʘʩʫ ʚʩʪʘʥʦʚʣʝʥʦ ʪʨʘʧʝʮʝʾʜʘʣʴʥʽ ʧʘʥʝʣʽ ʧʦʢʨʠʪʪʷ, 
ʦʙʨʘʤʣʝʥʽ ʰʚʝʣʝʨʦʤ. 
ɼʣʷ ʦʮʽʥʢʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ 

ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ ʟʘʣʫ çʈʘʡʜʫʛʘè ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʤʠ ɼɹʅ ɺ.1.2-14-2009 [9]. 
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ʚʠʢʦʥʘʥʦ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʛʨʘʤʥʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ çSCAD Officeè, ʱʦ ʻ ʢʦʤʧ'ʶʪʝʨʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ 
ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʨʠʩ. 2). ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʚʠʢʦʨʠʩʪʘʥʦʾ ʧʨʦʛʨʘʤʠ 
ʻ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʈʝʘʣʽʟʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ. ʂʦʨʠʩʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
ʧʨʦʩʪʦʨʦʚʫ ʩʠʩʪʝʤʫ ʧʨʠʡʥʷʪʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʧʨʦʝʢʪʥʠʤʠ ʚʧʣʠʚʘʤʠ ʪʘ ʟʛʽʜʥʦ 
ʟ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʤʦʚʥʠʢʘ. 
 

 
ʈʠʩ. 2. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʤʝʪʘʣʦʢʘʨʢʘʩʫ ʢʽʥʦʢʦʥʮʝʨʪʥʦʾ ʟʘʣʠ çʈʘʡʜʫʛʘè. 

 
ʇʝʨʝʚʽʨʢʘ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʽʶʯʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ɼɹʅ ɺ.2.6-198:2014 [5].  
ʄʘʪʝʨʽʘʣʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʪʘʣʦʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ ʧʨʠʡʥʷʪʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʦʝʢʪʥʠʤ ʨʽʰʝʥʥʷʤ. 
ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʪʘʥ 

ʩʧʦʨʫʜʠ ʚʮʽʣʦʤʫ, ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʤʝʪʘʣʦʢʘʨʢʘʩʫ, ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʦʛʦ ʟʤʽʱʝʥʥʷ ʨʫʭʦʤʠʭ ʰʘʨʥʽʨʽʚ ʨʘʤ, ʥʝ ʜʦʩʪʘʪʥʴʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ ʚʮʽʣʦʤʫ, ʢʨʠʪʠʯʥʦʛʦ ʟʥʦʩʫ ʦʢʨʝʤʠʭ ʦʧʦʨʥʠʭ ʙʘʣʦʢ ʪʘ ʩʪʽʡʦʢ, ʷʢʽ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʝʨʝʢʨʠʪʪʷ ʭʦʣʫ ï ʘʚʘʨʽʡʥʠʡ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʘʚʘʨʽʡʥʦʩʪʽ ʻ: 

- ʟʨʦʩʪʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʽʡʥʦʩʪʽ (ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ) ɔn, ʷʢʝ 

ʜʣʷ ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ ʟʘʣʫ ʩʢʣʘʜʘʻ 1,25 (ɼɹʅ ɺ.1.2-14-2009); 

- ʟʨʦʩʪʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʥʽʛʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɼɹʅ ɺ.1.2-2-2006); 

- ʟʥʦʩ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʦʥʪʘʞʥʽ ʜʝʬʝʢʪʠ. 

ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʚʝʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʣʽ ʻ ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʬʘʢʪʦʨ. ʐʘʨʥʽʨʥʦ-ʨʫʭʦʤʽ ʦʧʦʨʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʤ ʧʨʠ ʥʘʢʦʧʠʯʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʩʥʽʛʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ 

ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʘʤʦʯʫʚʘʥʥʷ ʪʘʣʦʶ ʚʦʜʦʶ ʟʤʽʱʫʶʪʴʩʷ ʚʽʜ ʤʦʥʪʘʞʥʦʛʦ 
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ʧʦʣʦʞʝʥʥʷ ʥʘ 100 é 150 ʤʤ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʫʜʽʚʝʣʴʥʦ ʤʦʥʪʘʞʥʠʭ 

ʨʦʙʽʪ ʟʽ ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜʠ ʙʫʣʠ ʜʦʧʫʱʝʥʽ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʦʧʦʨʥʠʭ ʧʦʜʫʰʦʢ 

ʰʘʨʥʽʨʥʦ ʦʧʦʨ ʫ ʥʝʚʠʛʽʜʥʠʡ ʙʽʢ, ʤʽʩʮʷʤʠ ʜʦ 200 ʤʤ, ʽʩʥʫʻ ʨʝʘʣʴʥʘ ʥʝʙʝʟʧʝʢʘ 

ʟʽʩʢʘʢʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʨʘʤ ʟ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝʩʫʯʦʛʦ ʙʝʪʦʥʥʦʛʦ ʧʽʣʦʥʫ. 

ʆʧʦʩʝʨʝʜʢʦʚʘʥʦ ʮʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʟʨʽʟʦʤ ʪʘ ʧʦʥʘʜʥʦʨʤʘʪʠʚʥʠʤ ʚʠʛʠʥʦʤ 

ʘʥʢʝʨʥʠʭ ʙʦʣʪʽʚ (ʨʠʩ. 3). 

 

 

ʈʠʩ. 3. ʊʠʧʦʚʠʡ ʩʪʘʥ ʰʘʨʥʽʨʥʦ-ʨʫʭʦʤʠʭ ʦʧʦʨʠ ʤʝʪʘʣʝʚʠʭ ʬʝʨʤ ʢʘʨʢʘʩʫ. ʈʫʡʥʫʚʘʥʥʷ 

ʘʥʢʝʨʥʠʭ ʙʦʣʪʽʚ. 

 

ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʧʦʨʫʜʠ ʚʮʽʣʦʤʫ ʪʘ ʟʥʷʪʪʷ ʘʚʘʨʽʡʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʰʘʨʥʽʨʥʦ 

ʨʫʭʦʤʠʭ ʦʧʦʨ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʘʨʽʘʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʮʠʭ ʚʫʟʣʽʚ ʚʣʘʰʪʫʚʘʥʥʷʤ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʪʢʽʚ ʤʽʞ ʦʧʦʨʥʠʤʠ 

çʣʠʞʘʤʠè, ʷʢʽ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʽʩʥʫʶʯʠʭ ʦʧʦʨʥʠʭ ʩʠʩʪʝʤ. ʇʨʠʥʮʠʧʦʚʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʚʫʟʣʽʚ ʧʽʜʩʠʣʝʥʥʷ ʟ ʢʦʪʢʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4. ʆʩʥʦʚʥʘ ʽʜʝʷ 

ʧʽʜʩʠʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʟ 

ʧʽʣʦʥʦʤ ʪʘ, ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʟʽʩʢʦʢʫʚʘʥʥʷ ʦʧʦʨʠ, ʥʘʚʽʪʴ ʟʘ 

ʧʦʷʚʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 
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ʘ) 

 
ʙ) 

ʈʠʩ. 4. ʇʨʠʥʮʠʧʦʚʝ ʨʽʰʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʰʘʨʥʽʨʥʦ-ʨʫʭʦʤʠʭ ʚʫʟʣʽʚ ʬʝʨʤ ʧʘʨʥʠʤʠ 

ʜʦʜʘʪʢʦʚʠʤʠ ʦʧʦʨʘʤʠ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʪʢʘʭ: ʘ ï ʚʠʟ ʟʙʦʢʫ, ʙ ï ʟʘʜʥʽʡ ʚʠʜ. 

 

ɼʣʷ ʧʽʜʩʠʣʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ çɻè-ʧʦʜʽʙʥʠʭ ʨʘʤ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʣʘʰʪʫʚʘʪʠ ʪʠʤʯʘʩʦʚʽ ʧʽʜʧʽʨʢʠ, ʷʢʽ, ʥʘ ʟʠʤʦʚʠʡ ʯʘʩ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʽʜ ʨʘʤʘʤʠ ʪʘ ʟʥʠʞʫʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʩʧʦʨʫʜʠ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʽʚʥʷ (ʨʠʩ. 5).  

 

 
ʈʠʩ. 5. ʇʨʠʥʮʠʧʦʚʝ ʨʽʰʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʠʭ çɻè-ʧʦʜʽʙʥʠʭ ʨʘʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʪʠʤʯʘʩʦʚʦʾ ʧʽʜʧʽʨʢʠ. 

 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʣʽ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʝʪʘʣʦʢʘʨʢʘʩʫ ʛʣʷʜʘʮʴʢʦʾ ʟʘʣʠ ʥʘʙʫʚ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʦʧʨʦʣʽʪʥʠʭ ʩʧʦʨʫʜ ʟ ʤʝʪʘʣʝʚʠʤ ʢʘʨʢʘʩʦʤ. 

ʊʠʤʯʘʩʦʚʘ ʧʽʜʧʽʨʢʘ 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʩʪʝʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʨʝʢʦʤʝʥʜʫʚʘʪʠ: 

- ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʙʫʜʽʚʣʽ ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʨʦʙʽʪ ʟ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʩʠʣʘʤʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʢʽʥʦʢʦʥʮʝʨʪʥʦʛʦ 

ʟʘʣʫ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʛʫʣʷʨʥʝ ʦʯʠʱʝʥʥʷ ʤʝʪʘʣʝʚʦʾ ʧʦʢʨʽʚʣʽ ʟʘʣʫ ʚʽʜ ʩʥʽʛʦʚʠʭ 

ʥʘʤʝʪʽʚ; 

- ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʪʠʘʚʘʨʽʡʥʠʭ ʨʦʙʽʪ ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʟʘʭʦʜʠ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʟʽʩʢʘʢʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ çɻè-ʧʦʜʽʙʥʠʭ ʨʘʤ ʟ 

ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʣʦʥʫ, ʘ ʩʘʤʝ: ʟʙʽʣʴʰʠʪʠ ʦʧʦʨʥʽ ʧʣʦʱʘʜʢʠ ʰʘʨʥʽʨʥʦ ʨʫʭʦʤʠʭ 

ʦʧʦʨ ʚʣʘʰʪʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʢʦʪʢʽʚ (ʜʠʚ. ʨʠʩ. 4); 

- ʚʣʘʰʪʫʚʘʪʠ ʪʠʤʯʘʩʦʚʽ ʨʦʟʚʘʥʪʘʞʫʶʯʽ ʧʽʜʧʽʨʢʠ (ʨʠʩ. 5), ʷʢʽ ʩʣʽʜ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ʢʦʣʠ ʙʫʜʽʚʣʷ ʥʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʪʘ 

ʜʝʤʦʥʪʫʚʘʪʠ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ, ʪʦʙʪʦ ʥʘ ʯʘʩ ʝʢʩʧʣʫʪʘʪʘʮʽʾ ʣʽʪʥʴʦʾ ʢʽʥʦʢʦʥʮʝʨʪʥʦʾ 

ʟʘʣʠ. 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʾ 

ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ. 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʚʦʡ 

ʩʚʘʨʠʚʘʝʤʦʩʪʠ ʘʨʤʘʪʫʨʳ ʢʣʘʩʩʘ ɸ500ʉ. 

 

The experimental results of termal weldability of reinforcement grade F500C are 

given.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ɿʚʘʨʶʚʘʣʴʥʽʪʴ, ʘʨʤʘʪʫʨʘ, ʚʫʛʣʝʮʝʚʠʡ ʝʢʚʽʚʘʣʝʥʪ, ʤʽʮʥʽʩʪʥʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʚʘʨʠʚʘʝʤʦʩʪʴ, ʘʨʤʘʪʫʨʘ, ʫʛʣʝʨʦʜʥʳʡ ʵʢʚʠʚʘʣʝʥʪ, ʧʨʦʯʥʦʩʪʥʳʝ ʠ 

ʜʝʬʦʨʤʘʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

Weldability , reinforcement, carbon equivalent, strength and deformation 

characteristics. 

 

ʉʪʘʥ ʧʠʪʘʥʥʷ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʧʨʦʪʷʟʽ ʤʘʡʞʝ 20 ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʟʤʽʮʥʝʥʘ ʘʨʤʘʪʫʨʘ ʢʣʘʩʫ ɸ500ʉ ɼʉʊʋ 3760:2006 [1] 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ ʘʨʤʘʪʫʨʠ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʦʩʣʽʜʞʝʥʴ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʮʽʻʾ 

ʘʨʤʘʪʫʨʠ ʟʘ ʮʝʡ ʯʘʩ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʘ ʦʙʤʝʞʝʥʥʷ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʚʠʢʦʥʘʥʥʷ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʩʚʦʛʦ ʯʘʩʫ [2] ʙʫʣʠ ʧʨʠʡʥʷʪʽ 

ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʢʣʘʩʽʚ ɸʪ-III C ʽ ɸʪ-IVC. 
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ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʘʨʢʠ ʩʪʘʣʽ ʘʨʤʘʪʫʨʠ ɸ500ʉ ʽ ɸʪ-III C ʽ ɸʪ-IVC 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʘ ʟʚʘʨʥʽ ʟôʻʜʥʘʥʥʷ ʟ ʘʨʤʘʪʫʨʦʶ ʢʣʘʩʫ ɸ500ʉ 

ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʥʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ. ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ 

ʟʘ ɼʉʊʋ 3760:2006. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ ʩʪʘʪʠʩʪʠʯʥʫ ʦʮʽʥʢʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ 

ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ, ʷʢʘ ʟʘʩʪʦʩʫʻʪʴʩʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʜʽʘʤʝʪʨʽʚ 8, 10, 12, 14 ʽ 16 ʤʤ, ʚʠʟʥʘʯʝʥʥʷ 

ʟʥʘʯʝʥʴ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʟʨʘʟʢʽʚ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʦʾ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʘʨʤʘʪʫʨʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ 

ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʰʚʠʜʢʽʩʥʦʛʦ ʝʣʝʢʪʨʦʥʘʛʨʽʚʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʰʚʠʜʢʦʩʪʷʤ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ ʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʘʭ 

ʟʚʘʨʶʚʘʥʥʷ, ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʨʤʘʪʫʨʠ, ʘ ʩʘʤʝ ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ, 

ʣʦʢʘʣʴʥʫ ʛʨʘʥʠʮʶ ʪʝʢʫʯʦʩʪʽ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ, ʚʽʜʥʦʩʥʽ ʧʦʜʦʚʞʝʥʥʷ ʧʽʩʣʷ ʨʦʟʨʠʚʫ, 

ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʽ ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʘʨʤʘʪʫʨʘ ʜʽʘʤʝʪʨʦʤ 14 ʤʤ ʢʣʘʩʫ ɸ500ʉ, 

ʘ ʷʢʦʩʪʽ ʚʘʨʽʡʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʡʤʘʣʠʩʷ ʚʫʛʣʝʮʝʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʽʚʫ. 

ʅʘʛʨʽʚ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʩʪʠʢʦʚʽʡ ʤʘʰʠʥʽ ʄʉ-1202 (ʩʪʫʧʽʥʴ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 1) ʥʘ ʜʽʣʷʥʮʽ ʜʦʚʞʠʥʦʶ 60 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʟʨʘʟʢʽʚ 

ʚʠʤʽʨʶʚʘʣʘʩʴ ʦʧʪʠʯʥʠʤ ʧʽʨʦʤʝʪʨʦʤ ñRaynger MXò ʬʽʨʤʠ ñNfvsconò, ʉʐɸ, 

ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʦʥʴ ʙʝʟʢʦʥʪʘʢʪʥʠʤ 

ʩʧʦʩʦʙʦʤ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1
0
ʉ. ʂʨʽʤ ʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʚʠʤʽʨʶʚʘʣʘʩʴ 

ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ, ʱʦ ʙʫʣʘ ʟóʻʜʥʘʥʘ ʟ ʤʽʣʽʚʦʣʴʪʤʝʪʨʦʤ ʟʽ 

ʰʢʘʣʦʶ ʚʠʤʽʨʶʚʘʥʴ mV/t
0
C. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʥʘ ʨʦʟʪʷʛ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ɻʆʉʊ 12004-81 [3]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʢʽʣʴʢʠ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ 

ʘʨʤʘʪʫʨʠ ʷʚʣʷʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, ʧʨʦʚʝʜʝʥʥʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʫʚʘʣʘ ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ 

ʟʥʘʯʝʥʴ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʜʣʷ ʘʨʤʘʪʫʨʠ ʜʽʘʤʝʪʨʦʤ 8, 10,12, 14 ʽ 16 ʤʤ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ. 

ɻʝʥʝʨʘʣʴʥʘ ʩʫʢʫʧʥʽʩʪʴ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ 33175 ʘʥʘʣʽʟʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʘʨʤʘʪʫʨʠ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʜʽʘʤʝʪʨʽʚ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʜʣʷ ʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʽ ʚʤʽʩʪʫ 

ʦʩʥʦʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʚʫʛʣʝʮʶ ʪʘ ʤʘʨʛʘʥʮʶ. ɿʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ ʚʠʟʥʘʯʘʣʦʩʴ ʟʘ ʬʦʨʤʫʣʦʶ (2) ɼʉʊʋ 3760:2006 [1]. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʜʣʷ ʢʦʞʥʦʛʦ ʜʽʘʤʝʪʨʫ ʘʨʤʘʪʫʨʠ ʦʢʨʝʤʦ ʽ ʚ 

ʮʽʣʦʤʫ ʜʣʷ ʚʩʽʻʾ ʚʠʙʦʨʢʠ ʽ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ, ʤʽʥʽʤʘʣʴʥʠʭ ʽ 

ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ 

ʚ̔ ʜʭʠʣʝʥʴ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ, ʧʦʙʫʜʦʚʫ ʛʽʩʪʦʛʨʘʤ ʽ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʫʛʣʝʮʝʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1 ʽ ʥʘ ʨʠʩ.1. 
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ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ 

 

d , 

ʤʤ 

 

ʂʽʣʴʢʽʩʪʴ 

 

ʰʪ. 

ɺʫʛʣʝʮʝʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ( eC ) 

max

eC , 

% 

min

eC , 

% 
eʉ
-

, 

% 

S , 

% 

V  

8 1292 0,382 0,250 0,309 0,019 0,062 

10 4340 0,389 0,242 0,311 0,020 0,064 

12 17991 0,391 0,240 0,313 0,021 0,066 

14 4158 0,404 0,270 0,314 0,020 0,065 

16 5394 0,399 0,259 0,313 0,020 0,064 

 

 
ʈʠʩ.1 ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɸ500ʉ ʜʽʘʤʝʪʨʽʚ 8, 10, 12, 14 ʽ 16 ʤʤ 

 

ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ (ʜʠʚ. ʪʘʙʣ.1), ʚʠʧʣʠʚʘʻ, ʱʦ ʟ ʧʦʟʠʮʽʡ 

ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, ʩʪʘʣʴ ʤʘʨʢʠ ʉʪ3ʧʩ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʜʽʘʤʝʪʨʽʚ ʚʽʜ 8 ʜʦ 16 ʤʤ ʤʘʻ ʩʪʘʙʽʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʇʨʠ 

ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʩʢʣʘʜʘʶʪʴ 0,382-0,404%, 

ʤʽʥʽʤʘʣʴʥʽ - 0,242-0,270%, ʩʝʨʝʜʥʽ - 0,309-0,314% ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʚʘʨʽʘʮʽʾ ʫ 

ʜʽʘʧʘʟʦʥʽ 0,062-0,066. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʘʙʽʣʴʥʦʩʪʽ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʩʪʘʣʽ ʙʫʣʘ ʟʘʬʽʢʩʦʚʘʥʘ ʽ ʩʪʦʩʦʚʥʦ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ ʽ ʢʨʝʤʥʽʶ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʾ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʙʫʣʠ ʧʨʠʡʥʷʪʠ ʟʨʘʟʢʠ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ 
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ʜʽʘʤʝʪʨʦʤ 14 ʤʤ ʟ ʜʚʦʭ ʧʘʨʪʽʡ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʥʘ ʥʠʞʥʽʡ - 0,245% (ʩʝʨʽʷ 1) ʽ ʚʝʨʭʥʽʡ 0,346% (ʩʝʨʽʷ 2) 

ʛʨʘʥʠʮʷʭ ʤʘʨʦʯʥʦʛʦ ʩʢʣʘʜʫ ʩʪʘʣʽ. ʇʨʠʡʥʷʪʽ ʟʥʘʯʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʫʩʶ ʚʠʙʽʨʢʫ (ʜʠʚ.ʨʠʩ.1) ï ʤʝʥʰʝ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʣʦ ʤʽʩʮʝ 

ʫ ʤʝʥʰ ʥʽʞ 1%, ʘ ʙʽʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ï ʫ 3% ʚʠʙʽʨʢʠ. 

ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ ʟʘ ɻʆʉʊ 12004-81 [3] 

ʧʦ 6 ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʩʝʨʽʡ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʽ ʧʦ 50 ʟʨʘʟʢʽʚ 

ʘʨʤʘʪʫʨʠ ʢʦʞʥʦʾ ʟ ʩʝʨʽʡ ʧʽʩʣʷ ʥʘʛʨʽʚʫ ʚ ʨʝʞʠʤʽ ʦʧʦʨʫ ʥʘ ʩʪʠʢʦʚʽʡ ʤʘʰʠʥʽ ʄʉ-1202 

ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 400
0
ʉ ʜʦ 1000

0
ʉ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ, 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ, ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʧʽʩʣʷ ʨʦʟʨʠʚʫ ʽ ʧʦʙʫʜʦʚʦʶ ʜʽʘʛʨʘʤ 

ʩʪʘʥʫ ʘʨʤʘʪʫʨʠ (ʟʘʣʝʞʥʦʩʪʽ s e- ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʝ. 

ʋ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘʪʫʨʠ ʩʝʨʽʾ 1 ʽ ʩʝʨʽʾ 2 ʤʘʣʠ ʙʣʠʟʴʢʽ 

ʟʥʘʯʝʥʥʷ, ʘ ʩʘʤʝ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦ 6 ʚʠʧʨʦʙʫʚʘʥʠʤ ʟʨʘʟʢʘʤ ʜʣʷ 1-ʦʾ ʽ 2-ʦʾ ʩʝʨʽʡ 

ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʜʘʣʠ ï ʛʨʘʥʠʮʷ ʪʝʢʫʯʦʩʪʽ - ʊs  - 596,8 ʽ 598,8 ʄʇʘ, 

ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ - Bs  - 688,2 ʽ 686,1 ʄʇʘ, ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʧʽʩʣʷ ʨʦʟʨʠʚʫ 

5d - 21,9 ʽ 21,5 %. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʨʤʘʪʫʨʠ ʟ 

ʚʫʛʣʝʮʝʚʠʤ ʝʢʚʽʚʘʣʝʥʪʦʤ eC =0,245% ʽ eC =0,346% ʟʤʽʥʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʟ ʟʘʛʘʣʴʥʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ (ʨʠʩ.2, ʨʠʩ.3), ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʴʦʤʘ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. 

ɺ ʤʝʞʘʭ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ ʟ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʽʚʫ ʜʦ 500 -520
0
 ʉ

 
ʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ (ʜʠʚ. ʨʠʩ.2) ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ (ʜʠʚ. ʨʠʩ.3) ʘʨʤʘʪʫʨʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʘ ʨʫʡʥʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʟʨʘʟʢʽʚ ʧʨʦʭʦʜʠʪʴ ʧʦʟʘ ʟʦʥʦʶ ʥʘʛʨʽʚʫ.  

ʅʘ ʜʨʫʛʽʡ ʜʽʣʷʥʮʽ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʫ ʫ ʤʝʞʘʭ 520-650
0
 ʉ ʤʘʻ ʤʽʩʮʝ ʟʥʘʯʥʝ 

ʧʘʜʽʥʥʷ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ. ʊʘʢ, ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ 

ʪʝʢʫʯʦʩʪʽ ʜʣʷ ʘʨʤʘʪʫʨʠ ʟ ʚʫʛʣʝʮʝʤ ʝʢʚʽʚʘʣʝʥʪʦʤ eC =0,245% ʧʘʜʘʻ ʟ 560-580 ʄʇʘ 

ʜʦ 330-360 ʄʇʘ, ʘ ʘʨʤʘʪʫʨʠ ʟ ʚʫʛʣʝʮʝʚʠʤ ʝʢʚʽʚʘʣʝʥʪʦʤ eC =0,346% ʚʽʜʧʦʚʽʜʥʦ ʟ 

560-580 ʄʇʘ - ʜʦ 380-400 ʄʇʘ (ʜʠʚ.ʨʠʩ.2). ʈʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʦʥʽ ʥʘʛʨʽʚʫ. 

ʅʘ ʪʨʝʪʽʡ ʜʽʣʷʥʮʽ - ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʽʚʫ ʚʽʜ 650
0
 ʉ ʜʦ 1000

0
 ʉ ʨʫʡʥʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʦʥʽ ʥʘʛʨʽʚʫ ʽ ʤʘʻ ʤʽʩʮʝ ʧʝʚʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ 

ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʘʨʤʘʪʫʨʠ ʜʦ ʨʽʚʥʷ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʘʨʤʘʪʫʨʠ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʜʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ (ʜʠʚ. ʨʠʩ.2, 3). 
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ʈʠʩ.2 ɿʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʚʫʛʣʝʮʝʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ 

 
 

ʈʠʩ.3 ɿʘʣʝʞʥʽʩʪʴ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʪʘ ʚʫʛʣʝʮʝʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ 

ɿʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ ʘʨʤʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʦʛʦ 

ʧʦʜʦʚʞʝʥʥʽ ʧʨʠ ʨʦʟʨʠʚʽ ʽ ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʜʦ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ. 
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ʊʘʢ, ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʪʠʤʯʘʩʦʚʦ ʦʧʦʨʫ ʜʦ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ 

/B ʊs s= 1,13-1,15, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ 600
0
 ʉ - /B ʊs s= 1,18-1,34, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ 1000
0
 ʉ - /B ʊs s= 1,37-1,52. 

ɺʠʩʥʦʚʢʠ 

1. ʉʪʘʣʴ ʤʘʨʢʠ ʉʪ3ʧʩ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʜʽʘʤʝʪʨʽʚ ʚʽʜ 8 ʜʦ 16 ʤʤ ʤʘʻ ʩʪʘʙʽʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʷʢ ʟ 

ʧʦʟʠʮʽʡ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ, ʤʘʨʛʘʥʮʶ ʽ ʢʨʝʤʥʽʶ, ʪʘʢ ʽ ʟʥʘʯʝʥʴ ʚʫʛʣʝʮʝʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʩʢʣʘʜʘʶʪʴ 0,382-0,404%, ʤʽʥʽʤʘʣʴʥʽ - 0,242-0,270%, 

ʩʝʨʝʜʥʽ - 0,309-0,314% ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ ʚʘʨʽʘʮʽʾ ʫ ʜʽʘʧʘʟʦʥʽ 0,062-0,066.  

2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʾ ʟʚʘʨʶʚʘʣʴʥʦʩʪʽ ʘʨʤʘʪʫʨʠ 

ʢʣʘʩʫ ɸ500ʉ ʟʽ ʩʪʘʣʽ ʉʪ3ʧʩ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʰʚʠʜʢʦʩʪʷʤ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 

ʧʦʚʽʪʨʽ ʧʨʠ ʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʘʭ ʟʚʘʨʶʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʛʨʽʚʫ ʥʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʤʘʪʫʨʠ, ʘ ʩʘʤʝ (ʜʠʚ.ʨʠʩ.2, ʨʠʩ.3): ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʫ ʜʦ 500-520
0
 ʉ

 
ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ 

ʦʧʦʨʫ ʘʨʤʘʪʫʨʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʩʪʘʥʦʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ; ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʫ ʫ ʤʝʞʘʭ 520-650
0
 ʉ ʤʘʻ ʤʽʩʮʝ ʟʥʘʯʥʝ ʧʘʜʽʥʥʷ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ 

ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʤʘʡʞʝ ʜʦ ʨʽʚʥʷ ʟʥʘʯʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʘʨʤʘʪʫʨʠ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ ʫ ʚʠʭʽʜʥʦʤʫ 

ʩʪʘʥʽ ʜʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ; ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʽʚʫ ʚʽʜ 650
0
 ʉ ʜʦ 1000

0
 

ʉ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʽ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʣʠʰʘʶʯʠʩʴ ʥʘ 

ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʩʪʘʣʽ ʤʘʨʢʠ ʉʊ3ʧʩ ʜʦ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ. 

3. ʇʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʪʠʧʽʚ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʫʚʫʚʘʪʠʩʷ ʜʣʷ 

ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ500ʉ ʜʽʘʤʝʪʨʘʤʠ 8, 10, 12, 14 ʽ 16 ʤʤ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ ʉʪ3ʧʩ, ʩʣʽʜ 

ʢʝʨʫʚʘʪʠʩʷ ʧʦʣʦʞʝʥʥʷʤ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʘʨʤʘʪʫʨʠ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 500
0
 ʉ. 
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ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʠ ʜʝʨʝʚôʷʥʦʾ 

ʘʨʢʠ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ ʤʝʪʘʣʦʟʫʙʯʘʪʠʭ ʧʣʘʩʪʠʥʘʭ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʾ 

ʨʦʙʦʪʠ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʘʨʢʦʶ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ 

ʜʝʨʝʚʷʥʥʦʡ ʘʨʢʠ ʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʤʝʪʘʣʦʟʫʙʯʘʪʠʭ ʧʣʘʩʪʠʥʘʭ ʠ 

ʩʨʘʚʥʝʥʠʷ ʝʝ ʨʘʙʦʪʳ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʘʨʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

 

In the article results of experimental researches of wooden planked  t-section 

arch with connections on metal plates and comparing its work with the same 

rectangular-section arch. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ɼʦʱʘʪʘ ʘʨʢʘ, ʜʝʨʝʚô̫ ʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʤʝʪʦʜʠʢʘ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɼʦʱʘʪʘʷ ʘʨʢʘ, ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ. 

Planked arch, wooden constructions, experimental methodology. 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʚʯʠʪʠ ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʘʨʢʠ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ ʜʽʶ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʾ ʨʦʙʦʪʫ ʟ 

ʘʥʘʣʦʛʽʯʥʦʶ ʘʨʢʦʶ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʪʚʦʨʠʣʠ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʜʝʨʝʚôʷʥʠʭ ʘʨʦʢ ʥʘ ʤʝʪʘʣʦʟʫʙʯʘʪʠʭ ʧʣʘʩʪʠʥʘʭ ʪʘ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ 

ʪʦʯʥʽ ʤʝʪʦʜʠ ʾʭ ʨʦʟʨʘʭʫʥʢʫ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥ ̫ʜʦʱʘʪʦʾ ʘʨʢʠ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ 

ʥʘ ʤʝʪʘʣʦʟʫʙʯʘʪʠʭ ʧʣʘʩʪʠʥʘʭ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʜʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʧʝʨʝʨʽʟ ʚʝʨʭʥʴʦʛʦ 

ʧʦʷʩʫ ʤʦʞʝ ʫʩʫʥʫʪʠ ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʘʨʦʢ ʟ ʛʥʫʯʢʠʤʠ ʟʘʪʷʞʢʘʤʠ, ʘ ʩʘʤʝ ʚʪʨʘʪʫ 

ʩʪʽʡʢʦʩʪʽ ʟ ʧʣʦʱʠʥʠ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʝʨʝʚôʷʥʠʭ 

ʘʨʦʢ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʫ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʦʩʪʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʅɼʃ ï 23. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʩʪʝʥʜ. (ʈʠʩ.  1.).  

 

 
ʘ) 

 

 
ʙ) 

ʈʠʩ.  1. ʉʪʝʥʜ ʜʣʷ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʘʨʦʢ: 

ʘ) ʘʨʢʘ ɸʇ-1 (ʧʨʷʤʦʢʫʪʥʠʡ ʧʝʨʝʨʽʟ); ʙ) ʘʨʢʘ ɸʊ-1 (ʪʘʚʨʦʚʠʡ ʧʝʨʝʨʽʟ). 

 

ʉʪʝʥʜ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 2) ʩʢʣʘʜʘʚʩ ̫ ʟ: ʘʨʢʘ ʟ 

ʜʦʱʘʪʠʭ ʝʣʝʤʝʥʪʽʚ ʟôʻʜʥʘʥʠʭ ʥʘ ʄɿʇ (1);  ʦʧʦʨʠ (2) ʟʘʢʨʽʧʣʝʥʽ ʜʦ ʩʠʣʦʚʦʾ 

ʧʽʜʣʦʛʠ (3); ʦʧʦʨʥʽ ʜʠʥʘʤʦʤʝʪʨʠ ɼ-1 ʪʘ ɼ-2 (4); ʩʠʩʪʝʤʘ ʨʦʟʧʽʨʦʢ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʘʨʢʠ (5); ʩʪʷʞʢʠ ʛʽʜʨʘʚʣʽʯʥʽ ʟ ʜʠʥʘʤʦʤʝʪʨʘʤʠ           ɼʨ-

1éɼʨ-6 (6); ʜʠʥʘʤʦʤʝʪʨ ɼʛ-1 (7) ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʟʘʪʷʞʮʽ (8); ʜʠʥʘʤʦʤʝʪʨʠ 

ɼʧ-1, ɼʧ-2 (9) ʥʘ ʧʦʭʠʣʠʭ ʟʘʪʷʞʢʘʭ (10); ʤʽʢʨʦʽʥʜʠʢʘʪʦʨʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ 
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ʄ-̔1éʄʽ-18 ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʄʽ-1éʄʽ-24 (11); ʧʨʦʛʠʥʦʤʽʨʠ 

ɸʽʩʪʦʚʘ 6ʇɸʆ ʇ-1éʇ-5 (12); ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ ʘʨʢʠ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ (13). 

 

 
ʈʠʩ.  2. ʉʭʝʤʘ ʩʪʝʥʜʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʨʦʢ ʟ ʨʦʟʤʽʱʝʥʥʷʤ ʧʨʠʣʘʜʽʚ 

 

ʆʩʢʽʣʴʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʽʶ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ ʽʟ ʰʝʩʪʠ ʩʪʷʞʦʢ.  

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʣʦʩʴ ʝʪʘʧʘʤʠ ʧʦ 1,0 ʢʅ/ʤ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ, ʟ ʤʝʪʦʶ 

ʨʦʟʧʦʜʽʣʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʝʬʦʨʤʘʮʽʡ ʽ ʥʘʧʨʫʞʝʥʴ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʪʨʠʤʫʚʘʣʦʩʴ 

5 ʭʚ, ʧʽʩʣʷ ʯʦʛʦ ʟʥʽʤʘʣʠʩʴ ʧʦʢʘʟʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʠʣʘʜʽʚ ʟʥʽʤʘʣʠʩʴ ʪʘʢʽ ʧʦʢʘʟʠ: 

¶ ʧʨʦʛʠʥʠ ȹ ʚ ʧôʷʪʠ ʚʫʟʣʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʛʠʥʦʤʽʨʘʤʠ ɸʽʩʪʦʚʘ 6ʇɸʆ ʟ ʮʽʥʦʶ 
ʧʦʜʽʣʢʠ 0,01 ʤʤ (ʨʠʩ. 3), ʱʦ ʟʘʢʨʽʧʣʷʣʠʩʷ ʜʦ ʘʨʢʠ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʩʪʨʫʙʮʠʥʘʤʠ; 

¶ ʜʝʬʦʨʤʘʮʽʾ ʚʦʣʦʢʦʥ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʚʦʣʦʢʦʥ ʬʘʥʝʨʠ ʜʣʷ 

ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʽʥʜʠʢʘʪʦʨʽʚ ʚ ʪʨʴʦʭ ʭʘʨʘʢʪʝʨʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,001 ʤʤ (ʨʠʩ. 4); 

¶ ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʦʨʥʠʭ ʜʠʥʘʤʦʤʝʪʨʽʚ; 

¶ ʩʠʣʠ ʥʘʪʷʛʫ ʟʘʪʷʞʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʦʤʝʪʨʽʚ ɼʛ-1, ɼʛ-2, ɼʧ-1 (ʨʠʩ. 2.5); 

¶ ʟʫʩʠʣʣʷ ʚ ʩʪʷʞʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʦʤʝʪʨʽʚ ʚ ʢʦʞʥʽʡ ʟ ʰʝʩʪʠ ʪʦʯʦʢ 
ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʈʠʩ.  3. ʉʭʝʤʘ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ȹ ʘʨʢʠ ʧʨʠ ʩʠʤʝʪʨʠʯʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 

 

 
ʘ) 

 
                                 ʙ)                                                                   ʚ) 
ʈʠʩ. 4. ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʢʨʽʧʣʝʥʥʷ ʤʽʢʨʦʽʥʜʠʢʘʪʦʨʽʚ (ʘ), ʚʫʟʦʣ ʉ ʘʨʢʠ ɸʇ-1(ʙ) ʪʘ ɸʊ-

1(ʚ) 

 

 
 

ʈʠʩ. 5. ɼʠʥʘʤʦʤʝʪʨʠ ɼʧ-1, ɼʛ-1 
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ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʠ ʧʨʠʣʘʜʽʚ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʽʡʢʽʩʪʶ ʘʨʢʠ ʧʨʠ ʨʽʟʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʧʝʚʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʚʝʨʭʥʴʦʾ 

ʧʦʣʠʯʢʠ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ 

ɸʨʢʘ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ɸʇ-1. ʇʽʩʣʷ ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 7,5 

ʢʅ/ʤ, ʟ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʙʫʣʠ ʟʥʷʪʦ ʚʩʽ ʧʨʠʣʘʜʠ ʪʘ ʜʦʚʝʜʝʥʦ ʘʨʢʫ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʪʨʠʤʘʣʘ ʘʨʢʘ ɸʇ-1, ʩʪʘʥʦʚʠʣʦ      9,0 

ʢʅ/ʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: 

-  ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 4,0 ʢʅ/ʤ ʽ ʙʽʣʴʰʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʪʝʥʜʝʥʮʽʷ 

ʨʦʟʚʠʪʢʫ ʙʦʢʦʚʦʛʦ ʚʠʛʠʥʫ (ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʟ ʧʣʦʱʠʥʠ) ʘʨʢʠ (ʨʠʩ 6); 

-  ʧʝʨʰʽ ʟʚʫʢʠ ʧʦʪʨʽʩʢʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʧʦʷʚʠʣʠʩʴ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥ ̔4,5 ʢʅ/ʤ; 

-  ʥʘ ʰʦʩʪʦʤʫ ʝʪʘʧʽ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʙʫʣʦ ʧʦʤʽʯʝʥʦ, 

ʱʦ ʧʨʠ ʚʠʪʨʠʤʮʽ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʧʦʢʘʟ ʦʧʦʨʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʟʤʝʥʰʠʚʩʷ ʽ 

ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʮʝ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʙʽʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ; 

-  ʨʫʡʥʫʚʘʥʥʷ ʘʨʢʠ ʚʽʜʙʫʣʦʩʴ ʫ ʚʫʟʣʽ ʢʨʽʧʣʝʥʥʷ 4-ʛʦ ʪʘ 5-ʛʦ 

ʝʣʝʤʝʥʪʫ ʘʨʢʠ ʚʽʜ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ (ʨʠʩ 6) ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 9,0 ʢʅ/ʤ.  

 
ʈʠʩ. 6. ɺʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʘʨʢʠ ʧʽʜ ʯʘʩ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʘʨʢʠ ʚʽʜ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 
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ʎʝ ʨʫʡʥʫʚʘʥʥʷ ʙʫʣʦ ʧʨʦʛʥʦʟʦʚʘʥʝ ʚ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʩʢʽʣʴʢʠ 

ʙʦʢʦʚʠʡ ʚʠʛʠʥ ʟ ʢʦʞʥʠʤ ʝʪʘʧʦʤ ʜʦʩʷʛʘʚ ʚʩʝ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʇʨʦʛʠʥʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. ʈʦʟʤʽʱʝʥʥʷ ʧʨʠʣʘʜʽʚ ʜʠʚ. 

ʨʠʩ.2. 
 

ʊʘʙʣʠʮʷ 1  

ʇʨʦʛʠʥʠ ʘʨʢʠ ɸʇ-1 

ɿʦʚʥʽʰʥʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

q, ʢʅ/ʤ 

ʇʝʨʝʤiʱʝʥʥʷ ȹ, ʤʤ 

ʇ1 ʇ2 ʇ3 ʇ4 ʇ5 

0 0 0 0 0 0 

1 2,78 4,93 5,83 5,22 2,43 

2 6,26 12,50 15,42 11,68 5,46 

3 8,67 18,36 22,43 16,72 7,43 

4 10,97 24,68 28,85 21,68 9,03 

5 13,95 33,45 38,56 27,27 10,33 

6 17,20 42,17 47,98 34,36 11,40 

7 20,58 48,97 57,59 41,06 12,16 

7,5 23,49 55,19 66,06 49,91 13,22 

 

ɸʨʢʘ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ɸʊ-1. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʨʢʠ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʩʘʤʝ ʚʪʨʘʪʫ 

ʩʪʽʡʢʦʩʪʽ ʟ ʧʣʦʱʠʥʠ ʘʨʢʠ. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʪʘ ʚʠʧʨʦʙʫʚʘʥʦ ʚʘʨʽʘʥʪ ʘʨʢʠ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ɸʊ-1. 

ʇʦʢʘʟʠ ʧʨʠʣʘʜʽʚ ʟʥʽʤʘʣʠʩʴ  ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 10,0 ʢʅ/ʤ, ʧʽʩʣʷ ʯʦʛʦ ʾʭ ʙʫʣʦ 

ʟʥʷʪʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ: 

- ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʫ ʥʘ 4 ʝʪʘʧʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʚ ʥʘʚʘʥʪʘʞʝʥʥʶ ʚ 4,0 ʢʅ/ʤ 

ʬʘʥʝʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʚʝʨʭʥʴʦʾ ʧʦʣʠʯʢʠ, ʧʦʯʘʣʘ 

ʚʠʛʠʥʘʪʠʩʴ. ʆʜʥʘʢ ʪʘʢʘ ʚʪʨʘʪʘ ʩʪʽʡʢʦʩʪʽ ʬʘʥʝʨʥʦʛʦ ʣʠʩʪʘ ʥʝ ʧʨʠʟʚʦʜʠʣʘ ʜʦ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. 

- ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʜʦʩʣʽʜʫ, ʘʨʢʘ ʥʝ ʚʪʨʘʯʘʣʘ ʩʪʽʡʢʦʩʪ̔ ʽ ʟʨʫʡʥʫʚʘʣʘʩʴ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʰʘʨʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʜʝʨʝʚʠʥʠ ʚ ʦʧʦʨʥʦʤʫ ʝʣʝʤʝʥʪʽ (ʤʽʩʮʝ 

ʟôʻʜʥʘʥʥʷ ʦʧʦʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟ ʦʧʦʨʥʠʤ ʚʫʟʣʦʤ)  ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 14,5 ʢʅ/ʤ 

(ʨʠʩ. 7.). 
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ʈʠʩ. 7. ʈʫʡʥʫʚʘʥʥʷ ʦʧʦʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʘʨʢʠ ɸʊ-1 ʚ ʦʧʦʨʥʦʤʫ ʚʫʟʣʽ 

 

ʇʨʦʛʠʥʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2. 

 
ʊʘʙʣʠʮʷ 2 

ʇʨʦʛʠʥʠ ʘʨʢʠ ɸʊ-1 

ɿʦʚʥʽʰʥʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

q, ʢʅ/ʤ 

ʇʝʨʝʤiʱʝʥʥʷ ȹ, ʤʤ 

ʇ1 ʇ2 ʇ3 ʇ4 ʇ5 

0 0 0 0 0 0 

1 3,62 5,01 6,03 6,6 3,16 

2 4,71 8,56 10,19 8,92 4,27 

3 7,04 12,88 15,49 14,92 7,28 

4 10,47 18,95 22,37 19,49 10,92 

5 13,21 24,3 29,72 24,61 12,33 

6 15,49 29,4 34,01 29,95 15,67 

7 18,06 34,68 39,97 35,25 17,99 

8 20,02 39,13 45,18 40,07 19,98 

9 22,06 40,69 51,09 46,3 22,17 

10 24,43 48,18 56,79 51,52 24,39 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʆʜʥʠʤʠ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʬʽʢʩʫʚʘʣʠʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʙʫʣʠ ʧʨʦʛʠʥʠ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʦʛʠʥ ʘʢʨʠ ɸʊ-1 ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʽʣʴʰʠʡ ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʚ 1,89 ʨʘʟʠ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʠʱʽ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʛʠʥʽʚ ʘʨʢʠ ɸʇ-1, ʪʦ ʪʫʪ ʩʠʪʫʘʮʽʷ ʘʥʘʣʦʛʽʯʥʘ. ɺ ʩʝʨʝʜʥʴʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʨʦʛʠʥ ʙʽʣʴʰʠʡ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚ 2,44 ʨʘʟʠ. 
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ʊʘʢʦʞ ʟʨʦʙʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʨʦʛʠʥʽʚ ʘʨʢʠ ɸʊ-1 ʽ   ɸʇ-1 

ʧʦʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʛʠʥʠ ʘ ʘʨʮʽ 

ɸʊ-1 ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 1,42 ʨʘʟʠ ʤʝʥʰʽ ʚʽʜ ʧʨʦʛʠʥʽʚ ʘʨʢʠ ɸʇ-1. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʣʠʯʢʠ ʪʘʚʨʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʫ ʞʦʨʩʪʢʽʩʪʴ (ʟʤʝʥʰʫʻ 

ʧʨʦʛʠʥʠ). 

 

ɺʠʩʥʦʚʢʠ 

1. ɿʛʽʜʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʧʨʦʙʫʚʘʥʴ ʘʨʦʢ 
ɸʇ-1 ʪʘ ɸʊ-1. 

2. ʉʢʦʥʩʪʨʫʡʦʚʘʥʦ ʜʚʘ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ, ʘʨʢʠ ɸʇ-1 ʪʘ ɸʊ-1, ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʪʘ ʚʠʤʦʛ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

3. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʦʛʠʥʠ ʘʨʢʠ, ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʫʩʠʣʣʷ 

ʚ ʟʘʪʷʞʢʘʭ. ɸʨʢʠ ʜʦʚʦʜʠʣʠʩ ̫ʜʦ ʧʦʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

4. ɼʦʚʝʜʝʥʦ, ʱʦ ʘʨʢʘ ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʨʫʡʥʫʻʪʴʩʷ ʥʝ ʚʽʜ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʘ 

ʧʦ ʪʽʣʫ ʘʨʢʠ ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʠʯʢʠ ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʫ ʟʙʽʣʴʰʝʥʦ ʥʝʩʫʯʫ 

ʟʜʘʪʥʽʩʪʴ ʘʨʢʠ ʟʘ ɯ ʛʨʫʧʦʶ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʪʘ ʧʽʜʚʠʱʝʥʦ ʞʦʨʩʪʢʩ̔ʪɹ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

5. ʇʨʦʛʠʥʠ ʚ ʘʨʮʽ ɸʊ-1 ʚ ʩʝʨʝʜʥʴʦʤʫ ʤʝʥʰʽ ʚ 1,42 ʨʘʟʠ ʚʽʜ ʧʨʦʛʠʥʽʚ ʘʨʢʠ ɸʇ-1. 

6. ʈʫʡʥʫʚʘʥʥʷ ʘʨʢʠ ɸʇ-1 ʚʽʜʙʫʣʦʩʴ ʚʽʜ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 9,0 

ʢʅ/ʤ, ʱʦ ʧʽʜʪʚʝʨʜʠʣʦ ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʢʨʠʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʚʠʱʠʣʦ ʨʦʟʨʘʭʫʥʢʦʚʝ ʚ 1,56 ʨʘʟʠ. 

7. ʈʫʡʥʫʚʘʥʥʷ ʘʨʢʠ ɸʊ-1 ʚʽʜʙʫʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʢʦʣʶʚʘʥʥʷ ʜʝʨʝʚʠʥʠ ʚ 

ʦʧʦʨʥʦʤʫ ʚʫʟʣʽ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 14,5 ʢʅ/ʤ ʪʘ ʧʝʨʝʚʠʱʠʣʦ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʚ 2,28 ʨʘʟʠ. 

8. ʌʦʨʤʘ ʧʝʨʝʨʽʟʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʟʘʪʷʞʢʘʭ ʐʫʭʦʚʘ. 
ʈʦʟʭʦʜʞʝʥʥʷ ʟʫʩʠʣʣʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʟʘʪʷʞʮʽ ʘʨʢʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽ 

ʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʘʥʦʚʠʪʴ 5%. 

 
1. ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ. ʀʟʙʨʘʥʥʳʝ ʪʨʫʜʳ, ʐʫʭʦʚ ɺ.ɻ. ʄ.: ʅʘʫʢʘ, 1977. ï 193ʩ. 2. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʝʨʝʚôʷʥʦʾ ʚʘʥʪʠ, 

ʘʨʤʦʚʘʥʦʾ ʩʪʘʣʴʥʠʤ ʪʨʦʩʦʤ, ɸ. ʈ. ʂʨʘʚʟ, ɹ. ɻ. ɼʝʤʯʠʥʘ, ɯ. ɯ. ʃʫʢʘʯ ʪʘ ʽʥ. ʊʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ 

ʙʫʜʽʚʥʠʮʪʚʘ. ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2012. ï 4 ʩ. 3.ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʦʱʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʄɿʇ, ʎʅʀʀʉʂ ʠʤ. 

ʂʫʯʝʨʝʥʢʦ. 1983. ï 39ʩ 
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ʋɼʂ 624.014                                                          

ʇʆʈɯɺʅʗʅʅʗ  ʆ ʄɯʉʎɽɺʆʁ ʉʊɯʁʂʆʉʊɯ   ʉʊɯʅʆʂ ɼɺʆʊɸɺʈʆɺʀʍ 

ɹɸʃʆʂ ɿɸ ɼɹʅ ɺ.2.6-198-2014 ɯ ɭɺʈʆʂʆɼʆʄ 3 (ɼʉʊʋ-ʅ ɹ EN 1993-1-

1:2010) ʇʈʀ ʇʈʋɾʅɯʁ ʈʆɹʆʊɯ ʉʊɸʃɯ 

 

A COMPARISON THE STABILITY WALL OF THE I -SECTION BEAMS IN 

BENDING IN ACCORDANCE WITH THE STATE STANDARD (DBN V.2.6 -

198-2014) AND EUROCODE 3 (DSTU N B EN 1993-1-1: 2010) 

ɹʽʣʠʢ ʉ.ɯ., ʧʨʦʬ., ʜ.ʪ.ʥ., ʃʘʚʨʠʥʝʥʢʦ ʃ.ɯ., ɸʣʴʪʘʡʝ ʅ., ʘʩʧʽʨʘʥʪ, 

ʉʘʣʽʻʥʢʦ ɺ.ɯ., ʤʘʛʽʩʪʨ, (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ) 

 

Bilyk  S.I ., doctor of technical sciences, proffesor, Lavrinenko L.ɯ., candidate of 

technical sciences, docent, ɸltaie ʅ., postgraduate, (Kyiv  National University of 

Construction and Architecture , Kyiv ) 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ ʟ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ   

ɼɹʅ ɺ.2.6-198-2014 ɯ ɭɺʈʆʂʆɼʆʄ 3 (ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2010).  
 

In article studies is a comparison of the stability wall of The I-section beams in 

bending in accordance with the State Standard (DBN v.2.6-198-2014) and Eurocode 3 

(DSTU n b en 1993-1-1: 2010). Also a comparison of the buckling wall of The I-

section beams in bending   in accordance with   normative documents and   with 

theoretical results   task of the buckling plates 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʉʪʽʡʢʽʩʪʴ ʩʪʽʥʢʠ, ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ,   ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ.  

Stress, flexibility wall strength, stability wall, bending moments, shear strength, 

shear stress. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ 

ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʚʽʜʢʨʠʪʘ ʟʘʚʜʷʢʠ ʧʨʠʡʥʷʪʪʷʤ 

ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2010 (ɭʚʨʦʢʦʜ 3) "ɭʚʨʦʢʦʜ 3. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʠʥʘ 1-3. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ. (EN 1993-1-3:2006, IDT)è.  

ʆʩʥʦʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ  ɼɹʅ ɺ.2.6-198:2014 

çʉʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷè   ɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ  ɼʉʊʋ-ʅ ɹ 
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EN 1993-1-1:2010 ʻ ʘʜʘʧʪʦʚʘʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʥʦʨʤ (ɭʚʨʦʢʦʜ 3)[1,2,3]. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʽʟʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

[1,2,3,4] ʚʠʤʘʛʘʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʩʧʽʣʴʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʽ 

ʨʦʟʫʤʽʥʥʷ ʨʦʙʦʯʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʻ ʘʥʘʣʽʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ, ʽ ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʽ ʟʘʧʘʩʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʩʪʽʡʢʽʩʪʴ ʽ 

ʤʽʮʥʽʩʪʴ, ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽ ʚʧʣʠʚ 

ʧʦʯʘʪʢʦʚʠʭ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽʚ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʫʤʦʚʣʝʥʘ 

ʚʠʨʽʰʝʥʥʷʤ ʚʘʞʣʠʚʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʫʟʘʛʘʣʴʥʝʥʥʷ  ʪʘ ʨʦʟʚʠʪʦʢ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ 

ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʥʦʨʤ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ.  ɺ  ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʽʣʴʢʠ 1 

ʢʣʘʩ ʧʝʨʝʨʽʟʽʚ ʟʘ  ɼɹʅ ɺ.2.6-198-2014 ( 3 ʢʣʘʩ ʧʝʨʝʨʽʟʽʚ ʟʘ ɭʚʨʦʢʦʜʦʤ 3 (ɼʉʊʋ-

ʅ ɹ EN 1993-1-1:2010), ʚʚʘʞʘʻʪʴʩʷ ʱʦ ʩʪʘʣʴ ʧʨʘʮʶʻ ʚ ʤʝʞʘʭ ʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ.  ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʽ ʩʪʽʢʦʩʪʽ ʧʣʘʩʪʠʥ, 

ʷʢ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʝʥʠʭ ʧʝʨʝʨʽʟʽʚ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ: ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ (1910), 

ʌ. Bleich, F., Southwell, R.V., and Skan, S.W. (1924) [ 5,6,12,13,14]. ɺ ʮʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʥʫʪʘ  ʩʪʽʡʢʽʩʪʴ ʧʣʘʩʪʠʥ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʧʨʠ 

ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʭ.     ʅʘʫʢʦʚʽ ʧʨʘʮʽ ɺʦʣʴʤʠʨʘ ɸ.ʉ, 

ɸ.ɸ.   ɺʣʘʩʦʚʘ, ɹ.ʄ. ɹʨʦʫʜʵ, ɸʣʬʫʪʦʚ ɸ.ʉ. [15,16,17,18]  ʙʫʣʠ ʥʘʧʨʘʚʣʝʥʥʽ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʧʨʦʙʣʝʤ ʩʪʽʡʢʦʩʪʽ ʧʣʘʩʪʠʥ ʧʨʠ ʨʽʟʥʠʭ 

ʫʤʦʚʘʭ ʟʘʢʨʽʧʣʝʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʣʘʩʪʠʥ ʧʨʠ  

ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʦʙʧʠʨʘʥʥʷ, ʧʦʢʘʟʘʥʘ  ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʪʦʯʥʠʤ  ʨʽʰʝʥʥʷʤ ʽ  

ʧʨʠʙʣʠʟʥʠʤ ʨʽʰʝʥʥʷʤ.       ʇʦʚʝʜʽʥʢʘ ʟʘʢʨʠʪʠʯʥʦʾ ʨʦʙʦʪʠ ʧʣʘʩʪʠʥ ʧʨʠʩʚʷʯʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨ ʨʷʜʫ ʘʚʪʦʨʽʚ [15,16,17,18]. ɯʜʝʷ ʊ. ʂʘʨʤʘʥʘ (1932) ʧʨʦ ʢʦʥʮʝʧʮʽʶ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ ʧʽʩʣʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʢʠ [14] ʥʘʙʫʣʘ 

ʨʦʟʚʠʪʢʫ ʚ ʩʫʯʘʩʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘ ʜʣʷ ʙʘʣʦʢ ʟ ʛʥʫʯʢʦʶ ʩʪʽʥʢʦʶ, ʜʣʷ  

4 ʢʣʘʩʫ ʧʝʨʝʨʽʟʽʚ ʟʘ   ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠʜʦʢʫʤʝʥʪʘʤʠ.  ʉʪʽʡʢʦʩʪʽ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʩʪʘʣʝʚʠʭ   ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʘʙʦ ʧʦʣʠʮʴ 

ʚʠʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘ Stowell, E.Z. (1943), Schafer, B. W.,   PekoÌz, T. (1987 -2012),  

Thomasson, P.(1978) [19,20,26,28,31].   ʉʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʽ ʧʦʣʠʮʴ ʭʦʣʦʜʥʦ 

ʬʦʨʤʦʚʘʥʠʭ  ʪʦʥʢʦʩʪʽʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [21,22,23,24,25].   

ɿʘʢʨʠʪʠʯʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʦʚʠʭ  ʧʣʘʩʪʠʥʠ ʩʪʘʣʝʚʠʭ ʙʘʣʦʢ ʽ ʢʦʣʦʥ   ʟ ʛʥʫʯʢʦʶ ʽ 

ʩʪʽʥʢʦʶ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ [32,33,34, 35,36] ʙʘʣʦʢ ʟ ʧʦʧʝʨʝʯʥʦ 

ʛʦʬʨʦʚʘʥʦʶ ʩʪʽʥʦʢʦʶ, ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʨʦʬʽʣʽʚ ʟ ʧʦʟʜʦʚʞʥʽʤʠ ʛʦʬʨʘʤʠ 

[34,7,29,30] ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʣʽ ʚ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʥʽʪʚ ʟʘʚʜʷʢʠ ʾʭ ʪʦʥʢʦʩʪʽʥʥʦʩʪʽ.   

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʇʦʨʽʚʥʷʪʠ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʜʚʦʪʘʚʨʽʚ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʥʦʨʤ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʣʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ.   

ʄʝʪʘ ʽ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʋʟʘʛʘʣʴʥʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʟʛʠʥ.    
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ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʽ ʧʽʜʭʦʜʠ  ʱʦʜʦ   ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʽʡʢʦʩʪʽ ʧʣʘʩʪʠʥ ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ.   

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿʘ ɼɹʅ ɺ.2.6-198-2014 ʩʪʽʡʢʽʩʪʴ ʩʪʽʥʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʝʚʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 
ef y

w

w

h R

t E
l= . 

ɺ ʪʘʙʣʠʮʽ  1 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ  ʚʠʤʦʛ ʟʘ ɼɹʅ ɺ.2.6-198-2014 ʽ ɭʚʨʦʢʦʜʦʤ 

3 (ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2010) ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʙʘʣʦʢ.  

 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʤʽʩʮʝʚʦʾ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ   ʙʘʣʦʢ ʧʨʠ  ʟʛʠʥʽ   ʟʘ ɼɹʅ ɺ.2.6-198-

2014 ʽ ʟʘ ɭʚʨʦʢʦʜ 3 (ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2010) ʧʨʠ ʧʨʫʞʥʽʡ ʨʦʙʦʪʽ ʩʪʘʣʽ 

ɿʛʠʥʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ ʂʣʘʩ 

ʧʝʨʝʨʽʟʽʚ 1 ʟʘ 
ɼɹʅ ɺ.2.6-198-

2014 

ɿʛʠʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʂʣʘʩ ʧʝʨʝʨʽʟʽʚ 3 ʟʘ ɭʚʨʦʢʦʜ 3 

(ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2010) 

 
   

ef y

w

w

h R

t E
l=  

wl¢3,5 ï ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʤʽʩʮʝʚʦʛʦ 
ʥʘʧʨʫʞʝʥʥʷ ʫ ʙʘʣʢʘʭ 

ʟ ʜʚʦʩʪʦʨʦʥʥʽʤʠ 

ʧʦʷʩʥʠʤʠ ʰʚʘʤʠ; 

 

/ 124c t e¢

y
235/fe=  

/ 42c t e¢  ʷʢʱʦ (when) 

-1y> : 
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0,67 0,33
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y
¢

+
 

 

ʷʢʱʦ (when) -1y¢ *)
: 

( )/ 62 1 ( )c t e y y¢ - - 

 

ʄʽʩʮʝʚʘ ʩʪʽʡʢʽʩʪʴ ʩʪʽʥʦʢ ʟʘ ɼɹʅ ɺ.2.6-198-2014 ʟʘʙʝʟʧʝʯʝʥʘ ʧʨʠ ʛʨʘʥʠʯʥʽʡ 

ʛʥʫʯʢʦʩʪʽ: 

 ɺʚʝʜʝʥʦ ʧʦʥʷʪʪʷ  ʛʥʫʯʢʦʩʪʽ ʩʪʽʥʢʠ
w

w

f

h

t
l= . ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʫ ʜʦʚʞʠʥʫ ʩʪʽʥʢʠ 

hef ʧʨʠʡʤʘʶʪʴ: ʫ ʟʚʘʨʥʠʭ ʙʘʣʢʘʭ ï ʧʦʚʥʫ ʚʠʩʦʪʫ ʩʪʽʥʢʠ hw, ʫ ʧʨʦʢʘʪʥʠʭ ʽ ʛʥʫʪʠʭ ï 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʯʘʪʢʘʤʠ ʚʥʫʪʨʽʰʥʽʭ ʟʘʢʨʫʛʣʝʥʴ. 

wl¢3,5 ï ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʽʩʮʝʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʫ ʙʘʣʢʘʭ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤʠ 
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ʧʦʷʩʥʠʤʠ ʰʚʘʤʠ; 

wl¢3,2 ï ʪʝ ʩʘʤʝ, ʫ ʙʘʣʢʘʭ ʟ ʦʜʥʦʩʪʦʨʦʥʥʽʤʠ ʧʦʷʩʥʠʤʠ ʰʚʘʤʠ; 

wl¢2,5 ï ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʽʩʮʝʚʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʫ ʙʘʣʢʘʭ ʟ ʜʚʦʩʪʦʨʦʥʥʽʤʠ 

ʧʦʷʩʥʠʤʠ ʰʚʘʤʠ. 

ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʣʘʩʫ ʩʪʘʣʽ (yf )ʪʘ 

ʛʥʫʯʢʦʩʪʽ ʩʪʽʥʢʠ (
wl ).  ʊʘʢʝ ʧʦʨʽʚʥʷʥʦ ʚʠʢʦʥʘʥʦ ʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʪʘʙʣ.2. 

 

ʊʘʙʣʠʮʷ 2 

 

 
 

 

 

 

                         

 

 

 

 

 

 

 

 

 

ʊʘʢʠʤ ʯʠʥʦʤ,  ʟʘ ɼɹʅ ʩʪʽʡʢʽʩʪʴ ʩʪʽʥʦʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʟ ʫʤʦʚʠ ʛʨʘʥʠʯʥʦʾ 

ʫʤʦʚʥʦʾ ʛʥʫʯʢʦʩʪʽ wl¢3,5 (ʛʥʫʯʢʽʩʪʴ /w w wh tl= =103,63), ʟʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʥʦʨʤʘʤʠ ʽʟ ʫʤʦʚʠ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʥʦʾ ʛʥʫʯʢʦʩʪʽ wl¢4,2 (ʛʥʫʯʢʽʩʪʴ 

/w w wh tl= =124). ɿʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʤʠ ʙʽʣʴʰʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘʱʝʤʣʝʥʥʷ 

ʩʪʽʥʦʢ ʧʦʠʣʠʮʷʤʠ, ʘʣʝ ʽ ʥʘʢʣʘʜʫʶʪʴʩʷ ʙʽʣʴʰʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʚʽʩ ʧʦʣʠʮʽ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʟʘʱʝʤʣʝʥʥʷ ʩʪʽʥʢʠ ʚ ʧʦʣʠʮʷʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤʘʭ 

ʟʘʢʣʘʜʝʥʦ ʤʝʭʘʥʽʟʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʙʘʣʦʢ  ʟ ʙʽʣʴʰ ʚʫʟʴʢʠʤʠ 

ʧʦʣʠʮʷʤʠ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʤʽʩʮʝʚʦʡ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ.  ɺ ʪʝʦʨʽʾ 

ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ ʧʨʠʡʥʷʪʦ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʽʥʦʢ, ʷʢ 

ʥʝʩʢʽʥʯʝʥʥʦ-ʜʦʚʛʠʭ ʧʣʘʩʪʠʥ ʧʨʫʞʥʦ ʟʘʱʝʤʣʝʥʠʭ ʫ ʧʦʷʩʥʠʭ ʣʠʩʪʘʭ.ʇʨʫʞʥʝ 

ʟʘʱʝʤʣʝʥʥʷ ʩʪʽʥʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʧʦʷʩʽʚ ʪʘ ʾʭ ʥʘʧʨʫʞʝʥʦ-

yfR ( yf ), 

ʄʇʘ 
235 320 

 ɼɹʅ ɺ.2.6-

198-2014 

ɼʉʊʋ-ʅ ɹ 

EN 1993-1-

1:2010 

ɼɹʅ 

ɺ.2.6-198-

2014 

ɼɹʅ ɺ.2.6-

198-2014 

w
w

w

h

t
l=  

w
w

w

h

t
l=  

w
w

w

h

t
l=  

w
w

w

h

t
l=  

wl¢2,5 74,0184 124 71,056 68,42381 

wl¢3,2 94,7436 124 90,9523 87,58248 

wl¢3,5 103,626 124 99,479 95,79334 

wl¢4,2 124,351 124 119,375 114,952 

wl¢5,5 162,841 124 156,324 150,5324 
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ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ : ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʨʠʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʩʪʠʩʥʫʪʽʡ ʧʦʣʠʮʽ ʜʚʦʪʘʚʨʘ ʧʨʠ ʟʛʠʥʥʦ-ʢʨʫʪʠʣʴʥʦʾ 

ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ.  

ʉʪʽʥʢʘ ʙʘʣʢʠ ʤʦʞʝ ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʚʘʞʥʦʾ ʜʽʾ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ t ʘʙʦ ʧʝʨʝʚʘʞʥʦʾ ʜʽʾ ʩʪʠʩʢʘʶʯʠʭ ʥʘʧʨʫʞʝʥʴ s ʧʨʠ ʜʽʾ ʟʛʠʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ.   ʉʪʠʩʢʘʶʯʽ  ʟʦʚʥʽʰʥʽ ʩʠʣʠ ʚʽʜʩʫʪʥʽ, ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ   ʚʠʥʠʢʘʶʪʴ ʪʽʣʴʢʠ ʚʽʜ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ  (Mx) .  

ʂʨʠʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʣʘʩʪʠʥʘʭ ʧʨʠ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ (sloc).  ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʧʣʠʚʫ 

ʟʘʱʝʤʣʝʥʥʷ ʚ ʧʦʷʩʘʭ ʩʪʽʥʦʢ ʚ ʙʘʣʢʘʭ ʨʦʟʛʣʷʥʫʪʦ ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʩʪʽʡʢʦʩʪʽ ʧʣʘʩʪʠʥ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʫʤʦʚʘʭ ʦʙʧʠʨʘʥʥʷ. ɿʘʧʠʩʠ 

ʬʦʨʤʫʣ ʧʨʦʚʝʜʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʧʨʠʡʥʷʪʠʤʠ ʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ.  

ʉʪʽʡʢʽʩʪʴ ʧʣʘʩʪʠʥ ʰʘʨʥʽʨʥʦ-ʦʧʝʨʪʠʭ ʧʦ ʢʦʥʪʫʨʫ. ɺ ʪʝʦʨʽʾ ʩʪʽʡʢʦʩʪʽ 

ʧʨʫʞʥʠʭ ʧʣʘʩʪʠʥ ʧʨʠʡʥʷʪʦ, ʱʦ ʧʨʠ ʰʠʨʠʥʽ ʧʣʘʩʪʠʥʠ  (b) ʪʘ ʜʦʚʞʠʥʽ (a) 

ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʜʦʚʛʦʾ, ʥʝʩʢʽʥʯʝʥʥʦ-ʜʦʚʛʦʾ ʧʣʘʩʪʠʥʠ (a b).ʅ ʘʧʣʘʩʪʠʥʫ 

ʜʽʶʪʴ ʪʽʣʴʢʠ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʷ, ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʷ ʚʽʜʩʫʪʥʽ, ʘʙʦ ʾʭ 

ʚʝʣʠʯʥʦʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ t s. (Q ­ max; M = 0)  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʩʚʽʡ ʯʘʩ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʜʽʾ ʪʦʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʧʨʫʞʥʠʭ ʧʣʘʩʪʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʦʢ ʧʽʜ ʢʫʪʦʤ ʜʦ ʧʦʚʟʜʦʚʞʥʴʦʾ ʦʩʽ. 

ɺʠʛʥʫʪʫ ʧʦʚʝʨʭʥʶ ʧʣʘʩʪʠʥʠ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʢʦʩʪʽ ʧʨʠ ʟʩʫʚʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʦʧʠʩʫʚʘʪʠ  ʧʦʜʚʽʡʥʦʶ ʩʠʥʫʩʦʾʜʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ. 

 

                   ( )sin sin .
y

w f x ky
b l

p p
= -                               (1) 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʦʛʠʥʽʚ  ʧʣʘʩʪʠʥʠ ʧʨʠ ʚʠʧʫʯʫʚʘʥʥʽ 

ʧʨʠʡʥʷʪʦ  ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: b ï ʰʪʨʠʥʘ ʧʣʘʩʪʠʥʠ, l - ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʫʟʣʦʚʠʤʠ 

ʪʦʯʢʘʤʠ,k -  ʧʘʨʘʤʝʪʨ ʥʘʭʠʣʫ ʩʢʣʘʜʦʢ ʧʨʠ ʚʠʧʫʯʫʚʘʥʥʽ,  f  - ʤʘʢʩʠʤʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʘʩʪʠʥʠ ʟ ʧʣʘʱʠʥʠ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ. 

 ʈʦʙʦʪʘ ʟʦʚʥʽʰʥʽʭ ʟʩʫʚʥʠʭ  ʩʠʣ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ 

ʧʣʘʩʪʠʥʠ ʙʫʜʝ:  

 

                             

0 0

.

b l

w

w w
W t dxdy

x y
t

µ µ
=

µ µññ                                        (2.a) 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʥʘ ʥʘʩʪʫʧʥʘ ʚʽʜʦʤʘ ʬʦʨʤʫʣʘ .  

 

                  
2
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k b
W t f

l

tp
t= .                                         (2.b) 
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ʇʦʚʥʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʙʫʜʝ ʤʘʪʠ ʟʘʧʠʩ. 

( )
4 2 2

2
2 2 2

2 2
6 2 1

8

l b
U Df k k

lb b l
t t

p è ø
= + + + +é ù

ê ú

.                            (3) 

 

ʗʢʱʦ ʧʨʠʨʽʚʥʷʪʠ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ ʚʥʫʪʨʽʰʥʠʭ ʩʠʣ ʜʦ ʨʦʙʦʪʠ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ , ʪʦʜʽ ʙʫʜʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴʩrt . 

 

( )
2 4 2 2

2
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2 2
6 2 1
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.             (4) 
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2
2 2

2 2 2
6 2 1

2
ʩr

w

D l b
k k

t k b b l
t t

t

p
t

è ø
= + + + +é ù

ê ú
 .                         (5) 

  

ʅʘʡʤʝʥʰʝ  ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ  ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ  ʙʫʜʝ ʧʨʠʡʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʫʤʦʚʽ. 

 

 0. 0.
k lt

t tµ µ
= =

µ µ
                                           (6) 

 

ɼʨʫʛʘ ʫʤʦʚʘ ( 6) ʜʘʻ ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ.  
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ʆʩʪʘʪʦʯʥʦ. 

 

 ( )21
l

k
b

t= + .                                                (7) 

 

ɯʥʰʘ ʫʤʦʚʘ (6), ʜʘʻ ʘʣʛʝʙʨʘʾʯʥʝ ʨʽʚʥʷʥʥʷ ʟ ʜʚʦʤʘ ʥʝʚʽʜʦʤʠʤʠ. 

 



42 

 

( )
2 2 2

2
2 2

2 2 2

1
6 2 1 0

2 w

D l b
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( ) ( )
2 2 2

2
2 2

2 2 2 2 2 2

2
6 1 12 4 1 0

l b b
k k

k b k l k l
t t

t t t

- - - - + + + + =.         (8.a) 

ɿʘʤʽʥʘ ʨʦʟʤʽʨʽʚ ʧʣʘʩʪʠʥʠ ( )21
l

k
b

t= +  ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʚʥʷʥʥʷ ʟ 

ʦʜʥʠʤ ʥʝʚʽʜʦʤʠʤ. 

 

2 2 2 2

1 2 1 4
1 6 1 4 0 8 0

k k k kt t t t

- - - + - - + = ­ + =.                  (8.b) 

 

ɼʘʣʽ ʧʨʦʩʪʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
2kt, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʤʽʨʽʚ 

ʥʘʧʽʚʭʚʠʣʽ. 

 

2 1 1

2 2
k kt t= ­ = .                                       (8.c) 

( )21 .
l

k
b

t= +    ( )1 0,5 1,2247
l

b
= + = .        ( 8.d) 

 

ʌʦʨʤʫʣʘ ʢʨʠʪʠʯʥʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʘʻ ʟʘʧʠʩ ʪʘʢʠʡ ʟʘ (5) ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (8).  
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2
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2

2
; 4 2 5,657ʩr
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D
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t b
t t

p
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ɿʘ ʜʦʩʣʽʜʞʝʥʷʤʠ Southwell, R. V. (  Southwell, R. V. Skan S.W. On the 

stability under shearing forces of a flat elastic strips.  Proceeding of the Royal Soceity. 

Of London, Series  A 105,582-607,1924) ʪʦʯʥʝ ʨʽʰʝʥʥʷ ʚ ʟʘʤʢʥʫʪʦʤʫ ʚʠʛʣʷʜʽ ʜʘʻ 

ʟʥʘʯʝʥʥʷ 5,34, ʱʦ ʙʽʣʷ 6% ʤʝʥʰʝ ʟʘ ʧʨʠʙʣʠʟʥʝ ʨʽʰʝʥʥʷ ʦʪʨʠʤʘʥʝ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʊʠʤʦʰʝʥʢʦ ʉ.ʇ. ɿʘ ʧʨʠʙʣʠʟʥʠʤ ʨʽʰʝʥʥʷʤ ( )21l k bt= + =1,2247 b (ʟʘ 

ʬʦʨʤʫʣʦʶ 3.8) ʧʨʠ 
1

2
kt= , ʘ ʪʦʯʥʝ ʨʽʰʝʥʥʷ ʜʘʻ ʟʥʘʯʝʥʥʷ l = 1,25 b ( ʨʠʩ.3.1).  

ɺ ʪʘʙʣʠʮʽ 3 ʚʢʘʟʘʥʦ ʫʪʦʯʥʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʂt ʧʨʠ ʨʽʟʥʠʭ 

ʚʽʜʥʦʰʝʥʥʷʭ ʜʦʚʞʠʥʠ (l ) ʜʦ ʰʠʨʠʥʠ ʧʣʘʩʪʠʥʠ (b). l/ b 

 

ʋʪʦʯʥʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʂt 

ʊʘʙʣʠʮʷ  3 

l/ b 1,0 1,1 1,2 1,3 1,4 1,6 1,8 2,0 3,0 5,0 ¤ 

ʂt 9,34 8,47 7,97 7,57 7,3 6,9 6,64 6,47 6,04 5,71 5,34 

 

 ɿʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʤʦʞʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 

( )
2

4
5,34

/
K

l b
t= + .                                            (10) 

 ʉʪʽʡʢʽʩʪʴ ʥʝʩʢʽʥʯʝʥʥʠʭ ʧʣʘʩʪʠʥ ʞʦʨʩʪʢʦ ʟʘʱʝʤʠʣʝʥʠʭ ʧʦ 

ʧʦʟʜʦʚʞʥʠʭ  ʢʨʘʡʢʘʭ.  ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʛʦ ʟʘʱʝʤʣʝʥʥʷ  ʧʦʟʜʦʚʞʥʠʭ ʢʨʘʡʦʢ 

ʧʣʘʩʪʠʥ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʩʪʽʡʢʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 5,34 ʜʦ 8,98. 

 
2

2
; 8,98ʩr

w

D
ʂ ʂ

t b
t t

p
t = = .   0,8l b= .                   (10) 

 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʚʫʟʣʦʚʠʤʠ ʪʦʯʢʘʤʠ ʟʚʫʞʫʻʪʴʩʷ  ʜʦ 0,8l b= . (ʨʠʩ.3.2). 

    

ʅʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʜʦ ʤʽʩʮʝʚʦ  ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ. 

ʇʦʨʽʚʥʷʥʥʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ.  

  ʉʪʽʡʢʽʩʪʴ ʧʨʠ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ɿʘʧʠʰʠʤʦ ʬʦʨʤʫʣʠ (9) ʽ (10) 

ʯʝʨʝʟ ʧʦʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʽ ʚ ɼɹʅ ɺ.2.6-198-2014 . 
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= = ­ = ­ =

-

            (11.ʘ) 

ʊʝʧʝʨ ʤʘʻʤʦ ʪʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʛʥʫʯʢʦʩʪʽ ʩʪʽʥʢʠ.  
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- -
    (11.b) 

 

ɺʠʧʘʜʢʫ, ʢʦʣʠ ʢʨʠʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʪʴ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽʥʘ ʟʨʽʟ, ʟ 

ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʧʣʠʚʘʻ ʬʦʨʤʫʣʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʛʥʫʯʢʦʩʪʽ 

ʩʪʽʥʢʠ ʧʨʠ ʷʢʽ ʩʪʽʥʢʘ ʥʝ ʙʫʜʝ ʚʪʨʘʯʘʪʠ ʩʪʽʡʢʽʩʪʴ. 
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ʇʝʨʝʡʜʝʤʦ ʜʦ ʫʤʦʚʥʦʾ ʛʥʫʯʢʦʩʪʽ ʩʪʽʥʢʠ (wl ): 
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ʗʢʱʦ ʜʦʪʠʯʥʽ ʢʨʠʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ (3.14.b) ʜʦʩʷʛʘʶʪʴ ʤʝʞʽ ʤʽʮʥʦʩʪʽ 

ʩʪʘʣʽ ʥʘ ʟʩʫʚ, ʪʦʜʽ ʬʦʨʤʫʣʘ (3.14.b) ʧʨʠʡʤʝ ʟʘʧʠʩ. 
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ʇʨʠ ʟʥʘʯʝʥʥʽ ʂt=5,34 ʤʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʯʥʠʭ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʛʨʘʥʠʯʥʫ ʛʥʫʯʢʽʩʪʴ ʩʪʽʥʢʠ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʢʠ ʚʽʜ ʟʩʫʚʥʠʭ 

ʟʫʩʠʣʴ. 
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. 9,769 9,769 3,12s

w wcr s

w

R
Rt l l
l

= = ­ = ­ = =.      (16.b) 

 

ɺ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘ  ʟ ʧʨʦʝʢʪʫʚʘʥʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʨʠʡʥʷʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʱʝʤʣʝʥʥʷ ʩʪʽʥʢʠ ʚ ʧʦʷʩʘʭ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘʣʢʠ, ʪʦʤʫ 

ʢʨʠʯʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ ʛʥʫʯʢʦʩʪʽ ʧʨʠ ʫʤʦʚʽ 

cr sRt = ʧʨʠʡʥʷʪʦ ʙʽʣʴʰʠʤ. 

 

2
10,3 10,3 3,2.s

wcr

w

R
t l

l
= ­ = =  

ʊʘʢʠʤ ʯʠʥʦʤ,  ʥʘ ʩʪʽʡʢʽʩʪʴ  ʩʪʽʥʦʢ ʙʘʣʦʢ ʧʨʠ ʜʽʾ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʟʘʱʝʤʣʝʥʥʷ ʧʦʣʠʮʷʤʠ ʻ ʬʘʢʪʠʯʥʦ ʧʨʫʞʥʠʤ ʟʘʱʝʤʣʝʥʥʷ ʩʪʽʥʢʠ ʧʦʣʠʮʷʤʠ, ʚʧʣʠʚ 

ʧʦʯʘʪʢʦʚʠʭ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ  ʪʘʢ ʚʧʣʠʚʘʻ, ʱʦ ʬʘʢʪʠʯʥʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʪʽʥʢʘ 

ʙʣʠʟʴʢʘ ʜʦ ʽʜʝʘʣʴʥʦ ʰʘʨʥʽʨʥʦ ʟʘʱʝʤʣʝʥʦʾ ʧʣʘʩʪʠʥʠ.   
 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʪʠʯʥʠʭ 
ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʜʚʦʪʘʚʨʦʚʠʭ ʙʘʣʦʢ ʟ ʚʠʤʦʛʘʤʠ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ   ɼɹʅ ɺ.2.6-198-2014 ɯ ɭɺʈʆʂʆɼʆʄ 3 (ɼʉʊʋ-ʅ ɹ EN 

1993-1-1:2010).   ʇʦʢʘʟʘʥʦ, ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛʘʭ ʚʚʝʜʝʥʦ ʧʝʚʥʽ ʟʘʧʘʩʠ ʟʘ 
ʤʽʩʮʝʚʦʶ ʩʪʽʡʢʽʩʪʶ ʩʪʽʥʦʢ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʧʦʯʘʪʢʦʚʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʪʘ 

ʜʦʨʜʘʪʢʦʚʽ ʣʦʢʘʣʴʥʳ ʥʘʧʨʫʞʝʥʥʷ. ɼʦʢʘʟʘʥʦ ʩʧʽʣʴʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ 

ʧʦʢʣʘʜʝʥʠʭ ʚ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ    ʢʨʠʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ 

ʩʪʽʥʦʢ ʩʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ɼɹʅ ʽ ɼʉʊʋ.    

 
1. ɼɹʅ ɺ.2.6-198:2014 çʉʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷè, ʄʽʥʨʝʛʽʦʥʙʫʜ, 2014, 

ʂ.: ɺʠʜʘʚʥʠʮʪʚʦ çʉʪʘʣʴè, 2014, 199 ʩ. 2. AISI-S100. (2007) North American Specifications 

for the Design of ColdFormed Steel Structural Members, American Iron and Steel Institute, 

Washington, D.C. 3. ɼʉʊʋ-ʅ ɹ EN 1993-1-1:2012 "ɭʚʨʦʢʦʜ 3. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʠʥʘ 1-1. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʽ ʧʨʘʚʠʣʘ ʜʣʷ ʩʧʦʨʫʜ (EN 1993-1-1:2005, IDʊ) 

". 4. ɼʉʊʋ-ʅ ɹ EN 1993-1-3:2012 "ɭʚʨʦʢʦʜ 3. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʏʘʩʪʠʥʘ 1-3. ɿʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ. ɼʦʜʘʪʢʦʚʽ ʧʨʘʚʠʣʘ ʜʣʷ ʭʦʣʦʜʥʦʬʦʨʤʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ 

ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʣʠʩʪʽʚ (EN 1993-1-3:2006, IDT)". 5. ɻʨʠʛʦʣʶʢ ʕ. ʀ. ʇʨʦʙʣʝʤʳ 
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ʥʝʣʠʥʝʡʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ: ʄʝʪʦʜʳ ʧʨʠʣʦʞʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦ ʧʨʘʤʝʪʨʫ ʚ ʥʝʣʠʥʝʡʥʳʭ 

ʟʘʜʘʯʘʭ ʤʝʭʘʥʠʢʠ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʠʨʫʵʤʦʛʦ ʪʝʣʘ. /ʕ.ʀ. ɻʨʠʛʦʣʶʢ, ɺ.ʀ. ʐʘʣʘʰʠʣʠʥ/ ʄ: 
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ʈʆɿʈɸʍʋʅʆʂ ɿɸ ʅɽʉʋʏʆʖ ɿɼɸʊʅɯʉʊʖ ʇʆɿɸʎɽʅʊʈʆɺʆ 

ʉʊʀʉʅʋʊʀʍ ʂʆʃʆʅ ɿɸ ɼɯɰ ʄɸʃʆʎʀʂʃʆɺʀʍ ʅɸɺɸʅʊɸɾɽʅʔ ɯɿ 

ɿʅɸʂʆɿʄɯʅʅʀʄʀ ɽʂʉɽʅʊʈʀʉʀʊɽʊɸʄʀ ʋ ɺɯɼʇʆɺɯɼʅʆʉʊɯ 

ʅʆɺʀʍ ʅʆʈʄ. 
 

ʈɸʉʏɽʊ ɿɸ ʅɽʉʋʏɽʁ ʉʇʆʉʆɹʅʆʉʊʖ ɺʅɽʎɽʅʊʈɽʅʅʆ ʉɾɸʊʓʍ 

ʂʆʃʆʅ ʇʈʀ ɼɽʁʉʊɺʀʀ ʄʆʃʆʎʀʂʃʆɺʓʍ ʅɸɻʈʋɿʆʂ ʉ 

ɿʅɸʂʆʇɽʈɽʄɽʅʅʓʄʀ ʕʂʉʎɽʅʊʈʀʉʀʊɽʊɸʄʀ ɺ ʉʆʆʊɺɽʊʉʊɺʀʀ 

ʅʆɺʓʍ ʅʆʈʄ. 
 

ALCULATION AFTER BEARING STRENGTH OFF -CENTER THE 

COMPRESSED COLUMNS FOR ACTIONS OF ʄɸʃʆʎʀʂʃʆɺʀʍ 

LOADING WITH ALTERNATING ɽʂʉɽʅʊʈʀʉʀʊɽʊɸʄʀ IN 

ACCORDANCE OF NEW NORMS. 
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ʩʧʦʩʦʙʥʦʩʪʠ ʚʥʝʮʝʥʪʨʝʥʥʦ ʩʞʘʪʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʣʦʥ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʤʘʣʦʮʠʢʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʩʦ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʥʦʚʳʭ ʥʦʨʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʧʨʦʯʥʦʩʪʠ. 

In the article the brought suggestions over in relation to the use of 

calculations of bearing strength off-center the compressed columns for the 

actions of the ʤʘʣʦʮʠʢʣʦʚʠʭ loading with alternating excentricities on the basis 

of new norms with the use of criterion of durability.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʇʦʟʘʮʝʥʪʨʦʚʠʡ ʩʪʠʩʢ, ʤʘʣʦ ʮʠʢʣʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʥʘʢʦʟʤʽʥʥʽ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʠ. 

ɺʥʝʮʝʥʪʨʝʥʥʦʝ ʩʞʘʪʠʝ, ʤʘʣʦʮʠʢʣʠʯʥʳʝ ʥʘʛʨʫʟʢʠ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ. 

Off -center clench, small cyclic loading, alternating excentricities. 

ɺʩʪʫʧ. ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʽʜʤʽʥʝʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [1], ʦʢʨʽʤ 
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ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ: ʯʽʪʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ, ʧʨʦʩʪʦʪʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ ʜʦʩʪʘʪʥʷ 

ʘʧʨʦʙʘʮʽʷ, ʤʘʻ ʩʫʪʪʻʚʠʡ ʥʝʜʦʣʽʢ ï ʥʝ ʚʨʘʭʫʚʘʥʥʷ ʷʚʠʱʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʟʘ ʜʽʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʥʘʚʽʪʴ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʽʭ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʭ, ʚʣʘʩʪʠʚʦʛʦ ʪʘʢʠʤ ʝʣʝʤʝʥʪʘʤ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ ʟʽ ʟʥʘʢʦʟʤʽʥʥʠʤʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ, ʪʦ ʚʨʘʭʦʚʫʶʯʠ ʚʢʘʟʘʥʠʡ ʥʝʜʦʣʽʢ, ʟʘʜʘʯʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚ 

ʦʪʨʠʤʘʥʥʽ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ ʽ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʷʢʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. ɿʘ ʜʘʥʠʤʠ ʘʥʘʣʽʟʫ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ, ʚ ʷʢʠʭ 

ʚʠʩʚʽʪʣʝʥʥʽ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʫ ʧʦʧʝʨʝʜʥʽʭ ʥʦʨʤ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘʩʪʫʧʥʝ. ʋ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [2, 3] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʜʘʥʫ 

ʧʨʦʙʣʝʤʫ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. ɼʝʷʢʽ ʧʨʦʧʦʟʠʮʽʾ ʧʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʟʘʮʝʥʪʨʦʚʦ 

ʩʪʠʩʥʫʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʢʣʘʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [4]. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʥʫʪʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʨʽʚʥʷ hu ʧʨʠ ʷʢʦʤʫ 

ʚʠʥʠʢʘʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʢʫ ʙʝʪʦʥʫ, ʽ ʧʨʠ ʮʴʦʤʫ ʝʣʝʤʝʥʪ ʱʝ ʟʜʘʪʥʠʡ ʯʠʥʠʪʠ 

ʦʧʽʨ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʽʾ 

ʤʘʣʦʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʘ ʦʩʥʦʚʽ ʥʝʣʽʥʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʪʝʨʽʶ ʤʽʮʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʪʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʢʫ ʙʝʪʦʥʫ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʝʣʝʤʝʥʪʽ, ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ. ʆʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ ʟʘ ʜʽʾ 

ʤʘʣʦʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʽ ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʛʨʘʥʠʯʥʘ ʨʽʚʥʦʚʘʛʘ 

ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʦʛʦ ʝʣʝʤʝʥʪʘ (ʢʦʣʦʥʠ) ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʨʦʬʽʣʶ bʭh ʟ 

ʩʠʤʝʪʨʠʯʥʠʤ ʘʨʤʫʚʘʥʥʷʤ ʟʘ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʟʥʘʢʦʟʤʽʥʥʠʤʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ (ʨʠʩ.1) ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʝʜʫʤʦʚ ʨʦʟʨʘʭʫʥʢʫ, ʧʨʠʡʥʷʪʠʭ ʫ 

ʜʽʶʯʠʭ ʥʦʨʤʘʭ [2, 3]. 

ʇʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʝʣʝʤʝʥʪʘ ʥʘ ʧʦʟʘʮʝʥʪʨʦʚʠʡ 

ʩʪʠʩʢ (ʨʠʩ.2), ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

Фz-z=0; N+NS-N'S+NC=0, (1) 

ФMo=0; N
'
S(d-a

'
s)+Nc*XNc-Nes=0; 

 

(2) 

 

ʜʝ Nc, Ns, N'S ï ʨʽʚʥʦʜʽʶʯʽ ʟʫʩʠʣʴ ʚʽʜʧʦʚʽʜʥʦ ʚ ʙʝʪʦʥʽ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ, ʚ 

ʨʦʟʪʷʛʥʫʪʽʡ ʪʘ ʩʪʠʩʥʫʪʽʡ ʘʨʤʘʪʫʨʽ; 

N ï ʧʦʚʟʜʦʚʞʥʷ ʩʠʣʘ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʽ; 
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d ï ʨʦʙʦʯʘ ʚʠʩʦʪʘ ʧʝʨʝʨʽʟʫ; 

XNc ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ ʟʫʩʠʣʴ ʚ ʙʝʪʦʥʽ ʩʪʠʩʥʫʪʦʾ 

ʟʦʥʠ ʜʦ ʦʩʽ y; 

a
'
s ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʪʠʩʥʫʪʦʾ ʛʨʘʥʽ ʧʝʨʝʨʽʟʫ ʜʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ 

ʚ ʩʪʠʩʥʫʪʽʡ ʘʨʤʘʪʫʨʽ; 

eS=eʆ+n/2-aS ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ 

ʩʠʣʠ ʜʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʘʨʤʘʪʫʨʽ; 

eʆ ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʚʘʛʠ 

ʧʝʨʝʨʽʟʫ. 

aS ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʨʦʟʪʷʛʥʫʪʦʾ ʛʨʘʥʽ ʧʝʨʝʨʽʟʫ ʜʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ 

ʨʽʚʥʦʜʽʶʯʦʾ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʘʨʤʘʪʫʨʽ. 

 

 
ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʘ ʜʽʾ 

ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ x<h. 

 

 
ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʫ ʧʨʠ 

ʦʜʥʦʟʥʘʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

 

ʈʽʚʥʦʜʽʶʯʽ ʟʫʩʠʣʴ ʚ ʙʝʪʦʥʽ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ, ʨʦʟʪʷʛʥʫʪʽʡ ʽ ʩʪʠʩʥʫʪʽʡ ʘʨʤʘʪʫʨʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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(3) 

 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [2] ʟʚ'ʷʟʦʢ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʩʪʠʩʥʫʪʦʛʦ ʙʝʪʦʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʝʣʝʤʝʥʪʫ c᷂ (h) ʧʨʠʡʤʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
ʟʘʣʝʞʥʦʩʪʽ 

  , (4) 

ʜʝ h= c/ cm ï ʟʤʽʥʥʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ, 

K= cm c/fcd = 1é4 ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʩʪʽ ʙʝʪʦʥʫ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʨʷʜ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘʚʝʜʝʥʠʭ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [4], ʘ ʩʘʤʝ: 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ h-x ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ XOY, ʧʦʯʘʪʦʢ ʚ ʪʦʯʮʽ ʆ1 

(ʨʠʩ.2), ʦʪʨʠʤʘʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʧʦʪʝʟʠ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ. 

 

, (5) 

 

X ï ʚʠʩʦʪʘ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ; 

x ï ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʦʩʽ X. 

ɿʘʣʝʞʥʽʩʪʴ (4) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (5) ʧʨʠʚʝʜʝʤʦ ʜʦ ʨʽʚʥʷʥʴ (1), (2) ʬʫʥʢʮʽʾ 

ʥʘʧʨʫʞʝʥʴ 

 

, (6) 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʬʫʥʢʮʽʡ (6) ʟʫʩʠʣʣʷ ʚ ʩʪʠʩʥʫʪʦʤʫ ʙʝʪʦʥʽ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

        (7) 

ʇʨʠ ʫʤʦʚʽ ʧʦʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʠʩʥʫʪʦʾ ʽ ʨʦʟʪʷʛʥʫʪʦʾ ʘʨʤʘʪʫʨʠ A'S ʽ AS ʽʟ 

ʨʽʚʥʷʥʥʷ (1) ʽ ʨʽʚʥʦʩʪʽ (7) ʦʪʨʠʤʘʻʤʦ, ʱʦ ʚʠʩʦʪʘ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʚ ʩʪʘʥʽ ʛʨʘʥʠʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʝʣʝʤʝʥʪʫ ʙʫʜʝ: 

 

             
(8) 

 

ʘ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ ʟʫʩʠʣʴ NC ï  

 

            , (9) 

ʜʝ Sc=fcdbX
2j ï ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʦʙôʻʤʥʦʾ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ 

ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʥʝʡʪʨʘʣʴʥʦʶ ʣʽʥʽʻʶ; 

j(h mʂ) ï  ʢʦʝʬʽʮʽʻʥʪ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʚ (4). 
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ɯʟ ʘʥʘʣʽʟʫ ʚʠʨʘʟʽʚ (8) ʽ (9) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʍ ʽ ʭʩ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ h ʧʨʠ ʷʢʦʤʫ ʝʣʝʤʝʥʪ ʟʜʘʪʥʠʡ ʯʠʥʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ. ɼʣʷ ʮʴʦʛʦ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [5] 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʜʝʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʤʽʮʥʦʩʪʽ 

ʫ ʚʠʛʣʷʜʽ 

 

. (10) 

 

ɯʟ (ʨʠʩ.2) ʚʠʜʥʦ, ʱʦ XNc=d-X+xc ʽ ʧʽʜʩʪʘʚʠʚʰʠ (9) ʫ (2) ʧʨʠ A'S + AS=min, 

ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ 

 

N  

 

(11) 

 

ʇʨʦʜʠʬʝʨʝʥʮʽʚʁʘʚʰʠ ʚʠʨʘʟ (11) ʧʦ ʧʘʨʘʤʝʪʨʠ h m ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ 

(10) ʧʨʠ ʫʤʦʚʽ ʩʧʨʠʡʤʘʥʥʷ ʝʣʝʤʝʥʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʥʘʯʝʥʥʷ 

h m ʟʥʘʭʦʜʠʤʦ ʽʟ ʚʠʨʘʟʫ 

 

, (12) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʘʣʝʞʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [4] ʧʨʠ ʫʤʦʚʽ, 

ʱʦ h m=hu, ʜʝ hu ï ʨʽʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʥʫʪʦʛʦ ʙʝʪʦʥʫ, ʧʨʠ 

ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. 

 

 (13) 

 

ɺʠʟʥʘʯʠʚʰʠ ʽʟ (13) ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʜʝʬʦʨʤʘʮʽʡ hu ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ (1) ʽ 

(2) ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʟʘʮʝʥʪʨʦʚʦ 

ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʧʣʦʩʢʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

 
 

(14) 

 
(15) 

 

ɺ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʥʝʚʽʜʦʤʠʤʠ ʻ ʚʝʣʠʯʠʥʠ Nu ʽ X. ʅʘʧʨʫʞʝʥʥʷ ʚ ʘʨʤʘʪʫʨʽ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʟʘʢʦʥʦʤ ɻʫʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʦʨʜʠʥʘʪʦʶ ʭ ʽ 

ʜʝʬʦʨʤʘʮʽʷʤʠ S ʛʽʧʦʪʝʟʦʶ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ (ʨʠʩ.2) ʚʠʨʘʟʠʤʦ ʟʘʣʝʞʥʦʩʪʷʤʠ: 
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(16) 

 
(17) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʘʤʽʩʪʴ Nu ʟ ʨʽʚʥʷʥʥʷ (14) ʚ ʨʽʚʥʷʥʥʷ (15) ʽ ʚʨʘʭʫʚʘʚʰʠ (16) ʽ 

(17), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʙʝʪʦʥʫ ʍ 

 

 

 
(18) 

 

ɺʠʟʥʘʯʠʚʰʠ ʚʠʩʦʪʫ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʍ ʽʟ ʨʽʚʥʷʥʥʷ (15) ʟʥʘʭʦʜʠʤʦ ʥʝʩʫʯʫ 

ʟʜʘʪʥʽʩʪʴ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʦʛʦ ʝʣʝʤʝʥʪʫ ʧʨʠ ʦʜʥʦʟʥʘʯʥʦʤʫ ʧʣʦʩʢʦʤʫ 

ʟʘʚʘʥʪʘʞʝʥʥʽ. 

ɿʘ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ 

ʭʘʨʘʢʪʝʨ ʨʦʙʦʪʠ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʧʦʜʽʙʥʠʤ, ʘʣʝ ʨʦʟʚʠʪʦʢ 

ʜʝʬʦʨʤʘʮʽʡ ʤʘʪʝʨʽʘʣʽʚ ʚ ʩʪʠʩʥʫʪʽʡ ʽ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʘʭ ʧʝʨʝʨʽʟʫ ʧʦʧʝʨʝʤʽʥʥʦ, 

ʙʫʜʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ ʟʘ ʩʚʦʾʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʦʜʥʦʟʥʘʯʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʅʘʚʽʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟʘ ʜʽʾ 

ʤʘʣʦʮʠʢʣʦʚʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢ ʧʦʢʘʟʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ  fcd ʟʥʠʞʫʻʪʴʩʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʧʨʠʯʠʥʘʤʠ 

ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ Ecd ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ ʚ 

ʩʢʣʘʜʦʚʠʭ ʙʝʪʦʥʫ ʧʽʩʣʷ ʧʝʨʚʠʥʥʦʛʦ ʩʪʠʩʢʫ ʽ ʨʦʟʪʷʛʫ, ʚʠʥʠʢʥʝʥʥʷ ʚʣʘʩʥʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʽ ʨʦʟʚʠʪʢʦʤ ʯʘʩʪʢʦʚʦʾ 

ʥʝʟʚʦʨʦʪʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʟʫʯʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʩʪʘʨʽʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʫʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʧʦʚʟʜʦʚʞʥʽʭ ʽ 

ʧʦʧʝʨʝʯʥʠʭ ʤʽʢʨʦʪʨʽʱʠʥ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʩʫʮʽʣʴʥʽʩʪʴ ʪʽʣʘ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʟʥʠʞʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʫ fcd ʽ Ecd. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʪʠ 

ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʘʪʠʯʥʠʭ ʢʦʣʦʥ ʟʘ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ 

ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ gʩʫʩ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʚ [6], ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʜʦ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ fcd ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷ ʤʘʣʦʮʠʢʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ: 

 

 
(19) 

 

ɺʧʣʠʚ ʤʘʣʦʮʠʢʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʩʪʠʩʥʫʪʦʛʦ ʙʝʪʦʥʫ ʚ ʨʦʙʦʪʽ [7] 

ʧʨʦʧʦʥʫʶʪʴ ʚʠʟʥʘʯʘʪʠ ʟʘ ʟʘʣʝʞʥʽʩʪʶ: 

             (20) 

 



54 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʫʤʦʚ ʨʦʙʦʪʠ ʟʘ ʜʽʾ ʟʥʘʢʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ 

ʟʘ ʫʤʦʚʦʶ: 

               

(21) 

 

ɺʠʩʥʦʚʦʢ. ɺ ʟʚôʷʟʢʫ ʟ ʚʚʝʜʝʥʥʷʤ ʫ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ 

ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʤʽʮʥʦʩʪʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʩʪʠʩʢʫ ʚ ʙʝʪʦʥʽ, ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʷʚʠʱʝ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʟʘ ʜʽʾ ʤʘʣʦʮʠʢʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽʟ ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ. 

ɿʘ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ 

ʝʣʝʤʝʥʪʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʜʝʬʦʨʤʘʪʠʚʥʽ ʽ ʤʽʮʥʽʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʪʘ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʘʨʤʫʚʘʪʠ ʪʘʢʽ ʝʣʝʤʝʥʪʠ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʄʇʆɿʀʊʅʀʍ ʇʃʀʊ ʗʂ ʅɽɿʅɯʄʅʆɰ ʆʇɸʃʋɹʂʀ 

ʇʈʀ ɹɽʊʆʅʋɺɸʅʅɯ ʇʃʀʊʀ ʇʈʆɰɿʅʆɰ ʏɸʉʊʀʅʀ ʄʆʉʊɯɺ 
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ʅɽʉʒɽʄʅʆʁ ʆʇɸʃʋɹʂʀ ʇʈʀ ɹɽʊʆʅʀʈʆɺɸʅʀʀ ʇʃʀʊʓ 

ʇʈʆɽɿɾɽʁ ʏɸʉʊʀ ʄʆʉʊʆɺ 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʠʪʠ 

ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʦʾ ʥʘ ʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ 

ʤʦʩʪʽʚ. 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʦʟʠʪʥʦʡ 

ʧʣʠʪʳ ʜʨʝʚʝʩʥʦʩʪʨʫʞʝʯʥʦʡ ʥʘ ʮʝʤʝʥʪʥʦʤ ʚʷʞʫʱʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʤʦʥʦʣʠʪʥʦʡ ʧʣʠʪʳ 

ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ. 

 

The experimental results composite wood-slabs on cement binder for use as 

permanent formwork for the device monolithic slab spans of bridges. 
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ɺʩʪʫʧ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʦʟʚʠʪʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʜʭʦʜʦʤ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʧʦʚʠʭ ʨʽʰʝʥʴ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʦʩʪʦʙʫʜʫʚʘʥʥʽ ʟʥʘʡʰʣʠ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ.  

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʽʪʯʠʟʥʷʥʠʡ ʪʘ ʟʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʩʪʽʚ, ʚʠʚʯʠʚʰʠ ʩʪʘʥ ʽʩʥʫʶʯʠʭ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʚʩʪʘʥʦʚʣʝʥʦ, 
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ʱʦ ʧʣʠʪʘ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʤʘʻ ʚʠʟʥʘʯʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ ʚ ʮʽʣʦʤʫ. ʉʪʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ, ʥʘʜʽʡʥʦʛʦ ʪʘ ʜʦʚʛʦʚʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʣʠʪʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʝ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʷʢʦʩʪʽ ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ ʚ ʮʽʣʦʤʫ. 

ɿʛʽʜʥʦ ɼʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʩʪʽʚ ʧʣʠʪʘ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ ʤʦʩʪʽʚ ʧʦʚʠʥʥʘ ʚʣʘʰʪʦʚʫʚʘʪʠʩʷ ʤʦʥʦʣʽʪʥʦʶ. ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ 

ʟʥʘʯʥʠʭ ʦʙôʻʤʘʭ ʨʦʙʽʪ ʟ ʦʧʘʣʫʙʣʶʚʘʥʥʷ ʪʘ ʨʦʟʦʧʘʣʫʙʣʶʚʘʥʥʷ ʧʣʠʪ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʠʰʪʫʚʘʥʴ ʪʘ ʧʦʤʦʩʪʝʡ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ ʫ ʧʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ. ʇʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʩʪʽʚ 

ʯʝʨʝʟ ʚʦʜʦʪʦʢʠ, ʥʘʜ ʜʽʶʯʠʤʠ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʜʦʨʦʛʘʤʠ ʪʘ ʟʘʣʽʟʥʠʮʷʤʠ, ʧʨʠ 

ʟʥʘʯʥʽʡ ʚʠʩʦʪʽ ʦʧʦʨ ʪʦʱʦ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʠʰʪʫʚʘʥʴ ʪʘ ʧʦʤʦʩʪʝʡ ʫʩʢʣʘʜʥʝʥʝ ʘʙʦ 

ʥʝʤʦʞʣʠʚʝ. ɺʥʘʩʣʽʜʦʢ ʚʽʜʤʦʚʠ ʚʽʜ ʥʝʜʦʩʢʦʥʘʣʠʭ ʪʠʧʦʚʠʭ ʧʨʦʝʢʪʽʚ ʪʘ ʧʝʨʝʭʦʜʫ 

ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʛʦʣʦʚʥʠʭ ʙʘʣʦʢ 

ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʽʥʚʝʥʪʘʨʥʦʾ ʦʧʘʣʫʙʢʠ ʧʣʠʪʠ ʪʘ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʧʘʣʫʙʦʢ. ɺʩʝ ʮʝ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ 

ʟʘʛʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʪʘ ʯʘʩ ʟʚʝʜʝʥʥʷ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ. 

ʊʦʤʫ ʚ ʤʦʥʦʣʽʪʥʦʤʫ ʤʦʩʪʦʙʫʜʫʚʘʥʥʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʟʥʽʤʥʽ 

ʦʧʘʣʫʙʢʠ, ʷʢʽ ʧʽʩʣʷ ʙʝʪʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʫ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʪʽʣʽ ʙʝʪʦʥʫ. ʇʝʨʝʚʘʛʦʶ 

ʥʝʟʥʽʤʥʠʭ ʦʧʘʣʫʙʦʢ ʻ ʪʝ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʦʥʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʧʽʜʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʨʠʰʪʫʚʘʥʴ) ʪʘ ʚʠʢʦʥʘʥʥʷ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʭ ʨʦʙʽʪ ʽʟ 

ʨʦʟʦʧʘʣʫʙʣʶʚʘʥʥʷ ʛʦʪʦʚʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɿʘ ʢʦʨʜʦʥʦʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ ʨʽʟʥʽ ʪʠʧʠ 

ʥʝʟʥʽʤʥʠʭ ʦʧʘʣʫʙʦʢ [1, 2, 3, 4]. ɸʣʝ ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʙʦʪʘ 

ʥʝʟʥʽʤʥʠʭ ʦʧʘʣʫʙʦʢ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ, ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʣʦʚʠʚʯʝʥʦʶ.  

ɺ ʋʢʨʘʾʥʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪʥʠʭ ʪʘ ʫ ʚʠʛʣʷʜʽ 

ʩʪʘʣʝʚʦʛʦ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ ʥʝʟʥʽʤʥʠʭ ʦʧʘʣʫʙʦʢ [5, 6, 7, 8, 9]. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʣʝʚʠʭ ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʥʘʩʪʠʣʽʚ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʾʭ 

ʷʢ ʝʣʝʤʝʥʪ ʟʦʚʥʽʰʥʴʦʛʦ ʘʨʤʫʚʘʥʥʷ, ʧʣʠʪʘ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʘʮʶʻ ʷʢ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʘ ʢʦʥʩʪʨʫʢʮʽʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ 

ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʘʨʤʫʚʘʥʥʷ ʥʠʞʥʴʦʾ ʟʦʥʠ ʧʣʠʪʠ ʧʨʦʛʦʥʦʚʦʾ 

ʙʫʜʦʚʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʦʙôʻʜʥʘʥʥʷ ʤʽʞ ʩʦʙʦʶ. 

ɺʠʢʦʥʘʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ, ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ ʘʚʪʦʜʦʨʦʞʥʽʭ ʤʦʩʪʽʚ ʪʘ ʚʠʪʨʘʪʠ ʥʘ 

ʦʧʘʣʫʙʣʶʚʘʣʴʥʦ-ʨʦʟʦʧʘʣʫʙʣʶʚʘʣʴʥʽ ʨʦʙʦʪʠ, ʪʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʥʝʟʥʽʤʥʦʾ 

ʦʧʘʣʫʙʢʠ, ʩʪʚʦʨʠʪʠ ʨʝʟʝʨʚʠ ʤʽʮʥʦʩʪʽ. 

ʂʨʽʤ ʚʠʱʝʟʛʘʜʘʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ 

ʥʘʩʪʠʣʫ ʥʝʟʥʽʤʥʠʭ ʦʧʘʣʫʙʦʢ ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʥʝʟʥʽʤʥʫ ʦʧʘʣʫʙʢʫ ʢʦʤʧʦʟʠʪʥʫ ʧʣʠʪʫ 

ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʫ ʥʘ ʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ [9].  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʠʪ ʷʢ 

ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ ʧʨʠ ʙʝʪʦʥʫʚʘʥʥʽ ʧʣʠʪ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʤʦʩʪʽʚ. 
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ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʠʭ ʧʣʠʪ ʥʘ ʮʝʤʝʥʪʥʦʤʫ 

ʚôʷʞʫʯʦʤʫ. 

ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʠʪʠ ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʦʾ ʥʘ 

ʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ ʪʠʧʫ BETONYP ʪʦʚʱʠʥʦʶ 40 ʤʤ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤʠ 

FALCO Forgacslapgyarto Zrt. (ʋʛʦʨʱʠʥʘ) ʚʠʛʦʪʦʚʣʝʥʦʾ ʚʽʜʧʦʚʽʜʥʦ MSZ 

EN 13986:2005 ñWood-based panels in construction. Characteristics, evaluation of 

conformity and markingò, Budapest, Hungary (ʇʣʠʪʠ ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʽ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʮʽʥʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʤʘʨʢʫʚʘʥʥʷ). 

ʊʘʢʽ ʧʣʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ɭʚʨʦʧʽ ʷʢ ʥʝʟʥʽʤʥʽ ʦʧʘʣʫʙʢʠ ʧʨʠ 

ʚʣʘʰʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʤʦʩʪʽʚ. ɸʣʝ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʙʘʣʢʘʤʠ ʤʦʩʪʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰʘ, ʘ ʥʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ɭʚʨʦʧʝʡʩʴʢʠʭ. ʊʦʤʫ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʪʫ ʢʦʤʧʦʟʠʪʥʦʾ 

ʧʣʠʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʧʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʝʢʪʥʠʤ 

ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʦʾ ʧʣʠʪʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʤʦʩʪʘ. 

ʇʨʦʛʨʘʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʝʨʝʜʙʘʯʘʣʘ: 

¶ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʛʠʥʽʚ ʧʣʠʪʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

¶ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʙʨʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʣʠʪʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʈʦʟʤʽʨ ʧʣʠʪʠ ï 1210ʭ790 ʤʤ. ʇʣʠʪʘ ʟ ʜʚʦʭ ʩʪʦʨʽʥ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʦʧʦʨʠ . 

ɺʝʣʠʯʠʥʘ ʦʧʠʨʘʥʥʷ 50 ʤʤ. 

ʇʣʠʪʘ ʚʠʧʨʦʙʦʚʫʚʘʣʘʩʷ ʚ ʧʨʦʝʢʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ 

ʥʘ ʜʽʶ ʩʪʘʪʠʯʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʄʦʜʝʣʶʚʘʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ 

ʩʚʽʞʦʫʢʣʘʜʝʥʦʾ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʘʨʤʘʪʫʨʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʣʶʜʝʡ, ʚʽʜ 

ʚʽʙʨʫʚʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʟʛʽʜʥʦ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [10, 11] ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʩʢʫ, ʱʦ ʥʘʚʘʥʪʘʞʫʚʘʚʩʷ ʥʘ ʧʣʠʪʫ ʯʝʨʝʟ ʙʝʟʜʦʥʥʠʡ ʷʱʠʢ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʩʽʡ ʧʣʦʱʠʥʽ ʧʣʠʪʠ. ʇʝʨʝʜ ʟʘʩʠʧʢʦʶ ʧʽʩʦʢ ʟʚʘʞʠʣʠ. ɿʘʩʠʧʢʘ 

ʚʽʜʙʫʚʘʣʘʩʷ ʧʦʩʪʘʜʽʡʥʦ. ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʠʪʫ ʩʢʣʘʣʦ 7,42 ʢʅ. 

ɿʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʣʠʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 

ɿʥʘʯʝʥʥʷ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʣʠʪʫ 

ˉ ʩʪʫʧʝʥʽ 1 2 3 4 5 6 7 8 9 

ɿʥʘʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʅ 

0,99 1,98 2,97 3,95 4,94 5,6 6,09 6,93 7,42 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʛʠʥʦʤʽʨʽʚ ʩʠʩʪʝʤʠ ɸʽʩʪʦʚʘ ʪʘ ʄʘʢʩʠʤʦʚʘ (ʨʠʩ. 

1) ʚʠʤʽʨʶʚʘʣʠ ʧʨʦʛʠʥʠ ʧʣʠʪʠ ʚ ʩʝʨʝʜʠʥʽ ʧʨʦʛʦʥʫ ʪʘ ʚ ʤʽʩʮʷʭ ʦʧʠʨʘʥʥʷ ʧʣʠʪʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʽʚ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ (ʮʽʥʘ ʧʦʜʽʣʢʠ 0,001 ʤʤ) ʟ 

ʙʘʟʦʶ 200 ʤʤ ʚʠʤʽʨʶʚʘʣʠ ʬʽʙʨʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʧʣʠʪʠ (ʨʠʩ. 1). ɯʥʜʠʢʘʪʦʨʠ ʥʘ 

ʙʘʟʘʭ ʚʩʪʘʥʦʚʠʣʠ ʧʦʩʝʨʝʜʠʥʽ ʧʣʠʪʠ. 
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ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʣʠʪʠ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʣʘʜʽʚ  

 

ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʣʘʜʽʚ ʪʘ ʾʭ ʥʫʤʝʨʘʮʽʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʣʘʜʽʚ ʥʘ ʧʣʠʪʽ: 1 ï ʢʦʤʧʦʟʠʪʥʘ ʧʣʠʪʘ; 2 

ï ʧʨʦʛʠʥʦʤʽʨ ʩʠʩʪʝʤʠ ɸʽʩʪʦʚʘ; 3 ï ʧʨʦʛʠʥʦʤʽʨ ʩʠʩʪʝʤʠ ʄʘʢʩʠʤʦʚʘ; 4 ï 

ʽʥʜʠʢʘʪʦʨ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʥʘ ʙʘʟʽ 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ. ʇʨʠ ʧʦʩʪʘʜʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʢʦʤʧʦʟʠʪʥʦʾ 

ʧʣʠʪʠ ʧʨʦʛʠʥʠ ʽ ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʣʠʪʠ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʚʘʣʠʩʷ.  

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3. ɽʧʶʨʠ ʧʨʦʛʠʥʽʚ ʧʣʠʪʠ, ʜʝ ʇ-1..., ʇ-6 ï ʧʦʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʦʤʽʨʽʚ; 

1...9 ï ʥʦʤʝʨ ʩʪʫʧʝʥʽ 
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ʅʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʪʨʽʱʠʥ ʯʠ ʦʟʥʘʢ 

ʨʫʡʥʫʚʘʥʥʷ ʧʣʠʪʠ. ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʽ ʝʧʶʨʠ ʧʨʦʛʠʥʽʚ ʥʘ ʢʦʞʥʽʡ ʩʪʫʧʝʥʽ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʠʥ ʧʣʠʪʠ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 7,42 ʢʅ ʙʫʚ 3,78 ʤʤ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 1/294 ʧʨʦʣʴʦʪʫ l ʽ ʻ ʤʝʥʰʠʤ ʚʽʜ ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʦʛʠʥʫ ʦʧʘʣʫʙʢʠ 1/200 

l=5,59 ʤʤ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʣʠʪʠ ʚ ʇʂ çʃʽʨʘè ʚʝʣʠʯʠʥʘ ʧʨʦʛʠʥʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ 7,42 ʢʅ ʩʪʘʥʦʚʠʪʴ 4,03 ʤʤ (ʨʠʩ. 4), ʱʦ ʻ ʙʽʣʴʰʠʤ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘ 6,6 %. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʦʟʠʪʥʠʭ ʧʣʠʪ ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʠʭ ʥʘ 

ʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʷʢ ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ 

. 

 

 

 

ʈʠʩ. 4. ɯʟʦʧʦʣʷ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʣʠʪʠ ʚ 

ʇʂ çʃʽʨʘè 

 

ʅʘ ʨʠʩ. 5 ʟʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʣʠʪʠ ʥʘ ʢʦʞʥʽʡ 

ʩʪʫʧʝʥʽ ʚʠʧʨʦʙʫʚʘʥʴ. ʇʨʷʤʦʣʽʥʽʡʥʽʩʪʴ ʛʨʘʬʽʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʫ ʢʦʤʧʦʟʠʪʥʽʡ ʧʣʠʪʽ. 
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ʈʠʩ. 5. ɻʨʘʬʽʢ ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʡ ʧʣʠʪʠ, ʜʝ ɯ-1, ɯ-2 ï ʧʦʟʥʘʯʝʥʥʷ 

ʽʥʜʠʢʘʪʦʨʽʚ 

 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʢʦʤʧʦʟʠʪʥʦʾ ʧʣʠʪʠ ʜʝʨʝʚʦʩʪʨʫʞʢʦʚʦʾ 

ʥʘ ʮʝʤʝʥʪʥʦʤʫ ʚôʷʞʫʯʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʚʝʣʠʯʠʥʠ ʧʨʦʛʠʥʽʚ 

ʧʨʠ ʜʽʾ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ. ʇʣʠʪʫ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʙʽʨʥʦ-ʤʦʥʦʣʽʪʥʠʭ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ 

ʤʦʩʪʽʚ ʷʢ ʥʝʟʥʽʤʥʫ ʦʧʘʣʫʙʢʫ. 

 
1. United States Pat. 5941035, Int. Cl.6 E04B 5/40. Steel joist and concrete floor system / 

John A. C. Purse (Canada, Mega Building System Ltd). 2. United States Pat. 6578343, Int. Cl.7 

E04C 2/32; E04B 5/04; E04B 5/00; E04F 13/04; E01D 19/12. Reinforced concrete deck 

structure for bridges and method of making same / Fred Dumler, Richard L. Lawrence (United 

States, Pipe Service, Inc). 3. Reinitzhuber F. Stahlprofilblech ï Verbunddecken // Zentralblatt 

f¿r Industriebau. ï 1976. - ˉ 4. ï S. 136 ï 142. 4. ʃʠʩʦʛʦʨ ʉ. ʄ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 
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ʧʨʘʮʴ. ï ʃʴʚʽʚ: ʂʘʤʝʥʷʨ, 2009. ï ɺʠʧʫʩʢ 21. ï ʉ. 193-202. 7. ʂʦʚʘʣʴ ʄ.ʇ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪ, ʘʨʤʦʚʘʥʠʭ ʩʪʘʣʝʚʠʤ ʧʨʦʬʽʣʴʦʚʘʥʠʤ ʥʘʩʪʠʣʦʤ ʙʝʟ ʧʨʦʛʦʥʦʚʦʛʦ 
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ʋɼʂ 725  
 

ʆɹôɭʄʅʆ-ʇʃɸʅʋɺɸʃʔʅɯ ʊɸ ʂʆʅʉʊʈʋʂʊʀɺʅɯ ʈɯʐɽʅʅʗ  

ʉʊɸʎɯʆʅɸʈʅʀʍ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ɺʆɻʅɽɺʀʍ ʇʋʅʂʊɯɺ 

 

ʆɹʒɽʄʅʆ-ʇʃɸʅʀʈʆɺʆʏʅʓɽ ʀ ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʈɽʐɽʅʀʗ 

ʉʊɸʎʀʆʅɸʈʅʓʍ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʆɻʅɽɺʓʍ ʇʋʅʂʊʆɺ 

 

SPACE-PLANNING AND DESIGN SOLUTIONS OF STATIONARY 

AUTOMATED FIRING POINTS  

 

ɻ. ɺ. ɻʝʪʫʥ, ʢ. ʪ. ʥ., ʧʨʦʬʝʩʦʨ, ɺ. ɺ. ʊʦʚʙʠʯ ʜʦʢʪ. ʘʨʭ., ʧʨʦʬʝʩʦʨ, ʉ. ɺ. 

ʄʠʭʘʣʴʯʝʥʢʦ, ʜʠʨʝʢʪʦʨ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʽʩʪʦʨʽʾ ʪʘ ʪʝʦʨʽʾ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʜʠʟʘʡʥʫ ʆ. ɺ. ʂʠʩʽʣʴ, ʘʩʧʽʨʘʥʪʢʘ (ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ) 

 

ɻ. ɺ. ɻʝʪʫʥ, ʢ. ʪ. ʥ., ʧʨʦʬʝʩʩʦʨ, ɺ. ɺ. ʊʦʚʙʳʯ ʜʦʢʪ. ʘʨʭ., ʧʨʦʬʝʩʩʦʨ, ʉ. ɺ. 

ʄʠʭʘʣʴʯʝʥʢʦ, ʜʠʨʝʢʪʦʨ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʩʪʦʨʠʠ ʠ 

ʪʝʦʨʠʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʜʠʟʘʡʥʘ ʆ. ɺ. ʂʳʩʠʣʴ, 

ʘʩʧʠʨʘʥʪʢʘ (ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʛ. ʂʠʝʚ) 

 

G. V. Getun, candidate of technical sciences, professor, Tovbih V. V.,  doktor 

architect, professor, S. V. Mihalhenco, director of the research institute for 

history and theory of architecture, urban planning and design, O. V. Kissel, 

postgraduate (Kyiv National University of Construction and Architecture, Kyiv)  

 

ɺ ʩʪʘʪʪʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʩʧʦʨʫʜ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʦʛʥʝʚʠʭ ʧʫʥʢʪʽʚ (ɸɺʇ) ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʦʙôʻʤʥʦ-

ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʩʧʦʨʫʜʠ ɸɺʇ ʥʘ ʙʣʦʢ-ʧʦʩʪʘʭ. 

ʈʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʪʝʭʥʦʣʦʛʽʾ ʟʚʝʜʝʥʥʷ ʥʝʩʫʯʠʭ ʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜʠ ɸɺʇ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.   

 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʦʛʨʘʥʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʦʛʥʝʚʳʭ ʧʫʥʢʪʦʚ (ɸʆʇ) 

ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʞʠʟʥʠ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʦʦʨʫʞʝʥʠʷ ɸʆʇ ʥʘ ʙʣʦʢ-

ʧʦʩʪʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʪʝʭʥʦʣʦʛʠ ʚʦʟʚʝʜʝʥʠʷ ʥʝʩʫʱʠʭ ʠ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʦʨʫʞʝʥʠʷ ɸʆʇ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.   

 

The article analyzes the need for a fixed border facilities automated firing 

points (AVP) for saving the lives of soldiers. The proposed scheme of space-
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planning and constructive solution building block for AVP positions. Considered 

variants of the technology of the erection of bearing and enclosing structures of 

buildings AVP from a variety of materials. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ʉʧʦʨʫʜʘ, ʚʦʛʥʝʚʠʡ ʧʫʥʢʪ, ʬʦʨʤʘ, ʨʦʟʤʽʨʠ, ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩʪʨʫʢʮʽʾ, ʤʽʮʥʽʩʪʴ. 

ʉʦʦʨʫʞʝʥʠʝ, ʦʛʥʝʚʦʡ ʧʫʥʢʪ, ʨʘʟʤʝʨʳ, ʤʘʪʝʨʠʘʣʳ, ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʯʥʦʩʪʴ. 

Building, fire point, shape, dimensions, materials, design, strength. 

 

ʉʪʘʥ ʧʠʪʘʥʥʷ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʽʟ ʩʪʚʦʨʝʥʥʷ ʥʦʚʽʪʥʽʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʦʙʦʨʦʥʥʠʭ ʩʧʦʨʫʜ ʥʘ ʦʩʥʦʚʽ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʦʛʥʝʚʦʾ ʩʠʩʪʝʤʠ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʽ ʟʥʠʱʝʥʥʷʤ ʮʽʣʝʡ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ, ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʧʦʩʘʜʢʠ, ʟʚʝʜʝʥʥʷ ʪʘ ʤʘʩʢʫʚʘʥʥʷ ʥʘ ʨʽʟʥʽʡ ʤʽʩʮʝʚʦʩʪʽ. 

ɸʥʘʣʽʟ ʪʘ ʚʠʚʯʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʙʫʜʽʚʥʠʮʪʚʘ ʚʦʛʥʝʚʠʭ ʩʧʦʨʫʜ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʦʩʪʘʥʥʽʭ ʻ ʟʘʭʠʩʪ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ 

(ʣʶʜʝʡ) ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ. ɺʠʚʝʜʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʤʝʞʽ ʥʝʙʝʟʧʝʯʥʦʾ ʟʦʥʠ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʽ ʟʜʝʰʝʚʠʪʠ ʟʚʝʜʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ɺʦʛʥʝʚʦʛʦ ʇʫʥʢʪʫ (ɸɺʇ). 

ʉʴʦʛʦʜʥʽʰʥʷ ʩʠʪʫʘʮʽʷ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʨʝʛʣʘʤʝʥʪʘʮʽʡʥʽ ʜʦʢʫʤʝʥʪʠ ʨʽʟʥʦʛʦ 

ʨʽʚʥʷ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ ɿʙʨʦʡʥʠʭ ʉʠʣ ʋʢʨʘʾʥʠ ˇʨʫʥʪʫʶʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʚʠʤʦʛʘʭ ʜʦʢʫʤʝʥʪʽʚ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ, ʷʢʽ ʚʞʝ ʻ ʤʦʨʘʣʴʥʦ 

ʟʘʩʪʘʨʽʣʠʤʠ. ʇʨʠʨʦʜʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʤʘʶʪʴ ʟʘʢʨʠʪʠʡ ʭʘʨʘʢʪʝʨ, 

ʱʦ ʯʝʢʘʻ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʽ ʥʘ ʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʝʢʪ. ʅʘʷʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʬʦʨʪʠʬʽʢʘʮʽʾ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʚʦʛʥʝʚʠʭ ʧʫʥʢʪʽʚ ʽʩʥʫʶʪʴ ʽ ʮʽʣʢʦʤ ʧʽʜʜʘʶʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʥʘ ʦʩʥʦʚʽ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʪʘ ʟʘʛʘʣʦʤ ʚʽʡʩʴʢʦʚʦʾ 

ʩʧʨʘʚʠ ʚʠʩʫʚʘʻ ʧʝʨʝʜ ʜʝʨʞʘʚʦʶ ʚʠʤʦʛʠ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʚʝʜʝʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʝ, ʟʦʢʨʝʤʘ ʽʥʞʝʥʝʨʥʝ ʽ ʢʘʜʨʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦ ʩʫʯʘʩʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʊʘʢʦʞ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʙʫʜʽʚʝʣʴʥʘ ʽʥʜʫʩʪʨʽʷ ï ʥʘ ʨʠʥʦʢ ʚʠʭʦʜʷʪʴ  

ʙʘʛʘʪʦ ʥʦʚʠʭ ʤʽʮʥʠʭ, ʪʨʽʱʠʥʦʩʪʽʡʢʠʭ ʽ ʚʦʛʥʝʪʨʠʚʢʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʚʠʨʦʙʽʚ, ʟʘʧʨʦʚʘʜʞʫʶʪʴʩʷ ʯʠʩʣʝʥʥʽ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʎʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜ, 

ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɹʦʡʦʚʽ ʜʽʾ ʥʘ ʩʭʦʜʽ ʋʢʨʘʾʥʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʫʤʦʚʘʭ, ʱʦ ʩʢʣʘʣʠʩʷ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ, ʙʨʦʥʝʪʝʭʥʽʢʠ ʽ ʘʨʪʠʣʝʨʽʾ ʟʘʣʠʰʘʻʪʴʩʷ 

ʛʦʣʦʚʥʠʤ ʟʘʩʦʙʦʤ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ. ɺʪʨʘʪʠ ɿʙʨʦʡʥʠʭ ʉʠʣ 

ʋʢʨʘʾʥʠ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ. ʇʝʨʰʠʤʠ, ʭʪʦ ʩʧʨʠʡʤʘʻ ʚʦʨʦʞʽ ʥʘʧʘʜʠ, 

ʻ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽ. ɿʘʜʘʯʘ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʫʯʘʩʥʠʢʽʚ ʙʦʡʦʚʠʭ 

ʜʽʡ, ʝʬʝʢʪʠʚʥʘ ʦʙʦʨʦʥʘ ʻ ʥʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʜʝʨʞʘʚʠ. ʅʘ ʮʴʦʤʫ ʪʣʽ ʚʠʷʚʣʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ ʽ ʙʨʦʥʴʦʚʘʥʦʾ ʪʝʭʥʽʢʠ ʩʫʧʨʦʪʠʚʥʠʢʘ, ʧʦʜʘʥʥʷ 

ʩʠʛʥʘʣʫ ʪʨʠʚʦʛʠ, ʥʘʥʝʩʝʥʥʷ ʚʪʨʘʪ ʚʦʨʦʛʫ ʙʝʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʻ 
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ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ. ʉʪʘʮʽʦʥʘʨʥʽ ʧʨʠʢʦʨʜʦʥʥʽ  

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʚʦʛʥʝʚʽ ʧʫʥʢʪʠ (ɸɺʇ)  ʥʘ ʙʣʦʢʧʦʩʪʘʭ ï ʮʝ ʛʘʨʥʦ ʫʢʨʽʧʣʝʥʽ ʤʽʮʥʽ 

ʪʘ ʥʘʜʽʡʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʽʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ. ʄʘʩʢʫʚʘʥʥʷ ʪʘʢʠʭ ʩʧʦʨʫʜ ɸɺʇ  ʥʝ 

ʦʙʦʚôʷʟʢʦʚʝ, ʙʦ ʦʢʨʽʤ ʨʝʘʣʴʥʦʾ ʚʦʛʥʝʚʦʾ ʧʽʜʪʨʠʤʢʠ ʚʦʥʠ ʤʘʶʪʴ ʬʫʥʢʮʽʶ 

ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟ ʤʝʪʦʶ ʧʝʨʝʰʢʦʜʞʘʥʥʷ ʥʝʧʨʘʚʦʤʽʨʥʠʤ ʜʽʷʤ ʥʘ 

ʜʝʨʞʘʚʥʦʤʫ ʢʦʨʜʦʥʽ. ɼʦʮʽʣʴʥʦ ʩʪʚʦʨʶʚʘʪʠ ʩʧʦʨʫʜʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ɸɺʇ ʢʨʫʛʣʦʾ 

ʬʦʨʤʠ ʚ ʧʣʘʥʽ ʟ ʢʫʧʦʣʴʥʠʤ ʧʦʢʨʠʪʪʷʤ ʩʬʝʨʠʯʥʦʾ ʘʙʦ ʝʣʽʧʪʠʯʥʦʾ ʬʦʨʤʠ, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ.  

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʪʘʮʽʦʥʘʨʥʽ  ɸɺʇ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʦʩʦʙʣʠʚʠʭ ʫʤʦʚʘʭ ʧʨʠ ʚʽʨʦʛʽʜʥʠʭ ʟʥʘʯʥʠʭ ʙʘʣʽʩʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʾʭ 

ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʽʮʥʽʩʪʴ, 

ʩʪʽʡʢʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʪʘʢʠʭ ʩʧʦʨʫʜ. ɺ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʧʦʨʫʜʘʭ ɸɺʇ ʜʣʷ 

ʚʦʛʥʝʚʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʢʦʨʜʦʥʥʠʭ ʙʣʦʢʧʦʩʪʽʚ ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʟʤʽʱʝʥʥʷ 

ʩʪʨʽʣʝʮʴʢʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʭʦʚʘʥʦʶ  ʚ ʧʨʠʷʤʢʫ ʥʠʞʯʝ ʨʽʚʥʷ 

ʟʝʤʣʽ ʪʘ ʦʙʝʨʪʘʪʠʩʷ ʥʘ 180 ʛʨʘʜʫʩʽʚ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ.  

ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʩʧʦʨʫʜʠ ɸɺʇ. 

ʉʧʦʨʫʜʘ ʩʪʘʮʽʦʥʘʨʥʦʾ ɸɺʇ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʙôʻʤʽʚ: 

Å ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 2000 ʤʤ, ʚʠʩʦʪʦʶ 

2000 ʤʤ, ʚ ʮʝʥʪʨʽ ʷʢʦʛʦ ʟʘʢʨʽʧʣʝʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʦʧʦʨʘ ʜʽʘʤʝʪʨʦʤ 500 ʤʤ ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʩʪʨʽʣʝʮʴʢʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʪʽʥʠ ʧʨʦʨʽʟ ʚʠʩʦʪʦʶ 

1500 ʤʤ ʽ ʰʠʨʠʥʦʶ 800 ʤʤ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʩʪʘʣʝʚʦʶ ʜʚʝʨʥʦʶ ʢʦʨʦʙʢʦʶ ʟʽ 

ʩʪʘʣʝʚʠʤʠ ʜʚʝʨʠʤʘ. ɺ ʟʘʣʽʟʦʙʝʪʦʥʥʦʤʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʦʙôʻʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʤʽʩʮʝ 

ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʩʝʪ ʙʦʻʢʦʤʧʣʝʢʪʫ ʪʘ ʻʤʢʽʩʪʴ ʜʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʽʣʴʟ.  

ʊʦʚʱʠʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʽʥ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʦʙôʻʤʫ ʩʧʦʨʫʜʠ 300 ʤʤ. ɼʣʷ 

ʟʘʭʠʩʪʫ ʪʘ ʤʘʩʢʫʚʘʥʥʷ ʩʪʨʽʣʝʮʴʢʦʾ ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʜʙʘʯʝʥʠʡ ʪʦʥʢʦʩʪʽʥʥʠʡ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʡ, ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʥʠʡ ʘʨʤʦʮʝʤʝʥʪʥʠʡ ʘʙʦ ʙʝʟʘʣʴʪʦʙʝʪʦʥʥʠʡ 

ʢʫʧʦʣ ʩʬʝʨʠʯʥʦʛʦ ʘʙʦ ʝʣʽʧʪʠʯʥʦʛʦ ʦʢʨʝʩʣʝʥʥʷ ʨʘʜʽʫʩʦʤ 1500 ʤʤ, ʪʦʚʱʠʥʦʶ  

150é200 ʤʤ, ʷʢʠʡ ʙʫʜʝ ʩʧʠʨʘʪʠʩʷ ʥʘ ʧʦʣʦʚʠʥʫ (50%) ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʪʽʥ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʦʙôʻʤʫ; 

Å ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʨʦʟʤʽʨʘʤʠ 1000 ʭ 1000 ʤʤ, 
ʚʠʩʦʪʦʶ 2000 ʤʤ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ ʩʪʽʥʘʤʠ ʪʦʚʱʠʥʦʶ 300 ʤʤ, ʚ ʷʢʦʤʫ 

ʨʦʟʤʽʱʝʥʘ ʩʪʘʣʝʚʘ ʧʨʠʩʪʽʥʥʘ ʜʨʘʙʠʥʘ. ʎʝʡ ʦʙôʻʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʭʠʩʪʠʪʠ ʚʽʜ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ ʽ ʚʘʥʜʘʣʽʟʤʫ ʩʪʘʣʝʚʠʤ ʚʽʜʢʠʜʥʠʤ ʣʶʢʦʤ.  

ʇʣʘʥ, ʨʦʟʨʽʟ ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʘʨʽʘʥʪʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʧʦʨʫʜ ɸɺʇ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1 ʽ 2. 
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ʘ) 

 

 

ʙ) 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʧʦʨʫʜʠ ɸɺʇ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʠʧʫ:  

ʘ ï ʧʣʘʥ; ʙ ï ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ 



67 
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ʙ) 

ʈʠʩ. 2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʧʦʨʫʜʠ ɸɺʇ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʠʧʫ: 

ʘ ï ʟ ʚʽʜʢʨʠʪʠʤ ʣʶʢʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; ʙ ï ʪʝ ʩʘʤʝ, ʽʟ ʟʘʢʨʠʪʠʤ ʣʶʢʦʤ 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʠʧʦʣʦʛʽʾ ʩʧʦʨʫʜ ɸɺʇ ʪʘ ʾʭ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, 
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ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʩʥʦʚʥʽ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʩʧʦʨʫʜ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʝʢʪʫʚʘʪʠ ʟ ʤʽʮʥʠʭ ʽ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʤʠ ʻ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ï 

ʙʝʪʦʥ, ʟʘʣʽʟʦʙʝʪʦʥ, ʘʨʤʦʮʝʤʝʥʪ, ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥ, ʙʘʟʘʣʴʪʦʙʝʪʦʥ.   

ɿʘ ʪʝʭʥʦʣʦʛʽʻʶ ʟʚʝʜʝʥʥʷ ʥʝʩʫʯʠʭ ʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʧʦʨʫʜ ɸɺʇ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʘʨʤʦʮʝʤʝʥʪʫ, 

ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʫ  ʘʙʦ ʙʘʟʘʣʴʪʦʙʝʪʦʥʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

Å ʟʙʽʨʥʠʡ ʟʘʣʽʟʦʙʝʪʦʥ, ʢʦʣʠ ʟʘʣʽʟʦʙʝʪʦʥʥʽ, ʘʨʤʦʮʝʤʝʥʪʥʽ, ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʥʽ 
ʘʙʦ ʙʘʟʘʣʴʪʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʚ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚʘʭ, ʘ ʧʦʪʽʤ ʟ 

ʥʠʭ ʤʦʥʪʫʶʪʴ ʛʦʪʦʚʽ ʩʧʦʨʫʜʠ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ; 

Å ʤʦʥʦʣʽʪʥʠʡ ʟʘʣʽʟʦʙʝʪʦʥ, ʢʦʣʠ ʙʝʪʦʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ ʽʟ 

ʟʘʣʽʟʦʙʝʪʦʥʫ, ʘʨʤʦʮʝʤʝʥʪʫ, ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʫ ʘʙʦ ʙʘʟʘʣʴʪʦʙʝʪʦʥʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ. 

ɼʣʷ ʚʽʡʩʴʢʦʚʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʧʦʨʫʜ ɸɺʇ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʶ 

ʦʭʦʨʦʥʠ ʢʦʨʜʦʥʽʚ, ʙʫʜʫʪʴ ʤʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʦʜʥʦʪʠʧʥʽ ʨʦʟʤʽʨʠ ʽ ʤʘʩʦʚʦ 

ʩʧʦʨʫʜʞʫʚʘʪʠʩʷ, ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʟʙʽʨʥʦʛʦ ʙʝʪʦʥʫʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʥʝʩʫʯʠʭ ʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ï ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʽ 

ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʦʙôʻʤʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʠʞʯʝ ʨʽʚʥʷ ʟʝʤʣʽ, ʪʘ ʪʦʥʢʦʩʪʽʥʥʦʛʦ 

ʟʘʭʠʩʥʦʛʦ ʢʫʧʦʣʘ.  

ɼʣʷ ʩʧʦʨʫʜ ɸɺʇ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʥʝ ʪʠʧʦʚʠʤʠ ʨʽʰʝʥʥʷʤʠ ʽ ʨʽʟʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʣʽʥʽʾ ʚʦʛʥʶ ʚ ʫʤʦʚʘʭ ʙʦʶ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʦʣʽʪʥʦʛʦ ʙʝʪʦʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʽʜʟʝʤʥʠʭ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʟʙʽʨʥʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʟʘʭʠʩʥʠʭ ʢʫʧʦʣʽʚ.  

ʆʩʪʘʪʦʯʥʦ ʧʨʠʥʮʠʧ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ɸɺʇ 

ʙʫʜʝ ʚʠʟʥʘʯʝʥʠʡ ʥʘ ʧʦʜʘʣʴʰʦʤʫ ʝʪʘʧʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ. 

 

1. ʄʠʭʘʣʴʯʝʥʢʦ ʉ.ɺ., ɻʝʪʫʥ ɻ.ɺ., ʊʦʚʙʠʯ ɺ.ɺ. ʌʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʩʬʝʨʠ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ./ ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʠʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ, 

ʚʠʧ.61, ʂʅʋɹɸ, ʂʠʾʚ, ʩ.78. 2. ʄʠʭʘʣʴʯʝʥʢʦ ʉ.ɺ., ɻʝʪʫʥ ɻ.ɺ., ʊʦʚʙʠʯ ɺ.ɺ. 

ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʩʬʝʨʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ/ ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʚʠʧ.2, ʂʅʋɹɸ, ʂʠʾʚ, ʩ. 48. 
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ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʚ ʫʤʦʚʘʭ ʢʦʩʦʛʦ ʟʛʠʥʫ. 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʭr ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʠ 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʜʝʨʝʚʷʥʥʳʭ ʙʘʣʦʢ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʦʛʦ ʠʟʛʠʙʘ. 

 

The article presents the results of experimental studies of strength and 

deformability of  wooden beams in terms of slanting bend. 

 

       ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ɼʝʨʝʚʠʥʘ, ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ, ʢʦʩʠʡ ʟʛʠʥ, ʜʝʬʦʨʤʘʮʽʾ, ʥʘʧʨʫʞʝʥʥʷ, 

ʞʦʨʩʪʢʽʩʪʴ. 

ɼʨʝʚʝʩʠʥʘ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʦʩʦʡ ʠʟʛʠʙ, ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʷ, 

ʞʝʩʪʢʦʩʪʴ. 

Wood, caring capacity, slanting bend, deformation, strain, stiffness. 

 

ɺʩʪʫʧ. ɼʝʨʝʚʠʥʘ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʤʫ ʻ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʘʣʫʟʽ 

ʙʫʜʽʚʥʠʮʪʚʘ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʢʣʝʻʥʠʭ ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʝʨʝʚʠʥʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʙʫʜʴ-ʷʢʠʭ ʧʝʨʝʨʽʟʽʚ ʪʘ ʬʦʨʤ. ʂʨʽʤ ʮʴʦʛʦ ʤʽʮʥʽʩʪʴ ʢʣʝʻʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʙʽʣʴʰʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʮʽʣʴʥʦʾ ʜʝʨʝʚʠʥʠ. 

 ʉʪʘʥ ʧʠʪʘʥʥʷ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʦʩʠʡ ʟʛʠʥ - ʩʢʣʘʜʥʠʡ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʰʠʨʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ 
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ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʂʨʽʤ ʧʨʦʛʦʥʽʚ, ʦʙʨʝʰʽʪʢʠ ʚ ʫʤʦʚʘʭ ʢʦʩʦʛʦ 

ʟʛʠʥʫ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʽ ʙʘʣʢʠ,  ʷʢʽ ʯʝʨʝʟ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʜʝʨʝʚʠʥʠ 

ʘʙʦ ʥʝʪʦʯʥʦʩʪʽ ʧʨʠ ʤʦʥʪʘʞʫ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʢʦʩʦʛʦ ʟʛʠʥʫ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʱʘʪʦʢʣʝʻʥʠʭ 

ʜʝʨʝʚôʷʥʠʭ ʙʘʣʦʢ ʚ ʫʤʦʚʘʭ ʢʦʩʦʛʦ ʟʛʠʥʫ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʩʢʣʝʶʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ 

ʨʝʟʦʨʮʠʥʦʚʠʡ ʢʣʝʡ.  ɼʦʱʘʪʦʢʣʝʻʥʽ ʜʝʨʝʚôʷʥʽ ʙʘʣʢʠ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟ ʜʝʨʝʚʠʥʠ 

ʩʦʩʥʠ ɯ ʩʦʨʪʫ. ɺʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ, ʟ ʷʢʦʾ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ, ʟʛʽʜʥʦ 

[1,2], ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ 12%. ʈʽʟʥʠʮʷ ʚʦʣʦʛʦʩʪʽ ʚ ʩʢʣʝʶʚʘʥʠʭ ʜʦʰʢʘʭ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʾʾ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ [1]. ɼʦʱʘʪʦʢʣʝʻʥʘ ʙʘʣʢʘ ʚʠʛʦʪʦʚʣʷʣʘʩʴ 

ʧʝʨʝʨʽʟʦʤ 100ʭ150 ʤʤ ʟ ʥʘʙʦʨʫ ʚʦʩʴʤʠ ʜʦʱʦʢ ʜʦʚʞʠʥʦʶ 3000 ʤʤ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʜʝʨʝʚ`ʷʥʠʭ ʙʘʣʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʛʦʪʦʚʣʝʥʽʡ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ [3]. ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʚʣʘʰʪʦʚʫʚʘʣʠʩʴ ʥʘ 

ʤʝʪʘʣʝʚʽ ʦʧʦʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʥʝʦʙʭʽʜʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʙʘʣʢʠ. 

ʄʝʪʘʣʝʚʽ ʦʧʦʨʠ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ ʪʦʚʱʠʥʦʶ 4 ʤʤ. ʊʘʢʽ ʞ ʤʝʪʘʣʝʚʽ 

ʝʣʝʤʝʥʪʠ ʚʣʘʰʪʦʚʫʚʘʣʠʩʴ ʚ ʤʽʩʮʷʭ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʯʝʨʝʟ ʷʢʽ 

ʚʽʜʙʫʚʘʣʘʩʴ ʧʝʨʝʜʘʯʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʪʨʘʚʝʨʩʠ. ɹʘʟʘ ʪʨʘʚʝʨʩʠ 900 ʤʤ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 1/3 ʧʨʦʣʴʦʪʫ ʜʦʱʘʪʦʢʣʝʻʥʦʾ ʙʘʣʢʠ. ʈʦʟʧʦʜʽʣʴʯʘ ʪʨʘʚʝʨʩʘ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʧʦʣʘʤ ʽ ʧʝʨʝʜʘʯʫ ʡʦʛʦ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ 

ʙʘʣʢʫ. ɺ ʤʽʩʮʷʭ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʣʘʰʪʦʚʫʚʘʣʠʩʴ ʚô̫ ʟʽ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ [4]. ʅʘ ʤʝʪʘʣʝʚʽ ʦʧʦʨʠ ʚʣʘʰʪʦʚʫʚʘʣʠʩʴ 

ʜʝʨʝʚôʷʥʽ ʧʽʜʢʣʘʜʢʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʤʠʥʘʥʥʶ ʜʝʨʝʚʠʥʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʙʘʣʢʫ ʜʘʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʜʦʤʢʨʘʪʘ. ʈʽʚʝʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʥʪʨʦʣʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʪʘʨʦʚʘʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʣʦʩʴ ʩʪʫʧʝʥʷʤʠ ʚ 8-10% ʚʽʜ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʨʫʡʥʽʚʥʦʛʦ 

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʘʥʦʚ ʪʘ ʚʠʤʦʛ [5]. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʘʣʦʢ ʟ  

ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ ʟʘ ʢʦʩʦʛʦ ʟʛʠʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.  

 
ʈʠʩ.1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ 

 

ɼʣʷ ʬʽʢʩʫʚʘʥʥʷ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʘʣʢʠ ʥʘʢʣʝʶʚʘʣʠʩʴ ʪʝʥʟʦʜʘʪʯʠʢʠ [6]  

ʙʘʟʦʶ 50 ʤʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʝʶ ɹʌ-2. ʇʦʚʝʨʭʥʷ ʙʘʣʢʠ ʧʝʨʝʜ ʢʣʝʻʥʥʷʤ ʙʫʣʘ 

ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʰʣʽʬʦʚʘʥʘ ʪʘ ʦʙʝʟʞʠʨʝʥʘ. ɼʘʪʯʠʢʠ ʥʘʢʣʝʶʚʘʣʠʩʴ ʧʦʩʝʨʝʜʠʥʽ 

ʧʨʦʣʴʦʪʫ ʙʘʣʢʠ. ʉʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʧʨʦʙʫʚʘʥʴ  ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ.2. ʉʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɼʣʷ ʬʽʢʩʫʚʘʥʥʷ ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ ʚ ʧʣʦʱʠʥʘʭ ʫ-ʫ ʪʘ z-z ʚʣʘʰʪʦʚʫʚʘʣʠʩʴ 

ʧʨʦʛʠʥʦʤʽʨʠ 6 ʇɸʆ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,01 ʤʤ ʥʘ ʦʧʦʨʘʭ, ʚ ʤʽʩʮʷʭ ʧʨʠʢʣʘʜʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʽ ʚʦʣʦʛʽʩʪʴ ʚ ʧʨʠʤʽʱʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʠʨʪʦʚʦʛʦ ʧʩʠʭʦʤʝʪʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ 

ʧʨʠʤʽʱʝʥʥʽ ʙʫʣʘ ʚ ʤʝʞʘʭ 18-22
0
, ʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 50-60 %. ʇʨʦʛʠʥʠ 

ʟʘʧʠʩʫʚʘʣʠʩʴ ʧʽʜ ʯʘʩ ʚʠʪʨʠʤʢʠ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʞʫʨʥʘʣ 

ʚʠʧʨʦʙʫʚʘʥʥʷ.  ʊʷʛʘʨʮʽ ʧʨʦʛʠʥʦʤʽʨʽʚ ʢʨʽʧʠʣʠʩʴ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʚʠʛʦʪʦʚʣʝʥʠʭ ʪʘ 

ʧʨʠʢʣʝʻʥʠʭ ʝʧʦʢʩʠʜʥʠʤ ʢʣʝʻʤ ʜʦ ʙʘʣʢʠ ʤʝʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥʦʢ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʛʠʥʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʛʠʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ 

ʟʘ ʜʨʫʛʦʶ ʛʨʫʧʦʶ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. ʇʨʦʪʷʛʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʽʜʙʫʚʘʚʩʷ 

ʢʦʥʪʨʦʣʴ ʟʘ ʪʠʤ, ʧʨʠ ʷʢʦʤʫ ʨʽʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʛʠʥʠ ʜʦʩʷʛʘʣʠ ʩʚʦʾʭ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ. ɿʛʽʜʥʦ [7] ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʧʨʦʛʠʥ ʙʘʣʦʢ ʩʢʣʘʜʘʻ 1/150 

l, ʜʝ l-ʧʨʦʣʽʪ ʙʘʣʢʠ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʧʨʦʛʠʥ ʙʘʣʦʢ 

ʩʪʘʥʦʚʠʪʴ : 
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                                    (1) 

 

ɼʦʱʘʪʦʢʣʝʻʥʽ ʙʘʣʢʠ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʴ ʧʨʠ ʢʫʪʽ ʥʘʭʠʣʫ . ɻʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʠʥʽʚ ʙʘʣʦʢ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.3é4. 

 
 ʈʠʩ. 3. ʇʨʦʛʠʥʠ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ ʚʽʜʥʦʩʥʦ ʦʩʽ  z-z 

 
ʈʠʩ. 4. ʇʨʦʛʠʥʠ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ ʚʽʜʥʦʩʥʦ ʦʩʽ y-y 

ɺʝʣʠʯʠʥʠ ʧʨʦʛʠʥʽʚ ʥʘ ʚʩʽʭ ʧʨʦʛʠʥʦʤʽʨʘʭ ʬʽʢʩʫʚʘʣʠʩʷ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 3400 

ʢʛ, ʦʩʢʽʣʴʢʠ ʧʦʜʘʣʴʰʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʛʣʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʠʪʪʻʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 
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ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ  ʧʨʠʟʚʝʜʝ ʜʦ ʤʦʞʣʠʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʛʠʥʽʚ ʚ ʧʣʦʱʠʥʘʭ ʫ-ʫ ʪʘ z-z ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʭʦʜʠʣʠʩʴ ʟʥʘʯʝʥʥʷ ʧʦʚʥʠʭ ʧʨʦʛʠʥʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                                                           (2) 

ʜʝ wy ï ʧʨʦʛʠʥ ʚ ʧʣʦʱʠʥʽ y-y, ʤʤ; 

     wz ï ʧʨʦʛʠʥ ʚ ʧʣʦʱʠʥʽ z-z, ʤʤ; 

ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚʥʠʭ ʧʨʦʛʠʥʽʚ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.5. 

 
ʈʠʩ. 5. ʇʦʚʥʽ ʧʨʦʛʠʥʠ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ  

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ ʛʨʘʥʠʯʥʽ ʧʨʦʛʠʥʠ ʜʣʷ ʙʘʣʦʢ ɹɼʂ-1 ʪʘ ɹɼʂ-2 ʜʦʩʷʛʘʣʠʩʴ 

ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 16 ʢʅ ʪʘ 18,4 ʢʅ ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʤʽʩʮʷʭ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʧʨʦʛʠʥʦʤʽʨʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ [8]. ʄʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 
 

ʜʝ F ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʙʘʣʢʫ, ʢʅ; 

l- ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʨʦʣʽʪ ʙʘʣʢʠ, ʤ; 

ɯ- ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦʩʣʽʜʥʦʾ ʙʘʣʢʠ, ʤ
3
; 

wc ï ʧʨʦʛʠʥ ʙʘʣʢʠ ʧʦʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ, ʤʤ; 

wʥ ï ʧʨʦʛʠʥ ʙʘʣʢʠ ʚ ʤʽʩʮʽ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʤ. 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʜʣʷ ʙʘʣʢʠ ɹɼʂ-1 ʩʪʘʥʦʚʠʚ 14434 ʄʇʘ, ʜʣʷ 

ʙʘʣʢʠ  ɹɼʂ-2  ï 14396 ʄʇʘ. 

16 

18,4

2 

18 

ɹɼʂ-1 

ɹɼʂ-2 
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ɺ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʣʦʩʴ ʚʽʟʫʘʣʴʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʦʪʦʬʽʢʩʘʮʽʷ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʘʣʦʢ. ɹʘʣʢʘ ʟʘʚʘʥʪʘʞʫʚʘʣʘʩʴ ʜʦ ʤʦʤʝʥʪʫ 

ʨʫʡʥʫʚʘʥʥʷ. ʈʫʡʥʽʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ ɹɼʂ-1 ʪʘ ɹɼʂ-2  ʟʘ 

ʢʦʩʦʛʦ ʟʛʠʥʫ ʧʨʠ ʢʫʪʽ ʥʘʭʠʣʫ  ʩʪʘʥʦʚʠʣʦ 3800 ʪʘ 3900 ʢʛ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʫʡʥʫʚʘʥʥʷ ʙʘʣʢʠ ʧʦʯʠʥʘʣʦʩʴ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʯʠʩʪʦʛʦ ʟʛʠʥʫ (ʢʨʘʡʥʽʡ ʜʦʰʮʽ) 

ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʥʠʢʥʝʥʥʷʤ ʽ ʧʦʰʠʨʝʥʥʷʤ ʪʨʽʱʠʥ ʚ ʥʘʧʨʷʤʢʫ ʦʧʦʨ. ɼʦ ʧʦʯʘʪʢʫ 

ʨʫʡʥʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʦʢ ʚ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ ʜʦʩʣʽʜʥʠʭ 

ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʢʘʭ. ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʙʘʣʢʠ ɹɼʂ-1 ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.6 

 

 
 

ʈʠʩ.6. ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʜʦʱʘʪʦʢʣʝʻʥʦʾ ʙʘʣʢʠ ɹɼʂ-1 

 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʨʫʡʥʽʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ  ɹɼʂ-1 ʪʘ ɹɼʂ-2 ʧʨʠ ʢʫʪʽ 

ʥʘʭʠʣʫ  10 ʩʪʘʥʦʚʠʪʴ 38,0 ʢʅ ʪʘ 39,0 ʢʅ ʚʽʜʧʦʚʽʜʥʦ ;  

- ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʧʨʦʛʠʥʽʚ ʙʘʣʢʘ ɹɼʂ-1 ʜʦʩʷʛʘʣʘ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 18,4 

ʢʅ, ʙʘʣʢʘ ɹɼʂ-2 ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 16,0 ʢʅ;  

- ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʟʘ ʜʽʾ ʢʦʩʦʛʦ ʟʛʠʥʫ ʜʣʷ ʙʘʣʢʠ ɹɼʂ-1 ʩʪʘʥʦʚʠʪʴ 14434 ʄʇʘ, 

ʜʣʷ ɹɼʂ-2 -14396 ʄʇʘ; 

- ʚʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʜʝʨʝʚôʷʥʠʭ ʜʦʱʘʪʦʢʣʝʻʥʠʭ ʙʘʣʦʢ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʟʘ ʜʽʾ ʢʦʩʦʛʦ ʟʛʠʥʫ ʧʽʜ ʢʫʪʦʤ ʥʘʭʠʣʫ 10; 
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ʄɽʊʆɼʀʂɸ ɺʀɻʆʊʆɺʃɽʅʅʗ ʊɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ 

ɼʆʉʃɯɼɾɽʅʅʗ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ɹɸʃʆʂ ɿ ʇʆɼɸʃʔʐʀʄ 

ʇɯɼʉʀʃɽʅʅʗʄ ɰʍ ʂʃɽʁʆɺʀʄʀ ʉʋʄɯʐɸʄʀ 

 

ʄɽʊʆɼʀʂɸ ʀɿɻʆʊʆɺʃɽʅʀʗ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ɹɸʃʆʂ ʉ ʇʆʉʃɽɼʋʖʑʀʄ 

ʋʉʀʃɽʅʀɽʄ ʀʍ ʂʃɽɽɺʓʄʀ ʉʄɽʉʗʄʀ 

 

MAKING METHOD AND EXPERIMENTAL RESEARCH OF CONCRETE  

BEAMS AND STRENGTHENING OF GLUE MIXTURE  

 

ɺʘʣʦʚʦʡ ʆ.ɯ., ʢ.ʪ.ʥ., ʧʨʦʬ., ɺʦʟʽʷʥ ɯ.ʆ., ʘʩʧʽʨʘʥʪ., ɺʘʣʦʚʦʡ ʄ.ʆ., ʩʪ. ʚʠʢʣ. 

(ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʠʚʠʡ ʈʽʛ) 

 

ɺʘʣʦʚʦʡ ɸ.ʀ., ʢ.ʪ.ʥ., ʧʨʦʬ., ɺʦʟʠʷʥ ʀ.ɸ., ʘʩʧʠʨʘʥʪ., ɺʘʣʦʚʦʡ ʄ.ɸ., ʘʩʠʩʪʝʥʪ 

(ʂʨʠʚʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʠʚʦʡ ʈʦʛ) 

 

Valovoj A.I ., professor, Vozijan I .F., postgraduate., Valovoj ʄ.ɸ., associate 

professor (Kryvyi Rih National University, Kryvyi Rih) 

 

ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʘʣʦʢ. ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʟʤʽʮʥʝʥʥʷ 

ʙʘʣʦʢ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʠʣʝʥʥʷ ʾʭ ʢʣʝʡʦʚʠʤʠ ʩʫʤʽʰʘʤʠ. 

 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʘʣʦʢ. ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʫʢʨʝʧʣʝʥʠʷ 

ʙʘʣʦʢ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʠʭ ʢʣʝʝʚʳʤʠ ʩʤʝʩʷʤʠ. 

 

A method of making beams. Actual questions of strengthening beams by the 

increase of glue mixture.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ɹʘʣʢʠ, ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʢʣʝʡʦʚʽ ʩʫʤʽʰʽ. 

ɹʘʣʢʠ, ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʣʝʝʚʳʝ ʩʤʝʩʠ. 

Beams, method of making, glue mixture. 

 

ʇʨʦʙʣʝʤʘ ʪʘ ʾʾ ʟʚôʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ.  
ʇʨʦʝʢʪʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʤʠʣʢʠ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʚʧʣʠʚʠ 

ʯʘʩʪʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʚʪʨʘʪʠ ʥʠʤʠ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ. ɺʦʜʥʦʯʘʩ, ʯʘʩʪʽ ʟʤʽʥʠ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʤʽʱʝʥʴ, 

ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ 

ʚʠʤʦʛʘʭ ʜʦ ʢʦʥʩʪʨʫʢʮʽʡ. ʏʘʩʪʦ ʪʘʢʽ ʟʘʜʘʯʽ ʚʜʘʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʠʭ ʢʣʝʡʦʚʠʭ ʩʫʤʽʰʝʡ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʝʶʚʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʥʝʨʘʣʴʥʠʭ, ʦʨʛʘʥʽʯʥʠʭ ʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʢʣʝʾʚ (ʘʜʛʝʟʠʚʽʚ) ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʫʚʘʪʠ 

ʤʽʮʥʽ ʽ ʥʘʜʽʡʥʽ ʟ'ʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʠʯʦʤʫ ʢʨʘʱʝ ʽ 

ʝʢʦʥʦʤʽʯʥʽʰʝ, ʥʽʞ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ. ɿ ʧʦʷʚʦʶ ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʩʠʥʪʝʪʠʯʥʠʭ ʢʣʝʾʚ ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʩʠʣʶʚʘʪʠ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʙʫʜʽʚʝʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʚʽʜʯʫʚʘʶʪʴ ʟʥʘʯʥʽ ʩʪʘʪʠʯʥʽ, ʜʠʥʘʤʽʯʥʽ, ʚʽʙʨʘʮʽʡʥʽ ʪʘ ʽʥʰʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʽ ʢʣʝʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʶ ʪʝʨʤʦ-, ʚʦʛʥʝ- ʪʘ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʢʣʝʡʦʚʠʭ ʟ'ʻʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʾʭ ʩʪʽʡʢʽʩʪʴ ʧʽʜ ʜʽʻʶ ʚʦʣʦʛʠ, 

ʨʦʟʯʠʥʥʠʢʽʚ, ʢʠʩʣʦʪ, ʣʫʛʽʚ, ʛʨʠʙʢʽʚ ʪʦʱʦ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʧʦʢʩʠʜʥʠʭ, ʢʣʝʾʚ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʨʝʤʦʥʪʫʚʘʪʠ ʽ ʧʽʜʩʠʣʶʚʘʪʠ ʙʝʪʦʥʥʽ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ, ʢʦʥʩʪʨʫʢʮʽʾ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ. ɿʘʙʝʟʧʝʯʫʶʯʠ ʮʽʥʥʠʡ ʢʦʤʧʣʝʢʩ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʢʣʝʾ 

ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʟʥʠʟʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʨʦʙʽʪ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʚʯʝʥʥʶ ʧʠʪʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʩʚʷʪʠʣʠ ʩʚʦʾ ʥʘʫʢʦʚʽ ʧʨʘʮʽ: ɸ.ʗ.ɹʘʨʘʰʠʢʦʚ, 

ʆ.ɯ.ɺʘʣʦʚʦʡ, ɻ.ɸ.ʄʦʣʦʜʯʝʥʢʦ, ʃ.ɸ.ʄʫʨʘʰʢʘ, ʁ.ʇ.ʅʦʚʘʪʦʨʩʢʠʡ, ʘ ʧʽʜʩʠʣʝʥʥʶ 

ʽʥôʻʢʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ: ʉ.ʄ. ɿʦʣʦʪʦʚ, ɼ.ɸ. ʂʘʨʜʘʰʝʚ, ɰ.ɰ.ʃʫʯʢʦ . 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʝʨʝʜ ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʙʘʣʦʢ, ʧʽʜʩʠʣʝʥʠʭ ʢʣʝʡʦʚʠʤʠ ʩʫʤʽʰʘʤʠ. 

ʄʝʪʦʜʠʢʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʦʛʨʘʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 4 ʝʪʘʧʠ: ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʙʘʣʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʫʡʥʽʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʚʝʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʦʢ ʜʦ 0,6-0,7 ʚʽʜ 

ʨʫʡʥʽʚʥʦʛʦ ʪʘ ʾʭ ʧʽʜʩʠʣʝʥʥʷ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʘʣʢʠ ʟʘʚʜʦʚʞʢʠ 1800 

ʤʤ ʽʟ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ï 200x100 ʤʤ ʫ ʢʽʣʴʢʦʩʪʽ 15 ʰʪ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʘʟʢʠ ʙʘʣʦʢ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ 3 ʩʝʨʽʾ. ɹʘʣʢʠ ʧʝʨʰʦʾ ʩʝʨʽʾ 

ʚ ʢʽʣʴʢʦʩʪʽ 3 ʰʪʫʢ ʻ ʢʦʥʪʨʦʣʴʥʠʤʠ ʟʨʘʟʢʘʤʠ ʡ ʧʽʜʩʠʣʝʥʥʶ ʥʝ ʧʽʜʣʷʛʘʶʪʴ, ʙʘʣʢʠ 

ʜʨʫʛʦʾ ʩʝʨʽʾ ʚ ʢʽʣʴʢʦʩʪʽ 6 ʰʪʫʢ ʙʫʜʫʪʴ ʧʽʜʩʠʣʶʚʘʪʠʩʴ ʢʣʝʡʦʚʠʤʠ ʩʫʤʽʰʘʤʠ, 

ʙʘʣʢʠ ʪʨʝʪʴʦʾ ʩʝʨʽʾ ʚ ʢʽʣʴʢʦʩʪʽ 6 ʰʪʫʢ ʙʫʜʫʪʴ ʧʽʜʩʠʣʶʚʘʪʠʩʴ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ 

ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʘʣʦʢ ʫ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʙʫʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʘʨʤʘʪʫʨʥʽ 

ʩʪʝʨʞʥʽ Ï10 ʤʤ ʢʣʘʩʫ ɸ400, ʫ ʩʪʠʩʥʫʪʦʾ ʟʦʥʽ ï ʜʚʘ ʘʨʤʘʪʫʨʥʽ ʩʪʝʨʞʥʽ Ï5 ʤʤ 

ʢʣʘʩʫ ɺ500. ʇʦʧʝʨʝʯʥʫ ʘʨʤʘʪʫʨʫ ʚʠʛʦʪʦʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʭʦʤʫʪʽʚ, ʫʩʪʘʥʦʚʣʝʥʠʭ 

ʽʟ ʢʨʦʢʦʤ 50 ʤʤ ʥʘ ʧʨʠʦʧʦʨʥʠʭ ʜʽʣʷʥʢʘʭ ʜʦ ʤʽʩʮʷ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ ʢʣʘʩʫ ɸ400 Ï10 ʤʤ. ɸʨʤʫʚʘʥʥʷ ʧʨʠʡʤʘʣʦʩʷ ʟ ʪʘʢʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ, ʱʦʙ ʚ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʘʭ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʝʨʽʚʥʽʩʪʴ E > ER, ʪʦʙʪʦ 

ʧʣʘʥʫʚʘʣʘʩʷ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʡ ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʘʣʦʢ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʪʠʩʥʫʪʦʾ 
ʟʦʥʠ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ 

 

ɿʨʘʟʢʠ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʙʝʪʦʥʫ ʤʘʨʢʠ 250, ʜʣʷ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʄ400 ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ 1 ʤ
3
 ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʩʢʣʘʜʘʻ: ʮʝʤʝʥʪ ï 360 ʢʛ, ʱʝʙʽʥʴ ï 1420 ʢʛ, 

ʧʽʩʦʢ ï 820 ʢʛ, ʚʦʜʘ ï 175ʣ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʙʝʪʦʥʫ ʦʜʥʦʯʘʩʥʦ ʟ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʙʘʣʦʢ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʪʨʠ ʧʨʠʟʤʠ ʪʘ ʪʨʠ ʢʫʙʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʫʤʽʰʽ ʙʝʪʦʥʫ ʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ ʙʫʣʦ 

ʚʠʛʦʪʦʚʣʝʥʦ ʰʽʩʪʴ ʧʨʠʟʤ ʪʘ ʰʽʩʪʴ ʢʫʙʽʚ (ʚʽʜʥʦʰʝʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ ʜʦ 

ʥʘʧʦʚʥʶʚʘʯʘ 1:2) (ʨʠʩ. 2).  

 

      
 

ʈʠʩ. 2. ɺʠʧʨʦʙʫʚʘʥ ̔ʟʨʘʟʢʠ ʧʨʠʟʤ ʪʘ ʢʫʙʽʚ ʚʽʛʪʦʚʣʝʥʽ ʟ ʩʫʤʽʰʽ ʙʝʪʦʥʫ ʽ ʢʣʝʶ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʰʽʩʪʴ ʢʫʙʽʚ, 

ʷʢʽ ʧʦʪʽʤ ʙʫʣʠ ʩʢʣʝʻʥʽ ʧʦ ʪʨʠ ʤʽʞ ʩʦʙʦʶ. ʆʧʘʣʫʙʢʫ ʜʣʷ ʙʘʣʦʢ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ 

ʟ ʜʦʰʢʠ ʟʘʚʪʦʚʰʢʠ 45 ʤʤ ʟʽ ʩʪʨʫʛʘʥʦʶ ʪʘ ʚʽʜʰʣʽʬʦʚʘʥʦʶ ʚʥʫʪʨʽʰʥʴʦʶ 
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ʧʦʚʝʨʭʥʝʶ. ʇʨʦʝʢʪʥʝ ʧʦʣʦʞʝʥʥʷ ʘʨʤʘʪʫʨʥʠʭ ʢʘʨʢʘʩʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʙʝʪʦʥʥʠʭ ʚʢʣʘʜʠʰʽʚ. ʇʝʨʝʜ ʫʢʣʘʜʘʥʥʷʤ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʥʫʪʨʽʰʥʷ 

ʧʦʚʝʨʭʥʷ ʦʧʘʣʫʙʢʠ ʧʦʢʨʠʚʘʣʘʩʴ ʪʦʥʢʠʤ ʰʘʨʦʤ ʛʽʜʨʦʬʦʙʥʦʛʦ ʤʘʩʪʠʣʘ ʜʣʷ 

ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʧʘʣʫʙʢʠ ʟʨʘʟʢʽʚ. ɹʝʪʦʥʥʘ ʩʫʤʽʰ ʧʽʩʣʷ ʫʢʣʘʜʘʥʥʷ ʫ ʬʦʨʤʠ 

ʫʱʽʣʴʥʶʚʘʣʘʩʴ. ʏʝʨʝʟ 3-5 ʛʦʜʠʥ ʧʽʩʣʷ ʫʢʣʘʜʘʥʥʷ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʽʜʢʨʠʪʘ 

ʧʦʚʝʨʭʥʷ ʙʘʣʦʢ, ʷʢʽ ʟʚʦʣʦʞʫʚʘʣʠʩʴ ʪʨʠʯʽ ʥʘ ʜʦʙʫ, ʧʦʢʨʠʚʘʣʘʩʷ ʚʦʣʦʛʦʶ ʪʠʨʩʦʶ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʽʜʙʫʣʦʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʧʝʨʰʦʾ 

ʩʝʨʽʾ, ʜʝ ʚʠʟʥʘʯʠʣʠ ʾʭ ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʙʘʣʦʢ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʩʭʝʤʦʶ ʦʜʥʦʧʨʦʛʽʥʥʦʾ ʰʘʨʥʽʨʥʦ-ʦʧʝʨʪʦʾ ʙʘʣʢʠ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʟʦʥʠ ʯʠʩʪʦʛʦ ʟʛʠʥʘʥʥʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʨʦʣʴʦʪʫ ʤʽʞ ʦʧʦʨʘʤʠ 1800ʤʤ, 

ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 3. ʇʨʦʛʠʥ ʫʩʝʨʝʜʠʥʽ ʙʘʣʢʠ ʚʠʤʽʨʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʠʥʦʤʽʨʘ ʄʘʢʩʠʤʦʚʘ. ɼʝʬʦʨʤʘʮʽʾ  ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʘʣʦʢ ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʽʚ 

ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʟ ʮʽʥʦʶ ʧʦʜʽʣʢʠ 0,001 ʪʘ 0,01. 

ʉʭʝʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 

ʂʦʥʩʪʨʫʢʮʽʷ ʪʨʘʚʝʨʩʠ ʡ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʛʠʥʦʤʽʨʘ ʥʘ ʪʨʘʚʝʨʩʽ ʚʠʢʦʥʘʥʦ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʟʤʽʱʝʥʥʷ ʦʧʦʨ ʪʨʘʚʝʨʩʠ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʧʦʧʝʨʝʯʥʠʤ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʝʩʘ. 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ  ʜʦ ʙʘʣʦʢ 

1 ï ʪʨʘʚʝʨʩʘ; 2 ïʙʘʣʢʘ; 3 ï ʥʝʨʫʭʦʤʘ  ʦʧʦʨʘ; 4 ï ʨʫʭʦʤʘ ʦʧʦʨʘ; 5 ï ʥʠʞʥʷ 

ʪʨʘʚʝʨʩʘ 
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ʈʠʩ. 4. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

 ï ʽʥʜʠʢʘʪʦʨ ʯʘʩʦʚʦʛʦ ʪʠʧʫ; ʧ- ʧʨʦʛʠʥʦʤʽʨ; 

 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʙʘʣʢʠ 1 ʪʘ 2 ʩʝʨʽʾ ʧʽʜʜʘʚʘʣʠ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʷʢʝ 

ʩʪʘʥʦʚʠʣʦ 0,6-0,7 ʚʽʜ ʨʫʡʥʽʚʥʦʛʦ, ʱʦ ʚʽʜʪʚʦʨʶʻ ʩʠʪʫʘʮʽʶ ʟʥʦʰʝʥʥʷ, ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʩʠʣ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʘ ʧʦʷʚʘ ʪʨʽʱʠʥ ʫ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʩʪʠʩʥʫʪʦʾ 

ʟʦʥʠ ʙʘʣʢʠ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʙʫʣʠ ʧʽʜʩʠʣʝʥʽ ʙʘʣʢʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʩʝʨʽʾ. 

ɹʘʣʢʠ ʧʝʨʰʦʾ ʩʝʨʽʾ ʙʫʣʠ ʧʽʜʩʠʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ 

EPOMAX -PL (ʪʘʙʣ. 1) [4].  

 

ʊʘʙʣʠʮʷ 1.  

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʝʶ EPOMAX -PL 

ʆʩʥʦʚʘ: 2-ʢʦʤʧʦʥʝʥʪʥʘ ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ 

ʂʦʣ̔ʨ: ʂʦʤʧʦʥʝʥʪ ɸ-ʙʽʣʠʡ 

ʂʦʤʧʦʥʝʥʪ ɺ-ʯʦʨʥʠʡ 

ʉʫʤʽʰ ɸ+ɺ ïʩʚʽʪʣʦ-ʩʽʨʠʡ 

ʂʦʥʩʠʩʪʝʥʮʽʷ ʧʘʩʪʘ 

ɻʫʩʪʠʥʘ (ɸ+ɺ) 1,71 ʢʛ/ʣ 

ɺʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 100:20 ʟʘ ʚʘʛʦʶ 

ʄʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʪʚʝʨʜʽʥʥʷ +8Áʉ 

ʏʘʩ ʥʘʙʫʪʪʷ ʢʽʥʮʝʚʦʾ ʤʽʮʥʦʩʪʽ 7 ʜʥʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ +20ʉ 

ʄʽʮʥ̔ʩʪʴ ʥʘ ʩʪʠʩʢ 70ʄʇɸ 

ʄʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥʘʥʥʷ 41ʄʇɸ 

ʉʠʣʘ ʟʯʝʧʣʝʥʥʷ ʇʦʥʘʜ 4ʅ/ʤʤ
2 
(ʤʝʞʘ ʤʽʮʥʦʩʪʽ)
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ʊʨʽʱʠʥʠ ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ, ʙʫʣʠ ʟʘʽʥʻʢʪʦʚʘʥʽ ʝʧʦʢʩʠʜʥʠʤ 

ʢʣʝʻʤ ʧʽʜ ʚʝʣʠʢʠʤ ʪʠʩʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʨʝʩʦʨʫ. 

ʉʪʠʩʥʫʪʘ ʟʦʥʘ ʙʘʣʦʢ ʙʫʣʘ ʚʽʜʥʦʚʣʝʥʘ ʥʘʥʝʩʝʥʥʷʤ ʩʫʤʽʰʽ ʙʝʪʦʥʫ ʟ 

ʝʧʦʢʩʠʜʥʠʤ ʢʣʝʻʤ. ɺʽʜʥʦʰʝʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ 1:2. (ʈʠʩ.5). 

ʇʝʨʝʜ ʧʽʜʩʠʣʝʥʥʷʤ ʪʨʽʱʠʥʠ ʪʘ ʟʨʫʡʥʦʚʘʥʠʡ ʰʘʨ ʙʝʪʦʥʫ ʚ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ 

ʦʯʠʱʫʶʪʴʩʷ ʚʽʜ ʙʨʫʜʫ ʪʘ ʧʠʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʨʝʩʦʨʫ. 

 

 

ʈʠʩ. 5. ɺʽʜʥʦʚʣʝʥʥʷ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʝʧʦʢʩʠʜʥʠʤ ʢʣʝʻʤ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʙʘʣʢʠ 

ɹʘʣʢʠ ʜʨʫʛʦʾ ʩʝʨʽʾ ʙʫʣʠ ʧʽʜʩʠʣʝʥʽ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. ʉʪʠʩʥʫʪʘ ʟʦʥʘ 

ʙʘʣʢʠ ʙʫʣʘ ʚʽʜʥʦʚʣʝʥʘ ʙʝʪʦʥʦʤ ʪʦʛʦ ʞ ʩʢʣʘʜʫ, ʱʦ ʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʋ 

ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʙʘʣʢʠ ʥʘ ʢʽʥʮʷʭ ʪʘ ʚ ʩʝʨʝʜʠʥʽ ʟ ʢʨʦʢʦʤ 0,5 ʤ ʨʫʡʥʫʚʘʚʩʷ 

ʟʘʭʠʩʥʠʡ ʰʘʨ ʙʝʪʦʥʫ ʜʦ ʧʦʷʚʠ ʧʦʚʟʜʦʚʞʥʴʦʾ ʘʨʤʘʪʫʨʠ ʜʦ ʷʢʦʾ ʧʦʪʽʤ ʙʫʣʠ 

ʧʨʠʚʘʨʝʥʽ ʢʦʨʦʪʠʰʽ ʟ ʘʨʤʘʪʫʨʠ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʚʘʨʶʚʘʥʥʷʤ ʜʦ ʥʠʭ ʘʨʤʘʪʫʨʠ 
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ʢʣʘʩʫ ɸ400 Ï10 ʤʤ. ʇʦʪʽʤ ʚʠʢʦʥʫʚʘʣʠ ʟʘʭʠʩʥʠʡ ʰʘʨ ʙʝʪʦʥʫ ʜʣʷ ʥʘʨʦʱʝʥʠʭ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʧʦʩʪʘʚʣʝʥʝ ʧʝʨʝʜ ʥʘʤʠ ʟʘʚʜʘʥʥʷ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ ʙʫʣʦ ʧʦʚʥʽʩʪʶ ʚʠʢʦʥʘʥʦ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʜ 

ʥʘʤʠ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʛʨʘʤʫ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
 

1. ɹʦʨʠʩʶʢ ʆ.ʇ. ʇʽʜʩʠʣʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʫʯʘʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ/ ʆ.ʇ. ɹʦʨʠʩʶʢ, ʉ.ɺ. ʄʝʣʴʥʠʢ // çʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠè. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ï ʈʽʚʥʝ, 

2010. ï ɺʠʧ. 20. ï ʉ. 459 ï 465. 2. ɺʘʣʦʚʦʡ ʆ. ɯ. ʄʽʮʥʽʩʪʴ ʢʦʥʪʘʢʪʥʠʭ ʰʚʽʚ 

ʧʽʜʩʠʣʝʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ / ʆ. ɯ. ɺʘʣʦʚʦʡ, ɼ. ɺ. ʇʦʧʨʫʛʘ // ɼʦʨʦʛʠ ʽ 

ʤʦʩʪʠ : ɿʙ. ʥʘʫʢ. ʧʨ. ï ʂ. : ɼʝʨʘʜʦʨʅɼɯ, 2009. ï ɺʠʧ. 11. ï ʉ. 57-64. 3. ɼʉʊʋ ɹ 

ɺ.2.6-.56: 2010 [ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ. ʇʨʘʚʠʣʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ] ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2010. ï 166ʩ. 4. ʇʝʪʨʦʚʘ ɸ.ʇ. 

ʊʝʨʤʦʩʪʦʡʢʠʝ ʢʣʝʠ [ʊʝʢʩʪ] ð ʄ.: ʍʠʤʠʷ, 1977. ð 200 ʩ. 5. ʂʘʨʜʘʰʝʚ ɼ.ɸ. 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʢʣʝʠ [ʊʝʢʩʪ] ð ʄ.: ʍʠʤʠʷ, 1976. ð 504 ʩ. 6. ʂʘʨʜʘʰʝʚ ɼ.ɸ. 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʢʣʝʠ [ʊʝʢʩʪ] ð ʄ.: ʍʠʤʠʷ, 1980. ð 288 ʩ. 7. ʃʫʯʢʦ ɰ.ɰ. 

ʄʦʤʝʥʪ ʪʨʽʱʽʥʦʫʪʚʦʨʝʥʥʷ ʚ ʙʘʣʢʘʭ ʚʽʜʥʦʚʣʝʥʠʭ ʽʥôʻʢʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ / ɰ.ɰ. 

ʃʫʯʢʦ, ʆ.ʄ. ɻʘʡʜʘ // çʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ 

ʩʧʦʨʫʜʠè. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ï ʈʽʚʥʝ, 2013. ï ɺʠʧ. 25. ï ʉ. 754 ï 760. 8. 

ʄʠʢʫʣʴʩʢʠʡ ɺ. ɻ. ʉʢʣʝʠʚʘʥʠʝ ʙʝʪʦʥʘ / ɺ. ɻ. ʄʠʢʫʣʴʩʢʠʡ, ɺ. ɺ. ʂʦʟʣʦʚ. - ʄ. : 

ʉʪʨʦʡʠʟʜʘʪ, 1975. ï 236 ʩ. 9. ʅʦʚʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʢʣʝʠ ʩ ʰʠʨʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ / ʖ.ʉ. ʂʦʯʝʨʛʠʥ, ʊ.ɸ. ʂʫʣʠʢ, ʊ.ʃ. 
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ʄʆɾʃʀɺɯʁ ʉʋʄɯʉʅɯʁ ɼɯɰ ʉɽʁʉʄɯʏʅʀʍ ʅɸɺɸʅʊɸɾɽʅʔ ʊɸ 
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ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʱʦʜʦ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘʭʠʩʪʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʽ ʢʘʤôʷʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ 

ʤʦʞʣʠʚʦʾ ʩʫʤʽʩʥʦʾ ʜʽʾ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ. 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʮʠʢʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ 

ʧʦ ʤʝʪʦʜʘʤ ʨʘʩʯʝʪʘ ʠ ʟʘʱʠʪʳ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠ ʢʘʤʝʥʥʳʭ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʦʞʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʷ.  

 

Common results of cycle of investigations and developments for the reinforced concrete 

and masonry buildings analysis and protection methods in conditions of possible 

combined influence of seismic loads and base substantial differential settlements 

are considered in the article. 
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ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʩʢʣʘʜʥʠʭ ʽ 
ʦʩʦʙʣʠʚʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ, ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ, 
ʧʨʦʩʽʜʘʶʯʠʭ ʛʨʫʥʪʽʚ, ʢʘʨʩʪʽʚ, ʧʽʜʨʦʙʣʶʚʘʥʥʷ, ʟʩʫʚʦʥʝʙʝʟʧʝʢʠ ʪʦʱʦ. ʆʪʞʝ 
ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʧʠʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ. 
ɯ ʟʥʘʯʥʽ ʥʝʨʽʚʥʦʤʽʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʠ (ɿʅɼʆ), ʽ ʟʝʤʣʝʪʨʫʩʠ ʩʪʚʦʨʶʶʪʴ 
ʟʥʘʯʥʠʡ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʝʬʝʢʪ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʟ ʚʽʜʧʦʚʽʜʥʠʤ 
ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʤ ʩʪʘʥʦʤ (ʅɼʉ) ʟ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʨʫʡʥʫʚʘʥʥʷ 
ʢʦʥʩʪʨʫʢʮʽʡ ʘʙʦ ʙʫʜʽʚʝʣʴ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ ʣʦʛʽʯʥʠʤ ʻ ʨʦʟʛʣʷʜ ʤʦʞʣʠʚʦʩʪʽ 
ʥʝʙʝʟʧʝʯʥʦʛʦ ʾʭ ʢʦʤʙʽʥʫʚʘʥʥʷ. 
ʆʢʨʝʤʽ ʩʧʨʦʙʠ ʨʦʟʛʣʷʜʫ ʚʧʣʠʚʫ ʢʦʤʙʽʥʘʮʽʾ ʩʝʡʩʤʽʢʠ ʪʘ ʨʘʟʥʦʤʘʥʽʪʥʠʭ ʚʠʜʽʚ 

ɿʅɼʆ ʟʫʩʪʨʽʯʘʣʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʝʢʩ-ʉʈʉʈ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ, ʥʘʧʨʠʢʣʘʜ, ʚ 
ʨʦʙʦʪʘʭ [1 - 5 ʪʘ ʽʥ.]. ʉʝʨʽʷ ʜʦʩʣʽʜʞʝʥʴ [5 - 9 ʪʘ ʽʥ.], ʧʨʦʚʝʜʝʥʘ ʂʠʾʚʩʴʢʠʤ 
ʟʦʥʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 
(ʂʠʾʚɿʅɼɯɽʇ) ʟ 1982 ʧʦ 2009 ʨʦʢʠ ʟ ʧʝʨʝʨʚʘʤʠ ʙʫʣʘ ʥʘʡʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʦʶ ʟʘ 
ʜʘʥʦʶ ʪʝʤʘʪʠʢʦʶ. ɼʘʥʘ ʩʝʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʨʦʟʧʦʯʘʪʘ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ 
ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ ʧʨʦʩʽʜʘʶʯʠʭ ʛʨʫʥʪʽʚ ʩʝʩʤʦʥʝʙʝʟʧʝʯʥʠʭ 
ʪʝʨʠʪʦʨʽʡ ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʦʙʛʨʫʥʪʦʚʘʥʦ ʨʦʟʢʨʠʪʘ 
ʧʨʦʙʣʝʤʘʪʠʢʘ, ʚʠʷʚʣʝʥʠʡ ʨʷʜ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ ʟʥʘʯʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 
ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʥʘ ʩʝʡʩʤʽʯʥʫ ʨʝʘʢʮʽʶ ʙʫʜʽʚʝʣʴ, ʥʘʜʘʥʽ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ 
ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ ʧʨʦʩʽʜʘʶʯʠʭ ʛʨʥʫʪʽʚ 
ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʠʣʠʩʴ ʥʝʨʦʟʛʣʷʥʫʪʠʤʠ ʪʘ 
ʥʝʨʦʟʢʨʠʪʠʤʠ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʠʪʘʥʴ ʽ ʧʨʦʙʣʝʤ. ʅʘʧʨʠʢʣʘʜ, ʽʥʰʽ ʜʞʝʨʝʣʘ 
ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ, ʚʨʘʭʫʚʘʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʟʘʙʦʨʦʥʠ 
ʩʫʤʽʱʝʥʥʷ ʦʩʦʙʣʠʚʠʭ (ʘʚʘʨʽʡʥʠʭ) ʚʧʣʠʚʽʚ ʚ ʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ, 
ʨʦʟʨʦʙʢʘ ʧʨʠʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʙʽʣʴʰ ʛʨʫʥʪʦʚʥʠʡ 
ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʛʣʷʜ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʨʽʰʝʥʴ, ʨʦʟʨʦʙʢʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 
ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʦʱʦ. ʋ 
ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ 
ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʨʦʛʘʣʠʥ, ʯʘʩʪʠʥʘ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ. 
ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʛʣʷʜ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧʣʝʢʩʫ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘʭʠʩʪʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʽ ʢʘʤôʷʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ 
ʤʦʞʣʠʚʦʾ ʩʫʤʽʩʥʦʾ ʜʽʾ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ.    
ɺʠʢʦʥʘʥʠʡ ʘʚʪʦʨʦʤ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘʭʠʩʪʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʽ ʢʘʤôʷʥʠʭ ʙʫʜʽʚʝʣʴ ʚ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʫʤʦʚʘʭ ʚʢʣʶʯʘʚ ʚ ʩʝʙʝ: 
- ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʫ ʩʝʡʩʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʧʣʠʚʫ ɿʅɼʆ; 
- ʫʟʘʛʘʣʴʥʶʶʯʝ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ ɿʅɼʆ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʩʠʩʪʝʤʠ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʫ ʨʦʟʨʘʭʫʥʢʘʭ; 
- ʨʦʟʨʦʙʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʥʦʚʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʫ 

ʩʝʡʩʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 
ɿʅɼʆ; 

- ʨʦʟʨʦʙʢʘ ʧʦʣʦʞʝʥʴ ʟ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʦʩʣʽʜʦʚʥʠʡ 
ʚʧʣʠʚ ɿʅɼʆ ʪʘ ʩʝʡʩʤʽʢʠ, ʚ ʪ.ʯ. ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʮʽʥʢʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 
ʢʘʤôʷʥʦʾ ʢʣʘʜʢʠ ʟʘ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʢʽʥʯʝʥʦ-
ʝʣʝʤʝʥʪʥʽʡ ʤʦʜʝʣʽ; 

- ʚʠʜʽʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʚ ʨʦʟʛʣʷʜʫʚʘʥʠʭ 
ʫʤʦʚʘʭ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ çʟʥʘʯʥʽ ʥʝʨʽʚʥʦʤʽʨʥʽ ʜʝʬʦʨʤʘʮʽʾè ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ 
ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʫ ʨʝʘʣʴʥʽʡ ʧʨʘʢʪʠʮʽ (ʥʘʪʫʨʥʦ) ʘʙʩʦʣʶʪʥʦ ʨʽʚʥʦʤʽʨʥʽ 
ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʠ ʥʽʢʦʣʠ ʥʝ ʨʝʘʣʽʟʫʶʪʴʩʷ. ɸʜʞʝ ʛʨʫʥʪʠ ʦʩʥʦʚʠ ʬʘʢʪʠʯʥʦ 
ʥʽʢʦʣʠ ʥʝ ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʨʽʜʥʫ ʙʫʜʦʚʫ, ʢʨʽʤ ʪʦʛʦ ʯʝʨʝʟ ʷʚʠʱʝ 
ʨʦʟʧʦʜʽʣʴʯʦʾ ʟʜʘʪʥʦʩʪʽ ʛʨʫʥʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʘ ʩʪʠʩʣʠʚʽʩʪʴ ʟʽ 
ʟʙʽʣʴʰʝʥʥʷʤ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʢʨʘʶ ʬʫʥʜʘʤʝʥʪʫ ʟ ʧʨʠʯʠʥʠ 
ʟʘʣʫʯʝʥʥʷ ʚ ʨʦʙʦʪʫ ʛʨʫʥʪʽʚ ʥʘʚʢʦʣʦ ʙʫʜʽʚʣʽ [10]. çɿʥʘʯʠʤʠʤʠè ʥʝʨʽʚʥʦʤʽʨʥʽ 
ʜʝʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʦʜʽ, ʢʦʣʠ (ʥʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʥʦʨʤ) ʥʝʦʙʭʽʜʥʦ 
ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʫ ʷʢʦʩʪʽ ʦʢʨʝʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ 
ʙʫʜʽʚʣʽ.  ʇʨʠʯʠʥʠ ʪʘʢʠʭ ʜʝʬʦʨʤʘʮʽʾ ʚ ʮʽʣʦʤʫ ʚʠʜʽʣʝʥʽ ʫ ʥʘʫʢʦʚʽʡ, ʥʦʨʤʘʪʠʚʥʽʡ 
ʪʘ ʽʥ. ʣʽʪʝʨʘʪʫʨʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʜʽʶʯʦʤʫ ɼɹʅ ɺ.2.1-10-2009 [11]. ɺ ʮʽʣʦʤʫ ʜʣʷ 
ʨʦʟʛʣʷʜʫ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʜʽʣʝʥʽ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʥʽ ʪʘ ʦʩʦʙʣʠʚʽ ʫʤʦʚʠ 
ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ ʻ ʯʠʥʥʠʢʘʤʠ ɿʅɼʆ: ʧʨʦʩʽʜʘʶʯʽ ʛʨʫʥʪʠ; ʥʘʩʠʧʥʽ ʪʘ ʥʘʤʠʚʥʽ 
ʛʨʫʥʪʠ ʫ ʚʠʧʘʜʢʫ ʾʭ ʟʥʘʯʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʩʪʠʩʣʠʚʦʩʪʽ; ʪʝʨʠʪʦʨʽʾ ʽʟ ʧʽʜʟʝʤʥʠʤʠ 
ʚʠʨʦʙʢʘʤʠ; ʟʘʢʘʨʩʪʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ; ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʽ ʪʝʨʠʪʦʨʽʾ ʟʘ ʫʤʦʚʠ 
ʯʘʩʪʢʦʚʦʛʦ ʤʦʞʣʠʚʦʛʦ ʧʦʩʣʘʙʣʝʥʥʷ ʦʩʥʦʚʠ ʙʫʜʽʚʣʽ; ʧʽʜʪʦʧʣʶʚʘʥʽ ʪʝʨʠʪʦʨʽʾ ʫ 
ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ; ʫʤʦʚʠ ʱʽʣʴʥʦʾ 
ʟʘʙʫʜʦʚʠ; ʟʥʘʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʛʨʫʥʪʽʚ.   
ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʣʘ ʥʘʷʚʥʘ ʧʨʦʙʣʝʤʘ ʱʦʜʦ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʟʛʽʜʥʦ ɼɹʅ ɺ.1.2-2:2006 [12] ʚʨʘʭʫʚʘʥʥʷ ʚ ʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ 
ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʝʧʽʟʦʜʠʯʥʦʛʦ (ʘʚʘʨʽʡʥʦʛʦ) ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ 
ʩʝʡʩʤʽʯʥʽ ʪʘ ɿʅɼʆ ʚʽʜ ʜʦʢʦʨʽʥʥʦʾ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʛʨʫʥʪʘ. ʑʦʜʦ ʮʴʦʛʦ 
ʚʽʜʤʽʯʝʥʦ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ ʚʽʜ ɿʅɼʆ 
ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʻ ʫʩʪʘʣʝʥʠʤ (ʧʦʩʪʽʡʥʠʤ), ʘ ʥʝ ʝʧʽʟʦʜʠʯʥʠʤ 
(ʘʚʘʨʽʡʥʠʤ). ɸʜʞʝ ʟʘ ʩʫʪʥʽʩʪʶ ʻ ʧʦʧʝʨʝʜʥʽʤ ʥʘʧʨʫʞʝʥʥʷʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 
ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʦʰʢʦʜʞʝʥʴ, ʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 
ʢʘʪʝʛʦʨʽʾ ʧʦʩʪʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʛʽʜʥʦ ʧ. 4.11 ɼɹʅ [12]. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ 
ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʝʡʩʤʽʢʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʦʩʪʟʫʩʠʣʣʷ (ʘ ʥʝ ʩʘʤ ʚʧʣʠʚ) ʚʽʜ ɿʅɼʆ ʪʘ 
ʚʞʝ ʦʪʨʠʤʘʥʠʡ ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ. ɼʘʥʽ ʤʽʨʢʫʚʘʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
ʚʨʘʭʫʚʘʥʥʷ ʚ ʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʧʣʠʚʫ ɿʅɼʆ.    
ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʦʩʪʽ 

ʩʫʤʽʱʝʥʥʷ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ. ɺ ʮʽʣʦʤʫ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʷʚ 
ɿʅɼʆ ʩʪʚʦʨʶʻ ʥʝʙʝʟʧʝʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʩʫʤʽʱʝʥʥʷ ʧʝʨʝʢʦʩʽʚ 
ʜʽʣʷʥʦʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʘʭ 
ʧʨʠ ʤʦʞʣʠʚʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʩʝʡʩʤʽʯʥʦʤʫ ʚʧʣʠʚʽ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ 
ʥʝʩʧʨʠʷʪʣʠʚʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʥʘʧʨʷʤʽʚ ʧʝʨʝʢʦʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 
ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʽ ʥʘʧʨʫʛ ʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʘʭ ʪʘ ʜʽʣʷʥʢʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦ 2 
ʨʘʟ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʽʣʴʢʠ ʩʝʡʩʤʽʯʥʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʚʧʣʠʚʦʤ. ɼʘʥʝ ʷʚʠʱʝ 
ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʩʝʡʩʤʦʩʪʽʡʢʽʩʪʴ (ʛʨʘʥʠʯʥʽ ʩʝʡʩʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ) 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʨʠʯʠʥʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʰʢʦʜʞʝʥʴ ʥʘʡʙʽʣʴʰ 
ʥʘʧʨʫʞʝʥʠʭ ʜʽʣʷʥʦʢ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ 
ʤʦʞʣʠʚʦʛʦ ʩʫʤʽʩʥʦʾ (ʧʦʩʣʽʜʦʚʥʦʾ) ʜʽʾ ɿʅɼʆ ʠ ʩʝʡʩʤʽʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʢʠ 
ʩʪʫʧʝʥʶ ʤʦʞʣʠʚʦʛʦ ʟʥʠʞʝʥʥʷ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 
ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʾʭ ʟʘʭʠʩʪʫ. 
ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʥʘʚʝʜʝʥʦʛʦ ʷʚʠʱʘ ʙʫʣʠ ʥʘ ʙʘʟʽ ʅɼɯɹʂ 

ʧʨʦʚʝʜʝʥʥʽ  ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʘʤôʷʥʠʭ ʙʘʣʦʢ-ʩʪʽʥʦʢ ʨʦʟʤʽʨʘʤʠ 1290ʭ847ʭ250 ʤʤ, 
ʥʘ ʷʢʽ ʜʽʷʣʠ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʠʣʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʢʦʩʠ. ɿʨʘʟʢʠ 
ʙʘʣʦʢ-ʩʪʽʥʦʢ ʩʢʣʘʜʘʣʠʩʷ ʟ ʮʝʛʣʠ ʨʷʜʦʚʦʾ ʢʝʨʘʤʽʯʥʦʾ ʧʦʚʥʦʪʽʣʦʾ ʄ100 (fb = 10,0 
ʄʇʘ) ʪʘ ʨʦʟʯʠʥʫ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʟ ʜʦʜʘʚʘʥʥʷʤ ʚʘʧʥʘ ʄ50 (fm = 5,0 ʄʇʘ). 
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ʆʜʠʥ ʟʨʘʟʦʢ ʚʠʧʨʦʙʫʚʘʚʩʷ ʧʦʩʣʽʜʦʚʥʠʤ ʧʨʠʢʣʘʜʝʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʦʙʧʠʨʘʥʥʷʤ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ ʧʦ ʢʨʘʷʭ 
(ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʾ ʧʝʨʝʢʦʩʽʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ), ʘ 
ʜʨʫʛʠʡ ʘʥʘʣʦʛʽʯʥʦ, ʘʣʝ ʟ ʦʙʧʠʨʘʥʥʷʤ ʧʦ ʚʩʽʡ ʥʠʞʥʽʡ ʧʦʚʝʨʭʥʽ (ʣʠʰʝ 
ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʝʨʝʢʽʩ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʨʫʡʥʫʶʯʝ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ï 119 ʢʅ ʜʣʷ ʟʨʘʟʢʘ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ ʪʘ 170 ʢʅ ʜʣʷ ʟʨʘʟʢʘ ʟ ʧʦʚʥʠʤ 
ʦʙʧʠʨʘʥʥʷʤ, ʱʦ ʡ ʧʽʜʪʚʝʨʜʞʫʻ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʙʘʣʢʠ-ʩʪʽʥʢʠ ʥʘ ʜʽʶ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʢʦʩʽʚ ʚʽʜ ʦʩʣʘʙʣʝʥʥʷ ʦʩʥʦʚʠ.  
ʇʨʠ ʘʥʘʣʽʟʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʾ ɿʅɼʆ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʚʩʽ ʨʦʟʛʣʷʥʫʪʽ ʯʠʥʥʠʢʠ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ 
ʜʚʘ ʪʠʧʠ ʚʧʣʠʚʫ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʙʫʜʽʚʝʣʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʨʘʭʫʚʘʥʥʷ ʫ 
ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ:  

- ʧʝʨʰʠʡ ʪʠʧ ʚʽʜʦʙʨʘʞʘʻ ʚʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʧʽʜ 
ʜʽʻʶ ʪʠʩʢʫ ʧʽʜ ʧʽʜʦʰʚʦʶ ʬʫʥʜʘʤʝʥʪʫ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ (ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ 
ʚʽʜʧʦʚʽʜʥʫ ʢʦʨʝʢʮʽʶ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ);  

 - ʜʨʫʛʠʡ ʪʠʧ ʚʽʜʦʙʨʘʞʘʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚʠ ʙʝʟ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʜʽʾ ʪʠʩʢʫ ʚʽʜ ʬʫʥʜʘʤʝʥʪʫ ʧʽʜ ʚʧʣʠʚʦʤ ʚʣʘʩʥʦʾ ʚʘʛʠ ʛʨʫʥʪʦʚʛʦ 
ʤʘʩʠʚʫ ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʫ ʥʴʦʤʫ (ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʷʤʠʤ ʘʙʦ ʥʝʧʨʷʤʠʤ 
ʧʨʠʢʣʘʜʝʥʥʷʤ ʜʦ ʬʫʥʜʘʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʫʰʝʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʨʦʟʧʦʜʽʣ ʪʘ 
ʚʝʣʠʯʠʥʫ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʬʦʨʤʫʣʘʤʠ). 
ʋʟʘʛʘʣʴʥʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʫ ʧʨʘʢʪʠʮʽ ʧʨʠʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʩʝʡʩʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʽʚʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 3 ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ: ʟʘʱʝʤʣʝʥʥʷ 
ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʙʫʜʽʚʣʽ ʚ ʦʩʥʦʚʽ; ʚʨʘʭʫʚʘʥʥʷ ʧʨʫʞʥʦʾ ʧʽʜʜʘʪʣʠʚʦʩʪʽ 
(ʞʦʨʩʪʢʦʩʪʽ) ʦʩʥʦʚʠ; ʚʨʘʭʫʚʘʥʥʷ ʤʘʩʠʚʫ ʛʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʟʽ ʚʣʘʩʥʦʶ ʚʘʛʦʶ ʫ 
ʷʢʦʩʪʽ ʯʘʩʪʠʥʠ ʜʠʥʘʤʽʯʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ (ʚʨʘʭʫʚʘʥʥʷ ʽʥʝʨʮʽʾ ʦʩʥʦʚʠ). 
ʇʨʠ ʮʴʦʤʫ ʧʨʦʚʝʜʝʥʠʡ ʘʚʪʦʨʦʤ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 
ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʚ, ʱʦ: ʥʝʚʨʘʭʫʚʘʥʥʷ ʤʘʩʠ ʛʨʫʥʪʫ ʦʩʥʦʚʠ (ʪʽʣʴʢʠ ʡʦʛʦ 
ʞʦʨʩʪʢʦʩʪʽ) ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʫʪʪʻʚʦʾ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʤʦʜʝʣʽ ʙʫʜʽʚʣʽ (ʟʙʽʣʴʰʝʥʥʷ ʜʦ 36% ʧʝʨʽʦʜʽʚ ʧʝʨʰʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ); ʚʠʟʥʘʯʝʥʥʷ 
ʟʘʛʘʣʴʥʠʭ ʟʫʩʠʣʴ ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ (ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʠʣʘ 21% ʟʥʠʞʝʥʥʷ 
ʟʫʩʠʣʣʷ); ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚʠ ʥʘʡʤʝʥʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʠʥʘʤʽʯʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʠʩʪʝʤʠ ʛʥʫʯʢʠʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʜʣʷ 
ʷʢʠʭ ʚʦʥʠ ʤʦʞʫʪʴ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 
ʩʪʘʥʜʘʨʪʥʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʤʝʪʦʜʦʤ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ 
ʜʣʷ ʩʝʡʩʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 
ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʪʘʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ Cz

ʩʪʘʪ
 ʜʦ ʜʠʥʘʤʽʯʥʠʭ 

Cz
ʜʠʥ

 ʜʣʷ ʩʝʡʩʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 
ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ, ʱʦ 

ʟʘʟʥʘʣʠ ʧʦʰʢʦʜʞʝʥʴ ʚʽʜ ɿʅɼʆ ʪʘ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʦʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 
ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ ʪʘ ʚʧʣʠʚʫ ɿʅɼʆ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʚʝʜʝʥʽ ʥʘʪʫʨʥʽ 
ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʧʦʚʽʜʥʠʭ ʙʫʜʽʚʝʣʴ ʫ ʤ. ʂʠʾʚʽ (ʧʦ ʚʫʣ. 
ʉʘʢʩʘʛʘʥʩʴʢʦʛʦ, 70/16 ʪʘ ʧʦ ʚʫʣ. ɻʦʥʯʘʨʘ, 67).  
ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ 2015 ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ:      
- ʥʝʦʙʭʽʜʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʦʩʥʦʚʠ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ (ʙʝʟ 

ʧʦʙʫʜʦʚʠ ʤʘʩʠʚʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʫʥʪʫ ʦʩʥʦʚʠ) ʢʘʤôʷʥʠʭ ʘʙʦ ʽʥʰʠʭ 
ʞʦʨʩʪʢʠʭ ʙʫʜʽʚʝʣʴ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʷʤʫ ʜʽʾ ʢʦʣʠʚʘʥʥʷ. ʇʨʠ ʚʠʩʦʢʽʡ 
ʧʨʦʪʷʞʥʦʩʪʽ ʙʫʜʽʚʣʽ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʦʚʞʠʥʦʶ ʪʘ ʚʠʩʦʪʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 
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ʩʠʩʪʝʤʠ ʙʽʣʴʰʝ 1,5) ʧʨʠ ʥʝʛʣʠʙʦʢʦʤʫ ʟʘʢʣʘʜʘʥʥʽ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʚ 
ʜʦʚʛʦʤʫ ʥʘʧʨʷʤʽ ʜʦʩʪʘʪʥʽʤ ʻ, ʷʢ ʧʨʘʚʠʣʦ, ʚʨʘʭʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʜʦʚʛʦʪʨʠʚʘʣʠʤ 
ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ. ʇʨʠ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʽʞ ʛʘʙʘʨʠʪʦʤ ʚ ʧʣʘʥʽ ʪʘ ʚʠʩʦʪʦʶ ʤʝʥʰʝ 1,0 ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʚ 
ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʙʽʣʴʰʫ ʫʚʘʛʫ ʩʪʚʦʨʝʥʥʶ ʝʬʝʢʪʫ 
ʟʘʱʝʤʣʝʥʥʷ ʙʫʜʽʚʣʽ ʚ ʦʩʥʦʚʽ ʯʝʨʝʟ ʚʨʘʭʫʚʘʥʥʷ ʦʧʦʨʫ (ʞʦʨʩʪʢʦʩʪʽ) ʛʨʫʥʪʫ ʧʦ 
ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ ʬʫʥʜʘʤʝʥʪʽʚ.  

- ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 
ʦʩʥʦʚʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʘʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʇʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ 
ʚʨʘʭʫʚʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʢʨʘʶ ʨʦʟʚʠʥʫʪʦʛʦ 
ʚ ʧʣʘʥʽ ʬʫʥʜʘʤʝʥʪʫ. 

- ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟ ʤʝʪʦʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 
ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʧʨʠ ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʘʭ ʙʽʣʴʰ ʪʦʯʥʠʤ 
ʻ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʟʽʧʦʩʪʽʡʥʠʭ ʟʥʘʯʝʥʴ ʪʠʤʯʘʩʦʚʠʭ ʩʪʘʪʠʯʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ 
ʫʥʠʢʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʤʽʥʽʤʘʣʴʥʠʤʠ 
ʟʥʘʯʝʥʥʷʤʠ ʾʭ ʤʽʮʥʦʩʪʽ, ʚ ʪʘʢʦʞ ʚʢʣʶʯʘʪʠ ʚ ʨʦʟʨʘʭʫʥʦʢ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʱʦ 
ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʘʜʞʝ ʥʝʚʨʘʭʫʚʘʥʥʷ 
ʮʴʦʛʦ ʤʦʞʝ ʚʽʜʯʫʪʥʦ ʟʙʽʣʴʰʠʪʠ ʧʝʨʽʦʜʠ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 
ʥʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ.            

- ʦʨʽʻʥʪʠʨʦʤ ʜʣʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʝʢʮʽʾ ʤʦʜʝʣʽ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 
ʤʘʻ ʙʫʪʠ ʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʨʘʭʫʥʢʦʤ ʧʝʨʽʦʜʽʚ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ 
ʩʠʩʪʝʤʠ ʚʽʜ ʪʠʧʦʚʠʭ ʟʥʘʯʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʥʘʪʫʨʥʦ ʜʣʷ ʘʥʘʣʦʛʽʯʥʠʭ ʙʫʜʽʚʝʣʴ. 

- ʨʦʟʚʠʪʦʢ ʧʦʰʢʦʜʞʝʥʴ ʢʘʤôʷʥʦʾ ʙʫʜʽʚʣʽ ʚʽʜ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʧʽʜʚʠʱʫʻ ʧʝʨʽʦʜʠ ʾʾ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ʇʽʜʚʠʱʝʥʥʷ ʧʝʨʽʦʜʫ 
ʢʦʣʠʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʟʥʠʞʝʥʥʶ ʞʦʨʩʪʢʦʩʪʽ ʢʘʤôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 20é30% ʫ 
ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʧʦʰʢʦʜʞʝʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʘʢʝ ʟʥʠʞʝʥʥʷ 
ʞʦʨʩʪʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʫ ʥʘʧʨʷʤʽ ʙʫʜʽʚʣʽ ʚ ʧʣʘʥʽ, ʤʝʥʰ 
ʧʦʰʢʦʜʞʝʥʦʤʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʧʦʧʝʨʝʯʥʦʤʫ), ʘ ʪʘʢʦʞ ʜʣʷ 
ʧʦʚʥʦʮʽʥʥʦ ʚʽʜʥʦʚʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

 - ʩʫʪʪʻʚʝ (ʙʽʣʴʰʝ 10é15%) ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʽʚ ʦʩʥʦʚʥʠʭ ʬʦʨʤ ʚʣʘʩʥʠʭ 
ʢʦʣʠʚʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʣʷ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʞʦʨʩʪʢʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʟʥʠʞʝʥʥʽ 
ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʦʩʥʦʚʠ ʜʦ 65% ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʛʥʫʯʢʦʩʪʽ 
ʙʫʜʽʚʣʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʱʠʭ ʬʦʨʤ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʚʧʣʠʚ ʪʘʢʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ï 
ʟʥʘʯʥʦ ʤʝʥʰʝ ʘʙʦ ʚʽʜʩʫʪʥʻ.  
ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʧʦʩʣʽʜʦʚʥʠʡ ʚʧʣʠʚ ɿʅɼʆ ʪʘ ʩʝʡʩʤʽʢʠ ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʤ ʚʠʟʥʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ 
ʩʧʝʢʪʨʫ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ (ʉʅʉ), ʷʢʠʡ ʟô̫ ʚʠʚʩʷ ʫ ʥʦʚʠʭ ɼɹʅ [13]. ʇʨʠ ʮʴʦʤʫ 
ʨʦʟʨʦʙʣʝʥʽ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʜʘʥʦʛʦ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ, ʥʘʚʝʜʝʥʦʾ ʫ ɼɹʅ [13]. 
ɺʦʥʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 
ʧʣʘʩʪʠʯʥʦʩʪʽ ɛmax ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʛʽʣʢʠ 
ʙʽʣʽʥʝʡʥʦʾ ʬʦʨʤʠ ʛʨʘʬʽʢʫ ʉʅʉ ʥʘ ʦʩʥʦʚʽ: ʢʦʝʬʽʮʽʻʥʪʫ ʜʦʧʫʩʪʠʤʠʭ ʥʝʧʨʫʞʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʦʰʢʦʜʞʝʥʴ k1 = 1/Rɛ ʟ ʪʘʙʣʠʮʽ 6.3 ɼɹʅ [13] ʘʙʦ ʥʘ ʦʩʥʦʚʽ 
ʩʧʝʮʽʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʥʝʣʽʥʽʡʥʠʭ ʧʝʨʝʢʦʩʽʚ 
ʧʦʚʝʨʭʽʚ ʟ ʪʘʙʣ. 6.8 ɼɹʅ [13]. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʨʝʢʮʽʾ 
ʛʨʘʬʽʢʫ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟ ɼɹʅ [13]: ʚʧʣʠʚʫ 
ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ɔs, ʪʠʧʫ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ k2, ʧʦʚʝʨʭʦʚʦʩʪʽ k3, 
ʥʝʣʽʥʽʡʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʛʨʫʥʪʽʚ kʛʨ, ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 



87 

 

ʤʘʪʝʨʽʘʣʽʚ m. ʆʢʨʝʤʦ ʦʛʦʚʦʨʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʫ ʤʝʪʦʜʽ ʉʅʉ 
ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʣʠʚʘʥʴ.  

 ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚ ʫʤʦʚʘʭ 
ʤʦʞʣʠʚʦʛʦ ʦʜʥʦʯʘʩʥʦʛʦ ʚʧʣʠʚʫ ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ 
(ɿʅɼʆ) ʪʘ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʙʘʟʦʚʽ ʧʨʘʚʠʣʘ. 
ɼʣʷ ʦʙôʻʢʪʽʚ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʉʉ-1 ʜʦʧʫʩʢʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʜʽʶ ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ ʦʢʨʝʤʦ. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ 
ʩʪʽʡʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʽʚʣʽ ʻ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ 
ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʻʜʥʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʤʦʛ ʪʘ ʟʘʭʠʩʪʫ 
ʚʽʜ ʦʙʦʭ ʚʧʣʠʚʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʠʟʴʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʣʽ 
ʫ ʚʠʧʘʜʢʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʟʫʩʠʣʴ ʚʽʜ ʨʽʟʥʠʭ ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ, ʷʢʝ 
ʚʚʘʞʘʻʪʴʩʷ ʥʠʟʴʢʦʡʤʦʚʽʨʥʠʤ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ, 
ʷʢ ʧʨʘʚʠʣʦ, ʾʭ ʤʝʥʰʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷʤ ʩʚʦʻʯʘʩʥʠʭ 
ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ).  

 ɼʣʷ ʦʙôʻʢʪʽʚ ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʉʉ-2 ʪʘ ʉʉ-3 ʜʣʷ ʧʽʜʙʦʨʫ ʪʘ(ʘʙʦ) 
ʧʝʨʝʚʽʨʢʠ ʧʝʨʝʨʽʟʽʚ ʩʣʽʜ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʜʽʶ ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ 
ʦʢʨʝʤʦ, ʜʣʷ ʩʝʡʩʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 
ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ k1 = 1,0 (ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʘʪʣʠʚʦʩʪʽ ɛ = 1, ʷʢʠʡ 
ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ 
ʨʦʟʚʠʪʢʫ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʦʶ ɿʅɼʆ ʧʽʩʣʷ ʟʝʤʣʝʪʨʫʩʫ. ɼʣʷ 
ʉʉ-2 ʜʦʧʫʩʢʘʻʪʴʩʷ ʩʧʦʣʫʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʝʡʩʤʽʢʠ ʧʨʠʡʤʘʪʠ 
ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ɔm Ò 1/k1 ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʽʡʥʦʩʪʽ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʽʥʰʽ 

ʧʦʟʥʘʯʝʥʥʷ ʧʨʠʡʥʷʪʽ ʟʛʽʜʥʦ ɼɹʅ ɺ.1.1-12 [13]. ʊʦʙʪʦ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ 
ʩʝʡʩʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢ ʘʚʘʨʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʘʭʦʚʫʚʘʪʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʥʝʩʫʯʠʭ 
ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʠʞʝʥʥʷ ʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɸʣʝ ʧʨʠ 
ʮʴʦʤʫ ʝʬʝʢʪ ʚʽʜ ʪʘʢʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʝʬʝʢʪ ʚʽʜ 
ʚʨʘʭʫʚʘʥʥʷ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 
ʧʨʠʡʥʷʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʩʣʽʜ ʪʘʢʦʞ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ 
ʥʘ ʘʚʘʨʽʡʥʝ ʩʧʦʣʫʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʧʣʠʚʦʤ ɿʅɼʆ (ʷʢ 
ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ) ʪʘ ʩʝʡʩʤʽʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ (ʟʘ 
ʧʨʠʥʮʠʧʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʧʨʦʛʨʝʩʫʶʯʝ ʨʫʡʥʫʚʘʥʥʷ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʥʝʣʽʥʽʡʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʪʘʢʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ 
ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 
(ʧʝʨʝʜʥʘʧʨʫʞʝʥʥʷ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ) ʙʫʜʽʚʣʽ ʚʽʜ ɿʅɼʆ, ʘ 
ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦʩʪʽ ʛʘʨʘʥʪʫʚʘʥʥʷ ʥʝʦʙʨʫʰʝʥʥʷ ʙʫʜʽʚʣʽ ʜʘʥʦʛʦ ʢʣʘʩʫ 
ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʚʽʜ ʤʦʞʣʠʚʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʧʣʠʚʫ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʢʣʘʜʥʠʭ 
ʫʤʦʚ.  
ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʟʘ ʦʜʥʦʯʘʩʥʦʾ 

ʥʘʷʚʥʦʩʪʽ ʯʠʥʥʠʢʽʚ ɿʅɼʆ ʪʘ ʩʝʡʩʤʽʢʠ:  
- ʜʣʷ ʢʣʘʩʫ ʥʘʩʣʽʜʢʽʚ ʉʉ-3 ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦʧʫʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ 

ʢʘʧʽʪʘʣʴʥʠʭ ʨʝʤʦʥʪʘʭ ʪʘ(ʘʙʦ) ʚʠʨʽʚʥʶʚʘʥʥʷʭ ʧʽʩʣʷ ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʢʣʘʜʥʠʭ 
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ʚʧʣʠʚʽʚ (1-2 ʢʘʪʝʛʦʨʽʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʚʧʣʠʚʫ ʟʛʽʜʥʦ ɼʉʊʋ-ʅ ɹ ɺ.1.2-18 
[14]).  

- ʜʣʷ ʢʣʘʩʫ ʥʘʩʣʽʜʢʽʚ ʉʉ-2 ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʧʣʘʥʦʚʠʭ ʢʘʧʽʪʘʣʴʥʠʭ 
ʨʝʤʦʥʪʽʚ ʪʘ(ʘʙʦ) ʚʠʨʽʚʥʶʚʘʥʴ ʧʽʩʣʷ ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ, ʘʣʝ ʙʝʟ ʚʠʥʠʢʥʝʥʥʷ 
ʘʚʘʨʽʡʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ (2-3 ʢʘʪʝʛʦʨʽʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʚʧʣʠʚʫ).  

- ʜʣʷ ʢʣʘʩʫ ʥʘʩʣʽʜʢʽʚ ʉʉ-1 ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦʧʫʱʝʥʥʷ ʦʙʤʝʞʝʥʠʭ 
ʜʝʬʦʨʤʘʮʽʡ ʽ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 3 ʢʘʪʝʛʦʨʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʧʽʩʣʷ 
ʩʢʣʘʜʥʠʭ ʚʧʣʠʚʽʚ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʧʦʜʘʣʴʰʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ ʪʘ(ʘʙʦ) 
ʚʠʨʽʚʥʶʚʘʥʴ (3 ʢʘʪʝʛʦʨʽʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʩʣʷ ʚʧʣʠʚʫ). 
ʅʝʦʙʭʽʜʥʦ ʧʦʻʜʥʫʚʘʪʠ ʧʨʘʚʠʣʘ ʟʘʭʠʩʪʫ, ʧʝʨʝʜʙʘʯʝʥʠʤʠ ʥʦʨʤʘʤʠ ʪʘ 

ʧʨʘʚʠʣʘʤʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʚ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʠʭ ʫʤʦʚʘʭ ʪʘ 
ʥʘʷʚʥʦʩʪʽ ʯʠʥʥʠʢʽʚ ɿʅɼʆ, ʱʦ ʻ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʦʙʦʭ ʚʠʜʽʚ ʚʧʣʠʚʽʚ, 
ʟʦʢʨʝʤʘ: ʧʝʨʝʜʙʘʯʘʪʠ ʧʨʦʩʪʫ ʬʦʨʤʫ ʚ ʧʣʘʥʽ, ʩʠʤʝʪʨʠʯʥʽʩʪʴ ʞʦʨʩʪʢʦʩʪʝʡ ʽ ʤʘʩ; 
ʟʤʝʥʰʫʚʘʪʠ ʤʘʩʫ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 
ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʽ ʽʥʝʨʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 
ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʽ ʛʝʦʤʝʪʨʠʯʥʫ ʥʝʟʤʽʥʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 
(ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʞʦʨʩʪʢʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʠʩʪʝʤʠ); ʩʪʚʦʨʶʚʘʪʠ ʥʘʜʽʡʥʝ 
ʧʦʻʜʥʘʥʥʷ ʞʦʨʩʪʢʠʭ ʜʠʩʢʽʚ ʧʝʨʝʢʨʠʪʪʽʚ ʽ ʧʦʢʨʠʪʪʷ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʥʝʩʫʯʠʤʠ 
ʢʦʥʩʪʨʫʢʮʽʷʤʠ. ʅʝ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʦʩʦʙʠ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʷʢʽ ʻ 
ʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʜʦʧʫʩʪʠʤʠʤʠ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʦʜʥʦʛʦ ʚʠʜʫ ʩʢʣʘʜʥʦʛʦ ʚʧʣʠʚʫ, 
ʘʣʝ ʻ ʧʦʩʣʘʙʣʶʶʯʠʤʠ ʜʣʷ ʽʥʰʦʛʦ, ʟʦʢʨʝʤʘ: ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜʜʘʪʣʠʚʽ ʪʘ 
ʢʦʤʙʽʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʩʠʩʪʝʤʠ; ʦʙʤʝʞʫʚʘʪʠ ʜʣʷ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 
ʙʫʜʽʚʝʣʴ ʨʦʟʚʠʪʦʢ ʧʦʰʢʦʜʞʝʥʴ ʽ ʥʝʣʽʥʽʡʥʠʭ (ʧʣʘʩʪʠʯʥʠʭ) ʜʝʬʦʨʤʘʮʽʡ ʟ 
ʚʨʘʭʫʚʘʥʥʷʤ ʦʯʽʢʫʚʘʥʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʟʫʩʠʣʴ ʚʽʜ ʦʜʥʦʛʦ ʚʠʜʫ ʩʢʣʘʜʥʦʛʦ ʚʧʣʠʚʫ 
ʥʘ ʽʥʰʠʡ; ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʝʟʨʠʛʝʣʴʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʘʨʢʘʩʠ; ʥʝ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʢʨʫʧʥʝʥʽ ʩʽʪʢʠ ʢʦʣʦʥ.  
ɺ ʮʽʣʦʤʫ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʽ ʧʽʜʭʦʜʠ ʜʦ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʟʘ 

ʦʜʥʦʯʘʩʥʦʾ ʥʘʷʚʥʦʩʪʽ ʯʠʥʥʠʢʽʚ ɿʅɼʆ ʪʘ ʩʝʡʩʤʽʢʠ: ʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʯʠʥʥʠʢʽʚ 
ɿʅɼʆ ʪʘ ʩʝʡʩʤʦʩʪʽʡʢʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʝʟ ʾʭ ʚʨʘʭʫʚʘʥʥʷ (ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʤʦʞʣʠʚʘ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʝʤʦʥʪʘʭ ʧʽʩʣʷ ʟʝʤʣʝʪʨʫʩʽʚ); ʯʘʩʪʢʦʚʝ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ɿʅɼʆ ʪʘ 
ʩʝʡʩʤʽʢʠ (ʘʢʪʠʚʥʠʡ ʩʝʡʩʤʦʟʘʭʠʩʪ, ʧʽʜʛʦʪʦʚʢʘ ʦʩʥʦʚʠ ʪʦʱʦ) ʨʘʟʦʤ ʟ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʟʘʭʠʩʪʦʤ ʙʫʜʽʚʣʽ ʘʙʦ ʩʧʦʨʫʜʠ ʥʘ ʟʥʠʞʝʥʠʡ ʨʽʚʝʥʴ ʦʩʦʙʣʠʚʠʭ 
ʚʧʣʠʚʽʚ (ʚ ʤʘʡʙʫʪʥʴʦʤʫ ï ʦʙʤʝʞʝʥʘ ʧʦʪʨʝʙʘ ʫ ʨʝʤʦʥʪʘʭ ʪʘ(ʘʙʦ) ʚʠʨʽʚʥʶʚʘʥʥʷʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ); ʧʦʚʥʽʩʪʶ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʩʧʨʠʡʥʷʪʪʷ ʦʩʦʙʣʠʚʠʭ 
ʚʧʣʠʚʽʚ (ʚ ʤʘʡʙʫʪʥʴʦʤʫ ï ʧʦʚʥʦʮʽʥʥʘ ʧʦʪʨʝʙʘ ʫ ʨʝʤʦʥʪʘʭ ʪʘ(ʘʙʦ) ʚʠʨʽʚʥʶʚʘʥʥʷʭ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ).  
ʅʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʇʨʦʙʣʝʤʘ 

ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʚ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦʾ ʩʫʤʽʩʥʦʾ ʜʽʾ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 
ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʦʩʥʦʚʠ ʻ ʘʢʪʫʘʣʴʥʦʶ. ʆʩʥʦʚʥʘ ʥʝʙʝʟʧʝʢʘ 
ʧʦʣʷʛʘʻ ʫ ʩʫʪʪʻʚʦʤʫ ʟʥʠʞʝʥʥʽ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ 
ʟʥʘʯʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʇʨʦʚʝʜʝʥʽ ʘʚʪʦʨʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ 
ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʥʝʛʘʪʠʚʥʦʾ ʜʽʾ ɿʅɼʆ ʥʘ ʩʝʡʩʤʦʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 
ʩʠʩʪʝʤʠ ʙʫʜʽʚʝʣʴ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʩʫʤʽʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʾ ʜʽʾ ɿʅɼʆ ʪʘ 
ʩʝʡʩʤʽʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʚ 
ʨʦʟʛʣʷʜʫʚʘʥʠʭ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʜʘʥʽʡ 
ʩʪʘʪʪʽ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ 

ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʸʪʘ ʟʜʘʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʝʢʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʨʘʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩ ʧʦʜʙʦʨʦʤ ʠ 

ʧʨʦʚʝʨʢʦʡ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ 

ʢʦʤʧʦʟʠʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʇʂ çʃɯʈɸ-ʉɸʇʈè. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʨʦʟʨʘʭʫʥʢʫ ʙʫʜʽʚʝʣʴ ʧʨʠ ʟʤʽʥʽ ʧʨʦʝʢʪʥʦʾ ʩʠʪʫʘʮʽʾ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʨʘʤʠ, ʟ ʧʽʜʙʦʨʦʤ ʪʘ ʧʝʨʝʚʽʨʢʦʶ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

This paper provides detailed suggestions for the process of modeling the 

structural reinforcement by composite materials on the software package 

"LIRA -SAPR". The article offers an algorithm for calculation the construction 

objects in case of the changing of design situation, taking into account the 

modeling of the composite structure reinforcement.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  

ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʜʝʬʦʨʤʘʮʠʠ, ʬʠʟʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ. 
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ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʜʝʬʦʨʤʘʮʽʷ, 

ʬʽʟʠʯʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ. 

Stress-strain state, composite material, strains, deformations, material 

nonlinearity, software " LIRA -SAPR" . 

 

ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʠ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʧʨʦʝʢʪʥʳʭ ʩʠʪʫʘʮʠʡ, 

ʘʚʘʨʠʡ ʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʟʜʘʥʠʷ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ 

ʧʦʚʳʰʝʥʠʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʘʢʪʫʘʣʴʥʳʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʫʩʠʣʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʣʘʤʠʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʦʛʦ (ʠʣʠ 

ʩʪʝʢʣʷʥʥʦʛʦ) ʚʦʣʦʢʥʘ). 

ʇʝʨʚʳʤ ʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʠʧʘ ʩʯʠʪʘʝʪʩʷ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʪʝʢʣʦʧʣʘʩʪʠʢ, ʩʦʟʜʘʥʥʳʡ ɹʫʨʦʚʳʤ ɸ.ʂ. ʚ 30-ʭ ʛʦʜʘʭ. ɺ 60-ʭ 

ʛʦʜʘʭ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ 

ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʩʝʡʯʘʩ ʦʯʝʥʴ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʨʝʩʘ ʢ ʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʨʘʙʦʪʳ ʙʳʣʦ 

ʧʦʩʚʷʱʝʥʦ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ ʚʦʧʨʦʩʘ: ʨʘʙʦʪʳ ɻʚʦʟʜʝʚʘ ɸ.ɸ., ʂʣʶʝʚʘ ʉ.ɺ., 

ʂʫʨʣʘʧʦʚʘ ɼ.ɺ., ʍʘʶʪʠʥʘ ʖ.ɻ., ʏʝʨʥʷʚʩʢʦʛʦ ɺ.ʃ. ʈʘʟʚʠʪʠʶ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʩʠʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʂʫʟʥʝʮʦʚʘ ɺ.ɼ., ɺʘʪʠʥʘ ʅ.ʀ., ɻʨʠʛʦʨʴʝʚʘ ʗ.ɺ. ʠ ʜʨʫʛʠʭ. 

ʄʥʦʛʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ ʙʳʣʦ ʩʦʟʜʘʥʦ ʠ ʟʘ ʨʫʙʝʞʦʤ, 

ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ Belarbia A., Acunb B., David D., Grace N.F. ʠ ʜʨʫʛʠʭ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʤʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʩʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʘʥʘʣʠʟʫ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʩʠʣʝʥʠʶ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʦ ʧʨʦʮʝʩʩ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʩʠʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʘʥʘʣʠʟ ʝʸ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʩʪʘʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʥʝʨʝʰʝʥʥʳʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʤʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʩ ʫʯʸʪʦʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɸ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ ʠ ʧʦʩʣʝ 

ʫʩʠʣʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʃʠʨʘ-ʉɸʇʈè ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ʠʥʞʝʥʝʨʘ 

çʕʉʇʈʀè.  

ʂʦʤʧʦʟʠʪʥʳʤʠ ʥʘʟʳʚʘʶʪ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʬʘʟ. ʅʝʧʨʝʨʳʚʥʫʶ ʬʘʟʫ ʥʘʟʳʚʘʶʪ ʤʘʪʨʠʮʝʡ, ʘ ʢʦʤʧʦʥʝʥʪʳ ï 

ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʣʠ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʦʡ. ʈʦʣʴ ʘʨʤʠʨʫʶʱʝʡ ʬʘʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʳ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 
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ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʣʠʤʝʨʥʫʶ, ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʘʪʨʠʮʳ ʙʫʜʫʪ ʦʪʣʠʯʘʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ. ʂʝʨʘʤʠʯʝʩʢʠʝ 

ʤʘʪʨʠʮʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ, ʥʦ ʠʭ ʥʝʜʦʩʪʘʪʢʦʤ ʝʩʪʴ 

ʧʦʚʳʰʝʥʥʘʷ ʭʨʫʧʢʦʩʪʴ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʠ, ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʣʘʩʪʠʯʥʳʤʠ, ʥʝʞʝʣʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʬʠʙʨʳ (ʚʦʣʦʢʦʥ), ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ 

ʨʝʤʦʥʪʝ ʠ ʫʩʠʣʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʤʠʢʨʦʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʦʤʦʥʦʣʠʯʠʚʘʶʪ ʚ ʧʦʣʠʤʝʨʝ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʝʜʠʥʷʶʪ ʠʭ 

ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʪʠʧʳ ʚʦʣʦʢʦʥ: ʘʨʘʤʠʜʥʳʝ, 

ʫʛʣʝʨʦʜʥʳʝ ʠ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʚʦʣʦʢʦʥ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʉʪʦʡʢʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʂʦʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʠ ʘʨʘʤʠʜʥʳʭ ʚʦʣʦʢʦʥ ʭʦʨʦʰʦ ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʱʝʣʦʯʘʤ, ʢʠʩʣʦʪʘʤ, ʭʣʦʨʠʜʘʤ, ʩʫʣʴʬʘʪʘʤ, ʥʠʪʨʘʪʘʤ ʠ 

ʜʨ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʉʪʝʢʣʦʚʦʣʦʢʥʘ ʠ ʘʨʘʤʠʜʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʷʚʣʷʶʪʩʷ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʞʝ ʜʣʷ ʟʘʱʠʪʳ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʋʛʣʝʨʦʜʥʳʝ, ʘʨʘʤʠʜʥʳʝ ʠ 

ʩʪʝʢʣʦʚʦʣʦʢʥʘ ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʫʜʘʨʥʳʤ 

ʥʘʛʨʫʟʢʘʤ. 

ɺʳʩʦʢʘʷ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. ʉʪʝʢʣʦʚʦʢʥʘ ʩʦʭʨʘʥʷʶʪ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 1000 Áʉ, ʫʛʣʝʨʦʜʥʳʝ 

ʚʦʣʦʢʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 275 Áʉ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʶʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʵʪʘʧʥʦ ʧʨʦʮʝʩʩ ʨʘʩʯʸʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè ʩ 

ʫʯʸʪʦʤ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʝʸ ʵʣʝʤʝʥʪʦʚ.  

ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʩʠʪʫʘʮʠʠ (ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʲʝʢʪ, 

ʧʨʦʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʤʝʥʝʥʠʠ 

ʥʘʟʥʘʯʝʥʠʷ ʠʣʠ ʧʝʨʝʧʣʘʥʠʨʦʚʢʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ), ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʫʯʸʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʦʚʳʭ ʥʘʛʨʫʟʦʢ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʜʣʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩ ʫʯʸʪʦʤ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʪʨʝʱʠʥʳ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʫʩʠʣʝʥʠʠ.  
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʤ ʙʫʜʫʪ ʫʩʠʣʠʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ. ʅʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʚ ʕʉʇʈʀ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʨʢʠ, ʚ ʕʉʇʈʀ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʧʨʠʚʝʜʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʫʩʠʣʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʚʝʨʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʫʩʠʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè ʥʫʞʥʦ ʟʘʜʘʪʴ ʥʦʚʫʶ ʞʝʩʪʢʦʩʪʴ 

ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʘʤ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʚ ʵʣʝʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ, ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʪʠʧ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʬʠʟʠʯʝʩʢʠ-

ʥʝʣʠʥʝʡʥʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʩʪʨʝʞʥʝʚʦʡ ʂʕ ˉ210. ʇʦʩʣʝ 

ʟʘʜʘʥʠʷ ʥʦʚʦʡ ʞʝʩʪʢʦʩʪʠ (ʩ ʫʯʸʪʦʤ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʦʟʠʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ) ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʥʦʚʳʡ ʨʘʩʯʸʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʯʸʪʥʦʡ 

ʤʦʜʝʣʠ ʚ ʮʝʣʦʤ ʠ ʚʦʟʥʠʢʘʝʪ ʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʠʣʝʥʠʠ 

ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʨʠ ʞʝʣʘʥʠʠ, ʧʦʩʣʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʝ, ʚ ʕʉʇʈʀ 

ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʧʦʚʪʦʨʥʫʶ ʧʨʦʚʝʨʢʫ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʠʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʞʝ ʩ ʥʦʚʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè 

ʫʩʠʣʠʷʤʠ ʚ ʵʪʠʭ ʵʣʝʤʝʥʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʜʫʨʫ ʨʘʩʯʝʪʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʇʂ çʃʠʨʘ ï

ʉɸʇʈè ʠ ʕʉʇʈʀ ʩ ʫʯʝʪʦʤ ʫʩʠʣʝʥʠʷ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ ʨʘʩʯʝʪʘ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè ʥʘ 

ʧʨʠʤʝʨʝ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʨʘʤʳ (ʨʠʩ. 2). 

1. ʉʪʘʪʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ. ʇʦʜʙʦʨ 

ʘʨʤʠʨʦʚʘʥʠʷ. 

2. ʌʠʟʠʯʝʩʢʠ 

ʥʝʣʠʥʝʡʥʳʡ 

ʨʘʩʯʸʪ. ɺʳʷʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʩ 

ʪʨʝʱʠʥʘʤʠ. 

3. ʇʨʦʚʝʨʢʘ 

ʧʨʦʯʥʦʩʪʠ 

ʫʩʠʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ 

ʕʉʇʈʀ 

4. ʈʘʩʯʸʪ ʚ ʇʂ çʃʠʨʘ-

ʉɸʇʈè ʩ ʫʯʸʪʦʤ 

ʥʦʚʳʭ ʞʝʩʪʢʦʩʪʝʡ 

ʫʩʠʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

5. ʇʨʦʚʝʨʢʘ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʠʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ 
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 ʈʠʩ. 2. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʨʘʤʳ. 

 

     

  
 

ʈʠʩ. 3. ʇʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ 

 

ʇʦʩʣʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ 

ʧʦʜʦʙʨʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʘʨʤʠʨʦʚʘʥʠʝ.  

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʚ 

ʢʦʪʦʨʦʤ ʙʳʣʠ ʟʘʜʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦʥʘ ʠ 

ʘʨʤʘʪʫʨʳ. ʊʘʢʞʝ ʙʳʣʠ ʟʘʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʩʯʸʪʘ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩ ʫʯʸʪʦʤ ʧʦʣʟʫʯʝʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʟʫʯʝʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʙʳʣʦ 

ʟʘʜʘʥʦ ʧʨʠ ʧʦʤʦʱʠ 44-ʛʦ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʛʦ ʟʘʢʦʥʘ ʧʦʣʟʫʯʝʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʟʫʯʝʩʪʠ )(tj  ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʘʤ: 

)'()'()( ttft -=jtj ,             (1) 

ä
=

+=
m

k kt

kA
Ct

1 )'(
0

)'(j ,          (2) 

ä
=

--
=-

m
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tt
kekBttf

0

)'(
)'(

g
,        (3) 

ʛʜʝ t ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʬʦʨʤʘʮʠʷ; 't  ï ʤʦʤʝʥʪ 

ʧʨʠʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ; kB  ʠ kg  ï ʧʦʩʪʦʷʥʥʳʝ, 

ʧʦʜʦʙʨʘʥʥʳʝ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʧʨʠʥʷʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʵʪʦʤ 10=B ,  

00=g   ʠ 0>kg .   

       ɺʝʣʠʯʠʥʘ 0C  ï ʵʪʦ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʨʳ ʧʦʣʟʫʯʝʩʪʠ; kA ï ʥʝʢʦʪʦʨʳʡ 

ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʠ ʫʩʣʦʚʠʡ ʩʪʘʨʝʥʠʷ ʜʣʷ ʧʨʠʥʷʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʩ ʫʯʸʪʦʤ ʬʠʟʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʭʝʤʳ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʈʠʩ.4. ʉʭʝʤʳ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ 3 ʩʪʘʜʠʠ ʧʨʦʷʚʣʝʥʠʷ 

ʜʝʬʨʤʘʮʠʡ ʧʦʣʟʫʯʝʩʪʠ ʚ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʘʭ ʩʭʝʤʳ ʚʦʟʥʠʢʘʶʪ ʩʪʨʝʱʠʥʳ. ʅʘ 

ʨʠʩ. 5 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ 

ʙʘʣʢʠ ʠ ʢʦʣʦʥʥ, ʜʦ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʠ ʧʦʩʣʝ. 

     ɼʣʷ ʫʩʠʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʨʘʤʳ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʣʠ 

ʪʨʝʱʠʥʳ ʙʳʣ ʧʦʜʦʙʨʘʥ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ 

ʤʘʨʢʠ Aslan 400 CFRP 

Laminate ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʞʝʩʪʢʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ:  

ï ʪʦʣʱʠʥʘ ʤʦʥʦʩʣʦʷ: 1,4 

ʤʤ; 

ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ɽ:                          

131000  ʄʇʘ; 

ï ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ: 2400 ʄʇʘ;  

ï ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʨʘʟʨʳʚʝ: 

 0.0187 %.  

 

 
ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʧʝʨʝʯʝʥʳʭ ʩʝʯʝʥʠʡ ʩʭʝʤʳ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 

ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʫʩʠʣʝʥʠʷ, ʚ ʕʉʇʈʀ ʙʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʠʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʤʳ.  

ɼʣʷ ʫʩʠʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʥʘ ʩʞʘʪʠʝ, ʧʨʦʚʝʨʢʘ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

ï ʧʨʠ ʫʩʠʣʝʥʠʠ ʚʥʝʰʥʠʤ ʘʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 

( ) ( ) a
f
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f

Rah
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sc
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RNe +-+-¢ '
0
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,  (4) 

ï ʧʨʠ ʫʩʠʣʝʥʠʠ ʚʥʝʰʥʠʤ ʘʨʤʠʨʦʚʘʥʠʝʤ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 

( ) ( )'
0

'5,0
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ah
s

A
sc

Rxhbx
b

RNe -+-¢ .             (5) 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʨʘʙʦʪʘʶʪ ʥʘ ʠʟʛʠʙ, ʧʨʦʚʝʨʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʧʨʦʜʝʣʴʥʦʤʫ ʠʟʛʠʙʘʶʱʝʤʫ ʤʦʤʝʥʪʫ: 
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ï ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ: 

a
f

A
f

Rah
s

A
sc

Rxhbx
b

RM +-+-¢ )'
0

(')5,0
0

( ,  (6) 

ï ʜʣʷ ʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ, ʝʩʣʠ ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʪ ʚ ʨʝʙʨʝ: 
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ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʫʩʠʣʝʥʠʷ, ʠ ʧʨʦʚʝʨʢʠ ʫʩʠʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠʚʝʜʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʫʩʠʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ 

ʨʘʩʯʸʪʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʞʝʩʪʢʦʩʪʝʡ, ʂʕ ˉ10 ʤʳ 

ʟʘʤʝʥʠʣʠ ʥʘ ʂʕ ˉ210, ʢʦʪʦʨʳʤ ʧʨʠʩʚʦʠʣʠ ʥʦʚʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʞʝʩʪʢʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʦʚ ʧʦʚʳʰʝʥʠʷ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʝʩʪʴ ʫʚʝʣʠʯʝʥʠʝ ʝʸ ʞʝʩʪʢʦʩʪʠ, ʧʫʪʸʤ 

ʫʩʪʘʥʦʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʡʤʳ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʫʩʠʣʝʥʠʷ ʢʦʣʦʥʥ 

ʜʘʥʥʦʡ ʨʘʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʨʦʡʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʦʡʤ. ɼʣʷ 

ʵʪʦʛʦ ʥʫʞʥʦ ʚʤʝʩʪʦ ʧʦʜʙʦʨʘ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʦʙʨʘʪʴ ʨʘʟʤʝʨʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʫʛʦʣʢʦʚ (ʠʣʠ ʧʣʘʩʪʠʥʦʢ), ʢʦʪʦʨʳʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ 

ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ.  ʇʨʦʚʝʨʢʫ ʫʩʠʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʧʨʦʛʨʘʤʤʝ çʕʉʇʈʀè. ɼʣʷ ʵʪʦʛʦ ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ çʇʨʦʚʝʨʢʘ 

ʩʝʯʝʥʠʡ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʢʦʣʦʥʥè (ʨʘʟʜʝʣ ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ) 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʨʦʚʝʨʢʫ ʩʪʘʣʝʙʝʪʦʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʫʛʦʣʢʘʤʠ ʠ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʫʛʦʣʢʦʚ ʪʘʢʠ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʤʦʜʝʣʠʨʦʚʘʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʦʙʦʡʤʫ ʚʦʢʨʫʛ ʢʦʣʦʥʥʳ. 

ʇʨʦʚʝʨʢʫ ʢʦʤʧʦʟʠʪʥʳʭ ʩʝʯʝʥʠʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʧʨʝʜʝʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʦ ʜʚʫʭʣʠʥʝʡʥʦʡ ʠ 

ʪʨʸʭʣʠʥʝʡʥʦʡ ʜʠʘʛʨʘʤʤʘʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʠʩ. 6.  

 

 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤ rʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʥʘʧʨʝʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʤʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʫʩʠʣʝʥʠʷ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ.1. 

 



97 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʫʩʠʣʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʘʥʦʚʢʘʭ 

ʟʘʜʘʯʠ 

  

ʃʠʥʝʡʥʦ-ʫʧʨʫʛʠʡ 

ʨʘʩʯʝʪ 

ʌʠʟʠʯʝʩʢʘʷ 

ʥʝʣʠʥʝʡʥʦʩʪʴ 

ʉ ʫʯʝʪʦʤ ʫʩʠʣʝʥʠʷ 

ʇʝʨʝʤʝ-

ʱʝʥʠʝ Z, 

ʤʤ 

ʋʩʠʣʠʷ 

My,ʪ*ʤ 

ʇʝʨʝʤʝ-

ʱʝʥʠʝ  

Z, ʤʤ 

ʋʩʠʣʠʷ 

 My, ʪ*ʤ 

ʇʝʨʝʤʝ-    

ʱʝʥʠʝ Z, 

ʤʤ 

ʋʩʠʣʠʷ 

My,ʪ*ʤ 

ʂʦʣʦʥʥʘ 0 Ñ1,65 -0,1 Ñ1,89 0 Ñ2,06 

ɹʘʣʢʘ -2,8 2,96 -7,6 2,7 -7,3 2,26 

 

ʊʘʢʞʝ, ʚ ʧʨʦʛʨʘʤʤʝ çʕʉʇʈʀè ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʠ ʜʨʫʛʠʭ ʩʝʯʝʥʠʡ 

ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʤʝʨ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 7. 

 

           
ʈʠʩ. 7. ʊʠʧʳ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʘʣʝʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʚ ʕʉʇʈʀ 

 

ɺʳʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʠʪʴ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʣʠ ʫʩʪʨʘʥʠʪʴ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ, ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʛʣʘʚʥʦʝ ï ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʣʘʤʠʥʘʪʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʫʛʣʝʨʦʜʥʦʛʦ 

ʠʣʠ ʩʪʝʢʣʷʥʥʦʛʦ ʚʦʣʦʢʥʘ) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʯʸʪʥʳʭ ʩʭʝʤ ʩ 

ʫʯʸʪʦʤ ʫʩʠʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʇʂ çʃʠʨʘ-ʉɸʇʈè. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʦʡʤʦʡ. ʇʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʬʠʟʠʯʝʩʢʠ 

ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠ ʩ ʫʯʸʪʦʤ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʧʦʟʠʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʙʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.   
 

1. ɹʝʪʦʥʥʳʝ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʨʝʜʘʢʮʠʷ. ʉʅʠʇ 52-01-2003. ï ʄ. : ʌɸʋçʌʎʉè, 2012. ï ʉ. 155. 2. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʫʩʠʣʝʥʠʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ / ɺ. ʃ. ʏʝʨʥʷʚʩʢʠʡ, 

ʖ. ɻ. ʍʘʶʪʠʥ. ï ʄ. : ʆʆʆ çʀʥʪʝʨʘʢʚʘè, ʅʀʀɾɹ, 2006. ï 48 ʩ. 3. ʐʠʣʠʥ ɸ.ɸ. ɺʥʝʰʥʝʝ 

ʘʨʤʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ /  ɸ.ɸ. ʐʠʣʠʥ, 
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4. ɹʦʢʘʨʝʚ ʉ.ɸ. ʅʝʣʠʥʝʡʥʳʡ ʘʥʘʣʠʟ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʛʠʙʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʫʩʠʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ / ʉ.ɸ. ɹʦʢʘʨʝʚ, ɼ.ʅ. ʉʤʝʨʜʦʚ // ɺʝʩʪʥʠʢ 
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ʘʨʤʠʨʦʚʘʥʠʝ ʠʟʛʠʙʘʝʤʳʭ ʬʠʙʨʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʫʛʣʝʚʦʣʦʢʥʦʤ / ʉ. ɺ. ʂʣʶʝʚ, ʖ. ɺ. 
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ʇʨʦʙʣʝʤʘ ʪʘ ʾʾ ʟʚô̫ ʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʪʘ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. 

ʂʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ʆʜʥʠʤ ʟ 

ʥʘʧʨʷʤʢʽʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʻ ʟʦʚʥʽʰʥʻ ʘʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ 

ʨʝʤʦʥʪʽ ʯʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʮʴʦʛʦ ʩʧʦʩʦʙʫ 

ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʰʚʠʜʢʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʤʦʞʣʠʚʽʩʪʶ ʚʝʜʝʥʥʷ ʨʦʙʽʪ ʤʘʣʠʤʠ 

ʟʘʩʦʙʘʤʠ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʝʨʝʨʚʘʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ, 

ʩʫʪʪʻʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʚʣʘʩʥʦʾ 

ʚʘʛʠ, ʪʦʱʦ [1].    

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟôʷʩʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʢʦʤʧʦʟʠʪʽʚ ʚ ʩʢʣʘʜʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘʣʠʰʘʻʪʴʩʷ ʙʘʛʘʪʦ  

ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʭ ʧʠʪʘʥʴ ʾʭ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʦʱʦ. ɺʽʜʦʤʦ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʚ ʙʽʣʴʰʽʡ, ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, ʥʽʞ ʤʘʪʝʨʽʘʣʠ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʱʦ ʧʽʜʩʠʣʶʶʪʴʩʷ ï ʙʝʪʦʥ ʪʘ ʘʨʤʘʪʫʨʘ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʟʘʜʘʯʘ ʦʪʨʠʤʘʥʥʷ, 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʦʚʝʜʽʥʢʫ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʢʣʘʜʽ ʟʦʚʥʽʰʥʴʦʛʦ ʘʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʫʤʦʚʠ 

ʚʧʣʠʚʫ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʻ ʘʢʪʫʘʣʴʥʦʶ.  

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʆʩʦʙʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʧʨʠ ʧʽʜʩʠʣʝʥʥʽ ʯʠ ʚʽʜʥʦʚʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʧʦʪʨʝʙʘ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʥʘʜʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʪʘ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ ʤʽʞ ʢʦʥʩʪʨʫʢʮʽʻʶ ʱʦ ʧʽʜʩʠʣʶʻʪʴʩʷ 

ʪʘ ʝʣʝʤʝʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʧʽʜʩʠʣʝʥʥʷ, ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ, ʧʦʣʷʛʘʻ ʚ 

ʥʘʢʣʝʶʚʘʥʥʽ ʧʦʣʦʩ ʯʠ ʧʦʣʦʪʥʠʱ ʢʦʤʧʦʟʠʪʫ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦ ʩʘʤʝ 

ʢʣʝʡ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʩʫʤʽʩʥʫ ʨʦʙʦʪʫ. ʋʤʦʚʥʦ, ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʪʘʢʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʥʘ ʪʨʠ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʢʦʤʧʦʟʠʪ ʪʘ ʘʜʛʝʟʠʚ 

ʫ ʚʠʛʣʷʜʽ ʢʣʝʶ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʧʣʠʚ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʞʥʘ ʩʢʣʘʜʦʚʘ 

ʯʘʩʪʠʥʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʠʡʥʷʪʥʠʡ ʨʽʚʝʥʴ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ. ɸʥʘʣʽʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [2é6] ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʠʪʴ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ 

ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʢʣʝʡʦʚʠʭ ʩʫʤʽʰʝʡ.  

ʊʘʢ ʚ ʨʦʙʦʪʽ [6] ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ 

ʪʨʘʜʠʮʽʡʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʫʛʣʝʧʣʘʩʪʠʢʫ (CFRP) ʪʘ ʩʢʣʦʧʣʘʩʪʠʢʫ 

(GFRP) ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʪʨʠʤʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 1) ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 300...400 Áʉ ʢʦʤʧʦʟʠʪʠ 

ʚʪʨʘʯʘʶʪʴ ʜʦ 80% ʧʦʯʘʪʢʦʚʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ, ʚ ʪʦʡ ʯʘʩ, ʷʢ  ʟʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʯʠ ʘʨʤʘʪʫʨʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʦ 20%. ʊʘʢʫ ʧʦʚʝʜʽʥʢʫ ʢʦʤʧʦʟʠʪʽʚ 

ʧʦʚôʷʟʫʶʪʴ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʾʭ ʩʢʣʘʜʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, ʷʢʘ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʠʥʘʻ ʨʦʟʤôʷʢʰʫʚʘʪʠʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʩʫʤʽʩʥʦʾ 

ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʬʽʙʨ ʢʦʤʧʦʟʠʪʫ, ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ ʤʽʞ ʥʠʤʠ, 

ʪʦʱʦ. ʊʝʤʧʝʨʘʪʫʨʫ ʟʘ ʷʢʦʾ ʢʣʝʡ ʤʘʪʨʠʮʽ ʧʝʨʝʭʦʜʠʪʴ ʟ ʪʚʝʨʜʦʛʦ ʩʪʘʥʫ ʜʦ 

ʚôʷʟʢʦʧʣʘʩʪʠʯʥʦʛʦ, ʪʝʢʫʯʦʛʦ ʩʪʘʥʫ ʥʘʟʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʢʣʫʚʘʥʥʷ  (Tg). 

ʇʦʣʽʤʝʨʠ ʤʘʪʨʠʮʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʦʤʧʦʟʠʪʽʚ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ ʚ ʤʝʞʘʭ 60é.90 Áʉ [7]. 

ʆʩʢʽʣʴʢʠ ʜʣʷ ʥʘʢʣʝʶʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʥʘ ʧʦʚʝʨʭʥʶ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʦʣʽʤʝʨʥʽ ʢʣʝʾ ʩʭʦʞʽ ʟʘ ʩʢʣʘʜʦʤ ʜʦ ʧʦʣʽʤʝʨʽʚ ʢʦʤʧʦʟʠʪʽʚ, ʪʦ ʊg ʙʫʜʝ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʾʭ ʧʦʢʘʟʥʠʢʠ.  ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [8] ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʧʨʠ 
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ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʢʣʫʚʘʥʥʷ ʢʣʝʡ ʘʜʛʝʟʠʚʫ 

ʚʪʨʘʯʘʻ ʜʦ 90 % ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʤʽʮʥʦʩʪʽ. ʅʘ 

ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʟʥʠʞʝʥʥʷ 

ʤʝʞʽ ʤʽʮʥʦʩʪʽ CFRP ʪʘ 

ʧʦʣʽʤʝʨʥʦʛʦ ʘʜʛʝʟʠʚʫ ʥʘ 

ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ 

ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʚ 

ʩʠʩʪʝʤʽ ʧʽʜʩʠʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʦʚʥʽʰʥʽʤ 

ʘʨʤʫʚʘʥʥʷʤ 

ʢʦʤʧʦʟʠʪʘʤʠ, ʢʦʞʥʘ ʟʽ 

ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʤʘʻ 

ʩʚʦʶ ʩʪʫʧʽʥʴ 

ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʘʜʛʝʟʠʚ (ʢʣʝʡ) ʚ 

ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʽʞ 

ʢʦʥʩʪʨʫʢʮʽʷ ʙʝʟ 

ʧʽʜʩʠʣʝʥʥʷ ʯʠ ʢʦʤʧʦʟʠʪ 

ʧ̔ ʜʩʠʣʝʥʥʷ. ɺʪʨʘʪʘ 

ʟʯʝʧʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜʩʠʣʝʥʥʷ ʟ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ 

ʝʬʝʢʪʫ ʧʽʜʩʠʣʝʥʥʷ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʦʩʪʘʥʥʽ 

ʪʚʝʨʜʞʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ 

ʧʝʨʝʚʽʨʢʠ ʰʣʷʭʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʘʣʴʥʠʭ ʟʨʘʟʢʽʚ.    

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 

ʫʟʘʛʘʣʴʥʠʪʠ ʽʩʥʫʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [8, 11é17] ʟʤʽʥʠ ʤʽʮʥʦʩʪʽ 

ʟʯʝʧʣʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʚʝʨʭʥʝʶ ʦʜʠʥ ʦʜʥʦʛʦ ʪʘ ʙʝʪʦʥʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʫʤʦʚʠ ʧʣʠʚʫ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ.  

ɺʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʦʚʝʜʽʥʢʘ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʦʧʠʩʫʚʘʥʘ ʚ ʨʦʙʦʪʘʭ [8, 11é17], ʤʘʻ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ, ʪʦ 

ʥʘʜʘʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [8, 15], ʷʢ ʙʽʣʴʰ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ. 
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ʈʠʩ. 1. ɿʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ [6]: 

1 ï ʙʝʪʦʥ; 2 ï ʩʪʘʣʴ;  

3 ï ʚʫʛʣʝʧʣʘʩʪʠʢ (CFRP); 4 ï ʩʢʣʦʧʣʘʩʪʠʢ (CFRP). 
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ʈʠʩ. 2. ɿʤʽʥʘ ʤʽʮʥʦʩʪʽ CFRP ʪʘ ʝʧʦʢʩʠʜʥʦʛʦ 

ʘʜʛʝʟʠʚʫ: 
1 ï CFRP [9]; 2 ï ʘʜʛʝʟʠʚ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʦʛʦ 

ʢʣʝʶ [10]. 
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ɺ ʨʦʙʦʪʽ [15] 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʤʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ʜʚʦʭ ʧʦʣʦʩ GFRP 

ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʚʥʘʭʣʝʩʪ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʝʶʯʦʛʦ 

ʘʜʛʝʟʠʚʫ ʥʘ ʦʩʥʦʚʽ 

ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ. ʇʨʠ ʮʴʦʤʫ 

ʽʤʽʪʫʚʘʚʩʷ ʚʠʧʘʜʦʢ ʟôʻʜʥʘʥʥʷ 

ʩʪʨʽʯʦʢ GFRP ʟʘ ʜʦʚʞʠʥʦʶ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠ ʧʽʜʩʠʣʝʥʥʽ 

ʟʦʚʥʽʰʥʽʤ ʘʨʤʫʚʘʥʥʷʤ. 

ɼʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠʩʷ 

ʟʽ ʩʢʣʦʪʢʘʥʠʥʠ (Tyfo SHE-51A) 

ʟ ʥʘʩʪʫʧʥʠʤ ʧʨʦʩʦʯʫʚʘʥʥʷʤ 

ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ (Tyfo S 

resin). ʏʝʨʝʟ 72 ʛʦʜʠʥʠ ʧʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʠ ʧʦʻʜʥʫʚʘʣʠʩʷ ʤʽʞ ʩʦʙʦʶ 

ʚʥʘʭʣʝʩʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʧʦʢʩʠʜʥʦʛʦ ʘʜʛʝʟʠʚʫ (Sikadur 30) ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʩʢʣʫʚʘʥʥʷ Tg = 75 ÁC [15]. ʉʭʝʤʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 20, 45, 

60, 75, 90 ʪʘ 200 Áʉ. ʇʽʩʣʷ ʚʠʪʨʠʤʢʠ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 10 

ʭʚʠʣʠʥ, ʟʨʘʟʢʠ ʟʘʟʥʘʚʘʣʠ ʨʦʟʪʷʛʘʥʥʷ [15]. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.  

ʊʘʙʣʠʮʷ 1 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʟʩʫʚ ʟʨʘʟʢʽʚ GFRP ʟôʻʜʥʘʥʠʭ ʚʥʘʭʣʝʩʪ [15] 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ  20 45 60 75 90 200 

ʋʩʝʨʝʜʥʝʥʘ ʤʽʮʥʽʩʪʴ 

ʟôʻʜʥʘʥʥʷ ʥʘ ʟʩʫʚ, ʄʇʘ 
9,2 6,5 3,8 2,1 1,9  1,3 

        

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 45 Áʉ ʚʽʜʙʫʣʦʩʷ ʟʥʠʞʝʥʥʷ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ,  ʚ  ʩʝʨʝʜʥʴʦʤʫ,  ʥʘ  30%, ʘ  ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʽ  75 Áʉ  

ʥʘ 77%.  ʊʦʙʪʦ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʟʘʟʥʘʣʦ ʚʞʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 45 Áʉ, ʱʦ ʤʝʥʰʝ ʥʽʞ ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʫʚʘʥʥʷ (Tg = 75 Áʉ) ʥʘ 30 Áʉ. 

ɼʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ Tg ʢʣʝʻʤ ʘʜʛʝʟʠʚʫ ʧʨʠʟʚʦʜʠʪʴ, ʧʨʘʢʪʠʯʥʦ, ʜʦ ʧʦʚʥʦʾ 

ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʩʫʚ ʟôʻʜʥʘʥʥʷʤ. ɺ ʨʦʙʦʪʽ [15] ʪʘʢʦʞ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʫʮʽʣʴʥʠʭ ʩʤʫʛ GFRP ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʪʠʭ ʞʝ ʨʽʚʥʷʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʠ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ ʟʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ, ʘʣʝ ʥʘʚʽʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 Áʉ ʤʽʮʥʽʩʪʴ ʙʫʣʘ ʥʘ ʨʽʚʥʽ 50 % ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ [15]. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ, ʷʢ ʢʣʝʡ ʘʜʛʝʟʠʚʫ, ʪʘʢ ʽ 

ʤʘʪʨʠʮʷ ʢʦʤʧʦʟʠʪʫ ʻ ʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʽʞ ʬʽʙʨʘ. ʋ 

ʚʠʧʘʜʢʫ ʩʫʮʽʣʴʥʠʭ ʧʦʣʦʩ GFRP ʬʽʙʨʘ ʯʠʥʠʣʘ ʦʧʽʨ ʜʽʶʯʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, 

ʥʘʚʽʪʴ ʧʦʧʨʠ ʜʝʛʨʘʜʘʮʽʶ ʢʣʝʶ ʤʘʪʨʠʮʽ, ʘ ʟôʻʜʥʘʥʥʷ ʚʥʘʭʣʝʩʪ ʟʨʫʡʥʫʚʘʣʦʩʷ 

ʨʘʟʦʤ ʟ ʚʪʨʘʪʦʶ ʤʽʮʥʦʩʪʽ ʢʣʝʡʦʚʦʾ ʩʫʤʽʰʽ. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ [15]. 
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 ɺ ʨʦʙʦʪʽ [8] ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʟʩʫʚ ʙʝʪʦʥʥʠʭ ʧʨʠʟʤ 

ʟôʻʜʥʘʥʠʭ ʧʦʣʦʩʦʶ ʚʫʛʣʝʧʣʘʩʪʠʢʫ (CFRP). ʈʦʟʛʣʷʜʘʣʦʩʷ ʜʚʘ ʚʘʨʽʘʥʪʠ 

ʟʘʢʨʽʧʣʝʥʥʷ ʧʦʣʦʩʠ CFRP ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʠʟʤ. ɿʛʽʜʥʦ ʧʝʨʰʦʛʦ ʧʦʣʦʩʫ 

ʧʨʠʢʣʝʶʚʘʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ʦʙʦʭ 

ʧʨʠʟʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʛʝʟʠʚʫ ʥʘ 

ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ (ʟʨʘʟʢʠ 

ʩʝʨʽʾ ʉ1). ɿʛʽʜʥʦ ʜʨʫʛʦʛʦ ʧʦʣʦʩʫ 

CFRP ʫʢʣʘʜʘʣʠ  ʚ ʧʘʟ ʫʪʚʦʨʝʥʠʡ 

ʥʘ ʧʦʚʝʨʭʥʽ ʧʨʠʟʤ ʟ ʥʘʩʪʫʧʥʠʤ 

ʟʘʧʦʚʥʝʥʥʷʤ ʪʠʤ ʞʝ ʢʣʝʡʦʚʠʤ 

ʩʢʣʘʜʦʤ, ʱʦ ʽ ʜʣʷ ʧʝʨʰʦʛʦ 

ʚʠʧʘʜʢʫ (ʟʨʘʟʢʠ ʩʝʨʽʾ ʉ-2). ʉʭʝʤʫ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

4. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʩʫʚ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 20, 55, 

90, 120, 150 Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʢʣʫʚʘʥʥʷ ʘʜʛʝʟʠʚʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦʨʽʚʥʶʚʘʣʘ Tg = 50 ÁC. ɿʨʘʟʢʠ ʟʘʟʥʘʚʘʣʠ ʟʫʩʠʣʴ ʨʦʟʪʷʛʘʥʥʷ ʧʨʠ 

ʢʦʞʥʦʤʫ ʬʽʢʩʦʚʘʥʦʤʫ ʨʽʚʥʽ 

ʪʝʤʧʝʨʘʪʫʨ [8]. ɺʝʣʠʯʠʥʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʘ ʷʢʠʭ ʚʽʜʙʫʣʦʩʷ 

ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ 

ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪʠ ʟʯʝʧʣʝʥʥʷ 

ʢʦʤʧʦʟʠʪʫ ʪʘ ʙʝʪʦʥʫ 

ʧʨʠʟʤ, ʧʨʠ ʨʽʟʥʦʤʫ ʨʽʚʥʽ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 5.   

ʅʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5 

ʚʽʜʦʤʦʩʪʽ ʩʚʽʜʯʘʪʴ, ʧʨʦ ʪʝ, 

ʱʦ ʤʽʮʥʽʩʪʴ ʥʘ ʟʯʝʧʣʝʥʥʷ 

ʟʨʘʟʢʽʚ ʩʝʨʽʾ ʉ-2, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ 

ʚʠʷʚʠʣʘʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 

ʥʘ 180% ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ 

ʟʽ ʟʨʘʟʢʘʤʠ ʩʝʨʽʾ ʉ-2. 

ʆʩʪʘʥʥʻ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʙʽʣʴʰʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ ʟʘ ʷʢʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʘʢʪ ʤʽʞ ʙʝʪʦʥʦʤ ʟʨʘʟʢʘ ʪʘ 

CFRP ʧʽʜʩʠʣʝʥʥʷ. ʊʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ. 

ʇʨʠ ʮʴʦʤʫ ʟʨʘʟʢʠ ʩʝʨʽʾ ʉ-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150 Áʉ ʥʝ ʚʠʧʨʦʙʦʚʫʚʘʣʠʩʷ 

ʚʥʘʩʣʽʜʦʢ ʧʨʦʢʦʚʟʫʚʘʥʥʷ CFRP ʧʦ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʨʘʟʢʠ ʩʝʨʽʾ ʉ-2 

ʧʨʦʜʦʚʞʫʚʘʣʠ ʯʠʥʠʪʠ ʦʧʽʨ [8]. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʟʨʘʟʢʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ 

ʈʠʩ. 4. ʉʭʝʤʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ [8]: 

ʘ ï ʨʦʟʪʘʰʫʚʘʥʥʷ CFRP ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ;  

ʙ ï ʨʦʟʪʘʰʫʚʘʥʥʷ CFRP ʚ ʧʘʟʫ; 

ʚ ï ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ.  

      

    
    

  

      

    

      

  

        

  
  

    

1
0
0 

2
5
0 

2
5
0 

1
0
0 

2
5
0 

3
0
0 

ʘ) ʙ) 

CFRP 

ɼ
ʽ
ʣ
ʷ
ʥ
ʢ
ʘ
 
ʙ
ʝ
ʟ

 

ʘ
ʜ
ʛ
ʝ
ʟ
ʠ
ʚ
ʫ

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʚ) 

ʄ
ʽ
ʮ
ʥ
ʽ
ʩ
ʪ
ʴ
 
ʟ
ʯ
ʝ
ʧ
ʣ
ʝ
ʥ
ʥ
ʷ
,
 
ʢ
ʅ

 

ʈʠʩ. 5. ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʯʝʧʣʝʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ[8]: 
 ï ʟʨʘʟʢʠ ʩʝʨʽʾ ʉ-1; 

 ï ʟʨʘʟʢʠ ʩʝʨʽʾ ʉ-2. 
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ʨʦʟʪʘʰʫʚʘʥʥʽ ʚʫʛʣʝʧʣʘʩʪʠʢʫ ʚ ʧʘʟʘʭ, ʚʽʥ ʤʘʚ ʟʘʭʠʩʥʠʡ ʰʘʨ ʫ ʚʠʛʣʷʜʽ ʙʝʪʦʥʫ 

ʧʨʠʟʤʠ ʪʘ ʝʧʦʢʩʠʜʥʦʛʦ ʢʣʝʶ, ʷʢʠʡ ʟʘʧʦʚʥʶʚʘʚ ʧʘʟ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʫ ʘʜʛʝʟʠʚʫ ʚ ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʚʽʜʙʫʚʘʚʩʷ 

ʧʦʚʽʣʴʥʽʰʝ ʥʽʞ ʫ ʟʨʘʟʢʽʚ ʩʝʨʽʾ ʉ-1, ʚ ʷʢʠʭ ʘʜʛʝʟʠʚ ʚʽʜ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʜʽʣʷʚ ʪʽʣʴʢʠ ʰʘʨ CFRP. ɺ ʮʽʣʦʤʫ, ʟʨʘʟʢʠ ʦʙʦʭ ʩʝʨʽʡ ʧʦʢʘʟʘʣʠ ʟʥʠʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʟʯʝʧʣʝʥʥʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 90 Áʉ ʧʘʜʽʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʯʝʧʣʝʥʥʷ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ, ʩʢʣʘʣʦ,  ʚ ʩʝʨʝʜʥʴʦʤʫ, 50%.    

ɺʠʩʥʦʚʢʠ ʪʘ ʥʘʧʨʷʤʦʢ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʥʘʚʝʜʝʥʠʭ ʚ 

ʨʦʙʦʪʘʭ [8, 15] ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʦʚʝʨʭʥʷʤʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʰʚʠʜʢʦ ʟʥʠʞʫʻʪʴʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʟʯʝʧʣʝʥʥʷ ʟʨʘʟʢʽʚ GFRP ʪʘ CFRP ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʘʜʛʝʟʠʚʫ ʨʽʚʥʷ         Ñ 15 Áʉ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ, 

ʤʽʮʥʽʩʪʴ ʥʘ ʟʯʝʧʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 50é77%. ɿʨʘʟʢʠ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚ ʧʘʟʘʭ ʧʦʢʘʟʘʣʠ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʟʯʝʧʣʝʥʥʷ ʟ 

ʧʦʚʝʨʭʥʝʶ. 

ʇʨʠ ʧʽʜʩʠʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟʦʚʥʽʰʥʽʤ ʘʨʤʫʚʘʥʥʷʤ ʢʦʤʧʦʟʠʪʘʤʠ ʚʘʞʣʠʚʠʤ 

ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʙʝʪʦʥʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʣʝʤʝʥʪʦʤ 

ʧʽʜʩʠʣʝʥʥʷ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʝʶ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʟʚôʷʟʦʢ ʢʦʤʧʦʟʠʪʫ ʟ ʙʝʪʦʥʦʤ. ɿ ʧʦʜʘʣʴʰʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʘ ʚʪʨʘʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʢʦʤʧʦʟʠʪʦʤ ʽ ʙʝʪʦʥʦʤ ʢʦʥʩʪʨʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ, ʷʢʘ ʚʪʨʘʪʠʣʘ ʝʬʝʢʪ 

ʧʽʜʩʠʣʝʥʥʷ, ʧʽʜ ʚʧʣʠʚʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʨʦʝʢʪʥʝ, ʟʘ ʦʙʤʝʞʝʥʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʪʨʘʪʠʪʴ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʧʝʨʝʜʥʴʦ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʧʨʦ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʚ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʧʨʠ ʧʽʜʩʠʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʪʘʢʦʛʦ ʞ, ʷʢ ʽ ʨʽʚʝʥʴ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʩʘʤʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʪʘʥʥʻ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʩʦʙʽʚ 

ʚʦʛʥʝʟʘʭʠʩʪʫ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʟʘʩʦʙʽʚ ʚʦʛʥʝʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧʦʟʠʪʽʚ ʚ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʘʨʤʫʚʘʥʥʷ ʧʨʠ ʧʽʜʩʠʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʡ.  
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ʋɼʂ 624.21 

ʆʎɯʅʂɸ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ɯ ʈʆɿʈʆɹʂɸ ʉʇʆʉʆɹʋ ʇʆʉʀʃɽʅʅʗ 

ɿɸʃɯɿʅʀʏʅʆɻʆ ʐʃʗʍʆʇʈʆɺʆɼʋ ɺ ʄ. ɿɸʇʆʈɯɾɾʗ. 

ʆʎɽʅʂɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʀ ʈɸɿʈɸɹʆʊʂɸ ʉʇʆʉʆɹɸ 

ʋʉʀʃɽʅʀʗ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʇʋʊɽʇʈʆɺʆɼɸ ɺ ɻ. 

ɿɸʇʆʈʆɾʔɽ. 

TECHNICAL CONDITION ASSESSMENT AND  DEVELOPMENT OF A 

METHOD OF AMPLIFICATION  THE RAILWAY OVERPASS IN 

ZAPOROZHYE.  

ʏʠʨʚʘ ʊ.ʃ. - ʢ.ʪ.ʥ. (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ), ʏʠʨʚʘ ɺ.ʄ. ʢ.ʪ.ʥ.,ʜʦʮ., ʉʘʚʯʝʥʢʦ ɸ.ɸ. ʽʥʞʝʥʝʨ (ʊʆɺ 

çʇʨʠʜʥʽʧʨʦʚôʷè), ʅʦʚʽʢʦʚʘ ʖ.ɺ. ʩʧʝʮʽʘʣʽʩʪ  (ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
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ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʽʭ ʯʠʥʥʠʢʽʚ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʰʣʷʭʦʧʨʦʚʦʜʫ. ɿʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʫ ʧʽʜʩʠʣʝʥʥʷ ʧʨʦʛʦʥʦʚʠʭ 
ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʽʩʪʽ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʝʧʨʦʚʦʜʘ. ɿʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʫʩʠʣʝʥʠʷ 

ʧʨʦʣʝʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 
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In this article the influence of surrounding factors on the overpass. The objective 

is finding a method to provide amplification of span structures to restore load 

bearing capacity. 
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ʆʙʩʪʝʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʰʣʷʭʦʧʨʦʚʦʜʫ ʙʫʣʦ ʚʠʢʦʥʘʥʝ ʚ ʞʦʚʪʥʽ 2016 ʨ. 

ɿʘʣʽʟʥʠʯʥʠʡ ʤʦʩʪʦʚʠʡ ʰʣʷʭʦʧʨʦʚʽʜ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʧʦʨʫʜ ʚʥʫʪʨʽʰʥʴʦʮʝʭʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ɿʘʧʦʨʽʟʴʢʦʛʦ ʟʘʚʦʜʫ ʬʝʨʦʩʧʣʘʚʽʚ.  ʐʣʷʭʦʧʨʦʚʽʜ ʪʨʴʦʭʧʨʦʛʦʥʦʚʠʡ, 

ʙʘʣʦʯʥʠʡ. 

 

 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʰʣʷʭʦʧʨʦʚʦʜʫ. 

ʇʨʦʛʦʥʠʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʨʦʜʥʦʤʫ ʨʦʟʤʝʞʫʚʘʥʥʶ ʧʦʧʝʨʝʯʥʠʢʘ ʚʫʣʠʮʽ: 

ʪʨʦʪʫʘʨ ʽ ʜʦʨʦʛʘ - ʪʨʘʤʚʘʡʥʽ ʢʦʣʽʾ - ʜʦʨʦʛʘ ʽ ʪʨʦʪʫʘʨ (ʧʦʟʜʦʚʞʥʷ ʩʭʝʤʘ - 

16,5+13,5+16,5 ʤ),  ʢʫʪ ʧʝʨʝʪʠʥʫ ʰʣʷʭʦʧʨʦʚʦʜʫ ʟ ʚʫʣʠʮʝʶ - 39
0
.  

ʇʨʦʣʽʪʥʽ ʙʫʜʦʚʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʛʦʣʦʚʥʠʭ 

ʙʘʣʦʢ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʣʠʪʦʶ ʽ ʜʽʘʬʨʘʛʤʘʤʠ. ʇʦʜʦʚʞʥʷ ʨʦʙʦʯʘ ʘʨʤʘʪʫʨʘ 
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ʢʣʘʩʫ ɸ-II Ï28 ʤʤ, ʨʦʟʪʘʰʦʚʘʥʘ ʚ 4 ʨʷʜʠ ʧʦ ʚʠʩʦʪʽ (9 ʩʪʝʨʞʥʽʚ ʚ ʦʜʥʦʤʫ ʨʷʜʫ). 

ʏʘʩʪʠʥʘ ʩʪʝʨʞʥʽʚ ʥʝ ʜʦʭʦʜʠʪʴ ʜʦ ʦʧʦʨʠ ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʩʪʠʩʣʫ ʟʦʥʫ ʙʝʪʦʥʫ. ɼʣʷ 

ʩʪʚʦʨʝʥʥʷ ʙʘʣʘʩʪʥʦʛʦ ʢʦʨʠʪʘ ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʜʦʚʛʽ ʢʦʥʩʦʣʽ, ʥʘ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʝʨʠʣʘ. ʇʨʦʝʢʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʣʽʪʥʽ ʙʫʜʦʚʠ - ʅ- 7. 

 

 

 

 

ʈʠʩ. 2. ɸʨʤʫʚʘʥʥʷ ʙʘʣʢʠ ʧʨʦʣʽʪʥʦʾ ʙʫʜʦʚʠ. 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʩʪʝʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʘ ʟ ʧʨʦʛʦʥʦʚʠʭ ʙʫʜʦʚ, 

ʨʦʟʪʘʰʦʚʘʥʘ ʟ ʙʦʢʫ ʟʘʚʦʜʫ ʬʝʨʦʩʧʣʘʚʽʚ, ʤʘʻ ʜʝʬʝʢʪʠ ʫ ʚʠʛʣʷʜʽ ʨʫʡʥʫʚʘʥʥʷ 

ʙʝʪʦʥʫ ʨʦʟʪʷʛʥʫʪʦʾ ʟʦʥʠ ʽ ʦʙʨʠʚʫ ʯʘʩʪʠʥʠ ʩʪʝʨʞʥʽʚ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ. ʋ ʦʜʥʦʤʫ 

ʨʝʙʨʽ ʦʙʽʨʚʘʥʽ ʜʚʘ ʥʠʞʥʽ ʨʷʜʠ ʘʨʤʘʪʫʨʠ, ʚ ʜʨʫʛʦʤʫ ʧʦʚʥʽʩʪʶ ʥʠʞʥʽʡ ʨʷʜ 

ʘʨʤʘʪʫʨʠ ʽ ʜʚʘ ʩʪʝʨʞʥʽ ʜʨʫʛʦʛʦ ʨʷʜʫ. ʄʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʤʦʥʦʣʽʪʥʠʭ ʙʘʣʦʢ ʽ 

ʜʽʘʬʨʘʛʤ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʣʝʨʦʤʝʪʨʘ ADA Schmidt Hammer 225 ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 25,8-26,8 ʄʇʘ, ʱʦ ʚʠʱʝ ʟʘ ʧʨʦʝʢʪʥʫ ʤʘʨʢʫ ʙʝʪʦʥʫ - ʄ250, 

ʟʘ ʚʠʥʷʪʢʦʤ ʧʦʰʢʦʜʞʝʥʠʭ ʤʽʩʮʴ, ʜʝ ʩʝʨʝʜʥʷ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʩʢʣʘʣʘ 18,8 ʄʇʘ. 

ɼʘʥʽ ʫʰʢʦʜʞʝʥʥʷ ʚʠʥʠʢʣʠ ʚʥʘʩʣʽʜʦʢ ʧʦʧʝʨʝʯʥʠʭ ʫʜʘʨʽʚ ʚʘʥʪʘʞʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʦʙ ʥʠʞʥʶ ʛʨʘʥʴ ʙʘʣʦʢ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʫ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ. ʇʨʠʯʠʥʦʶ ʟʤʝʥʰʝʥʥʷ ʛʘʙʘʨʠʪʫ ʻ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ. 
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ʈʠʩ. 3. ʇʦʰʢʦʜʞʝʥʽ ʙʘʣʢʠ ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ. 

ɺ ʭʦʜʽ ʧʝʨʝʚʽʨʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉ14 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼɹʅ 

ɺ.1.2-15: 2009 " ʉʧʦʨʫʜʠ ʪʨʘʥʩʧʦʨʪʫ. ʄʦʩʪʠ ʽ ʪʨʫʙʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ"[1] 

ʽ ɼɹʅ ɺ.2.3-14:2006. " ʉʧʦʨʫʜʠ ʪʨʘʥʩʧʦʨʪʫ. ʄʦʩʪʠ ʽ ʪʨʫʙʠ. ʇʨʘʚʠʣʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ"[2] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʛʦʥʦʚʽ ʙʫʜʦʚʠ ʙʝʟ ʫʰʢʦʜʞʝʥʴ ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʶ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ. ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʦʾ ʧʨʦʣʽʪʥʦʾ ʙʫʜʦʚʠ ʚ 

ʩʝʨʝʜʠʥʽ ʧʨʦʣʴʦʪʫ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 70% ʚʽʜ ʧʦʪʨʽʙʥʦʾ. 

ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ ʚ ʘʨʤʘʪʫʨʽ ʧʦʰʢʦʜʞʝʥʦʾ ʧʨʦʛʦʥʦʚʦʾ 

ʙʫʜʦʚʠ ʽ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ ʧʦʩʠʣʝʥʥʷ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʪʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 

ʰʣʷʭʦʧʨʦʚʦʜʫ ʚ ʇʂ ʃʠʨʘ. ʄʦʜʝʣʶʚʘʥʥʷ ʙʝʪʦʥʫ ʚʠʢʦʥʘʥʝ ʦʙ'ʻʤʥʠʤʠ ʢʽʥʮʝʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʜʽʘʬʨʘʛʤʠ - ʢʽʥʮʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʘʣʢʠ-ʩʪʽʥʢʠ, ʘ ʩʪʝʨʞʥʽ 

ʧʦʟʜʦʚʞʥʴʦʾ ʽ ʧʦʧʝʨʝʯʥʦʾ ʘʨʤʘʪʫʨʠ ʚʠʢʦʥʘʥʦ ʢʽʥʮʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʠʧʫ ʬʝʨʤ.  

ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ʽʩʥʫʶʯʽʡ ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʽʡ 

ʟʛʽʜʥʦ ʟ ʧʨʦʝʢʪʦʤ ʪʘ ʥʘʷʚʥʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʥʘʧʨʫʛʘ ʚ ʨʦʙʦʯʽʡ ʘʨʤʘʪʫʨʽ 

ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʙʝʟʧʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟʥʘʭʦʜʠʪʠʩʷ ʥʝ 

ʚ ʮʝʥʪʨʽ ʧʨʦʣʴʦʪʫ, ʜʝ ʜʽʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʘ ʫ ʢʨʘʾʚ 

ʧʦʰʢʦʜʞʝʥʦʾ ʜʽʣʷʥʢʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʯʘʩʪʠʥʘ ʧʦʟʜʦʚʞʥʽʭ ʩʪʝʨʞʥʽʚ ʥʝ 

ʜʦʭʦʜʠʪʴ ʜʦ ʮʴʦʛʦ ʧʝʨʝʨʽʟʫ, ʘ ʪʘ ʯʘʩʪʠʥʘ, ʷʢʘ ʟʛʽʜʥʦ ʟ ʧʨʦʝʢʪʦʤ ʧʦʚʠʥʥʘ 

ʜʦʭʦʜʠʪʠ ʜʦ ʦʧʦʨʠ, ʦʙʽʨʚʘʥʘ. 
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ʈʠʩ.4. ʄʦʜʝʣʴ ʰʣʷʭʦʧʨʦʚʦʜʫ 

 

ʈʠʩ.5. ɿʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʽʩʥʫʶʯʽʡ ʨʦʙʦʯʽʡ ʘʨʤʘʪʫʨʽ ʜʦ 

ʧʦʩʠʣʝʥʥʷ ʧʨʠ ʜʽʾ ʥʦʨʤʘʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ʈʠʩ.6. ʈʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʦʩʠʣʝʥʥʷ ʥʘ ʦʧʦʨʥʽʡ ʜʽʣʷʥʮʽ ʽ ʚ ʩʝʨʝʜʠʥʽ 

ʧʨʦʣʴʦʪʫ. 
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ɿ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʘʙʘʨʠʪʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʦʣʽʪʥʦʾ ʙʫʜʦʚʠ, ʨʦʟʨʦʙʣʝʥʦ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʩʠʣʝʥʥʷ ʰʣʷʭʦʤ 

ʧʦʩʪʘʥʦʚʢʠ ʪʨʴʦʭ ʜʦʜʘʪʢʦʚʠʭ ʨʷʜʽʚ ʩʪʝʨʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ ʢʣʘʩʫ ɸ400ʉ Ï32 ʤʤ 

ʧʦ ʦʙʦʭ ʙʽʯʥʠʭ ʛʨʘʥʷʭ ʙʘʣʦʢ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʽʩʥʫʶʯʦʾ ʽ ʥʦʚʦʾ 

ʘʨʤʘʪʫʨʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʨʦʪʠʰʽʚ. ʋ ʤʽʩʮʷʭ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʜʦʚʞʥʴʦʾ ʘʨʤʘʪʫʨʠ ʫ ʙʽʯʥʠʭ ʛʨʘʥʝʡ ʙʘʣʦʢ 

ʧʝʨʝʜʙʘʯʝʥʘ ʬʽʢʩʘʮʽʷ ʘʨʤʘʪʫʨʠ ʧʦʩʠʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʢʝʨʽʚ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʜʦʚʞʥʽʡ ʦʩʽ ʙʘʣʦʢ. ɼʣʷ ʘʥʢʝʨʫʚʘʥʥʷ 

ʘʨʤʘʪʫʨʠ ʧʦʩʠʣʝʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʙʽʣʷ ʦʧʦʨ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ. 

 

ʈʠʩ.6. ɿʫʩʠʣʣʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʽʩʥʫʶʯʽʡ ʨʦʙʦʯʽʡ ʘʨʤʘʪʫʨʽ ʧʽʩʣʷ 

ʧʦʩʠʣʝʥʥʷ ʧʨʠ ʜʽʾ ʥʦʨʤʘʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ: ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʩʪʝʞʝʥʥʷ ʩʪʘʥ ʰʣʷʭʦʧʨʦʚʦʜʫ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 

ʦʙʤʝʞʝʥʦ ʧʨʘʮʝʟʜʘʪʥʠʡ. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʧʦʩʠʣʝʥʥʷ ʙʘʣʦʢ ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ. 

1. ɼɹʅ ɺ.1.2 15: 2009 " ʉʧʦʨʫʜʠ ʪʨʘʥʩʧʦʨʪʫ. ʄʦʩʪʠ ʽ ʪʨʫʙʠ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʧʣʠʚʠ". 2. 

ɼɹʅ ɺ.2.3 14: 2006. " ʉʧʦʨʫʜʠ ʪʨʘʥʩʧʦʨʪʫ. ʄʦʩʪʠ ʽ ʪʨʫʙʠ. ʇʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ". 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʋ 

ʌʆʈʊʀʌɯʂɸɯʁʅʀʍ ʉʇʆʈʋɼɸʍ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊʈʋʂʀʁ ɺ 

ʌʆʈʊʀʌʀʂɸʎʀʆʅʅʓʍ ʉʆʆʈʋɾɽʅʀʗʍ 

APPLICATION OF REIN FORCED CONCRETE CONSTRUCTIONS IN THE 

FORTIFICATION WORKS  

ɸʬʘʥʘʩʴʻʚʘ ʃ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʽʜʝʥʢʦ ɼ.ɺ. ʽʥʞʝʥʝʨ (ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ  ʘʨʭʽʪʝʢʪʫʨʠ, ʤ.ʂʠʾʚ) 
 

ɸʬʘʥʘʩʴʝʚʘ ʃ.ɺ., ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ, ɼʠʜʝʥʢʦ ɼ.ɺ. ʠʥʞʝʥʝʨ (ʂʠʝʚʩʢʠʡ 
ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʛ.ʂʠʝʚ) 
 

Afanasieva L.V., associate professor,  Didenko D.V., engineer ( Kyiv national 

university of construction and architecture, Kyiv ) 

  

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʙʝʪʦʥʥʠʭ ʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ  ʜʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʜʘʨʫ ʽ ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ   ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜʘʭ 

 

 ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʪʦʥʥʳʭ ʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʫʜʘʨʘ ʠ 

ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʨʪʠʬʠʢʘʮʠʦʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ   

  

There are brought the research results of concrete and reinforced concrete 

elements intensive state under the high-speed impact and there is grounded their 

application ability in the fort ification works     

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ʄʦʜʝʣʴ, ʫʜʘʨʥʠʢ, ʧʣʠʪʘ, ʚʟʘʻʤʦʜʽʷ, ʬʦʨʪʠʬʽʢʘʮʽʡʥʘ ʩʧʦʨʫʜʘ  

ʄʦʜʝʣʴ, ʫʜʘʨʥʠʢ, ʧʣʠʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʬʦʨʪʠʬʠʢʘʮʠʦʥʥʦʝ ʩʦʦʨʫʞʝʥʠʝ 

Model, drop point, flagstone, interaction, fortification work  

ɹʫʜʽʚʥʠʮʪʚʦ ʙʘʛʘʪʴʦʭ ʩʧʦʨʫʜ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʨʝʘʢʮʽʾ ʥʘ 

ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʜʽʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʜʘʨʫ. ɸʣʝ  

ʧʨʦʮʝʩ  ʧʨʦʙʠʚʘʥʥʷ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ  ʧʦʪʨʝʙʫʻ 

ʤʘʩʰʪʘʙʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʡ ʨʫʡʥʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 
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ʘʨʤʫʚʘʥʥʷ ʧʽʜ  ʜʽʻʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʜʘʨʫ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʾʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽʡ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʪʚʝʨʜʠʭ ʪʽʣ ïçʫʜʘʨʥʠʢ-ʧʣʠʪʘè, ʪʦʙʪʦ ʜʚʦʭ 

ʪʽʣ, ʧʝʨʰʝ ʟ ʷʢʠʭ ʤʘʻ ʩʫʪʪʻʚʦ ʤʝʥʰʫ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ ʽ ʧʨʦʥʠʢʘʻ ʚ ʩʝʨʝʜʠʥʫ 

ʽʥʰʦʛʦ (çʫʜʘʨʥʠʢè), ʘ ʜʨʫʛʝ - ʪʽʣʦ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʥʠʢʥʝʥʥʶ ʚ ʩʝʨʝʜʠʥʫ 

ʩʝʙʝ ʽʥʰʦʛʦ ʪʽʣʘ (çʧʣʠʪʘè). 

ʗʚʠʱʝ ʚʟʘʻʤʦʜʽʾ ʫʜʘʨʥʠʢʘ ʽ ʧʣʠʪʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯ, 

ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ.ɺ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ  ANSYS. ɿʘʟʥʘʯʝʥʠʡ ʢʦʤʧʣʝʢʩ ʨʝʘʣʽʟʫʻ ʩʠʩʪʝʤʫ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ ʨʫʭ ʽ ʩʪʘʥ ʫʜʘʨʥʠʢʘ, ʘ ʪʘʢʦʞ ʧʣʠʪʠ ʧʨʠ ʾʭ ʚʟʘʻʤʦʜʽʾ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʽʪʢʠ ʃʘʛʨʘʥʞʘ, ʩʭʝʤʘ ʷʢʦʾ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʫʟʣʽʚ ʩʽʪʢʠ 

ʪʦʯʢʘʤ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʫʜʘʨʫ ʜʦʩʷʛʘʻʪʴʩʷ ʩʫʤʽʩʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʫʜʘʨʥʠʢʘ ʡ ʧʣʠʪʠ ʟ 

ʤʘʪʝʨʽʘʣʦʤ ʩʝʨʝʜʦʚʠʱʘ [1].  ʉʭʝʤʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ  ʟʘ ʯʘʩʦʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʃʘʛʨʘʥʞʝʚʦʾ ʩʽʪʢʠ ʚʢʣʶʯʘʻ ʦʧʝʨʘʮʽʾ, ʱʦ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1 

 

 

ʈʠʩ.1 ʉʭʝʤʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʧʨʠ ʃʘʛʨʘʥʞʝʚʽʡ ʩʽʪʮʽ 

      ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʽʪʢʠ ʧʨʠʡʥʷʪʠʡ ʪʠʧ ʢʽʥʮʝʚʦʛʦ ʝʣʝʤʝʥʪʘ ʫ 

ʚʠʛʣʷʜʽ ʛʝʢʩʘʝʜʨʘ(ʧʨʠʟʤʘ, ʪʝʪʨʘʝʜʨ, ʦʢʪʘʝʜʨ),ʱʦ ʜʦʟʚʦʣʠʣʦ ʤʦʜʝʣʶʚʘʪʠ  ʬʘʟʦʚʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʣʦʾʚ ʤʘʪʝʨʽʘʣʽʚ  ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ  (ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʩʪʠʩʥʝʥʽʩʪʴ ʽ ʪ.ʽʥ.). 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʣʠ ʟʘ ʤʝʪʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ, ʱʦ ʤʘʣʠ ʥʘʡʤʝʥʰʝ ʧʨʦʥʠʢʥʝʥʥʷ ʫʜʘʨʥʠʢʘ ʚ ʪʽʣʦ ʧʣʠʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  ANSYS ʧʝʨʝʜʙʘʯʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʩʣʽʜʥʦʛʦ ʫʜʘʨʥʠʢʘ  ʟ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʮʠʣʽʥʜʨʠʯʥʘ ʬʦʨʤʘ ʜʽʘʤʝʪʨʦʤ  

23ʤʤ; ʜʦʚʞʠʥʘ ʫʜʘʨʥʠʢʘ 65ʤʤ; ʬʦʨʤʘ ʛʦʣʦʚʥʦʾ ʯʘʩʪʠʥʠ ï ʪʫʧʘ; ʧʦʯʘʪʢʦʚʘ 
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ʰʚʠʜʢʽʩʪʴ ʫʜʘʨʥʠʢʘ 800 ʤ/ʩ; ʛʝʢʩʘʝʜʨ ʨʦʟʤʽʨʦʤ 4ʤʤ; ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ï 425; 

ʢʫʪ ʟʫʩʪʨʽʯʽ ï ʆʆ; ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ- 7750ʢʛ/ʤ3; ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ -1539 ʄʇʘ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 1489,9ʉ; ʤʦʜʫʣʴ ʟʩʫʚʫ -81,8 ɻʇʘ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʥʦʾ 

ʧʣʠʪʠ : ʪʦʚʱʠʥʘ - 400ʤʤ; ʤʘʪʝʨʽʘʣ ï ʙʝʪʦʥ ʢʣʘʩʫ ï ʉ35; ʛʝʢʩʘʝʜʨ ʨʦʟʤʽʨʦʤ 4ʤʤ; 

ʢʽʣʴʢʽʩʪʴ  ʝʣʝʤʝʥʪʽʚ ï 1834326; 

ʍʘʨʘʢʪʝʨ ʧʨʦʥʠʢʥʝʥʥʷ ʫʜʘʨʥʠʢʘ ʚ ʪʽʣʦ ʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.2 

     

ʈʠʩ.2  ʍʘʨʘʢʪʝʨ ʧʨʦʥʠʢʥʝʥʥʷ ʫʜʘʨʥʠʢʘ ʚ ʙʝʪʦʥʥʫ ʧʣʠʪʫ  

ɿʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʫʜʘʨʥʠʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.  

 

 
ʈʠʩ.3 ɻʨʘʬʽʢ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʫʜʘʨʥʠʢʘ 

 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʥʠʢʥʝʥʥʷ 

ʫʜʘʨʥʠʢʘ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʧʣʠʪʫ. ɸʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʾ ʧʣʠʪʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ 

ʜʚʦʤʘ ʩʽʪʢʘʤʠ, ʩʫʮʽʣʴʥʠʤ ʤʝʪʘʣʝʚʠʤ ʣʠʩʪʦʤ, ʘ ʪʘʢʦʞ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ ʟ 

ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ.  

ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʥʠʢʥʝʥʥʷ ʫʜʘʨʥʠʢʘ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʧʣʠʪʫ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʘʨʤʫʚʘʥʥʷ ʥʘʚʝʜʝʥʽ  ʥʘ ʨʠʩ.4 
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ʘ) ʙ) 

 

   

 
       

 

ʚ) ʛ) 

ʈʠʩ.4 ʆʩʦʙʣʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʫ ʧʨʦʥʠʢʥʝʥʥʷ ʫʜʘʨʥʠʢʘ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʫ ʧʣʠʪʫ: ʘ- ʟ 

ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ; ʙ- ʟ ʩʫʮʽʣʴʥʠʤ ʤʝʪʘʣʝʚʠʤ ʣʠʩʪʦʤ; ʚ- ʟ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ ʽ 

ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ; ʛ- ʟ ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʽ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ ʟ 

ʬʽʙʨʦʶ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʦʩʪʘʪʦʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʫʜʘʨʥʠʢʘ ʚ ʪʽʣʽ ʧʣʠʪʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʘʨʤʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʾ. ɿʘʟʥʘʯʝʥʘ ʰʚʠʜʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ: - 

ʙʝʪʦʥʥʘ ʧʣʠʪʘ ï 24,382 ʤ/c; - ʙʝʪʦʥʥʘ ʧʣʠʪʘ ʘʨʤʦʚʘʥʘ ʜʚʦʤʘ ʩʽʪʢʘʤʠ ï 24,252 

ʤ/ʩ; - ʙʝʪʦʥʥʘ ʧʣʠʪʘ ʨʦʟʜʽʣʝʥʘ ʩʫʮʽʣʴʥʠʤ ʤʝʪʘʣʝʚʠʤ ʣʠʩʪʦʤ ï 3,868 ʤ/ʩ; - 

ʙʝʪʦʥʥʘ ʧʣʠʪʘ ʘʨʤʦʚʘʥʘ ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʟ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ - 26,179ʤ/ʩ; 

- ʙʝʪʦʥʥʘ ʧʣʠʪʘ ʘʨʤʦʚʘʥʘ ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʽ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ ʟ ʬʽʙʨʦʶ-

17,178 ʤ/ʩ. ɿʘʣʠʰʢʠ ʥʝʫʰʢʦʜʞʝʥʠʭ ʟʨʘʟʢʽʚ ʩʪʘʥʦʚʣʷʪʴ  44 ʤʤ  ʪʘ  152 ʤʤ 

ʚʽʜʧʦʚʽʜʥʦ ʧʣʠʪ ʟ ʧʦʜʚʽʡʥʦʶ ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʽ ʬʽʙʨʦʶ, ʘ ʪʘʢʦʞ ʟ 

ʩʫʮʽʣʴʥʠʤ ʤʝʪʘʣʝʚʠʤ ʣʠʩʪʦʤ. ɺʩʽ ʽʥʰʽ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʧʣʠʪ ʤʘʣʠ ʥʘʩʢʨʽʟʥʝ 

ʨʫʡʥʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʧʨʦʙʽʡʥʠʢʘ.     

ɸʥʘʣʽʟ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʨʠʡʥʷʪʽ ʧʝʨʝʜʫʤʦʚʠ 

ʨʦʟʨʘʭʫʥʢʫ ʚ ʨʦʙʦʪʽ [2], ʘ ʩʘʤʝ ʟʘʤʽʥʘ ʰʘʨʫ ʘʨʤʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʧʨʫʞʥʦ-
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ʧʣʘʩʪʠʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ - ʛʦʤʦʛʝʥʥʦʶ ʜʚʦʬʘʟʥʦʶ ʩʫʤʽʰʰʶ ʤʘʪʝʨʽʘʣʽʚ - ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʟʨʘʭʫʥʢʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʚʝʜʝʥʦ,ʱʦ ʧʨʠʡʥʷʪʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʦʚʝʜʽʥʢʠ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʜʘʨʫ ʧʨʠʪʘʤʘʥʥʽ  ʧʣʠʪʘʤ,ʱʦ ʘʨʤʦʚʘʥʽ 

ʩʫʮʽʣʴʥʠʤ ʣʠʩʪʦʤ, ʘ ʪʘʢʦʞ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ ʟ ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʽ 

ʬʽʙʨʦʶ. ɿʘʟʥʘʯʝʥʽ ʜʦʩʣʽʜʥʽ ʧʣʠʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘʣʠʰʢʦʚʠʤʠ ʥʝʫʰʢʦʜʞʝʥʥʷʤʠ  

ʽ ʥʘʡʤʝʥʰʦʶ ʦʩʪʘʪʦʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʫʜʘʨʥʠʢʘ (17,178 ʤ/ʩ).   

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʮʽʣʴʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʜʣʷ 

ʘʨʤʫʚʘʥʥʷ ʧʣʠʪʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʰʘʨʫʚʘʥʥʷʤ ʧʣʠʪʠ ʚʟʜʦʚʞ ʤʝʪʘʣʝʚʦʛʦ 

ʣʠʩʪʘ ʧʦ ʦʙʠʜʚʽ ʡʦʛʦ ʩʪʦʨʦʥʠ. ʎʝ ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ  

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. ʆʩʪʘʥʥʻ ʫʩʢʣʘʜʥʶʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʣʠʪ 

ʚ ʩʧʦʨʫʜʘʭ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʜʘʨʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʧʦʨʫʜʘʭ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʧʣʠʪʠ, ʱʦ ʘʨʤʦʚʘʥʽ ʧʦʜʚʽʡʥʦʶ ʩʽʪʢʦʶ ʟ ʧʦʧʝʨʝʯʥʦʶ ʘʨʤʘʪʫʨʦʶ ʽ ʬʽʙʨʦʶ.      

ʌʦʨʪʠʬʽʢʘʮʽʡʥʽ ʩʧʦʨʫʜʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʽ ʟʙʽʨʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ, ʱʦ ʥʝ ʫʩʢʣʘʜʥʶʶʪʴ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ. 

ɼʦ ʩʢʣʘʜʫ ʬʦʨʪʠʬʽʢʘʮʽʡʥʦʛʦ ʦʙôʻʢʪʘ ʚʭʦʜʷʪʴ ʪʘʢʽ ʤʦʥʪʘʞʥʽ ʝʣʝʤʝʥʪʠ:- 

ʬʫʥʜʘʤʝʥʪʥʽ ʙʣʦʢʠ ï ʢʨʘʡʥʽ ʽ ʩʝʨʝʜʥʽ ʚʘʛʦʶ 1,15 ʪ ʽ 0,55 ʪ ʚʽʜʧʦʚʽʜʥʦ;- ʩʪʽʥʦʚʽ 

ʧʘʥʝʣʽ ï ʬʨʦʥʪʘʣʴʥʽ ʽ ʪʦʨʮʝʚʽ ʚʘʛʦʶ 5,785 ʪ;- ʚʭʽʜʥʽ ʧʘʥʝʣʽ ʚʘʛʦʶ 4,721 ʪ;- 

ʩʝʨʝʜʥʽ ʧʘʥʝʣʽ ʚʘʛʦʶ 2,08 ʪ;-  ʧʘʥʝʣʽ ʧʝʨʝʢʨʠʪʪʷ ʚʘʛʦʶ 4,463 ʪ. 

 

  
ʘ)

 
ʙ)

 

ʈʠʩ.5  ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʬʦʨʪʠʬʽʢʘʮʽʡʥʦʾ ʩʧʦʨʫʜʠ: 

ʘ - ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ; ʙ ï ʩʭʝʤʘ ʘʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʧʦʨʫʜʠ
 

 

ɿʘʟʥʘʯʝʥʘ ʚʘʛʘ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʤʦʥʪʘʞʫ ï 

ʤʦʥʪʘʞ ʝʣʝʤʝʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʠʤ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʤ ʧʨʠʩʪʨʦʻʤ ʟ ʦʜʥʦʛʦ 

ʤʽʩʮʷ ʩʪʦʷʥʢʠ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʦʙôʻʢʪʘ (ʘ), ʘ ʪʘʢʦʞ ʩʭʝʤʘ ʡʦʛʦ ʘʨʤʫʚʘʥʥʷ (ʙ) 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.5.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʬʦʨʪʠʬʽʢʘʮʽʡʥʫ 

ʩʧʦʨʫʜʫ ʥʘ ʨʽʟʥʫ ʛʣʠʙʠʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʩʧʦʨʫʜʠ. 
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ʂʦʥʩʪʨʫʢʮʽʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʧʝʪʝʣʴ  ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ 

ʚʝʣʠʯʠʥʠ ʽ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʚ ʙʝʪʦʥʽ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʩʧʦʨʫʜʠ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʙʝʪʦʥʽ ʩʪʘʥʦʚʠʪʴ 24,5 ʄʇʘ.  

ʇʨʠʢʣʘʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʩʪʨʦʧʫ ʚʘʣʴʥʠʭ ʧʝʪʝʣʴ ʬʨʦʥʪʘʣʴʥʦʾ 

ʧʘʥʝʣʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.6. 

 

 

 

ʈʠʩ.6 ɺʣʘʰʪʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʧʝʪʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʧʦʨʫʜʠ 
 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʠ ʨʝʢʦʤʝʥʜʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʬʦʨʪʠʬʽʢʘʮʽʡʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʠʜʘʪʥʽ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʫʜʘʨʫ.  

1.  ʂʣʦʚʘʥʠʯ ʉ.ʌ.-  ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯʘʭ ʠʥʞʝʥʝʨʥʦʡ 

ʤʝʭʘʥʠʢʠ /  ɿʘʧʦʨʦʞʴʝ: ʀʟʜʘʪʝʣʴʩʪʚʦʞʫʨʥʘʣʘñʉʚiʪ ʛʝʦʪʝʭʥiʢʠò, 2009. ï 400 ʩ. 2.  ɹʝʣʦʚ 

ʅ.ʅ., ʖʛʦʚ ʅ.ʊ. ʈʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʧʨʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʫʜʘʨʝ. ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ. ʋɼʂ 539.3 12/V 2004ʛ .3.  Hakan Hansson, Peter Skoglund. SWEDISH 

DEFENCE RESEARCH AGENCY. Weapons and Protection. Simulation of Concrete 

Penetration in 2D and 3D with the RHT Material Model. November 200. 
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ʋɼʂ 624.078.42 

 

ʉʊɸʅ ʇʀʊɸʅʅʗ ʊɸ ʇʈʆʇʆɿʀʎɯɰ ʑʆɼʆ ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ 

ɺɯɼʅʆʉʅʆɰ ɺʆʃʆɻʆʉʊɯ ɼɽʈɽɺʀʅʀ ʅɸ ʄɯʎʅɯʉʊʔ ʊɸ 

ɼɽʌʆʈʄɸʊʀɺʅɯʉʊʔ ʅɸɻɽʃʔʅʀʍ ɿôɭɼʅɸʅʔ 

 

ʉʆʉʊʆʗʅʀɽ ɺʆʇʈʆʉɸ ʀ ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʀʉʉʃɽɼʆɺɸʅʀʖ 

ɺʃʀʗʅʀʗ ʆʊʅʆʉʀʊɽʃʔʅʆʁ ɺʃɸɾʅʆʉʊʀ ɼʈɽɺɽʉʀʅʓ ʅɸ 

ʇʈʆʏʅʆʉʊʔ ʀ ɼɽʌʆʈʄɸʊʀɺʅʆʉʊʔ ʅɸɻɽʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ 

 

CONDITION OF THE QUESTIONS AND PROPOSALS FOR THE 

STUDYING OF EFFECT OF MOIS TURE CONTENT OF TIMBER ON 

MECHANICAL PROPERTIES OF JOINTS MADE WITH DOWEL -TYPE 

FASTENERS 
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çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ) 
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ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʚʯʝʥʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʥʘʛʝʣʴʥʠʭ 

ʟôʻʜʥʘʥʴ ʜʝʨʝʚôʷʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʟôʻʜʥʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʦʜʘʶʪʴʩʷ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽ ʤʝʪʦʜʠʢʠ ʾʭ ʜʦʩʣʽʜʞʝʥʴ.  

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʥʘʛʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʩʦʝʜʠʥʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʘʶʪʩʷ 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʤʝʪʦʜʠʢʠ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

It is studied the problem of not enough knowledge about the work of timber 

joints made with mechanical fasteners in conditions of different moisture content 

of members. Here are offered a choice of options of test pieces and methods of 

their exploration. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʅʘʛʝʣʴʥʝ ʟôʻʜʥʘʥʥʷ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ. 

 

 

ɺʩʪʫʧ. ɺʠʚʯʝʥʥʷ ʨʦʙʦʪʠ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʨʝʘʣʴʥʠʭ, ʯʠ 

ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʝʘʣʴʥʠʭ, ʫʤʦʚ, ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ 
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ʬʘʢʪʦʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ 

ʯʠ ʦʢʨʝʤʠʭ ʾʾ ʚʫʟʣʽʚ. ʆʧʨʘʮʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʚ ʧʦʜʘʣʴʰʦʤʫ, 

ʜʦʧʦʤʦʞʝ ʫʥʠʢʥʫʪʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʯʠ ʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʘʪʝʨʽʘʣʦ-

ʝʬʝʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. ɿʦʢʨʝʤʘ, ʢʦʣʠ 

ʚʦʣʦʛʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʠʚʥʽʡ (ʧ. 5.3 [1]) ʯʠ ʫ 

ʚʠʧʘʜʢʫ ʣʦʢʘʣʴʥʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ ʟʘʤʦʢʘʥʥʷ ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʘʚʘʨʽʡʥʽ 

ʩʠʪʫʘʮʽʾ), ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʧʨʠʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʨʽʟʫ ʜʦ 

ʪʘʢʠʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʦʤʫ ʩʪʘʥʫ. ɿʛʽʜʥʦ ʟ ʧ.7.3.1.3 [2] ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʨʝʚʠʥʠ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ ʣʠʰʝ ʚ ʤʝʞʘʭ ʪʨʴʦʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʢʣʘʩʽʚ: 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʢʣʘʩ 1. ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʦʣʦʛʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

ʱʦ ʧʝʨʝʚʠʱʫʻ 65 %, ʪʽʣʴʢʠ ʜʝʢʽʣʴʢʘ ʪʠʞʥʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʉʝʨʝʜʥʷ 

ʚʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 12 %. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʢʣʘʩ 2. ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʦʣʦʛʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ ʽ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

ʱʦ ʧʝʨʝʚʠʱʫʻ 85 %, ʪʽʣʴʢʠ ʜʝʢʽʣʴʢʘ ʪʠʞʥʽʚ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʉʝʨʝʜʥʷ 

ʚʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 20 %. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʢʣʘʩ 3. ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʱʦʾ ʚʦʣʦʛʦʩʪʽ ʥʽʞ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʣʘʩʫ 2. 

ɺʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʨʝʚʠʥʠ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ  (ɯ ʛʨʫʧʘ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ) (ʪʘʙʣ. 8.1, [2]) ʪʘ 

 (ɯɯ ʛʨʫʧʘ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ) (ʪʘʙʣ. 8.2, [2]). ɿʥʘʯʝʥʥʷ  ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ, ʪʨʠʚʘʣʦʩʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ 

 ï ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʨʝʚʽʨʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʥʘʜʤʽʨʥʦʾ ʚʦʣʦʛʦʩʪʽ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʨʠʚʝʜʝʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʣʘʩʫ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʟʨʦʙʠʪʠ ʧʝʨʝʨʘʭʫʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʟʘ 3 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʢʣʘʩʦʤ), ʧʨʦʪʝ ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘʢʠʡ ʩʧʦʩʽʙ ʻ ʥʝ ʪʦʯʥʠʤ. 

ʇʨʦʪʝ ʚʩʝ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʝ ʥʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʽʟ ʥʘʛʝʣʴʥʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ, 

ʦʩʢʽʣʴʢʠ ʾʭ ʤʽʮʥʽʩʪʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʣʘʩʫ ʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʟôʻʜʥʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʜʽʘʤʝʪʨʘ ʥʘʛʝʣʷ [2]: 

 (1) 

ʜʝ  ï ʤʽʮʥʽʩʪʴ ʥʘ ʚʜʘʚʣʶʚʘʥʥʷ ʥʘʛʝʣʷ, ;  ï ʜʽʘʤʝʪʨ ʥʘʛʝʣʷ, ;  ï 

ʥʦʨʤʘʪʠʚʥʘ ʛʫʩʪʠʥʘ ʜʝʨʝʚʠʥʠ, . 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʫ ʤʽʩʮʽ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʩʣʘʙʣʝʥʥʷ 

ʟôʻʜʥʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢʝ, ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ 

ʚʠʭʦʜʫ ʽʟ ʣʘʜʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦ ʧʦʪʨʝʙʘ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʥʘʫʢʦʚʠʭ ʽ ʽʥʞʝʥʝʨʥʠʭ 
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ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ʟôʻʜʥʘʥʴ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʦʛʦ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ, ʷʢʠʡ ʚʧʣʠʚ ʤʘʻ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ 

ʥʘ ʤʽʮʥʽʩʪʴ ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʨʦʙʦʪʽ [3] ʜʦʩʣʽʜʞʫʚʘʣʦʩʷ ʧʠʪʘʥʥʷ ʥʘʧʨʫʞʝʥʴ 

ʥʘʚʢʦʣʦ ʥʘʛʝʣʽʚ ʚ ʜʝʨʝʚôʷʥʠʭ ʟôʻʜʥʘʥʥʷʭ ʚ ʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ ʨʽʚʥʽ ʜʦʜʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʽʩʮʷʭ 

ʚʣʘʰʪʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟôʻʜʥʘʥʴ ʧʨʠ ʟʤʽʥʽ ʚʦʣʦʛʦʩʪʽ ʚ ʜʝʨʝʚʠʥʽ ʽ ʥʘ 

ʦʩʥʦʚʽ ʮʴʦʛʦ ʨʦʟʨʦʙʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ. 

 

 

ʅʘʧʨʫʞʝʥʥʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ 

ʚʦʣʦʢʥʘʤ (%) 

ʅʘʧʨʫʞʝʥʥʷ 

ʧʘʣʘʣʝʣʴʥʽ 

ʚʦʣʦʢʥʘʤ (%) 

ʅʘʧʨʫʞʝʥʥʷ 

ʟʢʦʣʶʚʘʥʥʷ (%) 

 

 

 

a) 

 

 

 

 

 

 

b) 

 

 

 

 

 

c) 

 

ʘ ï 2D ʨʦʟʨʘʭʫʥʦʢ; b ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ; ʩ ï ʨʝʟʫʣʴʪʘʪʠ 3D ʨʦʟʨʘʭʫʥʢʫ 

ʈʠʩ.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ 

 

ʅʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʤʽʥʫ ʚʦʣʦʛʦʩʪʽ ʚ ʜʝʨʝʚôʷʥʠʭ ʝʣʝʤʝʥʪʘʭ ʚ 

ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʝʥʦ ʽ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʚʦʣʦʛʦʩʪʽ ʚ ʜʝʨʝʚʠʥʽ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ 

ʥʘʚʢʦʣʦ ʝʣʝʤʝʥʪʽʚ ʟôʻʜʥʘʥʴ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʠ 

ʟôʻʜʥʘʥʥʷ ʧʨʠ ʟʤʽʥʥʽʡ ʚʦʣʦʛʦʩʪʽ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʨʦʙʦʪʽ ʨʝʘʣʴʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ.  

C. C. Gerhards ʚ ʨʦʙʦʪʽ [4], ʜʦʩʣʽʜʞʫʚʘʚ ʚʧʣʠʚ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʜʝʨʝʚôʷʥʠʭ ʟʨʘʟʢʽʚ. ɿʘ ʙʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
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ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʥʫ ʚʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ ï 12 % ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ï 20 
0
ʉ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʦʣʦʛʽʩʪʴ ʤʘʻ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʜʝʨʝʚʠʥʠ ʥʘ ʨʦʟʪʷʛ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ, ʘʣʝ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʧʨʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ. ɿʘʛʘʣʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʡʤʝʥʰʝ ʚʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ, ʘ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʦʶ 

ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ. ɺʽʜôʻʤʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʥʽʞ ʜʦʜʘʪʥʽ. 

ʊʘʙʣʠʮʷ 1 

ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʥʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʨʝʚʠʥʠ ʧʨʠ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʝʚʠʥʠ ʽʟ 

ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ,  

ʇʨʠ  ʇʨʠ  

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ   
ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ   
ʄʦʜʫʣʴ ʟʩʫʚʫ   
ʄʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ   
ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ   
ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ   
ʄʽʮʥʽʩʪʴ ʥʘ ʩʢʦʣʶʚʘʥʥʷ   
ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ   
ʄʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ   

 

ɺ ʧʨʘʮʽ [5] ʚʠʚʯʘʣʦʩʷ ʧʠʪʘʥʥʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʚ ʫʤʦʚʘʭ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ: 

1. ʇʨʷʤʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ: 

¶ ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʰʠʣʴʥʦʾ ʰʘʬʠ; 

¶ ʄʝʪʦʜ ʜʠʩʪʠʣʷʮʽʾ (ʝʢʩʪʨʘʢʮʽʾ). 

2. ʅʝʧʨʷʤʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ: 

¶ ʄʝʪʦʜ ʦʧʦʨʫ; 

¶ ɼʽʝʣʝʢʪʨʠʯʥʠʡ (ʻʤʥʽʩʥʠʡ) ʤʝʪʦʜ 

¶ ʄʝʪʦʜ ʤʽʢʨʦʭʚʠʣʴ; 

¶ ʉʦʨʙʮʽʡʥʠʡ ʤʝʪʦʜ; 

¶ ʈʘʜʽʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ; 

¶ ʉʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ; 

¶ ʄʝʪʦʜ ʢʦʣʴʦʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʻ ʥʘʡʜʦʮʽʣʴʥʽʰʠʤ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʚ ʜʝʨʝʚʠʥʽ. ʎʝ 
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ʧʦʚôʷʟʘʥʦ ʟ ʡʦʛʦ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʩʪʦʪʦʶ ʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʷʢ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʡʦʛʦ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʤʽʩʪʫ ʚʦʣʦʛʦʩʪʽ ʚ ʜʝʨʝʚʠʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʦʧʦʨʫ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʦʧʦʨʫ 

ʌʻʜʦʩʻʥʢʦ ɯ. ɻ. [6] ʜʦʩʣʽʜʞʫʚʘʚ ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ 

ʟʛʠʥʽ ʟʤʝʥʰʝʥʠʭ ʜʝʨʝʚôʷʥʠʭ ʟʨʘʟʢʽʚ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʤʽʮʥʽʩʪʶ ʜʝʨʝʚôʷʥʠʭ ʟʨʘʟʢʽʚ ʥʘ ʟʛʠʥ ʪʘ ʟʤʽʥʦʶ ʚʦʣʦʛʦʩʪʽ. 

ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʟʨʘʟʢʘʭ ʟ ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ: 0 %, 7,3 %, 12 %, 15 %, 

30 %. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʙʫʜʦʚʘʥʦ 

ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʤʽʮʥʽʩʪʶ ʜʝʨʝʚʠʥʠ ʥʘ ʟʛʠʥʽ ʪʘ ʾʾ ʚʦʣʦʛʽʩʪʶ (ʨʠʩ. 3) ʪʘ 

ʚʠʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ ʧʨʠʚʝʜʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʘ (ʟ ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʾ 

(12 %) ʚʦʣʦʛʽʩʪʶ) ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

 (2) 

ʜʝ  ï ʛʨʘʥʠʯʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ ʟʘʜʘʥʽʡ ʚʦʣʦʛʦʩʪʽ ;  ï ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʟʨʘʟʢʽʚ 

ʨʦʟʤʽʨʦʤ  ʨʽʚʥʠʡ ;  ï ʢʦʨʠʛʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʠʤ ʤʝʥʰʽ ʨʦʟʤʽʨʠ 

ʚʟʽʨʮʽʚ ʪʠʤ ʙʽʣʴʰ ʯʫʪʣʠʚʘ ʾʭ ʤʽʮʥʽʩʪʴ ʜʦ ʟʤʽʥʠ ʚʦʣʦʛʦʩʪʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ, ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 

ʜʝʨʝʚʠʥʠ ʟôʻʜʥʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʤʽʥʥʦʾ ʚʽʜ 12 %, ɸ. ʂʫʯʝʨʦʶ ʚ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʢʚʘʣʽʬʽʢʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ñʄʽʮʥʽʩʪʴ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʠʤʝʪʨʠʯʥʠʭ ʥʘʛʝʣʴʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʜʝʨʝʚʦ-ʜʝʨʝʚʦ ʥʘ ʧʫʩʪʦʪʽʣʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʥʘʛʝʣʷʭ ʟ ʜʚʦʤʘ ʧʣʦʱʠʥʘʤʠ 

ʟʩʫʚʫò ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʚʝʩʪʠ ʱʽʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʪʘʢʦʾ, 

ʷʢʘ ʙ ʙʫʣʘ ʫ ʥʠʭ ʧʨʠ 12 % ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

(3) 
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ʜʝ  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʛʫʩʪʠʥʘ ʜʝʨʝʚʠʥʠ ʧʨʠ ʾʾ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ . 
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ɺʦʣʦʛʽʩʪʴ ʜʝʨʝʚʠʥʠ W, % 

 

ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʟʛʠʥʽ ʚʽʜ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ:  

1 ï ʘʧʨʦʢʩʠʤʫʶʯʘ ʢʨʠʚʘ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 

2 ï ʘʧʨʦʢʩʠʤʫʶʯʘ ʢʨʠʚʘ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 

 

ʇʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʩʣʽʜ 

ʨʦʟʛʣʷʥʫʪʠ ʨʦʙʦʪʫ ʮʠʭ ʟôʻʜʥʘʥʴ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʜʽʘʤʝʪʨʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʥʘʛʝʣʽʚ ( ) ʧ. 8.6 [7] ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʾ ʚʦʣʦʛʦʩʪʽ (12 %), ʯʝʨʝʟ ʤʝʞʫ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ 

(30 %) ʽ ʘʞ ʜʦ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʩʚʽʞʦʟʨʫʙʘʥʦʾ ʜʝʨʝʚʠʥʠ (80é100 %). 

ɺʽʜʧʦʚʽʜʥʦ ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʪʠ ʩʠʤʝʪʨʠʯʥʽ ʦʜʥʦʥʘʛʝʣʴʥʽ ʟôʻʜʥʘʥʥʷ ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ 12 %, 18 %, 30 % ʪʘ 80 % ʽ ʜʽʘʤʝʪʨʽ ʥʘʛʝʣʷ 12 ʤʤ, 

20 ʤʤ ʽ 28 ʤʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʦʨʪʘʤʝʥʪʫ ʘʨʤʘʪʫʨʠ ɸ240ʉ [8]. 

 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. ɿʛʽʜʥʦ ɼʉʊʋ [9] ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʫ ʥʘʧʨʷʤʢʫ ʚʦʣʦʢʦʥ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʨʦʟʪʷʛ 

ʘʙʦ ʥʘ ʩʪʠʩʢ ʜʝʨʝʚôʷʥʦʛʦ ʟʨʘʟʢʘ, ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʦʚʦʾ ʩʭʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ (ʨʠʩ. 4). 

ʎʽ ʚʘʨʽʘʥʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʥʘʧʨʷʤʢʦʤ ʜʽʾ ʟʫʩʠʣʣʷ, ʘ ʽ ʨʦʟʤʽʨʘʤʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. ʊʘʢ ʜʦʚʞʠʥʘ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʘ ʜʣʷ ʥʘʛʝʣʷ ʜʽʘʤʝʪʨʦʤ 28 ʤʤ, ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʩʪʠʩʢ, ʩʪʘʥʦʚʠʪʠʤʝ 

392 ʤʤ, ʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʨʦʟʪʷʛ ï 1232 ʤʤ ʟʛʽʜʥʦ ʪʘʙʣ. 2 [9]. ɼʣʷ ʝʢʦʥʦʤʽʾ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʟʘ 

ʧʝʨʰʦʶ ʩʭʝʤʦʶ (ʩʪʠʩʢ ʧʘʨʘʣʝʣʴʥʦ ʚʦʣʦʢʥʘʤ). 
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ʘ ï ʩʪʘʣʝʚʠʡ ʧʨʠʩʪʨʽʡ; b ï ʜʘʪʯʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ; 
c ï ʥʘʛʝʣʴ; d ï ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ; e ï ʧʣʘʥʢʘ 

ʈʠʩ. 4. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʊʦʚʱʠʥʘ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʟʛʽʜʥʦ [9] ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʤʝʞʘʭ: 

. ʊʦʯʥʽʰʝ ʪʦʚʱʠʥʫ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʦʪʨʠʤʘʻʤʦ ʽʟ ʫʤʦʚʠ 

ʨʫʡʥʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʧʦ ʜʝʨʝʚôʷʥʦʤʫ ʝʣʝʤʝʥʪʫ (ʬʦʨʤʘ  ʨʠʩ.13.3, [2]). ɯʟ 

ʚʠʨʘʟʽʚ ʤʽʮʥʦʩʪʽ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʝʨʝʚôʷʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʽʟ ʪʦʥʢʠʤʠ ʩʪʘʣʝʚʠʤʠ ʥʘʢʣʘʜʢʘʤʠ (ʬʦʨʤʠ ʨʫʡʥʫʚʘʥʥʷ  ʪʘ  [2]) ʦʪʨʠʤʘʻʤʦ: 

 
(4) 

ʜʝ  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʜʝʨʝʚôʷʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʥʘ ʚʜʘʚʣʶʚʘʥʥʷ ʥʘʛʝʣʷ;  ï ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ, ʤʤ;  ï ʜʽʘʤʝʪʨ ʥʘʛʝʣʷ; 

 ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʥʘ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʥʘʛʝʣʷ;  ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʛʫʩʪʠʥʘ ʜʝʨʝʚʠʥʠ;  ï ʤʽʮʥʽʩʪʴ ʥʘ 

ʨʦʟʪʷʛ ʤʘʪʝʨʽʘʣʫ ʥʘʛʝʣʷ. 

ɿ ʚʠʨʘʟʫ (3) ʟʥʘʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʪʦʚʱʠʥʫ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʨʤʠ ʨʫʡʥʫʚʘʥʥʷ  [2]): 

 

(5) 

ʅʝʦʙʭʽʜʥʘ ʪʦʚʱʠʥʘ ʟʨʘʟʢʽʚ ʽʟ ʜʝʨʝʚʠʥʠ ʢʣʘʩʫ ʉ30 (ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ 

ʛʫʩʪʠʥʘ ï ) ʧʨʠ ʜʽʘʤʝʪʨʽ ʥʘʛʝʣʷ 12 ʤʤ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ 

ʘʨʤʘʪʫʨʠ ɸ240ʉ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʤʘʪʝʨʽʘʣʫ ʥʘʛʝʣʷ ï 

): 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʦʨʪʘʤʝʥʪʫ ʧʠʣʦʤʘʪʝʨʽʘʣʽʚ ʪʦʚʱʠʥʫ ʟʨʘʟʢʽʚ ʩʣʽʜ ʧʨʠʡʥʷʪʠ 

, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [9] ʜʣʷ ʚʩʽʭ ʜʽʘʤʝʪʨʽʚ ʥʘʛʝʣʽʚ, ʱʦ 

ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʪʠ (12 ʤʤ, 20 ʤʤ, 28 ʤʤ): 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʣʘʙʣʝʥʥʷ ʚ ʤʽʩʮʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʛʝʣʷ ʜʽʘʤʝʪʨʦʤ 28 ʤʤ: 

 
ʜʝ:  ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ; 

 ï ʰʠʨʠʥʘ ʟʨʘʟʢʘ (ʨʠʩ. 5 ʪʘ ʪʘʙʣ. 2);  ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʜʝʨʝʚʠʥʠ ʢʣʘʩʫ ʉ30 ʥʘ ʨʦʟʪʷʛ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʽʟ ʪʦʥʢʠʤʠ ʩʪʘʣʝʚʠʤʠ 

ʥʘʢʣʘʜʢʘʤʠ ʟʛʽʜʥʦ (8.12) [2]: 

 

(6) 

ʜʣʷ ʟôʻʜʥʘʥʴ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʥʘʛʝʣʷʭ ʟʛʽʜʥʦ ʟ ʧ. 13.2.2.2 [2] ): 

 
ʆʪʞʝ, ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʜʝʨʝʚôʷʥʦʛʦ ʟʨʘʟʢʘ ʦʩʣʘʙʣʝʥʦʛʦ ʦʪʚʦʨʦʤ ʧʽʜ ʥʘʛʝʣʴ, 

ʻ ʚʠʱʦʶ ʟʘ ʤʽʮʥʽʩʪʴ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ: 

 

ʆʩʪʘʪʦʯʥʽ ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʧʦʜʘʥʽ ʫ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2 

ʈʦʟʤʽʨʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ˉ 

ʟ/ʧ 

ɼʽʘʤʝʪʨ 

ʥʘʛʝʣʷ, 

ʤʤ 

ʈʦʟʤʽʨʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ (ʜʠʚ. ʨʠʩ. 5) 

    
1 12 36 84 84 44 

2 20 60 140 140 44 

3 28 84 196 196 44 
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ʈʠʩ. 5. ʈʦʟʤʽʨʠ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ (ʧʦʜʘʥʦ ʫ ʪʘʙʣ. 2)  

ʽʟ ʪʦʯʢʘʤʠ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ 

 

ɺʠʩʥʦʚʢʠ. 

1. ʇʦʧʝʨʝʜʥʴʦ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʠ ʪʘ ʽʩʥʫʶʯʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʥʝ ʜʘʶʪʴ 
ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʨʠ 

ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ. 

2. ɿʘʧʣʘʥʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʜʫʪʴ ʟʤʦʛʫ ʙʽʣʴʰ 
ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʪʠ ʨʦʙʦʪʫ ʥʘʛʝʣʴʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʽʟʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʜʝʨʝʚʠʥʠ, ʘ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʟʥʘʯʝʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʥʘ ʚʜʘʚʣʶʚʘʥʥʷ ʥʘʛʝʣʷ ʽ 

ʚʽʜʥʦʩʥʦʶ ʚʦʣʦʛʽʩʪʶ ʮʽʻʾ ʜʝʨʝʚʠʥʠ. 

3. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʤʦʞʫʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʘʣʠʰʢʦʚʦʾ 
ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ ʧʨʠ ʦʙʩʪʝʞʝʥʥʽ ʜʝʨʝʚôʷʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʘʜʫʪʴ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʛʝʣʴʥʠʭ ʟôʻʜʥʘʥʴ. 
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ʋʄʆɺ ʈʆɹʆʊʀ ʇʈʆʌɯʃʔʆɺɸʅʆɻʆ ʅɸʉʊʀʃʋ ʅ80ɸ ɯɿ ɹʆʃʊʆɺʀʄ 

ʆʇʆʈʅʀʄ ɸʅʂɽʈʋɺɸʅʅʗʄ ʋ ʄʆʅʆʃɯʊʅʀʍ ɿɸʃɯɿʆɹɽʊʆʅʅʀʍ 

ʇʃʀʊɸʍ 
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ʂʆʕʌʌʀʎʀɽʅʊɸ ʋʉʃʆɺʀʁ ʈɸɹʆʊʓ ʇʈʆʌʀʃʀʈʆɺɸʅʅʆɻʆ 

ʅɸʉʊʀʃɸ ʅ80ɸ ʉ ɹʆʃʊʆɺʆʁ ʆʇʆʈʅʆʁ ɸʅʂɽʈʆɺʂʆʁ ɺ 

ʄʆʅʆʃʀʊʅʓʍ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʇʃʀʊɸʍ 
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ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ, 

ʘʨʤʦʚʘʥʠʭ ʩʪʘʣʝʚʠʤ ʧʨʦʬʽʣʴʦʚʘʥʠʤ ʥʘʩʪʠʣʦʤ ʅ80ɸ ʽʟ ʙʦʣʪʦʚʠʤ ʦʧʦʨʥʠʤ 

ʘʥʢʝʨʫʚʘʥʥʷʤ. ɸʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʩʪʠʣʫ 

ʅ80ɸ ʟ ʙʦʣʪʦʚʠʤ ʦʧʦʨʥʠʤ ʘʥʢʝʨʫʚʘʥʥʷʤ ʪʘ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʘʥʢʝʨʫʚʘʥʥʷ. 

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ, 

ʘʨʤʠʨʦʚʘʥʥʳʭ ʩʪʘʣʴʥʳʤ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤ ʥʘʩʪʠʣʦʤ ʅ80ɸ ʩ ʙʦʣʪʦʚʦʡ 

ʦʧʦʨʥʦʡ ʘʥʢʝʨʦʚʢʦʡ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʸʥ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʥʘʩʪʠʣʘ ʅ80ɸ ʩ ʙʦʣʪʦʚʦʡ ʦʧʦʨʥʦʡ ʘʥʢʝʨʦʚʢʦʡ ʠ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʘʥʢʝʨʦʚʢʠ. 

 

The results of testing of monolithic concrete slabs, reinforced by corrugated steel 

decking type N80A with bolted bearing anchoring, are shown. Structure 

behavior factor of a steel decking type N80A with bolted bearing anchoring was 

analytically determined and conclusion about the prospects of this anchoring 

method was made. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ɿʦʚʥʽʰʥʻ ʘʨʤʫʚʘʥʥʷ, ʩʪʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ,  ʥʝʟʥʽʤʥʘ ʦʧʘʣʫʙʢʘ, ʧʣʠʪʘ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʤʦʩʪʘ, ʩʪʘʣʝʚʠʡ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘʩʪʠʣ. 
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ɺʥʝʰʥʝʝ ʘʨʤʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʥʝʩʲʸʤʥʘʷ ʦʧʘʣʫʙʢʘ, ʧʣʠʪʘ 

ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʤʦʩʪʘ, ʩʪʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʡ ʥʘʩʪʠʣ. 

Bridge deck slab, corrugated steel decking, external reinforcement, static 

loading, non-removable formwork. 
 

ɺʩʪʫʧ. ʉʪʘʣʝʚʠʡ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘʩʪʠʣ (ʉʇʅ) ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʪʘ ʮʠʚʽʣʴʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʷʢ ʥʝʟʥʽʤʥʘ ʦʧʘʣʫʙʢʘ ʪʘ ʨʦʙʦʯʘ 

ʘʨʤʘʪʫʨʘ ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʝʨʝʢʨʠʪʪʽʚ [1, 2]; ʮʝ ʜʦʟʚʦʣʷʻ ʧ̔ ʜʚʠʱʠʪʠ 

ʪʝʤʧʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʟʥʠʟʠʪʠ ʧʨʘʮʝʤʽʩʪʢʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʯʝʨʝʟ 

ʚʽʜʤʦʚʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʚʝʥʪʘʨʥʦʾ ʦʧʘʣʫʙʢʠ ʪʘ ʧʽʜʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

(ʨʠʰʪʫʚʘʥʴ). ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʤʦʩʪʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʫʤʦʚʣʝʥʘ 

ʪʠʤ, ʱʦ ʜʽʶʯʽ ʥʦʨʤʠ [3] ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʧʣʠʪʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ 

(ʇʇʏ) ʤʦʩʪʽʚ ʤʦʥʦʣʽʪʥʦʶ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʇʇʏ ʟʥʽʤʥʦʾ 

ʦʧʘʣʫʙʢʠ ʽʟ ʧʽʜʪʨʠʤʫʶʯʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ (ʙʫʜʽʚʥʠʮʪʚʦ ʤʦʩʪʽʚ 

ʥʘʜ ʢʨʫʧʥʠʤʠ ʚʦʜʦʪʦʢʘʤʠ, ʛʣʠʙʦʢʠʤ ʨʝʣʴʻʬʦʤ, ʜʽʶʯʠʤʠ ʘʚʪʦʰʣʷʭʘʤʠ ʪʘ 

ʟʘʣʽʟʥʠʮʷʤʠ, ʦʩʦʙʣʠʚʦ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʤʠ) ʧʦʚô̫ ʟʘʥʝ ʽʟ ʥʠʟʢʦʶ ʩʢʣʘʜʥʦʱʽʚ, 

ʫʥʠʢʥʫʪʠ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʟʥʽʤʥʦʾ ʦʧʘʣʫʙʢʠ (ʅʆ) ʧʣʠʪʠ ʧʨʦʾʟʥʦʾ 

ʯʘʩʪʠʥʠ [4]. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʇʅ ʤʦʞʝ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʟʦʚʥʽʰʥʷ 

ʨʦʙʦʯʘ ʘʨʤʘʪʫʨʘ ʧʣʠʪʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ, ʧʨʦʪʝ ʜʣʷ ʮʴʦʛʦ ʩʣʽʜ ʚʠʢʦʥʘʪʠ ʨʷʜ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʤʦʛ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʉʇʅ ʽʟ ʙʝʪʦʥʦʤ ʧʣʠʪʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʥʘʩʪʠʣʫ ʅ80ɸ ï ʥʘʷʚʥʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ 

ʚʠʰʪʘʤʧʦʚʦʢ ʥʘ ʩʪʽʥʢʘʭ ʪʘ ʥʠʞʥʴʦʤʫ ʧʦʷʩʽ ï ʟʘʢʣʘʜʝʥʘ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʟʯʝʧʣʝʥʥʷ ʙʝʪʦʥʫ ʧʣʠʪʠ ʟ ʤʝʪʘʣʦʤ ʥʘʩʪʠʣʫ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʢʦʥʪʘʢʪʫ, ʧʨʦʪʝ 

ʮʴʦʛʦ ʥʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʥʘʜʽʡʥʦʾ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʙʝʪʦʥʫ ʧʣʠʪʠ ʪʘ ʉʇʅ ʥʘ ʚʩʽʭ 

ʩʪʘʜʽʷʭ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ï ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ ʉʇʅ 

ʚʢʣʶʯʘʪʠ ʚʨʘʭʦʚʫʚʘʪʠ ʡʦʛʦ ʫ ʩʧʽʣʴʥʽʡ ʨʦʙʦʪʫ ʟ ʙʝʪʦʥʦʤ ʧʣʠʪʠ ʥʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ [5].  

ɺ ʧʨʘʢʪʠʮʽ ʙʫʜʽʚʥʠʮʪʚʘ ʜʣʷ ʬʽʢʩʘʮʽʾ ʥʘʩʪʠʣʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʤʝʪʘʣʝʚʽ 

ʙʘʣʢʠ, ʚ ʧʨʦʝʢʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʘ ʡʦʛʦ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʨʠʚʘʨʥʽ ʘʥʢʝʨʠ ʪʠʧʫ Nelson [6]: ʘʥʢʝʨʠ (ʩʪʨʠʞʥʽ ʟ ʚʠʩʘʜʞʝʥʠʤʠ ʛʦʣʽʚʢʘʤʠ) 

ʧʨʠʚʘʨʶʶʪʴʩʷ ʢʨʽʟʴ ʤʝʪʘʣ ʥʘʩʪʠʣʫ ʜʦ ʤʝʪʘʣʫ ʙʘʣʦʢ ʚʠʪʷʛʥʫʪʦʶ ʜʫʛʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʽʩʪʦʣʝʪʘ. ʂʨʽʤ ʧʝʨʝʚʘʛ ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʧʨʠʚʘʨʶʚʘʥʥʷ ʘʥʢʝʨʽʚ, ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ "ʘʥʢʝʨ ï 

ʥʘʩʪʠʣ ï ʙʘʣʢʘ" ʽʟ ʤʘʡʞʝ 100%-ʶ ʷʢʽʩʪʶ ʟʚʘʨʥʦʛʦ ʰʚʘ ï ʜʘʥʦʤʫ ʩʧʦʩʦʙʫ 

ʭʘʨʘʢʪʝʨʥʽ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ: ʮʝ ʽ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʧʦʪʨʝʙʘ ʚ ʩʧʝʮʠʬʽʯʥʦʤʫ 

ʟʚʘʨʶʚʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʽ ʟʨʦʟʫʤʽʣʠʭ ʧʨʠʯʠʥ ʟʘʩʪʦʩʫʚʘʪʠ 

ʮʝʡ ʩʧʦʩʽʙ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʉʇʅ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʘʣʢʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ, ʤʦʩʪʠ ʽʟ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʤʠ ʛʦʣʦʚʥʠʤʠ ʙʘʣʢʘʤʠ (ʟʜʝʙʽʣʴʰʦʛʦ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʧʨʦʛʦʥʽʚ) ʻ 

ʧʝʨʝʚʘʞʘʶʯʠʤʠ ï 91,5% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʣʫʘʪʦʚʫʚʘʥʠʭ ʥʘ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʘ ʤʽʩʮʝʚʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ [7]; ʮʷ ʮʠʬʨʘ ʧʨʠʙʣʠʟʥʦ 

ʢʦʨʝʣʶʻʪʴʩʷ ʽʟ ʦʙ'ʻʢʪʘʤʠ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʢʘ 
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ʝʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʬʽʢʩʘʮʽʾ ʪʘ ʘʥʢʝʨʫʚʘʥʥʷ ʥʘʩʪʠʣʫ ʫ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪʘʭ, 

ʚʣʘʰʪʦʚʘʥʠʭ ʧʦ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʢʘʭ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ. 

ʇʨʠʢʣʘʜʦʤ ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʧʨʦʨʦʙʢʠ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʻ 

ʥʝʩʪʘʥʜʘʨʪʥʽ ʘʥʢʝʨʠ, ʨʦʟʨʦʙʣʝʥʽ ʚ ʇʦʣʪʅʊʋ ʽʤ. ʂʦʥʜʨʘʪʶʢʘ [8]: ʮʽ ʘʥʢʝʨʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʛʥʫʪʪʷʤ ʟʘʛʦʪʦʚʦʢ ʽʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ ʪʘ ʚʩʪʘʚʣʷʶʪʴʩʷ ʫ ʤʝʭʘʥʽʯʥʦ 

ʚʠʢʦʥʘʥʽ ʦʪʚʦʨʠ ʫ ʦʧʦʨʥʠʭ ʟʦʥʘʭ ʉʇʅ, ʘ ʾʭ ʜʝʢʣʘʨʦʚʘʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʉʇʅ ʥʘ ʙʝʪʦʥʥʽ ʙʘʣʢʠ, ʮʝʛʣʷʥʽ ʩʪʽʥʠ, ʪʦʱʦ. 

ʅʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʭ ʩʪʘʣʝʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʽʟ ʪʨʴʦʤʘ ʚʠʜʘʤʠ 

ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʘʥʢʝʨʽʚ ʜʦʚʝʣʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ([1], ʩ. 188). ɺʪʽʤ, ʥʘ 

ʜʫʤʢʫ ʘʚʪʦʨʘ ʜʘʥʠʡ ʩʧʦʩʽʙ ʻ ʥʘʜʪʦ ʩʧʝʮʠʬʽʯʥʠʤ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʤ; ʢʨʽʤ ʪʦʛʦ, ʚ 

ʩʠʣʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʥʢʝʨʽʚ ʚʽʥ ʚʠʨʽʰʫʻ ʣʠʰʝ ʯʘʩʪʠʥʫ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ï ʟʘʙʝʟʧʝʯʫʻ ʘʥʢʝʨʫʚʘʥʥʷ ʉʇʅ ʚ ʙʝʪʦʥʽ ʧʣʠʪʠ, ʥʝ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʜʽʡʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘʩʪʠʣʫ ʜʦ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɺ ʭʦʜʽ ʘʥʘʣʽʪʠʯʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʚʠʰʫʢʫʚʘʥʴ ʘʚʪʦʨʦʤ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʬʽʢʩʘʮʽʾ ʉʇʅ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʘʣʢʠ [9] 

ʪʘ ʩʧʦʩʦʙʫ ʘʥʢʝʨʫʚʘʥʥʷ ʉʇʅ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʘʣʢʠ [10]. ʋ ʾʭ 

ʦʩʥʦʚʽ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ ʙʦʣʪʦʚʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ, ʱʦ ʥʘʡʧʨʦʩʪʽʰʝ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʜʦʚʞʝʥʠʭ ʙʦʣʪʽʚ ʟ ʥʘʛʚʠʥʯʝʥʠʤʠ ʛʘʡʢʘʤʠ: ʨʽʟʴʙʦʚʠʡ ʢʽʥʝʮʴ ʙʦʣʪʘ 

ʚʭʦʜʠʪʴ ʫ ʤʝʪʨʠʯʥʫ ʨʽʟʴʙʫ ʚ ʦʧʦʨʥʽʡ ʧʦʚʝʨʭʥʽ, ʟʘʟʜʘʣʝʛʽʜʴ ʥʘʛʚʠʥʯʝʥʘ ʛʘʡʢʘ ʟ 

ʰʘʡʙʦʶ ʟʘʬʽʢʩʫʻ ʥʘʩʪʠʣ, ʘ ʚʽʣʴʥʘ ʯʘʩʪʠʥʘ ʙʦʣʪʘ ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʨʦʣʴ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʨʠʞʥʷ ʟ ʛʦʣʽʚʢʦʶ. ʇʨʠ ʮʴʦʤʫ ʜʘʥʠʡ ʩʧʦʩʽʙ ʤʦʞʣʠʚʦ 

ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʉʇʅ ʷʢ ʥʘ ʙʝʪʦʥʥʽ ʙʘʣʢʠ (ʽʟ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʩʪʘʚʣʝʥʠʤʠ ʫ ʚʠʩʚʝʨʜʣʝʥʽ ʛʣʫʭʽ ʦʪʚʦʨʠ ʤʝʪʘʣʝʚʠʤʠ ʨʦʟʧʽʨʥʠʤʠ ʜʶʙʝʣʷʤʠ), ʪʘʢ 

ʽ ʥʘ ʤʝʪʘʣʝʚʽ ʙʘʣʢʠ, ʫ ʚʝʨʭʥʽʭ ʧʦʣʠʮʷʭ ʷʢʠʭ ʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʚʠʩʚʝʨʜʣʠʪʠ ʦʪʚʦʨʠ 

ʟ ʤʝʪʨʠʯʥʦʶ ʨʽʟʴʙʦʶ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʦʧʦʨʥʦʛʦ ʪʘ ʧʨʦʛʦʥʦʚʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ ʥʘʩʪʠʣʫ ʧʨʠ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʧʣʠʪ ʟʥʘʭʦʜʠʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘʢʠʭ ʧʣʠʪ. ʇʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʛʨʘʥʠʯʥʠʤʠ 

ʩʪʘʥʘʤʠ (ʟʦʢʨʝʤʘ, ʤʽʮʥʦʩʪʽ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ) ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʥʘʩʪʠʣʫ 

Rn ʚʨʘʭʦʚʫʻʪʴʩʷ ʫ ʬʦʨʤʫʣʘʭ ʽʟ ʚʚʝʜʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʫʤʦʚ ʨʦʙʦʪʠ ɔn, ʟʥʘʯʝʥʥʷ 

ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʘʥʠʭ ʟʘʩʦʙʽʚ ʘʥʢʝʨʫʚʘʥʥʷ ʥʘʩʪʠʣʫ. ʋ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʪʘ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [1, 2, 5] ʤʦʞʣʠʚʽʩʪʴ ʙʦʣʪʦʚʦʛʦ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ 

ʉʇʅ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʥʝ ʚʠʟʥʘʯʝʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʩʪʠʣʫ, ʘ ʚʽʥ ʬʘʢʪʠʯʥʦ ʻ ʤʽʨʠʣʦʤ ʚʢʣʶʯʝʥʥʷ ʥʘʩʪʠʣʫ ʚ 

ʩʧʽʣʴʥʫ ʨʦʙʦʪʫ ʟ ʙʝʪʦʥʦʤ ʧʣʠʪʠ ï ʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʩʦʙʫ 

ʘʥʢʝʨʫʚʘʥʥʷ ʉʇʅ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʉʇʅ ʪʘ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʝʤʧʽʨʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʚʠʧʨʦʙʫʚʘʥʴ; ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʩʪʠʣʫ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʝ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʘʥʽʰʝ ʘʥʢʝʨʥʠʭ ʟʘʩʦʙʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʥʦʣʽʪʥʠʭ ʧʣʠʪ, ʘʨʤʦʚʘʥʠʭ ʉʇʅ ([11], 

ʜʦʜʘʪʦʢ ɺ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ: ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʤʦʥʦʣʽʪʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʟʽ ʩʪʘʣʝʚʠʤ ʧʨʦʬʽʣʴʦʚʘʥʠʤ ʥʘʩʪʠʣʦʤ ʪʘ 
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ʙʦʣʪʦʚʠʤʠ ʦʧʦʨʥʠʤʠ ʘʥʢʝʨʘʤʠ ʧʨʠ ʜʽʾ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʄʝʪʘ ʨʦʙʦʪʠ ï 

ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʦʣʪʦʚʦʛʦ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ ʉʇʅ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʩʪʠʣʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʽ ʨʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʚʘ ʟʨʘʟʢʠ-ʙʣʠʟʥʶʢʠ, ʩʝʨʽʷ ʷʢʠʭ ʦʪʨʠʤʘʣʘ ʰʠʬʨ "ʇʅɺ"; 

ʟʨʘʟʢʠ ʇʅɺ-1 ʪʘ ʇʅɺ-2 ʤʦʜʝʣʶʶʪʴ ʬʨʘʛʤʝʥʪʠ ʥʘʪʫʨʥʠʭ ʧʣʠʪ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ 

(ʨʠʩ. 1). ʅʝʟʥʽʤʥʦʶ ʦʧʘʣʫʙʢʦʶ ʪʘ ʨʦʙʦʯʦʶ ʘʨʤʘʪʫʨʦʶ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʻ 

ʩʪʘʣʝʚʠʡ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘʩʪʠʣ ʅ80ɸ ʽʟ ʚʠʰʪʘʤʧʦʚʢʘʤʠ ʥʘ ʩʪʽʥʢʘʭ ʪʘ 

ʥʠʞʥʴʦʤʫ ʧʦʷʩʽ; ʜʚʦʛʦʬʨʦʚʽ ʝʣʝʤʝʥʪʠ ʥʘʩʪʠʣʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʢʽʥʮʷʤʠ ʥʘ 

ʩʪʘʣʝʚʽ ʧʣʘʩʪʠʥʠ 270Ĭ100Ĭ6, ʱʦ ʽʤʽʪʫʚʘʣʠ ʚʝʨʭʥʽ ʧʦʣʠʮʽ ʛʦʣʦʚʥʠʭ ʙʘʣʦʢ 

ʧʨʦʛʦʥʦʚʦʾ ʙʫʜʦʚʠ ʪʘ ʚʠʢʦʥʫʚʘʣʠ ʨʦʣʴ ʦʧʦʨʥʠʭ ʧʣʘʩʪʠʥ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ. ʋ 

ʢʦʞʥʽʡ ʧʣʘʩʪʠʥʽ ʚʠʩʚʝʨʜʣʶʚʘʣʠʩʴ ʜʚʘ ʦʪʚʦʨʠ ʟ ʤʝʪʨʠʯʥʦʶ ʨʽʟʴʙʦʶ ʄ10 ʟ 

ʚʽʜʩʪʘʥʥʶ ʚ ʦʩʷʭ 170 ʤʤ; ʫ ʦʧʦʨʥʽʡ ʟʦʥʽ ʥʠʞʥʽʭ ʧʦʷʩʽʚ ʥʘʩʪʠʣʫ ʚ ʢʦʞʥʦʤʫ ʛʦʬʨʽ 

ʙʫʣʠ ʚʠʩʚʝʨʜʣʝʥʽ ʧʦ ʦʪʚʦʨʫ Ï11. ʅʘʩʪʠʣ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʥʘ ʦʧʦʨʥʽ ʧʣʘʩʪʠʥʠ, 

ʧʽʩʣʷ ʯʦʛʦ ʫ ʦʪʚʦʨʠ ʟ ʤʝʪʨʠʯʥʦʶ ʨʽʟʴʙʦʶ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʧʣʘʩʪʠʥ 

ʚʛʚʠʥʯʫʚʘʣʠʩʴ ʙʦʣʪʠ ʄ10 (ʧʦ ʜʚʘ ʚ ʢʦʞʥʦʤʫ ʛʦʬʨʽ), ʦʩʥʘʱʝʥʽ ʛʘʡʢʘʤʠ ʪʘ 

ʰʘʡʙʘʤʠ, ʷʢʽ ʚʠʛʚʠʥʯʫʚʘʣʠʩʴ ʫʥʠʟ, ʤʽʮʥʦ ʧʨʠʪʠʩʢʘʶʯʠ ʉʇʅ ʜʦ ʦʧʦʨʥʠʭ 

ʧʣʘʩʪʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʠ ʥʘʩʪʠʣʫ ʽʟ ʦʧʦʨʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʴ ʫ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʜʦʱʘʪʫ ʦʧʘʣʫʙʢʫ. 

 

 
 

ʈʠʩ. 1. ʇʝʨʝʨʽʟʠ ʟʨʘʟʢʘ ʩʝʨʽʾ ʇʅɺ 

 

ɿʨʘʟʢʠ ʜʦʚʞʠʥʦʶ 1,5 ʤ, ʚʠʩʦʪʦʶ 0,2 ʤ ʪʘ ʰʠʨʠʥʦʶ 0,34 ʤ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ 

ʽʟ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʟʘʚʦʜʩʴʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʫʱʽʣʴʥʶʚʘʚʩʷ ʧʨʠ ʫʢʣʘʜʮʽ 

ʛʣʠʙʠʥʥʠʤ ʚʽʙʨʘʪʦʨʦʤ; ʢʣʘʩ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʫ ɺ50. ɺ ʚʝʨʭʥʽʡ ʟʦʥʽ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚôʷʟʘʥʘ ʘʨʤʘʪʫʨʥʘ ʩʽʪʢʘ 4Ï12A500Cï90+80+90/10Ï8ɸ500ʉï150 

1,47Ĭ0,3 ʤ ʽʟ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ 5 ʩʤ, ʱʦ ʤʦʜʝʣʶʻ ʚʝʨʭʥʶ ʨʦʙʦʯʫ ʘʨʤʘʪʫʨʫ ʧʣʠʪʠ 

ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ. ʉʪʨʠʞʥʝʚʘ ʘʨʤʘʪʫʨʘ ʫ ʥʠʞʥʽʡ ʟʦʥʽ ʟʨʘʟʢʽʚ ʚʽʜʩʫʪʥʷ ï ʨʦʣʴ 

ʥʠʞʥʴʦʾ ʨʦʙʦʯʦʾ ʘʨʤʘʪʫʨʠ ʟʨʘʟʢʽʚ ʚʠʢʦʥʫʚʘʚ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘʩʪʠʣ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩʪʝʥʜʦʚʠʤ ʩʧʦʩʦʙʦʤ ʟʘ ʩʭʝʤʦʶ ʯʠʩʪʦʛʦ 

ʟʛʠʥʫ ʟ ʨʦʙʦʯʠʤ ʧʨʦʛʦʥʦʤ ʟʨʘʟʢʽʚ 1,4 ʤ (ʨʠʩ. 2). ʇʦʢʨʦʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʨʘʟʢʽʚ ʽʟ ʢʨʦʢʦʤ +10 ʢʅ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʜʦʤʢʨʘʪʘ; 
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ʟʫʩʠʣʣʷ F, ʩʪʚʦʨʶʚʘʥʝ ʥʠʤ, ʙʫʣʦ ʚʟʷʪʝ ʟʘ ʦʩʥʦʚʥʠʡ ʧʘʨʘʤʝʪʨ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʟʨʘʟʢʽʚ, ʽ ʢʦʥʪʨʦʣʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʥʦʤʝʪʨʘ ʤʘʩʣʦʩʪʘʥʮʽʾ ʪʘ ʪʘʨʦʚʘʥʦʛʦ 

ʢʽʣʴʮʝʚʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʚ ʩʢʣʘʜʽ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ. ɿʫʩʠʣʣʷ ʚʽʜ ʜʦʤʢʨʘʪʘ 

ʧʝʨʝʜʘʚʘʣʦʩʴ ʥʘ ʟʨʘʟʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʪʨʘʚʝʨʩ (ʚʽʜʩʪʘʥʴ ʚ ʦʩʷʭ 

ʧʝʨʝʜʘʪʦʯʥʠʭ ʪʨʘʚʝʨʩ 0,5 ʤ).  

 

 

 
 

ʈʠʩ. 2. ʉʪʘʪʠʯʥʘ ʩʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ (ʘ) 

ʪʘ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʟʨʘʟʢʘ ʇʅɺ-2 ʫ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ (ʙ) 

 

ʇʽʜ ʯʘʩ ʧʝʨʰʠʭ ʧʨʠʚʘʥʪʘʞʝʥʴ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʥʝʟʥʘʯʥʝ ʨʽʚʥʦʤʽʨʥʝ 

ʟʨʦʩʪʘʥʥʷ ʧʨʦʛʠʥʽʚ; ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 50 ʢʅ ʜʣʷ ʟʨʘʟʢʘ ʇʅɺ-

1 ʪʘ 40 ʢʅ ʜʣʷ ʇʅɺ-2 ʫ ʟʨʘʟʢʘʭ ʨʦʟʢʨʠʣʠʩʴ ʧʝʨʰʽ ʚʝʨʪʠʢʘʣʴʥʽ ʪʨʽʱʠʥʠ ʚ 

ʩʝʨʝʜʥʽʭ ʪʨʝʪʠʥʘʭ. ʈʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʪʨʽʩʢʦʤ ʙʝʪʦʥʫ, 

ʚʽʜʰʘʨʦʚʫʚʘʥʥʷʤ ʥʘʩʪʠʣʫ ʚʽʜ ʙʝʪʦʥʫ ʟʨʘʟʢʘ,  ʧʨʦʩʢʦʚʟʫʚʘʥʥʷʤ ʡʦʛʦ ʚʽʜʥʦʩʥʦ 

ʪʦʨʮʽʚ ʟʨʘʟʢʽʚ, ʟʤʝʥʰʝʥʥʷʤ ʧʦʢʘʟʽʚ ʢʽʣʴʮʝʚʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʪʘ ʤʘʥʦʤʝʪʨʘ 

ʤʘʩʣʦʩʪʘʥʮʽʾ ʯʝʨʝʟ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʤʘʩʣʦʢʦʥʪʫʨʽ ʯʝʨʝʟ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 



132 

 

ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ: ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʨʽʟʢʠʡ ʧʨʠʨʽʩʪ ʧʨʦʛʠʥʽʚ, ʱʦ ʧʽʩʣʷ ʢʽʣʴʢʦʭ 

ʧʨʠʚʘʥʪʘʞʝʥʴ ʧʝʨʝʚʠʱʠʣʠ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʦʛʠʥʫ [f] = l/400 = 

3,5 ʤʤ (ʨʠʩ. 3). ʋʩʽ ʚʝʨʪʠʢʘʣʴʥʽ ʪʨʽʱʠʥʠ, ʱʦ ʫʪʚʦʨʶʚʘʣʠʩʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʟʨʘʟʢʘʭ, ʟʫʧʠʥʷʣʠʩʴ ʚ ʨʦʟʚʠʪʢʫ ʧʽʩʣʷ ʜʦʭʦʜʞʝʥʥʷ ʜʦ ʨʽʚʥʷ ʟʘʣʷʛʘʥʥʷ ʚʝʨʭʥʴʦʾ 

ʘʨʤʘʪʫʨʥʦʾ ʩʽʪʢʠ, ʪʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʨʘʟʢʠ ʧʦʯʠʥʘʣʠ ʧʦʚʽʣʴʥʠʡ 

ʨʽʩʪ ʜʦ ʚʝʨʭʥʴʦʾ ʛʨʘʥʽ ʪʘ ʨʦʟʭʦʜʠʪʠʩʷ ʨʘʜʽʘʣʴʥʦ ʚ ʩʪʦʨʦʥʠ. 
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ʈʠʩ. 3. ɻʨʘʬʽʢ ʧʨʦʛʠʥʽʚ ʟʨʘʟʢʽʚ ʇʅɺ-1 ʪʘ ʇʅɺ-2 

 

 

ʈʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʇʅɺ-1 ʪʘ ʇʅɺ-2 ï ʚʪʨʘʪʘ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ï ʥʘʩʪʫʧʠʣʦ 

ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ [F]exp ʚʽʜʧʦʚʽʜʥʦ 125 ʪʘ 115 ʢʅ. ʎʝ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʨʽʟʢʠʤ ʥʘʨʦʩʪʘʥʥʷʤ ʧʨʦʛʠʥʽʚ, ʩʧʝʨʰʫ ʥʝʤʦʞʣʠʚʽʩʪʶ 

ʧʝʨʝʚʠʱʠʪʠ ʚʢʘʟʘʥʽ ʨʽʚʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʜʘʣʽ ï ʧʦʚʽʣʴʥʠʤ ʧʘʜʽʥʥʷʤ ʧʦʢʘʟʽʚ 

ʤʘʥʦʤʝʪʨʘ ʤʘʩʣʦʩʪʘʥʮʽʾ ʪʘ ʢʽʣʴʮʝʚʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ, ʧʦʷʚʦʶ ʪʨʽʱʠʥ ʥʘ ʚʝʨʭʥʽʭ 

ʛʨʘʥʷʭ ʟʨʘʟʢʽʚ ʪʘ ʥʝʟʥʘʯʥʠʤ ʚʠʧʫʯʫʚʘʥʥʷʤ ʚʝʨʭʥʽʭ ʧʦʣʠʮʴ ʉʇʅ ʚ ʟʦʥʽ ʨʦʟʢʨʠʪʪʷ 

ʮʝʥʪʨʘʣʴʥʠʭ ʪʨʽʱʠʥ, ʨʫʡʥʫʚʘʥʥʷʤ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʙʝʪʦʥʫ ʧʣʠʪ: ʪʨʽʱʠʥʠ ʚ 

ʧʦʣʠʮʷʭ ʟʨʘʟʢʽʚ ʧʝʨʝʚʠʱʠʣʠ ʨʽʚʝʥʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʭʥʽʭ ʘʨʤʘʪʫʨʥʠʭ ʢʘʨʢʘʩʽʚ 

ʪʘ ʜʦʩʷʛʣʠ ʚʝʨʭʥʽʭ ʛʨʘʥʝʡ ʧʣʠʪ, ʥʘ ʧʦʚʝʨʭʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʥʝʡ ʧʣʠʪ 

ʟ'ʷʚʠʣʠʩʴ ʩʠʣʦʚʽ ʪʨʽʱʠʥʠ. ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʚʪʨʘʪʠ 

ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʥʘʩʣʽʜʦʢ ʚʠʯʝʨʧʘʥʥʷ ʤʽʮʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʪʦʥʫ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʟʨʘʟʢʽʚ, ʽ ʻ ʧʝʨʚʠʥʥʠʤ ʩʚʽʜʯʝʥʥʷʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʠʧʫ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ ʥʘʩʪʠʣʫ ʷʢ ʟʘʩʦʙʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʉʇʅ ʪʘ ʙʝʪʦʥʫ ʧʣʠʪ: ʫ ʚʠʧʘʜʢʫ ʥʝʜʦʩʪʘʪʥʴʦʾ 
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ʤʽʮʥʦʩʪʽ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ ʚʽʜʙʫʣʦʩʴ ʙʠ ʨʫʡʥʫʚʘʥʥʷ (ʨʦʟʨʠʚ) ʥʘʩʪʠʣʫ ʚ ʟʦʥʽ 

ʘʥʢʝʨʫʚʘʥʥʷ, ʱʦ ʥʝ ʜʦʟʚʦʣʠʣʦ ʙʠ ʧʦʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʪʠ ʤʽʮʥʽʩʥʠʡ ʨʝʩʫʨʩ 

ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ. 

ɸʥʘʣʽʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʟʽ ʉʇʅ ʻ ʧʝʨʝʚʽʨʢʦʶ ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʧʣʠʪʠ 

[12] ʽ ʚʝʜʝʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

[M] = Rb bf  x (h0 ï 0,5 x), (1) 

 

ʜʝ [M] ï ʛʨʘʥʠʯʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʟʜʘʪʥʠʡ ʩʧʨʠʡʥʷʪʠ ʧʝʨʝʨʽʟ;  

Rb ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʙʝʪʦʥʫ ʦʩʴʦʚʦʤʫ ʩʪʠʩʢʫ; bf ï ʰʠʨʠʥʘ ʧʣʠʪʠ ʧʝʨʝʨʽʟʫ; h0 

ï ʨʦʙʦʯʘ ʚʠʩʦʪʘ ʧʝʨʝʨʽʟʫ; x ï ʚʠʩʦʪʘ ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ 

ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʪʠʩʥʫʪʦʛʦ ʙʝʪʦʥʫ ʪʘ ʨʦʟʪʷʛʥʫʪʠʭ ʘʨʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ: 

 

Rb bf x = ɔn Rn An + Rs As, (2) 

 

ʜʝ An ï ʧʣʦʱʘ ʉʇʅ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ; Rs ʪʘ As ï ʚʽʜʧʦʚʽʜʥʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʦʩʴʦʚʦʤʫ ʨʦʟʪʷʛʫ ʪʘ ʧʣʦʱʘ ʨʦʟʪʷʛʥʫʪʦʾ ʩʪʨʠʞʥʝʚʦʾ 

ʘʨʤʘʪʫʨʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ (ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʨʠʞʥʝʚʘ 

ʘʨʤʘʪʫʨʘ ʚʝʨʭʥʴʦʾ ʟʦʥʠ ʧʣʠʪ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʷʢ ʨʦʟʪʷʛʥʫʪʘ, ʦʩʢʽʣʴʢʠ ʚʠʩʦʪʘ 

ʩʪʠʩʥʫʪʦʾ ʟʦʥʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʪʦʚʱʠʥʠ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ). ɿʥʘʯʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ɸʥʘʣʽʟ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʨʘʟʢʽʚ ʇʅɺ-1 ʪʘ ʇʅɺ-2 ʟʨʫʯʥʦ ʚʝʩʪʠ ʧʦ ʟʫʩʠʣʣʶ F, 

ʩʪʚʦʨʶʚʘʥʦʤʫ ʛʽʜʨʘʚʣʽʯʥʠʤ ʜʦʤʢʨʘʪʦʤ;  ʧʨʠ ʧʨʠʡʥʷʪʽʡ ʩʪʘʪʠʯʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 2, 

ʘ) ʚʠʧʨʦʙʫʚʘʥʴ ʟʚ'ʷʟʦʢ ʨʫʡʥʽʚʥʦʛʦ ʟʫʩʠʣʣʷ [F] ʽʟ ʛʨʘʥʠʯʥʠʤ ʟʛʠʥʘʣʴʥʠʤ 

ʤʦʤʝʥʪʦʤ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

 

[F] = 2[M] / 0,45 ʤ . (3) 

 

 

ʊʘʙʣʠʮʷ 1 

 

ɿʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ 

 ʟʨʘʟʢʽʚ ʩʝʨʽʾ ʇʅɺ 

 

ʂʦʥʩʪʘʥʪʘ ɿʥʘʯʝʥʥʷ ʂʦʥʩʪʘʥʪʘ ɿʥʘʯʝʥʥʷ 

bf 340 ʤʤ Rb 25 ʄʇʘ 

h0 163 ʤʤ Rn 220 ʄʇʘ 

An 610 ʤʤ
2
 Rs 435 ʄʇʘ 

As 452,38 ʤʤ
2
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ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʥʠʟʢʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

[1, 2, 5, 11, 12] ʜʣʷ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ ʅ80ɸ (ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ 

ʚʠʰʪʘʤʧʦʚʢʘʤʠ) ʪʘ ʧʨʠʚʘʨʥʠʤ ʦʧʦʨʥʠʤ ʘʥʢʝʨʫʚʘʥʥʷʤ ʫ ʨʦʟʨʘʭʫʥʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ ɔn = 0,5. ʇʨʦʚʽʚʰʠ ʨʦʟʨʘʭʫʥʦʢ ʟʘ 

ʬʦʨʤʫʣʘʤʠ (1) ï (3) ʟ ʜʦʧʫʱʝʥʥʷʤ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʚʘʨʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʘʥʢʝʨʫʚʘʥʥʷ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʝ ʪʝʦʨʝʪʠʯʥʝ ʨʫʡʥʽʚʥʝ ʟʫʩʠʣʣʷ ʟʨʘʟʢʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ 

[F] teor = 142,7 ʢʅ; ʮʝ ʟʥʘʯʝʥʥʷ ʥʘ 15,9% ʚʠʱʝ ʚʽʜ Ɇ[F]exp = 120 ʢʅ ï  

ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʭ ʟʫʩʠʣʴ. 

 

ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ 

ʨʫʡʥʽʚʥʠʭ ʟʫʩʠʣʴ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

 

ɿʨʘʟʦʢ 
[F]exp, 

ʢʅ 

[F] teor, ʢʅ 

ʧʨʠ ɔn = 0,5 
ʈʽʟʥʠʮʷ, % 

[F] teor, ʢʅ 

ʧʨʠ ɔn = 0,25 
ʈʽʟʥʠʮʷ, % 

ʇʅɺ-1 125 

142,7 

-12,4 

118,7 

5,3 

ʇʅɺ-2 115 -19,4 -3,1 

ʋʩʝʨʝʜʥ. 120 -15,9 1,1 

 

ɺʥʘʩʣʽʜʦʢ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʽʜʙʦʨʫ ʘʚʪʦʨʦʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʫʤʦʚ ʨʦʙʦʪʠ ʜʣʷ ʧʨʦʬʽʣʴʦʚʘʥʦʛʦ ʥʘʩʪʠʣʫ ʅ80ɸ ʽʟ ʙʦʣʪʦʚʠʤ 

ʦʧʦʨʥʠʤ ʘʥʢʝʨʫʚʘʥʥʷʤ ɔn = 0,25. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʫ ʬʦʨʤʫʣʘʭ (1) ï (2) ʮʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʦʨʝʪʠʯʥʝ ʨʫʡʥʽʚʥʝ ʟʫʩʠʣʣʷ ʩʢʣʘʜʘʻ [F] teor = 118,7 ʢʅ, ʱʦ ʜʦʙʨʝ 

ʢʦʨʝʣʶʻʪʴʩʷ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ (ʮʝ ʟʥʘʯʝʥʥʷ ʥʘ 1,1% 

ʥʠʞʯʝ ʚʽʜ Ɇ[F]exp = 120 ʢʅ ï  ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʪʨʠʤʘʥʠʭ ʟʫʩʠʣʴ). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2. 

 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʩʪʘʣʝʚʠʡ ʧʨʦʬʽʣʴʦʚʘʥʠʡ ʥʘʩʪʠʣ ʙʫʚ 

ʚʢʣʶʯʝʥʠʡ ʫ ʩʧʽʣʴʥʫ ʨʦʙʦʪʫ ʟ ʙʝʪʦʥʦʤ ʧʣʠʪ ʜʦ ʚʪʨʘʪʠ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

2. ɹʫʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʦʣʪʦʚʦʛʦ ʦʧʦʨʥʦʛʦ 

ʘʥʢʝʨʫʚʘʥʥʷ: ʤʽʮʥʽʩʪʴ ʘʥʢʝʨʫʚʘʥʥʷ ʚʠʷʚʠʣʘʩʴ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʦʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʮʥʽʩʥʦʛʦ ʨʝʩʫʨʩʫ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʨʘʟʢʽʚ. 

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʚ ʚʧʝʨʰʝ ʚʠʟʥʘʯʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ 

ʨʦʙʦʪʠ ʥʘʩʪʠʣʫ ʅ80ɸ ʟ ʙʦʣʪʦʚʠʤ ʦʧʦʨʥʠʤ ʘʥʢʝʪʫʚʘʥʥʷʤ ɔn = 0,25; ʨʽʟʥʠʮʷ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʤʠ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ) ʥʝʩʥʠʤʠ ʟʜʘʪʥʦʩʪʷʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 5,3%. 

4. ɺʠʟʥʘʯʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʩʪʠʣʫ 

ʅ80ɸ ʟ ʙʦʣʪʦʚʠʤ ʦʧʦʨʥʠʤ ʘʥʢʝʨʫʚʘʥʥʷʤ ʻ ʚʜʚʽʯʽ ʤʝʥʰʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʫʤʦʚ ʨʦʙʦʪʠ ʮʴʦʛʦ ʥʘʩʪʠʣʫ ʟ ʧʨʠʚʘʨʥʠʤ ʦʧʦʨʥʠʤ ʘʥʢʝʨʫʚʘʥʥʷʤ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʜʚʽʯʽ ʤʝʥʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 
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ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʤʝʥʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʦʣʪʦʚʦʛʦ ʦʧʦʨʥʦʛʦ ʘʥʢʝʨʫʚʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʚʘʨʥʠʤ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʉʇʅ ʪʘ 

ʙʝʪʦʥʫ ʧʣʠʪʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʨʷʜʫ ʚʠʧʘʜʢʽʚ, ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ 

ʚʩʝʙʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ɺʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʧʨʦʛʠʥʽʚ ʧʣʠʪ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʇʂ ʃʽʨʘ-ʉʘʧʨ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʠʙʦʚ ʧʣʠʪ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʰʴʶ 

ʇʂ ʃʠʨʘ-ʉʘʧʨ c ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

The calculation and comparison of the stiffness deflection of slabs based on Lira-

Sapr (software package) with experimental results. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ʉʪʘʣʝʬʽʙʨʦʙʝʪʦʥ, ʞʦʨʩʪʢʽʩʪʴ, ʧʨʦʛʠʥ, ʧʣʠʪʘ. 

ʉʪʘʣʝʬʠʙʨʦʙʝʪʦʥ, ʞʝʩʪʢʦʩʪʴ, ʧʨʦʛʠʙ, ʧʣʠʪʘ. 

Steel fiber concrete, stiffness, deflection, slab. 

 

ʉʪʘʥ ʧʠʪʘʥʥʷ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʧʨʦʙʫʚʘʥʽ ʦʜʥʦʰʘʨʦʚʽ (ʩʝʨʽʷ ɯ ʽ ɯɯ) ʽ ʜʚʦʰʘʨʦʚʽ ʧʣʠʪʠ (ʩʝʨʽʾ III ʽ 

IV), ʰʘʨʠ ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʫ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʟʥʠʟʫ (ʫ ʨʦʟʪʷʛʥʫʪʽʡ 

ʟʦʥʽ) ʪʘ ʟʚʝʨʭʫ ( ʫ ʩʪʠʩʥʫʪʽʡ ʟʦʥʽ) (ʪʘʙʣ. 1) [1]. ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʩʪʫʧʝʥʶ 

ʩʫʤʽʩʥʦʩʪʽ ʨʦʙʦʪʠ ʰʘʨʫʚʘʪʠʭ ʧʣʠʪ ʚʠʧʨʦʙʫʚʘʥʽ ʦʜʥʘʰʘʨʦʚʽ ʧʣʠʪʠ ʩʝʨʽʡ I ʽ II ï 

ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʽ. ʉʪʘʣʝʬʽʙʨʦʙʝʪʦʥ ʥʝ ʤʘʻ ʜʦʜʘʪʢʦʚʦʾ 

ʩʪʝʨʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʘʨʤʫʚʘʥʥʷ. 

ɼʣʷ ʘʨʤʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʨʠʡʥʷʪʠʡ ʭʦʣʦʜʥʦʪʷʛʥʫʪʠʡ ʘʨʤʘʪʫʨʥʠʡ 

ʜʨʽʪ ʢʣʘʩʫ ɺʨ-I ʜʽʘʤʝʪʨʦʤ 4 ʤʤ. ɸʨʤʘʪʫʨʥʽ ʩʪʝʨʞʥʽ ʚ ʩʝʨʽʷʭ II ʽ IV ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʽʟ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʙʝʪʦʥʫ ʪʦʚʱʠʥʦʶ 10 ʤʤ. 
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ʊʘʙʣʠʮʷ 1 

ʆʙôʻʤ ʪʘ ʟʤʽʩʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1] 

 

ʉʝʨʽʷ 
ʄʘʨʢʘ 

ʧʣʠʪʠ 
ʇʝʨʝʨʽʟ ʉʢʣʘʜ 

ʄʝʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ 

I 

ʇʌ-1 

 

1-ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥ ʂʦʨʦʪʢʦʯʘʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʦʜʥʦʰʘʨʦʚʠʭ 

ʧʣʠʪ 
ʇʌ-2 

II  

ʇɿ-1 

 

1-ʟʘʣʽʟʦʙʝʪʦʥ 

ʇɿ-2 

III  

ʇɹʌ-1 

 

1-ʙʝʪʦʥ; 

2-ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥ 

ʂʦʨʦʪʢʦʯʘʩʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʚʦʰʘʨʦʚʠʭ 

ʧʣʠʪ 
ʇɹʌ-2 

IV 

ʇɿʌ-1 

 

1-ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥ; 

2-ʟʘʣʽʟʦʙʝʪʦʥ 

ʇɿʌ-2 

 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʧʦʧʝʨʝʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʷʢ ʦʜʥʦʰʘʨʦʚʠʭ, ʪʘʢ ʽ 

ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʜʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ: ʧʣʠʪʘ ʰʘʨʥʽʨʥʦ 

ʦʧʝʨʪʘ ʧʦ ʢʦʥʪʫʨʫ ʽ ʥʘʚʘʥʪʘʞʝʥʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʥʘ ɽʆʄ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʃɯʈɸ-ʉɸʇʈ [2]. ʋ ʦʩʥʦʚʫ ʇʂ ʃʀʈɸ ʧʦʢʣʘʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʈʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʧʣʠʪʠ (ʨʠʩ. 1) ʧʨʠʡʥʷʪʦ ʽʟ ʦʙôʻʤʥʠʭ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʪʠʧ ʉɽ-36). ɺʠʭʦʜʷʯʠ ʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʚ ʧʣʘʥʽ ʧʣʠʪʘ ʨʦʟʜʽʣʝʥʘ ʥʘ 1444 ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦ 

ʪʦʚʱʠʥʽ ʧʣʠʪʘ ʩʢʣʘʜʝʥʘ ʟ 12 ʰʘʨʽʚ ʪʦʚʱʠʥʦʶ 5ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʪʨʠʤʘʣʠ 19773 ʚʫʟʣʽʚ ʽ 17328 ʝʣʝʤʝʥʪʽʚ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʝʥʝ ʫ ʚʠʛʣʷʜʽ 16 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ. ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʦʧʦʨ ʧʨʠʡʥʷʪʘ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ  

ʥʘʚʝʜʝʥʦʶ ʫ ʨʦʙʦʪʽ [1].  

ʉʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ ʉɽ-36 ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʚʽʩʴʤʠʚʫʟʣʦʚʠʡ 

ʽʟʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʢʽʥʯʝʥʥʠʡ ʝʣʝʤʝʥʪ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʡʦʛʦ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

ʂʦʞʝʥ ʽʟ ʚʫʟʣʽʚ ʉɽ ʤʘʻ ʪʨʠ ʩʪʫʧʝʥʷ ʩʚʦʙʦʜʠ U, V, W ʚʠʟʥʘʯʝʥʠʭ ʚʽʜʥʦʩʥʦ ʦʩʝʡ 

ʟʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ X, Y, Z ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʣʽʥʽʡʥʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ, ʜʦʜʘʪʥʽʡ ʥʘʧʨʷʤʦʢ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʥʘʧʨʷʤʢʦʤ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ. 
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ʇʨʠʡʥʷʪʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʞʦʨʩʪʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʷʢ 

ʜʣʷ ʦʜʥʦʰʘʨʦʚʠʭ, ʪʘʢ ʽ ʜʣʷ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ. 

 

ʘ) 

 

 

 

 

 

 

 

ʙ) 

 
 

 

 

ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʣʠʪʠ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ: 

ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ; ʙ ï ʚʠʜ ʟʙʦʢʫ 
 

 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ ʉɽ-36 
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ʈʦʟʨʘʭʫʥʦʢ ʧʣʠʪ ʚʠʢʦʥʫʚʘʣʠ ʚ ʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʣʠ ʢʨʦʢʘʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ. ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʙʨʘʣʠ ʜʦ ʫʚʘʛʠ ʰʣʷʭʦʤ 

ʟʤʽʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʧʦʥʠʞʫʚʘʣʴʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ʇʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ, ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʫ ʧʨʠʡʤʘʣʠ 

ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ Ec=22,5Ŀ10
3
ʄʇʘ, Ecf=23,8Ŀ10

3
 ʄʇʘ. ɿʚʘʞʘʶʯʠ ʥʘ 

ʥʝʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʘʨʤʫʚʘʥʥʷ (Õs=0,39%), ʘʨʤʘʪʫʨʫ ʜʦ ʫʚʘʛʠ ʥʝ ʧʨʠʡʤʘʣʠ. 

ʇʦʩʪʘʻ ʧʠʪʘʥʥʷ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʞʦʨʩʪʢʽʩʪʴ ʧʣʠʪ ʟ ʧʦʯʘʪʢʫ 

ʽ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʦʩʥʦʚʥʫ ʨʦʣʴ ʚ ʟʤʽʥʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʧʣʠʪ ʚʽʜʽʛʨʘʶʪʴ 

ʟʥʠʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʫʪʚʦʨʝʥʥʷ ʽ ʧʨʦʛʨʝʩʫʶʯʝ ʨʦʟʰʠʨʝʥʥʷ ʪʨʽʱʠʥ. 

ʇʨʘʚʠʣʘ [4] ʨʝʢʦʤʝʥʜʫʶʪʴ ʥʝʣʽʥʽʡʥʫ ʨʦʙʦʪʫ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ ʫʨʘʭʦʚʫʚʘʪʠ ʚʚʝʜʝʥʥʷʤ ʧʦʥʠʞʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

0,3 ï ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʨʽʱʠʥ ʽ 0,2 ï ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥ (ʨʠʩ. 3,ʘ). 

ʋ ʟʚôʷʟʢʫ ʟ ʧʦʨʫʰʝʥʥʷʤ ʩʫʮʽʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ 

ʥʦʨʤʘʣʴʥʠʭ ʪʨʽʱʠʥ ʟʥʠʞʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʣʠʪ ʫʨʘʭʦʚʫʚʘʣʠ ʚʠʩʦʪʦʶ ʪʨʽʱʠʥ ʫ 

ʨʦʟʪʷʛʥʫʪʽʡ ʟʦʥʽ ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 3, 5, 6). ɺʠʩʦʪʫ ʪʨʽʱʠʥʠ 

hcr ʚʽʜʨʘʭʦʚʫʚʘʣʠ ʚʽʜ ʢʨʘʡʥʴʦʛʦ ʨʦʟʪʷʛʥʫʪʦʛʦ ʚʦʣʦʢʥʘ. ʐʘʨʠ ʧʣʠʪʠ, ʧʦʢʨʠʪʽ 

ʪʨʽʱʠʥʘʤʠ, ʧʨʠʡʤʘʣʠ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʫʣʴʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

 

 

 

ʈʠʩ. 3. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ (Ei,hcr) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʣʠʪ : 

ʘï ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʡ; ʙ,ʚ ï ʚʠʩʦʪʘ ʪʨʽʱʠʥ 

ʦʜʥʦʰʘʨʦʚʠʭ(ʙ) ʽ ʜʚʦʰʘʨʦʚʠʭ (ʚ) ʧʣʠʪ 

 

ɼʦʩʣʽʜʘʤʠ [1] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʙʦʪʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʫʤʦʚʥʦ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʧôʷʪʴ ʜʽʣʷʥʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ.4): 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʝʟ ʪʨʽʱʠʥ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʜʽʣʷʥʢʘ ɯ), 

ʧʦʯʘʪʦʢ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ (ʜʽʣʷʥʢʘ ɯɯ), ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʦʾ ʩʠʩʪʝʤʠ ʪʨʽʱʠʥ 

(ʜʽʣʷʥʢʘ ɯɯɯ ï ɯV), ʛʨʘʥʠʯʥʦʾ ʰʠʨʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ (ʜʽʣʷʥʢʘ V). 
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ʈʠʩ. 4. ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʽʣʷʥʢʠ ʥʝʣʽʥʽʡʥʦʾ ʨʦʙʦʪʠ ʧʣʠʪ : 

1 ï ʜʦʩʣʽʜʥʘ ʢʨʠʚʘ; 2 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʨʠʚʘ 
 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʙʝʪʦʥʫ ʪʘ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʪʨʽʱʠʥ, ʩʢʣʘʣʠ 

ʪʘʙʣʠʮʶ 2 ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʛʠʥʽʚ ʧʣʠʪ ʥʘ ʢʦʞʥʽʡ 

ʜʽʣʷʥʮʽ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 2 

ʇʘʨʘʤʝʪʨʠ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʞʦʨʩʪʢʦʩʪʽ ʦʜʥʦʰʘʨʦʚʠʭ ʽ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʚʠʨʦʙʫ 

ʇʦʯʘʪʢʦʚʠ

ʡ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ 

EcʦĿ10
3, 

ʄʇʘ 

kEcʦĿ10
3ʄʇʘ h-hcr, ʤʤ 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʽʣʷʥʢʠ ʨʦʙʦʪʠ ʧʣʠʪ 

ɯ ɯɯ-V ɯ ɯɯ ɯɯɯ ɯV V 

ɺʘʞʢʠʡ ʙʝʪʦʥ 22,5 6,75 4,50 - - - - - 

ʉʪʘʣʝʬʽʙʨʦʙʝʪʦʥ 23,8 7,14 4,76 - - - - - 

ʄʘʨʢʠ 

ʜʦʩʣʽʜʥʠʭ 

ʧʣʠʪ (ʜʠʚ. 

ʪʘʙʣ. 1) 

ʇʌ - - - 60 35 30 25 - 

ʇɿ - - - 60 45 40 35 30 

ʇɹʌ - - - 30/30 30/5 30/0 25/0 25/0 

ʇɿʌ - - - 30/30 30/15 30/15 30/5 30/0 
 

ʇʨʠʤʽʪʢʠ: 1. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: Ecʦ ï ʧʦʯʘʪʢʦʚʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʝʪʦʥʫ ʘʙʦ 

ʩʪʘʣʝʬʽʙʨʦʙʝʪʦʥʫ; k ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥ: k=0,3 ï ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ 
(ʧʝʨʰʘ ʜʽʣʷʥʢʘ ï ɯ, ʨʠʩ. 3); k=0,3 ï ʧʽʩʣʷ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ (ʨʝʰʪʘ ʜʽʣʷʥʦʢ, ʨʠʩ. 3). 

2. ʋ ʯʠʩʝʣʴʥʠʢʫ ï ʟʘʣʠʰʢʠ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ; ʫ 

ʟʥʘʤʝʥʥʠʢʫ ï ʟʘʣʠʰʢʠ ʥʠʞʥʴʦʛʦ ʰʘʨʫ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʦʰʘʨʦʚʠʭ ʽ 

ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ  ʚ ʇʂ ʃɯʈɸ-ʉɸʇʈ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5 ʽ 6. 
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 ʘ) 

 

ʙ) 

 

 ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʠʥʽʚ ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʠʪ ʩʝʨʽʾ ɯ ʤʘʨʢʠ 

ʇʌ (ʘ) ʽ ʧʣʠʪ ʩʝʨʽʾ ɯɯ ʤʘʨʢʠ ʇɿ (ʙ): 1-  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ; 2-ʨʦʟʨʘʭʫʥʢʦʚʽ ʚ 

ʇʂ ʃɯʈɸ-ʉɸʇʈ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ, ʜʣʷ ʢʦʞʥʦʛʦ ʰʘʨʫ ʧʣʠʪʠ ʧʨʠʡʤʘʣʠ 

ʚʽʜʧʦʚʽʜʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɿʥʘʯʝʥʥʷ ʧʦʥʠʞʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 
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 ̔ ʝʣʝʤʝʥʪʽʚ ʥʫʣʴʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʨʠʡʤʘʣʠ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ 

ʦʜʥʦʰʘʨʦʚʠʭ ʧʣʠʪ. 

 

 ʘ) 

 

ʙ) 

 

  

 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʠʥʽʚ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ ʩʝʨʽʾ ɯɯɯ ʤʘʨʢʠ 

ʇɹʌ (ʘ) ʽ ʧʣʠʪ ʩʝʨʽʾ ɯV ʤʘʨʢʠ ʇɿʌ (ʙ):1-  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ; 2-

ʨʦʟʨʘʭʫʥʢʦʚʽ ʚ ʇʂ ʃɯʈɸ-ʉɸʇʈ 
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ʆʙʯʠʩʣʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʛʠʥʽʚ ʟʘ ʫʤʦʚ ʚʠʢʦʥʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ [4] ʈʦʩʽʡʩʴʢʠʭ ʥʦʨʤ ʟʘ ʫʤʦʚ ʚʨʘʭʫʚʘʥʥʷ ʚʠʩʦʪʠ ʪʨʽʱʠʥ ʧʦʨʽʚʥʷʥʦ 

ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʽʥʢʦʣʠ ʨʦʟʙʽʞʥʽʩʪʴ  ʦʪʨʠʤʘʥʦ ʚ ʤʝʞʘʭ 10é30%, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

ɼʦ ʨʝʯʽ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʦʭʠʙʢʠ ʧʨʦʛʠʥʽʚ ʜʚʦʰʘʨʦʚʠʭ ʧʣʠʪ ʟʥʘʯʥʦ ʤʝʥʰʽ, ʥʽʞ 

ʦʜʥʦʰʘʨʦʚʠʭ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʙʽʣʴʰʫ ʪʦʯʥʽʩʪʴ ʚ ʦʮʽʥʶʚʘʥʥʽ ʟʛʘʜʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʞʦʨʩʪʢʦʩʪʽ ʧʣʠʪ. 

ɺʠʩʥʦʚʢʠ: 

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ɽʆʄ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʃʀʈɸ ʥʘʜʘʶʪʴ 

ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ (ʧʨʦʛʠʥʽʚ) ʷʢ ʦʜʥʦʰʘʨʦʚʠʭ, ʪʘʢ ʽ ʰʘʨʫʚʘʪʠʭ ʧʣʠʪ. ʆʪʨʠʤʘʥʽ ʦʢʨʝʤʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ (ʚʭʽʜʥʠʭ) ʜʘʥʠʭ, 

ʰʣʷʭʦʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʚʝʜʝʥʥʷ 

ʧʦʥʠʞʫʶʯʠʭ ʫʩʝʨʝʜʥʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʢʦʣʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʠʤ ʫʤʦʚʘʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʣʠʪ. ʂʨʽʤ ʪʦʛʦ,ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚʠ ʱʦʜʦ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʛʣʠʙʠʥʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʨʽʱʠʥ ʧʦ ʚʠʩʦʪʽ ʧʣʠʪʠ, ʚʽʜ ʯʦʛʦ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʾʾ 

ʬʘʢʪʠʯʥʘ ʞʦʨʩʪʢʽʩʪʴ. 
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ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʘ ʥʘʚʝʜʝʥʽ ʚʝʣʠʯʠʥʠ ʚʤʽʩʪʫ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ 

ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ.  

 

ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʠ ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʩʦʜʝʨʞʘʥʠʷ ʘʨʤʘʪʫʨʳ ʚ ʙʝʪʦʥʝ 

ʤʦʥʦʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

 

The analysis shows the values and content of reinforcement in concrete 

monolithic structures depending on different source data. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 

ɸʨʤʘʪʫʨʘ, ʙʝʪʦʥ, ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ. 

ɸʨʤʘʪʫʨʘ, ʙʝʪʦʥ, ʩʦʜʝʨʞʘʥʠʝ ʘʨʤʘʪʫʨʳ ʚ ʙʝʪʦʥʝ. 

Reinforcement, concrete, reinforcement in concrete content. 

 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʤʦʥʦʣʽʪʥʠʡ ʟʘʣʽʟʦʙʝʪʦʥ ʥʘʙʫʚ ʚʝʣʠʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ (ʜʦʚʽʣʴʥʘ ʬʦʨʤʘ ʚʠʨʦʙʽʚ, ʚʽʣʴʥʽʩʪʴ ʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʪʦʱʦ) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʙʽʨʥʠʤ ʟʘʣʽʟʦʙʝʪʦʥʦʤ (ʦʙʤʝʞʝʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʟʙʽʨʥʠʭ ʚʠʨʦʙʽʚ ʪʘ 

ʧʨʦʣʽʪ). ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʙʽʨʥʽ ʚʠʨʦʙʠ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ ʯʘʩʦʤ ʩʪʦʩʦʚʥʦ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʽ ʾʭ ʘʨʤʫʚʘʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

çʤʘʪʝʨʽʘʣ-ʚʘʨʪʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾè. ʋ ʤʦʥʦʣʽʪʥʠʭ ʞʝ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʝʣʠʯʠʥʘ 

ʘʨʤʘʪʫʨʠ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʟʤʽʥʥʦʶ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʚʠʭʽʜʥʠʭ 

ʬʘʢʪʦʨʽʚ (ʛʝʦʣʦʛʽʷ, ʪʠʧ ʬʫʥʜʘʤʝʥʪʫ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʛʝʦʤʝʪʨʽʷ ʙʫʜʽʚʣʽ ʪʘ ʽʥ.). 
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ʎʝ ʧʦʪʨʽʙʥʦ ʨʦʟʫʤʽʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʦʥʦʣʽʪʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʥʝ ʡʪʠ ʥʘ ʧʦʚʦʜʫ ʫ 

ʨʽʟʥʠʭ ʧʨʦʡʜʠʩʚʽʪʽʚ (ʜʘʣʝʢʠʭ ʚʽʜ 

ʽʥʞʝʥʝʨʥʦʾ ʩʧʨʘʚʠ), ʷʢʽ ʭʦʯʫʪʴ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʾ 

ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ. 

ʗʢ ʚʽʜʦʤʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʙʫʜʽʚʣʽ ʘʙʦ 

ʩʧʦʨʫʜʠ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʧʽʜʽʙʨʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʘʨʤʘʪʫʨʠ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʫ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʪʨʠʤʘʥʽ ʚʠʤʦʛʠ ʷʢ 1-ʦʾ ʛʨʫʧʠ (ʤʽʮʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ) 

ʪʘʢ ʽ 2-ʡ ʛʨʫʧʠ (ʧʨʦʛʠʥʠ, ʰʠʨʠʥʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥ) ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. 

ɺ ʧʨʘʢʪʠʮʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʬʦʨʤʫʚʘʚʩʷ ʧʝʚʥʠʡ ʫʤʦʚʥʠʡ ʧʘʨʘʤʝʪʨ ʧʦ ʷʢʦʤʫ 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ï ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ (ʷʢ 

ʧʨʘʚʠʣʦ, ʙʝʨʫʪʴ ʚʘʛʫ ʚʩʽʻʾ ʘʨʤʘʪʫʨʠ ʫ ʢʦʥʩʪʨʫʢʮʽʾ ï ʧʦʟʜʦʚʞʥʴʦʾ ʽ ʧʦʧʝʨʝʯʥʦʾ ï 

ʪʘ ʜʽʣʷʪʴ ʥʘ ʦʙôʻʤ ʾʾ ʙʝʪʦʥʫ ï ʢʛ/ʤ
3
). 

ʇʨʠ ʮʴʦʤʫ ʫ ʜʽʶʯʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ [1-3] ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʛʝʪʴ ʚʽʜʩʫʪʥʽʡ 

ʽ ʚʽʥ ʥʽʷʢʠʤ ʯʠʥʦʤ ʥʝ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ. ɺ ʟʘʟʥʘʯʝʥʠʭ ʥʦʨʤʘʪʠʚʘʭ ʟʘʟʥʘʯʘʻʪʴʩʷ 

ʣʠʰʝ ʜʦʪʨʠʤʘʥʥʷ ʫ ʧʝʨʝʨʽʟʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʷʚʥʦʩʪʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʚʽʜʩʦʪʢʘ 

ʘʨʤʘʪʫʨʠ ʚʽʜ ʧʣʦʱʽ ʙʝʪʦʥʫ (min 0,05 ï 0,25 %) ʪʘ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʦʧʪʠʤʘʣʴʥʠʡ ʚʽʜʩʦʪʦʢ ʘʨʤʫʚʘʥʥʷ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʘ ʨʽʚʥʽ 

ʧʨʠʙʣʠʟʥʦ 3 % (ʟʥʦʚʫ ʞ ʪʘʢʠ, ʚʽʜʛʫʢ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʟʙʽʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ). 

ʋ ʷʢʽʡʩʴ ʤʽʨʽ ʚʝʣʠʯʠʥʫ ʚʤʽʩʪʫ ʘʨʤʘʪʫʨʠ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʫ 

ʜʝʷʢʠʭ ʢʦʰʪʦʨʠʩʥʠʭ ʥʦʨʤʘʪʠʚʘʭ [4, 5]. ʊʘʤ ʚʝʣʠʯʠʥʘ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 190-200 ʢʛ/ʤ
3
 (ʟʥʦʚʫ ʞ ʪʘʢʠ ʙʝʟ ʧʨʠʚôʷʟʢʠ ʜʦ ʨʽʟʥʠʭ 

ʤʽʥʣʠʚʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ). 

ɼʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʚʤʽʩʪʫ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʨʦʚʝʜʝʤʦ ʥʝʚʝʣʠʢʠʡ ʯʠʩʝʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ɺʽʟʴʤʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʬʨʘʛʤʝʥʪ 

ʧʣʠʪʠ ʨʦʟʤʽʨʘʤʠ ʫ ʧʣʘʥʽ 1,0ʭ1,0 ʤ ʟ ʜʚʦʤʘ ʘʨʤʘʪʫʨʥʠʤʠ ʩʽʪʢʘʤʠ ʙʽʣʷ ʢʦʞʥʦʾ 

ʛʨʘʥʽ, ʱʦ ʤʘʶʪʴ ʢʨʦʢ ʩʪʝʨʞʥʽʚ 100ʭ100 ʤʤ ʪʘ ʧʨʦʩʣʽʜʢʫʻʤʦ ʟʤʽʥʫ ʚʤʽʩʪʫ 

ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʜʝʷʢʠʭ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ʪʦʚʱʠʥʠ 

ʧʣʠʪʠ ʪʘ ʜʽʘʤʝʪʨʫ ʘʨʤʘʪʫʨʠ (ʨʠʩ. 1). 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʘʥʠʭ, ʥʘʚʽʪʴ ʧʨʠ çʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭè 

ʧʨʦʝʢʪʫʚʘʥʥʷ (ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʧʝʨʝʯʥʦʾ ʘʨʤʘʪʫʨʠ, ʜʦʜʘʪʢʦʚʦʛʦ ʘʨʤʫʚʘʥʥʷ, ʨʽʟʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʪʦʱʦ) ʚʝʣʠʯʠʥʘ ʚʤʽʩʪʫ ʘʨʤʘʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʝʣʝʤʝʥʪʘ ʪʦʚʱʠʥʦʶ 200 ʤʤ ʟ ʨʦʟʤʽʱʝʥʦʶ ʫ ʥʴʦʤʫ ʘʨʤʘʪʫʨʦʶ ʽʟ ʜʚʦʭ ʩʽʪʦʢ 

ʜʽʘʤʝʪʨʦʤ 10 ʤʤ ʩʢʣʘʜʘʻ 123,2 ʢʛ/ʤ
3
. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʞ ʨʽʟʥʠʭ ʜʦʜʘʪʢʦʚʠʭ 

ʬʘʢʪʦʨʽʚ ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʙʫʜʝ ʨʽʟʢʦ ʟʨʦʩʪʘʪʠ. 
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ʘ)  

 
 

  

ʙ)  

 
 

ʈʠʩ. 1. ɺʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ (ʢʛ/ʤ
3
) ʜʣʷ ʤʦʥʦʣʽʪʥʦʛʦ ʬʨʘʛʤʝʥʪʫ 1 ʤ

2 
ʧʨʠ 

ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 
 

ʌʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʪʨʘʪʠ ʙʝʪʦʥʫ ʽ ʘʨʤʘʪʫʨʠ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʽ 

ʙʫʜʽʚʣʷʭ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʷ 1 

ʌʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʪʨʘʪʠ ʙʝʪʦʥʫ ʽ ʘʨʤʘʪʫʨʠ 
 

ʌʘʢʪʦʨ ʅʘʩʣʽʜʦʢ 

ɯʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʥʘ 

ʤʘʡʜʘʥʯʠʢʫ 

ʊʠʧ ʬʫʥʜʘʤʝʥʪʫ (ʧʘʣʴʦʚʠʡ, ʧʣʠʪʥʠʡ, 

ʩʪʨʽʯʢʦʚʠʡ) 

ʂʨʦʢ ʩʽʪʢʠ ʥʝʩʫʯʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ 

ʇʨʦʣʽʪ ʧʣʠʪ, ʾʭ ʪʦʚʱʠʥʘ (ʞʦʨʩʪʢʽʩʪʴ) 

ʈʦʟʤʽʨʠ ʧʝʨʝʨʽʟʫ ʢʦʣʦʥ/ʧʽʣʦʥʽʚ ʇʠʪʦʤʘ ʚʘʛʘ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ 

ʂʣʘʩ ʙʝʪʦʥʫ ʽ ʘʨʤʘʪʫʨʠ ɺʠʪʨʘʪʠ ʘʨʤʘʪʫʨʠ ʫ ʧʝʨʝʨʽʟʽ 

 

ʇʦʢʘʞʝʤʦ ʜʘʣʽ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʨʝʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʥʘ ʩʢʽʣʴʢʠ 

ʤʽʥʣʠʚʦʶ ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʯʠʥʘ ʚʤʽʩʪʫ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʽ ʷʢ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ï ʪʠʧʫ ʬʫʥʜʘʤʝʥʪʫ, ʢʨʦʢʫ ʥʝʩʫʯʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʦʚʱʠʥʠ ʝʣʝʤʝʥʪʽʚ, ʧʦʚʝʨʭʦʚʦʩʪʽ ʙʫʜʽʚʣʽ, ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʦʱʦ (ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʷ 2 

ɺʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʫʜʽʚʝʣʴ 
 

ʊʠʧ ʙʫʜʽʚʣʽ 
ɽʣʝʤʝʥʪ 

ʙʫʜʽʚʣʽ 

ɺʠʪʨʘʪʠ, 

ʢʛ/ʤ
3
 

ʘ) 22-ʪʠ ʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ ʥʘ ʧʘʣʷʭ 

(ʢʨʦʢ ʢʦʣʦʥ/ʧʽʣʦʥʽʚ 6,0 ʤ) 

 

ʇʘʣʽ 64 

ʌʫʥʜʘʤʝʥʪʥʘ ʧʣʠʪʘ 392 

ɺʝʨʪ. ʥʝʩʫʯʽ ʝʣ-ʪʠ 263 

ʇʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 193 

ɺʩʴʦʛʦ ʧʦ ʙʫʜʽʚʣʽ: 212 

ʙ) 10-ʪʠ ʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ ʥʘ ʧʘʣʷʭ 

(ʢʨʦʢ ʧʽʣʦʥʽʚ 3,4-3,6 ʤ) 

 

ʇʘʣʽ 70 

ʌʫʥʜʘʤʝʥʪʥʘ ʧʣʠʪʘ 223 

ɺʝʨʪ. ʥʝʩʫʯʽ ʝʣ-ʪʠ 148 

ʇʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 129 

ɺʩʴʦʛʦ ʧʦ ʙʫʜʽʚʣʽ: 148 

ʚ) 9-ʪʠ, 8-ʤʠ ʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ  ʥʘ ʧʣʠʪʽ 

(ʢʨʦʢ ʧʽʣʦʥʽʚ 4,5-4,8 ʤ) 

 

ʌʫʥʜʘʤʝʥʪʥʘ ʧʣʠʪʘ 238 

ɺʝʨʪ. ʥʝʩʫʯʽ ʝʣ-ʪʠ 126 

ʇʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 150 

ɺʩʴʦʛʦ ʧʦ ʙʫʜʽʚʣʽ: 175 

ʛ) 2-ʭ ʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ ʥʘ ʧʘʣʷʭ 

(ʢʨʦʢ ʢʦʣʦʥ/ʩʪʽʥ 4,5-8,0 ʤ) 

 

ʇʘʣʽ 83 

ʌʫʥʜʘʤʝʥʪʥʘ ʧʣʠʪʘ 179 

ɺʝʨʪ. ʥʝʩʫʯʽ ʝʣ-ʪʠ 118 

ʇʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 170 

ɺʩʴʦʛʦ ʧʦ ʙʫʜʽʚʣʽ: 147 
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ɹʽʣʴʰ ʪʦʯʥʦ ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

1 100

i n
e

a e

i

C C
g=

=

=ä , 

ʜʝ 
aC  ï ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʜʣʷ ʚʩʽʻʾ ʙʫʜʽʚʣʽ, ʢʛ/ʤ

3
; 

 
eC  ï ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʬʫʥʜʘʤʝʥʪʥʘ ʧʣʠʪʘ, ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʠ ʪ.ʜ.), ʢʛ/ʤ
3
; 

 
eg ï ʧʠʪʦʤʘ ʚʘʛʘ ʙʝʪʦʥʫ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʦʙôʻʤʽ ʙʝʪʦʥʫ ʙʫʜʽʚʣʽ, %; 

 n  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʣʽ. 
 

ɺʠʩʥʦʚʢʠ: 

1. ɺʩʝ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ ʜʘʻ ʧʽʜʩʪʘʚʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʤʽʩʪ ʘʨʤʘʪʫʨʠ ʫ 

ʙʝʪʦʥʽ (ʢʛ/ʤ
3
) ʜʣʷ ʤʦʥʦʣʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ ʽ ʫ 

ʚʝʣʠʢʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʥʣʠʚʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ï ʪʠʧʫ ʬʫʥʜʘʤʝʥʪʫ, 

ʢʨʦʢʫ ʥʝʩʫʯʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʚʱʠʥʠ ʝʣʝʤʝʥʪʽʚ, 

ʧʦʚʝʨʭʦʚʦʩʪʽ ʙʫʜʽʚʣʽ, ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ.  

2. ɺʝʣʠʯʠʥʘ ʚʤʽʩʪʫ ʘʨʤʘʪʫʨʠ ʫ ʙʝʪʦʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʩʫʪʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʦʞʥʦʾ  ʢʦʥʢʨʝʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʚʠʥʥʘ 

ʙʘʟʫʚʘʪʠʩʴ ʽ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʮʥʽʩʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘ 

ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʤʦʛʘʤ, ʷʢʽ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʜʦ 

ʜʘʥʦʛʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

 
1. ɼɹʅ ɺ.2.6.-98:2009. ʂʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ. 2. ɼʉʊʋ ɹ ɺ.2.6.-156:2010. ʂʦʥʩʪʨʫʢʮʽʾ ʙʫʜʠʥʢʽʚ ʽ 

ʩʧʦʨʫʜ. ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ. ʇʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʄɯʅʈɽɻɯʆʅɹʋɼ ʋʂʈɸɰʅʀ. ʂ:2011 ʨ. 3. EN 1992-1-1-2004: Eurocode 2: Design of concrete 

structures.-Part 1-1: General rules and rules for buildings. 4. ɻʕʉʅ 81-02-06-2001. 5. ʌɽʈ 06-

01-001-17.  
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ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS 16.0,  ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʧʦ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ 

ʧʨʦʛʨʽʚʫ ʧʝʨʝʨʽʟʫ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʙʽʨʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ 

 

In this article the calculation of a reinforced concrete structures by means of the 

software package ñANSYS 16.0ò with determination of temperature distribution 

on composite section is given. The comparative data analysis of the section 

forewarm, taken at field testing of the precast reinforced concrete structures 

composite section with data analysis of modeling 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ, ANSYS, ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʜʘʯʘ 

Keywords: temperature distribution, ANSYS,  temperature task 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʩʢʣʘʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʬʦʨʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ [1]. 

ɼʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʩʷʪʴ ʥʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʢʨʠʚʦʶ ʧʦʞʝʞʽ ʘʙʦ ʟʘ ʨʝʞʠʤʦʤ ʨʝʘʣʴʥʠʭ ʧʦʞʝʞ 

[1,2]. 

ʉʢʣʘʜʥʽ ʧʝʨʝʨʽʟʠ ʪʘ ʥʝʩʪʘʥʜʘʨʪʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʽʚ ʧʨʦʛʨʽʚʫ ʧʦ ʧʝʨʝʨʽʟʫ ʪʘ ʫ ʚʫʟʣʘʭ ʧʨʠʤʠʢʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚʢʘʟʫʶʪʴ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ [3].  



150 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʛʨʽʚʫ ʧʝʨʝʨʽʟʫ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʭʽʜʯʘʩʪʠʭ 

ʩʢʣʘʜʦʢ [4], ʟ ʪʝʧʣʦʪʝʭʥʽʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʠʢʦʥʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS 16.0. 

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʚʘ ʟʨʘʟʢʠ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ.1 [4]. 

 

ʊʘʙʣʠʮʷ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ 
ɿʨʘʟʢʠ 

ɿʨʘʟʦʢ ˉ1 ɿʨʘʟʦʢ ˉ2 

ɼʦʚʞʠʥʘ L1=6114 ʤʤ L1=6347ʤʤ 

ʐʠʨʠʥʘ 1780 ʤʤ 

ʊʦʚʱʠʥʘ 150 ʤʤ 

ɺʠʜ ʙʝʪʦʥʫ ɺʘʞʢʠʡ 

ʂʣʘʩ ʙʝʪʦʥʫ ʟʘ ʤʽʮʥʽʩʪʶ ɺ45 

ʂʣʘʩ ʙʝʪʦʥʫ ʟʘ 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʶ 
F150 

ʂʣʘʩ ʙʝʪʦʥʫ ʟʘ 

ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʶ 
W8 

ʑʽʣʴʥʽʩʪʴ ʙʝʪʦʥʫ ɟ=2450 ʢʛ/ʤ3 

ɺʽʜʧʫʩʢʥʘ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ 58 ʄʇʘ 

ɺʦʣʦʛʽʩʪʴ ʟʨʘʟʢʽʚ 5,2% 

 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʧʝʯʽ ʪʘ ʩʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ.1, [4]. 

 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʧʝʯʽ [4] 
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ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʪʝʨʤʦʧʘʨʠ ʫ ʧʝʯʽ, ʪʘ ʥʘ 

ʦʙʽʛʨʽʚʥʽʡ ʪʘ ʥʝ ʦʙʽʛʨʽʚʥʽʡ ʧʦʚʝʨʭʥʷʭ ʟʨʘʟʢʘ, ʘ ʪʘʢʦʞ ʥʘ ʩʪʝʨʞʥʽ ʨʦʙʦʯʦʾ 

ʘʨʤʘʪʫʨʠ, ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʨʤʦʧʘʨ ʧʦ ʪʽʣʫ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.2, [4]. 

ʄʽʩʮʷ ʨʦʟʤʽʱʝʥʥʷ ʪʝʨʤʦʧʘʨ ʦʧʠʩʘʥʽ ʫ ʪʘʙʣ. 2 [4].  

 

ʊʘʙʣʠʮʷ 2 

ʄʽʩʮʷ ʨʦʟʤʽʱʝʥʥʷ ʪʝʨʤʦʧʘʨ 

ʅʦʤʝʨ ʪʝʨʤʦʧʘʨʠ ʄʽʩʮʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʊ1-ʊ6 ʋ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʧʝʯʽ 

ʊ7-ʊ11 ʅʝʦʙʽʛʨʽʚʘʣʴʥʘ ʧʦʚʝʨʭʥʷ  ʟʨʘʟʢʘ ˉ2 

ʊ13 ʈʦʙʦʯʘ ʘʨʤʘʪʫʨʘ ʟʨʘʟʢʘ ˉ1 

ʊ14 ʈʦʙʦʯʘ ʘʨʤʘʪʫʨʘ ʟʨʘʟʢʘ ˉ2 

ʊ15-ʊ19 ʅʝʦʙʽʛʨʽʚʘʣʴʥʘ ʧʦʚʝʨʭʥʷ  ʟʨʘʟʢʘ ˉ1 

 

 

 
 

ʈʠʩ.2. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʨʤʦʧʘʨ ʥʘ ʟʨʘʟʢʘʭ [4] 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʯʽ ʟ ʛʨʘʬʽʢʦʤ 

ʩʪʘʥʜʘʨʪʥʦʾ ʢʨʠʚʦʾ ʧʦʞʝʞʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ʇʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʯʽ ʟ ʛʨʘʬʽʢʦʤ 

ʩʪʘʥʜʘʨʪʥʦʾ ʢʨʠʚʦʾ ʧʦʞʝʞʽ 

 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʝʨʝʨʽʟʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS 16.0, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʚʠʭʽʜʥʽ ʜʘʥʥʽ:  

1) ɿʘʣʽʟʦʙʝʪʦʥʥ ̔ʩʭʽʜʯʘʩʪʽ ʩʢʣʘʜʢʠ (ʨʠʩ.4). 

 
ʈʠʩ. 4. ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʤʦʜʝʣʽ ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢ 

 



153 

 

2) ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʢʣʘʜʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 1, ʟʛʽʜʥʦ ʟ [5]. 

 
2

100
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÷

õ
æ
ç

åQ
+ö
÷
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(1) 

 

ʜʝ Q ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʪʦʥʫ ʚ 
0
ʉ. 

3) ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ (ɼʞ/(ʢʛĿ
0
C)) ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ 2, 3, 4, 

5 ʟʛʽʜʥʦ ʟ [5]. 

 

() 900=QpC  ʜʣʷ ʉʉ 00 10020 ¢Q¢  (2) 

  

() ( )100900 -Q+=QpC  ʜʣʷ ʉʉ 00 200100 ¢Q¢  (3) 

  

() ö
÷

õ
æ
ç

å -Q
+=Q

2

200
1000pC

  ʜʣʷ ʉʉ 00 400200 ¢Q¢  
(4) 

  

()1100=QpC ʜʣʷ ʉʉ 00 1200400 ¢Q¢  (5) 

  

4) ɻʫʩʪʠʥʘ ʙʝʪʦʥʫ  2300=r  (ʢʛ/ʤ
3
). 

5) ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʯʦʨʥʦʪʠ ʧʦʚʝʨʭʥʽ, ʧʨʠʡʤʘʻʤʦ ʟʛʽʜʥʦ ʟ [5] ʜʦʜʘʪʢʫ 

ɸ. ɼʣʷ ʙʝʪʦʥʫ ʧʨʠʡʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 0,7. 

6) ʈ̔ ʚʥʷʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʨʠʚʦʾ ʥʘʚʝʜʝʥʦ ʚ [5] 

 

( )18lg345tt 0 ++= t  (6) 

 

ʜʝ t - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʞʝʞʽ, 
0
C; t0 - ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʞʝʞʽ, 

0
C; Ű - ʯʘʩ 

ʧʦʞʝʞʽ, ʭʚ.  

ʉʪʚʦʨʝʥʥʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢ  

ʟʘ ʧʨʠʡʥʷʪʠʤʠ ʨʦʟʤʽʨʘʤʠ (ʨʠʩ. 5). ʋ ʚʣʘʩʪʠʚʦʩʪʷʭ ʝʣʝʤʝʥʪʽʚ ʟʘʜʘʶʪʴ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ (ʛʫʩʪʠʥʫ ʙʝʪʦʥʫ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʪʝʧʣʦʻʤʥʽʩʪʴ, ʪʦʱʦ). 
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ʈʠʩ. 5. ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʽʾ ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢ  

 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʩʭʽʜʯʘʩʪʠʭ 

ʩʢʣʘʜʦʢ ʧʨʠʢʣʘʜʘʻʤʦ ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʥʷ (6). 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʦʪʨʠʤʫʻʤʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, ʜʣʷ ʪʨʠʚʘʣʦʩʪʽ ʧʦʞʝʞʽ ʚ 10, 30, 60 ʪʘ 95 ʭʚ. 

ʥʘʚʝʜʝʥʽ ʥʘ  ʨʠʩ. 6-9. 

 

  
 

ʈʠʩ. 6. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʧʦʞʝʞʽ ʚ 10 ʭʚ. 

 

 

ʈʠʩ. 7. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʧʦʞʝʞʽ ʚ 30 ʭʚ. 
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ʈʠʩ. 8. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʧʦʞʝʞʽ ʚ 60 ʭʚ. 

 

ʈʠʩ. 9. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ 

ʧʝʨʝʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʧʦʞʝʞʽ ʚ 95 ʭʚ. 

 

 

ʆʪʨʠʤʫʻʤʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʯʘʩʽ ʜʣʷ ʚʫʟʣʘ, ʜʦ ʷʢʦʛʦ ʧʨʠʢʣʘʜʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʨʠʩ. 10). 

 

 
ʈʠʩ. 10. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʯʘʩʽ ʜʣʷ ʚʫʟʣʘ, ʜʦ ʷʢʦʛʦ ʧʨʠʢʣʘʜʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɺ ʷʢʦʩʪʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʱʦ ʦʙʽʛʨʽʚʘʻʪʴʩʷ ʧʨʠ ʥʘʪʫʨʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʘ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ (ʨʠʩ. 11). ʊʘʢʦʞ ʥʘʚʝʜʝʥʦ 

ʛʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʱʦ ʥʝ ʦʙʽʛʨʽʚʘʻʪʴʩʷ ʚ ʪʦʯʮʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʝʨʤʦʧʘʨʠ ʊ10 ʧʨʠ ʥʘʪʫʨʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʘ ʚ ʘʥʘʣʦʛʽʯʥʽʡ ʪʦʯʮʽ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ (ʨʠʩ. 12). 
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ʈʠʩ. 11. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʯʘʩʽ ʜʣʷ ʚʫʟʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ, ʷʢʫ 

ʦʙʽʛʨʽʚʘʶʪʴ ʧʨʠ ʥʘʪʫʨʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʘ ʧʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

 
ʈʠʩ. 12. ɻʨʘʬʽʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʯʘʩʽ ʜʣʷ ʚʫʟʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ, ʷʢʫ ʥʝ 

ʦʙʽʛʨʽʚʘʶʪʴ ʧʨʠ ʥʘʪʫʨʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʘ ʧʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 
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 ɺʠʩʥʦʚʢʠ  

 ɿ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʝʨʝʨʽʟʫ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS 16.0 ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʨʠʩʢʦʨʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʧʝʨʝʨʽʟʫ ʩʢʣʘʜʥʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ; 

- ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʙʽʛʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʘʶʪʴ ʟʘʥʠʞʝʥʽ ʜʘʥʥʽ ʚʽʜʥʦʩʥʦ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʥʘʪʫʨʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʘʣʝ ʚ ʤʝʞʘʭ 

15%; 

- ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʥʝ ʦʙʽʛʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʘʶʪʴ ʙʽʣʴʰ 

ʣʽʥʽʡʥʠʭ ʭʘʨʘʢʪʝʨ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʙʽʣʴʰ ʽʜʝʘʣʽʟʦʚʘʥʠʤʠ ʚʠʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʽ ʫʤʦʚʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʜʥʦʩʥʦ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʽ ʥʘʪʫʨʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ; 

- ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ  ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʘʟʢʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʪʫʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 
 

 1. ɼʉʊʋ ɹ ɺ.1.1-4-98*. ɹʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʄʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘʚʦʛʥʝʩʪʽʡʢʽʩʪʴ. ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ.-ʂ.: ɼʝʨʞʙʫʜ ʋʢʨʘʾʥʠ, 1999. -20 ʩ. 2. ɼɹʅ ɺ.1.1.7-2002 
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ɹʦʞʠʥʩʴʢʠʡ ʄ.ʆ., ʌʝʩʝʥʢʦ ʆ.ɸ., // ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʚ 

ʙʫʜʽʚʥʠʮʪʚʽ, 2016. -ɺʠʧ. 5. ʉ. 232-239. 4. ʂʦʚʘʣʠʰʠʥ  ɺ.ɺ. çɽʢʩʧʝʨʝʤʝʥʪʘʣʴʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʟʙʽʨʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʭʽʜʯʘʩʪʠʭ ʩʢʣʘʜʦʢè / ʂʦʚʘʣʠʰʠʥ ɺ.ɺ.,. 

ʖʟʴʢʽʚ ʊ.ɹ, ɻʫʮʫʣʷʢ ʖ.ɺ., ɸʨʪʝʤʝʥʢʦ ɺ.ɺ., // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʋʢʨʅɼɯʇɹ, 2013. -ɺʠʧ. 
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ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ. - ʂ.: ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2012. - 117 ʩ. 6. ɺ.ʄ.ʈʦʡʪʤʘʥ. ʀʥʞʝʥʝʨʥʳʝ 

ʨʝʰʝʥʠʷ ʧʦ ʦʮʝʥʢʝ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ/ 
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ʋɼʂ  624.14 

 

ʈɽʂʆʅʉʊʈʋʂʎɯʗ ɾʀʊʃʆɺʆɻʆ ɹʋɼʀʅʂʋ ɿ ʅɸɼɹʋɼʆɺʆʖ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɿʆɺʅɯʐʅʔʆɻʆ ʄɽʊɸʃɽɺʆɻʆ ʂɸʈʂɸʉʋ  

 

ʈɽʂʆʅʉʊʈʋʂʎʀʗ ɾʀʃʆɻʆ ɿɼɸʅʀʗ ʉ ʅɸɼʉʊʈʆʁʂʆʁ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ  ɺʅɽʐʅɽɻʆ ʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʂɸʈʂɸʉɸ 

 

RECONSTRUCTION OF A RESIDENTIAL BUILDING  WITH AN ADD -IN 

USING AN EXTERNAL MET AL FRAME  

 

ʂʨʽʧʘʢ ɺ.ɼ.,  ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ɼʨʦʙʘʭʘ ʆ.ʂ., ʽʥʞʝʥʝʨ (ʂʠʾʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʠ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ)                               

 

ʂʨʠʧʘʢ ɺ.ɼ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ɼʨʦʙʘʭʘ ɸ. ʂ., ʠʥʞʝʥʝʨ (ʂʠʝʚʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʛ. ʂʠʝʚ)                                                                                  

 

Kripak  W.D., Ph.d., Professor, Drobakha O.K. engineer (Kyiv National University 

of construction and architecture, Kiev) 

 

ʋ  ʩʪʘʪʪʽ ʦʧʠʩʘʥʠʡ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʧʦ 

ʥʘʜʙʫʜʦʚʽ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ  ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʙʝʟ ʟʫʧʠʥʢʠ ʡʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʫ. 

 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʨ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ 

ʥʘʜʩʪʨʦʡʢʝ ʤʘʣʦʵʪʘʞʥʦʦʛʦ ʞʠʣʦʛʦ ʟʜʘʥʠ ̫ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ. 

 

The article described an example implemented a constructive solution in low-rise 

residential building without stopping its operation through the use of an external 

metal frame. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  

ʈʝʢʦʥʩʪʨʫʢʮʽʷ,  ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ,  ʥʘʜʙʫʜʦʚʘ,  ʤʝʪʘʣʝʚʠʡ ʢʘʨʢʘʩ.  

ʈʝʢʦʥʩʪʨʫʢʮʠʷ,  ʞʠʣʦʝ ʟʜʘʥʠʝ,  ʥʘʜʩʪʨʦʡʢʘ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ. 

Reconstruction,  residential house,  the  superstructure,  the metal frame. 

      

ɾʠʪʣʦʚʠʡ ʬʦʥʜ ʤ. ʂʠʻʚʘ   ̔ ʽʥʰʠʭ ʚʝʣʠʢʠʭ ʤʽʩʪ ʤʽʩʪʠʪʴ ʩʴʦʛʦʜʥʽ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʙʫʜʠʥʢʽʚ ʩʪʘʨʦʾ ʟʘʙʫʜʦʚʠ ʟ ʧʦʚʝʨʭʦʚʽʩʪʶ 4-5 ʧʦʚʝʨʭʽʚ ʟ ʮʝʛʣʷʥʠʤʠ 

ʩʪʽʥʘʤʠ. ʎʝ ʙʫʜʠʥʢʠ ʧʦʙʫʜʦʚʘʥʽ ʚ 50..60 ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʪʘʢ ʟʚʘʥʽ 

ʙʫʜʽʚʣʽ ʤʘʩʦʚʦʾ ʧʽʩʣʷʚʦʻʥʥʦʾ ʟʘʙʫʜʦʚʠ. ɽʢʩʧʣʫʘʪʫʶʪʴʩʷ ʽ ʙʘʛʘʪʦ ʮʝʛʣʷʥʠʭ 

ʙʫʜʠʥʢʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʟʘʙʫʜʦʚʠ ʧʦʯʘʪʢʫ ʤʠʥʫʣʦʛʦ ʪʘ ʢʽʥʮʷ 

ʧʦʟʘʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ.  ɿʥʝʩʝʥʥʷ ʪʘʢʠʭ ʙʫʜʠʥʢʽʚ ʥʝ ʥʘ ʯʘʩʽ, ʘʣʝ ʽ ʧʦʚʥʦʮʽʥʥʝ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʪʘʢʦʞ ʩʪʘʻ ʥʝ ʨʘʮʽʦʥʘʣʴʥʠʤ. ʊʦʤʫ ʯʘʩ ʚʽʜ ʯʘʩʫ ʧʨʦʚʦʜʷʪʴʩʷ 
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ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʙʫʜʠʥʢʽʚ ʟ ʥʘʜʙʫʜʦʚʦʶ ʦʜʥʦʛʦ ʯʠ ʜʝʢʽʣʴʢʦʭ ʧʦʚʝʨʭʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʢʦʣʠ  ʜʦʢʦʨʽʥʥʝ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʚʩʽʭ ʧʨʠʤʽʱʝʥʴ, ʘ ʽʥʢʦʣʠ 

ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟʚʦʜʠʪʴʩʷ  ʣʠʰʝ ʜʦ ʥʘʜʙʫʜʦʚʠ ʜʝʢʽʣʴʢʦʭ ʜʦʜʘʪʢʦʚʠʭ ʯʠ ʦʜʥʦʛʦ 

ʤʘʥʩʘʨʜʥʦʛʦ ʧʦʚʝʨʭʽʚ, ʽʥʢʦʣʠ ʟ ʦʙʣʘʰʪʫʚʘʥʥʷʤ ʣʽʬʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

      ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʟ ʥʘʜʙʫʜʦʚʦʶ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ ʟʫʧʠʥʢʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʫ ʪʘ ʚʽʜʩʝʣʝʥʥʷʤ ʚʩʽʭ ʡʦʛʦ ʤʝʰʢʘʥʮʽʚ. ʅʠʞʯʝ ʤʠ ʭʦʯʝʤʦ 

ʧʦʜʽʣʠʪʠʩʷ ʜʦʩʚʽʜʦʤ ʚʠʢʦʥʘʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʥʘʜʙʫʜʦʚʘ 

ʜʦʜʘʪʢʦʚʠʭ ʧʦʚʝʨʭʽʚ ʷʢʦʛʦ ʚʠʢʦʥʫʚʘʣʘʩʷ ʙʝʟ ʟʫʧʠʥʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʙʫʜʠʥʢʫ ʽ ʙʝʟ 

ʚʽʜʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʯʘʩʪʠʥʘ ʧʨʦʝʢʪʫ ʚʠʢʦʥʘʥʘ ʄʉɯɺʇ 

çʆʇʊʀʄɸè ʚ 2009 ʨʦʮʽ. ʈʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʘ  ʢʦʤʧʘʥʽʷ ʆʉʅʆɺɸ-ʉʆʃʉʀʌ. 

     ɾʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʤ. ʂʠʻʚʽ ʥʘ ʚʫʣ. ʄʘʟʝʧʠ, 16. ɹʫʜʠʥʦʢ 

ʧʦʙʫʜʦʚʘʥʦ ʚ 1917 ʨʦʮʽ, 4-ʨʠ ʧʦʚʝʨʭʦʚʠʡ, ʟ ʥʝʩʫʯʠʤʠ ʧʦʟʜʦʚʞʥʽʤʠ ʪʘ 

ʧʦʧʝʨʝʯʥʠʤʠ ʮʝʛʣʷʥʠʤʠ ʩʪʽʥʘʤʠ, ʟ ʧʽʜʚʘʣʦʤ. ɿʣʽʚʘ ʽ ʩʧʨʘʚʘ ʚʧʨʠʪʫʣ ʜʦ ʙʫʜʠʥʢʫ, 

ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʡʥʽ ʰʚʠ ʚʧʦʜʦʚʞ ʚʫʣʠʮʽ ʄʘʟʝʧʠ,  ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʩʫʩʽʜʥʽ 

ʙʫʜʠʥʢʠ.  ʌʫʥʜʘʤʝʥʪʠ ʩʪʨʽʯʢʦʚʽ, ʮʝʛʣʷʥʽ, ʨʽʟʥʦʾ ʰʠʨʠʥʠ ʽ ʛʣʠʙʠʥʠ ʟʘʣʷʛʘʥʥʷ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʫʩʽʤʘ ʬʫʥʜʘʤʝʥʪʘʤʠ ʟʘʣʷʛʘʚ ʧʨʦʩʘʜʥʠʡ ʣʝʩʦʚʠʜʥʠʡ ʩʫʧʽʩʦʢ. 

ɺ ʮʦʢʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʪʘ ʩʪʽʥʘʭ ʧʝʨʰʦʛʦ ʧʦʚʝʨʭʫ  ʤʘʣʠ ʤʽʩʮʝ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ 

ʧʦʭʠʣʽ ʪʨʽʱʠʥʠ.   ɿʛʽʜʥʦ ɿʘʢʣʶʯʝʥʥʶ ʅɼɯɹʂ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʠʥʢʫ, ʟ 

ʥʘʜʙʫʜʦʚʦʶ ʘʪʪʠʢʦʚʦʛʦ ʪʘ ʤʘʥʩʘʨʜʥʦʛʦ ʧʦʚʝʨʭʽʚ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʘʪʠ 

ʧʽʜʩʠʣʝʥʥʷ ʚʩʽʭ ʬʫʥʜʘʤʝʥʪʽʚ ʪʘ ʧʨʦʩʪʽʥʢʽʚ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʧʦʚʝʨʭʽʚ.  
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    ɺʽʜʧʦʚʽʜʥʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ɿʘʤʦʚʥʠʢʘ, ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʝʢʪ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʢʘʟʘʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟ ʥʘʜʙʫʜʦʚʦʶ ʟ-ʭ ʧʦʚʥʦʮʽʥʥʠʭ, 

ʘʪʪʠʢʦʚʦʛʦ ʪʘ ʤʘʥʩʘʨʜʥʦʛʦ ʧʦʚʝʨʭʽʚ. ɺʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʧʨʦʚʦʜʠʣʦʩʷ  

ʙʝʟ ʧʨʠʧʠʥʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʫ ʽ ʚʽʜʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ. ʅʘʤʠ ʙʫʣʘ 

ʧʨʠʡʥʷʪʘ ʢʦʥʮʝʧʮʽʷ ʥʘʜʙʫʜʦʚʠ ʟ ʚʣʘʰʪʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʪʘʣʝʚʦʛʦ 

ʢʘʨʢʘʩʫ, ʷʢʠʡ ʙʠ ʩʧʨʠʡʤʘʚ ʚʩʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʥʘʜʙʫʜʦʚʘʥʠʭ ʧʦʚʝʨʭʽʚ, ʟ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʦʣʦʥ ʧʦʟʘ ʤʝʞʘʤʠ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ.  ʅʝʩʫʯʠʡ ʤʝʪʘʣʝʚʠʡ ʢʘʨʢʘʩ 

ʫʪʚʦʨʝʥʠʡ ʜʚʦʤʘ ʨʷʜʘʤʠ ʢʦʣʦʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʽʣʷ ʧʦʟʜʦʚʞʥʽʭ ʩʪʽʥ, 

ʧʦʧʝʨʝʯʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʬʝʨʤʘʤʠ ʪʘ ʩʠʩʪʝʤʦʶ  ʜʦʧʦʤʽʞʥʠʭ ʬʝʨʤ ʽ ʙʘʣʦʢ (ʬʦʪʦ 

1 ʽ ʨʠʩ.1).  

    

 
 

ʈʠʩ. 1.  ʇʣʘʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʬʝʨʤ ʪʘ ʙʘʣʦʢ ʥʘʜ ʛʦʨʠʱʥʠʤ   

ʧʝʨʝʢʨʠʪʪʷʤ. 

 

    ʊʘʢ ʷʢ ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ ʙʫʜʠʥʢʫ ʚʠʭʦʜʠʣʠ ʥʘ ʯʝʨʚʦʥʽ ʣʽʥʽʾ, ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʚʠʚʘʪʠ ʛʘʙʘʨʠʪʠ ʢʦʣʦʥ ʢʘʨʢʘʩʫ ʣʠʰʝ ʚ ʧʣʦʱʠʥʽ ʩʪʽʥʠ ʽ ʪʽʣʴʢʠ ʚ ʤʝʞʘʭ 

ʰʠʨʠʥʠ ʧʨʦʩʪʽʥʢʽʚ, ʷʢʽ ʥʘ ʛʦʣʦʚʥʦʤʫ ʬʘʩʘʜʽ ʙʫʣʠ ʥʝʚʝʣʠʢʠʤʠ. ʂʦʣʦʥʠ ʧʨʠʡʥʷʪʽ 

ʟʚʘʨʥʠʤʠ ʩʢʣʘʜʥʦʾ ʢʦʨʦʙʯʘʩʪʦʾ ʬʦʨʤʠ ʚʠʩʦʪʦʶ ʥʘ  ʧʦʚʝʨʭ (ʬʦʪʦ 2). 

     ʌʫʥʜʘʤʝʥʪʘʤʠ ʢʦʣʦʥ ʷʚʣʷʣʠʩʷ ʢʫʱʽ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ ʜʽʘʤʝʪʨʦʤ 220 ʤʤ ʽ 

ʜʦʚʞʠʥʦʶ 18 ʤ. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʣʴ ʪʘ ʨʦʩʪʚʝʨʢʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2,  ʘ 

ʧʨʦʮʝʩ ʚʣʘʰʪʫʚʘʥʥʷ ʧʘʣʴ ʧʦʢʘʟʘʥʠʡ ʥʘ ʬʦʪʦ 3. ʂʦʣʦʥʠ ʽ ʬʫʥʜʘʤʝʥʪʠ 

ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʥʘ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʪʽʥ ʙʫʜʠʥʢʫ.  
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ʌʦʪʦ 2. ɿʚʘʨʥʽ ʢʦʣʦʥʠ ʢʘʨʢʘʩʫ. 

 

 

ʈʠʩ. 2. ʇʣʘʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʣʴ ʪʘ ʨʦʩʪʚʝʨʢʽʚ. 


