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ʈɸɿɼɽʃ III 

ʉʊʈʆʀʊɽʃʔʉʊɺʆ 
 

3.1 ʉʊʈʆʀʊɽʃʔʅʓɽ ʂʆʅʉʊʈʋʂʎʀʀ 

ʀ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 
 

 

 

ʋɼʂ 624.04 

 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʋʉʀʃɽʅʀʁ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʇʃʀʊ 

ʆʊ ʇʈʆɼɸɺʃʀɺɸʅʀʗ 

 

ᴄʥʝʩʦʚʘ ɾ.ɽ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ɸʣʤʘʪʳ, 050043, ʂʘʟʘʭʩʪʘʥ 

______________________________________________________________________ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʫʩʠʣʝʥʠʷ ʧʣʠʪ 

ʧʝʨʝʢʨʳʪʠʷ. ʇʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦ-

ʜʦʚ ʫʩʠʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʫʩʠʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ, 

ʧʨʠʚʝʜʝʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥ ʨʷʜ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ. ʇʨʠʚʝ-

ʜʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʵʪʘʧʥʦʛʦ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʫʩʠʣʝʥʠʶ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʠʣʝʥʠʝ, ʧʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ, ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʦʜʘʚʣʠʚʘʥʠʝ, ʫʚʝ-

ʣʠʯʝʥʠʝ ʩʝʯʝʥʠʷ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʙʦʡʤʘ, ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʢʝʨ. 

 

ɸשʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʝʜʝʥ ʧʣʠʪʘʣʘʨʳʥ ʥʳϤʘʡʪʫʜʳϬ ʟʘʤʘʥʘʫʠ ϸʜʽʩʪʝʨʽ 

Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ϧʦʣʜʘʥʳʩʪʘϤʳ ʢϮʰʝʡʪʫ ϸʜʽʩʪʝʨʽʥʽϬ ʥʝʛʽʟʛʽ ʘʨʪʳϨʰʳʣʳϨʪʘʨʳ ʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʂϺʣʜʝʥʝϬ ʘʨʤʘʪʫʨʘʥʳ Ϩʦʩʫ ʘʨϨʳʣʳ ʢϮʰʝʡʪʫ ϸʜʽʩʽ Ϩʘʨʘʩʪʳʨʳ-

ʣʳʧ, ʙʽʨʥʝʰʝ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʽʣʛʝʥ. ʂϺʣʜʝʥʝϬ ʘʨʤʘʪʫʨʘʥʳϬ ʝϬ ʪʠʽʤʜʽ ʦʨʥʘʣʘʩʫʳʥʘ Ϩʦʣ 

ʞʝʪʢʽʟʫ Ϯʰʽʥ ʙʽʨϨʘʪʘʨ ϨϰʨʳʣʳʤʜʳϨ ʪʘʣʘʧʪʘʨ ʪϰʞʳʨʳʤʜʘʣϤʘʥ. ɽʜʝʥ ʧʣʠʪʘʣʘʨʳʥ 

ʥʳϤʘʡʪʫ ʙʦʡʳʥʰʘ ʢʝʟʝϬ-ʢʝʟʝϬʽʤʝʥ ʞϰʤʳʩ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ϰʩʳʥʳʣϤʘʥ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʘʨʤʘʪʫʨʘ, ʝʜʝʥ ʧʣʠʪʘʩʳ, ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ, ʪʝʩʫ, ϰʣϤʘʡʪʳʣϤʘʥ Ϩʠʤʘ, 

ʤʝʪʘʣʣ ϨʳʩʪʳʨϤʳʰ, ʢϺʣʜʝʥʝϬ ʘʨʤʘʪʫʨʘ, ʭʠʤʠʷʣʳϨ ʘʥʢʝʨ.  

 

Abstract. This article discusses modern methods of strengthening floor slabs. The main 

advantages and disadvantages of existing amplification methods are listed. A method of 

strengthening by adding transverse reinforcement is considered, and several examples are giv-

en. A number of structural requirements have been formulated to achieve the most efficient ar-

rangement of transverse reinforcement. The technology for step-by-step work on strengthening 

floor slabs is presented. 

Key words: reinforcement, floor slab, structures, punching, increased cross-section, 

haunch, metal clip, transverse reinforcement, chemical anchor. 

______________________________________________________________________ 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ᴄʥʝʩʦʚʘ ɾ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʫʙʘʢʠʨʦʚʘ ɹ.ʄ. 

 

1 ɺɺɽɼɽʅʀɽ  

ʇʣʦʩʢʠʝ ʙʝʟʢʘʧʠʪʝʣʴʥʳʝ ʙʝʟʙʘʣʦʯʥʳʝ ʧʝʨʝʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʷʤʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʷʭ. ʅʝʨʝʜʢʦ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ: ʦʰʠʙʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ, ʩʪʨʦʠʪʝʣʴʥʳʡ ʙʨʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʩʚʷʟʠ ʩ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʟʜʘʥʠʷ ʠ ʜʨ. ʆʜʥʠʤ 
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ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ. ɼʨʫʛʠʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ (ʚ ʨʷʜʝ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟ-

ʤʦʞʥʳʤ) ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʘʨʤʘʪʫʨʳ, ʚʢʣʝʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʠʪʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʤ ʜʦʩʪʫʧʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫ-

ʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʥʦʡ ʧʣʠʪʳ, ʣʠʙʦ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦʩʪʫʧʘ ʢ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʦʢʨʳʪʠʡ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʥʝ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʨʘʙʦʪʝ 

ʫʩʠʣʝʥʠʷ ʧʨʠ ʚʥʝʮʝʥʪʨʝʥʥʦʤ ʧʨʦʜʘʚʣʠʚʘʥʠʠ (ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 

ʩʠʣ ʠ ʤʦʤʝʥʪʘ). ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʦʰʝʣ ʨʷʜ ʘʚʘʨʠʡ ʟʜʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʫʰʝʥʠʝʤ 

ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʡ ʚ ʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʧʨʦʜʘʚʣʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ, ʘ ʪʘʢʞʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʠ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ. ʕʪʠ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʦʧʨʦʩʘ ʧʨʦʯʥʦʩʪʠ ʧʣʠʪ ʥʘ ʧʨʦ-

ʜʘʚʣʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʠʣʝʥʠʷ ʧʝʨʝʢʨʳʪʠʡ 

ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʧʣʦʩʢʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʥʘ 

ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʪʘʢʠʭ ʫʯʝʥʳʭ ʢʘʢ: ɻʚʦʟʜʝʚʘ ɸ.ɸ. ʂʦʨʦʚʠʥʘ ʅ.ʅ., 

ɻʦʣʦʩʦʚʘ ɺ.ʅ., ʌʠʰʝʨʦʚʦʡ ʄ.ʌ., ʉʝʨʛʝʝʚʩʢʦʛʦ ɸ.ɼ., ʂʘʯʘʥʦʚʩʢʦʛʦ ʉ.ɻ., ɿʘʣʝʩʦʚʘ ɸ.ʉ., ʂʘʨ-

ʧʝʥʢʦ ʅ.ʅ. ʠ ʜʨ., ʘ ʪʘʢʞʝ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ: Dilger W.H., Amin Ghali, Aurelio Muttoni ʠ ʜʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʦʙʟʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʙʦʪʝ ʧʣʦʩʢʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ 

ʧʨʠ ʧʨʦʜʘʚʣʠʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʬʦʨʤʫʣʳ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʚʳʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠ ʥʦʩʷʪ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʠʟʫʯʝ-

ʥʠʝʤ ʨʘʙʦʪʳ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʘʨʤʠʨʦʚʘʥʥʳʭ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʣʠʪ, ʫʩʠʣʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ, ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʩʠʣʝʥʥʳʭ 

ʧʣʠʪ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʧʝʨʝʯʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠ ʧʣʘʩʪʠʯ-

ʥʦʩʪʴ ʧʣʠʪ ʠ ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʴʙʦʚʳʝ ʰʧʠʣʴʢʠ, ʫʛ-

ʣʝʧʣʘʩʪʠʢʦʚʳʝ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʣʝʥʪʳ [8].  

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʣʝʪʥʠʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʨʘʩʯʝʪ 

ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʣʦʩʢʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʦʩʪʘʝʪʩʷ ʚʝʩʴʤʘ ʥʝʩʦʚʝʨʰʝʥʥʳʤ. ɻʣʘʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʨʦʜʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ. 

ɺ ʦʩʥʦʚʫ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʠʢ ʧʦ ʨʘʩʯʝʪʫ ʧʨʦʯʥʦʩʪʠ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʚ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʦʩʥʦʚʘʥ ʥʘ ʤʝʪʦʜʝ ʧʨʝʜʝʣʴʥʳʭ ʫʩʠʣʠʡ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝʤ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʥʘʢʣʦʥʥʦʤ ʩʝʯʝʥʠʠ ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʧʨʝʜʝʣʴʥʳʭ ʫʩʠʣʠʡ. ʊʨʫʜʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝ-

ʜʝʣʴʥʳʭ ʫʩʠʣʠʡ ʚ ʙʝʪʦʥʝ ʠ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʝ, ʪ.ʢ. ʟʦʥʘ ʚʙʣʠʟʠ ʢʦʣʦʥʥʳ ʚ ʩʪʘʜʠʠ, ʙʣʠʟʢʦʡ 

ʢ ʨʘʟʨʫʰʝʥʠʶ, ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʪʠʭ ʫʩʠʣʠʡ ʠʩʧʦʣʴʟʫʪʁʩʷ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

3  ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ  

ʇʨʦʜʘʚʣʠʚʘʥʠʝʤ ʥʘʟʳʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʬʦʨʤʫ ʨʘʟʨʫʰʝʥʠʷ ʧʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʫʩʠʣʠʡ ʦʪ ʢʦʣʦʥʥ, ʩʚʘʡ ʣʠʙʦ ʛʨʫʟʦʚ ʧʦ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʣʦʱʘʜʢʝ. ʇʨʦʜʘʚʣʠʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʪʝ-

ʣʘ ʧʨʦʜʘʚʣʠʚʘʥʠʷè, ʯʘʩʪʦ ʠʤʝʶʱʝʛʦ ʬʦʨʤʫ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ: 

Å 1 ʪʠʧ ï ʫʩʠʣʝʥʠʝ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʝʡ ʪʦʣʱʠʥʳ ʧʣʠʪʳ; 
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Å 2 ʪʠʧ ï ʫʩʠʣʝʥʠʝ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʧʠʨʘʥʠʷ ʧʣʠʪʳ; 

Å 3 ʪʠʧ ï ʫʩʠʣʝʥʠʝ ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ; 

 

 
             

ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ: 

ʘ) ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʠʪʳ; b) ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʧʠʨʘʥʠʷ ʧʣʠʪʳ; 

ʩ ʠ ʝ) ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ 

 

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʦʧʨʝ-

ʜʝʣʷʶʪ ʚʳʙʦʨ ʪʠʧʘ ʫʩʠʣʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʘʤʠ 1ïʛʦ ʠ 2ïʛʦ ʪʠʧʦʚ ʫʩʠʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʠʪʫ ʦʪ ʚʝʩʘ ʥʘʙʝʪʦʥʢʠ, ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʚ ʤʦʢʨʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ [4.6]. ʇʨʝʠʤʫʱʝ-

ʩʪʚʘʤʠ 3-ʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ: ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʠ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ, ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʧʦʤʝʱʝ-

ʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ: ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʫʩʠʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝ-

ʤʦʡ ʧʨʝʜʝʣʴʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʣʠʪʳ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʦ ʛʨʘʥʠ ʢʦʣʦʥʥʳ. 

ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʥʳʝ ʩʭʝ-

ʤʳ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ ʬʝʨʤʝʥʥʦʡ ʘʥʘʣʦʛʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ɽ. ʄʝʨʰʝʤ ʚ 1903 ʛ. ɺʧʝʨʚʳʝ ʚ ʉʅɻ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ɻʚʦʟʜʝʚʳʤ ɸ.ɸ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʚ ʨʘʙʦʪʘʭ ʂʦʨʦʚʠʥʘ ʅ.ʅ., ɻʦʣʦ-

ʩʦʚʘ ɺ.ʅ., ʌʠʰʝʨʦʚʦʡ ʄ.ʌ., ʉʝʨʛʝʝʚʩʢʠʤ ɸ.ɼ., ʂʘʯʘʥʦʚʩʢʠʤ ʉ.ɻ., ɿʘʣʝʩʦʚʳʤ ɸ.ʉ. ʠ ʜʨ. ʆʩ-

ʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʠʨʘʤʠʜʳ, ʤʝʥʴʰʠʤ ʦʩʥʦʚʘʥʠʝʤ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʧʣʦʱʘʜʴ ʜʝʡ-

ʩʪʚʠʷ ʧʨʦʜʘʚʣʠʚʘʶʱʝʡ ʩʠʣʳ, ʘ ʙʦʢʦʚʳʝ ʛʨʘʥʠ ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʫʛʣʦʤ 45 ʛʨʘʜʫʩʦʚ ʛʦʨʠʟʦʥʪʘ-

ʣʠ. ʇʨʠ ʵʪʦʤ ʠʩʭʦʜʷʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʨʦʜʘʚʣʠʚʘʥʠʷ, ʧʨʝʚʦʩʭʦ-

ʜʷʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʘʷ ʧʠʨʘʤʠʜʘ ʧʨʦʜʘʚʣʠʚʘʥʠʷ 
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ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʬʦʨʤʫʣʝ ɻʚʦʟʜʝʚʘ ʨʘʩʯʝʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

 
ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ (0,75); bcp ï ʩʨʝʜʥʝʝ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʧʝʨʠʤʝʪʨʘʤʠ ʦʩʥʦʚʘʥʠʷ ʪʝʣʘ 

ʧʨʦʜʘʚʣʠʚʘʥʠʷ; h0 ï ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ ʧʝʨʝʢʨʳʪʠʷ; Rp ï ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ɺ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʢʠ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʨʘʩʯʝʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʣʠʪ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʠʟ ʫʩʣʦʚʠʡ: 

 
 

ʈʘʩʯʝʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʣʠʪ ʩ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʷʪʴ ʠʟ 

ʫʩʣʦʚʠʷ: 

 
ʥʦ ʥʝ ʙʦʣʝʝ 2Āʈʙ, ʛʜʝ ʈʙ ï ʫʩʠʣʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʙʝʪʦʥʦʤ ʚ ʨʘʩʯʝʪʥʦʤ ʩʝʯʝʥʠʠ ʠ ʦʧʨʝʜʝʣʷ-

ʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ, ʘ ʈʭ ï ʫʩʠʣʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ, ʧʝʨʝʩʝʢʘʶʱʫʶ ʙʦ-

ʢʦʚʳʝ ʛʨʘʥʠ ʨʘʩʯʝʪʥʦʡ ʧʠʨʘʤʠʜʳ ʧʨʦʜʘʚʣʠʚʘʥʠʷ, ʧʦ ʬʦʨʤʫʣʝ: 

 
ʛʜʝ F ï ʧʨʦʜʘʚʣʠʚʘʶʱʘʷ ʩʠʣʘ; k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ ʜʣʷ ʙʝʪʦʥʘ:  

ʪʷʞʝʣʦʛʦ ï 1,00; ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ï 0,85; ʣʝʛʢʦʛʦ ï 0,80. 

ʇʨʠ ʫʯʝʪʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʟʥʘʯʝʥʠʝ Px ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 0,5 Pʙ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʣʠʪ 

 

ʇʣʦʩʢʠʝ ʧʣʠʪʳ ʩ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ ʫʩʠʣʝʥʠʷ.   

ɺ 1974 ʛ. ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ Ghali ʠʩʧʳʪʘʣ ʪʨʠ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ, 

ʫʩʠʣʝʥʥʳʭ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʰʧʠʣʴʢʘʤʠ. ʆʙʨʘʟʮʳ ʫʩʠʣʠʚʘʣʠʩʴ ʜʚʝʥʘʜʮʘ-

ʪʴʶ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʰʧʠʣʴʢʘʤʠ ʜʠʘʤʝʪʨʦʤ 19ʤʤʩ ʰʘʡʙʘʤʠ ʧʦʜ ʛʘʡʢʠ ʠʟ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ 

ʧʦ ʦʙʦʠʤ ʢʦʥʮʘʤ ʨʘʟʤʝʨʘʤʠ 100ʭ100ʭ19ʤʤ [2.10]. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʰʧʠʣʝʢ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʦʥʠ ʚʳʜʝʨʞʘʣʠ ʨʘʟʨʫʰʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʨʘʚʥʫʶ 75,3 ʢʅ. 

ʆʜʥʘ ʛʨʫʧʧʘ ʦʙʨʘʟʮʦʚ ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ (ʛʨʫʧʧʘ ʉ), ʘ 

ʜʨʫʛʘʷ ï ʚʦʟʜʝʡʩʪʚʠʶ ʤʦʤʝʥʪʘ (ʛʨʫʧʧʘ ɺ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʠʣʠ ʧʨʠʨʦʩʪ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʣʠʪ ʧʨʠ ʧʨʦʜʘʚʣʠʚʘʥʠʠ, ʫʩʠʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʊʘʢ ʚ ʛʨʫʧʧʝ 

ʉ ʦʙʨʘʟʝʮ ʙʝʟ ʫʩʠʣʝʥʠʷ ʠʤʝʣ ʧʨʝʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ 413 ʢʅ, ʘ ʦʙʨʘʟʝʮ, ʫʩʠʣʝʥʥʳʡ ʧʦʧʝʨʝʯ-

ʥʳʤʠ ʰʧʠʣʴʢʘʤʠ ï 690 ʢʅ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ 67%. ɺ ʛʨʫʧʧʝ ɺ 

ʦʙʨʘʟʝʮ   ʙʝʟ ʫʩʠʣʝʥʠʷ ʚʳʜʝʨʞʘʣ ʧʨʝʜʝʣʴʥʳʡ ʤʦʤʝʥʪ 196 ʢʅĀʤ, ʘ ʫʩʠʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ï 241 

ʢʅĀʤ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ 23%. 

P ¢ k Ö Rp Ö bcp Ö h0 
 

ʈ ¢ 1.4 Ö k Ö Rp Ö bcp Ö h0 

Fb = k Rʨ bcp h0 , 
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ʈʠʩʫʥʦʢ 4 ï ʆʙʱʠʡ ʚʠʜ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʫʩʠʣʝʥʥʦʛʦ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ 

ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʰʧʠʣʝʢ (Ghali 1974 ʛ.) 

 

ɺ 1994 ʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʫʟʝʣ 

ʩʦʝʜʠʥʝʥʠʷ ʢʦʣʦʥʥʳʭ ʩ ʧʣʠʪʦʡ, ʫʩʠʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʠ ʙʝʪʦʥʥʦʡ ʢʘʧʠ-

ʪʝʣʠ. ʉʪʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʧʨʠʢʣʝʠʚʘʣʠʩʴ ʧʦ ʦʙʝʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʣʠʪʳ ʩ ʧʦʤʦʱʴʶ ʵʧʦʢʩʠʜ-

ʥʦʛʦ ʢʣʝʷ, ʘ ʧʦʪʦʤ ʩʪʷʛʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʰʧʠʣʝʢ [7.9]. ʇʦʧʝʨʝʯʥʳʝ ʰʧʠʣʴʢʠ ʪʘʢ ʞʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ. ɹʝʪʦʥʥʘʷ ʢʘʧʠʪʝʣʴ ʫʩʪʨʘʠʚʘʣʘʩʴ ʧʫʪʝʤ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʥʘ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪʳ. ʅʠʞʥʷʷ 

ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚʳʧʦʣʥʷʣʘ ʨʦʣʴ ʢʘʧʠʪʝʣʠ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʜʣʷ ʫʚʝʣʠ-

ʯʝʥʠʷ ʧʝʨʠʤʝʪʨʘ ʧʨʦʜʘʚʣʠʚʘʥʠʷ. ʅʘʛʨʫʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʦʥʦʪʦʥʥʦ. ʆʙʘ ʦʙ-

ʨʘʟʮʘ ʨʘʟʨʫʰʠʣʠʩʴ ʭʨʫʧʢʦ ʟʘ ʢʦʥʪʫʨʦʤ ʫʩʠʣʝʥʠʷ.  

ɺ 1998 ʛ. Hassanzadeh ʠ Sundqvist ʧʨʝʜʣʦʞʠʣʠ ʪʨʠ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʤʦʩʪʦʚ, ʦʧʝʨ-

ʪʳʭ ʥʘ ʢʦʣʦʥʥʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [1.3]. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ 

ʚʢʣʶʯʘʣʠ ʫʩʪʨʦʡʩʪʚʦ ʢʘʧʠʪʝʣʠ ʩ ʧʦʤʦʱʴʶ ʪʦʨʢʨʝʪ ʙʝʪʦʥʘ, ʩʪʘʣʴʥʦʡ ʢʘʧʠʪʝʣʠ ʠ ʫʩʪʘʥʦʚʢʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʢʣʦʥʥʳʭ ʩʪʝʨʞʥʝʡ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʝʪʦʜʳ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ  

(Hassanzadeh and Sundqvist, 1998 ʛ.) 
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ʈʠʩʫʥʦʢ 6 ï ʈʘʙʦʪʘ ʧʣʠʪʳ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ. 

 

 

4  ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʝʪʦʥʘ 

ʨʘʩʪʷʞʝʥʠʶ, ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ ʬʝʨʤʝʥʥʦʡ ʘʥʘʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʪʘʢ 

ʢʘʢ ʦʥʘ ʧʦʣʥʝʝ ʫʯʠʪʳʚʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʳ.  

ʄʝʪʦʜ ʤʦʜʝʣʠʨʫʶʱʠʭ ʫʟʝʣ ʩʦʝʜʠʥʝʥʠʷ ʢʦʣʦʥʥʳʭ ʩ ʧʣʠʪʦʡ, ʫʩʠʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʠ ʙʝʪʦʥʥʦʡ ʢʘʧʠʪʝʣʠ, ʧʨʠʟʥʘʣʠ ʵʬʬʝʢʪʠʚʥʳʤ ʨʦʜʦʤ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ 

ʧʨʦʜʘʚʣʠʚʘʥʠʝ.  

ʊʨʠ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʤʦʩʪʦʚ, ʦʧʝʨʪʳʭ ʥʘ ʢʦʣʦʥʥʳ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʙʝʟ ʦʩʪʘʥʦʚʢʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [5, 6, 7]. ɸʚʪʦʨʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʚʩʝ ʪʨʠ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ ʚʦʟʤʦʞʥʳ ʜʣʷ ʫʚʝʣʠ-

ʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʩʦʦʙʱʠʣʠ ʦ ʥʝʢʦʪʦʨʳʭ ʥʝʜʦ-

ʩʪʘʪʢʘʭ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ. ʇʝʨʚʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʠʤ ʠ ʪʨʫʜʦʝʤʢʠʤ. ɺʪʦ-

ʨʦʡ ʤʝʪʦʜ, ʭʦʪʷ ʠ ʧʨʠʚʝʣ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʪʨʫ-

ʜʦʝʤʢʠʤ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʪʨʝʪʴʝʤ ʤʝʪʦʜʝ ʫʩʪʘʥʦʚʢʘ ʥʦʚʳʭ ʥʘʢʣʦʥʥʳʭ 

ʩʪʝʨʞʥʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʷʚʠʣʘʩʴ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʥʝʜʦʨʦʛʠʤ ʤʝʪʦ-

ʜʦʤ ʩʨʝʜʠ ʵʪʠʭ ʪʨʝʭ ʤʝʪʦʜʦʚ ʫʩʠʣʝʥʠʷ. ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʚʳʨʘʟʠʣʠ ʙʝʩʧʦʢʦʡʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʫʷʟʚʠʤʦʩʪʠ ʥʘʢʣʦʥʥʳʭ ʩʪʝʨʞʥʝʡ ʢ ʢʦʨʨʦʟʠʠ ʠ ʜʨʫʛʠʤ ʧʨʦʙʣʝʤʘʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

 

5  ɺʓɺʆɼʓ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʥʦʛʦ ʦʙʟʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʙʦʪʝ ʧʣʦʩʢʠʭ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʭ ʧʣʠʪ ʧʨʠ ʧʨʦʜʘʚʣʠʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʬʦʨʤʫʣʳ ʠ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʚʳʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʥʦʩʷʪ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʀʟ ʦʙʟʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʠʪ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʣʠʪ ʩ ʧʨʝʜ-

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʠʪ ʩ ʧʦʧʝʨʝʯʥʦʡ 

ʘʨʤʘʪʫʨʦʡ ʫʩʠʣʝʥʠʷ [3/11]. 

ʆʧʳʪʳ ʧʦ ʧʨʦʜʘʚʣʠʚʘʥʠʶ ʧʣʠʪ ʩ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʦʡ ʫʩʠʣʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʩʪʘʥʦʚʢʘ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʜʘʝʪ ʧʦʚʳʰʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʣʠʪ ʠ ʪʝʤ ʩʘʤʳʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʩʠʣʝʥʠʷ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠ-

ʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʩʪʘʣʴʥʳʝ 

ʰʧʠʣʴʢʠ, ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʝ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʝ ʣʝʥʪʳ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʦʩʢʠʭ ʧʣʠʪ ʥʘ ʧʨʦʜʘʚʣʠʚʘʥʠʝ ʧʝʨʝʜʘʯʘ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʠʪʫ ʧʨʦʠʟʚʦʜʠʣʘʩʴ 

ʯʝʨʝʟ ʩʪʘʣʴʥʦʡ ʰʪʘʤʧ, ʘ ʥʝ ʯʝʨʝʟ ʢʦʣʦʥʥʫ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʜʘʚʣʠʚʘʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦ-

ʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʮʝʣɹʁ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʢʨʫʧʥʳʭ ʛʦ-

ʨʦʜʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ, ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. 

 

ɸשʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʽʨʽ ϨʘʣʘʣʘʨʜʘϤʳ ʵʢʦʣʦʛʠʷʣʳϨ ʞʘϤʜʘʡʜʳ ʞʘϨʩʘʨʪʫ Ϯʰʽʥ 

ʞʦϤʘʨʳ ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʞʦʣʜʘʨʳ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ.  

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʪϰʨϤʳʥ Ϯʡ Ϩϰʨʳʣʳʩʳ, ʵʢʦʣʦʛʠʷʣʳϨ ʪϰʨʘϨʪʳʣʳϨ, ʵʢʦʣʦʛʠʷʣʳϨ 

ʪϰʨϤʳʥ Ϯʡ Ϩϰʨʳʣʳʩʳ, ʪʘʙʠϤʠ ʤʘʪʝʨʠʘʣʜʘʨ, ʢϮʥ ʙʘʪʘʨʝʷʣʘʨʳ. 

 

Abstract. This article discusses ways to use highly efficient technologies to improve the 

environmental situation in large cities. 

Key words: housing construction, environmental sustainability, ecological housing con-

struction, natural materials, solar panels. 
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*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɹᴇʣʝʥʭʘʥ ɸ.ᴄ.  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʞʛʘʣʠʝʚʘ ɹ.ɸ. 

 

1 ɺɺɽɼɽʅʀɽ  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʪʘʣʠ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʨʦʩʪʦʤ ʛʦʨʦʜʦʚ 

ʚʘʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʪʨʦʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʜʦʤʘ [1].  

ʕʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ð ʵʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʜʫʢʪʳ 

ʠʣʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʨʝʩʫʨʩʳ ʧʣʘʥʝʪʳ. ʆʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪ. ʜ. ʆʥʠ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪʩʷ çʟʝʣʝʥʳʤʠè ʪʝʭʥʦ-

ʣʦʛʠʷʤʠ ʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ.  

ʕʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʪʨʘʥʩʧʦʨʪ ʠ 

ʜʨ. ʆʥʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʫʪʠʣʠ-

ʟʘʮʠʶ ʦʪʭʦʜʦʚ, ʩʥʠʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʪ. ʜ.  

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʀʩʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʥʘʯʘʣʘʩʴ ʩ ʤʦʤʝʥʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʚ 

1970-ʭ ʛʦʜʘʭ.   

ʄʠʨ ʩʪʦʣʢʥʫʣʩʷ ʩ ʩʝʨʴʝʟʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ, ʚʳʟʚʘʥʥʳʤ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ 

ʥʘ ʥʝʬʪʴ ʠ ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʦʪʚʝʪ 

ʥʘ ʵʪʠ ʧʨʦʙʣʝʤʳ ʥʘʯʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ʟʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʘʣʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ï 

ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʞʠʣʴʷ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʠ ʩʪʨʝʤʠʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʳʭ ʧʦʜʭʦʜʦʚ 

ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʠ ʜʠʟʘʡʥʫ ʟʜʘʥʠʡ. ʇʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʥʠ 

ʪʨʝʙʫʶʪ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʳʯʥʳʝ, ʘ ʦʪʭʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ [2]. 

ʕʥʝʨʛʠʷ ʚʦ ʚʩʝʭ ʝʝ ʚʠʜʘʭ, ʙʫʜʴ ʪʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠʣʠ ʢʘʢʦʝ-ʣʠʙʦ ʪʦʧʣʠʚʦ, ʵʪʦ ʦʜʠʥ ʠʟ 

ʚʠʜʦʚ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʥʘʥʦ-

ʩʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʜʦʤʘ ʧʦʷʚʠʣʠʩʴ ʧʦʩʣʝ 

ʠʟʚʝʩʪʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ 1970-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʄʥʦʛʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʢʦʤʧʘʥʠʠ ʠ ʘʨʭʠʪʝʢʪʦʨʳ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʧʨʠʥʮʠʧʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ 

ʚ ʩʚʦʠ ʧʨʦʝʢʪʳ, ʛʜʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʜʦʤʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʥʠʞʝʥʳ ʪʝʧʣʦʧʦʪʝʨʠ, ʪʘʢ ʢʘʢ ʦʩ-

ʥʦʚʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʩʚʷʟʘʥʳ ʩ ʦʪʦʧʣʝʥʠʝʤ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʣʷʶʪ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʤʫ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ: ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʪ. ʜ. ʕʪʦ ʜʝʣʘʝʪ ʜʦʤ ʦʪʯʘʩʪʠ ʵʢʦʣʦʛʠʯʥʳʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʚʩʝʛʜʘ ʩʦʧʨʷʞʝʥʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ [3]. 

ʉʦ ʚʨʝʤʝʥʝʤ ʠʥʪʝʨʝʩ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʜʦʤʦʩʪʨʦʝʥʠʶ ʪʦʣʴʢʦ ʫʩʠʣʠʣʩʷ, ʠ ʩʝʛʦʜʥʷ ʦʥ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʪʨʝʥʜʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. ɹʣʘʛʦʜʘʨʷ ʫʩʠʣʠʷʤ ʟʘ-

ʱʠʪʥʠʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʩʪʨʦʠʪʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ʩʪʘ-

ʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʣʶʜʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʦʟʜʘ-

ʥʠʶ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. 
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ɺ ʂʘʟʘʭʩʪʘʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫʤʝʨʝʥʥʳʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ ʩ ʦʩʪʨʳʤʠ ʩʝʟʦʥʥʳʤʠ 
ʠʟʤʝʥʝʥʠʷʤʠ. ʆʪʦʧʠʪʝʣʴʥʳʡ ʩʝʟʦʥ ʟʜʝʩʴ ʜʣʠʪʩʷ ʧʨʠʤʝʨʥʦ ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʤʘʡ, ʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, 
ʯʪʦ ʜʣʠʪʝʣʴʥʘʷ ʟʠʤʘ ʪʨʝʙʫʝʪ ʭʦʨʦʰʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʜʦʤʦʚ. ʆʜʥʘʢʦ 
ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ʛʦʜʫ ʚʝʣʠʢʦ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟ-
ʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ. 

ʀʟ-ʟʘ ʩʠʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʟʠʤʳ ʠ ʣʝʪʘ ʞʠʪʝʣʠ ʂʘʟʘʭʩʪʘʥʘ 
ʜʦʣʞʥʳ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴ ʩʚʦʡ ʦʙʨʘʟ ʞʠʟʥʠ ʢ ʩʝʟʦʥʘʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʜʦʤʘ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʠ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ.  

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʞʠʣʠʱʝ ï ʵʪʦ ʞʠʣʴʝ, ʩʦʟʜʘʥʥʦʝ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʠ 
ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦ-
ʚʘʥʠʡ ʢ ʪʘʢʦʤʫ ʞʠʣʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʘ, ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢ-
ʪʦʨʦʚ, ʤʠʢʨʦ-ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɼʦʤ, ʢʦʪʦʨʳʡ ʞʠʚʝʪ ʟʘ ʩʯʝʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ 
ʢ ʜʦʤʫ ʥʫʣʝʚʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʝʚʦʟʦʙʥʦʚʣʷʝ-
ʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʊʘʢʦʡ ʜʦʤ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ, ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ [4]. 

ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʢʨʘʱʝ-
ʥʠʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩʥʠʞʝʥʠʠ ʨʠʩʢʘ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 
ʥʘʩʝʣʝʥʠʷ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʩʦʟʜʘʥʠʶ ʟʝʣʝʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʇʨʠʤʝʨʳ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʷ-
ʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʵʣʝʢʪʨʦʤʦʙʠʣʠ, ʙʠʦʨʘʟʣʘʛʘʝʤʫʶ ʫʧʘʢʦʚʢʫ, ʫʪʠʣʠʟʘʮʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʫ 
ʦʪʭʦʜʦʚ, ʫʤʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʠ ʜʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʥʝʛʘʪʠʚʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʵʥʝʨʛʠʶ 
ʠ ʨʝʩʫʨʩʳ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ, 
ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʟʘʙʦʪʝ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʧʨʦʙʣʝʤʘ ʵʢʦʣʦʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩ yʙʦʣʝʝ ʘʢ-
ʪʫʘʣʴʥʦʡ ʠ ʥʘʩʫʱʥʦʡ.  

ɾʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʢʘʢ ʦʜʥʘ ʠʟ ʦʪʨʘʩʣʝʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʢʘʟʳʚʘʝʪ 
ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʪʨʝʙʣʝʥʠʝ 
ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʩʪʦʱʝʥʠʝ ʧʨʠʨʦʜʳ ï ʚʩy ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʩʠʪʫʘʮʠʠ ʥʘ ʧʣʘʥʝʪʝ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʠ ʧʨʠʤʝ-
ʥʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʠ-
ʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʝʣʘʪʴ ʞʠʣʴʝ ʙʦʣʝʝ ʢʦʤʬʦʨʪ-
ʥʳʤ ʜʣʷ ʞʠʟʥʠ. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦ-
ʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʠʨʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘ-
ʶʪ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʦʙʨʘʙʦʪʢʫ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠ ʯʠʩʪʳʤʠ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʠʝ, ʢʘʢ ʜʨʝʚʝʩʠʥʘ, 
ʢʠʨʧʠʯ ʠʣʠ ʢʘʤʝʥʴ, ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳ, ʥʦ ʠ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʪʝʧ-
ʣʦʠʟʦʣʷʮʠʝʡ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʪʦʧʣʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʢʘʢ 
ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚʦ ʚʨʝʤʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʜʨʝʚʝʩʠʥʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ ʠ ʜʣʠʪʝʣʴʥʳʤ 
ʩʨʦʢʦʤ ʩʣʫʞʙʳ. ʊʘʢʞʝ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ʠ ʜʝʤʦʥʪʘʞʘ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [5]. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ 
ʫʣʫʯʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʪʝʧ-
ʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ 
ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ 
ʛʘʟʦʚ [3]. 
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ʂʨʦʤʝ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʘʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʟʝʣʝʥʳʭ ʟʦʥ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ ʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 
ʫʩʣʦʚʠʷʤ ʞʠʣʠʱʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʤʘ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ 
ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʫʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠ ʫʪʝʧʣʷʪʴ ʬʘʩʘʜʳ ʟʜʘ-
ʥʠʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʫʣʫʯʰʠʪʴ ʤʠʢ-
ʨʦʢʣʠʤʘʪ ʠ ʩʦʟʜʘʪʴ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ. 

ʉʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ ʜʦʤʝ, 
ʪʘʢʠʝ ʢʘʢ ʜʘʪʯʠʢʠ ʦʩʚʝʱʝʥʠʷ, ʨʝʛʫʣʠʨʦʚʢʘ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝ-
ʤʳ ʚʝʥʪʠʣʷʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʘʢʞʝ ʚʘʞʥʳʤ ʚ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥ-
ʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ. ʅʘʧʨʠʤʝʨ, ʫʤʥʳʡ ʜʦʤ, ʦʩʥʘʱʝʥʥʳʡ ʩʝʥʩʦ-
ʨʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ 
ʚʦʜʳ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʦʤʝʱʝʥʠʠ, ʦʪʢʨʳ-
ʚʘʪʴ ʠ ʟʘʢʨʳʚʘʪʴ ʦʢʥʘ ʠʣʠ ʫʧʨʘʚʣʷʪʴ ʩʠʩʪʝʤʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ, ʟʘʩʪʨʦʡʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʣʠʷʥʠʝ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʩ ʢʘʤʝʥʥʳʤʠ ʟʜʘʥʠʷʤʠ. ʇʨʠ ʪʘʢʦʤ 
ʪʠʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʛʨʘʝʪ ʤʥʦʛʦ ʥʝʤʘʣʦʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠ ʦʟʝʣʝʥʝʥʠʠ ʟʜʘʥʠʷ ʥʘʜʦ ʫʯʠ-
ʪʳʚʘʪʴ ʧʦʣʠʚ ʨʘʩʪʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʫ ʩʝʟʦʥʦʚ, ʚʠʜ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʨʝʘʢʮʠʷ ʥʘ 
ʨʘʟʣʠʯʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʜʣʷ ʧʦʣʠʚʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʤʥʫʶ ʩʠʩʪʝʤʫ ʧʦʣʠʚʘ ʚʦʜʳ, 
ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʞʜʝʚʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʧʨʦʚʦʜ-
ʥʦʡ ʚʦʜʳ ʚʪʦʨʠʯʥʦ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷʤʠ ʞʠʪʝʣʷʤʠ ʟʘʩʪʨʦʡʢʠ. ɼʘʥʥʳʡ ʪʠʧ ʟʘʩʪʨʦʡʢʠ ʷʚ-
ʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚ ʤʝʛʘʧʦʣʠʩʘʭ ʩ ʧʣʦʭʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʦʡ, ʪʘʢ ʢʘʢ ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤ ʦʯʠʩʪʠʪʝʣʝʤ ʚʦʟʜʫʭʘ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦ-
ʚʠʡ, ʛʜʝ ʝʩʣʠ ʚʟʷʪʴ ʧʨʠʤʝʨ ʩ ʜʦʤʘ çCaterpillar Houseè, ʢʦʪʦʨʳʡ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʉʝʙʘʩʪʴʷ-
ʥʦʤ ʀʨʨʘʨʘʟʘʚʘʣʝʤ. ɼʘʥʥʦʝ ʟʜʘʥʠʝ ʠʤʝʝʪ ʧʘʩʩʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ, ʠʟ-ʟʘ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʜʦʤʦʚ ʚ ɸʥʜʩʢʠʭ ʛʦʨʘʭ. ʕʪʦʪ ʬʘʢʪʦʨ ʠʩʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʠʮʠʦʥʝʨʦʚ. 

ɼʘʥʥʳʡ ʪʠʧ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʚ ʜʠʧʣʦʤʥʦʤ ʧʨʦʝʢʪʝ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʚʦʟ-
ʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʯʠʥʘʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 
ʩʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ. 

ɽʩʪʴ 3 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʝʤ, ʘ ʠʤʝʥʥʦ: 

¶ LEED (ʈʫʢʦʚʦʜʩʪʚʦ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʷʚʣʷʝʪʩʷ 
ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ ʜʣʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ɿʝʣʝʥʳʭ ʟʜʘʥʠʡ (green building)); 

¶ ENERGY STAR (ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 
ʪʦʚʘʨʦʚ); 

¶  Passive House (ʩʪʘʥʜʘʨʪ ʟʜʘʥʠʷ, ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪ-
ʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʦʧʣʝʥʠʷ ʠʣʠ ʤʘʣʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʘʩʩʠʚ-
ʥʳʭ ʤʝʪʦʜʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ).  

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ, 
ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ, ʥʦ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʟʦʥʳ, ʦʬʠʩʥʳʝ 
ʧʦʤʝʱʝʥʠʷ, ʦʙʲʝʢʪʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʨʝʩʪʦʨʘʥʳ, ʩʧʦʨʪʠʚʥʳʝ ʧʣʦʱʘʜ-
ʢʠ, ʜʝʪʩʢʠʝ ʩʘʜʳ) ʠ ʟʝʣʝʥʳʝ ʟʦʥʳ ʜʣʷ ʦʪʜʳʭʘ ʠ ʨʝʢʨʝʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 
ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʫʜʦʙʩʪʚʘ ʞʠʣʴʮʦʚ. ʃʶʜʠ ʤʦʛʫʪ ʞʠʪʴ, ʨʘʙʦʪʘʪʴ 
ʠ ʧʨʦʚʦʜʠʪʴ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʣʛʠʭ ʧʦʝʟʜʦʢ ʠ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝ-
ʤʝʱʝʥʠʷ. ʊʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʦʩʦʙʝʥʥʦ ʧʦʧʫʣʷʨʥʘ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ, ʢʘʢ ʠ ʥʘʰ ʛʦʨʦʜ ɸʣʤʘ-
ʪʳ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʥʳʡ ʨʠʪʤ ʞʠʟʥʠ. ʀʩʧʦʣʴʟʫʷ 
ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʞ-
ʜʝʚʦʡ ʚʦʜʳ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ 
ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʢʦʤʧʣʝʢʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [1]. 
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4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ɺ ʥʘʰʝʤ ʞʠʣʦʤ ʢʦʤʧʣʝʢʩʝ ʤʳ ʩʪʨʝʤʠʤʩʷ ʩʦʟʜʘʪʴ ʫʥʠʢʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʞʠʣʴ-

ʮʳ ʤʦʛʫʪ ʥʘʩʣʘʜʠʪʴʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʢʦʤʬʦʨʪʦʤ, ʥʝ ʚʨʝʜʷ ʧʨʠʨʦʜʝ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʟʝʣʝʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʤʦʞʥʦ ʦʪʜʦʭʥʫʪʴ ʠ ʥʘʩʣʘʜʠʪʴʩʷ ʧʨʠʨʦʜʦʡ. ʄʳ ʪʘʢʞʝ ʫʜʝʣʷʝʤ 

ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʤʧʣʝʢʩʘ, ʥʘ ʢʨʳʰʝ ʜʦʤʘ ʠ ʥʘ 

ʪʝʨʨʘʩʘʭ. ʄʳ ʚʳʩʘʞʠʚʘʝʤ ʩʧʝʮʠʘʣʴʥʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʯʠʩʪʢʝ ʚʦʟ-

ʜʫʭʘ ʠ ʩʦʟʜʘʥʠʶ ʫʥʠʢʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʫʢʨʘʰʘʝʪ ʥʘʰʫ ʪʝʨʨʠʪʦʨʠʶ, ʥʦ ʠ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʞʠʪʝʣʝʡ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʦʩʚʝʞʠʪʝʣʠ 

ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʠ ʦʯʠʱʘʶʪ ʚʦʟʜʫʭ ʦʪ ʟʘ-

ʛʨʷʟʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʥʳʝ ʜʚʝʨʠ ʠ ʦʢʥʘ. ʕʢʦʣʦʛʠʯʥʳʝ ʜʚʝʨʠ ʠ ʦʢʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦ-

ʨʦʰʫʶ ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʠ ʩʦʭʨʘʥʷʶʪ ʪʝʧʣʦ ʚ ʧʦʤʝʱʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʵʥʝʨ-

ʛʦʟʘʪʨʘʪʘʭ. ʄʳ ʪʘʢʞʝ ʨʘʙʦʪʘʝʤ ʥʘʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʄʳ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʝʤʩʷ ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʪʭʦʜʦʚ: ʢʘʢ ʧʠʱʝʚʳʭ, ʪʘʢ ʠ ʧʣʘʩʪʠʢʦʚʳʭ. ʄʳ 

ʩʦʙʠʨʘʝʤ ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʢʦʤʧʦʩʪʘ. ʊʘʢʞʝ ʫ ʥʘʩ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʩʙʦʨʘ ʧʣʘʩʪʠʢʦʚʳʭ 

ʠ ʮʝʣʣʦʬʘʥʦʚʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ. 

ʅʘʰ ʞʠʣʦʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʤʝʩʪʦ ʜʣʷ ʞʠʣʴʷ, ʵʪʦ ʤʝʩʪʦ, ʛʜʝ ʤʦʞʥʦ ʞʠʪʴ ʚ 

ʛʘʨʤʦʥʠʠ ʩ ʧʨʠʨʦʜʦʡ ʠ ʟʘʙʦʪʠʪʴʩʷ ʦ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ʄʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʥʘʰ ʧʨʠʤʝʨ ʙʫʜʝʪ 

ʚʜʦʭʥʦʚʣʷʪʴ ʜʨʫʛʠʝ ʩʦʦʙʱʝʩʪʚʘ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʛʦʨʦʜʩʢʠʝ ʩʨʝʜʳ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʙʲ-

ʝʜʠʥʷʪʴ ʫʩʠʣʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʙʠʟʥʝʩʘ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [6].  

 

5 ɺʓɺʆɼʓ 

ɺ ʮʝʣʦʤ, ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʞʠʣʠʱʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝ-

ʯʝʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʠ.  

ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦʙʳ 

ʩʪʨʦʠʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʤʘ ʚ ʙʫʜʫʱʝʤ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝ-

ʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ. 
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______________________________________________________________________ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʩʪʳʢʦʚʢʝ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘ-

ʥʠʝ ʫʜʝʣʝʥʦ ʤʝʪʦʜʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ, ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʭʠʭ ʠ ʘʜʛʝʟʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʘʨʤʘʪʫʨ-

ʥʳʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʡ, ʧʦʚʳʩʠʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ ʠ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʳʢʦʚʢʘ, ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʨʢʘʩʥʳʝ 

ʟʜʘʥʠʷ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 

 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ϨʘϬϨʘʣʳ ϤʠʤʘʨʘʪʪʘʨʜʘϤʳ ʪʝʤʽʨʙʝʪʦʥ Ϩϰʨʳʣʳʤʜʘʨʜʳ 

ʙʽʨʽʢʪʽʨʫʜʽϬ ʟʘʤʘʥʘʫʠ ʠʥʥʦʚʘʮʠʷʣʳϨ ʪϸʩʽʣʜʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʅʝʛʽʟʛʽ ʥʘʟʘʨ Ϩϰʨʳʣʳʤ-

ʜʘʨʜʳϬ ʙʝʨʽʢʪʽʛʽʥ, ϰʟʘϨ ʤʝʨʟʽʤʜʽʣʽʛʽʥ ʞϸʥʝ Ϯʥʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ 

ϸʜʽʩʪʝʨʛʝ ʘʫʜʘʨʳʣϤʘʥ. ɾʦϤʘʨʳ ʙʝʨʽʢʪʽ ʙʝʪʦʥʜʳ, ʢʦʤʧʦʟʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨʜʳ, ϨϰʨϤʘϨ 

ʞϸʥʝ ʞʝʣʽʤʜʽʢ ʙʽʨʽʢʪʽʨʫʣʝʨʜʽ, ʩʦʥʜʘʡ-ʘϨ ʠʥʥʦʚʘʮʠʷʣʳϨ ʘʨʤʘʪʫʨʘʣʳϨ ʞϮʡʝʣʝʨʜʽ Ϩʦʣʜʘʥʫ 

Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʆʩʳ ϸʜʽʩʪʝʨʜʽ ʝʥʛʽʟʫ ϤʠʤʘʨʘʪʪʘʨʜʳϬ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʡ-

ʪʘʨʣʳϨʪʘʡ ʞʘϨʩʘʨʪʳʧ, ʦʣʘʨʜʳϬ ʞϮʢʪʝʤʝʣʝʨ ʤʝʥ ʩʳʨʪϨʳ ϸʩʝʨʣʝʨʛʝ ʪϺʟʽʤʜʽʣʽʛʽʥ ʘʨʪ-

ʪʳʨʳʧ, Ϩϰʨʳʣʳʩ ʫʘϨʳʪʳʥ ʞϸʥʝ ʰʳϤʳʥʜʘʨʳʥ ʘʟʘʡʪʘʪʳʥʳ ʢϺʨʩʝʪʽʣʛʝʥ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʙʽʨʽʢʪʽʨʫ, ʪʝʤʽʨʙʝʪʦʥ Ϩϰʨʳʣʳʤʜʘʨ, ϨʘϬϨʘʣʳ Ϥʠʤʘʨʘʪʪʘʨ, ʠʥʥʦʚʘ-

ʮʠʷʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʙʝʨʽʢʪʽʢ, ϰʟʘϨ ʤʝʨʟʽʤʜʽʣʽʢ. 

 

Abstract. The article discusses modern innovative approaches to the joining of precast 

reinforced concrete structures in frame buildings. The focus is on methods that enhance the 

strength, durability, and cost-efficiency of constructions. The use of high-strength concrete, 

composite materials, dry and adhesive joints, and innovative reinforcement systems are consid-

ered. It is shown that the implementation of these methods significantly improves the operation-

al characteristics of buildings, increases their resistance to loads and external influences, and 

reduces construction time and costs. 

Key words: joining, precast reinforced concrete structures, frame buildings, innovative 

technologies, strength, durability. 

______________________________________________________________________ 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɽʨʙʦʣײʣʳ ɾ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʫʙʘʢʠʨʦʚʘ ɹ. ʄ.  

 

1 ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʝʨʝʞʠʚʘʝʪ ʬʘʟʫ ʘʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 
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ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʨʘʜʠʮʠʦʥ-

ʥʳʝ ʤʝʪʦʜʳ ʩʪʳʢʦʚʢʠ ʪʘʢʠʝ, ʢʘʢ ʘʨʤʘʪʫʨʥʳʝ ʚʳʧʫʩʢʠ, ʟʘʢʣʘʜʥʳʝ ʜʝʪʘʣʠ ʠ ʩʚʘʨʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʪʳʢʦʚʢʝ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʣʘʛʘ-

ʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ, ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʭʠʭ ʠ ʘʜʛʝʟʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʩʠʩʪʝʤ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʡ, ʧʦʚʳʩʠʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ 

ʠ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʠ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʪʳʢʦʚʢʠ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɺʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʠʩʧʳʪʘʥʠʡ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʩʪʳʢʦʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ ɸ.ʍ. ɹʘʡʙʫʨʠʥʘ, ʄ.ɺ. ʄʠʰʥʝʚʘ 

ʠ ɽ.ɺ. ʈʫʤʷʥʮʝʚʘ. 

ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʥʘʧʨʷʛʘʝʤʦʡ ʠ 

ʥʝʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʦʡ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʉ.ʍ. ɹʘʡʨʘʤʫʢʦʚʳʤ ʚ ʝʛʦ ʜʠʩʩʝʨʪʘʮʠ-

ʦʥʥʦʡ ʨʘʙʦʪʝ, ʯʪʦ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɸ.ʀ. ɹʝʜʦʚ, 

ɺ.ɺ. ɿʥʘʤʝʥʩʢʠʡ ʠ ɸ.ʀ. ɻʘʙʠʪʦʚ ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʠ ʠ ʫʩʠʣʝʥʠʠ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʦʝʥʠʡ. 

ɺ.ɸ. ɹʝʢʢʝʨ ʠ ɸ.ʅ. ʅʘʨʫʰʝʚʠʯ ʧʨʦʚʝʣʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʥʝʢʦʪʦʨʳʭ ʜʝ-

ʬʝʢʪʦʚ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʩʪʳʢʦʚ ʥʘ ʥʝʩʫʱʫʶ ʩʠʩʪʝʤʫ ʧʘʥʝʣʴʥʦʛʦ ʟʜʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳ-

ʷʚʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʝʪʦʜʠ-

ʯʝʩʢʠʝ ʧʦʩʦʙʠʷ ʧʦ ʥʝʣʠʥʝʡʥʳʤ ʨʘʩʯʝʪʘʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ɸ.ʅ. ɼʘʚʠʜʶʢʦʤ, ʀ.ʀ. ɺʝʜʷʢʦʚʳʤ ʠ ʉ.ɹ. ʂʨʳʣʦʚʳʤ, ʷʚʣʷʶʪʩʷ 

ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʠʥʞʝʥʝʨʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ɺ.ɸ. ɹʨʫʷʢʠ ʠ ʝʛʦ ʢʦʣʣʝʛ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ANSYS 

Workbench, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ɺ.ɺ. ɹʦʣʦʪʦʚʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʣ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʚ ʨʘʩʯʝʪʘʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦ-

ʛʠʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ɽ.ʉ. ɺʝʥʪʮʝʣʴ ʚ ʩʚʦʝʤ ʫʯʝʙʥʠʢʝ ʧʦ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʣ ʚʘʞʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʘʩʧʝʢ-

ʪʦʚ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʉʪʳʢʦʚʢʘ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʩʪʨʫʢʪʫʨʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʊʨʘʜʠʮʠ-

ʦʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʩʚʘʨʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʤʘʪʫʨʥʳʭ ʚʳʧʫʩʢʦʚ, ʠʤʝʶʪ ʩʚʦʠ ʦʛʨʘʥʠ-

ʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʕʪʠ ʧʦʜʭʦʜʳ ʚʢʣʶʯʘʶʪ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ, ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʭʠʭ ʠ ʘʜʛʝʟʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʩʠʩʪʝʤ. 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ (ɺʇɹ) ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʦʚ. ɺʇɹ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʘʛʨʫʟʢʘʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʠ ʫʛʣʝʧʣʘʩʪʠʢʠ, ʦʙʣʘ-

ʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʣʝʛʢʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʦʚ. 
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ʉʫʭʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʤʢʦʚ 

ʉʫʭʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʟʘʤʢʠ ʠ ʢʦʥʥʝʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʪ ʦʪʢʘ-

ʟʘʪʴʩʷ ʦʪ ʩʚʘʨʢʠ ʠ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʝ ʤʦʥʪʘʞʘ. ʕʪʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʫʶ ʠ 

ʥʘʜʝʞʥʫʶ ʩʪʳʢʦʚʢʫ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʠʞʘʝʪ 

ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʟʘʤʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʝʜʠʥʷʪʴ ʩʙʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʙʝʟ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʨʝʧʣʷʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʜʛʝʟʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʘʜʛʝʟʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣʘʭ ʠ ʜʨʫʛʠʭ ʢʣʝʝ-

ʚʳʭ ʩʦʩʪʘʚʘʭ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʯʥʳʝ ʠ ʛʝʨʤʝʪʠʯʥʳʝ ʩʪʳʢʠ. ɸʜʛʝʟʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙ-

ʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʥʘʛʨʫʟʢʘʤ ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʚ ʩʣʦʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʤʠʥʠʤʠʟʠʨʫʶʪ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʠʝ, ʢʘʢ ʛʥʫʪʳʝ ʠ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ 

ʩʪʝʨʞʥʠ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟ-

ʣʦʚ. ʇʨʝʜʥʘʧʨʷʞʝʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʛʨʫʟʦʢ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʪʳʢʦʚʢʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʣʘʙʦ-

ʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʮʝ-

ʥʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʥʘʪʫʨʥʳʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ 

ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʠʩʧʳʪʘ-

ʥʠʷ ʥʘ ʩʞʘʪʠʝ, ʨʘʩʪʷʞʝʥʠʝ, ʠʟʛʠʙ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʢ ʢʦʨʨʦʟʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʨʦʙʣʝʤ ʩʦ ʩʪʳʢʦʚʢʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ ʩʪʳʢʦʚʢʠ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʥʦʩʷʪʩʷ: 

¶ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʥʠʟʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ; 

¶ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʤʦʥʪʘʞʘ; 

¶ ʦʛʨʘʥʠʯʝʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʩʪʳʢʦʚʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʠ ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʨʝʜʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʩʪʳʢʦ-

ʚʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ ʠ ʨʘʟʨʫʰʝʥʠʶ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʦʚ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ: 

¶ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ; 

¶ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

¶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩʪʳ-

ʢʦʚʢʠ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʜʛʝʟʠʚʥʳʝ ʠ ʩʫʭʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ (ɺʇɹ) ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʪʣʠʯʥʳʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɺʇɹ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʧʦʪʝʨʠ 

ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ. ʂʦʤʧʦʟʠʪʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʢʣʦʧʣʘʩʪʠʢʠ ʠ ʫʛʣʝʧʣʘʩʪʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʥʠʟʢʦʡ ʤʘʩʩʝ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʫʭʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʤʢʦʚ 

ʉʫʭʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʟʘʤʢʠ ʠ ʢʦʥʥʝʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʪ ʦʪʢʘ-

ʟʘʪʴʩʷ ʦʪ ʩʚʘʨʢʠ ʠ ʙʝʪʦʥʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʝ ʤʦʥʪʘʞʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʠʞʘʝʪ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʥʘʜʝʞʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʟʘʤʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. 

ɸʜʛʝʟʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ɸʜʛʝʟʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʩʪʦʡʢʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ ʠ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ, ʤʠʥʠʤʠʟʠʨʫ-

ʶʪ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʘʜʛʝʟʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʦʙʝʥ-

ʥʦ ʵʬʬʝʢʪʠʚʥʦ ʚ ʩʣʦʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʠʝ, ʢʘʢ ʛʥʫʪʳʝ ʠ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʝ ʘʨʤʘʪʫʨʥʳʝ 

ʩʪʝʨʞʥʠ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʳʢʦʚʦʯʥʳʭ ʫʟ-

ʣʦʚ. ʇʨʝʜʥʘʧʨʷʞʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦ-

ʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝ-

ʪʦʜʦʚ ʩʪʳʢʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʢʘʩʥʳʭ 

ʟʜʘʥʠʡ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʩʪʳʢʦʚʢʝ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ, ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʭʠʭ ʠ ʘʜʛʝʟʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʩʠʩʪʝʤ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʕʪʠ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʢʘʩʥʳʭ ʟʜʘʥʠʡ. 

 

5 ɺʓɺʆɼʓ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʣʫʯʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʪʳʢʦʚʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦ-

ʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ 

ʜʝʬʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʪʳʢʦʚʢʠ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʘʭ, ʨʝʛʣʘ-

ʤʝʥʪʠʨʫʶʱʠʭ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦ ʩʦʟʜʘʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ BIM-ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ BIM-ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ, ʪʝʨʨʠʪʦʨʠʡ, çʫʤʥʳʭ ʛʦʨʦ-

ʜʦʚè ʠ ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʘʚʪʦʨʳ ʧʨʦʚʦʜʷʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢ-

ʪʳ, ʧʨʠʥʮʠʧʳ ʠ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. ʊʝʭʥʦʣʦʛʠʷ BIM, ʠʣʠ ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ɿʜʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝ-

ʥʠʶ ʧʨʠʙʳʣʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ, ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: BIM-ʤʦʜʝʣʴ, ʫʤʥʳʡ ʛʦʨʦʜ, ʫʤʥʳʡ ʜʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 
 

ɸשʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ϧʘʟʘϨʩʪʘʥʜʘ ʦʙʲʝʢʪʽʣʝʨʜʽϬ ʦʧʝʨʘʮʠʷʣʳϨ BIM Ϯʣʛʽʣʝʨʽʥ 

Ϩϰʨʫʜʳ ʨʝʪʪʝʡʪʽʥ ʟʘϬʥʘʤʘʣʳϨ ʘʢʪʽʣʝʨ ʩʠʧʘʪʪʘʣϤʘʥ, ϤʠʤʘʨʘʪʪʘʨʜʳϬ, ʘʫʤʘϨʪʘʨʜʳϬ, 

çʘϨʳʣʜʳ ϨʘʣʘʣʘʨʜʳϬè BIM Ϯʣʛʽʣʝʨʽ ʞϮʡʝʩʽʥʜʝʛʽ Ϩʘʪʳʥʘʩʪʘʨ ʘʥʳϨʪʘʣϤʘʥ. ʉʦʥʳʤʝʥ 

Ϩʘʪʘʨ, ʘʚʪʦʨʣʘʨ ʦʙʲʝʢʪʽʥʽ ʞʦʙʘʣʘʫ ʢʝʟʝϬʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ʰʳϤʳʥʜʘʨʳʥ Ϩʘʣʳʧʪʘʩʪʳʨʘ 

ʘʣʘʪʳʥ ʪʝʭʥʠʢʘʣʳϨ ʞϸʥʝ ʵʢʦʥʦʤʠʢʘʣʳϨ ʘʩʧʝʢʪʽʣʝʨʜʽ, ϨʘϤʠʜʘʪʪʘʨ ʤʝʥ ʪϸʩʽʣʜʝʨʜʽ 

ʪʘʣϨʳʣʘʡʜʳ. BIM ʪʝʭʥʦʣʦʛʠʷʩʳ ʥʝʤʝʩʝ Building Information Modeling ï ʞʦʙʘʣʘʫϤʘ, ʩʘ-

ʣʫϤʘ ʞϸʥʝ ʧʘʡʜʘʣʘʥʫϤʘ ʞʘϬʘ ʢϺʟϨʘʨʘʩ. ɿʝʨʪʪʝʫʣʝʨ ʢϺʨʩʝʪʢʝʥʜʝʡ, BIM ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʝʥʛʽʟʫ ʧʘʡʜʘ ʤʝʥ ʪʘʙʳʩʪʳʣʳϨʪʳ ʘʨʪʪʳʨʘʜʳ, ʰʳϤʳʥʜʘʨʜʳ ʘʟʘʡʪʘʜʳ, Ϻʥʽʤʜʽʣʽʢʪʽ 

ʞϸʥʝ ʞʦʙʘʥʳϬ ʞʘʣʧʳ Ϩϰʥʳʥ ʘʨʪʪʳʨʘʜʳ. 
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ʜʝʫ, ʞʦʙʘʣʘʫ. 
 

Abstract. This article describes the legislative acts regulating the creation of operational 

BIM models of objects in Kazakhstan. The relationships in the system of BIM models of build-

ings, territories, "smart cities" and processes are determined. In addition, the authors conduct 

technical and economic aspects, principles and approaches that can form operating costs at the 

design stage of the object. BIM technology, or Building Information Modeling, is a new ap-

proach to design, construction and operation. Research has shown that the introduction of BIM 

technologies helps to increase profits and profitability, reduce costs, improve productivity and 

the overall cost of the project.  

Key words: BIM model, smart city, smart home, operation, information modeling, de-

sign. 
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1 ɺɺɽɼɽʅʀɽ 

ʇʨʦʮʝʩʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʵʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʦʙʲʝʢʪʘ, ʥʘʯʠʥʘʷ ʩ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʝʡ, 

ʨʝʤʦʥʪʦʤ ʠ ʜʘʞʝ ʜʝʤʦʥʪʘʞʝʤ. ʀ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘ ʫʯʘʩʪʥʠʢʠ ʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʘʶʪ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʙʠʙʣʠʦʪʝʢʘʤʠ ʵʣʝ-

ʤʝʥʪʦʚ ʦʙʲʝʢʪʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʠʜʦʚ ʨʘʙʦʪ, ʩʦʩʪʘʚʣʷʶ-

ʱʠʤʠ ʦʩʥʦʚʫ ɽʜʠʥʦʛʦ ʂʣʘʩʩʠʬʠʢʘʪʦʨʘ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʥʘ, ʠʟʤʝʥʝʥʠʷ ʚ 

ʥʝʝ ʤʦʛʫʪ ʚʥʦʩʠʪʴʩʷ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ [1]. 
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ɺ ʂʘʟʘʭʩʪʘʥʝ ʧʨʠʤʝʥʝʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʘʢʪʘʤʠ. ʂʦʜʝʢʩ ʈʝʩʧʫʙ-

ʣʠʢʠ ʂʘʟʘʭʩʪʘʥ çʆ ʟʜʦʨʦʚʴʝ ʥʘʮʠʠ ʠ ʩʠʩʪʝʤʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷè (ʩʪʘʪʴʷ 49ï1) ʦʪʤʝʯʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ BIM-ʪʝʭʥʦʣʦʛʠʶ, ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ. 

ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ çʆ ʩʪʨʦʠʪʝʣʴʩʪʚʝè ʦʪ 16 ʠʶʥʷ 2001 ʛʦʜʘ (ʩʪʘʪʴʷ 32ï1) ʪʘʢʞʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ BIM-ʪʝʭʥʦ-

ʣʦʛʠʶ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʅʘʮʠʦʥʘʣʴʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʛʣʘʤʝʥ-

ʪʘʮʠʷ (ʅʊʈ) çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ (BIM)è ʂʘʟʘʭʩʪʘʥʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ BIM-ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ. ʈʝʰʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ çʆ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʠ BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡ-

ʩʪʚʝè ʦʪ 8 ʘʚʛʫʩʪʘ 2019 ʛʦʜʘ ʧʨʝʜʣʘʛʘʝʪ ʤʝʨʳ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BIM-

ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [2]. ɺ ʦʙʱʝʤ, ʵʪʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʚʥʝʜʨʝʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ.  

 

2 ʊɽʆʈɽʊʀʏɽʉʂɸʗ ɹɸɿɸ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʳ ʠʤʝʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʠ-

ʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. ɽʩʪʴ ʧʦʥʷʪʠʝ ʫʤʥʳʡ ʜʦʤ. 

ʂʘʞʜʳʡ ʠʟ ʚʘʩ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʫʤʥʳʝ ʜʦʤʘ ï ʵʪʦ ʨʘʟʥʳʝ ʚʝʱʠ. ʂʪʦ-ʪʦ, ʥʘʚʝʨʥʦʝ, ʜʫʤʘʝʪ, 

ʯʪʦ ʵʪʦ ʫʤʥʳʝ ʯʘʡʥʠʢʠ ʫʤʥʳʝ ʩʪʠʨʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʫʤʥʳʝ ʩʯʝʪʯʠʢʠ, ʫʤʥʳʝ ʚʠʜʝʦʢʘʤʝʨʳ. 

ʅʦ, ʧʦ ʬʘʢʪʫ, ʵʪʦ ʧʨʠʙʦʨʳ ʠ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ. ʀ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʚ ʦʙʱʝʤ, ʧʦʢʘʟʘʥʠʷ ʢʫʜʘ-ʪʦ ʥʘ ʩʪʦʨʦʥʫ. ʄʳ ʩʤʦʪʨʠʤ ʥʘ ʵʪʦ ʰʠʨʝ, ʧʦʩʢʦʣʴʢʫ ʫʤʥʳʡ 

ʜʦʤ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʪʦ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʵʪʦʛʦ ʜʦʤʘ, ʵʪʦ ʚ 

ʪʦʤ ʯʠʩʣʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʦʙʲʝʢʪ ʠ ʜʦʤ ʧʦʣʫʯʘʝʪ ʠʟʚʥʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʟʘʧʨʦʩʦʚ ʥʘ ʧʦʩʪʘʚʢʫ ʨʝʩʫʨʩʦʚ ʦʪʯʝʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ BIM-ʤʦʜʝʣʠ ʠ ʨʘʙʦʪʳ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʕʪʦ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʘ ʧʦʠʩʢʘ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʤʝʥʷʪʩɹʷ ʵʪʦ 

ʤʦʞʝʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʊʆʠʈ-ʤʠ, ʩ ʢʦʜʘʤʠ, ʩ ʉʄʀʉ-ʤʠ, ʢ ʢʦʪʦʨʦʡ 

ʨʘʩʭʦʜ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʯʝʤʫ [3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ. 

 

ʋʤʥʳʡ ʛʦʨʦʜ, ʫʤʥʳʡ ʜʦʤ ʠ BIM-ʤʦʜʝʣʴ ï ʵʪʦ ʧʦʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʝʨʝʬʨʘʟʠʨʦ-

ʚʘʪʴ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʱʠʝ ʢʦʥʮʝʧʮʠʠ ʠ ʧʦʢʘʟʘʪʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʥʘʰʫ ʨʘʙʦʪʫ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʪʝʭʥʠʢʦʡ, ʢʦʪʦʨʫʶ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. BIM-ʤʦʜʝʣʴ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʯʠʩʝʣ, ʤʘ-
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ʰʠʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʥʝ ʤʦʞʝʤ ʬʠʟʠʯʝʩʢʠ ʠʟʤʝʨʠʪʴ, ʚʟʷʪʴ ʚ ʨʫʢʠ ʠʣʠ ʚʦʟʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʘ ʥʠʭ. ʕʪʦ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʢʪ. ʄʳ ʧʦʣʫʯʘʝʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʤ ʩ ʧʦʤʦʱʴʶ ʥʘʰʠʭ 

ʩʝʥʩʦʨʥʳʭ ʦʱʫʱʝʥʠʡ, ʟʨʝʥʠʷ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʕʪʦ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʠ ʧʨʦʮʝʩʩʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, BIM-ʤʦʜʝʣʴ ï ʵʪʦ ʧʨʦ-

ʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʪʘʧʳ ʠ ʮʝʥʪʨʳ ʛʝʥʝʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʯʝʪʚʝʨʪʴ ʵʪʠʭ ʮʝʥʪʨʦʚ ʦʧʠʩʘʥʘ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʤʳ ʝʱʝ ʥʝ ʜʦʰʣʠ ʜʘʣʴʰʝ ʨʘʩʯʝʪʘ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʝ-

ʮʠʘʣʠʩʪʳ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʚ ʩʚʦʠʭ ʘʥʘʣʠʟʘʭ ʵʬʬʝʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ʫʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʯʠʪʳʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʘʙʩʪʨʘʢʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʦ ʠ ʦʙʱʠʡ ʩʦʮʠʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʥʠ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʢʦʤʬʦʨʪʥʦ ʣʶʜʷʤ ʞʠʪʴ ʚ 

ʪʘʢʦʤ ʜʦʤʝ, ʚ ʪʘʢʦʤ ʛʦʨʦʜʝ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʫʤʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ ʜʚʘ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳʭ ʚʘʨʠʘʥʪʘ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʄʝʩʪʦ BIM-ʤʦʜʝʣʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ çʋʤʥʦʛʦ ʛʦʨʦʜʘè. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʪʨʘʪ ʧʦ ʵʪʘʧʘʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʟʜʘʥʠʷ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʠʜʠʤ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʜʘʥʠʡ ʠ ʤʦʞʝʤ ʦʙʦʟʥʘʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʬʠ-

ʥʘʥʩʦʚʳʝ ʘʩʧʝʢʪʳ. ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʤʢʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʋ ʥʘʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʩʨʝʜʥʝʤ 

ʢʘʢʦʛʦ-ʪʦ ʟʜʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 3-4 ʛʦʜʘ ʧʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ʕʪʦ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʦʚʦ-

ʢʫʧʥʦʩʪʠ ʟʘʪʨʘʪ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 20% ʦʪ ʦʙʱʠʭ. ɸ ʚʩʸ ʦʩʪʘʣʴʥʦʝ ï ʵʪʦ ʞʠʟʥʴ ʠ ʮʠʢʣ ʟʜʘʥʠʷ, 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ï ʚ ʪʝʯʝʥʠʝ 50 ʣʝʪ. ʀʤʝʥʥʦ ʪʘʤ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʩ-

ʭʦʜʦʚ ʠ ʟʘʪʨʘʪ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 80% ʦʪ ʦʙʱʝʛʦ ʩʦʚʦʢʫʧʥʦʛʦ ʦʙʲʝʤʘ ʩʨʝʜʩʪʚʘ [3.]  

ʆʪʜʝʣʴʥʦ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʢʘʢʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩ ʥʘʧʦʣʥʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ, ʯʪʦ ʟʘʛʨʫʞʘʝʪʩʷ, ʠ ʢʘʢ ʵʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ BIM-

ʤʦʜʝʣʠ, ʦʥʠ ʩʦʟʜʘʶʪʩʷ ʥʘ ʥʝʢʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʫʞʝ ʧʦʣʩʝ 

ʪʦʛʦ, ʢʘʢ ʟʜʘʥʠʝ ʚʚʝʜʝʥʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʦʩʦʙʦʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʠ. ʆʙʱʠʡ ʩʤʳʩʣ ʚ ʪʦʤ, ʯʪʦ ʚʥʫʪʨʠ ʢʘʞʜʳʡ ʠʟ ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʪʦ ʟʜʘʥʠʝ ʠʣʠ ʛʦʨʦʜ, ʠ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʝʪʘʣʠʟʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ.  

LOD ï Levels of Detail, ʠʣʠ ʫʨʦʚʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʧʨʦʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʘ ʚ ʮʠʬ-

ʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. ʋʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʘʪʨʠʙʫʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ. ʄʦʜʝʣʴ ʧʝʨʝʭʦʜʠʪ ʚ ʤʦʜʝʣʴ ʘʢʪʠʚʘ ʩ ʥʘʨʘʱʠʚʘʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʝʝ ʚʩʝʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʚʚʝʜʝʥʳ ʚ ʟʘʜʘʥʠʠ ʩʦʦʨʫʞʝʥʠʷ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʝʛʦ ʟʘ-

ʧʨʦʝʢʪʠʨʦʚʘʣʠ, ʚʢʣʶʯʝʥʠʝ ʫ ʥʝʛʦ ʜʘʥʥʳʭ ʧʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʢʫʤʝʥʪʘʮʠʷʤ ʠ ʜʘʥʥʳʭ ʧʦ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʧʨʦʯʝʤ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ï ʵʪʦ ʩʘʤʳʡ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ.  

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʈʘʟʚʠʪʠʝ BIM-ʤʦʜʝʣʠ ʧʦ ʵʪʘʧʘʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

 

ɺ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʙʦʣʴʰʠʭ ʠ ʚʝʩʴʤʘ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʵʪʘʧʘ 

ï ʚʦʟʚʝʜʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʫʧʨʘʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʂ ʪʦʤʫ ʞʝ 
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ʵʪʘʧ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʝʡʩʪʚʠʷ ʧʦ ʩʦ-

ʟʜʘʥʠʶ (ʠʟʤʝʥʝʥʠʶ) ʦʙʲʝʢʪʘ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟ-

ʚʝʜʝʥʠʝ ʟʜʘʥʠʷ ï ʵʪʦ ʥʝʢʦʪʦʨʘʷ çʨʘʟʤʠʥʢʘè ʧʝʨʝʜ ʵʪʘʧʦʤ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ [4].  

 

3 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ.  

1 ʚʘʨʠʘʥʪ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʟʘʪʨʘʪʥʳʡ ʩʧʦʩʦʙ ð ʵʪʦ ʠʟʥʘʯʘʣʴʥʦ ʩʜʝʣʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʫʶ ʤʦʜʝʣʴ ʟʜʘʥʠʷ, ʛʦʨʦʜʘ, ʚ CAD ʩʠʩʪʝʤʝ. ʊʦ ʝʩʪʴ, ʩʦʟʜʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 3D-ʤʦʜʝʣʴ ʠ 

ʥʘʩʳʪʠʪʴ ʝʛʦ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʩʤʝʪʝ ʠ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʠ ʨʘʟʚʠʚʘʪʴ ʜʘʣʝʝ ʵʪʫ ʤʦʜʝʣʴ. ʅʦ ʵʪʦʪ ʩʧʦʩʦʙ ʧʦʜʭʦʜʠʪ, ʝʩʣʠ ʤʳ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʛʦʨʦʜ ʟʘʥʦʚʦ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʉʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (1 ʚʘʨʠʘʥʪ). 

 

2 ʚʘʨʠʘʥʪ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʵʪʦ ʚʪʦʨʦʡ ʧʫʪʴ. ʕʪʦ ʩʢʘʥʠʨʦʚʘ-

ʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʩʪʨʦʡʢʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʟʘ-

ʩʪʨʦʡʢʠ ʠ ʢʘʢʠʭ-ʪʦ ʜʝʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɺʧʨʦʯʝʤ, 

ʝʩʣʠ ʥʘʤ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʦ ʤʦʜʝʣʴ ʢʘʢʦʛʦ-ʪʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʟʜʘʥʠʷ, ʤʳ ʝʛʦ ʤʦʞʝʤ 

ʦʙʣʝʪʝʪʴ ʥʘ ʙʝʩʧʠʣʦʪʥʠʢʝ, ʩʥʷʪʴ, ʩʜʝʣʘʪʴ ʝʛʦ 3D-ʤʦʜʝʣʴ. ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠ ʊʇ (ʪʝʧʣʦ-

ʚʦʡ ʧʫʥʢʪ) ʤʦʞʝʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʦ ʚ CAD-ʩʠʩʪʝʤʝ, ʠ ʵʪʦ ʙʫʜʝʪ ʚ ʧʨʠʥʮʠʧʝ ʜʦʩʪʘ-

ʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʚʩʝ ʜʘʥʥʳʝ ʦ ʟʜʘʥʠʠ.  

 

 
ʈʠʩʫʥʦʢ 6 ï ʉʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ (2 ʚʘʨʠʘʥʪ). 

 

4 ɿɸʂʃʖʏɽʅʀɽ  

ʆʞʠʜʘʝʤʳʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ BIM ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʝʢʣʘʨʠʨʫʝʪʩʷ. ɺʦ-ʧʝʨʚʳʭ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʣʠʜʠʨʫʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦ ʩʙʦʨʫ ʠ ʫʧʨʘʚʣʝ-

ʥʠʶ ʠʥʬʦʨʤʘʮʠʷʤʠ. ʆʥʠ ʦʩʚʦʙʦʜʷʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʠ ʟʘʧʦʣʥʝ-

ʥʠʷ ʨʫʪʠʥʥʦ-ʙʫʤʘʞʥʳʭ ʦʪʯʝʪʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʧʦ ʚʳʥʝʩʝʥʠʶ ʜʘʥʥʳʭ ʚ ʙʫʤʘʞʥʦʡ 

ʧʦʜʣʠʥʥʠʢʝ. ɽʩʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʠ-
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ʩʪʝʤ. ɸ ʯʪʦ ʙʫʜʝʪ ʜʝʣʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ? BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʝ BIM ʩʠʩʪʝʤʳ, ʯʪʦ ʩ ʥʠʤʠ ʜʘʣʴ-

ʰʝ ʜʝʣʘʪʴ? C ʥʠʤʠ ʥʠʯʝʛʦ ʜʘʣʴʰʝ ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ. ʅʫʞʥʳ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʧʠʰʫʪ ʬʦʨʤʫʣʷ-

ʨʳ ʠ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʣʫʞʙʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪ ʞʫʨʥʘʣʳ ʩʧʨʘʚʢʠ, ʧʝʨʝʦʨʠʝʥ-

ʪʠʨʦʚʘʪʴ ʥʘ ʜʨʫʛʫʶ, ʥʘ ʪʦ, ʯʪʦʙʳ ʦʥʠ ʜʝʣʘʣʠ ʙʦʣʴʰʝ ʦʙʭʦʜʦʚ, ʯʪʦʙʳ ʦʥʠ ʚʳʧʦʣʥʷʣʠ ʨʘʙʦʪʳ 

ʧʦ ʧʨʝʚʝʥʪʠʚʥʦʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʢʨʠʟʠʩ, ʥʘ ʩʠʪʫʘʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ, ʢʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʢʘʢʠʝ ʥʝʪ, ʠ ʥʘ ʯʪʦ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ. ʉʘʤʘ ʩʫʪʴ ʨʘʙʦʪʳ ʧʦ-

ʤʝʥʷʝʪʩʷ. ʀ ʝʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʣʴʟʷ ʧʝʨʝʜʘʪʴ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʙʦʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʳʤ 

ʠʥʪʝʣʣʝʢʪʦʤ ʤʘʰʠʥʘʤ. ʕʪʦ ʨʘʙʦʪʘ ʯʝʣʦʚʝʢʘ, ʦʥʘ ʟʘ ʥʠʤ ʦʩʪʘʥʝʪʩʷ. ʇʨʦʝʢʪʠʨʦʚʱʠʢʠ, ʥʘʙʠ-

ʨʘʷ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ, ʥʘʙʠʨʘʷ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭ-

ʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʝ ʙʫʜʫʪ ʧʘʣʴʮʝʤ ʪʳʢʘʪʴ ʧʦ ʚʦʧʨʦʩʫ, ʘ ʢʘʢʦʡ ʤʘ-

ʪʝʨʠʘʣ ʧʨʠʥʷʪʴ, ʯʪʦ ʩ ʥʠʤ ʜʝʣʘʪʴ. ʇʨʦʝʢʪʠʨʦʚʱʠʢʘ ʙʫʜʝʪ ʞʝʣʝʟʦʙʝʪʦʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝ-

ʥʠʪʴ ʠ ʜʦʢʘʟʘʪʴ ʩʚʦʠ ʨʝʰʝʥʠʷ. ʉʣʝʜʫʶʱʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʤʦʥʪ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʶʜʞʝʪʘ, ʜʣʷ ʢʦʛʦ-ʪʦ ʣʝʛʢʦ, ʘ ʜʣʷ ʢʦʛʦ-ʪʦ ʯʝʨʥʘʷ ʜʳʨʘ. ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ï 

ʵʪʦ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʵʪʠ ʟʘʪʨʘʪʳ ʥʫʞʥʦ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʥʦʨʤʠʨʦʚʘʪʴ. ʇʨʦʮʝʩʩʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʟʨʘʯʥʳʤʠ, ʵʢʦʥʦʤʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʦʩʪʘʣʴʥʳʝ ʦʯʝʚʠʜʥʳʝ ʤʦʤʝʥʪʳ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʫ ʥʝʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʙʲʝʢʪʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ BIM-ʤʦʜʝʣʠ, ʚʥʦ-

ʩʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʧʦ ʵʣʝʤʝʥʪʘʤ ʫʤʥʦʛʦ ʛʦʨʦʜ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʳ ʤʦʞʝʤ ʯʝʪʢʦ 

ʩʢʘʟʘʪʴ, ʛʘʨʘʥʪʠʡʥʳʡ ʩʨʦʢ ʜʦ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦ ̫ʟʜʘʥʠʷ. ɸ ʫʨʦʚʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʩʪʨʘʭʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʧʦʜʨʷʜʯʠʢʘʤʠ ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʫʧʥʳʤ.  
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ʂʘʟʘʭʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ ʠʥʩʪʠʪʫʪ (ʂʘʟɸɼʀ) ʠʤ. ʃ.ɹ. ɻʦʥʯʘʨʦʚʘ 
 

_____________________________________________________________________________ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ 

ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʘ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ çʨʘʟʨʝ-

ʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠè ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʯʝʪʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʦʝʢʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʪʦʥʫ, ʪʝʤ ʩʘʤʳʤ, ʩʧʦʩʦʙʩ-

ʪʚʫʶʱʠʡ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ, ʠʭ ʪʦʯʥʦʩʪʠ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʪʦʥ, ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʩʧʳʪʘʥʠʝ, ʤʥʦʛʦʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʠʟʛʠʙ. ʧʘʨʘʤʝʪʨʳ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. 

https://ardexpert.ru/article/11350
https://isicad.ru/ru/articles.php?article_num=20900
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ɸשʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʙʝʪʦʥ ʢʦʤʧʦʟʠʮʠʷʣʘʨʳʥ ʞʦʙʘʣʘʫ ϸʜʽʩʪʝʤʝʩʽʥ ʜʘʤʳʪʫʜʳϬ 
ʘϤʳʤʜʘϤʳ ʙʘϤʳʪʳ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ, ʦʣ ʝʩʝʧʪʝʫ ϸʜʽʩʪʝʨʽʥʽϬ çʘʡʳʨʫ Ϩʘʙʽʣʝʪʽʥè ʘʨʪʪʳ-
ʨʫʜʘʥ ʪϰʨʘʜʳ, ʷϤʥʠ. ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʬʘʢʪʦʨʣʘʨʜʳ ʞϸʥʝ ʙʝʪʦʥϤʘ Ϩʦʡʳʣʘʪʳʥ ʢʦʥʩʪʨʫʢ-
ʪʠʚʪʽʢ ʪʘʣʘʧʪʘʨʜʳ ʥʝϤϰʨʣʳʤ ʪʦʣʳϨ ʝʩʝʧʢʝ ʘʣʫ ʤϮʤʢʽʥʜʽʛʽ, ʩʦʣ ʘʨϨʳʣʳ ʝʩʝʧʪʝʫ ϸʜʽʩʽ ʘʣ-
ʛʦʨʠʪʤʜʝʨʽʥʽϬ ʪʠʽʤʜʽʣʽʛʽʥ, ʦʣʘʨʜʳϬ ʜϸʣʜʽʛʽ ʤʝʥ ʞʳʣʜʘʤʜʳϤʳʥ ʘʨʪʪʳʨʫϤʘ ʢϺʤʝʢʪʝʩʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʙʝʪʦʥ, Ϩϰʨʳʣʳʤ, ʢʦʥʩʪʨʫʢʮʠʷ, ʢϺʧ ʧʘʨʘʤʝʪʨʣʽ ʜʠʟʘʡʥ, ʩʳʥʘʫ, 
ʩʳϤʳʤʜʘʫϤʘ ʙʝʨʽʢʪʽʢ, ʠʽʣʫ. ʧʘʨʘʤʝʪʨʣʝʨʽ, ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽ. 

 
Abstract. This article discusses the current direction of development of the methodology 

for designing concrete compositions, which consists in increasing the ñresolution powerò of 
calculation methods, i.e. the possibility of more fully taking into account technological factors 
and design requirements for concrete, thereby helping to increase the efficiency of calculation 
method algorithms, their accuracy and speed. 

Key words: concrete, structure, design, multi-parameter design, testing, compressive 
strength, bending. parameters, elastic modulus. 
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1 ɺɺɽɼɽʅʀɽ 

ʈʘʟʚʠʪʠʝ ʙʝʪʦʥʦʚʝʜʝʥʠʷ, ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʦʚ. ʈʘʩʯʝʪʥʳʝ ʩʦʩʪʘʚʳ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʪʨʝʙʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʪʦʯʥʝ-
ʥʠʷ ʜʦ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ 
ʦʢʘʟʳʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦ-
ʪʨʝʙʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʣʘʙʦʨʘ-
ʪʦʨʥʳʭ ʨʘʙʦʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʘ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʢʘʭ. ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝ-
ʥʷʪʴʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʝʩʣʠ ʦʥʠ ʨʝʰʘʶʪ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ʂʘʢ ʧʦʢʘʟʘʣʦ ʚʨʝʤʷ, ʩʪʨʝʤʣʝʥʠʝ 
ʫʥʠʚʝʨʩʘʣʠʟʠʨʦʚʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʠ ʜʠʩʢʫʩʩʠʷ ʦ ʧʨʝʜʧʦʯʪʠ-
ʪʝʣʴʥʦʩʪʠ ʦʜʥʠʭ ʧʦʜʭʦʜʦʚ ʥʘʜ ʜʨʫʛʠʤʠ ʦʢʘʟʘʣʠʩʴ ʥʝʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ.[1] ɸʢʪʫʘʣʴʥʳʤʠ 
ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʘ ʷʚʣʷʶʪʩʷ: 

Å ʫʚʝʣʠʯʝʥʠʝ çʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠè ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ 
ʧʦʣʥʦʛʦ ʫʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʦʝʢʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʝʪʦʥʫ; 

Å ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ, ʠʭ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩ-
ʪʨʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 
ʙʝʪʦʥʦʚʝʜʝʥʠʷ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 
ʩʠʩʪʝʤʥʳʤ ʘʥʘʣʠʟʦʤ. 

 

2 ʄɽʊʆɼʓ 

ɺ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝ-
ʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʘ ʩ ʪʨʝʙʫʝʤʦʡ ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʩʞʘʪʠʠ. ʕʪʦ ʦʙʫʩ-
ʣʦʚʣʝʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʪʝʤ, ʯʪʦ ʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʩʯʝʪʘʭ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ 
ʦʩʥʦʚʥʳʤ ʝʛʦ ʧʘʨʘʤʝʪʨʦʤ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʩ ʧʨʦʯʥʦʩʪʴʶ ʦʜʥʦʟʥʘʯʥʦ 
ʩʚʷʟʘʥʳ ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦʜʥʘʢʦ, ʥʝ 
ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ ʧʨʠ ʩʞʘʪʠʠ ʦʜʥʦʟʥʘʯʥʦ 
ʩʚʷʟʘʥʳ ʤʥʦʛʠʝ ʝʛʦ ʩʚʦʡʩʪʚʘ: ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, ʨʘʩʪʷʞʝʥʠʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʘʚʠ-
ʪʘʮʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʜʨ. ʆʜʥʘʢʦ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʠ 
ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʣʟʫʯʝʩʪʠ ʠ ʪ. ʜ., ʠ ʠʭ ʨʘʩʯʝʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 
ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 
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ʈʘʟʨʘʙʦʪʢʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʛʦ ʠ ʜʦʩʪʫʧʥʦʛʦ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʟʘʜʘʥʥʦʡ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ 

ʙʝʪʦʥʘ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʷʜʘ ʜʦʧʫʱʝʥʠʡ, ʩʜʝʣʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʣʠʷʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

ʊʘʢʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥ (ʧʨʘʚʠʣʦ) ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʧʨʘʚʠʣʦ 

ʧʦʩʪʦʷʥʩʪʚʘ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʧʨʘʚʠʣʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʝʩʢʘ ʠ 

ʜʨ. ɼʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʧʨʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʘ (ʄʇʉɹ). 

ɿʘʜʘʯʠ ʄʇʉɹ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʫʯʠʪʳʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʢ ʥʘ çʚʭʦʜʝè, ʪʘʢ ʠ ʥʘ çʚʳʭʦʜʝè ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʙʝʪʦʥ-

ʥʘʷ ʩʤʝʩʴ ʠ ʙʝʪʦʥ. 

ɺʩʝ ʟʘʜʘʯʠ ʄʇʉɹ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: 

1. ʈʝʮʝʧʪʫʨʥʳʝ ʟʘʜʘʯʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʢʦʤʧʦ-

ʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ; 

2. ʈʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʨʷʜʫ ʩ 

ʫʜʝʣʴʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʟʥʘʯʝʥʠʡ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʙʝʪʦʥʘ. 

ɿʘʜʘʯʠ ʦʙʦʠʭ ʪʠʧʦʚ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʨʝʰʝʥʥʳʤʠ ʣʠʰʴ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ɸʣʛʦʨʠʪʤʳ ʨʝʮʝʧʪʫʨʥʳʭ ʟʘʜʘʯ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʭʦʞʜʝʥʠʝ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ ï 

ʮʝʤʝʥʪʥʦ-ʚʦʜʥʦʛʦ ʦʪʥʦʰʝʥʠʷ (ʎ/ɺ), ʨʘʩʭʦʜʘ ʚʦʜʳ (ɺ), ʦʙʲʝʤʘ ʚʦʚʣʝʯʝʥʥʦʛʦ ʚʦʟʜʫʭʘ (Vʚʭ) ʠ 

ʜʦʣʠ ʧʝʩʢʘ ʚ ʩʤʝʩʠ ʟʘʧʦʣʥʠʪʝʣʝʡ (r), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ʢʦʤ-

ʧʣʝʢʩ ʥʦʨʤʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ. ɸʣʛʦʨʠʪʤʳ ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʚʝʨʜʝʥʠʷ, ʨʝʞʠʤʳ ʫʧʣʦʪʥʝʥʠʷ ʠ ʪ. ʧ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʘʙʩʦʣʶʪʥʳʭ ʦʙʲʝʤʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʨʘʩʭʦʜʳ 

5-ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ (ʮʝʤʝʥʪʘ (ʎ), ʚʦʜʳ (ɺ), ʦʙʲʝʤʘ ʚʦʚʣʝʯʝʥʥʦʛʦ ʚʦʟʜʫʭʘ 

(Vʚʭ), ʤʝʣʢʦʛʦ (ʄ) ʠ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʝʡ (ʂ) [2]. 

 

3 ʈɽɿʋʃʔʊɸʊʓ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʄʇʉɹ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʤʦʞʥʘ ʙʣʘʛʦʜʘʨʷ ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʛʨʫʧʧʳ ʚʘʞʥʝʡʰʠʭ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ ʩ ʎ/ɺ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʩʚʦʡʩʪʚ ʚʭʦʜʷʪ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʨʷʜ ʜʝʬʦʨʤʘʪʠʚʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʦʙʲʝʤʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʘ ʠ ʧʦʨʠʩʪʦʩʪʠ ʙʝʪʦʥʘ. ɼʣʷ ʟʘʜʘʯ ʄʇʉɹ ʧʨʘʚʠʣʦ 

ɺ/ʎ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʘʟʦʚʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʚʝʩʴ ʢʦʤʧʣʝʢʩ 

ʫʢʘʟʘʥʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ. 

ɼʣʷ ʙʝʪʦʥʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʠ ʣʝʛʢʠʭ ʙʝʪʦʥʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʨʝʮʝʧʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ çʧʨʠʚʝʜʝʥʥʦʝ ʎ/ɺè, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ 

ʙʝʪʦʥʘ ʠ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʮʝʣʝʚʘʷ 

ʫʩʪʘʥʦʚʢʘ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ, ʪʘʢ ʠ ʠʤʝʶʱʘʷʩʷ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʧʨʦʩʪʝʡʰʠʭ ʟʘʜʘʯ, ʚʢʣʶʯʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʪʷʞʝʣʦʛʦ ʙʝʪʦʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʙʝʟ ʤʠʥʝʨʘʣʴʥʳʭ, ʚʦʟʜʫʭʦʚʦʚʣʝʢʘʶʱʠʭ ʠ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ, ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʫʣʳ. ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʟʚʝʨʥʫʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ɸ ʚ ʬʦʨʤʫʣʘʭ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʫʪʦʯʥʷʝʪʩʷ 

ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʝʨʝʪʩʷ ʧʦ ʫʢʨʫʧʥʝʥʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʠʣʠ 

ʚʦʦʙʱʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 
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ʈʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʭʦʜʘ ʟʘʧʦʣʥʠʪʝʣʝʡ. ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʫʩʪʦʪʥʦʩʪʠ 

ʟʘʧʦʣʥʠʪʝʣʝʡ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʬʦʨʤʫ-

ʣʦʡ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʟʚʝʩʪʥʳ ʥʘʨʷʜʫ ʩ ʨʘʩʭʦʜʦʤ ʮʝʤʝʥʪʘ ʠ ɺ/ʎ ʣʠʰʴ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ 

ʧʝʩʢʘ, ʨʘʩʭʦʜ ʱʝʙʥʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʨʘʩʩʯʠʪʘʚ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʜʚʠʞʢʠ ʟʝʨʝʥ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ ʂʨ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ. ɽʩʣʠ ʟʘʜʘʥʳ ʧʫʩʪʦʪʥʦʩʪʴ 

ʧʝʩʢʘ ʠ ʱʝʙʥʷ (ʠʭ ʤʦʞʥʦ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ, ʟʥʘʷ ʠʩʪʠʥʥʳʝ ʠ ʥʘʩʳʧʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʟʘʧʦʣʥʠʪʝʣʝʡ) ʨʘʩʯʝʪ ʂʨ ʤʦʞʥʦ ʚʝʩʪʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʧʨʘʚʢʘʤʠ. 

ɹʘʥʢ ʠʤʝʶʱʠʭʩʷ ʚ ʙʝʪʦʥʦʚʝʜʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʝʥʥʦ ʟʘ ʩʯʝʪ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ï ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘʜʝʢʚʘʪʥʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ çʬʘʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ ʟʘʜʘʯ ʄʇʉɹ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʠʥʪʝʨʚʘʣʦʚ ʚʦʟ-

ʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʥʦʨʤʠʨʫʝʤʳʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ [3]. 

ʊʘʢʦʡ ʠʥʪʝʨʚʘʣ ʭʘʨʘʢʪʝʨʝʥ ʦʙʳʯʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʎ/ɺ ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɸʥʘʣʦʛʠʯʥʦ, çʥʦʞʥʠʮʳè ʧʦ ʨʘʩʭʦʜʫ ʚʦʜʳ ʦʙʨʘʟʫʶʪ, ʥʘʧʨʠʤʝʨ, 

ʧʦʢʘʟʘʪʝʣʠ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʫʩʘʜʢʘ ʙʝʪʦʥʘ, ʧʦ ʦʙʲʝʤʫ ʚʦʚʣʝʢʘʝʤʦʛʦ 

ʚʦʟʜʫʭʘ ï ʧʨʦʯʥʦʩʪʴ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ. ʕʪʦ ʪʨʝʙʫʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʛʦʨʠʪʤʳ ʟʘʜʘʯ ʄʇʉɹ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʥʦʨʤʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ 

ʩʚʦʡʩʪʚ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. ɼʦʩʪʠʞʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʞʝʥʠʝ ʠ ʜʨʫʛʠʭ ʥʦʨʤʠʨʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. 

ʅʝ ʚʩʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʟʘʚʠʩʠʤʦʩʪʠ, ʛʜʝ ʈʽ ï ʧʦʢʘʟʘʪʝʣʴ 

ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʟʥʘʯʥʳʤʠ. ʊʘʢ, ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʣʘʛʘʝʪ 

ʩʚʷʟʳʚʘʪʴ ʤʝʨʫ ʧʦʣʟʫʯʝʩʪʠ (ʉm) ʣʠʰʴ ʩ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ ʧʨʠ ʩʞʘʪʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥʥʳʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʉm ʧʨʠ Rʩʞ=const 

ʩʦʜʝʨʞʘʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʛʠʧʦʪʝʟʘʤʠ ʦ ʤʝʭʘʥʠʟʤʝ 

ʜʝʬʦʨʤʘʮʠʡ ʙʝʪʦʥʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ.  

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ ʪʘʢʞʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʧʨʠ ʩʞʘʪʠʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʎ/ɺ ʠʣʠ ɺ/ʎ ʩ ʛʨʫʧʧʦʡ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʧʠʣʣʷʨʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 

(ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨ.). 

ʋʤʝʥʴʰʝʥʠʝ ɺ/ʎ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʩʥʠʞʘʝʪ ʢʘʧʠʣʣʷʨʥʫʶ 

ʧʦʨʠʩʪʦʩʪʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚ ʙʝʪʦʥʝ ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʧʦʨʠʩʪʦʩʪʴ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʠʜʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʩʦʩʪʘʚʝ ʠ ʢʦʨʨʝʢ-

ʪʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ. ʅʘʧʨʠʤʝʨ, ʥʦʨʤʠʨʫʝʪʩʷ ʩʨʝʜʥʷʷ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ Rʩʞ=65 

ʄʇʘ ʠ ʧʦʣʟʫʯʝʩʪʴ ʉm.106=3,5. 

ʇʦʜʚʠʞʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʛʨʘʥʠʪʥʦʤ ʱʝʙʥʝ ʠ ʢʚʘʨʮʝʚʦʤ ʧʝʩʢʝ ʩʨʝʜʥʝʡ ʢʨʫʧ-

ʥʦʩʪʠ ʧʨʠʥʷʪʘ ʆʂ=2ʩʤ. ɸʢʪʠʚʥʦʩʪʴ ʮʝʤʝʥʪʘ Rʮ=50ʄʇʘ. ʇʦ ʬʦʨʤʫʣʝ ʧʨʠ ɸ=0,6 ʎ/ɺ=2,63. 

ʅʝʦʙʭʦʜʠʤʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ɺ=175 ʣ/ʤ3. 

ɺ ʨʷʜʝ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʦʩʪʠʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʦʨʤʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ï ʧʨʠʤʝʥʝʥʠʷ ʜʦʙʘʚʦʢ, ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʠʞʠʤʳʤʠ ʪʨʝʙʦʚʘʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ ʠ ʥʠʟʢʦʡ ʫʩʘʜʢʠ, ʧʦʥʠʞʝʥʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʪ. ʜ. ɺ ʝʱʝ 

ʙʦʣʴʰʝʡ ʤʝʨʝ ʫʩʣʦʞʥʷʶʪʩʷ ʟʘʜʘʯʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝ-

ʨʘʪʫʨʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʚʝʨʜʝʥʠʷ, ʪʠʧʘ ʦʧʘʣʫʙʢʠ ʠ ʜʨ.). 
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ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʚ ʟʘʜʘʯʘʭ ʄʇʉɹ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʫʞʝʥʠʝ 

ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʤʝʩʠ ʠ ʩʜʚʠʛ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʯʝʥʠʡ ʎ/ɺ ʠ ɺ ʚ ʤʝʥʴʰʫʶ 

ʩʪʦʨʦʥʫ. ɺʳʙʦʨ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʄʇʉɹ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʦʙʘʚʦʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤ (ʇʌʄ). ʇʌʄ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʦʜʠʥʘʨʥʳʤʠ, ʪʘʢ ʠ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʨʝʮʝʧʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʙʦʨʦʤ 

ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠ ʧʨʠ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ [4]. 
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______________________________________________________________________ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʜʚʫʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ (Õ) ʥʝ ʷʚʣʷʝʪʩʷ ʧʦ-

ʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʣʦʝʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʫʯʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʣʷ ʠʭ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʚʣʘʞʥʝʥʠʝ, ʢʦʥʜʝʥʩʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

ɸשʜʘʪʧʘ. ɾϰʤʳʩʪʘ ϸʨʪϮʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʳʣϤʘʣʜʳʣʳϨ ʞʘϤʜʘʡʳʥʜʘ ʢʝʡʙʽʨ 

ʞʳʣʫ ʦϨʰʘʫʣʘϤʳʰ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʝʢʽ Ϩʘʙʘʪʪʳ ϨϰʨʳʣʳʤʜʘʨʜʳϬ ʙʫ ϺʪʢʽʟʛʽʰʪʽʛʽʥʽϬ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ʥϸʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ʄʘʪʝʨʠʘʣʜʘʨʜʳ 

ʩʳʥʘʫ ʥϸʪʠʞʝʣʝʨʽ ʙʫʜʳϬ Ϻʪʢʽʟʛʽʰʪʽʛʽ (ɛ) ʪϰʨʘϨʪʳ ʰʘʤʘ ʝʤʝʩ ʝʢʝʥʽʥ ʞϸʥʝ ϨϰʨʳʣʳʤʥʳϬ 

ʤʘʪʝʨʠʘʣʜʳϨ ϨʘʙʘʪʪʘʨʳʥʳϬ ʳʣϤʘʣʜʳʣʳϤʳʥʘ, ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʞϸʥʝ ʦʨʥʘʣʘʩʫʳʥʘ 
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ʙʘʡʣʘʥʳʩʪʳ Ϻʟʛʝʨʝʪʽʥʽʥ ʢϺʨʩʝʪʝʜʽ.ϧϰʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳϬ ʙʫ Ϻʪʢʽʟʛʽʰʪʽʛʽʥ Ϻʣ-

ʰʝʫʜʽϬ ϨʦʣʜʘʥʳʩʪʘϤʳ ϸʜʽʩʪʝʨʽʥ ʦʣʘʨʜʳ ʩʪʘʥʜʘʨʪʪʘʫ Ϯʰʽʥ Ϥʳʣʳʤʠ ʜʘʤʳʪʫ Ϩʘʞʝʪ-

ʪʽʣʽʛʽ ʨʘʩʪʘʣʘʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʙʫ Ϻʪʢʽʟʛʽʰʪʽʛʽ, ʳʣϤʘʣʜʘʥʜʳʨʫ, ʢʦʥʜʝʥʩʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, Ϩʦʨʰʘʫ 

Ϩϰʨʳʣʳʤʜʘʨʳ. 

 

Abstract. The paper presents the results of an experimental study of the vapor permea-

bility characteristics of some thermal insulation materials and double-layer structures under 

various temperature and humidity conditions. The results of material tests show that vapor 

permeability (Õ) is not a constant value and varies depending on humidity, temperature and the 

location of the material layers of the structure. The necessity of scientific development of exist-

ing methods for measuring the vapor permeability of building materials for their standardiza-

tion is confirmed.  

Key words: vapor permeability, humidification, condensation, temperature, enclosing 

structures. 

______________________________________________________________________ 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ʀʜʠʨסʘʣʠʝʚʘ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʫʙʘʢʠʨʦʚʘ ɹ.ʄ.  

 

1 ɺɺɽɼɽʅʀɽ 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʟʘʱʠʪʳ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɿʘʱʠʪʘ ʦʪ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʤʫ ʉʇ 50.13330.2012 çʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʟʜʘʥʠʡè: ʩʚʦʝʚʨʝʤʝʥʥʳʤ 

ʫʜʘʣʝʥʠʝʤ ʚʣʘʛʠ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʛʦ-

ʜʦʚʦʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ [4]. ʆʜʥʦʡ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʨʝʙʫʝʤʦʛʦ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘ-

ʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʦʪ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʠʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘ-

ʚʠʩʷʪ ʦʪ ʠʭ ʚʣʘʞʥʦʩʪʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʫʢʘʟʳʚʘʶʪ ʥʘ ʰʠʨʦ-

ʢʠʡ ʜʠʘʧʘʟʦʥ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩʦʛʣʘʩʥʦ ʉʇ 50.13330.2012 ʩʚʝʜʝʥʳ ʢ ʜʚʫʤ ʟʥʘʯʝʥʠʷʤ ɸ ʠ ɹ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʛʨʘʞʜʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʠ 

ʫʯʠʪʳʚʘʪʴ ʝʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʪʦʯʥʦ ʦʪʨʘʞʘʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ 

ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘ-

ʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʥʠʤʘʣʠʩʴ: ɺ.ʅ. ɹʦʛʦʩʣʦʚʩʢʠʡ, ɺ.ɻ. ɻʘʛʘʨʠʥ, ɺ.ʄ. ʀʣʴʠʥʩʢʠʡ,  

H. Klopfer, K. KieÇl, H.M. K¿nzel, ɺ.ɺ. ʂʦʟʣʦʚ, ɺ.ɸ. ʃʳʢʦʚ, ɺ.ɼ. ʄʘʯʠʥʩʢʠʡ, A.ɻ. ʇʝʨʝʭʦ-

ʞʝʥʮʝʚ, ʉ.ɺ. ʌʝʜʦʩʦʚ, ʂ.ʌ. ʌʦʢʠʥ, ɸ.ʋ. ʌʨʘʥʯʫʢ, ɸ.ʉ. ʕʧʰʪʝʡʥ ʠ ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʘʞ-

ʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʠʤʠ ʫʯʝʥʳʤʠ ʢʘʢ: ɹ.ɺ. ɼʝʨʷʛʠʥ, ɺ. ɺʘʡ-
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ʮʝʢʘʫʩʢʘʩ, ʎ.ɻ. ʀʦʛʘʥʩʦʥ, ʕ.ʕ. ʄʦʥʩʪʚʠʣʘʩ, B. ʇʣʦʥʩʢʠʡ, ʅ.ɺ. ʏʫʨʘʝʚ, ʍ.ɻ. ʕʜʝʥʭʦʣʴʤ,  

ɸ.ʉ. ʕʧʰʪʝʡʥ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʧʦ ʦʮʝʥʢʝ ʚʣʘʞ-

ʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʠʩʧʳʪʘʥʠʶ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʨʫʞʥʳʭ ʩʪʝʥ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ ʚ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ [1]. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɺʣʘʞʥʦʩʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʠ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦʟʠʠ, ʟʘ-

ʤʦʨʘʞʠʚʘʥʠʷ-ʦʪʪʘʠʚʘʥʠʷ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʮʝʣʦʤ. ʉʥʠʞʝʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʭ ʫʚʣʘʞʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʫʚʣʘʞʥʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʝʩʪʴ ʩʥʠʞʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʜʦʡ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʦʡ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʳʰʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʇʝʨʝʭʦʜ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʪʝʧʣʦʟʘʱʠʪʳ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʧʨʠʚʝʣ ʢ 

ʚʥʝʜʨʝʥʠʶ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʘʨʫʞʥʳʭ ʩʪʝʥ [12]. ɺʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʚ ʦʜʥʦʩʣʦʡʥʳʭ. ʊʘʢ, ʘʚʪʦʨʘʤʠ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʩʥʠ-

ʞʝʥʠʝ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʝʛʦ ʥʘʨʫʞʥʳʭ ʦʙʣʠʮʦʚʦʯʥʳʭ ʩʣʦʝʚ. ɸ. ɸ. ɸʥʘʥʴʝ-

ʚʳʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʨʝʜʥʝʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʚ ʧʦʜʦʙʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʣʠʮʦʚʦʯʥʦʛʦ ʩʣʦʷ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʨʟʘʶʱʝʡ ʚʣʘʛʠ ʚ 

ʣʠʮʝʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʠʭ ʨʘʟʨʫʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʌ. ɺ. 

ʋʰʢʦʚ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʦʛʨʘʞʜʝʥʠʷ ʠ ʜʘʣ ʦʮʝʥʢʫ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʤ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʘʤʝʨʟʰʝʡ ʚʣʘʛʠ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʳʩʦʢʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩ-

ʩʣʦʝʥʠʶ ʜʚʫʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʝʢʪʘʤ ʬʘʩʘʜʦʚ ʚ ʚʠʜʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠʣʠ ʦʙʨʫʰʝʥʠʷ 

ʦʙʣʠʮʦʚʦʯʥʳʭ ʩʣʦʝʚ ʥʘʨʫʞʥʳʭ ʩʪʝʥ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʛʠʧʩ ʠ ʢʣʝʝʥʘʷ ʬʘʥʝʨʘ ʧʨʠ ʠʭ 

ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ ʠ 

ʬʦʨʤʳ. 

ɺ ʢʦʥʪʘʢʪʝ ʩ ʫʚʣʘʞʥʝʥʥʳʤ ʫʪʝʧʣʠʪʝʣʝʤ ʩʪʘʣʴʥʳʝ ʩʚʷʟʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ 

ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ. ʉʦʛʣʘʩʥʦ ʧʦ ʥʘʪʫʨʥʳʤ ʦʙʩʣʝʜʦʚʘʥʠʷʤ ʛʘʣʴʚʘʥʠʯʝʩʢʦʝ 

ʮʠʥʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ 15 ʤʢʤ ʥʘ ʛʠʙʢʦʡ ʩʚʷʟʠ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʦʡ 

ʧʨʦʢʦʨʨʦʜʠʨʦʚʘʣʦ ʜʦ ʩʪʘʣʠ ʟʘ ʜʚʘ ʛʦʜʘ. 

ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʟʥʝ-

ʪʚʦʨʥʳʭ ʙʘʢʪʝʨʠʡ, ʧʣʝʩʝʥʠ ʠ ʛʨʠʙʦʚ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪ ʧʦʤʝʱʝʥʠʷ. ʊʘʢ 

ʧʦ ʥʘʪʫʨʥʳʤ ʦʙʩʣʝʜʦʚʘʥʠʷʤ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ ʧʦʜʦʙʥʳʝ ʜʝʬʝʢʪʳ ʙʳʣʠ ʚʳʷʚ-

ʣʝʥʳ ʚ ʤʝʩʪʘʭ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʫʛʣʘʭ ʠ ʩʪʳʢʘʭ ʢʦʥʩʪʨʫʢʮʠʡ), ʛʜʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥ-

ʜʝʥʩʘʪʘ. ʊʘʢʞʝ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʠʪ ʠ ʢ ʧʦʚʳʰʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʛʠʛʠʝʥʠʩʪʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ 

ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʢʘ-

ʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʠʭ ʫʚʣʘʞʥʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʜʝʞʥʳʭ ʤʝ-

ʪʦʜʦʚ ʦʮʝʥʢʠ ʠʭ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʘʞʥʦʩʪʠ ʥʘʨʫʞʥʳʭ ʩʪʝʥ 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʫʚʣʘʞʥʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ʧʦʷʚʣʝʥʠʷ ʚʣʘʛʠ ʚ 

ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʥʦʩʷʪʩʷ: ʩʪʨʦʠʪʝʣʴʥʘʷ ʚʣʘʛʘ, ʛʨʫʥʪʦʚʘʷ ʚʣʘʛʘ, ʘʪʤʦʩʬʝʨʥʘʷ 

ʚʣʘʛʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʚʣʘʛʘ, ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʣʘʛʘ, ʢʦʥʜʝʥʩʘʮʠʷ ʚʣʘʛʠ ʠʟ ʚʦʟʜʫʭʘ.  

ʉʪʨʦʠʪʝʣʴʥʘʷ ʚʣʘʛʘ ï ʚʣʘʛʘ, ʚʥʦʩʠʤʘʷ ʚ ʦʛʨʘʞʜʝʥʠʝ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʷ ʠʣʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʩʙʦʨʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ [11.12]. ʉʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʧʦʩʦʙʘ ʝʝ ʚʦʟʚʝʜʝʥʠʷ. ʊʘʢ, ʥʘʠʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʤʝʣʢʠʝ ʢʘʤʝʥʥʳʝ ʠʟʜʝʣʠʷ ʢʘʢ ʢʠʨʧʠʯʥʘʷ ʢʣʘʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʧʥʳʤʠ ʙʣʦ-

ʢʘʤʠ. ʂʨʫʧʥʳʝ ʧʦ ʦʙʲʝʤʫ ʠʟʜʝʣʠʷ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʘ, ʚʤʝʩʪʝ ʩ ʢʦʪʦʨʳʤ 

ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʚʥʦʩʠʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ. ʅʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝ-

ʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʣʠʷʝʪ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʚ ʦʛʨʘʞʜʘʶ-

ʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʇʦ ʨʘʟʣʠʯʥʳʤ ʠʩ-

ʪʦʯʥʠʢʘʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʥʷʝʪʩʷ. ʊʘʢ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʠʙʦ ʝʝ 

ʚʳʩʳʭʘʥʠʶ, ʣʠʙʦ ʝʝ ʫʚʝʣʠʯʝʥʠʶ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ɺ.ʄ. ʀʣʴʠʥʩʢʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʚʣʘ-

ʛʦʩʦʜʝʨʞʘʥʠʷ ʦʛʨʘʞʜʝʥʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʚʦʡ ʥʘ ʈʠʩʫʥʢʝ 1. 

ɻʨʫʥʪʦʚʘʷ ʚʣʘʛʘ ï ʚʣʘʛʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʛʨʫʥʪʘ ʤʝʭʘʥʠʟʤʦʤ ʢʘʧʠʣ-

ʣʷʨʥʦʛʦ ʚʩʘʩʳʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʛʨʦʩʢʦʧʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʢʠʨʧʠʯ, ʧʣʦʪʥʳʡ 

ʙʝʪʦʥ ʠ ʜʨʫʛʠʭ ʚʳʩʦʪʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʲʝʤʘ ʚʣʘʛʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʦʪ 

ʫʨʦʚʥʷ ʟʝʤʣʠ. ɿʜʝʩʴ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʣʦʝʚ, ʧʨʝʧʷʪ-

ʩʪʚʫʶʱʠʭ ʜʦʩʪʫʧʫ ʚʣʘʛʠ ʠʟ ʛʨʫʥʪʘ, ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ 

ʢʦʥʩʪʨʫʢʮʠʠ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʦʛʨʘʞʜʝʥʠʷ, ʚʚʦʜʠʤʦʛʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚ ʥʘʯʘʣʝ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ (ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ɺ. ʄ. ʀʣʴʠʥʩʢʦʛʦ): 

Ű0- ʧʝʨʠʦʜ ʜʦʧ. ʫʚʣʘʞʥʝʥʠʷ; Ű1 - ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʩʳʭʘʥʠʷ; Ű2 - ʧʝʨʠʦʜ ʤʝʜʣʝʥʥʦʛʦ  

ʚʳʩʳʭʘʥʠʷ ɤʥʘʯ, ɤʢʨ, ɤ0 ï ʥʘʯʘʣʴʥʦʝ, ʢʨʠʪʠʯʝʩʢʦʝ, ʚʦʟʜʫʰʥʦ-ʩʫʭʦʝ ʚʣʘʛʦʩʦʩʪʦʷʥʠʝ. 

 

ɸʪʤʦʩʬʝʨʥʘʷ ʚʣʘʛʘ ï ʚʣʘʛʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʚʤʝʩʪʝ ʩ ʜʦʞʜʝʤ ʧʨʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʤ ʩʤʘʯʠʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ ʠʣʠ ʜʝʬʝʢʪʦʚ ʢʨʳʰʠ ʚ ʤʝʩʪʘʭ ʢʘʨʥʠʟʦʚ ʠ ʚʦ-

ʜʦʩʪʦʢʦʚ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʜʘʥʥʦʤʫ ʫʚʣʘʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʟʘʩʳʧʦʢ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʚʣʘʛʦʝʤʢʦʩʪʴ. ʊʘʢʞʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʫʚʣʘʞʥʝʥʳ ʧʘʥʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʤʝʩʪʘʭ ʠʭ ʩʪʳʢʦʚ ʠ ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʢʦʥʥʳʭ 

ʙʣʦʢʦʚ [3.6]. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʚʣʘʛʘ ï ʚʣʘʛʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʩʣʝʜʩʪʚʠʝ ʤʦʢʨʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʤʝʱʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʘʭ, ʙʘʩʩʝʡʥʘʭ ʠ ʜʨʫʛʠʭ. ɺʣʘʛʘ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʚʦʜʳ, ʧʦʧʘʜʘʷ ʥʘ ʧʦʣ ʠ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʩʪʝʥ. ʀʩʢʣʶʯʝʥʠʝ ʟʘʤʘʯʠʚʘʥʠʷ ʦʛʨʘʞʜʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʧʦʣʦʚ ʠ ʦʙʣʠʮʦʚʦʢ ʩʪʝʥ, ʦʪʚʦʜʘ ʚʦʜʳ ʚ ʢʘʥʘʣʠʟʘʮʠʶ ʠ ʧʨ. 
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ɻʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʣʘʛʘ ï ʚʣʘʛʘ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘ ʩʯʝʪ ʝʝ ʩʦʨʙʮʠʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʟ ʚʦʟʜʫʭʘ ʛʠʛʨʦʩʢʦʧʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʦʙʣʘʜʘʶʪ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ. ʅʘʠʙʦʣʴʰʝʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʭʣʦʨʠʩʪʳʝ ʩʦʣʠ (ʭʣʦʨʠʩʪʳʡ ʢʘʣʴʮʠʡ, ʭʣʦʨʠʩʪʳʡ ʤʘʛʥʠʡ, ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ ʠ ʜʨʫʛʠʝ). 

ʄʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʣʠ ʥʘʢʘʧʣʠʚʘʶʱʠʝ ʭʣʦʨʠʩʪʳʝ ʩʦʣʠ, ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʶʪ ʩʚʦʶ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʭ ʫʚʣʘʞ-

ʥʝʥʠʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʨʙʮʠʦʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʦʛʨʘʞʜʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʠ ʩ 

ʫʩʣʦʚʠʷʤʠ ʢʣʠʤʘʪʘ ʤʝʩʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʤʝʱʝʥʠʷ. ɻ. ɼʘʧʢʫʩ ʠʩʩʣʝʜʦʚʘʣ 

ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʛʘʟʦʙʝʪʦʥʥʳʭ ʩʪʝʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʣʘʞʥʦʩʪʥʳʭ ʨʝʞʠʤʘʭ 

ʧʦʤʝʱʝʥʠʷ [10]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʣʘʞʥʦʩʪʠ 

ʦʛʨʘʞʜʝʥʠʡ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʈʠʩʫʥʦʢ 2. 

ʂʦʥʜʝʥʩʘʮʠʷ ʚʣʘʛʠ ï ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʡ ʚʣʘʛʠ ʠʟ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʚ ʝʛʦ ʪʦʣʱʝ. ʇʨʦʮʝʩʩ ʜʘʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʩʚʷʟʘʥ ʩ ʤʝʭʘʥʠʟʤʦʤ ʧʘʨʦ-

ʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ.  

ʂʦʥʜʝʥʩʘʮʠʷ ʚʣʘʛʠ ʩʦʛʣʘʩʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦ-

ʚʳʰʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʦʛʨʘʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʝʦʙʲʝʤʣʶʱʠʝ 

ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʫʚʣʘʞʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʛʨʘʞʜʝʥʠʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʦʡ ʚʣʘʛʦʡ ʦʪʩʫʪʩʪʚʫʶʪ, ʚʚʠʜʫ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʪʠʧʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʘʛʦʩʦʜʝʨ-

ʞʘʥʠʷ ʦʛʨʘʞʜʝʥʠʡ ʞʠʣʳʭ ʟʜʘʥʠʡ ʫʯʠʪʳʚʘʶʪ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʯʠʥ ʠʭ ʫʚʣʘʞʥʝʥʠʷ ʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʜʦʣʶ ʫʚʣʘʞʥʝʥʠʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʢʦʥʜʝʥʩʘʮʠʠ [13]. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʚ ʦʛʨʘʞʜʝʥʠʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘ-

ʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺʠʜʥʦ, ʯʪʦ ʧʨʠʯʠʥʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʚʣʘʞʥʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʣʦʞ-

ʥʷʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʣʘʛʠ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʪʦʣʱʝ ʦʛʨʘʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʧʦ-

ʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʛʘʟʦʙʝʪʦʥʥʳʭ ʩʪʝʥ 

ʩ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʡ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʦʪʜʝʣʢʦʡ: ʢʨʠʚʘʷ 1, 2 ʠ 3 ï ʧʨʠ ʩʫʭʦʤ, 

ʥʦʨʤʘʣʴʥʦʤ ʠ ʚʣʘʞʥʦʤ ʤʠʢʨʦʢʣʠʤʘʪʝ ʧʦʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʄʝʭʘʥʠʟʤʳ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʘ-

ʟʠʨʫʶʪʩʷ ʥʘ ʪʝʦʨʠʠ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʠ ʪʝʦʨʠʠ ʩʫʰʢʠ ʚ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ ʪʝʣʘʭ. ʕʪʠ ʪʝʦʨʠʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʙʦʪʘʭ ʇ.ɸ. ʈʝʙʠʥʜʝʨʘ, ɹ.ɺ. ɼʝʨʷʛʠʥʘ, ɸ.ɺ. ʃʳʢʦʚʘ, ɺ.ɻ. ɻʘʛʘʨʠʥʘ ʠ ʜʨʫʛʠʭ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʢ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʤ ʪʝʣʘʤ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʦʛʨʘʞʜʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʢʦʧʣʝʥʠʶ, ʫʜʝʨʞʠʚʘʥʠʶ ʠ ʧʝʨʝʥʦ-

ʩʫ ʚʣʘʛʠ ʚ ʝʝ ʤʘʪʝʨʠʘʣʘʭ. ɺʣʘʛʦʧʝʨʝʥʦʩ ʚ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʤ ʤʘʪʝʨʠʘʣʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʚʦʡʩʪʚ ʚʦʜʳ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʠ ʚʠʜʘ ʩʚʷʟʠ ʚʣʘʛʠ ʩ ʪʝʣʦʤ ʤʘʪʝ-

ʨʠʘʣʘ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʦʨʤʳ ʩʚʷʟʠ ʚʣʘʛʠ ʩ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʇ.ɸ. 

ʈʝʙʠʥʜʝʨʦʤ, ʦʩʥʦʚʘʥʘ ʥʘ ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ [4.6]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʭʝʤʝ, ʨʘʟʣʠʯʘʶʪ ʩʣʝ-

ʜʫʶʱʠʝ ʚʠʜʳ ʩʚʷʟʠ ʚʣʘʛʠ: 

- ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ: ʩʚʷʟʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʠʣʠ ʧʨʦʮʝʩʩʦʤ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ; 

- ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ: ʩʚʷʟʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʘʜʩʦʨʙʮʠʝʡ; 

- ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʚʷʟʴ: ʩʚʷʟʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥ-

ʜʝʥʩʘʮʠʠ. 

ʂʦʥʢʨʝʪʥʳʡ ʚʠʜ ʩʚʷʟʠ ʚʣʘʛʠ ʩʦ ʩʢʝʣʝʪʦʤ ʪʝʣʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪ ʤʝʭʘʥʠʟʤ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ. ʍʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʚʣʘʛʘ ʥʝ ʩʧʦʩʦʙʥʘ ʢ ʧʝʨʝʤʝʱʝʥʠʶ, ʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʚʣʘʛʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʯʝʤ ʧʨʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʚʷʟʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʦʛʨʘʞʜʝʥʠʷʭ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɸ.ɺ. ʃʳ-

ʢʦʚʘ, ɹ.ɺ. ɼʝʨʷʛʠʥʘ, ʅ.ɺ. ʏʫʨʘʝʚʘ, ɺ.ɻ. ɻʘʛʘʨʠʥʘ ʠ ʜʨʫʛʠʭ. ɺʣʘʛʘ ʚ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʩʧʦʩʦʙʥʘ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʚʠʜʝ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʧʝʨʝʥʦʩʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʩʚʳʰʝ ʜʝʩʷʪʢʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝ-

ʨʝʥʦʩʘ ʚʣʘʛʠ.  

ʀʟ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʢʣʶʯʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʚʣʘʛʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ, ʪʘʢ 

ʢʘʢ ʜʘʥʥʳʡ ʩʣʫʯʘʡ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ 

ʦʛʨʘʞʜʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ɸ.ɺ. ʃʳʢʦʚʘ, ʤʝʭʘʥʠʟʤʳ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʤʦʛʫʪ ʧʨʝʦʙʣʘʜʘʪʴ 

ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʚ ʩʦʨʙʮʠʦʥʥʦʡ ʟʦʥʝ ʫʚʣʘʞʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ) ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʟʤ 

ʧʝʨʝʥʦʩʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ [1.2.5]. ɺʦʜʷʥʦʡ ʧʘʨ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʦʨʘʭ ʤʘʪʝʨʠ-

ʘʣʘ ʠʟ ʦʙʣʘʩʪʠ ʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʩʚʝʨʭʩʦʨʙʮʠ-

ʦʥʥʳʭ ʚʣʘʞʥʦʩʪʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʟʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʞʠʜʢʦʩʪʠ. ʂʘʧʠʣʣʷʨʥʦʝ 

ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʡ ʚʣʘʛʠ ʚ ʤʘʪʝʨʠʘʣʝ ʦʙʫʩʣʦʚʣʝʥʘ ʛʨʘʜʠʝʥʪʦʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦ-

ʨʳʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʨʠʚʠʟʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʠʩʢʘ ʞʠʜʢʦʩʪʠ ʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ 

ʥʘʪʷʞʝʥʠʶ. 

ɺ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴ-

ʩʷ ʪʝʨʤʦʜʠʬʬʫʟʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʞʠʜʢʦʩʪʠ. ʇʝʨʝʤʝʱʝʥʠʝ ʧʘ-

ʨʦʦʙʨʘʟʥʦʡ ʚʣʘʛʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʦʙʣʘʩʪʝʡ ʢ ʤʝʥʝʝ ʥʘʛʨʝʪʳʤ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʪ ʨʘʟʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʊʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʣʝʥʦʢ ʞʠʜʢʦʩʪʠ ʢʘʢ ʘʥʘʣʦʛ ʪʝʨʤʦʦʩʤʦʩʘ ʚʳʟʚʘʥ 

ʠʟʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʧʝʨʝ-

ʩʪʨʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʝʚ ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ ʝʝ ʧʘʨʦʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʚʣʘʛʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʥʘʪʷʞʝʥʠʶ ʚʦʜʳ ʠ ʦʙ-

ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʷʟʢʦʩʪʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠ ʁʆ. ʂʨʠʰʝʨʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʪʝʨʤʦʛʨʘʜʠʝʥʪʥʦʤʫ ʧʦʪʦʢʫ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʝʝ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʘʩʩʦʧʝʨʝʥʦʩ. 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʚʣʘʞ-

ʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʨʤʦʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʴʶ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ. ʇʣʝʥʦʯʥʦʝ ʪʝʯʝʥʠʝ ʠʣʠ ʧʝʨʝʥʦʩ ʚʣʘʛʠ ʧʨʠ ʛʨʘʜʠʝʥʪʝ ʨʘʩʢʣʠʥʠʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣ 

ʦʪʢʨʳʪ ɹ.ɺ. ɼʝʨʷʛʠʥʳʤ. ʈʘʩʢʣʠʥʠʚʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʠʣʘʤʠ 
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ʪʘʢʠʤʠ, ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʠʣʳ. ʇʝʨʝʤʝʱʝʥʠʝ ʚʣʘʛʠ 

ʚʦʟʥʠʢʘʝʪ ʦʪ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʞʠʜʢʦʩʪʠ 

ʠ ʚʳʨʘʞʘʝʪʩʷ ʠʟʦʪʝʨʤʦʡ ʨʘʩʢʣʠʥʠʚʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʇd. 

ʊʝʯʝʥʠʝ ʥʝʟʘʤʝʨʟʘʶʱʠʭ ʧʣʝʥʦʢ ʚʦʜʳ ʚ ʢʘʧʠʣʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʦʢ ʣʴʜʘ ʠʣʠ ʤʝʞʜʫ ʥʝʡ ʠ ʪʝʣʦʤ ʤʘʪʝʨʠʘʣʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʥʝʟʘʤʝʨʟʘʶ-

ʱʠʭ ʧʣʝʥʦʢ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʛʨʘʜʠʝʥʪʦʚ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦ ʦʜʥʦʤʫ [9.11]. ʊʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʠ ʞʠʜʢʦʩʪʠ ʚʳʧʦʣʥʝʥʳ 

ɹ.ɺ. ɼʝʨʷʛʠʥʳʤ, ʅ.ɺ. ʏʫʨʘʝʚʳʤ, ɺ.ʉ. ɺʘʡʮʝʢʘʫʩʢʘʩʦʤ, ʕ.ʕ. ʄʦʥʩʪʚʠʣʘʩʦʤ ʠ ʜʨʫʛʠʤʠ. ʊʘʢ 

ʅ.ɺ. ʏʫʨʘʝʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʞʠʜʢʦʩʪʠ ʠ ʧʘʨʘ ʚ ʚʠʜʝ: 

- ʧʣʝʥʦʯʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʜʠʬʬʫʟʠʠ ʧʘʨʘ; 

- ʧʣʝʥʦʯʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʫ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʘʨʘ; 

- ʪʝʯʝʥʠʷ ʧʣʝʥʦʢ, ʧʘʨʘ ʠ ʢʦʥʜʝʥʩʘʪʘ; 

- ʠʩʧʘʨʝʥʠʝ ʠʟ ʩʦʦʙʱʘʶʱʠʭʩʷ ʢʘʧʠʣʣʷʨʦʚ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʪʘʢ ʢʘʢ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʫ ʠʟʤʝʥʝʥʠʷ 

ʪʦʣʱʠʥ ʧʣʝʥʦʢ, ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʠ ʪ.ʜ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʥʜʝʥʩʘʪʘ ʚ 

ʧʦʨʝ, ʚʦʟʥʠʢʘʶʪ ʣʦʢʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩʚʦʙʦʜʥʳʭ ʦʪ ʢʦʥ-

ʜʝʥʩʘʪʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʚʩʝʡ ʧʦʨʳ, ʈʠʩʫʥʦʢ 3. 

 

 
 

Iv ï ʩʨʝʜʥʷʷ ʧʨʦʪʷʞʥʦʩʪʴ ʫʯʘʩʪʢʦʚ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʢʦʥʜʝʥʩʘʪʘ 

Ic - ʩʨʝʜʥʷʷ ʧʨʦʪʷʞʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʢʦʥʜʝʥʩʘʪʘ 

 

ʈʠʩʫʥʦʢ 3 ï ʉʦʚʤʝʩʪʥʳʡ ʧʝʨʝʥʦʩʘ ʧʘʨʘ, ʩʤʘʯʠʚʘʶʱʠʭ ʧʣʝʥʦʢ ʠ ʢʦʥʜʝʥʩʘʪʘ 

ʚ ʧʦʨʘʭ ʧʦ ʩʭʝʤʝ ʅ.ɺ. ʏʫʨʘʝʚʘ. 

 

 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʩʯʝʪʥʦʡ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʣʘʛʦʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʘʷ 

ʙʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʣʘ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʳ ʫʚʣʘʞʥʝʥʠʷ ʦʛʨʘʞʜʘ-

ʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

5 ɺʓɺʆɼʓ 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʚʣʘʞʥʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥ-

ʩʘʮʠʷ ʚʣʘʛʠ ʠʟ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥ ʩ ʝʛʦ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ. 

ʇʝʨʝʫʚʣʘʞʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʚʣʘʛʦʡ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙ-

ʢʘʭ, ʜʦʧʫʱʝʥʥʳʭ ʥʘ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʠ ʦʮʝʥʢʠ ʝʝ ʚʣʘʞʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʠʙʦʣʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʣʘʞʥʦʩʪʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʜʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ [3.4]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʣʠʰʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠ ʚʣʘʞʥʦʩʪʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʣʠʷ-

ʥʠʝ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʛʨʘʞʜʝʥʠʷ, ʚʝʪʨʦʚʳʭ ʠ 

ʠʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠ ʧʨʠʥʮʠʧʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʪʝʭʥʠʢʠ ʥʝ ʤʦʜʝʣʠʨʫʶʪ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦ-

ʚʠʡ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʠ-

ʢʘʤ, ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʦʚʝʨʥʳ. 
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ʇʃʆʊʀʅ ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʀʍ ʉʆʆʈʋɾɽʅʀʁ 

 

  .ʘʡʨʦʣʣʘ ʉ.ʉפ

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ɸʣʤʘʪʳ, 050043, ʂʘʟʘʭʩʪʘʥ 

 

______________________________________________________________________ 
ɸʥʥʦʪʘʮʠʷ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪ-

ʩʷ ʫʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʧʝ-

ʮʠʘʣʠʩʪʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʪʨʝʙʫʝʪ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʦʜʜʝʨʞʢʠ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʪʘʢʞʝ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʩʦʙʣʶʜʝʥʠʝ ʩʪʨʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤʘʪʠʚʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʚʦʟʤʦʞʥʳʝ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ. ʇʦʵʪʦʤʫ ʨʘʟ-

ʨʘʙʦʪʢʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʫʯʝʪʘ ʤʥʦʞʝ-

ʩʪʚʘ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʙʫʜʫʱʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʧʣʦʪʠʥʘ, ʢʦʥʩʪʨʫʢʮʠʷ, ʩʪʘʣʴ. 

 

ɸשʜʘʪʧʘ. ɻʠʜʨʦʪʝʭʥʠʢʘʣʳϨ ʞʦʙʘʣʘʨʜʳ ʜʘʤʳʪʫʜʳϬ ʤʘϬʳʟʜʳ ʘʩʧʝʢʪʽʩʽ Ϩʦʨ-

ʰʘϤʘʥ ʦʨʪʘϤʘ ʳϨʪʠʤʘʣ Ϩʘʫʽʧʪʝʨ ʤʝʥ ʞʘϤʳʤʩʳʟ ϸʩʝʨʣʝʨʜʽ ʝʩʝʧʢʝ ʘʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɹϰʣ ʩʘʣʘʥʳϬ ʤʘʤʘʥʜʘʨʳ ʘʡʤʘϨʪʳϬ ʛʝʦʣʦʛʠʷʣʳϨ-ʢʣʠʤʘʪʪʳϨ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ, ʩʦʥʜʘʡ-ʘϨ 

ʢʣʠʤʘʪʪʳϬ Ϻʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳϬ ʤϮʤʢʽʥ ʙʦʣʘʪʳʥ Ϻʟʛʝʨʽʩʪʝʨʽʥ ʝʩ-

ʢʝʨʫʽ ʪʠʽʩ. ɻʠʜʨʦʪʝʭʥʠʢʘʣʳϨ Ϩϰʨʳʣʳʩʪʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩϨʘʨʫ ʪϰʨʘϨʪʳ ʙʘϨʳʣʘʫ ʤʝʥ Ϩʦʣ-

ʜʘʫʜʳ Ϩʘʞʝʪ ʝʪʝʜʽ. 

ɻʠʜʨʦʪʝʭʥʠʢʘʣʳϨ Ϩϰʨʳʣʳʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʤʝʥ ʩʘʣʫ ʜʘ ϨʘʪʘϬ ʪʝʭʥʠʢʘʣʳϨ ʞϸʥʝ 

Ϩʘʫʽʧʩʽʟʜʽʢ ʥʦʨʤʘʣʘʨʳʥ ʩʘϨʪʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʄϮʤʢʽʥ ʙʦʣʘʪʳʥ ʪϺʪʝʥʰʝ ʞʘϤʜʘʡʣʘʨʜʳ 

ʘʟʘʡʪʫ ʞϸʥʝ ʦʣʘʨʜʳϬ Ϯʟʜʽʢʩʽʟ ʞϰʤʳʩʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ Ϯʰʽʥ ϨϰʨʳʣʳʤʜʘʨʜʳϬ 

ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ϰʟʘϨ ʤʝʨʟʽʤʜʽʣʽʛʽʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘϬʳʟʜʳ. ʉʦʥʜʳϨʪʘʥ ʛʠʜʨʦʪʝʭʥʠʢʘ-

ʣʳϨ ʞʦʙʘʣʘʨʜʳ ϸʟʽʨʣʝʫ ʙʦʣʘʰʘϨʪʘ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥ ʪϰʨʘϨʪʳ ʧʘʡʜʘʣʘʥʫʜʳ Ϩʘʤʪʘʤʘʩʳʟ 

ʝʪʫ Ϯʰʽʥ ʢʝʰʝʥʜʽ ʢϺʟϨʘʨʘʩʪʳ ʞϸʥʝ ʢϺʧʪʝʛʝʥ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʩʳ, ʙϺʛʝʪ, Ϩϰʨʳʣʳʤ, ʙʦʣʘʪ. 

 

Abstract. An important aspect of the development of hydraulic engineering projects is 

the consideration of potential risks and negative impacts on the environment. Specialists in this 

field must take into account the geological and climatic features of the region, as well as possi-

ble changes in water resources due to climate change. Effective management of hydraulic struc-

tures requires constant monitoring and support. 

The design and construction of hydraulic structures also involves compliance with strict 

technical standards and safety regulations. It is important to ensure the reliability and durabil-

ity of structures in order to minimize possible emergencies and ensure their uninterrupted oper-

ation. Therefore, the development of hydraulic engineering projects requires an integrated ap-

proach and consideration of many factors to ensure sustainable use of water resources in the 

future. 

Key words: Hydroelectric power station, dam, structure, steel. 
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1 ɺɺɽɼɽʅʀɽ 

ʇʨʦʛʨʘʤʤʘ ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʩ-

ʧʝʢʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʝ ʛʠʜʨʦʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

ʄʘʪʝʨʠʘʣ ʦʩʦʙʦ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʨʘʙʦʯʠʭ 

ʫʩʣʦʚʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʘʢʠʤʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, ʢʘʢ ʧʣʦʪʠʥʳ, ʛʠʜʨʦʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʠ, ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʜʨ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʧʘʩʥʦʩʪʠ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠʥʥʦʚʘʮʠʡ ʠ ʧʦʜʭʦʜʦʚ.  

ʆʩʥʦʚʥʦʡ ʨʘʙʦʪʦʡ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʴ ʚʘʞʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦ-

ʦʨʫʞʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʣʝʜʥʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʤʳ ʤʦʞʝʤ ʧʦʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ 

ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʨʫʞʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʳʚʘʝʤ ʚʠʜʳ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʘʢ ʦʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʦʝ ʩʦʦʨʫʞʝʥʠʝ ð ʦʙʲʝʢʪ (ʩʦʦʨʫʞʝʥʠʝ) ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜ[1]. 

ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʘʢ ʠʥʞʝʥʝʨʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʣʦʪʠʥʳ, ʟʜʘʥʠʷ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʦʜʦʩʙʨʦʩʥʳʝ, ʚʦʜʦʩʧʫʩʢʥʳʝ ʠ ʚʦʜʦʚʳʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʪʫʥʥʝʣʠ, 

ʢʘʥʘʣʳ, ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʩʫʜʦʭʦʜʥʳʝ ʰʣʶʟʳ, ʩʫʜʦʧʦʜʲʸʤʥʠʢʠ; ʩʦʦʨʫʞʝʥʠʷ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʥʘʚʦʜʥʝʥʠʡ, ʨʘʟʨʫʰʝʥʠʡ ʙʝʨʝʛʦʚ ʠ ʜʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʨʝʢ; ʩʦʦʨʫʞʝ-

ʥʠʷ (ʜʘʤʙʳ), ʦʛʨʘʞʜʘʶʱʠʝ ʭʨʘʥʠʣʠʱʘ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ; ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʨʘʟʤʳʚʦʚ ʥʘ ʢʘʥʘʣʘʭ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʦʜ ʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ. ɺ ʧʨʦʩʪʦʨʝʯʠʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ çʚʦʜʦʟʘʱʠʪʥʦʝ 

ʩʦʦʨʫʞʝʥʠʝè [1]. 

ʇʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ɻʊʉ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʚʦʜʦʧʦʜʧʦʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʦʟʜʘʶʱʠʝ ʥʘʧʦʨ ʠʣʠ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʚʦʜʳ ʧʝʨʝʜ 

ʩʦʦʨʫʞʝʥʠʝʤ ʠ ʟʘ ʥʠʤ (ʧʣʦʪʠʥʳ, ʜʘʤʙʳ); 

¶ ʚʦʜʦʧʨʦʚʦʜʷʱʠʝ ʩʦʦʨʫʞʝʥʠʷ (ʚʦʜʦʚʦʜʳ), ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʝʨʝʙʨʦʩʢʠ ʚʦʜʳ ʚ ʟʘʜʘʥ-

ʥʳʝ ʧʫʥʢʪʳ (ʢʘʥʘʣʳ, ʪʫʥʥʝʣʠ, ʣʦʪʢʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ, ʰʣʶʟʳ, ʘʢʚʝʜʫʢʠ); 

¶ ʨʝʛʫʣʷʮʠʦʥʥʳʝ (ʚʳʧʨʘʚʠʪʝʣʥɹʳʝ) ʩʦʦʨʫʞʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʚʦʜʦʪʦʢʦʚ ʠ ʟʘʱʠʪʳ ʨʫʩʝʣ ʠ ʙʝʨʝʛʦʚ ʨʝʢ (ʱʠʪʳ, ʜʘʤʙʳ, ʧʦʣʫʟʘʧʨʫʜʳ, 

ʙʝʨʝʛʦʫʢʨʝʧʠʪʝʣʴʥʳʝ, ʣʝʜʦʥʘʧʨʘʚʣʷʶʱʠʝ ʩʦʦʨʫʞʝʥʠʷ); 

¶ ʚʦʜʦʩʙʨʦʩʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʨʦʧʫʩʢʘ ʠʟʣʠʰʢʦʚ ʚʦʜʳ ʠʟ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱ, ʢʘʥʘʣʦʚ, ʥʘʧʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʧʦʨʦʞʥʷʪʴ 

ʚʦʜʦʝʤʳ. 

ɺ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʚʳʜʝʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ: 

¶ ɻʊʉ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʦʡ ʵʥʝʨʛʠʠ ð ʟʜʘʥʠʷ ɻʕʉ ʠ ʥʘʧʦʨʥʳʝ ʙʘʩʩʝʡʥʳ; 

¶ ɻʊʉ ʜʣʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ð ʩʫʜʦʭʦʜʥʳʝ ʰʣʶʟʳ, ʙʨʝʚʥʦʩʧʫʩʢʠ; 

¶ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ɻʊʉ ð ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ, ʰʣʶʟʳ, ʨʝ-

ʛʫʣʷʪʦʨʳ; 

¶ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ɻʊʉ ð ʨʳʙʦʭʦʜʳ, ʨʳʙʦʚʦʜʥʳʝ ʧʨʫʜʳ; 

¶ ʢʦʤʧʣʝʢʩʥʳʝ ɻʊʉ (ʛʠʜʨʦʫʟʣʳ) ð ɻʊʉ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʙʱʝʡ ʩʝʪʴʶ ʧʣʦʪʠʥʳ, ʢʘ-

ʥʘʣʳ, ʰʣʶʟʳ, ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʠ ʪ. ʜ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʤʦʨʩʢʠʤʠ, ʨʝʯʥʳʤʠ, ʦʟʸʨʥʳʤʠ, ʧʨʫʜʦʚʳʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦ-

ʪʦʢʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʚʦʜʦʧʦʜʧʦʨʥʳʝ, ʨʝʛʫʣʷʮʠʦʥʥʳʝ, ʚʦʜʦʧʨʦʚʦʜʷʱʠʝ, ʚʦʜʦʧʨʦʧʫʩʢʥʳʝ ʠ ʚʦ-

ʜʦʟʘʙʦʨʥʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʫʞʜ ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʫʞʜʳ ʧʨʘʢʪʠʯʝʩʢʠ 
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https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BD%D1%8B%D0%B5_%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5#cite_note-GOST19185-1
https://ru.wikipedia.org/w/index.php?title=%D0%98%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D0%B0%D0%BB_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A8%D0%BB%D1%8E%D0%B7_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D0%BE%D0%B4%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B8%D0%BB%D0%B8%D1%89%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%BC%D0%B1%D0%B0
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ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʠ ʩʧʝʮʠʘʣʴʥʳʝ, ʚʦʟʚʦʜʠʤʳʝ ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʦʪʨʘʩ-

ʣʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʠ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠ ʪʠʧʳ: 

¶ ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ɻʕʉ); 

¶ ʇʣʦʪʠʥʘ; 

¶ ʐʣʶʟ; 

¶ ʉʫʜʦʧʦʜʲʸʤʥʠʢ; 

¶ ʂʘʥʘʣ 

¶ ʇʠʨʩ; 

¶ ɺʦʣʥʦʣʦʤ ʠʣʠ ʙʦʣʴʚʝʨʢ (ʙʨʝʢʚʘʪʝʨ[2]); 

¶ ʂʦʣʦʜʝʮ; 

¶ ɼʨʝʥʘʞʥʦ-ʰʪʦʣʴʥʘʷ ʩʠʩʪʝʤʘ; 

¶ ɻʠʜʨʦʦʪʚʘʣ. 

ʅʝʬʪʷʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʦʨʧʫʩ, ʷʢʦʨʥʘʷ ʩʠ-

ʩʪʝʤʘ, ʧʘʣʫʙʘ ʠ ʙʫʨʦʚʘʷ ʚʳʰʢʘ. ʂʦʨʧʫʩ ð ʵʪʦ ʧʦʥʪʦʥ ʩ ʧʘʣʫʙʦʡ. ʅʘ ʧʘʣʫʙʝ ʨʘʟʤʝʱʘʶʪʩʷ 

ʙʫʨʠʣʴʥʳʝ ʪʨʫʙʳ, ʧʦʜʲʝʤʥʳʝ ʢʨʘʥʳ ʠ ʚʝʨʪʦʣʝʪʥʘʷ ʧʣʦʱʘʜʢʘ. ɹʫʨʦʚʘʷ ʚʳʰʢʘ ʦʧʫʩʢʘʝʪ ʙʫʨ ʢ 

ʤʦʨʩʢʦʤʫ ʜʥʫ ʠ ʧʦʜʥʠʤʘʝʪ ʝʛʦ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʛʣʘʚʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʥʝʬʪʷʥʳʭ ʧʣʘʪʬʦʨʤ ð ʧʦ ʨʘʙʦʯʝʤʫ ʧʦʣʦ-

ʞʝʥʠʶ. ʉʨʝʜʠ ʪʘʢʦʚʳʭ ʚʳʜʝʣʷʶʪ ʧʣʘʪʬʦʨʤʳ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʜʥʦ (ʩʪʘʮʠʦʥʘʨʥʳʝ) ʠ ʥʝ 

ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʜʥʦ (ʠʣʠ ʧʣʘʚʫʯʠʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʇɹʋ). 

¶ ʉʪʘʮʠʦʥʘʨʥʘʷ ʥʝʬʪʷʥʘʷ ʧʣʘʪʬʦʨʤʘ. 

¶ ʅʝʬʪʷʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʛʠʙʢʦʡ ʙʘʰʥʝʡ. 

¶ ʇʦʣʫʧʦʛʨʫʞʥʘʷ ʥʝʬʪʷʥʘʷ ʙʫʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ (ʇʇɹʋ), ʨʘʟʚʝʜʦʯʥʘʷ ʠʣʠ ʜʦʙʳʚʘʶ-

ʱʘʷ. 

¶ ʉʘʤʦʧʦʜʲʝʤʥʘʷ ʙʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ (ʉʇɹʋ), ʯʘʱʝ ʚʩʝʛʦ ʨʘʟʚʝʜʦʯʥʘʷ. 

¶ ʇʣʘʚʫʯʝʝ ʥʝʬʪʝʭʨʘʥʠʣʠʱʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʣʠ ʧʨʦʩʪʦ ʭʨʘʥʠʪʴ ʥʝʬʪʴ, ʠʣʠ ʭʨʘʥʠʪʴ 

ʠ ʦʪʛʨʫʞʘʪʴ ʝʝ ʥʘ ʙʝʨʝʛ (ʧʣʘʚʫʯʝʝ ʥʝʬʪʝʥʘʣʠʚʥʦʝ ʭʨʘʥʠʣʠʱʝ), ʠʣʠ ʜʦʙʳʚʘʪʴ, ʭʨʘʥʠʪʴ ʠ ʦʪ-

ʛʨʫʞʘʪʴ ʥʝʬʪʴ (ʧʣʘʚʫʯʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʙʳʯʠ, ʭʨʘʥʝʥʠʷ ʠ ʦʪʛʨʫʟʢʠ ʥʝʬʪʠ, ʘʥʛʣ. FPSO ï 

Floating Production Storage and Offloading). 

¶ ʅʝʬʪʷʥʘʷ ʧʣʘʪʬʦʨʤʘ ʩ ʨʘʩʪʷʥʫʪʳʤʠ ʦʧʦʨʘʤʠ (ʧʣʘʚʫʯʝʝ ʦʩʥʦʚʘʥʠʝ ʩ ʥʘʪʷʞʥʳʤ ʚʝʨ-

ʪʠʢʘʣʴʥʳʤ ʷʢʦʨʥʳʤ ʢʨʝʧʣʝʥʠʝʤ). 

¶ ʅʝʬʪʷʥʘʷ ʧʣʘʪʬʦʨʤʘ ʪʠʧʘ Spar  

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

SPAR-ʧʣʘʪʬʦʨʤʳ. ʇʣʘʪʬʦʨʤʳ ʩ ʧʦʜʚʦʜʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʪ-

ʥʦʩʷʪʩʷ ʢ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʦʬʬʰʦʨʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, ʘ ʪʘʢʞʝ ʢ ʩʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʜʣʷ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʜʦʙʳʯʠ. ʕʪʠ ʦʛʨʦʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴ-

ʰʦʛʦ ʮʠʣʠʥʜʨʘ ʠʣʠ ʰʪʘʥʛʠ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʪʠʧʠʯʥʫʶ ʚʝʨʭʥʶʶ ʥʘʜʩʪʨʦʡʢʫ ʙʫʨʦʚʦʡ. ʎʠ-

ʣʠʥʜʨʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʥʝ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ ʜʥʘ, ʘ ʫʢʨʝʧʣʝʥʦ ʥʘ ʧʣʘʚʫ ʩ ʧʦʤʦʱʴʶ ʢʘʙʝʣʝʡ ʠ 

ʪʨʦʩʦʚ, ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʪʬʦʨʤʳ, ʫʯʠʪʳʚʘʷ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʚʦʜʝ.  

ʉʧʦʩʦʙ ʫʢʨʝʧʣʝʥʠʷ SPAR-ʧʣʘʪʬʦʨʤ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʩʠʩʪʝʤʫ ʟʘʷʢʦʨʝ-

ʚʘʥʠʷ ʧʣʘʪʬʦʨʤ ʪʠʧʘ TLP, ʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʩʪʢʠʭ ʥʝʛʥʫʱʠʭʩʷ ʪʨʦʩʦʚ. ʇʝʨʚʘʷ SPAR-

ʧʣʘʪʬʦʨʤʘ Neptune ʩʦ ʩʧʣʦʰʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ, ʨʘʟʤʝʨʘʤʠ 231 ʤʝʪʨ ʚ ʜʣʠʥʫ 

ʠ 21 ʤʝʪʨ ʚ ʜʠʘʤʝʪʨʝ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʚ ʩʝʥʪʷʙʨʝ 1996 ʛʦʜʘ ʥʘ ʛʣʫ-

ʙʠʥʝ 580 ʤʝʪʨʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ ʪʨʠ ʚʘʨʠʘʥʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ [2]. 

ʇʝʨʝʜʚʠʞʥʳʝ ʦʬʬʰʦʨʥʳʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. ɺʪʦʨʘʷ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʦʬʬʰʦʨ-

ʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʜʝʣʠʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʠ ʪʝ, ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʚʷʟʘʥʦ ʪʦʣʴʢʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʦʯʝʨʝʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʮʝʣʦʤ, ʵʪʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʝʚʳʤʠ (ʈʠʩʫʥʦʢ 1). 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D1%85%D0%BE%D0%B7%D1%8F%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D1%85%D0%BE%D0%B7%D1%8F%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A8%D0%BB%D1%8E%D0%B7_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5)
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%B4%D0%BE%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D0%B0%D0%BB_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D1%80%D1%81_(%D0%BF%D1%80%D0%B8%D1%87%D0%B0%D0%BB)
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%BB%D0%BD%D0%BE%D0%BB%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D1%8C%D0%B2%D0%B5%D1%80%D0%BA
https://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%B5%D0%BA%D0%B2%D0%B0%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5#cite_note-2
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%BE%D0%B4%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%BD%D0%B0%D0%B6%D0%BD%D0%BE-%D1%88%D1%82%D0%BE%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D0%BE%D1%82%D0%B2%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D1%84%D1%82%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5%D1%84%D1%82%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0_%D1%81_%D0%B3%D0%B8%D0%B1%D0%BA%D0%BE%D0%B9_%D0%B1%D0%B0%D1%88%D0%BD%D0%B5%D0%B9&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D0%BE%D0%B3%D1%80%D1%83%D0%B6%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B5%D1%84%D1%82%D1%8F%D0%BD%D0%B0%D1%8F_%D0%B1%D1%83%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D0%BE%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D0%B0%D1%8F_%D0%B1%D1%83%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0
https://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%BB%D0%B0%D0%B2%D1%83%D1%87%D0%B5%D0%B5_%D0%BD%D0%B5%D1%84%D1%82%D0%B5%D0%BD%D0%B0%D0%BB%D0%B8%D0%B2%D0%BD%D0%BE%D0%B5_%D1%85%D1%80%D0%B0%D0%BD%D0%B8%D0%BB%D0%B8%D1%89%D0%B5&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B2%D1%83%D1%87%D0%B0%D1%8F_%D1%83%D1%81%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BA%D0%B0_%D0%B4%D0%BB%D1%8F_%D0%B4%D0%BE%D0%B1%D1%8B%D1%87%D0%B8,_%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B8_%D0%BE%D1%82%D0%B3%D1%80%D1%83%D0%B7%D0%BA%D0%B8_%D0%BD%D0%B5%D1%84%D1%82%D0%B8
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5%D1%84%D1%82%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0_%D1%81_%D1%80%D0%B0%D1%81%D1%82%D1%8F%D0%BD%D1%83%D1%82%D1%8B%D0%BC%D0%B8_%D0%BE%D0%BF%D0%BE%D1%80%D0%B0%D0%BC%D0%B8&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5%D1%84%D1%82%D1%8F%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B0_%D1%82%D0%B8%D0%BF%D0%B0_Spar&action=edit&redlink=1


 

41 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʚʘʶʱʠʝ ʝʜʠʥʠʮʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʨʘʥʝʥʠʷ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʚʘʶʱʠʝ ʝʜʠʥʠʮʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʨʘʥʝʥʠʷ. ɼʘʥʥʳʝ ʫʩʪʘ-

ʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʧʝʨʝʜʝʣʘʥʥʳʤʠ, ʣʠʙʦ ʧʦʩʪʨʦʝʥʥʳʤʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʚʦʝʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʩʝʤ ʥʝʙʦʣʴʰʠʭ ʩʢʚʘʞʠʥ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ 

ʥʝʨʝʥʪʘʙʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʠʝ ʫʩʪʘʥʦʚʢʠ ʩ ʢʦʤʘʥʜʦʡ ʠ ʩʠʩʪʝʤʦʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʆʥʠ 

ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʤʦʨʩʢʦʤʫ ʜʥʫ, ʜʦʙʳʚʘʶʪ ʥʝʬʪʴ ʠ ʭʨʘʥʷʪ ʝʝ, ʧʦʢʘ ʪʘʥʢʝʨ ʥʝ ʟʘʙʠʨʘʝʪ ʜʦʙʳ-

ʪʳʝ ʨʝʩʫʨʩʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ ʭʨʘʥʠʣʠʱʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʪʘʣʴ, ʞʝʣʝʟʦʙʝʪʦʥ 

ʠʣʠ ʧʦʣʠʵʬʠʨʥʳʡ ʩʪʝʢʣʦʧʣʘʩʪʠʢ. ʉʪʘʣʴ ʠ ʞʝʣʝʟʦʙʝʪʦʥ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʜʦʙ-

ʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, ʠ ʦʥʠ ʜʦʩʪʫʧʥʳ 

ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ. 

ɻʣʫʙʠʥʘ ʤʦʨʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʝʬʪʝʭʨʘʥʠʣʠʱ (ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ 60 

ʤ) ʜʦʣʞʥʘ ʠʩʢʣʶʯʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʦʣʦʯʢʫ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ ʣʝʜʦ-

ʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʘʡʩʙʝʨʛʦʚ, ʪʦʨʦʩʦʚ) ʠ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ, ʯʪʦʙʳ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʩʦʟʜʘʚʘʣʘ 

ʧʦʤʝʭʠ ʩʫʜʦʭʦʜʩʪʚʫ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʪ. ʢ. ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʤʥʦʛʠʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʠ ʦʩʦʙʳʭ ʥʘʛʨʫʟʦʢ, ʜʦʩʪʠʛʘʶʱʠʭ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ; 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʬʦʨʤʳ ʧʦʜʚʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ï ʩʬʝʨʘ ʠʣʠ ʧʦʣʫʩʬʝʨʘ. ʍʦʪʷ ʦʙʦ-

ʣʦʯʢʫ ʨʝʟʝʨʚʫʘʨʘ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʦʜʥʘʢʦ, ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʚʥʝʰʥʝʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʥʘʠʙʦʣʝʝ 

ʧʨʦʯʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʩʬʝʨʠʯʝʩʢʠʝ ʬʦʨʤʳ (ʈʠʩʫʥʦʢ 2). 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʟʨʝʟʘ ʧʦʜʚʦʜʥʦʛʦ ʥʝʬʪʝʭʨʘʥʠʣʠʱʘ: 

1 ï ʛʨʘʚʠʡʥʦʝ ʦʩʥʦʚʘʥʠʝ, 2 ï ʘʥʢʝʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 3 ï ʜʥʠʱʝ, 4 ï ʧʘʪʨʫʙʦʢ, 5 ï ʢʦʨʧʫʩ, 

6 ï ʧʨʦʜʫʢʪ ʥʘʣʠʚʘ, 7 ï ʛʘʟʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ, 8 ï ʚʥʝʰʥʠʡ ʛʘʟʦʧʨʦʚʦʜ, 9 ï ʛʘʟʦʩʙʦʨʥʠʢ, 10 ï ʩʚʘʠ. 
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ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʠʣʠ ɻʕʉ ï ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ: ʜʝʨʠʚʘʮʠʦʥʥʳʝ, ʧʨʠʣʠʚʥʳʝ, ʧʣʦʪʠʥʥʦʛʦ 

ʪʠʧʘ, ʘ ʪʘʢʞʝ ʘʢʢʫʤʫʣʠʨʫʶʱʠʝ ʠ ʚʦʣʥʦʚʳʝ [3]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʤʝʥʷʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ɻʕʉ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʡ ʚʠʜ ï ʧʣʦʪʠʥʥʳʡ. ɽʛʦ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʜʘʤʙʘ; 

¶ ʟʘʜʚʠʞʢʘ ʠ ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ; 

¶ ʚʦʜʦʭʨʘʥʠʣʠʱʝ; 

¶ ʪʫʨʙʠʥʘ ʩ ʣʠʥʠʷʤʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ; 

¶ ʛʝʥʝʨʘʪʦʨ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʣʦʪʠʥʥʦʡ ɻʕʉ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʙʦʣʴʰʦʛʦ ʚʦʜʦʝ-

ʤʘ, ʧʦʜʥʠʤʘʶʱʝʛʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚʳʰʝ ʤʘʰʠʥʥʦʛʦ ʟʘʣʘ. ʇʨʠ ʦʪʢʨʳʚʘʥʠʠ ʟʘʜʚʠʞʢʠ ʚʦʜʘ ʧʦ-

ʩʪʫʧʘʝʪ ʢ ʪʫʨʙʠʥʝ, ʧʨʠʚʦʜʷ ʝʝ ʚ ʜʚʠʞʝʥʠʝ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɺʩʷ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ (ʈʠʩʫʥʦʢ 3).  

ɼʨʝʥʘʞʥʦ-ʰʪʦʣʴʥʝʚʘʷ ʩʠʩʪʝʤʘ (ɼʐʉ) ð ʚʠʜ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ɼʐʉ 

ʩʪʨʦʷʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʠʣʠ ʛʦʨ ʩ ʮʝʣʴʶ ʦʪʚʦʜʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʷ ʦʧʦʣʟʥʝʡ. 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʦʜʮʝʚ ʠ ʥʘʢʣʦʥʥʳʭ ʰʪʦʣʝʥ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʦʪʚʦʜʠʪʩʷ ʚʦʜʘ. ʏʘʩʪʦ ʜʣʷ ʟʘʱʠʪʳ ʩʪʝʥ ʰʪʦʣʝʥ ʚ ʜʥʝ ʧʨʦʢʣʘʜʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʞʝʣʦ-

ʙʘ. ʉʦʦʨʫʞʘʶʪ ɼʐʉ ʠʟ ʙʝʪʦʥʥʳʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʣʠ ʙʝ-

ʪʦʥʥʳʭ ʪʶʙʠʥʛʦʚ, ʙʘʣʦʢ, ʤʦʥʦʣʠʪʥʦʛʦ ʙʝʪʦʥʘ, ʨʝʞʝ ʠʟ ʙʝʪʦʥʥʳʭ ʪʨʫʙ. 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ (ʜʘʣʝʝ ï ɻʊʉ) ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ ʩʦʦʨʫʞʝʥʠʡ ʩ ʚʝʩʴʤʘ ʚʘʞʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʢʘʟʳʚʘ-

ʶʱʠʤʠ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠ ʩʦʮʠʘʣʴʥʫʶ ʩʬʝʨʫ. ɺʦʧʨʦʩ ʙʝʟ-

ʦʧʘʩʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫ-

ʘʣʴʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 653 ʢʨʫʧʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦ-

ʦʨʫʞʝʥʠʷ ʠ ʩʚʳʰʝ 200 ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʙʱʝʡ ʝʤʢʦʩʪʴʶ ʙʦʣʝʝ 80 ʢʫʙ. ʢʤ, ʠʟ ʥʠʭ 66 ʚʦʜʦʭʨʘ-

https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%BD%D1%82%D0%BE%D0%B2%D1%8B%D0%B5_%D0%B2%D0%BE%D0%B4%D1%8B
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ʥʠʣʠʱ ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, 157 ï ʚ ʢʦʤʤʫʥʘʣʴʥʦʡ, 142 ʚʦʜʦʝʤʘ ï ʚ 

ʯʘʩʪʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 77 ʦʙʲʝʢʪʦʚ ï ʙʝʩʭʦʟʥʳʝ, ʥʝ ʠʤʝʶʱʠʝ ʚʣʘʜʝʣʴʮʝʚ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʫʶ ʩʣʫʞʙʫ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʚʦʟʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ-

ʰʣʦʩʴ ʥʘ 60-80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɼʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʣʠʷʥʠʝ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ, ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʚʦʜʷʪ ʢ ʤʦʨʘʣʴ-

ʥʦʤʫ ʠ ʬʠʟʠʯʝʩʢʦʤʫ ʠʟʥʦʩʫ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʄʥʦʛʠʝ ʛʠʜʨʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʠ ʧʨʝʜʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʜʘʚʣʷʶʱʝʝ 

ʠʭ ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʙʝʟ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʤʦʥʪʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳ-

ʨʘʙʦʪʘʚ ʩʚʦʡ ʨʝʩʫʨʩ, ʯʪʦ ʧʨʠʜʘʝʪ ʵʪʠʤ ʦʙʲʝʢʪʘʤ ʧʦʚʳʰʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ. 

ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʪʨʘʥʝ ʯʨʝʟʚʳʯʘʡ-

ʥʳʝ ʩʠʪʫʘʮʠʠ ʥʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʘ ʠʤʝʥʥʦ ʥʘʚʦʜʥʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʧʨʦʨʳʚʦʤ 

ʧʣʦʪʠʥʳ ʚ ʩʝʣʝ ʂʳʟʳʣʘʛʘʰ, ʨʘʟʤʳʚ ʧʣʦʪʠʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʂʦʢʧʝʢʪʳ ʚ ɹʫʭʘʨ-ɾʳʨʘʫʩʢʦʤ 

ʨʘʡʦʥʝ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʠʣʠ ʩʝʨʴʝʟʥʳʤ ʫʨʦʢʦʤ ʧʦ ʥʝʜʦʧʫ-

ʱʝʥʠʶ ʧʦʜʦʙʥʳʭ ʪʨʘʛʝʜʠʡ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɼʘʥʥʳʝ ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ 

ʧʦʣʦʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ɺʦʜʥʦʛʦ ʂʦʜʝʢʩʘ ʈʂ ʧʦ ʚʦʧʨʦʩʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ɻʊʉ ʠ ʜʨʫʛʠʝ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ, ʚ ʯʘʩʪʠ, ʢʘʩʘʶʱʝʡʩʷ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʦʪʠʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʝʥʠʝ ʢʘʢ ʧʨʘʚʦʚʳʭ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ɻʊʉ, ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ. 

ʋʢʘʟʘʥʥʳʝ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʦʣʞʥʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ, ʘ ʪʘʢʞʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ. 

ʇʨʦʝʢʪ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʎʝʥʪʨʦʤ ʆɹʉɽ ʚ ɸʩʪʘʥʝ, 

ɽʕʂ ʆʆʅ ʠ ʀʩʧʦʣʥʠʪʝʣʴʥʦʡ ʜʠʨʝʢʮʠʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʌʦʥʜʘ ʩʧʘʩʝʥʠʷ ɸʨʘʣʘ ʚ ʈʝʩʧʫʙ-

ʣʠʢʝ ʂʘʟʘʭʩʪʘʥ (ʜʘʣʝʝ ï ʀɼ ʄʌʉɸ ʚ ʈʂ) ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʦʤʠʪʝʪʘ ʧʦ ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ (ʜʘ-

ʣʝʝ ï ʂɺʈ) ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʜʘʣʝʝ ï ʄʉʍ) ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʇʨʦʚʝ-

ʜʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʘʩʪʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦ-

ʥʘʣʴʥʳʭ ʵʢʩʧʝʨʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ. 

ɿʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʂʘʟʘʭʩʪʘʥʘ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʠ ʫʧʦʨʷʜʦʯʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ.   

 

5 ɺʓɺʆɼʓ 

ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ, ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʆʜʥʘʢʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʠʭ 

ʥʘʜʣʝʞʘʱʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʨʝʛʫʣʷʨʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙ-

ʩʣʫʞʠʚʘʥʠʝ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʥʘʟʥʘʯʝʥʠʷ, ʪʠʧʘ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʦʪʠʥ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝ-

ʤʫ ʨʝʢʠ. ɼʣʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠʛʨʘʶʪ ʥʝʦʪʲʝʤʣʝ-

ʤʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʠ ʦʙʱʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʠʭ ʩʦʟʜʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʦʣʞʥʳ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. 
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ʉɸʃʋ ʇɽʈʉʇɽʂʊʀɺɸʃɸʈʓ 

 

ɽ.ɿ. ʆʨʘʟʘʣʠʝʚʘ  

ʍʘʣʳץʘʨʘʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʢʦʨʧʦʨʘʮʠʷʩ,r ɸʣʤʘʪʳ, 050043, פʘʟʘץʩʪʘʥ 

 

______________________________________________________________________ 
ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ LEED ʩʪʘʥʜʘʨʪʳʥʳϬ ʙʝʣʛʽʩʽʤʝʥ ʦʨʪʘ Ϩʘʙʘʪʪʳ ʵʥʝʨʛʠʷʥʳ 

Ϯʥʝʤʜʝʡʪʽʥ ʪϰʨϤʳʥ ϮʡʣʝʨʜʽϬ, ʘʪʘʧ ʘʡʪϨʘʥʜʘ ʞʘϬʘ ϨϰʨʳʣʳʩʪʳϬ Ϩʘʣʳʧʪʘʩʫ ʝʨʝʢʰʝʣʽʢ-

ʪʝʨʽ ʪʘʣʜʘʥʘʜʳ. ʕʥʝʨʛʠʷʥʳ Ϯʥʝʤʜʝʡʪʽʥ ʪϰʨϤʳʥ Ϯʡʜʽ ʞʦʙʘʣʘʫ ʤʝʥ ʩʘʣʫ, ʞϸʥʝ ʦʥʳϬ ʪʘ-

ʨʠʭʠ ʞϸʥʝ ʟʘʤʘʥʘʫʠ ʪϸʞʽʨʠʙʝʩʽ ʪʘʣʜʘʥʘʜʳ. ʕʥʝʨʛʠʷʥʳ Ϯʥʝʤʜʝʡʪʽʥ Ϥʠʤʘʨʘʪʪʘʨʜʳ ʞʦ-

ʙʘʣʘʫʜʳϬ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ ʩʠʧʘʪʪʘʣϤʘʥ. ʄʘϨʘʣʘʜʘ ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ Ϯʰʽʥ 

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ ʪϰʨϤʳʥ ϮʡʣʝʨʜʽϬ Ϻʟʝʢʪʽʣʽʛʽ ʪʫʨʘʣʳ ʘʡʪʳʣʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʵʥʝʨʛʦʪʠʽʤʜʽ, ʵʢʦʣʦʛʠʷʣʳϨ, ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ ʪϰʨϤʳʥ Ϯʡ, ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ, Ϩʦʣʘʡʣʳ Ϩϰʨʳʣʳʩ, Ϯʡ, ʞʦʙʘ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʵʪʘʞ-

ʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʞʠʣʳʭ ʜʦʤʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʦʚʦʩʪʨʦʝʢ, ʧʦʜ ʟʥʘʢʦʤ ʩʪʘʥʜʘʨʪʘ 

LEED. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʞʠʣʴʷ, ʘ 

ʪʘʢʞʝ ʝʛʦ ʠʩʪʦʨʠʯʝʩʢʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʦʧʳʪ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʟʜʘʥʠʡ. ɺ ʩʪʘʪʴʝ ʛʦʚʦʨʠʣʦʩʴ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʞʠʣʴʷ ʜʣʷ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ, ʵʢʦʣʦʛʠʯʥʳʡ, ʫʜʦʙʥʳʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʜʦʤ, ʧʨʦʝʢʪ. 

 

Abstract. The article analyzes the features of the formation of medium-rise energy-

saving residential buildings, in particular new buildings, under the sign of the LEED standard. 

The design and construction of energy-efficient housing, as well as its historical and modern 

experience, are analyzed. The basic principles of designing energy-efficient buildings are de-

scribed. The article talked about the relevance of energy-efficient housing for the Republic of 

Kazakhstan. 

Key words: energy efficient, eco-friendly, convenient, construction, house, project. 
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1 ʂɯʈɯʉʇɽ  

ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ סʠʤʘʨʘʪʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʩʘʣʫ ץʘʞʝʪʪʽʣʽʛʽ, ᴇʥʜʽʨʽʣʛʝʥ 

ᴇʥʽʤʥʽש ʤʠʣʣʠʦʥ ʜʦʣʣʘʨʳʥʘ ʰʘʤʘʤʝʥ 1200 ʪʦʥʥʘ ʉʆ2 ʵʢʚʠʚʘʣʝʥʪʽʥ ʰʳסʘʨʘʪʳʥ ʢᴇʤʽʨʪʝʢʪʽ 

ʣʘʩʪʘʫ ʙʦʡʳʥʰʘ ʞʝʪʽʥʰʽ ʦʨʳʥʜʘ ʪײʨסʘʥ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʳ-

ʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ʦʨʪʘʰʘ ᴅʣʝʤʜʽʢ ʢᴇʨʩʝʪʢʽʰ ᴇʥʜʽʨʽʣʛʝʥ ᴇʥʽʤʥʽש ʤʠʣʣʠʦʥ ʜʦʣʣʘʨʳʥʘ ʰʘʤʘ-

ʤʝʥ 500 ʪʦʥʥʘ ʉʆ2 ʵʢʚʠʚʘʣʝʥʪʽʥ ײץʨʘʡʜʳ. ɹװʢʽʣ ᴅʣʝʤʜʝ סʠʤʘʨʘʪʪʘʨ ʵʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳש 

ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʘʪʤʦʩʬʝʨʘסʘ ʧʘʨʥʠʢʪʽʢ ʛʘʟʜʘʨ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש 

ʜʝשʛʝʡʽʥʝ ʠʝ, ʙײʣ ʙʘʨʣʳץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʰʳסʘʨʳʥʜʳʣʘʨʳʥʘʥ ʝʜᴅʫʽʨ ʞʦסʘʨʳ. נʠʤʘʨʘʪ-

ʪʘʨʜʳש ʵʥʝʨʛʠʷ ʪײʪʳʥʫʳʥ ʙʘʩץʘ ʩʝʢʪʦʨʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʘʟ ʰʳסʳʥʤʝʥ ʞᴅʥʝ װʣʢʝʥ ʧʘʡʜʘʤʝʥ 

ʪᴇʤʝʥʜʝʪʫʜʽװ שʣʢʝʥ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ. 

-ʘʞʝʪץ ʠʤʘʨʘʪʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʩʘʣʫס ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽץʘʟʘפ

ʪʽʣʽʛʽ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɿʝʨʪʪʝʫʣʝʨʛʝ ʩװʡʝʥʩʝʢ ʢᴇʤʽʨʪʝʢʪʽש ʣʘʩʪʘʥʫʳ 

ʙʦʡʳʥʰʘ ʞʝʪʽʥʰʽ ʦʨʳʥʜʘ, ʰʘʤʘʤʝʥ 1200 ʪʦʥʥʘ ʉʆ2 ʵʢʚʠʚʘʣʝʥʪʽʥ ʰʳסʘʨʘʜʳ, ʙײʣ ᴇʥʜʽʨʽʣʛʝʥ 

ᴇʥʽʤʥʽש ʤʠʣʣʠʦʥ ʜʦʣʣʘʨʳʥʘ ʰʘץץʘʥʜʘ, ʦʨʪʘʰʘ ᴅʣʝʤʜʽʢ ʢᴇʨʩʝʪʢʽʰ ᴇʥʜʽʨʽʣʛʝʥ ᴇʥʽʤʥʽש ʤʠʣʣʠ-



 

45 

ʦʥ ʜʦʣʣʘʨʳʥʘ ʰʘʤʘʤʝʥ 500 ʪʦʥʥʘ CO2 ʙʘʣʘʤʘʩʳʥ ײץʨʘʡʜʳ. ɹװʢʽʣ ᴅʣʝʤʜʝ סʠʤʘʨʘʪʪʘʨ ʵʥʝʨʛʠ-

ʷʥʳ ʪײʪʳʥʫʜʳש ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʘʪʤʦʩʬʝʨʘסʘ ʧʘʨʥʠʢʪʽʢ ʛʘʟʜʘʨ ʰʳסʘ-

ʨʳʥʜʳʣʘʨʳʥʳש ʜʝשʛʝʡʽʥʝ ʠʝ, ʙײʣ ʙʘʨʣʳץ ʢᴇʣʽʢ ײץʨʘʣʜʘʨʳʥʳש ʰʳסʘʨʳʥʜʳʣʘʨʳʥʘʥ ʝʜᴅʫʽʨ 

ʞʦסʘʨʳ. נʠʤʘʨʘʪʪʘʨʜʳש ʵʥʝʨʛʠʷ ʪײʪʳʥʫʳʥ ʙʘʩץʘ ʩʝʢʪʦʨʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʘʟ ʰʳסʳʥʤʝʥ ʞᴅʥʝ 

 .ʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨװʣʢʝʥ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʤװ שʣʢʝʥ ʧʘʡʜʘʤʝʥ ʪᴇʤʝʥʜʝʪʫʜʽװ

 ʳʥʤʝʥ ʞᴅʥʝסʘʥʜʘ ʘʟ ʰʳסʘʨʘץ ʘסʘ ʩʝʢʪʦʨʣʘʨץʪʳʥʫʳʥ ʙʘʩײʵʥʝʨʛʠʷ ʪ שʠʤʘʨʘʪʪʘʨʜʳנ

 .ʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨװʣʢʝʥ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʤװ שʣʢʝʥ ʧʘʡʜʘʤʝʥ ʪᴇʤʝʥʜʝʪʫʜʽװ

ɹײʣ ײץʣʜʳʨʘʫ ʭʘʣʳץʘʨʘʣʳץ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʘʛʝʥʪʪʽʢʪʽש (ʍʕɸ) ʤʘץʩʘʪʳʥʘ ʞʝʪʫʜʽש 

ʥʝʛʽʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ ʞᴇʥʽʥʜʝʛʽ װʢʽʤʝʪʘʨʘʣʳץ ʪʦʧ (IPCC) ײʩʳʥסʘʥ 

ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ CO2 ʜʝשʛʝʡʽʥʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ 2050 ʞʳʣסʘ ʘʨʥʘʣסʘʥ ʙʦʣʞʘʤʜʳ ʜʝʨʝʢ-

ʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ᴅʣʝʤʜʝʛʽ ʢᴇʤʽʨʪʝʛʽ ʰʳסʘʨʳʥʜʳʣʘʨʳʥ 77%-סʘ ʘʟʘʡʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʍʕɸ 

ʩʘʨʘʧʰʳʣʘʨʳʥʳש ʧʽʢʽʨʽʥʰʝ, ʙײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʤʘשʳʟʜʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ץʘʨʘʧʘʡʳʤ 

-ʠʤʘʨʘʪʪʘʨʜʳ ʩʘס ץʘʤʜʳסʦץ ʡʣʝʨ ʤʝʥװ ʳʥסʨײʥʝʤʜʝʡʪʽʥ ʪװ ʠʤʘʨʘʪʪʘʨʜʳ ʩʘʣʫʜʘʥ ʵʥʝʨʛʠʷʥʳס

ʣʫסʘ ʢᴇʰʫ ʙʦʣʫʳ ʢʝʨʝʢ. 

ʉʘʨʘʧʰʳʣʘʨʜʳש ʥʘʟʘʨʳ ʙװʢʽʣ ᴅʣʝʤ ʙʦʡʳʥʰʘ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʢᴇʧʧᴅʪʝʨʣʽ סʠʤʘ-

ʨʘʪʪʘʨʜʳ ʞʦʙʘʣʘʫ ʤʝʥ ʩʘʣʫסʘ ʘʫʜʘʨʳʣʘʜʳ. פʘʟʘץʩʪʘʥ ʍʘʣʳץʘʨʘʣʳץ ʵʢʦʣʦʛʠʷʣʳץ ʩʪʘʥʜʘʨʪʪʘʨ 

ʙʦʡʳʥʰʘ װʡʜʽש ʘʣסʘʰץʳ ײץʨʳʣʳʩʪʳץ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽ ʞʦʙʘʩʳʥ ʩʝʨʪʠʬʠʢʘʪʪʘʜʳ. ɸʣʤʘʪʳ 

 ʳסʳʛʜʘסʘʣʘʰʳץ ʘʥ Greenvilleץʪʘ ʦʨʥʘʣʘʩץʪʘ ʞᴅʥʝ 16 ʛʘ ʪʘʫʣʳ ʘʡʤʘץʪʳץʘʰʳץ ʘʣʘʩʳʥʘʥ 2 ʢʤץ

ʢʦʪʪʝʜʞʜʽ ʢʣʫʙ װʡʽ LEED Gold ʩʝʨʪʠʬʠʢʘʪʳʥ ʘʣʜʳ. 

ɼ. ʀ. ʄʘʨʢʦʚʪʳש ʧʽʢʽʨʽʥʰʝ: ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ װʡ ï ʩʳʨʪץʳ ʙʘʡʣʘʥʳʩʪʘʨסʘ 

ʪᴅʫʝʣʜʽ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ, ʥʝʛʽʟʽʥʝʥ, ʞʘʣʧʳ װʡʜʽש ᴇʟʽ ʵʥʝʨʛʠʷ ʢᴇʟʽ ʙʦʣʘ ʘʣʘʪʳʥ װʡ. ɹײʣ 

 ʳʣʳץʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨײ ʳ ʞʳʣʫ ʤʝʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥסʘʡʥʘʣʘʩʳʥʜʘ שᴇʟʽ ʤʝʥ ʦʥʳ שʡʜʽװ

ʤװʤʢʽʥ ʙʦʣʘʜʳ. ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ װʡʜʽ ʞʦʙʘʣʘʫ ï ʢᴇʧ ʥײʩץʘʣʳ ʪᴅʩʽʣʜʽ ʝʩʢʝʨʝʪʽʥ ʢʝ-

ʰʝʥʜʽ ʞײʤʳʩ, ץʦʨʰʘʫ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞʳʣʫʜʘʥ ץʦʨסʘʫʜʳ ײʪʳʤʜʳ ʪʘשʜʘʫ, ʠʥʞʝʥʝʨʣʽʢ 

ʞʘʙʜʳץʪʳ ʪʘשʜʘʫ ʞᴅʥʝ ʞʘשʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽ [1]. 

 

2 ᴄɼɯʉʊɽʈ ʄɽʅ ɿɽʈʊʊɽʋʃɽʈ 

ɾʦʙʘʥʳ ʽʩʢʝ ʘʩʳʨʫ ʘʷʩʳʥʜʘ ᴅʨץʘʡʩʳʩʳ 160-ʪʘʥ 300 ʰʘʨʰʳ ʤʝʪʨʛʝ ʜʝʡʽʥʛʽ 50 ʤʳש 

ʰʘʨʰʳ ʤʝʪʨʛʝ ʜʝʡʽʥ ʢʦʪʪʝʜʞʜʝʨ ʤʝʥ ʪʘʫʥʭʘʫʩʪʘʨ ʩʘʣʫ ʞʦʩʧʘʨʣʘʥסʘʥ. ʈʝʩʝʡʜʝ ʘʣסʘʰץʳ ʩʝʨ-

ʪʠʬʠʢʘʪʪʘʣסʘʥ ʞʦʙʘʣʘʨ ʢʦʤʤʝʨʮʠʷʣʳס ץʠʤʘʨʘʪʪʘʨ ʙʦʣʜʳ, פʘʟʘץʩʪʘʥסʘ ʘʟ ץʘʙʘʪʪʳ ײץʨʳʣʳ-

ʩʪʘʥ ʙʘʩʪʘʣʜʳ. LEED ʙʦʡʳʥʰʘ ʩʝʨʪʠʬʠʢʘʪʪʘʫ װʰʽʥ ʪʘסʳ ʝʢʽ ʞʦʙʘ ʞʘשʘ ײץʨʳʣʳʩ ʥʳʩʘʥʜʘʨʳ 

ʨʝʪʽʥʜʝ ʪʽʨʢʝʣʜʽ: ɸʣʤʘʪʳʜʘסʳ פʘʟʘץʩʪʘʥ-ɹʨʠʪʘʥ ʪʝʭʥʠʢʘʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʞʘשʘ ʦץʫ ʢʦʨ-

ʧʫʩʳ ʞᴅʥʝ ɸʩʪʘʥʘʜʘסʳ ʢʝשʩʝ סʠʤʘʨʘʪʳ. 

Greenville ʢʦʪʪʝʜʞʜʽʢ ʞʦʙʘʩʳʥʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ 4 ʙʘסʳʪ 

ʙʦʡʳʥʰʘ ʞʦʙʘʣʘʥסʘʥ: 

1. ɸʫʤʘϨʪʳ ʢʝʰʝʥʜʽ ʜʘʤʳʪʫ. ײפʨʳʣʳʩ ʥʳʩʘʥʜʘʨʳʥʳש, ʞʦʣʜʘʨʜʳש, ʠʥʬʨʘײץʨʳʣʳʤ 

ʥʳʩʘʥʜʘʨʳʥʳש ʦʨʥʘʣʘʩʫʳ ײץʨʳʣʳʩ ʪʳסʳʟʜʳסʳ, ʞʘʡʣʳʣʳץ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʪײʨסʳʩʳ-

ʥʘʥ ʦשʪʘʡʣʳ. ɸʫʤʘץʪʳ ʢᴇʛʘʣʜʘʥʜʳʨʫ, ʦסʘʥ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʩʠʨʝʢ ʪװʨʣʝʨʽʥ ʩʘץʪʘʫסʘ ʙʘʩʘ ʥʘʟʘʨ 

ʘʫʜʘʨʘ ʦʪʳʨʳʧ, ʩʘʷʙʘץ ʞᴅʥʝ ʨʝʢʨʝʘʮʠʷʣʳץ ʘʡʤʘץʪʘʨʜʳ ʦʨʥʘʣʘʩʪʳʨʫ. פʘʫʽʧʩʽʟ ʞᴅʥʝ ʞʘʡʣʳ 

ʙʘʣʘʣʘʨ ʞᴅʥʝ ʩʧʦʨʪ ʘʣʘשʜʘʨʳ ʢʝʰʝʥʽʥ ʩʘʣʫ 

2. ʕʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ. ɾʳʣʳʪʫ (ʩʘʣץʳʥʜʘʪʫ) ʞװʡʝʩʽʥʝʥ ʞʘʨʳץʪʘʥʜʳʨʫ ʞװʡʝʣʝʨʽʥʝ 

ʜʝʡʽʥʛʽ ʙʘʨʣʳץ ʙʘסʳʪʪʘʨʜʘ ʵʥʝʨʛʠʷ װʥʝʤʜʝʡʪʽʥ ʞʘʙʜʳץʪʘʨ ʤʝʥ ʪʠʽʩʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʢʝ-

ʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫ. ʂװʥ ʩᴅʫʣʝʩʽʥ ʧʘʡʜʘʣʘʥʫʜʳ ʙʘʨʳʥʰʘ ʘʨʪʪʳʨʫ װʰʽʥ ʧʘʥʦʨʘʤʘʣʳץ ʪʝʨʝʟʝ-

ʣʝʨʜʽ ץʦʣʜʘʥʫ. ʊʠʽʤʜʽ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ סʠʤʘʨʘʪʪʘʨʜʳש 

ʞʳʣʫ ʦץʰʘʫʣʘʫʳʥʳש ʞʦסʘʨʳʣʘʫʳ. ʇʘʡʜʘʣʘʥʫʜʘ ʢװʪʽʣʝʪʽʥ װʥʝʤʜʝʫ ï 40%-ʜʘʥ ʘʩʪʘʤ. 

3. ʉʫʜʳ ʧʘʡʜʘʣʘʥʫʜʳϬ ʵʥʝʨʛʦʪʠʽʤʜʽʣʽʛʽ. ʉʫʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʝװ שʥʝʤʜʽ ʞᴅʥʝ ʪʠʽʤʜʽ 

-ʙʳʨ ʩʫʳʥ ʧʘʡʜʘʣʘʥʫʜʳ ʳʥʪʘʣʘʥʜʳשʘʡʪʘ ʧʘʡʜʘʣʘʥʫʜʳ ʞᴅʥʝ ʞʘץ ʦʣʜʘʥʫ. ʉʫʜʳץ ʨʘʣʜʘʨʳʥײץ

ʨʫ. ɸʫʤʘץʪʳ ʩʫʘʨʫ. ʇʘʡʜʘʣʘʥʫʜʘסʳ ʩʫʜʳ װʥʝʤʜʝʫ ï 30%-סʘ ʜʝʡʽʥ. 

4. ϧʦʣʘʡʣʳ Ϻʤʽʨ ʩϮʨʫ. ᴄʨʣʝʫʜʝ ʪʝʢ ʪʘʙʠסʠ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡ-

ʜʘʣʘʥʫ. ʊʘʟʘ ʘʫʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʥʜʠʮʠʦʥʝʨʣʝʫ ʞʘʙʜʳסʳʥ ʧʘʡʜʘʣʘʥʫ. תʡ-ʞʘʡʣʘʨʜʘ 

ʉʆ2 ʜʘʪʯʠʢʪʝʨʽʥ ʦʨʥʘʪʫ. ɾʦʙʘʥʳ ᴅʟʽʨʣʝʫʰʽʥʽש ʵʢʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫסʘ 
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ʞײʤʩʘסʘʥ ץʦʩʳʤʰʘ ʰʳסʳʥʜʘʨʳ ʙʽʨ ʰʘʨʰʳ ʤʝʪʨʛʝ ʰʘʤʘʤʝʥ 50 ʜʦʣʣʘʨʜʳ ײץʨʘʡʜʳ. ɹײʣ ʩʘʪʫ 

ʙʘסʘʩʳʥʘ 10%-סʘ ʜʝʡʽʥ ʩʳʡʣʳץʘץʳ ᴅʢʝʣʝʜʽ ʞᴅʥʝ ʙʽʨ ʢʦʪʪʝʜʞ װʰʽʥ ʘʡ ʩʘʡʳʥ ʢʦʤʤʫʥʘʣʜʳץ 

ʪᴇʣʝʤʜʝʨʜʝʥ ʦʨʪʘʰʘ ʝʩʝʧʧʝʥ 30 ʤʳש ʪʝשʛʝ װʥʝʤʜʝʡʜʽ ʜʝʧ ʢװʪʽʣʫʜʝ [2]. 

ʊʘסʳ ʝʢʽ ʞʦʙʘ ʪʽʨʢʝʣʛʝʥ ï ɸʩʪʘʥʘʜʘסʳ ʂʝשʩʝ ʦʨʪʘʣʳסʳ ʞᴅʥʝ ɸʣʤʘʪʳʜʘסʳ ʫʥʠʚʝʨʩʠʪʝʪ 

ʢʘʤʧʫʩʳ. LEED ʩʪʘʥʜʘʨʪʳʥʳש ʙʝʣʛʽʩʽʤʝʥ ʞʘשʘ ײץʨʳʣʳʩʧʝʥ EXPO-2017 ᴇʪʢʽʟʫʛʝ ʜʘʡʳʥʜʳץ 

ʞװʨʽʧ ʞʘʪʳʨ. ʈʝʩʝʡʜʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ײץʨʳʣʳʩʪʳ ʪʝʢ ʞʝʢʝ ʢʦʤʧʘ-

ʥʠʷʣʘʨ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʤʝʤʣʝʢʝʪʪʽʢ ʦʨʛʘʥʜʘʨ ʜʘ ʘʣסʘ ʪʘʨʪʘʜʳ. 

ʆʨʪʘʰʘ ʘʣסʘʥʜʘ, 2000-2007 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʞʘשʘ ʪײʨסʳʥ װʡ ץʦʨʳʥʳש ᴇʩʽʤʽ ʞʳ-

ʣʳʥʘ 15-20 ʧʘʡʳʟסʘ ᴇʩʪʽ. 

 ,ᴇʩʫʽʥʝ שʪʳץʨʘʥʳʩ ʭʘʣʳײʡʛʝ ʩװ ʳʥסʨײʘʨʘʤʘʩʪʘʥ, ʪץ ʳʥʳʥʘץʘʨץ ʞʳʣʜʘʤ שʨʳʣʳʩʪʳײפ

ʢʽʨʽʩʪʝʨʜʽײ שʣסʘʶʳʥʘ ʞᴅʥʝ פʘʟʘץʩʪʘʥ ʘʩʪʘʥʘʩʳ ɸʩʪʘʥʘ ץʘʣʘʩʳʥʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳʥʘ ʙʘʡ-

ʣʘʥʳʩʪʳ ײʩʳʥʳʩʪʘʥ ʝʜᴅʫʽʨ ʘʩʳʧ ʪװʩʪʽ. ᴄʣʝʤʜʽʢ ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘסʜʘʨʳʩץʘ ץʘʨʘʤʘʩʪʘʥ, ײץʨʳ-

ʣʳʩ ʢᴇʣʝʤʽ ʞʘʣʧʳ 19%-סʘ ᴇʩʪʽ. 2009 ʞʳʣʜʳש ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥʥʳש ʪײʨסʳʥ װʡ 

-ʳ ʢʝʟʽʥʜʝ ʩʘסʝʩ ʆʜʘשʢᴇʧ ʙᴇʣʽʛʽ ʂʝ שʦʨʜʳפ .ʨʘʡʜʳײץ ʦʨʳ ʰʘʤʘʤʝʥ 160 ʤʣʥ ʰʘʨʰʳ ʤʝʪʨʜʽץ

ʣʳʥסʘʥ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʝʩʢʽ סʠʤʘʨʘʪʪʘʨסʘ ʪʠʝʩʽʣʽ. ʆʨʪʘʰʘ ʘʣסʘʥʜʘ, פʘʟʘץʩʪʘʥʜʘסʳ 

-ʘʥʜʘ ʙʽʨ ʰʘʨʰʳ ʤʝʪʨסʘʨʘץ ʘסʠʤʘʨʘʪʪʘʨס ʩʪʽʢ ʝʣʜʝʨʽʥʜʝʛʽװʩʦʣʪ שʠʤʘʨʘʪʪʘʨ ɹʘʪʳʩ ɽʫʨʦʧʘʥʳס

ʛʝ 2-3 ʝʩʝ ʢᴇʧ ʵʥʝʨʛʠʷ ʞײʤʩʘʡʜʳ. ʊײʨסʳʥ װʡ ץʦʨʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʞʳʣʫ 

ʞᴅʥʝ ʵʥʝʨʛʠʷʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ ʢᴇʧ ʧᴅʪʝʨʣʽ סʠʤʘʨʘʪʪʘʨʜʘʥ ʪײʨʘʜʳ. פʘʟʘץʩʪʘʥʜʘסʳ 

ɾʕʆ-ʥʳ80 ש ʧʘʡʳʟʜʘʥ ʘʩʪʘʤʳ ʢᴇʤʽʨʜʽ ʧʘʡʜʘʣʘʥʘʜʳ. ɻʘʟ (13%) ʝʣʜʽש ʦʨʪʘʣʳץ ʞᴅʥʝ ʦשʪװʩʪʽʢ 

ʘʡʤʘץʪʘʨʳʥʜʘ ʙʘʩʪʘʧץʳ ʦʪʳʥ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘסʳ ʪײʨסʳʥ װʡ ץʦʨʳʥʳש 

ʞʳʣʫ ʞᴅʥʝ ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫ ʩʝʢʪʦʨʳʥʜʘסʳ ʧʘʨʥʠʢʪʽʢ ʛʘʟʜʘʨ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש 

ʞʘʨʪʳʩʳʥʘʥ ʘʩʪʘʤʳ װʡ-ʞʘʡʣʘʨʜʳ ʞʳʣʳʪʫסʘ ʪʠʝʩʽʣʽ. ɽʩʢʽ ʪײʨסʳʥ װʡʜʽ ʞʘסשʳʨʪʫ װʰʽʥ סʠʤʘ-

ʨʘʪʪʘʨסʘ ʵʥʝʨʛʠʷ ʘʫʜʠʪʽʥ ʞװʨʛʽʟʫ ץʘʞʝʪ. 

ɸʫʜʠʪ ʞװʨʛʽʟʫʜʽש ʤʘץʩʘʪʳ: 

 ʝʜʝʥʜʝʨʜʽ ץʩʘʪʳʥʜʘ ʞʦʙʘʣʘʨ ʤʝʥ ʩʫʳץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץ ʜʘʡʣʘʨʜʳסʦʣʘʡʣʳ ʞʘץ -

ʞʦʶ: 

- ʞʳʣʳʪʫ ʞᴅʥʝ ʩʘʣץʳʥʜʘʪʫ ʞװʡʝʣʝʨʽʥʽש ʪʠʽʤʜʽ ʞײʤʳʩʳʥʘ ץʦʣ ʞʝʪʢʽʟʫ; 

- ʛʘʟ ʞʘʙʜʳסʳʥ ʧʘʡʜʘʣʘʥʫ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʪʝʢʩʝʨʫ ʞᴅʥʝ ʦʥʳ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪ-
ʪʳʨʫ; 

 ;ʧʘʡʜʘ ʙʦʣʫ ʩʝʙʝʧʪʝʨʽʥ ʙʦʣʜʳʨʤʘʫ שʧʝʥ ʢᴇʛʝʨʫʜʽ ץʘʣʜʳʣʳסʘʨʳ ʳʣסʡ-ʞʘʡʣʘʨʜʘ ʞʦװ -

- ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʪʝʢʩʝʨʫ ʞᴅʥʝ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥ ʩʳʥʘʫ; 

 ʰʘʫʣʘʫ ʞᴇʥʽʥʜʝʛʽץʦʨʰʘʫ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʛʝʨʤʝʪʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ ʦץ שʠʤʘʨʘʪʪʳס -

ʽʩ-ʰʘʨʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ. 

-ʢʦʤʧʘʥʠʷʣʘʨ ʵʥʝʨʛʠʷʥʳ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤ ץʘʣʘʫʳ ʙʦʡʳʥʰʘ ʘʫʜʠʪʦʨʣʳץ שʡ ʠʝʩʽʥʽת

ʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʞײʤʳʩʪʘʨʜʳ ʦʨʳʥʜʘʡ ʘʣʘʜʳ: 

 ;ʳʟʜʘʫסʨʳʣʳʤʜʘʨʳʥ ʪʳײץ ʠʤʘʨʘʪס -

 ;ʰʘʫʣʘʫץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞʳʣʫ ʦײץ ʦʨʰʘʫץ -

 ;ʘʫʳʣʳץʰʘʫʣʘʫ ʞᴅʥʝ ʙʫ ʪʦʩץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʛʠʜʨʦʦײץ -

- ʞʝʣʜʝʪʫ ʞᴅʥʝ ʘʫʘʥʳ ʙʘʧʪʘʫ ʞװʡʝʣʝʨʽʥʽש ʘʫʘ ᴇʪʢʽʟʛʽʰʪʝʨʽʥ ʛʝʨʤʝʪʠʟʘʮʠʷʣʘʫ; 

- ʞʳʣʳʪʫ-ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥ ʙʘʧʪʘʫ; 

- ʙʘʩץʘ ײץʨʳʣʳʩ ʞײʤʳʩʪʘʨʳ. 

çɺʝʨʥʳʡ ʂʘʧʠʪʘʣè ʢʦʤʧʘʥʠʷʩʳ Talan Towers סʠʤʘʨʘʪʳʥ ʩʘʣʫסʘ ʘʨʥʘʣסʘʥ ʞʦʙʘʥʳ ʪʘ-

ʥʳʩʪʳʨʜʳ, ʦʣ ʦʩʳ ʞʦʙʘʥʳ ʝʢʽ ʞʳʣ ʽʰʽʥʜʝ ʽʩʢʝ ʘʩʳʨʘʪʳʥ ʙʦʣʘʜʳ. ɾʘשʘ Talan Towers ʙʠʟʥʝʩ 

ʦʨʪʘʣʳסʳ çɸè ʩʘʥʘʪʳʥʘ ʞʘʪʘʪʳʥ ʥʳʩʘʥ ʨʝʪʽʥʜʝ ʞʦʩʧʘʨʣʘʥʫʜʘ. 

ɹײʣ ײץʨʳʣʳʩץʘ çɺʝʨʥʳʡ ʂʘʧʠʪʘʣè ʢʦʤʧʘʥʠʷʩʳ $300 ʤʣʥ ʘʩʪʘʤ ʠʥʚʝʩʪʠʮʠʷ ʩʘʣʫʜʳ 

ʞʦʩʧʘʨʣʘʧ ʦʪʳʨ.Talan Towers LEED ʞʘʩʳʣ ײץʨʳʣʳʩ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ פʘʟʘץ-

ʩʪʘʥʜʘסʳ ʘʣסʘʰץʳ סʠʤʘʨʘʪ ʙʦʣʘʜʳ. Talan Towers ʞʦʙʘʩʳʥʳש ʞʘʣʧʳ ʤʘץʩʘʪʪʳ ʨʝʡʪʠʥʛʽ-55 

ʙʘʣʣ, ʙײʣ LEED ʢװʤʽʩ ʩʝʨʪʠʬʠʢʘʪʳʥ ʘʣʫסʘ ץײץʳʣʳ. Talan Towers ײץʨʳʣʳʩʪʳש ʥᴇʣʜʽʢ 

ʢʝʟʝשʽʥʜʝ ʞʦʙʘ 16 ײʧʘʡ ʞʠʥʘʜʳ. ɾʘʩʳʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴇʟʽʥʽש ʞʘשʘʰʳʣʜʳסʳ ʤʝʥ ץʳʤʙʘʪ-

ʪʳסʳʥʘ ץʘʨʘʤʘʩʪʘʥ, Talan Towers ʩʠʷץʪʳ ʞʦʙʘʥʳ 1%-סʘ ץʳʤʙʘʪ ʝʪʝʜʽ. ɹײʣ ʨʝʪʪʝ ʩᴇʟʩʽʟ ʠʥʚʝ-

ʩʪʦʨʣʘʨ ʝʢʽ ʥᴅʪʠʞʝʛʝ ʞʝʪʝʜʽ: ʠʥʚʝʩʪʠʮʠʷʣʘʨ ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽʥʽש ʞᴅʥʝ ʦʙʲʝʢʪʽ ײץʥʳʥʳש ʘʨʪʫʳ. 
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3 ɿɽʈʊʊɽʋ ʅᴄʊʀɾɽʃɽʈɯ 

ɹײʣ ʞʦʙʘʥʳ ᴅʟʽʨʣʝʫʰʽ SOM ʢʦʤʧʘʥʠʷ ʙʦʣʜʳ, ʦʣ ʙװʛʽʥʜʝ ץʘʣʘ ײץʨʳʣʳʩʳ, ʩᴅʫʣʝʪ, ʠʥ-

ʞʝʥʝʨʣʽʢ ʪʝʭʥʠʢʘ ʞᴅʥʝ ʠʥʪʝʨʴʝʨ ʜʠʟʘʡʥʳ ʩʘʣʘʩʳʥʜʘסʳ ʞʝʪʝʢʰʽ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ 

ʩʘʥʘʣʘʜʳ. Talan Towers ɹʠʟʥʝʩ-ʦʨʪʘʣʳסʳ ɸʩʪʘʥʘʥʳש ʉʦʣ ʞʘסʘʣʘʫʳʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ 

ʦʨʥʘʣʘʩʳʧ, ɹᴅʡʪʝʨʝʢ ʢᴇʨʽʥʽʩʽʥʝ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ. Talan Towers ʢʝʰʝʥʽ ʝʢʽ ʤײʥʘʨʘʜʘʥ 

ʪײʨʘʜʳ, ʦʣʘʨʜʳש ʙʽʨʽʥʜʝ ʪʽʢʝʣʝʡ ʙʠʟʥʝʩ-ʦʨʪʘʣʳץʪʳש ᴇʟʽ, ʘʣ ʝʢʽʥʰʽʩʽʥʜʝ The Ritz Carlton 

Astana ç5 ʞײʣʜʳʟè ʩʘʥʘʪʳʥʜʘסʳ ץʦʥʘװ ץʡ ʦʨʥʘʣʘʩʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ץʦʥʘװ ץʡ 2016 

ʞʳʣʳ ʙʠʟʥʝʩ-ʦʨʪʘʣʳץʪʘʥ ʢʝʡʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʽʣʝʜʽ. ɹʠʟʥʝʩ-ʦʨʪʘʣʳץʪʳש ʞʘʣʧʳ ʘʫʜʘʥʳ 

ʰʘʤʘʤʝʥ 35 ʤʳש ʰʘʨʰʳ ʤʝʪʨʜʽ ײץʨʘʡʜʳ. ʆʥʳץ 30 שʘʙʘʪʪʳ ʤײʥʘʨʘʩʳʥʳש ʙʠʽʢʪʽʛʽ 145 ʤʝʪʨʛʝ 

ʞʝʪʝʜʽ. ʂʝʰʝʥ ʞʘʥʳʥʘʥ 800 ʦʨʳʥʜʳץ ʘʚʪʦʪײʨʘײ ץʡʳʤʜʘʩʪʳʨʳʣʘʜʳ. ɸʣʜʳʥ ʘʣʘ ʞʦʩʧʘʨʣʘʨסʘ 

ʩᴅʡʢʝʩ, ʞʘשʘ ʙʠʟʥʝʩ ʦʨʪʘʣʳסʳ ʢʝʣʝʩʽ ʞʳʣʜʳש ʩʦשʳʥʘ ʜʝʡʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʝʨʽʣʝʜʽ. 

2007 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ᴅʣʝʤʜʽʢ ץʘʨʞʳ ʜʘסʜʘʨʳʩʳʥʳש ʙʘʩʪʘʣʫʳʤʝʥ פʘʟʘץʩʪʘʥʜʘ ʪײʨסʳʥ 

-ʨʳʣʳʩʳʥʘ ʠʥʚʝʩʪʠʮʠʷײץ ʡװ ʳʥסʨײʳʥʳ ʙʘʷʫʣʘʡ ʙʘʩʪʘʜʳ. 2008 ʞʳʣʳ ʪץʘʨץ שʨʳʣʳʩʳʥʳײץ ʡװ

ʣʘʨ 2007 ʞʳʣסʳ ʜʝשʛʝʡʜʝʥ 9%-סʘ ץʳʩץʘʨʜʳ. 2008 ʞʳʣʳ ʞʘשʘ ʪײʨסʳʥ װʡ ץʦʨʳʥʳײץ שʨʳʣʳʩʳ 

6,8 ʤʣʥ ʰʘʨʰʳ ʤʝʪʨʛʝ ʪʦץʪʘʜʳ, ʙײʣ 15 ʧʘʡʳʟסʘ ʘʟ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 

ʓʩʪʳץ ʩʫ ʤʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫ ʪײʨסʳʥ װʡ ʩʝʢʪʦʨʳʥʜʘסʳ ʞʘʣʧʳ ʰʳסʘ-

ʨʳʥʜʳʣʘʨʜʳש ʙʝʩʪʝʥ ʙʽʨʽʥʽש ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʣʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʩʝʢʪʦʨʳ ʙʘʨʣʳץ 

ʰʳסʘʨʳʥʜʳʣʘʨʜʳ80% ש ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳ90% ש ʞʳʣʫ ʞᴅʥʝ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ 

ᴇʥʜʽʨʫ ʩʝʢʪʦʨʳʥʘʥ ʢʝʣʝʜʽ. נʠʤʘʨʘʪʪʘʨ, ʝש ʘʣʜʳʤʝʥ ʪײʨסʳʥ װʡ ʩʝʢʪʦʨʳ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש 

13,5% ʞᴅʥʝ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳ24% ש ʪײʪʳʥʘʜʳ; ʪײʨסʳʥ װʡ ʩʝʢʪʦʨʳ ʵʥʝʨʛʝʪʠʢʘ ʞᴅʥʝ ᴇʥʜʽʨʽʩ 

ʩʝʢʪʦʨʳʥʘʥ ʢʝʡʽʥʛʽ ʝʣʜʝʛʽ ʞʳʣʫ ʤʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳװ שʰʽʥʰʽ ʽʨʽ ʪײʪʳʥʫʰʳʩʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [3, ʙ.65]. 

 ʘץʙʘʩ שʘ ʞᴅʥʝ ʞʳʣʫ ʤʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫʜʳסʜʘʡʳʥʜʘʫ ץʣʝʩ ʪʘʤʘװ ʘʥסʘʣפ

ʪװʨʣʝʨʽʥʝ ʪʠʝʩʽʣʽ. ʂᴇʤʽʨ ʝʣʜʝʛʽ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳ85 ש ʧʘʡʳʟʳʥ ᴇʥʜʽʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘ-

ʜʳ. ʉʦסשʳ ʦʥʞʳʣʜʳץʪʳש ʙʘʩʳʤ ʙᴇʣʽʛʽʥʜʝ ʵʢʦʥʦʤʠʢʘʥʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳ ʞᴅʥʝ ʪײʨסʳʥ װʡ 

 ʡװ ʳʥסʨײʩʪʘʥʜʘ ʪץʘʟʘפ ʙʝʣʩʝʥʜʽ ʜʘʤʫʳ שʳ ʤʝʤʣʝʢʝʪʪʽʢ ʩʘʷʩʘʪʪʳסʨʳʣʳʩʳ ʩʘʣʘʩʳʥʜʘײץ

 .ʨʪ ᴇʩʫʽʥʝ ᴅʢʝʣʜʽװʢ שʳʥʳʥʳץʘʨץ ʨʳʣʳʩʳײץ

 

 

  ʆʈʓʊʓʅɼʓפ 4

 ʘʣʜʳʤʝʥ שʰʽʥ ʝװ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʨʳʣʳʩ ʩʝʢʪʦʨʳʥʳײץ שʩʪʘʥʥʳץʘʟʘפ

ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ʩʘʣʘʩʳʥʜʘסʳ ʘסʳʤʜʘסʳ ʟʘשʥʘʤʘסʘ ץʘʪʳʩʪʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ, ʪʠʽʤʜʽ ʅʦʨʤʘ-

ʪʠʚʪʽʢ-ץײץʳץʪʳץ ʥʝʛʽʟ ץʘʣʘʫ ץʘʞʝʪ. ɸʣʘʡʜʘ, ץʘʟʽʨ ʜʝʤʦʥʩʪʨʘʮʠʷʣʳץ ʞʦʙʘʣʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ 

ʞᴅʥʝ ʝש ʞʘץʩʳ ʪᴅʞʽʨʠʙʝʥʽ ʪʘʨʘʪʫ ʘʨץʳʣʳ ʞʘסʜʘʡʜʳ ᴇʟʛʝʨʪʫʛʝ ʢʽʨʽʩʫʛʝ ʙʦʣʘʜʳ. 

ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʞʦʙʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫʜʳש ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʩʽ ʙʘʨʣʳץ ʤװʜʜʝʣʽ 

ʪʘʨʘʧʪʘʨʜʳש ʢװʰ-ʞʽʛʝʨʽʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ סʘʥʘ ʪʘʙʳʩץʘ ʞʝʪʫʛʝ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 ʘʞʝʪʪʽץ ʘסʟʝʛʝ ʘʩʳʨʫװʥʝʤʜʝʡʪʽʥ ʞʦʙʘʣʘʨʜʳ ʞʘʧʧʘʡ ʞװ ʨʳʣʳʩ ʩʝʢʪʦʨʳʥʜʘ ʵʥʝʨʛʠʷʥʳײפ

ʞʘסʜʘʡ ʞʘʩʘʫ װʰʽʥ ʞʘסʜʘʡʜʳ ᴇʟʛʝʨʪʫʛʝ ʩʘʷʩʠ ʝʨʽʢ, ʽʩʢʝʨ ʪʦʧʪʘʨʜʳש ʦʩʳ ʧʨʦʮʝʩʢʝ ץʘʪʳʩʫסʘ 

ʜʝʛʝʥ ײʤʪʳʣʳʩʳ ʞᴅʥʝ ʨʝʩʫʨʩʪʘʨʜʳ ʪײʪʳʥʫʰʳʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ײʩʪʘʥʳʤʳ ץʘʞʝʪ ʙʦʣʘʜʳ. 
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_____________________________________________________________________________ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʙʣʘʩʪʴʶ 
ʠʥʞʝʥʝʨʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷ. ʕʪʘ ʜʠʩʮʠʧʣʠʥʘ ʦʭʚʘʪʳʚʘʝʪ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʚʳʙʦʨ 
ʧʦʜʭʦʜʷʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʘʙʦʪʢʫ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʣʶʜʝʡ. ɺ ʘʥʥʦʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ 
ʩʝʡʩʤʠʯʝʩʢʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ, ʛʠʙʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʦʚʝʡʰʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʙʝʪʦʥ. ʊʘʢʞʝ 
ʦʩʚʝʱʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʟ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ-
ʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ, ʩʝʡʩʤʠ-
ʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ, ʛʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝ-
ʨʠʘʣʳ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʨʝʰʝʥʠʷ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʦʨʤʘʪʠʚʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʩʘʤʦʚʦʩʩʪʘ-
ʥʘʚʣʠʚʘʶʱʠʡʩʷ ʙʝʪʦʥ. 

 
ɸʥʜʘʪʧʘ. ϣʠʤʘʨʘʪʪʘʨ ʤʝʥ Ϩϰʨʳʣʳʩʪʘʨʜʳ ʩʝʡʩʤʠʢʘʣʳϨ ʞʦʙʘʣʘʫ ï ʞʝʨ ʩʽʣʢʽ-

ʥʽʩʽʥʝ ʪϺʪʝʧ ʙʝʨʝʪʽʥ Ϩϰʨʳʣʳʩʪʘʨʜʳ ʞʦʙʘʣʘʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ ʠʥʞʝʥʝʨʠʷʥʳϬ ʥʝʛʽʟʛʽ ʩʘ-
ʣʘʩʳ. ɹϰʣ ʧϸʥ ʘʡʤʘϨʪʳϬ ʩʝʡʩʤʠʢʘʣʳϨ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʪʘʣʜʘʫʜʳ, Ϩʦʣʘʡʣʳ Ϩϰʨʳʣʳʩ ʤʘʪʝʨʠ-
ʘʣʜʘʨʳʥ ʪʘϬʜʘʫʜʳ, ʤϮʤʢʽʥ ʟʠʷʥʜʳ ʘʟʘʡʪʫϤʘ ʞϸʥʝ ʘʜʘʤʜʘʨʜʳϬ Ϩʘʫʽʧʩʽʟʜʽʛʽʥ Ϩʘʤʪʘʤʘʩʳʟ 
ʝʪʫʛʝ ʘʨʥʘʣϤʘʥ ʩϸʫʣʝʪʪʽʢ ʞϸʥʝ ϨϰʨʳʣʳʤʜʳϨ ʰʝʰʽʤʜʝʨʜʽ ϸʟʽʨʣʝʫʜʽ Ϩʘʤʪʠʜʳ. ɸϬʜʘʪʧʘʜʘ 
ʩʝʡʩʤʠʢʘʣʳϨ ʞʦʙʘʣʘʫʜʘϤʳ ʟʘʤʘʥʘʫʠ ʪϸʩʽʣʜʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ, 
ʦʣʘʨϤʘ ʩʝʡʩʤʠʢʘʣʳϨ ʠʟʦʣʷʪʦʨʣʘʨʜʳ, ʠʢʝʤʜʽ Ϩʦʩʳʣʳʩʪʘʨʜʳ ʞϸʥʝ ʞʘϬʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ, 
ʤʳʩʘʣʳ, Ϻʟʜʽʛʽʥʝʥ Ϩʘʣʧʳʥʘ ʢʝʣʝʪʽʥ ʙʝʪʦʥʜʳ Ϩʦʣʜʘʥʫ ʢʽʨʝʜʽ. ʉʦʥʳʤʝʥ Ϩʘʪʘʨ, ʞʦʙʘʣʘʫ 
ʤʝʥ ϨϰʨʳʣʳʩʪʳϬ ʙʘʨʣʳϨ ʢʝʟʝϬʜʝʨʽʥʜʝ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ Ϩʘʫʽʧʩʽʟʜʽʢ ʰʘʨʘʣʘʨʳʥ ʩʘϨʪʘʫʜʳ 
Ϩʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʨʝʪʪʝʫ ʤϸʩʝʣʝʣʝʨʽ ʤʝʥ ʩʪʘʥʜʘʨʪʪʘʨʳ ʜʘ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. Ϸʣʝʤʜʽʢ 
ʪϸʞʽʨʠʙʝʜʝʥ ʘʣʳʥϤʘʥ ʤʳʩʘʣʜʘʨ ʢϺʨʩʝʪʽʣʛʝʥ, ʦʣʘʨ ʘʨʭʠʪʝʢʪʫʨʘʜʘ ʟʘʤʘʥʘʫʠ ʩʝʡʩʤʠʢʘ-
ʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ϨʦʣʜʘʥʫʜʳϬ ʪʠʽʤʜʽʣʽʛʽʥ ʢϺʨʩʝʪʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩʝʡʩʤʠʢʘʣʳϨ ʞʦʙʘʣʘʫ, ϤʠʤʘʨʘʪʪʘʨʜʳϬ ʪϰʨʘϨʪʳʣʳϤʳ, ʩʝʡʩʤʠʢʘ-
ʣʳϨ ʠʟʦʣʷʪʦʨʣʘʨ, ʠʢʝʤʜʽ Ϩʦʩʳʣʳʩʪʘʨ, ʩʝʡʩʤʠʢʘʣʳϨ Ϩʘʫʽʧʩʽʟʜʽʢ, Ϩϰʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ, 
ʩϸʫʣʝʪʪʽʢ ʰʝʰʽʤʜʝʨ, ʞʝʨ ʩʽʣʢʽʥʽʩʽ, ʨʝʪʪʝʫ ʩʪʘʥʜʘʨʪʪʘʨʳ, Ϻʟʜʽʛʽʥʝʥ Ϩʘʣʧʳʥʘ ʢʝʣʝʪʽʥ 
ʙʝʪʦʥ. 

 
Abstract. Seismic design of buildings and structures is a key area of engineering fo-

cused on developing constructions capable of withstanding earthquakes. This discipline encom-
passes the analysis of seismic activity in the region, the selection of suitable building materials, 
and the development of architectural and structural solutions that can minimize potential dam-
age and ensure the safety of people. The annotation discusses modern approaches and technol-
ogies in seismic design, including the use of seismic isolators, flexible connections, and innova-
tive materials such as self-healing concrete. Issues of regulatory compliance and standards that 
ensure the observance of required safety measures at all stages of design and construction are 
also addressed. Examples from global practice are provided, illustrating the effectiveness of 
modern seismic technologies in architecture. 

Key words: seismic design, building stability, seismic isolators, flexible connections, 
seismic safety, building materials, architectural solutions, earthquakes, regulatory standards, 
self-healing concrete. 
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*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ʇʝʨʜʝʙʘʡ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʊʘʩʤʘʛʘʥʙʝʪʦʚʘ ɸ.ʍ. 

 

1 ɺɺɽɼɽʅʀɽ 

ʉʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ð ʵʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʡ ʘʩʧʝʢʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʟʜʘʥʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʚʳʜʝʨʞʠ-

ʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʨʘʟʨʫʰʝʥʠʡ ʠ ʧʦʪʝʨʴ ʞʠʟʥʝʡ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: 

1. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʢʠʭ ʠ ʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦ-

ʛʣʦʱʘʪʴ ʠ ʨʘʩʩʝʠʚʘʪʴ ʩʝʡʩʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʣʴ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʝʪʦ-

ʥʳ. 

2. ɼʠʟʘʡʥ ʠ ʢʦʥʩʪʨʫʢʮʠʷ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʩ ʫʯʝʪʦʤ ʛʠʙʢʦʩʪʠ ʠ ʠʟʙʳʪʦʯʥʦʩʪʠ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʯʘʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʨʝʞʜʝʥʘ ʠʣʠ ʨʘʟʨʫʰʝʥʘ. 

3. ʀʟʦʣʷʮʠʷ ʦʩʥʦʚʘʥʠʷ: ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʠʟʦʣʷʮʠʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟ-

ʚʦʣʷʶʪ ʟʜʘʥʠʶ ʠʣʠ ʩʦʦʨʫʞʝʥʠʶ ʜʚʠʛʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʚʠʞʝʥʠʡ ʟʝʤʣʠ, ʪʝʤ ʩʘʤʳʤ ʩʥʠ-

ʞʘʷ ʧʝʨʝʜʘʯʫ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʠʣʳ ʢ ʩʪʨʫʢʪʫʨʝ. 

4. ʈʝʛʫʣʷʨʥʘʷ ʧʨʦʚʝʨʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʛʦ, ʯʪʦʙʳ ʟʜʘʥʠʷ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʚʝʨʷʣʠʩʴ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʩʝʡ-

ʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [1]. 

ʇʨʠʤʝʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ: 

¶ ʉʝʡʩʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ: ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ ʟʜʘʥʠʷ ʠ 

ʝʛʦ ʬʫʥʜʘʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʟʜʘʥʠʶ ʢʦʣʝʙʘʪʴʩʷ ʠ ʩʥʠʞʘʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

¶ ɼʝʤʧʬʝʨʳ: ʪɻʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʛʣʦʱʘʶʪ ʠ ʨʘʩʩʝʠʚʘʶʪ ʩʝʡʩʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘʥʘʣʦ-

ʛʠʯʥʦ ʘʤʦʨʪʠʟʘʪʦʨʘʤ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʦʣʝʙʘʥʠʷ ʟʜʘʥʠʷ. 

¶ ɻʠʙʢʠʝ ʩʫʩʪʘʚʳ: ʣɻʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯ-

ʢʠ ʛʠʙʢʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ, ʧʦʟʚʦʣʷʷ ʨʘʟʣʠʯʥʳʤ ʯʘʩʪʷʤ ʟʜʘʥʠʷ ʜʚʠʛʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ [2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʧʦʢʘʟʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʨʭʠʪʝʢ-

ʪʫʨʝ. ʆʥʠ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʪʠʧʳ, ʢʘʢ ʩʢʦʣʴʟʷʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʝʟʠʥʦʚʳʝ ʠʟʦʣʷʮʠʦʥʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʠ ʛʦʬʨʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘ-

ʥʠʷʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʛʠʙʢʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʠʜʳ ʛʠʙʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʅʘ ʈʠʩʫʥʢʝ 2 ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʠʙʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ, ʚʢʣʶʯʘʷ ʰʘʨʥʠʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʢʨʫʯʝʥʠʝ ʠ 

ʵʣʘʩʪʠʯʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɻʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

 

ɻʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʟʜʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʘʢʪʠʚʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. ɺʦʪ ʦʩʥʦʚ-

ʥʳʝ ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

1. ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ: ʛʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ, ʧʦʟ-

ʚʦʣʷʶʪ ʟʜʘʥʠʷʤ ʠ ʜʨʫʛʠʤ ʩʦʦʨʫʞʝʥʠʷʤ çʧʣʘʚʘʪʴè ʥʘ ʩʚʦʠʭ ʦʩʥʦʚʘʥʠʷʭ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʧʝ-

ʨʝʜʘʯʫ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʟʝʤʣʠ ʢ ʩʪʨʫʢʪʫʨʝ, ʩʥʠʞʘʷ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʡ ʚʦ ʚʨʝʤʷ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ. 

2. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʩʞʘʪʠʝ: ʤʘʪʝʨʠʘʣʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʰʠʨʷʶʪʩʷ ʠ 

ʩʞʠʤʘʶʪʩʷ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɻʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʠʝ, ʢʘʢ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ 

ʰʚʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʵʪʠʭ ʜʚʠʞʝʥʠʡ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʪʨʝʱʠʥʳ ʠ ʜʨʫʛʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ. 

3. ʉʪʨʫʢʪʫʨʥʘʷ ʠʥʪʝʛʨʘʮʠʷ: ʚ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʛʜʝ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʟʜʘʥʠʷ 

ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʨʘʟʥʳʝ ʥʘʛʨʫʟʢʠ, ʛʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʤʦʛʘʶʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʵʪʠ ʥʘʛʨʫʟʢʠ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ. 
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4. ʆʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʧʨʦʱʘʝʪ ʦʙ-

ʩʣʫʞʠʚʘʥʠʝ ʠ ʟʘʤʝʥʫ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ 

ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʘ, ʛʠʙʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʚ ʟʜʘʥʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠʤʝʨʘʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: 

1. ʊʦʢʠʡʩʢʠʡ ʥʝʙʦʩʢʨʸʙ ʊʦʨʘʥʦʤʦʥ ʍʠʣʣʟ: ʚ ʵʪʦʤ ʟʜʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʡʩʤʠʯʝ-

ʩʢʠʝ ʠʟʦʣʷʪʦʨʳ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

2. ʄʦʩʪ ɿʦʣʦʪʳʝ ɺʦʨʦʪʘ ʚ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ, ʉʐɸ: ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʩ-

ʰʠʨʠʪʝʣʴʥʳʝ ʰʚʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʦʩʪʫ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

3. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʵʨʦʧʦʨʪ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ, ʪʝʨʤʠʥʘʣ 2: ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʛʠʙʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʅʝʙʦʩʢʨʸʙ ʊʦʨʘʥʦʤʦʥ ʍʠʣʣʟ ʚ ʊʦʢʠʦ. 

 

ɺʦʪ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝʙʦʩʢʨʸʙʘ ʊʦʨʘʥʦʤʦʥ ʍʠʣʣʟ ʚ ʊʦʢʠʦ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ. ʅʘ ʢʘʨʪʠʥʝ ʧʦʢʘʟʘʥ 

ʨʘʟʨʝʟ ʠʣʠ ʧʦʜʨʦʙʥʳʡ ʚʠʜ ʦʩʥʦʚʘʥʠʷ ʟʜʘʥʠʷ, ʛʜʝ ʚʠʜʥʦ, ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ ʬʫʥʢ-

ʮʠʦʥʠʨʫʶʪ ʜʣʷ ʟʘʱʠʪʳ ʟʜʘʥʠʷ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʉʝʡʩʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʝʙʦʩʢʨʸʙʝ ʊʦʨʘʥʦʤʦʥ ʍʠʣʣʟ. 
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ɺʓɺʆɼ 

ʉʝʡʩʤʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ, ʤʘʪʝʨʠʘ-

ʣʦʚʝʜʝʥʠʷ ʠ ʠʥʞʝʥʝʨʠʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. ʇʨʦʬʝʩʩʠʦʥʘʣʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʳ 

ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʩʣʝʜʠʪʴ ʟʘ ʥʦʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʱʠʪʫ ʞʠʟʥʠ ʠ ʠʤʫʱʝʩʪʚʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. Dowrick, David J. "Earthquake Resistant Design and Risk Reduction." Wiley. ʂʥʠʛʘ ʧʦʩʚʷʱʝ-

ʥʘ ʤʝʪʦʜʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, ʠ ʤʝʪʦʜʘʤ ʩʥʠʞʝʥʠʷ 

ʨʠʩʢʦʚ. 

2. International Journal of Earthquake and Impact Engineering. ɾʫʨʥʘʣ, ʧʫʙʣʠʢʫʶʱʠʡ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 

 

 

ʋɼʂ 627:004.01 

 

ɹɽʊʆʅʓ ʇʆɺʓʐɽʅʅʆʁ ɺʆɼʆʅɽʇʈʆʅʀʎɸɽʄʆʉʊʀ, ʇʈɽɼʅɸɿʅɸʏɽʅʅʓɽ 

ɼʃʗ ɻʀɼʈʆʉʆʆʈʋɾɽʅʀʁ, ʅɸ ʆʉʅʆɺɽ ʆʊʍʆɼʆɺ  

 

ʉʘʪʪʘʨʦʚ ʕ.ɸ.1,  ʊʫʨʩʫʥʙʝʢʦʚ ɹ.ʂ.2  

ʄʦʣʜʘʤʫʨʘʪʦʚ ɾ.ʅ.3, ɸʣʪʘʝʚʘ ɿ.ʅ.4, ɽʩʪʝʤʝʩʦʚʘ ɸ.ʉ.5 

 
1,2,3,4,5 ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ɸʣʤʘʪʳ, 050043, ʂʘʟʘʭʩʪʘʥ 

______________________________________________________________________ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʟʜʘ-

ʥʠʷ ʛʠʜʨʦʬʦʙʥʳʭ ʙʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʜʣʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢ-

ʪʦʚ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʦʪʠʥ, ʜʘʤʙ ʠ ʜʨʫʛʠʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʦʩʪʨʦ ʩʪʦʷʪ ʚ ʦʙʱʝʩʪʚʝ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʙʦʣʴʰʠʤʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʷʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦ-

ʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʪʨʦ ʥʘʟʨʝʣ ʚʦʧʨʦʩ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʪʘʢʠʭ ʩʦʙʳʪʠʡ. ʕʪʦʪ ʚʳʚʦʜ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʛʠʜ-

ʨʦʪʝʭʥʠʯʝʩʢʠʤ ʩʦʦʨʫʞʝʥʠʷʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦ-

ʩʪʨʦʝʥʳ ʚ 60ï80 ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʙʳʣʠ ʩʣʫʯʘʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘ-

ʮʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʦʛʦ ʚʦʧʨʦʩʘ ʚ ʫʢʨʝʧʣʝʥʠʠ ʧʣʦʪʠʥ, ʜʘʤʙ ʤʦʞʝʪ ʚʥʝʩʪʠ ʩʚʦʡ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʩʦʚʨʝʤʝʥʥʳʡ ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʙʝʪʦʥ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʜʣʷ ʪʘʢʠʭ ʩʦʦʨʫʞʝ-

ʥʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʝʪʦʥʘ, ʢʦʪʦ-

ʨʳʡ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʪʭʦʜʘ ï ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʥʝʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʪʘʢʠʭ ʙʝʪʦʥʦʚ. ɺ ʩʦʩʪʘʚʝ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʜʦʙʘʚʢʠ ʚʭʦʜʷʪ: ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ, Flowcast ʠ MasterLife WP 1200. ʅʘ ʦʩʥʦʚʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʦʙʘʚʦʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʙʦʚʥʳʝ ʙʝʪʦʥʳ ʢʣʘʩʩʦʚ ʧʨʦʯʥʦʩʪʠ ʦʪ ɺ22,5 

ʜʦ ɺ40 ʩ ʤʘʨʢʘʤʠ ʧʦ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ W8 ʜʦ W20. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʝ ʩʦʦʨʫʞʝʥʠʝ (ɻʊʉ), ʛʠʜʨʦʬʦʙʥʳʡ ʙʝʪʦʥ, 

ʢʣʘʩʩ ʙʝʪʦʥʘ, ʢʦʤʧʣʝʢʩʥʘʷ ʜʦʙʘʚʢʘ, ʧʣʦʪʥʦʩʪʴ. 

 
ɸʥʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘ ʛʠʜʨʦʪʝʭʥʠʢʘʣʳϨ Ϩϰʨʳʣʳʩʪʘʨ Ϯʰʽʥ ʬʝʨʨʦϨʦʨʳʪʧʘ Ϻʥʜʽʨʽ-

ʩʽʥʽϬ ʤʝʪʘʣʣʫʨʛʠʷʣʳϨ ϨʘʣʜʳϨʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʛʠʜʨʦʬʦʙʪʳ ʙʝʪʦʥʜʳ ʟʝʨʪʪʝʫ ʞϸʥʝ ʞʘʩʘʫ 

ʩʘʣʘʩʳʥʜʘϤʳ ʞʝʪʽʩʪʽʢʪʝʨʜʽ ʩʠʧʘʪʪʘʡʜʳ. ɹϮʛʽʥʛʽ ʪʘϬʜʘ ϨʦϤʘʤʜʘ ʩʫ ʰʘʨʫʘʰʳʣʳϤʳ 

ϨϰʨʳʣʳʩʪʘʨʳʥʳϬ, ϸʩʽʨʝʩʝ ʙϺʛʝʪʪʝʨʜʽϬ, ʙϺʛʝʪʪʝʨ ʤʝʥ ʙʘʩϨʘ ʜʘ ʛʠʜʨʦʪʝʭʥʠʢʘʣʳϨ Ϩϰʨʳ-

ʣʳʩʪʘʨʜʳϬ Ϩʘʫʽʧʩʽʟʜʽʛʽ ʤϸʩʝʣʝʣʝʨʽ Ϻʪʢʽʨ ʪϰʨ. ɹϰʣ, ʝϬ ʘʣʜʳʤʝʥ, ʦʩʳʥʜʘʡ ʦʙʲʝʢʪʽʣʝʨʜʽϬ 
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ʙϰʟʳʣʫʳʥʘʥ ʙʦʣʘʪʳʥ Ϯʣʢʝʥ ʵʢʦʥʦʤʠʢʘʣʳϨ, ʵʢʦʣʦʛʠʷʣʳϨ ʞϸʥʝ ϸʣʝʫʤʝʪʪʽʢ ʰʳϤʳʥʜʘʨϤʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʆʩʳϤʘʥ ʙʘʡʣʘʥʳʩʪʳ ʤϰʥʜʘʡ ʦϨʠϤʘʣʘʨʜʳϬ ʳϨʪʠʤʘʣʜʳϤʳʥ ʙʘʨʳʥʰʘ ʘʟʘʡʪʫ 

Ϩʘʞʝʪʪʽʣʽʛʽ ʤϸʩʝʣʝʩʽ Ϻʟʝʢʪʽ ʙʦʣʜʳ. ɹϰʣ ʪϰʞʳʨʳʤ ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘϤʳ ʛʠʜ-

ʨʦʪʝʭʥʠʢʘʣʳϨ ϨϰʨʳʣʳʩʪʘʨϤʘ ʪʦʣʳϤʳʤʝʥ Ϩʘʪʳʩʪʳ, ʦʣʘʨʜʳϬ ʢϺʧʰʽʣʽʛʽ 60ï80 ʞʳʣʜʘʨʳ 

ʩʘʣʳʥϤʘʥ. Ϻʪʢʝʥ Ϥʘʩʳʨʜʘ ʪϺʪʝʥʰʝ ʞʘϤʜʘʡʣʘʨ ʦʨʳʥ ʘʣʜʳ. ɹϺʛʝʪʪʝʨʜʽ ʥʳϤʘʡʪʫʜʘϤʳ 

Ϻʟʝʢʪʽ ʤϸʩʝʣʝʥʽ ʰʝʰʫ Ϯʰʽʥ ʙϺʛʝʪʪʝʨ Ϩʘʟʽʨʛʽ ʟʘʤʘʥϤʳ ʞʦϤʘʨʳ ʙʝʨʽʢ ʙʝʪʦʥϤʘ ʙʝʣʛʽʣʽ ʙʽʨ 

Ϯʣʝʩ Ϩʦʩʘ ʘʣʘʜʳ, ʙϰʣ ʤϰʥʜʘʡ ϨϰʨʳʣʳʤʜʘʨϤʘ Ϩʦʡʳʣʘʪʳʥ ʙʘʨʣʳϨ ʥʦʨʤʘʪʠʚʪʽʢ ʪʘʣʘʧ-

ʪʘʨϤʘ ʪʦʣʳϤʳʤʝʥ ʩϸʡʢʝʩ ʢʝʣʝʜʽ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʤϰʥʜʘʡ ʙʝʪʦʥ Ϯʰʽʥ ʥʝʛʽʟʛʽ ʢϺʨʩʝʪʢʽʰ ʙʦ-

ʣʳʧ ʪʘʙʳʣʘʪʳʥ ʩʫϤʘ ʪϺʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ ʢϮʨʜʝʣʽ ʭʠʤʠʷʣʳϨ Ϩʦʩʧʘʩʳ 

ʙʘʨ ʬʝʨʨʦϨʦʨʳʪʧʘ ϺʥʜʽʨʽʩʽʥʽϬ ʤʝʪʘʣʣʫʨʛʠʷʣʳϨ ϨʘʣʜʳϨʪʘʨʳ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥʘʪʳʥ ʛʠʜʨʦ-

ʬʦʙʪʳ ʙʝʪʦʥʜʳ ʟʝʨʪʪʝʫ ʥϸʪʠʞʝʣʝʨʽ ʙʝʨʽʣʛʝʥ. ʂʝʰʝʥʜʽ ϨʦʩʧʘϤʘ 6 ʢʽʨʝʜʽ: Penetron-

Admix, Flowcast ʞϸʥʝ MasterLife WP 1200. ʂϺʨʩʝʪʽʣʛʝʥ Ϩʦʩʧʘʣʘʨ ʥʝʛʽʟʽʥʜʝ ʩʫϤʘ ʪϺʟʽʤʜʽʣʽʢ 

ʜϸʨʝʞʝʩʽ W8-ʜʝʥ W20-Ϥʘ ʜʝʡʽʥʛʽ B22,5-ʪʝʥ ɺ40-Ϩʘ ʜʝʡʽʥʛʽ ʙʝʨʽʢʪʽʢ ʢʣʘʩʪʘʨʳʥʳϬ ʛʠʜʨʘʚ-

ʣʠʢʘʣʳϨ ʙʝʪʦʥʜʘʨʳ ʘʣʳʥʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʛʠʜʨʦʪʝʭʥʠʢʘʣʳϨ Ϩϰʨʳʣʳʤ (ɻʊϧ), ʛʠʜʨʦʬʦʙʪʳ ʙʝʪʦʥ, ʙʝʪʦʥ ʢʣʘʩʳ, 

ʢϮʨʜʝʣʽ Ϩʦʩʧʘ, ʪʳϤʳʟʜʳϨ. 

 

Abstract. This article describes the achievements in the field of research and creation of 

hydrophobic concretes based on metallurgical waste of ferroalloy production for hydraulic 

structures. Today, the problems of safety of water management facilities, especially dams, em-

bankments and other hydraulic structures, are acute in society. This is due, first of all, to the 

large economic, environmental and social losses that result from the destruction of such objects. 

In this regard, the issue of the need to minimize the likelihood of such events has become urgent. 

This conclusion fully applies to hydraulic structures in the Republic of Kazakhstan, most of 

which were built in the 60-80s of the last century and there were cases of emergency situations. 

To solve the urgent issue of strengthening dams, embankments, modern high-strength concrete 

can make its own contribution, which will fully comply with all regulatory requirements for 

such structures. This article presents the results of studies of hydrophobic concrete, which is ob-

tained on the basis of metallurgical waste - ferroalloy production with the content of a complex 

chemical additive aimed at increasing water resistance, which is the main indicator for such 

concrete. The composition of the complex additive includes 6: Penetron-Admix, Flowcast and 

MasterLife WP 1200. Based on the listed additives, hydrophobic concretes of strength classes 

from B22.5 to B40 with water resistance grades from W8 to W20 were obtained. 

Key words: hydraulic structure (HS), hydrophobic concrete, concrete class, complex ad-

ditive, density. 
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1 ɺɺɽɼɽʅʀɽ 

ʇʦ ʜʘʥʥʳʤ ʂʘʟʘʭʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʯʠʩʣʦ 

ʥʘʧʦʨʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʣʷ ʩʙʦʨʘ 

ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʙʦʣʴʰʠʭ ʟʘʧʘʩʦʚ ʚʦʜʥʦʡ ʵʥʝʨʛʠʠ ʠ ʪʨʝʙʫʶʱʠʭ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʩʦʩʪʘʚ-

ʣʷʝʪ ʚʳʰʝ 60% [1]. ʆʩʥʦʚʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʨʘʞʜʘʥ-

ʩʢʦʤ, ʜʦʨʦʞʥʦʤ, ʧʨʦʤʳʰʣʝʥʥʦʤ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʤ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʚʠʜʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʷʚʣʷʝʪʩʷ ʙʝʪʦʥ. ɹʝʪʦʥʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʚʦʜ, ʧʝʨʝʧʘʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʮʠʢʣʘʤ ʟʘʤʦ-

ʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʣʝʪʥʠʭ ʵʢʩʧʣʫʘʪʘʮʠʡ ʠʭ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ, ʨʘʟʨʫʰʘʷ ʩʪʨʫʢʪʫʨʫ ʙʝʪʦʥʘ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚ-
ʣʝʥʠʝʤ ʚʦʜʳ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʙʝʪʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʦʣʞʝʥ 
ʦʙʣʘʜʘʪʴ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ [2]. 



 

54 

ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. 

ɺ ʩʚʷʟʠ ʩ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʜʦʣʛʦʩʨʦʯʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, 
ʨʘʟʨʘʙʦʪʢʘ ʨʝʮʝʧʪʫʨʳ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʝʪʦʥʘ ʚʳʩʦʢʦʡ ʤʘʨʦʯʥʦʩʪʠ ʧʦ ʢʣʘʩʩʫ ʧʨʦʯ-
ʥʦʩʪʠ ʠ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʡ ʜʦʙʘʚʢʦʡ ʷʚʣʷ-
ʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʩ ʩʦʜʝʨ-
ʞʘʥʠʝʤ ʦʪʭʦʜʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʜʦʙʘʚʢʠ. 

 
2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦ 
ʪʠʧʘʤ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʠ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʦʙʨʘʟʫʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢ-
ʩʳ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ: ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʠʨʨʠʛʘʮʠʷ, ʛʠʜʨʦ-
ʵʥʝʨʛʝʪʠʢʘ, ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʨʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʨʝʢʨʝʘʮʠʷ ʠ ʜʨ. ɺʩʝ ʢʨʫʧʥʳʝ ɻʕʉ ʠʤʝʶʪ 
ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʤʥʦʛʦʣʝʪʥʝʛʦ ʠ ʩʝʟʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨʝʢ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʨʝ-
ʛʫʣʷʪʦʨʘ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʦʡ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʮʝʥ-
ʪʨʳ ʠ ʛʦʨʦʜʘ ʩʪʨʘʥʳ. ɺʝʜʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʛʠʜʨʦʵʥʝʨʛʝʪʠ-
ʢʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʤʘʣʳʭ ɻʕʉ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠʟ ʥʠʭ, ʚʚʝʜʝʥʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 
2012 ʛʦʜʫ, ï ʄʦʡʥʘʢʩʢʘʷ ɻʕʉ ʥʘ ʨʝʢʝ ʏʘʨʳʥ. ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʧʨʠʥʷʪʘ ʇʨʦʛʨʘʤʤʘ ʚ 2023ï
2030 ʛʦʜʘʭ ʚʦʟʚʝʜʝʥʠʝ ʥʦʚʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʠʨʨʠʛʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʪʝʭ-
ʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʚʦʜʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʦʜʦʭʨʘʥʠʣʠʱ ʨʘʩ-
ʩʯʠʪʘʥʘ ʥʘ ʩʝʟʦʥʥʦʝ ʠ ʚʥʫʪʨʠʩʝʟʦʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʭ (ʩʚʳʰʝ 90% ʦʪ 
ʦʙʱʝʛʦ ʯʠʩʣʘ), ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʨʫʞʝʥʠʷʤʠ IV ʢʣʘʩʩʘ ʢʘʧʠʪʘʣʴʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ, ʚ ʦʩ-
ʥʦʚʥʦʤ, ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʥʫʞʜ ʩʝʣʴʩʢʦ-
ʛʦ ʭʦʟʷʡʩʪʚʘ, ʠ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʙʝʟ ʨʝʤʦʥʪʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 40 ʠ ʙʦʣʝʝ ʣʝʪ, 
ʯʘʩʪʴ ʞʝ ʤʘʣʳʭ ɻʊʉ ʥʝ ʠʤʝʝʪ ʚʣʘʜʝʣʴʮʝʚ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʩʣʫʞʙʫ. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦ-
ʩʪʦʷʥʠʝ ʪʘʢʠʭ ɻʊʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ 
ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʦʙʲʝʢʪʘʤ ʧʦʚʳʰʝʥʥʦʡ ʘʚʘʨʠʡʥʦʡ ʦʧʘʩʥʦʩʪʠ.  

ʉʦʩʪʦʷʥʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ ʂʘʟʘʭʩʪʘʥʘ ʜʦ-
ʩʪʠʛʣʦ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʧʦ ʩʨʦʢʫ ʩʣʫʞʙʳ ʠ ʬʠʟʠʯʝʩʢʦʤʫ ʠʟʥʦʩʫ. ʉʪʘʨʝʥʠʝ ɻʊʉ, 
ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 
ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʘʚʘʨʠʡʥʦʩʪʠ. ɺ ʧʝʨʝʯʥʝ ʘʚʘʨʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷ-
ʪʠʣʝʪʠʷ ï ʵʪʦ ʥʘʚʦʜʥʝʥʠʝ ʚʳʟʚʘʥʥʦʝ ʧʨʦʨʳʚʦʤ ʧʣʦʪʠʥʳ ʚ ʩʝʣʝ ʂʳʟʳʣʘʛʘʰ (11-12 ʤʘʨʪʘ 2010 
ʛʦʜʘ), ʨʘʟʤʳʚ ʧʣʦʪʠʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʂʦʢʧʝʢʪʳ ʚ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ (30 ʤʘʨʪʘ 2014 
ʛʦʜʘ), ʩʝʣʴ ʥʘ ʨʝʢʝ ʂʘʨʛʘʣʠʥʢʘ ʚ ɸʣʤʘʪʳ (23 ʠʶʣʷ 2015 ʛʦʜʘ) ʠ ʥʘʚʦʜʥʝʥʠʷ ʚ ʟʘʧʘʜʥʳʭ, ʩʝ-
ʚʝʨʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʨʝʛʠʦʥʘʭ ʚ ʩʚʷʟʠ ʩ ʚʝʩʝʥʥʠʤʠ ʧʘʚʦʜʢʘʤʠ ʪʝʢʫʱʝʛʦ ʛʦʜʘ. ɺ ʯʠʩʣʝ ʧʨʠʯʠʥ 
ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʏʉ ï ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʥʘʜʣʝʞʘʱʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʙʝʟʦʧʘʩʥʦ-
ʩʪʴʶ ʦʙʲʝʢʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʥʠʭ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ 
ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʩʙʨʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʦʨʳʚʳ ʜʘʤʙ ʠ ʧʣʦʪʠʥ, ʢʦʪʦʨʳʝ 
ʥʘʙʣʶʜʘʣʠʩʴ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʫʩʪʘʣʦʩʪʠ ʤʥʦʛʦʣʝʪʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʦ-
ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʛʠʜʨʦʫʟʝʣ ʥʘ ʨʝʢʝ ʉʳʨʜʘʨʴʷ. 
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ʊʘʙʣʠʮʘ 1 ï ʅʘʚʦʜʥʝʥʠʷ ʩ ʨʘʟʤʳʚʦʤ ʧʣʦʪʠʥ ʠ ʟʘʱʠʪʥʳʭ ʜʘʤ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ɼʘʪʳ ʈʝʛʠʦʥʳ ʋʱʝʨʙ 

19 ʤʘʷ 2009 ʛ.  ʐʘʨʜʘʨʠʥʩʢʠʡ ʨʘʡʦʥ ʧʦʜʲʝʤ ʚʦʜʳ ʚ ʨʝʢʝ ʉʳʨʜʘ-

ʨʴʷ, ʨʘʟʨʫʰʝʥʠʝ ʟʘʱʠʪʥʳʭ ʜʘʤʙ  

ʇʦʜʪʦʧʣʝʥʦ ʙʦʣʝʝ ʪʳʩʷʯʠ 

ʜʦʤʦʚ 

ʤʘʨʪ-ʠʶʥʴ 2010ʛ. ʉʝʣʦ ʂʳʟʳʣʘʛʘʰ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʨʳʚ 

ʧʣʦʪʠʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʋʱʝʨʙ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 53,1ʤʣʥ 

ʜʦʣʣ. ʉʐɸ 

ʉʝʣʦ ɽʨʢʠʥʦ ɸʣʤʘʪʠʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʨʝʢʘ ʂʘʨʘʪʘʣ ʇʦʜʪʦʧʣʝʥʠʝ ʜʝʩʷʪʢʦʚ ʜʦʤʦʚ 

ʉʝʣʦ ʃʝʩʥʦʚʢʘ ɸʣʤʘ-ɸʪʠʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʧʨʦʨʳʚ 

ʜʘʤʙʳ ʥʘ ʨʝʢʝ ʋʩʝʢ 

ʕʚʘʢʫʠʨʦʚʘʥʦ 2 187 ʯʝʣʦʚʝʢ 

10 ʤʘʷ 2013 ʛ ʇʦʩʝʣʦʢ ʂʦʡʙʘʩ ʂʘʨʘʛʘʥʜʠʥʩʢʘʷ ʦʙʣʘʩʪʴ ʇʦʜʪʦʧʣʝʥʠʝ ʜʝʩʷʪʢʦʚ ʜʦʤʦʚ 

ʤʘʨʪ-ʠʶʣʴ 2014ʛ. ʇʦʩʝʣʦʢ ɹʠʨʣʠʢ ʂʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʇʦʜʪʦʧʣʝʥʠʝ ʜʦʤʦʚ 

ʇʦʩʝʣʦʢ ʂʦʢʧʝʢʪʳ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʦʨʳʚ ʧʣʦʪʠʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʋʱʝʨʙ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 7,8 ʤʣʥ 

ʜʦʣʣ. ʉʐɸ 

ʉʝʣʦ ɾʫʤʘʙʝʢ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʤʳʚ 

ʧʣʦʪʠʥʳ 

ʇʦʜʪʦʧʣʝʥʠʝ ʜʦʤʦʚ 

ʊʘʣʛʘʨʩʢʠʡ ʨʘʡʦʥ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʨʳʚ 

ʧʣʦʪʠʥʳ 

ʇʦʜʪʦʧʣʝʥʠʝ ʜʦʤʦʚ 

28 ʘʧʨʝʣʷ 2015 ʛ. ʉʝʣʦ ʆʨʘʟʘʢ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʨʳʚ ʜʘʤ-

ʙʳ ʥʘ ʨ. ʅʫʨʘ 

ʵʚʘʢʫʘʮʠʷ ʥʘʩʝʣʝʥʠʷ 

4 ʘʧʨʝʣʷ 2016ʛ ʧʦʩ. ʅʠʞʥʠʡ ʅʘʨʙʘʢ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʦʨʳʚ ʧʣʦʪʠʥʳ 

ʇʦʜʪʦʧʣʝʥʠʝ ʜʦʤʦʚ 

16 ʘʧʨʝʣʷ 2017ʛ ʛ. ɸʪʙʘʩʘʨ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʤʳʚ ʟʘʱʠʪ-

ʥʦʡ ʟʝʤʣʷʥʦʡ ʙʝʨʝʛʦʚʦʡ ʜʘʤʙʳ 

ʵʚʘʢʫʘʮʠʷ ʞʠʪʝʣʝʡ 200 ʜʦʤʦʚ 

27 ʜʝʢʘʙʨʷ 2018ʛ. ʂʘʟʘʣʠʥʩʢʠʡ ʨʘʡʦʥ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʨʘʟʤʳʚ ʙʝʨʝʛʦʚʦʡ ʟʘʱʠʪʥʦʡ ʜʘʤʙʳ 

ʇʦʜʪʦʧʣʝʥʠʝ ʜʦʤʦʚ 

31 ʤʘʨʪʘ 2019 ʛ. ɹʫʨʘʙʘʡʩʢʠʡ ʨʘʡʦʥ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʟ-

ʤʳʚ ʧʣʦʪʠʥʳ ʂʝʥʝʩʘʨʠʥʩʢʘʷ, ʨʝʢʘ ʂʳʣʰʘʢʪʳ 

ʇʦʜʪʦʧʣʝʥʠʝ ʜʦʤʦʚ 

ʤʘʨʪ-ʤʘʡ 2024ʛ. ʄʘʥʛʠʩʪʘʫʩʢʘʷ, ɸʪʳʨʘʫʩʢʘʷ, ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩ-

ʪʘʥʩʢʘʷ, ɸʢʪʶʙʠʥʩʢʘʷ, ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʠ 

ʂʦʩʪʘʥʘʡʩʢʘʷ, ʂʘʨʘʛʘʥʜʠʥʩʢʘʷ, ɸʢʤʦʣʠʥʩʢʘʷ 

ʦʙʣʘʩʪʠ 

ʕʚʘʢʫʘʮʠʷ ʙʦʣʝʝ 120 000 ʞʠ-

ʪʝʣʝʡ 

 

ɸʥʘʣʠʟ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʚʘʨʠʡ ʥʘ ʧʣʦʪʠʥʘʭ ï ʧʦʜʧʦʨʥʳʭ ʛʠʜʨʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʠʭ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʦʩʙʨʦʩʥʳʭ ʩʦ-

ʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʙʝʟ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʧʫʩʢ ʢʘʪʘ-

ʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʘʚʦʜʢʘ. ʋʭʫʜʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʦʜʦʧʦʜʧʦʨʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ɻʊʉ. 

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʠʟ-ʟʘ ʜʦʣʛʦʩʨʦʯʥʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘʟʨʝʣ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʳʩʦ-

ʢʦʤʘʨʦʯʥʳʭ ʠ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʭ ʙʝʪʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʪʘʢʠʭ 

ʦʙʲʝʢʪʦʚ.  

ʆʙʲʝʢʪʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʶ-

ʱʠʝ ʬʝʨʨʦʩʧʣʘʚʥʦʝ, ʦʛʥʝʫʧʦʨʥʦʝ ʠ ʣʠʪʝʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʳʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʟʥʘʯʝʥʠʡ. ɺʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠ-

ʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʚʦʜʦʝʤʦʚ, ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ ʠ 

ʦʪʚʘʣʳ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʯʫʞʜʝʥʠʝ ʟʝʤʝʣʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʢʨʫʧʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʳ.  

ʐʣʘʢʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʟʘʤʝʥʠʪʝʣʝʤ ʧʨʠʨʦʜʥʳʭ ʢʘʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴ-

ʟʫʶʱʠʭʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. ʐʣʘʢʦʚʳʡ ʱʝʙʝʥʴ ʧʦ ʩʚʦʠʤ 

ʩʚʦʡʩʪʚʘʤ ʥʝ ʫʩʪʫʧʘʝʪ ʱʝʙʥʶ ʠʟ ʪʚʝʨʜʳʭ ʧʦʨʦʜ, ʘ ʠʥʦʛʜʘ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ. ʑʝʙʝʥʴ, ʧʝʩʦʢ 
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ʠ ʠʭ ʩʤʝʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʚʩʝʭ 

ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʣʦʝʚ ʜʦʨʦʛʠ (ʧʦʢʨʳʪʠʡ, ʦʩʥʦʚʘʥʠʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʦʩʥʦʚʘ-

ʥʠʡ ʠ ʪ. ʜ.).  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʰʣʘʢʦʚʳʭ ʙʝʪʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʝʤ ʦʙʦʛʘʱʘʶʱʝʡ ʜʦ-

ʙʘʚʢʠ ʦʪ 40 ʜʦ 60%. ɺ ʟʦʥʝ ʦʧʪʠʤʫʤʘ ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʩʤʝʩʠ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ ʬʨʘʢʮʠʡ ʤʝʥʝʝ 0,14 ʤʤ ï 6-9%; 0,14-0,63 ʤʤ ï 30-35%; 0,63-5 ʤʤ ï 

56-64% [3,4]. 

ʐʣʘʢʦʚʳʡ ʙʝʪʦʥ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʟʘʧʦʣʥʠʪʝʣʷʭ ʠʟ ʜʦʤʝʥʥʳʭ ʠ ʪʦʧʣʠʚʥʳʭ 

ʰʣʘʢʦʚ ʧʨʠ ʨʘʩʭʦʜʝ ʮʝʤʝʥʪʘ ʦʪ 180 ʜʦ 440 ʢʛ/ʤ ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ 2300-2500 ʢʛ/ʤ2, 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʦʪ 15 ʜʦ 55 ʄʇʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. 

ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʰʣʘʢʦʚʳʭ ʙʝʪʦʥʦʚ ʢʣʘʩʩʦʚ ɺ15-ɺ35 ʥʘ ʟʘʧʦʣʥʠʪʝʣʷʭ ʠʟ ʩʤʝʩʠ ʜʦʤʝʥ-

ʥʳʭ ʠ ʪʦʧʣʠʚʥʳʭ ʰʣʘʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ W6 ʜʦ W10, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʡʩʪʚʠʶ ʥʘʧʦʨʥʳʭ ʚʦʜ.  

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʭʦʜʳ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʙʝʪʦʥʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʰʣʘʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʬʦʙʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ. ʆʪʭʦʜʳ ʬʝʨʨʦʩʧʣʘʚʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝ-

ʩʪʚʝ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʝʡ. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʠʜ ʠ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʠʜ-

ʨʦʬʦʙʥʦʛʦ ʙʝʪʦʥʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʝʪʦ-

ʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʄʘʪʝʨʠʘʣʳ: ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦ-

ʛʦ ʙʝʪʦʥʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʨʦʜʥʳʡ ʧʝʩʦʢ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ɸʣʤʘʪʠʥ-

ʩʢʘʷ ʦʙʣʘʩʪʴ), ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ (ʱʝʙʥʷ) ï ʰʣʘʢʠ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʚʷʞʫʱʝʝ ï ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 

ʄʝʣʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ:  

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʦʙʳ ʦʪʭʦʜʘ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ 

ʰʣʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 8267-93, ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 
ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʦʙʳ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʦʪʭʦʜʘ 

ʬʨʘʢʮʠʠ 0-5 ʤʤ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʅɼ ʥʘ ʤʝʪʦʜʳ 

ʠʩʧʳʪʘʥʠʡ 
ʅʦʨʤʘ ʧʦ ʅɼ ʌʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ɿʝʨʥʦʚʦʡ ʩʦʩʪʘʚ 

ʉʦʜʝʨʞʘʥʠʝ ʟʝʨʝʥ ʢʨʫʧʥʦ-

ʩʪʴʶ, % 

ʩʚʳʰʝ 10 ʤʤ 

ʩʚʳʰʝ 5 ʤʤ 

ʤʝʥʝʝ 0,16 ʤʤ   

ʇʦʣʥʳʡ ʦʩʪʘʪʦʢ ʥʘ ʩʠʪʝ 

ʩʝʪʢʦʡ ˉ063, %  

ɻʆʉʊ 8735-88  

 

 

ʅʝ ʙʦʣʝʝ 5 

ʅʝ ʙʦʣʝʝ 20 

ʅʝ ʙʦʣʝʝ 10 

 

ʉʚ. 65 ʜʦ 75 

 

 

 

1,7 

31 

9,2 

 

80,8 

ʄʦʜʫʣʴ ʢʨʫʧʥʦʩʪʠ 

 

ɻʆʉʊ 8735-88 3,0 ï3,5 

ɻʨʫʧʧʘ ʧʝʩʢʘ -

ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ 

3,77 

ɻʨʫʧʧʘ ʧʝʩʢʘ ï 

ʧʦʚʳʰʝʥʥʦʡ ʢʨʫʧʥʦʩʪʠ 

ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʠʜʥʳʭ ʠ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, % 

ɻʆʉʊ 8735-88 ʅʝ ʙʦʣʝʝ 3 0,9 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3  ɻʆʉʊ 8735-88 - 1650 
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ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʦʙʳ ʦʪʭʦʜʘ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ 

ʰʣʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 8269.0-97 ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣ. 3. 

 
ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʦʙʳ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʦʪʭʦʜʘ 

ʬʨʘʢʮʠʠ 10-20 ʤʤ  

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʅɼ ʥʘ ʤʝʪʦʜʳ  

ʠʩʧʳʪʘʥʠʡ 
ʅʦʨʤʘ ʧʦ ʅɼ 

ʌʘʢʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ɿʝʨʥʦʚʦʡ ʩʦʩʪʘʚ 

d 

0.5 + (d +D) 

D 

1.25xD 

ɻʆʉʊ 8269.0-97  

ʦʪ 90 ʜʦ 100 

ʦʪ 30 ʜʦ 60 

ʜʦ 10 

ʜʦ 0,5 

 

90,01 

49,65 

10,07 

0,30 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 ɻʆʉʊ 8269.0-97 - 1492,5 

ʇʨʦʯʥʦʩʪʴ ʱʝʙʥʷ, % 

- ʧʦʪʝʨʷ ʤʘʩʩʳ ʱʝʙʥʷ, ʚ ʩʫʭʦʤ ʩʦʩʪʦʷ-

ʥʠʠ 

- ʤʘʨʢʘ ʧʦ ʜʨʦʙʠʤʦʩʪʠ 

ɻʆʉʊ 8269.0-97  

 

ʉʚ.13 ʜʦ 15 

800 

 

 

13,01 

800 

ʉʦʜʝʨʞʘʥʠʝ ʟʝʨʝʥ ʧʣʘʩʪʠʥʯʘʪʦʡ (ʣʝ-

ʱʘʜʥʦʡ) ʠ ʠʛʣʦʚʘʪʦʡ ʬʦʨʤʳ, % ʧʦ ʤʘʩʩʝ 

ɻʨʫʧʧʘ ʱʝʙʥʷ  

ɻʆʉʊ 8269.0-97 ʉʚ. 15 ʜʦ 25 

ʚʢʣʶʯ 

3 

19,3 

 

3 

ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʠʜʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ 

ʯʘʩʪʠʮ, % ʧʦ ʤʘʩʩʝ 

ɻʆʉʊ 8269.0-97  

ʅʝ ʙʦʣʝʝ 1 

 

1,0 

 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ. ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

12730.5-2018 çɹʝʪʦʥʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠè ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʤ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʝʪʦʥʘ ʧʦ ʝʛʦ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʩʝʨʠʠ ʠʟ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ-ʢʫʙʦʚ ʩ ʨʘʟʤʝʨʦʤ ʨʝ-

ʙʨʘ 150 ʤʤ. 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝ-

ʣʘʪʴ ʵʪʦʪ ʦʩʥʦʚʥʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʩʢʦʨʠʪʴ 

ʪʝʤʧʳ ʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʝʛʦ ʫʜʝʰʝʚʠʪʴ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ.  

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ.  

ɺ ʪʘʙʣʠʮʘʭ 4-6 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʦʚ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʦʪʭʦʜʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. 

ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʧʦ ʩʦʩʪʘʚʘʤ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʦʪʭʦʜʝ ʠ ʜʦʙʘʚʦʢ Flowcast + ʇʝʥʝ-

ʪʨʦʥ-ɸʜʤʠʢʩ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4. 

 
ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʦʚ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʦʪʭʦʜʝ ʩ ʜʦʙʘʚʢʘ-

ʤʠ Flowcast + ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ 

ʉʦʩʪʘʚʳ 
ʅʦʨʤʘ ʧʦ ʅɼ, 

ʄʇʘ 

ʉʨʝʜʥʷʷ ʧʨʦʯ-

ʥʦʩʪʴ, ʄʇʘ 

ʉʨʝʜʥʷʷ ʧʣʦʪ-

ʥʦʩʪʴ, ʢʛ/ʤ3 

(+) ʧʨʠʨʦʩʪ, 

(-) ʧʦʥʠʞʝʥʠʝ, % 

ˉ1 ï ʄ100 (ɺ7,5) 9,8 11,50 2400 +17,35 

ˉ2 ï ʄ 200 (ɺ15) 19,6 21,69 2430 +10,66 

ˉ3 ï ʄ300 (ɺ22,5) 26,2 30,23 2445 +15,38 

ˉ4 ï ʄ350 (ɺ25)  32,7 36,95 2440 +13,0 

ˉ5 ï ʄ400 (ɺ30) 39,3 44,85 2460 +14,12 

ˉ6 ï ʄ450 (ɺ35) 45,8 51,15 2480   +11,68 

ˉ7 ï ʄ550 (ɺ40)  52,4 56,44 2656   +7,7 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʦʪʭʦʜʘ ʠ ʜʦ-

ʙʘʚʢʘʭ Flowcast + ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ + MasterLife WP 1200, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5. 

 
ʊʘʙʣʠʮʘ 5 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʩʪʘʚʦʚ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʱʝʙʥʝ ʥʘ ʜʦʙʘʚʢʘʭ Flowcast 

+ ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ + MasterLife WP 1200 

ʉʦʩʪʘʚʳ 
ʅʦʨʤʘ ʧʦ ʅɼ, 

ʄʇʘ 

ʉʨʝʜʥʷʷ ʧʨʦʯ-

ʥʦʩʪʴ, ʄʇʘ 
ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 

(+) ʧʨʠʨʦʩʪ, 

(-) ʧʦʥʠʞʝʥʠʝ, % 

ˉ1 ï ʄ300 (ɺ22,5) 26,2 43,88 2380 +67,48 

ˉ2 ï ʄ350 (ɺ25) 32,7 46,63 2384 +42,59 

ˉ3 ï ʄ400 (ɺ30) 39,3 47,61 23,86 +21,14 

ˉ4 ï ʄ450 (ɺ35) 45,8 56,38 2488 +23,1 

ˉ5 ï ʄ550 (ɺ40) 52,4 52,69 2546 +0,55 

ʇʨʠʤʝʯʘʥʠʝ: ʚr ʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʧʝʥʳ, ʩʠʣʴʥʦʝ ʚʦʜʦʦʪʜʝʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝ-

ʩʪʚʦ ʜʦʙʘʚʢʠ. 
 

ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʦʪʭʦʜʘ ʠ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʢʘʭ 

Flowcast + MasterLife WP 1200, ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣ. 6. 
 

ʊʘʙʣʠʮʘ 6 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʩʪʘʚʦʚ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʦʪʭʦʜʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʜʦ-

ʙʘʚʢʘʤʠ Flowcast + MasterLife WP 1200 

ʉʦʩʪʘʚʳ 
ʅʦʨʤʘ ʧʦ ʅɼ, 

ʄʇʘ 

ʉʨʝʜʥʷʷ ʧʨʦʯ-

ʥʦʩʪʴ, ʄʇʘ 
ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 

(+) ʧʨʠʨʦʩʪ, 

(-) ʧʦʥʠʞʝʥʠʝ, % 

ˉ1 ï ʄ300 (ɺ22,5) 26,2 36,2 2358 +38,16 

ˉ2 ï ʄ350 (ɺ25) 32,7 43,28 2390 +32,35 

ˉ3 ï ʄ400 (ɺ30) 39,3 53,28 2418 +35,57 

ˉ4 ï ʄ450 (ɺ35) 45,8 53,89 2460 +17,66 

ˉ5 ï ʄ550 (ɺ40) 52,4 55,53 2508 +5,97 

ʇʨʠʤʝʯʘʥʠʝ: ʚʳʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʧʝʥʳ, ʩʠʣʴʥʦʝ ʚʦʜʦʦʪʜʝʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝ-

ʩʪʚʦ ʜʦʙʘʚʢʠ. 
 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʙʨʘʟʮʦʚ-ʢʫʙʦʚ ʩ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7.  
 

ʊʘʙʣʠʮʘ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʦʪ-

ʭʦʜʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʬʦʙʥʳʭ ʜʦʙʘʚʦʢ 

 ̄
ʉʦʩʪʘʚʳ ʙʝʪʦʥʦʚ ʥʘ ʙʝʣʠʪʦʚʦʤ 

ʧʨʦʜʫʢʪʝ 

ʂʣʘʩʩ (ʤʘʨʢʘ) ʙʝʪʦʥʘ 

ɺ 40 ɺ 35 ɺ 30 ɺ 25 ɺ 22,5 

ʄʘʨʢʘ ʧʦ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ, W 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʦʢ: Flowcast+ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ 

1 

ɹʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦ-

ʛʦ ʰʣʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ 

 

18-20 

 

18-20 

 

16-18 

 

16-18 

 

10-12 

2 

ɹʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦ-

ʛʦ ʰʣʘʢʘ ʚ ʩʦʯʝʪʘʥʠʠ ʢʨʫʧʥʦʛʦ 

ʠ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʝʡ 

 

16 

 

 

16 

 

14 

 

14 

 

8 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʦʢ: Flowcast+ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ + MasterLife WP 1200 

3 

ɹʝʪʦʥ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʩʧʣʘʚʥʦ-

ʛʦ ʰʣʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ 

 

16 

 

16 

 

14 

 

10 

 

8 

 

ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʜʦʙʘʚʦʢ-ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʝʪʦʥʘ ʥʘ 

ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ:  

1) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʥʠʷ ʭʝʤʦʩʦʨʙʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʜʦʙʘʚʦʢ ʚʳ-
ʪʘʣʢʠʚʘʶʪ ʯʘʩʪʴ ʚʦʜʳ ʠʟ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘ ʟʝʨʥʘʭ ʮʝʤʝʥʪʘ ʚ ʜʠʬʬʫʟʥʳʡ ʩʣʦʡ, ʯʪʦ ʧʦ-

ʚʳʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʩʠʩʪʝʤʳ; 
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2) ʯʘʩʪʴ ʘʢʪʠʚʥʳʭ ʛʨʫʧʧ ʠ ʦʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʜʦʙʘʚʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʜʠʬʬʫʟʥʳʡ 
ʩʣʦʡ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ;  

3) ʚ ʫʣʫʯʰʝʥʠʠ ʘʜʛʝʟʠʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʧʦʚʳʰʝʥʠʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 
ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʘʤʥʷ ʠ ʙʝʪʦʥʘ (ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ɺ/ʎ ʠʣʠ ʚʦʟʜʫʭʦʚʦʚʣʝʯʝʥʠʷ), ʫʚʝ-

ʣʠʯʝʥʠʠ ʩʚʷʟʥʦʩʪʠ ʩʤʝʩʝʡ ʠ ʪ. ʜ. 

 

5 ɺʓɺʆɼʓ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʛʠʜʨʦʬʦʙʥʦʛʦ ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦ-

ʩʧʣʘʚʥʦʛʦ ʰʣʘʢʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʧʦʣʫʯʝʥʳ: 

1) ʛʠʜʨʦʬʦʙʥʳʝ ʙʝʪʦʥʳ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʦʪʭʦʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘ-
ʚʦʢ: Flowcast+ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ ʢʣʘʩʩʦʚ ʙʝʪʦʥʦʚ: ɺ40, ɺ35, ɺ30, ɺ25, ɺ22,5, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʦ ʤʘʨʢʘʤ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ W18-20 ʜʦ W10-12; 

2) ʛʠʜʨʦʬʦʙʥʳʡ ʙʝʪʦʥ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʰʣʘʢʘʭ ʚ ʢʘʯʝʩʪʚʝ ʤʝʣʢʦʛʦ ʠ ʢʨʫʧʥʦʛʦ ʟʘ-
ʧʦʣʥʠʣʷ (ʱʝʙʥʷ) (ʑ=70:30) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘʚʦʢ: Flowcast+ʇʝʥʝʪʨʦʥ-

ɸʜʤʠʢʩ ʢʣʘʩʩʦʚ ʙʝʪʦʥʦʚ: ɺ40, ɺ35, ɺ30, ɺ25, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ ʤʘʨʢʘʤ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝ-

ʤʦʩʪʠ W14-16; 

3) ʛʠʜʨʦʬʦʙʥʳʡ ʙʝʪʦʥ ʥʘ ʬʝʨʨʦʩʧʣʘʚʥʦʤ ʰʣʘʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘʚʦʢ: 
Flowcast+ʇʝʥʝʪʨʦʥ-ɸʜʤʠʢʩ+ MasterLife WP 1200 ʢʣʘʩʩʦʚ ʙʝʪʦʥʦʚ: ɺ40, ɺ35, ɺ30, ɺ25, 

ɺ22,5, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ ʤʘʨʢʘʤ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ W14-16 ʜʦ W8-10. 
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ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ʵʥʝʨʛʠʷʥʳ Ϯʥʝʤʜʝʡʪʽʥ ϨϰʨʳʣʳʤʜʘʨϤʘ ϨʳʩϨʘʰʘ ʰʦʣʫ ʞϸʥʝ 

ϤʠʤʘʨʘʪʪʘʨʜʳϬ ʩʘϬʳʨʘʫ ʞϸʥʝ ʤϺʣʜʽʨ ʙϺʣʽʢʪʝʨʽʥʽϬ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʘʟʳʣϤʘʥ. ʉʳʨʪϨʳ 

ϨʘʙʳʨϤʘʣʘʨʜʳ ʦϨʰʘʫʣʘʫʜʳϬ ɿʘʤʘʥʘʫʠ Ϩϰʨʳʣʳʩ ʞϮʡʝʣʝʨʽ, ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʪʝʭʥʦʣʦʛʠ-

ʷʣʘʨʳ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. ϧʘʙʳʨϤʘʥʳϬ ʤϺʣʜʽʨ ʞϸʥʝ ʩʦϨʳʨ ʙϺʣʽʛʽʥʽϬ ʞʳʣʫ ϨʦʨϤʘʥʳʩʳʥ 

ʘʨʪʪʳʨʫ Ϯʰʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳϬ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʘʥʳϨʪʘʣʜʳ.  

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ, Ϩʘʩʙʝʪ ʞϮʡʝʩʽ, Ϩϰʨʳʣʳʩ Ϩϰʨʳʣʳʤʜʘʨʳ, ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨ. 

 



 

60 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʭʠʭ ʠ ʧʨʦʟʨʘʯʥʳʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʪʝʧʣʝʥʠʷ ʥʘʨʫʞʥʳʭ ʩʪʝʥ. ʆʧʨʝʜʝʣʝ-

ʥ  rʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʟʘʱʠʪʳ ʧʨʦʟʨʘʯʥʦʡ ʠ ʛʣʫʭʦʡ ʯʘ-

ʩʪʠ ʩʪʝʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʬʘʩʘʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠʘʣʳ. 

 

Abstract. The article contains a brief overview of energy-saving structures and tech-

nologies for deaf and transparent parts of buildings. Modern construction systems, materials 

and technologies for the insulation of external walls are considered. To increase the thermal 

protection of the transparent and blind part of the wall, the characteristics of the materials were 

determined.  

Key words: energy efficiency, facade system, building structures, energy efficient tech-

nologies and materials. 
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*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɸ.ʅ. ʉʝʨʽʢʙʘʝʚ 

 ʫʘʥʳʰʙʘʡפ .ʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɸ.ʄנ

 

1 ʂɯʈɯʉʇɽ 

 ʳʰʘʨʪʪʘʨʳסʘʣ שʥʝʤʜʝʫʜʽװ ʳ ʵʥʝʨʛʠʷʥʳסʨʳʣʳʩʪʘײפ

-ʦʣʜʘץ ʨʫ ʞᴅʥʝ ʩʘʣʫ ʢʝʟʽʥʜʝ ʵʥʝʨʛʠʷʥʳ ʪʠʽʤʜʽײץ ʘʡʪʘץ ʨʳʣʳʩʪʘʨʜʳײץ ʠʤʘʨʘʪʪʘʨ ʤʝʥנ

ʥʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʝʰʝʥʜʽ ʪᴅʩʽʣʽ 80-ʰʽ ʞʳʣʜʘʨʳ ʜʘʤʠ ʙʘʩʪʘʜʳ. ɾʘʣʧʳ, ɽʫʨʦʧʘ ʝʣʜʝʨʽʥ-

ʜʝ ʞᴅʥʝ ʉʦʣʪװʩʪʽʢ ɸʤʝʨʠʢʘ ʤʝʥ ʂʘʥʘʜʘ ʘʡʤʘץʪʘʨʳʥʜʘ ʙײʣ ʧʨʦʮʝʩʩ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʤʝʥ, 

ʪᴅʞʽʨʠʙʝʰʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫʤʝʥ ʞᴅʥʝ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʤʝʥ ץʘʪʘʨ ʪʠʽʤʜʽ ʦʙʲʝʢʪʽʣʝʨ ʤʝʥ 

 .ʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʩᴅʫʣʝʪ ᴇʥʝʨʽʥʝ ʝʥʛʽʟʽʣʛʝʥײץ ʥʝʤʜʝʫװ ʣʛʽʣʝʨʽʥ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳװ

 

2 ᴄɼɽɹʀɽʊʂɽ ʐʆʃʋ 

ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ 

-ʘʣʘʨʳ ʙʘʨ, ʦʣʘʨ ʢʣʠץʩײʨʣʽ ʥװᴅʨʪ שʰʘʫʣʘʫʜʳץʨʳʣʳʤʜʘʨʳʥ ʦײץ ʦʨʰʘʫץ ʠʤʘʨʘʪʪʘʨʜʳנ

ʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨסʘ ʞᴅʥʝ ײץʨʳʣʳʩ ʞʦʙʘʣʘʫ ʢʝʟʝשʽʥʜʝ ץʘʙʳʣʜʘʥסʘʥ ײץʨʳʣʳʤʜʳץ ʰʝʰʽʤʛʝ 

ʙʘʡʣʘʥʳʩʪʳ. ɽʢʽ ʥʝʛʽʟʛʽ:  

 ʘʙʘʪʳ ʙʘʨ ïץ ʰʘʫʣʘʫץʘʙʘʪ ʞᴅʥʝ ʦץ ץʨʳʣʳʤʜʳײץ ʘʣʘʨʜʘסʘʙʳʨץ ʘʙʘʪʪʳץ ʘʰʘʥ ʢᴇʧץ (1

ʙײʣ ʞʳʣʫ ï ʛʝʪʝʨʦʛʝʥʜʽ ץʦʨʰʘʫ ײץʨʳʣʳʤʳ ʜʝʧ ʘʪʘʣʘʜʳ;  

2) ʦץʰʘʫʣʘʫ ץʘʙʘʪʳ ʤʝʥ ײץʨʳʣʳʤʜʳץ ץʘʙʘʪ ʩᴅʡʢʝʩ ʢʝʣʛʝʥ ʢʝʟʜʝ ï ʙײʣ ʞʳʣʫ-ʙʽʨʪʝʢʪʽ 

 .ʳʰʳ ʦʣ ï ʘʫʘסʰʘʫʣʘץʪʠʽʤʜʽ ʞʳʣʫ ʦ שʳ ʝסʨʳʣʳʩʪʘײץ ʨʳʣʳʤʳ. ɸʧʨʠʦʨʠײץ ʦʨʰʘʫץ

ʉʦʥʜʳץʪʘʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʞʳʣʫʜʳ װʥʝʤʜʝʡʪʽʥ ץʘʩʠʝʪʪʝʨʽʥʽש ʥʝʛʽʟʛʽ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʘʫʘ ʢʝʫʝʢʪʝʨʽʥʽש ʢᴇʣʝʤʽʥʽש ʦʩʳ ʢʝʫʝʢʪʝʨʜʽ ײץʨʘʡʪʳʥ ץʘץשʘʩʳʥʳש ʢᴇʣʝʤʽʥʝ 

ʧʘʡʳʟʜʳץ ץʘʪʳʥʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʤʘʪʝʨʠʘʣʜʳש ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ, 

ʤʝʥʰʽʢʪʽ ʩʘʣʤʘסʳ ʤʝʥ ʦʥʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʪᴅʥ ʪᴅʫʝʣʜʽʣʽʢ ʙʘʡץʘʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʫʘ ʢᴇʧ ץʘʙʘʪʪʳ ץʘʙʳʨסʘʣʘʨʜʘ ʦץʰʘʫʣʘʫʜʳש ʪᴅʫʝʣʩʽʟ ץʘʙʘʪʳ ʙʦʣʘ ʘʣʘʜʳ. 

-ʨʳʣʳʩ ʤʘʪʝʨʠʘʣײץ ʦʨʰʘʫʣʘʨʜʳ ʝʥʛʽʟʫץ ʘʙʘʪʪʳץ ʜʘʪʫ ʞᴅʥʝ ʢᴇʧשʘʪʘץ ʨʳʣʳʩ ʥʦʨʤʘʣʘʨʳʥײפ

ʜʘʨʳ ʥʘʨʳסʳʥʳש ʢʝשʝʶʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ, ᴅʩʽʨʝʩʝ ʘʡʪʘʨʣʳץʪʘʡ ʞʳʣʫ ץʦʨסʘʫ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ. 

ʄʳʩʘʣʳ, ʞʳʣʫ ʪʠʽʤʜʽ ײץʨʳʣʳʩ ʙʣʦʛʳ ʪʫʨʘʣʳ ʢʨʝʤʥʝʛʨʘʥʠʪ. ʆʣ ʞʦסʘʨʳ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡ-

ʪʽʥ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽ ʙʘʨ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʳʥʘʥ ʞʘʩʘʣסʘʥ. ʂʨʝʤʥʝʛʨʘʥʠʪ ʙʣʦʢʪʘʨʳ-

ʥʘʥ ʩʘʣʳʥסʘʥ סʠʤʘʨʘʪʪʘʨ ץʦʩʳʤʰʘ ʩʳʨʪץʳ ʜʝʢʦʨʘʪʠʚʪʽ ᴅʨʣʝʫʜʽ ʞᴅʥʝ ץʦʩʳʤʰʘ ʦץʰʘʫʣʘʫʜʳ 

 ʨʳʣʳʤʜʘʨʳʥʘײץ ʦʨʰʘʫפ .ʡʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳװʥʝʤʜʝʡʪʽʥ ʞװ ʘʞʝʪ ʝʪʧʝʡʜʽ. ɹʣʦʢʪʘʨ ʞʳʣʫʜʳץ

ʘʨʥʘʣסʘʥ ʪʘסʳ ʙʽʨ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʤʘʪʝʨʠʘʣ ᴅʨ ʪװʨʣʽ ץʫʳʩʪʳʣʳץʧʝʥ ʞʘʩʘʣסʘʥ ײץʤ-

ʮʝʤʝʥʪ ץʘʙʳʨסʘ ʙʣʦʢʪʘʨʳ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʙʝʨʽʢʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʘʨ ʤʘʪʝʨʠʘʣʜʘʨ.  

ɹʣʦʢʪʳש ʥʝʛʽʟʛʽ ʢᴇʣʝʤʽʥʽס-50% שʘ ʜʝʡʽʥ ʞʝשʽʣ ʪʦʣʪʳʨסʳʰʪʘʨ ײץʨʘʡʜʳ. ɹײʣ ʝש ʢᴇʧ ʪʘ-

ʨʘʣסʘʥ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ װʥʝʤʜʝʫ ײץʨʳʣʳʩ ʢʝʟʽʥʜʝ ײץʨʳʣʳʩ ʞײʤʳʩʪʘʨʳʥʳש ʙʘʨʣʳץ ʪʽʟʽʤʽʥ 

ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʘʪʝʨʠʘʣ. ʆʥʳ ײʷʣʳ ʙʝʪʦʥʤʝʥ ʞᴅʥʝ ʩʘʟ ʢʽʨʧʽʰʧʝʥ ʙʽʨʛʝ ץʦʣʜʘ-
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ʥʫʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʪᴅʞʽʨʠʙʝ ʞʠʥʘץʪʘʣʜʳ. ײפʤ ʮʝʤʝʥʪ ʙʣʦʢʪʘʨʳʥʳש ʦש ʞʘץʪʘʨʳ, ʙʝʪʢʽ ץʘʙʘʪʳ 

 ʘʣʳʧʪʘʫץ ʳʣʳץʢᴇʣʝʤʜʽ ʜʽʨʽʣʜʽ ʙʘʩʫ ʘʨ שʘ ʙʣʦʢʪʘʨʳ ʦʣʘʨʜʳסʘʙʳʨץ ʨʽʥʜʝʛʽװʘʥ ʪʘʩ ʪסʪʘʣץʩʘײ

ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ᴇʥʜʽʨʽʩ ʧʨʦʮʝʩʽʥ ʝʜᴅʫʽʨ ʞʝʜʝʣʜʝʪʝʜʽ ʞᴅʥʝ ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

 ʰʽʥװ ʳʟʫסʨײʘʣʘʨʜʳ ʪסʘʙʳʨץ ʢ ʢᴇʪʝʨʛʽʰʧʝʥװʙʦʣʩʘ ʜʘ, ʞ ץʤ ʮʝʤʝʥʪ ʙʣʦʛʳ, ʪʽʧʪʽ 75 ʧʘʡʳʟʜʳײץ

ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ.  

 

3 ʄɸʊɽʈʀɸʃɼɸʈ ʄɽʅ ᴄɼɯʉʊɽʈ  

ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ 

ɾʘשʘ סʠʤʘʨʘʪʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ץʦʣʜʘʥʳʩʪʘסʳ סʠʤʘʨʘʪʪʘʨʜʳ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ ʩʳʨ-

ʪץʳ ץʘʙʳʨסʘʣʘʨʜʳ ʦץʰʘʫʣʘʫʜʳװ שʰ ʪᴅʩʽʣʽʥʽש ʙʽʨʽ-ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ ʞʘסʳʥʘʥ ʞᴅʥʝ ʦʥʳש 

ʽʰʽʥʜʝ ʙʦʣʘʜʳ. ʆץʰʘʫʣʘʫ ᴅʜʽʩʽ ײץʨʳʣʳʤʜʘʨʜʳש ʤʘʪʝʨʠʘʣʳʥʘ, ץʘʩʙʝʪʪʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʙʘʡ-

ʣʘʥʳʩʪʳ ʙʦʣʳʧ ʢʝʣʝʜʽ.  

ʊʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽש ʪʘʣʘʧʪʘʨʳ. ʄʦʥʦʣʠʪʪʽ װʡʣʝʨʜʽײץ שʨʳʣʳʩʳʥʜʘ ʧʦʣʠʩʪʠʨʦʣʜʘʥ 

ʘʣʳʥʙʘʡʪʳʥ ץʘʣʳʧʪʘʨʜʳ ץʦʣʜʘʥʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʤʘʪʝʨʠʘʣ ʤʳ-

ʥʘʣʘʨʜʘʥ ʪײʨʘʜʳ: ʙʘʩʪʘʧץʳ ʧʦʣʠʤʝʨʧʦʣʠʩʪʠʨʦʣ, ʙʽʨ ʨʝʪ ץʦʣʜʘʥʳʣʘʪʳʥ ʳʜʳʩʪʘʨʜʳ ʞᴅʥʝ ʪ.ʙ. 

ʦʨʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʇʝʥʦʧʣʘʩʪ ʨʘʜʠʦʘʢʪʠʚʪʽ ʝʤʝʩ, ʭʠʤʠʷʣʳץ ʙʝʡʪʘʨʘʧ, ʳʣסʘʣסʘ ʪᴇʟʽʤʜʽ, 

ʳʜʳʨʘʤʘʡʜʳ ʞᴅʥʝ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥ ʣʘʩʪʘʤʘʡʜʳ, ʞᴅʥʜʽʢʪʝʨ ʤʝʥ ʢʝʤʽʨʛʽʰʪʝʨʜʽ ʪʘʨʪʧʘʡʜʳ. 

ʆʣ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʞᴅʥʝ ʩʝʨʪʠʬʠʢʘʪʪʘʣסʘʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. ʉʳʨʪץʳ 

ʞʘסʳʥʘʥ, ʧʦʣʠʩʪʠʨʦʣ ʢᴇʙʽʢʢʝ ץײʩʘʩ ʙʦʣʳʧ ʢʝʣʝʜʽ. ɸʣʘʡʜʘ, ʦʣ ʢᴇʙʽʢʪʝʥ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʤʝ-

ʭʘʥʠʢʘʣʳץ ʞʘסʳʥʘʥ ʪװʙʝʛʝʡʣʽ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʦʥʳש ʝʢʽ ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʥʳ ʦʨʳʥʜʘʡʪʳʥ ץʘʩʠ-

ʝʪʪʝʨʽ ʙʘʨ. 

ʕʥʝʨʛʠʷʥʳ Ϯʥʝʤʜʝʡʪʽʥ Ϩϰʨʳʣʳʩ ʞϮʡʝʣʝʨʽ 

 ʥʝʤʜʝʡʪʽʥ  ʪʠʽʤʜʽװ ʵʥʝʨʛʠʷʥʳ שʦʨʰʘʫʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳץ ʳץʩʳʨʪ שʠʤʘʨʘʪʪʘʨʜʳנ

ʞʘץʪʘʨʳ ʢᴇʧʪʝʧ ʢʝʟʜʝʩʝʜʽ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰ ʤʘʪʝʨʠʘʣʜʘʨ ʤʠʥʝʨʘʣʜʳ 

ʞװʡʝʣʝʨʜʽ ץʘʤʪʠʪʳʥ ץʘʩʙʝʪʪʽ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɽש ʪʘʥʳʤʘʣ ʞᴅʥʝ ʢʝש 

ʪʘʨʘʣסʘʥ ײץʨʳʣʳʩ ץʘʙʳʨסʘ ʞװʡʝʣʝʨʽʥʝ ʤʳʥʘʣʘʨʜʳ ʞʘʪץʳʟʫ ʢʝʨʝʢ: ʩʳʨʪץʳ ץʘʙʳʨסʘʣʘʨʜʳ 

ʦץʰʘʫʣʘʫʜʳש ʞʝʣʜʝʪʽʣʝʪʽʥ ײץʨʳʣʳʤʜʘʨʳ ʥʝʤʝʩʝ ʦʣʘʨʜʳ ץʘʣʘʡ ʘʪʘʫסʘ ʙʦʣʘʜʳ, ʞʝʣʜʝʪʽʣʝʪʽʥ 

 ʳץʥʜʽ ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʧʦʣʠʩʪʠʨʦʣʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʩʳʨʪװʘʩʙʝʪʪʝʨ (1-ʩʫʨʝʪ); ʞץ

 ʞʝʣʜʝʪʽʣʤʝʡʪʽʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ ʧʣʠʪʘʣʘʨ ʦʣʘʨʜʳ ʪʽʢʝʣʝʡ שʰʘʫʣʘʫʜʳץʘʣʘʨʜʳ ʦסʘʙʳʨץ

-ʦʣʜʘʥʘץ ʰʘʫʣʘʫʜʳץʨʣʽ ʢʦʤʙʠʥʘʮʠʷʣʘʨ ʞʝʨʛʽʣʽʢʪʽ ʦװʘ ʙʝʢʽʪʝʜʽ; ᴅʨʪסʪʘʫץʘ ʥʝʤʝʩʝ ʞʘסʘסʘʙʳʨץ

ʪʳʥ ʞװʡʝʣʝʨʜʽש ʦʩʳ ʝʢʽ ʥײʩץʘʩʳ. 

 

 
 

1-ʩʫʨʝʪ ï ɾʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪʪʽש ʜʠʟʘʡʥʳ [2]: 

1 ï ʘʥʢʝʨʣʽʢ ʙʝʢʽʪʫ; 2 ï ʘʥʢʝʨʣʽʢ ʙʝʢʽʪʫʛʝ ʘʨʥʘʣסʘʥ ʥʝʛʽʟ; 3 ï ʩʳʨʪץʳ ץʘʙʳʨסʘ ץʘʧʪʘʤʘʩʳ; 

4 ï ʙʝʢʽʪʫ ʤʘʪʝʨʠʘʣʳ; 5 ï ʽʰʢʽ ײץʨʳʣʳʤ; 6 ï ʞʝʣʜʝʪʢʽʰ ץʦʨʰʘʫ; 7 ï ʞʳʣʫ ʦץʰʘʫʣʘʫ. 

 

ʂʨʘʩʧʘʥ ʪʠʧʪʽ ʞʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪʪʝʨ ʝש ʪʘʥʳʤʘʣ ʙʦʣʜʳ, ʦʣʘʨ ʬʠʟʠʢʘ-ײץʨʳʣʳʩ ʧʘʨʘ-

ʤʝʪʨʣʝʨʽ ʙʦʡʳʥʰʘ ʢᴇʧ ץʘʙʘʪʪʳ ʪʠʽʤʜʽ ʞװʡʝʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʞװʡʝʥʽש ʩʳʥʜʘʨʣʳ 

ʰʝʰʽʤʽ 2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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2-ʩʫʨʝʪ ï ʂʨʘʩʧʘʥ ʪʠʧʪʽ ʞʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪʽ [3]: 

1 ï ʧʽʰʽʥʜʽ ʵʣʝʤʝʥʪʪʝʨʽ; 2 ï ᴇʟʜʽʛʽʥʝʥ ʙײʨʘʧ ʪײʨʘʪʳʥ ʙײʨʘʥʜʘ; 3 ï ʙʝʢʽʪʫ ʢʨʦʥʰʪʝʡʥʽ; 

4 ï ʢʨʦʥʰʪʝʡʥʜʽ ʙʝʢʽʪʫʛʝ ʘʨʥʘʣסʘʥ ʟᴅʢʽʨ; 5 ï ʧʘʨʦʥʠʪ ʪᴇʩʝʤʽ; 6 ï ᴇʟʜʽʛʽʥʝʥ ʙײʨʘʧ ʪײʨʘʪʳʥ ʙײʨʘʥʜʘ; 

7 ï ʦץʰʘʫʣʘʫʜʳ ʥʳסʘʡʪʫסʘ ʘʨʥʘʣסʘʥ ʜʶʙʝʣʴ; 8 ï ץʘʙʳʨסʘ; 9 ï ʦץʰʘʫʣʘʫ; 

10 ï ʩʫ ᴇʪʢʽʟʙʝʡʪʽʥ ʤʝʤʙʨʘʥʘ; 11 ï ʪʽʢ ʙʝʢʽʪʫ ʧʨʦʬʠʣʽ; 12 ï ʙʦʣʘʪ ʪʦʡʪʘʨʤʘ; 

13 ï ʙʝʢʽʪʢʽʰ ʢʣʘʤʤʝʨ ʘʷץʪʘʫ; 14 ï ץʘʪʘʨʜʘסʳ ʙʝʢʽʪʢʽʰ ʢʣʷʤʝʨ; 15 ï ʬʘʨʬʦʨ ʧʣʠʪʢʘʩʳ. 

 

ʂʨʘʩʧʘʥ ʩʠʷץʪʳ ץʘʩʙʝʪʪʽʢ ʞװʡʝʣʝʨʜʽש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳץʪʘʨʳ: 

- ʘʩʧʘʣʳ ʞʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪʪʝʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ ʦʣʘʨʜʳ 

ʝש ʪʠʽʤʜʽ, ʙʦʷʫסʘ ʪᴇʟʽʤʜʽ ʝʪʝʪʽʥ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞᴅʥʝ ʦʣʘʨ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʦʨʥʘʪʫʤʝʥ ʩʠʧʘʪʪʘ-

ʣʘʜʳ; 

- ʘʩʧʘʣʳ ץʘʩʙʝʪʪʝʨ ʪʘʙʠסʠ ʛʨʘʥʠʪʪʝʥ ʞʘʩʘʣסʘʥ ץʘʩʙʝʪʪʽʢ ʧʘʥʝʣʴʜʝʨʜʽש ʘʨץʘʩʳʥʜʘ 

ʞʘʫʳʥ-ʰʘʰʳʥ ʤʝʥ ʞʝʣʜʝʥ ץʦʨסʘʡ ʘʣʘʜʳ; 

- ʝʛʝʨ ץʘʩʙʝʪʪʝʨʜʽש ʙʝʪʽʥʝ ץʘʥʜʘʡ ʜʘ ʙʽʨ ᴅʩʝʨ ʙʦʣʩʘ, ʦʥʜʘ ʟʘץʳʤ ץʘʩʙʝʪʪʽʢ ʢʘʩʩʝʪʘʣʘʨʜʳ 

ʘʫʳʩʪʳʨʫʤʝʥ ʞʦʡʳʣʘʜʳ; 

 .ʤʘʪʝʨʠʘʣʜʘʨ ʧʘʡʜʘʣʘʥʳʣʘʜʳ ץʘʨʳ ʪʝʭʥʦʣʦʛʠʷʣʳסʡʝʣʝʨʜʽ ᴇʥʜʽʨʫʜʝ ʞʦװʘʩʙʝʪʪʽʢ ʞץ -

-ʦʣʜʘץ ʢᴇʧ שʳʰ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʝסʰʘʫʣʘץʰʝʰʽʤʜʝʨʜʝ ʞʳʣʫ ʦ ץʨʳʣʳʤʜʳײץ ʘʩʙʝʪʪʽʢפ

ʥʘʪʳʥ ʤʘʪʝʨʠʘʣ ʙʦʣʳʧ ʤʳʥʘʣʘʨ ʪʘʙʳʣʜʳ: 

- ʤʠʥʝʨʘʣʜʳ ʞװʥʥʝʥ ʞʘʩʘʣסʘʥ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰ ʧʣʠʪʘʣʘʨ; 

- ʵʢʩʪʨʫʜʪʘʣסʘʥ ʧʦʣʠʵʪʠʣʝʥ ʢᴇʙʽʛʽ; 

- ʙʘʟʘʣʴʪ ʞʳʥʳʩʪʘʨʳʥʘʥ ʞʘʩʘʣסʘʥ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰ ʧʣʠʪʘʣʘʨ; 

- ʢᴇʙʽʢ ʰʳʥʳʜʘʥ ʞʘʩʘʣסʘʥ ʧʣʠʪʘʣʘʨ (ʙʣʦʢʪʘʨ) ʞᴅʥʝ ʪ. ʙ. ɾʦסʘʨʳʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ 

ʦץʰʘʫʣʘʫ ᴅʜʽʩʪʝʨʽ ץʘʙʳʨסʘʥʳש ʙʦʩ ʙᴇʣʽʛʽʥʝ ʞʘʪʘʜʳ. ɸʣʘʡʜʘ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʪײʨסʳʩʳʥʘʥ 

 .ᴅʣʩʽʟ ʙʫʳʥ-ʪʝʨʝʟʝʣʝʨ שʳ ʝסʠʤʘʨʘʪʪʘס

ʕʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʪʝʨʝʟʝʣʝʨ. ʊʝʨʝʟʝʣʝʨ ʘʨץʳʣʳ ʞʳʣʫ ʰʳסʳʥʳ סʠʤʘʨʘʪʪʘʨʜʳש 

-ʠʤʘʨʘʪס ʪʘʥץʘ ʜʝʡʽʥ ʞʝʪʝʜʽ. ʉʦʥʜʳס-50% שʳʥʳʥʳסʨʳʣʳʤʜʘʨʳ ʞʘʣʧʳ ʞʳʣʫ ʰʳײץ ʦʨʰʘʫץ

ʪʘʨʜʘסʳ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʜʽש ʝש ʤʘשʳʟʜʳ ʤʽʥʜʝʪʽ ï ʤᴇʣʜʽʨ ץʦʨʰʘʫ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש, 

ʝש ʘʣʜʳʤʝʥ ʪʝʨʝʟʝʣʝʨʜʽש ʞʳʣʫ ץʦʨסʘʫ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫ. פʘʟʽʨʛʽ ʟʘʤʘʥסʳ ײץʨʳʣʳʩ ʤʘʪʝ-

ʨʠʘʣʜʘʨʳ ᴇʥʝʨʢᴅʩʽʙʽ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ᴅʡʥʝʢʪʽש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥ ʰʳסʘʨʘʜʳ: I - ʰʳʥʳ, 

K - ʰʳʥʳ, ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ, ʞʳʣʫʜʳ װʥʝʤʜʝʡʪʽʥ, ʞʳʣʫʜʳ ʰʘסʳʣʳʩʪʳʨʘʪʳʥ, ʞʳʣʫʜʳ 

ʩʽשʽʨʝʪʽʥ ʞᴅʥʝ ʪ. ʙ. ɽש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ï I-ʰʳʥʳ. ɹײʣ ʚʘʢʫʫʤʜʘ ʧʣʘʟʤʘʣʳץ ʙװʨʢʫ ʘʨץʳʣʳ ץʦʣ-

ʜʘʥʳʣʘʪʳʥ ʢᴇʧ ץʘʙʘʪʪʳ ʢװʤʽʩ ʞʘʙʳʥʳ ʙʘʨ ʪᴇʤʝʥ ʵʤʠʩʩʠʷʣʳץ ʰʳʥʳ. ɽʢʽ ץʘʙʘʪʪʳ ʪʝʨʝʟʝʜʝ 

ʤײʥʜʘʡ ʙװʨʽʢʢʽʰ ᴅʡʥʝʢ ʪʝʢ ʽʰʢʽ ʞʘסʳʥʘ ץʘʨʘʫʳ ʢʝʨʝʢ. I-ʰʳʥʳ ʞʳʣʫ ץʦʨסʘʫʜʳש ʞʘץʩʘʨ-

ʪʳʣסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʠʝ. ʄײʥʳ ʦʩʳ ʤʳʩʘʣʜʘʥ ʪװʩʽʥʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ, ʩʳʨʪץʳ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ -26 ʛʨʘʜʫʩ ʞᴅʥʝ ʙᴇʣʤʝʜʝʛʽ ʽʰʢʽ ʪʝʤʧʝʨʘʪʫʨʘ + 20 ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʪʝʨʝʟʝʥʽש 

ʙʝʪʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʢᴅʜʽʤʛʽ ᴅʡʥʝʢʪʝʨʽ ʙʘʨ ʝʢʽ ץʘʙʘʪʪʳ ʪʝʨʝʟʝʜʝ ʝʢʽ ץʘʙʘʪʪʳ ʪʝʨʝʟʝʥʽש 

ʙʝʪʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ץʘʨʘʧʘʡʳʤ ᴅʡʥʝʢʪʽש ʙʝʪʽʥʝ ץʘʨʘסʘʥʜʘ ʞʦסʘʨʳ; ʙᴇʣʤʝʥʽץ שʘʧʪʘʤʘʩʳ 

ʤʝʥ ʠʥʪʝʨʴʝʨ ʟʘʪʪʘʨʳʥʳש ʢװʡʽʧ ʢʝʪʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ. 
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4 ʅᴄʊʀɾɽʃɽʈ ɾᴄʅɽ ʊɸʃפʓʃɸʋ 

ʆʩʳʣʘʡʰʘ, סʠʤʘʨʘʪʪʘʨʜʳש ʧʘʡʜʘʣʘʥʫ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ץʘʣʳʧʪʘʩʘʜʳ, ʝש ʘʣʜʳʤʝʥ, 

ʦʥʳש ʞʳʣʫ-ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ סʠʤʘʨʘʪʪʳש ʩʳʨʪץʳ ץʘʙʳסʳʥʳש ʩʘשʳʨʘʫ 

ʞᴅʥʝ ʤᴇʣʜʽʨ ʙᴇʣʽʢʪʝʨʽʥʽש ʞʳʣʫ ץʦʨסʘʫ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪ-

ʢʝʥʜʝʡ, סʠʤʘʨʘʪʪʘʨʜʳש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʦʣʘʜʳ ʪʝʢ ʢʝʰʝʥʜʽ ʩᴅʫʣʝʪ-

  .ʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝץ ʨʳʣʳʩ ʰʝʰʽʤʜʝʨʽʥײץ

 

 ʆʈʓʊʓʅɼʓʃɸʈפ 5

ɹװʛʽʥʛʽ ʪʘשʜʘ סʠʤʘʨʘʪʪʘʨ ʤʝʥ ײץʨʳʣʳʩʪʘʨʜʘסʳ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʜʽש ʞʦʙʘʣʳץ ᴅʣʝʫʝʪʽ 

ʞʦʙʘ ʘʚʪʦʨʣʘʨʳʥʳש ʪᴅʞʽʨʠʙʝʩʽ ʤʝʥ ʙʽʣʽʢʪʽʣʽʛʽʥʝ, ʥʘץʪʳ ᴅʣʝʫʝʪʽ ï ײץʨʳʣʳʩ ʞײʤʳʩʪʘʨʳʥʳש 

ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʞʦʙʘʣʳץ ʰʝʰʽʤʜʝʨʜʽש ʜᴅʣʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʵʥʝʨʛʠʷʥʳ 

 ʥʝʤʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥװ ʵʥʝʨʛʠʷ שʨʳʣʳʩʪʳײץ ,ʜʘʫ ʢʝʨʝʢ ʥʝʛʽʟʽʥʝʥשʥʝʤʜʝʫ ʰʘʨʘʣʘʨʳʥ ʪʘװ

ʞᴅʥʝ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ï ʞʳʣʫ, ײץʨʳ-

ʣʳʤʜʳײץ ,ץʥʜʳʣʳץʪʳ ʞʦʙʘʣʘʫʰʳʣʘʨʜʳש ʙʽʣʽʤʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ.  
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ʐ.ʆ. ʊʘʩʢʫʣʦʚ 

ʍʘʣʳץʘʨʘʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʢʦʨʧʦʨʘʮʠʷʩʳ, ɸʣʤʘʪʳ, 050043, פʘʟʘץʩʪʘʥ 

 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘ ϸʨʪϮʨʣʽ Ϩϰʨʳʣʳʩ ʵʣʝʤʝʥʪʪʝʨʽʥ ʢʦʨʨʦʟʠʷʜʘʥ ϨʦʨϤʘʫʜʳϬ ʪʠʽʤʜʽ 

ϸʜʽʩʪʝʨʽ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ʰʦʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʦʨʨʦʟʠʷ ï ʙϰʣ ϨϰʨʳʣʳʤʜʘʨʜʳϬ 

ʘʡʪʘʨʣʳϨʪʘʡ ʟʘϨʳʤʜʘʣʫʳʥʘ ʞϸʥʝ ʙϰʟʳʣʫʳʥʘ ϸʢʝʣʫʽ ʤϮʤʢʽʥ ʢϮʨʜʝʣʽ ʤϸʩʝʣʝ, ʙϰʣ Ϻʟ 

ʢʝʟʝʛʽʥʜʝ ʞʦʙʘʥʳϬ Ϩʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʵʢʦʥʦʤʠʢʘʣʳϨ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʝʨʽʩ ϸʩʝʨ ʝʪʝʜʽ. ʄʘϨʘʣʘ-

ʜʘ ʢʦʨʨʦʟʠʷʜʘʥ ϨʦʨϤʘʫʜʳϬ ϸʨʪϮʨʣʽ ϸʜʽʩʪʝʨʽ, ʩʦʥʳϬ ʽʰʽʥʜʝ ʘʨʥʘʡʳ ʞʘʙʳʥʜʘʨʜʳ, ʘʥʦʜʪʳ 

ϨʦʨϤʘʫʜʳ, ʢʘʪʦʜʪʳ ϨʦʨϤʘʫʜʳ ʞϸʥʝ ʵʣʝʢʪʨʦʣʠʟʜʽ Ϩʦʣʜʘʥʫ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʄʘϨʘʣʘʥʳϬ ʤʘϨʩʘʪʳ ï ʦϨʳʨʤʘʥʜʘʨʜʳ ʢʦʨʨʦʟʠʷϤʘ Ϩʘʨʩʳ ϨʦʨϤʘʫʜʳϬ ʤʘϬʳʟʜʳʣʳϤʳ 

ʤʝʥ Ϩʘʞʝʪʪʽʣʽʛʽʤʝʥ ʪʘʥʳʩʪʳʨʫ, ʩʦʥʳʤʝʥ Ϩʘʪʘʨ ʞʦʙʘʥʳϬ ʥʘϨʪʳ ʰʘʨʪʪʘʨʳ ʤʝʥ ʪʘ-

ʣʘʧʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ϨʦʨϤʘʫʜʳϬ ʦϬʪʘʡʣʳ ϸʜʽʩʽʥ ʪʘϬʜʘʫ ʙʦʡʳʥʰʘ ϰʩʳʥʳʩʪʘʨ ʙʝʨʫ. 

ɹϰʣ ʤʘʪʝʨʠʘʣ ʠʥʞʝʥʝʨʣʝʨ, Ϩϰʨʳʣʳʩʰʳʣʘʨ ʞϸʥʝ Ϩϰʨʳʣʳʩ ʞϸʥʝ ʞϺʥʜʝʫ ʩʘʣʘʩʳʥʜʘ 

ʞϰʤʳʩ ʽʩʪʝʡʪʽʥ ʙʘʨʣʳϨ ʤϮʜʜʝʣʽ ʪϰʣϤʘʣʘʨ Ϯʰʽʥ ʧʘʡʜʘʣʳ ʙʦʣʘʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: Ϩϰʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ, ʢʦʨʨʦʟʠʷ, ʢʦʨʨʦʟʠʷϤʘ Ϩʘʨʩʳ ϨʦʨϤʘʥʳʩ. 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʟʦʨ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦ-
ʣʦʛʠʡ ʟʘʱʠʪʳ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʢʦʨʨʦʟʠʠ. ʂʦʨʨʦʟʠʷ-ʩʝʨʴʝʟʥʘʷ 
ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ ʢʦʥ-
ʩʪʨʫʢʮʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ 

http://www.tstn.ru/
http://mastersbuilder.ru/
http://elport.ru/
http://vermiculite.pro/shtukaturka-iz-vermikulita
http://www.okna.ru/
http://www.okna-okt.ru/


 

64 

ʦʪ ʢʦʨʨʦʟʠʠ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʘʥʦʜʥʦʡ ʟʘʱʠʪʳ, ʢʘʪʦʜʥʦʡ 
ʟʘʱʠʪʳ ʠ ʵʣʝʢʪʨʦʣʠʟʘ.  

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʦʟʥʘʢʦʤʠʪʴ ʯʠʪʘʪʝʣʝʡ ʩ ʚʘʞʥʦʩʪʴʶ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʘʥʪʠ-
ʢʦʨʨʦʟʠʡʥʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘ-
ʱʠʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʘ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ 
ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʠʥʞʝʥʝʨʘʤ, ʩʪʨʦʠʪʝʣʷʤ ʠ ʚʩʝʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʣʠʮʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ 
ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʝʤʦʥʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʨʨʦʟʠʷ, ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʟʘ-
ʱʠʪʘ. 

 
Abstract. The article provides an overview of effective methods and technologies for 

protecting various building elements from corrosion. Corrosion is a serious problem that can 
lead to significant damage and destruction of structures, which, in turn, will negatively affect 
the safety and economic efficiency of the project. The article discusses various methods of cor-
rosion protection, including the use of special coatings, anodic protection, cathode protection 
and electrolysis.  

The purpose of the article is to acquaint readers with the importance and necessity of 
anti-corrosion protection, as well as to give recommendations on choosing the optimal method 
of protection depending on the specific conditions and requirements of the project. This materi-
al will  be useful for engineers, builders and all interested persons working in the field of con-
struction and repair.  

Key words: building structures, corrosion, anti-corrosion protection. 
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1 ʂɯʈɯʉʇɽ 

ʂʦʨʨʦʟʠʷ סʠʤʘʨʘʪʪʘʨ, ʢᴇʧʽʨʣʝʨ ʥʝʤʝʩʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ײץʨʳʣʳʩʪʘʨ ʙʦʣʩʳʥ, ײץʨʳʣʳʩ 
 ʣ ʧʨʦʮʝʩʩײʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹ שʘʥ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨʜʽסʨײʘʣʜʳʥʜʘ ʪ שʨʳʣʳʤʜʘʨʳʥʳײץ
ʠʥʬʨʘײץʨʳʣʳʤ ʥʳʩʘʥʜʘʨʳʥʳש ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥʝ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 
ʘʡʪʘʨʣʳץʪʘʡ ʵʢʦʥʦʤʠʢʘʣʳץ ʰʳסʳʥʜʘʨסʘ ᴅʢʝʣʝʜʽ. ʂʦʨʨʦʟʠʷʤʝʥ ʢװʨʝʩʫ װʰʽʥ ʙʦʣʘʪ ʞᴅʥʝ ʙʝ-
ʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ץʦʩʳʤʰʘ ץʦʨסʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ᴅʜʽʩʪʝʨ ʤʝʥ 
ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [1].  
 

2 ᴄɼɽɹʀɽʊʂɽ ʐʆʃʋ 

ʂʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ץʦʨסʘʥʳʩʪʳש ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ï ײץʨʳʣʳʤʜʘʨʜʳש ʙʝʪʽʥʝ 
 ʘʥ ʦʨʪʘʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ʙʦʣʜʳʨʤʘʡʜʳסʦʨʰʘץ שʣ ʧʨʦʮʝʩʩ ʤʝʪʘʣʜʳײʫ. ɹסʘʙʘʪʳʥ ʞʘץ ʘʥʳʩסʦʨץ
ʞᴅʥʝ ʦʩʳʣʘʡʰʘ ʢʦʨʨʦʟʠʷʥʳ ʙʘʷʫʣʘʪʘʜʳ ʥʝʤʝʩʝ ʪʦʣʳסʳʤʝʥ ʪʦץʪʘʪʘʜʳ. ɹʦʷʫʣʘʨ, ʵʤʘʣʴʜʘʨ, 
-ʘʨʩʳ ʞʘץ ʘסʘʥʜʘ, ʢʦʨʨʦʟʠʷסʦʩʘ ʘʣץ ʞʘʙʳʥʜʘʨʳ ʞᴅʥʝ ʧʦʣʠʤʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʞʘʙʳʥʜʘʨʜʳ ץʥʪʘײ
ʙʳʥʜʘʨʜʳש ʢʝש ʪʘשʜʘʫʳ ʙʘʨ. ɹײʣ ʟʘʪʪʘʨ ʤʘʪʝʨʠʘʣʜʳש ʙʝʪʽʥʜʝ ʪʦʪʳסʫ ʤʝʥ ʢʦʨʨʦʟʠʷסʘ ʞʦʣ 
ʙʝʨʤʝʡʪʽʥ ץʦʨסʘʥʳʩ ץʘʙʘʪʳʥ ʞʘʩʘʡʜʳ. ʆʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʳש ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʘʨ 
ʞᴅʥʝ ʥʘץʪʳ ʪʘʣʘʧʪʘʨ ʤʝʥ ʧʘʡʜʘʣʘʥʫ ʰʘʨʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʘשʜʘʣʫʳ ʤװʤʢʽʥ [2].  

 .ʘ ᴅʜʽʩʪʝʨʽ ʙʘʨץʙʘʩ שʘʫʜʳסʦʨץ ʘʨʩʳץ ʘסʘ, ʢʦʨʨʦʟʠʷץʦʣʜʘʥʫʜʘʥ ʙʘʩץ ʘʙʘʪʳʥץ ʘʥʳʩסʦʨפ
 ʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʢʦʨʨʦʟʠʷʥʳ ʝʨʪʝץ ץʨʜʝ ʪʝʢʩʝʨʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳװʡʝʣʽ ʪװʨʳʣʳʤʜʘʨʜʳ ʞײפ
ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʥʳש ʘʣʜʳʥ ʘʣʫ ʰʘʨʘʣʘʨʳʥ ץʘʙʳʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʩʧʝʢʘ-
ʪʦʜʪʳ ץʦʨסʘʫʜʳש ʙʝʣʩʝʥʜʽ ʞװʡʝʣʝʨʽ, ʦʣʘʨ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʙʘץʳʣʘʡʜʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ 
ʧʨʦʮʝʩʪʝʨ ʞײʤʳʩ ʽʩʪʝʡʜʽ.  

 
3 ʄɸʊɽʈʀɸʃɼɸʈ ʄɽʅ ᴄɼɯʉʊɽʈ  

ɹײʣ ʞʘʙʳʥʜʘʨ ʘʫʘ-ʨʘʡʳʥʘʥ ץʦʨסʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʢʦʨʨʦʟʠʷʥʳ ʙʦʣʜʳʨʤʘʡ-
ʜʳ. ʓʣסʘʣ ʤʝʥ ʙʘʩץʘ ʜʘ ʘʛʨʝʩʩʠʚʪʽ ʟʘʪʪʘʨʜʳײץ שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʙʝʪʽʥʝ ʝʥʫʽʥʝ ʞʦʣ 
ʙʝʨʤʝʫ װʰʽʥ ʨʝʟʝשʢʝ ʥʝʤʝʩʝ ʧʣʘʩʪʠʢʘʣʳץ ʧʣʝʥʢʘʣʘʨ ʩʠʷץʪʳ ʦץʰʘʫʣʘסʳʰ ʤʘʪʝʨʠʘʣʜʘʨ 
ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 
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ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ץʦʨסʘʥʳʩ ײץʨʳʣʳʤʜʘʨʜʳש ʟʘץʳʤʜʘʥʫʳʥ ʙʦʣ-

ʜʳʨʤʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʡʪʘʨʣʳץʪʘʡ ʵʢʦʣʦʛʠʷʣʳץ ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʠʝ. ʂʦʨʨʦʟʠʷʜʘʥ 

-ʘ ʤʘʪʝʨʠשʣ ʞʘײʘʞʝʪ ʝʪʝʜʽ, ʙץ ʨʳʣʳʩ ʵʣʝʤʝʥʪʪʝʨʽ ʘʟ ʞᴇʥʜʝʫʜʽ ʞᴅʥʝ ʘʫʳʩʪʳʨʫʜʳײץ ʘʥסʘʣסʦʨץ

ʘʣʜʘʨ ʤʝʥ ʨʝʩʫʨʩʪʘʨסʘ ʜʝʛʝʥ ץʘʞʝʪʪʽʣʽʢʪʽ ʘʟʘʡʪʘʜʳ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʧʘʡʜʘ 

ᴅʢʝʣʫ ʘʨץʳʣʳ ץʘʣʜʳץʪʘʨʜʳ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ [3].  

 

4 ʅᴄʊʀɾɽʃɽʈ ɾᴄʅɽ ʊɸʃפʓʃɸʋ 

 ʘʫʽʧʩʽʟʜʽʛʽץ שʨʳʣʳʤʥʳײץʘʫ ʠʥʬʨʘסʦʨץ ʘʨʩʳץ ʘסʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʢʦʨʨʦʟʠʷײפ

ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ. ʆʣ ʦʙʲʝʢʪʽʣʝʨʜʽײץ שʥʳʥ ʩʘץʪʘʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ ʞᴅʥʝ ʘʚʘʨʠʷʣʳץ ʞʘסʜʘʡʣʘʨʜʳש ʪʫʳʥʜʘʫ ʪᴅʫʝʢʝʣʜʝʨʽʥ ʘʟʘʡʪʘʜʳ. ʂʦʨʨʦʟʠʷסʘ ץʘʨʩʳ 

ᴅʜʽʩʪʝʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜײʨʳʩ ץʦʣʜʘʥʫ ץʦʨסʘʫʜʳש ʤʘʢʩʠʤʘʣʜʳ ʪʠʽʤʜʽʣʽʛʽ ʤʝʥ ʩʝʥʽʤ-

ʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʤʘʤʘʥʜʘʨʜʳש ʩʘʨʘʧʪʘʤʘʩʳ ʤʝʥ ʪᴅʞʽʨʠʙʝʩʽʥ ץʘʞʝʪ ʝʪʝʜʽ [4].  

 ʜʘʫ ʞᴅʥʝשʘʥʳʩʪʳ ʪʘסʦʨץ ʘʨʩʳץ ʘסʦʣʘʡʣʳ ʢʦʨʨʦʟʠʷץ ʰʽʥװ ʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳײפ

ʧʘʡʜʘʣʘʥʫ ʦʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʩʘץʪʘʫʜʳש ʤʘשʳʟʜʳ ץʘʜʘʤʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄײʥʜʘ ʜᴅʣʝʣʜʝʥʛʝʥ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʘץʧʘʨʘʪ ʢᴇʟʜʝʨʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʩʘʧʘ ʤʝʥ ץʦʨסʘʫʜʳש ʪʠʽʩʪʽ 

ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞײʤʳʩ ʥʦʨʤʘʣʘʨʳ ʤʝʥ ײʩʳʥʳʩʪʘʨʳʥʘ ʩװʡʝʥʫ ᴇʪʝ ʤʘשʳʟʜʳ. 

 

 ʆʈʓʊʓʅɼʓʃɸʈפ 5

ʆʩʳʣʘʡʰʘ, ʢʦʨʨʦʟʠʷסʘ ץʘʨʩʳ ץʦʨסʘʥʳʩ ײץʨʳʣʳʤʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤ-

ʪʘʤʘʩʳʟ ʝʪʽʧ ץʘʥʘ ץʦʡʤʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ײץʥʜʳʣʳץʪʘʨʜʳ ʩʘץʪʘʫ ʤʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘ-

ʤʫʜʘ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʂʦʨʨʦʟʠʷʜʘʥ ץʦʨסʘʫʜʳש ʦשʪʘʡʣʳ ᴅʜʽʩʽ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʳʥʳש 

ʪװʨʽʥʝ ʞᴅʥʝ ʞײʤʳʩ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʄץײʠʷʪ ʪʘʣʜʘʫ ʞʘʩʘʫ ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʞʘסʜʘʡ 

  .ʳʟʜʳ [5]שʜʘʫ ʤʘשʪʠʽʤʜʽ ᴅʜʽʩʪʽ ʪʘ שʰʽʥ ʝװ
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ʪʝʨʠʘʣʜʘʨʳ Ϩʦʣʜʘʥʳʣʘʜʳ.  
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ʊװʡʽʥ ʩᴇʟʜʝʨ: ʞʝʣʜʝʪʽʣʝʪʽʥ Ϩʘʩʙʝʪ, ϤʠʤʘʨʘʪʪʘʨʜʳϬ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ, ʩʝʥʽʤʜʽ 

ϨʦʨϤʘʥʳʩ, ʩʳʨʪϨʳ ϸʩʝʨʣʝʨ. 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʤʫ ʠʟ ʚʠʜʦʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ï ʚʝʥʪʠʣʠʨʫʝʤʦʤʫ ʬʘʩʘʜʫ. ɺ ʢʘʯʝʩʪʚʝ ʬʘʩʘʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʛʦ ʫʪʝʧʣʝʥʠʝ ʩʪʝʥ ʠ ʬʘʩʘʜʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʥʪʠʣʠʨʫʝʤʳʡ ʬʘʩʘʜ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ, ʥʘʜʝʞ-

ʥʘʷ ʟʘʱʠʪʘ, ʚʥʝʰʥʠʝ ʵʬʬʝʢʪʳ. 
 

Abstract:  the article is devoted to one of the types of energy - saving building struc-

tures-a ventilated facade. As a facade coating, which provides insulation of walls and facades, 

modern building materials are used that are resistant to external influences.  

Key words: ventilated facade, energy efficiency of buildings, reliable protection, exter-

nal influences. 
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*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɹ.פ. ʊʦʨʪʘʝʚ 

 ʫʘʥʳʰʙʘʡפ .ʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɸ.ʄנ

 

1 ʂɯʈɯʉʇɽ 

 שʠʤʘʨʘʪʪʘʨʜʳס ʠʤʘʨʘʪʪʘʨʜʳ ʩʘʣʫ ʥʝʤʝʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝס ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʟʘʤʘʥʘʫʠ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘ-

ʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ץʘʩʙʝʪʪʝʨʜʽ ᴅʨʣʝʫʜʽ ʪʘשʜʘʫ ʤᴅʩʝʣʝʩʽ ʪʫʳʥʜʘʡʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ 

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʵʥʝʨʛʠʷ װʥʝʤʜʝʡʪʽʥ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳש ʙʽʨ ʪװʨʽ ï ʞʝʣ-

ʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪʪʝʨ. 

ʄʘשʳʟʜʳʩʳ ץʘʙʳʨסʘʩʳʥʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ï ץʘʙʳʨסʘʣʘʨʜʳ ʞʘʫʳʥ-ʰʘʰʳʥʥʘʥ 

ʩʝʥʽʤʜʽ ץʦʨסʘʫ. פʦʩʳʤʰʘ ʘʨʪʳץʰʳʣʳסʳ ï ץʘʧʪʘʫ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʩʳʨʪץʳ 

ᴅʩʝʨʣʝʨʛʝ ʪᴇʟʽʤʜʽ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʳʨʪץʳ ʙʝʟʝʥʜʽʨʫ ʬʫʥʢʮʠʷʩʳʥ ʦʨʳʥʜʘʡʪʳʥ 

ᴅʜʝʤʽ: ʬʘʨʬʦʨʜʘʥ ʞʘʩʘʣסʘʥ ʪʘʩʪʘʥ ʞʘʩʘʣסʘʥ ʙײʡʳʤʜʘʨ, ʪʘʙʠסʠ ʪʘʩ, ʘʣʶʤʠʥʠʡʜʝʥ ʥʝʤʝʩʝ 

ʧʣʘʩʪʠʢʪʝʥ ʞʘʩʘʣסʘʥ ʢʦʤʧʦʟʠʪʪʽʢ ʧʘʥʝʣʴʜʝʨ, ʮʝʤʝʥʪ-ʪʘʣʰʳץʪʳ ʪʘץʪʘʣʘʨ, ʪʦʥʘʣʜʳ ʰʳʥʳ [1].  

 

2 ᴄɼɽɹʀɽʊʂɽ ʐʆʃʋ 

-ʨʳʣʳʩ ʩʪʘʥײץ ʘʩʙʝʪ ʟʘʤʘʥʘʫʠץ ʘ, ʞʝʣʜʝʪʽʣʝʪʽʥץʘʥʳʩ ʞᴅʥʝ ʩᴅʥʜʽʢ ʬʫʥʢʮʠʷʜʘʥ ʙʘʩסʦʨפ

ʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ץʘʙʳʨסʘʣʘʨʜʳ ʦץʰʘʫʣʘʫʜʳ ʦʨʳʥʜʘʡʜʳ ʞᴅʥʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. פʘʧʪʘʤʘ-

ʥʳש ʘʩʪʳʥʘ ʩʘʣʳʥסʘʥ ʦץʰʘʫʣʘʫʜʳש ʘʨץʘʩʳʥʜʘ ץʘʙʳʨסʘ ʘʨץʳʣʳ ʞʳʣʫ ʰʳסʳʥʳ 2-3 ʝʩʝ 

ʘʟʘʷʜʳ, ʙײʣ סʠʤʘʨʘʪʪʳ ʞʳʣʳʪʫסʘ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʳ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʝʜʽ. ʉʦʥʳʤʝʥ 

-ʦʣʘʡʣʳ ʤʠʢʨʦʢʣʠʤʘʪʪʳ ʞʘץ ʰʽʥװ ʘʣʘʨ ʙᴇʣʤʝʜʝ ʘʜʘʤʜʘʨסʘʙʳʨץ ʘʥסʰʘʫʣʘʥץʘʪʘʨ, ʞʳʣʫ ʦץ

ʩʘʡʜʳ. ɾʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪ ʩʳʨʪץʳ ʦץʰʘʫʣʘʫ ʞװʡʝʩʽ ʝʢʝʥʽʥ ʝʩʢʝʨʫ ʤʘשʳʟʜʳ, ʦʣ ʽʰʢʽ ʦץʰʘʫ-

ʣʘʫ ʞװʡʝʩʽʥʝʥ ʞʘץʩʳʨʘץ. 

 

 
1-ʩʫʨʝʪ ï ʊʦʧʩʘʣʳ ʞʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪ. 
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ʊʦʧʩʘʣʳ ʞʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪ ï ʙײʣ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰʳʥʘʥ, ץʘʧʪʘʤʘʥʳ ʙʝʢʽʪʫʛʝ ʘʨ-
ʥʘʣסʘʥ ʙʘסʳʪʪʘʫʰʳʣʘʨʜʘʥ ʞᴅʥʝ ץʘʧʪʘʤʘʥʳש ᴇʟʽʥʝʥ ʪײʨʘʪʳʥ ץʦʨʰʘʫ ץʘʙʳʨסʘʩʳʥʘ ʙʝʢʽʪʽʣʛʝʥ 
 .ʳʣʘʫʳ ʙʘʨ (1-ʩʫʨʝʪ)שʘʨʘʩʳʥʜʘ ʘʫʘ ʩʘ שʘʧʪʘʤʘʥʳץ ʳʰ ʧʝʥסʰʘʫʣʘץʨʳʣʳʤ. ɾʳʣʫ ʦײץ

 

3 ʄɸʊɽʈʀɸʃɼɸʈ ʄɽʅ ᴄɼɯʉʊɽʈ  

ʉʳʨʪʪʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰʳ ʞװʢ ʢᴇʪʝʨʛʽʰ ץʘʙʳʨסʘʥʳש ʤײʟʜʘʪʫ-
ʝʨʽʪʫ ʮʠʢʣʜʘʨʳʥʳש ʩʘʥʳʥ ʘʟʘʡʪʫסʘ, ʩʦסשʳʩʳʥʳץ שʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ 
ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʞʘסʜʘʡʜʘ סʠʤʘʨʘʪʪʳש ʧʘʡʜʘʣʳ ʘʫʜʘʥʳ ʘʟʘʡʤʘʡʜʳ. ᴄʫʝ ץʘʩʙʝʪʽʥ 
ʦʨʥʘʪץʘʥ ʢʝʟʜʝ ʙʫʜʳש ʪʦʩץʘʫʳʣʳ ץʘʞʝʪ ʝʤʝʩ ï ʦʣ ̔h ʢʽ ʦץʰʘʫʣʘʫ ʞװʡʝʣʝʨʽʥʽש ʤʽʥʜʝʪʪʽ ʘʪʨʠ-
ʙʫʪʳ. ɾʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪʪʽש ʜʠʟʘʡʥʳ ʙᴇʣʤʝʥʽש ʽʰʽʥʜʝ ʙʦʣʘʪʳʥ ʞᴅʥʝ ʞʳʣʫ ʘʡʤʘסʳʥʘʥ ʩʫʳץ 
ʘʡʤʘץץʘ ï ʢᴇʰʝʛʝ ץʘʨʘʡ ײʤʪʳʣʘʪʳʥ ץʘʙʳʨסʘʜʘʥ ʩʫ ʙʫʳʥ ʢʝʪʽʨʫʜʽ ʞʝשʽʣʜʝʪʝʜʽ. פʘʙʳʨסʘ 
ʳʣסʘʣʜʘʥʙʘסʘʥʜʳץʪʘʥ, ʦʥʳש ʪʝʨʤʠʷʣʳץ ʢʝʜʝʨʛʽʩʽ ʪᴇʤʝʥʜʝʤʝʡʜʽ ʞᴅʥʝ ʟʝש ʤʝʥ ʩʘשʳʨʘʫ-
 .ʤʢʽʥ [2]װʟʳʣʫʳʥʘ ᴅʢʝʣʫʽ ʤײʙ שʳʥʜʘ ʦʥʳשʳʨ ʩʦץʣ ʘײʧʘʡʜʘ ʙʦʣʫʳ ʙʦʣʤʘʡʜʳ, ʙ שʪʘʨʜʳץʣʘײץ

ɾʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪʪʽש ʞװʢ ʢᴇʪʝʨʛʽʰ ʥʝʛʽʟʽ ץʘʙʳʨסʘסʘ ץʘʧʪʘʫ ʤʘʪʝʨʠʘʣʳʥ ʙʝʢʽʪʝʪʽʥ 
ʵʣʝʤʝʥʪʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɯʰʢʽ ײץʨʳʣʳʤסʘ ʢʨʦʥʰʪʝʡʥʜʝʨʛʝ ʦʨʥʘʪʳʣʘʪʳʥ ʪʽʢ ʥʝʤʝʩʝ ʢᴇʣ-
ʜʝʥʝש ʙʘסʳʪʪʘסʳʰʪʘʨ, ʩʦʥʜʘʡ-ʘץ ץʘʧʪʘʫ ʤʘʪʝʨʠʘʣʳ ʙʝʢʽʪʽʣʛʝʥ ʢʦʤʧʦʥʝʥʪʪʝʨ ʢʽʨʝʜʽ. ʂʨʦʥ-
ʰʪʝʡʥʜʝʨ ʦץʰʘʫʣʘʫ ʘʨץʳʣʳ ᴇʪʝʜʽ, ʦʣʘʨʜʳײ שʟʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʫʘ ʩʘשʳʣʘʫʳʥʳש 
ʤᴇʣʰʝʨʽ; ʂʨʦʥʰʪʝʡʥʜʝʨ ʨʝʪʪʝʣʤʝʡʪʽʥ ʥʝʤʝʩʝ ʨʝʪʪʝʣʝʪʽʥ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ, 
ʙײʣ ʙʝʢʽʪʽʣʛʝʥ ᴇʣʰʝʤʜʝʛʽ ᴇʥʽʤʜʝʨ, ʝʢʽʥʰʽʩʽʥʜʝ, ʦʣʘʨ ʢʨʦʥʰʪʝʡʥʥʽײ שʟʳʥʜʳסʳʥ ʨʝʪʪʝʫʛʝ 
ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʦʡʳץ ץʦʩʳʣʳʤ ʘʨץʳʣʳ ʙʝʢʽʪʽʣʛʝʥ ʝʢʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ. 

ɾʝʣʜʝʪʽʣʛʝʥ ץʘʩʙʝʪ ʞʳʣʫʜʳ װʥʝʤʜʝʫʛʝ ʘʨʥʘʣסʘʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ ʘʨץʳʣʳ ʞʳʣʫʜʳ 
ʞʦסʘʣʪʫʜʳ ʘʟʘʡʪʫ ʤᴅʩʝʣʝʩʽ ʙʘʩʪʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʠʟʘʡʥʜʘסʳ ʞʘʣסʳʟ 
ʩʫʳץ ʢᴇʧʽʨ ï ʙײʣ ʢʨʦʥʰʪʝʡʥ, ʙײʣ ᴅʨץʘʰʘʥ ʤʝʪʘʣʣ, ʘʣ ʤʝʪʘʣʣ ʞʦסʘʨʳ ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ. 
ɹʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ ʢʨʦʥʰʪʝʡʥʥʽץ שʘʪʳʧ ץʘʣʫʳ ʦץʰʘʫʣʘʫʜʳש çץʦʶè ʘʨץʘʩʳʥʜʘ ʞʦʡʳʣʘʜʳ. 
ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʙʳʨסʘ ʤʝʥ ʢʨʦʥʰʪʝʡʥ ʘʨʘʩʳʥʜʘ ʘʷʟסʘ ʪᴇʟʽʤʜʽ ʪʳסʳʟʜʘסʳʰ ʙʦʣʫʳ ʢʝʨʝʢ - 
ʩʫʳץץʘ ץʘʨʩʳ ʪʦʩץʘʫʳʣ. ʉʦʥʜʘʡ-ʘץ, ʞʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ʘʟʘʡʪʫ װʰʽʥ ʢʨʦʥʰʪʝʡʥʥʽש ʙʝʨʽʢʪʽʛʽ 
ʩʘץʪʘʣסʘʥ ʢʝʟʜʝ ʧʝʨʬʦʨʘʮʠʷʣʘʥסʘʥ ײץʨʳʣʳʤ ʙʦʣʫʳ ʤװʤʢʽʥ [3]. 

 
4 ʅᴄʊʀɾɽʃɽʈ ɾᴄʅɽ ʊɸʃפʓʃɸʋ 

 שʘʙʘʪʳ ʙʘʨ, ʦʥʳץ ʳʰסʰʘʫʣʘץʘʧʪʘʫ ʤʘʪʝʨʠʘʣʳ ʘʨʘʩʳʥʜʘ ʞʳʣʫ ʦץ ʘ ʤʝʥסʘʙʳʨפ
 ,ʪʘʣʘʜʳ. ᴄʜʝʪʪʝץʰʽʥ ʞʳʣʫ ʠʥʞʝʥʝʨʣʽʢ ʝʩʝʧʪʝʫʣʝʨʤʝʥ ʘʥʳװ ʠʤʘʨʘʪס ʳ ʙʝʣʛʽʣʽ ʙʽʨסʜʳשʘʣʳץ
ʞʝʣʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪ ʙʽʨ ץʘʙʘʪʪʘ ʦץʰʘʫʣʘʥʘʜʳ ï ץʘʞʝʪʪʽ ץʘʣʳשʜʳץʪʘסʳ ʧʣʠʪʘ. ɹʽʨ ץʘʙʘʪʪʳ 
ʦץʰʘʫʣʘʫ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ ʫʘץʳʪ ʧʝʥ ʝשʙʝʢʪʽ װʥʝʤʜʝʡʜʽ. 

ɾʳʣʫ ʦץʰʘʫʣʘסʳʰʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ ʞʦסʘʨʳ ʙʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʤʝʥ ʩʫʜʳש 
ʪᴇʤʝʥ ʩʽשʽʨʽʣʫʽ ʞʘʪʘʜʳ. ʊʘʣʰʳץʪʳ ײץʨʳʣʳʤʳ ʙʘʨ ʦץʰʘʫʣʘʫ ʞʘסʜʘʡʳʥʜʘ ʞʝʣʜʝʪʫ ʩʘשʳ-
ʣʘʫʳʥʜʘ ʘʡʥʘʣʘʪʳʥ ʘʫʘ ʘסʳʥʳ ʧʣʠʪʘʜʘʥ ʪʘʣʰʳץʪʘʨʜʳ ʞʳʨʪʳʧ ʪʘʩʪʘʫʳ ʤװʤʢʽʥ. ɹסײʘʥ ʞʦʣ 
ʙʝʨʤʝʫ װʰʽʥ ʧʣʠʪʘ ץʘʙʘʪʪʘʨʜʳ ʞʳʨʪʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʢװʰʪʽ ʙʦʣʫʳ ʢʝʨʝʢ. ᴄʡʪʧʝʩʝ, ʧʣʠʪʘʣʘʨ 
 ʘʨʳ ʙʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʙʘʨ ʞʝʣʛʝסʰʘʫʣʘʫʤʝʥ ʙʽʨʜʝʡ ʙʝʢʽʪʢʽʰʪʝʨʤʝʥ ʙʝʢʽʪʽʣʛʝʥ ʞʦץʘ ʦסʘסʘʙʳʨץ
ʪᴇʟʽʤʜʽ ʤʝʤʙʨʘʥʘʣʘʨʤʝʥ ʞʘʙʳʣʫʳ ʢʝʨʝʢ [4]. 
 

 ʆʈʓʊʓʅɼʓʃɸʈפ 5
ɾʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʪᴇʟʽʤʜʽʣʽʢʢʝ ץʘʪʳʩʪʳ ץʘʙʳʨסʘʣʘʨסʘ ץʦʡʳʣʘʪʳʥ ʟʘʤʘʥʘʫʠ ʪʘʣʘʧ-

ʪʘʨʜʳ ʞʳʣʫ ʦץʰʘʫʣʘסʳʰ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ץʦʣʜʘʥʙʘʡ ʦʨʳʥʜʘʫ ʤװʤʢʽʥ ʝʤʝʩ. ɹײʣ ʪײʨסʳʜʘ ʞʝʣ-
ʜʝʪʽʣʝʪʽʥ ץʘʩʙʝʪ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʰʝʰʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʙײʣ 
-ʘʣʘʨʜʳ ʞʘʫʳʥסʘʙʳʨץ ʘ ʞᴅʥʝ ʩʦʥʳʤʝʥ ʙʽʨʛʝסʰʘʫʣʘʫץʠʤʘʨʘʪʪʳ ʪʠʽʤʜʽ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʦס
ʰʘʰʳʥʥʘʥ ʩʝʥʽʤʜʽ ץʦʨסʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨסʘ ʝʨʝʢʰʝ ʢᴇʨʽʥʽʩ ʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ɸʥʥʦʪʘʮʠʷ. ʂʘʟʘʭʩʪʘʥ ʥʘʭʦʜʠʪʩʷ ʩʝʡʩʤʦʦʧʘʩʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚ ɽʚʨʘʟʠʡ-

ʩʢʦʤ ʩʝʡʩʤʦʦʧʘʩʥʦʤ ʧʦʷʩʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʨʨʠʪʦʨʠʡ ʂʘʟʘʭʩʪʘʥʘ ʩʢʣʦʥʥʳ ʢ ʚʦʟʜʝʡ-

ʩʪʚʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʩʠʣ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʚʠʜʘ. ʇʣʦʱʘʜʴ ʩʘʤʦʡ 

ʩʝʡʩʤʦʦʧʘʩʥʦʡ ʟʦʥʳ ʂʘʟʘʭʩʪʘʥʘ ï 450 ʪʳʩ. ʢʤ. ɺ ʥʝʤ ʥʘʢʦʧʣʝʥʦ ʤʥʦʛʦ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʨʳʥʢʘ, 35% ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʞʠʣʦʤ ʬʦʥʜʝ, ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʧʨʦʞʠʚʘʶʪ 

ʦʢʦʣʦ 40% ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʖʞʥʘʷ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʈʝʩʧʫʙʣʠʢʠ, ʚ ʢʦʪʦʨʦʡ, ʚʝʨʦ-

ʷʪʥʝʝ ʚʩʝʛʦ, ʧʨʦʠʟʦʡʜʫʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ï ʚʳʰʝ 8 ʙʘʣʣʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʷʭ ʥʝʣʴʟʷ ʧʦʚʳʩʠʪʴ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ, 

ʪʦʣʴʢʦ ʧʦʚʳʩʠʚ ʚʝʣʠʯʠʥʳ ʩʝʯʝʥʠʡ, ʧʨʦʯʥʦʩʪʴ, ʚʝʩ. ʂʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʧʨʦʯ-

ʥʦʡ, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʠ ʚʝʩ, ʠ ʠʥʝʨʮʠʦʥʥʘʷ ʩʝʡ-

ʩʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴʩʷ ʝʱʝ ʙʦʣʴʰʝ. ʊʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝ-

ʪʦʜʳ ʩʝʡʩʤʦʟʘʱʠʪʳ. ʕʪʠ ʤʝʪʦʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʠʣʠ ʞʝʩʪʢʦʩʪʠ, 

ʠʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 100 ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʡʩʤʦʟʘʱʠʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʷ, ʟʜʘʥʠʝ, ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ. 

 

ɸʥʜʘʪʧʘ. ϧʘʟʘϨʩʪʘʥ ɽʫʨʘʟʠʷʣʳϨ ʩʝʡʩʤʠʢʘʣʳϨ ʙʝʣʜʝʫʜʝʛʽ ʞʝʨ ʩʽʣʢʽʥʽʩʽ Ϩʘʫʽʧʪʽ 

ʞʝʨʜʝ ʦʨʥʘʣʘʩϨʘʥ. ϧʘʟʘϨʩʪʘʥʥʳϬ ʢϺʧʪʝʛʝʥ ʘʫʤʘϨʪʘʨʳ ϸʨʪϮʨʣʽ ʢϮʰʪʽʣʽʢʪʝʛʽ, 

ϰʟʘϨʪʳϨʪʘϤʳ ʞϸʥʝ ʪϮʨʜʝʛʽ ʩʝʡʩʤʠʢʘʣʳϨ ϸʩʝʨʣʝʨʛʝ ʙʝʡʽʤ. ϧʘʟʘϨʩʪʘʥʜʘϤʳ ʝϬ ʩʝʡʩʤʠʢʘ-

ʣʳϨ ʘʡʤʘϨʪʳϬ ʘʫʜʘʥʳ 450 ʤʳϬ ʢʤ. ʆʣ ʢϺʧʪʝʛʝʥ ʥʝʛʽʟʛʽ ʥʘʨʳϨ ʢϺʟʜʝʨʽʥ ʞʠʥʘϨʪʘʜʳ, ʦʥʳϬ 

35%-ʳ ʪϰʨϤʳʥ Ϯʡ Ϩʦʨʳʥʜʘ. 40%-Ϥʘ ʞʫʳϤʳ ʦʩʳ ϺϬʽʨʣʝʨʜʝ ʪϰʨʘʜʳ; ɹϰʣ ʨʝʩʧʫʙʣʠʢʘʥʳϬ 

ʦϬʪϮʩʪʽʢ ʞϸʥʝ ʦϬʪϮʩʪʽʢ-ʰʳϤʳʩ ʙϺʣʽʛʽ, ʦʥʜʘ ʞʦʡϨʳʥ ʞʝʨ ʩʽʣʢʽʥʽʩʪʝʨʽʥʽϬ ʙʦʣʫʳ ʳϨʪʠ-

ʤʘʣ ï 8 ʙʘʣʣʜʘʥ ʞʦϤʘʨʳ. 

ϧʘʟʽʨʛʽ ʟʘʤʘʥϤʳ ʢʦʥʩʪʨʫʢʪʦʨʣʳϨ ʰʝʰʽʤʜʝʨʜʝ ʪʝʢ ʢϺʣʜʝʥʝϬ ϨʠʤʘʥʳϬ Ϻʣʰʝʤʜʝʨʽʥ, 

ʙʝʨʽʢʪʽʛʽʥ ʞϸʥʝ ʩʘʣʤʘϤʳʥ ʘʨʪʪʳʨʫ ʘʨϨʳʣʳ ʩʝʡʩʤʠʢʘʣʳϨ ʪϺʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʤϮʤʢʽʥ 

ʝʤʝʩ. ɼʠʟʘʡʥ ʢϮʰʪʽʨʝʢ ʙʦʣʫʳ ʤϮʤʢʽʥ, ʙʽʨʘϨ ʤʽʥʜʝʪʪʽ ʪϮʨʜʝ Ϯʥʝʤʜʽ ʝʤʝʩ, Ϻʡʪʢʝʥʽ ʩʘʣʤʘϨ 

ʧʝʥ ʠʥʝʨʮʠʷʣʳϨ ʩʝʡʩʤʠʢʘʣʳϨ ʞϮʢʪʝʤʝ ʦʜʘʥ ϸʨʽ ʘʨʪʫʳ ʤϮʤʢʽʥ. ʉʝʡʩʤʠʢʘʣʳϨ ϨʦʨϤʘʫʜʳϬ 

ʞʘϬʘ ʪʠʽʤʜʽ ϸʜʽʩʪʝʨʽ Ϩʘʞʝʪ. ɹϰʣ ϸʜʽʩʪʝʨ ʦʥʳϬ ϨʦʟϤʘʣʳʩʳ ʤʝʥ ʞʳʣʜʘʤʜʳϤʳʥʘ ʙʘʡʣʘʥʳ-

ʩʪʳ ʞϮʡʝʥʽϬ ʤʘʩʩʘʩʳʥ ʥʝʤʝʩʝ ϨʘʪʪʳʣʳϤʳʥ ʥʝʤʝʩʝ ʜʝʤʧʬʠʥʛʽʥ Ϻʟʛʝʨʪʫʜʽ Ϩʘʤʪʠʜʳ. 

ϧʘʟʽʨʛʽ ʫʘϨʳʪʪʘ ʩʝʡʩʤʠʢʘʣʳϨ ϨʦʨϤʘʫʜʳϬ 100-ʜʝʥ ʘʩʪʘʤ ʧʘʪʝʥʪʪʝʣʛʝʥ ʞʦʙʘʣʘʨʳ ʙʝʣʛʽʣʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʞʝʨ ʩʽʣʢʽʥʽʩʽ, Ϩϰʨʳʣʳʤ, Ϥʠʤʘʨʘʪ, ʩʝʡʩʤʠʢʘʣʳϨ ʦϨʰʘʫʣʘʫ. 

 

Abstract. Kazakhstan is located in a seismically dangerous location in the Eurasian 

seismic belt. Most of the territories of Kazakhstan are prone to the impact of seismic effects of 

various forces, duration and type. The area of the most seismically dangerous zone of Kazakh-

stan is 450 thousand km. It has accumulated many main sources of the market, 35% of which 

are in the housing stock, about 40% of the population lives in these regions. This is the southern 
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and south-eastern part of the Republic, where destructive earthquakes are most likely to occur - 

above 8 points. In modern design solutions, it is impossible to increase seismic resistance by on-

ly increasing the cross-sectional sizes, strength, weight. The structure can be more durable, but 

not necessarily cost-effective, because both the weight and the inertial seismic load can in-

crease even more. New effective methods of seismic protection are required. These methods 

provide for a change in mass or rigidity, or damping of the system depending on its movements 

and speeds. Currently, there are more than 100 patented seismic protection designs. 

Key words: earthquakes, design, building, seismic isolation. 

 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ʊʫʛʫʣʙʘʡ ɸ.ʅ.  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʘʡʜʫʣʣʘ ʄ.ʈ. 

 

1 ɺɺɽɼɽʅʀɽ 

ɻʦʨʦʜ ɸʣʤʘʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʟʦʥʝ, ʧʦʜʚʝʨʞʝʥ ʫʛʨʦʟʝ ʨʘʟ-

ʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʧʨʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʅʘʰʘ ʧʨʝʟʝʥʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʚ 

ʵʪʦʤ ʨʝʛʠʦʥʝ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʝʛʦ ʞʠʪʝʣʝʡ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʠ ʦʧʘʩʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ, ʤʦʙʠʣʠʟʘʮʠʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʫʯʥʦʛʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ 

ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʝʡʩʤʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʩʪʨʦʡʢʠ. 

ɺ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʥʝʩʝʡʩʤʦʩʪʦʡʢʠʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʩʪʨʦʡʢʠ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢ-

ʪʦʚ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʨʠʟʠʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʦʥʦʤʠʢʠ, ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʫʩʠʣʝʥʠʶ ʥʝʩʝʡʩʤʦʩʪʦʡʢʠʭ ʦʙʲʝʢ-

ʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʜʘʥʠʡ ʰʢʦʣ, ʜʝʪʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʦʙʲʝʢʪʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʢʪʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʪʝʭʥʦʛʝʥʥʳʤ ʢʘʪʘʩʪʨʦʬʘʤ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʟʨʫʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʦʣʯʢʦʚ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʥʞʝʥʝʨʥʘʷ ʟʘʱʠʪʘ ʦʪ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʟ-

ʚʝʜʝʥʠʝ ʩʝʡʩʤʦʩʪʦʡʢʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʫʩʠʣʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʟʘʤʝʥʫ ʥʝ ʩʝʡʩʤʦʩʪʦʡʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝ-

ʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʵʪʠ 

ʤʝʨʳ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʶʪ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ, ʥʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʟʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɸʣʤʘʪʳ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʨʘʟʨʫʰʝʥʠʡ ʟʜʘʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʣʠʪʝʨʘ-

ʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʩʚʝʱʘʶʱʠʝ ʧʝʨʝʜʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʦʙʣʘʩʪʠ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʟʜʘʥʠʡ ʦʪ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʨʘʙʦʪʝ Naeim ʠ Kelly (1999) ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, 

ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɸʚʪʦʨʳ ʧʦʜ-

ʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʟʜʘʥʠʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʨʦʚ [1]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ Constantinou et al. (1993) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʝʤʧʬʠ-

ʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʤʘʩʣʷʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ [2]. ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ 
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ʜʘʥʥʳʝ ʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ 

ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʜʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʄʝʪʦʜʳ ʫʩʠʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ Fardis (2009) [3]. ɺ 

ʢʥʠʛʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʢʨʝʧʣʝʥʠʶ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ, ʚʢʣʶ-

ʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ. 

ʈʘʙʦʪʳ Kramer (1996) [4] ʠ Gazetas (1991) [5] ʜʝʪʘʣʴʥʦ ʦʩʚʝʱʘʶʪ ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ 

ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʥʲʝʢʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʨʫʥʪʦʮʝʤʝʥʪʘʮʠʷ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʨʘʤʠ ʜʣʷ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʨʘʟʨʫʰʝʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ Mehta ʠ Monteiro (2014) [6]. ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʈʘʙʦʪʘ Chopra (2012) [7] ʧʦʩʚʷʱʝʥʘ ʤʝʪʦʜʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 

ʧʦʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ɸʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʟʜʘʥʠʡ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟ-

ʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʢʦʥʩʪʨʫʢʮʠʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɺ ʩʪʘʪʴʝ Housner et al. (1997) [8] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩ ̫ʚʘʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʘʪʯʠʢʠ ʠ IoT. 

ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚ-

ʣʝʥʠʷ ʧʨʦʙʣʝʤ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɺʘʞʥʦʩʪʴ ʩʦʙʣʶʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʝ 

FEMA (2006) [9]. ɸʚʪʦʨʳ ʘʥʘʣʠʟʠʨʫʶʪ ʚʣʠʷʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʟʜʘʥʠʡ ʠ ʧʨʠʚʦʜʷʪ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʩʝʡ-

ʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʚ ʛʦʨʦʜʝ ɸʣʤʘʪʳ ʧʨʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠ-

ʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʩʝʡ-

ʩʤʦʩʪʦʡʢʦʩʪʠ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʟʘʱʠʪʳ ʟʜʘʥʠʡ. 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʪʦʥʦʚ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. ʕʪʠ ʙʝʪʦʥʳ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʣʫʯʰʝʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴʶ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɸʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʝ ʚʦʣʦʢʥʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʧʨʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʩʪʨʫʢʮʠʷʤ ʣʫʯʰʝ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʜʝʬʦʨʤʘʮʠʷʤ, ʚʳʟʚʘʥʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. 

ʉʪʘʣʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ ʚ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦ-

ʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʝʤʫ ʧʦʛʣʦʱʘʪʴ ʠ ʨʘʩʧʨʝʜʝʣʷʪʴ ʵʥʝʨʛʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. 

ʉʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʵʣʘʩʪʠʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʨʝʟʠʥʘ, ʧʦʣʠʫʨʝʪʘʥ ʠ ʩʚʠʥʝʮ, ʵʪʠ ʧʦʜʰʠʧʥʠʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʤʝʞ-

ʜʫ ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʴʶ ʟʜʘʥʠʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʝʜʘʯʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ. 

ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ: ʫʩʪʘʥʦʚʢʘ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ 

ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʴʶ ʟʜʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʧʝʨʝʜʘʯʫ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʚʦʣʥ ʠ ʩʥʠʟʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʇʨʠʤʝʥʝʥʠʝ: ʜʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ ʪʘʢʞʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʟʜʘʥʠʷʤ ʧʫʪʝʤ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ɼʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʊʠʧʳ ʜʝʤʧʬʝʨʦʚ. 
ʄʘʩʣʷʥʳʝ ʜʝʤʧʬʝʨʳ: ʧʦʛʣʦʱʘʶʪ ʩʝʡʩʤʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʚʷʟʢʦʩʪʠ ʤʘʩʣʘ. 
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ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ: ʨʘʙʦʪʘʶʪ ʧʫʪʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ. 
ʄʘʷʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʷʪʥʠʢʠ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩ-

ʩʝʠʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
ʇʨʠʤʝʥʝʥʠʝ: ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʟʜʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʳʢʠ ʢʦʣʦʥʥ 

ʠ ʙʘʣʦʢ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. 
ʋʩʠʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʝʪʦʜʳ ʫʩʠʣʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʷʟʠ: ʫʩʪʘʥʦʚʢʘ ʩʪʘʣʴʥʳʭ ʠʣʠ ʢʦʤʧʦʟʠʪʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʋʩʠʣʝʥʠʝ ʩʪʝʥ ʠ ʧʝʨʝʢʨʳʪʠʡ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ: ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʢ ʥʦʚʳʤ, ʪʘʢ ʠ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʟʜʘʥʠʷʤ ʜʣʷ ʧʦʚʳʰʝ-
ʥʠʷ ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. 

ɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ. 

ʀʥʲʝʢʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʚʚʝʜʝʥʠʝ ʚ ʛʨʫʥʪ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɻʨʫʥʪʦʮʝʤʝʥʪʘʮʠʷ. ʉʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 
ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʠ ʩʥʠʞʝ-
ʥʠʷ ʨʠʩʢʘ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ ʠ ʩʪʘʣʠ: ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠ-
ʷʭ ʟʜʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɸʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʤʧʦʟʠʪʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ 
ʧʨʦʯʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ. 

ʇʨʦʜʚʠʥʫʪʳʡ ʜʠʟʘʡʥ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʄʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ 
ʧʦʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ: ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦ-
ʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʈʝʛʫʣʷʨʥʳʝ ʠʥʩʧʝʢʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) 
ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ: ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴ-
ʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʦʚʦʜʠʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. 

ʅʦʨʤʘʪʠʚʳ ʠ ʩʪʘʥʜʘʨʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʉʦʙʣʶʜʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ: ʩʪʨʦʛʦʝ ʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ 
ʩʪʘʥʜʘʨʪʘʤ, ʪʘʢʠʤ ʢʘʢ ʉʅʠʇ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʩ ʫʯʝʪʦʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʛʠʦʥʘ. 

ʇʨʠʤʝʥʝʥʠʝ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢ-
ʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ. 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘ-
ʥʠʡ ʚ ɸʣʤʘʪʳ ʧʨʠ ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ. ɺ ʜʘʥ-
ʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʩʫʜʠʤ ʠʭ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʥʘ ʧʨʠʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1. ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ 

ʈʝʟʫʣʴʪʘʪʳ: ʚ ɸʣʤʘʪʳ ʚʥʝʜʨʝʥʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʦʚʳʭ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʝʜʘʚʥʦ ʧʦʩʪʨʦʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ 
ʮʝʥʪʨ, ʢʦʪʦʨʳʡ ʦʩʥʘʱʝʥ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʧʦʜʰʠʧʥʠʢʘʤʠ. ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʟʜʘʥʠʝ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʘʛʥʠʪʫʜʦʡ ʜʦ 8 ʙʘʣʣʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʚʨʝ-
ʞʜʝʥʠʡ. 

ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʧʝʨʝʜʘʯʫ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʟʜʘʥʠʝ, ʯʪʦ 
ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʥʘ ʧʨʘʢʪʠʢʝ. 
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ʆʜʥʘʢʦ, ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʦʡ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʘʭ. 

2. ɼʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʈʝʟʫʣʴʪʘʪʳ: ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʞʠʣʳʝ ʟʜʘʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʩʣʷʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ. ʄʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʘʤ-

ʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʘ 50-70% ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɼʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ. 

3. ʋʩʠʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʈʝʟʫʣʴʪʘʪʳ: ʥʝʩʢʦʣʴʢʦ ʩʪʘʨʳʭ ʟʜʘʥʠʡ ʙʳʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʣʴʥʳʭ ʩʚʷʟʝʡ ʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʳʪʘʥʠʷ ʠ 

ʨʝʘʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ ʟʜʘʥʠʡ ʥʘ 30-40%. 

ʋʩʠʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʛʦ ʩʥʦʩʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʩʪʨʦʝʢ. 

4. ɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ 

ʈʝʟʫʣʴʪʘʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʠʥʲʝʢʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʨʫʥʪʦʮʝʤʝʥʪʘʮʠʠ ʚ ʨʘʡʦʥʘʭ ʩ 

ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʛʨʫʥʪʘʤʠ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ ʨʘʟʨʫʰʝ-

ʥʠʡ. ɺ ʧʨʦʝʢʪʘʭ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʜʚʠʞʝʢ ʛʨʫʥʪʘ ʜʦ 60%. 

ɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʨʘʡʦʥʘʭ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʛʨʫʥʪʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʜʥʘʢʦ, ʧʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʨʘʙʦʪ ʪʨʝ-

ʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʈʝʟʫʣʴʪʘʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ ʠ ʩʪʘʣʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʦʙʲ-

ʝʢʪʦʚ ʚ ɸʣʤʘʪʳ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. ɿʜʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʚ ʭʦʜʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʚʳʰʘʶʪ ʦʙʱʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʟʜʘ-

ʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʳʪʘʥʠʷʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦ-

ʢʘʷ ʩʪʦʠʤʦʩʪʴ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ. 

6. ʇʨʦʜʚʠʥʫʪʳʡ ʜʠʟʘʡʥ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ 

ʟʜʘʥʠʡ ʚ ɸʣʤʘʪʳ ʧʦʟʚʦʣʠʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʣʫʯʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʟʜʘʥʠʡ ʧʨʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ʆʜʥʘʢʦ, ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

7. ʈʝʛʫʣʷʨʥʳʝ ʠʥʩʧʝʢʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʈʝʟʫʣʴʪʘʪʳ: ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʷʭ ʚ ɸʣʤʘʪʳ 

ʧʦʟʚʦʣʠʣʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ɼʘʥʥʳʝ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʧʦʢʘʟʘʣʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʥʝ-

ʙʦʣʴʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 

ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʡ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʥʦ ʦʥʠ ʦʧʨʘʚʜʳʚʘʶʪ ʩʝʙʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ. 
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8. ʅʦʨʤʘʪʠʚʳ ʠ ʩʪʘʥʜʘʨʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʈʝʟʫʣʴʪʘʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʉʅʠʇ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʟʜʘʥʠʡ ʚ ɸʣʤʘʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʚʳʩʦ-
ʢʫʶ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ. ʇʨʦʚʝʨʢʠ ʠ ʘʫʜʠʪ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦʢʘʟʘʣʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʙʦʣʴʰʠʥʩʪʚʘ ʥʦʚʳʭ ʟʜʘʥʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ. 

ʉʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʙʝʟʦʧʘʩʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʟʜʘʥʠʡ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʧʝʨʝ-
ʩʤʦʪʨ ʠ ʦʙʥʦʚʣʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

 

5 ɺʓɺʆɼʓ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʚ ʛʦʨʦʜʝ 
ɸʣʤʘʪʳ ʧʨʠ ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 
ʤʘʪʝʨʠʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʦʝʥʠʡ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʠʭ ʨʘʟʨʫʰʝʥʠʷ. 
ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

1. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʉʝʡʩʤʦʠʟʦʣʷʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʟʜʘʥʠʡ ʦʪ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʋʩʪʘʥʦʚʢʘ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʧʝʨʝ-
ʜʘʯʫ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʟʜʘʥʠʝ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʧʨʘʢʪʠʢʝ ʠ ʠʩʧʳʪʘʥʠʷʭ. ʆʜʥʘʢʦ 
ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ, ʜʝʣʘʷ ʠʭ ʜʦʩʪʫʧʥʳʤʠ ʚ ʦʩ-
ʥʦʚʥʦʤ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʜʝʤʧʬʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ɼʝʤʧʬʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʣʷʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ, ʧʦʢʘʟʘʣʠ 
ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʥʠʞʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʕʪʠ ʫʩʪʨʦʡ-
ʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʷʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʩʝʡʩʤʦ-
ʩʪʦʡʢʦʩʪʠ. ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʪʠʭ 
ʩʠʩʪʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ. 

3. ʋʩʠʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʄʝʪʦʜʳ ʫʩʠʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ, ʚʢʣʶʯʘʷ ʫʩʪʘʥʦʚʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʣʴ-
ʥʳʭ ʩʚʷʟʝʡ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʜʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʦ-
ʚʳʰʝʥʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦʪ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʨʝ-
ʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʙʝʟ ʧʦʣʥʦʛʦ ʩʥʦʩʘ ʠ ʨʝʢʦʥʩʪʨʫʢ-
ʮʠʠ ʟʜʘʥʠʡ. 

4. ɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚ 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʲʝʢʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʛʨʫʥʪʦʮʝʤʝʥʪʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʧʦʢʘʟʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʕʪʠ ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴ-
ʥʦ ʩʥʠʟʠʪʴ ʨʠʩʢ ʨʘʟʨʫʰʝʥʠʡ ʟʜʘʥʠʡ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʦʚ ʚ ʩʝʡʩʤʠʯʝʩʢʠ 
ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʝʨʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʪʦʥʳ ʠ ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳ-
ʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʡ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʘ-
ʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ɸʣʤʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

6. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʜʚʠʥʫʪʦʛʦ ʜʠʟʘʡʥʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʡ 
ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠ-
ʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ 
ʟʜʘʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʠ ʠʩʧʳʪʘʥʠʷʤʠ. 

7. ɺʘʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʳʭ ʠʥʩʧʝʢʮʠʡ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ ʠ ʪʝʭ-
ʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʦʪʝʥʮʠʘʣʴ-
ʥʳʝ ʧʨʦʙʣʝʤʳ. ʈʝʛʫʣʷʨʥʳʝ ʠʥʩʧʝʢʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 
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8. ʉʦʙʣʶʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ 

ʉʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʉʅʠʇ, 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ. ʈʝʛʫʣʷʨʥʳʡ ʧʝʨʝʩʤʦʪʨ ʠ ʦʙʥʦʚʣʝʥʠʝ 
ʥʦʨʤʘʪʠʚʦʚ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʟʜʘʥʠʡ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 
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______________________________________________________________________ 
ɸשʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʪʝʤʽʨʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʥʳϬ ʠʽʣʝʪʽʥ ʵʣʝʤʝʥʪʪʝʨʽʥ ʘʤʝ-

ʨʠʢʘʣʳϨ ʥʦʨʤʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʩϺʟ ʝʪʽʣʝʜʽ. ʄʳʩʘʣ Ϯʰʽʥ Ϩʘʨʘʧʘʡʳʤ 
ʘʨϨʘʣʳϨʪʳϬ ʪʽʢ Ϩʠʤʘʩʳ ʙʦʡʳʥʰʘ ʙʝʨʽʢʪʽʢ ʰʘʨʪʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ ϨʘʨʘʩʪʳʨʳʣϤʘʥ.  

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʪʝʤʽʨʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷ, ʘʨϨʘʣʳϨ, ʝʩʝʧʪʝʫ ʪϸʩʽʣʜʝʨʽ, ʙʝʨʽʢʪʽʢ 
ʰʘʨʪʳ, ʙʝʪʦʥ, ʘʨʤʘʪʫʨʘ, ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽ, ʞϮʢʪʝʤʝ. 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʘʤʝʨʠʢʘʥʩʢʦʤʫ ʩʪʘʥʜʘʨʪʫ. ʅʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝ-
ʥʳ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʘʣʢʠ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʙʘʣʢʘ, ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʫʩʣʦ-
ʚʠʷ ʧʨʦʯʥʦʩʪʠ, ʙʝʪʦʥ, ʘʨʤʘʪʫʨʘ, ʨʘʩʯʝʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʘʛʨʫʟʢʘ. 

 
Abstract. This article describes the features of calculating bending elements of rein-

forced concrete structures according to the American standard. Using an example, we consider 
ensuring the load-bearing capacity of an ordinary beam along a normal section. 

Key words: reinforced concrete structure, beam, calculation methods, strength condi-
tions, concrete, reinforcement, design resistance, load. 
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1 ʂɯʈɯʉʇɽ 

ʊʝʤʽʨʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʙʘʩץʘ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨʘ ץʘʨʘסʘʥʜʘ ʝʜᴅʫʽʨ 

ʢʝʰ ʜʘʤʳסʘʥʳ ʙʝʣʛʽʣʽ. ʆʣʘʨʜʳ ʝʩʝʧʪʝʫ ʪᴅʩʽʣʽ ʜʝ ʠʥʞʝʥʝʨʣʝʨʛʝ װʡʨʝʥʰʽʢʪʽ ʤʘʪʝʨʠʘʣʜʘʨ 

ʢʝʜʝʨʛʽʩʽ ʟʘשʜʳʣʳץʪʘʨʳʥʘ ʙʘסʳʥʘ ץʦʡʤʘʡʪʳʥʳ ʜʘ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʜᴅʣʝʣʜʝʥʝ ʙʘʩʪʘʜʳ 

[1,2,3].  

ʆʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ סʘʣʳʤʜʘʨʜʳש ʝשʙʝʢʪʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ ʝʩʝʧʪʝʫ ʪᴅʩʽʣʽʥʽש ʜʘ-

ʤʫ ʪʘʨʠʭʳʥ ץʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʩʘץ, ᴅʨ ʝʣʜʝ ᴅʨʪװʨʣʽ ʙʘסʳʪʪʘ ʜʘʤʳסʘʥʳ ʞᴅʥʝ ʦʥʳײ שʟʘץ 

ʫʘץʳʪץʘ ʩʦʟʳʣסʘʥʳ ʙʝʣʛʽʣʽ. ʉʦʥʳש ʽʰʽʥʜʝ ɸʤʝʨʠʢʘ ײפʨʘʤʘ ʐʪʘʪʪʘʨʳʥʜʘ ʦʩʳ ʫʘץʳʪץʘ ʜʝʡʽʥ 

ʝʩʝʧʪʝʫʜʽװ שʰ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ [3].  

1-ʰʽ ᴅʜʽʩ ï ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢʝʨʥʝʫ ʙʦʡʳʥʰʘ  ʝʩʝʧʪʝʫ ᴇʪʢʝʥ סʘʩʳʨʜʳ1956 ש ʞʳʣʳʥʘ ʜʝʡʽʥ 

  .ʦʣʜʘʥʳʣʜʳץ

1956 ʞʳʣʜʘʥ ʙʘʩʪʘʧ ץʠʨʘʪʫʰʳ ʢװʰʪʝʫ ʙʦʡʳʥʰʘ ʝʢʽʥʰʽ ᴅʜʽʩʪʽ 1-ʰʽ ᴅʜʽʩʧʝʥ ץʘʪʘʨ ץʦʣ-

ʜʘʥʫ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʙײʣ ʢʝʟʜʝʛʽ ʝʩʝʧʪʝʫ ʥʦʨʤʘʩʳ ɸʤʝʨʠʢʘʥʳש ʙʝʪʦʥ ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳʤʝʥ 

(American Concrete Institute) ʙʝʢʽʪʽʣʽʧ, ACI 318-56 ʜʝʧ ʘʪʘʣʜʳ. 1963 ʞʳʣʳ ץʠʨʘʪʫʰʳ ʢװʰʪʝʫ 

ʙʦʡʳʥʰʘ ᴅʜʽʩ ʞʝʪʽʣʜʽʨʽʣʜʽ ʞᴅʥʝ ACI 318-63 ʜʝʧ ʙʝʣʛʽʣʝʥʜʽ.  

1971, 1977 ʞᴅʥʝ 1983 ʞʳʣʜʘʨʳ ץʘʙʳʣʜʘʥסʘʥ ʝʩʝʧʪʝʫ ʥʦʨʤʘʣʘʨʳ, ʩᴅʡʢʝʩʪʽ ACI 318-71, 

ACI 318-77, ACI 318-83 ʜʝʧ ʙʝʣʛʽʣʝʥʜʽ [3]. 

ɹײʣ ʥʦʨʤʘʣʘʨʜʘסʳ ʢʝʣʪʽʨʽʣʛʝʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽ ʰʝʢʪʽʢ ʞʘסʜʘʡ ʪᴅʩʽʣʽʥʽש ᴅʜʽʩʪʝʤʝʩʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ, ʷסʥʠ 3-ʰʽ ᴅʜʽʩ ʪװʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʪʘʧ ᴇʪʝʪʽʥ ʝʨʝʢʰʝ ʞʘסʜʘʡ ï ʙײʣ ʥʦʨʤʘʣʘʨ 

ɸʤʝʨʠʢʘʜʘ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ ʢװʰʽʥ ʞʦʡʤʘסʘʥ 1-ʰʽ ᴅʜʽʩ ï ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʢʝʨʥʝʫ ʙʦʡʳʥʰʘ  ʝʩʝʧ-

ʪʝʫ ᴅʜʽʩʽʤʝʥ ץʘʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. 

 

2 ᴄɼɽɹʀɽʊʂɽ ʐʆʃʋ 

ɾʦסʘʨʳʜʘ ʘʪʘʣʳʧ ᴇʪʢʝʥ ACI 318-63 ʥʦʨʤʘʩʳ ʙʦʡʳʥʰʘ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʧʘʡʜʘʣʘʥʫʜʳש 

 :ʘʥ ʙʦʣʘʪʳʥסʨʜʝ ʞʘʟʳʣװʘʫʽʧʩʽʟ ʰʘʨʪʳ ʤʳʥʘʜʘʡ ʪץ
 

                                            ὊρȟσὈὒ ρȟυὒὒ ὙπȟφχὪ
Ⱦ
ȠπȟψὪ ȟ                                             (1) 

 

ʙײʣ ʞʝʨʜʝ Ὂ ï ʩʳʨʪץʳ ᴅʩʝʨʣʝʨ; Ὀὒ ï ʪײʨʘץʪʳ ʞװʢʪʝʤʝʣʝʨ; ὒὒ ï ᴇʟʛʝʨʤʝʣʽ ʫʘץʳʪʰʘ ʞװʢʪʝʤʝ-

ʣʝʨ; Ὑ ï ʵʣʝʤʝʥʪ ץʠʤʘʩʳʥʳש ʢʝʜʝʨʛʽʩʽ; Ὢ
Ⱦ
 - ʙʝʪʦʥʥʳש ʩʳסʳʣʫסʘ ʢʝʜʝʨʛʽʩʽ; Ὢ ï ʘʨʤʘʪʫʨʘʥʳש 

ʩʝʨʧʽʤʜʽʣʽʢ ʰʝʛʽ. 

ɹʝʪʦʥ ʤʝʥ ʘʨʤʘʪʫʨʘʥʳש ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽʣʝʨʽ ʤʘʪʝʨʠʘʣ ʙʦʡʳʥʰʘ ʩʝʥʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠ-

ʝʥʪʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ: 
 

‎̒
ȟ

ρȟυȠ  ‎
ȟ
ρȟςυȢ 

 

ʉʝʥʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʤᴅʥʜʝʨʽʥ ʞʝשʽʣʜʝʪʫ ʞᴅʥʝ ʰʘʤʘʣʘʧ ʘʣʫ ʞʦʣʳʤʝʥ ʰʘʨʪ-

ʪʘʣסʘʥ ʰʳʥʘʡʳʣʳץʪʳץ ,שʠʤʘ ʢʝʜʝʨʛʽʩʽʤʝʥ Ὑ ʩʘʣʳʩʪʳʨʘ ʘʣסʘʥʜʘ, ʩʳʨʪץʳ ᴅʩʝʨʣʝʨ  Ὂ װʰʽʥ 

ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ, ʞװʢʪʝʤʝ ʤᴅʥʜʝʨʽʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ ACI 319-77 ʥʦʨʤʘʩʳʥʜʘ ʙʳʣʘʡʰʘ ʝʩʢʝʨʽʣ-

ʛʝʥ: ʪײʨʘץʪʳ ʞװʢʪʝʤʝʣʝʨ װʰʽʥ 1,3-ʪʝʥ 1,4-ʢʝ, ʘʣ ʫʘץʳʪʰʘ ʞװʢʪʝʤʝʣʝʨ װʰʽʥ 1,5-ʪʝʥ 1,7-ʛʝ 

ʢᴇʪʝʨʽʣʛʝʥ ʞᴅʥʝ ʙʽʨ ʤʝʟʛʽʣʜʝ ʤʘʪʝʨʠʣʜʘʨ ʢʝʜʝʨʛʽʩʽʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʤᴅʥʽ 

ʪᴇʤʝʥʜʝʪʽʣʛʝʥ. ʉʦʣ ʩʝʙʝʧʪʽ ACI 318-77 ʞᴅʥʝ ACI 318-83 ʥʦʨʤʘʣʘʨʳʥʜʘ ʩʝʥʽʤʜʽʣʽʢ ʰʘʨʪʳʥʳש 

ʞʘʟʳʣʫʳ ʙʘʩץʘʰʘ ʪװʨʜʝ ʙʦʣʘʜʳ:  
 

                                                       ὊρȟτὈὒ ρȟχὒὒ ‎̨ὙὪ
Ⱦ
ȠὪ ȟ                                          (2) 

 

ʤײʥʜʘסʳ ‎̨ ï ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʡʳʥʰʘ ʞʘʣʧʳ ʩʝʥʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ, ʢʦʥʩʪʨʫʢʮʠʷʥʳש 

ʢʝʨʥʝʫʣʽʢ ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ πȟχ ‎̨ πȟω ʘʨʘʣʳסʳʥʜʘ ץʘʙʳʣʜʘʥʘʜʳ. 
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ACI 318-83 ʥʦʨʤʘʩʳʥʜʘ çץʘʞʝʪʪʽ ʢʝʜʝʨʛʽè ʞᴅʥʝ çʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽè ʜʝʛʝʥ ʪװʩʽʥʽʢʪʝʨ 

ʝʥʛʽʟʽʣʛʝʥ. פʘʞʝʪʪʽ ʢʝʜʝʨʛʽ Ὗ ʜʝʧ ʙʝʣʛʽʣʝʥʝʜʽ ʞᴅʥʝ ʦʣ (2) ᴇʨʥʝʢʪʽש ʩʦʣ ʞʘסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

-ʳץʢʪʝʤʝʣʝʨʜʽ ʩʝʥʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʝʨʽʥʝ ʢᴇʙʝʡʪʫ ʘʨװʘʞʝʪʪʽ ʢʝʜʝʨʛʽ ʤᴅʥʽ ʥʦʨʤʘʪʠʚʪʽʢ ʞפ

ʣʳ ʘʥʳץʪʘʣʘʜʳ. (2) ᴇʨʥʝʢʪʽש ʦש ʞʘסʳ ï ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽ Ὑ, ʙײʥʳש ʤᴅʥʽ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ 
‎̨ ʢʦʵʬʬʠʮʠʝʥʪʽʥʝ ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʪʘʙʳʣʘʜʳ.  

 ʳʤʜʘʫʰʳ ʢʝʜʝʨʛʽʩʽ ʤʝʥ ‎̨ץʟʘ ץʬʠʟʠʢʘʣʳ שʠʤʘʥʳץ - ʘʥʜʘ, ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽ Ὑץʦʨʳʪʘ ʘʡʪפ

ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʢᴇʙʝʡʪʽʥʜʽʩʽ ʙʦʣʳʧ ʰʳסʘʜʳ [3]. 

ɸʪʘʣʳʧ ᴇʪʢʝʥ ʘʤʝʨʠʢʘʣʳץ ʥʦʨʤʘʣʘʨʜʳ ʘʫʳʨ ʞᴅʥʝ ʞʝשʽʣ ʙʝʪʦʥʥʘʥ ʞʘʩʘʣסʘʥ, ʢʝʨʥʝʣʛʝʥ 

ʞᴅʥʝ ʢʝʨʥʝʣʤʝʛʝʥ ʘʨʤʘʪʫʨʘʣʘʨʤʝʥ ʢװʰʝʡʪʽʣʛʝʥ ʪʝʤʽʨʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ 

ʘʥʳץʪʘʫ װʰʽʥ  ץʦʣʜʘʥʘʜʳ. 

ʆʣ װʰʽʥ ʠʽʣʫʛʝ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʪʝʤʽʨʙʝʪʦʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤʳʩʘʣʳʥ ץʘʨʘʩʪʳʨʘʤʳʟ. 

 

3 ʄɸʊɽʈʀɸʃɼɸʈ ʄɽʅ ᴄɼɯʉʊɽʈ 

ɽʢʽ ʪʦʧʩʘʣʳ ʪʽʨʝʢʢʝ ʩװʡʝʥʛʝʥ ץʘʨʘʧʘʡʳʤ ʘʨץʘʣʳץʪʳש ʙʝʨʽʢʪʽʛʽʥ ʝʩʝʧʪʝʧ ʰʳסʘʨʘʤʳʟ. 

ɸʨץʘʣʳץ ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʽʧ ʪʘʨʘʣסʘʥ ʪײʨʘץʪʳ ʞᴅʥʝ ʫʘץʳʪʰʘ ʞװʢʪʝʤʝʤʝʥ ʞװʢʪʝʣʛʝʥ (1-ʩʫʨʝʪ). 

 

 
 

1-ʩʫʨʝʪ ï ʊʝʤʽʨʙʝʪʦʥ ʘʨץʘʣʳץʪʳש ʝʩʝʧʪʽʢ ʩʭʝʤʘʩʳ ʞᴅʥʝ ʢᴇʣʜʝʥʝץ שʠʤʘʩʳ. 

 

ɸʨץʘʣʳץʪʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳ ʪʽʢʙײʨʳʰʪʳ, ᴇʣʰʝʤʜʝʨʽ ὦ Ὤ σππφππ̍̍ȟ ʝʩʝʧʪʽʢ 
ʘʨʘʣʳסʳ ὰ φ Ȣ̍ 

ʊײʨʘץʪʳ ʞװʢʪʝʤʝʥʽש ʤᴇʣʰʝʨʣʽʢ ʤᴅʥʽ Ὣ ςφȟφ̋Ⱦ̊̍ȟ ʫʘץʳʪʰʘ ʞװʢʪʝʤʝʥʽש ʤᴇʣʰʝʨʣʽʢ 
ʤᴅʥʽ ὺ ςτȟπ̋Ⱦ̊̍Ȣ 

ɹʝʪʦʥ ʢʣʘʩʳ ɺ20, ʥʦʨʤʘʪʠʚʪʽʢ ʢʝʜʝʨʛʽʩʽ Ὑ ρυ˙˜́Ƞ ʘʨʤʘʪʫʨʘ ʢʣʘʩʳ ɸ400, ʩʦʟʳʣʫ 
ʢʝʟʽʥʜʝʛʽ ʥʦʨʤʘʪʠʚʪʽʢ ʢʝʜʝʨʛʽʩʽ Ὑ τππ˙˜́  [4]. 

ɸʨץʘʣʳץʪʳש ʪʽʢ ץʠʤʘʩʳ ʙʦʡʳʥʰʘ ʙʝʨʽʢʪʽʢ ʝʩʝʙʽʥ ACI 318-83 ʥʦʨʤʘʩʳʥʜʘ ץʘʙʳʣʜʘʥסʘʥ 

ʝʨʝʞʝʛʝ ʩʘʡ ʞװʨʛʽʟʝʤʽʟ [3, 5]. 

ɸʨץʘʣʳץץʘ ʪװʩʝʪʽʥ ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʥʽ  (2) ᴇʨʥʝʢʪʽש ʩʦʣ ʞʘסʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʡʤʳʟ 
 

ρȟτὫ ρȟχὺ ρȟτϽςφȟφ ρȟχϽςτȟπ χψȟπτ̋Ⱦ̊̍Ȣ 
 

ʆʩʳ ʝʩʝʧʪʽʢ ʞװʢʪʝʤʝʜʝʥ ʘʨץʘʣʳץʪʳץ שʠʤʘʩʳʥʜʘ ʠʽʣʫ ʤʦʤʝʥʪʽ ʪʫʳʥʜʘʡʜʳ 
 

ὓ ὓ
ήὰ

ψ

χψȟπτϽφ

ψ
συρȟρψ̋˚̍Ȣ 

 

 ʥʦʨʤʘʪʠʚʪʽʢ שʪʘʫ ʝʩʝʙʽʥʜʝ ʙʝʪʦʥ ʤʝʥ ʘʨʤʘʪʫʨʘʥʳץʘʙʽʣʝʪʽʥ ʘʥʳץ ʢᴇʪʝʨʫ שʠʤʘʥʳפ

ʢʝʜʝʨʛʽʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ: Ὢ
Ⱦ
ρυ˙˜́Ƞ  Ὢ τππ˙˜́Ȣ 

ɸʨʤʘʪʫʨʘʥʳ ʘʨץʘʣʳץ ץʠʤʘʩʳʥʳש ʪʝʢ ʩʦʟʳʣסʘʥ ʘʫʤʘסʳʥʘ סʘʥʘ ʦʨʥʘʪʘʤʳʟ ʜʝʧ ʧʘʡʳʤʜʘ-

ʩʘץ, ʢʝʩʪʝ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʪʳʥ  Ὧ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ὓ ὯὦὨ ʪʝשʜʝʫʽʥʝʥ ʝʩʝʧʪʝʧ 

ʰʳסʘʨʘʤʳʟ 

Ὧ
ὓ

ὦὨ

συρȟρψϽρπ

σππϽυυπ
σȟψτȟ 

                       

ʙײʣ ʞʝʨʜʝ Ὠ ï ץʠʤʘʥʳש ʞװʤʳʩʰʳ ʙʠʽʢʪʽʛʽ, Ὠ Ὤ ὥ φππυπ υυπ̍̍Ȣ 
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ɸʨʤʘʪʫʨʘʣʘʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ” ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʡʜʳ 
 

Ὧ ‎̨”Ὢ ρ
”Ὢ

ρȟχὪ
Ⱦ

 

 

ʉʘʥʜʳץ ʤᴅʥʜʝʨʽʥ ʦʨʥʳʥʘ ץʦʶ ʘʨץʳʣʳ ” ʪʘʙʘʤʳʟ 
 

σȟψτ πȟωϽ”Ͻτππρ
τππϽ”

ρȟχϽρυ
 

 

ɹײʜʘʥ ʰʳסʘʪʳʥ ץʦʨʳʪʳʥʜʳ, ” πȟπρσυȢ 
ACI 318-83 ʥʦʨʤʘʩʳʥʳש ʪʘʣʘʧʪʘʨʳ ʙʦʡʳʥʰʘ, ʝʩʝʧʢʝ ʝʥʛʽʟʽʣʝʪʽʥ ʘʨʤʘʪʫʨʘʣʘʫ ʢʦʵʬʬʠ-

ʮʠʝʥʪʽʥʽש ʤᴅʥʽ  0,75 ”Ӷb  ʘʩʧʘʫ ʢʝʨʝʢ, ʤײʥʜʘסʳ  

 

”Ӷb= πȟψυ‍ πȟψυϽπȟψυϽ Ͻ 0,016. 

 

 

ɹʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ ʍ 0,0135>0,7”Ӷb=0,012 ʙʦʣסʘʥʜʳץʪʘʥ, ʝʩʝʧʢʝ ʘʣʳʥʘʪʳʥ ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʤᴅʥʽ ” πȟπρς ʜʝʧ ץʘʙʳʣʜʘʥʘʜʳ, ʷסʥʠ, ʘʨץʘʣʳץ ץʠʤʘʩʳ ץʦʩ ʘʨʤʘʪʫʨʘʤʝʥ ʢװʰʝʡʪʽʣʫʛʝ 
ʪʠʽʩʪʽ.  

ɸʨʤʘʪʫʨʘʥʳץ שʘʞʝʪʪʽ ʩʘʥʳʥ ʘʥʳץʪʘʡʤʳʟ (2,ʙ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʝʩʝʧʪʽʢ ץʠʤʘ) 
 

ὃ ”ὦὨπȟπρςϽσππϽυυπρωψπ̍̍Ȣ 
 

ʆʩʳ ץʠʤʘʤʝʥ ץʘʙʳʣʜʘʥʘʪʳʥ ʠʽʣʫ ʤʦʤʝʥʪʽʥ ʘʥʳץʪʘʫ װʰʽʥ, 2,ʙ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʦʡ-

ʰʘ ʘʣʳʥסʘʥ ץʠʤʘʥʳש ὥ ʙʠʽʢʪʽʛʽʥ ʪʘʙʫʳʤʳʟ ʢʝʨʝʢ:  
 

ὥ
Ὢ ὃ   

πȟψυὪὦ

τππϽρωψπ

πȟψυϽρυϽσππ
ςπχ̍̍Ȣ 

 

 
 

2-ʩʫʨʝʪ ï ɸʨץʘʣʳץʪʳש ʪʽʢ ץʠʤʘʩʳ ʙʦʡʳʥʰʘ ʙʝʨʽʢʪʽʢʢʝ ץʘʞʝʪʪʽ ʝʩʝʧʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨ 

 (ACI 318-83 ʥʦʨʤʘʩʳʥʘ ʩᴅʡʢʝʩ). 

 

 

ʀʽʣʫ ʤʦʤʝʥʪʽʥʽש ʥʦʨʤʘʪʠʚʪʽʢ ʤᴅʥʽ 

 

ὓ ὃ ὪὨ ὥȾς ρωψπϽτππϽυυπ συσȟφσϽρπ̊ ̍Ȣ̍  

 

ʆʩʳ ʤʦʤʝʥʪʪʽש ʝʩʝʧʪʽʢ ʤᴅʥʽ 

 

ὓ ‎̨ὓ πȟωϽσυσȟφσ σρψȟςχϽρπ̊ ̍Ȣ̍ 
 



 

78 

ɽʥʜʽ, ʩʳסʳʣסʘʥ ὃ
Ⱦ
 ʞᴅʥʝ ʩʦʟʳʣסʘʥ ὃ  ʘʨʤʘʪʫʨʘʣʘʨʜʘʥ ʪײʨʘʪʳʥ (2,ʚ ʩʫʨʝʪ), ʦʡʰʘ 

ʘʣʳʥסʘʥ ץʠʤʘʤʝʥ ץʘʙʳʣʜʘʥʘʪʳʥ ʠʽʣʫ ʤʦʤʝʥʪʽʥ ʘʥʳץʪʘʡʤʳʟ 
 

ὓ ὓ ὓ συρȟρψ σρψȟςχ σςȟωρ̋̊̍Ȣ 
 

ɹʦʡʣʳץ ʘʨʤʘʪʫʨʘʣʘʨ ʩʘʥʳ ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ 
 

ὃ
Ⱦ
ὃ

ὓ

‎̨ὪὨ ὨȾ
σςȟωρϽρπ

πȟωϽτππϽυυπτπ
ρχωȟς̍ Ȣ̍ 

 

ʉʦʥʳʤʝʥ, ץʦʨʳʪʘ ʢʝʣʛʝʥʜʝ ץʠʤʘʥʳ ʪʦʣʳץ ʘʨʤʘʪʫʨʘʣʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʙʦʡʣʳץ ʘʨʤʘʪʫʨʘ 

ʘʫʜʘʥʳ: 

- ʩʳסʳʣסʘʥ ʘʫʤʘץʪʘ ὃ
Ⱦ
 ρχωȟς̍ ȟ̍  

- ʩʦʟʳʣסʘʥ ʘʫʤʘץʪʘ ὃ ὃ ὃ ρωψπρχωȟς ςρυωȟς̍  .ʨʘʡʜʳײץ̍ 

 

4 ʅᴄʊʀɾɽʃɽʈ ɾᴄʅɽ ʊɸʃפʓʃɸʋ 

ʀʽʣʝʪʽʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʽʢ ץʠʤʘʩʳ ʙʦʡʳʥʰʘ ʙʝʨʽʢʪʽʢ ʝʩʝʙʽʥ ᴇʟʽʤʽʟʜʽש ʝʣʜʽש ʥʦʨʤʘʣʘʨʳ 

ʙʦʡʳʥʰʘ ʰʳסʘʨסʘʥ ʢʝʟʜʝ, ʵʣʝʤʝʥʪ ץʠʤʘʩʳ ʞʝʢʝ ʘʨʤʘʪʫʨʘʣʘʥסʘʥ ʞʘסʜʘʡʜʘ ʙʦʣʜʳ, ʷסʥʠ ʙʝ-

ʪʦʥʥʳש ʩʳסʳʣסʘʥ ʘʫʤʘסʳʥʘ ʙʦʡʣʳץ ʦʨʥʘʣʘʩץʘʥ ʞײʤʳʩʪʳץ ʘʨʤʘʪʫʨʘʥʳץ שʘʞʝʪʽ ʙʦʣʤʘʜʳ [6].  

ʆʩʳ ʤʘץʘʣʘʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ɸʤʝʨʠʢʘ ʙʝʪʦʥ ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳʥʳש ʙʝʢʽʪʢʝʥ ʝʨʝʞʝ-

ʣʝʨʽ ʙʦʡʳʥʰʘ ʰʳסʘʨʳʣסʘʥ ʝʩʝʧʪʝʥ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʘʨץʘʣʳץ ץʠʤʘʩʳ ץʦʩ ʘʨʤʘʪʫʨʘ-

ʣʘʫʜʳ, ʷסʥʠ ʩʦʟʳʣסʘʥ ʘʫʤʘסʳʤʝʥ ץʘʪʘʨ ʩʳסʳʣסʘʥ ʘʫʤʘסʳʥʘ ʜʘ ʘʨʤʘʪʫʨʘʥʳ ʝʩʝʧʧʝʥ ץʦʶʜʳ 

 .ʘʷʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [3, 5]סʣײ שʳʥʳʥʳסʜʘʡ, ᴇʟ ʢʝʟʝʛʽʥʜʝ, ʘʨʤʘʪʫʨʘ ʰʳסʣ ʞʘײʘʞʝʪ ʝʪʪʽ. ɹץ

 

 ʆʈʓʊʓʅɼʓפ 5

ʆʩʳ ʤʘץʘʣʘ ʙʘʨʳʩʳʥʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʽʨ סʘʥʘ ʝʩʝʧʪʽץ שʳʩץʘʰʘ ץʦʨʳʪʳʥʜʳʩʳʥʜʘ 

ʤʳʥʘʜʘʡ ʤᴅʩʝʣʝʛʝ ʥʘʟʘʨ ʘʫʜʘʨסʘʥ ʜײʨʳʩ ʜʝʧ ʦʡʣʘʡʤʳʥ. נʠʤʘʨʘʪʪʳײץ שʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷ-

ʣʘʨʳʥ ʙʝʨʽʢʪʽʢʢʝ ʝʩʝʧʪʝʛʝʥʜʝ ʪʝʢ ʤʘʪʝʨʠʘʣ ʰʳסʳʥʳʥ װʥʝʤʜʝʫ סʘʥʘ ʙʘʩʪʳ ʤʘץʩʘʪ ʙʦʣʳʧ ץʘʣ-

ʤʘʡ, ץʘʫʽʧʩʽʟʜʽʢ ʧʝʥ ʩʝʥʽʤʜʽʣʽʢ ʰʘʨʘʣʘʨʳ ʝʨʝʞʝʛʝ ʩʘʡ ץʘʪʘש ʩʘץʪʘʣʫסʘ ʪʠʽʩʪʽ.  

ʄʳʩʘʣʳ, ʦʪʘʥʜʳץ ʥʦʨʤʘ ʙʦʡʳʥʰʘ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʢʦʥʩʪʨʫʢʮʠʷ ײץʥʳʥʳש ʵʢʦ-

ʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʟʜʝʡʜʽ, ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ɸפʐ ʥʦʨʤʘ-

ʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʘ ץʘʨʘסʘʥʜʘסʳ ʘʟ ʤᴅʥʽ, ײץʨʳʣʳʩʪʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʩʘʧʘʩʳ ʤʝʥ 

 .ʝʩʪʽʨʽʣʝʜʽ [7]שʳʣʳ ʪʝץʦʶ ʘʨץ ʘʨʳ ʪʘʣʘʧסʦʨʳʥʜʘʣʫ ʩʘʧʘʩʳʥʘ ʞʦ שʤʳʩʪʘʨʳʥʳײʨʳʣʳʩ ʞײץ
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3.2 ʉʊʈʆʀʊɽʃʔʅɸʗ ʄɽʍɸʅʀʂɸ ʀ ɻɽʆʊɽʍʅʀʂɸ 
 

 

ᴄʆɾ 539.3 

ʐɽʂʊɯ ʕʃɽʄɽʅʊʊɽʈ ᴄɼɯʉɯʅ ʄɽʍɸʅʀʂɸʃʓפ  

ʂʆʅʉʊʈʋʂʎʀʗʃɸʈɼʓ ɸʅɸʃʀɿɼɽʋɼɽ פʆʃɼɸʅʋ 
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ɸשʜʘʪʧʘ. ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽ ʠʥʞʝʥʝʨʣʽʢ ʤʝʭʘʥʠʢʘʜʘ ʢʝϬʽʥʝʥ Ϩʦʣʜʘʥʳʣʘʪʳʥ 

ϨϰʨʘʣʜʘʨʜʳϬ ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ϸʨʪϮʨʣʽ ʞϮʢʪʝʤʝʣʝʨ ʢʝʟʽʥʜʝ ʤʝʭʘʥʠʢʘʣʳϨ Ϩϰʨʳ-

ʣʳʤʜʘʨʜʳϬ ϸʨʝʢʝʪʽʥ ʤʦʜʝʣʴʜʝʫʛʝ ʞϸʥʝ ʪʘʣʜʘʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʙʽʟ ʰʝʢʪʽ 

ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽʥʽϬ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽʥ ʞϸʥʝ ʦʥʳ ʤʝʭʘʥʠʢʘʣʳϨ ʞϮʡʝʣʝʨʜʽ ʪʘʣʜʘʫʜʘ 

Ϩʦʣʜʘʥʫʜʳ Ϩʘʨʘʩʪʳʨʘʤʳʟ. ʄʘϨʘʣʘʥʳϬ ʝϬ ʙʘʩʪʳ ʤʘϨʩʘʪʳ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽʥ Ϩʦʣ-

ʜʘʥʫʜʘ ʝϬ ʦϬʪʘʡʣʳ ϸʜʽʩʪʽ ʟʝʨʪʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽʥ ʤʝʭʘʥʠʢʘ-

ʣʳϨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ʘʥʘʣʠʟʜʝʫʜʝʛʽ ʪʠʽʤʜʽ ʞʘϨʪʘʨʳʥ Ϩʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʘʤʳʟ. 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽ (ʐʕϷ) ʠʥʞʝʥʝʨʣʽʢ ʞϸʥʝ Ϥʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ ʢʝϬʽʥʝʥ 

Ϩʦʣʜʘʥʳʣʘʪʳʥ Ϩʫʘʪʪʳ ʩʘʥʜʳϨ ϸʜʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹϰʣ ʟʝʨʪʪʝʫʜʽϬ ʤʘϨʩʘʪʳ ï ʐʕϷ 

ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽʥ, ʦʥʳϬ ʤʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽʥ, ʰʝʢʘʨʘʣʳϨ ʰʘʨʪʪʘʨʜʳ ϸʟʽʨʣʝʫʜʽ, ʪʝϬʜʝ-

ʫʣʝʨʜʽ ʰʝʰʫʜʽ ʞϸʥʝ ʥϸʪʠʞʝʣʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫʜʳ ʪϮʩʽʥʜʽʨʫ. ʉʦʥʳʤʝʥ Ϩʘʪʘʨ, 

ʐʕϷ-ʥʽϬ ϸʨʪϮʨʣʽ ʩʘʣʘʣʘʨʜʘ, ʤʳʩʘʣʳ, Ϩϰʨʳʣʳʩ, ʘʚʠʘʮʠʷ ʞϸʥʝ ʘʚʪʦʤʦʙʠʣʴ Ϻʥʝʨʢϸʩʽʙʽʥʜʝ 

ϨʦʣʜʘʥʳʣʫʳʥʳϬ ʧʨʘʢʪʠʢʘʣʳϨ ʤʳʩʘʣʜʘʨʳʥ ʢϺʨʩʝʪʫ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽ, ʠʥʞʝʥʝʨʣʽʢ ʤʝʭʘʥʠʢʘ, ʤʝʭʘʥʠʢʘʣʳϨ ʢʦʥ-

ʩʪʨʫʢʮʠʷʣʘʨ, ʘʥʘʣʠʟʜʝʫ, ʪʘʣʜʘʫ, ʞϮʢʪʝʤʝʣʝʨ ϸʩʝʨʽ. 

 

ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʠʥʞʝʥʝʨʥʦʡ ʤʝʭʘʥʠʢʝ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦ-

ʚʝʜʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩ-

ʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʥʘʣʠʟʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʘʣʠʟʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ð ʤʦʱʥʳʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʝʤʳʡ ʚ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʲʷʩʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʉʆʕ, ʧʨʦʮʝʩʩʘ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʥʠʯ-

ʥʳʭ ʫʩʣʦʚʠʡ, ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʂʕʕ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ, ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʥʞʝʥʝʨʥʘʷ ʤʝʭʘʥʠʢʘ, ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʥʘʣʠʟ, ʦʙʩʫʞʜʝʥʠʝ, ʚʣʠʷʥʠʝ ʥʘʛʨʫʟʦʢ. 

 

ɸbstract. The finite element method is one of the widely used tools in engineering me-

chanics. It allows for the modeling and analysis of the behavior of mechanical structures under 

various loads. In this article, we will examine the basic principles of the finite element method 

and its application in the analysis of mechanical systems. The main goal of the article is to in-

vestigate the most optimal method for applying the finite element method. We will consider the 

advantages of using the finite element method in analyzing mechanical structures. 

The finite element method (FEM) is a powerful numerical method widely used in engi-

neering and scientific research. The purpose of this study is to explain the basic principles of 

ESR, its modeling process, development of boundary conditions, solution of equations and in-

terpretation of results. In addition, show practical examples of the application of FEE in vari-

ous fields, for example, in the construction, aviation and automotive industries. 

Key words: finite element method, engineering mechanics, mechanical structures, 

analysis, discussion, influence of loads. 
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1 ʂɯʈɯʉʇɽ 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʞᴅʥʝ ʠʥʪʝʛʨʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫʜʽש ʞʘʣʧʳ ʩʘʥʜʳץ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽש ʞʠʽ 

ʰʝʰʽʣʝʪʽʥ ʤᴅʩʝʣʝʣʝʨ ץʘʪʪʳ ʤʝʭʘʥʠʢʘ, ʞʳʣʫ ʘʣʤʘʩʫ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʞᴅʥʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ 

ʩʘʣʘʣʘʨʳʥʜʘ. 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʞʽʢʪʝʣʫʽʥ ʦʩʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʢᴇʧʤװʰʝʣʽʢ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʨʝʪʽʥʝ 

ʩᴅʡʢʝʩ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʵʣʝʤʝʥʪʪʝʨʜʽש ʢʝʣʝʩʽ װʰ ʪʦʙʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ:  

- ʩʠʤʧʣʝʢʩ ʵʣʝʤʝʥʪʪʝʨʽ,  

- ʢװʨʜʝʣʽ ʵʣʝʤʝʥʪʪʝʨ,  

- ʤʫʣʴʪʠʧʣʝʢʩ ʵʣʝʤʝʥʪʪʝʨʽ. 

 

2 ʄɸפʉɸʊʓ 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ (ʐʕᴄ) ʠʥʞʝʥʝʨʣʽʢ ʞᴅʥʝ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘ-

ʥʳʣʘʪʳʥ ץʫʘʪʪʳ ʩʘʥʜʳץ ᴅʜʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʟʝʨʪʪʝʫʜʽש ʤʘץʩʘʪʳ ï ʐʕᴄ ʥʝʛʽʟʛʽ ʧʨʠʥ-

ʮʠʧʪʝʨʽʥ, ʦʥʳש ʤʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽʥ, ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ, ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫʜʽ 

ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫʜʳ ʪװʩʽʥʜʽʨʫ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʐʕᴄ-ʥʽש ᴅʨʪװʨʣʽ ʩʘʣʘʣʘ-

ʨʜʘ, ʤʳʩʘʣʳ, ײץʨʳʣʳʩ, ʘʚʠʘʮʠʷ ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ץʦʣʜʘʥʳʣʫʳʥʳש ʧʨʘʢʪʠʢʘ-

ʣʳץ ʤʳʩʘʣʜʘʨʳʥ ʢᴇʨʩʝʪʫ. 

 

3 ɿɽʈʊʊɽʋ ʉױʈɸפʊɸʈʓ ʄɽʅ ɻʀʇʆʊɽɿɸʃɸʈ 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽץ שʘʥʜʘʡ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ ʙʘʨ ʞᴅʥʝ ʦʣʘʨ ʠʥʞʝʥʝʨʣʽʢ ײץʨʳ-

ʣʳʤʜʘʨʜʳש ʪʘʣʜʘʫʳʥʜʘ ץʘʣʘʡ ץʦʣʜʘʥʳʣʘʜʳ? 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫʜʘסʳ ʥʝʛʽʟʛʽ ץʘʜʘʤʜʘʨ ץʘʥʜʘʡ ʞᴅʥʝ ʦʣʘʨ ץʘʣʘʡ ʦʨʳʥʜʘ-

ʣʘʜʳ? 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ʪʝשʜʝʫʣʝʨʽʥ ʰʝʰʫ װʰʽʥ ץʘʥʜʘʡ ʩʘʥʜʳץ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ץʘʥʜʘʡ? 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ץʘʣʘʡ ʜײʨʳʩ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫסʘ 

ʙʦʣʘʜʳ? 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʘʣʘʡ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʦʥʳש ʧʨʘʢʪʠʢʘʣʳץ 

ʘʨʪʳץʰʳʣʳץʪʘʨʳ ץʘʥʜʘʡ? 

 

4 ᴆɿɽʂʊɯʃɯɻɯʅ ʅɽɻɯɿɼɽʋ 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʠʥʞʝʥʝʨʣʽʢ ʪʘʣʜʘʫʜʘ ʞᴅʥʝ ʞʦʙʘʣʘʫʜʘ ʤʘשʳʟʜʳ 

ʨᴇʣ ʘʪץʘʨʘʜʳ. ʆʥʳש ʢᴇʤʝʛʽʤʝʥ ʢװʨʜʝʣʽ ײץʨʳʣʳʤʜʘʨʜʳ ʥʘץʪʳ ʞᴅʥʝ ʪʠʽʤʜʽ ʤʦʜʝʣʴʜʝʫʛʝ, ʪʘʣ-

ʜʘʫסʘ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʙʦʣʘʜʳ. ײפʨʳʣʳʩ, ʘʚʠʘʮʠʷ ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴ ᴇʥʝʨʢᴅʩʽʙʽ ʩʠʷץʪʳ 

ʩʘʣʘʣʘʨʜʘ ʐʕᴄ ץʦʣʜʘʥʫ ץʘʫʽʧʩʽʟʜʽʢ, ʩʝʥʽʤʜʽʣʽʢ ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʉʦ-

ʥʳʤʝʥ ץʘʪʘʨ, ʝʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘʩʳʥʳש ʜʘʤʫʳ ʞᴅʥʝ ʐʕᴄ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳ-

ʨʫʳʥʳש ʞʝʪʽʣʜʽʨʽʣʫʽ ʙײʣ ᴅʜʽʩʪʽץ שʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʽʧ, ʦʥʳש ʤʘשʳʟʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ. 

 

5 ᴄɼɽɹʀɽʊʊɽʈɻɽ ʐʆʃʋ 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ʥʝʛʽʟʜʝʨʽ ʤʝʥ ʦʥʳץ שʦʣʜʘʥʳʣʫʳ ʙʦʡʳʥʰʘ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝ-

ʫʣʝʨ ʤʝʥ ᴅʜʝʙʠʝʪʪʝʨ ʙʘʨ. ʄʳʩʘʣʳ, Bathe (2006) ᴇʟʽʥʽש Finite Element Procedures ʢʽʪʘʙʳʥʜʘ 

ʐʕᴄ-ʥʽש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʠʥʞʝʥʝʨʣʽʢ ץʦʩʳʤʰʘʣʘʨʳʥ ʞʘʥ-ʞʘץʪʳ ʪʘʣץʳ-

ʣʘʡʜʳ. Zienkiewicz, Taylor, & Zhu (2005) ʝשʙʝʛʽʥʜʝ ʐʕᴄ ʥʝʛʽʟʜʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽ ʪʝʨʝש ʪʘʣ-

ʜʘʥסʘʥ, ʙײʣ ʟʝʨʪʪʝʫʰʽʣʝʨʛʝ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʝʨʛʝ ײץʥʜʳ ʘץʧʘʨʘʪ ʙʝʨʝʜʽ. Cook et al. (2002) ʞᴅʥʝ 

Reddy (2019) ʝשʙʝʢʪʝʨʽ ʐʕᴄ ᴅʜʽʩʥʘʤʘʣʘʨʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ᴅʨʪװʨʣʽ ʠʥʞʝʥʝʨʣʽʢ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʰʝʰʫʜʝʛʽ ץʦʣʜʘʥʳʣʫʳʥ ץʘʨʘʩʪʳʨʘʜʳ. 
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ʐʕᴄ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʧʨʘʢʪʠʢʘʣʳץ ʥײʩץʘʫʣʳץʪʘʨ ʤʝʥ ʤʳʩʘʣʜʘʨ Logan (2016) ʞᴅʥʝ 

Hutton (2004) ʢʽʪʘʧʪʘʨʳʥʜʘ ײʩʳʥʳʣסʘʥ. ɹײʣ ʝשʙʝʢʪʝʨʜʝ ʐʕᴄ-ʥʽש ᴅʨʪװʨʣʽ ʠʥʞʝʥʝʨʣʽʢ 

ʞװʡʝʣʝʨʛʝ ץʘʣʘʡ ץʦʣʜʘʥʳʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ. Fish & Belytschko (2007) ʝשʙʝʛʽʥʜʝ ʐʕᴄ 

ᴅʜʽʩʪʝʨʽʥʽש ʘʣסʘʰץʳ ʢʫʨʩʳ ʙʝʨʽʣʽʧ, ʩʪʫʜʝʥʪʪʝʨ ʤʝʥ ʞʘשʘ ʙʘʩʪʘסʘʥ ʠʥʞʝʥʝʨʣʝʨ װʰʽʥ ʤʘשʳʟʜʳ 

ʘץʧʘʨʘʪ ײʩʳʥʳʣסʘʥ. 

 

6 ᴄɼɯʉʊɽʈɯ 

1. ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ: 

 ;ʩʽʥʜʽʨʫװʩʽʥʽʛʽʥ ʪװʨʳʣʳʤʜʳ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʛʝ ʙᴇʣʫ ʪײץ -

- ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫʜʽש ʞʫʳץʪʘʫ ʞᴅʥʝ ʩʘʥʜʳץ ʠʥʪʝʛʨʘʣʜʘʫ ᴅʜʽʩʽʥ ʩʠʧʘʪʪʘʫ; 

- ʩʳʟʳץʪʳץ ʞᴅʥʝ ʩʳʟʳץʪʳץ ʝʤʝʩ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ ᴅʜʽʩʪʝʨʽʥ ץʘʨʘʩʪʳʨʫ. 

2. ʄʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽ: 

- ʤʝʭʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʥʳש ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ʤʦʜʝʣʽʥ ײץʨʫ ץʘʜʘʤʜʘʨʳ; 

- ᴅʨʪװʨʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪװʨʣʝʨʽ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʳʥ 

ʪʘשʜʘʫ; 

 ʛʝʦʤʝʪʨʠʷʩʳ ʥʝʛʽʟʽʥʜʝ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ʪʦʨʳʥ ʛʝʥʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥ שʨʳʣʳʤʥʳײץ -

ʪװʩʽʥʜʽʨʫ. 

3. ʐʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ ᴅʟʽʨʣʝʫ: 

- ʪʘʣʜʘʫ װʰʽʥ ʰʝʢʪʽʢ ʰʘʨʪʪʘʨ ʤʝʥ ʞװʢʪʝʤʝʣʝʨʜʽ ʘʥʳץʪʘʫ; 

- ʰʝʢʪʝʫʣʝʨ, ʢװʰʪʝʨ ʤʝʥ ʤʦʤʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʫ ʩʠʷץʪʳ ʰʝʢʘʨʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳש 

ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥ ץʘʨʘʩʪʳʨʫ; 

- ᴅʨʪװʨʣʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʞʘסʜʘʡʣʘʨʳʥ ʘʥʳץʪʘʫ ʧʨʦʮʝʩʽʥ 

ʪװʩʽʥʜʽʨʫ. 

4. ʊʝשʜʝʫʣʝʨʜʽ ʰʝʰʫ: 

- ʪʽʢʝʣʝʡ ʞᴅʥʝ ʠʪʝʨʘʪʠʚʪʽ ʰʝʰʫ ᴅʜʽʩʪʝʨʽʥ ץʦʩʘ ʘʣסʘʥʜʘ, ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש 

ʪʝשʜʝʫʣʝʨʽʥ ʰʝʰʫʜʽש ʩʘʥʜʳץ ᴅʜʽʩʪʝʨʽʥ ʩʠʧʘʪʪʘʫ; 

- ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʩʳʟʳץʪʳ ʝʤʝʩʪʽʛʽʥ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʛʝʦʤʝʪʨʠʷʥʳ ʝʩʝʧʢʝ ʘʣʫ 

ᴅʜʽʩʪʝʨʽʥ ץʘʨʘʩʪʳʨʫ. 

5. ʅᴅʪʠʞʝʣʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ: 

- ʢʝʨʥʝʫʣʝʨ, ʜʝʬʦʨʤʘʮʠʷʣʘʨ ʞᴅʥʝ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ ʩʠʷץʪʳ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ 

 ;ʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳװʘʣʘʡ ʪץ

- ʛʝʦʤʝʪʨʠʷʥʳש ʥʝʤʝʩʝ ʤʘʪʝʨʠʘʣʜʳש ᴇʟʛʝʨʫʽ ʩʠʷץʪʳ ײץʨʳʣʳʤʥʳש ʤʽʥʝʟ-ײץʣץʳʥʘ 

ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥ ʪʘʣʜʘʫ. 

 :ʦʣʜʘʥʫ ʤʳʩʘʣʜʘʨʳפ .6

- ʘʨץʘʣʳץʪʘʨ, ʞʘץʪʘʫʣʘʨ ʞᴅʥʝ ץʘʙʳץʪʘʨ ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʤʝʭʘʥʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ʪʘʣʜʘʫ 

 ;ʤʳʩʘʣʜʘʨʳ ץʧʨʘʢʪʠʢʘʣʳ שʰʽʥ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ʧʘʡʜʘʣʘʥʫʜʳװ

 ʨʣʽ ʩʘʣʘʣʘʨʜʘ ʰʝʢʪʽװʘʥʜʘ, ᴅʨʪסʦʩʘ ʘʣץ ʨʳʣʳʩ, ʘʚʠʘʮʠʷ ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴ ᴇʥʝʨʢᴅʩʽʙʽʥײץ -

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʪʫʨʘʣʳ ʘʡʪʫ. 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ʝʩʝʧʪʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʨʦʛʨʘʤʤʘʣʘʨ:  

¶ Abaqus; 

¶ Ansys; 

¶ Nastran; 

¶ Siemens NX; 

¶ SolidWorks Simulation; 

¶ LS Dyna. 

 

7 ʅᴄʊʀɾɽʃɽʈɯ  

ᴄʨʪװʨʣʽ ʩʦץץʳ ʢʝʟʽʥʜʝ ʤʘʰʠʥʘʥʳש ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʚʠʟʫʘʣʠʟʘʮʠʷʩʳ, ʰʝʢʪʽ ʵʣʝʤʝʥʪ-

ʪʝʨ ᴅʜʽʩʽʤʝʥ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣסʘʥ (1-ʩʫʨʝʪ). 
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1-ʩʫʨʝʪ ï ʄʘʰʠʥʘ ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש ʚʠʟʫʘʣʠʟʘʮʠʷʩʳ. 

 

-ʘʡ ץʫʰʳʣʳסʳʟʳץ :ᴇʣʰʝʤʜʝʨʽʥ שʨʳʣʳʤʜʳ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʛʝ ʙᴇʣʫ. ʕʣʝʤʝʥʪʪʝʨʜʽײפ

ʤʘסʳʥʘ ʞʘץʳʥ ʞʝʨʜʝ ʢʽʰʽʨʝʡʪʽʧ, ʧʨʦʮʝʩʩʦʨ ʫʘץʳʪʳʥʳש ʰʳסʳʥʜʘʨʳʥ ʘʟʘʡʪʫ װʰʽʥ ʘʣʳʩ ʞʝʨ-

ʣʝʨʜʝ װʣʢʝʡʪʫ ʘʨץʳʣʳ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʜʳ. 

 

    
 

2-ʩʫʨʝʪ ï ײפʨʳʣʳʤʜʳ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʛʝ ʙᴇʣʫ. 

 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ʤʝʭʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳ ʪʘʣʜʘʫʜʳץ שʫʘʪʪʳ ײץʨʘʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʣ ʠʥʞʝʥʝʨʣʝʨʛʝ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʞװʢʪʝʤʝ 

ʞʘסʜʘʡʣʘʨʳʥʜʘ ʞװʡʝʥʽש ᴅʨʝʢʝʪʽʥ ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש 

ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽʥ ʪװʩʽʥʫ ʞᴅʥʝ ʦʥʳ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʫ ʜᴅʣʽʨʝʢ ʠʥʞʝʥʝʨʣʽʢ ʰʝʰʽʤʜʝʨ 

 .ʘ ʢᴇʤʝʢʪʝʩʝʜʽסʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫץ שʨʳʣʳʤʜʘʨʜʳײץ ʘ ʞᴅʥʝסʘʙʳʣʜʘʫץ

 

8 ʊɸʃפʓʃɸʋ  

ʅϸʪʠʞʝʣʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʞϸʥʝ ʦʣʘʨʜʳϬ ʤʘϬʳʟʜʳʣʳϤʳ 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ϸʜʽʩʽʥʽϬ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ 

 ʨʳʣʳʤʜʳ ʢʽʰʽʛʽʨʽʤ, ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʛʝ ʙᴇʣʫײץ :ʨʳʣʳʤʜʳ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʛʝ ʙᴇʣʫײפ

ʘʨץʳʣʳ ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽ ʞʘץʩʳ ʪװʩʽʥʽʧ, ʪʘʣʜʘʫסʘ ʙʦʣʘʜʳ. ɹײʣ ᴅʜʽʩ ᴅʨ ʵʣʝʤʝʥʪʪʽש ʽʰʽʥʜʝʛʽ 

ʢʝʨʥʝʫʣʝʨʜʽ, ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ʞᴅʥʝ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʪʘʣʜʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʞʘʣʧʳ ײץʨʳʣʳʤʥʳש ʤʽʥʝʟ-ײץʣץʳʥ ʜᴅʣʽʨʝʢ ʙʦʣʞʘʫסʘ ᴅʢʝʣʝʜʽ. 

ʊʝשʜʝʫʣʝʨʜʽ ʰʝʰʫʜʽש ʞʫʳץʪʘʫ ʞᴅʥʝ ʩʘʥʜʳץ ʠʥʪʝʛʨʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ: ɻʘʣʝʨʢʠʥ ᴅʜʽʩʽ 

ʩʠʷץʪʳ ʞʫʳץʪʘʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ɻʘʫʩʩ ʢʚʘʜʨʘʪʫʨʘʩʳ ʩʠʷץʪʳ ʩʘʥʜʳץ ʠʥʪʝʛʨʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ʰʝʢʪʽ 

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ʪʝשʜʝʫʣʝʨʽʥ ʰʝʰʫʜʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ ʰʝʰʽʤʜʝʨʜʽש 

ʜᴅʣʜʽʛʽ ʤʝʥ ʝʩʝʧʪʝʫ ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʧʨʘʢʪʠʢʘʣʳץ ʠʥʞʝʥʝʨʣʽʢ ץʦʩʳʤʰʘʣʘʨ 

 .ʳʟʜʳשʰʽʥ ᴇʪʝ ʤʘװ

ʉʳʟʳץʪʳץ ʞᴅʥʝ ʩʳʟʳץʪʳץ ʝʤʝʩ ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫ ᴅʜʽʩʪʝʨʽ: ʩr ʟʳץʪʳץ ʞװʡʝʣʝʨʜʽ ʰʝʰʫ 

ᴅʜʽʩʪʝʨʽ, ʤʳʩʘʣʳ, ʪʽʢʝʣʝʡ ᴅʜʽʩ (ɻʘʫʩʩ ʞʦʶʳ) ʞᴅʥʝ ʠʪʝʨʘʪʠʚʪʽ ᴅʜʽʩʪʝʨ (ʢʦʥʲʶʛʘʪ ʛʨʘʜʠʝʥʪ 
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ᴅʜʽʩʽ) ץʘʨʘʧʘʡʳʤ ʤᴅʩʝʣʝʣʝʨ װʰʽʥ ʩʝʥʽʤʜʽ ʰʝʰʽʤʜʝʨ ײʩʳʥʘʜʳ. ʂװʨʜʝʣʽʨʝʢ, ʩʳʟʳץʪʳץ ʝʤʝʩ 

ʞװʡʝʣʝʨ װʰʽʥ ʅʴʶʪʦʥ-ʈʘʬʩʦʥ ʠʪʝʨʘʮʠʷʩʳ ʩʠʷץʪʳ ᴅʜʽʩʪʝʨ ץʘʞʝʪ. ɹײʣ ᴅʜʽʩʪʝʨʜʽ ʪװʩʽʥʫ ʠʥʞʝ-

ʥʝʨʣʝʨʛʝ ᴅʨʪװʨʣʽ ײץʨʳʣʳʤʜʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽ 

ʄʝʭʘʥʠʢʘʣʳײץ ץʨʳʣʳʤʥʳש ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ʤʦʜʝʣʽʥ ײץʨʫ ץʘʜʘʤʜʘʨʳ: ʧʨʦʮʝʩʩ ʛʝʦ-

ʤʝʪʨʠʷʥʳ ʘʥʳץʪʘʫʜʘʥ, ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʘשʜʘʫʜʘʥ, ʪʦʨʜʳ ʛʝʥʝʨʘʮʠʷʣʘʫʜʘʥ, ʰʝʢʘʨʘʣʳץ ʰʘʨʪ-

ʪʘʨʜʳ ץʦʣʜʘʥʫʜʘʥ ʞᴅʥʝ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʫʜʝʥ ʪײʨʘʜʳ. ᴄʨ ץʘʜʘʤ ʤʦʜʝʣʴʜʽש ʬʠʟʠʢʘʣʳץ 

 .ʳʟʜʳשʰʽʥ ʤʘװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʨʳʣʳʤʜʳ ʜᴅʣ ʢᴇʨʩʝʪʫʽʥײץ

ʕʣʝʤʝʥʪʪʝʨʜʽש ʪװʨʣʝʨʽ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʪʘשʜʘʫ: ᴅʨʪװʨʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʤʦʜʝʣʴʜʝʫ 

-ʘʩʠʝʪʪʝʨʽʥ (ʤʳץ ʞᴅʥʝ ʤʘʪʝʨʠʘʣ (ʘʪʪʳץ ,ץʘʙʳץ ,ץʘʣʳץʤʳʩʘʣʳ, ʘʨ) ʨʽʥװʨʳʩ ʵʣʝʤʝʥʪ ʪײʰʽʥ ʜװ

ʩʘʣʳ, ʩʝʨʧʽʤʜʽʣʽʢ, ʧʣʘʩʪʠʢʘʣʳץ) ʪʘשʜʘʫ ʤʦʜʝʣʴʜʽש ʜᴅʣʜʽʛʽ װʰʽʥ ᴇʪʝ ʤʘשʳʟʜʳ. ɼײʨʳʩ ʝʤʝʩ 

ʪʘשʜʘʫ ʪʘʣʜʘʫʜʘ ʝʣʝʫʣʽ ץʘʪʝʣʝʨʛʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ʪʦʨʳʥ ʛʝʥʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽ: ʪʦʨʜʳש ʩʘʧʘʩʳ ʤʝʥ ʪʳסʳʟʜʳסʳ ʥᴅʪʠʞʝ-

ʣʝʨʜʽש ʜᴅʣʜʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ʅʝײסʨʣʳʤ ײʩʘץ ʪʦʨ ʢᴇʙʽʨʝʢ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪװʩʽʨʝ ʘʣʘ-

ʜʳ, ʙʽʨʘץ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥ ʢᴇʧ ʪʘʣʘʧ ʝʪʝʜʽ. ɼᴅʣʜʽʢ ʧʝʥ ʝʩʝʧʪʝʫ ײץʥʳʥʳש ʘʨʘʩʳʥʜʘסʳ 

ʪʝשʛʝʨʽʤʜʽ ʪʘʙʫ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʜʝ ʤʘשʳʟʜʳ. 

ʐʝʢʘʨʘʣʳϨ ʰʘʨʪʪʘʨʜʳ ϸʟʽʨʣʝʫ 

ʐʝʢʪʽʢ ʰʘʨʪʪʘʨ ʤʝʥ ʞװʢʪʝʤʝʣʝʨʜʽ ʘʥʳץʪʘʫ: ʪʘʣʜʘʫ װʰʽʥ ʰʝʢʪʽʢ ʰʘʨʪʪʘʨ ʤʝʥ ʞװʢʪʝʤʝ-

ʣʝʨʜʽ (ʙʝʢʽʪʽʣʛʝʥ, ʜʦʤʘʣʘʫ ʥʝʤʝʩʝ ʙʦʩ) ʜײʨʳʩ ʘʥʳץʪʘʫ ʤʘשʳʟʜʳ. ɼײʨʳʩ ʝʤʝʩ ʰʝʢʪʽʢ ʰʘʨʪʪʘʨ 

ʰʳʥʜʳץץʘ ʞʘʥʘʩʧʘʡʪʳʥ ʥᴅʪʠʞʝʣʝʨʛʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ʐʝʢʘʨʘʣʳץ ʞʘסʜʘʡʣʘʨʜʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽ: ᴅʨʪװʨʣʽ ʰʝʢʪʝʫʣʝʨʜʽש ʪװʨʣʝʨʽʥ ʪװʩʽʥʫ, ʤʳ-

ʩʘʣʳ, ʙʝʢʽʪʽʣʛʝʥ ʪʽʨʝʢʪʝʨ, ʪʦʧʩʘʣʘʨ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʘʨ, ᴅʨʪװʨʣʽ ʞװʢʪʝʤʝʣʝʨ ʞʘסʜʘʡʳʥʜʘ 

 .ʳʥ ʜᴅʣ ʤʦʜʝʣʜʝʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽץʣײץ-ʤʽʥʝʟ ץʬʠʟʠʢʘʣʳ שʨʳʣʳʤʥʳײץ

-ʪʘʫ: ʢʦʤʧʦʥʝʥʪʪʝʨ ʘʨʘץʜʘʡʣʘʨʳʥ ʘʥʳסʳ ʙʘʡʣʘʥʳʩ ʞʘסʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨ ʘʨʘʩʳʥʜʘײפ

ʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ ʞʘסʜʘʡʣʘʨʳʥ ʜײʨʳʩ ʘʥʳץʪʘʫ (ʤʳʩʘʣʳ, ʙʘʡʣʘʥʳʩ, ʜᴅʥʝʢʝʨʣʝʥʛʝʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʨʳʣʳʤʜʳ ʜᴅʣ ʢᴇʨʩʝʪʫʽʥײץ ץʬʠʟʠʢʘʣʳ שʦʩʳʣʳʩʪʘʨ) ʤʦʜʝʣʴʜʽץ

ʊʝϬʜʝʫʣʝʨʜʽ ʰʝʰʫ 

ʉʘʥʜʳץ ᴅʜʽʩʪʝʨʜʽ ʩʠʧʘʪʪʘʫ: ɻʘʫʩʩ ʞʦʶʳ ʩʠʷץʪʳ ʪʽʢʝʣʝʡ ᴅʜʽʩʪʝʨ װʣʢʝʥ ʞװʡʝʣʝʨ װʰʽʥ 

ʝʩʝʧʪʝʫ ʪײʨסʳʩʳʥʘʥ ץʳʤʙʘʪ. ʂʦʥʲʶʛʘʪ ʛʨʘʜʠʝʥʪ ʩʠʷץʪʳ ʠʪʝʨʘʪʠʚʪʽ ᴅʜʽʩʪʝʨ װʣʢʝʥ, ʩʠʨʝʢ 

ʞװʡʝʣʝʨ װʰʽʥ ʪʠʽʤʜʽʨʝʢ. ɼײʨʳʩ ᴅʜʽʩʪʽ ʪʘשʜʘʫ ʪʠʽʤʜʽ ʤᴅʩʝʣʝ ʰʝʰʫ װʰʽʥ ʤʘשʳʟʜʳ. 

ʄʘʪʝʨʠʘʣʜʳש ʩʳʟʳץʪʳ ʝʤʝʩʪʽʛʽ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʛʝʦʤʝʪʨʠʷ: ʤʘʪʝʨʠʘʣʜʳש ʩʳʟʳץʪʳ 

ʝʤʝʩʪʽʛʽ (ʤʳʩʘʣʳ, ʧʣʘʩʪʠʢʘʣʳץ ʜʝʬʦʨʤʘʮʠʷ) ʞᴅʥʝ ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷʣʘʨ (ʤʳʩʘʣʳ, װʣʢʝʥ ʜʝ-

ʬʦʨʤʘʮʠʷʣʘʨ) ᴅʜʽʩʪʝʨʽʥ ʝʩʝʧʢʝ ʘʣʫ ʥʘץʪʳ ײץʨʳʣʳʤʜʘʨʜʳש ʩʠʤʫʣʷʮʠʷʩʳ װʰʽʥ ʤʘשʳʟʜʳ. 

ʅϸʪʠʞʝʣʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ 

ʂʝʨʥʝʫʣʝʨʜʽ, ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ʞᴅʥʝ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ: ʰr  ʳʩס

ʜʝʨʝʢʪʝʨʽʥ (ʤʳʩʘʣʳ, ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳ, ʦʨʳʥ ʘʫʳʩʪʳʨʫ ᴇʨʽʩʪʝʨʽ) ץʘʣʘʡ ʦץʫ ʞᴅʥʝ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʢʝʨʝʢʪʽʛʽʥ ʪװʩʽʥʫ ײץʨʳʣʳʤʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ 

ʤʘשʳʟʜʳ. 

ɻʝʦʤʝʪʨʠʷ ʥʝʤʝʩʝ ʤʘʪʝʨʠʘʣʜʳש ᴇʟʛʝʨʫʽ ʩʠʷץʪʳ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥ ʪʘʣʜʘʫ: ʛʝʦʤʝʪʨʠʷ 

ʥʝʤʝʩʝ ʤʘʪʝʨʠʘʣ ץʘʩʠʝʪʪʝʨʽʥʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨʜʽײץ שʨʳʣʳʤʥʳש ʤʽʥʝʟ-ײץʣץʳʥʘ ץʘʣʘʡ ᴅʩʝʨ 

ʝʪʝʪʽʥʽʥ ʪʘʣʜʘʫ ʢʦʥʩʪʨʫʢʮʠʷʥʳ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢʪʽ ʞʘץʩʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

ϧʦʣʜʘʥʫ ʤʳʩʘʣʜʘʨʳ 

ʇʨʘʢʪʠʢʘʣʳץ ʤʳʩʘʣʜʘʨ: ʝhʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ʘʨץʘʣʳץʪʘʨ, ʞʘץʪʘʫʣʘʨ ʞᴅʥʝ ץʘʙʳץʪʘʨ 

ʩʠʷץʪʳ ᴅʨʪװʨʣʽ ʤʝʭʘʥʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽ ʪʘʣʜʘʫ װʰʽʥ ץʦʣʜʘʥʫ ʥʘץʪʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʝʛʽ 

ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ᴅʤʙʝʙʘʧʪʳסʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ᴄʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫ: ʝhʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽ ײץʨʳʣʳʩ (ʤʳʩʘʣʳ, סʠʤʘʨʘʪ ʞʦʙʘ-

ʣʘʫʳ), ʘʚʠʘʮʠʷ (ʤʳʩʘʣʳ, ײʰʘײץ ץʨʳʣʳʤʜʘʨʳ) ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴ (ʤʳʩʘʣʳ, ʘʧʘʪ ʪʘʣʜʘʫʳ) ʩʘ-

ʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ᴄʨʙʽʨ ʩʘʣʘ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʤʝʥ ʙʝʨʽʣʝʪʽʥ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʪʘʣʜʘʫʜʘʥ ʧʘʡʜʘ ʢᴇʨʝʜʽ, ʙײʣ ץʘʫʽʧʩʽʟ ʞᴅʥʝ ʪʠʽʤʜʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨסʘ ᴅʢʝʣʝʜʽ. 

ʐʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨʜʽ ʝʩʝʧʪʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʨʦʛʨʘʤʤʘʣʘʨ 
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ʇʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨ: Abaqus, Ansys, Nastran, Siemens NX, SolidWorks Simulation 

ʞᴅʥʝ LS Dyna ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ʪʘʥʳʤʘʣ ʧʨʦʛʨʘʤʤʘʣʳײץ ץʨʘʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ᴄʨʙʽʨʝʫʽ ᴇʟ ʢװʰʪʽ ʞʘץʪʘʨʳ ʤʝʥ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʘ ʠʝ, ʙײʣ ʠʥʞʝʥʝʨʣʝʨʛʝ ᴇʟ ץʘʞʝʪʪʽʣʽʢ-

ʪʝʨʽʥʝ ʝש ʞʘץʩʳ ײץʨʘʣʜʳ ʪʘשʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʣʜʳϬϤʳ ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ 

 ʳ ʟʝʨʪʪʝʫʣʝʨסʘʥ ʞʳʣʜʘʨ ʙʦʡסʦʣʜʘʥʫ ʦʥʜʘץ ʩʽʥʽʢ ʧʝʥ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥװʘʟʽʨʛʽ ʪפ

ʤʝʥ ʜʘʤʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɽʨʪʝʨʝʢʪʝʛʽ ʟʝʨʪʪʝʫʣʝʨ ʙװʛʽʥʛʽ ʢװʥʽ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʝʭ-

ʥʠʢʘסʘ ʥʝʛʽʟ ץʘʣʘʜʳ, ʜᴅʣʜʽʢʪʽ, ʪʠʽʤʜʽʣʽʢʪʽ ʞᴅʥʝ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʞʘץʩʘʨʪʫסʘ ʙʘסʳʪ-

ʪʘʣסʘʥ. פʘʟʽʨʛʽ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʝʩʝʧʪʝʫ ץʫʘʪʳʥʜʘ, ʘʣʛʦʨʠʪʤ-

ʜʝʨʜʽש ʪʠʽʤʜʽʣʽʛʽʥʜʝ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫʜʝ ʞʝʪʽʩʪʽʢʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ. 

ɿʝʨʪʪʝʫʜʽϬ ʰʝʢʪʝʫʣʝʨʽ 

ᴆʟʽʥʽש ʢװʰʪʽ ʞʘץʪʘʨʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥʽש ʰʝʢʪʝʫʣʝʨʽ ʙʘʨ, ʤʳʩʘ-

ʣʳ, ʪʦʨ ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʤʘʪʝʨʠʘʣ ʤʦʜʝʣʴʜʝʨʽʥʽש ʜᴅʣʜʽʛʽʥʝ ʪᴅʫʝʣʜʽʣʽʢ. ᴆʪʝ װʣʢʝʥ ʥʝʤʝʩʝ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʤʦʜʝʣʴʜʝʨ װʰʽʥ ʝʩʝʧʪʝʫ ײץʥʳ ʜʘ ʰʝʢʪʝʫ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɹʦʣʘʰʘϨ ʟʝʨʪʪʝʫʣʝʨʛʝ ʙʘϤʳʪʪʘʨ 

ɹʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨ ʪʠʽʤʜʽʨʝʢ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ᴅʟʽʨʣʝʫʛʝ, ʤʘʪʝʨʠʘʣ ʤʦʜʝʣʴʜʝʨʽʥ ʞʘץʩʘʨ-

ʪʫסʘ (ᴅʩʽʨʝʩʝ ʢװʨʜʝʣʽ, ʩʳʟʳץʪʳץ ʝʤʝʩ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ) ʞᴅʥʝ ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ ʙʘʩץʘ 

ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʤʝʥ (ʤʳʩʘʣʳ, ʙʦʣʞʘʫ ʤʦʜʝʣʴʜʝʨʽ װʰʽʥ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ) ʠʥʪʝʛʨʘʮʠʷʣʘʫʜʳ 

ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣʫʳ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʧʧʘʨʘʪʪʳץ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʞʘץʩʘʨʪʫ 

ʢװʨʜʝʣʽʨʝʢ ʞᴅʥʝ װʣʢʝʥ ʘʫץʳʤʜʳ ʩʠʤʫʣʷʮʠʷʣʘʨסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

 ʆʈʓʊʓʅɼʓפ 9

 ʨʘʣײץ ʫʘʪʪʳץ ʰʽʥװ ʪʘʣʜʘʫ ץʨʳʣʳʤʜʳײץ ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʰʝʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽפ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. תʟʜʽʢʩʽʟ ʞʝʪʽʣʜʽʨʫʣʝʨ ʤʝʥ 

ʟʝʨʪʪʝʫʣʝʨ ʦʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʨʪʪʳʨʳʧ, ʢװʨʜʝʣʽ ʠʥʞʝʥʝʨʣʽʢ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʝ ʦʥʳש 

ʧʘʡʜʘʣʳ ʙʦʣʫʳʥ ʢʝשʝʡʪʝʜʽ. 
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ʉʊʈʆʀʊɽʃʔʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʀɿɼɽʃʀʗ ɼʃʗ ʂʆʅʉʊʈʋʂʎʀʁ 

ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʆʆʈʋɾɽʅʀʁ 

 

ɸʙʜʫʨʘʰʠʪʦʚ ʄ.ʄ.1, ʊʝʙʝʨʜʠʝʚ ʈ.ɸ.2 

1,2 ALT ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʫʭʘʤʝʜʞʘʥʘ ʊʳʥʳʰʧʘʝʚʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

______________________________________________________________________ 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʠ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʘ ʪʘʢʞʝ ʠʥʥʦʚʘʮʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʪʘʢʠʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʢʘʢ ʙʝʪʦʥ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʝʨʘʤʠʯʝʩʢʠʡ ʠ ʩʠʣʠʢʘʪʥʳʡ ʢʠʨʧʠʯ, 

ʜʨʝʚʝʩʠʥʘ, ʤʝʪʘʣʣ ʠ ʩʪʝʢʣʦ. ʆʧʠʩʘʥʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠʭ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʩʫʞʜʘʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ, ʧʨʦʯʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʜʦʙʘʚʢʠ ʜʣʷ 

ʙʝʪʦʥʘ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʧʣʘʚʳ ʤʝʪʘʣʣʦʚ. ʀʟʤʝ-

ʥʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʝ ʠ ʜʦʣʛʦʚʝʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦ-

ʚʠʡ ʞʠʟʥʠ ʠ ʨʘʟʚʠʪʠʶ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʨʠʘʣ, ʠʟʜʝʣʠʷ, ʠʥʥʦʚʘʮʠʠ, ʢʦʥʩʪʨʫʢʮʠʷ. 

 

ɸשʜʘʪʧʘ. ϧϰʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ, ʙϰʡʳʤʜʘʨʳ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ Ϻʥʜʽʨʫ 

ϺʥʝʨʢϸʩʽʧʪʽϬ ʤʘϬʳʟʜʳ ʩʘʣʘʣʘʨʳʥʳϬ ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹϰʣ ʩʘʣʘ ʵʢʦʥʦʤʠʢʘʥʳϬ ʜʘ-

ʤʫʳʥʘ ʞϸʥʝ ʭʘʣʳϨʪʳϬ Ϻʤʽʨ ʩϮʨʫ ʩʘʧʘʩʳʥ ʞʘϨʩʘʨʪʫϤʘ ʤʘϬʳʟʜʳ Ϯʣʝʩ Ϩʦʩʘʜʳ. ʄʘϨʘʣʘʜʘ 

Ϩϰʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳϬ ʥʝʛʽʟʛʽ ʪϮʨʣʝʨʽ, ʦʣʘʨʜʳϬ Ϻʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʩʦʥʜʘʡ-ʘϨ 

ʦʩʳ ʩʘʣʘʜʘϤʳ ʠʥʥʦʚʘʮʠʷʣʘʨ ʤʝʥ ʟʘʤʘʥʘʫʠ Ϯʨʜʽʩʪʝʨ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʝʪʦʥ, ʪʝʤʽʨʙʝ-

ʪʦʥʜʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ, ʢʝʨʘʤʠʢʘʣʳϨ ʞϸʥʝ ʩʠʣʠʢʘʪʪʳϨ ʢʽʨʧʽʰʪʝʨ, ʘϤʘʰ, ʤʝʪʘʣʣ ʞϸʥʝ 

ʰʳʥʳ ʩʠʷϨʪʳ ʤʘʪʝʨʠʘʣʜʘʨ ʟʝʨʪʪʝʣʛʝʥ. Ϸʨ ʤʘʪʝʨʠʘʣʜʳϬ Ϻʥʜʽʨʽʩ ʧʨʦʮʝʩʽ, ʦʥʳϬ ʥʝʛʽʟʛʽ 

Ϩʘʜʘʤʜʘʨʳ ʞϸʥʝ Ϩʘʞʝʪʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʠʧʘʪʪʘʣϤʘʥ. ʉʦʥʳʤʝʥ Ϩʘʪʘʨ, ʤʘϨʘʣʘʜʘ 

Ϩϰʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳϬ ʩʘʧʘʩʳʥ, ʙʝʨʽʢʪʽʛʽʥ ʞϸʥʝ ʵʢʦʣʦʛʠʷʣʳϨ ʪϰʨʘϨʪʳʣʳϤʳʥ ʘʨʪ-

ʪʳʨʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ ʠʥʥʦʚʘʮʠʷʣʳϨ ʰʝʰʽʤʜʝʨ ʜʝ ʪʘʣϨʳʣʘʥʘʜʳ. ʅʘʥʦʤʘʪʝʨʠʘʣʜʘʨ, ʙʝ-

ʪʦʥϤʘ ʘʨʥʘʣϤʘʥ Ϩʦʩʧʘʣʘʨ, ʘϤʘʰʪʳ ϺϬʜʝʫʜʽϬ ʞʘϬʘ ϸʜʽʩʪʝʨʽ ʞϸʥʝ ʤʝʪʘʣʜʘʨʜʳϬ ʠʥʥʦʚʘ-

ʮʠʷʣʳϨ Ϩʦʨʳʪʧʘʣʘʨʳ ʪʫʨʘʣʳ ʤϸʣʽʤʝʪʪʝʨ ʙʝʨʽʣʛʝʥ. ɹϰʣ ʩʘʣʘʜʘ ʙʦʣʳʧ ʞʘʪϨʘʥ Ϻʟ-

ʛʝʨʽʩʪʝʨ ʤʝʥ ʞʘϬʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳϬ ʝʥʛʽʟʽʣʫʽ ʞʦϤʘʨʳ ʩʘʧʘʣʳ ʞϸʥʝ ϰʟʘϨ ʤʝʨʟʽʤʜʽ Ϩϰʨʳ-

ʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʘʩʘʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙϰʣ Ϻʟ ʢʝʟʝʛʽʥʜʝ Ϻʤʽʨ ʩϮʨʫ ʞʘϤʜʘʡʣʘʨʳʥ 

ʞʘϨʩʘʨʪʫϤʘ ʞϸʥʝ ʵʢʦʥʦʤʠʢʘʥʳ ʜʘʤʳʪʫϤʘ ʳϨʧʘʣ ʝʪʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʤʘʪʝʨʠʘʣ, ʙϰʡʳʤʜʘʨ, ʠʥʥʦʚʘʮʠʷʣʘʨ, Ϩϰʨʳʣʳʩ. 

 

Abstract. The production of building materials, products, and structures is one of the 

most important sectors of industry. It plays a key role in the development of the economy and 
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the improvement of the quality of life of the population. This article discusses the main types of 

building materials, their production technologies, as well as innovations and modern trends in 

this field. Materials such as concrete, reinforced concrete structures, ceramic and silicate 

bricks, wood, metal, and glass are examined. The production processes of each material, their 

main stages, and the necessary technologies are described. Additionally, the article discusses 

innovative solutions aimed at improving the quality, strength, and environmental sustainability 

of building materials. Information on nanomaterials, concrete additives, new methods of wood 

processing, and innovative metal alloys is provided. The changes and implementation of new 

technologies in this industry allow for the creation of higher quality and more durable building 

materials, which, in turn, contributes to improving living conditions and economic development. 

Key words: material, products, innovation, design. 
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1 ɺɺɽɼɽʅʀɽ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʩʝʢʪʦʨʦʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʥʦʤʠʢʠ ʠ 

ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʵʪʦʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʥʥʦʚʘʮʠʠ ʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ [1]. 

 

2 ʄɽʊʆɼʓ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ [2]. 

1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʝʪʦʥʘ: 

- ʧʦʜʛʦʪʦʚʢʘ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʮʝʤʝʥʪ, ʧʝʩʦʢ, ʱʝʙʝʥʴ, ʚʦʜʘ; 

- ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʧʦʨʮʠʷʭ; 

- ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʢ ʤʝʩʪʫ ʫʢʣʘʜʢʠ; 

- ʫʢʣʘʜʢʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ ʬʦʨʤʳ ʠʣʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ; 

- ʫʧʣʦʪʥʝʥʠʝ ʙʝʪʦʥʘ ʚʠʙʨʘʮʠʝʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʝʡ; 

- ʦʪʚʝʨʞʜʝʥʠʝ ʙʝʪʦʥʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʘʥʦʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʘ 

 

2. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʠʨʧʠʯʘ: 

- ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ: ʜʦʙʳʯʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʛʣʠʥʳ, ʬʦʨʤʦʚʢʘ ʢʠʨʧʠʯʝʡ, ʩʫʰʢʘ ʠ ʦʙ-

ʞʠʛ ʚ ʧʝʯʘʭ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; 

- ʩʠʣʠʢʘʪʥʳʡ ʢʠʨʧʠʯ: ʩʤʝʰʠʚʘʥʠʝ ʧʝʩʢʘ ʠ ʠʟʚʝʩʪʠ, ʬʦʨʤʦʚʢʘ ʢʠʨʧʠʯʝʡ, ʘʚʪʦʢʣʘʚʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʠʨʧʠʯʘ 

 

3. ʇʨʦʠʟʚʦʜʩʪʚʦ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ: 

- ʧʦʜʛʦʪʦʚʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʘʨʤʘʪʫʨʳ ʚ ʬʦʨʤʫ; 

- ʟʘʣʠʚʢʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ ʬʦʨʤʫ; 

- ʫʧʣʦʪʥʝʥʠʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ; 

- ʦʪʚʝʨʞʜʝʥʠʝ ʙʝʪʦʥʘ ʚ ʬʦʨʤʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʯʥʦʩʪʠ; 

- ʠʟʚʣʝʯʝʥʠʝ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʬʦʨʤʳ. 
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3 ʈɽɿʋʃʔʊɸʊʓ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʜʦʣʛʦʚʝʯ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [3-5]. 

1. ɹʝʪʦʥ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ: 

- ʙʝʪʦʥ ï ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʩʤʝʩʴ ʮʝʤʝʥʪʘ, ʧʝʩʢʘ, ʱʝʙʥʷ ʠ ʚʦʜʳ; 

- ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ï ʙʝʪʦʥ, ʫʩʠʣʝʥʥʳʡ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʦʡ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

2. ʂʠʨʧʠʯ: 

- ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʛʣʠʥʳ ʧʫʪʝʤ ʦʙʞʠʛʘ; 

- ʩʠʣʠʢʘʪʥʳʡ ʢʠʨʧʠʯ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʩʤʝʩʠ ʧʝʩʢʘ ʠ ʠʟʚʝʩʪʠ. 

3. ɼʝʨʝʚʦ: 

- ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʠ ʦʪʜʝʣʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʙʣʘʛʦʜʘʨʷ 

ʩʚʦʝʡ ʧʨʦʯʥʦʩʪʠ, ʣʝʛʢʦʩʪʠ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. 

4. ʄʝʪʘʣʣʳ: 

- ʩʪʘʣʴ ʠ ʘʣʶʤʠʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ. 

5. ʉʪʝʢʣʦ: 

- ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʢʦʥʥʳʭ ʠ ʬʘʩʘʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʪʝ-

ʧʝʥʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʵʩʪʝʪʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ. 

 

4 ʆɹʉʋɾɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚʢʣʶʯʘʶʪ: 

1. ʅʘʥʦʤʘʪʝʨʠʘʣʳ: ʜʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʠʭ ʩʚʦʡʩʪʚ. 

2. ɼʦʙʘʚʢʠ ʜʣʷ ʙʝʪʦʥʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʦʪʚʝʨʞʜʝʥʠʷ, 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʙʝʪʦʥʘ. 

3. ʅʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʨʝʚʝʩʠʥʳ: ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ, ʧʨʦʧʠʪʢʘ ʘʥʪʠʩʝʧʪʠʢʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʘʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ. 

4. ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʩʧʣʘʚʳ ʤʝʪʘʣʣʦʚ: ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʣʘʚʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʦʨʨʦʟʠʠ. 

 

5 ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʪʨʘʩʣʴʶ, ʚ ʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʇʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʥʥʦʚʘʮʠʡ ʚ ʵʪʦʡ ʩʬʝʨʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘ-

ʚʘʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʜʦʣʛʦʚʝʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʙʝʟʦʧʘʩʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [6-8]. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʵʢʩʮʝʥʪʨʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʨʘʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʨʘʩʯʝʪʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ ʧʨʦ-

ʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʦʢ ʠ ʠʭ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʮʝʥʪʨʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʘʤʳ (EBF) ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʵʪʦʡ ʨʘʙʦ-

ʪʝ. ʕʪʠ ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʋʣʫʯʰʘʷ ʥʘʰʝ ʧʦʥʠ-

ʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʵʪʠ ʩʠʩʪʝʤʳ ʚʝʜʫʪ ʩʝʙʷ ʚ ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʫʷ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʢʮʠʶ, ʤʳ ʤʦʞʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʫʱʝʨʙ, ʧʨʠ-

ʯʠʥʷʝʤʳʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʩʧʘʩʘʷ ʞʠʟʥʠ ʠ ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʝʨʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʶʪ ʚ ʜʦʩʪʠʞʝʥʠʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʡ ʮʝʣʠ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʦʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʫʩʠʣʠʷʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʛʣʦʙʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʝʡ-

ʩʤʠʯʝʩʢʠʤ ʦʧʘʩʥʦʩʪʷʤ. ʈʘʩʧʨʦʩʪʨʘʥʷʷ ʟʥʘʥʠʷ, ʚʥʝʜʨʷʷ ʧʝʨʝʜʦʚʦʡ ʦʧʳʪ ʠ ʨʘʟʨʘʙʘʪʳʚʘʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʳ ʤʦʞʝʤ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʙʝʟ-

ʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʣʶʜʝʡ, ʞʠʚʫʱʠʭ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ, 

ʵʢʩʮʝʥʪʨʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʘʤʳ (EBF) ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʩʚʷʟʷʤʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʢʘʨʢʘʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʤ ʩ 

ʵʢʩʮʝʥʪʨʠʯʥʳʤ ʢʨʝʧʣʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʆʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʨʘʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʯʝʪ-

ʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʫʷ ʧʝʨʝʜʦʚʳʝ 

ʨʘʩʯʝʪʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʤʳ ʩʪʨʝʤʠʤʩʷ ʧʦʥʷʪʴ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʢʘʨʢʘʩʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʢʦʥʝʯʥʦʤ 

ʩʯʝʪʝ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʘʜʝʞʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ ʩʝʡʩʤʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʮʝʥʪʨʠʯʥʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʘʤʳ (EBF), ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʧʝ-

ʨʝʯʥʳʝ ʩʚʷʟʠ, ʨʘʩʩʝʠʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ. 
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ɸשʜʘʪʧʘ. ɹϰʣ ʞϰʤʳʩʪʘ ʘʣʜʳϬϤʳ Ϩʘʪʘʨʣʳ ʝʩʝʧʪʝʫ ʙʘϤʜʘʨʣʘʤʘʣʘʨʳʥ ʪʘʣʜʘʥʘʜʳ 

Ϩʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʵʢʩʮʝʥʪʨʣʽʢ ʙʝʢʽʪʽʣʛʝʥ ʞʘϨʪʘʫʜʳϬ ʩʝʡʩʤʠʢʘʣʳϨ ʨʝʘʢʮʠʷʩʳ. ɾϰʤʳʩ 

ʙʘʨʳʩʳʥʜʘ ʩʝʡʩʤʠʢʘʣʳϨ ʢϮʰʪʝʨʜʽϬ ϸʩʝʨʽʥʝʥ ϨϰʨʳʣʳʤʜʳϨ ʵʣʝʤʝʥʪʪʝʨʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

ʢϮʰʪʝʨʜʽ ʝʩʝʧʪʝʫ ʞϮʨʛʽʟʽʣʝʜʽ. ɹϰʣ ʞϮʢʪʝʤʝʣʝʨʜʽϬ ϨʘʨϨʳʥʜʳʣʳϤʳʥ ʞϸʥʝ ʦʣʘʨʜʳϬ Ϩϰʨʳ-

ʣʳʤʜʘϤʳ ʪʘʨʘʣʫʳʥ ʙʘϤʘʣʘʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʊʽʢ ʢϺʣʜʝʥʝϬ ʙʘʡʣʘʥʳʩʪʘʨʳ ʙʘʨ ʵʢʩʮʝʥʪʨʣʽʢ ʙʝʢʽʪʽʣʛʝʥ ʞʘϨʪʘʫʣʘʨ (EBF) ʩʠʷϨ-

ʪʳ ϨϰʨʳʣʳʤʜʳϨ ʞϮʡʝʣʝʨ ʙϰʣ ʞϰʤʳʩʪʘ ʤʘϬʳʟʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹϰʣ 

ʞϮʡʝʣʝʨ ʩʝʡʩʤʠʢʘʣʳϨ ʵʥʝʨʛʠʷʥʳ ʩʽϬʽʨʫʛʝ ʞϸʥʝ ʪʘʨʘʪʫϤʘ ʘʨʥʘʣϤʘʥ, ʙϰʣ ʞʝʨ ʩʽʣʢʽʥʽʩʽʥʽϬ 

Ϥʠʤʘʨʘʪʪʘʨ ʤʝʥ ϨϰʨʳʣʳʩʪʘʨϤʘ ϸʩʝʨʽʥ ʘʟʘʡʪʘʜʳ. ɹϰʣ ʞϮʡʝʣʝʨʜʽϬ ʩʝʡʩʤʠʢʘʣʳϨ ʞϮʢʪʝ-

ʤʝ ʞʘϤʜʘʡʳʥʜʘ Ϻʟʽʥ Ϩʘʣʘʡ ϰʩʪʘʡʪʳʥʳ ʪʫʨʘʣʳ ʪϮʩʽʥʽʛʽʤʽʟʜʽ ʞʘϨʩʘʨʪʫ ʞϸʥʝ ʦʣʘʨʜʳϬ 

ʜʠʟʘʡʥʳ ʤʝʥ ʜʠʟʘʡʥʳʥ ʞʘϨʩʘʨʪʫ ʘʨϨʳʣʳ ʙʽʟ ʞʝʨ ʩʽʣʢʽʥʽʩʽʥʝʥ ʙʦʣʘʪʳʥ ʟʠʷʥʜʳ ʘʡʪʘʨ-

ʣʳϨʪʘʡ ʘʟʘʡʪʳʧ, Ϻʤʽʨʜʽ ʩʘϨʪʘʧ, ʤʘʪʝʨʠʘʣʜʳϨ ʰʳϤʳʥʜʘʨʜʳ ʘʟʘʡʪʘ ʘʣʘʤʳʟ. 

ɹϰʣ ʩʘʣʘʜʘϤʳ ʟʝʨʪʪʝʫʣʝʨ ʭʘʣʳϨʪʳ ʞʝʨ ʩʽʣʢʽʥʽʩʽʥʽϬ ʞʦʡϨʳʥ ϸʩʝʨʽʥʝʥ ϨʦʨϤʘʫʜʳϬ 

ʪʽʢʝʣʝʡ ʤʘϨʩʘʪʳʥʘ ʞʝʪʫʛʝ ʢϺʤʝʢʪʝʩʽʧ Ϩʘʥʘ Ϩʦʡʤʘʡʜʳ, ʩʦʥʳʤʝʥ Ϩʘʪʘʨ ʩʝʡʩʤʠʢʘʣʳϨ 

Ϩʘʫʽʧʪʝʨʛʝ ʞʘ϶ʘʥʜʳϨ ʪϺʟʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ ʙʦʡʳʥʰʘ ʢʝϬʽʨʝʢ ʢϮʰ-ʞʽʛʝʨʛʝ ʳϨʧʘʣ ʝʪʝʜʽ. 

ɹʽʣʽʤʜʽ ʪʘʨʘʪʫ, ʦʟʳϨ ʪϸʞʽʨʠʙʝʥʽ ʝʥʛʽʟʫ ʞϸʥʝ ʠʥʥʦʚʘʮʠʷʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ Ϩϰʨʳʣʳʩ 

ϸʜʽʩʪʝʨʽʥ ϸʟʽʨʣʝʫ ʘʨϨʳʣʳ ʙʽʟ ʙϮʢʽʣ ϸʣʝʤ ʙʦʡʳʥʰʘ ʩʝʡʩʤʠʢʘʣʳϨ Ϩʘʫʽʧʪʽ ʘʡʤʘϨʪʘʨʜʘ 

ʪϰʨʘʪʳʥ ʘʜʘʤʜʘʨ Ϯʰʽʥ Ϩʘʫʽʧʩʽʟ ʞʘϤʜʘʡ ʞʘʩʘʡ ʘʣʘʤʳʟ. 

ɾϮʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ ʥϸʪʠʞʝʩʽʥʜʝ ʪʽʢ ʢϺʣʜʝʥʝϬ ʙʘʡʣʘʥʳʩʪʘʨʳ ʙʘʨ ʵʢʩ-

ʮʝʥʪʨʣʽʢ ʙʝʢʽʪʽʣʛʝʥ ʞʘϨʪʘʫʣʘʨ (EBF) ʧʘʨʘʤʝʪʨʣʝʨʽ ʩʝʡʩʤʠʢʘʣʳϨ ʞϮʢʪʝʤʝ ʞʘϤʜʘʡʳʥ-

ʜʘ ʞʘϨʪʘʫʣʘʨʜʳϬ ϸʨʝʢʝʪʽʥʝ ʘʡʪʘʨʣʳϨʪʘʡ ϸʩʝʨ ʝʪʝʪʽʥʽ ʘʥʳϨʪʘʣʜʳ.  

ɸʣʳʥϤʘʥ ʥϸʪʠʞʝʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʩʝʡʩʤʠʢʘʣʳϨ ʩʝʟʽʤʪʘʣʜʳϨʪʳ ʪʘʣʜʘʫ ʘʣ-

ʜʳϬϤʳ Ϩʘʪʘʨʣʳ ʝʩʝʧʪʝʫ ϸʜʽʩʪʝʨʽʥ Ϩʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʵʢʩʮʝʥʪʨʠʢʘʣʳϨ ʙʝʢʽʪʽʣʛʝʥ ʨʘʤʘ-

ʣʘʨ. ʆʣ ʩʝʥʽʤʜʽʣʽʢʪʽ ʙʘϤʘʣʘʫʜʳϬ ϨʦʣʜʘʥʳʩʪʘϤʳ ϸʜʽʩʪʝʨʽʥʝ ʰʦʣʫ ʞʘʩʘʫʜʳ, ʨʘʤʘʣʘʨʜʘϤʳ 

ʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨʜʳϬ ϸʨʝʢʝʪʽʥ ʟʝʨʪʪʝʫʜʽ ʞϸʥʝ Ϩʘʞʝʪʪʽ Ϩʘʫʽʧʩʽʟʜʽʢ ʜʝϬʛʝʡʽʥ Ϩʘʤʪʘʤʘ-

ʩʳʟ ʝʪʫ Ϯʰʽʥ ʝʩʝʧʪʝʫ ʤʦʜʝʣʴʜʝʨʽʥʽϬ ʳϨʪʠʤʘʣʜʳϨ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳϨʪʘʫʜʳ Ϩʘʤʪʠ-

ʜʳ. ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʝʩʝʧʪʝʫ ʙʘϤʜʘʨʣʘʤʘʣʘʨʳʥ Ϩʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʙʽʟ ʩʝʡʩʤʠʢʘʣʳϨ ʞϮʢʪʝ-

ʤʝʣʝʨ ʞʘϤʜʘʡʳʥʜʘ ʦʩʳ ʞʘϨʪʘʫʣʘʨʜʳϬ ʜʠʥʘʤʠʢʘʣʳϨ ʤʽʥʝʟ-ϨϰʣϨʳʥ ʪϮʩʽʥʫʛʝ ʞϸʥʝ ʦʣʘʨ-

ʜʳϬ ϨϰʨʳʣʳʤʳʥʳϬ ʪϰʨʘϨʪʳʣʳϤʳʥ ʙʘϤʘʣʘʫϤʘ ʪʳʨʳʩʘʤʳʟ. ʉʘʡʳʧ ʢʝʣʛʝʥʜʝ, ɿʝʨʪʪʝʫʜʽϬ 

ʤʘϨʩʘʪʳ ï ʞʝʨ ʩʽʣʢʽʥʽʩʽʥʝ ʪϺʟʽʤʜʽ Ϩϰʨʳʣʳʤʜʘʨʜʳ ʞʦʙʘʣʘʫ ʞϸʥʝ ʙʘϤʘʣʘʫ ʙʦʡʳʥʰʘ 

ʩʝʥʽʤʜʽ ϰʩʳʥʳʩʪʘʨʜʳ ϸʟʽʨʣʝʫʛʝ Ϯʣʝʩ Ϩʦʩʫ. 

ʊʫʡʽʥ ʩᴇʟʜʝʨ: ʵʢʩʮʝʥʪʨʣʽʢ ʙʝʢʽʪʽʣʛʝʥ ʨʘʤʘʣʘʨ (ʕϧɹ), ʪʽʢ ʢϺʣʜʝʥʝϬ ʪʽʨʝʢ, ʩʝʡ-

ʩʤʠʢʘʣʳϨ ʵʥʝʨʛʠʷʥʳϬ ʰʳϤʳʥʳ, ʩʝʡʩʤʠʢʘʣʳϨ ʞϮʢʪʝʤʝʣʝʨ, ϨϰʨʳʣʳʤʜʳϨ ʪϰʨʘϨʪʳʣʳϨ. 

 

Abstract. In this work, the seismic response of an eccentrically fixed frame is analyzed 

using advanced calculation programs. In the process of work, the forces arising in the structur-

al elements under the action of seismic forces are calculated. This allows us to assess the inten-

sity of loads and their distribution in the structure.  

Structural systems such as eccentrically fixed frames (EBF) with vertical cross-links are 

important components in this work. These systems are designed to absorb and dissipate seismic 

energy, which reduces the impact of earthquakes on buildings and structures. By improving our 

understanding of how these systems behave under seismic stress and improving their design and 

construction, we can significantly reduce the damage caused by earthquakes, saving lives and 

minimizing material losses. 

Research in this area not only helps to achieve the immediate goal of protecting the 

population from the devastating effects of earthquakes, but also contributes to broader efforts to 

increase global resilience to seismic hazards. By spreading knowledge, implementing best prac-

tices and developing innovative technologies and construction methods, we can create safer 

conditions for people living in earthquake-prone areas around the world. 

As a result of the experiments, it was found that the parameters of eccentrically fixed 

frames (EBF) with vertical cross-links significantly affect the behavior of frames under seismic 

loads.  

The results obtained are an analysis of the seismic sensitivity of frames with eccentric 

mounting using advanced computational methods. It includes a review of existing reliability as-

sessment methods, a study of the behavior of vertical connections within frames, and the deter-

mination of probabilistic characteristics of computational models to ensure the required level of 
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safety. Using advanced calculation programs, we strive to understand the dynamic behavior of 

these frameworks under seismic loads and assess the stability of their design. Ultimately, the 

purpose of the study is to contribute to the development of reliable recommendations for the de-

sign and evaluation of earthquake-resistant structures. 

Key words: eccentrically braced frames (EBF), vertical cross bracing, seismic energy 

dissipation, seismic loads, structural stability. 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɸʙʠʣʴʭʘʥ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʣʷʢʦʚʘ ʀ.ʄ. 
 

1 ɺɺɽɼɽʅʀɽ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ, ʧʦʜʚʝʨ-

ʞʝʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳ-

ʪʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʫʣʫʯʰʝʥʠʠ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩ yʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʵʢʩʮʝʥʪʨʠʯʥʦ ʩʚʷʟʥʳʝ ʨʘʤʳ (EBFs) ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʩʜʚʠʛʦʚʳʤʠ ʩʚʷʟʷʤʠ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʕʪʠ ʩʠʩʪʝʤʳ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʋʣʫʯʰʘʷ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ, ʤʳ ʤʦʞʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʫʱʝʨʙ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʧʘʩʘʷ ʞʠʟʥʠ ʠ ʤʠʥʠʤʠʟʠ-

ʨʫʷ ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʝʨʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʶʪ ʚ ʜʦʩʪʠʞʝʥʠʠ ʥʝʤʝʜʣʝʥʥʦʡ ʮʝʣʠ ʟʘ-

ʱʠʪʳ ʩʦʦʙʱʝʩʪʚ ʦʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ 

ʰʠʨʦʢʠʤ ʫʩʠʣʠʷʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʛʣʦʙʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʫʛʨʦʟʘʤ. ʈʘʩ-

ʧʨʦʩʪʨʘʥʷʷ ʟʥʘʥʠʷ, ʚʥʝʜʨʷʷ ʣʫʯʰʠʝ ʧʨʘʢʪʠʢʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʳ ʤʦʞʝʤ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʣʶʜʝʡ, ʞʠʚʫʱʠʭ ʚ 

ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

¶ ʈʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʠ ʧʦʚʝʜʝʥʠʷ ʵʢʩʮʝʥʪʨʠʢʦʚʦ-

ʜʠʘʛʦʥʘʣʴʥʳʭ ʨʘʤ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʦʙ ʠʭ ʨʘʙʦʪʝ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. 

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʮʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʬʘʢʪʠʯʝʩʢʦʤ ʧʦ-
ʚʝʜʝʥʠʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʦʟʚʦʣʷʷ ʚʘʤ ʧʨʦʚʝʨʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

¶ ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʩʣʦʚʠʡ, ʧʦʤʦʛʘʷ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʵʢʩʮʝʥʪʨʠʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʳʭ ʢʘʨʢʘʩʦʚ. 

¶ ɸʥʘʣʠʟ ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʤ ʙʫʜʫʪ ʠʩʧʳʪʘʥʳ ʚ ʨʘʟʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʙʘʣʣʘʭ ð 9, 8, 7. 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʜʘʥʠʷ: 

1. ʋʢʘʟʘʥʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʩʦʩʪʘʚʣʷʝʪ 9 ʙʘʣʣʦʚ ʙʝʟ ʫʩʣʦʞʥʷ-

ʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

- ʊʠʧ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ð II (ʚʪʦʨʦʡ). 

- ɿʥʘʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ag ʜʣʷ ʛʨʫʥʪʦʚ 

ʪʠʧʘ II ʩʦʩʪʘʚʣʷʝʪ 0,535g. 
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2. ʋʢʘʟʘʥʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʩʦʩʪʘʚʣʷʝʪ 8 ʙʘʣʣʦʚ ʙʝʟ ʫʩʣʦʞʥʷ-

ʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

- ʊʠʧ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ð II (ʚʪʦʨʦʡ). 

- ɿʥʘʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ag ʜʣʷ ʛʨʫʥʪʦʚ 

ʪʠʧʘ II ʩʦʩʪʘʚʣʷʝʪ 0,239g. 

3. ʋʢʘʟʘʥʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʩʦʩʪʘʚʣʷʝʪ 7 ʙʘʣʣʦʚ ʙʝʟ ʫʩʣʦʞʥʷ-

ʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

- ʊʠʧ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ð II (ʚʪʦʨʦʡ). 

- ɿʥʘʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ag ʜʣʷ ʛʨʫʥʪʦʚ 

ʪʠʧʘ II ʩʦʩʪʘʚʣʷʝʪ 0,117g. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʢʩʮʝʥʪʨʠʯʥʦ ʩʚʷʟʥʫʶ ʨʘʤʫ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʜʚʠʛʦʚʦʡ ʩʚʷʟʴʶ ʚʳʩʦ-

ʪʦʡ 3 ʤ ʠ ʜʣʠʥʦʡ 6, 9 ʠ 12 ʤ, ʘ ʪʘʢʞʝ ʩʣʝʜʫʶʱʫʶ ʚʝʨʩʠʶ ʩ ʚʳʩʦʪʦʡ 6 ʤ ʠ ʜʣʠʥʦʡ 6, 9 ʠ 12 ʤ. 

ɼʦʧʫʩʪʠʤʳʝ ʩʝʯʝʥʠʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣ. 3.1. ɺʩʝ ʥʝʩʫʱʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʨʘʤʳ 

ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʪʘʣʠ ʢʣʘʩʩʘ C245 ʩ ʥʘʯʘʣʴʥʳʤ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ E = 210 ɻʇʘ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʨʘʤʤ ʠ ʜʣʷ ʧʦʣʥʦʛʦ ʦʙʟʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʟʘʧʦʣʥʝʥʘ ʪʘʙʣʠʮʘ. ʄʳ ʪʘʢʞʝ ʚʠʜʠʤ ʚ ʘʥʘʣʠʟʝ, ʯʪʦ ʩʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʟʷʪʦ ʜʣʷ ʧʝʨʚʦʥʘʯʘʣʴ-

ʥʦʛʦ ʨʘʩʯʝʪʘ, ʥʝ ʧʨʦʭʦʜʠʪ ʧʦ ʧʝʨʚʦʤʫ ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʘ ʠʤʝʥʥʦ, ʚ ʦʙʱʝʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʠ ʧʨʦʛʠʙʝ, ʠ ʢʦʥʪʫʨʳ ʜʣʠʥʦʡ 12 ʤ ʥʝ ʧʨʦʭʦʜʷʪ ʧʦ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʧʨʝʜʝʣʴʥʳʤ ʩʦ-

ʩʪʦʷʥʠʷʤ. 

 
ʊʘʙʣʠʮʘ 3.1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʚ ʩʝʡʩʤʦʦʧʘʩʥʦʤ ʨʘʡʦʥʝ ʚ 9 ʙʘʣʣʦʚ 

ʅʦʤʝʨ ʉʭʝʤʘ ʅʘʛʨʫʟʢʠ 
ʈʘʟʤʝʨ 

(L*H)  
N Qz My 

1 

   

DL 

6ʭ3 

0,195 0,059 0,027 

x 0,28 0,4068 0,09 

z 0,67 0,03 0,073 

2 

   

DL 

9ʭ3 

0,33 0,088 0,064 

x 0,44 0,737 0,14 

z 0,99 0,078 0,157 

3 

   

DL 

12ʭ3 

0,516 0,114 0,117 

x 0,584 1,04 0,208 

z 1,59 0,156 0,117 

4 

  

DL 

6ʭ6 

0,23 0,062 0,031 

x 0,57 0,52 0,25 

z 0,67 0,055 0,125 
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5 

  

DL 

9ʭ6 

0,307 0,095 0,075 

x 0,501 0,63 0,311 

z 0,933 0,08 0,25 

6 

  

DL 

12ʭ6 

0,409 0,125 0,136 

x 0,305 0,433 0,434 

z 1,15 0,09 0,407 

 
ʊʘʙʣʠʮʘ 3.2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʚ ʩʝʡʩʤʦʦʧʘʩʥʦʤ ʨʘʡʦʥʝ ʚ 8 ʙʘʣʣʦʚ 

ʅʦ-

ʤʝʨ 
ʉʭʝʤʘ ʅʘʛʨʫʟʢʠ  

ʈʘʟʤʝʨ 

(L*H)  
N Qz My 

1 

 

DL 

6ʭ3 

0,194 0,06 0,027 

x 0,127 0,183 0,04 

z 0,267 0,011 0,029 

2 

  

DL 

9ʭ3 

0,335 0,088 0,065 

x 0,194 0,32 0,065 

z 0,39 0,031 0,062 

3 

 

DL 

12ʭ3 

0,516 0,117 0,119 

x 0,257 0,46 0,091 

z 0,6314 0,062 0,12 

4 

  

DL 

6ʭ6 

0,23 0,0627 0,0317 

x 0,257 0,23 0,115 

z 0,26 0,021 0,049 

5 

 

DL 

9ʭ6 

0,307 0,0945 0,075 

x 0,225 0,283 0,14 

z 0,375 0,031 0,042 

6 

 

DL 

12ʭ6 

0,409 0,125 0,1361 

x 0,135 0,198 0,179 

z 0,458 0,039 0,166 
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ʊʘʙʣʠʮʘ 3.3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʚ ʩʝʡʩʤʦʦʧʘʩʥʦʤ ʨʘʡʦʥʝ ʚ 7 ʙʘʣʣʦʚ 

ʅʦʤʝʨ ʉʭʝʤʘ ʅʘʛʨʫʟʢʠ 
ʈʘʟʤʝʨ 

(L*H)  
N Qz My 

1 

   

DL 

6ʭ3 

0,194 0,059 0,027 

x 0,063 0,0906 0,0187 

z 0,1145 0,005 0,012 

2 

   

DL 

9ʭ3 

0,335 0,088 0,064 

x 0,093 0,1565 0,031 

z 0,168 0,1336 0,026 

3 

   

DL 

12ʭ3 

0,516 0,117 0,114 

x 0,124 0,221 0,044 

z 0,2704 0,026 0,053 

4 

   

DL 

6ʭ6 

0,229 0,062 0,031 

x 0,126 0,114 0,056 

z 0,113 0,0093 0,021 

5 

   

DL 

9ʭ6 

0,307 0,0945 0,074 

x 0,113 0,14 0,07 

z 0,1587 0,013 0,042 

6 

  

DL 

12ʭ6 

0,409 0,125 0,136 

x 0,068 0,099 0,0803 

z 0,196 0,0167 0,07 

 

 

ɹʳʣ ʚʳʧʦʣʥʝʥ ʧʦʜʙʦʨ ʩʝʯʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʚʷʟʝʡ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʝʯʝ-

ʥʠʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 

ʩʝʯʝʥʠʡ ʠ ʠʭ ʨʘʟʤʝʨʦʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʟʜʘʥʠʷ ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. 
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4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

 

 
 

ʈʠʩʫʥʦʢ 4.1 ï Comparative graph of transverse force N from force DL 

 

 

 
 

ʈʠʩʫʥʦʢ 4.2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ N 

ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʠʣʳ X 
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ʈʠʩʫʥʦʢ 4.3 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ N ʦʪ ʩʠʣʦʚʦʡ ʩʝʡ-

ʩʤʠʯʝʩʢʦʡ ʟʦʥʳ 

 
 

 

 

 
 

 
ʈʠʩʫʥʦʢ 4.4 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʧʝʨʚʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 
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ʈʠʩʫʥʦʢ 4.5 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʚʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

 

 

 
 

ʈʠʩʫʥʦʢ 4.6 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʣʦʢʘʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ 

 
ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

¶ ɺʘʨʠʘʥʪ 3 ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʭʫʜʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʚʝ-
ʩʫ, ʪʘʢ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʛʨʫʟʢʘʤ X ʠ Z ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʝʛʦ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ. 

¶ ɼʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʢʦʪʦʨʫʶ ʧʨʦʯʥʦʩʪʴ, ʥʦ ʠʭ ʟʥʘʯʝʥʠʷ ʧʨʦʯ-
ʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 3. 

¶ ɺʘʨʠʘʥʪʳ 6 ʠ 4, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʘʢ ʠʟ-ʟʘ ʠʭ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʪʘʢ ʠ ʠʟ-ʟʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʦʩʷʤ X ʠ Z ʚʦ ʚʩʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʟʦʥʘʭ.  

¶ ɼʣʷ ʚʩʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʛʨʫʟʢʠ ʚʳʜʝʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʘʨʠʘʥ-
ʪʳ ʩ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʠʣʳ. ɺʘʨʠʘʥʪʳ 1 ʠ 4 ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʩʠʣʴʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʨʠʘʥʪʳ 3 ʠ 6 ʦʙʳʯʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ.  
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥ (9, 8 ʠ 7 ʙʘʣʣʦʚ) ʦʪ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘʛʨʫʟʦʢ (ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ, ʩʝʡʩʤʠ-
ʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ X ʠ Z) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ɺʣʠʷʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥ: 

¶ ɺ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥʘʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʙʘʣʣʘʤʠ (9 ʠ 8) ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʝʝ ʚʣʠʷ-
ʥʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ. 

¶ ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʥʦʡ 7, ʟʦʥʳ 9 ʠ 8 ʠʤʝʶʪ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʛʠʙʘʶʱʝ-
ʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʥʘʛʨʫʟʦʢ. 

ɺʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ: 

¶ ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ Z ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʠʟ-
ʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʥʘʛʨʫʟʢʠ ʚ X ʠʣʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʚʦ ʚʩʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥʘʭ. 

¶ ɺʘʨʠʘʥʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ 
ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʚ Z. 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ X: ʩʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 9: ʟʜʝʩʴ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʟʥʘ-
ʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʟʦʥʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟ-
ʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ ʚ ʵʪʦʤ ʨʘʡʦʥʝ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʨʠʘʥʪ 6 ʠʤʝʝʪ 
ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʤʝʱʝʥʠʷ. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 8: ʧʦʜʚʠʞʢʠ ʚ ʵʪʦʡ ʟʦʥʝ ʥʠʞʝ, ʯʝʤ ʚ ʟʦʥʝ 9, ʥʦ ʦʥʠ ʚʩʝ ʨʘʚʥʦ ʟʘʤʝʪ-
ʥʳ. ɺʘʨʠʘʥʪ 6 ʩʥʦʚʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 7: ʟʜʝʩʴ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʠ X ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʩʨʝʜʠ 
ʚʩʝʭ ʟʦʥ. ʆʜʥʘʢʦ ʦʥʠ ʚʩʝ ʨʘʚʥʦ ʟʘʤʝʪʥʳ. ʆʧʷʪʴ ʞʝ, ʚʘʨʠʘʥʪ 6 ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝ-
ʥʠʝʤ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ Y: ʩʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 9: ɿʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʠ Y ʚ ʵʪʦʡ ʟʦʥʝ 
ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʟʦʥʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 
ʩʠʣʴʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 8: ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʠ Y ʚ ʟʦʥʝ 8 ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳ, ʥʦ ʥʝ ʪʘʢ ʚʝʣʠʢʠ, 
ʢʘʢ ʚ ʟʦʥʝ 9. ʀ ʩʥʦʚʘ, ʚʘʨʠʘʥʪ 6 ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʩʤʝʱʝʥʠʷ. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 7: ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʩʨʝʜʠ 
ʚʩʝʭ ʪʨʝʭ ʟʦʥ, ʥʦ ʦʥʠ ʚʩʝ ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʳ. ɺʘʨʠʘʥʪ 6 ʪʘʢʞʝ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʠ Z: ʩʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 9: ʇʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʠ Z ʚ ʟʦʥʝ 9 ʷʚʣʷʶʪʩʷ 
ʩʘʤʳʤʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʠʣʴʥʦʝ 
ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 8: ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʠ Z ʚ ʵʪʦʡ ʟʦʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʟʦʥʝ 9, ʥʦ 
ʦʥʠ ʚʩʝ ʝʱʝ ʟʘʤʝʪʥʳ. ʆʧʷʪʴ ʞʝ, ʚʘʨʠʘʥʪ 6 ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʦʥʘ 7: ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʠ Z ʚ ʵʪʦʡ ʟʦʥʝ ʥʘʠʤʝʥʴʰʠʝ, ʥʦ ʦʥʠ ʚʩʝ ʝʱʝ ʟʥʘ-
ʯʠʪʝʣʴʥʳ. ʆʧʷʪʴ ʞʝ, ʚʘʨʠʘʥʪ 6 ʦʪʣʠʯʘʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʩʢʘ-
ʟʘʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ ʚʘʨʠʘʥʪʘ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʙʦʣʝʝ ʩʠʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ. ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʚ ʟʦʥʝ 9 ʚʳʰʝ, ʯʝʤ ʚ ʟʦʥʘʭ 8 ʠ 7, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʚ ʵʪʦʡ ʟʦʥʝ. 

 

5 ɺʓɺʆɼʓ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʧʮʠʷ 3 ʧʨʦʜʝ-
ʤʦʥʩʪʨʠʨʦʚʘʣʘ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʩʝʤ ʦʮʝʥʢʘʤ, ʧʨʦʷʚʠʚ ʧʨʝʚʦʩʭʦʜʥʳʝ ʧʨʦʯʥʦʩʪ-
ʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ, ʚʢʣʶʯʘʷ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʣʳ ʚ 
ʥʘʧʨʘʚʣʝʥʠʷʭ X ʠ Z ʚʦ ʚʩʝʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥʘʭ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʝ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʥʘʛʨʫʟʢʘʤ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʠʩʣʦʢʘʮʠʠ ʠ ʚʣʠʷʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʦʥ. ɸʥʘʣʠʟ ʩʤʝʱʝʥʠʡ ʧʦ ʦʩʷʤ X ʠ Z ʚ ʩʝʡʩʤʠ-
ʯʝʩʢʦʡ ʟʦʥʝ 9 ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʟʦʥʘʤʠ, 
ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʨʘʞʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ʇʨʠʤʝ-
ʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʧʮʠʷ 6 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʤʝʱʝʥʠʡ: 0,446 ʤʤ ʧʦ ʦʩʠ 
X, 242,36 ʤʤ ʧʦ ʦʩʠ Y ʠ 0,035 ʤʤ ʧʦ ʦʩʠ Z. ɹʦʣʝʝ ʪʦʛʦ, ʦʧʮʠʷ 6 ʧʦʢʘʟʘʣʘ ʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʥʝ ʪʦʣʴʢʦ ʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʦʥʝ 9, ʥʦ ʠ ʚ ʟʦʥʘʭ 8 ʠ 7. ɼʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦ 
ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʦ ʜʣʠʥʝ ʠ ʚʳʩʦʪʝ, ʧʨʦʠʩʭʦʜʠʪ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʤʝʱʝʥʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ. ʍʦʪʷ ʦʧʮʠʠ 2 ʠ 3 ʧʦʢʘʟʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʤʝ-

ʱʝʥʠʡ, ʦʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʢʨʠʪʝʨʠʷʤ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʦʥʝ 9, ʦʧʮʠʷ 2 ʜʦʩʪʠʛʣʘ 81 ʧʨʦʮʝʥʪʘ ʧʝʨʚʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʧʮʠʷ 3 ʜʦʩʪʠʛʣʘ 210 ʧʨʦʮʝʥʪʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʩʪʴ. ʆʜʥʘʢʦ ʚʩʝ ʚʘʨʠʘʥʪʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʩʝʯʝʥʠʡ. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʝʯʝʥʠʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʫʩʠʣʠʷʭ, ʚʩʝ ʚʘʨʠʘʥʪʳ ʫʩʧʝʰʥʦ ʧʨʦʰʣʠ ʯʝʨʝʟ 

ʧʨʝʜʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʘʷ ʰʝʩʪʘʷ ʦʧʮʠʷ ʧʨʠ ʧʝʨʚʦʤ ʧʨʝʜʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʣʘ ʥʘʛʨʫʟʢʫ ʚ 219 ʧʨʦʮʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʚʳʙʦʨʘ ʩʝʯʝʥʠʷ ʩʥʠʟʠʣʘʩʴ ʜʦ 91 

ʧʨʦʮʝʥʪʘ. ʕʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩ ʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʩʝʯʝʥʠʡ ʠ ʨʘʟʤʝʨʦʚ ʜʣʷ ʩʝʡʩʤʠʯʝ-

ʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʦʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʚʷʟʝʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʤʝʨ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʚʷʟʝʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʩʝʡ-

ʩʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. 
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ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ʛʝʦʪʝʭʥʠʢʘ ʩʘʣʘʩʳʥʜʘϤʳ Ϩϰʨʳʣʳʩʪʳ ʘϨʧʘʨʘʪʪʳϨ ʤʦʜʝʣʴʜʝ-

ʫʜʝ Ϩʦʣʜʘʥʳʩʪʘ ʞϮʨʛʝʥ Ϯʟʜʽʢ Midas GTS NX ʞϸʥʝ PLAXIS ʙʘϤʜʘʨʣʘʤʘʣʘʨʳ ʞϸʥʝ ʦʣʘʨ-

ʜʳϬ ʢʝʣʝʰʝʢʪʝʨʽ ʞʘʡʳʥʜʘ ʘʡʪʳʣʘʜʳ. 

ϧʘʟʽʨʛʽ ʟʘʤʘʥʜʘ ʞʘϬʘ aʫʤaϨʪʘʨʜʘ ʢϮʨʜʝʣʽ, ʩʦʥʳϬ ʽʰʽʥʜʝ ʙʠʽʢ ʞϸʥʝ ʘʩʘ Ϩaʫʽʧʪʽ 

Ϩϰʨʳʣʳʩʪʘʨ ʩʘʣʫ ʞʦʩʧʘʨʣʘʥʫʜʘ. ɾoʙaʣʘʫʰʳʣʘʨʜʳϬ aʣʜʳʥʜʘ ʪϰʨϤaʥ ʢϮʨʜʝʣʽ ʤϸʩʝʣʝ-

ʣʝʨʜʽ ʰʝʰʫʜʝ PLɸXIS ʞϸʥe MIDAS GTS NX ʩʠʷϨʪʳ ʙʘϤʜʘʨʣʘʤʘʣʳϨ ʢʝʰʝʥʜʝʨʜʽϬ ʢϺʤeʢ-

ʪʝʨʽ ʟʦʨ. 
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ʊװʡʽʥ ʩᴇʟʜʝʨ: PLɸXIS ʞϸʥe MIDAS GTS NX ʩʠʷϨʪʳ ʙʘϤʜʘʨʣʘʤʘʣʳϨ ʢʝʰʝʥʜʝʨ, 

Ϩϰʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ, ʩʳʟʳϨʪʳϨ ʞϸʥʝ ʩʳʟʳϨʪʳ ʝʤʝʩ ʩʪʘʪʠʢʘʣʳϨ ʝʩʝʧʪʝʫʣʝʨ,  ʩʘ-

ʟʜʳ ʪʦʧʳʨʘϨʪʘʨʜʳϬ ʰʦϤʳʨʣʘʥʫʳ, ʪʦʧʳʨʘϨʪʘϤʳ ʢʝʨʥʝʫʣʝʨʜʽ ʘʥʳϨʪʘʫ, ʦʨʳʥ ʘʫʳʩʪʳʨʫ-

ʣʘʨʜʳ ʪʘʙʫ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʣʫʯʰʠʭ ʧʨʦʛʨʘʤʤʘʭ Midas GTS NX ʠ 

PLAXIS, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 

ʛʝʦʪʝʭʥʠʢʠ ʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ. 

ʉʝʛʦʜʥʷ ʥʘ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʚʦʟʚʝʜʝʥʠʝ ʩʣʦʞʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳ-

ʩʦʢʠʭ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ PLAXIS ʠ 

MIDAS GTS NX, ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʧʦʤʦʱʴ ʚ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ PLAXIS ʠ MIDAS GTS NX, ʩʪʨʦ-

ʠʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ, ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʫʧʣʦʪʥʝʥʠʝ ʛʣʠʥʠ-

ʩʪʳʭ ʛʨʫʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʨʫʥʪʝ, ʩʤʝʱʝʥʠʡ. 

 

Abstract. The article describes the best programs Midas GTS NX and PLAXIS used in 

information modeling of construction in the field of geotechnics and their prospects. 

Today, in new territories, it is planned to build complex, including high and extremely 

dangerous structures. Software packages such as PLAXIS and MIDAS GTS NX provide great 

assistance in solving complex problems facing designers. 

Key words: Software packages such as PLAXIS and MIDAS GTS NX, construction pro-

jects, linear and nonlinear static calculations, compaction of clay soils, determination of stress-

es in the soil, displacements. 
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*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɸʢʢʝʨʝʝʚʘ ɸ.ɽ. 

 .ʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɽʣɹʞʘʥʦʚ ɽ.ɸנ
 

1 ʂɯʈɯʉʇɽ 

 ʛʽʥʛʽװʳʟʳ ʞʘʡʳʥʜʘ ʙשʘʞʝʪʪʽʣʽʢ ʤʘץ שʤʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʩʽʥʽ ץʧʘʨʘʪʪʳץʳ aסʨʳʣʳʩʪaײפ

ʢװʥʛʝ ʜʝʡʽʥ ʞʘʥ ʞʘץʪʳ ץʘʨʘʩʪʳʨʳʧ װʣʛʝʨʜʽʢ. פʘʞʝʪʪʽʣʽʛʽʥʝ ʢᴇʟ ʞʝʪʢʝʣʽ ʩʦʣ ʧʨʦʮʝʩʩʪʽ ʞװʟʝʛʝ 

ʘʩʳʨʫסʘ ʞᴅʨʜʝʤʜʝʩʝʪʽʥ ʩʘʥ ʪװʨʣʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʜʝʨ ʽʩʢʝ ץʦʩʳʣʳʧ, ײץʨʳʣʳʩץʘ ץʘʪʳ-

ʩʪʳ ʠʥʞʝʥʝʨʣʽʢ ʝʩʝʧʪʝʫʣʝʨʜʽ ʜᴅʣ, ᴅʨʽ ʞʳʣʜʘʤ ʞװʨʛʽʟʫ ʤʘץʩʘʪʳʥʜʘ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽʥ ʢװʥ 

ʘʨʪץʘʥ ʩʘʡʳʥ ʤʘʤʘʥʜʘʨ ʞʝʪʽʣʜʽʨʝ ʪװʩװ װʩʪʽʥʜʝ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ɽʥʜʝʰʝ ʦʩʳ ʤʘץʘʣʘʜʘ, ʛʝʦʪʝʭ-

ʥʠʢʘ ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʳʩʪʘ ʞװʨʛʝʥ װʟʜʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʞʘʡʳʥʜʘ ᴅשʛʽʤʝ ץʦʟסʘʣʘʪʳʥ ʙʦʣʘʜʳ, 

ʘʣ ʜᴅʣʽʨʝʢ ʢʝʣʛʝʥʜʝ Midas GTS NX [1] ʧʝʥ PLAXIS [2] ʞʘʡʳʥʜʘ ʞᴅʥʝ ʥʝ ʩʝʙʝʧʪʽ ʙײʣ ʝʢʽ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץ ʙʦʣʘʰʘץʪʘ ʘʜʘʤʟʘʪʪʳש ʞʘשʘ ʩʘʪʳʜʘ ᴇʤʽʨ ʩװʨʫʽʥʝ ʞʦʣ ʘʰʘʪʳʥʳʥʘ ʦʡ 

ʞװʛʽʨʪʝʪʽʥ ʙʦʣʘʤʳʟ.  

ɾoʙaʣʘʫʰʳʣʘʨʜʳש aʣʜʳʥʜʘ ʪײʨסaʥ ʤʽʥʜʝʪʪʝʨ ʞʳʣʜʘʥ ʞʳʣסʘ ʢװʨʜʝʣʝʥʝ ʪװʩʫʜʝ. 

ʂᴇʙʽʥʝʩʝ ʢװʨʜʝʣʽ ʠʥʞʝʥʝʨʣʽʢ-ʛʝʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʘסʳ ʞʘשʘ ʘʫʤʘץʪʘʨ ʠʛʝʨʫʛʝ ײʰʳʨʘʫʜʘ. ʆʣ 

aʫʤaץʪʘʨʜʘ ʢװʨʜʝʣʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʙʠʽʢ ʞᴅʥʝ ʘʩʘ ץaʫʽʧʪʽ ײץʨʳʣʳʩʪʘʨ ʩʘʣʫ ʞʦʩʧʘʨʣʘʥʫʜʘ. ɸʣ 

ʙײʣ ʞʘסʜʘʡʜʘ ʝʩʝʧʪʽ çץʘסʘʟ ʙʝʪʽʥʜʝè ʞװʨʛʽʟʫ ʤװʤʢʽʥ ʝʤʝʩ. ɼᴅʣ ʦʩʳ ʞeʨʜʝ PLɸXIS ʞᴅʥe 

MIDAS GTS NX ʩʠʷץʪʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʜʝʨ ʞʦʙʘʣʘʫʰʳʣʘʨסʘ ʢᴇʤeʢʢʝ ʢʝʣʝʜʽ. 

ɽʛʝʨ ʩʽʟ ʦʩʳʥʜʘʡ ʝʩʝʧʪʝʫʣʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʝʟ-ʢʝʣʛʝʥ ʙʘסʜʘʨʣʘ-

ʤʘʣʳץ ʢʝʰʝʥʤʝʥ ʞײʤʳʩʪʳ ʢʝʟʝשʜʝʨʛʝ ʙᴇʣʩʝשʽʟ, װʰ ʥʝʛʽʟʛʽ ʢʝʟʝשʜʽ ʙᴇʣʽʧ ʢᴇʨʩʝʪʝ ʘʣʘʤʳʟ: (1) 

ʤʦʜʝʣʴʜʝʫ, (2) ʝʩʝʧʪʝʫ ʞᴅʥʝ (3) ʥᴅʪʠʞʝʣʝʨʜʽ ᴇשʜʝʫ. ʉʦʥʳש ʽʰʽʥʜʝ, ʝװ שʣʢʝʥ ʝשʙʝʢ ʰʳסʳʥʜʘ-

ʨʳ ʤʦʜʝʣʴʜʝʫʛʝ ʢʝʪʝʜʽ, ʦסʘʥ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʜʽ ʜʘʡʳʥʜʘʫ, ʦʣʘʨʜʳ ʪʝʢʩʝʨʫ, ʪʦʧʳʨʘץʪʳש, 

 .ʨʫ ʞᴅʥʝ ʪ. ʙײץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʝʩʝʧʪʝʫ ʤʦʜʝʣʽʥ שʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳײץ

ʢʽʨʝʜʽ. ʊʦʣʳץץʘʥʜʳ ʤʦʜʝʣʴ ײץʨʫ װʰʽʥ ץʘʞʝʪ ʙʘʨʣʳץ ʦʩʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘסʘʥʥʘʥ ʢʝʡʽʥ 

-ʣ ʜʝʛʝʥʽʤʽʟ ʤʦʜʝʣʴʜʝʫ ʙʘʨʳײʘ ʢʽʨʽʩʫʛʝ ʙʦʣʘʜʳ. ɹסʘʥʘ ʝʩʝʧʪʝʫʣʝʨ ʤʝʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʫס

ʩʳʥʜʘ ʘʪץʘʨʳʣʘʪʳʥ ʞײʤʳʩ ʩʘʥʳʥ ץʳʩץʘʨʪʘʪʳʥ ᴅʨ ʙʘסʜʘʨʣʘʤʘʥʳש ʤװʤʢʽʥʜʽʛʽ ʞʦʙʘʣʘʫʰʳʣʘʨ 

-ʘʥʥʘʥ ʢᴇʨʽ, ʤʦʜʝʣʴʜʝʫ ʧʨʦסʢʝʰʝʥʜʝʨʜʽ ʩʘʣʳʩʪʳʨ ץʜʘʨʣʘʤʘʣʳסʳʟʜʳ. ɼʝʤʝʢ, ʙʘשʰʽʥ ᴇʪʝ ʤʘװ



 

101 

ʮʝʩʩʽʥʽש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘ ʘʣʫʜʘʥ ײʪʘʪʳʥ ʙʦʣʘʤʳʟ. ɸʣ ʙײʣ ʧʨʦʮʝʩʩʪʽ ʘʨʪʪʳʨʘʪʳʥ ʙʽʨʜʝʥ-

ʙʽʨ ײץʨʘʣ-ʩʘʡʤʘʥ ï װʟʜʽʢ ʙʘסʜʘʨʣʘʤʘʣʳ ʞʘʙʜʳץʪʘʨ ʞᴅʥʝ ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʘʣʫ ץʘʙʽʣʝʪʽ. 

Midas GTS NX ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥʝʥ ʙʘʩʪʘʧ ʞʝʢʝ ʪʘʥʳʩʳʧ, ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ʩʠʧʘʪ-

ʪʘʤʘ ʙʝʨʽʧ ʰʳסʘʡʳץ. ɹײʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘ ʽʨʛʝʪʘʩʪʘʨ ʤʝʥ ʦʥʳש ʥʝʛʽʟʜʝʨʽʥ; ʪʫʥʥʝʣʴ 

ʞװʡʝʣʝʨʽʥ; ʙᴇʣʽʧ, ʪʽʨʝʧ ʞᴅʥʝ ʢᴇʪʝʨʽʧ ʪײʨʘʪʳʥ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ; סʠʤʘʨʘʪʪʘʨ ʤʝʥ 

ʠʤʘʨʘʪʪʘʨʜʳש ʞʘʣʧʳ ʥʝʛʽʟʜʝʨʽʥ ײץʨʳʣʳʩ ʘʣʘשʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘ ʦʪʳʨʳʧ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ 

ʝʩʝʧʪʝʫ װʰʽʥ ᴅʟʽʨʣʝʥʛʝʥ ץʫʘʪʪʳ ᴇʥʽʤ (1-ʩʫʨʝʪ).  

ɹʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʜʝ ᴅʨʪװʨʣʽ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʤʳʩʘʣʳ: 

-ʩʝʨʧʽʤʜʽʣʽʢ, ʠʽʣʛʽʰʪʽʢ ʪʝʦʨʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʩʳʟ שʨʳʣʳʩʪʘʨ ʥʝʛʽʟʽʥʽײץ ,ʠʤʘʨʘʪʪʘʨנ .1

ʳץʪʳץ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʩʪʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ; 

 ;ʜʽʣʽʛʽʥ ʝʩʝʧʪʝʫשʨʳʣʳʩʪʘʨʜʳ ʩʘʣʫ ʢʝʟʝײץ ʠʤʘʨʘʪʪʘʨ ʤʝʥס ,ʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥײפ .2

3. ʉʘʟʜʳ ʪʦʧʳʨʘץʪʘʨʜʳש ʰʦסʳʨʣʘʥʫʳʥ ʝʩʝʧʪʝʫ; 

4. ʊʦʧʳʨʘץʪʘסʳ ʢʝʨʥʝʫʣʝʨʜʽ, ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳ ʩװʟʛʽʣʝʫ ʢʦʵʬʠʮʝʥʪʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ 

ʝʩʝʧʪʝʫ; 

5. ʉʳʟʳץʪʳץ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʦʨʪʘ ʪʝʦʨʠ-

ʷʩʳʥʳש ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʥʝʛʽʟʜʝʨ ʤʝʥ ʽʨʛʝʪʘʩʪʘʨʜʳײץ ,שʨʳʣʳʤʜʘʨʜʳש ʜʠʥʘ-

ʤʠʢʘʣʳץ ʝʩʝʧʪʝʨʽ ʞᴅʥʝ ʪʘסʳʜʘ ʙʘʩץʘ ʝʩʝʧʪʝʫʣʝʨ [3]. 

 

 
 

1-ʩʫʨʝʪ ï Midas GTS NX ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥʜʝʛʽ ʤʦʜʝʣʴʜʽש ʽʨʛʝʪʘʩ ʧʣʠʪʘʩʳʥʳש  

ʘʩʪʳʥʜʘסʳ ץʦʟסʘʣʳʩʪʘʨʳ ʤʝʥ ʪʽʢ ʢʝʨʥʝʫʣʝʨʽ 
 

 

 .ʥʝʤʽ ʞʝʪʽʣʜʽʨʽʣʫʜʝװ ʢʝʰʝʥ ץʜʘʨʣʘʤʘʣʳסʘʥ ʙʘסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨץ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

Midas GTS NX ɼʂ-ʜʝ ʞʝʨ װʩʪʽ ʞᴅʥʝ ʞʝʨ ʘʩʪʳ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ ʞײʤʳʩʳʥʳש 

ᴅʨʪװʨʣʽ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʦʣʘʨʜʳ ʩʘʣʫ ʧʨʦʮʝʩʪʝʨʽ ʤʝʥ ʢʝʟʝשʜʝʨʽ ʝʩʢʝʨʽʣʝʜʽ. ɹײʣ ʥʝʛʽʟʜʝʨʜʽש, 

-ʜʘʡʣʘʨʳʥʘ ʩᴅʡסʤʳʩ ʞʘײʪʳ ʞץʥʘ שʠʤʘʨʘʪ ʙᴇʣʽʢʪʝʨʽʥʽס ʞᴅʥʝ שʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳײץ

ʢʝʩ ʢʝʣʝʪʽʥ ʞײʤʳʩʳʥ ʤʦʜʝʣʴʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

PLAXIS ï ʙײʣ ʠʥʞʝʥʝʨʣʽʢ ʛʝʦʪʝʭʥʠʢʘ, ʞʦʙʘʣʘʫ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʛʝʦʣʦʛʠʷ ʤᴅʩʝʣʝʣʝʨʽʥ 

ʰʝʰʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʘץʳʨסʳ ʵʣʝʤʝʥʪ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʡʝ. ɹײʣ 

 ʰʽʥװ ʡʽʥ ʝʩʝʧʪʝʫװʘʥ ʢסʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥ שʽʨʛʝʪʘʩʪʘʨ ʤʝʥ ʥʝʛʽʟʜʝʨʜʽ ,שʨʳʣʳʤʜʘʨʜʳײץ

ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש ʞʠʳʥʪʳסʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʅʝʛʽʟʜʝʨ ʤʝʥ ʽʨʛʝʪʘʩʪʘʨʜʳ ʝʩʝʧ-

ʪʝʫʛʝ ʘʨʥʘʣסʘʥ ɽʫʨʦʧʘ ʤʝʥ ʈʝʩʝʡʜʝʛʽ ʝש ʪʘʥʳʤʘʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘ ʢʝʰʝʥʽʥʽש ʙʽʨʽ. 

ʅʝʛʽʟʽʥʝʥ ʞʦʙʘʣʘʫ ײʡʳʤʜʘʨʳ ʤʝʥ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʘ ʘʨʥʘʣסʘʥ. ɹײʣ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞᴅʥʝ 

ʘʟʘʤʘʪʪʳײץ ץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫ װʰʽʥ ץʫʘʪʪʳ, ʳסשʘʡʣʳ 

 ʞᴅʥʝ ץʢʝʫʝʢʪʽ ʩʫʜʘ (ʛʠʜʨʦʩʪʘʪʠʢʘʣʳ ץʢʝʰʝʥʽʥʜʝ ʪʦʧʳʨʘ ץʜʘʨʣʘʤʘʣʳסʨʘʣ. PLAXIS ʙʘײץ

ʘʨʪʳץ (ץʳʩʳʤ ʧʘʡʜʘ ʙʦʣʫʳ ʤװʤʢʽʥ ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʤʦʜʝʣʴʜʝʥʝʜʽ [4].  
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PLAXIS ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽ ײץʨʳʣʳʩʪʳש ʢʝʟʝש-ʢʝʟʝשʤʝʥ ʩʘʣʳʥʫʳʥ, ʵʢʩʢʘʚʘʮʠʷ ʤʝʥ 

ʪʦʧʳʨʘץʪʳש ʪᴇʛʽʣʫʽʥ ʞᴅʥʝ ʢᴇʣʝʤʽ ʤʝʥ ʙʘסʳʪʪʘʨʳ ʙʦʡʳʥʰʘ ᴅʨʪװʨʣʽ ʞװʢʪʝʤʝʣʝʨʜʽ ʤʦʜʝʣʴʜʝʫ-

ʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (2-ʩʫʨʝʪ). ɹʘסʜʘʨʣʘʤʘʥʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪʦʧʳʨʘץʪʳ ʩװʟʫ ʞᴅʥʝ ʰʦסʳʨ-

ʣʘʥʜʳʨʫ ʝʩʝʧʪʝʫʣʝʨʽʥ, ʳץʪʠʤʘʣ ʞʦʡʳʣʫ ʙʝʪʪʝʨʽʥ ʞᴅʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʢʝʨʥʝʫ ʜʝשʛʝʡʽʥʝ ʩᴅʡ-

ʢʝʩ ʢʝʣʝʪʽʥ ץʦʨ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʡ ʦʪʳʨʳʧ, ʪײʨʘץʪʳʣʳץ ʝʩʝʧʪʝʫʣʝʨʽʥ 

ʞװʨʛʽʟʫʛʝ ʙʦʣʘʜʳ. ɼᴅʩʪװʨʣʽ ʪʦʧʳʨʘץ ʤʝʭʘʥʠʢʘʩʳ ʩʘʣʘʩʳʥʜʘסʳ ʢᴇʧʪʝʛʝʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ 

-ʳʨץשײʤʳʩʪʘʨʳ (ʰײʳʟʫ, ɾʝʨ ʞסʨײʘʣʘʫ ʞᴅʥʝ ʪץ ʤʢʽʥ. ʆʣ ʽʨʛʝʪʘʩʪʘʨʜʳװʦʣʜʘʥʳʣʫʳ ʤץ ʰʽʥװ

ʣʘʨʜʳ, ʪʨʘʥʰʝʷʣʘʨʜʳ ʞᴅʥʝ ʪ.ʙ. ʩʘʣʫ), ʪʽʨʝʫ ץʘʙʳʨסʘʣʘʨʳʥ ʩʘʣʫ, ʙʝʪʢʝʡʣʝʨʜʽש ʪײʨʘץʪʳʣʳסʳʥ 

ʝʩʝʧʪʝʫ, ʞʦʣ ʞʘסʘʣʘʫʳʥ ʝʩʝʧʪʝʫ (ʩʦʥʳש ʽʰʽʥʜʝ ʜʠʥʘʤʠʢʘʣʳץ ᴅʩʝʨ ʝʪʫ), ʠʥʬʠʣʴʪʨʘʮʠʷ, ʪʫʥ-

ʥʝʣʴʜʝʨ ʪᴇʩʝʫ ʤᴅʩʝʣʝʣʝʨʽʥ ץʘʤʪʠʜʳ. ɹʘסʜʘʨʣʘʤʘ ʞʝʢʝ ʵʣʝʤʝʥʪʪʝʨʜʽ ʝʩʝʧʪʝʫ װʰʽʥ ʜʝ, ʢװʨʜʝʣʽ 

ʝʩʝʧʪʝʫʣʝʨ װʰʽʥ ʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ᴄʨ ʞʦʙʘ װʰʽʥ ʝʩʝʧʪʝʫ ʬʘʟʘʣʘʨʳʥ ʝʩʝʧʪʝʫʣʝʨʜʽ ʦʨʳʥʜʘʤʘʩ 

ʙײʨʳʥ ʙʽʨʜʝʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ.  

 

 
 

2-ʩʫʨʝʪ ï PLAXIS-ʪʝ ʪʽʢ ץʦʟסʘʣʳʩʪʘʨʤʝʥ סʠʤʘʨʘʪ ʧʣʠʪʘʩʳʥʳש  

ʽʨʛʝʪʘʩʳʥʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ. 

 

ɾʳʣ ʩʘʡʳʥ ײץʨʳʣʳʩʪʘסʳ ʧʨʦʮʝʩʪʝʨʜʽש ʢᴇʙʽ ʮʠʬʨʣʳץ ʦʨʪʘסʘ ʘʫʳʩʪʳʨʳʣʫʜʘ. נʠʤʘʨʘʪʪʳ 

(ʠʤʘʨʘʪʪʳ) ʞᴅʥʝ ʪʦʧʳʨʘץ ʥʝʛʽʟʽʥ ʢʝʰʝʥʜʽ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ ᴅʟʽʨʣʝʥʽʧ, 

ʪʠʽʤʜʽ ץʦʣʜʘʥʳʣʫʜʘ. BIM-ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʤʝʤʣʝʢʝʪʪʽʢ ʜʝשʛʝʡʜʝ ʝʥʛʽʟʽʣʫʜʝ. ʀʥʞʝʥʝʨ-ʛʝʦ-

ʣʦʛʪʘʨ ʝʥʜʽ ײץʨʳʣʳʩ ʫʯʘʩʢʝʩʽʥʽש ʛʝʦʣʦʛʠʷʩʳ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨʜʽ ʘʣʳʧ ץʘʥʘ ץʦʡʤʘʡ, CAD ʦʨ-

ʪʘʩʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʷסʥʠ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫʛʝ ʙʝʡʽʤʜʝʣʛʝʥ ʢʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ʛʝʦʣʦ-

ʛʠʷʣʳץ ʘץʳʨʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽ ʜʘʡʳʥʜʘʫʤʝʥ ʘʡʥʘʣʳʩʘʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʠʥʞʝʥʝʨʣʝʨʜʽש 

ʞײʤʳʩʳʥ ʞʝשʽʣʜʝʪʫ ʞᴅʥʝ ʛʝʦʣʦʛʪʘʨ ʤʝʥ ʞʦʙʘʣʘʫʰʳʣʘʨʜʳש ʪʠʽʤʜʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ץʘʤ-

ʪʘʤʘʩʳʟ ʝʪʫ ʤʘץʩʘʪʳʥʜʘ ʙʘʨʣʳײץ ץʨʘʣʜʘʨʜʳ ʦʨʪʘץ ʙʽʨ ʧʣʘʪʬʦʨʤʘסʘ ʙʽʨʽʢʪʽʨʫʛʝ ʢʝʣʝ ʞʘʪʳʨ. 

ʄײʥʳש ʩʘʣʜʘʨʳ ʞʦʙʘʜʘסʳ ʢʝʟ-ʢʝʣʛʝʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʞʝʜʝʣ ʞᴅʥʝ ץʦʩʳʤʰʘ ʝʣʝʫʣʽ ʰʳסʳʥʜʘʨʩʳʟ 

ʞʘʫʘʧ ʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʜᴅʣʽʨʝʢ ʤʦʜʝʣʴʜʝʨ ʤʝʥ ʪʠʽʤʜʽ ʞʦʙʘʣʘʨסʘ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʩʝʧ-

ʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. ɸʣ ʫʘץʳʪ ᴇʪʝ סʠʤʘʨʘʪʪʘʨʜʳ ʘץʧʘʨʘʪʪʳץ ʤʦʜʝʣʴʜʝʫʜʝʛʽ ʙʘʨʣʳײ ץʡʳʤʜʘʨ ʙʽʨ 

ʰʝʰʽʤʛʝ ʢʝʣʽʧ, ײץʨʳʣʳʩʪʳש ʪʠʽʤʜʽ, ᴅʨʽ ץʘʫʽʧʩʽʟ ʞװʨʛʽʟʽʣʫʽ װʰʽʥ ʞʘᴃʘʥʜʳץ ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʢʝʰʝʥʜʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʽʣʽʧ, ץʘʙʳʣʜʘʥʘʪʳʥ ʰʝʰʽʤʜʝʨ ʥʘץʪʳʣʘʥʘ ʪװʩʝʪʽʥʽʥʝ ʙװʛʽʥʛʽ ʰʳʥʜʳ-

 .ʘʟ ʝʤʝʩʪʽʛʽʥʝ ʢᴇʽʤʽʟ ʞʝʪʽʧ ʦʪʳʨ שʳʥʜʳʨʘʪʳʥ ʘʩʫʣʘʨʜʳסʪʘ ʙʘץʘʨʘʧ ʙʦʣʞʘʧ, ʙʦʣʘʰʘץ ʘסʳʤʳʟס

ʆʣ װʰʽʥ ʦʟʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʠʛʝʨʽʧ, ʦʣʘʨʜʳש ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʪʘʙʘ ʦʪʳʨʳʧ, ʞʝʪʽʣʜʽʨʝ ʙʽʣʫ-

ʜʝʛʽ ʟʘʤʘʥ ʪʘʣʘʙʳ ᴇʟʽʤʜʝʡ ʞʘʩʪʘʨסʘ ʪװʩʽʧ ʦʪʳʨסʘʥʳ ʙʝʣʛʽʣʽ ʙʦʣʳʧ ʪײʨ.  
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Abstract. Asphalt concrete is one of the most common materials used in road construc-

tion. Its quality and durability depend directly on the proper selection of the mix. This report 

discusses the key principles that must be considered when developing asphalt concrete mixes. 

The first key principle is to ensure an optimum ratio between mineral aggregate and binder. 

Too high a binder content can lead to increased plasticity and deformability of the mix, while a 

lack of binder reduces strength properties. It is important to select a ratio that will provide the 

required strength and resistance to deformation. The second principle is the correct choice of 

fractional composition of mineral filler. The grain composition should provide dense packing of 

particles, which increases the stability and bearing capacity of asphalt concrete. Optimal frac-

tional distribution also affects properties such as water and frost resistance. A third principle is 

equally important: consideration of climatic conditions. Asphalt concrete composition should 

take into account the temperature regime, traffic intensity, precipitation and other factors in a 

particular region. Only an integrated approach to the development of the composition will en-

sure high performance characteristics of the road surface. 

Key words: Asphalt concrete, bitumen, mix, grade, crushed stone 

 

ɸשʜʘʪʧʘ. ɸʩʬʘʣʴʪʙʝʪʦʥ ï ʞʦʣ Ϩϰʨʳʣʳʩʳʥʜʘ Ϩʦʣʜʘʥʳʣʘʪʳʥ ʝϬ ʢϺʧ ʪʘʨʘʣϤʘʥ ʤʘ-

ʪʝʨʠʘʣʜʘʨʜʳϬ ʙʽʨʽ. ʆʥʳϬ ʩʘʧʘʩʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽ Ϩʦʩʧʘʥʳ ʜϰʨʳʩ ʪʘϬʜʘʫϤʘ ʪʽʢʝʣʝʡ ʙʘʡʣʘ-

ʥʳʩʪʳ. ɹϰʣ ʝʩʝʧʪʝ ʘʩʬʘʣʴʪʙʝʪʦʥ Ϩʦʩʧʘʣʘʨʳʥ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʝʩʢʝʨʫ Ϩʘʞʝʪ ʥʝʛʽʟʛʽ ʧʨʠʥ-

ʮʠʧʪʝʨ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʨʽʥʰʽ ʥʝʛʽʟʛʽ ϨʘϤʠʜʘ ʤʠʥʝʨʘʣʜʳ ʘʛʨʝʛʘʪ ʧʝʥ ʪϰʪϨʳʨ ʟʘʪʪʳϬ 

ʦϬʪʘʡʣʳ Ϩʘʪʳʥʘʩʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊϰʪϨʳʨ ʟʘʪʪʳϬ ʪʳʤ ʢϺʧ ʙʦ-

ʣʫʳ ϨʦʩʧʘʥʳϬ ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʩʳʥʳϬ ʞʦϤʘʨʳʣʘʫʳʥʘ ϸʢʝʣʫʽ ʤϮʤʢʽʥ, ʘʣ ʪϰʪϨʳʨ 

ʟʘʪʪʳϬ ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ ʙʝʨʽʢʪʽʢ Ϩʘʩʠʝʪʪʝʨʽʥ ʪϺʤʝʥʜʝʪʝʜʽ. ϧʘʞʝʪʪʽ ʙʝʨʽʢʪʽʢ ʧʝʥ ʜʝ-

ʬʦʨʤʘʮʠʷϤʘ ʪϺʟʽʤʜʽʣʽʢʪʽ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ Ϩʘʪʳʥʘʩʪʳ ʪʘϬʜʘʫ ʤʘϬʳʟʜʳ. ɽʢʽʥʰʽ 

ϨʘϤʠʜʘ ï ʤʠʥʝʨʘʣʜʳ ʪʦʣʪʳʨϤʳʰʪʳϬ ʬʨʘʢʮʠʷʣʳϨ Ϩϰʨʘʤʳʥ ʜϰʨʳʩ ʪʘϬʜʘʫ. ɻʨʘʥʫʣʦʤʝʪ-

ʨʠʷʣʳϨ ʢʦʤʧʦʟʠʮʠʷ ʙϺʣʰʝʢʪʝʨʜʽϬ ʪʳϤʳʟ Ϩʘʧʪʘʤʘʩʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ, ʙϰʣ ʘʩ-

ʬʘʣʴʪʙʝʪʦʥʥʳϬ ʪϰʨʘϨʪʳʣʳϤʳ ʤʝʥ ʢϺʪʝʨʛʽʰʪʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ʆϬʪʘʡʣʳ ʬʨʘʢʮʠʷʣʳϨ 

Ϯʣʝʩʪʽʨʫ ʩʫ ʤʝʥ ʘʷʟϤʘ ʪϺʟʽʤʜʽʣʽʢ ʩʠʷϨʪʳ Ϩʘʩʠʝʪʪʝʨʛʝ ʜʝ ϸʩʝʨ ʝʪʝʜʽ. ϭʰʽʥʰʽ ϨʘϤʠʜʘ ʜʘ 

ʤʘϬʳʟʜʳ: ʢʣʠʤʘʪʪʳϨ ʞʘϤʜʘʡʣʘʨʜʳ ʝʩʢʝʨʫ. ɸʩʬʘʣʴʪʙʝʪʦʥʥʳϬ Ϩϰʨʘʤʳ ʪʝʤʧʝʨʘʪʫʨʘ-

ʣʳϨ ʨʝʞʠʤʜʽ, ʢϺʣʽʢ ϨʦʟϤʘʣʳʩʳʥʳϬ ϨʘʨϨʳʥʜʳʣʳϤʳʥ, ʞʘʫʳʥ-ʰʘʰʳʥ ʤϺʣʰʝʨʽʥ ʞϸʥʝ ʙʝʣ-

ʛʽʣʽ ʙʽʨ ʘʡʤʘϨʪʘϤʳ ʙʘʩϨʘ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʫʽ ʢʝʨʝʢ. ʂʦʤʧʦʟʠʮʠʷʥʳ ϸʟʽʨʣʝʫʜʽϬ ʢʝʰʝʥʜʽ 

ʪϸʩʽʣʽ Ϥʘʥʘ ʞʦʣ ʞʘʙʳʥʳʥʳϬ ʞʦϤʘʨʳ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʘʩʬʘʣʴʪʙʝʪʦʥ, ʙʠʪʫʤ, Ϩʦʩʧʘ, ʩʦʨʪ, ϨʠʳʨʰʳϨ ʪʘʩ. 
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ɸʥʥʦʪʘʮʠʷ. ɸʩʬʘʣʴʪʦʙʝʪʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɽʛʦ ʢʘʯʝʩʪʚʦ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ-

ʩʷ ʢʣʶʯʝʚʳʝ ʧʨʠʥʮʠʧʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʩʪʘʚʘ ʘʩ-

ʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ʇʝʨʚʳʡ ʢʣʶʯʝʚʦʡ ʧʨʠʥʮʠʧ ï ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʠʥʝʨʘʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠ ʚʷʞʫʱʠʤ ʚʝʱʝʩʪʚʦʤ. ʉʣʠʰʢʦʤ ʚʳʩʦ-

ʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʷʞʫʱʝʛʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʠʨʫ-

ʝʤʦʩʪʠ ʩʤʝʩʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʥʝʜʦʩʪʘʪʦʢ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʘʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʪ ʪʨʝʙʫʝʤʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʬʦʨʤʘʮʠʷʤ. ɺʪʦʨʦʡ ʧʨʠʥʮʠʧ - ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ɿʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʦʪʥʫʶ ʫʧʘ-

ʢʦʚʢʫ ʯʘʩʪʠʮ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. 

ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʬʨʘʢʮʠʷʤ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʚʦʜʦ- ʠ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ. ʅʝ ʤʝʥʝʝ ʚʘʞʝʥ ʠ ʪʨʝʪʠʡ ʧʨʠʥʮʠʧ ï ʫʯʝʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʦʩʪʘʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʘʜʢʦʚ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ ʨʝʛʠ-

ʦʥʝ. ʊʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʙʠʪʫʤ, ʩʤʝʩʴ, ʤʘʨʢʘ, ʱʝʙʝʥʴ. 
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1 INTRODUCTION  

The purpose of writing this article is to familiarize readers with the complete technological 

process of selecting an asphalt-concrete mix for use in various road-climatic zones of our country 

[1, 2]. 

It isnecessary to sharpen your attention with the classification of asphalt concretes. Asphalt 

concretes are divided according to: 

- types of mineral components: crushed stone, gravelʚ, and sand. 

- depending on the viscosityof the bitumen used and the installation temperature: hot - pre-

pared using viscous and liquid bitumen (installation temperature not less than 120 ÁÁ C); cold - pre-

pared using liquid bitumen (installation temperature not less than 5 ÁC); 

- from the largest size of mineral grains to-coarse-grained witha grain size of up to 40 mm; 

melklacustrine up to 20 mm; sandye up to 5 mm;  

- from the value of the residual porosity to-high-density with a residual porosity of 1.0 to 2.5 

%; dense sv. 2.5 to 5.0 %; porous sv. 5.0 to 10.0 %; highly porous sv. 10.0to 18.0 %. Further, de-

pending on the content of crushed stone (gravel) in them, they are divided into types, from the indi-

cators of physical and mechanical properties and the materials used, they are divided into brands. 

However, regardless. by what method asphalt concrete samples are tested in the laboratory, the test 

results should predict the performance of the coating with a sufficient degree of reliability [3]. 

 

2 METHODS 

Prior to the selection of the mixture, the components of asphalt concrete are tested for basic 

physical and mechanical properties for suitability. 

Crushed stone according to ST RK 1213 on grain composition, content-crushed grains in 

crushed stone from gravel, powdery and clay particles, clay in lumps, grains of lamellar (lesh-

chadny)and needle-shaped forms, grains of weak rocks in crushed stone (gravel) and weak differ-

ences in rock, as well as on crushing, abrasion, resistanceʝ impact on copra PM, frost resistance, 

etc. Ensuring an optimal ratio between the mineral filler and the binder is one of the key principles 

in the development of asphalt concrete composition [7]. 
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Mineral powder according to ST RK 1276 for grain composition, true density, average densi-

ty, porosity, swelling, water resistance, bitumen capacity indicators, hydrophobicity, etc.  The cor-

rect choice of the fractional composition of the mineral filler plays an important role in ensuring 

dense packing of particles and, as a result, increasing the stability and bearing capacity of asphalt 

concrete [8].Bitumen according to ST RK 1288 for needle penetration depth, softening temperature 

along the ring and ball, extensibility, dynamic viscosity, kinematic viscosity, flash point, brittleness 

temperature, index penetrations, solubility, paraffin content and similar indicators after aging after 

heating at a temperature of 163ÁC. Taking into account the climatic conditions of operation is a crit-

ically important principle in the development of asphalt concrete composition, since it allows for 

high performance characteristics of the road surface [9].This standard applies to asphalt mixtures 

and asphalt concrete used for the construction of coatings and foundations of highways, airfields, 

city streets and squares, roads of industrial enterprises in accordance with current building regula-

tions [4].  

 

3 RESULTS 

After determining the compliance of the main components of asphalt concrete with the regula-

tory and technical documentation, based on the grain composition (Table 1 ï mixtures for the upper 

coating layer for example), using different proportions of bitumen (Table 2), several mixtures are 

prepared for a certain mixture. 

 

 
Table 1 ï Grain compositions of the mineral part of mixtures and asphalt concretes for the top layer of the 

coating according to round sieves 

Type and type 

of mixes and 

asphalt 

concretes Size of sieve holes, mm 

20 15 10 5 2,5 1,25 0,63 0,315 0,16 0,071 

Hot spots:  

high-density 

90-100 70-90 56-85 30-50 24-50 18-50 13-50 12-50 11-28 10-16 

Dense types: Continuous grain formulations 

A 90-100 70-90 62-85 40-50 28-38 20-28 14-20 10-16 6-12 4-10 

B 90-100 75-90 

(75-100) 

70-85 50-60 38-48 28-37 20-28 14-22 10-16 6-12 

In 100 85-100 75-90 

(75-100) 

60-70 48-60 37-50 28-40 20-30 13-20 8-14 

G 100 100 100 80-100 65-82 45-65 30-50 20-36 15-25 8-16 

D 100 100 100 80-100 60-93 45-85 30-75 20-55 15-33 10-16 

Intermittent grain formulations 

A 90-100 75-90 62-85 40-50  28-50 20-50 20-50 10-28 6-16 4-10 

B 90-100 80-90 70-85 50-60  38-60 28-60 28-60 14-34 10-20 6-12 

Cold 

Bh types 90-100 85-100 70-100 50-60 33-46 21-38 15-30 10-22 9-16 8-12 

Vx 90-100 85-100 75-100 60-70 48-60 38-50 30-40 23-32 17-24 12-17 

Gc and Dx    80-100 62-82 40-68 25-55 18-43 14-30 12-20 
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Table 2 ï Bitumen content in mixtures 

Type of mixtures Bitumen content, % by weight 

1 Kg: 

high-density 4.0-6.0 

dense types:  

A 4.5-6.0 

B 5.0-6.5 

In C 5.0-7.0 

D and D 6.0-9.0 

Porous 3.5-5.5 

highly porous crushed stone 2.5-4.0 

highly porous sandy 4.0-6.0 

2 Cold types: 

Bx 3.5-5.5 

Vx Vx 4.0-6.0 

Gx and Dx 4.5-6.5 

 

 

Prepared mixtures are tested according to ST RK 1218 for compliance with ST RK 1225. 

Main types of testing: 

- determination of the average density; 

- determination of the true density; 

- determination of residual porosity; 

- determination of water saturation and swelling; 

- determination of the compressive strength; 

- determination of the tensile strength during splitting; 

- determination of shear stability characteristics; 

- determination of stability, fluidity and the coefficient of conditional stiffness according to 

Marshall; 

- determination of water resistance; 

- determination of frost resistance. 

When the optimal asphalt mix is obtained, the composition selection (mix design) is sent to 

the asphalt concrete plant. With each replacement of the supplier (quarry, manufacturer) of the main 

components of the mixture, the composition is selected again.The development of asphalt concrete 

composition is one of the key aspects in the design and construction of highways. The durability 

and performance characteristics of the road surface depend on the correct selection of components 

and their ratio. The key principles in the development of the composition of asphalt concrete are to 

ensure an optimal ratio between the mineral filler and the binder, the correct choice of the fractional 

composition of the mineral filler, as well as taking into account the climatic conditions of operation. 

Ensuring an optimal ratio between the mineral filler and the binder is one of the key principles 

in the development of asphalt concrete composition. The strength, water resistance and other im-

portant characteristics of the road surface depend on this ratio. Too high a binder content can lead to 

the formation of ruts, and too low can lead to rapid destruction of the coating. Therefore, when de-

veloping the composition of asphalt concrete, it is necessary to carefully select the optimal bitumen 

content, taking into account the properties of the materials used and the climatic conditions of oper-

ation 1, pp. 45-48. 
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4 DISCUSSION 

The correct choice of the fractional composition of the mineral filler also plays an important 
role in ensuring high performance of asphalt concrete. The optimal distribution of particles of vari-
ous fractions allows for dense packaging, which in turn increases the stability and load-bearing ca-
pacity of the pavement. In this case, it is necessary to take into account not only the granulometric 
composition, but also the shape, texture and surface roughness of the mineral filler particles, since 
these factors also affect the properties of asphalt concrete 2, pp. 78-83. Consideration of climatic 
operating conditions is another critically important principle in the development of asphalt concrete 
composition. Temperature conditions, precipitation, solar activity and other climatic factors have a 
significant impact on the behavior of the pavement during its operation. So, in hot climates, it is 
necessary to use modified bitumen binders that have increased heat resistance and shear resistance, 
and in cold climates ï more viscous bitumen grades that are resistant to low temperatures and crack-
ing. Proper consideration of climatic conditions makes it possible to ensure high performance char-
acteristics of the road surface throughout its entire service life 3, pp. 156-159. Thus, the develop-
ment of asphalt concrete composition is a complex task that requires taking into account many fac-
tors. The key principles in this case are to ensure the optimal ratio between the mineral filler and the 
binder, the correct choice of the fractional composition of the mineral filler, as well as taking into 
account the climatic conditions of operation. Compliance with these principles makes it possible to 
create high-quality road surfaces with high strength, durability and performance characteristics.[9]. 

Ensuring optimal density and connectivity of mineral components is one of the fundamental 
principles in the development of asphalt concrete composition. To do this, it is necessary to careful-
ly select the granulometric composition of the mineral filler, including crushed stone, sand and min-
eral powder. The optimal combination of fractions makes it possible to obtain a dense packing of 
particles with a minimum number of voids, which increases the strength and shear stability of the 
pavement 4, pp. 87-91. It is important to take into account the shape, roughness and texture of the 
particle surface, since these characteristics also affect the properties of asphalt concrete 5, pp. 123-
127. 

The right choice of binder is a key factor determining the durability and reliability of asphalt 
concrete pavement. Bitumen is usually used as a binder, but its brand, content and modification de-
pend on the operating conditions. So, in hot climates, modified bitumen with increased heat re-
sistance is used, and in cold climates, more viscous grades are used, resistant to low temperatures 
and cracking 6, pp. 67-72. The correct choice and optimization of the binder content allows you to 
ensure the necessary strength, water resistance and adhesion of asphalt concrete. 

Consideration of climatic and operational factors is an integral part of the development of as-
phalt concrete composition. Temperature conditions, precipitation, traffic intensity and other pa-
rameters have a significant impact on the behavior of the road surface during operation 7, pp. 156-
160. So, in hot climates, it is necessary to use compositions that are more resistant to rutting, and in 
cold climates, those that are less prone to cracking. In addition, it is necessary to take into account 
traffic intensity, car loads and other performance characteristics, which allows you to optimize the 
composition of asphalt concrete for specific conditions. 

Thus, the key principles for the development of asphalt concrete composition are: ensuring 
optimal density and connectivity of mineral components, the right choice of binder, as well as tak-
ing into account climatic and operational factors. Compliance with these principles makes it possi-
ble to create high-quality road surfaces with high strength, durability and performance characteris-
tics. 

 

 

5 CONCLUSION 

The development of asphalt concrete composition is a complex task that requires taking into 
account many factors to ensure the durability and reliability of road surfaces. The key principles in 
the development of asphalt concrete composition are: 
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1. Ensuring optimal density and connectivity of mineral components. The correct selection of 
the granulometric composition of the mineral filler (crushed stone, sand, mineral powder) allows 
you to obtain a dense packing of particles with a minimum number of voids, which increases the 
strength and shear stability of the road surface. 

2. The right choice of binder. Bitumen used as a binder must comply with climatic conditions 

and operating loads. The use of modified bitumen with the necessary properties ensures the required 

strength, water resistance and adhesion of asphalt concrete. 

3. Consideration of climatic and operational factors. Temperature conditions, precipitation, 

traffic intensity and other parameters have a significant impact on the behavior of the road surface. 

Optimization of the asphalt concrete composition, taking into account these factors, makes it possi-

ble to increase the durability and reliability of road structures. 

Compliance with these principles in the development of asphalt concrete composition is the 

key to creating high-quality road surfaces that can function effectively in various operating condi-

tions. 

When reading this article, the reader gets acquainted with the complete technological process 

of selecting an asphalt-concrete mixture for use in various road-climatic zones of our country. The 

question of the influence of the structure and properties of such materials on the durability of as-

phalt concrete coatings has not been sufficiently studied, so further research is required [5, 6, 11, 

12]. 
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 :ʅʆʈʄɸʊʀɺʊɯʂ ɹɸɿɸʉʓ פɻɽʆʊɽʍʅʀʂɸʃʓ רʉʊɸʅʅʓפɸɿɸפ

ɾɸנɼɸʁʓ ɾᴄʅɽ ɼɸʄʋ ɹʆʃɸʐɸנʓ 

 

ɼ. ɼʘʫʣʝʪʙʘʡײʣʳ 

ʍʘʣʳץʘʨʘʣʳץ ʙʽʣʽʤ ʙʝʨʫ ʢʦʨʧʦʨʘʮʠʷʩʳ, ɸʣʤʘʪʳ, 050043, פʘʟʘץʩʪʘʥ 
_____________________________________________________________________________ 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘϤʳ ϨʦʣʜʘʥʳʩʪʘϤʳ ʛʝʦʪʝʭʥʠʢʘʣʳϨ 

ʥʦʨʤʘʪʠʚʪʽʢ ʙʘʟʘʥʳϬ ʪʘʣʜʘʫʳ ϰʩʳʥʳʣϤʘʥ. ϧʈ ʉʅ 5.01-12ï2003 ʞϸʥʝ ϧʈ ʈɼʉ 5.01-19ï

2005 ʥʝʛʽʟʽʥ Ϩϰʨʘʡʪʳʥ ʘϨʘʫʩʳʟ, Ϩʘʫʽʧʩʽʟ ʞϸʥʝ Ϻʥʽʤʜʽ Ϩʘʜʘʣʘʨʜʳ ϨʘϤʫ ʧʨʠʥʮʠʧʪʝʨʽ, ʢʨʠ-

ʪʝʨʠʡʣʝʨʽ ʞϸʥʝ ʰʘʨʪʪʘʨʳ ʩʠʧʘʪʪʘʣϤʘʥ. ϣʠʤʘʨʘʪʪʘʨ ʤʝʥ ϨϰʨʳʣʳʩʪʘʨʜʳϬ ʽʨʛʝʪʘʩʳ 

ʙʦʡʳʥʜʘϤʳ ʰϰϬϨʳʨʣʘʨʜʳ ʘϨʘʫʩʳʟ, Ϩʘʫʽʧʩʽʟ ʞϸʥʝ Ϻʥʽʤʜʽ ʩʦϤʫ ʧʨʠʥʮʠʧʪʝʨʽ, ʢʨʠʪʝʨʠʡʣʝʨʽ, 

ʨʝʞʠʤʜʝʨʽ ʤʝʥ ʰʘʨʪʪʘʨʳ ʢϺʨʩʝʪʽʣʛʝʥ, ʦʣʘʨ ϧʈ ϧʅ 5.01-06ï2002, ϧʈ ϧʅ 5.01-07ï2002, 

ϧʈ ʅɼʉ 5.01-09ï2003 ʞϸʥʝ ʈɼʉ 5.01-17ï2004. ϧʦʣʜʘʥʳʩʪʘϤʳ ʥʦʨʤʘʪʠʚʪʽʢ Ϩϰʞʘʪʪʘʨ-

ʜ  rʝʫʨʦʥʦʨʤʘʣʘʨʤʝʥ ʞϸʥʝ ʝʫʨʦʢʦʜʪʘʨʤʝʥ ϮʡʣʝʩʪʽʨʫʜʽϬ Ϻʟʝʢʪʽʣʽʛʽ, ʩʦʥʜʘʡ-ʘϨ ʙʽʨϨʘʪʘʨ 

ʞʘϬʘ ʛʝʦʪʝʭʥʠʢʘʣʳϨ ʥʦʨʤʘʣʘʨ ʤʝʥ ʝʨʝʞʝʣʝʨʜʽ ϸʟʽʨʣʝʫ Ϩʘʞʝʪʪʽʣʽʛʽ ʥʝʛʽʟʜʝʣʛʝʥ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʥʦʨʤʘʣʘʨ, ʝʨʝʞʝʣʝʨ, Ϩʘʜʘ, ʘʡʜʘʫ, ʙʘʣϤʘ, ʘϨʘʫʣʘʨ, Ϩʘʟʫ, ʩʦϤʫ, ʽʨʛʝʪʘʩ, 

ʪʦʧʳʨʘϨ, ʪʳϤʳʟʜʳϨ, r ʣϤʘʣʜʳʣʳϨ, ʙʘϨʳʣʘʫ, ʪʳϤʳʟʜʘʫ. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘ-

ʟʳ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ, ʢʨʠʪʝʨʠʠ ʠ ʫʩʣʦʚʠʷ ʙʝʟʜʝʬʝʢʪʥʦʡ, ʙʝʟ-

ʦʧʘʩʥʦʡ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʟʘʙʠʚʢʠ ʩʚʘʡ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʉʅ ʈʂ 5.01-12ï2003 ʠ 

ʈɼʉ ʈʂ 5.01-19ï2005. ʀʟʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ, ʢʨʠʪʝʨʠʠ, ʨʝʞʠʤʳ ʠ ʫʩʣʦʚʠʷ ʙʝʟʜʝʬʝʢʪʥʦ-

ʛʦ, ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʚʳʪʨʘʤʙʦʚʳʚʘʥʠʷ ʢʦʪʣʦʚʘʥʦʚ ʧʦ ʬʫʥʜʘʤʝʥʪʳ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʣʘʛʘʶʱʠʝ ʦʩʥʦʚʫ ʉʅ ʈʂ 5.01-06ï 2002, ʉʅ ʈʂ 5.01-07ï2002, ʈɼʉ ʈʂ 

5.01-09ï2003 ʠ ʈɼʉ 5.01-17ï2004. ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʛʘʨʤʦʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ɽʚʨʦʥʦʨʤʘʤʠ ʠ ɽʚʨʦʢʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘ-

ʙʦʪʢʠ ʨʷʜʘ ʥʦʚʳʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʨʤʳ, ʧʨʘʚʠʣʘ, ʩʚʘʷ, ʟʘʙʠʚʢʘ, ʤʦʣʦʪ, ʜʝʬʝʢʪʳ, ʢʦʪʣʦʚʘʥ, ʚʳ-

ʪʨʘʤʙʦʚʳʚʘʥʠʝ, ʬʫʥʜʘʤʝʥʪ, ʛʨʫʥʪ, ʧʣʦʪʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ, ʫʧʣʦʪʥʝʥʠʝ. 

 

Abstract. An analysis of the main provisions of the existing geotechnical regulatory 

framework in the Re- public of Kazakhstan is presents. The principles, criteria and conditions 

for defect-free, safe and productive piling underlying the CN RK 5.01-12ï2003 and GDC RK 

5.01-19ï2005 are described. The principles, criteria and conditions for defect-free, safe and 

productive ram pits for foundations of buildings and structures forming the basis for CN RK 

5.01-06ï2002, CN RK 5.01-07ï2002, GDC RK 5.01-09ï2003 and GDC RK 5.01-17ï2004 are 

sets out. The urgency of the harmonization of the active regulations with emission class and Eu-

ro codes, as well as the need to develop a number of new geotechnical codes is substantiated. 

Key words: norms, regulations, pile, ramming, hammer, defects, foundation pit, rammer, 

foundation, soil, density, moisture control, seal. 

_____________________________________________________________________________ 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɼʘʫʣʝʪʙʘʡײʣʳ ɼ. 

 .ʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɽʣʴʞʘʥʦʚ ɽ.ɸנ

 

1 ʂɯʈɯʉʇɽ 

 ʪʘʟʘ ץʪʳ ʜʘʤʫʳ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץʨʘײʪ שʘʣʘʣʘʨʜʳץ ʘשʳʪʪʘ ʝʩʢʽ ʥʝʤʝʩʝ ʞʘץʘʟʽʨʛʽ ʫʘפ

ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʩʽ ʪʦʧʳʨʘץʪʘʨʜʘסʳ סʠʤʘʨʘʪʪʘʨ ʤʝʥ 

-ʳʨʳʙʳ ʙʦʣʳʧ ʪʘʙʳʣʘץʥʝʛʽʟʛʽ ʪʘ שʘʨʪʫʜʳשʘʡʪʘ ʞʘץ ʨʳʣʳʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʤʝʥ ʩʘʣʫ ʥʝʤʝʩʝײץ

ʜʳ. ɾʝʨ ʘʩʪʳ ʪʦʧʳʨʘסʳʥʳש ʥʘʰʘʨ ʞʘסʜʘʡʳʥʘʥ ʪʫʳʥʜʘʫʳ ʤװʤʢʽʥ ʛʝʦʪʝʭʥʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨ, 

ʞʘץʳʥ ʤʘשʜʘסʳ ײץʨʳʣʳʩʪʘʨ, ʩʫ ʜʝשʛʝʡʽʥʽש ʙʠʽʢʪʽʛʽʥ ʞᴅʥʝ ʞʝʨʘʩʪʳ ײץʨʳʣʳʩʳʥʳש ʦʨʳʥʩʳʟ 

ᴅʜʽʩʪʝʨʽ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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2 ʊɽʆʈʀʗʃʓפ ɹɸɿɸʉʓ 

 ץʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳ ץʳ ʛʝʦʪʝʭʥʠʢʘʣʳסʦʣʜʘʥʳʩʪʘץ ʩʪʘʥʜʘץʘʟʘפ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

 :ʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳץʰ ʪʦʧװ ʨʜʝ ʢʝʣʝʩʽװʞʘʪʪʘʨʜʳ ʰʘʨʪʪʳ ʪײץ

1. ɹʽʨʽʥʰʽ ʪʦʧץʘ ᴇʢʽʣʝʪʪʽʢʪʝʨʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʫʤʘסʳʥʜʘ ʢʝשʝʡʪʽʣʛʝʥ 

ʢʝשʝʩʪʽʢ ʢʝʟʝשʜʝʛʽ ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨ (ʦʥʳש ʽʰʽʥʜʝ ʙײʨʳʥסʳ ʂʉʈʆ-ʥʳש ʽʰʢʽ 

ʥʦʨʤʘʪʠʚʪʽʢ ץײץʳץʪʳץ ʙʘʟʘסʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ תʢʽʤʝʪʽʥʽץ שʘʫʣʳʩʳʤʝʥ ʝʥʛʽʟʽʣʛʝʥ 

ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʳ ץʦʩʘ ʘʣסʘʥʜʘ) ʞʘʪʘʜʳ. çפʘץʧʘץʪʳ ᴇʟʛʝʨʪʫè ᴅʜʽʩʽ). 

2. ɽʢʽʥʰʽ ʪʦʧ ï ʭʘʣʳץʘʨʘʣʳץ ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨ. 

 .ʞʘʪʪʘʨײץ ץʤʘʤʘʥʜʘʨ ᴅʟʽʨʣʝʛʝʥ ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳ ץʰʽʥʰʽ ʪʦʧ ï ʦʪʘʥʜʳת .3

ʐʝʪʝʣʜʽʢ ʩʘʨʘʧʰʳʣʘʨʜʳש ʝʨʝʢʰʝ ץʳʟʳסʫʰʳʣʳסʳʥ ʪʫʜʳʨסʘʥ װʰʽʥʰʽ ʪʦʧץʘ ʢʽʨʝʪʽʥ 

ʤʝʤʣʝʢʝʪʪʽʢ ʥʦʨʤʘʪʠʚʪʽʢ ʘʢʪʽʣʝʨ ʙʦʣʩʘ ʢʝʨʝʢ. ʆʣʘʨסʘ ʢʝʣʝʩʽ ײץʞʘʪʪʘʨ ʢʽʨʝʜʽ: 

 ;ʳ ʽʨʛʝʪʘʩʪʘʨ. ɽʩʝʧʪʝʫ ʞᴅʥʝ ʞʦʙʘʣʘʫסʳʨʣʘʨʜʘץשײʈ ʉʅ 5.01-06ï2002. ʐפ (1

 ʘʙʳʣʜʘʫץ ʤʳʩʪʳ ᴇʥʜʽʨʫ ʞᴅʥʝײʳ ʽʨʛʝʪʘʩʪʘʨ. ɾסʳʨʣʘʨʜʘץשײʅ 5.01-07ï2002. ʐפ ʈפ (2

ʝʨʝʞʝʣʝʨʽ; 

 ʳʥ ʦʣʘʨʜʳסʳʟʜʳסʪʳ שʪʳץʜʘʡʳʥʜʘ ʪʦʧʳʨʘסʳ ʞʘשʨʳʣʳʩ ʘʣʘײפ .ʈ ʅɼʉ 5.01-09ï2003פ (3

ʥʳסʳʟʜʘʫ ʢʝʟʽʥʜʝ ʦʧʝʨʘʪʠʚʪʽ ʙʘץʳʣʘʫ; 

 ʝʩʝʧʪʝʫ שʈ ʅɼʉ 5.01-10ï2003. ɾʝʪʝʢʰʽ ʙʣʦʢʪʘʨʜʘʥ ʽʨʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫʜʳפ (4

ᴅʜʽʩʪʝʨʽ ʤʝʥ ʝʨʝʞʝʣʝʨʽ; 

 ʫ ʪʝʭʥʦʣʦʛʠʷʩʳסʘץ ʘʫʩʳʟץʘ ʘץץʘʜʘʣʘʨʜʳ ʪʦʧʳʨʘץ ʅ ʈʂ5.01-12ï2003. ʊʝʤʽʨʙʝʪʦʥʜʳפ (5

ʙʦʡʳʥʰʘ ʥײʩץʘʫʣʳץ; 

 ʽʨʛʝʪʘʩ שʘʙʽʣʝʪʽʥ (ʌʎʂ) ʦʣʘʨʜʳץ ʢᴇʪʝʨʛʽʰʪʽʢ שʈ ʅɼʉ 5.01-17ï2004. ɯʨʛʝʪʘʩʪʘʨʜʳפ (6

ʰץשײʳʨʣʘʨʳʥ ʩʦסʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙʘץʳʣʘʫ; 

 ʫʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ᴇʥʜʽʨʫסʘץ ʘʜʘʣʘʨʜʳץ ʈ ʅɼʉ 5.01-19ï2005. ʊʝʤʽʨʙʝʪʦʥʜʳפ (7

ʙʦʡʳʥʰʘ ʥײʩץʘʫʣʳץ. 

ʊʘץʳʨʳʧʪʳץ ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʦʪʘʥʜʳץ ʛʝʦʪʝʭʥʠʢʘʣʳץ ʥʦʨʤʘʪʠʚʪʽʢ 

-ʨʳײץ ʨʘʜʳ. ɹʽʨʽʥʰʽ ʧʘʢʝʪʪʝ 1, 2, 3 ʞᴅʥʝ 6-ʧʦʟʠʮʠʷʣʘʨʜʘ ʢʝʣʪʽʨʽʣʛʝʥײʞʘʪʪʘʨ ʝʢʽ ʧʘʢʝʪʪʝʥ ʪײץ

ʣʳʩ ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʽʨʛʝʪʘʩʪʘʨ װʰʽʥ ʥײʩץʘʫʣʘʨ ʙʘʨ. ɽʢʽʥʰʽ ʧʘʢʝʪ, ʪʠʽʩʽʥʰʝ, 4, 5 ʞᴅʥʝ 7-

ʧʦʟʠʮʠʷʣʘʨʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ײץʨʳʣʳʩ ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʥײʩץʘʫʣʘʨʳʥ ץʘʤʪʠʜʳ ʞᴅʥʝ ʙʘʩץʘʨʳʣʘ-

ʪʳʥ ײץʨʳʣʳʤʜʘʨסʘ ץʘʪʳʩʪʳ (ץʦʟסʘʣʘʪʳʥ ץʘʜʘʣʘʨ ʤʝʥ ʽʨʛʝʪʘʩʪʘʨʜʳש ʽʨʛʝʪʘʩʪʘʨʳ). 

ʄʝʤʣʝʢʝʪʪʽʢ ʥʦʨʤʘʪʠʚʪʽʢ ʘʢʪʽʣʝʨʜʽש ʙʽʨʽʥʰʽ ʧʘʢʝʪʽʥʽש ʥʝʛʽʟʽʥ ײץʨʘʡʪʳʥ פʈ ʉʅ 5.01-06ï

2002 ʞᴅʥʝ פʈ פʅ 5.01-07ï2002 ץʘץשʘʣʳ ʰץשײʳʨʣʘʨʜʘ ʽʨʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ 

ʞᴇʥʽʥʜʝʛʽ ʥײʩץʘʫʣʳץʪʳש ʝʨʝʞʝʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ᴅʟʽʨʣʝʥʛʝʥ (ʄᴅʩʢʝʫ, 1981) ʞᴅʥʝ ʙʽʨץʘʪʘʨ 

ʢʝʣʝʩʽ ʩʘʣʘʣʳץ ʞᴅʥʝ ʚʝʜʦʤʩʪʚʦʣʳץ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ: 

ɺʉʅ 67-257ï87. פʦʥʜʳʨʤʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʰץשײʳʨʣʘʨʜʘסʳ ʽʨʛʝʪʘʩʪʘʨʜʳ ʦʨ-

ʥʘʪʫ ʙʦʡʳʥʰʘ ʥײʩץʘʫʣʳץ ʋɺ-1, ʋɺʂ-40ɸ, ʆɺʂ-100 (ʋʬʘ, 1987); 

ɺʉʅ 48ï88. ɹʝʢʽʪʽʣʛʝʥ ʰץשײʳʨʣʘʨʜʘ ʽʨʛʝʪʘʩ ʩʘʣʫʜʳש ʤʽʥʜʝʪʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ (ɸʣʤʘ-

ɸʪʘ, 1988); 

ʈʉʅ ʂʘʟʉʉʈ 57ï90. ɾʝʨ ʩʽʣʢʽʥʽʩʽʥʝ ʪᴇʟʽʤʜʽ סʠʤʘʨʘʪʪʘʨסʘ ʘʨʥʘʣסʘʥ ʰץשײʳʨʣʘʨʜʘסʳ ʽʨ-

ʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ (ɸʣʤʘ-ɸʪʘ, 1990); 

ʈʉʅ 40ï85. ʐץשײʳʨʣʘʨʜʘסʳ ʞᴅʥʝ ʪʝʩʽʣʛʝʥ סשײʳʣʘʨʜʘסʳ ʽʨʛʝʪʘʩʪʘʨ (ʂʠʰʠʥʝʚ, 1985). 

 שʟʝʨʪʪʝʫʣʝʨʜʽ ץʘ ʦʪʘʥʜʳסʞʘʪʪʘʨײץ ץʘʥ ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳסʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨפ

ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ, ʢʝʡʽʥʥʝʥ ʞײʤʳʩʪʘ ץʦʨʳʪʳʥʜʳʣʘʥסʘʥ ʪʘʣʘʧʪʘʨ ʜʘ ʝʥʛʽʟʽʣʛʝʥ. 

ʉʦʥʳʤʝʥ, פʈ פʅ 5.01-06ï2002 ײץʨʳʣʳʤʳʥʜʘ çʊʘʤʧʪʘʣסʘʥ ʰץשײʳʨʣʘʨʜʘסʳ ʽʨʛʝʪʘʩ. ɽʩʝʧʪʝʫ 

ʞᴅʥʝ ʞʦʙʘʣʘʫè ʤʘץʩʘʪʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳ ץʘʤʪʠʜʳ: 

ï ʞʦʩʧʘʨʜʘסʳ ʰʘʨʰʳ ʪᴅʨʽʟʜʝʩ ʽʨʛʝʪʘʩʪʘʨʜʳש ʪʘʙʘʥʳʥʳש ʦשʪʘʡʣʳ ᴇʣʰʝʤʜʝʨʽ, ʦʣʘʨʜʳש 

ʞʦסʘʨʳ ʢᴇʪʝʨʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥ, ʰץשײʳʨʣʳ ʰץשײʳʨʣʘʨʜʳש ʵʥʝʨʛʠʷʥʳ ʘʟ ʪײʪʳʥʫʳʥ, ʩʦʥʜʘʡ-ʘץ 

ʰץשײʳʨʣʘʨʜʳץ שʘʙʳʨסʘʣʘʨʳ ʤʝʥ ʪװʙʽʥʽש ʙײʨʤʘʣʘʥʫ ʢʝʟʽʥʜʝ ʙײʟʳʣʫʜʘʥ ʩʘץʪʘʣʫʳʥ ץʘʤʪʘʤʘ-

ʩʳʟ ʝʪʝʜʽ; 

ï ʰץשײʳʨʣʘʨʜʳש ʙװʡʽʨ ʙʝʪʪʝʨʽʥʽש ʝשʽʩʪʽʛʽʥʽש ʰᴇʛʝʪʽʥ ʪʦʧʳʨʘץʪʘʨʜʘסʳ ʚʝʨʪʠʢʘʣʴסʘ 

ʜʝʡʽʥ ʦʣʘʨʜʳש ʪʳסʳʟʜʳסʳ ʤʝʥ ʳʣסʘʣʜʳʣʳץ ʢװʡʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽ; 
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ï ʰץשײʳʨʣʘʨʜʳש ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʽש ʦשʪʘʡʣʳ ʢʦʥʫʩʪʳץ ʙײʨʳʰʪʘʨʳ, ʙײʣ ʢʝʟʜʝ ʦʣʘʨʜʳ 

 שʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ ʞᴅʥʝ ʨʘʤʤʝʨʜʽץ ʳסʳʥʜʳʣʳץʘʨץ ץʪᴇʤʝʥ ʵʥʝʨʛʝʪʠʢʘʣʳ שʳʩʫ ʧʨʦʮʝʩʽʥʽץ

ʞײʤʳʩʳʥʘʥ ץʦʣʜʘʥʳʩʪʘסʳ ʦʙʲʝʢʪʽʣʝʨʛʝ ʪʦʧʳʨʘץ ʜʽʨʽʣʽʥʽש ᴅʩʝʨʽʥʽש ʪᴇʤʝʥ ᴅʩʝʨʽ ʙʦʣʘʜʳ; 

ï ʰץשײʳʨʣʘʨ ʘʡʥʘʣʘʩʳʥʜʘסʳ ʥʳסʳʟʜʘʣסʘʥ ʪʦʧʳʨʘץ ʘʡʤʘסʳʥʳש ᴇʣʰʝʤʜʝʨʽ, ʦʣʘʨʜʳש 

ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʜʝ ʢʝשʝʡʪʫʣʝʨ ʞʘʩʘʤʘʡ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ. 

 ʤʳʩʪʘʨʜʳ ᴇʥʜʽʨʫ ʞᴅʥʝײʳ ʥʝʛʽʟʜʝʨ. ɾסʳʨʣʘʨʜʘץשײʳʨʣʳ ʰץשײʅ 5.01-07-2002 çʐפ ʈפ

 :ʘʤʪʠʜʳץ ᴅʟʽʨʣʝʤʝʣʝʨʜʽ ץʘʙʳʣʜʘʫ ʝʨʝʞʝʣʝʨʽè ʢʝʣʝʩʽ ʦʪʘʥʜʳץ

ï ʞʝʢʝ ʽʨʛʝʪʘʩ װʰʽʥ ʽʨʛʝʪʘʩ ʰץשײʳʨʳʥ ʩʦסʫ ʢʝʟʽʥʜʝ ʪʦʧʳʨʘץʪʳ ץʘʡʪʘ ʳʣסʘʣʜʘʥʜʳʨʫסʘ 

 ;ʪʘʫ ʬʦʨʤʫʣʘʩʳץʘʞʝʪʪʽ ʩʫ ʢᴇʣʝʤʽʥ ʘʥʳץ

ï ʌɺʂ ײץʨʳʣסʳʩʳʥʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ ʪᴅʨʪʽʙʽ ʤʝʥ ײץʨʘʤʳʥ ʞʝʪʽʣʜʽʨʫ; 

ï ʰץשײʳʨ ʪװʙʽʥʽש ʪʦʧʳʨʘסʳʥʳש ʪʳסʳʟʜʳסʳʥ (ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʜʝ ʢʝשʝʡʪʧʝʡ ʪʘʡʳʟ ʽʨʛʝ-

ʪʘʩ ʩʘʣʫ ʢʝʟʽʥʜʝ) ʪʦʧʳʨʘץʪʳש ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽʩʽ, ʦסʘʥ ʤʠʢʨʦʧʝʥʝʪʨʦʤʝʪʨʜʽײ שʰʳʥʳש ʝʥʫʽ 

ʙʦʡʳʥʰʘ ʙʘץʳʣʘʫ ʰʘʨʪʳ; 

ï ʰץשײʳʨʜʳ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʰץשײʳʨʜʳש ʙʠʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʢᴇʧ ʩʘʪʳʣʳ ʘʨʪʪʳʨʫ 

ʨʝʞʠʤʽ ʞᴅʥʝ ʦʥʳש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦʨʥʘʪʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʩʪʘʨ; 

ï ʰץשײʳʨʣʘʨʜʳ ʜʘʡʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ ʙʘʣסʘʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʬʦʨʤʫʣʘʩʳ; 

ï ʰץשײʳʨʣʘʨʜʳ ץʦʨʰʘʫ ʦʨʥʳʥʘʥ ʘʜʘʤʜʘʨʜʳש ʪײʨʘʪʳʥ ʞʝʨʽʥʝ ʜʝʡʽʥʛʽ ʰʫ ʜʝשʛʝʡʽ 

ʙʦʡʳʥʰʘ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʝש ʘʟ ץʘʰʳץʪʳץʪʳ ʘʥʳץʪʘʫ ʬʦʨʤʫʣʘʩʳ. 
 

3 ʅᴄʊʀɾɽʃɽʈ ʄɽʅ ʊɸʃפʓʃɸʋʃɸʈ 

-ʳʨץשײʰʽʥ ʰװ ʙʽʨʽ ʞʝʢʝ ʽʨʛʝʪʘʩ שʳʟʜʳ ᴅʟʽʨʣʝʤʝʣʝʨʜʽשʅ 5.01-07-2002 ʝʥʛʽʟʽʣʛʝʥ ʤʘפ ʈפ

ʜʳ ʩʦסʫ ʢʝʟʽʥʜʝ ʪʦʧʳʨʘץʪʳ ץʘʡʪʘ ʳʣסʘʣʜʘʥʜʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʩʫ ʢᴇʣʝʤʽʥ ʘʥʳץʪʘʫ ʬʦʨʤʫʣʘʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʄײʥʜʘ ʦʣ ᴇʟʛʝʨʪʽʣʛʝʥ ʪװʨʜʝ ײʩʳʥʳʣסʘʥ ʞᴅʥʝ ʢᴇʣʝʤʽ ʰץשײʳʨʜʳש ʘʡʥʘʣʘ-

ʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪʳסʳʟʜʘʣסʘʥ ʘʡʤʘץʪʳש ʢᴇʣʝʤʽʥʝʥ ʢʝʤ ʙʦʣʤʘʫʳ ʢʝʨʝʢ ʪʦʧʳʨʘץʪʘ ʪʦ-

ʣʳץץʘʥʜʳ ʳʣסʘʣʜʘʥʫ ʘʡʤʘסʳʥʳץ שʘʣʳʧʪʘʩʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʝʩʝʧʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (1-ʩʫʨʝʪ). ɹײʣ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘ ʽʨʛʝʣʽ ʞʘשʘʣʳץ ʞʦʙʘʣʳץ ʞᴅʥʝ ײץʨʳʣʳʩ 

ʪᴅʞʽʨʠʙʝʩʽʥʝ ʩʦץץʳ ʞװʢʪʝʤʝʩʽʥ ץʦʣʜʘʥʫʜʳש ʜᴅʩʪװʨʣʽ ʪװʨʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʪײʨʘץʪʳ ʨʝ-

ʞʠʤʽʥʽש ʦʨʥʳʥʘ ʰץשײʳʨʜʳש ʪװʩʫ ʙʠʽʢʪʽʛʽʥ (ʰץשײʳʨʜʳ ʩʦסʫ ʧʨʦʮʝʩʽʥʜʝ) ײʣסʘʡʪʫʜʳש ʢʝʟʝש-

ʢʝʟʝשʽʤʝʥ ʘʨʪʪʳʨʫ ʨʝʞʠʤʽʥ ʝʥʛʽʟʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʨסʳʣʘʫʜʳש ʦʩʳ ʨʝʞʠʤʽʥʜʝ ײץʣʘʫ 

ʙʠʽʢʪʽʛʽʥʽץ שʘʜʘʤʳʥ ʞᴅʥʝ ʩʦסʫ ץʘʜʘʤʳʥ ʦשʪʘʡʣʳ ʪʘשʜʘʫ ץʘʟʙʘ ʪʦʧʳʨʘסʳʥʳץ שʘʞʝʪʪʽ ʥʳסʳ-

ʟʜʘʣʫʳʥ, ʦʥʳש ʙײʟʳʣʫʜʘʥ ʩʘץʪʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʪʽʨʝʫʽʰʪʽש ʢʝʧʪʝʣʫʽʥ ʞᴅʥʝ 

ʩʦʨʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ. ײפʨʳʣʳʩ ʥʦʨʤʘʣʘʨʳʥʜʘ ʜʘ ʢᴇʨʽʥʽʩ ʪʘʧץʘʥ ʪʘסʳ ʙʽʨ ʝʨʝʢʰʝ ʜʘʤʫ ï 

ʰץשײʳʨʣʘʨ ʩʦסʳʣסʘʥ ʞʝʨʜʝʥ ʘʜʘʤʜʘʨ ʪײʨʘʪʳʥ ʞʝʨʛʝ ʜʝʡʽʥ ʰʫ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ʤʠʥʠʤʘʣʜʳ 

ʨץײʩʘʪ ʝʪʽʣʛʝʥ ץʘʰʳץʪʳץʪʳ ʘʥʳץʪʘʫ ʬʦʨʤʫʣʘʩʳ.  ɹײʣ ʬʦʨʤʫʣʘ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ 

ʩʦץʧʘץʪʘʨʜʳש ʞʘʥʳʥʜʘ ʪײʨסʘʥ ʘʜʘʤʜʘʨʜʳש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʐץשײʳʨʣʘʨʜʘסʳ ʽʨʛʝʪʘʩʪʘʨ ʙʦʡʳʥʰʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʦʪʘʥʜʳץ ʤʝʤʣʝʢʝʪ-

ʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש ʧʘʢʝʪʽ ʣʦʛʠʢʘʣʳץ ʪײʨסʳʜʘʥ פʈ ʈפɹ 5.01-09-2003 çײפʨʳʣʳʩ ʘʣʘשʳ 

ʞʘסʜʘʡʳʥʜʘסʳ ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʳסʳʥ ʦʣʘʨʜʳ ʥʳסʳʟʜʘʫ ʢʝʟʽʥʜʝʛʽ ʦʧʝʨʘʮʠʷʣʳץ ʙʘץʳʣʘʫè 

ʞᴅʥʝ פʈ ʈפɹ 5.01-17-2004 ʞ. çʆʣʘʨʜʳש ʰץשײʳʨʣʘʨʳʥ ʩʦסʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʽʨʛʝʪʘʩʪʘʨ-

ʜʳש ʢᴇʪʝʨʛʽʰʪʽʛʽʥ ʙʘץʳʣʘʫ ץʘʤʪʠʜʳ (ʌɺʂ). 

 ʳʥ ʦʣʘʨʜʳסʳʟʜʳסʪʳ שʪʳץʜʘʡʳʥʜʘ ʪʦʧʳʨʘסʳ ʞʘשʨʳʣʳʩ ʘʣʘײפʉ 5.01-09-2003 çפʈ ʈפ

ʪʳסʳʟʜʘʫ ʢʝʟʽʥʜʝʛʽ ʦʧʝʨʘʮʠʷʣʳץ ʙʘץʳʣʘʫè ʤʳʥʘʣʘʨʜʳ ץʘʤʪʠʜʳ: 

- ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʳסʳʥ ʦʥʳש ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽʩʽ, ʤʠʢʨʦʧʝʥʝʪʨʦʤʝʪʨ ײʰʳʥʳש ʝʥʫʽ 

ʘʨץʳʣʳ ʙʘץʳʣʘʫ ʰʘʨʪʳ; 

 ʳʣʘʫץʳʥ ʙʘסʳʟʜʳסʪʳ שʪʳץʤᴅʥʽ ʙʦʡʳʥʰʘ ʪʦʧʳʨʘ שʳʥʳסʳʟʜʳסʡʜʝʛʽ ʪʳװʢ ץʘסʨײץ -

ʰʘʨʪʳ; 

- ʝʥʫ ʩʳʥʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ײץʨסʘץ ʢװʡʜʝʛʽ ʪʦʧʳʨʘץʪʳש ʪʳסʳʟʜʳסʳʥ 

ʘʥʳץʪʘʫ ʬʦʨʤʫʣʘʩʳ; 

- ʪʦʧʳʨʘץʪʳש ʝʩʝʧʪʽʢ ʢʝʜʝʨʛʽʩʽʥ, ʤʠʢʨʦʧʝʥʝʪʨʦʤʝʪʨʜʽײ שʰʳʥʳש ʝʥʫʽʥ ʘʥʳץʪʘʫסʘ ץʦʡʳ-

ʣʘʪʳʥ ʪʘʣʘʧʪʘʨ. 
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1-ʩʫʨʝʪ ï ʐץשײʳʨʣʘʨʜʘסʳ ʽʨʛʝʪʘʩʪʘʨ. 

 

ɾʘʣʧʳ, ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ץʳʩץʘʰʘ ʪʘʣʜʘʫʜʘʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, פʘʟʘץʩʪʘʥ ʈʝʩ-

ʧʫʙʣʠʢʘʩʳʥʳש ᴇʟʽʥʜʽʢ ᴅʟʽʨʣʝʤʝʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʛʝʦʪʝʭʥʠʢʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨ ץʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʘʟ. ɹʽʨʘץ ʩʦסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨʜʳש ʙʘʨʣʳסʳ ʥʝʛʽʟʽʥʝʥ ʦʪʘʥʜʳץ ʤʘʤʘʥʜʘʨʜʳש ʟʝʨʪ-

ʪʝʫʣʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ʪᴅʞʽʨʠʙʝʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ.  ʅʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪ-

ʪʘʨסʘ ʝʥʛʽʟʽʣʛʝʥ ʙʽʨץʘʪʘʨ ᴅʟʽʨʣʝʤʝʣʝʨ, ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʙʘʩʳʤ ʞʘשʘʰʳʣʜʳסʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʘʥʘʣʦʛʪʘʨʳ ʞʦץ. 

ʆʩʳ ʤʘץʘʣʘʜʘ ײʩʳʥʳʣסʘʥ ʞᴅʥʝ ʪʘʣץʳʣʘʥʘʪʳʥ ײץʨʳʣʳʩ ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʥײʩץʘʫʣʘʨʳ 

 ʟʝʛʝ ʘʩʳʨʘʪʳʥ ʙʽʨʽʥʰʽװʙʽʨʽʥʰʽ ʝʨʝʞʝ ʞʘʩʘʫ ʪᴅʞʽʨʠʙʝʩʽʥ ʞ שʛʝʦʪʝʭʥʠʢʪʝʨʜʽ ץʩʪʘʥʜʳץʘʟʘפ

ʙʫʳʥʥʳש ʦʪʘʥʜʳץ ʛʝʦʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (2-ʩʫʨʝʪ), ʦʣʘʨ ʝʨʝʢʰʝʣʽʢʩʽʟ 

ʢᴇʨʥʝʢʪʽ ʢʝשʝʩʪʽʢ ʞᴅʥʝ ʨʝʩʝʡʣʽʢ סʘʣʳʤ ɸʜʦʣʴʬ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʘʨʪʦʣʦʤʝʡ ʞᴅʥʝ ʇʝʨʤʴ ʛʝʦ-

ʪʝʭʥʠʢʘ ʤʝʢʪʝʙʽʥʽש ʪװʣʝʢʪʝʨʽ. 
 

 
 

2-ʩʫʨʝʪ ï ʅʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ 

 

ɾʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʞʘסʜʘʡʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ײץʨʳʣʳ-

ʩʪʳש ʥʦʨʤʘʪʠʚʪʽʢ-ץײץʳץʪʳץ ʙʘʟʘʩʳʥ ʞʘשʘʨʪʫסʘ, ʪʦʣʳץʪʳʨʫסʘ ʞᴅʥʝ ʢʝשʝʡʪʫʛʝ װʣʢʝʥ ʞᴅʥʝ 

ʙʘʡʳʧʪʳ ʢᴇשʽʣ ʙᴇʣʽʥʫʜʝ. ʆʩʳʣʘʡʰʘ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ᴆשʽʨʣʽʢ ʜʘʤʫ ʤʠʥʠʩʪʨʣʽʛʽ 

 ʳʤʝʥסʦʨʣʳץʘʤץ שʽʩʪʝʨʽ ʢʦʤʠʪʝʪʽʥʽ ץʰʘʨʫʘʰʳʣʳ ץʡ-ʢʦʤʤʫʥʘʣʜʳװ ʳʥסʨײʨʳʣʳʩ ʞᴅʥʝ ʪײפ

2012 ʞʳʣʜʘʥ ʙʘʩʪʘʧ çʉᴅʫʣʝʪ, ץʘʣʘ ײץʨʳʣʳʩʳ ʞᴅʥʝ ײץʨʳʣʳʩ ץʳʟʤʝʪʽ ʩʘʣʘʩʳʥʜʘסʳ ʥʦʨʤʘ-

ʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨʜʳ ʞʝʪʽʣʜʽʨʫè ʙʶʜʞʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳ ʽʩʢʝ ʘʩʳʨʳʣʜʳ. ʆʩʳ 

ʙʘסʜʘʨʣʘʤʘʥʳ ʽʩʢʝ ʘʩʳʨʫ ʰʝשʙʝʨʽʥʜʝ ʝʫʨʦʥʦʨʤʘʣʘʨʤʝʥ ʞᴅʥʝ ʝʫʨʦʢʦʜʪʘʨʤʝʥ װʡʣʝʩʪʽʨʽʣʛʝʥ 

 ʘ ᴅʟʽʨʣʝʫ ʙʦʡʳʥʰʘשʞʘʪʪʘʨʜʳ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʞʘײץ ʳ ʤʝʤʣʝʢʝʪʪʽʢ ʥʦʨʤʘʪʠʚʪʽʢסʦʣʜʘʥʳʩʪʘץ
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ʞʦʩʧʘʨʣʳ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʽʣʫʜʝ. 2012-2013 ʞʞ. ʊʘʨʘʟ ʠʥʞʝʥʝʨ-ʛʝʦʪʝʭʥʠʢʘʣʳץ ʤʝʢʪʝʙʽʥʽש 

ʤʘʤʘʥʜʘʨʳ פʈ ʊʈʄ ʊʂʐ ʞᴅʥʝ ʊʂʐ-ʥʘ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʢʝʣʝʩʽ ʥʦʨʤʘʪʠʚʪʽʢ 

 :ʘʨʪʳʧ, ʪʘʧʩʳʨʜʳשʞʘʪʪʘʨʳʥ ʞʘײץ

1) çᴆʟʝʥ ʛʠʜʨʦʪʝʭʥʠʢʘʣʳײץ ץʨʳʣʳʩʪʘʨʳè ʉʅ (2012); 

2) çᴆʟʝʥ ʛʠʜʨʦʪʝʭʥʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʳè ɹʂ (2012); 

3) çʊʘʤʧʪʘʣסʘʥ ʰץשײʳʨʣʘʨʜʘסʳ ʽʨʛʝʪʘʩè ɹʂ (2013). 

-ʨʳʣʳʩ ʞʦʙʘײץ ʪʘʙʳʩʪʳ ʜʘʤʫʳ שʨʳʣʳʩ ʠʥʜʫʩʪʨʠʷʩʳʥʳײץ ʳʥʳ ʞᴅʥʝץʘʨץ שʨʳʣʳʩʪʳײפ

ʣʘʨʳ ʙʦʡʳʥʰʘ ʜʘʤʳסʘʥ ʘʫʤʘץʪʘʨʤʝʥ װʡʣʝʩʢʝʥʜʝ, ʝʣʽʤʽʟʜʽש ʛʝʦʪʝʭʥʠʢʘʣʳץ ʥʦʨʤʘʪʠʚʪʽʢ ʙʘʟʘ-

ʩʳʥ ʢʝשʝʡʪʫ ʞᴅʥʝ ʝש ʘʣʜʳʤʝʥ ײץʨʳʣʳʩ ʥʦʨʤʘʣʘʨʳʥ ץʘʤʪʠʪʳʥ ʙʽʨץʘʪʘʨ ʞʘשʘ ʥʦʨʤʘʪʠʚʪʽʢ 

 :ʳ ʝʨʝʞʝʣʝʨסʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ, ʞᴅʥʝ ʢʝʣʝʩʽ ʩʘʣʘʣʘʨʜʘץ ʨʫײץ ʞʘʪʪʘʨʜʳײץ

- ʩʦʨʪʘש ʪʦʧʳʨʘץʪʘʨʜʘסʳ ʥʝʛʽʟʜʝʨ ʤʝʥ ʽʨʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʩʘʣʫ ʙʦʡʳʥʰʘ; 

- ʙײʟʳʣסʘʥ ʘʫʤʘץʪʘʨʜʘסʳ ʥʝʛʽʟʜʝʨ ʤʝʥ ʽʨʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ; 

- ʪʘץʪʘ-ץʘʜʘʣʳ ʽʨʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ; 

- ʞʘʩʘʥʜʳ ʽʨʛʝʪʘʩʪʘʨʜʳ ʞʦʙʘʣʘʫ ʞᴅʥʝ ʦʨʥʘʪʫ; 

- ʽʨʛʝʪʘʩʪʘʨʜʳ ʥʳסʘʡʪʫ ʞᴅʥʝ ץʘʡʪʘ ײץʨʫ. 

 

 ʆʈʓʊʓʅɼʓפ 4

 ʳ ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʜʘʤʳʪʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳסʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘץʘʟʘפ

ʪʫʨʘʣʳ ʘʡʪʘ ʦʪʳʨʳʧ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʝʣʽʤʽʟʜʽײץ שʨʳʣʳʩ ʠʥʜʫʩʪʨʠʷʩʳʥʜʘ ʞʝʪʝʢʰʽ ʝʣʜʝʨʜʽש 

ʦʟʳץ ʪᴅʞʽʨʠʙʝʩʽʥ ץʘʤʪʠʪʳʥ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʳש ᴇʪʢʽʨ 

ʪʘʧʰʳʣʳסʳ ʙʘʡץʘʣʳʧ ʦʪʳʨסʘʥʳʥ ʝʨʝʢʰʝ ʘʪʘʧ ᴇʪʫ ʢʝʨʝʢ, ʤʘʟʤײʥʳ ʞʘסʳʥʘʥ ʜʘ, ײץʨʳʣʳʤʳ 

ʤʝʥ ʣʦʛʠʢʘʩʳ ʙʦʡʳʥʰʘ ʜʘ. ʅʝʛʽʟʽʥʝʥ ʙײʨʳʥסʳ ʂʉʈʆ-ʜʘʥ ʤײʨʘ ʨʝʪʽʥʜʝ ʘʣʳʥסʘʥ ʦʪʘʥʜʳץ 

ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ ʙʘʟʘʩʳ ʩʦסשʳ ʞʳʣʜʘʨʳ ʘʡʪʘʨʣʳץʪʘʡ ʝʩʢʽʨʛʝʥ ʞᴅʥʝ ץʘʟʽʨʛʽ ʞᴅʥʝ ʙʦʣʘ-

ʰʘץ ʪʘʣʘʧʪʘʨסʘ ʪʦʣʳץ ʞʘʫʘʧ ʙʝʨʤʝʡʜʽ. פʘʟʽʨʛʽ ʢʝʟʝשʜʝ ʞʝʪʝʢʰʽ ʝʣʜʝʨ ʤʦʡʳʥʜʘסʘʥ ʥʦʨʤʘ-

ʣʘʫʜʳש ʧʨʦʛʨʝʩʩʠʚʪʽ ʞᴅʥʝ ʪʠʽʤʜʽ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ, ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʘʡ, ʧʘʨʘʤʝʪʨʣʽʢ ᴅʜʽʩ. 
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ʆʉʅʆɺʓ ɻɽʆɼɽɿʀʀ ʇʈʀ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ 

            
                                    ɽʨʞʘʢʫʧ ɹ.ʂ., ʂʘʜʝʥʛʘʣʠʝʚ ɸ.ɼ. 

ALT ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄʫʭʘʤʝʜʞʘʥʘ ʊʳʥʳʰʧʘʝʚʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɻʝʦʜʝʟʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʵʪʦ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, 
ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʠ ʦʧʠʩʘʥʠʝʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʬʦʨʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɻʝʦʜʝʟʠʷ ʟʘʥʠʤʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷ-
ʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʘ ɿʝʤʣʝ, ʩʦʟʜʘʚʘʷ ʦʩʥʦʚʫ ʜʣʷ ʢʘʨ-
ʪʦʛʨʘʬʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ʂʘʨʪʦʛʨʘʬʠʷ ʦʪʦʙʨʘʞʘʝʪ ʵʪʠ ʜʘʥʥʳʝ ʥʘ 
ʢʘʨʪʘʭ, ʘʪʣʘʩʘʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʜʦʙʥʳʡ ʜʦ-
ʩʪʫʧ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʅʘʧʠʩʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 
ʧʨʘʢʪʠʢʝ, ʛʜʝ ʠʭ ʫʯʘʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʨʦʣʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʯʘʩʪʢʘ 
ʪʨʘʩʩʳ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ʇʦ ʭʦʜʫ ʨʘʙʦʪʳ ʙʫʜʫʪ ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʛʝʦʜʝʟʠʯʝ-
ʩʢʠʝ ʧʦʥʷʪʠʷ ʧʨʠ ʠʟʳʩʢʘʥʠʷʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʣʠʙʦ ʨʝʢʦʥ-
ʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʥʦʡ 
ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʠʚʝʣʠʨʳ ʠ ʪʝʦʜʦʣʠʪʳ, ʘ ʪʘʢʞʝ ʪʘʭʝʦʤʝʪʨ ʩ ʤʦʙʠʣʴʥʳʤ ʣʘ-
ʟʝʨʥʳʤ ʩʢʘʥʝʨʦʤ ʠ (ʅʃʉ) ʥʘ ʧʨʠʤʝʨʝ ʚʦʟʚʝʜʝʥʠʷ ʫʯʘʩʪʢʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ. 
 

ɸשʜʘʪʧʘ. ϧϰʨʳʣʳʩʪʘϤʳ ʛʝʦʜʝʟʠʷ ʞϸʥʝ ʢʘʨʪʦʛʨʘʬʠʷ ï ʙϰʣ ʞʝʨ ʙʝʪʽʥ, ʦʥʳϬ 
ʬʦʨʤʘʣʘʨʳ ʤʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫʤʝʥ ʞϸʥʝ ʩʠʧʘʪʪʘʫʤʝʥ ʪʳϤʳʟ ʙʘʡʣʘʥʳʩʪʳ, 
ʂϺʣʽʢ Ϩϰʨʳʣʳʩʳʥʜʘ ʢʝϬʽʥʝʥ Ϩʦʣʜʘʥʳʣʘʪʳʥ ʙʽʣʽʤ ʩʘʣʘʣʘʨʳ. ɻʝʦʜʝʟʠʷ ʞʝʨʜʝʛʽ ʥϮʢʪʝ-
ʣʝʨʜʽϬ ʛʝʦʛʨʘʬʠʷʣʳϨ ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ Ϻʣʰʝʫʛʝ ʞϸʥʝ ʘʥʳϨʪʘʫϤʘ, ʞʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʢʘʨ-
ʪʦʛʨʘʬʠʷʩʳ ʤʝʥ ʞʦʩʧʘʨʣʘʫʳʥʘ ʥʝʛʽʟ ʞʘʩʘʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ. ʂʘʨʪʦʛʨʘʬʠʷ ʙϰʣ ʜʝʨʝʢ-
ʪʝʨʜʽ ʢʘʨʪʘʣʘʨʜʘ, ʘʪʣʘʩʪʘʨʜʘ ʞϸʥʝ ʛʝʦʛʨʘʬʠʷʣʳϨ ʘϨʧʘʨʘʪʪʳϨ ʞϮʡʝʣʝʨʜʝ ʢϺʨʩʝʪʝʜʽ, 
ʙϰʣ ʂʝϬʽʩʪʽʢʪʽʢ ʘϨʧʘʨʘʪϨʘ ʳϬϤʘʡʣʳ Ϩʦʣ ʞʝʪʢʽʟʫʛʝ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʘʟʳʣϤʘʥ ʞϰʤʳʩ ʩʪʫʜʝʥʪʪʝʨʜʽ ʛʝʦʜʝʟʠʷʣʳϨ ʧʨʘʢʪʠʢʘʜʘ ʦϨʳʪʫʜʳϬ ʤʘʪʝʨʠʘʣʳ 
ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʜʘ ʦʣʘʨϤʘ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʳ ʪʨʘʩʩʘʩʳʥʳϬ ʫʯʘʩʢʝʩʽʥ ʩʘʣʫʜʘϤʳ ʛʝʦ-
ʜʝʟʠʷʣʳϨ ʨϺʣʜʽ ʪʘʣʜʘʫϤʘ Ϯʡʨʝʪʽʣʝʜʽ. ɾϰʤʳʩ ʙʘʨʳʩʳʥʜʘ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʳʥ ʩʘʣʫ ʥʝʤʝʩʝ 
ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʽʟʜʝʩʪʽʨʫ ʞϸʥʝ ʛʝʦʜʝʟʠʷʣʳϨ ʙʘϨʳʣʘʫ ʢʝʟʽʥʜʝ ʥʝʛʽʟʛʽ ʛʝʦʜʝʟʠ-
ʷʣʳϨ ϰϤʳʤʜʘʨ ʢϺʨʩʝʪʽʣʝʜ.̔ ɾϮʨʛʽʟʽʣʛʝʥ ʞϰʤʳʩʪʳ ʟʝʨʪʪʝʫ ʞϸʥʝ ʪʘʣʜʘʫ Ϯʰʽʥ ʥʠʚʝʣʠʨ-
ʣʝʨ ʤʝʥ ʪʝʦʜʦʣʠʪʪʝʨ, ʩʦʥʜʘʡ-ʘϨ ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʳʥʳϬ ʫʯʘʩʢʝʩʽʥ ʩʘʣʫ ʤʳʩʘʣʳʥʜʘ ʤʦ-
ʙʠʣʴʜʽ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʽ ʞϸʥʝ (ʅʃʉ) ʙʘʨ ʪʘʭʝʦʤʝʪʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʛʝʦʜʝʟʠʷ, ʢʘʨʪʘϤʘ ʪϮʩʽʨʫ, Ϩϰʨʳʣʳʩ, ʘʚʪʦʤʦʙʠʣʴ ʞʦʣʜʘʨʳ. 

 

Abstract. Geodesy and cartography in construction are fields of knowledge closely re-
lated to the study and description of the Earthôs surface, its forms and characteristics widely 
used in transportation construction. Geodesy is concerned with measuring and determining the 
geographic coordinates of points on the Earth, providing the basis for cartography and land use 
planning. Cartography displays this data on maps, atlases, and geographic information sys-
tems, providing convenient access to spatial information.  

The written work is the material of teaching students in the geodetic practice, where 
they are taught to analyze the geodetic role in the construction of a section of highway route. In 
the course of the work will be reflected the basic geodetic concepts in surveying and geodetic 
control in the construction or reconstruction of the highway. To carry out the study and analyze 
the work carried out used levels and theodolites, as well as a total station with a mobile laser 
scanner and (NLS) on the example of the construction of a section of highway. 

Key words: Geodesy, mapping, construction, highway. 

______________________________________________________________________ 
 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɽʨʞʘʢʫʧ ɹ.ʂ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʆʩʧʘʥʦʚʘ ɿ.ʂ. 



 

115 

1 ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʦʝ ʤʠʨʦʟʜʘʥʠʝ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʧʨʘʚʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʷʤʠ 

ʠ ʨʝʩʫʨʩʘʤʠ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʛʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ, ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ ʠ ʢʘʜʘʩʪʨ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʟʘʤʝʥʠʤʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ [1-3], ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʦʩʥʦʚʫ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʩʪʚʘ. ʕʪʠ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ 

ʧʦʥʠʤʘʥʠʝ ʠ ʦʧʠʩʳʚʘʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʥʘʰʝʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʨʦʣʴ ʠ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʢʦʥʪʝʢ-

ʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʟʦʚʦʚ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʦʙʱʝʩʪʚʦʤ. ʄʳ ʫʛʣʫʙʠʤʩʷ ʚ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʣʠ-

ʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʨʘʩʩʤʦʪʨʠʤ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʠʥʥʦʚʘ-

ʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʣʫʯʰʝʥʠʶ ʧʨʘʢʪʠʢʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ [4-5]. ʅʘʰʘ ʮʝʣʴ ï ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʘʩʧʝʢʪʳ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʛʝʦʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ, ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʠ ʢʘ-

ʜʘʩʪʨʘ, ʚʳʷʚʠʪʴ ʠʭ ʚʢʣʘʜ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʚʠʪʠʷ. 

 

2 ʄɽʊʆɼʓ 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʦʜʝʟʠʠ 

ʠ ʢʘʨʪʦʛʨʘʬʠʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʢʘʢ ʢʣʶʯʝʚʳʭ ʜʠʩʮʠʧʣʠʥ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʪʝʨʨʠʪʦʨʠʡ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʠʭ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʘʚʦʚʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʩʬʝʨʝ ʟʝʤʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʫ-

ʜʝʪ ʦʭʚʘʪʳʚʘʪʴ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʝ ʧʨʠʤʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. ʅʘʰʘ ʮʝʣʴ ï ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʧʝʰʥʦʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ, ʧʨʝʜʣʦʞʠʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʧʣʦʜʦʨʦʜ-

ʥʦʡ ʟʝʤʣʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʳʜʝʣʷʝʤʦʡ ʧʦʜ ʟʘʩʪʨʦʡʢʫ ʠʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [6]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ (ʦʙʱʠʡ ʚʠʜ) 



 

116 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʤʳ ʧʨʠʚʣʝʯʝʤ ʚʥʠʤʘʥʠʝ ʢ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʢʦʥʪʝʢʩʪʫ 
ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʭ ʵʚʦʣʶʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʭ ʨʦʣʴ ʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʮʝʩ-
ʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣ-
ʢʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ, ʠ ʧʨʝʜʣʦʞʠʤ ʩʪʨʘʪʝʛʠʠ ʠ ʤʝʪʦʜʳ ʠʭ ʨʝ-
ʰʝʥʠʷ. ʅʘʰʘ ʮʝʣʴ ï ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ ʫʩʧʝʰʥʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʛʝʦ-
ʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ, ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʠ ʢʘʜʘʩʪʨʘ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘ-
ʮʠʠ ʜʣʷ ʠʭ ʠʥʪʝʛʨʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠ-
ʷʤʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʥʘ ʧʣʘʥʘʭ ʠ ʢʘʨʪʘʭ. ɿʘ ʧʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ ʥʘ ʧʣʘ-
ʥʘʭ ʠ ʢʘʨʪʘʭ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʫʯʝʙʥʫʶ ʢʘʨʪʫ, ʢʦʪʦʨʫʶ ʚʳʜʘʣ ʨʫʢʦʚʦʜʠʪʝʣʴ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 
ʧʨʘʢʪʠʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʟʠʤʫʪʦʚ, ʜʠʨʝʢʮʠʦʥʥʳʭ ʫʛʣʦʚ, ʨʫʤʙʦʚ ʥʘ ʢʘʨʪʝ. ɸʟʠʤʫʪ ï ʵʪʦ ʛʦʨʠ-
ʟʦʥʪʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʦʯʢʫ ʠ ʩʝʚʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʆʙʳʯʥʦ ʦʥ ʠʟʤʝ-
ʨʷʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ, ʦʪʩʯʠʪʳʚʘʝʤʳʭ ʦʪ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʜʦ ʮʝʣʠ. ɸʟʠʤʫʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʢʘʢ ʘʟʠʤʫʪ ʠʩʪʠʥʥʳʡ (ʠʩʪʠʥʥʦʝ 
ʩʝʚʝʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ), ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʡ (ʩ ʫʯʝʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ), ʠ ʛʝʦʛʨʘʬʠʯʝ-
ʩʢʠʡ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʚʝʨʘ). ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʠ 
ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʠ ʜʨʫʛʠʭ ʛʝʦʜʝʟʠ-
ʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɼʠʨʝʢʮʠʦʥʥʳʝ ʫʛʣʳ ï ʵʪʦ ʫʛʣʳ ʤʝʞʜʫ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ, ʟʘʜʘʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʜʚʫʭ ʪʦʯʝʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʠʟʤʝʨʷʶʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʦʙʳʯʥʦ ʦʪ-
ʩʯʠʪʳʚʘʶʪʩʷ ʦʪ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʣʠ ʦʪ ʦʩʝʚʦʡ ʣʠʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ. ɼʠʨʝʢʮʠ-
ʦʥʥʳʝ ʫʛʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʣʠʥʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʫʨ-
ʩʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʪ. ʜ. 

ʈʫʤʙ ï ʤʝʞʜʫ ʣʠʥʠʝʡ, ʟʘʜʘʥʥʦʡ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʫʭ ʪʦʯʝʢ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ 
ʩʝʚʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʈʫʤʙʦʚʳʝ ʫʛʣʳ ʤʦʛʫʪ ʠʟʤʝʨʷʪʴʩʷ ʚ ʛʨʘʜʫʩʘʭ, ʤʠʥʫʪʘʭ ʠʣʠ ʛʨʘʜʫʩʘʭ 
ʠ ʤʠʥʫʪʘʭ, ʠ ʦʥʠ ʦʙʳʯʥʦ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʅʘʧʨʠ-
ʤʝʨ, ʝʩʣʠ ʚʳ ʠʟʤʝʨʷʝʪʝ, ʫʛʦʣ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʦʯʢʫ, ʢʦʪʦ-
ʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʚʘʩ, ʪʦ ʨʫʤʙʦʚʳʡ ʫʛʦʣ ʙʫʜʝʪ ʨʘʚʝʥ 45 ʛʨʘʜʫʩʘʤ. ʈʫʤʙʦ-
ʚʳʝ ʫʛʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʚʠʛʘʮʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʛʝʦʜʝʟʠʠ ʜʣʷ 
ʦʧʠʩʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʛʨʫʧʧʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦ ʢʘʨʪʝ. ʉʥʘʯʘʣʘ ʤʳ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʣʠ 3 ʪʦʯʢʠ ʠ 
ʫʢʘʟʘʣʠ ʠʭ ʥʘ ʢʘʨʪʝ. ɼʘʣʝʝ ʤʳ ʠʭ ʩʦʝʜʠʥʠʣʠ ʠ ʩ ʧʦʤʦʱʴʶ ʪʨʘʥʩʧʦʨʪʠʨʘ ʥʘʯʘʣʠ ʦʧʨʝʜʝʣʷʪʴ 
ʛʨʘʜʫʩʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʘʟʠʤʫʪʘ, ʨʫʤʙʦʚ, ʜʠʨʝʢʮʠʦʥʥʳʭ 
ʫʛʣʦʚ, ʘ ʪʘʢʞʝ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ. 

ɿʝʤʣʷ ï ʚʘʞʥʝʡʰʘʷ ʯʘʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʨʦ-
ʩʪʨʘʥʩʪʚʦʤ, ʨʝʣʴʝʬʦʤ, ʢʣʠʤʘʪʦʤ, ʧʦʯʚʘʤʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʥʝʜʨʘʤʠ, ʚʦʜʘʤʠ, ʷʚʣʷʶʱʘʷʩʷ 
ʤʝʩʪʦʤ ʨʘʩʩʝʣʝʥʠʷ, ʛʣʘʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ ʠ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʪʘʢʞʝ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʙʘʟʠʩʦʤ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʚʢʣʶʯʘʷ 
ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɿʝʤʣʷ ʢʘʢ ʦʙʲʝʢʪ ʦʙʱʝ-
ʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʦʪ ʠʥʳʭ ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙ-
ʣʘʜʘʷ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʨʫʢʦʪʚʦʨʥʦʩʪʠ ʠ ʥʝʫʥʠʯʪʦʞʠʤʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝ-
ʤʝʥʠ. ɺ ʨʘʤʢʘʭ ʣʶʙʦʡ ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʣʷ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʦʙʲʝʢʪ ʚ 
ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʩʪʘʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʘ, ʜʝʣʝʛʠʨʫʶʱʝʛʦ ʦʪʜʝʣʴʥʳʤ ʶʨʠʜʠʯʝ-
ʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʣʠʮʘʤ ʣʠʰʴ ʧʨʘʚʘ ʥʘ ʟʝʤʣʶ, ʚʢʣʶʯʘʷ ʧʨʘʚʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ 
ʪʨʘʢʪʦʚʘʥʠʝ ʟʝʤʣʠ ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʨʝʩʫʨʩʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ, ʧʨʠʦʨʠʪʝʪʥʳʤ, ʘ 
ʢʘʢ ʥʝʜʚʠʞʠʤʦʛʦ ʠʤʫʱʝʩʪʚʘ ï ʚʪʦʨʠʯʥʳʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʦʙʱʝʩʪʚʝʥ-
ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʪʝʢʫʱʠʡ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ [7]. 

ʅʘʯʠʥʘʷ ʩ ʨʫʙʝʞʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʦʙʥʘʨʫʞʠʣʘʩʴ ʥʝʛʘʪʠʚʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʨʦʣʠ 
ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʟʝʤʝʣʴʥʦʡ ʧʦʣʠʪʠʢʠ. ʅʘʯʘʣʦ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ 
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ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʚʳʧʫʩʢʦʤ ʨʷʜʘ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʚ ʢʦʥʮʝ 1990-ʭ ʛʦʜʦʚ, ʘ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ 
ʪʝʥʜʝʥʮʠʷ ʦʙʦʟʥʘʯʠʣʘʩʴ ʚ 2001 ʛ., ʢʦʛʜʘ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʟʝʤʣʝʫʩʪʨʦʡ-
ʩʪʚʝè, ʠ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʚ ʥʝʛʦ ʨʷʜʘ ʧʦʧʨʘʚʦʢ. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 
ʦʛʨʘʥʠʯʠʚʘʣʦ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ.  

ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 2000-ʭ ʛʦʜʦʚ ʚ ʚʳʩʪʫʧʣʝʥʠʷʭ ʠ ʪʝʢʩʪʘʭ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʩʬʝʨʳ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʝ-
ʤʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʳʩʢʘʟʳʚʘʣʠʩʴ ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʣʠʢʚʠʜʘʮʠʠ ʟʝʤʣʝʫʩʪʨʦʡ-
ʩʪʚʘ ʠʣʠ ʝʛʦ ʚʢʣʶʯʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʢʘʜʘʩʪʨʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʆʙʦʩʥʦʚʘʥʠʝʤ ʪʘʢʠʭ ʘʜʘʧʪʠʚʥʳʭ 
(ʦʪ ʣʘʪ. adaptio ï ʧʨʠʩʧʦʩʦʙʣʷʶ) ï ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ, ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʱʠʭʩʷ ʧʨʝʜʣʦʞʝʥʠʡ 
ʙʳʣʠ ʤʥʝʥʠʷ, ʯʪʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ ï ʧʝʨʝʞʠʪʦʢ ʩʦʮʠʘʣʠʟʤʘ ʩ ʝʛʦ ʧʣʘʥʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʝ-
ʤʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ, ʷʢʦʙʳ ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʚ ʨʘʟʚʠʪʳʭ ʢʘʧʠʪʘʣʠ-
ʩʪʠʯʝʩʢʠʭ ʩʪʨʘʥʘʭ. ʇʨʦʬʝʩʩʠʦʥʘʣʘʤʠ ʞʝ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ, ʦʮʝʥʠʚʘ-
ʝʪʩʷ, ʢʘʢ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʦʥʷʪʴ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʚʠʣʠʟʦʚʘʥʥʦʛʦ, ʵʬʬʝʢ-
ʪʠʚʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ [8]. 

 
3 ʈɽɿʋʃʔʊɸʊʓ 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘ ʢʘʨʪʝ ʘʟʠʤʫʪʳ, ʜʠʨʝʢʮʠʦʥʥʳʝ ʫʛʣʳ ʠ ʨʫʤʙʳ. 

ʄʦʠ 3 ʪʦʯʢʠ: ɸ, ɹ, ɺ, ʥʘʭʦʜʷʪʩʷ ʧʦ ʜʠʘʛʦʥʘʣʠ ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 
ʄʦʡ ʘʟʠʤʫʪ ʨʘʚʝʥ: ʦʪ ɸ ʜʦ ɹ=130, ʦʪ ɹ ʜʦ ɺ= 125 
ʄʦʠ ʜʠʨʝʢʮʠʦʥʥʳʝ ʫʛʣʳ: ɸɹ=120, ɹɺ=120 
ʄʦʡ ʨʫʤʙ: ɸɹ=130-ʖʛʦ-ɺʦʩʪʦʢ, ɹɺ= 125-ʖʛʦ-ɺʦʩʪʦʢ 
ʂʘʨʪʘ 

ʐʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ 1 ʪʦʯʢʠ ɸ: 
ʐʠʨʦʪʘ ï 3 ʤʠʥ.33 ʩʝʢ ɼʦʣʛʦʪʘ ï 54 ʤʠʥ. 1 ʩʝʢ. 
ʐʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ 2 ʪʦʯʢʠ ɹ: 
ʐʠʨʦʪʘ ï 2 ʤʠʥ.30 ʩʝʢ ɼʦʣʛʦʪʘ ï 55 ʤʠʥ. 15 ʩʝʢ. 
ʐʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ 3 ʪʦʯʢʠ ɺ: 
ʐʠʨʦʪʘ ï 3 ʤʠʥ.20 ʩʝʢ ɼʦʣʛʦʪʘ ï 55 ʤʠʥ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʮ ʤʝʨ, ʧʨʠʤʝʥʷʝʤʳʝ ʛʝʦʜʝʟʠʠ. 

9443:3600=2651óô 
651:60=10ô85óô 
210ô85óô 
a=15.6 
n=0, n=0,8 = 28ô 
ʆʪʚʝʪ: 1728ô 

 

4 ʆɹʉʋɾɼɽʅʀɽ 

ɻʝʦʜʝʟʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʷ ï ʦʜʥʘ ʠʟ ʜʨʝʚʥʝʡʰʠʭ ʥʘʫʢ, ʚʦʟʥʠʢʰʠʭ ʠʟ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦ-
ʪʨʝʙʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʟʝʤʣʝ ʨʘʟʜʝʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ 
ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʣʦʱʘʜʝʡ, ʩʦʩʪʘʚʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʠ ʢʘʨʪ. 
ɺʝʣʠʢʘ ʨʦʣʴ ʛʝʦʜʝʟʠʠ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʫʩʪʘʥʦʚʣʝʥʠʠ ʝʜʠʥʳʭ ʩʠʩʪʝʤ ʢʦ-
ʦʨʜʠʥʘʪ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɻʝʦʜʝʟʠʷ ʷʚʣʷʝʪʩʷ ʦʜ-
ʥʦʡ ʠʟ ʙʘʟʦʚʳʭ ʜʠʩʮʠʧʣʠʥ ʥʘ ʧʝʨʚʦʤ ʢʫʨʩʝ, ʮʝʣʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʩʪʫʜʝʥ-
ʪʘʤʠ ʦʩʥʦʚ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʦʙʱʠʭ ʩʚʝʜʝʥʠʡ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷʭ, ʥʝʦʙ-
ʭʦʜʠʤʳʭ ʚ ʠʭ ʜʘʣʴʥʝʡʰʝʤ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʜʨʫʛʠʭ ʧʨʝʜʤʝʪʦʚ, 
ʥʘʧʨʠʤʝʨ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 
ʧʨʦʬʠʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʜʘʝʪʩʷ ʧʦʨʷʜʦʢ ʚʳʯʠʩʣʝʥʠʷ ʧʨʷʤʦ-
ʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʟʘʤʢʥʫʪʦʛʦ ʪʝʦʜʦʣʠʪʥʦʛʦ ʭʦʜʘ. 

ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ 
ʧʨʠʙʦʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ ʝʝ ʥʝʜʨʘʭ, ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ, ʥʘ ʤʦʨʝ ʠ ʚ 
ʢʦʩʤʦʩʝ. ʇʦʵʪʦʤʫ ʚ ʢʫʨʩʝ ʛʝʦʜʝʟʠʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʠʟʫʯʝʥʠʶ ʪʝʦʨʠʠ, ʫʩʪʨʦʡ-
ʩʪʚʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʠʙʦʨʦʚ, ʠʟʫʯʝʥʠʶ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʢʠ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ɿʝʤʣʠ ʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʣʘʥʦʚ ʠ ʢʘʨʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʫʩʣʦʚʥʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʙʫʤʘʛʝ, ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʘʢ ʠ ʚʩʝʡ ʧʣʘʥʝʪʳ ʚ 
ʮʝʣʦʤ [6]. 

ʇʦʜ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦʤ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʮʠ-
ʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʪʝʨʨʠʪʦ-
ʨʠʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʟʝʤʣʝʡ ʩʨʝʜʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ 
ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʦʙʱʝʩʪʚʘ ʠ ʚ ʦʧʪʠ-
ʤʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ: 

Å ʧʨʠʦʨʠʪʝʪ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʟʘʜʘʯ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ʙʳʩʪʨʳʤ 
ʨʘʟʚʠʪʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʠ ʞʝʩʪʢʦʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ; 

Å ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʯʝʪ ʧʨʠʨʦʜʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ, ʵʢʦʣʦʛʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʘʛʨʦʵʢʦʣʦ-
ʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝʧʦʣʴʟʦ-
ʚʘʥʠʷ, ʥʦʩʷʱʠʭ ʘʜʘʧʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ; 

Å ʧʨʠʦʨʠʪʝʪ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝ-
ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʝʤʝʣʴ; 

Å ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʚ ʦʙʣʘʩʪʠ ʧʨʘʚʦ-
ʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ; 

Å ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; 
Å ʵʢʦʣʦʛʠʯʝʩʢʘʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʩʦʮʠʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ; 
Å ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʝʤʣʝʚʣʘʜʝʥʠʷ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ; 
Å ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʠʥʪʝʨʝʩʦʚ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ, ʟʝʤʣʝ-

ʚʣʘʜʝʣʴʮʝʚ ʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʪʝʣʝʡ [9]. 
 

5 ɺʓɺʆɼʓ 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʯʘʩʪʠʝ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʥʝ ʪʦʣʴʢʦ ʧʨʠ-
ʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʦ ʠ ʨʘʟʚʠʪʴ ʥʘʚʳʢʠ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦ-
ʪʳ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʄʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ 
ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ, ʪʨʝʙʫʶʱʠʤʠ ʢʨʝʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʯʪʦ ʟʥʘ-
ʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦ ʥʘʰ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʘʨʩʝʥʘʣ. 

ʇʨʘʢʪʠʢʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʦʮʝʥʠʪʴ ʚʘʞʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦ-
ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʣʣʝʛʘʤʠ ʠ ʥʘʩʪʘʚʥʠʢʘʤʠ. ʄʳ ʫʙʝʜʠʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣ-
ʥʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ, ʥʦ ʠ ʦʪ ʫʤʝʥʠʷ ʨʘʙʦ-
ʪʘʪʴ ʚ ʢʦʤʘʥʜʝ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ. 

ɺ ʮʝʣʦʤ, ʫʯʝʙʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ ʦʢʘʟʘʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʥʘʰʝʛʦ 
ʦʙʫʯʝʥʠʷ, ʥʦ ʠ ʮʝʥʥʳʤ ʦʧʳʪʦʤ ʜʣʷ ʥʘʰʝʛʦ ʙʫʜʫʱʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ 
ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ. ʄʳ ʙʣʘʛʦʜʘʨʥʳ ʥʘʰʠʤ ʥʘʩʪʘʚʥʠʢʘʤ ʟʘ ʮʝʥʥʳʝ ʟʥʘʥʠʷ ʠ ʦʧʳʪ, ʧʦʣʫ-
ʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʘʢʪʠʢʠ, ʠ ʫʚʝʨʝʥʳ, ʯʪʦ ʵʪʦʪ ʦʧʳʪ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʥʘʤ ʚ ʜʘʣʴʥʝʡʰʝʡ ʢʘʨʴʝʨʝ. 

ʉ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫʯʝʙʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ ʩʪʘʣʘ ʚʘʞʥʳʤ 
ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʥʘʰʝʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʫʩʧʝʭʫ, ʠ ʤʳ ʛʦʪʦʚʳ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 
ʟʥʘʥʠʷ ʠ ʥʘʚʳʢʠ ʚ ʩʚʦʝʡ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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Abstract. Buckling Restrained Braces (BRBs) are widely recognized for their effective-

ness in seismic design. This literature review examines studies on the seismic response of Buck-

ling Restrained Braced Frames (BRBFs), focusing on chevron configurations. BRBFs utilize 

steel braces encased in concrete-filled tubes to resist lateral loads. Research highlights their 

excellent ductility and energy dissipation capacity under cyclic loading. A comparison between 

conventional and BRBF connection schemes reveals that BRBFs significantly reduce displace-

ments and enhance seismic stability, demonstrating their effectiveness in increasing structural 

strength reserves. 

Key words: buckling-restrained brace, design scheme, steel, seismic, periods of fluctu-

ations. 

 

ɸשʜʘʪʧʘ. ɾϰʤʳʩʪʘ ʟʝʨʪʪʝʣʝʪʽʥ ʪʘϨʳʨʳʧʪʳϬ Ϻʟʝʢʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ Ϯʰʽʥ ʩʝʡʩʤʠ-

ʢʘʣʳϨ ʙʝʣʩʝʥʜʽʣʽʢ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. ɾʝʨ ʩʽʣʢʽʥʽʩʪʝʨʽ ʢʝʟʽʥʜʝ ʛʠʩʪʝʨʝʟʠʩ ʪʝ-

ʞʝʡʪʽʥ ʵʣʝʤʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʠʽʣʫʛʝ ʪϺʟʽʤʜʽ ʘʨʤʘʪʫʨʘʣʘʨ (BRBF) ʪʫʨʘ-

ʣ rʤϸʣʽʤʝʪʪʝʨʜʽ Ϩʘʤʪʠʪʳʥ ʥʝʛʽʟʛʽ ʙʘʩʳʣʳʤʜʘʨ ʪʘʣʜʘʥϤʘʥ. ʅʝʛʽʟʛʽ ʟʝʨʪʪʝʫ ʙϺʣʽʤʽʥʜʝ 

ʢϸʜʽʤʛʽ ʘʨʤʘʪʫʨʘʣʘʥϤʘʥ ʨʘʤʘʣʘʨʜʳ (ʂɹʌ) ʢϮʰʝʡʪʽʣʛʝʥ ʨʘʤʘʣʘʨʤʝʥ (BRBF) ʩʘʣʳʩʪʳʨʫ 

ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ, ʝʢʽʥʰʽ ʥϰʩϨʘʥʳϬ ʝϬ ʞʦϤʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥʽϬ ʜϸʣʝʣʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʘʨʤʘʪʫʨʘʣʳϨ ʰʳʙʳϨʪʘʨ (BRBF), ʢʦʥʩʪʨʫʢʪʦʨʣʳϨ ʩʭʝʤʘ, ʙʦʣʘʪ, 

ʩʝʡʩʤʠʢʘʣʳϨ, ʪʝʨʙʝʣʽʩ ʢʝʟʝϬʜʝʨʽ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʮʝʣʴʶ 

ʦʙʦʩʥʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʳ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʫʩʪʦʡʯʠʚʳʭ ʢ ʧʨʦʜʦʣʴʥʦʤʫ ʠʟʛʠʙʫ ʫʩʠʣʠʚʘʶʱʠʭ ʩʪʝʨʞʥʷʭ 

(BRBF), ʧʨʠʤʝʥʷʝʤʳʭ ʢʘʢ ʵʣʝʤʝʥʪʳ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. 

ɺ ʦʩʥʦʚʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʯʘʩʪʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʩʨʘʚʥʝʥʠʝ ʦʙʳʯʥʳʭ ʫʢʨʝʧ-

ʣʝʥʥʳʭ ʢʘʨʢʘʩʦʚ (CBF) ʩ ʢʘʨʢʘʩʘʤʠ ʫʢʨʝʧʣʝʥʥʳʤʠ ʩʪʝʨʞʥʷʤʠ (BRBF), ʩ ʜʦʢʘʟʘʪʝʣʴ-

ʩʪʚʦʤ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʠʣʠʚʘʶʱʠʝ ʩʪʝʨʞʥʠ (BRBF), ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʩʪʘʣʴ, ʩʝʡ-

ʩʤʠʯʥʦʩʪʴ, ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ. 
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1 INTRODUCTION  

Buckling Restrained Braces (BRBs), recognized for their ability to perform under both ten-

sile and compressive forces, have seen widespread adoption globally. 

Buckling restrained braced frames (BRBFs) have been widely used as an efficient and cost-

effective solution for seismic design. However, little research has been conducted on the seismic 

response of chevron BRBFs. This literature review aims to explore the existing studies on the eval-

uation of the seismic response of chevron BRBFs. 

Overview of Buckling Restrained Braced Frames Buckling restrained braced frames 

(BRBFs) are a type of seismic lateral load resisting system that utilize steel braces, which are de-

signed to buckle in a controlled manner under lateral loads. These braces are encased in a steel tube 

filled with a core of concrete or other material to prevent buckling. 

Seismic Response of Buckling Restrained Braced Frames Several studies have been con-

ducted to evaluate the seismic response of BRBFs. A study by Bruneau [1] investigated the perfor-

mance of BRBFs under cyclic loading. The results showed that BRBFs had excellent ductility and 

energy dissipation capacity, making them an effective seismic design solution.  

Research by Clark and colleagues in 1999 revealed that, under identical load conditions, 

frames equipped with these braces could be constructed using half the steel required for special 

moment resisting frames. Subsequent studies have confirmed the BRBôs robust performance under 

cyclic loading, highlighting its capacity for dissipating significant amounts of hysteretic energy, as 

documented by Black [2] and Merrit [3]. Innovations in BRB design have also emerged, such as the 

approach by Iwata [4] and Murai, which involves welding a core plate encased in unbonded materi-

al to mortar-filled channel steels. 

Further advancements were observed in the work of Tremblay [5], who conducted seismic 

tests on both conventional concrete-filled and novel steel core-restrained BRBs, demonstrating their 

effective behavior under various loading scenarios. The development of an energy-based seismic de-

sign methodology for these braces by Kim [6], [7] and Choi and Kim (2009) marked another signifi-

cant milestone. The positive outcomes from diverse experimental setups have led to the active inte-

gration of BRBs in seismic design and the retrofitting of buildings and bridges in areas prone to earth-

quakes, including Taiwan, Japan, and the United States. Notably, BRBs have been utilized in nearly 

60% of high-rise steel constructions in Japan recently, as reported by Xie[8], and have also been ap-

plied in the seismic upgrading of steel bridges, as noted by Carden [9] and Usami [10]. 

 

2 METHODS 

The task of comparing two calculation schemes for the perception of seismic effects is con-

sidered. The 1st design scheme has connections in the form of a classical solution made of a conven-

tional steel rod of box section- in Fig.1. The 2nd calculation scheme has absolute rigidity connec-

tions of the BRBF type-in Fig.2. 

For this comparison, it is enough to consider the problem in the form of a flat scheme. The 

Scad Office 21.1.9.1 software package was used for this task. 

 
Table 1 ï Conditions of the construction site 

The construction area Almaty 

Climatic region III, subdistrict III [11] 

The standard value of wind pressure 38kgs/m2 [12] 

The calculated value of the weight of the snow cover 120kgs/m2 [12] 

The estimated winter temperature 20.1Á [11] 

Seismic zone 9 points [11] 

Category of soils by seismic properties II (second) 

The value of the calculated horizontal acceleration ag g=0.525 

 



 

121 

The main indicators for the building. A 5-storey flat frame is considered, the pitch of the 

columns in the transverse direction is 6.0 m. the height of the floors is 3.3 m. To determine the 

loads on the floor beams, a step of the transverse frames in the longitudinal direction of 6.0 m is as-

sumed. Rigid linking is accepted at the foundation level. For the sections used for calculation, see 

the pictures of stiffness. 

 
 

Figure 1 ï General view of the calculation scheme with a classical connection 

 

 
 

Figure 2 ï General view of the calculation scheme with BRBF connection 

 

 
 

Figure 3 ï Seismic displacement in a model with conventional connection 

 
 

Figure 4 ï Seismic displacement in a model with BRBF connection 
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Figure 5 ï Periods of fluctuations in a model with a conventional connection 

 

 

 

 
 

Figure 6 ï Periods of fluctuations in a model with BRBF connection 

 

 

4 CONCLUSION 

As can be seen from preliminary calculations, under equal conditions, the displacements in 

the calculation scheme with BRF connection are 11.80 mm- in Fig.3, in the calculation scheme with 

conventional connection 34.71 mm ï in Fig.4, which is significantly more. The fluctuation periods 

also differ significantly ï in Fig.5, Fig.6. It is worth noting that the shape of the oscillation is also 

different. In the calculation model with a conventional connection, the shape of the oscillation is 

more flexible. In the BRBF-connection model, the oscillation shape is translational. As a result, it 

should be concluded that the use of BRBF bonds significantly increases the seismic stability of the 

building as a whole and has a beneficial effect on increasing the strength reserves of the structure. 
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ʂʘʟʅʀʊʋ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ 

ʜʣʷ ʟʘʱʠʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʚʦʜʘ, ʛʨʫʥʪʦʚʳʝ ʜʚʠʞʝʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʦʩʥʦʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʠʭ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʫʩʪʘʥʦʚʢʠ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʥʠʞʝʥʠʠ ʨʠʩʢʘ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʡ ʠʩʪʦ-

ʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ. ʆʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚ 

ɺʝʥʝʮʠʠ ʠ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɺ 

ʩʪʘʪʴʝ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʷ ʫʯʝʪ 

ʤʝʩʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʘʢʣʶʯʝʥʠʝ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʱʠʪʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʩ ʧʦ-

ʤʦʱʴʶ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʦʟʘʱʠʪʘ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʙʘ-

ʨʴʝʨ, ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʢʨʘʥ-ʙʘʨʴʝʨ. 

 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘ ʩϸʫʣʝʪ ʝʩʢʝʨʪʢʽʰʪʝʨʽʥ ʩʫ, ʞʝʨ ϨʦʟϤʘʣʳʩʳ ʞϸʥʝ ʩʝʡʩʤʠʢʘʣʳϨ 

ʪʦʣϨʳʥʜʘʨ ʩʠʷϨʪʳ ϸʨʪϮʨʣʽ ʩʳʨʪϨʳ ϸʩʝʨʣʝʨʜʝʥ ϨʦʨϤʘʫ Ϯʰʽʥ ʪʽʢ ʙϺʛʝʪʪʝʨʜʽ ʩʘʣʫ ʪʝʭ-

ʥʦʣʦʛʠʷʩʳʥʘ ʘʨʥʘʣϤʘʥ. ʊʽʢ ʙϺʛʝʪʪʝʨʜʽ ϨʦʣʜʘʥʫʜʳϬ ʪʝʦʨʠʷʣʳϨ ʥʝʛʽʟʜʝʨʽ, ʦʣʘʨʜʳϬ ʤʘ-

ʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ʦʨʥʘʪʫ ϸʜʽʩʪʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɹϰʣ ʪʝʭʥʦʣʦʛʠʷʥʳϬ ʪʘʨʠʭʠ Ϥʠʤʘ-

ʨʘʪʪʘʨʜʳϬ ʟʘϨʳʤʜʘʥʫ ʞϸʥʝ Ϩʠʨʘʫ Ϩʘʫʧʽʥ ʘʟʘʡʪʫʜʘϤʳ ʪʠʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʪʳʥ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʜʳ ʟʝʨʪʪʝʫʣʝʨʜʽϬ ʥϸʪʠʞʝʣʝʨʽ ϰʩʳʥʳʣϤʘʥ. ɺʝʥʝʮʠʷ ʤʝʥ ʉʘʥ-ʌʨʘʥʮʠʩʢʦʜʘ 

ʪʽʢ ʢʝʜʝʨʛʽʣʝʨʜʽ ʩϸʪʪʽ ʧʘʡʜʘʣʘʥʫ ʤʳʩʘʣʜʘʨʳ ʩʠʧʘʪʪʘʣϤʘʥ, ʦʣʘʨʜʳϬ ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ 

ϰʟʘϨ ʤʝʨʟʽʤʜʽʣʽʛʽʥ ʢϺʨʩʝʪʝʜʽ. ʄʘϨʘʣʘʜʘ, ʩʦʥʳʤʝʥ Ϩʘʪʘʨ, ʞʝʨʛʽʣʽʢʪʽ ʛʝʦʣʦʛʠʷʣʳϨ 

ʞʘϤʜʘʡʣʘʨʜʳ ʞϸʥʝ ʟʘʤʘʥʘʫʠ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʪʝʭʥʦʣʦ-

ʛʠʷʥʳ ʝʥʛʽʟʫ ʙʦʡʳʥʰʘ ϰʩʳʥʳʩʪʘʨ ʙʝʨʽʣʛʝʥ. ϧʦʨʳʪʳʥʜʳʜʘ ʪʽʢ ʢʝʜʝʨʛʽʣʝʨ ʘʨϨʳʣʳ 

ʤϸʜʝʥʠ ʤϰʨʘʥʳ ϨʦʨϤʘʫϤʘ ʢʝʰʝʥʜʽ ʢϺʟϨʘʨʘʩʪʳϬ ʤʘϬʳʟʜʳʣʳϤʳ ʢϺʨʩʝʪʽʣʛʝʥ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩϸʫʣʝʪ ʝʩʢʝʨʪʢʽʰʪʝʨʽʥ ʩʝʡʩʤʠʢʘʣʳϨ ϨʦʨϤʘʫ, ʪʽʢ ʢʝʜʝʨʛʽ, ϨϰʨʳʣϤʳ 

ʪʝʭʥʦʣʦʛʠʷʩʳ, ʪϸʞʽʨʠʙʝʣʽʢ ʟʝʨʪʪʝʫ, ʪʦʩϨʘʫʳʣ ʵʢʨʘʥʳ. 

 

 

Abstract. The article is devoted to the technology of constructing vertical barriers to 

protect architectural monuments from various external influences, such as water, ground 

movements and seismic waves. The theoretical basis for the use of vertical barriers, their ma-

terials and installation methods are considered. The results of experimental studies confirm-

ing the effectiveness of this technology in reducing the risk of damage and destruction of his-

torical buildings are presented. Examples of the successful use of vertical barriers in Venice 

and San Francisco are described, demonstrating their reliability and durability. The article 
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also offers recommendations for the implementation of technology, including taking into ac-

count local geological conditions and the use of modern materials. The conclusion highlights 

the importance of an integrated approach to the protection of cultural heritage through verti-

cal barriers. 

Key words: seismic protection of architectural monuments, vertical barrier, device 

technology, experimental research, barrier screen. 
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1 ɺɺɽɼɽʅʀɽ 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʤʷʪʥʠʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʯʘʩʪʦ 

ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʣʠʯʥʳʤ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʘʢʠʤ ʢʘʢ ʚʦʜʘ, ʛʨʫʥʪʦʚʳʝ ʜʚʠʞʝʥʠʷ ʠ ʦʩʦ-

ʙʝʥʥʦ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ(Kilic, 2023). ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ 

ʩʪʘʨʠʥʥʳʭ ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʝʡ-

ʩʤʦʩʪʦʡʢʦʩʪʠ. ʈʘʟʨʫʰʝʥʠʝ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʝ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʨʘʪʝ ʥʝ 

ʪʦʣʴʢʦ ʠʩʪʦʨʠʯʝʩʢʦʡ, ʥʦ ʠ ʢʫʣʴʪʫʨʥʦʡ ʮʝʥʥʦʩʪʠ (Degli Abbati et al., 2024). ʇʦʵʪʦʤʫ ʨʘʟʨʘ-

ʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʝʡʩʤʦʟʘʱʠʪʳ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʦʙ-

ʣʘʩʪʠ ʦʭʨʘʥʳ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ (Requena-Garcia-Cruz et al., 2023). 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ (Michette et al., 2023). ʕʪʠ ʙʘʨʴʝʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚʜʦʣʴ ʧʝʨʠʤʝʪʨʘ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ ʠʣʠ 

ʚʦʢʨʫʛ ʥʝʛʦ, ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʛʨʫʥʪʘ(Michette et al., 2017). ɺʝʨʪʠʢʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʘʤ-

ʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ ʟʜʘʥʠʝ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʥʲ-

ʝʢʮʠʠ ʧʦʣʠʫʨʝʪʘʥʘ ʚ ʛʨʫʥʪ, ʫʞʝ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʩʝʙʷ ʪʝʭʥʠʢʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʛʨʫʥʪʘ. ɼʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʮʝʣʝʡ ʵʪʦ ʨʝʰʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʥʠʞʝʥʠʠ ʨʠʩʢʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴ-

ʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʢʦʨʝʥʠʡ; ʦʥʦ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʩʪʨʫʢʪʫʨʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʘʤ 

ʠ ʦʩʦʙʝʥʥʦ ʚʳʛʦʜʥʦ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʠʭ ʚʥʝʰʥʝʛʦ ʚʠ-

ʜʘ(Gatto & Montrasio, 2022). 

ɼʨʫʛʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨʘ ʚ ʛʨʫʥʪʝ, ʟʘʱʠʱʘʶʱʠʡ 

ʪʝʨʨʠʪʦʨʠʶ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʪʠʧʘ ʈʵʣʝʷ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʪʦʛʦ ʪʠʧʘ ʟʘʱʠʪʳ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʧʝʨʝʜʘʯʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʟʘʱʠʱʘʝʤʫʶ ʟʦʥʫ, ʩʥʠʞʝʥʠʠ ʘʤʧʣʠʪʫʜ 

ʩʤʝʱʝʥʠʡ, ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʚ ʪʦʯʢʘʭ ʟʘ ʙʘʨʴʝʨʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʯʠʩ-

ʣʝʥʥʳʝ ʩʠʤʫʣʷʮʠʠ ʥʘ ʧʣʦʩʢʠʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʷʭ ʜʣʷ ʩʣʫʯʘʝʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʙʘʨʴʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʠ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʨʫʥʪʦʚʳʭ 

ʫʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʙʘʨʴʝ-

ʨʘ(Dudchenko et al., 2021). 

ɼʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʘʡʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʛʝʦʤʝʪʨʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚ(Dudchenko et al., 2022). 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʠʟ ʨʘʟʣʠʯ-

ʥʳʭ ʛʝʦʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ ʨʝʟʠʥʦʛʨʫʥʪʘ (Forcellini et al., 2024) ʠ ʙʠʪʫʤʛʨʫʥʪʘ (Kuvat & 

Sadoglu, 2020) ʜʣʷ ʩʝʡʩʤʦʟʘʱʠʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ. ɺ ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʭ 

ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘ-

ʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴ-

ʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
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ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʩʝʡʩʤʦʟʘʱʠʪʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʘʢʪʠʢʫ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

 

2 ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʋʉʊʈʆʁʉʊɺɸ ɺɽʈʊʀʂɸʃʔʅʓʍ ɹɸʈʔɽʈʆɺ 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʚʜʦʣʴ ʧʝʨʠʤʝʪʨʘ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ ʠʣʠ ʚʦʢʨʫʛ ʥʝʛʦ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʵʪʠʭ ʙʘʨʴʝʨʦʚ ï 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʛʨʫʥʪʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʇʨʠʤʝʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚ ʟʘʱʠʪʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 

ʄʝʪʦʜʳ 

ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ 

ʨʝʟʠʥʦʛʨʫʥʪ ʠ ʙʠʪʫʤʛʨʫʥʪ. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʦʙʲʝʢʪʘ ʠ ʭʘʨʘʢʪʝʨʘ 

ʚʥʝʰʥʠʭ ʫʛʨʦʟ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʫʩʪʘʥʦʚʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚʢʣʶʯʘʶʪ ʙʫʨʦʥʘʙʠʚ-

ʥʳʝ ʩʚʘʠ, ʩʪʝʥʢʠ ʚ ʛʨʫʥʪʝ ʠ ʤʝʤʙʨʘʥʥʳʝ ʙʘʨʴʝʨʳ ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʝʨʪʠʢʘʣʴʥʳʡ ʵʢʨʘʥ-ʙʘʨʴʝʨ ʚʦʢʨʫʛ ʄʘʚʟʦʣʝʷ ʍʦʜʞʠ ɸʭʤʝʜʘ ʗʩʘʚʠ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʘʤʷʪʥʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝ-

ʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʛʨʫʥʪʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʜʚʠʞʢʠ ʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʩʪʘʨʠʥʥʳʭ ʟʜʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚʢʣʶʯʘʶʪ ʧʨʦʝʢʪʳ ʧʦ ʟʘʱʠʪʝ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʚ ɺʝʥʝʮʠʠ, ʛʜʝ ʙʘʨʴʝʨʳ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʦʜʲʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠ ʚ 

ʉʘʥ-ʌʨʘʥʮʠʩʢʦ, ʛʜʝ ʙʘʨʴʝʨʳ ʟʘʱʠʱʘʶʪ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʕʪʠ ʧʨʦʝʢʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʧʘʤʷʪʥʠʢʦʚ ʘʨ-

ʭʠʪʝʢʪʫʨʳ, ʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʫʩʪʨʦʡʩʪʚʫ. ɺ ʧʨʝʜʣʘ-

ʛʘʝʤʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʦʡʩʪʚʘ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʚ ʚʠʜʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʢʨʘʥ-ʙʘʨʴʝʨʦʚ ʠʟ ʛʝʦʤʘʪʝʨʠʘʣʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʫ ʙʫʨʦʥʘʙʠʚʥʳʭ 

ʛʨʫʥʪʦʚʳʭ ʩʚʘʡ. 
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ʇʨʦʮʝʩʩ ʫʩʪʨʦʡʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʢʨʘʥ-ʙʘʨʴʝʨʦʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ɹʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʥʘ ʈʠʩʫʥʢʝ 2: ʩʢʚʘʞʠʥʘ ʧʨʦʙʫʨʠʚʘʝʪʩʷ ʨʘʩʢʘʪʯʠʢʦʤ-ʫʩʪʨʦʡ-

ʩʪʚʦʤ, ʢʦʪʦʨʳʡ ʫʧʣʦʪʥʷʝʪ ʛʨʫʥʪ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ ʧʨʠ ʙʫʨʝʥʠʠ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ɹʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʡ  

ʵʢʨʘʥ-ʙʘʨʴʝʨʘ 

 

 

 

 

 

2. ɿʘʧʦʣʥʝʥʠʝ ʩʢʚʘʞʠʥʳ ʥʘ ʈʠʩʫʥʢʝ 3: 

¶ ɿʘʧʦʣʥʝʥʠʝ ʩʢʚʘʞʠʥʳ ʩʤʝʩʴʶ ʠʟ ʛʝʦʤʘʪʝʨʠʘʣʘ ʧʝʨʚʦʛʦ ʩʣʦʷ. 

¶ ɿʘʧʦʣʥʝʥʠʝ ʩʢʚʘʞʠʥʳ ʩʤʝʩʴʶ ʠʟ ʛʝʦʤʘʪʝʨʠʘʣʘ ʚʪʦʨʦʛʦ ʩʣʦʷ. 
 

   

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʧʦʣʥʝʥʠʝ ʩʢʚʘʞʠʥʳ ʛʝʦʤʘʪʝʨʠʘʣʦʤ 

 

 

 

3. ʋʧʣʦʪʥʝʥʠʝ ʥʘ ʈʠʩʫʥʢʝ 4: 

¶ ʋʧʣʦʪʥʝʥʠʝ ʫʣʦʞʝʥʥʦʛʦ ʛʝʦʤʘʪʝʨʠʘʣʘ ʧʝʨʚʦʛʦ ʩʣʦʷ. 

¶ ʋʧʣʦʪʥʝʥʠʝ ʫʣʦʞʝʥʥʦʛʦ ʛʝʦʤʘʪʝʨʠʘʣʘ ʚʪʦʨʦʛʦ ʩʣʦʷ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ʋʧʣʦʪʥʝʥʠʝ ʩʢʚʘʞʠʥʳ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ  

ʵʢʨʘʥ-ʙʘʨʴʝʨʘ 
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ʇʘʨʘʤʝʪʨʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ (ʪʠʧ ʛʝʦʤʘʪʝʨʠʘʣʘ, ʪʦʣʱʠʥʘ ʵʢʨʘʥʘ ʚ 2-3 ʨʷʜʘ, ʨʘʩ-

ʧʦʣʦʞʝʥʠʝ ʦʪ ʟʜʘʥʠʷ ʠ ʝʛʦ ʛʣʫʙʠʥʘ) ʟʘʚʠʩʷʪ ʦʪ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʣʦʱʘʜʢʠ, 

ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʧʘʤʷʪʥʠʢ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʛʝʦʤʘʪʝʨʠʘʣʳ ʚʢʣʶʯʘʶʪ: 

¶ ʛʨʫʥʪʦʙʠʪʫʤ; 

¶ ʛʨʫʥʪʦʨʝʟʠʥʫ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʙʠʚʢʠ ʩʢʚʘʞʠʥʳ ʵʢʨʘʥ-ʙʘʨʴʝʨʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦʵʪʘʧʥʦ, ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʝʦʤʘʪʝʨʠʘʣʘ, ʘʥʘʣʦʛʠʯʥʦ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡʩʪʚʘ ʙʫʨʦʥʘʙʠʚʥʳʭ ʛʨʫʥ-

ʪʦʚʳʭ ʩʚʘʡ. ɺ ʧʨʦʮʝʩʩʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʥʘʜʝʞ-

ʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʨ-

ʪʠʢʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʘʨʭʠʪʝʢʪʫʨ-

ʥʳʭ ʧʘʤʷʪʥʠʢʦʚ. ʉʨʘʚʥʝʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʘʱʠʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚ ʩʥʠʞʝʥʠʠ ʨʠʩʢʘ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʟʜʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʵʢʨʘʥ-ʙʘʨʴʝʨʘ, ʧʦʢʘʟʘʣʠ ʦʪʣʠʯʥʳʝ ʜʝʤʧʬʠʨʫʶ-

ʱʠʝ ʢʘʯʝʩʪʚʘ ʵʪʠʭ ʛʝʦʤʘʪʝʨʠʘʣʦʚ. ɺʩʝ ʚʠʜʳ ʤʦʜʝʣʝʡ ʛʝʦʤʘʪʝʨʠʘʣʦʚ ʩʠʩʪʝʤʳ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʨʫʥʪʦʤ ʙʝʟ ʚʢʣʶʯʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʢʣʶʯʘʶʪ: 

¶ ɻʨʫʥʪʦʙʠʪʫʤ: ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʥʘ 50%. 

¶ ɻʨʫʥʪʦʨʝʟʠʥʘ: ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʥʘ 40%. 

 
ʘ)

 

ʙ)

 

ʚ)

 
 

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ. 

ʘ) ʝʩʪʝʩʪʚʝʥʥʳʡ ʛʨʫʥʪ, ʙ) ʛʨʫʥʪʦʨʝʟʠʥʘ, ʚ) ʛʨʫʥʪʦʙʠʪʫʤ 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ (ʈʠʩʫʥʦʢ 5), ʯʪʦ ʚʠʙʨʘʮʠʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʟʘʪʫʭʘʝʪ ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʛʝʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʫʥʪ ʙʝʟ ʧʨʠʤʝʩʝʡ ʧʦʢʘʟʳʚʘʶʪ 

ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

 

3 ʆɹʉʋɾɼɽʅʀɽ 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦ-

ʜʠʪʴ ʜʝʪʘʣʴʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʯʠʪʳʚʘʪʴ ʤʝʩʪʥʳʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʫʩʪʘʥʦʚʢʠ. ɺʘʞʥʦ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʙʘʨʴʝʨʦʚ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠ 

ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ. 

ʋʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʞʠʟʥʝʡ. ʕʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʘʞʥʦʡ ʠ ʧʦ-

ʣʝʟʥʦʡ ʜʣʷ ʟʘʱʠʪʳ ʟʜʘʥʠʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʫʛʨʦʟ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʟʘʱʠʪʳ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ. 



 

128 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʙʫʨʦʥʘʙʠʚʥʳʭ ʙʘʨʴʝʨʦʚ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʩʝʡ-

ʩʤʦʠʟʦʣʷʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɻʝʦʪʝʭʥʠʯʝʩʢʘʷ ʩʝʡʩʤʦʠʟʦʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʝʡʩʤʦ-

ʩʪʦʡʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʦ ʝʝ ʚʥʝʜʨʝʥʠʝ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʪʱʘʪʝʣʴʥʦʤ ʧʣʘʥʠʨʦʚʘ-

ʥʠʠ ʠ ʫʯʝʪʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

 

4 ɺʓɺʆɼʓ 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʙʘʨʴʝʨʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʟʘʱʠʪʳ ʘʨ-

ʭʠʪʝʢʪʫʨʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʭʨʘ-

ʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʶ ʠ ʫʩʪʘʥʦʚʢʝ ʙʘʨʴʝʨʦʚ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʩʦʩʪʦʷʥʠʷ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝ-

ʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ɺʀɹʈɸʎʀʆʅʅʓʍ ʋʉʊɸʅʆɺʆʂ ʀ ʀʍ ɺʃʀʗʅʀɽ 
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______________________________________________________________________ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʕʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʣʘ ʚ ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʊʆʆ çʀʩʩʳʢʊʝʧʣʦʩʝʨʚʠʩè. ʀʟʤʝʨʷʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʢʦ-

ʣʝʙʘʥʠʡ. ɼʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʠ-

ʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ, ʨʘʩʯʝʪʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

 

ɸשʜʘʪʧʘ. ɹϰʣ ʟʝʨʪʪʝʫ ʞϰʤʳʩʳʥʜʘ ʜʽʨʽʣ ϨʦʥʜʳʨϤʳʣʘʨʳʥʳϬ ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʧʨʦʮʝ-

ʩʪʝʨʽ ʞϸʥʝ ʦʣʘʨʜʳϬ Ϻʥʜʽʨʽʩ ʧʨʦʮʝʩʪʝʨʽ ʤʝʥ Ϻʥʽʤ ʩʘʧʘʩʳʥʘ ϸʩʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞϸʥʝ ʪʝʦʨʠʷʣʳϨ ϸʜʽʩʪʝʨʜʽ Ϩʦʣʜʘʥʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʙϺʣʽʤ çʀʩʩʳʢʊʝʧʣʦʩʝʨʚʠʩè ɾʐʉ ʢϸʩʽʧʦʨʥʳʥʜʘ ʦʨʥʘʪʫ ʪϸʞʽʨʠʙʝʣʝʨʽʥ ʞϮʨʛʽʟʫʛʝ 

ʝʥʛʽʟʽʣʜʽ. ɸʤʧʣʠʪʫʜʘʩʳ ʤʝʥ ʪʝʨʙʝʣʽʩ ʞʠʽʣʽʛʽ ʩʠʷϨʪʳ ʧʘʨʘʤʝʪʨʣʝʨ Ϻʣʰʝʥʜʽ. ʊʝʦʨʠʷʣʳϨ 

ʪʘʣʜʘʫ Ϯʰʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳϨ ʤʦʜʝʣʴʜʝʫ ʞϸʥʝ ʩʘʥʜʳϨ ʪʘʣʜʘʫ ϸʜʽʩʪʝʨʽ Ϩʦʣʜʘʥʳʣʜʳ, ʙϰʣ 

ʜʽʨʽʣ ϨʦʥʜʳʨϤʳʣʘʨʳʥʳϬ ʜʠʥʘʤʠʢʘʣʳϨ ϸʨʝʢʝʪʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʤʦʜʝʣʴʜʝʨ ʞʘʩʘʫϤʘ 

ʤϮʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʄʝʭʘʥʠʢʘʣʳϨ ʞϮʡʝʣʝʨʜʽ ʤʦʜʝʣʴʜʝʫ ʙʘϤʜʘʨʣʘʤʘʣʳϨ ʞʘʩʘϨʪʘʤʘʩʳʥ Ϩʦʣ-

ʜʘʥʘ ʦʪʳʨʳʧ ʝʩʝʧʪʝʫ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽ ʞϮʨʛʽʟʽʣʜʽ. 
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ʊװʡʽʥ ʩᴇʟʜʝʨ: ʜʽʨʽʣ ϨʦʥʜʳʨϤʳʣʘʨʳ, ʪʝʨʙʝʣʽʩʪʝʨʜʽϬ ʘʤʧʣʠʪʫʜʘʩʳ ʤʝʥ ʞʠʽʣʽʛʽ, ʤʘ-

ʪʝʤʘʪʠʢʘʣʳϨ ʤʦʜʝʣʴʜʝʫ, ʩʘʥʜʳϨ ʪʘʣʜʘʫ, ʝʩʝʧʪʝʫ ʙʘϤʜʘʨʣʘʤʘʣʘʨʳ. 

 

Abstract. This research paper examines the technological processes of vibration installa-

tions and their impact on production processes and product quality. 

The study used experimental and theoretical methods. The experimental part included 

conducting experiments on the installation at the "ʀʩʩʳʢʊʝʧʣʦʩʝʨʚʠʩ" LLP enterprise. Param-

eters such as the amplitude and frequency of vibrations were measured. Methods of mathemati-

cal modeling and numerical analysis were used for theoretical analysis, which made it possible 

to develop models describing the dynamic behavior of vibration installations. Computational 

experiments were carried out using software for modeling mechanical systems. 

Key words: vibration installations, amplitude and frequency of oscillations, mathemati-

cal modeling, numerical analysis, calculation programs. 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ʉʘʨʠʥʘ ʄ.ʅ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʩʳʤʦʚʘ ɻ.ʊ. 

 

1 ɺɺɽɼɽʅʀɽ 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʥʦʞʝʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʩʦʨʪʠʨʦʚʢʫ, ʦʯʠʩʪʢʫ ʠ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ. ɺʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʠ ʦʮʝʥ-

ʢʘ ʫʨʦʚʥʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʯʝʣʦʚʝʢʘ, ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦ-

ʪʝʢʘʶʱʠʭ ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʄʳ ʩʪʨʝʤʠʤʩʷ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʪʘʢʠʝ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʫʩʪʘʥʦʚʦʢ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɺʠʙʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʨʘʙʦ-

ʪʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʢʦʥʩʪʨʫʢʮʠʶ ʫʩʪʘʥʦʚʢʠ, ʩʚʦʡʩʪʚʘ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦ-

ʣʝʙʘʥʠʡ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʘʯʝʩʪʚʦ ʠʭ 

ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦ-

ʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʄ-936L. 

ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʪ ʥʘʤ ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʄʳ ʧʣʘʥʠʨʫʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʤʦʛʫʪ ʚʳ-

ʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʝʜʣʦʞʠʪʴ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘʯʘʣʠʩʴ ʩ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʳʭ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʥʦʚʥʳʤʠ ʢʦʥ-

ʮʝʧʮʠʷʤʠ, ʣʝʞʘʱʠʤʠ ʚ ʦʩʥʦʚʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 
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ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. ɿʘʢʦʥ ɻʫʢʘ ʠ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩʣʫ-

ʞʘʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʤʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʠ ʪʝʦʨʠʠ 

ʧʦʟʚʦʣʠʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʧʨʝʜʩʢʘʟʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʤʝʭʘʥʠʟʤʘʭ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʣʠʪʝʨʘʪʫʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʘʝʪ ʚʣʠʷʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʠʭ ʠʟʥʦʩ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʳ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʵʬʬʝʢʪʘʭ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʛʦʩʨʦʯ-

ʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʩʪʘʶʪʩʷ ʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ. ʊʘʢʞʝ ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦ-

ʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚʠʙʨʘʮʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʨʘʙʦʪʥʠʢʦʚ. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʝʤʠʪʩʷ ʚʦʩʧʦʣʥʠʪʴ ʵʪʠ ʧʨʦʙʝʣʳ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʥʠʤʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʚʣʠʷʥʠʷ. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʝʪʦʜʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ ʘʥʘ-

ʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜʳ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʤʳ ʦʪʧʨʘʚʠʣʠʩʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ ʊʆʆ 

çʀʩʩʳʢʊʝʧʣʦʩʝʨʚʠʩè, ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʪʘʥʦʢ ʜʣʷ ʩʚʘʨʢʠ ʄ-936L. ʀʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʫʢʘʟʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʠʤʝʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ: ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʛʦʣʦʚʢʠ ï 37 ʢɺʪ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʥʦ-

ʛʦ ʩʪʦʣʘ ï 250 ʤʤ/ʩʝʢ; ʧʨʠʚʦʜ ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ; ʘʤʧʣʠʪʫʜʘ ï 200 ʜʙ; ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ï 

240 ɻʮ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʠʣʠ ʬʘʢʪʠʯʝʩʢʫʶ ʘʤʧʣʠʪʫʜʫ ʨʘʚʥʦʡ 245 ʜʙ ʠ ʯʘʩʪʦʪʫ 

ʢʦʣʝʙʘʥʠʷ ɻʮ. ʊʘʢʞʝ ʧʨʦʚʝʣʠ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʠ ʘʥʘʣʠʟ ʦʙ-

ʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ.  

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʤʝʪʦʜʫ ʩʠʣ, ʪʘʢ ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʨʘ-

ʤʳ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʘ. ʇʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʤʳ 

ʦʧʨʝʜʝʣʠʣʠ ʝʜʠʥʠʯʥʳʝ ʠ ʛʨʫʟʦʚʫʶ ʵʧʶʨʳ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʩʚʦʙʦʜʥʦʛʦ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦ-

ʣʝʙʘʥʠʡ (ʈʠʩʫʥʦʢ 1).  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʠ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʳ ʦʙʲʝʢʪʘ. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘʤʠ ʙʳʣʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ:     
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ-ʉɸʇʈ. ʇʨʦʛʨʘʤʤʘ ʃʠʨʘ-

ʉɸʇʈ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʤʳ 
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ʫʯʣʠ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ. ʅʘʤʠ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʜʚʘ ʨʘʩʯʝʪʘ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ, ʧʝʨʚʳʡ ʨʘʩʯʝʪ ʥʝ ʫʯʠʪʳʚʘ-

ʝʪ ʬʝʨʤʫ (ʈʠʩʫʥʦʢ 2), ʘ ʚʪʦʨʦʡ ʨʘʩʯʝʪ ʙʳʣ ʧʨʦʜʝʣʘʥ ʩ ʫʯʝʪʦʤ ʬʝʨʤʳ (ʈʠʩʫʥʦʢ 3). 
 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ-ʉɸʇʈ ʙʝʟ ʫʯʝʪʘ ʬʝʨʤʳ. 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʯʝʪ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ-ʉɸʇʈ ʩ ʫʯʝʪʦʤ ʬʝʨʤʳ. 

 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ:  

ʅʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʄ-936L, ʫʩʪʘʥʦʚʣʝʥʥʘʷ 4 ʛʦʜʘ ʥʘʟʘʜ, 

ʪʝʨʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʠ ʠʟʥʘʰʠʚʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ ʩʨʦʢ ʩʣʫʞʙʳ ʩʦʩʪʘʚʣʷʝʪ 5-

7 ʣʝʪ.  

ʂʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʯʝʣʦʚʝʢʘ ʢʘʢ ʬʠʟʠʯʝʩʢʠ (ʧʨʠ ʢʦʣʝʙʘʥʠʠ ʚʩʝʛʦ ʪʝʣʘ 

ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ), ʪʘʢ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ (ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ). 

ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʠ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʯʝʣʦʚʝʢʘ. ʏʝʣʦʚʝʢ ʩʧʦʩʦʙʝʥ ʦʱʫʱʘʪʴ ʩʘʤʳʝ ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ʦʪ 0,001 ʜʦ 0,0001 

ʤʤ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ ʢʦʣʝʙʘʥʠʷʤ (ʈʠʩʫʥʦʢ 4). 
 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʯʝʣʦʚʝʢʘ ʢ ʚʠʙʨʘʮʠʷʤ. 
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ʇʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʤʝʪʦʜʝ, ʤʳ ʩʨʘʚʥʠʣʠ ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʦʪ ʠʟʥʘʯʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʤʧʣʠʪʫʜʘ ʦʪʢʣʦʥʠʣʘʩʴ ʦʪ ʥʦʨʤʳ ʥʘ 45 ʜʙ. ʋʚʝ-

ʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 200 ʜɹ ʜʦ 245 ʜɹ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʘʧʧʘʨʘʪʘ. ʏʪʦʙʳ ʧʦʥʷʪʴ ʵʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʤʦ-

ʤʝʥʪʦʚ:   

- ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʡ ʦʟʥʘʯʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʰʫʶ ʤʝ-

ʭʘʥʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʘʧʧʘʨʘʪʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦ-

ʩʫ, ʧʦʷʚʣʝʥʠʶ ʪʨʝʱʠʥ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʘʞʝ ʨʘʟʨʫʰʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʝʡ ʫʩʪʘʥʦʚʢʠ; 

- ʧʦʚʳʰʝʥʥʳʝ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʢʨʝʧʣʝʥʠʡ, ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʝʚʳʰʝʥʠʝ ʧʦʢʘʟʘʥʥʳʭ ʥʦʨʤ ʚ ʪʘʙʣʠʮʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʠʙʨʘʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ ʯʝ-

ʣʦʚʝʢʘ. ʊʘʢ ʞʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠ ʦʮʝʥʢʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʣʝ-

ʙʘʥʠʡ ʥʘ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ï ʯʘʩʪʦʪʘ (ʈʠʩʫʥʢʠ 5, 6). 
 

 
 

ʈʠʩʫʥʦʢ 5 ï ɼʦʧʫʩʪʠʤʳʝ ʚʠʙʨʘʮʠʡ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʪʝʯʝʥʠʝ 8-ʯʘʩʦʚʦʡ  

ʨʘʙʦʯʝʡ ʩʤʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ ʦʪʢʣʦʥʠʣʘʩʴ ʦʪ ʥʦʨʤʳ ʥʘ 60 ɻʮ, ʵʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʘʧʧʘʨʘʪʘ ʠ ʝʛʦ ʨʘʙʦʪʳ: 

- ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʋʚʝʣʠʯʝʥʠʝ ʯʘ-

ʩʪʦʪʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʠ ʪʦʯʥʦʤʫ ʩʚʘʨʥʦʤʫ ʰʚʫ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʪʨʝ-

ʙʦʚʘʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ ʜʘʚʣʝʥʠʝ ʠ ʘʤʧʣʠʪʫʜʘ; 

- ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʫʩʪʘʥʦʚʢʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦʩʫ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʘʧʧʘʨʘʪʘ. 
 

 
 

ʈʠʩʫʥʦʢ 6 ï ʕʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʝʙʘʥʠʡ ʥʘ ʯʝʣʦʚʝʢʘ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʦʪ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʤʝʪʦʜʫ ʩʠʣ (ʈʠʩʫʥʢʠ 7-9). ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʤʳ ʤʦʞʝʤ 

ʥʘʙʣʶʜʘʪʴ ʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʦʪ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ.  

 

 
ʈʠʩʫʥʦʢ 7 ï ʆʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʤʝʪʦʜʘ ʩʠʣ. 

 
ʈʠʩʫʥʦʢ 8 ï ɻʨʫʟʦʚʘʷ ʵʧʶʨʘ ʠ ʛʨʫʟʦʚʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ  

ʚʝʩʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ.  

 

 
ʈʠʩʫʥʦʢ 9 ï ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʵʧʶʨʘ ʠʟʛʠʙʘʝʤʳʭ ʤʦʤʝʥʪʦʚ. 

 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʥʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʛʣʘʚʥʳʝ ʵʪʘʧʳ 

ʨʘʙʦʪʳ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʘʚʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʨʘʙʦʪʳ, ʪʘʢʠʭ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʚʠʙʨʘʮʠʠ, ʯʘʩʪʦʪʘ, ʫʛʦʣ ʥʘʢʣʦʥʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʮʠʢʣʘ ʠ ʜʨʫʛʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ; ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʚʝʜʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ; ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ 

ʫʩʪʘʥʦʚʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ; ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʘʣʠʜʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʨʘʩʭʦʞʜʝʥʠʡ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʠ ʨʝʘʣʴʥʳʤ ʧʨʦ-

ʮʝʩʩʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝ-

ʙʘʥʠʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʨʘʙʦʪʥʠʢʦʚ. ʇʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘʷ 4,807 ɻʮ. 

ʊʘʢʞʝ ʤʳ ʧʦʜʤʝʪʠʣʠ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʄ-936L ʞʝʩʪʢʦ ʟʘʜʝʣʘʥʘ ʩ ʬʫʥʜʘ-

ʤʝʥʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʭʘ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʫʩʪʘʥʦʚʢʠ ʄ-936L ʚʠʙʨʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʦʢʘ-

ʟʳʚʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩʦʟʜʘʚʘʷ ʥʝʙʦʣʴʰʫʶ ʚʠʙʨʘʮʠʶ.  

ɼʣʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʨʘʩʯʝʪʘ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʤʳ ʪʘʢ ʞʝ ʫʯʠʪʳʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ-ʉɸʇʈ. ʇʨʦʛʨʘʤʤʘ ʃʠʨʘ-ʉɸʇʈ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʧʨʦ-
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ʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʩʠʩʪʝʤʘʭ. 

ʊʘʢ ʞʝ ʥʘʤʠ ʙʳʣʦ ʫʯʪʝʥʦ ʜʚʘ ʩʦʩʪʦʷʥʠʷ: ʧʨʠ ʥʘʣʠʯʠʠ ʬʝʨʤʳ ʠ ʧʨʠ ʝʝ ʦʪʩʫʪʩʪʚʠʠ. ɼʣʷ ʦʮʝʥ-

ʢʠ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʘʢ ʘʤʧʣʠʪʫʜʘ, ʯʘʩʪʦʪʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ (ʈʠʩʫʥʢʠ 10-12). 
 

 
 

ʈʠʩʫʥʦʢ 10 ï ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

 

 
ʈʠʩʫʥʦʢ 11 ï ʨʝʟʫʣʴʪʘʪʳ ʟʘʛʨʫʞʝʥʠʷ ʨʘʤʳ ʙʝʟ ʫʯʝʪʘ ʬʝʨʤʳ. 

 

 

 
 

ʈʠʩʫʥʦʢ 12 ï ʈʝʟʫʣʴʪʘʪʳ ʟʘʛʨʫʞʝʥʠʷ ʨʘʤʳ ʩ ʫʯʝʪʦʤ ʬʝʨʤʳ. 
 

 

ʀʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ-ʉɸʇʈ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʣʶʜʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʠʣʠ ʧʨʦʞʠʚʘʶʱʠʭ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʦʚ ʢʦʣʝʙʘʥʠʡ.  ʈʘʩʯʝʪ ʫʨʦʚʥʷ 

ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʛʨʘʤʤʝ ʃʠʨʘ-ʉɸʇʈ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ ʙʳʣʠ ʟʘʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʧʦʜʚʝʨʛʘʝʤʦʡ ʢʦʣʝʙʘʥʠʷʤ, ʪʘʢʠʝ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʤʘʪʝʨʠʘʣʳ, ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝ-

ʥʠʷ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʦ ʯʘʩʪʦʪʘʭ ʢʦʣʝ-

ʙʘʥʠʡ, ʘʤʧʣʠʪʫʜʘʭ, ʫʩʢʦʨʝʥʠʷʭ, ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʝʙʘʥʠʡ ʥʘ ʣʶʜʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʩ ʫʯʝ-

ʪʦʤ ʬʝʨʤʳ ʤʳ ʚʳʷʚʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʨʘʚʥʫʶ 13,03 ɻʮ.   

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʤʝʪʦʜʘʤ ʧʦ-

ʢʘʟʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 
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5  ɺʓɺʆɼʓ 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʄ-936L ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʟʥʘʢʠ 

ʠʟʥʦʩʘ ʠ ʧʦʪʝʨʠ ʩʚʦʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʨʦʢ ʩʣʫʞʙʳ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦ-

ʩʪʘʚʣʷʝʪ 5-7 ʣʝʪ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʚʳʷʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ: 

- ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘ 45 ʜɹ (ʩ 200 ʜɹ ʜʦ 245 ʜɹ) ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʫʩʪʘʥʦʚʢʠ; 

- ʧʦʚʳʰʝʥʥʳʝ ʚʠʙʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʩʷʟʘʝʤʦʩʪʠ ʚʠʙʨʘʮʠʡ ʯʝʣʦʚʝʢʦʤ; 

- ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʚʠʙʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʛʦʣʦʚʦʢʨʫʞʝʥʠʶ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʢ ʟʘ-

ʪʨʫʜʥʝʥʥʦʤʫ ʜʳʭʘʥʠʶ, ʙʦʣʠ ʚ ʪʫʣʦʚʠʱʝ ʠ ʢ ʥʘʨʫʰʝʥʠʶ ʟʨʠʪʝʣʴʥʳʭ ʚʦʩʧʨʠʷʪʠʡ ʧʝʨʩʦʥʘʣʘ; 

- ʫʩʪʘʥʦʚʢʘ ʄ-936L ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʘ ʩ ʬʫʥʜʘʤʝʥʪʦʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʭʘ. ʇʨʠ ʨʘʙʦ-

ʪʝ ʦʥʘ ʩʦʟʜʘʝʪ ʚʠʙʨʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʚʣʠʷʶʱʘʷ ʥʘ ʧʝʨʩʦʥʘʣ ʠ ʩʦʟʜʘʚʘʷ ʥʝʙʦʣʴʰʫʶ ʚʠʙʨʘʮʠʶ 

ʚ ʮʝʭʫ; 

- ʵʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʨʘʙʦʯʠʭ, ʧʦʜʚʝʨʛʘʷ ʠʭ ʧʦʩʪʦʷʥʥʦʤʫ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʚʠʙʨʘʮʠʡ. ʊʘʢ ʞʝ ʧʨʝʚʳʰʝʥʠʝ ʧʦʢʘʟʘʥʥʳʭ ʥʦʨʤ ʚ ʪʘʙʣ. 2.2 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʠʙ-

ʨʘʮʠʦʥʥʦʡ ʙʦʣʝʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʄ-

936L, ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʥʦʩʘ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦ-

ʷʪʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦ-

ʩʪʝʡ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʣʫʚʝʨʦʷʪʥʦʩʪʥʳʡ 

ʧʦʜʭʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʯʘʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ 

ʙʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲ-

ʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ, ʧʦʣʫʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, ʯʘʩʪʥʳʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʧʨʝʜʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ. 
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ɸשʜʘʪʧʘ. ϧϰʨʳʣʳʤʥʳϬ ʩʝʥʽʤʜʽʣʽʛʽ ʳϨʪʠʤʘʣʜʳϨ ʪʝʦʨʠʷʩʳʥʳϬ ϸʜʽʩʪʝʨʽʥ Ϩʘʤʪʠ-

ʪʳʥ ϨϰʨʳʣʳʤʜʳϨ ʤʝʭʘʥʠʢʘʥʳϬ ʳϨʪʠʤʘʣʜʳϨ ϸʜʽʩʪʝʨʽʥ Ϩʦʣʜʘʥʫ ʘʨϨʳʣʳ ʘʥʳϨʪʘʣʫʳ ʢʝ-

ʨʝʢ. ϧϰʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳϬ ʩʝʥʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ ʢʝʟʽʥʜʝ ʞʘʨʪʳʣʘʡ ʳϨʪʠʤʘʣʜʳϨ 

ϸʜʽʩ ʞʘʨʪʳʣʘʡ ʩʝʥʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. ɹϰʣ ʪϸʩʽʣ ʩʪʘʥʜʘʨʪʪʘʫʜʳϬ 

ʥʝʛʽʟʛʽ ϸʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞϸʥʝ Ϩϰʨʳʣʳʩ ʞʦʙʘʣʘʨʳʥʳϬ ʢϺʧʰʽʣʽʛʽʥ ʞʦʙʘʣʘʫʜʘ Ϩʦʣʜʘ-

ʥʳʣʘʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩʝʥʽʤʜʽʣʽʢ ʪʝʦʨʠʷʣʘʨʳ, ʞʘʨʪʳʣʘʡ ʳϨʪʠʤʘʣʜʳϨ ʪϸʩʽʣ, ʽʰʽʥʘʨʘ 

ʩʝʥʽʤʜʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ, ʘϨʘʫʩʳʟ ʞϰʤʳʩ ʳϨʪʠʤʘʣʜʳϤʳ, ʰʝʢʪʽ ʢϮʡʣʝʨ. 

 

Abstract. The reliability of a structure should be determined using probabilistic methods 

of structural mechanics with the involvement of probability theory methods. In the study of the 

reliability of building structures, the semi-probabilistic approach is based on partial reliability 

factors. This approach is the basic method of standardization and is used in the design of most 

construction projects.  

Key words: reliability theories, semi-probabilistic approach, partial reliability factors, 

probability of failure-free operation, limit states. 

_____________________________________________________________________________ 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ʉʦʥ ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɼʦʩʪʘʥʦʚʘ ʉ.ʍ.  

 

1 ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʦʦʨʫʞʝ-

ʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʩʣʫ-

ʞʘʪ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʝʨʘʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ.  

ʉ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʥʘʙʦʨʫ ʥʝʨʘʚʝʥʩʪʚ, ʠʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʯʘʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʜʝʞʥʦʩʪʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʯʘʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 

ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʛʨʫʟʦʢ, ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ [1-4]. 

 
2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪ ʨʘʤʳ ʥʘ ʥʘʜʝʞʥʦʩʪʴ [3-5]. ɿʘʜʘʥʘ ʨʘʤʘ 

(ʈʠʩʫʥʦʢ 1), ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ F. ʉʝʯʝʥʠʝ ʨʘʤʳ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʝ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʨʘʤʳ. 
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ɺʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ɔp=ɓɔc ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ mʭ; 

h=ŬL- ʚʳʩʦʪʘ ʩʪʦʡʢʠ; 

ůʪ ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ; 

[f]=  ï ʜʦʧʫʩʢʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʛʠʙʘ,  

ʩʪʘʥʜʘʨʪ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ Sx; 

ɺ ʪʘʙʣʠʮʝ 1 ʟʘʜʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ, ʩʪʘʥʜʘʨʪʳ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʜʠʩʧʝʨ-

ʩʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ F, h, b, ůʪ.  

ɺʩʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʠʟʤʝʥʷʶʪ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ: 

ʀʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ ɻʘʫʩʩʘ:  

ʌ(x)= 
Ѝ

 ᷿ÅØÐ
Ѝ

Ὠὼ 

 
ʊʘʙʣʠʮʘ 1 

1 ʚʘʨʠʘʥʪ 2 ʚʘʨʠʘʥʪ 

ʉʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ 

ʄʘʪʝʤʘʪʠʯʝʩ. 

ʦʞʠʜʘʥʠʝ 

ʉʪʘʥʜʘʨʪ 

(ʩʨʝʜ.ʢʚʘʜʨ. 

ʦʪʢʣ.) 

ʉʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ 

ʄʘʪʝʤʘʪʠʯʝʩ. 

ʦʞʠʜʘʥʠʝ 

ʉʪʘʥʜʘʨʪ 

(ʩʨʝʜ.ʢʚʘʜʨ. 

ʦʪʢʣ.) 

ůʪ [ʢʅ/ʤ2] 2,2*105 2,2*104 ůʪ [ʢʅ/ʤ2] 2,1*105 2,1*104 

b [ʤ] 0,05 0,0005 b [ʤ] 0,048 0,00048 

h [ʤ] 0,1 0,001 h [ʤ] 0,09 0,0009 

F[ʢʅ] 20,5 2,1 F[ʢʅ] 20,4 2,09 

 

ʀʩʧʦʣʴʟʫʷ ʚʝʨʦʷʪʥʳʝ ʤʝʪʦʜʳ, ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʱʝʝ: 

1) ʆʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʠ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʛʜʘ 

ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ; 

2) ʆʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʧʦ 1  ʠ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʢʦʛʜʘ 

ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ ʠ ʰʠʨʠʥʘ b ( Ὂ , 

ʎ̓ ȟÂ); 
3) ʆʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 1 ʠ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʩʣʫʯʘʡ-

ʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ ʠ ʰʠʨʠʥʘ b ʠ ʚʳʩʦʪʘ 

ʩʝʯʝʥʠʷ h ( Ὂ , ʎ̓ ȟÂ ȟὬ); 
4) ʆʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʪʝʢʫʯʝʩʪʠ ʚ ʢʨʘʡ-

ʥʠʭ ʚʦʣʦʢʥʘʭ. ʉʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ ʠ 

ʰʠʨʠʥʘ ʩʝʯʝʥʠʷ  b ( Ὂ , ʎ̓ ȟÂȟ); 
5) ʆʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʪʝʢʫʯʝʩʪʠ ʚ ʢʨʘʡ-

ʥʠʭ ʚʦʣʦʢʥʘʭ. ʉʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ ʠ 

ʰʠʨʠʥʘ ʩʝʯʝʥʠʷ  b ʠ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ h ( Ὂ , ʎ̓ ȟÂ ȟὬ);  
 ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 2 ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʨʘʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʈʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʳʝ ʩʭʝʤʳ: 

1 ï ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʘʷ ʨʘʤʘ; 2 ï ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʘʷ ʨʘʤʘ 



 

139 

ɿʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

L=H=3ʤ 

ɔp=2ɔc 

[f]=  =  = 0,0150ʤ (ʜʦʧʫʩʢʘʝʤʳʡ ʧʨʦʛʠʙ) 

ʉʝʯʝʥʠʝ ʨʘʤʳ- ʧʨʷʤʦʫʛʦʣʴʥʦʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ: b = 0,05ʤ; 

 h =0,1[ʤ] 

F, h, b, ůʪ ï ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ.  

ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ: 

1) ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. 

ɿʘ ʦʪʢʘʟ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʤ: 

ʘ) ʧʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ; 

ʙ) ʧʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʚ ʢʨʘʡʥʠʭ ʚʦʣʦʢʥʘʭ; 

2) ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ. 

 
ʊʘʙʣʠʮʘ 2 

ʉʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ  

ʦʞʠʜʘʥʠʝ 

ʉʪʘʥʜʘʨʪ  

(ʩʨʝʜ.ʢʚʘʜʨ. ʦʪʢʣ.) 
ɼʠʩʧʝʨʩʠʷ 

ůʪ [ʢʅ/ʤ2] 2,2*105 2,2*104 2,22 *  108 

F[ʢʅ] 20,5 2,1 4 

b [ʤ] 0,05 0,0005 25 *  10-8 

h [ʤ] 0,1 0,001 1 *  10-6 

 

3 ʈɽɿʋʃʔʊɸʊʓ 

ʈʝʰʝʥʠʝ 1 ʟʘʜʘʯʠ. ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʧʶʨʘ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʕʧʶʨʘ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. 

 

ʊʘʢ ʢʘʢ ʨʘʤʘ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʘʷ, ʪʦ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝ-

ʩʠʷ: 

(Ɇʄʉ)
ʣ = 0 ʅɺ=0; ʅɸ=0, 

(Ɇʄʉ)
ʧʨ = 0 RA=RB = 

 
. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʤ ʠʭ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ: 

g(ů, F) = ůʪ -  > 0    ï ʫʩʣʦʚʠʝ ʥʝʧʨʝʚʳʰʝʥʠʷ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʩʦʩʪʦʷʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʢ ʟʘʜʘʯʘʤ ʨʘʩʯʝʪʘ ʧʦ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ: 

 

Ὣ = Ὑ   Ὂ > 0                                                               (1). 
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ʛʜʝ Ὣ ï ʬʫʥʢʮʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʨʝʟʝʨʚ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ); Ὂ ï ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʥʘʛʨʫʞʘʝʤʦʛʦ ʵʬʬʝʢʪʘ (Ni, ůi, M i); Ὑ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ůB, ůT, MT). 

ʀʩʧʦʣʴʟʫʷ ʚʝʨʦʷʪʥʳʝ ʤʝʪʦʜʳ, ʤʦʞʥʦ (1) ʧʝʨʝʧʠʩʘʪʴ:  ὫӶ = Ὑ  Ὂ; Sg= Ὓ   Ὓ . 

ɿʜʝʩʴ ὫӶ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʦʪ ʬʫʥʢʮʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ; Ὑȟ Ὂï ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʝ ʦʞʠʜʘʥʠʝ; Sg ï ʩʪʘʥʜʘʨʪ ʠʣʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (Sg=ЍὈ; Ὀ ̠̅̉̒̐̆̑̒̉). 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʢ ʟʘʜʘʯʘʤ ʧʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʠ ʫʩʣʦʚʠʝ ʥʝ ʧʨʝʚʳʰʝ-

ʥʠʷ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʤʝʱʝʥʠʡ:  Ὣ = Ὑ   Ὂ > 0 .   (1) 

ɻʜʝ Ὣ ï ʬʫʥʢʮʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʨʝʟʝʨʚ ʜʝʬʦʨʤʘʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ); Ὂ ï ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʞʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ( ɤ, ʆʍ, ʆʋ); Ὑ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ɤ ʜʦʧ, U ʜʦʧ, V ʜʦʧ). 

ὫӶ = Ὑ  Ὂ; 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ: 

ʈs=1+ ű (ɓ). 

ű(ɓ) =  ᷿ÅØÐ Ὠὼ ï ʠʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ ɻʘʫʩʩʘ. 

ʈs=1- ʈf. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ 3 ʩʣʫʯʘʷ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʠ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ: 

ʉʣʫʯʘʡ 1. ʆʧʨʝʜʝʣʠʪʴ çɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶè 

ʘ) ʇʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ.  

ʉʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ: ů, F 

ʉʣʫʯʘʡ 2. ʆʧʨʝʜʝʣʠʪʴ çɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶè 

ʉʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ: ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ  ʠ ʰʠʨʠʥʘ 

ʩʝʯʝʥʠʷ b. 

ʉʣʫʯʘʡ 3. çɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶè 

ʘ) ʧʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ.  

ʉʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ: ůʪ  ʠ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ h. 

ʈʘʩʩʤʦʪʨʠʤ ʉʣʫʯʘʡ 1 - çɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷ-

ʥʠèʁ. 

ʘ) ʇʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ. 

ʉʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ: ů, F. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ:  

mg= mů - 
    ,       Sg= Ὓ  

          . 

mg= 2,2 * 105 - 
ᶻ

ȟ ᶻ ȟ
 = 105 (2,2-1,2) = 105. 

Sg = ςȟςz ρπ  
ᶻ

ȟ ᶻ ȟ
 = 104Ѝτȟψτρȟττ = 104Ѝφȟςψ = 2,5 * 104. 

ɓ=  = 
ȟz

 = 4;     ű(4) = 0,499968;    PS=  ï ű (4) = 0,999968;  

PS=  ï ű (4) = 0,000032=3,2*10-5. 

ʙ) ʧʦʷʚʣʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʚ ʢʨʘʡʥʠʭ ʚʦʣʦʢʥʘʭ: 

mg= mů -1,5 
 
  ,  mg= 105 (2,2-1,8)=0,4*105. 

Sg = ςȟςz ρπ  
ȟz ȟ

ȟ ᶻ ȟ
 = 104Ѝτȟψτσȟςτ = 2,84 * 104. 

ɓ=  = 
ȟ ᶻ

 = 1,4;     ű(1,4) = 0,4192;     

2. ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

g=[f] -   ,  mg= 0,015 -  z  = 0,015 - 
ᶻ

ᶻᶻȟ ᶻ ȟ ᶻ   
 = 1,35 * 10-3 . 

ɓ= 
ȟ ᶻ

ȟ
 = 1,11 ;                 ű(1,11) = 0,3643  ;               PS=  + 0,3643= 0,8643; 

Pf =  + ű (1,11) = 0,1357. 
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ʈʘʩʩʤʦʪʨʠʤ ʉʣʫʯʘʡ 2 - çɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷ-

ʥʠʶè. 

1. ʅʘʠʙʦʣʴʰʝʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʚʥʝʰʥʷʷ ʥʘʛʨʫʟʢʘ F, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůʪ  ʠ 

ʰʠʨʠʥʘ ʩʝʯʝʥʠʷ b. 

ʘ) ʧʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ 

mg= mů - 
 
  ; Sg= Ὓ  + Ὓ  + Ὓ . 

 g= „ -                   ρ          . 

 Mg=2,2*105 - 
ᶻ

ȟ ȟ
 = 105. 

Sg = ςȟςz ρπ  
ᶻ

ȟ ᶻ ȟ
πȟπππυz

ᶻ

ȟ ᶻ ȟ
  = 

=104Ѝτȟψτρȟττπȟπρττ = 2,5 * 104. 

ɓ=  = 
ȟz

 = 
ȟ
 =4;     ű(4) = 0,499968;     

ʚ) ʧʦʷʚʣʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʚ ʚʝʨʭʥʠʭ ʚʦʣʦʢʥʘʭ 

mg= mů -1,5 
 

 ;   Sg = ςȟςz ρπ  
Ȣz ᶻ

ȟ ᶻ ȟ
πȟπππυz

Ȣz ᶻ

ȟ ᶻ ȟ
  = 

=104Ѝτȟψτσȟςτπȟπσςτ = 2,848 * 104. 

ɓ=  = 
ȟ ᶻ

 = 1,4;     ű(1,4) = 0,4192;     

PS=  + 0,4192 = 0, 9192. 

Pf =
 

 - 0,4192 = 0, 00808 = 8,1 * 10-3. 

2. ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 2-ʤʫ ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

g = [f] -  ;   mg = 0,015 - 
 z

 = 0,015 - 
ᶻ

ᶻᶻ ᶻȟ ᶻ ȟ
 = 0,0015. 

Sg= Ὓ  + Ὓ  = 
ᶻ

ᶻᶻ ᶻȟ ᶻ ȟ
  + πȟπππυz

ᶻ

ᶻᶻ ᶻȟ ᶻ ȟ
  = 1,5 * 

ρπ. 

 

ɓ=  = 
ȟ

ȟz
 = 1;     ű(1) = 0,3413;   

   

PS=  + 0,3413 = 0, 8413 ï ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

Pf =
 

 - 0,3413 = 0, 1587 ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʉʣʫʯʘʡ 3 - çɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷ-

ʥʠʶè. 

ʘ) ʧʦʷʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʰʘʨʥʠʨʘ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ůʪ  ʠ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ h. 

mg= mů - 
 
               ρ           

Sg= Ὓ ρz  + Ὓ  + Ὓ
ᶻ

. 

mg=2,2*105- 
ᶻ

ȟ ᶻ ȟ
ρπ5. 

Sg== ςȟςz ρπ  ςz
ȟ ᶻ ȟ

  
ȟ ᶻᶻ ᶻ

ȟ ᶻ ȟ
= 104 τȟψτρȟττπȟπυχφ = 

=2,517 * 104. 

ʙ) ʧʦʷʚʣʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʚ ʢʨʘʡʥʠʭ ʚʦʣʦʢʥʘʭ 

mg= mů -1,5 
 

            ρȟυ           ρ          
ᶻȟ
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mg=2,2*105- 
ȟz ᶻ

ȟ ᶻ ȟ
ρπ 5. 

Sg== ςȟςz ρπ  
ᶻȟz

ȟ ᶻ ȟ
  

ȟ ᶻᶻ ᶻ

ȟ ᶻ ȟ
= 104 τȟψτρȟψ πȟσφ = 2,86 

* 104. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ.  

 

ɓ=  = 
ȟ ᶻ

 = 1,3986;     ű(1,3986) = 0,4182.     

PS=  + 0,4182 = 0, 9182 ï ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

Pf =
 

 - 0,4182 = 0, 0978 ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ.  

1) ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

g= [f] - . 

mg = 0,015 - 
 z

 = 0,015 - 
ᶻ

ᶻᶻ ᶻȟ ᶻ ȟ
 = 0,0015. 

 

 
ʊʘʙʣʠʮʘ 3 

 

 

4 ɺʓɺʆɼʓ 

1. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ ʚ ʥʦʨʤʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɺ ʦʙʣʘʩʪʠ ʥʘʜʝʞʥʦʩʪʠ 

ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ. ʕʪʠ ʢʨʠʪʝ-

ʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʤʦʛʫʪ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʮʝʥʢʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʪʝʯʝʥʠʝ ʠʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ.  

2. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʣʠ-

ʯʝʩʪʚʦ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʤʦʞʝʪ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʷ ʠʭ ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʫ ʠ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

ʤʦʞʥʦ ʙʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ ʩʨʦʢ ʚʦʟʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʦʟʤʦʞʥʳʝ ʧʦ-

ʤʝʭʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʠ ʜʨ., ʟʘʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳʝ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ ɻʘʫʩʩʘ, ʤʦʞʥʦ ʧʦ ʘʥʘʣʦʛʠʠ 

ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

3. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʧʨʝʜʝʣʴʥʳʤ ʩʦ-

ʩʪʦʷʥʠʷʤ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʚʳʙʦʨʝ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ: ʥʘʧʨʠ-

ʤʝʨ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʠʤʝʨʘʭ: 

- ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 1 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʣʫʯʘʶ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ů, F, h: PS= 0,99999995;  Pf= 5*10-8. 

- ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 2 ʧʨʝʜʝʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʣʫʯʘʶ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ F:  PS= 0,8643;  Pf= 0,1357. 

 

ʉʣʫ-

ʯʘʡ 

1 ʧʨʝʜ. 

ʩʦʩʪ. 

1 ʧʨʝʜ. 

ʩʦʩʪ. 

1 ʧʨʝʜ. 

ʩʦʩʪ. 

ʪʝʢʫ-

ʯʝʩʪʴ ʚ 

ʢʨ. ʚʦʣ. 

ʪʝʢʫ-

ʯʝʩʪʴ ʚ 

ʢʨ. ʚʦʣ. 

ʪʝʢʫ-

ʯʝʩʪʴ ʚ 

ʢʨ. ʚʦʣ. 

2 ʧʨʝʜ. ʩʦʩʪʦʷʥʠʝ 

ů, F, ů, F, b ů, F, h ů, F, ů, F, b ů, F, h F F, b F, b, h 

PS
 0,999968 0,999968 0,99999995 0,9132 0,9192 0,9182 0,8643 0,8413 0,858 

Pf
 32*10-5 3,2-10-5 5*10-8 8,1*10-3 8,1*10-3 0,0978 0,1357 0,1587 0,142 
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ɺʆʇʈʆʉʓ ʆɹɽʉʇɽʏɽʅʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ ɼɺʀɾɽʅʀʗ  

ʅɸ ʉʒɽɿɼɸʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ʈɸɿɺʗɿʆʂ 

 

ʊʝʙʝʨʜʠʝʚ ʈ.ɸ.1, ɸʙʜʫʨʘʰʠʪʦʚ ʄ.ʄ.2 

1,2ALT ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄʫʭʘʤʝʜʞʘʥʘ ʊʳʥʳʰʧʘʝʚʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
____________________________________________________________________________ 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʭ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʠʧʦʚ ʨʘʟʚʷʟʦʢ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ï çʢʣʝʚʝʨʥʦʛʦ ʣʠʩʪʘè, ʪ. ʢ. 

ʥʘʣʠʯʠʝ ʟʦʥ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʪʦʢʦʚ ʧʝʪʣʝʚʳʭ ʩʲʝʟʜʦʚ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʥʠʤ ʠ ʦʙʱʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʚʷʟʢʠ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʨʘʟʚʷʟʢʠ ʩ ʣʝʚʦ-

ʧʦʚʦʨʦʪʥʳʤ ʧʦʣʫʧʨʷʤʳʤ ʩʲʝʟʜʦʤ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʥʘ ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʦʤ ʣʝʚʦʧʦʚʦ-

ʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. ʇʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʦʝ ʤʠʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʣʠʯʥʦ-ʜʦʨʦʞʥʘʷ ʩʝʪʴ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʨʘʟʚʷʟʢʘ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. 

 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘ ʙʽʟʜʽϬ ʝʣʽʤʽʟʜʝ ϸʨ ʪϮʨʣʽ ʜʝϬʛʝʡʜʝʛʽ ʘʡʳʨʙʘʩʪʘʫʜʳϬ ʢʝϬ ʪʘʨʘʣϤʘʥ 

ʪϮʨʣʝʨʽʥʽϬ ʙʽʨʽʥ ï çʙʝʜʝ ʞʘʧʳʨʘϤʳʥè ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʫ ʤϸʩʝʣʝʣʝʨʽʥʝ ʘʨʥʘʣϤʘʥ, Ϻʡʪʢʝʥʽ 

ϨʦʟϤʘʣʳʩʪʳϬ ʝʜϸʫʽʨ ϨʘʨϨʳʥʜʳʣʳϤʳʤʝʥ ʮʠʢʣʜʽʢ ʢʦʥʛʨʝʩʪʝʨ ʘϤʳʥʜʘʨʳʥʳϬ ʪʦϤʳʩʫ ʘʡ-

ʤʘϨʪʘʨʳʥʳϬ ʙʦʣʫʳ ʦʣʘʨ ʙʦʡʳʥʰʘ ϨʦʟϤʘʣʳʩ Ϩʘʫʽʧʩʽʟʜʽʛʽʥ ʞϸʥʝ ʘʡʳʨʙʘʩʪʳϬ ʞʘʣʧʳ 

Ϻʪʢʽʟʫ Ϩʘʙʽʣʝʪʽʥ ʪϺʤʝʥʜʝʪʝʜʽ. ɹϰʣ ʟʝʨʪʪʝʫʜʝ ʩʦʣ ʞʘϨ ʙϰʨʳʣʳʩ ʙʘϤʳʪʳʥʜʘ ϸʨ ʪϮʨʣʽ 

ʜʝϬʛʝʡʜʝʛʽ ʩʦʣ ʞʘϨ ʙϰʨʳʣʳʩ ʞʘʨʪʳʣʘʡ ʪϮʟʫ ʢʦʥʚʝʡʝʨʤʝʥ ʘʡʳʨʙʘʩʪʘʫ ʞϰʤʳʩʳʥ ʤʦ-

ʜʝʣʴʜʝʫ ʞϮʨʛʽʟʽʣʝʜʽ. ɹϰʣ ʞʦʙʘʣʳϨ ʰʝʰʽʤʥʽϬ ʘʡʪʘʨʣʳϨʪʘʡ ʪʠʽʤʜʽʣʽʛʽ ʢϺʨʩʝʪʽʣʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʢϺʣʽʢʪʽʢ ʤʠʢʨʦʤʦʜʝʣʴʜʝʫ, ʢϺʰʝ-ʞʦʣ ʞʝʣʽʩʽ, ʢϺʣʽʢ ʘϤʳʥʜʘʨʳ, 

ϨʦʟϤʘʣʳʩ Ϩʘʫʽʧʩʽʟʜʽʛʽ, ϸʨʪϮʨʣʽ ʜʝϬʛʝʡʜʝʛʽ ʘʡʳʨʙʘʩ. 

 

Abstract. The article describes the possibility of modernization of one of the common 

types of interchanges at different levels in our country named "cloverleaf". It's important be-

cause the zones of interlacing flows of loop exits with a significant traffic intensity re duces the 

sa fety of tr affic along them and the overall throughput of the interchange. This study simulates 

the operation of an interchange with a left-turn semi-direct ramp at different levels on the busi-

est left-turn direction of traffic. The aim of the article is to show the significant effectiveness of 

this design solution 

Key words: traffic mi cromodeling, ro ad ne twork, traffic flo ws, tra ffic safet y, inter 

change at di ffer ent levels. 
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1 ɺɺɽɼɽʅʀɽ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ï ʛʣʘʚʥʦʝ ʢʘʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ï ʩʦʩʪʦʷ-
ʥʠʝ ʧʨʦʮʝʩʩʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʪʨʘʞʘʶʱʝʝ ʩʪʝʧʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ ʦʪ 
ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʛʨʫ-
ʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʣʦʞʝʥʠʷ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʦʙʱʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʧʨʦ-
ʩʝ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʚʷʟʦʢ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʥʘ 
ʜʦʨʦʛʘʭ ʚʳʩʦʢʠʭ ʢʘʪʝʛʦʨʠʡ. ʇʨʠ ʵʪʦʤ ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦ-
ʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ [1].  

ɺ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʝʨʝʟ ʩʥʠʞʝʥʠʝ ʨʘʟʨʝ-
ʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺʦ ʤʥʦʛʠʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʉʢʘʥʜʠʥʘʚʠʠ, ʩʢʦ-
ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʦʚ ʩʥʠʞʝʥʘ ʜʦ 50 ʠ ʜʘʞʝ 40 ʢʤ/ʯ. 

ʅʦ ʥʘ ʦʩʥʦʚʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʘʨʪʝʨʠʷʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʛʦʨʦʜʘ ʠ ʨʘʡʦʥʳ ʛʦʨʦʜʘ ʤʝʞʜʫ 
ʩʦʙʦʡ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʢʘʯʝʩʪʚ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʠ ʠ ʫʜʦʙʥʦ-
ʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ, ʥʘʦʙʦʨʦʪ, ʧʦʚʳʰʘʪʴ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʩʦʦʙʱʝʥʠʷ [2]. 

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʦʙ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ 
ʜʦʨʦʛ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʳ ʨʝʰʘʪʴʩʷ ʧʦʵʪʘʧʥʦ ʠ ʩʠʩʪʝʤʥʦ, ʚ ʠʪʦʛʝ ʚʩʝ ʨʝʰʝʥʠʷ 
ʜʦʣʞʥʳ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʢʦʥʮʝʧʮʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʛʦʨʦʜʘ, ʫʜʦʙʥʦʛʦ ʜʣʷ ʞʠʟʥʠè [3]. 

 
2 ʆɹʒɽʂʊ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʚʷʟʢʠ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʪʠʧʘ çʢʣʝʚʝʨʥʳʡ ʣʠʩʪè. 
ʊʨʘʥʩʧʦʨʪʥʘʷ ʨʘʟʚʷʟʢʘ ï ʢʦʤʧʣʝʢʩ ʜʦʨʦʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʤʦʩʪʦʚ, ʪʫʥʥʝʣʝʡ, ʜʦʨʦʛ), ʧʨʝʜʥʘ-
ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʷ ʫʚʝ-
ʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʛ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʨʘʟʚʷʟʢʘʤʠ 
ʧʦʥʠʤʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʝʨʝʩʝʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʟʚʷʟʦʢ. ʉʦʛʣʘʩʥʦ 
ʛʣʘʚʥʦʡ ʠʟ ʥʠʭ ʨʘʟʚʷʟʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʣʥʳʝ ʠ ʥʝʧʦʣʥʳʝ. ʈʘʟʚʷʟʢʘ ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʡ, 
ʝʩʣʠ ʧʨʦʝʭʘʪʴ ʯʝʨʝʟ ʥʝʝ ʤʦʞʥʦ ʚ ʣʶʙʦʤ ʚʦʟʤʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʧʝʨʝʩʝʢʘʷ ʜʨʫʛʠʝ 
ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ (ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʥʬʣʠʢʪʥʳʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ). ʇʦʜ ʥʝʧʦʣʥʦʡ ʧʦʥʠ-
ʤʘʝʪʩʷ ʨʘʟʚʷʟʢʘ, ʜʚʠʛʘʷʩʴ ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʣʠʙʦ ʥʝʣʴʟʷ ʩʦʚʝʨʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʤʘʥʝʚʨʳ, ʣʠʙʦ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʥʬʣʠʢʪʥʳʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ (ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʩʚʝʪʦʬʦʨʦʚ). ʇʦ ʧʣʘʥʠ-
ʨʦʚʦʯʥʦʡ ʩʭʝʤʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʟʚʷʟʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 
ʛʨʫʧʧʳ: ʢʦʣʴʮʝʚʳʝ, ʢʨʝʩʪʦʦʙʨʘʟʥʳʝ ʠ ʢʣʝʚʝʨʦʦʙʨʘʟʥʳʝ [4]. 

ɺ ʧʨʘʢʪʠʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 
ʢʣʝʚʝʨʦʦʙʨʘʟʥʳʝ ʧʝʨʝʩʝʯʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʥʝʧʨʷʤʳʤʠ ʣʝʚʳʤʠ ʧʦʚʦʨʦʪʘʤʠ (ʧʝʪ-
ʣʝʚʳʤʠ ʩʲʝʟʜʘʤʠ) ʪʠʧʘ çʢʣʝʚʝʨʥʳʡ ʣʠʩʪè. ʇʨʠ ʪʘʢʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʚ ʮʝʥʪʨʝ ʫʩʪʨʘʠʚʘʶʪ ʧʫ-
ʪʝʧʨʦʚʦʜ. ʇʝʨʝʩʝʢʘʶʱʠʝʩʷ ʜʦʨʦʛʠ ʩʦʝʜʠʥʷʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩʲʝʟʜʘʤʠ ï ʦʜʥʦʧʫʪʥʳʤʠ ʠʣʠ 
ʜʚʫʭʧʫʪʥʳʤʠ. ʈʘʟʚʷʟʢʠ ʧʦ ʪʠʧʫ çʢʣʝʚʝʨʥʦʛʦ ʣʠʩʪʘè ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʱʝ ʚ 30-ʭ 
ʛʦʜʘʭ XX ʚʝʢʘ ʚ ʉʐɸ. ɺ ʩʚʷʟʠ ʩ ʫʪʨʘʯʠʚʘʥʠʝʤ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʚʦʟʥʠʢ-
ʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʫʩʪʨʦʡʩʪʚʘ ʨʘʟʚʷʟʦʢ ʜʘʥʥʳʭ ʪʠʧʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʣʦʚʠʡ 
ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʧʦ ʩʝʪʠ ʜʦʨʦʛ ʠ, ʦʩʦʙʝʥʥʦ, ʩ ʧʦʟʠʮʠʠ ʘʫʜʠʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʚʠʞʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʟʚʷʟʢʠ ʷʚʣʷʶʪʩʷ: ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʜʣʷ ʨʘʟʤʝʱʝ-
ʥʠʷ ʦʙʲʝʢʪʘ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʟʦʥ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʪʦʢʦʚ, ʥʠʟʢʘʷ 
ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʦʥ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʪʦʢʦʚ ʥʘ ʧʝʪʣʝʚʳʭ ʩʲʝʟʜʘʭ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟ-
ʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʪʣʝʚʳʭ ʩʲʝʟʜʦʚ ʧʨʠ ʤʘʣʳʭ ʠʭ ʨʘʜʠʫʩʘʭ [5]. 
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3 ʇʆʉʊɸʅʆɺʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʫʣ. ʉʘʠʥʘ 

ʩ ʫʣ. ʄʦʥʢʝ ʙʠ. ʕʪʦ ʨʘʟʚʷʟʢʘ ʧʦ ʪʠʧʫ çʢʣʝʚʝʨʥʳʡ ʣʠʩʪè ʉʫʱʝʩʪʚʝʥʥʳʤ ʩʣʘʙʳʤ ʤʝʩʪʦʤ ʨʘʟ-

ʚʷʟʢʠ ʧʦ ʪʠʧʫ çʢʣʝʚʝʨʥʦʛʦ ʣʠʩʪʘè ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʟʦʥ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʧʝʪʣʝ-

ʚʳʤʠ ʣʝʚʦʧʦʚʦʨʦʪʥʳʤʠ ʩʲʝʟʜʘʤʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʟʘʪʦʨ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʟʦʥʝ ʧʝʨʝʧʣʝʪʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ɿʜʝʩʴ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʳ ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʜʚʠʞʫʱʠʭʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʚʝʨʰʝʥʠʷ 

ɼʊʇ ʧʨʠ ʧʝʨʝʩʪʨʦʝʥʠʠ ʠʣʠ ʦʙʛʦʥʝ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʨʘʥʩʧʦʨʪʥʘʷ ʨʘʟʚʷʟʢʘ (ʛ. ɸʣʤʘʪʳ, ʫʣ. ʉʘʠʥʘ) 

 

ʊʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʧʨʦʝʟʜ ʧʝʪʣʝʚʳʭ ʩʲʝʟʜʦʚ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘʣʠʯʠʝ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʤʥʦʛʦ ʯʘʱʝ ʚ ʩʚʷʟʠ ʩʦ ʩʜʘʥʥʳʤ ʚ ʵʢʩʧʣʫʘ-

ʪʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʨʘʟʚʷʟʢʠ ʧʦ ʫʣ. ʉʘʠʥʘ). 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ɼʊʇ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʫʪʝʧʨʦʚʦʜʘ ʟʘ ʧʝʨʠʦʜ ʩ 

2017 ʧʦ 2021 ʛʛ. (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʘ 1 ï ɼʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ ʟʘ 20 ʣʝʪ  
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ʉʥʠʞʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʚ 2020 ʛ. ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʜʘʣʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʙʦʪʳ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ COVID-19. ɺ ʩʚʷʟʠ ʩʦ ʩʜʘʯʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʊʎ çɼʆʄʀʃʀ-

ʆʅè ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ ʧʦ ʨʘʟʚʷʟʢʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʫʚʝʣʠ-

ʯʝʥʠʝ ʯʠʩʣʘ ɼʊʇ ʩ ʧʦʩʪʨʘʜʘʚʰʠʤʠ ʠ ʦʙʳʯʥʳʭ ɼʊʇ ʥʘ ʨʘʟʚʷʟʢʝ. 

ʇʨʦʙʣʝʤʫ ʥʠʟʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʪʣʝʚʳʭ ʩʲʝʟʜʦʚ ʠ ʟʦʥ ʧʝʨʝʧʣʝʪʝʥʠʷ ʧʦʪʦʢʦʚ ʥʘ ʠʭ 

ʚʳʭʦʜʝ ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʫʪʝʤ ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʫʧʨʷʤʳʭ ʠ ʧʨʷʤʳʭ ʣʝʚʦ- ʧʦʚʦʨʦʪʥʳʭ ʩʲʝʟʜʦʚ. 

ʋʩʪʨʦʡʩʪʚʦ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʩʲʝʟʜʘ ʥʘ ʥʘʠʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠ-

ʯʠʪʴ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ. 

ʅʘ ʈʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʘʷ ʨʘʟʚʷʟʢʘ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ 

ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʫʩʪʨʦʡʩʪʚʦ ʨʘʟʚʷʟʢʠ ʚ ʝʝ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ ʣʝ-

ʚʦ ʧʦʚʦʨʦʪʥʳʤʠ ʵʩʪʘʢʘʜʘʤʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʈʘʟʚʷʟʢʘ ʧʦ ʪʠʧʫ çʢʣʝʚʝʨʥʦʛʦ ʣʠʩʪʘè ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ  

ʣʝʚʦʧʦʚʦʨʦʪʥʳʤʠ ʵʩʪʘʢʘʜʘʤʠ. 

 

4 ʈɽɿʋʃʔʊɸʊʓ 

ɺʩʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʙʣʝʤ ʪʨʝʙʫʶʪ ʦʪ ʛʦʩʫʜʘʨʩʪʚʘ ʤʘ-

ʪʝʨʠʘʣʴʥʳʭ, ʪʨʫʜʦʚʳʭ, ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʵʪʦʤʫ ʚʳʙʦʨ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-

ʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʥʳʭ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʤʠʪʘʮʠʦʥʥʦʝ (ʪʨʘʥʩʧʦʨʪʥʦʝ) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʚ ʨʷʜʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʢʦʤʧʣʝʢ-

ʩʝ PTV VISSIM. ʊʨʘʥʩʧʦʨʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʋɼʉ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʫʯʝ-

ʪʦʤ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ [6-8]. 

PTV VISSIM ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʞʘʪʴ ʚʩʝ ʚʠʜʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʝʜʠʥʦʡ ʤʦʜʝʣʠ. ʂʘʢ ʠ ʚʩʝ ʤʦʜʝʣʠ, ʪʨʘʥʩʧʦʨʪ-

ʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʙʩʪʨʘʢʮʠʶ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. ʎʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʛʥʦʟʳ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʤʦʜʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʠ-

ʤʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. VISSIM ï ʚʝʜʫʱʝʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʥʘ ʙʘʟʝ ɻʀʉ 
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ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʨʝʚʦʟʦʢ. VISSIM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʪʨʘʥʩ-

ʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʦʭʚʘʪʳʚʘʝʪ ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʩʧʨʦʩ ʥʘ ʪʨʘʥʩʧʦʨʪ. VISSIM ʧʦʤʦʛʘʝʪ ʠʥʞʝʥʝʨʘʤ-ʧʣʘʥʠʨʦʚʱʠʢʘʤ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʭ ʤʝʨʦʧʨʠ-

ʷʪʠʡ. ɺʦʟʤʦʞʥʦʩʪʠ VISSIM ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʠʣʠ ʩʧʣʘ-

ʥʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʘʢ ʜʦʨʦʞʥʫʶ ʩʝʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʪʘʢ ʠ ʤʘʨʰʨʫʪʥʫʶ ʩʝʪʴ ʩ ʨʘʩʧʠʩʘʥʠʝʤ. 

C ʧʦʤʦʱʴʶ PTV VISSIM ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ: 

Å ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʪʠʧʘ ʧʝʨʝʩʝʯʝʥʠʷ ʜʦʨʦʛ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ʥʝʨʝʛʫʣʠʨʫʝ-

ʤʳʡ ʧʝʨʝʢʨʝʩʪʦʢ, ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʝʨʝʢʨʝʩʪʦʢ, ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ, ʞ/ʜ ʧʝʨʝʝʟʜ, ʨʘʟʚʷʟʢʘ ʚ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ);  

Å ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ ʥʘ ʭʘʨʘʢ-

ʪʝʨ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ;  

Å ʦʮʝʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ;  

Å ʘʥʘʣʠʟ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘ ʘʚʪʦʩʪʨʘʜʘʭ ʠ ʛʦʨʦʜʩʢʠʭ ʫʣʠʮʘʭ, ʢʦʥ-

ʪʨʦʣʴ ʟʘ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʢʘʢ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩʘʭ, ʪʘʢ ʠ ʥʘ ʚʩʝʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

ʜʦʨʦʛʠ;  

Å ʜʝʪʘʣʴʥʫʶ ʠʤʠʪʘʮʠʶ ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʜʚʠʞʝʥʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʟʚʷʟʢʠ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʉʘʠʥʘ ʠ ʄʦʥʢʝ ɹʠ. ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʚʦʧʨʦʩʘ ï ʫʩʪʨʦʡʩʪʚʦ ʚʳʜʝʣʝʥʥʦʛʦ ʣʝʚʦʛʦ 

ʧʦʚʦʨʦʪʘ ʩ ʉʘʠʥʘ ʥʘ ʄʦʥʢʝ ɹʠ ʧʫʪʝʤ ʩʦʦʨʫʞʝʥʠʷ ʚʳʜʝʣʝʥʥʦʡ ʵʩʪʘʢʘʜʳ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʜʟʝʤʥʳʭ ʠʣʠ ʧʦʜʟʝʤʥʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʙʫʜʝʪ ʪʘʢʞʝ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ. 

ʋʜʘʣʝʥʠʝ çʣʝʧʝʩʪʢʦʚè ʧʦʟʚʦʣʠʪ ʨʘʟʛʨʫʟʠʪʴ ʢʦʥʬʣʠʢʪʥʳʝ ʟʦʥʳ, ʦʜʥʘʢʦ ʫ ʚʦʜʠʪʝʣʝʡ ʥʝ 

ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʨʘʟʚʦʨʦʪ ʥʘ ʨʘʟʚʷʟʢʝ.  

ʋʜʘʣʝʥʠʝ ʜʚʫʭ çʣʝʧʝʩʪʢʦʚè ʧʦʟʚʦʣʠʪ ʨʘʟʛʨʫʟʠʪʴ ʢʦʥʬʣʠʢʪʥʳʝ ʟʦʥʳ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʟʚʦʨʦʪʘ ʥʘ ʨʘʟʚʷʟʢʝ. 

 
ʊʘʙʣʠʮʘ 2 ï ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʟʚʷʟʢʝ 

 
 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 2, ʫʩʪʨʦʡʩʪʚʦ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʣʝʚʦ ʧʦʚʦʨʦʪʥʦʛʦ ʧʦʣʫ ʧʨʷʤʦʛʦ 

ʩʲʝʟʜʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʨʘʟʚʷʟʢʝ. ɺ ʩʚʷʟʠ ʩ 

ʫʩʪʨʘʥʝʥʠʝʤ ʢʦʥʬʣʠʢʪʥʳʭ ʟʦʥ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩʥʠʞʝʥʠʷ 

ʘʚʘʨʠʡʥʦʩʪʠ ʩ ʧʦʩʪʨʘʜʘʚʰʠʤʠ. 

 

5 ɺʓɺʆɼʓ 

ʈʘʟʚʷʟʢʠ ʪʠʧʘ çʢʣʝʚʝʨʥʳʡ ʣʠʩʪè ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʤʠʨʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʭʦʨʦʰʝʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʚʷʟʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ 

ʥʘʛʨʫʟʢʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʦʥʬʣʠʢʪʥʳʭ ʪʦʯʢʘʭ ʠ ʟʦʥʘʭ ʧʝʨʝʧʣʝʪʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠ ʧʨʦʠʩʭʦʜʷʪ ɼʊʇ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʚʝʣʠʯʠʚʘʶʪ ʜʣʠʥʫ ʟʘʪʦʨʦʚ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɺɽɼɽʅʀʗ ʐʊɸʄʇʆɺʓʍ ʀʉʇʓʊɸʅʀʁ  

ʅɸ ʋʇʈʆʏʅɽʅʅʓʍ ʄɸʉʉʀɺɸʍ ʀ ɻʈʋʅʊʆɺʓʍ ʇʆɼʋʐɽʂ  

ʀɿ ʂʆʄʇʆɿʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

 ʊʝʤʠʨʙʝʢʦʚʘ ʌ.ɹ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ɸʣʤʘʪʳ, 050043, ʂʘʟʘʭʩʪʘʥ 

 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʰʪʘʤʧʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʧʨʦʯʥʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʠ ʛʨʫʥʪʦʚʳʭ ʧʦʜʫʰʢʘʭ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. ɺʚʝʜʝʥʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʨʫʥʪʘ ʢʘʢ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝ-

ʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʥʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʜʣʷ ʧʨʘ-

ʚʠʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ. 

ɺ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʝʦʪʝʢʩʪʠʣʴ, ʛʝʦʨʝʰʝʪʢʠ, ʛʝʦʤʝʤʙʨʘʥʳ ʠ ʛʝʦʢʦʤʧʦʟʠʪʳ, ʚ ʛʨʘʞʜʘʥʩʢʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʭʥʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʝ, ʵʢʦʥʦʤʠʯʥʳʝ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʨʝʰʝʥʠʷ. ʆʧʠʩʳʚʘʶʪʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ 

ʩʪʦʡʢʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʛʠʙ-

ʢʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʫʩʪʘʥʦʚʢʠ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʪʘʪʴʠ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ, ʪʘʢ ʠ ʧʦʣʝʚʳʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʙʝʟʦʧʘʩʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʦʯʥʝʥʥʳʝ ʤʘʩʩʠʚʳ, ʛʨʫʥʪʦʚʳʝ ʧʦʜʫʰʢʠ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʨʫʥʪʘ, ʨʘʩʯʝʪ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ. 

 

https://orcid.org/0000-0003-1354-1191


 

149 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ϨʘʪʘʡʪʳʣϤʘʥ ʤʘʩʩʠʚʪʝʨʜʝ ʞϸʥʝ ʢʦʤʧʦʟʠʪʪʽʢ ʤʘʪʝʨʠʘʣ-

ʜʘʨʜʘʥ ʞʘʩʘʣϤʘʥ ʪʦʧʳʨʘϨ ʞʘʩʪʳϨʪʘʨʳʥʜʘ ʰʪʘʤʧʪʘʫ ʩʳʥʘϨʪʘʨʳʥ ʞϮʨʛʽʟʫ ʝʨʝʢ-

ʰʝʣʽʢʪʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʂʽʨʽʩʧʝ ʟʝʨʪʭʘʥʘʣʳϨ ʞʘϤʜʘʡʜʘ ʜʘ, Ϩϰʨʳʣʳʩ ʘʣʘϬʜʘʨʳʥʜʘ ʜʘ 

ʪʦʧʳʨʘϨʪʳ ʟʝʨʪʪʝʫʛʝ ʢʝʰʝʥʜʽ ʢϺʟϨʘʨʘʩʪʳϬ ʤʘϬʳʟʜʳʣʳϤʳʥ ʢϺʨʩʝʪʝʜʽ. ϣʠʤʘʨʘʪʪʘʨ-

ʜʳϬ ʽʨʛʝʪʘʩʪʘʨʳ ʤʝʥ ʥʝʛʽʟʜʝʨʽʥ ʜϰʨʳʩ ʝʩʝʧʪʝʫ Ϯʰʽʥ ʪʦʧʳʨʘϨʪʳϬ ʬʠʟʠʢʘʣʳϨ ʞϸʥʝ ʤʝ-

ʭʘʥʠʢʘʣʳϨ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʽʣʫ Ϩʘʞʝʪʪʽʣʽʛʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. 

ʄʘϨʘʣʘʜʘ ʘʟʘʤʘʪʪʳϨ Ϩϰʨʳʣʳʩʪʘ ʛʝʦʪʝʢʩʪʠʣʴʜʝʨ, ʛʝʦʪʝʢʩʪʠʣʴʜʝʨ, ʛʝʦʤʝʤʙʨʘ-

ʥʘʣʘʨ ʞϸʥʝ ʛʝʦʢʦʤʧʦʟʠʪʪʝʨ ʩʠʷϨʪʳ ʛʝʦʩʠʥʪʝʪʠʢʘʣʳϨ ʤʘʪʝʨʠʘʣʜʘʨʜʳ Ϩʦʣʜʘʥʫ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɹϰʣ ʤʘʪʝʨʠʘʣʜʘʨ ʪʝʭʥʠʢʘʣʳϨ ʪʠʽʤʜʽ, Ϯʥʝʤʜʽ ʞϸʥʝ ʵʢʦʣʦʛʠ-

ʷʣʳϨ ʪʘʟʘ ʰʝʰʽʤʜʝʨʜʽ ϰʩʳʥʘʜʳ. ʆʣʘʨʜʳϬ ʢʦʨʨʦʟʠʷϤʘ, ʙʠʦʣʦʛʠʷʣʳϨ ʞϸʥʝ ʭʠʤʠʷʣʳϨ ʳʜʳ-

ʨʘʫϤʘ ʪϺʟʽʤʜʽʣʽʛʽ, ʙʝʨʽʢʪʽʛʽ, ʠʢʝʤʜʽʣʽʛʽ ʞϸʥʝ ʦʨʥʘʪʫʜʳϬ ϨʘʨʘʧʘʡʳʤʜʳʣʳϤʳ ʩʠʷϨʪʳ 

ʘʨʪʳϨʰʳʣʳϨʪʘʨʳ ʩʠʧʘʪʪʘʣϤʘʥ. 

ʄʘϨʘʣʘʥʳϬ ʩʦϬϤʳ ʙϺʣʽʛʽ Ϩʘʫʽʧʩʽʟ ʞϸʥʝ ʙʝʨʽʢ Ϩϰʨʳʣʳʤʜʘʨʜʳ ʞʦʙʘʣʘʫ ʤʝʥ ʩʘʣʫʜʳϬ 

ʢʽʣʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪʦʧʳʨʘϨʪʳϬ ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʳϨ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʘʥʳϨʪʘʫ Ϯʰʽʥ ʟʝʨʪʭʘʥʘʣʳϨ ʞϸʥʝ ʜʘʣʘʣʳϨ ʩʳʥʘϨ ϸʜʽʩʪʝʨʽʥ ϨʦʣʜʘʥʫʜʳϬ ʤʘϬʳʟʜʳʣʳϤʳʥ 

ʢϺʨʩʝʪʝʜʽ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʢϮʰʝʡʪʽʣʛʝʥ ʤʘʩʩʠʚʪʝʨ, ʪʦʧʳʨʘϨ ʞʘʩʪʳϨʪʘʨʳ, ʢʦʤʧʦʟʠʪʪʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨ, ʛʝʦʩʠʥʪʝʪʠʢʘʣʳϨ ʤʘʪʝʨʠʘʣʜʘʨ, ʪʦʧʳʨʘϨʪʳϬ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳϨ ʩʠ-

ʧʘʪʪʘʤʘʣʘʨʳ, ʽʨʛʝʪʘʩʪʘʨʜʳ ʞϸʥʝ Ϩϰʨʳʣʳʩ ʥʝʛʽʟʜʝʨʽʥ ʝʩʝʧʪʝʫ. 

 

Abstract. The article deals with the peculiarities of stamp tests on hardened massifs 

and soil pads made of composite materials. The introduction emphasizes the importance of an 

integrated approach to soil investigation both in laboratory conditions and on construction 

sites. The focus is on the need for knowledge of the physical and mechanical characteristics of 

soil for the proper design of building foundations and footings. 

The paper details the use of geosynthetic materials such as geotextiles, geogrids, ge-

omembranes and geocomposites in civil engineering. These materials provide technically effi-

cient, cost-effective and environmentally friendly solutions. Their advantages such as high re-

sistance to corrosion, biological and chemical degradation, durability, flexibility and ease of in-

stallation are described. 

The final part of the paper emphasizes the importance of using both laboratory and 

field testing methods to determine the strength and deformation characteristics of soil, which is 

key to the design and construction of safe and durable structures. 

Key words: reinforced massifs, soil cushions, composite materials, geosynthetic mate-

rials, physical and mechanical characteristics of soil, calculation of foundations and bases of 

buildings. 
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1 ɺɺɽɼɽʅʀɽ  

ɺ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʧʦʣʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʥʪʘ ʠ ʝʛʦ ʩʚʦʡʩʪʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʥʪʘ ʵʪʦ ʚ ʣʘʙʦ-

ʨʘʪʦʨʠʷʭ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʝʩʪʴ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ. 

ʇʦ ʤʥʦʛʦʣʝʪʥʝʤʫ ʦʧʳʪʫ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʦʜʠʪʴ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦ.  

ɻʨʫʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʯʘʩʪʴʶ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʣʶʙʦʛʦ ʪʠʧʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʜʘʣʝʝ ʙʫʜʝʪ ʦʩʥʦʚʘʥʠʝ ʠ ʬʫʥʜʘʤʝʥʪ ʵʪʦʛʦ ʞʝ ʟʜʘʥʠʷ. ɻʣʘʚʥʘ ̫ʟʘʜʘʯʘ ï ʧʝʨʝʜʘʚʘʪʴ 

ʧʦʩʪʫʧʘʶʱʫʶ ʥʘʛʨʫʟʢʫ ʦʪ ʟʜʘʥʠʷ ʛʨʫʥʪʫ, ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʘʪʴ ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʘ. ʇʦ ʥʦʨʤʘʤ ʠ 

ʧʨʘʚʠʣʘʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʯʝʪ ʦʩʥʦʚʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʧʦ 

ʜʝʬʦʨʤʘʮʠʷʤ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʥʦʚʘʥʠʷ.  

ɹʝʟ ʟʥʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ 

ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʥʦʚʘʥʠʡ.  
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ʇʦʜʦʙʨʘʪʴ ʩʘʤʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚ ʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʮʝ-

ʣʷʭ ʬʫʥʜʘʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʣʦʞʥʳʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʦʛʨʦʤʥʳʤ ʚʳʙʦʨʦʤ ʬʫʥʜʘʤʝʥʪʦʚ, ʥʦ ʠ ʫʩʣʦʚʠʝʤ ʠʭ ʟʘʣʝʛʘʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʘ ð ʵʪʦ ʧʦʚʝʜʝʥʠʝ ʛʨʫʥʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ, ʜʘʣʝʝ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʘ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʧʦʤʦʛʘʶʪ ʚʳʷʚʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠʭ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʢ ʥʠʤ ʦʪʥʦ-

ʩʷʪʩʷ: 

- ʩʞʠʤʘʝʤʦʩʪʴ (ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ) ʛʨʫʥʪʦʚ; 

- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʦʚ ʩʜʚʠʛʫ; 

- ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʨʫʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʨʘʟʫʟʥʘʪʴ ʦ ʩʚʦʡʩʪʚʘʭ ʛʨʫʥʪʘ ʚ ʝʩʪʝ-

ʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ: 

1 ï ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ; 

2 ï ʨʘʟʚʝʜʢʘ ʠ ʦʧʨʦʙʦʚʘʥʠʝ; 

3 ï ʠʩʧʳʪʘʥʠʝ; 

4 ï ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʟʚʝʜʝʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʛʨʫʥʪʦʚ ʤʝʪʦʜʦʤ ʰʪʘʤʧʘ, ʧʨʝʩʩʠʦʤʝʪʨʠʠ, ʟʦʥʜʠʨʦʚʘʥʠʷ, 

ʚʨʘʱʘʪʝʣʴʥʳʤ ʩʨʝʟʦʤ, ʩʜʚʠʛʦʤ, ʩʨʝʟ ʮʝʣʠʢʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʝʚʳʤ ʤʝʪʦʜʘʤ ʠʩʧʳʪʘʥʠʠ 

ʛʨʫʥʪʦʚ. 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʠ ʛʨʫʥʪʦʚ ʙʳʚʘʶʪ ʧʨʷʤʳʝ, ʢʦʩʚʝʥʥʳʝ, ʪʦʯʥʳʝ ʠ ʛʨʫʙʳʝ. 

ʇʨʷʤʦʡ ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ð ʵʪʦ ʠʩʧʳʪʘʥʠʷ, ʢʦʪʦʨʦʝ ʜʘʝʪ ʠʩʢʦʤʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʞʠʤʘʝʤʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. 

ʂʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ð ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʩʧʳʪʘʥʠʷ.  

ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʪʦʯʥʳʭ ʠ ʛʨʫʙʳʭ ʤʝʪʦʜʘʭ ð ʵʪʦ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʠ ʜʦʣʷ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʚ ʪʦʯʥʳʭ ʤʝʪʦʜʘʭ ʥʝ ʪʘʢ ʚʝʣʠ-

ʢʘ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʳ ʧʦʣʫʯʘʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʧʦʜʚʝʨʞʝʥʥʦʡ 

ʠʟʤʝʨʝʥʠʷʤ. 

ɺ ʛʨʫʙʳʭ ʤʝʪʦʜʘʭ ʚʩ yʥʘʦʙʦʨʦʪ: ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. 

ʈʘʮʠʦʥʘʣʴʥʝʝ ʚʳʷʚʣʷʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʧʦʣʝʚʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʨʫʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ ʚʢʣʶʯʝʥʠʠ, ʨʘʟʤʝʨʳ 

ʩʨʘʚʥʠʤʳʝ ʩ ʨʘʟʤʝʨʘʤʠ ʩʘʤʦʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʨʘʟʮʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʢʠ ʚ ʠʟʤʝʥʝʥʠ-

ʷʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ ʩʦ ʚʨʝʤʝʥʝʤ ʠʩʧʦʣʴʟʫʶʪ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʠ. 

ʊʘʢʞʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʧʦʤʦʛʘʶʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ, ʠʪʘʢ, ʷʚ-

ʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʠʤʠ. 

 

2 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɻʝʦʩʠʥʪʝʪʠʢʠ ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʪʦʷʚʰʝʡʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʧʦʨʪʬʝʣʝ ʨʝʰʝʥʠʡ, 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ ʩ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʦʷʚʣʷʝʪʩʷ ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ 10 (ʜʝʩʷʪʴ) ʥʝʜʘʚʥʠʭ ʧʨʠʤʝʥʝʥʠʡ ʠʣʠ ʥʝʜʘʚʥʠʭ ʦʮʝʥʦʢ ʩʪʘʨʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʩʠʥʪʝʪʠʢʦʚ. 
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ʆʙʩʫʞʜʝʥʠʝ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʷʚʣʷʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ ʛʝʦʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʚʦʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʩʠʥʪʝʪʠʢʦʚ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʪʨʫʜ-

ʥʦʩʪʝʡ ʠ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʧʨʠʤʝʥʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʢʩʪʠʣʷ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʘ ʚ ʟʝʤʣʷʥʳʭ ʧʣʦʪʠ-

ʥʘʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ: ʦʪʢʨʳʪʳʭ ʛʝʦʤʝʤʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʟʠʩʪʠʚ-

ʥʳʭ ʧʦʢʨʳʪʠʡ, ʛʝʦʪʝʢʩʪʠʣʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʙʘʨʴʝʨʘ ʚ ʥʝʥʘʩʳʱʝʥʥʳʭ ʛʨʫʥʪʦʚʳʭ ʧʦ-

ʢʨʳʪʠʷʭ, ʘʥʢʝʨʥʦʡ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʨʤʘʪʫʨʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʫʪʳʭ ʦʪʢʦʩʦʚ, ʛʝʦʪʝʢ-

ʩʪʠʣʴʥʳʭ ʪʨʫʙ ʜʣʷ ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ ʟʘʱʠʪʳ ʧʦʙʝʨʝʞʴʷ, ʢʦʣʦʥʥ ʩ ʛʝʦʪʝʢʩʪʠʣʝʤ ʜʣʷ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʦʯʝʥʴ ʤʷʛʢʠʭ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ, ʮʝʣʴʥʳʭ ʘʙʘʪʤʝʥʪʦʚ ʤʦʩʪʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʛʝʦ-

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ çʢʦʯʢʠ ʚ ʢʦʥʮʝ ʤʦʩʪʘè, ʛʝʦʨʝʰʝʪʦʢ ʚ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʘʨʤʠʨʦʚʘʥʥʦʡ ʛʨʫʥʪʦʚʦʡ ʩʪʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʦʩʠʥʪʝʪʠʢʦʚ, ʘʨ-

ʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʨʝʥʘʞʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʨʫʪʳʭ 

ʩʢʣʦʥʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʧʘʛʫʙʥʦ-

ʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʧʘʥʩʠʚʥʳʭ ʛʣʠʥ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ. 

ɺ ʮʝʣʦʤ, ʛʝʦʩʠʥʪʝʪʠʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʚʩʝʭ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʫʩʪʘʥʦʚʢʠ ʠ ʭʦʨʦʰʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʚʦʨʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʩʠʥʪʝʪʠʢʦʚ ʚ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʨʘʩʰʠʨʷʪʴʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʙʫ-

ʜʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʠ ʫʣʫʯʰʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʠʥʞʝʥʝʨʳ/ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ï ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʜʣʷ ʥʦʚʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

 

3 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʛʨʘʤʤʘ ʠʩʧʳʪʘʥʠʡ  

 

ʉʜʚʠʛʦʚʦʡ ʧʨʠʙʦʨ (ʩʨʝʟʘʶʱʠʡ ʧʨʠʙʦʨ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʩʯʘʥʦʛʦ ʛʨʫʥʪʘ ʪʘʢʠʭ, ʢʘʢ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʝ. ʕʪʦʪ ʤʝ-

ʪʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʚ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʦʚʳʭ 

ʤʘʩʩʠʚʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʜʚʠʛʦʚʦʛʦ ʧʨʠʙʦʨʘ ʚʢʣʶʯʘʶʪ ʩʨʝʟʘʶʱʫʶ ʢʦʨʦʙʢʫ, ʩʠʩʪʝʤʫ ʟʘʛʨʫʟʢʠ, ʤʝʭʘʥʠʟʤ ʩʜʚʠʛʘ ʠ 

ʜʘʪʯʠʢʠ ʥʘʛʨʫʟʢʠ ʠ ʜʝʬʦʨʤʘʮʠʠ. ʉʨʝʟʘʶʱʘʷ ʢʦʨʦʙʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʦʚʠʥ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʘʝʪʩʷ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ: ʚʝʨʭʥʷʷ ʧʦʣʦʚʠʥʘ ʧʦʜʚʠʞʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʥʝʡ. ʉʠʩʪʝʤʘ 

ʟʘʛʨʫʟʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʢ ʦʙʨʘʟʮʫ, ʤʝʭʘʥʠʟʤ ʩʜʚʠʛʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʳ ʩʨʝʟʘʶʱʝʡ ʢʦʨʦʙʢʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʠʞʥʝʡ, ʘ ʜʘʪʯʠʢʠ ʠʟʤʝʨʷʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʠʣʫ ʩʜʚʠʛʘ ʠ 

ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ. 

ʇʨʦʮʝʜʫʨʘ ʠʩʧʳʪʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʪʙʦʨʘ ʧʨʦʙ ʧʝʩʯʘʥʦʛʦ ʛʨʫʥʪʘ ʩ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʫʪʝʤ ʪʨʘʤʙʦʚʢʠ ʠʣʠ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʩʨʝʟʘʶʱʝʡ ʢʦʨʦʙʢʝ. 

ʆʙʨʘʟʝʮ ʛʨʫʥʪʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʨʝʟʘʶʱʫʶ ʢʦʨʦʙʢʫ ʠ ʫʧʣʦʪʥʷʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʧʣʦʪʥʦʩʪʠ. ɿʘʪʝʤ ʢ ʦʙʨʘʟʮʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʟʘʛʨʫʟʢʠ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʜʘʚʣʝʥʠʝ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʛʨʫʥʪʘ. ɺʝʨʭʥʷʷ ʧʦʣʦʚʠʥʘ ʩʨʝʟʘʶ-

ʱʝʡ ʢʦʨʦʙʢʠ ʥʘʯʠʥʘʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ ʩ ʧʦ-

ɺʘʨʠʘʥʪ, ˉ 1 2 

ʆʧʠʩʘʥʠʝ ʠʩʧʳʪʘʥʠʡ ɹʝʟ ʛʝʦʩʝʪʢʠ ʉ 1 ʛʝʦʩʝʪʢʦʡ ʧʦʩʝʨʝʜʠʥʝ 

ʀʣʣʶʩʪʨʘʮʠʷ 
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ʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʩʦʟʜʘʚʘʷ ʩʜʚʠʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʙʨʘʟʮʝ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʧʦ-

ʩʪʦʷʥʥʦ ʠʟʤʝʨʷʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ ʩʜʚʠʛʘ ʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙ-

ʨʘʟʮʘ, ʘ ʜʘʥʥʳʝ ʬʠʢʩʠʨʫʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʜʚʠʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʘ, ʪʘʢʠʝ ʢʘʢ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚ-

ʥʝʥʠʝ ʩʜʚʠʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʄʦʨʘ-ʂʫʣʦʥʘ. ʀʩʧʳʪʘʥʠʝ ʩʜʚʠʛʦʚʳʤ ʧʨʠʙʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʝʩʯʘʥʦʛʦ ʛʨʫʥʪʘ. ʕʪʠ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟ-

ʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʪʘʢʠʭ, ʢʘʢ ʬʫʥʜʘʤʝʥʪʳ, ʥʘʩʳʧʠ, ʧʦʜʧʦʨʥʳʝ ʩʪʝʥʢʠ ʠ ʜʨʫ-

ʛʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʜʝ ʚʘʞʥʘ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʤʘʩʩʠʚʦʚ. 

 

 

4 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

 
ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʠ ʥʘ ʦʜʥʦʧʣʦʩʢʦʩʪʥʦʡ ʩʨʝʟ 

ʀʣʣʶʩʪʨʘʮʠʷ 

  

ʆʧʠʩʘʥʠʝ ʠʩʧʳʪʘʥʠʡ ɹʝʟ ʛʝʦʩʝʪʢʠ 
ʉ ʦʜʥʦʡ ʛʝʦʩʝʪʢʦʡ 

ʧʦʩʝʨʝʜʠʥʝ 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ű (ʧʦʣʥʘʷ) 31,1 29,3 

ʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ű (ʦʩʪʘʪʦʯʥʘʷ) 32,8 31,2 

ʉʮʝʧʣʝʥʠʝ,ʩ ʢʇʘ (ʧʦʣʥʘʷ) 38,23 17,9 

ʉʮʝʧʣʝʥʠʝ,ʩ ʢʇʘ (ʦʩʪʘʪʦʯʥʘʷ) 28,08 8,33 

 

 
 

ɻʨʘʬʠʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʧʣʦʩʢʦʩʪʥʦʡ ʩʨʝʟ ʚ ʦʙʨʘʟʮʝ  

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʩʝʪʦʢ. 
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ɻʨʘʬʠʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʦʜʥʦʧʣʦʩʢʦʩʪʥʦʡ ʩʨʝʟ ʚ ʦʙʨʘʟʮʝ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʩʝʪʢʠ 

 

 
 

ɻʨʘʬʠʢ 3 ïʋʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʛʨʫʥʪʘ 

 

 
 

ɻʨʘʬʠʢ 4 ï ʉʮʝʧʣʝʥʠʝ ʛʨʫʥʪʘ 

 
ɺ ʠʩʧʳʪʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʟʝʮ ʠʟ ʧʝʩʢʘ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʩʤʝʰʘʥʥʳʡ ʩ ʨʝʟʠʥʦʚʦʡ 

ʢʨʦʰʢʦʡ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚʝʨʝʪʝʥʥʦʛʦ ʤʘʩʣʘ. ɼʣʷ ʫʧʨʦʯʥʝ-

ʥʠʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʛʝʦʩʝʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 

6 ʚʘʨʠʘʥʪʦʚ ʠʩʧʳʪʘʥʠʡ.  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1 ʛʝʦʩʝʪʢʠ ʧʦʩʝʨʝʜʠʥʝ ʜʘʝʪ 

ʨʘʟʥʠʮʫ ʚ 1,3 ʨʘʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 2 ʛʝʦʩʝʪʦʢ ʧʦʩʝʨʝʜʠʥʝ ʜʘʝʪ ʨʘʟʥʠʮʫ ʚ 1,5 ʨʘʟʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʝʟ ʛʝʦʩʝʪʢʠ ʩʮʝʧʣʝʥʠʝ ʠ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ ʨʘʚʥʳ ʉ=38,23 ʢʇʘ, ʬ=31,1,̄ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʩʝʪʢʠ ʧʦʩʝʨʝʜʠʥʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʧʦʣʦʞʝʥʠʠ ʟʥʘʯʝʥʠʝ ʩʮʝʧʣʝʥʠʷ ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʤʝʥʷʝʪʩʷ ʥʘ ʉ=17,9 ʢʇʘ, 

ʬ=29,3.̄ ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʝʦʩʝʪʢʠ ʠʤʝʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʥʪ ʧʨʦʯʥʦʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʩʝʪʦʢ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʘ. 

ɺ ʧʝʨʚʦʤ ʠʩʧʳʪʘʥʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʩʝʪʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʫʰʘʶ-

ʱʝʡ ʥʘʛʨʫʟʢʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʛʨʫʥʪʘ ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʠʤ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. ʀʟ ʯʝʛʦ ʤʦʞʥʦ ʟʘ-

ʢʣʶʯʠʪʴ: ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʩʝʪʦʢ ʚ ʜʦʨʦʞʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʚʳʰʘʝʪ ʧʨʦʯ-

ʥʦʩʪʴ ʛʨʫʥʪʘ ʠ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ɼʘʥʥʳʡ ʫʧʨʦʯʥʷʶʱʠʡ ʤʘʪʝʨʠʘʣ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

 

5 ɺʓɺʆɼʓ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʩʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʜʦʨʦʞʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʩʝʪʦʢ ʧʦ ʛʨʘʥʠʮʘʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʩʝʪʦʢ ʧʦ ʢʨʘʷʤ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʧʨʦʯʥʦʩʪʴ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 149,7%, ʘ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʥʘ 385%. ʇʦʚʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ 

ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʘʚ ʧʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʥʘ 151% ʠ 707% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʩʝʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʢʨʘʷʤ, ʚ ʧʦʚʳʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ 

ʛʨʫʥʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʠ ʜʚʫʭ ʛʝʦʩʝʪʦʢ ʚ ʩʝʨʝʜʠʥʝ. ʀʩʧʳʪʘʥʠʷ ʩ ʦʜʥʦʡ ʛʝʦʩʝʪʢʦʡ, ʨʘʟ-

ʤʝʱʝʥʥʦʡ ʚ ʩʝʨʝʜʠʥʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ 1,3 ʨʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʛʝʦʩʝʪʦʢ ʚ ʩʝʨʝʜʠʥʝ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʚ 1,5 ʨʘʟʘ. ʕʪʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʣʫʯʰʝʥʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʩʝʪʦʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʮʝʧʣʝʥʠʝ ʠ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʩʝʪʦʢ ʟʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ 

ʠ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʩʝʪʦʢ ʧʦ 

ʢʨʘʷʤ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʩʝʪʦʢ ʚ ʜʦ-

ʨʦʞʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʨʫʥʪʘ, ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦ-

ʦʨʫʞʝʥʠʡ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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3.3 ʀʅɾɽʅɽʈʅʓɽ ʉʀʉʊɽʄʓ ʀ ʉɽʊʀ 
 

 

ʋɼʂ 628.3 

 

ʆɿʆʅɸʊʆʈʓ ɺ ʉʌɽʈɽ ʆʊʏʀʉʊʂʀ ɺʆɼʓ ɺ ɹɸʉʉɽʁʅɸʍ 

 

ɻʨʠʥʴ ɼ.ɼ. 
ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ɸʣʤʘʪʳ, 050043, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʚʦʜʳ ʧʨʠ 

ʧʦʤʦʱʠ ʦʟʦʥʘ ʚ ʙʘʩʩʝʡʥʘʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʜʝʟʠʥ-

ʬʝʢʮʠʠ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʟʦʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝʤ ʚʦʜ. ɺʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ, 

ʥʦ, ʦʙʣʘʜʘʷ ʨʷʜʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʦʟʦʥʠʨʦʚʘʥʠʝ ʥʝ ʣʠʰʝʥʦ ʠ ʥʝʜʦʩʪʘʪʢʦʚ (ʚʳ-

ʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʟʦʥʘ, ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʪ. ʜ.). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʦʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ, ʦʟʦʥʠʨʦʚʘ-

ʥʠʝ ʙʘʩʩʝʡʥʘ, ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝʤ ʚʦʜ, ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʫʨʦʚʝʥʴ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦ-

ʜʳ, ʦʟʦʥʘʪʦʨ ʚʦʜʳ. 

 

ɸשʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʙʘʩʩʝʡʥ ʩʫʳʥ ʟʘʨʘʨʩʳʟʜʘʥʜʳʨʫʜʳϬ ʩʝʥʽʤʜʽ Ϩϰʨʘʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥ ʙʘʩʩʝʡʥʜʝʨʜʝʛʽ ʦʟʦʥʜʳ Ϩʦʣʜʘʥʘʪʳʥ ʞʘϬʘ ʩʫ ʪʘʟʘʨʪʫ ʞϮʡʝʣʝʨʽ ʪʘʣϨʳʣʘʥʘ-

ʜʳ. ϧʘʟʽʨʛʽ ʫʘϨʳʪʪʘ ʦʟʦʥʠʟʘʮʠʷ ʩʫʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʜʝʟʠʥʬʝʢʮʠʷʣʘʫ ʘʨϨʳʣʳ ʞʘʩʘʥʜʳ 

ʞϸʥʝ ʪʘʙʠϤʠ ʰʳϨϨʘʥ ϸʨʪϮʨʣʽ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳϬ Ϯʣʢʝʥ ʩʘʥʳʥʘ ʪʠʽʤʜʽ ϸʩʝʨ ʝʪʫʛʝ 

ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʫʜʳ ʪʘʟʘʨʪʫʜʳϬ ʞʘʣϤʳʟ ϸʤʙʝʙʘʧ ϸʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ϷʜʽʩʪʽϬ 

ʤϮʤʢʽʥʜʽʢʪʝʨʽ ʘʡʪʘʨʣʳϨʪʘʡ Ϯʣʢʝʥ, ʙʽʨʘϨ ʙʽʨϨʘʪʘʨ ʦϬ Ϩʘʩʠʝʪʪʝʨʛʝ ʠʝ ʙʦʣʘ ʦʪʳʨʳʧ, 

ʦʟʦʥʠʟʘʮʠʷʥʳϬ ʢʝʤʰʽʣʽʢʪʝʨʽ ʜʝ ʞʦϨ ʝʤʝʩ (ʦʟʦʥ ϺʥʜʽʨʫʜʽϬ ʞʦϤʘʨʳ Ϩϰʥʳ, ʫʳʪʪʳʣʳϤʳ 

ʞϸʥʝ ʪ.ʙ.). 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩʫʜʳ ʪʘʟʘʨʪʫʜʳϬ ʞʘϬʘ ʞϮʡʝʣʝʨʽ, ʩʫʜʳ ʦʟʦʥʜʘʫ, ʙʘʩʩʝʡʥʜʽ ʦʟʦʥ-

ʜʘʫ, ʩʫʜʳ ʟʘʨʘʨʩʳʟʜʘʥʜʳʨʫ, ʭʠʤʠʷʣʳϨ Ϩʦʩʳʣʳʩʪʘʨ, ʩʫʜʳϬ ϨʳʰϨʳʣʜʳϨ ʜʝϬʛʝʡʽ, ʩʫ ʦʟʦʥʘ-

ʪʦʨʳ. 

 

Abstract. This article discusses new water purification systems using ozone in swim-

ming pools, which are a more reliable means of disinfecting water in a swimming pool. Cur-

rently, ozonation is the only universal method of water treatment, which allows for effective ac-

tion on a large number of various pollutants of artificial and natural origin with simultaneous 

disinfection of water. The capabilities of the method are quite large, but having a number of 

positive properties, ozonation is not without disadvantages (high cost of ozone production, tox-

icity, etc.).  

Key words: new water purification systems, water ozonation, pool ozonation, water 

disinfection, chemical compounds, water acidity level, water ozonizer. 
 

 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɻʨʠʥʴ ɼ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɾʘʥʛʫʞʠʥʦʚ ɸ.ɽ.  
 

1 ɺɺɽɼɽʅʀɽ 

ʆʟʦʥʠʨʦʚʘʥʠʝ ʙʘʩʩʝʡʥʘ ï ʵʪʦ ʧʨʦʮʝʜʫʨʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʢʠʩʣʦʨʦʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʠʜʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʦʟʦʥ. ʕʪʦ ʤʦʱʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʫʩʪʨʘʥʷʝʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʠʜʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʜʘʝʪʩʷ ʫʜʘ-

ʣʠʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʠʜʘ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ, ʧʦʷʚʣʝʥʠʶ 

ʥʝʧʨʠʷʪʥʦʛʦ ʟʘʧʘʭʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʠʩʣʦʨʦʜʘ, ʤʦʣʝʢʫʣʘ ʦʟʦʥʘ ʠʤʝʝʪ 3 ʘʪʦʤʘ. ʆʥʘ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʦʧʘʜʘʷ ʚ ʚʦʜʫ, ʦʟʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʟʠʥʬʝʢʮʠʶ ʠ 

https://teacode.com/online/udc/62/628.3.html
https://teacode.com/online/udc/62/628.3.html
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ʦʯʠʩʪʢʫ. ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʙʱʠʡ 

ʫʨʦʚʝʥʴ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜʳ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʥʝʡ ʥʝ ʦʩʪʘʝʪʩʷ ʚʨʝʜʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ, ʯʪʦ ʦʟʦʥ ʦʙʨʘʪʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʩʣʦʨʦʜ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʦʟʦʥʠʨʦʚʘʥʠʝ ʙʘʩʩʝʡʥʘ ʩʯʠʪʘʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ ʜʝʟʠʥʬʝʢʮʠʠ. 

ʆʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ ï ʩʚʦʝʛʦ ʨʦʜʘ ʜʝʟʠʥʬʝʢʮʠʷ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʦʟʦʥʘʪʦʨʘ (ʛʝʥʝʨʘʪʦʨʘ ʦʟʦʥʘ). ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʘʢʪʠʚʥʳʡ 

ʢʠʩʣʦʨʦʜ ʠ ʜʦʟʠʨʫʝʪ ʝʛʦ ʚ ʚʦʜʫ ʚ ʥʫʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʫʥʠʯʪʦʞʘʷ ʙʘʢʪʝʨʠʠ, ʛʨʠʙʢʠ ʠ ʚʦʜʦ-

ʨʦʩʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʡ. ʆʯʝʥʴ ʯʘʩʪʦ ʛʝʥʝʨʘʪʦʨʳ ʦʟʦʥʘ ʷʚʣʷʶʪʩʷ ʝʱʝ ʠ ʜʦʟʘʪʦʨʘʤʠ ʭʣʦʨʘ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʩ ʫʜʚʦʝʥʥʦʡ ʩʠʣʦʡ ʥʘ ʚʩʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʆʟʦʥ ʚ ʢʘʧʩʫʣʘʭ ʠʣʠ 

ʞʠʜʢʦʡ ʬʦʨʤʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʚʳʙʨʦʩ ʛʘʟʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʩʪʚʦʨʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ. ʂʘʢ ʜʦʣʛʦ ʜʣʠʪ-

ʩʷ ʧʨʦʮʝʩʩ ʦʟʦʥʠʨʦʚʘʥʠʷ? ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʨʝʟʝʨʚʫʘʨʘ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʙ ʦʟʦʥʝ ʛʦʚʦʨʠʣʦʩʴ ʥʘ ʫʨʦʢʘʭ ʚ ʰʢʦʣʝ: ʦʥ ʯʘʱʝ ʚʩʝʛʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʦʟʦʥʦʚʦʡ ʜʳ-

ʨʦʡ, ʪʦ ʝʩʪʴ ʠʩʪʦʱʝʥʠʝʤ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʟʦʥ 

ʠʛʨʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʝʤʫ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜ-

ʥʦʛʦ ʋʌ-ʠʟʣʫʯʝʥʠʷ. 

ʆʟʦʥ ï ʘʣʣʦʪʨʦʧʥʘʷ ʬʦʨʤʘ ʢʠʩʣʦʨʦʜʘ. ʕʪʦ ʛʘʟ ʩ ʭʘʨʘʢʪʝʨʥʳʤ, ʩʣʝʛʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʟʘʧʘʭʦʤ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʪʤʦʩʬʝʨʥʳʝ ʚʳʙʨʦʩʳ. ʊʠʧʠʯʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʦʟʦʥʘ ʚʢʣʶʯʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʭʦʨʦʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. ʄʥʦʛʦ-

ʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʦʥʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʠ ʝʛʦ ʙʠʦʮʠʜʥʳʝ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ. 

ʕʪʦ ʦʪʢʨʳʪʠʝ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʘʥʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʦʯʠʩʪʢʦʡ ʚʦʜʳ ʚ ʧʣʘʚʘʪʝʣʴʥʳʭ ʙʘʩʩʝʡ-

ʥʘʭ ʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʦʡ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ (ʧʠʱʝʚʳʭ, ʬʘʨʤʘʮʝʚ-

ʪʠʯʝʩʢʠʭ ʠ ʜʨ.). ʆʟʦʥ ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʘʢʪʠʚʥʳʡ ʢʠʩʣʦʨʦʜ. 

 

2 ʊɽʆʈɽʊʀʏɽʉʂɸʗ ɹɸɿɸ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʂʘʢ ʨʘʙʦʪʘʝʪ ʦʟʦʥʘʪʦʨ ʚʦʜʳ? ʋʟʥʘʚ, ʯʪʦ ʪʘʢʦʝ ʦʟʦʥʘʪʦʨ, ʥʫʞʥʦ ʠʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦ-

ʪʳ ʧʨʠʙʦʨʘ. ʆʥ ʛʝʥʝʨʠʨʫʝʪ ʦʟʦʥ ʠʟ ʚʦʟʜʫʭʘ ʠʣʠ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

¶ ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʬʠʣʴʪʨ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ɿʜʝʩʴ 
ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

¶ ʇʨʠʙʦʨ ʥʘʧʨʘʚʣʷʝʪ ʦʯʠʱʝʥʥʳʡ ʚʦʟʜʫʭ ʚ ʢʦʥʮʝʥʪʨʘʪʦʨ ʢʠʩʣʦʨʦʜʘ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʯʠʩʪʫʶ ʛʘʟʦʚʫʶ ʩʤʝʩʴ, ʢʦʪʦʨʘʷ ʥʘ 85-95% ʩʦʩʪʦʠʪ ʠʟ ʢʠʩʣʦʨʦʜʘ. 

¶ ʂʠʩʣʦʨʦʜ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʛʝʥʝʨʘʪʦʨ ʦʟʦʥʘ. ʅʘ ʚʝʱʝʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦ-
ʨʦʥʥʳʡ ʨʘʟʨʷʜ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʘʪʦʤʳ. ɿʘʪʝʤ 

ʦʥʠ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʤʦʣʝʢʫʣʳ ʦʟʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʟʦʥʠʨʦʚʘʪʴ ʚʦʜʫ. ʅʘ ʨʳʥʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʪʦʨʳʝ ʚʳʨʘʙʘʪʳʚʘʶʪ ʦʟʦʥ ʟʘ ʩʯʝʪ ʦʙʣʫʯʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ. ʆʜ-

ʥʘʢʦ ʪʘʢʠʝ ʦʟʦʥʘʪʦʨʳ ʚ ʙʘʩʩʝʡʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ: ʫʩʪʨʦʡʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ 

ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʆʙʳʯʥʦ ʠʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʯʪʦʙʳ ʦʩʚʝʞʘʪʴ ʠ ʦʯʠʱʘʪʴ 

ʚʦʟʜʫʭ. 
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ʉʪʘʥʜʘʨʪʥʳʡ ʦʟʦʥʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʟʣʫʯʘʪʝʣʷ. ʆʥʠ 

ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʟʣʫʯʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ. ʆʥʘ ʦʩʥʘ-

ʱʝʥʘ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʜʦʨʦʞʢʘʤʠ. ʆʙʳʯʥʦ ʦʟʦʥʘʪʦʨ ʚʢʣʶʯʘʶʪ ʚ ʨʘʙʦʪʫ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʬʠʣʴʪʨʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʤʥʦʛʦʵʪʘʧʥʫʶ ʦʯʠʩʪʢʫ. 

ʇʨʦʮʝʜʫʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

¶ ɾʠʜʢʦʩʪʴ ʧʦʧʘʜʘʝʪ ʚ ʩʠʩʪʝʤʫ ʬʠʣʴʪʨʘʮʠʠ. ʕʪʦʛʦ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʣʠʚʘ. 

¶ ʇʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʢʨʫʧʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʌʠʣʴʪʨ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟ-
ʚʣʝʯʴ ʠʟ ʚʦʜʳ ʤʝʣʢʠʝ ʧʨʝʜʤʝʪʳ, ʚʦʣʦʩʳ, ʛʨʷʟʴ ʠʥʦʛʦ ʪʠʧʘ. 

¶ ʆʯʠʱʝʥʥʫʶ ʚʦʜʫ ʩʤʝʰʠʚʘʶʪ ʩ ʚʦʜʦʧʨʦʚʦʜʥʦʡ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 
ʪʨʝʙʫʝʤʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɽʛʦ ʫʨʦʚʝʥʴ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʧʨʠʤʝʨʥʦ 7 ʝʜʠʥʠʮ. 

¶ ɺʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ. ʕʪʦʛʦ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ 
ʥʘʩʦʩʦʚ. ʆʥʠ ʧʝʨʝʢʘʯʠʚʘʶʪ ʚʦʜʫ, ʩʧʦʩʦʙʩʪʚʫʷ ʝʝ ʧʝʨʝʤʝʱʝʥʠʶ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ. 

¶ ʇʨʦʠʩʭʦʜʠʪ ʧʦʜʦʛʨʝʚ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪʥʫʶ ʝʤʢʦʩʪʴ. 

¶ ʇʨʦʠʩʭʦʜʠʪ ʢʦʥʪʘʢʪ ʚʦʜʳ ʩ ʦʟʦʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʜʝʟʠʥʬʝʢʮʠʶ, 
ʫʜʘʣʠʚ ʜʘʞʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚ ʛʣʫʙʦʢʫʶ ʦʯʠʩʪʢʫ. 

¶ ɺ ʚʦʜʫ ʜʦʙʘʚʣʷʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʘ. ʊʘʢ ʫʜʘʝʪʩʷ ʫʩʠʣʠʪʴ ʵʬʬʝʢʪ. 

¶ ɾʠʜʢʦʩʪʴ ʚʦʟʚʨʘʱʘʶʪ ʚ ʙʘʩʩʝʡʥ. 

ʇʨʦʮʝʜʫʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʙʣʶʜʘʪʴ ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ. 

ʅʝʜʦʩʪʘʪʢʠ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ. ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ ʦʟʦʥʠʨʦʚʘʥʠʷ ʥʝ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʪʝʭʥʠʢʝ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ. ɼʣʠʪʝʣʴʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʟʦʥʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʟʦʥʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʫʙʝʞʜʘʝʪ ʚ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʦʟʦʥʠʨʦʚʘʥʠʷ ʠʩʢʣʶʯʠʪ ʩʚʦʡʩʪʚʝʥʥʳʝ ʤʝʪʦʜʫ 

ʥʝʜʦʩʪʘʪʢʠ, ʠ ʦʥ ʧʦʣʫʯʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʟʦʥ ʦʯʝʥʴ ʙʳʩʪʨʦ ʫʣʝʪʫʯʠʚʘʝʪʩʷ ʠ ʠʩʯʝʟʘʝʪ 

ï ʚ ʦʯʠʱʝʥʥʦʡ ʚʦʜʝ ʩʥʦʚʘ ʥʘʯʠʥʘʶʪ ʨʘʟʤʥʦʞʘʪʩɹʷ ʚʨʝʜʥʳʝ ʤʠʢʨʦʙʳ ʠ ʚʦʜʦʨʦʩʣʠ. ʇʦʵʪʦʤʫ 

ʚʣʘʜʝʣʴʮʳ ʯʘʩʪʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚʳʥʫʞʜʝʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʨʝʜ-

ʩʪʚʘ ʜʣʷ ʙʘʩʩʝʡʥʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʨʘʙʦʪʫ ʦʟʦʥʘʪʦʨʦʚ. ʅʝʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʘ 

ʪʘʢʞʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʥʝʧʨʠʷʪʥʳʝ ʩʠʤʧʪʦʤʳ: ʛʦʣʦʚʥʫʶ ʙʦʣʴ ʠ ʧʨʦʙʣʝʤʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 

ʆʜʥʘʢʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ ʢʨʳʪʳʭ ʙʘʩʩʝʡʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʠ ʦʟʦʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ ʚ ʜʦʤʘʰʥʝʤ ʙʘʩʩʝʡʥʝ ʠʣʠ SPA-ʮʝʥʪʨʘʭ? ʅʝ-

ʙʦʣʴʰʠʝ ʦʟʦʥʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʫʯʘʩʪʢʦʚʳʭ ʙʘʩʩʝʡʥʘʭ (ʈʠʩʫ-

ʥʦʢ 2). ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʚʦʜʳ ʯʝʨʝʟ ʫʩʪʨʦʡʩʪʚʦ ʙʘʢʪʝʨʠʠ ʠ ʛʨʷʟʴ ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ, ʘ ʦʯʠʱʝʥ-

ʥʘʷ ʞʠʜʢʦʩʪʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʨʝʟʝʨʚʫʘʨ. ʆʟʦʥ ʚ ʙʘʩʩʝʡʥʝ ʦʯʝʥʴ ʙʳʩʪʨʦ ʫʣʝʪʫʯʠʚʘʝʪ-

ʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʟʜʫʭʦʤ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʥʝ ʦʧʘʩʘʪʴʩʷ ʦʪʨʘʚʣʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴʰʠʭ ʙʘʩʩʝʡʥʘʭ, ʧʣʘʚʘʪʝʣʴʥʳʭ ʙʘʩʩʝʡʥʘʭ ʠ ʩʧʘ-ʮʝʥʪʨʘʭ 

ʙʦʣʝʝ ʩʣʦʞʝʥ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ʚʦʜʳ ʚʣʘʜʝʣʴʮʳ ʢʦʤʤʝʨʯʝ-

ʩʢʠʭ ʦʙʲʝʢʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʦʟʦʥʘʪʦʨʳ (ʥʝʢʦʪʦʨʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʵʪʦʛʦ ʪʠʧʘ ʚʳʨʘʙʘʪʳʚʘʶʪ ʦʟʦʥ ʥʘ ʫʨʦʚʥʝ ʜʦ 500-600 ʛ/ʯ!). ʆʟʦʥʠʨʦʚʘʥʠʝ ʙʘʩʩʝʡʥʦʚ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ ʩʣʦʞʥʝʝ, ʯʝʤ ʦʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ ʚ ʤʘʣʦʤ ʨʝʟʝʨʚʫʘʨʝ ï ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʜʘʣʷʶʱʝʛʦ ʠʟʙʳʪʦʢ ʦʟʦʥʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ ʚ ʜʦʤʘʰʥʝʤ ʙʘʩʩʝʡʥʝ 
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ʂʘʢʦʚʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʟʦʥʘ, ʙʝʟʫʩʣʦʚʥʦ, ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ! ʕʪʦʪ ʛʘʟ ʦʯʝʥʴ ʙʳʩʪʨʦ ʫʥʠʯʪʦʞʘʝʪ ʙʦʣʝʟʥʝʪʚʦʨ-

ʥʳʝ ʤʠʢʨʦʙʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʧʘʩʥʳʝ ʙʘʢʪʝʨʠʠ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ (ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʝ ʧʠʱʝʚʳʭ ʦʪʨʘʚʣʝʥʠʡ, ʜʠʘʨʝʠ ʠ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ). ɸʢʪʠʚʥʳʡ ʢʠʩʣʦʨʦʜ ʪʘʢʞʝ ʫʜʘʣʷ-

ʝʪ ʚʦʜʦʨʦʩʣʠ, ʧʣʝʩʝʥʴ ʠ ʛʨʠʙʢʠ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʚʦʜʘ ʤʫʪʥʝʝʪ, ʧʨʠʦʙʨʝʪʘʷ ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ ʠ 

ʤʝʥʷʷ ʮʚʝʪ (ʈʠʩʫʥʦʢ 3). 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʆʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ 

 

ʆʟʦʥ ʧʦʚʳʰʘʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʠ ʥʝʡʪʨʘʣʠʟʫʝʪ ʝʝ ʟʘʧʘʭ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʙʘʩʩʝʡʥ 

ʥʘ ʫʯʘʩʪʢʝ ʩʤʦʪʨʠʪʩʷ ʵʩʪʝʪʠʯʥʦ ʠ ʵʣʝʛʘʥʪʥʦ. ʏʪʦ ʚʘʞʥʦ ï ʧʨʘʚʠʣʴʥʦ ʧʨʦʚʝʜʝʥʥʦʝ ʦʟʦʥʠʨʦ-

ʚʘʥʠʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ʆʙʨʘʙʦʪʢʘ ʥʝ ʟʘʛʨʷʟʥʷʝʪ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʥʠʢʘʷ ʚ ʚʦʟʜʫʭ, ʦʟʦʥ ʥʝ ʛʝʥʝʨʠʨʫʝʪ ʥʠʢʘʢʠʭ ʦʪʭʦʜʦʚ. 

ʏʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʦʜʳ ʚ ʙʘʩʩʝʡʥʝ? ʆʟʦʥʠʨʦʚʘʥʠʝ ʚʦʜʳ, 

ʢʦʥʝʯʥʦ ʞʝ, ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʙʘʩʩʝʡʥʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʝʟ-

ʫʧʨʝʯʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʚʦʜʳ. ɺʤʝʩʪʦ ʛʝʥʝʨʘʪʦʨʦʚ ʦʟʦʥʘ ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʫʩʪʨʦʡʩʪʚʘ 

ʩ ʋʌ-ʣʘʤʧʘʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʪʣʠʯʥʦ ʜʝʟʠʥʬʠʮʠʨʫʶʪ ʚʦʜʫ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʨʝʰʝʥʠʷ 

ʷʚʣʷʝʪʩʷ, ʦʜʥʘʢʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʮʝʥʘ ʣʘʤʧ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ ʥʘ ʧʦʣʴʩʢʦʤ ʨʳʥʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. 

ʆʟʦʥ ʚ ʯʘʩʪʥʳʭ ʠ ʢʨʫʧʥʳʭ ʙʘʩʩʝʡʥʘʭ ʜʦʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ ʭʣʦʨʦʤ. ʕʪʦ ʥʘʜʝʞʥʦʝ ʠ ʦʯʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʝʡʩʪʚʠʷ: ʦʥʦ ʫʜʘʣʷʝʪ ʙʘʢʪʝʨʠʠ, ʫʥʠʯʪʦʞʘʝʪ ʛʨʠʙʢʠ, 

ʚʦʜʦʨʦʩʣʠ ʠ ʚʠʨʫʩʳ. ʐʦʢʦʚʘʷ ʩʪʝʨʠʣʠʟʘʮʠʷ ʭʣʦʨʦʤ ʧʨʝʢʨʘʩʥʦ ʦʯʠʱʘʝʪ ʚʦʜʫ ʠ ʚʟʘʠʤʦʟʘʤʝ-

ʥʷʝʤʦ ʩ ʦʟʦʥʠʨʦʚʘʥʠʝʤ. 

ʇʦ ʢʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʚʳʙʠʨʘʶʪ ʛʝʥʝʨʘʪʦʨ ʦʟʦʥʘ. ʇʝʨʝʜ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʦʟʦʥʘʪʦʨʘ ʫʟʥʘ-

ʶʪ ʚʘʞʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʝʛʦ ʨʘʙʦʪʳ. ɿʥʘʯʝʥʠʝ ʠʤʝʶʪ: 

¶ ɺʣʘʞʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʙʘʩʩʝʡʥ. ɹʦʣʴʰʠʥ-
ʩʪʚʦ ʫʩʪʨʦʡʩʪʚ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʧʣʶʩʦʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘ ʪʝʨʤʦʤʝʪʨʝ. ʊʘʢʠʝ ʧʨʠʙʦʨʳ ʥʘ 

ʟʠʤʫ ʜʝʤʦʥʪʠʨʫʶʪ. 

¶ ʆʙʲʝʤ ʯʘʰʠ ʙʘʩʩʝʡʥʘ. ɺ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʦʧʠʩʳʚʘʶʪ ʵʪʦʪ ʧʦʢʘʟʘ-
ʪʝʣʴ. 
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¶ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʜʘʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʧʦʜʦʡʜʫʪ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʳʝ ʤʦʜʝʣʠ. ɸ ʚʦʪ ʚ ʩʧʦʨʪʠʚʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʥʠ ʧʦʣʴʟʫ ʥʝ ʧʨʠʥʝʩʫʪ. ɺ ʦʙʱʝ-

ʩʪʚʝʥʥʳʭ ʙʘʩʩʝʡʥʘʭ ʥʫʞʥʳ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ. 

¶ ɼʚʫʭ ʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʦʤʠʤʦ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳ-

ʧʦʣʥʷʶʪ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʭʣʦʨʦʤ ʠʣʠ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ, ʧʨʦʚʦʜʷʪ ʠʦʥʠʟʘʮʠʶ. ʉʪʦʠʤʦʩʪʴ ʪʘ-

ʢʠʭ ʦʟʦʥʘʪʦʨʦʚ ʚʳʩʦʢʘ, ʧʦʵʪʦʤʫ ʯʘʱʝ ʠʭ ʧʨʠʦʙʨʝʪʘʶʪ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚ. 

¶ ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ. ʋʩʪʨʦʡʩʪʚʘ ʨʘʙʦʪʘʶʪ ʦʪ ʩʝʪʠ ʚ 220 ɺ ʠ 380 ɺ. 

ʀʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʣʘʛʘʶʪ ʤʦʜʝʣʠ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʢʦʣʦʥʢʦʡ ʜʣʷ ʜʝʛʘʟʘ-

ʮʠʠ. ɽʛʦ ʧʦʣʴʟʘ ʩʦʩʪʦʠʪ ʚ ʫʜʘʣʝʥʠʠ ʧʫʟʳʨʴʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʚʦʜʳ ʦʟʦʥʦʤ. 

ʄʦʜʝʣʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʦʩʥʘʱʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʠ ʢʦʥʪʨʦʣ-

ʣʝʨʦʤ. ʇʨʠʙʦʨʳ ʧʨʝʜʫʧʨʝʞʜʘʶʪ, ʝʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ3 ʚʳʰʝ ʥʦʨʤʳ ʠʣʠ ʧʦʚʳʰʝʥ pH ʚʦʜʳ. 

 

3 ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʫʞʝ ʩʪʘʣʦ ʧʨʠʚʳʯʥʳʤ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʦʟʦʥʘ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʥʦ ʠ 

ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʥʘʯʘʣʴʥʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʯʠʥʘʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ ʦʟʦʥʠ-

ʨʦʚʘʥʠʝ, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʀʥʪʝʨʝʩ ʢ ʦʟʦʥʠʨʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʥʝ ʦʩʣʘʙʝʚʘʝʪ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʟ ʛʦʜʘ ʚ ʛʦʜ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʦʟʜʘʥʠʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʦ ʦʟʦʥʫ, ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʝʞʝʛʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʩʠʤʧʦʟʠʫʤʦʚ, ʩʝʤʠʥʘʨʦʚ ʠ ʢʦʥʛʨʝʩʩʦʚ ʧʦ ʦʟʦʥʠʨʦʚʘʥʠʶ, 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ, ʩʜʝʨʞʠʚʘʶʱʝʡ ʚʥʝʜʨʝʥʠʝ ʦʟʦʥʠʨʦʚʘʥʠʷ, 

ʷʚʣʷʶʪʩʷ ʥʝʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʟʦʥʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʦʟʦʥʘ. 
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ɸשʜʘʪʧʘ. ɾϰʤʳʩʪʘ ʩʦϬϤʳ ʦʥ ʞʳʣʜʘ ʞʳʣʳʪʫ ʞϮʡʝʣʝʨʽʥʽϬ ʵʥʝʨʛʝʪʠʢʘʣʳϨ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫϤʘ ʙʘϤʳʪʪʘʣϤʘʥ ʥʦʨʤʘʪʠʚʪʽʢ ʪʘʣʘʧʪʘʨʜʳϬ Ϩʘʣʘʡ Ϻʟʛʝʨʛʝʥʽ ʪʘʣ-

ʜʘʥʘʜʳ. ʆʥ ʞʳʣ ʞϰʤʳʩ ʽʩʪʝʛʝʥʥʝʥ ʢʝʡʽʥ ϨʦʥʘϨ Ϯʡ ʪϮʨʽʥʜʝʛʽ ʞʘʪʘϨʭʘʥʘʥʳϬ ʞʳʣʳʪʫ 

ʞϮʡʝʩʽʥʝ ʟʝʨʪʪʝʫ ʞϮʨʛʽʟʽʣʜʽ. ɾϮʡʝʥʽϬ ʵʥʝʨʛʠʷʥʳ Ϯʥʝʤʜʝʫʽ Ϯʰʽʥ ʩʽʟʛʝ ʜϰʨʳʩ ʞʦʙʘ Ϥʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ Ϩʘʪʘʨ ʞϮʡʝʥʽ ʩʘʫʘʪʪʳ ʦʨʥʘʪʫ, ʽʩʢʝ Ϩʦʩʫ ʞϸʥʝ ʧʘʡʜʘʣʘʥʫ Ϩʘʞʝʪ ʝʢʝʥʜʽʛʽ 

ʢϺʨʩʝʪʽʣʛʝʥ. 
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ʊװʡʽʥ ʩᴇʟʜʝʨ: ʘʚʪʦʤʘʪʪʳ ʪʝϬʛʝʨʽʤ ʢʣʘʧʘʥʳ, ʪʝʨʤʦʩʪʘʪʠʢʘʣʳϨ ʵʣʝʤʝʥʪ, ʪʝʨ-

ʤʦʩʪʘʪʠʢʘʣʳϨ ʢʣʘʧʘʥ, ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ. 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ, ʢʘʢ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʠʟʤʝʥʷʣʠʩʴ 

ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʦʙʱʝʞʠʪʠʷ ʛʦʩʪʠʥʠʯ-

ʥʦʛʦ ʪʠʧʘ ʧʦʩʣʝ ʜʝʩʷʪʠ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʙʳ-

ʣʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ, ʥʫʞʝʥ ʥʝ ʪʦʣʴʢʦ ʧʨʘʚʠʣʴʥʳʡ ʧʨʦʝʢʪ, ʥʦ ʠ ʛʨʘʤʦʪʥʳʡ ʤʦʥʪʘʞ, 

ʧʫʩʢʦʥʘʣʘʜʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʢʣʘʧʘʥ, ʪʝʨʤʦʩʪʘʪʠʯʝ-

ʩʢʠʡ ʵʣʝʤʝʥʪ, ʪʝʨʤʦʩʪʘʪʠʯʝʩʢʠʡ ʢʣʘʧʘʥ, ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ. 
 

Abstract. The paper analyzes how regulatory requirements aimed at improving the en-

ergy efficiency of heating systems have changed over the past ten years. A study of the heating 

system of a hotel-type dormitory after ten years of operation has been conducted. It is shown 

that in order for the system to be energy efficient, not only the right project is needed, but also 

competent installation, commissioning and operation of the system. 

Key words: automatic balancing valve, thermostatic element, thermostatic valve, ther-

mal energy. 
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ʕʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥʳש ʞʦסʘʨʳ ײץʥʳ ʦʣʘʨʜʳ ʪײʪʳʥʫʜʳש ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʜʝשʛʝ-

ʡʽʤʝʥ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʡʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ᴅʢʝʣʝʜʽ. 

2015 ʞʳʣʜʘʥ ʙʘʩʪʘʧ çʕʥʝʨʛʠʷ װʥʝʤʜʝʫ ʪʫʨʘʣʳè ɽʣ ʙʘʩʳʥʳש ʟʘשʳ ץʘʙʳʣʜʘʥʜʳ ʞᴅʥʝ 

 ʙʘʟʘʥʳ ʞʝʪʽʣʜʽʨʫ ʙʦʡʳʥʰʘ ץʪʳץʳץײץ-ʢʽʤʝʪʽ ʅʦʨʤʘʪʠʚʪʽʢת ʩʪʘʥץʘʟʘפ ʘ ʜʝʡʽʥץʳʪץʘʟʽʨʛʽ ʫʘץ

ʞײʤʳʩ ʞװʨʛʽʟʫʜʝ, ʦʥʳש ʤʘץʩʘʪʳ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʪײʪʳʥʫʜʳ ʘʟʘʡʪʫ ʙʦʣʳʧ ʪʘʙʳ-

ʣʘʜʳ. ʉʦסשʳ ᴇʟʛʝʨʽʩʪʝʨʜʽש ʙʽʨʽ ï 2021 ʞʳʣʜʳש ʰʽʣʜʝʩʽʥʜʝ ʞʘשʘ SP 60.13330.2020 çɾʳʣʳʪʫ, 

ʞʝʣʜʝʪʫ ʞᴅʥʝ ʘʫʘʥʳ ʙʘʧʪʘʫè (SP 60) ʢװʰʽʥʝ ʝʥʫʽ. ʆʥʳש ᴅʟʽʨʣʝʫʰʽʣʝʨʽʥʽש ʧʽʢʽʨʽʥʰʝ, ץʘʡʪʘ 

-ʘ ʝʥʛʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʵʥʝʨʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ ʧʘʡʜʘʣʘץʦʣʜʘʥʳʩץ ʳסʘʥ ʝʨʝʞʝʣʝʨ ʞʠʳʥʪʳסʘʨʘʣץ

ʥʫ ʪʠʽʤʜʽʣʽʛʽʥ 5-15%-סʘ ʘʨʪʪʳʨʫ ʢװʪʽʣʫʜʝ [2]. 

ɾʳʣʳʪʫ ʞװʡʝʣʝʨʽʥʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʩʘʣʘʩʳʥʜʘסʳ ʝש ʤʘשʳʟʜʳ ʽʩ-

ʰʘʨʘʣʘʨסʘ ʪײʨסʳʥ ʞᴅʥʝ ץʦסʘʤʜʳס ץʠʤʘʨʘʪʪʘʨʜʘסʳ ʞʳʣʳʪʫ ʘʩʧʘʧʪʘʨʳʥ ʘʣסʘʰ ʨʝʪ ɹʂ 

60.13330.2012 ʞʳʣʳ ʝʥʛʽʟʽʣʛʝʥ ʘʚʪʦʤʘʪʪʳ ʨʘʜʠʘʪʦʨʣʳץ ʪʝʨʤʦʨʝʪʪʝʛʽʰʪʝʨʤʝʥ ʞʘʨʘץʪʘʥʜʳ-

ʨʫסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧ ʞʘʪʘʜʳ. ɸʣʘʡʜʘ, ʞʳʣʫ ʞװʡʝʣʝʨʽʥʜʝ, ᴅʩʽʨʝʩʝ ʝʢʽ ײץʙʳʨʣʳ ʞװʡʝʣʝʨʜʝ 

ʪʝʨʤʦʩʪʘʪʪʘʨʜʳ ץʦʣʜʘʥʫ ʞװʡʝʥʽש ʪʝשʛʝʨʽʤʩʽʟʜʽʛʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʢʣʘʧʘʥʜʘʨʜʘ 

ʰʫʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ [6], ʩʦʥʜʳץʪʘʥ ʢᴇʪʝʨʛʽʰʪʝʨʜʽ ɸʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤ ʢʣʘ-

ʧʘʥʜʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʫ ץʘʞʝʪ. ɹײʣ ʪʘʣʘʧ ʉʇ 60.13330.2012-ʛʝ ʜʝ ʝʥʛʽʟʽʣʜʽ ʞᴅʥʝ ʞʘשʘʨʪʳʣסʘʥ 

ʥײʩץʘʜʘ ʩʘץʪʘʣʜʳ. 

ɸʚʪʦʤʘʪʪʳ ʪʝשʜʝʩʪʽʨʫ ײץʨʳʣסʳʣʘʨʳʥ ʜײʨʳʩ ʦʨʥʘʪʫסʘ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫסʘ ʥʘʟʘʨ 

ʘʫʜʘʨסʘʥ ʞᴇʥ. ʊᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢᴇʧʪʝʛʝʥ ʜʠʟʘʡʥʝʨʣʝʨ ʨʝʪʪʝʛʽʰʪʝʨʜʽ ʢᴇʪʝʨʛʽʰʪʝʨʛʝ 

ʦʨʥʘʪʫʜʳ ץʘʨʘʩʪʳʨʘʜʳ, ʙʽʨʘץ ʦʣʘʨʜʳש ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥ ʢᴇʨʩʝʪʧʝʡʜʽ, ʙײʣ ʞװʡʝʥʽש ʞײʤʳʩʳʥ 

ʜײʨʳʩ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ɾʘʙʜʳץʪʳ ʦʨʥʘʪץʘʥʥʘʥ ʢʝʡʽʥ, ʽʩʢʝ ץʦʩʫ-ʞᴇʥʜʝʫ ʞײʤʳ-

ʩʪʘʨʳʥ ʞװʨʛʽʟʛʝʥ ʢʝʟʜʝ ʞװʡʝʥʽ ʞᴇʥʜʝʫʛʝ ʙʦʣʘʜʳ, ʙʽʨʘץ ʤʦʥʪʘʞʜʘʫ ײʡʳʤʜʘʨʳʥʳש ʘʟ סʘʥʘ 

ʙᴇʣʽʛʽʥʜʝ ʨʝʪʪʝʫʰʽ ʢʣʘʧʘʥʜʘʨʜʳ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ץʳʤʙʘʪ ʞʘʙʜʳץ ʙʘʨ, ʘʣ ʞװʡʝʥʽ 

ʝʩʝʧʪʽʢ ʘסʳʥסʘ ʙʘʧʪʘʫ ʧʨʦʮʝʜʫʨʘʩʳ ʤʽʥʜʝʪʪʽ ץʘʙʳʣʜʘʫ-ʪʘʧʩʳʨʫ ʩʳʥʘץʪʘʨʳʥʳש ʪʽʟʽʤʽʥʝ ʢʽʨ-

ʤʝʡʜʽ. ʉʦʥʜʘʡ-ʘץ, ʢװʨʜʝʣʽ ʜʠʟʘʡʥסʘ ʙʘʡʣʘʥʳʩʪʳ ʘʚʪʦʤʘʪʪʳ ʨʝʪʪʝʛʽʰʪʝʨ ʩʘʣץʳʥʜʘʪץʳʰʪʳש 

ʩʘʧʘʩʳʥʘ ᴇʪʝ ʩʝʟʽʤʪʘʣ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ.  

ᴆʥʜʽʨʫʰʽʣʝʨ ʢᴇʪʝʨʛʽʰʪʝʛʽ ᴅʨʙʽʨ ʨʝʪʪʝʛʽʰʪʽש ʘʣʜʳʥʜʘ ʪʦʨʣʳ ʩװʟʛʽʥʽ ʦʨʥʘʪʫʜʳ ײʩʳʥʘʜʳ 

(ʙײʣ ʽʩ ʞװʟʽʥʜʝ ᴅʨʜʘʡʳʤ ʦʨʳʥʜʘʣʤʘʡʜʳ), ʙʽʨʘץ ʩʘʣץʳʥʜʘʪץʳʰʪʳש ʤʦʥʪʘʞʳ ʤʝʥ ʩʘʧʘʩʳʥʘ 

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫ ʰʘʨʘʣʘʨʳץ ʩʝʨʚʠʩʪʽʢ ץʪʘʣʩʘ ʜʘ, ʩʦʥʜʘʡ-ʘץʪʘʣʘʧʪʘʨ ʩʘ ץʦʡʳʣʘʪʳʥ ʙʘʨʣʳץ

ʢʝʟʽʥʜʝ ʘʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤ ʢʣʘʧʘʥʜʘʨʳʥʳש ʤᴅʣʽʤʜʝʣʛʝʥ ץʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ʦʥ ʞʳʣʜʳ 

-ʙʳʨײץ ʳ ʙʦʣʘʪסʪʳץʟʘײ ʢᴇʪʝʨʛʽʰʪʝʨʽʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ שʡʝʩʽʥʽװʣ ʨʝʪʪʝ ʞʳʣʫ ʞײʨʘʡʜʳ. ɹײץ

ʣʘʨʜʘʥ ʢᴇʪʝʨʛʽʰʪʝʨ ᴇʥʜʽʨʽʩʽʥʜʝ 25 ʞʳʣʜʘʥ ʘʩʪʘʤ ʞᴅʥʝ ʧʦʣʠʤʝʨʣʽ ײץʙʳʨʣʘʨʜʳ ץʦʣʜʘʥסʘʥʜʘ 

10-25 ʞʳʣʜʳ ײץʨʘʡʜʳ. 
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ɾʳʣʳʪʫ ʞװʡʝʩʽʥʽש ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʪʽʥ ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ-

ʞʳʣʳʪʫ ײץʨʳʣסʳʣʘʨʳʥʳש ʤᴇʣʰʝʨʽ. ɽש ʩʫʳץ ʙʝʩ ʢװʥʜʽʢ ʞʘסʜʘʡʜʘ ʙᴇʣʤʝʥʽש ʞʳʣʫ ʰʳסʳʥʳ-

ʥʘʥ ʘʩʘʪʳʥ ʞʳʣʫ ʰʳסʳʥʳ ʙʘʨ ʨʘʜʠʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʫ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש ʘʨʪʳץ ʰʳסʳʥʳ-

ʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ɾʳʣʳʪʫ ʘʩʧʘʧʪʘʨʳʥ ʽʨʽʢʪʝʫʜʽש ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ ᴅʜʽʩʪʝʨʽ ɓ1 = 1,03ï1,08 

ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʝʩʢʝʨʽʣʝʪʽʥ ʘʫʜʘʥʳ ʙʦʡʳʥʰʘ ʰʘסʳʥ ץʦʨʳ ʙʘʨ װʡ-ʞʘʡʜʳש ʞʳʣʫ ʰʳסʳʥʳʥʘ 

(ʩʫʘʩʪʳ ʞᴅʥʝ ʢᴇʪʝʨʛʽʰʪʝʨʜʽש ʞʳʣʳʪʫ ײץʙʳʨʣʘʨʳʥʘʥ ʪװʩʝʪʽʥ ʞʳʣʫ ʪװʩʽʤʜʝʨʽʥ ʰʝʛʝʨʛʝʥʜʝ) 

ʩᴅʡʢʝʩ ʩʪʘʥʜʘʨʪʪʳ ᴇʣʰʝʤʜʽ ʪʘשʜʘʫʜʳ ʢᴇʟʜʝʡʜʽ. 

-ʳ, ᴅʜʝʪʪʝ, ʘʫʨʫʭʘʥʘʣʘʨסʟʳʥʜʳײ שʳʩʳʥʳסʨʳʣײץ ʘʰ ʨʝʪ çɾʳʣʳʪʫסʅʞɽ 2.04.05-86 ʘʣפ

ʜʘ, ʤʝʢʪʝʧʢʝ ʜʝʡʽʥʛʽ ʙʘʣʘʣʘʨ ʤʝʢʝʤʝʣʝʨʽʥʜʝ, ʤʝʢʪʝʧʪʝʨʜʝ, ץʘʨʪʪʘʨ ʤʝʥ ʤװʛʝʜʝʢʪʝʨʛʝ ʘʨʥʘʣסʘʥ 

 ʢʝʤʽʥʜʝ 75% ʙʦʣʫʳ ʢʝʨʝʢè ʜʝʛʝʥ ʪʘʣʘʧ ʧʘʡʜʘ שʳʥʳסʟʳʥʜʳײ שʳʣʘʫʳʥʳשʩʘ ץʡʣʝʨʜʝ ʞʘʨʳװ

ʙʦʣʜʳ. 

ɹײʣ ʪʘʣʘʧ ʝש ʤʘשʳʟʜʳ ᴅʣʝʫʤʝʪʪʽʢ ʥʳʩʘʥʜʘʨʜʘ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤʜʽ ʩʘץʪʘʫסʘ 

ʳץʧʘʣ ʝʪʫʽ ʢʝʨʝʢ ʝʜʽ. ɸʣʘʡʜʘ, פʅʞɽ-ʜʝ 41-01-2003 ʪʘʨʤʘץʪʳ ʪײʨסʳʥ ʞᴅʥʝ ץʦסʘʤʜʳס ץʠʤʘʨʘʪ-

ʪʘʨסʘ ʢʝשʝʡʪʪʽ: çɾʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳײ שʟʳʥʜʳסʳ ʢʝʤʽʥʜʝ 50% ʙʦʣʫʳ ʢʝʨʝʢ ð ʪײʨסʳʥ 

ʞᴅʥʝ ץʦסʘʤʜʳס ץʠʤʘʨʘʪʪʘʨʜʘè, ʙײʣ ʪʘʣʘʧ SP-ʜʝ 2012 ʞᴅʥʝ 2016 60 ʥײʩץʘʣʘʨʳʥʜʘ ʩʘץʪʘʣסʘʥ. 

ʆʩʳʣʘʡʰʘ, ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʝʤʝʩ, ץʳʩʪʘ ʙᴇʣʤʝʛʝ ʞʳʣʫʜʳש ʪײʨʘץʪʳ ʪװʩʫʽ 

ʪʫʨʘʣʳ ʪʘʣʘʧ ʙʦʣʜʳ. 

ʉʇ 60.13330.2020-ʜʘ ʪײʨסʳʥ ʞᴅʥʝ ץʦסʘʤʜʳס ץʠʤʘʨʘʪʪʘʨסʘ ʘʨʥʘʣסʘʥ ʞʳʣʳʪʫ ʘʩʧʘʧʪʘ-

ʨʳʥʳש ʤʽʥʜʝʪʪʽ ײʟʳʥʜʳסʳ ʙʦʡʳʥʰʘ ʪʘʣʘʧʪʘʨ ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ, ʘʣʘʡʜʘ ʤʝʜʠʮʠʥʘʣʳץ ʞᴅʥʝ 

ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʜʝ ʪʝʨʝʟʝʥʽײ שʟʳʥʜʳסʳʥ ʞʘʙʘʪʳʥ ʞʳʣʳʪʫ ʘʩʧʘʧʪʘʨʳʥʳש ʤװʤʢʽʥ ʙʦ-

ʣʘʪʳʥ ʝײ שʟʘײ ץʟʳʥʜʳסʳʥ ץʘʙʳʣʜʘʫ ײʩʳʥʳʩʳ ץʘʣʜʳʨʳʣʜʳ. 

ʉʦʥʜʘʡ-ʘץ, ʉʇ 60.2012-ʜʝ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳש ʥʦʤʠʥʘʣʜʳ ʞʳʣʫ ʘסʳʥʳ ʝʩʝʧʪʝʫ 

 ʰʽʥ 15%-ʜʘʥװ ʳʣʘʨסʨʳʣײץ ʘʚʪʦʤʘʪʪʳ ʪʝʨʤʦʩʪʘʪʪʘʨʳ ʙʘʨ ץʰʽʥ ʪʘʣʘʧ ʝʪʽʣʛʝʥʥʝʥ ʢᴇʧ, ʙʽʨʘװ

ʘʩʧʘʡʪʳʥʳ ʘʪʘʧ ᴇʪʽʣʝʜʽ. SP 60.2020 ʞʘשʘ ʥײʩץʘʩʳʥʜʘ ʙײʣ ʪʘʣʘʧ ʙʽʨʰʘʤʘ ᴇʟʛʝʨʜʽ ʞᴅʥʝ ʥʘץʪʳ-

ʣʘʥʜʳ: çɾʳʣʫ ʨʝʪʪʝʛʽʰʽ ʙʘʨ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳש ʥʦʤʠʥʘʣʜʳ ʞʳʣʫ ʘסʳʥʳ ʪײʪʳʥʫʰʳʥʳש 

 ʰʽʥ ʝʩʝʧʪʝʫ ʙʦʡʳʥʰʘ ʪʘʣʘʧ ʝʪʽʣʛʝʥʥʝʥװ ʤʢʽʥʜʽʛʽװʜʘʫ ʤשʦʣʘʡʣʳ ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʘʧʘʟʦʥʳʥ ʪʘץ

10-15% ʘʨʪʳץ ץʘʙʳʣʜʘʥʫʳ ʢʝʨʝʢè. ɼʝʤʝʢ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʪײʨסʳʥ װʡ-ʞʘʡʣʘʨסʘ ץʳʟʤʝʪ ʢᴇʨʩʝ-

ʪʝʪʽʥ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳש ʞʳʣʫ ץʫʘʪʳ ץʘʞʝʪʪʽ ʤᴅʥʥʝʥ 10-15% ʞʦסʘʨʳ ʙʦʣʫʳ ʢʝʨʝʢ, ʘʣ 

ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳײ שʟʳʥʜʳסʳ ʞʘʨʳץ ʩʘשʳʣʘʫʳʥʳײ שʟʳʥʜʳסʳʥʘ ץʘʪʳʩʪʳ ʨʝʪʪʝʣʤʝʛʝʥ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʪʘʣʜʘʡ ʦʪʳʨʳʧ, ʩʦסשʳ ʦʥʞʳʣʜʳץʪʘʨʜʘ ʞʳʣʫ ʞװʡʝʣʝʨʽʥʽש 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʥʦʨʤʘʪʠʚʪʽʢ ʪʘʣʘʧʪʘʨ ʧʘʡʜʘ ʙʦʣʜʳ ʞᴅʥʝ 

ʪʽʧʪʽ ᴇʟʛʝʨʝ ʘʣʜʳ ʜʝʛʝʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ʊײʨסʳʥ װʡ סʠʤʘʨʘʪʳʥʳש ʟʘʤʘʥʘʫʠ ʞʳ-

ʣʳʪʫ ʞװʡʝʩʽ ʢʝʣʝʩʽʜʝʡ ʙʦʣʫʳ ʢʝʨʝʢ. ʈʘʜʠʘʪʦʨʣʘʨ ʘʚʪʦʤʘʪʪʳ ʪʝʨʤʦʩʪʘʪʪʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, 

ʢᴇʪʝʨʛʽʰʪʝʨʜʝ ʘʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤʜʝʫ ʢʣʘʧʘʥʜʘʨʳ ʦʨʥʘʪʳʣסʘʥ, ʞʳʣʳʪʫ ײץʨʳʣסʳʣʘʨʳʥʳש 

ʤᴇʣʰʝʨʽ ʞʳʣʫ ʰʳסʳʥʳ ʤʝʥ ʞʳʣʫ ʰʳסʳʥʳ ʥʝʛʽʟʽʥʜʝ ʝʩʝʧʪʝʫʤʝʥ ʘʥʳץʪʘʣʘʜʳ, ʙʽʨʘץ ʞʳʣʳʪʫ 

 .ʘʨʳ ʙʦʣʫʳ ʢʝʨʝʢסʘʞʝʪʪʽ ʤᴅʥʥʝʥ 10-15% ʞʦץ ʳʥʳסʞʳʣʫ ʘ שʳʩʳʥʳסʨʳʣײץ

 

 
 

1-ʩʫʨʝʪ ï פʦʥʘװ ץʡ ʢʝʰʝʥʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ (ʙʘʪʳʩ ץʘʩʙʝʪʽ) 
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ɹײʣ ʞײʤʳʩʪʘ ץʘʙʳʣʜʘʥסʘʥ ʞʦʙʘʣʳץ ʰʝʰʽʤʜʝʨʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ 

ʞᴅʥʝ ʙʝʣʛʽʣʽ ʙʽʨ ʦʙʲʝʢʪʽʥʽש ʞʳʣʫ ʞװʡʝʩʽʥʽש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 2009 

ʞʳʣסʳ 23 ץʘʨʘʰʘʜʘסʳ ˉ261-ʌɿ çʕʥʝʨʛʠʷ װʥʝʤʜʝʫ ʪʫʨʘʣʳè ʌʝʜʝʨʘʣʜʳץ ʟʘשʳ ʧʘʡʜʘ ʙʦʣסʘʥ-

ʥʘʥ ʢʝʡʽʥ ʞʘʩʘʣסʘʥ ʪײʨסʳʥ װʡʜʽש ʞʳʣʫ ʞװʡʝʩʽʥʝ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʜʽ ʦʥ ʞʳʣ ʞײʤʳʩ ʽʩʪʝ-

ʛʝʥʥʝʥ ʢʝʡʽʥ. 

 

ɹʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ  

ɿʝʨʪʪʝʣʝʪʽʥ ʥʳʩʘʥ ð 2011 ʞʳʣʳ ʩʘʣʳʥסʘʥ ץʦʥʘװ ץʡ סʠʤʘʨʘʪʳ ʊʘʣʜʳץʦʨסʘʥ ᴇשʽʨʽʥʜʝ 

ʦʨʥʘʣʘʩץʘʥ. ɾʦʙʘʣʳײץ ץʞʘʪʪʘʤʘ 2009-2010 ʞʳʣʜʘʨʳ ᴅʟʽʨʣʝʥʜʽ. ʂʦʨʧʫʩ ʘʫʳʩʧʘʣʳ ץʘʙʘʪʪʘסʳ 

ʞʝʪʽ ʙʣʦʢʪʘʥ ʪײʨʘʜʳ (װʰ-ʩʝʛʽʟ ץʘʙʘʪ), ʙʦʣʘʪ ץʘץשʘʩʳ ʞᴅʥʝ ʘʣʳʥʙʘʡʪʳʥ ץʘʣʳʧʪʘ ʪʝʤʽʨʙʝʪʦʥ 

ʝʜʝʥʜʝʨʽ ʙʘʨ (1-ʩʫʨʝʪ). ʂʦʨʧʫʩʪʘ 1010 ʘʜʘʤʜʳ ʦʨʥʘʣʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ 503 ץʦʥʘװץʡ ʙᴇʣʤʝʩʽ 

(ʥʝʛʽʟʽʥʝʥ ʝʢʽ ʦʨʳʥʜʳ) ץʘʨʘʩʪʳʨʳʣסʘʥ. ʉʦʥʜʘʡ-ʘס ,ץʠʤʘʨʘʪʪʘ ʢᴇʤʝʢʰʽ ʙᴇʣʤʝʣʝʨ ʦʨʥʘʣʘʩץʘʥ: 

ᴅʢʽʤʰʽʣʽʢ ʤʘץʩʘʪʪʘסʳ ʘʩʭʘʥʘ, ʩʪʫʜʝʥʪʪʝʨʜʽש ʪʘʤʘץ ʜʘʡʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ ʞʘʣʧʳ ʘʩ װʡʽ, ʩʧʦʨʪ 

ʟʘʣʳ ʞᴅʥʝ ʪ. ʙ. 

ɹʘʨʣʳץ ץʘʙʘʪʪʘʨʜʳ ᴇʣʰʝʡ ʦʪʳʨʳʧ, ʩʳʨʪץʳ ץʦʨʰʘʫʣʘʨסʘ ʪʝʢʩʝʨʫ ʞװʨʛʽʟʽʣʜʽ. ʂʦʥ-

ʩʪʨʫʢʮʠʷʣʘʨʜʳש ʥʘץʪʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʞʦʙʘʣʘʥסʘʥסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʘʣ ʞʳʣʫ ʙʝʨʫ ʢʝʜʝʨʛʽʩʽʥʽש 

ʤᴅʥʜʝʨʽ ʪʘʣʘʧ ʝʪʽʣʛʝʥʥʝʥ ʪᴇʤʝʥ ʝʤʝʩ (1-ʢʝʩʪʝ). 

 
1-ʢʝʩʪʝ ï ɾʳʣʫ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʪᴇʟʽʤʜʽʣʽʢ ʤᴅʥʜʝʨʽ 

 ʘʪʘʫʳ שʦʨʰʘʫʜʳפ

Rʪʨ ʅʦʨʤʘʪʠʚʢʝ  

ʩᴅʡʢʝʩ 

ʉʇ50.13330.2012. 

(ʤ2 0ʉ)/ɺʪ 

ɾʦʙʘסʘ ʩᴅʡʢʝʩ R 

ʤᴅʥʽ 

(OV ʙᴇʣʽʤʽ), 

(ʤ2 ʆʉ)/ɺʪ 

ɽʩʝʧʪʝʣʛʝʥ R ʤᴅʥʽ 

(ʤ2.ʦʉ)/ɺʪ 

ʉʳʨʪץʳ ץʘʙʳʨסʳ 2,95 3,04 2,99 

ʊʝʨʝʟʝ 0,65 0,50 - 

ʐʘʪʳʨ ץʘʙʘʪʳ 4,407 4,54 4,43 

ɾʝʨʪᴇʣʝ װʩʪʽʥʜʝʛʽ ʪᴇʙʝ 3,88 4,01 4,04 

 

-ʘʥ ʞʳʣʫʤʝʥ ʞʘʙסʪʘʥʜʳʨʳʣץʩʭʝʤʘ ʙʦʡʳʥʰʘ ʦʨʪʘʣʳ ץʠʤʘʨʘʪ ʪᴅʫʝʣʩʽʟ ʞʘʙʳנ

ʜʳץʪʘʫ ʞװʡʝʩʽʥʝ ץʦʩʳʣסʘʥ. ɾʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʞʳʣʳʪʫ, ʞʝʣʜʝʪʫ ʞᴅʥʝ ʳʩʪʳץ ʩʫʤʝʥ 

ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽ ʧʘʡʜʘʣʘʥʘʜʳ. 

ɾʳʣʫ ʧʫʥʢʪʽ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʝʩʝʧʢʝ ʘʣʫ ʘʩʧʘʧʪʘʨʳʤʝʥ ʞᴅʥʝ ʘʫʘ ʨʘʡʳʥ ʨʝʪʪʝʫ ʞװʡ-

ʝʩʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ɾʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥʜʝʛʽ ʩʘʣץʳʥʜʘʪץʳʰʪʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ð 

110/70ÁC, ʞʳʣʳʪʫ ʞװʡʝʩʽʥʜʝ ð 95/70ÁC. ʞʳʣʳʪʫ ʞװʡʝʩʽ-ʪʽʢ (101 ʢᴇʪʝʨʛʽʰ), ʝʢʽ ײץʙʳʨʣʳ, 

ʪᴇʤʝʥʛʽ ʩʳʤʜʘʨʳ ʙʘʨ. ʄʘʛʠʩʪʨʘʣʴʜʳײץ ץʙʳʨʣʘʨ ʄɽʄʉʊ 10704-91 ʙʦʡʳʥʰʘ ʙʦʣʘʪ ʵʣʝʢʪʨʤʝʥ 

ʜᴅʥʝʢʝʨʣʝʥʛʝʥ ײץʙʳʨʣʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʞᴅʥʝ çʕʥʝʨʛʦʬʣʝʢʩè ʢᴇʙʽʢʪʽ ʧʦʣʠʵʪʠʣʝʥʥʝʥ ʞʘʩʘʣסʘʥ 

ʞʳʣʫ ʦץʰʘʫʣʘסʳʰ ײץʙʳʨʣʘʨʤʝʥ ʞʘʙʳʣסʘʥ. 

ɾʳʣʳʪʫ ʞװʡʝʩʽʥʽש ʢᴇʪʝʨʛʽʰʪʝʨʽ ʄɽʄʉʊ 3262-75 * ʙʦʡʳʥʰʘ ʙʦʣʘʪ ʩʫ-ʛʘʟ ײץʙʳʨʣʘ-

ʨʳʥʘʥ ʞʘʩʘʣסʘʥ. ᴄʨʙʽʨ ʢᴇʪʝʨʛʽʰʪʝ Danfoss ʘʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤ ʢʣʘʧʘʥʜʘʨʳʥ ʦʨʥʘʪʫ ץʘʨʘʩ-

ʪʳʨʳʣסʘʥ. 

ɾʳʣʳʪʫ ײץʨʳʣסʳʣʘʨʳ ʨʝʪʽʥʜʝ Prado (ʀʞʝʚʩʢ ץʘʣʘʩʳ) ʙʦʣʘʪ ʧʘʥʝʣʴʜʽʢ ʨʘʜʠʘʪʦʨʣʘʨʳ 

-ʦʣʤʝʥ ʘʫʘ ᴇʪʢʽʟץ ʘʙʳʣʜʘʥʜʳ. ᴄʨʙʽʨ ʨʘʜʠʘʪʦʨ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʨʤʦʩʪʘʪ ʢʣʘʧʘʥʳʤʝʥ ʞᴅʥʝץ

ʛʽʰʧʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. 

ɾʦʙʘʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʪʘʣʜʘʫ 

 ʡʝʩʽʥʝ ʞʳʣʫװʘʥ ʩᴅʡʢʝʩ ʞʳʣʫ ʞסʨʛʽʟʽʣʜʽ, ʦװʳʥʳʥ ʝʩʝʧʪʝʫ ʞסʞʳʣʫ ʰʳ שʠʤʘʨʘʪʪʳנ

ʞװʢʪʝʤʝʩʽ 638,34 ʢɺʪ ײץʨʘʜʳ. ɹײʣ ʨʝʪʪʝ ʞʦʙʘʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʞʳʣʫ ʞװʢʪʝʤʝʩʽ 1184 ʢɺʪ-ץʘ 

ʪʝש, ʙײʣ ʪʘʣʘʧ ʝʪʽʣʛʝʥʥʝʥ 85%-סʘ ʘʨʪʳץ, ʘʣ ʙʘʨʣʳץ ץʳʟʜʳʨʫ ʘʩʧʘʧʪʘʨʳʥʳש ʝʩʝʧʪʽʢ ʞʳʣʫ 

ʘסʳʥʳ ʞʠʳʥʪʳ1658,8 ץ ʢɺʪ-ʪʳ ײץʨʘʡʜʳ. ʉʦʥʳʤʝʥ, ʦʨʥʘʪʳʣסʘʥ ʨʘʜʠʘʪʦʨʣʘʨʜʳש ʥʘץʪʳ ʞʳʣʫ 

 ʰʘʤʘʜʘʥ ʪʳʩ ʞʳʣʫ ʙʝʨʫʽ 25 ʤ2 ʩʪʘʥʜʘʨʪʪʳ שʳʩʳʥʳסʨʳʣײץ ʫʘʪʳ 160%-ʜʘʥ ʘʩʘʜʳ. ɾʳʣʳʪʫץ

ʝʢʽ ʦʨʳʥʜʳ ʙᴇʣʤʝʥʽש ʤʳʩʘʣʳʥʜʘ ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ. ʅᴇʤʽʨʜʽש ʙʦʣʞʘʤʜʳ ʞʳʣʫ ʰʳסʳʥʳ 429 ɺʪ 

 .ʨʘʡʜʳײץ
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ɹᴇʣʤʝʜʝ ʨʘʜʠʘʪʦʨ ʦʨʥʘʪʳʣסʘʥ (Prado Universal ʪװʨʽ 22-500, ײʟʳʥʜʳסʳ 1,1 ʤ), ʨʘʜʠʘ-

ʪʦʨʜʳײ שʟʳʥʜʳסʳ ʪʝʨʝʟʝ ײʟʳʥʜʳסʳʥʳײץ 60% שʨʘʡʜʳ (2-ʩʫʨʝʪ). 95/70ÁC ʪʝʤʧʝʨʘʪʫʨʘʣʳץ 

ʘʡʳʨʤʘʰʳʣʳץʪʘ (ʝʢʽ ײץʙʳʨʣʳ ʞʳʣʳʪʫ ʞװʡʝʩʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ) ʨʘʜʠʘʪʦʨʜʳש ʞʳʣʫ 

ʙʝʨʫʽ 1438 ɺʘʪʪ ײץʨʘʡʜʳ. ɼʝʤʝʢ, ʨʘʜʠʘʪʦʨʜʳש ʞʳʣʫ ʰʳסʳʥʳ ʙᴇʣʤʝʥʽש ʞʳʣʫ ʰʳסʳʥʳʥʘʥ 

 ʘʨʳʣʘʫʳʥʘ ᴅʢʝʣʫʽסʛʝʡʜʝʥ ʞʦשʘʡʣʳ ʜʝסשʳ שʣ ʙᴇʣʤʝʜʝʛʽ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳײʰ ʝʩʝ ʢᴇʧ, ʙװ

ʤװʤʢʽʥ. 

ɹᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘʥʳש ʙʝʣʛʽʣʝʥʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʪײʨʘץʪʳ ײʩʪʘʧ ʪײʨʫ װʰʽʥ ʨʘʜʠʘ-

ʪʦʨʣʳץ ʪʝʨʤʦʩʪʘʪʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ɸʣʘʡʜʘ, ʥʘץʪʳ ʞʦʙʘʜʘ ʨʘʜʠʘʪʦʨʣʘʨ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʪʝʨʤʦ-

ʩʪʘʪʠʢʘʣʳץ ʢʣʘʧʘʥʜʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥʳʤʝʥ, ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨ (ʙʘʩʪʘʨ) ʩʧʝʮʠ-

ʬʠʢʘʮʠʷסʘ ʝʥʛʽʟʽʣʤʝʛʝʥ ʞᴅʥʝ ʦʣʘʨʜʳ ʦʨʥʘʪʫ ʞװʨʛʽʟʽʣʤʝʛʝʥ (2-ʩʫʨʝʪ). 

 

 
 

2-ʩʫʨʝʪ ï פʦʥʘװ ץʡ ʙᴇʣʤʝʩʽʥʜʝʛʽ Prado Universal ʨʘʜʠʘʪʦʨʳ  

ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʩʽʟ ʦʨʥʘʪʳʣסʘʥ 

 

ᴄʨʙʽʨ ʢᴇʪʝʨʛʽʰʪʝ Danfoss ASV-PV ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʢʣʘʧʘʥʳ ʙʘʨ, ʦʣʘʨ װʰʽʥ ʦʨʥʘʪʫ 

ʞʦʙʘʜʘ ʢᴇʨʩʝʪʽʣʤʝʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, סʠʤʘʨʘʪʪʘסʳ ʢᴇʪʝʨʛʽʰʪʝʨʜʝ ץʦʩʳʤʰʘ ʙʝʢʽʪʫ ʘʨʤʘʪʫ-

ʨʘʩʳ ʞʦץ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴇʥʜʽʨʫʰʽ ʦʨʥʘʪʫסʘ ײʩʳʥʳʣסʘʥ ʪʦʨʣʳ ʩװʟʛʽʣʝʨ ʜʝ ʞʦץ. 

ɾʳʣʳʪʫ ʞװʡʝʩʽʥ ʟʝʨʪʪʝʫ 

ʊʝʭʥʠʢʘʣʳץ ץʘʙʘʪʪʘ ʦʨʥʘʣʘʩץʘʥ ʞʳʣʳʪʫ ʞװʡʝʩʽʥʽש ʤʘʛʠʩʪʨʘʣʴʜʳײץ ץʙʳʨʣʘʨʳ ʤʝʥ 

ʙʝʢʽʪʫ-ʨʝʪʪʝʫ ײץʨʳʣסʳʣʘʨʳʥʘ ʢᴇʟʙʝʥ ʰʦʣʳʧ ʪʝʢʩʝʨʫ ʞװʨʛʽʟʽʣʜʽ. ײפʙʳʨʣʘʨʜʳש ʞʘʣʧʳ 

ʞʘסʜʘʡʳʥ, ʞʝʢʝ ʪװʡʽʥʜʝʨʜʽש ʢʦʨʨʦʟʠʷʤʝʥ ʙʽʨ ʨʝʪʪʽʢ ʟʘץʳʤʜʘʥʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʪʠʽʤʜʽ ʜʝʧ 

ʙʘסʘʣʘʫסʘ ʙʦʣʘʜʳ. 

 

 
 

3-ʩʫʨʝʪ ï ɹʦʷʫʤʝʥ ץʘʧʪʘʣסʘʥ ᴇʰʽʨʫ ʢʣʘʧʘʥʜʘʨʳ 
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ʂʝʡʙʽʨ ʢʣʘʧʘʥʜʘʨ ʙʦʷʫ ץʘʙʘʪʳʤʝʥ ʞʘʙʳʣסʘʥ (3-ʩʫʨʝʪ), ʙײʣ ʦʣʘʨʜʳש ʘסʳʤʜʘסʳ ʧʘʨʘ-

ʤʝʪʨʽʥ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨʜʳ ʩʘʣץʳʥʜʘʪץʳʰ 

ʘסʳʥʳʤʝʥ ʞʘʙʫ ץʠʳʥסʘ ʩʦסʫʳ ʤװʤʢʽʥ. ʄײʥʜʘʡ ʢʣʘʧʘʥʜʘʨʜʳש ʞײʤʳʩ ʞʘסʜʘʡʳ ʰʝʢʪʝʫʣʽ ʜʝʧ 

ʙʘסʘʣʘʥʘʜʳ. 

ʂᴇʪʝʨʛʽʰʪʝʨʜʽש ʝʜᴅʫʽʨ ʩʘʥʳʥʜʘ (ʞʘʣʧʳ ʩʘʥʥʳ35% ש) ʢʣʘʧʘʥʜʘʨ ʞײʤʳʩ ʽʩʪʝʤʝʡʜʽ. 

ʂʣʘʧʘʥʜʘʨʜʘ ʠʤʧʫʣʴʩʪʽʢ ʪװʪʽʢʪʝʨ ʢʝʩʽʣʛʝʥ ʞᴅʥʝ ץʳʩʳʣסʘʥ (ʤװʤʢʽʥ ʤᴇʨʣʝʥʛʝʥ) (4ɸ ʩʫʨʝʪ) 

ʥʝʤʝʩʝ ʢʣʘʧʘʥʜʘʨʜʳש ᴇʟʽ ʰʘʨ ʢʣʘʧʘʥʜʘʨʳʥʘ ʘʫʳʩʪʳʨʳʣסʘʥ (4ɹ ʩʫʨʝʪ). 

 

 
 

4-ʩʫʨʝʪ ï ɾײʤʳʩ ʽʩʪʝʤʝʡʪʽʥ ʙʘʩץʘʨʫ ʢʣʘʧʘʥʜʘʨʳ (ʘ ð ʢʝʩʽʣʛʝʥ ʞᴅʥʝ ץʳʩʳʣסʘʥ ʠʤʧʫʣʴʩʪʽʢ  

ʪװʪʽʛʽ ʙʘʨ ʙʘʩץʘʨʫ ʢʣʘʧʘʥʳ, ʙ ð ʙʘʩץʘʨʫ ʢʣʘʧʘʥʳ ʰʘʨ ʢʣʘʧʘʥʳʥʘ ʘʫʳʩʪʳʨʳʣʜʳ) 

 

ʐʳʥ ʤᴅʥʽʥʜʝ, ʢʣʘʧʘʥʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʰʳ ײʡʳʤ ʽʩʪʝʥ ʰʳסʘʨʜʳ. ʐʘʤʘʩʳ, ʤʦʥʪʘʞʜʘʫ 

ʢʝʟʽʥʜʝ ʢʣʘʧʘʥʜʘʨ ʘסʳʥʥʳש ʞʦʙʘʣʳץ ʤᴅʥʜʝʨʽʥʝ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʥʙʘסʘʥ, ᴇʡʪʢʝʥʽ ʞʦʙʘʜʘ ʦʣʘʨ 

 ʦʣʜʘʥʘץ ʨʘʣʜʳײץ ʘʥסʳʥ ᴇʣʰʝʫʛʝ ʘʨʥʘʣסʳʩʳʤ ʘʡʳʨʤʘʰʳʣʳץ ʰʽʥ ʙʘʧʪʘʫ ʢᴇʨʩʝʪʽʣʤʝʛʝʥ, ʘʣװ

ʦʪʳʨʳʧ ʽʩʢʝ ץʦʩʫ ʞװʨʛʽʟʽʣʤʝʛʝʥ. ʂʣʘʧʘʥʜʘʨʜʳש ʜײʨʳʩ ʦʨʥʘʪʳʣʤʘʫʳ ʞʳʣʫ ʞװʡʝʩʽʥʽש ʪʝשʛʝ-

ʨʽʤʩʽʟʜʽʛʽʥʝ ᴅʢʝʣʜʽ, ʢʝʡʙʽʨ ʢᴇʪʝʨʛʽʰʪʝʨʜʝ ʘʡʥʘʣʳʤ ʞʦסʘʣʳʧ ʢʝʪʪʽ ʞᴅʥʝ ʦʥʳ ץʘʥʜʘʡ ʜʘ ʙʽʨ 

ʞʦʣʤʝʥ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ װʰʽʥ ʠʤʧʫʣʴʩʪʽʢ ʪװʪʽʢʪʝʨʜʽ ᴇʰʽʨʫ ʪʫʨʘʣʳ ʰʝʰʽʤ ץʘʙʳʣʜʘʥʜʳ, ʘʣ 

ʝʛʝʨ ʙײʣ ʰʝʰʽʤ ʢᴇʤʝʢʪʝʩʧʝʩʝ, ʦʥʜʘ ʢʣʘʧʘʥʜʘʨʜʳ ʘʫʳʩʪʳʨʳשʳʟ. ʉʦʥʜʘʡ-ʘץ, ʬʠʟʠʢʘʣʳץ ʪʦʟʫ 

ʥʝʤʝʩʝ ʩʳʥʫ ʩʘʣʜʘʨʳʥʘʥ ʢʣʘʧʘʥʜʘʨ ʽʩʪʝʥ ʰʳץץʘʥ ʞʘסʜʘʡʜʘ ʘʡʥʘʣʳʤ ʞʦסʘʣʳʧ ʢʝʪʫʽ ʤװʤʢʽʥ, 

ʙʽʨʘץ ʙײʣ ʥײʩץʘʥʳ ʥʘץʪʳ ʨʘʩʪʘʫ װʰʽʥ ᴅʨ ʢʣʘʧʘʥʜʳ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʫ 

 ʨʳʣʳʤʳ ʪʫʨʘʣʳ ʘʨʥʘʡʳײץ שʳʥʜʘʨʜʳ ʜʘ, ʦʣʘʨʜʳסʰʳ ץʘʨʞʳʣʳץ ʪʘʡץʣ ʘʡʪʘʨʣʳײʘʞʝʪ, ʙץ

ʙʽʣʽʤʜʽ ʜʝ ץʘʞʝʪ ʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʨ ʢᴇʪʝʨʛʽʰʪʝʛʽ ʢʣʘʧʘʥʥʳש ʽʩʪʝʥ ʰʳסʫʳ ץʘʣסʘʥ ʢᴇʪʝʨʛʽʰʪʝʨʜʽש ʨʝʪʪ-

ʝʣʫʽʥʝ ᴅʢʝʣʝʪʽʥʽ ʘʥʳץ, ʙײʣ ʢᴇʧʪʝʛʝʥ ʢʣʘʧʘʥʜʘʨʜʳש ʽʩʪʝʥ ʰʳסʫʳʥʘ ʩʝʙʝʧ ʙʦʣʜʳ. 

 

 
 

5-ʩʫʨʝʪ ï ɸʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʢʣʘʧʘʥʜʘʨʳʥʳײ שʩʳʥʳʣʘʪʳʥ ʪװʡʽʥʽ 
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ʉʦʥʜʘʡ-ʘץ, ʤʳʥʘʣʘʨʜʳ ʘʪʘʧ ᴇʪʫ ʢʝʨʝʢ: ʪʝשʛʝʨʽʤ ʢʣʘʧʘʥʳ ʤʝʥ ʩʝʨʽʢʪʝʩ ʢʣʘʧʘʥʥʳש 

ʘסʳʥʜʳ ʞʘʙʫ ʬʫʥʢʮʠʷʩʳ ʙʘʨ ʝʢʝʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʪᴇʪʝʥʰʝ ʞʘסʜʘʡ ʪʫʳʥʜʘסʘʥ ʞʘסʜʘʡʜʘ ʢᴇ-

ʪʝʨʛʽʰʪʽ ʘʞʳʨʘʪʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ װʰʽʥ ʰʘʨ ʢʣʘʧʘʥʜʘʨʳʥ ʦʨʥʘʪʫʜʳ ץʘʨʘʩʪʳʨסʘʥ ʞᴇʥ. 

ʉʫʨʝʪʪʝ ʪʦʨʣʳ ʩװʟʛʽʥʽ (ᴇʥʜʽʨʫʰʽ ʪʘʣʘʧ ʝʪʝʪʽʥ) ʦʨʥʘʪʫʜʳ ץʘʤʪʠʪʳʥ ʘʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤ ʢʣʘ-

ʧʘʥʜʘʨʳʥʳײ שʩʳʥʳʣסʘʥ ץʦʩʳʣʳʤ ʞʠʥʘסʳ ʙʝʨʽʣʛʝʥ.  

ɾʳʣʫ ʞװʡʝʩʽʥʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ 

ɸʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤʜʝʫ ʢʣʘʧʘʥʜʘʨʳʥʳש ʽʩʪʝʥ ʰʳסʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʧʪʝʛʝʥ ʘʚ-

ʪʦʪײʨʘץʪʘʨʜʘ ʩʘʣץʳʥʜʘʪץʳʰʪʳש ʰʘʤʘʜʘʥ ʪʳʩ ʰʳסʳʥʳ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʨʘʜʠʘʪʦʨʣʳץ ʪʝʨʤʦ-

ʩʪʘʪʪʘʨʜʳש ʙʦʣʤʘʫʳʤʝʥ ʞᴅʥʝ ץʳʟʜʳʨʫ ײץʨʳʣסʳʣʘʨʳʥʳש ʰʘʤʘʜʘʥ ʪʳʩ ץʫʘʪʳʤʝʥ ʙʽʨʛʝ װʡ-

ʞʘʡʣʘʨʜʳץ שʳʟʳʧ ʢʝʪʫʽʥʝ ᴅʢʝʣʝʜʽ. ʊײʨʘʪʳʥ ʩʪʫʜʝʥʪʪʝʨʜʽש ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʪᴇʤʝʥʜʝʪʫʜʽש 

ʞʘʣסʳʟ ʤװʤʢʽʥʜʽʛʽ-ʪʝʨʝʟʝʣʝʨʜʽ ʘʰʫ. ʂװʥʜʽʟʛʽ ʞᴅʥʝ ʢʝʰʢʽ ʫʘץʳʪʪʘ ʢʦʨʧʫʩʪʳ ʚʠʟʫʘʣʜʳ ʪʝʢʩʝʨʫ 

ʞװʨʛʽʟʽʣʜʽ. ɸʰʳץ ʪʝʨʝʟʝʣʝʨʜʽ ʩʘʥʘʫ, ʩʦʥʜʘʡ-ʘץ ʢʦʨʧʫʩʪʳ ʪʝʧʣʦʚʠʟʠʷʣʳץ ʪʝʢʩʝʨʫ (testo 875-1 

ʪʝʧʣʦʚʠʟʦʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ) ʞװʨʛʽʟʽʣʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 2-ʢʝʩʪʝʜʝ ʞᴅʥʝ 6-7-

ʩʫʨʝʪʪʝʨʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 
ɾʘʪʘץʭʘʥʘ סʠʤʘʨʘʪʳʥʜʘסʳ ʘʰʳץ ʪʝʨʝʟʝʣʝʨ ʩʘʥʳ 

ʉʨʘʧʪʘʤʘ ʢװʥʽ ʋʘץʳʪʳ 
ʉʳʨʪץʳ ʘʫʘ  

ʪʝʤʧʝʨʘʪʫʨʘʩʳ, 0ʉ 

ɸʰʳץ ʪʝʨʝʟʝʣʝʨ  

ʩʘʥʳ 

18.03.2020 15:30 +4 55 

18.03.2020 20:20 +1 24 

20.03.2020 20:30 +6 56 

 

 
 

6-ʩʫʨʝʪ ï ʂװʥʜʽʟʛʽ ʫʘץʳʪʪʘ ʘʰʳץ ʪʝʨʝʟʝʣʝʨ (ʩʳʨʪץʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ tʥ = + 4) 

 

ÁC)  

 
7-ʩʫʨʝʪ ï ʂʝʰʢʽ ʫʘץʳʪʪʘ ʘʰʳץ ʪʝʨʝʟʝʣʝʨ (ʬʦʪʦʩʫʨʝʪʪʝ ʙʝʣʛʽʣʝʥʛʝʥ ᴇʣʰʝʫ ʥװʢʪʝʣʝʨʽʥʜʝʛʽ  

ʪʝʤʧʝʨʘʪʫʨʘ: ʄ1 ʥװʢʪʝʩʽʥʜʝ ð +8,8ÁC; ʤ2 ʥװʢʪʝʩʽʥʜʝ - +5,8ÁC; ʄ3 ʥװʢʪʝʩʽʥʜʝ - +2,1ÁC;  

HS1 ʥװʢʪʝʩʽʥʜʝ ð +20,6 ÁC) 
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ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʢװʥʜʽʟʛʽ ʞᴅʥʝ ʢʝʰʢʽ ʫʘץʳʪʪʘ ʢᴇʧʪʝʛʝʥ ʪʝʨʝʟʝʣʝʨ 

ʘʰʳʣסʘʥʳ ʘʥʳץʪʘʣʜʳ. 6-ʩʫʨʝʪʪʝ ʪʝʨʝʟʝʣʝʨʽ ʘʰʳץ ʢʝʡʙʽʨ ʙᴇʣʤʝʣʝʨʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢᴇʰʝʜʝʛʽ 

ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʤᴅʥʜʝʨʽʥʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʛʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ (ʄ1, ʄ2 ʥװʢʪʝʣʝʨʽ). 

ʅʝʛʽʟʽʥʜʝ, ʢᴇʧʪʝʛʝʥ ʩʪʫʜʝʥʪʪʝʨ ʞʘʪʘץʭʘʥʘʜʘʥ ʪװʩʪʝʥ ʢʝʡʽʥ ʢʝʪʽʧ ʙʘʨʘ ʞʘʪץʘʥʜʘ, ʞʝʣʜʝʪʫ װʰʽʥ 

 .ʘʣʜʳʨʘʜʳץ ץʳʪ ʘʰʳץʫʘ ץʟʘײ ʘʥʘ ʝʤʝʩ, ʪʝʨʝʟʝʣʝʨʜʽס ʘץʳʩץ

 

 
 

ʉʪʫʜʝʥʪʪʝʨʜʽש ʞʳʣʫ ʩʘʧʘʩʳʥʘ ץʘʥʘסʘʪʪʘʥʫʳ ʪʫʨʘʣʳ ʩʘʫʘʣʥʘʤʘ ʞװʨʛʽʟʽʣʜʽ. ʉʘʫʘʣ-

ʥʘʤʘסʘ 66 ʘʜʘʤ ץʘʪʳʩʪʳ. ʉʪʫʜʝʥʪʪʝʨʜʽץ שʳʩʪʘ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʙʘסʘʣʘʫʳ ʩʫ-

ʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 2. ʉʘʫʘʣʥʘʤʘסʘ ץʘʪʳʩץʘʥʜʘʨʜʳש ʪʝʢ 25%-ʳ װʰʽʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ʳסשʘʡʣʳ. 50% װʰʽʥ װʡ ʽʰʽʥʜʝʛʽ ʞʘʡʣʳʣʳץ ʜʝשʛʝʡʽ çr ʩʪʳץè ʞᴅʥʝ çᴇʪʝ ʳʩʪʳץè ʜʝʧ ʙʘסʘʣʘʥʘ-

ʜʳ, ʘʣ 25% װʡ ʽʰʽʥʜʝ ʩʘʣץʳʥ ʥʝʤʝʩʝ ᴇʪʝ ʩʫʳץ ʜʝʧ ʩʘʥʘʡʜʳ. 

ʉʦʥʜʘʡ-ʘץ, ʙᴇʣʤʝʜʝʛʽ ʪʝʤʧʝʨʘʪʫʨʘ ʳסשʘʡʣʳʜʘʥ ʞʦסʘʨʳ ʜʝʧ ʞʘʫʘʧ ʙʝʨʛʝʥ ʨʝʩʧʦʥʜʝʥʪ-

ʪʝʨʛʝ ʩײʨʘץ ץʦʡʳʣʜʳ: çɽʛʝʨ ʩʽʟʜʝ ʙᴇʣʤʝ ʳʩʪʳץ ʙʦʣʩʘ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʦʜʘʥ 

ʥʝ ʽʩʪʝʜʽשʽʟ?è. ʆʥʜʘ ʙʽʨʥʝʰʝ ʞʘʫʘʧ ʥײʩץʘʣʘʨʳʥ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. ʅᴅʪʠʞʝʣʝʨ 8-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʘʫʘʣʥʘʤʘסʘ ץʘʪʳʩץʘʥʜʘʨʜʳ100% ש-ʳ ʪʝʨʝʟʝʥʽ ʘʰʪʳ, 45%-ʳ ʨʘʜʠʘʪʦʨʜʳ 

ʩװʣʛʽʤʝʥ ʞʘʫʳʧ, ʪʝʢ 5%-ʳ ʞʘʪʘץʭʘʥʘʥʳ ʧʘʡʜʘʣʘʥʫ ץʳʟʤʝʪʽʥʝ ʰʘסʳʤʤʝʥ ʞװʛʽʥʜʽ. 

 

 
 

8-ʩʫʨʝʪ ï ʊʝʤʧʝʨʘʪʫʨʘʥʳ ʪᴇʤʝʥʜʝʪʫ ʞʦʣʜʘʨʳʥ ʙʘסʘʣʘʫ ʜʠʘʛʨʘʤʤʘʩʳ 

 

ʉʘʫʘʣʥʘʤʘ ʥᴅʪʠʞʝʣʝʨʽ, ʪʝʨʤʠʷʣʳץ ʪʝʢʩʝʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʩʠʷץʪʳ, ʞʳʣʫ ʞװʡʝʩʽʥʽש ʨʝʪʪ-

ʝʣʛʝʥʽʥ ʞᴅʥʝ ʙᴇʣʤʝʜʝʛʽ ʤʠʢʨʦʢʣʠʤʘʪʪʳש ʦשʪʘʡʣʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʪʽʥʽʥ ʨʘʩ-

ʪʘʡʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʩʪʫʜʝʥʪʪʝʨ ʧʘʡʜʘʣʘʥʫ ץʳʟʤʝʪʽʥʝ ʰʘסʳʤʜʘʥʙʘʡʜʳ, ʙʽʨʘץ ʙᴇʣʤʝʥʽש 

 ʳʟ ʥʝʤʝʩʝ ʨʘʜʠʘʪʦʨʜʳשʦʣ ʞʝʪʽʤʜʽ ᴅʜʽʩʪʝʨʤʝʥ ʰʝʰʝʜʽ ð ʪʝʨʝʟʝʥʽ ʘʰʳץ ʳʟʳʧ ʢʝʪʫ ʤᴅʩʝʣʝʩʽʥץ

ʢᴇʨʧʝʤʝʥ ʥʝʤʝʩʝ ʩװʣʛʽʤʝʥ ʞʘʙʳשʳʟ. 

3-ʢʝʩʪʝʜʝ 2014-2019 ʞʳʣʜʘʨʳ ʞʳʣʳʪʫ, ʞʝʣʜʝʪʫ ʞᴅʥʝ ɻɺʉ ʞװʡʝʣʝʨʽʥʝ ʞʳʣʫ ʰʳסʳʥʳ, 

ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʘ ʰʳסʳʥʜʘʨ ʞᴅʥʝ ʩʳʨʪץʳ ʘʫʘʥʳש ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ (ʞʳʣʳʪʫ ʢʝʟʝשʽʥ-

ʜʝ) ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨ ײʩʳʥʳʣסʘʥ. 
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3-ʢʝʩʪʝ - **2014-2019 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʞʳʣʫ ʪײʪʳʥʫ ʞᴅʥʝ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳ ʰʳסʳʥʜʘʨʳ                               

ʇʘʨʘʤʝʪʨ/ʞʳʣ 2014 2015 2016 2017 2018 2019 

ɾʳʣʫ ʵʥʝʨʛʠʷʩʳ, 

ɻʢʘʣ 
5517,88 5701,02 6725,76 6357,77 6888,31 6666,95 

ʊʘʨʠʬ, ʪʛ 8 367,51 15 773,63 15 773,47 18 061,75 16 126,47 16 577,63 

 ʪʛ. 46 172 89 926,23 106 089,29 114 830,30 111 082,76 110 518,20 שʥ,rʤʳײפ

ɾʳʣʳʪʫ ʢʝʟʝשʽʥ-

ʜʝʛʽ ʦʨʪʘʰʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘ, 0ʉ 

-2,45 -2,48 -1,69 -2,04 -0,69 -1,35 

 

ʉʳʨʪץʳ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ᴇʩʫ ʪʝʥʜʝʥʮʠʷʩʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʙʝʩ ʞʳʣʜʘסʳ ʞʳʣʫ 

ʵʥʝʨʛʠʷʩʳʥʳש ʦʨʪʘʰʘ ʞʳʣʜʳץ ʰʳסʳʥʳ ᴇʩʫ װʨʜʽʩʽʥʝ ʠʝ, ʙײʣ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʪʠʽʤʩʽʟ ʧʘʡ-

ʜʘʣʘʥʫʜʳ ʢᴇʨʩʝʪʝʜʽ. נʠʤʘʨʘʪʪʘסʳ ʞʳʣʫʜʳ ʞʳʣʳʪʫ, ʞʝʣʜʝʪʫ ʞᴅʥʝ ʳʩʪʳץ ʩʫ ʞװʡʝʣʝʨʽ ʪײʪʳ-

ʥʘʪʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʪʝʢ װʡʛʝ ʘʨʥʘʣסʘʥ ʞʳʣʫ ʝʩʝʧʪʝʛʽʰ ʦʨʥʘʪʳʣסʘʥʜʳץʪʘʥ, ʞʳʣʫ 

ʙᴇʣʫʜʽש ʥʘץʪʳ װʣʝʩʽʥ ʝʩʝʧʪʝʫ ʤװʤʢʽʥ ʝʤʝʩ. ɾװʡʝʣʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥʳש ʞʳʣʫ ʪײʪʳʥʫʳʥ ʝʩʝʧ-

ʪʝʫ ʞᴅʥʝ ץʘʙʳʣʜʘʥסʘʥ ʙʦʣʞʘʤʜʘʨ ʥʝʛʽʟʽʥʜʝ װʣʝʩʪʝʨ ʢʝʣʝʩʽʜʝʡ ʙᴇʣʽʥʝʜʽ: ʞʳʣʳʪʫ ð 3455 

ɻʢʘʣ, ʞʝʣʜʝʪʫ ð 1705 ɻʢʘʣ, ɻɺʉ ð 1150 ɻʢʘʣ.פʦʣʜʘʥʳʩʪʘסʳ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩᴅʡʢʝʩ, ʪʝʨʤʦʩʪʘ-

ʪʠʢʘʣʳץ ʢʣʘʧʘʥʜʘʨʜʳ ʦʨʥʘʪʫ ɾʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫʜʳ 20ï30% ʪᴇʤʝʥʜʝʪʝʜʽ [7]. ʗסʥʠ, 

ʨʘʜʠʘʪʦʨʣʘʨʜʳ ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʤʝʥ ʪʦʣʳץʪʳʨʘ ʦʪʳʨʳʧ, ʞʳʣʜʳץ ʞʳʣʫ ʰʳסʳ-

ʥʳʥ 25%-סʘ (864 ɻʢʘʣ) ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ, ʙײʣ 14 323 072 ʪʝשʛʝʥʽ װʥʝʤʜʝʡʜʽ ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ 

ʙʘʩʪʘʨ ʤʝʥ ʘʚʪʦʤʘʪʪʳ ʢʣʘʧʘʥʜʘʨʜʳ ʦʨʥʘʪʫ ʰʘʨʘʣʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ץʘʞʝʪʪʽ ʘץʰʘʣʘʡ 

ʰʳסʳʥʜʘʨʜʳ ʙʘסʘʣʘʫ ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 

ʆʩʳʣʘʡʰʘ, ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽ ʦʨʥʘʪʫ ʞᴅʥʝ ʢᴇʪʝʨʛʽʰʪʝʨʜʽ ץʦʩʫ ʪװʡʽʥʜʝʨʽʥ 

ʥʦʨʤʘʪʠʚʪʽ ʢװʡʛʝ ʢʝʣʪʽʨʫ ʢʝʟʽʥʜʝ ʰʘʤʘʤʝʥ 18937808 ʪʛ ʞײʤʩʘʫ ʢʝʨʝʢ, ʘʣ ᴇʪʝʣʫ ʤʝʨʟʽʤʽ ʰʘ-

ʤʘʤʝʥ ʙʽʨ ʞʘʨʳʤ-ʝʢʽ ʞʳʣʜʳ ײץʨʘʡʜʳ. 

ʇʘʨʘʤʝʪʨʽ ʄʘʛʥʠʪʫʜʘʩʳ 

ʈʘʜʠʘʪʦʨʣʘʨ ʩʘʥʳ,ʜʘʥʘ 900 

ʊʝʨʤʦʵʣʝʤʝʥʪʪʝʨʜʽײץ שʥʳ (ʤʦʥʪʘʞʜʘʫ װʰʽʥ +5%), ʪʛ 7154*900*1,05=6 760 530 ʪʛ 

ɾװʡʝʥʽ ʪʝשʛʝʨʽʤʜʝʫʛʝ, ʛʠʜʨʘʚʣʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ-

ʛʝ,ʢʣʘʧʘʥʜʘʨʜʳ ʘʫʳʩʪʳʨʫסʘ ʘʨʘʥʘʣסʘʥ ʰʳסʳʥʜʘʨ 

 

Danfoss ART.ɼʋ=15ʤʤ (46 771 ʪʛ) 

Danfoss USV-1. ɼʋ=15ʤʤ (18 830 ʪʛ) 

ʐʘʨ ʢʣʘʧʘʥʳ cᴇʥʜʽʨʛʽʰ ɼʋ=15ʤʤ (1499 ʪʛ) 

ɹʘʨʣʳסʳ: 46 771+18 830+1499*2=68 599 ʪʛ 

103*68 599=7 065 697 ʪʛ 

Danfoss ART.ɼʋ=20ʤʤ (50 109 ʪʛ) 

Danfoss USV-I.ɼʋ=20ʤʤ (20 869 ʪʛ) 

ʐʘʨ ʢʣʘʧʘʥʳ ɼʋ=20ʤʤ (2272 ʪʛ) 

ɹʘʨʣʳסʳ: 50 109+20 869+2272*2=75 612 ʪʛ 

4*75 612=302 448 ʪʛ 

Danfoss ART.ɼʋ=25ʤʤ (60 739 ʪʛ) 

Danfoss USV-1. ɼʋ=25ʤʤ (24 393 ʪʛ) 

ʐʘʨ ʢʣʘʧʘʥʳ ɼʋ=25ʤʤ (3971 ʪʛ) 

ɹʘʨʣʳסʳ: 60  739+24 393+3971*2=92 966 ʪʛ 

1*92 966=92 966 ʪʛ 

ɾʘʙʜʳץʪʳײץ שʥʳ,ʦʥʳש ʽʰʽʥʜʝʛʽ ʦʨʥʘʪʫ ʞᴅʥʝ ʽʩʢʝ 

 (50% שʥʳʥʳײץ ץʞʘʙʜʳ) ʳʥʜʘʨʳסʦʩʫ ʰʳץ

7 461 111*1,5=11 191 666 ʪʛ 

ɾʦʙʘʣʘʫ ʰʳסʳʥʜʘʨʳ 973 385 ʪʛ 

ɹʘʨʣʳסʳ: ʪʝʨʤʦʵʣʝʤʝʥʪʪʝʨʜʽ ʦʨʥʘʪʫ + ʢʣʘʧʘʥʜʘʨʜʳ 

ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞװʡʝʥʽ ʨʝʪʪʝʫ 

11 191 666+6 760 530+973 385=18 925 581 ʪʛ 
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ɾײʤʳʩ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ ץʦʨʳʪʳʥʜʳʣʘʨ 

1. ʊʽʧʪʽ ʞʘשʘ ʩʘʣʳʥסʘʥ סʠʤʘʨʘʪʪʘʨʜʘ ʜʘ, ʦʥ ʞʳʣʜʳץ ʧʘʡʜʘʣʘʥʫ ʤʝʨʟʽʤʽ ʙʘʨ, ʞʳʣʳʪʫ 

ʞװʡʝʩʽ ʞʦʙʘʣʳײץ ץʞʘʪʪʘʤʘʜʘסʳ ʢʝʤʰʽʣʽʢʪʝʨ, ʜײʨʳʩ ʽʩʢʝ ץʦʩʫ ʞᴅʥʝ ʞʘʙʜʳץʪʳ ʜײʨʳʩ ʧʘʡʜʘ-

ʣʘʥʙʘʫ ʝʩʝʙʽʥʝʥ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽ ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʤʝʫʽ ʤװʤʢʽʥ. 

2. ʈʘʜʠʘʪʦʨʣʘʨʜʘ ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʦʣʤʘʫʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦʣʘʨʜʳש 

 .ʪʘʡ ʘʩʳʧ ʢʝʪʫʽʥʝ ᴅʢʝʣʝʜʽץʘʡʪʘʨʣʳ שʘʨʳʣʘʪʫ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳסʫʘʪʳʥ ʞʦץ

3. ɾʦʙʘʣʘʨʜʘ ʘʚʪʦʤʘʪʪʳ ʪʝשʜʝʩʪʽʨʫ ʢʣʘʧʘʥʜʘʨʳʥʳש ʧʘʨʘʤʝʪʨʽʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ 

-ʘʥץʡʝʥʽ ʦʨʥʘʪװʘʞʝʪ. ɾץ ʳʥʳʥ ʜʘ ʢᴇʨʩʝʪʫסʰʳ שʳʰʪʳץʳʥʜʘʪץʳʣʳ ʩʘʣץʘʪʘʨ ʢᴇʪʝʨʛʽʰʪʝʨ ʘʨץ

ʥʘʥ ʢʝʡʽʥ ʘʨʥʘʡʳ ᴇʣʰʝʫ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢʣʘʧʘʥʜʘʨʜʳ ʞʦʙʘʣʳץ ʘסʳʥסʘ ʙʘʧʪʘʫ 

 .ʘʞʝʪץ

4. ʂʣʘʧʘʥʜʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞʘסʜʘʡʳʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʦʣʘʨʜʳ 

ʫʘץʪʳʣʳ ʘʫʳʩʪʳʨʫ ץʘʞʝʪ. 

5. ʊʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʢʣʘʧʘʥʜʘʨ ʤʝʥ ʘʚʪʦʤʘʪʪʳ ʪʝשʛʝʨʽʤ ʢʣʘʧʘʥʜʘʨʳʥ ʦʨʥʘʪʫʜʳ ץʘʤʪʠ-

ʪʳʥ ʞʳʣʳʪʫ ʞװʡʝʩʽʥʽש ʛʠʜʨʘʚʣʠʢʘʣʳץ ʪʝשʛʝʨʽʤʽ ᴇʪʝʣʫ ʤʝʨʟʽʤʽ ץʳʩץʘ ʞװʡʝʥʽש ʵʥʝʨʛʠʷ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʪʠʽʤʜʽ ʰʘʨʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ɾʘʥʪʘʩʦʚʘ ɸ.ʄ.  

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷ, ɸʣʤʘʪʳ,  

050043, ʂʘʟʘʭʩʪʘʥ 
_____________________________________________________________________________ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘ-

ʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʤʝʨʳ, ʧʨʠʥʠʤʘʝʤʳʝ ʜʣʷ ʧʦ-

ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ ʠ ʧʨʠʥʮʠʧ ʝʝ ʦʯʠʩʪʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʚʦʜʳ, ʦʯʠʩʪʢʘ ʚʦʜʳ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟ-

ʣʫʯʝʥʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

 

ɸשʜʘʪʧʘ. ʄʘϨʘʣʘʜʘ ʩʫʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ Ϯʰʽʥ ʫʣʴʪʨʘʢϮʣʛʽʥ ʩϸʫʣʝʣʝʥʫʜʽ Ϩʦʣʜʘʥʫ 

ʤϮʤʢʽʥʜʽʢʪʝʨʽ ʪʘʣʜʘʥʘʜʳ, ʩʦʥʳʤʝʥ Ϩʘʪʘʨ ʩʫʜʳ ʪʘʟʘʨʪʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʙʦʡʳʥʰʘ 

ϨʘʙʳʣʜʘʥϤʘʥ ʰʘʨʘʣʘʨ ʪʘʣʜʘʥʘʜʳ, ʘʨʘʣʘʩ ʩʫʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ ϨʦʥʜʳʨϤʳʩʳʥʳϬ ʜʠ-

ʟʘʡʥʳ ʤʝʥ ʦʥʳ ʪʘʟʘʨʪʫ ʧʨʠʥʮʠʧʽ ϰʩʳʥʳʣʘʜʳ. 

ʊװʡʽʥ ʩᴇʟʜʝʨ: ʩʫʜʳ ʟʘʣʘʣʩʳʟʜʘʥʜʳʨʫ, ʩʫʜʳ ʪʘʟʘʨʪʫ, ʫʣʴʪʨʘʢϮʣʛʽʥ ʩϸʫʣʝʣʝʥʫ, 

ʙʠʦʭʠʤʠʷʣʳϨ ʧʨʦʮʝʩʩ, ϨʦʨʰʘϤʘʥ ʦʨʪʘ. 

 

Abstract. The article analyzes the possibilities of using ultraviolet radiation for water 

disinfection, and also analyzes the measures taken to improve the quality of water purification, 

proposes the design of a combined water disinfection unit and the principle of its purification. 

Key words: water disinfection, water purification, ultraviolet radiation, biochemical 

process, environment. 
______________________________________________________________________________________________ 



 

169 

*ɸʚʪʦʨ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ: ɾʘʥʪʘʩʦʚʘ ɸ.ʄ.  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʩʘʙʝʢʦʚʘ ɻ.ʊ.  

 

1 ɺɺɽɼɽʅʀɽ 

ɺʦʜʘ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. ʆʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʞʠʟʥʠ ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ. ɺʦʜʘ ʥʝ ʪʦʣʴʢʦ 

ʫʯʘʩʪʚʫʝʪ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʘʭ, ʥʦ ʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʤʥʦʛʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʍʠʤʠʯʝʩʢʠ ʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (H2O). ʆʥʘ ʦʙ-

ʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʪ. ʜ. ʕʪʠ ʩʚʦʡʩʪʚʘ 

ʜʝʣʘʶʪ ʚʦʜʫ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʠʪʘ-

ʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʪʭʦʜʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ. 

ʆʜʥʘʢʦ ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʝ ʚʩʷ ʚʦʜʘ ʧʨʠʛʦʜʥʘ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ. ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʭ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ, ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʟʘʛʨʷʟʥʝʥʠʝ ʦʪʭʦʜʘʤʠ ʠ ʪ. ʜ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʯʠʩʪʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ 

ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ ʙʘʢʪʝʨʠʡ ʠ ʚʠʨʫʩʦʚ. ɽʛʦ ʜʝʟʠʥ-

ʬʝʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ ʢʠʧʷʯʝʥʠʝ, ʭʣʦʨʠʨʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʩʝʨʝʙʨʦʤ, 

ʫʣʴʪʨʘʟʚʫʢʦʤ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ. 
 

2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʚʦʜʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ (ʋʌ) ʠʟʣʫʯʝʥʠʝʤ ï ʵʪʦ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʚʦʜʝ ʧʫʪʝʤ ʦʙʣʫʯʝʥʠʷ ʝʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ 

ʩʚʝʪʦʤ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʙʘʢʪʝʨʠʡ, ʚʠ-

ʨʫʩʦʚ ʠ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʚʦʜʝ ʠ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪ: ʢʦʛʜʘ ʚʦʜʘ ʧʨʦʭʦ-

ʜʠʪ ʯʝʨʝʟ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʣʘʤʧʫ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ɼʅʂ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʘʢʪʝʨʠʠ ʠ ʚʠʨʫʩʳ, ʜʝʣʘʷ ʠʭ ʥʝʩʧʦʩʦʙʥʳʤʠ ʢ ʨʘʟʤʥʦʞʝʥʠʶ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʋʌ-ʠʟʣʫʯʝʥʠʝ ʧʦʚʨʝʞʜʘʝʪ ʛʝʥʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʝʟʚʨʝʜʥʳʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦ-

ʜʳ ʚʢʣʶʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʦʙʘʚʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʢ ʚʦʜʝ, ʦʪʩʫʪ-

ʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʪʢʦʚ ʠʣʠ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʥʠʯʪʦʞʝʥʠʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʆʜʥʘʢʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʥʝ ʫʜʘʣʷʝʪ ʯʘʩʪʠʮʳ ʠʣʠ ʟʘ-

ʛʨʷʟʥʠʪʝʣʠ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʩʦʣʠ, ʤʝʪʘʣʣʳ ʠʣʠ ʭʠʤʠʯʝʩʢʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ. ʇʦʵʪʦʤʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʢʦʥʢʨʝʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʠʥʦʛʜʘ ʪʨʝʙʫ-

ʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʪʘʢʠ-

ʤʠ ʢʘʢ ʬʠʣʴʪʨʘʮʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʘ ʭʣʦʨʦʤ. 

ʉʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʚʦʜʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ (ʋʌ) ʵʬʬʝʢʪʠʚʥʦ ʠʥʘʢʪʠʚʠʨʫʶʪ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʳ*, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʟʘʨʘʞʝʥʠʷ ʙʦʣʝʟʥʷʤʠ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ ʨʘʟʨʫʰʘʝʪ ʠ ʠʥʘʢ-

ʪʠʚʠʨʫʝʪ ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʯʝʨʝʟ ʚʦʜʫ, ʣʠʰʘʷ ʠʭ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʨʘʟʤʥʦʞʘʪʴʩʷ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ, ʚʦʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ: 

-  ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ; 

-  ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʢʫʩʘ ʠ ʟʘʧʘʭʘ ʚʦʜʳ; 

-  ʧʨʦʩʪʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; 
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-  ʦʪʩʫʪʩʪʚʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʟʠʥʬʝʢʮʠʠ; 

-  ʩʦʢʨʘʪʠʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʢʦʚʳʭ ʙʫʪʳʣʦʢ; 

-  ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ; 

-  ʥʝʪ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʥʘʰʠʚʘʪʴʩʷ; 

-  ʢʦʤʧʘʢʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʜʭʦʜʷʱʠʝ ʢʘʢ ʜʣʷ ʤʘʣʝʥʴʢʠʭ, ʪʘʢ ʠ ʜʣʷ ʙʦʣʴʰʠʭ ʧʦʤʝʱʝʥʠʡ; 

-  ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʭʠʤʠʢʘʪʦʚ. 
 

6 ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀʗ 

ʂʘʢ ʨʘʙʦʪʘʝʪ ʋʌ-ʦʯʠʩʪʢʘ? 

ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʫʙʠʪʴ ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ, ʧʘʨʘʟʠʪʳ ʠ ʛʨʠʙʢʠ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʚʘʰʝʡ ʚʦʜʝ. ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʨʘʙʦʪʘʝʪ, ʧʨʦʧʫʩʢʘʷ ʯʝʨʝʟ ʚʦʜʫ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ɺʦʣʥʳ ʵʪʦʛʦ ʩʧʝʢʪʨʘ ʠʤʝʶʪ çʙʘʢʪʝʨʠ-

ʮʠʜʥʫʶ ʯʘʩʪʦʪʫè, ʢʦʪʦʨʘʷ ʵʬʬʝʢʪʠʚʥʦ ʫʙʠʚʘʝʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. 

ʋʌ-ʣʘʤʧʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʧʫʩʢʘʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʚʦʜʫ ʚ ʬʠʣʴ-

ʪʨʝ. ʀʩʧʫʩʢʘʝʤʳʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʫʯʠ ʧʦʚʨʝʞʜʘʶʪ ɼʅʂ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʥʝ ʤʦʛʫʪ ʨʘʟʤʥʦʞʘʪʴʩʷ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ ʪʘʢʞʝ ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʠ ʵʪʦ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʙʦʣʝʟʥʠ ʯʝʨʝʟ ʚʦʜʫ. ɺ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʫʥʠʯʪʦʞʘʝʪʩʷ ʜʦ 

99,99% ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʬʠʣʴʪʨ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠʟ ʚʦ-

ʜʳ ʧʝʨʝʜ ʝʝ ʧʨʦʭʦʞʜʝʥʠʝʤ ʯʝʨʝʟ ʋʌ-ʦʯʠʩʪʠʪʝʣʴ, ʧʦʩʢʦʣʴʢʫ ʥʝʢʦʪʦʨʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʤʦ-

ʛʫʪ ʩʢʨʳʚʘʪʴʩʷ ʟʘ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʛʨʷʟʠ ʠ ʫʩʢʦʣʴʟʘʪʴ ʦʪ ʧʨʦʮʝʩʩʘ ʫʜʘʣʝʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʋʌ-ʦʯʠʩʪʢʘ ʚʦʜʳ 

 
 

ʈʠʩʫʥʦʢ 2 ï ʋʌ-ʦʯʠʩʪʢʘ ʚʦʜʳ 
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ʉʠʩʪʝʤʳ LUMINOR ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳ-

ʟʳʚʘʶʱʠʭ ʢʦʣʠʬʘʛ MS-2, ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ 

ʠʣʠ ʨʘʚʥʦʝ ʩʥʠʞʝʥʠʶ, ʚʳʟʚʘʥʥʦʤʫ ʜʦʟʦʡ 40 ʤɼʞ/ʩʤ^2*. 

ʋʌ-ʦʯʠʩʪʢʘ ʚʦʜʳ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ. 

ʐʘʛ 1: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʤʝʨʫ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʦʙʪʝʢʘʷ ʋʌ-ʣʘʤʧʫ. 

ʐʘʛ 2: ʤʠʢʨʦʙʳ ʚ ʚʦʜʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ (ʜʣʠʥʘ 

ʚʦʣʥʳ 254 ʥʤ), ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʠʭ ɼʅʂ, ʜʝʣʘʷ ʠʭ ʥʝʩʧʦʩʦʙʥʳʤʠ ʢ ʨʘʟʤʥʦʞʝʥʠʶ. ʄʠʢʨʦ-

ʙʳ ʪʝʧʝʨʴ ʙʝʟʚʨʝʜʥʳ. 

ʐʘʛ 3: ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ ʟʘʪʝʤ ʧʦʢʠʜʘʝʪ ʢʘʤʝʨʫ ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʜʦʧʨʦʚʦʜ ʚʘʰʝʛʦ ʜʦʤʘ. 

ʊʝʧʝʨʴ ʚʦʜʘ ʙʝʟʦʧʘʩʥʘ ʜʣʷ ʧʠʪʴʷ, ʢʫʧʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʧʷʪʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʋʌ-

ʠʟʣʫʯʝʥʠʷ. 

ɺʟʚʝʰʝʥʥʳʝ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʢʘʢ ʚʠʜʠʤʳʝ, ʪʘʢ ʠ ʥʝʚʠʜʠʤʳʝ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, 

ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʳʝ ʤʫʪʥʦʩʪʴʶ. 

ʅʘʢʠʧʴ, ʚʳʟʚʘʥʥʘʷ ʬʠʟʠʯʝʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʘʢʠʧʠ ʥʘ ʢʚʘʨʮʝʚʦʡ ʛʠʣʴʟʝ ʠʟ ʞʝʣʝʟʘ, 

ʤʘʨʛʘʥʮʘ ʠʣʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. 

 
7 ɺʓɺʆɼ 

ʉʦʝʜʠʥʝʥʠʷ, ʧʦʛʣʦʱʘʶʱʠʝ ʋʌ-ʠʟʣʫʯʝʥʠʝ, ʯʘʱʝ ʚʩʝʛʦ ʚʳʟʚʘʥʥʳʝ ʨʘʩʪʚʦʨʝʥʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʛʫʤʠʥʦʚʳʝ ʠʣʠ ʬʫʤʠʥʦʚʳʝ ʢʠʩʣʦ-

ʪʳ (ʪʘʥʠʥʳ), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʞʝʣʝʟʦ ʠ ʤʘʨʛʘʥʝʮ, ʧʦ-

ʛʣʦʱʘʶʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʚʝʪ, ʩʥʠʞʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʤʝʨʳ. ʕʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʢʘʤʝʨʫ, ʯʪʦʙʳ ʋʌ-ʦʙʨʘʙʦʪʢʘ ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʦʡ. ʋʌ-

ʦʙʨʘʙʦʪʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʯʠʩʪʢʠ. 
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Abstract. Natural exhaust ventilation installed in mass housing has many known dis-

advantages. In recent years, due to an increase in the tightness of buildings, an increase in 

the amount of synthetic finishing materials in them, and increased requirements for the quali-

ty of the internal microclimate, these shortcomings have become more serious. 

Key words: mechanical ventilation, air exchange, ʂʅɾɽ 2.08.01-89 "Residential 

houses", Mechanical ventilation systems. 
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  ʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ: ɻ.ʉ. ɸʙʠʝʚʘנ

 

1 ɿɽʈʊʊɽʋɼɯר ʊɽʆʈʀʗʃʓפ ʅɽɻɯɿɼɽʈɯ 

ʄʝʭʘʥʠʢʘʣʳץ ʞʝʣʜʝʪʫʜʽ ץʘʞʝʪ ʝʪʝʪʽʥ ʩʝʙʝʧʪʝʨ. ɾʘʧʧʘʡ ʪײʨסʳʥ װʡʣʝʨʜʝ ʦʨʥʘʪʳʣסʘʥ 

ʪʘʙʠסʠ ʩʦʨסʳʰ ʞʝʣʜʝʪʫʜʽש ʢᴇʧʪʝʛʝʥ ʙʝʣʛʽʣʽ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ʉʦסשʳ ʞʳʣʜʘʨʳ סʠʤʘʨʘʪʪʘʨ-

ʜʳש ʛʝʨʤʝʪʠʢʘʣʳסʳʥʳש ʘʨʪʫʳʥʘ, ʦʣʘʨʜʘסʳ ʩʠʥʪʝʪʠʢʘʣʳץ ᴅʨʣʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʤᴇʣ-

ʰʝʨʽʥʽש ʘʨʪʫʳʥʘ ʞᴅʥʝ ʽʰʢʽ ʤʠʢʨʦʢʣʠʤʘʪʪʳש ʩʘʧʘʩʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʜʳש ʢװʰʝʡʪʽʣʫʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ʢʝʤʰʽʣʽʢʪʝʨ ʙײʨʳʥסʳʜʘʥ ʜʘ ʰʠʝʣʝʥʽʩʝ ʪװʩʪʽ. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʘʤʝʨʠʢʘʥʜʳס ץʘʣʳʤʜʘʨʜʳש ʟʝʨʪʪʝʫʣʝʨʽ ʙʦʡʳʥʰʘ ɸפʐ-ʪʘסʳ ʙʽʨ ʤʠʣʣʠ-

ʦʥ סʠʤʘʨʘʪʪʳש ʘʫʘ ʩʘʧʘʩʳ ʥʘʰʘʨ, ʥᴅʪʠʞʝʩʽʥʜʝ ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ ʞᴅʥʝ ʙײʣ ʰʳסʳʥ-

ʜʘʨʜʳײץ שʥʳ ʞʳʣʳʥʘ 60 ʤʠʣʣʠʘʨʜ ɸפʐ ʜʦʣʣʘʨʳʥʘ ʞʝʪʝʜʽ. 

ʉʦסשʳ ʙʝʩ ʞʳʣʜʘ  ʢᴇʧץʘʙʘʪʪʳ ʪײʨסʳʥ ʞᴅʥʝ ץʦסʘʤʜʳס ץʠʤʘʨʘʪʪʘʨʜʘ ʪʘʙʠסʠ ʞʝʣʜʝʪʫʜʽש 

ʦʨʥʳʥʘ ʤʝʭʘʥʠʢʘʣʳץ ʞʝʣʜʝʪʫʜʽ ץʦʣʜʘʥʫʜʳש ʦʨʳʥʜʳʣʳסʳ ʤʝʥ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤᴅʩʝ-

ʣʝʩʽʥ װʥʝʤʽ ʟʝʨʪʪʝʧ ʢʝʣʝʜʽ. נʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʽ ʤʝʥ ʦʩʳ ʙʘסʳʪʪʘסʳ ʙʘʩʪʘʤʘʣʘʨʳʥʳש ʧʨʘʢʪʠ-

ʢʘʣʳץ ʥᴅʪʠʞʝʩʽ 2000 ʞʳʣʳ ʆʨʙʠʪʘ ʳץʰʘʤ ʘʫʜʘʥʳʥʜʘ ʤʝʭʘʥʠʢʘʣʳץ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʤʝʥ ʞʘʙ-

ʜʳץʪʘʣסʘʥ ʪײʨסʳʥ װʡ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʆʩʳ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ װʥʝʤʽ ʤʘץʘʣʘʣʘʨ ʞʘʨʠʷʣʘʡʜʳ ʞᴅʥʝ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ ʤʝʥ ʩʝʤʠ-

ʥʘʨʣʘʨʜʘ ʘʨʥʘʡʳ ʙᴇʣʽʤʜʝʨ ײʡʳʤʜʘʩʪʳʨʘʜʳ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʤʝʭʘʥʠʢʘʣʳץ ʞʝʣʜʝʪʫʜʽ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʛʽ ʤʝʥ ʦʨʳʥʜʳʣʳסʳ ʪʫʨʘʣʳ ײʩʳʥʳʩʪʘʨʜʳ ʜʘʡʳʥʜʘʫʜʘ. 

ʆʩʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʘʨʣʳסʳ ʙʦʡʳʥʰʘ ɸʩʪʘʥʘ ץʘʣʘʩʳʥʳש çפʘʣʘʣʳץ ʦʨʪʘ ʩʘʧʘʩʳ ʞᴅʥʝ 

ʙʘץʳʣʘʫ ʙʘʩץʘʨʤʘʩʳè ʤʝʤʣʝʢʝʪʪʽʢ ʤʝʢʝʤʝʩʽ װʢʽʤʝʪʽʥʽש ʩᴅʫʣʝʪ, ײץʨʳʣʳʩ, ץʘʣʘʥʳ ʜʘʤʳʪʫ 

ʞᴅʥʝ ץʘʡʪʘ ײץʨʫ ʢʝʰʝʥʽʤʝʥ ʪײʨʘץʪʳ ʳʥʪʳʤʘץʪʘʩʪʳץʪʘ ʙʦʣʳʧ, ʦʥʳש ʙʘʩʪʘʤʘʣʘʨʳʥʘ ʙʝʣʩʝʥʜʽ 

 .ʦʣʜʘʫ ʪʘʙʘʜʳץ

ʊʘʙʠסʠ ʞʝʣʜʝʪʫʜʽש ʢʝʤʰʽʣʽʢʪʝʨʽ ʦʥʳץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʤʝʡʪʽʥʽʥ ץʘʤʪʠʜʳ. ɾʳʣʳʪʫ ײץʨʳʣסʳʣʘʨʳʥʜʘ ʪʝʨʤʦʩʪʘʪʪʘʨʜʳ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ ʞʳʣʫ 

ʞװʡʝʩʽʥʜʝʛʽ ʞʳʣʫʜʳ װʥʝʤʜʝʫʜʽש ʥʘץʪʳ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. ɹײʣ ʞʘסʜʘʡʜʘ ʞװʡʝʥʽש ʦʨʥʘʪʳʣסʘʥ 

ʞʳʣʫ ץʫʘʪʳʥʳ30 ש-ʜʘʥ 75% -סʘ ʜʝʡʽʥ ʞʝʣʜʝʪʫ ʘʫʘʩʳʥ ʞʳʣʳʪʫ װʰʽʥ ʞʳʣʫ ץʘʞʝʪʪʽʣʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɾʝʣʜʝʪʫ ʘʫʳʩʧʘʣʳ ʘʫʘ ʘסʳʥʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʪʳʥ ʙʦʣʩʘ, ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ 

ʪʠʽʤʜʽʨʝʢ ʙʦʣʘʨ ʝʜʽ. ʊʘʙʠסʠ ʞʝʣʜʝʪʫ ʘʨץʳʣʳ ʤײʥʜʘʡ ʨʝʪʪʝʫʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʽʩ ʞװʟʽʥʜʝ 

ʤװʤʢʽʥ ʝʤʝʩ [1]. 

ʕʥʝʨʛʠʷʥʳ ʪײʪʳʥʫʜʳש ʦʩʳ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʝʥ ʙʘʩץʘ, ʤʝʭʘʥʠʢʘʣʳץ ʞʝʣʜʝʪʫʜʽ ʧʘʡʜʘʣʘ-

ʥʘ ʦʪʳʨʳʧ, ʩʽʟ ʰʳסʘʪʳʥ ʘʫʘʥʳ ʙʝʨʝʪʽʥ ʘʫʘʥʳ ʞʳʣʳʪʫ ʘʨץʳʣʳ ʘץʰʘ װʥʝʤʜʝʡ ʘʣʘʩʳʟ. ɹʽʨʘץ 

ʙײʣ װʰʽʥ ʪʝʢ ʩʦʨʫ ʞʝʣʜʝʪʫ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʘʙʜʳץʪʘʫ ʞʝʣʜʝʪʫ ʤʝʭʘʥʠʢʘʣʳץ ʙʦʣʫʳ 

ʢʝʨʝʢ. 
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ɸʫʘ ʘʣʤʘʩʫ ʥʦʨʤʘʣʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. פʅʞɽ 2.08.01-89 çʊײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘ-

ʨʳè ʧᴅʪʝʨʣʝʨ װʰʽʥ ʘʫʘ ʘʣʤʘʩʫʜʳש ʢʝʣʝʩʽ ʩʭʝʤʘʩʳʥ ײʩʳʥʘʜʳ: ʩʳʨʪץʳ ʘʫʘ ץʦʥʘץ ʙᴇʣʤʝʣʝʨʜʽש 

ʘʰʳץ ʪʝʨʝʟʝʣʝʨʽ ʘʨץʳʣʳ ʢʽʨʝʜʽ ʞᴅʥʝ ʘʩ װʡʜʝ, ʚʘʥʥʘ ʙᴇʣʤʝʩʽʥʜʝ ʞᴅʥʝ ʜᴅʨʝʪʭʘʥʘʜʘ ʦʨʥʘʪʳʣסʘʥ 

ʩʦʨʫ ʪʦʨʣʘʨʳ ʘʨץʳʣʳ ʰʳסʘʨʳʣʘʜʳ (1-ʩʫʨʝʪ). ʇᴅʪʝʨʜʝʛʽ ʘʫʘ ʘʣʤʘʩʫʳ ʝʢʽ ʤᴅʥʥʽש ʢʝʤ ʜʝʛʝʥʜʝ 

ʙʽʨʝʫʽ ʙʦʣʫʳ ʢʝʨʝʢ: ʜᴅʨʝʪʭʘʥʘʜʘʥ, ʚʘʥʥʘ ʙᴇʣʤʝʩʽʥʝʥ ʞᴅʥʝ ʘʩ װʡʜʝʥ ʧʝʰʪʽש ʪװʨʽʥʝ ץʘʨʘʡ 110-

140 ʤ3/ʩʘס ʙʦʣʘʪʳʥ ʞʘʣʧʳ ʰʳסʘʨʫ ʞʳʣʜʘʤʜʳסʳ ʥʝʤʝʩʝ ʢʽʨʽʩ ʞʳʣʜʘʤʜʳסʳ ʪײʨסʳʥ װʡ ʘʣʘשʳ-

ʥʳש ᴅʨʙʽʨ ʤ2 ʘʫʜʘʥʳ װʰʽʥ 3 ʤ3/ʩʘס. ʉʪʘʥʜʘʨʪʪʳ ʧᴅʪʝʨʣʝʨʜʝ, ᴅʜʝʪʪʝ, ʥʦʨʤʘʥʳש ʙʽʨʽʥʰʽ 

ʥײʩץʘʩʳ ʰʝʰʫʰʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʘʣ ʞʝʢʝ ʞʦʙʘסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʧᴅʪʝʨʣʝʨʜʝ ï ʝʢʽʥʰʽʩʽ ʙʦʣʘʜʳ.  

 

 
 

1-ʩʫʨʝʪ ï ʇᴅʪʝʨʜʝʛʽ ʞʝʣʜʝʪʫ ʘסʳʥʜʘʨʳʥʳש ʩʭʝʤʘʩʳ 

 

-ʳʥʜʘסʘʨʳ ʰʳסʥʝʛʽʟʩʽʟ ʞʦ שʣ ʩʪʘʥʜʘʨʪ ʞʝʣʜʝʪʫ ʘʫʘʩʳʥʳײʘʥ ʙסʣʢʝʥ ʧᴅʪʝʨʣʝʨʛʝ ʘʨʥʘʣת

ʨʳʥʘ ᴅʢʝʣʝʪʽʥʜʽʢʪʝʥ, ɸʣʤʘʪʳʥʳש ʘʡʤʘץʪʳץ ʩʪʘʥʜʘʨʪʪʘʨʳ פʄʞɽ 3.01-96 çʊײʨסʳʥ װʡʣʝʨè ʙʽʨ 

ʘʜʘʤסʘ 30 ʤ3/ʩʘס ʰʳסʳʥʤʝʥ ץʦʥʘץ ʙᴇʣʤʝʣʝʨʽʥʜʝ ʘʫʘ ʘʣʤʘʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂᴇʧ 

ʞʘסʜʘʡʜʘ ʞʦʙʘʣʘʫ ײʡʳʤʜʘʨʳ ʙʽʨ ʙᴇʣʤʝʛʝ 30 ʤ3/ʩʘץ סʘʙʳʣʜʘʡʜʳ. ɹʽʟʜʽש ʘʫʘ ʘʣʤʘʩʫ ʩʪʘʥʜʘʨʪ-

ʪʘʨʳʥ ʪʘʨʤʘץʪʘ ʢʝʣʪʽʨʽʣʛʝʥ ʥʝʤʽʩ ʩʪʘʥʜʘʨʪʪʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʫ ʰʘסʳʥ ʧᴅʪʝʨʣʝʨ װʰʽʥ ʙʽʟʜʽש 

ʩʪʘʥʜʘʨʪʪʘʨʳʤʳʟʜʳץ שʘʪʘשʳʨʘץ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʘʫʘ ʘʣʤʘʩʫʜʳש ʪᴇʤʝʥʛʽ ʰʝʛʽʥ 

110-140 ʤ3/ʩʘס ʪᴇʤʝʥ ʪװʩʽʨʤʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʥʝʤʽʩ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ, ʞʘʣʧʳ ʘʫʜʘ-

ʥʳ 50 ʤ2 ʜʝʡʽʥʛʽ ʧᴅʪʝʨʣʝʨʜʝ ʘʫʘ ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳ 60 ʤ3/ʩʘס, ʘʣ 50-80 ʤ2 ʧᴅʪʝʨʣʝʨʜʝ ï 

90 ʤ3/ʩʘ[2] .ס. 

ʂʝʡʙʽʨ ʩʘʨʘʧʰʳʣʘʨ ʢʽʨʽʩ ʞʳʣʜʘʤʜʳסʳʥ ʙʘʟʘʣʳץ ʤᴇʣʰʝʨʣʝʤʝ ʨʝʪʽʥʜʝ, ʘʣ ʰʳסʳʩ ʞʳʣ-

ʜʘʤʜʳסʳʥ ʝש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫʜʳ ײʩʳʥʘʜʳ. ʉʦʥʜʘ ʨʝʩʝʡʣʽʢ ʞᴅʥʝ ʥʝʤʽʩ 

ʩʪʘʥʜʘʨʪʪʘʨʳ ʞʘץʳʥʳʨʘץ ʙʦʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʙײʣ ײʩʳʥʳʩʪʳ ץʘʙʳʣʜʘʫ ʪʝʢ ʙʘʩץʘʨʳʣʘʪʳʥ 

ʞʝʣʜʝʪʫ ʘʨץʳʣʳ סʘʥʘ ʤװʤʢʽʥ ʙʦʣʘʜʳ, ʦʣ ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, ʤʝʭʘʥʠʢʘʣʳץ ʞװʡʝʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʫ ʦשʘʡʳʨʘץ. 

-ʳ ʧᴅʪʝʨסʠʤʘʨʘʪʪʘʨʜʘס ʳʟסʡʳʤʜʘʨʳ ʪʝʨʝʟʝʣʝʨʽ ʪʳײ ʘʪʘʨ ʞʦʙʘʣʘʫץᴇʟʽʥʜʝ ʙʽʨ שʘʟʽʨʜʽפ

ʣʝʨʜʽ ʘʫʘʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʩʳʨʪץʳ ץʘʙʳʨסʘʣʘʨ ʤʝʥ ʪʝʨʝʟʝʣʝʨʜʝ ᴅʨʪװʨʣʽ ʞʝʪʢʽʟʫ ʢʣʘ-

ʧʘʥʜʘʨʳ ʤʝʥ ʘʵʨʘʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʘ. ʂʣʘʧʘʥʜʘʨ ץʘʨʘʧʘʡʳʤ ʙʦʣʫʳ ʤװʤʢʽʥ (ץʘץʧʘסʳ ʙʘʨ 

ʢʽʨʽʩ ʪװʨʽʥʜʝ), ʰʫʜʳ ʙʘʩʘʪʳʥ ײץʨʳʣסʳʣʘʨʤʝʥ ʞᴅʥʝ ʞʝʣʜʽש ʞʳʣʜʘʤʜʳסʳ ʘʨʪץʘʥ ʩʘʡʳʥ 

ʙʝʨʽʣʝʪʽʥ ʘʫʘ ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʰʝʢʪʝʫʤʝʥ. 

ʐʫʜʳ ʙᴅʩʝשʜʝʪʝʪʽʥ ʞʝʪʢʽʟʫ ʢʣʘʧʘʥʜʘʨʳʥ ʥʝʤʝʩʝ ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ʢʝʜʝʨʛʽʩʽ ʞʦסʘʨʳ 

ʘʵʨʘʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʩʦʨʫ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽ ץʘʞʝʪ ʙʦʣʘʜʳ. ʉʦʥʳ-

ʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʞʘʣʧʳ ʩʦʨʫ ʞʝʣʜʝʪʢʽʰʽʤʝʥ ʥʝʤʝʩʝ ᴅʨʙʽʨ ʞʝʣʜʝʪʢʽʰ ʪʦʨ װʰʽʥ ʞʝʢʝ ʞʝʣʜʝʪ-

ʢʽʰʪʝʨʤʝʥ ʦʨʪʘʣʳץ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ, ʩʦʨסʳʰ ʞʝʣʜʝʪʫ ʞʝʣʽʩʽʥʽײץ שʨʳʣʳʤʳ ʢᴇʧ ץʘʙʘʪʪʳ סʠʤʘʨʘʪʪʘʨʜʳש 

ʪʘʙʠסʠ ʩʦʨסʳʰ ʞʝʣʜʝʪʫʽʥʝ ʘʨʥʘʣʳʧ, ʷסʥʠ ʪʽʢ ʞʠʥʘʫ ʘʨʥʘʩʳʥ ï ʙװʡʽʨ ʪʘʨʤʘץʪʘʨʳ ʙʘʨ çʤʘʛʠ-

ʩʪʨʘʣʴʜʽè ץʘʤʪʠʪʳʥ ʩʭʝʤʘ (2-ʩʫʨʝʪ). ɸʫʘ ʘʩ װʡʜʝ, ʚʘʥʥʘʜʘ ʥʝʤʝʩʝ ʜᴅʨʝʪʭʘʥʘʜʘ ʦʨʥʘʣʘʩץʘʥ 

ʩʦʨʫ ʘʨץʳʣʳ ʙװʡʽʨʣʽʢ ʪʘʨʤʘץץʘ ץʦʩʳʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʣʝʩʽ ץʘʙʘʪʪʳװ שʩʪʽʥʜʝʛʽ ʝʜʝʥ 

ʪᴇʙʝʩʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʞʠʥʘʫ ʘʨʥʘʩʳʥʘ ʙʝʨʽʣʝʜʽ [1]. 
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2-ʩʫʨʝʪ ï ʆʨʪʘʣʳץ ʤʝʭʘʥʠʢʘʣʳץ ʩʦʨʫ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥʽש ʩʭʝʤʘʩʳ 

 

ɹײʣ ʩʭʝʤʘ ʞʝʢʝ ʘʨʥʘʣʘʨʳ ʙʘʨ ʞװʡʝʛʝ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʳץʰʘʤ, ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ 

ʪײʨʘץʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ᴇʨʪ ץʘʫʽʧʩʽʟʜʽʛʽ ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʝʜʽ. ʆʣ ʞʳʣʜʳש ʙʘʨʣʳץ 

ʢʝʟʝשʜʝʨʽʥʜʝʛʽ ʪײʨʘץʪʳ ʞײʤʳʩʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʐʘʪʳʨʜʳש ʞʝʣʜʝʪʢʽʰʪʝʨʽ ʘʫʘ ץʦʟסʘʣʳʩʳʥ 

ʳʥʪʘʣʘʥʜʳʨʫ װʰʽʥ ʦʨʥʘʪʳʣʘʜʳ. ɾʝʣʜʝʪʫ ʰʫʳʥʳש ʜʝשʛʝʡʽʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʞʝʣʜʝʪʢʽʰʪʽש 

ʘʣʜʳʥʜʘ ʘʫʘ ʘסʳʥʳ ʙʦʡʳʤʝʥ ʜʳʙʳʩʪʳ ᴇʰʽʨʛʽʰ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʐʘʪʳʨʜʳש ʩʝʥʽʤʜʽ ʞʝʣʜʝʪ-

ʢʽʰʪʝʨʽʥʽש ʙʦʣʫʳ (ץʘʣʜʳץʪʘʨ ʜʘ ʦʩʳʥʜʘʡ ʞʝʣʜʝʪʢʽʰʪʝʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ) ʤײʥʜʘʡ ʞװʡʝʣʝʨʜʽ 

ᴇʪʝ ʪʘʨʪʳʤʜʳ ʝʪʝʜʽ.  

ɾʝʣʜʝʪʫ ײץʙʳʨʣʘʨʳʥʳץ שʘʙʳʨסʘʣʘʨʳʥʜʘסʳ ʤʘʡ ʰᴇʛʽʥʜʽʣʝʨʽʥ ʞʦʶ װʰʽʥ ʢʝʡʙʽʨ ʥʝʤʽʩ 

ʢʦʤʧʘʥʠʷʣʘʨʳ ʘʩ װʡʣʝʨʜʝʛʽ ʩʦʨʫ ʪʦʨʣʘʨʳʥʳש ʘʨʪʳʥʘ ʘʫʘ ʩװʟʛʽʣʝʨʽʥ ʦʨʥʘʪʫ ץʘʞʝʪ ʜʝʧ ʩʘʥʘʡʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʟʘʣʳץ ʨʝʞʠʤʜʝ ʘʫʘ ʘʣʤʘʩʫʳ ʧᴅʪʝʨ ʢᴇʣʝʤʽʥʝʥ 0,4-0,5 ʝʩʝ ʥʝʤʝʩʝ ʙʽʨ 

ʘʜʘʤסʘ 20-30 ʤ3/ʩʘס, ʘʣ ʝש ʞʦסʘʨʳ ʪײʪʳʥʫ ʨʝʞʠʤʽʥʜʝ ʙײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢʝʤʽʥʜʝ 0,8 ʝʩʝ ʞᴅʥʝ 

30 ʤ3/ʩ ʞʦסʘʨʳ ʙʦʣʫʳ ʢʝʨʝʢ. 

-ʤװʳʥʳʥ çʩʧʫʪʥʠʢʪʽʢè ʩʭʝʤʘʤʝʥ ʨʝʪʪʝʫ ʤסʡ-ʞʘʡʣʘʨʜʘʥ ʘʫʘ ʘװ ʳʟʤʝʪ ʢᴇʨʩʝʪʽʣʝʪʽʥפ

ʢʽʥʜʽʛʽ ʞʝʣʜʝʪʢʽʰʪʽש ʝש ʪᴇʤʝʥʛʽ ʥװʢʪʝʩʽʥʜʝʛʽ ʚʘʢʫʫʤʜʳץ ʜʘʪʯʠʢʪʽש ʠʤʧʫʣʴʩʽʥʜʝ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ʨʝʪʪʝʣʝʪʽʥ ʞʝʪʝʢʪʽ ʧʘʡʜʘʣʘʥʫ ʝʩʝʙʽʥʝʥ ʦʥʳײץ שʥʳʥʳש ᴇʩʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞװʡʝ. 

ɾʝʣʜʝʪʫ ʞװʡʝʩʽʥʝ ʰʳסʘʪʳʥ ʘʫʘʥʳש ʢʽʨʽʩʽ ʰʳסʘʪʳʥ ʢʣʘʧʘʥʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʦʣ ʞʘʙʳץ 

ʢװʡʜʝ ʧᴅʪʝʨʜʽ ʪײʨʘץʪʳ ʞʝʣʜʝʪʫ װʰʽʥ ץʘʞʝʪʪʽ ʝש ʘʟ ʘʫʘ ʘסʳʥʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʝʡ ʝʪʽʧ 

ʞʘʩʘʣסʘʥ, ʘʣ ʘʰʳץ ʢװʡʜʝ ʪײʪʳʥʫʰʳ ʘʫʘ ʘסʳʥʳʥʳש ʝש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥʝ ʞʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ.  

ᴄʨ ʪʦʨסʘ ʩʦʨʫ ʞʝʣʜʝʪʢʽʰʪʝʨʽʥ ʞʝʢʝ ʦʨʥʘʪʫ ʙʽʨʥʝʰʝ ʞʝʣʜʝʪʢʽʰʪʝʨ ʙʽʨ ʫʘץʳʪʪʘ ʞײʤʳʩ 

ʽʩʪʝʛʝʥʜʝ ʞװʡʝʥʽש ʪʫʨʘʣʘʥʫʳʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʞʝʢʝ ʩʦʨʫ ʘʨʥʘʣʘʨʳʥ ץʘʞʝʪ ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ 

ʤײʥʜʘʡ ʩʭʝʤʘʥʳ ʧʘʡʜʘʣʘʥʫ סʠʤʘʨʘʪʪʳץ שʘʙʘʪʪʘʨʳʥʳש ʩʘʥʳʥʳש ʘʨʪʫʳʤʝʥ ʘʨʥʘʣʘʨ ʩʘʥʳʥʳש 

ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʰʝʢʪʝʣʝʜʽ. ɾװʡʝʥʽש ʙײʣ ʪװʨʽʥʽש ʦש ʘʩʧʝʢʪʽʣʝʨʽ, ʙʽʨʽʥʰʽʜʝʥ, ʞʝʣʜʝʪʫʜʽש 

ʤʝʨʟʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʤʳʩʘʣʳ, ʞʝʣʜʝʪʢʽʰ ץʦʣʤʝʥ ץʦʩʳʣסʘʥʜʘ 

ʥʝʤʝʩʝ ʞʘʨʳץ ץʦʩʳʣסʘʥ ʢʝʟʜʝ ʙᴇʣʤʝʜʝʛʽ ʳʣסʘʣʜʳʣʳץ ʩʝʥʩʦʨʳ ʘʨץʳʣʳ, ʘʣ ʝʢʽʥʰʽʜʝʥ, ʞʝʣʜʝʪ-

ʢʽʰ ʪײʪʳʥʫʰʳʥʳש ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʘʡʤʘסʳʥʜʘ ʦʨʥʘʪʳʣʘʜʳ [3].  

ɾʝʣʜʝʪʢʽʰ ᴇʰʽʨʽʣʛʝʥʜʝ, ʤײʥʜʘʡ ʞװʡʝ ʘʫʘʥʳש ʤʠʥʠʤʘʣʜʳ ʘʣʤʘʩʫʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʪʘ-

ʙʠסʠ ʩʦʨסʳʰ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʧᴅʪʝʨʜʝʛʽ ʞʝʣʜʝʪʢʽʰʪʝʨʜʽש 

ʰʫʳ ʞᴅʥʝ ʙװʢʽʣ סʠʤʘʨʘʪʪʘסʳ ץʳʩʳʤʜʳ ʰʳסʘʨʘʪʳʥ ʘʫʘ ײץʙʳʨʣʘʨʳʥʳװ שʣʢʝʥ ײʟʳʥʜʳסʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʧʨʘʢʪʠʢʘʣʳץ ʝʤʝʩ ʜʝʧ ʩʘʥʘʣʘʜʳ. ɹײʣ ʩײʣʙʘ ʦʨʪʘʣʳץ ʤʝʭʘʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʫ 

ʞװʡʝʩʽʤʝʥ ʞʘץʩʳ װʡʣʝʩʧʝʡʜʽ, ʩʝʙʝʙʽ ʩʦʨʫ ʞʝʣʜʝʪʫʜʽש ʦʩʳ ʪװʨʽʥ ʤʝʨʟʽʤʜʽ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ 

ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪʝשʛʝʨʽʤʩʽʟʜʽʢ. 
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ʄʝʭʘʥʠʢʘʣʳץ ʩʦʨʫ ʞʝʣʜʝʪʫʽʤʝʥ ʞᴅʥʝ ᴅʩʽʨʝʩʝ ʘʫʘʥʳש ᴇʪʫʽʥ ʰʝʢʪʝʡʪʽʥ ʞʝʪʢʽʟʫ ʢʣʘʧʘʥ-

ʜʘʨʳʤʝʥ ʧᴅʪʝʨ ʝʩʽʢʪʝʨʽʥʽש ʪʳסʳʟʜʳסʳʥʘ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʫ ʢʝʨʝʢ. ɽʩʽʢʪʝʨʜʽש ʞʦסʘʨʳ ʘʫʘ 

ᴇʪʢʽʟʛʽʰʪʽʛʽ ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʜʳש ʧᴅʪʝʨʣʝʨʽʥʝʥ ʙʘʩʧʘʣʜʘץ ʙʦʡʳʤʝʥ ʞʦסʘʨסʳ ץʘʙʘʪʪʘʨʜʳש 

ʧᴅʪʝʨʣʝʨʽʥʝ ʘסʳʧ ʞʘʪץʘʥ ʰʳסʘʪʳʥ ʘʫʘʥʳש ʧʨʦʙʣʝʤʘʩʳʥ ʪʫʜʳʨʘʜʳ, ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ 

ʩʦʨסʳʰ ʞʝʣʜʝʪʫ ʞʘץʩʳ ʞײʤʳʩ ʽʩʪʝʩʝ ʜʝ, ʘʫʘ ʘסʳʥʳ. ʪʘʟʘ ʘʫʘ ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʷʜʳ. ɹʽʨ ʞʘסʳʥ-

ʜʘ ʧᴅʪʝʨʣʝʨʽ ʙʘʨ סʠʤʘʨʘʪʪʘʨʜʘ ʙײʣ ʤᴅʩʝʣʝ ʞʝʣ ʞʘסʳʥʜʘסʳ ʧᴅʪʝʨʣʝʨʜʝʥ ʪᴇʙʝʣʽʢ ץʘʩʙʝʪʪʝʛʽ 

ʧᴅʪʝʨʣʝʨʛʝ ʢᴇʣʜʝʥʝש ʘסʳʥʥʳש ʤװʤʢʽʥʜʽʛʽʤʝʥ ʢװʰʝʡʝʜʽ.  

 ʪʳץʳʟʜʳסʘʨʳ ʪʳסʰʽʥ ʞʦװ ʨʳʣʳʩ ʞʳʣʫ ʪʝʭʥʠʢʘʩʳè ʧᴅʪʝʨʣʝʨʛʝ ʢʽʨʫ ʝʩʽʢʪʝʨʽײפʄʞɽ çפ

ʪʘʣʘʧ ʝʪʝʜʽ, 1,5 ʢʛ/ʩʘס ʤ2 ʘʩʧʘʡʪʳʥ ʘʫʘ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʧᴅʪʝʨʜʽ ʙʘʩʧʘʣʜʘץ 

ʧʝʥ ʣʠʬʪ ʰʘʭʪʘʩʳʥʘʥ ʽʩ ʞװʟʽʥʜʝ ʢʝʩʽʧ ʪʘʩʪʘʫʳ ʢʝʨʝʢ. ʅʘץʪʳ ʞʘסʜʘʡʣʘʨʜʘ ʙײʣ ʪʘʣʘʧ ᴅʜʝʪʪʝ 

ʦʨʳʥʜʘʣʤʘʡʜʳ. ʊʘʙʠסʠ ʞʝʣʜʝʪʫ ʘʨץʳʣʳ ʝʩʽʢʪʽש ʩʪʘʥʜʘʨʪʪʳ ʪʳסʳʟʜʳסʳʥ ʪʽʧʪʽ ʘʟʘʡʪʫסʘ ʙʦʣʘ-

ʜʳ. ʄʝʭʘʥʠʢʘʣʳץ ʩʦʨʫ ʢʝʟʽʥʜʝ ʧᴅʪʝʨʣʝʨʜʝ װʣʢʝʥ ʚʘʢʫʫʤʜʘʨ ʞʘʩʘʣʘʜʳ ʞᴅʥʝ ʘסʳʧ ʞʘʪץʘʥ 

ʝʩʽʢʪʝʨ ʘʨץʳʣʳ ʩʦʨʫ ʞʦץץʘ ʰʳסʘʨʳʣʤʘʡʜʳ [4]. 

ɾʝʢʝ ʞʦʙʘʣʘʨ ʙʦʡʳʥʰʘ ʩʘʣʳʥסʘʥ סʠʤʘʨʘʪʪʘʨʜʳש ʩʦʨʫ ײץʙʳʨʣʘʨʳ, ᴅʜʝʪʪʝ, ʩʧʫʪʥʠʢʪʽʢ 

ʞʦʙʘסʘ ʩᴅʡʢʝʩ ʤʝʪʘʣʜʘʥ ʞʘʩʘʣסʘʥ ʞᴅʥʝ ʙʠʽʢ סʠʤʘʨʘʪʪʘʨ ʞʘסʜʘʡʳʥʜʘ ʙʠʽʢʪʽʛʽ ʙʦʡʳʥʰʘ 10-12 

 ʘ ʩʘʣʳʥʘʜʳ. ʊʠʧʪʽʢסʰʘʭʪʘʣʘʨ ץʘ ʙᴇʣʽʥʝʜʽ. ʆʣʘʨ ʘʨʥʘʡʳ ʞʘʙʳסʪʘʨץʘʙʘʪʪʘʥ ʘʩʧʘʡʪʳʥ ʘʡʤʘץ

 ʣײʘʥ. ɹסʙʳʨʣʘʨʳ ᴅʜʝʪʪʝ ʙʝʪʦʥ ʞʝʣʜʝʪʢʽʰ ʙʣʦʢʪʘʨʳʥʘʥ ʞʘʩʘʣײץ ʞʝʣʜʝʪʫ שʠʤʘʨʘʪʪʘʨʜʳס

ʞʘסʜʘʡʜʘ ʙʘʩʪʳ ʤᴅʩʝʣʝ ï ʝʜʝʥ ʘʨʘʣʳץ ʙʫʳʥʜʘʨʜʳש ʪʳסʳʟʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ɾʝʣʜʝʪʫʜʽש ʤʝʭʘʥʠʢʘʣʳץ ʞװʡʝʣʝʨʽ. ʊײʨסʳʥ װʡʣʝʨʜʽ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʤʝʥ ʞʘʙ-

ʜʳץʪʘʫ ʤʝʭʘʥʠʢʘʣʳץ ʩʦʨʫ ʞװʡʝʣʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʞʠʽ ʢʝʟʜʝʩʝʜʽ, ᴇʡʪʢʝʥʽ ʙײʣ ʞװʡ-

ʝʥʽש ᴇʟʽʥʜʽʢ ײץʥʳʥʘ, ʞʘʙʜʳץʪʘʫ ʙʣʦʛʳʥʘ ʘʨʥʘʣסʘʥ ʢʝשʽʩʪʽʢʢʝ ʞᴅʥʝ ʘʫʘ ײץʙʳʨʣʘʨʳʥ ʪᴇʩʝʫ 

  .ʪʘʡ ʘʨʪʪʳʨʘʜʳץʥʳʥ ʘʡʪʘʨʣʳײץ שʘ ʙʘʡʣʘʥʳʩʪʳ ʞʦʙʘʥʳסʪʘʨץʘʞʝʪʪʽ ʘʫʤʘץ ʰʽʥװ

ʄʝʭʘʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽʥʽש ʘʨʪʳץʰʳʣʳסʳ ï ᴅʨʙʽʨ ʧᴅʪʝʨʛʝ ʙʝʨʽʣʝʪʽʥ ʘʫʘʥʳש 

ʝʩʝʧʪʝʣʛʝʥ ʘסʳʥʳʥʳש ʢʝʧʽʣʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʘʨץʳʣʳ ʰʳסʘʪʳʥ ʘʫʘʜʘʥ ʰʘשʜʳ ʢʝʪʽʨʫ ʞᴅʥʝ 

ʘʣʣʝʨʛʠʷʣʳץ ʘʫʨʫʣʘʨʜʳ ʘʟʘʡʪʫ ʤװʤʢʽʥʜʽʛʽ, ʩʳʨʪʪʘסʳ ʘʫʘ-ʨʘʡʳʥʳש ʞʘסʜʘʡʳʥʘ ץʘʨʘʤʘʩʪʘʥ 

ʞʝʣʜʽש ʩʦסʫʳʥ ʙʦʣʜʳʨʤʘʡʪʳʥ ʘʫʘʥʳש ʪʘʨʘʣʫʳ ʤװʤʢʽʥʜʽʛʽ, ʞʽʙʝʨʽʣʝʪʽʥ ʘʫʘʥʳ ʞʳʣʳʪʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʘʫʘʥʳש ʞʳʣʫʳʥ ץʘʡʪʘ ᴇשʜʝʫ ʘʨץʳʣʳ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ 

ʝʨʝʢʰʝʣʽʥʝʜʽ.  

ʂʝʤʰʽʣʽʢʪʝʨʛʝ ʞʦסʘʨʳ ʙʘסʘʜʘʥ ʙʘʩץʘ, ʽʰʢʽ ʘʫʘʥʳש ʠʦʥʜʳײץ ץʨʘʤʳʥʳש ʥʘʰʘʨʣʘʫʳ, 

ʞʝʪʢʽʟʽʣʝʪʽʥ ʘʫʘʥʳ ʞʳʣʞʳʪʫ װʰʽʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳײץ שʥʳ, ʞʝʣʜʝʪʫ ʢʘʤʝʨʘʩʳʥʜʘ ʞᴅʥʝ 

ʘʫʘ ײץʙʳʨʣʘʨʳʥʘʥ ʳץʪʠʤʘʣ ץʦʩʳʤʰʘ ʞʳʣʫ ʞʦסʘʣʫʳ ʞʘʪʘʜʳ [2]. 

ᴄʜʝʪʪʝ, ʙʽʨ סʠʤʘʨʘʪץʘ ʢʝʤʽʥʜʝ ʝʢʽ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽ ʦʨʥʘʪʳʣʘʜʳ. ɽʛʝʨ ʞʘʩʳʣ ʘʡʤʘץʪʘʥ 

ʘʫʘ ʘʣʫ ʤװʤʢʽʥ ʙʦʣʩʘ, ʦʥʜʘ ץʦʨʝʢʪʝʥʜʽʨʫ ʢʘʤʝʨʘʩʳ ʞʝʨʪᴇʣʝʜʝ ʦʨʥʘʣʘʩʘʜʳ (3-ʩʫʨʝʪ), ʝʛʝʨ ʪᴇʤʝʥʛʽ 

ʙᴇʣʽʢʪʝʥ ʪʘʟʘ ʘʫʘ ʘʣʫ ʤװʤʢʽʥ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʦʣ ʞʦסʘʨסʳ ʪʝʭʥʠʢʘʣʳץ ץʘʙʘʪץʘ ʦʨʥʘʪʳʣʘʜʳ. 

 

 
 

3-ʩʫʨʝʪ ï ʄᴅʞʙװʨʣʝʧ ʙʝʨʫ ʞᴅʥʝ ʩʦʨʫ ʞʝʣʜʝʪʫ ʩʭʝʤʘʩʳ 


