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 ʋʈʀʃʀʐ ʄɸʊɽʈʀɸʃʃɸʈʀ ɺɸ ɹʋʖʄʃɸʈʀפ
ʉʊʈʆʀʊɽʃʔʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʀɿɼɽʃʀʗ 

 
ʋɼʂ 693.64 
ʇɸʈɼʆɿʃɸʐ פʋʈʋפ פʋʈʀʃʀʐ ɸʈɸʃɸʐʄɸʃɸʈʀʅʀʅɻ ʉʀʈʊʃɸʈɻɸ ʉʋʈʊʀʐ 

ʊɽʍʅʆʃʆɻʀʗʉʀʅʀ ʊɸʂʆʄʀʃʃɸʐʊʀʈʀʐ 
 

ʄʘʭʘʤʘʪʘʣʠʝʚ ʀ.ʄ.  ï ʪ.ʬ.ʜ. ʧʨʦʬʝʩʩʦʨ., ʈʫʟʤʝʪʦʚ ʌ.ʐ. ʪ.ʬ.ʬ.ʜ. 
ʊʦʰʢʝʥʪ ʜʘʚʣʘʪ ʪʨʘʥʩʧʦʨʪ ʫʥʠʚʝʨʩʠʪʝʪʠ 

ʐʥʝʢʝʝʚʘ ɻ.ɾ., ʜʦʢʪʦʨʘʥʪ.  ʊʦʰʢʝʥʪ ʘʨʭʠʪʝʢʪʫʨʘ-ץʫʨʠʣʠʰ ʫʥʠʚʝʨʩʠʪʝʪʠ 
 
ʋʰʙʫ ʤʘץʦʣʘʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ץʫʨʫץ ץʫʨʠʣʠʰ ʘʨʘʣʘʰʤʘʣʘʨʠʥʠʥʛ (פפɸ) ʨʝʦʣʦʛʠʢ ʚʘ 

ʪʝʭʥʦʣʦʛʠʢ ʭʦʩʩʘʣʘʨʠʥʠʥʛ ʘʨʘʣʘʰʤʘ ʨʝʮʝʧʪʫʨʘʩʠ, ʘʩʦʩʥʠʥʛ ʪʫʨʠʛʘ ʙʦסʣʠץ ʨʘʚʠʰʜʘ ˄ʟʛʘʨʠʰʠ ץʦʥʫʥʠʷʪʣʘʨʠ 
ʘʥʠץʣʘʥʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ ʇɺɸɼ (ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʥʘʷ ʜʦʙʘʚʢʘ)  ʩʫʚʣʠ ʜʠʩʧʝʨʩʠʷʩʠ ץ˄ʰʠʣʛʘʥ ʧʘʨʜʦʟʣʦʚʯʠ פפɸ 
ʪʘʨʢʠʙʠʥʠʥʛ סʦʚʘʢʣʠ ʘʩʦʩʛʘ ʩʫʨʪʛʘʥ ״ʦʣʣʘʨʜʘ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ʩʫʚ ʪʫʪʠʙ ʪʫʨʠʰ ץʦʙʠʣʠʷʪʠ ʘʥʠץʣʘʥʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ץʫʨʫץ ץʫʨʠʣʠʰ ʘʨʘʣʘʰʤʘʣʘʨ, ʧʘʨʜʦʟʣʦʚʯʠ ץʦʨʠʰʤʘ, סʠʰʪ, ʮʝʤʝʥʪ, ץʫʤ, ץʦʨʠʰʤʘ, ʪʝʭʥʦʣʦʛʠʢ 

ʭʦʩʩʘʣʘʨ, ʦʧʪʠʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʝʦʣʦ-
ʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ (ʉʉʉ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʮʝʧʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ, 
ʪʠʧʘ ʦʩʥʦʚʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ (ʇɺɸɼ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
(ʉʉʉ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʨʠʩʪʫʶ ʦʩʥʦʚʫ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ, ʜʝʢʦʨʘʪʠʚʥʳʡ ʩʤʝʩʴ, ʢʠʨʧʠʯ, ʮʝʤʝʥʪ, ʧʝʩʦʢ, ʩʤʝʩʴ, ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʩʝʥʪʨʘʮʠʷ. 

As a result of the research conducted in this article, the regularities of changes in the rheological and technological 
properties of dry building mixes (DBM) were determined depending on the formulation of the compound, the type of base. 
In addition, the aqueous dispersion of polyvinyl acetate PVAA with the addition of a decorative component (DBM) provides 
a high level of moisture-retaining ability when applied to a porous substrate. 

Keywords: dry building mixes, decorative mix, brick, cement, sand, mix, technological characteristics, optimal 
concentration. 

 

ʂʠʨʠʰ.  ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʜʘ ץʫʨʠʣʠʰ 
ʩʦʭʘʩʠʜʘ, ʘʡʥʠץʩʘ ʦʤʤʘʚʠʡ ץʫʨʠʣʠʰʜʘ, ץʫʨʫץ ץʫ-
ʨʠʣʠʰ ʘʨʘʣʘʰʤʘʣʘʨʠʥʠʥʛ ʢʝʥʛ ʢ˄ʣʘʤʜʘ ʠʰʣʘʪʠ-
ʣʠʰʠʛʘ ʪ˄ʩץʠʥʣʠʢ ץʠʣʫʚʯʠ ʦʤʠʣʣʘʨʜʘʥ ʙʠʨʠ 
ʫʥʠʥʛ ʥʘʨʭʠ ʶץʦʨʠʣʠʛʠʜʠʨ. ɸʢʩʘʨʠʷʪ ʤʘʭʘʣʣʠʡ 
-ʝʪʘʢʯʠ ʭʦʨʠ (ɸפפ) ʫʨʠʣʠʰ ʘʨʘʣʘʰʤʘʣʘʨʠץ ץʫʨʫץ
ʞʠʡ ʬʠʨʤʘʣʘʨʥʠʥʛ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʘʩʦʩʠʜʘ 
ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ, ʫʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠʜʘ ʵʩʘ ʦʜʘʪʜʘ 
ʠʤʧʦʨʪ ץʠʣʠʥʫʚʯʠ ץ˄ʰʠʤʯʘʣʘʨʥʠʥʛ ʢʦʤʧʣʝʢʩʠ 
ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ ʙ˄ʣʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ פפɸʣʘʨ ʥʘʨ-
ʭʠʜʘ ʫʰʙʫ ץ˄ʰʠʤʯʘʣʘʨʥʠʥʛ ץʠʡʤʘʪʠ ʭʦʤ ʘʰʸʛʘ 
ʩʘʨʬʣʘʥʘʜʠʛʘʥ ʭʘʨʘʞʘʪʣʘʨʥʠʥʛ 80-90% ʥʠ ʪʘʰʢʠʣ 
-ɸʣʘʨʥʠʥʛ ʤʘʭʘʣפפ ʠʣʘʜʠ. ʍʦʟʠʨʛʠ ʢʫʥʛʘ ʢʝʣʠʙץ
ʣʠʡ ʠʰʣʘʙ ʯʠץʘʨʫʚʯʠʣʘʨʠ ʫʯʫʥ ʩʠʬʘʪʣʠ ʚʘ ʘʨʟʦʥ 
-ɸʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠ ʚʘ ʫʣʘʨʥʠ ʩʫʨʪʠʰ ʪʝʭʥʦʣʦפפ
ʛʠʷʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʵʥʛ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʣʘʨʜʘʥ 
ʙʠʨʠ ʙ˄ʣʠʙ ץʦʣʜʠ. ʋʰʙʫ ʤʫʘʤʤʦʥʠ ʭʘʣ ץʠʣʠʰ-
ʥʠʥʛ  ʵʥʛ ʠʩʪʝץʙʦʣʣʠ ʝʯʠʤʠ ʠʩʪʝʤʦʣʯʠʣʘʨ ʫʯʫʥ 
ʷץʠʥʜʘ ʞʦʡʣʘʰʛʘʥ ʚʘ ʤʘʢʩʠʤʘʣ ʜʘʨʘʞʘʜʘ ʤʘʭʘʣ-
ʣʠʡ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ פפɸʣʘʨ ʠʰʣʘʙ 
ʯʠץʘʨʠʰʥʠ ʪʘʰʢʠʣ ץʠʣʠʰ ʚʘ ʰʫʥʠʥʛ ״ʠʩʦʙʠʛʘ 
ʫʣʘʨʥʠʥʛ ʥʘʨʭʠʥʠ ʧʘʩʘʡʪʠʨʠʰʛʘ ʵʨʠʰʠʰʜʘʥ 
ʠʙʦʨʘʪ. ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ פפɸʣʘʨʥʠʥʛ ʪʝʭʥʦʣʦʛʠʢ 
ʭʦʩʩʘʣʘʨʠʥʠ ʷʭʰʠʣʘʰ ״ʘʤ ˄ʪʘ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘ 
ʙ˄ʣʠʙ ʭʠʩʦʙʣʘʥʘʜʠ. ʊʝʭʥʦʣʦʛʠʢ ʭʦʩʩʘʣʘʨʠ ʷʭʰʠ-
ʣʘʥʛʘʥ פפɸʣʘʨ ץʫʨʠʣʠʰʜʘ ʤʝʭʥʘʪ ʫʥʫʤʜʦʨʣʠ-
ʛʠʥʠ ʢʝʩʢʠʥ ʦʰʠʨʠʰ ʚʘ ʰʫʥʠʥʛ ʭʠʩʦʙʠʛʘ ʙʘʞʘʨʠ-
ʣʘʜʠʛʘʥ ʧʘʨʜʦʟʣʘʰ, ʩʫʚʦץ ʠʰʣʘʨʠʥʠʥʛ ʪʘʥʥʘʨ-
ʭʠʥʠ ʩʝʟʠʣʘʨʣʠ ʧʘʩʘʡʪʠʨʠʰ ʠʤʦʢʦʥʠʷʪʣʘʨʠʥʠ ʙʝ-
ʨʘʜʠ [1,2]. 
ɸʩʦʩʠʡ ץʠʩʤ. ʈʝʘʣ ʰʘʨʦʠʪʣʘʨʜʘ ʧʘʨʜʦʟʣʦʚʯʠ 

-ʦʚʘʢʣʠʢʢʘ ʵʛʘ ʙ˄ʣʛʘʥ ʩʠʨʪס ʦʨʠʰʤʘʣʘʨ ʤʘʲʣʫʤץ
ʣʘʨʛʘ ʩʫʨʪʠʣʘʜʠ. ɹʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ סʦʚʘʢ ʘʩʦʩ 
ʪʦʤʦʥʠʜʘʥ ʥʘʤʣʠʢʥʠʥʛ ʢʘʧʠʣʣʷʨ ʩ˄ʨʠʣʠʰʠ ʩʦʜʠʨ 

ʙ˄ʣʘʜʠ. ʊʘʨʢʠʙʜʘʛʠ ʥʘʤʣʠʢʥʠʥʛ ʡ˄ץʦʪʠʣʠʰʠ 
-ʣʠʛʠʥʠʥʛ ʦʨʪʠʙ ʙʦʨʠʰʠ ʙʠʣʘʥ ʢʫץʘʪʪʠץ ʦʨʠʰʤʘץ
ʟʘʪʠʣʘʜʠ. ʅʘʪʠʞʘʜʘ ʧʘʨʜʦʟʣʦʚʯʠ ץʘʪʣʘʤʥʠʥʛ ʪʝ-
ʢʠʩʣʘʥʠʰʠʛʘ ʦʠʜ ʙ˄ʣʛʘʥ ʪʝʭʥʦʣʦʛʠʢ ʦʧʝʨʘʮʠʷʣʘʨ-
ʥʠʥʛ ʙʘʞʘʨʠʣʠʰʠ  ץʠʡʠʥʣʘʰʘʜʠ ʚʘ ʙʘʞʘʨʠʣʫʚʯʠ 
ʠʰʣʘʨʥʠʥʛ ʩʝʨʤʝ״ʥʘʪʣʠʛʠ ʦʨʪʘʜʠ. ɹʫʥʜʘ פפɸ ʪʘʨ-
ʢʠʙʠʥʠʥʛ ʞʫʜʘ ״ʘʤ ʤʫ״ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʠ ʩʫʚ 
ʫʰʣʘʙ ʪʫʨʠʰʠ ץʦʙʠʣʠʷʪʠ ʭʠʩʦʙʣʘʥʘʜʠ. ʐʫʥʠʥʛ 
ʫʯʫʥ ʪʘʨʢʠʙʣʘʨʥʠʥʛ ʩʫʚ ʫʰʣʘʙ ʪʫʨʠʰʠ ץʦʙʠʣʠʷ-
ʪʠʥʠ ʦʰʠʨʠʰ ʤʘץʩʘʜʣʘʨʠʜʘ ʫʣʘʨʠʥʠʥʛ ʨʝʮʝʧʪʫ-
ʨʘʩʠʛʘ ץ˄ʰʠʤʯʘʣʘʨ ʢʠʨʠʪʠʣʜʠ. ɹʫʥʜʘ ץ˄ʰʠʤʯʘ-
ʥʠʥʛ ʦʧʪʠʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʫʣʘʨʥʠʥʛ ʩʫʚʣʠ 
ʵʨʠʪʤʘʣʘʨʠ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠʥʠʥʛ ˄ʟʛʘ-
ʨʠʰʠ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʜʠ [3,4]. 
ʊʘʜץʠץʦʪʣʘʨʥʠ ˄ʪʢʘʟʠʰ ʜʘʚʦʤʠʜʘ ʃʉʊ, ʉ-3, 

ʑʉʇʂ ʚʘ ʇɺɸɼ ץ˄ʰʠʤʯʘʣʘʨʠʥʠʥʛ ʩʫʚʣʠ ʵʨʠʪʤʘ-
ʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. פ˄ʰʠʤʯʘʣʘʨʥʠʥʛ ʤʘʲʣʫʤ 
ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘʯʘ ʩʫʚʣʠ ʵʨʠʪʤʘʣʘʨʠʥʠʥʛ ʩʠʨʪ 
ʪʘʨʘʥʛʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠ ʧʘʩʘʡʠʙ ʙʦʨʜʠ. ɹʫ ʫʰʙʫ 
ʵʨʠʪʤʘʣʘʨʥʠʥʛ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠ 72,75 
ʤɼʞ/ʤ2 ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ ʦʜʜʠʡ ʩʫʚʛʘ ʥʠʩʙʘʪʘʥ 
ʶץʦʨʠ ʜʘʨʘʞʘʜʘ ʥʘʤʣʘʰ ץʦʙʠʣʠʷʪʠʛʘ ʵʛʘ ʵʢʘʥʣʠ-
ʛʠʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠ [5,6] . ɸʥʠץʣʘʥʠʰʠʯʘ, ʃʉʊ 
 ʰʠʤʯʘʩʠʥʠʥʛ ʦʧʪʠʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʩʫʚʥʠʥʛ˄ץ
ʤʘʩʩʘʩʠʛʘ ʥʠʩʙʘʪʘʥ 1,25% ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ, ʙʫ 
 ʦʣʜʘ ʵʨʠʪʤʘʣʘʨʥʠʥʛ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠ״
55,3 ʤɼʞ/ʤ2 ʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ (1-ʨʘʩʤ, 1-ʵʛʨʠ ʯʠʟʠץ). 
ʐʉʇʂ ץ˄ʰʠʤʯʘʩʠ ʩʫʚʣʠ ʵʨʠʪʤʘ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ 
ʢ˄ʨʩʘʪʢʠʯʠʥʠ 55,1 ʤɼʞ/ʤ2 ʛʘʯʘ ʧʘʩʘʡʪʠʨʘʜʠ,  ʦʧ-
ʪʠʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ 1,2% ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ ״ʦʣʘʪʜʘ 
(1-ʨʘʩʤ, 2-ʵʛʨʠ ʯʠʟʠץ). ʉ-3 ץ˄ʰʠʤʯʘʩʠ ץ˄ʰʠʣʛʘʥ 
ʵʨʠʪʤʘʜʘ ʩʠʨʪ ʪʘʨʘʥʛʠʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠʥʠʥʛ ʩʝʟʠ-
ʣʘʨʣʠ  ʜʘʨʘʞʘʜʘ ʧʘʩʘʡʠʰʠ ʢʫʟʘʪʠʣʘʜʠ ï ̫ ʲʥʠ  47,2 
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ʤɼʞ/ʤ2 ʛʘʯʘ. ɹʫʥʜʘʡ ʧʘʩʘʡʠʰ ץ˄ʰʠʤʯʘʥʠʥʛ ʢʦʥ-
ʮʝʥʪʨʘʮʠʷʩʠ ˄ʟʠʥʠʥʛ ʦʧʪʠʤʘʣ ʤʠץʜʦʨʠʛʘ ʵʨʠʰʛʘ-
ʥʜʘ, ʷʲʥʠ 1,0% ʙ˄ʣʛʘʥʜʘʛʠʥʘ ʢʫʟʘʪʠʣʘʜʠ (1-ʨʘʩʤ, 
3-ʵʛʨʠ ʯʠʟʠץ). ʕʨʠʪʤʘ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ ʢ˄ʨʩʘʪʢʠ-
ʯʠʥʠʥʛ ʤʘʢʩʠʤʘʣ ʧʘʩʘʡʠʰʠ ʇɺɸɼ ץ˄ʰʠʤʯʘʩʠʥʠ 
ʩʫʚ ʤʘʩʩʘʩʠʛʘ ʥʠʩʙʘʪʘʥ 3 % ץ˄ʰʠʣʛʘʥʜʘ ʢʫʟʘ-
ʪʠʣʜʠ. ɹʫʥʜʘ ʇɺɸɼ ʵʨʠʪʤʘʩʠʥʠʥʛ ʩʠʨʪ ʪʘʨʘʥ-
ʛʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠ 45,46 ʤɼʞ/ʤ2 ʛʘ ʪʝʥʛ ʙ˄ʣʜʠ (2-
ʨʘʩʤ). 

 
1-ʨʘʩʤ. ʕʨʠʪʤʘ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ ʤʠץʜʦʨʠʥʠʥʛ 
 ʣʠʛʠץʣʠסʰʠʤʯʘʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʙʦ˄ץ

1) ʃʉʊ;  2)ʑʉʇʂ;  3)ʉ-3 
 

 
2-ʨʘʩʤ. ʕʨʠʪʤʘ ʩʠʨʪ ʪʘʨʘʥʛʣʠʛʠ ʤʠץʜʦʨʠʥʠʥʛ ʇɺɸɼ 

 ʣʠʛʠץʣʠסʰʠʤʯʘʩʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʙʦ˄ץ
 

ʅʘʪʠʞʘʣʘʨ. פ˄ʰʠʤʯʘʣʘʨ ʩʫʚʣʠ ʵʨʠʪʤʘʣʘʨʠ-
ʥʠʥʛ פפɸ ʢʦʤʧʦʥʝʥʪʣʘʨʠ ʙʠʣʘʥ ʩʠʨʪʛʘ ʦʠʜ ˄ʟʘʨʦ 
ʪʘʲʩʠʨʣʘʰʫʚʠ ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ ʫʯʫʥ ʫʣʘʨ-
ʥʠʥʛ ״˄ʣʣʘʰ ץʦʙʠʣʠʷʪʣʘʨʠ ʘʥʠץʣʘʥʜʠ. ɹʫʥʜʘ 
-ʫʤץʣʣʘʥʠʣʜʠ: ñ˄ץ ʫʡʠʜʘʛʠ ʪʘʨʢʠʙʠץ ɸʥʠʥʛפפ
ʦ״ʘʢ-ʜʝʛʠʜʨʘʪʣʘʥʛʘʥ ʛʠʣʪʫʧʨʦץò ï 1:1:3. ʊʘʜץʠ-
-ʜʦʨ ʞʠʭʘʪʠʜʘʥ ˄ʣץʣʣʘʰ ʜʘʨʘʞʘʩʠ ʤʠ˄״ ʦʪʣʘʨʜʘץ
ʯʦʚ ʙʠʨʣʠʛʠʩʠʟ ʢʘʪʪʘʣʠʢ ʭʠʩʦʙʣʘʥʛʘʥ ʯʝʢʢʘ ʙʫʨ-
ʯʘʢ ʢʦʩʠʥʫʩʠ (״˄ʣʣʘʰ ʙʫʨʯʘʛʠ) ʙʠʣʘʥ ʙʘ״ʦʣʘʥʜʠ. 
 ʰʠʤʯʘʣʘʨʥʠʥʛ˄ץ ʣʣʘʥʠʰʠʥʠ˄״ ɸ ʢʫʢʫʥʠʥʠʥʛפפ
ʦʧʪʠʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʜʘʥ ʢʝʣʠʙ ʯʠץʠʙ ʙʘ״ʦʣʘ-
ʜʠʢ (1,2 -ʨʘʩʤʣʘʨ). פ˄ʰʠʤʯʘʣʘʨ ʵʨʠʪʤʘʣʘʨʠʥʠʥʛ 
 ʦʩʣʘʰ ʫʯʫʥץץʦʣʘʰʜʘ ʪʘ״ʦʙʠʣʠʷʪʠʥʠ ʙʘץ ʣʣʘʰ˄״
 .ʰʠʣʤʘʛʘʥ ʪʦʟʘ ʩʫʚʜʘʥ ʬʦʡʜʘʣʘʥʜʠʢ˄ץ ʰʠʤʯʘ˄ץ
ʊʘʜץʠץʦʪʣʘʨʥʠʥʛ ʥʘʪʠʞʘʣʘʨʠ 1-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠ-
ʨʠʣʛʘʥ. 

1-ʞʘʜʚʘʣ. 
-ʣʣʘ˄״ ʦʨʠʰʤʘʥʠʥʛ ʩʫʚʣʠ ʪʘʨʢʠʙʣʘʨ ʙʠʣʘʥץ ץʫʨʫפ

ʥʠʰʠ 

 ʰʠʤʯʘ ʪʫʨʠ˄פ
-ʣʣʘʰ ʙʫʨ˄׳
ʯʘʛʠ ɗ, ʛʨʘʜ 

cos ɗ 

ʉʫʚ (ץ˄ʰʠʤʯʘʩʠʟ) 90 0,9902 

ʃʉʊ 70 0,9925 

ʑʉʇʂ 70 0,9925 

ʉ-3 50 0,9961 

ʇɺɸɼ 40 0,9975 

 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʪʘ״ʣʠʣʠʜʘʥ ʰʫʣʘʨʥʠ 
ʢ˄ʨʠʰ ʤʫʤʢʠʥʢʠ ʃʉʊ, ʑʉʇʂ; ʉ-3 ʢʠʤʸʚʠʡ 
 ʰʠʤʯʘʣʘʨʥʠʥʛ ʙʠʨ ʭʠʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʜʘ ʵʥʛ˄ץ
ʷʭʰʠ ״˄ʣʣʘʰ ץʦʙʠʣʠʷʪʠ ʉ-3 ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘ-
ʪʦʨʠ ץ˄ʰʠʣʛʘʥ ʵʨʠʪʤʘʣʘʨʜʘ ʥʘʤʦʸʥ ʙ˄ʣʜʠ. ɹʫʥʜʘʥ 
ʪʘʰץʘʨʠ ״˄ʣʣʘʰ ץʦʙʠʣʠʷʪʠʥʠʥʛ ʶץʦʨʠ ʤʠץʜʦʨʣʘ-
ʨʠʥʠ ʇɺɸɼ ץ˄ʰʠʤʯʘʩʠ ץ˄ʰʠʣʛʘʥ ʵʨʠʪʤʘʣʘʨʜʘ 
 ʙʫʥʜʘʡ ʥʘʪʠʞʘʣʘʨ ץʘʤ ʢ˄ʨʠʰ ʤʫʤʢʠʥ, ʙʠʨʦ״
 ʦʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠʜʘ, ʷʲʥʠץʰʠʤʯʘʥʠʥʛ ʶ˄ץ
2...4% ʣʠ ʵʨʠʪʤʘʣʘʨʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ (2-ʨʘʩʤ). 
 ʦʨʠʰʤʘʣʘʨʥʠʥʛ ʩʫʚ ʪʫʪʠʙ ʪʫʨʠʰʠץ ץʫʨʫפ

 ʰʠʤʯʘʣʘʨʥʠʥʛ˄ץ ʠʣʛʘʥʜʘץ ʦʪץʠץʦʙʠʣʠʷʪʠʥʠ ʪʘʜץ
ʦʧʪʠʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʤʠץʜʦʨʠʜʘʥ ʬʦʡʜʘʣʘʥ-
ʜʠʢ. ɹʫʥʜʘ ץ˄ʰʠʤʯʘʥʠʥʛ ʤʠץʜʦʨʠ ץʫʨʫץ ץʦʨʠʰʤʘ-
ʥʠʥʛ ʦʧʪʠʤʘʣ ʨʝʮʝʧʪʫʨʘʩʠʜʘ  ʤʘʩʩʘʩʠʛʘ ʥʠʩʙʘʪʘʥ 
% ʣʘʨʜʘ ʠʬʦʜʘʣʘʥʜʠ. פʫʨʫץ ץʦʨʠʰʤʘʣʘʨʥʠʥʛ ʩʫʚ 
ʪʫʪʠʙ ʪʫʨʠʰʠ ץʦʙʠʣʠʷʪʠʥʠ ʪʘʜץʠץʦʪ ץʠʣʠʰ 
ʥʘʪʠʞʘʣʘʨʠ 2-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ɻʆʉʊ 5802-
86 ñפʫʨʠʣʠʰ ץʦʨʠʰʤʘʣʘʨʠò ʛʘ ʤʫʚʦʬʠץ ץʦʨʠʰʤʘ-
ʥʠʥʛ ʣʘʙʦʨʘʪʦʨʠʷ ʰʘʨʦʠʪʣʘʨʠʜʘʛʠ ʩʫʚ ʪʫʪʠʙ ʪʫ-
ʨʠʰʠ ץʦʙʠʣʠʷʪʠ 95% ʜʘʥ ʢʘʤ ʙ˄ʣʤʘʩʣʠʛʠ ʣʦʟʠʤ. 
3.4-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʤʘʲʣʫʤʦʪʣʘʨʥʠʥʛ 
ʪʘ״ʣʠʣʠ ʰʫʥʠ ʢ˄ʨʩʘʪʠʙ ʙʝʨʜʠʢʠ, ʄʎ, ʉ-3 ʚʘ 
ʇɺɸɼ ץ˄ʰʠʤʯʘʣʘʨʠ ץ˄ʰʠʣʛʘʥ ץʫʨʠʠʰ ץʦʨʠʰʤʘ-
ʣʘʨʠ ʤʝʲʸʨʠʡ ʢ˄ʨʩʘʪʢʠʯʣʘʨʜʘʥ ״ʘʤ ʶץʦʨʠ ʙ˄ʣʛʘʥ 
ʩʫʚ ʪʫʪʠʙ ʪʫʨʠʰʠ ץʦʙʠʣʠʷʪʠʛʘ ʵʛʘ ʙ˄ʣʘʨ ʵʢʘʥʣʘʨ 
[7,8]. 

2-ʞʘʜʚʘʣ 
-ʦʨʠʰʤʘʣʘʨʠ ʩʫʚ ʪʫʪʠʙ ʪʫץ ʫʨʠʣʠʰץ ʰʠʤʯʘʣʘʨʥʠʥʛ˄פ

ʨʠʰʠ ץʦʙʠʣʠʷʪʠʛʘ ʪʘʲʩʠʨʠ 

ʊʘʨʢʠʙʜʘʛʠ 
 ʰʠʤʯʘʥʠʥʛ ʥʦʤʠ˄ץ

 ʰʠʤʯʘʥʠʥʛ˄פ
ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ, 

% 

ʉʫʚ ʪʫʪʠʙ ʪʫ-
ʨʠʰʠ ץʦʙʠʣʠ-
ʷʪʠ, % 

ɸʥʛʨʝʥ ʛʠʣʪʫʧʨʦסʠ ʘʩʦʩʠʜʘʛʠ ʪʘʨʢʠʙʣʘʨ 

1.ʉʦʜʘ ʩʦʣʠʥʤʘʛʘʥ 
ʪʘʨʢʠʙ 

- 93,5 

2.ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠ - 93,6 

3. ʑʉʇʂ 1.0 94,9 

4.ʃʉʊ 1,0 94,6 

5.ʉ-3 1,0 96,55 

6.ʄʎ 0,2 97,30 

7.ʇɺɸɼ 20,0 97,80 

8.ʇɺɸɼ 30,0 98,25 

ʗʥʛʠʡ˄ʣ  ʛʠʣʪʫʧʨʦסʠ ʘʩʦʩʠʜʘʛʠ ʪʘʨʢʠʙʣʘʨ 

1.ʉʦʜʘ ʩʦʣʠʥʤʘʛʘʥ 
ʪʘʨʢʠʙ 

- 93,45 

2.ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠ - 93,60 

3. ʑʉʇʂ 1.0 94,85 

4.ʃʉʊ 1,0 94,60 

5.ʉ-3 1,0 95,80 

6.ʄʎ 0,7 96,10 

7.ʇɺɸɼ 20,0 96,60 

8.ʇɺɸɼ 30,0 97,45 

 
ʇʘʨʜʦʟʣʘʰ ץʘʪʣʘʤʠʥʠʥʛ ץʫʨʠʰʠ ʜʘʨʘʞʘʩʠʥʠ 

ʝʪʪʠ ʙʘʣʣʠ ʰʢʘʣʘ ʙ˄ʡʠʯʘ ɻʆʉʊ 19007-73* ñʃʦʢ-
ʙ˄ʸץ ʤʘʪʝʨʠʘʣʣʘʨ. פʫʨʠʰ ʚʘץʪʠ ʚʘ ʜʘʨʘʞʘʩʠʥʠ 
ʘʥʠץʣʘʰ ʫʩʫʣʠò ʛʘ ʤʫʚʦʬʠץ ʘʥʠץʣʘʜʠʢ. ɹʫ ʭʫʩʫʩʠ-
ʷʪʥʠ ɸʥʛʨʝʥ ʛʠʣʪʫʧʨʦסʠ ʘʩʦʩʠʜʘʛʠ ʥʘʟʦʨʘʪ ʪʘʨ-
ʢʠʙʠ ״ʘʤʜʘ 20% ʇɺɸɼ ץ˄ʰʠʣʛʘʥ ʪʘʨʢʠʙ ʫʯʫʥ ˄ʨ-
ʛʘʥʠʙ ʯʠץʜʠʢ. ʊʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠ 3- ʚʘ 4- 
ʞʘʜʚʘʣʣʘʨʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 
ʕʢʩʧʝʨʠʤʝʥʪʣʘʨʥʠ ˄ʪʢʘʟʠʰ ʞʘʨʘʸʥʠʜʘ ʰʫʣʘʨ 

ʘʥʠץʣʘʥʜʠʢʠ, ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʪʘʨʢʠʙʜʘʥ ʦʣʠʥʛʘʥ  
 ʘ ʙʘʨʯʘ ʪʝʥʛץʦʪʠʰʠ ʪʝʟʣʠʛʠʛʘ, ʙʦʰץ ʦʧʣʘʤʘʥʠʥʛץ



e˸¡morchilik va qurilish muammolari    2023 ͚ ͙Σ͡ Ѕ1 ͫ ͦͤ 

5 

ʙ˄ʣʛʘʥ ʰʘʨʦʠʪʣʘʨʜʘ, ʘʩʦʩʥʠʥʛ סʦʚʘʢʣʠʛʠ ˄ʟ ʪʘʲʩʠ-
ʨʠʥʠ  ʢ˄ʨʩʘʪʘʜʠ. ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠ, ʘʛʘʨ ʫ סʠʰʪʣʠ 
ʘʩʦʩʛʘ ʩʫʨʪʠʣʛʘʥ ʙ˄ʣʩʘ, ʵʥʛ ʠʥʪʝʥʩʠʚ ץʦʪʠʰ 
ʩʫʨʲʘʪʠʥʠ ʢ˄ʨʩʘʪʘʜʠ: 1-ʜʘʨʘʞʘʛʘʯʘ- 21 ʤʠʥʫʪʜʘ, 
7-ʜʘʨʘʞʘʛʘʯʘ ï 114 ʤʠʥʫʪʜʘ. 

3-ʞʘʜʚʘʣ 
ɸʩʦʩʥʠʥʛ ʪʫʨʠʛʘ ʙʦסʣʠץ ʨʘʚʠʰʜʘ ʥʘʟʦʨʘʪ ʪʘʨʢʠʙʠʥʠʥʛ 

 ʫʨʠʰʠ ʜʘʨʞʘʩʠץ

-ʫʨʠʰ ʜʘפ
ʨʘʞʘʩʠ 

ɸʩʦʩʥʠʥʛ ʪʫʨʠ 

 ʠʰʪנ
ʎʝʤʝʥʪʣʠ-

 ʦʨʠʰʤʘץ ʫʤʣʠץ
ʐʠʰʘ 

1 21 ʤʠʥ 35 ʤʠʥ 175 ʤʠʥ 

2 34 ʤʠʥ 48 ʤʠʥ 208 ʤʠʥ 

3 54 ʤʠʥ 65 ʤʠʥ 265 ʤʠʥ 

4 62 ʤʠʥ 80 ʤʠʥ 290 ʤʠʥ 

5 71 ʤʠʥ 95 ʤʠʥ 315 ʤʠʥ 

6 86 ʤʠʥ 140 ʤʠʥ 340 ʤʠʥ 

7 114 ʤʠʥ 150 ʤʠʥ 370 ʤʠʥ 

 
4-ʞʘʜʚʘʣ 

ɸʩʦʩʥʠʥʛ ʪʫʨʠʛʘ ʙʦסʣʠץ ʨʘʚʠʰʜʘ 20% ʇɺɸɼ 
 ʫʨʠʰʠ ʜʘʨʞʘʩʠץ ʰʠʣʛʘʥ  ʪʘʨʢʠʙʠʥʠʥʛ˄ץ

-ʫʨʠʰ ʜʘפ
ʨʘʞʘʩʠ 

ɸʩʦʩʥʠʥʛ ʪʫʨʠ 

 ʠʰʪנ
ʎʝʤʝʥʪʣʠ-ץʫʤʣʠ 
 ʦʨʠʰʤʘץ

ʐʠʰʘ 

1 25 ʤʠʥ 40 ʤʠʥ 200 ʤʠʥ 

2 40 ʤʠʥ 55 ʤʠʥ 240ʤʠʥ 

3 60 ʤʠʥ 75 ʤʠʥ 300 ʤʠʥ 

4 70 ʤʠʥ 90 ʤʠʥ 330ʤʠʥ 

5 80 ʤʠʥ 100 ʤʠʥ 360 ʤʠʥ 

6 100 ʤʠʥ 155 ʤʠʥ 390 ʤʠʥ 

7 140 ʤʠʥ 170 ʤʠʥ 420 ʤʠʥ 

 
ʎʝʤʝʥʪʣʠ-ץʫʤʣʠ ץʦʨʠʰʤʘʣʠ ʘʩʦʩʥʠʥʛ ʩʠʨʪʠ 

ʟʠʯʨʦץ ʙ˄ʣʛʘʥʠ ʫʯʫʥ ץʦʨʠʰʤʘʜʘʛʠ ʩʫʚʥʠ ʧʘʩʪʨʦץ 
ʠʥʪʝʥʩʠʚʣʠʢʜʘ ʰʠʤʠʙ ʦʣʘʜʠ, ʰʫ ʩʘʙʘʙʣʠ ʢʦʤʧʦ-
ʟʠʮʠʷʥʠʥʛ ץʫʨʠʰʠ ʤʫʜʜʘʪʣʘʨʠ ʦʨʪʠʙ ʢʝʪʘʜʠ. ʐʠ-
ʰʘʛʘ ʪʘʨʢʠʙʥʠ ʩʫʨʪʛʘʥʜʘ ʵʩʘ ʘʩʦʩ ʪʦʤʦʥʠʜʘʥ 
ʥʘʤʣʠʢʥʠ ʰʠʤʠʙ ʦʣʠʥʠʰʠ ʩʦʜʠʨ ʙ˄ʣʤʘʡʜʠ ʚʘ ʰʫ 
ʩʘʙʘʙʣʠ ʧʘʨʜʦʟʣʘʰ ץʘʪʣʘʤʠʥʠʥʛ ץʫʨʠʰʠ ʬʘץʘʪ 
ʥʘʤʣʠʢʥʠ ʘʪʨʦʬ ʤʫ״ʠʪʛʘ ʙʫסʣʘʥʠʰʠ ״ʠʩʦʙʠʛʘ ʩʦ-
ʜʠʨ ʙ˄ʣʘʜʠ. ɹʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ץʘʪʣʘʤʥʠʥʛ ץʫ-
ʨʠʰʠ ʤʫʜʜʘʪʠ 7-ʜʘʨʘʞʘʛʘ ʝʪʛʫʥʯʘ 370 ʤʠʥ ʛʘʯʘ 
ʯ˄ʟʠʣʠʙ ʢʝʪʘʜʠ. ʇɺɸɼ ץ˄ʰʠʣʛʘʥ ʪʘʨʢʠʙʣʘʨ ˄ʟʠ-
ʥʠʥʛ ʩʝʢʠʥ ץʦʪʠʰʠ ʙʠʣʘʥ ʪʘʚʩʠʬʣʘʥʜʠ (4-ʞʘʜʚʘʣ). 
ɹʫʥʛʘ, ʷʲʥʠ ʪʘʨʢʠʙʥʠʥʛ ץʫʨʠʰʠ ʤʫʜʜʘʪʣʘʨʠʛʘ ʘʩʦ-
ʩʘʥ ʶץʦʨʠʜʘ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ (2-ʞʘʜʚʘʣ) ʇɺɸɼ 
 ʦʨʠ ʩʫʚ ʪʫʪʠʙ ʪʫʨʠʰʠץʰʠʣʛʘʥ ʪʘʨʢʠʙʣʘʨʥʠʥʛ ʶ˄ץ
-ʦʙʠʣʠʷʪʠ ʩʘʙʘʙʯʠ ʙ˄ʣʜʠ. ʊʘʨʢʠʙʥʠ ʩʠʨʪʛʘ ʩʫʨʪץ
ʛʘʥʜʘʥ ʙʦʰʣʘʙ ʙʠʨ ʩʫʪʢʘ ˄ʪʛʘʥʠʜʘʥ ʩ˄ʥʛ ץʘʣʠʥ-
ʣʠʛʠ 5 ʤʤ ʛʘʯʘ ʙ˄ʣʛʘʥ ʧʘʨʜʦʟʣʘʰ ץʘʪʣʘʤʠʥʠʥʛ 
ʪ˄ʣʘ ץʫʨʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. 
ʇɺɸɼ ץ˄ʰʠʣʛʘʥ ʪʘʨʢʠʙʣʘʨ ʶץʦʨʠ ʜʘʨʘʞʘʜʘ 

ʷʰʦʚʯʘʥʣʠʢ ʭʫʩʫʩʠʷʪʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. 
ʏʫʥʦʥʯʠ, ץʦʨʠʰʤʘ ʨʝʮʝʧʪʫʨʘʩʠʛʘ ʇɺɸɼʥʠʥʛ 
 ʜʦʨʜʘץʦʨʠʰʤʘ ʤʘʩʩʘʩʠʛʘ ʥʠʩʙʘʪʘʥ 20% ʤʠץ ץʫʨʫץ

-ʦʨʠʰʤʘʥʠʥʛ ʷʰʦʚʯʘʥʣʠʛʠ ʭʫʩʫʩʠʷץ ʰʠʣʠʰʠ˄ץ
ʪʠʥʠ 8-10 ʩʦʘʪʛʘʯʘ, 30% ʤʠץʜʦʨʜʘ ץ˄ʰʠʣʛʘʥʜʘ ʵʩʘ 
ï 15 ʩʦʘʪʛʘʯʘ ʦʰʠʨʘʜʠ, ʘʛʘʨ ʥʘʤʣʠʢʥʠ ʙʫסʣʘʥʠʙ 
ʢʝʪʠʰʠʥʠ ʦʣʜʠʥʠ ʦʣʫʚʯʠ ʸʧʠץ ʠʜʠʰʣʘʨʜʘ ʩʘץʣʘ-
ʥʠʰʠ ʪʘʲʤʠʥʣʘʥʩʘ. ʇɺɸɼ ץ˄ʰʠʣʛʘʥ ʪʘʨʢʠʙʣʘʨ 
ʷʰʦʚʯʘʥʣʠʛʠʥʠʥʛ ʦʨʪʠʰʠ, ʙʠʟʥʠʥʛ ʬʠʢʨʠʤʠʟʯʘ, 
ʪʘʨʢʠʙʥʠʥʛ ʙʠʨ-ʙʠʨʠʛʘ ʷץʠʥʣʘʰʫʚʯʠ ʟʘʨʨʘʯʘʣʘʨʠ-
ʥʠʥʛ ʢʦʘʛʫʣʷʮʠʷʩʠ ʩʪʨʫʢʪʫʨʘʣʠ-ʤʝʭʘʥʠʢ ʪ˄ʩʠץʥʠ  
ʝʥʛʠʙ ˄ʪʤʘʩʠʜʘʥ ʠʤʢʦʥʩʠʟ ʵʢʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ʩʦ-
ʜʠʨ ʙ˄ʣʘʜʠ [9,10].ʋʰʙʫ ʪ˄ʩʠץʥʠ ʝʥʛʠʙ ˄ʪʠʰ, 
ʘʥʠץʨʦסʠ, ʩʠʨʪʣʘʨʥʠʥʛ ʷץʠʥʣʘʰʠʰʠʜʘ ״ʦʩʠʣ  
ʙ˄ʣʛʘʥ ʩʠʨʪʛʘ ʦʠʜ ʘʜʩʦʨʙʮʠʦʥ ץʘʪʣʘʤʥʠ ʩʠץʠʙ 
ʯʠץʘʨʠʰʥʠʥʛ  ʵʭʪʠʤʦʣʠ ʞʫʜʘ ״ʘʤ ʢʘʤ, ʇɺɸɼʥʠʥʛ 
ʜʠʩʧʝʨʩ ʩʠʩʪʝʤʘʣʘʨʛʘ ʩʪʘʙʠʣʣʘʰʪʠʨʫʚʯʠ ʚʘ ʬʣʦ-
ʢʫʣʘʣʘʰʪʠʨʫʚʯʠ ʪʘʲʩʠʨ ˄ʪʢʘʟʠʰʠ ʩʘʙʘʙʣʠ. ɹʫʥʠʥʛ  
ʥʘʪʠʞʘʩʠʜʘ ʪʘʨʢʠʙʣʘʨʥʠʥʛ ʷʰʦʚʯʘʥʣʠʛʠ ʤʫʜ-
ʜʘʪʣʘʨʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʦʨʪʘʜʠ. 
ʍʫʣʦʩʘ. ʐʫʥʜʘʡ ץʠʣʠʙ, ˄ʪʢʘʟʠʣʛʘʥ ʪʘʜץʠץʦʪ-

ʣʘʨ ʥʘʪʠʞʘʩʠʜʘ פפɸʣʘʨʥʠʥʛ ʨʝʦʣʦʛʠʢ ʚʘ ʪʝʭʥʦʣʦ-
ʛʠʢ ʭʦʩʩʘʣʘʨʠʥʠʥʛ ʘʨʘʣʘʰʤʘ ʨʝʮʝʧʪʫʨʘʩʠ, ʘʩʦʩ-
ʥʠʥʛ ʪʫʨʠʛʘ ʙʦסʣʠץ ʨʘʚʠʰʜʘ ˄ʟʛʘʨʠʰʠ ץʦʥʫʥʠʷʪ-
ʣʘʨʠ ʘʥʠץʣʘʥʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ ʇɺɸɼ ʩʫʚʣʠ 
ʜʠʩʧʝʨʩʠʷʩʠ ץ˄ʰʠʣʛʘʥ ʧʘʨʜʦʟʣʦʚʯʠ פפɸ ʪʘʨʢʠʙʠ-
ʥʠʥʛ סʦʚʘʢʣʠ ʘʩʦʩʛʘ ʩʫʨʪʛʘʥ ״ʦʣʣʘʨʜʘ ʶץʦʨʠ ʜʘʨʘ-
ʞʘʜʘʛʠ ʩʫʚ ʪʫʪʠʙ ʪʫʨʠʰʠ ץʦʙʠʣʠʷʪʠ ʤʘʚʞʫʜ 
ʙ˄ʣʠʰʠ ʘʩʦʩʣʘʙ ʙʝʨʠʣʜʠ. 
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ʋʰʙʫ ʤʘץʦʣʘ ʢ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʬʫʥʢʮʠʷʣʠ ʭʦʩʩʘʣʘʨʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʧʣʠʪʘʩʠ-
ʥʠʥʛ, ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷ, ʪʦʚʫʰ ʶʪʫʚʯʠ, ʦʣʦʚʙʘʨʜʦʰ ʧʣʠʪʘʥʠʥʛ ʩʘʤʘʨʘʜʦʨ ʪʘʨʢʠʙʣʘʨʠʥʠ ʷʨʘʪʠʰ ʚʘ ʫʣʘʨʥʠʥʛ 
ʭʦʩʩʘʣʘʨʠʥʠ ʪʘʜץʠץ ʵʪʠʰ ʤʘʩʘʣʘʣʘʨʠ ˄ʨʛʘʥʠʣʛʘʥ. ʄʘ״ʘʣʣʠʡ ʭʦʤ ʘʰʸʣʘʨ ʢ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪ, ʩʫʶץ ʰʠʰʘ, 
ʙʝʥʪʦʥʠʪ ʭʘʨ ʭʠʣ ʪʘʨʢʠʙʣʠ ʭʦʤ ʘʰʸʣʘʨ ʘʩʦʩʠʜʘ ʷʥʛʠ ʦʧʪʠʤʘʣ ʪʘʨʢʠʙʣʠ ʚʝʨʤʠʢʫʣʠʪ ʧʣʠʪʘʣʘʨʠ ʦʣʦʚʙʘʨʜʦʰ, ʪʦʚʫʰ 
ʶʪʫʚʯʠ ʚʘ ʠʩʩʠץʣʠʢʜʘʥ ʩʘץʣʦʚʯʠ ʘʨʘʣʘʰʤʘ ʪʘʨʢʠʙʣʘʨʠ ʦʣʠʥʛʘʥʣʠʛʠ ʙʘʸʥ ʵʪʠʣʛʘʥ.ɶʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘʣʘʨʜʘ ʷʥʛʠ 
ʦʣʠʥʛʘʥ ʦʣʦʚʙʘʨʜʦʰ, ʪʦʚʫʰ ʶʪʫʚʯʠ ʚʘ ʠʩʩʠץʣʠʢʜʘʥ ʩʘץʣʦʚʯʠ ʘʨʘʣʘʰʤʘ ʪʘʨʢʠʙʣʘʨʠ ʘʩʦʩʠʜʘʛʠ ʢ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠ-
ʢʫʣʠʪ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʧʣʠʪʘʩʠʥʠʥʛ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ ʭʦʩʩʘʣʘʨʠ ʚʘ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʯʘʥʣʠʢ ʢʦʵʬʬʠʮʝʥʪʠ 
ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʢ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪ, ʩʫʶץ ʰʠʰʘ, ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʯʘʥʣʠʢ, ʙʝʥʪʦʥʠʪ, ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʚ-

ʯʘʥʣʛʠʢ ץʘʨʰʠʣʠʛʠ, ʤʫʩʪʘ״ʢʘʤʣʠʢ, ʢ˄ʧʯʠʰ ʢʦʝʬʬʠʮʝʥʪʠ, ʧʨʝʩʩʣʘʰ, ץʫʨʠʪʠʰ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʚʝʨʤʠʢʫʣʠʪʦʚʦʡ ʧʣʠʪʳ, ʪʝʧ-
ʣʦʠʟʦʣʷʮʠʦʥʥʳʭ, ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʭ, ʦʛʥʝʫʧʦʨʥʳʭ ʧʣʠʪʠ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 
ʚʩʧʝʥʝʥʥʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. ʄʝʩʪʥʳʤ ʩʳʨʴʝʤ ʷʚʣʷʶʪʩʷ ʚʩʧʫʯʝʥʥʳʡ ʚʝʨʤʠʢʫʣʠʪ, ʞʠʜʢʦʝ 
ʩʪʝʢʣʦ, ʙʝʥʪʦʥʠʪ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʝʨʤʠʢʫʣʠʪʦʚʦʡ 
ʧʣʠʪʳ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʚʩʧʝʥʝʥʥʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʤʝʩʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʩʧʝʥʝʥʥʳʡ ʚʝʨʤʠʢʫʣʠʪ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʙʝʥʪʥʠʪ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʧʨʦʯʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʩʩʦʚʘʥʠʝ, ʩʫʰʢʘ. 

This article examines the issues of creating effective components of vermiculite slab, thermal insulation, sound-
absorbing, refractory plate with functional properties obtained on the basis of foamed vermiculite and studying their 
properties. Local raw materials are expanded vermiculite, liquid glass, bentonite on the basis of various raw materials. 
physical and mechanical properties and thermal conductivity of vermiculite plate obtained on the basis of foamed vermiculite 
based on the composition of the heat-insulating mixture are considered. 

Keywords: foamed vermiculite, liquid glass, thermal conductivity, thermal conductivity, strength, foaming coefficient, 
pressing, drying. 

 

ʂʠʨʠʰ ץʠʩʤʠ: ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝ-
ʟʠʜʝʥʪʠʥʠʥʛ 2022 ʡʠʣ 28 ʷʥʚʘʨʜʘʛʠ ʇʌ-60-ʩʦʥ 
ç2022-2026 ʡʠʣʣʘʨʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʷʥʛʠ ɶʟʙʝʢʠ-
ʩʪʦʥʥʠʥʛ ʪʘʨʘץץʠʸʪ ʩʪʨʘʪʝʛʠʷʩʠ ʪ˄סʨʠʩʠʜʘèʛʠ 
ʌʘʨʤʦʥʠ, 2019 ʡʠʣ 23 ʤʘʡʜʘʛʠ ʇ4335-פ-ʩʦʥ çפʫ-
ʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʠ ʩʘʥʦʘʪʠʥʠ ʞʘʜʘʣ ʨʠʚʦʞʣʘʥ-
ʪʠʨʠʰʛʘ ʦʠʜ ץ˄ʰʠʤʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʪ˄סʨʠ-
ʩʠʜʘèʛʠ, 2019 ʡʠʣ 4 ʦʢʪʷʙʨʜʘʛʠ ʇ4477-פ-ʩʦʥ 
ç2019-2030 ʡʠʣʣʘʨ ʜʘʚʨʠʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠ-
ʢʘʩʠʥʠʥʛ çʗhʠʣè ʠץʪʠʩʦʜʠʸʪʛʘ ˄ʪʠʰ ʩʪʨʘʪʝʛʠ-
ʷʩʠʥʠ ʪʘʩʜʠץʣʘʰ ʪ˄סʨʠʩʠʜʘèʛʠ פʘʨʦʨʣʘʨʠ, 2021 
ʡʠʣ 27 ʤʘʡʜʘʛʠ ñ2021-2022-ʡʠʣʣʘʨʜʘ פʦʨʘץʘʣ-
ʧʦסʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʪʘʙʠʠʡ-ʭʦʤʘʰʸ ʚʘ ʤʠʥʝ-
ʨʘʣ ʨʝʩʫʨʩʣʘʨʠʥʠ ʯʫץʫʨ ץʘʡʪʘ ʠʰʣʘʰ ʙ˄ʡʠʯʘ ʭʦʤ 
ʘʰʸ ʙʘʟʘʩʠʥʠ ʢʝʥʛʘʡʪʠʨʠʰ ״ʘʤʜʘ ʰʫ ʘʩʦʩʜʘ 
 ʠʡʤʘʪ ʟʘʥʞʠʨʠʥʠ ʷʨʘʪʠʰʛʘ ʜʦʠʨץ ʰʠʣʛʘʥ˄ץ
-ʨʠʩʠʜʘòʛʠ ɶʟʙʝʢʠס˄ʰʠʤʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʪ˄ץ
ʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠʥʠʥʛ 327-
ʩʦʥʣʠ פʘʨʦʨʠ ״ʘʤʜʘ ʤʘʟʢʫʨ ʬʘʦʣʠʷʪʛʘ ʪʝʛʠʰʣʠ 
ʙʘʨʯʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ 
ʚʘʟʠʬʘʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʫʰʙʫ ʜʠʩʩʝʨʪʘ-
ʮʠʷʜʘʛʠ ʪʘʜץʠץʦʪʣʘʨ ʤʫʘʡʷʥ ʜʘʨʘʞʘʜʘ ʭʠʟʤʘʪ 
 .ʠʣʘʜʠ [2, 3]ץ
ɶʟʙʝʢʠʩʪʦʥʜʘ ʚʝʨʤʠʢʫʣʠʪ ʪʘʙʠʠʡ ʬʦʡʜʘʣʠ 

-ʘʣץʦʨʘפ ʘʟʠʣʤʘ ʩʠʬʘʪʠʜʘ ʛʝʦʣʦʛʣʘʨ ʪʦʤʦʥʠʜʘʥץ
ʧʦסʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ, פʦʨʘ˄ʟʘʢ ʪʫʤʘʥʠ ״ʫʜʫ-
ʜʠʜʘ ʞʦʡʣʘʰʛʘʥ ʊʝʙʠʥʙʫʣʦץ ʢʦʥʠʜʘ ʘʥʠץʣʘʥʛʘʥ 
ʙ˄ʣʠʙ, ʫʥʠʥʛ ʟʘ״ʠʨʘʩʠ  3,944 ʤʣʥ. ʪʦʥʥʘʥʠ ʪʘʰʢʠʣ 
ʵʪʘʜʠ. ʂʦʥ 1937 ʡʠʣʜʘ ʪʦʧʠʣʛʘʥ ʙ˄ʠʙ, ʊʝʙʠʥʙʫʣʦץ 
ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʠ ץʫʡʠ ʢʘʨʙʦʥ ʜʘʚʨʠʛʘ ʤʘʥʩʫʙʜʠʨ. 
2021 ʡʠʣ 1 ʷʥʚʘʨʴ ״ʦʣʘʪʠʛʘ ʢ˄ʨʘ, ʊʝʙʠʥʙʫʣʦץ ʚʝʨ-
ʤʠʢʫʣʠʪ ʢʦʥʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ״ʫץʫץʠʛʘ 6 ʪʘ ״ʘʤʜʘ 
ʛʝʦʣʦʛʠʷ ץʠʜʠʨʫʚ ʠʰʣʘʨʠ ʫʯʫʥ 3 ʪʘ ʤʘ״ʘʣʣʠʡ 

ʪʘʜʙʠʨʢʦʨʣʘʨʛʘ ʪʝʛʠʰʣʠ ʣʠʮʝʥʟʠʷʣʘʨ ʙʝʨʠʣʛʘʥ 
ʨʘʩʤʠʡʣʘʰʪʠʨʠʣʛʘʥ [5]. 
ɸʡʥʠ ʚʘץʪʜʘ ʊʝʙʠʥʙʫʣʦץ ʢʦʥʠʜʘ ʚʝʨʤʠʢʫʣʠʪ 

ʭʦʤ ʘʰʸʩʠʥʠ ʙʠʨ ʥʝʯʪʘ ʢʦʨʭʦʥʘ ʤʘʭʩʫʩ ʣʠʮʝʥʟʠʷ 
ʘʩʦʩʠʜʘ ץʘʟʠʙ ʦʣʠʰ ʚʘ ץʘʡʪʘ ʠʰʣʘʰ ʙʠʣʘʥ ʰʫסʫʣ-
ʣʘʥʤʦץʜʘ. ʊʝʙʠʥʙʫʣʦץ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʠʜʘ ץʘʟʠʙ 
ʦʣʠʰ ʚʘ ץʘʡʪʘ ʠʰʣʘʰ ʬʘʦʣʠʷʪʠ ʙʠʣʘʥ ʰʫסʫʣʣʘ-
ʥʫʚʯʠñTriumf Vermikulitò ʄʏɾʥʠʥʛ ʪʘʲʩʩʯʠʩʠ ʵʩʘ  
ʅʘʚʦʠʡ ʚʠʣʦʷʪʠʜʘ ʨ˄ʡ״ʘʪʜʘʥ ˄ʪʛʘʥ ñTriumf 
Gornyakò ʄʏɾʜʠʨ. ñTriumf Gornyakò ʄʏɾ 
ʅʘʚʦʠʡ ʚʠʣʦʷʪʠʜʘ ʩʘʥʦʘʪ ʟʦʥʘʩʠʜʘ ˄ʟʠʥʠʥʛ ʚʝʨʤʠ-
ʢʫʣʠʪʥʠ ʯʫץʫʨ ץʘʡʪʘ ʠʰʣʘʰ, ʞʫʤʣʘʜʘʥ ʚʝʨʤʠʢʫ-
ʣʠʪʣʠ ʧʣʠʪʘʣʘʨ ʚʘ ʠʩʩʠץʭʦʥʘ ʰʘʨʦʠʪʠʜʘ ʢ˄ʯʘʪ 
ʝʪʠʰʪʠʨʠʰ ʫʯʫʥ ʚʝʨʤʠʢʫʣʠʪʣʠ ʙʠʦʧʘʨʯʘʣʘʥʫʚʯʘʥ 
ʠʜʠʰʯʘʣʘʨ ʠʰʣʘʙ ʯʠץʘʨʠʰʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʠʢʢʠ 
ʘʣʦ״ʠʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʫʯʘʩʪʢʘʩʠʛʘ ʵʛʘ.   
 :ʣʣʘʥʠʣʛʘʥ ʤʘʪʝʨʠʘʣʣʘʨ ʚʘ ʫʩʣʫʙʣʘʨ˄פ

ʊʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠ ʫʯʫʥ ʥʘʤʫʥʘʣʘʨʥʠ ʪʘʡʸʨ-
ʣʘʰ ʚʘ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠʥʠ ʦʣʠʙ ʙʦʨʠʰʜʘ 
ʭʦʤ-ʘʰʸ ʩʠʬʘʪʠʜʘ ץʫʡʠʜʘʛʠ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʬʦʡ-
ʜʘʣʘʥʠʣʜʠ:  

  ʫʜʫʜʠʜʘ״ ʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠסʘʣʧʦץʦʨʘפ -
ʞʦʡʣʘʰʛʘʥ ʊʝʙʠʥʙʫʣʦץ ʢʦʥʠ ʚʝʨʤʠʢʫʣʠʪ ʭʦʤ 
ʘʰʸʩʠ; 

- ʅʘʚʦʠʡ ʚʠʣʦʷʪʠ ʅʘʚʙʘ״ʦʨ ʢʦʥʠ ʠʰץʦʨʠʡ-ʝʨ 
(ʢʘʣʴʮʠʡʣʠ) ʙʝʥʪʦʥʠʪ ʛʠʣʠ; 

- ʅʘʚʦʠʡ ʚʠʣʦʷʪʠ ʂʘʨʤʘʥʘ ʪʫʤʘʥʠʜʘ ʞʦʡʣʘʰ-
ʛʘʥ ñNavoiy steklo lyuksò ʆʆʆ ʜʘ ʠʰʣʘʙ 
ʯʠץʘʨʠʣʛʘʥ, ʩʠʣʠʢʘʪ ʤʦʜʫʣʠ 2,9-3,1 ʦʨʘʣʠץʜʘʛʠ ʚʘ  
ʟʠʯʣʠʛʠ 1,34-1,42 ʛ/ʩʤ3  ʩʫʶץ ʰʠʰʘ; 

- ɾʠʟʟʘʭ ʚʘ ʅʘʚʦʠʡ ʚʠʣʦʷʪʣʘʨʠ ״ʫʜʫʜʣʘʨʠʜʘ 
ʞʦʡʣʘʰʛʘʥ ʘʨʪʝʟʠʘʥ ץʫʜʫץʣʘʨʠʜʘʥ ʦʣʠʥʘʜʠʛʘʥ ʯʫ-
ʯʫʢ ʩʫʚ. 

javascript:scrollText()


e˸¡morchilik va qurilish muammolari    2023 ͚ ͙Σ͡ Ѕ1 ͫ ͦͤ 

7 

ʖץʦʨʠʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʭʦʤ ʘʰʸ 
ʢʦʤʧʦʥʝʥʪʣʘʨʠ ʪʘʡʸʨ ʪʦʚʘʨ ʢʦʤʧʦʥʝʥʪʠ ״ʩʠʩʦʙʣʘ-
ʥʠʰʠ ״ʘʤʜʘ ʫʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠ ʤʘʲʣʫʤ ʵʢʘʥʣʠʛʠ 
ʸʢʠ ʘʚʚʘʣ ˄ʨʛʘʥʠʣʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ʪʘʜץʠץʦʪʣʘʨ 
ʘʩʦʩʘʥ ʊʝʙʠʥʙʫʣʦץ ʚʝʨʤʠʢʫʣʠʪ ʭʦʤ ʘʰʸʩʠʥʠʥʛ 
ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʚʘ ʤʠʥʝʨʘʣʦʛʠʢ ʪʘʨʢʠʙʠ ״ʘʤʜʘ 
ʫʥʠʥʛ ʘʩʦʩʠʡ ʭʦʩʩʘʣʘʨʠʥʠ ˄ʨʛʘʥʠʰʛʘ ץʘʨʘʪʠʣʜʠ. 
ʊʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠ פʦʨʘץʘʣʧʦסʠʩʪʦʥ ʈʝʩʧʫʙ-
ʣʠʢʘʩʠ פʦʨʘ˄ʟʘʢ ״ʫʜʫʜʠʜʘ ʞʦʡʣʘʰʛʘʥ ʊʝʙʠʥʙʫʣʦץ 
ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʠʜʘʥ ñTRIUMF-VERMIKULITò 
ʄʏɾʛʘ ˄ʨʥʘʪʠʣʛʘʥ ʪʘʨʪʠʙʜʘ ʣʠʮʝʥʟʠʷ ʘʩʦʩʠʜʘ 
ʘʞʨʘʪʠʣʛʘʥ ץʘʟʠʰ ʫʯʘʩʪʢʘʩʠʜʘʥ  ʩʘʥʦʘʪ ʦʯʠץ 
ʫʩʫʣʜʘ ץʘʟʠʙ ʦʣʠʥʛʘʥ  ʚʝʨʤʠʢʫʣʠʪ ʨʫʜʘʩʠʜʘʥ ʬʦʡ-
ʜʘʣʘʥʠʣʜʠ.  
ɺʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠʥʛ ʬʨʘʢʮʠʷʣʘʨʛʘ 

ʘʞʨʘʪʠʰʜʘ ʢʫʤʫʰ ʨʘʥʛʣʠ ʡʠʨʠʢ ʬʨʘʢʮʠʷʣʠ ï 
ʤʘʡʜʘ  0,6õ1,6 ʚʘ 1,6õ2,2  ʤʤ,   ˄ʨʪʘʯʘ ʬʨʘʢʮʠʷʣʠ ï 
2,2õ3,0 ʚʘ 3,0õ4,0 ʤʤ, 5,0; 6,0; 7,0 ʤʤ ˄ʣʯʘʤʜʘʛʠ 
 ʘʤʜʘ ʪʠʣʣʘ ʨʘʥʛʣʠ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠ 2 ʪʘ״
ʤʘʡʜʘ ʬʨʘʢʮʠʷʣʠ  0,6õ1,6 ʚʘ 1,6õ2,2  ʤʤ  ˄ʣʯʘʤ-
ʜʘʛʠ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. 

 

 
ʘ) 

 
ʙ) 

ʚ) 

1-ʨʘʩʤ. ʊʝʙʠʥʙʫʣʦץ ʚʝʨ-
ʤʠʢʫʣʠʪ ʢʦʥʠʜʘʥ ʦʣʠʥ-
ʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʨʫʜʘʩʠ 
(ʘ), ʨʫʜʘʥʠʥʛ ʤʘʡʜʘʣʘʥ-
ʛʘʥʠ (ʙ) ʚʘ ʙʦʡʠʪʠʣʛʘʥ 
ʤʘʡʜʘ ˄ʣʯʘʤʣʠ ʢʦʥʮʝʥ-

ʪʨʘʪʠ ʚ) 

 
ɺʝʨʤʠʢʫʣʠʪ ï ʛʠʜʨʦʩʣʶʜʘ ʛʫʨʫ״ʠʜʘʛʠ 

 ʘʪʣʘʤʣʠ ʩʪʨʫʢʪʫʨʘʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʪʘʙʠʠʡ ʤʠʥʝʨʘʣץ
ʙ˄ʣʠʙ, ʢʫʤʫʰʨʘʥʛ,ʩʘʨסʠʰ ʸʢʠ ʦʣʪʠʥ-ʩʘʨʠ״ ץʘʤʜʘ 
ʞʫʜʘ ʢʘʤ ״ʦʣʘʪʣʘʨʜʘ ʞʠʛʘʨʨʘʥʛ ʪʫʩʛʘ ʵʛʘ ʙ˄ʣʘʜʠ. 
ʋʰʙʫ ʤʠʥʝʨʘʣʥʠʥʛ ñʚʝʨʤʠʢʫʣʠʪò (ʣʦʪʠʥʯʘ 
ñvermikuliteò- ñʯʫʚʘʣʯʘʥʛò)   ʜʝʙ ʘʪʘʣʠʰʠʛʘ ʩʘʙʘʙ, 
ʫʥʠʥʛ ʶץʦʨʠ ״ʘʨʦʨʘʪʜʘ ʭʫʜʜʠ ʤʘʢʢʘʞ˄״ʦʨʠ ʜʦʥʠ 
ʢʘʙʠ ʢʝʩʢʠʥ ʨʘʚʠʰʜʘ ʢ˄ʧʯʠʙ ״ʘʞʤʠʥʠ 10-15 
ʤʘʨʪʦʪʘʙʘʛʘ ʦʰʠʨʠʙ, ʟʠʯʣʠʛʠ ʢʘʤʘʡʠʰʠ ״ʠʩʦʙʠʛʘ 
ʛʦʨʤʦʰʢʘ ʸʢʠ ʯʫʚʘʣʯʘʥʛ ʰʘʢʣʠʜʘʛʠ ʧ˄ʢʘʢʜʝʢ ʝʥ-
ʛʠʣ ״ʦʣʘʪʛʘ ʢʝʣʠʰʠʜʠʨ.  [3, 4, 6]. 
ɺʝʨʤʠʢʫʣʠʪ ʤʠʥʝʨʘʣʠ ״ʘʨʦʨʘʪʥʠ ʢʝʩʢʠʥ ʨʘ-

ʚʠʰʜʘ 400-1000 ʦʉ ״ʘʨʦʨʘʪ ʦʨʘʣʠסʠʜʘ ʪʝʨʤʠʢ 
ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʠʣʛʘʥʠʜʘ ˄ʟʠʥʠʥʛ ʜʘʩʪʣʘʙʢʠ ״ʘʞʤʠ-
ʜʘʥ 15 ʤʘʨʦʪʘʙʘʛʘʯʘ ʢ˄ʧʯʠʰ ʭʫʩʫʩʠʷʪʠʛʘ ʵʛʘ [5].  
ɺʝʨʤʠʢʫʣʠʪ ʘʩʦʩʘʥ ʢʦʥʜʘʥ ץʘʟʠʙ ʦʣʠʥʛʘʥ ʙʦʰʣʘʥ-
ʛʠʯ ʥʦʨʫʜʘ ʩʠʬʘʪʠʜʘ ʵʤʘʩ, ʢ˄ʧʨʦץ ʢ˄ʧʯʠʪʠʣʛʘʥ 
-ʫʨʠʣʠʰ ʪʘʨץ ʭ˄ʞʘʣʠʛʠ ʚʘ ץʠʰʣʦץ ,ʦʣʜʘ ʩʘʥʦʘʪ״
ʤʦץʣʘʨʠʜʘ ʢʝʥʛ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʂ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨ-
ʤʠʢʫʣʠʪ ʷʥʘ ñʟʦʥʦʣʠʪò ʜʝʙ ״ʘʤ ʘʪʘʣʘʜʠ. 
ʊʘʞʨʠʙ-ʩʠʥʦʚ ʠʰʣʘʨʠʥʠʥʛ ʥʘʪʠʞʘʣʘʨʠ: 

ʂʦʨʭʦʥʘʜʘ ʤʘʚʞʫʜ ʪʝʭʥʦʣʦʛʠʷʛʘ ʘʩʦʩʘʥ, ʚʝʨʤʠʢʫ-
ʣʠʪ ʨʫʜʘʩʠʥʠ ʤʘʡʜʘʣʘʥʛʘʥʜʘ ʢʫʤʫʰ ʸʢʠ ʦʣʪʠʥ ʪʫ-
ʩʣʠʣʠʛʠʛʘ  ʢ˄ʨʘ ץʫʡʠʜʘʛʠ ʬʨʘʢʮʠʷʣʘʨʛʘ ʘʞʨʘʪʠ-
ʣʘʜʠ: ʢʫʤʫʰ ʪʫʩʣʠ ʢʦʥʮʝʥʪʨʘʪ: 0,6õ1,6 ʤʤ; 1,6õ2 

ʤʤ,  2,3õ3,0 ʤʤ; 3,0õ4,0 ʤʤ; 5ʤʤ; 6 ʤʤ; 7 ʤʤ. ʆʣ-
ʪʠʥ ʪʫʩʣʠ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠ ʵʩʘ 0,8õ1,6 ʤʤ 
ʚʘ 1,6õ2,2 ʤʤ ˄ʣʯʘʤʜʘʛʠ ʬʨʘʢʮʠʷʣʘʨʛʘ ʘʞʨʘʪʠʙ 
ʦʣʠʥʘʜʠ. ʊʝʙʠʥʙʫʣʦץ ʢʦʥʠʜʘʥ ʦʣʠʥʛʘʥ ʚʝʨʤʠʢʫ-
ʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠ ʶץʦʨʠ ״ʘʨʦʨʘʪʜʘ ʢ˄ʧʯʠʪʠʰ ʙʠ-
ʣʘʥ ɻʆʉʊ 12865-87 ñʂ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪò ʛʘ 
ʤʫʚʦʬʠ300 ,200 ,150 ,100 ץ ʤʘʨʢʘʣʘʨʠ ʪʘʣʘʙʣʘʨʠʛʘ 
ʞʘʚʦʙ ʙʝʨʘʜʠ. 
ʃʘʙʦʨʘʪʦʨʠʷ ʪʘʜץʠץʦʪʣʘʨʠ ʚʘ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ 

ʠʰʣʘʨʠ פʦʨʘץʘʣʧʦסʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ״ʫʜʫ-
ʜʠʜʘʛʠ ʊʝʙʠʥʙʫʣʦץ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʠʜʘʥ ʩʘʥʦʘʪ 
ʫʩʫʣʠʜʘ ץʘʟʠʙ ʦʣʠʥʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʨʫʜʘʩʠʜʘ ʙ˄ʡʠ-
ʯʘ ʙʘʞʘʨʠʣʜʠ. פʘʟʠʙ ʦʣʠʥʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥ-
ʪʨʘʪʠʥʠʥʛ ʪʘʜץʠץʦʪʣʘʨ ʙʝʣʛʠʣʘʥʛʘʥ ʪʘʜץʠץʦʪ ʚʘ-
ʟʠʬʘʣʘʨʠ ʘʩʦʩʠʜʘ ץʫʡʠʜʘʛʠ ʢʝʪʤʘ-ʢʝʪʣʠʢʜʘ ʘʤʘʣʛʘ 
ʦʰʠʨʠʣʜʠ: 

 ʘʟʠʙ ʦʣʠʥʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠʥʠץ -
ʵʣʘʢʜʘʥ ˄ʪʢʘʟʠʰ, ʤʘʡʜʘ ʚʘ ʡʠʨʠʢ ʬʨʘʢʮʠʷʣʘʨʛʘ 
ʘʞʨʘʪʠʰ, ʤʤ; 

- ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠʥʛ ʩʦʣʠʰʪʠʨʤʘ 
ʦסʠʨʣʠʛʠʥʠ ʘʥʠץʣʘʰ, ʢʛ/ʤ3; 

- ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠʥʛ ʢʠʤʸʚʠʡ ʪʘʨʢʠ-
ʙʠʥʠ ʘʥʠץʣʘʰ, %; 

- ʢʦʥʚʝʡʝʨ ʧʝʯʠʜʘ 870-950 0C ʭʘʨʦʨʘʪʜʘ ʚʝʨʤʠ-
ʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠ ʢ˄ʧʯʠʪʠʰ, ʦʉ; 

- ʢ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪʥʠʥʛ ʩʦʣʠʰʪʠʨʤʘ 
ʦסʠʨʣʠʛʠʥʠ ʘʥʠץʣʘʰ, ʢʛ/ʤ3. 
ʊʘʜץʠץʦʪ ʠʰʠʜʘ, ʰʫʥʠʥʛʜʝʢ. ʂʦʨʭʦʥʘʜʘ ʚʝʨ-

ʤʠʢʫʣʠʪ ʭʦʤ ʘʰʸʩʠʥʠ ʤʘʡʜʘʣʘʰ ʚʘ ʙʦʡʠʪʠʰ 
ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥʛʘʥ ʤʘʡʜʘ, ˄ʨʪʘʯʘ ʚʘ ʡʠʨʠʢ ʜʦʥʘ-
ʜʦʨʣʠʢ ˄ʣʯʘʤʣʘʨʠʛʘ ʵʛʘ ʙʠʨ ʥʝʯʪʘ ʚʝʨʤʠʢʫʣʠʪ 
ʢʦʥʮʝʥʪʨʘʪʣʘʨʠʜʘʥ ״ʘʤ ץʬʡʦʜʘʣʘʥʠʣʜʠ (2-ʨʘʩʤ). 

 
ʂʫʤʫʰ ʪʫʩʣʠ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠ 

  

0,6õ1,6 ʤʤ 1,6õ2 ʤʤ 

  

2,3õ3,0 ʤʤ 3,0õ4,0 ʤʤ 

 
 

5õ6 ʤʤ 7 ʤʤ 
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ʆʣʪʠʥ ʪʫʩʣʠ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠ 

 
 

0,8õ1,6 ʤʤ 1,6õ2,2 ʤʤ 

2-ʨʘʩʤ. ʊʝʙʠʥʙʫʣʦץ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʠ ʨʫʜʘʩʠʜʘʥ 
ʤʘʡʜʘʣʘʰ ʚʘ ʙʦʡʠʪʠʰ ʡ˄ʣʠ ʙʠʣʘʥ ʦʣʠʥʛʘʥ ʪʫʨʣʠ ʜʦʥʘ-
ʜʦʨʣʠʢ ˄ʣʯʘʤʣʘʨʠʛʘ ʵʛʘ  ʢʫʤʫʰ ʚʘ ʦʣʪʠʥ ʪʫʩʣʠ ʚʝʨʤʠ-

ʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʣʘʨʠ 
1-ʞʘʜʚʘʣ 

ɹʦʡʠʪʠʣʛʘʥ ʊʝʙʠʥʙʫʣʦץ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥʪʨʘʪʠʥʠʥʛ  
ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ 

 ́ SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O TiO2 Mn2O3 
ʃ.ʥ.ʢ 
(ʈʈʈ) 

1. 35,7 14,5 12,41 3,7 14,82 0,12 0,00 5,51 1,34 0,141 4,77 

2 36,2 14,38 12,81 3,5 14,55 0,10 0,00 5,96 1,35 0,139 4,75 

3 36,4 14,41 13,09 3,87 15,33 0,11 0,00 5,6 1,36 0,139 4,74 

ɷʩʫ. 36,08 14,43 12,77 3,69 14,90 0,11 0,00 5,69 1,35 0,1404 4,75 

 

 
3-ʨʘʩʤ. ɹʦʡʠʪʠʣʛʘʥ ʊʝʙʠʥʙʫʣʦץ ʚʝʨʤʠʢʫʣʠʪ ʢʦʥʮʝʥ-

ʪʨʘʪʠʥʠʥʛ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ 

 
ʖץʦʨʠʜʘʛʠ 1-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʤʘʲʣʫʤʦʪ-

ʣʘʨʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ, ˄ʨʛʘʥʠʣʘʸʪʛʘʥ ʚʝʨʤʠʢʫʣʠʪ 
ʥʘʤʫʥʘʩʠ ʪʘʨʢʠʙʠʜʘ SiO2 - 35,7-36,2;  Al2O3 ï 14,5; 
Fe2O3 ï 12,77-13,1; CaO - 3,5-3,7; MgO ï 14,55-
15,33 ʚʘ K2O ï 5,5-6,0 % ʦʨʘʣʠץʜʘ ʤʘʚʞʫʜ. ʅʘʤʫʥʘ 
ʪʘʨʢʠʙʠʜʘʛʠ ʥʘʤʣʠʢ ʚʘ ʪʫʨʣʠ ʦʨʛʘʥʠʢ ״ʘʤʜʘ ʫʯʫʚ-
ʯʘʥ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʘʚʞʫʜʣʠʛʠ ʩʘʙʘʙʣʠ ץʫʡʜʠ-
ʨʠʰʜʘʛʠ ʡ˄ץʦʪʠʰʣʘʨ ʤʠץʜʦʨʠ ˄ʨʪʘʯʘ 4,7 % ʥʠ 
ʪʘʰʢʠʣ ʵʪʘʜʠ. 
ɺʝʨʤʠʢʫʣʠʪʥʠʥʛ ״ʘʞʤ ʦסʠʨʣʠʛʠ ʚʘ ʜʦʥʘʣʘʨ ʤʫ-

ʩʪʘ״ʢʘʤʣʠʛʠ ʫʥʠʥʛ ʧʠʰʠʨʠʰ ʚʘ ʩʦʚʫʪʠʰ ʰʘʨʦ-
ʠʪʠʛʘ ʙʦסʣʠʢ: ʚʝʨʤʠʢʫʣʠʪʥʠʥʛ 800-950 0ʉ  ʛʘʯʘ ʠʩ-
ʠʪʠʣʛʘʥʜʘ ʜʦʥʘʣʘʨ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ ʢʘʤʘʷʜʠ. ʂ˄ʧ-
ʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ï ˄ʟʠʥʠʥʛ ʶץʦʨʠ סʦʚʘʢʛʠ, 
ʝʥʛʠʣʣʠʛʠ ʚʘ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ״ʘʨʦʨʘʪ ʯʠʜʘʤʣʠ-
ʣʠʛʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʫʚʯʠ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʦʥ 
ʤʘʪʝʨʠʘʣʜʠʨ. ʊʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠ ɻʆʉʊ 7076-
99 ʙ˄ʡʠʯʘ ˄ʪʢʘʟʠʣʜʠ [4]. 
ʊʘʞʨʠʙʘ-ʩʠʨʦʚ  ʠʰʠ ʫʯʫʥ ʤʘʪʝʨʠʘʣʣʘʨ ʚʘ ʫʩʢʫ-

ʥʘʣʘʨ ñʀʩʩʠץʣʠʢ ʩʘץʣʦʚʯʠ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨ-
ʥʠʥʛ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠò ʚʘ 
ʤʝʭʘʥʠʢ ʭʦʩʩʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ ʣʘʙʦʨʘʪʦʨʠʷʜʘ 
ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʫʩʢʫʥʘʣʘʨ ʸʨʜʘʤʠʜʘ ʙʘʞʘʨʠʣʜʠ: 

- ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ʫʯʫʥ ʚʝʨʤʠʢʫʣʠʪ ʧʣʠʪʘ ʥʘʤʫ-
ʥʘʣʘʨʠ;  

- ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ 
ʘʥʠץʣʘʡʜʠʛʘʥ (XND-2-3030C ʨʫʩʠʤʣʠ ʤʘʰʠʥʘ); 

- ʛʠʜʨʘʚʣʠʢ ʧʨʝʩʩ; 
- ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ʐʎ-25 250; 
- ʤʝʪʘʣʣ  ʣʠʥʝʡʢʘ ʄʉ; 
- ʵʣʝʢʪʨʦʥ ʪʘʨʦʟʠ CZ-3. 

 
4-ʨʘʩʤ. ʊʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠ ʙ˄ʡʠʯʘ ʚʝʨʤʠʢʫʣʠʪ 
ʧʣʠʪʘʩʠʥʠʥʛ ʵʛʠʣʠʰʛʘ ʚʘ ʩʠץʠʣʠʰʛʘ ʙ˄ʣʛʘʥ ʤʫ-

ʩʪʘ״ʢʘʤʣʠʛʠʥʠ ʘʥʠץʣʘʰ 

 

 

 
 

5-ʨʘʩʤ. (XND-2-3030C ʨʫʩʠʤʣʠ ʤʘʰʠʥʘʜʘ) ʚʝʨʤʠʢʫʣʠʪ 
ʧʣʠʪʘ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ ʘʥʠץʣʘʰ 
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2-ʞʘʜʚʘʣ 
ʂ˄ʧʯʠʪʠʣʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʘʩʦʩʠʜʘ ʪʘʞʨʠʙʘʚʠʡ ʧʣʠʪʘ-

ʥʠʥʛ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ ʭʦʩʩʘʣʘʨʠ 

ˉ 
ʊʝʭʥʦʣʦʛʠʢ ʧʘʨʘ-

ʤʝʪʨʣʘʨ 
ʊʝʢʰʠʨʠʰ ʫʩʫʣ-

ʣʘʨʠ 
ʂ˄ʨʩʘʪ-
ʢʠʯʣʘʨʠ 

1. 
ʊʦʚʫʰ ˄ʪʢʘʟʫʚʯʘʥ-
ʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ 

ɻʆʉʊ 23499-2009 
0,5 (f=500 

Gs) 

2. 
ʀʩʩʠץʣʠʢ ʦʪʢʘʟʫʚ-
ʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠ-
ʝʥʪʠ 

ɻʆʉʊ 7076-99 
0,102167 
ɺʪ/m*oC 

3. 
ʕʛʠʣʠʰʛʘ ʙ˄ʣʛʘʥ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 

ɻʆʉʊ 17177-94 1,9 ʄʇa 

4. 
ʉʠץʠʣʠʰʛʘ ʙ˄ʣʛʘʥ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 

ɻʆʉʊ 17177-94 2,4 Mʇa 

5. ɪʥʫʚʯʘʥʣʠʢ ɻʆʉʊ 30244-94 700 ʦʉ 

6. 
ɿʘʨʙ ʢʫʯʠʛʘ 
ʯʠʜʘʤʣʠʣʠʛʠ 

ɻʆʉʊ 11842-2021 2560 

 

ɺʝʨʤʠʢʫʣʠʪ ʧʣʠʪʘʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʣʠ-
ʥʠʷʩʠ, ʙʦʰʣʘʥסʠʯ ʢʦʤʧʦʥʝʥʪʣʘʨ ʚʘ ʙʠʨʠʢʪʠʨʫʚʯʠ, 
ʤʠʢʩʝʨ, ʢʦʤʧʦʥʝʥʪʣʘʨ ʚʘ ʙʠʨʠʢʪʠʨʛʠʯʥʠ ʧʘʨʪʠʷʣʠ 
ʠʰʣʘʙ ʯʠץʘʨʠʰ ʫʯʫʥ ʪʘʨץʘʪʛʠʯʣʘʨ, ʰʘʢʣʣʘʥʪʠ-
ʨʠʰ ʙ˄ʣʘʛʠ, ʧʨʝʩʩʣʘʰ, ץʫʨʠʪʠʰ ʢʘʤʝʨʘʩʠ, ץʠʨʨʘ-
ʣʘʨʠʥʠ ץʘʡʪʘ ʠʰʣʘʙ ץʠʨץʠʰ ʤʦʩʣʘʤʘʩʠ ʦʨץʘʣʠ 
 ʘʤʜʘ ʪʘʡʸʨ״ ʘʨʘʢʘʪʣʘʥʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʙʝʨʘʜʠ״
ʤʘ״ʩʫʣʦʪ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. 
ʍʫʣʦʩʘ: ʆʣʠʙ ʙʦʨʠʣʛʘʥ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ 

ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʪʘʞʨʠʙʘʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʦʣʠʥ-
ʛʘʥ ʚʝʨʤʠʢʫʣʠʪ ʧʣʠʪʘʥʠʥʛ ʠʩʩʠʢʣʠʢ ˄ʪʢʘʟʫʚʯʘʥ-

ʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ  l=0,10 ɺʪ/ʤ*ʦʉ ʜʘʥ l=0,11 
ɺʪ/ʤ*ʦʉ ʛʘʯʘ ʦʨʘʣʠסʠʜʘ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʯʘʥʣʠʢ 

 ʘʨʰʠʣʠʛʠ R=0,17 ʤ2*ʂ/ɺʪ ʜʘʥ R=0,19 ʤ2*ʂ/ɺʪץ
ʛʘʯʘ ʦʨʘʣʠסʠʜʘ ʥʘʪʠʞʘ ʙʝʨʜʠ. ʕʛʠʣʠʰʛʘ ʙ˄ʣʛʘʥ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ Re=1,9 ʄʇʘ, ʩʠץʠʣʠʰʛʘ ʙ˄ʣʛʘʥ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠ Rs=2,4 ʄʇa ʢ˄ʨʩʘʪʢʠʯ ʦʣʠʥʜʠ. 
ʊʘʞʨʠʙʘʚʠʡ ʥʘʤʫʥʘʣʘʨ  ʣʘʙʦʨʘʪʦʨʠʷ ʰʘʨʦʠʪʠʜʘ 
ʫʣʘʨʥʠʥʛ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ ʚʘ ʪʝʭʥʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘ-
ʨʠʥʠ ʘʤʘʣʜʘʛʠ ʤʝʲʸʨʠʡ ʭʫʞʞʘʪʣʘʨʜʘ ʢ˄ʨʩʘʪʠʣʛʘʥ 
ʪʘʣʘʙʣʘʨʛʘ ʤʫʚʦʬʠץ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʜʠ.  

ɸʜʘʙʠʸʪʣʘʨ: 

1. ɺʝʨʤʠʢʫʣʠʪ ʘʩʦʩʠʜʘ ʠʩʩʠץʣʠʢ ʩʘץʣʦʚʯʠ ץʫʨʠʣʠʰ 
ʤʘʪʝʨʠʘʣʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʙ˄ʡʠʯʘ ʘʤʘʣʠʡ ʫʩʣʫ-
ʙʠʡ ץ˄ʣʣʘʥʤʘ. ñɶʟʩʘʥʦʘʪץʫʨʠʣʠʰʙʘʥʢò ɸʊɹ-2021 ʡʠʣ. 
2. ʊʫʨʩʫʥʦʚ ɹ.ɸ. ñʂ˄ʧ ʢʦʤʧʦʥʝʥʪʣʠ ʮʝʤʝʥʪʣʘʨ ʘʩʦ-

ʩʠʜʘ ˄ʪʘ ʝʥʛʠʣ ʙʝʪʦʥʣʘʨʥʠʥʛ ʩʘʤʘʨʘʜʦʨ ʪʘʨʢʠʙʣʘʨʠʥʠ  
ʠʰʣʘʙ ʯʠץʠʰò ʜʠʩʩʝʨʪʘʮʠʷ ʠʰʠ ʊʦʰʢʝʥʪ 2022 ʡʠʣ. 118 
ʙʝʪ. 
3. ɸʢʨʘʤʦʚ ʍ.ɸ., ʊʫʨʩʫʥʦʚ ɹ.ɸ.ñThe use of light 

concretes on the basis of local vermiculite in constructionò 
ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡ-
ʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠ-
ʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʩʠʙʩʪʨʠʥ), ʄʘʪʝ-
ʨʠʘʣʳ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝ-
ʨʝʥʮʠʠ çʂʘʯʝʩʪʚʦ. ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè. ʅʦʚʦʩʠ-
ʙʠʨʩʢ ʛ. ʅɻɸʉʋ (ʉʠʙʩʪʨʠʥ), 18-20 ʬʝʚʨʘʣʷ, 2020 ʛʦʜʘ 
284-287 ʙ. 
4. ɻʆʉʊ 7076-99 ñʄʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʩʪʨʦʠʪʝʣʴ-

ʥʳʝ. ʄʝʪʦʜ ʦʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʪʝʨʤʠʯʝ-
ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʧʣʦʚʦʤ ʨʝ-
ʞʠʤʝò. 
5. ɻʆʉʊ 12865-67 ɺʝʨʤʠʢʫʣʠʪ ʚʩʧʫʯʝʥʥʳʡ ʦʪ 12 ʘʧ-

ʨʝʣʷ 1967. 
 

ʋɼʂ 691.1 
ɸʈɹʆʃʀʊ ʀɿ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʆʊʍʆɼʆɺ ʂɸʈɸʂɸʃʇɸʂʉʊɸʅɸ 

 
ɸʩʘʤʘʪʜʠʥʦʚ ʄʘʨʘʪ ʆʨʳʥʙʘʝʚʠʯ1., ʅʘʪʘʣʴʷ ɿʠʥʦʚʴʝʚʥʘ ɸʛʘʬʦʥʦʚʘ2., ɽʨʛʘʣʠʡ ʂʘʨʞʘʫʙʘʝʚʠʯ 

ɾʘʥʘʙʘʝʚ1., ɼʠʥʘʨʘ ʄʘʜʝʥʙʘʝʚʥʘ ɼʞʦʣʜʘʩʙʘʝʚʘ1. 
1ʂʘʨʘʢʘʣʧʘʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɹʝʨʜʘʭʘ. 

2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
(ʅʀʄɻʉʋ) 

 
Qurilish materiallari texnologiyasi dastlab boshqa sanoat korxonalarining chiqindilarini yo'q qilish printsipini o'z ichiga 

oladi. Qishloq xo'jaligi rivojlangan va sanoat qayta ishlangan hududlar uchun qishloq xo'jaligi mahsulotlari an'anaviy 
ravishda bunday qayta ishlash chiqindilaridan foydalanish muhim ahamiyatga ega. 

Tadqiqot maqsadi Qoraqalpog'iston qishloq xo'jaligi chiqindilarini qurilish materiallarining tarkibiy qismlari sifatida 
qo'llash imkoniyatlarini o'rganish. Ishning asosiy vazifasi qizil miya ildizini qayta ishlash chiqindilarini arbolitning organik 
tarkibiy qismi sifatida ishlatish imkoniyatlarini o'rganish edi. 

Qizil miyaning kimyoviy tarkibi aniqlandi: tsellyuloza 46,7%; lignin 25,2%; pentosan 24,4%; suvda eriydigan moddalar 
3,7% va har bir komponentning arbolit organik agregatining xususiyatlariga ta'siri baholandi. Portlandtsementining 
faolligini pasaytiradigan tarkibiy qism bo'lgan saxarozani zararsizlantirish BaCl2 bariy xlorid qo'shilishi bilan amalga 
oshirildi. 

Arbolit namunalarini shakllantirish jarayonida yarim tayyor mahsulotni majburiy presslash maqsadga muvofiqligi 
tasdiqlandi. 250-260 kg/m3 organik plomba moddasii mineral modifikatsiyalangan biriktiruvchi-340-350 kg/m3 eng maqbul 
ekanligi aniqlandi. C-3 superplastifikatori qo'shilishi bilan qizilmiya ildizidan arbolit kuchini sinash natijalariga ko'ra, kuch 
7,3 MPa ga ko'tariladi. 

Kalit so'zlar: arbolit, tsellyuloza, lignin, saxaroza, qizilmiya ildizi, (qizilmiya). 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʥʘʯʘʣʴʥʦ ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧ ʚʦʟʤʦʞʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʜʨʫʛʠʭ 
ʧʨʦʠʟʚʦʜʩʪʚ. ɼʣʷ ʨʝʛʠʦʥʦʚ ʩ ʨʘʟʚʠʪʳʤ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʩʝʣʴʭʦʟ ʧʨʦʜʫʢʮʠʠ 
ʪʨʘʜʠʮʠʦʥʥʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʪʘʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ ʚ ʢʘʯʝ-

ʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʦʪʭʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʨʥʷ ʣʘʢʨʠʮʳ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʘʨʙʦʣʠʪʘ. 
ʆʧʨʝʜʝʣʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʘʢʨʠʮʳ: ʮʝʣʣʶʣʦʟʘ 46,7%; ʣʠʛʥʠʥ 25,2%; ʧʝʥʪʦʟʘʥ 24,4%; ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʚʝʱʝʩʪʚʘ 3,7% ʠ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʘʨʙʦʣʠʪʘ. ʅʝʡʪʨʘ-
ʣʠʟʘʮʠʷ ʩʘʭʘʨʦʟʳ, ʷʚʣʷʶʱʝʡʩʷ ʢʦʤʧʦʥʝʥʪʦʤ, ʩʥʠʞʘʶʱʠʤ ʘʢʪʠʚʥʦʩʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʦʙʘʚʣʝ-
ʥʠʝʤ ʭʣʦʨʠʜʘ ʙʘʨʠʷ BaCl2 



 ˽ͪ ͔ͦ͋ͣ͡· ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭ͊ нлноΣ Ѕм 

10 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʘʥʠʷ ʦʙʨʘʟ-
ʮʦʚ ʘʨʙʦʣʠʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ 250ï260 ʢʛ/ʤ3, ʠʤʠ-
ʥʝʨʘʣʴʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ð 340ï350 ʢʛ/ʤ3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʘʨʙʦʣʠʪʘ ʠʟ 
ʢʦʨʥʷ ʣʘʢʨʠʮʳ ʩ ʜʦʙʘʚʢʦʡ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʧʨʦʯʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 7,3 ʄʇʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʙʦʣʠʪ, ʮʝʣʣʶʣʦʟʘ, ʣʠʛʥʠʥ, ʩʘʭʘʨʦʟʘ, ʢʦʨʝʥʴ ʣʘʢʨʠʮʳ, (ʩʦʣʦʜʢʘ). 

The technology of building materials is based on the principle of utilizing waste from other production processes. For 
the regions with developed agriculture and industrial processing of agricultural products traditionally it is important to use 
waste products of such processing. 

The purpose of the research was to study the possibility of using agricultural wastes in Karakalpakstan as components 
for construction materials. The main objective of the research was to study the possibility of using waste products of liquorice 
root processing as an organic component of arbolite. 

We determined the chemical composition of liquorice: cellulose 46.7%; lignin 25.2%; pentosan 24.4%; water-soluble 
substances 3.7% and evaluated the effect of each component on the properties of the organic aggregate of arbolite. 
Neutralization of sucrose, which is a component reducing the activity of Portland cement, was carried out by adding barium 
chloride BaCl2 

It was proved the expediency of forced pressing of semi-finished product in the process of arbolite samples molding. It 
was found that the optimum content of organic aggregate is 250-260 kg/m3, mineral modified binder - 340-350 kg/m3. 
According to the results of strength tests of liquorice root arbolite with the addition of superplasticizer C-3, the strength is 
increased up to 7.3 MPa. 

Keywords: arbolite, cellulose, lignin, sucrose, licorice root, (licorice). 
 

ɺɺɽɼɽʅʀɽ 
ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʩʪʨʦʠʪʝʣʴʥʘʷ ʥʘʫʢʘ ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʠʥʝʨʮʠʦʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠʥʞʝʥʝʨʥʦʡ 
ʧʨʘʢʪʠʢʠ ʠ ʟʥʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʭʘʨʘʢʪʝʨʥʳʝ 
ʪʝʥʜʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ 
ʢʦʤʧʣʝʢʩʝ ʧʦʩʪʦʷʥʥʦ ʠ ʚʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʭ ʦʙʲ-
ʝʤʘʭ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʥʠʞʝʥʠʶ 
ʤʘʩʩʳ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ. ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 
ʩʪʝʥ. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʮʝʣʴʶ ʬʦʨ-
ʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʤʝʱʝʥʠʷʭ. ɺ-
ʪʨʝʪʴʠʭ, ʵʪʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ 
ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʟʚʠʪʠʝ 
ʪʝʭʥʦʣʦʛʠʡ ʤʘʪʝʨʠʘʣʦʚ ʛʨʫʧʧʳ ʘʨʙʦʣʠʪʘ ʧʝʨʩʧʝʢ-
ʪʠʚʥʦ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʠʟʜʝʣʠʡ 
ʠʟ ʘʨʙʦʣʠʪʘ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʧʨʠ ʫʩʣʦʚʠʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʣʶʣʦʟʦ-
ʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ. ʇʦʜʦʙʥʳʝ ʦʪʭʦʜʳ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ, ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʠʭ ʫʪʠʣʠʟʘ-
ʮʠʠ, ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʦʛʦ ʪʦʧ-
ʣʠʚʘ. 
ɸʨʙʦʣʠʪ (ɻʆʉʊ 19222-84) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ ʩ 60ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʕʪʦʪ ʤʘʪʝ-
ʨʠʘʣ ʦʪʥʦʩʷʪ ʢ ʛʨʫʧʧʝ ʣʝʛʢʠʭ ʙʝʪʦʥʦʚ. ʄʘʪʝʨʠʘʣ 
ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʩʪʨʦʠʪʝʣʷʤ: ʚ ɸʚʩʪʨʠʠ ʦʥ ʥʘʟʳ-
ʚʘʝʪʩʷ çɺʝʣʦʢʩè, ʚ ɻʝʨʤʘʥʠʠ ð çɼʶʨʠʧʘʥʝʣʴè; ʚ 
ʏʝʭʠʠ ʠ ʉʣʦʚʘʢʠʠ ï çʇʠʣʠʥʦʙʝʪʦʥè, ʚ ʐʚʝʡʮʘʨʠʠ 
ï çɼʶʨʠʟʦʣè. 
ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴʘʨʙʦʣʠʪʘ ð ʚʦʣʦʢʥʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ. ʕʪʘ ʢʦʤʧʦʟʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʟʘ ʩʯʝʪ ʩʤʝʰʝʥʠʷ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥ-
ʪʦʚ: ʚʦʣʦʢʥʠʩʪʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʨʘʩ-
ʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝ-
ʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʚʷʞʫʱʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʪʚʝʨʜʝ-
ʥʠʷ (ʚ ʦʩʥʦʚʥʦʤ), ʠʣʠ ʚʦʟʜʫʰʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 9ʚ 
ʩʫʭʦʤ ʢʣʠʤʘʪʝ ʠ ʜʣʷ ʠʥʪʝʨʴʝʨʥʳʭ ʨʘʙʦʪ). ɼʣʷ ʧʦ-
ʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʢ ʚʦʟ-
ʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘ-
ʛʥʠʚʘʥʠʷ ʠʣʠ ʧʦʨʘʞʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʘʛʨʝʩʩʦ-
ʨʘʤʠ ʵʪʠ ʚʦʣʦʢʥʘ ʦʙʨʘʙʘʪʳʚʘʶʪ ʨʘʩʪʚʦʨʘʤʠ ʨʘʟ-
ʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 
ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʭʠ-
ʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʚʷʞʫʱʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʪʚʝʨʜʝʥʠʷ. 
ʉʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ 
ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 
ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ: ʪʝʩʪʦ ʥʘ ʦʩʥʦʚʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 
ʙʝʪʦʥʘ ʦʙʚʦʣʘʢʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ (ʚʦʣʦ-
ʢʦʥ) ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʧʨʦʥʠʢʘʝʪ ʚ ʥʝ-
ʨʦʚʥʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʧʦʨʳ [1, 
2]. 
ɺ ʩʪʨʘʥʘʭ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʉʅɻ (ʈʦʩʩʠʷ, ɹʝ-

ʣʘʨʫʩʴ,) ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʨʙʦʣʠʪʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʦʪʭʦʜʳ ʜʨʝʚʝʩʠʥʳ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʙ-
ʨʘʙʦʪʢʦʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʘʷ ʜʨʝ-
ʚʝʩʥʘʷ ʰʝʨʩʪʴ (ʜʨʝʚʝʩʥʘʷ ʩʪʨʫʞʢʘ ʜʣʠʥʦʡ ʜʦ 100 
ʤʤ. ɺ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʨʝʩʫʨʩʳ ʜʝʣʦʚʦʡ 
ʜʨʝʚʝʩʠʥʳ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʘʨʙʦʣʠʪʘʠʩʧʦʣʴʟʫʶʪ ʦʪʭʦʜʳ ʤʝʩʪʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 
ʭʦʟʷʡʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʀʟʚʝʩʪʥʳ ʨʘʟʥʦʚʠʜ-
ʥʦʩʪʠ ʘʨʙʦʣʠʪʘ ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʝʙʣʠ 
ʭʣʦʧʯʘʪʥʠʢʘ, ʨʠʩʦʚʘʷ ʣʫʟʛʘ, ʪʨʦʩʪʥʠʢ ʢʘʤʳʰʘ, ʢʦ-
ʩʪʨʘ ʢʦʥʦʧʣʠ ʠ ʣʴʥʘ, ʧʰʝʥʠʯʥʘʷ ʠ ʨʠʩʦʚʘʷ ʩʦʣʦʤʘ, 
ʰʝʣʫʭʘ ʛʨʝʮʢʦʛʦ ʦʨʝʭ). ʇʨʠ ʵʪʦʤ, ʥʝ ʨʝʢʦʤʝʥʜʫ-
ʝʪʩʷ ʧʨʠʤʝʥʷʪʴʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʧʦʣʥʠʪʝʣʠ (ʦʪʭʦʜʳ 
ʜʨʝʚʝʩʥʳʝ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠʣʠ ʨʘʩʪʝʥʠʝ-
ʚʦʜʩʪʚʘ) ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʭ ʥʘ ʦʪʢʨʳ-
ʪʳʭ ʧʣʦʱʘʜʢʘʭ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʷʟʘʥʥʦ ʩ ʚʦʟ-
ʤʦʞʥʦʩʪʴʶ ʛʨʠʙʢʦʚʦʛʦ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘ-
ʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʨʙʦ-

ʣʠʪʘ ʠʟ ʜʨʝʚʝʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʪʭʦʜʦʚ ʠʣʠ ʜʝʣʦ-
ʚʦʡ ʜʨʝʚʝʩʠʥʳ), ʘ ʪʘʢʞʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʝʣʴ-
ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝ-
ʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʤʷʛʢʠʭ ʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʦʨʛʘʥʠ-
ʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʪʝʙʣʝʡ ʭʣʦʧʯʘʪʥʠʢʘ, ʨʠʩʦʚʦʡ 
ʣʫʟʛʠ, ʢʘʤʳʰʘ, ʢʦʩʪʨʳ ʢʦʥʦʧʣʠ, ʧʰʝʥʠʯʥʦʡ ʠʣʠ 
ʨʠʩʦʚʦʡ ʩʦʣʦʤʳ [3, 4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʞʝʩʪ-
ʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ: ʚʦ-ʧʝʨʚʳʭ, ʠʭ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʨʠʤʝʥʝ-
ʥʠʝ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʠʣʠ ʨʝʞʠʤʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 
ʩʤʝʩʝʡ ʠ ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʡ. 
ʉʚʦʡʩʪʚʘ ʟʘʧʦʣʥʠʪʝʣʝʡ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ, ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
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ʩʚʦʡʩʪʚʘ ʘʨʙʦʣʪʘ ʠ ʥʶʘʥʩʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʘ, ʚʦ-
ʚʪʦʨʳʭ ð ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʛʦ-
ʪʦʚʣʝʥʠʷ ʠ, ʚ-ʪʨʝʪʴʠʭ ð ʥʘ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʦ-
ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʘʩʪʠʪʝʣʴ-
ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʷʞʫʱʝʛʦ. 
ʅʝʦʙʭʦʜʠʤʦ, ʪʘʢʞʝ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʜʨʝʚʝʩʠʥʘ 

ʠ ʜʨʫʛʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʘʥʘʣʦʛʠ ʩʦʜʝʨʞʘʪ ʚʝʱʝ-
ʩʪʚʘ, ʟʘʤʝʜʣʷʶʱʠʝ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʣʠʟʘ, ʠ ʛʠʜʨʘ-
ʪʘʮʠʠ ʢʣʠʥʢʝʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. 
ʕʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʚʚʝʜʝʥʠʝ ʚ ʘʨʙʦʣʠʪ ʥʘ 
ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ: 
ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ, ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ, ʘ ʪʘʢʞʝ ʩʝʨʥʦ-
ʢʠʩʣʦʛʦ ʛʣʠʥʦʟʝʤʘ ʩ ʛʠʜʨʘʪʥʦʡ ʠʟʚʝʩʪʴʶ. ʉʫʱʝ-
ʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 
ʜʨʝʚʝʩʥʳʭ ʚʦʣʦʢʦʥ, ʥʘʧʨʠʤʝʨ ʬʪʦʨ- ʠ ʙʦʨʩʦʜʝʨ-
ʞʘʱʠʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [5, 6]. 
ʄʠʥʝʨʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ (ʥʘʧʦʣʥʠʪʝʣʷ) ʠ 
ʚʷʞʫʱʠʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ:ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʛʠʧ-
ʩʦʚʦʛʦ ʠ ʛʣʠʥʦʛʠʧʩʦʚʦʛʦ, ʰʣʘʢʦʱʝʣʦʯʥʦʛʦ ʚʷʞʫ-
ʱʝʝ ʠ ʜʨ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʚʷ-
ʞʫʱʝʛʦ ʚʪʦʨʠʯʥʦʛʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʙʝʪʦʥʘ ʠʣʠ 
ʦʪʭʦʜʦʚ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [7, 8]. ʊʝʧʣʦʠʟʦ-
ʣʷʮʠʦʥʥʳʡ ʘʨʙʦʣʠʪ ʚʳʧʫʩʢʘʶʪ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 
ʧʦʨʠʟʘʮʠʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʳ. 
ʉʚʦʡʩʪʚʘ ʘʨʙʦʣʠʪʘ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʚʷʞʫʱʝʛʦ-

ʪʠʧʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠ-
ʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɸʨʙʦʣʠʪ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 
ʜʚʘ ʪʠʧʘ: ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ, 
ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 500 ʢʛ/ʤ3 ʠ ʪʝʧʣʦ-
ʠʟʦʣʷʮʠʦʥʥʳʡ ð ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶʥʝ ʙʦʣʝʝ 500 
ʢʛ/ʤ3. ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʘʨʙʦʣʠʪʘ 
ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ F25.ʂʣʘʩʩʳ ʘʨʙʦʣʠʪʘ ʧʦ 
ʧʨʦʯʥʦʩʪʠ: ʦʪ ɺ0,35 ʜʦ ɺ3,5. 
ʈʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʟʘʧʦʣʥʠ-

ʪʝʣʷ, ʘ ʝʛʦ ʉʦʜʝʨʞʘʥʠʝ ʟʘʧʦʣʥʠʪʝʣʷ ʚ ʘʨʙʦʣʠʪʝð 
ʦʪ 150 ʜʦ 300 ʢʛ/ʤ3. ʈʘʩʭʦʜ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠʣʠ 
ʛʠʧʩʦʚʦʛʦ (ʛʣʠʥʦʛʠʧʩʦʚʦʛʦ) ʚʷʞʫʱʝʛʦ ʠʟʤʝʥʷʝʪʩʷ 
ʦʪ 250 ʜʦ 450 ʢʛ/ʤ3. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʳʭ 
ʩʤʝʩʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʠʪʝʣʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ 
ʜʝʡʩʪʚʠʷ. ʀʟʜʝʣʠʷ ʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʧʨʝʩʩʦ-
ʚʘʥʠʝʤ, ʵʢʩʪʨʫʟʠʝʡ, ʟʘʣʠʚʢʦʡ ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʜʨ. 
ʇʨʦʯʥʦʩʪʴ ʘʨʙʦʣʠʪʘ ʨʝʛʫʣʠʨʫʶʪʩʷ ʢʘʯʝʩʪʚʦʤ, 

ʚʠʜʦʤ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘ ʪʘʢʞʝ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʤ ʬʦʨʤʳ ʯʘʩʪʠʮ (ʚʦʣʦʢʦʥ) ʟʘʧʦʣʥʠ-
ʪʝʣʷ, ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʷʞʫ-
ʱʝʛʦ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʠʪʝʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʷ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʘʨʙʦʣʠʪʘ ʠʟ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ 

ɺʠʜ ʘʨʙʦ-
ʣʠʪʘ 

ʂʣʘʩʩ 
ʧʦ 

ʧʨʦʯʥʦ-
ʩʪʠ 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʘʨʙʦʣʠʪʘ ʢʛ/ʤ3 

ʀʟʤʝʣʴ-
ʯʝʥʥʦʡ 
ʜʨʝʚʝ-
ʩʠʥʳ 

ʍʣʦʧʯʘʪ-
ʥʠʢʘ 

ʂʦʩʪʨʘ 
ʢʦʥʦʧʣʠ 

ʈʠʩʦʚʘʷ 
ʩʦʣʦʤʘ 

ʊʝʧʣʦ-
ʠʟʦʣʷʮʠ-
ʦʥʥʳʡ 

B0,35 
B0,75 

B1 

400ï500 
450ï500 

500 

400ï450 
450ï500 

500 

400ï450 
450ï500 

500 

500 
ï 
ï 

ʂʦʥ-
ʩʪʨʫʢʮʠ-
ʦʥʥʳʡ 

B1,5 
B2,0 
B2,5 
B3,5 

500ï650 
500ï700 
600-750 
700ï850 

550ï650 
600ï700 
700ï800 
ï 

550ï650 
600ï700 
ï 
ï 

600ï700 
ï 
ï 
ï 

 

ʈʘʟʚʠʪʠʝ ʘʛʨʘʨʥʦʡ ʦʪʨʘʩʣʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʂʘʨʘ-
ʢʘʣʧʘʢʩʪʘʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ: ʰʝʣʫʭʠ ʭʣʦʧʯʘʪʥʠʢʘ, ʨʠʩʘ ʠ 
ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ, ʘ ʪʘʢʞʝ ʦʪʭʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʣʘ-
ʢʨʠʮʳ. ʃʘʢʨʠʮʘ (ʩʦʣʦʜʢʘ) ʢʘʢ ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘ-
ʮʝʚʪʠʯʝʩʢʠʡ ʧʦʣʫʬʘʙʨʠʢʘʪ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚʦ ʤʥʦ-
ʛʠʭ ʩʪʨʘʥʘʭ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥʘ ʩʫ-
ʱʝʩʪʚʫʝʪ 15 ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʨʥʷ 
ʣʘʢʨʠʮʳ (ʨʠʩ. 1). ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʠʟ 13 ʪ ʢʦʨʥʝʡ 
ʣʘʢʨʠʮʳ ʧʦʣʫʯʘʶʪ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚ 3 ʪ, ʘ ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, 10 ʪ ʦʪʭʦʜʘ ʚ ʦʜʥʦʤ ʮʠʢʣʝ, ʪʦ ʤʦʞʥʦ ʩʜʝ-
ʣʘʪʴ ʚʳʚʦʜ ʦ ʤʘʩʰʪʘʙʘʭ ʧʨʦʙʣʝʤʳ ʧʦ ʫʪʠʣʠʟʘʮʠʠ 
ʪʘʢʠʭ ʦʪʭʦʜʦʚ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ʅʘ ʢʘʬʝʜʨʝ "ɻʦʨʦʜʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʭʦʟʷʡ-

ʩʪʚʦ" ʂɻʋ ʠʤ. ɹʝʨʜʘʭʘ ʠ ʥʘ ʢʘʬʝʜʨʝ ʉʪʨʦʠʪʝʣʴ-
ʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʅʀʋ ʄɻʉʋ ʥʘʯʘʣʠ ʧʨʦʚʦ-
ʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʂʘʨʘ-
ʢʘʣʧʘʢʩʪʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪ-
ʭʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʣʘʢʨʠʮʳ ʠʟʫʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʦʣʫʯʝʥʠʷ ʘʨʙʦʣʠʪʘ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝ-
ʩʪʚʝ "ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ" ʠʣʠ ʘʨʙʦʣʠʪʦʚʳʭ ʙʣʦ-
ʢʦʚ ʜʣʷ ʩʝʣʴʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

 
ʈʠʩ. 1 ʉʦʚʤʝʩʪʥʦʝ ʋʟʙʝʢʩʢʦ-ʂʠʪʘʡʩʢʦʝ ʧʨʝʜʧʨʠʷ-

ʪʠʝ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʣʘʢʨʠʮʳ 

 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ 

ʩʪʘʪʴʝ, ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
ʦʪʭʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʨʥʷ ʣʘʢʨʠʮʳ (ʨʠʩ. 2, ʪʘʙʣ. 2) 
ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʘʨʙʦ-
ʣʠʪʘ.ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʣʘʢʨʠʮʳ ʬʨʘʢʮʠʠ 0-5 
ʤʤ ð 232 ʢʛ/ʤ3; ʬʨʘʢʮʠʠ 5-10 ʤʤ ð 205 ʢʛ/ʤ3; 
ʬʨʘʢʮʠʠ 10-20 ʤʤ ð 201 ʢʛ/ʤ3. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʘʢʨʠʮʳ: ʮʝʣʣʶʣʦʟʘ 46,7%; 

ʣʠʛʥʠʥ 25,2%; ʧʝʥʪʦʟʘʥ 24,4%; ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 
ʚʝʱʝʩʪʚʘ 3,7%. ʂʘʞʜʳʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʣʘʢʨʠʮʳ 
ʢʘʢ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʩʚʦʡ-
ʩʪʚʘ ʚʦʣʦʢʥʘ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʚʝʨʛʘʪʴʩʷ ʭʠ-
ʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʎʝʣʣʶʣʦʟʘ, ʵʪʦ ʛʣʘʚʥʘʷ 
ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʢʣʝʪʦʯʥʳʭ ʦʙʦʣʦʯʝʢ ʚʩʝʭ ʚʳʩʰʠʭ 
ʨʘʩʪʝʥʠʡ; ʙʝʣʦʝ ʪʚʸʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʥʝʨʘʩʪʚʦʨʠʤʦʝ 
ʚ ʚʦʜʝ. ʄʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ ð ʥʝʨʘʟʚʝʪʚʣʸʥʥʳʝ 
ʮʝʧʦʯʢʠ ʠʟ ʦʩʪʘʪʢʦʚ ɓ-ʛʣʶʢʦʟʳ, ʩʦʝʜʠʥʸʥʥʳʭ ʛʣʠ-
ʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʃʠʛʥʠʥð ʚʝʱʝʩʪʚʦ, ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʱʝʝ ʦʜʝʨʝʚʝʥʝʚʰʠʝ ʩʪʝʥʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʢʣʝʪʦʢ. ʃʠʛʥʠʥ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʧʨʠ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ 
ʚʳʜʝʣʷʪʴ ʩʤʦʣʠʩʪʳʝ ʚʝʱʝʩʪʚʘ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʳʭ 
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ʥʘ ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ ʠ ʪʚʝʨʜʝʥʠʷ ʚʷʞʫʱʝʛʦ 
ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ. 

  

 

 
ʈʠʩ. 2. ʂʦʨʝʥʴ ʣʘ-
ʢʨʠʮʳ, ʬʨʘʢʮʠʠ: ʘ ï 

0-5ʤʤ;  
ʙ ï 5-10 ʤʤ; 
 ʚ ï 10-20ʤʤ 

 
ɼʣʷ ʘʨʙʦʣʠʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʭʦʜʦʚ ʦʙʨʘ-

ʙʦʪʢʠ ʢʦʨʥʷ ʣʘʢʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʷ-
ʞʫʱʝʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ (ɻʆʉʊ 31108-2020) ʪʠʧʘ 
TITANCEMENT ʮʝʤII /A - ʀ 32,5 ʅ, ʠʤʝʶʱʠʡ ʩʣʝ-
ʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʥʘʯʘʣʦ ʩʭʚʘʪʳʚʘʥʠʷ - 4 ʯ 
35 ʤʠʥ; ʢʦʥʝʮ ʩʭʚʘʪʳʚʘʥʠʷ 8 ʯ 5 ʤʠʥ; ʥʘʩʳʧʥʘʷ 
ʧʣʦʪʥʦʩʪʴ - 1,082 ʛʨ/ʩʤ; ʧʨʦʯʥʦʩʪʴ ʧʦʨʪʣʘʥʜʮʝ-
ʤʝʥʪʘ ʧʨʠ 28 ʩʫʪʦʯʥʦʤ ʪʚʝʨʜʝʥʠʡ ʠʟʛʠʙ 10,2 ʄʇʘ, 
ʥʘ ʩʞʘʪʠʝ 28,3 ʄʇʘ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠ CemPlast; PolyPlast ʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-
3. 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 
ʉʤʝʩʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʷʞʫʱʝʛʦ, ʤʝʣʢʦʛʦ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʢʦʨʥʷ ʣʘ-
ʢʨʠʮʳ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 
10 ʤʠʥʫʪ. ʉʤʝʩʴ ʫʢʣʘʜʳʚʘʣʠ ʚ ʬʦʨʤʳ ʢʫʙʳ ʨʘʟʤʝ-
ʨʦʤ 100Ĭ100Ĭ100ʤʤ ʚ ʜʚʘ ʩʣʦʷ ʚʳʩʦʪʦʡ ʧʦ 5 ʩʤ ʠ 
ʢʘʞʜʳʡ ʩʣʦʡ ʫʧʣʦʪʥʷʣʠ ʧʫʪʝʤ ʪʨʘʤʙʦʚʘʥʠʷ. ʆʙ-
ʨʘʟʮʳ (ʨʠʩ. 3) ʪʚʝʨʜʝʣʠ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

  
ʘ ï ʧʦʩʣʝ ʬʦʨʤʦʚʘʥʠʷ; ʙ ï ʧʦʩʣʝ ʪʚʝʨʜʝʥʠʷ 

ʈʠʩ. 4. ʆʙʨʘʟʮʳ ʘʨʙʦʣʠʪʘ: 
 
ʊʘʙʣʠʮʘ 2. ʇʨʦʯʥʦʩʪʴ ʘʨʙʦʣʠʪʘ ʠʟ ʢʦʨʥʝʡ ʣʘʢʨʠʮʳ 

28-ʤʠ ʩʫʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠʟ ʢʫʙʦʚ 10ʭ10ʭ10ʭ ʩʤ. 

ɺʠʜ ʜʦʙʘʚʢʠ ʩʫ-
ʧʝʨʧʣʘʩʪʠʬʠʢʘ-

ʪʦʨʘ 

ʉʨʝʜʥʷʷ ʧʣʦʪ-
ʥʦʩʪʴ, ɟm, ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ ʥʘ 
ʩʞʘʪʠʝ, ʄʇʘ 

ɹʝʟ ʜʦʙʘʚʦʢ 866 1,91 

CemPlast 880 4,9 

Poly Plast 870 2,9 

ʉ - 3 923 7.3 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ (ʪʘʙʣ. 

2) ʦʙʨʘʟʮʦʚ ʘʨʙʦʣʠʪʘ ʠʟ ʢʦʨʥʷ ʣʘʢʨʠʮʳ ʩ ʜʦʙʘʚʢʦʡ 
ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʧʨʦʯʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʩ 
1,91 ʄʇʘ ʜʦ 7,3 ʄʇʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝ-
ʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʢ ʚʷʞʫʱʝʡ ʩʤʝʩʠ 

ʷʚʣʷʝʪʩʷ 254/340 = 0,73ï0,74. 
ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʘʨʙʦ-

ʣʠʪʘ ʚʳʷʚʠʣʘʩʴ ʦʯʝʥʴ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ, ʨʝʰʝ-
ʥʠʝ ʢʦʪʦʨʦʡ ʥʘʰʣʠ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ. ɼʝʣʦ ʚ ʪʦʤ, 
ʯʪʦ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʨʝʚʝʩʥʦʡ ʱʝʧʳ, ʮʝʤʝʥʪʘ 
ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʤʠʥʝʨʘʣʠʟʘʪʦʨʘʤʠ ʧʨʦʠʩʭʦ-
ʜʠʣ ʧʨʦʮʝʩʩ ʥʘʙʫʭʘʥʠʷ ʱʝʧʳ, ʪ.ʝ. ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚ 
ʨʘʟʤʝʨʘʭ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʘʨʙʦʣʠʪʘ ʟʘʪʨʫʜʥʷʣʘ 
ʩʦʚʤʝʱʝʥʠʝ ʨʘʟʥʦʩʢʦʨʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʜʴ 
ʩʢʦʨʦʩʪʴ ʥʘʙʫʭʘʥʠʷ ʱʝʧʳ ʙʳʣʘ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʡ ʠ 
ʜʣʠʣʘʩʴ ʜʦ 12 ʯʘʩʦʚ, ʘ ʩʭʚʘʪʳʚʘʥʠʝ ʮʝʤʝʥʪʥʦʛʦ 
ʢʘʤʥʷ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʚ ʪʝʯʝʥʠʝ 
ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʪʦʤʫ, ʯʪʦ 
ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʨʙʦʣʠʪʘ ʱʝʧʘ ʧʨʦʜʦʣʞʘʣʘ 
ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʦʙʲʝʤʝ (ʨʘʟʙʫʭʘʪʴ), ʯʘʩʪʠʯʥʦ ʨʘʟ-
ʨʳʚʘʷ ʝʱʝ ʥʝ ʟʘʩʪʳʚʰʠʡ ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ, ʯʪʦ 
ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 
ʅʝʡʪʨʘʣʠʟʘʮʠʶ ʩʘʭʘʨʦʟʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʫʶ ʚ 

ʩʦʩʪʘʚʝ ʮʝʣʣʶʣʦʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʦʚʦʜʠʣʠ 
ʭʣʦʨʠʜʦʤ ʙʘʨʠʷ BaCl2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ 
ʜʦ 1,0% ʭʣʦʨʠʜʘ ʙʘʨʠʷ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʩʘʭʘʨʦʟʳ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʟʘʧʦʣʥʠʪʝʣʷ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯ-
ʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ʘʨʙʦʣʠʪʘʥʘ 18ï20%. 
ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ 
BaCl2ʧʦʤʠʤʦ ʧʨʷʤʦʛʦ ʵʬʬʝʢʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢ ʨʘʟ-
ʤʷʛʯʝʥʠʶ ʚʝʱʝʩʪʚʘ ʢʦʨʥʷ ʩʦʣʦʜʢʠ ʠ ʫʣʫʯʰʘʝʪ 
ʬʦʨʤʫʝʤʦʩʪʴ ʠʟʜʝʣʠʡ. 
ʇʨʝʜʝʣ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 

0,28 ʄʇʘ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʘ ʪʚʝʨʜʝʥʠʷ. ʆʧʨʝʜʝ-
ʣʝʥʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʤʦʨʦ-
ʟʦʩʪʦʡʢʦʩʪʴ ʘʨʙʦʣʠʪʘ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦ-
ʛʣʘʩʥʦ ɻʆʉʊ 30256, ɻʆʉʊ 8269, 9758 ʠ ɻʆʉʊ 
10060.3. ʀʟʫʯʘʝʤʳʝ ʦʙʨʘʟʮʳ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘ-
ʥʠʷʤ ɻʆʉʊ 19222-2019: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʘʨʙʦ-
ʣʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 0,15ï0,20 ɺʪ/(ʤʦʉ); ʚʦʜʦʧʦʛʣʦʱʝ-
ʥʠʝʜʦ 41% ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʥʝ ʤʝʥʝʝ 35 ʮʠʢʣʦʚ. 
ɺʓɺʆɼʓ 
ʆʪʭʦʜʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʨʥʷ ʣʘ-

ʢʨʠʮʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʨ-
ʙʦʣʠʪʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʨʛʘʥʠʯʝ-
ʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʢ ʚʷʞʫʱʝʡ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʩʦʦʪ-
ʥʦʰʝʥʠʝ 0,73ï0,74. ʇʦʜʪʚʝʨʞʜʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʦʩʪʴ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨ-
ʤʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʘʨʙʦʣʠʪʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳ-
ʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʘʨʙʦʣʠʪʘ ʠʟ ʢʦʨʥʷ ʣʘʢʨʠʮʳ ʩ 
ʜʦʙʘʚʢʦʡ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʧʨʦʯʥʦʩʪʴ ʧʦ-
ʚʳʰʘʝʪʩʷ ʜʦ 7,3 ʄʇʘ. 
ʇʦʣʫʯʝʥʥʳʡ ʘʨʙʦʣʠʪ (ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, 
ʤʝʣʢʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʦʨʛʘʥʠʯʝ-
ʩʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʢʦʨʥʷ ʣʘʢʨʠʮʳ) ʚʤʝ-
ʩʪʝ ʩ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʘ ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʪʘʢʞʝ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 
ʚ ʨʝʛʠʦʥʝ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʪʚʘʣʦʚ ʦʪʭʦʜʦʚ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʣʘʢʨʠʮʳ. 
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-ʠ ʙʦʩʠʤ ʪʘʲʩʠʨʠʜʘ ʚʘ ʜʦʠʤʠʡ ʥʘʤʣʘץʠʣʠʥʛʘʥ. ʊʘʰץ ʣʠʣ״ʘʤʜʘ, ʰ˄ʨʣʘʥʛʘʥ ʛʨʫʥʪʣʘʨʥʠ ʜʝʬʦʨʤʘʮʠʷ [ʦʩʩʘʣʘʨʠ ʪʘ״
ʥʠʰ ʥʘʪʠʞʘʩʠʜʘ ˄ʨʪʘʯʘ ʰ˄ʨʣʘʥʛʘʥ ʛʨʫʥʪʣʘʨʜʘ ʥʠʩʙʠʡ ʩʫʬʬʦʟʠʦʥ ʩʠץʠʣʠʰ ʪʫʟʣʘʨʥʠ ʵʨʠʰ ʜʘʨʘʞʘʩʠʛʘ ʙʦסʣʠץʣʠʛʠ 
ʣʘʙʦʨʘʪʦʨʠʷ ʪʘʜץʠץʦʪʣʘʨʠʜʘ ʘʥʠץʣʘʥʜʠ. 
ʊʘʷʥʯ ʩ˄ʟ ʚʘ ʠʙʦʨʘʣʘʨ: ʰ˄ʨʣʘʥʛʘʥ ʛʨʫʥʪ, ʘʩʦʩ, ʡ˄ʣ ʧʦʡʠ, ʰ˄ʨʣʘʥʛʘʥ ʛʨʫʥʪʣʘʨʥʠʥʛ ʜʝʬʦʨʤʘʮʠʷ ״ʦʩʩʘʣʘʨʠ, 

ʪʫʟʣʘʨ, ʵʨʫʚʯʘʥʣʠʢ ʜʘʨʘʞʘʩʠ, ʩʫʬʬʦʟʠʦʥ ʯ˄ʢʠʥʜʠ, ʩʪʘʙʠʣʣʘʰʛʘʥ ʜʝʬʦʨʤʘʮʠʷ. 

This article presents laboratory studies on sulphate and chloride-sulphate moderately saline soils used on the foundations 
and subgrade of roads and railways.  The deformation characteristics of saline soils, the formation of suffusion precipitation 
during long-term water filtration and leaching of salts are analyzed. Laboratory experiments have shown that the relative 
suffusion compression under the action of external pressure and constant moisture on moderately saline soils depends on 
the degree of salt dissolution. 

Key words: saline soil, foundations, subgrade, deformation characteristics of saline soil, salts, degrees of solubility, 
suffusion sedimentation, stabilized deformation. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʜ ʩʫʣʴʬʘʪʥʳʭ ʠ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʩʨʝʜʥʝʟʘʩʦʣʝʥ-
ʥʳʤʠ ʛʨʫʥʪʘʤʠ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʥʘ ʦʩʥʦʚʘʥʠʷʭ ʠ ʟʝʤʣʷʥʦʤ ʧʦʣʦʪʥʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ʇʨʦʘʥʘʣʠ-
ʟʠʨʦʚʘʥʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ 
ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʦʣʝʡ ʩʫʬʬʦʟʠʦʥʥʦʡ ʦʩʘʜʢʠ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠ-
ʦʥʥʦʝ ʩʞʘʪʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʥʘ ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʭ ʟʘʚʠʩʠʪ 
ʦʪ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʩʦʣʝʥʥʳʡ ʛʨʫʥʪ, ʦʩʥʦʚʘʥʠʷ, ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʦʣʝʥ-

ʥʦʛʦ ʛʨʫʥʪʘ, ʩʦʣʠ, ʩʪʝʧʝʥ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʩʫʬʬʦʟʠʦʥʥʘʷ ʦʩʘʜʢʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ. 
 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʳʭ ʤʘʪʝ-
ʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʳʭ ʠ ʜʝʰʝʚʳʭ ʢʦʥ-
ʩʪʨʫʢʪʠʚʥʳʭ ʩʣʦʝʚ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜ ʷʚʣʷʝʪʩʷ ʧʨʠ-
ʤʝʥʝʥʠʝ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ ʟʘʩʦʣʝʥʥʳʝ 
ʛʨʫʥʪʳ. 
ʂ ʟʘʩʦʣʝʥʥʳʤ ʦʪʥʦʩʷʪ ʜʠʩʧʝʨʩʥʳʝ ʛʨʫʥʪʳ ʧʫ-

ʩʪʳʥʥʳʭ ʠ ʧʦʣʫʧʫʩʪʳʥʥʳʭ, ʨʝʞʝ ʩʪʝʧʥʳʭ ʨʘʡʦʥʦʚ 

ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 
ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ (ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, ʢʘʨʙʦ-
ʥʘʪʦʚ ʠ ʜʨ.) [1, 2]. 
ʆʩʥʦʚʥʘʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʩʦʣʝʥ-

ʥʳʭ ʛʨʫʥʪʦʚ ï ʨʘʟʚʠʪʠʝ ʚ ʥʠʭ ʩʫʬʬʦʟʠʦʥʥʦʡ 
ʦʩʘʜʢʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠ-
ʚʘʥʠʷ ʠʟ ʥʠʭ ʩʦʣʝʡ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 
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ʚʦʜʳ. ʉʣʝʜʩʪʚʠʝʤ ʩʫʬʬʦʟʠʦʥʥʦʡ ʦʩʘʜʢʠ ʷʚʣʷʶʪʩʷ 
ʙʦʣʴʰʠʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʦʚʳʭ 
ʦʩʥʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ɿʘ ʩʯʝʪ ʚʳʱʝ-
ʣʘʯʠʚʘʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳ-
ʰʘʶʪʩʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢ ʦʩʥʦʚʘ-
ʥʠʶ ʜʦʨʦʛ [3]. 
ʇʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʩʦʣʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʭ ʜʝʣʷʪʩʷ ʥʘ 4 ʚʠʜʘ, ʧʝʨʝʯʠʩʣʝʥ-
ʥʳʭ ʚ ʪʘʙʣ.1: ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳʝ, ʩʨʝʜʥʦ ʨʘʩʪʚʦʨʠ-
ʤʳʝ, ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʠ ʦʯʝʥʴ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠ-
ʤʳʝ ʩʦʣʠ [4]. 

ʊʘʙʣʠʮʘ-1 
ɺʠʜʳ ʩʦʣʝʡ ʚ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʭ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ɺʠʜʳ ʉʪʝʧʝʥ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 
ɿʥʘʯʝʥʠʝ ʨʘʩʪʚʦ-
ʨʠʤʦʩʪʠ, ʛ/ʣ 

1 ʃʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳʝ ʙʦʣʴʰʝ 2,0 

2 ʉʨʝʜʥʦ ʨʘʩʪʚʦʨʠʤʳʝ 0,1 

3 ʊʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 0,1-0,001 

4 ʆʯʝʥʴ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʤʝʥʴʰʝ ʯʝʤ 0,001 
ʇʨʠʤʝʯʘʥʠʷ: 1) ʂ ʣʝʛʢʦ ʨʘʩʪʚʦʨʠʤʠʤ ʩʦʣʷʤ ʦʪʥʦʩʠʪʩʷ: 
ʭʣʦʨʠʜʳ NaCI, KCI, CaCI2, MgCl2; ʙʠʢʘʨʙʦʥʘʪʳ: Nʘʅʉʆ3, 
ʉʘ(ʅʉʆ3)2, ʄg(ʅʉʆ3)2; ʥʘʪʨʠʡ  ʢʘʨʙʦʥʘʪ Nʘ2ʉʆ3; ʤʘʛʥʠʡ 
ʠ ʥʘʪʨʠʡ ʩʫʣʴʬʘʪʳ MgSO4, Na2SO4; 2) ʂ ʣʝʛʢʦ ʨʘʩʪʚʦʨʠ-
ʤʠʤ ʩʦʣʷʤ ʦʪʥʦʩʠʪʩʷ ʛʠʧʩʳ CaSO4Ā2H2O ʠ ʘʥʛʠʜʨʠʪ 
CaSO4 

 

ʏʘʱʝ ʚʩʝʛʦ ʟʘʩʦʣʝʥʥʳʝ ʛʨʫʥʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 
ʨʘʡʦʥʘʭ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʂʘʟʘʭʩʪʘʥʘ, ʇʨʠʜʥʝʧʨʦ-
ʚʴʷ, ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ, ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʥʠʟ-
ʤʝʥʥʦʩʪʠ ʠ ʋʨʘʣʘ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦ-
ʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʦʞʥʦ ʠʟ-ʟʘ ʪʦʛʦ, 
ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʛʨʫʥʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 
ʚʦʟʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜ ʠʭ ɻ ʢʩʧʣʫ-
ʘʪʘʮʠʠ. 
ɺ ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʩʦʣʝʥ-

ʥʳʝ ʛʨʫʥʪʳ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ. ʅʘʠʙʦ-
ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʦʣʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʟʘʩʦ-
ʣʝʥʠʠ: NaCL, Na2SO4Ŀ10H2O, ʄgSO4Ŀ7H2O, 
ʄgCL2Ŀ6H2O, CaCL2Ŀ6H2O, NaHCO3, 
Na2CO3Ŀ10H2O, CaCO3 ʠ CaSO4Ŀ2H2O [5]. 
ʏʪʦʙʳ ʛʨʘʤʦʪʥʦ ʧʨʦʚʦʜʠʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ 

ʨʘʡʦʥʘʭ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʟʘʩʦʣʝʥʥʳʝ ʛʨʫʥʪʳ ʥʝʦʙ-
ʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʩʞʠʤʘʝʤʦʩʪʴ ʦʙʝʩʩʦʣʝʥʥʳʭ 
ʛʨʫʥʪʦʚ ʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʴ ʦʩ-
ʥʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʢʪʠʯʝʩʢʠʝ ʦʩʘʜʢʠ ʩʪʨʦʷ-
ʱʠʭʩʷ ʩʦʦʨʫʞʝʥʠʡ (ʘʚʪʦʤʦʙʠʣʴʥʳʝ, ʞʝʣʝʟʥʳʝ ʜʦ-
ʨʦʛʠ), ʢʦʪʦʨʳʝ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʭ ʠʥʦʛʜʘ ʚ ʥʝ-
ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʨʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ, ʧʨʝʢʨʘʪʷʪʩʷ ʠ ʚʦʟʤʦʞʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʫ-
ʜʫʪ ʧʨʝʜʦʪʚʨʘʱʝʥʳ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʩʦʣʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʛʨʫʥ-
ʪʘʭ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʜʨʫʟ, ʧʨʦʞʠʣʦʢ, ʢʦʥʮʝʥʪʨʠ-
ʨʦʚʘʥʥʳʭ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʜʘʞʝ ʩʦʜʝʨʞʘʪʩʷ ʚ 
ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ. ʅʘʡʪʠ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨ-
ʥʦʩʪʴ, ʯʪʦʙʳ ʧʨʦʚʦʜʠʪʴ ʙʝʟʦʧʘʩʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʧʦʤʦʞʝʪ ʮʝʣʝʥʘ-
ʧʨʘʚʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʩʦʣʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ 
ʛʨʫʥʪʦʚ, ʢʦʪʦʨʦʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʙʫʜʝʪ ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʩʧʦʩʦ-
ʙʘʤʠ ʠ ʤʝʪʦʜʘʤʠ. 
ʆʩʥʦʚʘʥʠʷ, ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʩʣʦʞʝʥʥʳʝ ʟʘʩʦʣʝʥʥʳʤʠ ʛʨʫʥ-
ʪʘʤʠ, ʜʦʣʞʥʳ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʠʭ ʦʩʦ-
ʙʝʥʥʦʩʪʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ 
ʩʦʣʝʡ ʩʫʬʬʦʟʠʦʥʥʦʡ ʦʩʘʜʢʠ. 

 

ʘ)    

ʙ)  
ʈʠʩʫʥʦʢ-1. ʘ) ɿʘʩʦʣʝʥʥʳʝ ʟʝʤʣʠ; ʙ) ʕʣʝʤʝʥʪʳ ʟʘʩʦʣʝʥ-

ʥʦʛʦ ʛʨʫʥʪʘ, ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʟʤʝʨ 1ʭ1000 
 

ʉʫʬʬʦʟʠʦʥʥʘʷ ʦʩʘʜʢʘ ʦʩʥʦʚʘʥʠʷ ssf, ʩʣʦʞʝʥ-
ʥʦʛʦ ʟʘʩʦʣʝʥʥʳʤʠ ʛʨʫʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨ-
ʤʫʣʝ [6]: 

n

sf sf ,i i

i 1

s h
=

= eä ,   (1) 

ʛʜʝ Ůsf,i ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ 
ʛʨʫʥʪʘ i-ʛʦ ʩʣʦʷ ʧʨʠ ʜʘʚʣʝʥʠʠ p, ʨʘʚʥʦʤ ʩʫʤʤʘʨ-
ʥʦʤʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘ-
ʝʤʦʡ ʛʣʫʙʠʥʝ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ůʟʧ ʠ ʩʦʙʩʪʚʝʥ-
ʥʦʛʦ ʚʝʩʘ ʛʨʫʥʪʘ ůʟʛ; hi ï ʪʦʣʱʠʥʘ i-ʛʦ ʩʣʦʷ ʟʘʩʦʣʝʥ-
ʥʦʛʦ ʛʨʫʥʪʘ; n ï ʯʠʩʣʦ ʩʣʦʝʚ, ʥʘ ʢʦʪʦʨʦʝ ʨʘʟʙʠʪʘ 
ʟʦʥʘ ʩʫʬʬʦʟʠʦʥʥʦʡ ʦʩʘʜʢʠ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ. 
ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ: 
-ʘʙʩʦʣʶʪʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ ȹhsf, ʤʤ, 
-ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ Ůsf, 
-ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ 

psf, ʄʇʘ. 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʫʣʴʬʘʪʥʳʭ ʠ ʭʣʦʨʠʜʥʦ-
ʩʫʣʴʬʘʪʥʳʭ ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʭ ʚ ʣʘʙʦʨʘ-
ʪʦʨʠʠ çɻʝʦʪʝʭʥʦʣʦʛʠʷè ʢʘʬʝʜʨʳ çɻʠʜʨʦʛʝʦʣʦʛʠʠ 
ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠè ʊʘʰʢʝʥʪʩʢʦʛʦ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʀʩ-
ʣʘʤʘ ʂʘʨʠʤʦʚʘ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ɻʇ 
çɻʀɼʈʆʀʅɻɽʆè ʠ ɻʋʇ çʆ'ɿɻɸʐʂʃʀʊʀè. 
ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʫʣʴʬʘʪʥʳʭ ʠ ʭʣʦ-

ʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ 
ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 
ʛʨʫʥʪʘ ʚ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʨʠʙʦ-
ʨʘʭ, ʠʩʢʣʶʯʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʢʦʚʦʛʦ ʨʘʩʰʠ-
ʨʝʥʠʷ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʝʛʦ ʚʝʨʪʠ-
ʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ. 
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ɺ ʩʦʩʪʘʚ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʛʨʫʥʪʘ ʥʘ 
ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ ʚʭʦʜʠʪʴ: ʢʦʤʧʨʝʩʩʠʦʥʥʦ-
ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʧʨʠʙʦʨ ʩ ʨʘʙʦʯʠʤ ʢʦʣʴʮʦʤ; ʤʝ-
ʭʘʥʠʟʤ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ 
ʛʨʫʥʪʘ; ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʜʝʬʦʨʤʘʮʠʡ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʤ-
ʧʨʝʩʩʠʦʥʥʦ-ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʙʳʣ ʦʙʝʩ-
ʧʝʯʝʥ: ʧʦʜʘʯʘ ʚʦʜʳ ʢ ʦʙʨʘʟʮʫ ʛʨʫʥʪʘ; ʦʪʚʦʜ ʚʦʜʳ, 
ʧʨʦʬʠʣʴʪʨʦʚʘʚʰʝʡʩʷ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ, ʠ 
ʥʘʢʦʧʣʝʥʠʝ ʝʝ ʚ ʤʝʨʥʦʤ ʩʦʩʫʜʝ; ʥʝʧʨʝʨʳʚʥʦ ʥʘ 
ʧʨʦʪʷʞʝʥʠʷ ʚʩʝʛʦ ʠʩʧʳʪʘʥʠʷ ʬʠʣʴʪʨʘʮʠʶ ʚʦʜʳ, 
ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʘ, ʧʝʨʚʦ-
ʥʘʯʘʣʴʥʳʡ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙʨʘʟʝʮ, ʩʦʟʜʘʶʱʠʡ ʚʝʩʦʤ 
ʰʪʘʤʧʘ ʠ ʟʘʢʨʝʧʣʝʥ ʥʘ ʥʝʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠ-
ʙʦʨʘʤʠ. 
ʇʨʦʚʝʜʝʥʥʳʝ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʛʨʫʥʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʩʭʝʤʝ ʥʠʩʭʦʜʷ-
ʱʝʛʦ ʠ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʬʠʣʴʪʨʫʶʱʝʡ ʞʠʜʢʦ-
ʩʪʠ. ʀʩʧʳʪʘʥʠʷ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ 
ʧʦ ʩʭʝʤʘʤ: 

-çʦʜʥʦʡ ʢʨʠʚʦʡè (ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʜʥʦʛʦ ʦʙ-
ʨʘʟʮʘ ʛʨʫʥʪʘ) ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʩʞʠʤʘʝʤʦʩʪʠ ʛʨʫʥʪʘ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦ-
ʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ ʧʨʠ 
ʦʜʥʦʤ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʜʘʚʣʝʥʠʷ; 

-çʪʨʝʭ ʢʨʠʚʳʭè (ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʪʨʝʭ ʦʙʨʘʟʮʦʚ 
ʛʨʫʥʪʘ) ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʞʠʤʘʝ-
ʤʦʩʪʠ ʛʨʫʥʪʘ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯ-
ʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʘʜʦʯʥʦʩʪʠ ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ. 
ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʧʦ ʩʭʝʤʝ çʦʜʥʦʡ ʢʨʠʚʦʡè 

ʥʘʛʨʫʟʢʫ ʥʘ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ 
ʧʨʦʠʟʚʝʜʝʥʦ ʩʪʫʧʝʥʷʤʠ ʥʘʛʨʫʞʝʥʠʷ ʜʦ ʟʘʜʘʥʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʧ ʘʥʘʣʦʛʠʯʥʦ ʢʦʤʧʨʝʩʩʠʦʥʥʦʤʫ ʠʩʧʳʪʘ-
ʥʠʶ. ʇʦʩʣʝ ʫʩʣʦʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʝʬʦʨʤʘʮʠʠ 
ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʧ ʙʳʣ ʥʝʦʙʭʦʜʠʤʦ ʟʘ-
ʤʦʯʝʥ ʚʦʜʦʡ, ʧʨʦʜʦʣʞʘʷ ʟʘʤʘʯʠʚʘʥʠʝ ʜʦ ʫʩʣʦʚʥʦʡ 
ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʩʘʜʢʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʩʘ-
ʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʯʠʥʸʥ ʥʝʧʨʝ-
ʨʳʚʥʳʡ ʬʠʣʴʪʨʘʮʠʷ ʚʦʜʳ ʯʝʨʝʟ ʦʙʨʘʟʝʮ (ʧʨʠ ʟʘ-
ʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧ) ʜʦ ʫʩʣʦʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ. 
ʀʩʧʳʪʘʥʠʝ ʧʦ ʩʭʝʤʝ çʪʨʝʭ ʢʨʠʚʳʭè ʧʨʦʚʝʜʸʥ 

ʥʘ ʪʨʝʭ ʦʙʨʘʟʮʘʭ ʛʨʫʥʪʘ ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ, 
ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʤʦʥʦʣʠʪʘ ʠ ʦʪʣʠʯʘʶʱʠʭʩʷ 
ʧʦ ʧʣʦʪʥʦʩʪʠ ʩʫʭʦʛʦ ʛʨʫʥʪʘ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,05 
ʛ/ʩʤ3 ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ (ʟʘʜʘʥʥʳʝ) ʩʪʝʧʝʥʴ ʟʘ-
ʩʦʣʝʥʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʛʨʫʥʪʘ. 
ʆʜʠʥ ʦʙʨʘʟʝʮ ʙʳʣ ʠʩʧʳʪʘʥ ʧʨʠ ʧʨʠʨʦʜʥʦʡ 

ʚʣʘʞʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʝ ʥʘ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ 
ʧʨʦʠʟʚʝʜʸʥ ʩʪʫʧʝʥʷʤʠ ʥʘʛʨʫʞʝʥʠʷ ʜʦ ʟʘʜʘʥʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʧ. 
ɺʪʦʨʦʡ ʦʙʨʘʟʝʮ ʧʝʨʝʜ ʥʘʛʨʫʞʝʥʠʝʤ ʟʘʤʦʯʝʥ ʜʦ 

ʧʦʣʥʦʛʦ ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʠ ʟʘʪʝʤ ʧʨʠʢʣʘʜʳʚʘʷ 
ʥʘʛʨʫʟʢʫ ʥʘ ʦʙʨʘʟʝʮ ʩʪʫʧʝʥʷʤʠ ʥʘʛʨʫʞʝʥʠʷ ʜʦ ʟʘ-
ʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʩʣʝ ʫʩʣʦʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʩʞʘʪʠʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʛʨʫʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣ 
ʥʘʯʥʸʥ ʥʝʧʨʝʨʳʚʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚʦʜʳ ʯʝʨʝʟ ʦʙ-
ʨʘʟʝʮ (ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧ) ʜʦ ʫʩʣʦʚʥʦʡ ʩʪʘ-
ʙʠʣʠʟʘʮʠʠ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ. 
ʊʨʝʪʠʡ ʦʙʨʘʟʝʮ ʟʘʤʦʯʝʥʦ ʜʦ ʧʦʣʥʦʛʦ ʚʦʜʦʥʘʩʳ-

ʱʝʥʠʷ (ʙʝʟ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʢʠ ʥʘ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ ʠ 

ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʘʨʨʝʪʠʨʘ) ʠ ʟʘʪʝʤ ʧʨʦʠʟʚʝʜʸʥ ʚʳ-
ʱʝʣʘʯʠʚʘʥʠʝ ʩʦʣʝʡ (ʨʘʩʩʦʣʝʥʠʝ ʛʨʫʥʪʘ) ʧʫʪʝʤ ʥʝ-
ʧʨʝʨʳʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ. ʇʦʩʣʝ ʫʩʣʦʚʥʦʛʦ 
ʨʘʩʩʦʣʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠʢʣʘʜʳʚʘʥʦ ʥʘʛʨʫʟʢʘ ʥʘ ʦʙ-
ʨʘʟʝʮ ʩʪʫʧʝʥʷʤʠ ʜʦ ʟʘʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧ, ʧʦʜʜʝʨ-
ʞʠʚʘʷ ʦʙʨʘʟʝʮ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
ɿʘ ʢʨʠʪʝʨʠʡ ʫʩʣʦʚʥʦʛʦ ʨʘʩʩʦʣʝʥʠʷ ʛʨʫʥʪʘ (ɓ1) 

ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʦʣʝʡ ʙʝʟ ʥʘʛʨʫʟʢʠ (ʧʨʠ ʠʩʧʳ-
ʪʘʥʠʠ ʧʦ ʩʭʝʤʝ çʪʨʝʭ ʢʨʠʚʳʭè) ʧʨʠʤʝʥʸʥ ʟʥʘʯʝʥʠʷ 
ɓ1 ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 
ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʫʩʣʦʚʥʦʛʦ ʨʘʩʩʦʣʝʥʠʷ ʛʨʫʥʪʘ 

ʉʦʜʝʨʞʘʥʠʝ 
ʚʦʜʦʨʘʩʪʚʦʨʠ-
ʤʳʭ ʩʦʣʝʡ, % 

ɿʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʫʩʣʦʚʥʦʛʦ ʨʘʩʩʦʣʝ-
ʥʠʷ ɓ1, ʜ.ʝʜ. 

ʇʝʩʦʢ ʉʫʧʝʩʴ ʉʫʛʣʠʥʦʢ 

< 5 0,80 0,65 0,60 

5ï10 0,85 0,70 0,65 

11ï20 0,90 0,80 0,75 

21ï30 0,95 0,90 0,85 

> 30 1,00 0,95 0,90 

 

ɿʘ ʢʨʠʪʝʨʠʡ ʫʩʣʦʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʬʬʦʟʠʦʥ-
ʥʦʛʦ ʩʞʘʪʠʷ ʛʨʫʥʪʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧ ʧʨʠʤʝ-
ʥʸʥ ʧʨʠʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ȹŮsf, ʥʝ 
ʧʨʝʚʳʰʘʶʱʝʝ 0,001 ʧʨʠ ʧʨʠʨʘʱʝʥʠʠ ʩʪʝʧʝʥʠ ʚʳʱʝ-
ʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ ȹɓʪ=0,1, ʩʪʝʧʝʥʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 
ʩʦʣʝʡ ɓʪ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 0,6. 
ʇʦʩʣʝ ʥʘʯʘʣʘ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʯʝʨʝʟ ʦʙʨʘʟʝʮ 

ʛʨʫʥʪʘ ʧʦʢʘʟʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʜʝʬʦʨʤʘʮʠʡ ʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥ ʚ ʧʝʨʚʳʡ ʯʘʩ ʯʝʨʝʟ 15 ʤʠʥ, ʜʘʣʝʝ ï ʯʝʨʝʟ 
ʯʘʩ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ, ʟʘʪʝʤ ʦʜʠʥ ʨʘʟ ʚ ʜʝʥʴ 
ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʛʨʫʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʣʝʛʢʦʨʘʩʪʚʦ-
ʨʠʤʳʝ ʩʦʣʠ, ʠ ʦʜʠʥ ʨʘʟ ʚ ʜʚʘ-ʪʨʠ ʜʥʷ ʧʨʠ ʠʩʧʳʪʘ-
ʥʠʠ ʛʨʫʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʥʝʨʘʩʪʚʦʨʠʤʳʝ 
ʩʦʣʠ. 
ɺ ʧʨʦʮʝʩʩʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ ʦʪʦʙʨʘʥ 

ʬʠʣʴʪʨʘʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʥʠʭ ʢʦʣʠʯʝʩʪʚʘ ʩʦ-
ʣʝʡ ʧʦ ʤʘʩʩʝ ʧʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ: ʧʝʨʚʳʡ ʬʠʣʴʪʨʘʪ ï 
ʧʦʩʣʝ ʩʙʦʨʘ 50 ʤʣ ʞʠʜʢʦʩʪʠ, ʚʪʦʨʦʡ ï ʯʝʨʝʟ 2ï3 
ʩʫʪ., ʜʘʣʝʝ ï ʦʜʠʥ ʨʘʟ ʚ ʥʝʜʝʣʶ ʧʨʠ ʠʩʧʳʪʘʥʠʠ 
ʛʨʫʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʠ 
ʦʜʠʥ ʨʘʟ ʚ ʜʚʝ ʥʝʜʝʣʠ ï ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʛʨʫʥʪʦʚ, 
ʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ. 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʨʘʙʦʯʠʡ ʢʦʣʴʮʦ ʩ 

ʚʣʘʞʥʳʤ ʛʨʫʥʪʦʤ ʚʟʚʝʰʠʚʘʚ, ʧʨʦʠʟʚʝʜʸʥ ʢʦʥ-
ʪʨʦʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʳʩʦʪʳ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʚ 
ʢʦʣʴʮʝ, ʦʧʨʝʜʝʣʸʥ ʚʣʘʞʥʦʩʪʴ ʛʨʫʥʪʘ ʠ ʤʘʩʩʫ ʩʫ-
ʭʦʛʦ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʩʦʣʝʡ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ m0, ʠ pʩʪʨ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʥʘʛʨʫ-
ʞʝʥʠʷ ʚʳʯʠʩʣʝʥʳ: 

-ʘʙʩʦʣʶʪʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ 
ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ (ȹh), ʤʤ, ʢʘʢ ʩʨʝʜʥʝʝ 
ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʧʦʢʘʟʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦ-
ʨʦʚ ʟʘ ʚʳʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʢʦʤʧʨʝʩ-
ʩʠʦʥʥʦʛʦ ʧʨʠʙʦʨʘ; 

-ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ 
ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ (Ů) ʧʦ ʬʦʨʤʫʣʝ [6]: 

ng

h
,

h

D
e=  (2) 

ʛʜʝ hng ï ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʨʘʚ-
ʥʦʤ ʥʘʧʨʷʞʝʥʠʶ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʛʨʫʥʪʘ ʥʘ 
ʛʣʫʙʠʥʝ ʦʪʙʦʨʘ ʦʙʨʘʟʮʘ ʟʘ ʚʳʯʝʪʦʤ ʘʙʩʦʣʶʪʥʦʡ 
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ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʠ. 
ʇʦ ʚʳʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘ-

ʚʠʩʠʤʦʩʪʠ Ů=f (ů) (ʨʠʩ. 2, ʘ). ɺʦ ʚʨʝʤʷ ʥʘʙʫʭʘʥʠʷ ʟʘ-
ʩʦʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʦ ʩʭʝʤʝ çʪʨʝʭ ʢʨʠ-
ʚʳʭè ʦʧʨʝʜʝʣʝʥʦ ʩʚʦʙʦʜʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʥʘʙʫʭʘ-
ʥʠʝ Ůsw, ʘ ʪʦʯʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Ůsw ʚʢʣʶʯʝʥ ʚ ʛʨʘ-
ʬʠʢ Ů =f(ů) ʦʪʢʣʘʜʳʚʘʷ ʝʝ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ʚʚʝʨʭ ʦʪ ʦʩʠ 
ʘʙʩʮʠʩʩ. 

     

 
ʈʠʩʫʥʦʢ-2. ʆʬʦʨʤʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʟʘ-
ʩʦʣʝʥʥʦʛʦ ʛʨʫʥʪʘ ʧʨʠ ʩʞʘʪʠʠ ʚ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-

ʬʠʣʴʪʨʘʮʠʦʥʥʦʤ ʧʨʠʙʦʨʝ: 
ʘ) ʛʨʘʬʠʢ Ů=f(ů) (ʧʦ ʩʭʝʤʝ çʦʜʥʦʡ ʢʨʠʚʦʡè), ʙ) ʛʨʘʬʠʢ 
Ůsf=f(ɓʪ); ʚ) ʛʨʘʬʠʢ Ů=f(ů) (ʧʦ ʩʭʝʤʝ çʪʨʝʭ ʢʨʠʚʳʭè) 
ʇʦ ʨʠʩʫʥʢʝ ʘ ʠ ʙ; 1 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ ʛʨʫʥʪʘ 
ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ; 2 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ 
ʛʨʫʥʪʘ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ; 3 ï ʦʪʥʦʩʠʪʝʣʴ-
ʥʦʝ ʩʞʘʪʠʝ ʛʨʫʥʪʘ ʚʳʱʝʣʦʯʝʥʥʦʛʦ ʙʝʟ ʥʘʛʨʫʟʢʠ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ; 4 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ 
ʛʨʫʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʤʘʯʠʚʘʥʠʷ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦ-
ʩʘʜʦʯʥʦʩʪʴ) ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ; 5 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ 
ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ ʛʨʫʥʪʘ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ 
ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ; 6 ï ʜʝʬʦʨʤʘʮʠʷ ʛʨʫʥʪʘ ʧʨʠ ʥʘʙʫʭʘ-
ʥʠʠ Ůsw; 7 ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥ-
ʥʦʛʦ ʩʞʘʪʠʷ Ůsf ʦʪ ʜʘʚʣʝʥʠʷ ʧsf ï ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 
ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ) 
ʇʦ ʨʠʩʫʥʢʝ ʚ; 1 ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦ-
ʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ ʦʪ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ, ʧʦ-
ʣʫʯʘʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʧʨʠ ɼ>ɼ0; 2 
ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘ-
ʪʠʷ ʦʪ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ, ʧʨʠ ɼ<ɼ0; 3 ï 
ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ 

ʛʨʫʥʪʘ Ůsf ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʦ ʩʭʝʤʝ çʦʜʥʦʡ ʢʨʠ-
ʚʦʡè ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʩʘʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 
ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 
ʩʞʘʪʠʝ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 
ʥʝʧʨʝʨʳʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʧʦ ʬʦʨʤʫʣʝ [6]: 

sat,p sf ,psf

sf

ng ng

h hh
,

h h

-D
e = =        (3)

 
ʛʜʝ ȹhsf ï ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ ʛʨʫʥʪʘ ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ (ʘʙʩʦ-
ʣʶʪʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ), ʤʤ; hsat,p ï ʚʳʩʦʪʘ 
ʦʙʨʘʟʮʘ ʟʘʤʦʯʝʥʥʦʛʦ ʛʨʫʥʪʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝ-
ʥʠʠ, ʤʤ; hsf,p ï ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʦʩʣʝ ʩʞʘʪʠʷ 
ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʠ ʧʨʠ 
ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʤʤ. 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ 

ʛʨʫʥʪʘ Ůsf ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʧʦ ʩʭʝʤʝ çʦʜʥʦʡ ʢʨʠ-
ʚʦʡè ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʩʘʜʦʯʥʳʭ ʜʝʬʦʨʤʘ-
ʮʠʡ ʦʧʨʝʜʝʣʸʥ ʧʦ ʬʦʨʤʫʣʝ [6]: 

p sf ,psf

sf

ng ng

h hh
,

h h

-D
e = =    (4) 

ʛʜʝ hp ï ʚʳʩʦʪʘ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ 
ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʤʤ. 
ʆʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʘʜʦʯʥʦʩʪʴ Ůsf ʧʦ ʨʘʟʥʳʤ 

ʜʘʚʣʝʥʠʷʤ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʩʭʝʤʝ çʪʨʝʭ ʢʨʠ-
ʚʳʭè ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʦʙʨʘʟʮʦʚ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦ-
ʩʪʦʷʥʠʠ Ůsat,p  ʠ ʧʨʠʨʦʜʥʦʡ ʚʣʘʞʥʦʩʪʠ Ůw. 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ Ůsf ʧʦ 

ʨʘʟʥʳʤ ʜʘʚʣʝʥʠʷʤ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦ ʩʭʝʤʝ 
çʪʨʝʭ ʢʨʠʚʳʭè ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝ-
ʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʦʙʨʘʟʮʦʚ ʚʳʱʝʣʦ-
ʯʝʥʥʦʛʦ ʛʨʫʥʪʘ ʠ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘ-

ʪʠ ̫psf, ʄʇʘ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʛʨʘʬʠʢʫ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ ʦʪ 
ʜʘʚʣʝʥʠʷ Ůsf=f(ů) ʧʨʠʥʠʤʘʷ ʟʘ paf ʜʘʚʣʝʥʠʝ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ 
ʩʦʩʪʘʚʣʷʝʪ 0,01 (ʨʠʩ. 2, ʚ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʬ-
ʬʦʟʠʦʥʥʦʝ ʩʞʘʪʠʝ ʚʳʯʠʩʣʝʥ ʩ ʪʦʯʥʦʩʪʴʶ 0,001, 
ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ ï ʩ 
ʪʦʯʥʦʩʪʴʶ 0,02 ʄʇʘ. 
ɺ ʧʨʦʮʝʩʩʝ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʠʩʧʳʪʘʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 
ʚʦʜʳ ʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧ ʩʦʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ 
Ůsf ʦʪ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ ɓʪ (ʨʠʩ. 2, 
ʙ), ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ: 

 (5) 
ʛʜʝ k ï ʯʠʩʣʦ ʦʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʬʠʣʴ-
ʪʨʘʮʠʠ ʟʘ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ; ɺwï ʦʙʲʝʤ ʚʦʜʳ, ʧʨʦ-
ʬʠʣʴʪʨʦʚʘʚʰʝʡʩʷ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ ʟʘ ʧʝʨʠʦʜ 
ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ 

ʧʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ, ʣ; X ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 
ʟʥʘʯʝʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʣʦʪ-
ʥʦʛʦ ʦʩʪʘʪʢʘ ʬʠʣʴʪʨʘʪʦʚ ʟʘ ʚʳʯʝʪʦʤ ʧʣʦʪʥʦʛʦ 
ʦʩʪʘʪʢʘ ʬʠʣʴʪʨʫʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʛ/ʣ; Dsal ï ʩʪʝʧʝʥʴ 
ʟʘʩʦʣʝʥʥʦʩʪʠ ʛʨʫʥʪʘ (ʧʨʠʥʠʤʘʶʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʦʧʨʝʜʝʣʝʥʠʡ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʥʦʩʪʠ ʤʦʥʦ-
ʣʠʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʨʝʟʘʶʪ ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ), ʜ. ʝʜ.; 
ʤ0 ï ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 
ʠʩʧʳʪʘʥʠʡ, ʛ. 
ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʬʠʣʴʪʨʘʮʠʦʥ-

ʥʦʛʦ ʠʩʧʳʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ 
ʙʝʟ ʥʘʛʨʫʟʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʛʨʫʞʝʥʠʷ ʦʙʨʘʟʮʘ 
ʧʨʦʠʟʚʝʜʝʥʦ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʛʨʘʬʠʢʘ Ůsf=f(ɓʪ) ʧʦʜʩʪʘʚ-
ʣʷʷ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ɓʪ ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʷ Dsal  
ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ 
ʛʨʫʥʪʘ D0,sal: 

 (6) 
ʛʜʝ mf ï ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʧʦʩʣʝ ʦʢʦʥ-
ʯʘʥʠʷ ʠʩʧʳʪʘʥʠʷ, ʛ; D1 ï ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʥʦʩʪʠ ʦʙ-
ʨʘʟʮʘ ʛʨʫʥʪʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʩʧʳʪʘʥʠʷ. 
ɼʣʷ ʨʘʩʯʝʪʦʚ ʩʫʬʬʦʟʠʦʥʥʦʡ ʦʩʘʜʢʠ ʦʩʥʦʚʘ-

ʥʠʷ ʩʦʦʨʫʞʝʥʠʡ I ʠ II ʫʨʦʚʥʝʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ 
ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʦʨʫʞʝʥʠʡ III 
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ʫʨʦʚʥʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ esf, ʛʣʠʥʠ-
ʩʪʳʭ ʟʘʛʠʧʩʦʚʘʥʥʳʭ ʛʨʫʥʪʦʚ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ: 

-ʩʫʛʣʠʥʢʘʤʠ ʩ w = 0,02ï0,04; IL=0,08ï0,12;  

rʜ =1,2ï1,6 ʛ/ʩʤ3; ʝ = 0,75ï1,1; 
-ʩʫʧʝʩʷʤʠ ʩ w = 0,01ï0,03; IL = 0,03ï0,07;  

rʜ  = 1,4ï1,45 ʛ/ʩʤ3; ʝ = 0,9ï1,0, 
ʧʦ ʬʦʨʤʫʣʝ: 

esf = k1ʜ0rʜb ʥ/rg,    (7) 
ʛʜʝ k1 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʠʜʘ 

ʛʨʫʥʪʘ, ʩʦʜʝʨʞʘʥʠʷ ʛʠʧʩʘ ʠ ʜʘʚʣʝʥʠʷ, ʧʨʠʥʠʤʘ-
ʝʪʩʷ ʧʦ ʪʘʙʣ. 3; ʜ0 ï ʥʘʯʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʧʩʘ ʚ 

ʛʨʫʥʪʝ; rʜ ï ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʛʨʫʥʪʘ, 
ʛ/ʩʤ3; rg ï ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʛʠʧʩʘ, ʛ/ʩʤ3; b ï ʩʪʝ-
ʧʝʥʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ; ʧ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠʤʘ-
ʝʤʳʡ ʜʣʷ ʩʫʛʣʠʥʢʦʚ ʨʘʚʥʳʤ 1, ʜʣʷ ʩʫʧʝʩʝʡ ï 1/3. 

 
ʊʘʙʣʠʮʘ 3. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢ1 ʜʣʷ ʨʘʟʥʳʭ ʚʠʜʦʚ ʛʨʫʥʪʦʚ 

ɺʠʜ 
ʛʨʫʥʪʘ 

ʉʦʜʝʨʞʘʥʠʝ 
ʛʠʧʩʘ, ʜ. ʝʜ 

ʂʦʵʬʬʠʮʠʝʥʪ ʢ1 ʧʨʠ ʜʘʚʣʝ-
ʥʠʠ, ʄʇʘ 

0,1 0,2 0,3 0,4 

ʉʫʧʝʩʴ 

0,1 0,86 0,70 0,52 0,43 

0,2 0,95 0,90 0,83 0,76 

0,3 0,97 0,95 0,90 0,85 

ʉʫʛʣʠ-
ʥʦʢ 

0,1 0,08 0,15 0,30 0,46 

0,2 0,15 0,27 0,50 0,84 

0,3 0,45 0,60 0,80 1,10 

0,4 0,85 0,96 1,07 1,30 

0,5 1,08 1,15 1,22 1,38 

 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʩʫʬʬʦʟʠ-
ʦʥʥʦʛʦ ʩʞʘʪʠʷ ʟʘʛʠʧʩʦʚʘʥʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʩʫʧʝʩʝʡ 
ʪʘʢʞʝ ʜʦʧʫʩʢʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʪʘʙʣ. 4. 

 
ʊʘʙʣʠʮʘ 4 

ʅʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʫʭʦʛʦ ʛʨʫʥʪʘ, ʢʦʵʬ-
ʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʬʬʦʟʠʦʥ-
ʥʦʛʦ ʩʞʘʪʠʷ ʟʘʛʠʧʩʦʚʘʥʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʩʫʧʝʩʝʡ 

ɻ
ʨ
ʫ
ʥ
ʪ

 

ʉʪʝʧʝʥʴ ʟʘʩʦ-
ʣʝʥʠʷ 

ʉʦ-
ʜʝʨ-
ʞʘʥʠʝ 
ʛʠʧʩʘ, 

% 

ʇʣʦʪ-
ʥʦʩʪʴ 
ʩʫʭʦʛʦ 
ʛʨʫʥʪʘ 
ɟʜ, ʛ/ʩʤ

3 

ʂʦʵʬʬʠ-
ʮʠʝʥʪ 
ʬʠʣʴʪʨʘ-
ʮʠʠ 

kf, ʩʤ/ʩ 

ʆʪʥʦʩʠ-
ʪʝʣʴʥʦʝ 
ʩʫʬʬʦʟʠ-
ʦʥʥʦʝ 

ʩʞʘʪʠʝ, esf 

ʩ
ʫ
ʛ
ʣ
ʠ
ʥ
ʦ
ʢ

 

ʅʝʟʘʛʠʧʩʦ-
ʚʘʥʥʳʡ 

<5 1,60ï1,65 10ï7 <0,005 

ʉʣʘʙʦʟʘʛʠʧ-
ʩʦʚʘʥʥʳʡ 

5ï10 1,55ï1,60 10ï6ï10ï7 
0,005ï
0,01 

ʉʨʝʜʥʝʟʘʛʠʧ-
ʩʦʚʘʥʥʳʡ 

10ï20 1,45ï1,55 10ï5ï10ï6 0,10ï0,05 

ʉʠʣʴʥʦʟʘʛʠʧ-
ʩʦʚʘʥʥʳʡ 

20ï35 1,40ï1,50 10ï4ï10ï5 0,05ï0,18 

ʀʟʙʳʪʦʯʥʦʟʘ-
ʛʠʧʩʦʚʘʥʥʳʡ 

>35 1,25ï1,40 10ï3ï10ï4 >0,18 

ʩ
ʫ
ʧ
ʝ
ʩ
ʴ

 

ʅʝʟʘʛʠʧʩʦ-
ʚʘʥʥʳʡ 

<5 1,45ï1,55 10ï6 <0,01 

ʉʣʘʙʦʟʘʛʠʧ-
ʩʦʚʘʥʥʳʡ 

5ï10 1,40ï1,50 10ï5ï10ï6 0,01ï0,03 

ʉʨʝʜʥʝʟʘʛʠʧ-
ʩʦʚʘʥʥʳʡ 

10ï20 1,35ï1,45 10ï4ï10ï5 0,04ï0,10 

ʉʠʣʴʥʦʟʘʛʠʧ-
ʩʦʚʘʥʥʳʡ 

20ï30 1,35ï1,40 10ï3ï10ï4 0,10ï0,17 

ʀʟʙʳʪʦʯʥʦʟʘ-
ʛʠʧʩʦʚʘʥʥʳʡ 

>30 1,30ï1,40 10ï3ï10ï4 >0,17 

ʆʩʥʦʚʘʥʠʷ, ʟʝʤʣʷʥʦʝ ʧʦʣʦʪʥʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ 
ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʩʣʦʞʝʥʥʳʝ ʩʫʣʴʬʘʪʥʳʭ ʠ ʭʣʦ-
ʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʤʠ 
ʜʦʣʞʥʳ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʠʭ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ: 

-ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʬʬʦʟʠʦʥʥʦʡ ʦʩʘʜʢʠ ssf ʧʨʠ ʜʣʠ-
ʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʦ-
ʣʝʡ; 

-ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʦʣʝʡ 
ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ, ʩʦʧʨʦʚʦʞ-
ʜʘʶʱʝʝʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʝʥʠʝʤ ʝʛʦ ʧʨʦʯʥʦʩʪ-
ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

-ʧʦʚʳʰʝʥʥʫʶ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢ 
ʤʘʪʝʨʠʘʣʘʤ ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘ ʩʯʝʪ ʨʘʩ-
ʪʚʦʨʝʥʠʷ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʛʨʫʥʪʝ. 
ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʟʘʩʦʣʝʥʥʳʭ 

ʛʨʫʥʪʘʭ ʧʨʠ ʠʭ ʟʘʤʘʯʠʚʘʥʠʠ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ 
ʧʨʦʩʘʜʢʘ ʠʣʠ ʥʘʙʫʭʘʥʠʝ. 
ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨ-

ʞʘʥʠʷ ʩʦʣʝʡ ʚ ʛʨʫʥʪʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʨʠʛʦʜ-
ʥʦʩʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʮʝʣʷʭ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʤʝʨʦ-
ʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʘʚʘ ʠʣʠ ʧʦ ʟʘʱʠʪʝ ʟʘ-
ʩʦʣʝʥʥʳʭ ʛʨʫʥʪʦʚ ʦʪ ʚʦʜʳ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʬ-
ʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʨʫʥʪʘ, ʭʘ-
ʨʘʢʪʝʨʘ ʟʘʩʦʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʦʨʫ-
ʞʝʥʠʷ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʛʨʫʥʪʘʭ. 
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INNOVATIVE ROAD BUILDING MATERIALS AND MODERN TECHNOLOGIES IN 

HIGHWAY ENGINEERING  
 

Beketov Amir, Khalimova Shakhnoza.  Tashkent State Transport University 
 

Maqolada innovatsion yo'l qurilish materiallari va yo'l muhandisligidagi zamonaviy texnologiyalar o'rganilgan. Quyosh 
nuridan quvvatlanuvchi, plastik va asfalt yo'llarning xususiyatlari qiyosiy tahlil qilingan. Tezkor bildirishnomalar uchun ilova 
bilan yo'llarni saqlash texnologiyasidan foydalanish misoli keltirilgan. 

Kalit so'zlar: yo'l muhandisligi, innovatsion texnologiyalar, zamonaviy texnologiyalar, yo'l qurilish materiallari. 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʜʦʨʦʞʥʦʡ ʠʥ-
ʞʝʥʝʨʠʠ. ʉʜʝʣʘʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʣʥʝʯʥʳʭ, ʧʣʘʩʪʠʢʦʚʳʭ ʠ ʘʩʬʘʣʴʪʦʚʳʭ ʜʦʨʦʛ. ʇʨʠʚʝʜʸʥ ʧʨʠ-
ʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʨʦʛ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʤʛʥʦʚʝʥʥʳʭ ʫʚʝʜʦʤʣʝʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʨʦʞʥʘʷ ʠʥʞʝʥʝʨʠʷ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʨʦʞʥʦ-ʩʪʨʦʠ-

ʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

The article studies innovative road building materials and modern technologies in highway engineering. A comparative 
analysis of the features of solar, plastic and asphalt roads are made. An example of using road maintenance technology with an 
application for instant notifications is given. 

Keywords: highway engineering, innovative technologies, modern technologies, road building materials. 
 

Despite todayôs horrible traffic congestion, it is 
tough gaining support for expanded road capacity. 
Amassing the funds for major urban expressway 
projects is slow under centrally allocated trust funding 
because of the political pressure to spread annual 
appropriations over most districts and different modes. 
Many planners and transit advocates are quietly happy 
with the growing misery of road congestion. They 
believe public policy should drive people to transit 
use, or to higher density living near their jobs. Others 
believe that no matter how much road capacity we add, 
it will simply fill up to congested levels. But perhaps 
the most widespread belief is that there is simply no 
room left to expand urban highways without enormous 
negative consequences. 
Compounding the problem is that people donôt like 

the look or feel of many of our big highways. They 
have gotten so large and so bleak that they are 
offensive, like some kind of alien implant in our urban 
areas. A dislike of highways predisposes people to 
dislike all proposed new road projects, even those that 
are designed with more concern for aesthetics and 
better mitigation of impacts [1]. 

Solar and Plastic roadways are designed to 
outperform asphalt in many key technical, 
economical, and performance aspects as shown in 
Table 1. 

Table 1.  
Comparison between solar, plastic and asphalt roadways [3] 

Surface Features 
Solar 
Road-
ways 

Plastic 
Road-
ways 

Asphalt 
Road-
ways 

Flat place to walk and drive + + + 

Rough to allow traction and skid 
resistance 

+ + + 

Can be designed and engineered + + + 

Water can be stored, treated or 
moved 

+ + + 

Doesnôt soften at high temperatures + +  

Generates energy +   

Intelligent Traffic System +   

LED lights for lines and signage +   

Remains snow/ice free +   

Impervious to potholes + +  

Modular for faster installation  +  

Modular for faster maintenance + +  

Surface Features 
Solar 
Road-
ways 

Plastic 
Road-
ways 

Asphalt 
Road-
ways 

Requires no paint +   

Has ROI +   

Facilitates energy independence +   

Can charge EVs with clean energy +   

Long life span ï up to three times  +  

Sustainable ï made of recycled 
material 

 +  

Light weight  +  

Passed the test of time   + 

Mass production and usage 
experience 

  + 

 

Solar roadways are an innovative technology, 
which supports the recent rise of electric vehicles and 
the global pressing need for sustainability and clean 
energy. The innovation is still under research and 
development; however, it can now be applied 
strategically at small scale e.g., around public facilities 
such as FIFA 2022 stadiums or public parks, even for 
pedestrians only, just to show the world commitment 
to innovation, sustainability and clean energy [2, 3]. 

Plastic roadways is an innovative answer to the 
long due problems of traditional asphalt and concrete 
roads. Imagine constructing stretches of roads ówithin 
daysô instead of months. Visualize a long-lasting road 
without a need for regular road maintenance and 
traffic disruptions. Envision being able to preserve 
your assets without nuisance while ensuring 
sustainability and supporting the campaign for a 
greener environment by recycling plastic wastes. 

In recent years, taking advantage of the Internet 
communications revolution, several road services 
around the world have begun to implement 
"application-based road maintenance". Taking good 
care of public assets so they last longer in a safer and 
tactful condition is a primary goal for road authorities. 
Using app-aided technology to achieve this goal is a 
well-developed concept that is ready for application in 
the State of Uzbekistan immediately. The idea is to 
deploy the mobile app as shown in Figure 1. 
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Figure 1. Road maintenance technology with instant 

notification app - GLOCAL-EYEZ. 
 

GLOCAL-EYEZ (widely used in Japan and 
overseas) passed the performance verification test for 
automatic road condition evaluation (First 
smartphone-based technology to pass both crack ratio 
and flatness tests) [4]. 

Innovation is essential for the growth and 

prosperity of businesses and economies. The surface 
transport sector, usually represented by roads of 
various sizes and uses, requires serious innovation 
supported by top management. 
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ʂɸʄ ʉʋɺ ʊɸʃɸɹʏɸʅ ʎɽʄɽʅʊʃɸʈ ɺɸ ʀʃʄʀʁ ʀɿʃɸʅʀʐ ʀʐʃɸʈʀʅʀʅɻ 

 ʆʃɸʊʀ׳
 

ʄʫ״ʘʤʤʘʜʠʝʚ ʀʩʢʘʥʜʘʨ ɸʭʪʘʤʦʚʠʯ - ʪʘʷʥʯ ʜʦʢʪʦʨʘʥʪ 
ʉʘʤʘʨץʘʥʜ ʜʘʚʣʘʪ ʘʨʭʠʪʝʢʪʫʨʘ ץʫʨʠʣʠʰ ʫʥʠʚʝʨʩʠʪʝʪʠ 

 
ɾʘ״ʦʥʜʘ ʤʠʥʝʨʘʣ ʙʦסʣʦʚʯʠ ʤʦʜʜʘʣʘʨ ʚʘ ʫʣʘʨ ʘʩʦʩʠʜʘʛʠ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʪʘʜץʠץ ʵʪʠʰ ʙʠʣʘʥ ʰʫסʫʣʣʘʥʫʚʯʠ 

ʝʪʘʢʯʠ ʠʣʤʠʡ ʤʘʨʢʘʟʣʘʨʠ ʚʘ ʦʣʠʡ ʪʘʲʣʠʤ ʤʫʘʩʩʘʩʘʣʘʨʠ ʠʣʤʠʡ ʣʘʙʦʨʘʪʦʨʠʷʣʘʨʠʜʘ ʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ʘʪʨʦʬ-
ʤʫ״ʠʪʛʘ ʢʘʨʙʦʥʘʪ ʘʥʛʠʜʨʠʜ ʛʘʟʠ ʘʞʨʘʣʠʙ ʯʠץʠʰʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ʤʘ״ʘʣʣʠʡ ʭʦʤʘʰʸ ʚʘ 
ʩʘʥʦʘʪ ʯʠץʠʥʜʠʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ, ʤʘʡʜʘʣʘʰ ʞʘʨʘʸʥʠʜʘ ʢʠʤʸʚʠʡ ץ˄ʰʠʤʯʘʣʘʨ ʚʘ ʤʝʭʘʥʠʢ ʫʩʫʣʜʘ ʬʘʦʣʣʘʰʪʠ-
ʨʠʰʜʘʥ ʫʥʫʤʣʠ ʬʦʡʜʘʣʘʥʠʰʛʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʢ˄ʧʣʘʙ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ. ɹʫ ʙʦʨʘʜʘ ʘʤʘʣʛʘ 
ʦʰʠʨʠʣʘʸʪʛʘʥ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨʜʘ ʤʘ״ʘʣʣʠʡ ʭʦʤʘʰʸ ʚʘ ʪʝʭʥʦʛʝʥ ʯʠץʠʥʜʠʣʘʨ, ʰʫʥʠʥʛʜʝʢ, ʩʠʨʪ ʬʘʦʣ ʤʦʜʜʘʣʘʨʜʘʥ 
ʬʦʡʜʘʣʘʥʠʙ, ʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʢʣʠʥʢʝʨʠʥʠ ʠץʪʠʩʦʜ ץʠʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʫʚʯʠ ʢʘʤ ʩʫʚ ʪʘ-
ʣʘʙʯʘʥ ʙʦסʣʦʚʯʠʣʘʨ ʚʘ ʫʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʵʥʝʨʛʠʷʩʘʤʘʨʘʜʦʨ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʤʘץʙʫʣ ʪʘʨʢʠʙʣʘʨʠʥʠ 
ʠʰʣʘʙ ʯʠץʠʰ, ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ʷʨʘʪʠʰ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʮʝʤʝʥʪ, ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ, ʢʘʤ ʩʫʚ ʪʘʣʘʙʯʘʥ ʙʦסʣʦʚʯʠ. 

ɺ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠ-
ʷʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʤʠʨʝ, ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ, 
ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ. ɺʝʜʝʪʩʷ ʙʦʣʴʰʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʵʬʬʝʢ-
ʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʘʮʠʠ ʚ ʩʧʦʩʦʙʝ. ɺ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʵʪʦʡ ʩʚʷʟʠ, ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ 
ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʣʦʚʦʜʦʝʤʢʠʭ ʚʷʞʫʱʠʭ, ʧʦʟʚʦ-
ʣʷʶʱʠʭ ʵʢʦʥʦʤʠʪʴ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʮʝʤʝʥʪʘ, ʠʩʧʦʣʴʟʫʷ ʤʝʩʪʥʦʝ ʩʳʨʴʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ. ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʇɸɺ, ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʤʝʥʪ, ʤʠʢʨʦʢʨʝʤʥʝʟʝʤ, ʚʷʞʫʱʠʡ ʥʠʟʢʠʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ. 

 

ʎʝʤʝʥʪ ʩʘʥʦʘʪʠ ʩ˄ʥʛʛʠ 150 ʡʠʣ ʠʯʠʜʘ ʘץʣ ʙʦʚʘʨ 
 ʦʟʠʨʜʘ״ ʠʣʤʘʡʜʠʛʘʥ ʩʫʨʲʘʪʣʘʨʜʘ ʨʠʚʦʞʣʘʥʜʠ ʚʘץ
ʮʝʤʝʥʪʥʠʥʛ ʞʘ״ʦʥ ʠʩʪʝʲʤʦʣʠ ʡʠʣʠʛʘ 4,65 ʤʠʣʣʠ-
ʘʨʜ ʪʦʥʥʘʜʘʥ ʦʨʪʠץʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ [1]. ʎʝʤʝʥʪ 
ʙʝʪʦʥʥʠʥʛ ʘʩʦʩʠʡ ʪʘʨʢʠʙʠʡ ץʠʩʤʠ ʙ˄ʣʠʙ, ʙʝʪʦʥ 
ʵʩʘ ʜʫʥʸʜʘʛʠ ʘʩʦʩʠʡ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʠ, ʥʠʩʙʘʪʘʥ 
ʘʨʟʦʥ, ʬʦʡʜʘʣʘʥʠʰʜʘ ʢ˄ʧ ץʠʨʨʘʣʠ, ʤʘʚʞʫʜ ʭʦʤʘ-
ʰʸʜʘʥ ʢʘʤ ʵʥʝʨʛʠʷ ʩʘʨʬʣʘʡʜʠʛʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 
ʸʨʜʘʤʠʜʘ ʦʣʠʥʘʜʠ. ʎʝʤʝʥʪ ʩʘʥʦʘʪʠʥʠʥʛ ʨʠʚʦʞʣʘ-
ʥʠʰ ʩʫʨʲʘʪʣʘʨʠ ʞʘ״ʦʥ ʷʣʧʠ ʠʯʢʠ ʤʘ״ʩʫʣʦʪʠʥʠʥʛ 
˄ʩʠʰ ʩʫʨʲʘʪʣʘʨʠʜʘʥ 1,5-2 ʙʘʨʘʚʘʨ ʶץʦʨʠ, ʘʤʤʦ 
ʫʣʘʨ ʙʫʪʫʥ ʜʫʥʸ ʚʘ ʘʣʦ״ʠʜʘ ʤʘʤʣʘʢʘʪʣʘʨ ʠץʪʠʩʦ-
ʜʠʸʪʠʜʘʛʠ ʪʝʙʨʘʥʠʰʣʘʨʛʘ ץʘʨʘʙ ʢʫʯʣʠ ˄ʟʛʘʨʠʰ-
ʣʘʨʛʘ ʜʫʯʦʨ ʙ˄ʣʘʜʠʣʘʨ. ɼʫʥʸʜʘ ʮʝʤʝʥʪ ʠʩʪʝʲʤʦʣʠ 
ʪʘ״ʣʠʣʠ [2ï3] ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʫʥʠʥʛ ˄ʩʠʰʠ ˄ʟ 
ʠʥʬʨʘʪʫʟʠʣʤʘʩʠʥʠ ʨʠʚʦʞʣʘʥʪʠʨʘ ʙʦʰʣʘʛʘʥ, 
ʘ״ʦʣʠ ʚʘ ʷʣʧʠ ʠʯʢʠ ʤʘ״ʩʫʣʦʪʥʠʥʛ ʢ˄ʧʘʡʠʰʠ, ״ʘ-
ʸʪʥʠ ʢʝʥʛʘʡʪʠʨʠʰ ʟʘʨʫʨʘʪʠ ʪʫסʠʣʛʘʥʜʘ ʢʫʟʘʪʠʣ-
ʤʦץʜʘ. 

ɾʠ״ʦʟʣʘʥʠʰʠ ʢʝʨʘʢ ʙ˄ʣʛʘʥ ʞʦʡʣʘʨ: ʪʫʨʘʨ-ʞʦʡ 
ʙʠʥʦʣʘʨʠ, ʩʘʚʜʦ ʤʘʨʢʘʟʣʘʨʠ, ʡ˄ʣʣʘʨ, ʠʰʣʘʙ 
ʯʠץʘʨʠʰ ʤʘʡʜʦʥʣʘʨʠ ʚʘ ʙʦʰץʘʣʘʨ [4] ʤʘʲʣʫʤʦʪʣʘ-
ʨʠʛʘ ʢ˄ʨʘ, ʍʠʪʦʡʜʘ ʘ״ʦʣʠ ʞʦʥ ʙʦʰʠʛʘ ʮʝʤʝʥʪ ʠʩ-
ʪʝʲʤʦʣʠ ʙ˄ʡʠʯʘ ʵʥʛ ʢʘʪʪʘ ״ʘʞʤ ʙʦʨ, ʗʀʄ 1,5 ʤʠʥʛ 
Aפʐ ʜʦʣʣʘʨʠ ʙ˄ʣʠʙ ʡʠʣʠʛʘ ʪʘʭʤʠʥʘʥ 1800 ʢʛ ʛʘ 
ʤʦʩ ʢʝʣʘʜʠ, ʢʝʡʠʥ ʉʘʫʜʠʷ Aʨʘʙʠʩʪʦʥʠ, ʡʠʣʠʛʘ 
1900 ʢʛ - ʗʀʄ ʪʘʭʤʠʥʘʥ 55 ʤʠʥʛ ɸפʐ ʜʦʣʣʘʨʠ; 
ɻʝʨʤʘʥʠʷ - 420 ʢʛ/ʡʠʣʠʛʘ - ʗʀʄ 50 ʤʠʥʛ ɸפʐ 
ʜʦʣʣʘʨʠ; Aפʐ - 200 ʢʛ / ʡʠʣ - ʗʀʄ 58 ʤʠʥʛ ɸפʐ 
ʜʦʣʣʘʨʠ; ʈʦʩʩʠʷ - 400 ʢʛ, ʗʀʄ 26 ʤʠʥʛ ɸפʐ ʜʦʣ-
ʣʘʨ. ɶʨʪʘʯʘ ʛʣʦʙʘʣ ʠʩʪʝʲʤʦʣ (ʍʠʪʦʡʜʘʥ ʪʘʰץʘʨʠ) 
ʢʠʰʠ ʙʦʰʠʛʘ 300 ʢʛ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. ʆʩʠʸ, 
Aʬʨʠʢʘ ʚʘ ʄɼ׳ ʜʘʚʣʘʪʣʘʨʠ 2011ï2012-ʡʠʣʣʘʨʜʘʥ 
ʙʫʸʥ ʶץʦʨʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠ ʥʘʤʦʡʦʥ ʵʪʠʙ ʢʝʣ-
ʤʦץʜʘ. ʋʰʙʫ ״ʦʣʘʪ ʤʠʥʪʘץʘʣʘʨʜʘ ʝʨ ʘ״ʦʣʠʩʠʥʠʥʛ 
˄ʩʠʰ ʩʫʨʲʘʪʣʘʨʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ ץʠʟʠץ. 
 ʐʥʠʥʛ ʨʠʚʦʞʣʘʥʛʘʥפʘʨʙʠʡ ɽʚʨʦʧʘ ʚʘ Aנ
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ʤʘʤʣʘʢʘʪʣʘʨʠʜʘ ʘ״ʦʣʠ ʞʦʥ ʙʦʰʠʛʘ ʮʝʤʝʥʪ ʠʩ-
ʪʝʲʤʦʣʠ ʧʘʩʪʣʠʛʠʥʠʥʛ ʘʩʦʩʠʡ ʩʘʙʘʙʠ ʫʣʘʨ ʘʣ-
ʣʘץʘʯʦʥ 
ʨʠʚʦʞʣʘʥʛʘʥ ʠʥʬʨʘʪʫʟʠʣʤʘʛʘ ʵʛʘ ʙ˄ʣʛʘʥʠ, ʫʥʠ 

ʩʘץʣʘʰ ʚʘ ʷʭʰʠʣʘʰ ʫʯʫʥ ʢʝʥʛ ʢ˄ʣʘʤʣʠ ץʫʨʠʣʠʰ 
ʠʰʣʘʨʠʥʠ ʪʘʣʘʙ ץʠʣʠʥʤʘʩʣʠʛʠʜʠʨ. ʈʠʚʦʞʣʘʥʘʸʪ-
ʛʘʥ ʤʘʤʣʘʢʘʪʣʘʨʜʘ ʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʚʘ ʠʩ-
ʪʝʲʤʦʣ ץʠʣʠʰʥʠʥʛ ˄ʩʠʰʠ ʢʫʟʘʪʠʣʤʦץʜʘ, ʘʤʤʦ, ʠʥ-
ʬʨʘʪʫʟʠʣʤʘʩʠ ʥʠ״ʦʷʩʠʛʘ ʝʪʛʘʥ ʤʘʤʣʘʢʘʪʣʘʨʜʘ ʢʝ-
ʣʘʞʘʢʜʘ ʮʝʤʝʥʪ ʠʩʪʝʲʤʦʣʠʥʠʥʛ ʢʘʤʘʡʠʰʠ ʢʫʟʘʪʠ-
ʣʘʜʠ. 2010 ʡʠʣʜʘ ʨʠʚʦʞʣʘʥʘʸʪʛʘʥ ʤʘʤʣʘʢʘʪʣʘʨ-
ʥʠʥʛ ʞʘ״ʦʥ ʠʩʪʝʲʤʦʣʠʜʘʛʠ ʫʣʫʰʠ 90% ʛʘ ʝʪʜʠ, ʙʫ 
-ʦʣʠʥʠʥʛ ˄ʩʠʙ ʙʦʨʘʸʪʛʘʥ ʫʨ״ʫʣʘʡ" ʜʝʤʦʛʨʘʬʠʷ, ʘץ"
ʙʘʥʠʟʘʮʠʷʩʠ, ʫʡ-ʞʦʡ ʚʘ ʠʥʬʨʘʪʫʟʠʣʤʘʛʘ ʪʘʣʘʙ-
ʥʠʥʛ ˄ʩʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ. ɹʠʨʠʥʯʠ ˄ʨʠʥ ˄ʟʠʥʠʥʛ 
"ʠץʪʠʩʦʜʠʡ ʤ˄ʲʞʠʟʘʩʠ" ʙʠʣʘʥ ʍʠʪʦʡʛʘ ʪʝʛʠʰʣʠ 
ʙ˄ʣʠʙ 2012 ʡʠʣʜʘ ʞʘ״ʦʥ ʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʠ-
ʥʠʥʛ 60 ʬʦʠʟʠ (1990 ʡʠʣʜʘ - 18 ʬʦʠʟ) ʍʠʪʦʡʜʘ ʠʩ-
ʪʝʲʤʦʣ ץʠʣʠʥʛʘʥ [5]. 
ʅʠʩʙʘʪʘʥ ʜʘʚʣʘʪ ʪʦʤʦʥʠʜʘʥ ʙʦʰץʘʨʠʣʘʜʠʛʘʥ 

ʙʦʟʦʨ ʠץʪʠʩʦʜʠʸʪʠʥʠʥʛ ״ʫʢʤʨʦʥʣʠʛʠ ʚʘ ʙʫʪʫʥ 
ʜʫʥʸ ʙ˄ʡʣʘʙ ʪʦʚʘʨ ʚʘ ʨʝʩʫʨʩʣʘʨʥʠʥʛ ʪ˄ʩʠץʩʠʟ ʘʡ-
ʣʘʥʠʰʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠʛʘʥ ʛʣʦʙʘʣʣʘʰʫʚ 20-ʘʩʨ 
ʦʭʠʨʠ - 21-ʘʩʨ ʙʦʰʣʘʨʠʜʘ ʪʠʟʠʤʣʠ ʠʥץʠʨʦʟʛʘ ʦʣʠʙ 
ʢʝʣʜʠ. ʈʠʚʦʞʣʘʥʛʘʥ ʤʘʤʣʘʢʘʪʣʘʨʜʘ ʠץʪʠʩʦʜʠʸʪ-
ʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠ ʙʦʰʣʘʥʜʠ [6]. ɻʘʧ ʰʫʥʜʘʢʠ, 
19-20-ʘʩʨʣʘʨ ʠץʪʠʩʦʜʠʸʪʠʥʠʥʛ ˄ʟʠʛʘ ʭʦʩ ʭʫʩʫʩʠ-
ʷʪʠ ʠʣʤʠʡ-ʪʝʭʥʠʢ (ʘʥʠץʨʦסʠ, ʪʝʭʥʦʣʦʛʠʢ) ʪʘ-
ʨʘץץʠʸʪ ʪʫʬʘʡʣʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʚʘ ʠʩʪʝʲʤʦʣʥʠʥʛ 
ʜʦʠʤʠʡ ˄ʩʠʰʠ, ʤʘʪʝʨʠʘʣʣʘʨ ʥʘʨʭʠʥʠʥʛ ʜʦʠʤʠʡ 
ʧʘʩʘʡʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ ʙ˄ʣʜʠ. ɹʘʨʯʘ ʠʰʣʘʙ 
ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠʥʛ ˄ʩʠʰʠ, 
ʫʯʪʘ ʘʩʦʩʠʡ ʥʘʨʩʘ ʫʯʫʥ ʵʥʝʨʛʠʷ ʠʩʪʝʲʤʦʣʠʥʠʥʛ ʜʦ-
ʠʤʠʡ ˄ʩʠʰʠʛʘ ʦʣʠʙ ʢʝʣʜʠ: ʠʥʩʦʥ ״ʘʸʪʠ ʫʯʫʥ ʰʘʨʪ-
ʰʘʨʦʠʪʣʘʨʥʠ ʪʘʲʤʠʥʣʘʰ (ʠʩʩʠץʣʠʢ, ʦʟʠץ-ʦʚץʘʪ), 
ʪʨʘʥʩʧʦʨʪ, ʤʘʪʝʨʠʘʣʣʘʨ ʠʰʣʘʙ ʯʠץʘʨʠʰ. ɿʘʤʦʥʘ-
ʚʠʡ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠʥʛ ʥʦʤʫʢʘʤʤʘʣʣʠʛʠ 
ʷʢʫʥʠʡ ʤʘ״ʩʫʣʦʪ ʭʦʤ ʘʰʸʥʠʥʛ 10% ʜʘʥ ʢʘʤʨʦסʠʥʠ 
ʪʘʰʢʠʣ ʵʪʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ, ˄ʟʛʘʨʪʠʨʠʣʛʘʥ ʪʘ-
ʙʠʠʡ ʨʝʩʫʨʩʣʘʨʥʠʥʛ ץʦʣʛʘʥ ץʠʩʤʠ ʯʠץʠʥʜʠʣʘʨʛʘ 
ʢʝʪʘʜʠ [13], ʘʥʠץʨʦסʠ, ʘʣʣʘץʘʯʦʥ ʟʘ״ʘʨʣʠ ʤʦʜʜʘ-
ʣʘʨ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʛʘʥ ʘʪʨʦʬ-ʤʫ״ʠʪʛʘ. ʀʰʣʘʙ 
ʯʠץʘʨʠʰ ʙʠʦʩʬʝʨʘʛʘ סʘʡʨʠʪʘʙʠʠʡ ʶʢ ʙ˄ʣʠʙ, ʫʥʠ 
ʠʬʣʦʩʣʘʥʪʠʨʘʜʠ. ɹʠʦʩʬʝʨʘ ʪʝʟ ʩʫʨʲʘʪʣʘʨ ʙʠʣʘʥ 
ʪʝʭʥʦʩʬʝʨʘʛʘ ʘʡʣʘʥʘʜʠ. 20-ʘʩʨʥʠʥʛ ʠʢʢʠʥʯʠ ʷʨ-
ʤʠʜʘ ʥʘʟʘʨʠʷ ʠʰʣʘʙ ʯʠץʠʣʜʠ ʚʘ ʫʥʠʥʛ ʘʩʦʩʠʜʘ - 
ʠʥʩʦʥʠʷʪʥʠʥʛ ʙʘʨץʘʨʦʨ ʨʠʚʦʞʣʘʥʠʰʠ ʢʦʥʩʝʧʩʠ-
ʷʩʠ - ״ʦʟʠʨʛʠ ʚʘ ʢʝʣʘʞʘʢ ʘʚʣʦʜʣʘʨ ʵ״ʪʠʸʞʣʘʨʠʥʠ 
 ʘʨʦʨץʦʥʜʠʨʠʰ ʫʯʫʥ ʪʘʙʠʠʡ ʨʝʩʫʨʩʣʘʨʜʘʥ ʙʘʨץ
ʬʦʡʜʘʣʘʥʠʰʛʘ ʘʩʦʩ ʩʦʣʠʥʜʠ. 
ɹʫʪʫʥ ʜʫʥʸʜʘ ʤʦʜʜʠʡ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ 

ʦʙʝʢʪʠʚ ״ʘץʠץʘʪʠ, ʘʥʠץʨʦסʠ ñʯʠʟʠץʣʠ ʠץʪʠʩʦʜʠʸʪò 
[11], ʙʠʨ ʪʦʤʦʥʜʘʥ, ʪʫʨʣʠ ʨʝʩʫʨʩʣʘʨʥʠ ʠʩʪʝʲʤʦʣ 
-ʠʣʠʰʥʠʥʛ ʢ˄ʧʘʡʠʰʠ, ʠʢʢʠʥʯʠ ʪʦʤʦʥʜʘʥ, ʫʣʘʨץ
ʥʠʥʛ ʪʘʙʠʠʡ ʙʘʟʘʩʠʥʠʥʛ ʢʘʤʘʡʠʰʠʜʠʨ. ʐʫʥʠʥʛ 
ʫʯʫʥ ʪʝʭʥʦʛʝʥ ʭʦʤ ʘʰʸʛʘ ʘʣʪʝʨʥʘʪʠʚ ʡ˄ץ ʚʘ ʫʥʜʘʥ 
ʢʦʤʧʣʝʢʩ ʬʦʡʜʘʣʘʥʠʰʛʘ ˄ʪʠʰ 21-ʘʩʨʜʘ ʮʠʚʠʣʠʟʘ-
ʮʠʷʥʠʥʛ ʤʫ״ʠʤ ʚʘʟʠʬʘʩʠ ʜʝʙ ״ʠʩʦʙʣʘʥʠʰʠ ʢʝʨʘʢ 
[12]. 
ʄʘʤʣʘʢʘʪʜʘ ʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ ˄ʪʢʠʨ 

ʤʫʘʤʤʦʣʘʨʠʜʘʥ ʙʠʨʠ ʭʦʤʘʰʸ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥ-
ʛʘʥʣʠʢʜʠʨ, ʯʫʥʢʠ ʫʥʠʥʛ ʷץʠʥ ʘʪʨʦʬʜʘ ʞʦʡʣʘʰʛʘʥ 
ʪʘʙʠʠʡ ʤʘʥʙʘʣʘʨʠʥʠʥʛ ʢʘʪʪʘ ץʠʩʤʠ ʪʫʛʘʡʜʠ ʚʘ 

-ʠʥ ʢʝʣʘʞʘʢʜʘ ʙʫ ʪʘץʠʡ ˄ʨʥʠʥʠ ʙʦʩʤʘʡʜʠ. ʗץʠץʘ״
ʙʠʠʡ ʭʦʤʘʰʸʥʠʥʛ ʤʫץʘʨʨʘʨ ʨʘʚʠʰʜʘ ʪʝʭʥʦʛʝʥ ʙʠ-
ʣʘʥ ץʠʩʤʘʥ ʸʢʠ ʪ˄ʣʠץ ʘʣʤʘʰʪʠʨʠʣʠʰʠʛʘ ʦʣʠʙ ʢʝ-
ʣʘʜʠ [7,8], ʫʣʘʨʥʠʥʛ ʘ״ʘʤʠʷʪʠ ʜʦʠʤʠʡ ʨʘʚʠʰʜʘ 
ʦʰʠʙ ʙʦʨʠʰʠ ʢʝʨʘʢ, ʰʫ ʞʫʤʣʘʜʘʥ ʵʢʦʣʦʛʠʢ ʩʘʙʘʙ-
ʣʘʨʛʘ ʢ˄ʨʘ. ɹʘʨץʘʨʦʨ ʨʠʚʦʞʣʘʥʠʰ ʪʘʤʦʡʠʣʣʘʨʠʥʠ 
ʘʤʘʣʛʘ ʦʰʠʨʠʰʥʠʥʛ ״ʦʟʠʨʛʠ ʤʠʩʦʣʣʘʨʠʜʘʥ ʙʠʨʠ 
ʩʘʥʦʘʪ ʤʘʞʤʫʘʩʠʛʘ ʙʠʨʣʘʰʪʠʨʠʣʛʘʥ Cajati ʮʝʤʝʥʪ 
ʟʘʚʦʜʠ (ɹʨʘʟʠʣʠʷ) ʙ˄ʣʠʙ, ʫʥʜʘ ʮʝʤʝʥʪ ʠʰʣʘʙ 
ʯʠץʘʨʠʰ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʦ״ʘʢʪʦʰ, ʤʘʛʥʝʪʠʪ 
ʚʘ ʬʦʩʬʦʛʠʧʩ ʙʠʨ ʭʠʣʜʘ ʞʦʡʣʘʰʛʘʥ ץ˄ʰʠʤʯʘ 
ʤʘ״ʩʫʣʦʪʣʘʨʜʠʨ. ʍʫʩʫʩʘʥ, ʢʣʠʥʢʝʨ ʠʰʣʘʙ 
ʯʠץʘʨʠʰ ʫʯʫʥ ʭʦʤ ʘʰʸʥʠʥʛ 85 ʬʦʠʟʠʥʠ ʘʧʘʪʠʪ ʨʫ-
ʜʘʩʠʥʠ ץʘʡʪʘ ʠʰʣʘʰ ʞʘʨʘʸʥʠʜʘ ʦ״ʘʢʪʦʰ ʩʘץʣʦʚʯʠ 
ʯʠץʠʥʜʠʣʘʨ ʪʘʰʢʠʣ ʝʪʘʜʠ. ɹʫ ʮʝʤʝʥʪ ʠʰʣʘʙ 
ʯʠץʘʨʠʰ ʪʘʥʥʘʨʭʠʥʠ ʚʘ ʫʥʠʥʛ ʘʪʨʦʬ-ʤʫ״ʠʪʛʘ ʩʘʣ-
ʙʠʡ ʪʘʲʩʠʨʠʥʠ ʢʘʤʘʡʪʠʨʘʜʠ [7]. 
ʊʝʭʥʦʛʝʥ ʤʠʥʝʨʘʣ ʯʠץʠʥʜʠʣʘʨ ʸʢʠ ʪʝʭʥʦʛʝʥ 

ʭʦʤ ʘʰʸʣʘʨʥʠ (ʙʦʰץʘʯʘ ʘʡʪʛʘʥʜʘ, ʠʢʢʠʣʘʤʯʠ 
ʩʘʥʦʘʪ ʤʘ״ʩʫʣʦʪʣʘʨʠ) ʇ.ʀ. ɹʦʞʝʥʦʚ [7] ʪʘʙʠʠʡ 
ʘʩʦʩʛʘ ʷץʠʥ ʤʦʜʜʠʡ ʪʘʨʢʠʙʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʥʘʪʫʨʘʣ-
ʣʘʨ (1-ʩʠʥʬ) ʚʘ ʪʘʨʢʠʙʠ ʙʠʨʣʘʤʯʠ ʪʝʭʥʦʣʦʛʠʢ 
ʪʘʲʩʠʨ (ʪʝʨʤʠʢ, ʢʠʤʸʚʠʡ, ʪʝʨʤʦʢʠʤʸʚʠʡ) ʙʠʣʘʥ 
ʙʝʣʛʠʣʘʥʘʜʠʛʘʥ ʪʝʭʥʦʛʝʥʣʘʨʛʘ (2-ʩʠʥʬ) ʙ˄ʣʠʰʥʠ 
ʪʘʢʣʠʬ ץʠʣʜʠ. ʊʝʭʥʦʛʝʥ ʭʦʤ ʘʰʸʥʠʥʛ ʠʢʢʘʣʘ 
ʩʠʥʬʠ ״ʘʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ 
ʠʢʢʘʣʘ ʙʦʩץʠʯʠʜʘ ץ˄ʣʣʘʥʠʣʠʰʠ ʤʫʤʢʠʥ: ʢʣʠʥʢʝʨ 
ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ״ʘʤ, ʫʥʠ ʤʘʡʜʘʣʘʰʜʘ ״ʘʤ. 
Aʨʘʣʘʰ ʢ˄ʧ ʢʦʤʧʦʥʝʥʪʣʠ ʮʝʤʝʥʪʣʘʨʥʠ, ʩ˄ʥʛʨʘ 

ʤʘʡʜʘʣʘʥʛʘʥ ʢ˄ʧ ʢʦʤʧʦʥʝʥʪʣʠ ʮʝʤʝʥʪʣʘʨʥʠ ʪʘʢʦ-
ʤʠʣʣʘʰʪʠʨʠʰʥʠʥʛ ʤʘʥʪʠץʠʡ "ʷʢʫʥʣʘʥʠʰʠ" ʍʍ 
ʘʩʨʥʠʥʛ 80-ʡʠʣʣʘʨʠʜʘ ʙʠʨ ʛʫʨʫ״ ʦʣʠʤʣʘʨ ʪʦʤʦʥʠ-
ʜʘʥ ʩʫʚʛʘ ʙ˄ʣʛʘʥ ʵ״ʪʠʸʞ ʧʘʩʪ ʙ˄ʣʛʘʥ ʙʦסʣʦʚʯʠ 
ʤʦʜʜʘʣʘʨ - ʂʉʊɹ, ʢʝʡʠʥʯʘʣʠʢ ʢʘʤ ʩʫʚ ʪʘʣʘʙʯʘʥ ʮʝ-
ʤʝʥʪʣʘʨ ʜʝʙ ʥʦʤʣʘʥʜʠ (ʂʉʊʎ) [10]. ʂʦʢʫʙʫ ʪʦʤʦ-
ʥʠʜʘʥ ʤʫ״ʦʢʘʤʘ ץʠʣʠʥʛʘʥ ʜʘʩʪʣʘʙʢʠ ʪʘʜץʠץʦʪ 
ʠʰʠʜʘ ʮʝʤʝʥʪʥʠ ʶץʦʨʠ ʩʠʬʘʪʣʠ ʫʯʫʚʯʠ ʢʫʣ ʙʠʣʘʥ 
 ʠʩʤʘʥ ʘʣʤʘʰʪʠʨʠʰ ʷʭʰʠ ʥʘʪʠʞʘ ʙʝʨʠʰʠץ
ʘʥʠץʣʘʥʜʠ. ʗʴʥʠ, ʙʠʨ ʭʠʣ 28- ʩʫʪʢʘʣʠʢ ʤʫʩʪʘ״ʢʘʤ 
ʙʝʪʦʥ ʦʣʠʰ ʫʯʫʥ ʩʦʬ ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʠʜʘʥ ʬʦʡʜʘ-
ʣʘʥʠʣʛʘʯ, ʮʝʤʝʥʪʥʠʥʛ ʡʠʨʠʢ ʘʛʨʝʛʘʪʣʘʨʠ ʫʯʫʚʯʠ 
ʢʫʣ ʙʠʣʘʥ ʘʣʤʘʰʪʠʨʠʣʛʘʥʜʘ, ʙʠʨʣʠʢ ״ʘʞʤʜʘʛʠ ʩʫʚ 
ʤʠץʜʦʨʠ ʙʝʪʦʥʥʠʥʛ ״ʘʞʤʠʛʘ ʥʠʩʙʘʪʘʥ ʢʘʤʘʡʠ-
ʰʠʥʠ ʢ˄ʨʩʘʪʜʠ. ʂʫʣʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥ ʙʝʪʦʥʥʠʥʛ 
ʫʟʦץ ʤʫʜʜʘʪʛʘ ʙʘʨʜʦʰʣʠʣʠʢ ץʦʙʠʣʠʷʪʠ ʦʰʠʰʠʛʘ 
ʘʩʦʩʘʥ ʫʥʠʥʛ ʩʠʣʣʠץ, ʰʘʨʩʠʤʦʥ ʟʘʨʨʘʯʘʣʘʨʜʘʥ 
ʠʙʦʨʘʪʣʠʛʠ ʩʘʙʘʙ ץʠʣʠʙ ʢ˄ʨʩʘʪʠʣʘʜʠ, ʰʫʥʠʥʛʜʝʢ, 
ʭʘʤʠʨ ʫʣʫʰʠʥʠʥʛ ʦʨʪʠʰʠ ״ʘʤ. ʋʯʠʢʘʚʘ ʫʯʫʚʯʠ 
ʢʫʣ ʙʠʣʘʥ ʙʝʪʦʥʥʠʥʛ ʨʝʦʣʦʛʠʢ ʪʘʜץʠץʦʪʣʘʨʠʥʠ 
ʢ˄ʨʠʙ ʯʠץץʘʥʜʘ, ʢʫʣʥʠʥʛ 45 ʤʢʤ ʜʘʥ ʢʘʪʪʘ ʟʘʨʨʘ-
ʣʘʨʠ ʘʨʘʣʘʰʪʠʨʠʰ ʫʯʫʥ ʷʨʦץʩʠʟ, ʘʤʤʦ ʫʥʠ ʪʝʛʠʨ-
ʤʦʥʜʘ ʤʘʡʜʘʣʘʥʛʘʯ, ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥ. [14, 349 
- ʙ]. 
18 ʪʘ ʤʘʥʙʘʜʘʥ ʦʣʠʥʛʘʥ ʤʠʢʨʦʢʨʝʤʥʠʟʸʤʥʠʥʛ 

-ʠʸʩʠʡ ˄ʨʛʘʥʠʣʠʰʠ ʤʘʪʝʨʠʘʣʥʠʥʛ ʪʘʨʢʠʙʠ ʚʘ ʭʫץ
ʩʫʩʠʷʪʣʘʨʠʜʘ ʩʝʟʠʣʘʨʣʠ ʦסʠʰʣʘʨʥʠ ʢ˄ʨʩʘʪʜʠ. ɶʨ-
ʛʘʥʠʣʛʘʥ ʤʠʢʨʦʢʨʝʤʥʠʟʸʤʣʘʨʜʘʥ ʙʠʨʠ 23% Siʆ2 
ʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ ʚʘ ʩʦʣʠʰʪʠʨʤʘ ʩʠʨʪ ʶʟʘʩʠ 7500 
ʩʤ2/ʛ. ʍʫʜʜʠ ʰʫ ʪʘʜץʠץʦʪ ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʘʢʩʘ-
ʨʠʷʪ ʰʠʰʘʜʘʥ ʦʣʠʥʛʘʥ ʤʠʢʨʦʢʨʝʤʥʠʟʸʤ ʫʤʫʤʠʡ 
ʜʠʬʬʨʘʢʮʠʷ ʠʥʪʝʥʩʠʚʣʠʛʠʥʠʥʛ 98-99,5% ʛʘ ʪ˄סʨʠ 
ʢʝʣʘʜʠ ʚʘ 0,405 ʥʤ ʜʘ ʞʦʡʣʘʰʛʘʥ, ʙʫ ʰʠʰʘʩʠʤʦʥ 
ʙ˄ʣʠʙ ״ʠʩʦʙʣʘʥʘʜʠ. ʕʥʛ ʢʝʥʛ ʪʘʨץʘʣʛʘʥ ʢʨʠʩʪʘʣʣʠ 
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ʤʦʜʜʘʣʘʨ ʂʉ1, ʢʚʘʨʮ, ʤʝʪʘʣʣ ʚʘ ʪʝʤʠʨ ʩʠʣʠʮʠ-
ʜʠʜʠʨ. [14, 364 ï ʙ]. 
ɹʝʪʦʥ ʫʯʫʥ ʤʠʥʝʨʘʣ ץ˄ʰʠʤʯʘ ʩʠʬʘʪʠʜʘ ʤʠʢʨʦ-

ʢʨʝʤʥʝʟʝʤ ʵʥʛ ʢʠʯʠʢ ʟʘʨʨʘʯʘ ˄ʣʯʘʤʣʘʨʠ ʚʘ ʶץʦʨʠ 
ʬʘʦʣʣʠʛʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. ʉʫʚʥʠ ʢʘʤʘʡʪʠ-
ʨʫʚʯʠ ץ˄ʰʠʤʯʘʣʘʨ ʤʘʚʞʫʜ ʙ˄ʣʤʘʛʘʥʜʘ, ʮʝʤʝʥʪ-
ʜʘʛʠ ʘʣʤʘʰʪʠʨʠʰ ʫʣʫʰʠ ʘʤʘʣʜʘ ʩʫʚʛʘ ʙ˄ʣʛʘʥ 
ʶץʦʨʠ ʪʘʣʘʙ ʙʠʣʘʥ ʯʝʢʣʘʥʠʰʠ ʤʫʤʢʠʥ (ʪʘʭʤʠʥʘʥ 
5%), ʘʤʤʦ ʙʫ ץʠʡʤʘʪʥʠ ʩʫʧʝʨʧʣʘʩʪʠʢʣʘʰʪʠʨʫʚʯʠ 
ʚʦʩʠʪʘʣʘʨ ʸʨʜʘʤʠʜʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥ. ɹʫʥʜʘʡ ʘʨʘ-
ʣʘʰʤʘʣʘʨʜʘ ʉ/ʎ ʥʠʩʙʘʪʠ 0,2-0,3 ʛʘʯʘ ʢʘʤʘʡʠʰʠ 
ʙʠʣʘʥ ʶץʦʨʠ ʙʦʩʠʤʛʘ ʯʠʜʘʤʣʠʣʠʛʠ ʙ˄ʣʛʘʥ ʙʝʪʦʥ-
ʣʘʨʥʠ ʦʣʠʰ ʤʫʤʢʠʥ, ʮʝʤʝʥʪ ʭʘʤʠʨʠʥʠʥʛ ʩʫʚ ʪʘ-
ʣʘʙʯʘʥʣʠʛʠ ʵʩʘ ʢʘʤʘʷʜʠ. 
ʊʨʘʪʪʝʙʝʨʛ ʤʠʢʨʦʢʨʝʤʥʝʟʝʤʜʘʥ ʮʝʤʝʥʪ ʫʯʫʥ 

 ʠʤ״ʰʠʤʯʘ ʩʠʬʘʪʠʜʘ ʬʦʡʜʘʣʘʥʠʰʥʠ ʚʘ ʫʥʜʘ ʤʫ˄ץ
ʧʫʮʮʦʣʘʥʠʢ ʬʘʦʣʣʠʢ ʙʦʨʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ, ʘʩʦʩʘʥ 
7-14 ʢʫʥ ʠʯʠʜʘ ʩʫʚ ʙʠʣʘʥ ʘʨʘʣʘʰʪʠʨʠʣʛʘʥʜʘʥ 
ʢʝʡʠʥ, ʚʘ CH ʙʠʣʘʥ ʨʝʘʢʩʠʷcʠ ʚʘ Cʘ/Si ˄ʨʪʘʩʠʜʘ 
ʪʘʭʤʠʥʘʥ 1,1 ʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ ʵ״ʪʠʤʦʣʠʡ ʙʦסʣʠץʣʠʢ 
ʙʦʨʣʠʛʠʥʠ ʘʥʠץʣʘʜʠ. ɹʘʲʟʠ ץ˄ʰʠʤʯʘ ʪʘʜץʠץʦʪʣʘʨ 
ʰʫʥʠ ʢ˄ʨʩʘʪʜʠʢʠ, ʧʫʮʮʦʣʘʥ ʨʝʘʢʩʠʷʣʘʨʠ ʙʠʨ ʥʝʯʘ 
ʩʦʘʪ ʠʯʠʜʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠ ʚʘ ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʘʣʠʪ 
ʛʠʜʨʘʪʘʮʠʷʩʠʥʠʥʛ ʜʘʩʪʣʘʙʢʠ ʙʦʩץʠʯʠ ʪʝʟʣʘʰʘʜʠ. 
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OôZBEKISTONDA AVTOMOBIL YOôLLARINI SEMENTBETON QOPLAMALARNI 
MUSTAHKAMLIGINI OSHIRISH TEXNOLOGIYASINI TAKOMILLASHTIRISH  

 

Maxammadiyev Sidiqjon Bobirovich;  Xudayberdiyev Mansur Dilmurotovich 
Samarqand Davlat arxitektura-qurilish unversiteti 

 

Ushbu mʘqolʘdʘ sementbeton tayyorlash texnologiyasi, mikrokirmizyon, bitum, portland semenemt, sement, qum, 
chaqiqtosh, beton, sementbeton, ohaktosh, sementbetonning markasi, sementbetonning elestikligi, qoplamaning harorat 
choki, sementbetonni takomillashtirish va undan foydalanish hamda sementbeton qoplamalarni ʘfzalligi va texnologiyasi 
kabi masalalar yoritilgan. 
Kʘlit soôzlʘr: elastik, foiz, import, eksport, konus, chaqiqtosh, beton, sementbeton, qoplama, asfaltbeton, ohaktosh, 

marka, kukun, qum, bitum, mahalliy. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʩʚʝʱʝʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʦʙʝʪʦʥʘ, ʤʠʢʨʦʤʘʣʠʥ, ʙʠʪʫʤ, 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʮʝʤʝʥʪ, ʧʝʩʦʢ, ʢʨʝʤʝʥʴ, ʙʝʪʦʥ, ʮʝʤʝʥʪʦʙʝʪʦʥ, ʠʟʚʝʩʪʥʷʢ, ʤʘʨʢʘ ʮʝʤʝʥʪʦʙʝʪʦʥʘ, ʵʣʘʩʪʠʯʥʦʩʪʴ ʮʝ-
ʤʝʥʪʦʙʝʪʦʥʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʜʘʨ ʧʦʢʨʳʪʠʷ, ʫʣʫʯʰʝʥʠʝ ʮʝʤʝʥʪʦʙʝʪʦʥʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʪʝʭʥʦ-
ʣʦʛʠʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʘʩʪʠʯʥʳʡ, ʧʨʦʮʝʥʪʥʳʡ, ʠʤʧʦʨʪʥʳʡ, ʵʢʩʧʦʨʪʥʳʡ, ʢʦʥʫʩ, ʠʟʚʝʩʪʥʷʢ, ʙʝʪʦʥ, ʮʝʤʝʥʪʦʙʝʪʦʥ, 

ʧʦʢʨʳʪʠʝ, ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʠʟʚʝʩʪʥʷʢ, ʤʘʨʢʘ, ʧʦʨʦʰʦʢ, ʧʝʩʦʢ, ʙʠʪʫʤ, ʤʝʩʪʥʳʡ. 

This article discusses issues such as cement concrete preparation technology, microcirculation, bitumen, portland 
cement, cement, sand, gravel, concrete, cement concrete, limestone, cement concrete brand, cement concrete elasticity, 
coating temperature shock, cement concrete improvement and use, and advantages and technology of cement concrete 
coatings. 

Keywords: elastic, interest, import, export, cone, gravel, concrete, cement concrete, coating, asphalt concrete, limestone, 
brand, powder, sand, bitumen, local. 

 

Kirish.  Bugungi kunda respublikamizda yoôl 
bitumlarini yetishmaganligi sababli qoôshni Rossiya, 
Qozogôiston, Turkmaniston respublikalaridan bitum 
import qilinmoqda hamda yoôllardagi holatlarga oôz 
taôsirini koôrsatmoqda. Mamlakatimiz qurilish 
sementi ishlab chiqarishda dunyoda yetakchi 
oôrinlarda turadi. Yurtimizda chaqiqtosh, qum, shagôal 

mahsulotlari mahalliy resurslar boôlganligini inobatga 
olsak sementbeton qoplamali yoôllarimiz iqtisodiy 
tejaladi hamda oôzimizda ishlab chiqilgan sementdan 
ishlatamiz. Shuningdek Prezidentimiz Sh.M.Mirziyo-
yev 2019 yil 2 oktyabrda yoôl xoôjaligini rivojlantirish 
va ushbu sohaga investitsiyalarni keng jalb qilish 

https://minerals.usgs.gov/minerals/pubs/
https://minerals.usgs.gov/minerals/pubs/
https://minerals.usgs.gov/minerals%20/pubs/commodity/cement/mcs-2016-cemen.pdf
https://minerals.usgs.gov/minerals%20/pubs/commodity/cement/mcs-2016-cemen.pdf
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masalalariga bagôishlangan yigôilish selektorida avto-
mobil yoôllari qurishda bosqichma-bosqich sement-
beton qoplamali yoôllarga oôtish kerakligi, xalqaro 
standartlar asosida innovatsion texnologiyalarni joriy 
etgan holda avtomobil yoôllarini qurish, rekons-
truksiya qilish va kapital taômirlash haqida topshiriq 
belgilab berilgan. [1.2] 

Materiallar va metodlar.  Maqolani tayyorlashda 
qiyosiy tahlil, chet davlatlar tajribalarini oôrganish va 
milliylashtirish, texnologoyalar imkoniyatlarini oôrga-
nish va sohaga yoônaltirish, mantiqiylik va umum-
lashtirish metodlari qoôllanildi. 
Maôlumki sementbeton qoplamali yo`llarni 

qurishda asosiy masala ularning qurilish xarajat-
larining koôpligidir: sementbeton qoplamali yoôllarni 
qurish narxi 15-20 foizga qimmat boôlsada, 
ekspluatatsiya muddati 2-3 baravar koôp va saqlash 
xarajatlari 3 baravar kam. Buning sababi sement-
betonni tayyorlash texnologiyasini murrakabligi, 
portlant sementning qimmatligi hisoblanadi. 
Tadqiqotlariga koôra, taxminan 5 yildan soông 
sementbeton va asfaltbeton yoôllarning ekspluatatsion 
xarajatlari muvozanatlashadi. Sementbeton oôz 
mustahkamligini 100 yil ichida oshirib boradi bundan 
kelib chiqib sementbetonli yo`llarimiz 50 yil yaxshi 
holatda xizmat qilishi mumkin. [3] 
Oôzbekistonda yoôl qurilish ishlarida sementbeton 

qoplamalarga oôtish boshlangan davrda, yoôl qurilish 
materiallariga, ayniqsa zamonaviy talablarga javob 
beruvchi iqtisodiy samaradorligi yuqori boôlgan 
mahsulotlarni ishlab chiqarish portland sementga 
boôlgan talab koôpayib bormoqda. Sementbetonli 
yoôllarmizning bugungi kundagi holati yaxshi 
emasligi sabablari quydagicha: portland sement 
importi, qurilish texnologiyasi qiyinligi, mutaxassis 
yetishmasligi, ob-havo taôsirida buzilishlari, 
sementbeton elastikligining yaxshi emasligi hamda 
qurilgan yoôllarimiz yorilib, titlib ketayotganligi sabab 
boôlmoqda [4]. Bugungi kunda beton qoplamasidan 
taômirlash jarayonida quyidagi ishlar bajariladi va 
smetasida koôrsatib qoôyiladi. Bunga nazar solodigan 
boôlsak olib borilgan ilmiy izlanishlarimiz natijasi 
shuni koôrsatadiki sementbeton qoplamasiga nisbatan 
asfalatbeton qoplamasidan qurilgan yoôllarimizni 
taômirlash jarayoni murakkab ekanligini guvohi 

boôlishimiz mumkin, buni oôziga yarasha ilmiy-amaliy 
sabablarini koôrishimiz mumkin boôladi [5]. 

 

 
1-rasm. Sementbeton qoplama 

 

Natijalar . Sementbeton yoôllarimizdagi mavjud 
muammoni bartaraf etishda mikrokirmizyondan 
foydalandim. Xususan ekologik, elastik va haroratga, 
texnologik talablarga javob beradigan, yuqori markali 
sementbeton qoplamalarni qurishda mikrokirmizyon-
dan foydalanishni takidlash joizdir. Bu qorishmani 
tayyorlashda ishlab chiqarish uchun asosiy xomashyo 
manbalari (95%) chaqiqtosh, qum, shagaôl, ohaktosh 
mamlakatimizda mavjud [6]. Ammo bularni bogô-
lovchi komponent portland semenemt chet ellardan 
(Rossiya, Germaniya va Xitoy) olib kelinmoqda. Ayni 
shu muammoni hal qilish uchun yurtimizda ishlab 
chiqilayotgan sementga mikrokirmizyon kukunini 
qoôshib yoôlbop beton qorishma iqtisodiy samara 
beradi [6]. Mikrokirmizyon qoôshilishi natijasida 
sementbeton qoplamali yoôllarning elastikligi oshadi, 
harorat bardoshligi oshadi, suvga chidamliligi oshadi. 
Shuni taôkidlash kerakki mikrokirmizyon qoôshib tay-
yorlangan qoplama portland sementdan tayyorlangan 
qoplama bilan birxil natija bermoqda [7]. (1-jadval) 

Mikrokirmizyon qoôshib mahaliy sementdan 
sementbeton qorishmani ishlab chiqarishni yoôlga 
qoôyish, iqtisodiyotimiz uchun salmoqli valyuta 
tejamiga, yoôl qurilish tarmogôi uchun import hajmini 
kamayishiga olib keladi. Bugungi kunda yoôl sohasida 
olib borilayotgan ishlarni amalga oshirish hamda 
sarflanayotgan xarajatlarni kamaytirishga 
imkoniyatlarni ochib beradi [8]. 

Diagrammada portlandsementning qotishi tezligi 
yuqoriligini koôrinib turubdi, lekin mikrokirmizyon 
qoôshilgan mahalliy sementdan tayyorlangan 
sementbetonimiz 28 sutkadayoq mustahkamligi yuqori 
boôlib ketganini koôrishimiz mumkin. 

1-jadval 

Nomlanishi 
Konusning 
cho kishi, 

sm 

3 sut. 7 sut. 28 sut. 

kgf/smĮ MPa klass kgf/smĮ MPa klass kgf/smĮ MPa klass 

Nazorat (sement-425 kg) 3,5 273,3 26,8 21,4 350,5 34,4 27,5 356,1 34,9 27,9 

Asosiy (sement -360 kg, mikrokremnizem 
- 10%) Sovuqqa chidamligi 

3,5 184,1 18 14,4 266 26,1 20,8 381,6 37,4 29,9 

Asosiy (sement -360 kg, mikrokremnizem 
- 10%) 

1,5 195,5 19,2 15,3 286,7 28,1 22,5 425,5 41,7 33,4 

Asosiy (sement -320 kg, mikrokremnizem 
- 10%) 

2,0 180,0 17,7 14,1 253,9 24,9 19,9 372,2 36,5 29,2 

Asosiy (sement -425 kg, mikrokremnizem 
- 10%) 

3,6 166,2 16,3 13,0 255,5 25,1 20,0 358,8 35,2 28,1 

 
Xulosa. Demak, respublikamizda ishlab chiqari-

layotgan sementga mikrokirmizyon qoôshib avtomobil 
yoôli uchun sifatli qorishma tayyorlash portland 
sement importini kamaytirishdan iborat. Bu 
qorishmani tayyorlashda ishlab chiqarish uchun asosiy 

xomashyo manbalari (95%) chaqiqtosh, qum, shagôal, 
ohaktosh mamlakatimizda mavjudligi iqtisodiy 
samaradorlik garovidir. Mikrokirmizyon kukunidan 
faydalanish yurtimiz iqtisodiyotiga salmoqli foyda 
beribgina qolmasdan ekesport qilish hamda chet 
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davlatlarida sementbeton qoplamali yoôllar qurish 
imkoniyatlarini ochib beradi. Shu jumladan, mikro-
kirmizyondan foydalanib sementbeton qoplamalar 
qursak quydagi samaradorlilarga erishamiz: 

- Smentbeton qoplamaning elestikligi oshishi; 
- Sovuqqa chidamligini oshishi; 
 

 
2-rasm. Portlandsementning qotish tezligi 

 

- Suv o'tkazuvchanligi 50% ga, sulfatga chidam-
liligi 100% ga ko'tariladi; 

- Sementning 40 foizigacha tejash imkonini beradi; 
- Sementbeton qoplamali yoôllarni xizmat mudati-

ning oshishi; 
- Iqtisodiy samaradorligini oshishi. 
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ʀʛʘʤʙʝʨʜʠʝʚ ʍʦʣʤʫʨʘʪ ʍʘʡʜʘʨʦʚʠʯ, ʜʦʮʝʥʪ 
ɼʞʠʟʘʢʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʛʝʨʤʝʪʠʯʥʦʛʦ ʱʝʣʦʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʶʱʠʭ ʣʠʛ-

ʥʠʥ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠʟ ʣʫʙʷʥʳʭ ʚʦʣʦʢʦʥ ʢʝʥʘʬʘ. ɸ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʧʝʨʝʚʘʨʝʥʥʳʭ 
ʚʦʣʦʢʥʘʭ, ʫʣʫʯʰʘʶʱʝʝ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʝʥʘʬ, ʦʙʨʘʙʦʪʢʘ, ʢʫʣʴʪʫʨʘ, ʮʝʣʣʶʣʦʟʘ, ʬʠʙʨʠʣʣʳ, ʚʦʣʦʢʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʦʯʥʦʩʪʴ. 

Ushbu maqola kenaf tolalaridan lignin va gemitsellyulozalarni samarali olib tashlash uchun germetik ishqoriy yuvish 
jarayoni tahlil qilinadi. Shuningdek, qaynatilgan tolalarda tsellyuloza miqdori ortib boradi, bu esa tolalar yuzasining 
qattiqligini va elastiklik modulini yaxshilaydi. 

Kalit so'zlar.  Kenaf, qayta ishlash, kultura, tsellyuloza, fibrillalar, tolalar, harorat, kuch. 

This article analyzes the process of opening the alkaline leaching effectively removing lignin and hemicelluloses from 
the kenaf bast outcomes, as well as increasing the cellulose content in the digested fibers, which improves the surface density 
of the outcomes and tissue density. 

Keywords. Kenaf, processing, culture, cellulose, fibrils, fibers, temperature, strength. 
 

ʂʝʥʘʬ (Hibiscus cannabinus) ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʘʷ ʢʫʣʴʪʫʨʘ, ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʄʘʣʴʚʦ-
ʚʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʦʪʜʝʣʫ Magnoliophyta. ʂʝ-
ʥʘʬ ʜʘʝʪ ʦʪ ʰʝʩʪʠ ʜʦ ʚʦʩʴʤʠ ʤʝʪʨʠʯʝʩʢʠʭ ʪʦʥʥ 
ʣʫʙʘ ʠ ʩʝʨʜʮʝʚʠʥʳ ʥʘ ʘʢʨ ʝʞʝʛʦʜʥʦ. ʃʫʙʷʥʦʝ ʚʦ-
ʣʦʢʥʦ ʢʝʥʘʬʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʛʥʦʮʝʣʣʶʣʦʟ-
ʥʦʝ ʚʦʣʦʢʥʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʮʝʣʣʶʣʦʟʳ, ʙʫʤʘʛʠ ʠ ʪʝʢʩʪʠʣʷ. ʕʪʦ ʭʦʨʦʰʠʡ 
ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʘʨʤʠʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʦʣʠ-
ʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʃʠʛʥʦʮʝʣʣʶʣʦʟʥʦʝ ʚʦʣʦʢʥʦ ʚ 
ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ 
ʠ ʣʠʛʥʠʥʘ. ʅʝ ʮʝʣʣʶʣʦʟʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 
ʣʠʛʥʠʥ, ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʧʝʢʪʠʥʳ, ʫʜʝʨʞʠʚʘʶʪ 
ʬʠʙʨʠʣʣʳ ʮʝʣʣʶʣʦʟʳ ʚʤʝʩʪʝ. ʅʘ ʘʨʤʠʨʫʶʱʠʡ ʵʬ-
ʬʝʢʪ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ ʚʣʠʷʝʪ ʩʦʜʝʨʞʘ-
ʥʠʝ ʚ ʥʝʤ ʮʝʣʣʶʣʦʟʳ. ʆʙʳʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘ-
ʥʠʝ ʮʝʣʣʶʣʦʟʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ 
ʚʳʤʘʯʠʚʘʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʱʝʣʦʯʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 
ʦʪʜʝʣʴʥʳʝ ʚʦʣʦʢʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 
ʨʘʟʜʝʣʝʥʠʷ ʧʫʯʢʦʚ ʚʦʣʦʢʦʥ. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʝ ʚʦʣʦʢʦʥ ʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ ʤʦʞʝʪ 

ʙʳʪʴ ʣʝʛʢʦ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪ-
ʜʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʤʘʪʝʨʠ-
ʘʣʦʚ. 
ɺ ʧʨʦʮʝʩʩʝ ʛʝʨʤʝʪʠʯʥʦʛʦ ʱʝʣʦʯʥʦʛʦ ʩʙʨʘʞʠʚʘ-

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʣʠʷʪʝʣʴʥʳʤ 
ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʣʦʢʥʘ ʠ ʦʧʨʝ-
ʜʝʣʷʶʱʠʤ ʫʨʦʚʝʥʴ ʜʘʚʣʝʥʠʷ ʘʫʪʦʛʝʥʥʦʛʦ ʧʘʨʘ. 
ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʪʦʡ ʮʝʣʣʶʣʦʟʳ ʚ ʚʦʣʦʢ-

ʥʘʭ, ʚʳʨʘʞʝʥʥʳʭ Ŭ -ʮʝʣʣʶʣʦʟʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝ-
ʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʚʘ-
ʨʠʚʘʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʛʝʤʠʮʝʣʣʶʣʦʟ, ʦʩʪʘʚʰʠʭʩʷ ʚ 
ʧʝʨʝʚʘʨʝʥʥʳʭ ʚʦʣʦʢʥʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘ-
ʣʦʩʴ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʚʘʨʠʚʘ-
ʥʠʷ. ʇʨʦʮʝʩʩ ʱʝʣʦʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʠʩʧʦʣʴ-
ʟʦʚʘʥʥʳʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʣ ʙʦʣʴ-
ʰʫʶ ʯʘʩʪʴ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠ ʫʜʘʣʠʣ ʙʦʣʴʰʫʶ 
ʯʘʩʪʴ ʣʠʛʥʠʥʘ ʠʟ ʚʦʣʦʢʦʥ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʚʳʚʘʨʠʚʘʥʠʷ. 
ʉʫʜ̫ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʚʦʣʦʢʦʥ, ʚʦʣʦʢʥʘ, ʧʝ-

ʨʝʚʘʨʝʥʥʳʝ ʧʨʠ 80ÁC, 110ÁC ʠ 130ÁC, ʧʨʝʜʩʪʘʚ-
ʣʷʣʠ ʩʦʙʦʡ ʧʫʯʢʠ ʚʦʣʦʢʦʥ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʢʨʫʧʥʝʝ 
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ʠ ʜʣʠʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʣʦʢʥʘʤʠ, ʧʝʨʝʚʘʨʝʥ-
ʥʳʤʠ ʧʨʠ 160ÁC. ʇʫʯʢʠ ʚʦʣʦʢʦʥ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 
80Áʉ, 110Áʉ ʠ 130Áʉ, ʤʝʭʘʥʠʯʝʩʢʠ ʨʘʟʜʝʣʷʣʠ ʠ 
ʧʨʝʚʨʘʱʘʣʠ ʚ ʪʦʥʢʠʝ ʚʦʣʦʢʥʘ. ʇʦʩʣʝ ʤʝʭʘʥʠʯʝ-
ʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʜʣʠʥʝ, ʜʠʘʤʝʪʨʫ ʠ ʩʦʦʪʥʦʰʝʥʠʶ 
ʩʪʦʨʦʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʦʰʣʠ ʯʝʨʝʟ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 
ʧʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ. 

 

 

 

 
ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ, ʪʝʤ ʚʳʰʝ 

ʙʳʣʠ ʪʚʝʨʜʦʩʪʴ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. ʄʦʜʫʣʴ ʫʧʨʫ-
ʛʦʩʪʠ ʚʦʣʦʢʦʥ, ʚʳʚʘʨʝʥʥʳʭ ʧʨʠ 160Áʉ, ʙʳʣ ʚ ʜʚʘ 
ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚʦʣʦʢʦʥ, ʚʳʚʘʨʝʥʥʳʭ ʧʨʠ 80Áʉ, ʘ 
ʪʚʝʨʜʦʩʪʴ ʚʦʣʦʢʦʥ, ʚʳʚʘʨʝʥʥʳʭ ʧʨʠ 160Áʉ, ʙʳʣʘ ʚ 
ʯʝʪʳʨʝ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚʦʣʦʢʦʥ, ʚʳʚʘʨʝʥʥʳʭ ʧʨʠ 
80Áʉ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦ-
ʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 
ʣʠʛʥʠʥʘ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ. ʎʝʣʣʶʣʦʟʘ ʠʤʝʝʪ ʙʦ-
ʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 
ʯʝʤ ʣʠʛʥʠʥ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʠʛ-

ʥʠʥ ʠ ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠʤʝʶʪ ʘʤʦʨʬʥʫʶ ʩʪʨʫʢ-
ʪʫʨʫ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʷʨ-
ʥʦʡ ʮʝʧʠ ʮʝʣʣʶʣʦʟʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʩʦʢʦʡ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʤʦʜʫʣʶ ʫʧʨʫʛʦʩʪʠ. 
ʄʥʦʛʠʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʘʨʤʠʨʦʚʘʥʠʷ ʚʦʣʦʢʦʥ, ʚʢʣʶʯʘʷ ʩʦʦʪʥʦʰʝ-
ʥʠʝ ʨʘʟʤʝʨʦʚ, ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ʠ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʍʦʪʷ ʚʦʣʦʢʥʘ, ʚʳʚʘʨʝʥʥʳʝ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160ÁC, ʠʤʝʣʠ ʤʝʥʴʰʝʝ ʦʪʥʦʰʝ-
ʥʠʝ ʜʣʠʥʳ ʢ ʰʠʨʠʥʝ, ʯʝʤ ʜʨʫʛʠʝ ʚʦʣʦʢʥʘ, ʧʦʣʫ-
ʯʝʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʝ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʤʦ-
ʜʫʣʷ ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩ-
ʪʷʞʝʥʠʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʣʶʣʦʟʳ, ʢʦʪʦʨʦʝ ʢʦʤʧʝʥʩʠʨʫʝʪ 
ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ. ɺʳʩʦʢʦʝ ʩʦʜʝʨ-
ʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ ʚʦʣʦʢʥʘʭ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦ-
ʢʦʤʫ ʤʦʜʫʣʶ ʨʘʩʪʷʞʝʥʠʷ ʚʦʣʦʢʦʥ. ɹʦʣʝʝ ʩʠʣʴʥʦʝ 
ʨʘʟʨʫʰʝʥʠʝ ʚʦʣʦʢʦʥ ʚ ʢʦʤʧʦʟʠʪʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʤ 
ʠʟ ʚʦʣʦʢʦʥ, ʚʳʚʘʨʝʥʥʳʭ ʧʨʠ 160Áʉ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʠ ʧʦʣʠ-
ʧʨʦʧʠʣʝʥʦʚʦʡ ʤʘʪʨʠʮʝʡ, ʥʦ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʧʨʠ-
ʚʝʣʦ ʢ ʠʭ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 160Áʉ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʛʝʨʤʝʪʠʯʥʦʛʦ ʱʝʣʦʯ-

ʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʣ ʣʠʛʥʠʥ ʠ 
ʛʝʤʠʮʝʣʣʶʣʦʟʳ ʠʟ ʣʫʙʷʥʳʭ ʚʦʣʦʢʦʥ ʢʝʥʘʬʘ ʧʨʠ 
160ÁC. -ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʣʶʣʦʟʳ ʚ ʚʦʣʦʢʥʘʭ 
92%. ʉʨʝʜʥʷʷ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʜʫʣʴ 
ʫʧʨʫʛʦʩʪʠ ʚʦʣʦʢʥʘ, ʚʳʚʘʨʝʥʥʦʛʦ ʧʨʠ 160ÁC, ʫʣʫʯ-
ʰʠʣʠʩʴ ʥʘ 348,1% ʠ 111,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʣʦʢʥʘʤʠ, ʚʳʚʘʨʝʥʥʳʤʠ ʧʨʠ 
80ÁC. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʚ ʧʝʨʝ-
ʚʘʨʝʥʥʳʭ ʚʦʣʦʢʥʘʭ ʧʨʠʚʝʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʪʚʝʨʜʦ-
ʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦ-
ʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʳʚʘʨʠʚʘʥʠʷ ʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴ-
ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʥʳʝ 
ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʥʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʳʚʘʨʠʚʘʥʠʷ ʩʦ 110Áʉ ʜʦ 160Áʉ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 
ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʚʦ-
ʣʦʢʦʥ ʩʥʠʞʘʣʠʩʴ ʥʘ 42,8% ʠ 22,9% ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, ʘ ʫʜʣʠʥʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ 1,1%. 
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ɹʝʨʜʘץ ʥʦʤʠʜʘʛʠ פʦʨʘץʘʣʧʦץ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ 

 
ʄʘʟʢʫʨ ʤʘץʦʣʘʜʘ ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘʨʠʥʠ ʣʦʡʠ״ʘʣʘʰʜʘ ʘʩʦʩʠʡ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʜʘʥ ʠʩʩʠץʣʠʢ ʨʝʞʠʤʠ, ʠץʣʠʤ ʧʘ-

ʨʘʤʝʪʨʣʘʨʠ, ʤʠʢʨʦʠץʣʠʤ ʢ˄ʨʘʪʢʠʯʣʘʨʠ ״ʘץʠʜʘ ʙʘʸʥ ʵʪʠʣʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʤʠʢʨʦʠץʣʠʤ, ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ, ʠץʣʠʤ ʧʘʨʘʤʝʪʨʣʘʨʠ, ʢʦʥʩʪʨʫʢʮʠʷ, ʣʦʡʠ״ʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʧʘʨʘʤʝʪʨʳ ʢʣʠʤʘʪʘ ʠ ʧʦʢʘʟʘʪʝʣʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʘʢ ʦʩʥʦʚʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʞʠʣʳʭ ʟʜʘʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʢʣʠʤʘʪ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʝʢʪ. 

This article discusses the thermal regime, climate parameters and microclimate indicators as the main indicators in the 
design of residential buildings. 

Key words: microclimate, thermal insulation, climatic parameters, construction, project. 
 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠʥʛ ״ʘʨ ʙʠʨ ״ʫʜʫʜ-
ʣʘʨʠ ˄ʟʠʛʘ ʭʦʩ ʠץʣʠʤ ʰʘʨʦʠʪʠʛʘ ʵʛʘʜʠʨ. ʈʝʩʧʫʙʣʠ-
ʢʘʤʠʟʥʠʥʛ ʰʠʤʦʣʠʡ ץʠʩʤʣʘʨʠ - פʦʨʘץʘʣʧʦסʠʩʪʦʥ 
ʈʝʩʧʫʙʣʠʢʘʩʠ ʚʘ ʍʦʨʘʟʤ ʚʠʣʦʷʪʠ ״ʫʜʫʜʣʘʨʠ ˄ʟʠ-
ʥʠʥʛ ʢʝʩʢʠʥ ˄ʟʛʘʨʫʚʯʘʥ ʠץʣʠʤ ʰʘʨʦʠʪʠʛʘ ʵʛʘ, 
ʷʲʥʠ ʸʟ ʦʡʣʘʨʠʥʠʥʛ ʞʫʜʘ ʠʩʩʠץ ʙ˄ʣʠʰʠ, ץʠʰ ʢʫʥ-
ʣʘʨʠʥʠʥʛ ʵʩʘ ʞʫʜʘ ʩʦʚʫץ ʙ˄ʣʠʰʠ ʙʠʣʘʥ ʙʦʰץʘ 
 .ʫʜʫʜʣʘʨʜʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ״
ʐʫʥʜʘʡ ʵʢʘʥ ״ʘʨ ʙʠʨ ״ʫʜʫʜ ʫʯʫʥ ʫʰʙʫ ״ʫʜʫʜ 

ʰʘʨʦʠʪʠʜʘʥ ʢʝʣʠʙ ʯʠץץʘʥ ״ʦʣʜʘ ʪʫʨʦʨ ʞʦʡ ʙʠʥʦ-
ʣʘʨʠʥʠʥʛ ʣʦʡʠ״ʘʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʟʘʨʫʨʘʪʠ 
ʪʫסʠʣʤʦץʜʘ. 
ʀʩʩʠץʣʠʢ ʨʝʞʠʤʠʥʠʥʛ ʰʘʢʣʣʘʥʠʰʠʛʘ ʚʘ ʰʫʥʛʘ 

ʤʦʩ ʨʘʚʠʰʜʘ ʫʡʥʠʥʛ ʵʥʝʨʛʠʷ ״ʦʣʘʪʠ (ʢʝʨʘʢʣʠ ʠʩ-
ʩʠץʣʠʢ ʨʝʞʠʤʠʥʠ ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ ʵʥʝʨʛʠʷ ״ʘʨʘ-
ʞʘʪʣʘʨʠ) ʫʥʠʥʛ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ ʤʘʪʝʨʠʘʣʘ-
ʨʠʥʠ ʠʰʣʘʪʠʰ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠ. ʀʩʠʪʠʰ ץʫʡʠ 
ʪʠʟʠʤʠʥʠʥʛ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʪʘʥʣʘʰ ʫʰʙʫ ʵʥʝʨʛʠʷ 
 .ץʣʠסʫʡʠ ʪʠʟʠʤʠʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʙʦץ
ʋʡʥʠʥʛ ʠʩʩʠץʣʠʢ ʨʝʞʠʤʠʥʠʥʛ ʤʘʪʝʤʘʪʠʢ ʤʦʜʝ-

ʣʠʥʠ ʷʛʦʥʘ ʠʩʩʠץʣʠʢ ʵʥʝʨʛʠʷʩʠ ʪʠʟʠʤʠ ʩʠʬʘʪʠʜʘ 
ʫʯʪʘ ˄ʟʘʨʦ ʙʦסʣʠץ ʧʘʩʪʢʠ ʤʦʜʝʣʣʘʨʛʘ ʙ˄ʣʠʰʠʥʠ 
 :ʡʠʜʘʛʠʯʘ ʸʟʠʰʠʤʠʟ ʤʫʤʢʠʥ˄ץ ʠʩʦʙʛʘ ʦʣʠʙ, ʙʠʟ״

h = p1 Å p2 Å p3 
ɹʫ ʝʨʜʘ p1 - ʪʘʰץʠ ʠץʣʠʤʥʠʥʛ ʙʠʥʦʛʘ ʪʘʲʩʠʨʠʥʠ 

oʧʪʠʤʘʣ ״ʠʩʦʙʛʘ ʦʣʠʰʥʠʥʛ ʠʩʩʠץʣʠʢ ʚʘ ץʫʚʚʘʪ ʩʘ-
ʤʘʨʘʜʦʨʣʠʛʠ ʢ˄ʨʩʘʪʢʠʯʠ; 

p2 - ʪʘʰץʠ ʙʠʥʦ ʢʦʥʚʝʨʪʣʘʨʠʥʠʥʛ ʠʩʩʠץʣʠʢ ʚʘ 
 ʙʫʣ ʪʘʥʣʘʰʜʘץʠʤʦʷ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʤʘ״ ʫʸʰʜʘʥץ
ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠʥʛ ʢ˄ʨʩʘʪʢʠʯʠ; 

p3 - ʤʠʢʨʦʠץʣʠʤ ʪʠʟʠʤʣʘʨʠʥʠ ʤʘץʙʫʣ ʪʘʥʣʘʰʜʘ 
ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠʥʛ ʢ˄ʨʩʘʪʢʠʯʠ. 
1. ʊʘʰץʠ ʙʠʥʦ ʢʦʥʚʝʨʪʣʘʨʠ ʸʨʫסʣʠʢʜʘʥ ״ʠʤʦʷ-

ʣʘʥʘʜʠ (ʜʝʚʦʨʣʘʨ, ץʦʧץʦץʣʘʨ, ʧʦʣʣʘʨ) ʚʘ ʰʘʬʬʦʬ 
(ʸʨʫסʣʠʢ ʪʝʰʠʢʣʘʨʠʥʠ ʪ˄ʣʜʠʨʫʚʯʠ) ʙ˄ʣʘʜʠ. 

2. ɪʨʫסʣʠʢ ˄ʪʢʘʟʤʘʡʜʠʛʘʥ ץʦʧʣʘʤʘʣʠ ʜʠʟʘʡʥ-
ʣʘʨʥʠʥʛ ʝʥʛ ʤʘץʙʫʣ ʠʩʩʠץʣʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ 
ʘʥʠץʣʘʰ ʫʣʘʨʛʘ ץ˄ʡʠʣʘʜʠʛʘʥ ʪʘʣʘʙʣʘʨʥʠʥʛ ʫʤʫ-
ʤʠʡʣʠʛʠʜʘʥ ʢʝʣʠʙ ʯʠץץʘʥ ״ʦʣʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ 
[1]. 
ɹʠʥʦʣʘʨʥʠ ʢʝʨʘʢʣʠ ʤʠʢʨʦʠץʣʠʤ ʙʠʣʘʥ ʪʘʲʤʠʥ-

ʣʘʥʠʰʠ ʙʠʥʦʣʘʨʥʠʥʛ ʘʨʭʠʪʝʢʪʫʨʘʚʠʡ ʝʯʠʤʠʛʘ ʙʝ-
ʚʦʩʠʪʘ ʙʦסʣʠץ, ʫʡ ʣʦʡʠ״ʘʩʠʥʠ ʠ״ʯʘʤʣʠʛʠ, ʜʝʨʘʟʘ-
ʣʘʨ ˄ʣʯʘʤʠ ʚʘ ʫʣʘʨʥʠʥʛ ʶʟʘʩʠʥʠ ʫʤʫʤʠʡ ʙʠʥʦ ʬʘ-
ʩʘʜʠʛʘ ʥʠʩʙʘʪʠ, ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘʨʠʥʠʥʛ ʪʠʧʣʘʨʠ, 
ʙʠʥʦ ʢʦʨʧʫʩʠʥʠʥʛ ʵʥʠ ʚʘ ״.ʢ. ʛʘ ʙʦסʣʠץ. 
ʄʠʢʨʦʠץʣʠʤ - ʙʫ ʭʦʥʘʥʠʥʛ ʠʩʩʠץʣʠʢ ʘʣʤʘʰʠ-

ʥʫʚʠ ʚʘ ʠʥʩʦʥ ʩʘʣʦʤʘʪʣʠʛʠʛʘ ʪʘʲʩʠʨ ץʠʣʫʚʯʠ 
ʘʪʨʦʬ-ʤʫ״ʠʪ ʦʤʠʣʣʘʨʠʥʠʥʛ ʢʦʤʙʠʥʘʮʠʷʩʠ. 
ʄʠʢʨʦʠץʣʠʤ ʙʠʨ ץʘʪʦʨ ʧʘʨʘʤʝʪʨʣʘʨ ʙʠʣʘʥ ʙʝʣ-

ʛʠʣʘʥʘʜʠ ʚʘ ʘʩʦʩʠʡʣʘʨʠ ץ˄ʡʠʜʘʛʠʯʘ: 
 ʠʤ״ʘʨʦʨʘʪʠ. ʋʰʙʫ ʧʘʨʘʤʝʪʨ ʵʥʛ ʤʫ״ ʘʚʦ״ ×

ʚʘ ʘʥʠץ ʢ˄ʨʠʥʘʜʠʛʘʥ ʧʘʨʘʤʝʪʨʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦ-
ʙʣʘʥʘʜʠ. ׳ʘʨʦʨʘʪʠ ʦʜʘʪʜʘʛʠʜʘʥ ʙʠʨ ʥʝʯʘ ʜʘʨʘʞʘ 
ʬʘʨץ ץʠʣʘʜʠʛʘʥ ʭʦʥʘʛʘ ʢʠʨʛʘʥʜʘ, ʦʜʘʤ ʜʘʨ״ʦʣ 
ʥʦץʫʣʘʡʣʠʢ ״ʠʩ ץʠʣʘʜʠ. ʋʰʙʫ ʧʘʨʘʤʝʪʨ ʭʦʥʘ ʪʫʨ-
ʣʘʨʠ ʙ˄ʡʠʯʘ ʥʦʨʤʘʣʣʘʰʪʠʨʠʣʘʜʠ, +/- 2 ʜʘʨʘʞʘ 
ʦסʠʰ ʨʫʭʩʘʪ ʵʪʠʣʘʜʠ, ʪʘʣʘʙʣʘʨʛʘ ʤʫʚʦʬʠץʣʠʛʠ 
ʫʯʫʥ ˄ʣʯʦʚʣʘʨ ʭʦʥʘʥʠʥʛ ʤʘʨʢʘʟʠʜʘ ʧʦʣʜʘʥ ʙʠʨ 
ʤʝʪʨ ʙʘʣʘʥʜʣʠʢʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ; 
 ʠʡʤʘʪʣʘʨʜʘץ ʘʚʦʥʠʥʛ ʥʠʩʙʠʡ ʥʘʤʣʠʛʠ״ ×

ʢʘʪʪʘ ˄ʟʛʘʨʠʰʣʘʨʛʘ ʵʛʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ, ʘʤʤʦ ʥʦʨ-
ʤʘʜʘʥ 40% ʜʘʥ 60% ʛʘʯʘ ʦʰʤʘʩʣʠʛʠ ʢʝʨʘʢ; 
 ;ʘʚʦ ʪʝʟʣʠʛʠ 0,1-0,5 ʤ/ʩ ʙ˄ʣʠʰʠ ʢʝʨʘʢ״ ×
× ʶʟʘ ״ʘʨʦʨʘʪʠ. 
2.01.01-22 ʰʘ״ʘʨʩʦʟʣʠʢ ʥʦʨʤʘʣʘʨʠ ʚʘ ץʦʠʜʘʣʘ-

ʨʠʜʘ ʠץʣʠʤ ʧʘʨʘʤʝʪʨʣʘʨʠ ץʫʡʠʜʘʛʠʯʘ ʘʥʠץʣʘʥʘʜʠ: 
× ʪʘʢʨʦʨʣʘʥʠʙ ʪʫʨʠʰ. ɹʝʨʠʣʛʘʥ ʦʨʘʣʠץʜʘʛʠ 

 ʦʣʣʘʨ ʩʦʥʠ ʙʠʣʘʥ״ ʠʡʤʘʪʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʛʘʥץ
 ʦʣʣʘʨʥʠʥʛ ʫʤʫʤʠʡ ʩʦʥʠ ˄ʨʪʘʩʠʜʘʛʠ״ ʘʪʦʨʜʘʛʠץ
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ʥʠʩʙʘʪʠ; 
× ʪʘʲʤʠʥʣʘʥʛʘʥʣʠʢ. ʀץʣʠʤ ʧʘʨʘʤʝʪʨʣʘʨʠ 

 ʠʡʤʘʪʣʘʨʠʥʠʥʛ ʙʝʣʛʠʣʘʥʛʘʥ ˄ʟ ʯʝʛʘʨʘʣʘʨʠʜʘʥץ
ʧʘʩʪʜʘ ʸʢʠ ʶץʦʨʠʜʘ ʪʘʢʨʦʨʣʘʥʠʙ ʪʫʨʠʰʠ. 
ʉʫʪʢʘ, ʦʡ ʸʢʠ ʡʠʣ ʜʘʚʦʤʠʜʘ ʪʘʥʣʘʰ ʙʠʣʘʥ ץʘʡʜ 

ʵʪʠʙ ʙʦʨʠʣʛʘʥ ʧʘʨʘʤʝʪʨ ץʠʡʤʘʪʣʘʨʠʜʘʥ ץʘʡʩʠʥʠʩʠ 
ʙʠʨʦʨ ״ʦʣʥʠ ʠʬʦʜʘʣʘʰʠʛʘ ץʘʨʘʙ, ʩʦʘʪʣʠʢ, ʩʫʪʢʘ-
ʣʠʢ, ʦʡʣʠʢ ʚʘ ʡʠʣʣʠʢ ʪʘʲʤʠʥʣʘʥʛʘʥʣʠʢʣʘʨ ʙʠʨ-ʙʠ-
ʨʠʜʘʥ ʬʘʨץ ץʠʣʠʥʘʜʠ. 
ʄʘʩʘʣʘʥ, ʡʠʣʣʠʢ ʪʘʲʤʠʥʣʘʥʛʘʥʣʠʛʠ 0,93 ʛʘ 

ʪʝʥʛ ʙ˄ʣʛʘʥ ʵʥʛ ʩʦʚʫ״ ץʘʚʦ ʦץʠʤʠʥʠʥʛ ״ʘʨʦʨʘʪʠʥʠ 
 :ʫʡʠʜʘʛʠʯʘץ ʘʨʠʰ ʫʩʫʣʠץʠʩʦʙʣʘʙ ʯʠ״
ʘ) n ʡʠʣ ʤʦʙʘʡʥʠʜʘʛʠ ʢʫʟʘʪʠʰʣʘʨ ʜʘʚʨʠʜʘ ʡʠʣ 

ʩʘʡʠʥ ʵʥʛ ʩʦʚʫץ ʩʫʪʢʘʣʘʨ ʚʘ ״ʘʚʦʥʠʥʛ ״ʘʨ ʩʫʪʢʘ-
ʜʘʛʠ ˄ʨʪʘʯʘ ״ʘʨʦʨʘʪʠ ʘʥʠץʣʘʥʠʰʠ; 
ʙ) ʪʘʥʣʘʙ ʦʣʠʥʛʘʥ ״ʘʨʦʨʘʪ ץʠʡʤʘʪʣʘʨʠ, ʷʲʥʠ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʜʘ ʪʘʨʪʠʙ ʩʦʥʠ ʙʝʨʠʣʠʙ, ʙʫ ץʠʡ-
ʤʘʪʣʘʨ ʧʘʩʘʡʠʙ (ʢʘʤʘʡʠʙ) ʙʦʨʘʜʠʛʘʥ ʪʘʨʟʜʘ ʞʦʡ-
ʣʘʰʪʠʨʠʣʠʰʠ; 
ʚ) ״ʘʚʦ ״ʘʨʦʨʘʪʠʥʠʥʛ ʢ˄ʨʩʘʪʢʠʯʠ 0,50 ʉ ʛʘʯʘ ʷʭ-

ʣʠʪʣʘʥʘʜʠʛʘʥ, ״ʘʨ ʙʠʨ ״ʘʨʦʨʘʪ ʢ˄ʨʩʘʪʢʠʯʠ ʫʯʫʥ 
˄ʨʪʘʯʘ ʪʘʨʪʠʙ ʩʦʥʠ ʙʝʣʛʠʣʘʥʘʜʠʛʘʥ ï m˄ʨ; 
ʛ) ״ʘʨ ʙʠʨ ״ʘʨʦʨʘʪ ʢ˄ʨʩʘʪʢʠʯʠ ʫʯʫʥ ʪʘʲʤʠʥʣʘʥ-

ʛʘʥʣʠʢ ʈ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ: 
P=1-m˄ʨ-0,3n+0,4 
ʜ) ʵ״ʪʠʤʦʣʣʠʢ ʪ˄ʨʠʜʘ (ʥʦʨʤʘʣ ʸʢʠ ʣʦʛʥʦʨʤʘʣ) 

ʪʘʲʤʠʥʣʘʥʛʘʥʣʠʢ ʛʨʘʬʠʛʠ ʪʫʟʠʣʘʜʠ. ɹʫʥʜʘ, ʦʨʜʠ-
ʥʘʪʘʣʘʨ ˄ץʠ ״ʘʨʦʨʘʪʥʠ, ʘʙʩʮʠʩʩʘʣʘʨ ˄ץʠ ʵʩʘ 
ʪʘʲʤʠʥʣʘʥʛʘʥʣʠʢʥʠ ʠʬʦʜʘʣʘʡʜʠ. ɹʫ ʛʨʘʬʠʢ ʪ˄סʨʠ 
ʯʠʟʠץʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʘʜʠ; 
ʝ) ʪʘʲʤʠʥʣʘʥʛʘʥʣʠʢ ʛʨʘʬʠʛʠʜʘʥ 0,98 ץʠʡʤʘʪʛʘ 

ʪʝʥʛ ʢʝʣʘʜʠʛʘʥ ʚʘ ʠʟʣʘʥʘʸʪʛʘʥ ״ʘʨʦʨʘʪ ʢʘʪʪʘʣʠʛʠ 
ʦʣʠʥʘʜʠʛʘʥ ʙʦʩץʠʯʣʘʨʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ [2]. 
ɹʠʥʦ ʚʘ ʠʥʰʦʦʪʣʘʨʥʠ ʣʦʡʠ״ʘʣʘʰʪʠʨʠʰʜʘ ʡʠʣ-

ʥʠʥʛ ʩʦʚʫץ ʜʘʚʨʠʜʘ ʠʩʩʠץʣʠʢ ʡ˄ץʦʪʠʣʠʰʠʥʠ ʚʘ 
ʡʠʣʥʠʥʛ ʠʩʩʠץ ʜʘʚʨʠʜʘ ʠʩʩʠץʣʠʢ ʢʠʨʠʰʠʥʠ 
-ʫʡʠʜʘʛʠʣʘʨ ʢ˄ʟʜʘ ʪʫʪʠץ ʩʘʜʠʜʘץʘʨʪʠʨʠʰ ʤʘץʠʩץ
ʣʠʰʠ ʣʦʟʠʤ: 
ʘ) ״ʘʞʤʠʡ-ʨʝʞʘʚʠʡ ʝʯʠʤʣʘʨ, ʙʫʥʜʘ ʪʘʰץʠ 

ʪ˄ʩʫʚʯʠ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʥʠʥʛ ʵʥʛ ʢʠʯʠʢ ʶʟʘʛʘ ʵʛʘ 
ʙ˄ʣʠʰʠ, ʠʩʩʠץʣʠʛʠ ʚʘ ʥʘʤʣʠʛʠ ʶץʦʨʠʨʦץ ʙ˄ʣʛʘʥ 
ʭʦʥʘʣʘʨ ʙʠʥʦʥʠʥʛ ʠʯʢʠ ʜʝʚʦʨʣʘʨʠ ʪʦʤʦʥʠʛʘ ʞʦʡ-
ʣʘʰʫʚʠ ״ʠʩʦʙʛʘ ʦʣʠʥʠʰʠ ʣʦʟʠʤ; 
ʙ) ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ 0,1 

ɺʪ/ (ʤĀ0ʉ) ʜʘʥ ʦʰʤʘʛʘʥ ʩʘʤʘʨʘʣʠ ʠʩʩʠץʣʠʢ ʠʟʦʣʷ-
ʮʠʷʣʦʚʯʠ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʨʘʮʠʦʥʘʣ ʬʦʡʜʘʣʘʥʠʰ; 
ʚ) ʸʨʫסʣʠʢ ʦʨʘʣʠץʣʘʨʠ ʤʘʡʜʦʥʠ, ʙʫʥʜʘ ʫ ʪʘʙʠʠʡ 

ʸʨʠʪʠʣʛʘʥʣʠʢ ʢʦʵʬʬʠʮʝʥʪʠ ʤʝʲʸʨʠʡ ʢʘʪʪʘʣʠʛʠ-
ʥʠʥʛ ʤʠʥʠʤʘʣ ץʠʡʤʘʪʠʛʘ ʤʦʩ ʙ˄ʣʠʰʠ ʢʝʨʘʢ; 
ʛ) ʸʨʫסʣʠʢ ʦʨʘʣʠץʣʘʨʠʥʠʥʛ ץʫʸʰʜʘʥ ʩʘץʣʘʡʜʠ-

ʛʘʥ ץʫʨʠʣʤʘʣʘʨ ʙʠʣʘʥ ״ʠʤʦʷʣʘʥʛʘʥʣʠʛʠ, ʙʫʥʜʘ 
ʫʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ 
ʤʝʲʸʨʠʡ ʢʘʪʪʘʣʠʛʠ ʡʠʣʥʠʥʛ ʩʦʚʫץ ʬʘʩʣʠʜʘ ץʫʸʰ 
ʵʥʝʨʛʠʷʩʠʥʠʥʛ ץʘʨʰʠʣʠʢʩʠʟ ʢʠʨʠʰʠʥʠ ʪʘʲʤʠʥ-
ʣʘʰʠ ʣʦʟʠʤ; 
ʜ) ʪʘʰץʠ ʜʝʚʦʨʣʘʨ ʚʘ ʪʦʤ ʸʧʤʘʣʘʨʜʘʛʠ ʫʣʘʥʤʘ 

ʙʠʨʠʢʤʘʣʘʨ ʚʘ ʯʦʢʣʘʨʥʠʥʛ ʫʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʜʘ 
ʠʰʦʥʯʣʠ ʛʝʨʤʝʪʠʟʘʮʠʷʩʠ [3]. 
ʃʦʡʠ״ʘʣʘʰʪʠʨʠʣʘʸʪʛʘʥ ʙʠʥʦʥʠ ʠʩʠʪʠʰ ʚʘ ʰʘ-

ʤʦʣʣʘʪʠʰʛʘ ʢʝʪʘʜʠʛʘʥ ״ʠʩʦʙʠʡ ʠʩʩʠץʣʠʢ 
ʩʘʨʬʣʘʨʠ, ʰʫʥʠʥʛʜʝʢ ʢʦʥʜʠʮʠʷʣʘʰʪʠʨʠʰ ʚʘ ʩʦʚʠ-
ʪʠʰʛʘ ʢʝʪʘʜʠʛʘʥ ״ʠʩʦʙʠʡ ʩʦʚʫץʣʠʢ ʩʘʨʬʣʘʨʠ פʄפ 
2.01.18-18 ʜʘ ʙʝʣʛʠʣʘʥʛʘʥ ʤʝʲʸʨʠʡ ץʠʡʤʘʪʣʘʨʛʘ 

ʤʦʩ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. 

 
1-ʨʘʩʤ. ʊʫʨʣʠ ʠץʣʠʤ ʰʘʨʦʠʪʣʘʨʠ ʫʯʫʥ ʰʘ״ʘʨ 

 :ʫʨʠʰ ʫʩʫʣʣʘʨʠץ ʫʜʫʜʣʘʨʠʥʠ״
ʘ) ˄ʣʯʘʥʛʘʥ ʟʘʨʨʘʯʘʣʘʨʥʠ ʫʟʘʪʠʣʠʰʠ ʙʠʣʘʥ ʦʙ-״ʘʚʦ-
ʥʠʥʛ ʪʘʢʨʦʨʣʘʥʠʰʠ ʰʘʨʦʠʪʠʜʘʛʠ ʧʝʨʠʤʝʪʨʣʠ ʙʠʥʦ ץʫ-
ʨʠʣʠʰʠ; ʙ) ʶץʦʨʠ ʪʝʟʣʠʢʜʘʛʠ ʫʩʪʫʥ ʰʘʤʦʣʣʘʨ ʪʦʤʦʥʠ-
ʜʘʥ ʩʦʜʜʘʣʘʰʪʠʨʠʣʛʘʥ ʰʘʢʣʜʘʛʠ ʧʝʨʠʤʝʪʨʣʠ ʙʠʥʦ ץʫ-
ʨʠʣʠʰʠ; ʚ) ʙʠʥʦʣʘʨʥʠʥʛ ʢ˄ʥʜʘʣʘʥʛ ʪʘʨʘʬʠ ʙ˄ʨʦʥʣʠ 
ʰʘʤʦʣʣʘʨʛʘ ץʘʨʘʛʘʥ ״ʦʣʜʘ ʦʯʠץ ʙʠʥʦ ץʫʨʠʣʠʰʠ; ʛ) ʰʘ-
ʤʦʣʜʘʥ ״ʠʤʦʷ ץʠʣʫʚʯʠ ʙʠʥʦ ץʫʨʠʣʠʰʠ; ʜ) ʠʩʩʠץ ʠץʣʠʤ 
ʰʘʨʦʠʪʠʜʘ ʰʘʤʦʣ ʪʝʟʣʠʛʠʥʠ ʬʘʦʣʣʘʰʪʠʨʘʜʠʛʘʥ ʨʝ-
ʞʘʩʠ; ʝ) ʠʩʩʠץ ˄ʪʠʰ ʞʦʡʣʘʨʠ ʙ˄ʣʛʘʥ ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦ-

ʣʘʨʠ 
 

ɹʠʥʦʣʘʨʥʠʥʛ ʪʘʰץʠ ״ʘʞʤʠʡ ʚʘ ʨʝʞʘʚʠʡ ʝʯʠʤ-
ʣʘʨʠʛʘ ʪʘʰץʠ ״ʘʚʦ ʠץʣʠʤʠʥʠʥʛ ʪʘʲʩʠʨʠ ʢʘʪʪʘʜʠʨ. 
ʁʠʣ ʜʘʚʦʤʠʜʘ 9 ʦʡ ʠʩʠʪʠʣʘʜʠʛʘʥ ʬʫץʘʨʦ ʙʠʥʦʣʘ-
ʨʠʥʠʥʛ ʵʥʠ, ʩʘʨʬ ʙ˄ʣʘʜʠʛʘʥ ʠʩʩʠץʣʠʢ ʤʠץʜʦʨʠʥʠ 
ʪʝʞʘʰ ʫʯʫʥ, ʤʫʲʪʘʜʠʣ ʠץʣʠʤʜʘ ʣʦʡʠ״ʘ ץʠʣʠʥʘʜʠ-
ʛʘʥ ʙʠʥʦʣʘʨ ʵʥʠʜʘʥ ʢʘʪʪʘ ץʠʣʠʙ ʦʣʠʥʘʜʠ. ɾʫʜʘ ʩʦ-
ʚʫץ ʠץʣʠʤ ʤʠʥʪʘץʘʣʘʨʜʘ ʞʘʤʦʘʪ ʚʘ ʪʫʨʘʨ-ʞʦʡ ʙʠ-
ʥʦʣʘʨʠʥʠ ʣʦʡʠ״ʘ ץʠʣʠʰʜʘ ʵʨʢʝʨ, ʣʦʜʞʠʷ ʚʘ ʙʘʣ-
ʢʦʥʣʘʨ ʢʫʟʜʘ ʪʫʪʠʣʤʘʡʜʠ. ʉʘʥʦʘʪ ʙʠʥʦʣʘʨʠʜʘ ʧʨʦ-
ʣʝʪʣʘʨ ʙʘʣʘʥʜʣʠʛʠ ʙʠʨ ʭʠʣ ץʠʣʠʙ ʦʣʠʥʠʙ, ʸʨʫסʣʠʢ 
ʙʠʣʘʥ ʪʘʲʤʠʥʣʦʚʯʠ ʬʦʥʘʨʣʘʨ ʢʘʤ ץ˄ʣʣʘʥʠʣʘʜʠ. 
ɹʠʥʦ ʭʦʥʘʣʘʨʠʜʘʛʠ ʘʩʦʩʠʡ ʤʠʢʨʦʠץʣʠʤ ʢ˄ʨʩʘʪ-

ʢʠʯʣʘʨʠʛʘ ʢʫʡʠʜʘʛʠʣʘʨ ʢʠʨʘʜʠ: 
ʘ) ʪʘʰץʠ ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʥʠʥʛ ʩʠʨʪʣʘʨʠʜʘʛʠ 

ʚʘ ʭʦʥʘʥʠʥʛ ʘʩʦʩʠʡ ץʠʩʤʣʘʨʠʜʘʛʠ ״ʘʨʦʨʘʪ; 
ʙ) ʭʦʥʘʜʘʛʠ ״ʘʚʦ ʥʘʤʣʠʛʠ; 
ʚ) ʭʦʥʘʜʘ ״ʘʚʦʥʠʥʛ ʩʘʥʠʪʘʨ-ʛʠʛʠʝʥʠʢ ״ʦʣʘʪʠ 

(ʩʠʬʘʪʠ); 
ʛ) ʠʯʢʠ ״ʘʚʦ ʤʫ״ʠʪʠʥʠ ʪʫʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʛʘ 

ʥʠʩʙʘʪʘʥ ʘʛʨʝʩʩʠʚ ʸʢʠ ʧʨʦʛʨʝʩʩʠʚʣʠʛʠ [4]. 
 

 
2-ʨʘʩʤ. ʍʦʥʘʜʘʛʠ ʦץʠʤʣʘʨʥʠʥʛ ״ʘʨʘʢʘʪʠ. 



e˸¡morchilik va qurilish muammolari    2023 ͚ ͙Σ͡ Ѕ1 ͫ ͦͤ 

27 

-ʢʦʥʩʪʨʫʢʮʠʷ ץʠ ʪ˄ʩʠץʠʪʠʥʠʥʛ ʪʘʰ״ʘʚʦ ʤʫ׳
ʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʘʛʨʝʩʩʠʚ ʸʢʠ ʧʨʦʛʨʝʩʩʠʚʣʠʛʠʛʘ, 
ʥʘʬʘץʘʪ ״ʘʚʦ ʪʘʨʢʠʙʠʜʘ ʢʠʤʸʚʠʡ ʙʠʨʠʢʤʘʣʘʨ ʙʦʨ 
ʸʢʠ ʡ˄ץʣʠʛʠʜʘ, ʙʘʣʢʠ ״ʘʚʦ ʤʫ״ʠʪʠʥʠʥʛ ״ʘʨʦʨʘʪʠ 
ʚʘ ʥʘʤʣʠʛʠʛʘ ״ʘʤ ʙʦסʣʠʢ. 
ʍʦʥʘʣʘʨʥʠ ʪʘʰץʠ ʤʫ״ʠʪʜʘʥ ʘʞʨʘʪʠʙ, ʯʝʛʘʨʘʣʘʙ 

ʪʫʨʫʚʯʠ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʭʦʥʘʣʘʨʜʘ ʤʠʢʨʦʠץʣʠʤ 
ʷʨʘʪʠʰʜʘ ʢʘʪʪʘ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ. ʍʦʥʘʣʘʨʜʘ ʠʥʩʦʥ-
ʣʘʨ ʬʘʦʣʠʷʪʠ ʫʯʫʥ ʘʩʦʩʠʡ ʙ˄ʣʛʘʥ ʠץʣʠʤ ʢ˄ʨʩʘʪ-
ʢʠʯʣʘʨʠʛʘ, ʭʦʥʘ ״ʘʚʦʩʠʥʠʥʛ ˄ʨʪʘʯʘ ״ʘʨʦʨʘʪʠ ʚʘ 
ʫʥʠʥʛ ʙʠʨ ʩʫʪʢʘ ʜʘʚʨʠʜʘ ʪʝʙʨʘʥʠʰʠ, ʙʘʨʯʘ ʪ˄ʩʠץ 
ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ ˄ʨʪʘʯʘ ״ʘʨʦʨʘʪʠ 
ʚʘ ʭʦʥʘʜʘʛʠ ״ʘʚʦʥʠʥʛ ʥʘʤʣʠʛʠ ʚʘ ʛʠʛʠʝʥʠʢ ״ʦʣʘʪʠ 
ʢʠʨʘʜʠ. 
ʊʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘʨʠ ʭʦʥʘʣʘʨʠ ʤʠʢʨʦʠץʣʠʤ 

ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʤʘʞʤʫʠ ʪʫʨʣʠ ʦʤʠʣʣʘʨʛʘ (ʡʠʣ 
ʬʘʩʣʠ, ʩʫʪʢʘʥʠʥʛ ʚʘץʪʠ, ʙʠʥʦ ʪʫʨʠ, ʙʠʥʦʥʠʥʛ ץʫʸʰ 
ʥʫʨʠʛʘ ʥʠʩʙʘʪʘʥ ʦʨʠʝʥʪʘʮʠʷʩʠ ʚʘ ״.ʢ.) ʙʦסʣʠץ 
ʙ˄ʣʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ ʫʣʘʨ ʜʦʠʤʦ ˄ʟʛʘʨʠʙ ʪʫʨʠʰʠ 
ʤʫʤʢʠʥ. 
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ɹʝʨʜʘץ ʥʦʤʠʜʘʛʠ פʦʨʘץʘʣʧʦץ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ 

 
ʄʘʟʢʫʨ ʤʘץʦʣʘʜʘ ʙʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰʜʘ ʩʘʤʘʨʘʣʠ ״ʠʤʦʷʣʘʥʛʘʥ ʙʠʨ ʚʘ ʢ˄ʧ ץʘʪʣʘʤʣʠ 

ʜʝʚʦʨ ʢʦʥʩʪʨʫʢʮʠʷʩʠ, ʪʘʰץʠ ʪ˄ʩʫʚʯʠ ץʦʧʣʘʤʘ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ״ʘץʠʜʘ ʙʘʸʥ ʵʪʠʣʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʜʝʚʦʨ, ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ, ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠ, ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʦʜʥʦʩʣʦʡʥʳʝ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥ, ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʨʫʞʥʳʭ ʙʘʨʴʝʨʥʳʭ 
ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʥʘ, ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ. 

This article describes single-layer and multi-layer wall structures, external barrier coating structures that are effective 
for improving the energy efficiency of buildings. 

Key words: wall, enclosing structures, energy efficiency, thermal insulation. 
 

 ʘʩʠʜʘ ʵʥʝʨʛʠʷ ʪʝʞʘʰ ʤʘʩʘʣʘʩʠ״ʫʨʠʣʠʰ ʩʦפ
ʦʭʠʨʛʠ ˄ʥ ʡʠʣʣʠʢʜʘ ʜʫʥʸʜʘ ʠʩʪʝʲʤʦʣ ץʠʣʠʥʘʜʠʛʘʥ 
ʵʥʝʨʛʠʷ ʤʠץʜʦʨʠʥʠʥʛ ʢʝʩʢʠʥ ʩʫʨʲʘʪʣʘʨʜʘ ʦʨʪʠʰʠ 
-ʠʩʦʙʣʘʥ״ ʠʩʦʙʠʛʘ ʜʦʣʟʘʨʙ ʤʫʘʤʤʦʣʘʨʜʘʥ ʙʠʨʠ״
ʘʜʠ. 
ʈʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ץʫʨʠʣʠʰ ʩʦ״ʘʩʠʜʘ ʙʠʥʦʣʘʨʠ-

ʥʠʥʛ ʵʢʩʧʣʫʘʪʘʮʠʷ ʞʘʨʘʸʥʠʜʘ ʵʥʝʨʛʠʷ ʩʘʨʬʠʥʠ ʢʘ-
ʤʘʡʪʠʨʠʰʛʘ ץʘʨʘʪʠʣʛʘʥ ʵʥʝʨʛʠʷ ʪʝʞʦʚʯʠ ʪʝʭʥʦʣʦ-
ʛʠʷʣʘʨʥʠ ʪʘʜʙʠץ ʵʪʠʰ ʙ˄ʡʠʯʘ ʢʝʥʛ ʢ˄ʣʘʤʣʠ ʯʦʨʘ-
ʪʘʜʙʠʨʣʘʨ ʘʤʘʣʛʘ ʦʰʠʨʠʣʤʦץʜʘ. 2017-2021 ʡʠʣ-
ʣʘʨʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠ ʷʥʘʜʘ ʨʠʚʦ-
ʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ ׳ʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠʜʘ, 
ʞʫʤʣʘʜʘʥ, ç...ʤʠʣʣʠʡ ʠץʪʠʩʦʜʠʸʪʥʠ ʨʘץʦʙʘʪʙʘʨ-
ʜʦʰʣʠʛʠʥʠ ʦʰʠʨʠʰ, ʠץʪʠʩʦʜʠʸʪʜʘ ʵʥʝʨʛʠʷ ʚʘ ʤʘ-
ʪʝʨʠʘʣ ʩʘʨʬʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ...ʠʰʣʘʙ ʯʠץʘʨʠʰʛʘ 
ʵʥʝʨʛʠʷʪʝʞʘʤʢʦʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ʢʝʥʛ ʪʘʜʙʠץ 
-ʠʣʠʰ...è [1] ʚʘʟʠʬʘʣʘʨʠ ʙʝʣʛʠʣʘʙ ʙʝʨʠʣʛʘʥ. ʄʘʟץ
ʢʫʨ ʚʘʟʠʬʘʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ, ʞʫʤʣʘʜʘʥ ץʫʨʫץ 
ʠʩʩʠץ ʠץʣʠʤ ʰʘʨʦʠʪʣʘʨʠʜʘ ץʫʨʠʣʠʰ ʦʙʲʝʢʪʣʘʨʠ 
ʫʯʫʥ ʵʥʝʨʛʠʷ ʪʝʞʘʡʜʠʛʘʥ ʩʘʤʘʨʘʣʠ ʪʘʰץʠ ʪ˄ʩʫʚʯʠ 
-ʠ ʶʟʘʜʘ ʥʫʨʣʠץʦʧʣʘʤʘ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠʥʠ, ʪʘʰץ
ʢʦʥʚʝʢʪʠʚ ʠʩʩʠץʣʠʢ ʘʣʤʘʰʠʥʫʚʠʜʘ ʢʦʥʩʪʨʫʢʮʠʷ-
ʣʘʨ ״ʠʩʦʙʣʘʰ ʫʩʫʣʣʘʨʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʜʘʥ 
ʠʙʦʨʘʪ. 
-ʪʜʘ ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘʨʠʥʠʥʛ ʵʥʝʨץʦʟʠʨʛʠ ʚʘ׳

ʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʙ˄ʡʠʯʘ ʘʨʭʠʪʝʢ-
ʪʫʨʘ-ʪʝʭʥʠʢ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʤʘʞʤʫʠ ʪʫʨʦʨ ʞʦʡ 
ʙʠʥʦʣʘʨʠ ʫʯʫʥ ״ʘʞʤʣʠ ʨʝʞʘʣʘʰʪʠʨʠʰʥʠʥʛ 
ʦץʠʣʦʥʘ ʝʯʠʤʣʘʨʠʥʠ, ʪʘʰץʠ ʪ˄ʩʠץʣʘʨʥʠʥʛ ʠʩ-
ʩʠץʣʠʢ ʙʠʣʘʥ ʠʰʣʘʡʜʠʛʘʥ ʜʠʟʘʡʥʠʥʠ, 

ʤʫ״ʘʥʜʠʩʣʠʢ ʪʠʟʠʤʣʘʨʠʥʠ, ʥʘʟʦʨʘʪ-˄ʣʯʦʚ ʚʘ ʪʘʨ-
ʪʠʙʛʘ ʩʦʣʠʰ ʤʦʩʣʘʤʘʣʘʨʠʥʠ, ʰʫʥʠʥʛʜʝʢ ʘʥʲʘ-
ʥʘʚʠʡ ʙ˄ʣʤʘʛʘʥ ʠʩʩʠץʣʠʢ ʤʘʥʙʘʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘ-
ʥʠʰʥʠ ʪʘʲʤʠʥʣʘʰʜʘʥ ʠʙʦʨʘʪ. 
ʕʥʝʨʛʠʷ ʩʘʤʘʨʘʣʠ ʚʘ ʧʘʩʩʠʚ ʫʡʣʘʨ ʢʦʥʮʝʧʮʠʷʩʠ 

ʠʰʣʘʙ ʯʠץʠʣʛʘʥʠʯʘ ץʫʨʠʣʛʘʥ ʤʘʚʞʫʜ ʙʠʥʦʣʘʨ-
ʥʠʥʛ ʙʘʨʯʘ ʠʩʩʠץʣʠʢ ʡ˄ץʦʪʠʰʣʘʨʠʥʠʥʛ 70% ʜʘʥ 
ʦʨʪʠסʠ ʪʘʰץʠ ʪ˄ʩʠץʣʘʨ ʚʘ ʪʦʤʣʘʨ ʦʨץʘʣʠ ʡ˄ץʦʣʠ-
ʰʠʛʘ ʪ˄סʨʠ ʢʝʣʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ ʠʩʩʠץʣʠʢ ʠʟʦʣʷ-
ʮʠʷʩʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʵʥʝʨʛʠʷʥʠ ʪʝʞʘʰʥʠʥʛ 
ʵʥʛ ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʕ.ʊʫʣʘʢʦʚʥʠʥʛ ʬʠʢʨʠʛʘ ʢ˄ʨʘ ʠʩʩʠץʣʠʢ ʵʥʝʨʛʠ-

ʷʩʠʥʠ ʨʘʮʠʦʥʘʣ ʩʘʨʬʣʘʥʤʘʩʣʠʛʠʥʠʥʛ ʘʩʦʩʠʡ ʩʘ-
ʙʘʙʣʘʨʠ ץ˄ʡʠʜʘʛʠʯʘ ʙʝʣʛʠʣʘʙ ʙʝʨʠʣʛʘʥ [2]: 

- ʠʩʠʪʠʣʘʜʠʛʘʥ ʟʠʥʘ-ʣʠʬʪ ʙʣʦʢʣʘʨʠ ʚʘ ʟʠʥʘʭʦ-
ʥʘʣʘʨʥʠʥʛ ʘʨʭʠʪʝʢʪʫʨʘ-ʨʝʞʘʣʘʰʪʠʨʠʰ ʚʘ ʤʫ״ʘʥ-
ʜʠʩʣʠʢ ʝʯʠʤʣʘʨʠʥʠʥʛ ʢʘʤʯʠʣʠʢʣʘʨʠ; 

- ʪʘʰץʠ ʜʝʚʦʨʣʘʨ, ʜʝʨʘʟʘʣʘʨ, ʪʦʤ ʚʘ ʝʨʪ˄ʣʘ ʸʧ-
ʤʘʣʘʨʠʥʠʥʛ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ ʩʠʬʘʪʠʥʠʥʛ 
ʝʪʘʨʣʠ ʵʤʘʩʣʠʛʠ; 

- ʪʘʨʪʠʙʛʘ ʩʦʣʠʥʤʘʛʘʥ ʪʘʙʠʠʡ ʰʘʤʦʣʣʘʪʠʰ ʪʠ-
ʟʠʤʣʘʨʠʥʠʥʛ ʥʦʤʫʢʘʤʤʘʣʣʠʛʠ; 

- ʙʘʣʢʦʥ ʵʰʠʢʣʘʨʠ ʚʘ ʸסʦʯ ʜʝʨʘʟʘ ʪʘʙʘץʘʣʘʨʠʥʠ 
ʟʠʯ ʙʠʨʠʢʤʘʩʣʠʛʠ ʚʘ ʩʠʬʘʪʠ ʧʘʩʪʣʠʛʠ; 

- ʠʩʠʪʠʰ ʚʘ ʠʩʩʠץ ʩʫʚ ʪʘʲʤʠʥʦʪʠ ʪʠʟʠʤʣʘʨʠʜʘ 
˄ʣʯʘʰ, ʙʦʰץʘʨʠʰ ʚʘ ʪʘʨʪʠʙʛʘ ʩʦʣʠʰ ץʫʨʠʣʤʘʣʘ-
ʨʠʥʠʥʛ ʡ˄ץʣʠʛʠ; 

- ʪʘʰץʠ ʠʩʩʠץʣʠʢ ʪʨʘʩʩʘ ʪʘʨʤʦץʣʘʨʠʥʠʥʛ ʠʩ-
ʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠʥʠʥʛ ʝʪʘʨʣʠ ʵʤʘʩʣʠʛʠ ʸʢʠ ʙʫ-
ʟʠʣʛʘʥʣʠʛʠ; 
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- ʙʫץסʘʟʦʥʣʘʨ ʫʩʢʫʥʘʣʘʨʠʥʠʥʛ ʵʩʢʠʨʛʘʥ ʚʘ 
ʫʥʫʤʩʠʟ ʪʫʨʣʘʨʠ; 

- ʙʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʪʘʲʤʠʥʦʪʠ ʫʯʫʥ ץ˄ʣʣʘ-
ʥʠʣʠʰʠ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ ʷʥʛʠʣʘʥʘʜʠʛʘʥ ʥʦʘʥʲʘ-
ʥʘʚʠʡ ʵʥʝʨʛʠʷ ʤʘʥʙʘʣʘʨʠʥʠʥʛ ʝʪʘʨʣʠʯʘ ץ˄ʣʣʘʥʠʣ-
ʤʘʛʘʥʣʠʛʠ. 
ɹʫ ʢʘʤʯʠʣʠʢʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ, ʵʥʝʨʛʠʷʥʠ 

ʪʝʞʘʰ ʩʠʸʩʘʪʠʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ, ʠץʪʠʩʦʜʠʸʪʥʠʥʛ 
ʫʤʫʤʠʡ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʠץʪʠ-
ʩʦʜʠʡ ʪʘʨʘץץʠʸʪʥʠʥʛ ʟʘʤʦʥʘʚʠʡ ʙʦʩץʠʯʠʥʠʥʛ ʘʩʦ-
ʩʠʡ ʚʘʟʠʬʘʣʘʨʠʜʘʥ ʙʠʨʠʜʠʨ. 
ɶʟʙʝʢʠʩʪʦʥʜʘ ץʫʨʠʣʠʰ ʩʦ״ʘʩʠʜʘ ʵʥʝʨʛʠʷ ʪʝ-

ʞʘʡʜʠʛʘʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ʞʦʨʠʡ ʵʪʠʰ ʠʩʪʠץʙʦʣ-
ʣʘʨʠʥʠ ʪʘ״ʣʠʣ ץʠʣʘʜʠʛʘʥ ʙ˄ʣʩʘʢ, ʍʍ ʘʩʨʥʠʥʛ 90-
ʡʠʣʣʘʨʠ ˄ʨʪʘʣʘʨʠʛʘ ץʘʜʘʨ ʬʦʡʜʘʣʘʥʠʰʛʘ ʪʦʧʰʠ-
ʨʠʣʛʘʥ ʪʫʨʘʨ-ʞʦʡʣʘʨʥʠʥʛ ʢʘʪʪʘ ץʠʩʤʠʥʠ ״ʠʩʦʙʛʘ 
ʦʣʤʘʩʣʠʢ ʤʫʤʢʠʥ ʵʤʘʩ. ʉʪʘʪʠʩʪʠʢ ʤʘʲʣʫʤʦʪʣʘʨʛʘ 
ʢ˄ʨʘ, ʙʘʲʟʠ ʰʘ״ʘʨʣʘʨʜʘ ʵʩʢʠ ʙʠʥʦʣʘʨʥʠʥʛ ʫʣʫʰʠ 
80-85% ʛʘ ʝʪʘʜʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʷʥʛʠ ʪʫʨʘʨ-ʞʦʡ-
ʣʘʨ ץʫʨʠʣʠʰʠʜʘ ʵʥʝʨʛʠʷ ʪʝʞʘʡʜʠʛʘʥ ʪʝʭʥʦʣʦʛʠʷ-
ʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʙʠʣʘʥ ʙʠʨʛʘ, ʤʘʚʞʫʜ ʙʠʥʦ ʚʘ 
ʠʥʰʦʦʪʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠ-
ʨʠʰ ʫʩʪʫʚʦʨ ʡ˄ʥʘʣʠʰ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʕʣʠʪʘ ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘʨʠ ʚʘ ʤʘʞʤʫʘʣʘʨʠʥʠʥʛ 

ʠʥʜʠʚʠʜʫʘʣ ʣʦʡʠ״ʘʣʘʨʠʥʠʥʛ ʢ˄ʧʣʘʙ ʘʨʭʠʪʝʢʪʫʨʘ-
ʨʝʞʘʣʘʰʪʠʨʠʰ ʝʯʠʤʣʘʨʠ ʢʚʘʨʪʠʨʘʣʘʨʛʘ ʢʠʨʠʰ 
ʫʯʫʥ 1-2 ʵʰʠʢ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʡʜʠ, ʙʫ ʵʩʘ ʪʘʚʩʠʷ-
ʣʘʨʛʘ ʤʦʩ ʢʝʣʘʜʠ. פ˄ʰʠʤʯʘ ʵʰʠʢʣʘʨ ʤʦʩʣʘʤʘʩʠ 
ʥʘʬʘץʘʪ ʪ˄סʨʠ ʰʘʤʦʣʣʘʪʠʰ ʨʝʞʠʤʠʥʠ ʪʘʲʤʠʥ-
ʣʘʡʜʠ, ʙʘʣʢʠ ʢʚʘʨʪʠʨʘʥʠʥʛ ʭʦʥʘʣʘʨʠ ʪʦʤʦʥʠʜʘʥ 
ʠʩʩʠץʣʠʢ ʡ˄ץʦʪʠʣʠʰʠʥʠ ʢʘʤʘʡʪʠʨʘʜʠ ʚʘ ʘ״ʦʣʠʥʠ 
(ʷʰʦʚʯʠʣʘʨʥʠ) ʦʨʪʠץʯʘ ʰʦʚץʠʥʣʘʨʜʘʥ ״ʠʤʦʷ 
 .ʠʣʘʜʠ [3] (1-ʨʘʩʤ)ץ

 

 

1 ï ״ʠʤʦʷʣʦʚʯʠ ʢʦʥ-
ʩʪʨʫʢʮʠʷ (ʘʩʦʩ); 
2 - ʠʟʦʣʷʮʠʷʥʠ ʪʘʷʥʯʛʘ 
ʸʧʠʰʪʠʨʠʰ ʚʘ ʠʟʦʣʷ-
ʮʠʷʛʘ ʰʠʰʘ ʪʦʣʘʣʠ ʤʦ-
ʩʣʘʤʘʥʠ ʤʫʩʪʘ״ʢʘʤʣʘʰ; 
3 ï ʧʣʠʪʘʣʠ ʠʟʦʣʷʮʠʷ; 
4 ï ʜʶʙʝʣʣʘʨ; 
5 ï ʤʫʩʪʘ״ʢʘʤʣʦʚʯʠ 
ʰʠʰʘ ʪʦʣʘʣʠ ʩʝʪʢʘʣʘʨ; 
6 ï ʪʝʛʠʩʣʦʚʯʠ ץʘʪʣʘʤ; 
7 ï ʜʝʢʦʨʘʪʠʚʣʠ-ʰʪʫʢʘ-
ʪʫʨʣʘʥʛʘʥ ץʘʪʣʘʤ. 

1-ʨʘʩʤ. ʀʩʩʠץʣʠʢ ʩʘʨʬʠ ʩʘʤʘʨʘʣʠ ״ʠʤʦʷʣʘʥʛʘʥ ʢ˄ʧ 
 .ʘʪʣʘʤʣʠ ʜʝʚʦʨ ʢʦʥʩʪʨʫʢʮʠʷʩʠץ

 

ʂʘʤ ץʘʚʘʪʣʠ ʙʠʥʦʣʘʨʜʘʛʠ ʰʘʤʦʣ ʶʢʣʘʨʠʥʠ 
-ʘʨʦʨʠʜʘ ʰʘץ ʘʨʩʦʟʣʠʢ״ʦʣʜʘ, ʰʘ״ ʠʩʦʙʛʘ ʦʣʛʘʥ״
ʤʦʣʛʘ ʯʠʜʘʤʣʠ ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘʨʠʥʠ ʰʘʤʦʣʜʘʥ 
-ʠʣʘʜʠʛʘʥ ʸʥ ʪʦʤʦʥʜʘʥ ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʣʘץ ʠʤʦʷ״
ʨʠʥʠʥʛ ץʘʚʘʪʣʘʨʠʥʠʥʛ ʧʘʩʘʡʠʰʠ ʙʠʣʘʥ ˄ʨʥʘʪʠʰ 
ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץʜʠʨ, ʙʫ ʵʩʘ ʰʘʤʦʣʛʘ ʯʠʜʘʤʣʠ ʫʡ-
ʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ʤʫ״ʦʬʘʟʘʩʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ. 
ʐʘʤʦʣ, ʘʚʪʦʤʘʛʠʩʪʨʘʣʣʘʨ ʚʘ ʢ˄ʯʘʣʘʨʥʠʥʛ ʰʦʚץʠ-
ʥʠʜʘʥ ״ʠʤʦʷ ץʠʣʠʰ ʫʯʫʥ ñʸʧʠץò ״ʦʚʣʠʣʘʨʥʠʥʛ 
ʰʘ״ʘʨʩʦʟʣʠʢ ʫʩʫʣʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʠʩʩʠץʣʠʢ ʪʝ-
ʞʘʰʛʘ ʦʣʠʙ ʢʝʣʘʜʠ [4]. 
ʆסʠʨ ʠץʣʠʤ ʫʯʫʥ ץʫʨʠʣʠʰ ʰʘʨʦʠʪʠʜʘ ʘʩʦʩʠʡ 

ʪʫʰʫʥʯʘ ʘʪʨʦʬ-ʤʫ״ʠʪ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʨʘʡʦʥ-
ʣʘʰʪʠʨʠʣʛʘʥ ʙʦʰץʘʨʠʰ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʫʡʥʠʥʛ 

ʦʨʠʝʥʪʘʮʠʷʩʠʜʘ, ʫʥʠʥʛ ʬʘʟʦʚʠʡ ץʦʙʠסʠʥʠ ʚʘ ʦʡ-
ʥʘʩʠʥʠ ץʫʨʠʰʜʘ, ʠʯʢʠ ʠץʣʠʤ ʚʘ ʵʥʝʨʛʠʷ ʠʩʪʝʲʤʦ-
ʣʠʥʠ ʙʦʰץʘʨʠʰʜʘ ʠʬʦʜʘʣʘʥʘʜʠ. ɸʤʝʨʠʢʘʣʠʢ ʘʨ-
ʭʠʪʝʢʪʦʨ ʈʘʣʬ ʅʦʫʣʟ (Ralph Knowles) "ʪʘʰץʠ 
ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ʤʘʡʜʦʥʠʥʠʥʛ ʙʠʥʦ ״ʘʞ-
ʤʠʛʘ ʥʠʩʙʘʪʠ (S/V) ʙʠʥʦʥʠʥʛ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨ-
ʣʠʛʠʛʘ ʪʘʲʩʠʨ ץʠʣʠʰʠʥʠ ʘʥʠץʣʘʜʠ. ʊʘʰץʠ ʪ˄ʩʠץ 
ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ʤʘʡʜʦʥʠʥʠʥʛ ʙʠʥʦ ״ʘʞʤʠʛʘ ʥʠʩ-
ʙʘʪʠ ץʘʥʯʘʣʠʢ ʢʠʯʠʢ ʙ˄ʣʩʘ, ʙʠʥʦʛʘ ʠץʣʠʤʥʠʥʛ 
ʪʘʲʩʠʨʠ ʰʫʥʯʘʣʠʢ ʢʘʤ ʙ˄ʣʘʜʠ (2-ʨʘʩʤ). 

 
2-ʨʘʩʤ. ɹʠʥʦʥʠʥʛ ʪʘʰץʠ ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ʤʘʡ-
ʜʦʥʠ S ʥʠ ʫʥʠʥʛ ״ʘʞʤʠ V ʛʘ ץʠʸʩʠʡ ʥʠʩʙʘʪʠ 

 

ɼ.ʊ.ʐʘʨʠʧʦʚʘʥʠʥʛ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠʜʘ ʸʟ 
ʤʘʚʩʫʤʠʜʘʛʠ ʚʝʨʪʠʢʘʣ ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ 
 ʘʤʣʠ ʤʦʜʝʣʣʘʰʪʠʨʠʰץʘʨʦʨʘʪ ʨʝʞʠʤʣʘʨʠʥʠ ʨʘ״
ʠʰʣʘʨʠ ʙʝʰʪʘ ʠʢʢʠ ץʘʪʣʘʤʣʠ (ʪ˄ʩʠץʥʠʥʛ ʪʘʰץʠ 
ʪʦʤʦʥʠʜʘ ʞʦʡʣʘʰʛʘʥ ʠʟʦʣʷʮʠʷ ʚʘ ʶʢ ʢ˄ʪʘʨʠʰ 
ʫʯʫʥ ʪʫʨʣʠ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ) ʜʝʚʦʨ-
ʣʘʨʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ. (1-ʞʘʜʚʘʣ) 

1-ʞʘʜʚʘʣ 
ʊʘʰץʠ ʜʝʚʦʨʣʘʨ (ʘʩʦʩʠʡ ץʘʪʣʘʤ) ʢʦʥʩʪʨʫʢʪʠʚ ʝʯʠʤʠ 

ˉ ʖʢ ʢ˄ʪʘʨʫʚʯʠ 
 ʘʪʣʘʤץ

ʀʟʦʣʷʮʠʷ ץʘʪʣʘʤʠ 
R, 

ʤ2Āʂ/ɺʪ 

 ʤʘʪʝʨʠʘʣ ʪʫʨʠ ŭ, ʤ ʤʘʪʝʨʠʘʣ ʪʫʨʠ ŭ, ʤ  

I ʪʝʤʠʨʙʝʪʦʥ 0,03 ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ 0,09 1,991 

II  ʪʝʤʠʨʙʝʪʦʥ 0,03 ʧʝʥʦʙʝʪʦʥ 0,14 1,591 

III  ʠʰʪ 0,38 ʤʠʥʝʨʘʣ ʧʘʭʪʘ 0,08 1,844ס 

IV סʠʰʪ 0,38 ʰʠʰʘʪʦʣʘʣʠ 
ʧʘʭʪʘ 

0,10 2,417 

V ʢʝʨʘʤʟʠʪʙʝʪʦʥ 0,30 ʦʨʛʘʥʦʬʦʩʬʘʪ 
ʙʦסʣʦʚʯʠʣʠ ʤʠ-
ʥʝʨʘʣ ʧʘʭʪʘ 

0,07 1,276 

 

ʁʠʣʥʠʥʛ ʠʩʩʠץ ʜʘʚʨʠʜʘ ʚʝʨʪʠʢʘʣ ʢ˄ʧ ץʘʪʣʘʤʣʠ 
ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷ-ʣʘʨʠʜʘ ʥʦʩʪʘʮʠʦʥʘʨ ״ʘʨʦʨʘʪ ʚʘ 
ʠʩʩʠץʣʠʢ ʦץʠʤʣʘʨʠʥʠ ״ʠʩʦʙʣʘʰ ʫʯʫʥ ʠʰʣʘʙ 
ʯʠץʠʣʛʘʥ ʫʩʫʣ ʪ˄ʩʠץʣʘʨʥʠʥʛ ʪʝʨʤʘʣ ʙʘʨץʘʨʦʨʣʠ-
ʛʠʥʠ ʪ˄סʨʠ ʘʥʠץʣʘʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ [5]. 

2.01.04-2018 ʰʘ״ʘʨʩʦʟʣʠʢ ʥʦʨʤʘʣʘʨʠ ʚʘ ץʦʠʜʘ-
ʣʘʨʠʜʘ ʪʘʰץʠ ʪ˄ʩʠץʣʘʨ ʫʯʫʥ ʙʠʨ ץʘʪʣʘʤʣʠ ʚʘ ʢ˄ʧ 
-ʘʪʣʘʤʣʠ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʥʠ ʪʘʚץ
ʩʠʷ ʵʪʠʣʛʘʥ. ʊ˄ʩʫʚʯʠ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʥʠʥʛ ʠʩ-
ʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʣʦʚʯʠ ץʘʪʣʘʤʣʘʨʠʜʘ ץʫʨʫ״ ץʦʣʘʪ-
ʜʘʛʠ ʤʘʪʝʨʠʘʣʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʫʚʯʘʥʣʠʢ ʢʦ-
ʵʬʬʠʮʠʝʥʪʠ ʦʜʘʪʜʘ 0,14 ɺʪ (ʤ 0ʉ)ʜʘʥ ʦʰʤʘʛʘʥ 
ʙ˄ʣʠʰʠ ʢʝʨʘʢ. 
ʂ˄ʧ ץʘʪʣʘʤʣʠ ʪ˄ʩʫʚʯʠ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʘʥ ʬʦʡ-

ʜʘʣʘʥʠʰʜʘ ʵʥʛ ʷʭʰʠ ʵʢʩʧʫʘʪʘʮʠʦʥ ʭʦʩʩʘʣʘʨʥʠ 
ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ, ʫʣʘʨʥʠʥʛ ʠʯʢʠ ʪʦʤʦʥʠʜʘ ʠʩ-
ʩʠץʣʠʢ ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠ ʶץʦʨʠʨʦץ ʚʘ ʙʫס ˄ʪʢʘʟʫʚ-
ʯʘʥʣʠʢʢʘ ץʘʨʰʠʣʠʛʠ ʙʘʣʘʥʜʨʦץ ʙ˄ʣʛʘʥ ץʘʪʣʘʤ-
ʣʘʨʥʠ ʞʦʡʣʘʰʪʠʨʠʰ ʢʝʨʘʢ. ʉʘʤʘʨʘʣʠ ʠʩʩʠץʣʠʢ 
ʠʟʦʣʷʮʠʷʣʦʚʯʠ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʪʘʡʸʨʣʘʥʛʘʥ ʠʩʩʠץ 
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ʪʫʪʫʚʯʠ ץʘʪʣʘʤʥʠ ʪ˄ʩʫʚʯʠ ʢʦʥʩʪʨʫʢʮʠʷʥʠʥʛ ʪʘʰ-
-ʠʩʤʠʜʘ ʞʦʡʣʘʰʪʠʨʠʰ ʣʦץ ʠ ʪʦʤʦʥʠʜʘ ʸʢʠ ˄ʨʪʘץ
ʟʠʤ. 
ʍʫʣʦʩʘ ץʠʣʠʙ ʰʫʥʠ ʪʘʲʢʠʜʣʘʰ ʢʝʨʘʢʢʠ, ʠʩ-

ʩʠץʣʠʢ ʩʘʨʬʠ ʩʘʤʘʨʘʣʠ ״ʠʤʦʷʣʘʥʛʘʥ ʢ˄ʧ ץʘʪʣʘʤʣʠ 
ʜʝʚʦʨ ʧʘʥʝʣʣʘʨʠʥʠ ץʫʸʰ ʵʥʝʨʛʠʷʩʠ ʙʠʣʘʥ 
ʠʰʣʘʡʜʠʛʘʥ ʵʥʝʨʛʠʷ ʪʝʞʘʡʜʠʛʘʥ ʙʠʥʦʣʘʨʥʠ ʨʠʚʦ-
ʞʣʘʥʪʠʨʠʰʜʘ ʧʘʩʩʠʚ ץʫʸʰ ʠʩʠʪʠʰ ʪʠʟʠʤʠ ʵʣʝ-
ʤʝʥʪʣʘʨʠʥʠʥʛ ʠʩʩʠץʣʠʢ ״ʠʤʦʷʩʠ ʭʫʩʫʩʠʷʪʣʘʨʠʜʘʥ 
ʤʦ״ʠʨʦʥʘ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ״ʘʞʤʣʠ ʨʝʞʘʣʘʰʪʠ-
ʨʠʰ ʝʯʠʤʣʘʨʠʥʠʥʛ ʵʥʝʨʛʠʷ ʩʘʨʬʣʘʥʠʰʠʛʘ ʪʘʲʩʠ-
ʨʠʥʠ ʯʫץʫʨ ˄ʨʛʘʥʠʰ ʤʫ״ʠʤ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ״ʠʩʦʙʣʘ-
ʥʘʜʠ. 
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Karimova Dilnoza Erkinovna 
Mirzo Ulugôbek nomidagi Samarqand davlat arxitektura-qurilish universiteti 

 
ʊʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ ʫʜʦʙʩʪʚʦ, ʢʦʤʧʘʢʪʥʦʩʪʴ, ʢʨʘʩʦʪʘ, ʩʪʘʣʠ ʩʝʛʦʜʥʷ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʳʤʠ ʪʝʨʤʠʥʘʤʠ ʚ ʥʘʰʝʡ 

ʞʠʟʥʠ. ʄʳ ʧʨʠʚʳʢʣʠ ʩʧʘʪʴ ʚ ʫʜʦʙʥʦʡ ʢʨʦʚʘʪʠ, ʭʨʘʥʠʪʴ ʦʜʝʞʜʫ ʥʘ ʢʦʤʧʘʢʪʥʳʭ ʧʦʣʢʘʭ ʠ ʦʙʦʛʘʱʘʪʴ ʞʠʣʳʝ ʠʥʪʝʨʴ-
ʝʨʳ ʤʝʙʝʣʴʶ. ʉʝʛʦʜʥʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʙʝʣʠ, ʩʦʯʝʪʘʶʱʝʡ ʚ ʩʝʙʝ ʵʪʠ ʢʘʯʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʩʳʨʴʝ. 
ʂʘʞʜʳʡ ʚʠʜ ʩʳʨʴʷ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʦʤʫ ʩʳʨʴʶ, ʠʩ-
ʧʦʣʴʟʫʝʤʦʤʫ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʙʝʣʠ, ʠ ʠʭ ʢʨʘʪʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʙʝʣʴ, ʩʳʨʴʝ, ʜʨʝʚʝʩʠʥʘ, ʜʨʝʚʝʩʥʳʝ ʦʪʭʦʜʳ, ʄɼʌ, ɼʉʇ, ɼɺʇ, ʬʘʥʝʨʘ.  

Concepts such as convenience, compactness, and beauty have become frequently used terms in our lives today. We are 
used to sleeping in a comfortable bed, storing our clothes in compact shelves, and enriching our living interiors with 
furniture. Today, special raw materials are used for the development of furniture that combines these qualities. Each type of 
raw material has its own characteristics. This article focuses on the main raw materials used for furniture production and 
their brief description. 

Key words: Furniture, raw materials, wood, wood waste, MDF, DSP, DVP, plywood. 

 
Kirish qismi  
Turar joy va jamoat binolarining interyerlari uchun 

eng muhim elementlardan biri mebel hisoblanadi. U 
inson yashash va ishlash muhitini shakllantiradi, 
muhitning estetik, badiiy koôrinishini boyitadi.  

Mebel uchun asosiy talablar  uning sifat 
xususiyatlari bilan belgilanadi. Sifat deganda 
mahsulotning maqsadga muvofiq ma'lum ehtiyojlarni 
qondiradigan xususiyatlar to'plami tushuniladi. Sifatni 
baholash mahsulotning isteômol xossalarini, ularning 
konstruksiyalarini, qoóllaniladigan materiallarni, 
ishlab chiqarish texnologiyasini, mahsulotning inson 
va atrof-muhit bilan aloqasini har tomonlama tahlil 
qilishga asoslanadi. Ushbu tahlil natijasida 
mahsulotlarga qo'yiladigan talablar  belgilanadi, bu 
esa ularni yanada takomillashtirish uchun asos bo'lib 
xizmat qiladi. 

Ilk mebellarning yaratilish tarixiga nazar soladigan 
boôlsak ular faqatgina yogôoch xom ashyosidan 
yasalgan boôlgan. Lekin zamonlar rivojlanishi 
natijasida bugungi kunda mebel ishlab chiqarish 
sanoatida nafaqat yogôoch materialidan balki turli xil 
metall qotishmalardan, plastikdan, shishadan, qayta 
ishlangan yogôoch chiqindilari (MDF, DSP,DVP, 
fanera) dan, rotangdan, tabiiy va sunôiy teridan, 
toôqimachilik mahsulotlaridan ham foydalangan holda 
mebel ishlab chiqarilmoqda. 
Maqolada yuqorida sanab oôtilgan, mebel ishlab 

chiqarish sanoatida ishlatiladigan xom ashyolar 
haqida qisqacha toôxtalib oôtamiz.  

Asosiy qism 
Metal qotishmalar. Mustahkam, zamonaviy, 

metal materialidan nafislik bilan ishlov berilgan 
mebellarni hamma joyda uchratish mumkin. Ular 
ko'pincha ofislar, kasalxonalar, banklar, restoranlar, 
kvartiralarning interyerini bezash uchun ishlatiladi. 
Zamon rivojlanishi bilan ishlab chiqaruvchilar 
metaldan juda ixcham, yengil buyumlar yasashni 
o'rgandilar. Ilgari ular katta hajmli boôlganligi uchun 
bunday xom ashyodan tayyorlangan mebellar talabgor 
emas edi.  

Metaldan nafislik bilan ishlangan mebellar bir 
qator rad etib boôlmaydigan afzalliklarga ega. Ular 
quyidagilar: 

- Turli xil zararlarga chidamli. Metalni sindirish, 
shikastlash uchun yaxshigina harakat qilish kerak. Shu 
sababli, bunday xom ashyodan ishlangan mebelni 
odamlar oqimi koôp bo'lgan joylar masalan, kafe va 
restoranlarda koôproq qoôllashadi. 

- Metaldan ishlangan mabellar o'nlab yillar 
davomida xizmat ko'rsatishga qodir, ko'pchiligi o'z 
egasining bir necha avlodlariga xizmat qiladi. 

- Bunday xom ashyo korroziyaga uchramaydi. 
Zamonaviy metal qotishmalar namlikka ancha 
chidamli. 
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Metaldan ishlangan zamonaviy, ixcham mebel-
larning asosiy kamchiligi uning narxini qimmat-
ligidadir. 

Shisha. Interyer dizaynerlari va xaridorlar orasida 
shishadan ishlangan mebellar yaxshigina mash-
hurlikga erishmoqda. 

Yaqin kunlargacha mebel ishlab chiqarish 
sanoatida shishadan mebelning alohida elementi 
sifatida foydalanilardi.  Undan taxmon, eshik, oyna 
kabi detallar yasalgan. Bugungi kunda shishaning 
qoôllanilish sohalari kengaydi, shisha stollar, 
taxmonlar, shkaflar xonadon, ofis, ishxonalarning 
interyerlarida munosib oôrinni egallamoqda (1-rasm).  

 

 

1-rasm. Shisha xom ashyosidan ishlangan zamonaviy 
jurnal stoli 

 

Mebel ishlab chiqaruvchilar odatda shishani turli 
xil materiallar bilan kombinatsiyalashadi yaôni bir-
birini moslab bir butunlikdagi jixozni ishlab 
chiqarishadi. 
Shisha xom ashyosi koôpgina ijobiy xususiyatga 

ega: 

- Kichik oôlchamdagi muhitni vizual ravishda 
kattalashtiradi; 

- Boshqa xom ashyolarga nisbatan vazni yengil 
boôlganligi sababli muhitga yengillik ifodasini beradi; 

- Yetarlicha mustahkam; 

- Sogôliq uchun mutlaqo zararsizdir. 
Interyerni zamonaviy jixozlashning qulay 

predmeti shishadan yasalgan mebellardir. Albatta har 
bir narsaning ijobiy tomoni boôlganidek uning salbiy 
tomoni ham boôladi. Shishadan yasalgan mebellarning 
asosiy muammosi mexanik shikastlanishlarga 
chidamsizligidir. Belgilangan massadan koôp ogôirlik, 
keskin zarba, balandlikdan tushirib yuborish kabilar 
nafislik bilan ishlangan mebelni ayanchli holatga 
kelishiga sabab boôladi. 

Tosh. Mebel ishlab chiqarish sanoatidagi eng 
yorqin, original xom ashyolardan biri tosh 
hisoblanadi. Undan landshaft muhiti uchun 
skameykalar, ajoyib stollar, bar  uchun stoykalar va 
deraza tokchalari yasaladi (2-rasm). Bu uchun turli xil 
sunôiy toshlardan foydalaniladi. 

Tosh bir nechta afzallik tomonlarga ega: 

- Tosh tabiiy material boôlganligi sababli oôzidan 
havoga hech qanday zararli moddalarni chiqarmaydi. 
Shu sababli mebel xaridida eôtibor qaratish kerak 
boôlgan muhim sifat hisoblanadi;  

- Toshdan ishlangan mebellarning yuzasi turli xil 
kirlarni, yogôlarni oôziga shimmaydi, shu sababli 
ularni oshxona mebelining ish stollari uchun ishlatish 

maqsadga muvofiq boôladi; 

- Mexanik shikastlanishlarga oôta chidamli.  
Tosh ham boshqa xom ashyolar kabi bir nechta 

kamchiliklarga ega. Uning eng katta kamchiligi bu 
uning narxini qimmatligidadir. 

 

 

2-rasm. Tosh xomashyosidan ishlangan zamonaviy  
jurnal stoli 

 

Plastik. Plastik sunôiy material boôlib, turli xildagi  
uy-roôzgôor buyumlarini ishlab chiqarishda ishlatiladi. 
Bunday materialdan ogôirlik jihatidan yengil va narx 
jixatidan arzon mebel tayyorlanadi. Bunday mebel-
larni qoôllanilish sohasi asosan yuvinish xonalaridir. 
Sababi bunday xonalarda namgarchilik, suv koôp 
boôladi va aynan plastikdan ishlangan jixozlar 
oôzining asl koôrinishini yoôqotmaydi. Plastikdan 
xohlagan konstruksiyadagi shaklni tayyorlash 
mumkin. Ishlab chiqarish jarayoni katta sarmoyalarni 
talab qilmaydi, texnologik jihatdan sodda. Bularning 
barchasi uning ijobiy tomoni hisoblanadi. 
Kamchiligi esa moôrtligi, yoqimsiz tashqi koôri-

nishga egaligi va kam muddat xizmat qilishidadir. 
Texnika va texnologiyalarning rivojlanishi sabab bu-
gungi kunda plastikning mukammal turlari ishlab chi-
qarilayapti. Ular yuqorida keltirilgan kamchiliklardan 
holi va tabiiyki narx jihatidan ham qimmatroqdir. 

Qayta ishlangan yog'och chiqindilari. Hamma-
mizga maôlumki mebel ishlab chiqarish uchun eng 
yaxshi xom ashyo bu yogôochdir. Yogôoch tabiiy 
material boôlganligi uchun undan ishlab chiqarilgan 
mebellarning narxi qimmat boôlishiga qaramay unga 
boôlgan talab yuqoridir. 
Bugungi kunda oôrmonlar maydoni sezilarli 

kamaymoqda, shu sababli mebel ishlab chiqarish 
sanoatida yogôochning chiqindisidan foydalanish 
rivojlandi. Yogôoch qipigôi va yogôochning boshqa 
qirindisidan turli xil sifatdagi materiallar (yogôoch 
plitalar) tayyorlanmoqda. Quyida bunday yogôoch 
plitalarning afzallik va kamchilik tomonlarini sanab 
oôtamiz. Afzalligi:  

- tabiiy resurslarni saqlash; 

- xamyonbopligi; 

- ishlab chiqarish jarayonining yengilligi; 

- bu materialdan tayyorlangan mebelning 
koôrinishi ijobiyligi. 

Kamchiligi: 

- undan noodatiy shakllar hosil qilib boôlmaslik, 
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bukilmasligi; 

- mustahkamlovchi elementlarni yaxshi ushlamas-
ligi;  

- ayrim turlarini qayta taômirlab boôlmasligi. 
Endi esa yogôoch plitalarining turlari haqida 

toôxtalib oôtamiz. 
MDF (Medium Density Fibreboard) ï oôrta 

qalinlikdagi yogôoch tolali plita boôlib, mebel ishlab 
chiqarish saoatida amaliy jihatdan yaxshi xom ashyo 
hisoblanadi. U eng mayda qipiq va qirindilardan 
tayyorlanadi. Yogôochning oôzini tarkibida boôladigan 
lignin moddasi yogôoch qipigôi va qirindisini bir-
biriga bogôlovchi vazifasini bajaradi. Xom ashyo 
tarkibida zararli moddalar  yoôqligi sababli, insonlar 
salomatligi uchun mutlaqo zararsizdir. Bundan 
tashqari MDFning yana bir qator ijobiy tomonlari 
mavjud. Bu xom ashyodan turli xildagi shakllarni 
shakllantirish mumkin, bundan koôrinib turibdiki 
mebel ishlab chiqarish sanoatida mebelning dizaynini 
goôzal, zamonaviy qilib yasashda yanada  
chegaralanmagan imkoniyatlarga ega. Suvga 
chidamliligi, mustahkamligi tufayli yuqori namlikdagi 
xonalarda ham qoôllash mumkinligini bildiradi va bu 
ham uning ijobiy tomonlari sanaladi.  

MDFning asosiy kamchiligi narxining qimmatligi, 
yongôin xavfi, shikastlangan maôlum bir qismini qayta 
taômirlash imkoni yoôqligi. 

DSP (ɼʨʝʚʝʩʥʦ-ʉʪʨʫʞʝʯʥʘʷ ʇʣʠʪʘ) ï bu 
mayda yogôoch qipiqlarini preslab yelimlash orqali 
tayyorlanadigan yogôoch plita hisoblanadi. Bu xom 
ashyo mebel ishlab chiqarish sanoatida koôproq 
hamyonbop korpusli mebellarni ishlab chiqarishda 
ishlatiladi. Mebel ishlab chiqarish sanoatida bunday 
materialni paydo boôlishi tufayli xaridorlarning soni 
ortdi chunki, DSPdan tayyorlangan har qanday mebel 
hamyonbop narxda va albatta ularning dizayni ham 
chiroyli. Yogôoch plitaning yana bir ijobiy tomoni 
keng turdagi modellarning mavjudligi. Bu har qanday 
interyerni uncha qimmat  boôlmagan narxga turli xil 
uslublarda bezashga imkon beradi. DSP plitalaridan 
yasalgan mebelni toôgôri parvarish qilinsa ular uzoq 
muddatga xizmat qilishi mumkin. 

Soha mutaxassislarining aytishicha DSP 
plitalarining kamchiligi ularning toksinlanishida. 
Bunday hodisa ularning qizish jarayonida paydo 
boôladi, shuning uchun ularni barcha turdagi isitish 
tizimlarini oldiga joylashtirish xato hisoblanadi. 
Sababi bu xom ashyo qizish natijasida oôzidan 
formaldegid va fenol kabi moddalarni oôzidan chiqara 
boshlaydi. Bu inson salomatligi uchun qimmatga 
tushishi mumkin. Yana bir mavjud kamchiligi ularda 
egilish, bukilish kabi xususiyatlarning yoôqligidir, bu 
esa ulardan mebel uchun noodatiy shakldagi detallarni 
yasab boôlmasligini anglatadi. 

DVP (ɼʨʝʚʝʩʥʦ-ɺʦʣʦʢʥʠʩʪʘʷ ʇʣʠʪʘ) ï 
yogôoch tolali plita boôlib, u ham DSP kabi yogôoch 
chiqindilarini preslab yelimlash orqali tayyorlanadi. 
Bu xom ashyoning koôrinishi kartonni eslatganligi 
sababli ayrimlar uni presslangan karton ham deb 
atashadi. DVP plitalarini toôliq xom ashyo deb atab 
boôlmaydi, shuning uchun mebelning orqa tomoniga 
devor sifatida, kreslolar, stullar, shkafdagi 
tortmalarning pastki qismlariga qoôllash uchun toôgôri 

keladi.  
Faner ï bu koôp qavatli yogôoch varaqlarni bir 

biriga yopishtirib tayyorlanadigan xom ashyo.  Faner 
mebel ishlab chiqarish sanoatida asosiy xom ashyo 
hisoblanmaydi shu sababli bu xom ashyodan ham 
shkaflarning orqa yuzasi, tortmasimon yashiklarning 
yon tomonlarini tayyorlashda va boshqalarda 
ishlatiladi. U qimmat narxga ega emas. 

Rotang. Rotang Osiyoning janubiy-gôarbiy 
mamlakatlari (Malayziya va Osiyo)dagi tropik 
oôrmonzorlarda oôsuvchi rotang palmasining qayta 
ishlanishi natijasida olinadigan tabiiy xom ashyodir. 
Rotang  chidamliligi va plastikliligi yuqori boôlgan 
material boôlib, uning uzun boôlgan shoxlaridan turli 
xil shakldagi mebelni yaratish imkonini beradi (3-
rasm). Xitoy, Indoneziya va Malayziya kabi 
mamlakatlar rotang xom ashyosidan mebel ishlab 
chiqaruvchi asosiy davlatlar hisoblanadi.  

 

 

3-rasm. Rotang xomashyosidan ishlangan zamonaviy 
mebel 

Rotang xom ashyosidan tayyorlangan 
mebellarning ijobiy tomonlari ekologik toza maxsulot 
boôlganligi sababli inson sogôligôiga zararsiz, qulay, 
xavfsiz, uzoq muddatga xizmat qiladi. Odatda bu xom 
ashyodan ishlangan mebel kamida 15-20 yillar 
davomida xizmat qiladi. Rotang tabiiy ranglari toôrt xil 
rangda boôladi, bular: zaytun rang, och jigar rang, toôq 
jigar rang va tilla rang. Sanab oôtilgan ranglarning 
barchasi yoqimli rang boôlganligi sababli bu xom 
ashyoni boshqa bir rangga boôyash ham talab 
etilmaydi. Ammo baôzi mebel doôkonlarida rotang 
maxsulotidan tayyorlangan va toôq rangga boôyalgan 
mebellarni koôrishimiz mumkin, buning sababi xom 
ashyoda boôlgan baôzi bir kamchiliklarni yashirish 
maqsadida qilingan boôladi! 
Tabiiy va sunôiy teri. Mebel uchun tabiiy teri 

bugungi kunda ushbu sanoatda qo'llaniladigan eng 
nufuzli material turidir. Ko'p asrlik foydalanish tarixi 
davomida u o'z mashhurligini umuman yo'qotmadi. 
Tabiiy  teridan ishlangan mebellar viqor va 
hashamatni ifoda etadi, shu sababli ham boy 
xonadonlarning interyerlarida bu mahsulotdan 
ishlangan mebellar ularning ajralmas elementi 
hisoblanadi. Tabiiy teridan ishlangan mebellarning 
narxi ham albatta qimmat boôladi, buni hammaning 
ham choôntagi koôtara olmaydi. Shu sababli ham 
bugungi kunda zamonaviy ishlab chiqaruvchilar uni 
oôrnini bosadigan sunôiy teri mahsulotlarini ishlab 
chiqarishmoqda.  

Odatda mehmonxona divan va kreslolari, ofis 
xonalari uchun kreslolar teri mahsulotidan ishlanadi. 
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Bu materialdan ishlangan mebellar interyerni bashang, 
hashamatli va qimmatbaho qilib koôrsatadi. Shu 
sababli ham bunday mebellar qoôllanilgan interyerlar 
egasining yuqori martabali inson ekanligini ham 
koôrsatadi. 

To'qimachilik mahsulotlari (tekstil). Mebel 
ishlab chiqarish jarayonida toôqimachilik mahsulotlari 
yumshoq mebellarning ustki qoplamasi uchun 
ishlatiladi. Mebel uchun matolar tabiiy, sintetik yoki 
aralash tarkibli boôladi. Bugungi kunda mebel uchun 
matolarning oôn minglab turlari mavjud boôlib, 
ularning barchasi tarkibi, rangi, tuzilishi, 
gipoallergenligi, suv oôtkazmasligi va qoôshimcha 
boshqa xususiyatlarining mavjudligi bilan farqlanadi.  

Xulosa 
Shunday qilib, bugungi kunda insonlar interyerini 

oôz dididagidek qilib zamonaviy, qulay, ixcham, 
goôzal va mablagô jihatidan ham oôz xamyonibop 
mebellar bilan bezashi uchun mebel ishlab chiqarish 
sanoatida materiallar tanlash imkoni yetarlicha katta. 
Bu xom ashyolar maqsadi va vazifasi jihatidan ko'plab 

turli xil materiallarga boôlinadi.  
Mebel ishlab chiqarish sanoatida qo'llaniladigan 

barcha materiallarning umumiy ro'yxatida birinchi 
o'rinlardan birini yog'och va uning chiqindilaridan 
tayyorlanadigan xom ashyolar (MDF, DSP, DVP, 
Faner) egallaydi. Ularni ishlab chiqarish uchun asosiy 
xom ashyo yog'och hisoblanadi.  
Xonalarning vazifasiga qarab toôgôri tanlangan 

xom ashyodan ishlab chiqarilgan mebel vazifasi 
jihatidan uzoq yillar xizmat qilishi uchun qoôllanilish 
sohasiga qarab toôgôri parvarish qilinishi kerak.   
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Ushbu maqolada qurilish va pardozlash materiallaridan biri bo'lgan gips haqida umumiy ma'lumotlar, shuningdek, uning 
tarkibi, tuzilishi, qo'llanilishi, shuningdek, fizik-kimyoviy xususiyatlari keltirilgan. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʛʠʧʩʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʦʪʜʝʣʦʯʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦ ʝʛʦ ʩʦʩʪʘʚʝ, ʩʪʨʫʢʪʫʨʝ, ʧʨʠʤʝʥʝʥʠʠ, ʘ ʪʘʢʞʝ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʦʰʦʢ, ʤʘʩʩʘ, ʩʤʝʩʴ, ʚʷʞʫʱʠʝ, ʩʣʦʡ, ʦʢʠʩʣʝʥʠʝ, ʬʦʨʤʘ, ʩʦʩʪʘʚ. 

This article provides general information about gypsum, which is one of the building and finishing materials, as well as 
its composition, structure, application, as well as physical and chemical properties. 

Key words: powder, mass, mixture, binders, layer, oxidation, form, composition. 
 

ɻʀʇʉ (ʶʥʦʥʯʘ gypsosïʙ˄ʨ, ʦ״ʘʢ) ʪʘʙʠʠʡ ʛʠʧʩ-
ʤʠʥʝʨʘʣ; ʩʫʚʣʠ ʢʘʣʮʠʡ ʩʫʣʴʬʘʪ ʪʫʟʠ CaSO4 2H2O; 
ʪʘʨʢʠʙʠʜʘ ʩʦʬ ״ʦʣʜʘ CaO (32,56%), SO3 (46,51%), 
H2O (20,93%) ʙ˄ʣʘʜʠ. ʄʦʥʦʢʣʠʥ ʩʠʩʪʝʤʘʜʘ ʢʨʠ-
ʩʪʘʣʣʘʥʘʜʠ. ʂʨʠʩʪʘʣʣʘʨʠ ʧʣʘʩʪʠʥʢʘʩʠʤʦʥ, ʫʩʪʫʥ-
ʩʠʤʦʥ, ʥʠʥʘʩʠʤʦʥ ʚʘ ʪʦʣʘʩʠʤʦʥ ʢ˄ʨʠʥʠʰʜʘ 
ʙ˄ʣʘʜʠ. ʂ˄ʧʠʥʯʘ ʪʫʪʘʰ ʜʦʥʘʜʦʨ, ʪʦʣʘʩʠʤʦʥ ʤʘʩʩʘ-
ʣʘʨ, ʪʫʨʣʠ ʢʨʠʩʪʘʣʣʠʢ ʛʫʨʫ״ʣʘʨ ʪʘʨʟʠʜʘ ʫʯʨʘʡʜʠ. 
ʊʦʟʘ ʛʠʧʩ ʨʘʥʛʩʠʟ ʚʘ ʰʘʬʬʦʬ; ʪʘʨʢʠʙʠʜʘ ץ˄ʰʠʣ-
ʤʘʣʘʨ ʙ˄ʣʛʘʥʠ ʢʫʣʨʘʥʛ, ʩʘʨסʠʰ, ץ˄ʥסʠʨ ʚʘ ʙʦʰץʘ 
ʨʘʥʛʣʠ ʙ˄ʣʘʜʠ. ʄʠʥʝʨʘʣʦʛʠʢ ʰʢʘʣʘ ʙ˄ʡʠʯʘ ץʘʪ-
ʪʠץʣʠʛʠ 1,5-2; ʟʠʯʣʠʛʠ 2300 ʢʛ/ʤ 3, 20 ʛʨʘʜʫʩʜʘ 
ʩʫʚʜʘ ʵʨʫʚʯʘʥʣʠʛʠ 2,05 ʛ-ʣ. 170 ʛʨʘʜʫʩ ʘʪʨʦʬʠʜʘ 
-ʠʟʜʠʨʠʣʛʘʥʜʘ ʷʨʠʤʛʠʜʨʘʪ CaSO4 0,5 H2O (ʘʣʝץ
ʙʘʩʪʨ) ʛʘ, ʫʥʜʘʥ ʶץʦʨʠ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʵʩʘ ʘʥʛʠʜ-
ʨʠʜ CaSO4 ʛʘ ʘʡʣʘʥʘʜʠ. ɻʠʧʩ ʩʫʚʠ ץʫʨʠʡ ʙʦʰʣʘʛʘʥ 
ʢ˄ʣ ʚʘ ʜʝʥʛʠʟ ״ʘʚʟʘʣʘʨʠʜʘ ʩʫʣʴʬʘʪ ʪʫʟʣʘʨʠʥʠʥʛ 
ʯ˄ʢʠʰʠʜʘʥ ʧʘʡʜʦ ʙ˄ʣʘʜʠ. ɻʠʧʩ ʟʘ״ʠʨʘʣʘʨʠ ʵʩʘ 
ʘʩʦʩʘʥ ʛʠʜʨʦʪʝʨʤʘʣ ʞʘʨʘʸʥʣʘʨ ״ʘʤʜʘ ʘʥʛʠʜʨʠʜ-
ʥʠʥʛ ʛʠʜʨʘʪʣʘʰʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 
ɻʠʧʩ ץʘʪʣʘʤʣʘʨʠ ɶʟʙʝʢʠʩʪʦʥʥʠʥʛ ʌʘʨסʦʥʘ (פʫʚʘ-
ʩʦʡ), ɹʫʭʦʨʦ (ʂʦʛʦʥ) ʚʘ ʉʫʨʭʦʥʜʘʨʸ ʚʠʣʦʷʪʣʘʨʠʜʘ 
ʪʦʧʠʣʛʘʥ. פʫʨʠʣʠʰʜʘ ʛʠʧʩ- CaSO4 0,5H2O-״ʘʚʦʜʘ 

ʪʝʟ ʙʠʨʠʢʘʜʠʛʘʥ ʚʘ ʪʝʟ ץʦʪʘʜʠʛʘʥ ʙʦסʣʦʚʯʠ ʤʦʜʜʘ 
-ʠʩʦʙʣʘʥʘʜʠ. ʊʘʙʠʠʡ ʛʠʧʩʥʠ 140-190 ʛʨʘʜʫʩ ʪʝʤ״
ʧʝʨʘʪʫʨʘʜʘ ʧʠʰʠʨʠʙ ʦʣʠʥʘʜʠ. פʦʚʫʰʦץ ʤʘʪʝʨʠʘʣ-
ʣʘʨ ʪʘʡʸʨʣʘʰʜʘ, ʛʠʧʩ-ʙʝʪʦʥ, ʛʠʧʩ-ʙʝʪʦʥ ʙʫʶʤʣʘʨ, 
ʢʦʰʠʥʢʦʨ ʪʦʰʣʘʨ, ʙ˄ʸץʣʘʨ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ, ʪʠʙ-
ʙʠʸʪʜʘ (ʛʠʧʩ ʙʦסʣʦʚʯʠʣʘʨ ʪʘʡʸʨʣʘʰʜʘ), ״ʘʡʢʘʣʪʘ-
ʨʦʰʣʠʢʜʘ, ʩʫʚʦץʯʠʣʠʢ ʠʰʣʘʨʠʜʘ ʠʰʣʘʪʠʣʘʜʠ. 
ɻʀʇʉ-ɹɽʊʆʅ - ץʫʨʠʣʠʰ ʛʠʧʩʠ ʘʩʦʩʠʜʘ ʪʘʡʸʨ-

ʣʘʥʘʜʠʛʘʥ ʙʝʪʦʥ ʪʫʨʠ ״ʠʩʦʙʣʘ- ʥʠʙ, ʫʥʠ ʪʘʡʸʨ-
ʣʘʰʜʘ ʪʦʰ ʤʠʥʝʨʘʣʣʘʨ (ʢ˄ʧʠʥʯʘ, סʦʚʘʢ ʚʘ סʘʜʠʨ-
ʙʫʜʫʨ ʩʠʨʪʣʠ) ʚʘ ʦʨʛʘʥʠʢ (ʸסʦʯ ץʠʧʠץʣʘʨʠ; ʤʘʡʜʘ 
ʩʦʤʦʥ ʚʘ ʙʦʰץʘʣʘʨ) ʪ˄ʣʜʠʨʛʠʯʣʘʨʜʘʥ ʬʦʡ-ʜʘʣʘ-
ʥʠʣʘʜʠ. ɻʠʧʩ-ʙʝʪʦʥʛʘ, ʦʜʘʪʜʘ, ץʦʚʫʰʠʰʠʥʠ ʩʝʢʠʥ-
ʣʘʰʪʠʨʫʚʯʠ ץ˄ʰʠʣʤʘ-ʣʘʨ, ʰʫʥʠʥʛʜʝʢ, ʫʥʠʥʛ ʩʫʚ 
ʚʘ ʘʪʤʦʩʬʝʨʘ ʪʘʲʩʠʨʣʘʨʠʛʘ ʯʠʜʘʤʣʠʣʠʛʠʥʠ 
ʦʰʠʨʘ-ʜʠʛʘʥ ץ˄ʰʠʣʤʘʣʘʨ ץ˄ʰʠʣʘʜʠ. ɻʠʧʩ-ʙʝʪʦʥ 
ʸסʦʯ ʸʢʠ ʦʨʛʘʥʠʢ ʤʘʪʝʨʠʘʣʣʘʨ ʙʠʣʘʥ ʘʨʤʘʪʫʨʘʣʘ-
ʥʘʜʠ. ɻʠʧʩ-ʙʝʪʦʥ ʘʩʦʩʠʜʘ ʧʘʥʝʣʣʘʨ ʚʘ ʪ˄ʩʠץ ʧʣʠ-
ʪʘʣʘʨʠ, ʚʝʥʪʠʣʷʮʠʷ ʙʣʦʢʣʘʨʠ, ץʦʧʣʘʤʘ ʣʠʩʪʣʘʨ 
(ñץʫʨʫץ ʩʫʚʦץò) ʚʘ ʙʦʰץʘʣʘʨ ʪʘʡʸʨʣʘʥʘʜʠ. 
ɻʀʇʉ-ɹɽʊʆʅ ɹʋʖʄʃɸʈ-ץʫʨʠʣʠʰ ʛʠʧʩʠ ʚʘ 

ʛʠʧʩ-ʙʝʪʦʥ ʘʩʦʩʠʜʘ ʪʘʡʸʨʣʘʥʘʜʠʛʘʥ ץʫʨʠʣʠʰ ʙʫʶ-
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ʤʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʋʣʘʨʜʘʥ ʪ˄ʩʠץ ʧʣʠʪʘ ʚʘ ʧʘ-
ʥʝʣʣʘʨ, ʧʦʣ ʦʩʪʠʛʘ ʸʪץʠʟʠʣʘʜʠʛʘʥ ʧʣʠʪʘʣʘʨ, ʩʘʥʠ-
ʪʘʨʠʷ-ʪʝʭʥʠʢʘʩʠ ʢʘʪʘʢʣʘʨʠ, ʰʘʤʦʣʣʘʪʠʰ (ʚʝʥʪʠ-
ʣʷʮʠʷ) ʙʣʦʢʣʘʨʠ, ץʦʧʣʘʤʘ ʣʠʩʪʣʘʨ (ʛʠʧʩʣʠ ץʫʨʫץ 
ʩʫʚʦץ) ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. 

 

   
 

ɻʠʧʩ-ʙʝʪʦʥʜʘʥ ʪʘʡʸʨʣʘʥʘʜʠʛʘʥ ʪ˄ʩʠץ ʧʘʥʝʣ-
ʣʘʨʠ ״ʘʚʦ ʥʘʤʣʠʛʠ 60% ʜʘʥ ʦʰʤʘʡʜʠʛʘʥ ʭʦʥʘʣʘ-
ʨʜʘ ʠʰʣʘʪʠʣʘʜʠ. ʊʫʨʘʨ ʞʦʡ ʙʠʥʦʣʘʨʠ ʫʯʫʥ ʠʰʣʘ-
ʪʠʣʘʜʠʛʘʥʠ ʪʫʪʘʰ ץʠʣʠʙ ʸʢʠ ʵʰʠʢ ˄ʨʥʠ ʚʘ ʬʨʘ-
ʤʫʛʘʣʘʨ ץʦʣʜʠʨʠʙ, 6 ʤʝʪʨ ʫʟʫʥʣʠʢ, 3 ʤʝʪʨ ʙʘʣʘʥʜ-
ʣʠʢ, 80-100 ʤʤ ץʘʣʠʥʣʠʢʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ʇʘ-
ʥʝʣʣʘʨʛʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʛʠʧʩ-ʙʝʪʦʥʥʠʥʛ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʢ ʯʝʛʘʨʘʩʠ ʢʘʤʠʜʘ 3,5 ʄʥ/ʤ2 (35 ʢʛ 
ʢʫʯ/ʩʤ2) ʙ˄ʣʠʰʠ ʣʦʟʠʤ. ʊ˄ʩʠϨ ʧʣʠʪʘʣʘʨʠ ʛʠʧʩ-ʙʝ-
ʪʦʥ ʸʢʠ ʛʠʧʩʜʘʥ 80-100 ʤʤ ץʘʣʠʥʣʠʢʜʘ ʪʫʪʘʰ ʚʘ 
ʠʯʠ ʙ˄ʰ ץʠʣʠʙ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ʇʦʣ ʦʩʪʠʛʘ 
ʸʪϨʠʟʠʣʘʜʠʛʘʥ ʧʣʠʪʘʣʘʨ 50-60 ʤʤ ץʘʣʠʥʣʠʢʜʘ 
ñʭʦʥʘ ˄ʣʯʘʤʠʜʘò ʸʢʠ ʭʦʥʘʥʠʥʛ ʙʠʨ ʙ˄ʣʘʛʠʛʘ ʪʝʥʛ 
˄ʣʯʘʤʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ɹʫʥʜʘʡ ʧʣʠʪʘʣʘʨ 
ʛʠʧʩ-ʙʝʪʦʥʜʘʥ ʪʘʡʸʨʣʘʥʠʙ, ʸסʦʯ ʨʝʡʢʘʣʘʨ ʙʠʣʘʥ 
ʘʨʤʘʪʫʨʘʣʘʥʘʜʠ. ʉʘʥʠʪʘʨʠʷ-ʪʝʭʥʠʢʘʩʠ ʢʘʪʘ-
ʢʣʘʨʠ ʚʝʨʪʠʢʘʣ ץʦʣʠʧʣʘʨʜʘ ץʦʣʠʧʣʘʥʘʜʠʛʘʥ ʸʢʠ 
ʘʣʦ״ʠʜʘ ʧʘʥʝʣʣʘʨʜʘʥ ʡʠסʠʣʘʜʠʛʘʥ ״ʘʞʤʠʡ ʵʣʝ-
ʤʝʥʪʣʘʨ ʪʘʨʟʠʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ʐʘʤʦʣʣʘʪʠʰ 
ʙʣʦʢʣʘʨʠ ñץʘʚʘʪòʛʘ ʪʝʥʛ ʙʘʣʘʥʜʣʠʢʜʘ, 180 ʤʤ 
-ʚʝʨʪʠʢʘʣ ʪʝ ץʘʣʠʥʣʠʢʜʘ, 140 ʤʤ ʜʠʘʤʝʪʨʜʘ ʦʯʠץ
ʰʠʢʣʠ ץʠʣʠʙ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ϧʦʧʣʘʤʘ ʣʠʩʪ-
ʣʘʨ ״ʘʚʦ ʥʘʤʣʠʛʠ 70% ʜʘʥ ʦʰʤʘʡʜʠʛʘʥ ʭʦʥʘʣʘʨ-
ʥʠʥʛ ʠʯʢʠ ʜʝʚʦʨʣʘʨʠʛʘ ץʦʧʣʘʰ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠ. 
ɹʫʥʜʘʡ ʣʠʩʪʣʘʨ ʦʨʘʩʠʛʘ ʛʠʧʩ ʪ˄ʣʜʠʨʠʣʛʘʥ ʢʘʨ-
ʪʦʥʜʘʥ ʠʙʦʨʘʪ. פʦʣʠʧʣʘʰ ʢʦʥʚʝʡʝʨʣʘʨʠʜʘ 2500-
3300 ʤʤ ʫʟʫʥʣʠʢʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʣʘʜʠ. ɹʫʣʘʨʜʘʥ 
ʪʘʰץʘʨʠ ʜʝʚʦʨ ʪʦʰʣʘʨʠ, ץʘʚʘʪʣʘʨ-ʘʨʦ ʸʧʤʘʣʘʨ, ʯʦ-
ʨʜʦץ ʸʧʤʘʣʘʨʠ ʜʝʪʘʣʣʘʨʠ, ʢʘʨʥʠʟʣʘʨ, ʪʦʚʫʰʥʠ 
ʶʪʫʚʯʠ ʤʘʪʝʨʠʘʣ ʚʘ ʸʥסʠʥʜʘʥ ʤʫ״ʦʬʘʟʘʣʦʚʯʠ ʙʫʶ-
ʤʣʘʨ ʷʩʘʣʘʜʠ. ɻʠʧʩ-ʙʝʪʦʥ ʙʫʶʤʣʘʨ ʠʰʣʘʪʠʣʛʘʥʜʘ 
ʸסʦʯ ʤʘʪʝʨʠʘʣʣʘʨ ʪʝʞʘʣʘʜʠ. ʅʘʤʜʘʥ ʘʩʨʘʰ ʫʯʫʥ 
ʛʠʧʩ-ʙʝʪʦʥ ʙʫʶʤʣʘʨʥʠʥʛ ʩʠʨʪʠ ʩʫʚ ˄ʪʢʘʟʤʘʡʜʠʛʘʥ 
ʙ˄ʸץʣʘʨ ʸʢʠ ʧʘʩʪʘʣʘʨ ʙʠʣʘʥ ץʦʧʣʘʥʘʜʠ.  

 

 
 

ɻʀʇʉʃʀ ʊʋʇʈʆפʃɸʈ - ʪʘʨʢʠʙʠʜʘ ʚʘ ʛʦʨʠ-
ʟʦʥʪʣʘʨʠʜʘ ʛʠʧʩ ʙ˄ʣʛʘʥ ʪʫʧʨʦץʣʘʨ ״ʠʩʦʙʣʘʥʠʙ 
-ʣʘʨʠʜʘ, ʰʫʥʠʥץʜʘʰʪ, ʯʘʣʘ ʯ˄ʣ ʚʘ ʯ˄ʣ ʪʫʧʨʦ ץʫʨʫץ
ʛʜʝʢ, ʰ˄ʨʣʘʥʛʘʥ ʪʫʧʨʦץʣʘʨʜʘ 10 ʩʤ ʛʘʯʘ ʯʫץʫʨ-
ʣʠʢʜʘ (ʛʠʧʩ ץʘʪץʘʣʦץʣʠ ʪʫʧʨʦץʣʘʨ) ʚʘ 50 ʩʤ ʜʘʥ 
ʯʫץʫʨʨʦץʜʘ (ʛʠʧʩʣʠ ʪʫʧʨʦץʣʘʨ) ʫʯʨʘʡʜʠ. ʗʨʠʤ 
ʛʠʜʨʘʪ (CaSO4 0,5H2O), ʛʠʜʨʘʪ (CaSO4 H2O) ʚʘ 
ʠʢʢʠ ʛʠʜʨʘʪ (CaSO4 2H2O) ʢ˄ʨʠʥʠʰʣʘʨʜʘ ʙ˄ʣʘʜʠ. 
ʊʫʧʨʦץʜʘ ʛʠʧʩʥʠʥʛ ʤʠץʜʦʨʠ 30% ʚʘ ʫʥʜʘʥ ʦʨʪʠץ 
ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ʍʣʦʨʠʜʣʘʨ (ʢ˄ʧʠʥʯʘ ʛʠʧʩ 
 ʘʪʣʘʤʣʘʨʠ ʙʠʣʘʥ ʙʠʨʛʘ ʫʯʨʘʡʜʠ) ʠʰʪʠʨʦʢʠʜʘץ
ʛʠʧʩʥʠʥʛ ʵʨʫʚʯʘʥʣʠʛʠ ʦʨʪʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ 
ʪʫʧʨʦץʜʘ ʛʠʧʩ ʤʠץʜʦʨʠ 20% ʜʘʥ ʦʰʩʘ, ʵʢʠʥʣʘʨ-
ʥʠʥʛ ʩ˄ʣʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ״ʘʤ ʦʨʪʘʜʠ. ʆʢʩʠʜʣʘ-
ʥʠ-hץʘʡʪʘʨʠʣʠʰ ʞʘʨʘʸʥʠʜʘ ʛʠʧʩ ʤʘʜʘʥʠʡ ˄ʩʠʤ-
ʣʠʢʣʘʨ ʫʯʫʥ ʟʘ״ʘʨʣʠ ʦʣʪʠʥʛʫʛʫʨʪ (II)-ʦʢʩʠʜʠ ʚʘ 
ʚʦʜʦʨʦʜ ʩʫʣʴʬʠʜ ״ʦʩʠʣ ץʠʣʘʜʠ. ʊʘʨʢʠʙʠʜʘ ʸʧʧʘ-
ʩʠʛʘ ʛʠʧʩ ʛʦʨʠʟʦʥʪʣʘʨʠ ʙ˄ʣʛʘʥ ʪʫʧʨʦץʣʘʨ 
ʩʫסʦʨʠʣʛʘʥʜʘ ˄ʟʘʥʣʘʨ ʯ˄ʢʠʰʠ ʚʘ ʰʘʢʣʠ ˄ʟʛʘʨʠʰʠ 
ʤʫʤʢʠʥ. ʐʫʥʠʥʛ ʫʯʫʥ ʙʫʥʜʘʡ ʪʫʧʨʦץʣʘʨ ˄ʟʣʘʰʪʠ-
ʨʠʣʛʘʥʜʘ ʛʠʧʩʣʠ ʛʦʨʠʟʦʥʪ ʯʫץʫʨʣʠʛʠ ʚʘ ץʘʣʠʥʣʠʛʠ 
 ʣʘʨʥʠʥʛץʠʩʦʙʛʘ ʦʣʠʥʠʰʠ ʟʘʨʫʨ. ʐ˄ʨʪʦʙʣʠ ʪʫʧʨʦ״
ʬʠʟʠʢ-ʢʠʤʸʚʠʡ ʭʦʩʩʘʣʘʨʠʥʠ ʷʭʰʠʣʘʰʜʘ ʚʘ ˄סʠʪ 
ʪʘʨʟʠʜʘ ʪʫʧʨʦץץʘ ʛʠʧʩ ʩʦʣʠʥʘʜʠ. 

Aʜʘʙʠʸʪʣʘʨ: 

 .ʫʨʠʣʠʰ ʘʰʸʣʘʨʠò ʊʦʰʢʝʥʪ-2003פñ .פ.ʦʩʠʤʦʚ ʕפ .1
2. ɶʟʙʝʢʠʩʪʦʥ ʤʠʣʣʠʡ ʵʥʮʠʢʣʦʧʝʜʠʷʩʠ ʊʦʰʢʝʥʪ-

2001 ʡʠʣ. 
3. ʊʝʭʥʦʣʦʛʠʷ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ ʄ. 2000 ʛ. 
4. ʉ.ɹʫʣʘʪʦʚ ñɻʘʥʯʢʦʨʣʠʢò ʊʦʰʢʝʥʪ-1996 ʡʠʣ. 
 ʦʜʠʨʦʚʘ ʉ.ɸ., ʄ.ʊ.ɸʙʜʫʞʘʙʙʘʨʦʚʘ ñʊʫʨʘʨ ʞʦʡפ .5

ʚʘ ʞʘʤʦʘʪ ʙʠʥʦʣʘʨʠʥʠ ʣʦʡʠ״ʘʣʘʰò ɼʘʨʩʣʠʢ.-ʊʦʰʢʝʥʪ.: 
ʅʠʟʦʤʠʡ ʥʦʤʣʠ ʊɼʇʋ, 2019 ʡ. -300 ʙʝʪ. 
6. ʍʘʩʘʥʦʚ ɸ.ʆ. ñɸʨʭʠʪʝʢʪʫʨʘʚʠʡ ʣʦʡʠ״ʘʣʘʰò ɶץʫʚ 

-ʣʣʘʥʤʘ .-ʊʦʰʢʝʥʪ.: ñɸʨʭʠʪʝʢʪʫʨʘ ʠʥʥʦʚʘʮʠʦʥ ʤʘʨ˄ץ
ʢʘʟʠò, 2019 ʡ. -140 ʙʝʪ. 
7. ʇ˄ʣʘʪʦʚ ʍ.ʐ. ʚʘ ʙʦʰץʘʣʘʨñɸʨʭʠʪʝʢʪʫʨʘ ʸʜʛʦʨ-

ʣʠʢʣʘʨʠʥʠ ʪʘʲʤʠʨʣʘʰò ɼʘʨʩʣʠʢ.-ʊʦʰʢʝʥʪ.: 2009 ʡ. 
 

ɪנʆʏ ʄɸʊɽʈʀɸʃʃɸʈʀʅʀʅɻ ɪʅנʀʅ ʐɸʈʆʀʊʀɼɸɻʀ ʍʋʉʋʉʀʗʊʃɸʈʀʅʀ  
ʊɸʊפʀפ פʀʃʀʐ 

 

ʅʫʨץʫʣʦʚ ʌ.ʅ. ʪ.ʬ.ʜ., ʧʨʦʬʝʩʩʦʨ. ʊʦʰʢʝʥʪ ʢʠʤʸ ʪʝʭʥʦʣʦʛʠʷ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʥʩʪʠʪʫʪʠ 
ʅʘʟʘʨʦʚ ʌ.ɸ.  ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʌɺɺ ɸʢʘʜʝʤʠʷʩʠ ʤʫʩʪʘץʠʣ ʠʟʣʘʥʫʚʯʠʩʠ 

 

ɪסʦʯ ʸʥסʠʥʛʘ ˄ʪʘ ʪʘʲʩʠʨʯʘʥʜʠʨ. 1100ʉ ״ʘʨʦ-
ʨʘʪʜʘ ʸסʦʯ ʤʘʪʝʨʠʘʣʠʜʘ ʪʝʨʤʠʢ ʘʞʨʘʣʠʰ ʩʦʜʠʨ 
ʙ˄ʣʘʜʠ. 120-1800ʉ ״ʘʨʦʨʘʪʜʘ ʘʚʚʘʣʦ ʙʦסʣʘʥʤʘʛʘʥ 
ʩ˄ʥʛʨʘ ʢʠʤʸʚʠʡ ʙʦסʣʘʥʛʘʥ ʩʫʚʣʘʨ ʘʞʨʘʣʘʜʠ, ʸסʦʯ-
ʜʘʛʠ ʪʝʨʤʠʢ ʯʠʜʘʤʣʠ ʪʘʨʢʠʙʣʘʨ ʘʩʦʩʘʥ ʉʆ2 ʚʘ ʅ2ʆ 
ʯʠץʠʰʠ ʙʠʣʘʥ ʢʫʟʘʪʠʣʘʜʠ. 2500ʉ ״ʘʨʦʨʘʪʜʘ ʸסʦʯʜʘ 
ʉʆ, ʉʅ4, ʅ2, ʉʆ2, ʅ2ʆ ʚʘ ʙʦʰץʘʣʘʨ ʙʠʣʘʥ ʧʠʨʦʣʠʟ 

ʞʘʨʘʸʥʠ ʙʦʰʣʘʥʘʜʠ. 350-4500ʉ ״ʘʨʦʨʘʪʜʘ ʧʠʨʦʣʠʟ 
ʞʘʨʘʸʥʠ ʜʘʚʦʤ ʵʪʘʜʠ ʚʘ ʰʫ ״ʘʨʦʨʘʪʜʘ 40 % ʘʩʦʩʠʡ 
ʤʘʩʩʘʩʠʥʠʥʛ ʸʥʫʚʯʠ ʛʘʟʣʘʨʠ ʘʞʨʘʣʠʙ ʯʠץʘʜʠ. 
ɪסʦʯʜʘʛʠ ʣʠʛʥʠʥ 350-4500ʉ ״ʘʨʦʨʘʪʜʘ ʧʘʨʯʘʣʘ-
ʥʘʜʠ. ɸʞʨʘʣʠʙ ʯʠץʘʜʠʛʘʥ ʛʘʟ ʰʘʢʣʠʜʘʛʠ ץʦʨʠʰʤʘ 
25% ʅ2 ʚʘ 40% ʫʛʣʝʚʦʜʦʨʦʜʜʘʥ ʠʙʦʨʘʪ. ɻʘʟ ʰʘʢʣʠ-
ʜʘʛʠ ʸʥʫʚʯʠ ʤʘ״ʩʫʣʦʪʣʘʨʥʠʥʛ ʝʪʘʨʣʠ ʜʘʨʘʞʘʛʘ 
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ʝʪʠʰʠ ʙʠʣʘʥ ʫʣʘʨʜʘ ˄ʟ-˄ʟʠʜʘʥ ʸʥʠʰ ʩʦʜʠʨ ʙ˄ʣʘʜʠ. 
ɪסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʦʣʦʚʙʘʨʜʦʰʣʠʢ ʭʫ-

ʩʫʩʠʷʪʣʘʨʠʥʠ ʦʰʠʨʠʰ ʫʯʫʥ - ʸסʦʯ ʚʘ ʫʥʠʥʛ ʸʥסʠʥ 
ʰʘʨʦʠʪʠʜʘʛʠ ʫʤʫʤʠʡ ץʦʥʫʥʠʷʪʣʘʨʠ ״ʘʤʜʘ ʥʘʟʘʨʠʡ 
ʘʩʦʩʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ, ʰʫʥʠʥʛʜʝʢ, ʸסʦʯʥʠʥʛ ʸʥסʠʥ 
ʰʘʨʦʪʠʪʠʜʘʛʠ ״ʦʣʘʪʠʥʠ ˄ʨʛʘʥʠʰ, ʙʘ״ʦʣʘʰ, ʧʨʦ-
ʛʥʦʟʣʘʰ, ʪʘʨʪʠʙʛʘ ʩʦʣʠʰ ʚʘ ʫʣʘʨʜʘʥ ʭʘʚʬʩʠʟ ʬʦʡ-
ʜʘʣʘʥʠʰ ʩʦ״ʘʣʘʨʠʥʠ ʘʥʠץʣʘʰʥʠʥʛ ʩʪʨʫʢʪʫʨʘʚʠʡ 
ʩʭʝʤʘʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ (1-ʞʘʜʚʘʣ) ʤʘץʩʘʜʛʘ 
ʤʫʚʦʬʠ״ ץʠʩʦʙʣʘʥʘʜʠ. 
ɪסʦʯʥʠʥʛ ʥʘʤʣʠʛʠ (ɺʜ)- y  ʦʯʜʘ ʥʘʤʣʠʢʥʠ ˄ʟʠʛʘס

ʰʠʤʠʙ ʦʣʠʰ ʭʫʩʫʩʠʷʪʠ ʙ˄ʣʠʙ, ʙʫ ʫʥʠʥʛ ʩʠʬʘʪʠʛʘ 
ʚʘ ʙʦʰץʘ ʭʦʩʩʘʣʘʨʠʛʘ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʘʜʠ, ʫ 
 .ʣʘʥʠʣʘʜʠץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙʠʣʘʥ ʘʥʠץ

ɺɼ = ʚ c

c

m m
100%

m

-
Ö

 (1)

 

ʙʫʥʜʘ: mB ïʥʘʤʫʥʘʥʠʥʛ ץʫʨʠʛʫʥʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʩ-
ʩʘʩʠ, ʛ; mc ïʪʫʨסʫʥ ʤʘʩʩʘʩʠʛʘʯʘ ץʫʨʠʪʠʣʛʘʥ ʥʘʤʫ-
ʥʘʥʠʥʛ ʤʘʩʩʘʩʠ, ʛ 
-ʦʯ ʘʚסʠʥ ʰʘʨʦʠʪʠʜʘ ʸסʪʠʜʘ ʸʢʠ ʸʥץʫʨʠʪʠʰ ʚʘפ

ʚʘʣʦ ʤʝʭʘʥʠʢ ʥʘʤʣʠʢʥʠ ʯʠץʘʨʘʜʠ, ʙʫʪʫʥʣʘʡ ʯʠץʘ-
ʨʠʙ ʙ˄ʣʛʘʥʜʘʥ ʩ˄ʥʛ ˄ʟʠʜʘʛʠ ʛʠʛʨʦʩʢʦʧʠʢ ʥʘʤ-
ʣʠʢʥʠ ʯʠץʘʨʘʜʠ. ʅʘʤʣʠʢ ʜʘʨʘʞʘʩʠ ʙ˄ʡʠʯʘ ʸסʦʯʣʘʨ 
- ʷʥʛʠ ʢʝʩʠʣʛʘʥ ʙ˄ʣʩʘ ʥʘʤʣʠʛʠ 35% ʚʘ ʫʥʜʘʥ 
ʶץʦʨʠ, ״ʘʚʦʡʠ ץʫʨʫץ ʥʘʤʣʠʛʠ 15-20%, ʶץʦʨʠ 
ʤʝʲʸʨʠʜʘʛʠ ץʫʨʫ8-13% ץ ʛʘ ʙ˄ʣʠʥʘʜʠ. ʐʫʥʠʥʛʜʝʢ, 
ʣ y˄״  ʦʯʣʘʨ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, ʫʣʘʨʥʠʥʛ ʥʘʤʣʠʛʠ ʷʥʛʠס
ʢʝʩʠʣʛʘʥ ʜʘʨʘʭʪʥʠʥʛ ʥʘʤʣʠʛʠʜʘʥ ״ʘʤ ʶץʦʨʠ 
ʙ˄ʣʘʜʠ, ʷʲʥʠ 100% ʜʘʥ ״ʘʤ ʢ˄ʧ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. 
ɪסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠ ʫʯʫʥ ʩʪʘʥʜʘʨʪ ʥʘʤʣʠʢ ʩʠʬʘ-
ʪʠʜʘ 12% ץʘʙʫʣ ץʠʣʠʥʛʘʥ.ɪסʦʯʥʠʥʛ ʶʟʘʩʠʜʘ 
ʘʣʘʥʛʘ ʪʘʨץʘʣʠʰʠʥʠʥʛ ʯʠʟʠץʣʠ ʪʝʟʣʠʛʠ 1-10 ʤʤ/ʩ 
ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. פʘʨʘסʘʡ ʜʘʨʘʭʪʠʜʘ ʪʘʰץʠ ʠʩ-
ʩʠץʣʠʢ ʦץʠʤʠ ʟʠʯʣʠʛʠʥʠʥʛ ʘʣʘʥʛʘ ʪʘʨץʘʣʠʰʠʥʠʥʛ 
ʯʠʟʠץʣʠ ʪʝʟʣʠʛʠʛʘ ʥʠʩʙʘʪʠ 1-ʨʘʩʤʜʘ ʙʝʨʠʣʛʘʥ. 

 
1-ʨʘʩʤ. פʘʨʘסʘʡ ʜʘʨʘʭʪʠʜʘ ʪʘʰץʠ ʠʩʩʠץʣʠʢ ʦץʠʤʠ 

ʟʠʯʣʠʛʠʥʠʥʛ ʘʣʘʥʛʘ ʪʘʨץʘʣʠʰʠʥʠʥʛ ʯʠʟʠץʣʠ ʪʝʟʣʠʛʠʛʘ 
ʥʠʩʙʘʪʠ:  1-ʥʘʤʫʥʘ ʚʝʨʪʠʢʘʣ ʶʟʘʜʘ ʞʦʡʣʘʰʛʘʥ.  2-

ʥʘʤʫʥʘ ʛʦʨʠʟʦʥʪʘʣ ʶʟʘʜʘ ʞʦʡʣʘʰʛʘʥ. 
 

ɪסʦʯʥʠ ʸʥʠʰ ʞʘʨʘʸʥʠ ʫʥʜʘʥ ʘʞʨʘʣʫʚʯʠ ʤʘ״ʩʫ-
ʣʦʪʣʘʨʥʠʥʛ ʘʣʘʥʛʘʣʠ ʸʥʠʰʠ ״ʘʤʜʘ ʢ˄ʤʠʨ ץʦʣ-
ʜʠסʠʛʘ ˄ʭʰʘʰ ʤʘ״ʩʫʣʦʪʥʠʥʛ ʪʫʪʘʙ ʸʥʠʰʠʜʘʥ 
ʠʙʦʨʘʪ. ɪʥסʠʥ ʰʘʨʦʠʪʠʜʘ ʸסʦʯʣʘʨʜʘʛʠ ʪʝʨʤʠʢ 
ʘʞʨʘʣʠʰ ʚʘ ʸʥʠʰ ʉʆ, ʉʆ2 ʚʘ ʙʦʰץʘ ʛʘʟ ʰʘʢʣʠʜʘʛʠ 
ʤʘ״ʩʫʣʦʪʣʘʨʥʠ ʘʞʨʘʣʠʰʠ ʙʠʣʘʥ ʢʫʟʘʪʠʣʘʜʠ, ʙʫ 
ʵʩʘ ʠʥʩʦʥ ʦʨʛʘʥʠʟʤʠ ʫʯʫʥ ʟʘ״ʘʨʣʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʸʥʠʰ ʚʘ ʪʫʪʘʙ ʸʥʠʰ ʢ˄ʧ 
ʤʠץʜʦʨʜʘ ˄ʟʠʜʘʥ ʪʫʪʫʥ ʯʠץʠʰʠ ʙʠʣʘʥ ʢʫʟʘʪʠʣʘʜʠ. 
ʊʫʪʘʰ ʥʘʪʠʞʘʩʠʜʘ ʢ˄ʨʠʰ ʜʘʨʘʞʘʩʠ ʧʘʩʘʷʜʠ ʚʘ ʠʥ-
ʩʦʥʥʠ ʥʘʬʘʩ ʦʣʠʰʠ ץʠʡʠʥʣʘʰʘʜʠ. ɪסʦʯʣʘʨʥʠʥʛ 

ʸʥסʠʥ ʭʘʚʬʩʠʟʣʠʛʠʥʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʙʠ-
ʣʘʥ ״ʘʨʘʢʪʝʨʣʘʰ ʤʫʤʢʠʥ. ɪסʦʯʥʠ ʸʥʠʰʠ ʚʘ ˄ʟ-˄ʟʠ-
ʜʘʥ ʸʥʠʰ ״ʘʨʦʨʘʪʠ 250-3500ʉ ʪʘʰʢʠʣ ʵʪʘʜʠ. 
 ʣʠץʦʯʠ ʶʟʘʩʠ ʙ˄ʡʣʘʙ ʘʣʘʥʛʘʥʠ ʯʠʟʠסʘʡ ʸסʘʨʘפ
ʪʘʨץʘʣʠʰ ʪʝʟʣʠʛʠ ʪʘʰץʠ ʠʩʩʠץʣʠʢ ʦץʠʤʠ (2-ʨʘʩʤ) 
ʟʠʯʣʠʛʠʛʘ, ʤʘʪʝʨʠʘʣʥʠʥʛ ʚʝʨʪʠʢʘʣ ʚʘ ʛʦʨʠʟʦʥʪʘʣ 
ʪʝʢʠʩʣʠʢʜʘʛʠ ʞʦʡʣʘʰʫʚʠʛʘ ʢ˄ʨʘ ʥʠʩʙʘʪʜʘ ʢ˄ʨʩʘ-
ʪʠʣʛʘʥ.  

 

2-ʨʘʩʤ. ɪסʦʯʥʠʥʛ ʚʘץʪ ʥʠʩʙʘʪʠʛʘ ʢ˄ʨʘ ʦסʠʨʣʠʛʠ ʙ˄ʡʠʯʘ 
ʸʥʠʰ ʪʝʟʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ. 1. 30 ʢɺʪ/ʤ2 ʜʘʛʠ ʦץʠʤ 
ʞʘʜʘʣʣʠʛʠ; 2. 20 ʢɺʪ/ʤ2 ʜʘʛʠ ʦץʠʤ ʞʘʜʘʣʣʠʛʠ. 

 

 ʪ ʙ˄ʡʠʯʘץʦʯʥʠʥʛ ʚʘסʫʡʠʜʘ, ʷʲʥʠ 3-ʨʘʩʤʜʘ ʸפ
ʸʥʠʰʜʘʛʠ ʤʘʩʩʘ ˄ʟʛʘʨʠʰʠ ʪʝʟʣʠʛʠʥʠ ʪʘʰץʠ ʠʩ-
ʩʠץʣʠʢ ʦץʠʤ ץʠʡʤʘʪʠʛʘ ʥʠʩʙʘʪʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 

 

3-ʨʘʩʤ. ɼʦʠʤʠʡ ״ʘʨʦʨʘʪʜʘ ץʠʟʜʠʨʠʰ ʚʘץʪʠʜʘ ץʘʨʘסʘʡ 
ʜʘʨʘʭʪʠ ʤʘʩʩʘ ʡ˄ץʦʪʠʣʠʰʠ 

 

ɪסʦʯʥʠʥʛ ʪʫʪʘʙ ʸʥʠʰʠ ʜʘʨʘʞʘʩʠ ʸסʦʯʥʠʥʛ 
ʶʟʘʩʠ ʙ˄ʡʣʘʙ ʘʣʘʥʛʘʥʠʥʛ ʪʘʨץʘʣʠʰ ʪʝʟʣʠʛʠʜʘʥ 
ʘʥʯʘ ʢʠʯʠʢ ʙ˄ʣʠʙ, ʪʫʨʣʠ ʸסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠ ʫʯʫʥ 
˄ʨʪʘʯʘ 0,6-1,0 ʤʤ/ʜʘץʠץʘʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. פʘʨʘסʘʡ 
ʜʘʨʘʭʪʠʥʠʥʛ (ʸסʦʯ ʥʘʤʫʥʘʣʘʨʠʜʘ) ʪʫʪʫʥ ״ʦʩʠʣ 
-ʠʣʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ɻʆʉʊ 12.1.044ʛʘ ʘʩʦʩʘʥʪʘʭץ
ʤʠʥʘʥ 50 ʢʛ/ʤ2 ʛʘ ʪʝʥʛ ʙ˄ʣʠʙ, ʫ ʢʠʯʠʢ- ɼ1 ʸʢʠ ˄ʨ-
ʪʘʯʘ ɼ2-ʪʫʪʘʰ ʭʫʩʫʩʠʷʪʠʛʘ ʵʛʘ ʙ˄ʣʘʜʠ. ʃʝʢʠʥ ʪʫ-
ʪʘʙ ʸʥʠʰ ʚʘץʪʠ ɼʰ=600 ʤ2/ʢʛ ʙ˄ʣʠʙ, ʪʫʪʘʙ ʸʥʘʸʪ-
ʛʘʥ ʸסʦʯʥʠʥʛʞʫʜʘ ʶץʦʨʠ ʪʫʪʘʰ ʭʫʩʫʩʠʷʪʠʥʠ ɼ3 
ʪʫʨʢʫʤʠʛʘ ʢʠʨʠʪʠʰ ʤʫʤʢʠʥ. ʄʘʲʣʫʤʢʠ, ʙʘʨʯʘ 
ʪʫʨʜʘʛʠ ʸסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠ ʤʝʲʸʨʠʡ ״ʫʞʞʘʪ ʪʘʣʘʙ-
ʣʘʨʠʛʘ ʘʩʦʩʘʥ ʸʥʫʚʯʠ ʤʘʪʝʨʠʘʣʣʘʨ ʩʠʥʬʠʛʘ ʢʠ-
ʨʘʜʠ. ɪסʦʯ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʠ ʶץʦʨʠ ״ʘʨʦʨʘʪ 
ʪʘʲʩʠʨʠʜʘ ʪʫʪʘʰ ʞʘʨʘʸʥʠ ʙʦʰʣʘʥʘʜʠ. 1-ʞʘʜʚʘʣʜʘ 
ʸסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʪʫʪʘʰ ʭʫʩʫʩʠʷʪʠ ʪʘʩʚʠʨ-
ʣʘʥʛʘʥ. 
3 ʚʘ 4-ʨʘʩʤʣʘʨʜʘ ץʘʨʘסʘʡ ʜʘʨʘʭʪʠ ץʠʟʜʠ-

ʨʠʣʛʘʥʜʘ ʫʥʠʥʛ ʤʘʩʩʘʩʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʚʘ ʯ˄ʟʠ-
ʣʠʰʜʘʛʠ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʥʠʥʛ ʧʘʩʘʡʠʰ ʛʨʘʬʠʢʣʘʨʠ 
ʢ˄ʨʩʘʪʠʣʛʘʥ.  
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1-ʞʘʜʚʘʣ 
ʊʫʪʘʰ ʭʫʩʫʩʠʷʪʠ ʙ˄ʡʠʯʘ ʪʝʢʰʠʨʫʚ ʥʘʪʠʞʘʣʘʨʠ 

ʄʘʪʝʨʠʘʣ 
ɪʥʠʰ 
ʪʘʨ-
ʪʠʙʠ 

Dm, 
ʤ2/ʢʛ 

ʊʫʪʘʰ ʭʫʩʫʩʠ-
ʷʪʠ ʙ˄ʡʠʯʘ ʛʫ-

ʨʫ״ʠ 

ɹʘʨʛʣʠ ʪʘʭʪʘ ʤʘʪʝʨʠʘʣ-
ʣʘʨ (ɻʆʉʊ 2695-83) + 3 
 ʘʪʣʘʤ ʣʘʢ ʇʌ-283ץ

ʪʫʪʘʙ 
ʸʥʠʰ, 
ʸʥʠʰ 

436 
53 

ɼ2 
ɼ2 

ʅʠʥʘ ʙʘʨʛʣʠ ʸסʦʯ (ɻʆʉʊ 
 ʘʪʣʘʤץ 2 + (84-86-86
ʛʣʠʬʪʘʣ ʦʣʠʬʠ 

ʪʫʪʘʙ 
ʸʥʠʰ, 
ʸʥʠʰ 

656 
61 

ɼ3 
ɼ2 

 
 

 
3-ʨʘʩʤ. ɶʟʛʘʨʤʘʩ ״ʘʨʦʨʘʪʜʘ ʚʘץʪ ʙ˄ʡʠʯʘ ץʘʨʘסʘʡ ʜʘʨʘʭ-
ʪʠʥʠʥʛ ʚʘץʪʠʥʯʘʣʠʢ ץʘʨʰʠʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ 

 

 
 

4-ʨʘʩʤ. פʠʟʜʠʨʠʰ ʥʘʪʠʞʘʩʠʜʘ ʸסʦʯʥʠʥʛ ״ʘʞʤʠʡ ʤʘʩʩʘ-
ʩʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ. 1-ץʘʨʘסʘʡ; 2-ʘʨʯʘ. 

 

ɼʝʤʘʢ, 3 ʚʘ 4 ï ʨʘʩʤʣʘʨʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, 
ʸʥסʠʥ ʰʘʨʦʠʪʠʜʘ ʸסʦʯ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʥʠʥʛ ʧʘʩʘʡ-
ʠʰʠ ʪʝʨʤʠʢ ʘʞʨʘʣʠʰ, ʷʲʥʠ ʩʪʨʫʢʪʫʨʘʥʠ ʙʫʟʠʣʠʰʠ 
ʥʘʪʠʞʘʩʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠ. ɪסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠ ʤʫ-

ʩʪʘ״ʢʘʤʣʠʛʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʢ˄ʧ ʞʠ״ʘʪʜʘʥ ץʠʟʜʠ-
ʨʠʰ ʞʘʨʘʸʥʠʜʘʛʠ ʤʘʪʝʨʠʘʣʥʠʥʛ ʤʘʩʩʘ ʡ˄ץʦʪʠʰʠʛʘ 
ʙʦסʣʠץ ʙ˄ʣʠʙ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʐʫʥʜʘʡ ץʠʣʠʙ, ʶץʦʨʠʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨ ʘʩʦ-

ʩʠʜʘ ʭʫʣʦʩʘ ץʠʣʠʥʛʘʥʜʘ ʸסʦʯ ʤʘʪʝʨʠʘʣʣʘʨʠʜʘ 
 ʣʠʢ ʘʞʨʘʣʠʰʠץʘʨʦʨʘʪ ʦʨʪʠʰʠ ʚʘ ʠʩʩʠ״
ʥʘʪʠʞʘʩʠʜʘ ʪʫʪʫʥ ״ʦʩʠʣ ʙ˄ʣʠʰ ʢʦʵʬʬʠʮʝʥʪʠ 
ʦʨʪʠʙ ʙʦʨʘʜʠ ʚʘ ʤʘʩʩʘ ʡ˄ץʦʣʠʰʠ ʢʘʤʘʡʠʙ ʙʦʨʘʜʠ. 
ɹʫʥʜʘʥ ʪʘʰץʘʨʠ ʦʨʛʘʥʠʢ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʟʘ״ʘʨʣʠ 
ʤʘ״ʩʫʣʦʪʣʘʨ ״ʘʤ ʘʞʨʘʣʠʙ ʯʠץʠʙ, ʟʘ״ʘʨʣʠʣʠʢ ʜʘʨʘ-
ʞʘʩʠ ʤʘʪʝʨʠʘʣʥʠʥʛ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠʛʘ ״ʘʤ ʙʦסʣʠץ 
ʙ˄ʣʘʜʠ. ʖץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʘʩʦʩʠʡ ץʦʥʫʥʠʷʪ-
ʣʘʨ ˄ʨʛʘʥʠʣʛʘʥʜʘʥ ʩ˄ʥʛ ʢʝʡʠʥʛʠ ץʠʩʤʜʘ ʜʫʥʸʜʘ ʚʘ 
ʨʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʸסʦʯʥʠ ״ʠʤʦʷʣʦʚʯʠ ʘʥʪʠʩʝʧ-
ʪʠʢʣʘʨ ʩʠʬʘʪʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʢʠʤʸʚʠʡ ʧʨʝʧʘ-
ʨʘʪʣʘʨʥʠʥʛ ץʠʩץʘʯʘ ʪʘʩʥʠʬʠ ˄ʨʛʘʥʠʣʜʠ. ʋʰʙʫ 
ʪʘ״ʣʠʣʣʘʨ ʘʩʦʩʠʜʘ ʨʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʢʘʪʪʘ ʟʘʨʘʨ 
ʝʪʢʘʟʘʸʪʛʘʥ ʪʘʨʠʭʠʡ ʦʙʠʜʘʣʘʨ, ʙʠʥʦ ʚʘ ʠʥʰʦ-
ʘʪʣʘʨʛʘ ʝʪʢʘʟʠʣʛʘʥ ʟʘʨʘʨʣʘʨ ״ʘʤʜʘ ʫʣʘʨʥʠ ״ʠʤʦʷ-
ʣʘʰʥʠʥʛ ʜʦʣʟʘʨ ʤʫʘʤʤʦʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ. 
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 ʦʟʠʨʛʠ ʢʫʥʜʘ ʛʝʪʝʨʦʮʠʢʣʠʢ ʙʠʨʠʢʤʘʣʘʨ ʚʘ׳

ʫʣʘʨʥʠʥʛ ״ʦʩʠʣʘʣʘʨʥʠ ʬʘʨʤʘʢʦʣʦʛʠʢ ʚʘ ʙʠʦʣʦʛʠʢ 
ʭʫʩʫʩʠʷʪʣʘʨʠ ʪ˄ʬʘʡʣʠ ʪʠʙʙʠʡ ʪʘʜץʠץʦʪʣʘʨ ʩʦ״ʘ-
ʩʠʜʘ ʠʞʦʙʠʡ ʥʘʪʠʞʘʣʘʨʛʘ ʵʨʠʰʠʣʜʠ. ʂ˄ʧʣʘʙ ʤʘ״-
ʩʫʣʦʪʣʘʨʜʘ ʘʥʪʠʙʠʦʪʢʣʘʨ, ʚʠʪʘʤʠʥʣʘʨ ʚʘ ʛʦʨʤʦʥ-
ʣʘʨʥʠ ʪʘʙʠʠʡ ʩʪʨʫʢʪʫʨʘ ʪʫʟʠʣʠʰʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʛʝ-
ʪʝʨʦʮʠʢʣʠʢ ʙʠʨʠʢʤʘʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʠʰʠ ʢʘʪʪʘ 
ʘ״ʘʤʠʷʪʛʘ ʵʛʘ.  
ɸʟʦʪ ʚʘ ʦʣʪʠʥʛʫʛʫʨʪ ʩʘϨʣʘʛʘʥ ʛʝʪʝʨʦʮʠʢʣʠʢ 

ʙʠʨʠʢʤʘʣʘʨʥʠ ʤʠʢʨʦʙʣʘʨʛʘ Ϩʘʨʰʠ ʭʫʩʫʩʠʷʪʠ. 
-ʘʥʯʘ ʦʣʠʤʣʘʨʥʠ ʛʝʪʝʨʦʮʠʢʣʠʢ ʙʠʨʠʢץ ʡʠʜʘ ʙʠʨ˄פ
ʤʘʣʘʨʥʠ ʪʫʨʣʠ ʤʠʢʨʦʙʣʘʨ ʰʪʘʤʧʣʘʨʛʘ ץʘʨʰʠ ʘʢ-
ʪʠʚʣʠʢʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʭʫʩʫʩʠʷʪʣʘʨʠ ˄ʨʛʘʥʠʣʠʙ 
ʩʪʨʫʢʪʫʨʘʣʘʨʠ ʪʘץʜʠʤ ʵʪʠʣʛʘʥ. ʋʰʙʫ ʰʘʨ״ʣʘʨʜʘ 
ʘʩʦʩʘʥ ʪʠʘʟʠʥʣʘʨ ʚʘ ʫʣʘʨʥʠʥʛ ʘʥʪʠʤʠʢʨʦʙ ʬʘʦʣ-
ʣʠʢʢʘ ʵʛʘ ʙ˄ʣʛʘʥ ״ʦʩʠʣʘʣʘʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥ.  
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ʵʪʠʣʛʘʥ 1,3-ʪʠʘʟʠʥʣʘʨ, ʭʘʣʢʦʥʣʘʨʜʘʥ ʦʣʠʥʛʘʥ 
ʙ˄ʣʠʙ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ʘʥʪʠʤʠʢʨʦʙ ʭʫʩʫʩʠʷʪ-
ʣʘʨʛʘ ʵʛʘ Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli ʚʘ Pseudomonas aeruginosa ʣʘʨʛʘ 
 .ʘʨʰʠ ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘʜʦʨץ

 (1)  (2) 
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ʘʩʦʩʠʜʘʠ ʤʘʭʩʫʣʦʪʣʘʨ ״ʠʩʦʙʣʘʥʠʙ ʫʰʙʫ ʦʜʜʘʣʘʨ 
  .ʘʤ ʘʥʪʠʤʠʢʨʦʙ ʭʫʩʫʩʠʷʪʛʘ ʵʛʘ״

 
Thanusu and Gopalakrishnan (2010) ʪʦʤʦʥʠʜʘʥ 

ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘʛʠ ʪʠʘʟʠʥ ʩʘץʣʘʛʘʥ ʙʠʨʠʢʤʘʣʘ-
ʨʜʘ ʤʦʨʬʦʣʠʥ ʛʫʨʫ״ʣʘʨʥʠ ʙ˄ʣʠʰʠ ʛʨʠʙʛʘ ʚʘ ʘʥʪʠ-
ʙʘʢʪʝʨʠʷʛʘ ʘʢʪʠʚʣʠʛʠ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʤʦʜʜʘʣʘʨ 
 ʠʣʛʘʥ ʙ˄ʣʠʙ Rhizopus ʚʘ Vibrio choleraeץ ʦʩʠʣ״
ʙʘʢʪʝʨʠʷʣʘʨʛʘ ʬʘʦʣ ץʘʨʰʠʣʠʢ ץʠʣʘʜʠ. 

 
Suresh and Jayaveera (2010) ʢ˄ʨʩʘʪʠʰʠʯʘ (5) 

ʬʦʨʤʫʣʘʜʘʛʠ ʙʠʨʠʢʤʘʣʘʨʥʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣ ʘʢʪʠʚ-
ʣʠʛʠ ʠʢʢʢʠ ʭʠʣ ʤʠʢʨʦʦʨʛʘʥʠʟʛʘ ʩʠʥʘʙ ʢ˄ʨʠʣʛʘʥ 
ʫʣʘʨ E. coli ʚʘ S. aureus, ʫʤʫʤʠʡ ʬʫʥʢʮʠʷʣʠ ʘʥʪʠ-
ʙʘʢʪʝʨʠʷʣʘʨʛʘ ״ʘʤ ʘʢʪʠʚʣʠʢʛʘ ʵʛʘ ʵʢʘʥʣʠʛʠʥʠ ʪʘʩ-
ʜʠץʣʘʰʛʘʥ.  

 
Abbas ʚʘ Farghaly (2010) ʪʘʢʣʠʬ ʵʪʛʘʥ ʙʠʨʠʢʤʘ-

ʣʘʨʠ 6, 7a, 7b, ʘʥʪʠʙʘʢʪʝʨʠʘʣ ʚʘ ʛʨʠʙʛʘ ץʘʨʰʠ ʘʢ-
ʪʠʚʣʠʢʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʙʠʨʠʢʤʘʣʘʨ ʙ˄ʣʠʙ S. aureus ʚʘ 
(E. coli), ʙʘʢʪʝʨʠʘʣʘʨʛʘ ץ˄ʰʠʤʯʘ ʨʘʚʠʰʜʘ ʧʘʪʦʛʝʥ 
ʭʫʩʫʩʠʷʪʣʠ ʛʨʠʙ Aspergillus flavus ʚʘ Candida 
albicans ʣʘʨʛʘ ץʘʨʰʠ ʬʘʦʣʣʠʛʠʥʠ ʪʘʩʜʠץʣʘʰʜʠ. 

 
Jupudi ʚʘ Rao (2013) ʪʦʤʦʥʠʜʘʥ ʙʘʨʯʘ ʙʘʢʪʝʨʠ-

ʘʣʘʨʛʘ ץʘʨʰʠ ʭʫʩʫʩʠʷʪʣʘʨʠ ʪʝʩʪ ץʠʣʠʙ ʠʞʦʙʠʡ ʭʫ-
ʣʦʩʘʣʘʨ ʦʣʠʥʛʘʥ. 

 
Dipansu ʚʘ Mander (2012) ʪʘʢʣʠʬ ʪʠʰʠʯʘ ʠʰʣʘʙ 

ʯʠץʠʣʘʸʪʛʘʥ ʪʠʘʟʠʥ (10) ʙʠʨ ץʘʥʯʘ ʙʘʢʪʝʨʠʘʣʘʨʛʘ 

 ʠʣʠʥʛʘʥץʘʨʰʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣ ʭʫʩʫʩʠʷʪʣʘʨʠ ʪʝʩʪץ
ʚʘ ʷʭʰʠ ʥʘʪʠʞʘ ʦʣʠʥʛʘʥ. 

 
Naushad and Panugonda (2012) ʪʦʤʦʤʥʠʜʘʥ 1,4-

ʪʠʘʟʠʥʣʘʨʥʠ ʛʨʠʙ ʚʘ ʙʘʢʪʝʨʠʘʣʘʨʛʘ ץʘʨʰʠ ʭʫʩʫʩʠ-
ʷʪʣʘʨʠ ʪʘʜץʠץ ʵʪʠʣʛʘʥ. 

 
Varalakshmi Devi ʚʘ ʙʦʰץʘʣʘʨ ʪʦʤʦʥʠʜʘʥ 

(2011) ʘʥʪʠʙʘʢʪʝʨʠʘʣ ʭʫʩʫʩʠʷʪʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʪʠʘ-
ʟʠʥʣʘʨ ʩʠʥʪʝʟ ץʠʣʠʥʠʙ ʫʣʘʨʥʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣ ʭʫ-
ʩʫʩʠʷʪʣʘʨʠ ʶץʦʨʠ ʵʢʘʥʣʠʛʠ ʘʥʠץʣʘʥʜʠ.  

 
Ram ʚʘ Parhate (2013) ʪʦʤʦʥʠʜʘʥ 1,3-ʪʠʘʟʠʥ-

ʣʘʨʥʠ ʘʥʪʠʤʠʢʦʙʘʢʪʝʨʠʘʣ ʭʫʩʫʩʠʷʪʣʘʨʠ ʘʢʪʠʚ-
ʣʠʛʠ ˄ʨʛʘʥʠʣʛʘʥ ʚʘ ʙʠʨ ץʘʥʯʘ ʙʘʢʪʝʨʠʘʣʘʨʛʘ 
ʙʘʨץʘʨʦʨʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ. 

 
Sharma ʚʘ Fogla, Sharma (2011)  

 
Didwagh ʚʘ Piste (2013) 
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Elarfi ʚʘ Al-Difa (2012)  

 
Prakash ʚʘ Ingarsal (2015) . 

 
Rathore ʚʘ Rajput (2013)  

 
ɸʜʘʙʠʸʪʣʘʨʜʘ ʪʠʘʟʠʥʣʘʨʥʠʥʛ ״ʝʪʝʨʦʮʠʢʣʠʢ ʙʠ-

ʨʠʢʤʘʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʢʣʘʩʩʠ ʵʢʘʥʣʠʛʠ ʚʘ ʫʣʘʨʥʠʥʛ 
ʥʘʪʠʞʘʣʘʨʠ ʧʘʪʦʛʝʥʣʘʨ ʪʦʤʦʥʠʜʘʥ ʢʝʣʠʙ ʯʠץʘʜʠ-
ʛʘʥ ʠʥʬʝʢʪʩʠʷʣʘʨʜʘ ʪʘʣʘʙ ʢʘʪʪʘ ʵʢʘʥʣʠʛʠ ʵʲʪʠ-
ʙʦʨʛʘ ʦʣʠʥʘʜʠ. ʊʠʷʟʠʥ ʘʩʦʩʠʜʘʛʠ ״ʝʪʝʨʦ-
ʮʠʢʣʣʘʨʥʠ ˄ʨʛʘʥʠʰ ʪʠʘʟʠʥ ץʠʩʤʠ ʙʠʦʢʠʤʸʛʘʨʣʘʨ 
ʚʘ ʪʠʙʙʠʸʪ ʢʠʤʸʛʘʨʣʘʨʠ ʦʨʘʩʠʜʘ ʢʘʪʪʘ ץʠʟʠץʠʰ 
ʫʡסʦʪʠʰʠʥʠ ʚʘ ʠʩʪʠץʙʦʣʣʠ ʙʠʦʣʦʛʠʢ ʬʘʦʣ ʜʦʨʠ-
ʚʦʨ ʙʠʨʠʢʤʘʣʘʨ ʷʨʘʪʠʰ ʫʯʫʥ ʤʫ״ʠʤ ʤʦʣʝʢʫʣʘ ʩʠ-
ʬʘʪʠʜʘ ʠʰʣʘʪʠʣʠʰʠ ʤʫʤʢʠʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ. 
ʐʫʥʜʘʡ ץʠʣʠʙ, ʢ˄ʧʣʘʙ ʘʣʤʘʰʪʠʨʠʣʛʘʥ ʪʠʘʟʠʥ ״ʦ-
ʩʠʣʘʣʘʨʠ ʧʦʪʝʥʪʩʠʘʣ ʤʠʢʨʦʙʣʘʨʛʘ ץʘʨʰʠ ʚʦʩʠʪʘ-
ʣʘʨʜʠʨ. ɸʥʪʠʤʠʢʨʦʙʠʷʣ ʬʘʦʣʣʠʢʜʘʥ ʪʘʰץʘʨʠ, ʪʠ-
ʘʟʠʥ ʘʩʦʩʠʜʘʛʠ ״ʝʪʝʨʦʮʠʢʣʣʘʨ ״ʘʤ ʥʦʦʜʘʪʠʡ ʨʘ-
ʚʠʰʜʘ ʘʛʨʦʢʠʤʸ ʚʘ ʬʘʨʤʘʮʝʚʪʠʢʘ ʫʯʫʥ ʤʫ״ʠʤ 
ʙ˄ʣʛʘʥ ʙʦʰץʘ ʢʠʤʸʚʠʡ ʤʦʜʜʘʣʘʨ ʫʯʫʥ ʘʥʠץʣʘʥʛʘʥ. 
ɸʟʦʪ ʚʘ  ʦʣʪʠʥʛʫʛʨʪ ʩʘץʣʘʛʘʥ ʦʣʠʛʦʤʝʨ ʘʥʪʠʧʠ-

ʨʝʥ-ʘʥʪʠʩʝʧʪʠʢʣʘʨ ʙʠʣʘʥ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥ ʸסʦʯ ץʫ-
ʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 
ʪʘʜץʠץ ʵʪʠʰʜʘʥ ʘʩʦʩʠʡ ʤʘץʩʘʜʠ ʨʝʩʧʫʙʣʠʢʘʤʠʟʜʘ 
ʤʘʚʞʫʜ ʟʘʨʘʨʢʫʥʘʥʜʘʣʘʨʛʘ ץʘʨʰʠ ʢ˄ʨʘʰʠʰʜʘʥ 
ʠʙʦʨʘʪ. ɪסʦʯ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʛʘ ʢʘʪʪʘ ʟʘʨʘʨ 

ʢʝʣʪʠʨʘʸʪʛʘʥ ʟʘʨʘʨʢʫʥʘʥʜʘʣʘʨʜʘʥ ʙʠʨʠ ʪʝʨʤʠʪ-
ʣʘʨʜʠʨ. ʊʝʨʤʠʪʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʦʟʫץʘʩʠ ʸסʦʯ ץʫʨʠ-
ʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʠʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ 
ʙʠʥʦ ʚʘ ʠʥʰʦʘʪʣʘʨʛʘ ʢʘʪʪʘ ʟʠʸʥ ʝʪʢʘʟʘʜʠ.  
ʊʝʨʤʠʪʣʘʨ ʘʥʪʘʨʢʪʠʜʘʜʘʥ ʙʦʰץʘ ʙʘʨʯʘ ץʠʪʲʘ-

ʣʘʨʜʘ ʫʯʨʘʡʜʠ. ʕʥʛ ʢʘʤ ץʠʩʤʠ ɽʚʨʦʧʘʜʘ ʚʘ ʐʠʤʦ-
ʣʠʡ ɸʤʝʨʠʢʘʜʘ, ʘʢʩʘʨʠʷʪʠ ɸʬʨʠʢʘʜʘ ʪʘʨץʘʣʛʘʥ. 
ʆʩʠʸʜʘ ʪʝʨʤʠʪʣʘʨʥʠʥʛ 435 ʪʫʨʠ ʘʥʠץʣʘʥʛʘʥ 
ʙ˄ʣʠʙ, ʍʠʪʦʡʜʘ ʘʥʯʘ ʤ˄ʣ. ɸʚʩʪʨʘʣʠʷʜʘ ״ʘʤ ʢ˄ʧʣʘʙ 
ʪʫʨʣʘʨʠ ʘʥʠץʣʘʥʛʘʥ. ʆץ ʯʫʤʦʣʠʣʘʨ ʩʦʚʫ״ ץʘʚʦʥʠ 
ʸץʪʠʨʤʘʡʜʠ, ʰʫ ʩʘʙʘʙ ʙʫʥʜʘʡ ʦʙ-״ʘʚʦʣʠ ʤʘʤʣʘ-
ʢʘʪʣʘʨʜʘ ʜʝʷʨʣʠ ʫʯʨʘʤʘʡʜʠ. ʊʝʨʤʠʪʣʘʨ ʩʘʙʘʙ 
ʤʘʤʣʘʢʘʪʣʘʨ ʡʠʣʠʛʘ ʤʠʣʣʠʘʨʜʣʘʙ ʤʘʙʣʘסʣʘʨʠʜʘʥ 
ʘʡʨʠʣʘʜʠʣʘʨ. ʋʰʙʫ ״ʘʰʦʨʘʪ ʪʘʨʠʭʠʡ ʦʙʠʜʘʣʘʨʥʠ 
ʝʙ ʙʠʪʠʨʠʰʠ ʙʠʣʘʥ ʤʘʜʘʥʠʡ ʙʦʡʣʠʢʣʘʨʛʘ ״ʘʤ ʯʘʥʛ 
ʩʦʣʘʜʠ. 
ɶʟʙʝʢʠʩʪʦʥʜʘ ʪʝʨʤʠʪʣʘʨʥʠʥʛ ʘʪʠʛʠ ʠʢʢʠ ʪʫʨʠ 

ʤʘʚʞʫʜ: ʊʫʨʢʠʩʪʦʥ ʪʝʨʤʠʪʠ ʚʘ ʢʘʩʙʠʡ ʦʨʪʠ ʪʝʨ-
ʤʠʪʠ. ʍʍ ʘʩʨ ˄ʨʪʘʣʘʨʠʛʘ ʢʝʣʠʙ, ʩʫʚʩʠʟ ʝʨʣʘʨʛʘ ʩʫʚ 
ʢʝʣʪʠʨʠʣʠʰʠ, ʩʠʟʦʪ ʩʫʚʣʘʨʥʠʥʛ ʢ˄ʪʘʨʠʣʠʰʠ ʪʫ-
ʬʘʡʣʠ ʪʝʨʤʠʪ ʭʘʚʬʠ ʪʫʙʜʘʥ ʦʰʜʠ. ʊʝʨʤʠʪʣʘʨ ʩʫʚ-
ʜʘʥ ץʦʯʠʙ, ʝʨ ʶʟʘʩʠʛʘ ʯʠץʜʠ, ʘ״ʦʣʠ ʪʫʨʘʨ ʞʦʡʣʘ-
ʨʠʜʘ ˄ʟʣʘʨʠʛʘ ʢʝʨʘʢʣʠ ʦʟʫץʘ ʪʦʧʜʠ. ʋʣʘʨ ʢʝʩʢʠʥ 
ʢ˄ʧʘʡʠʰʠʥʠʥʛ ʷʥʘ ʙʠʨ ʩʘʙʘʙʠ ʯ˄ʣ ״ʫʜʫʜʣʘʨʠʥʠʥʛ 
˄ʟʣʘʰʪʠʨʠʣʠʰʠ, ʪʝʨʤʠʪʣʘʨ ʫʷ ץʫʨʛʘʥ ʸסʦʯ-ʪʘʭʪʘ-
ʣʘʨ ʘ״ʦʣʠ ʪʦʤʦʥʠʜʘʥ ʠʤʦʨʘʪ ץʫʨʠʰʜʘ ʠʰʣʘʪʠ-
ʣʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ. 
ʋʰʙʫ ʪʝʨʤʠʪʣʘʨʛʘ ץʘʨʰʠ ʢʫʨʘʰʠʰʜʘ ʊʦʰʢʝʥʪ 

ʢʠʤʸ ʪʝʭʥʦʣʦʛʠʷ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʠʥʩʪʠʪʫʪʠ ʚʘ 
ʊʝʨʤʠʟ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ ʠʣʤʠʡ ʭʦʜʠʤʣʘʨʠ ʪʦ-
ʤʦʥʠʜʘʥ ״ʘʤʢʦʨʣʠʢʜʘ ʠʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʜʠ. ʀʟʣʘ-
ʥʠʰʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʦʣʪʠʥʛʫʛʫʨʪ ʩʘץʣʘʛʘʥ ʦʣʠʛʦ-
ʤʝʨ ʘʥʪʠʧʠʨʝʥ-ʘʥʪʠʩʝʧʪʠʢʣʘʨʥʠ ʦʣʠʰ ʚʘ ʫʣʘʨʥʠ 
ʸסʦʯ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʛʘ ʠʰʣʦʚ ʙʝʨʠʰ ʦʨץʘʣʠ 
ʸʥסʠʥʙʘʨʜʦʰ ʚʘ ʪʝʨʤʠʪʣʘʨʛʘ ʙʘʨץʘʨʦʨ ʙ˄ʣʛʘʥ ʦʣʠ-
ʛʦʤʝʨʣʘʨ ʷʨʘʪʠʣʜʠ. ʆʣʪʠʥʛʫʛʫʨʪ ʩʘץʣʘʛʘʥ ʘʥʪʠʧʠ-
ʨʝʥ-ʘʥʪʠʩʝʧʪʠʢʣʘʨ ʙʠʣʘʥ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥ ʸסʦʯ ʤʘ-
ʪʝʨʠʘʣʣʘʨʠʥʠ ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʘʥʠץ-
ʣʘʜhʘ ʘʚʚʘʣʦʤ ʙʦʨ ʸסʦʯ ʥʘʤʫʥʘʩʠ ɻʆʉʊ 9.048-89 
ʘʩʦʩʠʜʘ ʪʘʡʸʨʣʘʥʜʠ ʚʘ ʩʠʥʦʚ ʪʘʞʨʠʙʘ ʠʰʣʘʨʠ 
ʦʣʠʙ ʙʦʨʠʣʜʠ. 1-ʞʘʜʚʘʣʜʘ ʠʰʣʦʚ ʙʝʨʠʣʛʘʥ ʸסʦʯ 
ʥʘʤʫʥʘʩʠʥʠ ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘʜʦʨʣʠʛʠ, ʢʠʤʸʚʠʡ ʚʘ 
ʢʦʨʨʦʟʠʷʛʘ ʙʘʨץʘʨʦʨʣʠʛʠ, ץ˄ʣʣʘʰʥʠʥʛ ʩʘʤʘʨʘʜʦʨ 
ʤʠץʜʦʨʠ ʚʘ ץ˄ʣʣʘʰ ״ʘʨʦʨʘʪʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ. 

1-ʞʘʜʚʘʣ 
ɪסʦʯ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘ-
ʜʦʨʣʠʛʠʥʠ ʭʘʨʘʢʪʝʨʣʦʚʯʠ ʪʝʭʥʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠ 

ʅʘʤʫʥʘ 

ɹʠʦʣʦʛʠʢ ʩʘ-
ʤʘʨʘʜʦʨʣʠʛʠ 
ɻʆʉʊ 9.048-
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-ʣʣʘʰ˄פ
ʥʠʥʛ ʩʘʤʘ-
ʨʘʜʦʨ 
ʤʠץʜʦʨʠ 

ʀʰʣʦʚ ʙʝ-
ʨʠʰʥʠʥʛ 
ʯʝʢʣʘʥʛʘʥ 
 ʘʨʦʨʘʪʠ״

ɪסʦʯ+ʘʥʪʠ-
ʧʠʨʝʥ-ʘʥʪʠ-
ʩʝʧʪʠʢ (15%) 

ɹʘʣʣ 1 
100-200 
ʛ/ʢʚ.ʤ. 

+40Áʉ - 0Áʉ 

ɪסʦʯ+ʘʥʪʠ-
ʧʠʨʝʥ-ʘʥʪʠ-
ʩʝʧʪʠʢ (20%) 

ɹʘʣʣ 1 
100-150 
ʛ/ʢʚ.ʤ. 

+40Áʉ - 0Áʉ 

 
ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʛʘ ʢ˄ʨʘ ʦʣʪʠʥʛʫʛʫʨʪ 

ʩʘץʣʘʛʘʥ ʘʥʪʠʧʠʨʝʥ-ʘʥʪʠʩʝʧʪʠʢʣʘʨ ʙʠʣʘʥ ʠʰʣʦʚ 
ʙʝʨʠʣʛʘʥ ʸסʦʯ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʠ ʚʘ ʠʥʰʦʦʪ-
ʣʘʨʠ ʥʘʬʘץʘʪ ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘʜʦʨ, ʵʢʦʣʦʛʠʢ ʚʘ 
ʠץʪʠʩʦʜʠʡ ʞʠʭʘʪʜʘʥ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʙʠʣʘʥ ʘʥʘ-
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ʣʦʛʣʘʨʜʘ ˄ʨʛʘʥʠʣʘʸʪʛʘʥ ñʇʝʨʠʣʘʢʩò ʤʘʨʢʘʣʠ ʘʥʪʠ-
ʧʠʨʝʥ-ʘʥʪʠʩʝʧʪʠʢʣʘʨ ʙʠʣʘʥ ʨʘץʦʙʘʪʣʘʰʘ ʦʣʠʰʠ 
ʘʥʠץʣʘʥʜʠ.  
ʋʰʙʫ ʪʘʞʠʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠʛʘ ʢ˄ʨʘ ʢʠʤʸʚʠʡ, 

ʙʠʦʣʦʛʠʢ ʩʘʤʘʨʘʜʦʨʣʠʢʢʘ ʵʨʠʰʠʰʜʘ ʧʨʦʬʠʣʘʢʪʠʢ 
ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʥʠ ʜʦʠʤʠʡ ʘʤʘʣʛʘ ʦʰʠʨʠʙ ʙʦʨʠʰ, 
ʢʩʠʣʦʬʘʛ-״ʘʰʘʨʦʪʣʘʨʜʘʥ ״ʠʤʦʷʣʘʥʠʰʜʘ ״ʘʤʜʘ 
ʯʠʜʘʤʣʠ ץʫʨʠʣʠʰ ʤʘʪʝʨʠʘʣʣʘʨʠʜʘ ʬʦʡʜʘʣʘʥʠʰ 
ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץʣʠʛʠ ʵʲʪʠʙʦʨʛʘ ʦʣʠʥʠʰʠ ʟʘʨʫʨ 
 .ʠʩʦʙʣʘʥʘʜʠ״
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ʧʨʦʯʥʦʩʪ.ɹ 

The article presents the results of studies of the structure and properties of cement stone with a complex of modifying 
additives such as polycarboxylate superplasticizer, microsilica and a modified water repellent. 

Key words: water resistance of concrete, modifying additives, cement stone, density, strength. 

Maqolada polikarboksilat superplastifikator, mikrokremnezyom va modifikatsiyalangan gidrofoblovchi qo'shimchalar 
qoôshilgan tsement toshining tuzilishi va xususiyatlarini o'rganish natijalari keltirilgan. 

Kalit so'zlar:  betonning suv oôtkazuvchanligi, modifikatsiya qiluvchi qo'shimchalar, sement toshi, zichlik, 
mustahkamlik. 

 

ɺʚʝʜʝʥʠʝ.  ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ ʙʝʪʦʥ ʧʨʠʤʝ-
ʥʷʝʪʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ, ʙʦʣʴʰʠʥ-
ʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʣʘʛʠ. 
ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʪʷʞʢʘ ʚ ʚʘʥʥʦʡ ʢʦʤʥʘʪʝ, ʬʘʩʘʜ 
ʟʜʘʥʠʷ, ʬʫʥʜʘʤʝʥʪ ʠʣʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʝ ʩʦʦʨʫ-
ʞʝʥʠʝ. ɺ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ 
ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʘʚʳ ʛʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʟʜʝʩʴ ʷʚʣʷ-
ʝʪʩʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ. 
ɺ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʪʚʝʨʜʝʥʠʷ ʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ ʚʦʜʦʥʝ-
ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 
ʨʦʣʴ ʚ ʝʝ ʜʘʣʴʥʝʡʰʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. [1] 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʢʦʤʧʣʝʢʩʦʤ ʤʦʜʠ-
ʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 
ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʨʝʘ-
ʣʠʟʦʚʘʥ ʪʨʝʭʬʘʢʪʦʨʥʳʡ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦ-
ʪʦʨʦʤ ʟʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠʥʷʪʳ ʜʦʟʠʨʦʚʢʠ 
ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, ʤʠʢ-
ʨʦʢʨʝʤʥʝʟʝʤʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʬʦʙʠ-
ʟʘʪʦʨʘ. ʊʘʢ ʢʘʢ ʄʂ ʷʚʣʷʝʪʩʷ ʧʫʮʮʦʣʘʥʦʚʦʡ ʜʦʙʘʚ-
ʢʦʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ, ʚʳ-
ʜʝʣʷʶʱʠʤʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʉ3S, ʪʦ ʙʳʣʦ ʧʨʠʥʷʪʦ 
ʩʯʠʪʘʪʴ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʤ ʚʷʞʫʱʝʛʦ, ʘ ʚʦʜʦʧʦʪʨʝʙ-
ʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʥʝ ʧʦ ʚʦʜʦʮʝʤʝʥʪʥʦʤʫ, ʘ ʧʦ ʚʦʜʦ-
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ʚʷʞʫʱʝʤʫ ʦʪʥʦʰʝʥʠʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʚʝ-
ʜʝʥʠʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʩʦʚʤʝʩʪʥʦ ʩ ʄʂ ʩʦ-
ʭʨʘʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ ʮʝʤʝʥʪ-
ʥʦʛʦ ʪʝʩʪʘ ʥʘ ʫʨʦʚʥʝ ʩʦʩʪʘʚʘ ʙʝʟ ʜʦʙʘʚʦʢ 
(ɺ/ɺ=0,26), ʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʉʇ+ʄʂ+ʄɻ ɺ/ɺ= 
0,224 ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʧʦʢʨʳʪʠʝʤ ʮʝ-
ʤʝʥʪʥʳʭ ʟʝʨʝʥ ʤʦʣʝʢʫʣʘʤʠ ʛʠʜʨʦʬʦʙʠʟʘʪʦʨʘ. 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ ʧʨʠ ʩʞʘʪʠʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ɺ/ɺ ʦʪʥʦ-
ʰʝʥʠʷ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʄʂ ʵʬʬʝʢʪ ʤʦʜʠʬʠʢʘʮʠʠ 
ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʘʪʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩ ʫʚʝʣʠ-
ʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. [2] 
ɺʚʝʜʝʥʠʝ ʚ ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ ʜʦʙʘʚʦʢ, ʚ ʢʦʣʠ-

ʯʝʩʪʚʝ ʉʇ-0,8 %, ʄʂ-6ï8 % ʠ ʄɻ-0,06 % ʦʪ ʤʘʩʩʳ 
ʮʝʤʝʥʪʘ, ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʪʚʝʨʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 
ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʫ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ 17 ʄʇʘ. 
ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪ-
ʥʦʛʦ ʢʘʤʥʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʜʦ 14 
ʩʫʪʦʢ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ 
30 ʄʇʘ. 
ɺ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʚʝʜʝʥʠʠ 

ʜʦʙʘʚʦʢ 0,8 % ʉʇ, 6ï8 % ʄʂ ʠ 0,08 % ʄɻ, ʧʨʦʯ-
ʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 52 
ʄʇʘ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʝʸ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦ 55 ʄʇʘ. 
ʎʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ ʩ ʜʦʙʘʚʢʦʡ ʉʇ ʚ ʢʦʣʠʯʝʩʪʚʝ 
0,5ï1 % ʥʘʙʠʨʘʝʪ ʧʨʦʯʥʦʩʪʴ ʩʚʳʰʝ 55 ʄʇʘ, ʯʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤ ɺ/ɺ=0,21. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʚʚʝʜʝʥʠʝʤ ʢʦʤ-

ʧʣʝʢʩʘ ʜʦʙʘʚʦʢ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʛʠʜʨʦʢ-
ʩʠʜʘ ʢʘʣʴʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʵʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ 
ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʚʳʩʦʢʦʦʩʥʦʚʥʳʭ 
ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ CïSïH(I). 

 

 
ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʢʠ 

 

 
ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʉʇ+ ʄʂ+ʄɻ 

 

ʈʠʩ.1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʙʝʟ ʜʦʙʘʚʦʯʥʦʛʦ ʠ ʤʦʜʠ-
ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 

 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦ-
ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʦʢ ʚ 
ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ (ʨʠʩ. 1). 

ɸʥʘʣʦʛʠʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʘ-
ʣʘʩʴ ʠ ʥʘ ʮʝʤʝʥʪʝ ʟʘʚʦʜʘ çʊʠʪʘʥè. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʦʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʨʘʩʪʨʦʚʦʡ ʤʠʢʨʦ-
ʩʢʦʧʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʥʥʳʝ ʀʂ (ʨʠʩ. 3). 
ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ ʚʠʜʥʳ ʩʬʦʨʤʠ-
ʨʦʚʘʚʰʠʝʩʷ ʢʨʠʩʪʘʣʣʳ Ca(OH)2, ʩʣʘʙʦʟʘʢʨʠʩʪʘʣ-
ʣʠʟʦʚʘʥʥʳʝ ʤʘʩʩʳ ʠʟ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ, 
ʪʠʧʘ CïSïH(II). [3]  
ʎʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʦʙʘʚ-

ʢʦʡ ʄʂ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʝʟʜʦʙʘʚʦʯʥʦʛʦ ʧʣʦʪʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʨʘʢʦʚʠʩʪʦ-ʟʘʥʦʟʠʩʪʳʤ ʠʟʣʦʤʦʤ ʠ 
ʬʘʟʦʚʳʤ ʩʦʩʪʘʚʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʠʟʢʦʦʩʥʦʚ-
ʥʳʤʠ ʛʠʜʨʦʩʠʣʠʢʘʪʘʤʠ ʢʘʣʴʮʠʷ ï CïSïH(I) ʬʘʟʦʡ, 
ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ca(OH)2. 

 

 
ɼʘʥʥʳʝ ʀʂ ʘʥʘʣʠʟʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʢʠ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 

 

 
ɼʘʥʥʳʝ ʀʂ ʘʥʘʣʠʟʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ +ʉʇ+ʄʂ+ ʄɻ ʚ ʚʦʟʨʘʩʪʝ 28 ʩʫʪʦʢ 

 

ʈʠʩ. 2. ʀʂ ʘʥʘʣʠʟ ʙʝʟ ʜʦʙʘʚʦʯʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 

 

ʇʦʨʪʣʘʥʜʠʪ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ 
ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘ-
ʶʪʩʷ ʤʝʞʜʫ ʛʠʜʨʦʩʠʣʠʢʘʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. 
ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ (ʨʠʩ. 

3), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʦʙʘʚʢʘʤʠ, ʚʠʜʥʳ ʦʙʣʘʩʪʠ 
ʩʣʘʙʦʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ CïSï H(I) ʬʘʟʳ. 
ɺʚʝʜʝʥʠʝ ʚ ʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ ʉʇ+ʄʂ+ʄɻ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠʟ ʩʣʘʙʦ-
ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʛʠʜʨʘʪʥʳʭ ʬʘʟ ʧʣʘʩʪʠʥʯʘ-
ʪʦʡ ʬʦʨʤʳ, ʪʠʧʘ CïSïH(I), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳ-
ʰʝʥʠʶ ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. 
ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘ-

ʣʠʟʘ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 
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ʚʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘʚʦʢ ʚ ʩʪʨʫʢʪʫʨʝ ʮʝʤʝʥʪ-
ʥʦʛʦ ʢʘʤʥʷ ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʚʦ-
ʙʦʜʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ. 

 

 
ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʙʝʟ ʜʦʙʘʚʦʢ. 

 

 
ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʄʂ. 

 

 
ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʉʇ + ʄʂ + ʄɻ. 

 

ʈʠʩ. 3. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʨʘʩʪʚʦʨʥʳʡ 
ʤʠʢʨʦʩʢʦʧʠʠ. 

 
ʆʮʝʥʢʫ ʩʪʦʡʢʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʨʝ-
ʟʫʣʴʪʘʪʘʤ ʮʠʢʣʠʯʝʩʢʠʭ ʫʚʣʘʞʥʝʥʠʡ ʠ ʚʳʩʫʰʠʚʘ-
ʥʠʠ, ʘ ʪʘʢʞʝ ʟʘʤʦʨʘʞʠʚʘʥʠʡ ʠ ʦʪʪʘʠʚʘʥʠʡ. 
ʂʦʥʪʨʦʣʴʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʥʝʰ-

ʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʠʩʧʳʪʳʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʩ ʦʩʥʦʚʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝ-
ʜʝʥʳ ʚ ʪʘʙʣ. 1. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ 

ʠ ʦʪʪʘʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʘʛʨʝʩʩʠʚʥʳʤ, ʯʝʤ 
ʮʠʢʣʠʯʝʩʢʦʝ ʫʚʣʘʞʥʝʥʠʝ ʠ ʚʳʩʫʰʠʚʘʥʠʝ. 
ʇʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʙʘ-

ʚʦʢ ʚ ʬʦʨʤʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦ 
ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʦ ʠ 
ʧʦʩʣʝ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʊʘʙʣʠʮʘ 1 
ɺʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ 

ʄʦʜʠʬʠʢʘʪʦʨ ɺ/ʎ 

ʂʦʥ-
ʪʨʦʣʴ-
ʥʳʝ ʟʥʘ-
ʯʝʥʠʷ 

ʎʠʢʣʠ-
ʯʝʩʢʦʝ 
ʟʘʤʦʨʘ-
ʞʠʚʘ-
ʥʠʝ 

ʎʠʢʣʠ-
ʯʝʩʢʦʝ 
ʫʚʣʘʞ-
ʥʝʥʠʝ 

ʄʇʘ % ʄʇʘ % ʄʇʘ % 

0,8% ʉʇ (ʊʠʪʘʥ) 0,230 42,5 

100 

38,5 77 35,5 56 

0,8% ʉʇ (ʂʘʨʘʢʘʣʧʘʢ) 0,240 40,5 36,5 76 33,5 54 

0,8% ʉʇ +8% ʄʂ 
+0,05% ʄɻ (ʊʠʪʘʥ) 

0,230 50,5 48,5 92 45,5 86 

0,8% ʉʇ+8%. 
ʄʂ+0,05% ʄɻ (ʂʘʨʘ-
ʢʘʣʧʘʢ) 

0,240 48,5 44,5 83 43,5 83 

 

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʤʦʜʠʬʠʮʠ-
ʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʉʇ, ʄʂ ʠ ʄɻ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦ-
ʚʳʰʝʥʠʶ ʩʪʦʡʢʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʢ ʫʚʣʘʞʥʝ-
ʥʠʶ ʠ ʚʳʩʫʰʠʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʠ 
ʦʪʪʘʠʚʘʥʠʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʣʘʙʦʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢ-
ʪʫʨʳ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ca(OH)2. 
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ʉʘʤʘʨץʘʥʜ ʜʘʚʣʘʪ ʘʨʭʠʪʝʢʪʫʨʘ-ץʫʨʠʣʠʰ ʫʥʠʚʝʨʩʠʪʝʪʠ 
 

ɸʥʥʦʪʘʮʠʷ: ʄʘץʦʣʘʜʘ ʙʘʟʘʣʴʪ ʪʦʣʘʣʘʨʠ ʙʠʣʘʥ ʤʠʢʨʦʘʨʤʠʨʣʘʥʛʘʥ ʤʘʡʜʘ ʜʦʥʘʜʦʨ ʙʝʪʦʥʣʘʨʥʠʥʛ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ 
ʭʫʩʫʩʠʷʪʣʘʨʠʥʠʥʛ ʵʢʩʧʝʨʠʤʝʥʪʘʣ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʤʘʡʜʘ ʜʦʥʘʜʦʨ ʙʝʪʦʥ, ʮʝʤʝʥʪ, ʩʫʚ, ʙʘʟʘʣʴʪ ʪʦʣʘʩʠ, ʤʠʢʨʦʘʨʤʠʨʣʘʥʛʘʥ ʙʝʪʦʥ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʣʢʦʟʝʨ-
ʥʠʩʪʦʛʦ ʙʝʪʦʥʘ, ʤʠʢʨʦʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʘʣʴʪʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʙʝʪʦʥ, ʮʝʤʝʥʪ, ʚʦʜʘ, ʙʘʟʘʣʴʪʦʚʘʷ ʬʠʙʨʘ, ʤʠʢʨʦʘʨʤʠʨʦʚʘʥʥʳʡ ʙʝʪʦʥ. 

The article presents the results of an experimental study of the physical and mechanical properties of fine-grained 
concrete micro-reinforced with basalt fibers. 

Key words: fine-grained concrete, cement, water, basalt fiber, micro-reinforced concrete. 
 

ʂʠʨʠʰ. ʊʝʤʠʨʙʝʪʦʥ ʙʫʶʤ ʚʘ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ-
ʥʠʥʛ ʸʨʠץʙʘʨʜʦʰʣʠʢʢʘ, ʵʛʠʣʠʰ ʚʘ ʯ˄ʟʠʣʠʰ 
ʙ˄ʡʠʯʘ ʤʫʩʪʘ״ʢʘʤʣʠʢʢʘ ץʘʨʰʠʣʠʢ ץʠʣʠʰ ץʦʙʠʣʠ-
ʷʪʠʥʠ ʦʰʠʨʠʰ ʫʯʫʥ ʫʣʘʨʥʠ ʜʠʩʧʝʨʩʣʠ ʪʦʣʘʣʘʨ ʙʠ-

ʣʘʥ ʘʨʤʘʪʫʨʘʣʘʰ ʙʫʛʫʥʛʠ ʢʫʥʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣ-
ʤʦץʜʘ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ ʪʦʣʘʩʠʤʦʥ ʜʠʩʧʝʨʩʣʠ ʘʨ-
ʤʘʪʫʨʘʣʘʰ ʸʨʠץʣʘʨʥʠʥʛ ʙʝʪʦʥ ʠʯʢʠ ץʘʪʣʘʤʣʘʨʠʛʘ 
˄ʪʠʙ ʢʝʪʠʰʠʥʠ ʦʣʜʠʥʠ ʦʣʠʰ, ʮʝʤʝʥʪ ʪʦʰʠ ״ʘʤʜʘ 
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ʙʝʪʦʥʥʠʥʛ ʢʠʨʠʰʠʰʠʜʘʛʠ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʥʠ ʦʰʠ-
ʨʠʰ ʰʫʥʠʥʛʜʝʢ, ʪʫʟʠʣʠʰ ʵʣʝʤʝʥʪʣʘʨʠ ˄ʨʪʘʩʠʜʘʛʠ 
ʙʦסʣʘʥʠʰʣʘʨʥʠʥʛ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʥʠ ʷʭʰʠʣʘʰ 
ʫʯʫʥ ʭʠʟʤʘʪ ץʠʣʘʜʠ. ʊʫʨʣʠ ʭʠʣʜʘʛʠ ʪʦʣʘʩʠʤʦʥ ʤʘ-
ʪʝʨʠʘʣʣʘʨʥʠʥʛ ʙʝʪʦʥ ʭʦʩʩʘʣʘʨʠʛʘ ʩʘʤʘʨʘʣʠ 
ʪʘʲʩʠʨʠ ʜʠʩʧʝʨʩʣʠ ʪʦʣʘ ʚʘ ʙʝʪʦʥʥʠʥʛ ʵʣʘʩʪʠʢʣʠʢ 
ʤʦʜʫʣʣʘʨʠ ʥʠʩʙʘʪʠʛʘ ʙʦסʣʠץ ʙ˄ʣʘʜʠ. ʗʲʥʠ, ʜʠʩ-
ʧʝʨʩʣʠ ʘʨʤʘʪʫʨʘ ʤʦʜʫʣʠʥʠʥʛ ʙʝʪʦʥ ʤʦʜʫʣʠʛʘ ʥʠʩ-
ʙʘʪʠ ʙʠʨʜʘʥ ʢʘʪʪʘ ʙ˄ʣʛʘʥʜʘ (ɽʬ /ɽb >1), ʯ˄ʟʠʣʠʰʛʘ 
ʚʘ ʸʨʠץʙʘʨʜʦʰʣʠʢʢʘ ʤʫʩʪʘ״ʢʘʤ ʙ˄ʣʛʘʥ ʙʝʪʦʥ 
ʦʣʠʰ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜ ʙ˄ʣʘʜʠ. ɹʝʪʦʥʥʠ ʘʨʤʘʪʫ-
ʨʘʣʘʰ ʫʯʫʥ ʪʫʨʣʠ ʭʠʣ ʤʝʪʘʣʣʠ ʚʘ ʤʝʪʘʣʣʩʠʟ ʪʦʣʘ-
ʩʠʤʦʥ ʤʘʪʝʨʠʘʣʣʘʨ ʠʰʣʘʪʠʣʘʜʠ. ʄʝʪʘʣʣʩʠʟ ʜʠʩ-
ʧʝʨʩʣʠ ʪʦʣʘ ʩʠʬʘʪʠʜʘ ʙʘʟʘʣʴʪ ʪʦʣʘʣʘʨʠ, ʘʩʙʝʩʪʣʠ, 
ʧʦʣʠʤʝʨʣʠ, ʚʦʣʣʘʩʪʦʥʠʪʣʠ ʚʘ ʙʦʰץʘ ʪʦʣʘʣʘʨ 
ʠʰʣʘʪʠʰ ʤʫʤʢʠʥ. ɹʫʥʜʘʡ ʜʠʩʧʝʨʩʣʠ ʘʨʤʘʪʫʨʘ-
ʣʘʰʜʘ ʙʠʟ ʙʘʟʘʣʴʪ ʪʦʣʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʜʠʢ. ʄʘʡʜʘ 
ʜʦʥʘʣʠ ʙʝʪʦʥʣʘʨʛʘ ʙʘʟʘʣʴʪ ʪʦʣʘʩʠ ץ˄ʰʠʣʛʘʥʜʘ, 
ʙʫʥʜʘʡ ʙʝʪʦʥ ʪʘʨʢʠʙʠʜʘʛʠ ʪʦʣʘʣʘʨ ʪʫʨʣʠ ʭʠʣ ʟʘ-
ʨʘʨʣʠ ʘʛʨʝʩʩʠʚ ʤʫ״ʠʪʣʘʨʜʘ ˄ʟ ʭʦʩʩʘʣʘʨʠʥʠ ˄ʟʛʘʨ-
ʪʠʨʤʘʡʜʠ. ʅʘʪʠʞʘʜʘ ʤʘʪʝʨʠʘʣʥʠʥʛ ʤʫʩʪʘ״ʢʘʤʣʠ-
ʛʠʥʠ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʜʘʚʨʠʥʠ ʦʰʠʨʠʰʛʘ ʵʨʠʰʠʰ 
ʤʫʤʢʠʥ. 
ʊʘʜץʠץʦʪ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠʛʘʥ ʤʘʪʝʨʠʘʣ-

ʣʘʨ. 
ʎʝʤʝʥʪ. ɹʝʪʦʥ ʪʘʡʸʨʣʘʰʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ 

ʘʩʦʩʠʡ ʢʦʤʧʦʥʝʥʪʣʘʨʜʘʥ ʙʠʨʠ ʙʫ ʙʦסʣʦʚʯʠ ʤʦʜʜʘ-
ʣʘʨ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʦסʣʦʚʯʠ ʤʦʜʜʘ ʩʠʬʘʪʠʜʘ ʙʠʟ 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʜʘʥ ʬʦʡʜʘʣʘʥʘʤʠʟ. ʊʘʜץʠץʦʪ-
ʣʘʨʥʠ ˄ʪʢʘʟʠʰ ʫʯʫʥ ñפʠʟʠʣץʫʤʮʝʤʝʥʪò ɸɾʥʠʥʛ 
ʄ400ɼ0 ʤʘʨʢʘʣʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʠ ʠʰʣʘʪʠʣʜʠ. 
ʎʝʤʝʥʪʥʠʛ ʩʠʬʘʪʠʥʠ ʘʥʠץʣʘʰʜʘ ɻʆʉʊ 30744-
2001 ʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. 

1-ʞʘʜʚʘʣ  
ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʥʛ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ 
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ɹʘʟʘʣʴʪ ʪʦʣʘʩʠ. ɹʝʪʦʥ ʪʘʨʢʠʙʠʛʘ ʬʠʙʨʦ 
(ʪʦʣʘ)ʣʘʨ ״ʘʤ ʠʰʣʘʪʠʣʘʜʠ. ʌʠʙʨʦ (ʪʦʣʘ)ʣʘʨ ʩʠʬʘ-
ʪʠʜʘ ʙʘʟʘʣʴʪ ʪʦʣʘʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ɹʘʟʘʣʴʪ ʪʦ-
ʣʘʩʠ ʤʝʪʘʣʣ ʘʨʤʘʪʫʨʘʣʘʨʜʘʥ ץʫʡʠʜʘʛʠ ʙʠʨ ץʘʪʦʨ 
ʘʬʟʘʣʣʠʢʣʘʨʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ: 
ü ʄʝʪʘʣʣʛʘ ʥʠʩʙʘʪʘʥ 4-5 ʤʘʨʦʪʘʙʘ ʝʥʛʠʣ; 
ü ɸʛʨʝʩʩʠʚ ʤʫ״ʠʪʣʘʨʛʘ ʯʠʜʘʤʣʠ; 
ü ʀʩʩʠץ ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠ ʥʦʣʛʘ ʪʝʥʛ; 
ü ʕʛʠʣʠʰʜʘʛʠ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 1200 ʄʧʘ; 
ü -70Áʉ ʜʘʥ +100Áʉ ʛʘʯʘ ˄ʟ ʤʫʩʪʘ״ʢʘʤʣʠ-

ʛʠʥʠ ʡ˄ץʦʪʤʘʡʜʠ; 
ü ʋʤʨʙʦץʠʡʣʠʛʠ 80 ʡʠʣʛʘʯʘ; 
ü ʊʦʣʘ ʜʠʘʤʝʪʨʠ 10-21 ʤʢʤ; 
ü ʊʦʣʘ ʫʟʫʥʣʠʛʠ 15-20ʤʤ. 
ʉʫʚ. ɹʝʪʦʥ ץʦʨʠʰʤʘʩʠʥʠ ʪʘʡʸʨʣʘʰ ʫʯʫʥ ʠʯʠʤ-

ʣʠʢ ʩʫʚʠ ʸʢʠ ʪʘʨʢʠʙʠʜʘ ʙʝʪʦʥʥʠʥʛ ʤʝʴʸʨʠʡ 
 ץʠʥʣʠץʦʪʠʰʠ ʚʘ ʪʫʟʠʣʠʰʠʥʠʥʛ ʰʘʢʣʣʘʨʠʛʘ ʪ˄ʩץ
 ʠʣʘʜʠʛʘʥ ʟʘʨʘʨʣʠ ʘʨʘʣʘʰʤʘʣʘʨ ʙ˄ʣʤʘʛʘʥ ʪʘʙʠʠʡץ
ʩʫʚ ʠʰʣʘʪʠʣʘʜʠ. ʀʰʣʘʪʠʣʘʜʠʛʘʥ ʩʫʚʥʠʥʛ ʚʦʜʦʨʦʜ 
ʢ˄ʨʩʘʪʛʠʯʠ ʨʅÓ4 ʚʘ ʩʫʣʴʬʘʪ ʠʦʥʣʘʨ ʤʠץʜʦʨʠ 

Sʆ4Ò2700 ʤʛ/ʣ ʙ˄ʣʠʰʠ ʰʫʥʠʥʛʜʝʢ, ʟʘʨʘʨʣʠ ʘʨʘ-
ʣʘʰʤʘʣʘʨ (ʤʠʥʝʨʘʣ ʚʘ ʦʨʛʘʥʠʢ ʢʠʩʣʦʪʘʣʘʨ, ʸסʣʘʨ, 
ʰʘʢʘʨ ʚʘ ʭ.ʢ) ʙ˄ʣʤʘʩʣʠʛʠ ʢʝʨʘʢ. 
ɸʩʦʩʠʡ ץʠʩʤ. ʄʘʲʣʫʤʢʠ, ʙʝʪʦʥ ʩʫʥʲʠʡ ʪʦʰ 

-ʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʪʫʨʢʫʤ ʢʦʤʧʦʟʠʮʠʷʣʠ ʤʘʪʝʨʠʘʣ״
ʣʘʨ ʪʫʨʠʛʘ ʤʘʥʩʫʙ ʙ˄ʣʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ, ʪʫʨʣʠ ʙʝ-
ʪʦʥʣʘʨ ʫʯʫʥ ʪʝʛʠʰʣʠ ʙ˄ʣʛʘʥ ʭʫʩʫʩʠʡ ץʦʥʫʥʠʷʪʣʘʨ 
ʙʠʣʘʥ ʙʠʨ ץʘʪʦʨʜʘ, ʫʤʫʤʠʡ ץʦʥʫʥʠʷʪʣʘʨʛʘ ״ʘʤ 
ʙ˄ʡʩʫʥʘʜʠ. ɹʝʪʦʥʣʘʨ ʪʘʨʢʠʙʠʥʠ ״ʠʩʦʙʣʘʰ ʙʝʪʦʥ-
ʥʠʥʛ ʪʘʨʢʠʙʠ ʚʘ ʪʫʟʠʣʠʰʠʥʠ ʫʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠ 
ʙʠʣʘʥ ʫʟʚʠʡ ʙʦסʣʠץʣʠʛʠʛʘ ʘʩʦʩʣʘʥʘʜʠ. 
ʄʝʭʘʥʠʢ ʭʦʩʩʘʣʘʨʠ ʪʫʨʣʠʯʘ ʙ˄ʣʛʘʥ ʪ˄ʣʜʠ-

ʨʫʚʯʠʣʘʨ, ʤʠʥʝʨʘʣ ʚʘ ʦʨʛʘʥʠʢ ʙʦסʣʦʚʯʠʣʘʨ ץ˄ʣʣʘ-
ʥʠʣʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʪʘʡʸʨʣʘʰ ʫʩʫʣʠ ʚʘ ʟʠʯʣʘʥʠ-
ʰʠʛʘ ʢ˄ʨʘ ʪʫʨʣʠ ʭʠʣ ʭʦʩʩʘʣʘʨʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʙʝʪʦʥ-
ʣʘʨ ʦʣʠʰ ʤʫʤʢʠʥ (ʦסʠʨ, ʝʥʛʠʣ, ʦʣʦʚʙʘʨʜʦʰ, ʡ˄ʣ 
ʙʝʪʦʥʣʘʨʠ ʚʘ ʰ.ʢ.ʣʘʨ). 
ʄʘʡʜʘ ʜʦʥʘʣʠ ʙʝʪʦʥʣʘʨ ï ʤʘʡʜʘ ʪ˄ʣʜʠʨʫʚʯʠ 

ʘʩʦʩʠʜʘ ʪʘʡʸʨʣʘʥʘʜʠʛʘʥ ʙʝʪʦʥʣʘʨ ʙ˄ʣʠʙ, ʫʣʘʨ 
ʶץʦʨʠ ʤʫʩʪʘ״ʢʘʤʣʠʢʢʘ ʵʛʘ ʙ˄ʣʛʘʥ ʙʝʪʦʥʣʘʨ 
ʪʦʠʬʘʩʠʛʘ ʢʠʨʘʜʠ ʚʘ ʘʩʦʩʘʥ, ʶʧץʘ ץʦʙʠץʣʠ ʚʘ ʘʨ-
ʤʦʮʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʥʠ ʪʘʡʸʨʣʘʰʜʘ ʩʘʤʘ-
ʨʘʣʠ ץ˄ʣʣʘʥʠʣʘʜʠ. ɹʫʥʜʘʡ ʙʝʪʦʥʣʘʨʥʠʥʛ ʯ˄ʟʠ-
ʣʠʰʛʘ ʚʘ ʵʛʠʣʠʰʛʘ, ʸʨʠץʙʘʨʜʦʰʣʠʢʢʘ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠʥʠ ʦʰʠʨʠʰ ʫʯʫʥ ʙʝʪʦʥ ʪʘʨʢʠʙʠʛʘ ʪʦ-
ʣʘʩʠʤʦʥ ʤʘʪʝʨʠʘʣ ץʠʧʠץʣʘʨʠ, ʷʲʥʠ ʤʝʪʘʣʣ ʩʠʤ-
ʣʘʨʜʘʥ (ʜʠʘʤʝʪʨʠ 0,1...0,5 ʤʤ, ʫʟʫʥʣʠʛʠ 10...50 ʤʤ) 
ʸʢʠ ʤʝʪʘʣʣʤʘʩ ʤʘʪʝʨʠʘʣʣʘʨʜʘʥ ʦʣʠʥʘʜʠʛʘʥ (ʙʘ-
ʟʘʣʴʪ, ʢʘʧʨʦʥ, ʘʩʙʝʩʪ ʚʘ ״.ʢ.) ʬʠʙʨʦʣʘʨ ץ˄ʰʠʰ 
ʤʫʤʢʠʥʣʠʛʠ ʙʠʣʘʥ ʘʞʨʘʣʠʙ ʪʫʨʘʜʠ. 
ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ, ˄ʟʘʨʦ 

ʪʘץץʦʩʣʘʰ, ʤʘʡʜʘ ʜʦʥʘʣʠ ʙʝʪʦʥ ʪʘʨʢʠʙʠʥʠʥʛ ʙʘ-
ʟʘʣʴʪ ʪʦʣʘʩʠ ץ˄ʰʠʣʛʘʥʜʘʛʠ ʦʧʪʠʤʘʣ ʪʘʨʢʠʙʠʥʠ 
ʘʥʠץʣʘʰ, ʙʘʟʘʣʴʪ ʪʦʣʘʩʠʥʠʥʛ ʪʫʨʣʠ ʭʠʣ ʪʘʨʢʠʙ-
ʣʘʨʜʘ ʙʝʪʦʥ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʛʘ ʪʘʲʩʠʨʠʥʠ ˄ʨʛʘʥʠʰ 
ʤʘץʩʘʜʠʜʘ ʙʠʨ ʥʝʯʪʘ ʪʘʨʢʠʙʜʘʛʠ ʙʝʪʦʥ ʥʘʤʫʥʘʣʘ-
ʨʠʥʠʥʛ ״ʘʤ ʤʫʩʪʘ״ʢʘʤʣʠʢʣʘʨʠ ʘʥʠץʣʘʙ ʙʦʨʠʣʜʠ. 
ʋʰʙʫ ʪʘʜץʠץʦʪʣʘʨʜʘ ʙʠʟ ʥʘʟʦʨʘʪ ʪʘʨʢʠʙʣʠ ʙʝ-

ʪʦʥ ʪʘʨʢʠʙʠʛʘ ʙʘʟʘʣʴʪ ʪʦʣʘʩʠʥʠ ʮʝʤʝʥʪ ʤʘʩʩʘʩʠʛʘ 
ʥʠʩʙʘʪʘʥ 1,5; 3; 4; 5; 6% ʤʠץʜʦʨʠʜʘ ץ˄ʰʠʣʜʠ. 
ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰ, ʙʘʟʘʣʴʪ 

ʪʦʣʘʩʠ ץ˄ʰʠʣʛʘʥ ʤʘʡʜʘ ʜʦʥʘʣʠ ʙʝʪʦʥ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠʥʠʥʛ ʦʜʜʠʡ ʙʝʪʦʥ ʤʫʩʪʘ״ʢʘʤʣʠʛʠʛʘ 
ʥʠʩʙʘʪʘʥ ˄ʟʛʘʨʠʰʣʘʨʠʥʠ ʘʥʠץʣʘʰ ʤʫ״ʠʤ ʘ״ʘʤʠ-
ʪ̫ʛʘ ʵʛʘ. ʐʫʥʠ ʠʥʦʙʘʪʛʘ ʦʣʛʘʥ ״ʦʣʜʘ ʦʜʜʠʡ ʙʝʪʦʥ 
ʪʘʨʢʠʙʠ ʘʩʦʩʠʜʘ ץʫʡʠʣʛʘʥ ʙʝʪʦʥ ʥʘʤʫʥʘʣʘʨʠʥʠʥʛ 
 ʦʨʠʜʘʛʠ ʪʘʞʨʠʙʘʣʘʨ ʙʠʣʘʥץʢʘʤʣʠʛʠ ʶ״ʘʤ ʤʫʩʪʘ״
ʙʠʨ ʚʘץʪʜʘ, ʙʠʨ ʭʠʣ ʰʘʨʦʠʪʜʘ ʧʘʨʘʣʣʝʣ ʨʘʚʠʰʜʘ 
ʘʥʠץʣʘʙ ʙʦʨʠʣʜʠ. 
ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ץʫʡʠʜʘʛʠ ʞʘʜʚʘʣʜʘ ʢʝʣʪʠ-

ʨʠʣʛʘʥ. 
2-ʞʘʜʚʘʣ. 

ʅʘʤʫʥʘʣʘʨʥʠʥʛ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ, ʄʇʘ 

ˉ ʊʘʨʢʠʙʣʘʨ 
ʀʩʩʠץ ʠʰʣʦʚ 
ʙʝʨʠʣʛʘʥʜʘ 

Rʵʛ Rʩ 

1 ʅʘʟʦʨʘʪ ʪʘʨʢʠʙ 7,1 39,4 

2 ɹʘʟʘʣʴʪ ʪʦʣʘʣʠ ʪʘʨʢʠʙ (ɹʊ-1,5) 7,7 41 

3 ɹʘʟʘʣʴʪ ʪʦʣʘʣʠ ʪʘʨʢʠʙʠ (ɹʊ-3) 7,8 41,4 

4 ɹʘʟʘʣʴʪ ʪʦʣʘʣʠ ʪʘʨʢʠʙ (ɹʊ-4) 7,85 42 

5 ɹʘʟʘʣʴʪ ʪʦʣʘʣʠ ʪʘʨʢʠʙ (ɹʊ-5) 8,2 44 

6 ɹʘʟʘʣʴʪ ʪʦʣʘʣʠ ʪʘʨʢʠʙ (ɹʊ-6) 7,9 42.5 

ʀʟʦ״: ɹʊ ï ʙʘʟʘʣʴʪ ʪʦʣʘʩʠ. 
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ʍʫʣʦʩʘ. ɶʪʢʘʟʠʣʛʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣ ʪʘʜץʠץʦʪ-
ʣʘʨʜʘʥ ץʫʡʠʜʘʛʠ ʭʫʣʦʩʘʣʘʨ ʢʝʣʠʙ ʯʠץʘʜʠ: 

- ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠʛʘ ʥʠʩʙʘʪʘʥ 0.5% ʩʫʧʝʨʧʣʘ-
ʩʪʠʬʠʢʘʪʦʨ ץ˄ʰʠʣʛʘʥ ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 9.4% ʛʘ, ʩʠץʠʣʠʰʜʘʛʠ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠ 5.8% ʛʘ ʦʰʜʠ. 

- ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠʛʘ ʥʠʩʙʘʪʘʥ 0.75% ʩʫʧʝʨʧʣʘ-
ʩʪʠʬʠʢʘʪʦʨ ץ˄ʰʠʣʛʘʥ ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 10.8% ʛʘ, ʩʠץʠʣʠʰʜʘʛʠ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠ 7.5% ʛʘ ʦʰʜʠ. 

- ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠʛʘ ʥʠʩʙʘʪʘʥ 1.0% ʩʫʧʝʨʧʣʘ-
ʩʪʠʬʠʢʘʪʦʨ ץ˄ʰʠʣʛʘʥ ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 13.5% ʛʘ, ʩʠץʠʣʠʰʜʘʛʠ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠ 20.9% ʛʘ ʦʰʜʠ. 

- ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠʛʘ ʥʠʩʙʘʪʘʥ 1.25% ʩʫʧʝʨʧʣʘ-
ʩʪʠʬʠʢʘʪʦʨ ץ˄ʰʠʣʛʘʥ ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 4.05% ʛʘ, ʩʠץʠʣʠʰʜʘʛʠ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠ 9.22% ʛʘ ʦʰʜʠ. 

- ʅʘʟʦʨʘʪ ʪʘʨʢʠʙʠʛʘ ʥʠʩʙʘʪʘʥ 1.5% ʩʫʧʝʨʧʣʘ-
ʩʪʠʬʠʢʘʪʦʨ ץ˄ʰʠʣʛʘʥ ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ 
ʤʫʩʪʘ״ʢʘʤʣʠʛʠ 5.4% ʛʘ, ʩʠץʠʣʠʰʜʘʛʠ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʛʠ 11.2% ʛʘ ʦʰʜʠ. 
ʄʘʡʜʘ ʜʦʥʘʜʦʨ ʙʝʪʦʥ ʪʘʨʢʠʙʠʛʘ ñMegaplast JK-

02ò ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʠʜʘʥ 1% ץ˄ʰʠʣʛʘʥʜʘ 
ʥʘʤʫʥʘʣʘʨʥʠʥʛ ʵʛʠʣʠʰʜʘʛʠ ʚʘ ʩʠץʠʣʠʰʜʘʛʠ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʢʣʘʨʠ ʵʥʛ ʶץʦʨʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʛʘ 
ʵʨʠʰʜʠ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʚʦʡʩʪʚ ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʘʣʴʪʦʚʦʡ ʠ ʜʨʫʛʠʭ ʬʠʙʨʦʚʳʭ ʚʦʣʦʢʦʥ. ʇʦ 
ʤʘʪʝʨʠʘʣʘʤ ʦʙʟʦʨʘ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʪʨʝʙʦʚʘʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʸʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʙʨʦʙʝʪʦʥ, ʬʠʙʨʘ, ʚʦʣʦʢʥʦ, ʪʝʭʥʦʣʦʛʠʷ, ʧʨʦʯʥʦʩʪʴ, ʤʝʪʦʜ, ʤʘʪʨʠʮʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ, ʨʝʟʫʣʴ-

ʪʘʪ. 
Nometall fibrotolalar qoôllangan betonlarning texnologiyasi va xossalarining oôziga xosligi 

Ushbu maqolada bazalt va boshqa fibrotolalar qoôllangan fibrobetonlarning texnologiyasi va xossalarining oôziga 
xosligini aniqlashga bagôishlangan va yoônaltirilgan tadqiqotlar natijalari tahlili keltirilgan. Oôtkazilgan tahlil materillari 
boôyicha bu yoônalishdagi tadqiqotlarni davom ettirish maqsadga muvofiqligi vaqt talabi ekanligi qurilishning sifati va 
ishonchliligini yaxshilashda alohida samara berishi xaqida xulosa berilgan. 
Kalit soôzlar. fibrobeton, fibro, tola, texnologiya, mustahkamlik, matritsa, tadqiqot, natija. 

Features of technology and properties of concrete using non-metallic fiber fibers 
This article provides an overview of the results of research devoted to and aimed at determining the features of the 

technology and properties of fiber-reinforced concrete using basalt and other fiber fibers. Based on the materials of the 
review, a conclusion is made about the advisability of further research in this direction, which is a requirement of the time 
and has a certain effect on improving the quality and reliability of construction. 

Key words: fiber-reinforced concrete, fiber, fiber, technology, strength, method, matrix, research, result. 
 

ɺʚʝʜʝʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʬʠʙʨʦʙʝʪʦʥ ʵʪʦ ʢʦʥ-
ʩʪʨʫʢʪʠʚʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʩʦʩʪʘʚ ʢʦ-
ʪʦʨʦʛʦ ʚʭʦʜʷʪ ʦʙʳʯʥʳʡ ʙʝʪʦʥ (ʤʘʪʨʠʮʘ) ʠ ʬʠʙʨʦ-
ʚʦʣʦʢʥʦ. ʌʠʙʨʘ, ʚʚʦʜʠʤʘʷ ʚ ʩʦʩʪʘʚ ʙʝʪʦʥʘ, ʚʳʧʦʣ-
ʥʷʝʪ ʬʫʥʢʮʠʶ ʘʨʤʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʚʘʷ ʧʣʦʪʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʜʘʚʘʷ ʙʝʪʦʥʫ ʚʳ-
ʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ 
ʥʘʛʨʫʟʢʘʤ ʠ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʫʶ ʬʘʢʪʦʨʦʚ 
ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 
ɺ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʘ 

ʵʪʘʧʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʝʨʝʤʝʱʠʚʘʥʠʷ, ʚʚʦʜʠ-
ʤʘʷ ʬʠʙʨʘ ʤʦʞʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚ 
ʦʙʲʝʤʝ ʙʝʪʦʥʘ, ʠ ʧʨʠ ʝʸ ʪʚʝʨʜʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 
ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʩ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ 

ʙʝʪʦʥʘ. ʆʙʳʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 
ʬʠʙʨʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚ ʩʦʩʪʘʚʝ ʙʝʪʦʥʘ ʤʦʞʝʪ ʧʨʦʠʩ-
ʭʦʜʠʪʴ ʭʘʦʪʠʯʥʦ (ʙʝʟ ʩʠʩʪʝʤʥʦ) ʠ ʠʤʝʪʴ ʩʣʫʯʘʡ-
ʥʦʝ, ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʛʨʫʧʧʦʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. 
ʆʩʥʦʚʘʷ ʯʘʩʪʴ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʙʨʦʚʳʤʠ ʚʦʣʦʢ-
ʥʘʤʠ, ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʵʬʬʝʢ-
ʪʠʚʥʦ ʚʦʩʧʨʠʥʠʤʘʝʪ ʥʘʛʨʫʟʢʠ ʠ ʦʙʣʘʜʘʪʴ ʜʦʩʪʫʧ-
ʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 
ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʢʘ-
ʯʝʩʪʚʝ ʬʠʙʨʳ ʷʚʣʷʶʪʩʷ ʩʪʘʣʴ, ʙʘʟʘʣʴʪ, ʩʪʝʢʣʦʚʦ-
ʣʦʢʥʦ, ʫʛʣʝʨʦʜ, ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ ʮʝʣʣʶʣʦʟʘ. ɺ ʨʝ-
ʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫ-
ʯʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʳ ʬʠʙʨʦʙʝʪʦʥʘ. 
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ɹʘʟʘʣʴʪʦʚʳʡ ʬʠʙʨʦʙʝʪʦʥ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʙʝʪʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʚʠʜʘʤ. ʊʘʢʦʡ ʙʝ-
ʪʦʥ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ 
ʥʘʛʨʫʟʢʘʤ ʠ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʥʝʰʥʝʡ 
ʩʨʝʜʳ, ʫʩʪʦʡʯʠʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʦʪʘʤ ʠ ʱʝ-
ʣʦʯʘʤ; ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ ʧʦʯʪʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 
ʩʚʦʡʩʪʚʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʬʠʙʨʦʙʝʪʦʥʘ. 
ɹʝʪʦʥ ʥʘ ʫʛʣʝʨʦʜʥʦʤ ʚʦʣʦʢʥʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʮʝʥʳ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʞʝ ʜʨʫʛʠʭ. ɹʝʪʦʥ ʥʘ ʩʪʝʢʣʦ-
ʬʠʙʨʦʚʦʣʦʢʥʝ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 
ʜʣʷ ʪʘʢʠʭ ʙʝʪʦʥʦʚ, ʪ.ʢ. ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʣʫʯʰʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʘʨʤʠʨʫʶʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʢʣʷʥ-
ʥʦʡ ʬʠʙʨʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ, ʙʣʘʛʦʜʘʨʷ ʥʝ-
ʙʦʣʴʰʦʤʫ ʚʝʩʫ ʠ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ, ʙʝʪʦʥ ʥʘ ʝʸ ʦʩ-
ʥʦʚʝ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝ-
ʩʢʠʤ ʨʝʘʛʝʥʪʘʤ. ʇʦʵʪʦʤʫ ʠʟ ʪʘʢʦʛʦ ʙʝʪʦʥʘ ʥʘʯʘʣʠ 
ʚʳʧʫʩʢʘʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ, ʩʪʨʦʠʪʴ ʤʦ-
ʩʪʳ, ʧʫʪʝʧʨʦʚʦʜʳ, ʪʫʥʥʝʣʠ, ʠ ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 
ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʟʛʦʪʦʚ-

ʣʷʝʤʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʙʝʪʦʥʘ 
ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʤʘʨʢʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʮʝ-
ʤʝʥʪʘ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʤʧʦ-
ʥʝʥʪʦʚ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʨʝ-
ʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʟʘʜʘʯʘ ʫʩʣʦʞʥʷʝʪʩʷ 
ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʬʠʙʨʦʙʝʪʦʥʘ ʠʟ-
ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʙʨʦ-
ʚʳʭ ʚʦʣʦʢʦʥ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ ʨʘʩ-
ʭʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ ʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʠ 
ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʥʝ 
ʙʫʜʫʪ ʦʪʚʝʯʘʪʴ ʧʨʦʝʢʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʯʪʦ ʤʦ-
ʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʥʘʯʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʠ ʠʭ ʜʘʣʴʥʝʡʱʝʤʫ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʦʡʩʪʚ ʙʘ-

ʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʠ ʝʛʦ ʩʦʩʪʘʚʘ. ɺ ʩʦʩʪʘʚ 
ʙʘʟʘʣʴʪʦʬʠʙʨʦʙʝʪʦʥʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦ-
ʥʝʥʪʳ: 

- ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʠʟʛʠʙ ʥʝ ʤʝ-
ʥʝʝ 7,5 ʄʇʘ; 

- ʢʨʫʧʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ-ʱʝʙʝʥʴ ʠʣʠ ʛʨʘʚʠʡ; 
- ʤʝʣʢʠʡ ʟʘʧʦʣʥʠʪʝʣʴ- ʧʝʩʦʢ ʩʨʝʜʥʝʡ ʬʨʘʢʮʠʠ; 
- ʙʘʟʘʣʴʪʦʚʦʝ ʚʦʣʦʢʥʦ; 
- ʭʠʤʠʯʝʩʢʠʝ ʜʦʙʘʚʢʠ- ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʉʅɺ ʠ 

ʜʨ. 
ʇʦʜʙʦʨ ʩʦʩʪʘʚʘ ʪʘʢʦʛʦ ʙʝʪʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ 27006-86 [1] ʠ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʢ ʥʝʤʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 
ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʠʙʨʦʙʝʪʦʥʦʚ 
ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʠʙʨʦʙʝʪʦʥʦʚ ʩ 
ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʣʦʢʦʥ ʧʦ ʚʩʝʤʫ 
ʦʙʲʝʤʫ ʤʘʪʨʠʮʳ ïʙʝʪʦʥʘ. ʇʦʩʣʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʜʦʩʪʠʞʝʥʠʷ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʙʝʪʦʥʦʚ ʤʦʞʥʦ ʙʫʜʝʪ ʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʦ ʨʘʟʨʘʙʦʪʢʝ 
ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʬʠʙʨʦʙʝʪʦ-
ʥʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʪʘʢʠʭ ʙʝʪʦʥʦʚ ʩ ʚʳʩʦʢʦʡ 
ʧʨʦʯʥʦʩʪʴʶ 80 ʄʇʘ ʠ ʙʦʣʝʝ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ ʫʩʣʦ-
ʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢ-
ʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝ-
ʥʠʡ, ʥʦʤʝʥʢʣʘʪʫʨʳ ʙʝʪʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʙʨʦʙʝ-
ʪʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʤʝʩʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ 
ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʦʣʞʥʳ ʙʠʪʴ ʨʝʰʝʥʳ 
ʚʦʧʨʦʩʳ ʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʩʙʦʨʥʦʛʦ, ʪʘʢ ʠ ʤʦʥʦʣʠʪ-
ʥʦʛʦ ʬʠʙʨʦʙʝʪʦʥʘ. ʆʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦ-
ʣʦʛʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʠʙʨʦʙʝʪʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝ-
ʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

- ʧʨʠʛʦʪʘʚʣʠʚʘʶʪ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʡ ʨʘʩʪʚʦʨ, 
ʟʘʪʝʤ ʚʚʦʜʷʪ ʦʙʲʝʤ ʚʦʣʦʢʦʥ ʠ ʚʩʷ ʩʤʝʩʴ ʧʝʨʝʤʝʱʠ-
ʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 45 ʩʝʢʫʥʜ; 

- ʧʦʪʦʤ ʚʚʦʜʷʪ ʢʨʫʧʥʳʡ ʟʘʧʦʣʥʠʪʝʣʴ ʠ ʧʦʜʘʶʪ 
ʚʦʜʫ; 

- ʠʩʧʦʣʴʟʫʶʪ- ʧʝʩʦʢ ʩ ʄʢ = 1,5-2,5 ʠ ʢʨʫʧʥʳʡ 
ʟʘʧʦʣʥʠʪʝʣʴ ʬʨʘʢʮʠʠ 5-10 ʤʤ. 

- ʟʘʪʝʤ ʩʤʝʩʴ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝ-
ʯʝʥʠʝ ʥʝ ʙʦʣʝʝ 5 ʤʠʥʫʪ; 

-ʫʧʣʦʪʥʝʥʠʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʫʪʝʤ ʧʨʠʥʫʜʠ-
ʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʦʱʘ-
ʜʦʯʥʳʤʠ ʚʠʙʨʘʪʦʨʘʤʠ, ʘ ʥʝ ʛʣʫʙʠʥʥʳʤʠ. 

- ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʙʨʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ 0,5-2,5% 
ʧʦ ʦʙʲʝʤʫ. 
ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʠ ʦʙʨʘʟʫʶʪʩʷ ʮʝʤʝʥʪʥʦ-ʧʝʩ-

ʯʘʥʳʝ ʧʨʦʙʢʠ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʙʝʪʦʥʘ. 
ɼʨʫʛʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʚʝʜʝʥʠʝ ʚʦʣʦ-

ʢʦʥ (ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ) ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʪʠʷʤʠ 
ʥʝʟʘʜʦʣʛʦ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʙʝʪʦʥʥʦʡ 
ʩʤʝʩʠ. 
ʄʝʪʦʜ ʚʠʙʨʦʵʢʩʪʨʫʟʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʬʠʙʨʦʙʝʪʦʥʳ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 
ʚʦʣʦʢʦʥ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʜʦʙʠʪʴʩʷ ʪʨʝʙʫʝʤʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ (ʥʘ 15-25% ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʦʩʝʚʦʝ 
ʨʘʩʪʷʞʝʥʠʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʦ 
ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ). 
ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚ-

ʣʝʥʠʷ ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʘʛʨʝʛʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝʤ ʚʦʣʦʢʦʥ (ʯʝʣʥʦʯʥʘʷ ʠ ʢʦʥʚʝʡʝʨʥʘʷ), ʢʦʪʦʨʘʷ 
ʦʩʥʦʚʘʥʘ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʬʠʙʨ. 
ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʧʘʣʫʙʢʝ ʩ ʧʦʤʦ-
ʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ[2]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʙʨʦʙʝʪʦʥʘ 
ʢʣʘʩʩʘ ɺ30 ʩ ʧʨʦʮʝʥʪʦʤ ʬʠʙʨʦʚʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ 
ʩʪʘʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ 4% [2] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘ-
ʢʦʡ ʙʝʪʦʥ ʠʤʝʝʪ ʣʫʯʰʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʜʝʬʦʨʤʘ-
ʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʙʨʦʙʝ-
ʪʦʥʘʤʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʧʦ ʦʙʳʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
ɼʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʘ ʠ ʩʪʘʪʴʝʡ ʧʦ 

ʚʦʧʨʦʩʘʤ  ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 
ʬʠʙʨʦʙʝʪʦʥʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ 
ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʙʝʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʪʢʘʟ ʦʪ ʢʨʫʧ-
ʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʘ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʣʢʠʡ ʟʘʧʦʣ-
ʥʠʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʝʨʳʚʠʩʪʳʡ ʟʝʨʥʦʚʦʡ ʠ ʤʠ-
ʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ [3,4,5]. 
ɺ ʨʘʙʦʪʝ [6] ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʢʣʦʚʦʣʦʢʥʠʩʪʦʡ ʬʠʙʨʳ ʚ ʤʝʣʢʦ-
ʟʝʨʥʠʩʪʦʤ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚ-
ʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʪʘʢʠʭ ʙʝʪʦʥʦʚ ʥʘ 30% ʠ ʙʦʣʝʝ 
ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ-ʤʘʪʨʠʮʳ, ʘ ʪʘʢʞʝ 
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ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ: 
- ʦʙʝʩʧʝʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦ-

ʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ; 
- ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʫʩʘʜʢʠ; 
- ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ; 
- ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʝʢʣʘ; 
- ʜʠʩʧʝʨʩʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʙʝʪʦʥʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʝʪʦʥʦʤʝʰʘʣʴʢʘʭ ʚ ʧʨʦ-
ʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 
ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʣʝʛ-

ʢʠʭ ʙʝʪʦʥʦʚ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʭ 
ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʩʦʦʨʫʞʝʥʠʷʭ, 
ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʘ 
ʪʘʢʞʝ ʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥ-
ʥʳʭ ʟʜʘʥʠʷʭ [6]. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʬʠʙʨʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ 
[7]. 

 
ʇʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʠ-

ʧʨʦʧʠʣʝʥʦʚʦʡ ʬʠʙʨʦʡ 

ɺʦʟʨʘʩʪ ʦʙ-
ʨʘʟʮʦʚ, 
ʩʫʪʢʠ 

ʂʦʣʠʯʝʩʪʚʦ ʬʠʙʨʳ, ʢʛ/ʤ3 

0 8 10 11 14 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 

7 29,5 29,2 27,2 21,3 23,4 

14 31,2 35,7 36,5 33,8 31,5 

28 38,7 42,0 39,0 38,5 33,0 

 

 
 
ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʬʠʙʨʦʙʝʪʦʥʘ ʧʨʠ ʩʞʘʪʠʠ ʦʪ 

ʩʪʝʧʝʥʠ ʘʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʤ ʬʠʙʨʦ-
ʚʦʣʦʢʥʦʤ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙ-

ʨʘʟʮʳ ʬʠʙʨʦʙʝʪʦʥʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʠʧʨʦʧʠʣʝ-
ʥʦʚʦʡ ʬʠʙʨʳ 8 ʢʛ/ʤ3 ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʯ-
ʥʦʩʪʴ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʘʨʤʠʨʦʚʘʥʠʷ ʙʝʪʦ-
ʥʦʚ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʬʠʙʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝ-
ʥʠʶ ʠʭ ʧʨʦʯʥʦʩʪʠ. ʇʨʠ ʜʦʟʠʨʦʚʢʝ ʧʦʣʠʧʨʦʧʠʣʝ-
ʥʦʚʦʡ ʬʠʙʨʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 14 ʢʛ/ʤ3 ʧʨʦʯʥʦʩʪʴ ʦʙ-
ʨʘʟʮʦʚ ʬʠʙʨʦʙʝʪʦʥʘ ʩʥʠʞʘʝʪʩʷ ʥʘ 20% ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʧʨʦʯʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʙʨʳ 
ʚ ʢʦʣʠʯʝʩʪʚʝ 8 ʢʛ/ʤ3. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʬʠʙʨʦʚʦ-
ʣʦʢʥʘ 14 ʢʛ/ʤ3 ʥʘʙʣʶʜʘʣʦʩʴ ʢʦʤʢʦʚʘʥʠʝ ʬʠʙʨʳ ʠ 
ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʙʨʦʚʦʣʦʢʦʥ ʚ 
ʦʙʲʝʤʝ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʙʘʟʘʣʴʪʦʬʠʙ-

ʨʦʙʝʪʦʥʘ ʚ ʠʟʜʝʣʠʷʭ ʠ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʜʝʨʞʠʚʘ-
ʝʪʩʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʦʩʥʦʚʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦ-
ʣʦʛʠʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʬʬʝʢʪʠʚ-
ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʧʦ ʠʭ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʘʩʯʝʪʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʨʝ-
ʰʝʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʥʘʤʝʯʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤ-
ʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʙʘʟʘʣʴʪʦʚʦʛʦ ʬʠʙʨʦʚʦʣʦʢʥʘ ʤʝʩʪʥʦʛʦ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘ-
ʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʪʦʥʘ ʥʝʩʫʱʠʭ ʠ ʜʨʫʛʠʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ. 
ɿʘʢʣʶʯʝʥʠʝ. ɺʳʰʝʠʟʣʦʞʝʥʥʳʡ ʦʙʟʦʨ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳ-
ʚʦʜʳ: 

- ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 
ʬʠʙʨʦʚʳʭ ʚʦʣʦʢʦʥ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʥʦʛʦ ʘʨʤʠ-
ʨʦʚʘʥʠʷ ʚ ʙʝʪʦʥʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʝʭ-
ʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ 
ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʙʝʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʦʙʳʯʥʳʭ 
ʙʝʪʦʥʦʚ ʬʠʙʨʦʚʳʭ ʚʦʣʦʢʦʥ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯ-
ʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦ-
ʚʳʩʠʪʴ ʠʭ ʩʪʦʡʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʠʤ ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʪʦ-
ʥʦʤ ʦʩʥʦʚʦʡ-ʤʘʪʨʠʮʝʡ; 

- ʩʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʪʠ-
ʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʠʙʨʦʙʝʪʦʥʦʚ 
ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʠ ʚ 
ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʙʨʦʚʳʭ ʚʦʣʦʢʦʥ 
ʵʪʦʪ ʚʦʧʨʦʩ ʨʝʰʘʝʪʩʷ ʧʦ ʨʘʟʥʦʤʫ, ʯʪʦ ʩʚʷʟʘʥʦ ʚ 
ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴ-
ʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʜʘʯʘʤʠ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ; 

- ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʠʙʨʦʙʝʪʦʥʦʚ ʦʛʨʘʥʠ-
ʯʝʥʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʚʥʝʜʨʝʥʠʝ ʣʠʰʴ ʚ ʦʪʜʝʣʴ-
ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʯʪʦ ʩʚʷʟʘʥʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʪ-
ʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 
ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʪʠʚʥʦʡ 
ʙʘʟʳ. 
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Oksidlanish-qaytari lish potentsialidan foydalanilgan holda sement toshini saqlash muhitini tadqiq etish 

Maqolada oksidlanish-qaytarilish potentsiali (OQP) orqali sement toshini saqlash suvini eksperimental oórganish 
natijalari keltirilgan. Bunda namunalar ikki xil sharoitda saqlangan. OQP yordamida vaqt oótishi bilan sement toshini saqlash 
suvidagi oózgarishlarni oórganish imkoniyati mavjudligi tasdiqlandi. Bundan tashqari, sement namunalarining siqilishga 
boólgan mustahkamliklari aniqlandi. 
Kalit soózlar: suv, oksidlanish-qaytarilish potentsiali, portlandsement, shlakoportlandsement, elektrotermofosfor 

toshqoli, mustahkamlik. 
Investigation of the cement stone storage environment using oxidation-reduction potential 

The article presents the results of experimental studies of the aqueous medium of cement stone storage by means of 
oxidation-reduction potential (ORP). The samples were stored under two conditions. The possibility of studying the changes 
in the aqueous medium of cement stone storage over time using ORP has been established. In addition, the compressive 
strength of cement samples was determined. 

Keywords: water, oxidation-reduction potential, Portland cement, slag Portland cement, electrothermophosphorus slag, 
strength. 

 
ɺʚʝʜʝʥʠʝ. ʄʥʦʛʠʝ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳʝ ʩʚʦʡʩʪʚʘ 

ʚʦʜʳ ʠʩʢʣʶʯʠʪʝʣʴʥʳ ʚ ʧʨʠʨʦʜʝ.  ʀ ʧʦʵʪʦʤʫ ʚʦʜʘ 
ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫ-
ʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʥʘ ɿʝʤʣʝ. ʏʝʤ 
ʛʣʫʙʞʝ ʫʯʝʥʳʝ ʧʦʩʪʠʛʘʣʠ ʧʨʠʨʦʜʫ ʚʦʜʳ, ʪʝʤ 
ʙʦʣʴʰʝ ʫʙʝʞʜʘʣʠʩʴ ʚ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʝʝ ʧʦʚʝʜʝ-
ʥʠʷ, ʚ ʥʝʦʯʝʚʠʜʥʦʩʪʠ ʝʝ ʩʚʦʡʩʪʚ [1].   
ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

(ɺʆɿ) ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʢʘʯʝʩʪʚʫ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 
ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʩʚʳʰʝ ʩʪʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ 
[2]. ɼʚʘ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʶʪʩʷ "ʤʘʨʢʝʨʥʳʤʠ": ʆɺʇ 
ʚʦʜʳ ʠ ʨʅ ʚʦʜʳ. ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʵʪʠʭ 
ʧʘʨʘʤʝʪʨʦʚ: ʆɺʇ - ʦʪ +60 ʤɺ ʜʦ -200 ʤɺ, ʨʅ - ʦʪ 
6,5 ʜʦ 8,5. ʇʦ ʧʦʢʘʟʘʪʝʣʶ ʨʅ ʵʪʦ ʩʣʘʙʦ ʦʪʨʠʮʘ-
ʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʘʷ ʠ ʩʣʘʙʦʱʝʣʦʯʥʘʷ ʚʦʜʘ.  ʆɺʇ 
ʚʦʜʳ - ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʳ ʚʩʪʫʧʘʪʴ ʚ ʙʠʦʭʠʤʠ-
ʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 
ʎʝʤʝʥʪ, ʙʫʜʫʯʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʚʷʞʫʱʠʤ 

ʪʚʝʨʜʝʝʪ ʠ ʥʘ ʚʦʟʜʫʭʝ, ʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʠ ʧʨʠ ʧʨʦ-
ʧʘʨʢʝ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʤʘʨʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ 
ʮʝʤʝʥʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʪʚʝʨʜʝʥʠʶ ʚ ʪʝʯʝʥʠʠ 27 
ʩʫʪʦʢ ʚ ʚʦʜʝ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦ, ʯʪʦ ʮʝʤʝʥʪ 
ʧʨʠ ʪʚʝʨʜʝʥʠʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʚʳʜʝʣʷʝʪ ʚ ʩʨʝʜʫ 
ʪʚʝʨʜʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ.   
ɹʝʟʚʦʜʥʳʝ ʤʠʥʝʨʘʣʳ ʢʣʠʥʢʝʨʘ ʧʨʠ ʨʝʘʢʮʠʠ ʩ 

ʚʦʜʦʡ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʛʠʜʨʦʩʠʣʠʢʘʪʳ, ʛʠʜʨʦʘʣʶ-
ʤʠʥʘʪʳ ʠ ʛʠʜʨʦʬʝʨʨʠʪʳ ʢʘʣʴʮʠʷ. ɺʩʝ ʨʝʘʢʮʠʠ 
ʧʨʦʪʝʢʘʶʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦʪʳ (ʵʢʟʦʪʝʨʤʠʯʝ-
ʩʢʘʷ ʨʝʘʢʮʠʷ). ʅʘ ʩʢʦʨʦʩʪʴ ʛʠʜʨʘʪʘʮʠʠ ʚʣʠʷʶʪ: 
ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʩʥʦʩʪʠ ʮʝʤʝʥʪʘ ʠ ʝʛʦ ʤʠʥʝʨʘʣʴʥʳʡ 
ʩʦʩʪʘʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʢʦʪʦʨʦʡ ʟʘʤʝʰʠʚʘʝʪʩʷ 
ʮʝʤʝʥʪ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʠʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʦʢ ʠ 
ʪ.ʜ. ʉʪʝʧʝʥʴ ʛʠʜʨʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 
ʩʧʦʩʦʙʘʤʠ: ʧʦ ʢʦʣʠʯʝʩʪʚʫ Ca(OH)2, ʧʦ ʪʝʧʣʦʚʳʜʝ-

ʣʝʥʠʶ, ʧʦ ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ ʮʝʤʝʥʪʥʦʛʦ ʪʝʩʪʘ, ʧʦ ʢʦ-
ʣʠʯʝʩʪʚʫ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ, ʧʦ ʢʦʣʠʯʝ-
ʩʪʚʫ ʥʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥʪʘ, ʣʠʙʦ ʢʦʩʚʝʥʥʦ 
ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. 
ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʪʠʢʠ ʪʚʝʨʜʝ-

ʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ʠ ʠʭ ʩʤʝʩʝʡ ʢʦʥʪʨʘʢ-
ʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [3], ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʨʠʛʦ-
ʪʦʚʣʝʥʠʠ ʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚ ʩʦʩʫʜʘʭ ʠʩʩʣʝʜʫʝʤʦʡ 
ʩʤʝʩʠ ʠ ʝʝ ʤʦʜʝʣʠ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʥʝ ʦʙʨʘʟʫʶ-
ʱʠʤ ʩ ʚʦʜʦʡ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ, ʧʦʜʢʣʶʯʝʥʠʠ ʩʦ-
ʩʫʜʦʚ ʢ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ ʩ ʧʦʤʦʱʴʶ ʪʨʫ-
ʙʦʢ ʠ ʠʟʤʝʨʝʥʠʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʩʦʩʫ-
ʜʘʤʠ.  
ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ [4] ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝ-

ʪʠʢʠ ʛʠʜʨʘʪʘʮʠʦʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʚʷʞʫʱʠʭ ʚʝ-
ʱʝʩʪʚ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʪʚʝʨʜʝʶʱʝʡ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝ-
ʩʪʚʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʝʜʣʦʞʝʥʦ ʠʟʤʝʨʷʪ 
ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ ʵʣʝʤʝʥʪʘ. 
ɺ ʩʚʝʞʝʤ ʙʝʪʦʥʝ ʨʅ ʨʘʚʥʦ ʦʙʳʯʥʦ ~12,5 [5]. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʚʦʙʦʜʥʦʡ 
ʉʘ(ʆʅ)2, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʩʭʚʘʪʳʚʘʥʠʠ ʮʝ-
ʤʝʥʪʘ, ʠʣʠ (ʚ ʦʯʝʥʴ ʩʚʝʞʝʤ ʙʝʪʦʥʝ) ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʂʆʅ ʚ ʭʦʜʝ ʨʝʘʢʮʠʡ ʉʘ(ʆʅ)2 ʩ ʂ2Sʆ4 ʪʚʝʨʜʳʭ ʨʘʩ-
ʪʚʦʨʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʦʙʳʯʥʦ ʚ ʮʝʤʝʥʪʥʦʤ 
ʢʣʠʥʢʝʨʝ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʝʪʦʥ ʢʘʨʙʦʥʠʟʠʨʫ-
ʝʪʩʷ ʠ ʨʅ ʩʨʝʜʳ ʧʘʜʘʝʪ, ʦʪʯʝʛʦ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ 
ʫʤʝʥʴʰʘʝʪʩʷ. ʉʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 
ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ ʥʝ ʥʘʙʣʶ-
ʜʘʝʪʩʷ, ʥʦ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʰʣʘʢʘ ʦʙʳʯʥʦ 
ʚ ʩʫʣʴʬʘʪʥʦ-ʰʣʘʢʦʚʳʭ ʮʝʤʝʥʪʘʭ ʨʅ ʩʨʝʜʳ ʪʚʝʨʜʝ-
ʶʱʝʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʥʠʞʝ. ɺ ʰʣʘʢʦʧʦʨʪʣʘʥʜ-
ʮʝʤʝʥʪʥʦʤ ʪʝʩʪʝ ʨʅ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 11,0 ʜʦ 12,5, ʘ ʚ 
ʩʫʣʴʬʘʪʥʦ-ʰʣʘʢʦʚʦʤ ʮʝʤʝʥʪʥʦʤ ʪʝʩʪʝ ï ʦʪ 10,5 ʜʦ 

https://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BD%D0%BA%D0%B5%D1%80
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11,0.  
ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [6,7] ʥʘʤʠ ʙʳʣʠ 

ʦʙʩʫʞʜʝʥʳ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʠ-
ʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʚ ʮʝʤʝʥʪʥʦʤ ʚʷʞʫʱʝʤ. ʋʩʪʘ-
ʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʠ-
ʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʚ ʮʝʤʝʥʪʝ ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘ-
ʪʝʣʷ ʨʅ ʠ ʆɺʇ.   
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʰʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ 
ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʘ 
ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ 
ʚʦʜʥʫʶ ʩʨʝʜʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-
ʩʪʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ. 
ʉʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘʤʠ 
ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʝʟʜʦʙʘʚʦʯʥʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʞʝ ʙʳʣ ʚʟʷʪ ʰʣʘʢʦ-
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦ-
ʙʘʚʢʠ (ʵʣʝʢʪʨʦʪʝʨʤʦʬʦʩʬʦʨʥʳʡ (ʕʊʌ) ʰʣʘʢ)-
40%.  ʌʦʨʤʦʚʘʣʠ ʦʙʨʘʟʮʳ ʢʫʙʳ ʩ ʨʘʟʤʝʨʘʤʠ ʛʨʘʥʠ 
2 ʩʤ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 
ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʠʢʦʚʳʝ ʙʘ-
ʥʦʯʢʠ ʩ ʦʙʲʝʤʦʤ 500 ʤʣ. ɺ ʢʘʞʜʫʶ ʙʘʥʦʯʢʫ ʟʘʣʠ-
ʚʘʣʠ 400 ʤʣ ʚʦʜʳ. ɺ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʠʩʧʦʣʴʟʦ-
ʚʘʣʦʩʴ 72 ʧʣʘʩʪʠʢʦʚʳʭ ʙʘʥʦʯʝʢ. ʆʙʨʘʟʮʳ ʧʦʛʨʫ-
ʞʘʣʠ ʚ ʚʦʜʫ ʯʝʨʝʟ 24 ʯʘʩʘ ʩ ʤʦʤʝʥʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʭʨʘ-
ʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʤʦʤʝʥʪʘ ʠʩʧʳʪʘʥʠʷ (ʩʤ. ʨʠʩ.1): 

- ʧʨʠ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʝ, ʢʦʛʜʘ ʥʝ ʟʘʢʨʳʚʘʣʠ 
ʢʨʳʰʢʠ ʙʘʥʦʢ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ; 

- ʧʨʠ ʟʘʢʨʳʪʦʤ ʩʧʦʩʦʙʝ, ʛʜʝ  ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʠ 
ʙʘʥʦʢ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

 

  
͊ύ ͋ύ 

ʈʠʩʫʥʦʢ 1. ʉʧʦʩʦʙʳ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ: ʘ ï ʦʪʢʨʳ-
ʪʳʡ ʩʧʦʩʦʙ; ʙ ï ʟʘʢʨʳʪʳʡ ʩʧʦʩʦʙ. 

 
ʇʨʠ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʩ ʚʦʟʜʫʰʥʦʡ ʩʨʝ-
ʜʦʡ, ʘ ʧʨʠ ʟʘʢʨʳʪʦʤ ʩʧʦʩʦʙʝ - ʜʦʩʪʫʧ ʢ ʚʦʟʜʫʰʥʦʡ 
ʩʨʝʜʝ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. 
ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʠʟ-

ʤʝʨʷʣʠ ʆɺʇ ʩʨʝʜʳ ʭʨʘʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʯ-
ʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. ɿʘ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʠʡ 
ʧʦʢʘʟʘʪʝʣʴ ʪʨʝʭ ʠʟʤʝʨʝʥʠʡ ʆɺʇ ʠ ʠʩʧʳʪʘʥʠʝ ʪʨʝʭ 
ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʇʦʢʘʟʘʪʝʣʴ ʆɺʇ ʚʦʜʳ, ʠʩ-
ʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟ-
ʮʦʚ, - 59,0 ʤɺ.  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʦʤ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʠ ʠ ʱʝʣʦʯʠ ʚ ʚʠʜʝ ʙʝ-
ʣʦʛʦ ʥʘʣʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʫʞʝ ʚʧʝʨʚʳʝ 
ʩʫʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʆɺʇ ʚʦʜʳ ʠ ʧʨʦʯ-
ʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 1, ʘ 
ʪʘʢʞʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘ ʨʠʩʫʥʢʝ 2. 
ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʩʘʤʦʝ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘ-

ʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʳʝ 24 ʯʘʩʘ (-159,3 ʠ -169,0 ʤɺ) 
ʚʦʜʥʦʛʦ ʭʨʘʥʝʥʠʷ (ʪʘʙʣ. 1 ʠ ʨʠʩ. 2). ʇʦʢʘʟʘʪʝʣʴ 
ʆɺʇ ʜʦʩʪʠʛʘʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ 13 ʩʫʪ-
ʢʘʤ ʚʦʜʥʦʛʦ ʪʚʝʨʜʝʥʠʷ (-91,0 ʠ -97,3 ʤɺ), ʯʪʦ ʧʦʜ-
ʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʨʦʢʦʚ. 
ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪ ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʮʝʥ-
ʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʟʘ ʩʯʝʪ 
ʥʘʩʳʱʝʥʠʷ ʱʝʣʦʯʘʤʠ (NaOH, KOH ʠ Ca(OH)2). 
ʇʦʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʆɺʇ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 2-ʭ ʩʫ-
ʪʦʢ (-176,0 ʠ -170,0 ʤɺ), ʘ ʟʘʪʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙ-
ʨʘʪʥʳʡ ʧʦʜʲʝʤ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʦ 13 ï ʩʫʪʦʢ (-
91,0 ʠ -97,3 ʤɺ). ɺʦʟʤʦʞʥʦ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 
ʪʝʤ, ʯʪʦ ʚʧʝʨʚʳʝ ʩʫʪʢʠ ʪʚʝʨʜʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ 
ʧʨʦʮʝʩʩʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦ-
ʮʝʩʩʳ ʢʘʨʙʦʥʠʟʘʮʠʠ ʚʦʜʳ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ ʩ 
ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ ʢ 13-ʩʫʪʢʘʤ ʚʦʜʥʦʛʦ 
ʪʚʝʨʜʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1 
ʆɺʇ ʚʦʜʳ ʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʦʪʢʨʳʪʦʤ ʭʨʘʥʝ-

ʥʠʠ 

ʉʦʜʝʨʞʘʥʠʝ 
ʤʠʥʝʨʘʣʴʥʦʡ 
ʜʦʙʘʚʢʠ, % 

ʇʦʢʘ-
ʟʘʪʝʣʠ 

ɺʦʜʥʦʝ ʭʨʘʥʝʥʠʝ, ʩʫʪʦʢ 

1 2 6 13 20 27 

ɹʝʟ ʜʦʙʘʚʢʠ 

ʆɺʇ, 
ʤɺ 

-159,3 -176,0 -140,3 -91,0 -91,0 -92,3 

Rʩʞ, 
ʄʇʘ 

51,83 65,33 65,83 86,16 82,33 79,33 

ʉ ʜʦʙʘʚʢʦʡ 
40% ʕʊʌ 
ʰʣʘʢʘ 

ʆɺʇ, 
ʤɺ 

-169,0 -170,0 -150,0 -97,3 -93,0 -95,0 

Rʩʞ, 
ʄʇʘ 

33,50 46,33 65,41 78,83 92,33 86,83 

 

 
ʈʠʩʫʥʦʢ 2. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥ-
ʮʠʘʣ ʚʦʜʳ ʭʨʘʥʝʥʠʷ (ʦʪʢʨʳʪʳʡ ʩʧʦʩʦʙ): -ʙʝʟ ʜʦʙʘʚʢʠ; - 

ʩ ʜʦʙʘʚʢʦʡ 40% ʕʊʌ ʰʣʘʢʘ. 

 
ʅʘʚʝʨʥʷʢʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʧʦ ʚʳʰʝ-

ʧʨʠʚʝʜʝʥʥʳʤ ʧʨʠʯʠʥʘʤ, ʚʦʜʫ ʭʨʘʥʝʥʠʷ ʢ 13-ʩʫʪ-
ʢʘʤ ʟʘʤʝʥʷʶʪ ʩʚʝʞʝʡ ʚʦʜʦʡ ʥʘ ʧʦʣʦʚʠʥʫ ʦʪ ʝʝ ʦʙ-
ʱʝʛʦ ʦʙʲʝʤʘ. ʊʘʢ ʢʘʢ ʚʦʜʘ ʭʨʘʥʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 
ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʤʠ, ʧʦʯʪʠ 
ʥʝ ʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. ʂʘʢ ʙʳ ʚʦʜʘ ʭʨʘʥʝʥʠʷ 
ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʝʩʳʱʝʥʥʦʡ, ʯʪʦ ʪʨʝʙʫʝʪ  ʟʘʤʝʥʳ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʚʦʜʳ. 
ʇʦ ʥʘʙʦʨʫ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

40% ʕʊʌ ʰʣʘʢʘ ʢ 6 ʩʫʪʦʯʥʦʤʫ ʚʦʟʨʘʩʪʫ ʜʦʛʥʘʣ, ʘ 
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ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʝ ʜʘʞʝ ʦʙʦʛʥʘʣ ʮʝ-
ʤʝʥʪ ʙʝʟ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʷʚʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦ-
ʩʪʠ ʕʊʌ, ʚʦʟʙʫʜʠʪʝʣʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 
ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠ ʚ ʢʦʥʝʯʥʦʤ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʥʠʟʢʦʦʩʥʦʚʥʳʝ ʛʠʜʨʦ-
ʩʠʣʠʢʘʪʳ ʢʘʣʴʮʠʷ C-S-H. 
ʇʨʠ ʟʘʢʨʳʪʦʤ ʩʧʦʩʦʙʝ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʪʘʢʞʝ ʩʘʤʦʝ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦʠʩ-
ʭʦʜʠʪ ʧʝʨʚʳʝ 24 ʯʘʩʘ (-179,3 ʠ -191,7 ʤɺ) ʚʦʜʥʦʛʦ 
ʭʨʘʥʝʥʠʷ (ʪʘʙʣ. 2 ʠ ʨʠʩ. 3). ʇʦʢʘʟʘʪʝʣʴ ʆɺʇ ʜʦʩʪʠ-
ʛʘʝʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ 13 ʩʫʪʢʘʤ ʚʦʜʥʦʛʦ 
ʪʚʝʨʜʝʥʠʷ (-250,7 ʤɺ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝ-
ʟʫʣʴʪʘʪʘʤʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ. ʇʨʠ-
ʯʠʥʦʡ ʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʠ-
ʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʟʘ ʩʯʝʪ ʥʘʩʳ-
ʱʝʥʠʷ ʱʝʣʦʯʘʤʠ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʆɺʇ 
ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʠ ʦʪʢʨʳʪʦʤ ʭʨʘʥʝʥʠʠ ʦʙʨʘʟʮʦʚ, ʚʦ 
ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʦʛʦ 
ʧʦʜʲʝʤʘ ʆɺʇ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʦʩʪʘʚʣʝ-
ʥʠʝ ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ, ʪʦ ʝʩʪʴ 
ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ.  
ʇʨʦʯʥʦʩʪʴ ʮʝʤʝʥʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 40% ʕʊʌ 

ʰʣʘʢʘ ʢ 13 ʩʫʪʢʘʤ ʚʦʜʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʝʚʦʩʭʦʜʠʣʦ 
ʧʨʦʯʥʦʩʪʠ ʚʷʞʫʱʝʛʦ ʙʝʟ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ. ɺ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʧʨʦʷʚʠʣʠʩʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ, ʢʘʢ ʠ ʧʨʠ ʦʪʢʨʳ-
ʪʦʤ ʩʧʦʩʦʙʝ ʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʊʘʙʣʠʮʘ 2 
ʆɺʇ ʚʦʜʳ ʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʟʘʢʨʳʪʦʤ ʭʨʘʥʝ-

ʥʠʠ 

ʉʦʜʝʨʞʘʥʠʝ 
ʤʠʥʝʨʘʣʴʥʦʡ 
ʜʦʙʘʚʢʠ, % 

ʇʦʢʘ-
ʟʘʪʝʣʠ 

ɺʦʜʥʦʝ ʭʨʘʥʝʥʠʝ, ʩʫʪʦʢ 

1 2 6 13 20 27 

ɹʝʟ ʜʦʙʘʚʢʠ 

ʆɺʇ, 
ʤɺ 

-179,3 -205,7 -236,7 -250,7 -252,0 -253,0 

Rʩʞ, 
ʄʇʘ 

60,50 67,83 76,16 81,66 63,50 59,50 

ʉ ʜʦʙʘʚʢʦʡ 
40% ʕʊʌ 
ʰʣʘʢʘ 

ʆɺʇ, 
ʤɺ 

-191,7 -212,7 -241,3 -250,7 -250,7 -249,7 

Rʩʞ, 
ʄʇʘ 

33,50 54,16 60,83 85,00 84,83 86,83 

 

 
ʈʠʩʫʥʦʢ 3. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥ-
ʮʠʘʣ ʚʦʜʳ ʭʨʘʥʝʥʠʷ (ʟʘʢʨʳʪʳʡ ʩʧʦʩʦʙ): - ʙʝʟ ʜʦʙʘʚʢʠ; 

- ʩ ʜʦʙʘʚʢʦʡ 40% ʕʊʌ ʰʣʘʢʘ.  
 

ʇʦʩʣʝ ʥʘʩʳʱʝʥʠʷ ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʚʥʫʪʨʠ ʮʝ-
ʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʥʘʯʠʥʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 
ʟʘʧʦʣʥʷʶʱʠʝ ʧʦʨʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 
ʥʘ ʩʪʝʥʢʠ ʧʦʨ ʠ ʢʘʧʠʣʣʷʨʦʚ. ɺʳʟʚʘʥʥʳʝ ʜʝʬʦʨʤʘ-
ʮʠʠ ʚ ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʠʣʠ ʧʨʠʦʩʪʘʥʦʚʣʝʥʠʶ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʧʨʦʯʥʦ-
ʩʪʠ (ʪʘʙʣ. 1 ʠ 2). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʥʘʩʳʱʝʥʠʝʤ ʚʦʜʳ 
ʧʨʦʠʩʭʦʜʠʪ ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 
ʩʣʦʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʦʩʪʘ-
ʥʦʚʣʝʥʠʶ ʚʳʜʝʣʝʥʠʷ ʱʝʣʦʯʠ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ. ʅʦ 
ʵʪʦʤʫ ʪʘʢʞʝ ʧʨʝʜʰʝʩʪʚʫʝʪ ʪʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ 
ʯʘʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʠ ʥʘʨʫʞʥʘʷ ʩʨʝʜʘ ʧʨʠʭʦ-
ʜʷʪ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʪʘʙʠʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ.  
ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʉʘ(OH)2 ʚ ʚʦʜʫ ʧʨʠʚʦʜʠʪ ʧʦʥʠʞʝʥʠʶ ʞʝʩʪʢʦʩʪʠ 
ʚʦʜʳ ʭʨʘʥʝʥʠʷ [8], ʪʘʢ ʢʘʢ ʧʨʠ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʝ 
ʭʨʘʥʝʥʠʷ ʚʦʜʘ ʧʦʩʪʦʷʥʥʦ ʦʩʪʘʝʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ 
ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ. 
ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʤʦʞʥʦ ʧʝʨʝʯʠʩʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 
- ʩʘʤʦʝ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʝʨʚʳʝ 24 ʯʘʩʘ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʚʦʜʝ (ʥʝʟʘʚʠ-
ʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʭʨʘʥʝʥʠʷ); 

- ʚ ʪʝʯʝʥʠʝ 13 ʩʫʪʦʢ ʚʦʜʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʩʨʝʜʘ 
ʭʨʘʥʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʳʱʝʥʥʦʡ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʩʧʦʩʦʙʘ ʭʨʘʥʝʥʠʷ); 

- ʧʨʠ ʦʪʢʨʳʪʦʤ ʭʨʘʥʝʥʠʠ ʉʆ2 ʚ ʚʦʟʜʫʭʝ ʢʘʨʙʦ-
ʥʠʟʠʨʫʝʪ ʚʦʜʫ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʚʨʘʱʘʝʪ ʉʘ(ʆʅ)2 ʚ 
ʉʘ(ʅʉʆ3)2. ʇʨʠ ʟʘʢʨʳʪʦʤ ʭʨʘʥʝʥʠʠ ʠʟ-ʟʘ ʦʪʩʫʪ-
ʩʪʚʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʦʩʪʫʧʘ ʉʆ2 ʛʠʜʨʦʢʩʠʜ ʢʘʣʴ-
ʮʠʷ ʦʩʪʘʝʪʩʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

- ʧʨʠ ʟʘʢʨʳʪʦʤ ʭʨʘʥʝʥʠʠ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
ʘʛʨʝʩʩʠʚʥʦʡ, ʯʝʤ ʧʨʠ ʦʪʢʨʳʪʦʤ ʭʨʘʥʝʥʠʠ, ʦ ʯʝʤ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʆɺʇ; 

- ʪʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʆɺʇ ʚʦʜʳ ʭʨʘʥʝʥʠʷ ʢ 13-
ʩʫʪʢʘʤ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ, ʚʝʨʦʷʪʥʦ ʜʘʣʴʥʝʡʰʝʝ 
ʚʳʜʝʣʝʥʠʝ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝ-
ʱʝʩʪʚ (NaOH ʠ KOH) ʠ ʉʘ(ʆʅ)2 ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʤʘʪʘʮʠʷ ʧʦʨ 
ʚʥʫʪʨʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʣʝʥʢʘ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʥʳʭ ʦʙʨʘʟʮʦʚ (ʥʘ ʢʦʥʪʘʢʪʥʦʡ 
ʛʨʘʥʠʮʝ çʮʝʤʝʥʪʥʳʡ ʢʘʤʝʥʴ - ʚʦʜʘè).  
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ASFALTBETON QOPLAMALI ASOSI SEMENTBETON BOóLGAN YOóL TOóSHAMASINING 
DEFORMATSIYALANISHINI TADQIQ QILISH  

 

Saydametova Fazilat Jamoladdinovna ï assistent;  
Normuhammadov Asilbek Alimardanovich ï assistent.   Toshkent davlat transport universiteti. 

 
Maqolada asfaltbeton qoplamali asosi sementbeton boólgan yoól toóshamalarida, chorrahalar hududida góildirak izi 

deformasiyasini paydo boólish sabablari tahlil qilingan, mavjud muammolarni hal etish borasida taklif va tavsiyalar 
yoritilgan. 
Kalit soózlar: Shahar koócha-yoól tarmogói, qoplama deformatsiyasi, góildirak izi, qoplama surilishi, qoplama 

yuklanganligi 
This article provides analytical information and su of reasons for the road pavement wheel track deformation of the 

asphalt-concrete-based cement-concrete roads in the city of Tashkent. Proposals and recommendations for solving existing 
problems are highlighted. 

Key words: Network of urban roads and street, pavement deformation, wheel track, pavement displacement, pavement 
loading. 
ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʝʠ ʥʘ ʜʦʨʦʞʥʳʭ ʧʦʢʨʳʪʠʷʭ ʩ ʘʩʬʘʣʴʪʦʙʝʪʦʥ-

ʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥ-
ʜʘʮʠʠ ʧʦ ʨʝʰʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʦʜʩʢʘʷ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʘʷ ʩʝʪʴ, ʜʝʬʦʨʤʘʮʠʷ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ, ʢʦʣʝʷ, ʩʤʝʱʝʥʠʝ ʜʦʨʦʞʥʦʡ 

ʦʜʝʞʜʳ, ʥʘʛʨʫʟʢʘ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ. 
 

Bugungi kunda Oózbekiston Respublikasida jami 
209 496 km avtomobil yoóllari mavjud boólib 
shundan: 

- Umumiy foydalanishdagi avtomobil yoóllari - 
42 869 km.ni; 

- Ichki xoójalik yoóllari ï 141 882 km.ni; 
- Idoraviy yoóllar 24 745 km.ni tashkil etadi. 
Respublikamizda umumfoydalanuvdagi avtomobil 

yoóli qoplamasining 53%ini asfaltbeton qoplamali 
yoóllar tashkil etadi. Ushbu qoplamali yoóllarda eng 
koóp uchraydigan nuqsonlardan biri bu ï qoplama 
yuzasidagi plastik deformatsiyalardir. 
Transport vositalarining avtomobil yoóllarida 

harakatlanishi natijasida ulardan maôlum bir miqdorda 
yuklama tushadi. 

Asfaltbetonning mexanik xossasi kinetik 
deformatsiyaning oósishi bilan xarakterlanadi, chunki 
asfaltbeton mayda zarrachalardan iborat. 

Deformatsiya-tashqi kuchlar taôsirida, jism 

shaklining yoki hajmning zarrachalar oraliqlarining 
oózgarishidan hosil boóladi. 

Asfaltbeton deformatsiyasi asosan bitumning 
toshlarni qoplab bir-biriga bogólab turgan yupqa 
qatlamida yuz beradi. Bitumning deformatsiyaga 
chidamliligini oshirish uchun uning mustahkamligini 
oshirish, yaôni adsorbsion (shimiluvchan) va kogezion 
(birlashuvchan) xossalarini yaxshilash muhim 
ahamiyatga ega. 
Yoól qurilishida ishlatiladigan asfaltbeton 

qoplamalar, tuzilishi jihatdan yuqoridagi xususiyatga 
ega boólgani uchun zoóriqish deformatsiyasi holatida 
asfaltbeton murakkab xossalarga, chunonchi 
egiluvchanlik, ravonlik, siljish, kuchlanish tezligiga 
bogóliq ravishda mustahkamlikning oózgarishi, qayta 
qoóyilgan kuchlar taôsiridan deformatsiyaning yigóilib 
qolishi va hokazolarga ega. Bundan tashqari, 
asfaltbetonning ishlash sharoiti kuchlanishning 
kamayishi (relaksatsiyasini) hisobga olishni taqozo 
qiladi. Kuchlanish relaksatsiyasi deformatsiyalanish 

davrida vujudga kelgan kuchlanishni singdirib 
yuborish jarayonidan iborat. Bu jarayonni asosiy 
koórsatkichi vaqt boólib, bu vaqt davomida vujudga 
kelgan kuchlanish maôlum miqdorda kamayadi. 
Asfaltbetonning egiluvchan va yopishqoqlik xossasi 
faqat taôsir etuvchi kuch bilan kuchlanish 
relaksatsiyasining taôsir etuvchi vaqtiga bogóliqdir. 
Asfaltbetonning asosiy mexanik xossasi 
mustahkamlik, ravonlik, egiluvchanlik va 
yopishqoqlikdan iborat. Bu xossalar asfaltbetonni 
tashkil etgan materiallarning tuzilishi bilan bogóliq. 
Shuning uchun asfaltbeton qoplamalarda vujudga 
keladigan deformatsiyani quyidagi 5 asosiy guruhga 
boólish mumkin) [3].: 

1. Ob-havo taôsiridan paydo boóladigan 
deformatsiyalar (yoriqlar, past balandliklar, uvalanish, 
poóst tashlashlar, erish va eskirish). 

2. Transportning mexanik taôsiridan paydo 
boóladigan deformatsiyalar (yemirilish, iz boólib 
qolish, ezilish, ishqalanish, chuqur, choókish, atrofdagi 
yoriqlar, qoplama chetining ajralib chiqishi). 

3. Tuproq va gidrogeologiya omillari natijasida 
paydo boóladigan deformatsiyalar (qabarish, bikirlik, 
qoplamaning egilishi, boóylama yoriqlar, choókish). 

4. Yuqoridagi 3ta omillarning oózaro 
hamkorlikdagi taôsiridan paydo boólgan 
deformatsiyalar (xar xil deformatsiyalar). 

5. Ishlab chiqarish kamchiliklari natijasida paydo 
boólgan deformatsiyalar (deformatsiyaning hamma 
turlari). 
Avtomobil harakatlanganda yoól qoplamasi va 

góildirak oórtasida bogólanish boólgan joyda vertikal, 
boóylama va koóndalang dinamik kuch hosil boóladi. 
Transport vositalaridan takrorlanuvchi yuklar va iqlim 
omillarining taôsirida yoól poyi va qoplamada defor-
matsiyani yuzaga keltiradi. Deformatsiya va buzilish-
larda yoól qoplamasining geometrik oólchamlari va 
mustahkamligi yoóqolishiga olib keladi. Buzilishlar 
degandaï konstruksiya qismlarini oólchamlarini va 
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mustahkamligini yoóqotilishi tushuniladi. Amalda 
barcha deformatsiyalar va buzilish turlari koópincha 
yoól sharoiti kamchiligi deb hisoblanadi [1]. 
Asfaltbeton qoplamasining oóz mustahkamligini 

pasayishiga sabab boóluvchi omillardan biri, bu havo 
haroratining ortishidir. Mamlakatimizning turli hu-
dudlarida havo harorati turlicha boólib, issiq 
temperatura davri ham shunga mos ravishda davom 
etadi. 
Hozirgi kunda yoól qoplamasi mustahkamligini 

baholash uchun tavsiya etilgan hisobiy harorat +10ÁS 
qilib belgilangan[3]. Oózbekistonning issiq iqlim 
mintaqalarida harorat 40ÜC (baôzi vaqtda 50ÜC) 
koótarilishi hisobiga qoplama yuzasi 60-70ÜC ga 
koótariladi, deformatsiyani oólchamlari va turi yuqori 
haroratning miqdori va yil davomida taôsir qilish 
muddatiga bogóliq. 

Poytaxt Toshkent shahri iqlimi kontinental, 
jazirama, quruq yoz kunlari hamda sovuq qish iqlimi 
bilan shahar boshqa shaharlardan ajralib turadi. Yillik 
oórtacha temperatura 13,30 C. Iyuning oórtacha 
temperaturasi 27,50 C, eng yuqori temperatura 420 C. 

 
1-rasm. Toshkent shahrining oórtacha yillik havo 

harorati 
 
Deformatsiyani oólchamlari va turi yuqori 

haroratni miqdori kun va yil davomida taôsir qilish 
muddatiga bogóliq. Harorat taôsirida qizish tezligi va 
bitumning plastikligi asfaltbeton qoplama har xil 
qalinliklarida paydo boóladi. Avtomobil góildiragi 
harakatida gorizontal kuch taôsirida asfaltbetonda 
surilish vujudga kelib, qoplamada deformatsiya paydo 
boóladi[6]. 

1-jadval 

Hisob 
sanasi 

Hisob-
langan 
vaqti 

Yuk avtomobillari 
(yuk koótarish qobiliyati boóyicha) 

Avtopoezd 
Yengil 

avtomo-
billar 

Avto-
buslar 

Traktorlar 
va qishloq 
xoójaligi 

texnikalari 
mashinalari 

Moto-
tsikllar 

Jami 
transport 
vositalari 

3,5 t 
gacha 

3,5 dan 
12,0 t 
gacha 

12,0 t dan 
yuqori 

Jami 

1 2 3 4 5 6 7 8 9 10 11 12 

Toshkent halqa yoóli va Dadaxoójaev koóchalari kesishmasi 

8-iyul 8-9 58 61 70 189 25 1209 87 5 3 1518 

Jami bir sutkada 
hisoblangan 

1009 1061 1218 3288 435 21036 1513 87 52 26411 

Foizda % 3.82 4.01 4.61 12.5 1.64 78.6 6,75 0.32 0.19 100 

Toshkent halqa yoóli va Mahalliy Aeroport-3 koóchalari kesishmasi 

8-iyul 16- 17 48 41 57 146 18 1207 79 15 11 1476 

Jami bir sutkada 
hisoblangan 

835 713 992 2540 313 21001 1375 261 191 25681 

Foizda % 3.25 2.77 3.97 9,99 1.21 81.7 5.35 1.01 0.74 100 

Toshkent halqa yoóli va Qumariq koóchalari kesishmasi 

20-iyul 8-9 72 59 61 192 21 1327 89 18 13 1660 

Jami bir sutkada 
hisoblangan 

882 1 050 1 086 3419 174 19633 1 585 91 121 29562 

Foizda % 4.33 3.62 3.67 11.62 1.26 79.9 5.36 1.08 0.78 100 

Toshkent halqa yoóli va Yangi Qoóyliq koóchalari kesishmasi 

20-iyul 16-17 59 68 64 191 46 1437 89 34 35 1832 

Jami bir sutkada 
hisoblangan 

1051 1211 1139 3401 819 25592 1585 605 623 32625 

Foizda % 3.29 3.71 3.49 10.4 2.51 78.4 4.85 1.85 1.9 100 

 
Yoz oylarida tashqi omillar asfaltbeton va bitum 

mineral aralashmalarning qatlamlarida qoldiq 
deformatsiyalar hosil boóladi. Asfaltbeton yuqori 
haroratlarda bitum zarralari oórtasidagi taôsir kuchlari 
zaiflashadi, qovushqoqlik kamayadi, elastiklik moduli 
pasayadi va qoldiq deformatsiyalarning qiymati 
ortadi. Bu salbiy taôsir asfaltbeton aralashmasini 
tarkibi bilan bogóliq ravishda ortadi.Havo harorati va 
quyosh nurlari taôsiri ostida, qoplamaning harorati 
koótariladi yoki qoplama harorati tushadi va 
asfaltbeton, bitum va bitum mineral aralashmaning 
fizik-mexanik xususiyatlari oózgaradi [2]. 
Respublika hududi boóylab yozgi davrda, juda issiq 

havo harorati kuzatiladi. Havo harorati isishiga mos 
ravishda avtomobil yoóli qoplamasi yuzasi ham 
sezilarli darajada yuqori temperaturaga ega boóladi. 

Buning natijasida ogóir vaznli yuk transport vositalari 
harakatlanishi yoólning mustahkamligiga salbiy ta'sir 
koórsatadi. Shu maqsadda yozgi issiq temperatura 
sharoitida ma'lum bir vaqt yuk transport vositalari 
harakatini cheklash tavsiya etildi. 
Oózbekiston Respublikasi hududida yozgi 

cheklash muddatini belgilashda quyidagi hisoblashlar 
orqali amalga oshirildi. Bunda: 

Havo haroratiga mos ravishda qoplama 
haroratining qiymati quyidagi formula yordamida 
ifodalanadi: 

Ὕ υτȟσςπȟχψϽὝ πȟππςυὒ  
ɀρυȟρτὰέὫὌ ςυ ὤϽω πȟφρϽί ȟȠ  (1) 

bu yerda: 
T - qoplamaning maksimal hisobiy harorati, 0C; 
Tsr ï oórtacha havo harorati, 0C; 
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Lat ï geografik uzunlik, 0C; 
H ï qoplama yuzasidan chuqurligi, mm; 
Z ï standart normal taqsimotning jadval qiymati 

(98 % ehtimollik uchun Z=2,055, 50 % ehtimollik 
uchun (Z=0); 

S ï yetti kunlik haroratning standart ogóishi; 
Yetti kunlik haroratning standart ogóishi qiymati 

quyidagi formula yordamida hisoblanadi [8]: 

Ὓ В Ͻ Ƞ                                         (2) 

bu yerda: 
n ï kuzatuv yillari soni; 
Tsr ï oórtacha havo harorati, 0 C; 
ʊi ï (i) kuzatish yilidagi yetti kunlik havo harorati, 

0 C. 

Ὓ В Ͻ В Ͻ ρ ;   (3) 

1.1 ifoda orqali qoplamaning maksimal harorati va 
havo harorati orasida bogóliqlikdan kelib chiqib, havo 
haroratining tadqiqot natijalarida aniqlangan asfalt-
beton qoplamasi mustahkamligining kritik chegara-
sidagi haroratga mos qiymati 240C ekanligi kelib 
chiqadi. 

Amaldagi me'yoriy hujjatlarda asfaltbeton qopla-
masining elastik egilishga boólgan mustahkamligi 
qoplamaning harorati 500C etib belgilangan holda 
hisoblash ishlari amalgan oshiriladi. 

Shuni inobatga olgan holda Respublikamizda havo 
harorati 240C dan yuqori boólgan quyidagi muddat-
larda yuk transport vositalarining harakatlanishini 
cheklash tavsiya etiladi: 

- May oyi (soat 1000-1900); 

- Iyun oyi (soat 900-2000); 

- Iyul oyi (soat 900-2100); 

- Avgust oyi (soat 1000-1900); 
Shuningdek, shahar yoóllari va koóchalari uchun 

uzluksiz donadorlik tarkibli A tipli asfaltbeton 
qorishmali qoplamalarni qoóllash maqsadga muvofiq. 

Tarkibiy donadorlik tarkibiga ega asfaltobeton 
qorishmalarini tayyorlash uchun GOST 222450 
talablariga javob beradigan yopishqoq neft bitumlari 

qoóllaniladi. GOST 91282013 talablariga javob bera-
digan, oraliq donadorlik tarkibiga ega asfaltobeton 
qorishmalari, I, II toifali magistral yoóllarda va shahar 
koóchalarida asfaltbeton qorishmalarining yuqori va 
pastki qatlamlarini yoki asos qatlamlarini oórnatish 
uchun foydalanish tavsiya etildi. 
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The article presents the results of theoretical and experimental studies on the development of a new composition and 
method of preparation of foam concrete mixture. Studies have established that the proposed new composition and method 
of preparing a foam concrete mixture provide effective foam concrete products with significantly low thermal conductivity 
and increased frost resistance. 

Keywords: foam concrete, foam concrete mixture, non-autoclave, product, powdered polypropylene, strength, thermal 
conductivity, frost resistance, properties, internal impregnation, cement, foaming agent, compression, bending, composition, 
bulk density, mineral filler. 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʞʠʣʠʱʥʦ-ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʦ ʙʘʟʠʨʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʨʝʘʣʠʟʘ-
ʮʠʠ ʢʦʥʮʝʧʮʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʤʘ. ɼʣʷ 
ʦʛʨʘʞʜʘʶʱʠʭ ʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʦʛʦ 
ʜʦʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʥʦʚʦʛʦ 
ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦ ʩʚʦʠʤʠ ʬʫʥʢʮʠʷʤʠ ʘʜʘʧʪʠ-
ʨʦʚʘʥʳ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴ-
ʥʳʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ ʟʜʘʥʠʡ [1,2]. 
ʉʪʨʦʠʪʝʣʴʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʦʛʨʘʞ-
ʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ ʠ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳ ʤʘʪʝʨʠʘʣʳ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-
ʥʦʤ ʠʩʢʣʶʯʝʥʠʠ ʥʝʩʫʱʠʭ ʬʫʥʢʮʠʡ. ʕʪʦ ʠ ʦʧʨʝʜʝ-
ʣʷʝʪ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʘʚʪʦ-
ʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ (ʛʘʟʦʙʝʪʦʥʘ ʠ ʛʘʟʦʩʠʣʠʢʘʪʘ) ʚ 
ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 
ʵʪʠʤ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʦʙʦʩʥʦʚʘʥʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʲʷʚʣʝ-
ʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʘʢ ʩʨʝʜʩʪʚʘ 
ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʪʝʧʣʦʝʤʢʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦ-
ʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʪʝʧʣʦʪʳ ʥʘ ʜʦʚʝʜʝʥʠʝ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʟʥʘʯʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 
ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʤʝʱʝʥʠʠ 
ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ ʧʘʨʘ-
ʤʝʪʨʦʚ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ-ʦʭʣʘʞʜʝ-
ʥʠʷ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʥʦʤ 
ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʨʝʜʳ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʧʝʥʦʙʝʪʦʥʦʚ 
ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ 
ʩʠʩʪʝʤʳ ʤʘʣʦʵʪʘʞʥʦʛʦ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʘ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ 
[3,4,5]: 
ï ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʚʝʨ-

ʜʝʥʠʷ ʜʘʥʥʳʭ ʙʝʪʦʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʟʚʦʜʠ-
ʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; 
ï ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʚʷʞʫ-

ʱʝʛʦ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʥʠʭ 
ʚ ʠʭ çʝʩʪʝʩʪʚʝʥʥʦʤè ʩʦʩʪʦʷʥʠʠ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ ʧʦʜʛʦ-
ʪʦʚʢʠ; 
ï ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʙʝʪʦʥʘ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʘ-
ʥʦʚʢʘʭ ʙʝʟ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʘ-
ʟʦʩʠʣʠʢʘʪʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʮʝ-

ʤʝʥʪʥʳʭ ʧʝʥʦʙʝʪʦʥʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 
ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦ-
ʩʪʘʪʦʯʥʦʡ ʧʨʦʩʪʦʪʳ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʢʦ-
ʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢ-
ʮʠʦʥʥʳʝ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʚ ʧʦʩʪʨʦʝʯʥʳʭ ʫʩʣʦʚʠʷʭ [6,7,8]. ɺ ʊʘʰ-
ʢʝʥʪʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʥʠʚʝʨ-
ʩʠʪʝʪʝ ʥʘ ʢʘʬʝʜʨʝ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʠ ʧʨʦ-
ʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡè ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɸ.ʀ. ɸʜʳʣ-
ʭʦʜʞʘʝʚʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 
ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʥʘʫʯʥʦ-ʠʥʞʝʥʝʨ-
ʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʘʚʪʦʢʣʘʚ-
ʥʳʭ ʷʯʝʠʩʪʳʭ ʙʝʪʦʥʦʚ ʠʤʝʥʥʦ ʜʣʷ ʩʙʦʨʥʦʛʦ ʠ ʤʦ-
ʥʦʣʠʪʥʦʛʦ ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʦʚʦʡ 

ʨʘʟʨʘʙʦʪʢʝ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʫʯʸʥʳʭ, 
ʟʘʱʠʱʝʥʥʳʭ ʧʘʪʝʥʪʦʤ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʚ ɸʛʝʥʪʩʪʚʝ 
ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 
ʋʟʙʝʢʠʩʪʘʥ [11]. 
ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʤʝʥʥʦ ʢ ʪʝʭʥʦʣʦʛʠʠ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥ-
ʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ, 
ʥʘʧʨʠʤʝʨ, ʩʪʝʥʦʚʳʭ ʙʣʦʢʦʚ ʠʣʠ ʧʘʥʝʣʝʡ. ʈʘʟʨʘ-
ʙʦʪʢʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʧʨʦ-
ʚʦʜʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʧʝʥʦʙʝ-
ʪʦʥʥʳʭ ʠʟʜʝʣʠʡ. 
ʉʫʱʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʝʥʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ, ʚʢʣʶʯʘʶʱʘʷ ʤʦʣʦʪʳʡ ʜʦ-
ʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ, ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ 
ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʪʨʫʢʪʫʨʦʦʙʨʘ-
ʟʫʶʱʫʶ ʜʦʙʘʚʢʫ ʠ ʚʦʜʫ, ʩʦʜʝʨʞʠʪ ʚ ʢʘʯʝʩʪʚʝ 
ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ 
ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤ-
ʧʦʥʝʥʪʦʚ, ʤʘʩ. %: ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦ-
ʚʘʥʥʳʡ ʰʣʘʢ - 57,29-70,89;ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜ-
ʢʦʝ ʩʪʝʢʣʦ - 18,35-26,97; ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ - 0,16-
0,68; ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥ - 10,60-
15,41; ʚʦʜʘ- ʦʩʪʘʣʴʥʦʝ. ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʠʟʛʦʪʦʚ-
ʣʝʥʠʷ ʧʝʥʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʚʢʣʶʯʘʶʱʝʤ ʧʦʜʛʦ-
ʪʦʚʢʫ, ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʧʦʜʘʯʫ ʚ ʩʤʝʩʠʪʝʣʴ ʩ ʨʝʛʫʣʠ-
ʨʫʝʤʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʥʦʛʦ ʚʘʣʘ ʱʝ-
ʣʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʚʚʝʜʝʥʠʝ 
ʚ ʧʦʣʫʯʝʥʥʫʶ ʧʝʥʫ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫ-
ʭʦʡ ʩʤʝʩʠ ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʣʦʪʦʛʦ ʰʣʘʢʘ ʠ ʩʪʨʫʢ-
ʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʠ-
ʚʦʤ ʧʝʥʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ ʬʦʨʤʳ, ʚʳʜʝʨʞʠʚʘ-
ʥʠʝʤ ʠʭ ʚ ʪʝʯʝʥʠʠ 3-6 ʯ ʠ ʧʦʜʚʝʨʛʘʥʠʝʤ ʠʟʜʝʣʠʡ 
ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʨʝʞʠʤʫ 3+6+3 ʯ ʩ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 85Ñ5 0ʉ, 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʜʝʣʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʠʯʝ-
ʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʩʫʰʠʣʴʥʳʭ ʢʘʤʝʨʘʭ ʧʨʠ ʪʝʤʧʝ-
ʨʘʪʫʨʝ 1700ʉ ʚ ʪʝʯʝʥʠʠ 3 ʯʘʩʦʚ. 
ʀʟʚʝʩʪʝʥ ʰʣʘʢʦʱʝʣʦʯʥʦʡ ʧʝʥʦʙʝʪʦʥ ʠ ʩʧʦʩʦʙ 

ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ [9], ʚʢʣʶʯʘʶʱʠʡ ʤʦʣʦʪʳʡ ʜʦ-
ʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ, ʱʝʣʦʯʥʦʡ ʢʦʤʧʦ-
ʥʝʥʪ ï ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʧʝʥʦʦʙʨʘ-
ʟʦʚʘʪʝʣʴïʦʢʠʩʴ ʘʣʢʠʣʜʠʤʝʪʠʣʘʤʠʥʘ ʩʦ ʩʪʘʙʠʣʠʟʘ-
ʪʦʨʦʤ ʧʝʥʳ ʠ ʩʪʨʫʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʜʦʙʘʚʢʫ ï ʱʝ-
ʣʦʯʝʩʪʦʡʢʦʝ ʩʪʝʢʣʦʚʦʣʦʢʥʦ ʚ ʚʠʜʝ ʦʪʨʝʟʢʦʚ 2-3 ʩʤ 
ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʤʘʩ. 
%: ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ ï 
53,65-74,32; ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ï 
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25,09-45,02; ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴï 0,161-0,755; ʱʝʣʦ-
ʯʝʩʪʦʡʢʦʝ ʩʪʝʢʣʦʚʦʣʦʢʥʦ ï 0,337-0,460, ʚʦʜʘ ï 
ʦʩʪʘʣʴʥʦʝ. ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʥʦʙʝʪʦʥʘ ʟʘ-
ʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʦʩʥʦʚʥʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘ-
ʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʤʦʣʫ ʜʦ 
ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 380-400 ʤ2/ʢʛ. ʇʨʦʤʳʰʣʝʥ-
ʥʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʜʦʚʦʜʠʪʴʩʷ ʜʦ ʪʨʝʙʫʝʤʦʡ ʧʣʦʪ-
ʥʦʩʪʠ 1,30Ñ0,02ʛ/ʩʤ3 ʠ ʩʠʣʠʢʘʪʥʦʛʦ ʤʦʜʫʣʷ 
2,0Ñ0,1. ʉʪʝʢʣʦʚʦʣʦʢʥʦ ʚ ʚʠʜʝ ʞʛʫʪʦʚ ʨʝʞʫʪ ʥʘ ʦʪ-
ʨʝʟʢʠ ʜʣʠʥʦʡ 2-3 ʩʤ.  ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʩʦ ʩʪʘʙʠ-
ʣʠʟʘʪʦʨʦʤ (ʚʚʦʜʠʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 4-5 % ʦʪ ʨʘʩ-
ʭʦʜʘ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ) ʨʘʟʚʦʜʷʪ ʚʦʜʦʡ ʚ ʩʦʦʪʥʦ-
ʰʝʥʠʠ 1:100. ʇʝʥʘ ʛʦʪʦʚʠʪʩʷ ʚ ʩʢʦʨʦʩʪʥʦʤ ʩʤʝʩʠ-
ʪʝʣʝ ʚ ʪʝʯʝʥʠʠ 3 ʤʠʥʫʪ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 
150-160 ʤʠʥ-1,ʰʣʘʢʦʱʝʣʦʯʥʦʝ ʚʷʞʫʱʝʝ(ʤʦʣʦʪʳʡ 
ʰʣʘʢ + ʞʠʜʢʦʝ ʩʪʝʢʣʦ) ʛʦʪʦʚʠʪʩʷ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʠ ʚ ʪʝʯʝʥʠʠ 1-1,5 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʛʦʪʦʚʘʷ ʧʝʥʘ ʠ 
ʩʪʝʢʣʦʚʦʣʦʢʥʦ ʧʦʜʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨ ʠ ʧʦʣʫʯʝʥʥʘʷ 
ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 2,5 ʤʠʥ ʧʨʠ ʯʘ-
ʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 150-160 ʤʠʥ-1. ɻʦʪʦʚʘʷ ʩʤʝʩʴ 
ʚʳʣʠʚʘʝʪʩʷ ʚ ʬʦʨʤʳïʢʘʩʩʝʪʳ ʠ ʦʩʪʘʚʣʷʝʪʩʷ ʜʣʷ 
ʚʳʟʨʝʚʘʥʠʷ ʚ ʪʝʯʝʥʠʠ 6 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʚʝʨʛʘʝʪʩʷ 
ʧʨʦʧʘʨʠʚʘʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 
ʧʨʦʛʨʝʚʘ 85Ñ 5 0ʉ ʧʦ ʨʝʞʠʤʫ 3+6+2 ʯ. ʇʦʩʣʝ ʪʝʧ-
ʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʡ ʚʨʫʯʥʫʶ 
ʠʣʠ ʨʘʩʧʳʣʠʪʝʣʝʤ ʧʦʢʨʳʚʘʝʪʩʷ ʟʘʱʠʪʥʳʤ ʩʦʩʪʘ-
ʚʦʤ ʥʘ ʦʩʥʦʚʝ 50%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʣʘʪʝʢʩʘ ʉʂʉ-65ɻ 
ʠ ʤʦʣʦʪʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʰʣʘʢʘ ʚ ʩʦʦʪʥʦʰʝ-
ʥʠʠ 1:3-1:5. ɿʘʱʠʪʥʳʡ ʩʦʩʪʘʚ ʧʨʠʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ 
ʩʢʦʨʦʩʪʥʦʤ ʩʤʝʩʠʪʝʣʝ ʚ ʪʝʯʝʥʠʝ 1,5-2 ʤʠʥ. 
ʅʝʜʦʩʪʘʪʢʘʤʠ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʥʦʙʝʪʦʥ-

ʥʦʡ ʩʤʝʩʠ ʠ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʥʦʙʝʪʦʥʘ ʷʚ-
ʣʷʶʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʧʝʥʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦ-
ʚʦʜʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʧʨʦʯʥʦ-
ʩʪʴʶ, ʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝ-
ʣʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ. 
ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʩʦʩʪʘʚʫ 

ʧʝʥʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʥʦ-
ʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʧʝʥʦʙʝʪʦʥʥʘʷ ʩʤʝʩʴ, ʚʢʣʶʯʘʶʱʘʷ 
ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ, ʥʠʟ-
ʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, 
ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʜʦʙʘʚʢʫ ʠ ʚʦʜʫ, ʢʦʪʦʨʘʷ 
ʩʦʜʝʨʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʜʦ-
ʙʘʚʢʠ ʢʣʠʥʢʝʨʥʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʧʨʠ ʩʣʝʜʫʶ-
ʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʘʩ. %: ʤʦʣʦʪʳʡ 
ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ ï60,70-74,32; 
ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ï19,60-28,26; ʧʝ-
ʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ï 0,16-0,68; ʢʣʠʥʢʝʨʥʳʡ ʧʦʨʪʣʘʥʜ-
ʮʝʤʝʥʪʥï 5,89-10,64: ʚʦʜʘ ï ʦʩʪʘʣʴʥʦʝ [10]. ʇʝʥʦ-
ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʩʫʭʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʝʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚ-
ʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʝʥʦʙʝʪʦʥʘ. ʕʪʦ ʤʝ-
ʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʩʤʝʩʠʪʝʣʴ ʩ ʨʝʛʫ-
ʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʥʦʛʦ ʚʘʣʘ ʧʦ-
ʜʘʝʪʩʷ ʱʝʣʦʯʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠ 
ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 1,5 ʤʠʥ; ʚ ʧʦʣʫʯʝʥʥʫʶ 
ʧʝʥʫ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʚʦʜʠʪʩʷ ʩʫʭʘʷ 
ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʦʣʦʪʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 
ʰʣʘʢʘ ʠ ʢʣʠʥʢʝʨʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ; ʧʦʣʫʯʝʥ-
ʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʠ 2,5 ʤʠʥ ʧʨʠ 
ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 150-160 ʤʠʥ-1. ɻʦʪʦʚʘʷ 
ʩʤʝʩʴ ʚʳʣʠʚʘʝʪʩʷ ʚ ʬʦʨʤʳïʢʘʩʩʝʪʳ ʠ ʦʩʪʘʚʣʷʝʪʩʷ 

ʜʣʷ ʚʳʟʨʝʚʘʥʠʷ ʚ ʪʝʯʝʥʠʠ 3-6 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʚʝʨ-
ʛʘʝʪʩʷ ʧʨʦʧʘʨʠʚʘʥʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʦʪʝʨʤʠ-
ʯʝʩʢʦʛʦ ʧʨʦʛʨʝʚʘ 85Ñ 5 0ʉ ʧʦ ʨʝʞʠʤʫ 3+6+3 ʯ. 
ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʥʦʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ ʠ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʥʦʙʝʪʦʥʘ ʷʚʣʷ-
ʶʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʧʝʥʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦ-
ʚʦʜʥʦʩʪʴʶ ʠ ʥʝʚʳʩʦʢʦʡ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. 
ʊʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʨʝʰʝʥʥʦʡ ʚ ʥʘʰʝʡ ʨʘʟʨʘ-

ʙʦʪʢʝ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦ-
ʚʳʰʝʥʠʝ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʧʝʥʦʙʝʪʦʥʥʳʭ ʠʟʜʝ-
ʣʠʡ. 
ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʥʦ-

ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ, ʚʢʣʶʯʘʶʱʘʷ ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ 
ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ, ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜʢʦʝ 
ʩʪʝʢʣʦ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ 
ʜʦʙʘʚʢʫ ʠ ʚʦʜʫ ʩʦʜʝʨʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʦʦʙ-
ʨʘʟʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʧʨʦʧʠ-
ʣʝʥ, ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʤʘʩ. %: ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ 
ʰʣʘʢ ï 57,29-70,89; ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ ʞʠʜʢʦʝ 
ʩʪʝʢʣʦ ï 18,35-26,97; ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ï 0,16-0,68; 
ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥ ï 10,60-15,41; 
ʚʦʜʘ ï ʦʩʪʘʣʴʥʦʝ. ɺ ʩʧʦʩʦʙʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʥʦʙʝ-
ʪʦʥʘ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʧʝʥʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, 
ʚʢʣʶʯʘʶʱʝʤ ʧʦʜʛʦʪʦʚʢʫ, ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʧʦʜʘʯʫ ʚ 
ʩʤʝʩʠʪʝʣʴ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʣʦ-
ʧʘʩʪʥʦʛʦ ʚʘʣʘ ʱʝʣʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʝʥʦʦʙʨʘ-
ʟʦʚʘʪʝʣʷ, ʚʚʝʜʝʥʠʝ ʚ ʧʦʣʫʯʝʥʥʫʶ ʧʝʥʫ ʚ ʧʨʦʮʝʩʩʝ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʦʡ ʩʤʝʩʠ ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʣʦ-
ʪʦʛʦ ʰʣʘʢʘ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʣʠʚʦʤ ʧʝʥʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚ 
ʬʦʨʤʳ-ʢʘʩʩʝʪʳ, ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʠʭ ʚ ʪʝʯʝʥʠʠ 3-6 
ʯ ʠ ʧʦʜʚʝʨʛʘʥʠʝʤ ʠʟʜʝʣʠʡ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙ-
ʨʘʙʦʪʢʝ ʧʦ ʨʝʞʠʤʫ 3+6+3 ʯ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʟʦ-
ʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 85Ñ 5 0ʉ,  ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
ʠʟʜʝʣʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 
ʩʫʰʠʣʴʥʳʭ ʢʘʤʝʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700ʉ ʚ ʪʝʯʝ-
ʥʠʠ 3 ʯʘʩʦʚ. 
ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʝʥʦʙʝʪʦʥʥʦʛʦ ʠʟ-
ʜʝʣʠʷ ʜʦ 170 0ʉ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʪʚʝʨ-
ʜʝʚʰʝʛʦ ʰʣʘʢʦʱʝʣʦʯʥʦʛʦ ʚʷʞʫʱʝʛʦ ʧʝʨʝʭʦʜʠʪ ʚ 
ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʧʦʣʠ-
ʧʨʦʧʠʣʝʥʘ165-170 0ʉ) ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʧʠʪʳʚʘʝʪʩʷ 
ʪʚʸʨʜʦʡ ʦʙʦʣʦʯʢʦʡ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ ʧʝʥʦʙʝ-
ʪʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ çʚʥʫʪʨʝʥʥʷʷ 
ʧʨʦʧʠʪʢʘè ʧʝʥʦʙʝʪʦʥʘ ʧʦʣʠʧʨʦʧʠʣʝʥʦʤ ʧʦ ʚʩʝʤʫ 
ʦʙʲʸʤʫ ʠʟʜʝʣʠʷ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʨʤʦʦʙʨʘ-
ʙʦʪʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʠʟʜʝʣʠʷ ʧʦʣʠʧʨʦʧʠ-
ʣʝʥ ʟʘʪʚʝʨʜʝʚʘʝʪ ʠ ʧʨʠʜʘʸʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯ-
ʥʦʩʪʴ ʤʝʞʧʦʨʦʚʳʤ ʧʝʨʝʛʦʨʦʜʢʘʤ ʧʝʥʦʙʝʪʦʥʘ ʟʘ 
ʩʯʸʪ ʟʘʧʦʣʥʝʥʠʷ ʠ ʦʤʦʥʦʣʠʯʠʚʘʥʠʷ ʤʠʢʨʦʧʦʨ ʠ 
ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʠʤʝʶʱʠʭʩʷ ʥʘ ʪʚʸʨʜʦʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ. ʕʪʠʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦ-
ʚʳʰʝʥʠʝ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʝʘʚʪʦʢʣʘʚ-
ʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʦʛʦ ʩʦ-
ʩʪʘʚʘ ʠ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʥʦʙʝʪʦʥʥʳʭ ʠʟʜʝ-
ʣʠʡ. ʅʘ ʤʝʩʪʝ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʧʦʣʠʧʨʦ-
ʧʠʣʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘ-
ʤʢʥʫʪʳʭ ʤʠʢʨʦʧʦʨ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝ-
ʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʝʥʦʙʝʪʦʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ 
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ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʤʝʞʧʦʨʦʚʳʝ ʧʝʨʝʛʦʨʦʜʢʠ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ 
ʧʝʥʦʙʝʪʦʥʘ ʫʧʨʦʯʥʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʠʟʜʝ-
ʣʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 
ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠ-
ʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʢʦʥʢʨʝʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ [11]. ʀʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʠʟ ʥʝʘʚʪʦ-
ʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʩʦʩʪʘʚʫ ʠ 
ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 1.ɼʦʟʠʨʦʚʘʥʠʝ ʩʳʨʴʝʚʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ, ʤʘʩ. % : ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫ-
ʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ ï 57,29-70,89;  ʥʠʟʢʦʤʦʜʫʣʴʥʦʝ 
ʞʠʜʢʦʝ ʩʪʝʢʣʦ ï 18,35-26,97; ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ï 
0,16-0,68; ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥ ï 
10,60-15,41;ʚʦʜʘ ï ʦʩʪʘʣʴʥʦʝ. 2.ʇʦʜʘʯʘʠ ʧʝʨʝʤʝ-
ʰʠʚʘʥʠʝ ʚ ʩʤʝʩʠʪʝʣʝ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʯʘʩʪʦʪʦʡ 
ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʥʦʛʦ ʚʘʣʘ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 
150-160 ʤʠʥ-1ʱʝʣʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʝʥʦʦʙʨʘ-
ʟʦʚʘʪʝʣʷʚ ʪʝʯʝʥʠʠ 1,5 ʤʠʥ. 3.ɺʚʝʜʝʥʠʝ ʚ ʧʦʣʫʯʝʥ-
ʥʫʶ ʧʝʥʫ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʭʦʡ ʩʤʝʩʠ 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʦʣʦʪʦʛʦ ʰʣʘʢʘ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟ-
ʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ.4.ʉʦʚʤʝʩʪʥʦʝ ʧʝʨʝʤʝʰʠʚʘ-
ʥʠʝ ʚ ʪʝʯʝʥʠʠ 2,5 ʤʠʥ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 
150-160 ʤʠʥ-1 ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 
ʩʤʝʩʠ. 5.ʊʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝʠ ʨʘʟʣʠʚ ʧʝʥʦʙʝʪʦʥ-
ʥʦʡ ʩʤʝʩʠ ʚ ʬʦʨʤʳ-ʢʘʩʩʝʪʳ. 6.ɺʳʜʝʨʞʠʚʘʥʠʝ ʠʟ-
ʜʝʣʠʡ ʚ ʪʝʯʝʥʠʠ 3-6 ʯ ʧʝʨʝʜ ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙ-
ʨʘʙʦʪʢʦʡ. 7.ʊʝʧʣʦʚʣʘʞʥʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʜʝʣʠʡ 
ʚ ʧʨʦʧʘʨʦʯʥʳʭ ʢʘʤʝʨʘʭ ʧʦ ʨʝʞʠʤʫ 3+6+3 ʯ ʩ ʪʝʤ-
ʧʝʨʘʪʫʨʦʡ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ 85Ñ 5 0ʉ. 
8.ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʜʝʣʠʡ ʚ ʩʫʰʠʣʴʥʳʭ 
ʢʘʤʝʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700ʉ ʚ ʪʝʯʝʥʠʠ 3 ʯʘʩʦʚ. 
9. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠʟʜʝʣʠʡ ʥʘ ʩʢʣʘʜ. 
ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝ-
ʪʦʥʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. ʆʧʳʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʣʷ 
ʧʝʥʦʙʝʪʦʥʦʚ ʧʣʦʪʥʦʩʪʴʶ 
D150 ʠ D600.ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: -ʤʦʣʦʪʳʡ ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠ-
ʨʦʚʘʥʥʳʡ ʰʣʘʢ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝ-
ʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʩ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 350 
ʤ2/ʢʛ ʩʣʝʜʫʶʱʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: SiO2 ï 
36,34 %; CaO ï 38,21 %; Al2O3 ï 13,78 %; MgO ï 
8,66 %; S ï 0,91 %; TiO2 ï 1,1 %; FeO ï 0,43 %; MnO 
ï 0,62 %; BaO ï 0,22 %; - ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ï ʇɹ-
2000,ʦʙʨʘʟʫʶʱʠʡ ʚ ʞʠʜʢʦʤ ʩʪʝʢʣʝ ʧʝʥʫ ʩ ʚʳʩʦʢʦʡ 
ʩʪʦʡʢʦʩʪʴʶ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʠ ʙʣʠʟ-
ʢʠʤʠ ʧʦ ʨʘʟʤʝʨʫ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ (0,5-0,8 ʤʤ); 
- ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʩ ʩʠʣʠʢʘʪʥʳʤ ʤʦʜʫʣʝʤ ʦʪ 1,5 ʜʦ 
2,0; -ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥ ʤʘʨʢʠ 
01050. 
ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʟʛʦ-

ʪʦʚʣʝʥʳ ʠʟʜʝʣʠʷ ʠʟ ʧʝʥʦʙʝʪʦʥʘ ʠ ʧʦ ʨʘʥʝʝ ʠʟʚʝʩʪ-
ʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʧʦʩʦʙʫ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʠʟ 
ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʦʩʪʘʚʫ 
ʠ ʩʧʦʩʦʙʫ ʧʨʦʠʟʚʦʜʠʣʩʷ ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʠʟʣʦ-
ʞʝʥʥʦʤʫ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʫʥʢʪʘ 8. ɼʣʷ ʧʨʦʪʦʪʠʧʘ 
ʚ ʩʦʩʪʘʚʝ ʧʝʥʦʙʝʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫ-
ʶʱʝʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʣʠʥʢʝʨʥʳʡ ʧʦʨʪ-
ʣʘʥʜʮʝʤʝʥʪ ɸʭʘʥʛʘʨʘʥʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʢʦʤʙʠ-
ʥʘʪʘ ʤʘʨʢʠ ʄ400. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʤʝʨʘ 

ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʧʦʩʦʙʫ ʪʘʢʞʝ ʙʳʣʠ ʦʪʦ-
ʙʨʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳ-
ʪʘʥʠʡ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʧʦ ʜʚʫʤ ʩʦʩʪʘʚʘʤ ʠ ʩʧʦʩʦʙʘʤ: ʨʘʥʝʝ ʠʟʚʝʩʪ-
ʥʦʤʫ ʠ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.1. 
ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʝ-

ʥʦʙʝʪʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʜʝʣʠʷ ʠʟ ʥʝʘʚʪʦʢʣʘʚ-
ʥʦʛʦ ʧʝʥʦʙʝʪʦʥʘ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ D150 ʠ 
D600, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʩʦʩʪʘʚʫ ʠ 
ʩʧʦʩʦʙʫ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʧʣʦ-
ʧʨʦʚʦʜʥʦʩʪʴʶ (1,5-1,6 ʨʘʟ) ʠ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ 
ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ (1,7-1,8 ʨʘʟ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʜʝ-
ʣʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʧʝʥʦʙʝʪʦʥʘ ʧʦ ʨʘʥʝʝ ʠʟ-
ʚʝʩʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʧʦʩʦʙʫ. 

ʊʘʙʣʠʮʘ 1. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝ-

ʥʦʙʝʪʦʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʥʝʝ ʠʟʚʝʩʪʥʦʤʫ ʠ ʧʨʝʜʣʘʛʘʝ-
ʤʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ, ʢʛ/% ʥʘ 1 ʤ3 
ʙʝʪʦʥʘ 

ʇʣʦʪ-
ʥʦʩʪʴ 
ʧʝʥʦʙʝ-
ʪʦʥʘ, 
ʢʛ/ʤ3 

ʊʝʧʣʦ-
ʧʨʦʚʦʜ-
ʥʦʩʪʴ, 
ɺʪ /ʤ 

0ʉ 

ʄʦʨʦ-
ʟʦ-
ʩʪʦʡ-
ʢʦʩʪʴ, 
ʮʠʢʣʳ 

ʤʦʣʦ-
ʪʳʡ 
ʰʣʘʢ 

ʞʠʜ-
ʢʦʝ 
ʩʪʝʢʣʦ 

ʧʝʥʦ-
ʦʙʨʘ-
ʟʦʚʘ-
ʪʝʣʴ 

ʧʦʨʪ-
ʣʘʥʜ-
ʮʝ-
ʤʝʥʪ 

ʧʦʣʠ-
ʧʨʦ-
ʧʠʣʝʥ 

ʀʟʚʝʩʪʥʳʡ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ (ɼ600) 
τφχ

χσȟυπ
 
ρσπ

ςπȟτπ
 
ρȟπχ

πȟρφ
 
σχȟφ

υȟω
 - 605 0,140 42 

τχτ

χτȟσπ
 
ρςυ

ρωȟφπ
 
ρȟπψ

πȟρφ
 
σχȟφ

υȟψω
 - 610 0,142 42 

τχπ

χσȟψπ
 
ρςυ

ςπȟρπ
 
ρȟρπ

πȟρχ
 
σχȟφ

υȟω
 - 615 0,144 44 

ʀʟʚʝʩʪʥʳʡ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ (ɼ150) 
ωρ

φσȟρπ
 
σω

ςφȟφπ
 
ρȟππσ

πȟφψ
 
ρυȟφ

ρπȟφτ
 -- 148 0,051 20 

ψω

φπȟχπ
 
τρ

φχȟωφ
 
ρȟππσ

πȟφψ
 
ρυȟφ

ρπȟφτ
 -- 151 0,053 21 

ωυ

φρȟπρ
 
ττ

ςψȟςφ
 
ρȟππς

πȟφτ
 
ρυȟχ

ρπȟπψ
 - 153 0,054 22 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ (ɼ600) 
ττυ

χπȟπρ
 
ρςς

ρωȟρω
 
ρȟπχ

πȟρφ
 - 

φχȟφ

ρπȟφσ
 615 0,090 75 

τυς

χπȟψω
 
ρρχ

ρψȟσυ
 
ρȟπψ

πȟρφ
 - 

φχȟφ

ρπȟφ
 605 0,088 73 

ττψ

χπȟσφ
 
ρςπ

ρψȟψω
 
ρȟρπ

πȟρχ
 - 

φχȟφ

ρπȟφρ
 620 0,091 75 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ (ɼ150) 
ψφ

υψȟφφ
 
σχ

ςυȟςτ
 
ρȟππσ

πȟφψ
 - 

ςςȟφ

ρυȟτρ
 150 0,033 35 

ψτ

υχȟςω
 
σω

ςφȟφπ
 
ρȟππσ

πȟφψ
 - 

ςςȟφ

ρυȟτρ
 152 0,034 36 

ωπ

υχȟψπ
 
ως

ςφȟωχ
 
ρȟππς

πȟφτ
 - 

ςςȟφ

ρτȟυρ
 155 0,035 35 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʦʩʪʘʚ ʠ ʩʧʦʩʦʙ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠʟ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʧʝʥʦʙʝ-
ʪʦʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝ-
ʣʠʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ 
ʧʦʚʳʰʝʥʥʦʡ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. 
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ʈɽʄʆʅʊ ʎɽʄɽʅʊʆɹɽʊʆʅʅʓʍ ʇʆʂʈʓʊʀʁ 
 

ʈʘʚʰʘʥʦʚ ɾ˄ʨʘʙʝʢ ʈʘʚʰʘʥ ˄סʣʠ.  ɼʞʠʟʘʢʩʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʜʦʨʦʛ. ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʧʦ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʪʨʝʙʫʝʪ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʝʨʝʜʦʚʳʭ ʟʘʨʫʙʝʞʥʳʭ 
ʤʝʪʦʜʦʚ ʚ ʵʪʦʡ ʩʬʝʨʝ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ 
ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʚ ʨʘʟʚʠʪʠʠ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʩʪʨʘʥʝ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʦʩ-
ʩʪʘʥʦʚʣʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ ʚ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ ʠ ʩʦʭʨʘʥʝʥʠʝ ʪʨʝʱʠʥ. ɺ ʩʣʫʯʘʝ 
ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ, ʵʨʦʟʠʠ, ʪʨʝʱʠʥʳ ʠ ʩʤʝʱʝʥʠʡ ʚ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʷʭ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʤʠʥʠ-ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʤʦʥʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʪʠʭ ʧʦʢʨʳʪʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʢʩʪʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʮʝʤʝʥʪʦʙʝʪʦʥ-

ʥʦʝ ʧʦʢʨʳʪʠʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʨʝʱʠʥʳ ʚ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʤ ʧʦʢʨʳʪʠʠ, ʵʨʦʟʠʷ, ʪʨʝʱʠʥʳ ʠ ʩʤʝʱʝʥʠ,ʜʦ-
ʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʘʷ ʨʦʙʦʪʘ ʤʠʥʠ ʪʝʭʥʦʣʦʛʠʷ,ʜʝʬʦʨʤʘʮʠʷ ʧʦʣʠʤʝʨʙʝʪʦʥ, ʧʦʣʠʤʝʨʥʳʡ ʮʝʤʝʥʪʙʝʪʦʥ,ʤʘʩʪʠʢʘ, ʱʦʚ 
ʪʨʝʰʠʥ, ʨʘʩʪʚʦʨ. 

 
This article discusses advanced technologies for organizing work on the operation of highways. The organization of 

works on the operation of highways requires a wide introduction of methods and advanced foreign methods of States in this  
area.  In  the  future,  improving  the  quality  of  road  construction  and  design  work  against  the  background  of  the 
development of road transport infrastructure  in our country remains an important issue. For this reason, one of the most 
important tasks is to restore the sealing of deformation joints of cement - concrete coatings and to preserve cracks. In the 
event of cracks, destruction, breakdowns and movements of cement - concrete coatings, it is necessary to provide for the 
use of mini- equipment in the repair and storage of these coatings. 

Key words: highways, road transport infrastructure, operation, cement-concrete pavement, maximum temperature, 
cracks in the cement-concrete pavement, erosion, cracks and displacements, road-building robot mini technology, 
deformation of polymer concrete, polymer cement concrete, mastic, cracks. 

 

ɺ ʮʝʣʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʦʨʦʞʥʦ- ʪʨʘʥʩ-
ʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʠʳ ʩʪʨʘʥʳ, ʧʦʚʳʰʝʥʠʷ ʢʘ-
ʯʝʩʪʚʘ ʧʨʦʝʢʪʥʳʭ ʠ ʜʦʨʦʞʥʦ- ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 
ʥʘ ʦʩʥʦʚʝ ʚʥʝʜʨʝʥʠʷ ʣʫʯʰʝʡ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʠ 
ʠ ʧʝʨʝʜʦʚʳʭ  ʪʝʭʥʦʣʦʛʠʡ.ʊʦ ʝʩʪʴ ʚʥʝʜʨʝʥʠʝ ʣʫʯ-
ʰʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ  ʚ ʩʬʝʨʝ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ  ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʘʪʝʨʠ-
ʘʣʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʩʨʦʢʦʚ 
ʩʣʫʞʙʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜ ʟʘ 
ʩʯʸʪ ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ ʧʦʜʨʷʜʥʳʭ ʦʨ-
ʛʘʥʠʟʘʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʚʝʜʫʰʠʭ ʟʘʨʫʙʝʞʥʳʭ   ʢʦʤ-
ʧʘʥʠʡ  ʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠ-
ʩʪʦʚ  ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʩʦʟʜʘʥʠʝ ʩ ʫʯʘʩʪʠʤ ʚʝʜʫ-
ʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʢʦʤʧʘʥʠʡ  ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠ-
ʷʪʠʡ ʧʦ ʚʳʧʫʩʢʝ  ʩʦʚʨʝʤʝʥʥʳʭ  ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘ-
ʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʨʦʞʥʦʛʦ ʭʦʟʝʡʩʪʚʘ.  
ɺ ʩʨʝʜʥʝʡ ɸʟʠʠ ʣʝʪʥʦʝ ʚʨʝʤʷ  (ʚ ʠʶʣʝ) ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ +26 CÁ, ʥʘ ʩʝʚʝʨʝ ʠ 
+30 CÁ ʥʘ ʶʛʝ ʜʦ ʤʘʢʩʠʤʫʤʘ + 45 + 47 Á C, ʧʨʠ ʵʪʦʤ 
ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ + 70 + 80 Á 

C. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʦʨʦʞʥʳʝ ʠʥʞʝʥʝʨʳ ʩʪʘʣʢʠʚʘ-
ʶʪʩʷ ʩ ʨʷʜʘʤʠ ʧʨʦʙʣʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦ-
ʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʤʠ ʧʦʢʨʳʪʷʤʠ. 
ɼʘʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʪʨʝʱʠʥʘʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʧʦʢʨʳʪʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʦʩʳ ʧʦʩʪʝʧʝʥʥʦ ʟʘ-
ʧʦʣʥʷʶʪʩʷ ʤʫʩʦʨʦʤ ʠ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ. ʃʝ-
ʪʦʤ ʧʣʠʪʢʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʩʪʨʝʤʘʣʴ-
ʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦ ʫʩʢʦʨʠʪ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 
ʧʣʠʪ ʠ ʧʦʣʦʤʢʠ ʧʣʠʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʯʥʦʩʪʴ 
ʧʦʢʨʳʪʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦ-
ʪʝʨʠ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ. ɺʘʞʥʦʡ ʨʘʙʦʪʦʡ ʷʚ-
ʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʮʝʤʝʥʪʦʙʝʪʦʥ-
ʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʪʨʝʱʠʥ. 
ɺ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʚ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ 

ʧʦʢʨʳʪʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 
ʨʝʤʦʥʪʘ ʠ ʫʭʦʜʘ ʟʘ ʵʪʠʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦ. ʇʝʨʝʜ ʨʝʤʦʥʪʦʤ ʪʨʝʱʠʥ ʠ ʵʨʦʟʠʠ ʵʪʠ 
ʫʯʘʩʪʢʠ ʦʯʠʱʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʷʶʪʩʷ 
ʮʝʤʝʥʪʥʳʤʠ ʧʷʪʥʘʤʠ ʠ ʜʦʙʘʚʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦ-
ʜʷʪʩʷ ʚʳʰʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʪʤʝʪʢʠ ʧʦʢʨʳʪʠʷ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝ-
ʨʠʘʣʳ. ɻʦʨʷʯʘʷ ʤʘʩʪʠʢʘ ʦʩʦʙʝʥʥʦ ʠʟʚʝʩʪʥʘ ʥʘʰʠʤ 
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ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʘʤ - ʅʦʚʦʤʦʩʪ, ʇʨʦʛʨʝʩʩ ɸɻ (ʈʦʩ-
ʩʠʷ), ʂʨʘʬʢʦ (ʉʐɸ) ʠ ɹʠʛʫʤʘ (ɻʝʨʤʘʥʠʷ). ʉʨʦʢ 
ʩʣʫʞʙʳ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʤʝʥʝʝ 5 ʣʝʪ. 
ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʪʨʝʱʠʥʳ ʧʦʢʨʳʪʳ ʩʤʝ-

ʩʴʶ ʧʝʩʢʘ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʘ ʩʦʣʠ ʩ ʧʦʨʘʤʠ ʥʝ-
ʙʦʣʴʰʠʭ ʦʪʚʝʨʩʪʠʡ ʨʝʤʦʥʪʠʨʫʶʪʩʷ ʮʝʤʝʥʪʥʦ-ʧʦ-
ʣʠʤʝʨʥʳʤ ʙʝʪʦʥʦʤ ʠ ʨʘʩʪʚʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʞʠʜ-
ʢʦʛʦ ʩʪʝʢʣʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʞʝ 5 Á 
C ʧʨʠ ʨʝʤʦʥʪʝ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʩ 
ʨʘʩʪʚʦʨʘʤʠ ʮʝʤʝʥʪʘ ʠ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ. ʇʦʣʠʤʝʨ-
ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʥʝ ʥʠʞʝ 15 Á ʉ. 

 

 

 
ʈʠʩʫʥʦʢ 1.   ʄʘʩʪʠʢʘ çCrafcoè (ʉʐɸ) ʠ çBigumaè 

(ɻʝʨʤʘʥʠʷ) 

 
ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʯ-

ʥʦʛʦ ʠʟʥʦʩʘ ʮʝʤʝʥʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʫʱʝ-
ʩʪʚʫʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭ-
ʥʦʩʪʝʡ: ʧʨʦʧʠʪʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʩʚʷʟʫʶʱʠʝ ʠ ʥʘʥʝ-
ʩʪʠ ʪʦʥʢʠʡ ʩʣʦʡ ʠʟ ʧʦʣʠʤʝʨʙʝʪʦʥʘ ʠʣʠ ʧʦʣʠʤʝʨ-
ʥʦʛʦ ʮʝʤʝʥʪʘ. ɽʩʣʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, ʥʝʦʙʭʦ-
ʜʠʤʦ ʩʦʟʜʘʪʴ ʪʦʥʢʠʡ ʩʣʦʡ ʟʘʱʠʪʳ, ʯʪʦʙʳ ʧʨʝʜʦʪ-
ʚʨʘʪʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥ ʠ ʦʙʝʩʧʝ-
ʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ɼʣʷ ʵʪʦʛʦ ʥʘʥʦʩʷʪ ʥʘ  ʧʦʚʝʨʭʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʥʘʥʦʩʷʪ 
ʵʧʦʢʩʠʜʥʫʶ ʩʚʷʟʴ ʦʙʳʯʥʦʛʦ ʮʝʤʝʥʪʦʙʝʪʦʥʘ ʠ 
ʫʢʣʘʜʳʚʘʶʪ ʧʦʣʠʤʝʨʙʝʪʦʥ ʠʣʠ ʧʦʣʠʤʝʨʥʳʡ ʮʝ-
ʤʝʥʪʦʙʝʪʦʥ. ʃʶʙʦʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʪʦʥʢʦʛʦ ʟʘ-
ʱʠʪʥʦʛʦ ʩʣʦʷ ʧʨʠ ʠʟʛʠʙʝ ʙʦʣʝʝ 5 ʤʤ, ʧʦʨʳ, ʪʨʝ-
ʱʠʥʳ ʚʙʣʠʟʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʠʪʳ ʠ ʜʨʫʛʠʝ 
ʦʩʢʦʣʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʙʝʪʦʥʘ ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʦʩʪʘʚ-
ʣʷʝʪ 0,5-2 ʩʤ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʮʝ-
ʤʝʥʪʦʙʝʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 6-12 ʩʤ. ɺ ʞʘʨʢʦʤ ʢʣʠ-
ʤʘʪʝ ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʞʠʜʢʠʤ 
ʩʪʝʢʣʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʰʠʨʠʥʦʡ ʜʦ 5-15 
ʩʤ ʠ ʛʣʫʙʠʥʦʡ 60 ʩʤ, ʢʦʛʜʘ ʦʙʨʘʟʫʶʪʩʷ ʫʛʣʳ, 
ʢʨʦʤʢʠ ʠʣʠ ʧʦʨʳ ʟʘ 15-20 ʤʠʥʫʪ ʜʦ ʩʚʝʨʣʝʥʠʷ ʜʥʘ 
ʚ ʢʨʦʤʢʘʭ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʪʚʝʨʩʪʠʷ ʠ ʨʝʰʝʥʠʝ 
ʧʨʠʤʝʥʷʝʪʩʷ. ʈʘʩʪʚʦʨ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʞʠʜʢʦʛʦ 
ʩʪʝʢʣʘ ʠ ʬʝʨʨʦʭʨʦʤʦʚʦʛʦ ʰʣʘʢʘ. ɻʦʪʦʚʘʷ ʩʤʝʩʴ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʦʣʦʩʪʠ, ʟʘʪʝʤ 
ʩʧʣʶʱʠʚʘʝʪʩʷ ʤʘʩʪʝʨ-ʢʣʘʩʩʦʤ ʠʣʠ ʜʝʨʝʚʷʥʥʳʤ 

ʧʦʜʥʦʩʦʤ ʥʘ 3-4 ʩʤ ʦʪ ʧʦʢʨʳʪʠʷ. ʈʘʟʨʝʰʝʥʦ ʯʝʨʝʟ 
5-7 ʯʘʩʦʚ ʜʣʷ ʨʝʤʦʥʪʘ ʪʨʘʬʠʢʘ. ɽʩʣʠ ʵʪʠ ʨʝʤʦʥʪ-
ʥʳʝ ʨʘʙʦʪʳ ʥʘ ʰʚʘʭ ʠ ʰʚʳ ʟʘʙʣʦʢʠʨʦʚʘʥʳ, ʥʝʦʙ-
ʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ. 
ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʤʦʞʥʦ ʨʘʟʨʝʟʘʪʴ ʢʘʢ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʧʦʣʦʩʳ. ɺ ʪʦ ʞʝ 
ʩʘʤʦʝ ʚʨʝʤʷ, ʨʘʙʦʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʜʝʣʘʥʘ ʩʥʘʯʘʣʘ, 
ʯʪʦʙʳ ʟʘʧʝʯʘʪʘʪʴ ʩʪʘʨʳʡ ʛʝʨʤʝʪʠʢ. ɺ ʩʝʨʝʜʠʥʝ 
ʧʣʠʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡ-
ʩʪʚʘ ʜʣʷ ʘʣʤʘʟʥʦʡ ʨʝʟʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʝ-
ʬʝʢʪʥʫʶ ʢʨʦʤʢʫ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠʩ-
ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʟʢʠ ʧʦʣʦʩ ʛʣʫʙʠʥʦʡ ʦʪ 390 ʜʦ 
580 ʤʤ. ʐʠʨʠʥʘ ʩʚʘʨʥʳʭ ʰʚʦʚ ʩʦʩʪʘʚʣʷʝʪ 30 ʤʤ. 
ʇʨʷʤʦʰʦʚʥʳʝ ʰʚʳ ʪʱʘʪʝʣʴʥʦ ʦʯʠʱʘʶʪʩʷ 

ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ, ʚʳʩʫʰʠʚʘʶʪʩʷ, ʘ ʜʥʦ ʟʘʧʦʣʥʷ-
ʝʪʩʷ ʧʝʥʦʧʦʣʠʫʨʝʪʘʥʦʤ. 
ʌʘʩʮʠʷ ʧʦ ʢʨʘʷʤ ʩʚʘʨʥʦʛʦ ʰʚʘ ʫʜʘʣʷʝʪʩʷ ʥʘ 2 

ʤʤ, ʢʨʘʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʛʝʨʤʝʪʠʟʠʨʫʶʪʩʷ, ʘ ʚʝʨʭ 
ʩʚʘʨʥʦʛʦ ʰʚʘ ʛʝʨʤʝʪʠʟʠʨʫʝʪʩʷ ʜʦ ʛʣʫʙʠʥʳ 30 ʤʤ 
(ʨʠʩ. 2). 

  
ʈʠʩʫʥʦʢ 2 ɺʥʝʰʥʠʡ ʚʠʜ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʪʨʫʙʳ 

 
ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʫʭʦʤ ʠ 
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Adhesive solutions are widely used in modern construction for fixing ceramic tiles and other finishing products, heat-
insulating materials. To ensure the required adhesion to the surface, an increased amount of cement and additives of 
redispersed polymer powder are introduced into such compositions, and to increase the water-holding capacity of the 
solution, the addition of cellulose ethers or starch is added. This leads to a significant increase in the cost of the solution. 
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additives, cement-sand mixture, plasticity. 

 

ʂʣʝʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʦʚ ʥʠʟʢʦʡ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ 
ʂʣʝʝʚʳʝ ʨʘʩʪʚʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ ʠ 

ʜʨʫʛʠʭ ʦʪʜʝʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʘʜʛʝʟʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 
ʪʘʢʠʝ ʩʦʩʪʘʚʳ ʚʚʦʜʷʪ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʤʝʥʪʘ ʠ ʜʦʙʘʚʢʠ ʨʝʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ, ʘ 
ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʶʪ ʵʬʠʨʳ ʮʝʣʣʶʣʦʟʳ ʠʣʠ ʢʨʘʭʤʘʣ. ʕʪʦ ʧʨʠʚʦ-
ʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʜʦʨʦʞʘʥʠʶ ʨʝʰʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʘʩʪʚʦʨ, ʤʝʭʘʥʦʭʠʤʠʷ, ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʷʞʫʱʠʝ, ʮʝʤʝʥʪ, ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, 

ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʜʦʙʘʚʢʠ, ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʘʷ ʩʤʝʩʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ.  
 

Introduction . To finish the exterior and interior 
walls of buildings and structures with facing tiles, tile 
adhesives made on the basis of a dry building mixture 
are used. To improve the technological and 
operational properties of cement-based tile adhesive, 
special additives are introduced into the formulation of 
the dry building mixture, which help to accelerate 
curing and increase slip resistance. To date, most of 
the modifying additives for dry mixes come from 
abroad, which makes the production of dry building 
mixes dependent on imported supplies and increases 
the cost of the production of dry mixes. In this regard, 
the development of adhesive dry building mixtures 
with the use of domestic modifying additives in the 
formulation is an urgent problem. 

The solution to this problem is the development of 
a formulation of dry mixes using additives containing 
aluminum oxide as a domestic modifying additive. 
The presence of amorphous aluminum oxide in the 
structure of the additive creates the prerequisites for 
the chemical interaction of aluminum oxide with 
hydrolyzed lime with the formation of additional 
products that contribute to the strengthening of the 
cement composite. As alumina containing additives, 
the use of spent alumina catalysts improves the 
properties of cement-adhesive finishing mixtures for 
exterior and interior walls of buildings and structures 
of facing tile adhesive. However, the mechanism of 
interaction between alumina containing additives and 
the cement binder has not been revealed, and the 
patterns of structure formation of the cement 
composite have not been established. Thus, the 
introduction of an alumina-containing component, a 
waste of spent aluminum catalysts, into the 
formulation of cement-based adhesive finishing 
mixtures as a domestic additive will speed up the 
hardening process and improve the performance 

properties of cement-adhesive mortar mixtures and 
remove the dependence of domestic producers of dry 
mixtures on the use of imported additives. 

Adhesive properties of adhesive solutions based 
on cements of low water demand 

Dry building mixtures are a finishing material 
applied to the surfaces of various structures and 
building elements (walls, partitions, ceilings, etc.), 
made on a cement, gypsum or lime basis [1].  

The purpose of plastering works is as follows: 
- alignment of irregularities on the surface of walls 

and ceilings, surface preparation for applying leveling 
putty, thick wallpaper; 

- architectural and artistic design of the facade of 
the building and interior decoration; 

- with high adhesive properties (cement glue) 
- protection of walls from harmful atmospheric 

influences. 
Reduced labor costs during the finishing process, 

since the plaster is applied in one layer, and the 
finishing quality of the coating does not require 
subsequent puttying and grinding. Along with the 
advantages of gypsum plaster, it is necessary to note 
the disadvantages: it is less stronger than cement and 
cannot be used in rooms with high humidity. 

Gypsum mixtures are used exclusively for interior 
decoration of dry rooms. When performing facade 
work or applying such plaster in a humid environment 
(bathroom, bathroom, cellar), gypsum plaster that 
absorbs water will swell and deform [2]. Working with 
gypsum plaster requires prompt action due to the short 
ñsettingò time. Gypsum-based mortars 

it is recommended to apply immediately in one 
layer of a certain thickness. 

Dry building mixes have been widely used in 
construction in recent years due to their manufactura-
bility, high quality of work, reduced labor intensity 

https://www.elsevier.com/
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and other advantages. At the same time, in a hot 
climate, it is required to improve the characteristics of 
cement mortars for various bases: an increase in 
adhesive ability, a decrease in shrinkage and thermal 
conductivity, and a higher resistance to temperature 
and humidity changes. To improve the operational 
properties of dry building mixtures, it is necessary to 
introduce mineral and organic additives of directional 
action and optimize their compositions. Research 
related to the use of production waste and improving 
the quality of dry building mixtures are the most 
relevant. 

One of the ways to reduce the cost of adhesive 
solutions can be to increase the activity and water-
holding capacity of the binder. Without a significant 
change in the mineralogical composition of the 
clinker, an increase in the activity of cement obtained 
by mechanochemical activation with a particle size of 
up to 15 microns contributes to increased activity and 
water-holding capacity. In this connection, a 
promising direction is the use of cements obtained by 
the method of mechanochemical activation [1].  

At present, the improvement of the quality of dry 
building mixtures based on mineral binders is in the 
direction of their modification by introducing various 
additives and components that give certain quality 
indicators. 

Compositions and technological principles for 
obtaining dry mixes for building mortars with 
increased crack resistance, high adhesive ability to the 
base, and reduced thermal conductivity have been 
developed. 

Obtained by joint grinding of Portland cement 
clinker (or commercial cement) and two-water 
gypsum with a mineral additive and a superplasticizer, 
they make it possible to retain the advantages of finely 
ground cements with a significant reduction in their 
water demand (NG = 16.0%), and also have a reduced 
content of the clinker component. The latter is 
especially important from the standpoint of reducing 
the energy intensity of the production of such binders. 
Therefore, the purpose of this work was to establish 
the possibility of using activated cement in the 
development of adhesive mixtures, as well as to study 
the influence of composition factors on the adhesive 
strength of mortar mixtures. 

It is known that mineral binders - components that 
provide the main molecular bonds between particles, 
are responsible for the adhesion of particles to each 
other, with the base surface of the bonded finishing 
material. The well-known gypsum and cement are 
most often used as the most well-known binders in the 
formulations of dry building mixtures. It is these 
mineral building materials that begin to work only 
when interacting with water. Their proportions in the 
composition of the mixture, properties and quality 
characteristics are the basis for self-leveling floor, 
plaster or tile adhesive [1,2]. 

Fillers in mortar mixtures based on cement, which 
form a layer between the particles of the cement matrix 
and regulate such characteristics of the dry mixture as 
strength, plasticity, adhesion, volume, consumption 
rate, bulk density, heat and sound insulation properties 

of the composition. The most common fillers are 
materials such as quartz sand of different fractions for 
different materials, limestone powder, special fibers 
that strengthen bonds in the mixture, marble and its 
derivatives: marble flour and marble chips. 

The quality of adhesive dry mixes depends not only 
on the particle size distribution of the filler, but also on 
the content of foreign additives, the presence of which 
significantly affects the final result. In addition, the 
composition of the mineral filler may contain chemical 
compounds (for example, active alumina) that can 
affect the cement hydration process. 

Most thin layer mortars, such as tile adhesives and 
thin plasters, typically contain grains no larger than 0.6 
mm. Compounds intended for thick-layer application, 
including decorative ones, contain larger grains. Sizes 
up to 0.1 mm are typical for such smooth solutions as 
putties and jointing masses. The maximum mechanical 
properties, such as pull-off force, with a minimum 
consumption of chemical additives can be achieved 
when the filler has a sufficiently dense packing, that 
is, it contains approximately the same proportions of 
different fractions. 

Modifying additives contribute to the retention of 
water for the right amount of time, for the uniformity 
of drying of the finished solution, for the absence of 
cracks in the composition, for increasing the adhesive 
strength and for the thickness of the application, for 
many subjective characteristics: plasticity, lightness 
and ease of use, and much more. 

It is known that water-soluble cellulose ethers due 
to weak intermolecular interaction with water 
molecules, these cellulose ethers have excellent water-
retaining capacity [2,3].    

In mortar mixtures, water is replaced by a 
homogeneous jelly-like solution of methylcellulose, in 
which particles of cement and aggregate are 
suspended. The high water-retaining capacity of such 
a system contributes to the complete hydration of the 
cement and allows the mortar to gain the required 
strength even with thin-layer application. After 
leaving the water, the polymer in the form of the 
thinnest film remains on the surfaces between the 
cement stone and the filler, without affecting the 
mechanical characteristics of the hardened mortar. 
Thus, the addition of a small amount (0.02-7%) of 
water-soluble cellulose ethers to cement-sand 
mixtures leads to a significant increase in open time 
and allows the solution to hydrate evenly throughout 
the volume, and also provides a significant increase in 
adhesion to the base and an improvement in surface 
quality. 

It has been found that the thicker the layer of 
cement slurry, the less methylcellulose is required to 
provide the required degree of initial hydration, so the 
label of the dry mix must clearly indicate the minimum 
allowable thickness of the application of the 
composition. In turn, thick-layer (10 mm or more) use 
of a solution with a high content of cellulose ether, 
intended for thin-layer technologies, is also 
unacceptable. In this case, a ñcaramel effectò may 
appear, when the surface cures normally, but the 
uncured grout remains inside. For this reason, for the 
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preparation of uneven substrates (with differences of 
more than 10-15 mm), it is recommended to use a 
system of materials consisting of a dry mix for rough 
leveling and a thin-layer leveling mass, which 
provides a smooth finish layer on the surface of which 
the floor covering is laid. A systematic approach not 
only allows you to avoid these troubles, but also 
reduce the cost of materials. 

The next group of additives includes dispersion 
powders, which, unlike water-soluble cellulose 
derivatives, when mixed with water, form non-
solutions, two-phase systems consisting of polymer 
particles (based on copolymers of vinyl acetate and 
ethylene, vinyl chloride, styrene-acrylate, etc.) 
dispersed in water. The addition of these compositions 
to construction chemicals allows you to actively 
influence the characteristics of the final material and 
provides results that are unattainable using only 
traditional mineral binders. 

The next step was the use of two-component 
compositions, consisting of a cement-sand mixture 
prepared in the factory, and a polymer dispersion 
supplied in liquid form, which are mixed at the 
construction site. Two-component solutions are still 
used, but the aqueous dispersion loses its properties 
when it freezes, therefore, in the cold season, its 
transportation and preparation of the working solution 
cause certain difficulties. 

It has been established that the joint introduction of 
the composition of a dry adhesive redispersible 
polymer powder helps to increase the penetrating 
effect of the additive and increase the adhesion of 
pecking mortars, increasing the strength to the base by 
1.5-2.5 times. 

The results of the study showed that the addition of 
dispersed powders and methylcellulose to adhesive 
dry building mixtures gives tile adhesives increased 
adhesive ability and fixing properties, i.e. the tile does 
not slip when stuck on the wall. This allows tilers to 
work without the usual additional equipment. The 
joint introduction of the composition of dry adhesive 
redispersible polymer powder enhances the 
penetrating effect of the additive and increases the 
adhesion of pecking mortars, increasing the strength to 
the base by 1.5ï2.5 times [2,4]. 

Dispersions differ from methylcellulose in their 
mechanism of action. As water is consumed, it 
concentrates in the pores of the cement stone and the 
dispersion is concentrated there, forming ñelastic 
bridgesò that work in tension and bending 
incomparably better than cement. The combination of 
mineral and polymeric binders makes it possible to 
produce building chemistry products that not only 
have increased strength properties and improved 
adhesion (including to such ñproblematicò substrates 

as metal, wood, plastic, glazed tiles, etc.), but and 
controlled rheological (thixotropy, plasticity) and 
special characteristics. 

On the basis of the conducted studies, it was found 
that the increase in adhesion to complex substrates, 
dispersion powders act as a polymer binder in cases 
where the shear load exceeds the capabilities of 
cement-sand mortars modified only with cellulose 
ether. The plasticity of such adhesive compositions 
makes it possible, in particular, to compensate for 
thermal stresses that occur between the facing material 
and the base. 
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The article presents the main provisions and problems of maintaining the consumer properties of road cement concrete 
pavements through the introduction of intensive technologies for their repair and maintenance. 
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suspensions, forming materials, epoxy resins, powdered polymers, peeling, butyldiglycol and alkyl polyethylene glycol 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʚʩʪʘʣʠ ʚʦ-
ʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 
ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʦʨʦʞʥʳʭ ʙʝʪʦʥʦʚ. ɺ 
ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʪʝʡ ʧʦʚʳʰʝ-
ʥʠʷ ʢʘʯʝʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ 
ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦ-
ʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʫʪʝʡ ï 
ʧʨʠʤʝʥʝʥʠʝ ʜʦʨʦʞʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʝʪʦʥʦʚ ʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 
ʧʨʦʯʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ [1]. 
ʅʝʢʘʯʝʩʪʚʝʥʥʳʡ ʫʭʦʜ ʟʘ ʙʝʪʦʥʦʤ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ ʚʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʫʩʘʜʦʯʥʳʭ ʪʨʝʱʠʥ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 
ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʫʩʪʨʘʥʷʪʴ ʫʩʘʜʦʯʥʳʝ ʪʨʝʱʠʥʳ ʜʦ-
ʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʤʦʥʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 
ʵʪʠʭ ʮʝʣʝʡ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʮʝʤʝʥʪʥʦ-ʚʦʜʥʳʝ ʩʫʩ-
ʧʝʥʟʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʮʝ-
ʤʝʥʪʦʚ ʩ ʚʦʜʦʮʝʤʝʥʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 0,5é0,7 ʩ 
ʜʦʙʘʚʣʝʥʠʝʤ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. ʇʦʩʣʝ ʧʝʨʝʤʝ-
ʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 1é3 ʤʠʥʫʪ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-
ʥʦʤ ʩʤʝʩʠʪʝʣʝ (3000é7000 ʦʙ/ʤʠʥ) ʩʫʩʧʝʥʟʠʷ 
ʧʨʠʦʙʨʝʪʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʧʝʥʝʪʨʘʮʠʦʥʥʫʶ ʩʧʦ-
ʩʦʙʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʱʝʪʦʢ ʝʝ ʥʘʥʦʩʷʪ ʠ ʚʪʠʨʘʶʪ 
ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ 
ʚʧʠʪʳʚʘʥʠʷ ʚ ʙʝʪʦʥ. ɿʘʪʝʤ ʦʩʫʱʝʩʪʚʣʷʶʪ ʫʭʦʜ ʟʘ 
ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪ-
ʥʳʭ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ 
ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʠʩ-
ʧʦʣʴʟʫʶʪ ʧʨʦʧʠʪʦʯʥʳʝ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦ-
ʨʦʚ ʬʪʦʨ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʠʣʠ ʮʠʥʢʘ ʚ ʚʦʜʝ, ʢʦʪʦ-
ʨʳʝ ʦʙʨʘʟʫʶʪ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ 
ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʙʝʪʦʥʘ, ʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʭʨʘ-
ʥʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʥʦʛʦ ʧʦ-
ʢʨʳʪʠʷ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ [4]. 
ʇʦʥʠʞʝʥʠʝ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʝʪʦʥʥʦʛʦ ʟʘ-

ʱʠʪʥʦʛʦ ʩʣʦʷ ʤʦʩʪʦʚʦʛʦ ʧʦʣʦʪʥʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦ-
ʩʪʠʛʥʫʪʦ ʪʘʢʞʝ ʧʫʪʝʤ ʝʛʦ ʧʨʦʧʠʪʢʠ ʩʧʝʮʠʘʣʴʥʳʤʠ 
ʩʦʩʪʘʚʘʤʠ (ʨʠʩ. 1.1). ɺ ʵʪʠʭ ʮʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʦʜʥʦ ʠ ʜʚʫʭ ʟʘʤʝʱʝʥʥʳʝ ʬʦʩʬʘʪʳ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, 
ʩʧʦʩʦʙʥʳʝ ʚʩʪʫʧʠʪʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʠʜʨʦʢ-
ʩʠʜʦʤ ʢʘʣʴʮʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʇʨʠ ʵʪʦʤ ʦʙʨʘ-
ʟʫʝʪʩʷ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʝ ʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ, 
ʢʦʣʴʤʘʪʠʨʫʶʱʠʝ ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ ʚ ʟʘʱʠʪʥʦʤ 
ʩʣʦʝ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʦʩʥʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʧʨʦʧʠ-
ʪʦʯʥʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʈʝʩʧʫʙʣʠʢʝ 
ʋʟʙʝʢʠʩʪʘʥ. ʈʘʩʭʦʜ ʧʨʝʧʘʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 
350é500 ʛ ʥʘ 1 ʤ2 ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. ʇʦʩʣʝ ʪʨʝʭ-
ʢʨʘʪʥʦʡ ʧʨʦʧʠʪʢʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 5 ʩʫʪʦʢ ʚʦʜʦʧʨʦ-
ʥʠʮʘʝʤʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ 2,5-4 ʨʘʟʘ.  
ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʝ ʧʝʨʝʧʘʜʳ ʚʳʟʳ-

ʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʙʝʪʦʥʝ. 
ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʰʝʣʫʰʝʥʠʷ ʠ ʫʩʘʜʦʯʥʳʭ 
ʪʨʝʱʠʥ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʤʦʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝ-
ʯʝʥʘ ʟʘ ʩʯʝʪ: 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ ʨʝ-
ʤʦʥʪʥʳʭ ʩʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʠʛʦʪʦ-
ʚʠʪʴ ʠ ʥʘʥʝʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʪʠʷ; 

¶ ʙʳʩʪʨʦʛʦ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʪʨʝʤʦʥʪʠʨʦ-
ʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʝʛʦ ʚʳʩʦʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘ-
ʨʘʤʝʪʨʦʚ; 

¶ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ, ʜʝ-
ʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʘʜʛʝʟʠʠ ʢ ʙʝʪʦʥʫ. 

 
ʈʠʩ. 1. ʇʨʦʧʠʪʢʘ ʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

 
ʇʨʠ ʛʣʫʙʠʥʝ ʰʝʣʫʰʝʥʠʷ ʜʦ 10 ʤʤ ʧʨʠʤʝʥʷʶʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ-
ʢʨʳʪʠʷ ʧʫʪʝʤ ʝʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʫʢʨʝʧʣʝ-
ʥʠʝ ʙʝʪʦʥʘ ʛʠʜʨʦʬʨʦʙʠʟʠʨʫʶʱʠʤ ʩʦʩʪʘʚʦʤ ʩ ʧʦ-
ʤʦʱʴʶ ʧʨʦʧʠʪʢʠ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʣʫʞʠʪ ʥʝ 
ʪʦʣʴʢʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʢʨʳʪʠʷ, ʥʦ 
ʠ ʩʚʷʟʘʥʘ ʪʘʢʞʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʜʚʠʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ 
ʢʦʣʝʩ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʪʠʢ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʰʝʣʫ-

ʰʝʥʠʷ ʙʝʪʦʥʘ ʩʦʟʜʘʝʪ ʠʣʣʶʟʠʶ ʙʣʘʛʦʧʦʣʫʯʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʣʘʛʠ ʥʘ ʢʦʥ-
ʪʘʢʪʝ ʩʣʦʝʚ ʤʘʩʪʠʢʠ ʠ ʙʝʪʦʥʘ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 
ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʝʛʦ ʟʘʤʝʨʟʘʥʠʠ. ʇʦ-
ʵʪʦʤʫ ʜʣʷ ʨʝʤʦʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʮʝʤʝʥʪʦ-
ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʩʪʘʚʳ ʥʘ ʦʩ-
ʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʣʠ ʵʤʫʣʴʛʠʨʦʚʘʥʥʳʭ 
ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝ 
ʪʦʣʴʢʦ ʟʘʢʨʝʧʣʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʙʝʪʦʥʘ, ʠʤʝʶʪ ʥʝʚʳʩʦʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚ 
ʟʘʪʚʝʨʜʝʚʰʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʦʣʴʰʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 
ʫʜʣʠʥʝʥʠʝ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʩ 
ʵʪʦʡ ʟʦʥʳ ʢʦʥʪʘʢʪʘ. ʊʘʢ, ʜʣʷ ʨʝʤʦʥʪʘ ʛʣʫʙʦʢʦʛʦ 
ʰʝʣʫʰʝʥʠʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʧʦʢʩʠʜʥʦʡ 
ʩʤʦʣʳ ʚ ʩʤʝʩʠ ʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ  ʢʚʘʨʮʝʚʳʤ 
ʧʝʩʢʦʤ (ʪʘʙʣ. 1.1). ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʧʦ-
ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ 
ʩʧʦʩʦʙʥʳ ʨʘʩʧʣʘʚʣʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʣʝʥʦʯʥʳʝ ʧʦʨʠʩʪʳʝ 
ʧʦʢʨʳʪʠʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʩʪʳʚʘʥʠʠ. ɺ ʵʪʦʤ 
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ʩʦʩʪʦʠʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʩʧʦʩʦʙʦʚ ʠʭ 
ʥʘʥʝʩʝʥʠʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʪʨʦʡ-
ʩʪʚʘ ʧʦʢʨʳʪʠʡ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ 
ʠʟ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʤʦʨʬʥʳʭ ʧʦʨʦʰʢʦ-
ʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʠʚʠʥʠʣʙʫʪʠʨʘʣʴ 
(ʇɺɹ) [4].  

ʊʘʙʣʠʮʘ 1 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ 

 ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3, ʧʨʠ 230ʉ  2,05 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 
ʛʨʘʜ.  -1 

3 ʭ 10-5 

ʇʨʦʯʥʦʩʪʴ, ʄʇʘ:  

   - ʧʨʠ ʩʞʘʪʠʠ 50 

   - ʥʘ ʨʘʩʪʷʞʝʥʠʠ 20 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 3800 

ʇʨʝʜʝʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ 
ʨʘʟʨʳʚʝ, % 

1,5 

 

ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 
ʨʘʩʧʣʘʚʦʤ ʧʦʣʠʤʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʦʢʨʳ-
ʪʠʝ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 
(ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2 
ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʇɺɹ 

 ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ, ʄʇʘ 5,6é8,2 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 10 3 ʄʇʘ 10é13,5 

ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʧʨʠ ʦʪʨʳʚʝ, ʄʇʘ 1,5é1,9 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʤʫ ʩʜʚʠʛʫ, ʄʇʘ 
1,7é2,0 

ʂʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʨʘʩʰʠʨʝʥʠʷ, 10 -6  0ʉ-1  

19é24 

ʀʩʪʠʨʘʝʤʦʩʪʴ ʧʦʩʣʝ 1000 ʮʠʢʣʦʚ, ʛ/ʩʤ2 0,075 

 

ʊʝʭʥʦʣʦʛʠʷ ʨʝʤʦʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 
ʦʧʝʨʘʮʠʡ: 

- ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʨʘʟʨʫʰʝʥʥʦʛʦ ʙʝʪʦʥʘ; 
- ʧʨʦʤʳʚʢʘ ʠ ʧʨʦʩʫʰʠʚʘʥʠʝ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ; 
- ʛʨʫʥʪʦʚʢʘ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫ-

ʭʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ    ʇɺɹ ʠ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ; 
- ʥʘʛʨʝʚ ʩʣʦʷ ʧʦʣʠʤʝʨ ʤʠʥʝʨʘʣʴʥʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ ʫʩʪʘʥʦʚʢʦʡ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦ ʪʝʤ-
ʧʝʨʘʪʫʨʳ 250é3000 ʉ; 

- ʪʚʝʨʜʝʥʠʝ ʨʝʤʦʥʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʝʩʪʝʩʪʚʝʥ-
ʥʳʭ ʫʩʣʦʚʠʷʭ.  
ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʢʨʳʪʠʷ 

ʦʪʢʨʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʦʪ-
ʨʝʤʦʥʪʠʨʦʚʘʥʥʦʤʫ ʫʯʘʩʪʢʫ ʤʦʞʥʦ ʯʝʨʝʟ 2é3 ʯ. 
ʆʜʥʘʢʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʩʚʷʟʘʥʘ ʩ ʥʘʛʨʝʚʦʤ ʤʘʪʝʨʠ-
ʘʣʦʚ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʟʘ-
ʪʨʘʪ. 
ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ  ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝ-
ʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʦʣʠʤʝʨʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, 
ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʚʦʜʥʳʝ ʜʠʩʧʝʨʩʠʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. ʇʨʠ ʵʪʦʤ 
ʩʤʦʣʳ ʧʨʦʥʠʢʘʶʪ ʠ ʦʪʚʝʨʞʜʘʶʪʩʷ ʚ ʧʦʨʘʭ ʠ ʪʨʝ-
ʱʠʥʘʭ ʚ ʙʝʪʦʥʝ, ʘ ʚʦʜʥʘʷ ʬʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʛʠʜʨʘʪʘʮʠʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ʉʣʦʡ ʠʟ ʪʘʢʦʛʦ ʢʦʤ-
ʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 
ʙʝʪʦʥʘʤʠ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦ-
ʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ (ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʢ ʜʝʡʩʪʚʠʶ ʰʠʧʦʚʘʥʥʦʡ ʨʝʟʠʥʳ) ʠ ʨʘʟʣʠʯ-
ʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʨʠʤʝ-
ʥʝʥʠʠ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 1.2). 

 

ʈʠʩ. 2. ɺʦʟʜʝʡʩʪʚʠʝ ʰʠʧʦʚʘʥʥʦʡ ʨʝʟʠʥʳ ʥʘ ʜʦʨʦʞ-
ʥʦʝ ʧʦʢʨʳʪʠʝ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʚʦʜ-
ʥʳʝ ʜʠʩʧʝʨʩʠʠ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʨʘʟʣʠʯʥʦʛʦ ʭʠ-
ʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʥʦ-
ʚʦʛʦ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʝʛʦ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʠ ʦʙ-
ʤʘʟʦʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʩʦʩʪʘʚʘ 
ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ. 
ʉʦʩʪʘʚ ˉ1 ï ʚ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʤʝʨ ʚ ʙʫʪʠʣʜʠʛʣʠʢʦʣʝ ʚ 
ʩʤʝʩʠ ʩ ʘʣʢʠʣʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʤ ʵʬʠʨʦʤ, ʚ 
ʩʦʩʪʘʚʝ ˉ2 ï ʚ ʢʘʯʝʩʪʚʝ ʵʤʫʣʴʛʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʤʝʨ ʚ ʙʫʪʠʣʜʠʛʣʠʢʦʣʝ, 
ʘ ʚ ʩʦʩʪʘʚʝ ˉ3 ï ʚ ʢʘʯʝʩʪʚʝ  ʵʤʫʣʴʛʘʪʦʨʘ ʠʩʧʦʣʴ-
ʟʦʚʘʥ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʤʝʨ, ʨʘʩʪʚʦʨʳ-
ʤʳʡ ʚ ʙʫʪʠʣʜʠʛʣʠʢʦʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  ʚ ʢʘʯʝʩʪʚʝ 
ʩʪʘʙʠʣʠʟʘʪʦʨʘ ï ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʫʨʝ-
ʪʘʥʘ. ɹʳʣʠ ʧʨʠʥʷʪʳ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʢ 
ʤʘʩʩʝ ʮʝʤʝʥʪʘ ʇ/ʎ ʠ ʤʘʩʩʳ ʚʦʜʳ ʢ ʤʘʩʩʝ ʮʝʤʝʥʪʘ 
ɺ/ʎ, ʨʘʚʥʳʝ 0,25 [7]. 
ɺʘʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʧʦʣʠʤʝʨʙʝʪʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʠʭ ʧʦ-
ʜʚʠʞʥʦʩʪʴ ʠ ʩʦʭʨʘʥʷʝʤʦʩʪʴ ʵʪʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚʦ 
ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʪʨʠ ʛʠʜʨʦʬʦ-
ʙʠʟʠʨʫʶʱʠʭ ʦʙʤʘʟʦʯʥʳʭ ʩʦʩʪʘʚʘ, ʠʤʝʶʱʠʝ ʨʘʟ-
ʣʠʯʥʳʝ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʤʦʩʪʠ, ʢʦ-
ʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʳʡ [4]. 
ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʝʥʠʷ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʧʨʠʟʚʘʥʘ ʨʘʟʨʘʙʘʪʳ-
ʚʘʪʴ ʥʦʚʳʝ ʚʠʜʳ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʭ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ. ɽʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʘʢʪʠ-
ʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʦʷʪ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʦʜʦ-
ʣʝʪʴ ʚʩʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʨʘʟʨʘʙʦʪʢʦʡ, 
ʚʥʝʜʨʝʥʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʚʩʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʯʠ-
ʥʝʥʳ ʦʙʱʝʡ ʮʝʣʠ ï ʜʦʩʪʠʞʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ 
ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʭ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʝʩʫʨʩ-
ʥʳʭ ʟʘʪʨʘʪʘʭ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ.    
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ɼʘʥʦ ʦʙʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʚʝʜʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʠʜʦʚ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʤʘʪʝʨʠ-
ʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʅʘ ʦʪʜʝʣʦʯʥʳʝ ʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ, ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʩʝ ʦʙʱʠʝ ʚʦʟʟʨʝʥʠʝ, ʢʘʩʘʶʱʠʝʩʷ ʪʝʧ-
ʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 
ʬʠʟʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʝʛʦ ʚʝʱʝʩʪʚʘ ʦʪʚʝʯʘʝʪ ʦʜʥʦʤʫ ʥʘ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ.    

Gidroizolyatsiyalovchi va germetizatsiyalovchi materiallarning texnologik asoslari  
Bino va inshootlarni qurishda ishlatiladigan gidroizolyatsiya va plombalash materiallarining yangi turlarini ishlab 

chiqish bo'yicha umumiy yo'nalishlar va ma'lumotlar berilgan. Ma'lum bir shakldagi jismoniy jismlar bilan ifodalangan 
pardozlash va gidroizolyatsiya materiallari issiqlik izolyatsiyalovchi materiallarga nisbatan barcha umumiy qarashlarga 
bo'ysunadi; ma'lum texnologik sharoitlarda olingan sun'iy material, moddaning fizik holatiga ko'ra, quyidagilardan biriga 
mos keladi. bu davlatlar. 

Basics of technology waterproofing and sealing materials. 
General directions and information on the development of new types of waterproofing and sealing materials used in the 

construction of buildings and structures are given. Finishing and waterproofing materials, represented by physical bodies of 
a given shape, are also subject to all the general views regarding heat-insulating materials; an artificial material obtained 
under certain technological conditions, according to the physical state of its substance, corresponds to one of these states. 

 

ʄʘʪʝʨʠʘʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʟʘʱʠʪʳ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 
ʦʪ ʫʚʣʘʞʥʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ, ʥʘʟʳʚʘʶʪʩʷ 
ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʤʠ. ʆʥʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʦ-
ʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʣʛʦʚʝʯʥʦ-
ʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʯʥʦʩʪʴʶ, ʜʝʬʦʨʤʘ-
ʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. ʏʝʤ 
ʚʳʰʝ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʪʝʤ ʚʳʰʝ ʠʭ ʢʘʯʝʩʪʚʦ. 
ɻʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪ ʩ 

ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʦʣʦ 5000 ʣʝʪ 
ʥʘʟʘʜ ʧʨʠʨʦʜʥʳʝ ʙʠʪʫʤ ʠ ʩʤʦʣʘ, ʘ ʪʘʢʞʝ ʘʩʬʘʣʴʪʳ 
(ʧʨʠʨʦʜʥʘʷ ʩʤʝʩʴ ʙʠʪʫʤʘ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʥʘʧʦʣ-
ʥʠʪʝʣʝʤ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʫʩʪʨʦʡʩʪʚʦ 
ʠʟʦʣʷʮʠʠ ʚ ʝʛʠʧʝʪʩʢʠʭ ʠ ʚʘʚʠʣʦʥʩʢʠʭ ʢʠʨʧʠʯʥʳʭ 
ʭʨʘʤʘʭ, ʨʠʪʫʘʣʴʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʙʘʥʷʭ ʠ ʚʦʜʦʩʪʦ-
ʢʘʭ.  
ʇʨʠʨʦʜʥʳʡ ʙʠʪʫʤ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʣʫ-

ʞʠʪ ʥʘʜʝʞʥʳʤ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 
ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʫʞʝ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷ-
ʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʙʠʪʫʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʚ 
ʚʠʜʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʢʨʝʢʠʥʛʝ ʥʝʬʪʠ. ʅʘ 
ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʪʫʤʘ ʨʘʟʚʠʣʘʩʴ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʴ ʨʫʣʦʥʥʳʭ, ʤʘʩʪʠʯʥʳʭ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʠ 
ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠ ʢʨʦʚʝʣʴʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. 
ʉʚʦʡʩʪʚʘ ʙʠʪʫʤʦʚ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʨʷʜʦʤ 

ʩʪʘʥʜʘʨʪʦʚ: ɻʆʉʊ 6617-76, 9548-74, 11955-82, 
22245-76, 9812-74. 
ʇʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʛʠʜʨʦʠʟʦʣʷ-

ʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʛʨʫʥʪʦʚʦʯ-
ʥʳʝ, ʧʦʜʤʘʟʦʯʥʳʝ, ʰʧʘʪʣʝʚʦʯʥʳʝ, ʠʟʦʣʷʮʠʦʥʥʳʝ 
ʠ ʧʦʢʨʦʚʥʳʝ. 
ɻʨʫʥʪʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʥʦʩʷʪ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʠʟʦʣʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʮʝʣʴʶ ʟʘʧʦʣʥʝ-
ʥʠʷ ʧʫʩʪʦʪ ʠ ʜʨʫʛʠʭ ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʜʣʷ ʧʦʚʳʰʝ-
ʥʠʷ ʩʮʝʧʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʩʣʦʷʤʠ.  

ʇʦʜʤʘʟʦʯʥʳʝ ʠʣʠ ʟʘʪʠʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʳ-
ʨʘʚʥʠʚʘʶʪ ʫʛʣʫʙʣʝʥʠʷ ʠ ʣʠʢʚʠʜʠʨʫʶʪ ʤʠʢʨʦʜʝ-
ʬʝʢʪʳ. ʐʧʘʪʣʝʚʦʯʥʳʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʚʳʨʘʚʥʠʚʘʶʪ 
ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪ ʝʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 
ʦʩʥʦʚʥʦʛʦ ʠʟʦʣʠʨʫʶʱʝʛʦ ʩʣʦʷ. ʀʟʦʣʷʮʠʦʥʥʳʝ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢ-
ʮʠʠ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʝ ʧʘʨʦʚʦʜʷʥʦʡ ʩʨʝʜʳ. 
ʇʦʢʨʦʚʥʳʝ ʥʘʥʦʩʷʪ ʥʘ ʠʟʦʣʠʨʫʶʱʠʡ ʩʣʦʡ ʜʣʷ 

ʟʘʱʠʪʳ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʧʨʠʜʘʥʠʷ ʥʘʨʫʞʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʛʠʜʨʦʬʦʙʥʦ-
ʩʪʠ, ʛʣʷʥʮʮʝʚʠʪʥʦʩʪʠ ʠ ʪ.ʧ.). 
ɸʥʪʠʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʦʭʨʘ-

ʥʷʶʪ ʥʝʩʫʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʦʪ  ʧʨʦʥʠʢʥʦʚʘʥʠʝ ʚ 
ʥʝʝ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɸʥʪʠ ʢʦʨʨʦʟʠʦʥʥʳʭ 
ʥʘʥʦʩʷʪ ʥʘ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʧʦʢʨʳʪʠʷ 
ʜʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʘʛʨʝʩʩʠʥʦʛʦ 
ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʳʭ ʘʛʝʥʪʦʚ.ɻʝʨʤʝʪʠʟʠʨʫʶʱʠʝ ʠʩ-
ʧʦʣʴʟʫʶʪ ʜʣʷ ʛʝʨʤʠʪʠʟʘʮʠʠ ʩʦʩʪʘʚʥʦʡ ʢʦʥʩʪʨʫʢ-
ʮʠʠ ʧʫʪʝʤ ʟʘʜʝʣʢʠ ʰʚʦʚ, ʧʫʩʪʦʪ, ʪʨʝʱʠʥ. 
ʇʦ ʩʧʦʩʦʙʫ ʥʘʥʝʩʝʥʠʷ ʠ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʚʘʶʪ ʦʢʨʘ-
ʩʦʯʥʳʤʠ, ʦʙʤʘʟʦʯʥʳʤʠ, ʫʧʣʦʪʥʷʶʱʠʤʠ, ʰʪʫʢʘ-
ʪʫʨʥʳʤʠ, ʤʦʥʪʘʞʥʳʤʠ, ʦʢʣʝʝʯʥʳʤʠ, ʧʨʦʧʠʪʦʯ-
ʥʳʤʠ, ʠʥʲʝʢʮʠʦʥʥʳʤʠ ʠ ʟʘʩʳʧʥʳʤʠ. ʂ ʦʢʨʘʩʦʯ-
ʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ ʩʠʣʠʢʘʪʥʳʝ ʠ ʮʝʤʝʥʪʥʳʝ 
ʢʨʘʩʢʠ, ʙʠʪʫʤʥʳʝ ʠ ʙʠʪʫʤʥʦ-ʧʦʣʠʤʝʨʥʳʝ ʵʤʫʣʴ-
ʩʠʠ, ʣʘʢʠ, ʵʤʘʣʠ. 
ʂ ʦʙʤʘʟʦʯʥʳʤ - ʨʘʟʣʠʯʥʳʝ ʙʠʪʫʤʥʳʝ ʠ ʜʝʛʪʝ-

ʚʳʝ ʤʘʩʪʠʢʠ ʥʘʥʦʩʠʤʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʚ 
ʚʠʜʝʦʙʤʘʟʦʢ. 
ʂ ʫʧʣʦʪʥʷʶʱʠʤ - ʙʝʪʦʥʳ ʠ ʨʘʩʪʚʦʨʳ ʥʘ ʤʠʥʝ-

ʨʘʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʷʟʫʶʱʠʭ.     
ʂ ʰʪʫʢʘʪʫʨʥʳʤ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘ-

ʣʘʤ ʧʨʠʥʘʜʣʝʞʘʪ ʢʦʣʣʦʠʜʥʳʡ ʮʝʤʝʥʪʥʳʡ ʨʘʩʪʚʦʨ, 
ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʪʦʨʢʨʝʪ, ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʥʳʝ 
ʨʘʩʪʚʦʨʳ (ʩ ʫʧʣʦʪʥʷʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ), ʨʘʩʪʚʦʨʳ 
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ʥʘ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʮʝʤʝʥʪʘʭ, ʭʦʣʦʜʥʳʝ ʠ ʛʦʨʷʯʠʝ 
ʙʠʪʫʤʥʳʝ ʤʘʩʪʠʢʠ, ʘʩʬʘʣʴʪʦʚʳʝ ʨʘʩʪʚʦʨʳ ʠ ʪ.ʧ.  
ʂ ʤʦʥʪʘʞʥʳʤ - ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʤʦʥʪʘʞʝ ʢʦʥʩʪʨʫʢʮʠʡ. ʂ ʦʢʣʝʝʯʥʳʤ - ʰʪʫʢʘʪʫʨ-
ʥʳʝ ʠ ʨʫʣʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʬʦʣʴʛʦʠʟʦʣ, ʩʪʝʢʣʦ-
ʠʟʦʣ ʠ ʧʨʦʯʠʝ). 
ʂ ʧʨʦʧʠʪʦʯʥʳʤ ʦʪʥʦʩʷʪʩʷ ʤʘʪʝʨʠʘʣʳ (ʙʠʪʫʤʳ, 

ʜʝʛʪʳ, ʙʠʪʫʤʥʳʝ ʵʤʫʣʴʩʠʠ, ʚʷʟʢʠʝ ʜʝʛʪʠ ʠ ʧʨ.), ʢʦ-
ʪʦʨʳʝ ʧʨʦʥʠʢʘʶʪ ʚ ʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
ʂ ʟʘʩʳʧʳʤ ʦʪʥʦʩʷʪ ʤʘʪʝʨʠʘʣʳ, ʛʠʜʨʦʬʦʙʠʟʠ-

ʨʦʚʘʥʥʳʝ ʟʘʰʠʪʥʳʤʠ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʤʠ ʧʣʝʥ-
ʢʘʤʠ  (ʙʠʪʫʤ, ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ), ʥʘ 
ʦʩʥʦʚʝ ʟʦʣʳ-ʫʥʦʩʘ, ʧʝʩʢʦʚ ʠ ʜʨʫʛʠʝ. 
ʇʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʚʥʝʰʥʝʤʫ ʚʠʜʫ 

ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ 
ʞʠʜʢʠʝ, ʧʣʘʩʪʠʯʥʦ-ʚʷʟʢʠʝ, ʘ ʪʘʢʞʝ ʥʘ ʪʚʝʨʜʳʝ ʠ 
ʫʧʨʫʛʦ-ʚʷʟʢʠʝ. 
ʊʠʧ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ (ʪʘʣʠʮʘ 1).  
ɻʠʜʨʦʠʟʦʷʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʩʙʦʨʥʳʭ ʩʦ-

ʦʨʫʞʝʥʠʡ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʩʦʚʘʪʴʩʷ ʩʣʝʜʫʶ-
ʱʠʤʠ ʧʦʢʘʟʘʪʝʣʴʷʤʠ: 

 
 ̄ ʇʦʢʘʟʘʪʝʣʠ ɽʜ. ʠʟʤ. ʉʦʜʝʨʞʘʥʠʝ 

1 ɺʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʨʠ ʥʘʧʦʨʝ ʄʇʘ 1 
2 ɺʦʜʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʚʦʜʝ, ʯʝʨʝʟ 3 ʤʝʩ.: 
ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʥʝ ʙʦʣʝʝ 
ʥʘʙʫʭʘʥʠʝ, ʥʝ ʙʦʣʝʝ  

 
% ʤʘʩʩʳ 
% ʦʙʲʝʤʝ 

 
3 
1 

3 ʂʦʵʬʬʠʮʠʝʥʪ  ʚʦʜʦʫʩʪʦʡʯʠʚʦʩʪʠ   0,85-0,95 
4 ʊʝʧʣʦʫʩʪʦʡʯʠʚʦʩʪʴʶ: ʧʝʨʝʦʜʠʯʝʩʢʠ ʧʨʠ 
ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

0ʉ 
60 
50 

5 ʊʨʝʱʠʥʱʦʩʪʦʡʢʦʩʪʴʶ ʧʨʠ: 
ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ,   
ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʨʳʪʠʠ ʪʨʝʱʠʥ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʨʳʪʠʷ  

 
0ʉ 
ʤʤ 
ʩʤ/ʩ 

 
-30 
1 

10-5 

6 ʂʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʚʦʜʝ %  
7 ʑʝʣʦʯʝʩʪʦʡʢʦʩʪʴ ʧʨʠ ʨʅ, ʥʝ ʙʦʣʝʝ 
ʢʠʩʣʦʩʪʦʡʢʦʩʪʴʶ ʧʨʠ ʨʅ, ʥʝ ʙʦʣʝʝ 
ʩʫʣʴʬʘʪʦʩʪʦʡʢʦʩʪʴ ʠʦʥʦʚ SO3, ʥʝ ʙʦʣʝʝ 

 
ʛ/ʣ 

9 
6,5 
100 

8 ɼʠʥʘʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʜʦ-
ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʝ ʥʠʞʝ 

 0,7 

   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ  - ɻ ʪʦ ʥʘʫʢʘ ʦ 
ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʧʦ-
ʩʦʙʘʭ ʦʴʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠʣʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʩ ʮʝ-
ʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʥʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʦ 
ʩʙʦʨʢʝ ʠʟ ʵʪʠʭ ʜʝʪʘʣʝʡ ʟʘʨʝʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʠʣʠ ʩʦʦʨʫʞʝʥʠʡ.  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʪʜʝʣʦʯ-

ʥʳʭ, ʪʝʧʣʦ ʠ ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʝʭʦʜʦʤ ʦʪ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦ-
ʜʦʚ ʢ ʤʝʪʦʜʘʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩ-
ʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʫʩʧʝʭʦʚ ʭʠʤʠʠ ʠ 

ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦʪʝʣʘ. 
 ʊʘʙʣʠʮʘ 1.  

ʆʩʥʦʚʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʪʠʧʘ ʛʠʜʨʦʠʟʦʣʷ-
ʮʠʠ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʧʦ ʉ.ʅ. ʇʦʧʯʝʥʢʦ) 
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ñʜʦʙ.ò ï ʚʚʝʜʝʥʠʝ ʜʦʙʘʚʦʢ.  

 

ɺʘʞʥʝʡʰʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʙʣʠʞʘʡʱʝʛʦ ʙʫʜʫ-
ʱʝʛʦ ʥʘʫʢʠ ʦʙ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʷʚʠʪʩʷ ʦʙʲʝʜʠʥʝ-
ʥʠʝ ʫʩʠʣʠʡ ʫʯʝʥʳʭ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ - 
ʪʝʭʥʦʣʦʛʦʚ ʠ ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʤʘʪʠʤʘʪʠʢʦʚ, ʬʠʟʠ-
ʢʦʚ, ʭʠʤʠʢʦʚ, ʛʝʦʣʦʛʦʚ - ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤ-
ʧʣʝʢʩʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʪʚʝʯʘʝʪ ʬʠ-
ʣʦʩʦʬʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʦ ʪʦʤ, ʯʪʦ ʤʦʛʫʰʝʩʪʚʦ ʥʘʯʫ-
ʥʦʛʦ ʟʥʘʥʠʷ - ʚ ʝʛʦ ʦʙʦʙʱʝʥʥʦʩʪʠ, ʚʩʝʦʙʱʥʦʩʪʠ, 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʦʙʲʝʢʪʠʚʥʦʡ ʠʩʪʠʥʥʦʩʪʠ.     

 
 

ʌɸʈנʆʅɸ ɺʆɼʀʁʉʀɼɸ ʀʐʃɸɹ ʏʀפɸʈʀʃɸɼʀɻɸʅ ʂɽʈɸʄʀʂ נʀʐʊʃɸʈɼɸ 
 ɶʃʃɸʅʀʃɸɼʀɻɸʅ ʍʆʄ ɸʐɪʃɸʈ ʍʋʉʋʉʀʗʊʃɸʈʀפ

 
ɸʜʳʣʭʦʜʞʘʝʚ ɸ.ʀ., ʜ.ʪ.ʥ ʧʨʦʬ., ʊʦʢhʝʥʪ ʜʘʚʣʘʪ ʊʝʭʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʠ. 

ʉʦʥ ɼ.ʆ., ʜʦʢʪʦʨʘʥʪ.. ʌʘʨסʦʥʘ ʧʦʣʠʪʝʭʥʠʢʘ ʠʥʩʪʠʪʫʪʠ 
 
 ʫʡʠʜʘʛʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨץ ʘʨʠʰץʪʜʘ ʩʘʥʦʘʪ ʤʘʩʰʪʘʙʠʜʘ ʜʝʚʦʨʙʦʙ ʢʝʨʘʤʠʢ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʦʟʠʨʛʠ ʚʘ׳

ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʤʦץʜʘ.  ʋʰʙʫ ʤʘץʦʣʘ ʢʝʨʘʤʠʢ סʠʰʪʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʚʘ ʪʘʨʢʠʙʠʥʠ ʠʰʣʘʙ 
ʯʠץʠʰ ʙʦʰʣʘʥסʠʯ ʭʦʤ ʘʰʸʥʠ ״ʘʨ ʪʦʤʦʥʣʘʤʘ, ʢʦʤʧʣʝʢʩ ʪʘʜץʠץʦʪʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʂʝʨʘʤʠʢ סʠʰʪ, ʢʠʤʸʚʠʡ ʵʣʝʤʝʥʪʣʘʨ, סʠʰʪ ʠʰʣʘʙ ʯʠץʘʨʠʰ, ʡʠʨʠʢʜʦʥʘʣʠ, ʤʘʡʜʘʜʠʩʧʝʨʩʣʠ, ʭʦʤ-

ʘʰʸ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʝʥʦʚʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʩʫʱʝʩʪʚʣʷ-
ʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʝʨ-
ʚʠʯʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʢʠʨʧʠʯʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʠʨʧʠʯ ʢʝʨʘʤʠʯʝʩʢʠʡ, ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʠʨʧʠʯʘ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ, ʤʝʣ-

ʢʦʟʝʨʥʠʩʪʳʡ, ʩʳʨʴʝ. 

At present, the production of wall ceramic materials on an industrial scale is carried out on the basis of the following 
technologies. This article is based on comprehensive, integrated studies of primary raw materials for the development of 
production technology and composition of ceramic bricks. 

Key words: Ceramic brick, chemical elements, brick production, coarse-grained, fine-grained, raw materials. 
 

ɹʦʟʦʨ ʠץʪʠʩʦʜʠʸʪʠ ʰʘʨʦʠʪʠʜʘ ʠʰʣʘʙ 
ʯʠץʘʨʠʰʥʠ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʙʝʣʛʠʣʦʚʯʠ ʦʤʠʣ ʙʫ 
ʨʘץʦʙʘʪʙʘʨʜʦʰ ʤʘ״ʩʫʣʦʪʣʘʨʥʠ ʯʠץʘʨʠʰ. ɶʟʙʝʢʠ-
ʩʪʦʥʥʠʥʛ ʘʢʩʘʨʠʷʪ ʭʫʜʫʜʣʘʨʠʜʘ ʶץʦʨʠʩʠʬʘʪʣʠ 
ʪʫʧʨʦץʣʘʨ ʟʘʭʠʨʘʩʠʥʠ ʢʘʤʘʡʠʙ ʙʦʨʘʸʪʛʘʥʣʠʛʠ ʩʘ-
ʙʘʙʣʠ ʜʝʚʦʨʙʦʙ ʢʝʨʘʤʠʢ ʤʘʪʝʨʠʘʣʣʘʨ ʠʰʣʘʙ 
ʯʠץʘʨʫʚʯʠ ʟʘʚʦʜʣʘʨʜʘ ʧʘʩʪʥʘʚʣʠ ʤʘʭʘʣʣʠʡ ʭʦʤ 
ʘʰʸʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʰʛʘ ʤʘʞʙʫʨ ʙ˄ʣʠʥʘʷʧʜʠ ï 
ʩʫסʦʨʠʰ ʢʘʥʘʣʣʘʨʠ ץʠʨסʦץʣʘʨʠʜʘ ʪʫʨʠʙ ץʦʣʛʘʥ,  
ʫʣʘʨʥʠ ʢʦʚʣʘʰ ʚʘ ʪʦʟʘʣʘʰ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ  ʙʫʣ-
ʛʘʥ ʪʫʧʨʦץʣʘʨʜʘʥ. 
ʂʝʡʠʥʛʠ ʚʘץʪʣʘʨʜʘ ʤʘʟʢʫʨ ʤʫʘʤʤʦʣʘʨ ʙ˄ʡʠʯʘ 

ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʭʦʤ ʘʰʸ ʤʘʪʝʨʠʘʣʣʘʨʠ ʩʠʬʘ-
ʪʠʥʠ ʦʣʜʠʥʜʘʥ ʪʘʡʸʨʣʘʰ ʦʨץʘʣʠ ʷʭʰʠʣʘʰ ʚʘ ʵʥʝʨ-
ʛʦʪʝʞʘʤʢʦʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʙ 
ʙʦʡʠʪʠʰ ʡ˄ʣʣʘʨʠ ʙʠʣʘʥ ʭʦʤ ʘʰʸ ʙʘʟʘʩʠʥʠ ʢʝʥ-
ʛʘʡʪʠʨʠʣʠʰʠʛʘ ץʘʨʘʪʠʣʛʘʥ. 
ʇʘʩʪʥʘʚʣʠ ʪʫʧʨʦץʣʘʨʛʘ ʘʩʦʩʣʘʥʛʘʥ ʢʝʨʘʤʠʢ 

-ʩʫʣʦʪ ʩʠ״ʘʨʠʰʜʘ ʪʘʡʸʨ ʤʘץʠʰʪʣʘʨʥʠ ʠʰʣʘʙ ʯʠס
ʬʘʪ ʢ˄ʨʩʘʪʢʠʯʣʘʨʥʠ ʦʰʠʨʠʰʛʘ ʡ˄ʥʘʣʪʠʨʠʙ 
ʪʘʢʣʠʬ ץʠʣʠʥʛʘʥ ʝʯʠʤʣʘʨ ʞʫʜʘ ʢʘʤ ʥʘʪʠʞʘʣʘʨʛʘ 
ʦʣʠʙ ʢʝʣʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ, ʧʘʩʪʥʘʚʣʠ ʪʫʧʨʦץ ʘʩʦ-
ʩʠʜʘ ʶץʦʨʠ ʬʠʟʠʢ-ʤʝʭʘʥʠʢʘʚʠʡ ʚʘ ʬʦʡʜʘʣʘ-
ʥʠʰʜʘʛʠ ʢ˄ʨʩʘʪʢʠʯʣʘʨʛʘ ʵʛʘ  ʢʝʨʘʤʠʢ סʠʰʪʣʘʨʥʠ 
ʠʰʣʘʙ ʯʠץʘʨʠʰ ʫʯʫʥ  ʪʘʣʘʙ ʵʪʠʣʛʘʥ ʢ˄ʨʩʘʪʢʠʯʣʘʨ 
ʙ˄ʡʠʯʘ ʙʦʰʣʘʥסʠʯ ʭʦʤ ʘʰʸʥʠ  ʪʘʡʸʨʣʘʰ ʤʫʭʠʤ ʚʘ-
ʟʠʬʘʣʘʨʜʘʥ ״ʠʩʦʙʣʘʥʘʜʠ. ɼʘʚʣʘʪ ʩʪʘʥʜʘʨʪʠ ʪʘʣʘʙ-
ʣʘʨʠ, ʜʝʚʦʨ ʢʝʨʘʤʠʢ סʠʰʪʣʘʨʠʛʘ ץ˄ʡʠʣʘʜʠʛʘʥ,  
OôzDst 3255:2017 çʂʝʨʘʤʠʢ ʪʦʰ ʚʘ סʠʰʪʣʘʨè 
(ñʂʠʨʧʠʯ ʠ ʢʘʤʥʠ ʢʝʨʘʤʠʯʝʩʢʠʡò) ʛʘ ʘʩʦʩʘʥ 
ʢ˄ʧʨʦץ ʛʝʦʤʝʪʨʠʢ ˄ʣʯʘʤʣʘʨʠʛʘ, ʰʘʢʣʠʥʠʥʛ ʪ˄סʨʠ-
ʣʠʛʠʛʘ, ʬʠʟʠʢ-ʤʝʭʘʥʠʢ ʭʦʩʩʘʣʘʨʠʛʘ, ʩʫʚʛʘ ʚʘ ʤʘʥ-
ʬʠʡ ״ʘʨʦʨʘʪʛʘ ʥʠʩʙʘʪʘʥ ʭʦʩʩʘʩʠʛʘ ʪʝʛʠʰʣʠʜʠʨ. 
ʃʝʢʠʥ ʜʝʚʦʨʙʦʙ ʩʠʬʘʪʣʠ ʢʝʨʘʤʠʢʘʣʘʨʥʠ ʠʰʣʘʙ 

ʯʠץʘʨʠʰ ʫʯʫʥ, ʭʦʤ ʘʰʸ ʙʘʟʘʩʠʥʠ ʢʝʥʛʘʡʪʠʨʠʰ 
ʤʘץʩʘʜʠʜʘ ʢʝʣʛʫʩʠʜʘ ʧʘʩʪʩʠʬʘʪʣʠ ʭʦʤ ʘʰʸʥʠ 
ʶץʦʨʠ ʩʠʬʘʪʣʠʛʘ ʘʡʣʘʥʪʠʨʠʰʥʠ ʪʘʢʦʤʠʣʣʘʰʛʘʥ 
ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʛʘ  ʭʘʨ ʭʠʣ ʫʩʫʣʣʘʨ ʚʘ ʸʥʜʘʰʠ-
ʰʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ: ʢ˄ʧʪʘʨʢʠʙʣʠ ʰʠʭʪʘʣʘʨ-
ʜʘʥ ʬʦʡʜʘʣʘʥʠʰ, ʢʠʤʸʚʠʡ ץ˄ʰʠʤʯʘʣʘʨ ʙʠʣʘʥ ʭʦʤ 
ʘʰʸ ʘʨʘʣʘʰʤʘʩʠʥʠ ʤʦʜʠʬʠʢʘʮʠʷ ץʠʣʠʰ, ʤʘץʩʘʜʣʠ 
ʪʘʨʟʜʘ ץʠʨסʦץʣʘʨʜʘ ʫʟʦץ ʩʘץʣʘʥʛʘʥ ʚʘ ʦʬʪʦʙʜʘ ʪʫ-
ʨʠʙ ץʦʣʛʘʥ, ʸʥʜʠʨʠʣʘʜʠʛʘʥ ץ˄ʰʠʤʯʘʣʘʨʥʠ ʪʘʥ-
ʣʘʰ.  
ɶʟʙʝʢʠʩʪʦʥʥʠʥʛ ʌʘʨסʦʥʘ ʚʦʜʠʡʩʠʜʘ 16 ʪʫ-

ʤʘʥʜʘ ʚʘ 2 ʰʘʭʘʨʜʘ 144 ʪʘ ʢʝʨʘʤʠʢ סʠʰʪ ʠʰʣʘʙ 
ʯʠץʘʨʫʚʯʠ ʢʦʨʭʦʥʘ ʤʘʚʞʫʜ  ʙ˄ʣʠʙ ʡʠʣʣʠʢ ʭʘʞʤʠ 
2100 ʤʣʥ. ʰʘʨʪʣʠ ʙʠʨʣʠʢʜʠʨ. ρȢȢȩ  
ʂʘʬʦʣʘʪʣʘʥʛʘʥ ʩʠʬʘʪʣʠ ʢʝʨʘʤʠʢ סʠʰʪʣʘʨ, ς 

ʛʘ ʘʩʦʩʘʥ ʘʩʦʩʠʡ ʢʠʤʸʚʠʡ ʵʣʝʤʝʥʪʣʘʨʥʠʥʛ ʤʘʩʩʘ 
ʫʣʫʰʠ ʪʫʧʨʦץ ʭʦʤ ʘʰʸʩʠʜʘ 1-  ʞʘʜʚʘʣʜʘʛʠ ʤʠץʜʦʨ-
ʣʘʨʛʘ ʤʦʩ ʢʝʣʛʘʥʜʘʛʠʥʘ ʵʨʠʰʠʣʠʰʠ ʤʫʤʢʠʥ.   

 

1-ʞʘʜʚʘʣ 
ʂ˄ʨʩʘʪʢʠʯʣʘʨ ʥʦʤʠ ʄʝʴʸʨʠʡ 

ʤʠץʜʦʨʠ 

ʄʘʩʩʘ ʫʣʫʰʠ, % ʜʘ  

- ɸʣʶʤʠʥʠʡ ʦʢʩʠʜʠ (AL2O3), ʢʘʤʠʜʘ 10,0 

- ʊʝʤʠʨ ʦʢʩʠʜʠ, (Fe2O3), ʢ˄ʧʠ ʙʠʣʘʥ 3,0 

- ʊʠʪʘʥ ʦʢʩʠʜʠ (TiO2), ʢ˄ʧʠ ʙʠʣʘʥ 2,0 

- ʊʝʤʠʨ ʚʘ ʪʠʪʘʥ ʦʢʩʠʜʠ ʡʠסʠʥʜʠʩʠ, (Fe2O3+ 
TiO2) 

1,0 ʜʘʥ 3,0 
ʛʘʯʘ 

- ʂʨʝʤʥʠʡ ʜʠʦʢʩʠʜʠ (SiO2), ʢ˄ʧʠ ʙʠʣʘʥ  60,0 

ɹʫʥʜʘʥ ʵʨʢʠʥ ʢʚʘʨʮ, ʢ˄ʧʠ ʙʠʣʘʥ 40,0 

-ʢʘʣʴʮʠʡ (CaO) ʚʘ ʤʘʛʥʠʡ ʦʢʩʠʜʠ (MgO), 
ʡʠסʠʥʜʠʩʠ, ʢ˄ʧʠ ʙʠʣʘʥ 

20,0 

- ʪʝʤʠʨ ʦʢʩʠʜʣʘʨʠ ʡʠסʠʥʜʠʩʠ (FeO+ Fe2O3), 
ʢ˄ʧʠ ʙʠʣʘʥ 

10,0 

- ʢʘʣʠʡ ʚʘ ʥʘʪʨʠʡ ʦʢʩʠʜʣʘʨʠ ʡʠסʠʥ-
ʜʠʩʠ(K2O+Na2O),ʢ˄ʧʠ ʙʠʣʘʥ 

7,0 

-ʩʝʨʠ SO3 ʙʨʠʢʤʘʣʘʨʠʥʠ ץʘʡʪʘ ״ʠʩʦʙʣʘ-
ʛʘʥʜʘ, ʢ˄ʧʠ ʙʠʣʘʥ,  

2,0 

ʙʫʥʜʘʥ ʩʫʣʬʠʜʣʠ, ʢ˄ʧʠ ʙʠʣʘʥ 0,8 

 ,% ,ʦʪʠʣʠʰʠץ˄ʠʟʜʠʨʠʣʛʘʥʜʘ ʤʘʩʩʘʥʠ ʡץ -
ʢ˄ʧʠ ʙʠʣʘʥ 

15,0 

 
 ʪʜʘ ʩʘʥʦʘʪ ʤʘʩʰʪʘʙʠʜʘ ʜʝʚʦʨʙʦʙץʦʟʠʨʛʠ ʚʘ׳

ʢʝʨʘʤʠʢ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ץʫʡʠʜʘʛʠ 
ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʤʦץʜʘ σ
φ : 

- ʂʝʡʠʥʛʠ ʢʝʩʠʣʠʰʠ ʙʠʣʘʥ ʧʣʘʩʪʠʢ ʙʨʫʩʥʠ ʰʘ-
ʢʣʣʘʥʪʠʨʠʰ; 

- ʅʘʤʣʠʛʠ ʢʘʤʘʡʪʠʨʠʣʛʘʥ ʤʘʩʩʘʜʘʥ ʧʣʘʩʪʠʢ 
ʙʨʫʩʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ; 

- ɪʧʠʰץʦץ ï ʦץʫʚʯʘʥ ʤʘʩʩʘʜʘʥ ʤʘ״ʩʫʣʦʪʥʠ ʰʘ-
ʢʣʣʘʥʪʠʨʠʰ; 

- ʗʨʠʤץʫʨʫץ ʤʘʩʩʘʜʘʥ ʤʘ״ʩʫʣʦʪʥʠ ʧʨʝʩʩʣʘʰ; 
ʂʝʨʘʤʠʢ סʠʰʪʥʠʥʛ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʪʝʭʥʦʣʦʛʠ-

ʷʩʠ ʚʘ ʪʘʨʢʠʙʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʙʦʰʣʘʥסʠʯ ʭʦʤ 
ʘʰʸʥʠ ʭʘʨ ʪʦʤʦʥʣʘʤʘ, ʢʦʤʧʣʝʢʩ ʪʘʜץʠץʦʪʣʘʨʛʘ 
ʘʩʦʩʣʘʥʛʘʥ ʙ˄ʣʠʰʠ ʢʝʨʘʢ ς; 

- ʁʠʨʠʢʜʦʥʘʣʠ ץ˄ʰʠʣʤʘʣʘʨʥʠ ʘʥʠץʣʘʰ; 
- ʄʘʡʜʘʜʠʩʧʝʨʩʣʠ ʬʨʘʢʮʠʷʣʘʨʥʠ ʘʥʠץʣʘʰ; 
- ʂʠʤʸʚʠʡ ʪʘʨʢʠʙʠʥʠ ʪʘʜץʠץ ʵʪʠʰ; 
- ʄʠʥʠʨʘʣ ʪʘʨʢʠʙʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ; 
- ʉʫʚʜʘ ʵʨʠʡʜʠʛʘʥ ʪʫʟʣʘʨ ʤʘʚʞʫʜʣʠʛʠʥʠ 

ʘʥʠץʣʘʰ; 
- ʀʩʩʠץʣʠʢ ʭʦʩʩʘʩʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ; 
- ʅʘʤʣʠʢ ʯʠץʠʰʠ ʚʘ ץʠʩץʘʨʠʰʠ ʢʠʥʝʪʠʢʘʩʠʥʠ 

ʘʥʠץʣʘʰ; 
 ;ʣʘʰץʫʨʠʪʠʰʛʘ ʩʝʟʛʠʨʣʠʛʠʥʠ ʘʥʠפ -
- ʇʣʘʩʪʠʢʣʠʛʠʥʠ ˄ʨʛʘʥʠʰ; 
 ;ʵʪʠʰ ץʠץʫʨʠʪʠʰ ʭʦʩʩʘʩʠʥʠ ʪʘʜפ -
 ;ʵʪʠʰ ץʠץʠʟʠʛʘʥʜʘ ʭ̫ʣʠʪʣʘʥʠʰʠʥʠ ʪʘʜפ -
- ʌʠʟʠʢʘ-ʤʝʭʘʥʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʪʘʜץʠץ 

ʵʪʠʰ; 
-ʉʦʧʦʣ סʦʚʘʢʜʦʨʣʠʛʠʥʠ ʪʘʜץʠץ ʵʪʠʰ. 
ʖץʦʨʠʜʘʛʠ ʩʠʥʯʢʦʚʣʠʢ ʙʠʣʘʥ ʦʣʠʙ ʙʦʨʠʣʛʘʥ 

ʪʘʜץʠץʦʪʣʘʨ ʚʘ ʫʣʘʨ ʥʘʪʠʞʘʣʘʨʠʥʠ  ʪʘ״ʣʠʣ ץʠʣʠʰ 
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ʢʝʨʘʤʠʢ סʠʰʪʣʘʨʥʠ ʣʦʡʠʭʘʣʘʰ ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ 
ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ ʩʪʨʘʪʝʛʠʷʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ 
ʫʯʫʥ ʟʘʨʫʨ ʰʘʨʪ-ʰʘʨʦʠʪʣʘʨʥʠ ʷʨʘʪʘʜʠ ʚʘ ʦʣʠʥʛʘʥ 
ʤʘʲʣʫʤʦʪʣʘʨ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʢʦʤʧʦʟʠʮʠʷʥʠ ʰʘ-
ʢʣʣʘʥʪʠʨʠʰ ʫʯʫʥ ʪʘʣʘʙ ʵʪʠʣʛʘʥ ʭʦʩʩʘʣʠ ʩʪʨʫʢʪʫ-
ʨʘʰʘʢʣʣʘʥʠʰʠ ʠʤʢʦʥʠʥʠ ʙʝʨʘʜʠ.  
ʃʦʡʠ״ʘʣʘʰʪʠʨʠʣʘʸʪʛʘʥ ʤʘʪʝʨʠʘʣʥʠʥʛ ʩʪʨʫʢʪʫ-

ʨʘʚʠʡ ʭʫʩʫʩʠʷʪʣʘʨʠ ʢ˄ʧ ʞʠʭʘʪʜʘʥ ʭʦʤ ʘʰʸʥʠʥʛ 
ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠʛʘ ʙʦסʣʠץ. 
ʐʫ ʤʘץʩʘʜʜʘ ʌʘʨסʦʥʘ ʚʠʣʦʷʪʠ ʢʦʨʭʦʥʘʣʘʨʠʜʘ 

ʢʝʨʘʤʠʢ סʠʰʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥ 
ʪʫʧʨʦץʣʘʨ ˄ʨʛʘʥʠʣʜʠ (2-ʞʘʜʚʘʣ). 
ʂʝʨʘʤʠʢ סʠʰʪʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ, ʘʩʦʩʘʥ, 

ʦʩʦʥ ʵʨʠʡʜʠʛʘʥ ʣʦʡ ʭʦʤ ʘʰʸʩʠ ï ʛʠʣʣ, ʩʫʛʣʠʥʦʢ, 
ʛʠʣʣʠ ʩʣʘʥʝʮ (ʘʨʛʠʣʣʠʪʣʘʨ) ʚʘ ʩʣʘʥʝʮʣʠ ʛʠʣʣ ʚʘ 
ʣʸʩʩ ʠʰʣʘʪʠʣʘʜʠ. 
 ʘʨʠʰ ʫʯʫʥ ʠʰʣʘʪʠʣʘʜʠʛʘʥ  ʭʦʤץʠʰʪ ʠʰʣʘʙ ʯʠנ

ʘʰʸʥʠʥʛ ʢʠʤʸʚʠʡ ʪʘʨʢʠʙʠ ʞʫʜʘ ʢʘʪʪʘ ʬʘʨץ ץʠʣʘʜʠ 
(%):SiO2 ï 45-80; AL2O3 + TiO2 -8-28; Fe2O ï 2-15; 
O-0,5-25; MgO-0,0-4; R2O -0,3-5; ʧ.ʧ.ʧ. ï 3-16. 
ʉʠʣʠʢʘ ʦʢʩʠʜʠ (SiO2) ʛʠʣʣʘʨʜʘ ʙʦסʣʘʥʛʘʥ ʚʘ 

ʵʨʢʠʥ ʭʦʣʘʪʜʘ ʙ˄ʣʘʜʠ. ʕʨʢʠʥ ʢʨʝʤʥʠʡʥʠʥʛ 
ʢ˄ʧʣʠʛʠ ʛʠʣʣ ʭʦʤ ʘʰʸʩʠʜʘ ʥʠʩʙʘʪʘʥ ʢʘʪʪʘ ʤʠץʜʦʨ-
ʜʘʛʠ ץʫʤ ʤʘʚʞʫʜʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ ʚʘ ʩʦʧʦʣʥʠʥʛ 
 ʩʫʣʦʪʥʠʥʛ ʤʝʭʘʥʠʢ״ʦʚʘʢʣʠʛʠʥʠ ʦʰʠʰʠʛʘ ʚʘ ʤʘס
ʤʫʩʪʘ״ʢʘʤʣʠʛʠʥʠ ʢʘʤʘʡʠʰʠʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ ψ. 
ɸʣʶʤʠʥʠʡ ʦʢʩʠʜʠ (AЉ2O3) ʢ˄ʧʨʦץ ʙ˄ʣʛʘʥ ʛʠʣ-

ʣʘʨ ʫʯʫʥ ʫʣʘʨʥʠ ʢʫʡʜʠʨʠʰʜʘ ʥʠʩʙʘʪʘʥ ʶץʦʨʠʨʦץ 
 ʜʦʨʠʥʠʥʛץʠʣʠʥʘʜʠ. ɸʣʶʤʠʥʠʡ ʤʠץ ʘʨʦʨʘʪ ʪʘʣʘʙ״
ʢʘʤʘʡʠʰʠ ʙʠʣʘʥ ʤʘ״ʩʫʣʦʪʥʠʥʛ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ ʧʘ-
ʩʘʷʜʠ. ɹʫʥʜʘʡ ʭʦʤ ʘʰʸ ʷʥʘʜʘ ʩʠʥʯʢʦʚʣʠʢ ʙʠʣʘʥ 
ʠʰʣʦʚ ʙʝʨʠʰʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ.  
ʊʝʤʠʨ ʦʢʩʠʜʣʘʨʠ ʛʠʣʣʘʨʜʘ  ʦʢʩʠʜʣʠ ʙʨʠʢʤʘʣʘʨ 

(ʛʝʤʘʪʠʪ), ʛʠʜʨʦʦʢʩʠʜ (ʩʠʜʝʨʠʪ, ʘʥʢʝʨʠʪ, ʧʠʨʠʪ), 
ʦʢʩʠʜ-ʛʠʜʨʦʦʢʩʠʜ (ʤʘʛʥʝʪʠʪ, ʛʣʘʫʢʦʥʠʪ) ʚʘ ʙʦʰץʘ 
ʰʘʣʣʘʨʜʘ ʫʯʨʘʡʜʠ. ʋʣʘʨ ʢʫʯʣʠ ʵʨʠʪʫʚʯʠʣʘʨ ״ʠʩʦ-
ʙʣʘʥʠʙ, ʛʠʣʣʘʨʥʠ ʧʠʰʠʰʠʜʘ ״ʘʨʦʨʘʪ ʦʨʘʣʠסʠʥʠ 
ʢʘʤʘʷʡʠʰʠʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ. ʊʝʤʠʨ ʦʢʩʠʜʠʥʠʥʛ 
ʪʘʨʢʠʙʠʛʘ ץʘʨʘʙ סʠʰʪʥʠʥʛ ʨʘʥʛʠ ʦʯʠץ ʢʨʝʤʜʘʥ ץʠ-
ʟʠʣ ʛʠʣʦʩ ʨʘʥʛʠʛʘʯʘ ˄ʟʛʘʨʘʜʠ [9] . 
ʂʘʣʴʮʠʡ ʦʢʩʠʜʣʘʨʠ ʦʭʘʢʪʦʰ (CaʉO3), ʜʦʣʦʤʠʪ 

(CaMg(ʉ3)2), ʩʫʣʴʬʘʪʣʘʨ (CaSO4) ʚʘ ʙʦʰץʘ ʤʘʪʝʨʠ-
ʘʣʣʘʨ ʢ˄ʨʠʥʠʰʠʜʘ ʛʠʣʣ ʤʘʪʝʨʠʘʣʣʘʨʠ ʪʘʨʢʠʙʠʛʘ 
ʢʠʨʘʜʠ.ʂʘʣʴʮʠʡ ʦʢʩʠʜʣʘʨʠ ʙʦסʣʘʥʠʰ ץʦʙʠʣʠʷ-
ʪʠʥʠ ʧʘʩʘʡʪʠʨʘʜʠ ʚʘ ʛʠʣʣʥʠʥʛ ʵʨʠʰ ״ʘʨʦʨʘʪʠʥʠ 
ʧʘʩʘʡʪʠʨʘʜʠ, ʙʫ ʤʘ״ʩʫʣʦʪʥʠʥʛ ʜʝʬʦʨʤʘʮʠʷʩʠ 
ʵʭʪʠʤʦʣʠ ʪʫʬʘʡʣʠ ʤʘ״ʩʫʣʦʪ ʧʠʰʠʰʠʥʠ ץʠʡʠʥ-
ʣʘʰʪʠʨʘʜʠ. 
ɻʠʣʣʜʘʛʠ ʪʘʭʤʠʥʘʥ 10% CaʉO3 ʤʠץʜʦʨʠ ʙʠʣʘʥ 

ʫ 30-400ʉ ʧʠʰʠʰ ʦʨʘʣʠסʠʛʘ ʵʛʘ ʙ˄ʣʘʜʠ. ɻʠʣʣʥʠ 
ʵʨʠʪʠʰ ʦʨʘʣʠסʠ ʙʫʥʜʘʡ ʭʦʣʣʘʨʜʘ ʢʚʘʨʮ ץʫʤʠʥʠ 
 .ʘʣʠ ʦʰʠʨʠʣʠʰʠ ʤʫʤʢʠʥץʰʠʰ ʦʨ˄ץ

10000ʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ʸʥʠʰ ״ʘʨʦʨʘʪʠʜʘ ʦʭʘʢʪʦʰ-
ʥʠʥʛ ʪʘʲʩʠʨʠ ʘʩʦʩʘʥ ʤʘ״ʩʫʣʦʪʣʘʨʥʠʥʛ סʦʚʘʢʣʠʛʠ 
ʚʘ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ ˄ʟʛʘʨʠʰʠʜʘ ʚʘ ʢʘʤʨʦץ ʵʨʠʙ 
ʦץʠʰʠʜʘ ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ. ʋʛʣʝʨʦʜ ʦʢʩʠʜʠʥʠʥʛ ʜʠʩ-
ʩʦʮʠʘʮʠʷʩʠ ʥʘʪʠʞʘʩʠʜʘ ʩʦʧʦʣʥʠʥʛ סʦʚʘʢʣʠʛʠ ʦʨ-
ʪʠʰʠ ʙʠʣʘʥ ʙʠʨ ʚʘץʪʜʘ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ ʢʘʤʘʷʜʠ. 
ʂʘʣʴʮʠʡ ʦʢʩʠʜʠʥʠʥʛ ʢʘʪʪʘ ʤʠץʜʦʨʠ ʤʘ״ʩʫʣʦʪʥʠ 
ʪʠʥʠץʣʘʰʠʰʠʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ ρπ. 
ʄʘʛʥʠʡ ʦʢʩʠʜʠ (Mgʆ) ʦץʠʤ ʩʠʬʘʪʠʜʘ ʉʘʆ ʛʘ 

˄ʭʰʘʰ ʪʘʲʩʠʨ ץʠʣʘʜʠ, ʬʘץʘʪ ʫ ʛʠʣʣʘʨʥʠ ʧʠʰʠʰ 

ʠʥʪʝʨʚʘʣʠʛʘ ʢʘʤʨʦץ ʪʘʲʩʠʨ ץʠʣʘʜʠ. ʀʰץʦʨʠʡ ʤʘ-
ʪʝʨʠʘʣʣʘʨʥʠʥʛ ʦʢʩʠʜʣʘʨʠ (Na2O, K2O) ʢʫʯʣʠ ʩʠʥ-
ʪʝʟ ʙ˄ʣʠʙ, ʫʣʘʨ ץʠʩץʘʨʠʰʥʠʥʛ ʢʫʯʘʡʠʰʠʛʘ, ʵʨʠʪʤʘ 
 ʘʨʦʨʘʪʠʥʠʥʛ ʧʘʩʘʡʠʰʠʛʘ, ʩʦʧʦʣ״ ʦʩʠʣ ʙ˄ʣʠʰ״
ʤʘ״ʩʫʣʦʪʠʥʠʥʛ ʟʠʯʣʘʥʠʰʠʛʘ ʚʘ ʫʥʠʥʛ ʤʫʩʪʘ״-
ʢʘʤʣʠʛʠʥʠ ʦʰʠʰʠʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠρρ. 
ɻʠʣʣ ʭʦʤ ʘʰʸʩʠʜʘ ʵʨʫʚʯʘʥ ʪʫʟʣʘʨʥʠʥʛ (1,5% 

ʛʘʯʘ) ʤʘʚʞʫʜʣʠʛʠ ʩʫʣʴʬʘʪʣʘʨ, ʥʘʪʨʠʡ, ʤʘʛʥʠʡ, 
ʢʘʣʴʮʠʡ, ʪʝʤʠʨ  ʭʣʦʨʠʜʣʘʨʠ ʤʘ״ʩʫʣʦʪ ʶʟʘʩʠʜʘ 
ʛʫʣʣʘʰʥʠ ʢʝʣʪʠʨʠʙ ʯʠץʘʨʘʜʠ, ʚʘ ʰʫʥʠʥʛʜʝʢ 
ʤʘ״ʩʫʣʦʪʥʠʥʛ ʩʠʨʪ ץʘʪʣʘʤʠʥʠ ʙʫʟʠʣʠʰʠʛʘ ʦʣʠʙ 
ʢʝʣʘʜʠρς. 
ʄʘʚʞʫʜ ʟʘʚʦʜʣʘʨʜʘ סʠʰʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ 

ʠʰʣʘʪʠʣʘʜʠʛʘʥ  ʭʦʤ ʘʰʸʥʠʥʛ ץʠʸʩʠʡ ʪʘ״ʣʠʣʠ (1-
ʞʘʜʚʘʣ ʚʘ 2-ʞʘʜʚʘʣ) ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʠʰʣʘʙ 
ʯʠץʘʨʠʣʘʸʪʛʘʥ ʤʘʪʝʨʠʘʣʛʘ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ ʪʘʲʩʠʨ-
ʣʘʨ ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ץʫʡʠʜʘʛʠʥʠ ʪʘʲʢʠʜʣʘʰ ʤʫʤ-
ʢʠʥ: SiO2 ʤʠץʜʦʨʠʥʠʥʛ ʢ˄ʧʘʡʛʘʥʣʠʛʠ ʶץʦʨʠ 
ʦʚʘʢʣʠʢ hס ʘʢʣʣʘʥʠʰʠʥʠ ʚʘ ʤʝʭʘʥʠʢ ʤʫʩʪʘ״ʢʘʤʣʠ-
ʛʠʥʠ ʧʘʩʘʡʠʰʠʥʠ ʢ˄ʨʩʘʪʘʜʠ (פʫʚʘ-3ʝ, ʆʣʪʠʘʨʠ2-ץ, 
ʊʦʰʣʦ2-ץʧ, ʌʫʨץʘʪ-2). ɸЉ2ʆ3 + ʊiʆ2 ʥʠʥʛ ʢ˄ʧʘʡ-
ʠʰʠ ʭʦʤ ʘʰʸʥʠ ʧʠʰʠʨʠʰʥʠ ʶץʦʨʠ ״ʘʨʦʨʘʪʜʘ 
ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʢʝʨʘʢʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʋʰʙʫ ʧʘ-
ʨʘʤʝʪʨʣʘʨʛʘ ʢ˄ʨʘ, ʢʦʨʭʦʥʘʣʘʨʜʘ ʠʰʣʘʪʠʣʘʜʠʛʘʥ 
ʙʦʰʣʘʥסʠʯ  ʭʦʤ ʘʰʸ ʤʝʲʸʨʠʡ ʭʫʞʞʘʪʣʘʨ ʪʘʣʘʙʣʘ-
ʨʠʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠ ʚʘ ʠʰʣʘʙ ʯʠץʘʨʫʚʯʠʣʘʨ ʦʣʠʰ ʚʘ 
ʵʨʠʪʠʰʥʠʥʛ ʙʦʰʣʘʥʠʰʠ ʦʨʘʩʠʜʘʛʠ ʠʥʪʝʨʚʘʣʥʠ 
ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰʠ ʦʨץʘʣʠ ʵʥʝʨʛʠʷ ʪʝʞʘʰ ʟʘʭʠ-
ʨʘʩʠʛʘ ʵʛʘ ʙ˄ʣʘʜʠʣʘʨ. ʐʫʥʠ ״ʘʤ ʪʘʲʢʠʜʣʘʰ ʢʝ-
ʨʘʢʢʠ, ς ʛʘ ʤʫʚʦʬʠץ ʘʣʶʤʠʥʠʡ ʚʘ ʪʠʪʘʥ ʦʢʩʠʜʣʘ-
ʨʠʥʠʥʛ ʪʘʨʢʠʙʠ ʙʘʨʯʘ ʪʝʢʰʠʨʠʣʛʘʥ ʥʘʤʫʥʘʣʘʨʜʘ 
ʬʠʟʠʢ-ʤʝʭʘʥʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨ ʙ˄ʡʠʯʘ ץʦʥʠץʘʨʣʠ 
ʵʢʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ. ʊʝʤʠʨ ʦʢʩʠʜʠ ʤʘʚʞʫʜʣʠʛʠ 
ʭʦʤ ʘʰʸʥʠ ʩʠʥʪʝʟʣʘʰʥʠʥʛ ״ʘʨʦʨʘʪ ʦʨʘʣʠסʠʥʠ ʢʘ-
ʤʘʡʪʠʨʠʰʛʘ ʸʨʜʘʤ ʙʝʨʘʜʠ. ʂʣʘʩʩʠʢ ʘʜʘʙʠʸʪʣʘʨʜʘʥ 
χ ʤʘʲʣʫʤ ʙ˄ʣʘʜʠʢʠ, Fe2O3 ʥʠʥʛ ʢ˄ʧʘʡʠʰʠ (10-
15% ʜʘʥ ʦʨʪʠץ) ʫʰʙʫ ʙʨʠʢʤʘʥʠʥʛ ʦץʠʤ ʩʠʬʘʪʠʜʘ 
ʪʘʲʩʠʨʠʥʠ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʦʰʠʨʠʰʛʘ ʠʤʢʦʥ 
ʙʝʨʘʜʠ. ɹʠʟʥʠʥʛ ʭʦʣʘʪʜʘ, ˄ʨʛʘʥʠʣʘʸʪʛʘʥ ʥʘʤʫʥʘʣʘ-
ʨʜʘʛʠ Fe2O3 ʥʠʥʛ ʤʘʩʩʘ ʫʣʫʰʠ (1,3-5,6 %) ʩʠʥ-
ʪʝʟʣʘʰ ʦʨʘʣʠסʠʥʠʥʛ ʧʘʩʘʡʠʰʠʛʘ ʩʝʟʠʣʘʨʣʠ ʪʘʲʩʠʨ 
ʢ˄ʨʩʘʪʘʜʠ. 
ʂʘʣʴʮʠʡ (ʉʘʆ) ʚʘ ʤʘʛʥʠʡ (ʄgʆ) ʦʢʩʠʜʣʘʨʠ 

ʛʠʣʣʘʨʥʠʥʛ ʙʦסʣʘʥʠʰ ץʦʙʠʣʠʷʪʠʥʠ ʧʘʩʘʡʪʠʨʘʜʠ, 
ʭʦʤ ʘʰʸʥʠʥʛ ʵʨʠʰ ״ʘʨʦʨʘʪʠʥʠ ʧʘʩʘʡʪʠʨʘʜʠ ʚʘ ʢ˄ʧ 
ʤʠץʜʦʨʜʘʛʠ סʦʚʘʢʣʠʢʥʠʥʛ ʧʘʡʜʦ ʙ˄ʣʠʰʠʛʘ ʸʨʜʘʤ 
ʙʝʨʘʜʠ ʚʘ ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʩʦʧʦʣ ʧʘʩʪ ʤʫ-
ʩʪʘ״ʢʘʤʣʠʢʛʘ ʵʛʘ ʙ˄ʣʘʜʠ.  
ʉʘʆ ʥʠʥʛ ʵʨʢʠʥ ʰʘʢʣʜʘ ʤʘʚʞʫʜʣʠʛʠʛʘ (5% ʜʘʥ 

ʦʨʪʠץ) ʡ˄ʣ ץ˄ʡʠʙ ʙ˄ʣʤʘʡʜʠ, ʯʫʥʢʠ ʭʦʤ ʘʰʸʥʠ 
ʸץʠʣʛʘʥʜʘʥ ʩ˄ʥʛ, ʤʘ״ʩʫʣʦʪʥʠ ʷʭʣʠʪʣʠʛʠʥʠ ʙʫʟʘʜʠ-
ʛʘʥ ʚʘ ʤʫʩʪʘ״ʢʘʤʣʠʛʠ ʙʠʨ ʭʠʣ ʙ˄ʣʤʘʛʘʥ ʤʘʪʝʨʠʘʣ-
ʥʠʥʛ ʰʘʢʣʣʘʥʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠʛʘʥ çʦʭʘʢ 
ʙʫסʣʘʨʠè ʧʘʡʜʦ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ɶʨʛʘʥʠʣʘʸʪʛʘʥ 
ʥʘʤʫʥʘʣʘʨʜʘʥ ʭʦʤ ʘʰʸ ʩʠʬʘʪʠʜʘ ʬʦʡʜʘʣʘʥʠʣʛʘʥʜʘ 
ʙʫʥʜʘʡ ʩʘʣʙʠʡ ʦץʠʙʘʪʣʘʨʥʠ ʢʫʪʤʘʩʣʠʢ ʢʝʨʘʢ. 
ʈʠʰʪʦʥ ï 2 ʢʘʨʝʨʠʥʠʥʛ ʛʠʣʣʘʨʠ ʙʫʥʜʘʥ ʤʫ-

ʩʪʘʩʥʦ. ɹʫʥʜʘʡ ʭʦʣʜʘ, ʘʛʘʨ ʵʨʢʠʥ ʢʚʘʨʮʥʠʥʛ ʤʘʩʩʘ 
ʫʣʫʰʠ 40% ʜʘʥ ʢʘʤ ʙ˄ʣʩʘ, ʭʦʤ סʠʰʪʥʠ 900 ʜʘʥ 
10000ʉ ʛʘʯʘ ʙ˄ʣʛʘʥ ״ʘʨʦʨʘʪʜʘ ʢʫʡʜʠʨʠʰʜʘ ʪʠʟʠ-
ʤʛʘ ץ˄ʰʠʤʯʘ ʢʚʘʨʮ ץʫʤʠʥʠ ʢʠʨʠʪʠʰ ʢʝʨʘʢ. 
ʀʰץʦʨʠʡ ʤʝʪʘʣʣʘʨ ʦʢʩʠʜʣʘʨʠ (ʂ2ʆ, Na2ʆ) 
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ʢʫʯʣʠ ʙʨʠʢʤʘʣʘʨʜʠʨ. ʋʰʙʫ ʤʦʜʜʘʣʘʨʥʠʥʛ ʢ˄ʧʘʡ-
ʠʰʠ (7% ʜʘʥ ʦʨʪʠץ) ʩʝʟʠʣʘʨʣʠ ץʠʩץʘʨʠʰ ʜʝʬʦʨʤʘ-
ʮʠʷʣʘʨʠʛʘ (ʸʥסʠʥʜʘʥ ץʠʩץʘʨʠʰ), ʟʠʯ ʩʦʧʦʣ ״ʦʩʠʣ  
ʙ˄ʣʠʰʠʛʘ ʚʘ ʥʘʪʠʞʘʜʘ ʤʘ״ʩʫʣʦʪʥʠʥʛ  ʬʠʟʠʢ-ʤʝʭʘ-
ʥʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠʥʛ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʦʣʠ-
ʥʠʰʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ʂ2ʆ, Na2ʆ ʥʠʥʛ ʢ˄ʧʘʡʠʰʠ (2-
ʞʘʜʚʘʣ), ʙʝʣʛʠʣʘʥʛʘʥ ʰʘʨʪʣʘʨʥʠ ״ʠʩʦʙʛʘ ʦʣʛʘʥ 
ʭʦʣʜʘ, ʠʰʣʘʙ ʯʠץʘʨʫʚʯʠʣʘʨʜʘʥ ʪʫʨʣʠ ʡ˄ʥʘʣʠʰʣʠ 
-ʰʠʤʯʘʣʘʨ ʸʨʜʘʤʠʜʘʛʠʣʣ ʭʦʤ ʘʰʸʩʠʜʘ ʫʰʙʫ ʦʢ˄ץ
ʩʠʜʣʘʨʥʠʥʛ ץʠʡʤʘʪʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ʡ˄ʣʣʘʨʠʥʠ ʪʦ-
ʧʠʰʥʠ, ʰʫʥʠʥʛʜʝʢ ʛʠʣʣ ʤʘʩʩʘʩʠʥʠ ʪʘʡʸʨʣʘʰ ʫʯʫʥ 
 ʰʠʤʯʘ ʪʝʭʥʦʣʦʛʠʢ ʦʧʝʨʘʮʠʷʣʘʨʥʠ ʞʦʨʠʡ˄ץ
 ,ʘʨʘ-2סɼʘʥ ,2-ץʠʣʘʜʠ. (ɹʝʰʘʨʠץ ʠʣʠʰʥʠ ʪʘʣʘʙץ
ʈʠʰʪʦʥ-2, ɶʟʙʝʢʠʩʪʦʥ 1/2). 
ʐʫʥʜʘʡ ץʠʣʠʙ, ʶץʦʨʠʜʘʛʠ ʦʣʠʙ ʙʦʨʠʣʛʘʥ 

ʪʘʜץʠץʦʪʣʘʨ ץʫʡʠʜʘʛʠʯʘ ʭʫʣʦʩʘ ץʠʣʠʰʛʘ ʦʣʠʙ ʢʝ-
ʣʘʜʠ: 

- ʌʘʨסʦʥʘ ʚʠʣʦʷʪʠʥʠʥʛ ʪʫʨʣʠ ʢʦʥʣʘʨʠʜʘʥ 

ʪʘʜץʠץʦʪ ʫʯʫʥ ץʘʙʫʣ ץʠʣʠʥʛʘʥ ʢʝʨʘʤʠʢ סʠʰʪ 
ʠʰʣʘʙ ʯʠץʘʨʠʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ ʛʠʣʣ ʭʦʤ 
ʘʰʸʩʠ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʪʘʣʘʙʣʘʨʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠ 
ς; 

- ʤʝʲʸʨʠʡ ʭʫʞʞʘʪʣʘʨ ʪʘʣʘʙʣʘʨʠʜʘʥ ʯʝʪʛʘ ʯʠץʠ-
ʰʣʘʨ ʤʘʚʞʫʜʣʠʛʠʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ ʙʘʨʯʘ 
ʙʦʩץʠʯʣʘʨʠʜʘ ʷʥʛʠ ʪʝʭʥʦʣʦʛʠʢ ʦʧʝʨʘʮʠʷʣʘʨʥʠ 
 ʰʠʤʯʘʣʘʨʥʠ˄ץ ʣʣʘʰ, ʰʫʥʠʥʛʜʝʢ ʪʫʨʣʠ ʭʠʣ˄ץ
ʤʘץʩʘʜʣʠ ץ˄ʣʣʘʰ ʦʨץʘʣʠ ʙʘʨʪʘʨʘʬ ʵʪʠʣʠʰʠ ʤʫʤ-
ʢʠʥ. 
ʅʘʪʠʞʘʜʘ, ʩʠʬʘʪʩʠʟ ʭʦʤ ʘʰʸ ʘʩʦʩʠʜʘ ʪʘʣʘʙ-

ʣʘʨʛʘ ρσ, ʷʲʥʠ ʢʦʥʩʪʨʫʢʪʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʘʨ 
ʚʘ ʧʘʨʘʤʝʪʨʣʘʨʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠʛʘʥ ʢʝʨʘʤʠʢ 
̫ ʠʰʪʣʘʨʥʠס ʨʘʪʠʰ ʤʫʤʢʠʥ ʙ˄ʣʘʜʠ; ʬʠʟʠʢ ʚʘ ʤʝʭʘ-
ʥʠʢ ʭʫʩʫʩʠʷʪʣʘʨ; ʢʠʤʸʚʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʷʛʘ ʙʘʨ-
ʜʦʰʣʠʢ ʚʘ ʢʠʤʸʚʠʡ ʙʘʨʜʦʰʣʠʢ; ʫʟʦץץʘʙʘʨʜʦʰʣʠ-
ʣʠʢ. 
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ʂ˄ʨʩʘʪʢʠʯʣʘʨ ʥʦʤʣʘʥʠʰʠ 

OôzDSt 
2294:2011 
ʪʘʣʘʙʣʘʨʠʛʘ 
ʤʦʩ ״ʦʣʜʘ 

ɹʝ-h
ʘʨʠʢ-

2 

ɼʘʥ-
ʛʘʨʘ-2 

ɺʦ-
ʜʠʡ-2 

ʂʫ-
ʚʘ-2 

ʈʠ-h
ʪʦʥ-2 

ʆʣʪʠ-
ʘʨʠ2-ץ 

ʊʦ-h
ʣʦץ-
2ʧ 

ʋʟʙʝ-
ʢʠ-
ʩʪʘʥ-
1/2 

ʌʫʨ-
 ʘʪ-2ץ

1 ɸʣʶʤʠʥʠʡ ʦʢʩʠʜʠʥʠʥʛ (AI2O3), ʤʘʩʩʘ 
ʫʣʫʰʠ,%  ʢʘʤʠʜʘ 

10,0 11,0 13,0 12,0 16,4 14,0 14,1 11,0 16,2 11,5 

2 ʊʝʤʠʨ ʦʢʩʠʜʠʥʠʥʛ (Fe2O3), ʤʘʩʩʘ 
ʫʣʫʰʠ ,%  ʢ˄ʧʠ ʙʠʣʠʥ 

3,0 1,2 1,1 2,4 5,5 4,7 1,1 3,3 2,7 1,3 

3 ʊʠʪʘʥ ʦʢʩʠʜʠʥʠʥʛ (TiO 2) ʤʘʩʩʘ 
ʫʣʫʰʠ, ʢ˄ʧʠ ʙʠʣʘʥ 

2,0 0,1 0,0 0,0 0,1 0,0 0,1 0,0 0,0 0,0 

4 ʊʝʤʠʨ ʦʢʩʠʜʠʥʠʥʛ (Fe2O3) ʚʘ ʊʠʪʘʥ 
ʦʢʩʠʜʠʥʠʥʛ (TiO 2) ʤʘʩʩʘ ʫʣʫʰʠ, 
ʢ˄ʧʠ ʙʠʣʘʥ 

1,0ʜʘʥ 
3,0ʛʘʯʘ 

1,3 1,1 2,4 5,6 4,7 1,3 3,3 2,7 1,3 

5 ʂʨʝʤʥʠʡ ʦʢʩʠʜʠʥʠʥʛ (SiO2) ʤʘʩʩʘ 
ʫʣʫʰʠ, % ʢ˄ʧʠ ʙʠʣʘʥ 

60,0 22,6 31,4 39,4 47,2 22,8 59,6 46,8 26,3 57,7 

6 ʂʚʘʨʮ ʦʢʩʠʜʠʥʠʥʛ ʤʘʩʩʘ ʫʣʫʰʠ, % 
ʢ˄ʧʠ ʙʠʣʘʥ 

40,0 22,4 20,1 24,1 17,4 16,4 18,1 26,3 22,3 7,8 

7 ʂʘʣʴʮʠʡ (CaO) ʚʘ ʤʘʛʥʠʡ  (MgO) ʦʢ-
ʩʠʜʣʘʨʠʥʠʥʛ ʡʠסʠʥʜʠʩʠ,% ʢ˄ʧʠ ʙʠ-
ʣʘʥ 

20,0 19,2 14,5 13,4 7,3 25,4 3,8 7,4 11,2 11,6 

8 ʂʚʘʨʮ ʦʢʩʠʜʠ (FeO+Fe2O3), ʤʘʩʩʘ 
ʫʣʫʰʠ, % ʢ˄ʧʠ ʙʠʣʘʥ 

10,0 4,9 3,6 9,6 12,7 8,3 2,4 7,6 6,6 3,2 

9 ʂʘʣʠʡ (ʂ2O) ʚʘ ʥʘʪʨʠʡ ʦʢʩʠ-
ʜʣʘʨʠ(Na2O),ʡʠסʠʥʜʠʩʠ, ʢ˄ʧʠ ʙʠʣʘʥ 

7,0 16,5 13,2 6,7 7,4 11,2 1,3 5,6 20,2 9,9 

10 ʆʣʠʪʛʫʛʫʨʪ ʙʨʠʢʤʘʣʘʨʠʥʠ ץʘʡʪʘ 
 ,ʠʩʦʙʣʘʛʘʥʜʘ SO3 % ʤʘʩʩʘ ʫʣʫʰʠ״
ʢ˄ʧʠ ʙʠʣʘʥ 

2,0 5,6 4,8 3,2 3,1 1,5 1,4 1,9 3,6 2,0 

11 ʉʫʣʴʬʠʜ ʦʣʪʠʥʛʫʛʫʨʪ ʙʨʠʢʤʘʩʠ ʡʠ-
 ʠʥʜʠʩʠ ʤʘʩʩʘ ʫʣʫʰʠ %, ʢ˄ʧʠ ʙʠʣʘʥס

0,8 2,4 2,9 1,1 0,9 0,3 1,5 0,8 2,5 0,4 

-ʦʪʠʣʠץ˄ʠʟʜʠʨʠʣʛʘʥʜʘ ʤʘʩʩʘʩʠʥʠ ʡפ 12
ʰʠʥʠʥʛ ʤʘʩʩʘ ʫʣʫʰʠ, % ʢ˄ʧʠ ʙʠʣʘʥ 

15 15,1 9,0 8,7 14,7 11,7 12,3 14,1 16,2 13,4 

 76 350 143 41 261 82 53 194 45  (ʠʰʪס ʤʣʥ. ʜʦʥʘ) ʫʚʚʘʪʠפ 13
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ɹʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʪʘʜʙʠʨʣʘʨʠʜʘʥ ʙʠʨʠ ʙʫ-ʪʘʰץʠ ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠʥʠʥʛ ʠʩ-
ʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠʥʠ ʦʰʠʨʠʰ ״ʠʩʦʙʣʘʥʘʜʠ. ʐʫʥʠʥʛ ʫʯʫʥ ʙʫ ʤʘץʦʣʘʜʘ ʙʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨ-
ʣʠʛʠʥʠ ʦʰʠʨʠʰʜʘ פʄ2.01.04-97 פ* ʪʘʣʘʙʣʘʨʠ ʙ ʡʠʯʘ ʠʩʩʠץʣʠʢ ״ʠʤʦʷʩʠʥʠʥʛ ʠʢʢʠʥʯʠ ʜʘʨʘʞʘʩʠ ʨʛʘʥʠʣʛʘʥ ʚʘ ʅʫ-
ʢʫʩ ʰʘ״ʨʠ ʫʯʫʥ ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ. 
ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʨʫʞʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʢ ʪʝʧʣʦʧʝʨʝʜʘʯʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʪʦʨʘʷ ʩʪʝʧʝʥʴ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʂʄʂ 2.01.04-97* ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʜʣʷ ʛʦʨʦʜʘ 
ʅʫʢʫʩʘ. 

One of the ways to increase the energy efficiency of buildings is to increase the resistance of the outer constructions to 
heat transfer. For this reason, this article reviews the second degree of thermal protection for the requirements of QMQ 
2.01.04-97 * to improve the energy efficiency of buildings and analyzed for the city of Nukus. 
ʂʘʣʠʪ ʩ ʟʣʘʨ: ɹʠʥʦ, ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷ, ʠʩʩʠץʣʠץ ʡ  .ʠʤʦʩʠ, ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢ״ ʣʠʢץʘʣʠʰ, ʠʩʩʠץ

 
ʂʠʨʠʰ. ɹʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʣʠʛʠ ʘʩʦ-

ʩʘʥ ʫʥʠʥʛ ʪʘʰץʠ ץʦʧʣʘʤʘʩʠ, ʷʲʥʠ, ʜʝʚʦʨʣʘʨʠ, 
ʪʦʤʠ, ʸʨʫסʣʠʢ ʧʨʦʝʤʣʘʨʠʛʘ ʙʦסʣʠץ ʙ˄ʣʘʜʠ. 
 ʨʠס˄ʠʤʦʷ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠʥʠ ʪ״ ʦʟʠʨʛʠ ʢʫʥʜʘ׳
ʬʦʡʜʘʣʘʥʠʰ ʦʨץʘʣʠ ʙʠʥʦʣʘʨʥʠ ʠʩʠʪʠʰʛʘ ʩʘʨʬʣʘ-
ʨʠʥʠ 50% ʪʝʞʘʰ ʤʫʤʢʠʥ. 
ʄʘʤʣʘʢʘʪʠʤʠʟ ʠץʪʠʩʦʜʠʜʘ ʪʫʨʘʨ-ʞʦʡ-ʬʫץʘʨʦ 

ʪʘʨʤʦסʠʜʘ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ ʜʦʣ-
ʟʘʨʙ ʠʣʤʠʡ-ʪʝ״ʥʠʢʘ ʤʫʘʤʤʦʣʘʨʠʜʘʥ ״ʠʩʦʙʣʘʥʘʜʠ. 
ɹʫ ʙʦʨʘʜʘʛʠ ʤʫʘʤʤʦʣʘʨʥʠ ʝʯʠʰʥʠʥʛ ʩʪʨʘʪʝʛʠʢ 
ʡʫʥʘʣʠʰʣʘʨʠʛʘ ʵʥʝʨʛʠʷ ʪʝʞʘʰ ʩʦ״ʘʩʠʜʘ ʜʘʚʣʘʪ 
ʩʠʸʩʘʪʠ ץʦʥʫʥʯʠʣʠʢ-״ʫץʫץʠʡ ʘʩʦʩʠʥʠ ʨʠʚʦʞʣʘʥ-
ʪʠʨʠʰ, ʙʠʥʦ ʚʘ ʠʥʰʦʘʪʣʘʨʥʠ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʜʦʨ-
ʣʠʛʠʥʠ ʦʰʠʨʠʰʛʘ ʡʫʥʘʣʪʠʨʠʣʛʘʥ ʣʦʡʠ״ʘʣʘʰ ʚʘ 
 ץʫʨʠʣʠʰ ʤʝʲʝʨʠʡ-ʤʝʪʦʜʦʣʦʛʠʢ ʙʘʟʘʥʠ ʪʘʜʙʠץ
ʵʪʠʰ ʚʘ ʨʠʚʦʞʣʘʥʪʠʨʠʰ. 
ɹʠʟʥʠʥʛ ʜʘʚʣʘʪʠʤʠʟʜʘ ״ʦʟʠʨʛʠ ʢʫʥʜʘ ʪʘʙʠʡʠʡ-

ʢʣʠʤʘʪʠʢ ʰʘʨʦʠʪʥʠ, ץʫʨʠʣʠʰ ʠʥʜʫʩʪʨʠʷʩʠ ʚʘ 
ʫʤʫʤʘʥ ʠץʪʠʩʦʜ ״ʦʣʘʪʠʥʠ ״ʠʩʦʙʛʘ ʦʣʛʘʥ ״ʦʣʜʘʛʠ 
ʙʠʥʦʣʘʨʥʠ ʵʥʝʨʛʠʷ ʩʘʤʘʨʘʣʠ ʵʪʠʙ ʣʦʡʠ״ʘʣʘʰ ʚʘ 
-ʫʨʠʰʥʠʥʛ ʠʣʤʠʡ ʘʩʦʩʣʘʥʛʘʥ ʤʝʲʝʨʠʡ-ʤʝʪʦʜʦʣʦץ
ʛʠʢ ʘʩʦʩʠ ʷʨʘʪʠʣʜʠ. ʐʫʥʠʥʛ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ 
ʫʥʠʥʛ ʣʦʡʠ״ʘʣʘʰ ʚʘ ץʫʨʠʣʠʰ ʘʤʘʣʠʸʪʠʛʘ ʪʘʜʙʠץ 
ʵʪʠʣʠʰʠ ʞʫʜʘ ʩʝʢʠʥ ʙ˄ʣʤʦץʜʘ. ʀʩʩʠץʣʠʢ ״ʠʤʦʷʩʠ 
ʤʝʲʝʨʣʘʨʠ ʷʥʛʠ ʙʠʥʦʣʘʨʥʠ ץʫʨʠʰʜʘ ץʘʥʜʘʡʜʠʨ ʜʘ-
ʨʘʞʘʜʘ ״ʠʩʦʙʛʘ ʦʣʠʥʩʘ, ʢʘʧʠʪʘʣ ʪʘʲʤʠʨʣʘʰʜʘ 
ʬʘץʘʪ ʘʥʲʘʥʘʚʠʡ ʙʠʥʦʣʘʨʥʠʥʛ ʩʝʡʩʤʠʢ ʢʫʯʘʡʪʠʨʠ-
ʣʠʰʠʛʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣʠʙ, ʠʩʩʠץʣʠʢ ״ʠʤʦʷʩʠ 
ʫʤʫʤʘʥ ״ʠʩʦʙʛʘ ʦʣʠʥʤʘʷʧʪʠ. ɹʫ ʙʠʨ ʪʦʤʦʥʜʘʥ 
ʡʠʣʣʘʨ ʜʘʚʦʤʠʜʘ ʰʘʢʣʣʘʥʠʙ ץʦʣʛʘʥ ʙʠʥʦʣʘʨ ץʫʨʠ-
ʣʠʰʠʜʘ ʙʠʨ ʚʘץʪʣʠʢ ʩʘʨʬʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰʛʘ 
ʫʨʠʥʠʰ ʚʘ ʙʫʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ 
ʢʘʪʪʘ ʙʫʣʛʘʥ ʙʠʥʦʣʘʨʥʠ ʠʩʠʪʠʰ ʚʘ ״ʘʚʦʩʠʥʠ ʩʦ-
ʚʫʪʠʰʥʠ ʵʲʪʠʙʦʨʛʘ ʦʣʤʘʩʣʠʢ ʩʠʥʛʘʨʠ ״ʘʪʦ ʸʥʜʘ-
ʰʫʚʜʘʥ ʢʝʣʠʙ ʯʠץʤʦץʜʘ. ʀʢʢʠʥʯʠ ʪʦʤʦʥʜʘʥ ʵʩʘ, 
ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷ ʘʰʸʣʘʨʠ ʙʦʟʦʨʠ ʚʘ ʠʰʣʘʙ-
ʯʠץʘʨʠʰ ʙʘʟʘʩʠʥʠʥʛ ʝʪʘʨʣʠ ʨʠʚʦʞʣʘʥʤʘʛʘʥʣʠʛʠ; 
ʷʥʛʠ ʤʝʲʸʨ ʪʘʣʘʙʣʘʨʠ ʨʝʘʣʠʟʘʮʠʷʩʠ ʢʫʯʩʠʟ ʤʝʪʦ-
ʜʦʣʦʛʠʢ ʙʘʟʘʩʠ; ״ʘʨʘʢʘʪʜʘʛʠ ʙʠʥʦʣʘʨ ʪʫʩʠץ ʢʦʥ-
ʩʪʨʫʢʮʠʷʣʘʨʠ ʠʩʩʠץʣʠʢ ״ʠʤʦʷʩʠ ״ʫʩʫʩʠʷʪʣʘʨʠʥʠ 

ʦʰʠʨʠʰ ʙ˄ʡʠʯʘ ʘʧʨʦʙʘʮʠʷʣʘʥʛʘʥ ʢʦʥʩʪʨʫʢʪʠʚ-
ʪʝ״ʥʦʣʦʛʠʢ ʝʯʠʤʣʘʨʥʠʥʛ ʡʫץʣʠʛʠ; ʣʦʡʠ״ʘʯʠ ʚʘ 
-ʘʜʘ ʪʘʞʨʠʙʘ ʚʘ ʤʘʣʘʢʘʣʘʨ״ʫʨʫʚʯʠʣʘʨ ʫʯʫʥ ʙʫ ʩʦץ
ʥʠʥʛ, ʰʫʥʠʥʛʜʝʢ ʩʧʨʘʚʦʯʥʠʢ ʚʘ ʤʝʪʦʜʠʢ ʘʜʘʙʠ-
ʸʪʣʘʨʥʠʥʛ ʝʪʠʰʤʘʩʣʠʛʠ; ʰʫʥʜʘʡ ʙ˄ʣʩʘʷʤ ץʫʨʠ-
ʣʠʰʜʘ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢʥʠ ʧʘʩʘʡʪʠʨʫʚʯʠ ʘʩʦ-
ʩʠʡ ʩʘʙʘʙ ʶʨʠʜʠʢ ʰʘ״ʩʣʘʨ ʚʘ ʫʤʫʤʘʥ ʭʘʣץʥʠ ץʫ-
ʨʠʣʠʰʜʘ, ʘʡʥʠץʩʘ ʙʠʥʦʣʘʨʥʠ ʢʘʧʠʪʘʣ ʪʘʲʤʠʨʣʘʰ 
ʚʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʰʜʘ, ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨ 
ʪʘʜʙʠʨʣʘʨʥʠ ץ˄ʣʣʘʰʛʘ ʩʪʠʤʫʣʣʦʚʯʠ ʙʦʟʦʨ 
ʤʝ״ʘʥʠʟʤʣʘʨʠʥʠʥʛ ʚʘ ʵʥʝʨʛʠʷ ʪʝʞʘʰ ʪʘʤʦʡʠʣʣʘʨʠ 
ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠʥʛ ʝʪʘʨʣʠ ʙ˄ʣʤʘʩʣʠʛʠ ״ʠʩʦ-
ʙʣʘʥʘʜʠ. 
ɹʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʛʠʥʠ ʦʰʠ-

ʨʠʰʥʠʥʛ ʩʘʤʘʨʘʩʠ ץʫʡʠʜʘʛʠʣʘʨʜʘ: ʦʜʘʤʣʘʨ ʫʯʫʥ-
ʢʦʤʤʫʥʘʣ ʭʠʟʤʘʪʣʘʨ ʫʯʫʥ ʭʘʨʘʞʘʪʣʘʨʥʠʥʛ ʢʘʤʘʡ-
ʠʰʠʜʘ; ʤʘʤʣʘʢʘʪ ʫʯʫʥ-ʪʘʙʠʠʡ ʨʝʩʫʨʩʣʘʨʥʠ, ʘʚ-
ʚʘʣʦ ʪʘʙʠʠʡ ʛʘʟʥʠ ʪʝʞʘʰ, ʫʥʠʥʛ ʵʢʩʧʦʨʪ ʧʦʪʝʥʮʠ-
ʘʣʠʥʠ ʦʰʠʨʠʰ, ʠʰʣʘʙ ʯʠץʘʨʠʰ ʫʥʫʤʜʦʨʣʠʛʠʥʠ 
ʦʰʠʨʠʰ, ʤʘ״ʩʫʣʦʪ ʪʘʥʥʘʨʭʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʷʲʥʠ 
ʩʘʥʦʘʪʥʠʥʛ ʨʘץʦʙʘʪʙʘʨʜʦʰʣʠʛʠʥʠ ʦʰʠʨʠʰʜʘ; ʵʢʦ-
ʣʦʛʠʷ ʫʯʫʥ-ʘʪʤʦʩʬʝʨʘʛʘ ʯʠץʘʜʠʛʘʥ ʟʘʨʘʨʣʠ ʛʘʟʣʘʨ 
ʤʠץʜʦʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʠץʣʠʤ ʟʛʘʨʠʰʠ ʥʝʛʘʪʠʚ 
ʦץʠʙʘʪʣʘʨʠʥʠʥʛ ʦʣʜʠʥʠ ʦʣʠʰʜʘ; ʵʥʝʨʛʝʪʠʢʘ ʫʯʫʥ-
ʸץʠʣסʠ ʫʯʫʥʭʘʨʘʞʘʪʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʠʩʪʝʲʤʦʣ-
ʯʠʣʘʨʥʠʥʛ ʵʭʪʠʸʞʣʘʨʠʥʠ ʷʥʘʜʘ ʩʘʤʘʨʘʣʠʨʦץ ץʦʥ-
ʜʠʨʠʰ ʠʤʢʦʥʠʷʪʠ ʷʨʘʪʠʣʠʰʠʜʘ ʢ ʨʠʰʠʤʠʟ ʤʫʤ-
ʢʠʥ. 
ɸʩʦʩʠʡ ץʠʩʤ. ɹʠʥʦʣʘʨʥʠʥʛ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨ-

ʣʠʛʠʥʠ ʦʰʠʨʠʰ ʪʘʜʙʠʨʣʘʨʠʜʘʥ ʙʠʨʠ ʪʘʰץʠ ʪ ʩʠץ 
ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠ-
ʛʠʥʠ ʦʰʠʨʠʰ ״ʠʩʦʙʣʘʥʘʜʠ. ʄʘʲʣʫʤʢʠ, ʪʘʰץʠ ʜʝ-
ʚʦʨʣʘʨʥʠʥʛ ʢʦʥʩʪʨʫʢʪʠʚ ʝʯʠʤʠ ʤʫʩʪʘ״ʢʘʤʣʠʢ ʚʘ 
ʪʝʧʣʦʬʠʟʠʢ ״ʠʩʦʙʣʘʨ ʦʨץʘʣʠ ʪʘʥʣʘʥʘʜʠ. ʂʦʥ-
ʩʪʨʫʢʮʠʷʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠ ʦʰʠ-
ʨʠʰ ʤʘץʩʘʜʠʜʘ ʫʥʠʥʛ ץʘʣʠʥʣʠʛʠʥʠ ʢʝʨʘʛʠʜʘʥ 
ʦʨʪʠץʯʘ ʢʘʪʪʘʣʘʰʪʠʨʠʰ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʨ״ʠʥʠʥʛ 
-ʦʣʘʚʝʨʩʘ, ʤʘʪʝʨʠʘʣʥʠʥʛ ʤʫץ ,ʠʤʤʘʪʣʘʰʠʛʘץ
ʩʪʘ״ʢʘʤʣʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰʥʠʥʛ ʩʘ-
ʤʘʨʘʩʠʥʠ ʧʘʩʘʡʠʰʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ʂʦʥʩʪʨʫʢʮʠʷ 
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-ʘʨʰʠʣʠʛʠץ ʣʠʢ ʫʟʘʪʠʰʛʘץʘʣʠʥʣʠʛʠʥʠʥʛ, ʠʩʩʠץ
ʥʠʥʛ ʝʪʘʨʣʠ ʙ ʣʤʘʩʣʠʛʠ ʵʩʘ, ʙʠʥʦʥʠ ʵʢʩʧʣʫʘʪʘʮʠʷ 
ʭʘʨʘʞʘʪʣʘʨʠʥʠʥʛ ʢ ץʣʠסʠʣʠʰ ʙʠʣʘʥ ʙʦץ ʧʘʡʠʙ ʢʝ-
ʪʠʰʠʛʘ ʩʘʙʘʙ ʙ ʣʘʜʠ. 
ץ ʦʟʠʨʛʠ ʢʫʥʜʘ ʤʘʤʣʘʢʘʪʠʤʠʟʜʘ ʘʤʘʣʜʘ׳ ʣʣʘ-

ʥʠʣʘʸʪʛʘʥ פʄ2.01.04-97 פ* çפʫʨʠʣʠʰ ʠʩʩʠץʣʠʢ 
ʪʝʭʥʠʢʘʩʠè ʜʘ ʙʠʥʦʣʘʨ ʚʘ ʭʦʥʘʣʘʨʥʠ ʠʩʩʠץʣʠʢ ʭʠ-
ʤʦʷʩʠ ʙ ʡʠʯʘ ʫʯ ʜʘʨʘʞʘʛʘ ʙ ʣʠʥʛʘʥ. ɹʫʥʜʘ ʙʠʥʦ-
ʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ʭʠʤʦʷʩʠ ʜʘʨʘʞʘʩʠʛʘ ʚʘ ץʫʨʠʣʠʰ 
ʞʦʡʠʥʠʥʛ ʛʨʘʜʫʩ-ʩʫʪʢʘ ʢ ʨʩʘʪʢʠʯʠʛʘ ʙʦסʣʠ״ ץʦʣʜʘ 
ʪʘʰץʠ ʜʝʚʦʨʣʘʨ, ʯʦʨʜʦץʩʠʟ ʪʦʤʣʘʨ ʚʘ ʯʦʨʜʦץ ʸʧ-
ʤʘʣʘʨʠ ʢʘʙʠ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʫʯʫʥ ʠʩ-
ʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠʥʠʥʛ ʪʘʣʘʙ ʵʪʠʣʛʘʥ 
 .ʠʡʤʘʪʠ ʙʝʣʛʠʣʘʥʛʘʥ (2ʘ, 2ʙ,2ʚ ʞʘʜʚʘʣ) [1]ץ
ʊ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʥʠʥʛ ʢʝʣʪʠʨʠʣʛʘʥ ʠʩ-

ʩʠץʣʠʢ ˄ʪʢʘʟʠʰʛʘ ץʘʨʰʠʣʠʛʠ R0 ʩʘʥʠʪʘʨ-ʛʠʛʠʝʥʠʢ 
ʰʘʨʦʠʪ ʚʘ ʢʦʥʜʝʥʩʘʪ ״ʦʩʠʣ ʙ˄ʣʠʰʥʠ ʙʘʨʪʘʨʘʬ 
ʵʪʠʣʛʘʥ ״ʦʣʘʪʜʘ R0

ʪʨ ץʠʡʤʘʪʠʜʘʥ, ״ʘʤʜʘ 2ʘ 
ʞʘʜʚʘʣʜʘ [1] ʙʝʣʛʠʣʘʥʛʘʥ ʠʩʩʠץʣʠʢʜʘʥ ״ʠʤʦʷʣʘ-
ʥʠʰʥʠʥʛ ʙʠʨʠʥʯʠ ʜʘʨʘʞʘʩʠʛʘ ʪ˄סʨʠ ʢʝʣʫʚʯʠ ץʠʡ-
ʤʘʪʜʘʥ ʢʘʤ ʙ˄ʣʤʘʩʣʠʛʠ ʣʦʟʠʤ. 
ɼʘʚʣʘʪ ʢʘʧʠʪʘʣ ʤʘʙʣʘסʣʘʨʠ, ʸʢʠ ʤʘ״ʘʣʣʠʡ ʙʶʜ-

ʞʝʪ ״ʠʩʦʙʠʛʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠʛʘʥ ʪʫʨʘʨ-ʞʦʡ, ʜʘ-
ʚʦʣʘʰ-ʧʨʦʬʠʣʘʢʪʠʢʘ ʤʫʘʩʩʘʩʘʣʘʨʠ, ʙʦʣʘʣʘʨ ʤʫʘʩ-
ʩʘʩʘʣʘʨʠ, ʤʘʢʪʘʙ, ʣʠʮʝʡ, ʢʦʣʣʝʞ, ʠʥʪʝʨʥʘʪʣʘʨ ץʫ-
ʨʠʣʠʰʠ, ʨʝʢʦʥʩʪʨʫʢʮʠʷʩʠ ʚʘ ʢʘʧʠʪʘʣ ʪʘʲʤʠʨʠʜʘ 
2ʙ ʞʘʜʚʘʣʠʛʘ [1] ʤʫʚʦʬʠʢ ʠʩʩʠץʜʘʥ ״ʠʤʦʷʣʘʥʠʰ-
ʥʠʥʛ ʠʢʢʠʥʯʠ ʜʘʨʘʞʘʩʠʥʠ ץʘʙʫʣ ץʠʣʠʰ ʣʦʟʠʤ. 
ʅʦʙʶʜʞʝʪ ʤʘʙʣʘסʣʘʰʪʠʨʠʰ ״ʠʩʦʙʠʛʘ ʘʤʘʣʛʘ 

ʦʰʠʨʠʣʛʘʥ ʪʫʨʘʨ-ʞʦʡ, ʞʘʤʦʘʪ ʚʘ ʩʘʥʦʘʪ ʙʠʥʦʣʘ-
ʨʠʥʠ ץʫʨʠʰ, ʨʝʢʦʥʩʪʨʫʢʮʠʷʣʘʰ ʚʘ ʢʘʧʠʪʘʣ 
ʪʘʲʤʠʨʣʘʰʜʘ ʣʦʡʠ״ʘʣʘʰ ʚʘʟʠʬʘʩʠʛʘ ʢ˄ʨʘ ʠʢʢʠʥʯʠ 
ʸʢʠ ʫʯʠʥʯʠ ʠʩʩʠץʜʘʥ ״ʠʤʦʷʣʘʥʠʰ ʜʘʨʘʞʘʩʠʥʠ 
 .ʠʣʠʰ ʪʘʚʩʠʷ ʵʪʠʣʘʜʠ [1]ץ ʘʙʫʣץ
ɹʠʨʠʥʯʠʜʘʥ ʶץʦʨʠʨʦץ ʠʩʩʠץʣʠʢʜʘʥ ״ʠʤʦʷʣʘ-

ʥʠʰ ʜʘʨʘʞʘʩʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʙʠʥʦʣʘʨʥʠ 
ʣʦʡʠ״ʘʣʘʰʜʘ, ʘʡʨʠʤ ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʫʯʫʥ 
ʙʠʨʠʥʯʠ ʜʘʨʘʞʘʣʠ R0

ʪʨ ץʘʙʫʣ ץʠʣʠʰʛʘ ʡ˄ʣ 
-ʢʦʥʩʪʨʫʢ ץʘ ʪ˄ʩʠץʪʜʘ, ʙʦʰץʡʠʣʠʰ ʙʠʣʘʥ ʙʠʨ ʚʘ˄ץ
ʮʠʷʣʘʨ ʫʯʫʥ R0

ʪʨ ʪʝʛʠʰʣʠ ʨʘʚʠʰʜʘ ʦʰʠʨʠʣʘʜʠ. ɹʠ-
ʥʦʥʠʥʛ ʙʘʨʯʘ ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ʦʨץʘʣʠ ʫʤʫ-
ʤʠʡ ʡ˄ץʦʪʠʣʛʘʥ ʠʩʩʠץʣʠʢ ʣʦʡʠ״ʘʚʠʡ ʠʩʩʠץʜʘʥ 
 ʠʤʦʷʣʘʥʠʰ ʜʘʨʘʞʘʩʠ ʫʯʫʥ ʞʘʜʚʘʣʜʘ ʙʝʣʛʠʣʘʥʛʘʥ״
R0
ʪʨ ץʠʡʤʘʪ ʙ˄ʡʠʯʘ ״ʠʩʦʙʣʘʥʛʘʥ ʢʘʪʪʘʣʠʢʜʘʥ ʦʰ-

ʤʘʩʣʠʛʠ ʢʝʨʘʢ. 
ʀʩʠʪʠʰ ʤʘʚʩʫʤʠ ʛʨʘʜʫʩ-ʢʫʥʠ Dd, ʦʉ*ʢʫʥ, 

 ʣʘʥʠʰʠ ʣʦʟʠʤץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץ
Dʠʩ.ʜʘʚ.=(tʚïtʠʩ.ʜʘʚ.)zʠʩ.ʜʘʚ, ʦʉ*ʢʫʥ            (1) 
ʙʫ ʝʨʜʘ: tʠ-ʭʦʥʘ ʠʯʢʠ ״ʘʚʦʥʠʥʛ ״ʠʩʦʙʠʡ ʪʝʤʧʝ-

ʨʘʪʫʨʘʩʠ, 0ʉ; tʠʩ.ʜʘʚ, zʠʩ.ʜʘʚ-˄ʨʪʘʯʘ ״ʘʨʦʨʘʪ, ʦʉ, ʚʘ 10 

ʦʉ-ʜʘʥ ץ˄ʧ ʙ˄ʣʤʘʛʘʥ ˄ʨʪʘʯʘ ʢʫʥʣʠʢ ״ʘʨʦʨʘʪ ʜʘʚʨʠ-
ʥʠʥʛ ʜʘʚʦʤʠʡʣʠʛʠ (פʄ2.01.01-94 פ ʙ˄ʡʠʯʘ), ʢʫʥ. 

Dd ʢ ʨʩʘʪʢʠʯʠʥʠʥʛ ץʠʡʤʘʪʠʛʘ ʚʘ ʙʠʥʦʥʠʥʛ ʠʩ-
ʩʠץʜʘʥ ״ʠʤʦʷ ʜʘʨʘʞʘʩʠʛʘ ʙʦסʣʠ״ ץʦʣʜʘ ʪʘʰץʠ 
ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷ ʫʯʫʥ (2ʘ, 2ʙ,2ʚ ʞʘʜʚʘʣ) [1] ʠʩ-
ʩʠץʣʠץ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʢʥʠʥʛ ʪʘʣʘʙ ʵʪʠʣʛʘʥ 

 ʠʡʤʘʪʠץ
ʪʨ

0R  ʘʥʠץʣʘʥʘʜʠ. ʃʦʡʠ״ʘʣʘʥʘʸʪʛʘʥ ʷʥʛʠ 

ʢʦʥʩʪʨʫʢʮʠʷ ʫʯʫʥ 

Ὑ
̃
В

̎
,  ̍ ᴈȾˏ ;̓     (2) 

aʚ-ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ʠʯʢʠ ʶʟʘʩʠʥʠ ʠʩʩʠץʣʠʢ 
ʙʝʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ, 5* ʞʘʜʚʘʣʜʘʥ ץʘʙʫʣ 

 .ʠʣʠʥʘʜʠ [1]ץ

aʥïʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠ ʪʘʰʢʠ ʶʟʘʩʠʥʠ ʠʩ-
ʩʠץʣʠʢ ʙʝʨʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ (ץʠʰ ʰʘʨʦ-

ʠʪʣʘʨʠ ʫʯʫʥ), ɺʪ/(ʤ2Öʦʉ), 6ïʞʘʜʚʘʣʜʘʥ 
 .ʠʣʠʥʘʜʠ [1]ץ ʘʙʫʣץ

d-ץʘʪʣʘʤ ץʘʣʠʥʣʠʛʠ, ʤ; 

l-ץʘʪʣʘʤ ʘʰʸʩʠʥʠ ʠʩʩʠʢʣʠʢ ˄ʪץʘʟʫʚʯʘʥʣʠʛʠʥʠ 

 ʠʩʦʙʠʡ ʢʦʵʬʬʠʮʠʝʥʪʠ, ɺʪ/(ʤÖÁʉ), 1-ʩʦʥ ʀʣʦʚʘʜʘʥ״
 .ʠʣʠʥʘʜʠ [1]ץ ʘʙʫʣץ
ʀʢʢʠʥʯʠ ʬʦʨʤʫʣʘ ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʥʛʘʥ ʠʩ-

ʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠʥʠʥʛ ץʠʡʤʘʪʠ Ὑ 

ʶץʦʨʠʜʘ ʘʥʠץʣʘʥʛʘʥ 
ʪʨ

0R -ʦʩʣʘץץʠʡʤʘʪ ʙʠʣʘʥ ʪʘץ 

ʥʘʜʠ. ɸʛʘʨ Ὑ Ὑ
̓̑

 ʰʘʨʪ ʙʘʞʘʨʠʣʩʘ, ʙʠʥʦ ץʘʙʫʣ 

 ץʠʤʦʷʩʠ ʜʘʨʘʞʘʩʠʛʘ ʤʫʚʦʬʠ״ ʣʠʢץʠʣʠʥʛʘʥ ʠʩʩʠץ
ʨʘʚʠʰʜʘ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨ ״ʠʩʦʙʣʘʥʘʜʠ. 
ɹʠʥʦʣʘʨʥʠʥʛ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠʛʘ 

ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢ ʥʫץʪʘʠ ʥʘʟʘʨʠʜʘʥ ץ ʡʠʣʘʜʠ-
ʛʘʥ ʪʘʣʘʙʣʘʨ ʢʫʯʘʡʪʠʨʠʣʛʘʥʣʠʛʠ ʤʫʥʦʩʘʙʘʪʠ ʙʠ-
ʣʘʥ ״ʦʟʠʨʛʠ ʢʫʥʜʘ ʤʘʚʞʫʜ ʫʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘ-
ʪʠʰʛʘ ץʘʨʰʠʣʠʛʠʥʠ ʦʰʠʨʠʰ ʤʫʘʤʤʦʩʠ ʜʦʣʟʘʨʙ 
ʙ ʣʠʙ ʙʦʨʤʦץʜʘ. ɹʫ ʤʘʩʘʣʘʥʠ ״ʘʣ ץʠʣʠʰ ʫʯʫʥ, 
ʷʲʥʠ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʥʠʥʛ ʠʩʩʠץʣʠʢ 
ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠʥʠ ץʘʥʯʘʛʘ ʦʰʠʨʠʰ ʢʝʨʘʢʣʠ-
ʛʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ, ʫʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ʫʤʫ-

ʤʠʡ ץʘʨʰʠʣʠʛʠʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠ Ὑ
̕
 ʠʜʘץʘ״ 

ʤʘʲʣʫʤʦʪ ʢʝʨʘʢ ʙ ʣʘʜʠ. ɹʫʥʜʘʡ ʤʘʲʣʫʤʦʪʥʠ 
ʘʥʠץʣʘʰ ʫʯʫʥ ץʫʡʠʜʘʛʠ ʫʩʫʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘ-
ʥʠʣʘʜʠ. 

1) ʂ ʨʠʣʘʸʪʛʘʥ ʤʘʚʞʫʜ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥ-
ʩʪʨʫʢʮʠʷʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠʛʘ ʢʠʨʛʘʥ ʤʘʪʝʨʠʘʣʣʘʨ 
ʤʘʲʣʫʤʦʪʣʘʨ ʙ ץʠʜʘ ʘʥʠץʘ״ ʣʛʘʥ ״ʦʣʣʘʨʜʘ, ʢʦʥ-
ʩʪʨʫʢʮʠʷ ʫʯʫʥ ʫʟʘʪʠʰʛʘ ʫʤʫʤʠʡ ץʘʨʰʠʣʠʢʥʠʥʛ 

ʠʡʤʘʪʠ Ὑץ ʠʡץʠץʘ״
̕
 ʩʠʬʘʪʠʜʘ ʠʢʠʥʯʠ ʬʦʨʤʫʣʘ ʸʨ-

ʜʘʤʠʜʘ ʠʩʩʠץʣʠץ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʢʥʠʥʛ ״ʠʩʦʙʠʡ 
 .ʣʘʥʘʜʠץʠʡʤʘʪʠ Ὑ ʘʥʠץ

2) ʂʦʥʩʪʨʫʢʮʠʷ ʫʯʫʥ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ 

ʫʤʫʤʠʡ ץʘʨʰʠʣʠʢʥʠʥʛ ״ʘץʠץʠʡ ץʠʡʤʘʪʠ Ὑ
̕
 

ʘʥʠץʣʘʥʘʜʠ. ɹʫ ʠʰʥʠ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʥʠ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣ ʣʯʘʰʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʠʢʢʠʪʘ ʫʩʫʣʜʘ 
ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥ. 
ɹʠʨʠʥʯʠ ʫʩʫʣ. פ ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ 
ʨʥʘʪʠʣʠʰʠ ʢʝʨʘʢ ʙ ʣʛʘʥ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʨʪʠʜʘʛʠ 
ʤʘʲʣʫʤ ʥʫץʪʘʣʘʨʜʘ, ʫʣʘʨʛʘ ʨʥʘʪʠʣʛʘʥ ʪʝʨʤʦʜʘʪ-
ʯʠʢʣʘʨ ʸʨʜʘʤʠʜʘ ʙʠʨ ʥʝʯʘ ʩʫʪʢʘ ʜʘʚʦʤʠʜʘ ʠʯʢʠ ʚʘ 
ʪʘʰץʠ ״ʘʚʦ ״ʘʤʜʘ ʢʦʥʩʪʨʫʢʮʠʷʥʠʥʛ ʠʯʢʠ ʩʠʨʪʠ-
ʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʠ ʣʯʘʥʘʜʠ. ʆʣʠʥʛʘʥ ʥʘʪʠʞʘ-
ʣʘʨ ʘʩʦʩʠʜʘ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷʥʠʥʛ ʠʩ-

ʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠ Ὑ
̕
 ʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘץ 

ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʥʘʜʠ: 

Ὑ
̕ ̃ ̎

̃ ̃ ̃
ȟ ̍ ᴈȾˏ ,̓   (3) 

ɹʫ ʝʨʜʘ; 
ὸ̃-ʭʦʥʘ ʠʯʢʠ ״ʘʚʦʩʠʥʠʥʛ ʣʯʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ 
ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘʩʠ, 0ʉ; 
ὸ̎-ʪʘʰץʠ ״ʘʚʦʥʠʥʛ ʣʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ ʨʪʘʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʠ, 0ʉ; 
†̃-ʜʝʚʦʨ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ ʣʯʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ 
ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘʩʠ, 0ʉ; 
‌̃-ʜʝʚʦʨ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ ʠʩʩʠץʣʠʢ ʙʝʨʠʰ ʢʦ-

ʵʬʬʠʮʠʝʥʪʠ, ɺʪ/(ʤ2 0ʉ). 
ʀʢʢʠʥʯʠ ʫʩʫʣ. ɹʫʥʜʘ ʙʠʨ ʥʝʯʘ ʩʫʪʢʘ ʜʘʚʦʤʠʜʘ 



 ˽ͪ ͔ͦ͋ͣ͡· ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭ͊ нлноΣ Ѕм 

68 

ʠʯʢʠ ʚʘ ʪʘʰץʠ ״ʘʚʦʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʠ ʙʠʣʘʥ 
ʙʠʨʛʘʣʠʢʜʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʨץʘʣʠ ʪʘʸʪʛʘʥ ʠʩ-

ʩʠץʣʠʢ ʦץʠʤʠʥʠʥʛ ץʠʡʤʘʪʠ ή̕ ״ʘʤ ʣʯʘʥʘʜʠ. 

ʆʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥ-

ʩʪʨʫʢʮʠʷʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠ Ὑ
̕
 

 :ʣʘʥʘʜʠץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʸʨʜʘʤʠʜʘ ʘʥʠץ

Ὑ
̕ ̃ ̎

̕
ȟ ̍ ᴈȾˏ ,̓   (4) 

ɹʫ ʝʨʜʘ; 
ὸ̃-ʭʦʥʘ ʠʯʢʠ ״ʘʚʦʩʠʥʠʥʛ ʣʯʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ 
ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘʩʠ, 0ʉ; 
ὸ̎-ʪʘʰץʠ ״ʘʚʦʥʠʥʛ ʣʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ ʨʪʘʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʠ, 0ʉ; 

ή̕-״ʠʩʦʙʠʡ ʜʘʚʨ ʫʯʫʥ ʣʯʘʥʛʘʥ ʠʩʩʠץʣʠʢ ʦץʠ-

ʤʠʥʠʥʛ ʨʪʘʯʘ ʟʠʯʣʠʛʠ, ɺʪ/ʤ2; ʫʥʠʥʛ ץʠʡʤʘʪʠ 
 :ʠʩʦʙʣʘʥʘʜʠ״ ʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʸʨʜʘʤʠʜʘץ

ή̕ ή ̎ ̃

̎ Ȣ̃̐
ȟ̃ Ⱦ̓̍ ,  (5) 

ɹʫ ʝʨʜʘ; q-ʠʩʩʠץʣʠʢ ʦץʠʤʠʥʠ ʣʯʘʰʣʘʨʥʠʥʛ 
ʠʩʦʙʠʡ ʜʘʚʨʠ ʙ״ ʡʠʯʘ ʨʪʘʯʘ ״ʘץʠץʠʡ ʟʠʯʣʠʛʠ, 
ɺʪ/ʤ2; 
†̎-ʢʦʥʩʪʨʫʢʮʠʷ ʪʘʰץʠ ʩʠʨʪʠʥʠʥʛ ʣʯʘʰʣʘʨ 

ʜʘʚʨʠʜʘʛʠ ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘʩʠ, 0ʉ; 
†̃ ʚʘ †̃Ȣ̐-ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ 

ʪʝʧʣʦʤʝʨ ʷץʠʥʠʜʘʛʠ ʚʘ ʙʝʚʦʩʠʪʘ ʫʥʠʥʛ ʪʘʛʠʜʘʛʠ 
ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʠ, 0ʉ. 
ʐʫʥʜʘʥ ʩ ʥʛ, ʪʘʲʤʠʨʣʘʥʘʜʠʛʘʥ ʪʘʰץʠ ʪ ʩʠץ 

ʢʦʥʩʪʨʫʢʮʠʷʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠ 
Ὑ ʥʠʥʛ ץʠʡʤʘʪʠ ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢ ʙ ʡʠʯʘ ʪʘ-

ʣʘʙ ʵʪʠʣʛʘʥ ץʠʡʤʘʪʠ Ὑ
̓̑

 ʛʘ ʪʝʥʛ ʸʢʠ ʫʥʜʘʥ ʢʘʪʪʘ 

ʙ ʣʠʰʠ ʰʘʨʪʠʜʘʥ ʢʝʣʠʙ ʯʠץץʘʥ ״ʦʣʜʘ, ʢʦʥʩʪʨʫʢ-
ʮʠʷ ʫʯʫʥ ץ ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʢ 
ЎὙ̅ ̏ ̂ʥʠʥʛ ץʠʡʤʘʪʠ ʘʥʠץʣʘʥʘʜʠ: 

ЎὙ̅ ̏̂ Ὑ
̓̑
Ὑ
̕
,  ̍ ᴈȾˏ ,̓  (6) 

ʕʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢʥʠ ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ 
ץ ʰʠʤʯʘ ʨʥʘʪʠʣʘʜʠʛʘʥ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ 
-ʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʸʨʜʘץ ʘʣʠʥʣʠʛʠץ ʘʪʣʘʤʥʠʥʛץ
ʤʠʜʘ ʘʥʠץʣʘʥʘʜʠ: 
‏ ЎὙ̅ ̏̂‗,  ʤ,   (7) 

ɹʫ ʝʨʜʘ: ‗-ץ ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ ʩʠʬʘ-
ʪʠʜʘ ץ ʣʣʘʥʠʣʘʜʠʛʘʥ ʤʘʪʝʨʠʘʣʥʠʥʛ ʠʩʩʠץʣʠʢ 
ʪʢʘʟʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ, ɺʪ/(ʤ 0ʉ), ʫʥʠʥʛ 
 ʦʣʜʘ״ ץʣʠסʠʡʤʘʪʠ ʭʦʥʘʥʠʥʛ ʥʘʤʣʠʢ ʨʝʞʠʤʠʛʘ ʙʦץ
ʘʥʠץʣʘʥʘʜʠʛʘʥ ʵʢʩʧʣʫʘʪʘʮʠʷ ʰʘʨʦʠʪʠ ɸ ʸʢʠ ɹ ʛʘ 
ʤʫʚʦʬʠץ ʨʘʚʠʰʜʘ ץʘʙʫʣ ץʠʣʠʥʘʜʠ [1]. 
ʍʦʥʘʥʠʥʛ ʥʘʤʣʠʢ ʨʝʞʠʤʠ [1] ʥʠʥʛ 1-ʞʘʜʚʘʣʠ-

ʜʘʥ ץʘʙʫʣ ץʠʣʠʥʘʜʠ. ɹʫʥʜʘʥ, ʪ˄ʩʠץ ʢʦʥʩʪʨʫʢʮʠʷ-
ʣʘʨʠʥʠʥʛ ʬʦʡʜʘʣʘʥʠʰ ʰʘʨʪ-ʰʘʨʦʠʪʣʘʨʠʥʠ ʭʦʥʘ-
ʥʠʥʛ ʥʘʤʣʘʥʠʰ ʨʝʞʠʤʠʛʘ ʙʦסʣʠ״ ץʦʣʜʘ: ץʫʨʫץ ʚʘ 
ʥʦʨʤʘʣ ʨʝʞʠʤʣʘʨ ʫʯʫʥ ɸ ʧʘʨʘʤʝʪʨʣʘʨ ʙ˄ʡʠʯʘ, ʥʘʤ 
ʸʢʠ ״˄ʣ ʨʝʞʠʤʣʘʨ ʫʯʫʥ ʵʩʘ-ɹ ʧʘʨʘʤʝʪʨʣʘʨ ʙ˄ʡʠʥʯʘ 
 .ʠʣʠʥʠʰʠ ʣʦʟʠʤץ ʘʙʫʣץ
ʕʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢ ʪʘʣʘʙʣʘʨʠ ʘʩʦʩʠʜʘ ʪʝʧ-

ʣʦʬʠʟʠʢ ״ʠʩʦʙʣʘʰ ʥʘʤʫʥʘʩʠʥʠ ʠʩʩʠץʣʠ״ ץʠʤʠʦ-
ʷʩʠʥʠʥʛ ʠʢʢʠʥʯʠ ʜʘʨʘʞʘʩʠ ʙ ʠʡʠʯʘ ʅʫʢʫʩ ʰʘ״ʨʠ 
ʫʯʫʥ ʪʝʢʰʠʨʠʙ ʢ ʨʘʤʠʟ. ʅʫʢʫʩ ʰʘ״ʨʠʜʘʛʠ ʪʫʨʘʨ-
ʞʦʡ ʙʠʥʦʩʠʥʠʥʛ ץʘʣʠʥʣʠʛʠ 2 סʠʰʪ, ʠʢʢʠ ʪʦʤʦʥʠ-
ʜʘʥ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠ Ὑ ʥʠ ʫʥʛʘ 
ʪʘʰץʘʨʠ ʪʦʤʦʥʜʘʥ ץ ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ 
ʨʥʘʪʠʰ ״ʠʩʦʙʠʛʘ ʠʩʩʠץʣʠʢ ״ʠʤʦʷʩʠʥʠʥʛ ʠʢʢʠʥʯʠ 
ʜʘʨʘʞʘʩʠʛʘ ʤʫʚʦʬʠץʣʘʰʪʠʨʠʰ ʪʘʣʘʙ ץʠʣʠʥʘʜʠ. 
ʄʘʩʘʣʘʥʠ ʶץʦʨʠʜʘ ʙʘʸʥ ץʠʣʠʥʛʘʥ ʘʣʛʦʨʠʪʤ 

ʙ ʡʠʯʘ ʝʯʘʤʠʟ. 
 .ʨʠ״ʫʨʠʣʠʰ ʞʦʡ-ʅʫʢʫʩ ʰʘפ.1
2.ɹʠʥʦʥʠʥʛ ʚʘʟʠʬʘʩʠ-ʪʫʨʘʨ-ʞʦʡ ʙʠʥʦʩʠ. 
 ʥʠʥʛ 1-ʠʣʦʚʘʜʘʥ ʭʦʥʘ ʠʯʢʠ *2.01.04-97 פʄפ .3

 ʠʩʦʙʠʡ ʪʝʤʧʝʨʘʪʫʨʘʩʠ ὸ̃״ ʘʚʦʩʠʥʠʥʛ״
ʘʥʠץʣʘʡʤʠʟ: ὸ̃ ςπ ᴈȢ 
-ʥʠʥʛ 4-ʪʘʙʣʠʮʘʩʠʜʘʥ ʅʫ [2] 2.01.01-94 פʄפ .4

ʢʫʩ ʰʘ״ʨʠʥʠʥʛ ʪʘʰץʠ ״ʘʚʦ ʪʝʤʧʝʨʘʪʫʨʘʩʠ ὸ ψᴈ 
ʚʘ ὸ ρςᴈ ʙ ʣʛʘʥ ʜʘʚʨʣʘʨ ʫʯʫʥ ʤʦʩ ʨʘʚʠʰʜʘ ʨ-
ʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ὸ̏ Ȣ̓̐ ̆̑ ʥʠʥʛ ץʠʡʤʘʪʠ ʚʘ ʰʫ ʜʘʚʨ-
ʣʘʨʥʠʥʛ ʜʘʚʦʤʠʡʣʠʛʠ (ʩʫʪʢʘʜʘ) ὤ̏ Ȣ̓̐  ʠʜʘʛʠץʘ״ ̑̆

ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ ʸʟʠʙ ʦʣʘʤʠʟ: 
- ὸ ψᴈ ʙ ʣʛʘʥ ʜʘʚʨ ʫʯʫʥ ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ὸ̏ Ȣ̓̐ ̆̑ πȟφᴈȟ ʜʘʚʦʤʠʡʣʠʛʠ 143 ʩʫʪʢʘ; 

- ὸ ρςᴈ ʙ ʣʛʘʥ ʜʘʚʨ ʫʯʫʥ ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ὸ̏ Ȣ̓̐ ̆̑ ρȟπᴈȟ ʜʘʚʦʤʠʡʣʠʛʠ 182 ʩʫʪʢʘ; 

ʄʘʟʢʫʨ ץʠʡʤʘʪʣʘʨ ʘʩʦʩʠʜʘ ὸ ρπᴈ ʙ ʣʛʘʥ 
ʜʘʚʨ ʫʯʫʥ ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ὸ̏ Ȣ̓̐ ̆̑ ʥʠʥʛ ץʠʡʤʘʪʠ 
ʚʘ ʰʫ ʜʘʚʨʥʠʥʛ ʜʘʚʦʤʠʡʣʠʛʠ ὤ̏ Ȣ̓̐ ̆̑ ʥʠ ʘʥʠץʣʘʙ 

ʦʣʘʤʠʟ: 

ὸ̏ Ȣ̓̐ ̆̑
ȟ ȟ

πȟς πᴈ ʚʘ ὤ̏ Ȣ̓̐ ̆̑

ρφςȟυ ρφσ ̒̔̓̋́̄́ ʪʝʥʛ. 

5. (1) ʬʦʨʤʫʣʘʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʅʫʢʫʩ ʰʘ״ʨʠ 
ʫʯʫʥ ʠʩʠʪʠʰ ʤʘʚʩʫʤʠʥʠʥʛ ʛʨʘʜʫʩ-ʩʫʪʢʘ (ʀʄɻʉ) 
ʢ ʨʩʘʪʢʠʯʠʥʠ ʘʥʠץʣʘʡʤʠʟ: 

Dʦʪ.ʧʝʨ.=(tʚït ʦʪ.ʧʝʨ.)zʦʪ.ʧʝʨ.=(20-0) 163=3260 ʛʨʘ-
ʜʫʩ-ʩʫʪʢʘʛʘ ʪʝʥʛ. 
6.ʊʫʨʘʨ-ʞʦʡ ʙʠʥʦʩʠ ʪʘʰץʠ ʜʝʚʦʨʠʥʠʥʛ ʠʩ-

ʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ʪʘʣʘʙ ʵʪʠʣʛʘʥ ץʘʨʰʠʣʠʛʠ Ὑ
̓̑

 

ʥʠʥʛ ץʠʡʤʘʪʠʥʠ ʠʩʩʠץʣʠʢ ״ʠʤʦʷʩʠʥʠʥʛ ʠʢʢʠʥʯʠ 
ʜʘʨʘʞʘʩʠʛʘ ʤʫʚʦʬʠץ ʙ ʣʠʰʠ ʰʘʨʪʠʜʘʥ ʢʝʣʠʙ 
ʯʠץץʘʥ ״ʦʣʜʘ, [1] 2ʙ ʞʘʜʚʘʣʠʜʘʥ ʘʥʠץʣʘʡʤʠʟ: 

Ὑ
̓̑
ςȟς ̍  ᴈȾˏ  ̓ʛʘ ʪʝʥʛ. 

7. (3) ʬʦʨʤʫʣʘ ʙ ʡʠʯʘ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥʩʪʨʫʢʮʠ-

ʷʥʠʥʛ ʠʩʩʠץʣʠʢʫʟʘʪʠʰʛʘ ״ʘץʠץʠʡ ץʘʨʰʠʣʠʛʠ Ὑ
̕
 

ʥʠ ʘʥʠץʣʘʙ ʦʣʘʤʠʟ. ɹʫʥʠʥʛ ʫʯʫʥ ʙʠʨ ʥʝʯʘ ʩʫʪʢʘ ʜʘ-
ʚʦʤʠʜʘ ʪʝʨʤʦʜʘʪʯʠʢʣʘʨ ʸʨʜʘʤʠʜʘ ʠʯʢʠ ʚʘ ʪʘʰץʠ 
-ʘʤʜʘ ʜʝʚʦʨ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʣʘ״ ʘʚʦ״
ʨʠʥʠ ʣʯʘʡʤʠʟ. ʌʘʨʘʟ ץʠʣʘʡʣʠʢ, ʣʯʘʰʣʘʨ 
ʥʘʪʠʞʘʩʠʜʘ ץʫʡʠʜʘʛʠ ʥʘʪʠʞʘʣʘʨ ʦʣʠʥʜʠ: 
ὸ̃-ʭʦʥʘ ʠʯʢʠ ״ʘʚʦʩʠʥʠʥʛ ʣʯʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ 
ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘʩʠ, +19,8 0ʉ; 
ὸ̎-ʪʘʰץʠ ״ʘʚʦʥʠʥʛ ʣʯʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ ʨʪʘʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʠ, -13 0ʉ; 
†̃-ʜʝʚʦʨ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ ʣʯʘʰʣʘʨ ʜʘʚʨʠʜʘʛʠ 
ʨʪʘʯʘ ʪʝʤʧʝʨʘʪʫʨʘʩʠ, +16 0ʉ. 
‌̃-ʜʝʚʦʨ ʠʯʢʠ ʩʠʨʪʠʥʠʥʛ ʠʩʩʠץʣʠʢ ʙʝʨʠʰ ʢʦ-

ʵʬʬʠʮʠʝʥʪʠʥʠ [1] ʜʘʛʠ 5*-ʞʘʜʚʘʣʛʘ ʘʩʦʩʘʥ ץʘʙʫʣ 
 .ʠʣʘʤʠʟץ
˛̌̉̎̄́̎ ʥʘʪʠʞʘʣʘʨ ʘʩʦʩʠʜʘ ʪʘʰץʠ ʪ ʩʠץ ʢʦʥ-

ʩʪʨʫʢʮʠʷʥʠʥʛ ʠʩʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠ 

Ὑ
̕
 ʥʠ (3) ʬʦʨʤʫʣʘ ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʡʤʠʟ: 

Ὑ
̕ ̃ ̎

̃ ̃ ̃

ȟ ȟ

ȟ ȟ
πȟωως   ̍ ᴈȾ

ˏ  ̓ʛʘ ʪʝʥʛ. 
ʕʩʣʘʪʤʘ: ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʛʠʥʠ ʦʰʠʨʠʰ 

ʪʘʣʘʙ Ϩʠʣʠʥʘʸʪʛʘʥ ʢʦʥʩʪʨʫʢʮʠʷʜʘ Ϩṹʣʣʘʥʠʣʛʘʥ 
ʤʘʪʝʨʠʘʣʣʘʨʥʠʥʛ ʣʦʡʠϲʘʜʘʛʠ ʪʝʧʣʦʬʠʟʠʢ ʢṹʨʩʘʪ-
ʢʠʯʣʘʨʠ ʘʥʠϨ ʙṹʣʛʘʥ ϲʦʣʣʘʨʜʘ, ʠʩʩʠϨʣʠʢ ʫʟʘʪʠʰʛʘ 

Ϩʘʨʰʠʣʠʛʠʥʠʥʛ ϲʘϨʠϨʠʡ Ϩʠʡʤʘʪʠ Ὑ
̕
 ʩʠʬʘʪʠʜʘ (2) 
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ʬʦʨʤʫʣʘ ʸʨʜʘʤʠʜʘ ʘʥʠϨʣʘʥʛʘʥ ϲʠʩʦʙʠʡ Ϩʠʡʤʘʪ Ὑ 
ʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʤʫʤʢʠʥ. 
8.ʂʦʥʩʪʨʫʢʮʠʷ ʫʯʫʥ ʢ ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʫʟʘʪʠ-

ʰʛʘ ץʘʨʰʠʣʠʢ ЎὙ̅ ̏ ̂ʥʠʥʛ ץʠʡʤʘʪʠ (5) ʬʦʨʤʫʣʘ ʸʨ-

ʜʘʤʠʜʘ ʘʥʠץʣʘʡʤʠʟ: 

ЎὙ̅ ̏̂ Ὑ
̓̑
Ὑ
̕
ςȟς πȟωωςρȟςπψ, 

 ̍ ᴈȾˏ .̓ 
פ.9 ʰʠʤʯʘ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ ץʘʪʣʘʤʠ ʫʯʫʥ 

[1] ʥʠʥʛ 1-ʩʦʥ ʠʣʦʚʘʩʠʜʘʥ ʟʠʯʣʠʛʠ 40 ʢʛ/ʤ3 ʙ ʣʛʘʥ 
ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ץʘʙʫʣ ץʠʣʘʤʠ ʚʘ ʢʦʥʩʪʨʫʢʮʠʷ-
ʥʠʥʛ ʵʢʩʧʣʫʘʪʘʮʠʷ ʰʘʨʦʠʪʠ ɸ ʛʘ ʤʫʚʦʬʠץ ʨʘ-
ʚʠʰʜʘ ʫʥʠʥʛ ʠʩʩʠץʣʠʢ ʪʢʘʟʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠ-
ʝʥʪʠ ‗ ʥʠ ʘʥʠץʣʘʙ ʦʣʘʤʠʟ: ‗=0,041 ɺʪ/(ʤ 0ʉ). 
פ.10 ʰʠʤʯʘ ʨʥʘʪʠʣʘʜʠʛʘʥ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠ-

ʷʩʠ ץʘʪʣʘʤʠʥʠʥʛ ץʘʣʠʥʣʠʛʠʥʠ (6) ʬʦʨʤʫʣʘ ʸʨʜʘ-
ʤʠʜʘ ʘʥʠץʣʘʡʤʠʟ: 
‏ ЎὙ̅ ̏̂‗ ρȟςπψ πȟπτρπȟπτω ʤ ʛʘ 

ʪʝʥʛ. 
ʀʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʷʩʠ ץʘʪʣʘʤʠʥʠʥʛ ʘʥʠץʣʘʥʛʘʥ 

-ʥʠ ʤʘʪʝʨʠʘʣʥʠʥʛ ʭʫʩʫʩʠʷʣʘʨʠʜʘʥ ʢʝ ‏ ʘʣʠʥʣʠʛʠץ
ʣʠʙ ʯʠץץʘʥ ״ʦʣʜʘ ʢʘʪʪʘ ʪʦʤʦʥʛʘ ʷʭʣʘʪʠʙ ‏
πȟπτωπȟπυ ̍ ץʘʙʫʣ ץʠʣʘʤʠʟ. 
11.ʊʘʰץʠ ʪʦʤʦʥʠʜʘʥ ץ ʰʠʤʯʘ 5 ʩʤ ץʘʣʠʥʣʠʢʜʘ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ץʘʪʣʘʤ ʨʥʘʪʠʣʛʘʥ ʜʝʚʦʨʥʠʥʛ ʠʩ-

ʩʠץʣʠʢ ʫʟʘʪʠʰʛʘ ץʘʨʰʠʣʠʛʠʥʠʥʛ ץʠʡʤʘʪʠ Ὑ
̕

 ʥʠ 

 :ʠʩʦʙʣʘʡʤʠʟ״

Ὑ
̕

Ὑ
̕

πȟωως
ȟ

ȟ

ςȟςρ ̍ ᴈ ˏ̓ϳ Ὑ
̓̑

ςȟς ̍ ᴈ ˏ̓ϳ . 

ʍʫʣʦʩʘ: ʠʢʢʠ ʪʦʤʦʥʠʜʘʥ 20 ʤʤ ץʘʣʠʥʣʠʢʜʘ 
ʦ״ʘʢ-ץʫʤ ץʦʨʠʰʤʘʩʠ ʙʠʣʘʥ ʩʫʚʘʣʛʘʥ ץʘʣʠʥʣʠʛʠ 2 
ʘʨʠ ʪʦʤʦʥʜʘʥ ʢץʠʰʪ ʜʝʚʦʨ, ʪʘʰס ʰʠʤʯʘ ʠʩʩʠץʣʠʢ 
ʠʟʦʣʷʮʠʷʩʠ ʩʠʬʘʪʠʜʘ 5 ʩʤ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ʧʣʠʪʘ 
ʨʥʘʪʠʣʛʘʥʜʘ, ʅʫʢʫʩ ʰʘ״ʨʠ ʠץʣʠʤ ʰʘʨʦʠʪʠʜʘ ʠʩ-
ʩʠץʣʠʢ ״ʠʤʦʷʩʠʥʠʥʛ ʠʢʢʠʥʯʠ ʜʘʨʘʞʘʩʠʛʘ ʤʦʩ 
ʵʥʝʨʛʠʷ ʪʝʞʘʤʢʦʨʣʠʢ ʪʘʣʘʙʣʘʨʠʛʘ ʞʘʚʦʙ ʙʝʨʘʜʠ. 

ɸʜʘʙʠʸʪʣʘʨ: 
 .ʣʠʢ ʪʝʭʥʠʢʘʩʠץʫʨʠʣʠʰ ʠʩʩʠפ .*2.01.04-97 פʄפ .1

/ʦʠʜʘʣʘʨʠץ ʫʨʠʣʠʰ ʤʝʲʸʨʣʘʨʠ ʚʘפ ʟʈ ʜʘʚʣʘʪ ʘʨʭʠʪʝʢ-
ʪʫʨʘ ʚʘ ץʫʨʠʣʠʰ ץ ʤʠʪʘʩʠ; ʊʦʰʢʝʥʪ: 2011.-98 ʙ. 
-ʣʠʤʠʡ ʚʘ ʬʠץʘʣʘʰ ʫʯʫʥ ʠ״ʃʦʡʠ .94-.2.01.01 פʄפ .2

ʟʠʢʘʚʠʡ-ʛʝʦʣʦʛʠʢ ʤʘʲʣʫʤʦʪʣʘʨ. פʫʨʠʣʠʰ ʤʝʲʸʨʣʘʨʠ ʚʘ 
/ʦʠʜʘʣʘʨʠץ ʟʈ ʜʘʚʣʘʪ ʘʨʭʠʪʝʢʪʫʨʘ ʚʘ ץʫʨʠʣʠʰ ץ ʤʠ-
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MAVJUD BINOLARNING ENERGIYA SAMARADORLIGINI OSHIRISH  

 
Hazratqulova M. M. 

 
Ushbu maolada mavjud binolarning energiya samaradorligini oshirish yoôllari haqida qisqacha aytib oôtildi. Mavjud 

binolarning energiya samaradorligini oshirish uchun ularda issiqlik harakati tezligini kamaytirish zarurligi aytib oôtildi. 
Kalit soôzlar: Energiya samaradorlik, issiqlik harakati, issiqlik energiyasi, izolyatsiya, muqobil energiya, shisha tolali 

material, sellyuloza, ko'pikli material 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ. ɹʳʣʦ ʦʪʤʝ-
ʯʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 
ʜʚʠʞʝʥʠʷ ʚ ʥʠʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ, ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, ʠʟʦʣʷʮʠʷ, ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʵʥʝʨʛʠʷ, ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʮʝʣʣʶʣʦʟʘ, ʚʩʧʝʥʝʥʥʳʡ ʤʘʪʝʨʠʘʣ 

This article summarizes the ways to improve the energy efficiency of existing buildings. It was noted that in order to 
improve the energy efficiency of existing buildings, it is necessary to reduce the speed of thermal movement in them. 

Keywords: energy efficiency, thermal motion, thermal energy, insulation, alternative energy, fiberglass material, 
cellulose, foamed material. 

 

Bizga maôlumki, ibtidoiy jamoa insonlari yashashi 
uchun oôzlariga tinch, sovuqdan va atmosfera 
yog`inlaridan asraydigan, quyosh nuri tushadigan 
oôzlari uchun qulay joylarni tanlab oôzlari uchun 
boshpana qurishgan. Vaqt oôtgani sari insonlarning 
yashash sharoitini yanada yaxshilab borishga harakat 
qilib kelinmoqda. Hozirda barcha sohalar rivojlangani 
kabi qurilish sohasida ham koôplab yangiliklar 
rivojlanishlar amalga oshirilmoqda. Bugungi kunda 
zamonaviy arxitektorlarga chiroyli, qulay, mustahkam 
va iqtisodiy jihatdan arzon binolarni loyihalash blan 
birga bu binoni energiya tejamkor qilib loyihalash ham 
talab qilinmoqda. 

Binolarining energiya samaradorligini oshirish-
ning eng samarali usuli bu binodagi energiya sarfini 
kamaytirish. Buning uchun birinchi navbatda sizning 
uyingizdagi devor, shift, deraza va eshiklarning 
issiqlik oôtkazuvchanligini kamaytirish hisoblanadi. 

Bino konstruksiyalaridan issiqlik yoôqotilishi 
kamayganidan soông isitish, sovutish, yoritish va 
maishiy texnika kabi tizimlarning energiya samara-
dorligini oshirish lozim. Va nihoyat, quyosh, shamol 
yoki geotermal kabi muqobil energiya ishlab chiqarish 
tizimlaridan foydalinishga oôtilsa maqsadga muvofiq 
boôladi. 

Binolarda isitish yoki sovutish uchun qanchalik 
harakat qilmaylik unda issiqlik harakati tezligini 
kamaytirmasak energiya isrofi shunchalik koôpayib 
boradi. Bino konstruksiyalaridan yoôqotiladigan 
issiqlikni binoning qaysi qismlarida qancha miqdorga 
toôgôri kelishi muttahassislar tomonidan hisoblab 
chiqilgan. Bu hisob kitoblarga koôra issiqlik 
energiyasining 25-30 foizi tom orqali, 15-20 foizi 
devorlar orqali, 10-15 foizi oynalar orqali, 3-6 foizi 
yertoóla orqali yoôqotiladi. 

Demak, binoning energiya samaradorligini 
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oshirish uchun eng birinchi konstruksiyalardan 
yoôqotilayotgan issiqlikni kamaytirish lozim. Buning 
uchun biz konstruksiyalarning qanday izolatsiya 
qilinganligini tekshirishimiz kerak. 

 

 
https://novostroy96.ru/ 

 
Samarali izolyatsiya qilingan konstruksiyalar tash-

qaridan yoki uy ichidagi boshqa xonadan issiqlik 
tezligini sekinlashtiradi, biz issiqlik tezligini 
sekinlashtirishga erishsak uyni isitish yoki sovutish 
uchun kamroq energiya talab etiladi. Binoda 
devorlarning izolyatsiyasi bo'lsa va devor 
konstruksiyalari sifatida bo'shliqli devorlar ishlatilgan 
boôlsa, shamollatish izolyatsiyasi sizga qulaylikni 
sezilarli darajada oshirishi va juda iqtisodiy bo'lish 
uchun yetarli energiyani tejashi mumkin. Izolyatsiya 
qilingan devorlarga qo'shimcha izolyatsiyani qilish 
kamdan-kam hollarda foydalidir yaôni bunday holda 
iqqtisodiy zarar koôriladi.  

Binolarning qurilishida pudratchi korxonaning 
tajribasi juda muhim ahamiyatga ega. Sababi siz 
tanlagan izolyatsiya materiali qanchalik yaxshi 
boôlmasin pudratchi malakasi kam boôlib uni toôgôri 
oôrnata olmasa eng yaxshi qurilish materiali ham bizga 
yordan bermasiligi mumkin. To'g'ri o'rnatilgan shisha 
tolali izolyatsiya materiallari, sellyuloza va ko'pikli 
materiallarning ko'pchiligi tayyor devor tizimining 
issiqlik o'tkazuvchanligini kamayishiga sabab boôladi. 
Quruvchi bo'shliqlarni topib ularga izolyatsiya 
materiallarini oôrnatish vaqtida maxsus infraqizil 
kameralardan foydalansa iqtisodiy xarajatlar kamayib, 
juda maqsadga muvofiq boôladi. 
Agar binoning derazalari eski bo'lsa, ularni energiya 
tejaydigan modellar bilan almashtirish yoki himoya 
derazalar bilan samaradorligini oshirish zarur. 
Energiyani tejash uchun derazalarni almashtirish 
deyarli hech qachon iqtisodiy jihatdan samarali emas. 

Shunga ko'ra baôzida, derazalarni almashtirish 
xarajatlarni tejashga olib kelishi mumkin, ammo katta 
tejamkor oynalarni bitta shisha bilan almashtirish 
mumkin boôlgan holatlar ham mavjud. 

 
http://ru.lhkjjt.com/ 

 
Hozirgi kunda mamlakatimizda ishlab chiqari-

layotgan barcha energiyaning 49 foizi binolarga 
sarflanmoqda. Iqlimi Respublikamizdan sovuq 
boôlgan rivojlangan Yevropa mamlakatlarida 
qurilayotgan binolarning energiya isteômoli bizning 
binolarga nisbatan 5-10 barobar kamligi hali 
mamlakatimizda energiya samarador binolar 
yoônalishida qilinadigan ishlar koôpligini koôrsatadi. 
Shundan koôrinib turibdiki bizda bu yoônalish juda 
koôp oôrganib izlanishlar olib borishimiz, rivojlangan 
davlatlarda qoôllanilayotgan usullarni oôrganib 
mamlakatimizga tadbiq qilish yoôllarini topishimiz 
zarur. Bu soha boôyichaqilinishi zarur boôlgan ishlar 
hali koôp va bu biz yosh muhandislar uchun juda katta 
imkoniyatlar mavjudligini bildiradi. 
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UDK 666.941 
KOôP KOMPONENTLI SEMENTLARNING FIZIK -MEXANIK XOSSALARINI OôRGANISH 

 
Bobakulova N.B., dotsent v.b. Toshkent arxitektura-qurilish unversiteti 

Tursunov B.A., t.f.f.d. (PhD), dotsent v.b.; Tojiboyeva N.Y., Axmatov D.Oô., ʪʘʣʘʙʘʣʘʨ 
Jizzax politexnika instituti2 

 
Ushbu maqolada ko'p komponentli sement ishlab chiqarishda uning iqtisodiy samaradorligini, sanoat chiqindisi va aktiv 

mineral moddalar asosida olingan koôp komponentli sementlarning tarkiblari ishlab chiqilgan, uning iqtisodiy 
ko'rsatkichlarini kamaytirish hamda sanoat chiqindisi va mineral qo'shimchalarñOlmaliq kon-metallurgiya kombinatiò AJ 
ga qarashli Jizzax sement zavodida ishlab chiqarilgan portlandsement klinkeri O'z DSt 2801:2013, ñBuxorogipsò AJ ga 
qarashli gipstoshi Oôz DSt 760-96, ñBaliqlitogôò koniga qarashli maydalangan ohak tosh kukuni Ts 00193950-011:2019, 
ñOôzmetkombinatò ɸJ ga qarashli kremniy qotishmalarining chiqindi mahsuloti mikrokremnezyom Ts 00186200-12:2019 
tanlab olinib ularning kimyoviy tarkiblari va laboratoriya sharoitida olingan sement namunalarining fizik-mexanik xossalari 
ko'rib chiqilgan. 

Kalit so'zlar: klinker, sanoat chiqindisi, aktiv mineral qoôshimcha, mikrokryemnyezyom, maydalangan ohaktosh, gips 
toshi, kimyoviy tarkibi, solishtirma ogôirlik, mustahkamlik. 
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ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʮʝʤʝʥʪʘ, ʩʦʩʪʘʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʮʝʤʝʥʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦ-
ʜʦʚ ʠ ʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʥʠʞʘʶʱʠʡ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ 
ʚʝʱʝʩʪʚʘ. ʜʦʙʘʚʦʢ.ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ ʢʣʠʥʢʝʨ ʧʨʦʠʟʚʦʜʩʪʚʘ ɼʞʠʟʘʢʩʢʦʛʦ ʎʝʤʝʥʪʥʦʛʦ ɿʘʚʦʜʘ ɸʆ çʄʝʪʘʣʣʫʨʛʠ-
ʯʝʩʢʠʡ ʂʦʤʙʠʥʘʪè : 2019, ʆʪʭʦʜʳ ʢʨʝʤʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ɸʆ çʋʟʤʝʪʢʦʤʙʠʥʘʪè ʦʪʦʙʨʘʥʳ ʩ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 
ʊʋ 00186200-12:2019, ʠʭ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʮʝʤʝʥʪʘ ʫʯʠʪʳʚʘʣʠʩʴ ʧʨʦʙʳ, 
ʧʦʣʫʯʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʠʥʢʝʨ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʘʢʪʠʚʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʜʦʙʘʚʢʘ, ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ, ʠʟ-

ʚʝʩʪʥʷʢʦʚʳʡ ʱʝʙʝʥʴ, ʛʠʧʩ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʫʜʝʣʴʥʳʡ ʚʝʩ, ʧʨʦʯʥʦʩʪʴ. 

This article develops the cost-effectiveness of multi-component cement in the production of multi-component cement, 
the composition of multi-component cements obtained on the basis of industrial waste and active minerals, reducing its 
economic performance and industrial waste and mineral additives. Portland cement clinker produced at Jizzakh Cement 
Plant of JSC "Metallurgical Combine" 2019, Waste products of silicon alloys of JSC "Uzmetkombinat" were selected with 
microcrystalline Ts 00186200-12: 2019, their chemical composition and physical and mechanical properties of cement 
samples obtained in the laboratory were considered. 

Keywords: clinker, industrial waste, active mineral additive, microcrystalline, crushed limestone, gypsum, chemical 
composition, specific gravity, strength. 

 

Mamlakatimizda sement ishlab chiqarishga 
ixtisoslashtirilgan 31 ta korxona mavjud boólib, 2021 
yil yakunigacha sement ishlab chiqarish boóyicha 
quvvatlar 21,3 million tonnaga yetkazildi.Tahlillarga 
eôtibor qaratadigan boólsak, oótgan yilda Respublika 
boóyicha jami 14,195 mln tonna sement ishlab 
chiqarilgan. Eôtiborlisi, eng koóp sement 
mamlakatimizdagi yirki sanoat korxonalardan biri 
ñQizilqumsementò AJ tomonidan tayyorlangan. Bu 
yerda oótgan yili jami 3 mln 666 ming tonna mahsulot 
xaridorlarga yetkazilgan.  

2021 yilda yangi quvvatlar bilan faoliyatini 
boshlagan Toshkent viloyatida joylashgan 
ñOhangaronsementò AJ da esa 2,015 mln tonna 
sement ishlab chiqarilgan. ñOlmaliq tog'-kon 
metallurgiya kombinatiò AJga qarashli Sherobod 
sement zavodi 1,4 mln. tonna, Jizzax sement zavodida 
esa 850 ming tonna mahsulot qurilish maydonlariga 
yetkazilgan. Yillik ishlab chiqarish quvvati 1,6 mln. 
tonna bo'lgan ñBekobodsementò AJ yil davomida 
968,2 ming tonna mahsulot ishlab chiqarilgan. Jizzax 
viloyatida o'z faoliyatini boshlagan ñXuaksin sement 
Jizzaxò MChJ ham qolishmaydi. Korxonada hisobot 
davrida 1,666mln. tonna sement ishlab chiqargan. 
2021 yil yanvar-dekabr oylarida 2,715 million tonna 
sement import qilingan bo'lsa, 333,6 ming tonna 
eksport amalga oshirilgan [1, 3]. 
Oôzbekiston Respublikasi Prezidentining ñQurilish 

materiallari sanoatini jadal rivojlantirishga oid 
qoôshimcha, chora tadbirlar toôgôrisidaògi qarorida 
2019-2025 yillarda birgina sementni ishlab 
chiqarishni 2-barobarga koôpaytirish koôrsatilib 
oôtilgan [1]. 

2021-2023 yillarda sement ishlab chiqarish 
boóyicha amalga oshiriladigan investitsion 
loyihalarning manzilli roóyxatiga koóra, Fargóona 
viloyatida 3 ta, Surxondaryoda 3 ta va Namangan 
viloyatida esa 4 ta yangi sement zavodlari barpo etish 
rejalashtirilgan. 
Tahlillarga eôtibor qaratadigan boólsak, 2016 yil 

yakuni bilan Respublikamizda 8,6 mln tonna sement 
ishlab chiqarilgan. 2021 yilda esa bu koórsatkich 21,3 
mln tonnaga yetkazildi. Shu jumladan 
mamlakatimizda yuqori markali sement ishlab 
chiqarishga ham alohida eôtibor qaratilmoqda. 

 ñOlmaliq KMKò AJ ga qarashli Jizzax sement 
zavodi laboratoriyasida tanlab olingan xom-ashyo 
materiallarini elektron tarozida tortib olindi va 
laboratoriyada qoôllaniladigan sharli tegirmonda 45 
minut davomida 3 kg xom-ashyo materiallari tuyib 
olindi. Sement namunalari tuyib olingandan soông 
sement kukunining quyidagi koôrsatkichlari aniqlandi: 

- elakdagi qoldiq, ˉ 008; 
- solishtirma ogôirlik;  
- solishtirma yuzasi, (BLEIN); 
- haqiqiy zichlik; 
- sement xamirining qotishi boshlanishi va 

tugashi; 
- SO3 oltingugurt (VI) oksidi; 
- meôyoriy quyuqligi; 
- sement xamirining kengayishi; 
- mustahkamligi. 
Ushbu sement namunalarining natijalari 1-2-3 

jadvallarda keltirilgan 

1-jadval 
Laboratoriya sharoitida tayyorlangan sement namulari 

ˉ 

Tanlab olingan tarkib, massa % Elakdagi 
qoldiq, ˉ 

008, % 

Solishtirma 
ogôirlik, 
gr/dm3 

Haqiqiy 
zichlik, 
gr/sm3 

Solishtirma 
yuzasi BLIEN, 

sm2/gr 
Klinker Gipstosh 

Ohak tosh 
kukuni 

Mikrokrem-
nezyom 

1. 76 4 10 8 10,8 1169 3.02 3746 

2. 76 4 8 10 9,8 1049 3.05 4533 

3. 76 4 6 12 10,4 1052 2.93 4257 

2-jadval  
Laboratoriya sharoitida tayyorlangan sement namunalarining kimyoviy tarkibi  

ˉ SiO2 Al 2O3 Fe2O3 CaO SO3 MgO Na2O3 K 2O TiO2 Cr2O3 Mn2O3 P2O5 PPP 

1. 23.00 4.63 2.84 54.47 1.84 1.23 0.00 0.73 0.11 0.0045 0.0706 0.0445 5,25 

2. 25.45 4.65 2.82 51.44 2.33 1.21 0.00 0.71 0.11 0.0091 0.0839 0.0421 5,06 

3. 28.12 4.43 2.83 49.85 2.53 1.15 0.00 0.70 0.11 0.0061 0.978 0.0409 4,68 
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1-Rasm.  ˉ2. Laboratoriya sharoitida tayyorlangan sement 

namunalarining kimyoviy tarkibi 
 

Tanlab olingan tarkib boôyicha sinov-tajriba 
ishlarini bajarish uchun tayyorlangan sement 
namunlarining fizik-mexanik xossalarini oôrganish 
uchun 40x40x160 mm oôlchamga ega boôlgan 
qoliplardan foydalanildi. Sement namunlarini 
siqilishga va egilishga bo'lgan mustahkamligini 
aniqlash uchun (450 gramm va 1350 gramm) nisbatda 
sement va standart qum (ʚʦʣʴʩʢʠʡ ʧʝʩʦʢ) olindi va 1 
daqiqa davomida aralashtirildi unga suv/sement 
nisbati 0.5 miqdorda (255 gramm) suv qo'shildi va 5 
daqiqa davomida aralashtirilib. Tayyor bo'lgan 
qorishma uchun 40x40x160 mm o'lchamga ega 
bo'lgan moylangan qoliplardan foydalanildi. 
Qorishma qoliplarga joylashtirilib titratuvchi stolga 
o'tkazildi. Qoliplar titratuvchi stolda  2 daqiqa 
davomida titratildi. Titratuv yakunlangandan so'ng 
namuna stoldan olinib namlangan pichoq bilan sirti 
tekislandi. So'ng namunalar 2, 7 va 28 kundan keyin 
sinovdan o'tkazildi. [2, 4, 5]. 

Namunalar quyidagi GOST 31108-2020, GOST 
30744-2001 va Oôz DSt 2950:2015 bo'yicha 
tayyorlangan. Tayyorlangan sement namunalarning  
sinash muddatlari 2, 7 va 28 sutka deb belgilanib, 
ushbu muddatlarda namunalar ND-960 rusumli 
klimatik kamerada saqlandi. Natijalar 3-jadvalda 
keltirilgan. 

GOST 31108-2020 talablari boôyicha 5P-200 kN 
rusumli gidravlik press yordamida sinaldi va 
namunalarni sinash natijalari 2-rasmda keltirilgan. 

3-jadval 
Laboratoriya sharoitida tayyorlangan sement 

namunalarining fizik -mexanik xossalarini oôrganish 

ˉ 
Qotish muddati, min. 

Siqilishdagi mustahkamlik, 
MPa 

Boshlanishi tugashi 2 sutka 7 sutka 28 sutka 

1. 300 390 16,5 30,5 42,5 

2. 240 360 17,1 30,7 44,7 

3. 290 400 15,3 29,5 44,65 

 

 
2-rasm. Sement namunalarining siqilishga boôlgan 

mustahkamligini aniqlash 
 

Xulosa: Olib borilgan ilmiy izlanishlar shuni 
koôrsatdiki, mineral qoôshimchalar ñOôzmetkombinatò 
ɸJ ga qarashli kremniy qotishmalari ishlab chiqarish 
chiqindilari boôlgan mikrokremnezyom, ñBaliqlitogôò 
koniga qarashli maydalangan ohaktosh foydalangan 
holda tayyorlab olingan sement namunalarining fizik-
mexanik xossalarini aniqlash boóyicha tajriba-sinov 
ish natijalari ularning amaldagi standartlar talablariga 
muvofiqligini koórsatdi. Fizik-mexanik xossalari va 
GOST 31108-2020 talabalari boôyicha SEM II/A-K 
42,5 N portlandsement  sinfiga mos keladi.  

Adabiyotlar:  

1. O'zbekiston Respublikasi Prezidentining 2019 yil 23 
mayda PQ-4335-sonli ñQurilish materiallari sanoatida jadal 
rivojlantirishga oid qo'shimcha chora-tadbirlar to'g'risidaò 
Qarori. 
2. B.Tursunov ñKO'P KOMPONENTLI 

SEMENTLARNING KIMYOVIY TARKIBLARINI 
O'RGANISHò Samarqand Davlat arxitektura-qurilish 
instituti ñMeômorchilik va qurilish muammolariò ILMIYï
TEXNIKA JURNALI, 2021 yil ˉ 4 son, 132-133 bet, 
Samarkand-2021 yil.  
3. ɻʆʉʊ 31108-2020 ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ 

ʮʝʤʝʥʪʳ ʦʙʱʝʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 
common cements. specifications 

4. https://uza.uz/uz/posts/2021-yilda-sanoat-
korxonalari-tomonidan-14-million-tonnadan-ziyod-
cement-ishlab-chiqarildi_336797 
5. ɻʆʉʊ 25094 ɼʦʙʘʚʢʠ ʘʢʪʠʚʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʜʣʷ 

ʮʝʤʝʥʪʦʚ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 
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ʀʅɾɽʅɽʈʃʀʂ ʊɸʈʄʆפʃɸʈʀ פʋʈʀʃʀʐʀ 
ʉʊʈʆʀʊɽʃʔʉʊɺʆ ʀʅɾɽʅɽʈʅʓʍ ʉɽʊɽʁ 

 
OôZBEKISTONDA SUV TOSHQINLARI MUAMMALARINING   

MEôYORIY-XUJJATLAR TAHLILI  
 

Shukurov I.S., professor, t.f.d.;  Chorshanbaev F. Z., dotsent v.b. 
Samarqand davlat arxitektura-qurilish universiteti 

Shukurova L.I., dʦktʦrant. Toshkent  arxitektura-qurilish universiteti 
 

Aholining va hududlarning tabiiy va texnogen xususiyatli favqulodda vaziyatlardan xavfsizligini taôminlash boôyicha 
kompleks chora-tadbirlarning yana bir muhim elementi suv bosgan hududlarni muhandislik himoya qilish tizimlaridir. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: Suv toshqini, daryolar, toôgôonlar, Moddiy, maônaviy zarar, sel oqimi, kanallar, xavfsizlik, chuqur suv, 

oôrta, sayoz. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʨʝʛʠʦʥʦʚ 
ʦʪ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʟʘʪʦʧʣʝʥ-
ʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʘʚʦʜʥʝʥʠʷ, ʨʝʢʠ, ʧʣʦʪʠʥʳ, ʤʘʪʝʨʠʘʣʴʥʳʡ ʠ ʤʦʨʘʣʴʥʳʡ ʫʱʝʨʙ, ʧʘʚʦʜʢʦʚʳʡ ʩʪʦʢ, ʢʘʥʘʣʳ, 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʛʣʫʙʦʢʦʚʦʜʴʝ, ʩʨʝʜʥʝʝ, ʤʝʣʢʦʝ. 

Another important element of complex measures to ensure the safety of the population and territories from natural and 
man-made emergency situations is the engineering protection systems of flooded areas. 

Key words: Floods, rivers, dams, Material and moral damage, flood flow, canals, safety, deep water, medium, shallow. 
 

Ijtimoiy-iqtisodiy zarar boᾶyicha tabiiy va 
texnogen xususiyatli favqulodda vaziyatlar orasida 
suv toshqinlari birinchi oᾶrinda turadi. Suv toshqini 
katta iqtisodiy va madaniy yoôqotishlarga, hamda 
inson qurbonlariga olib keladigan dahshatli tabbiy 
hodisadir. YuNESKO maᾷlumotlariga koᾶra, oᾶtgan 
asrda ularda planetamizda 9 milliondan ortiq odam 
halok boᾶlgan. 
Soônggi bir necha yil suv toshqinlarining 

koôpayishi va vayronagarchiliklarning oshishi bilan 
ajralib turadi. Buni butun dunyviycha kuzatish 
mumkin: masalan Rfning, Kuban, Primorye, 
shuningdek Germaniya, Avstriya, Belgiya, Xitoy va 
boshqalar. Toshqinlarning oshishiga bir nechta 
sabablar bor. Bularga tabiiy va antropogen ominlar 
kiradi. 

Suv toshqinlari qadim zamonlardan beri insoniyat 
jamiyatiga xavf solib kelgan. Daryolarda halokatli suv 
toshqlari haqida maôlumot bizning kunlarimizgacha 
etib keldi. Miloddan avvalgi Huang Xe va Nil 
daryolarida 2293 yilda sodir boôlgan taxminan 3 ming 
yil oldin suv toshqlari haqida maôlumotlar saqlanib 
solgan. Ammo, agar ilgari suv toshqinlari juda kam 
uchraydigan boôlgan boôlsa, soônggi asrlarda va 
ayniqsa bizning davrimizda ularning soni va 
etkazilgan zarar miqdori tez oôsishni kuzatilmogôda. 
Shunday qilib eramizdan oldin toshqinlar eng koôp suv 
toshqini boôlgan hududda - Xitoyda har 50 yilda bir 
marta sodir boôlgan boôlsa, hozir bu erda bir yil ichida 
bir nechta halokatli toshqinlar sodir boôlmoqda. 
Soᾶnggi yillarda Oᾶzbekistonda toᾶgᾶonlarning 

buzilishi va ular bilan bogᾶliq suv toshqinlari tez-tez 
namoyon boᾶla boshladi. Bunga Sardoba, Tupalang-
soy (Surxondariyo) toôgôonining yorilishi misol boôla 
oladi. 
Maôlumki, suv toshqini bu daryolar va suv 

havzalarida suv sathining intensiv koôtarilishidir. Agar 
bu koôtarilish kritik darajadan oshsa, suv qirgôoqlardan 
quruqlikka oqib chiqadi va toshqinlar boshlanadi. 
Togôlardan boshlanib, keyin adirlik boôylab oqib 

oôtadigan daryolar choôkindi bilan toôyinadi. Suv 
oqimi yuqori boôlgan daryo bu erda va u erda qirgôoq 
qoôrgôonlarini yorib oôtib, pasttekisliklarga oqib 
oôtadi. Toôrtkoôl shahrining tarixini bu 
jihatdanoôrganish qiziq. 1932 yilda Amudaryo 
shaharga yaqinlashdi, qirgôoq shoshilinch ravishda 
mustahkamlandi. Oôn yil oôtdi va 1942 yilning yoz 
kechalaridan birida daryo yana shaharga hujum 
boshladi. Sohil odamlarning koôz oôngida vayronaga 
aylangan edi. Ulkan yer boôlaklari shovqin bilan birin-
ketin shiddatli ravishda daryoga qulab tushdi va 
girdoblarda gôoyib boôldi. 
Odamlar daryoga qum qoplari, yogôochlar, toshlar, 

va hokazolarni tashladilar, ammo hech narsa yordam 
bermadi. Viloyat markazini Nukus shahriga 
koôchirishga toôgôri keldi. 
Jahon Meteorologiya Tashkilotining maôlumot-

lariga koôra, 2002 yil yozidagi suv toshqinlari paytida 
turli shtatlarning suv bosgan hududlari umumiy 
maydoni 8 million km2 dan oshdi, 80 dan ortiq 
mamlakatlarda 17 million kishi uy-joyidan ayrildi, 3 
mingga yaqin odam halok boôldi. moddiy yetkazgan 
umumiy zarar esa 30 mlrd .dollarni tashkil etdi 

Suv toshqinlari, suv toshqinlarining sabablari va 
ulardan himoyalanish usullarini tahlil qilish boôyicha 
toôplangan tajriba aholi va hududlarni halokatli suv 
toshqinlaridan samarali himoya qilish uchun 
zamonaviy meôyoriy-huquqiy baza zarurligi toôgôrisi-
da aniq xulosa chiqarish imkonini beradi. 
Soônggi yillarda biz tamonimizdan Oôzbekistonda 

xavfsizlikni taôminlash va hududlarni suv toshqin-
laridan himoya qilish muammosi bilan bevosita bogô-
liq boôlgan ikkita meôyoriy-huquqiy hujjat tayyorlan-
gan va ular quyidagilardir. 

1.SHNK 1.03.11-07 Oôzbekiston Respublikasi 
shaharlari va boshqa aholi punktlarining bosh reja-
larida fuqaro muhofazasining muhandislik-texnik tad-
birlari boôlimining tarkibi, ishlab chiqish, tasdiqlash 
va tasdiqlash tartibi toôgôrisidagi yoôriqnoma; 

2. SHNK 2.06.15-21 Hududlarni suv bosishini, yer 
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osti quvirlarining kotarilishi va suv toshqinidan 
muhandislik muhofazasi. 
Ushbu hujjat 14 boôlimni oôz ichiga oladi, 

jumladan: qoôllanilish doirasi, atamalari va taôriflari, 
suv toshqini zonalarining chegaralari, suv toshqini, 
asosiy xarakteristikalari va suv toshqini zonalari, 
hududlarni suv toshqini va suv toshqinidan 
muhandislik muhofaza qilish vositalari va elementlari, 
muhandislik muhofazasi inshooti sinflari, muhandislik 
inshootlarini loyihalashga qoôyiladigan talablar, suv 
toshqini va suv toshqinlaridan himoya qilish tizimlari, 
ekologik, sanitariya-gigiyena va parazitlarga qarshi 
talablar, muhandislik tadqiqotlari uchun topshiriqlarga 
qoôyiladigan talablar, muhandislik-himoya inshootlar 
turlari, asosiy loyiha qoidalari, muhandislik 
muhofazasi tizimlari va hududning gidrogeologik 
holati monitoringi, muhandislik-texnik tadbirlar va 
boshqa profilaktika choralari, ilovalar va 
bibliografiyadan iborat. 

Barcha toshqinlarni, ularni keltirib chiqaradigan 
sabablarning xilma-xilligiga qaramay, ularning paydo 
boôlish xususiyatlariga koôra beshta asosiy turga 
birlashtirish mumkin. Ular quyida tavsiflanadi. 
1. Suv oôtkazmaydigan qoplamalarning koôpa-

yishi bilan bogôliq boôlgan urbanizatsiya va 
rivojlanishning oôsishi shaharlarda maksimal 
oqimni oshirishning asosiy sababidir. Qoôshma 
Shtatlardagi orta shahar suv havzalarida olib borilgan 
tadqiqotlar shuni koôrsatdiki, urbanizatsiya toshqin 
toôlqini va hajmining oshishiga olib keladi. Aniqlani-
shicha, hududning 12 foizini suv oôtkazmaydigan 
materiallar (beton, asfalt) bilan qoplashda oôrtacha sel 
oqimi 17,8 m3/s, sel toôlqinining yurish vaqti 3,5 soatni 
tashkil qiladi. 
40% qoplagan holda suv toshqini oôrtacha 57,8 

m3/s, sel oqimi vaqti esa 0,4 soat, uni 8 marta kama-
yadi. Boshqa mamlakatlarda oôtkazilgan tadqiqotlar 
shuni koôrsatdiki, soônggi oôn yilliklarda urbaniza-
tsiyaning oôsishi natijasida shaharlarda maksimal suv 
toshqinlari koôpaygan: Kanadada 3, Yaponiyada - 2,5, 
Angliyada - 1,5 marta uchragan. 

2. Asfalt yotqizish va qurish hisobiga 
shaharlarda tuproqlarning infiltratsion xususiyat -
larini kamaytirish bilan bir qatorda, suv toshqini 
oqimini koôpaytirishda koôpriklar qurish. Suv 
toshqiniga qarshi muayyan turdagi tadbirlarni amalga 
oshirish katta ahamiyatga ega boôlishi mumkin. 
3. Koôprik oôtish joylarini qurishda suv toshqini 

koôpincha toôliq yoki qisman yopiq toôgôon bilan 
toôsib qoôyiladi, bu esa uning oqimni tartibga solish 
funksiyasini sezilarli darajada buzilishiga olib keladi. 
Koôpincha, koôprik osti suv oôtkazadigan qismlarining 
suv oôtkazuvchanligining etarli emasligi natijasida 
sezilarli suv toshqinlari sodir boôladi, bu odatda 
qurilishning mustahkamligi bilan bogôliq. 

4. Suv toshqinlarining alohida turi suv 
omborlarining paydo boôlishiga sabab boôldi. Suv 
toshqini choôqqilarini kesish va halokatli suv 
toshqinlarini kamaytirishda muhim rol oôynagan suv 
omborlari baôzi hollarda suv toshqini manbai boôlib, 
koôpincha ular hech qachon boôlmagan hududlarda 
koôtariladi. 

Suv omborlarining pastki havzalarida katta 

favqulodda vaziyatlarda sezilarli suv toshqini boôlishi 
mumkin . Bunday favqulodda pasayishlar odatda 
notoôgôri yoki oôz vaqtida prognozlar bilan, suv 
ombori maksimal oqimni qabul qilishga tayyor 
boôlmaganda yoki halokatli suv toshqinlarini toôplash 
uchun yaroqsizligi natijasida yuzaga keladi. 
5. Suv toshqinlarining paydo boôlishiga olib 

keladigan sabablardan biri toôgôonlarning 
buzilishidir. Bunday ofatlar baôzan juda katta zarar 
keltiradi. Toôgôonlarning buzilishi, toôsatdan sodir 
boôlganligi sababli, suv oqimi xuddi toshqin 
toôlqinining tezligi kabi juda katta qiymatlarga yetishi 
mumkin. Bu esa hech qanday himoya choralarini 
koôrish va aholini oôz vaqtida evakuatsiya qilishni 
deyarli imkonsiz qiladi. 
Toôgôonlarning vayron boôlishining asosiy sababi 

suv oôtkazgichlarning etarli darajada sigômasligi bilan 
bogôliq. 

Loyihalarning qoniqarsiz gidrologik asoslanishi, 
suv oqimini hisoblash uchun asos sifatida qabul 
qilingan maksimal suv oqizish koôrsatkichlarining 
kam baholanishi bilan izohlanadi. Bunday hollarda 
suv toshqinlari va kamdan-kam uchraydigan suv 
toshqinlarini oôtkazib boôlmaydi, bu esa suv 
omborlarining toôlib ketishiga, poydevorning yuk 
koôtarish qobiliyatining pasayishiga, toôgôon 
tanasining eroziyasiga va ularning vayron boôlishiga 
olib keladi. 
Gôarb tadqiqotchilarining fikriga koôra, bundan suv 

toshqiniga qarshi gidroqurilish koôlamini qisqartirish 
kerak degan xulosa kelib chiqmaydi. 
Kanallar toôgôonlar kabi himoyalangan, tubi 

tekislik va tekislikdan bir necha metr balandlikka 
koôtarilgan oôsha daryolarning vodiylarida alohida 
muammolar yuzaga keladi. 

Bunday holda, suv toshqini darajasini farqlash 
kerak: 

- chuqur suv (yer yuzasidan suv qoplamining 
chuqurligi 5 m dan ortiq); 

- oôrta (chuqurligi 2 dan 5 m gacha); 
- sayoz (2 m gacha chuqurlik). 
Suv toshqini sabablari xilma-xildir.Har bir sabab 

yoki sababchi guruhi oôziga xos suv toshqini turiga 
ega. Suv toshqini turi boôyicha bu sabablar ikkita katta 
guruhga boôlinadi: 

a) suv havzalarining tabiiy rejimidan kelib chiqqan 
holda; 

b) antropogen ï shartlari asosida. 
Suv havzalarining tabiiy rejimidan kelib chiqqan 

suv toshqinlariga quyidagilar kiradi: 
-yomgôir suvlarining juda oz (5-10% dan kam) 

ishtirokida konsentrlangan eritmalar oqimi natijasida 
hosil boôlgan toshqinlar; 

-qor va yomgôir oqimi natijasida hosil boôlgan suv 
toshqinlari (yomgôir suvining toshqin hajmida 30-40% 
gacha ishtirokida); 

-suv toshqinlari muzning siljishi paytida daryo 
oqimining oôzani qismini tiqilib qolishi natijasida 
yuzaga kelgan va oôzan kesimida oqimi tezligi 
kuchayishiga sababli. 

Ushbu toshqinlarning xususiyati ularning paydo 
boôlish tezligi va ularni oldini olish uchun tegishli 
choralarni koôrishning qiyinligi, shuningdek, 
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koôpincha oldindan himoyalavchi hosil boôlgan joyni 
oldindan aytib boôlmaydi; 

-dengizga, okeanga, yirik koôllarga va suv 
havzalariga oqib tushadigan daryolar ogôizlarida 
suvning shamol koôtarilishi natijasida hosil boôlgan 
toôlqinli toshqinlar. 
Antropogen sabablarga koôra yuzaga keladigan 

toshqinlarga quyidagilar kiradi: 
-daryo oqimining oôzani qismini kanal yoôllari, 

toôgôonlar, koôprik oôtish joylari bilan cheklash, bu 
daryoning oôtkazuvchanligini pasaytiradi va suv 
sathini oshiradi; 

-suv oqimining tabiiy rejimining buzilishiga olib 
keladigan suv omborlari ustidagi oqimlarni mavsumiy 
tartibga solish; 

-suv ombori suvlarini ushlab turadigan 
toôgôonlarning qulashi. 

-suv toshqini zonasining asosiy xususiyatlari 
quyidagilardir: 

- suv toshqini zonasidagi aholi soni; 
- suv toshqini xafida boôladigan zonaga tushib 

qolgan aholi punktlari soni (bu erda shaharlar, shahar 
tipidagi aholi punktlari, qishloq aholi punktlari, 
butunlay suv bosadigan, qisman suv bosadigan, suv 
toshqini zonasida qolgan va boshqalarni ajratish 
mumkin); 

- suv toshqini bilan qoplangan hududda 
tugallangan xalq xoôjaligining turli tarmoqlari 
obôektlari soni; 

- suv toshqini zonasida joylashgan temir yoôl va 
avtomobil yoôllari, elektr uzatish liniyalari, aloqa va 
aloqa liniyalarining uzunligi; 

- suv toshqini natijasida suv bosgan, vayron 
boôlgan va shikastlangan koôpriklar va tunnellar soni; 

-suv toshqinidan zarar koôrgan qishloq xoôjaligi 
erlari maydoni; 

- qishloq xoôjaligiga oôlgan hayvonlari soni. 
Suv bosgan hududga etkazilgan zararning sifat 

xususiyatlari quyidagilarga bogôliq: 
- daryo, suv ombori sathidan suvning koôtarilish 

balandligidan; 
- toshqin hududidan; 
- aholi punktini suv bosgan hududdan; 
- suv toshqini davridagi maksimal suv oqimidan 

(suv toôplanish maydoniga qarab): 
- suv yigôish maydoni 500 km2 boôlgan maksimal 

suv oqimi: 
100 dan 400 m3/s gacha, 
1000 km2 - 400 dan 1500 m3/s gacha, 
10000 km2 - 1500 dan 4500 m3/s gacha; 
- suv toshqini davomiyligidan (odatda 1 - 2 sutka); 
- toshqinning davomiyligi boôyicha (kichik 

daryolarda 1 sutkadan 3 sutkagacha, yirik daryolarda 
esa 1 oydan 3 oygacha); 

- oqim tezligi boôyicha (suv toshqini paytida u 2 
dan 5 m/s gacha). 
Ikkinchi meôyoriy hujjatga koôra, suv toshqining 

yuzaga kelish sabablariga qarab, oltita toshqin guruhi 
berilgan: 

-1-guruh - suv toshqinlari (koôp suv), asosan 
bahorgi qor erishidan maksimal oqim tufaylihosil 
boôladi. Toshqinlar daryodagi suv sathining sezilarli 
va ancha uzoq vaqt koôtarilib turishi bilan tavsiflanadi. 

-2-guruh - kuchli yogôingarchilik, baôzan erish 
paytida qorning tez erishi natijasida hosil boôlgan 
toshqinlar (sel). ayniqsa salbiy oqibatlarga olib keladi. 
Ular suv sathining intensiv, nisbatan qisqa muddatli 
koôtarilishi bilan tavsiflanadi. 

-3-guruh - daryoda suv oqimiga katta qarshilik 
koôrsatadigan tirbandlik (bahorda) yoki muz 
toôgôonlari (qish boshida) shakllanishi natijasida 
yuzaga keladigan toshqinlar. 

-4-guruh - dengiz qirgôoqlarida, katta koôllar va suv 
omborlarida suvning shamol koôtarilishidan kelib 
chiqadigan toshqinlar (suv toôlqinlar). 

-5-guruh - toôgôonlarni buzish paytida suvning oqib 
chiqishi natijasida yuzaga keladigan toshqinlar. 

-6-guruh - sunami taôsiridan kelib chiqqan suv 
toshqinlari. 
Tarqalish miqyosi va toôlqin (chastotasi)ga qarab 

suv toshqini turlari 1-jadvalda keltirilgan. 
1-jadval 

Toshqin turlari (tarqalish koôlami va chastotasiga 
qarab). 

Suv 
toshqini 

turi  
Tarqatish shkalasi 

Takro-
riylik, 
yillar  

Past 
(kichik) 

Nisbatan kam zararli. Kichik qirgôoq 
hududlarini qamrab oladi. Past joylarda 
joylashgan qishloq xoôjaligi erlarining 
10% dan kamrogôi suv ostida. Aholining 
hayot faoliyatini deyarli kam zararli. 

5...10 

Yuqori  Moddiy va maônaviy zarar etkazadi, daryo 
vodiylarining etarlicha katta yer 
uchastkalarini suv qoplaydi, qishloq 
xoôjaligi erlarining 10 ... 15% ni suv 
bosadi. Aholining iqtisodiy va maishiy 
hayotini sezilarli darajada buladi, 
odamlarni qisman evakuatsiya qilishga 
olib keladi. 

20...25 

Katta  Katta moddiy zarar etkazadi, butun daryo 
havzasini qamrab oladi. Qishloq xoᾶjaligi 
yerlarining 50...70%, ayrim aholi 
punktlarini suv bosadi. Ular iqtisodiy 
faoliyatni falaj qilib, aholi turmush tarzini 
keskin buzadi. Aholini va moddiy 
boyliklarni suv toshqini zonasidan 
ommaviy evakuatsiya qilish va eng 
muhim iqtisodiy obôektlarni himoya qilish 
zarurligiga olib keladi. 

50...100 

Halokatli  Odamlarning oôlimiga olib keladi va katta 
moddiy zarar keltiradi. Bir yoki bir nechta 
daryolar tizimidagi katta maydonlarni 
qamrab oladi. Qishloq xoᾶjaligi 
yerlarining 70% dan ortigᾶi, koᾶplab aholi 
punktlari, sanoat korxonalari va 
kommunal tarmoqlar suv ostida qoladi. 
Iqtisodiy va ishlab chiqarish faoliyatini 
butunlay falaj qilish, aholi turmush tarzini 
vaqtincha oôzgartirish olib keladi. 

100...200 

 
Tabiatning ajralmas qismi boôlgan inson moddiy 

ishlab chiqarish jarayonida oôzini oôrab turgan tabiatga 
tobora koôproq taôsir koôrsatmoqda. Oôrmonlarni 
kesish, yerlarni haydash, shaharlar, yoôllar, korxonalar 
qurish, turli xil gidrotexnik inshootlarni qurish va 
hokazalar. Odam koôpincha daryolarning tabiiy 
gidrologik rejimini va suv havzalarining oqimini 
tartibga solish xususiyatlarini jiddiy ravishda buzadi, 
bu esa suv toshqini va suv toshqini oshishiga olib 
keladi, ular ilgari yoôq boôlgan joyda ularning paydo 
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boôlishidadir. 
Shunday qilib, bir tomondan, odamlar suv toshqini 

bilan kurashish uchun juda koôp harakatlarni amalga 
oshiradilar, boshqa tomondan, ularning harakatlari 
ularning kuchayishiga olib keladi. 

Suv toshqini prognozi, ular etkazgan zararni 
hisoblash bilan bogôliq bir qator qoidalarning etarli 
darajada ishlab chiqilmagani bu boradagi ishlarni 
yanada chuqurlashtirish va kengaytirish zarurligini, 
ayniqsa, suv toshqinlarining chastotasi, hajmi va 
etkazilgan zararni hisobga olgan holda koôrsatmoqda. 
Kelajakda suv toshqinlari muqarrar ravishda 
kuchayadi. 
Oôtkazilgan tadqiqotlar respublika Favqulodda 

Vaziyatlar Vazirligi faoliyatini va qoôllaniladigan 
texnologiyalarni takomillashtirish boôyicha quyidagi 
tavsiyalarni shakllantirish imkonini berdi: 

-xalqaro tajribani hisobga olgan holda ham 
normativ-huquqiy bazani, ham xavfsizlikning 
umumiy nazariyasini hamda favqulodda vaziyatlar 
xavfini tahlil qilish va boshqarishning amaliy 
usullarini yanada rivojlantirish zarur. Xususan, keng 
koôlamli suv toshqinlari paytida xavfsizlikni 
taôminlash muammolarini ilmiy tahlil qilish, keng 
koôlamli suv toshqinlari oqibatida yuzaga keladigan 
favqulodda vaziyatlar xavfini tahlil qilish va 
boshqarishning qoôllaniladigan usullarini 
takomillashtirish, favqulodda vaziyatlarni bartaraf 
etish samaradorligini oshirish, ularning oldini olish 
masalalariga hamda ogohlantirish tizimlariga eôtibor 
qaratish zarurdir; 

-toshqin hududidagi suv oqimlari holatini 
kompleks oôrganish; 

-zudlik bilan qirgôoqlarni mustahkamlash ishlarini 
olib borish va suv havzasida halokatli suv toshqini 
davrida aholi punktlarini suv bosishi xavfi eng yuqori 
boôlgan daryolar oqimini tartibga solish darajasini 
oshirish; 

-xalqaro tajribani hisobga olgan holda, favqulodda 
vaziyatlarni bartaraf etish jarayonida aholi va 
hududlarni tabiiy va texnogen xavf va tahdidlardan 
himoya qilishni tashkil etishda shakllangan yangi 
yondashuvlarni amalga oshirish; 

-suv toshqini va toshqinlarga moyil boôlgan 
joylarda uy-joy qurilishini oldini olish; 

-suv toshqinlari natijasida muntazam ravishda suv 
toshqini sodir boôladigan hududlardan aholini 
koôchirish boôyicha chora-tadbirlarni amalga oshirish; 

-xavflarni boshqarish tizimini shakllantirish, 
favqulodda vaziyatlarning oldini olish va oldini olish 
boôyicha kompleks chora-tadbirlarni amalga oshirish; 

-suv toshqini bilan bogôliq vaziyat toôgôrisida 
tezkor maôlumot olish maqsadida GIS 
texnologiyalaridan foydalangan holda hududdagi 
daryolarda xavfli suv sathining koôtarilish xavfi 
yuzaga kelgan taqdirda suv toshqini zonalarini 
hisoblashning gidrometeorologik monitoringining 
avtomatlashtirilgan tizimini yaratish; 

-xavf-xatarni baholash natijalarini hisobga olgan 
holda bahorgi sel va yozgi-kuzgi suv toshqinlari oôtish 
davrida suv toshqini xavfi mavjud boôlgan aholi 
punktlarida yashovchi aholining hayoti va mulkini 
majburiy sugôurta qilish dasturini ishlab chiqsin; 

-favqulodda vaziyatlarni kuzatish va ularning 
oldini olish masalalarini kompleks hal etish, 
tahdidlarni oôz vaqtida aniqlash va xavf-xatarlarga 
javob berish, aholi va hududlarni xavf-xatarlardan 
himoya qilishga oldindan tayyorgarlik koôrishni 
taôminlash; 

-uzoq vaqt va fazoviy koôrsatkichlarga ega keng 
koôlamli favqulodda vaziyatlar sharoitida hayot 
xavfsizligi madaniyatini shakllantirishning yangi 
uslublari, texnologiyalari va vositalarini yaratish, 
axborot siyosatini ilmiy-uslubiy taôminlash boôyicha 
ishlarni davom ettirish; 

Xulosa. 
Suv toshqinlari odamlar uchun eng xavfli tabiiy 

hodisalardan biridir. Qurbonlar soni va etkazilgan 
zarar boôyicha toshqinlar boshqa tabiiy ofatlar orasida 
birinchi oôrinlardan birini egallaydi. Demografik 
oôsish, urbanizatsiya tendentsiyalari va iqlim 
oôzgarishi bilan suv toshqini sabablari oôzgarib 
bormoqda va ularning oqibatlari yomonlashmoqda. 
Suv toshqini xavfi ostidagi shahar hududlari, ayniqsa, 
suv toshqini taôsiridan butun dunyoda xavfi 
alomotlardan nishonlanadi. 

Aholining va hududlarning tabiiy va texnogen 
xususiyatli favqulodda vaziyatlardan xavfsizligini 
taôminlash boôyicha kompleks chora-tadbirlarning 
yana bir muhim elementi suv bosgan hududlarni 
muhandislik himoya qilish tizimlaridir. Ular 
toshqinlardan himoyalanishning yagona ishonchli 
usuli boôlib qolmoqda. Ruxsat etilgan toôgôonlarga 
qoôshimcha ravishda, suv toshqini kamaytirish yoki 
oldini olish uchun shishiriladigan toôgôonlar va mobil 
himoya elementlari (ñmobil himoya devorlariò) 
ishlatilishi kerak. 
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BOSIMLI QUVURLARDA HOSIL BOóLADIGAN GIDRAVLIK ZARBA XODISASINI 
PASAYTIRISh USULLARI  

 
Norqulov Bakhodir  ï PhD; Raxmatov Javlonbek; Tadjiyeva Durdona; Ibragimova Aziza  

Samarqand davlat arxitektura-qurilish universiteti 
 
Annotatsiya. Bosimli quvurlarda suyuqlik harakatini tezligi keskin o'zgarishda quvur bo'ylab katta tezlik bilan 

tarqalayotgan bosimini keskin o'zgarishida gidravlik zarba sodir bo'lladi bu xodisani oldini olish uchun suv oqimining 
harakatini rostlash va suv taôminoti tizimidagi inshootning foydalanish hafsizligi darajasini oshirish muhim va oóta dolzarb 
masala hisoblanib u ilmiy maqolaning asosiy maqsadini tashkil qiladi. 
Kalit soózlar. rotor, differensial, ekspremental,  soóndirgichlar, inersiya momenti, elastiklik modul. 

ɺ ʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʨʠ ʙʳʩʪʨʦʤ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʜʘʨ ʚʦʟʥʠ-
ʢʘʝʪ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʩʯʠʪʘʝʪʩʷ 
ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʨʦʪʦʨ, ʜʠʬʬʝʨʝʥʮʠʘʣ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ, ʜʝʤʧʬʝʨʳ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. 

In pressure pipelines, with a rapid change in the velocity of the fluid, a hydraulic shock occurs with a sharp change in 
pressure, which propagates through the pipeline at high speed and is considered a very urgent problem, which is the main 
goal of a scientific article. 

Keywords. rotor, differential, experimental, dampers, moment of inertia, modulus of elasticity. 
 

Kirish.  Bosimli quvurlarda suyuqlik harakatini 
tezligi keskin oózgarishda masalan joómraki tezda 
yopish yoki ochishda, suyuqlikni keskin toóxtatishda 
ya'ni quvur boóylab katta tezlik bilan tarqalayotgan 
bosimini keskin oózgarishida sodir boólib, bu hodisa 
gidravlikada gidravlik zarba deyiladi. Bu holat suv 
taôminoti tizimida uning gidravlikasi toógóri 
loyihalanmasa tizimda gidravlik zarba hodisasi, paydo 
buladi va tizimga yetarlicha zarar yetkazadi. Kuplab 
adabiyotlarda gidravlik zarba xodisasini pasaytirish va 
uning bosimini tugóri rostlash uchun turlicha nazariya 
va formular keltirib utilgan. Undan tashqari tizimdagi 
gidravlik zarbani soóndirishda amaliy usullari mavjud 
boólib ular quyidagicha 

1. Generatorlarning gidravlik energiyaga 
taôsiri: 

- Elektr yuli bilan nasos yoónalish tezligini 
boshqarish; 
- Nasos qurilmasi rotorida inersiya momentini 
oshirish. 

2. Suyuqlikni chiqarib yuborish:  
- Soóndirgichlar; 
- Teskari klapinni boshqarish; 
- Toókish kolonkasi. 

3. Suyuqlikni chiqarmasdan: 
- Boshqaruvli zadvijka; 
- Oqimni sekinlashtirish va pasaytirish; 
- Elastiklik modulini pasaytirish; 
- Teskari qarshilikni oshirish. 

Yuqoridagi amaliy usullar masalani yechishda 
aniqlik darajasi yuqori boólsada ularning olib borish 
sarf xarajatlari balandligi, ortiqcha resurslaring 
sarflanishi evaziga bu usllarni qullash samarasiz deb 
qaraladi. 

Gidravlik zarbani pasaytirishda adabiyotlar taxlili 
deferensial tenglamalar, ekpremental tajribalar va 
kompyuterda modellashtirish orqali xam amalga 
oshirish mumkin. Bugungi kunda zamonaviy 
gidravlika adabiyotlarida gidravlik zarba masalasini 
tadqiqot  qilishda turlicha nazariy va ekspremental 
asoslarda amalga oshirilgan ishlari boóyicha hulosalar 
qoldirilgan. Tadqiqotlar olib borishda oqim beqaror 
harakat bilan olingan oóziga xos yenergiya balansining 

tenglamasi gidravlika jarayonida toógóri 
tuzilmaganligini kurishimiz mumkin. Harakatning 
alohida holati bo'lgan gidravlik zarba paytida 
bosimning oshishini hisoblash masalasi boshqa 
tenglamalar asosida  hisoblab topiliadi. 

Tadqiqot metodi: Ushbu masalani ijobiy 
yechimini olish uchun hozirda texnik universitetlarda 
oóqitish amaliyotida taqdimotning gidro-mexanik 
darajasi hali qabul qilinmagan, shuning uchun hozirda 
"gidravlik" darajada qolib, gidravlik zarba vaqtida 
bosimning oshishi masalasini oshib borishini aniqlash 
gidravlik rejimning boshqarilishiga xizmat qiluvchi 
elementlarni tahlili maqola tad-qiqotning metodi 
hisoblanadi. 

Tadqiqot natijalari va tahlillar:  Bunday 
qoidalarga quyidagi sabablarga qoóllanilishi aniqlik 
darajasi pastligini kursatadi. Birinchidan, masalaning 
izchilligi va uyg'unligi buziladi; Ikkinchidan, talabalar 
gidravlikada taqdim yetilgan baôzi materiallar 
foydasiz degan taassurot qoldirishi mumkin. Bizning 
o'qitish tajribamiz shuni ko'rsatadiki, bunday taassurot 
haqiqatda, masalan, adabiyotlarda ko'rsatilgan 
noma'lum harakatda o'ziga xos energiya balansi 
tenglamasidan foydalanish misollariga qaramay 
yaratiladi. 

Bu masalalar gidromexanikada boshqacha tarzda 
yondoshilgan. Yenergiya balansi tenglamasini 
differensial tenglama shaklida olgandan soóng [3], 
beqaror harakatning barcha muammolari uning 
asosida hal qilinadi. 
Bizga maôlumqi beqaror harakatdagi oóziga xos 

energiya balansi tenglamasi qoóyidagicha olinadi: 
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ᾀ
”
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‌
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ςὫ
Ὤ ‌

ὰ

Ὣ
 
Ὠ‮

Ὠὸ
               ρ 

bu erda1-1 va 2-2 bo'limlardagi ὥ va ὥ ïKoriolis 
koeffitsientlari; l ï bo'limlar orasidagi masofa; dv/dt ï 
l  yo'lidagi o'rtacha oqim tezlashishi; ὥ  ï Bussinesk 
koeffitsienti; qolgan belgilar odatda qabul qilinadi. 
Tavsiya etilgan yondashuvning namunasi quyida 
keltirilgan. 
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To'liq gidravlik zarbada bosimning oshishi ὴ
ὴ Ўὴ  (1) tenglamadan to'g'ridan-to'g'ri topish 
mumkin. Buning uchun ὴ ὴ ga nisbatan aniqlash 
kerak: 

” ” Ў” ”Ὣᾀ ᾀ ‌
‮
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‌
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Ὠ‮

Ὠὸ
             ς 

Gorizontal quvur uchun ᾀ ᾀ) va ‮ ‮ 
(gidravlik zarbadan oldin suyuqlikning o'rtacha 
tezligi) va ‮ niyek nadabraz kilvardig) ‮ 
suyuqlikning o'rtacha tezligi) hisobga olingan holda 
diametrning butun uzunligi bo'ylab bir xil bo'ladi, 
ulardan foydalanib formulani quyidagicha olishimiz 
mumkin: 

Ў” ”Ὣ‌
‮ ‮

ὸ
Ὤ ‌

ὰ

Ὣ
 
Ὠ‮

Ὠὸ
        σ 

Uzunligi bo'yicha o'rtacha tezlashtirish ὨὸὨȾ‮ 
bo'ladi 
Ὠ‮

Ὠὸ

‮ ‮

ὸ

‮ ‮

ὸ

‮ ‮‌

ὸ
            τ 

suyuqlikning tezligi quvurning butun uzunligi 
bo'ylab ὸ nagidayamak ahcag ‮ nad ‮ ὰȾὥ vaqt; bu 
erda a-zarba to'lqinining tarqalish tezligi. 
(4) ni (3) oórniga qoóyib, ‮ nadsvaq ὫȾ‌‮ 

tashqariga chiqarib qoóyamiz va quyidagi kurinishdagi 
formulani kelishini kurishimiz mumkin 

Ў” ”‮ Ͻ‌‮ ‌
‮ ‮

ὸ

‌
ὫВὬ

‮ ‮‌
        υ 

Agar ‌ ρ deb qabul qilsak, ishqalanashidagi 
bosim yoóqolishlarni ‌‮ agrobite in ‌ςȾ‮ 
olmasak, zarbani to'liq deb hisoblasak, keyin (5) 
formulaga quysak N.E.Jukovskiy formulasiga keladi 

Ў” ”‮‌ 
(5) ning yopishqoqligini hisobga olgan holda toóliq 

gidravlik zarba bilan (‮ π) xolatida inobatga olsak 

Ў” ”‮‌ ‌
‌‮

ς‌

ὫВὬ

‮‌
        φ 

(6) tenglama 1-rasmda koórsatilgandek zarba 
diagrammasini aks ettirishga imkon beradi. 
Gidravlik zarba toólqinining tezligini hisoblash 

uchun tenglamani chiqarish,  tabiiy ravishda xisoblar 
orqali va ekspremental tajribalar orqali topilishi 
masalaga yetarlicha ravishda imkoniyat yaratadi. 
Taklif etilayotgan usuli umumiy qabul qilinganlarga 
qaraganda qisqaroq, aniq va sodda yeng muhimi, 
suyuqlikning beqaror harakati boóyicha butun 
boólimni yagona uslubiy asosda taqdim yetish 
imkonini yaratadi. 

 
1-rasm. Zarba diagrammasi 

 
Xulosa. Xulosa qilib shuni aytish mumkinki 

quvurlarda gidravlik zarba hodisasi 
deformatsiyalanuvchi quvurlardagi kam siqiluvchi 
suyuqlikning tezligi yoki bosimi keskin oózgarganda 
hosil boóladigan tebranma harakatni oldini olish lozim 
boóladi. Bu orqali bosimning keskin ortishi va 
kamayishi bilan xarakterlanadi. Bosimning bunday 
oózgarishi suyuqlikning va quvur devorlarining 
deformatsiyalanishi orqali suv taôminoti tizimini 
yaroqsiz xolatlarga keltirib quyishi lozim. Yuqorida 
keltirilgan usullarni qoóllash orqali suv taôminoti 
tizimlarini ishlash ishonchliligini 98,9 % gacha 
oshirish mumkin boóladi. 
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ʉʋɺ ʋɿɸʊʀʐ ʊɸʈʄʆפʃɸʈʀʅʀʅɻ ɻʀɼʈɸɺʃʀʂ ׳ʀʉʆɹʃɸʐɼɸɻʀ ʄʋɸʄʄʆʃɸʈ 

 
ʉʫʣʪʦʥʦʚ ɸ.ʆ. ï ʈhD.   ɾʠʟʟʘʭ ʧʦʣʠʪʝʭʥʠʢʘ ʠʥʩʪʠʪʫʪʠ 

 
ʊʘʙʠʘʪʥʠ ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ, ʵʢʦʣʦʛʠʢ ʪʦʟʘ ʤʫ״ʠʪ ״ʦʣʘʪʠʥʠ ʩʘץʣʘʙ ץʦʣʠʰ ʚʘ ʷʭʰʠʣʘʰ ״ʘʤʜʘ ʘ״ʦʣʠʥʠ ʩʦסʣʦʤ-

ʣʘʰʪʠʨʠʰʜʘ ʩʫʚ ʚʘ ʫʥʠʥʛ ʤʦ״ʠʷʪʠ ʢʘʪʪʘ. ʄʘץʦʣʘʜʘ ʩʫʚ ʪʘʲʤʠʥʦʪʠ ʪʠʟʠʤʠʜʘʛʠ ʙʦʩʠʤ ʡ˄ץʦʣʠʰʣʘʨʠʥʠʥʛ ʩʘʙʘʙʠ ʚʘ 
ʫʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʡ˄ʣʣʘʨʠ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ. ɹʫʥʜʘ ʘʩʦʩʘʥ ʠʰץʘʣʘʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ‗ סʘʜʠʨ-ʙʫʜʠʨʣʠʢʣʘʨʥʠ ˄ʩʠʙ 
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ʙʦʨʠʰʠ ʙʠʣʘʥ ץʘʥʜʘʡ ˄ʟʛʘʨʘʜʠ, ʥʘʧʦʨ ˄ʟʛʘʨʠʰʠʛʘ ʪʘʲʩʠʨʠ ץʘʡ ʜʘʨʘʞʘʜʘʣʠʛʠ ʘʥʠץʣʘʥʠʙ ʪʘʚʩʠʷʣʘʨ ʙʝʨʠʣʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʩʫʚ ʪʘʲʤʠʥʦʪʠ, ʩʫʚ ʠʥʰʦʦʪʣʘʨʠ, ʛʠʜʨʘʚʣʠʢ ״ʠʩʦʙʣʘʰ, ʠʰץʘʣʘʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ, סʘʜʠʨ-ʙʫʜʠʨ-

ʣʠʢ. 

ɺʦʜʘ ʠ ʝʝ ʩʫʱʥʦʩʪʴ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʟʘʱʠʪʝ ʧʨʠʨʦʜʳ, ʩʦʭʨʘʥʝʥʠʠ ʠ ʫʣʫʯʰʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠ ʯʠʩʪʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʟʜʦʨʦʚʣʝʥʠʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʯʠʥʳ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ 
ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʝʝ ʫʩʪʨʘʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʦʩʥʦʚʥʦʤ ʜʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʝʥʠʠ 
ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ‗ ʠ ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʥ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʦʨʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝ-

ʥʠʷ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

Water and its essence are of great importance in protecting nature, preserving and improving the state of an ecologically 
clean environment, and improving the health of the population. The article discusses the causes of pressure losses in the 
water supply system and ways to eliminate it. In this case, recommendations are mainly given when the friction coefficient 
changes with an increase in the friction coefficient ɚ and to what extent it affects the change in head. 

Keywords: water supply, water facilities, hydraulic calculation, coefficient of friction, roughness 
 

ɸʩʦʩʠʡ ץʠʩʤ.  ʉʫʚʥʠ ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ ʦʙʲ-
ʝʢʪʣʘʨʠʥʠʥʛ ץʫʨʠʣʠʰʠ ʚʘ ʩʫʚʥʠ ץʘʡʪʘ ʠʰʣʘʪʠʰ 
ʪʠʟʠʤʠ ץʫʚʚʘʪʠʥʠ ʦʰʠʨʠʰ, ʩʫʚ ʤʘʥʙʘʣʘʨʠʥʠ ʫʤʫ-
ʤʘʥ ץʫʨʠʰʜʘʥ ʸʢʠ ʠʬʣʦʩʣʘʥʪʠʨʠʰʜʘʥ ʷʭʰʠʨʦץ 
ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ, ʢʦʨʭʦʥʘʣʘʨʜʘ ʩʫʚʜʘʥ ʬʦʡʜʘʣʘ-
ʥʠʰʥʠʥʛ ʥʦʦץʦʚʘ ʪʠʟʠʤʠʥʠ ץ˄ʣʣʘʰ ʚʘ ʰʫʥʠʥʛʜʝʢ, 
ʩʫʚ ʭ˄ʞʘʣʠʛʠ ʢʦʤʧʣʝʢʩʣʘʨʠʥʠ ʙʦʰץʘʨʠʰ ʪʠʟʠ-
ʤʠʥʠ ʩʘʤʘʨʘʣʠ ʪʘʰʢʠʣ ʵʪʠʰ ʦʣʜʠʤʠʟʜʘ ʪʫʨʛʘʥ 
ʙʦʰ ʤʘʩʘʣʘ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʤʘʩʘʣʘʣʘʨʥʠʥʛ ʝʯʠʤʠ 
ʘʩʦʩʘʥ, ʤʘʤʣʘʢʘʪʠʤʠʟʜʘʛʠ ʩʫʚ ʨʝʩʫʨʩʣʘʨʠʜʘʥ 
ʪ˄סʨʠ ʬʦʡʜʘʣʘʥʠʰ, ʫʣʘʨʥʠ ʩʘʥʦʘʪ ʢʦʨʭʦʥʘ ʯʠץʠʥ-
ʜʠʣʘʨʠ ʦʨץʘʣʠ ʠʬʣʦʩʣʘʥʠʰʠʜʘʥ ʩʘץʣʘʰ ʚʘ ʩʫʚʥʠ 
ʪʦʟʘʣʘʰ ʞʘʨʘʸʥʠʥʠ ʷʭʰʠ ʪʘʰʢʠʣ ʵʪʠʰ ʙʠʣʘʥ ʙʠʨ 
 ʣʘʨʥʠʥʛ ˄ʪʢʘʟʫʚʯʘʥʣʠʛʠ, ʫʣʘʨʥʠץʘʪʦʨʜʘ ʪʘʨʤʦץ
ʭʘʨ ʪʦʤʦʥʣʘʤʘ ʤʫʢʘʤʤʘʣ ʭʠʩʦʙ-ʢʠʪʦʙʣʘʨ ʘʩʦʩʠʜʘ 
ʘʤʘʣʛʘ  ʦʰʠʨʠʣʛʘʥʣʠʛʠʛʘ ʙʦסʣʠץ. 
ʇʨʠʟʠʜʝʥʪʠʤʠʟʥʠʥʛ ɾʠʟʟʘʭ ʠʥʜʫʩʪʨʠʘʣ ʟʦ-

ʥʘʩʠ ʪʘʰʢʠʣ ʵʪʠʰ ץʘʨʦʨʠʜʘʥ ʩ˄ʥʛ ʢ˄ʧʣʘʙ ʩʘʥʦʪ 
ʢʦʨʭʦʥʘʣʘʨʠ ʙʫʥʸʜ ʵʪʠʣʤʦץʜʘ. ʉʘʥʦʘʪ ״ʫʜʫʜʠʜʘ 
ʠʰʣʘʙ ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʣʘʨʠʥʠʥʛ ʢ˄ʧʘʡʠʰʠ ʩʫʚʛʘ 
ʙ˄ʣʛʘʥ ʪʘʣʘʙʥʠ ʷʥʘʜʘ ʢʫʯʘʡʪʠʨʤʦץʜʘ. ʀʰʣʘʙ 
ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʣʘʨʠʛʘ ˄ʟʘʥʣʘʨʜʘ ʙʦʩʠʤʩʠʟ ʰʘ-
ʨʦʠʪʜʘ ʩʫʚ ʝʪʢʘʟʠʣʠʙ ʙʝʨʠʰʠʥʠ ʡ˄ʣʛʘ ץ˄ʡʠʰ, 
ʠʰʣʘʪʠʣʛʘʥ ʩʫʚʣʘʨʥʠ ʢʘʥʘʣʠʟʘʮʠʷ ʪʘʨʤʦץʣʘʨʠ 
ʦʨץʘʣʠ ʙʠʨ ʞʦʡʛʘ ʡʠסʠʙ ץʘʡʪʘ ʬʦʡʜʘʣʘʥʠʰ ʝʯʠ-
ʤʠʥʠ ʢʫʪʘʸʪʛʘʥ ʤʫʘʤʤʦʣʘʨʜʘʥ ʙʠʨʠ ʙ˄ʣʠʙ ʭʠʩʦ-
ʙʣʘʥʘʜʘ. 
 ʦʟʠʨʛʠ ʢʫʥʜʘ ʩʫʚ ʤʫʘʤʤʦʣʘʨʠ ʵʥʛ ʘʩʦʩʠʡ ʚʘ׳

ʤʫʨʘʢʢʘʙ ʠʣʤʠʡ-ʪʝʭʥʠʢ ʤʫʘʤʤʦʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦ-
ʙʣʘʥʘʜʠ. ʐʫ ʩʦ״ʘʜʘ ʨʝʩʧʫʙʣʠʢʘʤʠʟ ʭʦʨʠʞʣʠʢ 
ʦʣʠʤʣʘʨ ʙʠʣʘʥ ʙʠʨ ץʘʪʦʨ ʣʦʡʠ״ʘʣʘʨʜʘ ʠʰʪʠʨʦʢ 
ʵʪʠʙ ʢʝʣʤʦץʜʘ. ñʆʨʦʣʥʠ ץʫʪץʘʨʠʰò ʭʘʣץʘʨʦ ʪʘʰ-
ʢʠʣʦʪʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ñɹʘʨץʘʨʦʨ ʨʠʚʦʞʣʘʥʠʰò 
ʢʫʨʩʠ ʪʘʰʢʠʣ ʵʪʠʣʠʙ, ʫʥʜʘ ʐʚʝʮʠʷʥʠʥʛ ʋʢʩʘʣʘ ʚʘ 
 ʠʨʨʦʣʣʠʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʫʥʠʚʝʨʩʠʪʝʪʣʘʨʠפ
ʦʣʠʤʣʘʨʠ ˄ʟʙʝʢ ʦʣʠʤʣʘʨʠ ʙʠʣʘʥ ʙʠʨʛʘʣʠʢʜʘ ʠʣ-
ʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ. 
ʄɼ׳ ʤʘʤʣʘʢʘʪʣʘʨʠʜʘ ״ʘʤ ʩʫʚ ʠʩʪʝʲʤʦʣʠʥʠʥʛ 

ʚʘ ʦץʦʚʘ ʩʫʚʣʘʨ ״ʘʞʤʠʥʠʥʛ ʞʘʜʘʣ ʩʫʨʲʘʪʣʘʨ ʙʠ-
ʣʘʥ ʦʰʠʙ ʢʝʪʠʰʠ ʩʘʙʘʙʣʠ ʦʭʠʨʛʠ ʡʠʣʣʘʨʜʘ ʩʫʚ 
ʪʘʥץʠʩʣʠʛʠ ʘʥʯʘ ʤʫʨʘʢʢʘʙʣʘʰʛʘʥ. ɹʠʨʦץ ʭʘʣץ 
ʭ˄ʞʘʣʠʛʠʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠ ʨʝʞʘʣʘʰʪʠʨʠʣʛʘʥ 
ʤʘʤʣʘʢʘʪʣʘʨʜʘ ʤʘʚʞʫʜ ʤʫʘʤʤʦʣʘʨʥʠ ʝʯʠʰ ʤʫʤ-
ʢʠʥ. ɹʫ ʵʩʘ ʙʠʨ ʥʝʯʘ ʡʠʣʣʘʨʛʘ ʤ˄ʣʞʘʣʣʘʥʛʘʥ ʢʘʪʪʘ 
ʭʘʨʘʞʘʪʣʘʨ ʵʚʘʟʠʛʘ ʨʝʞʘʣʘʰʪʠʨʠʣʛʘʥ ʢʫʯʥʠ ʪʘʣʘʙ 
ʵʪʘʜʠ. 
ʉʫʚ ʫʟʘʪʫʚʯʠ ץʫʚʫʨʣʘʨ ʩʫʚʥʠ ʫʟʘʪʠʰʠ ʙ˄ʡʠʯʘ 

ʙʦʩʠʤʣʠ ʚʘ ʙʦʩʠʤʩʠʟ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ. ɹʦʩʠʤʣʠ 

 ʫʚʫʨʣʘʨʜʘ ʩʫʚ ʙʦʩʠʤʠʥʠ ʥʘʩʦʩ ʸʨʜʘʤʠʜʘ ʘʤʘʣʛʘץ
ʦʰʠʨʠʰ ʤʫʤʢʠʥ, ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʤʘʥʙʘʠʜʘʛʠ ʩʫʚ 
ʩʘʪ״ʠʥʠʥʛ ʧʲʝʟʦʤʝʪʨʠʢ ʙʝʣʛʠʩʠ ʙʠʣʘʥ ʩʫʚ ʪʘץʩʠʤ-
ʣʦʚʯʠ (ʦʣʫʚʯʠ) ʞʦʡʜʘʛʠ ״ʠʩʦʙʠʡ ʧʲʝʟʦʤʝʪʨʠʢ ʙʝʣ-
ʛʠʣʘʨ ʦʨʘʩʠʜʘʛʠ ʬʘʨץ ʵʚʘʟʠʛʘ ʢʝʡʠʥʛʠ ʩʫʚ ʫʟʘ-
ʪʫʚʯʠ ץʫʚʫʨʣʘʨ ʛʨʘʚʠʪʘʮʠʷʣʠ, ʙʦʩʠʤʣʠ ʸʢʠ ˄ʟʠʜʘʥ 
ʦץʘʜʠʛʘʥ ï ʙʦʩʠʤʠʡ ʜʝʡʠʣʘʜʠ. ɹʦʩʠʤʩʠʟ ʩʫʚ ʫʟʘ-
ʪʫʚʯʠʣʘʨʥʠʥʛ ʢ˄ʥʜʘʣʘʥʛ ʢʝʩʠʤʠʜʘ ʩʫʚ ʪ˄ʣʘ ʙ˄ʣʤʘ-
ʛʘʥ ״ʦʣʜʘ ʦץʘʜʠ. ʋʣʘʨ ʙʦʩʠʤʣʠ ʩʫʚ ʫʟʘʪʫʚʯʠ 
 .ʣʣʘʥʠʣʘʜʠ˄ץ ʦʣʣʘʨʜʘ״ ʫʚʫʨʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʢʘʤץ
ʋʣʘʨʥʠ ʠʰʣʘʪʠʰ ʩʫʚ ʫʟʘʪʠʰ ʥʫץʪʘʣʘʨʠʥʠʥʛ 
ʙʦʰʣʘʥסʠʯ ʚʘ ʦʭʠʨʛʠ ʥʫץʪʘʣʘʨʠ ʩʘʪ״ʠʥʠʥʛ 
ʬʘʨץʠʛʘ, ʞʦʡʥʠʥʛ ʨʝʣʝʬʠ ʚʘ ʫʟʘʪʠʰ ʤʘʩʦʬʘʩʠʛʘ 
ʙʦסʣʠץʜʠʨ. 
ʉʫʚ ʫʟʘʪʠʰ ʚʘ ʦץʦʚʘ ʩʫʚʣʘʨʥʠ ʦץʠʟʠʰ ʪʘʨ-

ʤʦץʣʘʨʠʥʠʥʛ ʛʠʜʨʘʚʣʠʢ ״ʠʩʦʙʣʘʰʜʘ ʯʫץʫʨ ˄ʨʛʘ-
ʥʠʣʠʰʠ ʢʝʨʘʢ ʙ˄ʣʛʘʥ ʦʤʠʣʣʘʨʜʘʥ ʙʠʨʠ - ʪʘʨ-
ʤʦץʣʘʨʜʘ ʙʦʩʠʤ ʚʘ ʥʘʧʦʨʥʠʥʛ ʡ˄ץʦʣʠʰʠ. ɹʫ ʡ˄ץʦ-
ʣʠʰʣʘʨ ɻʩʘ ʪʘʨʤʦץʣʘʨʜʘʛʠ סʘʜʠʨ-ʙʫʜʠʨʣʠʢ ʜʘʨʘ-
ʞʘʩʠʥʠ ʦʰʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʙ˄ʣʘʜʠʛʘʥ ״ʦʣʘʪ ״ʠʩʦ-
ʙʣʘʥʘʜʠ.  ʆץʠʤ ״ʘʨʘʢʘʪ ץʠʣʘʸʪʛʘʥ ʦʯʠץ ˄ʟʘʥʣʘʨ-
ʜʘʛʠ ʘʩʦʩʠʡ ʤʫʘʤʤʦ ˄ʟʘʥʣʘʨʥʠʥʛ, ʢʘʥʘʣʠʟʘʮʠʷ 
 ʘʜʠʨ-ʙʫʜʫʨʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠס ʫʚʫʨʣʘʨʠʥʠʥʛץ
ʬʦʡʜʘʣʘʥʠʰ ʜʘʚʦʤʠʜʘ ʚʘץʪ ˄ʪʛʘʥ ʩʘʨʠ ʢʘʪʪʘ 

ʤʠץʜʦʨʛʘ ˄ʟʛʘʨʠʙ Ў
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, ˄ʟʘʥʜʘʥ ʬʦʡʜʘʣʘʥʠʰʜʘ 

ʢʘʪʪʘ ʤʫʘʤʤʦʣʘʨ ʢʝʣʠʙ ʯʠץʤʦץʜʘ. ɹʫʥʛʘ ʘʩʦʩʘʡ ʩʘ-
ʙʘʙ ʦʣʠʤʣʘʨ ʪʦʤʦʥʠʜʘʥ ״ʘʥʫʟʛʘʯʘ ʠʰץʘʣʘʥʠʰ ʢʦ-
ʵʬʬʠʮʠʝʥʪʠ ï ‗ ʚʘ סʘʜʠʨ-ʙʫʜʠʨʣʠʢ ˄ʨʪʘʩʠʜʘʛʠ 
ʙʦסʣʘʥʠʰʥʠ ʪ˄ʣʠץ ʠʬʦʜʘʣʘʡʜʠʛʘʥ ʥʘʟʘʨʠʷʩʠʥʠʥʛ 
ʷʨʘʪʠʣʤʘʛʘʥʣʠʛʠʜʠʨ. ɹʫ ʥʘʟʘʨʠʷʩʠʥʠʥʛ ʷʨʘʪʠʣʤʘ-
ʛʘʥʣʠʛʠʛʘ ʘʩʦʩʠʡ ʩʘʙʘʙ ʠʰץʘʣʘʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ 
ï ‗ ʦץʠʤʥʠʥʛ ‘- ʜʠʥʘʤʠʢ ץʦʚʫʰץʦץʣʠʛʠ, ʪʝʤʧʝʨʘ-
ʪʫʨʘ - t0, ʈʝʡʥʦʣʴʜʩ ʩʦʥʠ Re ʚʘ ˄ʟʘʥʥʠʥʛ סʘʜʠʨ-ʙʫ-
ʜʠʨʣʠʛʠʛʘ ʙʦסʣʠץ ʙ˄ʣʠʰʣʠʛʠ ʙʠʣʘʥ ʤʘʩʘʣʘ ʥʘʟʘ-
ʨʠʡ ʞʠ״ʘʪʜʘʥ ˄ʟ ʝʯʠʤʠʥʠ ʪʦʧʤʘʛʘʥ. ɻʠʜʨʦʜʠʥʘʤʠ-
ʢʘʜʘ ״ʦʟʠʨʯʘ ʙʫ ʤʫʘʤʤʦʥʠ ʘʩʦʩʘʥ, ʣʘʙʦʨʘʪʦʨʠʷ 

ʰʘʨʦʠʪʠʜʘ ״ʘʨ ʭʠʣ  
Ў
 ʦʣʠʰʠץ˄ʦʣʘʪʣʘʨʜʘ ʥʘʧʦʨ ʡ״  

 :ʫʡʠʜʘʛʠ ʤʘʪʝʤʘʪʠʢ ʠʬʦʜʘץ

he=‗  

ʸʨʜʘʤʠʜʘ ʘʥʠץʣʘʙ ʙʝʨʠʣʤʦץʜʘ ʚʘ ʰʫ ʘʩʦʩʠʜʘ 
ʩʫʚ ʠʥʰʦʦʪʣʘʨʠ ʚʘ ʢʘʥʘʣʠʟʘʮʠʷ ץʫʚʫʨʣʘʨʠʥʠ 
ʣʦʡʠ״ʘʣʘʰʪʠʨʠʣʤʦץʜʘ. ʄʠʥʛ ʘʬʩʫʩʢʠ, ʚʘץʪ ˄ʪʠʰʠ 
ʙʠʣʘʥ ˄ʟʘʥʥʠʥʛ סʘʜʠʨ-ʙʫʜʠʨʣʠʛʠ, ʦץʠʟʠץʣʘʨ ״ʠʩʦ-
ʙʠʜʘʥ ʦץʠʤ ץʠʷʣʠʛʠ, ʦץʠʤ ʪʝʟʣʠʛʠ ʚʘ ʩʫʚ 
ʩʘʪ״ʠʥʠʥʛ ʢ˄ʪʘʨʠʣʠʰʠ ״ʠʩʦʙʠʜʘʥ ץʘʪʦʨ ʤʫʘʤʤʦ-
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ʣʘʨ ʧʘʡʜʦ ʙ˄ʣʤʦץʜʘ. ɹʫ ʤʫʘʤʤʦʣʘʨ ץʫʡʠʜʘʛʠʣʘʨ-
ʜʘʥ ʠʙʦʨʘʪ. 

1. ʅʠʩʙʠʡ סʘʜʠʨ-ʙʫʜʠʨʣʠʢ ʡʠʣ ʩʘʡʠʥ  Ў
Ў
  

˄ʩʠʙ ʙʦʨʤʦץʜʘ. 
2. ɶʟʘʥʥʠʥʛ ʪʫʙʠʜʘ ʣʦʡץʘ ʚʘ ץʫʤ ʦץʠʟʠץʣʘʨ 

ʯ˄ʢʠʰʠ ״ʠʩʦʙʠʜʘʥ ˄ʟʘʥʥʠʥʛ ʩʫʚ ˄ʪʢʘʟʠʰ ץʦʙʠʣʠ-
ʷʪʠ Q=W*V-ʢʘʤʘʡʠʙ ʙʦʨʤʦץʜʘ. 
3. ʃʦʡץʘ ʚʘ ץʫʤ ʦץʠʟʠץʣʘʨʠʥʠʥʛ ˄ʪʠʨʠʙ ץʦʣʠ-

ʰʠʜʘʥ ʦץʠʤ ʪʝʟʣʠʛʠ v ʢʘʤʘʡʠʙ ʣʦʡʠ״ʘʜʘʛʠ Q, v, i 
ʚʘ Ў ʧʘʨʘʤʝʪʨʣʘʨʠ ʙʫʪʫʥʣʘʡ ˄ʟʛʘʨʪʠʨʠʙ, ʩʫʚ ʠʥ-
ʰʦʦʪʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰʥʠ ץʠʡʠʥʣʘʰʪʠʨʤʦץʜʘ. 
ʆʯʠץ ˄ʟʘʥʣʘʨʥʠ ʚʘ ʢʘʥʘʣʠʟʘʮʠʷ ץʫʚʫʨʣʘʨʠʥʠ 

ʛʠʜʨʘʚʣʠʢ ״ʠʩʦʙʣʘʰʜʘ סʘʜʠʨ-ʙʫʜʠʨʣʠʢʣʘʨʥʠ ʙʠʨ 
ʪʠʟʠʤʛʘ ʢʝʣʪʠʨʠʙ, ʠʰץʘʣʘʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ‗ 
-ʘʣʘץʘʜʠʨ-ʙʫʜʠʨʣʠʢʣʘʨʥʠ ˄ʩʠʙ ʙʦʨʠʰʠ ʙʠʣʘʥ ʠʰס
ʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ץʘʥʜʘʡ ˄ʟʛʘʨʘʜʠ, ʥʘʧʦʨ ˄ʟʛʘ-
ʨʠʰʠʛʘ ʪʘʲʩʠʨʠ ץʘʡ ʜʘʨʘʞʘʜʘ ʘʥʠץʣʘʙ ʢʠʨʠʪʠʰ 
ʪʘʣʘʙ ץʠʣʘʜʠ. ʐʫ ʧʘʡʪʛʘʯʘ ñɻʠʜʨʘʚʣʠʢʘò ʬʘʥʠʜʘ 
ʤʘʲʣʫʤ ʙ˄ʣʛʘʥ ʥʘʟʘʨʠʷʣʘʨʥʠ ʞʘʤʣʘʙ סʘʜʠʨ-ʙʫʜʠʨ-
ʣʠʢʣʘʨʠ ʪʝʟ ˄ʟʛʘʨʫʚʯʘʥ, ʷʲʥʠ ʤʠʢʨʦ סʘʜʠʨ-ʙʫʜʠʨ-
ʣʠʢʜʘʥ ʤʘʢʨʦ סʘʜʠʨ-ʙʫʜʠʨʣʠʢʣʘʨʛʘ ʪʝʟ ˄ʪʘʜʠʛʘʥ 
ʥʘʧʦʨʩʠʟ ʢʘʥʘʣʠʟʘʮʠʷ ץʫʚʫʨʣʘʨʠʛʘ ʚʘ ʦʯʠץ ˄ʟʘʥ-
ʣʘʨʛʘ ץ˄ʣʣʘʡʜʠʛʘʥ ʥʘʟʘʨʠʷ ʷʨʘʪʠʰʥʠʥʛ ʬʫʨʩʘʪʠ 
ʢʝʣʜʠ. ʏʫʥʢʠ ʪʝʟ ˄ʟʛʘʨʫʚʯʘʥ סʘʜʠʨ-ʙʫʜʠʨʣʠʢʣʘʨ 
˄ʟʘʥʥʠʥʛ ʶʚʠʰ ʪʝʟʣʠʛʠ ʚʘ ʦץʠʤʥʠʥʛ ץʫʤ ʪʦʰʣʘʨ 
ʙʠʣʘʥ ʶʢʣʘʥʠʰ ʜʘʨʘʞʘʩʠʛʘ ʙʦסʣʠץ ʙ˄ʣʘʜʠ. 
ʄʘʩʘʣʘʥ, ʢʘʥʘʣʠʟʘʮʠʷ ץʫʚʫʨʣʘʨʠʛʘ ʦʯʠץ ˄ʟʘʥ-

ʣʘʨʛʘ ʪʫʰʘʸʪʛʘʥ ʩʝʣ ʦץʠʤʣʘʨʠ ʶץʦʨʠ ʜʘʨʘʞʘʜʘ 
ʦץʠʟʠץʣʘʨ ʙʠʣʘʥ ʪ˄ʡʠʥʛʘʥ ʩʘʥʦʘʪ ʢʦʨʭʦʥʘʣʘʨʠ 
ʯʠץʠʥʜʠʣʘʨʠ ʰʫʣʘʨ ʞʫʤʣʘʩʠʜʘʥʜʠʨ. ʖץʦʨʠʜʘ 
ʢʝʣʪʠʨʠʣʛʘʥ ʤʫʘʤʤʦʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰʥʠʥʛ 
ʙʠʨʜʘʥ-ʙʠʨ ʡ˄ʣʠ ʛʠʜʨʘʚʣʠʢ ʤʘʩʘʣʘʣʘʨʥʠ ʝʯʠʰʜʘ 
 ʜʝʙ ץʩʘʜʛʘ ʤʫʚʦʬʠץʠʣʠʰ ʤʘץ ʫʡʠʜʘʛʠʣʘʨʛʘ ʨʠʦʷץ
 :ʠʩʦʙʣʘʡʤʠʟ״
1. ɻʠʜʨʘʚʣʠʢ ˄ʟʘʥʥʠ ʘʣʙʘʪʪʘ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ 

Ў
Ў
  ʜʝʙ ״ʠʩʦʙʣʘʰʠʤʠʟ ʰʘʨʪ, ʯʫʥʢʠ ʚʘץʪ ˄ʪʠʰʠ 

ʙʠʣʘʥ סʘʜʠʨ-ʙʫʜʠʨʣʠʢ ʪʘʰץʠ ʦʤʠʣ ʚʘ ʦץʠʟʠץʣʘʨ 
 .ץʠʩʦʙʠʜʘʥ ˄ʩʠʰʠ ʘʥʠ״
2. ɻʠʜʨʘʚʣʠʢ ˄ʟʘʥ ʈʝʡʥʦʣʴʜʩ ʩʦʥʠʥʠʥʛ ʢʘʪʪʘ 

-ʠʡʤʘʪʣʘʨʠ Re Rekr ʫʯʫʥ ˄ʟʘʥʜʘʛʠ ʬʦʡʜʘʣʘץ
ʥʠʰʜʘ Qmax, Vmax ״ʦʣʘʪʣʘʨʠ ʤʘʚʞʫʜ ʙ˄ʣʠʰʠ ʤʫʤ-
ʢʠʥ. 
3. ʉʫʶץʣʠʢ ״ʘʨʘʢʘʪʠʥʠʥʛ ʭʫʩʫʩʠʡ ״ʦʣʣʘʨʠ 

ʤʘʚʞʫʜ ʵʢʘʥʣʠʛʠʥʠ ʭʠʩʦʙʛʘ ʦʣʠʙ ״ʘʨ ʙʠʨ ʭʫʩʫʩʠʡ 
-ʘʪ ʈʝʡץʘʣʘʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ʬʘץʦʣ ʫʯʫʥ ʠʰ״

ʥʦʣʴʜʩ ʩʦʥʠʛʘ Re ʚʘ 
Ў
 ʛʘ ʙʦסʣʘʙ ʪʝʢʰʠʨʠʰ ʢʝʨʘʢ. 

4. ʂʫʟʘʪʫʚʣʘʨʜʘʥ ʰʫʥʜʘʡ ʭʫʣʦʩʘ ʢʝʣʠʙ 
ʯʠץʤʦץʜʘʢʠ, ʩʫʚ ʦʙʲʝʢʪʣʘʨʠʥʠ ʛʠʜʨʘʚʣʠʢ 
-ʣʠʢʣʘʨ ʫʯʫʥ ʛʠʜץʠʩʦʙʣʘʰʜʘ ʅʴʶʪʦʥ ʵʤʘʩ, ʩʫʶ״
ʨʘʚʣʠʢʘʥʠʥʛ ץʦʥʫʥʣʘʨʠʥʠ ʫʤʫʤʘʥ ץ˄ʣʣʘʰ ʤʫʤʢʠʥ 
ʵʤʘʩ, ʘʢʩ ״ʦʣʜʘ ʥʦʪ˄סʨʠ ״ʫʣʦʩʘʣʘʨ ʢʝʣʠʙ ʯʠץʘʜʠ. 
ʀʥʰʦʦʪʣʘʨʥʠ ʛʠʜʨʘʚʣʠʢ ״ʠʩʦʙʜʘʰʜʘ he:vm m=2 

ï ʠʢʢʠʥʯʠ ʜʘʨʘʞʘʣʠ ץʘʨʰʠʣʠʢʢʘ ץʘʨʘʰʣʠ ʪʝʥ-
ʛʣʘʤʘ ʜʝʙ ץʘʨʘʰ, ״ʠʩʦʙʣʘʰ ʛʠʜʨʘʚʣʠʢ ʤʘʩʘʣʘ ʘʥʯʘ 
ʩʦʜʜʘʣʘʰʘʜʠ, ʯʫʥʢʠ ʙʫ ʤʫ״ʠʪʜʘ ʙʠʨ ʥʝʯʘ ʤʠץʜʦʨ-
ʣʘʨʥʠʥʛ ʤʦʜʝʣʣʘʰ ʤʘʩʰʪʘʙ ʢʦʵʬʬʠʮʠʝʥʪʠ ʙʠʨʛʘ 
ʪʝʥʛ ʙ˄ʣʘʜʠ, ʷʲʥʠ ‌̞ ρ ‌̒ ρ ‌ ρ. ʋʰʙʫ ״ʦ-
ʣʘʪʜʘʥ ʰʫʥʜʘʡ ʭʫʣʦʩʘ ʢʝʣʠʙ ʯʠץʘʜʠʢʠ, ʛʠʜʨʘʚʣʠʢ 
ʠʰץʘʣʘʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ ‗ ʚʘ ʐʝʟʠ ʢʦʵʬʬʠʮʠ-
ʝʥʪʠ ï ʉ ʪ˄סʨʠʜʘʥ-ʪ˄סʨʠ ״ʝʯ ץʘʥʜʘʡ ץ˄ʰʠʤʯʘʩʠʟ 

ʤʦʜʝʣʜʘʥ ʘʩʣʠʛʘ ˄ʪʢʘʟʠʣʘʚʝʨʘʜʠ ʘʤʘʣʜʘʛʠ ʛʠʨʘʚ-
ʣʠʢ ʞʘʨʘʸʥ ʙʘʨʯʘ ʪʘʣʘʙʣʘʨʥʠ ʙʘʞʘʨʘʜʠ. ʉʫʚ ʠʥ-
ʰʦʦʪʣʘʨʠ ״ʝʯ ץʘʥʜʘʡ ʤʫʘʤʤʦʩʠʟ ʫʟʦץ ʚʘץʪ ʭʘʣץ 
 .ʠʣʘʜʠץ ʞʘʣʠʛʠʛʘ ʭʠʟʤʘʪ˄״
ʊʫʛʫʥʣʘʨ, ʤʘʛʠʩʪʨʘʣ ץʫʚʫʨʣʘʨ ץ˄ʰʠʣʛʘʥ ʞʦʡ-

ʣʘʨʜʘ, ʤʘʛʠʩʪʨʘʣ ʪʘʨʤʦץ ʙʠʣʘʥ ʙʦʩʠʤʣʠ ʩʫʚ ˄ʪʢʘ-
ʟʫʚʯʠ ץʫʚʫʨʣʘʨ ʫʣʘʥʛʘʥ ʝʨʣʘʨʜʘ, ʩʘʥʦʘʪ ʢʦʨʭʦʥʘ-
ʣʘʨʠʛʘ ʩʫʚ ʙʝʨʠʣʘʜʠʛʘʥ ʚʘ ʉɹʄ ʞʦʡʣʘʰʛʘʥ ʝʨ-
ʣʘʨʜʘ ʙʝʣʛʠʣʘʥʘʜʠ. ʊʫʛʫʥʣʘʨ ʦʨʘʩʠʜʘʛʠ ʤʘʩʦʬʘ 
500ï1500 ʤ ʦʨʘʣʠסʠʜʘ ʙ˄ʣʠʰʠ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץ. 
ʉʫʚ ʪʘʨʤʦסʠʥʠʥʛ ʫʟʫʥʣʠʛʠ 1500 ʤʝʪʨʜʘʥ ʦʰʛʘʥʜʘ 
ʙʫ ץʠʩʤ ʤʘʩʦʬʘʣʘʨʠ ʙʠʨ ï ʙʠʨʠʛʘ ʪʝʥʛ ʠʢʢʠ 
ʙ˄ʣʘʢʢʘ ʙ˄ʣʠʥʠʙ ״ʠʩʦʙʣʘʥʘʜʠʛʘʥ ʷʥʘ ʙʠʨ ʪʫʛʫʥ 
˄ʪʢʘʟʠʣʘʜʠ. 
ʊʘʨʤʦץ ץʠʩʤʣʘʨʛʘ ʙ˄ʣʠʙ ʯʠץʠʣʛʘʥʜʘʥ ʢʝʡʠʥ 

ʪʫʛʫʥʣʘʨ ʩʦʥʣʘʨ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʠʙ ʚʘ ʫʣʘʨ ʦʨʘʩʠ-
ʜʘʛʠ ʤʘʩʦʬʘʣʘʨ ʸʟʠʙ ʯʠץʠʣʘʜʠ. 
 ʘʜʘ 4 ʪʘʜʘʥ 6 ʪʘʛʘʯʘץʘʣ״ ʦʩʠʣ ʙ˄ʣʛʘʥ״ ʘʨ ʙʠʨ׳

ʪʫʛʫʥ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʐʘ״ʘʨʜʘʛʠ ״ʘʨ ʙʠʨ ʪʫʤʘʥ 
ʫʯʫʥ ʘʣʦ״ʠʜʘ ï ʘʣʦ״ʠʜʘ ץʠʩʤʣʘʨʜʘʛʠ ץʫʚʫʨʣʘʨ-
ʥʠʥʛ ʫʟʫʥʣʠʢʣʘʨʠ ʪʦʧʠʣʘʜʠ. ʐʫʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ 
ʢʝʨʘʢʢʠ, ʘʛʘʨ ʪʘʨʤʦץ ʠʢʢʠ ʪʫʤʘʥ ʯʝʛʘʨʘʩʠʜʘʥ ˄ʪ-
ʛʘʥ ʙ˄ʣʩʘ, ʙʫ ʤʘʩʦʬʘ ״ʘʨ ʙʠʨ ʪʫʤʘʥ ʫʯʫʥ ʪʝʥʛ ʠʢ-
ʢʠʛʘ ʙ˄ʣʠʙ ʦʣʠʥʘʜʠ. ʊʘʨʤʦץ ʫʟʫʥʣʠʛʠʛʘ ʥʘʩʦʩ 
ʩʪʘʥʮʠʷʩʠʜʘʥ ʪʘʨʤʦץʛʘʯʘ ʙ˄ʣʛʘʥ ʙʦʩʠʤʣʠ ʩʫʚ 
˄ʪʢʘʟʠʰ ץʫʚʫʨʠ, ʩʫʚ ʙʦʩʠʤ ʤʠʥʦʨʘʩʠ ʛʫʚʠʨʠ ʚʘ 
ʩʘʥʦʘʪ ʢʦʨʭʦʥʘʣʘʨʠʛʘ ʙʦʨʘʜʠʛʘʥ ʪʘʨʤʦץ ʫʟʫʥ-
ʣʠʢʣʘʨʠ ״ʠʩʦʙʛʘ ʦʣʠʥʤʘʡʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ 
-ʫʨʠʣʠʰ ʙ˄ʣץ ,ʫʚʫʨʣʘʨ ʜʘʨʘʭʪ ʛʫʣʟʦʨʣʘʨ ʙ˄ʡʣʘʙץ
ʤʘʛʘʥ, ʩʫʥʲʠʡ ʚʘ ʪʘʙʠʠʡ ʪʫʩʠʢʣʘʨʜʘʥ ʦʣʠʙ 
˄ʪʠʣʛʘʥʜʘ ״ʘʤ ʫʥʠʥʛ ʫʟʫʥʣʠʛʠ ״ʠʩʦʙʛʘ ʦʣʠʥʤʘʡʜʠ. 
ʍʫʣʦʩʘ 
ʍʫʣʦʩʘ ץʠʣʠʙ ʰʫʥʠ ʘʡʪʠʰ ʞʦʠʟʢʠ, ״ʦʟʠʨʛʠ 

ʢʫʥʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʜʘ ʩʫʚ ʨʝʩʫʨʩʣʘ-
ʨʠʜʘʥ ʤʫʢʘʤʤʘʣ ʬʦʡʜʘʣʘʥʠʰ ʙʠʣʘʥ ʙʦסʣʠץ ʤʘʩʘ-
ʣʘʣʘʨ ʢʘʪʪʘ ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʤʦץʜʘ. ʂ˄ʧ ʡʠʣʣʘʨ 
ʤʦʙʘʡʥʠʜʘ ʡʠʨʠʢ ʛʠʜʨʦʠʥʰʦʦʪʣʘʨ ץʫʨʠʣʠʰʣʘʨʠ 
ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʙ, ʫʥʠʥʛ ʘʩʦʩʠʡ ץʠʩʤʣʘʨʠ ʛʠʜʨʦʝ-
ʥʝʨʛʝʪʠʢʘ, ʩʫʚ ʪʘʲʤʠʥʦʪʠ, ʩʫסʦʨʠʰ ʚʘ ʙʦʰץʘ ʩʫʚ 
ʭ˄ʞʘʣʠʛʠ ʤʘʞʤʫʘʩʠ ץʘʪʥʘʰʫʚʯʠʣʘʨʠʥʠʥʛ 
ʵ״ʪʠʸʞʠʥʠ ץʦʥʜʠʨʘʜʠ. ɽʨʣʘʨʥʠ ʩʫסʦʨʠʰ ʚʘ ʤʝʣʠ-
ʦʨʘʪʠʚ ״ʦʣʘʪʠʥʠ ʷʭʰʠʣʘʰ ʣʦʡʠ״ʘʣʘʨʠ ״ʘʸʪʛʘ 
ʤʫʚʘʬʬʘץʠʷʪʣʠ ʪʘʪʙʠץ ʵʪʠʣʤʦץʜʘ. 
ʉʫʚʥʠʥʛ ʟʘʨʘʨʣʠ ʪʘʲʩʠʨʣʘʨʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ 

ʙ˄ʡʠʯʘ ʪʘʜʙʠʨʣʘʨ ʠʰʣʘʙ ʯʠץʠʣʤʦץʜʘ, ʙʘʣʠץʯʠʣʠʢ 
ʭ˄ʞʘʣʠʛʠ ʪʠʟʠʤʣʘʨʠ ʷʨʘʪʠʣʤʦץʜʘ. ɼʘʨʸ ʦץʠʤʣʘ-
ʨʠʥʠ ʘʣʦ״ʠʜʘ ʩʫʚ ״ʘʚʟʘʣʘʨʠ ʠʯʠʜʘ ״ʘʤʜʘ ʫʣʘʨ ʦʨʘ-
ʣʠסʠʜʘ ץʘʡʪʘ ʪʘץʩʠʤʣʘʰ ʤʘʩʘʣʘʣʘʨʠʛʘ ʢʘʪʪʘ ʵʲʪʠ-
ʙʦʨ ʙʝʨʠʣʤʦץʜʘ. 
ʄʘ״ʘʣʣʠʡ ʩʫʚ ʨʝʩʫʨʩʣʘʨʠʜʘʥ ʦץʠʣʦʥʘ ʬʦʡʜʘʣʘ-

ʥʠʰ ʚʘ ʫʣʘʨʥʠ ʠʬʣʦʩʣʘʥʠʰʜʘʥ ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ 
ʤʫʘʤʤʦʣʘʨʠ ״ʫʢʫʤʘʪʠʤʠʟ ʨʘ״ʙʘʨʣʘʨʠ ʜʠץץʘʪ ʤʘʨ-
ʢʘʟʠʜʘ ʪʫʨʠʙʜʠ. ɹʫ ʤʫʘʤʤʦʣʘʨʥʠʥʛ ˄ʟ ʝʯʠʤʠʥʠ ʪʦ-
ʧʠʰʠ ʩʫʚ ʚʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʥʠʥʛ ʨʠʚʦʞʣʘʥʠ-
ʰʠʜʘ ʷʥʛʠ ʡʠʨʠʢ ʙʦʩץʠʯʥʠ ʪʘʰʢʠʣ ʵʪʠʰʠʛʘ 
ʘʤʠʥʤʠʟ. 
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One of the main reasons for the increased ecological tension of aquatic ecosystems remains the discharge of household 
wastewater containing toxic substances and pathogenic microorganisms into reservoirs. This is due to the imperfection of 
water treatment technologies, including due to the deterioration of utility networks and violations in the technological 
process, accompanied by salvo emissions. Reducing the anthropogenic load on water bodies is possible by retechnologizing 
various stages of wastewater treatment. The paper describes the design of a settling tank with aeration elements for 
clarification of urban wastewater, which provides an increase in the efficiency of sedimentation of suspended solids. The 
dispersion of fine air bubbles promotes the collision and enlargement of aggregately unstable elements without the use of 
coagulants and flocculants. The object of the study is urban wastewater, its component composition and the effectiveness of 
gravitational clarification in settling tanks of various configurations. As a result of the analysis of the operation of the 
standard sump, an upgrade option was proposed using aeration elements that provide fine dispersion of air bubbles. Based 
on deterministic and stochastic modeling approaches, an algorithm for calculating the efficiency of gravitational clarification 
of wastewater is proposed. The integral degree of purification, calculated as the sum of local degrees of trapping, is chosen 
as the main indicator of the efficiency of the sedimentation tanks. As a result of simulation modeling, it was found that all 
the considered settling tanks provide the same efficiency of clarification of urban wastewater at the level of 0.97 with a 
nominal particle diameter of the dispersed phase of 425 microns. To ensure the specified clarification efficiency, the required 
deposition surface of the standard sump is 90.3 m2. When using the proposed design with aeration elements and an air flow 
rate of 2 m3/(m2 Ŀ h), the deposition surface is reduced to 87.14 m2. Increasing the air flow rate to 5 2 m3/(m2Ŀh) reduces the 
required lightening surface to 83.98 m2. 

Keywords: urban wastewater, two-tier settling tanks, the degree of wastewater treatment, wastewater treatment. 

Suv ekotizimlarining ekologik keskinligining kuchayishining asosiy sabablaridan biri zaharli moddalar va patogen 
mikroorganizmlarni o'z ichiga olgan maishiy chiqindi suvlarni suv havzalariga tashlashdir. Bu nomukammalligi bilan bog'liq 
texnologiya suvni tozalash, shu jumladan kommunal tarmoqlarning eskirishi va texnologik jarayondagi buzilishlar 
tufaylidir.  Suv ob'ektlariga antropogen yukni kamaytirish oqava suvlarni qayta ishlashning turli bosqichlarini qayta ishlash 
orqali amalga oshirish mumkin. Ishda shahar oqava suvlarini yoritish uchun aeratsiya elementlari bo'lgan birlamchi suv 
tindirgichi tasvirlangan, bu to'xtatilgan qattiq moddalarni cho'ktirish samaradorligini oshirishni ta'minlaydi. Havo 
pufakchalarining tarqalishi koagulyantlar va flokulyantlardan foydalanmasdan agregat-beqaror elementlarning to'qnashuvi 
va kattalashishiga yordam beradi. Tadqiqot ob'ekti shahar oqava suvlari, ularning tarkibiy tarkibi va turli xil 
konfiguratsiyadagi cho'kma tindirgichlari. Standart suv omborining ishlashini tahlil qilish natijasida havo pufakchalarining 
dispersiyasini ta'minlaydigan aeratsiya elementlaridan foydalangan holda modernizatsiya qilish imkoniyati taklif qilindi. 
Deterministik va stoxastik modellashtirish yondashuvlari asosida chiqindi suvning gravitatsiyaviy yoritilishi samaradorligini 
hisoblash algoritmi taklif etiladi. Birlamchi tindirgichlar samaradorligining asosiy ko'rsatkichi mahalliy ushlash 
darajalarining yig'indisi sifatida hisoblangan integral tozalash darajasi hisoblanadi. Simulyatsiya natijasida barcha ras - 
moylangan suv omborlari 425 mkm dispers faza zarralarining nominal diametri bilan 0,97 darajasida shahar oqava suvlarini 
yoritishda bir xil samaradorlikni ta'minlashi aniqlandi. Belgilangan yoritish samaradorligini ta'minlash uchun standart 
cho'kma idishining talab qilinadigan cho'kma yuzasi 90,3 m2 ni tashkil qiladi. Aeratsiya elementlari va havo oqimi 2 
m3/(m2Ŀh) bo'lgan tavsiya etilgan dizayndan foydalanganda cho'kma yuzasi 87,14 m2 gacha kamayadi. Havo oqimining 5 2 
m3/(m2Ŀh) gacha ko'tarilishi talab qilinadigan yorug'lik yuzasini 83,98 m2 gacha kamaytirishga yordam beradi. 

Kalit so'zlar:  shahar oqava suvlari, ikki qavatli tindirgichlar, oqava suvlarni tozalash darajasi, oqava suvlarni tozalash. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʩʠʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʩʪʘʝʪʩʷ ʩʙʨʦʩ ʚ ʚʦʜʦ-
ʝʤʳ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʕʪʦ ʩʚʷ-
ʟʘʥʦ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʪʝʭʥʦʣʦ ʛʠʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʠʟʥʦʩʘ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʥʘʨʫʰʝʥʠʡ 
ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʤʩʷ ʟʘʣʧʦʚʳʤʠ ʚʳʙʨʦʩʘʤʠ. ʉʥʠʞʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 
ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʨʝʪʝʭʥʦʣʦʛʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ 
ʢʦʥʩʪʨʫʢʮʠʷ ʦʪʩʪʦʡʥʠʢʘ ʩ ʘʵʨʘʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʦʩʚʝʪʣʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦ-

https://scholar.google.com/scholar?oi=bibs&cluster=3939350261605485665&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=3939350261605485665&btnI=1&hl=ru
https://scholar.google.com/scholar?oi=bibs&cluster=3939350261605485665&btnI=1&hl=ru
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ʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɼʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʫʟʳʨʴʢʦʚ ʚʦʟ-
ʜʫʭʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʦʣʢʥʦʚʝʥʠʶ ʠ ʫʢʨʫʧʥʝʥʠʶ ʘʛʨʝʛʘʪʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʘʛʫʣʷʥʪʦʚ 
ʠ ʬʣʦʢʫʣʷʥʪʦʚ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʛʦʨʦʜʩʢʠʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʠʭ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʚ ʦʪʩʪʦʡʥʠʢʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʩʪʘʥʜʘʨʪ-
ʥʦʛʦ ʦʪʩʪʦʡʥʠʢʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʭ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ. ʅʘ ʦʩʥʦʚʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜ-
ʭʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʩ-
ʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʪʩʪʦʡʥʠʢʦʚ ʚʳʙʨʘʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ 
ʢʘʢ ʩʫʤʤʘ ʣʦʢʘʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʫʣʘʚʣʠʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʨʘʩ- 
ʩʤʘʪʨʠʚʘʝʤʳʝ ʦʪʩʪʦʡʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʚʝʪʣʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʫʨʦʚʥʝ 
0,97 ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 425 ʤʢʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʦʩʚʝʪʣʝʥʠʷ ʪʨʝʙʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʩʪʦʡʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 90,3 ʤ2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʘʵʨʘʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ 2 ʤ3/(ʤ2Ŀʯ) ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 
ʩʥʠʞʘʝʪʩʷ ʜʦ 87,14 ʤ2. ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʜʦ 5 2 ʤ3/(ʤ2Ŀʯ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʪʨʝʙʫʝʤʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʦʩʚʝʪʣʝʥʠʷ ʜʦ 83,98 ʤ2. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʦʜʩʢʠʝ ʩʪʦʯʥʳʝ ʚʦʜʳ, ʜʚʫʭʲʷʨʫʩʥʳʝ ʦʪʩʪʦʡʥʠʢʠ, ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʯʠʩʪʢʘ 

ʩʪʦʯʥʳʭ ʚʦʜ. 
 

Introduction.  High rates of global urbanization 
and population growth cause the emergence of a 
shortage of fresh water and an annual increase in the 
volume of domestic wastewater. Many researchers 
agree that modern water supply and sewerage systems 
should ensure not only the management of water 
resources, but also the restoration of their natural 
potential [11, 16]. The main direction of the use of 
treated wastewater is the agricultural sector of the 
economy, which annually consumes up to 70% of 
water resources from the total volume of water intake 
[14]. The composition of urban wastewater includes a 
wide range of chemical elements, such as arsenic As, 
cobalt Co, lead Pb and biogenic substances that have a 
negative impact on human and animal health. 
Therefore, the safe use of wastewater in irrigation 
reclamation is possible only after their preliminary 
treatment at sewage treatment plants. Consideration of 
the urban sewer infrastructure involves the entry into 
it of domestic wastewater formed as a result of the vital 
activity of the population, and surface runoff 
consisting of rain and meltwater. Picture 1 shows the 
main pollutants present in such drains [9]. 

 
Picture 1 ï Component composition of urban wastewater. 

 

Analyzing the presented data, it can be concluded 
that one of the main pollutants are mechanical 
impurities and biogenic elements in suspended state. 

Sedimentation tanks have become widespread at 
sewage treatment plants for the removal of suspended 
substances. The widespread use of these devices is due 
to the simplicity of their design, high energy efficiency 
and long service life. The main disadvantage of 
settling tanks remains the insufficient degree of 
capture of fine impurities in suspended state. As a 
result of many years of research by Chinese scientists, 
it has been established that the average efficiency of 

China's sewage treatment plants is 0.51. The authors 
note the need to improve existing technologies for 
urban wastewater treatment [13]. An analysis of the 
work of domestic sewage treatment plants has shown 
that the efficiency of removal of suspended solids 
ranges from 0.8 to 0.92, depending on the technologies 
and equipment used. In his works [2, 5, 10, 17, 18] 
scientists agree on the need to retechnologize existing 
wastewater treatment processes. 

A promising direction for the intensification of 
sedimentation of suspended substances in 
sedimentation tanks is the enlargement of aggregately 
unstable mechanical impurities, resulting in an 
increase in the mass of particles and an increase in the 
rate of their deposition. The described method 
involves the use of various coagulants and flocculants, 
the choice of which depends on the properties of the 
liquid being cleaned [11, 15]. The disadvantage of this 
method is the need to maintain a reagent farm, as well 
as operational control within narrow limits of 
flocculant concentration. 

Thus, the aim of the study was to intensify the 
process of urban wastewater treatment by 
agglomeration of suspended particles without the use 
of flocculants. 

Materials and methods. To improve the process 
of urban wastewater treatment, a two-tier sump design 
was developed, the scheme of which is shown in 
picture 2.  

 
Picture 2 ï Double Deck Sump for Wastewater Treatment. 

 

 
The basis of the sump is a reinforced concrete tank 

1 of cylindrical shape with a conical bottom, which 
ensures the collection and accumulation of settled silt 
5. Sedimentary troughs 3 made of sheets of polymer 
material are installed inside the cylindrical part. To 
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intensify the separation of suspended solids, the lower 
walls of the troughs are made inclined with slotted 
slots connecting the working area of the sedimentary 
troughs with the silt chamber 2. Aerators 4 are located 
on the outside of the gutters along their entire length, 
which provides fine dispersion of air bubbles. 

The design of the sump provides an increase in the 
efficiency of liquid purification by enlarging the 
particles of the dispersed phase. 

The free surface of the sump, necessary for 
effective wastewater treatment, was determined by the 
calculation method, provided that the residence time 
of the considered dispersed particles  Űn is greater than 
or equal to the time of their deposition Űʦʩ  [7, 8]: 

‡

ὺ
ρȟυ

Ὤ

Ὄ
πȟυ

Ὤ

Ὄ
ȟ                            ρ 

Where ‡ is the deposition rate of particles of each 
fraction, m/s; other ὺ  is the deposition rate of 
particles captured at 100%, m/s; h is the height from 
which the particles of each fraction have time to reach 
the bottom of the settling tank, m. 

The deposition rate of particles captured at 100% 
was determined by the dependence: 

ὺ
ὫὨ ” ”

ρψ‘
ȟ                                  ς 

where Ὠ  is the diameter of particles captured by 
100%, m; ”  is the density of solid phase particles, 

kg/m3; ”  is the density of the liquid phase, kg/m3; 

Õ is the viscosity of the liquid, PaĿs; g = 9.81 m/s is the 
acceleration of free fall. 

We assume that if the suspended particles are 
evenly distributed in the input stream, then the h/H 
ratio characterizes the fraction of captured particles ɢ 
deposited at a rate of  ὺ  ὺ  otherwise. 

Taking into account the spherical shape of the 
particles, as well as the laminar deposition mode, we 
obtain: 

ρȟυ… ρȟυ…ȟ                              σ  

where Ὠ is the diameter of the particles of each 
fraction, m. 

Knowing the density of the particle distribution in 
fractions C, the local degree of capture was calculated 
by the formula: 
ὅ ὅϽ…Ȣ                                                                 τ 
Summing up the local degrees of particle capture, 

we determine the overall degree of purification: 

– ὅ Ȣ                                                      υ 

Thus, given the required degree of purification ɢ, 
the diameter of the particles captured by 100% and the 
flow rate of the initial suspension q, the required sump 
surface was determined: 

Ὂ
ή

‡
Ȣ                                                                 φ 

The described calculation algorithm characterizes 
standard designs of settling tanks and does not take 
into account the presence of additional elements, such 
as aerators. 

Results and discussion. During the operation of 
the two-tier settling tank, household wastewater with 

suspended substances enters the reinforced concrete 
tank 1 and is distributed along the sedimentary troughs 
3. As the flow passes, the sludge fraction is deposited 
under the influence of gravitational forces along the 
inclined part of the troughs and slides through the 
slotted holes into the silt chamber 2. The continuous 
movement of the water flow through the sedimentary 
troughs is accompanied by air dispersion through 
aerators 4 installed along the entire length from the 
outside of the gutters. Fine air bubbles provide 
turbulence of the wastewater flow and the appearance 
of additional inertial forces. The combined effect of 
these factors contributes to the direct collision of 
aggregately unstable suspended solids and the 
enlargement of their sizes. As a result of gravitational 
coagulation, small particles are captured by larger 
fractions, which leads to the maximum ingress of 
sediment into the silt chamber. Sedimentation of the 
remaining fine fraction of suspended solids takes place 
in the silt chamber and, due to the conical shape of the 
bottom of the reinforced concrete tank, sediment is 
collected and flattened at the bottom of the settling 
tank. After the separation of mechanical impurities, 
the streams of purified water from the sedimentary 
troughs and the sludge chamber are mixed in the outlet 
collector and enter the next stages of purification. 

When calculating the required surface of the sump, 
we proceeded from the average drainage rate per 
person, which is 350 l/day [6]. Using the data in Figure 
1, the initial concentration of suspended solids was 
taken as the total amount of mechanical impurities in 
household and drainage runoff. The analysis of the 
works devoted to the study of the fractional 
composition of suspended substances allowed us to 
establish that the nominal diameter of the particles of 
the dispersed phase is 420 microns [4]. Setting the 
required degree of purification at the level of 0.95, we 
will compile Table 1 of the initial data for calculating 
the settling tank of treatment facilities per 100,000 
people. 

Table 1. 
Initial and reference data for calculating the settler 

Parameter Designation Units Value 

Wastewater 
consumption 

q m3/h 1800 

Initial concentration 
of suspended solids 

xʥʘʯ g/l 210 

Required degree of 
purification 

ɖ - 0,95 

Diameter of particles 
captured at 100% 

dʥʦʤ mk 420 

Solid phase particle 
density 

ɟʪʚ kg/m3 1050 

Density of the liquid 
phase 

ɟʞʠʜ kg/m3 998 

Fluid viscosity ɛ PaĿs 0,001 

 
When calculating the required sump surface, it is 

necessary to take into account the aeration coefficient, 
which characterizes the increase in sedimentation 
efficiency due to turbulence of the liquid layer. In the 
work on the study of methods of intensification of 
wastewater clarification [1], an increase in the 
efficiency of precipitation of suspended solids by 10-
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15% is noted due to the dispersion of air into the 
wastewater stream. Experimental studies are known 
[10], which describe the results of wastewater 
clarification using aeration. According to the data 
obtained, the dispersion of fine air bubbles with a flow 
rate of 2 m3/(m2Ŀh) provides an increase in the 
sedimentation efficiency of suspended solids by 3-4%. 
An increase in air flow to 5 m3/(m2Ŀh) contributes to 
the intensification of clarification by 7%. Taking into 
account these results, we will calculate the required 
surfaces for the variants of the sump of a typical and 
developed design with different aeration modes. The 
results of mathematical calculations are shown in 
picture 3. 

 

 
Picture 3 ï Required surface of clarifiers for urban 

wastewater clarification. 
 

Conclusions. The particle size of the dispersed 
component can vary in a wide range, due to various 
anthropogenic and natural factors. Using the average 
value of wastewater disposal per person, a numerical 
experiment was used to calculate the required surface 
of a standard sump and a sump of the proposed design 
for urban wastewater treatment plants, taking into 
account the effluent output per 100,000 people. It is 
established that all the considered settling tanks 
provide the same degree of clarification, which varies 
depending on the fractional composition of the 
particles. For particles with a size of 425 microns, the 
integral degree of purification is 0.97, while the 
required deposition surface of a standard sump is 90.3 
m2. When using the proposed design, with aeration of 
2.0 m3/(m2Ŀh), the required deposition surface is 87.1 
m2. An increase in the air flow in the aerator to 5.0 
m3/(m2Ŀh) reduces the required lightening surface to 
84.0 m2. 
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NEFTNI QAYTA ISHLASH ZAVODLARINING ISSIQLIK ALMASHINUV USKUNALARINI 

HIMOYA QILISH  UCHUN KORROZIYA VA TUZ TOóPLANISHIGA QARSHI INGIBITORINI 
ISHLAB CHIQISH  

 

Rixsixodjayeva G.R. ï PhD, dotsent; Rizayev A.N. ï t.f.d., professor 
Umarov U.V.  ï ʪassistent, assistent Sh.V. Esonmurodov 

Toshkent davlat transport universiteti 
 

Maqolada ñFargóona neftni qayta ishlash zavodiò MCHJ sanoat suvi uchun ɻʇʄʑ, ʀʆʅʍ-1 va ʆʕɼʌʂ korroziya va 
tuz toóplanishiga qarshi ingibitorlarni ishlab chiqish boóyicha oótkazilgan tadqiqot natijalari keltirilgan. 50 mg/l 
konsentratsiyasida tuz toóplanishiga qarshi ingibirlash samaradorligi 94% hamda korroziyaga qarshi ingibirlash samarodligi 
esa 68,71% yetkazildi. Mahalliy xom ashyo orqali yaratilgan ingibitorlar import ingibitorini oórnini bosa olishi isbotlandi.  
Kalit soózlar: elektrokimyoviy, biologik korroziya, metall, tuz toóplanishi, ingibitor, anod, katod, aylanma suv taôminoti. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʠ ʩʦʣʝʦʪʣʦ-
ʞʝʥʠʡ ɻʇʄʑ, ʀʆʅʍ-1 ʠ ʆʕɼʌʂ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʦʜʳ ʆʆʆ çʌʝʨʛʘʥʩʢʦʛʦ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʛʦ ʟʘʚʦʜʘè. 
ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʛ/ʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚ ʩʦʣʝʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʣʘ 94%, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚ ʢʦʨʨʦʟʠʠ-68,71%. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʪʦʨʳ, ʩʦʟʜʘʥʥʳʝ ʠʟ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ, ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ 
ʠʤʧʦʨʪʥʳʡ ʠʥʛʠʙʠʪʦʨ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ, ʤʝʪʘʣʣ, ʥʘʢʦʧʣʝʥʠʝ ʩʦʣʝʡ, ʠʥʛʠʙʠʪʦʨ, ʘʥʦʜ, 

ʢʘʪʦʜ, ʦʙʦʨʦʪʥʘʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

Results of researches on development of inhibitors of corrosion and salt sedimentations of ɻʇʄʑ, ʀʆʅʍ-1 and 
ʆʕɼʌʂ for industrial water of the LLC Fergana oil refinery are given in article. At a concentration of 50 mg/l, the inhibition 
efficiency against salt deposition reached 94%, and the inhibition efficiency against corrosion was 68,71%. It has been 
proven that inhibitors created from local raw materials can replace an imported inhibitor. 

Keywords: electrochemical, biological corrosion, metal, salt accumulation, inhibitor, anode, cathode, circulating water 
supply. 

 

Kirish qismi.  Sanoat va ishlab chiqarish korxo-
nalarning turli suvdan foydalanish tizimlarida tuzni 
choóktirish barcha rivojlangan sanoat-korxonalirida va 
rivojlanayotgan mamlakatlar uchun jiddiy muammo. 
Shu munosabat bilan korroziya, tuz toóplanishi va 
biofaollanish jarayonlarini susaytiruvchi yangi 
reagentlar yaratish dolzarbdir.  
Oózbekiston Respublikasi neftni qayta ishlash 

zavodlarida issiqlik almashinadigan suv taôminoti 
tizimining konstruktsiyalari past uglerodli poólatdan 
yasalgan va aylanma ish jarayonida elektrokimyoviy, 
biologik korroziya va qoldiqlar yigóilishiga moyil 
boóladi. Shu qatorda korroziya bu metall va boshqa 
materiallarni yoóq qilishda keng tarqalgan turi 
hisoblanadi.  

Bundan tashqari, turli sohalardagi aylanma suv 
taôminoti tizimlarida suv va metallarning oóziga xos 
xususiyatlari bilan bogóliq boólgan issiqlik uzatish 
uskunalari yuzasida tuz va qoldiqlar hosil boólishi 
kuzatiladi, bu turli xil texnologik jarayonlarning 
amalga oshirilishiga va issiqlik uzatish hamda issiqlik 
almashinuv uskunalarining devori oórtasidagi issiqlik 
uzatish koeffitsiyentining oózgarishi tufayli atrof-
muhitni muhofaza qilishga salbiy taôsir qiladi. Issiqlik 
uzatish uskunalari yuzasida korroziya va qoldiqlar-
ning paydo boólishi bilan bogóliq zarar jahon amali-
yotida yiliga millionlab dollarni tashkil etadi [10]. 

Asosiy qism. Tabiiy suvlarda topilgan yoki uni 
qayta ishlash jarayonida suvga qoóshilgan suvning 
organoleptik xususiyatlariga taôsir qiluvchi kimyoviy 
moddalarning kontsentratsiyasi 01.06.2006 yildagi 
0211-06-son ñOózbekiston aholisining xoójalik-
ichimlik suv taôminoti markazlashtirilgan tizimi 
suvining gigiyenik mezonlari va ular sifatinining 

nazoratiò ga muvofiq standartlardan oshmasligi kerak, 
ular 1-jadvalda keltirilgan. 

 
1-jadval 

Kimyoviy moddalarning konsentratsiyasi 

ˉ Koórsatkichning 
nomlanishi 

Meôyor Sinov uslubi 

1 Vodorod koórsatkichi, ʨʅ 6,0-9,0 Oólchov xatosi 0,1 pH 
dan oshmaydigan 

shisha elektrod bilan 
har qanday modelning 
pH metrida oólchanadi 

2 Temir (Fe), mg/dm3, koóp 
boólmagan 

0,3 GOST 4011 boóyicha 

3 Umumiy qattiqlik, 
mol/m3, koóp boólmagan 

7,0 GOST 4151 boóyicha 

4 Marganets (Mn), mg/dm3, 
koóp boólmagan 

0,1 GOST 4974 boóyicha 

5 Mis (Cu2+), mg/dm3, koóp 
boólmagan 

1,0 GOST 4388 boóyicha 

6 Polifosfat qoldigóI (ʈʆ3-

4), mg/dm3, koóp 
boólmagan 

3,5 
GOST 18309 
boóyicha 

7 Sulôfatlar (SO4
--), 

mg/dm3, koóp boólmagan 
500 GOST 4389 boóyicha 

8 Quruq qoldiq, mg/dm3, 
koóp boólmagan 

1000 
GOST 18164 
boóyicha 

9 Xloridlar (Cl-), mg/dm3, 
koóp boólmagan 

350 GOST 4245 boóyicha 

10 Rux (Zn2+), mg/dm3, koóp 
boólmagan 

5,0 
GOST 18293 
boóyicha 

 
Materiallarni korroziya va tuz toóplanisidan 

himoya qilish muammosi transport, mashinasozlik va 
qurilish kabi materiallarni koóp talab qiladigan 
sohalarda eng dolzarbdir. Baôzi hollarda, bu tegishli 
misollarga asoslanib, hisobotda materialni taqdim 
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etish xususiyatiga olib keldi, shuningdek, ushbu 
sohalarda ishlatiladigan materiallarning korroziyasi va 
korroziyaga qarshi himoyasining oóziga xos 
xususiyatlariga eôtibor qaratdi, shu bilan birga issiqlik 
uzatish uskunalari yuzasida tuz toóplanish 
jarayonlarini ingibirlash masalalari alohida koórib 
chiqildi. Shu munosabat bilan, asosiy eôtibor korroziya 
va tuz toóplanish paytida materiallarni yoóq qilish 
jarayonida yuzaga keladigan jarayonlarning 
mohiyatini tushunish uchun qaratiladi. 

Ilmiy va texnik adabiyotlarda ñkorroziyaò soózini 
uchratib, biz uni odatdagidek metall bilan bogólaymiz. 
Sababi aniq: koóp asrlar davomida bu asosiy 
muhandislik materiali boólib xizmat qiladigan 
metalldir va hozirgacha ilmiy fani sifatida 
ñMetallshunoslikò da oórganiladi. Ushbu mavzu 
boóyicha darsliklar va oóquv qoóllanmalarning 
aksariyati metall boólmagan materiallarga kam eôtibor 
beradi. Biroq, hozirgi vaqtda texnologiyani 
rivojlantirishning asosiy tendentsiyalaridan biri bu 
koóp masôuliyatli vazifalarni bajaruvchi detallar va 
mashinalarning tarkibiy qismlarida metallni kimyoviy 
jihatdan ancha chidamli, yengil va tejamkor plastik 
massali, keramika va boshqa metall boólmagan 
materiallar bilan almashtirishdir. 

Ushbu materiallarning aniq afzalliklariga qaramay 
va ular vaqt o'tishi bilan ishdan chiqadi, atrof-
muhitning tajovuzkor omillari taôsirida yoóq qilinadi 
[11]. Bundan tashqari, koóp hollarda metallarning 
korroziya orqali yoóq qilinishi paytida yuzaga 
keladigan jarayonlarga toóliq oóxshashlik mavjud. 
Shuni hisobga olgan holda, turli xil materiallarning 
tabiiy va texnogen yoóq qilinishi jarayonlari asosida 
yuzaga keladigan hodisalarning umumiy 
mexanizmlarini oórganish va issiqlik uzatish 
uskunalari ishining samaradorligi tomon oózgarishi 
bilan bogóliq. 

Korroziya jarayonining tavsifi korroziyali muhitda 
mavjud boólgan ionlarga bogóliq. Bunday holda, 
korroziyaga asosiy taôsir anionlar, kamroq esa 
kationlar tomonidan amalga oshiriladi. Eritma 
tarkibidagi ionlar faollashtiruvchi va inhibitorlarga 
boólinadi. 

Aktivator anionlari Cl-, Br-, I- va boshqalar 
metalning passiv holatini buzishi yoki oksid fazali 
plyonkani yoóq qilish yoki adsorbsiyalangan 
kislorodni metall yuzasidan siqib chiqarish orqali 
uning shakllanishiga toósqinlik qilishi mumkin. 

Aktivator kationlari ï oózgaruvchan valentlikka 
ega boólgan metall ionlari, masalan, temir va uch 
valentli temir ionlari, bir valentli va ikki valentli mis. 
Yuqori valentlik ionlari elektronlarni qabul qilib katod 
jarayonida ishtirok etishi mumkin: 

ʄz+ + ʸ  Ÿ ʄ(z-1)+, 
va past valentlik ionlari depolarizator bilan, 

masalan, kislorod bilan oózaro taôsir qilishi mumkin: 
4ʄ(z-1)+ + ʆ2 + 4ʅ+ Ÿ 4ʄ z+ + 2ʅ2ʆ. 

Metall ionlarining eruvchanligi kisloroddan yuqori 
boólganligi sababli, bu ionlar katod jarayonini sezilarli 
darajada tezlashtirishi mumkin. 

Anion-ingibitorlari CrO2-
4, Cr2O2-

7, NO2
-, NO3

-, 
MnO4

- anod jarayonini sekinlashtirib, metallni passiv 
holatga oótkazishga qodir.  

OH-, CO3
2-, PO4

3-, SiO3
2- anionlari eritmaga oᾶtgan 

metall ionlari bilan oᾶzaro taᾷsirlashib, metall yuzasida 
ionlanish va depolarizatorning metallga kirib 
borishiga toᾶsqinlik qiluvchi plyonkalar hosil qiluvchi 
kam eriydigan birikmalar hosil qilishi mumkin. 

Kation-inhibitorlari Fe2+, Mg2+, Ca2+, CO2+, Zn2+ 
va boshqalar gidroksil ionlari bilan qiyin eriydigan 
gidroksidlarni hosil qiladi (temir uchun bu Zn2+, Mn4+, 
CO2+ ionlari). Agar tuz ionlari faollashtiruvchi yoki 
ingibirlash taôsiriga ega boólmasa, unda tuz 
konsentratsiyasining oshishi bilan korroziya tezligi 
dastlab eritmaning elektr oótkazuvchanligini oshirish 
orqali ortadi va keyin kislorodning eruvchanligi 
pasayishi tufayli pasayadi [9; 13]. 
Tuz toóplanish ingibitorlarida eng koóp tarqalgan 

faol moddalar ion boólmagan polifosfatlar, sulfonik 
kislota hosilalari, fosfonik va fosfor kislotalarning 
organik hosilalari, past molekulyar ogóirlikdagi 
polikarboksil kislotalar, polimerlar, akril va malein 
kabi kislotalarning sopolimerlari, shuningdek bu 
birikmalarning turli kompozitsiyalari kiradi. Fosfon 
kislotalar va polimerlar asosidagi ingibitorlar keng 
qoóllaniladi. 

Organik fosfor ingibitorlarining afzalligi ularga 
nisbatan kam xarajatlarda yuqori samaradorligidir. 
Tuz toóplanish ingibitorlari keng tarqalgan boólib, 
kompozitsiya asosi sifatida oksietilidendifosfonli 
kislota (ʆʕɼʌʂ) dan foydalanadi. Shuni taôkidlash 
kerakki, kislota asosidagi ingibitorlar koópincha neft 
qurilmalarida korroziya jarayonlarining yuzaga 
kelishiga yordam beradi. 

Neft va gaz sanoatida ishlatiladigan korroziya 
ingibitorlari tarkibiga, odatda, ingibitor xossalarini 
namoyon qiluvchi organik birikmalar, suvli-spirt yoki 
uglevodorod erituvchilari hamda reagentlar 
xossalarini tartibga solishga imkon beruvchi turli 
qoóshimchalar kiradi. Yuqori va past molekulyar 
aminlar, imidozalinlar, moy kislotalari, fosforli 
birikmalar va boshqa organik kislotalar faol modda 
sifatida ishlatiladi. 
ʀʆʅʍ-1, ɻʇʄʑ va ʆʕɼʌʂ reagentlarining 

kollektor suvida tuz toóplanishiga qarshi ingibirlash 
natijalari (II-suv bloki, 3-tizim) ñʀʉʆ-1 tuz toóplanish 
koórsatkichiò qurilmasida oótkazilishi 2-jadvalda 
keltirilgan. 

2-jadval 
ʀʉʆ-1 qurilmasida ñʀʆʅʍ-1ò, ñɻʇʄʑò vʘ 
ñʆʕɼʌʂò reagentlari yordamida tuz toóplanishini 

ingibirlashning solishtirma samaradorligi va 
korroziyaning ingibirlash samaradorligi 

Ingi-
bitor 

Ingibi-
tor 

konsen
tratsi-
yasi, 
mg/l 

ʊʨʠʣʦʥ-
ɹ erit-
maning 
titrlanga
n hajmi 
(0,025 
ʥ), ml 

Elektro
ddagi 
toóplani

shlar 
miqdori, 
(CaCO3

), mg 

Tuz 
toópla-
nish 

ingibirla
nishning 
samara-
dorligi, 
(ʕʠʩʦ), % 

Korrozi
ya 

tezligi 
Vk, 

g/m2Öso
at 

Korrozi
yadan 

himoya
lanish 

darajasi
, % 

Ingibit
orsiz 

ï 8,5 10,625 ï ï ï 

ʀʆʅ
ʍ-1 

20 1,05 1,3125 87,64 ï ï 

40 0,95 1,1875 88,82 ï ï 

50 0,9 1,125 89,41 
0,00000
83722 

59,25 

ɻʇʄ 20 0,8 1 90 ï ï 
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ʑ 40 0,75 0,9375 91,17 ï ï 

50 0,7 0,875 91,76 
0,00000
64287 

68,71 

ʆʕɼ
ʌʂ 

20 0,6 0,75 92,94 ï ï 

40 0,6 0,75 92,94 ï ï 

50 0,5 0,625 94,11 
0,00077
20368 

0 

 
Olingan natijalarni grafik koórinishi keltiriladigan 

boólsa, tuz toóplanishiga va korroziyaga qarshi 
ingibitorlarning tuz toóplanishini oldini olish boóyicha 
mahalliy xom-ashyodan yaratilgan ʀʆʅʍ-1 va 
ɻʇʄʑ ingibitorlari import ʆʕɼʌʂ ingibitorini 
oórnini bosishi mumkinligini, shuningdek korroziyaga 
qarshi ingibirlash samaradorligi import ʆʕɼʌʂ 
ingibitoriga nisbatan mahalliy xom-ashyodan 
yaratilgan ʀʆʅʍ-1 va ɻʇʄʑ ingibitorlari yuqori 
samaradorlikka ega ekanligi koórsatilgan. 

 

 
1-rasm. ʀʉʆ-1 qurilmasida ñʀʆʅʍ-1ò, ñɻʇʄʑò vʘ 
ñʆʕɼʌʂò reagentlari yordamida tuz toóplanishini 

ingibirlashning solishtirma samaradorligi 
 

 
2-rasm. ñʀʆʅʍ-1ò, ñɻʇʄʑò vʘ ñʆʕɼʌʂò reagentlari 
yordamida korroziyaga qarshi ingibirlash samaradorligi 

 

Xulosa va tavsiyalar. Biz issiqlik almashinuvi 
uskunalarida sovutish suvidan foydalanganda suv 
tarkibining korroziyaga taôsiri masalalarini koórib 
chiqamiz. Korroziya va tuz toóplanishiga qarshi 
ingibitor yordamida issiqlik almashinuvi uskunalari-
ning sirtini himoya qilish tahlili oótkazildi. ñFargóona 
neftni qayta ishlash zavodiò MChJ ning laboratoriya 
sharoitida korroziya va tuz toóplanishiga qarshi 
ingibitorlarining sinov partiyalari bilan ishlab 
chiqarish sharoitida tajribalari oótkazildi [6; 7]. 
Olingan natijalar shuni koórsatadiki, tuz toóplanishiga 
qarshi ingibitorlari ï ʀʆʅʍ-1 va ɻʇʄʑ ingibitorlari 

samarali boólib, ular 40-50 mg/l oraligóida ñFargóona 
neftni qayta ishlash zavodiò MChJ ning kollektor 
suvida (II-suv bloki, 3-tizim) saqlansa, ingibirlash 
samaradorligi mos ravishda 85 va 94% ga yetadi va 
ular bir xil konsentratsiyada 40-50 mg/l boólganda 
ham ingibirlash samaradorligi 94% ga yetadigan 
import qilingan ʆʕɼʌʂ tuz toóplanishiga qarshi 
ingibitori bilan raqobatbardosh boólishi mumkin [1].  
ñFargóona neftni qayta ishlash zavodiò MChJ ning 

IIa-tizimi, II -suv blokidan foydalaniladigan suvning 
kimyoviy tarkibi 3-jadvalda keltirilgan.  

3-jadval 
ñFargóona neftni qayta ishlash zavodiò MChJ ning suv 

taôminoti tizimlarida ishlatiladigan suvning kimyoviy tarkibi 
(bahor va yoz oylari) 

Nomlanishi ʨʅ 
Qattiqligi 
mg-ekv/l 

ʉʘ++ 

mg-
ekv/l 

Mg++ 

mg-
ekv/l 

Ishqo-
riyligi  
mg-
ekv/l 

ʉl 
mg-l 

ʈʆ4 
mg/l 

II ï suv bloki 

I - sovuq 7,95 12,08 7,8 4,28 3,99 38,31 1,38 

II - sovuq 7,95 27,9 20,2 7,7 5,46 73,9 1,92 

IIʘ tizim 7,88 27,9 20,2 7,7 5,46 73,9 1,92 

III tizim 8,22 15,2 11,72 3,48 5,36 45,45 0,88 

Qoóshimcha 8,16 12,55 9,15 3,4 5,17 42,34 1,41 

 

Korroziya va tuz toóplanishiga qarshi ingibitorlari 
ɻʇʄʑ, ʀʆʅʍ-1 va ʆʕɼʌʂ (oksietilidendifosfon 
kislotasi) tuz toóplanishiga qarshi import ingibitori 
bilan solishtirish sinovlari oótkazildi [14]. Tuz 
toóplanishi boóyicha ʀʉʆ-1 qurilmasidagi usuldan 
foydalanib, korroziyalanishning ingibirlash darajasini 
aniqlash uchun gravimetrik usuldan foydalanildi. 
Olingan natijalar 1- va 2-rasmda keltirilgan. 
Olingan natijalar shuni koórsatadiki, korroziya va 

tuz toóplanishiga qarshi ɻʇʄʑ ingibitori eng 
samarali boólib, tuz toóplanishini ingibirlash boóyicha 
qiymati 91,76 % va korroziyadan himoya qilish 
samaradorligi boóyicha 68,71 % tashkil qiladi va uni 
import oórnini bosish masalasining yechimi deb 
tavsiya etsa boóladi. 
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UDK 53.072 

NASOS  STANSIYASINI BOSHQARISH TIZIMINI MODERNIZATSIYALASH VAZIFALARI  
 

Safarov I.U. katta- oôqituvchi, Kayumov R.T., Menedjer. t.f.n. (UZURALIMPEX),  
Qurbonov R.U. katta- oôqituvchi, Hamdamov N.E. talaba  

Samarqand davlat arxitektura-qurilish universiteti 
 
Mazkur maqola islab chiqarish jarayonlarida zamonaviy innovatsion texnologiyalaridan, jumladan, CodeSys kompleks 

dasturlash muhiti, dasturlanuvchi mantiqiy kontrollerdan (PLK) foydalanish imkoniyatlariga bagóishlangan. Unda  nasos 
stansiyasining rele-kontaktli sxemasi boshqarish tizimini modernizatsiyalash uchun CodeSys muhiti  CFC dasturida 
kontaktsiz mantiqiy boshqarish sxemasi qoôllanilishi  va uni vizuallashtirish  koôrib  chiqilganligi haqida maôlumotlar 
berilgan. 

Kalit soózlar: avtomatlashtirish, innovatsion texnologiyalar, vizuallashtirish, nasos stansiyasi, CodeSys muhiti, 
dasturlanadigan mantiqiy kontroller, datchik. 

 
ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CodeSys, ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ 
ʢʦʥʪʨʦʣʣʝʨʘ (ʇʃʂ). ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʢʦʥʪʘʢʪʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦ-
ʛʨʘʤʤʝ CFC ʩʨʝʜʳ CodeSys ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʝʣʝʡʥʦ-ʢʦʥʪʘʢʪʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʝʡ ʠ ʝʝ ʚʠ-
ʟʫʘʣʠʟʘʮʠʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ, ʩʨʝʜʘ CodeSys, 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ, ʜʘʪʯʠʢ. 
 
This article is devoted to the possibilities of using modern innovative technologies in production processes, including 

the Codesys integrated programming environment, a programmable logic controller (PLC). It provides information on the 
use of contactless logic control scheme in the CFC program of the Codesys environment for the modernization of the control 
system of the relay-contact circuit of the pumping station and its visualization is considered. 

Keywords: automation, innovative technologies, visualization, pumping station, Codesys environment, programmable 
logic controller, sensor. 

 

Kirish. Bugungi kunda aholini toza ichimlik suvi 
bilan ta]minlash global muammolardan biri boôlib 
qolmoqda. Respublikamiz Markaziy Osiyoning suv 
resurslari tanqis mintaqalardan biri boôlib, 
chegaralangan miqdordagi suv resurslaridan oqilona 
foydalanishni talab etadi. Yer  osti suvlari 
mamlakatimiz suv resurslarining muhim qismini 
egallagan boôlib, u ishlab chiqarish, qishloq hoôjaligi 
va maishiy ehtiyoj uchun fodalanilmoqda. 

O'zbekiston Respublikasi suv xo'jaligini rivojlanti-
rish konseptsiyasi 2020ï2030 yil ustuvor yo'nalish-
larni o'z ichiga oladi va 2030 yilgacha O'zbekiston 
Respublikasi suv xo'jaligini rivojlantirish bo'yicha 
chora-tadbirlar majmuasini qabul qildi.1. [1-2] 

Ishning dolzarbligi:  Bugungi kunda, turli hisob-
kitoblarga ko'ra, jahon bo'yicha butun ishlab 
chiqarilgan elektrenergiyasining iste'molining 20-25% 
gacha nasos uskunalariga to'g'ri keladi. 

Suv ta'minoti ob'ektlarini modernizatsiya qilish 
yoki nasos uskunalarini almashtirish yoôli bilan 
energiya sarfini kamaytirishdir. Aholi isteômol 
suvlarini tozalashda modulli jixoz majmuasi tizimini 
oôrnatish va ishga tushirish ishlari O'zbekiston 
Respublikasi Prezidentiining ñObod qishloqò va 
ñObod maxallaò dasturlarini amalga oshirish boôyicha 
qoôshimcha chora tadbirlar toôgôrisida ñgi 02 aprel 
2021yildagi  ̄  Pʂ-5048 sonli qaroriga asosan Jizzax 
viloyati Mirzachoôl tumani, Yangi dala MFY 
manzilida amalga oshirildi. Bu jixoz suv qattiqligi va 
shoôrligi yuqori boôlgan artezian suvlarini tozalab 
ichimlik suvi holatiga keltirib beradigan, quvvati 25 
ʤ3/soat ga teng model ʅɺ-3 ishlab chiqaruvchi 
UZURALIMPEX ʅɺ, aholisi 4000 kishi. ñYangi dala 
MFYò manzilida suvni tozalash modulli jixoz 
majmuasi toza suv saqlash rezervuaridan suvni aholi 
punktlariga yetkazib berish uchun nasos 
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stansiyasining mavjud texnik holati, ya'ni nasos 
stansiyasi jihozlarining boshqarishni qoôshimcha 
ravishda zamonaviy innavatsion texnologiyalar 
yordamida modernizatsiya qilish va uni tadqiq qilishni 
talab qiladi. 

 
1-rasm. Nasos stansiyasi 

 
2-rasm. Toza suv 

saqlanadigan rezervuar 
 
Ushbu muammoni hal qilish uchun quyidagi 

maqsad qo'yildi: energiya tejashni ta'minlash uchun 
chastotali boshqariladigan yuritmalardan va uni 
dasturlanuvchi mantiqiy kontroller (PLK) yordamida 
nazorat qilishdan foydalanish va energiya tejovchi 
nasoslarni tanlash orqali 2 ta magistral nasosdan 
tashkil topgan nasos stansiyasini modernizatsiya qilish 
va tadqiq qilish. Tadqiqot mavzusi suv ta'minoti 
tizimini modernizatsiya qilish va ularning ishini 
optimallashtirish bilan nasoslarni tanlashdir. 
Rejalashtirilgan maqsadga quyidagi asosiy tadqiqot 
vazifalarini hal qilish orqali erishiladi: ñYangi dala 
MFYò manzilida modulli jixoz majmuasi orqali suvni 
tozalash, toza suv saqlash rezervuaridan, nasos 
stansiyasi orqali suvni aholi punktga yetkazib berishni 
2 ta nasos (asosiy va yordamchi) uskunasi misolida, 
ichimlik suv ta'minoti uchun nasos stansiyalarining 
energiya samaradorligi muammolarini tahlil qilish va 
samaradorligini oshirish chora-tadbirlarini ishlab 
chiqish kerak boôladi. 

Tadqiqotning ilmiy yangiligi butun tizimning 
samaradorligini oshirish uchun energiya tejovchi 
nasoslar va uni dasturlanuvchi mantiqiy kontroller 
(PLK) yordamida ñYangi dala MFYò manzili aholi 
punktini toza suv bilan taôminlash 2 ta magistral nasos 
stansiyasini modernizatsiya qilishni nazariy 
asoslashdadir. 

Tadqiqotning amaliy ahamiyati: shundan 
iboratki, taklif etilayotgan texnologik yechimlar 
ñYangi dala MFYò manzili aholi punktini toza suv 
bilan taôminlashda energiyani tejash va aholi punktini 
uzluksiz suv bilan taôminlash imkonini beradi. 

Nasoslarning elektr dvigateli ma'lum bir boshqaruv 
algoritmi boôyicha qo'l rejimi va avtomatik rejimda 
boshqariladi. Bizning vazifamiz nasos stansiyasi 
qurilmasining ish rejimi boshqaruvini o'zgartirmas-
dan, yaôni rele-kontaktli boshqaruv tizimi sxemasini, 
CodeSys muhitida kontaktsiz mantiqiy boshqaruv 
CFC dasturiy ta'minotga almashtirishdir. 

Asosiy qism. Nasos stansiyasining vazifasi, 
rezervuardan aholi punktlariga suv yetkazib berish va 
rezervuarda suvni yuqori sathdan oshib ketmasligini 
taôminlashdir. Shu sababli, jarayon boshqaruvi rele-
kontaktli sxemasini modernizatsiya qilingandan 
soông, dasturlanuvchi mantiqiy kontroller (PLK) 
yordamida amalga oshiriladi. 
1. ñQo'l rejimiò da nasosni boshqarish dasturini 

yaratamiz. 

"Ishga tushirish" (pusk) tugmasi bosilganda va 
"Qoôl rejim" kirishida signal mavjud bo'lganda nasos 
dvigateli ishga tushiriladi. "To'xtatish" (stop) tugmasi 
bosilganda va "Qoôl rejim" kirishida signal mavjud 
bo'lmasligi kerak. 

Buning uchun biz RS-triggerdan foydalanamiz va 
(SET) kirishiga biz "Ishga tushirish" tugmasidan 
(pusk1) signal beriladi va "Qo'l rejim" (ruchnoy1) 
kirishiga AND elementi (mantiqiy ñVAò) orqali signal 
yuboramiz. Trigger ishga tushadi va  oôzining chiqish 
signaliga mos (Q1) o'zgartirib ulaydi, qachonki ikkala 
kirish mantiqiy signal (TRUE) bo'lgan holatda. 

Nasosni o'chirish uchun trigger kirishiga 
(RESET1) mantiqiy bir (TRUE) signali kelishi kerak. 
Bir holatda, bu "To'xtatish" tugmachasidan (stop1) 
signal bo'lganda va "Qoôl rejim" kirishida (ruhnoy1) 
bir vaqtning o'zida signal mavjud bo'lganda sodir 
bo'ladi. Buning uchun ular AND elementi bilan 
birlashtiriladi. Nasosni ishga tushirish jarayonida 
bo'lgani kabi, bu yerda hamma narsa bir xil. 

Ikkinchi holda, mantiqiy ñ1ò signal trigger 
kirishiga (RESET1) ga kelganda va bu vaqtda  
almashlab ulagich kalit o'chirilgan va "Qo'l rejim" 
kirishida hech qanday signal bo'lmaganda, ya'ni 
nasosning qanday holatda bo'lishidan qat'i nazar, 
almashlab ulagich kaliti "Qo'l rejimi" holatidan 
"Avtomatik rejim" ga ko'chirilganda, dvigatel 
oôchirilishi kerak. Buning uchun biz qoôl (ruhnoy1) 
kirishidan signalni teskariga aylantiramiz va ularni 
mantiqiy OR elementi orqali ularni nasosni o'chirish 
signali bilan birlashtiramiz. Bunday holda, mantiqiy 
bir ñ1ò signal  trigger kiritishiga (RESET1) ikki yo'l 
bilan kelishi mumkin. Birinchi holda signal AND 
elementidan keladi, yaôni signal tugmadan o'chirishni 
ta'minlaydigan ñqo'l rejimò oôchirilgan boôlishi kerak. 
Ikkinchi holda,  mantiqiy ñ0ò (FALSE), EMAS (NOT) 
elementi chiqishida mantiqiy bir (TRUE) ga 
aylanadi.(3-rasm) 

 

 

3-rasm. CodeSyS muhitida  emulyatsiya rejimidagi dastur. 
 

2. Nasos stantsiyasi sxemasining ñAvtomatik 
rejimòda ishlashi uchun dastur tuzamiz. 

Sxemaning ishlashini tushunishni osonlashtirish 

uchun biz birinchi navbatda dasturni ish rejimini 

tanlash va asosiy nasosni tanlash uchun kalitlarni 

hisobga olmasdan tuzamiz, ya'ni. deylik, bizga 

ikkinchi sath  datchigi boôyicha birinchi nasosni ishga 

tushirish, uchinchi sath datchik boôyicha ikkinchi 

nasosni ishga tushirish sxemasi kerak boôladi. 

To'rtinchi datchik ishga tushganda esa, signallashtirish 
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lampa yonadi. Suv to'liq rezervuardan chiqarilgandan 

so'ng va birinchi sath datchigi ishlab ketishi bilan, 

ikkala nasos ham o'chiriladi. Buning uchun bizga 

kerak bo'lgan barcha kirish va chiqishlarni to'g'ri 

tarzda bog'laydigan ikkita RS trigger kerak boôladi. 

Ammo hamma narsa birinchi qarashda ko'rinadigan 

darajada oddiy emas. Agar biz ushbu dasturni 

emulyatsiya rejimida sinab ko'rishga harakat qilsak, 

suvning ko'tarilishi haqida sath datchigi kontaktlarini 

navbatma ïnavbat ishga tushishini imitatsiya qilinishi 

orqali, suv ikkinchi datchikga ko'tarilganda, nasos 

ishga tushirilmaganligini ko'ramiz. Bunga sabab 

birinchi sath datchigining kontakti bo'lib, u 

triggerlarni o'chirilishi uchun, ularning kirishiga signal 

yuboradi. Bizga,  faqat birinchi sath datchigining 

kontakti uzilganida, triggerlar o'chirilishi kerak emas. 

Buni amalga oshirish uchun biz sath datchigi (du1) 

kontaktidan keyin EMAS (NOT) elementini 

qo'yishimiz  kerak boôladi, bu datchikdan kelgan 

signalni qarama-qarshi o'zgartiradi va keyin faqat 

kirish kontakti o'chirilganda triggerlar qayta 

o'rnatiladi. Endi avtomatik rejim almashlab ulagich 

kontaktlarini sxemaga qo'shamiz. Nasoslar motorlari 

faqat ushbu almashlab ulagichning kontaktlari 

ulanishi qachonki, kirishida signal ñ1ò (mantiqiy) 

mavjud bo'lganda yoqilishi kerak. Bundan tashqari, 

har bir dvigatelning zanjirida oôzining almaslab 

ulagich kaliti mavjud. Buni amalga oshirish uchun 

sxemaga 2 ta AND elementini qo'shamiz, bu 

nasoslarni faqat kalitlar avtomatik rejimda yoqilganda 

yoqish imkonini beradi va qo'l va avtomatik rejimlarni 

bog'laydigan 2 ta OR elementi kerak boôladi. Ularning 

yordami bilan nasos1 va nasos2  boshqaruvchi 

magnitli qoôshgichlarni chiqishlariga qo'l rejimdagi 

triggerlardan yoki avtomatik rejim triggerlaridan 

signal olishlari mumkin. (4-rasm) 
3. Nasosi tanlash uchun almashlab ulagichni 

qo'shamiz. 
Ushbu bosqichda sxemaga almashlab ulagichni 

qo'shamiz, yaôni u asosiy va zahira (rezerv) nasoslarini 

tanlash imkonini beradi. Birinchi navbatda asosiy 

nasos, ikkinchi esa zaxira nasos ishga tushiriladi. 

Jismoniy jihatdan, elektr zanjiridagi almashlab 

ulagichlarda 4 ta kirish va 4 ta chiqish mavjud. 

Dasturlashtiriladigan kontrollerni ulash uchun 2 ta 

chiqishdan foydalanamiz.  

Dasturlanadigan mantiqiy controller (PLK) uchun  

dasturida biz 2 ta kirish signalini kiritishimiz kerak 

yaôni ("Asosiy nasos 1" (asosiy_1) va "Asosiy nasos 

2" (asosiy_2)). Avval, biz 2 ta AND elementini 

qo'shamiz va ular orqali trigger kirishlarini ulaymiz.  

Har bir elementga ikkinchi sath datchigining 

kontaktidan va oôzining almashlab ulagichidan signal 

keladi. Biz shunga o'xshash harakatlarni uchinchi sath 

datchigining va almashlab ulagichi bilan bajaramiz. 

Va har bir trigger kirishi uchun 2 ta ishga tushirish 

signalni sxemaga qoôshamiz va qo'shimcha 2 ta OR 

elementini ham qo'shamiz. Dasturlanuvchi kontroller 

uchun 2 ta soôrib oluvchi nasos ega boôlgan nasos 

stansiyasining yakuniy dasturi. (Onlayn - Emulyatsiya 

rejimi - Ulanish - Ctrl + F7 ï Pusk F5). 6. [1-4] (4-

rasm) 

 
 

 
4-rasm. CodeSyS muhiti CFC dasturi yordamida obôektni 

vizuallashtirish. 

 

Xulosa. Suv ta'minoti nasos stansiyasi tizimining 

ishlashi uchun ushbu taklif etilgan nasos stansiyalarini 

avtomatlashtirishning  asosiy yoónalishi CodeSys 

muhiti CFC dasturi yordamida OBEN sanoat 

kontrollerlarini qoôllanilishi va hamda o'quv-taôlim 

jarayonida qo'llanilishida talabalarning texnologik 

jarayonni dasturlash koónikmalariga ega boôlishidir. 

Shunday qilib, ñYangi dala MFYò manzili aholi 

punktini suvni tozalash modulli jixozlar majmuasi  2 

ta magistral nasos stansiyasini modernizatsiya qilish 

zaruratining asosiy sababi bu toza suv bilan 

taôminlashda energiyani tejash va aholi punktini 

uzluksiz toza suv bilan taôminlashdir va bundan 

tashqari har qanday favquloddagi vaziyatda yong'inga 

qarshi suv ta'minotining uzilishini oldini olishga 

imkon beradi. 
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ʪʘʜץʠץʦʪ ʫʥʠʚʝʨʩʠʪʝʪʠ 
 
ʋʰʙʫ ʤʘץʦʣʘʜʘ ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʜʘʛʠ ʪʠʥʜʠʨʛʠʯ ʠʥʰʦʦʪʣʘʨʠʜʘ ʣʦʡץʘ ʯ˄ʢʠʰʠ ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘ-

ʥʠʰ ״ʘʤʜʘ ɿʘʨʘʬʰʦʥ ʜʘʨʸʩʠʜʘʥ ʩʫʚ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠʛʘʥ ʉʘʤʘʨץʘʥʜ ʚʠʣʦʷʪʠʥʠʥʛ ʆץʜʘʨʸ ʚʘ ʀʰʪʠʭʦʥ ʪʫʤʘʥʣʘ-
ʨʠʜʘʛʠ ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʜʘʣʘ ʪʘʜץʠץʦʪʣʘʨʠ ʥʘʪʠʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʊʠʥʜʠʨʛʠʯʣʘʨʜʘʛʠ 
ʣʦʡץʘ ʯ˄ʢʠʰ ʞʘʨʘʸʥʠ ״ʠʩʦʙʠʥʠ ɸ.ɻ.ʍʘʯʘʪʨʷʥ ʫʩʫʣʠ ʙ˄ʡʠʯʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ״ʘʤʜʘ ʪʠʥʜʠʨʛʠʯʥʠʥʛ ʫʟʫʥʣʠʛʠ ʚʘ ʣʦʡץʘ 
ʪʠʥʠʰ ʜʘʨʘʞʘʩʠ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ ʛʨʘʬʠʛʠ ʘʥʠץʣʘʥʛʘʥ. ʅʘʪʠʞʘʣʘʨ, ʪʠʥʜʠʨʛʠʯʣʘʨʥʠʥʛ ʦʧʪʠʤʘʣ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ 
ʘʩʦʩʣʘʰʛʘ ʠʤʢʦʥ ʷʨʘʪʘʜʠ. 
ʊʘʷʥʯ ʩ˄ʟʣʘʨ: ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ, ʪʠʥʜʠʨʛʠʯ ʠʥʰʦʦʪʠ, ʣʦʡץʘ ʯ˄ʢʠʰʠ, ʪʦʤʠʟʛʠʯʣʘʨ, ʤʝʤʙʨʘʥʘ, ʩʪʚʦʨ, ʙʘʪʦ-

ʤʝʪʨ, ʪʠʥʜʠʨʛʠʯ ʢʘʤʝʨʘʣʘʨʠ. 

ʆʩʥʦʚʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʦʪʩʪʦʡʥʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ  
(ʥʘ ʧʨʠʤʝʨʝ ʨʝʢʠ ɿʘʨʘʬʰʘʥ) 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʠʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʦʪʩʪʘʠʚʘʥʠʷ ʥʘʥʦʩʦʚ ʚ 
ʦʪʩʪʦʡʥʠʢʘʭ ʩʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ɸʢʜʘʨʴʠʥʩʢʦʛʦ ʠ ʀʰʪʠʭʘʥ-
ʩʢʦʛʦ ʨʘʡʦʥʦʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʩʥʘʙʞʘʶʪʩʷ ʚʦʜʦʡ ʠʟ ʨʝʢʠ ɿʘʨʘʬʰʘʥ. ʈʘʩʯʝʪ ʧʨʦʮʝʩʩʘ ʦʪʩʪʘʠʚʘʥʠʷ 
ʥʘʥʦʩʦʚ ʚ ʦʪʩʪʦʡʥʠʢʘʭ ʧʨʦʚʝʜʸʥ ʧʦ ʤʝʪʦʜʫ ɸ.ɻ.ʍʘʯʘʪʨʷʥʘ ʠ ʦʧʨʝʜʝʣʸʥ ʛʨʘʬʠʢ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʜʣʠʥʦʡ ʦʪʩʪʦʡ-
ʥʠʢʘ ʠ ʩʪʝʧʝʥʠ ʦʩʚʝʪʣʠʥʠʷ ʥʘʥʦʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʩʪʦʡʥʠ-
ʢʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʦʪʩʪʦʡʥʠʢ, ʦʩʘʞʜʝʥʠʝ ʥʘʥʦʩʦʚ, ʢʘʧʝʣʴʥʠʮʳ, ʤʝʤʙʨʘʥʘ, ʩʪʚʦʨ, ʙʘʪʦ-

ʤʝʪʨ, ʢʘʤʝʨʘ ʦʪʩʪʦʡʥʠʢʦʚ. 
Fundamentals of hydraulic calculation of sedimentation tanks in the drip irrigation technology system  

(on the example of the Zarafshan River) 
This article presents the results of field studies on the sedimentation process in the sedimentation tanks of the drip 

irrigation system, conducted in the farms of the Akdarya and Ishtikhan districts of the Samarkand region, which are supplied 
with water from the Zarafshan River.Calculation of sediment settling process in sedimentation tanks was carried out by the 
method of A.G.Khachatryan and a graph of the relationship between the length of the sedimentation tank and the degree of 
sediment clarification was determined.The results make it possible to justify the optimal parameters of the settling tanks. 

Key words: drip irrigation, sump(settler),sedimentation, droppers, membrane, gate, bathometer, sump 
chamber. 

 
ʂʠʨʠʰ. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥ-

ʪʠʥʠʥʛ 2019 ʡʠʣ 25 ʦʢʪʷʙʨʜʘʛʠ  ʇ4499-פ-ʩʦʥ 
ñפʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʜʘ ʩʫʚ ʪʝʞʦʚʯʠ ʪʝʭʥʦʣʦʛʠʷ-
ʣʘʨʥʠ ʞʦʨʠʡ ʵʪʠʰʥʠ ʨʘסʙʘʪʣʘʥʪʠʨʠʰ ʤʝʭʘ-
ʥʠʟʤʣʘʨʠʥʠ ʢʝʥʛʘʡʪʠʨʠʰ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ ʪ˄סʨʠ-
ʩʠʜʘò ʛʠ ץʘʨʦʨʠʜʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠʜʘ ʪʦʤʯʠʣʘʪʠʙ 
ʩʫסʦʨʠʰ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʜʘʥ ʷʥʘʜʘ ʩʘʤʘʨʘʣʠ ʬʦʡ-
ʜʘʣʘʥʠʰ ʡ˄ʥʘʣʠʰʠʜʘ ʤʘʭʩʫʩ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ 
ʠʰʣʘʨʠʥʠ ʦʣʠʙ ʙʦʨʠʰ ʟʘʨʫʨʣʠʛʠ ʢ˄ʨʩʘʪʠʙ 
˄ʪʠʣʛʘʥ [1,2,3,4,5,6]. ɸʤʫʜʘʨʸʜʘʥ ʩʫʚ ʦʣʫʚʯʠ ʬʝʨ-
ʤʝʨ ʚʘ ʜʝʭץʦʥ ʭ˄ʞʘʣʠʢʣʘʨʠ ʧʘʭʪʘ ʤʘʡʜʦʥʣʘʨʠʜʘ 
20 ʛʝʢʪʘʨ ʤʘʡʜʦʥʜʘ ʪʦʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʝʭʥʦʣʦʛʠ-
ʷʩʠʥʠʥʛ ʩʫʚ ʪʠʥʜʠʨʛʠʯʥʠ ץʫʨʠʰ ʙ˄ʡʠʯʘ ʪʘʚʩʠʷ 
ʵʪʠʣʘʜʠʛʘʥ ˄ʣʯʘʤʣʘʨ ץʫʡʠʜʘʛʠʯʘ [7]: ɸʤʫ-ɹʫʭʦʨʦ 
ʤʘʠhʥʘ ʢʘʥʘʣʠʜʘʥ ʩʫʚ ʦʣʫʚʯʠ ʩʫסʦʨʠʰ ʪʘʨʤʦץʣʘ-
ʨʠʜʘ ʩʫʚʥʠʥʛ ʣʦʡץʘʣʠʛʠ ˄ʨʪʘʯʘ 2-3 ʢʛ/ʤ3 ʚʘ ʫʥʜʘʛʠ 
ʣʦʡץʘ ʟʘʨʨʘʯʘʣʘʨʠʥʠʥʛ ˄ʨʪʘʯʘ ʬʨʘʢʮʠʷʩʠ 0,25-1,1 
ʤʤ ʙ˄ʣʠʰʠʥʠ ʵʲʪʠʙʦʨʛʘ ʦʣʩʘʢ, ʥʘʩʦʩ ʘʛʨʝʛʘʪʠʥʠʥʛ 
ʪʠʥʜʠʨʛʠʯʜʘʥ ʩʫʚ ʦʣʠʰ ץʦʙʠʣʠʷʪʠ 315 ʤ3/ʩʦʘʪ 
ʙ˄ʣʛʘʥ ״ʦʣʘʪʜʘ, ʩʫʚʥʠʥʛ ʪʠʥʠʰ ʤʘʩʦʬʘʩʠ ʢʘʤʠʜʘ 
25 ʤ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. ʊʠʥʜʠʨʛʠʯ ״ʦʚʫʟʠ ʢʘʤʠʜʘ 
ʠʢʢʠ ʢʘʤʝʨʘʜʘʥ ʠʙʦʨʘʪ ʙ˄ʣʠʰʠ ʢʝʨʘʢ. ׳ʠʩʦʙ-ʢʠ-
ʪʦʙʣʘʨʛʘ ʢ˄ʨʘ ʪʠʥʜʠʨʛʠʯ ״ʦʚʫʟʠʥʠʥʛ ʫʤʫʤʠʡ 
ʫʟʫʥʣʠʛʠ 41 ʤ, ʢʝʥʛʣʠʛʠ 13 ʤ, ʰʫʥʜʘʥ ʙʠʨʠʥʯʠ ʢʘ-
ʤʝʨʘʥʠʥʛ ʫʟʫʥʣʠʛʠ 25 ʤ, ʯʫץʫʨʣʠʛʠ 2,0 ʤ, ʠʢʢʠʥʯʠ 
ʢʘʤʝʨʘʥʠʥʛ ʫʟʫʥʣʠʛʠ 16 ʤ, ʯʫץʫʨʣʠʛʠ 1,7 ʤ 
ʙ˄ʣʘʜʠ. ʖץʦʨʠʜʘʛʠ ʪʘʚʩʠʷʣʘʨ ʙ˄ʡʠʯʘ ʙʠʨ ʤʘʨʪʘ 
ʪ˄ʣʜʠʨʠʣʛʘʥ ʪʠʥʜʠʨʛʠʯʣʘʨʜʘʛʠ ʩʫʚ ʭʘʞʤʠ 3-5 ʛʝʢ-
ʪʘʨʛʘ ʝʪʘʜʠ, 20 ʛʝʢʪʘʨ ʝʨʥʠ ʩʫסʦʨʠʰ ʫʯʫʥ ʩʫסʦʨʠʰ 

ʪʘʢʪʠ 6 ʤʘʨʪʘʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. ʖץʦʨʠʜʘʛʠ ʪʘʚʩʠ-
ʷʣʘʨ ɿʘʨʘʬʰʦʥ ʜʘʨʸʩʠʜʘʥ ʩʫʚʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʛʘʥ 
ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠ ʫʯʫʥ ʘʥʯʘ ʥʦץʫʣʘʡʣʠʢʣʘʨʥʠ 
ʢʝʣʠʪʠʨʠʙ ʯʠץʘʨʤʦץʜʘ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ɿʘ-
ʨʘʬʰʦʥ ʜʘʨʸʩʠ ʩʫʚ ʦץʠʤʠʥʠʥʛ ʣʦʡץʘʣʠʛʠ ʩʘʙʘʙʣʠ 
ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʜʘʛʠ ʠʥʰʦʦʪʣʘʨʥʠʥʛ 
ʣʦʡץʘ ʙʦʩʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʪʝʟ ʠʰʜʘʥ ʯʠץʠʰʠ ʢʫʟʘ-
ʪʠʣʘʜʠ. ʐʫ ʩʘʙʘʙʣʠ, ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʝʭʥʦ-
ʣʦʛʠʷʩʠʜʘ ʩʫʚ ʪʠʥʜʠʨʛʠʯ ʠʥʰʦʦʪʣʘʨʠ ʢʦʥʩʪʨʫʢʮʠ-
ʷʣʘʨʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʣʘʨʜʘʥ 
ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʊʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ: ʊʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ 

ʪʠʟʠʤʠʜʘʛʠ ʪʠʥʜʠʨʛʠʯ ʠʥʰʦʦʪʣʘʨʠʥʠʥʛ ʣʦʡץʘ 
ʯ˄ʢʠʰʠ ʞʘʨʘʸʥʣʘʨʠʥʠ ˄ʨʛʘʥʠʰ, ʦʧʪʠʤʘʣ ʧʘʨʘ-
ʤʝʪʨʣʘʨʠʥʠ ʘʩʦʩʣʘʰ ״ʘʤʜʘ ʩʘʤʘʨʘʣʠ ʠʰʣʘʰʠ 
ʙ˄ʡʠʯʘ ʪʘʚʩʠʷʣʘʨ ʠʰʣʘʙ ʯʠץʠʰʜʘʥ ʠʙʦʨʘʪ (ɿʘ-
ʨʘʬʰʦʥ ʜʘʨʸʩʠ ʤʠʩʦʣʠʜʘ). 
ʊʘʜץʠץʦʪ ʫʩʫʣʠ: ʊʘʜץʠץʦʪ ʞʘʨʘʸʥʠʜʘ ʜʘʣʘ-ʢʫ-

ʟʘʪʫʚ ʫʩʫʣʣʘʨʠ ״ʘʤʜʘ ʛʠʜʨʘʚʣʠʢʘʜʘ ʫʤʫʤʠʡ ץʘʙʫʣ 
-ʠʣʠʥʛʘʥ ʫʩʣʫʙʣʘʨ, ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠʥʠ ʛʠʜʨʘץ
ʣʠʢ ״ʠʩʦʙʣʘʨ ʙʠʣʘʥ ʪʘץץʦʩʣʘʰ ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡ-
ʜʘʣʘʥʠʣʛʘʥ. 
ʊʘʜץʠץʦʪ ʦʙʲʝʢʪʠ: ʉʘʤʘʨץʘʥʜ ʚʠʣʦʷʪʠ 

ʆץʜʘʨʸ ʚʘ ʀʰʪʠʭʦʥ ʪʫʤʘʥʣʘʨʠʜʘʛʠ ʬʝʨʤʝʨ ʭ˄ʞʘ-
ʣʠʢʣʘʨʠ. 
ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʚʘ ʪʘ״ʣʠʣʣʘʨ. ɿʘ-

ʨʘʬʰʦʥ ʜʘʨʸʩʠ ʩʫʚ ʦץʠʤʠʥʠʥʛ ʣʦʡץʘʣʠʛʠ ʩʘʙʘʙʣʠ, 
ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʜʘʛʠ ʪʠʥʜʠʨʛʠʯʣʘʨ-
ʥʠʥʛ ˄ʣʯʘʤʣʘʨʠ ʪʘʢʦʤʘʣʣʘʰʤʘʛʘʥʣʠʛʠ ʪʫʬʘʡʣʠ, 
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ʫʣʘʨʥʠʥʛ ʫʟʫʥʣʠʛʠ ʙ˄ʡʠʯʘ ʣʦʡץʘʣʘʨʥʠʥʛ ʯ˄ʢʠʰʠ 
ʪ˄ʣʠץ ʪʘʲʤʠʥʣʘʥʤʘʛʘʥ. ʋʯʘʩʪʢʘ ʢʘʥʘʣʣʘʨʠʜʘʥ ʩʫʚ-
ʥʠʥʛ ʪʠʥʜʠʨʛʠʯʣʘʨʛʘ ʜʦʠʤʠʡ ʢʝʣʠʙ ʪʫʨʠʰʠʥʠ 
ʢ˄ʟʜʘ ʪʫʪʠʣʩʘ, ʫ ״ʦʣʜʘ ץʫʨʠʣʛʘʥ ʪʠʥʜʠʨʛʠʯʣʘʨ 
ʫʟʫʥʣʠʛʠ ʙ˄ʡʠʯʘ ʣʦʡץʘʣʘʨ ʪ˄ʣʠץ ʯ˄ʢʠʰʛʘ ʫʣʛʫʨ-
ʤʘʡʜʘ, ʥʘʪʠʞʘʜʘ ʜʘʣʘʣʘʨʥʠ ʩʫסʦʨʠʰ ʞʘʨʘʸʥʠʜʘ 
ʪʠʟʠʤ ʬʠʣʴʪʨʣʘʨʠ ʚʘ ʢʫʚʫʨʣʘʨ ʪʦʤʠʟʛʠʯʣʘʨʠʜʘʥ 
-ʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. ʐʫ ʩʘץʘ ʩʫʚʣʘʨʥʠʥʛ ʯʠץʘʤ ʣʦʡ״
ʙʘʙʣʠ, ɿʘʨʘʬʰʦʥ ʜʘʨʸʩʠ ״ʘʚʟʘʩʠʜʘʥ ʩʫʚ ʦʣʫʚʯʠ 
ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠʜʘʛʠ ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠ-
ʟʠʤʣʘʨʠʜʘ ʪʠʥʜʠʨʛʠʯʣʘʨ ˄ʣʯʘʤʣʘʨʠʥʠ ʪʘʢʦʤʠʣ-
ʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ ʪʘʜץʠץʦʪʣʘʨ ʦʣʠʙ ʙʦʨʠʰ ʟʘʨʫʨ. 
ɼʘʣʘ ʪʘʜץʠץʦʪʣʘʨʠ ɿʘʨʘʬʰʦʥ ʜʘʨʸʩʠ ʜʘʨʸʩʠʜʘʥ 

ʩʫʚ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠʛʘʥ ʉʘʤʘʨץʘʥʜ ʚʠʣʦʷʪʠ-
ʥʠʥʛ ʆץʜʘʨʸ ʚʘ ʀʰʪʠʭʦʥ ʪʫʤʘʥʣʘʨʠʜʘʛʠ ס˄ʟʘ ʜʘ-
ʣʘʣʘʨʠʜʘ ˄ʨʥʘʪʠʣʛʘʥ ʪʦʤʯʠʣʘʪʠʙ ʪʠʟʠʤʣʘʨʠʜʘ 
ʦʣʠʙ ʙʦʨʠʣʜʠ. ʆץʜʘʨʸ ʪʫʤʘʥʠ ñפʦʨʘʪʝʨʠ ɹʦʪʠʨ 
ʧʘʭʪʘʩʠò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʛʠʜʘ ʦʣʠʙ ʙʦʨʠʣʜʠ. ʌʝʨ-
ʤʝʨ ʭ˄ʞʘʣʠʛʠʜʘ 12 ʛʝʢʪʘʨ ס˄ʟʘ ʜʘʣʘʩʠʥʠ ʩʫסʦʨʠʰ 
ʫʯʫʥ ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠ ˄ʨʥʘʪʠʣʛʘʥ (1-
2-ʨʘʩʤʣʘʨ). ʊʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʛʘ ʩʫʚ 
ʫʯʘʩʪʢʘ ʢʘʥʘʣʠʜʘʥ ʪʠʥʜʠʨʛʠʯʣʘʨ ʦʨץʘʣʠ ʙʝʨʠʣʘʜʠ. 
ʊʠʟʠʤʜʘ ʪʠʥʜʠʨʛʠʯ ʤʝʤʙʨʘʥʘ ץʦʧʣʘʥʛʘʥ ʠʢʢʠ ʢʘ-
ʤʝʨʘʣʠ ץʫʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʫʥʠʥʛ ˄ʣʯʘʤʣʘʨʠ 
 :ʠʣʘʜʠץ ʫʡʠʜʘʛʠʥʠ ʪʘʰʢʠʣץ

1-ʢʘʤʝʨʘ ˄ʣ-
ʯʘʤʣʘʨʠ: 

b= 11 ʤ; L= 17 ʤ; h= 2,5 ʤ. 

2-ʢʘʤʝʨʘ ˄ʣ-
ʯʘʤʣʘʨʠ: 

b= 11 ʤ; L= 17 ʤ; h= 2,5 ʤ. 

 
ʊʠʥʜʠʨʛʠʯ ˄ʣʯʘʤʣʘʨʠ [7] ʜʘʩʪʣʘʙʢʠ ʪʘʚʩʠʷʣʘ-

ʨʠʛʘ ʙʠʥʦʘʥ ʣʦʡʠ״ʘʣʘʰʪʠʨʠʣʛʘʥ. ʄʘʲʣʫʤʢʠ, 
ʫʰʙʫ ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʛʠ ʫʯʘʩʪʢʘ ʢʘʥʘʣʠʛʘ ʩʫʚ ɿʘ-
ʨʘʬʰʦʥ ʜʘʨʸʩʠ ʭʘʚʟʘʩʠ ʪʠʟʠʤʠʜʘʥ ʢʝʣʠʙ, 
ʣʦʡץʘʣʠʢ ʜʘʨʘʞʘʩʠ ʶץʦʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʐʫ ʩʘ-
ʙʘʙʣʠ, ʦץʠʤ ʣʦʡץʘʣʠʛʠ ʣʦʡʠ״ʘʣʘʰʪʠʨʠʣʛʘʥ ʪʠʥ-
ʜʠʨʛʠʯʜʘ ʯ˄ʢʪʠʨʠʣʠʙ, ʪʠʥʜʠʨʠʣʛʘʥ ʩʫʚ ʥʘʩʦʩʣʘʨ 
ʦʨץʘʣʠ ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʛʘ ʫʟʘʪʠʰ 
ʢ˄ʟʜʘ ʪʫʪʠʣʛʘʥ. 
ɼʘʣʘ ʪʘʞʨʠʙʘʩʠʥʠ ˄ʪʢʘʟʠʰ ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡ-

ʜʘʣʘʥʛʘʥ ״ʦʣʜʘ, ץʫʡʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʩʭʝʤʘ ʙ˄ʡʠʯʘ 
ʦץʠʤʥʠʥʛ ʣʦʡץʘʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ 
ʣʦʡץʘʣʠʢ ʥʘʤʫʥʘʣʘʨʠ ʦʣʠʥʜʠ. 

 

 
1-ʨʘʩʤ. ñפʦʨʘʪʝʨʠ ɹʦʪʠʨ ʧʘʭʪʘʩʠò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʛʠ-
ʜʘʛʠ ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʜʘʛʠ ʤʝʤʙʨʘʥʘʣʠ ʪʠʥ-

ʜʠʨʛʠʯ. 

ɼʘʣʘ ʪʘʞʨʠʙʘʩʠʥʠ ˄ʪʢʘʟʠʰ ʫʩʫʣʣʘʨʠʜʘʥ ʬʦʡ-
ʜʘʣʘʥʛʘʥ ״ʦʣʜʘ, ʶץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʩʭʝʤʘ 
ʙ˄ʡʠʯʘ ʦץʠʤʥʠʥʛ ʣʦʡץʘʣʠʢ ʜʘʨʘʞʘʩʠʥʠ ʘʥʠץʣʘʰ 
ʫʯʫʥ ʣʦʡץʘʣʠʢ ʥʘʤʫʥʘʣʘʨʠ ʦʣʠʥʜʠ. 
ʃʦʡץʘʣʠʢ ʥʘʤʫʥʘʣʘʨʠ ʪʠʥʜʠʨʛʠʯ ʫʟʫʥʣʠʛʠ 

ʙ˄ʡʠʯʘ 3 ʪʘ ʩʪʚʦʨʜʘʥ, ʷʲʥʠ ʪʠʥʜʠʨʛʠʯ 1-ʢʘʤʝʨʘʩʠ 

ʙʦʰʠ, 2- ʢʘʤʝʨʘ ʙʦʰʠ ʚʘ ʦʭʠʨʠ ʩʪʚʦʨʣʘʨʠʜʘʥ ʙʘ-
ʪʦʤʝʪʨ ʘʩʙʦʙʠ ʸʨʜʘʤʠʜʘ  ʦʣʠʥʜʠ. ɹʫʥʜʘ ״ʘʨ ʙʠʨ 
ʩʪʚʦʨ ʫʟʫʥʣʠʛʠ ʙ˄ʡʠʯʘ 2 ʪʘ ʚʝʨʪʠʢʘʣ ʩʪʚʦʨʜʘʥ 
0,2h; 0,8h ʯʫץʫʨʣʠʢʣʘʨʜʘ ʥʘʤʫʥʘʣʘʨ ʦʣʠʥʜʠ. 
ʆʣʠʥʛʘʥ ʥʘʤʫʥʘʣʘʨ ñʊʀפʍʄʄʀò-ʄʊʋ ñɻʠʜʨʦ-
ʪʝʭʥʠʢʘ ʠʥʰʦʦʪʣʘʨʠ ʚʘ ʤʫ״ʘʥʜʠʩʣʠʢ ʢʦʥʩʪʨʫʢʮʠ-
ʷʣʘʨʠò ʢʘʬʝʜʨʘʩʠʥʠʥʛ ñɻʠʜʨʦʪʝʭʥʠʢ ʠʥʰʦʦʪ-
ʣʘʨʠò ʣʘʙʦʨʘʪʦʨʠʷʩʠʜʘ ʪʘ״ʣʠʣ ץʠʣʠʥʠʙ, ʫʥʠʥʛ 
ʥʘʪʠʞʘʣʘʨʠ 1-ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

 
2-ʨʘʩʤ. ñפʦʨʘʪʝʨʠ ɹʦʪʠʨ ʧʘʭʪʘʩʠò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʛʠ 
ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠ ʪʠʥʜʠʨʛʠʯʠʜʘ ʣʦʡץʘ 

ʥʘʤʫʥʘʣʘʨʠʥʠ ʦʣʠʰ ʩʭʝʤʘʩʠ. 
 

1-ʞʘʜʚʘʣ. 
ñϧʦʨʘʪʝʨʠ ɹʦʪʠʨ ʧʘʭʪʘʩʠò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʛʠʜʘʛʠ 

ʩʫʚ ʪʠʥʜʠʨʛʠʯʥʠʥʛ ʪʘ״ʣʠʣʠ (ʪʠʥʜʠʨʛʠʯ ˄ʣʯʘʤʠ 34ʭ11 
ʤʝʪʨ) 

ˉ ʅʦʤʠ 
I ʩʪʚʦʨ 
( Ⱦ̄̌) 

II ʩʪʚʦʨ 
( Ⱦ̄̌) 

III ʩʪʚʦʨ 
( Ⱦ̄̌) 

1. 
1 ʥʫץʪʘ 
ʤʠץʜʦʨʠ 

0,2h 2,18 1,526 1,090 

0,8h 2,25 1,575 1,125 

2. 
2 ʥʫץʪʘ 
ʤʠץʜʦʨʠ 

0,2h 2,29 1,603 1,145 

0,8h 2,34 1,638 1,170 

3. 
3 ʥʫץʪʘ 
ʤʠץʜʦʨʠ 

0,2h 2,11 1,477 1,055 

0,8h 2,27 1,589 1,135 

 

ʃʘʙʦʨʘʪʦʨʠʷʜʘʛʠ ʥʘʤʫʥʘʣʘʨ ʪʘ״ʣʠʣʠ ʰʫʥʠ 
ʢ˄ʨʩʘʪʘʜʠʢʠ ʪʠʥʜʠʨʛʠʯ ʙʦʰʠʜʘʥ (1-ʩʪʚʦʨ-2,25 ʛ/ʣ) 
ʦʭʠʨʠʛʘʯʘ (3-ʩʪʚʦʨ-1,125 ʛ/ʣ) ʦץʠʤʥʠʥʛ ʣʦʡץʘʣʠʢ 
ʜʘʨʘʞʘʩʠ 50% ʛʘʯʘ ʢʘʤʘʡʠʙ ʙʦʨʛʘʥ. 
ʍʫʜʜʠ ʰʫ ʩʠʥʛʘʨʠ ʢʝʡʠʥʛʠ ʪʘʜץʠץʦʪʣʘʨ 

ʆץʜʘʨʸ ñʄʘʣʠʢʦʚ ɸʭʤʘʜò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʛʠ, 
ʀʰʪʠʭʦʥ ʪʫʤʘʥʠ ñɸʩʘʣʯʠ ʕʣʜʦʨò ʚʘ ñפʦʜʠʨ 
ʕʰץʫʚʘʪʦʚò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠʜʘ ʦʣʠʙ ʙʦ-
ʨʠʣʜʠ. ʋʰʙʫ ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠʜʘʛʠ ʩʫʚ ʪʠʥ-
ʜʠʨʛʠʯʣʘʨ ˄ʣʯʘʤʣʘʨʠ ״ʘʤ ʶץʦʨʠʜʘʛʠ ʆץʜʘʨʸ ʪʫ-
ʤʘʥʠ ñפʦʨʘʪʝʨʠ ɹʦʪʠʨ ʧʘʭʪʘʩʠò ʬʝʨʤʝʨ ʭ˄ʞʘʣʠ-
ʛʠʜʘʛʠ ʩʠʥʛʘʨʠ ץʘʙʫʣ ץʠʣʠʥʛʘʥ ʚʘ 20 ʛʝʢʪʘʨʛʘʯʘ 
-ʦʨʠʰ ʫʯʫʥ ʤ˄ʣʞʘʣʣʘʥʛʘʥ. ʋʤʫסʟʘ ʜʘʣʘʩʠʥʠ ʩʫ˄ס
ʤʘʥ ʦʣʛʘʥʜʘ, ʪʘʞʨʠʙʘʣʘʨ ʪʘ״ʣʠʣʣʘʨʠ ʰʫʥʠ ʢ˄ʨʩʘ-
ʪʘʜʠʢʠ, ˄ʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘ ʤʘʡʜʦʥʣʘʨʠʜʘʛʠ ʪʠʥ-
ʜʠʨʛʠʯʣʘʨʜʘ ʫʥʠʥʛ ʙʦʰʠʜʘʥ ʦʭʠʨʠʛʘʯʘ ʣʦʡץʘ 
ʯ˄ʢʠʥʜʠʣʘʨʥʠʥʛ ʯ˄ʢʠʰ ʜʘʨʘʞʘʩʠ 20% ʜʘʥ 40% 
ʛʘʯʘ ʪʘʰʢʠʣ ʵʪʤʦץʜʘ. ɸʛʘʨʜʘ, ʫʯʘʩʪʢʘ ʢʘʥʘʣʣʘʨʠ-
ʜʘʥ ʩʫʚʥʠʥʛ ʪʠʥʜʠʨʛʠʯʣʘʨʛʘ ʜʦʠʤʠʡ ʢʝʣʠʙ ʪʫʨʠ-
ʠhʥʠ ʢ˄ʟʜʘ ʪʫʪʠʣʩʘ, ʫ ״ʦʣʜʘ ץʫʨʠʣʛʘʥ ʪʠʥʜʠʨ-
ʛʠʯʣʘʨ ʫʟʫʥʣʠʛʠ ʙ˄ʡʠʯʘ ʣʦʡץʘʣʘʨ ʪ˄ʣʠץ ʯ˄ʢʠʰʛʘ 
ʫʣʛʫʨʤʘʛʘʥ, ʥʘʪʠʞʘʜʘ ʜʘʣʘʣʘʨʥʠ ʩ˄סʦʨʠʰ ʞʘʨʘʸ-
ʥʠʜʘ ʪʠʟʠʤ ʬʠʣʴʪʨʣʘʨʠ ʚʘ ʢʫʚʫʨʣʘʨ ʪʦʤʠʟʛʠʯʣʘ-
ʨʠʜʘʥ ״ʘʤ ʣʦʡץʘ ʩʫʚʣʘʨʥʠʥʛ ʯʠץʠʰʠ ʢʫʟʘʪʠʣʜʠ, 
ʷʲʥʠ ʪʦʤʠʟʛʠʯʣʘʨʜʘʛʠ ʣʦʡץʘʣʠʢ 0,240 ʛ/ʣ ʜʘʥ 
1,139 ʛ/ʣ ʪʘʰʢʠʣ ץʠʣʘʜʠ. ʐʫ ʩʘʙʘʙʣʠ, ɿʘʨʘʬʰʦʥ 
ʜʘʨʸʩʠʜʘʥ ʩʫʚ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥʘʜʠʛʘʥ ʬʝʨʤʝʨ 
ʭ˄ʞʘʣʠʢʣʘʨʠ ʤʘʡʜʦʥʣʘʨʠʜʘ ʣʦʡץʘʣʘʨʥʠʥʛ ʪʦʤʯʠ-
ʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠʟʠʤʠʛʘ ʭʘʚʬʠʥʠ ʢʘʤʘʡʪʠʨʠʰ 
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ʤʘץʩʘʜʠʜʘ ʪʠʥʜʠʨʛʠʯʣʘʨʥʠʥʛ ʦʧʪʠʤʘʣ ʧʘʨʘʤʝʪʨ-
ʣʘʨʠʥʠ ״ʘʨ ʭʠʣ ʰʘʨʦʠʪʣʘʨ ʫʯʫʥ ʷʥʘʜʘ ʪʘʢʦʤʠʣ-
ʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ ʫʣʘʨʥʠʥʛ ʛʠʜʨʘʚʣʠʢ ״ʠʩʦʙʣʘʨʠ 
ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 
ʊʠʥʜʠʨʛʠʯʣʘʨʜʘʛʠ ʣʦʡץʘ ʯ˄ʢʠʰ ʞʘʨʘʸʥʠ ״ʠʩʦ-

ʙʠʥʠ ɸ.ɻ.ʍʘʯʘʪʨʷʥ ʫʩʫʣʠ ʙ˄ʡʠʯʘ ʦʣʠʙ ʙʦʨʠʣʜʠ. ɹʫ 
ʫʩʫʣ ʙ˄ʡʠʯʘ ״ʠʩʦʙʣʘʰ ʪʘʨʪʠʙʠ ץʫʡʠʜʘʛʠʯʘ ʘʤʘʣʛʘ 
ʦʰʠʨʠʣʘʜʠ [8,9,10,11,12]. 
ʊʠʥʜʠʨʛʠʯʜʘ ʣʦʡץʘʣʘʨʥʠʥʛ ʯ˄ʢʠʰ ʵʛʨʠ ʯʠʟʠסʠ 

 :ʣʘʥʘʜʠץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץ
ʊ o ʊ

wo wo woS S S= -D  (1) 

ʙʫ ʝʨʜʘ: 
woS -ʪʫʨʙʫʣʝʥʪ ʦץʠʤʥʠʥʛ ʪʘʲʩʠʨʠ ʡ˄ץ 

 ;ʠ ʦʨʜʠʥʘʪʘʩʠסʦʣʘʪ ʫʯʫʥ ʯ˄ʢʠʰ ʵʛʨʠ ʯʠʟʠ״

woSD - ʪʫʨʙʫʣʝʥʪʣʠʢʛʘ ʪʫʟʘʪʤʘ. 

ʊʠʥʯ ״ʦʣʘʪʜʘʛʠ ʩʫʚʜʘʛʠ ʯ˄ʢʠʰ ʵʛʨʠ ʯʠʟʠסʠ 
 :ʣʘʥʘʜʠץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץ

ow
o

(w)wo
o

o

1
S 1 P dw

w
= - Öñ   (2) 

ʙʫ ʝʨʜʘ: 
ow -ʪʠʥʜʠʨʛʠʯʥʠʥʛ ץʘʤʨʘʙ ʦʣʠʰʜʘʛʠ 

ʛʠʜʨʘʚʣʠʢ ʡʠʨʠʢʣʠʢ; 

(w)P -ʣʦʡץʘʣʘʨ ʪʘʨץʘʣʠʰʠ ʬʫʥʢʮʠʷʩʠ. 

ʊʠʥʜʠʨʛʠʯʥʠʥʛ ץʘʤʨʘʙ ʦʣʠʰʠ ץʫʡʠʜʘʛʠ ʬʦʨ-
ʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ: 

ʩʨ

o

H
w

L

JÖ
=   (3) 

ʙʫ ʝʨʜʘ: ʩʨ, HJ  -ʤʦʩ ʨʘʚʠʰʜʘ ʪʠʥʜʠʨʛʠʯʜʘʛʠ 

˄ʨʪʘʯʘ ʪʝʟʣʠʢ ʚʘ ʯʫץʫʨʣʠʢ; 
L -ʪʘʥʣʘʥʛʘʥ ʫʯʘʩʪʢʘʜʘʛʠ ʪʠʥʜʠʨʛʠʯ ʫʟʫʥʣʠʛʠ. 
ʊʠʥʜʠʨʛʠʯʜʘʛʠ ˄ʨʪʘʯʘ ʯʫץʫʨʣʠʢ: 

ʩʨH
B

w
=   (4) 

ʙʫ ʝʨʜʘ: w- ʪʠʥʜʠʨʛʠʯ ʞʦʥʣʠ ʢʝʩʠʤ ʶʟʘʩʠ; 
B - ʪʠʥʜʠʨʛʠʯ ʩʫʚ ʩʘʪʭʠ ʙ˄ʡʠʯʘ ʢʝʥʛʣʠʛʠ. 
ʃʦʡץʘ ʬʨʘʢʮʠʷʣʘʨʠʥʠʥʛ ʡʠʨʠʢʣʠʛʠ ʙ˄ʡʠʯʘ 

ʪʘץʩʠʤʦʪʠ ʍʘʯʘʪʨʷʥ ץʦʥʫʥʠʷʪʠʛʘ ʤʦʩ ʢʝʣʘʜʠ: 

C
J

w
=   (5) 

ʙʫ ʝʨʜʘ: J-< w ʛʠʜʨʘʚʣʠʢ ʡʠʨʠʢʣʠʢʜʘʛʠ ץʠʸʩʠʡ 
ʣʦʡץʘʣʠʢ; 

C-ʬʨʘʢʮʠʷʣʘʨʥʠʥʛ ʡʠʨʠʢʣʠʛʠ ʙ˄ʡʠʯʘ ʪʘץʩʠʤ-
ʣʘʥʠʰʠ ʜʦʠʤʠʡ ʬʫʥʢʮʠʷʩʠ. 
 ʠʩʦʙ ʫʯʫʥ׳

2,27P  ʚʘ 
0,09P  ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙ 

ʙ˄ʡʠʯʘ ʣʦʡץʘ ʵʛʨʠ ʯʠʟʠסʠ ʦʨʜʠʥʘʪʘʩʠ ʬʦʡʜʘʣʘ-
ʥʠʣʛʘʥ, ʷʲʥʠ 0,05 ʚʘ 0,01 ʤʤ ʜʠʘʤʝʪʨʣʠ ʬʨʘʢʮʠʦʥ 
ʪʘʨʢʠʙ ʫʯʫʥ ʛʠʜʨʘʚʣʠʢ ʡʠʨʠʢʣʠʢ 2,27 ʚʘ 0,09 ʤʤ/ʩ 
 ,ʦʣʜʘ״ ʦʣʘʪʜʘ. ʋ״

2,27 0,09

2,27 0,09

P P
C 0,31 (P P )

2,27
ln

0,09

-
= = Ö -   (6) 

ɼʦʠʤʠʡ ʉ ʘʥʠץʣʘʛʘʥ ״ʦʣʜʘ ʣʦʡץʘ ʬʨʘʢʮʠʦʥ 
ʪʘʨʢʠʙʠ ʞʘʤʠ ʦʨʜʠʥʘʪʘ ʵʛʨʠ ʯʠʟʠסʠ ץʫʡʠʜʘʛʠ ʬʦʨ-
ʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ: 

w 0,09 2,27

w 2,27
P P C ln P C ln

0,09 w
= + Ö = - Ö  (7) 

ʋ ״ʦʣʜʘ, ʯ˄ʢʠʰ ʵʛʨʠ ʯʠʟʠסʠ ʦʨʜʠʥʘʪʘʣʘʨʠ 
 :ʣʘʥʘʜʠץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙ˄ʡʠʯʘ ʘʥʠץ

o

o

o

w 2,27w

0o
0,09 2,27

o o
w0,09

o

2,27
S 1 P C 1 P C ln( 1)

w

w
1 P C ln( 1) S

0,09

w2,27
C ln S C ln 1 P

w 0,09

= - + = - + Ö + =

= - - Ö - = +

+ Ö = - Ö = -

 (8) 

ʃʦʡץʘʣʠʢʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʵʛʨʠ ʯʠʟʠסʠ ʦʨʜʠʥʘʪʘ-
ʣʘʨʠ ץʫʡʠʜʘʛʠʯʘ: 

o

w w 2,27

0,09

o o

2,27 0,09

2,27
P P C P C (ln 1)

w

w
1 P C (ln 1)

0,09

2,27 w
S C ln S C ln

w 0,09

= - = - Ö + =

= - - Ö - =

= + Ö = - Ö

 (9) 

ʊʫʨʙʫʣʝʥʪʣʠʢ ʪʫʟʘʪʤʘʩʠ ץʫʡʠʜʘʛʠʯʘ: 
ʊ o

ʢʨw wS P SD = Ö  (10) 

ʙʫ ʝʨʜʘ: 
ʢʨP  .ʘʣʠʢץʠʸʩʠʡ ʢʨʠʪʠʢ ʣʦʡץ-

ʢʨ

ʢʨ

ʦ

P
r
=
r

  (11) 

ʙʫ ʝʨʜʘ: ʢʨr - ʢʨʠʪʠʢ ʣʦʡץʘʣʠʢ. 

ʂʨʠʪʠʢ ʣʦʡץʘʣʠʢ ɸ.ɻ. ʍʘʯʘʪʨʷʥ ʬʦʨʤʫʣʘʩʠ 
ʙ˄ʡʠʯʘ ʘʥʠץʣʘʥʘʜʠ [7,8,9]: 

ʚ
u.ʚʢʨ

0,2 u
P

ʉ

Ö
r = Ö  (12) 

ʙʫ ʝʨʜʘ: 
ʚuP .
-ʙʝʨʠʣʛʘʥ ʣʦʡץʘʣʠʢʜʘʛʠ ʬʨʘʢʮʠʷ-

ʥʠʥʛ ץʠʸʩʠʡ ʪʘʨʢʠʙʠ, ʙʠʨʣʠʢ ʫʣʫʰʠʜʘ. 

ʚ
u.ʚ 0,09

u
P P C ln

0,09
= + Ö   (13) 

ʊʫʨʙʫʣʝʥʪ ʧʫʣʩʘʮʠʷʩʠʥʠʥʛ ʤʫʘʣʣʘץ ʪʘʰʢʠʣ 
 :ʫʡʠʜʘʛʠʯʘץ ʠʣʫʚʯʠʩʠץ

0,5 0,5

ʚ 0,33

ʩʨ

n ( 0,05)
u 0,065

H

ÖJ Ö J-
= Ö   (14) 

ʙʫ ʝʨʜʘ: n -ʪʠʥʜʠʨʛʠʯ ˄ʟʘʥʠ סʘʜʠʨ-ʙʫʜʫʨʣʠʛʠ; 

J-ʪʠʥʜʠʨʛʠʯʜʘʛʠ ˄ʨʪʘʯʘ ʪʝʟʣʠʢ. 

(1) ʚʘ (5) ʙ˄ʡʠʯʘ ʪʠʥʜʠʨʛʠʯʜʘʛʠ 
ow  ʘʤʨʘʰץ 

ʙ˄ʡʠʯʘ ʪʫʨʙʫʣʝʥʪ ʦץʠʤʜʘʛʠ ʣʦʡץʘʣʘʨʥʠʥʛ ʯ˄ʢʠʰ 
ʵʛʨʠ ʯʠʟʠסʠʥʠ ʘʥʠץʣʘʰ ״ʠʩʦʙʠʡ ʬʦʨʤʫʣʘʩʠʛʘ ʵʛʘ 
ʙ˄ʣʘʤʠʟ. 

ʦ o o

ʢʨʊ o o

ʢʨw w w

o

S (1 P ) S (1 ) S
r

= - Ö = - Ö
r

  (15) 

ʊʠʥʜʠʨʛʠʯ ʫʟʫʥʣʠʛʠ ʫʥʜʘʛʠ ʣʦʡץʘʣʘʨʥʠʥʛ ʪʠ-
ʥʠʰ ʜʘʨʘʞʘʩʠ ʙ˄ʡʠʯʘ ״ʠʩʦʙʣʘʥʘʜʠ (3): 

ʩʨ ʩʨ

o

H
L

w

J Ö
=   (16) 

ʙʫ ʝʨʜʘ: 
ow -ʪʠʥʜʠʨʛʠʯʥʠʥʛ ʙʝʨʠʣʛʘʥ ʯ˄ʢʠʰ 

ʜʘʨʘʞʘʩʠʥʠ ʪʘʲʤʠʥʣʦʚʯʠ ץʘʤʨʦʚʠ. 
ʊʘʣʘʙ ץʠʣʠʥʛʘʥ ʪʠʥʜʠʨʛʠʯʥʠʥʛ ץʘʤʨʦʚʠ 

 :ʣʘʥʘʜʠץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘʩʠ ʙ˄ʡʠʯʘ ʘʥʠץ

)
)1(

41,11
(

09,0

ʢʨ

ʊ
wo

C

S

C

CP

o ew
r-Ö

-
Ö--

=   (17) 
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ʖץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʫʩʫʣ ץʫʤ ʚʘ ʣʦʡ ʣʦʡץʘ-
ʣʘʨ ʫʯʫʥ ʩʘʤʘʨʘʣʠ ʫʩʫʣ ״ʠʩʦʙʣʘʥʘʜʠ. ʊʠʥʜʠʨ-
ʛʠʯʣʘʨʜʘ ʪʝʟʣʠʢ 0,2-0,4 ʤ/ʩ ʙ˄ʣʛʘʥʜʘ ʫʰʙʫ ʫʩʫʣ 
 .ʘʨʣʠ ʥʘʪʠʞʘʣʘʨʥʠ ʙʝʨʘʜʠץʦʥʠץ
ʊʠʥʜʠʨʛʠʯʜʘʛʠ ʣʦʡץʘʣʘʨ ʯ˄ʢʠʰʠ ʢʦʘʛʫʣʷʮʠʦʥ 

 :ʫʡʠʜʘʛʠʯ ʪʦʧʠʣʘʜʠץ ʦʣʘʪ ʫʯʫʥ״
ʊʂ o ʦʢ

w w 0,09 w 0,09S S S> <= +aÖ   (18) 

ʙʫ ʝʨʜʘ: 
o

w 0,09S > -ʪʠʥʜʠʨʛʠʯʜʘ ʣʦʡץʘ ʬʨʘʢʮʠʷʩʠ 0,01 

ʤʤ ʜʘʥ ʢʘʪʪʘ ʙ˄ʣʛʘʥʜʘʛʠ ʪʠʥʠʰ ʜʘʨʘʞʘʩʠ; 
ʦʢ

w 0,09S < - ʪʠʥʜʠʨʛʠʯʜʘ ʣʦʡץʘ ʬʨʘʢʮʠʷʩʠ 0,01 ʤʤ 

ʜʘʥ ʢʠʯʠʢ ʙ˄ʣʛʘʥʜʘʛʠ  ( w 0,09ʤʤ/ʩ= ) ʪʠʥʠʰ ʜʘ-

ʨʘʞʘʩʠ; 

a-ʦץʠʤʜʘ ʢʦʘʛʫʣʷʮʠʷ ʧʘʡʜʦ ʙ˄ʣʠʰʠʥʠ ʠʥʦ-
ʙʘʪʛʘ ʦʣʫʚʯʠ ʢʦʵʬʬʠʮʠʝʥʪ. ɹʫʥʜʘ ʪʠʥʜʠʨʛʠʯʜʘʛʠ 

ʪʝʟʣʠʢ ʩʨ 0,1 ʤ/ʩJ ¢  ʙ˄ʣʛʘʥʜʘ 0,85a= ʪʝʥʛ. 

wS 0,09>  ʫʡʠʜʘʛʠʯʘץ ʠʡʤʘʪ (2) ʰʘʨʪ ʙ˄ʡʠʯʘץ 

ʘʥʠץʣʘʥʘʜʠ: 

w
oʢ

w 0,09 ww 0,09
0,09

w

0,09
0,09

0,09

1
S P P dw

w

1 w
1 P C ln dw

w 0,09

w C 0,09
1 P C (ln 1)

0,09 w

>> = - Ö =

= - - Ö Ö =

Ö
= - - Ö - -

ñ

ñ  (19) 

ʂʦʘʛʫʣʷʮʠʷ ʙʠʨʠʥʯʠ ʦʩʪʦʥʘʩʠ ץʫʡʠʜʘʛʠʯʘ 
ʘʥʠץʣʘʥʘʜʠ: 

1
1

ʩʨ ʩʨ

t 500
ʇ , ʩ/ʤʤ

H H
= =   (20) 

ʙʫ ʝʨʜʘ: ʅʩʨ-ʪʠʥʜʠʨʛʠʯʜʘʛʠ ˄ʨʪʘʯʘ ʪʝʟʣʠʢ, ʤʤ;  

1t -ʯ˄ʢʠʰ ʠʥʪʝʥʩʠʚʣʠʛʠʥʠʥʛ ʙʦʰʣʘʥʠʰ ʚʘץʪʠ. ʩ. 

ʂʦʘʛʫʣʷʮʠʷ ʠʢʢʠʥʯʠ ʦʩʪʦʥʘʩʠ ץʫʡʠʜʘʛʠʯʘ 
ʘʥʠץʣʘʥʘʜʠ: 

2 1 0,78

0,09 ʩʨ

8
ʇ ʇ , ʩ/ʤʤ

( H )
= +

r Ö
  (21) 

ʙʫ ʝʨʜʘ: 
0,09r -ʣʦʡץʘ ״ʦʩʠʣ ץʠʣʘʜʠʛʘʥ ʣʦʡץʘʣʠʢ 

3w 0,09ʤʤ/ʩ, ʢʛ/ʤ<  

0,090,09 o Pr =r Ö  (22) 

ʙʫ ʝʨʜʘ: 
or-ʪʠʥʜʠʨʛʠʯ ʙʦʰʠʜʘʛʠ ʙʦʰʣʘʥסʠʯ 

ʣʦʡץʘʣʠʢ, ʢʛ/ʤ3. 
ʂʦʘʛʫʣʷʮʠʷʣʘʰʛʘʥ ʤʘʩʩʘʥʠʥʛ 

2ʇ  ʛʘʯʘ ʠʥʪʝʨ-

ʚʘʣʜʘʛʠ ʯ˄ʢʠʰ ʵʛʨʠ ʯʠʟʠסʠ ץʫʡʠʜʘʛʠʯʘ ʘʥʠץʣʘ-
ʥʘʜʠ[10]: 

1

1
ʢ( ʇ )

ʦʢ w
0,09w 0,09S P 1 e

- -

<

è ø
= Ö -é ù

ê ú
  (23) 

ʙʫ ʝʨʜʘ: ʂ -ʵʤʧʠʨʠʢ ʢʦʵʬʬʠʮʠʝʥʪ 
1,3

0,09 ʩʨK 0,15 ( H )= Ö r Ö   (24) 

ʂʦʘʛʫʣʷʮʠʷ ʠʢʢʠʥʯʠ ʦʩʪʦʥʘʩʠʛʘʯʘ ʣʦʡץʘʣʘʨ-
ʥʠʥʛ ʯ˄ʢʠʰ ʵʛʨʠ ʯʠʟʠסʠ ʞʘʤʠ ʦʨʜʠʥʘʪʘʩʠ (

2

1
w
ʇ
² ), (19, 20, 24) ʙ˄ʡʠʯʘ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘʜʘʥ 

ʘʥʠץʣʘʥʘʜʠ: 
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ʊʂ

0,09W
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w 0,09
S 1 P C (ln 1 )
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P 1 e 1 0,15 P C

= - - Ö - + +
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0,09

1
ʢ( ʇ )
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0,85 Pw 0,09
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e

-

Ö
³ - + -   (25) 

ʊʠʥʜʠʨʛʠʯ ʩʘʤʘʨʘʣʠ ʫʟʫʥʣʠʛʠ ץʫʡʠʜʘʛʠ ʬʦʨ-
ʤʫʣʘʜʘʥ ʘʥʠץʣʘʥʘʜʠ: 

p ʵʬ ʩʨ ʩʨ 2L L 1000 H ʇ= = ÖJ Ö Ö  (26) 

 ʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʬʦʨʤʫʣʘʣʘʨʜʘʥץʫʡʠʜʘ ʶפ
ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ, ʪʠʥʜʠʨʛʠʯʛʘ ʘʨʠץʜʘʥ ʢʝʣʘʜʠ-
ʛʘʥ ʩʫʚ ʩʘʨʬʠ Q=0,3 ʤ3/ʩ, ʘʨʠץʜʘʛʠ ʩʫʚʥʠʥʛ 

ʣʦʡץʘʣʠʛʠ: r=3,5-5,0 ʛ/ʣ  [13,14,15,16,17], ʪʠʥʜʠʨ-
ʛʠʯ ˄ʣʯʘʤʣʘʨʠ: b=13 ʤ; H=4,0 ʤ; L=30-300 ʤ 
ʙ˄ʣʛʘʥ ״ʦʣ ʫʯʫʥ ʪʠʥʜʠʨʛʠʯʥʠʥʛ ʫʟʫʥʣʠʛʠ ʚʘ ʣʦʡץʘ 
ʪʠʥʠʰ ʜʘʨʘʞʘʩʠ ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ ʛʨʘʬʠʛʠ ʢʝʣ-
ʪʠʨʠʣʛʘʥ (1-ʨʘʩʤ). ʍʫʜʜʠ ʰʫ ʪʘʨʪʠʙʜʘ, ʭʘʨ ץʘʥʜʘʡ 
ʩʫʚ ʩʘʨʬʣʘʨʠ ʫʯʫʥ ʤʘʭʩʫʩ Excel ʜʘʩʪʫʨʠʜʘ 
 .ʠʩʦʙʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥ״
 

 
1-ʨʘʩʤ. Swʆʇ2 = f(L) ʦʨʘʩʠʜʘʛʠ ʙʦסʣʘʥʠʰ ʛʨʘʬʠʛʠ. 

 

ʋʤʫʤʠʡ ʭʫʣʦʩʘʣʘʨ ʚʘ ʪʘʚʩʠʷʣʘʨ. 
1. ʋʤʫʤʘʥ ʦʣʛʘʥʜʘ, ʪʘʞʨʠʙʘʣʘʨ ʪʘ״ʣʠʣʣʘʨʠ 

ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ˄ʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘ ʤʘʡʜʦʥʣʘ-
ʨʠʜʘʛʠ ʪʠʥʜʠʨʛʠʯʣʘʨʜʘ ʫʥʠʥʛ ʙʦʰʠʜʘʥ ʦʭʠʨʠʛʘʯʘ 
ʣʦʡץʘ ʯ˄ʢʠʥʜʠʣʘʨʥʠʥʛ ʯ˄ʢʠʰ ʜʘʨʘʞʘʩʠ 20% ʜʘʥ 
40% ʛʘʯʘ ʪʘʰʢʠʣ ʵʪʤʦץʜʘ. ɸʛʘʨʜʘ, ʫʯʘʩʪʢʘ ʢʘʥʘʣ-
ʣʘʨʠʜʘʥ ʩʫʚʥʠʥʛ ʪʠʥʜʠʨʛʠʯʣʘʨʛʘ ʜʦʠʤʠʡ ʢʝʣʠʙ 
ʪʫʨʠʰʠʥʠ ʢ˄ʟʜʘ ʪʫʪʠʣʩʘ, ʫ ״ʦʣʜʘ ץʫʨʠʣʛʘʥ ʪʠʥ-
ʜʠʨʛʠʯʣʘʨ ʫʟʫʥʣʠʛʠ ʙ˄ʡʠʯʘ ʣʦʡץʘʣʘʨ ʪ˄ʣʠץ 
ʯ˄ʢʠʰʛʘ ʫʣʛʫʨʤʘʛʘʥ, ʥʘʪʠʞʘʜʘ ʜʘʣʘʣʘʨʥʠ 
ʩ˄סʦʨʠʰ ʞʘʨʘʸʥʠʜʘ ʪʠʟʠʤ ʬʠʣʴʪʨʣʘʨʠ ʚʘ ʢʫʚʫʨʣʘʨ 
ʪʦʤʠʟʛʠʯʣʘʨʠʜʘʥ ״ʘʤ ʣʦʡץʘ ʩʫʚʣʘʨʥʠʥʛ ʯʠץʠʰʠ 
ʢʫʟʘʪʠʣʜʠ, ʷʲʥʠ ʪʦʤʠʟʛʠʯʣʘʨʜʘʛʠ ʣʦʡץʘʣʠʢ 0,240 
ʛ/ʣ ʜʘʥ 1,139 ʛ/ʣ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 

2. ʊʠʥʜʠʨʛʠʯʣʘʨʜʘʛʠ ʣʦʡץʘ ʯ˄ʢʠʰ ʞʘʨʘʸʥʠ-
ʥʠʥʛ ʛʠʜʨʘʚʣʠʢ ״ʠʩʦʙʠ ɸ.ɻ.ʍʘʯʘʪʨʷʥ ʫʩʫʣʠ 
ʙ˄ʡʠʯʘ ʙʘʞʘʨʠʣʜʠ. ʅʘʪʠʞʘʜʘ, ʪʠʥʜʠʨʛʠʯ ʫʟʫʥʣʠʛʠ 
ʚʘ ʫʥʜʘʛʠ ʣʦʡץʘʣʘʨʥʠʥʛ ʪʠʥʠʰ ʜʘʨʘʞʘʩʠ ʦʨʘʩʠ-
ʜʘʛʠ ʙʦסʣʘʥʠʰ ʛʨʘʬʠʛʠ ״ʘʨ ʭʠʣ ʩʫʚ ʩʘʨʬʣʘʨʠ ʫʯʫʥ 
ʠʰʣʘʙ ʯʠץʠʣʜʠ. ʊʠʥʜʠʨʛʠʯ ʫʟʫʥʣʠʛʠʥʠʥʛ ʦʰʠʰʠ 
ʙʠʣʘʥ ʣʦʡץʘʣʘʨʥʠʥʛ ʪʠʥʠʰ ʜʘʨʘʞʘʩʠ ʦʰʠʙ ʙʦ-
ʨʘʜʠ, ʷʲʥʠ 41 ʤ ʫʟʫʥʣʠʢʜʘʛʠ ʪʠʥʜʠʨʛʠʯʜʘ ʪʠʥʠʰ 
ʜʘʨʘʞʘʩʠ 30-40 % ʙ˄ʣʩʘ, 300 ʤ ʫʟʫʥʣʠʢʜʘ 60-70 % 
ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 

3. ʊʘʞʨʠʙʘ ʫʯʘʩʪʢʘʣʘʨʠʜʘʥ ʦʣʠʥʛʘʥ ʣʦʡץʘʣʠʢ 
ʥʘʤʫʥʘʣʘʨʠ ʣʘʙʦʨʘʪʦʨʠʷ ʪʘ״ʣʠʣʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘ-
ʜʠʢʠ, ɿʘʨʘʬʰʦʥ ʜʘʨʸʩʠʜʘʥ ʩʫʚ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʥ-
ʛʘʥ ʬʝʨʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠ ʪʦʤʯʠʣʘʪʠʙ ʩʫסʦʨʠʰ ʪʠ-
ʟʠʤʠ ʪʠʥʜʠʨʛʠʯʣʘʨʠʛʘ ʢʠʨʘʜʠʛʘʥ ʦץʠʤ ʣʦʡץʘʣʠʛʠ 
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ɸʤʫʜʘʨʸ ʰʘʨʦʠʪʠʛʘ ʥʠʩʙʘʪʘʥ ʘʥʯʘ ʶץʦʨʠ ʵʢʘʥʣʠ-
ʛʠʥʠ ʢ˄ʨʩʘʪʜʠ, ʷʲʥʠ ʪʘʞʨʠʙʘ ʫʯʘʩʪʢʘʣʘʨʠʛʘ ʤʦʩ 
ʨʘʚʠʰʜʘ ʪʠʥʜʠʨʛʠʯ ʙʦʰʠʜʘ 2,25 ʛ/ʣ, 7,115 ʛ/ʣ, 
0,502 ʛ/ʣ ʥʠ ʪʘʰʢʠʣ ץʠʣʜʠ. 

4. ʋʰʙʫ ʪʘʜץʠץʦʪʣʘʨ ʉʘʤʘʨץʘʥʜ ʚʠʣʦʷʪʠ ʬʝʨ-
ʤʝʨ ʭ˄ʞʘʣʠʢʣʘʨʠʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʜʘʩʪʣʘʙʢʠ 
ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʣʘʨʠ ʙ˄ʣʠʙ, ʢʝʣʛʫʩʠʜʘ 
ʪʘʜץʠץʦʪʣʘʨʥʠ ʙʦʰץʘ ʜʘʨʸ ״ʘʚʟʘʣʘʨʠ ʫʯʫʥ ״ʘʤ ʙʘ-
ʞʘʨʠʰ ״ʘʤʜʘ ʪʠʥʜʠʨʛʠʯʣʘʨʥʠʥʛ ʦʧʪʠʤʘʣ ʧʘʨʘ-
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SUV OQIMINING BEQAROR NOTEKIS HARAKATIDA  IKKI OôLCHAMLI 

GIDRODINAMIKA TENGLAMALARINING QOôLLANILISHI 
 

Suyunov Javlonbek Shiraliyevich, oôqituvchi; Bobomurodova Mashhura Azimovna, oôqituvchi  
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Samarqand davlat arxitektura-qurilish universiteti 
 
Ushbu maqolada keltirilgan omillarga asoslanib, past va oôrta naporli suv omborlari gidrouzellar, suv chiqarish 

inshootlarida oqimning ikki oôlchamli harakatini modellashtirishda chegaraviy shartlarni qabul qilishda ancha 
murakkabliklar yuzaga kelishini eôtirof etgan holda, butun oôzanni modellashtirishda uni kichik hisobiy fragmentlarga 
boôlish va bu fragmentlarda chegaraviy shartlar umumiy mulohazalarga asosan qabul qilinadi. 

Kalit soôzlar: oqim, oôxshashlik, gidravlika, suv sarfi, gidrodinamika, gidravlik sakrash, oôzan, impuls. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʘʪʴʝ ʬʘʢʪʦʨʦʚ, ʧʨʠʟʥʘʚʘʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʝ ʩʣʦʞʥʦʩʪʝʡ ʚ ʧʨʠʥʷʪʠʠ ʛʨʘ-
ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʫʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʥʘʧʦʨʥʳʭ ʚʦʜʦʝʤʘʭ, ʛʠʜʨʦʩʝ-
ʪʷʭ, ʚʦʜʦʚʳʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʩʝʛʦ ʨʫʩʣʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʙʦʣʴʰʠʝ ʨʘʩʯʝʪʥʳʝ ʬʨʘʛ-
ʤʝʥʪʳ, ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʵʪʠʭ ʬʨʘʛʤʝʥʪʘʭ ʧʨʠʥʠʤʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʙʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʪʦʢ, ʧʦʜʦʙʠʝ, ʛʠʜʨʘʚʣʠʢʘ, ʨʘʩʭʦʜ ʚʦʜʳ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʩʢʘʯʦʢ, ʥʘʧʦʨ, 

ʠʤʧʫʣʴʩ. 

Based on the factors presented in the article, recognizing that there are more difficulties in accepting boundary conditions 
when modeling two-dimensional flow movement in low- and medium-pressure reservoirs, hydro networks, outlet structures, 
when modeling the entire channel, it is divided into small calculated fragments, and the boundary conditions in these 
fragments are accepted on the basis of general considerations. 

Key words: flow, similarity, hydraulics, water flow, hydrodynamics, hydraulic jump, head, impulse. 

 
Suv oqimining murakkab shaklli oôzanlardagi 

harakati massa va impulsning saqlanishi qonunlariga 
asoslangan quyidagi koôrinishda ikki oôlchamli Sen-
Venan tenglamalari bilan amaliyot uchun yetarli 
darajada ifodalanishi bir necha hisobiy eksperimental 
tadqiqotlar natijalari bilan asoslangan. 

1 2 1 2 2 1 1 2

G

Tdx dx X dtdx X dtdx Rdtdx dx
W

+ + =ññ ñññ (1) 

bunda: G ï { x1,x2,t} fazodagi yopiq sirt boôlib, bir 
biriga parallel va teng boôlgan {x1,x2} ikki oôlchamli 
sohadagi sirtlarni birlashtiruvchi va {x1,x2} tekislikda 
umumiy proyeksiya boôlgan- ɤ sohaga ega va ularni t 
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oôqqa parallel boôlgan silindrsimon sirt koôrinishidagi 
yasovchisini bilan birlashtiriladi; ɋ ï G sirt bilan 
chegaralangan hajm; t ï vaqt, x1, x2 ïfazoviy 
oôzgaruvchilar ; T, X1, X2, R ï quyidagi uch 
elementlardan iborat matritsa-ustunlar 
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h ïsuv chuqurligi, ( )1 2q q ,q=  -solishtirma suv 

sarfi, {} ( )ija = a - suv chuqurligi boôyicha tezlik 

taqsimlanishini bir xil emasligini harakat soniga 
taôsirini xarakterlovchi korrektiv matritsasi, 

( )ɼ ɼ1 ɼ2,t = t t, ( )ʇ ʇ1 ʇ2,t = t t- mos ravishda 

oôzan tubi va shamol taôsirida oqim sathida paydo 
boôladigan ishqalanishlar; ZD - oôzan tubi balandlik 
belgisi; q0 - birlik yuzaga nisbatan oqimni kirishi 
(yomgôir, infiltratsiya) va oqib chiqishi (filtratsiya, 
bugôlanish, suv olish); ( )1 2r r , r= -suv oqimiga taôsir 

etuvchi quyilishni amalga oshiruvchi, koriolis va bar 
vektor massa kuchlari. Bunda, atmosfera bosimi 
gradiyentining suv sathiga taôsiri natijasida paydo 
boôladigan bar kuchlari massa kuchlari tarkibiga 

kiritlmasada, yuqoridagi (2) tenglamani tuzishda r
d

 
parametr tarkibiga kiritilgan. Yuqoridagi 
tenglamalarda oqimchalarni rejadagi oôzaro 
ishqalanish kuchi inobatga olinmaganligi sababli, uni 
hisobga olish bilan quyida tanishamiz. 

Suv oqimining barqaror va beqaror harakatlarini 
kompyuterda modellashtirish boôyicha oôtkazilgan 
ilmiy va eksperimental tadqiqotlar natijalari ikki 
oôlchamli Sen-Venan gidrodinamik tenglamalari 
quyidagi shartlar bajarilganda harakatni amaliyot 
uchun yetarli tarzda ifodalashini. Bu tenglamalar 
sistemasini qabul qilish uchun hisobiy 
gidrodinamikada quyidagi cheklanishlar qabul 
qilinadi: 

- Suv oqimining chuqurligi qaralayotgan 
muxandislik masalasi uchun oqimning rejadagi 
kengligidan bir necha marotaba kichik boôlishi kerak: 

h<<L, (3) 
bunda: h ï suv oqimi chuqurligi, L ï qaralayotgan 

masala uchun gorizontal chiziqli oôlcham; 
- Oôzan shunday kenglikka ega boôlishi 

kerakki(V<2L), gidravlik jarayonni ikki oôlchamli 
masala koôrinishda hisoblaganda bir oôlchamli 
masalaga nisbatan koôproq maôlumot olish 
imkoniyatini berishi kerak. 

- Vertikal kesimlardagi oqim egrilanishi unchalik 
katta boôlmasligi kerak, bu bizga gidrodinamik 
bosimning taqsimlanishi gidrostatik qonuniyatga 
boôysoônadi degan cheklanishni qabul qilishimizga 
imkoniyat yaratishi kerak; 

- Oqimcha egiligi shunday kichik qiymatga ega 
boôlishi kerakki, kesimda oqim harakatiga 
perpendekulyar boôlgan sirkulyatsion harakatni 
keltirib chiqarmasligi kerak. Rejadagi oôzanlarning 
egriligi ham nisbatan kichik boôlishi va oqimga 
perpendikulyar boôlgan qismda sezilarli 
sirkulyatsiyaga olib kelmasligi kerak. Egrilanishning 
katta qiymatlarida ikki koôrinishdagi oqimlarning oqib 
oôtishi roôy beradi. Birinchi koôrinish Sen-Venan 
tenglamalari ifodalaydigan markazdan qochma kuch 
taôsirida suv sarfini qayta taqsimlanishi va Sen-Venan 
tenglamalari bilan ifodalanmaydigan oqimning asosiy 
harakat yoônalishiga perpendekulyar boôlgan suyulik 
sirkulyatsiyasi V.M.Lyatxer va A.N.Militeyev 
tadqiqotlari natijasiga asosan quyidagi shart 
bajarilganda daryo va kanallar modellari uchun 
ikkinchi koôrinishdagi oqib oôtishni taôsiri kichik 
hisoblanadi. 

R ɺ1 3, 30 40,
B h
> - > -   (4) 

bunda: B ï oôzan kengligi, R ï oôzan dinamik oôqi 
egriligi radiusi; h ï chuqurlik. 
Oqimda zichlikni qatlamlanishi roôy bermasligi 

kerak. Daryo oqimlarida bu kam uchraydigan 
holat,lekin chuqur koôl va suv omborlarida bu holat 
uchraydi 

Yuqorida keltirilgan gidrodinamika tenglamalarini 
keltirib chiqarishda gidrodinamik bosimning 
taqsimlanishni gidrostatik qonuniyatga boôysoônadi 
degan cheklanish egriligi kichik boôlgan oqimchalar 
uchun yaroqli hisoblanadi. Taôkidlash lozimki, bir 
yoônalishli barqaror harakatdagi oqim (q2=0) uchun 
hisobiy soha sifatida tomonlari x1 va x2 kengligi x2  oôq 
yoônalishida oôzgarmas holat uchun tenglamalar 
sistemasining ikkinchi tenglamasi klassik 
gidravlikadagi gidravlik sakrash funksiyasini keltirib 
chiqarishda qoôllaniladigan harakat miqdori 
tenglamasi analog tarzda oôxshash koôrinish oladi. 
Klassik gidravlikada juda keng oôzanlar toôgôri 
toôrtburchak shaklda qabul qilinadi. Demak, 

- oqimning vaqt davomida oôzgarmasligi shartidan, 

tenglamalarning birinchi 
1

1 1 2

0

t
q dx dx

tññ = 0; 

- Oqimning bir tomonga yoônalish (
2q 0= ) 

shartidan uchunchi had ham 0 ga teng deb qabul 
qilinadi; 

Tenglama quyidagi koôrinishni oladi: 

12 2

11 1

1

b

ɼ
ɼ1 ʇ1 1 1

1
a

x b
q / h gh / 2

x a

Z
gh r dx

ʭ

=
a + =

=

µå õ
= -t -t - -æ öµç ÷
ñ

.   (5) 

bunda: b-a kichiq qiymat deb qabul qilib, ifoda 
gidravlik sakrash funksiyasi ekanligini koôrishimiz 
mumkin. Masalalar qaralayotganda ularning chiziqli 
masshtabini tanlashda  
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b

ɼ
ɼ1 ʇ1 1 1

1
a

Z
gh r dx

ʭ
µå õ

-t -t - -æ öµç ÷
ñ   

kattalikning kichik qiymatga egaligini inobatga olib, 
tenglamalar sistemasi vertikal tekisliklardagi kichik 
egrilikdagi oqimchalar oqimini harakatini ifodalash 
bilan birgalikda gidravlik sakrashni ham ifodalashi 
muminligini koôrsatadi. Bu gidrodinamik tenglamalar 
sistemalari massaning saqlanish va Nyutonning 
ikkinchi qonuniga asoslangan mexanikaning umumiy 
qonuniyatlari asosida olinganligi sababli, murakkab 
koôrinishdagi gidravlik toôlqinsimon oqimlar 
harakatini, harakatdagi gidravlik sakrashlarning, egri 
gidravlik sakrashlarning harakatlarini, tangensial 
uzilish harakatlarini ham ifodalashini asoslash 
mumkin. Bunda albatda, qaralayotgan jarayonning 
chiziqli masshtabi inobatga olinadi. 

Stoks tenglamasidan quyidagini yozishimiz 
mumkin 

1 2 1 2 2 1

ɻ

1 2
1 2

1 2

Tdx dx X dtdx X dtdx

X XT
dtdx dx .

t x x
W

+ + =

å õµ µµ
= + +æ ö

µ µ µç ÷

ññ

ñññ

  (6) 

Bundan, ɋ sohani ixtiyoriy qabul qilinishiga 
asoslanib, tenglamalarni differensial tenglamalar 
koôrinishda ifodalash mumkin: 

1 2

1 2

X XT
R 0,

t x x

µ µµ
+ + - =

µ µ µ
  (7) 

bunda T, X1, X2, R matritsa ustunlari xuddi (2) 
ifodadagiga oôxshash tarzda belgilangan. 
Koôpincha hisoblash gidravliksi amaliyotida, 

harakat soni korrektivining barcha korrektivlari birga 
teng deb cheklaniladi. Bu cheklanish Sen-Venan 
tenglamalari asosida ishlab chiqiladigan kompyuter 
modellarining asosiy gipotezalaridan hisoblanadi. 
Juda koôp tadqiqotlarda bu kattalik birga yaqin boôlgan 
oôzgarmas kattalik hisoblanadi. Taôkidlash lozimki, 
harakat miqdori korrektivning birga teng yoki unga 
yaqin qiymatlari qabul qilinishi soniy hisoblashlar 
natijalarini eksperiment tadqiqotlari natijalariga 
yaqinlashiishiga imkoniyat berganligi birorta 
tadqiqotlar natijalarida eôtirof etilmagan. Lekin, 
harakat miqdori korrektivining birdan farq qiluvchi 
doimiy qiymatga ega deb qabul qilinishi tenlama 
uchun Galiley oôzgartirishlari shartlarini yaôni 
Nyutonning birinchi qonunini shartlarini 
qoniqtirilmasligiga sabab boôladi. Umuman olganda,  
taqribiy modellar mezonlari fizikaninng fundamental 
qonuniyatlaridan biroz chekinishi amaliy masalalarda 
qabul qilinishi mumkin, lekin birdan farq qiluvchi 

korrektivni kiritil ishi {a} matritsa komponenti soniy 
modellashtirish natijalarini aniqlashtiradi degan 
xulosa qilish imkoniyatini bermaydi. 

Manning formulasi yordamida gidravlik 
ishqalanish qarshiligini aniqlash mumkin: 

V V
2

l
t=- , (8) 

Bunda: 
q

V
h
=  - oqim chuqurligi boôylab oôrtacha 

tezlik, l - Maning formulasi yordamida aniqlanishi 

mumkin boôlgan gidravlik ishqalanish koeffisiyenti: 
2

2 1/3

2g 2gn

C h
l= = ,  (9) 

bunda: S ï Shezi koeffisiyent Shezi, n ï gôadir-
budurlik koeffisiyenti. (8) formula gidravlik qarshilik 
tezlik vektoriga kolenear boôlib, yoônalishi unga 
qarama-qarshi boôladi. 

Yuqorida keltirilgan (1), (2) va (5), (2) ifodalarda 
oqimchalar oôrtasidagi ishqalanish Sen-Venan 
tenglamalari bilan ifodalanuvchi suyuqliklar turbulent 
yopishqoqligi inobatga olinmagan. Ayrim ilmiy 
tadqiqotlarda bu kattalik qoôshimcha hadlarni Sen-
Venan tenglamalariga kiritish orqali inobatga olingan. 
Bu kattalikni inobatga olish uchun tenglamalar 
sistemasidagi X1 va X2 ustunlarga quyidagi 
qoôshimcha xadlarni kiritamiz: 

1

2 2

1 11 1 11

21 1 2 12

q

X q / h gh / 2 N ;

q q N

å õ
æ ö
= a + -æ ö
æ öa -ç ÷

  

2

2 12 1 2 21

2 2

22 2 22

q

X q q N ,

q / h gh / 2 N

å õ
æ ö
= a -æ ö
æ öa + -ç ÷

 (10) 

bunda,: 

ji
ij ij

j i

qq
N D ,

x x

å õµµ
= +æ ö

æ öµ µç ÷

 ij jiD D=  

{ }ijD  - turbulent yopishqoqlik tenzori, i, j-

parametrlar oôlcham tartiblari ni qabul qiladilar. 

Izotrop oqimlarda 
11 12 22D D D D= = =;  D-turbulent 

yopishqoqlik koeffisiyenti. Real obyektlarni 
hisoblashda tenzor yoki turbulent yopishqoqlikni 
aniqlash murakkab masala hisoblanadi.Bu kattalik 
asosan suv oqimining harakat rejimiga bogôliq boôlib, 
suv omborlari yoki katta suv havzalarida suvning 
toôlqinlanishiga ham bogôliq tazda oôzgaradi. 
Gidrotexnika amaliyotida turbulent yopishqoqlikni 
oôzining sodda koôrinishi va yuqori aniqligi hisobiga 
boshqalaridan farq qiluvchi A.V.Karaushev 
formulasidan keng foydalaniladi: 

gq
D

MC
= , (11) 

bunda: SïShezi koeffisiyenti, 

0,7C 8 agar 10 ʉ 60 m/s,
M

48 agar ʉ 60 m/s.

ë + ¢ ¢î
=ì

>îí

(12) 

Bu formulalar tarkibida oôlchov birlikka ega 
parametrlarning mavjudligi, ularni barcha holatlarda 
qoôllanilishiga chegaralaydi. 
Taôkidlash lozimki, Sen-Venan gidrodinamik 

tenglamalarini bir va ikki oôlchamli koôrinishlarini 
ochiq oôzanda naporsiz harakatlanayotgan suv 
oqimidan ajratib olingan elementar suyuqlik uchun 
massani va impulsni saqlanish qonuni Nyutonning 
ikkinchi qonuni asosida keltirib chiqaramiz. Bu 
tenlamalarni suv oqimining uch oôlchamli harakati 
tenglamasini chuqurlik boôyicha oôrtalashtirish oqali 
keltirib chiqarish mumkin. 
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Ushbu ikki oôlchamli gidrodinamika tenglamala-
rida statsionar harakat mavjud boôlmasligi va suv 
aylanmasi va uzilishli harakatlar asosiy oqimdan 
qoôshimcha harakatlar amalga oshishi uchun 
olinadigan taôminlash energiyasini hisobga olish 
mexanizimi yoôqligi sababli, ular kuzatilmasligi sharti 
qabul qilingan. 

Suv oqimining sokin harakati uchun (Fr<1) Ikki 
oôlchamli Sen-Venan tenglamalarini yechish uchun 
qulay koôrinishga keltirishda quyidagi chegaraviy 
shartlarni qabul qilish. 

-Suv oôtkazmas chegaralarda ïoôzan qirgôogôi, 
himoya dambasi, shporalar, boôlgan holatda bitta 
chegaraviy shart qabul qilinadi. Chegaradagi 
tezlikning vertikal tashkil etuvchisi va solishtirma sarf 
vektori qiymatlari nolga teng deb qabul qilinadi. 

-Oqim hisobiy sohaga oqib kirayotgan chegarada 
ikkita chegaraviy shartlar qabul qilinadi: kirishda 
oqim tezligi yoki soliytirma sarf maôlum qiymatlarga 
ega boôlishi kerak, ayrim holatlarda oqim sathi 
berilgan boôlishi kerak; Ikkinchi chegaraviy shart 
tangensial tezlik qiymatlari berilishi kerak. 
Amaliyotda bu kattalik nolga teng qilib qabul qilinadi, 
chunki boshqa vaziyatda u hisob natijasiga taôsir etishi 
mumkin; 

- Hisobiy sohadan chiqishda bitta chegaraviy shart 
quyiladi, bu suv oqimi sarfi yoki solishtirma suv sarfi; 
Taôkidlash lozimki, sokin holatda harakatlana-

yotgan oqimda kisik amlitudali toôlqinlar oqim 
harakati yoônalishida yoki unga teskari yoônalishda 
taqsimlanishi mumkin. Demak qaralayotgan sohadagi 
oqim holati oôzandagi oqim holatiga bogôliq boôladi. 
Soniy hisoblashlarda shunday holtlar boôlishi 
mumkinki, chuqurlikning oôzan rejai boôyicha 
taqsimlanishi, hisobiy soha chegarasidagi tezliklar va 
solishtirma sarflar aniq maôlum qiymatlarga teng 
boôlishi mumkin. Masalan, turli naporli suv urilma 
qudugôidan chiqishdagi kesimda oqim gidrodinamik 
parametrlari yoki suv oôtkazgichga kirishdagi oqim 
parametrlari, suv oôtkazgichga kirish sohadagi 
oqimning gidravlik parametrlari. 

Yuqoridagi keltirilgan omillarga asoslanib, past va 
oôrta naporli suv omborlari gidrouzellari suv chiqarish 
inshootlarida oqimning ikki oôlchamli harakatini 
modellashtirishda chegaraviy shartlarni qabul qilishda 
ancha murakkabliklar yuzaga kelishini eôtirof etish 
mumkin. Albatta, bunday yondashuv oôrganilayotgan 
jarayonlarni fizik modellashtirishda ham qoôllanilishi 
maqsadga muvofiq hisoblanadi. 
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FACTORS IN THE DEVELOPMENT OF SEWERAGE  NETWORKS  IN THE CI TY OF JIZZAKH  
 

Qutlimurodov Ulug'bek Masharipovich , associate professor, 
Musayev Sharof Mamarajabovich associate professor 

Jizzakh Polytechnic Institute 
 
Loan Agreement (Loan 3275-UZB) was signed on 12.11.2015 for "Development of Jizzakh city sewerage system" 

project, which entered into force on 29.02.2016 with loan closing date of 31.10.2022.  In addition in execution of the Decree 
of the President of the Republic of  Uzbekistan dated 30.11.2018 ˉ PP-4040 "On additional measures for development of 
drinking water supply and sewerage systems in the Republic of  Uzbekistan" works are being carried out that will be given 
below and are under development. 

Within the framework of the feasibility study of this project, existing physical works, technical and administrative 
capacities of relevant institutions were assessed, as well as economic and financial analysis was carried out. A detailed cost 
estimate was also prepared. Finally, the general technical requirements for the main sewer pipeline and collectors, their 
reconstruction and rehabilitation, as well as the reconstruction of the pumping station were completed. 

Keywords: Sewerage systems, construction and reconstruction of networks, engineering projects, cost estimates, 
monitoring duration, environmental assessments, positive effects. 

 
The project covers the city of Jizzakh and the 

district center Uchtepa of Jizzakh region. This project 
envisages construction and reconstruction of sewage 
collectors and networks with a length of 62 km, 3 

existing sewage pumping stations, construction of 
additional sewage networks with a length of 53.5 km 
and cleaning of existing sewage networks with a 
length of 9.57 km in the city of Jizzakh. Forecast of 
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the future impact of this project on people and the 
environment will be limited to two years of 
construction in the 1st, 3rd and 5th years of the 
operational period, as after commissioning its impact 
will be generally positive. 

At present, "UZSUVTA'MINOT" JOINT STOCK 
COMPANY "JIZZAX SUV TA'MINOTI" LLC of 
Jizzakh region acts as a customer for construction and 
reconstruction of sewage collectors and networks. 
Also, after commissioning of new and reconstructed 
sewerage networks, it is the operating organization. 
The customer and the operating company repeatedly 
hold public consultations for local authorities and the 
population. The customer also has a specialist for 
working with the users of the system. This updated 
initial environmental study is for the construction and 
reconstruction of approx. 62 km of sewers and 
networks, the reconstruction of 3 existing sewage 
pumping stations, the construction of approx. 53.5 km 
of additional sewers and the cleaning of 9.5 km of 
existing sewage networks. In total, the project will be 
implemented within five years. In order to connect to 
the new sewage treatment plants under construction 
according to this project, the route of the sewage 
collectors runs through agricultural land and unused 
land. The route of the sewage network has changed, 
but its length does not exceed the original project. 

The "Jizzakh Sewerage System Development 
Project" includes three major construction lots: 

- Construction of new sewage treatment facilities 
in Jizzakh; 

- Construction and rehabilitation of 62 km sewage 
collectors and networks, construction of additional 
53.5 km of sewage networks, cleaning of existing 9.5 
km of sewage networks; 

- Reconstruction of existing 3 sewage pumping 
stations. 

This project will involve minimal land alienation 
and is not associated with the resettlement of people 
because the sewers and sewage networks under 
construction will be located along public roads, which 
will minimize and avoid the alienation of land plots. 
Detailed information about the works: 

- Reconstruction of the Zilol pumping station with 
a capacity of 90 m3/h; 

- Reconstruction of H. Nosirov pump station with 
the capacity of 90 m3/h; 

- Reconstruction of Uchtepa pump station with a 
capacity of 140 m3/h, 

- as well as reconstruction and construction of 
sewage collectors and networks with a total length of 
about 62 km, with a diameter of 150 to 1200 mm. 

The components of the works that may cause 
environmental problems have been identified as 
follows: 

- Reconstruction of pumping stations Zilol, H. 
Nosirov and Uchtepa, as well as 

- The laying of more than 62 km of sewer pipes 
requiring deep trenches to accommodate sewage pipes 
of different diameters; 

Given that sewer pipes are traditionally located 
1.5-1.8 m deep underground in the middle of the street 
and along the shoulders, the environmental assessment 

focused on construction-related impacts, such as dust, 
access restrictions, traffic congestion, water quality 
and noise monitoring. There is also a need to remove 
some trees, and a tree inventory and replanting plan 
will be drawn up for this from the outside, once the 
parameters of the corridor have been determined. 

 

 
 

To obtain information about air quality in Jizzakh 
city, we contacted all known sources of information. 
The answer was received from "Uzhydromet" with the 
indication that this organization monitors 25 industrial 
cities of the country. "Uzhydromet suggested the most 
appropriate substitute - the city of Samarkand, the 
closest city to Jizzakh. This information is also 
irrelevant. Standard parameters such as PM 10, PM 
2.5, CO or volatile organic matter are not monitored.  
The data presented (Table 1) for Jizzakh city showed 
that, for the most part, after air analyses, pollutants 
were within permissible limits. 

Table 1. 
Average annual concentration of pollutants in the 

atmospheric in the area of Jizzakh city. 

Parameters 2016 2018 2022 

Allowable 
concentration 

(daily 
average) 

Ammonia (Õg/m3) 0.04 0.05 0.04 0.12 

Nitrogen dioxide (Õg/m3) 0.18 0.18 0.18 0.06 

Sulfur dioxide (Õg/m3) 0.02 0.02 0.02 0.02 

Phenol (pp m3) * 7.1 7.1 6.8 7.0 

Hydrogen fluoride 
(Õg/m3) * 

3.2 3.2 3.2 8.0 

 

As a result of this project, pollutant emissions into 
the air will not exceed the established norms of 
permissible concentrations and therefore there is no 
need to obtain extensive baseline air data. During 
construction, a small amount of heavy equipment and 
trucks will be used to perform the work. Dust control 
along the transport road, at the entrance and exit of the 
site will be monitored by the relevant organizations. 

CONCLUSIONS: 
1. According to the data on the Republic of 

Uzbekistan, the population of Jizzakh city has a low 
level of income. The level of poverty in the subproject 
area is a result of such factors as insufficient 
employment opportunities and inadequate water 
supply and sanitation services. Positive impacts from 
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the project implementation will include improved 
quality of life, time savings and reduced workload for 
people, especially women, improved household and 
personal hygiene, improved health of adults and 
especially children by reducing the spread of 
infectious diseases. 

2. With the completion of the Initial Environmental 
Study (IES), Kommunxizmat Agency will take all 
necessary measures to ensure that this project is 
completed in an environmentally sound manner in 
accordance with international and national standards 
for protective measures. Nevertheless, it is necessary 
to continue monitoring to ensure implementation on a 
particular site will be prepared by the Contractor. On 
this basis, it can be concluded that no additional 
environmental assessment study is required. 

3. Works on laying sewer pipes will be carried out 
mainly in urban areas along local streets of Jizzakh, 
where protection from dust, noise and urban landscape 
are important. For this purpose Kommunxizmat 
Agency through its Project Coordination Unit (PCU), 
Project Development Consultant (PDC) and local 
authorities will define working boundaries in 
residential areas for the contractor: namely the off 
hours between 19:00 and 07:00 using low noise 
construction equipment and maintaining all roads to 
reduce dust. Noisy equipment such as jackhammers 
will be restricted from 17:30 to 07:00. 
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TUXUM YETISHTIRUVCHI PARRANDACHILIK FABRIKASIDA TALAB QILINGAN 
MIKROIQLIM VA HAVO PARAMETRLARINING TAHLILI.  

 
Sattarov A.B., doktorant. Samarqand davlat arxitektura-qurilish universiteti 

 
Parranda uylarida yana bir muhim iqtisodiyotga foyda keltiradigan jixatini aloxida takidlash oôrinli hisoblanadi. 

Parrandalarning past havo haroratiga chidamliligi va uning tanasi darajasiga toôgôriligi natijasida, parranda uyning harorati 
pastroq bo'lishi mumkinligini anglatadi. Bu oôz navbatida energiyani koôproq tejash imkoni yuzaga keladi. 
Kalit soôzlar: iqlim, ekologik omil, nisbiy namlik, izolyatsiya, termoneytral zona 

ʋʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʪʠʯʥʠʢʠ ʧʨʠʥʦʩʷʪ ʧʦʣʴʟʫ ʝʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʵʢʦʥʦʤʠʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʧʪʠʮʳ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʚʦʟʜʫʭʘ ʠ ʝʝ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʨʦʚʥʶ ʝʝ ʪʝʣʘ ʧʪʠʮʘ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʝʝ 
ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʦʤʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʠʤʘʪ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʪʝʧʣʦʠʟʦʣʷʮʠʷ, ʪʝʨʤʦʥʝʡʪʨʘʣʴʥʘʷ 

ʟʦʥʘ 

In poultry houses, it is considered appropriate to insist on the cicatini alox, which will benefit another important 
economy. As a result of poultry's resistance to low air temperatures and accuracy to its body level, poultry means that the 
temperature of the House may be lower. This in turn makes it possible to save more energy. 

Keywords: climate, environmental factor, relative humidity, insulation, thermoneutral zone 
 

Parrandalarni goôsht va tuxum uchun 
yetishtiradigan parranda fabrikalarida ichki havoning 
parametrlari yaôni havoning tezligi, nisbiy namligi va 
temperaturasi odamlar va parrandalarning faoliyati va 

sogôligôiga ta'sir qiladi. Parranda uylaridagi iqlim 
parrandalarning nafas olish, ovqat hazm qilish va 
rivojlanishi uchun juda zarur, kerakli mikroiqlim 
sharoitlari talablarga javob bermaydigan uylarda 
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parrandalarning faoliyatiga juda katta salbiy tasir 
koôrsatadi. Nosogôlom parrandalardan maksimal 
darajada ish faoliyatini kutish notoôri. Parrandalar 
qanchalik yosh bo'lsa yoki ularning ishlab chiqarish 
darajasi qanchalik baland bo'lsa, ular fabrikadagi iqlim 
sharoitlariga nisbatan juda sezgir boôladi. Parranda 
uylaridagi mikroiqlimni inson va qushlarning 
faoliyatiga ta'sir qiluvchi ekologik omillar yig'indisi 
sifatida qarashimiz mumkin. Parrandalarni toôliq oôrab 
turgan iqlim mikroiqlim deb ataladi. Aslida 
mikroiqlim qushlar uchun eng muhim bo'lgan yagona 
unsur hisoblanadi. Parranda uyidagi mikroiqlimda 
asosan ammiak gazi xosil boôlishini koôrishimiz 
mumkin boôladi. Masalan, ὅὕ og'ir gazdir va qushlar 
darajasida ὅὕ darajasi 2 m balandlikdan ancha yuqori 
bo'lishi mumkin. 

Parranda uylarida yana bir muhim iqtisodiyotga 
foyda keltiradigan jixatini aloxida takidlash oôrinli 
hisoblanadi. Tovuqlarning past havo haroratiga 
chidamliligi va uning tanasi darajasiga toôgôriligi 
natijasida, parranda uyning harorati pastroq bo'lishi 
mumkinligini anglatadi. Bu oôz navbatida energiyani 
koôproq tejash imkoni yuzaga keladi. Parranda 
uylarining mikroiqlimiga harorat, nisbiy namlik va 
havo tezligiga tom, devor va zaminning izolyatsiyasi, 
shamollatish va yoritish ta'sir qiladi. 

Parrandalarning tana harorati o'rtacha 41ᴈ dan 
42,2ᴈ gacha chiqishi mumkin. Parrandalarning tana 
harorati juda barqaror saqlanadi va tovuq miyasining 
bir qismi  tomonidan boshqariladi. Parrandalarning bu 
qobilyatini issiqlik tarmogôida ishlatiladigan 
termostatga qiyoslashimiz mumkin. Qon tomirlarining 
qisqarishi va kengayishi, nafas olish tezligi issiqlik 
chiqarish va ushlab turishga ta'sir qiladi, bu esa tana 
haroratiga ta'sir qiladi. Parranda joôjalarining issiqlikni 
tartibga solish mexanizmlari yirik parrandalarniki kabi 
rivojlanishi uchun biroz vaqt talab etiladi va shuning 
uchun ular katta paranndalarga qaraganda 
temperaturasi yuqori haroratga muhtoj. 
Parrandalar oôrtasida xam konfort zonasi degan 

tushuncha mavjud bu parrandalar minimal kuch 
sarflagan holda tana haroratini doimiy ravishda ushlab 
turishga qodir bo'lgan harorat zonasidir. Bu harorat 
zonasi ham ovqatlanish darajasiga va uy sharoitlariga 
bog'liq. 

Termoneytral zona - bu qushlar jismoniy issiqlikni 
tartibga solish yordamida tana haroratini doimiy 
ravishda ushlab turishga qodir bo'lgan harorat zonasi. 
Bu harorat zonasi oziqlanish darajasiga va qushlarning 
yashash sharoitlariga va boshqa omillarga bog'liq. 
Termoneytral zonadagi eng past harorat eng past kritik 
harorat  deb ataladi. Agar harorat bundan pastga tushsa 
haroratda qush o'zini isitish uchun ozuqa 
energiyasidan foydalana boshlaydi (ya'ni tana 
haroratini ushlab turadi) va natijada ko'proq ozuqa 
iste'mol qiladi. Termoneytral zonadagi eng yuqori 
harorat eng yuqori kritik harorat deb ataladi. Agar 
harorat bu haroratdan yuqori bo'lsa, qushlar endi 
issiqlikni tarqata olmaydi. Ular kamroq ozuqa iste'mol 
qila boshlaydilar va natijada ishlab chiqarish 
kamayadi. 

Eng yuqori va eng past kritik harorat yoshga, tana 
vazniga, uy-joy tizimiga, ovqatlanish darajasiga, 

nisbiy namlikka, havo tezligiga va sog'lig'iga bog'liq. 
Harorat qulay zonada bo'lmaganda, qushlar 

qo'shimcha issiqlik hosil qilmasdan tana haroratini 
doimiy ushlab turishga imkon beradigan bir nechta 
mexanizmlarga ega. Parrandachilik fabrikalarida 
parrandalarning jismoniy issiqlikni tartibga solishga 
ta'sir qiluvchi omillarga quyidagilar kiradi: 

Parranda to'qimalarni izolyatsiya qilish - agar 
qushlarda teri osti yogô qatlami bo'lsa, ular teri 
haroratini pasaytirishga qodir. Faqat qushlar to'g'ri 
ovqatlansa, harorat pasayganda teri osti yogôqatlamini 
joylashtirishi mumkin. 

Parranda patlari patlar izolyatsion ta'sirga ega va 
atrof-muhitga yo'qolgan issiqlik miqdorini 
kamaytiradi. 

Suvning bug'lanishi agar harorat yuqori yoki juda 
yuqori bo'lsa, sezgir issiqlik yo'qotilishi 
minimallashtiriladi va deyarli barcha issiqlik 
sezilmaydigan issiqlik sifatida yo'qolishi kerak. 
Yashirin issiqlik yo'qotilishi - bu nafas olish 
yo'llarining namligini yo'qotish orqali tanadan 
yo'qolgan issiqlikdir. 

Parrandalar tana haroratini tartibga solishning yana 
bir usuli - kimyoviy issiqlikni tartibga solish. Atrof-
muhit harorati termoneytral zonada bo'lmaganda, 
harorat termoneytral zonadan past bo'lsa, qushlar 
ozuqa iste'molini oshirishi va harorat termoneytral 
zonadan yuqori bo'lganda ozuqa iste'molini 
kamaytirishi mumkin. 

Haroratni o'lchash uchun eng yaxshi vosita 
parrandaning o'zidir. Parrandallarning  kuzatish orqali 
haroratni baholash faqat qushlar faol yoki ovqatlanish 
vaqtida emas, balki dam olish vaqtida amalga 
oshirilishi kerak. 

Haroratni o'lchash - bu uydagi iqlimni 
baholashning eng keng tarqalgan usuli. Bunday 
o'lchov juda ko'p foydali ma'lumotlarni berishi 
mumkin va qimmat yoki qiyin emas. Xozirgi 
texnalogiya zamoni jadal rivojlanayotgan bir paytda 
Parranda fabrikalarida haroratni o'lchashning bir 
necha usullari mavjud, ular tez-tez ishlatiladigan 
asbob hisoblanadi. 

1. Minimal/maksimal termometr: 
2. Kompyuterli iqlim nazorati: 
3. Alkogolli, elektron  termometrlar: 
4. Infraqizil termometrlar - elektron termometrlar 
Parranda fabrikasidagi harorat xonaning xamma 

joyida bir xil emas, shuning uchun sensorni qo'ymaslik 
kerak bo'lgan bir nechta joylar mavjud (ya'ni, uni 
devorga yaqin yoki havo oqimiga to'sqinlik qiladigan 
narsaning orqasiga osib qo'ymaslik kerak) va juda 
baland osib qo'ymaslik kerak. Bundan tashqari, havo 
kirish va isitish uskunalari joylashuvi harorat sensori 
uchun eng yaxshi pozitsiyani aniqlashda muhim 
ahamiyatga ega. Uni qushlarga iloji boricha yaqinroq 
va toza havo qushlarga yetib bormasdan oldin 
sensordan o'tadigan tarzda joylashtirish yaxshidir. 

Parrandachilik fabrikalarining qatlamlari uchun 
yuqori harorat 20ᴈ dir. Parrandalar har  20ᴈ dan past 
harorat uchun parrandalar kuniga qo'shimcha 1,5 g 
ozuqa talab qiladi. Qatlamlar uchun eng samarali 
harorat 20ᴈ dan 24ᴈ gacha. Parrandalarning harorati 
24ᴈ dan oshganda, qobiq sifati va tuxum vazni 
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kamayadi. 
Parrandachilik uylarida havo namligini o'lchash 

uchun quyidagi tushunchalar qo'llaniladi: 
Mutloq namlik - 1ά  havoda mavjud bo'lgan 

namlik miqdori. 
Maksimal namlik - ma'lum bir haroratda 1ά  

havoda bo'lishi mumkin bo'lgan maksimal namlik 
miqdori. 

Nisbiy namlik - havoning namligi va joriy havo 
haroratidagi maksimal namlik o'rtasidagi nisbat 
foizlarda ifodalangan. 
Termom

etr 

ko'rsatki

chi, óC 

Nam termometr ko'rsatkichi, ÁC 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

5.3 
5.9 
6.6 
7.3 
8,0 
8,6 
9.3 
10,0 
10,6 
11.2 
11,8 
12,5  
13,1  
13.7 

5.7 
6.4 
7.1 
7.8 
8.5 
9.1 
9.9 
10,6 
11.2 
11.9 
12.5 
13.1 
13,8 
14.5 

6,0 
6.8 
7.5 
8,2  
9.0 
9.7 
10.4 
11.1 
11,8 
12,6 
13.2 
13,8 
14.5 
15.2 

6.4 
7.2 
8.0 
8.7 
9.4 
10.2 
10,9 
11.7 
12.4 
13.1 
13.8 
14.4 
15.2 
15.9 

6,8 
7.6 
8.4 
9.2 
9.9 
10,7 
11.4 
12.2 
12.9 
13.6 
14.4 
15.1 
16.5 
16.6 

7.2  
8.0 
8.8 
9,6 
10.3 
11.2 
11,9 
12.7 
13.4 
14.2 
15,0 
15.7 
17.7 
17.2 

7.6 
8.4 
9.2 
10,0 
10,8 
11.6 
12.4 
13.2 
14,0 
14.8 
15,6 
16.4 
17.8 
17.9 

8,0 
8.8 
9,7 
10.5 
11.3 
12.1 
12,9 
13.8 
14.5 
15.3 
16,1 
17,0 
18.4 
18.5 

8.4 
9,2 
10,1 
10.9 
11,8 
12,6 
13.4 
14,3 
15.1 
15.9 
16,7 
17,6 
19,0 
19.2 

8,7  
9,6 
10.5 
11.4  
12,2  
13,0  
13,9 
14.8 
15.6 
16.5  
17,3  
18,2 
19.6 
19.8 

9.1 
10.0 
10.9 
11,8 
12,6 
13,5 
14.4 
15,3 
16.1 
17.1 
17.9 
18,8 
20.1 
20.5 

9,5 
10.4 
11.3 
12,2 
13.1 
13.9 
14,8 
15.7 
16,6 
17.5 
18.4 
19,3 
20.7 
21.2 

9.9 
10,8 
11.7 
12,6 
13,5 
14,4 
15.3 
16,2 
17,1 
18,0 
18.9 
19.8 
21.3 
21,7 

Nisbiy 
namlik, 

% 
10 15 20 25 30 35 40 45 50 55 60 65 70 

 
Agar havo harorati 12ᴈ bo'lsa va 6,1 g namlik 

bo'lsa, nisbiy namlik 6,1 / 11,5 x 100 = 53% ni tashkil 
qiladi. Agar bir xil havo 18ᴈ haroratgacha namlik 
qo'shmasdan qizdirilsa, nisbiy namlik 6,1 / 16,5 x 100 
= 37% bo'ladi. Shunday qilib, havoning isishi nisbiy 
namlikning pasayishiga olib keladi degan xulosaga 
kelish mumkin. Aksincha, havoni sovutish nisbiy 
namlikning yuqori bo'lishiga olib keladi, masalan. 
agar bir xil havo 4ᴈ bo'lsa, nisbiy namlik 6,1 / 7,2 x 
100 = 85% bo'ladi. Bu shuni ko'rsatadiki, havo 
qanchalik issiq bo'lsa, uning namlikni saqlash 
qobiliyati shunchalik yuqori bo'ladi. 

Parrandaxonalardagi nisbiy namlik nafas olish 
buzilishining juda yuqori yoki juda past nisbiy 
namlikdan kelib chiqqanligini aniqlash uchun 
o'lchanadi. Agar nisbiy namlik juda yuqori bo'lsa, 
uyda kondensatsiya to'planishi mumkin. Bu 
mikroorganizmlarning ko'payishiga va parranda 
uylaridagi asbob uskunalarining ishdan chiqishiga 
bevosita ta'sir qiladi. 

Parrandaxonada havo namligini o'lchashning bir 
necha usullari mavjud, ulardan eng keng tarqalgani 
Mansonning nam va quruq termometri, Sling 
psixrometridir. 

Namlik uydan tashqaridagi haroratga javoban uy 
havosini qizg'in isitish yoki sovutish orqali nazorat 
qilinadi. Tashqi havo harorati past bo'lsa, uydagi 
nisbiy namlik past bo'ladi, bu ko'pincha uy ichidagi 
havoda quruq changning aylanishiga olib keladi. Agar 
nisbiy namlik juda yuqori bo'lsa, bu ho'l axlatga olib 
kelishi mumkin. Parrandalar uchun ideal nisbiy namlik 
60-80% ni tashkil qiladi. 

Parrandalar uyidagi havoning tarkibi xam 
normallashtirilishi kerak boôlgan juda muxim 
taôlablardan bir hisoblanadi. Havoning eng muhim 
tarkibiy qismlari azot (ὔ  taxminan 79%) va kislorod 

(ὕ taxminan 20,3%). Ushbu asosiy komponentlarga 
qo'shimcha ravishda karbonat angidrid (ὅὕ) va suv 
(ὌO) kabi boshqa gazlar ham mavjud. Qushlar ὕ ni 
nafas oladi va ὅὕ va ὌO ni chiqaradi. 
Parrandaxonalarda haqiqiy "kislorod yetishmasligi" 
sodir bo'lmaydi, chunki havodagi kislorod miqdori 
odatdagidan sezilarli darajada past bo'lsa ham, qushlar 
yetarli miqdorda kislorodni nafas olishlari mumkin. 
Amalda "kislorod yetishmasligi" deb ataladigan narsa, 
aslida, ko'pincha yuqori ὅὕ konsentratsiyasi, yuqori 
harorat va yuqori namlikning kombinatsiyasi 
hisoblanadi. Shuningdek Parrandachilik uylarida 
quyidagi zararli gazlar xam mavjud bo'ladi. 

Karbonat angidrid (ὅὕ) ï Parrandalar uylaridagi 
karbonat angidrid asosan qushlar chiqaradigan 
havodan kelib chiqadi. Havoning ὅὕ tarkibi 
shamollatish samaradorligini o'lchash uchun 
ishlatiladi. 

Ammiak (ὔὌ)ïAmmiak gazi parranda axlatidagi 
bakteriologik jarayonlar mahsulotidir. U parranda 
uylaridagi ortiqcha suv va suv bugôlari bilan osongina 
bug'lanib havoga koôtariladi. Ammiak havo vaznidan  
yengilroq va shuning uchun u havoda ko'tariladi. 
Parrandachilik uylari havosining ammiak miqdori 
ventilyatsiya, harorat, nisbiy namlik va stoklama 
zichligiga bog'liq. Ammiakning yuqori 
konsentratsiyasi shilliq qavatlarni va parranda 
uylaridagi asbob uskunalarining keskin ravishda 
yemirilishiga olib keladi. Bu oôz navbatida sarf 
xarajatning oshishiga va atrof muxitning 
zararlanishiga olib keladi. 

Vodorod sulfidi (ὌὛ)ï Parranda axlati tarkibidagi 
organik moddalar (oqsil) parchalanganda ὌὛ ajralib 
chiqadi. Vodorod sulfidi yoqimsiz hidga ega  va juda 
xavfli gazdir. Parranda axlati aralashtirilganda yoki 
chuqurdan chiqarilganda ὌὛ havoga chiqariladi. 
Havodagi vodorod sulfidining past konsentratsiyasi 
ham odamlar va qushlar uchun halokatli bo'lishi 
mumkin. Shuning uchun axlatni aralashtirish yoki olib 
tashlashda maksimal quvvatda ventilyatsiya qilish 
muhimdir. 

Uglerod oksidi (CO) ï Uglerod oksidi hidsiz, juda 
xavfli gazdir. Bu gaz asosan isitgichlarda  kislorod 
(ὕ) yetishmasligi tufayli to'liq  yonmaslik natijasida 
xosil boôladi. 

Oltingugurt dioksidi (Ὓὕ) - oltingugurt dioksidi 
neft maxsuloti yoqilg'i sifatida ishlatilganda paydo 
bo'ladi. Yoqilgôi qanchalik toza bo'lsa, shunchalik kam 
Ὓὕ hosil bo'ladi. 

Parrandachilik korxonalarida havodagi tarkibidagi 
gazlarni o'lchash uchun gaz detektoridan foydalanish 
mumkin. Barcha o'lchovlar qushlar darajasida amalga 
oshirilishi kerak. Qurilma nasosdan iborat va uning 
eng muhim komponentlari gaz tarkibini aniqlash 
uchun zarur bo'lgan quvurlardir. Naychalar kimyoviy 
modda bilan to'ldirilgan bo'lib, u orqali o'lchanayotgan 
gazni o'z ichiga olgan havo o'tganda rangi o'zgaradi. 
Havoning ὅὕ, ὔὌ, ὌὛ, Ὓὕ va CO miqdorini 
aniqlash uchun maxsus quvurlar mavjud. 

Chang ham parranda uylariga, odamlar, 
qushlarning sog'lig'iga zararli va uy iqlimiga salbiy 
ta'sir ko'rsatadi. Uskunaning ishlashiga chang, 
jumladan, isitish, yoritish va ventilyatsiya ham jiddiy 
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to'sqinlik qilishi mumkin va chang ham 
mikroorganizmlarni olib yurishi ko'rsatilgan. 
Parrandaxonalardagi chang asosan teri zarralari, 
patlar, ozuqa zarralari, axlat va quritilgan go'ngdan 
yigôiladi. 

Parrandachilik uylarida chang miqdori kamdan-
kam hollarda o'lchanadi. Uni turli yo'llar bilan o'lchash 
mumkin, ammo jarayonlar mashaqqatli va ko'pincha 
bir nechta jihozlarni talab qiladi, chunki har safar 
o'lchov o'tkazilganda changda nima olib borilayotgani 
ma'lum boôlmaydi. Hozirgi vaqtda chang miqdorini 
qanday o'lchash, nima uchun o'lchash kerakligi haqida 
amaliy maslahat berish qiyin. 

Uydagi chang miqdori ko'plab omillarga bog'liq. 
Bularga harorat, nisbiy namlik, qushlarning turi va 
yoshi, ishlatiladigan axlat turi, oziqlantirish tizimi, 
gigiena va boshqalar kiradi. Parrandaxonalarni to'g'ri 
saqlash va muntazam tozalash qushlar uchun yanada 
qulay sharoitlar va odamlar uchun yaxshi mehnat 
sharoitlarini yaratadi. 

Parrandalarning hayot tarzi qulay yoki qulay 
darajada emasligiga havoning tezligi va havoning 
harorati darajasi juda katta ta'sir qiladi. Voyaga 
yetmagan yosh parrandalar bu omillarga kattaroq 
parrandalarga nisbatan ko'proq sezgir boôladi. Tavsiya 
etilgan haroratni hisobga olgan holda, qushlar 
darajasida havo tezligi sekundiga 0,1 dan 0,2 m gacha 
o'zgarishi mumkin. 

Havo tezligini anemometr yordamida o'lchash 
mumkin. Uy ichidagi havo harakati sxemasini tutun 
generatori yoki tutun kukuni yordamida ko'rish 
mumkin. Yuqori diapazonli kata termometr ham havo 
tezligini qayd etish uchun ishlatiladi. 
Xulosa oôrnida shu narsani ham qoôshicha 

qilishimiz kerakki, inson organizimi kabi parrandalar 
organizimi ham moôtadil iqlimga muxtoj. Biz 
parrandadan maksimal darajada foydali ish olishimiz 
uchun yuqorida sanab oôtilgan (namlik, tempratura va 
havo tezligi) kabi parametrlarni toôgri yetkazishimiz 
kerak boôladi. Aks holda biz oôylagan natijaga 
erishishimiz qiyin boôlib qoladi. Shu kabi 
parametrlarni yetkazib berishimiz uchun biz, havo 
holatini normallashtiradigan zamonaviy energiya 
tejamkor uskunalardan foydalanishimizga toôgôri 

keladi. Biz talab darajasida parametrlarni oôrnatadigan 
boôlsak bizni oôrab turgan atrof muxitga xam foyda 
keltirgan bolamiz. Chunki artof muxit, oôsimliklar 
dunyosiga salbiy tasir koôrsatuvchi zararli gazlar 
ulushi parrdachilik fabrikalaridan ajralib chiqadigan 
gazlarga toôgôri keladi. 
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PARRANDACHILIK BINOLARIDA PARRANDALARDAN AJRALADIGAN ISSIQLIK 
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Sattorov A.B. ï doktorant.   Samarqand davlat arxitektura-qurilish universiteti 

 

Parrandachilik binolarida ichki muhit havosining zararlanishi asosan tashqi konstruksiyalardan hamda parrandalardan 
issiqlik ajralishi evaziga yuzaga keladi. Bu zararliklarni parranda binolarida saqlanib qolmasligi uchun energiya tejamkor 
xavoni namlash qurilmalarini hamda havoni harakatga keltiruvchi ventilyatorlarni toôgôri tanlash va joylashtirishimiz zarur. 

Kalit so'zlar : mikroiqlim, texnologik jihozlar, sun'iy yoritish, intensivlig. 

ɺ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʧʦʚʨʝʞʜʝʥʠʝ ʚʦʟʜʫʭʘ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʦʪʚʦʜʘ 
ʪʝʧʣʘ ʦʪ ʥʘʨʫʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʦʪ ʧʪʠʮʳ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʘʢʦʧʣʝʥʠʝ ʵʪʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʧʪʠʯʥʠ-
ʢʘʭ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʠ ʨʘʟʤʝʩʪʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʫʚʣʘʞʥʠʪʝʣʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʚʝʥʪʠʣʷ-
ʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪ ʚʦʟʜʫʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʢʣʠʤʘʪ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

In poultry buildings, damage to the air of the internal environment occurs mainly at the expense of thermal separation 
from external structures as well as from poultry. In order for these damages not to persist in poultry buildings, it is necessary 
that we correctly select and place energy-efficient air humidifiers as well as air-moving fans. 

Keywords: microclimate, technological equipment, artificial lighting, intensity. 
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Parrandachilik binolarining mikroiqlimining 
shakllanishi asosan ikkita omilga tashqi va ichki 
omillar ta'siri ostida sodir bo'ladi. Parrandachilik uyida 
issiqlik o'sishini aniqlash uchun tegishli tahlilni 
amalga oshiramiz. 

25000 ta tuxum qo'yuvchi tovuqlarni qafas bata-
reyalarida saqlash uchun mo'ljallangan parrandachilik 
uyi misolidan foydalanib, parrandachilik uyidagi 
issiqlikni baholashni aniqlaymiz. Bir qushning 
o'rtacha vazni 1,5 kg ni tashkil qiladi. Devorlari 
g'ishtdan yasalgan bir qavatli parrandachilik uyining 
o'lchamlari 1.1-rasmda ko'rsatilgan. 

 
1.1-rasm. Parrandachilik xonasi 

 

Parrandachilik binolariga barcha issiqlik kirishlari 
odatda ikki guruhga bo'linadi. Ulardan birinchisi qush, 
parrandachilikda ishlaydigan odamlar, sun'iy yoritish 
manbalari va texnologik jihozlar tomonidan ishlab 
chiqarilgan issiqlikdan tashkil topgan doimiy issiqlik 
daromadlarini o'z ichiga oladi. Issiqlik kiritishlarining 
ikkinchi guruhi xona joylashgan muhit bilan bog'liq 
bo'lib, uning devorlari va tomi orqali atrof-muhitdan 
xonaga o'tkaziladigan issiqlik miqdori bilan 
belgilanadi. Bundan tashqari, xonaning nurlanish 
energiyasidan isishi hisobga olinadi. 

Ushbu bo'limda biz doimiy issiqlik o'sishining 
tabiati va miqdoriy xususiyatlarini batafsil ko'rib 
chiqamiz. 

Odamlar tomonidan chiqarilgan issiqlik miqdorini 
belgilovchi omillar boshqacha. Insonning jinsi, yoshi, 
vazni va jismoniy holati asosiy ahamiyatga ega. 
Bundan tashqari, bu issiqlik chiqindilarining miqdori 
ma'lum bir xonadagi odamlar soniga, shuningdek, 
ularning ish intensivligiga bog'liq bo'ladi. Insonning 
ruhiy holati, kiyim-kechak kabi omillar muhim emas. 

Odamlardan issiqlik olishini aniqlash formulasi 
quyidagi shaklga ega. 

ὗ ὲz ή 

bu erda n - xonadagi odamlar soni; 
ql - bir kishining issiqlik tarqalishi, Vt. Uning 

qiymati ishning og'irligiga va xonadagi havo 
haroratiga bog'liq. Issiqlik chiqarishning raqamli 
ko'rsatkichlari ma'lumotnomalarda keltirilgan va 
erkaklar uchun ko'rsatilgan. 

Ayollarga kelsak, ular uchun 1.1-jadvalda 
ko'rsatilgan mos yozuvlar qiymatlarining 80% 
miqdorida issiqlik chiqishini aniqlash odatiy holdir. 
Umumiy holda, parrandachilik uyidagi odamlardan 
issiqlik hosil qilish Ql = 700 - 800 Vt dan oshmaydi. 
Doimiy issiqlik oqimlarining ikkinchi guruhiga  texnik 
qurilmalarning elektr energiyasini issiqlik 
energiyasiga aylantirish jarayonida yuzaga keladigan 
texnologik jihozlardan xonaga kiradigan issiqlik 
kiradi. Bu parrandachilik uyiga joylashtirilgan 

uskunaning o'rnatilgan quvvatiga bog'liq va uni 
nisbatlardan topish mumkin. 

ὗ=1000Ͻὔ Ͻ– 
bu erda ὔ - parrandachilik uyida joylashgan 

texnologik uskunaning umumiy nominal quvvati, kVt; 
–- issiqlik shaklida xonaning havo muhitiga 

o'tkaziladigan energiya ulushi. 
Parrandachilik binolari uchun issiqlik bilan ajralib 

turadigan energiya ulushi – = 0,1-0,15 ni tashkil qilishi 
odatda qabul qilinadi. Keyin texnologik asbob-
uskunalardan issiqlik kiritish ὗ=3500-4000 Vt. 

1-jadval.  
Ishning tabiatiga va xonadagi havo haroratiga qarab 

erkaklarning issiqlik emissiyasi to'g'risidagi ma'lumotlar. 

Issiqlik 
tarqalishi  

1 kishi uchun issiqlik tarqalishi, xona havosi 
haroratini hisobga olgan holda Vt, 0S. 

10 15 20 25 30 35 

 
Aniq 
Yashirin 
To'liq 

Dam olish holatida 

138,2 
23,8 
162 

115 
30 
145 

86 
29 
116 

57 
34.4 
92.8 

40,5 
52.2 
92.8 

11,3 
81.2 
92.8 

 
Aniq 
Yashirin 
To'liq 

Yengil ish holatida 

150.8 
29 

179.8 

121.8 
34.8 
156.6 

98.6 
52.2 
150.8 

63.8 
81.2 
145 

40.6 
104.4 
145 

5.8 
139.2 
145 

 
Aniq 
Yashirin 
To'liq 

O'rtacha ish paytida 

162.4 
52.2 
214.6 

133.4 
191.4 
208.8 

104.4 
98.6 
203 

69.6 
127.6 
197.2 

40.6 
104.4 
145 

5.8 
191.4 
197.2 

 
Aniq 
Yashirin 
To'liq 

Ogôir mehnat paytida 

197.2 
92.8 
290 

162.4 
127.6 
290 

127.6 
162.4 
290 

92.8 
197.2 
290 

52.2 
237.8 
290 

11.6 
278.4 
290 

 

Sun'iy yorug'lik manbalari ham bir oz issiqlik hosil 
qiladi. Uni quyidagi formula yordamida aniqlash 
mumkin: 

ὗ ρπππϽὔϽ‍ 
bu erda ὔ  - xonadagi barcha yoritish 

manbalarining umumiy quvvati, kVt; 
‍ -sun'iy yoritish manbalaridan issiqlik 

energiyasiga aylanadigan energiya miqdorini 
tavsiflovchi koeffitsient, ‍=0,7 ï 0,9.      1 =700-
900 ɺʪ. 

Va shunga qaramay, issiqlik oqimining asosiy 
ulushi uyda saqlanadigan qush tomonidan to'g'ri 
keladi. Ushbu energiyani hisoblash uchun biz quyidagi 
formuladan foydalanamiz: 

ὗ =nϽὖϽὯϽὯϽὯ 

bu erda n - o'rganilayotgan hududdagi qushlar Ὧ 
soni; 

P - bir qushning tirik vazni, kg; 
q ï bitta qushdan ajratilgan issiqlik chiqarish, 

Vt/kg; 
Ὧ  - kechasi issiqlik chiqishi uchun tuzatish 

koeffitsienti, 
Ὧ  - parrandachilik uyidagi ichki haroratning 

optimalga nisbatan o'zgarishini hisobga oladigan 
koeffitsient. 

Voyaga etgan qush uchun 
Ὧ=-0.012ϽὸϽρȢςρτ 
hayvonlar uchun 
Ὧ =-0.013ϽὸϽρȢσ 
Ὧ - parrandachilik uyini to'ldirishni hisobga olgan 
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holda koeffitsient: 
Ὧ  = 0.85-0.9. 
Yuqoridagi formula bo'yicha hisoblash natijasida 

biz ko'rib chiqilayotgan xona uchun qushdan issiqlik 
chiqishi ὗ = 117000-130000 Vt ichida ekanligini 

bilib olamiz. Parrandachilik uyidagi barcha doimiy 
issiqlik chiqindilarini umumlashtirib, biz 25 000 
tuxum qo'yadigan tovuqlarni saqlashda ular 175 000-
190 000 V degan xulosaga keldik. Bir soatdan kamroq 
vaqt ichida bunday issiqlik miqdori xonadagi havoni 
belgilangan me'yorlardan bir necha baravar yuqori 
qiymatlarga qizdiradi. Bundan tashqari, bu vaqtga 
kelib xonaning gaz bilan ifloslanishi ham ruxsat 
etilgan maksimal qiymatlardan ancha oshib ketadi. 
Bunday salbiy hodisalarni zararsizlantirish uchun 
parrandachilik xonalarining ko'pchiligi har xil turdagi 
va printsiplarga ega shamollatish tizimlari bilan 
jihozlangan boôladi. 
Xulosa oôrnida shuni aytishimiz mumkinki 

Kunning issiq mavsumida parranda fabrikalaridagi 
mikroiqlimni toôgôri tashkillashtirishda ortiqcha 
issiqlik sarfini parranda uylaridan tez va energiya 
tejamkor usullar yordamida olib chiqish, tashqi toôsiq 
konstruksiyalarini issiqlik oôtkazuvchanlikga chidamli 
materiallardan foydalangan xolda rejalashtirish hamda 
parrandalardan konveksion usulda ajralayotgan 
issiqlik oqimini energiya tejamkor havoni namlash va 
shamollatish qurulmalari yordamida meôyorda 
koôrsatilganidek tashkillashtirish lozim. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ɺʆɼʓ ʉɽʊʀ ɻʆʈʆɼɸ ʅʋʂʋʉ 
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Ushbu maqola turli passiv va faol elementlarning ishdan chiqishi sharoitida yuzaga keladigan Nukus shahrining quvurli 
suv ta'minoti tarmoqlarining ishlash usullarini ishlab chiqishga bag'ishlangan. 

Kalit so'zlar:  suv ta'minoti, talablar, passiv, faol elementlar, muhandislik tarmoqlari. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛʦʨʦʜʘ 
ʅʫʢʫʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʘʟʦʚ ʨʘʟʣʠʯʥʳʭ ʧʘʩʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʪʨʝʙʦʚʘʥʠʷ, ʧʘʩʩʠʚʥʳʝ, ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʥʞʝʥʝʨʥʳʝ ʩʝʪʠ. 

This article is devoted to the development of methods for the functioning of the pipeline water supply networks of the 
city of Nukus, which occurs in the conditions of failures of various passive and active elements. 

Keywords: water supply, requirements, passive, active elements, engineering networks. 
 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʚʦʜʦʧʨʦʚʦʜ-
ʥʳʭ ʩʝʪʝʡ ʛʦʨʦʜʘ ʅʫʢʫʩ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 
ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ ʨʘʟʣʠʯʥʳʭ ʧʘʩ-
ʩʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ 
ʧʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʣʠʰʴ ʚ ʜʚʫʭ 
ʩʦʩʪʦʷʥʠʷʭ- ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʠ ʥʝ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʤ, ʪ.ʝ. ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ 
ʠʩʢʣʶʯʝʥ ʠʟ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 
ʩʝʪʠ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʡ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦ-
ʞʝʪ ʙʳʪʴ ʜʘʥʘ ʪʘʢʞʝ ʧʨʦʩʪʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 
ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʜʥʦʤ ʥʘʩʦʩʝ, ʢʦʤʧʨʝʩʩʦʨʝ, ʜʨʦʩʩʝʣʝ 
ʠ ʪ.ʧ. ɽʩʣʠ ʚʢʣʶʯʝʥʥʳʡ ʚ ʩʭʝʤʫ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʩʝʪʠ ʘʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʨʝʘʣʴʥʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝ-
ʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʙʦʪʘʶʱʠʭ ʥʘʩʦʩʦʚ, 
ʦʮʝʥʢʘ ʝʛʦ ʩʦʩʪʦʷʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʪʘʢ 
ʢʘʢ ʦʪʢʘʟ ʦʜʥʦʛʦ ʠʟ ʥʘʩʦʩʦʚ ʤʦʞʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ 
ʠʟʤʝʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʩʝʛʦ ʘʢʪʠʚʥʦʛʦ ʵʣʝ-
ʤʝʥʪʘ ʚ ʮʝʣʦʤ, ʘ ʥʘʣʠʯʠʝ ʨʝʟʝʨʚʥʳʭ ʥʘʩʦʩʦʚ ʤʦʞʝʪ 
ʚ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦ-
ʩʣʝʜʩʪʚʠʷ ʚʦʟʥʠʢʰʝʛʦ ʦʪʢʘʟʘ. 
ʇʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʢʪʠʚʥʳʭ ʵʣʝ-
ʤʝʥʪʦʚ (ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʠ ʠ ʥʘʧʦʨʘ ʚʦ ʚʩʝʭ ʚʦʟʤʦʞ-
ʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʩʝʪʠ), ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʫʤ-
ʥʦʛʦ (ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ) ʨʝʟʝʨʚʘ ʦʙʦʨʫ-
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ʜʦʚʘʥʠʷ ʥʘʩʦʩʥʳʭ ʠ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷ-
ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʘʤʦ ʧʦʥʷʪʠʝ ʥʘʜʝʞʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʧʨʦʩʪʦ ï çʥʘʜʝʞʥʦʩʪʴ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 
ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢ-
ʮʠʠ ʚ ʪʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʧʨʠ 
ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳè [1], ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥ-
ʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 
ʠʣʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʠʥʞʝʥʝʨʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʝʛʦʜʥʷ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ 
ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʵʥʝʨʛʝ-
ʪʠʢʠ, ʘ ʠʤʝʥʥʦ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠʥʞʝʥʝʨʥʳʝ ʩʝʪʠ 
ʩʠʩʪʝʤ ʪʝʧʣʦ-, ʚʦʜʦ-, ʛʘʟʦʩʥʘʙʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝ-
ʤʦʝ ʚ ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʵʪʦ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ 
ʥʝ ʪʦʣʴʢʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 
ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʝʣʴʥʦʡ 
ʩʭʝʤʝ ʩʦʝʜʠʥʝʥʠʡ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʢʦʣʴʢʦ ʩ 
ʩʘʤʠʤ ʧʦʥʷʪʠʝʤ ʦʪʢʘʟʘ ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʢʦ-
ʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ 
ʧʨʦʜʫʢʪʘ ʤʥʦʛʠʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚ ʫʟʣʘʭ ʩʭʝʤʳ 
ʩʝʪʠ. ʇʨʠ ʵʪʦʤ ʜʘʞʝ ʥʘʨʫʰʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʝ ʩʥʘʙ-
ʞʝʥʠʝ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʦʤ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʩʭʝʤʳ, 
ʪʦ, ʦʯʝʚʠʜʥʦ, ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʦʪʢʘ-
ʟʦʤ ʠʥʞʝʥʝʨʥʦʡ ʩʝʪʠ ʚ ʮʝʣʦʤ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ 
ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ 
ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞ-
ʥʦʩʪʠ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ [2]. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʫʜʥʦʩʪʠ ʜʦʩʪʘ-
ʪʦʯʥʦ ʚʝʣʠʢʠ, ʢʦʛʜʘ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʥʝʢʦ-
ʪʦʨʦʡ ʥʦʨʤʳ ʵʪʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʫʩʣʦʚʠʡ ʨʘ-
ʙʦʪʳ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʳ ʚ ʦʙʲʝʢʪʘʭ ʢʦʤʤʫʥʘʣʴ-
ʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʨʝʢʦ-
ʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦ-
ʩʪʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝ-
ʯʠʚʳ, ʜʠʩʢʫʩʩʠʦʥʳ ʠ ʥʝ ʥʘʰʣʠ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʝʢʪ-
ʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪʳ ʫʩʪʘʥʦʚʠʚʰʝ-
ʛʦʩʷ ʧʦʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʠʟ ʨʘʩ-
ʯʝʪʥʦʡ ʩʭʝʤʳ ʠʥʞʝʥʝʨʥʦʡ ʩʝʪʠ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 
ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 
ʧʦʪʦʢʦʚ ʚ ʧʦʣʥʦʡ ʩʭʝʤʝ ʠ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʫʪʦʯ-
ʥʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ 
ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʷʜʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʜʘʥʥʳʭ ʦ ʧʦʪʦʢʘʭ ʦʪʢʘʟʦʚ ʧʘʩʩʠʚʥʳʭ ʵʣʝ-
ʤʝʥʪʦʚ ʥʝ ʥʘʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
ʂʨʦʤʝ ʪʦʛʦ, ʫʧʦʤʷʥʫʪʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪ ʪʦʣʴʢʦ 
ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʥʘʛʨʫʟʢʘʭ ʚ ʫʟʣʘʭ 
ʩʝʪʠ, ʭʦʪʷ, ʢʘʢ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʵʪʠ ʥʘʛʨʫʟʢʠ ʠʤʝʶʪ 
ʚʝʩʴʤʘ ʤʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʠ ʧʦʵʪʦʤʫ 
ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʦʚʝʜʝ-
ʥʠʝ ʩʠʩʪʝʤʳ ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʤʝ-
ʞʫʪʢʝ ʚʨʝʤʝʥʠ. 
ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠ ʫʞʝ ʥʘʰʝʜʰʠʭ ʧʨʠʤʝ-

ʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-
ʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝ-
ʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ ʵʣʝ-
ʤʝʥʪʦʚ ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʠ (ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʤʦ-
ʜʝʣʠʨʫʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʜ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ (ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʡ) ʠ, ʧʨʠ 
ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 
ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʧʦʢʘ-
ʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ [1]. ɺ ʤʝʪʦʜʝ ʄʦʥʪʝ-ʂʘʨʣʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʦ-
ʤʝʥʪʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʟʘʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ 
ʨʘʙʦʪʳ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɺ ʧʨʠʥʮʠʧʝ, 
ʝʩʣʠ ʩʦʚʤʝʩʪʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʧʦ-
ʪʦʢʘ ʦʪʢʘʟʦʚ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩ-
ʩʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʚ ʫʟʣʘʭ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʚʦ-
ʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʦʮʝʥʢʠ ʧʦʩʣʝʜ-
ʩʪʚʠʡ ʦʪʢʘʟʦʚ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʘʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ 
ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʠʤ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨ-
ʞʘʥʠʷ ʜʘʚʣʝʥʠʡ ʚʦ ʚʩʝʭ ʫʟʣʘʭ ʩʝʪʠ. 
ʆʜʥʘʢʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʠʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʝ 
ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʦʪʢʘʟʦʚ However, 
a large number of passive elements in engineering 
networks, relatively low values of the intensity of 
failure flows (ʧʦʨʷʜʢʘ order ɚ = 1õ2 l/ ʛʦʜ.ʢʤ 
year.km) [1] ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-
ʩʪʠ ʧʝʨʠʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʝʪ 20-
30 ʣʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʦʯʥʦʩʪʴ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʙʳʣʘ ʥʝ ʭʫʞʝ lead to the 
fact that the duration of the simulation period should 
be 20-30 years in order for the accuracy of the desired 
system reliability parameters to be no worse 10%. ʇʨʠ 
ʵʪʦʤ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 
ʪʘʢʠʭ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ-
ʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʄʦʥʪʝïʂʘʨʣʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ʥʝ 
ʧʨʠʚʦʜʠʪ ʙʦʣʴʰʦʤʫ ʵʬʬʝʢʪʫ ʚʩʣʝʜʩʪʚʠʝ ʚʳʰʝʫʢʘ-
ʟʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ. 
ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʣʦʞʠʪʴ ʪʘʢʫʶ ʤʦʜʝʣʴ ʠʥʞʝʥʝʨʥʦʡ 
ʩʝʪʠ ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʡ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʪʨʝʙʫʝʤʳʭ ʜʘʚʣʝʥʠʡ ʠʩ-
ʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʥʘʜʝʞʥʦʩʪʴ 
ʨʘʙʦʪʳ ʩʝʪʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʦʣʝʝ ʮʝʣʝʩʦ-
ʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ 
ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ, ʘ ʩʦʚʤʝʱʝʥʠʝ ʩʝʪʝʚʳʭ ʤʝʪʦ-
ʜʦʚ ʠʟʫʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʝʪʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʩʦʩʪʦʷʥʠʡ [2]. ʇʝʨʚʳʡ ʰʘʛ ʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʩʦ-
ʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ 
ʩʭʝʤʳ ʩʣʦʞʥʦʡ ʩʝʪʝʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʠʩʪʦʯ-
ʥʠʢʠ ʚʦʜʳ ʠ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʠ ʩʚʷʟʘʥʳ ʪʨʫʙʦʧʨʦ-
ʚʦʜʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʩʝʪʴʶ. ʄʝʞʜʫ ʨʘʩʯʝʪʥʦʡ ʩʭʝ-
ʤʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʬʠʟʠ-
ʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʠʤʝʶʪʩʷ ʩʫʱʝ-
ʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 
ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʩʪʨʦʠʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʥʘ ʝʸ ʦʩʥʦʚʝ 
ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʤʙʠʥʘʮʠʠ ʦʪʢʘʟʦʚ ʵʣʝ-
ʤʝʥʪʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʪʢʘʟʫ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
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6. ɸʙʜʠʛʘʥʠʝʚʘ ɻ.ʂ. ʆʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦ-

ʮʝʩʩʦʤ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 
ʥʘʩʝʣʸʥʥʳʭ ʤʝʩʪ. ɾʫʨʥʘʣ çʇʨʦʙʣʝʤʳ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘè ʉʘʤɻɸʉʀ. 2022-ʛ.ˉ4. ʊʘʰʢʝʥʪ. 
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ʄʆɼɼɸʃɸʈʅʀ ʂɸʄɸʁʊʀʈʀʐ ʏʆʈɸ-ʊɸɼɹʀʈʃɸʈʀ 
 

ʀʩʤʦʠʣʦʚ ׳ʘʤʟʘ ʀʩʦʤʠʜʜʠʥ ˄סʣʠ ï ʜʦʢʪʦʨʘʥʪ (PhD)  
Samarqand davlat arxitektura-qurilish universiteti 

 
ʄʘץʦʣʘʜʘ ʯʘʥʛ ʪʫʪʛʠʯʣʘʨʥʠʥʛ ʤʫ״ʠʤ ʭʫʩʫʩʠʷʪʣʘʨʠ: ʟʘʨʨʘʯʘʣʘʨʥʠ ʪʫʪʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ, ʛʠʜʨʘʚʣʠʢ ץʘʨʰʠʣʠʛʠ, 

 ʘʡʪʘ ʪʠʢʣʘʥʠʰʜʘʥ ʦʣʜʠʥʛʠ ʠʰ ʜʘʚʦʤʠʡʣʠʛʠ ʚʘ ʜʠʥʘʤʠʢ ʷʥʛʠʣʘʥʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ˄ʨʛʘʥʠʣʛʘʥ. ʏʘʥʛ ʟʘʨʨʘʣʘʨʠʥʠץ
ʫʰʣʘʙ ץʦʣʠʰ ʩʘʤʘʨʘʩʠ ʛʘʟʥʠʥʛ ʪʝʟʣʠʛʠʛʘ ʪ˄סʨʠ ʧʨʦʧʦʨʮʠʦʥʘʣ, ʜʠʘʤʝʪʨʠʛʘ ʵʩʘ ʪʝʩʢʘʨʠ ʧʨʦʧʦʨʮʠʦʥʘʣʜʠʨ. ʎʠʢʣʦʥʜʘ 
ʞʘʨʘʸʥʥʠ ʶץʦʨʠ ʪʝʟʣʠʢʜʘ ʚʘ ʫʥʯʘ ʢʘʪʪʘ ʙ˄ʣʤʘʛʘʥ ʜʠʘʤʝʪʨʜʘ ʦʣʠʙ ʙʦʨʠʰ ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠץ ʙ˄ʣʘʜʠ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʏʘʥʛ ʟʘʨʨʘʣʘʨʠ, ʯʘʥʛ ʪʫʪʛʠʯ, ʩʘʤʘʨʘʜʦʨʣʠʢ, ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥ, ʬʠʣʴʪʨʣʘʨ, ʘʩʧʠʨʘʮʠʷ, ʠʬʣʦʩʣʘʥ-

ʪʠʨʫʚʯʠ ʤʦʜʜʘ, ʯʘʥʛ ʦץʠʤʠ. 

ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ, ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ. ʕʬ-
ʬʝʢʪ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʧʳʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʘ ʜʠʘʤʝʪʨ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ. ɺ ʮʠʢʣʝ ʞʝʣʘ-
ʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʬʠʣʴʪʨʳ, ʘʩʧʠʨʘʮʠʷ, ʟʘʛʨʷʟʥʷʶʱʝʝ 

ʚʝʱʝʩʪʚʦ, ʧʳʣʝʚʦʡ ʧʦʪʦʢ. 

In the article, important characteristics of dust arresters: the efficiency of particle capture, the resistance of gravity, the 
duration of work before recovery, the efficiency of dynamic regeneration were studied. The effect of capturing dust particles 
is proportional to the speed of the gas, and the diameter is inverse. In the cycle, it is desirable to conduct the process at high 
speed and with a diameter not large enough. 

Keywords: dust collector, efficiency, technological process, filters, aspiration, contaminant, dust flow. 
 

ʂʠʨʠʰ. ɸʪʨʦʬ-ʤʫ״ʠʪʥʠ ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ ʤʘʩʘ-
ʣʘʩʠ ʥʘץʘʜʘʨ ʜʦʣʟʘʨʙ ʵʢʘʥʣʠʛʠ ʙʫʛʫʥ ״ʘʤʤʘʛʘ 
ʤʘʲʣʫʤ. ʉʘʡʸʨʘʤʠʟ ʵʢʦʣʦʛʠʢ ʠʥץʠʨʦʟʛʘ ʫʯʨʘʙ, ʘʪʤʦ-
ʩʬʝʨʘ ʠʬʣʦʩʣʘʥʠʰʠ ʤʠʣʣʠʘʨʜʜʘʥ ʦʨʪʠץ ʘ״ʦʣʠ 
ʷʰʘʡʜʠʛʘʥ ʤʠʥʪʘץʘʣʘʨʜʘ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʝʲʸʨʣʘʨ-
ʜʘʥ ʦʰʠʙ ʙʦʨʤʦץʜʘ. ʉʘʥʦʘʪ ʯʠץʠʥʜʠʣʘʨʠʥʠʥʛ 
-ʩʘʜʣʘʨʠʜʘ ʬʦʡʜʘʣʘץʭ˄ʞʘʣʠʛʠ ʤʘ ץʠʰʣʦץ ʘʞʤʠ ʚʘ״
ʥʠʠʰʛʘ ʷʨʦץʩʠʟ ʝʨʣʘʨ ʤʘʡʜʦʥʠ ʢʫʥʜʘʥ ʢʫʥʛʘ 
ʢ˄ʧʘʡʠʙ ʙʦʨʤʦץʜʘ. ɸʪʨʦʬ-ʤʫ״ʠʪʥʠ ʤʫ״ʦʬʘʟʘ 
 ʦʣʠʰʠ ʫʯʫʥץ ʠʣʠʰ ʤʘʩʘʣʘʩʠ ʠʥʩʦʥʥʠʥʛ ʷʰʘʙץ
ʥʠ״ʦʷʪʜʘ ʤʫ״ʠʤ ʤʫʘʤʤʦʛʘ ʘʡʣʘʥʤʦץʜʘ. 
ʈʝʩʧʫʙʣʠʢʘʤʠʟ ״ʫʜʫʜʠʜʘ ʘʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠ 

ʠʬʣʦʩʣʘʥʠʰʠʥʠʥʛ ʦʣʜʠʥʠ ʦʣʠʰ ʪʝʛʠʰʣʠ ʩʦ״ʘ ʚʘ-
ʢʠʣʣʘʨʠʥʠʥʛ ʤʫ״ʠʤ ʚʘʟʠʬʘʩʠ ״ʠʩʦʙʣʘʥʘʜʠ. ɹʫ ʙʦ-
ʨʘʜʘ ʞʠʜʜʠʡ ʪʘʜʙʠʨʣʘʨ ʢ˄ʨʠʣʘʸʪʛʘʥʣʠʛʠ ʪʫʬʘʡʣʠ 
-ʘʚʦ ʪʘʨʢʠʙʠ ʤʝʲʸʨ ʜʘʨʘʞʘʜʘ ʙ˄ʣʠʰʠʛʘ ʵʨʠʰʠʣ״
ʤʦץʜʘ. 
ʄʘʤʣʘʢʘʪʠʤʠʟʜʘʛʠ ʩʘʥʠʪʘʨʠʷ-ʛʠʛʠʝʥʘ ʚʘ ʪʠʙ-

ʙʠʸʪ ʩʦ״ʘʩʠ ʤʫʪʘʭʘʩʩʠʣʘʨʠʥʠʥʛ ʢ˄ʧ ʩʦʥʣʠ 
ʪʘʜץʠץʦʪʣʘʨʠ ʘʩʦʩʠʜʘ ʦʜʘʤʣʘʨ ʷʰʘʡʜʠʛʘʥ ״ʫʜʫʜ-
ʣʘʨʜʘʛʠ ״ʘʚʦ ״ʘʞʤʠ ʙʠʨʣʠʛʠʛʘ ʥʠʩʙʘʪʘʥ (ʤʛ/ʤ3) ʤʘʩ-
ʩʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʜʘ ʠʬʦʜʘʣʘʥʘʜʠʛʘʥ ʘʪʤʦʩʬʝʨʘ-
ʜʘʛʠ ʟʘʨʘʨʣʠ ʤʦʜʜʘʣʘʨʥʠʥʛ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʯʝʛʘʨʘ-
ʚʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠ (ʈʕʏʂ) (ʇɼʂ) ʥʠʥʛ ʠʣʤʠʡ 
ʘʩʦʩʣʘʥʪʠʨʠʣʛʘʥ ʤʝʲʸʨʣʘʨʠ (ʉʅ-245-71)ʜʘ ʙʝʣʛʠ-
ʣʘʙ ʙʝʨʠʣʛʘʥ ʵʜʠ. ʋʤʫʤʠʡ ʪʦʢʩʠʢ ʪʘʲʩʠʨʛʘ ʵʛʘ 
ʙ˄ʣʛʘʥ ʯʘʥʛ ʚʘ ʛʘʟʣʘʨ ʫʯʫʥ ʤʘʢʩʠʤʘʣ ˄ʨʪʘʯʘ ʩʫʪʢʘ-
ʣʠʢ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʪʘʲʩʠʨʠ ʸʢʠ ״ʠʜʠ ʙʠʣʘʥ ʰʠʣʣʠץ 
 ʪʫʚʯʠ, ʯʘʥʛ ʚʘ ʛʘʟʣʘʨ ʫʯʫʥ ʵʩʘ ï˄סʟ˄ץ ʣʘʨʥʠץʦʙʠץ

ʤʘʢʩʠʤʘʣ ʙʠʨ ʤʘʨʪʘʣʠʢ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨ ʙʝʣʛʠʣʘʥ-
ʛʘʥ. ɸʥʦʨʛʘʥʠʢ ʯʘʥʛʣʘʨ (סʘʣʣʘ ʯʘʥʛʠ) ʫʯʫʥ ״ʘʚʦ ʪʘʨ-
ʢʠʙʠʜʘʛʠ ʵʥʛ ʢʘʪʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʉʤʘʢ. ï 0,5 ʤʛ/ʤ3, 
ʩʫʪʢʘʣʠʢ ˄ʨʪʘʯʘʩʠ ʉʩʨ.ʩ.-0,15 ʤʛ/ʤ3 ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. 

ʉʘʥʦʘʪʥʠʥʛ ʞʘʜʘʣ ʨʠʚʦʞʣʘʥʠʰʠ ʰʫʥʛʘ ʦʣʠʙ 
ʢʝʣʘʜʠʢʠ, ʘʪʤʦʩʬʝʨʘ ʚʘ ʛʠʜʨʦʩʬʝʨʘʛʘ ʠʬʣʦ-
ʩʣʠʢʣʘʨʥʠ ʯʠϨʘʨʠʙ ʪʘʰʣʘʰ ʫʟʣʫʢʩʠʟ ʦʨʪʘʜʠ. 
ʉʘʥʦʘʪ, ϨʠʰʣʦϨ ʭ˄ʞʘʣʠʛʠ ʚʘ ʢʦʤʤʫʥʘʣ ʯʠϨʠʥʜʠ-
ʣʘʨʥʠʥʛ ʫʤʫʤʠʡ ϲʘʞʤʠ ʙʫʪʫʥ ʩʘʡʸʨʘʤʠʟ ʢ˄ʣʘʤʠʜʘ 
ʙʠʨ ʡʠʣ ʤʦʙʘʡʥʠʜʘ ʤʠʣʣʠʘʨʜ ʪʦʥʥʘʣʘʨ ʤʠϨʜʦʨʠʜʘ 
ʙʘϲʦʣʘʥʘʜʠ. 
ɸʩʦʩʠʡ ץʠʩʤ. ʉʘʥʦʘʪ ʢʦʨʭʦʥʘʣʘʨʠʜʘ ʘʪʤʦʩʬʝ-

ʨʘʛʘ ʪʘʰʣʘʥʘʜʠʛʘʥ ʯʘʥʛ ʚʘ ʙʦʰץʘ ʠʬʣʦʩʣʦʚʯʠ ʤʦʜ-
ʜʘʣʘʨʥʠʥʛ ʘʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʥʠ ʠʬʣʦʩʣʘʥʪʠʨʠʰʠʥʠ 
ʢʘʤʘʡʪʠʨʠʰʜʘ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨʥʠ ʪʘʢʦʤʠʣ-
ʣʘʰʪʠʨʠʰ, ˄ʪʢʘʟʫʚʯʠ ץʫʚʫʨʣʘʨʥʠ ʛʝʨʤʝʪʠʢ ʸʧʠʰ, 
ʸʧʠץ ʫʟʘʪʠʰ ʤʦʩʣʘʤʘʣʘʨʥʠ ʚʘ ʤʘʡʜʘ ʟʘʨʨʘʯʘʣʠ 
ʯʘʥʛʣʘʨʥʠ ʪʫʪʠʙ ץʦʣʠʰ ʫʩʢʫʥʘʣʘʨʠʥʠ ˄ʨʥʘʪʠʰ 
ʤʫ״ʠʤ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʏʘʥʛ ʦץʠʤʠʥʠʥʛ ʧʘʨʘʤʝʪʨʣʘʨʠʛʘ ץʫʡʠʜʘʛʠʣʘʨ 

ʢʠʨʘʜʠ: ʟʠʯʣʠʛʠ, ʦץʫʚʯʘʥʣʠʛʠ, ʥʘʤʣʘʥʠʰʠ, ץʠʨʨʘ-
ʣʠʣʠʛʠ ʚʘ ץʠʷʣʠʢ ʙʫʨʯʘʛʠ. ʋʣʘʨʜʘʥ ʯʘʥʛ ʪʫʪʠʰ 
ʫʩʢʫʥʘʣʘʨʠ, ʘʨʤʘʪʫʨʘʣʘʨ, ʙʫʥʢʝʨʣʘʨ ʚʘ ʸʨʜʘʤʯʠ 
ʫʩʢʫʥʘʣʘʨʜʘ ״ʠʩʦʙʣʘʰ ʠʰʣʘʨʠʜʘ, ʰʫʥʠʥʛʜʝʢ ʫʰʣʘʙ 
 ʪʠʩʦʜʠʡץʠʣʠʰ, ʠץ ʦʣʠʥʛʘʥ ʯʘʥʛʣʘʨʥʠ ʫʪʠʣʠʟʘʮʠʷץ
ʩʘʤʘʨʘʜʦʨʣʠʢʥʠ ʙʘ״ʦʣʘʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ [1, 2]. 
ʏʘʥʛ ʟʘʨʨʘʯʘʣʘʨʠʥʠʥʛ ˄ʣʯʘʤʠ ʫʥʠʥʛ ʘʩʦʩʠʡ ʧʘ-

ʨʘʤʝʪʨʠʜʠʨ. ʏʫʥʢʠ ʯʘʥʛ ʶʪʛʠʯʥʠ ʪʘʥʣʘʰʜʘ ʯʘʥʛ-ʛʘʟ 
ʘʨʘʣʘʰʤʘʩʠ ʪʘʨʢʠʙʠʜʘʛʠ ʫʰʣʘʥʘʜʠʛʘʥ ʯʘʥʛ ʟʘʨʨʘ-
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ʩʠʥʠʥʛ ʜʠʩʧʝʨʩ ʪʘʨʢʠʙʠ ʘ״ʘʤʠʷʪʣʠʜʠʨ. ʉʘʥʦʘʪ ʯʘʥ-
ʛʠʥʠʥʛ ʟʘʨʨʘʣʘʨʠ ʪʫʨʣʠ ʰʘʢʣʜʘ ʙ˄ʣʠʰʠ ʤʫʤʢʠʥ 
(ʰʘʥʢ, ʪʘʸץʯʘ, ʧʣʘʩʪʠʥʢʘ, ʥʠʥʘʯʘ, ʪʦʣʘʣʠ ʚʘ ʙʦʰץʘ 
ʢ˄ʨʠʥʠʰʣʘʨʜʘ). ʏʘʥʛ ʟʘʨʨʘʣʘʨʠ ʢ˄ʧʠʥʯʘ ʙʠʨʣʘʰʠʙ 
ʘʛʣʦʤʝʨʘʪʣʘʨ ״ʦʩʠʣ ץʠʣʠʰʠ ʤʫʤʢʠʥ, ʰʫʥʠʥʛ ʫʯʫʥ 
ʯʘʥʛ ʟʘʨʨʘʩʠʥʠʥʛ ˄ʣʯʘʤʠ ʪʫʰʫʥʯʘʩʠ ʥʠʩʙʠʡʜʠʨ. 
ɹʫʥʜʘ ʯʘʥʛʜʘʥ ʪʦʟʘʣʘʰʜʘ ʟʘʨʨʘʥʠʥʛ ʯ˄ʢʠʰ ʪʝʟʣʠʛʠ 
ʘʩʦʩʠʡ ʢ˄ʨʩʘʪʢʠʯ ״ʠʩʦʙʣʘʥʘʜʠ. ʏʘʥʛ ʟʘʨʨʘʩʠʥʠʥʛ 
ʯ˄ʢʠʰ ʪʝʟʣʠʛʠ ʤʘʩʩʘʩʠ ʙʠʨ ʭʠʣ ʙ˄ʣʛʘʥʜʘ ״ʘʤ ʰʘ-
ʢʣʠʥʠʥʛ ʢ˄ʨʠʥʠʰʠʛʘ ץʘʨʘʙ ʬʘʨץʣʘʥʠʰʠ ʤʫʤʢʠʥ. 
ɿʘʨʨʘʥʠʥʛ ʰʘʢʣʠ ץʘʥʯʘʣʠʢ ʰʘʨʩʠʤʦʥʛʘ ʷץʠʥ ʙ˄ʣʩʘ, 
ʫʥʠʥʛ ʯ˄ʢʠʰʠ ʰʫʥʯʘ ʪʝʟ ʙ˄ʣʘʜʠ [2]. 
ʋʤʫʤʠʡ ״ʦʣʘʪʜʘ ʤʝʭʘʥʠʢ ʪʫʪʠʰ ״ʘʚʦ ʦץʠʤʠʜʘʛʠ 

-ʠʨʣʠʢ ʢʫʯʠ ʸʢʠ ʠʥʝʨסʫʜ ʦ״ʟʘʨʨʘʯʘʣʘʨʥʠ ʸ ץʘʪʪʠץ
ʮʠʷ, ʸ״ʫʜ ʙʫ ʢʫʯʣʘʨʥʠʥʛ ʙʠʨʛʘʣʠʢʜʘʛʠ ʪʘʲʩʠʨʠ 
 ʠʩʦʙʠʛʘ ʪʠʥʜʠʨʠʰʛʘ ʘʩʦʩʣʘʥʛʘʥ. ɸʛʘʨ ʛʨʘʚʠʪʘʮʠʦʥ״
ʘʧʧʘʨʘʪʣʘʨʜʘ ʟʘʨʨʘʯʘʣʘʨʥʠʥʛ ˄ʟ ʦסʠʨʣʠʛʠ ״ʘʣ 
 ʠʣʫʚʯʠ ʨʦʣʛʘ ʵʛʘ ʙ˄ʣʩʘ, ʠʥʝʨʮʠʦʥ ʪʠʥʜʠʨʛʠʯʣʘʨʜʘץ
ʛʘʟ ʦץʠʤʠ ʡ˄ʥʘʣʠʰʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʪʘʲʤʠʥʣʘʥʘʜʠ, 
ʙʫʥʜʘ ʟʘʨʨʘʯʘʣʘʨʥʠʥʛ ʛʨʘʚʠʪʘʮʠʦʥ ʤʘʩʩʘʩʠ ʦץʠʤ-
ʜʘʥ ʘʞʨʘʙ ʯʠץʠʙ, ʫʥʠ ʠʥʝʨʮʠʷ ʢʫʯʣʘʨʠ ʪʘʲʩʠʨʠ 
ʦʩʪʠʜʘ ״ʘʨʘʢʘʪʣʘʥʠʰʛʘ ʤʘʞʙʫʨ ץʠʣʘʜʠ. 

ʏʘʥʛ ʦץʠʤʠʥʠ סʦʚʘʢ ʪ˄ʩʠץ ʦʨץʘʣʠ ʬʠʣʴʪʨʣʘʰ 
-ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨʥʠʥʛ ʤʘʡʜʘ ʟʘʨ ץʘʪʪʠץ
ʨʘʯʘʣʘʨʠʥʠ ʪʫʪʠʰʥʠʥʛ ʵʥʛ ʩʘʤʘʨʘʣʠ ʫʩʫʣʣʘʨʠʜʘʥ 
ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʋʩʫʣʥʠʥʛ ʶץʦʨʠ ʪʝʭʥʦʣʦʛʠ-
ʷʚʠʡʣʠʛʠ ʩʘʥʦʘʪʜʘ ʯʠץʘʨʠʣʘʜʠʛʘʥ ʪ˄ץʠʤʘʣʠ, ʪʦ-
ʣʘʣʠ ʚʘ ʛʨʘʥʫʣʘʣʠ ʬʠʣʴʪʨʣʘʨʥʠʥʛ ʪʦʟʘʣʘʰ ʜʘʨʘ-
ʞʘʩʠʥʠ 95,5% ʛʘʯʘ ʪʘʲʤʠʥʣʦʚʯʠ ʢʝʥʛ ʥʦʤʝʥʢʣʘʪʫ-
ʨʘʩʠʥʠ ʙʝʣʛʠʣʘʙ ʙʝʨʘʜʠ. 
ʀʰʣʘʙ ʯʠץʘʨʠʰʥʠʥʛ ʩʘʥʦʘʪ ʪʘʨʤʦסʠʜʘ ʘʪʤʦʩʬʝ-

ʨʘʛʘ ʪʘʰʣʘʥʘʸʪʛʘʥ ʯʘʥʛʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰʜʘ ʠʢʢʠ 
ʭʠʣ ʪʫʨʜʘʛʠ ʯʘʥʛ ʫʰʣʘʰ ʫʩʢʫʥʘʣʘʨʠʜʘʥ: ʝʥʛʣʠ 
ʬʠʣʴʪʨʣʘʨ ʚʘ ʮʠʢʣʦʥʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 
ɸʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʜʠʛʘʥ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ 

ʤʦʜʜʘʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰʥʠ ʮʝʤʝʥʪ ʟʘʚʦʜ ʤʠʩʦʣʠʜʘ 
ʢ˄ʨʠʙ ʯʠץʘʤʠʟ. 
ʎʝʤʝʥʪ ʟʘʚʦʜʠ ץʫʡʠʜʘʛʠ ʮʝʭ ʚʘ ʙ˄ʣʠʤʣʘʨʜʘʥ 

ʠʙʦʨʘʪ ʙ˄ʣʘʜʠ: 
1. ʍʦʤ ʘʰʸ ʚʘ ץ˄ʰʠʤʯʘʣʘʨʥʠ ʩʘץʣʘʰ ʦʤʙʦʨʠ; 
2. ʄʘʡʜʘʣʘʰ ʘʞʨʘʪʠʰ; 
3. ʍʦʤ ʘʰʸʥʠ ʤʘʡʜʘʣʘʰ ʚʘ ʪʘʡʸʨʣʘʰ ʞʦʡʠ; 
4. ʍʦʤ ʘʰʸʥʠ ʘʨʘʣʘʰʪʠʨʠʰ ʞʦʡʠ; 
5. ʇʝʯ ʙ˄ʣʠʤʠ (1400 ʤ * 50 ʤ); 
6. ʂʣʠʥʢʝʨ ʦʤʙʦʨʠ; 
7. ʎʝʤʝʥʪ ʩʘץʣʘʰ ʚʘ ץʘʜʦץʣʘʰ ʤʘʡʜʦʥʠ; 
8. ʉʦʚʫʪʠʰ ʤʠʥʦʨʘʩʠ; 
9. ɪץʠʣסʠ-ʤʦʡʣʘʰ ʤʘʪʝʨʠʘʣʣʘʨʠ ʦʤʙʦʨʠ; 
ɸʪʤʦʩʬʝʨʘʛʘ ʥʦʦʨʛʘʥʠʢ ʯʘʥʛ ʮʝʤʝʥʪ ʪʘʡʸʨʣʘʰ 

ʤʘʪʝʨʠʘʣʣʘʨʠʥʠ ץʘʙʫʣ ץʠʣʠʰ, ʩʘץʣʘʰ, ʫʟʘʪʫʚʯʠ ʤʦ-
ʩʣʘʤʘ (ʪʨʘʥʩʧʦʨʪʝʨ)ʣʘʨ ʦʨץʘʣʠ ʫʟʘʪʠʰ ʞʘʨʘʸʥʣʘ-
ʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʋʛʣʝʨʦʜ ʦʢʩʠʜʠ, ʘʟʦʪ ʦʢʩʠʜʠ ʚʘ 
ʙʝʥʟ(ʘ)ʧʠʨʝʥ ʮʝʤʝʥʪʥʠ ʧʠʰʠʨʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ, ʫʛ-
ʣʝʚʦʜʦʨʦʜ ʥʝʬʪ ʤʘ״ʩʫʣʦʪʣʘʨʠʥʠ ʩʘץʣʦʚʯʠ ʩʠסʠʤ-
ʣʘʨʥʠʥʛ ʛʝʨʤʝʪʠʢ ʤʘ״ʢʘʤ ʙ˄ʣʤʘʛʘʥ ʞʦʡʣʘʨʠʜʘʥ, 
ʩʠסʠʤʣʘʨʜʘ ʙʦʩʠʤʥʠʥʛ ʦʰʠʰʠʜʘʥ, ʥʝʬʪ ʤʘ״ʩʫʣʦʪ-
ʣʘʨʠʥʠ ץʘʙʫʣ ץʠʣʠʰ, ʩʘץʣʘʰ ʚʘ ʪʘʨץʘʪʠʰ ʞʘʨʘʸʥ-
ʣʘʨʠ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʇʘʡʚʘʥʜ ʯʘʥʛʠ ʚʘ 
ʤʘʨʛʘʥʝʮ ʦʢʩʠʜʠ ʵʣʝʢʪʨʦʧʘʡʚʘʥʜʣʘʰ ʫʩʢʫʥʘʩʠ 
ʦʨץʘʣʠ ʧʘʡʚʘʥʜʣʘʰ ʠʰʣʘʨʠʥʠ ʙʘʞʘʨʠʰ ʞʘʨʘʸʥʣʘ-
ʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 
ʊʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʥʠʥʛ ʢʝʪʤʘ-ʢʝʪʣʠʛʠ 

 ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: ʠʥʝʨʪ ʤʘʪʝʨʠʘʣʣʘʨ ʦʯʠץ

ʦʤʙʦʨʛʘ ץʘʙʫʣ ץʠʣʠʥʘʜʠ, ʦʯʠץ ʦʤʙʦʨʜʘʥ ץʘʙʫʣ 
-ʠʣʠʰ ʙʫʥʢʝʨʠץ ʘʙʫʣפ .ʠʣʠʰ ʙʫʥʢʝʨʠʛʘ ʫʟʘʪʠʣʘʜʠץ
ʜʘʥ ʫʟʫʥʣʠʛʠ 18 ʤ, ʢʝʥʛʣʠʛʠ 1,2 ʤ ʙ˄ʣʛʘʥ ʪʨʘʥʩʧʦʨ-
ʪʝʨ ʦʨץʘʣʠ ʙʘʨʘʙʘʥʛʘ ʪʫʰʘʜʠ, ʙʘʨʘʙʘʥʜʘʥ ʫʟʫʥʣʠʛʠ 
12 ʤ, ʢʝʥʛʣʠʛʠ 1,2 ʤ ʙ˄ʣʛʘʥ ʪʨʘʥʩʧʦʨʪʝʨ ʦʨץʘʣʠ ʠʩ-
ʩʠץ ʵʣʝʚʘʪʦʨʛʘ ʪʫʰʘʜʠ. ʕʣʝʚʘʪʦʨʜʘʥ ʠʩʩʠץ ʤʘ״ʩʫʣʦʪ 
ʙʫʥʢʝʨʛʘ, ʙʫʥʢʝʨʜʘʥ ʪʘʨʦʟʠʛʘ, ʪʘʨʦʟʠʜʘʥ ʘʨʘ-
ʣʘʰʪʠʨʛʠʯʛʘ ˄ʪʘʜʠ. 
ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ʠʢʢʠʪʘ ʦʧʝ-

ʨʘʮʠʷ ʪ˄ʧʣʘʤʠʛʘ ʙ˄ʣʠʰ ʤʫʤʢʠʥ. ʋʣʘʨʜʘʥ ʙʠʨʠʥ-
ʯʠʩʠ ʢʣʠʥʢʝʨ ʠʰʣʘʙ ʯʠץʘʨʠʰʥʠ ˄ʟ ʠʯʠʛʘ ʦʣʘʜʠ, ʠʢ-
ʢʠʥʯʠʩʠ-ʢʣʠʥʢʝʨʥʠ ʛʠʧʩ, ʬʘʦʣ ʤʠʥʝʨʘʣ ʚʘ ʙʦʰץʘ 
-ʘʣʠ ʧʦʨʪʣʘʥʜʮʝץʰʠʤʯʘʣʘʨ ʙʠʣʘʥ ʤʘʡʜʘʣʘʰ ʦʨ˄ץ
ʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʠʜʠʨ. 
ʎʝʤʝʥʪ ʟʘʚʦʜʠʛʘ ʝʪʢʘʟʠʙ ʙʝʨʠʣʘʜʠʛʘʥ ʭʦʤ ʘʰʸ-

ʦ״ʘʢʪʦʰ, ʛʠʣ ʪʫʧʨʦץ, ʪʝʤʠʨ ʨʫʜʘʩʠ, ʛʠʧʩ ʩʘʤʦʩʚʘʣ-
ʣʘʨʜʘʥ ʘʪʤʦʩʬʝʨʘʛʘ ʯʘʥʛ ʢʠʨʘʜʠʛʘʥ ʤʘʭʩʫʩ ʙʝʣʛʠ-
ʣʘʥʛʘʥ ʙʝʪʦʥ ʩʘץʣʘʰ ʯʫץʫʨʣʘʨʠʜʘʛʠ ʩʦʷʙʦʥ ʦʩʪʠ-
ʜʘʛʠ ʦʤʙʦʨʛʘ ʪʫʰʠʨʠʣʘʜʠ. ʍʦʤ ʘʰʸʥʠ ʢʦʥʚʝʝʨʛʘ 
ʶʢʣʘʰʜʘ, ʭʦʤ ʘʰʸʥʠ ʤʘʡʜʘʣʘʛʠʯʣʘʨʛʘ ץʫʡʠʰʜʘ ʚʘ 
ʩʠʣʣʠץʣʘʰ ʧʘʡʪʠʜʘ ʤʘʡʜʘʣʘʛʠʯʣʘʨʜʘʥ ʯʘʥʛ ʯʠץʘʨʠ-
ʣʘʜʠ. 
ʂʦʨʭʦʥʘ ʬʘʦʣʠʷʪʠ ʜʘʚʦʤʠʜʘ ʘʪʤʦʩʬʝʨʛʘ ʠʬʣʦ-

ʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨ ʯʠץʘʨʫʚʯʠ ʤʘʥʙʘʣʘʨ 37 ʪʘʥʠ 
ʪʘʰʢʠʣ ʵʪʘʜʠ. ʄʘʥʙʘʣʘʨʥʠʥʛ 16 ʪʘʩʠ ʪʘʰʢʠʣʣʘʰʪʠ-
ʨʠʣʛʘʥ ʤʘʥʙʘʣʘʨ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʋʰʙʫ ʤʘʥʙʘʣʘʨʜʘʥ ʘʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʛʘ ʪʘʰʣʘʥʘ-

ʜʠʛʘʥ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨ 251,24 ʪ/ʡʠʣʥʠ 
ʪʘʰʢʠʣ ʵʪʘʜʠ. 
ʆʙʲʝʢʪ ״ʫʜʫʜʠʜʘ ʠʰ ʟʦʥʘʩʠʜʘ ʘʪʤʦʩʬʝʨʘʥʠ 

ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʘʥʙʘʣʘʨʜʘʥ ʪʘʰʣʘʥʘʸʪʛʘʥ ʥʦʦʨ-
ʛʘʥʠʢ ʯʘʥʛʥʠʥʛ ʘʪʤʦʩʬʝʨʘʜʘʛʠ ʵʥʛ ʢʘʪʪʘ ʫʣʫʰʠ ʨʫʭ-
ʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʛʘ ʥʠʩʙʘʪʘʥ 0,246 ʈʕʏʂ ʛʘ, ʢʦʨ-
ʭʦʥʘ ʯʝʛʘʨʘʩʠʜʘʥ ʪʘʰץʘʨʠʜʘ 0,178 ʈʕʏʂ ʥʠ ʪʘʰʢʠʣ 
-ʠʣʘʜʠ. ʀʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘ ʥʦʦʨʛʘʥʠʢ ʯʘʥʛץ
ʥʠʥʛ ʘʪʤʦʩʬʝʨʘʜʘʛʠ ʫʣʫʰʠ ʢʦʨʭʦʥʘ ʠʰ ʟʦʥʘʩʠʜʘ ʚʘ 
ʪʘʰץʘʨʠʩʠʜʘ ʈʕʏʂ ʜʘʥ ʦʰʤʘʡʜʠ. פ˄ʰʠʤʯʘ ʯʦʨʘ-
ʪʘʜʙʠʨʣʘʨ ʙʝʣʛʠʣʘʰ ʪʘʣʘʙ ʵʪʠʣʤʘʡʜʠ. 
ʂʦʨʭʦʥʘ ״ʫʜʫʜʠʜʘ ʠʰ ʟʦʥʘʩʠʜʘ ʤʘʥʙʘʣʘʨʜʘʥ 

ʪʘʰʣʘʥʘʸʪʛʘʥ ʫʛʣʝʨʦʜ ʦʢʩʠʜʠʥʠʥʛ ʘʪʤʦʩʬʝʨʘʜʘʛʠ 
ʵʥʛ ʢʘʪʪʘ ʫʣʫʰʠ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠʛʘ ʥʠʩʙʘʪʘʥ 
0,166 ʈʕʏʂ ʛʘ, ʢʦʨʭʦʥʘ ʯʝʛʘʨʘʩʠʜʘʥ ʪʘʰץʘʨʠʜʘ, 
ʘ״ʦʣʠ ʧʫʥʢʪʠʜʘ 0,142 ʈʕʏʂ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 
ʀʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘ ʫʛʣʝʨʦʜ ʦʢʩʠʜʠʥʠʥʛ ʘʪʤʦ-
ʩʬʝʨʘʜʘʛʠ ʫʣʫʰʠ ʢʦʨʭʦʥʘ ʠʰ ʟʦʥʘʩʠʜʘ ʚʘ ʢʦʨʭʦʥʘ 
ʪʘʰץʘʨʠʩʠʜʘ ʵʩʘ ʈʕʏʂ ʜʘʥ ʦʰʤʘʡʜʠ. פ˄ʰʠʤʯʘ 
ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʙʝʣʛʠʣʘʰ ʪʘʣʘʙ ʵʪʠʣʤʘʡʜʠ. 
ʂʦʨʭʦʥʘ ״ʫʜʫʜʠʜʘ ʠʰ ʟʦʥʘʩʠʜʘ ʤʘʥʙʘʣʘʨʜʘʥ 

ʪʘʰʣʘʥʘʸʪʛʘʥ ʘʟʦʪ ʦʢʩʠʜʠʥʠʥʛ ʘʪʤʦʩʬʝʨʘʜʘʛʠ ʵʥʛ 
ʢʘʪʪʘ ʫʣʫʰʠ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠʛʘ ʥʠʩʙʘʪʘʥ 
0,072 ʈʕʏʂ ʛʘ, ʢʦʨʭʦʥʘ ʯʝʛʘʨʘʩʠʜʘʥ ʪʘʰץʘʨʠʜʘ, 
ʘ״ʦʣʠ ʧʫʥʢʪʠʜʘ 0,059 ʈʕʏʂ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 
ʀʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘ ʘʟʦʪ ʦʢʩʠʜʠʥʠʥʛ ʘʪʤʦʩʬʝ-
ʨʘʜʘʛʠ ʫʣʫʰʠ ʢʦʨʭʦʥʘ ʠʰ ʟʦʥʘʩʠʜʘ ʚʘ ʢʦʨʭʦʥʘ 
ʪʘʰץʘʨʠʩʠʜʘ ʵʩʘ ʈʕʏʂ ʜʘʥ ʦʰʤʘʡʜʠ. פ˄ʰʠʤʯʘ 
ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʙʝʣʛʠʣʘʰ ʪʘʣʘʙ ʵʪʠʣʤʘʡʜʠ. 
ʂʦʨʭʦʥʘ ״ʫʜʫʜʠʜʘ ʠʰ ʟʦʥʘʩʠʜʘ ʤʘʥʙʘʣʘʨʜʘʥ 

ʪʘʰʣʘʥʘʸʪʛʘʥ ʙʝʥʟ(ʘ)ʧʠʨʝʥʥʠʥʛ ʘʪʤʦʩʬʝʨʘʜʘʛʠ ʵʥʛ 
ʢʘʪʪʘ ʫʣʫʰʠ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠʛʘ ʥʠʩʙʘʪʘʥ 
0,052 ʈʕʏʂ ʛʘ, ʢʦʨʭʦʥʘ ʯʝʛʘʨʘʩʠʜʘʥ ʪʘʰץʘʨʠʜʘ, 
ʘ״ʦʣʠ ʧʫʥʢʪʠʜʘ 0,034 ʈʕʏʂ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 
ʀʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘ ʙʝʥʟ(ʘ)ʧʠʨʝʥʥʠʥʛ ʘʪʤʦ-
ʩʬʝʨʘʜʘʛʠ ʫʣʫʰʠ ʢʦʨʭʦʥʘ ʠʰ ʟʦʥʘʩʠʜʘ ʚʘ ʢʦʨʭʦʥʘ 
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ʪʘʰץʘʨʠʩʠʜʘ ʵʩʘ ʈʕʏʂ ʜʘʥ ʦʰʤʘʡʜʠ. פ˄ʰʠʤʯʘ 
ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʙʝʣʛʠʣʘʰ ʪʘʣʘʙ ʵʪʠʣʤʘʡʜʠ. 
ʂʦʨʭʦʥʘ ״ʫʜʫʜʠʜʘ ʠʰ ʟʦʥʘʩʠʜʘ ʤʘʥʙʘʣʘʨʜʘʥ 

ʪʘʰʣʘʥʘʸʪʛʘʥ ʫʛʣʝʚʦʜʦʨʦʜʥʠʥʛ ʘʪʤʦʩʬʝʨʘʜʘʛʠ ʵʥʛ 
ʢʘʪʪʘ ʫʣʫʰʠ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠʛʘ ʥʠʩʙʘʪʘʥ 
0,039 ʈʕʏʂ ʛʘ, ʢʦʨʭʦʥʘ ʯʝʛʘʨʘʩʠʜʘʥ ʪʘʰץʘʨʠʜʘ, 
ʘ״ʦʣʠ ʧʫʥʢʪʠʜʘ 0,17 ʈʕʏʂ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. ʀʬʣʦ-
ʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘ ʫʛʣʝʚʦʜʦʨʦʜʥʠʥʛ ʘʪʤʦʩʬʝʨʘ-
ʜʘʛʠ ʫʣʫʰʠ ʢʦʨʭʦʥʘ ʠʰ ʟʦʥʘʩʠʜʘ ʚʘ ʪʘʰץʘʨʠʩʠʜʘ 
ʈʕʏʂ ʜʘʥ ʦʰʤʘʡʜʠ. פ˄ʰʠʤʯʘ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨ ʙʝʣ-
ʛʠʣʘʰ ʪʘʣʘʙ ʵʪʠʣʤʘʡʜʠ. 
ɸʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʜʠʛʘʥ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ״ʘʚʦ ʪʘʨʢʠʙʠʜʘʛʠ ʫʣʫʰʠ ʨʫʭʩʘʪ 
ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠʜʘʥ ʦʰʤʘʩʣʠʛʠ ʢʫʟʘʪʠʣʜʠ. 
ʀʰ ʞʘʨʘʸʥʠʜʘ ʯʠץʠʥʜʠ ״ʦʩʠʣ ץʠʣʫʚʯʠ ʤʘʥʙʘʣʘʨ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʷʩʠ, ʯʠץʠʥʜʠʣʘʨʥʠ ʞʦʡʣʘʰʪʠʨʠʰ 
ʣʠʤʠʪʠ ʣʦʡʠ״ʘʩʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʃʦʡʠ״ʘʜʘ 6 ʭʠʣ ʪʫʨ-
ʜʘʛʠ ʯʠץʠʥʜʠʣʘʨ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ץʘʡʜ ʵʪʠʣʛʘʥ ʚʘ 
ʫʰʙʫ ʯʠץʠʥʜʠʣʘʨ ʤʝʲʸʨʠʜʘʥ ʦʰʤʘʩʣʠʛʠ ʢʫʟʘʪʠʣʜʠ. 
-ʠʥʜʠ ʧʘʩץʠʥʜʠʥʠʥʛ ʪʫʨʠ ʫʯʫʥ ʯʠץʘʨ ʙʠʨ ʯʠ׳

ʧʦʨʪʠ, ʯʠץʠʥʜʠʥʠʥʛ ʭʘʚʬʣʠʣʠʢ ʩʠʥʬʠ, ʯʠץʠʥʜʠʥʠ 
ʚʘץʪʠʥʯʘ ʞʦʡʣʘʰʪʠʨʠʰ ʤʝʲʸʨʠ ʚʘ ʯʠץʠʥʜʠʣʘʨʥʠ 
ʫʪʠʣʠʟʘʮʠʷ ץʠʣʠʰ ʫʩʫʣʠ ʢ˄ʨʩʘʪʠʣʛʘʥ. 
ʃʦʡʠ״ʘʜʘ ʘʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʥʠ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ 

ʤʘʥʙʘʣʘʨ ʤʦʥʠʪʦʨʠʥʛʠ ˄ʨʥʘʪʠʣʛʘʥ ʤʝʲʸʨʣʘʨʠʥʠ 
ʥʘʟʦʨʘʪ ץʠʣʠʰ ʨʝʞʘ-ʛʨʘʬʠʛʠ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ. 
ʊʘʰʣʘʤʘʣʘʨʥʠʥʛ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʵʢʦʣʦʛʠʢ 

ʤʝʲʸʨʠ ʚʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʯʠץʠʥʜʠʣʘʨʥʠʥʛ ʩʦʣʠʰ-
ʪʠʨʤʘ ʢ˄ʨʩʘʪʛʠʯʣʘʨʠ ˄ʨʥʘʪʠʣʛʘʥ. 
ʍʫʣʦʩʘ. 
1. ʎʝʤʝʥʪ ʟʘʚʦʜʣʘʨʠʜʘ ʘʪʤʦʩʬʝʨʘʛʘ ʥʦʦʨʛʘʥʠʢ 

ʯʘʥʛ ʮʝʤʝʥʪ ʪʘʡʸʨʣʘʰ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ץʘʙʫʣ ץʠʣʠʰ, 
ʩʘץʣʘʰ, ʫʟʘʪʫʚʯʠ ʤʦʩʣʘʤʘ (ʪʨʘʥʩʧʦʨʪʝʨ)ʣʘʨ ʦʨץʘʣʠ 
ʫʟʘʪʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. ʋʛʣʝʨʦʜ ʦʢ-
ʩʠʜʠ, ʘʟʦʪ ʦʢʩʠʜʠ ʚʘ ʙʝʥʟ(ʘ)ʧʠʨʝʥ ʮʝʤʝʥʪʥʠ ʧʠʰʠ-
ʨʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ, ʫʛʣʝʚʦʜʦʨʦʜ ʥʝʬʪ ʤʘ״ʩʫʣʦʪʣʘ-
ʨʠʥʠ ʩʘץʣʦʚʯʠ ʩʠסʠʤʣʘʨʥʠʥʛ ʛʝʨʤʝʪʠʢ ʤʘ״ʢʘʤ ʙ˄ʣ-

ʤʘʛʘʥ ʞʦʡʣʘʨʠʜʘʥ, ʩʠסʠʤʣʘʨʜʘ ʙʦʩʠʤʥʠʥʛ ʦʰʠʰʠ-
ʜʘʥ, ʥʝʬʪ ʤʘ״ʩʫʣʦʪʣʘʨʠʥʠ ץʘʙʫʣ ץʠʣʠʰ, ʩʘץʣʘʰ ʚʘ 
ʪʘʨץʘʪʠʰ ʞʘʨʘʸʥʣʘʨʠ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠ. 
2. ɸʩʦʩʠʡ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʮʝʭʣʘʨʜʘʛʠ ʤʘʚʞʫʜ 

ʫʩʢʫʥʘʣʘʨʥʠ ʶץʦʨʠ ʩʘʤʘʨʘʜʘ ʠʰʣʘʡʜʠʛʘʥ ʪʦʟʘʣʘʰ 
ʫʩʢʫʥʘʣʘʨʠʛʘ ʘʣʤʘʰʪʠʨʠʰ ״ʠʩʦʙʠʛʘ ʪʘʙʠʠʡ 
ʤʫ״ʠʪʥʠ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʯʘʥʛʣʘʨʥʠʥʛ ʢʦʨʭʦʥʘ ʯʝ-
ʛʘʨʘʩʠʜʘ ʚʘ ʘ״ʦʣʠ ʧʫʥʢʪʠʜʘ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʩʘʥʠʪʘʨ 
ʤʝʲʸʨʠʜʘʥ ʧʘʩʪ ʙ˄ʣʠʰʠʛʘ ʵʨʠʰʠʣʘʜʠ ʚʘ ʢʦʨʭʦʥʘʜʘ 
ʬʘʦʣʠʷʪ ʢ˄ʨʩʘʪʘʸʪʛʘʥ ʠʰʯʠ ʭʦʜʠʤʣʘʨ, ʷץʠʥ ʘʪʨʦʬʜʘ 
ʞʦʡʣʘʰʛʘʥ ʘ״ʦʣʠ ʧʫʥʢʪʠʜʘʛʠ ʠʥʩʦʥʣʘʨʥʠ, ״ʫʜʫʜʜʘ 
ʞʦʡʣʘʰʛʘʥ ˄ʩʠʤʣʠʢ ʚʘ ״ʘʡʚʦʥʦʪ ʜʫʥʸʩʠʥʠ ʯʘʥʛ 
ʪʘʲʩʠʨʠʜʘ ʶʟʘʛʘ ʢʝʣʘʜʠʛʘʥ ʢʘʩʘʣʣʠʢʣʘʨ ʚʘ ʙʦʰץʘ 
ʟʘʨʘʨʣʠ ״ʦʣʘʪʣʘʨʜʘʥ ʭʦʣʦʩ ʵʪʘʜʠ. 

ɸʜʘʙʠʸʪʣʘʨ: 

1. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɸʜʣʠʷ ʚʘʟʠʨʣʠʛʠʜʘ 2006 
ʡʠʣ 3 ʷʥʚʘʨʜʘ 1533-ʩʦʥ ʙʠʣʘʥ ʨ˄ʡʭʘʪʛʘ ʦʣʠʥʛʘʥ ñɶʟʙʝʢʠ-
ʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ״ʫʜʫʜʠʜʘʛʠ ʢʦʨʭʦʥʘʣʘʨʜʘ ʘʪʤʦʩʬʝ-
ʨʘʛʘ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨ ʯʠץʘʨʘʜʠʛʘʥ ʤʘʥʙʘʣʘʨʥʠ 
-ʠʩʦʙʛʘ ʦʣʠʰ ʚʘ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨʥʠ ʤʝʲʸʨ״
ʣʘʰʪʠʨʠʰ ʡ˄ʨʠץʥʦʤʘʩʠò. 
2. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠ-

ʥʠʥʛ 2014 ʡʠʣ 21 ʷʥʚʘʨʜʘʛʠ 14-ʩʦʥʣʠ ñʕʢʦʣʦʛʠʢ ʥʦʨʤʘ-
ʪʠʚʣʘʨ ʣʦʡʠ״ʘʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʚʘ ʢʝʣʠʰʠʰ ʪʘʨʪʠʙʠ 
ʪ˄סʨʠʩʠʜʘʛʠ ʥʠʟʦʤʥʠ ʪʘʩʜʠץʣʘʰ ״ʘץʠʜʘòʛʠ ץʘʨʦʨʠ. 
3. ʂʦʥʶʭʦʚ ɺ.ɻ., ʂʦʨʦʣʸʚʘ ʅ.ɺ. ñʉʧʨʘʚʦʯʥʠʢ ʵʢʦʣʦʛʘ-

ʵʢʩʧʝʨʪʘò. ʊʦʰʢʝʥʪ 1987 ʡ. 
4. ʂʦʨʭʦʥʘʣʘʨʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ʘʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʜʘʛʠ ʩʠסʠʤʠʥʠ ʘʥʠץʣʘʰ 
-ʣʣʘʥʤʘʩʠ. ʆʅɼ -86, ɻʦʩʢʦʤʛʠʜʨʦʤʝʪ ʃ., ɻʠʜʨʦʤʝʪʝʦʠʟ˄ץ
ʜʘʪ 1987 ʡ. 
5. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠ-

ʥʠʥʛ 2020 ʡʠʣ 7 ʩʝʥʪʷʙʨʜʘʛʠ 541-ʩʦʥʣʠ ץʘʨʦʨʠ ʙʠʣʘʥ ʪʘ-
ʩʜʠץʣʘʥʛʘʥ ñɸʪʨʦʬ-ʤʫ״ʠʪʛʘ ʪʘʲʩʠʨʥʠ ʙʘ״ʦʣʘʰ ʤʝʭʘʥʠʟ-
ʤʠʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʪ˄סʨʠʩʠʜʘò ʛʠ ץʘʨʦʨʠ. 
6. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠʥʛ ñʊʘʙʠʘʪʥʠ ʤʫ״ʦʬʘʟʘ 

-ʦʥʫʥʠ (1992 ʡʠʣ 9 ʜʝʢʘʙʨʴ ˉ754פ ʨʠʩʠʜʘòʛʠס˄ʠʣʠʰ ʪץ
XII).  

 

ʋɼʂ 62.21474 
ʎɽʄɽʅʊ ɿɸɺʆɼʃɸʈʀɼɸʅ ɸʊʄʆʉʌɽʈɸɻɸ ʊɸʐʃɸʅɸɼʀɻɸʅ ʏɸʅɻ-ɻɸɿ 

ʊɸʐʃɸʄɸʃɸʈʀ ɺɸ ʏɸʅɻ-ɻɸɿ ʊʋʊɻʀʏ ʋʉʂʋʅɸʃɸʈʅʀʅɻ ʉɸʄɸʈɸɼʆʈʃʀɻʀʅʀ 
ʆʐʀʈʀʐ ɹɶʁʀʏɸ ʆʃʀɹ ɹʆʈʀʃɻɸʅ ʊɸɼפʀפʆʊʃɸʈ 

 
ʀʩʤʦʠʣʦʚ ׳ʘʤʟʘ ʀʩʦʤʠʜʜʠʥ ˄סʣʠ ï ʜʦʢʪʦʨʘʥʪ. Samarqand davlat arxitektura-qurilish universiteti 

 
ɸʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʥʠ ʪʫʨʣʠ ʭʠʣ ʩʘʥʦʘʪ ʯʠץʠʥʜʠʣʘʨʠ ʚʘ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨʜʘʥ ʤʫ״ʦʬʘʟʘ ץʠʣʠʰ ʚʘ 

ʫʣʘʨʥʠ ʘʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʰ ʤʠץʜʦʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ ʤʫ״ʠʤ ʚʘ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʣʘʨʜʘʥ ʙʠʨʠʜʠʨ. ʎʝʤʝʥʪ ʟʘʚʦʜʣʘʨʠʜʘ 
ʘʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʜʠʛʘʥ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨ ʤʠץʜʦʨʠʥʠ ʘʥʠץʣʘʰʜʘ ʤʘʥʙʘʣʘʨʜʘ ʪʠʟʠʤʣʠ ʨʘʚʠʰʜʘ 
ʪʘ״ʣʠʣʣʘʨ ˄ʪʢʘʟʠʣʜʠ. ɶʪʢʘʟʠʣʛʘʥ ʪʘ״ʣʠʣʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʚʘ ʘʪʤʦʩʬʝ-
ʨʘʛʘ ʪʘʰʣʘʥʛʘʥ ʯʘʥʛʣʘʨʥʠʥʛ ʤʠץʜʦʨʠ ʦסʠʨʣʠʢ ʫʩʫʣʠʜʘ ʘʥʠץʣʘʥʜʠ ʚʘ ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠʛʘ ʩʦʣʠʰʪʠʨʠʣʜʠ. ɸʪ-
ʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʜʠʛʘʥ ʮʝʤʝʥʪ ʯʘʥʛʠʥʠʥʛ ʤʠץʜʦʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰʜʘ ʤʘʥʙʘʣʘʨʛʘ ʝʥʛʣʠ ʚʘ ʩʘʥʦʘʪ ʬʠʣʴʪʨʣʘʨʠʥʠ 
˄ʨʥʘʪʠʰ ʦʨץʘʣʠ ʯʘʥʛʣʘʨʥʠ ʫʰʣʘʙ ץʦʣʠʰ ʩʘʤʨʘʜʦʨʣʠʛʠʥʠ 98% ʛʘ ʝʪʢʘʟʠʰ ʤʫʤʢʠʥʣʠʛʠ ʘʥʠץʣʘʥʜʠ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʩʘʥʦʘʪ ʯʠץʠʥʜʠʩʠ, ʮʝʤʝʥʪ ʯʘʥʛʠ, ʯʘʥʛ ʪʫʪʛʠʯ ʫʩʢʫʥʘʩʠ, ʩʘʤʘʨʘʜʦʨʣʠʢ, ʬʠʣʴʪʨ, ʚʝʥʪʠʣʷʮʠʷ ʪʘʨ-

ʤʦסʠ, ʨʫʭʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨ, ʪʘ״ʣʠʣ. 

ʆʭʨʘʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʢʨʘʱʝʥʠʝ 
ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ 
ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʮʝʤʝʥʪʥʳʤʠ ʟʘʚʦʜʘʤʠ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʠʩʪʦʯʥʠ-
ʢʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠ ʚʳ-
ʙʨʘʩʳʚʘʝʤʦʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʠ ʩʦʧʦʩʪʘʚʣʝʥʦ ʩ ʧʨʠʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʢʦʣʠʯʝ-
ʩʪʚʦʤ. ɼʣʷ ʩʦʢʨʘʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ, ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪ ʧʫʪʝʤ ʫʩʪʘ-
ʥʦʚʢʠ ʨʫʢʦʚʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʬʠʣʴʪʨʦʚ ʥʘ ʠʩʪʦʯʥʠʢʘʭ ʠ ʩʪʝʧʝʥʴ ʫʣʘʚʣʠʚʘʥʠʝ ʧʳʣʳ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦ 98%. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ, ʧʳʣʴ ʮʝʤʝʥʪʘ, ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʬʠʣʴʪʨ, ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʝʪʴ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʘʥʘʣʠʟ. 

Protecting atmospheric air from various industrial emissions and pollutants and reducing the amount of their disposal 
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into the atmosphere is one of the important and pressing issues. In determining the amount of pollutants thrown into the 
atmosphere in cement plants, systematic analyzes were carried out in the sources. From the results of the analyzes carried 
out, the amount of dust generated in the production processes and thrown into the atmosphere was determined by the weight 
method and compared to the permissible amount. In reducing the amount of cement dust thrown into the atmosphere, it was 
found that by installing engli and industrial filters on sources, it is possible to bring the yield of dust retention to 98%. 

Key words: industrial waste, cement dust, dust catcher equipment, efficiency, filter, ventilation network, allowable 
quantity, analysis. 

 

-ʦʟʠʨʜʘ ʭʦʨʠʞ ʩʘʥʦʘʪʠʜʘ ʪʫʨʣʠ ʢʦʥʩʪʨʫʢʮʠ׳
ʷʣʠ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨ ץ˄ʣʣʘʥʠʣʤʦץʜʘ. ʅʀʀʆɻʘʟ-
ʥʠʥʛ ʵʥʛ ʢ˄ʧ ʪʘʨץʘʣʛʘʥ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨʠ: ʎʅ, 
ʎʂʊʀ ״ʘʤʜʘ ɺʎʅʀʀʆʊ, ʃʀʆʊ ʚʘ ʉʀʆʊ ʯʘʥʛ 
ʫʰʣʘʛʠʯʣʘʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʀʥʝʨʮʠʦʥ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨʥʠ ʷʨʘʪʠʰ ʚʘ ʪʘʢʦ-

ʤʠʣʣʘʰʪʠʨʠʰ ʙʠʣʘʥ ʙʠʨʛʘ ʦʭʠʨʛʠ ʡʠʣʣʘʨʜʘ ʛʘʟ 
ʪʦʟʘʣʘʰ ʪʝʭʥʠʢʘʣʘʨʠʜʘ ʙʠʨ ץʘʪʦʨ ʷʥʛʠ ʠʥʝʨʮʠʦʥ 
ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨ ʷʨʘʪʠʣʜʠ [1; 2]. 
ʖץʦʨʠʜʘ ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨ-

ʥʠʥʛ ʠʰʣʘʰʠ ״ʘʤʜʘ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘ-
ʜʠʢʠ, ʫʰʙʫ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨʥʠʥʛ ʪʦʟʘʣʘʰ ʩʘʤʘʨʘ-
ʜʦʨʣʠʛʠ ʘʥʯʘ ʧʘʩʪ ʙ˄ʣʠʙ, ʙʫʥʜʘʡ ʙ˄ʣʠʰʠʛʘ ʘʩʦʩʠʡ 
ʩʘʙʘʙ ʪʦʟʘʣʘʥʘʸʪʛʘʥ ʯʘʥʛʣʠ ״ʘʚʦʥʠʥʛ ʪʘʨʢʠʙʠ ʯʘʥʛ 
ʫʰʣʘʛʠʯʣʘʨʥʠʥʛ ʪʦʟʘʣʘʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʙʠʣʘʥ 
 .ʣʠʛʠʜʘʜʠʨץʣʘʥʛʘʥʣʠʛʠʥʠʥʛ ʥʦʘʥʠסʘʥʜʘʡ ʙʦץ
ɹʫʥʠʥʛ ʫʯʫʥ ʪʦʟʘʣʘʥʘʸʪʛʘʥ ʯʘʥʛʥʠʥʛ ʬʠʟʠʢ, ʤʝ-

ʭʘʥʠʢ ״ʘʤʜʘ ʢʠʤʸʚʠʡ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ˄ʨʛʘʥʠʙ, 
ʫʣʘʨʥʠ ʠʥʦʙʘʪʛʘ ʦʣʛʘʥ ״ʦʣʜʘ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨʥʠ 
-ʘʤ ʘʤʘʣʠʡ ʪʦʤʦʥʜʘʥ ˄ʨʛʘʥʠʰ ʚʘ ʙʫ״ ʘʤ ʥʘʟʘʨʠʡ״
ʥʠʥʛ ʥʘʪʠʞʘʩʠʜʘ ʨʝʩʫʨʩ ʪʝʞʘʤʢʦʨ ʪʝʭʥʦʣʦʛʠʷʛʘ 
ʘʩʦʩʣʘʥʛʘʥ ץʫʨʠʣʤʘʣʘʨʠʥʠ ʷʨʘʪʠʰ ʟʘʨʫʨʜʠʨ. 
ʀʥʝʨʮʠʦʥ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨʥʠʥʛ ʠʩʪʠץʙʦʣʣʠ 

ʪʫʨʣʘʨʠʜʘʥ ʙʠʨʠ ʙʫ ʢʦʥʬʫʟʦʨʣʠ ʜʠʬʬʫʟʠʷʣʠ 
(ʂɼʇ) ʯʘʥʛ ʫʰʣʘʛʠʯʠʜʠʨ. ʗʨʘʪʠʣʛʘʥ ʠʢʢʠ ʧʦסʦ-
ʥʘʣʠ ʯʘʥʛ ʫʰʣʘʛʠʯ ʜʫʤʘʣʦץ ʢ˄ʥʜʘʣʘʥʛ ʢʝʩʠʤʣʠ 
(ʩʦʧʣʦ) ʜʠʬʬʫʟʠʦʥ ʢʘʥʘʣ ʢ˄ʨʠʥʠʰʠʜʘ ʙ˄ʣʠʙ, ʜʠʬ-
ʬʫʟʦʨ ץʠʩʤʠʜʘ ʢʠʯʠʢ ˄ʣʯʘʤʜʘʛʠ ʩʦʧʣʦ ʞʦʡʣʘʰ-
ʛʘʥ. ʏʘʥʛ ʫʰʣʘʛʠʯ ʢʘʥʘʣʠʜʘ ʟʘʨʨʘʯʘʣʘʨʥʠʥʛ ״ʘʨʘ-
ʢʘʪʣʘʥʠʰ ʪʨʘʝʢʪʦʨʠʷʩʠʥʠʥʛ ״ʠʩʦʙʣʘʨʠʛʘ ʘʩʦʩʘʥ 
ʯʘʥʛ ʪʘʨʢʠʙʠʜʘʛʠ 3 ʤʢʤ ʜʘʥ ʢʘʪʪʘ ˄ʣʯʘʤʜʘʛʠ ʟʘʨ-
ʨʘʯʘʣʘʨ ʫʰʣʘʙ ץʦʣʠʥʘʜʠ. ʏʘʥʛʣʘʥʛʘʥ ״ʘʚʦʥʠʥʛ 
ʯʘʥʛ ʫʰʣʘʛʠʯʛʘ ʢʠʨʠʰʜʘʛʠ ʪʝʟʣʠʛʠ 22 ʤ/ʩ ʚʘ ʩ˄ʨʠ-
ʣʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ 10%, ʛʠʜʨʘʚʣʠʢ ץʘʨʰʠʣʠʛʠ 

550 ʇʘ ʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ɹʫʥʜʘ ״ʘʚʦʥʠʥʛ 0·8 ʤʢʤ 
˄ʣʯʘʤʜʘʛʠ ʶʧץʘ ʯʘʥʛ ʟʘʨʨʘʯʘʣʘʨʠʜʘʥ ʪʦʟʘʣʘʰ ʜʘ-

ʨʘʞʘʩʠ 80õ84% ʥʠ, 0·20 ʤʢʤ ˄ʣʯʘʤʜʘʛʠ ʜʘסʘʣ ʟʘʨ-
ʨʘʯʘʣʘʨʜʘʥ ʪʦʟʘʣʘʥʠʰ ʜʘʨʘʞʘʩʠ ʵʩʘ 92õ94% ʥʠ 
ʪʘʰʢʠʣ ʵʪʘʜʠ. 
ʀʣʤʠʡ ʠʰʣʘʨʜʘ ʛʠʜʨʘʚʣʠʢ ץʘʨʰʠʣʠʢʥʠʥʛ ʧʘ-

ʩʘʡʠʰʠʜʘ ʪʦʟʘʣʘʥʠʰ ʜʘʨʘʞʘʩʠʥʠʥʛ ʷʭʰʠʣʘʥʠʰʠ 
ʙ˄ʡʠʯʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʪʘʜץʠץʦʜʣʘʨ ʥʘʪʠʞʘʣʘʨʠ 
ʢʝʣʪʠʨʠʣʛʘʥ. 6 ʤʢʤ ʜʘʥ ʢʘʪʪʘ ʙ˄ʣʛʘʥ ʯʘʥʛ ʟʘʨʨʘʯʘ-
ʣʘʨʠʜʘʥ ʯʘʥʛʣʘʥʛʘʥ ״ʘʚʦʥʠ ʪʦʟʘʣʘʰ ʫʯʫʥ ʩʦʜʜʘ 
ʢʦʥʩʪʨʫʢʮʠʷʣʠ ʶץʦʨʠ ʩʘʤʘʨʘʣʠ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨ 
ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʜʠ [3,5]. 
ʖץʦʨʠʜʘ ʪʘʲʢʠʜʣʘʥʛʘʥʠʜʝʢ, ʯʘʥʛ ʫʰʣʘ-

ʛʠʯʣʘʨʜʘ ʯʘʥʛʥʠ ʪʫʪʠʙ ץʦʣʠʰ ʟʘʨʨʘʯʘʥʠʥʛ ʠʥʝʨ-
ʮʠʷ ʢʫʯʣʘʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥ (ʤʘʨʢʘʟʜʘʥ ץʦʯʤʘ 
ʢʫʯʣʘʨ). 
ɹʫʥʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʤʘʨʢʘʟʜʘʥ ץʦʯʤʘ ʢʫʯ 

ʪʘʲʩʠʨʠ ʦʩʪʠʜʘ ʯʘʥʛ ʟʘʨʨʘʯʘʣʘʨʠ ״ʘʚʦ ʦץʠʤʠʜʘʥ 
ʯʘʥʛ ʫʰʣʘʛʠʯ ʢʦʨʧʫʩʠʛʘ ʠʪʘʨʠʙ ʯʠץʘʨʠʣʘʜʠ. ʏʘʥʛ 
ʫʰʣʘʛʠʯ ʢʦʨʧʫʩʠʛʘ ʷץʠʥʣʘʰʠʙ ״ʘʚʦ ʦץʠʤʠ ʙʫʨʠ-
ʣʘʜʠ ʚʘ ʯʠץʘʨʠʰ ץʫʚʫʨʠ ʪʦʤʦʥ ʶץʦʨʠʛʘ ʠʯʢʠ ʘʡ-
ʣʘʥʫʚʯʠ ʩʧʠʨʘʣ ״ʦʩʠʣ ץʠʣʠʙ ״ʘʨʘʢʘʪʣʘʥʘʜʠ [4]. 

ʋʶʨʤʘʣʠ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨʥʠʥʛ ʚʘʟʠʬʘʣʘʨʠʜʘʥ 
ʙʠʨʠ ʙʫʥʢʝʨʜʘʥ ״ʘʚʦʣʠ ʬʘʟʘʥʠ ץʠʩʤʘʥ ʯʠץʘʨʠʙ 
ʶʙʦʨʠʰ ʚʘ ʫʩʢʫʥʘʥʠʥʛ ʤʘʨʢʘʟʠʡ ʟʦʥʘʩʠʛʘ ʪʦʟʘ ״ʘ-
ʚʦʥʠ ʫʟʘʪʠʰʠʜʠʨ. ɹʫʥʜʘʡ ʯʘʥʛ ʫʰʣʘʛʠʯʣʘʨ ʶʧץʘ 
ʜʠʩʧʝʨʩʣʠ ʯʘʥʛʣʘʨʥʠ ʪʫʪʠʙ ץʦʣʠʰʜʘ ʠʩʪʠץʙʦʣʣʠ-
ʜʠʨ. 
ʀʬʣʦʩʣʘʥʛʘʥ ״ʘʚʦ ʦץʠʤʠʥʠʥʛ ʪʦʟʘʣʘʰ ʩʘʤʘʨʘ-

ʜʦʨʣʠʛʠʥʠ ʘʡʥʠץʩʘ, ʶץʦʨʠ ʜʠʩʧʝʨʩʣʠ ʯʘʥʛʣʘʨʥʠ 
ʪ˄ʩʠץʣʘʨ ʦʨץʘʣʠ ˄ʪʢʘʟʠʰ ʚʘ ʙʦʰץʘ ʬʠʣʴʪʨʣʦʚʯʠ 
ʤʘʪʝʨʠʘʣʣʘʨʥʠ ץ˄ʣʣʘʰ ״ʠʩʦʙʠʛʘ ʦʰʠʨʠʰ ʤʫʤʢʠʥ. 
ɸʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʥʠ ʪʫʨʣʠ ʭʠʣ ʩʘʥʦʘʪ ʯʠץʠʥ-

ʜʠʣʘʨʠ ʚʘ ʙʦʰץʘ ʤʦʜʜʘʣʘʨ ʙʠʣʘʥ ʠʬʣʦʩʣʘʥʪʠʨʠʰ 
ʧʠʨʦʚʘʨʜ ʥʘʪʠʞʘʜʘ ʙʠʦʩʬʝʨʘʜʘʛʠ ץʫʨʫץʣʠʢ ʚʘ ʩʫʚ 
 ʘʚʟʘʣʘʨʠʜʘʛʠ ʪʠʨʠʢ ʤʘʚʞʫʜʦʪʣʘʨʥʠʥʛ ʭʘʸʪʠʥʠ״
ʭʘʚʬ ʦʩʪʠʛʘ ץ˄ʷʜʠ. ׳ʘʚʦʜʘʛʠ ʙʫʥʜʘʡ ʘʨʘʣʘʰʤʘʣʘʨ 
ʘʩʪʘ-ʩʝʢʠʥ ʝʨ ʶʟʘʩʠʛʘ ˄ʪʠʨʠʙ, ˄ʩʠʤʣʠʢʣʘʨʥʠʥʛ 
˄ʩʠʰʠ ״ʘʤʜʘ ʨʠʚʦʞʣʘʥʠʰʠʛʘ ʢʘʪʪʘ ʪ˄ʩץʠʥʣʠʢ 
ʢ˄ʨʩʘʪʘʜʠ. ʅʘʪʠʞʘʜʘ ʠʣʜʠʟ ʪʫʟʠʣʠʰʠ, ʤʦʨʬʦʣʦ-
ʛʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠ, ʥʦʚʜʘ, ʙʘʨʛ ʚʘ ʛʫʣʣʘʨʥʠʥʛ ʬʘʦ-
ʣʠʷʪʠ ʙʠʨʤʫʥʯʘ ʟʘʠʬʣʘʰʘʜʠ, ʫʣʘʨ ˄ʩʠʰ ʚʘ ʨʠʚʦ-
ʞʣʘʥʠʰʜʘʥ ʦʨץʘʜʘ ץʦʣʘʜʠ. ɹʘʲʟʠ ״ʦʣʣʘʨʜʘ ʵʩʘ 
˄ʩʠʤʣʠʢʣʘʨ ʚʘ ״ʘʡʚʦʥ ʪʫʨʣʘʨʠʥʠʥʛ ˄ʣʠʤʛʘ ʤʘ״ʢʫʤ 
ʵʪʠʣʠʰ ״ʦʣʣʘʨʠ ״ʘʤ ʢʫʟʘʪʠʣʘʜʠ. ʄʠʩʦʣ ʫʯʫʥ ʘʪ-
ʤʦʩʬʝʨʘ ʪʘʨʢʠʙʠʜʘ ʟʘ״ʘʨʣʠ, ʙʫסʫʚʯʠ ʛʘʟʣʘʨ ʚʘ 
ʦסʠʨ ʤʝʪʘʣʣ (ʬʪʦʨ, ʩʪʨʦʥʮʠʡ, ץʘʣʘʡ ʚʘ ʙʦʰץʘ) ʣʘʨ 
ʤʠץʜʦʨʠ ʶץʦʨʠ ʙ˄ʣʛʘʥʜʘ ʙʘʨʯʘ ʪʠʨʠʢ ʞʦʥʠʚʦʨ-
ʣʘʨʥʠʥʛ ״ʘʸʪʠʜʘ ץʠʡʥʘʣʠʰ ʨ˄ʡ ʙʝʨʘʜʠ. ʆʣʪʠʥ-
ʛʫʛʫʨʪ ʛʘʟʠ, ʚʦʜʦʨʦʜ, ʬʪʦʨ, ʦʟʦʥ, ʭʣʦʨ ʚʘ ʙʦʰץʘ ʙʠ-
ʨʠʢʤʘʣʘʨ ˄ʩʠʤʣʠʢ ʫʯʫʥ ˄ʪʘ ʭʘʚʬʣʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ɹʠʦʩʬʝʨʘʛʘ ʯʠץʘʨʠʙ ʪʘʰʣʘʥʘʜʠʛʘʥ ʟʘʨʘʨʣʠ 

ʤʦʜʜʘʣʘʨʜʘʥ ʘʡʨʠʤʣʘʨʠ ʙʠʦʣʦʛʠʢ ʘʡʣʘʥʤʘʜʘ 
ʥʝʡʪʨʘʣʣʘʰʤʘʡʜʠ ʚʘ ʡʠʣʣʘʨ ʤʦʙʘʡʥʠʜʘ ʧʘʨʯʘʣʘʥ-
ʤʘʩʜʘʥ ץʦʣʘʜʠ. ɹʫ ʙʠʣʘʥ ʪʘʙʠʠʡ ʤʫʚʦʟʘʥʘʪ, ʙʠʦ-
ʩʬʝʨʘʥʠʥʛ ʛʘʟ, ʩʫʚ ʚʘ ʛʝʦʢʠʤʸʚʠʡ ʪʘʨʪʠʙʠ ʙʫʟʠ-
ʣʘʜʠ. ʀʥʩʦʥ ʙʠʣʘʥ ʪʘʙʠʘʪ ˄ʨʪʘʩʠʜʘ ʞʠʜʜʠʡ ʟʠʜ-
ʜʠʷʪ ʶʟʘʛʘ ʢʝʣʘʜʠ. 
ʉʘʥʦʘʪʥʠʥʛ ʞʘʜʘʣ ʨʠʚʦʞʣʘʥʠʰʠ ʰʫʥʛʘ ʦʣʠʙ 

ʢʝʣʘʜʠʢʠ, ʘʪʤʦʩʬʝʨʘ ʚʘ ʛʠʜʨʦʩʬʝʨʘʛʘ ʠʬʣʦ-
ʩʣʠʢʣʘʨʥʠ ʯʠץʘʨʠʙ ʪʘʰʣʘʰ ʫʟʣʫʢʩʠʟ ʦʨʪʘʜʠ. 
ʉʘʥʦʘʪ, ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ ʚʘ ʢʦʤʤʫʥʘʣ ʯʠץʠʥʜʠ-
ʣʘʨʥʠʥʛ ʫʤʫʤʠʡ ״ʘʞʤʠ ʙʫʪʫʥ ʩʘʡʸʨʘʤʠʟ ʢ˄ʣʘʤʠʜʘ 
ʙʠʨ ʡʠʣ ʤʦʙʘʡʥʠʜʘ ʤʠʣʣʠʘʨʜ ʪʦʥʥʘʣʘʨ ʤʠץʜʦʨʠʜʘ 
ʙʘ״ʦʣʘʥʘʜʠ. 
 ʠʥʜʠʣʘʨʠʥʠʥʛץʘʚʦ ʙʘʩʩʝʡʥʠʛʘ ʩʘʥʦʘʪ ʯʠ׳

ʯʠץʘʨʠʙ ʪʘʰʣʘʥʠʰʠʥʠ ʢʘʤʘʡʪʠʨʠʰʥʠʥʛ ʵʥʛ ʘʩʦ-
ʩʠʡ ʡ˄ʥʘʣʠʰʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠ ʪʝʭʥʦ-
ʣʦʛʠʷʣʘʨʠ ʚʘ ʘʩʦʩʠʡ ʪʝʭʥʦʣʦʛʠʢ ʞʠ״ʦʟʣʘʨʥʠʥʛ ʪʘ-
ʢʦʤʠʣʣʘʰʪʠʨʠʣʠʰʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʊʝʭʥʦʣʦʛʠʢ ʘʛ-
ʨʝʛʘʪʣʘʨʥʠ ʪʘʥʣʘʰʜʘ ʢ˄ʧʨʦץ ץʫʚʚʘʪʣʠ ʘʛʨʝ-
ʛʘʪʣʘʨʛʘ ʘ״ʘʤʠʷʪ ץʘʨʘʪʠʰ ʣʦʟʠʤ. ʄʘʩʘʣʘʥ, 5000 ʤ3 
 ʘʞʤʣʠ ʜʦʤʥʘ ʧʝʯʠ ʙʫʛʫʥ ʜʦʤʥʘ ʮʝʭʠʥʠʥʛ ˄ʨʥʠʥʠ״
ʙʦʩʘʜʠ, ʚʘ ʬʘץʘʪ ʯʘʥʛ ʚʘ ʛʘʟ ʘʞʨʘʣʤʘʣʘʨʠ ʤʘʥʙʘʣʘ-
ʨʠʥʠ ץʠʩץʘʨʪʠʨʠʰ ״ʠʩʦʙʠʛʘ ʯʘʥʛ ʚʘ ʢʘʨʙʦʥʘʪ ʘʥ-
ʛʠʜʨʠʜ ʯʠץʠʥʜʠʣʘʨʠ ʘʥʯʘ ץʠʩץʘʨʘʜʠ. 
 ʣʘʰ ʫʯʫʥץʜʦʨʠʥʠ ʘʥʠץʘʚʦʜʘʛʠ ʯʘʥʛʥʠʥʛ ʤʠ׳

ʠʢʢʠ ʭʠʣ ʫʩʫʣʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ: 
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1. ʆסʠʨʣʠʢ ʫʩʫʣʠ. 
2. ʉʘʥʘʰ ʫʩʫʣʠ. 

ʆסʠʨʣʠʢ ʫʩʫʣʠ ץʫʣʘʡ ʙ˄ʣʛʘʥʣʠʛʠ ʫʯʫʥ ʢʝʥʛ 
 .ʣʣʘʥʠʣʘʜʠ˄ץ
 ʘʚʦʜʘʛʠ ʯʘʥʛʥʠʥʛ ʪʘʨʢʠʙʠʥʠ ʪʘʨʦʟʠʜʘ ʪʦʨʪʠʙ׳

ʢ˄ʨʠʰ ʦʨץʘʣʠ ʘʥʠץʣʘʥʛʘʥʜʘ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘʣʘʨ 
ʠʰʣʘʪʠʣʘʜʠ: 

1 2

0

q q
C *1000

V

-
=  

ʏʘʥʛʥʠʥʛ ʦסʠʨʣʠʛʠ ʬʠʣʴʪʨʥʠ ʪʦʨʪʠʰ ʦʨץʘʣʠ 
ʘʥʠץʣʘʥʘʜʠ. ɹʫ ʝʨʜʘ: 
ʉ - ʯʘʥʛʥʠʥʛ ʫʤʫʤʠʡ ʤʠץʜʦʨʠ ʤʛ/ʤ3; 
q1 ʚʘ q2 ï ʬʠʣʴʪʨʥʠʥʛ ʪʦʟʘ, ʷʲʥʠ ʯʘʥʛʣʘʥʠʰʜʘʥ 

ʦʣʜʠʥʛʠ ʚʘ ʯʘʥʛʣʘʥʠʰʜʘʥ ʢʝʡʠʥʛʠ ʦסʠʨʣʠʛʠ, ʤʛ 
ʭʠʩʦʙʠʜʘ; 

V0 ï ʬʠʣʴʪʨʜʘʥ ˄ʪʛʘʥ ״ʘʚʦʥʠʥʛ ״ʘʞʤʠ, ״ʘʚʦ 
 .ʠʩʦʙʛʘ ʦʣʠʥʘʜʠ״ ʘʨʦʨʘʪʠ ʚʘ ʙʘʨʦʤʝʪʨʠʢ ʙʦʩʠʤʠ״
ɹʫ ״ʘʚʦ ״ʘʞʤʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʙʠʣʘʥ ʪʦʧʠ-

ʣʘʜʠ: 

t
0

273*V * ɺ
V

(273 t) *760
=

+
, [ʤ3] 

ʙʫʥʜʘ: B - ʙʘʨʦʤʝʪʨʠʢ ʙʦʩʠʤ, ʇʘ (1 ʤʤ.ʩʤ.ʫʩʪ. 
133.322 ʇʘ) 

t - ʯʘʥʛ ʥʘʤʫʥʘʩʠ ʦʣʠʥʘʸʪʛʘʥ ʞʦʡʜʘʛʠ ״ʘʚʦʥʠʥʛ 
 .ʘʨʦʨʘʪʠ, 0ʉ״

V t ï ʘʩʙʦʙ ʸʨʜʘʤʠʜʘ ˄ʣʯʘʥʛʘʥ, ʬʠʣʴʪʨ ʦʨץʘʣʠ 
˄ʪʢʘʟʠʣʛʘʥ ״ʘʚʦʥʠʥʛ ״ʘʞʤʠ, (ʣʠʪʨ) ʙʫʥʠ 
 :ʠʩʦʙʣʘʙ ʪʦʧʠʰ ʤʫʤʢʠʥ״ ʫʡʠʜʘʛʠʯʘץ

tV t *v= , [ʣ] 

ʙʫ ʝʨʜʘ: v ï ʬʠʣʴʪʨ ʦʨץʘʣʠ ʩ˄ʨʠʣʛʘʥ ״ʘʚʦʥʠʥʛ 
 .ʘʞʤʠʡ ʪʝʟʣʠʛʠ, ʣ/ʤʠʥ״
t - ʪʘʞʨʠʙʘ ʚʘץʪʠ, ʤʠʥʫʪ. 
ʎʝʤʝʥʪ ʟʘʚʦʜʣʘʨʠʜʘ ʘʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʜʠ-

ʛʘʥ ʪʘʰʣʘʤʘʣʘʨʥʠ ʪʘ״ʣʠʣ ץʠʣʠʰʜʘ ˄ʪʢʘʟʠʣʘʜʠʛʘʥ 
˄ʣʯʦʚʣʘʨ ʯʘʥʛ ʦץʠʤʠʥʠʥʛ ʙʘʨץʘʨʦʨ ״ʘʨʘʢʘʪʠ ʙʠ-
ʣʘʥ ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ, ʦץʠʤ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ 
ʘʥʠץʣʘʰʜʘʥ ʦʣʜʠʥ, ʥʘʤʫʥʘ ʦʣʠʰ ʫʯʫʥ ʞʦʡʥʠ ʪʘʥ-
ʣʘʰ ʢʝʨʘʢ ʙ˄ʣʜʠ. 
ʏʘʥʛ ʦץʠʤʠʥʠʥʛ ʪʝʟʣʠʛʠ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ 

ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ: 

6 = 
̅
 , ʤ/ʩ 

ʙʫ ʝʨʜʘ: ʈʜ ï ʯʘʥʛ ʦץʠʤʠʥʠʥʛ ʙʦʩʠʤʠ, ɟ ï ʯʘʥʛ 
ʘʨʘʣʘʰʤʘʩʠʥʠʥʛ ʟʠʯʣʠʛʠ. 
ʐʫʥʠʥʛʜʝʢ, ʯʘʥʛʥʠ ʪʦʟʘʣʘʰ ʞʘʨʘʸʥʠʜʘ ʤʠʢʨʦ-

ʤʦʥʦʤʝʪʨ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʘʥʠץʣʘʙ ʦʣʛʘʥ ״ʦʣʜʘ, 
ʤʠʢʨʦʤʘʥʦʤʝʪʨʜʘʥ 3 ʤʘʨʪʘ ʦʣʠʥʛʘʥ ʙʦʩʠʤ 
ʢ˄ʨʩʘʪʛʠʯʣʘʨʠ (ʈ=374,5; 342,7; 333,85), ʟʠʯʣʠʢ 
 .ʫʡʠʜʘʛʠʛʘ ʪʝʥʛ, ɟ = 1,70ץ
ʏʘʥʛ ʘʨʘʣʘʰʤʘʩʠʥʠʥʛ ʪʝʟʣʠʛʠ ץʫʡʠʜʘʛʠʯʘ 

 :ʠʩʦʙʣʘʥʜʠ״
V1 = ã2*374,5 /1,70 = 16,1 ʤ/ʩ 
V2 = ã2*342,7 /1,70 = 15,4 ʤ/ʩ 
V3 = ã2*333,85 /1,70 = 15,2 ʤ/ʩ 
V˄ʨʪ = 15,6 ʤ/ʩ 
ʇʥʝʚʤʦʤʝʪʨʠʢ ˄ʣʯʦʚʣʘʨ ʩʭʝʤʘʩʠʜʘ ʤʠʢʨʦʤʘ-

ʥʦʤʝʪʨ ʚʘ ʧʥʝʚʤʦʤʝʪʨʠʢ ʥʘʡʯʘ ʙʠʣʘʥ ʙʠʨʛʘ, 
 ʘʨʦʨʘʪʠʥʠ ˄ʣʯʘʰ״ ʘʚʦ״ ʫʚʫʨʜʘʛʠ ʯʘʥʛʣʘʥʛʘʥץ
ʫʯʫʥ ʪʝʨʤʦʤʝʪʨ ״ʘʤ ʠʰʣʘʪʠʣʜʠ. 
ʊʘʜץʠץʦʪ ˄ʪʢʘʟʠʣʛʘʥ ʦʙʲʝʢʪʜʘ ˄ʣʯʦʚ ʠʰʣʘʨʠ 

ʄʄʅ ʤʠʢʨʦʤʘʥʦʤʝʪʨ ʸʨʜʘʤʠʜʘ ʦʣʠʙ ʙʦʨʠʣʜʠ. 
ʀʣʤʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʮʝʤʝʥʪ 

ʠʰʣʘʙ ʯʠץʘʨʠʰ ʟʘʚʦʜʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʮʝʭʠʜʘ 
ʤʘʚʞʫʜ ʯʘʥʛ ʪʦʟʘʣʘʰ ʫʩʢʫʥʘʣʘʨʠʜʘʥ ʘʪʤʦʩʬʝʨʘ 
-ʘʚʦʩʠʛʘ ʯʘʥʛ ʪʘʰʣʘʸʪʛʘʥ ʤʘʥʙʘʣʘʨʜʘ ʪʠʟʠʤʣʠ ʨʘ״
ʚʠʰʜʘ ʪʘ״ʣʠʣʣʘʨ ʦʣʠʙ ʙʦʨʠʣʜʠ. ʆʣʠʙ ʙʦʨʠʣʛʘʥ 
ʪʘ״ʣʠʣʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʢʦʨʭʦʥʘʥʠʥʛ ʮʝʤʝʥʪ ʠʰʣʘʙ 
ʯʠץʘʨʠʰ ʮʝʭʠʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʨʘʸʥʣʘʨʠʜʘ 
-ʦʩʠʣ ʙ˄ʣʛʘʥ ʚʘ ʘʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʛʘʥ ʯʘʥʛʣʘʨ״
ʥʠʥʛ ʤʠץʜʦʨʠ ʦסʠʨʣʠʢ ʫʩʫʣʠʜʘ ʘʥʠץʣʘʥʜʠ ʚʘ ʨʫʭ-
ʩʘʪ ʵʪʠʣʛʘʥ ʤʠץʜʦʨʠ (ʈʕʏʂ)ʛʘ ʩʦʣʠʰʪʠʨʠʣʜʠ. 
ʆʣʠʥʛʘʥ ʪʘ״ʣʠʣʣʘʨ ʚʘ ˄ʪʢʘʟʠʣʛʘʥ ˄ʣʯʦʚ 

ʠʰʣʘʨʠ ʚʘ ʥʘʪʠʞʘʣʘʨʠ 1, 2 -ʞʘʜʚʘʣʣʘʨ ʚʘ 1, 2 - 
ʨʘʩʤʣʘʨʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. 

1-ʞʘʜʚʘʣ 
ʆʣʠʥʛʘʥ ʪʘ״ʣʠʣʣʘʨ ʚʘ ˄ʪʢʘʟʠʣʛʘʥ ˄ʣʯʦʚ ʥʘʪʠʞʘʣʘʨʠ 

ʊ/ʨ 
ʅʘʤʫʥʘ ʦʣʠʥʛʘʥ 
ʤʘʥʙʘʥʠʥʛ ʥʦʤʠ ʚʘ 

ʨʘץʘʤʠ 

ʀʬʣʦʩʣʘʥ-
ʪʠʨʫʚʯʠ 
ʤʦʜʜʘʣʘʨ-
ʥʠʥʛ ʪʫʨ-
ʣʘʨʠ 

ʏʘʥʛ-
ʥʠʥʛ 
ʤʠץ-
ʜʦʨʠ, 
ʛ/ʩ 

ʏʘʥʛ ʪʫʪʛʠʯ 
ʫʩʢʫʥʘʩʠ-
ʥʠʥʛ ʩʘʤʘ-
ʨʘʜʦʨʣʠʛʠ, 

% 

1 ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘ-
ʨʠʰ ʮʝʭʠ ˉ6 ʤʘʥʙʘ 
ʪʦʟʘʣʘʰʛʘʯʘ 
ʪʦʟʘʣʘʰʜʘʥ ʩ˄ʥʛ 

ʎʝʤʝʥʪ 
ʯʘʥʛʠ 0,46 

0,052 88,7 

2 ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘ-
ʨʠʰ ʮʝʭʠ ˉ7 ʤʘʥʙʘ 
ʪʦʟʘʣʘʰʛʘʯʘ 
ʪʦʟʘʣʘʰʜʘʥ ʩ˄ʥʛ 

ʎʝʤʝʥʪ 
ʯʘʥʛʠ 1,43 

0,124 
91,3 

 

3 ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘ-
ʨʠʰ ʮʝʭʠ ˉ8 ʤʘʥʙʘ 
ʪʦʟʘʣʘʰʛʘʯʘ 
ʪʦʟʘʣʘʰʜʘʥ ʩ˄ʥʛ 

ʎʝʤʝʥʪ 
ʯʘʥʛʠ 1,26 

0,112 
91,1 

 

 

 
1-ʨʘʩʤ. ʎʝʤʝʥʪ ʟʘʚʦʜʠʥʠʥʛ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʮʝʭʠʜʘ 

˄ʪʢʘʟʠʣʛʘʥ ˄ʣʯʦʚ ʥʘʪʠʞʘʣʘʨʠ. 
2- ʞʘʜʚʘʣ 

ɶʣʯʦʚ ʥʘʪʠʞʘʣʘʨʠ 

ʊ/ʨ 
ʅʘʤʫʥʘ ʦʣʠʥʛʘʥ 
ʤʘʥʙʘʥʠʥʛ ʥʦʤʠ ʚʘ 

ʨʘץʘʤʠ 

ʀʬʣʦʩʣʘʥ-
ʪʠʨʫʚʯʠ 
ʤʦʜʜʘʣʘʨ-
ʥʠʥʛ ʪʫʨ-
ʣʘʨʠ 

ʏʘʥʛ-
ʥʠʥʛ 
ʤʠץ-
ʜʦʨʠ, 
ʛ/ʩ 

ʏʘʥʛ 
ʪʫʪʛʠʯ 
ʫʩʢʫʥʘʩʠ-
ʥʠʥʛ ʩʘʤʘ-
ʨʘʜʦʨʣʠʛʠ, 

% 

1 ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘ-
ʨʠʰ ʮʝʭʠ ˉ14 ʤʘʥʙʘ 
ʪʦʟʘʣʘʰʛʘʯʘ 
ʪʦʟʘʣʘʰʜʘʥ ʩ˄ʥʛ 

ʎʝʤʝʥʪ 
ʯʘʥʛʠ 0,51 

0,053 89,6 

2 ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘ-
ʨʠʰ ʮʝʭʠ ˉ15 ʤʘʥʙʘ 
ʪʦʟʘʣʘʰʛʘʯʘ 
ʪʦʟʘʣʘʰʜʘʥ ʩ˄ʥʛ 

ʎʝʤʝʥʪ 
ʯʘʥʛʠ 1,47 

0,131 91,1 

3 ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘ-
ʨʠʰ ʮʝʭʠ ˉ16 ʤʘʥʙʘ 
ʪʦʟʘʣʘʰʛʘʯʘ 
ʪʦʟʘʣʘʰʜʘʥ ʩ˄ʥʛ 

ʎʝʤʝʥʪ 
ʯʘʥʛʠ 1,31 

0,118 
90,2 
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2-ʨʘʩʤ. ʎʝʤʝʥʪ ʟʘʚʦʜʠʥʠʥʛ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʮʝʭʠʜʘ 

˄ʪʢʘʟʠʣʛʘʥ ˄ʣʯʦʚ ʥʘʪʠʞʘʣʘʨʠ 
 

ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʟʘʚʦʜʣʘʨʠʜʘ ʪʘʰʢʠʣ-
ʣʘʰʪʠʨʠʣʤʘʛʘʥ ʤʘʥʙʘʣʘʨʜʘʥ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʚʘ ʘʪ-
ʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʸʪʛʘʥ ʯʘʥʛ-ʛʘʟʣʘʨʥʠ ʢʘʤʘʡʪʠ-
ʨʠʰ ʚʘ ʩʘʥʠʪʘʨ ʤʝʲʸʨʠʜʘ ʙ˄ʣʠʰʠʥʠ ʪʘʲʤʠʥʣʘʰʜʘ 
ʯʘʥʛ ʯʠץʠʰ ʞʦʡʣʘʨʠʥʠ ʛʝʨʤʝʪʠʢ ʙʝʨʢʠʪʠʰ, ʯʘʥʛ-
ʛʘʟ ʦץʠʤʠʥʠ ˄ʪʢʘʟʫʚʯʠ ץʫʚʫʨ ʪʘʨʤʦץʣʘʨʠʥʠ 
ʪʘʲʤʠʨʣʘʰ ʚʘ ʯʘʥʛ ʫʰʣʘʰ ʫʩʢʫʥʘʣʘʨʠʥʠʥʛ ʶץʦʨʠ 
ʩʘʤʘʨʘʜʘ (98,0-99,0%) ʠʰʣʘʡʜʠʛʘʥ ʪʫʨʣʘʨʠʥʠ ˄ʨ-
ʥʘʪʠʰ ʪʘʣʘʙ ʵʪʠʣʘʜʠ. 
ʎʝʤʝʥʪ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʟʘʚʦʜʣʘʨʠʥʠʥʛ ʩʘʥʦʘʪ 

ʪʘʨʤʦסʠʜʘ ʘʪʤʦʩʬʝʨʘʛʘ ʪʘʰʣʘʥʘʸʪʛʘʥ ʯʘʥʛ-
ʛʘʟʣʘʨʥʠ ʢʘʤʘʡʪʠʨʠʰʜʘ ʠʢʢʠ ʭʠʣ ʪʫʨʜʘʛʠ ʯʘʥʛ 
ʫʰʣʘʰ ʫʩʢʫʥʘʣʘʨʠʜʘʥ: ʝʥʛʣʠ ʬʠʣʴʪʨʣʘʨ ʚʘ ʮʠʢ-
ʣʦʥʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. 
ʏʘʥʛ-ʛʘʟ ʪʦʟʘʣʘʰ ʫʩʢʫʥʘʣʘʨʠʥʠʥʛ ʢʦʥʩʪʨʫʢʮʠ-

ʷʣʘʨʠʥʠ ʪʘʥʣʘʰʜʘ, ʫʣʘʨʥʠʥʛ ץʫʣʘʡʣʠʢ ʪʦʤʦʥʣʘʨʠ, 
ʪʦʟʘʣʘʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠʥʛ ʶץʦʨʠʣʠʛʠ, ʘʨʟʦʥ-
ʣʠʛʠ ʚʘ ʠʰʦʥʯʣʠʣʠʛʠ ״ʠʩʦʙʛʘ ʦʣʠʥʘʜʠ. 
ʎʠʢʣʦʥʣʘʨ 15 ʤʢʤ ʚʘ ʫʥʜʘʥ ʢʘʪʪʘ ʙ˄ʣʛʘʥ ʯʘʥʛ 

ʟʘʨʨʘʯʘʣʘʨʠʥʠ ʫʰʣʘʙ ץʦʣʠʰʜʘ ץʫʣʘʡ ״ʠʩʦʙʣʘʥ-
ʘʜʠ. 
ʍʫʣʦʩʘ. ɸʩʧʠʨʘʮʠʷ ʪʘʨʤʦץʣʘʨʠ, ʚʝʥʪʠʣʷʮʠʷ ʚʘ 

ʯʘʥʛ ʪʫʪʛʠʯ ʫʩʢʫʥʘʣʘʨʠʥʠʥʛ ʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ 
ʙ˄ʡʠʯʘ ʯʝʪ ʵʣ ʝʪʘʢʯʠ ʠʣʤʠʡ ʭʦʜʠʤʣʘʨʠ ʚʘ ɶʟʙʝʢʠ-
ʩʪʦʥ ʦʣʠʤʣʘʨʠʥʠʥʛ ʠʰʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ. ʎʝʤʝʥʪ ʟʘ-
ʚʦʜʣʘʨʠʥʠʥʛ ʪʝʭʥʦʣʦʛʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠ ʚʘ ʯʘʥʛ-ʛʘʟ 
ʘʨʘʣʘʰʤʘʩʠ ʪʘʰʣʘʤʘʣʘʨʠ ʪʘ״ʣʠʣ ץʠʣʠʥʜʠ. ʎʝʤʝʥʪ 
ʟʘʚʦʜʣʘʨʠʜʘ ʯʘʥʛ-ʛʘʟ ʪʘʰʣʘʤʘʣʘʨʠʥʠ ʪʦʟʘʣʘʰ ʚʦ-
ʩʠʪʘʣʘʨʠ, ʯʘʥʛ-ʛʘʟ ʪʦʟʘʣʘʰ ʫʩʢʫʥʘʣʘʨʠʥʠʥʛ ʪʫʨ-
ʣʘʨʠ ˄ʨʛʘʥʠʣʜʠ ʚʘ ʪʘ״ʣʠʣ ץʠʣʠʥʜʠ. 

ɸʜʘʙʠʸʪʣʘʨ: 

1. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɸʜʣʠʷ ʚʘʟʠʨʣʠʛʠʜʘ 
2006 ʡʠʣ 3 ʷʥʚʘʨʜʘ 1533-ʩʦʥ ʙʠʣʘʥ ʨ˄ʡʭʘʪʛʘ ʦʣʠʥʛʘʥ 
ñɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ״ʫʜʫʜʠʜʘʛʠ ʢʦʨʭʦʥʘʣʘʨʜʘ 
ʘʪʤʦʩʬʝʨʘʛʘ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘʣʘʨ ʯʠץʘʨʘʜʠʛʘʥ 
ʤʘʥʙʘʣʘʨʥʠ ״ʠʩʦʙʛʘ ʦʣʠʰ ʚʘ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ ʤʦʜʜʘ-
ʣʘʨʥʠ ʤʝʲʸʨʣʘʰʪʠʨʠʰ ʡ˄ʨʠץʥʦʤʘʩʠò. 
2. ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ɺʘʟʠʨʣʘʨ ʄʘ״ʢʘʤʘʩʠ-

ʥʠʥʛ 2014 ʡʠʣ 21 ʷʥʚʘʨʜʘʛʠ 14-ʩʦʥʣʠ ñʕʢʦʣʦʛʠʢ ʥʦʨʤʘ-
ʪʠʚʣʘʨ ʣʦʡʠ״ʘʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ʚʘ ʢʝʣʠʰʠʰ ʪʘʨ-
ʪʠʙʠ ʪ˄סʨʠʩʠʜʘʛʠ ʥʠʟʦʤʥʠ ʪʘʩʜʠץʣʘʰ ״ʘץʠʜʘòʛʠ 
 .ʘʨʦʨʠץ
3. ʂʦʥʶʭʦʚ ɺ.ɻ., ʂʦʨʦʣʸʚʘ ʅ.ɺ. ñʉʧʨʘʚʦʯʥʠʢ ʵʢʦ-

ʣʦʛʘ-ʵʢʩʧʝʨʪʘò. ʊʦʰʢʝʥʪ 1987 ʡ. 
4. ʂʦʨʭʦʥʘʣʘʨʜʘ ״ʦʩʠʣ ʙ˄ʣʘʜʠʛʘʥ ʠʬʣʦʩʣʘʥʪʠʨʫʚʯʠ 

ʤʦʜʜʘʣʘʨʥʠʥʛ ʘʪʤʦʩʬʝʨʘ ״ʘʚʦʩʠʜʘʛʠ ʩʠסʠʤʠʥʠ 
ʘʥʠץʣʘʰ ץ˄ʣʣʘʥʤʘʩʠ. ʆʅɼ -86, ɻʦʩʢʦʤʛʠʜʨʦʤʝʪ ʃ., 
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ʥʠʥʛ 2020 ʡʠʣ 7 ʩʝʥʪʷʙʨʜʘʛʠ 541-ʩʦʥʣʠ ץʘʨʦʨʠ ʙʠʣʘʥ ʪʘ-
ʩʜʠץʣʘʥʛʘʥ ñɸʪʨʦʬ-ʤʫ״ʠʪʛʘ ʪʘʲʩʠʨʥʠ ʙʘ״ʦʣʘʰ ʤʝʭʘ-
ʥʠʟʤʠʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʪ˄סʨʠʩʠʜʘʛʠ ץʘʨʦʨʠ. 
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ˉ754-XII).  
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ʀʃʀʄ ʂʆʅʀɼɸ ʄɸɺɾʋɼ ɹɶʃɻɸʅ ɻɽʆʊɽʈʄɸʃ ʉʋɺʅʀʅɻ ʉʆɺʀʐʀʅʀ ׳ʀʉʆɹʃɸʐ. 
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ʊʦʰʢʝʥʪ ʘʨʭʠʪʝʢʪʫʨʘ-ץʫʨʠʣʠʰ ʫʥʠʚʝʨʩʠʪʝʪʠ 
 

ʋʰʙʫ ʤʘץʦʣʘʜʘ ɹʫʭʦʨʦ-ʍʠʚʘ ʨʝʛʠʦʥʠʥʠʥʛ ʀʣʠʤ ʢʦʥʠʜʘ ʞʦʡʣʘʰʛʘʥ ʛʝʦʪʝʨʤʘʣ ʩʫʚʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ״ʘʤʜʘ ʫʰʙʫ 
ʩʫʚʥʠ ʯʠץʘʨʠʙ ʦʣʠʰʜʘ ʩʫʚ ״ʘʨʦʨʘʪʠʥʠʥʛ ʪʫʰʠʰʠ ʙ˄ʡʠʯʘ ״ʠʩʦʙ-ʢʠʪʦʙʣʘʨʛʘ ʠʣʤʠʡ ʸʥʜʦʰʠʣʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ɻʝʦʪʝʨʤʘʣ ʵʥʝʨʛʠʷ, ʛʠʜʨʦʪʝʨʤ, ʛʝʡʟʝʨ. 

This article presents a scientific approach to calculations on the use of geothermal water located at the Ilim mine in the 
Bukhara-Khiva region, as well as a drop in water temperature during the extraction of this water. 

Keywords: Geothermal energy, hydrotherm, geyser. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʫʯʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʘʤ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ, ʨʘʩʧʦʣʦʞʝʥ-
ʥʦʡ ʥʘ ʀʣʠʤʩʢʦʤ ʨʫʜʥʠʢʝ ɹʫʭʘʨʦ-ʍʠʚʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʨʠ ʜʦʙʳʯʝ ʵʪʦʡ ʚʦʜʳ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʛʠʜʨʦʪʝʨʤ, ʛʝʡʟʝʨ. 
 

ʂʠʨʠʰ ץʠʩʤʠ. ʕʥʝʨʛʠʷ ʠʩʪʝʲʤʦʣʠʥʠʥʛ ʜʦʠ-
ʤʠʡ ˄ʩʠʰʠ ʚʘ ʫʛʣʝʚʦʜʦʨʦʜ ʟʘʭʠʨʘʣʘʨʠʥʠʥʛ ʢʘʤʘʡ-
ʠʰʠ ץʘʡʪʘ ʪʠʢʣʘʥʘʜʠʛʘʥ ʵʥʝʨʛʝʪʠʢʘʜʘʥ ʪʦʙʦʨʘ 
ʢ˄ʧʨʦץ ʬʦʡʜʘʣʘʥʠʰʥʠ ʪʘץʦʟʘ ʵʪʘʜʠ. 
 ʘʡʪʘ ʪʠʢʣʘʥʘʜʠʛʘʥ ʵʥʝʨʛʠʷ ʤʘʥʙʘʣʘʨʠʜʘʥפ

ʬʦʡʜʘʣʘʥʘʜʠʛʘʥ ʤʫץʦʙʠʣ ʵʥʝʨʛʠʷ ʪʘʨʤʦץʣʘʨʠʥʠ 
ʨʠʚʦʞʣʘʥʪʠʨʠʰʛʘ ץʫʡʠʜʘʛʠʣʘʨ ʢʠʨʘʜʠ: 
1) ʛʝʦʪʝʨʤʠʢ ʵʥʝʨʛʠʷ-ʝʨʥʠʥʛ ʯʫץʫʨ ʠʩʩʠץʣʠʛʠ-

ʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 
2) ʰʘʤʦʣ ʵʥʝʨʛʠʷʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 
 ʫʸʰ ʵʥʝʨʛʠʷʩʠץ (3

4) ʦץʠʤ ʚʘ ʦץʠʤ ʵʥʝʨʛʠʷʩʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ. 
-ʪʠץʘʡʪʘ ʪʠʢʣʘʥʘʜʠʛʘʥ ʵʥʝʨʛʠʷ ʤʘʥʙʘʣʘʨʠ, ʠפ

ʩʦʜʠʡ ʩʘʤʘʨʘʜʘʥ ʪʘʰץʘʨʠ, ʙʠʦʩʬʝʨʘʥʠʥʛ ʷʥʘʜʘ 
ʠʬʣʦʩʣʘʥʠʰʠʥʠʥʛ ʦʣʜʠʥʠ ʦʣʠʰʛʘ ʠʤʢʦʥ ʙʝʨʘʜʠ 
ð ʙʫ ʵʢʦʣʦʛʠʢ ʚʘʟʠʷʪʥʠʥʛ ʸʤʦʥʣʘʰʫʚʠ ʰʘʨʦʠʪʠʜʘ 
ʪʦʙʦʨʘ ʜʦʣʟʘʨʙ ʙ˄ʣʠʙ ʙʦʨʤʦץʜʘ. ɹʫʛʫʥʛʠ ʢʫʥʜʘ 
ʛʝʦʪʝʨʤʠʢ ʵʥʝʨʛʠʷ ʵʥʛ ʨʠʚʦʞʣʘʥʛʘʥ ʚʘ ʠץʪʠʩʦʜʠʡ 
ʞʠ״ʘʪʜʘʥ ʩʘʤʘʨʘʣʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ɻʝʦʪʝʨʤʘʣ ʵʥʝʨʛʠʷ-ʶʟ ʤʠʣʣʠʦʥ ʡʠʣʣʘʨ ʜʘʚʦ-

ʤʠʜʘ ʝʨ ץʘʨʠʜʘʥ ʘʞʨʘʣʠʙ ʯʠץץʘʥ ʠʩʩʠץʣʠʢ ʵʥʝʨʛʠ-
ʷʩʠʜʠʨ. ʋʰʙʫ ״ʘʨʦʨʘʪ ɽʨ ʷʜʨʦʩʠʜʘʥ ʪʘʨץʘʣʘʜʠ ʚʘ 
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ʤʘʨʢʘʟʜʘʥ ʫʟʦץʣʘʰʛʘʥ ʩʘʡʠʥ ʧʘʩʘʡʠʙ ʙʦʨʘʜʠ. ɻʝʦ-
ʬʠʟʠʢ ץʠʜʠʨʫʚʣʘʨ ʥʘʪʠʞʘʣʘʨʠʛʘ ʘʩʦʩʘʥ, ʝʨ ʷʜʨʦ-
ʩʠʜʘʛʠ ״ʘʨʦʨʘʪ 3000-6000Áʉ ʛʘʯʘ ʝʪʘʜʠ. ʋʰʙʫ 
 ʠʥʣʘʰʛʘʥץʘʨʦʨʘʪ ʩʘʡʸʨʘ ʤʘʨʢʘʟʠʜʘʥ ʝʨ ʶʟʠʛʘ ʷ״
ʩʘʡʠʥ ʩʝʢʠʥ-ʘʩʪʘ ʧʘʩʘʡʠʙ ʙʦʨʘʜʠ (1-ʨʘʩʤ), [1]. 
ʄʠʥʛʣʘʙ ʚʫʣץʦʥʣʘʨ ʦʪʠʣʠʰʠ, ʝʨ ץʘʪʣʘʤʠ 

ʙʣʦʢʣʘʨʠʥʠʥʛ ״ʘʨʘʢʘʪʠ ʚʘ ʟʠʣʟʠʣʘʣʘʨ ɽʨ ץʘʲʨʠʜʘ 
ʶץʦʨʠ ץʫʚʚʘʪʣʠ ʵʥʝʨʛʠʷ ʤʘʚʞʫʜʣʠʛʠʜʘʥ ʜʘʣʦʣʘʪ 
ʙʝʨʘʜʠ. ɼʫʥʸ ʦʣʠʤʣʘʨʠ ʩʘʡʸʨʘʤʠʟʥʠʥʛ ʠʩʩʠץʣʠʢ 
ʤʘʡʜʦʥʠ ʝʨ ʦʩʪʠ ʨʘʜʠʘʢʪʠʚ ʵʣʝʤʝʥʪʣʘʨʠʥʠʥʛ ʧʘʨ-
ʯʘʣʘʥʠʰʠ, ʰʫʥʠʥʛʜʝʢ, ʷʜʨʦ ʤʦʜʜʘʣʘʨʠʥʠʥʛ ʛʨʘʚʠ-
ʪʘʮʠʦʥ ʘʞʨʘʣʠʙ ʯʠץʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠ 
ʜʝʙ ״ʠʩʦʙʣʘʰʘʜʠ [2]. 

 

 
1-ʨʘʩʤ. ɽʨʥʠʥʛ ʠʯʢʠ ʪʫʟʠʣʠʰʠ. 

 
ɹʫʛʫʥʛʠ ʢʫʥʛʘ ץʘʜʘʨ ʠʥʩʦʥʠʷʪ ʛʝʦʪʝʨʤʘʣ ʵʥʝʨ-

ʛʠʷʥʠʥʛ ʝʨ ʶʟʠʛʘ ʷץʠʥ ץʠʩʤʠʜʘʥ ʷʲʥʠ, ʘʢʪʠʚ 
ʚʫʣץʦʥʣʠ ʚʘ ʩʝʡʩʤʠʢ ״ʫʜʫʜʣʘʨʜʘ ʬʦʡʜʘʣʘʥʠʙ ʢʝʣ-
ʛʘʥ. ʋʰʙʫ ʤʘʤʣʘʢʘʪʣʘʨ ɸפʐ, ʀʪʘʣʠʷ, ʀʩʣʘʥʜʠʷ, 
ʄʝʢʩʠʢʘ, ʗʧʦʥʠʷ, ʗʥʛʠ ɿʝʣʘʥʜʠʷ, ʈʦʩʩʠʷ, ʌʠʣʠʧ-
ʧʠʥ ʦʨʦʣʣʘʨʠ, ɺʝʥʛʨʠʷ ʚʘ ʉʘʣʴʚʘʜʦʨʣʘʨʜʠʨ. ʄʘʟ-
ʢʫʨ ״ʫʜʫʜʣʘʨʜʘ ʝʨʥʠʥʛ ʠʯʢʠ ״ʘʨʦʨʘʪʠ 300Áʉʛʘʯʘ 
ʙ˄ʣʛʘʥ ץʘʡʥʦץ ʩʫʚ ʸʢʠ ʙʫס ʢ˄ʨʠʥʠʰʠʜʘ ʝʨ ʩʠʨʪʠʛʘ 
ʢ˄ʪʘʨʠʣʘʜʠ ʚʘ ʘʢʩʘʨʠʷʪ ״ʦʣʣʘʨʜʘ ʪʘʰץʘʨʠʛʘ ʠʩʩʠץ 
ʬʘʚʚʦʨʘʣʘʨ (ʛʝʡʟʝʨʣʘʨ) ʢ˄ʨʠʥʠʰʠʜʘ ʦʪʠʣʠʙ 
ʯʠץʘʜʠ. ɸפʐʥʠʥʛ ʁʝʣʣʦʫʩʪʦʥ ʧʘʨʢʠʜʘʛʠ, ʂʘʤ-
ʯʘʪʢʘʜʘʛʠ, ʀʩʣʘʥʜʠʷʜʘʛʠ ʛʝʡʟʝʨʣʘʨ ʜʫʥʸʛʘ 
ʤʘʰ״ʫʨʜʠʨ [3]. 
ɼʫʥʸʥʠʥʛ ʙʠʨ ץʘʥʯʘ ʝʪʘʢʯʠ ʜʘʚʣʘʪʣʘʨʠʜʘ ʷʥʛʠ-

ʜʘʥ ʧʘʡʜʦ ʙ˄ʣʫʚʯʠ ʛʝʦʪʝʨʤʘʣ ʵʥʝʨʛʠʷʜʘʥ ʬʦʡʜʘʣʘ-
ʥʠʣʘʸʪʛʘʥ ʘʡʥʠ ʚʘץʪʜʘ ɶʟʙʝʢʠʩʪʦʥ ״ʫʜʫʜʠʜʘ ״ʘʤ 
ʛʝʦʪʝʨʤʘʣ ʵʥʝʨʛʝʪʠʢʘ ʩʦ״ʘʩʠʜʘ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ 
ʦʣʠʙ ʙʦʨʠʣʠʙ, ʤʘʚʞʫʜ ʵʥʝʨʛʠʷʜʘʥ ʬʦʡʜʘʣʘʥʠʰ 
ʚʘץʪʠ ʢʝʣʜʠ. 
ɸʩʦʩʠʡ ץʠʩʤ. ʀʣʤʠʡ ʪʘʜץʠץʦʪʯʠ ʄ.ʄ.פʘʤʙʘ-

ʨʦʚʥʠʥʛ ʪ.ʬ.ʥ.ʜʦʮ. ʉ.ʄ.ʄʘʭʤʫʜʦʚ ʨʘ״ʙʘʨʣʠʛʠʜʘʛʠ 
ʠʟʣʘʥʠʰʣʘʨʠ ʥʘʪʠʞʘʩʠʜʘ, ñɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠ-
ʢʘʩʠ ʅʝʬʪ ʚʘ ʛʘʟ ʢʦʥʣʘʨʠ ʛʝʦʣʦʛʠʷʩʠ ״ʘʤʜʘ ץʠʜʠ-
ʨʫʚʠ ʠʥʩʪʠʪʫʪʠò ʸʨʜʘʤʠ ʙʠʣʘʥ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩ-
ʧʫʙʣʠʢʘʩʠʜʘ ץʫʡʠʜʘʛʠʯʘ ʛʝʪʝʨʤʘʣ ʨʝʩʫʨʩʣʘʨ 
ʤʘʚʞʫʜʣʠʛʠ ʘʥʠץʣʘʥʜʠ (1-ʞʘʜʚʘʣ): 
ʋʰʙʫ ʛʠʜʨʦʪʝʨʤ ʟʘʭʠʨʘʣʘʨʠ ʝʨ ץʘʨʠʜʘʥ ʯʠץʘ-

ʨʠʣʘʸʪʛʘʥʜʘ ʪʘʙʠʠʡʢʠ, ״ʘʨʦʨʘʪʠ ʪʫʰʠʰʠ ʢʫʟʘʪʠ-
ʣʘʜʠ. פʫʡʠʜʘ ʀʣʠʤ ʢʦʥʠʜʘʥ 3000 ʤʝʪʨ ʯʫץʫʨ-
ʣʠʢʜʘʥ ʯʠץʘʜʠʛʘʥ ʛʝʦʪʝʨʤʘʣ ʩʫʚʥʠʥʛ ʝʨ ʶʟʠʛʘ 
ʢ˄ʪʘʨʠʣʛʫʥʯʘ ״ʘʨʦʨʘʪʠ ʪʫʰʠʰʠʥʠ ״ʠʩʦʙʣʘʙ 
ʢ˄ʨʘʤʠʟ. 

1-ʞʘʜʚʘʣ 
ɹʫʭʦʨʦ-ʍʠʚʘ ʥʝʬʪʛʘʟʣʠ ״ʫʜʫʜʠʜʘʛʠ ʛʠʜʨʦʛʝʦʣʦʛʠʢ ʤʘʲʣʫ-
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1.  ʀʣʠʤ 3 2987-3003 1,06 319,99 114 

2.  ʅʦʚʳʡ ɻʫʟʘʨ 1 3192-3284 1,075 346,57 113 

3.  ʏʠʣʴʛʫʤʙʘʟ 1 3041-3035 1,04 583,15 113 

4.  ʂʘʤʘʰʠ 8 3320-3312 1,07 571,92 124 

5.  ʗʥʛʠ ʂʘʨʘʪʝʧʘ 7 3572-3569 1,06 485,00 116 

6.  ʄʘʥʛʠʪ 3 3596-3590 1,065 471,30 121,5 

7.  ɺʦʩʪ.ɸʡʟʦʚʦʪ 1 3660-3550 1,06 351,62 120 

8.  ʏʘʪʳʨʪʝʧʘ 1 3523-3510 1,059 375,13 128 

9.  ɼʞʘʤʙʫʣʘʢ 2 3760-3748 1,14 513,13 115 

10.  ɹʫʟʘʭʫʨ 3 3486-3478 1,065 389,16 126 

11.  ʂʫʨʫʢʩʘʡ 2 3157-3340 1,06 459,73 110 

12.  ʄʘʚʣʷʥʢʫʜʫʢ 1 3522-3504 1,075 357,58 123 

13.  ʆʭʠʨ 1 3182-3166 1,07 576,12 116 

 
ʉʠʩʪʝʤʘʜʘ ʩʫʚʥʠ ʘʡʣʘʥʪʠʨʠʰ [4] ʫʯʫʥ ʉʕ 

2500-60-11-1 ʩʝʨʠʷʣʠ ʥʘʩʦʩ ʪʘʥʣʘʥʘʜʠ (2-ʨʘʩʤ). 
ʋʰʙʫ ʥʘʩʦʩʥʠʥʛ ʢʦʥʩʪʨʫʢʪʠʚ ʭʫʩʫʩʠʷʪʣʘʨʠ 
 :ʫʡʠʜʘʛʠʯʘץ
¶ ʅʘʩʦʩ ʥʦʤʠ: ʉɽ2500-60-11-1 
 ʘʞʤʠʡ ʪʝʟʣʠʛʠ 2500 ʤ3/ʩʦʘʪ׳ ¶
¶ ʅʘʧʦʨ 60 ʤ 
 ʫʚʚʘʪʠ 630 ʢɺʪפ ¶
¶ ɺʘʟʥʠ 6430 ʢʛ 
¶ ɸʡʣʘʥʠʰ ʯʘʩʪʦʪʘʩʠ 1500 ʦʙ/ʤʠʥ 
¶ ɻʘʙʘʨʠʪ ˄ʣʯʘʤʣʘʨʠ 3690ʭ2305ʭ2010 ʤʤ 
¶ ʉʫʶץʣʠʢ ״ʘʨʦʨʘʪʠ 180ÁC ʛʘʯʘ 
¶ ɹʦʩʠʤ ʪʨʫʙʘʩʠʥʠʥʛ ʠʯʢʠ ʜʠʘʤʝʪʨʠ 500 ʤʤ 
¶ ʉ˄ʨʫʚʯʠ ʪʨʫʙʘʩʠʥʠʥʛ ʠʯʢʠ ʜʠʘʤʝʪʨʠ 600 ʤʤ 
¶ ʅʘʩʦʩʛʘ ʢʠʨʠʰ ʙʦʩʠʤʠ 11 ʢʛ.ʢʫʯ/ʩʤ2 
 ʘʨʦʨʘʪʠ ʧʘʩʘʡʠʰʠ״ ʘʸʪʛʘʥ ʩʫʚץʫʚʫʨʜʘʥ ʦפ

†̖̏̉̑ὸ̰Ȣ̍ †̅́̒ ὸ̰̓Ȣ̍ Ὡz
ᶻ

̑z ᶻ̉  ̈ ʬʦʨʤʫʣʘ 

ʙʠʣʘʥ ʘʥʠץʣʘʥʘʜʠ [5]. 
ʀʣʠʤ ʛʝʦʪʝʨʤʘʣ ʢʦʥʠ ʯʫץʫʨʣʠʛʠ ץʘʨʠʡʙ 3000 

ʤʝʪʨʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ɸʥʠ״ ץʠʩʦʙ-ʢʠʪʦʙʥʠ 
ʪʘʲʤʠʥʣʘʰ ʫʯʫʥ ʫʤʫʤʠʡ ʙʘʣʘʥʜʣʠʢʥʠ ʙʘʣʘʥʜʣʠʛʠ 
100 ʤʝʪʨʜʘʥ ʙ˄ʣʛʘʥ 30 ʪʘ ʙ˄ʣʘʢʢʘ ʘʞʨʘʪʠʙ ʦʣʘʤʠʟ. 
ɽʨ ʶʟʠʜʘʛʠ ״ʘʨʦʨʘʪ ץʫʡʠʜʘʛʠʯʘ ʘʥʠץʣʘʥʘʜʠ: 

 

 
2-ʨʘʩʤ. ʉʕ2500-60-11-1-ʠʩʩʠץ ʩʫʚ ״ʘʡʜʘʰ ʥʘʩʦʩʠ. 

 

https://www.hms-livgidromash.ru/catalog/nasosy/se/se_500_70_16_model_36538.html
https://www.hms-livgidromash.ru/catalog/nasosy/se/se_500_70_16_model_36538.html
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ʉʠʩʪʝʤʘʜʘʛʠ ʩʫʚ ״ʘʨʦʨʘʪʠ ˄ʟʛʘʨʠʰʠ ʙʠʨʠʥʯʠ 
100 ʤʝʪʨ ʫʯʫʥ ץʫʡʠʜʘʛʠʯʘ ״ʠʩʦʙʣʘʥʘʜʠ: 

ὸ̰Ȣ̍ ʛʝʦʪʝʨʤʘʣ ʢʦʥʜʘʛʠ ˄ʨʘʙ ʪʫʨʛʘʥ ʤʫ״ʠʪ 

 ;ʘʨʦʨʘʪʠ, 112,50ʉ״
†̅́̒̓-ʠʩʠʪʠʰ ץʦʟʦʥʠʜʘʥ ʯʠץʘʸʪʛʘʥ ʩʫʚʥʠʥʛ 

ʜʘʩʪʣʘʙʢʠ ״ʘʨʦʨʘʪʠ ˄ʨʪʘʯʘ 1140ʉ; 
ὒ-ץʫʚʫʨ ʫʟʫʥʣʠʛʠ-100 ʤ; 
ὅ̑  ʩʫʚʥʠʥʛ ʠʩʩʠץʣʠʢ ʩʠסʠʤʠ 4209 ɾ/(ʢʛĿ0ʉ); 

”-ʩʫʚ ʟʠʯʣʠʛʠ ʉʫʚʥʠʥʛ ʬʠʟʠʢ ʭʦʩʩʘʣʘʨʠ ʞʘʜʚʘ-
ʣʠʛʘ ʘʩʦʩʘʥ ï 947,53 ʢʛ/ʤ3; 
ὠ̓̆̈ʩʫʚʥʠʥʛ ״ʘʞʤʠʡ ʪʝʟʣʠʛʠ, 0,6944 ʤ

3/ʩʝʢ; 
‗̉ ̈ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʰʠʰʘ ʧʘʭʪʘ ʚʘ ʙʘʟʘʣʴʪ ʪʦ-

ʣʘʣʠ ʠʩʩʠץʣʠʢ ʠʟʦʣʷʮʠʦʥ ʤʘʪʝʨʠʘʣʥʠʥʛ ʠʩʩʠץʣʠʢ 
˄ʪʢʘʟʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠ- 0,07 ɺʪ/ʤ0ʉ; 
Ὀ  ;ʫʚʫʨ ʜʠʘʤʝʪʨʠ - 500 ʤʤ= 0,5 ʤץ̃̔

̈‏̉ ʠʟʦʣʷʮʠʦʥ ʤʘʪʝʨʠʘʣ ץʘʣʠʥʣʠʛʠ- 6 ʩʤ=0,06 
ʤ; 
ʖץʦʨʠʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʢ˄ʨʘ ʀʩʩʠץʣʠʢ ʠʟʦ-

ʣʷʮʠʦʥ ʤʘʪʝʨʠʘʣʥʠʥʛ ʠʩʩʠץʣʠʢ ˄ʪʢʘʟʠʰʛʘ ʙ˄ʣʛʘʥ 
 :ʘʨʰʠʣʠʛʠץ

Ὑ̉ ̈

ρ

ςz “z ‗̉ ̈
ὰzὲ
Ὀ ̔̃ ςz ̈‏̉

Ὀ ̔̃
 

ρ

ςz σȟρτρυωπzȟπχ
ὰzὲ
πȟυ ςz πȟπφ

πȟυ
 

πȟτψωρ̍˞Ⱦˏ ;̓ 
ʉʫʚʥʠʥʛ ʤʘʩʩʘʚʠʡ ʦץʠʤ ʪʝʟʣʠʛʠ: 
Ὃ ”z ὠ̓̆̈ωτχȟυσzπȟφωττ 657,96 ʢʛ/ʩʝʢ 
ʉʫʚʥʠʥʛ ץʫʚʫʨ ʦʭʠʨʠʜʘʛʠ ״ʘʨʦʨʘʪʠ 

†̖̏̉̑ὸ̰Ȣ̍ †̅́̒ ὸ̰̓Ȣ̍ Ὡz
ᶻ

̑z ᶻ̉̈  

ρρςȟυ ρρτρρςȟυ Åz
ȟᶻ

ȟz ȟ ᶻȟ

ρρτ# 
ʉʫʚ ״ʘʨʦʨʘʪʠʥʠʥʛ ʠʢʢʠʥʯʠ 100 ʤʝʪʨ ʫʯʫʥ ˄ʟʛʘ-

ʨʠʰʠʥʠ ״ʠʩʦʙʣʘʰʜʘ, ʜʘʩʪʣʘʙʢʠ ״ʘʨʦʨʘʪ Ịʜʘʩʪ ץʠʡ-
ʤʘʪʠ ʫʯʫʥ ʦʣʜʠʥʛʠ 100 ʤʝʪʨʥʠʥʛ ʦʭʠʨʛʠ ״ʘʨʦʨʘʪʠ 
-ʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʢʝʪʤʘץʠʣʠʥʘʜʠ ʚʘ ʶץ ʘʙʫʣץ
ʢʝʪʣʠʢʜʘ ץʘʡʪʘʜʘʥ ״ʠʩʦʙʣʘʥʘʜʠ ʚʘ ʥʘʪʠʞʘʣʘʨ 
ʞʘʜʚʘʣ ʢ˄ʨʠʥʠʰʠʛʘ ʢʝʣʪʠʨʠʣʘʜʠ. 
ʅʘʪʠʞʘʣʘʨ. ʀʣʠʤ ʛʝʦʪʝʨʤʘʣ ʢʦʥʠ ʫʯʫʥ ״ʠʩʦʙ-ʢʠ-
ʪʦʙʣʘʨ ʥʘʪʠʞʘʣʘʨʠ 2-ʞʘʜʚʘʣʜʘ ʞʘʤʣʘʥʛʘʥ: 2-
ʞʘʜʚʘʣʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ, ʪʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ 
ʩʠʩʪʝʤʘʜʘ ʀʣʠʤ ʛʝʦʪʝʨʤʘʣ ʢʦʥʠʜʘʥ ʯʠץʘʜʠʛʘʥ 
ʩʫʚʥʠʥʛ ״ʘʨʦʨʘʪʠ 0,1190ʉ ʛʘ ʧʘʩʘʡʠʙ ʝʨ ʶʟʠʛʘ 
ʢ˄ʪʘʨʠʣʘʜʠ. 
 

2-ʞʘʜʚʘʣ. ʀʣʠʤ ʛʝʦʪʝʨʤʘʣ ʢʦʥʠ ʫʯʫʥ ״ʠʩʦʙ-ʢʠʪʦʙʣʘʨ ʥʘʪʠʞʘʣʘʨʠ 
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1 100 112,5 114 100 4209 947,53 0,6944 0,07 0,5 0,06 657,96 0,4891 114 

2 200 109,5 114 100 4209 947,53 0,6944 0,07 0,5 0,06 657,96 0,4891 113,999 

3 300 106,5 113,999 100 4209 947,53 0,6944 0,07 0,5 0,06 657,97 0,4891 113,999 

4 400 103,5 113,999 100 4209 947,531 0,6944 0,07 0,5 0,06 657,97 0,4891 113,998 

5 500 100,5 113,998 100 4209 947,532 0,6944 0,07 0,5 0,06 657,97 0,4891 113,997 

6 600 97,5 113,997 100 4209 947,533 0,6944 0,07 0,5 0,06 657,97 0,4891 113,995 

7 700 94,5 113,995 100 4209 947,534 0,6944 0,07 0,5 0,06 657,97 0,4891 113,993 

8 800 91,5 113,993 100 4209 947,535 0,6944 0,07 0,5 0,06 657,97 0,4891 113,991 

9 900 88,5 113,991 100 4209 947,537 0,6944 0,07 0,5 0,06 657,97 0,4891 113,989 

10 1000 85,5 113,989 100 4209 947,538 0,6944 0,07 0,5 0,06 657,97 0,4891 113,987 

11 1100 82,5 113,987 100 4209 947,54 0,6944 0,07 0,5 0,06 657,97 0,4891 113,984 

12 1200 79,5 113,984 100 4209 947,543 0,6944 0,07 0,5 0,06 657,97 0,4891 113,981 

13 1300 76,5 113,981 100 4209 947,545 0,6944 0,07 0,5 0,06 657,98 0,4891 113,978 

14 1400 73,5 113,978 100 4209 947,548 0,6944 0,07 0,5 0,06 657,98 0,4891 113,974 

15 1500 70,5 113,974 100 4208,9 947,55 0,6944 0,07 0,5 0,06 657,98 0,4891 113,97 

16 1600 67,5 113,97 100 4208,9 947,553 0,6944 0,07 0,5 0,06 657,98 0,4891 113,966 

17 1700 64,5 113,966 100 4208,9 947,557 0,6944 0,07 0,5 0,06 657,98 0,4891 113,962 

18 1800 61,5 113,962 100 4208,9 947,56 0,6944 0,07 0,5 0,06 657,99 0,4891 113,957 

19 1900 58,5 113,957 100 4208,9 947,564 0,6944 0,07 0,5 0,06 657,99 0,4891 113,952 

20 2000 55,5 113,952 100 4208,9 947,567 0,6944 0,07 0,5 0,06 657,99 0,4891 113,947 

21 2100 52,5 113,947 100 4208,9 947,571 0,6944 0,07 0,5 0,06 657,99 0,4891 113,941 

22 2200 49,5 113,941 100 4208,9 947,576 0,6944 0,07 0,5 0,06 658 0,4891 113,936 

23 2300 46,5 113,936 100 4208,9 947,58 0,6944 0,07 0,5 0,06 658 0,4891 113,93 

24 2400 43,5 113,93 100 4208,9 947,585 0,6944 0,07 0,5 0,06 658 0,4891 113,924 

25 2500 40,5 113,924 100 4208,8 947,59 0,6944 0,07 0,5 0,06 658,01 0,4891 113,917 

26 2600 37,5 113,917 100 4208,8 947,595 0,6944 0,07 0,5 0,06 658,01 0,4891 113,91 

27 2700 34,5 113,91 100 4208,8 947,6 0,6944 0,07 0,5 0,06 658,01 0,4891 113,903 

28 2800 31,5 113,903 100 4208,8 947,606 0,6944 0,07 0,5 0,06 658,02 0,4891 113,896 

29 2900 28,5 113,896 100 4208,8 947,611 0,6944 0,07 0,5 0,06 658,02 0,4891 113,888 

30 3000 25,5 113,888 100 4208,8 947,617 0,6944 0,07 0,5 0,06 658,03 0,4891 113,881 

 
ʍʫʣʦʩʘ ʚʘ ʪʘʚʩʠʷʣʘʨ. ʍʫʣʦʩʘ ץʠʣʠʙ ʘʡʪʠʰ 

ʤʫʤʢʠʥʢʠ, ʪʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ ʩʠʩʪʝʤʘʜʘ ʀʣʠʤ 
ʛʝʦʪʝʨʤʘʣ ʢʦʥʠʜʘʥ ʯʠץʘʜʠʛʘʥ ʩʫʚʥʠʥʛ ״ʘʨʦʨʘʪʠ 

ʜʝʷʨʣʠ ˄ʟʛʘʨʤʘʩʜʘʥ ʝʨ ʶʟʠʛʘ ʢ˄ʪʘʨʠʣʘʜʠ. ʂʝʡʠʥʛʠ 
ʡʠʣʣʘʨʜʘ ʪʘʙʠʠʡ ʸץʠʣסʠ ʟʘʭʠʨʘʣʘʨʠ ʢʝʩʢʠʥ ʢʘ-
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ʤʘʡʠʙ ʙʦʨʘʸʪʛʘʥʣʠʛʠʥʠ ʠʥʦʙʘʪʛʘ ʦʣʠʙ, ɶʟʙʝʢʠ-
ʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʜʘʛʠ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ ʢʦʥʣʘʨ-
ʥʠʥʛ ʘʢʩʘʨʠʷʪ ץʠʩʤʠʜʘ ʛʝʦʪʝʨʤʘʣ ʩʫʚʣʘʨ ʝʨ ʶʟʠʛʘ 
˄ʟ ״ʘʨʦʨʘʪʣʘʨʠʥʠ ʜʝʷʨʣʠ ˄ʟʛʘʨʪʠʨʤʘʩʜʘʥ ʯʠץʠʙ 
ʢʝʣʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. ɹʫ ʛʝʦʪʝʨʤʘʣ ʩʫʚʣʘʨʜʘʥ ʙʠʥʦ-
ʣʘʨʥʠ ʠʩʠʪʠʰʜʘ ʬʦʡʜʘʣʘʥʠʰ ʙʫʛʫʥʛʠ ʢʫʥʥʠʥʛ 
ʜʦʣʟʘʨʙ ʤʫʘʤʤʦʩʠʥʠ ʭʘʣ ʵʪʠʰ ʠʤʢʦʥʠʥʠ ʷʨʘʪʘʜʠ. 
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ʐʘʨʠʧʦʚ ׳.ʄ., ʪ.ʬ.ʥ. (ɹʫʭʦʨʦ ʚʠʣʦʷʪʠ),  
ʊʫʨʜʠʝʚ ʉ.ɶ.,  ʤʫʩʪʘץʠʣ ʠʟʣʘʥʫʚʯʠʩʠ, ɹʝʢʙʘʝʚ ʉ.ʋ., 5-ʢʫʨʩ ʢʫʨʩʘʥʪʠ 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʌɺɺ ɸʢʘʜʝʤʠʷʩʠ 
 
ʋʰʙʫ ʤʘץʦʣʘʜʘ ʟʘʤʦʥʘʚʠʡ ʸʥסʠʥ ˄ʯʠʨʠʰ ʪʝʭʥʠʢ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʷʥʛʠ ʪʫʨʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʥʠ ʪʘʢʦʤʠʣ-

ʣʘʰʪʠʨʠʰ ʚʘ ʫʣʘʨʥʠʥʛ ʠʰʣʘʰ ʞʘʨʘʸʥʣʘʨʠʥʠʥʛ ʪʘʞʨʠʙʘ ʪʘʜץʠץʦʪʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ɼʫʥʸʜʘ ʚʘ ʶʨʪʠʤʠʟʜʘ ʩʦʜʠʨ 
ʙ˄ʣʛʘʥ ʸʥסʠʥʣʘʨ ʩʦʥʠʥʠʥʛ ʪʘ״ʣʠʣʠ ʚʘ ʫʣʘʨ ʦץʠʙʘʪʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʟʘʨʘʨʣʘʨ, ʬʘʚץʫʣʦʜʜʘ ʚʘʟʠʷʪʣʘʨʥʠʥʛ ʦʣʜʠʥʠ 
ʦʣʠʰ ʫʩʫʣʣʘʨʠ ʸʨʠʪʠʣʛʘʥ. ɪʥסʠʥ ˄ʯʠʨʠʰ ʚʦʩʠʪʘʣʘʨʠʥʠʥʛ ʵʥʛ ץʫʣʘʡ ״ʦʣʘʪʜʘ ʚʘ ʢʘʤ ʟʘʨʘʨʣʠ ʠʰʣʘʰ ʤʝʭʘʥʠʟʤʠ ʩʠ-
ʬʘʪʠʜʘ ʅʀʂ-5 ʨʫʩʫʤʣʠ ʤʘʭʩʫʩ ʸʥסʠʥ ˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠʥʠʥʛ ʪʘʢʪʠʢ-ʪʝʭʥʠʢ ʠʤʢʦʥʠʷʪʣʘʨʠ, ʤʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ 
 ץʠץʘʤʜʘ  ñMMK SOGDA-Uò ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨʠʥʠʥʛ ʠʰʣʘʰ ʞʘʨʘʸʥʣʘʨʠʥʠʥʛ ʩʠʥʦʚ-ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ʪʘʜ״
 .ʠʣʠʥʛʘʥץ
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ɪʥסʠʥ ˄ʯʠʨʠʰ ʚʦʩʠʪʘʣʘʨʠ, ʅʀʂ-5 ʨʫʩʫʤʣʠ ʤʘʭʩʫʩ ʸʥסʠʥ ˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠ, ñMMK SOGDA-Uò 

ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨʠ, ״ʠʤʦʷʣʦʚʯʠ ʵʢʨʘʥ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʠʜʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫ-
ʰʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʭ ʨʘʙʦʪʳ. ʆʩʚʝʱʘʝʪʩʷ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚ, ʧʨʦʠʟʦ-
ʰʝʜʰʠʭ ʚ ʤʠʨʝ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʥʘʥʝʩʝʥʥʦʛʦ ʠʤʠ ʫʱʝʨʙʘ, ʤʝʪʦʜʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʈʘʩ-
ʩʤʦʪʨʝʥʳ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʅʀʂ-5, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 
ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʘ ñMMK 
SOGDA-Uò, ʢʘʢ ʤʝʭʘʥʠʟʤʘ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʠ ʥʘʠʤʝʥʝʝ ʚʨʝʜʥʘʷ ʨʘʙʦʪʘ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʅʀʂ-5, ʤʝʭʘʥʠʯʝʩʢʠʡ ʣʘ-

ʬʝʪ ñMMK SOGDA-Uò, ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ. 

This article presents improvements in the development of new types of modern fire extinguishing agents and 
experimental studies of their work processes. The analysis of the number of fires that occurred in the world and in our 
country, the damage caused by them, and methods for preventing emergencies is highlighted. The tactical and technical 
capabilities of the special fire extinguishing agent NIK-5, as well as the results of pilot operation of the working processes 
of the special agent and the mechanical monitor ñMMK SOGDA-Uò, as a mechanism for the most convenient and least 
harmful operation of fire extinguishing agents, are considered. 

Key words: fire extinguishing means, special fire extinguishing means NIK-5, mechanical carriage ñMMK SOGDA-
Uò, protective screen. 

 

ʖʨʪʠʤʠʟʜʘ ʚʘ ʞʘ״ʦʥʜʘ ʩʦʜʠʨ ʙ˄ʣʘʸʪʛʘʥ ʸʥסʠʥ-
ʣʘʨʥʠ ʦʤʤʘʚʠʡ ʘʭʙʦʨʦʪ ʚʦʩʠʪʘʣʘʨʠ ʦʨץʘʣʠ ʢʫʟʘʪʠ-
ʰʠʤʠʟ ʤʫʤʢʠʥ, ʙʠʨʦץ ʫʰʙʫ ʸʥסʠʥʣʘʨʥʠʥʛ ʪʝʟ ʚʘ 
ʩʘʤʘʨʘʣʠ ˄ʯʠʨʠʰʠʥʠ ʪʘʲʤʠʥʣʘʰ ʠʥʩʦʥʣʘʨʥʠʥʛ 
-ʠʥ ʥʘʪʠʞʘʩʠʜʘ ʝʪʢʘסʠʥʠ ʘʩʨʘʰ, ʸʥסʣʠסʘʸʪʠ ʚʘ ʩʦ״
ʟʠʣʘʜʠʛʘʥ ʤʦʜʜʠʡ ʟʘʨʘʨ ʤʠץʜʦʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰ 
ʙ˄ʡʠʯʘ ʠʟʣʘʥʠʰʣʘʨʥʠ ʦʣʠʙ ʙʦʨʠʰ ʦʣʠʤʣʘʨʠʤʠʟ 
ʦʣʜʠʜʘ ʪʫʨʛʘʥ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦ-
ʙʣʘʥʘʜʠ. ɸʣʙʘʪʪʘ ʢ˄ʧ ״ʦʣʣʘʨʜʘ ʸʥסʠʥʣʘʨʥʠʥʛ ʷʨ-
ʤʠʜʘʥ ʢ˄ʧʨʦסʠ ʘ״ʦʣʠ ʷʰʘʰ ʫʡʣʘʨʠʛʘ ʪ˄סʨʠ ʢʝ-
ʣʠʰʠ ʚʘ ʫʰʙʫ ʢ˄ʨʩʘʪʛʠʯ ʤʘʚʩʫʤʥʠʥʛ ץʠʰʢʠ ʜʘʚʨ-
ʣʘʨʠʜʘ ״ʘʨʦʨʘʪʥʠʥʛ ʢʝʩʢʠʥ ʧʘʩʘʡʛʘʥ ״ʦʣʘʪʣʘʨʠʜʘ 
ʪʘʰץʠ ״ʘʨʦʨʘʪʛʘ ʥʠʩʙʘʪʘʥ ʫʡʥʠʥʛ ʠʯʢʠ ״ʘʨʦʨʘ-
ʪʠʥʠ ʢ˄ʪʘʨʠʰ ʤʘץʩʘʜʠʜʘ ʪʫʨʣʠ ʚʦʩʠʪʘʣʘʨʜʘʥ ʬʦʡ-
ʜʘʣʘʥʠʰ ʦʨץʘʣʠ ʸʥסʠʥ ʭʘʚʬʩʠʟʣʠʛʠ ץʦʠʜʘʣʘʨʠʛʘ 
ʘʤʘʣ ץʠʣʤʘʩʣʠʢ ʦץʠʙʘʪʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠ. ɹʫʪʫʥ 

ʜʫʥʸ ʩʪʘʪʠʩʪʠʢʘ ʤʘʨʢʘʟʠ ñCTIFòʥʠʥʛ ʤʘʲʣʫʤʦʪʣʘ-
ʨʠʛʘ ʢ˄ʨʘ, ʞʘ״ʦʥʜʘ ʩʦʘʪʠʛʘ ˄ʨʪʘʯʘ 1000 ʪʘ, ʙʠʨ 
ʜʘץʠץʘʜʘ ʵʩʘ 17 ʪʘ ʸʥסʠʥ ʩʦʜʠʨ ʙ˄ʣʠʰʠ ʪʘ״ʣʠʣ 
 ʠʙʘʪʠʜʘ ʙʠʨ ʩʦʘʪʜʘ ˄ʨʪʘʯʘץʠʥʣʘʨ ʦסʠʣʠʥʛʘʥ. ɪʥץ
10 ʥʘʬʘʨ ʠʥʩʦʥ ״ʘʣʦʢ ʙ˄ʣʘʸʪʛʘʥ ʙ˄ʣʩʘ, ״ʘʨ 100 ʪʘ 
ʸʥסʠʥʣʘʨʜʘ 1 ʥʘʬʘʨ ʠʥʩʦʥʥʠʥʛ ״ʘʣʦʢ ʙ˄ʣʠʰʠ ʢʫ-
ʟʘʪʠʣʤʦץʜʘ. 
ʈʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʩʦʜʠʨ ʙ˄ʣʘʸʪʛʘʥ ʸʥסʠʥʣʘʨ 

ʪʘ״ʣʠʣʠʛʘ ʥʘʟʘʨ ʪʘʰʣʘʡʜʠʛʘʥ ʙ˄ʣʩʘʢ, ʙʠʨ ʢʫʥʜʘ 
˄ʨʪʘʯʘ 38 ʪʘ ʸʥסʠʥ ʶʟ ʙʝʨʘʜʠ ʚʘ ״ʘʨ 78 ʪʘ ʸʥסʠʥ-
ʣʘʨʜʘ 1 ʥʘʬʘʨ ʠʥʩʦʥ ״ʘʣʦʢ ʙ˄ʣʠʰʠ ʢʫʟʘʪʠʣʘʷʧʪʠ. 
ɪʥסʠʥʣʘʨʜʘʥ ʢʝʣʪʠʨʠʣʛʘʥ ʟʘʨʘʨ ʵʩʘ ʩʦʘʪʠʛʘ 2,3 
ʤʣʥ. ʩ˄ʤʥʠ, ʙʠʨ ʩʫʪʢʘ ʤʦʙʘʡʥʠʜʘ 55 ʤʣʥ. ʩ˄ʤʥʠ 
ʪʘʰʢʠʣ ʵʪʤʦץʜʘ. 
-ʘʣʘ״ʦʟʠʨʛʠ ʢʫʥʜʘ, ʨʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʙʘʨʯʘ ʩʦ׳

ʨʠʜʘ ʙ˄ʣʘʸʪʛʘʥ ˄ʟʛʘʨʠʰʣʘʨ ʩʠʥʛʘʨʠ ʬʘʚץʫʣʦʜʜʘ 
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ʚʘʟʠʷʪʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʡ˄ʥʘʣʠʰʠʜʘ ״ʘʤ ʦʣʠʙ 
ʙʦʨʠʣʘʸʪʛʘʥ ʠʩʣʦ״ʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʸʥסʠʥʣʘʨ ʩʦ-
ʥʠʥʠʥʛ ʢʝʩʢʠʥ ʢʘʤʘʡʠʰ ʪʝʥʜʝʥʮʠʷʩʠʛʘ ʵʨʠʰʠʣ-
ʤʦץʜʘ. ʋʰʙʫ ʡ˄ʥʘʣʠʰʜʘ ʨʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʸʥסʠʥ 
ʭʘʚʬʩʠʟʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ 
ʷʥʘʜʘ ʦʰʠʨʠʰʛʘ ץʘʨʘʪʠʣʛʘʥ ʠʥʥʦʚʘʮʠʦʥ ʪʝʭʥʦʣʦ-
ʛʠʷʣʘʨʥʠ ʩʦ״ʘʛʘ ʦʣʠʙ ʢʠʨʠʰ ״ʘʤʜʘ ʠʣʤʠʡ-
ʪʘʜץʠץʦʪ ʠʰʣʘʨʠʥʠ ʷʥʘʜʘ ʞʘʜʘʣʣʘʰʪʠʨʠʰ ʤʫ״ʠʤ 
ʘ״ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. 
ɪʥסʠʥʣʘʨ ʩʦʜʠʨ ʙ˄ʣʛʘʥʜʘ ʠʥʩʦʥʣʘʨʥʠʥʛ ״ʘʸʪʠ, 

ʘʪʨʦʬ-ʤʫ״ʠʪ ʚʘ ʶʨʠʜʠʢ ״ʘʤʜʘ ʞʠʩʤʦʥʠʡ ʰʘʭʩʣʘʨ-
ʥʠʥʛ ʤʦʣ-ʤʫʣʢʠʛʘ ʟʘʨʘʨ ʝʪʢʘʟʫʚʯʠ ʘʩʦʩʠʡ ʦʤʠʣ-
ʣʘʨʜʘʥ ʙʠʨʠ ʸʥסʠʥʣʘʨʜʘ ״ʦʩʠʣ ʙ˄ʣʫʚʯʠ ʠʩʩʠץʣʠʢ 
ʦץʠʤʠʜʠʨ. ʐʫ ʢʫʥʛʘ ץʘʜʘʨ ʝʪʘʢʯʠ ʤʫʪʘʭʘʩʠʩʣʘʨ ʚʘ 
ʦʣʠʤʣʘʨ ʪʦʤʦʥʠʜʘʥ ʠʩʩʠץʣʠʢ ʦץʠʤʠʥʠʥʛ ʟʘʨʘʨʣʠ 
ʪʘʲʩʠʨʠʥʠ ʢʘʤʘʡʪʠʨʠʰʥʠʥʛ ʢ˄ʧ ʫʩʫʣ ʚʘ ʚʦʩʠʪʘ-
ʣʘʨʠ ʷʨʘʪʠʣʛʘʥ ʚʘ ʘʤʘʣʜʘ ץ˄ʣʣʘʥʠʣʷʧʪʠ. 
ʐʫʥʜʘʡ ʙ˄ʣʩʘʜʘ, ʸʥסʠʥʣʘʨ ʙ˄ʡʠʯʘ ʪʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʜʘʥ ʤʘʲʣʫʤ ʙ˄ʣʠʰʠʯʘ ʸʥסʠʥ 
˄ʯʠʨʫʚʯʠʣʘʨ ʚʘ ʸʥסʠʥ ˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠ ʸʥסʠʥ 
˄ʯʦסʠʛʘ ʵʥʛ ʷץʠʥ ʤʘʩʦʬʘʜʘ ʚʘ ץʫʣʘʡ ״ʦʣʘʪʜʘ ʞʦʡ-
ʣʘʰʪʠʨʠʰ ʦʨץʘʣʠ ʸʥסʠʥ ˄ʯʠʨʠʰ ʩʘʤʘʨʘʜʦʨʣʠʛʠ-
ʥʠʥʛ ʦʰʠʨʠʣʠʰʠ ʢʘʪʪʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ. ʃʝ-
ʢʠʥ ʷץʠʥ ʤʘʩʦʬʘʣʘʨʜʘʥ ʸʥסʠʥʣʘʨʥʠ ˄ʯʠʨʠʰ ʜʘʚʦ-
ʤʠʜʘ ʤʘʚʞʫʜ ʸʥסʠʥ ˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠʥʠʥʛ ʘʥʦʤʘʣ 
ʠʩʩʠץʣʠʢ ʦץʠʤʠ ʪʘʲʩʠʨʠ ʥʘʪʠʞʘʩʠʜʘ ʪʝʟ ʠʰʜʘʥ 
ʯʠץʠʰʠ ʚʘ ʸʥסʠʥ ˄ʯʠʨʫʚʯʠʣʘʨ ʪʦʤʦʥʠʜʘʥ ʬʦʡʜʘ-
ʣʘʥʠʙ ʢʝʣʠʥʘʸʪʛʘʥ ʠʥʜʠʚʠʜʫʘʣ ״ʠʤʦʷ ʚʦʩʠʪʘʣʘʨʠ-
ʥʠʥʛ ʶץʦʨʠ ״ʘʨʦʨʘʪʣʠ ʠʩʩʠץʣʠʢ ʦץʠʤʠ ʪʘʲʩʠʨʠʜʘ 
ʫʟʦץ ʤʫʜʜʘʪ ʠʰʣʘʡ ʦʣʤʘʩʣʠʛʠ ʚʘ ʷʨʦץʩʠʟ ״ʦʣʘʪʛʘ 
ʢʝʣʠʙ ץʦʣʠʰʠ, ʰʘʭʩʠʡ ʪʘʨʢʠʙ ״ʘʤʜʘ ʸʥסʠʥ ˄ʯʠ-
ʨʠʰ ʪʝʭʥʠʢʘʣʘʨʠ ʫʯʫʥ ץʠʡʠʥ ʚʘ ʭʘʚʬʣʠ ״ʦ-
ʣʘʪʣʘʨʥʠ ʢʝʣʪʠʨʠʙ ʯʠץʘʨʠʰʠ ʤʫʤʢʠʥ. ʋʰʙʫ 
ʸʥסʠʥʣʘʨʥʠ ʷץʠʥ ʤʘʩʦʬʘʣʘʨʜʘʥ ʩʘʤʘʨʘʣʠ ˄ʯʠʨʠ-
ʰʥʠ ʪʘʰʢʠʣ ץʠʣʠʰʜʘ ʸʥסʠʥ ˄ʯʠʨʫʚʯʠʣʘʨ ʚʘ ʸʥסʠʥ 
˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠʥʠʥʛ ʘʥʦʤʘʣ ʠʩʩʠץʣʠʢ ʦץʠʤʠ 
ʪʘʲʩʠʨʠʜʘʥ ״ʠʤʦʷʣʘʰ ʟʘʨʫʨʘʪʠʥʠʥʛ ʤʘʚʞʫʜʣʠʛʠ 
ʫʰʙʫ ʡ˄ʥʘʣʠʰʜʘʛʠ ʠʟʣʘʥʠʰʣʘʨʥʠ ʜʘʚʦʤ ʵʪʪʠ-
ʨʠʰʥʠ ʥʘץʘʜʘʨ ʤʫ״ʠʤ ʵʢʘʥʣʠʛʠʥʠ ʠʩʙʦʪʣʘʡʜʠ. 
ʀʣʤʠʡ ʤʘʥʙʘʣʘʨ ʚʘ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ 

ʥʘʪʠʞʘʣʘʨʠʛʘ ʘʩʦʩʘʥ, ʸʥסʠʥ ˄ʯʠʨʠʰ ʘʚʪʦʤʦʙʠʣ-
ʣʘʨʠ ץʠʩʤʣʘʨʠʥʠʥʛ 10 ʢɺʪ/ʢʚ.ʤ ʠʩʩʠץʣʠʢ ʦץʠʤʠʜʘ 
ʘʥʦʤʘʣ ״ʘʨʦʨʘʪʛʘ ʝʪʠʰʠ ʸʥסʠʥ ˄ʯʠʨʠʰ ʠʰʣʘʨʠ-
ʥʠʥʛ ʙʘʞʘʨʠʣʠʰʠʛʘ ʥʠʩʙʘʪʘʥ ʪʝʟ ʩʦʜʠʨ ʙ˄ʣʘʜʠ ʚʘ 
ʙʫ ʢ˄ʨʩʘʪʛʠʯ 14 ʢɺʪ/ʢʚ.ʤ ʛʘ ʝʪʛʘʥʜʘ ʘʚʪʦʤʦʙʠʣ 
ʶץʦʨʠ ʠʩʩʠץʣʠʢ ʪʘʲʩʠʨʠʜʘ ʸʥʠʰʠ ʤʫʤʢʠʥ, ʢʘʪʪʘ 
 ʘʡʪʘץ ʠʥʣʘʨʜʘ ʵʩʘ, ʤʘʩʘʣʘʥ, ʥʝʬʪʥʠסʘʞʤʜʘʛʠ ʸʥ״
ʠʰʣʘʰ ʚʘ ʥʝʬʪ ʤʘ״ʩʫʣʦʪʣʘʨʠʥʠ ʩʘץʣʘʰ ʢʦʨʭʦʥʘ-
ʣʘʨʠʜʘ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ʠʩʩʠץʣʠʢ ʦץʠʤʠʥʠʥʛ 
ʢ˄ʨʩʘʪʛʠʯʣʘʨʠ 40 ʢɺʪ/ʢʚ.ʤ ʛʘ ʝʪʠʰʠ ʢʫʟʘʪʠʣʛʘʥ. 
ʋʰʙʫ ʤʘʲʣʫʤʦʪʣʘʨ ״ʦʟʠʨʛʠ ʚʘץʪʜʘ, ʨʝʩʧʫʙʣʠʢʘʤ-
ʠʟʜʘ ʘʤʘʣʜʘ ʬʦʡʜʘʣʘʥʠʣʘʸʪʛʘʥ ʸʥסʠʥ ˄ʯʠʨʠʰ ʚʘ 
ʙʦʰץʘ ʤʘʭʩʫʩ ʪʝʭʥʠʢʘʣʘʨʥʠ, ʘʡʥʠץʩʘ, ʢʘʪʪʘ ʸʥסʠʥ-
ʣʘʨʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʟʘʨʫʨʘʪʠ ʤʘʚʞʫʜʣʠʛʠʥʠ ʪʘʩ-
ʜʠץʣʘʡʜʠ. 
ʅʀʂ-5 ʨʫʩʤʣʠ ʤʘʭʩʫʩ ʸʥסʠʥ ʫʯʠʨʠʰ ʪʝʭʥʠ-

ʢʘʩʠʥʠʥʛ ʪʘʢʪʠʢ-ʪʝʭʥʠʢ ʠʤʢʦʥʠʷʪʣʘʨʠ: ʅʀʂ-5 
ʤʘʭʩʫʩ ʸʥסʠʥ ˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠ ʙʠʨ ʥʝʯʪʘ ʜʝʪʘʣ-
ʣʘʨʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ. ʋʰʙʫ ʅʀʂ-5 ʤʘʭʩʫʩ ˄ʯʠ-
ʨʠʰ ʪʝʭʥʠʢʘʩʠ ʤʦʪʦʨʠ ʙʝʥʟʠʥ ʸץʠʣסʠʩʠ ʸʨʜʘʤʠʜʘ 
 ʘʜʠʛʘʥ ʘʡʣʘʥʤʘץʘʨʘʢʘʪʛʘ ʢʝʣʠʙ, ʰʢʠʚʜʘʥ ʯʠ״
 ʘʨʘʢʘʪʥʠ ʨʝʤʝʥ ʸʨʜʘʤʠʜʘ 2 ʪʘ ʨʝʜʫʢʪʦʨʣʘʨʛʘ״

˄ʪʢʘʟʘʜʠ. ʈʝʜʫʢʪʦʨ ˄ʟ ʥʘʚʙʘʪʠʜʘ, ʘʡʣʘʥʤʘ ״ʘʨʘ-
ʢʘʪʥʠ ˄ʥʛ ʚʘ ʯʘʧ ʪʦʤʦʥ סʠʣʜʠʨʘʢʣʘʨʛʘ ʤʘ״ʢʘʤʣʘʥ-
ʛʘʥ ʟʘʥʞʠʨʣʠ ʫʟʘʪʤʘʣʘʨ ʦʨץʘʣʠ ʪʝʭʥʠʢʘʥʠ ״ʘʨʘ-
ʢʘʪʛʘ ʢʝʣʪʠʨʘʜʠ. ʈʝʜʫʢʪʦʨʣʘʨʜʘʥ ʡ˄ʥʘʣʪʠʨʠʣʘʸʪ-
ʛʘʥ ʘʡʣʘʥʤʘ ״ʘʨʘʢʘʪʥʠ ʪ˄ʭʪʘʪʠʰ ʤʘץʩʘʜʠʜʘ ʨʝʜʫʢ-
ʪʦʨ ʚʘ סʠʣʜʠʨʘʢʣʘʨʜʘʛʠ ״ʘʨʘʢʘʪʣʘʥʠʰ ʪʠʟʠʤʠʥʠ 
ʙʦסʣʦʚʯʠ ˄ץץʘ ʪʦʨʤʦʟ ʪʠʟʠʤʠ, ʷʲʥʠ, ʢʦʣʦʜʢʘʣʘʨ 
˄ʨʥʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʪʝʭʥʠʢʘʥʠ ʪ˄ʭʪʘʪʠʰ ʚʘ ץʘʡʪʘ 
 .ʘʨʘʢʘʪʣʘʥʠʰʠʥʠ ʪʘʲʤʠʥʣʘʡʜʠ״
ʊʝʭʥʠʢʘʥʠ ʙʦʰץʘʨʠʣʠʰʠ ʨʠʯʘʢ ʜʘʩʪʘʣʘʨ 

ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ɶʥʛ ʚʘ ʯʘʧ ʪʦʤʦʥ סʠʣ-
ʜʠʨʘʢʣʘʨʠʥʠ ״ʘʨʘʢʘʪʛʘ ʢʝʣʪʠʨʠʣʠʰʠʥʠ ʪ˄ʭʪʘʪʠʰ 
ʦʨץʘʣʠ ˄ʥʛ ʸʢʠ ʯʘʧ ʪʦʤʦʥʛʘ ʙʫʨʠʣʠʰʠ ʤʫʤʢʠʥ. 
ʄʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ ʦʣʜʠ, ʦʨץʘ ʚʘ ץ˄ʰʠʤʯʘ ʯʠ-
ʨʦץʣʘʨʠʥʠ ʜʦʠʤʠʡ 12 V ʵʣʝʢʪʨ ʪʦʢ ʢʫʯʣʘʥʠʰ ʙʠ-
ʣʘʥ ʪʘʲʤʠʥʣʘʰ ʤʘץʩʘʜʠʜʘ ʜʝʥʘʤ ʚʘ ʘʢʢʫʤʫʣʷʪʦʨ 
ʙʘʪʘʨʝʷʩʠ ˄ʨʥʘʪʠʣʠʙ, ʤʦʪʦʨ ץʠʩʤʠʜʘʥ ʯʠץʘʜʠʛʘʥ 
ʘʡʣʘʥʤʘ ״ʘʨʘʢʘʪʛʘ ʨʝʤʝʥ ʦʨץʘʣʠ ʙʦסʣʘʥʛʘʥ. ɪʨʠ-
ʪʠʰ ʤʦʩʣʘʤʘʣʘʨʠʥʠ ʤʘʨʢʘʟʠʡ ʙʦʰץʘʨʠʰ ʫʯʫʥ 
ʤʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ ʢʫʟʦʚ ץʠʩʤʠʛʘ ʙʦʰץʘʨʠʰ 
ʧʫʣʴʪʠ ʚʘ ʦʨץʘ ʪʦʤʦʥʠʜʘʥ ʪʦʨʤʦʟ ʯʠʨʦסʠʥʠ ʸץʠʰ 
ʫʯʫʥ ʙʦʰץʘʨʠʰ ʨʝʯʘʛʠʜʘʛʠ ʪʫʛʤʘ ʞʦʡʣʘʰʪʠʨʠ-
ʣʘʜʠ. ʋʰʙʫ ʪʝʭʥʠʢʘ ʦʨץʘʣʠ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ʸʥסʠʥ 
ʸʢʠ ʬʘʚץʫʣʦʜʜʘ ״ʦʣʘʪʣʘʨ ʦץʠʙʘʪʣʘʨʠʥʠ ʙʘʨʪʘʨʘʬ 
ʵʪʠʰ ʫʯʫʥ ʢ˄ʧʣʘʙ ʡ˄ʥʘʣʠʰʣʘʨʜʘ ʬʦʡʜʘʣʘʥʠʰ 
ʤʫʤʢʠʥ. ʄʘʭʩʫʩ ʪʝʭʥʠʢʘ ʸʥסʠʥ ˄ʯʠʨʠʰ ʘʚʪʦʤʦʙʠ-
ʣʠʜʘʥ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʩʫʚʥʠ ʩʫʚ ץʫʚʫʨʣʘʨʠ 
ʞʘʤʣʘʥʤʘʩʠ ʦʨץʘʣʠ ʦʣʜ ץʠʩʤʠʜʘ ʞʦʡʣʘʰʛʘʥ 
ʩʘʯʨʘʪʛʠʯ ʤʦʩʣʘʤʘʩʠʛʘ ʫʟʘʪʠʙ, ʩʫʚʣʠ ʜʝʚʦʨ ״ʦʩʠʣ 
 ʘʨ ʙʠʨʠ ˄ʥʛ ʚʘ ʯʘʧ ʪʦʤʦʥʠʛʘ 2״ ʠʣʘʜʠ. ʄʦʩʣʘʤʘץ
ʤʝʪʨʜʘʥ ״ʠʤʦʷ ״ʫʜʫʜʠ ״ʦʩʠʣ ץʠʣʠʙ, ʙʠʨ-ʙʠʨʠ ʙʠ-
ʣʘʥ ʧʘʨʘʣʣʝʣ ״ʦʣʜʘ ʢʝʩʠʰʘʜʠ. ʉʫʚʣʠ ʜʝʚʦʨ 
ʸʥסʠʥʜʘʥ ʢʝʣʠ ʙ ʯʠץץʘʥ ʠʩʩʠץʣʠʢʥʠ ״ʘʤʜʘ ʢʫʯʣʠ 
ʪʘʲʩʠʨ ʵʪʫʚʯʠ ʚʘ ʟʘ״ʘʨʣʠ ʤʦʜʜʘʣʘʨʥʠ ʟʘʨʘʨʣʘʥʪʠ-
ʨʠʰʜʘ ʬʦʡʣʘʥʠʣʘʜʠ. ʉʘʯʨʘʪʠʰ ʤʦʩʣʘʤʘʩʠ 110-
115 ʛʨʘʜʫʩ ʙʫʨʯʘʢ ץʠʷʣʠʛʠʜʘ ʩʫʚ ʧʘʨʜʘʩʠʥʠ ״ʦʩʠʣ 
 .ʠʣʘʜʠץ
ʄʘʭʩʫʩ ˄ʯʠʨʠʰ ʪʝʭʥʠʢʘʩʠʜʘ ʩʪʘʮʠʦʥʘʨ ʣʘʬʝʪ 

ʜʘʩʪʘʛʠ ˄ʨʥʘʪʠʣʛʘʥ ʪʝʭʥʠʢʘ ʦʣʜ ץʠʩʤʠʜʘʛʠ ʩʫʚʣʠ 
ʧʘʨʜʘ ʤʘʚʞʫʜʣʠʛʠ ʩʘʙʘʙʣʠ ʸʥסʠʥ ˄ʯʦסʠʛʘ ʷץʠʥʨʦץ 
ʙʦʨʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʙʝʨʘʜʠ. ʃʘʬʝʪ ʜʘʩʪʘʛʠʜʘ 
ʉɺʇ-8 ʜʘʩʪʘʛʠʥʠ ˄ʨʥʘʪʠʙ ʢ˄ʧʠʢ ״ʦʩʠʣ ץʠʣʠʰ ʠʤ-
ʢʦʥʠʷʪʠ ʤʘʚʞʫʜ. ʄʘʭʩʫʩ ʪʝʭʥʠʢʘ ʢʫʟʦʚʠʥʠ 
ʯʠʜʘʤʣʠʣʠʛʠʥʠ ʦʰʠʨʠʰ ʤʘץʩʘʜʠʜʘ ץʦʚʫʨסʘʣʠ ʤʝ-
ʪʘʣʣ ʧʨʦʢʘʪʣʘʨ ʚʘ ץʦʚʫʨסʘ ʰʘʢʣʣʠ ʛʝʦʤʤʝʪʨʠʢ ʜʝ-
ʪʘʣʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ. ʄʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ 
ʪʦʤ ץʠʩʤʠʛʘ 220 ɺ ʚʘ 400 ɺ ʠʰʣʘʡʠʛʘʥ ʩʚʝʪʦʜʠʦʜ 
ʸʨʠʪʠʰ ʤʦʩʣʘʤʘʩʠ ʦʨץʘ ʙʘʣʘʥʜʣʠʢʢʘ ʢ˄ʪʘʨʠʣʫʚʯʠ 
 ʠסʫʨʠʣʤʘʜʘ ʞʦʡʣʘʰʛʘʥ, 100 ɺʪ ʸʨʠʪʠʰ ʯʠʨʦץ
ʤʘʚʞʫʜ. ʄʘʭʩʫʩ ʪʝʭʥʠʢʘʜʘ ʪʫʪʫʥ ʩ˄ʨʛʠʯ ʤʦʩʣʘ-
ʤʘʩʠ ʤʘʚʞʫʜ ʙ˄ʣʠʙ ʤʦʩʣʘʤʘ ʤʘʪʦʨ ץʠʩʤʠʜʘʥ 
ʯʠץʘʜʠʛʘʥ ʘʡʣʘʥʤʘ ״ʘʨʢʘʪʣʘʨʥʠ ʰʢʠʚʣʘʨ ʦʨץʘʣʠ 
1000 ʦʙ/ʤʠʥ ʘʡʣʘʥʠʰʣʘʨ ʩʦʥʠʥʠ 2500 ʦʙ/ʤʠʥ ʛʘ 
ʫʟʘʡʪʠʨʠʙ ʙʝʨʘʜʠ ʚʘ ʪʫʪʫʥ ʩ˄ʨʛʠʯ ʤʦʩʣʘʤʘʩʠʥʠ 
ʠʰʣʘʰ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ʦʰʠʨʘʜʠ. ʀʥʥʦʚʘʮʠʦʥ סʦ-
ʷʣʘʨʛʘ ʪʘʷʥʠʙ, ʅʘʚʦʠʡ ʚʠʣʦʷʪʠ ʌʘʚץʫʣʦʜʜʘ ʚʘʟʠ-
ʷʪʣʘʨ ʙʦʰץʘʨʤʘʩʠ ʭʦʜʠʤʣʘʨʠ ʪʦʤʦʥʠʜʘʥ ʠʥʥʦʚʘ-
ʮʠʦʥ סʦʷʣʘʨʛʘ ʪʘʷʥʠʙ ʷʨʘʪʠʣʛʘʥ ʤʘʭʩʫʩ ʪʝʭʥʠʢʘ 
ʚʦʩʠʪʘʩʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ ״ʘʤʢʦʨ-
ʣʠʢʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʙ ʢʝʣʠʥʘʸʪʛʘʥ ʪʘʜץʠץʦʪ 
ʠʰʣʘʨʠ ʥʘʪʠʞʘʣʘʨʠ ʘʩʦʩʠʜʘ ʪʘʞʨʠʙʘ-ʩʠʥʦʚʣʘʨʠ 
ʘʤʘʣʛʘ ʦʰʠʨʠʣʠʙ ʢʝʣʠʥʘʷʧʪʠ. 
ʕʲʪʠʙʦʨʣʠ ʞʠ״ʘʪʠ, ʫʰʙʫ ʤʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ 
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ʜʘʩʪʣʘʙʢʠ ʢ˄ʨʠʥʠʰʠ ʷʨʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, ʸʥסʠʥ ˄ʯʠ-
ʨʠʰ ʘʚʪʦʤʦʙʠʣʠʜʘʥ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʩʫʚʥʠ ʩʫʚ 
-ʠʩʤʠʜʘ ʞʦʡʣʘʰץ ʫʚʫʨʣʘʨʠ ʞʘʤʣʘʥʤʘʩʠʥʠʥʛ ʦʣʜץ
ʛʘʥ ʩʘʯʨʘʪʛʠʯ ʤʦʩʣʘʤʘʩʠʛʘ ʫʟʘʪʠʰ ʦʨץʘʣʠ ʩʫʚʣʠ 
ʜʝʚʦʨʥʠ ״ʦʩʠʣ ץʠʣʠʰ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜ. ʉʫʚʣʠ 
ʜʝʚʦʨʥʠʥʛ ״ʘʨ ʙʠʨʠ ˄ʥʛ ʚʘ ʯʘʧ ʪʦʤʦʥʠʛʘ ʠʢʢʠ 
ʤʝʪʨʜʘʥ ״ʠʤʦʷ ״ʫʜʫʜʠʥʠ ״ʦʩʠʣ ץʠʣʠʰʠ ʚʘ ʙʠʨ-
ʙʠʨʠ ʙʠʣʘʥ ʧʘʨʘʣʣʝʣ ״ʦʣʜʘ ʢʝʩʠʰʠ ʪʘʲʤʠʥʣʘʥʛʘʥ. 
ʋʰʙʫ ʩʫʚʣʠ ʜʝʚʦʨ ʸʥסʠʥʜʘʥ ʢʝʣʠʙ ʯʠץץʘʥ ʠʩ-
ʩʠץʣʠʢʥʠ ״ʘʤʜʘ ʢʫʯʣʠ ʪʘʲʩʠʨ ʵʪʫʚʯʠ ʚʘ ʟʘ״ʘʨʣʠ 
ʤʦʜʜʘʣʘʨʥʠ ʟʘʨʘʨʣʘʥʪʠʨʠʰʜʘ ʢʘʪʪʘ ʩʘʤʘʨʘʜʦʨ-
ʣʠʢʥʠ ʢ˄ʨʩʘʪʘ ʦʣʘʜʠ. ʄʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ ʦʣʜ 
 ʠʩʤʠʜʘ ʩʪʘʮʠʦʥʘʨ ʣʘʬʝʪ ʜʘʩʪʘʛʠ ˄ʨʥʘʪʠʣʛʘʥץ
ʙ˄ʣʠʙ, ʜʘʩʪʘʢʥʠ ʙʦʰץʘʨʠʰ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜ. 
ʃʘʬʝʪ ʜʘʩʪʘʛʠʛʘ ץ˄ʰʠʤʯʘ ʉɺʇ-8 ʜʘʩʪʘʛʠʥʠ ˄ʨʥʘ-
ʪʠʰ ʦʨץʘʣʠ ʸʥסʠʥ ˄ʯʦסʠʛʘ ʢ˄ʧʠʢʣʠ ʘʨʘʣʘʰʤʘʥʠ 
ʫʟʘʪʠʰ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜ ʙ˄ʣʘʜʠ. ʐʫ ʙʠʣʘʥ 
ʙʠʨʛʘ ʫʯʪʘ ʢ˄ʧʠʢ ʘʨʘʣʘʰʪʠʨʠʰ ʤʦʩʣʘʤʘʩʠ ʞʦʡ-
ʣʘʰʪʠʨʠʣʛʘʥ ʙ˄ʣʠʙ, ʢ˄ʧʠʢ ״ʦʩʠʣ ץʠʣʫʚʯʠ 
ʩʫʶץʣʠʢʥʠ ʩ˄ʨʫʚʯʠ ץʫʚʫʨ ʙʦʰʯʘʣʘʨʠ ʫʯ ʸץʣʘʤʘ 
ʘʡʠʨʛʠʯʛʘ ˄ʨʥʘʪʠʣʠʙ, ʪʝʭʥʠʢʘ ˄ʟʠ ʙʠʣʘʥ ʦʣʠʙ ʶʨʘ-
ʜʠʛʘʥ ʩʠסʠʤʜʘʥ ʸʢʠ ʘʣʦ״ʠʜʘ ʠʜʠʰʣʘʨʜʘʥ ʢ˄ʧʠʢ 
 ʣʠʢʥʠ ʩʫʚ ʙʠʣʘʥ ʘʨʘʣʘʰʪʠʨʠʙץʠʣʫʚʯʠ ʩʫʶץ ʦʩʠʣ״
ʸʥסʠʥ ʞʦʡʠʛʘ 3 ʜʦʥʘ ʉɺʇ ʸʢʠ 1 ʜʦʥʘ ɻʇʉ-600 ʜʘ-
ʩʪʘʢʣʘʨʠ ʸʨʜʘʤʠʜʘ ʢ˄ʧʠʢʣʠ ʘʨʘʣʘʰʤʘ ʫʟʘʪʠʰ ʠʤ-
ʢʦʥʠʷʪʠ ʷʨʘʪʠʣʛʘʥ. 
-ʫץ ʫʨʠʣʤʘʜʘ ʤʦʩʣʘʰʪʠʨʠʣʛʘʥ ʪʫʪʫʥ ʩ˄ʨʛʠʯפ

ʨʠʣʤʘʩʠ ʤʘʚʞʫʜ ʙ˄ʣʠʙ, ʤʦʩʣʘʤʘ ʤʦʪʦʨ ץʠʩʤʠʜʘʥ 
ʯʠץʘʜʠʛʘʥ ʘʡʣʘʥʘ ״ʘʨʘʢʘʪʥʠ ʰʢʠʬʣʘʨ ʦʨץʘʣʠ  
1000 ʘʡʣʘʥ./ʜʘץ ʜʘʥ ʘʡʣʘʥʠʰʣʘʨ ʩʦʥʠʥʠ 3000 ʘʡ-
ʣʘʥ./ʜʘϨʠϨʘ ʛʘ ˄ʟʛʘʨʪʠʨʠʙ ʙʝʨʘʜʠ. ɹʫ ʪʫʪʫʥ ʩ˄ʨʛʠʯ 
ʤʦʩʣʘʤʘʩʠʥʠ ʠʰʣʘʰ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ ʷʥʘʜʘ ʦʰʠ-
ʨʘʜʠ ʚʘ ʩʦʘʪʠʛʘ 9000 ʤ3 ʪʫʪʫʥʥʠ ʯʠץʘʨʠʰ ʠʤʢʦʥʠ-
ʷʪʠʥʠ ʙʝʨʘʜʠ. 
ɪʥסʠʥ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ʙʠʥʦʥʠ ʵʣʝʢʪʨ ʪʘʨʤʦסʠʜʘʥ 

ʫʟʠʣʠʰʠ ʰʘʭʩʠʡ ʪʘʨʢʠʙʥʠ ʞʘʥʛʦʚʦʨ ʚʘʟʠʬʘʣʘ-
ʨʠʥʠ ʙʘʞʘʨʠʰʜʘ ʸʨʠʪʠʰ ʤʦʩʣʘʤʘʣʘʨʠ ʝʪʘʨʣʠ ʙ˄ʣ-
ʤʘʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ, ʸʥסʠʥ ˄ʯʠʨʠʰ ʨʘ״ʙʘʨʠʛʘ ʚʘ 
ʰʘʭʩʠʡ ʪʘʨʢʠʙʛʘ ʙʠʨ ץʘʪʦʨ ץʠʡʠʥʯʠʣʠʢʣʘʨʥʠ 
ʪʫסʜʠʨʘʜʠ. ʄʫʘʤʤʦʣʘʨʥʠ ʝʯʠʰ ʤʘץʩʘʜʠʜʘ ʤʘʭʩʫʩ 
ʪʝʭʥʠʢʘʛʘ ʜʠʥʘʤʠʢ ץʫʨʠʣʤʘʩʠ ˄ʨʥʘʪʠʣʛʘʥ ʙ˄ʣʠʙ, 
ʫʥʜʘ ʯʠץʘʜʠʛʘʥ 12 ʚʦʣʪʴ (v) ʵʣʝʢʪʨ ʪʦʢʠʥʠ 220 
ʚʦʣʪʴ 3000 ʘʤʧʝʨʛʘ ʘʡʣʘʥʪʠʨʫʚʯʠ ʤʦʩʣʘʤʘ 
ʤʘʚʞʫʜ ʚʘ ʤʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ ʪʝʧʘ ץʠʩʤʠʛʘ 1 
ʜʦʥʘ 400 ʚʦʣʴʪʣʠʢ ʚʘ ʤʝʪʨ ʙʘʣʘʥʜʣʠʢʢʘ ʢ˄ʪʘʨʠ-
ʣʫʚʯʠ 1 ʜʦʥʘ 100 ʚʦʣʴʪʣʠ ʸʨʠʪʛʠʯ ˄ʨʥʘʪʠʣʛʘʥ. 
ɪʥסʠʥ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ʙʠʥʦʥʠʥʛ ʙʦʰץʘ ʪʦʤʦʥʣʘʨʠʥʠ 
ʸʨʠʪʠʰ ʫʯʫʥ ״ʘʨ ʙʠʨʠ 100 ʤʝʪʨʣʠʢ ʢʘʙʝʣ ʢʘʪʫʰʢʘ-
ʣʘʨʠ ʸʨʜʘʤʠʜʘ 2 ʜʦʥʘ 200 ʚʦʣʪʣʠ ʸʨʠʪʛʠʯʣʘʨʥʠ ʫʟ-
ʣʫʢʩʠʟ ʪʦʢ ʙʠʣʘʥ ʪʘʲʤʠʥʣʘʙ ʪʫʨʠʰʠ ʤʫʤʢʠʥ. 
ʐʫʥʠʥʛʜʝʢ, ״ʘʨʘʢʘʪʣʘʥʠʰ ʪʠʟʠʤʠ ʨʝʜʫʢʪʦʨ 

ʦʨץʘʣʠ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥʣʠʛʠ ʩʘʙʘʙʣʠ, ʤʘʭʩʫʩ ʪʝʭʥʠ-
ʢʘʥʠʥʛ ץʠʷ ʪʝʧʘʣʠʢʣʘʨʛʘ ״ʘʨʘʢʘʪʣʘʥʠʰ ʚʘ ˄ʟʠ ʙʠ-
ʣʘʥ ʠʢʢʠ ʪʦʥʥʘʛʘʯʘ ʦסʠʨʣʠʢʜʘ ʙ˄ʣʛʘʥ ʩʫʚ ʮʠʩʪʝʨ-
ʥʘʩʠʥʠ ʪʦʨʪʠʙ ʶʨʠʰ ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜ (1-ʨʘʩʤ). 
ʐʫʥʠʥʛ ʫʯʫʥ ʫʥʠ ˄ʨʤʦʥ ʭ˄ʞʘʣʠʢʣʘʨʠʜʘ ʩʦʜʠʨ 
ʙ˄ʣʛʘʥ ʸʥסʠʥʣʘʨʥʠ ʚʘ ץʠʨ-ʘʜʠʨʣʠʢʣʘʨʜʘ ʩʦʜʠʨ 
ʙ˄ʣʛʘʥ ʸʥסʠʥʣʘʨʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰʜʘ ץ˄ʣʣʘʰ ʤʫʤ-
ʢʠʥ. 
ʋ ʙhʫ ʷʨʘʪʠʣʛʘʥ ʤʘʭʩʫʩ ʪʝʭʥʠʢʘ ʢ˄ʧʯʠʣʠʢ 

ʝʪʘʢʯʠ ʤʫʪʘʭʘʩʩʠʩʣʘʨ ʪʦʤʦʥʠʜʘʥ ʠʞʦʙʠʡ 
ʙʘ״ʦʣʘʥʜʠ ʚʘ ʫʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʙ˄ʡʠʯʘ 

ʪʘʢʣʠʬʣʘʨ ʙʠʣʜʠʨʠʣʜʠ. ñMMK SOGDA-Uò ʤʝʭʘ-
ʥʠʢ ʤʦʥʠʪʦʨʠ ʦʣʜ ʚʘ ʸʥ ʪʦʤʦʥʣʘʨʠʜʘʥ ʠʩʩʠץʣʠʢ 
ʦץʠʤʠʜʘʥ ״ʠʤʦʷʣʦʚʯʠ ʵʢʨʘʥʣʘʨ ʙʠʣʘʥ ʞʠ״ʦʟʣʣʘʥ-
ʛʘʥ ʙ˄ʣʠʙ, ʫʥʠʥʛ ʘʩʦʩʠʡ ʚʘʟʠʬʘʩʠ ʪʝʭʥʠʢʘ 
ʙʦʰץʘʨʫʚʯʠʩʠ ״ʘʤʜʘ ʪʝʭʥʠʢʘʥʠʥʛ ʙʘʨʯʘ ץʫʨʠʣʤʘ-
ʣʘʨʠʥʠ ʠʩʩʠץʣʠʢ ʦץʠʤʠʜʘʥ ״ʠʤʦʷʣʘʰʜʘʥ ʠʙʦʨʘʪ 
(2-ʨʘʩʤ.). 

 
1. ɼʚʠʛʘʪʝʣʴ, 2. ʊʫʪʫʥ ʩ˄ʨʛʠʯ, 3. ʇʝʥʦʩʤʝʩʠʪʝʣʴ, 4. ɪʨʠʪʠʰ ʪʘʰʚʠʰʛʦʭʠ, 5.ʇʨʦ-
ʞʝʢʪʦʨ, 6. 12ʚ - 220ʚ ʢʫʯʘʡʪʠʨʛʠʯ, 7. ʂ˄ʯʤʘ ʧʨʦʞʝʢʪʦʨ, 8. ɪʨʠʪʠʰ ʯʠʨʦסʠ, 9.ʃʘ-
ʬʝʪ ʜʘʩʪʘʛʠ, 10. ɸʨʘʩʠʪʝʣʴ, 11. 66 Ï ʤʤ ʫʣʘʛʠʯ, 12. ʊʦʚʫʰ ʪʘʰʚʠʰʛʦ״ʠ, 13. ʉʫʚ 

ʧʫʨʢʘʛʠʯ ʤʦʩʣʘʤʘʩʠ, 14. ʉʫʚ ʩʠסʠʤʠ. 

1-ʨʘʩʤ. ʄʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ ʠʢʢʠ ʪʦʥʥʘʛʘʯʘ ʦסʠʨʣʠʢʜʘ 
ʙ˄ʣʛʘʥ ʩʫʚ ʮʠʩʪʝʨʥʘʩʠʥʠ ʪʦʨʪʠʙ ʶʨʠʰ ʞʘʨʘʸʥʠ 

ʪʘʩʚʠʨʠ. 
 

 
2-ʨʘʩʤ. ʀʩʩʠץʣʠʢ ʦץʠʤʠʜʘʥ ״ʠʤʦʷʣʦʚʯʠ ʵʢʨʘʥʣʘʨ ʙʠ-
ʣʘʥ ʞʠ״ʦʟʣʘʥʛʘʥ ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨ ʙʠʣʘʥ ץʦʧʣʘʥʛʘʥ ʘʚ-

ʪʦʤʦʙʠʣʥʠʥʛ ʫʤʫʤʠʡ ʢ˄ʨʠʥʠʰʠ. 
 

ñMMK SOGDA-Uò ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨʠ ʝʥʛ ʣʠ-
ʥʠʷʣʘʨʠ ʸʨʜʘʤʠʜʘ ʩʫʚ ʪʘʲʤʠʥʦʪ ʤʘʥʙʘʠʛʘ ʫʣʘʥʠʙ, 
ʸʥסʠʥ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ʦʙʲʝʢʪ ʦʣʜʠʛʘ ʢʝʨʘʢʣʠʯʘ ʷץʠʥ 
ʤʘʩʦʬʘʛʘ ʙʦʨʠʰʠ ʚʘ ʰʫ ʦʨץʘʣʠ ñMMK SOGDA-Uò 
ʪʝʭʥʠʢʘʩʠʥʠʥʛ ʦʧʝʨʘʪʦʨʠ ʪʦʤʦʥʠʜʘʥ ʘʣʘʥʛʘʣʘʨʥʠ 
ʢ˄ʧʠʢ ʸʢʠ ʩʫʚʥʠ ʧʫʨʢʘʰ ʫʩʫʣʣʘʨʠ ʙʠʣʘʥ ʸʥסʠʥ-
ʣʘʨʥʠ ʩʘʤʘʨʘʣʠ ˄ʯʠʨʠʰ ʠʤʢʦʥʠʷʪʠʥʠ ʙʝʨʘʜʠ. 
ʀʠʩʠץʣʠʢ ʦץʠʤʠʜʘʥ ״ʠʤʦʷʣʦʚʯʠ ʵʢʨʘʥʣʘʨ ʙʠʣʘʥ 
ʞʠ״ʦʟʣʘʥʛʘʥ ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨ ñMMK SOGDA-Uò 
ʤʘʭʩʫʩ ʪʝʭʥʠʢʘʥʠʥʛ ʩʘʤʘʨʘʜʦʨʣʠʛʠʥʠ ʙʘ״ʦʣʘʰ 
ʙ˄ʡʠʯʘ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 
ɶʪʢʘʟʠʣʛʘʥ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ʞʘʨʘʸʥʠʜʘ ʙʠʪʪʘ ʸʥסʠʥ 
˄ʯʠʨʠʰ ʘʚʪʦʮʠʩʪʝʨʘʥʘʩʠ (ISUZU NQR) ʜʘʥ ʤʝʭʘ-
ʥʠʢ ʤʦʥʠʪʦʨ ñMMK SOGDA-Uò ʤʘʭʩʫʩ ʪʝʭʥʠʢʘ 
ʦʨץʘʣʠ ״ʘʚʦ ʢ˄ʧʠʢʣʠ ʜʘʩʪʘʢ ʸʨʜʘʤʠʜʘ ʰʘʨʪʣʠ ʨʘ-
ʚʠʰʜʘ ʤʘʭʩʫʩ ʠʜʠʰʜʘ ״ʦʩʠʣ ץʠʣʠʥʛʘʥ ʥʝʬʪ ʤʘ״ʩʫ-
ʣʦʪʠ ʸʥʠʰʠʥʠ ʷץʠʥ ʤʘʩʦʬʘʜʘʥ ˄ʯʠʨʠʣʠʰʠ 
ʪʘʲʤʠʥʣʘʥʜʠ (3-ʨʘʩʤ). 

 

 
3-ʨʘʩʤ. ñMMK SOGDA-Uò ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨʠʥʠʥʛ 
ʠʰʣʘʰ ʩʭʝʤʘʩʠ. 1-ʪʘʞʨʠʙʘ ʩʠʥʦʚ ʞʘʨʘʸʥʠʜʘ ʘʚʪʦʮʠ-
ʩʪʝʨʘʥʘ (ISUZU NQR), 2-ʠʩʩʠץʣʠʢ ʦץʠʤʠʜʘʥ ״ʠʤʦʷ-
ʣʦץʯʠ ʵʢʨʘʢ ʙʠʣʘʥ ʞʠ״ʦʟʣʘʥʛʘʥ ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨ 
ñMMK SOGDA-Uò, ɻɾ-ʰʘʨʪʣʠ ʸʥסʠʥ ״ʦʩʠʣ ץʠʣʠʰ 

ʫʯʫʥ ʥʝʬʪ ʤʘ״ʩʫʣʦʪʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. 
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4-ʨʘʩʤ. ʊʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ ʤʘʭʩʫʩ ʘʚʪʦʤʦʙʠʣʣʘʨʠʥʠʥʛ 

ʪʘʞʨʠʙʘ ʞʘʨʘʸʥʠ. 
 

ʀʩʩʠץʣʠʢ ʦץʠʤʠʜʘʥ ״ʠʤʦʷʣʦʚʯʠ ʵʢʨʘʥʣʘʨ ʙʠ-
ʣʘʥ ʞʠ״ʦʟʣʘʥʛʘʥ ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨ ñMMK 
SOGDA-Uòʥʠʥʛ ʩʠʥʦʚ ʞʘʨʘʸʥʠ (4-ʨʘʩʤ). ʍʫʣʦʩʘ 
˄ʨʥʠʜʘ ʰʫʥʠ ʘʡʪʠʰ ʤʫʤʢʠʥʢʠ, ʫʰʙʫ ˄ʪʢʘʟʠʣʛʘʥ 
ʜʘʩʪʣʘʙʢʠ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ʥʘʪʠʞʘʣʘʨʠʜʘʥ ʰʘʨʪʣʠ 
ʸʥסʠʥʥʠ ˄ʯʠʨʠʰʜʘ ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨ ñMMK 
SOGDA-Uò ʪʝʭʥʠʢʘ ʚʦʩʠʪʘʩʠ ״ʘʤʜʘ ʫʥʠʥʛ ʙʦʰץʘ-
ʨʫʚʯʠʩʠ ʭʘʚʬʩʠʟʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰʛʘ ʵʨʠʰʠʣʛʘʥ-
ʣʠʛʠ ʘʥʠץʣʘʥʜʠ. ʀʩʩʠץʣʠʢ ʦץʠʤʠʜʘʥ ״ʠʤʦʷʣʦʚʯʠ 
ʵʢʨʘʥʣʘʨ ʙʠʣʘʥ ʞʠ״ʦʟʣʘʥʛʘʥ ʤʝʭʘʥʠʢ ʤʦʥʠʪʦʨ 

ñMMK SOGDA-Uò ʤʘʭʩʫʩ ʪʝʭʥʠʢʘ ʥʝʬʪ-ʛʘʟ ʩʘʥʦ-
ʘʪʠ, ץʠʰʣʦץ ʭ˄ʞʘʣʠʛʠ ʤʘʭʩʫʣʦʪʣʘʨʠʥʠ ʩʘץʣʘʰ ʚʘ 
 ʘʤʜʘ ʪʫʨʣʠ ʭʠʣ ʙʠʥʦ ʚʘ״ ʘʡʪʘ ʠʰʣʘʰ ʦʙʲʝʢʪʣʘʨʠץ
ʠʥʰʦʦʪʣʘʨʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠʛʘʥ ʸʥסʠʥʣʘʨʥʠ ʙʘʨʪʘ-
ʨʘʬ ץʠʣʠʰʜʘ ʙʠʨ ץʘʪʦʨ ʠʤʢʦʥʠʷʪʣʘʨʛʘ ʵʛʘ. 
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ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʇʆɾɸʈʆʊʋʐɽʅʀʗ  ɺʓʉʆʂʆʉʊɽʃʃɸɾʅʓʍ 
ʉʂʃɸɼʆɺ 

 
ʊʘʰʤʘʪʦʚ ʅ.ʋ. ɼʞʠʟʘʢʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 
ɺ ʩʪʘʪʴʝ ʦʙʦʟʥʘʯʝʥʳ ʧʨʦʙʣʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʩʪʝʣʣʘʞʥʳʭ ʩʢʣʘʜʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʧʦ ʦʩʥʘʱʝ-

ʥʠ ʁʚʳʩʦʪʥʳʭ ʩʢʣʘʜʦʚ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ɸʇʊ) ʪʦʥʢʦʨʘʩʧʳʣʝʥʥʦʡ ʚʦʜʦʡ (ʊʈɺ) ʩ ʧʨʠʤʝ-
ʥʝʥʠʝʤ ʦʨʦʩʠʪʝʣʝʡ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʫʩʢʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʪʦʥʢʦʨʘʩʧʳ-
ʣʝʥʥʦʡ ʚʦʜʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʟʚʘʥʳ ʦʙʲʝʢʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ɸʇʊ ʊʈɺ ʧʨʠʥʷʪʘ ʢ ʤʦʥʪʘʞʫ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʩʪʝʣʣʘʞʥʳʡ ʩʢʣʘʜ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʪʦʥʢʦʨʘʩʧʳʣʝʥʥʦʡ ʚʦ-

ʜʦʡ, ʩʧʨʠʥʢʣʝʨ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ, ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʦʪʦʢʘ, ʜʘʪʯʠʢʠ, ʠʟʚʝʱʘʪʝʣʠ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, 
ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ. 

Maqolada yuqori qavatli omborlarni loyihalash muammolari ko'rsatilgan. Ko'p qavatli omborlarni majburiy ishga 
tushiriladigan purkagichlardan foydalangan holda suv bug'lari (SB) bilan avtomatik yong'in o'chirish tizimi (AYoOô) bilan 
jihozlash uchun echimlar taklif etiladi. Yong'in o'chirish tizimining suvli purkagichlar bilan ishlash tamoyillari, bunday 
yechimning afzalliklari ko'rib chiqiladi, 

Kalit so'zlar:  baland ombor, avtomatik suvli yong'inni o'chirish tizimi, majburiy ishga tushirish purkagichi, oqim 
konditsioneri, datchiklar, yong'in signalizatsiyasi, nasos agregatlari. 

The article outlines the problems of designing high-bay warehouses. Solutions were proposed for equipping high-rise 
warehouses with automatic fire extinguishing system (AFExS) with sprayed water (SW) using forced start sprinklers. The 
principles of operation of the fire suppression system with sprayed water, the advantages of such a solution are considered, 
the objects on which the AFExS with SW system is accepted for installation are named. 

Keywords: high bay warehouse, automatic fire extinguishing, sprinkler with forced start-up, the shaper of flow, sensors, 
detectors, fire alarm systems, pumping units. 

 

ʊʘʰʢʝʥʪ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʩʨʝʜʥʝʘʟʠʘʪʩʢʠʤ 
ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʫʟʣʦʤ, ʩʧʦʩʦʙʥʦʛʦ 
ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʪʨʘʥʩʧʦʨʪʥʦ-
ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ɺ ʊʘʰʢʝʥʪʝ ʠ ʝʛʦ ʦʢʨʝʩʪ-
ʥʦʩʪʷʭ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ ʥʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʦ ʢʨʫʧʥʳʭ ʩʢʣʘʜʩʢʠʭ ʙʘʟ. ʉʦʙʩʪʚʝʥʥʠʢʠ ʚʳʜʝ-
ʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʩʪʘʨʘ-
ʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʨʠʪʦʨʠʶ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ 
ʨʘʮʠʦʥʘʣʴʥʦ, ʧʦʩʪʨʦʠʚ ʩʢʣʘʜʩʢʠʝ ʧʦʤʝʱʝʥʠʷ ʩ 
ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʤʝʩʪʠʤʦʩʪʴʶ. ɸ ʵʪʦ 
ʦʟʥʘʯʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʦʢʦʩʪʝʣʣʘʞʥʳʭ ʩʢʣʘ-
ʜʦʚ ʩ ʚʳʩʦʪʦʡ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪ 10 ʜʦ 15 ʤ. ʆʜʥʘ 
ʠʟ ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʢʣʘʜʦʚ ð ʵʪʦ 
ʛʨʘʤʦʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʤʝʱʝʥʠʡ ʠʥʞʝʥʝʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʞʘʨʦ-
ʪʫʰʝʥʠʝʤ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥ-
ʪʦʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʐʅʂ 2.01.02-2004 
"ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ". 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ, ʚʳʩʦʢʦʩʪʝʣʣʘʞʥʳʝ 
ʩʢʣʘʜʳ ʜʦʣʞʥʳ ʦʙʦʨʫʜʦʚʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ (ɸʇʊ) ʣʠʙʦ ʩ ʧʨʠʤʝʥʝ-
ʥʠʝʤ ʦʨʦʩʠʪʝʣʝʡ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-
ʩʪʠ, ʣʠʙʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʫʪʨʠʩʪʝʣʣʘʞʥʦʡ ʩʠ-
ʩʪʝʤʳ ʫʩʪʘʥʦʚʢʠ ʦʨʦʩʠʪʝʣʝʡ ʯʝʨʝʟ ʢʘʞʜʳʝ 4 ʤ ʧʦ 
ʚʳʩʦʪʝ. 
ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠʤʝʥʝʥʠʷ ʐʅʂ 

2.01.02-2004 ̫ ʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ, ʥʝʦʙʭʦʜʠ-
ʤʳʡ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ (ʧʦʨʷʜʢʘ 500ï600 ʤį). 
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ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʫʯʘʩʪʢʠ, ʚʳʜʝʣʝʥʥʳʝ ʧʦʜ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʦ ʩʢʣʘʜʦʚ, ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʟʦʥʳ ʮʝʥʪʨʘʣʠʟʦ-
ʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʟʝʨʚʫʘʨʦʚ ʧʨʦʪʠʚʦʧʦ-
ʞʘʨʥʦʛʦ ʟʘʧʘʩʘ ʚʦʜʳ, ʦʙʲʸʤ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʘʪ-
ʨʠʚʘʝʪ ʭʨʘʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʨʘʩʭʦʜʘ ʥʘ ʘʚʪʦʤʘʪʠʯʝ-
ʩʢʦʝ ʧʦʞʘʨʦʪʫʰʝʥʠʝ, ʥʦ ʠ ʦʙʲʸʤ ʨʘʩʭʦʜʘ ʥʘʨʫʞ-
ʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ð ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʝʱʸ 600ï
700 ʤį ʚʦʜʳ. ɺ ʨʘʤʢʘʭ ʧʣʦʪʥʦʡ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦ-
ʨʠʠ ʨʝʟʝʨʚʫʘʨʳ ʦʙʱʠʤ ʦʙʲʸʤʦʤ 1100ï1300 ʤį ʟʘ-
ʯʘʩʪʫʶ ʨʘʟʤʝʩʪʠʪʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. ɽʱʸ ʦʜʥʘ 
ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʩʦʩʥʦʝ ʦʙʦʨʫ-
ʜʦʚʘʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʜʘʯʫ ʚʦʜʳ 
500ï600 ʤį/ʯ, ʦʯʝʥʴ ʜʦʨʦʛʦʝ (2ï3 ʤʣʥ ʨʫʙ. ʟʘ ʢʦʤ-
ʧʣʝʢʪ), ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʝ (220ï250 ʢɺʪ) ʠ ʚʝʩʴʤʘ ʪʷ-
ʞʸʣʦʝ (2,0ï2,5 ʪ). ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʝʰʝ-
ʥʠʷʤ ʐʅʂ 2.01.02-2004 ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʨʝʰʝ-
ʥʠʝ ʧʦ ʦʩʥʘʱʝʥʠʶ ʚʳʩʦʪʥʳʭ ʩʢʣʘʜʦʚ ʩʠʩʪʝʤʦʡ ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʪʦʥʢʦʨʘʩʧʳʣʝʥ-
ʥʦʡ ʚʦʜʦʡ (ʊʈɺ) ʩʦʛʣʘʩʥʦ ʊʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘ-
ʤʝʥʪʘ (UzTR.536-039:2022) çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦ-
ʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʩʨʝʜʩʪʚʘʤ 
ʧʦʞʘʨʦʪʫʰʝʥʠʷè ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʦʩʠʪʝʣʝʡ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʦʛʦ ʧʫʩʢʘ (ʨʠʩ. 1). 

 
 

ʈʠʩ.1. ʆʨʦʩʠʪʝʣʴ ʩ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ. 

ʈʠʩ.2. ʆʨʦʩʠʪʝʣʴ ʩ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʠ ʜʘʥʥʦʤ ʨʝʰʝʥʠʠ 
ʩʣʝʜʫʶʱʠʡ. ʉʧʨʠʥʢʣʝʨ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ 
ʦʩʥʘʱʸʥ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʨʤʦʢʦʣʙʦʡ ʠ ʥʘʛʨʝʚʘʪʝʣʴ-
ʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʘ ʚ ʟʦʥʝ ʫʩʪʘʥʦʚʢʠ ʩʪʝʣʣʘʞʝʡ ʝʱʸ 
ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʝʤ ʧʦʪʦʢʘ (ʨʠʩ. 2), ʩ ʧʦʤʦʱʴʶ ʢʦ-
ʪʦʨʦʛʦ ʚʦʜʘ ʧʦʜʘʸʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʝʣʣʘʞ. 
ʈʘʟʤʝʱʝʥʠʝ ʦʨʦʩʠʪʝʣʝʡ ʩʦʛʣʘʩʥʦ ʊʝʭʥʠʯʝ-

ʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ (UzTR.536-039:2022) ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ ʦʙʳʯʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʚʠʜʝ çʩʝʪʢʠè ʥʘʜ ʟʘ-
ʱʠʱʘʝʤʳʤ ʧʦʤʝʱʝʥʠʝʤ. ʆʨʦʩʠʪʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ 
ʚ ʧʨʦʭʦʜʘʭ ʤʝʞʜʫ ʩʪʝʣʣʘʞʘʤʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʥʝ 
ʙʦʣʝʝ 2 ʤ, ʧʨʠʯʸʤ ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦ-
ʚʦʜʘ ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʨʦʩʠʪʝʣʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ 
ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʨʦʰʝʥʠʷ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʪʝʣʣʘʞʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʘʟʨʝʟʝ ʧʦ-
ʤʝʱʝʥʠʷ (ʨʠʩ. 3). ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʨʦʩʠʪʝʣʝʡ 
ʧʦʟʚʦʣʷʝʪ ʥʘʜʸʞʥʦ ʟʘʱʠʪʠʪʴ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ 
ʩʪʝʣʣʘʞʘ ʚ ʩʣʫʯʘʝ ʧʦʞʘʨʘ. 
ɺ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ ʩʠʩʪʝʤʘ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʘʪʯʠʢʘʤʠ ʠ ʠʟʚʝʱʘʪʝʣʷʤʠ ʧʦ-
ʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ɼʘʪʯʠʢʠ ʟʘʢʨʝʧʣʝʥʳ ʚ ʜʚʘ 
ʠʣʠ ʪʨʠ ʷʨʫʩʘ ʥʘ ʩʪʝʣʣʘʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳ-
ʩʦʪʳ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜ ʧʝʨʝʢʨʳʪʠʝʤ. 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʸʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʩʝ 
ʫʨʦʚʥʠ ʩʪʝʣʣʘʞʘ ʠ ʦʙʥʘʨʫʞʠʪʴ ʦʯʘʛ ʧʦʞʘʨʘ ʚ ʢʨʘʪ-
ʯʘʡʰʠʝ ʩʨʦʢʠ. ʇʨʠ ʧʦʜʘʯʝ ʧʫʩʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʦʨʦʩʠʪʝʣʷ ʦʪ ʧʦʞʘʨʥʳʭ 
ʠʟʚʝʱʘʪʝʣʝʡ ʪʝʨʤʦʢʦʣʙʘ ʨʘʟʨʫʰʘʝʪʩʷ, ʠ ʧʨʦʠʩʭʦ-
ʜʠʪ ʧʦʜʘʯʘ ʚʦʜʳ ʢ ʦʯʘʛʫ ʚʦʟʛʦʨʘʥʠʷ. ɿʘ ʢʘʞʜʳʤ ʠʟ 
ʜʘʪʯʠʢʦʚ ʟʘʢʨʝʧʣʝʥʘ ʟʦʥʘ ʚʩʢʨʳʪʠʷ ʦʨʦʩʠʪʝʣʝʡ ʚ 
ʢʦʣʠʯʝʩʪʚʝ ʜʝʩʷʪʠ ʰʪʫʢ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʦʙ-
ʥʘʨʫʞʝʥʠʠ ʧʦʞʘʨʘ ʜʘʪʯʠʢʦʤ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ 
ʫʨʦʚʥʝ ʧʦ ʩʠʛʥʘʣʫ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʩʢʨʦʝʪʩʷ ʜʝ-
ʩʷʪʴ ʦʨʦʩʠʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʢʘʢ ʣʦʢʘʣʠʟʦʚʘʪʴ 
ʧʦʞʘʨ, ʪʘʢ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʫʩʢʦʚʦʡ ʠʤʧʫʣʴʩ ʧʦʜʘʸʪʩʷ ʥʘ ʟʘ-
ʧʫʩʢ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʜʨʫʛʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʦ-
ʧʫʪʩʪʚʫʶʱʠʝ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩʦʛʣʘʩʥʦ ʘʣʛʦ-
ʨʠʪʤʫ. ɿʘʧʫʩʢ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʘʥʦʤʝʪʨʦʤ ʚʦ ʠʟʙʝʞʘʥʠʝ ʣʦʞʥʳʭ 
ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʘʜʝʥʠʷ 
ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʘʩʦʩʥʳʝ ʘʛʨʝʛʘʪʳ ʧʨʦʜʦʣ-
ʞʘʶʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ. 

 
ʈʠʩ.3. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦ-
ʚʦʜʦʚ ʠ ʦʨʦʩʠʪʝʣʝʡ ʩʠʩʪʝʤʳ ɸʇʊ ʊʈɺ ʩ ʧʨʠʥʫʜʠʪʝʣʴ-
ʥʳʤ ʧʫʩʢʦʤ: 1-ʦʨʦʩʠʪʝʣʴ; 2-ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʧʦʪʦʢʘ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʣʝʤʝʥʪ ʵʣʝʢʪʨʦ-
ʧʫʩʢʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʙʳʯʥʫʶ ʨʘʙʦʪʫ ʩʧʨʠʥʢʣʝʨʘ. 
ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʨʦʛʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ 
ʩʧʨʠʥʢʣʝʨʘ ʧʨʦʠʟʦʡʜʸʪ ʝʛʦ ʰʪʘʪʥʳʡ ʟʘʧʫʩʢ, ʘ 
ʪʘʢʞʝ ʧʫʩʢ ʥʘʩʦʩʦʚ ʯʝʨʝʟ ʫʟʝʣ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʘʜʝ-
ʥʠʶ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘʛʣʷʜʥʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ ʩʣʝʜʫʶ-
ʱʠʤʠ ʚʳʛʦʜʘʤʠ: 
¶ ʧʦʚʳʰʝʥʥʘʷ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ (ʧʦʜʘʯʘ 

ʚʦʜʳ ʥʘʯʠʥʘʝʪʩʷ ʧʦ ʩʠʛʥʘʣʫ ʧʦʞʘʨʥʦʛʦ ʠʟʚʝʱʘ-
ʪʝʣʷ, ʪʦʛʜʘ ʢʘʢ ʦʙʳʯʥʘʷ ʩʧʨʠʥʢʣʝʨʥʘʷ ʩʠʩʪʝʤʘ ʩʨʘ-
ʙʘʪʳʚʘʝʪ ʚ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʟʘʤʢʘ 
ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʨʦʛʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʦ-
ʠʩʭʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʠʰʴ ʢʦʛʜʘ ʦʯʘʛ ʧʦʞʘʨʘ ʫʞʝ 
ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʪʫʰʝʥʠʷ); 
¶ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ (ʨʘʩʭʦʜ ʚʦʜʳ ʜʣʷ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ - 180 ʧʨʦʪʠʚ 500 ʤį ʚ ʩʣʫ-
ʯʘʝ ʦʙʳʯʥʦʡ ʩʧʨʠʥʢʣʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦ-
ʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʨʝʟʝʨʚʫʘʨ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʛʦ ʦʙʲ-
ʸʤʘ); 
¶ ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʘ ʫʱʝʨʙʘ (ʩʠʩʪʝʤʘ ʊʈɺ ʧʦ-

ʩʣʝ ʧʦʞʘʨʘ ʥʝ ʪʨʝʙʫʝʪ ʦʪʚʦʜʘ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʤʝʣʢʠʝ 
ʢʘʧʣʠ ʣʦʞʘʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ çʪʫʤʘʥʦʤè, ʠ ʠʭ ʜʦ-
ʩʪʘʪʦʯʥʦ ʫʙʨʘʪʴ ʧʳʣʝʩʦʩʦʤ, ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʮʠʷ, 
ʭʨʘʥʷʱʘʷʩʷ ʥʘ ʩʢʣʘʜʝ, ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡ-
ʩʪʚʠʶ ʚʦʜʳ ʠ ʦʩʪʘʸʪʩʷ ʩʫʭʦʡ); 
¶ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ (ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ - 75 ʢɺʪ ʧʨʦʪʠʚ 250 ʢɺʪ, ʚʝʩʘ - 
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800 ʢʛ ʧʨʦʪʠʚ 2000 ʢʛ); 
¶ ʩʥʠʞʝʥʠʝ ʤʝʪʘʣʣʦʸʤʢʦʩʪʠ (ʢʦʣʠʯʝʩʪʚʦ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʚ 
ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʦʙʳʯʥʦʡ ʩʧʨʠʥʢʣʝʨʥʦʡ ʩʠʩʪʝʤʳ); 
¶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʦʨʦʩʠʪʝʣʝʡ ʚ 2,5-

3 ʨʘʟʘ ʤʝʥʴʰʝ); 
¶ ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ (ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʤʦʞʝʪ ʟʘʱʠʱʘʪʴ ʧʦʤʝʱʝʥʠʷ ʩʢʣʘʜʦʚ ʚʳʩʦʪʦʡ ʜʦ 
30 ʤ ʩ ʚʳʩʦʪʦʡ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʜʦ 15 ʤ); 

 

 
ʈʠʩ.4. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʦʙʳʯʥʦʡ ʩʠʩʪʝʤʳ ɸʇʊ ʩ ʚʥʫʪ-

ʨʠʩʪʝʣʣʘʞʥʳʤʠ ʦʨʦʩʠʪʝʣʷʤʠ 

ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʘ ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʦʙʳʯʥʦʡ ʩʧʨʠʥʢʣʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʥʘ ʨʠʩ.5 ʧʦʢʘ-
ʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʨʦʩʠʪʝʣʝʡ 
ʩʠʩʪʝʤʳ ʊʈɺ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ. ʅʘ ʩʭʝ-
ʤʘʭ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʥʘʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʤʝʪʘʣʣʦ-
ʸʤʢʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʨʦʩʠʪʝʣʝʡ ʜʣʷ ʩʠʩʪʝʤʳ 
ʊʈɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ ɸʇʊ, ʧʨʦʝʢʪʠʨʫʝ-
ʤʦʡ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʤ. 

ɺ ʠʪʦʛʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ɸʇʊ ʊʈɺ ʩ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʥʘʜʸʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʟʘʱʠʪʳ ʚʳʩʦʪʥʳʭ 
ʩʢʣʘʜʦʚ ʟʘ ʩʯʸʪ ʨʘʥʥʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 
ʧʦʪʫʰʠʪʴ ʦʯʘʛ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ, ʤʠʥʠʤʠʟʠʨʦ-
ʚʘʚ ʪʝʤ ʩʘʤʳʤ ʫʱʝʨʙ. ɼʣʷ ʘʨʝʥʜʘʪʦʨʦʚ ʩʢʣʘʜʩʢʠʭ 
ʧʦʤʝʱʝʥʠʡ ʵʪʦ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʚʳ-
ʙʦʨʝ ʩʢʣʘʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ 
ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠ-
ʚʣʝʢʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʧʦʠʩʢʝ ʘʨʝʥʜʘʪʦʨʦʚ. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ɸʇʊ ʊʈɺ ʩ ʧʨʠʥʫ-

ʜʠʪʝʣʴʥʳʤ ʧʫʩʢʦʤ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ, ʤʦʛʫʪ ʧʦʣʫ-
ʯʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ ʠ 
ʧʨʠʥʷʪʴ ʢ ʤʦʥʪʘʞʫ ʥʘ ʦʙʲʝʢʪʘʭ. 
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O'ZBEKISTONDA SUVNI TUZSIZLANTIRISH (TUZSIZLANTIRISH) QURILMALARI VA 

TIZIMLARIGA EHTIYOJ  
 

Alibekova Nazira Nazarovna; Aripov Nuriddin Yusupovich  
Jizzax Politexnika instituti 

 
Maqolada O'zbekiston hududlarida suvni tuzsizlantirish qurilmalari va tizimlari zarurligi ko'zda tutilgan. O'zbekiston 

etarli miqdorda toza suvga ega, ammo u hududiy jihatdan notekis taqsimlangan. Toza suvning asosiy hajmi mamlakatning 
tog'li hududlarida oqadi. Suv ta'minoti, sug'orish va chorvachilik ehtiyojlari uchun ishlatiladigan er osti suvlarining katta 
zaxiralari ko'p miqdorda tuzlarni o'z ichiga oladi. Bu mamlakatning eng qurg'oqchilk mintaqalarida yashovchi aholiga salbiy 
ta'sir ko'rsatmoqda. 

Kalit so'zlar:  tuzsizlantirish, toza suv, sug'orish, suv ta'minoti, tuz miqdori, mintaqa, elektrodializ, teskari osmotik 
qurilmalar, nasos birligi 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʠʩʪʝʤʘʭ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ ʚ ʨʝʛʠʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ. ʋʟʙʝ-
ʢʠʩʪʘʥ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʥʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʆʩʥʦʚʥʦʡ 
ʦʙʲʝʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʧʨʦʪʝʢʘʝʪ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ. ɹʦʣʴʰʠʝ ʟʘʧʘʩʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʦʜʦ-
ʩʥʘʙʞʝʥʠʷ, ʦʨʦʰʝʥʠʷ ʠ ʥʫʞʜ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ. ʕʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 
ʥʘʩʝʣʝʥʠʠ, ʧʨʦʞʠʚʘʶʱʝʤ ʚ ʥʘʠʙʦʣʝʝ ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʨʝʩʥʝʥʠʝ, ʯʠʩʪʘʷ ʚʦʜʘ, ʦʨʦʰʝʥʠʝ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ, ʨʝʛʠʦʥ, ʵʣʝʢʪʨʦʜʠʘʣʠʟ, 

ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ, ʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ. 

The article provides for the need for installations and systems for water desalination in the regions of Uzbekistan. 
Uzbekistan has enough fresh water, but it is territorially distributed unevenly. The main volume of fresh water flows in the 
mountainous regions of the country. The existing considerable reserves of groundwater, which are used for water supply, 
irrigation and livestock needs, mostly contain an excess amount of salts. This negatively affects the population living in the 
most arid regions of the country. 

Keywords: desalination, fresh water, irrigation, water supply, salt content, region, electrodialysis, reverse osmosis 
plants, pump unit 
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Asrlar davomida insoniyat o'z hayoti uchun 
ichimlik suvidan foydalangan. Odamlar uchun asosiy 
oziq-ovqat manbai ovchilik bo'lgan davrlarda ular 
daryo suvidan ichish uchun foydalanganlar. Ko'pgina 
artefaktlar va yodgorliklarni asosan daryolar va 
ko'llarning og'zida yoki chuchuk suv zahiralari bo'lgan 
va ilgari oqib o'tgan joylarda topish odamning 
chuchuk suvga qanchalik bog'liqligi haqida gapiradi. 
Toza suv manbalari bo'lmagan joylarda odamlar uni 
quduqlar orqali pompalagan holda er ostidan qazib 
olishgan. O'zbekiston etarli miqdorda toza suvga ega, 
ammo u hududiy jihatdan notekis taqsimlangan. Toza 
suvning asosiy hajmi mamlakatning tog'li hududlarida 
oqadi. Tekis erlarda toza suvning keskin tanqisligi 
mavjud. Ular asosan Sirdaryo va Amudaryo daryolari 
orqali oziqlanadilar. Suv ta'minoti, sug'orish va 
chorvachilik ehtiyojlari uchun ishlatiladigan er osti 
suvlarining katta zaxiralari ko'p miqdorda tuzlarni o'z 
ichiga oladi. Chuchuk yer osti suvlari resurslari yiliga 
12,19 m3/s yoki yiliga 0,38 km3 kamayadi, bu 50 yil 
ichida ularning umumiy qiymatining 11,52 km3 yoki 
42,5 foizini tashkil etadi. Bu mamlakatning eng 
qurg'oqchil mintaqalarida yashovchi aholiga salbiy 
ta'sir ko'rsatmoqda. Tuproqning sho'rlanishi paxta va 
boshqa qishloq xo'jaligi ekinlarining 20-30 foizga 
kamayishiga sabab bo'ladi. Bu, ayniqsa, 
dehqonlarning daromadlarida aks etadi. 5 g/l gacha 
minerallashgan er osti suvlarining prognoz resurslari 
kuniga 66 million m3 ni tashkil qiladi, shundan 1 g/l 
gacha minerallashuv bilan ï kuniga 24,4 million m3ni 
tashkil etadi. Ular asosan Farg'ona vodiysida (34,5%), 
Toshkent viloyatida (25,7%), Samarqand viloyatida 
(18%), Surxondaryo viloyatida (9%), Qashqadaryo 
viloyatida (5,5%) jamlangan, qolganlari umumiy 
resurslarning qariyb 7 foiziga ega. 1-jadvalda 
mamlakat hududidagi er osti suvlari resurslari 
ko'rsatilgan. 

 
2020-yil holatiga ko'ra O'zbekiston Respublikasi 
viloyatlari bo' yicha yer osti suvlari resurslari 

Ma'muriy birlik 

Er osti 
suvlari 

resurslari, 
m3/s 

Sun'iy 
iste'mol, 

m3/s 

Haqiqiy 
isteômol, 

m3/s 

Qoraqalpogôiston 
respublikasi 

66,1 24,8 41,3 

Andijon viloyati 60,7 39,5 21,2 

Buxoro viloyati 39,2 29,8 9,4 

Jizzax viloyati 38,8 28,2 10,6 

Qashqadaryo 
viloyati 

50 29,7 20,3 

Navoiy viloyati 24,6 20,5 4,1 

Namangan viloyati 88,6 40,6 48 

Samarqand viloyati 83,8 49,1 34,7 

Surxondaryo 
viloyati 

63,4 37,8 25,6 

Sirdaryo viloyati 74,6 59,8 14,8 

Toshkent viloyati 88,4 56,8 31,6 

Fargôona viloyati 109,3 94 15,3 

Xorazm viloyati 71,8 62,8 9 

Jami : Uzb.Res. 859,3 573,4 285,9 

 

Tuzsizlantirish texnologiyasi ortiqcha tuz va 
minerallarni olib tashlashda muqobil yechimdir. 

Tuzsizlantirish uchun zamonaviy qurilmalar va 
tizimlarning tasnifi quyidagicha malakaga ega: 
jarayon turi bo'yicha: 

¶ ɽritmaning agregat holatini o'zgartirish bilan 
(distillash, muzlatish, gelioalizatsiyalash); 

¶ hozirgi agregatsiya holatini saqlab qolish bilan 
ular kimyoviy, membrana, ekstraktsiya va biologik 
texnologiyalardir (ion almashinuvi, elektroliz, 
reagentlar yordamida tuzlarning cho'kishi; 
elektrodializ, teskari osmos; ekstraktsiya, adsorbsiya; 
suv o'tlari, tirik organizmlar va bakteriyalar bilan 
tuzsizlantirish). 

Energiya xarajatlari bo'yicha: 

¶ oqava suvlar; 

¶ ko'p maqsadli-energiya ishlab chiqarish, suv 
chiqarish, bunday mahsulotlarni qazib olish. 

Foydalanish sohasida: 

¶ sanoat; 

¶ qishloq xo'jaligi; 

¶ kommunal tuzsizlantirish. 
Texnologiya tuzilishi bo'yicha: 

¶ bitta tuzsizlantirish usuli bilan; 

¶ birlashtirilgan, uning tuzilishi bir vaqtning 
o'zida bir nechta tuzsizlantirish usullarini o'z ichiga 
oladi. 

¶ bir yoki ko'p bosqichli 

¶ bir va ko'p qatorli; 

¶ vertikal yoki gorizontal. 
Teskari osmos yordamida eritmalarni 

konsentratsiyalash uchun o'rnatishning texnologik 
sxemasi. 

 
Teskari osmos jarayoni. Teskari osmotik qurilmalar va 

tizimlar 
 

Ushbu jarayonda sho'r suv yarim o'tkazuvchan 
membranalar tizimidan o'tadi. Ushbu 
membranalarning asosiy xususiyati shundaki, ular 
eritmani qismlarga ajratib, faqat suv molekulalarini 
o'tkazishga qodir. Tuz saqlanib qoladi va shu bilan 
boshlang'ich eritmadan ajralib chiqadi.  
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 Tuzsizlantirish osmotik deb ataladi, chunki jarayon 
membrananing har ikki tomonidagi darajadagi farq 
bilan eritmaning muvozanat kontsentratsiyasini 
ta'minlaydigan bosimni ko'rsatadi. Agar 
konsentrlangan eritmaga osmotik bosimdan yuqori 
bo'lgan yuqori bosim yuborilsa, u holda suv 
molekulalari kamroq konsentrlangan eritmaga 
yo'naltiriladi. Teskari osmotik qurilmalar va 
tuzsizlantirish tizimlari universaldir. Ular tarkibida 
mineral tuzlar ko'p bo'lgan suvlarni tuzsizlantirish, 
chiqindi va oqava suvlarni tozalash uchun ishlatiladi. 
Shunday qilib, suvni tuzsizlantirishdan tashqari, 
teskari osmotik qurilmalar issiqlik stantsiyalari uchun 
suv tayyorlashi va eng yuqori sifatli ichimlik suvini 
olishi mumkin. Bunday qurilmalar quyidagilarni o'z 
ichiga oladi: birinchi bosqichda suvni tozalaydigan 
filtrlar;  

¶ yarim o'tkazuvchan membranalarda yuqori 
bosimni ta'minlaydigan nasos birligi; 

¶ tuzsizlangan suvni sho'r eritma va toza suvga 
ajratadigan membranalar tizimi. 

 
Teskari osmotik tuzsizlantirish sxemasi. 

 
Teskari osmotik tuzsizlantirish suvni tozalash 

jarayonini tashkil qilish va boshqarish uchun katta 
energiya sarflashni talab qilmaydi. Issiqlik 
energiyasining narxi ham katta bo'lmaydi. Teskari 
osmosni o'rnatish. quyidagilarni o'z ichiga oladi: anti-
skalant dozalash tizimi tizim kiruvchi mahsulotni 
avtomatik ravishda dozalaydi. Quyidagilardan iborat; 
eritma uchun idish sifatida 120 litr hajmli tank. 
Elektron membranali dozalash pompasi, tushirish 
liniyasi va o'lchash injektori. Osmos qismiga kirishda 
o'rnatilgan himoya mikron filtrlash tizimi ultriumning 
xususiyatlari: filtrlash darajasi: 5 mikron. Material: 
past g'ovakli oziq-ovqat polipropilen filtrdan 
chiqadigan suvdagi xlorning qoldiq miqdori 0,2-0,5 
mg/l olingan filtrat miqdori, manba suviga nisbatan 
50%. 

Membranalar. 
1. Turi-yuqori darajada ushlab turilgan spiralga 

o'ralgan poliamidlar. 
2. Material TFC (yupqa plyonkali kompozit). 
3. Membranalarni har 3 yilda bir marta o'zgartirish 

kerak. 
4. Membranalarda yuqori bosim hosil qilish uchun 

vertikal markazdan qochma ko'p bosqichli yuqori 
bosimli nasos. 

5. Mikroprotsessor va raqamli displeyli elektr 
boshqaruv kabineti shkafda barcha kerakli boshqaruv 
elementlari mavjud bo'lib, ular o'rnatishni nazorat 
qilish moslamalarini namoyish etadi. 

6. Chiqishdagi tuzsizlanish foizi uskunalarni 
etkazib berish chegarasining 99,5 foizini tashkil qiladi. 

Gidravlika: 

¶ xom (manba) suv idishini ulash uchun 
armatura; 

¶ konsentrlangan suvni to'kish uchun gardish 
moslamasi; 

¶ filtratni (tuzsizlangan suv)olish uchun gardishli 
armatura; 

¶ suvni teskari oqim bilan tozalash uchun gardish 
moslamasi. 

 
Konteyner ijrosi 

 
Elektr qismi: o'rnatish to'liq ishlashga tayyor, faqat 

har bir konteynerning boshqaruv panelining terminal 
qutisini quvvatlantirish kerak. 

Taqdim etilgan ma'lumotlardan ko'rinib turibdiki, 
maqsadli sohaning barcha iqtisodiy va hududiy 
xususiyatlarining analitik hisob-kitoblarini hisobga 
olgan holda suvni tozalashning eng samarali 
tizimlarini loyihalash, maxsus uskunalar ishlab 
chiqarish, muhandislik kommunikatsiyalari layneri va 
o'rnatish, ishga tushirish ishlari muhandislar, 
iqtisodchilar, ekologlarning turli ixtisosliklaridagi 
yuqori malakali kadrlarni har tomonlama jalb qilishni 
talab qiladi... Hulosa oôrnida shun aytish kerakki, 
yuqoridagi fikr-mloxazalardan kelib chiqqan holda 
turli xil va mamlakat mintaqalarida er osti suvlarida 
tuzlarining yuqori konsentratsiyasini, suvni isteômol 
qilishdan oldin albatta uni kerakli boôlgan 
tekshiruvlardan oôtkazib tozalashi kerak bo'lgan 
echimlarni qo'llash kerak. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʋɼɸʃɽʅʀʗ ɺɿɺɽʐɽʅʅʓʍ ʊɺɽʈɼʓʍ ʏɸʉʊʀʎ ɺ 
ʆʊʉʊʆʁʅʀʂɽ ɿɸ ʉʏćʊ ʋɺɽʃʀʏɽʅʀʗ ʇʃʆʑɸɼʀ ʆʊʉʊɸʀɺɸʅʀʗ ʉ 
ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ɻʀɼʈʆɼʀʅɸʄʀʂʀ 

 
ʈʠʟʘʝʚ ɸʙʜʫʤʘʣʠʢ ʅʘʙʠʝʚʠʯ, ʜʦʢʪʦʨ ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ; ɸʜʠʣʦʚ ʂʘʤʦʣ ɸʭʨʦʨʦʚʠʯ, ʜʦʮʝʥʪ; 

ʕʨʛʘʰʝʚ ʂʘʭʨʘʤʦʥ ʍʫʰʚʘʢʪʦʚʠʯ, ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ; 
ʍʫʰʚʘʢʪʦʚ ɼʠʣʰʦʜ ʂʘʭʨʘʤʦʥʦʚʠʯ, ʘʩʩʠʩʪʝʥʪ 

ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

When reconstructing settling tanks for a wastewater treatment plant, particles should be removed at a low settling rate 
in order to increase the efficiency of removing the total amount of suspended solids. Theoretically speaking, at a constant 
flow rate, the increased deposition area in the sump leads to a high efficiency of particle removal with a low deposition rate. 
Alternatively, the efficiency of removal of suspended substances increases in the lamellar sump when installing inclined 
plates. However, the actual effect of increasing the deposition area due to the different tank configuration to increase the 
efficiency of removing particles at a low deposition rate has not been fully investigated. In this study, a computational model 
of hydrodynamics was applied to simulate the effect of an increased deposition area on the efficiency of removal of 
suspended solids in three types of configuration, when the flow rate remained unchanged. The simulation results show that 
the highest efficiency of removal of suspended solids was observed in a tank with an increased deposition area due to an 
increase in the length of the tank, in which the increased deposition area contributed to an increase in the efficiency of 
removal of particles with a low deposition rate by 69%. These results play an important role in optimizing the design to 
improve the efficiency of removal of suspended solids from the sump. 

Keywords: increased settling area, particle with low settling velocity, computational fluid dynamics. 
 

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʪʩʪʦʡʥʠʢʦʚ ʜʣʷ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩʣʝʜʫʝʪ ʫʜʘʣʷʪʴ ʯʘʩʪʠʮʳ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ 
ʦʩʝʜʘʥʠʷ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʛʦʚʦʨʷ, 
ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʩʘʞʜʝʥʠʷ ʚ ʦʪʩʪʦʡʥʠʢʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝ-
ʥʠʷ ʯʘʩʪʠʮ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ. ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦʚʳʰʘ-
ʝʪʩʷ ʚ ʣʘʤʝʣʴʥʦʤ ʦʪʩʪʦʡʥʠʢʝ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ. ʆʜʥʘʢʦ ʬʘʢʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 
ʦʩʘʞʜʝʥʠʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ ʩ ʤʘʣʦʡ ʩʢʦ-
ʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʥʝ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 
ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʦʩʘʞʜʝʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʟʚʝ-
ʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʪʨʝʭ ʪʠʧʘʭ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ 
ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʦʩʘʞʜʝʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʨʝʟʝʨʚʫʘʨʘ, ʚ ʢʦʪʦʨʦʤ ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʩʘʞʜʝ-
ʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʥʘ 69%. ʕʪʠ ʨʝ-
ʟʫʣʴʪʘʪʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ 
ʚʝʱʝʩʪʚ ʠʟ ʦʪʩʪʦʡʥʠʢʘ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʩʝʜʘʥʠʷ, ʯʘʩʪʠʮʘ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʝʜʘʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜ-

ʨʦʜʠʥʘʤʠʢʘ. 
 

Chiqindi suvlarni tozalash inshooti uchun suv omborlarini qayta qurishda, to'xtatilgan qattiq moddalarning umumiy 
miqdorini olib tashlash samaradorligini oshirish uchun past cho'kma tezligida zarralarni olib tashlash kerak. Nazariy jihatdan 
aytganda, doimiy oqim bilan, cho'kma idishidagi yog'ingarchilik maydonining ko'payishi zarrachalarni past tezlikda olib 
tashlashning yuqori samaradorligiga olib keladi. Shu bilan bir qatorda, to'xtatilgan qattiq moddalarni olib tashlash 
samaradorligi moyil plitalarni o'rnatishda lamel cho'kindida ortadi. Shu bilan birga, cho'kma maydonining ko'payishining 
haqiqiy ta'siri, cho'kma tezligi past bo'lgan zarrachalarni olib tashlash samaradorligini oshirish uchun tindirgichning turli xil 
konfiguratsiyasi tufayli to'liq o'rganilmagan. Ushbu tadqiqotda suyuqlik dinamikasining hisoblash modeli oqim tezligi 
o'zgarishsiz qolganda uch turdagi konfiguratsiyada to'xtatilgan qattiq moddalarni olib tashlash samaradorligiga 
kengaytirilgan yog'ingarchilik maydonining ta'sirini modellashtirish uchun qo'llanilgan. Simulyatsiya natijalari shuni 
ko'rsatadiki, to'xtatilgan qattiq moddalarni olib tashlashning eng yuqori samaradorligi suv omborining uzunligini oshirish 
orqali cho'kindi maydonining ko'payishi bilan tankda kuzatilgan, bu erda cho'kma maydonining ko'payishi zarrachalarni 
69% past tezlikda olib tashlash samaradorligini oshirishga yordam bergan. Ushbu natijalar to'xtatilgan qattiq moddalarni 
sumkadan olib tashlash samaradorligini oshirish uchun dizaynni optimallashtirishda muhim rol o'ynaydi. 

Kalit so'zlar:  cho'kindi maydonining ko'payishi, cho'kma tezligi past bo'lgan zarracha, hisoblash gidrodinamikasi. 
 

ɺʚʝʜʝʥʠʝ. ʆʪʩʪʦʡʥʠʢ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʠ-
ʩʪʝʤʘʭ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʩʘʞʜʘʷ ʚʟʚʝ-

ʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʕʬ-
ʬʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʦʪʩʪʦʡʥʠʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-
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ʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝ-
ʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪ-
ʨʦʤ ʚ ʠʥʜʝʢʩʝ ʢʘʯʝʩʪʚʘ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʜʥʘʢʦ ʞʝʣʘ-
ʝʤʘʷ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ (SV) ʚ ʦʪʩʪʦʡʥʠʢʝ 
ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ 
ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʟʦʥʘʭ. 
ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʦʪʩʪʦʡʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ 
ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʪ-
ʩʪʦʡʥʠʢʘ ʠ ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʢʣʦʥʥʳʭ ʧʣʘ-
ʩʪʠʥ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʚ ʣʘ-
ʤʝʣʴʥʳʭ ʦʪʩʪʦʡʥʠʢʘʭ. ɼʝʤʠʨ [1] ʠʩʩʣʝʜʦʚʘʣ ʦʧʪʠ-
ʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʧʣʘʩʪʠʥʯʘ-
ʪʦʤ ʦʪʩʪʦʡʥʠʢʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʣʠʥʝʡʥʳʭ ʩʢʦʨʦ-
ʩʪʷʭ. ʂʦʚʘʣʴʩʢʠ [2] ʩʨʘʚʥʠʣ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝ-
ʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʙʳʯʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʠ 
ʧʣʘʩʪʠʥʯʘʪʦʤ ʦʪʩʪʦʡʥʠʢʝ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ, ʚʷʟ-
ʢʦʩʪʠ ʠ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʈʘʟʣʠʯʥʳʝ 
ʪʠʧʳ ʪʨʫʙʯʘʪʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 
ʌʫʜʟʠʩʘʢʠ ʠ ʊʝʨʘʩʠ [3] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦ-
ʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 
ʃʶʥʛ [4] ʠʟʫʯʘʣ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʝʭʩʣʦʡʥʦʛʦ, 
ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ 
ʤʝʞʜʫ ʥʘʢʣʦʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ɺ ʧʣʘʩʪʠʥʯʘʪʳʭ 
ʦʪʩʪʦʡʥʠʢʘʭ. ɹʦʣʝʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ 
ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ, 
ʝʩʣʠ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʦʩʘ-
ʞʜʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʙʳʣʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 
[5,6], ʧʦʩʢʦʣʴʢʫ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʚʠʭʨʝ-
ʚʦʡ ʧʦʪʦʢ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 
ʢʘʢ ʥʝ ʚʣʠʷʶʱʠʝ. ʆʜʥʘʢʦ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ ʣʘʤʝʣʴʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ ʪʘʢʠʝ ʬʘʢʪʦʨʳ 
ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʢʘʢ ʬʘʢʪʦʨʳ, ʚʣʠ-
ʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʆɺ. ɺ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʮʝʥʠʪʴ ʚʩʝ ʬʘʢʪʦʨʳ, ʚʣʠʷ-
ʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʪʩʪʘʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ 
ʧʨʦʙʣʝʤʦʡ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. 
ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʦʪʩʪʦʡʥʠʢʝ. ʅʘʧʨʠʤʝʨ, 
ʚ 1989 ʛʦʜʫ ʉʪʘʤʫ ʠ ʜʨ. [7] ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʣʝʥ-
ʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʘ ʠ ʧʨʦʮʝʩʩʘ ʦʩʘ-
ʞʜʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʝʨʚʠʯʥʳʭ ʦʪʩʪʦʡ-
ʥʠʢʘʭ ʠ ʩʨʘʚʥʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʝ-
ʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ɻʫʣʘ ʠ ʜʨ. [8] 
ʦʮʝʥʠʣʠ ʚʣʠʷʥʠʝ ʧʝʨʝʛʦʨʦʜʦʢ ʚʦ ʚʭʦʜʥʦʡ ʟʦʥʝ ʥʘ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʠ ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 
ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʫʜʘʣʝ-
ʥʠʷ. 
ʇʨʠʤʝʥʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

(CFD) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʦ-
ʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʦʟʤʦʞ-
ʥʦʩʪʷʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʜʘʥʥʳʤ ʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 
ʨʝʞʠʤʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʛʝʦʤʝʪʨʠʠ ʠ 
ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ, ʧʣʦʪʥʦʩʪʠ ʠ ʚʠʭʨʝʚʦʡ ʟʦʥʳ, 
ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ. ɸʩ-
ʛʘʨʟʘʜʝ ʠ ʜʨ. [9] ʠ ʐʘʭʨʦʭʠ ʩ ʩʦʘʚʪʦʨʘʤʠ [10] ʠʩ-
ʩʣʝʜʦʚʘʣʠ ʫʤʝʥʴʰʝʥʠʝ ʤʝʨʪʚʳʭ ʟʦʥ ʠ ʟʦʥ ʨʝʮʠʨ-
ʢʫʣʷʮʠʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘ ʜʥʝ ʨʝʟʝʨʚʫʘʨʘ ʙʳʣʦ 
ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʛʦʨʦʜʦʢ. ɸʥʘ-

ʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ɻʝʡʜʘʨʠ ʠ ʜʨ. [11] ʧʨʦʚʝʣʠ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʝʨʝʛʦʨʦʜʢʠ ʥʘ ʜʥʝ ʦʪ-
ʩʪʦʡʥʠʢʘ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʠʭʨʝʚʫʶ ʟʦʥʫ. ɻʘʚʠ 
ʠ ʂʨʠʰ [12] ʨʘʟʨʘʙʦʪʘʣʠ ʩʣʦʞʥʫʶ ʤʦʜʝʣʴ CFD ʜʣʷ 
ʦʮʝʥʢʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʦʩʘʞʜʝʥʠʷ. ʊʘʨʧʘʛʢʫ ʠ ʇʘʥʪʦʢʨʘʪʦʨʘʩ [13] ʜʦʢʘ-
ʟʘʣʠ, ʯʪʦ ʥʘʢʣʦʥʥʳʝ ʧʣʘʩʪʠʥʳ ʫʣʫʯʰʘʶʪ ʛʠʜʨʘʚ-
ʣʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʠʤʠʪʠʨʫʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʫʶ ʩʠ-
ʩʪʝʤʫ, ʘ ʥʝ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷʭ. ʅʛʫʝʥ ʠ ʜʨ. [14] ʦʮʝʥʠʣʠ ʚʣʠʷʥʠʝ 
ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʥʘ ʜʦʩʪʠʞʠʤʳʡ ʨʘʩʭʦʜ ʧʣʘ-
ʩʪʠʥʯʘʪʦʛʦ ʦʪʩʪʦʡʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʠ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ (Ŭ) ʙʳʣʘ ʚʳʙʨʘʥʘ 
ʛʨʫʧʧʘ ʯʘʩʪʠʮ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʜʘʣʝʥʠʷ 89% ʚ 
ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡʥʠʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʜʣʷ ʜʦʩʪʠʞʝ-
ʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʘʩʭʦʜʘ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 
ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. 
ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʜʝʣʴ CFD ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 
ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʩʪʦʡʥʠʢʘʭ. ʀʩ-
ʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʥʬʠʛʫ-
ʨʘʮʠʷʤʠ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʯʘ-
ʩʪʠʮ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʤʦʛʘʶʪ ʨʘʟʨʘ-
ʙʦʪʯʠʢʫ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʠ ʦʪʩʪʦʡʥʠʢʦʚ. 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʄʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʡʣʝ-

ʨʦʚʦ-ʵʡʣʝʨʦʚʩʢʠʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ 
ʩʦʭʨʘʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʘʩʩʳ ʠ ʠʤʧʫʣʴʩʘ, ʙʳʣ 
ʧʨʠʥʷʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ 
ʞʠʜʢʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ ʪʝʣ. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʩʢʦʣʴʞʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦ-
ʬʠʣʷ ʩʢʦʨʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ SS. 
ʂʘʞʜʳʡ ʜʠʩʧʝʨʩʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʫʨʘʚ-
ʥʝʥʠʝʤ ʤʘʩʩʦʚʦʡ ʜʦʣʠ, ʠ ʜʦʧʫʩʢʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴ-
ʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 
ʥʝʧʨʝʨʳʚʥʦʡ ʬʘʟʝ [15]. ʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚ ʞʠʜʢʦʡ 
ʬʘʟʝ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ K-
epsilon, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʠʤʠʪʠʨʦʚʘʣʘ ʦʪʩʪʦʡʥʠʢ ʚ 
ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [16]. ɻʠʜʨʦʜʠʥʘʤʠʢʘ 
ʠ ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʘ ʚ ʦʪʩʪʦʡʥʠʢʘʭ ʙʳʣʠ ʩʤʦʜʝʣʠ-
ʨʦʚʘʥʳ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘ-
ʣʦʩʴ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CFX 
18.0 (ʚ ANSYS). ʐʝʩʪʠʛʨʘʥʥʳʝ ʩʝʪʢʠ ʙʳʣʠ ʩʦ-
ʟʜʘʥʳ ANSYS ʦʙʲʝʜʠʥʝʥʠʝ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝ-
ʪʦʚ. 
ʇʨʦʚʝʨʢʘ ʤʦʜʝʣʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʤʦʜʝʣʠ 

ʙʣrʘ ʧʨʦʚʝʜʝʥʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦ-
ʪʦʢʝ ʠ ʭʘʨʘʢʪʝʨʝ ʦʩʘʞʜʝʥʠʷ ʚ ʦʪʩʪʦʡʥʠʢʘʭ, ʠʟʫ-
ʯʝʥʥʳʭ ʉʪʘʤʦʫ ʠ ʜʨ. [7]. ʀʩʧʦʣʴʟʫʷ ʠʭ ʢʦʥʬʠʛʫʨʘ-
ʮʠʶ ʠ ʢʨʠʚʫʶ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ SS, ʙʳʣ ʩʤʦʜʝ-
ʣʠʨʦʚʘʥ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʦʪʩʪʦʡʥʠʢ ʩ 3 ʣʠʥʝʡʥʳʤʠ 
ʩʢʦʨʦʩʪʷʤʠ (LV) 37, 60 ʠ 110 ʤ/ʩʫʪ. ʅʘʙʣʶʜʘʣʦʩʴ 
ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʤʦ-
ʜʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʨʠʩ. 1). 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʨʠʛʦʜʥʘ 
ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʪʩʪʘʠʚʘʥʠʷ ʚ ʦʪ-
ʩʪʦʡʥʠʢʘʭ. 
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ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠ-
ʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʪʠʧʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ: 
ɺ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʝʨʚʦʛʦ ʪʠʧʘ: ʨʘʟʤʝʨ ʦʪʩʪʦʡ-

ʥʠʢʘ ʩʦʭʨʘʥʷʝʪʩʷ (ɺ Ĭ ʐ Ĭ ʃ = 2 Ĭ 0,02 Ĭ 4 ʤ) ʩ 
ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʦʪʩʪʦʡʥʠʢʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠ-
ʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʚ ʨʝʟʝʨʚʫ-
ʘʨʝ. ʂʦʣʠʯʝʩʪʚʦ 4, 8 ʠ 16 ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʦʜʠ-
ʥʘʢʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʜ ʫʛ-
ʣʦʤ 60Á, ʯʪʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʦʩʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 
ʣʘʤʝʣʴʥʦʛʦ ʦʪʩʪʦʡʥʠʢʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʘʤʦʦʯʠ-
ʱʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ [6], ʚ 
ʨʝʟʝʨʚʫʘʨʘʭ B, C ʠ D ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʧʨʦʜʦʣʴʥʘʷ 
ʛʣʫʙʠʥʘ 0,5 ʤ; ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 0,8, 0,4 ʠ 
0,2 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʯʘʪʘʶʱʠʡ ʨʝʟʝʨʚʫʘʨ E, 16 
ʧʝʨʝʛʦʨʦʜʦʢ ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʛʣʫʙʠʥʝ 1 ʤ ʙʳʣʠ 
ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,2 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
ɺʦ ʚʪʦʨʦʤ ʪʠʧʝ ʢʦʥʬʠʛʫʨʘʮʠʠ: ʰʠʨʠʥʘ ʠ ʚʳ-

ʩʦʪʘ ʨʝʟʝʨʚʫʘʨʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʩ ʦʨʠʛʠ-
ʥʘʣʴʥʳʤ ʦʪʩʪʦʡʥʠʢʦʤ A (H Ĭ W = 2 Ĭ 0,02 ʤ), ʧʣʦ-
ʱʘʜʴ ʦʪʩʪʦʡʥʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝ-
ʥʠʷ ʜʣʠʥʳ (L) ʨʝʟʝʨʚʫʘʨʘ ʩ 4 ʜʦ 7,5, 11, 18 ʠ 32 ʤ ʚ 
ʨʝʟʝʨʚʫʘʨʘʭ F, G, H ʠ I ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ. 
 

ɺ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ: ʨʘʟʤʝʨ ʨʝʟʝʨʚʫ-
ʘʨʘ ʙʳʣ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʚ ʦʪʩʪʦʡʥʠʢʝ A (H Ĭ W Ĭ L 
= 2 Ĭ 0,02 Ĭ 4 ʤ), ʧʣʦʱʘʜʴ ʦʪʩʪʦʡʥʠʢʘ ʫʚʝʣʠʯʝʥʘ ʟʘ 
ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʝʨʚʫʘʨʦʚ ʩ 1 ʜʦ 8 
ʨʝʟʝʨʚʫʘʨʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʣʦʱʘʜʠ ʦʪʩʪʦʡ-
ʥʠʢʘ (ŭ) ʫʚʝʣʠʯʝʥʦ ʩ 0 ʜʦ 7. ʈʘʩʭʦʜ ʚ ʢʘʞʜʳʡ ʨʝ-
ʟʝʨʚʫʘʨ ʙʳʣ ʫʤʝʥʴʰʝʥ ʩ 1 ʜʦ 8 ʨʘʟ. CFD-
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣʦ ʵʢʚʠʚʘ-
ʣʝʥʪʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʪʩʪʦʡʥʠʢʘ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 
ʰʠʨʠʥʦʡ (W). 
ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʨʫʛʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ. 2 ʠ 3. 
ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʪ-

ʩʪʦʡʥʠʢʘ ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪʩʷ ʅʅ ʦʪ 1 ʜʦ 2 
ʤ3/(ʤ2Ŀʯ) [17]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʝʨʚʠʯʥʦʛʦ ʦʩʘ-
ʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯ-
ʥʳʭ ʚʦʜ, ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʅɺ 1 ʤ3/ (ʤ2Ŀʯ), 
ʚʭʦʜʝ 200 ʤʛ-ɺɺ/ʣ, ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ 998 ʢʛ/ʤ3 ʠ 

ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ 1020 ʢʛ/ʤ3. 
ɺ ʤʦʜʝʣʠ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʥʘ 

ʚʭʦʜ ʠ ʚʳʭʦʜ. ɼʣʷ ʜʥʘ, ʩʪʝʥʢʠ ʠʣʠ ʧʝʨʝʛʦʨʦʜʦʢ ʥʝ 
ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʢʦʣʴʟʷʱʝʡ ʩʪʝʥʢʠ. ʇʦʚʝʨʭ-
ʥʦʩʪʴ ʚʦʜʳ ʣʫʯʰʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ 
VOF ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [18,19], ʚ ʩʣʫʯʘʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ 
ʜʚʫʤʷ ʞʠʜʢʦʩʪʷʤʠ (ʚʦʟʜʫʭʦʤ ʠ ʚʦʜʦʡ). ɺ ʵʪʦʤ ʠʩ-
ʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʧʦʯʪʠ ʧʣʦʩʢʦʡ ʠ 
ʧʨʦʩʪʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʝʥʢʘ ʩʚʦʙʦʜʥʦʛʦ 
ʩʢʦʣʴʞʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 
ʚʦʜʳ ʚ ʨʝʟʝʨʚʫʘʨʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘ, ʯʪʦ ʪʘʢʞʝ ʰʠ-
ʨʦʢʦ ʧʨʠʤʝʥʷʣʦʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʩʪʦʡʥʠʢʘ 
ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [13,20,21]. ʏʘʩʪʠʮʳ 
ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʦʩʘʞʜʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ 
ʜʥʝ; ʥʠ ʥʘ ʩʪʝʥʝ, ʥʠ ʥʘ ʧʝʨʝʛʦʨʦʜʢʘʭ. 
ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʝʣʠ ʧʝ-

ʨʝʭʦʜʥʦʛʦ ʪʠʧʘ. ʅʘʯʘʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʙʳʣ 
ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʫʨʦʚʥʝ 5 ʩʝʢʫʥʜ ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ ʦʧ-
ʮʠʠ ʚʦ ʚʩʝʭ ʚʳʯʠʩʣʝʥʠʷʭ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 
ʩʭʝʤʘ ʘʜʚʝʢʮʠʠ ʙʳʣʘ ʩ ʧʦʜʚʝʪʨʝʥʥʦʡ ʩʪʦʨʦʥʳ, ʘ 
ʧʝʨʝʭʦʜʥʘʷ ʩʭʝʤʘ ʙʳʣʘ ʟʘʜʘʥʘ ʢʘʢ ʦʙʨʘʪʥʘʷ ʕʡ-
ʣʝʨʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 
ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʨʘʟʤʝʨʘ ʩʝʪʢʠ. ʏʪʦʙʳ 

ʧʨʦʚʝʨʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʪʢʠ, ʨʘʟʣʠʯʥʳʝ ʨʘʟ-
ʤʝʨʳ ʩʝʪʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 80 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʱʠʝ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ 324 538 ʠ 1857, ʙʳʣʠ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʤʠʪʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘ-
ʣʝʥʠʷ ɺɺ ʚ ʧʣʘʩʪʠʥʝ D (ŭ = 3,46). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʨʘʟʤʝʨʘ ʩʝʪʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ɺɺ ʩʥʠʟʠ-
ʣʘʩʴ ʩ 87% ʜʦ 81% ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢ ʨʝʟʫʣʴʪʘʪʘʤ. 
ʇʨʠ ʨʘʟʤʝʨʘʭ ʷʯʝʝʢ 5, 10 ʠ 20 ʤʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʫʜʘʣʝʥʠʷ ɺɺ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʨʘʟʤʝʨ ʷʯʝʡʢʠ 20 ʤʤ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʧʦʩʣʝʜʫʶʱʠʭ ʩʠʤʫʣʷʮʠʡ, ʛʘʨʘʥʪʠʨʫʷ ʧʦʣʫʯʝʥʠʝ 
ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ. 
ɺʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʫʧʧ ʯʘʩʪʠʮ. ɺ ʤʦ-

ʜʝʣʠ CFD ʯʘʩʪʠʮʳ SS ʚʦ ʚʭʦʜʷʱʝʤ ʧʦʪʦʢʝ ʙʳʣʠ 
ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʤʠ ʩʢʦʨʦ-
ʩʪʷʤʠ ʦʩʘʞʜʝʥʠʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 1. 
ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʦʤʝʨʦʚ 
ʛʨʫʧʧ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ɺɺ ʠʟ ʣʘʤʝʣʠ D (ŭ = 3,46) ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
1 ʜʦ 20. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʠ ʛʨʫʧʧ ʯʘʩʪʠʮ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ɺɺ ʩʥʠʟʠʣʘʩʴ ʩ 97 ʜʦ 87%. 
ɻʨʫʧʧʳ ʦʪ 10 ʜʦ 20 ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʙʝʟ ʦʩʦ-
ʙʳʭ ʨʘʟʣʠʯʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʠ-
ʤʫʣʷʮʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 10 ʛʨʫʧʧ ʯʘʩʪʠʮ. 

 
ʈʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥ-

ʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ SS ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 
ʯʘʩʪʠʮ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ: 

–
ὅ ὅ

ὅ
                               ρ 

 
ʛʜʝ:  – : ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ɺɺ ʠʟ 

ʛʨʫʧʧʳ ʯʘʩʪʠʮ i (ʦʪ 0 ʜʦ 1) 

 ὅ Ḋ ʂʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ i ʛʨʫʧʧʳ (ʦʪ 1 ʜʦ 
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10) ʥʘ ʚʭʦʜʝ (ʤʛ/ʣ) 

 ὅ Ḋ ʂʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ i ʛʨʫʧʧʳ (ʦʪ 1 ʜʦ 
10) ʥʘ ʚʳʭʦʜʝ (ʤʛ/ʣ) 

 

 
ʈʠʩ. 2 ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʦʪʩʪʦʡʥʠʢʘ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʦʪʩʪʦʡʥʠʢʦʚ. 
 

ɿʦʥʘ ʦʪʩʪʘʠʚʘʥʠʷ ʚ ʦʪʩʪʦʡʥʠʢʝ: 
ὃ ὃ ὃ                                    ς 

ὃ ὃ έὶ ὃ έὶ ὃ                                σ 
ʛʜʝ: 
 ὃȡ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʦʪʩʪʘʠʚʘʥʠʷ ʚ ʦʪʩʪʦʡʥʠʢʝ 

(ʤ2) 
 ὃ: ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡ-

ʥʠʢʝ (ʐ Ĭ ʃ = 0,02 Ĭ 4 = 0,08 ʤ2) 
 ὃȡ ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʪʩʪʘʠʚʘʥʠʷ ʟʘ 

ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʠʣʠ ʫʚʝʣʠʯʝ-
ʥʠʷ ʜʣʠʥʳ ʨʝʟʝʨʚʫʘʨʦʚ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ 
ʨʝʟʝʨʚʫʘʨʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 

 ὃ ȡ ʧʣʦʱʘʜʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 
ʥʘʢʣʦʥʥʦʡ ʧʣʘʩʪʠʥʳ (ὃ  Î  ὡ  ὒ ) (ʤ

2) 

 ὃȡ ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 
ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʨʝʟʝʨʚʫʘʨʘ  

(ὃ  ὒ  ὡ) (ʤ
2) 

 ὃ ȡ ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 
ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʨʝʟʝʨʚʫʘʨʘ 

(ὃ   ὒ  ὡ) (ʤ
2) 

ʛʜʝ: 
 ὲ: ʢʦʣʠʯʝʩʪʚʦ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ ʚ ʧʣʘʩʪʠʥ-

ʯʘʪʦʤ ʦʪʩʪʦʡʥʠʢʝ 
 ὡȡ hʠʨʠʥʘ ʠʩʭʦʜʥʦʛʦ ʦʪʩʪʦʡʥʠʢʘ (ʤ) 
 ὡ  ȡ hʠʨʠʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʠʪʳ (ʤ) 
 ὡȡ ʫʚʝʣʠʯʝʥʥʘʷ ʰʠʨʠʥʘ ʨʝʟʝʨʚʫʘʨʘ (ʤ) 
 ὒ ȡ ʜʣʠʥʘ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʦʪʩʪʦʡʥʠʢʘ (ʤ) 
 ὒ ȡ ʜʣʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʳʩʪʫʧʘ ʥʘʢʣʦʥ-

ʥʦʡ ʧʣʘʩʪʠʥʳ (ὒ ὒ  ÃÏÓφπЈ ̍  

 ὒȡ ʜʣʠʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʘʩʪʠʥʳ (ʤ) 
 ὒȡ ʫʚʝʣʠʯʝʥʥʘʷ ʜʣʠʥʘ ʨʝʟʝʨʚʫʘʨʘ (ʤ) 
ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʩʝʜʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣ: 

‏
ὃ

ὃ
                                        τ 

ὒὠ
ὗ

ὃ
                                     υ 

ɸʥʘʣʦʛʠʯʥʦ, LV ʚ ʧʣʘʩʪʠʥʯʘʪʦʤ ʦʪʩʪʦʡʥʠʢʝ ʠ 
ʦʪʩʪʦʡʥʠʢʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ŭ ʚ ʠʜʝʘʣʝ ʨʘʩʩʯʠʪʳ-
ʚʘʣʩʷ ʢʘʢ: 

 
 
ʊʘʙʣʠʮʘ 1. ʉʢʦʨʦʩʪʠ ʦʩʝʜʘʥʠʷ ʜʣʷ ʪʝʩʪʘ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴ-
ʥʦʩʪʴ ʢ ʥʦʤʝʨʫ ʛʨʫʧʧʳ. 

ɻ
ʨ
ʫ
ʧ
ʧ
ʘ
 
1

 ʅʦʤʝʨ ʛʨʫʧʧʳ ʯʘʩʪʠʮ 1 

ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ (ʤ/ʯ) 1.88 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 1.00 

 

2
 
ɻ
ʨ
ʫ
ʧ
ʧ
ʳ

 ʅʦʤʝʨ ʛʨʫʧʧʳ ʯʘʩʪʠʮ 1 2 

ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ (ʤ/ʯ) 1.38 2.38 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 0.50 0.50 

 
5
 
ɻ
ʨ
ʫ
ʧ
ʧ
ʳ

 

ʅʦʤʝʨ ʛʨʫʧʧʳ ʯʘʩʪʠʮ 1 2 3 4 5 

ʉʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 
(ʤ/ʯ) 

0.88 1.38 1.88 2.38 2.88 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 0.20 0.20 0.20 0.20 0.20 

 

1
0
 
ɻ
ʨ
ʫ
ʧ
ʧ
ʳ

 

ʅʦʤʝʨ 
ʛʨʫʧʧʳ 
ʯʘʩʪʠʮ 

1 2 3 4 5 6 7 8 9 10 

ʉʢʦʨʦʩʪʴ 
ʦʩʘʞʜʝ-
ʥʠʷ (ʤ/ʯ) 

0.7
5 

1.0
0 

1.2
5 

1.5
0 

1.7
5 

2.0
0 

2.2
5 

2.5
0 

2.7
5 

3.0
0 

ʄʘʩʩʦʚʘʷ 
ʜʦʣʷ 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

 

1
0
 
ɻ
ʨ
ʫ
ʧ
ʧ
ʳ

 

ʅʦʤʝʨ ʛʨʫʧʧʳ 
ʯʘʩʪʠʮ 

1 2 3 4 5 6 7 8 9 10 

ʉʢʦʨʦʩʪʴ ʦʩʘ-
ʞʜʝʥʠʷ (ʤ/ʯ) 

          

ʄʘʩʩʦʚʘʷ ʜʦʣʷ           

ʅʦʤʝʨ ʛʨʫʧʧʳ 
ʯʘʩʪʠʮ 

11 12 13 14 15 16 17 18 19 20 

ʉʢʦʨʦʩʪʴ ʦʩʘ-
ʞʜʝʥʠʷ (ʤ/ʯ) 

          

ʄʘʩʩʦʚʘʷ ʜʦʣʷ           

 

 
ʈʠʩ. 4 ʋʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʩʘʞʜʝʥʠʷ ʦʪʩʪʦʡʥʠʢʘ ʠ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʦʪʩʪʦʡʥʠʢʦʚ. 
 

ὒὠ
ὗ

ὃ ὃ
                                   φ 

ɺ ʠʜʝʘʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʝ 
ὛὠȾὒὠ ̫ʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ɖ ʛʨʫʧʧʳ ʯʘʩʪʠʮ ʙʫ-
ʜʝʪ ʥʝʠʟʤʝʥʥʳʤ. ʂʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ 90% [14], ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ, 
ʧʨʠ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʘ ʠʤʝʣʘ ɖ 90%, ʚ ʠʩʭʦʜʥʦʤ ʦʪ-
ʩʪʦʡʥʠʢʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ Ὓὠ . 



e˸¡morchilik va qurilish muammolari    2023 ͚ ͙Σ͡ Ѕ1 ͫ ͦͤ 

127 

Ὓὠ

ὒὠ

Ὓὠ

ὒὠ
                                 χ 

ʠʣʠ 

Ὓὠ
ὃ ϽὛὠ

ὃ ὃ

Ὓὠ

ρ
ὃ
ὃ

Ὓὠ

ρ ‏
          ψ 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦ-
ʱʘʜʠ ʦʩʝʜʘʥʠʷ (ɓ) ʦʪʨʘʞʘʝʪ ʬʘʢʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 
ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʩʘʞʜʝʥʠʷ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝ-
ʥʠʷ ɖ ʤʘʣʳʭ ʛʨʫʧʧ ʯʘʩʪʠʮ SV. ɿʥʘʯʝʥʠʝ ɓ = 1 ʫʢʘ-
ʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʚʩʷ ʫʚʝʣʠʯʝʥʥʘʷ ʧʣʦʱʘʜʴ ʦʩʘ-
ʞʜʝʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʚʝʣʠʯʝʥʠʶ ɖ ʛʨʫʧʧʳ ʯʘ-
ʩʪʠʮ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʥʘʯʝʥʠʝ ɓ=0 ʫʢʘʟʳʚʘʣʦ 
ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ 
ʦʩʘʞʜʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʫʨʘʚʥʝʥʠʠ 9. 

Ὓὠᶻ
Ὓὠ

ρ ‍Ͻ‏
                           ω 

ʛʜʝ 
ð ὒὠ: ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡ-

ʥʠʢʝ (ʤ3/(ʤ2Ŀʯ)) 
ð ὒὠ: ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʫʣʫʯʰʝʥʥʦʤ ʦʪ-

ʩʪʦʡʥʠʢʝ (ʤ3/(ʤ2Ŀʯ)) 
ð ὗ: ʨʘʩʭʦʜ ʚ ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡʥʠʢʝ (ʤ3/ʯ) 
ð Ὓὠ : ʠʜʝʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘ-

ʩʪʠʮ i ʛʨʫʧʧʳ ʚ ʠʩʧʳʪʘʥʥʦʤ ʨʝʟʝʨʚʫʘʨʝ, ʢʦʪʦʨʘʷ 
ʠʤʝʣʘ ɖ 90% (ʤ/ʯ) 
ð Ὓὠᶻ : ʬʘʢʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘ-

ʩʪʠʮ i ʛʨʫʧʧʳ ʚ ʠʩʧʳʪʘʥʥʦʤ ʨʝʟʝʨʚʫʘʨʝ, ʢʦʪʦʨʘʷ 
ʠʤʝʣʘ ɖ 90% (ʤ/ʯ) 
ɂ‍: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ŭ ʜʣʷ ʫʣʫʯʰʝ-

ʥʠʷ ɖ ʤʘʣʳʭ ʛʨʫʧʧʳ ʯʘʩʪʠʮ SV (ʦʪ 0 ʜʦ 1). 
ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʨʫʧʧʘ ʯʘʩʪʠʮ ʩ ɖ 90% ʚ 

ʠʩʭʦʜʥʦʤ ʥʘʙʦʨʝ ʨʝʟʝʨʚʫʘʨ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʨʘʩ-
ʯʝʪʘ ʚʣʠʷʥʠʷ ŭ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ɖ ʤʘʣʳʭ ʛʨʫʧʧ ʯʘ-
ʩʪʠʮ SV ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ    ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚ-
ʣʷʣʦ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ Ὓὠ  ʚ ʫʣʫʯʰʝʥ-
ʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʠ ὒὠ. 

 
ɺ ʠʜʝʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ: 

    
 
                                  ρπ 

ɺ ʬʘʢʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ: 

  ᶻ
ᶻ

 
                                  ρρ 

ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ  ᶻ  ʠ ŭ: 

 ᶻ
Ὓὠᶻ

 ὒὠ

Ὓὠ

ρ ‍Ͻ‏Ͻὒὠ
 

 ρ ‍Ͻ‏
      ρς 

ʛʜʝ 
   ȡ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ Ὓὠ  ʠ ὒὠ. 
ʋʣʫʯʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʦʪ-

ʩʪʦʡʥʠʢʘʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʦʪʩʪʦʡʥʠʢʘʭ. ɺ ʥʝ-
ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [22,23] ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 
ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʜʥʦ ʦʪʩʪʦʡʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘ-
ʣʘʩʴ ʧʝʨʝʛʦʨʦʜʢʘ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʦʠʣʣʶʩʪʨʠʨʦ-
ʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʜʘʞʝ ʙʝʟ ʧʝʨʝʛʦʨʦʜʢʠ ʨʘʟ-
ʥʠʮʘ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ SS ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ 
ʚʩʝ ʨʘʚʥʦ ʩʦʟʜʘʚʘʣʘ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ, ʠʟʚʝʩʪʥʳʡ 
ʢʘʢ ʧʦʪʦʢ ʧʣʦʪʥʦʩʪʠ [12,24]. 
ʏʪʦʙʳ ʯʝʪʢʦ ʧʦʥʷʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ SS, ʩʢʦʨʦʩʪʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ Y ʩʨʘʚʥʠʚʘʣʘʩʴ ʤʝʞʜʫ ŭ, ʨʘʚʥʳʤ 1 (ʚ 
ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡʥʠʢʝ) ʠ 1,73 (ʚ ʪʨʝʭ ʩʣʫʯʘʷʭ) ʥʘ 
ʛʣʫʙʠʥʝ 1 ʤ. 
ʊʝʦʨʝʪʠʯʝʩʢʠ ʛʦʚʦʨʷ, ʢʦʛʜʘ ŭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 

1,73, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʃɾ ʩ ʪʝʤ ʞʝ 
ʩʦʦʪʥʦʰʝʥʠʝʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʙʦʣʴʰʘʷ ʛʨʫʧʧʘ 
ʯʘʩʪʠʮ SV ʩ SV ʚʳʰʝ, ʯʝʤ ʫʤʝʥʴʰʝʥʥʳʡ ʃɾ, ʤʦ-
ʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʥʘ ʨʠʩ. 10 ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʩʢʦʨʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ Y ʦʪʣʠʯʘʣʘʩʴ ʤʝʞʜʫ 
ʜʨʫʛʠʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʩ ʪʘʢʠʤ ʞʝ ʫʚʝʣʠʯʝʥʥʳʤ ŭ. 
ɺ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ŭ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘʢʣʦʥ-
ʥʳʭ ʧʣʘʩʪʠʥ ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʘʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ ʨʝ-
ʟʝʨʚʫʘʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʢʦʨʦʩʪʴ ʚʙʣʠʟʠ ʚʳʭʦʜʥʦʡ 
ʟʦʥʳ ʙʳʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡʥʠʢʝ. 
ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɖ ʩʣʝ-
ʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝ-
ʩʢʦʛʦ ʨʝʞʠʤʘ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʘʢʣʦʥʥʳʭ ʧʣʘ-
ʩʪʠʥ. ɺ ʨʝʟʝʨʚʫʘʨʝ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ŭ ʟʘ ʩʯʝʪ ʫʚʝʣʠ-
ʯʝʥʠʷ ʰʠʨʠʥʳ ʩʢʦʨʦʩʪʴ ʙʳʣʘ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʦʡ ʦʪ 
ʚʭʦʜʘ ʜʦ ʩʝʨʝʜʠʥʳ ʨʝʟʝʨʚʫʘʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩ-
ʭʦʜʥʳʤ ʦʪʩʪʦʡʥʠʢʦʤ, ʩʢʦʨʦʩʪʴ ʚʙʣʠʟʠ ʚʳʭʦʜʥʦʡ 
ʟʦʥʳ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʠʣʘʩʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠ-
ʯʝʥʠʶ ɖ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ ʯʘʩʪʠʮ. ɺ ʯʘʩʪʥʦ-
ʩʪʠ, ʚ ʨʝʟʝʨʚʫʘʨʝ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʜʣʠʥʦʡ ʩʢʦ-
ʨʦʩʪʴ ʙʳʣʘ ʩʪʘʙʠʣʴʥʦʡ ʠ ʧʨʠʙʣʠʞʘʣʘ ὒὠ ʦʪ ʚʭʦʜʘ 
ʢ ʚʳʭʦʜʫ, ʘ ʩʢʦʨʦʩʪʴ ʚʙʣʠʟʠ ʚʳʭʦʜʘ ʙʳʣʘ ʩʘʤʦʡ 
ʥʠʟʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʣʫʯʘʷʤʠ. ɺ ʨʝ-
ʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ŭ ʜʦ ɖ (ɓ=0,69) ʚ ʵʪʦʤ 
ʩʣʫʯʘʝ ʙʳʣʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ. ʆʜʥʘʢʦ ʚ ʪʨʝʭ ʩʣʫʯʘʷʭ 
ὒὠ ʙʳʣ ʫʤʝʥʴʰʝʥ ʚ 2,73 ʨʘʟʘ, ʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝ-
ʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ (ʤʝʥʝʝ ʯʝʤ ʚ 2,73 
ʨʘʟʘ), ʧʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ɓ ʚʩʝʛʜʘ ʙʳʣ ʤʝʥʴʰʝ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ɓ=1. 
ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʣʫʯʰʠʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝ-
ʥʠʷ SS ʚ ʦʪʩʪʦʡʥʠʢʝ ʙʳʣʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ. ʆʜ-
ʥʘʢʦ ʦʪʩʪʦʡʥʠʢʠ ʫʚʝʣʠʯʝʥʥʦʡ ʜʣʠʥʳ ʙʳʣʦ ʪʨʫʜʥʦ 
ʨʘʟʤʝʩʪʠʪʴ ʚ ʢʦʤʧʦʥʦʚʢʝ ʫʩʪʘʥʦʚʢʠ. ɺ ʜʘʣʴʥʝʡ-
ʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʤʦʜʝʣʴ CFD 
ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʘ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʨʝʟʝʨʚʫʘʨʘ. ɺʤʝʩʪʦ ʫʤʝʥʴ-
ʰʝʥʠʷ ʦʙʲʝʤʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʥʘʧʨʘʚ-
ʣʝʥʠʝ ʧʦʪʦʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʟʠʛʟʘʛʦ-
ʦʙʨʘʟʥʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘ-
ʙʦʪʢʠ, ʘʥʘʣʦʛʠʯʥʫʶ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ, ʢʘʢ ʫʢʘ-
ʟʘʥʦ ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴ-
ʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩ ʮʝʣʴʶ ʵʢʦʥʦ-
ʤʠʠ ʧʣʦʱʘʜʝʡ ʠ ʧʨʦʩʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʦʥʦʚʢʠ 
ʦʪʩʪʦʡʥʠʢʦʚ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫ-

ʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʤʝʣʴʥʳʭ ʦʪʩʪʦʡ-
ʥʠʢʦʚ. ɺʦʟʤʦʞʥʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠ-
ʟʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ, ʥʘʧʨʠ-
ʤʝʨ, ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ 
[25,26]. ʕʪʦʪ ʩʮʝʥʘʨʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦ-
ʚʘʥ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 
ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ. ʏʪʦʙʳ ʣʫʯʰʝ ʚʠʟʫʘʣʠʟʠʨʦ-
ʚʘʪʴ ʵʬʬʝʢʪʳ, ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 
3-ʭ ʠʟʤʝʨʝʥʠʷʭ. 
ɺʳʚʦʜ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʣʦʩʴ ʚʣʠ-

ʷʥʠʝ ŭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ SS 
ʚ ʦʪʩʪʦʡʥʠʢʝ ʩ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʢʦʥʬʠ-
ʛʫʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 
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ʯʪʦ ɖ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʫʣʫʯʰʠʪʴ, ʫʚʝʣʠʯʠʚ ŭ. ɺ 
ʯʘʩʪʥʦʩʪʠ, ʛʨʫʧʧʘ ʯʘʩʪʠʮ ʩ   , ʦʪʥʦʰʝʥʠʝ 
Ὓὠ  ʢ ὒὠ, ʨʘʚʥʦʝ 2,14, ʙʳʣʘ ʫʜʘʣʝʥʘ ʩ 90% ʚ 
ʠʩʭʦʜʥʦʤ ʦʪʩʪʦʡʥʠʢʝ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʫʜʘʣʝʥʠʷ, ʚ ʠʜʝʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ,    
ʫʤʝʥʴʰʘʝʪʩʷ ʩ 2,14 ʜʦ 1,07 (ʫʤʝʥʴʰʝʥʠʝ ʚ 2 ʨʘʟʘ) 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ŭ ʜʦ 1 ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʩʣʫʯʘʝʚ. ʆʜ-
ʥʘʢʦ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ŭ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 1 ʟʘ 
ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘʢʣʦʥʥʳʭ ʧʣʘʩʪʠʥ, ʫʚʝʣʠʯʝʥʠʷ 
ʜʣʠʥʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ,    ʫʤʝʥʴʰʠʣʦʩʴ 
ʪʦʣʴʢʦ ʩ 2,14 ʜʦ 1,98, 1,73 ʠ 1,26 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ŭ ʤʦʛʣʦ ʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʛʨʫʧʧ ʯʘʩʪʠʮ SV, ʥʦ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ŭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ɖ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 
ʥʠʞʝ ʠʜʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ɓ = 1. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 
ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ŭ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʚʥʝʩʣʦ 
ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʫʣʫʯʰʝʥʠʝ ɖ ʤʘʣʳʭ ʛʨʫʧʧ ʯʘ-
ʩʪʠʮ SV ʩ ɓ = 0,69. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ 
ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʢʦʥʩʪʨʫʢ-
ʮʠʠ ʦʪʩʪʦʡʥʠʢʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʝʡ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʦ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ 
ʚʦʜ. 
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ʋɼʂ 669.628.1 
ʊʈɽɹʆɺɸʅʀʗ ʂɸʏɽʉʊɺʋ ʀ ʉɺʆʁʉʊɺʆʄ ɺʆɼʓ ʇʆɼɸɺɸɽʄʆʁ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʄɽʊɸʃɸ ʅɸ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʀʍ ʇʈɽɼʇʈʀʗʊʀʁ 
 

ʄʠʨʟʘʝʚ ɸ. -ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ. ʀʙʨʘʛʠʤʦʚʘ ɸ., ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
ɸʨʟʠʝʚ ɾ.ʄ. ï ʤʘʛʠʩʪʨʘʥʪ. 

 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚʘ ʚʦʜʳ, ʧʦʜʘʚʘʝʤʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʣʝʡ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʣʠ ʚʦʜʳ ʠ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʦʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʘ, ʚʦʜʘ, ʪʨʝʙʦʚʘʥʠʷ, ʥʦʨʤʘ, ʦʭʣʘʞʜʝʥʠʷ, ʧʨʝʜʧʨʠʷʪʠʷ, ʤʝʪʘʣʣʫʨʛʠʷ, ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ, 

ʫʩʪʘʥʦʚʦʢ. 

ʄʘץʦʣʘʜʘ ʤʝʪʘʣ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʢʦʨʭʦʥʘʩʠʜʘ ʘʡʣʘʥʤʘ ʩʫʚ ʪʘʲʤʠʥʦʪʠ ʪʠʟʠʤʠʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʪʝʭʥʠʢ 
ʩʫʚʣʘʨʥʠ ʩʠʬʘʪ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʛʘ ץ˄ʡʠʣʘʜʠʛʘʥ ʪʘʣʘʙʣʘʨ ʘʥʠץʣʘʥʛʘʥ ʚʘ ʤʠץʜʦʨʣʘʨʠ ɹʫʥʜʘ ״ʘʨ ʭʠʣ ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘ-
ʸʥʣʘʨ ״ʘʤʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʘʰʸʣʘʨʥʠ ʪʫʨʣʘʨʠ ״ʠʩʦʙʛʘ ʦʣʠʥʛʘʥ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʩʠʬʘʪ, ʩʫʚ, ʪʘʣʘʙʣʘʨ, ʥʦʨʤʘ, ʩʦʚʫʪʠʰ, ʢʦʨʭʦʥʘʣʘʨ, ʤʝʪʘʣʣʫʨʛʠʷ, ʪʝʭʥʠʢ ʩʫʚ, ץʫʨʠʣʤʘʣʘʨ. 

The article presents the quality and properties of water supplied for production purposes at metallurgical enterprises, 
established in each case, depending on the role of water and the requirements of the technological process of installations 
and industries, taking into account the raw materials used. 

Key words: quality, water, requirements, norm, cooling, enterprises, metallurgy, technical water, installations. 
 

ɺʚʝʜʝʥʠʝ. ʂʘʯʝʩʪʚʦ ʠ ʩʚʦʡʩʪʚʘ ʚʦʜʳ, ʧʦʜʘʚʘʝ-
ʤʦʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʣʝʡ, ʋʩʪʘʥʘʚʣʠʚʘʶʪ 
ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʦʣʠ ʚʦʜʳ ʠ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʫʩʪʘʥʦʚʦʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʫʯʝʪʦʤ ʠʩʧʦʣʴʟʫ-
ʝʤʦʛʦ ʩʳʨʴʷ. 
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ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ. ʆʙʱʠʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫ-
ʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʪʝʭʥʠʯʝ-
ʩʢʦʡ ʚʦʜʳ: 
1. ɺʦʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʝʟʚʨʝʜʥʦʡ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʦʙʩʣʫʞʠʚʘʶ: ʥʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʥʝ ʦʙʣʘʜʘʪʴ ʦʪʨʠ-
ʮʘʪʝʣʴʥʳʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʨʠ 
ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ). ɺ ʢʘʯʝʩʪʚʝ ʥʦʨʤʳ ʩ: ʧʝʥʴ ʩʘʥʠ-
ʪʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦ-
ʚʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥ-
ʥʦʛʦ ʦʜʦʩʥʘʙʞʝʥʠʷ ʚʦʜ (ʧʨʠʨʦʜʥʳʭ, ʦʙʦʨʦʪʥʳʭ ʠ 
ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ), ʥʝ ʪʨʝʙʫʶʱʠʭ ʜʝʟʠʥʬʝʢʮʠʠ 
ʠʣʠ ʧʨʦʰʝʜʰʠʭ ʜʝʟʠʥʬʝʢʮʠʶ ʭʣʦʨʦʤ, ʚʝʣʠʯʠʥʦʡ 
(ʢʦʣʠʯʝʩʪʚʦ ʢʠʰʝʯʥʳʭ ʧʘʣʦʯʝʢ ʚ 1 ʣ ʚʦʜʳ), ʢʦʪʦ-
ʨʘʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ 1000; ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫ-
ʯʘʝ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʭʣʦʨʘ ʚ ʵʪʦʡ ʚʦʜʝ ʧʦ-
ʩʣʝ ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ 30-ʤʠʥʫʪʥʦʛʦ ʢʦʥʪʘʢʪʘ ʝʝ ʩ 
ʭʣʦʨʦʤ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 1,5 ʤʛ/ʣ. 
2. ɺʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʦ-

ʜʫʢʪʘ ʠʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ, ʥʝ ʜʦʣʞʥʘ ʚʳʜʝʣʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʢʘʨʙʦʥʘʪ-
ʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʚʳʰʝ ʜʦʧʫ-
ʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ. 

ʊʘʙʣʠʮʘ 1 
ɼʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʠ (ʢʨʫʧʥʦʩʪʴʶ ʜʦ 0,05 

ʤʤ) ʚ ʦʭʣʘʞʜʘʶʱʝʡ ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ 
ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ, 

ʤ/ʩ 

ɼʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʚʟʚʝʩʠ " ʚ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʝ, 

ʤʛ/ʣ 

ʥʦʨʤʘʣʴʥʦ 
ʢʨʘʪʢʦʚʨʝ-
ʤʝʥʥʦ 

ɼʦ 0,01 5 20 

0,01 - 0,2 10 - 20 50 

0,2 - 0,5 30 - 50 100 

0,5 - 1 50 - 80 200 

 

ɼʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʠ ʢʨʫʧʥʦʩʪʴʶ 
ʜʦ 0,05 ʤʤ ʚ ʦʭʣʘʞʜʘʶʱʝʡ ʦʙʦʨʦʪʥʦʡ ʚʦʜʝ ʜʘʥʘ ʚ 
ʪʘʙʣ.1. 
ɼʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʦʡ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʚʟʚʝʩʝʡ (ʤʝʭʘ-
ʥʠʯʝʩʢʠʭ ʠ ʩʦʣʝʚʳʭ) ʥʝ ʙʦʣʝʝ 0,25 ʛ/(ʤ2-ʯ) ʠʣʠ 
ʩʣʦʡ 0,08 ʤʤ ʚ ʤʝʩʷʮ (ʧʨʠ ʯʠʩʪʢʝ ʘʧʧʘʨʘʪʦʚ). ʇʨʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʜʫ ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʝʤ ʠʣʠ ʠʥʳʤ 
ʩʧʦʩʦʙʦʤ (ʪʘʙʣ.2.). 
1. ɺʦʜʘ ʥʝ ʜʦʣʞʥʘ ʚʳʟʳʚʘʪʴ ʪʦʯʝʯʥʦʡ ʠ ʷʟʚʝʥ-

ʥʦʡ ʢʦʨʨʦʟʠʠ, ʘ ʪʘʢʞʝ ʨʘʚʥʦʤʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʤʝ-
ʪʘʣʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ 0,09 ʛ/(ʤ2-ʯ) 
(ʠʣʠ ʩʣʦʡ 0,1 ʤʤ ʚ ʛʦʜ), ʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ; ʤʦ-
ʞʝʪ ʙʳʪʴ ʜʦʧʫʱʝʥʘ ʨʘʚʥʦʤʝʨʥʘʷ ʢʦʨʨʦʟʠʷ ʫʛʣʝʨʦ-
ʜʠʩʪʦʡ ʩʪʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,45 ʛ/(ʤ2-ʯ) 
(ʝʩʣʠ ʩʣʦʡ ʜʦ 0,5 ʤʤ ʚ ʛʦʜ) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʟʥʘ-
ʢʦʚ ʪʦʯʝʯʥʦʡ ʠʣʠ ʷʟʚʝʥʥʦʡ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʣʠ 
ʚʦʜʫ ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ. 
2. ɺʦʜʘ ʥʝ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʩʪʘʥʠʡ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘ-
ʨʘʪʦʚ ʠ ʦʭʣʘʜʠʪʝʣʝʡ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ, ʙʦʣʴʰʝʡ 0,07 ʛ/(ʤ2-ʯ) (ʩʣʦʡ 0,05 ʤʤ ʚ ʤʝʩʷʮ) 
ʧʦ ʚʦʟʜʫʰʥʦ ʩʫʭʦʡ, ʤʘʩʩʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʚʦʜʫ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʭʣʦʨʦʤ ʠ ʨʘʩ-
ʪʚʦʨʦʤ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ. [1]. 
ɺʦʜʫ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʩʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ: 
-ʚʦʜʘ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ - ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʜʫʢʪʘ ʚ ʪʝʧʣʦʦʙ-
ʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ (ʙʝʟ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʨʦʜʫʢ-
ʪʦʤ) ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʭʣʘʞʜʘʝʤʦʛʦ 
ʧʨʦʜʫʢʪʘ ʠʣʠ ʩʪʝʥʢʠ: ʜʦ 80Á ʉ; 80-400Á ʉ (ʝʩʣʠ ʥʝ-
ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʦʚ ʚʦʟʜʫʰʥʦʛʦ 
ʦʭʣʘʞʜʝʥʠʷ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʭʣʘʞʜʘʝʤʦʛʦ ʧʨʦ-
ʜʫʢʪʘ ʠʣʠ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ ʚʳʰʝ 400Á ʉ ʥʘʜʣʝʞʠʪ 
ʧʨʠʤʝʥʷʪʴ ʪʝʧʣʦʦʙʤʝʥ ʦʪ ʧʨʦʜʫʢʪʘ ʢ ʧʨʦʜʫʢʪʫ ʠʣʠ 
ʠʩʧʘʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ [3]. 

ʊʘʙʣʠʮʘ 2. 
ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʦʭʣʘʞʜʘʶ-

ʱʝʡ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʮʝ-
ʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʠ ʧʨʠ 
ʥʘʛʨʝʚʝ ʝʝ ʜʦ 40-60Á ʩ ʠ ʦʭʣʘʞʜʝʥʠʠ ʥʘ ʛʨʘʜʠʨʥʷʭ 

ɺʝʣʠʯʠʥʘ ʢʘʨ-
ʙʦʥʘʪʥʦʡ ʞʝʩʪ-
ʢʦʩʪʠ ʧʨʠʨʦʜ-
ʥʦʡ ʚʦʜʳ, ʤʛ-
ʵʢʚ/ʣ 

- ʈʝʢʦʤʝʥʜʫʝʤʳʡ 
ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ 
ʚʦʜʳ (ʦʨʠʝʥʪʠʨʦ-

ʚʦʯʥʦ) 

ʋʩʣʦʚʠʝ 
ʧʦʚʝʨʭ-
ʥʦʩʪ-
ʥʳʭ 
ʥʩʪʦʯ- 
ʥʠʢʦʚ 

ʧʦʜ-
ʟʝʤ-
ʥʳʭ 
ʠʩʪʦʯ-
ʥʠʢʦʚ 

¢2,5 ¢1,5 ʆʩʚʝʞʝʥʠʝ ʦʙʦʨʦʪ-
ʥʦʡ ʚʦʜʳ (ʧʨʦʜʫʚʢʘ) 
ʩʦ ʩʙʨʦʩʦʤ ʥʝ ʙʦʣʝʝ 
2% ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ 

ɼʦʧʫʩʪʠʤʦʩʪʴ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʥʠ-
ʪʘʨʥʳʤʠ ʫʩʣʦʚʠ-
ʷʤʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦ-
ʥʦʤʠʯʝʩʢʠʤʠ ʦʙʦʩ-
ʥʦʚʘʥʠʷʤʠ 

2,5 1,5-5 ʇʦʜʢʠʩʣʝʥʠʝ ʜʦʙʘ-
ʚʦʯʥʦʡ ʠʣʠ ʦʙʦʨʦʪ-
ʥʦʡ ʚʝʜʴ: ʩʦ ʩʙʨʦʩʦʤ 
ʦʙʦʨʦʪʥʝʡ ʥʝ ʙʦʣʝʝ 
0,5-1% ʝʝ ʨʘʩʭʦʜʘ 
ʠʣʠ ʨʝʢʘʨʙʦʥʠʟʘʮʠʷ 
ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ. 
ɺʦʟʤʦʞʥʦ ʠ ʬʦʩʬʘ-
ʪʠʨʦʚʘʥʠʝ ʦʙʦʨʦʪ-
ʥʦʡ ʚʦʜʳ.ʧʨʠ ʜʦʧʫ-
ʩʪʠʤʦʤ ʩʙʨʦʩʝ ʯʘʩʪʠ 
ʝʝ ʚ ʚʦʜʦʝʤ 

ʇʦʜʢʠʩʣʝʥʠʝ ʩ 
ʦʛʨʘʥʠʯʝʥʠʝʤ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʆ]- ʈʝ-
ʢʘʨʙʦʥʠʟʘʮʠʷ - ʧʨʠ 
ʥʘʣʠʯʠʠ ʜʳʤʦʚʳʭ 
ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ 
8% ʉʆ2, ʠ . ʥʝʚʳʩʦ-
ʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʩʦʣʝʡ 

²4-5 - ʋʤʷʛʯʝʥʠʝ ʜʦʙʘʚʦʯ-
ʥʦʡ ʚʦʜʳ ʠʟʚʝʩʪʴʶ ʩ 
ʦʩʚʝʪʣʝʥʠʝʤ ʧʨʠ 
ʩʙʨʦʩʝ ʦʙʦʨʦʪʥʦʡ. 
ʚʦʜʳ ʥʝ ʙʦʣʝʝ 0,5% 
ʦʪ ʝʝ ʨʘʩʭʦʜʘ ʜʣʷ ʦʙ-
ʚʝʞʝʥʠʷ (ʧʨʦʜʫʚʢʘ) 

ɽʩʣʠ ʚʦʜʘ ʠ ʙʝʟ ʪʦ-
ʛʦ. ʥʫʞʜʘʝʪʩʷ ʚ 
ʦʩʚʝʪʣʝʥʠʠ 

 ²4-5 ʋʤʷʛʯʝʥʠʝ ʜʦʙʘʚʦʯ-
ʥʦʡ ʚʦʜʳ ʅʘ-ʢʘʪʠʦ-
ʥʠʨʦʚʘ- ʥʠʝʤ ʠʣʠ ʅ-
ʢʘʪʠʦʥʠʨʦ- ʚʘʥʠʝʤ ʩ 
ʛʦʣʦʜʥʦʡ ʨʝʛʝʥʝʨʘ-
ʮʠʝʡ ʙʝʟ ʩʙʨʦʩʘ 
ʚʦʜʳ ʠʟ ʩʠʩʪʝʤʳ. 
ɺʦʟʤʦʞʥʦ ʠ ʩʦʚ-
ʤʝʩʪʥʦʝ ʢʘ- ʪʠʦʥʠ-
ʨʦʚʘʥʠʝ ʜʦʙʘʚʦʯʥʦʡ 
ʚʦʜʳ 

ʂʦʛʜʘ ʚʦʜʘ ʥʝ ʥʫʞ-
ʜʘʝʪʩʷ ʚ ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʦʤ ʦʩʚʝʪʣʝ-
ʥʠʠ 

 

-ʚʦʜʘ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ð ʠʩʧʦʣʴʟʫʝʤʘʷ ʢʘʢ 
ʩʨʝʜʘ, ʧʦʛʣʦʱʘʶʱʘʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʘʷ ʧʨʠ-
ʤʝʩʠ, ʙʝʟ ʥʘʛʨʝʚʘ (ʦʙʦʛʘʱʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-
ʤʳʭ, ʛʠʜʨʦʪʨʘʥʩʧʦʨʪ) ; 

-ʚʦʜʘ ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ ð ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʘʢ 
ʞʝ, ʢʘʢ ʩʨʝʜʘ ʧʦʛʣʦʱʘʶʱʘʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʘʷ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʨʘʩʪʚʦʨʝʥʥʳʝ ʧʨʠʤʝʩʠ, ʩ ʥʘʛʨʝ-
ʚʦʤ ʝʝ (ʫʣʘʚʣʠʚʘʥʠʝ ʠ ʦʯʠʩʪʢʘ ʛʘʟʦʚ, ʛʘʰʝʥʠʝ 
ʢʦʢʩʘ ʠ ʪ.ʧ.); 
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-ʚʦʜʘ ʯʝʪʚʝʨʪʦʡ ʢʘʪʝʛʦʨʠʠ ð ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, 
ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʘʷ (ʫʤʷʛʯʝʥʥʘʷ, ʦʙʝʩ-
ʩʦʣʝʥʥʘʷ, ʟʘʭʦʣʦʞʝʥʥʘʷ ʜʦ 17, 14, 10 ʠʣʠ 4Áʉ ʠ 
ʜʨ.). ʂ ʢʘʯʝʩʪʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ 
ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʲʷʚʣʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝ-
ʙʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʆʧʨʝʜʝʣʝʥʳ ʧʨʠʤʝʨʥʳʝ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝ-
ʩʪʚʫ ʧʨʝʩʥʳʭ ʚʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ, 
ʧʨʦʜʫʢʪʘ ʠʣʠ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ, ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʠ 
ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 
ɺʳʚʦʜʳ: 
1. ʆʧʨʝʜʝʣʝʥʳ ʯʝʪʳʨʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ 

ʩʚʦʡʩʪʚʦʤ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʤʝ-
ʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
2. ʆʧʨʝʜʝʣʝʥʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙ-

ʨʘʙʦʪʢʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʦʙʦʨʦʪ-
ʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʨ-
ʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʝ ʝʸ ʜʦ 40-60 0ʉ ʠ 
ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʛʨʘʜʠʨʥʷʭ. 
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ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʓɽ ʈɽʐɽʅʀʗ ɺ ʉʀʉʊɽʄɸʍ ʆʍʃɸɾɼɽʅʀʗ 
ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʇʆʄɽʑɽʅʀʗʍ 

 
ʄʘʥʩʫʨʦʚʘ ʐ.ʇ.  ɼʞʠʟʘʢʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʩʧʦʨʪʠʚʥʳʭ ʧʦʤʝ-

ʱʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʢʨʘʪʥʦʩʪʴʶ ʚʦʟʜʫʭʦʦʙʤʝʥʘ - ʩʠʩʪʝʤʘʭ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʨʦʜʥʦʤ 
ʧʨʠʥʮʠʧʝ ʦʭʣʘʞʜʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʭʦʦʙʤʝʥ, ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʦʭʣʘʜʠʪʝʣʠ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʧʨʠʪʦʯ-

ʥʳʡ ʚʦʟʜʫʭ. 

The article discusses the issues of effective solution for industrial, commercial and sports premises with a high increase 
in air exchange - evaporative cooling systems based on the natural principle of cooling. 

Key words: air exchange, cooling systems, evaporative coolers, humidity, supply air. 

Maqolada havo almashinuvi yuqori bo'lgan sanoat, savdo va sport ob'ektlari - sovutishning tabiiy printsipiga asoslangan 
bug'lanishli sovutish tizimlarini samarali hal qilish masalalari ko'rib chiqiladi. 

Kalit so'zlar:  havo almashinuvi, sovutish tizimlari, bug'lantiruvchi sovutgichlar, havo namligi, etkazib berish havosi. 
 

ʋʟʙʝʢʠʩʪʘʥ - ʶʞʥʘʷ ʩʪʨʘʥʘ. ʅʦ ʚʤʝʩʪʝ ʩ ʪʝʤ 
ʝʩʪʴ ʦʙʰʠʨʥʳʝ ʶʞʥʳʝ ʨʝʛʠʦʥʳ ʠ ʨʝʛʠʦʥʳ ʩ ʨʝʟʢʦ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ, ʛʜʝ ʧʨʠ ʤʦʨʦʟʥʦʡ 
ʟʠʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʞʘʨʢʦʝ ʣʝʪʦ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 
ʚʦʟʜʫʭʘ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʙʦʣʝʝ +40ÁC. ɺʨʝʜʥʳʝ ʫʩʣʦ-
ʚʠʷ ʨʘʙʦʪʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫ-
ʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʚʳʟʳʚʘʶʪ 
ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ. ʇʦʩʣʝʜʥʠʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʪʝʤʧʝ-
ʨʘʪʫʨʘʭ ʩʚʳʰʝ +27 ÁC ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ 
ʧʦʩʣʝʜʩʪʚʠʷʤ: 
- ʧʣʦʭʦʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʳʟʚʘʥ-

ʥʦʝ ʪʝʧʣʦʚʳʤ ʜʠʩʢʦʤʬʦʨʪʦʤ; 
- ʦʧʦʟʜʘʥʠʷ ʠ ʧʨʦʛʫʣʳ; 
- ʩʥʠʞʝʥʠʝ ʟʘʙʦʪʳ ʦ ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʠʢʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ; 
- ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ. 
ʈʘʟʣʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʨʝʟʤʝʨ-

ʥʦʝ ʪʝʧʣʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʢʘʟʘ-
ʪʝʣʠ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʘ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦ-
ʜʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʢʫʨʘʪʥʦʩʪʠ, 
ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ çʈʝʘʢʮʠʷ ʯʝʣʦʚʝʢʘ 
ʥʘ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠ-
ʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè, ʚʳʧʦʣʥʝʥʥʦʝ ʘʤʝʨʠʢʘʥ-
ʩʢʠʤ ʅʘʮʠʦʥʘʣʴʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ 
ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
(NASA Report CR-1205-1). 
ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ NASA (ʪʘʙʣ.1, ʨʠʩ.1), ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʦʪʤʝʪʢʠ +29 ÁC ʧʨʠʚʦʜʠʪ ʢ ʧʘ-
ʜʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ 
18 %, ʘ ʯʠʩʣʦ ʠʭ ʦʰʠʙʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʝʥʠʷ 
ʘʢʢʫʨʘʪʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 40 %. 

 
ʊʘʙʣ.1. ɼʘʥʥʳʝ ʠʟ ʦʪʯʝʪʘ NASA Report CR-1205-1 

ʕʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘ-
ʪʫʨʘ, ʦʉ 

23 26 29 32 35 37 40 

ʉʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʠ, % 

3 8 18 29 45 62 79 

ʉʥʠʞʝʥʠʝ ʘʢʢʫʨʘʪʥʦʩʪʠ, 
% 

- 5 40 300 700 - - 

 

 
ʈʠʩ.1. ʇʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ ʨʦʩʪʝ 

ʪʝʤʧʝʨʘʪʫʨʳ 
 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʙʭʦʜʠʤʦ 
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ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʚ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʜʘʯʝʡ ʚ ʧʦʤʝʱʝʥʠʷ ʩʚʝʞʝʛʦ ʠ 
ʯʠʩʪʦʛʦ (ʦʯʠʱʝʥʥʦʛʦ) ʚʦʟʜʫʭʘ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ - 
ʦʭʣʘʞʜʸʥʥʦʛʦ. ɼʣʷ ʙʦʣʴʰʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜ-
ʧʨʠʷʪʠʡ ʩ ʙʦʣʴʰʦʡ ʢʨʘʪʥʦʩʪʴʶ ʚʦʟʜʫʭʦʦʙʤʝʥʘ 
ʧʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʩ 
ʭʦʣʦʜʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ (ʯʠʣʣʝʨʳ, ʢʦʤʧʨʝʩ-
ʩʦʨʥʦ-ʢʦʥʜʝʥʩʘʪʥʳʝ ʙʣʦʢʠ) ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʵʢʩʪʨʝ-
ʤʘʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 
ɼʣʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʝʚʦʩʭʦʜʥʦʝ ʨʝʰʝʥʠʝ - ʠʩ-

ʧʘʨʠʪʝʣʴʥʳʝ ʦʭʣʘʜʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠ-
ʨʦʜʥʦʛʦ ʧʨʠʥʮʠʧʘ ʦʭʣʘʞʜʘʶʪ ʚʦʟʜʫʭ ʩ ʤʠʥʠʤʘʣʴ-
ʥʳʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘ-
ʪʘʤʠ. ʋʣʠʯʥʳʡ ʚʦʟʜʫʭ ʧʦʜʘʸʪʩʷ ʚ ʧʦʤʝʱʝʥʠʝ (ʧʨʠ 
ʧʦʤʦʱʠ ʚʝʥʪʠʣʷʪʦʨʘ) ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʚʣʘʞʥʳʝ 
ʬʠʣʴʪʨʳ. ʏʘʩʪʴ ʚʦʜʳ ʠʩʧʘʨʷʝʪʩʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʦʭʣʘʞʜʘʷ ʚʦʟʜʫʭ, ʧʦʜʘʚʘʝʤʳʡ ʚ ʧʦʤʝʱʝʥʠʝ. ʀʩʧʘ-
ʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʜʠʘʙʘ-
ʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 
ʵʥʪʘʣʴʧʠʠ (ʨʠʩ. 2). 

 

 
ʈʠʩ.2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʩʧʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʜʠʪʝʣʷ ʩ 

ʚʳʩʦʢʦʡ ʢʨʘʪʥʦʩʪʴʶ ʚʦʟʜʫʭʦʦʙʤʝʥʘ 
 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʜʣʝʥʠʷ 
ʩʨʦʢʘ ʩʣʫʞʙʳ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʨʦʬʠ-
ʣʘʢʪʠʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʝʟʥʦ ʠʤʝʪʴ ʦʪʜʝʣʴʥʦ 
ʘʛʨʝʛʘʪʳ ʜʣʷ çʟʠʤʥʝʡè ʠ çʣʝʪʥʝʡè ʚʝʥʪʠʣʷʮʠʠ. 
ʉ ʧʦʤʦʱʴʶ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʦʭʣʘʜʠʪʝʣʝʡ ʥʝʣʴʟʷ 

ʦʙʝʩʧʝʯʠʪʴ ʣʶʙʫʶ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 
ʫʣʠʮʝʡ ʠ ʦʭʣʘʞʜʘʝʤʳʤ ʧʦʤʝʱʝʥʠʝʤ, ʥʦ, ʥʘ ʥʘʰ 
ʚʟʛʣʷʜ, ʵʪʦ ʠ ʥʝ ʥʫʞʥʦ. ʂʘʢ ʛʦʚʦʨʠʪʩʷ, ʥʘʰʠ ʥʝʜʦ-
ʩʪʘʪʢʠ - ʵʪʦ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʰʠʭ ʜʦʩʪʦʠʥʩʪʚ. ʌʫʥ-
ʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 
ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝ-
ʥʠʷ ʨʘʩʪʸʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ. ʉʦʟʜʘʸʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘ-
ʪʫʨ ʚ 4ï5 ÁC, ʢʦʪʦʨʘʷ ʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ 
ʯʝʣʦʚʝʢʘ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʦʣʴʰʝʡ ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘ-
ʪʫʨ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʰʦʢ 
ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʠʟ ʦʭʣʘ-
ʞʜʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ ʥʘ ʫʣʠʮʫ ʠ ʦʙʨʘʪʥʦ, ʢʦʪʦ-
ʨʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʜʸʪ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
ʧʨʦʩʪʫʜʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 
ʀʩʧʘʨʠʪʝʣʴʥʳʝ ʦʭʣʘʜʠʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦ-

ʤʝʱʝʥʠʷ ʩʚʝʞʠʤ, ʦʭʣʘʞʜʸʥʥʳʤ, ʫʚʣʘʞʥʸʥʥʳʤ ʠ 
ʦʯʠʱʝʥʥʳʤ ʚʦʟʜʫʭʦʤ. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ ʦʪʢʨʳʪʳʝ 
ʦʢʥʘ, ʜʚʝʨʠ ʠʣʠ ʚʳʪʷʞʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʫʜʘʣʷʶʪʩʷ 

ʠʟʙʳʪʢʠ ʪʝʧʣʘ, ʜʳʤʘ ʠ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭʦʚ. ʀʜʝ-
ʘʣʴʥʦʝ ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ, ʝʩʣʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʪʨʘʥ-
ʩʪʚʦ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʨʳʰʝ ʠʣʠ ʞʝ ʩʙʦʢʫ ʟʜʘʥʠʷ ʩ 
ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʚʜʘʣʠ ʦʪ 
ʦʢʦʥ. ʆʪʢʨʳʪʳʝ ʦʢʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʘʣʠ ʦʪ 
ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ, ʧʦʟʚʦʣʷʶʪ ʦʭʣʘʞʜʸʥʥʦʤʫ 
ʚʦʟʜʫʭʫ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʩʸ ʧʦʤʝʱʝʥʠʝ. ʇʨʘ-
ʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʚ ʧʣʦʱʘʜʴ ʦʢʦʥ ʠ ʜʚʝʨʝʡ, ʢʦʪʦʨʳʝ 
ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʢʨʳʪʳ, ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴ-
ʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ. 
ʏʪʦʙʳ ʵʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʩʥʠʞʘʣʘʩʴ, ʩʠ-

ʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʚʝʜʝʥʠʷ ʚʩʝʛʦ 
ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʚʝʞʝʛʦ ʚʦʟʜʫʭʘ. ɽʩʣʠ ʠʤʝʶʱʠʭʩʷ 
ʚ ʟʜʘʥʠʠ ʦʪʚʝʨʩʪʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʥʝʦʙʭʦʜʠʤʦ 
ʫʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʫ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʚʳʪʷʞʢʠ ʚʦʟ-
ʜʫʭʘ. ʅʝʩʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʧʨʠʚʝʜʸʪ ʢ ʩʥʠ-
ʞʝʥʠʶ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʯʸʪ-
ʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʭʣʘʞʜʘʶ-
ʱʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ. 
ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʤʠ ʦʭʣʘʜʠʪʝʣʷʤʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʩʝ ʧʨʦʮʝʩʩʳ, 
ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 
ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʥʝʰʥʝʡ ʚʣʘʞʥʦʩʪʠ (ʦʪ 70%, 
ʫʪʨʦʤ, ʚʝʯʝʨʦʤ ʠ ʥʦʯʴʶ) ʦʭʣʘʜʠʪʝʣʠ ʨʘʙʦʪʘʶʪ 
ʪʦʣʴʢʦ ʥʘ ʚʝʥʪʠʣʷʮʠʶ ʧʦʤʝʱʝʥʠʷ, ʚʳʩʦʢʘʷ ʢʨʘʪ-
ʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ (ʧʦʜʚʠʞʥʦʩʪʴ ʚʦʟʜʫʭʘ) ʦʙʝʩ-
ʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷ ʩʘʤʘ ʧʦ ʩʝʙʝ. ʊʦʣʴʢʦ 
ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ (ʩ 
11 ʜʦ 16 ʯʘʩʦʚ - ʚ ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʦʟʜʫʭʘ ʟʘ ʩʫʪʢʠ) ʬʠʢʩʠʨʫʝʪʩʷ ʚʣʘʞʥʦʩʪʴ ʚʳʰʝ 
60%. ʕʪʦʪ ʠʥʪʝʨʚʘʣ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʨʝʤʝʥʝʤ 
ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʞʜʘʪʴ ʚʦʟ-
ʜʫʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ (ʪʘʙʣ. 2). 

 
ʊʘʙʣ.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʫʣʠʯʥʦʛʦ 

ʋʣʠʯʥʘʷ ʚʣʘʞʥʦʩʪʴ, % 30 40 50 60 70 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠʪʦʯʥʦʛʦ 
ʚʦʟʜʫʭʘ (ʧʨʠ ʫʣʠʯʥʦʡ ʪʝʤ-
ʧʝʨʘʪʫʨʝ +30ʦʉ), ʦʉ 

19 21,0 23,0 24,5 26,0 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠʪʦʯʥʦʛʦ 
ʚʦʟʜʫʭʘ (ʧʨʠ ʫʣʠʯʥʦʡ ʪʝʤ-
ʧʝʨʘʪʫʨʝ +35ʦʉ), ʦʉ 

22,5 25,0 27,5 29,5 31,0 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠʪʦʯʥʦʛʦ 
ʚʦʟʜʫʭʘ (ʧʨʠ ʫʣʠʯʥʦʡ ʪʝʤ-
ʧʝʨʘʪʫʨʝ +40ʦʉ), ʦʉ 

26,0 29,0 31,5 33,5 36,5 
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Ushbu maqolada nam havo va qattiq sorbentlar o'rtasidagi issiqlik uzatish xususiyatlarining juda dolzarb mavzusi 

o'rganildi. Taqqoslashlar tahlili beriladi va bajarilgan ishlarning borishi bo'yicha olingan natijalar taqdim etiladi. 
Kalit so'zlar: suyuqlik, menisk, quritish, havo, adsorbent, kapillyar, konditsioner, ventilyatsiya, silikagel, namlik. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʫʯʝʥʘ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘʷ ʪʝʤʘ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʚʣʘʞʥʳʤ ʚʦʟʜʫʭʦʤ ʠ ʪʚʝʨʜʳʤʠ 
ʩʦʨʙʝʥʪʘʤʠ. ʇʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʩʨʘʚʥʝʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʜʢʦʩʪʴ, ʤʝʥʠʩʢ, ʦʩʫʰʝʥʠʷ, ʚʦʟʜʫʭ, ʘʜʩʦʨʙʝʥʪ, ʢʘʧʠʣʣʷʨ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʚʝʥʪʠʣʷʮʠʷ, 

ʩʠʣʠʢʘʛʝʣʴ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ. 

In this article, a very topical topic of heat transfer features between moist air and solid sorbents has been studied. An 
analysis of comparisons is given and the results obtained on the progress of the work done are presented. 

Key words: liquid, meniscus, drying, air, adsorbent, capillary, conditioning, ventilation, silica gel, moisture content. 
  

ʉʤʘʯʠʚʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʢʦʛʜʘ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣ-
ʥʷʝʪ ʢʘʧʠʣʣʷʨʥʳʡ ʢʘʥʘʣ, ʤʝʥʠʩʢ ʞʠʜʢʦʩʪʠ ʚ ʢʘ-
ʧʠʣʣʷʨʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʛʥʫʪʫʶ ʬʦʨʤʫ. ʇʦ ʵʪʦʤʫ, 
ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʧʨʦʭʦʞ-
ʜʝʥʠʠ ʯʝʨʝʟ ʩʣʦʡ ʘʜʩʦʨʙʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫ-
ʶʱʝʤ, ʪʘʢ-ʢʘʢ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʥʘ ʚʦ-
ʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʠʩʢʘ ʤʝʥʴʰʝ ʧʘʨʮʠʘʣʴ-
ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʥʘʜ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
ʞʠʜʢʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷ-
ʥʦʛʦ ʧʘʨʘ ʚ ʚʦʟʜʫʭʝ, ʦʢʨʫʞʘʶʱʝʤ ʢʘʧʠʣʣʷʨʥʦʝ 
ʪʝʣʦ, ʚʳʰʝ, ʯʝʤ ʥʘ ʚʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʠʩʢʘ, 
ʪʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚʳʟʳʚʘʝʪ 
ʧʝʨʝʥʦʩ ʧʘʨʘ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʧʠʣʣʷʨ. 
ɺ ʢʘʧʠʣʣʷʨʥʦʤ ʢʘʥʘʣʝ ʧʘʨ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʦʝ 
ʧʨʝʚʨʘʱʝʥʠʝ ʠ ʧʝʨʝʭʦʜʠʪ ʠʟ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦ-
ʷʥʠʷ ʚ ʞʠʜʢʦʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 
ʦʩʫʰʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʣʦʡ ʘʜʩʦʨʙʝʥʪʘ ʧʨʦʠʩ-
ʭʦʜʠʪ ʷʚʣʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʦʙʫ-
ʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜ-
ʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨʘʭ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʨʘʟʦʚʘ-
ʥʠʷ ʚʦʛʥʫʪʦʛʦ ʤʝʥʠʩʢʘ.  
ʍʘʨʘʢʘʪʝʨ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʷʚʣʝʥʠʝ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʧʦʛʣʦʱʝʥʠʠ ʧʘʨʦʚ, ʛʘʟʦʚ, ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʳʭ 
ʚʝʱʝʩʪʚ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʝʨʜʳʭ ʧʦʛʣʦʪʠʪʝʣʷʤʠ 
(ʘʜʩʦʨʙʝʥʪʘʤʠ). ʊʘʢʠʤʠ ʧʦʛʣʦʪʠʪʝʣʷʤʠ ʤʦʛʫʪ 
ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʩʠʣʠʢʘʛʝʣʴ,  ʛʫʙʯʘʪʘʷ 
ʧʣʘʪʠʥʘ ʠ ʜʨ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘ-
ʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 
ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʝʩʴʤʘ ʨʘʟʚʠʪʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭ-
ʥʦʩʪʴʶ ʢʘʧʠʣʣʷʨʦʚ, ʜʦʩʪʠʛʘʶʱʝʡ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ 
ʠ ʜʘʞʝ ʪʳʩʷʯ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʥʘ 1 ʢʛ ʤʘʩʩʳ ʚʝ-
ʱʝʩʪʚʘ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʚ ʚʦʟʜʫʭʝ, 
ʦʙʣʘʜʘʶʱʝʤ ʥʝ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʠ-
ʣʠʢʘʛʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʣʘʛʦ-
ʩʦʜʝʨʞʘʥʠʷ g, ʚʳʨʘʞʝʥʥʳʤ ʚ ʛ/ʢʛ ʩʫʭʦʛʦ ʩʠʣʠʢʘ-
ʛʝʣʷ. 
ɺ ʨʘʙʦʪʝ ʩʠʩʪʝʤ  ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʣʠʢʘʛʝʣʴ  SiO2,  ʧʨʝʜʩʪʘʚ-
ʣʷʶʱʠʡ ʩʦʙʦʡ ʟʝʨʥʠʩʪʦʝ ʩʪʝʢʣʦʚʠʜʥʦʝ ʚʝʱʝʩʪʚʦ, 
ʧʦʣʫʯʘʝʤʦʝ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ ʤʠ-
ʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʦʡ. ɼʣʷ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ 
ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʩʠʣʠʢʘʛʝʣʴ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʝʥ 
ʦʪ 1 ʜʦ 3 ʤʤ. ʉʠʣʠʢʘʛʝʣʴ ʤʘʨʢʠ ʂʉʄ ʠʤʝʝʪ ʩʣʝʜʫ-
ʶʱʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʟʝʨʝʥ ʢʨʫʧʥʦ-
ʩʪʴʶ ʜʦ 2 ʤʤ - 0,8%; 2-3 ʤʤ - 8,2%; 3-5 ʤʤ - 88%; 
5-7 ʤʤ - 2,6%. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʚ 

1 ʢʛ ʩʠʣʠʢʘʛʝʣʷ ʜʦʩʪʠʛʘʝʪ 400000 ʤ2 ʧʨʠ ʧʣʦʪʥʦʩʪʠ 
ʩʪʝʢʣʘ 2010-2500 ʢʛ/ʤ3; ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʩʠʣʠʢʘ-
ʛʝʣʷ ʨʘʚʥʘ 640-700 ʢʛ/ʤ3. ʉʠʣʠʢʘʛʝʣʴ ʦʙʣʘʜʘʝʪ  
ʚʩrʦʢʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ. ɸʜʩʦʨʙʠʨʫʶʱʘʷ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʩʠʣʠʢʘʛʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫ-
ʰʘʝʤʦʛʦ ʚʦʟʜʫʭʘ: ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟ-
ʜʫʭʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚʣʘʛʠ ʩʠʣʠʢʘʛʝʣʝʤ 
ʫʤʝʥʴʰʘʝʪʩʷ. 
ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʚ ʚʦʟʜʫʭʝ, ʦʙʣʘʜʘ-

ʶʱʝʤ ʥʝ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʠʣʠʢʘ-
ʛʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʱʝʝʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʣʘʛʦʩʦʜʝʨ-
ʞʘʥʠʷ g, ʚʳʨʘʞʝʥʥʳʤ ʚ ʛ/ʢʛ ʩʫʭʦʛʦ ʩʠʣʠʢʘʛʝʣʷ. 
ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ 

ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʣʠʢʘʛʝʣʷ ʪʝʤ ʥʠʞʝ, ʯʝʤ 
ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʪʴ ʩʠ-
ʣʠʢʘʛʝʣʴ ʜʣʷ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʚʳʰʝ 35Áʉ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 
ɺ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʠʣʠʢʘ-

ʛʝʣʷ ʚʣʘʞʥʦʩʪʴ ʥʝ ʩʣʝʜʫʝʪ ʜʦʚʦʜʠʪʴ ʜʦ ʧʨʝʜʝʣʴ-
ʥʳʭ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʨʦ-
ʮʝʩʩʝ ʦʩʫʰʢʠ ʚʦʟʜʫʭʘ ʥʘʩʳʱʝʥʠʝ ʘʜʩʦʨʙʝʥʪʘ ʧʨʦ-
ʠʩʭʦʜʠʪ ʦʪʜʝʣʴʥʳʤʠ ʩʣʦʷʤʠ ʧʦ ʭʦʜʫ ʚʦʟʜʫʭʘ.  
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʜʫʭ ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʥʝʯʥʫʶ 
ʚʣʘʞʥʦʩʪʴ ʧʦ ʚʳʭʦʜʝ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ 
ʚʨʝʤʝʥʠ, ʚʦʟʜʫʭ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʰʠʪʴ ʜʦ ʟʘ-
ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʢʘʢ ʩ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʩʪʝʧʝʥʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʩʦʨʙʝʥʪʘ ʙʫʜʝʪ ʥʝʧʨʝʨʳʚʥʦ ʩʥʠ-
ʞʘʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʰʝʥʠʝ ʚʦʟʜʫʭʘ ʜʦʣʞʥʦ 
ʧʨʝʢʨʘʪʠʪʴʩʷ ʝʱʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚʩʝʤ ʩʣʦʝʤ ʘʜ-
ʩʦʨʙʝʥʪʘ ʨʘʚʥʦʚʝʩʥʦʡ ʚʣʘʞʥʦʩʪʠ   ʭ/ʘ=1. 
ʀʟʣʦʞʝʥʥʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʪʦʣ-

ʱʠʥʘ ʩʣʦʷ ʘʜʩʦʨʙʝʥʪʘ, ʪʝʤ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʘʷ ʚʝ-
ʣʠʯʠʥʘ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ ʭ/ʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 
ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʘʜʩʦʨʙʝʥʪʘ ʪʦʣʱʠʥʘ ʝʛʦ ʩʣʦʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ 
ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʴʰʝʡ. ʆʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣ-
ʱʠʥʳ ʩʣʦʷ ʧʦʚʳʰʘʝʪʩʷ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦ-
ʭʦʞʜʝʥʠʶ ʚʦʟʜʫʭʘ. ʇʨʠ ʨʘʟʤʝʨʝ ʟʝʨʝʥ ʩʠʣʠʢʘʛʝʣʷ 
ʦʪ 1 ʜʦ 3 ʤʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ, ʇʘ, ʤʦʞʥʦ ʧʨʠ-
ʙʣʠʞʝʥʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

2h (35 40) v ,= · d 

ʛʜʝ   ŭ - ʪʦʣʱʠʥʘ   ʩʣʦʷ   ʩʠʣʠʢʘʛʝʣʷ,  ʤʤ;   v - ʩʢʦ-
ʨʦʩʪʴ   ʚʦʟʜʫʭʘ,  ʦʪʥʝʩʝʥʥʘʷ     ʢ  ʣʦʙʦʚʦʤʫ ʩʝʯʝʥʠʶ 
ʩʣʦʷ ʩʠʣʠʢʘʛʝʣʷ, ʤ/ʩ. 
ʇʨʠ ʘʜʩʦʨʙʮʠʠ ʢʦʥʜʝʥʩʘʮʠʷ ʚʣʘʛʠ ʚ ʢʘʧʠʣʣʷ-
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ʨʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʪʝʧ-
ʣʦʪʳ ʠʩʧʘʨʝʥʠʷ ʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ ʩʤʘʯʠʚʘʥʠʷ. 
ʇʦʣʥʘʷ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 
2930 ʢɼʞ/ʢʛ, ʠʟ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 420 ʢɼʞ/ʢʛ ʩʦʩʪʘʚ-
ʣʷʝʪ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʩʤʘʯʠʚʘʥʠʷ. ɺʳʜʝʣʷʶʱʘʷʩʷ 
ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢʘʢ 
ʩʣʦʷ ʘʜʩʦʨʙʝʥʪʘ, ʪʘʢ ʠ ʦʩʫʰʘʝʤʦʛʦ ʚʦʟʜʫʭʘ. 
ʅʘʠʙʦʣʴʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʜʩʦʨʙʝʥʪʘ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʡ ʝʛʦ ʯʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʚʣʘʛʠ. ʇʨʠ ʵʪʦʤ 
ʧʦ ʤʝʨʝ ʩʤʝʱʝʥʠʷ ʟʦʥʳ ʘʜʩʦʨʙʮʠʠ ʚ ʪʦʤ ʞʝ ʥʘ-
ʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʤʝʱʝʥʠʝ ʟʦʥʳ ʥʘʠʙʦʣʝʝ 
ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʉʣʦʠ ʘʜʩʦʨʙʝʥʪʘ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʝʨʝʩʪʘʝʪ ʧʦʛʣʦʱʘʪʴ ʚʣʘʛʫ ʠʟ ʚʦʟʜʫʭʘ. 
ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʜʩʦʨʙʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʘʜʩʦʨʙʝʥʪ ʧʦʜʚʝʨʛʘʶʪ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʢʣʶ-
ʯʘʝʪʩʷ ʚ ʧʨʦʜʫʚʢʝ ʯʝʨʝʟ ʥʝʛʦ ʚʦʟʜʫʭʘ (ʠʣʠ ʦʪʬʠʣʴ-
ʪʨʦʚʘʥʥʳʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ), ʥʘʛʨʝʪʦʛʦ ʜʦ ʪʝʤʧʝʨʘ-
ʪʫʨʳ 180-240Áʉ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʣʘʛʘ, 
ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʢʘʧʠʣʣʷʨʘʭ, ʠʩʧʘʨʷʝʪʩʷ ʠ ʦʪʚʦ-
ʜʠʪʩʷ ʚʤʝʩʪʝ ʩ ʛʘʟʦʤ ʠʣʠ ʚʦʟʜʫʭʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʘʢ-
ʪʠʚʘʮʠʠ ʩʣʦʡ ʘʜʩʦʨʙʝʥʪʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘ-
ʪʫʨʳ 100-1100ʉ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ    ʧʝʨʝʜ ʧʦʚʪʦʨ-
ʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʦʭʣʘʞʜʘʶʪ ʧʨʦʜʫʚʢʦʡ 
ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ.   ʇʨʦʜʫʚʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ 
ʧʦʜʜʝʨʞʘʥʠʶ ʚ ʘʜʩʦʨʙʝʥʪʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʚʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ  ʦʙʨʘʟʦʚʘʥʠʝ  ʚ ʢʘ-
ʧʠʣʣʷʨʘʭ ʚʦʛʥʫʪʦʛʦ ʤʝʥʠʩʢʘ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʦʪʦ-
ʨʦʛʦ ʪʚʝʨʜʳʡ ʧʦʛʣʦʪʠʪʝʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴ  ʚʦʜʷʥʦʡ   ʧʘʨ. 
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ʣʘʨʠʜʘ ʩʫʚʥʠʥʛ ʪʝʢʠʩ ʪʘץʩʠʤʣʘʥʠʰʠʥʠ ʪʘʲʤʠʥʣʘʰ ״ʘʤʜʘ ʥʘʩʦʩʣʘʨʛʘ ʩʫʚʥʠ ʝʪʢʘʟʠʙ ʙʝʨʠʰʜʘ ʛʠʜʨʘʚʣʠʢ ʰʘʨʦʠʪ-
ʣʘʨʥʠ ʷʭʰʠʣʘʰ ʫʯʫʥ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʢʦʥʩʪʨʫʢʪʠʚ  ʪʘʜʙʠʨʣʘʨʥʠ ʪʘʭʣʠʣ ץʠʣʠʰʜʠʨ. ʄʘץʦʣʘʜʘ ɾʠʟʟʘʭ ʙʦʰ ʥʘʩʦʩ 
ʩʪʘʥʮʠʷʩʠ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠ ʩʫʚ ץʘʙʫʣ ץʠʣʠʰ ץʠʩʤʠʜʘ, ʷʲʥʠ ʘʚʘʥʢʘʤʝʨʘʩʠʜʘ ʧʘʡʜʦ ʙ˄ʣʘʜʠʛʘʥ ʩʫʚ ʫʶʨʤʘʣʘʨʠ ʙʘʨ-
ʪʘʨʘʬ ʵʪʠʰ ʫʯʫʥ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ץʫʨʠʣʤʘ ʩʠʥʦʚ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʪʝʭʥʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʘʩʦʩʣʘʰʛʘ ץʘʨʘʪʠʣʛʘʥ. 
ɹʫ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠʥʠ ʙʘʨץʘʨʦʨ ״ʘʤʜʘ ʢʘʚʠʪʘʮʠʷʩʠʟ ʠʰʣʘʰʠʥʠ ʪʘʲʤʠʥʣʘʙ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠ ץʠʤʤʘʪ  ʚʘ ʤʫ-
ʨʘʢʢʘʙ ʙ˄ʣʛʘʥ  ʨʝʢʦʥʩʪʨʫʢʮʠʷ  ץʠʣʠʰ ʠʰʣʘʨʠʥʠʥʛ ʦʣʜʠʥʠ ʦʣʠʙ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠʥʛ ʵʢʠʥ ʤʘʡʜʦʥʣʘʨʠʛʘ 
ʠʰʦʥʯʣʠ ʩʫʚ ʝʪʢʘʟʠʙ  ʙʝʨʠʰʠʥʠ  ʪʘʲʤʠʥʣʘʡʜʠ.   
ʂʘʣʠʪ ʩ˄ʟʣʘʨʠ: ʥʘʩʦʩ ʘʛʨʝʛʘʪʠ; ʘʚʘʥʢʘʤʝʨʘ ʩʫʚ ʩʘʪ״ʠ;  ʩʫʚ ץʘʙʫʣ ץʠʣʠʰ ʙʣʦʢʠ; ʩʫʚ ʫʶʨʤʘʩʠ; ʢʘʚʠʪʘʮʠʷ ʞʘʨʘ-

ʸʥʠ; ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ץʫʨʠʣʤʘʩʠ, ץʫʨʠʣʤʘ ʧʘʨʘʤʝʪʨʣʘʨʠ 
 

ʂʠʨʠʰ. ɾʘ״ʦʥʜʘ ץʠʰʣʦץ ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠʥʠ  
ʩʫסʦʨʠʰ ʫʯʫʥ ʢʝʨʘʢʣʠ ʤʠץʜʦʨʜʘ ʩʫʚʥʠ ʝʪʢʘʟʠʙ ʙʝ-
ʨʠʰ ʵʥʛ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 
ʊʦʙʦʨʘ ʦʨʪʠʙ ʙʦʨʘʸʪʛʘʥ ʵʢʠʥ ʤʘʡʜʦʥʣʘʨʠʛʘ ʢʝʨʘʢ 
ʙ˄ʣʘʜʠʛʘʥ ʩʫʚʥʠ ʪʘʣʘʙ ץʠʣʠʥʛʘʥ ʤʠץʜʦʨʜʘ ʝʪʢʘʟʠʙ 
ʙʝʨʠʰ ʫʯʫʥ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʜʘʥ ʠʰʦʥʯʣʠ ʬʦʡ-
ʜʘʣʘʥʠʰʥʠ ʪʘʲʤʠʥʣʘʰ ʘʣʦ״ʠʜʘ ʘ״ʘʤʠʷʪ ʢʘʩʙ 
ʵʪʘʜʠ[1]. ɹʫ ʙʦʨʘʜʘ ʨʠʚʦʞʣʘʥʛʘʥ ʆʩʠʸ ʚʘ  ɽʚʨʦʧʘ 
ʜʘʚʣʘʪʣʘʨʠʜʘ ʤʘʲʣʫʤ ʶʪʫץʣʘʨʛʘ ʵʨʠʰʠʣʛʘʥ 
ʙ˄ʣʠʙ, ʫʣʘʨʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠʥʛ ʠʰʦʥʯʣʠʣʠ-
ʛʠʥʠ ʦʰʠʨʠʰ ʚʘ ʩʫʚʥʠ ʫʟʣʫʢʩʠʟ ״ʘʤʜʘ ʢʝʨʘʢʣʠ 
ʤʠץʜʦʨʜʘ ʝʪʢʘʟʠʙ ʙʝʨʠʰ ʫʯʫʥ ʩʫסʦʨʠʰ ʪʠʟʠʤʠ 
ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʜʘʛʠ ʛʠʜʨʦʤʝʭʘʥʠʢ ʞʠ״ʦʟʣʘʨʥʠ 
ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʛʘ ʘʣʦ״ʠʜʘ ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣ-
ʤʦץʜʘ.  
 ʦʟʠʨʜʘ ʤʘʤʣʘʢʘʪʠʤʠʟ ʦʣʠʤʣʘʨʠ ʪʦʤʦʥʠʜʘʥ׳

ʠʨʨʠʛʘʮʠʷ ʪʠʟʠʤʠ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʜʘʛʠ ʛʠʜʨʦ-
ʤʝʭʘʥʠʢ ʞʠ״ʦʟʣʘʨʥʠʥʛ ʠʰʣʘʰ ʰʘʨʦʠʪʣʘʨʠʜʘʥ ʢʝ-
ʣʠʙ ʯʠץʠʙ, ʫʣʘʨʥʠʥʛ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʠʥʠ ʪʘʢʦʤʠʣ-
ʣʘʰʪʠʨʠʰʛʘ ʚʘ ʬʦʡʜʘʣʘʥʠʰ ʜʘʚʨʠʜʘ ʠʰʦʥʯʣʠʣʠ-
ʛʠʥʠ ʪʘʲʤʠʥʣʘʰʛʘ ץʘʨʘʪʠʣʛʘʥ ʢ˄ʧʣʘʙ ʠʣʤʠʡ 
ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ[2]. פʠʰʣʦץ 
ʭ˄ʞʘʣʠʢ ʵʢʠʥʣʘʨʠʛʘ ʪʘʣʘʙ ץʠʣʠʥʛʘʥ ʩʫʚʥʠ ʢʘʬʦ-
ʣʘʪʣʘʥʛʘʥ ʤʠץʜʦʨʜʘ ʝʪʢʘʟʠʙ ʙʝʨʠʣʠʰʠʥʠ ʪʘʲʤʠʥ-
ʣʘʰ ʫʯʫʥ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠ ץʘʡʪʘ ץʫʨʠʰ ʚʘ ʨʝ-
ʢʦʥʩʪʨʫʢʮʠʷ ץʠʣʠʰ, ʛʠʜʨʦʤʝʭʘʥʠʢ ʞʠ״ʦʟʣʘʨʥʠ ʚʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʡ˄ʣʠ ʙʠʣʘʥ 
ʠʰʦʥʯʣʠ ʠʰʣʘʰʠʥʠ ʪʘʲʤʠʥʣʘʰ ʡ˄ʥʘʣʠʰʠ ʙ˄ʡʠʯʘ 
ʢʝʥʛ ץʘʤʨʦʚʣʠ ʪʘʜʙʠʨʣʘʨ ʘʤʘʣʛʘ ʦʰʠʨʠʣʤʦץʜʘ[3]. 
ʋʰʙʫ ʡ˄ʥʘʣʠʰʜʘ, ʞʫʤʣʘʜʘʥ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʛʠʜ-
ʨʦʤʝʭʘʥʠʢ ʞʠ״ʦʟʣʘʨʠʥʠʥʛ ʙʫʟʠʣʠʰʠ ʚʘ ʥʦʩʦʟ ״ʦ-
ʣʘʪʠʛʘ ʢʝʣʠʰʠ ʩʘʙʘʙʣʘʨʠʥʠ ʘʥʠץʣʘʰ, ʘʚʘʥʢʘʤʝʨʘ-
ʜʘʛʠ ʩʫʚ ʩʘʪ״ʠʥʠ ʤʝʲʸʨʠʜʘ ʙ˄ʣʠʰʠʥʠ ʪʘʲʤʠʥʣʘʰ, 
ʩʫʚ ʩʘʪ״ʠ ʪʫʰʠʙ ʢʝʪʛʘʥ ʚʘץʪʜʘ ʩ˄ʨʫʚʯʠ ץʫʚʫʨʣʘʨ 
ʦʣʜʠʜʘ ʩʫʚ ʫʶʨʤʘʣʘʨʠ ״ʦʩʠʣ ʙ˄ʣʠʙ, ʥʘʩʦʩ ʘʛʨʝ-
ʛʘʪʣʘʨʠʥʠ ʢʘʚʠʪʘʮʠʦʥ ʨʝʞʠʤʜʘ ʠʰʣʘʰʠʛʘ ʦʣʠʙ 
ʢʝʣʠʰʠʥʠ  ʦʣʜʠʥʠ ʦʣʠʰ  ʪʝʭʥʦʣʦʛʠʷʩʠʥʠ ʪʘʢʦ-
ʤʠʣʣʘʰʪʠʨʠʰ ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘ-
ʥʘʜʠ. ʅʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠ ʘʚʘʥʢʘʤʝʨʘʣʘʨʠʜʘ ʩʫʚ-
ʥʠʥʛ ʩʘʪ״ʠ ʪʫʰʠʙ ʢʝʪʛʘʥ ʚʘץʪʜʘ, ʩ˄ʨʫʚʯʠ ץʫʚʫʨʣʘʨ 
ʦʣʜʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠʛʘʥ  ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠ  ʙʘʨʪʘ-
ʨʘʬ ʵʪʠʰ ʡ˄ʥʘʣʠʰʠʜʘ ʙʠʨ ץʘʪʦʨ ʠʣʤʠʡ ʪʘʜץʠץʦʪ 
ʠʰʣʘʨʠ ʦʣʠʙ ʙʦʨʠʣʛʘʥ[4].   
ʖץʦʨʠʜʘ ʘʡʪʠʙ ˄ʪʠʣʛʘʥ ʬʠʢʨʣʘʨʥʠ ʠʥʦʙʘʪʛʘ 

ʦʣʠʙ, ʤʘʟʢʫʨ ʪʘʜץʠץʦʪ ʠʰʠʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ 
ʘʚʘʥʢʘʤʝʨʘʩʠʜʘ  ʩʫʚ ʩʘʪ״ʠ ʤʝʲʸʨʠʜʘʥ ʢʘʤ ʙ˄ʣʛʘʥ 
ʚʘץʪʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠʛʘʥ ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠ ʙʘʨʪʘ-
ʨʘʬ ʵʪʠʰ ץʫʨʠʣʤʘʩʠʥʠ ʪʘʢʦʤʠʣʣʘʰ-ʪʠʨʠʰ ʤʘʩʘ-
ʣʘʣʘʨʠ ʢ˄ʨʠʙ ʯʠץʠʣʛʘʥ. ɹʫ ʤʘʩʘʣʘ ʙ˄ʡʠʯʘ ʙʠʨ ʥʝ-
ʯʪʘ ץʫʨʠʣʤʘʣʘʨʜʘ ʩʠʥʦʚ ʠʰʣʘʨʠ ʦʣʠʙ ʙʦʨʣʠʜʠ. 
ʊʘʢʣʠʬ ʵʪʠʣʘʸʪʛʘʥ ץʫʨʠʣʤʘʣʘʨʥʠʥʛ ʵʥʛ ʠץʪʠʩʦʜʠʡ 
ʩʘʤʘʨʘʜʦʨʣʠʢʢʘ ʵʨʠʰʛʘʥʠ ʤʝʪʘʣʣʜʘʥ ʷʩʘʣʛʘʥ 



 ˽ͪ ͔ͦ͋ͣ͡· ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭ͊ нлноΣ Ѕм 

134 

-ʫʨʠʣץ ʘʣʠ ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʠʰסʦʚʫʨץ
ʤʘʩʠʜʠʨ[4]. ɹʫ ץʫʨʠʣʤʘʥʠ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʘʚʘʥʢʘ-
ʤʝʨʘʩʠʛʘ ˄ʨʥʘʪʠʰ ʥʘʪʠʞʘʩʠʜʘ ʩ˄ʨʫʚʯʠ ץʫʚʫʨʣʘʨʛʘ 
ʩʫʚ ʙʠʣʘʥ ʙʠʨʛʘ ʢʠʨʘʜʠʛʘʥ ״ʘʚʦʥʠʥʛ ʢʠʨʠʰʠʥʠ 
ʙʘʨʪʘʨʘʬ ʵʪʘʜʠ ʚʘ ʥʘʩʦʩ ץʫʨʠʣʤʘʩʠʥʠ  ʢʘʚʠʪʘʮʠʦʥ 
ʨʝʞʠʤʜʘ ʠʰʣʘʰʠʥʠʥʛ ʦʣʜʠʥʠ ʦʣʘʜʠ[5].  
ɾʠʟʟʘʭ ʙʦʰ ʥʘʩʦʩ  ʩʪʘʥʮʠʷʩʠ  ʘʚʘʥʢʘʤʝʨʘʩʠʜʘ 

ʩʫʚ ʩʘʪ״ʠ ʤʝʲʸʨʠʜʘʥ ʪʫʰʠʙ ʢʝʪʛʘʥʜʘ, ʩ˄ʨʫʚʯʠ 
 ʫʚʫʨʣʘʨʠ ʦʣʜʠʜʘ ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠ ʩʦʜʠʨ ʙ˄ʣʠʰʠץ
ʚʘ ʚʠʙʨʘʮʠʷ ʤʠץʜʦʨʠʥʠ ʢʝʩʢʠʥ ʦʰʠʰʠ ״ʘʤʜʘ 
ʥʘʩʦʩ ʠʰʯʠ סʠʣʜʠʨʘʢʣʘʨʠʥʠʥʛ ʢʘʚʠʪʘʮʠʦʥ ʝʤʠʨʠ-
ʣʠʰʠʥʠ ʢʫʟʘʪʠʣʛʘʥ. ʉʫʚ ʫʶʨʤʘʣʘʣʘʨʠʥʠ ʙʘʨʪʘʨʘʬ 
ʵʪʫʚʯʠ ץʫʨʠʣʤʘ ʸʨʜʘʤʠʜʘ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠʜʘʛʠ 
ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʠ ʡʠʣʣʠʢ ʨʝʞʘ ʙ˄ʡʠʯʘ ץʠʣʠʥʛʘʥ 
ʪʘʲʤʠʨʣʘʰ ʠʰʣʘʨʠ ʩʦʥʠʜʘʥ 1.5-2 ʤʘʨʪʘ ʢʘʤʘʡʠ-
ʰʠʛʘ ʵʨʠʰʠʣʜʠ. ɹʫ ʩʤʝʪʘ ʙ˄ʡʠʯʘ ʪʘʲʤʠʨʣʘʰ 
ʠʰʣʘʨʠʛʘ ʘʞʨʘʪʠʣʛʘʥ ʤʘʙʣʘסʜʘʥ ʢʘʪʪʘ ʤʠץʜʦʨʜʘʛʠ 
ʩʘʨʬ-ʭʘʨʘʞʘʪʥʠ ʪʝʞʘʙ ץʦʣʘʜʠ. ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠ 
ʘʚʘʥʢʘʤʝʨʘʩʠʜʘ ʩʫʚ ʩʘʪ״ʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʘʡʥʠץʩʘ 
ʘʚʘʥʢʘʤʝʨʘʜʘ ʩʫʚ ʩʘʪ״ʠʥʠʥʛ ʪʫʰʠʙ ʢʝʪʠʰʠ ʩ˄ʨʫʯʠ 
-ʘ״ ,ʦʩʠʣ ʙ˄ʣʠʙ״ ʫʚʫʨʣʘʨ ʦʣʜʠʜʘ ʩʫʚ ʫʶʨʤʘʣʘʨʠץ
ʚʦʥʠʥʛ  ʥʘʩʦʩ  ץʫʨʠʣʤʘʩʠ  ʠʯʠʛʘ ʢʠʨʠʙ  ʫʥʠʥʛ  ʨʝ-
ʞʠʤʣʘʨʠʛʘ ʩʘʣʙʠʡ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʠʰʠʛʘ ״ʘʤʜʘ, 
ʚʠʙʨʘʮʠʷʥʠʥʛ ʢʝʣʠʙ ʯʠץʠʰʠʛʘ ʩʘʙʘʙ ʙ˄ʣʘʨ 
ʵʜʠ[6;7]. 

 

 
2-ʨʘʩʤ. 25 m3/sek ʩʘʨʬʣʠ  ʥʘʩʦʩ(ʢ˄ʢ ʨʘʥʛʣʠ ʵʛʨʠ 

 ʠʟʠʣ ʨʘʥʛʣʠ ʵʛʨʠץ)ʚʘ 10 m3/sek ʩʘʨʬʣʠ ʥʘʩʦʩ (ץʠʟʠץ
-ʪʜʘ ʠʰʣʘʛʘʥʜʘ ʩʫʚ ʫʶʨʤʘץʘʛʨʝʛʘʪʣʘʨʠ ʙʠʨ ʚʘ (ץʠʟʠץ

ʣʘʨʠ ʤʠץʜʦʨʣʘʨʠ ʩʦʣʠʰʪʠʨʤʘ ʛʨʘʬʠʛʠ. 
 

ʅʘʩʦʩ ʩʪʘʥʮʠʷʩʠʜʘ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʪʘʞʨʠʙʘ ʢʫ-
ʟʘʪʫʚ ʠʰʣʘʨʠ ʙʠʨ ʚʝʛʘʪʘʮʠʷ ʜʘʚʨʠʥʠ ˄ʟ ʠʯʠʛʘ 
ʦʣʠʙ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʘʚʘʥʢʘʤʝʨʘʩʠʜʘʛʠ ʤʘʭʠʤʘʣ 
ʚʘ ʤʠʥʠʤʘʣ ʩʫʚ ʩʘʪ״ʣʘʨʠʜʘ, ʷʲʥʠ 4,2 õ7.3 ʤʝʪʨ ʦʨʘ-
ʣʠץʣʘʨʠʜʘ ʩʫʚ ʫʶʨʤʘʣʘʨʠ ʧʘʡʜʦ ʙ˄ʣʠʰʠ ʚʘ ץʫ-
ʨʠʣʤʘ ʸʨʜʘʤʠʜʘ ʙʘʨʪʘʨʘʬ ʵʪʠʣʠʰ ʤʠץʜʦʨʣʘʨʠ-
ʥʠʥʛ ʘʤʘʣʠʡ ״ʘʤʜʘ ʥʘʟʘʨʠʡ ʘʩʦʩʣʘʥʛʘʥ ʛʨʘʬʠʛʠ 
ʢʝʣʪʠʨʠʣʛʘʥ. ɹʠʟ ʪʘʞʨʠʙʘ-ʩʠʥʦʚ ʠʰʣʘʨʠʥʠ ʥʘʩʦʩ 
ʩʪʘʥʮʠʷʩʠʜʘʛʠ 1 ʜʦʥʘ Q =10 ʤ3/ʩʝʢ. ʚʘ 1 ʜʦʥʘ Q=25 
ʤ3/ʩʝʢ. ʩʫʚ ʩʘʨʬʣʘʨʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʥʘʩʦʩ ʘʛʨʝ-
ʛʘʪʣʘʨʠ ʩʫʚ ץʘʙʫʣ ץʠʣʠʰ ʙʣʦʢʠʜʘʛʠ ʞʘʨʘʸʥʣʘʨʜʘ 
ʦʣʠʙ ʙʦʨʜʠʢ. ɹʫ ʜʘʚʨʜʘ ʘʚʘʥʢʘʤʝʨʘʜʘʛʠ ʩʫʚ ʩʘʪ״ʠ 
ʵʥʛ ʧʘʩʪ ʢ˄ʨʩʘʪʛʠʯʠ 4.25 ʤʝʪʨʥʠ ʪʘʰʢʠʣ ʵʪʜʠ. 
ʅʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠʥʠʥʛ ʙʘʨʯʘ ʠʰ ʜʘʚʨʣʘʨʠʜʘ ʩʫʚ 
 ʜʦʨʠץʠʣʫʚʯʠ ʙʣʦʢʜʘʛʠ ʩʫʚ ʫʶʨʤʘʣʘʨʠ ʤʠץ ʘʙʫʣץ
ʭʘʨ ʙʠʨ ʩʦʘʪ ʫʯʫʥ ʘʣʦ״ʠʜʘ ץʘʡʜ ץʠʣʠʥʜʠ ʚʘ ʫʣʘʨ-
ʥʠʥʛ ˄ʨʪʘʯʘ ʤʠץʜʦʨʣʘʨʠ ʘʩʦʩʠʜʘ ʛʨʘʬʠʢ ץʠʣʠʥʜʠ. 

ɻʨʘʬʠʢʢʘ ʘʩʦʩʘʥ ʢʠʯʠʢ ʩʘʨʬʣʠ ʥʘʩʦʩ ʘʛʨʝʛʘʪʠ ʦʣ-
ʜʠʜʘ ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠʥʛ ʤʘʭʠʤʘʣ ʤʠץʜʦʨʠ ʩʫʚ 
ʩʘʪ״ʠ 4.25õ4.50 ʤʝʪʨʥʠ ʪʘʰʢʠʣ ץʠʣʛʘʥʜʘ ʩʦʘʪʠʛʘ 
˄ʨʪʘʯʘ 75-77 ʤʘʨʦʪʘʙʘʥʠ ʪʘʰʢʠʣ ץʠʣʜʠ. ʄʠʥʠʤʘʣ 
ʤʠץʜʦʨʠ ʵʩʘ ʩʫʚ ʩʘʪ״ʠ 6õ6.20 ʤʝʪʨ ʙ˄ʣʛʘʥʜʘ ʜʝ-
ʷʨʣʠ ʢʫʟʘʪʠʣʤʘʜʠ. ʂʘʪʪʘ ʩʘʨʬʣʠ ʥʘʩʦʩ ʘʛʨʝʛʘʪʠ ʵʩʘ 
ʦʣʜʠʜʘ ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠʥʛ ʤʘʭʠʤʘʣ ʤʠץʜʦʨʠ ʩʫʚ 
ʩʘʪ״ʠ 4.25õ4.50 ʤʝʪʨʥʠ ʪʘʰʢʠʣ ץʠʣʛʘʥʜʘ ʩʦʘʪʠʛʘ 
˄ʨʪʘʯʘ 94-96 ʤʘʨʦʪʘʙʘʥʠ ʪʘʰʢʠʣ ץʠʣʜʠ. ʄʠʥʠʤʘʣ 
ʤʠץʜʦʨʠ ʵʩʘ ʩʫʚ ʩʘʪ״ʠ 6.50 ʤʝʪʨ ʚʘ ʫʥʜʘʥ ʶץʦʨʠ 
ʙ˄ʣʛʘʥʜʘ ʜʝʷʨʣʠ ʢʫʟʘʪʠʣʤʘʜʠ. ɹʫʥʜʘʥ ʢ˄ʨʠʥʠʙ ʪʫ-
ʨʠʙʜʠʢʠ, ʙʠʪʪʘ ʘʚʘʥʢʘʤʝʨʘʜʘ ʞʦʡʣʘʰʛʘʥ ״ʘʨ ʭʠʣ 
ʩʘʨʬʣʠ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠ ʙʠʨ ʚʘץʪʜʘ ʠʰʣʘʛʘʥʜʘ 
ʩʫʚ ץʘʙʫʣ ץʠʣʠʰ ʙʣʦʢʣʘʨʠʜʘʛʠ ʩʫʚ ʫʶʨʤʘʣʘʨʠ-
ʥʠʥʛ ʧʘʡʜʦ ʙ˄ʣʠʰ ʩʘʪ״ʣʘʨʠ ״ʘʤ ״ʘʨ ʭʠʣ ʙ˄ʣʠʰʠʥʠ 
ʢ˄ʨʠʰʠʤʠʟ ʤʫʤʢʠʥ. 

ʍʫʣʦʩʘ. 
ɾʠʟʟʘʭ ʙʦʰ ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʘʚʘʥʢʘʤʝʨʘʩʠʜʘ 

ʧʘʡʜʦ ʙ˄ʣʛʘʥ ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠʥʛ ʪʝʭʥʠʢ ʪʘʚʩʠʬʠ 
˄ʨʛʘʥʠʣʜʠ. ʋʟʦץ ʤʫʜʜʘʪʣʠ ʜʘʣʘ ʢʫʟʘʪʫʚ ʠʰʣʘʨʠ 
ʦʣʠʙ ʙʦʨʠʣʠʙ, ʥʘʩʦʩ ʩʪʘʥʮʠʷʩʠ ʘʚʘʥʢʘʤʝʨʘʩʠʜʘʛʠ 
ʩʫʚ ʫʶʨʤʘʣʘʨʠʥʠʥʛ ʧʘʡʜʦ ʙ˄ʣʠʰ ʤʠץʜʦʨʣʘʨʠ ˄ʨ-
ʛʘʥʠʣʜʠ. ɶʨʛʘʥʠʰʣʘʨ ʥʘʪʠʞʘʩʠʜʘ 2 ʭʠʣ ʩʫʚ ʩʘʨ-
ʬʠʛʘ ʵʛʘ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠ ʩʫʚ ץʘʙʫʣ ץʠʣʠʰ ʙʣʦ-
ʢʠʜʘ ʩʫʚ ʫʶʤʘʣʘʨʠ 2 ʭʠʣ ʩʫʚ ʩʘʪ״ʠʜʘ ʤʘʭʠʤʘʣ ʚʘ 
ʤʠʥʠʤʘʣ ʤʠץʜʦʨʜʘ ʙ˄ʣʠʰʠ ʘʥʠץʣʘʥʜʠ. ɸʛʘʨʜʘ 
ʸʥʤʘ-ʸʥ ˄ʨʥʘʪʠʣʛʘʥ 2 ʪʘ ״ʘʨ ʭʠʣ ʩʫʚ ʩʘʨʬʠʛʘ ʵʛʘ 
ʙ˄ʣʛʘʥ ʥʘʩʦʩ ʘʛʨʝʛʘʪʣʘʨʠ ʙʠʨ ʚʘץʪʜʘ ʠʰʣʘʛʘʥʜʘ 
ʩʫʚ ץʘʙʫʣ ץʠʣʠʰ ʙʣʦʢʠʜʘ ʙʝץʘʨʦʨ ʛʠʜʨʘʚʣʠʢ ʞʘʨʘ-
ʸʥʣʘʨ ʢʫʟʘʪʠʣʠʰʠ ʘʥʠץʣʘʥʜʠ. ʀʨʨʠʛʘʮʠʷ ʪʠʟʠʤʠ 
ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠ  ʣʦʡʠ״ʘʣʘʛʘʥʜʘ ʙʠʨ ʭʠʣ ʤʘʨ-
ʢʘʣʠ ʚʘ ʙʠʨ ʭʠʣ ʩʫʚ ʩʘʨʬʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʥʘʩʦʩ ʘʛʨʝ-
ʛʘʪʣʘʨʠʥʠ ˄ʨʥʘʪʠʰ ʪʘʚʩʠʷ ʙʝʨʠʣʜʠ. ɹʫʥʜʘ ʥʘʩʦʩ 
ʘʛʨʝʛʘʪʣʘʨʠ ʙʠʨ ʚʘץʪʜʘ ʠʰʣʘʪʠʣʠʙ, ʩʫʚ ʫʶʨʤʘʣʘ-
ʨʠʥʠ ʙʘʨʪʘʨʘʬ ʵʪʫʚʯʠ ץʫʨʠʣʤʘ ˄ʨʥʘʪʠʣʛʘʥʜʘ ʘʚʘʥ-
ʢʘʤʝʨʘʜʘ ʥʦʪʫʨסʫʥ ʛʠʜʨʘʚʣʠʢ ʞʘʨʘʸʥʣʘʨ ʢʫʟʘʪʠʣ-
ʤʘʡʜʠ  
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KOMBINATSIYALASHGAN ISIT ISh TIZIMLARINING SAMARADORLIGI  
 

Saydullayev Sirojiddin Rahmatullayevich 
 

Ushbu maqolada yakka tartibli xonadonlarni isitishda kombinatsiyalangan isitishning asosiy ishlash printsipi ulanish 
sxemasi va ularning standart bog'lash sxemasiga koóra  isitish jihozlarining qulayliklari keltirib oótilgan.  

Kalit so`zi: isitish, issiq suv, radiator, poldan isitish, uch tomonli klapan. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʚ ʦʪʦʧʣʝʥʠʠ ʦʜʥʦʢʚʘʨ-
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In this article, the main working principle of combined heating in heating of single-family houses, the scheme of 
operation and the convenience of heating equipment according to their standard connection scheme are mentioned. 
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Vaqt o`tishi va insonlarning oózgarishi asnosida 
yashash xonalarining ma'lum darajadagi 
farovonligisiz tasavvur qilib bo'lmaydi. Aslida, har 
qanday bino muhandislik kommunikatsiya tizimlarisiz 
tasavvur qilib boólmaydi. Arxitektura va qurilishda 
energiya tejash kabi sohalarning paydo bo'lishi buning 
yorqin dalilidir. Shu bilan birga, har qanday 
masalalarni alohida koórib chiqish, har tomonlama 
tahlil qilmasdan, yuqori sifatli qulay shart-sharoitlarni 
ta'minlash muammosini hal qila olmaydi (masalan, 
qozonlarda issiq suvning harorati pasayishi, bir 
tomondan, yonilgói sarfini kamaytiradi, boshqa 
tomondan, isitishda haroratni pasaytiradi). 

Yakka tartibdagi turar-joy uylarining isitish tizimi 
anôanaviy ravishda gaz, qattiq yoqilgóili baôzi hollarda 
esa elektr energiyaga moslashtirilgan qozonlar, isitish 
radiatorlari va quvur liniyasidan foydalaniladi. Biroq, 
har yili yakka tartibdagi turar joy uylarning egalari 
odatdagi suvli isitish tizimiga muqobil ravishda polli 
isitish tizimini ham qoóllashmoqda. Ko'pincha, bitta 
issiq zamindan foydalanish turar-joy binosida qulay 
mikroiqlimni saqlab qolish uchun etarli boólmaganligi 
sababli kombinatsiyalangan (aralash) isitish tizimi 
bilin isitishga toógóri  keladi. 

Aralash isitish tizimining xususiyatlari va 
afzalliklari 

Kombinatsiyalangan - isitishning asosiy manbai 
sifatida yuqori haroratli isitish jihozlarini (isitish 
radiatorlari, konvektorlar) va qo'shimcha sifatida suvli 
yoki elektrli poldan past haroratli isitish tizimini 
birlashtirgan holda amalga oshiriladi. 

Uskuna va jihozlarning yuqori narxga tushishiga 
qaramay, bu turdagi isitish bir qator afzalliklarga ega: 

- tizimning ishonchliligini oshirish; 

- uyni isitishda energiya tejamkor isitishning 
iqtisodiy samaradorligini oshirish; 

- toógóri issiqlikni tarqatish taqsimoti; 

- isitish davrining yuqori samaradorligi; 
Kombinatsiyalashgan isitish tizimini xususiy uyda 

amalga oshirish uchun turli xil harorat sharoitlariga 
ega boólgan kamida ikkita mustaqil isitish sxemasini 
o'rnatish sxemasini ishlab chiqish zarur (suvli radiator 
tizimi uchun etkazib berish va qaytarish uchun 80/60 
ÁC harorat va issiq suv uchun 40/20 ÁC harorat). Qavat 
uchun qo'shimcha quvur elementlari va aksessuarlar 
tizimlarini tanlash va ularni toógóri  o'rnatish talab 
etiladi. 
Ulanish sxemalariga koóra eng tejamli variant 

radiatorli suvli isitish va poldan isitiladigan sxemadan 
foydalanish boóladi. Ushbu 2 sxema bitta qozonga 
ulanadi, unga tizimning barcha elementlari o'rnatiladi: 
kollektor, gidravlik ajratuvchi, xavfsizlik qurilmasi, 
sirkulyatsiya nasosi va boshqalar. Quyidagi bog'lash 
usullari mavjud: 

Standart bog'lash sxemasi - uni amalga oshirish 
uchun alohida konturlarning (nasos guruhlari) 
sirkulyatsiya va aralashtirish moslamalarini o'rnatish 
uchun kollektorli, ikki tomonlama va uch tomonlama 
boshqariluvchi klapanli gidravlik kalit, "issiq zamin" 
ning tarqatish tarmoqlari va boshqalar ishlatiladi. 

Ushbu sxema 2 ta emas, balki bir qancha kerakli 
miqdordagi isitish asboblariga issiqlik uzatish 
imkonini beradi (bir nechta radiatorli isitish jasboblari 
va bir nechta er osti isitish boólimi). 
Ish printsipiga koóra isitilgan suvni uzatishda suv 

quvur liniyasi bo'ylab gidravlik aralashtirgichga 
oótadi, bu zanjirlardagi suyuqlikning haroratini 
muvozanatlashtiradi. 

Bundan tashqari, suv radiator jihozining aylanish 
blokiga va suv kollektorning aralashtirish blokiga 
kiradi, bu erda termal bosh suyuqlikning haroratini 
aniqlaydi. 
Agar aralashtirgich pallasida taôminot suvining 

harorat ko'rsatkichi ruxsat etilganidan oshsa, 
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kollektordagi muvozanat klapani ochiladi va issiq va 
sovuq suv kerakli darajada aralashtiriladi. 

Issiqlik energiyasini isitish davrlari bo'ylab 
taqsimlagandan so'ng, sovutish suvi qozonga qaytadi. 

Uch tomonlama klapan soddalashtirilgan ulanish 
sxemasida radiator isitish pallasi bosimni 
muvozanatlash uchun ortiqcha oqim klapani, 
termostatli uch tomonlama klapan va polli isitish 
pallasida aylanma klapan, kollektorlar va aylanma 
nasos. 

Uch tomonlama termostatik aralashtirish klapan, 
30 dan 50 ÁC gacha sozlanadi. Issiq suv taôminoti 
tizimida belgilangan haroratni avtomatik ravishda 
saqlash uchun moóljallanadi. Issiq suvning kirish 
joyidagi maksimal harorat 90 ÁC, kirish oqimlarining 
ruxsat etilgan ish bosimi 10 bargacha. 
Ish printsipiga koóra radiatorlar va suv isitiladigan 

zamin tizimi ketma-ket ulanadi, qozondan 
uzatilayotgan issiq suv xonalarda joylashgan 
radiatorlarga yuboriladi. 

Issiqlikning bir qismini uzatgandan so'ng, sovigan 
suv konturdagi uch tomonlama klapanga oótadi, bu 
erda bosh termostatika suyuqlikning haroratini 
aniqlaydi. 

Bundan tashqari, sovutish suvi kollektorga o'tadi, u 
erda sovuq suv bilan kerakli haroratgacha 
aralashtiriladi. 

Ushbu turdagi ulanish oózining maôlum 
kamchiliklariga ega: sovutilgan suyuqlik oqimini 
isitish magistraliga qaytishdan nazorat qilish mumkin 
emas. Kichik bir maydonning bir qavatli uyiga 
o'rnatish uchun ko'proq mos keladi. 

Ikki tomonlama klapan bilan radiator isitish 
konturida  bosimni muvozanatlash uchun klapan; ikki 
tomonlama klapan, sirkulyatsiya nasosi va 
termostatni, shuningdek, polli issiqlik kollektor 
konturi, yerdan isitish uchun aralashtirish moslamasi 
aylanadigan klapani va muvozanat klapani bilan 
jihozlanadi.  

Bunday sxemaning ishlash printsipi amalda uch 
tomonlama valfdan farq qilmaydi. Aralash tizimidagi 
issiq suv va sovutilgan suyuqlikni kerakli haroratga 
aralashtirish uchun aylana boóylab harakatlanadi, 
muvozanat klapani suyuqlik oqimini tartibga soladi. 
Ushbu sxema maôlum bir kattalikdagi xususiy 

uylar uchun qoóllaniladi, lekin 200 m2 dan kata 
boólgan uylar uchun samara bermaydi. 
Ikkilamchi halqali isitish sxemada oórnatilgan 

sirkulyatsiya nasosi bilan jihozlangan qozon, radiator 
konturiga ulangan sirkulyatsiya klapani, sirkulyatsiya 
nasosi va gidravlik qarshilikni kamaytiradigan va 
gidravlik aralashtirish vazifasini bajaradigan halqali 
ulanish hududida ikkita uch tomonlama klapan. 
Bunday tizimda isitish radiatorlari va kollektorlariga 
havo tiqinini bartaraf etish uchun havo chiqarish 
kranlari, shuningdek, blokirovkalarni bartaraf etish 
uchun suv filtrlari oórnatiladi. 

Uzatiluvchi isitilgan suvi isitish radiatorlariga 
yuboriladi, u erda issiqlik energiyasining bir qismini 
sarflaydi. Seksiyali radiator isitish qismida oórnatilgan 
bosimni bir meôyorda ushlab turuvchi klapan quvur 
liniyasidagi suyuqlikni radiatorlar yopilgunga qadar 
harakatlanadigan tarzda toóldiriladi. Radiatorlardan 

biri yoki barchasi yopiq boólsa, ortiqcha suyuqlik 
bosimni bir meôyorda ushlab turuvchi klapanga oqib 
o'tadi. Soóngra suyuqlik uch tomonlama klapanga oqib 
oótadi, bu erda termostat suvning haroratini aniqlaydi. 

Sirkulyatsiya nasosi issiq suvni harakatga keltiradi 
va uni kollektorga yoónaltiradi, bu erda suyuqlik polli 
isitish tizimi konturlari boóylab taqsimlanadi. 

Ushbu sxemaning ishlash samaradorligi tizimning 
gidravlik ko'rsatkichlarini sifatli bajarilgan 
hisoblanishiga bog'liq. 

Xulosa 
Seksiyali radiatorlar va polli isitish tizimilarini 

birgalikda foydalanib issiqlik energiyasini turar-joy 
uyning yashash xonalari oórtasida samarali taqsimlash 
imkonini beradi. Biroq, binoning dizayn 
xususiyatlarini hisobga olish va isitish moslamalarini 
ulash uchun samarali sxemani ishlab chiqish kerak. 

Bundan tashqari, isitiladigan polning liniyasi 
uchun suvli tizimda ishlashini avtonom taôminlashda 
alohida uskunaga ulash mumkin, ammo bunday sxema 
oórnatish xarajatlarini bir necha bor oshiradi. 
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Suv omborlari, ayniqsa, suv omborlaridagi gidrotexnik inshootlarning mustahkamligi va ishonchliligini aniqlash dolzarb 
masala sifatida qaralmoqda. Yuqoridagilarni hisobga olib, ushbu tadqiqot ishida Kattaqoórgóon suv ombori toógóonining 
mustahkamligini baholash boóyicha tadqiqotlar olib borildi. 

Kalit so'zlar:  suv ombori, to'g'on, gidrotexnik inshoot, ishonchlilik, xavfsizlik, pesometr, drenaj. 

Determining the strength and reliability of hydraulic structures on reservoirs, especially reservoir dams, is considered a 
topical issue. Given the above, in this research work, studies were carried out to assess the strength of the dam of the 
Kattakurgan reservoir. 

Key words: reservoir, dam, hydraulic structure, reliability, safety, piezometer, drainage. 
 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʙʳʝ ʘʚʘʨʠʠ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʥʘ ʧʣʦʪʠʥʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 
ʥʘʥʝʩʫʪ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʧʨʝ-
ʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝ-
ʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ, ʦʩʦʙʝʥʥʦ 
ʧʣʦʪʠʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʩʯʠʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 
ʚʦʧʨʦʩʦʤ. 
ʋʯʠʪʳʚʘʷ ʠʟʣʦʞʝʥʥʦʝ, ʚ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʧʦ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ ʧʣʦʪʠʥʳ ʂʘʪʪʘʢʫʨʛʘʥ-
ʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 
ʂʘʪʪʘʢʫʨʛʘʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʨʘʩʧʦʣʦʞʝʥʦ  

ʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 
ʚ 5 ʢʤ ʢ ʶʛʫ ʦʪ ʛ.ʂʘʪʪʘʢʫʨʛʘʥ. 
ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʳʣʦ ʥʘʯʘʪʦ ʚ 

1940 ʛ. ʠ ʟʘʢʦʥʯʝʥʦ ʚ1950 ʛ. ɺ ʧʝʨʠʦʜ 1962-1967 
ʛ.ʛ. ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘʨʘʱʠʚʘʥʠʝ ʧʣʦʪʠʥʳ ʠ ʨʝ-
ʢʦʥʩʪʨʫʢʮʠʷ ʚʦʜʦʚʳʧʫʩʢʘ. 
ɺ ʩʦʩʪʘʚ ʩʦʦʨʫʞʝʥʠʡ ʂʘʪʪʘʢʫʨʛʘʥʩʢʦʛʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʚʭʦʜʠʪ  ʟʝʤʣʷʥʘʷ ʧʣʦʪʠʥʘ ʠ ʚʦʜʦʚʳ-
ʧʫʩʢ. 
ʇʣʦʪʠʥʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ (ʧʨʦʝʢʪ-

ʥʳʤʠ): 
- ʦʪʤʝʪʢʘ ʛʨʝʙʥʷ ʧʣʦʪʠʥʳ - 513.25 ʤ. 
- ʜʣʠʥʘ ʧʣʦʪʠʥʳ ʧʦ ʛʨʝʙʥʶ ï 4040 ʤ. 
- ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʣʦʪʠʥʳ ï 31,25 ʤ. 
- ʧʣʦʱʘʜʴ ʟʝʨʢʘʣʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 
                                   ʧʨʠ ʅʇʋ ï 84,56 ʢʤ2. 
ɺʦʜʦʚʳʧʫʩʢ ʩʦʩʪʦʠʪ ʠʟ ʟʜʘʥʠʷ ʚʭʦʜʘ ʚ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʫʶ  ʛʘʣʝʨʝʶ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʘʣʝʨʝʠ, 
ʤʘʰʠʥʥʦʛʦ ʟʘʣʘ ʠ ʦʪʚʦʜʷʱʠʭ ʪʨʫʙ. 

ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 
ʜʘʥʥʳʤʠ (ʧʨʦʝʢʪʥʳʤʠ): 

- ʧʦʣʥʳʡ ʦʙʲʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ - 900 ʤʣʥ.ʤ3. 
- ʤʝʨʪʚʳʡ ʦʙʲʝʤ - 24 ʤʣʥ.ʤ3. 
- ʧʦʣʝʟʥʳʡ ʦʙʲʝʤ - 876 ʤʣʥ.ʤ3. 
      - ʦʪʤʝʪʢʘ ʅʇʋ - 511 ʤ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʧʣʦʪʠʥʳ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʚʝʨʭʥʠʡ ʠʣʠ ʥʠʞʥʠʡ 
ʙʴʝʬʳ, ʧʨʦʚʦʜʷʪʩʷ ʩʪʚʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ. 
ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʘʥʦʚʳʭ ʠʩʭʦʜʥʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʢʦʚ  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ˉ1. 
1. ʉʪʚʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʚʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣ 
ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʡ ʤʘʣʳʭ ʫʛʣʦʚ. 
ʎʝʥʪʨʠʨʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʠʟʠʨʥʳʭ ʮʝʣʝʡ 

(ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʪʳʨʠ ʜʠʘʤʝʪʨʦʤ 4 ʤʤ) ʧʨʠʥʫʜʠ-
ʪʝʣʴʥʦʝ.  
ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʩʪʚʦʨʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥʦ ʧʦ 

ʜʚʫʤ ʯʘʩʪʷʤ ʩʦ ʩʪʚʦʨʥʦʛʦ ʟʥʘʢʘ ʤ.3 (ʤ.3 - ɹʘʰʥʷ ʠ 
ʤ.3 - ɹʫʭʘʨʘ), ʪ.ʢ. ʥʝʪ ʚʠʜʠʤʦʩʪʠ ʠʟ-ʟʘ ʫʩʪʘʥʦʚʣʝʥ-
ʥʦʡ ʪʨʫʙʳ ʧʴʝʟʦʤʝʪʨʘ ʚ ʩʪʚʦʨʝ.  
ʅʝʩʪʚʦʨʥʦʩʪʠ ʟʥʘʢʦʚ ʯʘʩʪʝʡ ʩʪʚʦʨʦʚ "li" ʚʳʯʠʩ-

ʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ: 

                      ἓἱ
╢░♫░

r
                                  (1) 

ʛʜʝ: bi - ʤʘʣʳʡ ʫʛʦʣ ʥʘ ʩʪʚʦʨʥʳʡ ʟʥʘʢ, 

 Si - ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʪʚʦʨʥʦʛʦ ʟʥʘʢʘ,  r" ï 206265 
ɺ ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ  ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴ-

ʪʘʪʳ ʚʳʯʠʩʣʝʥʥʳʭ ʥʝʩʪʚʦʨʥʦʩʪʝʡ ʚ ʛʨʘʜʫʩʥʦʡ ʠ 
ʣʠʥʝʡʥʦʡ ʤʝʨʝ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʚʳʩʦʪʥʳʭ ʟʥʘʢʦʚ,  ʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʧʝʨʦʚ ʠ ʭʦʜʦʚ ʛʠʜʨʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. 
 

ɺ ʪʘʙʣʠʮʝ ˉ1 ʧʨʠʚʝʜʝʥʳ ʥʝʩʪʚʦʨʥʦʩʪʠ  ʢʦʥ-
ʪʨʦʣʴʥʳʭ ʟʥʘʢʦʚ (ʤ.1 ï ʤ.5) ʤʝʞʜʫ ʟʥʘʢʘʤʠ ɹʘʰʥʷ 
ï ɹʫʭʘʨʘ, ʩ ʫʯʝʪʦʤ ʥʝʩʪʚʦʨʥʦʩʪʠ ʤ.3 ʦʪ ʩʪʚʦʨʘ: 
ɹʘʰʥʷ ï ɹʫʭʘʨʘ. 

ʊʘʙʣʠʮʘ ˉ1 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʤʘʨʦʢ 

ʈʘʩʩʪʦʷʥʠʝ ʅʝʩʪʚʦʨʥʦʩʪʠ  

Si,ʤ bi, ʩʝʢ Li, ʤʤ 

1 2 3 4 

ʉʪʚʦʨ ʤ.3 - ɹʘʰʥʷ 

ɹʘʰʥʷ 615,55 - - 

ʤ.1 400,1 0,5 1,0 

ʤ.2 202,25 288,1 282,5 

ʤ.3 0 - - 

ʉʪʚʦʨ ʤ.3 - ɹʫʭʘʨʘ 

ʤ.3 0 - - 

ʤ.4 195,56 -14,8 -14,0 

ʤ.5 394,86 -41,9 -80,2 

ɹʫʭʘʨʘ 567,96 - - 

 
ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝʩʪʚʦʨʥʦʩʪʠ ʤ.3 ʦʪ ʩʪʚʦʨʘ 

ɹʘʰʥʷ ï ɹʫʭʘʨʘ, ʠʟʤʝʨʝʥ ʫʛʦʣ ʥʘ ʤ.3 (ɹʘʰʥʷ ï ʤ.3 
ï ɹʫʭʘʨʘ)  ʠ ʚʳʧʦʣʥʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ: 

ἓἱ
Ј

ᶻ
ἡἩzἡἌ

ἡἩ ἡἌ
                                    (2) 

ʛʜʝ: b - ʠʟʤʝʨʝʥʥʳʡ ʫʛʦʣ: ɹʘʰʥʷ ï ʤ.3 ï ɹʫʭʘʨʘ, 
 Sʘ ï ʨʘʩʩʪʦʷʥʠʝ, ʤ3 ï ɹʘʰʥʷ (615,55 ʤ), 
Sʚ ï ʨʘʩʩʪʦʷʥʠʝ, ʤ3 ï ɹʫʭʘʨʘ (567,96 ʤ), 

 r" ï 206265 
ʅʝʩʪʚʦʨʥʦʩʪʴ ʤ.3 ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʨʘʩʩʪʦʷʥʠʷʤ ʦʪ ʤ.3 ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʥʘʢʘ.  

ɸʙʩʮʠʩʩʳ ʢʦʥʪʨʦʣʴʥʳʭ ʤʘʨʦʢ 1-5 ʦʧʨʝʜʝʣʝʥʳ 
ʧʦ ʬʦʨʤʫʣʝ: 
                       sἱ ˢˎ ̙́̎ Ў̠ἱ ἓἱ                        (3) 

 

ʛʜʝ: Ўἱ
ˢˎ ̖̔́̑́ˎ́s ̙̠̎

╢ˎ ̖̔́̑́ˎ̙̠́̎
╢zἱ 

╢ˎ ̖̔́̑́ˎ̙̠́̎  - ʜʣʠʥʘ ʩʪʚʦʨʘ "ɹʘʰʥʷ" - "ɹʫʭʘʨʘ", 

╢ἱ - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʩʪʚʦʨʘ (ɹʘʰʥʷ) ʜʦ ʢʦʥ-
ʪʨʦʣʴʥʦʛʦ ʟʥʘʢʘ (ʧʦ ʩʪʚʦʨʫ). 
Cʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʪʚʦʨʥʳʭ ʟʥʘʢʦʚ  ʧʦ ʩʪʚʦʨʫ  ʤ.3 - ɹʘʰʥʷ ʠ ʤ.3 - 
ɹʫʭʘʨʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ.   

 

 

2. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʛʨʝʙʥʷ ʧʣʦ-
ʪʠʥʳ 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ  ʛʨʝʙʥʷ ʧʣʦʪʠʥʳ 
ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʨʘʟʥʦʩʪʠ ʘʙʩʮʠʩʩ, ʧʦʣʫʯʝʥʥʳʭ ʚ 
ʧʝʨʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ  ʥʘʙʣʶʜʝʥʠʡ.  ʇʨʝ-
ʜʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ  ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ  

ʩʤʝʱʝʥʠʡ  ʥʝ  ʧʨʝʚʳʰʘʝʪ  °1.5 ʩʤ. 
ɺʝʣʠʯʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʨʠʚʝ-

ʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ˉ2, ʧʦ ʜʘʥʥʳʤ ʢʦʪʦʨʦʡ ʧʦʩʪʨʦʝʥ 
ʛʨʘʬʠʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʧʨʠʚʝʜʸʥ-
ʥʳʡ ʥʘ ʨʠʩʫʥʢʝ ˉ2. 
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ʊʘʙʣʠʮʘ-2. 
ɺʝʣʠʯʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʝʡ ʩʤʝʱʝʥʠʷ. 

ˉˉ ʟʥʘʢʦʚ 
ʄʝʩʪʦʧʦʣʦ-
ʞʝʥʠʝ ʟʥʘ-
ʢʦʚ 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ, ʤʤ 

ʎʠʢʣʳ 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

"ɹʘʰʥʷ" ʇʂ 19+18 +1,9 +16,1 +11,0 +22,6 -13,7 +25,8 -6,0 -1,0 -59,0 -15,0 -49,0 -61,0 -60,0 -58,0 -37,0 -29,0 

ʉ.ʧ.ʚ-ʟʥʘʢ 1 ʇʂ 21+20 - - - - - - - - - - - 0 -5,0 +9,0 - +7,0 

ʉ.ʧ.ʚ-ʟʥʘʢ 2 ʇʂ 23+30 +3,3 +13,7 - +23,3 -3,6 +9,0 -1,0 +2,0 -44,0 -6,0 -8,0 +10,0 -10,0 +4,0 + 10,0 +8,0 

ʉ.ʧ.ʚ -ʟʥʘʢ 3 ʇʂ 25+29 +6,2 + 11,7 + 13,6 + 18,4 +26,4 +23,8 + 15,0 +5,0 -9,0 +2,0 -16,0 -7,0 -27,0 -13,0 -23,0 -13,0 

ʉ.ʧ.ʚ -ʟʥʘʢ 4 ʇʂ 27+28 +8,3 +28,8 +25,1 +37,1 +30,9 +21,8 +27,0 -22,0 +57,0 +82,0 +15,0 +41,0 +29,0 +56,0 +45,0 + 15,0 

ʉ.ʧ.ʚ-ʟʥʘʢ 5 ʇʂ 29+27 +9.8 +34,9 +20,0 +10,3 +13,9 +6,0 +20,0 +3,0 -44,0 +32,0 +3,0 -18,0 -23,0 -14,0 +3,0 +7,0 

"ɹʫʭʘʨʘ" ʇʂ 31+00 +11,6 +25,3 +23,5 +30,8 -46,5 +21,6 +47,0 +27,0 +54,0 +55,0 +18,0 +28,0 +30,0 +38,0 +33,0 +16,0 

 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʛʨʝʙʥʷ ʧʣʦʪʠʥʳ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
-ʩʤʝʱʝʥʠʝ ʛʨʝʙʥʷ ʧʣʦʪʠʥʳ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝ-

ʥʠʡ ʫʚʝʣʠʯʠʣʦʩʴ, ʧʨʠʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨ-
ʥʦʝ ʠ ʩ ʨʘʟʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʬʦʨʤʘʮʠʡ. 

-ʥʘʠʙʦʣʴʰʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʪ-
ʤʝʯʝʥʘ ʫ ʟʥʘʢʘ "ɹʘʰʥʷ" -29,0     ʤʤ ʠ +16,0 ʤʤ ʫ 
ʟʥʘʢʘ "ɹʫʭʘʨʘ", ʘ ʥʘʠʤʝʥʴʰʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʜʝ-
ʬʦʨʤʘʮʠʷ ʦʪʤʝʯʝʥʘ ʫ ʟʥʘʢʘ-1 ʫ ʇʂ21+20 ʠ ʫ ʟʥʘʢʘ-
5 ʫ ʇʂ29+27. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʥ ʨʘʚʝʥ +7. 

-5 ʠʟ 7 ʠʟʤʝʨʷʝʤʳʭ ʟʥʘʢʦʚ (ʟʥʘʢ-1 ʚ ʇʂ21+20, 
ʟʥʘʢ-2 ʚ ʇʂ23+30, ʟʥʘʢ-4 ʚ ʇʂ27+28, ʟʥʘʢ-5 ʚ 
ʇʂ29+27 ʠ ʟʥʘʢ çɹʫʭʘʨʘè ʚ ʇʂ31+00) ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʚ ʩʪʦʨʦʥʫ ʥʠʞʥʝʡ 
ʣʝʚʦʡ ʩʪʦʨʦʥʳ, ʘ ʚ ʜʚʫʭ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʚ ʩʪʦʨʦʥʫ ʚʝʨʭ-
ʥʝʡ ʩʪʦʨʦʥʳ ʙʴʝʬʘ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ 
ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʠ ʠʭ ʪʨʝʙʦʚʘʥʠʝ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʦʪʦʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʨʝʟʝʨʚʫʘʨʳ. 

Ushbu maqolada suv ta'minoti tizimlarini ishlatish jarayoni qanday ishlashi kerakligi, tizimlarning ishonchliligi va 
ularning talablari ko'rib chiqiladi. 

Kalit so'zlar: operatsiya, tarmoq konfiguratsiyasi, oqimdan oldingi taqsimlash, rezervuarlar.. 

This article discusses how the process of operating water supply systems should work, ensuring the reliability of systems 
and their requirements. 

Key words: operation, network configuration, pre-flow distribution, reservoirs. 
 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʘ ʚʦʜʦʩʥʘʙʞʝ-
ʥʠʷ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʙʝʟ ʥʝʜʦʧʫʩʪʠʤʳʭ ʩʥʠʞʝʥʠʡ 
ʧʦʜʘʯʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ ʥʘʧʦʨʦʚ. ʆʙʝʩʧʝʯʝʥʠʝ 
ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʜʳ ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʨʝ-
ʟʝʨʚʠʨʦʚʘʥʠʝʤ. ʉʪʨʫʢʪʫʨʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʠʟʙʳ-
ʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʨʝʙʫʝʤʘʷ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ 
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ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʚʦʜʳ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʩʥʘʙ-
ʞʝʥʠʷ ʜʦ ʩʝʪʠ ʛʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʨʦ-
ʢʣʘʜʢʦʡ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚʦ-
ʜʦʚʦʜʦʚ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʧʝʨʝʢʣʶʯʝ-
ʥʠʡ ʥʘ ʥʠʭ. ɺ ʩʠʩʪʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʦʥʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʢʦʣʴʮʝʚʳʭ ʩʝʪʝʡ. 
ʅʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ 
ʫʩʪʨʦʡʩʪʚʘ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʨʝʟʝʨʚʥʳʤʠ ʘʛʨʝʛʘ-
ʪʘʤʠ ʠ ʪ. ʧ. 
ɺʨʝʤʝʥʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʢʣʶʯʝʥʠʝʤ ʚ ʩʭʝʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚʦʜʦʥʘʧʦʨ-
ʥʳʭ ʙʘʰʝʥ ʠ ʥʘʧʦʨʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 
ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʙʝʟʥʘʧʦʨʥʳʝ ʨʝʟʝʨʚʫʘʨʳ, 
ʚʦʜʘ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʘʝʪʩʷ ʚ ʩʝʪʴ ʥʘʩʦʩʥʳʤʠ ʩʪʘʥ-
ʮʠʷʤʠ. ɺ ʵʪʠʭ ʝʤʢʦʩʪʷʭ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴʩʷ ʟʘ-
ʧʘʩʳ ʚʦʜʳ ʥʘ ʧʝʨʠʦʜ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʠ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʚʠʜʘ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʘ ʪʘʢʞʝ ʠʭ 
ʩʦʯʝʪʘʥʠʷ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʇʨʠ ʥʘʣʠ-
ʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʨʘʚʥʦʮʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦ ʥʘʜʝʞ-
ʥʦʩʪʠ ʚʳʙʠʨʘʶʪ ʪʦʪ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʤʝʥʴʰʠʭ 
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 
ɼʘʥʥʳʝ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʥʘʜʝʞʥʦʩʪʠ, ʢ ʩʠʩʪʝʤʘʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʧʨʘʚʠʣʘʭ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʥʠʭ ʜʦʣʞʥʳ ʫʢʘʟʳʚʘʪʴʩʷ ʟʥʘʯʝ-
ʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʩʥʠʞʝʥʠʷ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦʪʨʝʙʠ-
ʪʝʣʷʤ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ ʥʘʧʦʨʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴ 
ʵʪʦʛʦ ʩʥʠʞʝʥʠʷ ʠ ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʵʪʠʭ ʩʥʠ-
ʞʝʥʠʡ. ʧʨʝʜʲʷʚʣʷʝʤʳʭ 
ʊʘʢ, ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ ʩʫʤ-
ʤʘʨʥʘʷ ʧʦʜʘʯʘ ʚʦʜʳ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʳʝ 
ʥʫʞʜʳ ʧʦ ʦʩʪʘʣʴʥʳʤ ʣʠʥʠʷʤ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝ-
ʥʝʝ 70 % ʨʘʩʯʝʪʥʦʛʦ ʨʘʩʭʦʜʘ. 
ɺ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʟʣʘʭ ʦʪʙʦʨʘ 

ʚʦʜʳ ʧʦʜʘʯʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 25% ʨʘʩ-
ʯʝʪʥʦʛʦ ʨʘʩʭʦʜʘ ʧʨʠ ʥʘʧʦʨʝ ʚ ʥʝʤ ʥʝ ʤʝʥʝʝ 10 ʤ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʯʠʩʣʝʥʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʥʘʜʝʞʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʵʣʝʤʝʥʪʦʚ. 
ʆʥʠ ʥʦʩʷʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʣʫʯʘʶʪʩʷ 
ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʠʭ ʨʘ-
ʙʦʪʝ. ʅʘʜʝʞʥʦʩʪʠ ʦʮʝʥʢʝ ʩʝʪʠ ʧʨʠ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʠ ʧʨʝʜʰʝʩʪʚʫʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʠ ʪʝʭʥʠʢʦ-ʵʢʦ-
ʥʦʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪʳ. 

ʇʨʦʮʝʩʩ ʥʘʟʥʘʯʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʠ ʧʨʝʜ-
ʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʫʞʝ ʩʚʷ-
ʟʘʥ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʝʝ ʥʘʜʝʞʥʦʩʪʠ. ʂʘʢ ʫʢʘʟʳʚʘ-
ʣʦʩʴ, ʚ ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ ʤʦʞʥʦ ʥʘʤʝʪʠʪʴ ʙʝʩʯʠʩʣʝʥ-
ʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʪʦʢʦʚ, ʦʪʚʝʯʘʶ-
ʱʠʭ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ. 
ʇʦʧʳʪʢʘ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ ʦʪʳʩʢʘʥʠʶ ʥʘ ʚʳ-

ʛʦʜʥʝʡʰʝʛʦ ʧʦʪʦʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 
ʣʠʰʴ ʢʨʠʪʝʨʠʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʝ-
ʚʨʘʱʝʥʠʶ ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ ʚ ʨʘʟʚʝʪʚʣʝʥʥʫʶ. ʆʜ-
ʥʘʢʦ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʝʪʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʝʨʝ-
ʙʦʡʥʦʝ ʩʥʘʙʞʝʥʠʝ ʚʦʜʦʡ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʠ ʥʘ ʢʘʢʦʡ-
ʣʠʙʦ ʠʟ ʝʝ ʣʠʥʠʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚʦ-
ʜʦʧʨʦʚʦʜʥʘʷ ʩʝʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʪʨʘʠʚʘʝʪʩʷ ʢʦʣʴ-
ʮʝʚʦʡ. 
ʂʦʣʴʮʘ ʦʙʨʘʟʫʶʪʩʷ ʨʷʜʦʤ ʪʨʘʥʟʠʪʥʳʭ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʦʩʥʦʚʥʳʝ 
ʧʦʪʦʢʠ ʚʦʜʳ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʦ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪ-
ʢʠʤ ʧʫʪʷʤ, ʠ ʧʝʨʝʤʳʯʢʘʤʠ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʵʪʠ 
ʤʘʛʠʩʪʨʘʣʠ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʦʜʳ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠ ʘʚʘʨʠʷʭ ʥʘ ʦʪʜʝʣʴʥʳʭ 
ʫʯʘʩʪʢʘʭ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʧʦʪʦʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʧʦ ʣʠʥʠʷʤ ʜʦʣʞʥʦ ʥʘʟʥʘʯʘʪʴʩʷ ʠʟ ʫʩʣʦʚʠʷ ʠʭ ʚʟʘ-
ʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʠʟ ʨʘʙʦʪʳ ʥʝ-
ʢʦʪʦʨʳʭ ʠʟ ʥʠʭ. 
ɼʠʘʤʝʪʨʳ ʣʠʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʥʘʟʥʘʯʝʥ-

ʥʦʤʫ ʧʦʪʦʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʧʨʦ-
ʧʫʩʢ ʘʚʘʨʠʡʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. ʕʪʠʤʠ ʨʘʩʯʝʪʘʤʠ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʠ-
ʩʪʝʤʳ ʪʨʝʙʫʝʤʳʤ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʨʘʟʨʘʙʦ-
ʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʵʪʠʭ ʪʨʝʙʦʚʘ-
ʥʠʡ. 
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ʙʦʨʠʣʛʘʥ ʜʘʣʘ ʪʘʜץʠץʦʪ ʥʘʪʠʞʣʘʣʘʨʠ ʪʘʭʣʠʣʠ ʢʝʣʪʠʨʠʣʛʘʥ.  ʊ˄  ʠʩʤʠʜʘʥ ʩʫʚ ʦʣʠʰ ʢʘʥʘʣʠʥʠʥʛ ʙʦʰץ ʦʥʩʠʟ ʩʫʚ ʦʣʠʰס
 ʣʘʥʜʠ. ɶʟʘʥʥʠ ʢʝʨʘʢʣʠ ˄ʣʯʘʤʛʘʯʘץʣʘʨʠ ʯ˄ʢʠʰ ʞʘʨʘʸʥʣʘʨʠʥʠʥʛ ʞʘʜʘʣʣʠʛʠ ʘʥʠץʠʟʠץʘ ʦץʘʜʘʨ ˄ʟʘʥʜʘʛʠ ʣʦʡץ ʠʩʤʠʛʘץ
ʨʦʩʪʣʘʰ ʚʘ ʞʦʡʜʘ ʤʘʚʞʫʜ ʪʝʭʥʠʢʘʣʘʨʥʠ (ʟʝʤʩʥʘʨʷʜʣʘʨʥʠ) ʪʝʛʠʰʣʠ ʥʫץʪʘ (ʇʂ)ʣʘʨʛʘ ʞʘʣʙ ץʠʣʛʘʥ ״ʦʣʜʘ ʠʰʣʘʪʠʰ 
ʦʨץʘʣʠ ʩʫʚ ʪʘʲʤʠʥʦʪʠʥʠ ʷʭʰʠʣʘʰ ʙ˄ʡʠʯʘ ʪʘʚʯʠʣʘʨ ʠʰʣʘʙ ʯʠץʠʣʜʠ.  
ʂʘʣʠʪ ʩ˄ʟʣʘʨ: ʩʪʚʦʨ, ˄ʟʘʥ, ʩʫʚ ʩʘʪ״ʠ, ʯʫץʫʨʣʠʢ, ץ˄ʣ ʣʦʪʠ, ʨʝʡʢʘ, ʦץʠʟʠץʣʘʨ, ץʫʡʠ ʦץʠʤ. 

ʆʮʝʥʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʠ ʥʘʥʦʩʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʙʝʩʧʣʦʪʠʥʥʦʤ ʚʦʜʦʟʘʙʦʨʝ ʠʟ ʨʝʢʠ  
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʠ 
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ʠʣʠʩʪʳʭ ʩʪʦʢʦʚ ʚ ʨʫʩʣʝ ʨʝʢʠ ʦʪ ʚʦʜʦʟʘʙʦʨʘ ʙʝʟ ʧʣʦʪʠʥʳ ʜʦ ʫʩʪʴʷ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʢʘʥʘʣʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʧʣʘʥʳ ʫʣʫʯ-
ʰʝʥʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʨʫʩʣʘ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʠʤʝʶʱʝʡʩʷ ʥʘ ʤʝʩʪʝ ʪʝʭ-
ʥʠʢʠ(ʟʝʤʩʥʘʨʷʜ) ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ(ʇʂ). 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʚʦʨ, ʫʟʝʣ, ʫʨʦʚʝʥʴ ʚʦʜʳ, ʛʣʫʙʠʥʘ, ʨʫʯʥʦʡ ʣʦʪ ʨʝʡʢʘ, ʥʘʥʦʩʳ, ʥʠʞʥʠʡ ʙʴʝʬ. 

Evaluation of the hydraulic and alloy regime in the dam-free water intake from the river 
The article presents an analysis of the results of field studies conducted to assess the hydraulic and turbidity regimes of 

water flow in damless water intakes. The rate of sedimentation processes of silt runoff in the riverbed from the water intake 
without a dam to the mouth of the water intake canal was determined. Plans have been developed to improve water supply 
by adjusting the channel to the required size and using the equipment available on site(dredge) with the involvement of 
relevant points(PC). 

Key words: stvor, uzan, water level, depth, hand lot, reka, discharge, downstream. 
 

ʂʀʈʀʐ. ɹʫʛʫʥʛʠ ʢʫʥʜʘ ˄ʟ ʨʝʩʫʨʩʣʘʨʠʥʠ 
ʪ˄ʣʠץ ˄ʪʘʙ ʙ˄ʣʛʘʥ ʚʘ ʙʠʨ ʥʝʯʘ ʤʘʨʪʘ ʪʘʲʤʠʨʣʘʥʛʘʥ 
-ʠʨ ʰʘʨʦʠʪʜʘ ʠʰʣʘʸʪʛʘʥ ʩʫʚ ʦʣʠʰ ʢʘʥʘʣʠסʘʤʜʘ ʦ״
ʥʠʥʛ ʵʢʩʧʣʫʘʪʘʮʠʦʥ ʨʝʞʠʤʠʥʠ ״ʠʩʦʙʣʘʰ, 
ʩʫסʦʨʠʰ ʪʠʟʠʤʠ ʥʘʩʦʩ ʩʪʘʥʮʠʷʣʘʨʠʥʠʥʛ ʠʰʣʘʰ 
ʰʘʨʦʠʪʣʘʨʠʜʘʥ ʢʝʣʠʙ ʯʠץʠʙ, ʪʘʨʢʠʙʠʜʘʛʠ ʛʠʜʨʦ-
ʤʝʭʘʥʠʢ ʞʠ״ʦʟʣʘʨʥʠʥʛ ʠʰʦʥʯʣʠʣʠʢ ʢ˄ʨʩʘʪʢʠʯʣʘ-
ʨʠʥʠ ˄ʟʛʘʨʠʰ ץʦʥʫʥʠʷʪʣʘʨʠʥʠ ʘʥʠץʣʘʰ, 
ʦץʠʟʠץʣʘʨʥʠ ʩʫʚ ʫʟʘʪʠʰ ʪʠʟʠʤʠ ʥʘʩʦʩ ץʫʨʠʣʤʘʣʘ-
ʨʠʛʘ ʪʘʲʩʠʨʠ, ʦץʠʟʠץʣʘʨʥʠ ʪʦʟʘʣʘʙ ʦʣʠʙ ʪʘʰʣʘʰ 
ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʚʘ ʪʝʭʥʠʢʘʣʘʨʠʥʠ ʪʘʢʦʤʠʣʣʘʰʪʠ-
ʨʠʰ, ʪʦʟʘʣʘʰ ץʫʨʠʣʤʘʩʠʥʠʥʛ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʘʩʦ-
ʩʣʘh ʙ˄ʡʠʯʘ ʙʘʞʘʨʠʣʛʘʥ ʠʣʤʠʡ ʠʰʣʘʨʜʘ, 
ʦץʠʟʠץʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠ, ˄ʣʯʘʤʣʘʨʠ ״ʘʤʜʘ ʦץʠʙ ʢʝ-
ʣʠʰ ʜʘʚʨʠʥʠ ʠʥʦʙʘʪʛʘ ʦʣʠʰ, ʘʚʘʥʢʘʤʝʨʘʜʘʛʠ ʩʫʚ 
ʩʘʪ״ʠʥʠʥʛ ʤʝʲʸʨʜʘ ʙ˄ʣʠʰʠʥʠ ʪʘʲʤʠʥʣʘʰ ʤʘʩʘʣʘ-
ʣʘʨʠ ״ʦʟʠʨʛʠ ʚʘץʪʛʘʯʘ ʝʪʘʨʣʠ ʜʘʨʘʞʘʜʘ ˄ʨʛʘʥʠʣ-
ʤʘʛʘʥ.  
ʊʘʜץʠץʦʪ ʦʙʲʝʢʪʠ ʙ˄ʣʛʘʥ ɸʤʫʜʘʨʸ ״ʘʚʟʘʩʠ 

ʠʢʢʠ ץʠʩʤʛʘ ʙ˄ʣʠʥʘʜʠ: ʪʦסʣʠ ʭʫʜʫʜ ʆʣʦʡ-ʇʦʤʠʨ 
ʚʘ ʍʠʥʜʫʢʫʰ ʩʠʩʪʝʤʘʩʠʜʘ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʠʙ ʜʘʨʸ 
ʘʩʦʩʘʥ ʨʠʚʦʞʣʘʥʛʘʥ ʛʠʜʨʦʛʨʘʬʠʢ ʪʘʨʤʦץʣʠ ʸסʠʥ-
ʛʘʨʯʠʣʠʢ ʶץʦʨʠ ʙ˄ʣʛʘʥ ʪʦסʣʠ ץʠʩʤʠʜʘ ʩʫʚ ʙʠʣʘʥ 
ʪʘʲʤʠʥʣʘʥʘʜʠ. ɼʘʨʸ ˄ʟʘʥʠʜʘ ʞʫʜʘ ʢ˄ʧʣʘʙ ʩʫʚ 
ʦʣʠʰ ʠʥʰʦʦʪʣʘʨʠ ʙʘʨʧʦ ʵʪʠʣʛʘʥ. ɸʤʫʜʘʨʸ ʄʘʨʢʘ-
ʟʠʡ ʆʩʠʸʥʠʥʛ ʵʥʛ ʢʘʪʪʘ ʜʘʨʸʣʘʨʠʜʘʥ ʙʠʨʠ ʙ˄ʣʠʙ, 
ɸʬסʦʥʠʩʪʦʥʥʠʥʛ ʍʠʥʜʠʢʫʰ ʪʝʧʘʣʠʛʠʥʠʥʛ ʰʘʨץʠʡ 
ʸʥʙʘסʠʨ ʥʠʰʘʙʣʠʢʣʘʨʠʜʘʥ ʙʦʰʣʘʥʠʙ, ʰʠʤʦʣʛʘ ʚʘ 
ʰʠʤʦʣʠʡ סʘʨʙʛʘ ʪʦʤʦʥ ʦץʘʜʠ. ɸʤʫʜʘʨʸ ɺʘʭʰ, ɹʘ-
ʭʘʥʜʘʨʸ, ʇʦʤʠʨ ʚʘ ʇʘʥʞ ʜʘʨʸʣʘʨʠ ʙʠʨʣʘʰʠʰʠʜʘʥ 
ʧʘʡʜʦ ʙ˄ʣʠʙ, ʊʦʞʠʢʠʩʪʦʥ, ʊʫʨʢʤʘʥʠʩʪʦʥ, ɶʟʙʝʢʠ-
ʩʪʦʥ ʤʘʤʣʘʢʘʪʣʘʨʠ ʭʫʜʫʜʣʘʨʠ ʦʨץʘʣʠ ʦץʠʙ ˄ʪʘʜʠ. 
ɼʘʨʸʣʘʨ ʙʠʨʣʘʰʛʘʥ ʩʪʚʦʨʜʘʥ 1437 ʢʤ ʤʘʩʦʬʘʜʘ 
ʦץʠʙ, ʆʨʦʣ ʜʝʥʛʠʟʠʛʘ ץʫʡʠʣʘʜʠ. ɸʤʫʜʘʨʸʥʠʥʛ 
 ʘʚʟʘʩʠ ʫʤʫʤʠʡ ʤʘʡʜʦʥʠ 465 ʤʠʥʛ ʢʤ2ʥʠ ʪʘʰʢʠʣ״
 ʠʣʘʜʠʛʘʥ ʤʘʡʜʦʥʠ ʵʩʘ 216 ʤʠʥʛסʠʣʘʜʠ. ʉʫʚ ʡʠץ
ʢʤ2 ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ. 

 ɼʘʣʘ ʪʘʜץʠץʦʪʣʘʨʠ ʦʣʠʙ ʙʦʨʠʣʛʘʥ ʭʫʜʫʜ ˄ʟʘʥʠ 
ʪʝʟ ʶʚʠʣʘʜʠʛʘʥ ʛʨʫʥʪʣʘʨʜʘʥ ˄ʪʘʜʠʛʘʥ ɸʤʫʜʘʨʸ 
-ʠʤʠʜʘ ʞʦʡʣʘʰʛʘʥ ʙ˄ʣʠʙ, ʈʝʩʧʫʙץʘʚʟʘʩʠ ˄ʨʪʘ ʦ״
ʣʠʢʘʥʠʥʛ פʘʰץʘʜʘʨʸ ʚʠʣʦʷʪʠ ʩʫסʦʨʠʰ ʤʘʡʜʦʥʣʘ-
ʨʠʛʘ ʩʫʚ ʝʪʢʘʟʠʙ ʙʝʨʘʜʠʛʘʥ  פʘʨʰʠ ʄʘʛʠʩʪʨʘʣ ʢʘ-
ʥʘʣʠʥʠʥʛ ʪ˄סʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʭʫʜʫʜʠ ʭʠʩʦʙʣʘʥʘʜʠ.  
ʊʘʜץʠץʦʪ ʤʝʪʦʜʦʣʦʛʠʷʩʠ: ʊʘʜץʠץʦʪ ʫʩʫʣʣʘʨʠ 

ʥʘʟʘʨʠʡ ״ʘʤʜʘ ʘʤʘʣʠʡ ʪʘʥʣʘʥʛʘʥ ʙ˄ʣʠʙ, ʪ˄סʦʥʩʠʟ 
ʩʫʚ ʠʥʰʦʦʪʠ ʩʦ״ʘʩʠʜʘʛʠ ʦץʠʤʥʠʥʛ ʛʠʜʨʘʚʣʠʢ ʚʘ 
ʣʦʡץʘ ʯ˄ʢʠʥʜʠʣʘʨ ʨʝʞʠʤʠʥʠ ʭʠʩʦʙʣʘʰ ʫʩʫʣʣʣʘʨʠ 
ʪʘʜץʠץʦʪ ʤʘץʩʘʜʠ ץʠʣʠʙ ʪʘʥʣʘʙ ʦʣʠʥʛʘʥ. 
ʊʘ״ʣʠʣ ʚʘ ʥʘʪʠʞʘʣʘʨ: ɼʘʨʸʥʠʥʛ ʪ˄סʦʥʩʠʟ ʩʫʚ 

ʦʣʠʰ ץʠʩʤʠʜʘ ʚʘ פʄʂ ʢʘʥʘʣʠ ʙʦʰ ץʠʩʤʠ ʫʟʫʥ-
ʣʠʛʠ ʙ˄ʡʠʯʘ ʣʦʡץʘ ʯ˄ʢʠʥʜʠʣʘʨʠ ʜʠʥʘʤʠʢʘʩʠ ˄ʨʛʘ-
ʥʠʰ ʚʘ ʫʣʘʨ ʞʘʜʘʣ ʯ˄ʢʘʜʠʛʘʥ ʩʦ״ʘʣʘʨ ʘʥʠץʣʘʰ. 

ʀʣʤʠʡ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʛʘ ʘʩʦʩʣʘʥʠʙ, ˄ʟʘʥʜʘ 
ʟʝʤʩʥʘʨʷʜʣʘʨʥʠ ʦʧʪʠʤʘʣ ʞʦʡʣʘʰʪʠʨʠʰ ʩʭʝʤʘ-
ʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʰ, ʦץʠʤʥʠ ʨʦʩʪʣʘʰ ʦʨץʘʣʠ ʣʦʡץʘ 
ʯ˄ʢʠʰʠʥʠ ʢʘʤʘʡʠʰʠ, ץʠʨסʦץ ʶʚʠʣʠʰʠ ʵ״ʪʠʤʦʣʠ 
ʶץʦʨʠ ʙ˄ʣʛʘʥ ״ʫʜʫʜʣʘʨʠ ״ʘʤʜʘ ʩʫʚ ˄ʪʢʘʟʠʰ ʢʘʥʘ-
ʣʠʜʘ ʩʦʜʠʨ ʙ˄ʣʘʜʠʛʘʥ ʩʘʣʙʠʡ ʞʘʨʘʸʥʣʘʨ ʘʥʠץʣʘ-
ʥʠʙ, ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʙ˄ʡʠʯʘ ʪʝʛʠʰʣʠ ʪʘʚʩʠʷʣʘʨ 
ʠʰʣʘʙ ʯʠץʠʰ ʚʘ ʪ˄סʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʠʥʰʦʦʪʠʥʠ ʠʰ 
ʰʘʨʦʠʪʠ ʷʭʰʠʣʘʰ ״ʠʩʦʙʣʘʥʘʜʠ. 
ɸʩʦʩʠʡ ץʠʩʤ: ɼʘʩʪʣʘʙ ɸʤʫʜʘʨʸʥʠʥʛ ʘʩʦʩʠʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʩʠʥʠ ˄ʨʛʘʥʘʤʠʟ. פʘʪʪʠץ ʦץʠʤ ʨʝʞʠ-
ʤʠʥʠ, ʫʥʠʥʛ ʡʠʣ ʜʘʚʦʤʠʜʘ ʚʘ ʢ˄ʧ ʡʠʣʣʠʢʜʘʛʠ ˄ʟʛʘ-
ʨʫʚʯʘʥʣʠʛʠ, ʯ˄ʢʠʥʜʠʣʘʨʥʠʥʛ ʡʠʨʠʢʣʠʛʠ, ʬʨʘʢ-
ʮʠʦʥ ʚʘ ʢʠʸʚʠʡ ʪʘʨʢʠʙʠʛʘ ʦʠʜ ʤʘʲʣʫʤʦʪʣʘʨ ʩʫʚ 
ʦʤʙʦʨʣʘʨ, ʤʘʛʠʩʪʨʘʣ ʢʘʥʘʣʣʘʨ, ʪʠʥʜʠʨʛʠʯʣʘʨ ʚʘ 
ʙʦʰץʘ ʜʘʨʸ ʯ˄ʢʠʥʜʠʣʘʨʠʥʠ ʙʦʰץʘʨʫʚʯʠ ʠʥʰʦʦʪ-
ʣʘʨʥʠ ʣʦʡʠ״ʘʣʘʰ, ץʫʨʠʰ ʚʘ ʩʘʤʘʨʘʣʠ ʵʢʩʧʣʫʘʪʘ-
ʮʠʷ ץʠʣʠʰʜʘ ״ʘʤʜʘ ˄ʟʘʥ ʜʝʬʦʨʤʘʮʠʷʩʠʥʠ ʙʘʰʦʨʘʪ 
 .ʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ״ʠʣʠʰʜʘ ʢʘʪʪʘ ʘץ
ʊʘʜץʠץʦʪʣʘʨʠʤʠʟ ʜʘʚʦʤʠʜʘ ʣʦʡץʘ ʦץʠʟʠץʣʘʨ 

ʩʘʨʬʠʥʠ ʘʥʘʣʠʪʠʢ ʫʩʫʣʜʘ ״ʠʩʦʙʣʘʰʜʘ ʩʫʚ ʩʘʨ-
ʬʠʥʠ ץʠʩץʘʨʪʠʨʠʣʛʘʥ ʚʘ ʙʘʪʘʬʩʠʣ ˄ʣʯʘʰ ʫʩʫʣʣʘ-
ʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʉʫʚʥʠʥʛ ʣʦʡץʘʣʠʛʠʥʠ ˄ʣ-
ʯʘʰʜʘ ץ˄ʣʣʘʥʠʣʘʜʠʛʘʥ ʘʩʙʦʙʣʘʨ ʙʘʪʦʤʝʪʨʠʢ ʰʠʰʘ 
ʸʨʜʘʤʠʜʘ ʥʘʤʫʥʘ ʦʣʠʥʜʠ. ʉʫʚʥʠʥʛ ʣʦʡץʘʣʠʛʠʥʠ 
˄ʣʯʘʰ ʠʰʣʘʨʠ ״ʘʨ ʙʝʰ ʢʫʥʜʘ ʜʘʨʸʥʠʥʛ ʙʝʣʛʠʣʘʥ-
ʛʘʥ ʩʪʚʦʨʣʘʨʠʜʘ ʦʣʠʙ ʙʦʨʠʣʜʠ. 
ɸʥʘʣʠʪʠʢ ʫʩʫʣʜʘ ʣʦʡץʘ ʦץʠʟʠץʣʘʨ ʩʘʨʬʠʥʠ 

-ʪʘʣʠ; 2) ʙʫʪʫʥ ʚʝʨʪʠץʠʩʦʙʣʘʰ: 1) ʙʠʨ ʚʘ ʠʢʢʠ ʥʫ״
ʢʘʣ ʙ˄ʡʠʯʘ; 3) ʢʝʩʠʤ ʶʟʘ ʙ˄ʡʠʯʘ ʫʩʫʣʣʘʨʠ ʸʨʜʘ-
ʤʠʜʘ ʦʣʠʙ ʙʦʨʠʣʜʠ.  

-ʫʡʠʜʘʛʠ ʬʦʨץ ʘʣʠʢ rץʪʘʜʘʛʠ ʣʦʡץʘʨ ʙʠʨ ʥʫ׳
ʤʫʣʘ ʦʨץʘʣʠ ʘʥʠץʣʘʥʜʠ. 

6

i
3

n

P 10 g
;

ʤV

Ö
r=        (1) 

ɹʫ ʝʨʜʘ ʈi - ʣʦʡץʘ ʦץʠʟʠץ ʦסʠʨʣʠʛʠ, ʛʨʘʤʤʜʘ; 
Vn- ʥʘʤʫʥʘʥʠʥʛ ״ʘʤʠ, ml ʜʘ. 
ɹʠʨʣʠʢ ʩʘʨʬ ʥʫץʪʘʜʘʛʠ ʪʝʟʣʠʢʥʠ ʣʦʡץʘʣʠʢʢʘ 

ʢ˄ʧʘʡʪʤʘʩʠ ʦʨץʘʣʠ ʘʥʠץʣʘʥʜʠ. 

2

g
;
ʤ ʩʝʢ

a=rÖJ        (2) 

ɺʝʨʪʠʢʘʣʜʘʛʠ ˄ʨʪʘʯʘ ʙʠʨʣʠʢ ʩʘʨʬʣʘʨ ʠʢʢʠ 
ʥʫץʪʘ ʫʯʫʥ ץʫʡʠʜʘʛʠʯʘ ʘʥʠץʣʘʥʜʠ: 

2˄ʨ 0,2h 0,8h

g
0,5( );

ʤ ʩʝʢ
a = a +a          (3) 

 ʘʨ ʙʠʨ ʚʝʨʪʠʢʘʣʜʘʛʠ ˄ʨʪʘʯʘ ʙʠʨʣʠʢ ʩʘʨʬʣʘʨ׳
ʘʥʠץʣʘʥʛʘʥʜʘʥ ʩ˄ʥʛ ʤʫʘʣʣʘץ ʦץʠʟʠץʣʘʨ ʩʘʨʬʠ 
ʘʥʠץʣʘʥʜʠ. 
ɼʘʨʸʜʘʥ ʦץʠʙ ˄ʪʘʸʪʛʘʥ ʤʫʘʣʣʘץ ʦץʠʟʠץʣʘʨ 

ʩʘʨʬʠ ʘʥʘʣʠʪʠʢ ʫʩʫʣʜʘ ץʫʡʠʜʘʛʠ ʬʦʨʤʫʣʘ ʸʨʜʘ-
ʤʠʜʘ ״ʠʩʦʙʣʘʥʘʜʠ: 
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1 2
1 1 2

n n 1
n 1 n n

k f ( )f ...
2 ʢʛR 0,001 ;

ʩʝʢ
( )f k f

2

+
+

a +aè ø
a + +é ù

= é ù
a +aé ù+ + a

é ùê ú

  (4) 

ʙʫ ʝʨʜʘ a1, a2 é an - ʚʝʨʪʠʢʘʣʣʘʨʜʘʛʠ ˄ʨʪʘʯʘ 
ʙʠʨʣʠʢ ʩʘʨʬʣʘʨ k - ʢʦʝʬʬʠʮʠʝʥʪ, ʙʫ ʢʦʝʬʬʠʮʠʝʥʪ 
ʦץʠʤ ʪʝʟʣʠʛʠʥʠ ץʠʨסʦʢ ץʠʩʤʠʜʘ ʪʘץʩʠʤʣʘʥʠʰʠʛʘ 
 ʘʨʘʙ ʪʘʥʣʘʥʘʜʠ, k=0,7 ʚʘ f1, f2, é fn - ʚʝʨʪʠʢʘʣʣʘʨץ
ʦʨʘʩʠʜʘʛʠ ʤʘʡʜʦʥʣʘʨ.  

 

 
1-ʨʘʩʤ. ʂʄʂ ʩʫʚ ʦʣʠʰ ʩʦʭʘʩʠʜʘ ʣʦʡץʘʣʠʢʣʘʨʥʠ ʩʪʚʦʨ-

ʣʘʨ ʙ˄ʡʠʯʘ ʪʘץʩʠʤʣʘʥʠʰʠ. 
 

ʈʘʩʤ ʢ˄ʨʠʥʠʙ ʪʫʨʠʙʜʠʢʠ ʩʪʚʦʨʜʘ ʦץʠʤʜʘʛʠ 
ʣʦʡץʘ ʦץʠʟʠץʣʘʨ ʘʩʦʩʠʡ ʦץʠʤʥʠʥʛ ʜʠʥʘʤʠʢ ˄ץʠʛʘ 
ʥʠʩʙʘʪʘʥ ʦץʠʤ ˄ʟ ʡ˄ʥʘʣʠʰʠ ˄ʟʛʘʨʪʠʨʤʘʩʣʠʛʠ 
ʢ˄ʨʩʘʪʠʣʛʘʥ. ɹʫ ʩʪʚʦʨʣʘʨʜʘ ʫʣʘʨʥʠʥʛ ʣʦʡץʘ 
ʦץʠʟʠץʣʘʨʥʠʥʛ ʩʝʟʠʣʘʨʣʠ ʵʛʨʠʣʠʛʠ ʢʠʨʠʰ ʢʘʥʘ-
ʣʠʛʘ ץʘʨʘʙ ʙʦʰʣʘʥʘʜʠ ʚʘ ʦץʠʤ ʯʠʟʠץʣʘʨʠʥʠʥʛ 
ʵʛʨʠʣʠʛʠ ʥʠʩʙʘʪʘʥ ʙʠʨ ʦʟ ʦʣʜʠʥʨʦץ ʙʦʰʣʘʥʠʰʠʥʠ 
ʢ˄ʨʠʰ ʤʫʤʢʠʥ. 2 ʩʪʚʦʨʜʘ ʶץʦʨʠʜʘ ץʘʡʜ ʵʪʠʣʛʘʥ 
ʤʫʥʪʘʟʘʤʣʠʢ ʩʘץʣʘʥʠʙ ץʦʣʘʜʠ ïʦץʠʤ ʯʠʟʠץʣʘʨʠ 
ʢʘʪʪʘ ʵʛʨʠʣʠʢʢʘ ʵʛʘ ʚʘ ץʠʨסʦץʥʠʥʛ ˄ʥʛ ʪʦʤʦʥʠʛʘ 
-ʘʩʦʩʠʡ ˄ʟʘʥʜʘ ʜʝʬʦʨʤʘʮʠ ץʘʨʘʛʘʥʜʘ ʘʥʯʘ ʢʝʥʛʨʦץ
ʷʣʘʥʘʜʠ. 
ɸʤʫʜʘʨʸʥʠʥʛ פʘʨʰʠ ʤʘʛʠʩʪʨʘʣ ʢʘʥʘʣʠʛʘ ʩʫʚ 

ʦʣʠʰ ʠʥʰʦʦʪʠ ʩʦ״ʘʩʠʜʘ ʦץʠʤ ʪʘʨʢʠʙʠʜʘʛʠ ʤʫʘʣ-
ʣʘץʣʘʰʛʘʥ ʦץʠʟʠץʣʘʨʥʠʥʛ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʠ ɽʬ-
ʨʝʤʦʚ ʤʝʪʦʜʠʛʘ ʘʩʦʩʘʥ ˄ʨʛʘʥʠʣʛʘʥ. ʊʘ״ʣʠʣ 
ʥʘʪʠʞʘʩʠ ʫʣʘʨʥʠ ʧʨʦʮʠʝʥʪ ʫʣʫʰʣʘʨʜʘ ץʫʡʠʜʘʛʠʯʘ 
ʪʘץʩʠʤʣʘʥʛʘʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʜʠ: 

ʤʤd 0,25ʤʤ (W 26 );
ʩ

ʤʤd 0,25 0,05ʤʤ (W 26 2 );
ʩ

ʤʤd 0,05 0,015ʤʤ (W 2 0,2 );
ʩ

ʤʤd 0,016 0,005ʤʤ (W 0,2 0,02 );
ʩ

ʤʤd 0,005ʤʤ (W 0,02 ).
ʩ

>

= - = -

= - = -

= - = -

< =

 

ʋʰʙʫ ʩʦ״ʘʜʘʛʠ ʦץʠʤ ʪʘʨʢʠʙʠʜʘʛʠ ʦץʠʟʠץʣʘʨ 
ʪʘץʩʠʤʣʘʥʠʰʠ ״ʦʟʠʨʛʠ ʜʘʚʨ ʫʯʫʥ ʶץʦʨʠʜʘʛʠ 1-
ʞʘʜʚʘʣʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ɹʫʥʜʘ ץʫʤʣʠ ʬʨʘʢʮʠʦʥ 
ʤʠץʜʦʨʠ (d > 0,25 ʤʤ) 0,29 %  ʜʘʥ 2,39 % ʛʘʯʘ ˄ʟ-
ʛʘʨʛʘʥ. פʫʤ ʙʠʣʘʥ ʯʘʥʛ ʘʨʘʣʘʰʛʘʥ ʤʘʡʜʘ 

ʦץʠʟʠץʣʘʨ (d = 0,25 · 0,05 ʤʤ) ʤʠץʜʦʨʠ 19,10 % ʜʘʥ 
50,94 % ʛʘʯʘ ˄ʟʛʘʨʛʘʥ. ʏʘʥʛʩʠʤʦʥ ʦץʠʟʠץʣʘʨ (d = 

0,05 · 0,015 ʤʤ) ʤʠץʜʦʨʠ 31,38 % ʜʘʥ 56,81 % ʛʘʯʘ 
ʙ˄ʣʠʙ, ʯʘʥʛ ʦץʠʟʠץʣʘʨ  (d < 0,05 ʤʤ) ʤʠץʜʦʨʠ ʵʩʘ 
2,12 % ʜʘʥ 3,98 % ʛʘʯʘ ˄ʟʛʘʨʛʘʥ. 
ʄʫʘʣʣʘץʣʘʰʛʘʥ ʦץʠʟʠץʣʘʨ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʠ 

ʜʠʥʘʤʠʢʘʩʠʥʠ ʪʘץץʦʩʣʘʰ ʫʯʫʥ ʝʪʘʢʯʠ ʦʣʠʤʣʘʨ-
ʥʠʥʛ ʪʘʜץʠץʦʪʣʘʨʠ ʪʘ״ʣʠʣ ץʠʣʠʥʜʠ.  

1-ʞʘʜʚʘʣ 
ɸʤʫʜʘʨʸ ʩʫʚ ʦץʠʤʠ ʪʘʨʢʠʙʠʜʘʛʠ ʤʫʘʣʣʘץʣʘʰʛʘʥ 

ʦץʠʟʠץʣʘʨ ʪʘʨʢʠʙʠ. 

ɶʣ-
ʯʦʚʣʘʨ 

ʌʨʘʢʮʠʦʥ ʪʘʨʢʠʙ, % 

> 0,25 ʤʤ 
0,25-
0,05 

0,05-
0,015 

0,016-
0,005 

0,005 

1 3 4 5 6 7 

21.05 0,29 19,10 56,81 21,32 2,58 

21.05 1,46 30,87 49,91 14,76 3,00 

21.05 0,32 27,05 49,32 19,33 3,98 

21.05 0,53 24,90 53,59 17,43 3,55 

17.06 1,74 35,32 41,45 17,85 3,64 

17.06 1,65 31,60 44,16 20,47 2,12 

17.06 0,22 29,42 41,03 25,38 3,98 

19.06 2,39 34,58 40,85 31,38 3,79 

19.06 5,13 46,70 18,39 13,80 2,99 

 
2-ʞʘʜʚʘʣ 

ʄ.ʄ. ʈʦʛʦʚ ʪʘʜץʠץʦʪʣʘʨʠ ʙ˄ʡʠʯʘ ɸʤʫʜʘʨʸ ˄ʨʪʘ ʦץʠʤʠ-
ʜʘʛʠ ʤʫʘʣʣʘץʣʘʰʛʘʥ ʦץʠʟʠץʣʘʨʥʠʥʛ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʠ. 

ʄʘʚʩʫʤ ʉʦʥ 

ɿʘʨʨʘʯʘ ˄ʣʯʘʤʠ, ʤʤ; ʬʨʘʢʮʠʦʥ ʪʘʨ-
ʢʠʙ, % 

0,25 ʤʤ 
0,25-0,05 
ʤʤ 

0,05-
0,01 ʤʤ 

0,01 ʤʤ 

1 2 3 4 5 6 

ʠ h(XII - II)ץ  16 0,01 18,9 27,2 53,8 

ʙʘ״ʦʨ (III -V) 29 0,04 15,6 26,1 58,2 

ʸʟ (VI -VIII)  35 0,06 13,2 30,9 55,8 

ʢʫʟ (IX - XI)  33 0,01 18,4 28,3 53,2 

 
3-ʞʘʜʚʘʣ 

ʍ.ʐ. ʐʘʧʠʨʦ ʪʘʜץʠץʦʪʣʘʨʠ ʙ˄ʡʠʯʘ ɸʤʫʜʘʨʸʥʠʥʛ ˄ʨʪʘ 
ʦץʠʤʠʜʘʛʠ ʤʫʘʣʣʘץʣʘʰʛʘʥ ʦץʠʟʠץʣʘʨ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʠ. 

ɼʘʚʨ 
ʊʘ״ʣʠʣ-
ʣʘʨ ʩʦʥʠ 

ʌʨʘʢʮʠʦʥ ʪʘʨʢʠʙ, % 

0,05 ʤʤ 0,05-0,01 ʤʤ 0,01 ʤʤ 

1 2 3 4 5 

4 ʡʠʣ ʜʘʚʦ-
ʤʠʜʘ 

100 24,91 65,68 9,41 

ɸʧʨʝʣ 7 21,3 72,2 6,5 

ʄʘʡ 16 20,2 65,2 14,6 

ʀʶʥ 27 24,1 67,2 8,3 

ʀʶʣ 19 24,8 67,0 8,2 

ɸʚʛʫʩʪ 13 24,1 69,5 6,4 

ʉʝʥʪʷʙʨ 15 12,2 75,8 11,9 

ʆʢʪʷʙʨ 3 20,2 60,4 19,4 

 

1-2 ʚʘ 3-ʞʘʜʚʘʣʣʘʨ ʚʘ ʘʩʦʩʠʜʘ ʪʫʟʠʣʛʘʥ ʜʠʘ-
ʛʨʘʤʤʘʣʘʨ ץʠʸʩʠʡ ʪʘ״ʣʠʣʠ ʡʠʨʠʢ (d > 0,05 ʤʤ) ʚʘ 
ʤʘʡʜʘ (d < 0,01 ʤʤ) ʟʘʨʨʘʯʘʣʘʨ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʠ 
ʢʝʩʢʠʥ ʬʘʨץ ץʠʣʠʰʠʥʠ ʢ˄ʨʩʘʪʜʠ. 1-ʞʘʜʚʘʣʜʘ (d > 
0,05 ʤʤ) ʬʨʘʢʮʠʷʣʘʨ ʤʠץʜʦʨʠ 16 -20 % ʥʠ ʪʘʰʢʠʣ 
ʵʪʩʘ,  3-ʞʘʜʚʘʣʜʘ ʙʫ ʤʠץʜʦʨ 30 - 35% ʛʘʯʘ ˄ʟʛʘʨʛʘʥ. 
ʄʘʡʜʘ ʬʨʘʢʮʠʷʣʘʨ ʤʠץʜʦʨʠ  (d < 0,01 ʤʤ) 3-
ʞʘʜʚʘʣʜʘ 50 % ʥʠ ʪʘʰʢʠʣ ʵʪʛʘʥ ʙ˄ʣʩʘ, 4-ʞʘʜʚʘʣʜʘ 
(d > 0,05 ʤʤ) ʬʨʘʢʮʠʷʣʘʨ 24,9% ʥʠ, (d < 0,01 ʤʤ) 
ʬʨʘʢʮʠʷʣʘʨ ʵʩʘ 9,41% ʥʠ ʪʘʰʢʠʣ ʵʪʛʘʥ. 
ʃʝʢʠʥ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʣʘʨʥʠ ʘʥʠץʣʘʰ ʤʝʪʦʜʠ-

ʢʘʣʘʨʠ ˄ʨʪʘʩʠʜʘʛʠ ʬʘʨץʥʠ ״ʘʤ ʠʥʦʙʘʪʛʘ ʦʣʠʰ 
ʤʘץʩʘʜʛʘ ʤʫʚʦʬʠ״ ץʠʩʦʙʣʘʥʘʜʠ. 
ʐʫ ʩʘʙʘʙʣʠ, 2-4 ʞʘʜʚʘʣʣʘʨʥʠ ˄ʟʘʨʦ ʪʘץץʦʩʣʘʰ 

ʤʫʤʢʠʥ. ʐʫ ʪʘץץʦʩʣʘʰ ץʫʤʣʠ ʦץʠʟʠץʣʘʨʥʠ 
ʤʠץʜʦʨʠ ʢʘʤʘʡʠʰʠʛʘ ץʘʨʘʤʘʩʜʘʥ 10% ʛʘ ʢ˄ʧʘʡʛʘ-
ʥʠʥʠ ʢ˄ʨʩʘʪʜʠ. 
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4-ʞʘʜʚʘʣ  
ɸʤʫʜʘʨʸʥʠʥʛ ʦץʠʤ ʪʘʨʢʠʙʠʜʘ ˄ʟʘʥ ʪʫʙʠ ʙ˄ʡʣʘʙ ״ʘʨʘʢʘʪ-

ʣʘʥʫʚʯʠ ʦץʠʟʠץʣʘʨ ʬʨʘʢʮʠʦʥ ʪʘʨʢʠʙʠ 

ʉʘʥʘ 

ʌʨʘʢʮʠʦʥ ʪʘʨʢʠʙ % 

ɻʠʜʨʘʚʣʠʢ ʡʠʨʠʢʣʠʢ, ʤʤ/ʩʝʢ 

0,25 
0,25-
0,05 

0,25-
0,016 

0,015-0,005 0,005 

1 3 4 5 6 7 

21.07 5,06 72,39 15,99 5,63 0,93 

21.07 12,40 83,32 2,84 1,10 0,34 

21.07 25,87 70,50 2,62 0,80 0,21 

21.07 1,88 49,10 40,90 7,19 0,93 

21.07 0,72 55,54 34,52 8,37 0,85 

21.07 1,16 35,52 52,71 9,05 1,56 

17.08 20,92 74,40 1,00 1,90 1,78 

17.08 6,86 45,42 33,2 12,35 1,95 

17.08 11,80 41,08 30.37 14,72 2,08 

17.08 3,14 66.48 10,79 18.57 1,02 

17.08 39,65 50,36 6,43 3,22 0,34 

17.08 50,17 48,98 0,09 0,42 0,34 

17.08 1,49 27,50 46,10 19,68 5,23 

17.08 1,35 27,24 49,77 16,13 5,51 

17.08 55,35 42,79 1,14 0,38 0,34 

 
2-ʨʘʩʤ. ʂʄʂ ʪ˄סʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʩʦ״ʘʩʠʜʘ ʩʫʚʥʠʥ-
ʛʣʦʡץʘʣʠʛʠʥʠ ʯʫץʫʨʣʠʢʢʘ ʙʦסʣʠʣʠʛʠ ( 22.08.21 ʡ.) 

 

 
3-ʨʘʩʤ. ɸʤʫʜʘʨʸ ʩʫʚʠʥʠʥʛ ʣʦʡץʘʣʠʛʠʥʠʥʛ ʡʠʣʣʘʨ 

ʜʘʚʦʤʠʜʘ ˄ʟʛʘʨʠʰʠ  

 

 
4-ʨʘʩʤ. ʂʄʂ ʪ˄סʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʩʦʭʘʩʠ ʚʘʟʠʷʪʣʠ  
ʩʭʝʤʘʩʠ ʚʘ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʟʝʤʩʥʘʨʷʜʣʘʨ ʞʦʡʣʘʰʠʰ 

ʩʭʝʤʘʩʠ. 
 

ʆץʠʤʥʠʥʛ ʣʦʡץʘʣʘʥʛʘʥʣʠʛʠ ʙʘ״ʦʨ ʸʟ ʜʘʚʨʣʘ-
ʨʠʜʘ ˄ʟʠʥʠʥʛ ʤʘʢʩʠʤʘʣ ץʠʡʤʘʪʣʘʨʠʛʘ ʝʪʛʘʥ. ʉʫʚ 
ʦץʠʤʠ ʢʫʟ ʚʘ ץʠʰ ʜʘʚʨʣʘʨʠʜʘ ʤʘʢʩʠʤʘʣ ʜʘʨʘʞʘʜʘ 
ʪʠʥʠץʣʘʰʠʰʠ ʢʫʟʘʪʠʣʛʘʥ. ʏʫץʫʨʣʠʢʥʠ ˄ʟʛʘʨʠʰ 
ʜʠʥʘʤʠʢʘʩʠ ʩʫʚ ʩʘʪ״ʠ ʢ˄ʪʘʨʠʣʛʘʥʜʘ ˄ʟʘʥ ʪʫʙʠʥʠʥʛ 
ʙʘʣʘʥʜʣʠʢ ʙʝʣʛʠʩʠ ʢ˄ʪʘʨʠʣʠʰʠʥʠ, ʢʘʤ ʩʫʚʣʠ 
ʜʘʚʨʠʜʘ ʫ ʧʘʩʘʡʠʰʠʥʠ ʙʠʨ ʥʝʯʘ ʡʠʣʣʠʢ ʪʘʜץʠץʦʪ-
ʣʘʨ ʥʘʪʠʞʘʣʘʨʠ ʢ˄ʨʩʘʪʜʠ.  
ʂ˄ʧ ʡʠʣʣʠʢ ʦʨʘʣʠסʠʜʘ ʩʘʨʬ ʚʘ ˄ʟʘʥ ʪʫʙʠ ʙʘ-

ʣʘʥʜʣʠʛʠ ʜʝʨʣʠ ˄ʟʛʘʨʤʘʩʜʘʥ ץʦʣʠʰʣʠʛʠʥʠ ʦץʠʤ-
ʥʠʥʛ ʦץʠʟʠץʣʘʨ ʙʠʣʘʥ ʪ˄ʡʠʥʛʘʥʣʠʛʠ ʶץʦʨʠʣʠʛʠ 
ʙʠʣʘʥ ʠʟʦ״ʣʘʰ ʤʫʤʢʠʥ. ɼʘʣʘ ʤʘʲʣʫʤʦʪʣʘʨʠʥʠ 
ʪʘʭʣʠʣʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʜʘʨʸʥʠʥʛ ʦץʠʤ ʪʝʟ-
ʣʠʛʠ ʶʟʘʩʠʛʘ ץʘʨʘʛʘʥʜʘ ʧʘʩʪʨʦץ, ʪʫʙʜʘʛʠ ʦץʠʤ ʟʘʨ-
ʨʘʯʘʣʘʨʠ ʶʟʘʥʠʢʠʛʘ ʥʠʩʙʘʪʘʥ ʢʘʤʨʦץ ʠʥʝʨʮʠʷʛʘ 
ʵʛʘ ʚʘ ʫʣʘʨʛʘ ʦץʠʤʥʠʥʛ ʙʫʨʠʣʠʰʠ ʢ˄ʧʨʦץ ʪʘʲʩʠʨ 
-ʘʨʘץ  ʠʤʛʘץʠʤ ʶʟʘʜʘʛʠ ʦץʠʣʘʜʠ. ɹʫ ʪʫʙʜʘʛʠ ʦץ
ʛʘʥʜʘ ʢʠʨʠʰ ʢʘʥʘʣʠ ʷץʠʥʠʜʘ ʘʥʯʘ ʢʝʥʛʨʦץ 
ʪʘʨץʘʣʠʰʠ ʙʠʣʘʥ ʠʟʦ״ʣʘʥʘʜʠ. 
ʍʫʣʦʩʘ 
1. ʇʫʣʠʟʠʥʜʘʥ ʪʝʧʘʣʠʛʠʜʘʥ ʶץʦʨʠʜʘ ʞʦʡʣʘʰ-

ʛʘʥ ˄ʥʛ ץʠʨסʦסʠʛʘ ʣʦʡץʘ ʯ˄ʢʠʥʜʠ ʞʠʥʩʣʘʨ ʪ˄ʧʣʘ-
ʥʠʙ ץʦʣʠʰʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʦץʠʤ ʜʝʷʨʣʠ ʩʝʢʠʥʣʘ-
ʰʠʙ ʯʘʧ ץʠʨסʦץ ʪʦʤʦʥʛʘ ʡ˄ʥʘʣʠʰʠʥʠ ʢʫʟʘʪʠʰ 
ʤʫʤʢʠʥ. ɶʟʘʥ ʞʘʨʘʸʥʣʘʨʠʥʠʥʛ ʙʫʥʜʘʡ ˄ʟʛʘʨʠʰʠ 
-ʫʣʘʡ ʰʘʨʦʠʪץʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʫʯʫʥ ʥʦס˄ʄʂʜʘ ʪפ
ʣʘʨʥʠ ʷʨʘʪʤʦץʜʘ.  

-ʠʰʥʠʥʛ ʢʘʤ ʩʫʚʣʠ ʜʘʚʨʠʜʘ ʇʫʣʠʟʠʥʜʘʥ ʪʝפ .2
ʧʘʣʠʛʠ ʷץʠʥʠʜʘ ʩʫʚ ʩʘʪ״ʠʥʠʥʛ ʤʠʥʠʤʘʣ ץʠʡʤʘʪʠ 
242,75 ʤ ʥʠ ʪʘʰʢʠʣ ץʠʣʘʜʠ, ʙʫ ʩʫʚ ʦʣʠʰ ״ʦʣʘʪʠʥʠ 
ʤʫʨʘʢʢʘʙʣʘʰʪʠʨʘʜʠ. ɹʫʥʜʘʡ ״ʦʣʜʘ, פʄʂʜʘ ʨʝʞʘ-
ʣʘʰʪʠʨʠʣʛʘʥ ʩʫʚ ʦʣʠʰ ʪʘʲʤʠʥʣʘʥʤʘʡʜʠ. 

3. ʊ˄סʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʭʫʜʫʜʠʜʘ ʦץʠʤʥʠʥʛ ʘʩʦ-
ʩʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ʙʘ״ʦʣʘʰ ʫʩʫʣ-
ʣʘʨʠ ʦץʠʤʥʠʥʛ ʙ˄ʣʠʥʠʰʠ ʫʩʫʣʠ ʘʩʦʩʠʜʘ ʠʰʣʘʙ 
ʯʠץʠʣʜʠ. ʊ˄סʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʠʥʰʦʦʪʠ ʠʰʦʥʯʣʠʣʠ-
ʛʠʥʠ ʪʘʲʤʠʥʣʘʰ ʤʘץʩʘʜʠʜʘ ʩʫʚ ʦʣʠʰ ʢʘʥʘʣʠʛʘ 
ʣʦʡץʘ ʯ˄ʢʠʥʜʠʣʘʨ ״ʘʞʤʠʥʠʥʛ ʢʠʨʠʰʠʥʠ ʢʘʤʘʡʠ-
ʰʠʥʠ ʪʘʲʤʠʥʣʦʚʯʠ ʫʩʫʣʣʘʨ ʘʩʦʩʠʜʘ ʛʠʜʨʘʚʣʠʢ ʚʘ 
ʢʦʥʩʪʨʫʢʪʠʚ ʩʭʝʤʘʣʘʨ ʠʰʣʘʙ ʯʠץʠʣʜʠ.  

 ʦʥʩʠʟ ʩʫʚ ʦʣʠʰ ʙʦʰ ʠʥʰʦʦʪʠס˄ʄʂ ʪפ .4
ʩʦ״ʘʩʠʜʘ ʜʘʨʸʥʠʥʛ ʛʠʜʨʦʣʦʛʠʢ ʨʝʞʠʤʠʥʠ ʠʥʦʙʘʪʛʘ 
ʦʣʠʙ, ʜʝʬʦʨʤʘʮʠʦʥ ʞʘʨʘʸʥʣʘʨʥʠ ʞʘʜʘʣʣʠʛʠʥʠ 
ʘʥʠץʣʘʰ ʫʩʫʣʠ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʣʜʠ. 
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 ʦʪʣʘʨʥʠʥʛ ʥʘʪʠʞʘʣʘʨʠץʠץʠʰ ʫʯʫʥ ˄ʪʢʘʟʠʣʛʘʥ ʪʘʜץʪ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʘʨʫʚ ʩʘʬ ʤʝʲʸʨʣʘʨʠ ʙ˄ʡʠʯʘ ʚʘץʫʪץ
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ʣʘʨʠ ״ʫʞʞʘʪʠʛʘ ʥʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʚʦʩʠʪʘʣʘʨʠ, ʫʤʫʤץ˄ʰʠʥ ״ʠʤʦʷ ʪ˄ʧʣʘʤʠ ʚʘ 
ʬʠʣʴʪʨʣʠ ʛʘʟ ʥʠץʦʙʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʛʘʥ ״ʦʣʜʘ ʙʘʞʘʨʠʣʘʜʠʛʘʥ ʤʘʰץʣʘʨ ʫʯʫʥ ʚʘץʪ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʠʣʤʠʡ ʚʘ ʘʤʘ-
ʣʠʡ ʞʠ״ʘʪʜʘʥ ʘʩʦʩʣʘʥʛʘʥ ״ʦʣʜʘ ʠʰʣʘʙ ʯʠץʠʣʜʠ. 
ʂʘʣʠʪ ʩ˄ʟʣʘʨ. y ʥסʠʥ-ץʫʪץʘʨʫʚʯʠ, ʟʘ״ʘʨʣʠ ʤʦʜʜʘ, ʙʘʢʪʝʨʠʦʣʦʛʠʢ ʪʦʢʩʠʥ, ʨʘʜʠʘʢʪʠʚ ʤʦʜʜʘ, ʥʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥʣʘ-

ʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʚʦʩʠʪʘ, ʫʤʫʤץ˄ʰʠʥ ״ʠʤʦʷ ʪ˄ʧʣʘʤʠ, ʬʠʣʴʪʨʣʠ ʛʘʟ ʥʠץʦʙʠ, ʜʘʩʪʘʢ, ʤʘʨʨʘ ʯʠʟʠסʠ, 
100 ʤʝʪʨʣʠ ʪ˄ʩʠץʣʘʨ ʦʰʘ ʶʛʫʨʠʰ, ʞʘʥʛʦʚʘʨ ʢʠʡʠʤ, ʘʲʣʦ, ʷʭʰʠ, ץʦʥʠץʘʨʣʠ, ʚʘץʪ ʤʝʲʸʨʠ, ˄ʨʪʘʯʘ ʢ˄ʨʩʘʪʢʠʯ, ʸʥסʠʥ-
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʷʤʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʥʦʨʤʘʤ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʩʪʨʦʷ, ʚʳʧʦʣʥʷʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ, ʦʙʱʝʚʦʡʩʢʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʠ ʬʠʣʴʪʨʠʨʫʶʱʠʭ ʧʨʦʪʠʚʦʛʘʟʦʚ. ʇʦ ʨʝ-
ʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʚʨʝʤʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʧʦʣʥʝʥʠʷ ʫʧʨʘʞʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-
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ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʙʘʟʳ ʜʝʡʩʪʚʫʶʱʝʛʦ ʜʦʢʫʤʝʥʪʘ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʥʦʨʤʘʪʠʚʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʧʦʞʘʨʥʳʡ-ʩʧʘʩʘʪʝʣʴ, ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʡ ʪʦʢʩʠʥ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʚʝʱʝ-
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ʩʪʚʦʣ, ʬʠʥʠʰʥʘʷ ʯʝʨʪʘ, ʙʝʛ ʥʘ 100 ʤʝʪʨʦʚ ʩ ʙʘʨʴʝʨʘʤʠ, ʙʦʝʚʘʷ ʦʜʝʞʜʘ, ʦʪʣʠʯʥʦ, ʭʦʨʦʰʦ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ, ʥʦʨʤʘ 
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ʥʳʡ ʩʣʫʯʘʡ, ʩʪʨʦʝʚʳʝ ʥʦʨʤʳ. 

This article is presented the results of research conducted by fire-rescuers to develop temporal indicators on the standards 
of fire-rescue formation, performed with the use of personal respiratory protection equipment, general protective kit and 
filtering gas masks. According to the results of the research, time performance of exercises with the use of personal 
respiratory protection, general protective kit and filtering gas masks based on the scientific and practical base of the current 
document of fire-rescue standards have been developed. 

Keywords. Fire-rescuer, hazardous substances, bacteriological toxin, radioactive substances, personal respiratory 
protection equipment, general protection kit, filter gas masks, barrel, finish line, 100 meter hurdles, combat clothing, great, 
good, satisfactorily, norm of time, average, fire-rescue formation training, labor protection, injury, accident, formation 
standards. 

 

ɪʥסʠʥ-ץʫʪץʘʨʫʚʯʠʣʘʨ ʪʫʨʣʠ ʭʠʣ ʰʘʨʦʠʪʣʘʨʜʘ 
ʸʥסʠʥ ˄ʯʠʨʠʰ ʠʰʣʘʨʠʥʠ ʙʘʨʪʘʨʘʬ ץʠʣʘʜʠ. ɹʠʥʦ ʚʘ 
ʠʥʰʦʦʪʣʘʨʥʠʥʛ ʠʯʢʠ ץʠʩʤʠʜʘ ʩʦʜʠʨ ʙ˄ʣʛʘʥ ʸʥסʠʥ-
ʣʘʨ ʘʩʦʩʘʥ ʥʘʬʘʩ ʦʣʠʰ ʘʲʟʦʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ 
 ʦʣʜʘ״ ʠʣʫʚʯʠ ʚʦʩʠʪʘʣʘʨʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥץ ʠʤʦʷ״
ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʩ˄ʥʛʛʠ ʡʠʣ-
ʣʘʨʜʘ ʯʝʪ ʜʘʚʣʘʪʣʘʨʜʘ ʶʟ ʙʝʨʘʸʪʛʘʥ ʪʫʨʣʠ ʭʠʣ ״ʘʨ-
ʙʠʡ ʢʝʣʠʰʤʦʚʯʠʣʠʢʣʘʨ, ʟʘ״ʘʨʣʠ ʤʦʜʜʘʣʘʨ, ʙʘʢʪʝ-
ʨʠʦʣʦʛʠʢ ʪʦʢʩʠʥʣʘʨ ʚʘ ʨʘʜʠʘʢʪʠʚ ʤʦʜʜʘʣʘʨʥʠʥʛ 
ʪʫʨʣʠ ʭʠʣ ʢ˄ʨʠʥʠʰʣʘʨʜʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʘʤʘʣʠʸ-
ʪʠʜʘ ʢʝʥʛ ץ˄ʣʣʘʥʠʣʘʸʪʛʘʥʣʠʛʠ ʚʘ ʫʣʘʨʥʠʥʛ ʠʥʩʦʥ 
ʦʨʛʘʥʠʟʤʠʛʘ ʙ˄ʣʛʘʥ ʪʘʲʩʠʨ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠʥʠʥʛ 
-ʫʜʫʜ״ ʘʤ ʦʨʪʠʙ ʙʦʨʘʸʪʛʘʥʣʠʛʠ, ʪʫʨʣʠ ʤʘʤʣʘʢʘʪ״
ʣʘʨʠʜʘ ʟʘ״ʘʨʣʠ ʤʦʜʜʘʣʘʨʥʠʥʛ ʘʪʤʦʩʬʝʨʘʛʘ ʯʠץʠʙ, 
ʘ״ʦʣʠ ʚʘ ״ʫʜʫʜʣʘʨʥʠ ʟʘʨʘʨʣʘʰ ״ʦʣʘʪʣʘʨʠ, ʙʠʦʣʦ-
ʛʠʢ ץʫʨʦʣʣʘʨʥʠʥʛ ʩʠʥʦʚʜʘʥ ˄ʪʢʘʟʠʣʠʰʠ ʚʘ ʪʘʨʢʠ-
ʙʠʜʘ ʨʘʜʠʘʢʪʠʚ ʤʦʜʜʘʣʘʨ ʤʘʚʞʫʜ ʙ˄ʣʛʘʥ ʭʦʤ ʘʰʸ-
ʣʘʨʥʠʥʛ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʞʘʙ״ʘʣʘʨʠʛʘ ʢʝʥʛ 
ʤʠץʸʩʜʘ ʢʠʨʠʙ ʢʝʣʠʰʠ ʦʨʪʠʜʘʥ ʠʥʩʦʥ ״ʘʸʪʠ ʚʘ 
ʫʥʠʥʛ ʩʘʣʦʤʘʪʣʠʛʠʛʘ ʙ˄ʣʛʘʥ ʪʘ״ʜʠʜʣʘʨʥʠʥʛ ʦʨʪʠʙ 

ʙʦʨʘʸʪʛʘʥʣʠʛʠ ״ʝʯ ʢʠʤʛʘ ʩʠʨ ʵʤʘʩ [1-2].  
ʉʦʜʠʨ ʙ˄ʣʛʘʥ ʸʥסʠʥʣʘʨʥʠ ץʠʩץʘ ʤʫʜʜʘʪʜʘ ʢʘʤ 

ʪʘʣʦʬʘʪʣʘʨ ʙʠʣʘʥ ʙʘʨʪʘʨʘʬ ʵʪʠʰ ʸʥסʠʥ-
 ʦʨʠ ʢʘʩʙʠʡץʘʨʫʚʯʠʣʘʨʜʘʥ ʥʘʟʘʨʠʡ ʙʠʣʠʤ, ʶץʫʪץ
ʤʘʣʘʢʘ ʚʘ ʘʤʘʣʠʡ ʢ˄ʥʠʢʤʘʣʘʨʥʠ ʪʘʣʘʙ ץʠʣʘʜʠ. 
ʂʘʩʙʠʡ ʤʘʣʘʢʘ ʚʘ ʘʤʘʣʠʡ ʢ˄ʥʠʢʤʘʣʘʨʥʠʥʛ ץʘʡ ʜʘ-
ʨʘʞʘʜʘ ʨʠʚʦʞʣʘʥʣʘʥʛʘʥʣʠʛʠ ʸʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ 
ʤʝʲʸʨʣʘʨʠ ʙ˄ʡʠʯʘ ʤʘʰץʣʘʨ ʙʘʞʘʨʠʰ ʚʘץʪʠʜʘ 
ʥʘʤʦʸʥ ʙ˄ʣʘʜʠ. ʐʫ ʢʫʥʛʘ ץʘʜʘʨ ʘʤʘʣʜʘ ʙ˄ʣʛʘʥ 
ʥʦʨʤʘʪʠʚ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʛʘ ʥʘʬʘʩ ʦʣʠʰ ʦʨ-
ʛʘʥʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʚʦʩʠʪʘʣʘʨʠ, 
ʫʤʫʤץ˄ʰʠʥ ״ʠʤʦʷ ʪ˄ʧʣʘʤʠ ʚʘ ʬʠʣʴʪʨʣʠ ʛʘʟ 
ʥʠץʦʙʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ ʙʘʞʘʨʠʣʘʜʠʛʘʥ 
ʤʘʰץʣʘʨ, ʫʣʘʨʛʘ ץ˄ʡʠʣʘʜʠʛʘʥ ʪʘʣʘʙʣʘʨ ʚʘ 
ʤʘʰץʣʘʨʥʠ ʙʘʞʘʨʠʰ ʪʘʨʪʠʙʠ ʸʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ 
ʤʝʲʸʨʣʘʨʠʛʘ ʢʠʨʠʪʠʣʤʘʛʘʥ. ɹʫ ʵʩʘ ˄ʟ ʥʘʚʙʘʪʠʜʘ 
ʥʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ 
 ʠʤʦʷ ʪ˄ʧʣʘʤʠ ʚʘ״ ʰʠʥ˄ץʠʣʠʰ ʚʦʩʠʪʘʣʘʨʠ, ʫʤʫʤץ
ʬʠʣʴʪʨʣʠ ʛʘʟ ʥʠץʦʙʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ 
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-ʢʘʩʙʠʡ ʤʘʣʘ ץʘʨʫʚʯʠʥʠʥʛ ʘʥʠץʫʪץ-ʠʥסʘʨ ʙʠʨ ʸʥ״
ʢʘʩʠʥʠ ʙʘ״ʦʣʘʰʥʠʥʛ ʠʤʢʦʥʠʥʠ ʙʝʨʤʘʡʜʠ [3].  
ʖץʦʨʠʜʘʛʠʣʘʨʥʠ ʠʥʦʙʘʪʛʘ ʦʣʛʘʥ ״ʦʣʜʘ, ʥʘʬʘʩ 

ʦʣʠʰ ʦʨʛʘʥʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʚʦ-
ʩʠʪʘʣʘʨʠ, ʫʤʫʤץ˄ʰʠʥ ״ʠʤʦʷ ʪ˄ʧʣʘʤʠ ʚʘ ʬʠʣʴʪʨʣʠ 
ʛʘʟ ʥʠץʦʙʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ, ʘʤʘʣʜʘʛʠ 
ʸʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ ʤʝʲʸʨʣʘʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ 
ñ100 ʤʝʪʨʣʠ ʪ˄ʩʠץʣʘʨʜʘʥ ˄ʪʠʙ ʶʛʫʨʠʰò ʤʘʰץʠ 
ʙ˄ʡʠʯʘ ʩʠʥʦʚ ʪʘʞʨʠʙʘʣʘʨʠ, ʷʲʥʠ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ 
ʠʰʣʘʨʠ ʘʤʘʣʜʘ ʦʰʠʨʠʣʜʠ [4].  
ʄʘʰץʥʠ ʙʘʞʘʨʠʰ ʪʘʨʪʠʙʠ [4]:  
1. ʅʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ 

 ʠʤʦʷ״ ʰʠʥ˄ץʠʣʠʰ ʚʦʩʠʪʘʩʠʥʠ ʸʢʠ ʫʤʫʤץ ʠʤʦʷ״
ʪ˄ʧʣʘʤʠ ʸʭʫʜ ʬʠʣʴʪʨʣʠ ʛʘʟ ʥʠץʦʙʠʥʠ ʢʠʡʛʘʥ ״ʦʣʜʘ 
ʸʥסʠʥ-ץʫʪץʘʨʫʚʯʠ ʜʘʩʪʘʢ ʙʠʣʘʥ ʩʪʘʨʪʜʘ ʪʫʨʘʜʠ 
(ʜʘʩʪʘʢ ʵʨʢʠʥ ʭʦʣʘʪʜʘ). 
2. ɹʦʰʣʘʥʠʰʠ: ɹʝʨʠʣʛʘʥ ʙʫʡʨʫץ. 
3. ʗʢʫʥʣʘʥʠʰʠ: ʸʥסʠʥ-ץʫʪץʘʨʫʚʯʠ ״ʘʤʤʘ ˄ʨʥʘ-

ʪʠʣʛʘʥ ʪ˄ʩʠץʣʘʨʜʘʥ ʶʛʫʨʠʙ ˄ʪʠʙ, ʤʘʨʨʘ ʯʠʟʠסʠʥʠ 
ʜʘʩʪʘʢ ʙʠʣʘʥ ʢʝʩʠʙ ˄ʪʜʠ, ʝʥʛʣʘʨ ʙʠʨ-ʙʠʨʠ ʙʠʣʘʥ 
 ʦʣʘʪʜʘ״ ʣʘʤʘ ʘʡʠʨʛʠʯ ʙʠʣʘʥ ʫʣʘʥʛʘʥץʘʤʜʘ ʫʯʸ״
ʙ˄ʣʘʜʠ. ʊ˄ʩʠץʣʘʨʥʠ 100 ʤʝʪʨʣʠ ʤʘʩʦʬʘʛʘ ˄ʨʥʘʪʠʰ 
ʚʘ ʪ˄ʩʠץʣʘʨʜʘʥ ˄ʪʠʰ ʘʤʘʣʜʘʛʠ ʸʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ 
ʪʘʡʸʨʛʘʨʣʠʛʠ ʥʠʟʦʤʠ ʪʘʣʘʙʣʘʨʠ ʘʩʦʩʠʜʘ ʙʘʞʘʨʠ-
ʣʘʜʠ. 
4. ɹʘʞʘʨʫʚʯʠʣʘʨ: ʤʘʰץʥʠ ʙʘʞʘʨʠʰʜʘ 5 ʪʘ ʢʫʨ-

ʩʘʥʪ ץʘʪʥʘʰʘʜʠ. ׳ʘʨ ʙʠʨ ʤʘʰ3 ץ ʤʘʨʦʪʘʙʘ ʙʘʞʘʨʠ-
ʣʘʜʠ ʚʘ ״ʘʨ ʙʠʨ ʙʘʞʘʨʫʚʯʠʥʠʥʛ 3 ʪʘ ʢ˄ʨʩʘʪʢʠʯʠ 

ʫʤʫʤʣʘʰʪʠʨʠʣʠʙ, ˄ʨʪʘʯʘ ʢ˄ʨʩʘʪʢʠʯʠ ץʘʡʜ ץʠʣʠ-
ʥʘʜʠ. ʄʘʰץ ʶץʦʨʠʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʪʘʣʘʙʣʘʨ ʘʩʦ-
ʩʠʜʘ ˄ʪʢʘʟʠʣʜʠ. ʀʣʤʠʡ ʪʘʜץʠץʦʪ ʜʘʚʦʤʠʜʘ ʦʣʠʥ-
ʛʘʥ ʬʦʪʦʣʘʚ״ʘʣʘʨ 1-ʨʘʩʤʜʘ ʙʝʨʠʣʛʘʥ.  

  

 

 
 

1-ʨʘʩʤ. ʅʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥ-
ʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ 
-ʠʣʠʰ ʚʦʩʠʪʘʣʘץ ʠʤʦʷ״
ʨʠʥʠ ʢʠʡʛʘʥ ״ʦʣʜʘ, ñ100 
ʤʝʪʨʛʘ ʪ˄ʩʠץʣʘʨ oʰa ʶʛʫ-
ʨʠʰò ʤʘʰץʠʜʘʥ ʣʘʚ״ʘʣʘʨ 

 
ɹʫʥʜʘ ʢʫʨʩʘʥʪʣʘʨ ״ʘʨ ʙʠʨ ʥʘʪʠʞʘ ʙ˄ʡʠʯʘ 

ñʘʲʣʦò, ñʷʭʰʠò ʚʘ ñץʦʥʠץʘʨʣʠò ʙʘ״ʦʣʘʨ ʙʠʣʘʥ 
ʙʘ״ʦʣʘʥʜʠ ʚʘ ץʫʡʠʜʘʛʠ ʥʘʪʠʞʘʣʘʨ ʦʣʠʥʜʠ ʚʘ 
ʥʘʪʠʞʘʣʘʨ 1-ʞʘʜʚʘʣʛʘ ʢʠʨʠʪʠʣʜʠ. 

 
1-ʞʘʜʚʘʣ. ñ100 ʤʝʪʨʣʠ ʪ˄ʩʠץʣʘʨ ʦʰʘ ʶʛʫʨʠʰò ʤʘʰץʠʥʠ ʥʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥʣʘʨʠʥʠ ʷʢʢʘ ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʚʦ-

ʩʠʪʘʣʘʨʠ ʙʠʣʘʥ ˄ʪʢʘʟʠʣʛʘʥ ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʪʘ״ʣʠʣʠ 

ʂʫʨʩʘʥʪʥʠʥʛ 
ʪʘʨʪʠʙ 
ʨʘץʘʤʠ 

ɺʘץʪ ʤʝʲʸʨʠ, ʩʦʥʠʷ  ɶʨʪʘʯʘ ʢ˄ʨʩʘʪʢʠʯʠ, ʩʦ-
ʥʠʷ 1-ʥʘʪʠʞʘ 2-ʥʘʪʠʞʘ 3-ʥʘʪʠʞʘ 

ʘʲʣʦ ʷʭʰʠ 
-ʦʥʠץ
 ʘʨʣʠץ

ʘʲʣʦ ʷʭʰʠ 
-ʦʥʠץ
 ʘʨʣʠץ

ʘʲʣʦ ʷʭʰʠ 
-ʦʥʠץ
 ʘʨʣʠץ

ʘʲʣʦ ʷʭʰʠ 
-ʦʥʠץ
 ʘʨʣʠץ

1. 40,81 45,51 49,29 40,73 46,09 50,41 41,40 46,08 49,90 40,98 45,89 49,87 

2. 40,62 45,77 49,37 41,33 46,12 49,71 41,21 45,70 49,81 41,05 45,86 49,63 

3. 41,29 45,89 49,60 41,02 45,71 49,65 40,79 46,40 49,70 41,03 46 49,65 

4. 41,41 46,31 49,91 40,80 45,81 50,40 41,07 46,14 50,01 41,09 46,09 50,11 

5. 40,53 46,21 50,14 41,07 45,97 49,77 41,62 46,54 50,21 41,05 46,24 50,04 

ɾʘʤʠ 40,93 45,94 49,66 40,99 45,94 49,99 41,22 46,17 49,93 41,05 46,02 49,86 

ɸʤʘʣʜʘʛʠ ʤʝʲʸʨʠʡ ״ʫʞʞʘʪʛʘ ʘʩʦʩʘʥ ʦʜʜʠʡ ʰʘʨʦʠʪʜʘ 27 30 33 

 
ɶʪʢʘʟʠʣʛʘʥ ʩʠʥʦʚ ʥʘʪʠʞʘʣʘʨʠ ״ʦʟʠʨʛʠ ʢʫʥʜʘ 

ʘʤʘʣʜʘ ʙ˄ʣʛʘʥ ñɪʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ ʪʘʡʸʨʛʘʨʣʠʛʠ 
ʤʝʲʸʨʣʘʨʠò ʙʠʣʘʥ ʩʦʣʠʰʪʠʨʠʣʜʠ. ɸʤʘʣʜʘʛʠ ʤʝʲʸ-
ʨʠʡ ״ʫʞʞʘʪʜʘ ʸʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ ʤʝʲʸʨʣʘʨʠ ʢʫʥ-
ʜʘʣʠʢ ʰʘʨʦʠʪʜʘ, ʥʘʬʘʩ ʦʣʠʰ ʦʨʛʘʥʣʘʨʠʥʠ ʷʢʢʘ 
ʪʘʨʪʠʙʜʘ ״ʠʤʦʷ ץʠʣʠʰ ʚʦʩʠʪʘʣʘʨʠʩʠʟ ʙʘʞʘʨʠʣʩʘ, 
ʘʤʘʣʜʘʛʠ ʤʝʲʸʨʠʡ ״ʫʞʞʘʪʛʘ ʘʩʦʩʘʥ ñ100 ʤʝʪʨʣʠ 
ʪ˄ʩʠץʣʘʨ ʦʰʘ ʶʛʫʨʠʰò ʤʘʰץʠʥʠ ʸʥסʠʥ-ץʫʪץʘ-
ʨʫʚʯʠ 27 ʩʦʥʠʷʛʘʯʘ ʙʘʞʘʨʩʘ ñʘʲʣʦò, 27 ʩʦʥʠʷʜʘʥ 
30 ʩʦʥʠʷʛʘʯʘ ʙʘʞʘʨʩʘ ñʷʭʰʠò ʚʘ 30 ʩʦʥʠʷʜʘʥ 33 ʩʦ-
ʥʠʷʛʘʯʘ ʙʘʞʘʨʩʘ ñץʦʥʠץʘʨʣʠò ʙʘ״ʦ ʙʠʣʘʥ ʙʘ״ʦʣʘ-
ʥʘʜʠ ʜʝʙ ʢ˄ʨʩʘʪʠʣʛʘʥ [4].  
 ,ʐ, ɻʝʨʤʘʥʠʷ, ʈʦʩʩʠʷפʦʨʠʞʠʡ ʜʘʚʣʘʪʣʘʨ (ɸ׳

ʋʢʨʘʠʥʘ, ɹʝʣʘʨʫʩ ʚʘ פʦʟʦסʠʩʪʦʥ)ʜʘ ץʘʙʫʣ ץʠʣʠʥ-
ʛʘʥ ʤʝʲʸʨʠʡ ״ʫʞʞʘʪʣʘʨʜʘ ʢʝʣʪʠʨʠʣʛʘʥ ʪʘʣʘʙʣʘʨ 
ʪʘ״ʣʠʣ ץʠʣʠʥʛʘʥ ״ʦʣʜʘ [5-12], ˄ʪʢʘʟʠʣʛʘʥ ʩʠʥʦʚ 
ʪʘʞʨʠʙʘʣʘʨʠʜʘ ʤʘʲʣʫʤ ʙ˄ʣʜʠʢʠ, ʸʥסʠʥ-ץʫʪץʘʨʫʚ 
ʩʘʬ ʪʘʡʸʨʛʘʨʣʠʛʠ ʤʘʰסʫʣʦʪʣʘʨʠʜʘ ʤʝ״ʥʘʪ ʭʘʚʬʩʠ-
ʟʣʠʛʠʥʠ ʪʘʲʤʠʥʣʘʰ, ʶʟʘʛʘ ʢʝʣʠʰʠ ʤʫʤʢʠʥ ʙ˄ʣʛʘʥ 
ʞʘʨʦ״ʘʪʣʘʥʠʰ ״ʦʣʘʪʣʘʨʠ ʚʘ ʙʘʭʪʩʠʟ ״ʦʜʠʩʘʣʘʨʥʠ 
ʢʘʤʘʡʪʠʨʠʰʛʘ ʵʨʠʰʠʰ ʚʘ ʦʣʜʠʥʠ ʦʣʠʰ ʤʘץʩʘʜʠʜʘ 

ʩʘʬ ʤʝʲʸʨʣʘʨʠʛʘ ñʘʲʣʦò ʙʘ״ʦ ʫʯʫʥ 41,05 ʩʦʥʠʷ-
ʛʘʯʘ, ñʷʭʰʠò ʙʘ״ʦ ʫʯʫʥ 41,05 ʩʦʥʠʷʜʘʥ 46,02 ʩʦ-
ʥʠʷʛʘʯʘ ʚʘ ñץʦʥʠץʘʨʣʠò ʙʘ״ʦ ʫʯʫʥ 46,02 ʩʦʥʠʷʜʘʥ 
49,86 ʩʦʥʠʷʛʘʯʘ ʚʘץʪ ʙʝʣʛʠʣʘʥʠʰʠ ʷʲʥʠ, ñʘʲʣʦò 
ʙʘ״ʦ ʫʯʫʥ 14,05 ʩʦʥʠʷ (52,04%), ñʷʭʰʠò ʙʘ״ʦ ʫʯʫʥ 
16,03 ʩʦʥʠʷ (53,4%) ʚʘ ñץʦʥʠץʘʨʣʠò ʙʘ״ʦ ʫʯʫʥ 
16,86 ʩʦʥʠʷ (51,2%) ʢ˄ʧ ʚʘץʪ ʩʘʨʬʣʘʥʛʘʥʣʠʛʠ 
ʪʘʜץʠץʦʪʣʘʨ ʜʘʚʦʤʠʜʘ ʠʣʤʠʡ ʞʠ״ʘʪʜʘʥ ʘʩʦʩʣʘʥʜʠ. 
ʅʘʚʙʘʪʜʘʛʠ ʪʘʜץʠץʦʪʣʘʨʜʘ ʸʥסʠʥ-ץʫʪץʘʨʫʚʯʠ-

ʣʘʨ ʪʦʤʦʥʠʜʘʥ ʫʤʫʤץ˄ʰʠʥ ״ʠʤʦʷ ʪ˄ʧʣʘʤʠʥʠ ʢʠʡ-
ʛʘʥ ״ʦʣʜʘ ʩʠʥʦʚ ʪʘʜץʠץʦʪʣʘʨʠ ˄ʪʢʘʟʠʣʜʠ. ʉʠʥʦʚ 
ʪʘʜץʠץʦʪʣʘʨʠ ʜʘʚʦʤʠʜʘ ʦʣʠʥʛʘʥ ʬʦʪʦʣʘʚ״ʘʣʘʨ 2-
ʨʘʩʤʜʘ ʙʝʨʠʣʛʘʥ.  
ɹʫ ʪʘʜץʠץʦʪ ʠʰʠʜʘ ״ʘʤ ʢʫʨʩʘʥʪʣʘʨ ñʘʲʣʦò, 

ñʷʭʰʠò ʚʘ ñץʦʥʠץʘʨʣʠò ʙʘ״ʦʣʘʨ ʙ˄ʡʠʯʘ ʙʘ״ʦʣʘʥʜʠ 
ʚʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 2-ʞʘʜʚʘʣʛʘ ʢʠʨʠʪʠʣʜʠ. 
ɶʪʢʘʟʠʣʛʘʥ ʩʠʥʦʚ ʥʘʪʠʞʘʣʘʨʠ ״ʦʟʠʨʛʠ ʢʫʥʜʘ 

ʘʤʘʣʜʘ ʙ˄ʣʛʘʥ ñɪʥסʠʥ-ץʫʪץʘʨʫʚ ʩʘʬ ʪʘʡʸʨʛʘʨʣʠʛʠ 
ʤʝʲʸʨʣʘʨʠò ʙʠʣʘʥ ʩʦʣʠʰʪʠʨʠʣʜʠ.  

 


