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ɸʅʅʆʊɸʎʀʗ 
ɺ ʫʩʣʦʚʠʷʭ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʧʠʨʪʦʚ, ʥʘʩʳʱʝʥ-

ʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʉ4 - ʉ10) ʠ ʥʘʩʳʱʝʥʥʳʭ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʫʥ-ʵʬʠ-
ʨʦʚ, ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʠʜʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʤʷʛʢʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʩʳʨʳʭ ʧʨʦʜʫʢʪʦʚ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨ-
ʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ABSTRACT 
In the conditions of interphase catalysis the oxidation reactions of initial alcohols, saturated hydrocarbons (ʉ4 

ï ʉ10) and saturated chlorine hydrocarbons have been investigated at the presence of crown esters, the simple and 
efficient method for obtaining saturated organic aʩids has been suggested. 

Using crown-ethers allows to carry out this process under low temperature and mild conditions. In its turn, it 
provides maximum yield of raw products without formation of chlorine containing wastes and also toxic products. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʨʘʫʥ-ʵʬʠʨ, ʧʝʥʪʘʥ, ʦʢʠʩʣʝʥʠʝ, ʤʝʞʬʘʟʥʳʡ ʢʘʪʘʣʠʟ. 
Keywords: Complexation, crown ether, pentane, oxidation, interphase catalysis. 
 
ʄʝʞʬʘʟʥʳʡ ʢʘʪʘʣʠʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʠʥʪʝʨʝʩʥʳʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶ-
ʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠ-
ʤʠʠ.  
ʆʪʢʨʳʪʠʷ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ 

ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʦ ʚʩʝʦʙ-
ʱʝʝ ʧʨʠʟʥʘʥʠʝ ʠ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʘʢ ʦʜʠʥ ʠʟ 
ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʠʝʤʦʚ ʩʠʥʪʝʟʘ. ʄʌʂ ʩʨʘʟʫ ʙʳʣ 
ʧʨʠʥʷʪ ʥʘ ʚʦʦʨʫʞʝʥʠʷ ʠ ʟʘʥʷʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ 
ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʚʳʪʝʩʥʠʚ ʤʥʦʛʠʝ ʩʪʘʨʳʝ 
ʩʧʦʩʦʙʳ. ʆʥ ʦʢʘʟʘʣ ʤʦʱʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʨʘ-
ʙʦʪʢʫ ʥʦʚʳʭ, ʫʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ [1-6]. 
ʀʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝ-
ʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʉ4-ʉ10) ʚ ʧʘʨʦʚʳʭ 
ʬʘʟʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450-5000ʉ ʠ 150-200 ʘʪʤ. 

ʜʘʚʣʝʥʠʠ ʠ ʦʢʠʩʣʝʥʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʩ 
ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ KMnO4, ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʝʤ 
ʥʘʩʳʱʝʥʥʳʭ ʛʘʣʦʛʝʥʘʣʢʘʥʦʚ [7-9]. ʆʜʥʘʢʦ ʵʪʠ ʩʧʦ-
ʩʦʙʳ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟ 
ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 1) ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘ-
ʪʫʨʘ ʚʧʣʦʪʴ ʜʦ 5000ʉ, 2) ʠʟʦʤʝʨʠʟʘʮʠʷ ʠ ʦʩʤʦʣʝʥʠʝ 
ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 3) 
ʧʨʠʤʝʥʝʥʠʝ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ (ʙʦʣʝʝ 
ʯʝʤ 100%) ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ, 4) ʧʦʣʫʯʝʥʠʷ ʪʳ-
ʩʷʯʠ ʪʦʥ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʷʜʦʚʠ-
ʪʳʝ CO, CO2, -Cl2 ʠ ʧʘʨʳ HCl, ʢʦʪʦʨʳʝ ʚʳʙʨʘʩʳʚʘ-
ʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʘʛʨʷʟʥʷʶʪ ʘʪʤʦ-
ʩʬʝʨʫ, 5) ʥʠʟʢʠʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦʪʨʝʙʦʚʘʣʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. 
ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 
ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʉ4-ʉ10), ʩʧʠʨʪʦʚ ʘ 
ʪʘʢʞʝ ʥʘʩʳʱʝʥʥʳʭ ʛʘʣʦʛʝʥʘʣʢʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ 
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ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ (ʄʌʂ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʘʫʥ-
ʵʬʠʨʦʚ.  
ʋʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝ-

ʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʩʧʠʨʪʦʚ, ʥʘʩʳʱʝʥʥʳʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʉ4-ʉ10) ʠ ʥʘʩʳʱʝʥʥʳʭ ʛʘʣʦʛʝ-
ʥʦʘʣʢʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʫʩʪʘ-
ʥʦʚʣʝʥʠʝ ʨʦʣʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʭʦʜ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʦʝ ʬʘʟʘ ʠ 
ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ, ʫʜʦʙʥʦʛʦ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ 
ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩ-
ʣʦʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʷʚʣʷ-
ʶʪʩʷ ʮʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʚ ʜʚʫʭʬʘʟʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʝ, 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʚʝʨʜʦʡ ʩʦʣʠ KMnO4, ʠʩʭʦʜʥʦʛʦ ʧʨʦ-
ʜʫʢʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʦʨ-
ʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 
ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʚʳ-

ʙʨʘʥ ʥ-ʧʝʥʪʘʥʦʣ.  
 

CH3CH2CH2CH2CH2OH+ [ɼɹ18ʂ6ÖK]+.MnO4
- 

CH3CH2CH2CH2COOH 
ʊʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʩʧʠʨ-

ʪʦʚ ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʨʘʫʥ-ʵʬʠʨʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʥʘʣʠʯʠʝʤ ʚ ʩʠʩʪʝʤʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʵʬʠʨʘ, ʢʦ-
ʪʦʨʳʡ ʠʛʨʘʝʪ ʨʦʣʴ ʧʝʨʝʥʦʩʯʠʢʘ ʧʝʨʤʝʥʛʘʥʘʪ-ʠʦʥʘ 
(MnO4) ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠ-
ʪʝʣʴ. ʉʫʱʥʦʩʪʴ ʢʘʪʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝ-
ʨʝʥʦʩʠʪ ʧʝʨʤʘʥʛʘʥʘʪ-ʠʦʥ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʧʫ-
ʪʝʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʶ.  

 

ɼɹ18ʂ6 + ʂʄnO4ª[ ɼɹ18ʂ6ÖK]+.MnO4
- 

ɺ ʵʪʦʡ ʬʘʟʝ ʢʦʤʧʣʝʢʩ, ʜʠʩʩʦʮʠʠʨʫʷ, ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʯʝʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʥʳʡ ʧʝʨʤʘʥʛʘʥʘʪ-ʠʦʥ, ʢʦ-
ʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ ʧʝʨʚʠʯʥʳʤʠ ʩʧʠʨʪʘʤʠ ʠ ʦʢʠʩ-
ʣʷʝʪ ʝʛʦ ʜʦ ʧʨʝʜʝʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ.  
ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚ ʧʨʠʤʝʥʷʝʤʦʡ ʩʠʩʪʝʤʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʩʫʱʝ-
ʩʪʚʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 
ʢʨʘʫʥ-ʵʬʠʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ KMnO4 ʠ ʢʨʘʫʥ-ʵʬʠʨʘ, 
ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʞ-
ʬʘʟʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʄʂ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 
ʢʨʘʫʥ-ʵʬʠʨʳ-ʜʠʙʝʥʟʦ-18-ʢʨʘʫʥ-6 (ɼɹ18ʂ6), 18-
ʢʨʘʫʥ-6 (18ʂ6), ʧʝʥʪʘʤʝʪʠʣ-15-ʢʨʘʫʥ-5 (ʇʄ15ʂ5), 
ʪʝʪʨʘʤʝʪʠʣ-12-ʢʨʘʫʥ-4 (ʊʄ12ʂ4), ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ 
ʧʨʠʤʝʥʷʝʤʘʷ ʯʝʪʚʝʨʪʠʯʥʘʷ ʘʤʤʦʥʠʝʚʘʷ ʩʦʣʴ-ʪʨʠ-
ʵʪʠʣʙʝʥʟʠʣʘʤʤʦʥʠʡʭʣʦʨʠʜ (ʊʕɹɸ). ʂʨʦʤʝ ʪʦʛʦ 
ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʘʢʮʠʠ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 
ʤʝʞʬʘʟʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ.  
ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʪʦʣʫʦʣ, ʢʩʠʣʦʣ, 1,4-ʜʠʦʢʩʘʥ, ʜʠʛʣʠʤ, ʥ-ʙʫʪʘʥʦʣ, 
ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʢʨʦʤʝ ʪʦʛʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ 
ʧʨʦʚʦʜʠʣʘʩʴ ʪʘʢʞʝ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʘʢʮʠʠ ʧʨʦ-
ʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1050ʉ, 1300ʉ, 1700ʉ.  
ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʚʳʭʦʜ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠ-
ʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʦʪʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʙʣʘʛʦʜʘʨʷ ʣʫʯʰʝʡ ʨʘʩ-
ʪʚʦʨʠʤʦʩʪʠ ɼɹ18ʂ6 ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ KMnO4 ʚ ʫʛ-
ʣʝʚʦʜʦʨʦʜʘʭ ʠ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʞʝʥʠʶ ʚ ʵʪʦʤ ʩʣʫ-
ʯʘʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘ-
ʪʦʨʘ.  
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷʭ ʚ ʩʠʩʪʝʤʘʭ ʞʠʜʢʦʩʪʴ-ʪʚʝʨʜʘʷ ʬʘʟʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʧʨʦ-
ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʘʧʨʦʪʦʥʥʳʝ ʢʘʪʠʦʥ-
ʩʦʣʴʚʘʪʠʨʫʶʱʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʟʘ ʢʦʪʦʨʳʤʳ ʩʣʝ-
ʜʫʶʪ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ-ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʘʨʦʤʘʪʠʯʝʩʢʠʝ. 
ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʚ ʜʠʛʣʠʤʝ (98%). 
ɺʳʭʦʜ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʥʠʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶ-
ʱʝʤ ʧʦʨʷʜʢʝ: ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ> ʜʠʛʣʠʤ>ʜʠʦʢ-
ʩʘʥ>ʵʪʠʣʝʥʛʣʠʢʦʣʴ >ʢʩʠʣʦʣ 
ʀʟʫʯʝʥʦ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʢʨʘʫʥ-ʵʬʠʨʦʚ 

ʥʘ ʚʳʭʦʜ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ.  
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʢʨʘʫʥ-

ʵʬʠʨʳ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ: 
ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɼɹ18ʂ6 ʠ 18ʂ6 ʙʣʘ-
ʛʦʜʘʨʷ ʣʫʯʰʝʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʵʪʠʭ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʩ KMnO4.  
ʇʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʦʣʦʩʪʠ 

ʢʨʘʫʥ-ʵʬʠʨʘ ʧʨʠ ʧʨʝʭʦʜʝ ʦʪ 18ʂ6 ʢ ʇʄ15ʂ5 ʠ ʜʘ-
ʣʝʝ ʢ ʊʄ12ʂ4 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʧʝʥ-
ʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɹʝʟ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʦʙʨʘʟʦʚʘʥʠʝ 
ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘ ʚʳʭʦʜ 
ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ɼɹ18ʂ6 ʠ KMnO4. 
ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ KMnO4 ʦʪ 0,1 ʜʦ 0,5 

ʤʦʣʴ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʆʜ-
ʥʘʢʦ, ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ KMnO4 ʙʦʣʝʝ, ʯʝʤ 
0,5 ʤʦʣʴ ʚʳʟʳʚʘʝʪ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ. 
ɸʥʘʣʦʛʠʯʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ɼɹ18ʂ6 ʦʪ 

0,001 ʜʦ 0,005 ʤʦʣʴ ʚʝʜʝʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʚʦʟʨʘʩʪʘ-
ʥʠʶ ʚʳʭʦʜʘ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʄʘʢʩʠʤʘʣʴʥʳʡ 
ʚʳʭʦʜ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 
0,004 ʤʦʣʴ ɼɹ18ʂ6.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦ-
ʩʪʦʡ ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ 
ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɼʣʷ ʧʨʝ-
ʧʘʨʘʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʠ-
ʩʪʝʤʳ KMnO4. ɼɹ18ʂ6 ʠʣʠ 18ʂ6 ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʣʠ ʚ ʧʨʦʩʪʳʭ ʵʬʠʨʘʭ.  
ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ 
ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʘ, ʧʨʠ-
ʝʤʣʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʢʘʨʙʦʥʦ-
ʚʳʭ ʢʠʩʣʦʪ, ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʝʦ 
ʠʟʤʝʥʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʢʠʩʣʝʥʠʷ. 
ʇʦ ʦʜʥʦʤʫ ʠʟ ʥʠʭ ʠʩʭʦʜʥʳʡ ʧʨʦʜʫʢʪ, ʢʨʘʫʥ-ʵʬʠʨʘ 
ʠ KMnO4 ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʣʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʝ-
ʨʝʤʝʰʠʚʘʶʪ ʧʨʠ 1050ʉ-1700ʉ ʜʦ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘ-
ʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʟʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ 
ʩʤʝʩʴ ʧʦʜʚʝʨʛʘʶʪ ʦʙʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ 
ʧʨʦʜʫʢʪʘ (ʚʘʨʠʘʥʪ ɸ). ɺʘʨʠʘʥʪ ɸ ʫʜʦʙʝʥ ʜʣʷ ʧʦʣʫ-
ʯʝʥʠʷ ʣʝʛʢʦʢʠʧʷʱʠʭ (ʜʦ 1750ʉ) ʧʨʝʜʝʣʴʥʳʭ ʢʘʨʙʦ-
ʥʦʚʳʭ ʢʠʩʣʦʪ.  
ɺʘʨʠʘʥʪ ɸ. ɺ ʨʝʘʢʮʠʦʥʥʦʡ ʩʦʩʫʜ, ʩʥʘʙʞʝʥʥʳʡ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʰʘʣʢʦʡ, ʥʘʩʘʜʢʦʡ ʜʣʷ ʦʪʛʦʥʢʠ ʧʨʦ-
ʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʥʠʩʭʦʜʷʱʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʢʘ-
ʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ, ʧʦʤʝʱʘʶʪ ʤʦʣʦʪʫʶ KMnO4 ʚ 
ʢʦʣʠʯʝʩʪʚʝ 0.3-0.4 ʤʦʣʴ, ʧʨʠʣʠʚʘʶʪ ʚʳʰʝ ʫʨʦʚʥʷ 
KMnO4 ʚʳʩʦʢʦʢʠʧʷʱʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʚʥʦʩʷʪ 
ʢʨʘʫʥ-ʵʬʠʨ ʚ ʢʦʣʠʯʝʩʪʚʝ 0.003-0.004 ʤʦʣʴ, ʚʢʣʶ-
ʯʘʶʪ ʤʝʰʘʣʢʫ ʠ ʥʘʛʨʝʚʘʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘ 
200ʉ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦ-
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ʜʫʢʪʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʢʘ-
ʧʝʣʴʥʦʡ ʚʦʨʦʥʢʠ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʶʪ ʩʧʠʨʪʳ ʠʣʠ 
ʛʘʣʦʛʝʥʘʣʢʘʥʳ. ʆʯʝʥʴ ʩʢʦʨʦ ʥʘʯʠʥʘʝʪʩʷ ʦʪʛʦʥʢʘ 
ʧʨʦʜʫʢʪʘ. ɼʦʙʘʚʣʝʥʠʷ, ʥʘʛʨʝʚ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʨʝ-
ʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʜʦʣʞʘʶʪ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʦʪ-
ʛʦʥʢʠ ʧʨʦʜʫʢʪʘ.  
ʆʙʨʘʙʦʪʢʘ. ʇʨʦʜʫʢʪ ʩʫʰʘʪ ʥʘʜ ʫʛʣʝʢʠʩʣʳʤ 

ʢʘʣʠʝʤ ʠ ʧʦʜʚʝʨʛʘʶʪ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʛʦʥʢʠ. ɺ ʨʝʘʢ-
ʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʦʩʪʘʝʪʩʷ ʨʘʩʪʚʦʨ ʚʟʷʪʦʛʦ ʢʨʘʫʥ-
ʵʬʠʨʘ ʚ ʥʝʩʢʦʣʴʢʦ ʟʘʛʨʷʟʥʝʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʥʘ 
ʜʥʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚʳʧʘʚʰʳʡ ʦʩʘʜʦʢ MnO2. 
ʈʘʩʪʚʦʨ ʢʨʘʫʥ-ʵʬʠʨʘ ʚ ʛʦʨʷʯʝʤ ʚʠʜʝ ʦʪʜʝʣʷʶʪ ʜʝ-
ʢʘʥʪʘʮʠʝʡ. ʕʪʦʪ ʨʘʩʪʚʦʨ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʧʦʚʪʦʨʥʳʭ ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʳʪʦʚ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʘʫʥ-ʵʬʠʨʘ ʠ ʨʘʩʪʚʦ-
ʨʠʪʝʣʷ ʠ ʧʨʠ ʵʪʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʨʘʫʥ-
ʵʬʠʨʘ ʥʠʩʢʦʣʴʢʦ ʥʝ ʫʭʫʜʰʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʧʨʝʜʣʘʛʘʝʤʦʤ ʩʧʦʩʦʙʝ ʨʘʩʭʦʜʘ ʩʘʤʦʛʦ ʜʦʨʦʛʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʠʠ- ʢʨʘʫʥ-ʵʬʠʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ 
ʥʝ ʪʝʨʷʝʪʩʷ ʜʘʞʝ ʨʘʩʪʚʦʨʠʪʝʣʴ.  
ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʝʨʝʜ ʠʟʚʝʩʪ-

ʥʳʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
1) ʆʪʩʫʪʩʪʚʫʶʪ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ï ʠʟʦʤʝ-

ʨʠʟʘʮʠʷ ʠ ʦʩʤʦʣʝʥʠʝ; 
2) ʉʧʦʩʦʙ ʧʨʦʩʪ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ; 
3) ʂʨʘʫʥ-ʵʬʠʨʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʥʝ ʨʘʩʭʦʜʫ-

ʶʪʩʷ, ʘ ʦʜʥʠ ʠ ʪʝ ʞʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦ-
ʷʥʥʦʡ ʨʘʙʦʪʝ. ʊʨʝʙʫʝʪʩʷ ʣʠʰʴ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʨʝʛʝ-
ʥʝʨʘʮʠʷ, ʯʪʦ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤʦ; 
4) ʆʪʩʫʪʩʪʚʫʝʪ ʩʪʘʜʠʷ ʦʙʨʘʙʦʪʢʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ.  
ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʚʩʝ ʵʪʦ ʜʝʣʘʝʪ ʩʧʦʩʦʙ ʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʠ ʨʝʥʪʘʙʝʣʴʥʳʤ.  
ɺʘʨʠʘʥʪ ɹ. ɺ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʧʦʤʝʱʘʶʪ 

ʤʦʣʦʪʫʶ KMnO4, ʚʥʦʩʷʪ ʢʨʘʫʥ-ʵʬʠʨ, ʠʩʭʦʜʥʳʡ 
ʧʨʦʜʫʢʪ (ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʠ ʢʨʘʫʥ-ʵʬʠʨʘ ʪʝ 
ʞʝ, ʯʪʦ ʠ ʚ ʚʘʨʠʘʥʪʝ ɸ), ʧʨʠʣʠʚʘʶʪ ʣʝʛʢʦʢʠʧʷʱʠʡ 
ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʵʥʝʨʛʠʯʥʦʤ 
ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʢʠʧʷʪʷʪ ʩ ʦʙʨʘʪʥʦʤ ʭʦʣʦʜʠʣʴʥʠ-
ʢʦʤ. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʢʨʘʫʥ-ʵʬʠʨʘ ʠ KMnO4, ʘ ʪʘʢ ʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʘ-
ʨʴʠʨʫʝʪʩʷ ʦʪ 20 ʤʠʥ ʜʦ 60 ʤʠʥ. ɿʘ ʭʦʜʦʤ ʨʝʘʢʮʠʠ 
ʤʦʞʥʦ ʩʣʝʜʠʪʴ ɻɾ-ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʧʨʦʙ, 
ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  
ʆʙʨʘʙʦʪʢʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʝʘʢʮʠʦʥ-

ʥʫʶ ʩʤʝʩʴ ʚ ʛʦʨʷʯʝʤ ʚʠʜʝ ʦʪʜʝʣʷʶʪ ʦʪ ʚʳʧʘʚʰʝʛʦ 
ʦʩʘʜʢʘ ʠ ʦʭʣʘʞʜʘʶʪ, ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʙʫʤʘʞ-
ʥʳʡ ʠʣʠ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ ʩ ʦʪʜʝʣʝʥʠʝʤ ʢʨʘʫʥ-
ʵʬʠʨʘ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʛʦʥʢʠ ʬʠʣʴʪʨʘʪʘ. 
ʈʘʩʪʚʦʨʠʪʝʣʠ ʠ ʢʨʘʫʥ-ʵʬʠʨʳ, ʧʦʩʣʝ ʵʪʠʭ ʦʧʳ-

ʪʦʚ ʪʘʢʞʝ ʧʨʠʛʦʜʥʳ ʧʦʩʣʝ ʩʫʰʢʠ, ʥʦ ʙʝʟ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʦʯʠʩʪʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 
ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʳʪʦʚ. 

ʅʘʨʷʜʫ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ, ʚʘʨʠʘʥʪ ɸ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ ɹ ʦʙʣʘʜʘʝʪ ʪʝʤ ʥʝʩʦʤʥʝʥʥʦʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʯʪʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʦ-
ʭʦʞʜʝʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʩʤʦʣʝʥʠʷ, ʠʟʦʤʝ-
ʨʠʟʘʮʠʠ ʠ ʜʨ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʦʤ 
ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 1400ʉ.  

 
ʈʝʛʝʨʝʥʝʨʘʮʠʷ ʢʨʘʫʥ-ʵʬʠʨʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 
ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʨʝʛʝʥʝ-

ʨʠʨʫʶʪʩʷ ʧʨʦʩʪʦʡ ʧʝʨʝʛʦʥʢʦʡ, ʘ ʢʨʘʫʥ-ʵʬʠʨʳ-ʧʨʦ-
ʧʫʩʢʘʥʠʝʤ ʠʭ ʨʘʩʪʚʦʨʦʚ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʩʠʣʠʢʘʛʝ-
ʣʴʶ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʨʘʩ-
ʪʚʦʨʘ. ɺʳʧʘʚʰʠʝ ʠʟ ʪʘʢʠʭ ʨʘʩʪʚʦʨʦʚ ʢʨʘʫʥ-ʵʬʠʨʳ 
ʦʪʜʝʣʷʶʪ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ. ɺʤʝ-
ʩʪʦ ʢʦʣʦʥʢʠ ʩ ʩʠʣʠʢʘʛʝʣʴʶ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʢʦʣʦʥʢʫ ʩ ʦʢʠʩʴʶ ʘʣʶʤʠʥʠʷ ʠʣʠ ʞʝ ʩʧʦʩʦʙʦʤ, 
ʧʨʝʜʣʦʞʝʥʥʳʤ ʥʘ ʨʘʙʦʪʝ [10]. 
ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ 

ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʚʘʨʴʠʨʫʷ: 
ʘ) ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʫʥ-ʵʬʠʨʘ ï ʯʝʤ ʙʦʣʴʰʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʨʘʫʥ-ʵʬʠʨʘ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, 
ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ; 
ʙ) ʢʦʣʠʯʝʩʪʚʦ KMnO4 ï ʯʝʤ ʙʦʣʴʰʠʡ ʠʟʙʳʪʦʢ 

KMnO4 , ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʅʦ ʦʪ ʙʦʣʴ-
ʰʦʛʦ ʠʟʙʳʪʢʘ KMnO4 ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʦʩʤʦʣʝ-
ʥʠʷ; 
ʚ) ʪʝʤʧʝʨʘʪʫʨʫ ʦʧʳʪʘ; 
ʛ) ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ KMnO4 ʠʣʠ ʨʘʩʪʚʦʨʠʪʝ-

ʣʷʭ ï ʯʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʩʠʩʪʝʤʝ, ʪʝʤ 
ʥʠʞʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠ, ʝʩʣʠ ʠʟ-ʟʘ ʚʣʘʛʠ KMnO4 
ʠʟ ʪʚʝʨʜʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ 
ʞʠʜʢʦʝ, ʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʇʦʵʪʦʤʫ 
ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-
ʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ KMnO4 ʚ ʪʚʝʨʜʦʤ ʩʦ-
ʩʪʦʷʥʠʠ.  
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʥʦʩʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʢʨʘʫʥ-ʵʬʠʨʘ-
ʜʠʙʝʥʟʦ-18-ʢʨʘʫʥ-6 (ɼɹʂ18ʂ6) ʠ 18-ʢʨʘʫʥ-6 (18ʂ6) 
ʠ ʦʜʠʥ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʨʝʘʛʝʥʪ ʬʘʟʦʚʦʛʦ 
ʧʝʨʝʥʦʩʘ-ʯʝʪʚʝʨʪʠʯʥʳʡ ʘʤʠʥʪʨʠʵʪʠʣʙʝʥʟʠʣʘʤʤʦ-
ʥʠʡʭʣʦʨʠʜ (ʊʕɹɸ). 
ɺ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʢʠʧʷʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ 
ʢʠʩʣʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʜʠʵʪʠʣʙʝʥʟʦʣ 
(ɼʕɹ), ʢʫʤʦʣ (ʂʋʄ) ʠ ʜʨʫʛʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠʣʠ 
ʘʣʢʠʣʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʧʨʦʩʪʳʝ 
ʵʬʠʨʳ.  
ɺ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʢʠʧʷʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʩʤʝʩʴ ʠʟʦ-
ʤʝʨʥʳʭ ʢʩʠʣʦʣʦʚ, ʜʠʦʢʩʘʥ ʠ ʜʨ. ʇʦʣʫʯʝʥʥʳʝ ʦʧʪʠ-
ʤʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1.  
ʆʢʠʩʣʝʥʠʝ ʛʘʣʦʛʝʥʘʣʢʘʥʦʚ ʠ ʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ (0.1 ʤʦʣʴ ʠʩʭʦʜʥʳʡ ʧʨʦʜʫʢʪ, 0.3 ʤʦʣʴ KMnO4 

0.003 ʤʦʣʴ ʢʨʘʫʥ-ʵʬʠʨʘ, 10 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʴ) 

ʅʦʤʝʨ 
ʨʝʘʢ-ʮʠʠ 

ʀʩʭʦʜʥʳʡ 
ʧʨʦʜʫʢʪ 

ɺʘʨʠʘʥʪ 
ʨʝʘʢʮʠʠ 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 
ɺʳʭʦʜ 

% 

1 ɹʫʪʘʥʦʣ-1 ɸ ɼɹʂ18ʂ6, 1050ʉ, 50 ʤʠʥ ɹʫʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 98 

2 ʇʝʥʪʘʥʦʣ-1 ɸ 
ɼɹʂ18ʂ6, 1350ʉ, 50 ʤʠʥ, 

ʢʩʠʣʦʣ 
ʇʝʥʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 95 

3 ɻʝʢʩʘʥʦʣ-1 ɹ 
ɼɹʂ18ʂ6, 1600ʉ, 30 
ʤʠʥ,ʪʝʪʨʘʛʣʠʤ 

ɻʝʢʩʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 96 

4 ɻʝʧʪʦʥʦʣ-1 ɹ ɼɹʂ18ʂ6, 1600ʉ, 40 ʤʠʥ ɻʝʧʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 96 

5 ʆʢʪʘʥʦʣ-1 ɹ ɼɹʂ18ʂ6, 1700ʉ, 20 ʤʠʥ ʆʢʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 95 

6 ʍʣʦʨʧʝʥʪʘʥ-1 ɸ 
18ʂ6, 1400ʉ, 30 ʤʠʥ, ʢʩʠ-

ʣʦʣ 
ʍʣʦʨʧʝʥʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 92 

7 ɹʨʦʤʧʝʥʪʘʥ-1 ɸ 
18ʂ6, 1400ʉ, 30 ʤʠʥ, ʜʠ-

ʛʣʠʤ 
ɹʨʦʤʧʝʥʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 93 

8 ʍʣʦʨʛʝʢʩʘʥ-1 ɸ 
18ʂ6, 1400ʉ, 30 ʤʠʥ, ʜʠ-

ʛʣʠʤ 
ʍʣʦʨʛʝʢʩʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 95 

9 ɹʨʦʤʛʝʢʩʘʥ-1 ɸ 
18ʂ6, 1010ʉ, 30 ʤʠʥ, ʜʠ-

ʦʢʩʘʥ 
ɹʨʦʤʛʝʢʩʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 96 

10 ʍʣʦʨʛʝʧʪʘʥ-1 ɹ 
ɼɹʂ18ʂ6, 1400ʉ, 40 ʤʠʥ, 

ʜʠʛʣʠʤ 
ʍʣʦʨʛʝʧʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 93 

11 ɹʨʦʤʛʝʧʪʘʥ-1 ɹ 
ɼɹʂ18ʂ6, 1400ʉ, 40 ʤʠʥ, 

ʜʠʛʣʠʤ 
ɹʨʦʤʛʝʧʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 96 

 
ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʘʨʠʘʥʪʘ ɹ ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʤʘʩʣʷʥʦʡ ʙʘʥʠ, ʘ ʜʣʷ ʚʘʨʠʘʥʪʘ ɸ ï ʪʝʤʧʝʨʘ-
ʪʫʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  
ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʫʩʧʝʰʥʦ ʧʨʝʚʨʘʱʝʥʳ 

ʚ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʥʝ ʪʦʣʴʢʦ ʩʧʠʨʪʳ, ʥʦ ʠ ʛʘʣʦ-
ʛʝʥʩʦʜʝʨʞʘʱʠʝ ʥʘʩʳʱʝʥʥʳʝ ʘʣʢʘʥʳ. ʇʨʠʯʝʤ 
ʫʩʧʝʰʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʙʨʦʤʠʜʦʚ, ʥʦ ʠ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦ-
ʩʧʦʩʦʙʥʳʭ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʥʘʩʳʱʝʥʥʳʭ ʘʣʢʘʥʦʚ.  

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ʏʠʩʪʦʪʫ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝ-

ʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʘ 
ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥ-
ʩʪʘʥʪ. ɸʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ ʃʍʄ-8 ʄɼ 
(ʤʦʜʝʣʴ 3ɸ) ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦ-
ʨʦʤ. ʂʦʣʦʥʢʫ ʜʣʠʥʦʡ 1.5 ʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪ-
ʨʦʤ 3 ʤʤ ʟʘʧʦʣʥʷʣʠ ʭʨʦʤʘʪʦʥʦʤ N-AW-DMCS 
ʬʨʘʢʮʠʠ 0.20-0.25 ʤʤ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʝʛʦ ʩʠʣʠ-
ʢʦʥʦʚʳʤ ʢʘʫʯʫʢʦʤ ʉʂʊʌʊ-50 (5% ʦʪ ʤʘʩʩʳ ʥʦʩʠ-
ʪʝʣʷ).  
ʇʦʣʫʯʝʥʠʝ ʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚʘʨʠʘʥʪ ɸ ʩ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʩʤ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʘʢʮʠʶ 2). ɺ ʨʝʘʢ-
ʮʠʦʥʥʫʶ ʢʦʣʙʫ ʧʦʤʝʱʘʣʠ 8.8 ʛ (0.1 ʤʦʣʴ) ʧʝʥʪʘ-
ʥʦʣ-1, 1.2 ʛ (0.003 ʤʦʣʴ) ɼɹ18ʂ6, ʧʨʠʣʠʚʘʣʠ 10 ʤʣ 
ʢʩʠʣʦʣʘ ʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʦʜʠʥ ʧʨʠʝʤ ʚʥʦ-
ʩʠʣʠ 47.4 ʛ 
(0.3 ʤʦʣʴ) KMnO4. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʠ ʢʠʧʷʪʠʣʠ 50 ʤʠʥ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝ-
ʘʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʛʦʨʷʯʝʤ ʚʠʜʝ ʜʝʢʘʥʪʘ-
ʮʠʝʡ ʦʪʜʝʣʷʣʠ ʦʪ ʚʳʧʘʚʰʝʛʦ ʦʩʘʜʢʘ. ʆʩʪʘʪʦʢ ʵʢʩ-
ʪʨʘʛʠʨʦʚʘʣʠ 5 ʤʣ ʛʦʨʷʯʝʛʦ ʢʩʠʣʦʣʘ. ʇʨʠ 
ʦʭʣʘʞʜʝʥʠʠ ʠʟ ʦʙʴʝʜʠʥʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ 
ʚʳʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʩʷ ɼɹ18ʂ6, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ 
ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ. ʌʠʣʴ-
ʪʨʘʪ ʧʦʜʚʝʨʛʘʣʠ ʧʝʨʝʛʦʥʢʝ ʧʦʜ ʫʤʝʥʴʰʝʥʥʳʤ ʜʘʚ-
ʣʝʥʠʝʤ. 
ɺʳʭʦʜ 9.7 ʛ (95%); ʪ.ʢʠʧ.600C/ 5ʤʤ; nD20 

1.3955.  
ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [11]: ʪ.ʢʠʧ. 1870ʉ, nD20 

1.3952.  

ʇʦʣʫʯʝʥʠʝ ʭʣʦʨʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚʘʨʠʘʥʪ 
ɸ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʤ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʘʢʮʠʶ 6). ɺ 
ʨʝʘʢʮʠʦʥʥʫʶ ʢʦʣʙʫ ʧʦʤʝʱʘʣʠ 10.6 ʛ (0.1 ʤʦʣʴ) 
ʭʣʦʨʧʝʥʪʘʥ-1, 1.2 ʛ (0.0042 ʤʦʣʴ) 18ʂ6, ʧʨʠ ʧʝʨʝʤʝ-
ʰʠʚʘʥʠʠ ʚ ʦʜʠʥ ʧʨʠʝʤ ʚʥʦʩʠʣʠ 47.4 ʛ (0.3 ʤʦʣʴ) 
KMnO4 . ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʥʘ ʤʘʩʣʷ-
ʥʦʡ ʙʘʥʝ ʜʦ 1500ʉ ʚ ʪʝʯʝʥʠʝ 30-40 ʤʠʥ. ɿʘ ʵʪʦʪ ʧʝ-
ʨʠʦʜ ʩ ʮʝʣʴʶ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ KMnO4 ʦʪ 
ʯʘʩʪʠʮ MnO2 ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝ-
ʨʝʤʝʰʠʚʘʣʠ ʧʫʪʝʤ ʨʫʯʥʦʛʦ ʧʦʚʦʨʦʪʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʤʝʰʘʣʢʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʠʣʠ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʨʝʘʢʮʠ-
ʦʥʥʫʶ ʩʤʝʩʴ ʥʝ ʚʳʚʝʩʪʠ ʠʟ ʛʦʨʷʯʝʡ ʯʘʩʪʠ ʨʝʘʢʮʠ-
ʦʥʥʦʡ ʢʦʣʙʳ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʨʝʘʢʮʠʦʥʥʫʶ 
ʩʤʝʩʴ ʪʨʠ ʨʘʟʘ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ, ʢʘʞʜʳʡ ʨʘʟ 5 ʤʣ ʛʦ-
ʨʷʯʝʛʦ ʪʦʣʫʦʣʘ, ʠ ʦʙʴʝʜʠʥʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʧʦʜʚʝʨ-
ʛʘʣʠ ʧʝʨʝʛʦʥʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ 
ʢʨʘʫʥ-ʵʬʠʨ ʚ ʚʠʜʝ ʤʘʩʣʘ ʦʩʪʘʚʘʣʩʷ ʥʘ ʜʥʝ ʧʝʨʝʛʦʥ-
ʥʦʡ ʢʦʣʙʳ. 
ɺʳʭʦʜ 12,6 ʛ (92%), ʪ.ʢʠʧ. 107,8 0C/ 5ʤʤ; nD

20 

=1.4127, d=0.8818.  
ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [12]: ʪ. ʢʠʧ. 107,80C, nD

20 
= 1,4127, d = 0,8818. 
ʇʦʣʫʯʝʥʠʝ ʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʚʘʨʠʘʥʪ ɹ ʩ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʩʤ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʘʢʮʠʶ 3). ɺ ʨʝʘʢ-
ʮʠʦʥʥʫʶ ʢʦʣʙʫ ʩ ʥʠʩʭʦʜʷʱʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʧʦ-
ʤʝʱʘʣʠ 10.2 ʛ (0.1 ʤʦʣʴ) ʛʝʢʩʘʥʦʣʘ-1, 1.2 ʛ (0.003 
ʤʦʣʴ) ɼɹ18ʂ6, ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʦʜʠʥ ʧʨʠʝʤ 
ʚʥʦʩʠʣʠ 31.6 ʛ (0.2 ʤʦʣʴ) KMnO4 ʠ 10 ʤʣ ʪʝʪ-
ʨʘʛʣʠʤʘ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʪʝʤʧʝʨʘ-
ʪʫʨʫ ʤʘʩʣʷʥʦʡ ʙʘʥʠ ʤʝʜʣʝʥʥʦ ʧʦʜʥʠʤʘʣʠ ʜʦ 1600ʉ 
ʠ ʧʦʣʫʯʘʣʠ ʛʝʢʩʘʥʦʚʫʶ ʢʠʩʣʦʪʫ. 
ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʪʛʦʥʢʠ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʙʘʥʠ ʤʝʜʣʝʥʥʦ ʧʦʜʥʠʤʘʣʠ ʜʦ 1650ʉ, ʘ ʚ ʢʦʥʮʝ 
ʨʝʘʢʮʠʠ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ï ʜʦ 1700ʉ. ʇʦʣʫʯʝʥʥʳʡ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʜʫʢʪ, ʢʨʦʤʝ ʚʦʜʳ, ʥʠʢʘʢʠʭ ʧʨʠ-
ʤʝʩʝʡ ʥʝ ʩʦʜʝʨʞʘʣ. 
ɺʳʭʦʜ 11.1ʛ (96%), ʪ. ʢʠʧ. 720C/ 5ʤʤ, nD

20 = 
1,4147.  
ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ [11]: ʪ. ʢʠʧ. 2050C, nD20 

= 1,4150. 
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ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʢʦʥʜʝʥʩʘʮʽʷ ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʻʚʠʭ ʩʦʣʝʡ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʪʘ 3,5-ʜʠʙʨʦʤʦʩʘʣʽʮʠʣʦ-

ʚʠʤ ʘʣʴʜʝʛʽʜʘʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. 

ABSTRACT 

The aim of the research is the condensation of cyclopenta[c]quinolinium salts with 2-hydroxybenzaldehyde 

and 3,5-dibromo-2-hydroxybenzaldehyde and its antimicrobial activity. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɻʝʪʝʨʦʮʠʢʣʽʟʘʮʽʷ, ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʻʚʽ ʩʦʣʽ, ʩʘʣʽʮʠʣʦʚʠʡ ʘʣʴʜʝʛʽʜ, 3,5-ʜʠʙʨʦʤʦ-

ʩʘʣʽʮʠʣʦʚʠʡ ʘʣʴʜʝʛʽʜ, ʧʨʦʪʠʤʽʢʨʦʙʥʘ ʘʢʪʠʚʥʽʩʪʴ. 

Keywords: Heterocyclization, cyclopenta[c]quinolinium salts, 2-hydroxy-benzaldehyde, 3,5-dibromo-2-

hydroxybenzaldehyde, antimicrobial activity. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽ-

ʜʞʝʥʴ. 

ɺʽʜʦʤʦ, ʱʦ ʣʽʢʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʭʽʥʦʣʽʥʦʚʠʡ ʬʨʘʛ-

ʤʝʥʪ, ʧʨʦʷʚʣʷʶʪʴ ʧʨʦʪʠʤʘʣʷʨʽʡʥʽ (ʭʣʦʨʦʭʽʥ, ʧʣʘʟ-

ʤʦʮʠʜ), ʘʥʪʠʩʝʧʪʠʯʥʽ (ʭʣʦʨʭʽʥʘʣʴʜʠʥ, ʥʽʪʨʦʢʩʦʣʽʥ, 

ʝʥʪʝʨʦʩʝʧʪʦʣ), ʘʥʝʩʪʝʟʽʡʥʽ (ʩʦʚʢʘʾʥ) ʚʣʘʩʪʠʚʦʩʪʽ. 

ɸʣʝ, ʫ ʟʚôʷʟʢʫ ʟ ʚʠʷʚʣʝʥʥʷʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʜʦ ʜʽʾ 

ʤʝʜʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʚʠʥʠʢʘʻ ʧʦʩʪʽʡʥʘ ʥʝʦʙʭʽʜ-

ʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ʉʠʥʪʝʟ ʥʦʚʠʭ ʭʽʥʦʣʽʥʦʚʠʭ ʧʦʭʽʜʥʠʭ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʷʚʣʝʥʥʷ ʽʥʰʠʭ ʚʠʜʽʚ 

ʘʢʪʠʚʥʦʩʪʽ [1-3], ʟʦʢʨʝʤʘ, ʧʨʦʪʠʧʫʭʣʠʥʥʦʾ [4-9]. 

ʊʘʢʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʩʧʨʠʷʻ ʩʠʥʪʝʪʠʯʥʽʡ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʭʽʥʦʣʽʥʫ. ʅʘ 

ʮʽʡ ʦʩʥʦʚʽ ʩʠʥʪʝʟ ʛʽʙʨʠʜʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʜʚʘ ʽ ʙʽʣʴʰʝ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʠ, ʻ ʥʦʚʦʶ ʦʙʣʘʩʪʶ ʜʦ-

ʩʣʽʜʞʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ [10], ʱʦ ʧʦʭʽʜʥʽ ʭʽʥʦʣʽʥʫ, 

ʱʦ ʤʽʩʪʷʪʴ ʘʥʝʣʴʦʚʘʥʝ ʮʠʢʣʦʧʝʥʪʘʥʦʚʝ ʢʽʣʴʮʝ, ʧʨʦ-

ʷʚʣʷʶʪʴ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʦ 

[11,12], ʱʦ ʧʝʨʭʣʦʨʘʪʠ ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ ʪʘ 

ʧʨʦʜʫʢʪʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʧ-ʜʠʤʝʪʠʣʘʤʽʥʦʙʝʥʟʘʣʴʜʝʛʽ-

ʜʦʤ (ʩʪʠʨʠʣʠ) ʧʨʦʷʚʣʷʶʪʴ ʚʠʩʦʢʫ ʘʥʪʠʩʪʘʬʽʣʦʢʦ-

ʢʦʚʫ ʘʢʪʠʚʥʽʩʪʴ.  

ʅʘʤʠ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʜʫʢʪʠ ʢʦʥʜʝʥʩʘʮʽʾ ʩʦ-

ʣʝʡ ʮʠʢʣʦʧʝʥʪʘ[ʩ]ʭʽʥʦʣʽʥʽʶ ʟ 4-ʥʽʪʨʦʩʘʣʽʮʠʣʦʚʠʤ 

ʘʣʴʜʝʛʽʜʦʤ ʚʦʣʦʜʽʶʪʴ ʧʨʦʪʠʛʨʠʙʢʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ 

[13]. ɺ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʪʠʤʽʢʨʦʙʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʭʽʜʥʠʭ ʭʽʥʦʣʽʥʫ ʟ ʘʥʝʣʴʦʚʘʥʠʤ ʮʠ-

ʢʣʦʧʝʥʪʘʥʦʚʠʤ ʢʽʣʴʮʝʤ ʦʜʝʨʞʘʥʦ ʧʨʦʜʫʢʪʠ ʢʦʥ-

ʜʝʥʩʘʮʽʾ ʩʦʣʝʡ ʮʠʢʣʦʧʝʥʪʘ[ʩ]ʭʽʥʦʣʽʥʽʶ ʟ ʩʘʣʽʮʠʣʦ-

ʚʠʤ ʘʣʴʜʝʛʽʜʦʤ ʪʘ ʡʦʛʦ 3,5-ʜʠʙʨʦʤʦʧʦʭʽʜʥʠʤ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʠʥʪʝʟ ʧʦʭʽʜʥʠʭ ʮʠ-

ʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʡ ʧʝʨʭʣʦʨʘʪʽʚ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʪʘ 

3,5-ʜʠʙʨʦʤʦʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʘʤʠ ʪʘ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʩʧʦ-

ʣʫʢ.  

ʄʘʪʝʨʽʘʣ ʽ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺ ʨʝʘʢʮʽʾ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ ʪʘ ʡʦʛʦ 3,5-

ʜʠʙʨʦʤʦʧʦʭʽʜʥʠʤ ʚʠʢʦʨʠʩʪʘʥʽ ʜʝʷʢʽ ʮʠʢʣʦʧʝ-

ʥʪʘ[c]ʭʽʥʦʣʽʥʽʡ ʧʝʨʭʣʦʨʘʪʠ, ʩʠʥʪʝʟʦʚʘʥʽ ʟʘ ʤʝʪʦʜʠ-

ʢʦʶ [14].  

ʈʝʘʢʮʽʾ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʮʠʢʣʦʧʝ-

ʥʪʘ[c]ʭʽʥʦʣʽʥʽʡ ʧʝʨʭʣʦʨʘʪʽʚ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽ-

ʜʦʤ ʘʙʦ ʡʦʛʦ 3,5-ʜʠʙʨʦʤʦʧʦʭʽʜʥʠʤ ʘʣʴʜʝʛʽʜʦʤ ʚ ʧʽ-

ʨʠʜʠʥʽ. 

ɹʫʜʦʚʘ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʘʥʠʤʠ ʤʘʩ-ʩʧʝʢ-

ʪʨʦʩʢʦʧʽʾ ʪʘ ʗʄʈ1ʅ. ʉʧʝʢʪʨʠ ʗʄʈ1ʅ ʨʝʻʩʪʨʫʚʘʣʠ 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ Mercury-400 (Varian) ʟ ʨʦʙʦ-

ʯʦʶ ʯʘʩʪʦʪʦʶ 400 ʄɻʮ, ʨʦʟʯʠʥʥʠʢ ɼʄʉʆ - D6. 

ʍʽʤʽʯʥʽ ʟʩʫʚʠ ʚʠʨʘʞʝʥʦ ʚ d-ʰʢʘʣʽ ʚʽʜʥʦʩʥʦ ʪʝʪʨʘ-

ʤʝʪʠʣʩʠʣʘʥʫ ʷʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʪʘʥʜʘʨʪʫ. 

ʍʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʠ ʦʪʨʠʤʘʥʽ ʥʘ ʧʨʠʣʘʜʽ PE 

SCIEX API 150 EX [ʜʝʪʝʢʪʦʨʠ UV (254 ʥʤ) ʪʘ 

ELSD].  

ɺʠʚʯʝʥʥʷ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦ-

ʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠʢʦʥʘʥʦ ʤʝʪʦʜʦʤ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝ-

ʜʝʥʴ ʚ ʘʛʘʨʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂʦʥʜʝʥʩʘʮʽʻ ʁʩʦʣʝʡ ʮʠʢʣʦʧʝʥʪʘ[ʩ]ʭʽʥʦʣʽʥʽʶ ʟ 

ʨʽʟʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʙʽʣʷ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ ʟ ʩʘʣʽʮʠ-

ʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ ʘʙʦ ʡʦʛʦ 3,5-ʜʠʙʨʦʤʦʧʦʭʽʜʥʠʤ 

ʩʠʥʪʝʟʦʚʘʥʦ ʩʝʨʽʶ ʧʦʭʽʜʥʠʭ ʚ ʧʦʣʦʞʝʥʥʽ 1 ʮʠʢʣʦ-

ʧʝʥʪʘ[ʩ]ʭʽʥʦʣʽʥʽʻʚʦʛʦ ʬʨʘʛʤʝʥʪʘ: 

 
1- R= Bz , R1 = H; 2- R = Et, R1 = H; 3 - R=Ph, R1 =H; 4- R=Ph, R1 = benzo-f; 6 - R2 =H; 7- R2 = 3,5-Br2; 8- 

R= Bz, R1 = H, R2 =H; 9- R= Et, R1 = H, R2 =H; 10- R=Ph, R1 =H, R2 =H; 11- R=Ph, R1 = benzo-f; R2 =H; 12- 

R=Et , R1 = H, R2 = 3,5-Br2, 13- R=Ph, R1 =H, R2 =3,5-Br2; 14- R=Ph, R1 = benzo-f; R2 =3,5-Br2. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʜʝʥʩʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʝʢʚʽʤʦʣʷʨʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʯʝʪʚʝʨʪʠʥʥʦʾ 

ʩʦʣʽ 1-5 ʽ ʘʣʴʜʝʛʽʜʫ 6,7 ʚ ʧʽʨʠʜʠʥʽ ʚʧʨʦʜʦʚʞ 0.5 ʛʦ-

ʜʠʥ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚʦʜʦʶ ʽ ʧʝʨʝ-

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʘʙʦ ʝʪʘ-

ʥʦʣʫ ʦʜʝʨʞʫʚʘʣʠ ʟʘʙʘʨʚʣʝʥʽ ʧʨʦʜʫʢʪʠ ʟ ʚʠʭʦʜʘʤʠ 

67ï92%.  

1-(2-ɻʽʜʨʦʢʩʠʙʝʥʟʠʣʽʜʝʥ)-5-ʙʝʥʟʠʣ-2,3-ʜʠ-

ʛʽʜʨʦ-1ʅ-ʮʠʢʣʦ-ʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʡ ʧʝʨʭʣʦʨʘʪ (8) 

ʉʫʤʽʰ ʝʢʚʽʤʦʣʷʨʥʠʭ ʢʽʣʴʢʦʩʪʝʡ (10 ʤʤʦʣʴ) 

ʩʦʣʽ 1 ʽ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʥʘʛʨʽʚʘʣʠ ʚʧʨʦʜʦʚʞ 

0,5 ʛʦʜ. ʧʨʠ 100ʦʉ ʚ 10 ʤʣ ʧʽʨʠʜʠʥʫ. ʏʝʨʝʟ ʜʦʙʫ 

ʦʩʘʜ, ʱʦ ʚʠʧʘʚ, ʦʙʨʦʙʣʷʣʠ ʜʽʝʪʠʣʦʚʠʤ ʝʬʽʨʦʤ ʽ ʧʝ-

ʨʝʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ (1:1) ʨʦʟ-

ʯʠʥʫ.  

ʆʜʝʨʞʘʥʦ 3,62 ʛ (78%) ʢʨʠʩʪʘʣʽʚ. ʊʧʣ.(ʟ ʝʪʘ-

ʥʦʣʫ) 145-147 Üʉ. ʉʧʝʢʪʨ ʗʄʈ 1ʅ, ŭ, ʤ.ʜ.: 2,19 ʪ (2H, 

CH2, J = 6,8 ɻʮ), 3,39 ʪ (2H, CH2, J = 6,8 ɻʮ), 6,15 c 

(2H, CH2 Ph), 6,89 ʜ (1H, C6H4, J = 8,0 ɻʮ), 7,00 ʪ (1H, 

C6H4, J = 8,0 ɻʮ), 7,08 ï 7,58 ʤ (8H, Ar + CH=), 7,88 

ï 8,09 ʤ (2H, Ar), 8,35 ï 8,46 ʤ (2H, Ar), 9,22 c (1H, 

N=CH), 9,69 c (1H, OH). ɿʥʘʡʜʝʥʦ, %N: 3,10. 

C26H22ClNO5. 

ʉʧʦʣʫʢʠ (9-15) ʩʠʥʪʝʟʫʚʘʣʠ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ 

ʤʝʪʦʜʠʢʦʶ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʦʧʠʩʘʥʽ ʚ ʧʨʘʮʽ [15]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʘ ʯʘʩ-

ʪʠʥʘ. 

ɺ ʧʦʞʠʚʥʦʤʫ ʘʛʘʨʽ ʥʘ ʯʘʰʮʽ ʇʝʪʨʽ ʚʠʛʦʪʦʚʣʷʣʠ 

ʣʫʥʢʠ ʜʽʘʤʝʪʨʦʤ 4,0 ʤʤ, ʧʽʩʣʷ ʯʦʛʦ ʘʛʘʨ ʨʽʚʥʦʤʽʨʥʦ 

ʟʘʩʽʚʘʣʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ ʩʫʩʧʝʥʟʽʷʤʠ ʪʝʩʪ-ʢʫ-

ʣʴʪʫʨ (ʢʦʥʮʝʥʪʨʘʮʽʾ 1³107 ʂʋʆ/ʤʣ). ɺ ʣʫʥʢʠ ʘʛʘʨʫ 

ʥʘ ʯʘʰʮʽ ʇʝʪʨʽ ʚʥʦʩʠʣʠ ʧʦ 20 ʤʢʣ ʨʦʟʯʠʥʫ ʜʦʩʣʽ-

ʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ (ʢʦʥʮʝʥʪʨʘʮʽʷ 1000 ʤʢʛ/ʤʣ) ʫ 

12,5%-ʤʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ DMSO. ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʣʠ ʜʽ-

ʘʤʝʪʨʠ ʟʦʥ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʆʜʝʨ-

ʞʫʚʘʣʠ ʮʠʬʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʩʽʚʽʚ ʥʘ ʯʘʰʢʘʭ, ʘʥʘ-

ʣʽʟ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ UTHSCSA ImageTool 2.0 (The University 

of Texas Health Science Center in San Antonio, É1995-

1996) [16]. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʷʣʠ ʤʝʪʦ-

ʜʘʤʠ ʚʘʨʽʘʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ɺ ʢʦʥʪʨʦʣʴʥʠʭ ʣʫʥ-

ʢʘʭ, ʚ ʷʢʽ ʚʥʦʩʠʣʠ ʨʦʟʯʠʥʥʠʢ (12,5%-ʡ ʚʦʜʥʠʡ ʨʦʟ-

ʯʠʥ DMSO), ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. 

ɺ ʷʢʦʩʪʽ ʪʝʩʪ-ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʽ-

ʥʽʯʥʽ ʽʟʦʣʷʪʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʚʠʜʽʣʝʥʠʭ ʚʽʜ ʧʘʮʽʻ-

ʥʪʽʚ ʛʥʽʡʥʦ-ʩʝʧʪʠʯʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ: 

(Staphylococcus sp., Streptococcus sp., Escherichia 

coli, Klebsiella pneumoniae, Morganella morganii, 

Pseudomonas aeruginosa), ʜʨʽʞʜʞʦʧʦʜʽʙʥʠʭ ʛʨʠʙʽʚ 

Candida sp., ʚʠʜʽʣʝʥʠʭ ʚʽʜ ʧʘʮʽʻʥʪʽʚ ʟ ʢʘʥʜʠʜʦ-

ʟʥʠʤʠ ʩʪʦʤʘʪʠʪʘʤʠ, Asergillus sp., ʚʠʜʽʣʝʥʠʭ ʚʽʜ ʧʘ-

ʮʽʻʥʪʽʚ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʦʪʠʪʘʤʠ. ʂʣʽʥʽʯʥʽ ʰʪʘʤʠ ʤʽʢ-

ʨʦʦʨʛʘʥʽʟʤʽʚ ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʯ-

ʥʠʭ, ʢʫʣʴʪʫʨʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ 9-ʛʦ ʚʠʜʘʥʥʷ çɺʠʟʥʘʯʥʠʢʘ ʙʘʢʪʝʨʽʡ 

ɹʝʨʜʞʽè ʪʘ ʙʽʦʭʽʤʽʯʥʠʭ ʤʽʢʨʦʪʝʩʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʙʦʨʽʚ çSTAPHYtest 16è, çENTEROtest 24è, 

çNEFERMtest 24è (Lachema, ʏʝʭʽʷ). ɯʜʝʥʪʠʬʽʢʘʮʽʶ 

ʛʨʠʙʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ VITEK 2 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ VITEK 2 YST ID card (biomerieux, 

ʌʨʘʥʮʽʷ). 

ʊʝʩʪ-ʰʪʘʤʠ ʩʪʘʬʽʣʦʢʦʢʽʚ ʚʽʜʨʽʟʥʷʣʠʩʷ ʘʥʪʠʙʽ-

ʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʽʩʪʶ. ʆʜʠʥ ʰʪʘʤ S. aureus ʙʫʚ ʯʫ-

ʪʣʠʚʠʤ ʜʦ ʫʩʽʭ ʛʨʫʧ ʘʥʪʠʙʽʦʪʠʢʽʚ. ɯʥʰʠʡ ʰʪʘʤ S. 

aureus, ʘ ʪʘʢʦʞ ʽʟʦʣʷʪ S. haemolyticus ʙʫʣʠ ʤʝʪʽʮʠ-

ʣʽʥʨʝʟʠʩʪʝʥʪʥʠʤ, ʱʦ ʜʦʚʝʜʝʥʦ ʧʦʟʠʪʠʚʥʦʶ ʨʝʘʢ-

ʮʽʻʶ ʣʘʪʝʢʩ-ʘʛʣʶʪʠʥʘʮʽʾ ʥʘ ʧʝʥʽʮʠʣʽʥ-ʟʚôʷʟʫʶʯʠʡ 

ʙʽʣʦʢ PBP2¡ (SlidexÈ MRSA Detection, bioMerieux, 

ʌʨʘʥʮʽʷ). ʆʩʪʘʥʥʽ ʜʚʘ ʪʝʩʪ-ʰʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘ-

ʣʠʩʷ ʪʘʢʦʞ ʘʩʦʮʽʡʦʚʘʥʦʶ ʨʝʟʠʩʪʝʥʪʥʽʩʪʶ ʜʦ ʤʘʢʨʦ-

ʣʽʜʽʚ, ʪʝʪʨʘʮʠʢʣʽʥʽʚ ʽ ʬʪʦʨʭʽʥʦʣʦʥʽʚ. ʂʫʣʴʪʫʨʠ E. 

coli ʽ Morganella morganii ʙʫʣʠ ʯʫʪʣʠʚʠʤʠ ʜʦ ʘʥʪʠ-

ʙʽʦʪʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʘʤʽʥʦʧʝʥʽʮʠʣʽʥʠ, ʮʝʬʘʣʦʩʧʦ-

ʨʠʥʠ ʽ ʢʘʨʙʘʧʝʥʝʤʠ. ɯʥʰʽ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʜʦʩʣʽ-

ʜʞʝʥʥʽ ɻʨʘʤ-ʥʝʛʘʪʠʚʥʽ ʙʘʢʪʝʨʽʾ (Klebsiella 

pneumoniae ʽ Pseudomonas aeruginosa) ʙʫʣʠ ʧʨʦʜʫ-

ʮʝʥʪʘʤʠ ɓ-ʣʘʢʪʘʤʘʟʠ ʨʦʟʰʠʨʝʥʦʛʦ ʩʧʝʢʪʨʫ (ESɓL). 

ɓ-ʣʘʢʪʘʤʘʟʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠʷʚʣʷʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚ-

ʥʷʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʰʪʘʤʽʚ ʜʦ ʮʝʬʦʧʝʨʘʟʦʥʫ ʽ ʢʦʤʙʽ-

ʥʘʮʽʾ ʮʝʬʦʧʝʨʝʟʦʥ/ʩʫʣʴʙʘʢʪʘʤ. ʂʫʣʴʪʫʨʠ ʜʨʽʞʜʞʦ-

ʧʦʜʽʙʥʠʭ ʛʨʠʙʽʚ ʨʦʜʫ Candida ʧʨʦʷʚʣʷʣʠ ʩʣʘʙʢʫ ʯʫ-

ʪʣʠʚʽʩʪʴ ʜʦ ʧʦʣʽʻʥʽʚ (ʥʽʩʪʘʪʠʥʫ, ʘʤʬʦʪʝʨʠʮʠʥʫ B) ʽ 

ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʘʙʦ ʩʣʘʙʢʫ ʜʦʟʦʟʘʣʝʞʥʫ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦ ʽʤʽʜʘʟʦʣʽʚ (ʢʝʪʦʢʦʥʘʟʦʣʫ) ʽ ʪʨʽʘʟʦʣʽʚ (ʬʣʶʢʦʥʘ-

ʟʦʣʫ, ʽʪʨʘʢʦʥʘʟʦʣʫ, ʚʦʨʽʢʦʥʘʟʦʣʫ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ 

ʦʢʨʝʤʽ ʟ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ (8, 9, 10, 15) ʧʨʦʷʚʣʷ-

ʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʧʨʦʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ, 

ʘʣʝ ʣʠʰʝ ʚʽʜʥʦʩʥʦ ʩʪʘʬʽʣʦʢʦʢʽʚ (ʪʘʙʣ. 1). ʇʨʠ 

ʮʴʦʤʫ ʯʫʪʣʠʚʽʩʪʴ S. aureus ʜʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʻ 

ʟʥʘʯʥʦ ʚʠʱʦʶ, ʥʽʞ S. haemolyticys. ɸʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ ʤʝʪʽʮʠʣʽʥʨʝʟʠʩʪʝʥʪʥʠʡ ʟʦʣʦʪʠʩʪʠʡ ʩʪʘʬʽʣʦ-

ʢʦʢ ʻ ʯʫʪʣʠʚʽʰʠʤ ʜʦ ʚʢʘʟʘʥʠʭ ʧʦʭʽʜʥʠʭ ʮʠʢʣʦʧʝ-

ʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ, ʥʽʞ ʤʝʪʽʮʠʣʽʥʯʫʪʣʠʚʽ ʰʪʘʤʠ S. 

aureus.  

ʇʨʦʪʠʤʽʢʨʦʙʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ 8-10 ʽ 15 ʥʝ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʽʥʰʽ ʛʨʘʤ-ʧʦʟʠʪʠʚʥʽ ʙʘʢʪʝʨʽʾ, ʟʦʢ-

ʨʝʤʘ ʩʪʨʝʧʪʦʢʦʢʠ. ɼʘʥʽ ʩʧʦʣʫʢʠ ʥʝ ʚʦʣʦʜʽʶʪʴ ʧʦʤʽ-

ʪʥʦʶ ʧʨʦʪʠʤʽʢʨʦʙʥʦʶ ʘʢʪʽʚʥʽʩʪʶ ʪʘʢʦʞ ʚʽʜʥʦʩʥʦ 

ʛʨʘʤ-ʥʝʛʘʪʠʚʥʠʭ ʙʘʢʪʝʨʽʡ ʪʘ ʛʨʠʙʽʚ (ʜʨʽʜʞʦʧʦʜʽʙ-

ʥʠʭ ʽ ʮʚʽʣʝʚʠʭ). ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠ-

ʩʪʘʥʦ 8 ʰʪʘʤʽʚ ʛʨʘʤ-ʥʝʛʘʪʠʚʥʠʭ ʙʘʢʪʝʨʽʡ (2 ʰʪʘʤʠ 

E. coli, 3 ʰʪʘʤʠ K. pneumoniae, 1 ʰʪʘʤ Morganella 

morganii ʽ 3 ʰʪʘʤʠ P. Aeruginosa). ɺ ʭʦʜʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʣʠʰʝ ʙʘʢʪʝʨʠʮʠʜʥʫ ʘʢʪʠʚ-

ʥʽʩʪʴ ʩʧʦʣʫʢʠ 9 ʚʽʜʥʦʩʥʦ ʘʥʪʠʙʽʦʪʠʢʦʯʫʪʣʠʚʦʾ M. 

morganii ʪʘ ʩʣʘʙʢʫ ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʩʧʦʣʫʢ 8-10 ̔  15 ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʘʥʪʠʙʽʦʪʠʢʦʯʫʪʣʠ-

ʚʦʛʦ ʰʪʘʤʫ E. coli. ʉʧʦʣʫʢʠ 8 ʽ 15 ʚʠʷʚʠʣʠ ʩʣʘʙʢʫ 

ʬʫʥʛʽʮʠʜʥʫ, ʘ ʩʧʦʣʫʢʘ 11 ï ʬʫʥʛʽʩʪʘʪʠʯʥʫ ʘʢʪʠʚ-

ʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʜʨʽʞʜʞʦʧʦʜʽʙʥʠʭ ʛʨʠʙʽʚ ʨʦʜʫ 

Candida, ʘʣʝ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʠʡ ʝʬʝʢʪ ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʣʠʰʝ ʚʽʜʥʦʩʥʦ 1 ʽʟ 5 ʪʝʩʪ-ʰʪʘʤʽʚ ʜʨʽ-

ʞʜʞʦʧʦʜʽʙʥʠʭ ʛʨʠʙʽʚ. ɾʦʜʥʘ ʽʟ ʧʨʦʪʝʩʪʦʚʘʥʠʭ ʩʧʦ-

ʣʫʢ ʥʝ ʚʦʣʦʜʽʣʘ ʟʜʘʪʥʽʩʪʶ ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʨʦʨʦʩ-

ʪʘʥʥʷ ʩʧʦʨ, ʤʽʮʝʣʽʘʣʴʥʠʡ ʨʽʩʪ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʧʦ-

ʨʦʫʪʚʦʨʝʥʥʷ ʢʫʣʴʪʫʨ ʮʚʽʣʝʚʠʭ ʛʨʠʙʽʚ Aspregillus 

niger ʽ A. flavus. 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʜʦʜʘ-

ʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʟʘʤʽʱʫʶʯʠʭ 

ʛʨʫʧ ʚ ʤʦʣʝʢʫʣʽ ʧʦʭʽʜʥʠʭ ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ 

ʥʘ ʾʭ ʧʨʦʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɿʦʢʨʝʤʘ, ʧʦʭʽʜʥʽ 

ʙʝʥʟʦ[f]ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ (ʩʧʦʣʫʢʠ 11 ʽ 14) 
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ʚʪʨʘʯʘʶʪʴ ʧʨʦʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʬʘʢʪ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʭʽʜʥʠʭ ʙʝʟ 

ʟʘʤʽʱʫʶʯʠʭ ʛʨʫʧ ʚ ʧʦʟʠʮʽʾ 1 ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ 

ʢʽʣʴʮʷ [11].  

ɺʦʜʥʦʯʘʩ ʘʥʘʣʦʛʠ ʩʧʦʣʫʢʠ 15 ï 1,1,1-ʪʨʠʤʝʪʠ-

ʣʝʥ-6-(4-ʜʠʤʝʪʠʣʘʤʽʥʦʙʝʥʟʠʣʽʜʝʥ)ʮʠʢʣʦ-

ʧʝʥʪʘ[ʩ]ʭʽʥʦʣʽʥʽʶ ʧʝʨʭʣʦʨʘʪ [12] ʪʘ 1-(2-ʛʽʜʨʦʢʩʠ-

4-ʥʽʪʨʦʙʝʥʟʠʣʽʜʝʥ)-4,5,6,9,10,11-ʛʝʢʩʘʛʽʜʨʦʮʠʢʣʦ-

ʧʝʥʪʘ[c]ʧʽʨʠʜʦ[3,2-ʽj]ʭʽʥʦʣʽʥʽʶ ʧʝʨʭʣʦʨʘʪ [13] ʪʘ-

ʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʨʘʱʠʤʠ ʧʨʦʪʠʤʽʢʨʦʙʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ. 2-ɻʽʜʨʦʢʩʠʙʝʥʟʠʣʽʜʝʥ, ʷʢ ʽ 

2-ʛʽʜʨʦʢʩʠ-4-ʥʽʪʨʦʙʝʥʟʠʣʽʜʝʥ ʪʘ 4-ʜʠʤʝʪʠ-

ʣʘʤʽʥʦʙʝʥʟʠʣʽʜʝʥ ʚ ʧʦʟʠʮʽʾ 1 ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ 

ʢʽʣʴʮʷ ʻ ʧʦʟʠʪʠʚʥʠʤʠ ʬʘʨʤʘʢʦʬʦʨʘʤʠ, ʷʢʽ ʩʧʨʠʷ-

ʶʪʴ ʧʨʦʷʚʫ ʩʧʦʣʫʢʘʤʠ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

2-ɻʽʜʨʦʢʩʠ-3,5-ʜʠʙʨʦʤʦʙʝʥʟʠʣʽʜʝʥ ʫ ʮʽʡ ʧʦʟʠʮʽʾ, 

ʥʘʚʧʘʢʠ, ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠʚʦ-

ʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚ-

ʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʩʪʘʬʽʣʦʢʦʢʽʚ ʽ ʦʩʦʙʣʠʚʦ - ʚʽʜʥʦʩʥʦ 

ʘʥʪʠʙʽʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʠʭ ʰʪʘʤʽʚ [17]. ʂʨʽʤ ʪʦʛʦ, 

ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʚʦʣʽ ʩʢʣʘʜʥʽ ʚʟʚʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʟʘ-

ʤʽʱʫʶʯʠʤʠ ʛʨʫʧʘʤʠ ʙʽʣʷ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ ʪʘ ʚ ʧʦ-

ʟʠʮʽʾ 1 ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʷʢʽ ʤʦʞʫʪʴ ʧʦ-

ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʧʦʭʽʜʥʠʭ ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ. 

ʊʘʙʣʠʮʷ 1. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ ʧʝʨʭʣʦʨʘʪʽʚ ʮʠʢʣʦʧʝʥʪʘ[ʩ]ʭʽʥʦʣʽʥʽʶ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʪʘ 

3,5-ʜʠʙʨʦʤʦʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʘʤʠ (ʜʽʘʤʝʪʨʠ ʟʦʥ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ, ʤʤ) 

ʉʧʦʣʫʢʠ ʂʦʥʪʨʦʣʴ 8 9 10 11  

S. aureus MS 3,95Ñ0,28 9,16Ñ0,48**  6,63Ñ0,39*  [8,54Ñ0,92]*  ï À 

S. aureus MR 3,97Ñ0,16 11,49Ñ0,6**  9,85Ñ0,22**  15,87Ñ0,11**  ï 

S. haemolyticus MR 3,97Ñ0,19 [5,33Ñ0,55] [7,42Ñ0,64]*  ï ï 

Streptococcus pyogenes 3,17Ñ0,18 4,31Ñ0,11 ï ï ï 

Streptococcus group G 3,19Ñ0,22 ï 4,59Ñ0,16 ï ï 

Escherichia coli 3,97Ñ0,31 [9,59Ñ0,9] [8,74Ñ0,6] [7,89Ñ0,58] ï 

Klebsiella pneumoniae 3,96Ñ0,29 ï ï ï ï 

Morganella morganii 3,97Ñ0,11 7,85Ñ0,52 10,64Ñ0,66 [6,99Ñ0,39] ï 

Pseudomonas aeruginosa 3,98Ñ0,21 5,52Ñ0,24 [7,73Ñ0,54] ï ï 

Candida albicans 4,16Ñ0,30 4,63Ñ0,32 ï ï [17,31Ñ0,63]*  

Candida tropicalis 4,23Ñ0,42 [5,82Ñ0,60] [5,98Ñ0,65] ï 5,04Ñ0,29 

Candida lipolytica 4,16Ñ0,22 ï 4,83Ñ0,32 ï ï 

Candids lusitaniae 4,08Ñ0,29 [6,94Ñ0,38]*  [6,34Ñ0,89]*  ï ï 

Candida kefyr 4,06Ñ0,57 8,65Ñ0,24**  [6,24Ñ0,67]*  5,21Ñ0,36 5,08Ñ0,54 

Aspergillus niger 3,18Ñ0,36 ï ï ï ï 

Aspergillus flavus 3,28Ñ0,22 ï ï ï ï 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ.1 

ʉʧʦʣʫʢʠ 12 13  14 15 

S. aureus MS ï ï ï 14,54Ñ0,88**  

S. aureus MR [10,27Ñ0,24]*  [10,08Ñ0,51]*  ï 15,68Ñ0,48**  

S. haemolyticus MR ï ï ï ï 

Streptococcus pyogenes ï ï ï ï 

Streptococcus group G ï ï ï 6,38Ñ0,29* 

Escherichia coli ï ï ï [8,14Ñ0,25] 

Klebsiella pneumoniae ï ï ï ï 

Morganella morganii ï ï ï [6,22Ñ0,36]*  

Pseudomonas aeruginosa ï ï ï ï 

Candida albicans ï ï ï 5,54Ñ0,72 

Candida tropicalis ï ï ï [6,78Ñ0,58]*  

Candida lipolytica 5,45Ñ0,3 5,14Ñ0,25 4,94Ñ0,11 7,63Ñ0,51* 

Candids lusitaniae ï ï 5,20Ñ0,32 5,02Ñ0,74 

Candida kefyr ï ï ï 5,88Ñ0,47 

Aspergillus niger ï ï ï ï 

Aspergillus flavus ï ï ï ï 

ʇʨʠʤʽʪʢʠ: 1. ʋ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʥʘʚʝʜʝʥʦ ʜʽʘʤʝʪʨʠ ʟʦʥ ʯʘʩʪʢʦʚʦʛʦ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

(ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʘ ʜʽʷ); 

3. À ï ʜʽʘʤʝʪʨʠ ʟʦʥ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʥʝ ʧʝʨʚʠʱʫʶʪʴ MÑm ʜʣʷ ʨʦʟʯʠʥʥʠʢʘ; 

2. MS ï ʤʝʪʽʮʠʣʽʥʯʫʪʣʠʚʠʡ; MR ï ʤʝʪʽʮʠʣʽʥʨʝʟʠʩʪʝʥʪʥʽ ʩʪʘʬʽʣʦʢʦʢʠ; 

3. * ï ʨ < 0,05, ** ï ʨ < 0,01 ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. 
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ɺʠʩʥʦʚʢʠ: 

1. ʇʨʦʜʫʢʪʠ ʢʦʥʜʝʥʩʘʮʽʾ ʧʝʨʭʣʦʨʘʪʽʚ ʮʠʢʣʦʧʝ-

ʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ ʽʟ ʩʘʣʽʮʠʣʦʚʠʤ (ʩʧʦʣʫʢʠ 8, 9, 10) ʪʘ 

3,5-ʜʠʙʨʦʤʦʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ (ʩʧʦʣʫʢʘ 15) 

ʚʦʣʦʜʽʶʪʴ ʚʫʟʴʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠ-

ʚʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʽʣʦʢʦʢʘ, ʚʢʣʶʯʘ-

ʶʯʠ ʤʝʪʽʮʠʣʽʥʨʝʟʠʩʪʝʥʪʥʽ ʰʪʘʤʠ. 

2. 2-ɻʽʜʨʦʢʩʠʙʝʥʟʠʣʽʜʝʥ ʚ ʧʦʟʠʮʽʾ 1 ʮʠʢʣʦʧʝʥ-

ʪʘʥʦʚʦʛʦ ʢʽʣʴʮʷ ʩʧʨʠʷʻ, ʘ 2-ʛʽʜʨʦʢʩʠ-3,5-ʜʠʙʨʦʤʦ-

ʙʝʥʟʠʣʽʜʝʥ, ʥʘʚʧʘʢʠ, ʧʝʨʝʰʢʦʜʞʘʻ ʧʨʦʷʚʫ ʧʦʭʽʜ-

ʥʠʤʠ ʮʠʢʣʦʧʝʥʪʘ[c]ʭʽʥʦʣʽʥʽʶ ʧʨʦʪʠʤʽʢʨʦʙʥʦʾ ʘʢ-

ʪʠʚʥʦʩʪʽ. 
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ʉʀʅʊɽɿ ɺʓʉʆʂʆɻʀɼʈʆʂʉʀʃʀʈʆɺɸʅʅʓʍ ʌʋʃʃɽʈɽʅʆʃʆɺ 
C60(OH)42 ʀ C60(OH)60 ʇʈʗʄʓʄ ɻʀɼʈʆʂʉʀʃʀʈʆɺɸʅʀɽʄ 

ʌʋʃʃɽʈɽʅɸ ʉ60 ɺ ɺʆɼʅʆʁ ʉʈɽɼɽ 
 

ʂʦʟʝʝʚ ɸ.ɸ. 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʅɸʅʆʂʃɸʉʊɽʈ 

 

SYNTHESIS OF HIGHLY POLYHYDROXYLATED 
FULLERENOLS C60(OH)42 AND C60(OH)60 BY DIRECT 

HYDROXYLATION OF FULLERENE C60 FROM SUSPENSIONS 
OF FULLERENE IN WATER 

 

Kozeyev A. 

Scientific and Technical Centre NANOCLASTER 

 

ɸʅʅʆʊɸʎʀʗ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ 2 ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʩʠʥʪʝʟʦʚ ʬʫʣʣʝʨʝʥʦʣʦʚ: ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʪʦ-

ʣʫʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʬʫʣʣʝʨʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʠʣʠ ʢʘʣʠʷ ʠ ʛʠʜʨʦʣʠʟ ʙʨʦʤʠʜʘ ʬʫʣ-

ʣʝʨʝʥʘ ʉ60Br. ʕʪʠ ʤʝʪʦʜʳ ʩʠʥʪʝʟʦʚ ʬʫʣʣʝʨʝʥʦʣʦʚ C60(OH)n (ʧʦʣʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʬʫʣʣʝʨʝʥʦʚ) ʥʝ 

ʤʦʛʫʪ ʠʤʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʣʦʞʥʦʩʪʠ, 

ʜʦʨʦʛʦʚʠʟʥʳ, ʥʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʵʪʠʭ ʩʠʥʪʝʟʦʚ. 

ABSTRACT 

By now there are 2 main methods of fullerenol synthesis: hydroxylation of toluene solution of fullerene by 

crystal hydroxide of sodium or potassium and hydrolysis of fullerene bromide C60Br. These methods of C60(OH)n 

(polyhydroxylated fullerenes) fullerenol synthesis cannot have prospects for industrial use because of low effi-

ciency, high complexity, high prices, non-manufacturability of such syntheses. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʣʣʝʨʝʥ, ʚʳʩʦʢʦʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʡ ʬʫʣʣʝʨʝʥʦʣ, ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ, ʩʠʥʪʝʟ, 

ʚʦʜʥʘʷ ʩʨʝʜʘ, ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ. 

Keywords: Fullerene, polyhydroxylated fullerenol, hydroxylation, synthesis, suspensions in water, sodium 

hydroxide, hydrogen peroxide. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʦʚ ʬʫʣʣʝʨʝʥʦ-

ʣʦʚ C60(OH)n (ʧʦʣʠʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʬʫʣʣʝʨʝ-

ʥʦʚ) ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʩʣʦʞʥʦʩʪʠ, ʜʦʨʦʛʦʚʠʟʥʳ, ʥʝ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʵʪʠʭ 

ʩʠʥʪʝʟʦʚ. ʉʪʦʠʤʦʩʪʴ ʬʫʣʣʝʨʝʥʦʣʘ (ʧʦʣʠʛʠʜʨʦʢʩʠ-

ʣʠʨʦʚʘʥʥʦʛʦ ʬʫʣʣʝʨʝʥʘ) ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʚʦʟʨʘʩ-

ʪʘʝʪ ʥʘ ʧʦʨʷʜʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʩʘ-

ʤʦʛʦ ʬʫʣʣʝʨʝʥʘ, ʠ ʩʝʛʦʜʥʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʩʪʦʠ-

ʤʦʩʪʴ ʬʫʣʣʝʨʝʥʦʣʘ C60(OH)22-26 ʩʦʩʪʘʚʣʷʝʪ 380-

800 USD/g, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ çʢʣʘʩʩʠʯʝʩʢʠʤè ʤʝʪʦʜʦʤ ʬʫʣʣʝ-

ʨʝʥʦʣ, ʚʩʝʛʜʘ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʳ ʪʦʣʫʦʣʘ ʠʣʠ 

ʜʨʫʛʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʚ "ʢʣʘʩʩʠʯʝʩʢʠʭ" ʩʠʥʪʝʟʘʭ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦ-

ʣʷʶʪ ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʩʨʝʜʥʝ-ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥ-

ʥʳʝ ʬʫʣʣʝʨʝʥʦʣʳ C60(OH)18-28, ʥʦ ʥʝ ʧʨʠʤʝʥʠʤʳ 

ʜʣʷ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦ-ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʬʫʣʣʝʨʝ-

ʥʦʣʦʚ C60(OH)36-42. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦ-ʛʠʜ-

ʨʦʢʩʠʣʠʨʦʚʘʥʥʳʭ ʬʫʣʣʝʨʝʥʦʣʦʚ C60(OH)36-42 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩ-

ʩʤʦʪʨʝʥ ʚ ʩʪʘʪʴʝ Water-Solubl Single-Nano Carbon 

Particles: Fullerenol and Its Derivatives, Ken Kokubo, 

Division of Applied Chemistry, Graduate School of En-

gineering, Osaka University Japan 

http://cdn.intechopen.com/pdfs/36889.pdf. 

ɺ ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʮʝʥʪʨʝ "ʅʘʥʦʢʣʘʩʪʝʨ" 

(ʅʊʎ "ʅʘʥʦʢʣʘʩʪʝʨ") ʨʘʟʨʘʙʦʪʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ, ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʬʫʣʣʝʨʝʥʘ ʚ ʚʳʩʦʢʦ-ʛʠʜʨʦʢʩʠ-

ʣʠʨʦʚʘʥʥʳʝ ʬʫʣʣʝʨʝʥʦʣʳ ʉ60(OH)42 ʠ 

ʉ60(OH)60 ʠʟ ʩʫʩʧʝʥʟʠʠ ʬʫʣʣʝʨʝʥʘ ʚ ʚʦʜʝ. ʉʠʥʪʝʟ 

ʧʨʦʭʦʜʠʪ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʠ ʧʨʦʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʨʘʩʪʚʦ-

ʨʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʥʟʦʣʘ, ʪʦʣʫʦʣʘ, ʦʨʪʦ-ʢʩʠ-

ʣʦʣʘ. ɼʣʷ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʳ ʪʦʣʴʢʦ 3 ʢʦʤʧʦ-

ʥʝʥʪʘ: ʬʫʣʣʝʨʝʥ, ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ ʠ ʧʝʨʦʢʩʠʜ 

ʚʦʜʦʨʦʜʘ. ʂʦʥʚʝʨʩʠʷ (ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ) ʬʫʣ-

ʣʝʨʝʥʘ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 99,5-99,8%. ʌʫʣʣʝʨʝʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʥʝ ʪʦʣʴʢʦ ʉ60, ʥʦ ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩʤʝʩʠ ʬʫʣʣʝʨʝʥʦʚ. 

ɺ ʩʠʥʪʝʟʝ ʦʙʨʘʟʫʝʪʩʷ, ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʢʦ-

ʣʠʯʝʩʪʚʘʭ, ʢʘʢ ʬʫʣʣʝʨʝʥʦʣ C60(OH)42, ʪʘʢ ʠ ʬʫʣ-

ʣʝʨʝʥʦʣ C60(OH)60. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚʳʩʦʢʦ-ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥ-

ʥʳʡ ʬʫʣʣʝʨʝʥʦʣ C60(OH)42 (Highly 

polyhydroxylated fullerenol C60(OH)42) ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʶ ʪʝʤʥʦ-ʞʝʣʪʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦ-

ʜʫʢʪ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʵʪʦʛʦ ʬʫʣʣʝʨʝʥʦʣʘ ʚ ʚʦʜʝ ʩʦ-

ʩʪʘʚʣʷʝʪ 50-60 ʛʨʘʤʤ ʥʘ ʣʠʪʨ. ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʵʪʦʛʦ 

ʬʫʣʣʝʨʝʥʦʣʘ ʚ ʚʦʜʝ ï ʪʝʤʥʦ-ʞʝʣʪʳʡ (ʩʤ. ʈʠʩ. 1). 

 

http://cdn.intechopen.com/pdfs/36889.pdf
http://cdn.intechopen.com/pdfs/36889.pdf
http://cdn.intechopen.com/pdfs/36889.pdf
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ʈʠʩ. 1 

Solution of a hyper polyhydroxylated fullerenol 

ʉ60(OH)42 in the water 

ʈʠʩ. 2 

Solution of a hyper polyhydroxylated fullerenol 

ʉ60(OH)60 in the water 

 

ʄʘʩʩ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʵʪʦʛʦ ʬʫʣʣʝʨʝʥʦʣʘ (ʩʤ. 

ʈʠʩ. 3) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʣʣʝʨʝʥʦʣʫ ʉ60(OH)42: 

Base Peak 1433,9913 ʨʘʚʝʥ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʝ ʬʫʣʣʝʨʝʥʦʣʘ ʉ60(OH)42 (M =1434). 

 
ʈʠʩ. 3 ʄʘʩʩ-ʩʧʝʢʪʨ ʬʫʣʣʝʨʝʥʦʣʘ ʉ60(OH)42 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚʳʩʦʢʦ-ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥ-

ʥʳʡ ʬʫʣʣʝʨʝʥʦʣ C60(OH)60 (Highly 

polyhydroxylated fullerenol C60(OH)60) ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʶ ʞʝʣʪʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ. ʈʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʵʪʦʛʦ ʬʫʣʣʝʨʝʥʦʣʘ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 

60-70 ʛʨʘʤʤ ʥʘ ʣʠʪʨ. ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʵʪʦʛʦ ʬʫʣʣʝʨʝ-

ʥʦʣʘ ʚ ʚʦʜʝ ï ʞʝʣʪʳʡ (ʩʤ. ʈʠʩ. 2). 

ʄʘʩʩ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʵʪʦʛʦ ʬʫʣʣʝʨʝʥʦʣʘ (ʩʤ. 

ʈʠʩ. 4) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʣʣʝʨʝʥʦʣʫ ʉ60(OH)60: 

Base Peak 1739,9879 ʨʘʚʝʥ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʝ ʬʫʣʣʝʨʝʥʦʣʘ ʉ60(OH)60 (M =1740). 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʬʫʣʣʝʨʝʥʦʣʦʚ ʉ60(OH)42 ʠ 

ʉ60(OH)60 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʚʳʩʦʢʘ, ʪʘʢ ʢʘʢ ʩʪʦʠ-

ʤʦʩʪʴ ʨʝʘʢʪʠʚʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʥʪʝʟʝ ʥʝ ʚʝʣʠʢʘ 

http://www.nanoclaster.ru/Mass-spectrum%20of%20fullerenol%20C60%28OH%2960.html
http://www.nanoclaster.ru/Mass-spectrum%20of%20fullerenol%20C60%28OH%2960.html
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ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʬʫʣʣʝʨʝʥʘ. ʉʠʥʪʝʟ 

ʧʨʦʩʪ ʠ ʪʝʭʥʦʣʦʛʠʯʝʥ, ʠ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʣʣʝʨʝʥʦʣʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩ-

ʰʪʘʙʘʭ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʣʣʝʨʝʥ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʦʯʠʩʪʢʠ (97-98%). ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʕɸ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʛʠʧʝʨʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʡ 

ʬʫʣʣʝʨʝʥʦʣ ʠʤʝʝʪ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʫ 

ʉ60(OH)60Ŀ2ʅ2ʆ (ʩʤ. ʈʠʩ 5). 

 
ʈʠʩ. 4 ʄʘʩʩ-ʩʧʝʢʪʨ ʬʫʣʣʝʨʝʥʦʣʘ ʉ60(OH)60 

 

Result of Elemental Analysis of fullerenol ʉ60(ʆʅ)60 

Element Percentage (%) Analytical  Method Date Remark 

C 40.5972 40.6017 
Flash EA 

1112 
12/12/2016  

H 3.6098 3.6113 

ʈʠʩ. 5 ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʬʫʣʣʝʨʝʥʦʣʘ ʉ60(ʆʅ)60 

 

ʂʨʦʤʝ ʚʦʜʳ, ʬʫʣʣʝʨʝʥʦʣʳ ʉ60(OH)42 ʠ 

ʉ60(OH)60 ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʛʣʠʮʝʨʠʥʝ, ʦʙʨʘʟʫʷ ʨʘʩ-

ʪʚʦʨʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʶ ʚ ʢʦʩʤʝʪʦʣʦʛʠʠ. 

ɻʀʇɽʈɻʀɼʈʆʂʉʀʃʀʈʆɺɸʅʅʓʁ 

ʌʋʃʃɽʈɽʅʆʃʓ 

ʉ60(ʆʅ)42 ʀ ʉ60(ʆʅ)60 ʄʆɻʋʊ ɹʓʊʔ 

ʀʉʇʆʃʔɿʆɺɸʅʓ: 

ʌʘʨʤʘʮʝʚʪʠʢʘ ʠ ʢʦʩʤʝʪʦʣʦʛʠʷ 

Å ʇʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ; 

Å ɸʥʪʠʦʢʩʠʜʘʥʪʳ; 

Å ʈʘʥʦʟʘʞʠʚʣʷʶʱʠʝ ʠ ʦʞʦʛʦʟʘʞʠʚʣʷʶʱʠʝ 

ʧʨʝʧʘʨʘʪʳ. 

ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ 

Å ʄʦʜʠʬʠʢʘʪʦʨʳ ʧʦʣʠʤʝʨʦʚ, ʩʤʦʣ, ʢʣʝʝʚ, ʃʂʄ 

ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

Å ʄʦʜʠʬʠʢʘʪʦʨʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠ-

ʢʘʪʥʳʭ ʩʚʷʟʫʶʱʠʭ, ʚʢʣʶʯʘʷ ʙʝʪʦʥʳ; 

Å ʂʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ; 

Å ʂʦʤʧʦʥʝʥʪ ʩʚʝʨʭʪʚʝʨʜʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ 

Å ʉʪʠʤʫʣʷʪʦʨʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ; 

Å ɸʥʪʠʚʠʨʫʩʥʳʝ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʧʨʝʧʘ-

ʨʘʪʳ; 

Å ʇʨʝʧʘʨʘʪʳ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʩʪʦʡʢʦʩʪʴ ʩ/ʭ 

ʢʫʣʴʪʫʨ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ; 

Å ɼʦʙʘʚʢʠ ʚ ʢʦʨʤʘ, ʧʦʚʳʰʘʶʱʠʝ ʩʦʧʨʦʪʠʚʣʷʝ-

ʤʦʩʪʴ ʩ/ʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘ-

ʥʠʷʤ ʠ ʥʝ ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʠʭ ʦʨʛʘʥʠʟʤʝ. 
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ɼʀʄɽʊʀʃʌɽʅʆʃɸ ʄɽʊɸʅʆʃʆʄ 
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ɸʅʅʆʊɸʎʀʗ 
ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2,6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝ-

ʪʘʥʦʣʦʤ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʮʠʥʢʦʤ. ʇʦʣʫʯʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ 2,4,6- ʠ 2,3,6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʷʭ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʦ-

ʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ.  

ABSTRACT  
The results of kinetic studies of the reaction of alkylation of 2.6-dimethylphenol with methanol in a differen-

tial reactor in the presence of a cobalt-ferrite catalyst modified with zinc are given.  

The resulting kinetic model of the process, the preparation of a mixture of 2.4.6- and 2.3.6-trimethylphenols 

are described satisfactorily at qualitative and quantitative levels, the Chemical transformations that protrude on the 

contact surface. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. 2,6-ʜʠʤʝʪʠʣʬʝʥʦʣ, ʤʝʪʘʥʦʣ, ʤʘʨʰʨʫʪʳ, ʩʪʘʜʠʡʥʘʷ ʩʭʝʤʘ, ʬʝʨʨʠʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, 

2,4,6-ʪʨʠʤʝʪʠʣʬʝʥʦʣ, 2,3,6-ʪʨʠʤʝʪʠʣʬʝʥʦʣ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ.  

Keywords: 2.6-dimethylphenol, methanol, 2.4.6-trimethylphenol, 2.3.6-trimethylphenol, routes, step scheme 

ferrite catalyst, kinetic model.  

http://rusnor.org/pubs/articles/15067.htm
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ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝ-

ʥʠʷ ʩʤʝʩʠ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʥʘ ʦʩʥʦʚʝ 

2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ [1]. 

ɼʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ 

ʤʝʪʘʥʦʣʦʤ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʥʦʛʦ ʮʠʥʢʦʤ (ʂʌʂʄʎ). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʚʦʜʦʨʦʜʘ ʥʘ ʘʟʦʪ ʠ ʜʨʫʛʠʝ 

ʠʥʝʨʪʥʳʝ ʨʘʟʙʘʚʠʪʝʣʠ ʟʘʤʝʪʥʦ ʩʥʠʞʘʣʘ ʠʟʙʠʨʘ-

ʪʝʣʴʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʧʦʙʦʯʥʳʭ ʨʝ-

ʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʠʣʬʦʨʤʠʘʪʘ ʠ ʢʦʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʧʨʠʚʦʜʠʣʦ, ʥʘʯʠʥʘʷ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʢ ʫʩʠʣʝʥʠʶ ʵʪʠʭ ʧʦʙʦʯ-

ʥʳʭ ʨʝʘʢʮʠʡ, ʯʪʦ ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʝ-

ʢʦʪʦʨʳʡ ʚʢʣʘʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʘʢʪʦʚ, ʠʤʝʶʱʠʭ 

ʤʝʩʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ɺ ʞʠʜʢʦʤ ʢʘʪʘʣʠʟʘʪʝ ʦʧʨʝʜʝʣʷʣʠ 2.4.6- ʠ 2.3.6- 

ʪʨʠʤʝʪʠʣʬʝʥʦʣʳ, ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 2.6-ʜʠʤʝʪʠʣʬʝ-

ʥʦʣʘ, ʪʝʪʨʘʤʝʪʠʣʬʝʥʦʣ, ʤʝʪʠʣʬʦʨʤʠʘʪ, ʘ ʪʘʢʞʝ 

ʦʩʪʘʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ 

2.6-ʢʩʠʣʝʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ. ʇʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʘʟʙʘʚʠʪʝʣʷ ʙʳʣʦ 

ʟʘʪʨʫʜʥʝʥʦ, ʪʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʳʯʠʩʣʷʣʠ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʠ ʠʟ ʤʦʣʴʥʦʛʦ ʙʘʣʘʥʩʘ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ ʦʧʨʝʜʝ-

ʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʘʨʰʨʫʪʳ [2] ʧʨʦʮʝʩʩʘ 

 

I  2.6 - (CH3)2  C6H3OH  + CH3OH 2.6 - (CH3)2 C6H3OCH3  + H2O

II 2.6 - (CH3)2  C6H3OH  + CH3OH 2.4.6 - (CH3)3 C6H2OH  + H2O

III 2.6 - (CH3)2 C6H3OH  + CH3OH 2.3.6 - (CH3)3 C6H2OH  + H2O

IV  2.4.6 - (CH3)3  C6H2OH  + CH3OH 2.3.4.6 - (CH3)4 C6HOH  + H2O

V  2.3.6 - (CH3)3 C6H2OH  + CH3OH 2.3.4.6 - (CH3)4C6HOH  + H2O

VI  CH3OH 0.5  HCOOCH3  + H2  
  

ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʚʝʱʝʩʪʚ (2) ʚʳʙʨʘʥʦ 

ʰʝʩʪʴ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ: 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣ (1), 

ʤʝʪʘʥʦʣ (2), 2.4.6ðʪʨʠʤʝʪʠʣʬʝʥʦʣ (3), 2.3.6-ʪʨʠʤʝ-

ʪʠʣʬʝʥʦʣ (4), 2.3.4.6-ʪʝʪʨʘʤʝʪʠʣʬʝʥʦʣ (5), ʤʝʪʠʣʦ-

ʚʳʡ ʵʬʠʨ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ (6), ʤʘʪʨʠʮʘ ʩʪʝʭʠʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʚ ʪʘʙʣʠʮʘ 1.  

ʊʘʙʣʠʮʘ 1  

ʄʘʪʨʠʮʘ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʣʶʯʝʚʳʭ ʚʝʱʝʩʪʚ 

ʅʦʤʝʨ ʤʘʨʰʨʫʪʘ ʅʦʤʝʨ ʚʝʱʝʩʪʚʘ 

1 2 3 4 5 6 

I -1 -1 0 0 0 1 

II  -1 -1 1 0 0 0 

III  -1 -1 0 1 0 0 

IV 0 -1 -1 0 1 0 

V 0 -1 0 -1 1 0 

VI  0 -1 0 0 0 0 

  

ʉʚʷʟʴ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ 

ʥʘʢʦʧʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʚʝʱʝʩʪʚ (Wi) ʩʦ ʩʢʦʨʦʩʪʷʤʠ 

ʧʦ ʤʘʨʰʨʫʪʘʤ (rj) ʦʧʨʝʜʝʣʠʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝ-

ʤʦʡ ʫʨʘʚʥʝʥʠʡ 

I
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IVII
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IIIIII
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rrW
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1

 (1) 

ʅʦʤʝʨ i-ʠ ʩʢʦʨʦʩʪʠ ʠ j-ʛʦ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʫʤʝʨʘʮʠʝʡ ʚʳ-

ʙʨʘʥʥʳʭ ʢʣʶʯʝʚʳʭ ʚʝʱʝʩʪʚ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʤʘʨʰʨʫʪʳ ʚʳʪʝʢʘʶʪ ʠʟ ʩʪʘʜʠʡ-

ʥʦʡ ʩʭʝʤʳ (ʪʘʙ.2). ɺ ʢʘʯʝʩʪʚʝ ʤʝʜʣʝʥʥʳʭ ʚʳʙʨʘʥʳ 

ʩʪʘʜʠʠ 2, 5, 8, 10, 12 ʠ 15. ʆʩʪʘʣʴʥʳʝ ʘʢʪʳ ʧʨʠʥʷʪʳ 

ʙʳʩʪʨʳʤʠ ʠ ʨʘʚʥʦʚʝʩʥʳʤʠ. ɼʣʷ ʫʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ ʮʝʥʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʝʜʝʥʘ 

ʩʪʘʜʠʷ 17. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ɻʦʨʠʫʪʠ [3] ʚ ʩʪʘʜʠʡ-

ʥʦʡ ʩʭʝʤʝ ʧʫʩʪʳʝ ʤʘʨʰʨʫʪʳ ʦʪʩʫʪʩʪʚʫʶʪ.  

ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʠʥʝ-

ʪʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʠʞʝʧʨʠʚʝʜʝʥ-

ʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ.  
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b1, b2, b4, b5 ï ʢʦʵʬʬʠʮʝʥʪʳ ʘʜʩʦʨʙʮʠʠ ʩʦʙ-

ʩʪʚʝʥʥʦ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ, 2.4.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʘ, 

2.3.4.6-ʪʝʪʨʘʤʝʪʠʣʬʝʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ ʥʘ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʮʝʥʪʨʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

b1, b2, b4, b5 ï ʢʦʵʬʬʠʮʝʥʪʳ ʘʜʩʦʨʙʮʠʠ ʩʦʙ-

ʩʪʚʝʥʥʦ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ, 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʘ, 

2.3.4.6-ʪʝʪʨʘʤʝʪʠʣʬʝʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʘʙʣʠʮʘ 4 

ɿʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʥʘ ʢʦ-

ʙʘʣʴʪʬʝʨʨʠʪʦʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʮʠʥʢʦʤ. 

ˉ lgK0i lgb0i E, ʢɼʞ/ʤʦʣʴ Qi, ʢɼʞ/ʤʦʣʴ 

1 5.012 -0.251 38.8 26.62 

2 6.670 1.557 64.5 20.51 

3 7.705 0.1405 59.5 25.82 

4 8.100 1.395 78.5 21.51 

5 8.508 1.605 84.0 15.5 

6 9.121 -8.025 93.0 28.2 

 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (2-7) ʨʝʰʘʣʘʩʴ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤ Matchad ʧʫ-

ʪʝʤ ʧʦʜʙʦʨʘ ʢʦʥʩʪʘʥʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴ-

ʥʫʶ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʧʦ 

ʢʣʶʯʝʚʳʤ ʚʝʱʝʩʪʚʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʠʥʝ-

ʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ. 3.  

ʈʘʟʣʠʯʠʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘ-

ʮʠʠ ʩʪʘʜʠʡ 2, 5, 10 ʠ 8, 12, 15 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʝʥ-

ʪʨʳ ʠ ZH ʧʨʦʷʚʣʷʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʩʪʘʜʠʡ. ʅʘʣʠ-

ʯʠʝ ʚ ʤʝʭʘʥʠʟʤʝ ʨʘʚʥʦʚʝʩʥʦʡ ʩʪʘʜʠʡ 17 ʣʝʛʢʦ 

ʦʙʲʷʩʥʷʝʪ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʬʘʢʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʷ. 

ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʚʦʜʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʠ, ʧʨʠʯʘʩʪʥʳʭ ʢ ʩʝʣʝʢ-

ʪʠʚʥʦʤʫ ʧʦʣʫʯʝʥʠʶ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦ-

ʣʦʚ.  

ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1) ʩʢʦʨʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ. 3. ʄʦʜʝʣʴ ʫʜʦ-

ʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝ-

ʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʧʨʘʚʝʜʣʠʚʘ ʚ 

ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ. ʆʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦ-

ʣʫʯʝʥʠʷ ʩʤʝʩʠ 2.4.6- ʠ 2.3.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ ʘʣ-

ʢʠʣʠʨʦʚʘʥʠʝʤ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ.  

ʃʠʪʝʨʘʪʫʨʘ 
1. Muradov M.M., Shirinova X.N., Huseynova 

I.Q., Mustafayev M.M., Aghayev A.A. Alkylation of 2-

methylphenol and 2.6-dimethylphenol by methanol in 

presence of ferrite catalyst// European Jour. of Analyt-

icaland Applied Chemistry 2016, ˉ2, p. 33-37. 

2. ʊʝʤʢʠʥ ʄ.ʀ. ʂʠʥʝʪʠʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʣʦʞʥʳʭ ʨʝʘʢʮʠʡ ɺ ʢʥ. ʄʝʭʘʥʠʟʤ ʠ ʢʠʥʝʪʠʢʘ ʩʣʦʞ-

ʥr ʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʠ. ʄ.: ʅʘʫʢʘ, 1970, ʩ. 

57-72.  

3. ʂʠʧʝʨʤʘʥ ʉ.ʃ. ʆʩʥʦʚʳ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝ-

ʪʠʢʠ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. ʄ.: ʍʠʤʠʷ, 1979, ʩ. 

352. 
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ARCHAEOLOGICAL MONUMENTS AS SOURCES IN THE 
STUDY OF AZERBAIJAN TOLERANCE AND MULTICULTURAL 

TRADITIONS 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʪʨʘʜʠʮʠʠ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʠ ʤʘʣʴʪyʢʫʣʴʪʫʨʠʟʤʘ ɸʟʝʨʙʘʡʜʞʘʥʘ ʥʘ ʦʩʥʦʚʝ ʘʨʭʝʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʅʘʫʯʥʳʝ ʙʘʟʦʡ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʜʛʨʦʙʠʷ ʧʦʟʜʥʝʛʦ ʙʨʦʥʟʦʚʦʛʦ ʨʘʥ-

ʥʝʛʦ ʞʝʣʝʟʘ, ʘʥʪʠʯʥʦʛʦ ʠ ʨʘʥʥʝʛʦ ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʠʟʫʯʘʪʴ ʵʪʥʠʯʝʩʢʠʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʷ, ʠʩʪʦʨʠʯʝʩʢʠ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

ABSTRACT 

Azerbaijan multicultural and tolerance traditions were invistigated by archaeological sourses in the article. 

The resource based on this research is organized the tombstones of latest Bronze-Early Iron, Ancient and Early 

Medieval ages which proves ethnic and cultural diversity and helps to study multicultural and tolerance traditions 

historically existed in our country. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʟʝʨʙʘʡʜʞʘʥ, ʤʫʣʴʪʠʢʫʣʴʪʫʨʘʣʠʟʤ, ʘʨʭʝʦʣʦʛʠʷ, ʵʪʥʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ, 

ʵʪʥʠʯʝʩʢʦʝ ʠ ʢʫʣʴʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʥʘʜʛʨʦʙʥʳʝ ʢʘʤʥʠ, ʧʦʛʨʝʙʘʣʴʥʳʝ ʦʙʨʷʜʳ 

Keywords: Azerbaijan, multiculturalism, archeology, ethnicity, eth1nic and cultural diversity, tombstones, 

funeral rites 

 

Rich multicultural traditions of our people as well 

as reflected in the numerous archaeological monuments 

found out in our country.In this regard the archaeolog-

ical monuments take particular importance and actual-

ity in the study of multiculturalism and tolerant tradi-

tions of Azerbaijan, and play the role of a rich factual 

basis. According to scientific literatures archaeological 

monuments which are valuable scientific sources in the 

study of multiculturalism have not been adequately 

studied, the serious efforts in this direction were not 

shown. 

As more attention hasbeen paid to the artistic 

sources, philosophical and socio-political approach in 

the study of multiculturalism, archaeological sources 

have remained beyond from the attention and in many 

cases had been poorly illuminated. The rich archaeo-

logical heritage and many archaeological monuments 

of different periods of the history, also were the best 

precious keepsakes of multiculturalism, has become the 

highest indicator of the tolerance culture of our people. 

The twentieth-century was a special stage in the 

development of archeology science and remained in the 

memory with the large-scale and stationary excavations 

have been conducted in different parts of the country. 

The registration of hundreds of monuments reflects the 
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ethnic - cultural diversity and created the opportunity 

their entry into the scientific circulation. 

The resource base of the current researchconsists 

of the ancient burial rituals and traditions found during 

archaeological excavations. Graves monuments of 

latest Bronze-Early Iron, Ancient and Early Medieval 

ageswere selected as an object of research. 

The tombstones and funeral rites belong to above-

mentioned periods archaeologically helps to study 

ethnic and cultural diversity that historically existed in 

our country.Because,in those periods the first 

symptoms of the ethnic, cultural and religious 

diversityoccurred and devoloped in the territory of 

Azerbaijan.  

Ķn the study of historical roots of Azerbaijan 

multucultural tradition the monuments belonging to 

that chronological period are invaluable. Before the 

spread of Islam mound graves, stone, soil, pots, mud-

brick tombs, catacombs, pottery trough, stone 

sarcophagus and other types of graves were registered 

and investigated in our country. The ethno-cultural 

belonging of the grave types has caused widespread 

controversy in the scientific literature, has proven the 

existence of ethnic and religious diversity historically 

in our country and held a special place of its multiethnic 

evolution. 

Tombstones and burial traditions reflected various 

historical events take place in the life of every society, 

the socio-political, ideological changes, migration and 

the formation of new ethnic element, the integration of 

local and coming funeral traditions and sometimes in 

the background of it formation of common symbiosis 

burial rituals (1, p. 24). 

The topology of burial monuments and compara-

tive and static analysis of funeral equipment found in 

the graves prove the formation of the cultural diversity 

in our country since ancient times. 

In Azerbaijan archeology associated with the 

tombstones and funeral rites by the researchers 

S.M.Gazēyev, G.M.Aslanov, J.A.Khalilov, 

R.M.Vahidov, R.B.Goyushov, A.B.Nuriyev, 

M.J.Khalilov, G.O. Goshkarlē, N.ᴄ.Museyibli, 

V.Karimov and others published many articles and 

monographs, on the basis of factual materials and their 

common and scientific analysis were given in the 

extensive literatures (2, p.921; 3, p.177; 1, p. 91-123; 4, 

p. 54-103; 5, p. 4871). 

These extensive archaeological sources were the 

results of the long-term archeological researches and 

prove the spread of different cultures and religions 

based on artifacts with the scientific basis.The barrow 

graves what were the most ancient burial custom of the 

South Caucasus also in Azerbaijan as well as 

considered important archaeological sources in the 

study of ethno-cultural relations and migrations. 

The Soyugbulag barrows, investigated in 2004-

2005 by N.A. Museyibliare entirely considered one of 

the oldest monuments in the South Caucasus. To his 

mind the occurring of the burial tradition in barrows in 

the area of Caucasus belonged to Leylatapa culture 

tribes and connections betweenMesopotamia ï 

Maykop tribes were done through of these culture bear-

ers (6, p. 54-56). 

In Azerbaijan the burial custom in barrows 

occurred during the latest Copper and early Bronze Age 

and this burial ritual continued until the early middle 

Ages. As a burial monument the barrows spread widely 

in the later stages of the Bronze Age and reflected 

traditions ancient idolatrous and the first fire-worship 

tribes.Hasansu barrows that belong to middle Bronze 

Age manifest itself certain ethno-cultural relations and 

have close similarity with the Trialeti funeral rites and 

shows cultural connections betwen South Caucasus and 

Front Asia (7, p. 26-31). 

The late Bronze and Early Iron Age barrows take 

an important place in the local ethnic groupôs burial 

practice and prove the cattle-breeder and farmer tribes 

living in our country had cultural - economic relations 

with many civilizations. According to M.J.Xalilov the 

issue of ethno-cultural identity of the barrows had al-

ready solved registered in the historical territory of Al-

bania belong to the early Middle Ages and he put for-

ward the idea that barrow type graves having a connec-

tion with Massagetean - Hun tribes migrated to Albania 

(2, p. 82-84). 

Registration the traces of cremation and ingumasy 

in the burial barrows have been closely associated with 

the religious views of ethnic groups they belong to.The 

custom of burial in pitcher graves did not belong to a 

particular ethnic group became a common burial cus-

tom adopted by local and sometimes by incoming eth-

nic groups. Of course, ethno-cultural identity of this 

type of grave still remains a controversial issue among 

researchers.To our opinion, burial in pitcher allows us 

to say religion of Zoroastrianism widely spread in 

Azerbaijan in ancient period.  

The stone burial boxes what were the main grave 

type in the late Bronze and early Iron Age reflected the 

certain symptoms of the religious idolatry and 

Zoroastrianism.The stone boxes burial custom also had 

takes an important place among the grave types of 

Ancient and Early Medieval period and this funeral 

liturgy proves the existence of religious diversity in the 

country at that time.  

The ground graves in the burial practice of the 

people widely spread since the Early Iron Age. 

Researchers connected the early group of them be-

longed to VII-IV centuries BC with Scythian ethnic el-

ements and noted their participation in the formation of 

the local Albanian ethnicity. The other group which re-

searchers belonged to I-III centuries CE connected with 

the migration of the Sarmat-alan ethnic elements (1, p. 

127-128). 

 M.J.Khalilov came toa conclusion the elements of 

the created culture of the north "nomadicò tribes vividly 

manifested itself in some early medieval tombs regis-

tered in Albania and those graves were belonged to the 

people joined to the unity "Masqut-hun", the majority 

of the idolatrous ground graves belonged to the local 

Albanian ethnic group (2, p.70-71; 8, p.181-196).The 

reason of putting forward such ideas have been associ-

ated with the characteristics of the graves burial cere-

monies. 

Catacombs can be shown as a type of grave which 

does not reflect local burial traditions were found 

outthe first time in Azerbaijan in Mingachevir. There 
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are different opinions about burial custom in the 

catacombs in the scientific literature. J.A.Khalilov 

connected of the early catacomb graves with sarmatian-

alanian ethnic group (4, p. 54-103; 1, p. 143). 

The catacombs were found out in Mingachevir, 

Gabala, Shamakhi, Guba, Shamkir and in the other 

places of Azerbaijan Republic. 

But M.J.Khalilov noted according to the burial 

ceremonies burial in the catacombs were a culturebe-

longed to the tribes lived compact in Albania in the 

early Medieval Ages and these were reflected in the ar-

chaeological sources(2, p. 80-83).  

J.A.Khalilov, R.B.Gºyushov, G.O.Goshgarli, 

M.J.Khalilov and other researchers say that some grave 

types - catacombs, mud-brick tombs, pottery vats, stone 

sarcophagus and others had been registered in the his-

torical territory of Albania do not belonged to burial 

practices of the local population and was connected 

with these ethnic groups migrated here. 

Belonging to the ancient and early medieval ages 

these grave types were the clear example of cultural di-

versity and attained great importance in the investiga-

tion of ethno-cultural relationship. 

G.O.Goshgarli put forward the idea of the burial 

tradition of mud-brick tomb and clay trough (pottery 

sarcophagus) belonged to the Parthia colonies, the 

world of Greco-Parthian migrants. 

M.J.Khalilov noted the Christian funeral traditions 

spread widely after announcing Christianity as a state 

religion in the IV century in the country and burial in 

the ground graves, stone boxes, catacombs etc. en-

teredinto burial practice of the Christian populationas it 

was in idolatry. 

He moved forward the idea possibility of burial in 

stone sargufagus were carried out mainly by Chiristian 

rules and in some monuments were observed wrapping 

Christian-idolatry burial rituals and among the 

Christian graves with representatives of the local 

population were graves belong to the Christian 

missionaries who came from front Asia. 

The stone sarcophagus researchers belong to the 

VII -X centuries registered in Albania.Buried 

possibility of the prominent Christian clergy, 

missionaries and members of the upper class of this 

religion were put forward in these grave 

monuments.For example such monuments can be 

shown the graves found out in the temples Amaras, 

Elysee, Kish and others. M.J.Khalilov noted that 

among the persons who preached Christianity in 

Albania even were nomads and one of the 

representatives of them were buried in the temple of 

Kish who had great service in front of the church (9, p. 

97-113; 5, p. 143-152; 2. p.65-67; 8, p. 187). Part of the 

Hun-Xazarian, settled down in Albania also worshiped 

Christianity. 

Confrontations of Sassanian-Roman, Sassanian-

Bizantine Empire and the flows of Hun-Xazar made an 

important influence in formation of the religious and 

cultural diversity in the territory of our country in the 

early middle Ages.  

The variety of the grave monuments and burial 

ceremonies proves once again historically widely 

spreading religious and cultural diversity in our coun-

try. 

These burial customs and ceremonies prove the 

peopleshave been living in the tolerant environment 

and cultural integration in our countryfaith to the idol-

atry, fire-worship, Judaism, Christianity etc. religions. 

Investigation of the archaeological sources affirms 

the existence of the religious and ethnic diversity by 

heavy facts and it show cultural variety take an im-

portant place in the life of our people. 
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ɸʅʆʊɸʎɯʗ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʪʘ ʜʠʥʘʤʽʢʘ ʤʘʩʠ ʪʽʣʘ ʫ 82 ʧʘʮʽʻʥʪʽʚ ʽʟ ʤʦʨʙʽʜʥʠʤ 

ʦʞʠʨʽʥʥʷʤ ʪʘ ʩʫʧʫʪʥʽʤ ʤʝʪʘʙʦʣʽʯʥʠʤ ʩʠʥʜʨʦʤʦʤ, ʚʽʢʦʤ ʚʽʜ 21 ʜʦ 62 ʨʦʢʽʚ (ʩʝʨʝʜʥʽʡ ʚʽʢ 40,6Ñ1,09 ʨʦʢʽʚ). ɼʦ ɯ 

ʢʣʽʥʽʯʥʦʾ ʛʨʫʧʠ ʫʚʽʡʰʣʠ 30 (36,6 %) ʭʚʦʨʠʭ, ʚ ʷʢʠʭ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʙʽʣʽʦʧʘʥʢʨʝʘʪʠʯʥʝ ʰʫʥʪʫʚʘʥʥʷ ʚ ʤʦʜʠ-

ʬʽʢʘʮʽʾ Hess-Marceau, ʷʢ ʭʽʨʫʨʛʽʯʥʠʡ ʤʝʪʦʜ ʣʽʢʫʚʘʥʥʷ ʤʦʨʙʽʜʥʦʛʦ ʦʞʠʨʽʥʥʷ, ɯɯ ʢʣʽʥʽʯʥʫ ʛʨʫʧʫ ʩʢʣʘʣʠ 52 

(63,4 %) ʧʘʮʽʻʥʪʽʚ ʽʟ ʧʦʟʜʦʚʞʥʴʦʶ ʨʝʟʝʢʮʽʻʶ ʰʣʫʥʢʘ. ɸʥʘʣʽʟ ʜʦʚʽʚ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʙʽʣʽʦʧʘʥ-

ʢʨʝʘʪʠʯʥʦʛʦ ʰʫʥʪʫʚʘʥʥʷ Hess-Marceau ʟʘʙʝʟʧʝʯʫʻ % EWL ʥʘ ʨʽʚʥʽ 74,3 % ʥʘ ʧʨʦʪʷʟʽ 3 ʨʦʢʽʚ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʫʯʘʥʥʷ. ʇʦʟʜʦʚʞʥʷ ʨʝʟʝʢʮʽʷ ʰʣʫʥʢʘ ʟʘʙʝʟʧʝʯʫʻ % EWL ʥʘ ʨʽʚʥʽ 56,6 % ʥʘ ʧʨʦʪʷʟʽ 3 ʨʦʢʽʚ 

ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ʆʧʠʩʘʥʽ ʧʨʠʥʮʠʧʠ ʚʝʜʝʥʥʷ ʫ ʭʚʦʨʠʭ ʫ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʡʦʛʦ ʧʝʨʝʙʽʛ.  

ABSTRACT 

The results of surgical treatment and body mass dynamics in 82 patients with morbid obesity and concomitant 

metabolic syndrome aged 21 to 62 years (mean age 40,6 Ñ 1,09 years) were analyzed. In the first clinical group, 

30 (36,6 %) patients with biliopancreatic diversion Hess-Marceau modification were used as a surgical method for 

treating morbid obesity, and the second clinical group was 52 (63,4 %) of patients with sleeve gastrectomy. The 

analysis demonstrated that the modified biliopancreatic diversion Hess-Marceau provides % EWL at 74,3 % over 

a period of 3 years after a surgical intervention sleeve gastrectomy provides % EWL at 56,6 % over 3 years after 

performing surgery. Described principles of conduct in patients in the postoperative period, characterized by its 

course. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʞʠʨʽʥʥʷ, ʙʘʨʽʘʪʨʠʯʥʘ ʭʽʨʫʨʛʽʷ, ʙʽʣʽʦʧʘʥʢʨʝʘʪʠʯʥʝ ʰʫʥʪʫʚʘʥʥʷ, ʧʦʟʜʦʚʞʥʷ ʨʝʟʝʢʮʽʷ 

ʰʣʫʥʢʘ, ʪʨʠʛʝʨʠ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʩʠʥʜʨʦʤʫ, ʤʽʥʝʨʘʣʴʥʦ-ʚʽʪʘʤʽʥʦʚʠʡ ʦʙʤʽʥ. 

Keywords: obesity, bariatric surgery, biliopancreatic diversion, sleeve gastrectomy, triggers of metabolic 

syndrome, mineral-vitamin exchange. 

 

ɺʩʪʫʧ. 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʙʽʣʴʰ ʥʽʞ 1,6 ʤʣʨʜ. ʣʶʜʝʡ 

ʤʘʶʪʴ ʥʘʜʣʠʰʢʦʚʫ ʚʘʛʫ, ʘ 400 ʤʣʥ. ʩʪʨʘʞʜʘʶʪʴ ʥʘ 

ʦʞʠʨʽʥʥʷ. ʎʽ ʮʠʬʨʠ ʩʪʨʽʤʢʦ ʨʦʩʪʫʪʴ: ʟʘ ʧʨʦʛʥʦʟʘʤʠ 

ʢ 2018 ʨʦʢʫ ʚʞʝ 2,5 ʤʣʨʜ. ʪʘ 750 ʤʣʥ. ʣʶʜʝʡ ʙʫʜʫʪʴ 

ʤʘʪʠ ʥʘʜʣʠʰʢʦʚʫ ʤʘʩʫ ʪʽʣʘ ʪʘ ʦʞʠʨʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

[2,4,8,9,12,19,21]. 

ɸʩʦʮʽʘʮʽʷ ʦʞʠʨʽʥʥʷ ʽʟ ʮʫʢʨʦʚʠʤ ʜʽʘʙʝʪʦʤ, ʘʨ-

ʪʝʨʽʘʣʴʥʦʶ ʛʽʧʝʨʪʝʥʟʽʻʶ, ʜʠʩʣʽʧʽʜʝʤʽʻʶ, ʜʝʷʢʠʤʠ 

ʬʦʨʤʘʤʠ ʨʘʢʫ, ʩʠʥʜʨʦʤʦʤ ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʩʦʥʥʦʛʦ 

ʘʧʥʦʝ, ʜʝʛʝʥʝʨʘʪʠʚʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ ʩʫʛʣʦʙʽʚ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ 

ʭʚʦʨʠʭ. ʊʘʢ ʧʨʠ ɯʄʊ>40 ʢʛùʤ2 ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 12-15 ʨʦʢʽʚ, ʘ ʩʤʝʨʪ-

ʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 12 ʨʘʟʽʚ [2,4,5,8,9]. 

ɼʦʚʛʦʪʨʠʚʘʣʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʣʽ-

ʢʫʚʘʥʥʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʦʞʠʨʽʥʥʷ ʟʘʣʠ-

ʰʘʶʪʴʩʷ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ: ʪʽʣʴʢʠ 5-10% ʧʘʮʽʻʥʪʽʚ 

ʟʜʘʪʥʽ ʜʦʩʷʛʥʫʪʠ ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʪʘ ʫʪʨʠʤʫʚʘʪʠ 

ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʊʘ-

ʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʤʦʨʙʽʜʥʦʤʫ ʦʞʠʨʽʥʥʽ ʥʘ ʩʴʦʛʦʜʥʽ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʥʘʜʽʡʥʠʤʠ ʻ ʭʽʨʫʨʛʽʯʥʽ 

ʤʝʪʦʜʠ [1,3,5,10,15,16,17,18,20,24]. 

ʄʝʪʦʶ ʙʘʨʽʘʪʨʠʯʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʻ ʟʥʠʞʝʥʥʷ 

ʤʘʩʠ ʪʽʣʘ ʪʘ ʪʨʠʚʘʣʘ ʧʽʜʪʨʠʤʢʘ ʜʦʩʷʛʥʫʪʦʛʦ ʣʽʢʫ-
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ʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʥʠʚʝʣʶʚʘʥʥʶ ʮʽʣʦʛʦ ʨʷʜʫ ʩʫʧʫʪ-

ʥʽʭ ʦʞʠʨʽʥʥʶ ʟʘʭʚʦʨʶʚʘʥʴ, ʦʜʥʘʢ ʧʦʚʪʦʨʥʠʡ ʥʘʙʽʨ 

ʚʘʛʠ ʥʝ ʻ ʨʽʜʢʽʩʪʶ ʩʝʨʝʜ ʭʚʦʨʠʭ ʜʘʥʦʾ ʢʘʛʦʨʪʠ 

[1,6,7,9,10,11,12,14]. ʈʝʩʪʨʠʢʪʠʚʥʽ ʦʧʝʨʘʪʠʚʥʽ ʚʪʨʫ-

ʯʘʥʥʷ ʙʽʣʴʰʦʶ ʤʽʨʦʶ, ʥʽʞ ʰʫʥʪʫʶʯʽ, ʘʩʦʮʽʡʦʚʘʥʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʘʛʠ ʫ ʧʝʨʩʧʝʢʪʠʚʽ. ɯʥʦʜʽ ʥʘʙʽʨ ʚʘʛʠ ʫ 

ʚʽʜʜʘʣʝʥʦʤʫ ʧʝʨʽʦʜʽ ʙʫʚʘʻ ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʫʱʠʤ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʪʦʨʥʠʭ ʙʘʨʽʘʪʨʠʯʥʠʭ 

ʚʪʨʫʯʘʥʴ [9,10,15,16,17,18,24].  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʝʨʝʙʽʛ 

ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʫ ʭʚʦʨʠʭ ʥʘ ʤʦʨʙʽʜʥʝ 

ʦʞʠʨʽʥʥʷ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʙʘʨʽʘʪʨʠʯʥʦʛʦ ʚʪʨʫ-

ʯʘʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʭʽʨʫʨʛʽʯʥʠʭ ʤʝ-

ʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʙʽʣʽʦʧʘʥʢʨʝʘʪʠʯʥʦʛʦ ʰʫʥʪʫ-

ʚʘʥʥʷ ʚ ʤʦʜʠʬʽʢʘʮʽʾ Hess-Marceau ʪʘ ʧʦʟʜʦʚʞʥʴʦʾ 

ʨʝʟʝʢʮʽʾ ʰʣʫʥʢʘ, ʥʘ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʘ ʪʘʢʦʞ ʨʦ-

ʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʛʦ ʚʝʜʝʥʥʷ ʙʘʨʽ-

ʘʪʨʠʯʥʠʭ ʧʘʮʽʻʥʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʫʯʝʥʦ 82 ʧʘʮʽʻʥʪʠ ʽʟ ʤʦʨʙʽʜ-

ʥʠʤ ʦʞʠʨʽʥʥʷʤ ʪʘ ʩʫʧʫʪʥʽʤ ʤʝʪʘʙʦʣʽʯʥʠʤ ʩʠʥʜʨʦʤʦʤ, 

ʚ̔ ʢʦʤ ʚʽʜ 21 ʜʦ 62 ʨʦʢʽʚ (ʩʝʨʝʜʥʽʡ ʚʽʢ 40,6Ñ1,09 ʨʦʢʽʚ), 

ʷʢʽ ʙʫʣʠ ʦʧʝʨʦʚʘʥʽ ʚ ʢʣʽʥʽʮʽ çɻʘʨʚʽʩè, ʷʢʘ ʻ ʢʣʽʥʽʯʥʦʶ 

ʙʘʟʦʶ ʢʘʬʝʜʨʠ ʭʽʨʫʨʛʽʾ 1 ɼɿ çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʤʝ-

ʜʠʯʥʘ ʘʢʘʜʝʤʽʷ ʄʆɿ ʋʢʨʘʾʥʠè, ʪʘ ʚ 11 ʤʽʩʴʢʦʾ ʢʣʽ-

ʥʽʯʥʦʾ ʣʽʢʘʨʥʽ ʤ. ɼʥʽʧʨʦ ʪʘ ʥʘʜʘʣʽ ʟʥʘʭʦʜʠʣʠʩʷ ʧʽʜ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʥʘ ʢʘʬʝʜʨʽ ʭʽʨʫʨʛʽʾ 1 ʧʨʦʪʷʛʦʤ 3 ʪʘ 

ʙʽʣʴʰʝ ʨʦʢʽʚ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ. ʉʝʨʝʜ ʧʘʮʽʻʥʪʽʚ ʙʫʣʦ 50 

(61,0 %) ʞʽʥʦʢ ʽ 32 (39,0 %) ʯʦʣʦʚʽʢʠ. 

ʉʪʫʧʽʥʴ ʦʞʠʨʽʥʥʷ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʷ ʟʛʽʜʥʦ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ ɺʆʆɿ (1997 ʨ.). ɯʥʜʝʢʩ ʤʘʩʠ ʪʽʣʘ (ɯʄʊ) 

ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: ɯʄʊ (ʢʛ/ʤĮ) = ʄʘʩʘ ʪʽʣʘ 

(ʢʛ) / ɿʨʽʩʪ (ʤĮ); ʽʜʝʘʣʴʥʘ ʤʘʩʘ ʪʽʣʘ - ʟʘ ʤʽʞʥʘʨʦʜʥʦʶ 

ʪʘʙʣʠʮʝʶ Metropolitan Height and Weight Tables, 

Converted to Metric System (1983 ʨ.); ʚʽʜʩʦʪʦʢ 

ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʤʘʩʠ ʪʽʣʘ (%EWL) - ʟʘ ʬʦʨʤʫ-

ʣʦʶ: %EWL = (ɺʪʨʘʯʝʥʘ ʤʘʩʘ ʪʽʣʘ (ʢʛ) / ʅʘʜʣʠʰ-

ʢʦʚʘ ʤʘʩʘ ʪʽʣʘ (ʢʛ)) Ĭ 100%. 

ɯʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʭʚʦʨʠʭ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ, 

ʩʬʦʨʤʦʚʘʥʦ ʜʚʽ ʢʣʽʥʽʯʥʽ ʛʨʫʧʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʤʝʪʦʜʫ ʭʽʨʫʨʛʽʯʥʦʛʦ ʣʽʢʫʚʘʥʥʷ. ʆʜʥʠʤ ʟ ʢʨʠʪʝʨʽʾʚ 

ʚʠʙʦʨʫ ʚʠʜʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʙʫʣʘ ʤʘʩʘ 

ʪʽʣʘ. ɿʦʢʨʝʤʘ, ʧʘʮʽʻʥʪʘʤ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʤʘʩʦʶ 

ʙʫʣʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʝʨʘ-

ʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ï ʙʽʣʽʦʧʘʥʢʨʝʘʪʠʯʥʝ ʰʫʥʪʫʚʘʥʥʷ 

ʚ ʤʦʜʠʬʽʢʘʮʽʾ Hess-Marceau (ɯ ʢʣʽʥʽʯʥʘ ʛʨʫʧʘ ʜʦʩʣʽ-

ʜʞʝʥʥʷ). ɼʣʷ ʧʘʮʽʻʥʪʽʚ ʟ ʤʝʥʰʠʤ ɯʄʊ ʙʫʣʘ ʚʽʜʽʙ-

ʨʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʩʪʨʽʢʪʠʚʥʦʛʦ ʪʠʧʫ. ɼʦ ɯ ʢʣʽʥʽʯʥʦʾ 

ʛʨʫʧʠ ʫʚʽʡʰʣʠ 30 (36,6 %) ʭʚʦʨʠʭ, ʚ ʷʢʠʭ ʙʫʣʦ ʟʘʩʪʦ-

ʩʦʚʘʥʦ ɹʇʐ ʚ ʤʦʜʠʬʽʢʘʮʽʾ Hess-Marceau; ɯɯ ʢʣʽʥʽʯʥʫ 

ʛʨʫʧʫ ʩʢʣʘʣʠ 52 (63,4 %) ʧʘʮʽʻʥʪʠ ʽʟ ʇʈʐ. ʇʨʠʯʠ-

ʥʦʶ ʪʘʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘ ʛʨʫʧʠ ʩʪʘʣʦ ʙʘʞʘʥʥʷ ʧʦʨʽʚ-

ʥʷʪʠ ʫ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ 

ʨʽʟʥʠʭ ʭʽʨʫʨʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ ʥʘ ʧʨʦʮʝʩ 

ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʪʽʣʘ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʧʨʦʷʚʠ ʤʝʪʘʙʦ-

ʣʽʯʥʦʛʦ ʩʠʥʜʨʦʤʫ ʫ ʮʠʭ ʧʘʮʽʻʥʪʽʚ.  

ʈʦʟʧʦʜʽʣ ʧʘʮʽʻʥʪʽʚ ʫ ʢʣʽʥʽʯʥʠʭ ʛʨʫʧʘʭ ʟʘ ʩʪʘʪʪʶ 

ʚʠʛʣʷʜʘʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚ ɯ ʛʨʫʧʽ ʙʫʣʦ 9 (30,0 %) 

ʯʦʣʦʚʽʢʽʚ ʽ 21 (70,0 %) ʞʽʥʢʘ, ʘ ʚ ɯɯ ʛʨʫʧʽ ï 23 (44,2 %) ʽ 

29 (55,8 %) ʯʦʣʦʚʽʢ ʪʘ ʞʽʥʦʢ ʚʽʜʧʦʚʽʜʥʦ (ʨ=0,203 ʤʽʞ 

ʛʨʫʧʘʤʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ɢ2). ʉʝʨʝʜʥʽʡ ʚʽʢ ʧʘʮʽʻʥʪʽʚ ɯ 

ʛʨʫʧʠ ʩʪʘʥʦʚʠʚ 37,9Ñ1,79 ʨʦʢʽʚ, ʚ ɯɯ ʛʨʫʧʽ ï 

42,2Ñ1,34 ʨʦʢʠ (ʨ=0,056 ʟʘ t-ʢʨʠʪʝʨʽʻʤ), ʱʦ ʩʚʽʜ-

ʯʠʣʦ ʧʦ ʩʪʘʪʠʩʪʠʯʥʫ ʧʦʨʽʚʥʷʥʽʩʪʴ ʟʘ ʩʪʘʪʪʶ ʽ ʚʽʢʦʤ 

ʧʘʮʽʻʥʪʽʚ ʦʙʦʭ ʛʨʫʧ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʪʘ ʜʦʚʦʜʠʣʦ 

ʾʭ ʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘ ʮʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʨ>0,05). 

ʆʙʩʪʝʞʝʥʥʷ ʭʚʦʨʠʭ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʫʤʦʚʠ 

ʦʪʨʠʤʘʥʥʷ ʫʩʥʦʛʦ ʧʦʽʥʬʦʨʤʦʚʘʥʦʛʦ ʧʦʛʦʜʞʝʥʥʷ 

ʧʘʮʽʻʥʪʽʚ ʥʘ ʙʘʟʽ ʤʝʨʝʞʽ ʣʘʙʦʨʘʪʦʨʽʡ çɼɯʃɸè (ʩʝʨ-

ʪʠʬʽʢʦʚʘʥʘ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘ-

ʨʪʽʚ ISO 9001:2008 ʪʘ ISO 15189:2007; ʣʽʮʝʥʟʽʷ 

ʄʆɿ ʋʢʨʘʾʥʠ ɸɺ ˉ447607 ʚʽʜ 12.02.2009 ʨ. ʪʘ ɸɼ 

ˉ063597 ʚʽʜ 02.08.2012 ʨ.; ʩʚʽʜʦʮʪʚʦ ʧʨʦ ʘʪʝʩʪʘʮʽʶ 

 ̄ʇʊ-0275ù06 ʚʽʜ 28.07.2006 ʨ. ʪʘ ˉ ʇʊ-274ù11 ʚʽʜ 

01.08.2011 ʨ.). ʆʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ-

ʚʦʜʠʣʠ ʚ ʜʠʥʘʤʽʮʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ï ʧʨʠ ʧʝʨʰʦʤʫ 

ʚʽʟʠʪʽ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʦʧʝʨʘʮʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, ʯʝʨʝʟ 

3, 6, 12, 18, 24 ʽ 36 ʤʽʩʷʮʽʚ ʧʽʩʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫ-

ʯʘʥʥʷ. ʋ 57 ʭʚʦʨʠʭ (29 ʧʘʮʽʻʥʪʽʚ ʟ ɯ ʛʨʫʧʠ ʪʘ ʫ 28 ï 

ʟ ʜʨʫʛʦʾ) ʧʨʦʚʦʜʠʣʠ ʧʦʛʣʠʙʣʝʥʝ ʜʠʥʘʤʽʯʥʝ ʦʙʩʪʝ-

ʞʝʥʥʷ: ʚʠʚʯʘʣʠʩʷ ʧʦʢʘʟʥʠʢʠ ʣʽʧʽʜʥʦʛʦ, ʚʫʛʣʝʚʦʜ-

ʥʦʛʦ ʪʘ ʧʨʦʪʝʾʥʦʚʦʛʦ ʦʙʤʽʥʫ ʧʦʬʨʘʢʮʽʡʥʦ ʫ ʮʠʭ 

ʭʚʦʨʠʭ ʥʘʧʝʨʝʜʦʜʥʽ ʣʽʢʫʚʘʥʥʷ ʪʘ ʧʽʩʣʷ ʥʴʦʛʦ; ʧʨʦ-

ʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʢʘʣʴʮʽʶ ʪʘ ʚʽʪʘʤʽʥʫ 

25 (ʆʅ) D, ʘ ʪʘʢʦʞ ʟʘʣʽʟʘ ʫ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʽʟ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʽʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘ-

ʣʽʟʫ (ɯʌɸ). ʅʦʨʤʘ ʢʘʣʴʮʽʶ ʢʦʣʠʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 

2,18-2,6 ʤʢʤʦʣʴùʣ. ʆʮʽʥʢʘ ʚʤʽʩʪʫ 25 (OH) D ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ: ʨʽʚʝʥʴ >75 

ʥʤʦʣʴùʣ ʚʚʘʞʘʚʩʷ ʥʦʨʤʘʣʴʥʠʤ, ʨʽʚʝʥʴ ʚʽʜ 50 ʜʦ 

75 ʥʤʦʣʴùʣ ʨʦʟʮʽʥʶʚʘʚʩʷ ʷʢ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʚʽʪʘʤʽʥʫ, 

ʘ ʟʥʘʯʝʥʥʷ <50 ʥʤʦʣʴùʣ ï ʡʦʛʦ ʜʝʬʽʮʠʪ. ʄʝʞʽ ʥʦʨʤʠ 

ʜʣʷ ʟʘʣʽʟʘ ʩʪʘʥʦʚʠʣʘ 11,6-31,3 ʤʢʤʦʣʴùʣ.  

ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʙʽʦʩʪʘʪʠʩʪʠʢʠ 

[13], ʨʝʘʣʽʟʦʚʘʥʠʭ ʫ ʣʽʮʝʥʟʦʚʘʥʦʤʫ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ 

STATISTICA v.6.1È (Statsoft Inc., ʉʐɸ). ɺʨʘʭʦʚʫ-

ʶʯʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʙʽʣʴʰʦʩʪʽ ʢʽʣʴʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʚʠʚʯʘʣʠʩʴ, ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

(ʢʨʠʪʝʨʽʡ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ ʟ ʧʦʧʨʘʚʢʦʶ ʃʽ-

ʣʽʻʬʦʨʩʘ), ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʠʯʥʽ ʩʪʘʪʠ-

ʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʥʥʷ: ʩʝʨʝ-

ʜʥʷ ʘʨʠʬʤʝʪʠʯʥʘ (ʄ), ʩʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʝʨʝʜ-

ʥʴʦʾ (Ñm), 95% ʜʦʚʽʨʯʽʡ ʽʥʪʝʨʚʘʣ ʜʣʷ ʩʝʨʝʜʥʴʦʾ 

ʚʝʣʠʯʠʥʠ (95% ɼɯ), ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ (ʉ), ʢʨʠʪʝ-

ʨʽʡ ʌʽʰʝʨʘ (F) ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʦʩʪʽ ʜʠʩʧʝʨʩʽʡ, ʢʨʠ-

ʪʝʨʽʾ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʥʝʟʚôʷʟʘʥʠʭ (t) ʽ ʟʚôʷʟʘʥʠʭ ʚʠ-

ʙʽʨʦʢ (ʊ) ï ʜʣʷ ʦʮʽʥʢʠ ʚʽʨʦʛʽʜʥʦʩʪʽ ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʝ-

ʨʝʜʥʽʭ. ɺʽʨʦʛʽʜʥʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚʽʜʥʦʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʢʨʠʪʝʨʽʻʤ ʍʽ-ʢʚʘʜʨʘʪ 

ʇʽʨʩʦʥʘ (c2) ʽ ʜʚʦʩʪʦʨʦʥʥʽʤ ʪʦʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʌʽ-

ʰʝʨʘ (ʊʂʌ), ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʦʟʥʘʢʘʤʠ ï ʟʘ ʢʦʝ-

ʬʽʮʽʻʥʪʘʤʠ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ (rs). ʂʨʠʪʠ-

ʯʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʥʘʯʫʱʦʩʪʽ (ʨ) ʧʨʠʡʤʘ-

ʣʦʩʷ <0,05, ʪʝʥʜʝʥʮʽʶ ʚʠʟʥʘʯʘʣʠ ʧʨʠ ʨ<0,1.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭʥʻ ʦʙʛʦʚʦ-

ʨʝʥʥʷ. 

ʅʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʽ ʪʨʝʪʠʥʠ ʯʦʣʦʚʽʢʽʚ 

(n=21 ï 65,6 %) ʽ ʤʘʡʞʝ ʧʦʣʦʚʠʥʘ ʞʽʥʦʢ (n=21 ï 42,0 %) 

ʤʘʣʠ ɯʄʊ ʧʦʥʘʜ 45 ʢʛ/ʤ2 (ʨ=0,037 ʟʘ ʢʨʠʪʝʨʽʻʤ ɢ2). 

ʇʦʢʘʟʥʠʢ ɯʄʊ ʫ ʯʦʣʦʚʽʢʽʚ ʢʦʣʠʚʘʚʩʷ ʚʽʜ 35,5 ʢʛ/ʤ2 

ʜʦ 85,9 ʢʛ/ʤ2 ʪʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʚ 51,4Ñ1,97 ʢʛ/ʤ2. 

ʋ ʞʽʥʦʢ ʮʝʡ ʧʦʢʘʟʥʠʢ ʢʦʣʠʚʘʚʩʷ ʚʽʜ 30,7 ʢʛ/ʤ2 ʜʦ 62,1 

ʢʛ/ʤ2 ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʚ 44,2Ñ0,99 ʢʛ/ʤ2 (p<0,01 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʦʣʦʚʽʢʘʤʠ). ʇʨʠ ʮʴʦʤʫ ʩʬʦʨʤʦʚʘʥʽ 
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ʢʣʽʥʽʯʥʽ ʛʨʫʧʠ ʟʜʝʙʽʣʴʰʦʛʦ ʚʽʨʦʛʽʜʥʦ ʚʽʜʨʽʟʥʷʣʠʩʴ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʤʦʨʙʽʜʥʦʛʦ ʦʞʠʨʽʥʥʷ (ʚʽʜ p<0,05 ʜʦ 

p<0,01) (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʷ 1 

ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʨʙʽʜʥʦʛʦ ʦʞʠʨʽʥʥʷ ʫ ʧʘʮʽʻʥʪʽʚ ʢʣʽʥʽʯʥʠʭ ʛʨʫʧ 

ʥʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ, MÑm (95% ɼɯ) 

ʇʦʢʘʟʥʠʢ ɺʩʽ ʧʘʮʽʻʥʪʠ (n=82) 
ʂʣʽʥʽʯʥʽ ʛʨʫʧʠ 

ʨ ʤʽʞ ʛʨʫ-

ʧʘʤʠ  ɯ ʛʨʫʧʘ (n=30) ɯɯ ʛʨʫʧʘ (n=52) 

ɯʄʊ, ʢʛ/ʤ2 

ʚʩʽ 
47,0Ñ1,05 

(44,9-49,1) 

51,2Ñ2,13 

(46,9-55,6) 

44,6Ñ0,96 

(42,6-46,5) 
0,007¶ 

ʯʦʣ. 
51,4Ñ1,97 

(47,4-55,4) 

62,1Ñ4,56 

(51,6-72,7) 

47,2Ñ1,33 

(44,5-50,0) 
0,010¶ 

ʞʽʥ. 
44,2Ñ0,99** 

(42,2-46,2) 

46,5Ñ1,49*** 

(43,4-49,6) 

42,4Ñ1,25* 

(39,9-45,0) 
0,040¶ 

ʅʘʜʣʠʰʢʦʚʘ ʤʘʩʘ 

ʪʽʣʘ, ʢʛ 

ʚʩʽ 
72,3Ñ3,30 

(65,7-78,8) 

84,4Ñ6,83 

(70,4-98,4) 

65,3Ñ3,05 

(59,2-71,4) 
0,015¶ 

ʯʦʣ. 
91,3Ñ5,90 

(79,3-103,3) 

123,3Ñ13,49 

(92,2-154,4) 

78,8Ñ4,12 

(70,2-87,3) 
0,010¶ 

ʞʽʥ. 
60,1Ñ2,76*** 

(54,6-65,7) 

67,7Ñ4,38*** 

(58,6-76,9) 

54,6Ñ3,24*** 

(48,0-61,2) 
0,017¶ 

ʇʨʠʤʽʪʢʠ: *  ï p<0,05; ** ï p<0,01; ***  ï p<0,001 ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʫ ʯʦʣʦʚʽʢʽʚ; ¶ ï 

ʜʦʩʪʦʚʽʨʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ʢʣʽʥʽʯʥʠʤʠ ʛʨʫʧʘʤʠ (t-ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ). 

 

ʅʘʧʝʨʝʜʦʜʥʽ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫ-

ʚʘʥʥʷ ʫ ʭʚʦʨʠʭ-ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʙʘʨʽʘʪʨʠʯʥʝ ʦʧʝʨʘʪʠ-

ʚʥʝ ʚʪʨʫʯʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʩʪʘʥ ʧʨʦʪʝʾʥʦʚʦʛʦ ʦʙʤʽʥʫ 

(ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʷ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʥʠʢʽʚ ʦʙʤʽʥʫ ʧʨʦʪʝʾʥʽʚ ʫ ʧʘʮʽʻʥʪʽʚ  

ʢʣʽʥʽʯʥʠʭ ʛʨʫʧ, MÑm (95% ɼɯ) 

ʇʦʢʘʟʥʠʢ ɺʩʽ ʧʘʮʽʻʥʪʠ (n=67) ʂʣʽʥʽʯʥʽ ʛʨʫʧʠ 
ʨ ʤʽʞ ʛʨʫ-

ʧʘʤʠ  
ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʥʦʨʤʠ, %  

ʩʝʨʝʜʥʽʡ 

ʨʽʚʝʥʴ  

ɯ ʛʨʫʧʘ (n=30) ɯɯ ʛʨʫʧʘ (n=37) 

ɿʘʛʘʣʴʥʠʡ ʙʽʣʦʢ (ɿɹ), ʛùʣ  

N 57-82 ʛùʣ 
4/ 6,0% 

72,1Ñ0,75 

(70,6-73,6) 

72,8Ñ1,08 

(70,5-75,0) 

71,7Ñ1,04 

(69,6-73,8) 
0,473 

ɸʣʴʙʫʤʽʥ, % 

N 50,8-62,1% 
28/ 41,8% 

51,6Ñ0,68 

(50,2-53,0) 

52,4Ñ0,94 

(50,4-54,3) 

51,0Ñ0,97 

(49,0-52,9) 
0,314 

ɻʣʦʙʫʣʽʥ, % 

N 37-47% 
39/ 58,2% 

48,4Ñ0,68 

(47,0-49,8) 

47,6Ñ0,94 

(45,7-49,6) 

49,0Ñ0,97 

(47,1-51,0) 
0,314 

ɸʣʴʙʫʤʽʥ ù ʛʣʦʙʫʣʽʥ,  

N 1,0-2,0 
23/ 34,3% 

1,09Ñ0,03 

(1,04-1,15) 

1,12Ñ0,04 

(1,04-1,20) 

1,07Ñ0,04 

(0,99-1,16) 
0,430 

Ŭ1-ʛʣʦʙʫʣʽʥ, % 

N 2,5-5,0% 
15/ 22,4% 

3,50Ñ0,14 

(3,22-3,78) 

3,59Ñ0,18 

(3,22-3,96) 

3,43Ñ0,21 

(2,99-3,86) 
0,576 

Ŭ2-ʛʣʦʙʫʣʽʥ, % 

N 8,8-13,8% 
17/ 25,4% 

10,78Ñ0,28 

(10,23-11,34) 

10,99Ñ0,29 

(10,40-11,58) 

10,61Ñ0,45 

(9,70-11,52) 
0,477 

ɓ-ʛʣʦʙʫʣʽʥ, % 

N 10,0-15,1% 
35/ 52,2% 

15,55Ñ0,32 

(14,91-16,18) 

14,88Ñ0,43 

(14,01-15,76) 

16,08Ñ0,45 

(15,16-17,00) 
0,063 

ɔ-ʛʣʦʙʫʣʽʥ, % 

N 10,0-15,1% 
22/ 32,8% 

18,37Ñ0,43 

(17,52-19,22) 

17,68Ñ0,57 

(16,50-18,85) 

18,94Ñ0,61 

(17,71-20,17) 
0,142 

 

ʆʪʨʠʤʘʥʽ ʧʨʠ ʘʥʘʣʽʟʽ ʜʘʥʥʽ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚʩʽ ʪʝʤʘʪʠʯʥʽ ʭʚʦʨʽ ʚ ʦʙʦʭ ʛʨʫ-

ʧʘʭ ʥʝ ʤʘʣʠ ʚʽʨʦʛʽʜʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʫ ʧʦʢʘʟʥʠʢʘʭ 

ʦʙʤʽʥʫ ʧʨʦʪʝʾʥʽʚ. 

ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʣʽʟʘ ʧʦʨʽʚʥʷʥʦ ʟ ʥʦʨʤʦʶ ʫ 

ʧʘʮʽʻʥʪʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʥʘ ʙʘʨʽʘʪʨʠʯʥʝ ʭʽʨʫʨʛʽʯʥʝ ʣʽ-

ʢʫʚʘʥʥʷ ʚʽʜʤʽʯʝʥʦ ʫ 22 (38,6 %) ʧʘʮʽʻʥʪʽʚ ʙʝʟ ʩʫʪʪʻ-

ʚʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʢʣʽʥʽʯʥʠʤʠ ʛʨʫʧʘʤʠ ï 13 

(44,8 %) ʧʘʮʽʻʥʪʽʚ ʟ ɯ ʛʨʫʧʠ ʪʘ 9 (32,1 %) ʟ ɯɯ ʛʨʫʧʠ 

(ʨ=0,417 ʟʘ ʊʂʌ). ɺʦʜʥʦʯʘʩ, ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʮʴʦʛʦ 

ʤʽʢʨʦʝʣʝʤʝʥʪʫ ʫ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʧʘʮʽʻʥʪʽʚ ɯ ʛʨʫʧʠ 

ʙʫʚ ʜʦʩʪʦʚʽʨʥʦ ʤʝʥʰʠʤ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʦʢʘʟʥʠʢ ʫ 

ʧʘʮʽʻʥʪʽʚ ɯɯ ʢʣʽʥʽʯʥʦʾ ʛʨʫʧʠ ï 12,15Ñ0,66 ʤʢʤʦʣʴ/ʣ 

ʧʨʦʪʠ 14,74Ñ1,11 ʤʢʤʦʣʴ/ʣ (ʨ=0,050 ʟʘ t-ʢʨʠʪʝʨʽʻʤ), 

ʱʦ ʤʦʞʣʠʚʦ ʧʦʷʩʥʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ 

ɯʄʊ. ʉʝʨʝʜ ʧʘʮʽʻʥʪʽʚ ʽʟ ʟʘʣʽʟʦʜʝʬʽʮʠʪʥʦʶ ʘʥʝʤʽʻʶ 

ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʙʫʣʠ ʯʦʣʦʚʽʢʠ: 13 

(40,625%) ʧʨʦʪʠ 14 (28,0%).  

ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʤʽʥʝʨʘʣʴʥʦʛʦ ʦʙʤʽʥʫ ʫ ʧʘʮʽ-

ʻʥʪʽʚ ʟ ʤʦʨʙʽʜʥʠʤ ʦʞʠʨʽʥʥʷʤ ʥʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʧʦʢʘʟʘʚ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʽʪʘʤʽʥʫ 

25 (ʆʅ) D ʜʦ ʨʽʚʥʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʡʦʛʦ ʥʝʜʦʩʪʘʪ-

ʥʽʩʪʴ, ʫ 57,9 % ʧʘʮʽʻʥʪʽʚ ʦʙʦʭ ʛʨʫʧ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ 4 
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ʧʘʮʽʻʥʪʽʚ ʟ ɯʄʊ Ó40 ʢʛùʤ2 (7,0 %) ʚʽʜʟʥʘʯʘʚʩʷ ʜʝʬʽ-

ʮʠʪ ʚʽʪʘʤʽʥʫ D (<50 ʥʤʦʣʴùʣ). ɻʽʧʦʢʘʣʴʮʽʻʤʽʷ ʜʦ 

ʦʧʝʨʘʮʽʾ ʚʠʷʚʣʝʥʘ ʫ 7 (12,3 %) ʧʘʮʽʻʥʪʽʚ, ʚ ʪʦʤʫ ʯʠ-

ʩʣʽ ʫ 3 (10,3 %) ʧʘʮʽʻʥʪʽʚ ʟ ɯ ʛʨʫʧʠ ʽ 4 (14,3 %) ʟ ɯɯ 

ʛʨʫʧʠ (ʨ=0,706 ʟʘ ʢʨʠʪʝʨʽʻʤ ʊʂʌ).  

ɺʽʨʦʛʽʜʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʢʣʽʥʽʯʥʠʤʠ ʛʨʫ-

ʧʘʤʠ ʟʘ ʩʝʨʝʜʥʽʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʭʦʣʝʩ-

ʪʝʨʠʥʫ (ɿʍʉ), ʣʽʧʦʧʨʦʪʝʾʜʽʚ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ 

(ʍʉ ʃʇʅʑ), ʣʽʧʦʧʨʦʪʝʾʜʽʚ ʜʫʞʝ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ 

(ʍʉ ʃʇɼʅʑ), ʪʨʠʛʣʽʮʝʨʠʜʽʚ ʪʘ ʘʧʦʣʽʧʦʧʨʦʪʝʾʥʽʚ ɸ 

ʽ ɺ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʥʝ ʚʽʜ-

ʟʥʘʯʝʥʦ (p>0,05 ʧʨʠ ʫʩʽʭ ʧʦʨʽʚʥʷʥʥʷʭ ʤʽʞ ʛʨʫ-

ʧʘʤʠ). ɼʠʩʣʽʧʽʜʝʤʽʯʥʽ ʧʦʨʫʰʝʥʥʷ ʫ ʭʚʦʨʠʭ ʟ ʤʦʨʙʽ-

ʜʥʠʤ ʦʞʠʨʽʥʥʷʤ ʚʽʨʦʛʽʜʥʦ ʢʦʨʝʣʶʚʘʣʠ ʟ ʧʦʢʘʟʥʠ-

ʢʘʤʠ ʥʘʜʣʠʰʢʦʚʦʾ ʤʘʩʠ ʪʽʣʘ: ʜʣʷ ɿʍʉ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ ʜʦʨʽʚʥʶʚʘʚ rs=0,268 (p<0,05), ʜʣʷ ʍʉ 

ʃʇʅʑ ï rs=0,269 (p<0,05), ʜʣʷ ʍʉ ʃʇɼʅʑ ï 

rs=0,380 (p<0,01), ʜʣʷ ʍʉ ʃʇɺʑ ï rs= -0,497 

(p<0,001). 

ʈʽʚʝʥʴ ʣʝʧʪʽʥʫ ʫ ʧʘʮʽʻʥʪʽʚ ɯ ʢʣʽʥʽʯʥʦʾ ʛʨʫʧʠ ʢʦ-

ʣʠʚʘʚʩʷ ʚʽʜ 24,5 ʜʦ 101,0 ʥʛùʤʣ ʪʘ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʢʣʘʚ 57,9Ñ4,75 (95% ɼɯ: 48,2-67,6) ʥʛùʤʣ, ʘ ʚ ɯɯ ʢʣʽ-

ʥʽʯʥʽʡ ʛʨʫʧʽ ʚʽʥ ʚʘʨʽʶʚʘʚ ʚʽʜ 8,42 ʜʦ 101 ʥʛùʤʣ, ʚ ʩʝ-

ʨʝʜʥʴʦʤʫ ï 39,7Ñ3,33 (95% ɼɯ: 32,9-46,5) ʥʛùʤʣ ʟ 

ʨ=0,002 ʤʽʞ ʛʨʫʧʘʤʠ ʟʘ t-ʢʨʠʪʝʨʽʻʤ. ʇʨʠ ʮʴʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʷʤʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʨʽʚʥʷ ʣʝʧʪʽʥʫ ʟ ʧʦ-

ʯʘʪʢʦʚʠʤʠ ʨʽʚʥʷʤʠ ɯʄʊ (rs=0,279; ʨ<0,05) ʽ ʥʘʜʣʠ-

ʰʢʦʚʦʾ ʤʘʩʠ ʪʽʣʘ (rs=0,271; ʨ<0,05).  

ʅʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 42 (62,7%) ʧʘʮʽʻʥʪʽʚ 

ʦʙʦʭ ʛʨʫʧ, ʷʢʽ ʙʫʣʠ ʧʦʛʣʠʙʣʝʥʦ ʜʦʩʣʽʜʞʝʥʽ, ʤʘʣʠ 

ʚʠʩʦʢʽ ʨʽʚʥʽ ʉ-ʧʝʧʪʠʜʫ (>3,85 ʥʛ/ʤʣ), ʚ ʪʦʤʫ ʯʠʩʣʽ 

24 (80,0%) ʧʘʮʽʻʥʪʘ ɯ ʢʣʽʥʽʯʥʦʾ ʛʨʫʧʠ ʽ 18 (48,6%) ï 

ɯɯ ʛʨʫʧʠ (ʨ=0,008 ʟʘ ʢʨʠʪʝʨʽʻʤ ɢ2), ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ 15,9 ʽ 11,4 ʥʛùʤʣ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʫʛʣʝʚʦʜ-

ʥʦʛʦ ʦʙʤʽʥʫ ʥʘʧʝʨʝʜʦʜʥʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

ʩʚʽʜʯʘʣʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʽʩʪʦʪʥʦʾ ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ 

ʨʽʚʥʽʚ ʉ-ʧʝʧʪʠʜʫ, ʽʥʩʫʣʽʥʫ ʽ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ ʚʽʜ 

ɯʄʊ ʧʘʮʽʻʥʪʽʚ: ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʛʣʶʢʦʟʠ ʢʦʝʬʽ-

ʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʩʢʣʘʜʘʚ rs=0,350 (p<0,01), ʜʣʷ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʽʥʩʫʣʽʥʫ ï rs=0,399 (p<0,01), ʜʣʷ ʉ ʧʝʧ-

ʪʠʜʫ ï rs=0,363 (p<0,01).  

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʘʥʘ-

ʣʽʟʽ ʣʽʪʝʨʘʪʫʨʠ [1,2,3,5,16,17], ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ 

ʦʜʝʨʞʘʥʠʭ ʫ ʪʝʤʘʪʠʯʥʠʭ ʧʘʮʽʻʥʪʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦ-

ʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʚʘʞʘʣʠ ʟʘ ʥʝʦʙʭʽʜʥʝ ʨʦʟʨʦ-

ʙʠʪʠ ʨʘʮʽʦʥ ʭʘʨʯʫʚʘʥʥʷ ʙʘʨʽʘʪʨʠʯʥʠʭ ʭʚʦʨʠʭ ʫ ʧʽʩ-

ʣʷʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ, ʷʢʠʡ ʩʧʨʠʷʪʠʤʝ ʘʜʝʢʚʘʪ-

ʥʦʤʫ ʟʥʠʞʝʥʥʶ ʤʘʩʠ ʪʽʣʘ, ʧʨʦʬʽʣʘʢʪʫʚʘʪʠʤʝ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʫʩʢʣʘʜʥʝʥʴ, ʷʢʽ ʧʦʚôʷʟʘʥʽ 

ʽʟ ʧʨʦʚʝʜʝʥʥʷʤ ʙʘʨʽʘʪʨʠʯʥʠʭ ʚʪʨʫʯʘʥʴ, ʘ ʪʘʢʦʞ 

ʙʫʜʝ ʩʧʨʠʷʪʠ ʧʽʜʪʨʠʤʮʽ ʥʝ ʪʽʣʴʢʠ ʧʨʦʪʝʾʥʦʚʦʛʦ ʦʙ-

ʤʽʥʫ, ʘʣʝ ʡ ʙʫʜʝ ʙʘʛʘʪʠʡ ʚʽʪʘʤʽʥʘʤʠ ʪʘ ʤʽʢʨʦʝʣʝʤʝ-

ʥʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʥʝʜʦʣʽʢ ʧʨʦʪʝʾʥʫ ʘʩʦʮʽʡʦʚʘʥʠʡ ʽʟ 

ʨʦʟʚʠʪʢʦʤ ʘʥʝʤʽʾ ʪʘ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʢʽʩʪʢʦ-

ʚʠʡ ʤʝʪʘʙʦʣʽʟʤ.  

ʆʧʪʠʤʘʣʴʥʠʤ ʚʚʘʞʘʣʠ ʜʽʻʪʫ, ʷʢʘ ʤʽʩʪʠʣʘ ʚʽʜ 

1,0 ʜʦ 1,5 ʛ ʙʽʣʢʘ ʥʘ ʢʛ ʽʜʝʘʣʴʥʦʾ ʤʘʩʠ ʪʽʣʘ ʥʘ ʜʦʙʫ. 

ʆʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʣʠ ʩʪʘʥ ʥʠʨʢʦʚʦʾ ʬʫʥʢʮʽʾ. 

ʊʘʢ ʷʢ ʧʨʠ ʟʥʠʞʝʥʥʽ ʥʠʨʢʦʚʦʾ ʬʫʥʢʮʽʾ ʧʦʢʘʟʘʥʝ ʦʙ-

ʤʝʞʝʥʥʷ ʜʦʙʦʚʦʛʦ ʧʦʪʨʘʧʣʷʥʥʷ ʧʨʦʪʝʾʥʫ ʜʦ Ò1,2 

ʛùʢʛ ʽʜʝʘʣʴʥʦʾ ʤʘʩʠ ʪʽʣʘ. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʩʢʣʘʜ ʪʽʣʘ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢ ʟʚʘʥʽ ʨʦ-

ʟʛʘʣʫʞʝʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʣʝʡʮʠʥ, ʨʝ-

ʢʦʤʝʥʜʫʚʘʣʠ ʩʠʨʦʚʘʪʢʦʚʠʡ ʧʨʦʪʝʾʥ, ʢʘʟʝʾʥ, ʷʻʯʥʠʡ 

ʙʽʣʦʢ, ʽʟʦʣʴʦʚʘʥʽ ʩʦʻʚʽ ʙʽʣʢʠ, ʘ ʪʘʢʦʞ ʧʰʝʥʠʯʥʠʡ 

ʧʨʦʪʝʾʥ, ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʩʘʤʝ ʣʝʡʮʠʥʫ, ʽʟ ʨʦʟʨʘʭʫ-

ʥʢʫ ʧʨʠʙʣʠʟʥʦ 10 ʛùʜʦʙʫ. ʈʦʟʧʦʜʽʣ ʙʽʣʢʦʚʦʾ ʾʞʽ ʧʨʦ-

ʪʷʛʦʤ ʜʥʷ ʙʫʚ ʨʽʚʥʦʤʽʨʥʠʤ, ʧʨʠ ʮʴʦʤʫ ʚʤʽʩʪ ʞʠʨʫ 

ʚ ʙʽʣʢʦʚʠʭ ʧʨʦʜʫʢʪʘʭ ʧʦʚʠʥʝʥ ʙʫʚ ʙʫʪʠ ʤʽʥʽʤʘʣʴ-

ʥʠʤ.  

ɺʩʽʤ ʧʘʮʽʻʥʪʘʤ, ʱʦ ʧʝʨʝʥʝʩʣʠ ɹʇʐ ʧʨʠʟʥʘʯʘ-

ʣʘʩʴ ʟʘʤʽʩʥʘ ʪʝʨʘʧʽʷ, ʷʢʘ ʚʢʣʶʯʘʣʘ ʦʙʦʚôʷʟʢʦʚʝ ʱʦ-

ʜʝʥʥʝ ʚʞʠʚʘʥʥʷ ʚ ʾʞʫ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʨʘʚ ʱʦ 

ʤʽʩʪʷʪʴ ʙʽʣʢʠ, ʞʠʨʦʨʦʟʯʠʥʥʽ ʚʽʪʘʤʽʥʠ, ʧʨʝʧʘʨʘʪʠ 

ʢʘʣʴʮʽʶ ʚ ʜʦʟʽ 2 ʛʨ ʥʘ ʜʦʙʫ ʪʘ ʧʨʝʧʘʨʘʪʠ ʩʫʣʴʬʘʪʘ 

ʟʘʣʽʟʘ ʚ ʜʦʟʽ 256 ʤʛ. 

ɺʠʷʚʣʝʥʽ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʨʽʚʥʷ ʟʘʣʽʟʫ ʫ ʧʘʮʽ-

ʻʥʪʽʚ ʟ ʤʦʨʙʽʜʥʠʤ ʦʞʠʨʽʥʥʷʤ ʚʠʤʘʛʘʣʠ ʧʨʦʚʝʜʝʥʥʷ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʢʦʨʝʢʮʽʾ ʮʴʦʛʦ ʜʝʬʽʮʠʪʫ. ɿʘʩʪʦʩʦ-

ʚʫʚʘʣʠ ʨʽʟʥʽ ʛʨʫʧʠ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʟʘʣʽʟʘ: ʩʫʣʴ-

ʬʘʪ ʟʘʣʽʟʘ 325 ʤʛ ʪʘ ʬʫʤʘʨʘʪ ʟʘʣʽʟʘ 200 ʤʛ. ʇʘʮʽʻʥ-

ʪʘʤ ʨʝʢʦʤʝʥʜʫʚʘʣʠ ʧʨʠʡʤʘʪʠ 1-2 ʪʘʙʣʝʪʢʠ ʥʘ ʜʦʙʫ 

ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʜʝʬʽʮʠʪʫ ʟʘʣʽʟʘ ʪʘ 3-4 ʪʘʙʣʝʪʢʠ 

ʜʣʷ ʣʽʢʫʚʘʥʥʷ. ʈʝʢʦʤʝʥʜʫʚʘʣʠ ʧʨʠʡʦʤ ʧʨʝʧʘʨʘʪʽʚ 

ʟʘʣʽʟʘ ʤʽʞ ʧʨʠʡʦʤʘʤʠ ʾʞʽ. ʅʝ ʨʝʢʦʤʝʥʜʫʚʘʣʠ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʟʘʣʽʟʘ ʟ ʯʘʻʤ, ʤʦʣʦʢʦʤ, ʭʣʽʙʦʙʫ-

ʣʦʯʥʠʤʠ ʚʠʨʦʙʘʤʠ ʧʨʠ ʮʴʦʤʫ ʧʨʝʧʘʨʘʪʠ ʟʘʣʽʟʘ ʪʘ 

ʧʨʝʧʘʨʘʪʠ ʢʘʣʴʮʽʶ ʧʦʚʠʥʥʽ ʧʨʠʡʤʘʪʠʩʷ ʚ ʨʽʟʥʠʡ 

ʯʘʩ ʜʦʙʠ. 

ʇʨʠ ʨʽʚʥʽ ʛʝʤʦʛʣʦʙʽʥʫ ʥʠʞʯʝ 100 ʛùʣ ʟʘʩʪʦʩʦʚʫ-

ʚʘʣʠ ʧʘʨʝʥʪʝʨʘʣʴʥʝ ʟʘʣʽʟʦ. ɺʽʜʜʘʚʘʣʠ ʧʝʨʝʚʘʛʫ ʚʥʫ-

ʪʨʽʰʥʴʦʚʝʥʥʦʤʫ ʰʣʷʭʫ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢ ʷʢ ʮʝʡ 

ʰʣʷʭ ʤʝʥʰ ʙʦʣʶʯʠʡ ʪʘ ʥʝ ʚʠʟʠʚʘʻ ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ 

ʰʢʽʨʠ ʚ ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ ʫ ʤʽʩʮʽ ʽʥôʻʢʮʽʾ. ɼʦʟʫ ʪʠ-

ʪʨʫʚʘʣʠ ʟ ʥʘʩʪʫʧʥʠʤ ʾʾ ʟʙʽʣʴʰʝʥʥʷʤ ʯʝʨʝʟ ʤʦʞʣʠ-

ʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʥʘʬʽʣʘʢʩʽʾ. ʊʘʢʽ ʧʘʮʽʻʥʪʠ - 3 

(10,0%) ʧʘʮʽʻʥʪʽʚ ʚ ɯ ʛʨʫʧʽ ʣʽʢʫʚʘʣʠʩʷ ʩʫʤʽʩʥʦ ʽʟ ʛʝ-

ʤʘʪʦʣʦʛʦʤ. ɺʩʽ 3 (10,0%) ʧʘʮʽʻʥʪʘ ʚ ɯ ʛʨʫʧʽ ʧʦʪʨʝ-

ʙʫʚʘʣʠ ʜʝʢʽʣʴʢʘ ʢʫʨʩʽʚ ʣʽʢʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʚʝʥ-

ʥʠʤ ʟʘʣʽʟʦʤ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ɺ ɯɯ ʛʨʫʧʽ ʧʘʮʽʻʥʪʽʚ, ʱʦ 

ʧʦʪʨʝʙʫʚʘʣʠ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʣʽʟʘ 

ʥʝ ʙʫʣʦ. 

ʇʨʠ ʚʠʷʚʣʝʥʽ ʜʝʬʽʮʠʪʫ ʚʽʪʘʤʽʥʫ 25 (ʆʅ) D ʧʘ-

ʮʽʻʥʪʘʤ ʨʝʢʦʤʝʥʜʫʚʘʣʠ ʧʦʤʽʨʥʽ ʽʥʩʦʣʷʮʽʾ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʚʽʜʚʽʜʫʚʘʥʥʷ ʩʦʣʷʨʽʶ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʬʘʭʽ-

ʚʮʷ. 

ʆʢʨʽʤ ʦʙʤʝʞʝʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ ʞʠʨʫ, ʷʢʠʡ ʚʞʠ-

ʚʘʶʪʴ ʭʚʦʨʽ ʫ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ, ʚʘʞʣʠ-

ʚʠʤ ʻ ʷʢʽʩʪʴ ʞʠʨʫ, ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʜʦ ʦʨʛʘʥʽʟʤʫ. ɺʘ-

ʞʣʠʚʦʶ ʙʫʣʘ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʨʘʮʽʦʥʽ ʙʘʨʽʘʪʨʠʯʥʦʛʦ 

ʭʚʦʨʦʛʦ ʧʝʨʝʚʘʞʥʦ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʘ 

ʩʘʤʝ ʦʣʽʾ: ʣʴʥʷʥʦʾ, ʨʽʧʘʢʦʚʦʾ, ʦʣʠʚʢʦʚʦʾ, ʩʦʻʚʦʾ ʪʘ 

ʤʘʩʣʘ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ, ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʪʘ ʢʫʢʫʨʫʜʟʷʥʦʾ. 

ʇʦʪʨʘʧʣʷʥʥʷ ʚʫʛʣʝʚʦʜʽʚ ʽʟ ʚʠʩʦʢʠʤ ʛʣʽʢʝʤʽʯ-

ʥʠʤ ʽʥʜʝʢʩʦʤ ʘʩʦʮʽʡʦʚʘʥʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʩʠ ʪʽʣʘ 

ʫ ʚʽʜʜʘʣʝʥʦʤʫ ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʤʫ ʧʝʨʽʦʜʽ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʦʢʫʻ ʛʘʩʪʨʦʝʥʪʝʨʦʣʦʛʽʯʥʽ ʨʝʘʢʮʽʾ, ʪʘʢʽ ʷʢ ʜʝʤ-

ʧʽʥʛ-ʩʠʥʜʨʦʤ. ʉʘʤʝ ʪʦʤʫ, ʭʚʦʨʠʤ, ʷʢʽ ʧʝʨʝʥʝʩʣʠ ʙʘ-

ʨʽʘʪʨʠʯʥʽ ʚʪʨʫʯʘʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʪʠʧʫ, ʙʫʣʦ 

ʧʦʢʘʟʘʥʝ ʟʥʠʞʝʥʥʷ ʚ ʨʘʮʽʦʥʽ ʯʘʩʪʢʠ ʰʚʠʜʢʠʭ ʚʫʛʣʝ-

ʚʦʜʽʚ, ʱʦ ʩʧʨʠʷʣʦ ʙʽʣʴʰ ʟʥʘʯʫʱʽʡ ʚʪʨʘʪʽ ʚʘʛʠ, ʘ ʪʘ-

ʢʦʞ ʥʠʚʝʣʶʚʘʥʥʶ ʥʝʙʘʞʘʥʠʭ ʷʚʠʱ ʟ ʙʦʢʫ ʐʂʊ, ʟʘ-

ʚʜʷʢʠ ʯʦʤʫ, ʫ ʪʝʤʘʪʠʯʥʠʭ ʭʚʦʨʠʭ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ 



26 SCIENCES OF EUROPE # 24, (2018) | MEDICAL SCIENCES 

ʫʩʢʣʘʜʥʝʥʥʷ ʥʝ ʚʠʥʠʢʘʣʠ. ʍʚʦʨʽ ʦʪʨʠʤʫʚʘʣʠ ʙʣʠ-

ʟʴʢʦ 14 ʛ ʢʣʽʪʢʦʚʠʥʠ ʥʘ ʢʦʞʥʫ 1000 ʩʧʦʞʠʚʘʥʠʭ ʢʽ-

ʣʦʢʘʣʦʨʽʡ, ʘ ʟʘʛʘʣʴʥʝ ʧʦʪʨʘʧʣʷʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜ ʚʫʛ-

ʣʝʚʦʜʽʚ ʥʝ ʧʝʨʝʙʽʣʴʰʫʚʘʣʦ 40-45% ʜʦʙʦʚʦʛʦ ʢʘʣʦ-

ʨʘʞʫ. 

ɸʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʧʦʢʘʟʥʠʢʽʚ ʤʦʨʙʽʜʥʦʛʦ ʦʞʠ-

ʨʽʥʥʷ ʧʨʦʪʷʛʦʤ 3 ʨʦʢʽʚ ʧʽʩʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

ʧʦʢʘʟʘʚ ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʚʽʨʦʛʽʜʥʦʛʦ (ʚʽʜ p<0,01 

ʜʦ p<0,001) ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʘʩʠ ʪʽʣʘ ʪʘ ɯʄʊ ʫ 

ʧʘʮʽʻʥʪʽʚ ʫʩʽʭ ʢʣʽʥʽʯʥʠʭ ʛʨʫʧ ʚʞʝ ʯʝʨʝʟ 3 ʤʽʩʷʮʽ ʚʽʜ ʧʦ-

ʯʘʪʢʫ ʣʽʢʫʚʘʥʥʷ. ɺ ʮʽʣʦʤʫ ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʤʘʩʠ 

ʪʽʣʘ ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʤʦʨʙʽʜʥʠʤ ʦʞʠʨʽʥʥʷʤ ʟʨʦʩʣʠ ʟ 

29,5 % ʯʝʨʝʟ 3 ʤʽʩ. ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʜʦ 66,9 % ʚʧʨʦʜʦʚʞ 

3 ʨʦʢʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ɹʇʐ (ʜʦ 

74,3 %) (ʨʠʩ. 1).  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʚʽʚ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʝ-

ʪʦʜʠʢʘ ʙʽʣʽʦʧʘʥʢʨʝʘʪʠʯʥʦʛʦ ʰʫʥʪʫʚʘʥʥʷ Hess-

Marceau ʟʘʙʝʟʧʝʯʫʻ % EWL ʥʘ ʨʽʚʥʽ 74,3 % ʥʘ ʧʨʦ-

ʪʷʟʽ 3 ʨʦʢʽʚ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫ-

ʯʘʥʥʷ. ʇʦʟʜʦʚʞʥʷ ʨʝʟʝʢʮʽʷ ʰʣʫʥʢʘ ʟʘʙʝʟʧʝʯʫʻ 

% EWL ʥʘ ʨʽʚʥʽ 56,6 % ʥʘ ʧʨʦʪʷʟʽ 3 ʨʦʢʽʚ ʧʽʩʣʷ ʚʠ-

ʢʦʥʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ.  

ɼʦʪʨʠʤʫʶʯʠʩʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʘʮʽʦʥʫ, ʚʜʘʣʦʩʷ 

ʧʦʧʝʨʝʜʠʪʠ ʩʠʤʧʪʦʤʠ, ʷʢʽ ʩʚʽʜʯʠʣʠ ʧʨʦ ʚʠʥʠʢ-

ʥʝʥʥʷ ʫʩʢʣʘʜʥʝʥʴ ʧʽʩʣʷ ʙʘʨʽʘʪʨʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ.  

 

3 ʤʽʩ.6 ʤʽʩ.12 ʤʽʩ.1,5 ʨʦʢʠ2 ʨʦʢʠ3 ʨʦʢʠ

ɺʩʽ ʧʘʮʽʻʥʪʠ29,5 48,1 60,3 65,0 66,8 66,9

ɯ ʛʨʫʧʘ 29,0 47,9 65,4 71,8 73,5 74,3

ɯɯ ʛʨʫʧʘ30,0 48,4 55,8 58,2 59,4 56,6
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ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʧʦʢʘʟʥʠʢʽʚ ʚʪʨʘʪʠ ʥʘʜʣʠʰʢʦʚʦʾ ʤʘʩʠ ʪʽʣʘ (%) ʫ ʧʘʮʽʻʥʪʽʚ ʢʣʽʥʽʯʥʠʭ ʛʨʫʧ ʧʽʩʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ: * - ʨ<0,05; ** - ʨ<0,01; *** - ʨ<0,001 ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚ ɯɯ 

ʛʨʫʧʽ (t-ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ). 

 

ʏʝʨʝʟ 2 ʨʦʢʠ ʧʽʩʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 

ʦʞʠʨʽʥʥʷ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʣʝʧʪʽʥʫ ʫ ʧʘʮʽʻʥʪʽʚ ɯ 

ʛʨʫʧʠ ʟʥʠʟʠʚʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 84%, ʟ ʢʦʣʠʚʘʥ-

ʥʷʤʠ ʚʽʜ 1,83 ʜʦ 21,34 ʥʛùʤʣ ʪʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʚ 

9,27Ñ0,59 (95% ɼɯ: 8,06-10,48) ʥʛùʤʣ. ɺ ɯɯ ʢʣʽʥʽʯʥʽʡ 

ʛʨʫʧʽ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʩʢʣʘʣʠ 76,2% ʟ ʩʝʨʝʜʥʽʤ ʨʽʚ-

ʥʝʤ 9,43Ñ0,46 (95% ɼɯ: 8,49-10,38) ʥʛùʤʣ (ʨ<0,001 ʟʘ 

ʊ-ʢʨʠʪʝʨʽʻʤ) ʙʝʟ ʚʽʨʦʛʽʜʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʛʨʫ-

ʧʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʨ=0,831 ʟʘ t-ʢʨʠʪʝʨʽʻʤ).  

ʅʘʧʨʠʢʽʥʮʽ 2 ʨʦʢʽʚ ʧʦʢʘʟʥʠʢʠ ʨʽʚʥʶ ʉ-ʧʝʧ-

ʪʠʜʫ ʫ ʢʨʦʚʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʤʝʞʽ ʥʦʨʤʠ, ʘ ʩʝʨʝʜʥʽ 

ʨʽʚʥʽ ʫ ʧʘʮʽʻʥʪʽʚ ɯ ʢʣʽʥʽʯʥʦʾ ʛʨʫʧʠ ʟʤʝʥʰʠʣʠʩʴ ʥʘ 

72,3% (p<0,001), ʚ ɯɯ ʛʨʫʧʽ ï ʥʘ 59,0% (p<0,001). ʇʦ-

ʢʘʟʥʠʢʠ ʨʽʚʥʷ ʽʥʩʫʣʽʥʫ ʪʘʢʦʞ ʯʝʨʝʟ 2 ʨʦʢʠ ʜʦʩʷʛʣʠ 

ʥʦʨʤʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʦʤʫ ʘʥʘʣʽʟʽ ʚʠʷʚʣʝʥʦ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʽʚ ʟʘʛʘʣʴʥʦʛʦ ʭʦʣʝʩʪʝʨʠʥʫ ʟ 5,47Ñ0,19 ʤʤʦʣʴùʣ 

(95% ɼɯ: 5,09-5,85) ʥʘʧʝʨʝʜʦʜʥʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʣʽʢʫ-

ʚʘʥʥʷ ʜʦ 3,53Ñ0,08 ʤʤʦʣʴùʣ (95% ɼɯ: 3,36-3,70) ʯʝ-

ʨʝʟ 2 ʨʦʢʠ ʧʽʩʣʷ ʙʘʨʽʘʪʨʠʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ ɯ ʛʨʫʧʽ 

ʪʘ ʟ 5,38Ñ0,14 ʤʤʦʣʴùʣ (95% ɼɯ: 5,10-5,67) ʜʦ 

3,73Ñ0,11 ʤʤʦʣʴùʣ (95% ɼɯ: 3,51-3,96) ʚ ʜʨʫʛʽʡ; ʣʽ-

ʧʦʧʨʦʪʝʾʜʽʚ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ ʟ 3,14Ñ0,10 ʤʤʦʣʴùʣ 

(95% ɼɯ: 2,95-3,34) ʜʦ 1,95Ñ0,07 ʤʤʦʣʴùʣ (95% ɼɯ: 

1,80-2,10) ʪʘ ʟ 3,35Ñ0,13 ʤʤʦʣʴùʣ (95% ɼɯ: 3,08-3,62) 

ʜʦ 1,88Ñ0,06 ʤʤʦʣʴùʣ (95% ɼɯ: 1,72-2,07) ʧʦ ʛʨʫʧʘʤ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʨ<0,001. 

ʏʝʨʝʟ 2 ʨʦʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʧʘʜʢʽʚ ʜʝʬʽʮʠʪʫ 

ʚʽʪʘʤʽʥʫ D ʥʝ ʚʽʜʤʽʯʝʥʦ, ʘ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʟʙʝʨʽ-

ʛʘʚʩʷ ʫ 23 ʟ 29 (79,3 %) ʧʘʮʽʻʥʪʽʚ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ɹʇʐ ʽ ʫ 14 ʟ 24 (58,3 %) ʧʘʮʽʻʥʪʽʚ, ʷʢʠʤ ʚʠʢʦʥʘʥʦ 

ʧʦʟʜʦʚʞʥʶ ʨʝʟʝʢʮʽʶ ʰʣʫʥʢʘ (ʤʽʞ ʛʨʫʧʘʤʠ ʨ=0,098 

ʟʘ ʢʨʠʪʝʨʽʻʤ c2), ʫ ʷʢʠʭ ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽ-

ʩʪʫ ʮʴʦʛʦ ʚʽʪʘʤʽʥʫ ʚ ʜʠʥʘʤʽʮʽ. ʊʘʢʦʞ ʯʝʨʝʟ 1,5-2 

ʨʦʢʠ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʘʨʽʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʨʽʟ-

ʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʫ ʮʠʭ ʧʘʮʽʻʥʪʽʚ ʚʽʜʟʥʘʯʝʥʦ ʧʦʟʠʪʠ-

ʚʥʠʡ ʚʧʣʠʚ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʪʝʨʘʧʽʾ ʥʘ ʢʦʨʝʢʮʽʶ 

ʧʦʨʫʰʝʥʴ ʧʨʦʮʝʩʽʚ ʦʙʤʽʥʫ ʟʘʣʽʟʘ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʶ 

ʧʦʢʘʟʥʠʢʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʘʮʽʻʥʪʽʚ ʟ ʤʦʨʙʽʜʥʠʤ ʦʞʠʨʽʥ-

ʥʷʤ ʯʝʨʝʟ 1,5-2-3 ʨʦʢʠ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʘʨʽʘʪʨʠʯ-

ʥʠʭ ʦʧʝʨʘʮʽʡ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʬʘʟʘ ʘʜʘʧʪʘʮʽʾ) 

ʚʽʜʟʥʘʯʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʨʦʟʨʦʙʣʝʥʦʛʦ ʨʘʮʽ-

ʦʥʫ ʭʘʨʯʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʤʽʥʽʤʽʟʫʚʘʪʠ ʦʙʩʷʛ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʪʝʨʘʧʽʾ ʥʘ ʢʦʨʝʢʮʽʶ ʧʦʨʫʰʝʥʴ ʟ 

ʙʦʢʫ ʪʨʠʛʝʨʽʚ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʩʠʥʜʨʦʤʫ ʪʘ ʩʧʨʠʷʚ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ ʙʽʣʢʦʚʦʛʦ, ʣʽʧʽʜʥʦʛʦ ʪʘ ʚʫ-

ʛʣʝʚʦʜʥʦʛʦ ʦʙʤʽʥʽʚ.  

ɺʠʩʥʦʚʢʠ. 
1. ʆʙʠʜʚʽ ʦʧʝʨʘʮʽʾ, ʟ ʙʽʣʴʰʦʶ ʘʙʦ ʤʝʥʰʦʶ 
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ʝʬʝʢʪʠʚʥʽʩʪʶ, ʜʦʚʝʣʠ ʤʦʞʣʠʚʽʩʪʴ ʭʽʨʫʨʛʽʯʥʦʾ ʢʦʨʝ-
ʢʮʽʾ ʧʨʦʷʚʽʚ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʩʠʥʜʨʦʤʫ. ɼʦʜʘʪʢʦʚʦ 
ʙʫʚ ʜʦʚʝʜʝʥʠʡ ʬʘʢʪ ʚʘʞʣʠʚʦʩʪʽ ʩʚʦʻʯʘʩʥʦʛʦ ʧʨʠʡ-
ʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʙʘʨʽʘʪʨʠʯʥʝ ʚʪʨʫʯʘʥʥʷ, ʪʘʢ ʷʢ 
ʨʠʟʠʢ ʚʽʜ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ 
ʨʠʟʠʢʘ ʜʣʷ ʞʠʪʪʷ ʧʨʦʷʚʽʚ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʩʠʥʜʨʦʤʫ, 
ʘ ʘʜʝʢʚʘʪʥʝ ʣʽʢʫʚʘʥʥʷ ʮʠʭ ʩʪʘʥʽʚ ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ 
ʩʫʪʪʻʚʦʛʦ ʪʘ ʪʨʠʚʘʣʦʛʦ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʷʢʝ ʤʦ-
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ʨʘʮʽʾ (ʨ=0,062 ʟʘ ʊʂʌ). 

4. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʘʨʽʘʪʨʠʯʥʦʛʦ ʣʽʢʫʚʘʥʥʷ 
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʦʜʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 2138 

ʙʝʨʝʤʝʥʥʳʭ ʚ ʧʝʨʚʦʤ ʪʨʠʤʝʩʪʨʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, 53 % (1133 ʯʝʣ.) ʨʝʩʧʦʥʜʝʥʪʦʚ ʠʤʝʣʠ 

ʪʦʣʴʢʦ ʦʜʠʥ ʬʘʢʪʦʨ ʨʠʩʢʘ, ʪʦʛʜʘ ʢʘʢ 38 % (816 ʯʝʣ.) - ʜʚʘ ʠ ʙʦʣʝʝ. ʌʘʢʪʦʨʳ ʨʠʩʢʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʦʜʦʚ 

ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1 ʤʝʩʪʦ ï ʠʟʙʳʪʦʢ ʤʘʩʩʳ ʪʝʣʘ (34,4 %), 2 ʤʝʩʪʦ - ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 35 

ʣʝʪ (21,8 %), 3 ʤʝʩʪʦ ï ʢʫʨʝʥʠʝ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ (17,8 %). ʇʦʢʘʟʘʣʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʚ 

ʝʞʝʜʥʝʚʥʫʶ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʘʮʠʝʥʪʦʢ ʧʦ ʬʘʢʪʦʨʘʤ ʨʠʩʢʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʘʤʙʫʣʘʪʦʨʥʦʛʦ ʟʚʝʥʘ ʘʢʫʰʝʨʩʢʦ-ʛʠʥʝ-

ʢʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ. 

ABSTRACT 

The risk factors for preterm delivery were analyzed on the basis of the questionnaire of 2138 pregnant women 

in the first trimester. According to the results of the study, 53% (1133 people) of respondents had only one risk 

factor, while 38% (816 people) had two or more. The risk factors for PR were as follows: 1st place - excess body 

weight (34.4%), 2nd place - age over 35 years (21.8%), 3rd place - smoking during pregnancy (17.8%). It was 

shown that the introduction of protocols into daily clinical practice, the ranking of patients on risk factors and the 

timely use of preventive measures is an important task of the outpatient department of the obstetric and gyneco-

logical service. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʨʝʤʝʥʥʦʩʪʴ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʝ ʨʦʜʳ, ʬʘʢʪʦʨʳ ʨʠʩʢʘ. 

Keywords: pregnancy, premature birth, risk factors. 

 

ɺʘʞʥʳʤ ʨʝʟʝʨʚʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʜʝʤʦʛʨʘʬʠ-

ʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʤʣʘʜʝʥʯʝʩʢʦʡ 

ʠ ʤʘʪʝʨʠʥʩʢʦʡ ʩʤʝʨʪʥʦʩʪʠ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪ-

ʥʦʩʷʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʨʝʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʪʝ-

ʨʷʤè, ʪ.ʝ. ʧʦʪʝʨʷʤ ʚʦ ʚʨʝʤʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʩʝ-

ʣʝʥʠʷ, ʠ ʷʚʣʷʶʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦ-ʜʝʤʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʦʙʱʝʩʪʚʘ. ʉʪʘʪʠʩʪʠʢʘ ʠʩ-

ʭʦʜʦʚ ʙʝʨʝʤʝʥʥʦʩʪʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʝ ʟʜʦʨʦ-

ʚʴʝ ʞʝʥʱʠʥ; ʚʦ-ʚʪʦʨʳʭ, ʫʨʦʚʝʥʴ ʩʣʫʞʙʳ ʦʭʨʘʥʳ 

ʟʜʦʨʦʚʴʷ ʤʘʪʝʨʠ ʠ ʨʝʙʝʥʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʩʝʤʴʠ; ʚ-ʪʨʝʪʴʠʭ, ʨʝʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʪʝʨʠ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩʦ ʟʜʦʨʦʚʴʝʤ ʜʝʪʝʡ, ʘ ʟʥʘʯʠʪ, 

ʚʣʠʷʶʪ ʥʘ ʟʜʦʨʦʚʴʝ ʧʦʧʫʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦ-

ʚʦʡ ʜʣʷ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʫʞʙʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʝ-

ʤʴʠ ʠ ʘʢʫʰʝʨʩʢʦ-ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʚ ʮʝ-

ʣʦʤ [1]. ʇʨʝʞʜʝʚʨʝʤʝʥʥʳʝ ʨʦʜʳ (ʇʈ) ʚʥʦʩʷʪ ʚʝʩʦ-

ʤʳʡ ʚʢʣʘʜ ʚ ʩʪʨʫʢʪʫʨʫ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʪʝʨʴ. ʇʦ 

ʦʮʝʥʢʘʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʝʞʝʛʦʜʥʦ ʜʦ 15 ʤʠʣʣʠʦʥʦʚ ʜʝʪʝʡ ʨʦʞʜʘʶʪʩʷ ʧʨʝʞ-

ʜʝʚʨʝʤʝʥʥʦ, ʘ 1 ʤʠʣʣʠʦʥ ʫʤʠʨʘʝʪ ʠʟ-ʟʘ ʦʩʣʦʞʥʝ-

ʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʇʈ. ʅʘ ʜʦʣʶ ʥʝʜʦʥʦʰʝʥʥʳʭ ʜʝʪʝʡ 

ʧʨʠʭʦʜʠʪʩʷ ʜʦ 60ï70% ʨʘʥʥʝʡ ʥʝʦʥʘʪʘʣʴʥʦʡ ʩʤʝʨʪ-

ʥʦʩʪʠ, ʘ ʤʝʨʪʚʦʨʦʞʜʘʝʤʦʩʪʴ ʧʨʠ ʇʈ ʚʳʰʝ ʚ 8ï13 

ʨʘʟ [2].  

ʏʘʩʪʦʪʘ ʇʈ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʥʝ ʠʤʝʝʪ ʪʝʥʜʝʥ-

ʮʠʠ ʢ ʩʥʠʞʝʥʠʶ ʠ ʚ 2016 ʛ. ʩʦʩʪʘʚʠʣʘ 6,4 % ʦʪ ʦʙ-

ʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʦʜʦʚ. ʊʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘ-

ʙʠʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʠ ʙʝʨʝʤʝʥʥʦʩʪʠ 

ʚ ʩʨʦʢʝ 22ï27 ʥʝʜʝʣʴ ʛʝʩʪʘʮʠʠ, ʘ ʵʪʦ ʥʘʠʙʦʣʝʝ ʢʨʠ-

ʪʠʯʝʩʢʠʝ ʩʨʦʢʠ ʜʣʷ ʨʦʞʜʝʥʠʷ ʨʝʙʝʥʢʘ ʩ ʵʢʩʪʨʝ-

ʤʘʣʴʥʦ ʥʠʟʢʦʡ ʤʘʩʩʦʡ ʪʝʣʘ, ʚ 2016 ʛ. ʵʪʦʪ ʧʦʢʘʟʘ-

ʪʝʣʴ ʩʦʩʪʘʚʠʣ 0,5 % [3].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʇʈ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʠʥʘʪʘʣʴʥʳʭ ʧʦʪʝʨʴ. 

ʉʦʛʣʘʩʥʦ ʢʣʠʥʠʯʝʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʧʦ ʇʈ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʢʦʨʨʝʢʮʠʷ ʧʣʘʥʘ ʚʝʜʝʥʠʷ ʙʝʨʝʤʝʥʥʦʡ 

[4]. 

ʂ ʬʘʢʪʦʨʘʤ ʨʠʩʢʘ ʇʈ ʦʪʥʦʩʷʪ: 

ɸʥʘʤʥʝʩʪʠʯʝʩʢʠʝ: ʦʜʥʠ ʠ ʙʦʣʝʝ ʧʨʝʞʜʝʚʨʝ-

ʤʝʥʥʳʝ ʨʦʜʳ ʚ ʘʥʘʤʥʝʟʝ (ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʠʩʢʘ ʇʈ ʚ 2,5 ʨʘʟʘ), ʜʚʘ ʠ ʙʦʣʝʝ ʚʳʩʢʘʙʣʠʚʘʥʠʷ ʧʦ-

ʣʦʩʪʠ ʤʘʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʙʦʨʪʳ; 

ʢʦʥʠʟʘʮʠʷ ʠʣʠ ʘʤʧʫʪʘʮʠʷ ʰʝʡʢʠ ʤʘʪʢʠ. 

ʌʘʢʪʦʨʳ ʨʠʩʢʘ, ʢʘʩʘʝʤʳʝ ʜʘʥʥʦʡ ʙʝʨʝʤʝʥʥʦ-

ʩʪʠ: ʢʫʨʝʥʠʝ, ʥʠʟʢʠʡ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ 
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ʫʨʦʚʝʥʴ ʞʠʟʥʠ; ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ, ʦʞʠʨʝ-

ʥʠʝ; ʩʪʨʝʩʩʦʚʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʨʘʙʦʪʝ ʠ ʚ ʩʝʤʴʝ, ʭʨʦ-

ʥʠʯʝʩʢʠʡ ʩʪʨʝʩʩ, ʜʝʧʨʝʩʩʠʷ; ʚʦʟʨʘʩʪ ʤʣʘʜʰʝ 18 ʠʣʠ 

ʩʪʘʨʰʝ 35 ʣʝʪ; ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʙʝʨʝʤʝʥʥʦʩʪʷʤʠ ʤʝ-

ʥʝʝ 6 ʤʝʩ, ʤʥʦʛʦʧʣʦʜʥʘʷ ʙʝʨʝʤʝʥʥʦʩʪʴ; ʠʥʜʫʮʠʨʦ-

ʚʘʥʥʘʷ ʙʝʨʝʤʝʥʥʦʩʪʴ, ʤʥʦʛʦʚʦʜʠʝ ʠʣʠ ʤʘʣʦʚʦʜʠʝ; 

ʪʷʞʸʣʳʝ ʵʢʩʪʨʘʛʝʥʠʪʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʩʪʘʜʠʠ 

ʜʝʢʦʤʧʝʥʩʘʮʠʠ; ʠʥʬʝʢʮʠʷ ʤʦʯʝʚʳʚʦʜʷʱʠʭ ʧʫʪʝʡ 

(ʚ ʪ.ʯ. ʙʝʩʩʠʤʧʪʦʤʥʘʷ ʙʘʢʪʝʨʠʫʨʠʷ); ʧʘʨʦʜʦʥʪʠʪ; 

ʮʝʨʚʠʢʦ-ʚʘʛʠʥʘʣʴʥʘʷ ʠʥʬʝʢʮʠʷ; ʤʘʪʦʯʥʳʝ ʢʨʦʚʦʪʝ-

ʯʝʥʠʷ ʚ I ʠ II ʪʨʠʤʝʩʪʨʘʭ ʙʝʨʝʤʝʥʥʦʩʪʠ; ʧʨʝʜʣʝʞʘ-

ʥʠʝ ʧʣʘʮʝʥʪʳ; ʧʨʝʞʜʝʚʨʝʤʝʥʥʘʷ ʦʪʩʣʦʡʢʘ ʥʦʨ-

ʤʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʣʘʮʝʥʪʳ; ʭʠʨʫʨʛʠʯʝʩʢʠʝ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʥʘ ʦʨʛʘʥʘʭ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ; 

ʪʨʘʚʤʳ; ʘ ʪʘʢʞʝ ʤʫʞʩʢʦʡ ʧʦʣ ʧʣʦʜʘ ʠ ʧʨʝʜʨʘʢʦʚʳʝ 

ʩʦʩʪʦʷʥʠʷ ʰʝʡʢʠ ʤʘʪʢʠ [4]. 

ɺʥʝʜʨʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʚ ʝʞʝʜʥʝʚʥʫʶ ʢʣʠʥʠʯʝ-

ʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʨʘʥʞʠʨʦʚʘʥʠʝ ʧʘʮʠʝʥʪʦʢ ʧʦ ʬʘʢʪʦ-

ʨʘʤ ʨʠʩʢʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʬʠʣʘʢ-

ʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʘʤʙʫʣʘʪʦʨʥʦʛʦ ʟʚʝʥʘ ʘʢʫʰʝʨʩʢʦ-ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʣʫʞʙʳ [5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʦʜʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʇʈ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʜʘʥʥʳʭ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 2138 ʙʝʨʝʤʝʥʥʳʭ ʚ 

ʧʝʨʚʦʤ ʪʨʠʤʝʩʪʨʝ.  

ʈʝʟʫʣʴʪʘʪʳ.  
ɺ 2013 ʛ. ʚ ʇʝʨʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʚ 

ʧʨʘʢʪʠʢʫ ʩʠʩʪʝʤʘ ʧʨʝʥʘʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝʨ-

ʚʦʛʦ ʪʨʠʤʝʩʪʨʘ. ʇʨʦʚʝʜʝʥʘ ʮʝʥʪʨʘʣʠʟʘʮʠʷ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʢʨʠʥʠʥʛʘ ʥʘ ʙʘʟʝ ʧʦ-

ʣʠʢʣʠʥʠʢʠ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥ-

ʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɽ.ɸ. ɺʘʛʥʝʨʘ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʨʘʤʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʩʢʨʠʥʠʥʛʘ ʠ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʧʦ ʧʨʦʬʠʣʘʢʪʠʢʝ ʘʢʫ-

ʰʝʨʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʇʈ [5]. 

ʅʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʦʛʦ ʧʨʠʝʤʘ ʚʨʘʯʘ ʘʢʫʰʝʨʘ-ʛʠ-

ʥʝʢʦʣʦʛʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ ʠ ʘʥʢʝʪʠ-

ʨʦʚʘʥʠʝ ʙʝʨʝʤʝʥʥʳʭ ʥʘ ʨʘʥʥʝʤ ʩʨʦʢʝ ʩ ʮʝʣʴʶ ʚʳ-

ʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ ʛʨʫʧʧ ʨʠʩʢʘ ʇʈ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʧʨʦʩʘ 2138 ʧʘʮʠʝʥʪʦʢ ʚ ʩʨʦʢʝ ʛʝʩʪʘʮʠʠ ʜʦ 12 

ʥʝʜʝʣʴ ʜʚʘ ʠ ʙʦʣʝʝ ʬʘʢʪʦʨʘ ʨʠʩʢʘ ʇʈ ʠʤʝʣʠ 816 ʙʝ-

ʨʝʤʝʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʠʭ ʚ ʛʨʫʧʧʫ ʚʳ-

ʩʦʢʦʛʦ ʨʠʩʢʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ 

ʨʠʩʢʘ ʟʘʥʠʤʘʝʪ ʥʘʨʫʰʝʥʠʝ ʞʠʨʦʚʦʛʦ ʦʙʤʝʥʘ, 34,4 

% ʞʝʥʱʠʥ ʠʤʝʣʠ ʠʟʙʳʪʦʯʥʫʶ ʤʘʩʩʫ ʪʝʣʘ. 

ʆʞʠʨʝʥʠʝ ð ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠ-

ʤʳʭ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʠʥʷʚʰʝʝ ʤʘʩ-

ʰʪʘʙʳ ʵʧʠʜʝʤʠʠ. ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʝʤʧʳ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʦʞʠʨʝʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʘ ʪʘʢʞʝ ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʦʞʠʨʝʥʠʝʤ ʧʦʚʳʰʝʥʥʘʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠ 

ʩʤʝʨʪʥʦʩʪʴ, ʩʜʝʣʘʣʠ ʝʛʦ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴ-

ʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʧʨʠ-

ʯʝʤ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʦʞʠʨʝʥʠʝ 

ʙʝʨʝʤʝʥʥʳʭ. ʆʞʠʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠ-

ʷʤʠ ʚ ʛʠʧʦʪʘʣʘʤʠʯʝʩʢʦïʛʠʧʦʬʠʟʘʨʥʦï ʥʘʜʧʦʯʝʯʥʠ-

ʢʦʚʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʧʨʦʜʫʢʮʠʶ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʛʦʨʤʦʥʦʚ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʨ-

ʪʠʢʦʪʨʦʧʠʥïʨʠʣʠʟʠʥʛ ʛʦʨʤʦʥ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ 

ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʳʚʘ ʧʣʦʜ-

ʥʳʭ ʦʙʦʣʦʯʝʢ, ʇʈ, ʵʢʣʘʤʧʩʠʠ ʠ ʛʠʧʝʨʪʦʥʠʠ, ʚʳ-

ʟʚʘʥʥʦʡ ʙʝʨʝʤʝʥʥʦʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʳʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʥʪʝʥʘʪʘʣʴʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʨʦʜʦʚʩʧʦʤʦʞʝʥʠʷ, ʯʠʩʣʦ ʙʝʨʝʤʝʥ-

ʥʳʭ ʩ ʦʞʠʨʝʥʠʝʤ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ 

ʜʦʩʪʠʛʘʝʪ 15,5ð26,9% ʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʚ ʩʚʷʟʠ, ʩ ʯʝʤ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʦʙ-

ʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ [6].  

ʆʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʧʨʝʜʦʪʚʨʘʪʠʤʳʭ ʬʘʢʪʦ-

ʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʨʦʞʜʝʥʠʝ ʜʝʪʝʡ ʩ ʥʠʟʢʦʡ 

ʤʘʩʩʦʡ ʪʝʣʘ, ʇʈ ʠ ʧʝʨʠʥʘʪʘʣʴʥʫʶ ʩʤʝʨʪʥʦʩʪʴ, ʷʚ-

ʣʷʝʪʩʷ ʢʫʨʝʥʠʝ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʢʫʨʝʥʠʝ ʚʦ 

ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʟʘʥʠʤʘʣʦ ʪʨʝʪʴʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ. ʇʨʠʯʝʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʯʠ-

ʪʳʚʘʣʠ ʪʦʣʴʢʦ ʬʘʢʪ ʘʢʪʠʚʥʦʛʦ ʢʫʨʝʥʠʷ ʩʘʤʦʡ ʧʘʮʠ-

ʝʥʪʢʦʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ ʧʦʚʨʝʞʜʘʶ-

ʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʘʙʘʢʦʢʫʨʝʥʠʷ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚ-

ʥʫʶ ʬʫʥʢʮʠʶ ʞʝʥʱʠʥ ʠ ʤʫʞʯʠʥ, ʚʢʣʶʯʘʷ ʚʩʝ ʘʩ-

ʧʝʢʪʳ ʦʪ ʬʝʨʪʠʣʴʥʦʩʪʠ ʜʦ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ ʠ ʨʝ-

ʙʝʥʢʘ, ʘ ʪʘʢʞʝ ʥʘ ʠʩʭʦʜʳ ʙʝʨʝʤʝʥʥʦʩʪʠ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 7000 ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʪʘʙʘʯʥʦʤ ʜʳʤʝ, ʠʟ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚʢʣʶʯʘʶʪʩʷ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘ-

ʥʠʟʤʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʧʨʦʜʫʢʪʠʚ-

ʥʦʡ ʬʫʥʢʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ [7]. ɼʦʢʘʟʘʥʳ ʧʘʪʦ-

ʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ, 

ʤʝʪʘʣʣʦʚ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦ-

ʜʦʨʦʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʢʘʢ ʧʨʷʤʦʤ, ʪʘʢ ʠ ʙʦʢʦʚʦʤ 

ʧʦʪʦʢʝ ʩʠʛʘʨʝʪʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʦʨʛʘʥʠʟʤ ʙʝ-

ʨʝʤʝʥʥʦʡ ʞʝʥʱʠʥʳ, ʢʘʢ ʧʨʠ ʘʢʪʠʚʥʦʤ, ʪʘʢ ʠ ʧʘʩ-

ʩʠʚʥʦʤ ʢʫʨʝʥʠʠ [8].  

ɺʟʘʠʤʦʩʚʷʟʴ ʘʢʪʠʚʥʦʛʦ ʪʘʙʘʢʦʢʫʨʝʥʠʷ ʩ ʇʈ 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʘʥʘʣʠʟʘ 20 ʧʨʦ-

ʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (OR=1,27). ɽʩʣʠ ʫʯʠʪʳ-

ʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʫʨʝʥʠʷ, ʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʨʠʩʢ (OR) ʧʨʠ ʣʝʛʢʦʤ ʢʫʨʝʥʠʠ ʩʦʩʪʘʚʠʣ 1,25, ʧʨʠ 

ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ï 1,38, ʧʨʠ ʚʳʩʦʢʦʡ ï 1,31. 

ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʩʩʠʚʥʳʤ ʢʫ-

ʨʝʥʠʝʤ ʠ ʇʈ (OR=1,29; CI 95%; 0,97ï1,72) [8].  

ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʫʨʝʥʠʝ ʚʦ ʚʨʝʤʷ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʩʦ-

ʮʠʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʙʣʝʤʳ ʇʈ. ʌʠʥʩʢʠʝ 

ʫʯʝʥʳʝ ʧʦʜʩʯʠʪʘʣʠ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʝʨʠʥʘʪʘʣʴʥʦʡ 

ʩʤʝʨʪʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘ 40% ʫʣʫʯʰʝʥʠʝʤ ʩʦʮʠ-

ʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʠ, ʥʘ 35% ð ʨʘʟʚʠʪʠʝʤ ʵʢʦʥʦ-

ʤʠʢʠ ʩʪʨʘʥʳ ʠ ʥʘ 30% ð ʤʝʜʠʢʦ-ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ [9]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ R. Goldenberg ʠ ʩʦʘʚʪ. (2008), ʚ ʉʐɸ ʦʢʦʣʦ 

20-25% ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ ʢʫʨʷʪ, ʠʟ ʥʠʭ 12-15% 

ʧʨʦʜʦʣʞʘʶʪ ʢʫʨʠʪʴ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ [10]. 
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ʇʦʢʘʟʘʪʝʣʴ ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ % 

ʀʟʙʳʪʦʢ ʤʘʩʩʳ ʪʝʣʘ (ʀʄʊ=25-30) 281 34,4% 

ɺʦʟʨʘʩʪ ʜʦ 18 ʣʝʪ ʠ ʩʪʘʨʰʝ 35 ʣʝʪ 178 21,8% 

ʂʫʨʝʥʠʝ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ 146 17,8% 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʧʨʝʨʳʚʘʥʠʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʜʦ 16 ʥʝʜʝʣʴ 135 16,5% 

ɼʚʘ ʠ ʙʦʣʝʝ ʚʳʩʢʘʙʣʠʚʘʥʠʷ ʧʦʣʦʩʪʠ ʤʘʪʢʠ 132 16,1% 

ʕʧʠʟʦʜʳ ʢʨʦʚʦʪʝʯʝʥʠʡ ʚ I ʪʨʠʤʝʩʪʨʝ 131 16% 

ʆʞʠʨʝʥʠʝ (ʀʄʊι30) 121 14,8% 

ɼʝʬʠʮʠʪ ʤʘʩʩʳ ʪʝʣʘ (ʀʄʊ᾽18,5) 112 13,7% 

ʇʨʝʞʜʝʚʨʝʤʝʥʥʳʝ ʨʦʜʳ/ʧʦʟʜʥʠʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʚʳʢʠʜʳʰ 17 2,1% 

ʇʨʝʨʳʚʘʥʠʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ ʧʦʢʘʟʘʥʠʷʤ 16 2,0% 

ɹʝʨʝʤʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ɺʈʊ 7 0,8% 

 

ʉʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʠʩʩʣʝʜʫʝʤʳʭ ʞʝʥʱʠʥ ʩʦʩʪʘ-

ʚʠʣ 29,9Ñ1,1, ʠ ʢʘʞʜʘʷ ʪʨʝʪʴʷ ʧʘʮʠʝʥʪʢʘ (31,6%) 

ʙʳʣʘ ʚ ʚʦʟʨʘʩʪʝ ʩʪʘʨʰʝ 35ʣʝʪ. ɺ ʵʪʦʤ ʚʦʟʨʘʩʪʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʚʫʣʠʨʫʶʱʠʭ ʬʦʣʣʠʢʫʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʩʥʠʞʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʮʝʧʪʦʨʦʚ ʤʘʪʢʠ ʢ 

ʛʦʨʤʦʥʘʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʨʛʘʥʠʟʤʘ ʞʝʥʱʠʥʳ ʢ ʟʘʯʘʪʠʶ ʠ ʚʳʥʘʰʠʚʘʥʠʶ ʨʝ-

ʙʝʥʢʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʨʦ-

ʩʪʦʤ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʦʙʣʝʤʘ ʟʘʯʘʪʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ.  

ʄʦʣʦʞʝ 18 ʣʝʪ ʙʳʣʠ 0,2 % ʘʥʢʝʪʠʨʫʝʤʳʭ ʞʝʥ-

ʱʠʥ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʚʦʟʨʘʩʪ ʤʝ-

ʥʝʝ 16 ʣʝʪ ʥʘ ʤʦʤʝʥʪ ʧʦʩʣʝʜʥʝʡ ʤʝʥʩʪʨʫʘʮʠʠ ʠ ʛʠ-

ʥʝʢʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʤʝʥʝʝ 2 ʣʝʪ ʦʪ ʤʝʥʘʨʭʝ ʫʚʝ-

ʣʠʯʠʚʘʶʪ ʨʠʩʢ ʇʈ ʧʦʯʪʠ ʚʜʚʦʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʞʝʥʱʠʥʘʤʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 29 ʣʝʪ. 

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝʤ Marisa et al. [12], ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʟʨʘʩʪ 

ʜʦ 20 ʠ ʩʪʘʨʰʝ 35 ʣʝʪ ʦʢʘʟʘʣʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʬʘʢʪʦ-

ʨʦʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʦʜʦʚ, ʧʨʠ-

ʯʝʤ ʨʘʥʥʠʡ ʚʦʟʨʘʩʪ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʨʠʩʢʦʤ ʩʧʦʥ-

ʪʘʥʥʳʭ ʠ ʦʯʝʥʴ ʨʘʥʥʠʭ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʦʜʦʚ, 

ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʩʪʘʨʰʠʡ ï ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʨʠʩʢʦʤ 

ʧʦʟʜʥʠʭ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʨʦ-

ʜʦʚ. 

ɺʦʟʨʘʩʪ ʞʝʥʱʠʥʳ ʠ ʙʝʨʝʤʝʥʥʦʩʪʴ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʨʘʩʪʘʶ-

ʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʤʝʡʥʳʭ ʧʘʨ, ʦʙʨʘʱʘʶʱʠʭʩʷ ʩ 

ʧʨʦʙʣʝʤʘʤʠ ʟʘʯʘʪʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʮʝʥ-

ʪʨʳ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʙʝʨʝʤʝʥʥʦʩʪʴ ʧʫʪʝʤ ʕʂʆ 

ʥʘʩʪʫʧʠʣʘ ʫ 0,8% ʧʘʮʠʝʥʪʦʢ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʦʟʨʘʩʪʘ ʧʦʚʳʰʘʝʪʩʷ ʯʘʩʪʦʪʘ ʪʘʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʢʘʢ ʛʠʧʝʨʪʦʥʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʚʘ-

ʨʠʢʦʟʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚʝʥ, ʙʦʣʝʟʥʝʡ ʦʧʦʨʥʦïʜʚʠʛʘ-

ʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʠ ʱʠʪʦʚʠʜ-

ʥʦʡ ʞʝʣʝʟʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʇʈ [11]. ʇʦ ʥʘʰʠʤ 

ʜʘʥʥʳʤ ʵʢʩʪʨʘʛʝʥʠʪʘʣʴʥʘʷ ʧʘʪʦʣʦʛʠʷ ʚʩʪʨʝʯʘʣʘʩʴ ʫ 

31,5%: ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ, ʛʝʩʪʘʮʠʦʥʥʳʡ 

ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʛʠʧʦʪʠʨʝʦʟ, ɺʀʏ, ʵʧʠʣʝʧʩʠʷ ʠ 

ʣʝʡʢʦʟ.  

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʩʦʢʠʡ ʧʨʦ-

ʮʝʥʪ ʚʥʫʪʨʠʤʘʪʦʯʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ: ʩʘʤʦʧʨʦʠʟ-

ʚʦʣʴʥʦʝ ʧʨʝʨʳʚʘʥʠʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʜʦ 16 ʥʝʜ. - 

16,5%; ʜʚʘ ʠ ʙʦʣʝʝ ʚʳʩʢʘʙʣʠʚʘʥʠʷ - 16,1%; ʧʨʝʨʳ-

ʚʘʥʠʝ ʙʝʨʝʤʝʥʥʦʩʪʠ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ ʧʦʢʘʟʘʥʠʷʤ - 

2,0%.  

ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʝʩʣʠ ʩʪʨʘ-

ʪʝʛʠʶ ʨʠʩʢʦʚ ʚʳʩʪʨʘʠʚʘʪʴ ʩ ʫʯʝʪʦʤ ʧʨʝʞʜʝʚʨʝʤʝʥ-

ʥʳʭ ʨʦʜʦʚ ʠ ʧʦʟʜʥʠʭ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʭ ʚʳʢʠʜʳ-

ʰʝʡ, ʪʦ ʚ ʛʨʫʧʧʫ ʨʠʩʢʘ ʙʫʜʫʪ ʦʪʥʝʩʝʥʳ ʪʦʣʴʢʦ 2,0% 

ʧʘʮʠʝʥʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʦʙ-

ʟʦʨʘʤʠ FMF (https://fetalmedicine.org): ʣʠʰʴ 15% - 

ʞʝʥʱʠʥ ʩʦ ʩʧʦʥʪʘʥʥʳʤʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʤʠ ʨʦ-

ʜʘʤʠ ʠʤʝʶʪ ʚ ʘʥʘʤʥʝʟʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʝ ʨʦʜʳ ʠʣʠ 

ʧʦʟʜʥʠʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʡ ʚʳʢʠʜʳʰ, ʥʘ ʠʭ ʜʦʣʶ 

ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ 3% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʝʨʝ-

ʤʝʥʥʳʭ. ʆʩʪʘʚʰʠʝʩʷ 85% - ʩʦʩʪʘʚʣʷʶʪ ʧʝʨʚʦʨʦʜʷ-

ʱʠʝ ʠ ʞʝʥʱʠʥʳ, ʠʤʝʶʱʠʝ ʚ ʘʥʘʤʥʝʟʝ ʩʨʦʯʥʳʝ 

ʨʦʜʳ. ʇʦʵʪʦʤʫ ʣʶʙʘʷ ʩʪʨʘʪʝʛʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʪʦʣʴʢʦ ʥʘ ʛʨʫʧʧʫ ʙʝʨʝʤʝʥʥʳʭ ʠʤʝʶʱʠʭ ʧʨʝʞʜʝ-

ʚʨʝʤʝʥʥʳʝ ʨʦʜʳ ʚ ʘʥʘʤʥʝʟʝ, ʙʫʜʝʪ ʠʤʝʪʴ ʦʯʝʥʴ ʥʝ-

ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʩʥʠʞʝʥʠʠ ʦʙʱʝʡ ʯʘʩʪʦʪʳ ʧʨʝʞʜʝ-

ʚʨʝʤʝʥʥʳʭ ʨʦʜʦʚ. 

ɺʳʚʦʜʳ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ, 53 % (1133 ʯʝʣ.) ʨʝ-

ʩʧʦʥʜʝʥʪʦʚ ʠʤʝʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʬʘʢʪʦʨ ʨʠʩʢʘ, ʪʦʛʜʘ 

ʢʘʢ 38 % (816 ʯʝʣ.) - ʜʚʘ ʠ ʙʦʣʝʝ. ʌʘʢʪʦʨʳ ʨʠʩʢʘ ʇʈ 

ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1 ʤʝʩʪʦ ï ʠʟ-

ʙʳʪʦʢ ʤʘʩʩʳ ʪʝʣʘ (34,4 %), 2 ʤʝʩʪʦ - ʚʦʟʨʘʩʪ ʩʪʘʨʰʝ 

35 ʣʝʪ (21,8 %), 3 ʤʝʩʪʦ ï ʢʫʨʝʥʠʝ ʚʦ ʚʨʝʤʷ ʙʝʨʝ-

ʤʝʥʥʦʩʪʠ (17,8 %).  

ʅʝʩʤʦʪʨʷ ʥʘ, ʥʝʩʦʤʥʝʥʥʦ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʪʘ-

ʢʦʛʦ ʬʘʢʪʦʨʘ ʨʠʩʢʘ, ʢʘʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʝ ʨʦʜʳ 

ʠ/ʠʣʠ ʧʦʟʜʥʠʡ ʚʳʢʠʜʳʰ, ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʨʠʩʢʘ ʦʪ-

ʤʝʯʝʥ ʪʦʣʴʢʦ ʫ 2,1 %.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʫ 

16,1 % ʠʩʩʣʝʜʫʝʤʳʭ ʞʝʥʱʠʥ ʚ ʘʥʘʤʥʝʟʝ ʙʳʣʦ 2 ʠ 

ʙʦʣʝʝ ʚʳʩʢʘʙʣʠʚʘʥʠʷ ʧʦʣʦʩʪʠ ʤʘʪʢʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʦ ʤʝʪʦʜʘʭ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʦʪ ʥʝʞʝʣʘʪʝʣʴ-

ʥʦʡ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʦ ʧʦʩʣʝʜʫʶʱʠʭ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʦʛʥʦʟʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʨʝ-

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʟʜʦʨʦʚʴʷ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʫʜʝʣʠʪʴ 

ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʧʨʦʬʠʣʘʢʪʠʢʝ ʘʙʦʨʪʦʚ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʚ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʢʘʢ ʘʤʙʫʣʘ-

ʪʦʨʥʦʛʦ, ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʚʝʥʘ, ʘʢʪʠʚʥʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʧʦʨʦʞʥʝʥʠʝ ʧʦʣʦʩʪʠ ʤʘʪʢʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʨʦʢʘʭ ʙʝʨʝʤʝʥʥʦʩʪʠ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʫʪʝʤ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʧʨʝʨʳʚʘʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʱʘʜʷʱʠʤ ʠ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʪʘ-

ʢʦʛʦ ʬʘʢʪʦʨʘ, ʢʘʢ ʚʳʩʢʘʙʣʠʚʘʥʠʝ ʧʦʣʦʩʪʠ ʤʘʪʢʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʢ. 

https://fetalmedicine.org/
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʩʪʨʘʪʝ-

ʛʠʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʧʨʝʞʜʝʚʨʝʤʝʥ-

ʥʳʭ ʨʦʜʦʚ ʩ ʤʦʤʝʥʪʘ ʧʝʨʚʦʛʦ ʦʙʨʘʱʝʥʠʷ ʙʝʨʝʤʝʥ-

ʥʦʡ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʫ ʚʳʩʦʢʦʛʦ 

ʨʠʩʢʘ ʧʦ ʇʈ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʝʨʛʥʫʪʴ 

ʫʩʠʣʝʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʚʦ ʚʨʝʤʷ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ï ʮʝʨ-

ʚʠʢʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠ ʧʨʦʚʝʩʪʠ ʧʨʦ-

ʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʣʝʯʝʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʙʝʨʝʤʝʥʥʦʩʪʠ. 
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ɸʅʅʆʊɸʎʀʗ 

ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʘʥʛʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʨʨʝ-

ʣʷʮʠʠ ʩ ʄʈʊ ʜʘʥʥʳʤʠ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ ʧʘʮʠʝʥʪʘ. ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʠʣʠ ʚ ʧʨʘʢʪʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʚ-

ʤʘʪʦʣʦʛʠʠ ʠ ʥʝʡʨʦʭʠʨʫʨʛʠʠ. 

ɺʳʚʦʜʳ: ʘʥʘʣʠʟ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚ ʘʨʪʝʨʠʠ ʰʝʡʥʦʛʦ ʫʪʦʣʱʝ-

ʥʠʷ ʚʳʟʳʚʘʝʪ ʙʦʣʝʝ ʛʣʦʙʘʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʧʝʨʠʬʦʢʘʣʴʥʳʡ ʦʪʝʢ ʠ ʠʰʝʤʠʶ), ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʘʥʛʠʦʛʨʘʬʠʠ, ʄʈʊ ʠʩʩʣʝʜʦʚʘʥʠʠ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ. ʄʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʵʥʜʦʚʘʩʢʫʣʷʨʥʦʛʦ ʣʝʯʝʥʠʷ, ʚʚʝʜʝʥʠʝ 

ʧʨʝʧʘʨʘʪʦʚ ʫʣʫʯʰʘʶʱʠʭ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʶ ʢʨʦʚʠ ʚ ʙʘʩʩʝʡʥʝ ʧʦʟʚʦʥʦʯʥʳʭ ʘʨʪʝʨʠʡ ʠ ʜʝʢʦʤʧʨʝʩʩʠʠ ʩʦʩʫ-

ʜʦʚ ʢʨʦʚʦʩʥʘʙʞʘʶʱʠʭ ʩʧʠʥʥʦʡ ʤʦʟʛ.  

ABSTRACT 

The method of prediction is based on visualization of angiographic data and correlation with MRI data and 

neurological status of the patient. The method can be used in experimental neurophysiology, pathophysiology or 

in the practice of experimental and clinical traumatology and neurosurgery. 
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Conclusions: the analysis of the observations shows that the absence of blood circulation in the artery of the 

cervical thickening causes more global secondary changes (perifocal edema and ischemia), revealed during angi-

ography, MRI examination of the cervical spinal cord, and is also confirmed by neurological research. The method 

opens the prospect for endovascular treatment, the introduction of drugs that improve microcirculation in the pool 

of vertebral arteries and decompression of blood vessels supplying the spinal cord. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʘʷ ʪʨʘʚʤʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʄʈʊ, ʘʥ-

ʛʠʦʛʨʘʬʠʷ. 

Keywords: spinal injury, prognosis, circulation, MRI, angiography. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ: ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʘʥʛʠʦʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʠ ʩ ʄʈʊ ʜʘʥ-

ʥʳʤʠ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ ʧʘʮʠʝʥʪʘ. ʄʝ-

ʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ, ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʠʣʠ ʚ ʧʨʘʢʪʠʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʪʨʘʚʤʘʪʦʣʦʛʠʠ 

ʠ ʥʝʡʨʦʭʠʨʫʨʛʠʠ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ: ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʛʣʘʚʥʘʷ ʨʦʣʴ 

ʚ ʧʘʪʦʛʝʥʝʟʝ ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʪʨʘʚʤʳ 

ʦʪʚʦʜʠʪʩʷ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʪʨʘʚʤʝ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ. ʇʝʨʚʠʯʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ ʪʨʘʚʤʳ, ʦʙʨʘʟʫʷ ʟʦʥʫ ʫʰʠʙʘ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʆʪʤʝʯʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʤʝʩʪʥʦʡ 

ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ, ʦʙʨʘʟʫʷ ʦʪʝʢ ʠ ʛʝʤʦʨʨʘʛʠʶ ʚ ʩʝ-

ʨʦʤ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʙʝʣʦʤ ʚʝʱʝʩʪʚʝ. ɺ ʟʦʥʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʘʨʘʣʠʯ ʥʝʡʨʦʥʦʚ, ʚʦʚʣʝ-

ʯʝʥʥʳʭ ʚ ʤʦʪʦʨʥʫʶ, ʩʝʥʩʦʨʥʫʶ ʠ ʘʚʪʦʥʦʤʥʫʶ 

ʬʫʥʢʮʠʠ. ʈʘʟʚʠʪʠʝ ʚʪʦʨʦʡ ʬʘʟʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝ-

ʥʠʝ ʧʝʨʚʳʭ 24-48 ʯʘʩʦʚ. ɺ ʵʪʦʤ ʧʝʨʠʦʜʝ ʨʘʟʚʠʚʘ-

ʝʪʩʷ ʩʦʩʫʜʠʩʪʘʷ ʜʠʩʬʫʥʢʮʠʷ, ʠʰʝʤʠʷ, ʛʣʫʪʘʤʘʪʝʨ-

ʛʠʯʝʩʢʘʷ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʚʦʩʧʘʣʝʥʠʝ ʠ 

ʘʧʦʧʪʦʟ ʢʣʝʪʦʢ ʚ ʧʝʨʠʬʦʢʘʣʴʥʦʡ ʟʦʥʝ [1, 2]. 

ɺʳʜʝʣʝʥʠʝ ʥʝʨʝʰʝʥʥʳʭ ʨʘʥʝʝ ʯʘʩʪʝʡ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʳ: ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʪʦʨʠʯʥʦʡ ʪʨʘʚʤʳ ʷʚ-

ʣʷʝʪʩʷ ʩʦʩʫʜʠʩʪʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʥʝ ʚ 

ʟʦʥʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʘ ʚ ʩʦʩʫʜʘʭ ʢʨʦ-

ʚʦʩʥʘʙʞʘʶʱʠʭ ʩʧʠʥʥʦʡ ʤʦʟʛ, ʚ ʚʝʪʚʷʭ ʧʦʟʚʦʥʦʯ-

ʥʦʡ, ʚʦʩʭʦʜʷʱʝʡ ʠ ʛʣʫʙʦʢʦʡ ʰʝʡʥʦʡ ʘʨʪʝʨʠʡ [3]. 

ɺ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʳ ʥʝ ʚʩʪʨʝʪʠʣʠ ʢʣʠʥʠ-

ʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦ-

ʦʙʨʘʱʝʥʠʷ ʧʨʠ ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ 

ʪʨʘʚʤʝ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʃʘʟʦʨʪʘ ʩ ʩʦʘʚʪ., ʠʩʩʣʝʜʦ-

ʚʘʚʰʠʭ ʚʘʩʢʫʣʷʨʠʟʘʮʠʶ ʠ ʛʝʤʦʜʠʥʘʤʠʢʫ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ, ʥʘʤʠ ʧʨʦʠʟʚʝʜʝʥʦ ʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚ ʰʝʡʥʦʤ ʦʪʜʝʣʝ 

ʧʦʟʚʦʥʦʯʥʠʢʘ ʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ, 

ʚʩʣʝʜʩʪʚʠʝ ʪʨʘʚʤʳ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʨʦʣʴ ʢʦʣʣʘ-

ʪʝʨʘʣʴʥʦʛʦ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ 

[4].  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʳʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʧʨʦʛʥʦʟ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʩʪʝʧʝʥʠ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʦʙʲʝʤʫ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʪʝ-

ʨʘʧʠʠ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʦʧʝʨʘʮʠʠ. ʅʝʜʦʩʪʘʪʢʦʤ 

ʢʨʠʪʝʨʠʝʚ ʷʚʣʷʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦ-

ʛʥʦʟʘ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʥʝʨʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʚʳʟʚʘʥʥʳʭ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʀʩ-

ʩʣʝʜʦʚʘʣʠʩʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʰʝʡʥʦʛʦ 

ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʧʨʦʚʦʜʷʱʠʭ ʧʫʪʝʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ ʥʝʨʚʥʳʭ ʩʪʨʫʢ-

ʪʫʨ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʩʪʚʦʣʦʚʳʭ ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ (ɸʉɺʇ) ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ 

ʩʪʚʦʣʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚʟʘʠʤʦʩʚʷʟʴ 

ʚʝʥʦʟʥʦʛʦ ʦʪʪʦʢʘ ʠ ʠʨʨʠʪʘʮʠʠ ʩʪʚʦʣʘ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ 

ʚʳʟʚʘʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʪʝʧʝʥʴ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʧʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʷʤ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʣʩʷ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʝʜʠʢʪʦʨʦʚ ʜʣʷ ʚʝʨʭʥʝ ʠ ʥʠʞʥʝʰʝʡʥʦʡ 

ʪʨʘʚʤʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʚʝʨʦʷʪʥʦʩʪʴ (ʈ) ʥʘʣʠʯʠʷ ʫʰʠʙʘ ʩʧʠʥ-

ʥʦʛʦ ʤʦʟʛʘ. ʇʨʠ ʟʥʘʯʝʥʠʠ ʈ ʙʦʣʝʝ 50% ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʣʠ ʫʰʠʙ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʘ ʧʨʠ ʈ ʤʝʥʝʝ 50% - ʩʦ-

ʪʨʷʩʝʥʠʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʉʧʦʩʦʙ ʧʦʟʚʦʣʷʣ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʪʨʘʚʤʘʪʠʯʝʩʢʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʰʝʡʥʦʤ ʦʪʜʝʣʝ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʤʦʛ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʘ ʜʦʛʦʩʧʠʪʘʣʴʥʦʤ ʵʪʘʧʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʘ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯ-

ʥʦʡ ʪʨʘʚʤʳ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʠʨʘʤʠʜʥʦʛʦ ʪʨʘʢʪʘ, ʥʘ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʜʚʠ-

ʛʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʨʝʰʢʦʚʳʭ ʧʦʨʘ-

ʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʪʨʘʥʩʢʨʘʥʠʘʣʴʥʦʡ ʤʘʛ-

ʥʠʪʥʦʡ ʩʪʠʤʫʣʷʮʠʠè (ʊʄʉ). ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʣʘʩʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ 

ʤʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʚʝʪ ʥʘ ʊʄʉ, ʢʦʪʦʨʘʷ ʟʘ-

ʚʠʩʝʣʘ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʨʳ, ʥʦ ʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʊʄʉ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʨʘʟʜʨʘʞʝ-

ʥʠʷ, ʢʦʨʪʠʢʘʣʴʥʳʡ ʪʠʭʠʡ ʧʝʨʠʦʜ ʫʜʣʠʥʷʝʪʩʷ ʠ ʤʦ-

ʞʝʪ ʧʨʝʨʳʚʘʪʴʩʷ ʢʦʨʦʪʢʠʤ ʚʩʧʣʝʩʢʦʤ ʤʳʰʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʪʦ ʝʩʪʴ ʨʘʟʜʝʣʷʪʴʩʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ). ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ ʠ ʜʠʘʛʥʦʩʪʠʢʫ ʥʘʨʫ-

ʰʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʊʄʉ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʘ ʧʨʠ 

ʥʘʣʠʯʠʠ ʢʘʨʜʠʦʩʪʠʤʫʣʷʪʦʨʘ, ʧʨʠ ʧʦʜʦʟʨʝʥʠʠ ʥʘ 

ʘʥʝʚʨʠʟʤʫ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʧʨʠ ʙʝʨʝʤʝʥ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʵʧʠʣʝʧʩʠʠ ʚ ʘʥʘʤʥʝʟʝ, ʪʘʢ ʢʘʢ ʚʦʟ-

ʤʦʞʥʦ ʧʨʦʚʦʮʠʨʦʚʘʥʠʝ ʧʨʠʩʪʫʧʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʚʪʦʨʠʯʥʫʶ ʪʨʘʚʤʫ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʤʝʪʦʜ ʪʘʢʞʝ ʥʝ 

ʧʦʟʚʦʣʷʝʪ [5, 6]. 

ʎʝʣʴ ʩʪʘʪʠ: ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥ-

ʥʦʛʦ ʤʦʟʛʘ ʧʨʠ ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ 

ʪʨʘʚʤʝ. 
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ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ:  
ɺ ʦʩʥʦʚʝ ʥʘʰʝʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʪʦʪʘʣʴʥʦʡ ʘʥʛʠʦʛʨʘʬʠʠ ʰʝʡʥʳʭ ʠ ʧʦʟʚʦʥʦʯʥʳʭ ʘʨ-

ʪʝʨʠʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ 

ʪʨʘʚʤʦʡ ʚ ʩʨʦʢʘʭ ʜʦ 18 ʜʥʝʡ ʩ ʮʝʣʴʶ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʦʡ ʦʢʢʣʶʟʠʠ ʧʦʟʚʦʥʦʯʥʳʭ ʘʨʪʝ-

ʨʠʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʥʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʩʙʨʦʩʘ 

ʠ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʘʨʪʝʨʠʠ ʰʝʡʥʦʛʦ ʫʪʦʣ-

ʱʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʚʝ-

ʜʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʩ ʪʷʞʝ-

ʩʪʴʶ ʨʘʟʚʠʪʠʷ ʠʰʝʤʠʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʠ ʪʷʞʝʩʪʴʶ 

ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʩʪʝ-

ʧʝʥʴ ʨʘʟʚʠʪʠʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʘʨʫʰʝʥʠʡ ʢʨʦʚʦʩʥʘʙ-

ʞʝʥʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʚʳʟʚʘʥʥʳʭ ʧʦʩʪʪʨʘʚʤʘʪʠʯʝ-

ʩʢʦʡ ʦʢʢʣʶʟʠʝʡ ʩʦʩʫʜʦʚ, ʠ ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʨʘʟʚʠʪʠʝʤ ʚʪʦʨʠʯʥʦʡ ʪʨʘʚʤʳ ʩʧʠʥʥʦʛʦ 

ʤʦʟʛʘ ʠ ʪʷʞʝʩʪʴʶ ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ 

ʪʨʘʚʤʳ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʦʜʠʤ ʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶ-

ʜʝʥʠʷ: 

1. ʇʘʮʠʝʥʪ ʐ-ʡ ʠʩʪʦʨʠʷ ʙʦʣʝʟʥʠ ˉ4772. ɼʠʘ-

ʛʥʦʟ: ɿʘʢʨʳʪʘʷ ʧʦʟʚʦʥʦʯʥʦ-ʩʧʠʥʥʦʤʦʟʛʦʚʘʷ ʪʨʘʚʤʘ 

(ɿʇʉʄʊ). ʋʰʠʙ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʰʝʡʥʦʤ ʦʪʜʝʣʝ. 

ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5. ʅʝʚʨʦʣʦʛʠʯʝʩʢʠ: ʦʪʤʝʯʘ-

ʝʪʩʷ ʪʝʪʨʘʧʘʨʝʟ (ʤʳʰʝʯʥʘʷ ʩʠʣʘ ʚ ʨʫʢʘʭ 2ʙ., ʚ ʥʦʛʘʭ 

4,5ʙ.), ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʥʝʪ. ʅʘʨʫʰʝʥʠʝ 

ʬʫʥʢʮʠʠ ʪʘʟʦʚʳʭ ʦʨʛʘʥʦʚ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. ʅʘ ʧʷʪʳʝ 

ʩʫʪʢʠ ʩ ʤʦʤʝʥʪʘ ʪʨʘʚʤʳ ʚʳʧʦʣʥʝʥʘ ʄʈʊ, ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʧʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʤʠʝʣʦʧʘʪʠʷ ʥʘ 

ʫʨʦʚʥʝ ʉ4-ʉ5 (ʨʠʩ.1).  

 

 
ʈʠʩ. 1 ʄʈʊ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʤʠʝʣʦʧʘʪʠʷ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ (ʩʘʛʠʪʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ). 

 

ʅʘ ʩʝʜʴʤʦʡ ʜʝʥʴ ʧʨʦʚʝʜʝʥʘ ʩʧʠʥʘʣʴʥʘʷ ʘʥʛʠʦ-

ʛʨʘʬʠʷ ʠ ʦʙʥʘʨʫʞʝʥʘ ʦʢʢʣʶʟʠʷ ʦʙʝʠʭ ʧʦʟʚʦʥʦʯʥʳʭ 

ʘʨʪʝʨʠʡ (ʇɸ): ʚ V2 ʩʝʛʤʝʥʪʝ ʩʧʨʘʚʘ ʥʘ ʫʨʦʚʥʝ ʪʝʣ 

ʉ6 ʉ5 ʠ ʚ V1-V2 ʩʝʛʤʝʥʪʘʭ ʩʣʝʚʘ ʜʦ ʫʨʦʚʥʷ ʉ4. 

ʂʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʦʢʢʣʶʟʠʠ ʧʦ 

ʘʥʘʩʪʦʤʦʟʘʤ ʦʙʦʠʭ ʚʦʩʭʦʜʷʱʠʭ ʰʝʡʥʳʭ ʘʨʪʝʨʠʡ 

(ʨʠʩ. 2). 

 

 
ʈʠʩ. 2 ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ 

ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʂʦʣʣʘʪʝʨʘʣʴʥʳʡ ʢʨʦʚʦʪʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʦʩʭʦʜʷʱʫʶ ʰʝʡʥʫʶ ʘʨʪʝʨʠʶ. 

 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʧʝʨʘʮʠʷ: ʦʪʢʨʳʪʘʷ ʢʦʨʨʝʢʮʠʷ 

ʧʝʨʝʣʦʤʦ-ʚʳʚʠʭʘ ʉ4-ʉ5 ʧʦʟʚʦʥʢʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʤ ʜʦʩʪʫʧʦʤ. ʄʝʞʪʝʣʦʚʦʡ ʢʦʨʧʦʨʦʜʝʟ ʉ4-ʉ5 ʪʠ-

ʪʘʥʦʚʳʤ ʪʨʘʥʩʧʣʘʥʪʘʪʦʤ çʢʝʡʜʞè ʠ ʧʣʘʩʪʠʥʦʡ ʧʝ-

ʨʝʜʥʠʤ ʜʦʩʪʫʧʦʤ ʠ ʥʠʪʠʥʦʣʦʚʳʤʠ ʩʢʦʙʘʤʠ ʩ ʧʘʤʷ-

ʪʴʁ ʬʦʨʤʳ ʟʘ ʜʫʛʫ ʉ4 ʠ ʦʩʪʠʩʪʳʡ ʦʪʨʦʩʪʦʢ ʉ5 ʟʘʜ-

ʥʠʤ ʜʦʩʪʫʧʦʤ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʉʧʦʥʜʠʣʦʛʨʘʬʠʷ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʧʨʦʠʟʚʝʜʝʥʦ ʦʪʢʨʳʪʦʝ ʚʧʨʘʚʣʝʥʠʝ ʚʳʚʠʭʘ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʢʝʡʜʞʝʤ ʠ ʧʣʘʩʪʠʥʦʡ ʧʝʨʝʜʥʠʤ ʜʦʩʪʫʧʦʤ ʠ ʥʠʪʠʥʦʣʦʚʳʤʠ ʩʢʦʙʘʤʠ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ ʟʘ 

ʜʫʛʫ ʉ4 ʠ ʦʩʪʠʩʪʳʡ ʦʪʨʦʩʪʦʢ ʉ5. 

 

ʂʦʥʪʨʦʣʴʥʘʷ ʘʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʳʭ ʠ ʰʝʡ-

ʥʳʭ ʘʨʪʝʨʠʡ ʩ 2-ʭ ʩʪʦʨʦʥ: ʦʪʤʝʯʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʨʝ-

ʢʘʥʘʣʠʟʘʮʠʷ ʧʨʦʩʚʝʪʘ ʧʨʘʚʦʡ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ 

ʚ V2 ʩʝʛʤʝʥʪʝ ʥʘ ʫʨʦʚʥʝ ʉ5-6, ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʢʦʥ-

ʪʨʘʩʪʠʨʫʶʪʩʷ ʩʧʠʥʘʣʴʥʳʝ ʚʝʪʚʠ. ʈʘʥʥʠʡ ʘʨʪʝʨʠ-

ʘʣʴʥʳʡ ʩʙʨʦʩ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʢ-

ʢʣʶʟʠʷ ʣʝʚʦʡ ʇɸ, ʦʪʤʝʯʘʶʪʩʷ ʭʦʨʦʰʠʝ ʧʝʨʝʪʦʢʠ 

ʧʦ ʘʥʘʩʪʦʤʦʟʘʤ ʇɸ ʠ ʦʙʝʠʭ ʚʦʩʭʦʜʷʱʠʭ ʘʨʪʝʨʠʡ 

(ʨʠʩ. 4). 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ ʢʦʣʣʘʪʝʨʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʧʨʠ ʦʢʢʣʶ-

ʟʠʠ ʦʙʝʠʭ ʧʦʟʚʦʥʦʯʥʳʭ ʘʨʪʝʨʠʡ. ʂʣʠʥʠʯʝʩʢʠ ʫ ʧʘ-

ʮʠʝʥʪʘ ʥʝ ʦʪʤʝʯʘʣʦʩʴ ʩʪʚʦʣʦʚʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʚʠʪʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʪʘʢʞʝ ʥʝ ʦʙʥʘʨʫ-

ʞʝʥʘ ʚʝʨʪʝʙʨʦ-ʙʘʟʠʣʷʨʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ. ʂʦʣʣʘ-

ʪʝʨʘʣʴʥʦʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʝʪ-

ʚʷʤʠ ʚʦʩʭʦʜʷʱʠʭ ʰʝʡʥʳʭ ʘʨʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʘʥʘ-

ʩʪʦʤʦʟʠʨʦʚʘʣʠ ʩ ʇɸ ʚʳʰʝ ʦʢʢʣʶʟʠʠ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʚʠʪʴʩʷ ʚʝʨʪʝʙʨʦ-ʙʘʟʠʣʷʨʥʦʡ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʩʪʠ.

 

 
ʈʠʩ. 4. ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ 

ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʏʘʩʪʠʯʥʘʷ ʨʝʢʘʥʘʣʠʟʘʮʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. 

 

ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʣʣʘʪʝʨʘʣʠ ʨʘʟʚʠ-

ʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤʳ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʦʪʩʫʪ-

ʩʪʚʦʚʘʣʘ ʚʝʨʪʝʙʨʦ-ʙʘʟʠʣʷʨʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʚ 

ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʪʨʘʚʤʳ). ʂʨʦʤʝ ʵʪʦʛʦ, ʦʩʦʙʝʥ-

ʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʨʘʞʝʥʥʦʩʪʠ ʢʦʤʧʨʝʩʩʠʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʥʘʣʠʯʠʠ ʚ ʥʝʤ ʦʯʘʛʘ ʤʠʝʣʦʧʘʪʠʠ 

(ʫʰʠʙʘ) ʥʘ ʫʨʦʚʥʝ ʉ4-ʉ5, ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʦ-

ʚʦʜʥʠʢʦʚʳʭ ʥʘʨʫʰʝʥʠʷʭ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʇʨʠ ʧʨʦ-

ʚʝʜʝʥʠʠ ʘʥʛʠʦʛʨʘʬʠʠ ʚʳʷʚʣʝʥʘ ʘʨʪʝʨʠʷ ʰʝʡʥʦʛʦ 

ʫʪʦʣʱʝʥʠʷ, ʦʧʠʩʘʥʥʘʷ ʃʘʟʦʨʪʦʤ, ʢʘʢ ʘʨʪʝʨʠʘʣʴʥʘʷ 

ʚʝʪʚʴ ʚ ʚʠʜʝ ʰʧʠʣʴʢʠ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪ-

ʭʦʜʠʪ ʦʪ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʘʚʦʡ ʧʦʟʚʦʥʦʯ-

ʥʦʡ ʘʨʪʝʨʠʠ [4].  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʨʦʚʦʪʦʢʘ 

ʚ ʘʨʪʝʨʠʠ ʰʝʡʥʦʛʦ ʫʪʦʣʱʝʥʠʷ, ʢʨʦʚʦʩʥʘʙʞʘʶʱʝʡ 

ʥʠʞʥʝʡ ʰʝʡʥʳʡ ʦʪʜʝʣ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʥʠʞʝ 

ʫʨʦʚʥʷ ʉ3), ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ ʢʨʦʚʦʪʦʢ ʢ ʩʧʠʥ-

ʥʦʤʫ ʤʦʟʛʫ, ʪʝʤ ʩʘʤʳʤ, ʧʦʟʚʦʣʠʣʦ ʦʛʨʘʥʠʯʠʪʴ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʡ ʜʝʬʠʮʠʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪʝʢʘ 
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- ʠʰʝʤʠʠ ʚ ʚʳʰʝ ʠ ʥʠʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ (ʨʠʩ. 5,6). 

 

 
ʈʠʩ. 5. ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ 

ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʂʨʦʚʦʩʥʘʙʞʝʥʠʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʨʪʝʨʠʝʡ ʰʝʡʥʦʛʦ ʫʪʦʣʱʝʥʠʷ 

(ʙʦʢʦʚʘʷ ʧʨʦʝʢʮʠʷ). 

 

 
ʈʠʩ. 6. ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ 

ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʂʨʦʚʦʩʥʘʙʞʝʥʠʝ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʨʪʝʨʠʝʡ ʰʝʡʥʦʛʦ ʫʪʦʣʱʝʥʠʷ 

(ʧʨʷʤʘʷ ʧʨʦʝʢʮʠʷ). 

 

ʅʘʤʠ ʟʘʤʝʯʝʥ ʝʱʝ ʦʜʠʥ ʬʝʥʦʤʝʥ, ʢʦʪʦʨʳʡ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʨʘʥʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʩʙʨʦʩʘ ʚ ʦʙʣʘʩʪʠ ʦʯʘʛʘ ʫʰʠʙʘ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʥʘʤʠ ʨʘʩʮʝʥʠʚʘʝʪʩʷ, ʢʘʢ ʢʦʤʧʝʥʩʘʪʦʨʥʦʝ ʚʢʣʶʯʝ-

ʥʠʷ ʤʝʣʢʠʭ ʘʥʘʩʪʦʤʦʟʠʨʫʶʱʠʭ ʚʝʪʚʝʡ ʚ ʩʧʠʥʥʦʤ 

ʤʦʟʛʝ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʥʥʠʤ ʘʨʪʝʨʠʘʣʴʥʳʤ 

ʩʙʨʦʩʦʤ ʠ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʨʦ-

ʚʦʦʙʨʘʱʝʥʠʷ (ʨʠʩ.7). 

 

 
ʈʠʩ. 7 ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʇʝʨʝʣʦʤʦ-ʚʳʚʠʭ ʉ4-ʉ5, ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ 

ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʌʝʥʦʤʝʥ ʨʘʥʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʩʙʨʦʩʘ (ʧʨʷʤʘʷ ʧʨʦʝʢʮʠʷ). 
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2. ʇʘʮʠʝʥʪ ɸ-ʚ ʠʩʪʦʨʠʷ ʙʦʣʝʟʥʠ ˉ4658. ɼʠʘ-

ʛʥʦʟ: ɿʇʉʄʊ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝ-

ʣʦʤ ʪʝʣʘ ʉ7. ʋʰʠʙ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʰʝʡʥʦʤ ʦʪ-

ʜʝʣʝ. ASIA - ɸ (ʨʠʩ.8).  

 

 
ʈʠʩ. 8. ʄʈʊ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝʣʦʤ ʉ7, ʤʠʝʣʦʧʘʪʠʷ ʥʘ ʫʨʦʚʥʝ ʉ2-ʊh2 

(ʩʘʛʠʪʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ). 

 

ʅʘ ʜʚʝʥʘʜʮʘʪʳʡ ʜʝʥʴ ʧʨʦʚʝʜʝʥʘ ʦʧʝʨʘʮʠʷ: 

ʢʦʨʧʦʨʝʢʪʦʤʠʷ ʉ7, ʢʦʨʧʦʨʦʜʝʟ ʩʝʪʯʘʪʦʡ ʢʣʝʪʢʦʡ ʠ 

ʧʣʘʩʪʠʥʦʡ. ʅʘ ʩʝʤʥʘʜʮʘʪʳʡ ʜʝʥʴ ʩ ʤʦʤʝʥʪʘ ʪʨʘʚʤʳ 

ʚʳʧʦʣʥʝʥʘ ʩʧʠʥʘʣʴʥʘʷ ʘʥʛʠʦʛʨʘʬʠʷ, ʢʦʪʦʨʘʷ ʧʦʢʘ-

ʟʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʘʨʪʝʨʠʠ ʰʝʡ-

ʥʦʛʦ ʫʪʦʣʱʝʥʠʷ. ʆʙʥʘʨʫʞʝʥ ʫʩʢʦʨʝʥʥʳʡ ʘʨʪʝʨʠ-

ʘʣʴʥʳʡ ʩʙʨʦʩ ʚ ʚʝʪʚʷʭ ʧʦʟʚʦʥʦʯʥʦʡ ʠ ʚʦʩʭʦʜʷʱʝʡ 

ʰʝʡʥʳʭ ʘʨʪʝʨʠʡ ʩʧʨʘʚʘ, ʩʣʝʚʘ ʩʧʠʥʘʣʴʥʳʝ ʚʝʪʚʠ ʥʝ 

ʢʦʥʪʨʘʩʪʠʨʫʶʪʩʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʬʝʥʦʤʝʥ ʨʘʥʥʝʛʦ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʩʙʨʦʩʘ ʚ ʟʦʥʝ ʫʰʠʙʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʪʨʘʚʤʳ, 

ʚʩʣʝʜʩʪʚʠʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʤʝʣʢʠʭ 

ʚʝʪʚʝʡ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʠ ʤʦʞʝʪ ʨʘʩʮʝʥʠʚʘʪʴʩʷ ʢʘʢ 

ʬʘʢʪʦʨ, ʫʩʠʣʠʚʘʶʱʠʡ ʚʪʦʨʠʯʥʦʝ ʦʙʢʨʘʜʳʚʘʥʠʝ 

ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʄʈʊ ʚʳʨʘʞʝʥʳ 

ʦʪʝʢ ʠ ʠʰʝʤʠʷ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʧʝʨʠʬʦʢʘʣʴʥʦʡ 

ʟʦʥʝ ʧʝʨʚʠʯʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ (ʨʠʩ 9).  

 

 
ʈʠʩ. 9. ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝʣʦʤ ʉ7, 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʌʝʥʦʤʝʥ ʨʘʥʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʩʙʨʦʩʘ. 

 

3. ʇʘʮʠʝʥʪ ɼ-ʥ ʠʩʪʦʨʠʷ ʙʦʣʝʟʥʠ ˉ4664. ɼʠʘ-

ʛʥʦʟ: ɿʇʉʄʊ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝ-

ʣʦʤ ʪʝʣʘ ʉ5. ʋʰʠʙ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʰʝʡʥʦʤ ʦʪ-

ʜʝʣʝ. ASIA - ɸ. ʅʘ ʘʥʛʠʦʛʨʘʤʤʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʢʦʨʝʥʥʳʡ ʘʨʪʝʨʠʘʣʴʥʳʡ ʩʙʨʦʩ. ɸʨʪʝʨʠʷ ʰʝʡʥʦʛʦ 

ʫʪʦʣʱʝʥʠʷ ʥʝ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ (ʈʠʩ. 10).  
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ʈʠʩ. 10. ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝʣʦʤ ʉ7, 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʘʷ ʦʢʢʣʶʟʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʌʝʥʦʤʝʥ ʨʘʥʥʝʛʦ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʩʙʨʦʩʘ. 

 

4. ʇʘʮʠʝʥʪ ʉ-ʢ ʠʩʪʦʨʠʷ ʙʦʣʝʟʥʠ ˉ4866. ɼʠʘ-

ʛʥʦʟ: ɿʇʉʄʊ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝ-

ʣʦʤ ʪʝʣʘ ʉ7. ʋʰʠʙ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʚ ʰʝʡʥʦʤ ʦʪ-

ʜʝʣʝ. ASIA ï D (ʨʠʩ. 11). ɸʥʛʠʦʛʨʘʬʠʷ: ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʫʩʢʦʨʝʥʥʳʡ ʘʨʪʝʨʠʘʣʴʥʳʡ ʩʙʨʦʩ. ʂʦʥʪʨʘʩʪʠ-

ʨʫʝʪʩʷ ʘʨʪʝʨʠʷ ʰʝʡʥʦʛʦ ʫʪʦʣʱʝʥʠʷ (ʨʠʩ. 12).  

 

 
ʈʠʩ. 11. ʄʈʊ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝʣʦʤ ʉ7, ʤʠʝʣʦʧʘʪʠʷ ʥʘ ʫʨʦʚʥʝ ʉ7 

(ʩʘʛʠʪʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ). 

 
ʈʠʩ. 12. ɸʥʛʠʦʛʨʘʬʠʷ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ. ʂʦʤʧʨʝʩʩʠʦʥʥʦ-ʦʩʢʦʣʴʯʘʪʳʡ ʧʝʨʝʣʦʤ ʉ7. ʌʝʥʦʤʝʥ ʨʘʥʥʝʛʦ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʩʙʨʦʩʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʘʨʪʝʨʠʷ ʰʝʡʥʦʛʦ ʫʪʦʣʱʝʥʠʷ. 

 

ɺʳʚʦʜʳ: ʘʥʘʣʠʟ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʪʩʫʪʩʪʚʠʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʚ ʘʨʪʝʨʠʠ ʰʝʡʥʦʛʦ 

ʫʪʦʣʱʝʥʠʷ ʚʳʟʳʚʘʝʪ ʙʦʣʝʝ ʛʣʦʙʘʣʴʥʳʝ ʚʪʦʨʠʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ (ʧʝʨʠʬʦʢʘʣʴʥʳʡ ʦʪʝʢ ʠ ʠʰʝʤʠʶ), ʚʳʷʚ-

ʣʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʛʠʦʛʨʘʬʠʠ, ʄʈʊ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʰʝʡʥʦʛʦ ʦʪʜʝʣʘ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ, ʘ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ. 
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ʄʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʵʥʜʦʚʘʩʢʫ-

ʣʷʨʥʦʛʦ ʣʝʯʝʥʠʷ, ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʫʣʫʯʰʘʶ-

ʱʠʭ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʶ ʢʨʦʚʠ ʚ ʙʘʩʩʝʡʥʝ ʧʦʟʚʦʥʦʯ-

ʥʳʭ ʘʨʪʝʨʠʡ ʠ ʜʝʢʦʤʧʨʝʩʩʠʠ ʩʦʩʫʜʦʚ ʢʨʦʚʦʩʥʘʙʞʘ-

ʶʱʠʭ ʩʧʠʥʥʦʡ ʤʦʟʛ. 
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʝʯʝʥʠʷ ʙʦʣʴʥʳʭ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʢʦʩʳʤ ʧʝʨʝʣʦʤʦʤ ʥʠʞʥʝʡ ʯʝʣʶ-

ʩʪʠ. ɹʦʣʴʥʳʤ ʛʨʫʧʧʳ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʦʩʪʝʦʩʠʥʪʝʟ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʡ ʤʠʥʠʧʣʘʩʪʠʥʳ ʧʦ ʥʠʞʥʝʤʫ 

ʢʨʘʶ ʯʝʣʶʩʪʠ, ʙʦʣʴʥʳʤ ʦʩʥʦʚʥʦʡ ʛʨʫʧʧʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʢʦʩʪʥʦʛʦ ʰʚʘ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʛʥʫʪʳʤʠ ʧʨʦʚʦʣʦʯʥʳʤʠ ʰʠʥʘʤʠ. ʉʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʣʝʯʝʥʠʷ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʪʝʦʩʠʥʪʝʟʘ ʧʨʦʚʦʣʦʯʥʳʤ ʰʚʦʤ 

ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʠʢʝ.  

ABSTRACT  

A comparative analysis of the treatment of patients with unilateral oblique fracture of the mandible was car-

ried out. Patients of the comparison group underwent osteosynthesis by means of a single mini-plate along the 

lower edge of the jaw, patients of the main group through the bone suture developed by the authors. In this case, 

additional immobilization of the mandible with curved wire bars was used. Comparative analysis of the results of 

treatment showed high efficiency of osteosynthesis by a wire struture according to the method developed by the 

authors. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʣʦʤ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ, ʢʦʩʦʡ ʧʝʨʝʣʦʤ, ʦʩʪʝʦʩʠʥʪʝʟ, ʧʨʦʚʦʣʦʯʥʳʡ ʰʦʚ, ʤʠʥʝ-

ʨʘʣʴʥʘʷ ʥʘʩʳʱʝʥʥʦʩʪʴ. 

Keywords: mandibular fracture, oblique fracture, osteosynthesis, wire suture, mineral saturation. 

 

Treatment of affected patients with fractures of the 

lower jaw is one of the urgent problems of maxillofa-

cial surgery. In the structure of injuries, this pathology 

occupies a special place due to both functional and cos-

metic disorders. According to native and foreign clin-

ics, fractures of the lower jaw among injuries of the 

bones of the face are from 70 to 85% while the inci-

dence of oblique fractures reaches 60% [1,2,10].  

Among the various methods of fixing the frag-

ments of the lower jaw, the leading place is occupied 

by orthopedic methods. However, they do not always 

ensure accurate reposition of fragments and their stable 

fixation for the entire period of consolidation, espe-

cially with oblique fracture [7]. Therefore, most authors 

prefer surgical methods as the most effective in terms 

of ensuring the stability of fragments. 

The most common type of osteosynthesis remains 

the bone suture. At the same time, the data of the scien-

tific literature indicate an ambiguous attitude of re-

searchers to this method. The main disadvantage of os-

teosynthesis with the bone strutre is the sagging of a 

large fragment down and the appearance of a false tri-

angular defect in the area of the alveolar part of the 

lower jaw, as well as the crawling of fragments against 

each other when the wire is twisted, which leads to a 

horizontal displacement, accompanied by a shortening 

of the arch of the jaw, deformity of bite and the patient's 

face [6] 

The use of osteosynthesis with titanium miniplates 

in this type of fracture, according to literature data and 

our many years of experience, can not always ensure 

the stability of the fragments, which is due to the vary-

ing thickness of the compact bone from the outer and 

inner sides of the jaw, which does not allow reliable 

fixing of miniscrew in it [8,9,11]. 

Purpose of the study. Is increasing the effective-

ness of treatment of patients with unilateral oblique 

fracture of the lower jaw due to optimization of osteo-

synthesis with a wire suture. 

Objects and methods of research. In the period 

from 2010 - 2016. We examined and treated 69 (100%) 

patients with a unilateral oblique fracture of the mandi-

ble, which were divided into two groups. The compari-

son group was divided into 34 (49.28%) person. The 

main group included 35 (50.72%) of the affected pa-

tients. Criterias for inclusion of patients in the study 

were: the presence of unilateral oblique fracture of the 

mandible, informed consent of patients to participate in 

the study and the absence of concomitant pathology. 

The formation of clinical groups was carried out in ac-

cordance with the principles of simple randomization. 

In patients of the comparison group, the fixation 

of fragments was carried out by means of osteosynthe-

sis of the titanium miniplate along the lower edge of the 

jaw. The patients of the main group underwent osteo-

synthesis with awire suture according to the method de-

veloped by us (Patent of the Russian Federation No. 

2565818 dated September 23, 2015). As an additional 

immobilization, bent wires with intermaxillary traction 

were used. 

Osteosynthesis with a mini-plate was carried out 

according to the generally accepted procedure. Osteo-

synthesis with a wire suture was performed under gen-

eral anesthesia. After skeletonizing the fractured region 

with typical external access and eliminating the soft tis-

sue interposition, an area of up to 0.1 cm deep was 

formed in the spongy layer of the medial (large) frag-

ment along the entire fracture plane, while the un-

touched compact bone layer acted as an abutment (1) 

for the distal (small), a fragment that, after reposition-

ing the fragments, was placed on the plate and fixed 

with one of the variants of the bone suture, after which 

the wound was layer-by-layer closed (Fig.1, a, b). 
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Fig.1. Photographs of the main stages of osteosynthesis: a - skeletal fracture region with a formed ledge 1; b - 

the repaired fragments fixed with a wire suture 

 

On the day of admission to the hospital, all af-

fected were subjected to x-ray of the lower jaw accord-

ing to the standard procedure [5]. According to the ra-

diographs, the localization of the fracture, the degree 

and nature of the displacement of the fragments were 

determined. The ratio of the tooth to the fracture plane 

was assessed by the presence or absence of a periodon-

tal fissure on the side of the lesion. 

The activity of reparative processes in the lesion 

area was assessed by X-ray patterns visually, and also 

by means of a computer product Adobe Photoshop 7.0. 

Based on the received histograms, the optical density 

(mineral saturation) of the fracture gap and the resorp-

tion index (Pr) were evaluated [Ippolitov Yu.A. et al., 

2009]. 

Taking into account the fact that the bone density 

values in the normal are mainly dependent on the de-

gree of its mineralization, it can be concluded that their 

values correspond directly. Consequently, long-term 

preservation of the significant difference in the density 

of the shadow between the fragments and the area of 

the intact bone will be an unfavorable prognostic sign 

and serve as an indication for correction of the treat-

ment. 

Statistical processing of the received data was car-

ried out directly from the general data matrix "EXEL 

10.0" with the involvement of the capabilities of the 

program "STATISTICA 6". The grouping of the varia-

tion series and their processing was carried out in ac-

cordance with the recommendations of VM Zaitsev 

&co-workers (2003).Variational statistical analysis in-

cluded the determination of the following variational-

statistical elements: M, m, Cv, t, p where M is the arith-

metic mean, m is the arithmetic mean error, Cv is the 

coefficient of variation, t is the confidence coefficient, 

p is the coefficient of Student's reliability. Differences 

in mean were arithmetically considered reliable for p 

<0.05. Varying of the indices was considered weak if 

Cv did not exceed 10%, average when Cv was 11-25% 

and significant at Cv> 25%. At Cv> 50%, the distribu-

tion was considered asymmetric. 

Results of the study and their discussion. 

All the affected on the day of admission to the hos-

pital were assessed as a satisfactory overall condition. 

The manifestations of the local inflammatory process 

were insignificant and could not have a significant ef-

fect on the course of the post-traumatic period. 

When analyzing the radiographs, the fracture line 

passed from top to bottom and back, the displacement 

of the fragments was up to 1.0 cm, the width of the frac-

ture gap was 2.22 Ñ 0.17 mm. There was a different in 

the form and extent of the area of enlightenment be-

tween the fragments, their ends are even and clear. Foci 

of marginal osteoporosis were not traced. 

The index of mineral saturation of intacted bone 

was 158.32 Ñ 2.19 cu, the index of mineral saturation 

of the ends of fragments was 87.27 Ñ 2.17 cu. (p 

<0.001), while the variation of both indices was weak. 

The resorption index was 44.88 Ñ 2.21%. 

On the 7th day of the postoperative period in all 

patients the manifestation of the local inflammatory 

process was insignificant. Occlusion of teeth is fixed in 

the usual position for them. 

On the X-ray patterns of the affected comparison 

group, an increase in diastase between fragments to 0.4 

cm and the appearance of foci of marginal osteoporosis 

were observed (Fig. 2, a). The stabilization of the width 

of the fracture was recorded in 14 patients (20.29%) in 

the region of the alveolar part of the lower jaw, a freely 

lying part of a bone 0.5 x 1.5 cm in size, the density of 

which corresponded to the density of the shadow of the 

intact bone (Fig. 2, b). 

The average statistical index of mineral saturation 

in the comparison group patients was 77.25 Ñ 0.87 cu, 

which is much less than the baseline index and the in-

tact bone index (p <0.001). At the same time, its varia-

bility was average (Kv = 22.42%). The resorption in-

dex, on the contrary, increased significantly (51.21 Ñ 

0.54%) relative to the initial indicator (p <0.01).  
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Fig. 2. Photographs of radiographs in the lateral projection of patients of the group comparison (a) and the 

main group (b) on the 7th day after the operation. 

 

In patients of the main group, the mineral satura-

tion index stabilized at the preoperative level (87.48 Ñ 

1.44 U.E., p> 0.05) with low variability (Kava = 

4.99%). The resorption index (42.76 Ñ 1.95%) also did 

not have a reliable difference with respect to the initial 

indicator. 

On the 14th day of the postoperative period in all 

patients, wound healing was the primary tension. How-

ever, 7 (10.14%) people in the comparison group had 

persistent aching pain in the lower jaw area on the side 

of the osteosynthesis performed. There was a slight 

edema of the tissues of the submaxillary region, with 

palpation the infiltration was not determined. No occlu-

sion of the teeth was observed. 

On radiographs in these patients there was an in-

crease in diastase between fragments. Their ends ac-

quired a scalloped outline, the area of the foci of mar-

ginal osteoporosis increased, and a tendency to dis-

placement of the fragments was observed (Fig. 3a). In 

patients of the main group, the ends of the fragments 

became less distinct, the width of the fracture was sta-

bilized at the level of the previous stage of monitoring, 

the foci of marginal osteoporosis were not traced. The 

size of the bone fragment in the area of the alveolar part 

of the lower jaw has significantly decreased, its edges 

have lost clarity. There was a marked decrease in the 

transparency of the fracture, in which the islets of the 

bone pattern were well traced (Fig. 3, b). 
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Fig.3. Photographs of radiographs in the lateral projection of patients of the comparison group (a) and the main 

group (b) on the 14th day after the operation. 

 

The index of mineral saturation of the patients of 

the comparison group was (58.37 Ñ 1.75 cu), which is 

much less than the initial indicator (87.27 Ñ 2.17 cu), 

and the exponent 7 days after the operation 72.25 Ñ 087 

USD), and the index of healthy individuals (p <0.001). 

The variability of the indicator was average (Kv = 

22.31%). The resorption index, on the contrary, in-

creased significantly (63.29 Ñ 1.55%) relative to the 

baseline index (44.88 Ñ 2.21, p <0.001) and the 7th day 

of observation (52.63 Ñ 137%, p < 0.001). 

On the 21st day after the operation, 7 patients of 

the comparison group noted the persistence of minor 

aching pains in the lower jaw area on the side of the 

performed osteosynthesis, which were permanent. 

On radiographs, an increase in diastase between 

fragments was recorded. The fracture gap retained an 

intense transparency. Foci of marginal osteoporosis 

have merged into one focus, forming the outline of a 

bone defect, along the upper edge of which formation 

of sequesters was noted (Fig. 4, a). 
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In patients of the main group, the width of the frac-

ture slit decreased, the edges lost their clarity, a pro-

nounced decrease in its transparency was observed, the 

extent of the areas of the shadow characteristic of the 

shadow of the intact bone increased. The size of the 

bone fragment in the area of the alveolar part of the 

lower jaw has significantly decreased, its edges have 

lost clarity. The density of its shadow remained identi-

cal to that of the intact bone (Fig. 4, b). 

 

 
 

 ʘ   b 

 

Fig. 4. Photographs of X-rays in the lateral projection of patients of the comparison group (a) and the main 

group (b) on the 21st day after the operation. 

 

The mineral saturation index of the comparison 

group patients (59.27 Ñ 1.69 cu) was stabilized at the 

level of the 14th day of observation (58.37 Ñ 1.75 cu, 

p> 0.05). The variability of the indicator was strong 

(Kv = 32.87%). The decrease in the resorption rate 

(62.56 Ñ 1.82%) relative to the similar index of the pre-

vious stage of observation (63.29 Ñ 1.55%) was unreli-

able (p> 0.05). The obtained data testified to the devel-

opment of traumatic osteomyelitis in these patients. 

In patients of the main group, the mineral satura-

tion index was 127.41 Ñ 1.77 cu. and significantly ex-

ceeded the baseline (87.27 Ñ 2.17, p <0.001). Relative 

to the similar index of intact bone, the studied indicator 

remained significantly less (p <0.001). At the same 

time, its variability (Kv = 9.64%) was weak. 

Thus, the results of the study showed a high stabil-

ity of the osteosynthesis by the wire stature according 

to the method developed by us in the treatment of pa-

tients with a one-sided oblique fracture of the mandible, 

which allows us to consider it a method of choice and 

recommend for use in clinical practice. 
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ABSTRACT 

Leiomyoma at the present stage, up to 30-50% of women of reproductive age are observedwith this pathology. 

Often there is an asymptomatic course. 

Leiomyoma of the uterus is a common cause of infertility, ectopic pregnancy, spontaneous abortion, prema-

ture birth. With the subserous localization of the neoplasm, its connection element can be easily twisted and torn 

off, which leads to severe pain with the development of the state of the acute abdomen. 

To date, leiomyoma of the uterus is the main indication for performing a radical surgery in gynecology, 

including among 24-27% in patients of reproductive age. 

In thisview, the minimally invasive operations are of increasing interest. The introduction of laparoscopic 

organ-preserving technologies in the treatment of uterine leiomyoma aims to preserve the reproductive function 

of patients and has shown promising results. 

This paper reflects the features of the use of a self-locking thread during laparoscopic removal of the leioma-

tous node. Reduction of the time spent on suturing the uterine wall after its enucleation of the leiomatous node 

allows reducing the volume of blood loss during the operation. 

The use of a self-locking thread during suturing the defect of the uterine wall after the performed myomec-

tomy is of a great importance and can significantly affect the outcome of surgical treatment and therefore reduce 

the incidence of complications. 

Keywords: uterine leiomyoma, surgical treatment, suture material. 

 

Leiomyoma of the uterus is the most common tu-

mor of female genital organs and makes in 20-40% 

cases of gynecological morbidity of the structure [1, p. 

33, 7, p. 56]. 

 According to the published data, this pathology 

occur in 30-50% of women of reproductive age [1, p. 

33, 3, p. 104].  

Despite its benign nature, the disease does signifi-

cant harm to the female reproductive health, leading to 

serious social and economic consequences - a decrease 

in the reproductive capacity, working ability and the 

quality of life [2, p. 57, 8, p. 20]. 

In order to determine a more accurate indicator of 

the occurrence of this disease now it is not possible be-

cause of its asymptomatic course in more than 70% of 

cases [10, p. 433, 15, p. 725]. 

The average age of patients with the detected uter-

ine leiomyoma is 33 years. Surgical treatment of uter-

ine leiomyoma is performed on average at the age of 

44-45 years (most often it ishysterectomy). Taking into 

consideration the frequency of uterine leiomyoma, it is 

worth considering not only its dependence on age, but 

also on ethnic origin, as well as the patientsô examining 

method [1, p. 34, 10, p. 433]. 
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The risk factors for the development of uterine 

leiomyoma include: 

Å Late menarche, hyperpolymenorrhea; 

Å Disorders in the pituitary-ovary-uterus system; 

Å Inflammatory diseases of the genital organs; 

Å Medical abortion; 

Å Pronounced changes in hemodynamics of the 

pelvic organs; 

Å Dysfunction of the adrenal glands, thyroid gland 

(thyroid gland); 

Å Diseases of the cardiovascular system; 

Å Late onset of sexual activity and / or its irregu-

larity; 

Å Genetic predisposition; 

Å Excessive emotional stress. 

The problems of the hormonal status and func-

tional state of the reproductive system take the key 

place in the pathogenesis of uterine leiomyoma [8, p. 

20, 9, p. 359]. 

For a long time there was an opinion that hypere-

strogenia plays an important role in the development of 

the uterus leiomyoma. However, according to numer-

ous studies, it has been established that an increased es-

trogen content is not observed in all patients. The lead-

ing factor in the development of uterine fibroids are 

metabolic disorders of estrogens (the advantage of es-

trone and estradiol in the folliculin, and estriol - in the 

luteal phase of the cycle) and the functions of the yel-

low body. The development and growth of uterine leio-

myoma are largely predetermined by the state of the re-

ceptor apparatus of the uterus. Specific proteins (recep-

tors), when they are in contact with hormones, form a 

complex of estrogen-receptor or gestagen-receptor. 

Currently, specialists pay great attention to the stimu-

lating effect of progesterone. Progesterone and proges-

tins affect leiomyoma: first, they limit the response of 

the tissue to estrogen stimulation by reducing the 

amount of estrogen receptors; secondly, they by them-

selves can stimulate the proliferation process. The re-

sultmay depend on the prevalence of one of the effects 

enlistedabove [8, p. 20, 12, p. 2433, 15, p. 725]. 

The clinical manifestation of uterine leiomyoma 

depends on a number of factors, such as localization of 

this process, magnitude, morphological features, pa-

tientôs age, concomitant genital and extragenital pathol-

ogy [2, p. 57, 13, p. 530]. 

Leiomyoma of the uterus is capable of growth, re-

gression and even a complete disappearance during 

menopause. However, the main symptoms of uterine 

leiomyoma are uterine bleeding, pain that can be local-

ized, usually in the lower abdomen or in the lower back. 

With the subserous localization of the neoplasm, the 

connecting leg may betwisted and torn off, which leads 

to the appearance of severe pain and development of 

the acute abdomen state. When leiomyoma of the blad-

der or rectum is squeezed, frequent urination, constipa-

tion may occur [11, p. 43, 13, p. 530]. 

Leiomyoma of uterus is one of the causes of infer-

tility, ectopic pregnancy, spontaneous abortion, prema-

ture birth. Leiomyoma affects not only the pregnancy 

but also the childbirth. Statistics saysthat every second 

pregnant woman has a prolonged delivery. In addition, 

if leiomyoma is present, there is an increased need for 

delivery with caesarean section. Although the leiomy-

oma as a rule does not represent a real risk for fetal 

birth, myomatous nodes (especially the large ones) are 

often combined with anomalies of the position and 

presentation of the fetus (transverse position, pelvic and 

facial lie), at which natural delivery is not possible. In 

patients with fibroids, placental abruption occurs more 

often (especially if the myoma is located behind the pla-

centa - retroplacentally). Both early and late postpartum 

complications can be associated with the presence of 

leiomyoma. The early postpartum hemorrhagesare as-

sociated with a decreased uterus tonus, tight attachment 

and increment of the placenta. The late postpartum 

hemorrhages are associated with the incomplete invo-

lution of the uterus (when the uterus is not reduced to 

the "original" size), infectious diseases [3, p. 104, 6, p. 

37, 8, p. 20]. 

Modern classification of uterine leiomyoma ac-

cording to ICD-10: 

D25 Leiomyoma of the uterus 

D25.0 Submucosal uterine leiomyoma 

D25.1 Intramuralleomyoma of the uterus 

D25.2 Subfertomyeloma of the uterus 

D25.9 Uterine leiomyoma, unspecified 

Classification of uterine leiomyoma by site locali-

zation: 

Å Intramuscular (intramural); 

Å Subsurface 

Å Submucous (submucous). 

Atypical forms are distinguished for their localiza-

tion: cervical, preexternal, retroperitoneal, supraperito-

neal, paracervical, interconnected. 

The growth of the node can be centripetal (in the 

middle), expansive (tissue bundle), eccentric (out-

ward), intraligamentary (in sheets of broad ligament). 

According to the tumor elements ratio the uterine 

leiomyoma is classified: 

1. Fibromioma - the predominance of connective 

tissue (the ratio of muscle and connective tissue is 1:2-

3). 

2. Myoma - the ratio of muscle and connective tis-

sue is 4-5:1 

2.1. Leiomyoma is a tumor, which consists only of 

smooth muscle cells of myometrium. 

2.2. Rhabdomyoma is a tumor that consists of 

transversely striated myometrium cells. 

According to the morphological type and activity 

of proliferative processes, the uterine leiomyoma is 

classified: 

1. Simple fibroid, that develops through benign 

muscle hyperplasia - slow growth and proliferative pro-

cesses are not expressed. 

2. Proliferating myoma, which possesses morpho-

genetic criteria of a true benign tumor - increased mi-

totic activity, rapid growth, no atypical myometrium 

cells. 

3. Presarcomais characterized by the presence of 

multiple elements with phenomena of atypia, heteroge-

neity of cell nuclei with large hyperchromic nuclei. 

By the nature of growth and localization of nodes, 

the uterine leiomyoma is classified into: 

I. Diffuse growth of fibroids 

II. Nodular growth of fibroids: 
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1. Interstitial (intramural) arrangement of nodes - 

the tumor is located in the thickness of the muscular 

layer of the uterine wall. 

2. Sub-serous (subperitoneal) arrangement of 

nodes - tumor growth occurs under the serous mem-

brane of the uterus towards the abdominal cavity. 

3. Submucosal (submucous) arrangement of nodes 

- the tumor grows towards the uterine cavity, deforming 

it. 

4. Intraligamentary (interconnected) arrangement 

of nodes - tumor grows towards the parameter between 

the leaves of the broad ligament of the uterus. 

Clinical and ultrasound classification of uterine 

leiomyoma (according to D. Wildemeersch, E. Schacht, 

2001): 

Type I - one or multiple small intramural nodes or 

subserosal nodes are present (less than 3 cm).Submu-

cous nodes are absent. 

Type II - one or multiple intramural or subserous 

nodes (3-6 cm) are present. Submucous nodes are ab-

sent. 

Type III - one or multiple intramural or subserous 

nodes (greater than 6 cm) are present. Submucous 

nodes are absent. 

Type IV - one or multiple intramural or subserous 

nodules are present. A proven submucosal node is un-

der suspicion or present. 

The modern method of diagnosing uterine leiomy-

oma include ultrasound of the pelvic organs, which al-

lows to determine the size, amount, localization, echo-

genicity, the structure of the nodes, to identify the pres-

ence of concomitant hyperplasia of the endometrium. 

In severe cases, it is necessary to use an MRI that re-

veals all the varieties of myoma of the uterus, giving an 

exhaustive characterization, necessary for the optimal 

treatment [3, p. 104, 4, p.105, 15, p. 728]. 

Treatment of uterine leiomyoma is not an easy 

task, as despite hormonal dependence, it is extremely 

heterogeneous. Methods of treatment now are not 

unique, but they are widely used: conservative, surgi-

cal, and also minimally invasive methods [5, p. 22, 7. 

p. 56, 9, p. 359]. 

Despite the fact that conservative treatment is 

based on the effect of sex steroids on estrogen and pro-

gesterone receptors and consequently on the growth of 

leiomyoma. The main therapy choices are analogues of 

gonadotropin-releasing hormone (a-GnRH) and ana-

logues of mifepristone. However, the possibility of 

conservative therapy of uterine leiomyoma is limited. 

The use of these therapy choices is limited to 6 months 

because of a negative impact on life quality of a 

woman, namely pronounced hypoestrogeny, a bone 

mineral density decrease [7, p. 57, 12, p. 2433].  

Considering surgical methods of treatment of uter-

ine leiomyoma, there are a number of indications for 

them: 

1. Symptomatic leiomyoma: 

Å Hemorrhagic syndrome - profuse prolonged 

menstruation (menorrhagia) or acyclic bleeding 

(metrorrhagia); 

Å Pain syndrome; 

Å The presence of chronic anemia; 

Å Symptoms of compression of adjacent organs. 

2. The size of the tumor, exceeding the size of the 

pregnant uterus of 13-14 weeks. 

3. Presence of a submucous node (causes profuse 

bleeding, which leads to persistent anemia of the pa-

tient). Often the uterus does not reach large sizes, in 

some cases - only slightly increased. Urgent help is re-

quiredwhile formation of a submucosal node. 

4. Suspicion of node trophism - with aseptic ne-

crosis, the infection can spread hematogenously or lym-

phogenically. 

5. Presence of a subserous node of a leiomyoma 

on a pedicle (in connection with the possibility of node 

torsion). 

6. Rapid growth (by an amount corresponding to 

4-5 weeks of pregnancy per year and more, especially 

in the climacteric or in the menopausal period). 

7. The presence of atypical forms of the location 

of the nodes of the leiomyoma. Intraligamentary local-

ization causes the appearance of pain due to compres-

sion of the nerve plexuses and impaired renal function 

due to uretersô compression. The node location in the 

neck, as a rule, leads to disruption of the function of 

adjacent organs. 

8. Leiomyoma in combination with peredragular 

pathology of the endometrium or ovaries, ovulation or 

loss of the uterus. 

9. Infertility or miscarriage of pregnancy due to 

uterine leiomyoma (it is necessary to exclude other fac-

tors that can cause this pathology, and accurately assess 

the nodesô location). 

Classification of surgical treatment of uterine leio-

myoma: 

1. Conservative surgical treatment (organ-saving 

operations): 

a) Laparoscopic myomectomy; 

b) Hysteroscopic myomectomy; 

c) Laparotomy with myomectomy; 

d) Percutaneous and transcatheter embolization of 

uterine arteries. 

2. Radical surgical treatment: 

a) Total hysterectomy (extirpation of the uterus): 

Å Laparoscopic; 

Å Transvaginal; 

Å Laparotomic. 

b) Subtotal hysterectomy (supravaginal amputa-

tion of the uterus): 

Å Laparoscopic; 

Å Transvaginal; 

Å Laparotomic. 

An alternative treatment in the present time are 

minimally invasive operations, namely uterine artery 

embolization (UAE) and focused ultrasound ablation 

under MRI control. However, there are complications 

associated with premature ovarian exhaustion in the 

late period that limit the use of reproductive age in pa-

tients [14, p. 252]. 

The volume of surgical treatment in patients with 

uterine leiomyoma depends on the severity of clinical 

manifestations, as well as the desire to preserve repro-

ductive function [2, p. 58, 5, p. 24]. 

To date, leiomyoma is the main indication for per-

forming radical surgery in gynecology, including 24-

27% in patients of reproductive age. At the same time, 
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80% of the hysterectomies are performed to treat the 

clinical manifestations of uterine leiomyoma. It is es-

sential that hysterectomy is the final solution to the 

problem of leiomyoma of the uterus [1, p. 33, 2, p. 57, 

13, p. 530]. 

In this regard, minimally invasive operations are 

of increasing interest. The introduction of laparoscopic 

organ-preserving technologies in the treatment of uter-

ine leiomyoma aimsto preserve the reproductive func-

tion of patients and shows promising results [5, p. 22, 

13, p. 530]. 

Despite the current level of endoscopic surgery de-

velopment, the choice of operative access is problem-

atical due to in connection with the formation of an en-

doscopic suture for the defect of the uterine wall after 

enucleation of the node, which is the main goal of suc-

cessful gestation. 

The existing technical problems of stitching dur-

ing laparoscopy at the site of a remote node are sur-

geonôs experience and skills of surgical intervention 

that as a result can lead to uterine ruptures. 

In this regard, deserves attention to the suturing of 

the lining, the edges of the uterus wall and despite the 

wide choice of suture material, surgeon's preference 

makes the final decision. 

Now, the market presents two types of self-lock-

ing threads from different manufacturers, bidirectional 

and unidirectional. 

Today self-locking yarns are a standard monofila-

ment yarn with thin burrs along the entire length, spi-

rally spaced in different directions, which ensures the 

reduction of the wound edges without tying of addi-

tional surgical knots. 

The use of a self-locking thread during suturing 

the defect of the uterine wall after the performed myo-

mectomy shows great importance and can significantly 

affect the outcome of surgical treatment and reduce the 

incidence of complications. 

A self-locking unidirectional thread attracted our 

interest; the commercial name is V-Loc 180 

(CovidienSurgical, USA). This is a relatively new ab-

sorbable suture material that is designed using unidirec-

tional laser notches, which allows you to drag the 

thread through the tissues in only one direction. After 

tightening, the thread does not dissolve. This thread de-

sign allowscovering the wound 50% faster than com-

paring to the conventional suture material. 

Purpose of the study.To evaluate the effective-

ness of the self-fixing V-Loc180 filament in laparo-

scopic treatment of subserous leiomyoma in women of 

reproductive age. 

Materials and methods of research 

We examined 60 women of reproductive age with 

a subserous leiomyoma of the uterus in the Kyiv City 

Maternity Hospital ˉ3, on the basis of which a Depart-

ment of Obstetrics and Gynecology ˉ 3 of the Bo-

gomolets National Medical University is located. All 

women had further reproductive plans, so we per-

formed laparoscopic surgical removal of the node. 

All patients underwent an organ-preserving oper-

ation of laparoscopic myomectomy. Depending on the 

suture used, two groups of the subjects were formed. In 

the first group consisted of 30 patients suturing of the 

myometrium defect was carried out by a continuous 

multi-row intracorporal suture with a self-fixing unidi-

rectional resorbable V-Loc180. Second group (compar-

ison) group comprised 30 patients, who ligated the my-

omatous node bed with a continuous multi-row intra-

corporal suture through absorbable woven filaments. 

Inclusion criteria were the age of patients (from 20 

to 45 years), subserous localization of myomatous 

nodes with a distance to the uterine cavity of at least 5 

mm (according to ultrasound), single uterine myoma 

with a node diameter of 5 to 8 cm, absence of concom-

itant gynecological pathology requiring expansion vol-

ume of operation, laparoscopic access to surgical treat-

ment. 

From the study, we excluded patients with the my-

omatous node less than 3 cm in diameter, with multiple 

uterine leiomyomas, previously hormonal therapy 

(gonadotropin-releasing hormone agonists, combined 

oral contraceptives, progestins), diagnosed neoplastic 

processes of any site, and additionally patients who had 

anesthesia contraindications. 

Patients of both study groups were comparable in 

terms of anamnestic and clinical data; no statistically 

significant differences were detected (p> 0.05). 

Examination before and after surgery included the 

use of physical, laboratory, instrumental research meth-

ods. 

The statistical processing of the material was car-

ried out using the standard package of programs "Sta-

tisticaforWindows" version 13.0, StatSoftInc (USA), 

following the recommendations for medical and bio-

logical research. 

Results and discussion 
The age structure of the subjects showed that the 

average age of the patients was 34,6 Ñ 4,8 years. 

The main complaints presented by the examined 

patients with the subserous leiomyoma of the uterus 

were abdominal pain (66,7%), abnormal uterine bleed-

ing (26,7%), infertility (18,3%) [Fig. 1]. 

Analysis of menstrual function showed that in 

most patients, the menstrual cycle was regular (81,7%), 

but menstrual dysfunction was observed such as sore-

ness (43,3%), abundant (31,6%) [Fig. 2]. 
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Fig.1 Complaints of the examined patients with a subserous leiomyoma of the uterus (percentage) (n=60, %). 

 
Fig.2 Characteristics of the menstrual function of patients with subserous leiomyoma of the uterus (percentage) 

(n=60, %). 

 

Among the most common gynecological diseases, 

the most typical were pelvic inflammatory disease 

(43,34%), cervical disease (23,34%), and endometrial 

pathology (20%). 

Extragenital diseases accounted for a large propor-

tion of diseases of the urinary system (25%), as well as 

of the gastrointestinal tract and hepatobiliary system 

(20%). 

A study of the reproductive history of the subjects 

showed that 81,7% of the patients had pregnancy and 

childbirth. However, a high percentage of artificial 

abortions is established (46,7%). Spontaneous abor-

tions were observed in 6,7%, ectopic pregnancy - in 

3,4% of cases. 

All patients were referred to routine surgical treat-

ment, which was performed in the volume of laparo-

scopic myomectomy. 

Estimating the time of suturing of the uterine wall 

after removal of the node, we managed a 2-fold reduc-

tion in the patients of group I of the survey who used a 

self-fixing unidirectional resorbable V-Loc 180 strain 

comparing with the women from the group II [Fig. 3]. 

0%

10%

20%

30%

40%

50%

60%

70%

Stomach-ache Abnormal

uterine

bleeding

Infertility I, II Combination

of complaints

0,00%

20,00%

40,00%

60,00%

80,00%

100,00%


