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Summary 

Nodular dermatitis is a highly contagious viral disease that causes fever, damage to the skin, mucous mem-
branes and lymphatic system. It is one of the most dangerous transboundary animal diseases requiring an integrated 
approach to prevention: systematic vaccination, strict veterinary control, vector control and international cooperation. 

The economic consequences of the disease underscore the need for timely response and the introduction of 
modern control strategies, which is important for agriculture and international trade. 

Keywords: lumpy skin disease, cattle, viral infections, vaccination, epidemiology. 

 
ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 05.12.2025 ʛ.  

ɺɺɽɼɽʅʀɽ 
ʅʦʜʫʣʷʨʥʳʡ ʜʝʨʤʘʪʠʪ (ʅɼ) ï ʦʧʘʩ-

ʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʞʠʚʦʪʥʳʭ, ʚʦʟʙʫʜʠʪʝʣʝʤ 
ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʠʨʫʩ ʩʝʤʝʡʩʪʚʘ Poxviri-
dae. ʅɼ ʧʦʨʘʞʘʝʪ ʪʦʣʴʢʦ ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ 
ʩʢʦʪ (ʂʈʉ) ʠ ʙʫʡʚʦʣʦʚ. ɺʠʨʫʩ ʦʯʝʥʴ ʩʧʝʮʠ-
ʬʠʯʝʥ ʜʣʷ ʭʦʟʷʠʥʘ ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʙʦʣʝʚʘ-
ʥʠʷ ʫ ʣʶʜʝʡ. ɹʦʣʝʟʥʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʨʘ-
ʞʝʥʠʝʤ ʢʦʞʠ, ʣʠʭʦʨʘʜʢʦʡ, ʩʥʠʞʝʥʠʝʤ ʧʨʦ-
ʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʢʦʥʦʤʠʯʝ-
ʩʢʠʤʠ ʧʦʪʝʨʷʤʠ [1].  

ɿʘʙʦʣʝʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʠʩʦʯʥʳʤ 
ʙʦʣʝʟʥʷʤ ɺʆɿɾ, ʠ ʩ ʪʝʨʨʠʪʦʨʠʡ, ʥʝʙʣʘʛʦ-
ʧʦʣʫʯʥʳʭ ʧʦ ʵʪʦʡ ʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ, 
ʟʘʧʨʝʱʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʦʨʪ ʞʠʚʦʪʥʳʭ 
ʠ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʉʦʛʣʘʩʥʦ 
ʜʘʥʥʳʤ OIE ʠ WOAH, ʅɼ ʂʈʉ ʚʢʣʶʯʸʥ ʚ 
ʧʝʨʝʯʝʥʴ ʙʦʣʝʟʥʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʦʙʷʟʘʪʝʣʴ-
ʥʦʤʫ ʢʦʥʪʨʦʣʶ ʠ ʫʚʝʜʦʤʣʝʥʠʶ. ɺ ʂʘʟʘʭ-
ʩʪʘʥʝ ʠ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʵʧʠʟʦʦ-
ʪʠʯʝʩʢʠʝ ʚʩʧʳʰʢʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʟʥʘʯʠ-
ʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ. 
FAO ʠ ɽʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʷ ʨʘʟʨʘʙʦʪʘʣʠ 
ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʨʝʛʣʘʤʝʥʪʳ ʧʦ ʧʨʦʬʠʣʘʢʪʠ-
ʢʝ ʠ ʙʦʨʴʙʝ ʩ ʙʦʣʝʟʥʴʶ [2]. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 
ɺʦʟʙʫʜʠʪʝʣʝʤ ʅɼ ʷʚʣʷʝʪʩʷ ʚʠʨʫʩ 

ʩʝʤʝʡʩʪʚʘ Poxviridae, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʤ ʢʘʢ 
ʚʠʨʫʩ Neethling. ʆʪʥʦʩʠʪʩʷ ʢ ʨʦʜʫ 
Capripoxvirus. ʇʦ ʘʥʪʠʛʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ 
ʙʣʠʟʦʢ ʢ ʚʠʨʫʩʫ ʦʩʧʳ ʦʚʝʮ [3]. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʠʨʫʩʘ ʅɼ ʜʦʚʦʣʴʥʦ 
ʚʳʩʦʢʘ. ɺ ʢʦʞʥʳʭ ʧʦʨʘʞʝʥʠʷʭ ʞʠʚʦʪʥʦʛʦ 
ʚʠʨʫʩ ʩʦʭʨʘʥʷʝʪʩʷ 33 ʜʥʷ. ɺ ʰʢʫʨʘʭ ʙʦʣʴ-
ʥʳʭ ʞʠʚʦʪʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʪʝʤʥʳʭ 
ʫʩʣʦʚʠʷʭ, ʚʠʨʫʩ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʘʢ-
ʪʠʚʥʦʩʪʴ ʤʥʦʛʠʝ ʤʝʩʷʮʳ. ʇʨʦʛʨʝʚʘʥʠʝ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʜʥʝʡ ʚ ʞʠʜ-
ʢʦʩʪʠ ʩ ʨʅ 6,6ï8,6 ʥʝ ʩʥʠʞʘʝʪ ʝʛʦ ʚʠʨʫ-
ʣʝʥʪʥʦʩʪʴ. ʍʦʣʦʜ ʢʦʥʩʝʨʚʠʨʫʝʪ ʚʠʨʫʩ: ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ ʦʥ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 6 ʤʝ-
ʩʷʮʝʚ [3]. 

ɺʦʟʙʫʜʠʪʝʣʴ ʠʥʘʢʪʠʚʠʨʫʝʪʩʷ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 55 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʘ ʧʨʠ      
65 Üʉ ï ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 
ʨʘʩʪʚʦʨʘʤ 1%-ʥʦʛʦ ʬʦʨʤʘʣʠʥʘ, 2%-ʥʦʛʦ 
ʬʝʥʦʣʘ, 2ï3%-ʥʦʛʦ ʛʠʧʦʭʣʦʨʠʜʘ ʥʘʪʨʠʷ [4]. 

ʂ ʅɼ ʚʦʩʧʨʠʠʤʯʠʚ ʂʈʉ ʥʝʟʘʚʠʩʠʤʦ 
ʦʪ ʧʦʨʦʜʳ, ʧʦʣʘ, ʚʦʟʨʘʩʪʘ, ʙʦʣʝʝ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʳ ʣʘʢʪʠʨʫʶʱʠʝ ʢʦʨʦʚʳ  ʝʚʨʦʧʝʡʩʢʠʭ 

https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_cards/LUMPY_SKIN_DISEASE_FINAL.pdf
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ʧʦʨʦʜ ʠ ʪʝʣʷʪʘ, ʘ ʪʘʢʞʝ ʙʫʡʚʦʣʳ. ʋ ʜʠʢʠʭ 
ʞʠʚʦʪʥʳʭ ʙʦʣʝʟʥʴ ʥʝ ʦʙʥʘʨʫʞʝʥʘ, ʭʦʪʷ ʞʠ-
ʨʘʬʳ ʠ ʘʥʪʠʣʦʧʳ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳ ʧʨʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʟʘʨʘʞʝʥʠʠ. ʉʚʝʜʝʥʠʡ ʦ 
ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʯʝʣʦʚʝʢʘ ʢ ʅɼ ʥʝʪ [4].  

ʀʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʯʘʱʝ ʷʚʣʷʶʪ-
ʩʷ ʙʦʣʴʥʳʝ ʠ ʧʝʨʝʙʦʣʝʚʰʠʝ ʞʠʚʦʪʥʳʝ. ɺʠ-
ʨʫʩ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʟ 
ʧʦʨʘʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʞʠ, ʘ ʪʘʢʞʝ ʩʦ 
ʩʣʶʥʦʡ, ʩʧʝʨʤʦʡ, ʤʦʣʦʢʦʤ, ʠʩʪʝʯʝʥʠʷʤʠ ʠʟ 
ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ ʠ ʛʣʘʟ. ʇʫʪʠ ʧʝʨʝʜʘʯʠ ʚʠ-
ʨʫʩʘ ʤʘʣʦ ʠʟʫʯʝʥʳ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʅɼ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʧʝʨʝʥʦʩʯʠʢʦʚ ï
ʚʦʟʤʦʞʥʦ, ʯʝʨʝʟ ʫʢʫʩʳ ʤʫʭ ʠ ʢʦʤʘʨʦʚ, ʥʦ 
ʢʘʢ ʵʪʠ ʧʝʨʝʥʦʩʯʠʢʠ ʧʝʨʝʜʘʶʪ ʚʠʨʫʩ ʦʪ ʞʠ-
ʚʦʪʥʦʛʦ ʢ ʞʠʚʦʪʥʦʤʫ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʥʝʠʟʚʝʩʪʥʦ [5].  

ʌʘʢʪʦʨʘʤʠ ʧʝʨʝʜʘʯʠ ʚʦʟʙʫʜʠʪʝʣʷ 
ʠʥʬʝʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ ʫʙʦʷ, ʤʦʣʦʢʦ, 
ʩʧʝʨʤʘ ʞʠʚʦʪʥʳʭ, ʚ ʪ.ʯ. ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʥ-
ʢʫʙʘʮʠʦʥʥʦʤ ʧʝʨʠʦʜʝ; ʢʦʨʤʘ, ʚʦʜʘ, ʥʘʚʦʟ, 
ʪʨʘʥʩʧʦʨʪ ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʚʥʝʰʥʝʡ ʩʨʝ-
ʜʳ, ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʝ ʚʠʨʫʩʦʤ ʅɼ. ɺʦʟ-
ʤʦʞʥʘ ʧʝʨʝʜʘʯʘ ʚʠʨʫʩʘ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-
ʥʦʤ ʢʦʥʪʘʢʪʝ ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ, ʧʦʣʦ-
ʚʳʤ ʧʫʪʝʤ, ʫ ʪʝʣʷʪ ï ʯʝʨʝʟ ʤʦʣʦʢʦ. ʅʦʜʫ-
ʣʷʨʥʳʡ ʜʝʨʤʘʪʠʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ 
ʵʧʠʟʦʦʪʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʟʦʥʥʦʩʪʴʶ 
(ʦʪʤʝʯʘʝʪʩʷ ʚ ʞʘʨʢʠʡ, ʚʣʘʞʥʳʡ ʩʝʟʦʥ), ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥ ʥʘ ʥʠʟʠʥʥʳʭ, ʟʘʙʦʣʦʯʝʥʥʳʭ 
ʫʯʘʩʪʢʘʭ, ʛʜʝ ʦʙʠʪʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʯʣʝʥʠʩʪʦʥʦʛʠʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ɹʦʣʝʟʥʴ 
ʧʦʷʚʣʷʝʪʩʷ ʚʥʝʟʘʧʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʫʜʘ-
ʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʝʩʪʘʭ, ʨʘʩʧʨʦʩʪʨʘ-
ʥʷʝʪʩʷ ʙʳʩʪʨʦ [4]. 

ʅɼ ʟʘʨʘʞʘʝʪʩʷ 5ï100 % ʂʈʉ. ʇʨʠ 
ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʠ ʜʝʟʠʥʬʝʢʮʠ-
ʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʦʪʠʚ ʅɼ ʂʈʉ ʫʜʘʝʪ-
ʩʷ ʩʧʘʩʪʠ 99 % ʞʠʚʦʪʥʳʭ. ʋ ʚʳʟʜʦʨʦʚʝʚ-
ʰʠʭ ʞʠʚʦʪʥʳʭ ʨʘʟʚʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʠʤ-
ʤʫʥʠʪʝʪ. ʆʜʥʘʢʦ ʚ ʭʦʟʷʡʩʪʚʘʭ, ʧʦʩʪʨʘʜʘʚ-
ʰʠʭ ʦʪ ʅɼ, ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʪʠʪʝʣ ʢ ʚʦʟʙʫʜʠ-
ʪʝʣʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʝʞʝʛʦʜʥʦʤ ʚʚʝʜʝ-
ʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʘʣʣʝʨʛʝʥʘ [6]. 

ʅʦʜʫʣʷʨʥʳʡ ʜʝʨʤʘʪʠʪ ʚʧʝʨʚʳʝ ʙʳʣ 
ʦʙʥʘʨʫʞʝʥ ʚ ɿʘʤʙʠʠ ʚ 1929 ʛ., ʢ 1943 ʛ. ʨʘʩ-
ʧʨʦʩʪʨʘʥʠʣʩʷ ʥʘ ɹʦʪʩʚʘʥʫ ʠ ʚʩʶ ʖʞʥʫʶ 
ɸʬʨʠʢʫ, ʛʜʝ ʧʦʨʘʟʠʣ ʙʦʣʝʝ 8 ʤʣʥ ʛʦʣʦʚ 
ʂʈʉ, ʧʨʠʯʠʥʠʚ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝ-
ʩʢʠʡ ʫʱʝʨʙ. ɺ 1957 ʛ. ʦʥ ʧʨʦʥʠʢ ʚ ʂʝʥʠʶ, 
ʛʜʝ ʙʳʣ ʩʚʷʟʘʥ ʩʦ ʚʩʧʳʰʢʦʡ ʦʩʧʳ ʦʚʝʮ. ɺ 
1970 ʛ. ʅɼ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʥʘ ʩʝʚʝʨ, ʚ ʉʫ-
ʜʘʥ,  ʢ 1974 ʛ. ï ʥʘ  ʟʘʧʘʜ,  ʜʦʩʪʠʛʥʫʚ  ʅʠʛʝ- 

ʨʠʠ, ʘ ʚ 1977 ʛ. ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ  
ʄʘʚʨʠʪʘʥʠʠ, ʄʘʣʠ, ɻʘʥʝ ʠ ʃʠʙʝʨʠʠ. ɽʱʝ 
ʦʜʥʘ ʵʧʠʟʦʦʪʠʷ ʅɼ ʚ ʧʝʨʠʦʜ ʩ 1981 ʧʦ 
1986 ʛʛ. ʦʭʚʘʪʠʣʘ ʊʘʥʟʘʥʠʶ, ʂʝʥʠʶ, ɿʠʤ-
ʙʘʙʚʝ, ʉʦʤʘʣʠ ʠ ʂʘʤʝʨʫʥ, ʧʨʠ ʵʪʦʤ ʟʘʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ ʩʤʝʨʪʥʦʩʪʠ ʩʨʝʜʠ 
ʧʦʨʘʞʝʥʥʦʛʦ ʩʢʦʪʘ ʩʦʩʪʘʚʠʣ 20 %. ɹʦʣʝʟʥʴ 
ʵʥʜʝʤʠʯʥʘ ʥʘ ʚʩʝʤ ʘʬʨʠʢʘʥʩʢʦʤ ʢʦʥʪʠʥʝʥ-
ʪʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɸʣʞʠʨʘ, ʄʘʨʦʢʢʦ, ʃʠ-
ʚʠʠ ʠ ʊʫʥʠʩʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʅɼ ʢ ʩʝʚʝ-
ʨʫ ʦʪ ʧʫʩʪʳʥʠ ʉʘʭʘʨʘ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʜ-
ʪʚʝʨʞʜʝʥʦ ʚ ɽʛʠʧʪʝ, ʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ɸʬʨʠ-
ʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ï ʚ ʀʟʨʘʠʣʝ, ʚ ʧʝʨʠʦʜ 
ʩ 1988 ʧʦ 1989 ʛʛ., ʧʦʚʪʦʨʥʦ ʙʳʣʦ ʟʘʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥʦ ʚ 2006 ʛ. ɺʩʧʳʰʢʠ ʅɼ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʥʦʩʷʪ ʩʧʦʨʘʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ 
ʟʘʚʠʩʷʪ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʠʤ-
ʤʫʥʥʦʛʦ ʩʪʘʪʫʩʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʘ ʚʝʪʨʘ ʠ 
ʦʩʘʜʢʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʧʫʣʷʮʠʠ ʧʝʨʝʥʦʩ-
ʯʠʢʦʚ [7].  

ɺ 2015 ʛ. ʚʠʨʫʩ ʅɼ ʚʧʝʨʚʳʝ ʙʳʣ ʟʘ-
ʥʝʩʝʥ ʚ ɽʚʨʦʧʫ, ʙʦʣʝʟʥʴ ʩʪʘʣʘ ʧʨʠʦʨʠʪʝ-
ʪʦʤ ʜʣʷ ɻʣʦʙʘʣʴʥʦʛʦ ʨʫʢʦʚʦʜʷʱʝʛʦ ʢʦʤʠ-
ʪʝʪʘ (GF-TADs) ʜʣʷ ʧʦʵʪʘʧʥʳʭ ʤʝʪʦʜʦʚ 
ʙʦʨʴʙʳ ʩ ʪʨʘʥʩʛʨʘʥʠʯʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʞʠ-
ʚʦʪʥʳʭ ʧʦ ɽʚʨʦʧʝ [8].  

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʅɼ ʨʘʩ-
ʧʨʦʩʪʨʘʥʠʣʩʷ ʥʘ ʖʛʦ-ɺʦʩʪʦʯʥʫʶ ɽʚʨʦʧʫ, 
ɹʘʣʢʘʥʳ, ʈʦʩʩʠʶ, ʂʘʟʘʭʩʪʘʥ ʠ ɸʟʠʶ ʚ ʨʘʤ-
ʢʘʭ ʝʚʨʘʟʠʡʩʢʦʡ ʵʧʠʜʝʤʠʠ ʅɼ [9]. ɼʠʥʘ-
ʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʘʨʝʘʣʘ ʙʦʣʝʟʥʠ ʧʨʠʚʝʜʝʥʘ 
ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ. ʀʥʢʫʙʘʮʠ-
ʦʥʥʳʡ ʧʝʨʠʦʜ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʧʠ-
ʩʘʥ, ʥʦ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʘʨʘʞʝ-
ʥʠʷ ʜʣʠʪʩʷ 6ï9 ʜʥʝʡ ʜʦ ʧʦʷʚʣʝʥʠʷ ʣʠʭʦ-
ʨʘʜʢʠ. ʋ ʦʩʪʨʦ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʞʠʚʦʪʥʦ-
ʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʭʦʨʘʜʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 
ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ 41 ÁC ʠ 
ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 1 ʥʝʜʝʣʠ. ɺʩʝ ʧʦ-
ʚʝʨʭʥʦʩʪʥʳʝ ʣʠʤʬʘʪʠʯʝʩʢʠʝ ʫʟʣʳ ʫʚʝʣʠ-
ʯʠʚʘʶʪʩʷ. ʋ ʜʦʡʥʦʛʦ ʩʢʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʜʦʝʚ ʤʦʣʦʢʘ. ʇʦʨʘ-
ʞʝʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʚʩʝʤʫ ʪʝʣʫ, ʦʩʦʙʝʥ-
ʥʦ ʥʘ ʛʦʣʦʚʝ, ʰʝʝ, ʚʳʤʝʥʠ, ʤʦʰʦʥʢʝ, ʚʫʣʴ-
ʚʝ ʠ ʧʨʦʤʝʞʥʦʩʪʠ, ʯʝʨʝʟ 7ï19 ʜʥʝʡ ʧʦʩʣʝ 
ʟʘʨʘʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʥʳʝ ʧʦʨʘʞʝʥʠʷ ʢʦʞ-
ʥʳʭ ʧʦʢʨʦʚʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝ-
ʩʪʚʝʥʥʳʝ ʯʝʪʢʦ ʦʯʝʨʯʝʥʥʳʝ ʠʣʠ ʩʣʠʚʘʶ-
ʱʠʝʩʷ ʪʚʝʨʜʳʝ ʧʣʦʩʢʦʚʝʨʭʠʝ ʧʘʧʫʣʳ ʠ 
ʫʟʝʣʢʠ ʜʠʘʤʝʪʨʦʤ 0,5ï5,0 ʩʤ [10]. 

ʋʟʝʣʢʠ ʧʦʨʘʞʘʶʪ ʜʝʨʤʫ ʠ ʵʧʠʜʝʨ-
ʤʠʩ, ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʧʦʜʢʦʞ-
ʥʳʡ  ʩʣʦʡ  ʠ ʠʥʦʛʜʘ  ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʧʦʧʝ- 
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ʩʠʥʠʝ ʪʦʯʢʠ ï ʚʩʧʳʰʢʠ ʅɼ ʂʈʉ ʚ 2006ï2013 ʛʛ., ʞʝʣʪʳʝ ï ʚ 2014ï2018 ʛʛ.,  
ʢʨʘʩʥʳʝ ï ʚ 2019ï2021 ʛʛ.; ʯʝʨʥʳʝ ʮʠʬʨʳ ï ʛʦʜ ʧʝʨʚʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʩʧʳʰʝʢ ʅɼ  

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʘʥʝ; ʯʝʨʥʳʝ ʩʪʨʝʣʢʠ ï ʠʩʪʦʨʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ  
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʠ, ʢʨʘʩʥʳʝ ï ʩʦʚʨʝʤʝʥʥʳʝ [5] 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʛʨʘʬʠʷ ʠ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʜʫʣʷʨʥʦʛʦ ʜʝʨʤʘʪʠʪʘ 

ʨʝʯʥʦ-ʧʦʣʦʩʘʪʳʝ ʤʳʰʮʳ, ʠʤʝʶʪ ʢʨʝʤʦʚʦ-
ʩʝʨʳʡ ʠʣʠ ʙʝʣʳʡ ʮʚʝʪ ʥʘ ʨʘʟʨʝʟʝ ʠ ʤʦʛʫʪ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʜʝʣʷʪʴ ʩʳʚʦʨʦʪʢʫ, ʥʦ ʚ 
ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 2 ʥʝʜʝʣʴ ʚʥʫʪʨʠ ʤʦ-
ʞʝʪ ʧʦʷʚʠʪʴʩʷ ʢʦʥʫʩʦʦʙʨʘʟʥʳʡ ʮʝʥʪʨʘʣʴ-
ʥʳʡ ʩʪʝʨʞʝʥʴ ʠʣʠ ʩʝʢʚʝʩʪʨ ʥʝʢʨʦʪʠʯʝʩʢʦ-
ʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʝʨʤʘʣʴʥʳʝ ʧʦʨʘʞʝʥʠʷ 
ʚʢʣʶʯʘʶʪ ʚʘʩʢʫʣʠʪ ʩ ʬʠʙʨʠʥʦʠʜʥʳʤ ʥʝʢ-
ʨʦʟʦʤ, ʦʪʸʢ, ʪʨʦʤʙʦʟ, ʣʠʤʬʘʥʛʠʪ, ʜʝʨʤʘʣʴ-
ʥʦ-ʵʧʠʜʝʨʤʘʣʴʥʦʝ   ʨʘʩʩʣʦʝʥʠʝ  ʠ  ʩʤʝʰʘʥ- 

ʥʳʡ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʠʥʬʠʣʴʪʨʘʪ. ʍʨʦʥʠ-
ʯʝʩʢʠʝ ʧʦʨʘʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥ-
ʬʘʨʢʪʦʤ ʪʢʘʥʠ ʩ ʩʝʢʚʝʩʪʨʠʨʦʚʘʥʥʳʤ ʥʝʢ-
ʨʦʪʠʯʝʩʢʠʤ ʷʜʨʦʤ, ʯʘʩʪʦ ʦʢʘʡʤʣʸʥʥʳʤ 
ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʪʢʘʥʴʶ, ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝ-
ʱʘʶʱʝʡʩʷ ʟʨʝʣʳʤ ʬʠʙʨʦʟʦʤ. ʇʨʠ ʧʦʷʚʣʝ-
ʥʠʠ ʫʟʝʣʢʦʚ ʚʳʜʝʣʝʥʠʷ ʠʟ ʛʣʘʟ ʠ ʥʦʩʘ ʩʪʘ-
ʥʦʚʷʪʩʷ ʩʣʠʟʠʩʪʦ-ʛʥʦʡʥʳʤʠ, ʤʦʞʝʪ ʨʘʟ-
ʚʠʪʴʩʷ ʢʝʨʘʪʠʪ (ʨʠʩʫʥʦʢ 2) [6]. 

ʇʨʦʬʠʣʘʢʪʠʢʘ ʠ ʤʝʨʳ ʙʦʨʴʙʳ. 
ʅɼ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʥʝ ʨʝʛʠʩʪʨʠʨʦ-
ʚʘʣʩʷ. ɻʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 
ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʥʝʜʦʧʫʱʝʥʠʝ ʟʘʥʦʩʘ ʚʦʟʙʫ-
ʜʠʪʝʣʷ ʙʦʣʝʟʥʠ ʠʟ ʩʦʩʝʜʥʠʭ ʩʪʨʘʥ. ʉ ʵʪʦʡ 
ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʨʦʛʠʡ 
ʤʦʥʠʪʦʨʠʥʛ ʩʠʪʫʘʮʠʠ ʚ ʤʠʨʝ, ʚʚʦʟʘ ʚ ʩʪʨʘ-
ʥʫ ʞʠʚʦʪʥʳʭ, ʧʨʦʜʫʢʪʦʚ ʠʭ ʫʙʦʷ, ʩʧʝʨʤʳ, 
ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʞʜʝ ʚʩʝ-
ʛʦ ʠʟ ʩʪʨʘʥ, ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʧʦ ʜʘʥʥʦʡ 
ʙʦʣʝʟʥʠ. ʇʨʠ ʚʚʦʟʝ ʞʠʚʦʪʥʳʭ ʦʙʷʟʘʪʝʣʴ-
ʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʢʘʨʘʥʪʠʥʠʨʦʚʘ-
ʥʠʝ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʜʠʘʛʥʦ-
ʩʪʠʯʝʩʢʠʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ  

ʚʳʷʚʣʝʥʠʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʷ ʦʧʘʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [4]. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʝʜʫʧʨʝ-
ʞʜʝʥʠʷ ʅɼ ʠʤʝʶʪ ʧʣʘʥʦʚʳʝ ʚʘʢʮʠʥʘʮʠʠ. 
ʇʝʨʚʫʶ ʠʤʤʫʥʠʟʘʮʠʶ ʧʨʦʚʦʜʷʪ 3-ʤʝʩʷʯ-
ʥʦʤʫ ʤʦʣʦʜʥʷʢʫ, ʨʝʚʘʢʮʠʥʘʮʠʶ ï ʯʝʨʝʟ     
12 ʤʝʩʷʮʝʚ. ɺ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʤ ʧʫʥʢʪʝ ʠ ʚ 
ʭʦʟʷʡʩʪʚʘʭ ʫʛʨʦʞʘʝʤʦʡ ʟʦʥʳ ʩʣʝʜʫʝʪ ʚʘʢ-
ʮʠʥʠʨʦʚʘʪʴ ʚʩʝʭ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʥʝʟʘ-
ʚʠʩʠʤʦ ʦʪ ʩʨʦʢʘ ʧʨʝʜʳʜʫʱʝʡ ʠʤʤʫʥʠʟʘ-
ʮʠʠ. ʄʦʣʦʜʥʷʢ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 6 ʤʝʩʷʮʝʚ 
ʧʨʠʚʠʚʘʶʪ ʜʚʫʢʨʘʪʥʦ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ         
14 ʩʫʪʦʢ [11]. 
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ʈʠʩʫʥʦʢ 2 ï ʊʝʣʝʥʦʢ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ  
ʧʨʠʟʥʘʢʘʤʠ ʥʦʜʫʣʷʨʥʦʛʦ ʜʝʨʤʘʪʠʪʘ 

ɽʩʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʦʣʝʟʥʠ ʥʝ ʫʜʘ-
ʣʦʩʴ ʠʟʙʝʞʘʪʴ, ʚ ʭʦʟʷʡʩʪʚʝ ʦʙʲʷʚʣʷʶʪ ʢʘ-
ʨʘʥʪʠʥ. ʇʦʩʣʝ ʝʛʦ ʩʥʷʪʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʚʦ-
ʜʷʪ ʦʛʨʘʥʠʯʝʥʠʝ ʩʨʦʢʦʤ ʥʘ ʦʜʠʥ ʛʦʜ, ʚ ʪʝ-
ʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʧʨʝʱʝʥʦ ʚʳʚʦʟʠʪʴ ʠ ʨʝʘ-
ʣʠʟʦʚʳʚʘʪʴ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʢ ʙʦʣʝʟʥʠ ʞʠ-
ʚʦʪʥʳʭ ʟʘ ʧʨʝʜʝʣʳ ʨʘʥʝʝ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʛʦ 
ʧʫʥʢʪʘ, ʢʨʦʤʝ ʩʜʘʯʠ ʠʭ ʥʘ ʫʙʦʡ [12]. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʅɼ ʂʈʉ 
ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʢʨʘʡʥʝ ʟʥʘʯʠʪʝʣʴʥʳʡ: ʧʨʠ 
ʚʩʧʳʰʢʘʭ ʟʘʙʦʣʝʚʘʥʠʷ ʧʘʜʝʞ ʞʠʚʦʪʥʳʭ 
ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10ï20 % ʧʦʛʦʣʦʚʴʷ, ʫʜʦʠ 
ʤʦʣʦʢʘ ʩʥʠʞʘʶʪʩʷ ʥʘ 30ï50 %, ʘ ʨʝʧʨʦʜʫʢ-
ʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʢʦʚ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
ʧʘʜʘʝʪ ʜʦ 70 % ʩʣʫʯʘʝʚ ʚʨʝʤʝʥʥʦʡ ʠʣʠ ʧʦʣ-
ʥʦʡ ʩʪʝʨʠʣʴʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦ 80 % 
ʰʢʫʨ ʧʦʨʘʞʸʥʥʳʭ ʞʠʚʦʪʥʳʭ ʪʝʨʷʶʪ ʪʦʚʘʨ-
ʥʫʶ ʮʝʥʥʦʩʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 
ʧʨʠʙʳʣʴ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ. ɺʚʝʜʝʥʠʝ ʢʘʨʘʥ-
ʪʠʥʥʳʭ ʤʝʨ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʵʢʩʧʦʨʪʘ ʩʦʢʨʘ-
ʱʘʝʪ ʚʥʝʰʥʠʝ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ 40ï
60 %, ʘ ʟʘʪʨʘʪʳ ʥʘ ʚʘʢʮʠʥʘʮʠʶ ʠ ʚʝʪʝʨʠ-
ʥʘʨʥʳʝ  ʤʝʨʦʧʨʠʷʪʠʷ  ʤʦʛʫʪ  ʩʦʩʪʘʚʣʷʪʴ ʜʦ  

15ï20 % ʛʦʜʦʚʦʛʦ ʙʶʜʞʝʪʘ ʭʦʟʷʡʩʪʚʘ. ɺ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʤʠʣʣʠ-
ʦʥʥʳʤ ʧʦʪʝʨʷʤ ʜʣʷ ʦʪʨʘʩʣʠ ʠ ʩʝʨʴʸʟʥʦ 
ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙ-
ʣʘʩʪʝʡ, ʛʜʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʠʛʨʘʝʪ ʢʣʶʯʝ-
ʚʫʶ ʨʦʣʴ. 

 
ɿɸʂʃʖʏɽʅʀɽ 

ʅʦʜʫʣʷʨʥʳʡ ʜʝʨʤʘʪʠʪ ʦʩʪʘʸʪʩʷ ʦʜ-
ʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ 
ʙʦʣʝʟʥʝʡ ʞʠʚʦʪʥʳʭ. ɽʛʦ ʵʧʠʟʦʦʪʠʯʝʩʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʥʦʚʳʝ ʨʝʛʠʦ-
ʥʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 
ʧʨʦʬʠʣʘʢʪʠʢʝ: ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʚʘʢʮʠʥʘ-
ʮʠʠ, ʩʪʨʦʛʦʛʦ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʢʦʥʪʨʦʣʷ, 
ʙʦʨʴʙʳ ʩ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦ-
ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦ-
ʩʣʝʜʩʪʚʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʜʯʸʨʢʠʚʘʶʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘ-
ʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ 
ʙʦʨʴʙʳ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 
ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨ-
ʛʦʚʣʠ. 
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ʧʨʝʧʘʨʘʪ ʚʝʪʝʨʠʥʘʨʥʳʡ  

ɼʃʗ ʃɽʏɽʅʀʗ ʉʋɹʂʃʀʅʀʏɽʉʂʆɻʆ ʀ ʂʃʀʅʀʏɽʉʂʆɻʆ  

ʄɸʉʊʀʊʆɺ ʂʆʈʆɺ ɺ ʇɽʈʀʆɼ ʃɸʂʊɸʎʀʀ 

Ʒʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ  
ʛʨʫʧʧʳ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚ; 
Ʒʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ï ʮʝʬʢʠʥʦʤ; 
Ʒʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ  
ʙʘʢʪʝʨʠʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ; 
Ʒʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ  

ʚ ʥʘʨʫʰʝʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʝʪʦʯʥʦʡ  

ʩʪʝʥʢʠ ʙʘʢʪʝʨʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʛʠʙʝʣʠ WWW.BIEVM.BY 
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ʈʝʟʶʤʝ 
ɹʣʘʩʪʦʮʠʩʪʦʟ, ʚʳʟʳʚʘʝʤʳʡ ʧʨʦʪʠʩʪʦʤ Blastocystis spp., ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ, ʥʦ ʤʘ-

ʣʦʠʟʫʯʝʥʥʦʡ ʠʥʚʘʟʠʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʘʪʦʛʝʥʥʘʷ ʨʦʣʴ ʢʦʪʦʨʦʡ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ.  
ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 288 ʧʨʦʙ ʬʝʢʘʣʠʡ ʦʪ ʪʝʣʷʪ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 30 ʜʥʝʡ ʠʥʚʘʟʠʷ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ 72 ʧʨʦʙʘʭ (25 % ʩʣʫʯʘʝʚ). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ ʠʥʚʘʟʠʨʦʚʘʥʥʳʭ ʠ 
ʩʚʦʙʦʜʥʳʭ ʦʪ ʧʘʪʦʛʝʥʘ ʪʝʣʷʪ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ. ʋ ʙʦʣʴʥʳʭ ʪʝʣʷʪ ʫʩʪʘʥʦʚʣʝʥʦ 
ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʱʠʭ ʊ-ʣʠʤʬʦʮʠʪʦʚ (CD3+) ʥʘ 18,86 % ʠ ʊ-ʭʝʣʧʝʨʦʚ 
(CD4+) ʥʘ 18,81 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʤ ʜʝʡʩʪʚʠʠ ʚʦʟʙʫʜʠʪʝʣʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʪʤʝ-
ʯʝʥʘ ʣʠʤʬʦʧʝʥʠʷ (ʩʥʠʞʝʥʠʝ ʥʘ 23,04 %) ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ         
(ʚ 1,62 ʨʘʟʘ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʙʣʘʩʪʦʮʠʩʪʦʟ ʫ ʪʝʣʷʪ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʤʧʣʝʢʩ-
ʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʜʠʩʙʘʣʘʥʩʦʤ ʢʣʝʪʦʯʥʦʛʦ ʟʚʝʥʘ ʠʤʤʫʥʠʪʝʪʘ ʠ ʭʨʦ-
ʥʠʯʝʩʢʠʤ ʚʦʩʧʘʣʝʥʠʝʤ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʣʘʩʪʦʮʠʩʪʦʟ, Blastocystis spp., ʪʝʣʷʪʘ, ʠʤʤʫʥʥʳʡ ʩʪʘʪʫʩ, ʊ-ʣʠʤʬʦʮʠʪʳ, ʥʝʡʪʨʦ-
ʬʠʣʳ, ʚʦʩʧʘʣʝʥʠʝ. 

 
Summary 

Blastocystosis, caused by the protest Blastocystis spp., is a widespread but understudied invasion in farm ani-
mals, whose pathogenic role remains controversial.  

Microscopic examination of 288 fecal samples from calves up to 30 days old confirmed the invasion in 72 
samples (25 % of cases). A comparative immunological analysis of blood from infected and pathogen-free calves re-
vealed statistically significant changes. In diseased calves, a significant decrease in the relative count of total T-
lymphocytes (CD3+) by 18,86 % and T-helper cells (CD4+) by 1,81 % was established, indicating the immunosuppres-
sive effect of the pathogen. Simultaneously, lymphopenia (a decrease of 23,04 %) and a significant increase in the level 
of band neutrophils (by 1,62 times) were noted, indicating the development of a pronounced inflammatory process.  

The data obtained indicate that blastocystosis in calves is accompanied by a complex violation of the immune 
response, characterized by an imbalance in the cellular link of immunity and chronic inflammation. This must be taken 
into account when developing treatment and preventive measures. 

Keywords: blastocystosis, Blastocystis spp., calves, immune status, T-lymphocytes, neutrophils, inflammation. 
 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 01.12.2025 ʛ. 

ɺɺɽɼɽʅʀɽ 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʙʣʘʩʪʦʮʠʩʪʦʟ ï ʤʘʣʦʠʟʫ-
ʯʝʥʥʘʷ ʧʨʦʪʠʩʪʥʘʷ ʠʥʚʘʟʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 
ʧʘʨʘʟʠʪʠʨʦʚʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʪʦʣ-
ʩʪʦʡ ʢʠʰʢʝ ʧʨʦʪʠʩʪ Blastocystis, ʢʦʪʦʨʳʝ 
ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʢʠʰʝʯʥʳʝ ʧʘʨʘʟʠʪʳ, ʧʦʜʦʙ-
ʥʳʝ ʧʨʦʩʪʝʡʰʠʤ. Blastocystis ʚʳʷʚʣʷʶʪʩʷ ʚ 
ʬʝʢʘʣʠʷʭ ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. 
ɼʘʥʥʳʡ ʧʦʣʠʤʦʨʬʥʳʡ ʧʘʨʘʟʠʪ ʚʳʟʳʚʘʝʪ 
ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʠʬʬʝ-
ʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʠ ʥʝ ʜʦ ʢʦʥʮʘ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʪʦʛʝʥʥʦʡ ʨʦʣʠ [1, 6, 7]. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʙʣʘʩʪʦ-
ʮʠʩʪ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʤʝʥʷ-
ʣʦʩʴ. ʉʥʘʯʘʣʘ ʠʭ ʧʨʠʯʠʩʣʷʣʠ ʢ ʞʛʫʪʠʢʦ-
ʚʳʤ ʧʨʦʩʪʝʡʰʠʤ ï ʪʨʠʭʦʤʦʥʘʜʘʤ. ʇʦʟʜʥʝʝ 
ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʥʝʩʣʠ ʙʣʘ-
ʩʪʦʮʠʩʪʳ ʢ ʛʨʠʙʘʤ.  

ɺʧʝʨʚʳʝ ʦ ʧʨʦʪʦʟʦʡʥʦʡ ʧʨʠʨʦʜʝ 
ʙʣʘʩʪʦʮʠʩʪ ʚʳʩʢʘʟʘʣʩʷ C.H. Zierdt, ʧʨʠʤʝ-
ʥʠʚ ʧʨʠʥʮʠʧ çʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʪ ʧʨʦʪʠʚʥʦ-
ʛʦè. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪ-
ʣʠʯʘʶʱʠʝ ʠʭ ʦʪ ʜʨʦʞʞʝʧʦʜʦʙʥʳʭ ʛʨʠʙʦʚ: 
ʦʪʩʫʪʩʪʚʠʝ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʭʘʨʘʢʪʝʨʥʦʡ 
ʜʣʷ  ʛʨʠʙʦʚ;  ʨʦʩʪ  ʩʦ  ʩʤʝʰʘʥʥʦʡ  ʙʘʢʪʝʨʠ- 
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ʘʣʴʥʦʡ ʬʣʦʨʦʡ ʥʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʘʭ 
ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʅ; 
ʦʪʩʫʪʩʪʚʠʝ ʤʠʮʝʣʠʷ; ʥʘʣʠʯʠʝ ʧʩʝʚʜʦʧʦʜʠ-
ʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ; ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘ-
ʪʫʨʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ï 37 ÁC. ɺʦʟʙʫʜʠ-
ʪʝʣʴ ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʢʣʘʩʩʫ Lobosea ʧʦʜ-
ʢʣʘʩʩʫ Gymnamoebia ʦʪʨʷʜʫ Amoebia ʧʦʜʦ-
ʪʨ̫ʜʫ Blastocystina [7]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦ 
1988 ʛ. ʙʣʘʩʪʦʮʠʩʪʳ ʦʪʥʦʩʠʣʠʩʴ ʢ ʘʤʝʙʘʤ. 
ʇʦʟʜʥʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʠʝʨʘʨʭʠʷ ʧʨʦ-
ʩʪʝʡʰʠʭ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʝʨʝ-
ʩʤʦʪʨʫ ʠ ʠʟʤʝʥʝʥʠʷʤ. 

ɺ 1996 ʛ. ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣ-
ʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝ-
ʛʦ ʤʘʣʫʶ ʩʫʙʲʝʜʠʥʠʮʫ ʨʠʙʦʩʦʤʘʣʴʥʦʡ 
ʈʅʂ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 
ʙʣʘʩʪʦʮʠʩʪ ʢ Stramenopiles, ʘ ʩʠʩʪʝʤʘʪʠʯʝ-
ʩʢʦʝ ʧʦʣʦʞʝʥʠʝ Blastocystis ʥʘ ʩʝʛʦʜʥʷʰ-
ʥʠʡ ʜʝʥʴ ʚʳʛʣʷʜʠʪ ʪʘʢ: ʜʦʤʝʥ Eucariota, 
ʮʘʨʩʪʚʦ Chromista, ʪʠʧ Stramenopiles ʠʣʠ 
Heteroconta, ʢʣʘʩʩ Blastocystea, ʦʪʨʷʜ 
Blastocystida, ʩʝʤʝʡʩʪʚʦ Blastocystidae, ʨʦʜ 
Blastocystis [6, 8]. 

ʊʠʧ Stramenopiles ï ɻ ʪʦ ʦʛʨʦʤʥʘʷ 
ʛʨʫʧʧʘ ʧʨʦʪʠʩʪʦʚ, ʢʫʜʘ ʚʭʦʜʷʪ ʜʠʘʪʦʤʦʚʳʝ 
ʚʦʜʦʨʦʩʣʠ, ʙʫʨʳʝ ʚʦʜʦʨʦʩʣʠ (ʣʘʤʠʥʘʨʠʷ) ʠ 
ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʟʠʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʤʳ, ʚʨʦ-
ʜʝ Blastocystis ʠ ʦʦʤʠʮʝʪʦʚ (ʬʠʪʦʬʪʦʨʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Blastocystis ï ʫʥʠ-
ʢʘʣʴʥʳʡ ʦʨʛʘʥʠʟʤ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʨʘʥʥʝʡ 
ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ ʧʨʦʪʠʩʪ, ʦʪʜʝʣʠʚʰʠʡʩʷ ʦʪ 
ʛʣʘʚʥʦʛʦ ʩʪʚʦʣʘ ʠ ʦʩʚʦʠʚʰʠʡ ʥʦʚʫʶ ʩʨʝʜʫ 
ʦʙʠʪʘʥʠʷ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʦʞʝ-
ʥʠʝ ʦ ʪʦʤ, ʯʪʦ Blastocystis ï ʧʨʦʪʠʩʪʘ, ʥʦ 
ʥʝ ʧʨʦʪʦʟʦʘ, ʚʩʝʛʜʘ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ 
ʧʨʠ ʝʛʦ ʠʟʫʯʝʥʠʠ ʠ ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʥʪʝʨ-
ʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʦʜ 
Blastocystis ï ʝʜʠʥʩʪʚʝʥʥʦ ʠʟʚʝʩʪʥʳʡ ʥʘ 
ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴ Strame-
nopiles, ʧʘʨʘʟʠʪʠʨʫʶʱʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝ-
ʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. 

ʈʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʝʝ ʤʥʝʥʠʝ ʦ ʚʠ-
ʜʦʩʧʝʮʠʬʠʯʝʩʢʦʤ ʧʘʨʘʟʠʪʠʟʤʝ ʙʣʘʩʪʦʮʠʩʪ 
ʦʢʘʟʘʣʦʩʴ ʥʝʚʝʨʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ 
ʧʨʝʜʣʦʞʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʥʦʤʝʥʢʣʘʪʫʨʝ, 
ʙʳʣʦ ʨʝʰʝʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʠʜʦʚʳʭ ʥʘʟʚʘ-
ʥʠʡ ʚ ʧʦʣʴʟʫ ʦʙʦʟʥʘʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 
ʩʫʙʪʠʧʘ, ʰʪʘʤʤʘ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʟʚʘʥʠʝ 
Blastocystis spp. [3, 6]. 

ɺʦʟʤʦʞʥʦ, ʥʝʦʙʳʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝ-
ʥʠʝ ʙʣʘʩʪʦʮʠʩʪ ʦʙʲʷʩʥʷʝʪ ʠʭ ʫʥʠʢʘʣʴʥʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʣʠʤʦʨʬʠʟʤʫ, ʧʦʩʢʦʣʴʢʫ 
ʜʦ  ʥʘʩʪʦʷʱʝʛʦ  ʚʨʝʤʝʥʠ  ʥʝʪ ʝʜʠʥʦʛʦ  ʤʥʝ- 

ʥʠʷ ʦ ʯʠʩʣʝ ʠʭ ʤʦʨʬʦʪʠʧʦʚ. ʅʘʠʙʦʣʝʝ ʠʟʫ-
ʯʝʥʳ ʠ ʧʨʠʟʥʘʥʳ ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʝʡ ʚʘʢʫʦʣʷʨʥʘʷ, ʛʨʘʥʫʣʷʨʥʘʷ, ʘʤʝʙʦ-
ʠʜʥʘʷ ʠ ʮʠʩʪʥʘʷ ʬʦʨʤʳ [2]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʫʯʥʳʝ 
ʚʟʛʣʷʜʳ ʥʘ ʧʘʪʦʛʝʥʥʦʩʪʴ ʙʣʘʩʪʦʮʠʩʪ ʧʨʝ-
ʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʥʘʩʪʦ-
ʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠ-
ʯʝʩʪʚʦ ʢʣʠʥʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʣʘʙʦʨʘ-
ʪʦʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʢʘʢ ʧʦ-
ʪʝʥʮʠʘʣʴʥʫʶ, ʪʘʢ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʵʪʠʦ-
ʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ ʙʣʘʩʪʦʮʠʩʪ ʚ ʨʘʟʚʠʪʠʠ 
ʧʘʪʦʣʦʛʠʡ ʢʘʢ ʫ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʫ ʩʝʣʴʩʢʦ-
ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʕʪʠ ʟʘʙʦʣʝʚʘ-
ʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʬʦʥʝ 
ʩʥʠʞʝʥʠʷ ʦʙʱʝʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʤʘʢʨʦʦʨ-
ʛʘʥʠʟʤʘ [1, 2, 4, 5]. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʧʘʪʦʛʝʥʥʳʡ ʧʦʪʝʥ-
ʮʠʘʣ ʙʣʘʩʪʦʮʠʩʪ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 
ʝʱʝ ʚ 1973 ʛ. ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦ-
ʪʘʭ B.P. Phillips ʠ C.H. Zierdt ʧʦ ʟʘʨʘʞʝ-
ʥʠʶ ʤʳʰʝʡ ʠ ʤʦʨʩʢʠʭ ʩʚʠʥʦʢ. ʀʥʪʝʥʩʠʚ-
ʥʦʝ ʠʥʬʠʮʠʨʦʚʘʥʠʝ ʞʠʚʦʪʥʳʭ ʙʣʘʩʪʦʮʠ-
ʩʪʘʤʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʚʦʜʷʥʠʩʪʦʡ ʜʠʘʨʝ-
ʝʡ ʠ ʛʠʧʝʨʝʤʠʝʡ ʢʠʰʝʯʥʠʢʘ [7]. 

ɺ ʨʘʙʦʪʘʭ H.S. Elwakil ʠ H. Hewedi 
ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʘʨʘʞʝʥʠʶ per os 
ʙʝʣʳʭ ʤʳʰʝʡ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʪʦʣʩʪʦʛʦ ʢʠʰʝʯʥʠʢʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 
ʞʠʚʦʪʥʳʭ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʠʥʬʠʣʴʪʨʘ-
ʮʠʠ ʧʦʜʩʣʠʟʠʩʪʦʛʦ ʠ ʜʘʞʝ ʤʳʰʝʯʥʦʛʦ 
ʩʣʦʷ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʚʦʩʧʘʣʝʥʠʷ, ʯʪʦ ʢʣʠ-
ʥʠʯʝʩʢʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʠʤʧʪʦʤʘʤʠ 
ʦʩʪʨʦʛʦ ʢʦʣʠʪʘ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚ ʬʠʢ-
ʩʠʨʦʚʘʥʥʳʭ ʤʘʟʢʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʥʘʨʫ-
ʞʠʣʠ ʚʘʢʫʦʣʷʨʥʳʝ ʬʦʨʤʳ ʙʣʘʩʪʦʮʠʩʪ [5]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠ-
ʣʠ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ ʠʥʚʘʟʠʠ 
ʙʣʘʩʪʦʮʠʩʪʘʤʠ ʠ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʠ 
ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. ɺ ʨʷʜʝ ʨʘ-
ʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʨʘʞʝʥʠʝ Blastocystis 
spp. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʠʢʨʦʙ-
ʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʰʝʯʥʠʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʷʚ-
ʣʝʥʠʝʤ ʰʪʘʤʤʦʚ Escherichia coli, ʦʙʣʘʜʘʶ-
ʱʠʭ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʕʪʦ 
ʫʩʫʛʫʙʣʷʝʪ ʪʝʯʝʥʠʝ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦ-
ʮʝʩʩʘ ʠ ʫʩʠʣʠʚʘʝʪ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢ-
ʮʠʠ ʚ ʢʠʰʝʯʥʠʢʝ [2, 4]. 

ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʙʣʘ-
ʩʪʦʮʠʩʪʦʟʘ ʩʨʝʜʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʞʠʚʦʪʥʳʭ ʚʝʩʴʤʘ ʚʘʨʴʠʨʫʶʪ. ʂʘʢ ʦʪʤʝ-
ʯʘʶʪ ʩʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʨʝʟʫʣʴʪʘʪʳ ʟʘʚʠ-
ʩʷʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʙʦʨʘ ʤʘʪʝʨʠʘʣʘ, ʤʝʪʦ-
ʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ [4]. 
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ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʪʩʫʪ-
ʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 
ʙʣʘʩʪʦʮʠʩʪʦʟʘ ʫ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 
ʧʦʥʠʤʘʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 
ʦʨʛʘʥʠʟʤʝ ʠʥʚʘʟʠʨʦʚʘʥʥʦʛʦ ʞʠʚʦʪʥʦʛʦ, ʠ 
ʚʳʙʦʨʘ ʜʘʣʴʥʝʡʰʝʡ ʩʪʨʘʪʝʛʠʠ ʣʝʯʝʙʥʳʭ ʠ 
ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʠʪʴ ʪʝʣʷʪ, ʠʥʚʘʟʠʨʦ-
ʚʘʥʥʳʭ Blastocystis spp., ʠ ʫʩʪʘʥʦʚʠʪʴ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʠʤʤʫʥʦʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʷʚ-
ʣʝʥʠʷ ʙʣʘʩʪʦʮʠʩʪʦʟʘ ʫ ʜʘʥʥʦʛʦ ʚʠʜʘ ʞʠ-
ʚʦʪʥʳʭ. 

 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʦʪʜʝʣʝ ʧʘʨʘ-
ʟʠʪʦʣʦʛʠʠ ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝʣʝʩ-
ʩʢʦʛʦè.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣ 
ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ (ʧʨʦʙʳ ʬʝʢʘʣʠʡ, 
ʢʨʦʚʠ) ʦʪ ʪʝʣʷʪ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 30 ʜʥʝʡ 
(ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʚʳʷʚʣʝʥʠʷ ʙʣʘ-
ʩʪʦʮʠʩʪ) ʯʝʨʥʦ-ʧʝʩʪʨʦʡ ʧʦʨʦʜʳ ʠʟ ʭʦ-
ʟʷʡʩʪʚ ʄʠʥʩʢʦʡ, ʄʦʛʠʣʝʚʩʢʦʡ, ɹʨʝʩʪʩʢʦʡ 
ʠ ɺʠʪʝʙʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʨʘʥʝʝ ʚ ʧʨʦʙʘʭ 
ʬʝʢʘʣʠʡ ʚʳʷʚʣʷʣʠ ʙʣʘʩʪʦʮʠʩʪ.  

ʂʨʠʪʝʨʠʠ ʚʢʣʶʯʝʥʠʷ ʚ ʛʨʫʧʧʫ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ: ʚʦʟʨʘʩʪ ʜʦ 2 ʤʝʩʷʮʝʚ, ʥʘʣʠʯʠʝ 
ʜʠʘʨʝʡʥʦʛʦ ʩʠʥʜʨʦʤʘ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʤʘʩ-
ʩʘ ʪʝʣʘ. ʆʪ ʪʝʣʷʪ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʪʘʨʫ 
ʦʪʙʠʨʘʣʠʩʴ ʧʨʦʙʳ ʬʝʢʘʣʠʡ, ʢʨʦʚʴ ï ʚ ʚʘʢʫ-
ʫʤʥʳʝ ʧʨʦʙʠʨʢʠ ʠ ʜʦʩʪʘʚʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘ-
ʪʦʨʠʶ. ɺʩʝʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 288 ʧʨʦʙ 
ʬʝʢʘʣʠʡ ʠ 72 ʧʨʦʙʳ ʢʨʦʚʠ ʦʪ ʧʦʣʦʞʠʪʝʣʴ-
ʥʳʭ ʥʘ ʙʣʘʩʪʦʮʠʩʪʦʟ ʪʝʣʷʪ. ʀʩʧʦʣʴʟʦʚʘʣʠ 
ʚʝʥʦʟʥʫʶ ʢʨʦʚʴ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʛʝʧʘ-
ʨʠʥʦʤ (50 ɽʜ/ʤʣ ʢʨʦʚʠ). ʂʨʦʚʴ ʟʘʙʠʨʘʣʠ ʠʟ 
ʷʨʝʤʥʦʡ ʚʝʥʳ ʚ ʧʨʦʙʠʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ 
ʘʥʪʠʢʦʘʛʫʣʷʥʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʣʝʪʦʢ ʢʨʦ-
ʚʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜ-
ʩʯʝʪ ʊ-ʢʣʝʪʦʢ (CD 3/4/8 ï ʦʙʱʠʝ ʊ-ʣʠʤ-
ʬʦʮʠʪʳ, ʭʝʣʧʝʨʳ, ʢʠʣʣʝʨʳ), ʧʨʦʚʦʜʠʣʠ 
ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʩ ʧʦʤʦ-
ʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘʪʦʨʘ. 

ʇʨʦʚʦʜʠʣʠ ʤʠʢʨʦʩʢʦʧʠʶ ʬʠʢʩʠʨʦ-
ʚʘʥʥʦʛʦ ʦʢʨʘʰʝʥʥʦʛʦ ʤʘʟʢʘ, ʧʨʠ ʵʪʦʤ ʫʯʠ-
ʪʳʚʘʣʠ ʤʦʨʬʦʣʦʛʠʶ ʙʣʘʩʪʦʮʠʩʪ ʠ ʢʦʣʠʯʝ-
ʩʪʚʦ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ (ʧ.ʟ.ʤ.), ʦʪ-
ʤʝʯʘʣʠ ʚʨʝʤʷ ʦʪʙʦʨʘ ʠ ʜʦʩʪʘʚʢʠ ʧʨʦʙ ʚ 
ʣʘʙʦʨʘʪʦʨʠʶ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʦʢʨʘ-
ʰʠʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ 2%-ʥʳʤ 
ʬʫʢʩʠʥʦʤ ʎʠʣʷ ʚ ʘʚʪʦʨʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 
(ʨʠʩʫʥʦʢ 1). 

ʈʠʩʫʥʦʢ 1 ï ɺʘʢʫʦʣʷʨʥʘʷ ʬʦʨʤʘ Blastocystis spp. (ʦʨʠʛʠʥʘʣʴʥʦʝ ʬʦʪʦ, ʫʚ.Ĭ100) 

ʄʘʪʝʨʠʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʧʦʜʚʝʨʛʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘ-
ʙʦʪʢʝ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ STATISTICA 8.0. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʫʙʧʦʧʫʣʷ-
ʮʠʠ  ʣʠʤʬʦʮʠʪʦʚ   ʠʤʝʝʪ   ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʚ ʚʝʪʝʨʠʥʘʨʥʦʡ ʧʨʘʢʪʠʢʝ ʚ ʩʣʫ-
ʯʘʷʭ ʚʳʷʚʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʤʤʫʥʦʜʝʬʠ-
ʮʠʪʦʚ ʧʨʠ ʧʘʨʘʟʠʪʘʨʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ 
ʟʘʙʦʣʝʚʘʥʠʷʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʜʝʢʚʘʪ-
ʥʦʛʦ ʣʝʯʝʥʠʷ ʞʠʚʦʪʥʳʭ. 
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ʊʘʙʣʠʮʘ ï ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʦʩʥʦʚʥʳʭ ʧʦʧʫʣʷʮʠʡ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʧʨʠ ʙʣʘʩʪʦʮʠʩʪʦʟʝ ʪʝʣʷʪ 

ʇʦʧʫʣʷʮʠʠ 
ʣʠʤʬʦʮʠʪʦʚ 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʢʣʝʪʦʢ % 
ʈʝʬʝʨʝʥʪʥʳʝ  
ʟʥʘʯʝʥʠʷ, % ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ 

ʪʝʣʷʪʘ Blastocystis spʨ. 
ʪʝʣʷʪʘ, ʩʚʦʙʦʜʥʳʝ  
ʦʪ Blastocystis spʨ. 

ʊ-ʣʠʤʬʦʮʠʪʳ (T-CD3+) 54,62Ñ5,61* 67,32Ñ3,15 65ï75 

ʊ-ʭʝʣʧʝʨʳ (T-CD4+) 37,13Ñ5,32* 45,73Ñ2,24 45ï50 

ʊ-ʢʠʣʣʝʨʳ (T-CD8+) 20,97Ñ2,21 23,33Ñ1,82 20ï25 

ʇʨʠʤʝʯʘʥʠʝ  ï *ʈ<0,05 ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ  

ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʪʝʨʧʨʝʪʘ-
ʮʠʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʞʠʚʦʪʥʦʛʦ 
ʠʛʨʘʝʪ ʠ ʠʟʫʯʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʣʝʡʢʦʮʠ-
ʪʦʚ ʢʨʦʚʠ. ʋ ʠʥʚʘʟʠʨʦʚʘʥʥʳʭ ʪʝʣʷʪ  ʥʘʙʣʶ- 

ʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 
ʣʝʡʢʦʮʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʷʪʘʤʠ, ʩʚʦ-
ʙʦʜʥʳʤʠ ʦʪ ʜʘʥʥʦʛʦ ʧʘʨʘʟʠʪʘ (ʨʠʩʫʥʦʢ 2). 

ʈʠʩʫʥʦʢ 2 ï ʋʨʦʚʝʥʴ ʣʝʡʢʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʪʝʣʷʪ ʩ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ  
ʙʣʘʩʪʦʮʠʩʪʦʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʷʪʘʤʠ, ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʙʣʘʩʪʦʮʠʩʪ 

ɸʥʘʣʠʟ ʣʝʡʢʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʦʜ-
ʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʵʪʘʧʦʚ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʝʩ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʨʦʚʝʥʴ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ 
ʥʝʡʪʨʦʬʠʣʦʚ ʠ ʣʠʤʬʦʮʠʪʦʚ ʫ ʠʥʚʘʟʠʨʦ-
ʚʘʥʥʳʭ ʠ ʩʚʦʙʦʜʥʳʭ ʦʪ ʙʣʘʩʪʦʮʠʩʪ ʞʠ-
ʚʦʪʥʳʭ. 

ɺ ʟʜʦʨʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʱʠʪʫ ʠʤ-
ʤʫʥʠʪʝʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʨʝʣʳʝ (ʩʝʛʤʝʥʪʦ-
ʷʜʝʨʥʳʝ) ʥʝʡʪʨʦʬʠʣʳ ʠ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ 
ʤʦʣʦʜʳʭ (ʪ.ʝ. ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ) ʥʝʡʪʨʦʬʠ-
ʣʦʚ. ʏʝʤ  ʘʢʪʠʚʥʝʝ  ʘʥʪʠʛʝʥʥʘʷ  ʘʪʘʢʘ,  ʪʝʤ  

ʙʦʣʴʰʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʠʤʤʫʥʠ-
ʪʝʪ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚ ʢʨʦʚʠ ʧʦʷʚʣʷʝʪʩʷ ʧʘ-
ʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ (ʨʠʩʫʥʦʢ 3). 
ʇʨʠ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʙʣʶʜʘʣʦʩʴ 
ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚ 1,62 ʨʘʟʘ 
(ʈ<0,01) ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʦʜʳʭ ʬʦʨʤ ʥʝʡ-
ʪʨʦʬʠʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʫʧʧʝ ʢʣʠʥʠ-
ʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ 
ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʚʠʪʠʠ ʚ ʦʨ-
ʛʘʥʠʟʤʝ ʪʝʣʷʪ, ʠʥʚʘʟʠʨʦʚʘʥʥʳʭ Blastocys-
tis spp., ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʚʳʟʚʘʥ-
ʥʳʭ ʜʘʥʥʳʤ ʚʦʟʙʫʜʠʪʝʣʝʤ. 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 
ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʦ 

ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʊ-
ʣʠʤʬʦʮʠʪʦʚ (T-CD3+) ʥʘ 18,86 % (ʨ<0,01),  

ʊ-ʭʝʣʧʝʨʦʚ (T-CD4+) ï ʥʘ 18,81 % (ʨ<0,01) 
ʫ ʪʝʣʷʪ ʩ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ 
ʙʣʘʩʪʦʮʠʩʪʦʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʷʪʘʤʠ, 
ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʙʣʘʩʪʦʮʠʩʪ (ʪʘʙʣʠʮʘ). 

ʫʞʤʸʫʙ c ʤʙʚʧʩʙʫʧʩʦʧ  
ʨʧʝʫʛʞʩʟʝʞʦʦʴʥ  ʚʤʙʪʫʧʯʡʪʫʧʠʧʥ 

ʫʞʤʸʫʙ, ʪʛʧʚʧʝʦʴʞ ʧʫ ʚʤʙʪʫʧʯʡʪʫ 

ʃʝʡʢʦʮʠʪʳ 

109  ʢʣʝʪʦʢ/ʣ 

16,38 

13,04 
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ʈʠʩʫʥʦʢ 3 ï ʋʨʦʚʝʥʴ ʥʝʡʪʨʦʬʠʣʦʚ ʚ ʢʨʦʚʠ ʫ ʪʝʣʷʪ ʩ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ  
ʙʣʘʩʪʦʮʠʩʪʦʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʷʪʘʤʠ, ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʙʣʘʩʪʦʮʠʩʪ 

ʇʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʤʬʦʮʠ-
ʪʦʚ ʚ ʢʨʦʚʠ ʪʝʣʷʪ, ʠʥʚʘʟʠʨʦʚʘʥʥʳʭ Blasto-
cystis spp. (ʨʠʩʫʥʦʢ 4), ʩʚʷʟʘʥʦ ʩ ʠʤʤʫʥʦʩʫ-
ʧʨʝʩʩʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʚʦʟʙʫʜʠʪʝʣʷ ʠ ʭʨʦ-
ʥʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʙʦʣʝʟʥʠ. ɼʦʩʪʦʚʝʨʥʦʝ 
ʩʥʠʞʝʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 
ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʠ ʙʳʣʦ ʥʠʞʝ ʥʘ 
23,04 % (ʨ<0,01) ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 
ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ.  

ʃʠʤʬʦʧʝʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʧʘʣʦʯʢʦ-
ʷʜʝʨʥʳʭ ʥʝʡʪʨʦʬʠʣʦʚ ʛʦʚʦʨʠʪ ʦ ʩʠʣʴʥʦʡ 
ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʠ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦ ʦ ʥʘʨʫʰʝʥʠʠ (ʜʠʩʙʘʣʘʥʩʝ) ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʩʠʣ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ,      
ʠʥʚʘʟʠʨʦʚʘʥʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʤ Blastocys-      
tis spp. 

ʈʠʩʫʥʦʢ 4 ï ʋʨʦʚʝʥʴ ʣʠʤʬʦʮʠʪʦʚ ʚ ʢʨʦʚʠ ʫ ʪʝʣʷʪ ʩ ʣʘʙʦʨʘʪʦʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ  
ʙʣʘʩʪʦʮʠʩʪʦʟʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʣʷʪʘʤʠ, ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʙʣʘʩʪʦʮʠʩʪ 

ʫʞʤʸʫʙ c ʤʙʚʧʩʙʫʧʩʦʧ  
ʨʧʝʫʛʞʩʟʝʞʦʦʴʥ  ʚʤʙʪʫʧʯʡʪʫʧʠʧʥ 

ʫʞʤʸʫʙ, ʪʛʧʚʧʝʦʴʞ ʧʫ ʚʤʙʪʫʧʯʡʪʫ 

ʫʞʤʸʫʙ c ʤʙʚʧʩʙʫʧʩʦʧ  
ʨʧʝʫʛʞʩʟʝʞʦʦʴʥ  ʚʤʙʪʫʧʯʡʪʫʧʠʧʥ 

ʫʞʤʸʫʙ, ʪʛʧʚʧʝʦʴʞ  ʧʫ ʚʤʙʪʫʧʯʡʪʫ 

109  ʢʣʝʪʦʢ/ʣ 

109  ʢʣʝʪʦʢ/ʣ 

ʅʝʡʪʨʦʬʠʣʳ (ʧʘʣʦʯʢʦʷʜʝʨʥʳʝ) 

ʃʠʤʬʦʮʠʪʳ 

66,24 

50,98 

12,58 

7,74 
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ɿɸʂʃʖʏɽʅʀɽ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʤʘ-

ʪʝʨʠʘʣʘ ʠʟ ʭʦʟʷʡʩʪʚ ʯʝʪʳʨʝʭ ʦʙʣʘʩʪʝʡ ʨʝʩ-
ʧʫʙʣʠʢʠ ʦʙʥʘʨʫʞʝʥʦ 25 % ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʥʘ ʙʣʘʩʪʦʮʠʩʪʦʟ ʧʨʦʙ ʦʪ ʚʩʝʭ ʧʦʩʪʫʧʠʚʰʠʭ 
(288/72).  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʤʫʥʦʙʠʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʨʦʚʠ ʪʝʣʷʪ, ʠʥʚʘʟʠ-
ʨʦʚʘʥʥʳʭ Blastocystis spp.,  ʙʳʣʘ  ʚʳʷʚʣʝʥʘ 

ʣʠʤʬʦʧʝʥʠʷ ʩ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʳʤ ʩʥʠ-
ʞʝʥʠʝʤ ʫʨʦʚʥʷ ʊ-ʣʠʤʬʦʮʠʪʦʚ (T-CD3+) ʥʘ 
18,86 % (ʨ<0,01), ʊ-ʭʝʣʧʝʨʦʚ (T-CD4+) ï 
ʥʘ 18,81 % (ʨ<0,01) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 
ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʧʘʣʦʯʢʦʷʜʝʨʥʳʭ ʥʝʡʪ-
ʨʦʬʠʣʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʘʪʦʣʦʛʠʯʝʩʢʫʶ 
ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʠ ʜʠʩʙʘʣʘʥʩ     
ʟʘʱʠʪʥʳʭ ʩʠʣ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ. 
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ʈʝʟʶʤʝ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʳ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ 
ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʠ ʧʘʩʪʝʨʝʣʣʝʟʘ ʥʦʨʦʢ ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʠʚʦʪ-
ʥʳʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʤ-
ʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ɺʚʝʜʝʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʘ ʚʳʟʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʠʪʨʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠ ʘʥʪʠ-
ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʥʪʠʪʝʣ, ʢʦʣʠʯʝʩʪʚʘ ʊ- ʠ ɺ-ʣʠʤʬʦʮʠʪʦʚ, ʣʠʟʦʮʠʤʥʦʡ ʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʳʚʦʨʦʪ-
ʢʠ ʢʨʦʚʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ, ʚʘʢʮʠʥʘ, SARS-CoV-2, ʧʘʩʪʝʨʝʣʣʝʟ, ʧʨʦʬʠʣʘʢʪʠʢʘ, ʠʤʤʫʥ-
ʥʳʡ ʦʪʚʝʪ, ʛʝʤʘʪʦʣʦʛʠʷ. 

 
Summary 

This article presents data on the effect of the developed inactivated vaccine for the prevention of coronavirus 
infection and pasteurellosis on the hematological and immunological parameters of fur animals. It has been established 
that the use of the developed biological drug leads to the formation of an immune response. The introduction of the 
named causes a reliable increase in the titer of antiviral and antibacterial antibodies, the number of T- and                    
B-lymphocytes, lysozyme and bactericidal activity of blood serum. 

Keywords: biological product, vaccine, SARS-CoV-2, pasteurellosis, prevention, immune response, hema-      
tology. 

 
ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 13.10.2025 ʛ. 

ɺɺɽɼɽʅʀɽ 
ʍʘʨʘʢʪʝʨ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʨʠ ʚʘʢʮʠʥʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʛʦ-
ʬʘʟʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝ-
ʥʠʷʤʠ ʘʥʪʠʛʝʥʘ, ʠʥʘʢʪʠʚʘʥʪʘ ʠ ʘʜʲʶʚʘʥʪʘ ʩ 
ʦʨʛʘʥʠʟʤʦʤ ʥʦʨʦʢ. ɼʦʩʪʘʪʦʯʥʳʡ ʟʘʱʠʪʥʳʡ 
ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, 
ʯʪʦ ʞʠʚʦʪʥʦʝ ʟʜʦʨʦʚʦ, ʘ ʚʘʢʮʠʥʘ ʦʙʣʘʜʘʝʪ 
ʚʳʩʦʢʦʡ ʘʥʪʠʛʝʥʥʦʡ ʠ ʠʤʤʫʥʦʛʝʥʥʦʡ ʘʢ-
ʪʠʚʥʦʩʪʴʶ [1]. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʚʘʢʮʠʥʘ ʜʣʷ ʧʨʦ-
ʬʠʣʘʢʪʠʢʠ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʚʳ-
ʟʚʘʥʥʦʡ ʚʠʨʫʩʦʤ SARS CoV-2, ʠ ʧʘʩʪʝʨʝʣ-
ʣʝʟʘ ʥʦʨʦʢ çʂʦʚʧʘʩʪè ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʠʤʤʫʥʠʪʝʪʘ ʢ ʧʥʝʚʤʦʵʥʪʝʨʠʪʘʤ ʚ ʚʦʟ-
ʨʘʩʪʝ ʦʪ 2 ʤʝʩʷʮʝʚ ʠ ʩʪʘʨʰʝ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʤʠ 
ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʪʝ-
ʯʝʩʪʚʝʥʥʦʡ ʚʘʢʮʠʥʳ çʂʦʚʧʘʩʪè ʥʘ ʙʠʦʭʠ-
ʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʦʨʛʘʥʠʟʤʘ ʥʦ-
ʨʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʦʪ-
ʩʫʪʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʤʝʥ ʚʝ-
ʱʝʩʪʚ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ  ʤʦʛʫʪ  ʭʘʨʘʢʪʝʨʠʟʦ- 

 
ʚʘʪʴ ʘʥʪʠʛʝʥʥʫʶ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦ-
ʧʨʝʧʘʨʘʪʘ ʥʘ ʦʨʛʘʥʠʟʤ ʚ ʮʝʣʦʤ [2]. 

ʆ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʦʧʨʝ-
ʧʘʨʘʪʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, 
ʝʩʣʠ ʦʥ ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ ʚʳʩʦʢʠʭ 
ʪʠʪʨʦʚ ʘʥʪʠʪʝʣ ʚ ʦʨʛʘʥʠʟʤʝ ʚʘʢʮʠʥʠʨʦʚʘʥ-
ʥʳʭ ʥʦʨʦʢ ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠ-
ʷʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ, ʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ.  

ʎʝʣ ɹʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʮʝʥʠʪʴ ʚʣʠʷ-
ʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʙʠʦʧʨʝʧʘʨʘʪʘ çʂʦʚ-
ʧʘʩʪè ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʤʤʫʥʦʣʦʛʠ-
ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʥʦʨʦʢ. 

 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʦʪʜʝʣʝ ʚʠʨʫʩ-

ʥʳʭ ʠʥʬʝʢʮʠʡ ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝ-
ʣʝʩʩʢʦʛʦè ʠ ʚ ʫʩʣʦʚʠʷʭ ɹʘʨʘʥʦʚʠʯʩʢʦʛʦ 
ʫʯʘʩʪʢʘ ʇʠʥʩʢʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 
ʦʪʜʝʣʝʥʠʷ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʫʥʠʪʘʨʥʦʛʦ 
ʧʨʝʜʧʨʠʷʪʠʷ çɹʝʣʢʦʦʧʤʝʭè. 

https://www.translate.ru/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9-%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9
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ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝ-
ʜʝʣʷʣʠ ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ 
Mythic 18; ʙʘʢʪʝʨʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʳ-
ʚʦʨʦʪʢʠ ʢʨʦʚʠ ï ʤʝʪʦʜʦʤ ʬʦʪʦʥʝʬʝʣʦʤʝʪ-
ʨʠʠ [3], ʬʘʛʦʮʠʪʘʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ï ʚ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ [4], ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝ-
ʩʪʚʦ ʊ- ʠ ɺ-ʨʦʟʝʪʢʦʦʙʨʘʟʫʶʱʠʭ ʣʠʤʬʦʮʠ-
ʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʠʩʩʣʝʜʦʚʘʣʠ 
ʧʦ ʤʝʪʦʜʫ ɼ.ʂ. ʅʦʚʠʢʦʚʘ ʠ ɺ.ʀ. ʅʦʚʠʢʦ-
ʚʦʡ [5], ʣʠʟʦʮʠʤʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ï ʧʦ ʤʝʪʦ-
ʜʫ ɼʦʨʦʬʝʡʯʫʢʘ ɺ.ɻ. [6]. ʊʠʪʨʳ ʧʨʦʪʠʚʦ-
ʚʠʨʫʩʥʳʭ ʘʥʪʠʪʝʣ ʦʧʨʝʜʝʣʷʣʠ ʚ ʨʝʘʢʮʠʠ 
ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʪʠʪʨʳ ʧʨʦʪʠʚʦʙʘʢʪʝʨʠʘʣʴ-
ʥʳʡ ʘʥʪʠʪʝʣ ï ʚ ʨʝʘʢʮʠʠ ʘʛʛʣʶʪʠʥʘʮʠʠ ʠ 
ʤʝʪʦʜʦʤ ʀʌɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʩʠ-   
ʩʪʝʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʨʘʙʦ-
ʪʘʥʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʚʘʢʮʠʥʳ çʂʦʚʧʘʩʪè 
ʥʘ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ  ʠ  ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʨʦʚʠ ʥʦʨʦʢ ʩʬʦʨʤʠʨʦʚʘʣʠ ʜʚʝ 
ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ ʧʦ 10 ʛʦʣʦʚ ʚ ʢʘʞʜʦʡ ï 
ʦʧʳʪʥʘʷ ʠ ʢʦʥʪʨʦʣʴʥʘʷ. ʅʦʨʢʘʤ ʦʧʳʪʥʦʡ 
ʛʨʫʧʧʳ ʧʨʠʤʝʥʷʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʙʠʦʧʨʝ-
ʧʘʨʘʪ ʚ ʜʦʟʝ 0,5 ʩʤ3 ʜʚʫʢʨʘʪʥʦ ʚʥʫʪʨʠʤʳ-
ʰʝʯʥʦ ʚ ʥʘʨʫʞʥʫʶ ʩʪʦʨʦʥʫ ʙʝʜʨʘ ʩ ʠʥʪʝʨ-
ʚʘʣʦʤ 21 ʜʝʥʴ. ʅʦʨʢʘʤ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-
ʧʳ ʚʚʦʜʠʣʠ ʩʪʝʨʠʣʴʥʳʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ 
ʨʘʩʪʚʦʨ ʥʘʪʨʠʷ ʭʣʦʨʠʜʘ ʚ ʪʦʡ ʞʝ ʜʦʟʝ ʠ ʩ 
ʪʘʢʠʤ ʞʝ ʠʥʪʝʨʚʘʣʦʤ. ʆʪʙʦʨ ʢʨʦʚʠ ʧʨʦʚʦ-
ʜʠʣʠ ʜʦ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ ʠ ʥʘ 14-ʡ, 
21-ʡ ʠ 39-ʡ ʜʝʥʴ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʤʤʫʥʠ-
ʟʘʮʠʠ. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ 

ʚʣʠʷʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝ-
ʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʨʛʘʥʠʟʤʘ ʥʦʨʦʢ ʧʨʠʚʝʜʝ-
ʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʨʛʘʥʠʟʤʘ ʥʦʨʦʢ 

ɻʨʫʧʧʘ ʕʨʠʪʨʦʮʠʪʳ, 1012/ʣ ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ ɻʝʤʘʪʦʢʨʠʪ, % ʃʝʡʢʦʮʠʪʳ, 109/ʣ 

ʜʦ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 8,51Ñ0,31 170,2Ñ4,22 49,8Ñ3,17 6,2Ñ0,33 

ʆʧʳʪʥʘʷ 8,31Ñ0,22 171,0Ñ2,11 50,1Ñ1,21 6,4Ñ0,31 

ʥʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 8,58Ñ0,18 170,2Ñ5,12 50,2Ñ1,21 6,6Ñ0,14 

ʆʧʳʪʥʘʷ 8,22Ñ0,24 171,3Ñ2,42 50,9Ñ1,17 7,7Ñ0,08* 

ʥʘ 21-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 8,20Ñ0,21 168,1Ñ4,46 49,5Ñ1,34 6,0Ñ0,11 

ʆʧʳʪʥʘʷ 8,18Ñ0,18 170,1Ñ3,33 51,0Ñ1,35 8,3Ñ0,14* 

ʥʘ 39-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 8,53Ñ0,42 170,7Ñ4,61 50,2Ñ1,24 6,4Ñ0,12 

ʆʧʳʪʥʘʷ 8,15Ñ0,18 170,6Ñ3,33 51,2Ñ1,35 8,4Ñ0,11* 

ʇʨʠʤʝʯʘʥʠʝ  ï *ʈ<0,05 

ʀʟ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʩʪʦ-
ʚʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʈ<0,05) ʦʪʤʝʯʝʥʳ ʫ 
ʞʠʚʦʪʥʳʭ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʪʦʣʴʢʦ ʚ ʦʪʥʦ-
ʰʝʥʠʠ ʣʝʡʢʦʮʠʪʦʚ: ʠʭ ʫʨʦʚʝʥʴ ʫʚʝʣʠʯʠʚʘ-
ʝʪʩʷ ʥʘ 14-ʡ ʜʝʥʴ ʥʘ 20 %, ʥʘ 21-ʡ ʜʝʥʴ ï 
ʥʘ 24 %, ʥʘ 39-ʡ ʜʝʥʴ ï ʥʘ 23 %. 

ʋʨʦʚʝʥʴ ʛʝʤʦʛʣʦʙʠʥʘ, ʛʝʤʘʪʦʢʨʠʪʘ 
ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ ʥʘʭʦʜʠʣʠʩʴ ʚ 
ʧʨʝʜʝʣʘʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ ʠ ʜʦʩʪʦ-
ʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʦʨʦʢ 
ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

ɺ ʪʘʙʣʠʮʝ 2 ʦʪʨʘʞʝʥʘ ʜʠʥʘʤʠʢʘ ʥʝ-
ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟ-
ʤʘ ʥʦʨʦʢ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 
ʙʠʦʧʨʝʧʘʨʘʪʘ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʧʦʢʘʟʳ-
ʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʘʢʮʠʥʳ ʧʨʠʚʦʜʠʪ ʢ 
ʜʦʩʪʦʚʝʨʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʬʘʛʦʮʠʪʘʨʥʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʢ 14-ʤʫ ʜʥʶ ʦʧʳʪʘ ʥʘ 8 %. ʅʘ 
21-ʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʛʦʮʠʪʘʨʥʘʷ     
ʘʢʪʠʚʥʦʩʪʴ ʣʝʡʢʦʮʠʪʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ      
20,3 % (ʈ<0,05), ʘ ʥʘ 39-ʡ ʜʝʥʴ ï ʥʘ 16,7 %. 

ɹʘʢʪʝʨʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʳʚʦ-
ʨʦʪʢʠ ʢʨʦʚʠ ʥʦʨʦʢ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʙʠʦ-
ʧʨʝʧʘʨʘʪʘ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʥʘʭʦʜʠʣʘʩʴ ʚ 
ʧʨʝʜʝʣʘʭ 7,2ï1,5 %. ʅʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ 
ʧʨʠʤʝʥʝʥʠʷ ʚʘʢʮʠʥʳ ʝʝ ʫʨʦʚʝʥʴ ʚ ʦʧʳʪʥʦʡ 
ʛʨʫʧʧʝ ʜʦʩʪʠʛʘʣ ʟʥʘʯʝʥʠʷ 5,1 %, ʢ 21-ʤʫ 
ʜʥʶ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 9,5 % (ʈ<0,05) ʠ ʥʘ      
45-ʡ ʜʝʥʴ ʩʦʩʪʘʚʠʣ 5,4 %. 
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ʊʘʙʣʠʮʘ 2 ï ʅʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʟʘʱʠʪʳ ʥʦʨʦʢ 

ɻʨʫʧʧʘ 
ʌʘʛʦʮʠʪʘʨʥʘʷ 
ʘʢʪʠʚʥʦʩʪʴ, % 

ɹʘʢʪʝʨʠʮʠʜʥʘʷ 
ʘʢʪʠʚʥʦʩʪʴ, % 

ʃʠʟʦʮʠʤʥʘʷ 
ʘʢʪʠʚʥʦʩʪʴ, % 

ʜʦ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 57,33Ñ2,51 52,54Ñ0,35 8,09Ñ0,11 

ʆʧʳʪʥʘʷ 58,5Ñ4,51 53,62Ñ0,42 7,25Ñ0,15 

ʥʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 60,01Ñ2,18 54,21Ñ0,29 6,59Ñ0,14 

ʆʧʳʪʥʘʷ 63,2Ñ2,25* 56,34Ñ0,35 8,34Ñ0,11 

ʥʘ 21-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 58,41Ñ3,11 55,16Ñ0,21 7,21Ñ0,16 

ʆʧʳʪʥʘʷ 70,4Ñ3,11* 58,72Ñ0,18* 10,45Ñ0,19* 

ʥʘ 39-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 59,11Ñ3,21 53,35Ñ0,15 7,15Ñ0,10 

ʆʧʳʪʥʘʷ 68,3Ñ2,81* 56,51Ñ0,22* 9,18Ñ0,10* 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈ<0,05 

ʃʠʟʦʮʠʤʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʨʦʚʠ ʥʘ   
14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 
ʩʦʩʪʘʚʠʣʘ 15 % ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ, ʥʘ 45-ʡ 
ʜʝʥʴ ï 26,6 %. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚ-
ʣʝʥʳ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ ʊ- ʠ ɺ-ʣʠʤʬʦʮʠʪʦʚ  

(ʛʫʤʦʨʘʣʴʥʳʡ ʠ ʢʣʝʪʦʯʥʳʡ ʠʤʤʫʥʠʪʝʪ). 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ 

ʚʣʠʷʥʠʷ ʚʘʢʮʠʥʳ çʂʦʚʧʘʩʪè ʥʘ ʢʣʝʪʦʯʥʳʡ 
ʠ ʛʫʤʦʨʘʣʴʥʳʡ ʠʤʤʫʥʠʪʝʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʘʭ 3, 4. 

ʊʘʙʣʠʮʘ 3 ï ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʘʢʮʠʥʳ ʥʘ ʚʳʨʘʙʦʪʢʫ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʢʨʦʚʠ 
ʥʦʨʦʢ 

ɻʨʫʧʧʘ 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʊ-ʣʠʤʬʦʮʠʪʦʚ, % 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ɺ-ʣʠʤʬʦʮʠʪʦʚ, % 

ʜʦ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 35,2Ñ0,27 23,3Ñ0,33 

ʆʧʳʪʥʘʷ 36,8Ñ0,21 24,7Ñ0,30 

ʥʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 34,7Ñ0,34 24,7Ñ0,12 

ʆʧʳʪʥʘʷ 39,6Ñ0,24* 30,1Ñ0,28* 

ʥʘ 21-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 36,4Ñ0,21 24,8Ñ0,18 

ʆʧʳʪʥʘʷ 41,2Ñ0,18* 35,3Ñ0,22* 

ʥʘ 39-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 35,9Ñ0,43 24,3Ñ0,27 

ʆʧʳʪʥʘʷ 40,5Ñ0,22* 31,6Ñ0,33* 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈ<0,05 

ɺ ʧʦʢʘʟʘʪʝʣʷʭ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ 
ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʦʪʤʝʯʝʥʦ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʥ-
ʪʘʥʥʦʡ ʨʦʟʝʪʢʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʣʠʤʬʦʮʠʪʦʚ ʥʘ ʬʦʥʝ ʠʤʤʫʥʠʟʘʮʠʠ ʠʥʘʢʪʠ-
ʚʠʨʦʚʘʥʥʦʡ ʚʘʢʮʠʥʦʡ çʂʦʚʧʘʩʪè (ʪʘʙʣʠ-    
ʮʘ 3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʠʤʫʣʠʨʫʶʱʝʤ 
ʚʣʠʷʥʠʠ ʙʠʦʧʨʝʧʘʨʘʪʘ ʥʘ ʠʤʤʫʥʠʪʝʪ. 

ʅʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʘʢʮʠ-
ʥʳ ʦʪʤʝʯʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ 
ʫʨʦʚʥʷ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʢʨʦʚʠ ʥʦʨʦʢ ʦʧʳʪ-
ʥʦʡ ʛʨʫʧʧʳ ʥʘ 7,6 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥ-
ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ.  ɺ ʧʦʩʣʝʜʫʶʱʠʝ  ʜʥʠ  ʠʩ- 

ʩʣʝʜʦʚʘʥʠʡ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʜʦʩʪʦʚʝʨʥʦ 
ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠ ʥʘ 39-ʡ ʜʝʥʴ ʥʘʙʣʶʜʝʥʠʡ 
ʩʦʩʪʘʚʠʣʦ 9,13 % ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ.  

ɺ ʪʝʯʝʥʠʝ 21-ʛʦ ʜʥʷ ʧʦʩʣʝ ʧʨʠʤʝʥʝ-
ʥʠʷ ʚʘʢʮʠʥʳ ʢʦʣʠʯʝʩʪʚʦ ɺ-ʣʠʤʬʦʮʠʪʦʚ 
ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʣʦʩʴ ʠ ʩʦʩʪʘʚʠʣʦ ʚ 
ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ 21,8 % ʥʘ 14-ʡ, ʘ ʥʘ 21-ʡ 
ʜʝʥʴ ï 42 % (ʈ<0,05). ʂ 39-ʤʫ ʜʥʶ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʯʠʩʣʦ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʩʥʠʞʘʣʦʩʴ, 
ʦʜʥʘʢʦ ʦʩʪʘʚʘʣʦʩʴ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ 
ʩʦʩʪʘʚʣʷʣʦ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ 28 %. ɺ ʢʦʥ-
ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʨʦʩʪ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʙʳʣ 
ʥʘ ʫʨʦʚʥʝ ʦʪ 4,2 % ʜʦ 6 %. 
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ʅʘʠʙʦʣʴʰʠʡ ʨʦʩʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 
ʘʥʪʠʪʝʣ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 21-ʝ ʩʫʪʢʠ ʩ ʥʝʟʥʘ-
ʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʥʘ 39-ʝ ʩʫʪʢʠ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 4, ʪʠʪʨʳ ʘʥ-
ʪʠʪʝʣ  ʢ ʚʠʨʫʩʥʦʤʫ  ʘʥʪʠʛʝʥʫ  SARS-CoV-2  

ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚ 
ʩʨʝʜʥʝʤ ʧʦ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʥʘ 14-ʡ ʜʝʥʴ 
ʩʦʩʪʘʚʣʷʣʠ 1,5 log2, ʥʘ 21-ʡ ʜʝʥʴ ï 3,5 log2, 
ʥʘ 39-ʡ ï 7,0 log2. 

ʊʘʙʣʠʮʘ 4 ï ʋʨʦʚʝʥʴ ʪʠʪʨʦʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʧʦʩʣʝ ʚʘʢʮʠʥʘʮʠʠ ʙʠʦʧʨʝʧʘʨʘʪʦʤ 
çʂʦʚʧʘʩʪè 

ɻʨʫʧʧʘ 
ʊʠʪʨʳ ʘʥʪʠʪʝʣ ʢ ʚʠʨʫʩʫ 
SARS-Cov-2, log2 

ʊʠʪʨʳ ʘʥʪʠʪʝʣ ʢ ʙʘʢʪʝʨʠʠ 
P. multocida, log2 

ʜʦ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 0 0 

ʆʧʳʪʥʘʷ 0 0 

ʥʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 0 0 

ʆʧʳʪʥʘʷ 1,5 4,5 

ʥʘ 21-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 0 0 

ʆʧʳʪʥʘʷ 3,5 5,1 

ʥʘ 39-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʘ 

ʂʦʥʪʨʦʣʴʥʘʷ 0 0 

ʆʧʳʪʥʘʷ 7,0 5,7 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈ<0,05 

ʊʠʪʨʳ ʘʥʪʠʪʝʣ ʢ ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ 
(ʧʘʩʪʝʨʝʣʣʝʟʥʦʤʫ) ʘʥʪʠʛʝʥʫ ʚ ʨʝʘʢʮʠʠ ʘʛ-
ʛʣʶʪʠʥʘʮʠʠ ʥʘ 14-ʡ ʜʝʥʴ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 
ʙʠʦʧʨʝʧʘʨʘʪʘ ʚ ʩʨʝʜʥʝʤ ʧʦ ʦʧʳʪʥʦʡ ʛʨʫʧ-
ʧʝ ʩʦʩʪʘʚʣʷʣʠ 4,5 log2, ʥʘ 21-ʡ ʜʝʥʴ ʙʳʣʠ ʚ 
ʧʨʝʜʝʣʘʭ 5,1 log2, ʘ ʥʘ 39-ʡ ʜʝʥʴ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ï 5,7 log2. 

 
ɿɸʂʃʖʏɽʅʀɽ 

ʀʩʧʳʪʫʝʤʘʷ ʚʘʢʮʠʥʘ ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʥʦʨʦʢ.  ʆʧʳʪ ʧʦʢʘʟʘʣ,  ʯʪʦ  ʧʨʠ  

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʧʨʝʧʘʨʘʪʘ çʂʦʚʧʘʩʪè ʫ 
ʧʨʠʚʠʪʳʭ ʥʦʨʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʝ 
ʫʚʝʣʠʯʝʥʠʝ ʣʠʟʦʮʠʤʥʦʡ (ʩ 11 ʧ.ʧ. ʜʦ        
26,6 ʧ.ʧ.) ʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ           
(ʩ 1,5 ʧ.ʧ. ʜʦ 9,5 ʧ.ʧ.), ʢʦʣʠʯʝʩʪʚʘ ʊ- ʠ          
ɺ-ʣʠʤʬʦʮʠʪʦʚ ï ʥʘ 9,13 ʧ.ʧ. ʠ 28 ʧ.ʧ. ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ, ʪʠʪʨʦʚ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠ ʘʥ-
ʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʘʥʪʠʪʝʣ ï ʜʦ 7,0 log2 ʠ 
5,7 log2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʤʤʫʥʠʟʘʮʠʷ ʠʩʧʳʪʫʝʤʦʡ ʚʘʢʮʠ-
ʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʥʦʨʦʢ 
ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. 
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MYCOPLASMA HYOPNEUMONIAE ʀ MYCOPLASMA BOVIS  
ɺ ʉʀʉʊɽʄɽ ʕʂʉʇʈɽʉʉʀʀ E. COLI ʀ ʆʎɽʅʂɸ ʀʍ ɸʅʊʀɻɽʅʅʓʍ ʉɺʆʁʉʊɺ 

 
ʈʝʟʶʤʝ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ Escherichia coli, ʩʠʥʪʝʟʠʨʫʶʱʠʭ 
ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ M. bovis ʠ M. hyopneumoniae, ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʝʤ-
ʙʨʘʥʥʳʭ ʙʝʣʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʢʦʤʙʠʥʘʥʪ-
ʥʳʭ ʙʝʣʢʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʥʳʭ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠ-
ʨʦʚʘʥʥʳʭ ʘʥʪʠʛʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʀʌɸ-ʪʝʩʪ-ʩʠʩʪʝʤʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʦ-
ʧʣʘʟʤʦʟʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Mycoplasma hyopneumoniae, Mycoplasma bovis, ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ, E. coli BL21
(DE3), ʰʪʘʤʤ-ʧʨʦʜʫʮʝʥʪ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʘʥʪʠʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (ʀʌɸ), ʩʝʨʦʜʠʘ-
ʛʥʦʩʪʠʢʘ. 

 
Summary 

The article describes production of recombinant strains-producers of Escherichia coli synthesizing recombi-
nant proteins of M. bovis and M. hyopneumoniae and evaluation of antigenic properties of membrane proteins synthe-
sized by them. Obtained results demonstrate expressed antigenic properties of recombinant proteins and confirm per-
spective of created strains-producers for obtaining standardised antigenic preparations, suitable for use in ELISA-test 
systems for diagnostics of farm animal mycoplasmosis. 

Keywords: Mycoplasma hyopneumoniae, Mycoplasma bovis, recombinant protein, E. coli BL21(DE3), produc-
er strain, chromatography, antigenic properties, enzyme-linked immunosorbent assay (ELISA), serodiagnosis. 
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ɺɺɽɼɽʅʀɽ 
ʄʠʢʦʧʣʘʟʤʳ ʨʦʜʘ Mycoplasma ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʙʘʢʪʝʨʠʡ, ʣʠʰʝʥ-
ʥʳʭ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 
ʠʭ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʨʷʜʫ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ 
ʩʣʦʞʥʦʩʪʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ [1]. Mycoplas-
ma bovis ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 
ʵʪʠʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʭʨʦʥʠʯʝʩʢʠʭ ʨʝ-
ʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʤʘʩʪʠʪʦʚ ʠ ʘʨʪ-
ʨʠʪʦʚ ʫ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʂʈʉ) [2]. 
Mycoplasma hyopneumoniae ̫ ʚʣʷʝʪʩʷ ʧʝʨ-
ʚʠʯʥʳʤ ʧʘʪʦʛʝʥʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʵʥʟʦ-
ʦʪʠʯʝʩʢʫʁ ʧʥʝʚʤʦʥʠʁ  ʩʚʠʥʝʡ ï ʟʘʙʦʣʝʚʘ-
ʥʠʝ, ʚʝʜʫʱʝʝ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʪʝʨʷʤ ʧʨʦ-
ʜʫʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʧʨʠʚʝʩʦʚ ʠ 
ʫʭʫʜʰʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʢʦʨʤʘ [3]. ʃʘʙʦʨʘ-
ʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʵʪʠʭ ʠʥʬʝʢʮʠʡ, ʚ ʯʘʩʪ-
ʥʦʩʪʠ ʩʝʨʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ 
ʥʘ ʚʳʷʚʣʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ, ʟʘ-
ʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʘʥʪʠʛʝʥʦʚ. ʇʦʣʫʯʝʥʠʝ 
ʯʠʩʪʦʛʦ ʘʥʪʠʛʝʥʘ ʠʟ ʤʠʢʦʧʣʘʟʤ ʪʨʘʜʠʮʠʦʥ-
ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ, ʪʘʢ  
ʢʘʢ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥ  ʢʦʤʧʦ- 

ʥʝʥʪʘʤʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʘ ʩʘʤ ʧʨʦ-
ʮʝʩʩ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʘʪʦʛʝʥʦʚ ʪʨʫʜʦʝ-
ʤʦʢ ʠ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ [4]. ɸʣʴʪʝʨ-
ʥʘʪʠʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʘʥʪʠʛʝʥʘ 
ʩʣʫʞʘʪ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟ-
ʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʜʝʣʴʥʳʝ ʚʳʩʦʢʦ-
ʦʯʠʱʝʥʥʳʝ ʠʤʤʫʥʦʜʦʤʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʚ 
ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʵʢʩʧʨʝʩʩʠʠ, ʪʘ-
ʢʠʭ ʢʘʢ Escherichia coli [5]. ʕʪʦʪ ʧʦʜʭʦʜ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʩʧʝʮʠ-
ʬʠʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʠʘ-
ʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʣʶʯʝʚʳʤ ʵʪʘ-
ʧʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʝʪ-
ʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʰʪʘʤ-
ʤʘ-ʧʨʦʜʫʮʝʥʪʘ, ʥʦ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ 
ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʢʦʤʙʠ-
ʥʘʥʪʥʦʛʦ ʙʝʣʢʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʩʦ-
ʟʜʘʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ-ʧʨʦʜʫ-
ʮʝʥʪʦʚ E. coli, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥ-
ʥʳʝ ʙʝʣʢʠ M. hyopneumoniae ʠ M. bovis, ʠ 
ʧʦʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ ʠʭ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ 
ʚ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʤ ʘʥʘʣʠʟʝ (ʀʌɸ). 
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ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʰʪʘʤʤʦʚ-ʧʨʦʜʫʮʝʥ-

ʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʤʝʤ-
ʙʨʘʥʥʳʝ ʙʝʣʢʠ M. hyopneumoniae ʩ ʤʦʣʝʢʫ-
ʣʷʨʥʦʡ ʤʘʩʩʦʡ ʦʢʦʣʦ 46 ʢɼʘ (GenBank 
CP034597) ʠ M. bovis (ʦʢʦʣʦ 36 ʢɼʘ, 
GenBank CP002058.1). ʉʧʝʮʠʬʠʯʝʩʢʠʝ   
ʇʎʈ-ʧʨʦʜʫʢʪʳ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 
ʩʘʡʪʳ ʨʝʩʪʨʠʢʮʠʠ NheI/HindIII ʠ NheI/
EcoRI. ʇʎʈ-ʧʨʦʜʫʢʪʳ ʠ ʵʢʩʧʨʝʩʩʠʦʥʥʳʡ 
ʚʝʢʪʦʨ pET24b(+) ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʤʠ ʵʥʜʦʥʫʢʣʝʘʟʘʤʠ, ʬʨʘʛʤʝʥʪʳ 
ʦʯʠʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ Cleanup 
Standard (çɽʚʨʦʛʝʥè, ʈʦʩʩʠʷ).  

ʃʠʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 
ɼʅʂ-ʣʠʛʘʟʳ T4 ʧʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝ-
ʥʠʠ ʚʩʪʘʚʢʘ-ʚʝʢʪʦʨ 3:1. ʃʠʛʠʨʦʚʘʥʥʫʶ 
ʩʤʝʩʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʚ ʢʦʤʧʝʪʝʥʪʥʳʝ 
ʢʣʝʪʢʠ E. coli BL21(DE3). ʆʪʙʦʨ ʪʨʘʥʩʬʦʨ-
ʤʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʣʦʪʥʦʡ ʩʨʝʜʝ LB, 
ʩʦʜʝʨʞʘʱʝʡ ʢʘʥʘʤʠʮʠʥ (50,0 ʤʢʛ/ʤʣ). 
ʅʘʣʠʯʠʝ ʮʝʣʝʚʳʭ ʚʩʪʘʚʦʢ ʧʦʜʪʚʝʨʞʜʘʣʠ 
ʇʎʈ-ʘʥʘʣʠʟʦʤ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʜʫʮʝʥʪʦʚ ʧʨʦ-
ʚʦʜʠʣʠ ʚ 50,0 ʤʣ ʩʨʝʜʳ LB ʩ ʢʘʥʘʤʠʮʠʥʦʤ 
ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʢʘʯʘʣʢʝ (200,0 ʦʙ/ʤʠʥ) 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC ʚ ʪʝʯʝʥʠʝ 14ï16 ʯ. 
ɼʘʥʥʘʷ ʢʫʣʴʪʫʨʘ ʷʚʣʷʣʘʩʴ ʨʘʩʧʣʦʜʢʦʡ ʜʣʷ 
ʟʘʩʝʚʘ 1,0 ʣ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʩʨʝʜʳ ʚ ʩʦʦʪ-
ʥʦʰʝʥʠʠ 1:100. ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚʝʣʠ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʯʝ-
ʩʢʦʡ ʧʣʦʪʥʦʩʪʠ OD 600 ~0,6ï0,8. ɹʠʦʤʘʩʩʫ 
ʦʩʘʞʜʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 4000 g 
ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 ÁC.  

ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʢʫʣʴʪʫʨʘʣʴ-
ʥʦʡ ʩʨʝʜʳ ʦʩʘʜʦʢ ʜʚʘʞʜʳ ʦʪʤʳʚʘʣʠ ʦʭʣʘ-
ʞʜʝʥʥʳʤ 0,15 ʄ ʨʘʩʪʚʦʨʦʤ NaCl, pH 7,4. 
ʆʪʤʳʪʳʡ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʣʠʟʠ-
ʨʫʶʱʝʤ ʙʫʬʝʨʝ (50 ʤʄ Tris-HCl, pH 8,0, 
300 ʤʄ NaCl, 1 ʤʄ ʬʝʥʠʣʤʝʪʠʣʩʫʣʴʬʦʥʠʣ-
ʬʪʦʨʠʜ ï PMSF). ɼʝʟʠʥʪʝʛʨʘʮʠʶ ʢʣʝʪʦʢ 
ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʛʦ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ Bandelin Sonopuls HD 
2200 (ɻʝʨʤʘʥʠʷ). ʆʙʨʘʙʦʪʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ 
ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ (6-7 ʮʠʢʣʦʚ ʧʦ 30 ʩ       
(35 ʂɻʮ) ʠ ʧʝʨʝʨʳʚʦʤ 30 ʩ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 
ʥʘ ʣʝʜʷʥʦʡ ʙʘʥʝ). ʇʦʣʥʦʪʫ ʨʘʟʨʫʰʝʥʠʷ 
ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ. ʂʣʝʪʦʯ-
ʥʳʡ ʜʝʙʨʠʩ ʠ ʥʝʨʘʟʨʫʰʝʥʥʳʝ ʢʣʝʪʢʠ ʫʜʘʣʷ-
ʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 12000 g         
(15 ʤʠʥ, 4 ÁC). ʉʫʧʝʨʥʘʪʘʥʪ (ʨʘʩʪʚʦʨʠʤʘʷ 
ʬʨʘʢʮʠʷ) ʦʪʙʠʨʘʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʯʠʩʪ-
ʢʠ. ʆʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʣʠʟʘʪʝ 
ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ɹʨʝʜʬʦʨʜʘ. 

ʆʯʠʩʪʢʫ ʛʠʩʪʠʜʠʥ-ʤʝʯʝʥʳʭ ʨʝʢʦʤ-
ʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʠʤ-
ʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʤʝʪʘʣʣʦʘʬʬʠʥʥʦʡ ʭʨʦʤʘ-
ʪʦʛʨʘʬʠʠ (IMAC) ʥʘ NiĮ-ʭʝʣʘʪʠʨʫʶʱʝʡ 
ʩʤʦʣʝ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 
ʢʦʣʦʥʢʠ ʦʙʲʝʤʦʤ 10,0 ʤʣ (Econo-Pac, çBio-
Radè, ʉʐɸ), ʟʘʧʦʣʥʝʥʥʳʝ ʩʤʦʣʦʡ Nuvia 
IMAC (çBio-Radè, ʉʐɸ). ʂʦʣʦʥʢʫ ʫʨʘʚʥʦ-
ʚʝʰʠʚʘʣʠ 5ï10 ʦʙʲʝʤʘʤʠ ʩʪʘʨʪʦʚʦʛʦ ʙʫʬʝ-
ʨʘ (50 ʤʄ Tris-HCl, pH 8,0, 300 ʤʄ NaCl, 
10 ʤʄ ʠʤʠʜʘʟʦʣ). ʂʣʝʪʦʯʥʳʡ ʣʠʟʘʪ, ʧʨʝʜ-
ʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʫʱʝʥʥʳʡ ʯʝʨʝʟ ʬʠʣʴʪʨ 
0,45 ʤʢʤ, ʥʘʥʦʩʠʣʠ ʥʘ ʢʦʣʦʥʢʫ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ 1,0 ʤʣ/ʤʠʥ. ʅʝʩʧʝʮʠʬʠʯʝʩʢʠ ʩʚʷʟʘʥ-
ʥʳʝ ʙʝʣʢʠ ʦʪʤʳʚʘʣʠ ʦʪʤʳʚʦʯʥʳʤ ʙʫʬʝ-
ʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ 20 ʤʄ ʠʤʠʜʘʟʦʣ. ʕʣʶ-
ʮʠʶ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʙʫʬʝʨʦʤ, 
ʩʦʜʝʨʞʘʱʠʤ ʠʤʠʜʘʟʦʣ, ʠʩʧʦʣʴʟʫʷ ʩʪʫʧʝʥ-
ʯʘʪʳʡ ʛʨʘʜʠʝʥʪ ʩ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
250 ʤʄ. ɹʝʣʦʢʩʦʜʝʨʞʘʱʠʝ ʬʨʘʢʮʠʠ, ʜʝ-
ʪʝʢʪʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ɹʨʝʜʬʦʨʜʘ ʠʣʠ 
ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 280 ʥʤ, ʦʙʲʝʜʠʥʷʣʠ ʠ 
ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 
ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦ-
ʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (SDS-PAGE).  

ɼʣʷ ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʠʤʠʜʘʟʦʣʘ 
ʧʨʦʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʛʝʣʴ-
ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʝʬʘʜʝʢʩʦʤ G-25, 
ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝ-
ʨʦʤ (ʌʉɹ, 0,01 ʄ, pH 7,4). ʆʯʠʱʝʥʥʳʡ 
ʙʝʣʦʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴ-
ʪʨʘʬʠʣʴʪʨʘʮʠʠ (Amicon, Merck) ʩ ʦʪʩʝʯʝ-
ʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʘʦʡ ʤʘʩʩʳ 10 ʢɼʘ. ʂʦʥ-
ʮʝʥʪʨʘʮʠʶ ʦʯʠʱʝʥʥʦʛʦ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʣʠ 
ʤʝʪʦʜʦʤ ɹʨʝʜʬʦʨʜʘ. ʆʯʠʱʝʥʥʳʡ ʧʨʝʧʘʨʘʪ 
ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 20 ÁC. 

ɼʣʷ ʦʮʝʥʢʠ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦ-
ʣʫʯʝʥʥʳʭ ʙʝʣʢʦʚ ʧʨʦʚʦʜʠʣʠ ʠʤʤʫʥʠʟʘʮʠʶ 
ʢʨʦʣʠʢʦʚ ʤʘʩʩʦʡ 2,5ï3,0 ʢʛ. ʆʯʠʱʝʥʥʳʝ 
ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʵʤʫʣʴʛʠʨʦʚʘʣʠ ʩ 
ʘʜʲʶʚʘʥʪʦʤ Montanide ISA 61 (çSeppicè, 
ʌʨʘʥʮʠʷ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 40:60 (ʘʥʪʠʛʝʥ/
ʘʜʲʶʚʘʥʪ, v/v).  

ɼʣʷ ʦʮʝʥʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʤʫʥʥʦʛʦ 
ʦʪʚʝʪʘ ʦʪ ʜʦʟʳ ʘʥʪʠʛʝʥʘ ʢʨʦʣʠʢʦʚ ʠʤʤʫʥʠ-
ʟʠʨʦʚʘʣʠ ʨʘʟʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʙʝʣʢʘ: 
50,0 ʤʢʛ, 100,0 ʤʢʛ ʠ 200,0 ʤʢʛ ʥʘ ʞʠʚʦʪ-
ʥʦʝ. ʕʤʫʣʴʩʠʶ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʚ 
ʜʚʝ ʪʦʯʢʠ ʚ ʦʙʣʘʩʪʠ ʩʧʠʥʳ. ʉʭʝʤʘ ʠʤʤʫʥʠ-
ʟʘʮʠʠ ʚʢʣʶʯʘʣʘ ʜʚʝ ʠʥʲʝʢʮʠʠ ʩ ʠʥʪʝʨʚʘ-
ʣʦʤ 14 ʜʥʝʡ. ʏʝʨʝʟ 10 ʜʥʝʡ ʧʦʩʣʝ ʚʪʦʨʦʡ 
ʠʤʤʫʥʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʟʘʙʦʨ ʢʨʦʚʠ ʠʟ 
ʢʨʘʝʚʦʡ ʚʝʥʳ ʫʭʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʳʚʦʨʦʪʢʫ 
ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 20 ÁC. 
ʂʦʥʪʨʦʣʴʥʦʡ   ʛʨʫʧʧʝ   ʞʠʚʦʪʥʳʭ  ʚʚʦʜʠʣʠ 
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ʩʤʝʩʴ ʩʪʝʨʠʣʴʥʦʛʦ ʌʉɹ ʩ ʘʜʲʶʚʘʥʪʦʤ ʧʦ 
ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. 

ʀʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦ-
ʜʠʣʠ ʚ 96-ʣʫʥʦʯʥʳʭ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥ-
ʰʝʪʘʭ (çCostarè, ʉʐɸ). ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 
ʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʘ ʣʫʥʢʠ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘ-
ʣʠ ʨʘʩʪʚʦʨʘʤʠ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʚ 
ʢʦʥʮʝʥʪʨʘʮʠʠ 10,0; 20,0 ʠ 30,0 ʤʢʛ/ʤʣ ʚ 
ʨʘʟʣʠʯʥʳʭ ʙʫʬʝʨʘʭ: 0,1 ʄ ʢʘʨʙʦʥʘʪ-
ʙʠʢʘʨʙʦʥʘʪʥʦʤ ʙʫʬʝʨʝ (ʂɹɹ, pH 9,4),      
0,02 ʄ ʌʉɹ (pH 7,4) ʠ 0,02 ʄ ʘʮʝʪʘʪʥʦʤ 
ʙʫʬʝʨʝ (pH 5,0). ʀʥʢʫʙʘʮʠʶ ʧʨʦʚʦʜʠʣʠ 1 ʯ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC. ʇʦʩʣʝ ʪʨʝʭʢʨʘʪʥʦʡ 
ʦʪʤʳʚʢʠ ʌʉɹ ʩ 0,05%-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʚʠ-
ʥʘ-20 (ʌʉɹ-ʊ) ʧʨʦʚʦʜʠʣʠ ʙʣʦʢʠʨʦʚʘʥʠʝ 
ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ 0,4%-
ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʤʦʣʦʢʘ ʚ 
ʂɹɹ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC. 
ʇʦʩʣʝ ʦʪʤʳʚʢʠ ʚ ʣʫʥʢʠ ʚʥʦʩʠʣʠ ʩʝʨʠʡʥʳʝ 
ʜʚʫʢʨʘʪʥʳʝ ʨʘʟʚʝʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʘʥ-
ʪʠʩʳʚʦʨʦʪʦʢ (ʥʘʯʠʥʘʷ ʩ 1:100) ʠ ʠʥʢʫʙʠʨʦ-
ʚʘʣʠ 1 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC. ʇʦʩʣʝ ʦʪ-
ʤʳʚʢʠ ʚʥʦʩʠʣʠ ʢʦʥʲʶʛʘʪ-ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ 
ʘʥʪʠʪʝʣʘ ʢ IgG ʢʨʦʣʠʢʘ, ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʝ 
ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ  (çUSCN Life Science 

Inc.è, ʂʠʪʘʡ), ʨʘʟʚʝʜʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʨʝʢʦ-
ʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʀʥʢʫʙʘʮʠʷ ï     
1 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 ÁC. ʇʦʩʣʝ ʬʠʥʘʣʴ-
ʥʦʡ ʦʪʤʳʚʢʠ ʨʝʘʢʮʠʶ ʧʨʦʷʚʣʷʣʠ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʊʄɹ-ʩʫʙʩʪʨʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 
ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʈʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ 
ʜʦʙʘʚʣʝʥʠʝʤ 10%-ʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 
ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ (ʆʇ) ʠʟʤʝʨʷʣʠ ʧʨʠ 
ʜʣʠʥʝ ʚʦʣʥʳ 450 ʥʤ ʥʘ ʧʣʘʥʰʝʪʥʦʤ ʩʧʝʢ-
ʪʨʦʬʦʪʦʤʝʪʨʝ. 

ʋʯʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʧʦ-
ʨʦʛʦʚʦʤʫ ʟʥʘʯʝʥʠʶ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʢʘʢ 
ʩʨʝʜʥʷʷ ʆʇ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ 
ʩʳʚʦʨʦʪʦʢ (ʂ). ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʩʯʠʪʘʣʠ 
ʦʙʨʘʟʝʮ, ʆʇ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʣʘ ʧʦʨʦʛʦ-
ʚʦʝ ʟʥʘʯʝʥʠʝ ʚ 1,5 ʨʘʟʘ. ʊʠʪʨʦʤ ʘʥʪʠʪʝʣ 
ʩʯʠʪʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʝʜʝʥʠʝ ʩʳʚʦʨʦʪ-
ʢʠ, ʜʘʶʱʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠ-

ʯʝʩʢʠʭ ʤʘʥʠʧʫʣʷʮʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝ-
ʢʦʤʙʠʥʘʥʪʥʳʝ ʧʣʘʟʤʠʜʳ pET24b(+), ʥʝʩʫ-
ʱʠʝ ʛʝʥʳ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ M. hyopneu-
moniae ʠ M. bovis (ʨʠʩʫʥʦʢ 1). 

ɸ ï ʧʨʦʜʫʢʪ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ Cl-hyop (1275 ʧ.ʥ.);  
ɺ ï ʧʨʦʜʫʢʪ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ Cl-bov (1002 ʧ.ʥ.);  

ʄ ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 
 

ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʘ ʇʎʈ-ʘʥʘʣʠʟʘ ʢʣʦʥʦʚ ʩ ʛʝʥʘʤʠ mhp ʠ mbov 

ɸ B 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʰʪʘʤʤ E. coli 
BL21(DE3) ʠ ʦʪʙʦʨ ʥʘ ʩʨʝʜʘʭ ʩ ʢʘʥʘʤʠʮʠ-
ʥʦʤ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʩʪʘʙʠʣʴʥʳʝ ʢʣʦ-
ʥ -rʧʨʦʜʫʮʝʥʪʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ 
EchpBL21p1 ï ʜʣʷ M. hyopneumoniae 
(ʨʠʩʫʥʦʢ 2 ɸ) ʠ EcBvBL21p1 ï ʜʣʷ M. bovis 
(ʨʠʩʫʥʦʢ 2 ɺ).  

ʇʎʈ-ʘʥʘʣʠʟ ʠ ʨʝʩʪʨʠʢʮʠʷ ʚʳʜʝʣʝʥ-
ʥʳʭ ʧʣʘʟʤʠʜ ʧʦʜʪʚʝʨʜʠʣʠ ʢʦʨʨʝʢʪʥʦʩʪʴ 
ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʣʠʯʠʝ ʮʝʣʝʚʳʭ ʚʩʪʘʚʦʢ 
ʦʞʠʜʘʝʤʦʛʦ ʨʘʟʤʝʨʘ. 

ʇʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʰʪʘʤʤʦʚ-
ʧʨʦʜʫʮʝʥʪʦʚ ʚ 1,0 ʣ ʩʨʝʜʳ LB ʩ ʧʦʩʣʝʜʫʶ-
ʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 
3,0ï4,0 ʛ ʙʠʦʤʘʩʩʳ ʢʣʝʪʦʢ. ʇʦʩʣʝ ʦʪʤʳʚʘ-
ʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʠ ʫʣʴʪʨʘ-
ʟʚʫʢʦʚʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʙʝʣʢʘ ʚ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʣʠʟʘʪʘ ʩʦ-
ʩʪʘʚʣʷʣʦ 80,0ï120,0 ʤʛ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝ-
ʩʢʘʷ ʦʯʠʩʪʢʘ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʣʠʟʘʪʘ 
ʦʙʝʩʧʝʯʠʣʘ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝ-
ʚʳʭ ʛʠʩʪʠʜʠʥ-ʤʝʯʝʥʳʭ  ʙʝʣʢʦʚ  E. coli. ʎʝ- 
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ʣʝʚʦʡ ʙʝʣʦʢ ʵʣʶʠʨʦʚʘʣʩʷ ʚ ʚʠʜʝ ʯʝʪʢʦʛʦ 
ʧʠʢʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʠʜʘ-
ʟʦʣʘ ʜʦ 250 ʤʄ. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘ-
ʣʠʟ ʬʨʘʢʮʠʡ ʵʣʶʘʪʘ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʦʤʠ-
ʥʠʨʫʶʱʝʡ ʧʦʣʦʩʳ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʞʠʜʘʝʤʦʡ (~46 ʢɼʘ ʜʣʷ 
M. hyopneumoniae  ʠ ~36 ʢɼʘ  ʜʣʷ  M. bovis),  

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 
ʦʯʠʩʪʢʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʛʝʣʴ-ʬʠʣʴʪʨʘʮʠʷ 
ʧʦʟʚʦʣʠʣʘ ʫʜʘʣʠʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 
ʧʨʠʤʝʩʠ ʠ ʩʦʣʠ. ɺʳʭʦʜ ʚʳʩʦʢʦʦʯʠʱʝʥʥʦ-
ʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʩ 1 ʣ ʢʫʣʴʪʫ-
ʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ    
8,0ï12,0 ʤʛ. 

ɸ ï Ec-hp-BL21;  ɺ ï Ec-Bv-BL21  
 

ʈʠʩʫʥʦʢ 2 ï ʂʦʣʦʥʠʠ ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ, ʥʝʩʫʱʠʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʧʣʘʟʤʠʜʳ  
pET-22b(+)-mhp (ʧʝʨʚʠʯʥʳʡ ʦʪʙʦʨ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʢʣʦʥʦʚ) 

ɸ B 

ʀʤʤʫʥʠʟʘʮʠʷ ʢʨʦʣʠʢʦʚ ʦʯʠʱʝʥʥʳ-
ʤʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʙʝʣʢʘʤʠ ʩ ʘʜʲʶʚʘʥ-
ʪʦʤ Montanide ISA 61 ʠʥʜʫʮʠʨʦʚʘʣʘ ʚʳʨʘ-
ʞʝʥʥʳʡ ʛʫʤʦʨʘʣʴʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, 
ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ 
ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʠʪʨʳ 
ʘʥʪʠʪʝʣ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʜʦʟʳ ʘʥʪʠʛʝʥʘ 200,0 ʤʢʛ ʥʘ ʞʠʚʦʪʥʦʝ. 
ʄʝʥʴʰʠʝ ʜʦʟʳ ʧʨʠʚʦʜʠʣʠ ʢ ʤʝʥʝʝ ʩʪʘ-
ʙʠʣʴʥʦʤʫ ʦʪʚʝʪʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʙʮʠʠ ʨʝʢʦʤʙʠ-
ʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʥʘ ʧʦʣʠʩʪʠʨʦʣʦʚʦʤ ʧʣʘʥ-
ʰʝʪʝ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨ-
ʙʦʥʘʪʥʦʛʦ ʙʫʬʝʨʘ ʩ pH 9,4. ʂʦʥʮʝʥʪʨʘʮʠʷ 
ʘʥʪʠʛʝʥʘ 20,0 ʤʢʛ/ʤʣ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʘʢ ʦʧ- 

ʪʠʤʘʣʴʥʘʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʠʡ ʩʠʛ-
ʥʘʣ ʧʨʠ ʵʢʦʥʦʤʠʯʥʦʤ ʨʘʩʭʦʜʝ ʨʝʘʛʝʥʪʘ. ɺ 
ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʙʣʦʢʠʨʫ-
ʶɦ ʝʛʦ ʘʛʝʥʪʘ ʧʦʜʪʚʝʨʞʜʝʥ 0,4%-ʥrʡ ʨʘʩ-
ʪʚʦʨ ʦʙʝʟʞʠʨʝʥʥʦʛʦ ʤʦʣʦʢʘ. 

ʀʌɸ-ʘʥʘʣʠʟ ʘʥʪʠʩʳʚʦʨʦʪʦʢ, ʧʦʣʫʯʝʥ-
ʥʳʭ ʦʪ ʢʨʦʣʠʢʦʚ, ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʜʦʟʦʡ 
200,0 ʤʢʛ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʠʝ ʪʠʪ-
ʨʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ, ʯʪʦ ʧʦʜʪʚʝʨ-
ʞʜʘʝʪ ʚʳʨʘʞʝʥʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ. 
ʉʨʝʜʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʪʠʪʨʳ ʩʦʩʪʘʚʠʣʠ 
1:1600 ʜʣʷ ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʢ ʨʝʢʦʤʙʠʥʘʥʪʥʦ-
ʤʫ ʙʝʣʢʫ M. hyopneumoniae ʠ 1:1800 ï ʜʣʷ 
ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʢ ʙʝʣʢʫ M. bovis (ʪʘʙʣʠʮʘ).  

ʊʘʙʣʠʮʘ ï ʆʮʝʥʢʘ ʘʥʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ M. hyopneumoniae ʠ M. bovis 
ʚ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʘʭ 

ʈʝʢʦʤʙʠʥʘʥʪʥʳʡ ʙʝʣʦʢ  
(ʘʥʪʠʛʝʥ) 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʪʠʪʨ ʩʧʝʮʠʬʠʯʝʩʢʠʭ  
ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʚ ʀʌɸ 

M. hyopneumoniae 1:1600 

M. bovis 1:1800 

ʂʦʥʪʨʦʣʴ (ʌʉɹ+ʘʜʲʶʚʘʥʪ) <1:100 
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ɸʥʪʠʩʳʚʦʨʦʪʢʠ ʙʳʣʠ ʩʧʝʮʠʬʠʯʥʳ 
ʠ ʥʝ ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʛʝʪʝʨʦʣʦʛʠʯʥʳʤʠ ʘʥʪʠ-
ʛʝʥʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘ-
ʟʳʚʘʶʱʠʭ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʤʝʤʙʨʘʥ-
ʥʳʝ ʙʝʣʢʠ ʩʦʭʨʘʥʷʶʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-
ʟʘʚʠʩʠʤʳʝ ʵʧʠʪʦʧʳ ʠ ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥ-
ʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ 
ʪʝʩʪʘʭ [6]. 

 
ɿɸʂʃʖʏɽʅʀɽ 

ʄʝʪʦʜʘʤʠ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ ʩʦʟʜʘ-
ʥʳ ʩʪʘʙʠʣʴʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʰʪʘʤʤʳ-
ʧʨʦʜʫʮʝʥʪʳ E. coli BL21(DE3) ï 
EchpBL21p1 ʠ EcBvBL21p1, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʝ ʩʠʥʪʝʟ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ Mycoplas-
ma hyopneumoniae (ʦʢʦʣʦ 46 ʢɼʘ) ʠ Myco-
plasma bovis (ʦʢʦʣʦ 36 ʢɼʘ). 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʵʬʬʝʢ-
ʪʠʚʥʘʷ   ʩʭʝʤʘ   ʦʯʠʩʪʢʠ   ʮʝʣʝʚʳʭ   ʙʝʣʢʦʚ,  

ʚʢʣʶʯʘʶʱʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʜʝʟʠʥʪʝʛʨʘ-
ʮʠʶ ʙʠʦʤʘʩʩʳ ʠ ʦʜʥʦʵʪʘʧʥʫʶ ʘʬʬʠʥʥʫʶ 
ʭʨʦʤʘʪʦʛʨʘʬʠʶ (IMAC) ʥʘ ʩʤʦʣʝ Nuvia 
IMAC. ɺʳʭʦʜ ʦʯʠʱʝʥʥʦʛʦ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷ-
ʝʪ 8,0ï12,0 ʤʛ/ʣ ʢʫʣʴʪʫʨʳ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ 
ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʳ ʚʳʨʘ-
ʞʝʥʥʳʝ ʘʥʪʠʛʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥ-   
ʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ. ʇʨʠ ʠʤʤʫ-
ʥʠʟʘʮʠʠ ʢʨʦʣʠʢʦʚ (ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʟʘ           
200,0 ʤʢʛ) ʠʥʜʫʮʠʨʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 
ʘʥʪʠʩʳʚʦʨʦʪʢʠ, ʨʝʘʛʠʨʫʶʱʠʝ ʩ ʛʦʤʦʣʦ-
ʛʠʯʥʳʤʠ ʘʥʪʠʛʝʥʘʤʠ ʚ ʠʤʤʫʥʦʬʝʨʤʝʥʪ-
ʥʦʤ ʘʥʘʣʠʟʝ ʩ ʪʠʪʨʘʤʠ 1:1600ï1:1800. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʦʩʪʘʥʦʚ-
ʢʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʀʌɸ ʜʣʷ ʦʮʝʥʢʠ ʘʥʪʠ-
ʛʝʥʥʳʭ ʩʚʦʡʩʪʚ: ʩʦʨʙʮʠʷ ʘʥʪʠʛʝʥʘ ʚ ʢʘʨʙʦ-
ʥʘʪʥʦʤ ʙʫʬʝʨʝ ʧʨʠ pH 9,4, ʢʦʥʮʝʥʪʨʘʮʠʷ 
20,0 ʤʢʛ/ʤʣ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʝʟʞʠʨʝʥʥʦʛʦ 
ʤʦʣʦʢʘ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ. 

 

ʉʇʀʉʆʂ ʎʀʊʀʈʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 
1. Razin, S. Molecular biology and pathogenicity of mycoplasmas / S. Razin, D. Yogev, Y. Naot // 

Microbiol. Mol. Biol. Rev. ï 1998. ï Vol. 62, ˉ 4. ï P. 1094ï1156. 
2. Nicholas, R. A. J. Mycoplasma bovis: disease, diagnosis, and control / R. A. J. Nicholas,              

R. D. Ayling // Res. Vet. Sci. ï 2003. ï Vol. 74. ï P. 105ï112. 
3. Review on the transmission of Mycoplasma hyopneumoniae in pig herds / D. Maes [et al.] //         

Vet. Res. ï 2008. ï Vol. 39, ˉ 1. ï Art. 18. 
4. ʇʨʦʙʣʝʤʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʤʠʢʦʧʣʘʟʤʦʟʦʚ ʞʠʚʦʪʥʳʭ / ʈ. ʊ. ʉʘʭʘʨʯʫʢ [ʠ ʜʨ.] // 

ɺʝʪʝʨʠʥʘʨʥʘʷ ʧʘʪʦʣʦʛʠʷ. ï 2018. ï ̄  2. ï ʉ. 45ï51. 
5. ʇʦʣʫʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʘʥʪʠʛʝʥʦʚ ʜʣʷ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ: ʩʪʨʘʪʝʛʠʠ ʠ 

ʧʨʠʤʝʥʝʥʠʝ / ʆ. ɺ. ʉʦʢʦʣʦʚʘ [ʠ ʜʨ.] // ɹʠʦʪʝʭʥʦʣʦʛʠʷ. ï 2019. ï ʊ. 35, ˉ 4. ï ʉ. 22ï32. 
6. Protective potential of recombinant non-purified botulinum neurotoxin serotypes C and D /           

Jr. C. Moreira [et al.] // Anaerobe. ï 2016. ï Vol. 40. ï P. 58ï62. 

ɺɸʂʎʀʅɸ ʀʅɸʂʊʀɺʀʈʆɺɸʅʅɸʗ ʕʄʋʃʔɻʀʈʆɺɸʅʅɸʗ ɼʃʗ ʇʈʆʌʀʃɸʂʊʀʂʀ  
ʂʆʃʀɹɸʂʊɽʈʀʆɿɸ (ʕʐɽʈʀʍʀʆɿɸ) ʀ ʂʃɽɹʉʀɽʃʃɽɿɸ ʂʈʋʇʅʆɻʆ ʈʆɻɸʊʆɻʆ ʉʂʆʊɸ  

Ʒʜʣʷ ʠʤʤʫʥʠʟʘʮʠʠ  
ʛʣʫʙʦʢʦʩʪʝʣʴʥʳʭ ʢʦʨʦʚ,  

ʥʝʪʝʣʝʡ ʠ ʪʝʣʷʪ ʚ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ  
ʠ ʫʛʨʦʞʘʝʤʳʭ ʧʦ ʢʦʣʠʙʘʢʪʝʨʠʦʟʫ  

ʠ ʢʣʝʙʩʠʝʣʣʝʟʫ ʭʦʟʷʡʩʪʚʘʭ 

Ʒʪʝʨʤʦʣʘʙʠʣʴʥʳʡ  
ʵʥʪʝʨʦʪʦʢʩʠʥ E. coli ʠʤʝʝʪ  
ʙʝʣʢʦʚʫʶ ʧʨʠʨʦʜʫ  
ʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ  
ʠʤʤʫʥʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ  

Ʒ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ Escherichia coli ʩʝʨʦʪʠʧʦʚ  
F41, K88 (F4), K99 (F5), A20 (F17); Klebsiella pneumonia; ʨʝʢʦʤʙʠʥʘʥʪʥʦʡ  

ʩʫʙʲʝʜʠʥʠʮʳ ɺ ʪʝʨʤʦʣʘʙʠʣʴʥʦʛʦ ʪʦʢʩʠʥʘ Escherichia coli; ʤʘʩʣʷʥʦʛʦ ʘʜʲʶʚʘʥʪʘ  

777Ȣ")%6-Ȣ"9 
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ɼʃʗ ɺʓʗɺʃɽʅʀʗ MORAXELLA BOVIS ʀ MORAXELLA BOVOCULI 

 
ʈʝʟʶʤʝ 

ʈʘʟʨʘʙʦʪʘʥ ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢʮʠʠ ʠ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ï Moraxella 
bovis ʠ Moraxella bovoculi. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʢ ʢʦʥʩʝʨʚʘʪʠʚ-
ʥʳʤ ʛʝʥʘʤ ʮʠʪʦʪʦʢʩʠʥʦʚ MbxA ʠ MbvA, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ. ʇʨʦʚʝʜʝʥʥʘʷ ʦʧʪʠʤʠ-
ʟʘʮʠʷ ʧʦʢʘʟʘʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ 3,8Ĭ10į ʂʆɽ/ʤʣ ʜʣʷ M. bovis ʠ 6,5Ĭ10į ʂʆɽ/ʤʣ ʜʣʷ M. bovoculi, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʤʠʢʩʪ-ʠʥʬʝʢʮʠʶ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʝʢʮʠʦʥʥʳʡ ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪ, ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, Moraxella bovis, 
Moraxella bovoculi, ʇʎʈ, ʧʨʘʡʤʝʨʳ, ʜʠʘʛʥʦʩʪʠʢʘ. 

 
Summary 

A multiplex real-time PCR method has been developed for the simultaneous detection and differentiation of 
infectious agents of bovine keratoconjunctivitis - Moraxella bovis and Moraxella bovoculi. The method is based on the 
use of original primers and probes to the conserved genes of cytotoxins MbxA and MbvA, which ensures its high speci-
ficity. The optimization showed a sensitivity of 3,8Ĭ10į CFU/mL for M. bovis and 6,5Ĭ10į CFU/mL for M. bovoculi, 
which allows effective detection of both mono- and mixed-infection in clinical material. 

Keywords: infectious keratoconjunctivitis, cattle, Moraxella bovis, Moraxella bovoculi, PCR, primers, diag-
nostics. 
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ɺɺɽɼɽʅʀɽ 
ʀʥʬʝʢʮʠʦʥʥʳʡ ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠ-

ʚʠʪ (ʀʂʂ) ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʂʈʉ) 
ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʵʢʦ-
ʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʙʦʣʝʟʥʴʶ, ʥʘʥʦʩʷʱʝʡ 
ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʱʝʨʙ ʞʠʚʦʪʥʦʚʦʜʩʪʚʫ ʚʦ 
ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚʢʣʶʯʘʷ ʈʝʩʧʫʙʣʠʢʫ 
ɹʝʣʘʨʫʩʴ ʠ ʈʦʩʩʠʡʩʢʫʶ ʌʝʜʝʨʘʮʠʶ [7]. ɿʘ-
ʙʦʣʝʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʪʨʳʤ ʢʦʥʪʘ-
ʛʠʦʟʥʳʤ ʚʦʩʧʘʣʝʥʠʝʤ ʢʦʥʲʶʥʢʪʠʚʳ ʠ ʨʦʛʦ-
ʚʠʮʳ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʩʣʝʟʦʪʝʯʝʥʠʶ, ʩʚʝʪʦ-
ʙʦʷʟʥʠ, ʩʝʨʦʟʥʦ-ʛʥʦʡʥʳʤ ʠʩʪʝʯʝʥʠʷʤ, ʧʦ-
ʤʫʪʥʝʥʠʶ, ʠʟʲʷʟʚʣʝʥʠʶ ʨʦʛʦʚʠʮʳ ʠ, ʚ ʢʦ-
ʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʧʦ-
ʪʝʨʝ ʟʨʝʥʠʷ [5, 7]. ʄʘʩʰʪʘʙ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʪʝʨʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟ-
ʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʢʦʥʪʨʦʣʷ 
ʜʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 
ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʩʥʠʞʝʥʠʷ ʤʦʣʦʯʥʦʡ ʠ 
ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʟʘʪʨʘʪ ʥʘ  ʣʝʯʝʥʠʝ, 

ʘ ʪʘʢʞʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʚʳʙʨʘʢʦʚʢʠ ʞʠ-
ʚʦʪʥʳʭ [2, 8].  

ʕʪʠʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʀʂʂ 
ʩʣʦʞʥʘ ʠ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥ-
ʬʝʢʮʠʦʥʥʳʝ ʠ ʠʥʚʘʟʠʦʥʥʳʝ ʘʛʝʥʪʳ. ʆʜʥʘ-
ʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ, ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʠ-
ʧʠʯʥʳʭ ʚʩʧʳʰʝʢ ʙʦʣʝʟʥʠ ʧʨʠʥʘʜʣʝʞʠʪ 
ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʤ ʙʘʢʪʝʨʠʷʤ ʨʦʜʘ Mo-
raxella, ʚ ʯʘʩʪʥʦʩʪʠ ʚʠʜʘʤ Moraxella bovis 
ʠ Moraxella bovoculi [5, 7, 8]. ʇʨʠ ʵʪʦʤ ʯʘ-
ʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʩʤʝʰʘʥʥʦʡ ʠʥʬʝʢ-
ʮʠʠ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʜʠʘ-
ʛʥʦʩʪʠʢʫ. Moraxella bovis ʜʦʣʛʦʝ ʚʨʝʤʷ 
ʩʯʠʪʘʣʘʩʴ ʦʩʥʦʚʥʳʤ ʚʦʟʙʫʜʠʪʝʣʝʤ ʀʂʂ, 
ʦʜʥʘʢʦ ʚ 2007 ʛ. ʙʳʣ ʦʧʠʩʘʥ ʥʦʚʳʡ ʚʠʜ ï 
Moraxella bovoculi, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʷʚʣʷʝʪ-
ʩʷ ʚʳʩʦʢʦʧʘʪʦʛʝʥʥʳʤ ʜʣʷ ʂʈʉ [8]. ʇʦ ʜʘʥ-
ʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʭʦʟʷʡʩʪʚʘʭ ʈʝʩʧʫʙʣʠ-
ʢʠ  ɹʝʣʘʨʫʩʴ  ʚ  90 % ʩʣʫʯʘʝʚ ʀʂʂ ʚʳʜʝʣʷ- 
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ʶʪʩʷ ʚʦʟʙʫʜʠʪʝʣʠ ʨʦʜʘ Moraxella, ʧʨʠʯʝʤ 
Moraxella bovoculi ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 65 % 
ʩʣʫʯʘʝʚ, ʘ ʚ 25 % ï ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ Mora-
xella bovis [2]. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫ-
ʯʝʥʳ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʜʝ ʚ 76 % 
ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʭʦʟʷʡʩʪʚ ʀʂʂ ʙʳʣ ʚʳʟʚʘʥ 
M. bovoculi, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ï M. bovis [7]. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʘʷ 
ʜʠʘʛʥʦʩʪʠʢʘ ʤʦʨʘʢʩʝʣʣʝʟʘ ʟʘʪʨʫʜʥʝʥʘ ʚ 
ʩʚʷʟʠ ʩ ʤʝʜʣʝʥʥʳʤ ʨʦʩʪʦʤ ʚʦʟʙʫʜʠʪʝʣʝʡ ʥʘ 
ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ, ʠʭ ʥʠʟʢʦʡ ʙʠʦʭʠʤʠʯʝ-
ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʡ ʢʦʥʪʘʤʠ-
ʥʘʮʠʝʡ ʧʨʦʙ ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʤʠʢʨʦʬʣʦʨʦʡ 
[4, 6]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘ-
ʜʝʨʞʢʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠ ʩʥʠʞʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 
ʤʝʨʦʧʨʠʷʪʠʡ. ʉʪʘʥʜʘʨʪʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 
ʪʝʩʪʳ, ʥʘʧʨʠʤʝʨ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ VITEK 2 
COMPACT, ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ 
ʚʠʜʦʚʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ M. bovis ʠ M. bo-
voculi [4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ 
ʤʝʪʦʜʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʟʥʘʥʳ ʤʦ-
ʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʇʎʈ) ʠ   
ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦ-
ʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ 
(MALDI-TOF) [4, 7]. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 
ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʩʠʩʪʝʤʘʭ ʵʧʠʟʦʦʪʦʣʦ-
ʛʠʯʝʩʢʦʛʦ ʫʯeʪʘ ʀʂʂ ʯʘʩʪʦ ʥʝ ʨʝʛʠʩʪʨʠʨʫ-
ʝʪʩʷ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʚʩʝʤʝʩʪʥʦʡ ʣʘʙʦ-
ʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʯʪʦ ʥʝ ʦʪʨʘʞʘʝʪ ʠʩ-
ʪʠʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥeʥʥʦʩʪʠ ʧʘʪʦʣʦʛʠʠ [4]. 

ʂʘʢ ʧʦʜʯʝʨʢʠʚʘʶʪ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʠ, ʙʘʢʪʝʨʠʠ ʨʦʜʘ Moraxella ʠʛʨʘʶʪ 
ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʵʪʠʦʣʦʛʠʠ ʠʥʬʝʢʮʠʦʥʥʦʛʦ 
ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪʘ ʂʈʉ, ʯʪʦ ʦʙʫʩʣʘʚʣʠ-
ʚʘʝʪ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 
ʜʘʥʥʦʡ ʙʦʣʝʟʥʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨ-
ʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʨ ʧʦ ʝʝ ʢʦʥʪʨʦʣʶ. ʂʣʶʯʝ-
ʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪ-
ʩʷ ʪʦʯʥʘʷ ʠ ʙʳʩʪʨʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦ-
ʩʪʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʘ-
ʪʦʛʝʥ ʜʦ ʚʠʜʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʳ ʣʝʯʝ-
ʥʠʷ ʀʂʂ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʣʝʯʝʙʥʦ-
ʛʦ ʧʨʝʧʘʨʘʪʘ ʠʣʠ ʚʘʢʮʠʥʳ, ʤʦʛʫʪ ʜʝʤʦʥ-
ʩʪʨʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [1, 3], ʦʜʥʘʢʦ ʠʭ 
ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ-
ʚʠʩʷʪ ʦʪ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʪʦʯʥʦʡ ʵʪʠʦʣʦʛʠ-
ʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʠʬʬʝ-
ʨʝʥʮʠʨʦʚʘʪʴ Moraxella bovis ʠ Moraxella 
bovoculi [4]. ʅʠʟʢʠʝ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦ-
ʜʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘ-
ʨʫʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʩʧʝʮʠʬʠ-
ʯʝʩʢʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ [5]  ʩʦʟʜʘʶʪ ʫʩʪʦʡʯʠ- 

ʚʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 
ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯ-
ʥʳʭ, ʙʳʩʪʨʳʭ ʠ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦ-
ʩʪʠʢʠ ʀʂʂ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ 
ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʚʝʪʝʨʠ-
ʥʘʨʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʅʘʩʪʦʷʱʝʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʧʦʜʙʦʨʫ ʩʧʝʮʠʬʠ-
ʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʫʣʴʪʠ-
ʧʣʝʢʩʥʦʡ ʇʎʈ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢ-
ʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ Moraxella bovis ʠ 
Moraxella bovoculi, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʶ 
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ ʠ 
ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʦʩʪʘʥʦʚʢʠ ʤʫʣʴʪʠ-
ʧʣʝʢʩʥʦʡ ʇʎʈ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʩʦʚʝʨʰʝʥ-
ʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʵʧʠʟʦʦʪʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʬʝʢʮʠʦʥʥʦʛʦ 
ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪʘ ʂʈʉ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ 
ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʇʎʈ ʜʣʷ ʩʧʝʮʠʬʠ-
ʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ Moraxella bovis ʠ Mo-
raxella bovoculi. 

 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ ʅʀʀ 

ʇɺʄʠɹ ʋʆ ɺɻɸɺʄ. ɺ ʢʘʯʝʩʪʚʝ ɼʅʂ-
ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʅʂ ʠʟ ʠʜʝʥʪʠʬʠ-
ʮʠʨʦʚʘʥʥʳʭ ʠʟʦʣʷʪʦʚ M. bovis ʠ M. bovo-
culi, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʂʈʉ ʩ ʢʣʠʥʠʯʝʩʢʠʤʠ 
ʧʨʠʟʥʘʢʘʤʠ ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠʪʘ. ʀʜʝʥ-
ʪʠʬʠʢʘʮʠʷ ʠʟʦʣʷʪʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 
ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ (MALDI-TOF). 

ɼʣʷ ʧʦʜʙʦʨʘ ʧʨʘʡʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘ-
ʣʠ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝ-
ʥʦʚ ʮʠʪʦʪʦʢʩʠʥʘ MbxA (ʜʣʷ M. bovis) ʠ 
MbvA (ʜʣʷ M. bovoculi) ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 
GenBank. ʇʦʜʙʦʨ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʦ-
ʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ Primer3 ʠ SnapGene. ɼʣʷ  
ʧʦʜʙʦʨʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʢ Moraxella       
bovis ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʦʤʳ ʰʪʘʤʤʦʚ 
SAM102599, SAM57954, Epp63, NCTC9426, 
SAM109237, SAM57947, SFS9a, ʘ ʜʣʷ 
Moraxella bovoculi ï 2471-2, 4785, SFS9a, 
371, 58069, 22581. 

ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ çɸʨʪʄʘʛʥʠʪ ɺʝʪè. 
ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʪʘʚʠʣʠ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʤʠʢʩʘ çɸʨʪMix    
ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘè ʠ ʘʤʧʣʠʬʠʢʘʪʦʨʘ Gen-
tier 96. ʆʮʝʥʢʫ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ 
ʩ ɼʅʂ  ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ  ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 
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(ʚʠʨʫʩ ʀʈʊ ʂʈʉ, ʭʣʘʤʠʜʠʠ, E. coli, S. aure-
us ʠ ʜʨ.). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʤʝ-
ʪʦʜʦʤ ʩʝʨʠʡʥʳʭ ʜʝʩʷʪʠʢʨʘʪʥʳʭ ʨʘʟʚʝʜʝʥʠʡ 
ɼʅʂ. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 
ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʩʷ ʮʝʣʝʥʘ-

ʧʨʘʚʣʝʥʥʳʡ ʧʦʜʙʦʨ ʧʨʘʡʤʝʨʦʚ, ʦʙʝʩʧʝʯʠ-
ʚʘʶʱʠʭ ʩʧʝʮʠʬʠʯʥʫʶ ʜʝʪʝʢʮʠʶ ʢʘʞʜʦʛʦ 
ʚʠʜʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʙʳʣʠ 
ʚʳʙʨʘʥʳ ʛʝʥʳ ʮʠʪʦʪʦʢʩʠʥʦʚ MbxA (ʜʣʷ   
M. bovis) ʠ MbvA (ʜʣʷ M. bovoculi) ʢʘʢ ʚʳ-
ʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʚʠʜʘ ʠ ʚʘ-
ʨʠʘʙʝʣʴʥʳʝ ʤʝʞʜʫ ʚʠʜʘʤʠ. ɼʣʷ ʢʘʞʜʦʛʦ 
ʛʝʥʘ ʩ ʧʦʤʦʱʴʶ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʤʝ-
ʪʦʜʦʚ ʙʳʣʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʧʦ ʪʨʠ ʢʘʥʜʠ-
ʜʘʪʥʳʭ ʥʘʙʦʨʘ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ, ʠʟ ʢʦ-
ʪʦʨʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ  ʘʥʘ- 

ʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʦʜʠʥ ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ 
ʢʘʞʜʦʛʦ ʚʠʜʘ. ʂʨʠʪʝʨʠʷʤʠ ʜʣʷ ʩʨʘʚʥʠ-
ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʪʦʛʦʚʦʛʦ ʚʳʙʦʨʘ ʩʣʫ-
ʞʠʣʠ: 

- ʜʣʠʥʘ ʘʤʧʣʠʢʦʥʘ ï ʧʨʠʦʨʠʪʝʪ ʦʪʜʘ-
ʚʘʣʩʷ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʧʨʦʜʫʢʪʘʤ ʜʣʷ 
ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʘʤʧʣʠʬʠʢʘʮʠʠ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ï ʚʳʙʠʨʘ-
ʣʠʩʴ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʩʦ ʩʭʦʞʝʡ ʪʝʤʧʝʨʘ-
ʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 58ï62 ÁC     
ʜʣʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʤ ʬʦʨ-
ʤʘʪʝ; 

- ʩʦʜʝʨʞʘʥʠʝ GC ï ʦʧʪʠʤʘʣʴʥʳʤ 
ʩʯʠʪʘʣʩʷ ʫʨʦʚʝʥʴ 45ï60 % ʜʣʷ ʦʙʝʩʧʝʯʝ-
ʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʭ ʢʘʥʜʠʜʘʪʥʳʭ 
ʥʘʙʦʨʦʚ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

ʊʘʙʣʠʮʘ 1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʢ ʛʝʥʫ MbxA ʫ M. bovis 

ʐʠʬʨ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʊʝʤʧʝʨʘʪʫʨʘ 
ʧʣʘʚʣʝʥʠʷ 

GC, % 
ɼʣʠʥʘ 

ʧʨʦʜʫʢʪʘ, ʧ.ʥ. 

Mb1-1 gcatttcacttcgcctttgt 60 45 

184 Mb1-2 gccttctgtctcggctacac 60 60 

Mb1-3 gcaggaactgaatcacgtga 59 50 

Mb2-1 aacgcattaagagcggaaaa 59 40 

159 Mb2-2 acaaaggcgaagtgaaatgc 60 45 

Mb2-3 ggcaagaaagttgaagctgg 59 50 

Mb3-1 tggtgacgaccgcttgttt 60 53 

63 Mb3-2 aatcatcgccttcatctccag 57 48 

Mb3-3 gtcgatcgttgcctttaccacc 59 55 

ʊʘʙʣʠʮʘ 2 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʢ ʛʝʥʫ MbvA ʫ M. bovoculi 

ʐʠʬʨ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʊʝʤʧʝʨʘʪʫʨʘ 
ʧʣʘʚʣʝʥʠʷ 

GC, % 
ɼʣʠʥʘ 

ʧʨʦʜʫʢʪʘ, ʧ.ʥ. 

Mbo1-1 ctttgctgggcaaggtaaaa 60 45 

  
185 

Mbo1-2 cttggcgtttcacaacttca 59 45 

Mbo1-3 gtagacggcacacatgcaac 60 55 

Mbo2-1 cgtacagtggctaaaggtgata 57 45 

  
105 

Mbo2-2 tctcaattcataatcacgatactcaag 55 33 

Mbo2-3 gccaagatactgcggtaggtaaacg 61 52 

Mbo3-1 tcggtgagttggcaggtatt 60 50 

  
227 

Mbo3-2 acttatgcgttcgcgagatt 59 45 

Mbo3-3 agtggaggccggtgttaata 59 50 
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ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ (ʤʠʥʠ-
ʤʘʣʴʥʘʷ ʜʣʠʥʘ ʘʤʧʣʠʢʦʥʘ, ʩʦʚʤʝʩʪʠʤʳʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦ-
ʜʝʨʞʘʥʠʝ GC) ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ          
ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ ʇʎʈ ʜʣʷ    
M. bovis ʙʳʣ ʚʳʙʨʘʥ ʥʘʙʦʨ Mb3, ʘ ʜʣʷ       
M. bovoculi ï ʥʘʙʦʨ Mbo2. 

ʉʧʝʮʠʬʠʯʥʦʩʪʴ ʦʪʦʙʨʘʥʥʳʭ ʦʣʠʛʦ-
ʥʫʢʣʝʦʪʠʜʦʚ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚ ʩʝʨʠʠ ʧʝʨʝ-
ʢʨʝʩʪʥʳʭ ʇʎʈ. ʈʝʘʢʮʠʠ ʩ ɼʅʂ M. bovis ʜʘ-
ʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʪʦʣʴʢʦ ʩ ʥʘʙʦ-
ʨʦʤ Mb3, ʘ ʩ ɼʅʂ M. bovoculi ï ʪʦʣʴʢʦ ʩ 
ʥʘʙʦʨʦʤ Mbo2, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦ ʦʪʩʫʪʩʪʚʠʝ  

ʧʝʨʝʢʨʝʩʪʥʦʡ ʨʝʘʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʫʣʴʪʠ-
ʧʣʝʢʩʥʦʤ ʬʦʨʤʘʪʝ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘ-
ʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 58ï62 ÁC. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, 
ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 58 ÁC ̫ʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴ-
ʥʦʡ ʜʣʷ ʦʙʦʠʭ ʥʘʙʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʥʝʡ 
ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʪʥʦʩʠ-
ʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (1693 ʫ.ʝ. 
ʜʣʷ M. bovis ʠ 1339 ʫ.ʝ. ʜʣʷ M. bovoculi) 
ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʨʦʛʦʚʦʤ ʮʠʢʣʝ (Ct). 
ɼʘʥʥʳʝ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ-
ʞʠʛʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4. 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʣʷ M. bovis 

ʊʝʤʧʝʨʘʪʫʨʘ  
ʦʪʞʠʛʘ, Áʉ 

ʅʘʣʠʯʠʝ 
ʘʤʧʣʠʬʠʢʘʮʠʠ (ʉt) 

ʇʦʨʦʛʦʚʳʡ ʮʠʢʣ 
ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 
ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

58 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,4 1693 

59,3 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,5 1642 

60,2 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,6 1560 

61,2 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,6 1592 

62 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,6 1608 

ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʜʣʷ M. bovoculi 

ʊʝʤʧʝʨʘʪʫʨʘ  
ʦʪʞʠʛʘ, Áʉ 

ʅʘʣʠʯʠʝ 
ʘʤʧʣʠʬʠʢʘʮʠʠ (ʉt) 

ʇʦʨʦʛʦʚʳʡ ʮʠʢʣ 
ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 
ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

58 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,6 1339 

59,3 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,7 1285 

60,2 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,8 1235 

61,2 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,8 1215 

62 ʧʦʣʦʞʠʪʝʣʴʥʦ 19,9 1186 

ʅʘʩʪʨʦʝʥʥʘʷ ʤʫʣʴʪʠʧʣʝʢʩʥʘʷ ʇʎʈ 
ʥʘʜʝʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʣʘ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ 
ʤʠʢʩʪ-ʠʥʬʝʢʮʠʶ ʚ ʦʜʥʦʡ ʨʝʘʢʮʠʠ. ʈʝʟʫʣʴ-
ʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʬʦʨ-
ʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ɸʥʘʣʠʪʠʯʝʩʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʩʝʨʠʡʥʳʭ ʜʝʩʷʪʠʢʨʘʪ-
ʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ɼʅʂ,  ʚʳʜʝʣʝʥʥʦʡ  ʠʟ  ʩʫʩ- 

ʧʝʥʟʠʡ ʙʘʢʪʝʨʠʡ ʩ ʠʟʚʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠ-
ʝʡ (ʧʦʜʪʚʝʨʞʜʝʥʘ ʯʘʰʝʯʥʳʤ ʤʝʪʦʜʦʤ).  

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʝʜʝʣ ʜʝʪʝʢʮʠʠ 
ʩʦʩʪʘʚʠʣ 3,8Ĭ10į ʂʆɽ/ʤʣ ʜʣʷ M. bovis ʠ 
6,5Ĭ10į ʂʆɽ/ʤʣ ʜʣʷ M. bovoculi. ʇʦʜʨʦʙ-
ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴ-
ʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʘ ʤʦʨʘʢʩʝʣʣ ʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ ʇʎʈ  

ʆʙʨʘʟʝʮ ɼʅʂ 
ʈʝʟʫʣʴʪʘʪ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʘ 

M. bovis M. bovoculi 

M. bovis ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

M. bovoculi ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

M. bovis + M. bovoculi ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 
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ʊʘʙʣʠʮʘ 6 ï ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʇʎʈ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʛʝʥʦʤʘ ʤʦʨʘʢʩʝʣʣ 

M. bovis M. bovoculi 

ʢʦʥʮʝʥʪʨʘʮʠʷ, ʂʆɽ/ʤʣ ʨʝʟʫʣʴʪʘʪ ʇʎʈ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʂʆɽ/ʤʣ ʨʝʟʫʣʴʪʘʪ ʇʎʈ 

3,8Ĭ108 ʧʦʣʦʞʠʪʝʣʴʥʦ 6,5Ĭ108 ʧʦʣʦʞʠʪʝʣʴʥʦ 

3,8Ĭ107 ʧʦʣʦʞʠʪʝʣʴʥʦ 6,5Ĭ107 ʧʦʣʦʞʠʪʝʣʴʥʦ 

3,8Ĭ106 ʧʦʣʦʞʠʪʝʣʴʥʦ 6,5Ĭ106 ʧʦʣʦʞʠʪʝʣʴʥʦ 

3,8Ĭ105 ʧʦʣʦʞʠʪʝʣʴʥʦ 6,5Ĭ105 ʧʦʣʦʞʠʪʝʣʴʥʦ 

3,8Ĭ104 ʧʦʣʦʞʠʪʝʣʴʥʦ 6,5Ĭ104 ʧʦʣʦʞʠʪʝʣʴʥʦ 

3,8Ĭ103 ʧʦʣʦʞʠʪʝʣʴʥʦ 6,5Ĭ103 ʧʦʣʦʞʠʪʝʣʴʥʦ 

3,8Ĭ102 ʦʪʨʠʮʘʪʝʣʴʥʦ 6,5Ĭ102 ʦʪʨʠʮʘʪʝʣʴʥʦ 

3,8Ĭ101 ʦʪʨʠʮʘʪʝʣʴʥʦ 6,5Ĭ101 ʦʪʨʠʮʘʪʝʣʴʥʦ 

3,8Ĭ100 ʦʪʨʠʮʘʪʝʣʴʥʦ 6,5Ĭ100 ʦʪʨʠʮʘʪʝʣʴʥʦ 

ɸʥʘʣʠʪʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʦʮʝ-
ʥʠʚʘʣʠ, ʪʝʩʪʠʨʫʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʩʠʩʪʝʤʫ 
ʥʘ ʧʘʥʝʣʠ ɼʅʂ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘ-
ʥʠʟʤʦʚ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʩ ɼʅʂ ʚʠʨʫʩʘ ʀʈʊ ʂʈʉ, ʭʣʘ-
ʤʠʜʠʡ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʙʘʢʪʝʨʠʡ (Escherichia 
coli,   Staphylococcus   aureus,   Pseudomonas 

aeruginosa, Bacillus subtilis ʠ ʜʨʫʛʠʭ ʢʦʘʛʫ-
ʣʘʟʦ-ʥʝʛʘʪʠʚʥʳʭ ʩʪʘʬʠʣʦʢʦʢʢʦʚ ʠ ʩʪʨʝʧʪʦ-
ʢʦʢʢʦʚ), ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʩʧʝʮʠ-
ʬʠʯʥʦʩʪʴ ʤʝʪʦʜʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʣʦʞʥʦʧʦʣʦ-
ʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʥʳʝ ʜʘʥʥʳʝ ʧʦ 
ʦʮʝʥʢʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 7. 

ʊʘʙʣʠʮʘ 7 ï ʆʮʝʥʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʘ ʤʦʨʘʢʩʝʣʣ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʚʦʟʙʫʜʠʪʝʣʷ 

ʈʝʟʫʣʴʪʘʪ 
ʇʎʈ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʚʦʟʙʫʜʠʪʝʣʷ 

ʈʝʟʫʣʴʪʘʪ ʇʎʈ 

M. bovis ʧʦʣʦʞʠʪʝʣʴʥʦ Staphylococcus aureus ʦʪʨʠʮʘʪʝʣʴʥʦ 

M. bovoculi ʧʦʣʦʞʠʪʝʣʴʥʦ Pseudomonas aeruginosa ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʀʈʊ ʂʈʉ ʦʪʨʠʮʘʪʝʣʴʥʦ Staphylococcus epidermidis ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʍʣʘʤʠʜʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦ Staphylococcus cohnii ʦʪʨʠʮʘʪʝʣʴʥʦ 

Escherichia coli ʦʪʨʠʮʘʪʝʣʴʥʦ Staphylococcus sciuri ʦʪʨʠʮʘʪʝʣʴʥʦ 

Streptococcus sanguinus ʦʪʨʠʮʘʪʝʣʴʥʦ Staphylococcus haemolyticus ʦʪʨʠʮʘʪʝʣʴʥʦ 

Streptococcus gallolyticus ʦʪʨʠʮʘʪʝʣʴʥʦ Bacillus subtilis ʦʪʨʠʮʘʪʝʣʴʥʦ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠ-
ʟʘ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʙʳʣ ʚʳʙʨʘʥ ʦʜʠʥ ʦʧʪʠ-
ʤʘʣʴʥʳʡ ʥʘʙʦʨ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʪʚʝ-
ʯʘʶʱʠʡ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ: 

- ʜʣʷ M. bovis ï ʧʨʘʡʤʝʨʳ Mb3-1 (5'-
tggtgacgaccgcttgttt-3'): Tm = 60 ÁC, GC =     
53 % ʠ Mb3-2 (5'-aatcatcgccttcatctccag-3'): 
Tm = 57 ÁC, GC = 48 %, ʟʦʥʜ Mb3-3 (5'-
gtcgatcgttgcctttaccacc-3'): Tm = 59 ÁC, GC = 
55 % ʩ ʬʣʫʦʨʦʬʦʨʦʤ ʬʣʫʦʨʝʩʮʠʥ (FAM). 
ɼʣʠʥʘ ʘʤʧʣʠʢʦʥʘ ï 63 ʧ.ʥ.; 

- ʜʣʷ M. bovoculi ï ʧʨʘʡʤʝʨʳ Mbo2-1 
(5'-cgtacagtggctaaaggtgata-3'): Tm = 57 ÁC, 
GC = 45 % ʠ Mbo2-2 (5'-
tctcaattcataatcacgatactcaag-3'):  Tm = 55 ÁC, 

GC = 33 %, ʟʦʥʜ Mbo2-3 (5'-
gccaagatactgcggtaggtaaacg-3'): Tm = 61 ÁC, 
GC = 52 % ʩ ʬʣʫʦʨʦʬʦʨʦʤ ʛʝʢʩʘʭʣʦʨʬʣʫʦ-
ʨʝʩʮʝʠʥ (HEX). ɼʣʠʥʘ ʘʤʧʣʠʢʦʥʘ ï          
105 ʧ.ʥ. 

 
ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝ-
ʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʫʩʧʝʰʥʦ ʨʘʟʨʘ-
ʙʦʪʘʥ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ 
ʤʝʪʦʜ ʇʎʈ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢʮʠʠ ʠ ʜʠʬʬʝʨʝʥ-
ʮʠʘʮʠʠ Moraxella bovis ʠ Moraxella bovo-
culi. ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩʪʘʣ ʮʝʣʝ-
ʥʘʧʨʘʚʣʝʥʥʳʡ   ʧʦʜʙʦʨ    ʚʳʩʦʢʦʩʧʝʮʠʬʠʯ- 
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ʥʳʭ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʢ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ 
ʛʝʥʘʤ ʮʠʪʦʪʦʢʩʠʥʦʚ MbxA ʠ MbvA, ʢʦʪʦ-
ʨʳʡ ʦʙʝʩʧʝʯʠʣ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ 
ʨʝʘʢʮʠʡ ʢʘʢ ʤʝʞʜʫ ʮʝʣʝʚʳʤʠ ʚʠʜʘʤʠ, ʪʘʢ 
ʠ ʩ ʨʷʜʦʤ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʦʚ, ʚʳʟʳʚʘʶʱʠʭ 
ʢʦʥʲʶʥʢʪʠʚʠʪʳ ʫ ʂʈʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 
ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ    
ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (3,8Ĭ       
10į ʂʆɽ/ʤʣ ʜʣʷ M. bovis ʠ 6,5Ĭ10į ʂʆɽ/ʤʣ 
ʜʣʷ M. bovoculi) ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʚʳ-
ʷʚʣʷʪʴ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʤʠʢʩʪ-ʠʥʬʝʢʮʠʶ   
ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʨʝʘʢʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ 
ʦʧʪʠʤʘʣʴʥʘʷ  ʪʝʤʧʝʨʘʪʫʨʘ  ʦʪʞʠʛʘ  (58  ÁC) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʘʤʧʣʠʬʠʢʘʮʠʠ ʜʣʷ ʦʙʦʠʭ ʥʘʙʦʨʦʚ 
ʧʨʘʡʤʝʨʦʚ ʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʤ ʬʦʨʤʘʪʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʩʪ-ʩʠʩʪʝʤʘ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʳʩʪʨʳʡ, ʩʧʝʮʠʬʠʯʥʳʡ ʠ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘ-
ʛʥʦʩʪʠʢʠ ʠ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦ-
ʨʠʥʛʘ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʢʝʨʘʪʦʢʦʥʲʶʥʢʪʠʚʠ-
ʪʘ ʂʈʉ. ɽʛʦ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʧʦʟʚʦ-
ʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ 
ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʦʚʦ-
ʜʠʤʳʭ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦ-   
ʧʨʠʷʪʠʡ. 
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ɹʦʨʠʩʦʚʝʮ ɼ.ʉ., ʢʘʥʜʠʜʘʪ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ1 
ʈʦʜʨʠʛʝʟ-ʄʘʣʣʦʥ ɸ.ɸ., ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ2 
ʊʷʧʰʘ ʖ.ʀ., ʢʘʥʜʠʜʘʪ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ1 
ɿʛʠʨʦʚʩʢʘʷ ɸ.ɸ., ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ1 
ɻʝʨʘʩʠʤʝʥʢʦ ɺ.ʀ., ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ1 
 
1ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝʣʝʩʩʢʦʛʦè, ʛ. ʄʠʥʩʢ,       
ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
2ʎʝʥʪʨ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʛ. ɻʘʚʘʥʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʫʙʘ 
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ʈʝʟʶʤʝ 
ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʘʥʪʠʛʝʥʳ ʚʠʨʫʩʘ ʘʬʨʠʢʘʥʩʢʦʡ ʯʫʤʳ ʩʚʠʥʝʡ (ɸʏʉ) ʧʫʪʝʤ ʢʣʦʥʠʨʦʚʘʥʠʷ 

ʠ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʜʚʫʤʷ ʛʝʥʘʤʠ ʜʘʥʥʦʛʦ ʚʠʨʫʩʘ ï p72 (B646L) ʠ p30 (CP204L). ʆʪʨʘʙʦʪʘʥʳ ʧʘ-
ʨʘʤʝʪʨʳ ʘʜʩʦʨʙʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʚʠʨʫʩʘ ʘʬʨʠʢʘʥʩʢʦʡ ʯʫʤʳ ʩʚʠʥʝʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʘʥʪʠʛʝʥʘʤ ʚʠʨʫʩʘ ɸʏʉ. ʈʘʟʨʘʙʦʪʘʥ 
ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʢ ʚʠʨʫʩʫ ʘʬʨʠʢʘʥʩʢʦʡ ʯʫʤʳ ʩʚʠʥʝʡ. ʇʨʦʚʝʜʝʥʘ ʠʤ-
ʤʫʥʠʟʘʮʠʷ ʢʨʦʣʠʢʦʚ ʠ ʧʦʣʫʯʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʳʚʦʨʦʪʢʠ ʢ ʚʠʨʫʩʫ ɸʏʉ. ʇʨʦʚʝʜʝʥ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥ-
ʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʘʥʪʠʛʝʥʫ ʚʠʨʫʩʘ ɸʏʉ. ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ 
ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʬʨʠʢʘʥʩʢʘʷ ʯʫʤʘ ʩʚʠʥʝʡ, ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʘʥʪʠʛʝʥʳ, ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤ, ʩʧʝʮʠ-
ʬʠʯʥʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 
Summary 

Recombinant antigens of the African swine fever virus (ASF) have been developed by cloning and expressing 
proteins encoded by two genes of this virus: p72 (B646L) and p30 (CP204L). The parameters of adsorption of recombi-
nant proteins of the African swine fever virus have been worked out and optimal concentrations of ELISA diagnostic 
components have been determined for the detection of antibodies to antigens of the African swine fever virus. An ELISA 
diagnosticum has been developed to detect specific antibodies to the African swine fever virus. Rabbits were immunized 
and specific serums for the African swine fever virus were obtained. The selection of optimal concentrations of diag-
nostic components for the detection of antibodies to the ASF virus antigen was carried out. The developed ELISA diag-
nostic was tested in terms of specificity and sensitivity. 

Keywords: African swine fever virus, Recombinant antigens, ELISA diagnostic, specificity, sensitivity. 
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ɺɺɽɼɽʅʀɽ 
ɸʬʨʠʢʘʥʩʢʘʷ ʯʫʤʘ ʩʚʠʥʝʡ (ɸʏʉ) ï 

ʚʠʨʫʩʥʘʷ ʙʦʣʝʟʥʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʳ-
ʩʦʢʦʡ ʢʦʥʪʘʛʠʦʟʥʦʩʪʴʶ. ɺʦʟʙʫʜʠʪʝʣʝʤ ʟʘ-
ʙʦʣʝʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ɼʅʂ-ʩʦʜʝʨʞʘʱʠʡ ʚʠ-
ʨʫʩ ʩʝʤʝʡʩʪʚʘ Asfarviridae ʩ ʨʘʟʤʝʨʦʤ ʚʠ-
ʨʠʦʥʘ 175ï215 ʥʤ [1]. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ 
ʫʩʣʦʚʠʷʭ ʢ ɸʏʉ ʚʦʩʧʨʠʠʤʯʠʚʳ ʜʦʤʘʰʥʠʝ 
ʠ ʜʠʢʠʝ ʩʚʠʥʴʠ ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ. ʉʢʦʨʦʩʪʴ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʪʝʧʝʥʴ ʧʘʪʦʛʝʥʥʦʩʪʠ 
ʚʠʨʫʩʘ ɸʏʉ ʪʘʢʦʚʳ, ʯʪʦ ʵʪʘ ʠʥʬʝʢʮʠʷ ʩʧʦ-
ʩʦʙʥʘ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ (3ï5 ʤʝʩʷʮʝʚ) ʧʨʠ-
ʚʝʩʪʠ ʢ ʦʛʨʦʤʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ 
ʠʣʠ ʜʘʞʝ ʧʦʣʥʦʡ ʫʪʨʘʪʝ ʧʦʛʦʣʦʚʴʷ ʩʚʠʥʝʡ 
[2, 3]. 

ʕʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 
ɸʏʉ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ ʯʨʝʟʚʳʯʘʡʥʦ  ʙʳʩʪʨʦʤ 

ʠʟʤʝʥʝʥʠʠ ʬʦʨʤ ʪʝʯʝʥʠʷ ʠʥʬʝʢʮʠʠ ʩʨʝʜʠ 
ʜʦʤʘʰʥʠʭ ʩʚʠʥʝʡ ï ʦʪ ʦʩʪʨʦʛʦ ʩʦ 100%-
ʥʦʡ ʣʝʪʘʣʴʥʦʩʪʴʶ ʜʦ ʭʨʦʥʠʯʝʩʢʦʛʦ ʠ ʙʝʩ-
ʩʠʤʧʪʦʤʥʦʛʦ ʥʦʩʠʪʝʣʴʩʪʚʘ ʠ ʥʝʧʨʝʜʩʢʘʟʫ-
ʝʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ̫. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ɸʏʉ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʦʟʙʫʜʠʪʝʣʷ 
ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ, ʩʣʝʜʫʝʪ ʫʯʠ-
ʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʙʦʣʝʟʥʠ ʠ 
ʝʝ ʬʦʨʤʳ. ʇʨʠ ʩʚʝʨʭʦʩʪʨʦʡ ʠ ʦʩʪʨʦʡ ʬʦʨ-
ʤʘʭ ʚʳʷʚʣʝʥʠʝ ʚʠʨʫʩʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠ-
ʪʝʣ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʧʨʦʙʘʭ ʩʝʣʝʟʝʥʢʠ, 
ʪʘʢ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʦʧʨʦʜʫʮʠ-
ʨʫʶʱʠʝ ʢʣʝʪʢʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʪʠʪʝʣʘ 
ʧʦʷʚʣʷʶʪʩʷ ʪʘʤ ʥʘ 2-3-ʠ ʩʫʪʢʠ ʧʦʩʣʝ ʠʥ-
ʬʠʮʠʨʦʚʘʥʠʷ,   ʚ  ʪʦ  ʚʨʝʤʷ  ʢʘʢ  ʞʠʚʦʪʥʳʝ 
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ʛʠʙʥʫʪ ʫʞʝ ʥʘ 3ï7-ʝ ʩʫʪʢʠ [4]. ʇʨʠ ʧʦʜʦ-
ʩʪʨʦʤ ʠ ʭʨʦʥʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʙʦʣʝʟʥʠ ʚʠ-
ʨʫʩʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ ʚ ʢʨʦʚʠ ʧʦʷʚ-
ʣʷʶʪʩʷ ʥʘ 7ï10-ʝ ʩʫʪʢʠ, ʜʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʚʳʷʚʣʝʥʠʝ ʚʠʨʫʩ-
ʥʦʛʦ ʘʥʪʠʛʝʥʘ ʠʣʠ ʛʝʥʦʤʘ ʚ ʢʨʦʚʠ, ʪʘʢ ʢʘʢ 
ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʪʝʯʝʥʠʷ ɸʏʉ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ ʚʠʨʝʤʠʝʡ [5]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 
ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʨʫʩʥʳʭ ʘʥʪʠʛʝʥʦʚ ʠ ʘʥʪʠ-
ʪʝʣ ʢ ʥʠʤ ʷʚʣʷʝʪʩʷ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ 
ʘʥʘʣʠʟ (ʀʌɸ). ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘ-
ʶʪʩʷ ʚ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ 
ʠ ʧʨʦʩʪʦʪʝ ʧʦʩʪʘʥʦʚʢʠ ʨʝʘʢʮʠʠ, ʩʨʘʚʥʠ-
ʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʫʥʠʚʝʨ-
ʩʘʣʴʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨʳ 
ʘʥʘʣʠʟʘ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʦʠʟʦ-
ʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʌɸ-ʥʘʙʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥ-
ʥʳʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʨʘʟʨʘʙʦʪʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦ-
ʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (ʄʢɸ), ʢʦʪʦʨʳʝ 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʣʠ ʧʦʣʠʢ-
ʣʦʥʘʣʴʥʳʝ ʥʝ ʪʦʣʴʢʦ ʚ çʩʵʥʜʚʠʯè-ʚʘʨʠ-
ʘʥʪʘʭ ʀʌɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʥʘʨʫ-
ʞʝʥʠʷ ʘʥʪʠʛʝʥʘ, ʥʦ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʩʪ-
ʩʠʩʪʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʘʥʪʠ-
ʪʝʣ, ʛʜʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʲ-
ʶʛʘʪʦʚ ʠʣʠ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʘ [6, 7]. 
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 
ʀʌɸ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʢʦʤʙʠ-
ʥʘʥʪʥʳʝ ʘʥʪʠʛʝʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʠʤʤʫʥʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʘʪʠʚʥʳʭ ʙʝʣʢʦʚ 
ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʭʦʨʦʰʦ ʦʭʘʨʘʢ-
ʪʝʨʠʟʦʚʘʥʥʳʝ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʝ-
ʧʘʨʘʪʳ [8, 9, 10]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ 
ʨʘʟʨʘʙʦʪʢʘ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʜʠʘʛʥʦ-
ʩʪʠʢʫʤʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʚʠʨʫʩʫ 
ʘʬʨʠʢʘʥʩʢʦʡ ʯʫʤʳ ʩʚʠʥʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 
ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦ-
ʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʩʦʚʤʝʩʪʥʦ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ-ʧʘʨʪʥʝʨʦʤ ï 
ʎʝʥʪʨʦʤ ʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 
(ʂʫʙʘ). 

 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʦʪʜʝʣʝ ʚʠʨʫʩ-

ʥʳʭ ʠʥʬʝʢʮʠʡ, ʦʪʜʝʣʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝ-
ʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ 
ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝ-
ʪʝʨʠʥʘʨʠʠ   ʠʤ.  ʉ.ʅ.  ɺʳʰʝʣʝʩʩʢʦʛʦè  ʠ  ʚ 

ʎʝʥʪʨʝ ʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 
(ʂʫʙʘ). 

ʇʦʣʫʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʘʥʪʠ-
ʛʝʥʦʚ. ʈʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʚʠʨʫʩʘ ɸʏʉ 
ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʎʝʥʪʨʦʤ ʠʥʞʝʥʝʨʠʠ 
ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ (ʂʫʙʘ). ʇʦʣʫʯʝʥʠʝ ʨʝ-
ʢʦʤʙʠʥʘʥʪʥʳʭ ʘʥʪʠʛʝʥʦʚ ʚʠʨʫʩʘ ɸʏʉ ʦʩʫ-
ʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʢʣʦʥʠʨʦʚʘʥʠʷ ʠ ʵʢʩ-
ʧʨʝʩʩʠʠ ʙʝʣʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʜʚʫʤʷ ʛʝʥʘʤʠ 
ʜʘʥʥʦʛʦ ʚʠʨʫʩʘ: p72 (B646L) ʠ p30 
(CP204L). ɻʝʥ p72 ʦʪʚʝʯʘʝʪ ʟʘ ʩʠʥʪʝʟ ʢʘʧ-
ʩʠʜʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 
ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚʠʨʠʦʥʘ, 
ʛʝʥ p30 ʢʦʜʠʨʫʝʪ ʪʘʢʞʝ ʙʝʣʦʢ ʦʙʦʣʦʯʢʠ 
ʚʠʨʠʦʥʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʨʫʩʘ ʩ ʢʣʝʪʢʘʤʠ-ʭʦʟʷʝ-
ʚʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʠʥʬʝʢʮʠʦʥʥʳʭ 
ʩʚʦʡʩʪʚ. ʆʨʛʘʥʠʟʘʮʠʷ-ʧʘʨʪʥʝʨ ʧʨʝʜʦʩʪʘʚʠ-
ʣʘ ʢʨʘʪʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʪʦʜʘʭ ʢʦʥ-
ʪʨʦʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʛʝʥʦʚ ʠ ʢʣʦʥʠ-
ʨʦʚʘʥʠʠ ʚʝʢʪʦʨʦʚ. 

ʆʧʪʠʤʠʟʘʮʠʶ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 
ʧʦʤʦʱʴʶ ʦʥʣʘʡʥ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫ-
ʤʝʥʪʦʚ (CodonOptimizationTool). ʅʝʦʙʭʦ-
ʜʠʤʳʝ ʬʨʘʛʤʝʥʪʳ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʥʦʚ ʙʳʣʠ 
ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦ. ʇʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʛʝʥʘ ʨʘʟʙʠ-
ʚʘʣʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 
ʬʨʘʛʤʝʥʪʦʚ (250ï300 ʧ.ʥ. ʢʘʞʜʳʡ). ʕʪʠ 
ʬʨʘʛʤʝʥʪʳ ʟʘʪʝʤ ʧʦʜʚʝʨʛʣʠʩʴ ʛʠʙʨʠʜʠʟʘ-
ʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʇʎʈ-ʘʤʧʣʠ-
ʬʠʢʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ, 
ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʢʨʘʡʥʠʤ 5'- ʠ 3'-ʢʦʥʮʘʤ 
ʮʝʣʝʚʦʛʦ ʛʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʥʳ ʙʳʣʠ 
ʢʣʦʥʠʨʦʚʘʥʳ ʚ ʚʝʢʪʦʨʳ pET24a ʠ pET-24b. 
ɼʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʚ 
ʢʦʤʧʝʪʝʥʪʥʳʝ ʢʣʝʪʢʠ E. coli BL21 (DE3). 
ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʨʝʜʝ LB. 
ʇʦʣʫʯʝʥʥʫʶ ʙʠʦʤʘʩʩʫ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʝʨʠ-
ʬʠʢʘʮʠʠ ʣʠʟʠʨʦʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʦʯʠ-
ʱʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʬʬʠʥʥʦʡ 
ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʦʩʥʦʚʝ 6xHis-ʪʝʛʘ 
(6xHis-ʪʝʛ ï ɻʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʰʝ-
ʩʪʠ ʛʠʩʪʠʜʠʥʦʚʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪ-
ʢʦʚ (His-His-His-His-His-His), ʢʦʪʦʨʘʷ ʜʦ-
ʙʘʚʣʷʝʪʩʷ ʢ N-ʢʦʥʮʫ (ʠʥʦʛʜʘ ʢ ʉ-ʢʦʥʮʫ) 
ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ɻʠʩʪʠʜʠʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦ-
ʢʦʡ ʘʬʬʠʥʥʦʩʪʴʶ (ʩʨʦʜʩʪʚʦʤ) ʢ ʠʦʥʘʤ   

ʥʠʢʝʣʷ (NiĮω) ʠ ʢʦʙʘʣʴʪʘ (CoĮω). ʕʪʦ ʩʚʦʡ-
ʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʨʝʢʦʤʙʠ-
ʥʘʥʪʥʦʛʦ ʙʝʣʢʘ ʩ ʧʦʤʦʱʴʶ ʘʬʬʠʥʥʦʡ ʭʨʦ-
ʤʘʪʦʛʨʘʬʠʠ (ʢʦʣʦʥʢʠ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘ-        
ʬʠʠ  Econo-PacÈ  ChromatographyColumns, 
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Pkgof 50 #7321010 ʩ ʩʦʨʙʝʥʪʦʤ, ʩʦʨʙʝʥʪ 
NuviaÊ IMACResin, 25 ml #7800800). ʆʯʠ-
ʱʝʥʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʙʳʣʠ ʢʦʣʠ-
ʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʝʪʦʜʘ ɹʨʵʜʬʦʨʜʘ [11]. 

ɸʜʩʦʨʙʮʠʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ. 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʠʩʪʠ-
ʨʦʣʦʚʳʝ ʠʤʤʫʥʥʳʝ ʧʣʘʥʰʝʪʳ ʆɸʆ 
çʌʠʨʤʘ ʄʝʜʧʦʣʠʤʝʨè ʠ çSarstedtè (ɻʝʨ-
ʤʘʥʠʷ). ʈʝʘʢʪʠʚʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʀʌɸ-
ʘʥʘʣʠʟʘ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʬʠʨʤʝ çSig-
maè (ʉʐɸ).  

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʧʘʨʘʤʝʪʨʦʚ ʘʜʩʦʨʙ-
ʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ 
ʚʠʨʫʩʘ ɸʏʉ ʥʘ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʙʝʣʢʘ ï 2,0 ʤʢʛ/ʤʣ, 3,0 ʤʢʛ/ʤʣ, 3,5 ʤʢʛ/ʤʣ. 
ʆʙʲʝʤ ʚʥʝʩʝʥʥʦʛʦ ʙʝʣʢʘ ʚ ʣʫʥʢʫ ʩʦʩʪʘʚʣʷʣ 
100,0 ʤʢʣ (ʵʪʘ ʚʝʣʠʯʠʥʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ). 
ɺʨʝʤʷ ʘʜʩʦʨʙʮʠʠ ʙʳʣʦ ʨʘʟʥʳʤ ï 16 ʯ ʠ     
24 ʯ. ɸʜʩʦʨʙʮʠʶ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ ʧʣʶʩ 4 Áʉ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-
ʧʝʨʘʪʫʨʝ. ɼʣʷ ʘʜʩʦʨʙʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 
ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʩʪʠʨʦʣʦʚʦʛʦ 
ʧʣʘʥʰʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʘʜ-
ʩʦʨʙʠʨʫʶʱʠʭ ʙʫʬʝʨʘ: 0,05 ʄ Na-ʛʠʜʨʦ-
ʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ, ʨʅ 9,5; 0,025 ʄ Na-
ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, ʨʅ 7,5; 0,1 ʄ ʛʣʠʮʠʥ-
HCl ʙʫʬʝʨ, ʨʅ 2,8. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʤʳʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ʠʩʧʦʣʴʟʦʚʘʣʠ 0,05 ʄ ʥʘʪʨʠʡ-ʬʦʩʬʘʪʥʳʡ 
ʙʫʬʝʨ, ʨH 7,4, ʩʦʜʝʨʞʘʱʠʡ 0,2 ʄ ʂʘʉ1 
(ʌʉɹ) ʠ 0,05%-ʥʳʡ ʨʘʩʪʚʦʨ ʪʚʠʥʘ-20 
(ʌʉɹʊ) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ 
ʙʳʯʴʝʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ (ɹʉɸ) ʚ 
ʌʉɹ. 

ʉʭʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʀʌɸ: ʘʜʩʦʨʙʮʠʷ 
ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʘʥʪʠʛʝʥ, ʦʪ-
ʤʳʚʢʘ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʙʝʣʢʦʚ ʧʨʦʤʳʚʦʯ-
ʥʳʤ ʙʫʬʝʨʦʤ, ʚʥʝʩʝʥʠʝ ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʢ 
ʚʠʨʫʩʫ ɸʏʉ, ʠʥʢʫʙʘʮʠʷ ʩ ʘʥʪʠʛʝʥʦʤ ʚ ʪʝ-
ʯʝʥʠʝ 1,5 ʯ. ʇʣʘʥʰʝʪ ʧʨʦʤʳʚʘʣʠ ʪʨʠ ʨʘʟʘ 
ʧʨʦʤʳʚʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ 
ʢʦʤʧʣʝʢʩʘ ʘʥʪʠʛʝʥ+ʘʥʪʠʪʝʣʦ ʚ ʣʫʥʢʠ ʚʥʦ-
ʩʠʣʠ ʢʦʥʲʶʛʘʪ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 
60 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʩʦʜʝʨʞʠʤʦʝ ʠʟ ʣʫʥʦʢ 
ʫʜʘʣʷʣʠ, ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʧʨʦʤʳʚʦʯ-
ʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʚʥʦʩʠʣʠ ʭʨʦʤʦʛʝʥ-ʩʫʙ-
ʩʪʨʘʪ, ʩʦʜʝʨʞʘʱʠʡ 0,1%-ʥʳʡ ʨʘʩʪʚʦʨ ʦʨʪʦ-
ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ, 0,05%-ʥʫʶ ʢʦʥʮʝʥʪʨʘ-
ʮʠʶ H2O2 ʠ 0,1%-ʥʳʡ ʨʘʩʪʚʦʨ ʮʠʪʨʘʪʘ 
ʥʘʪʨʠʷ, ʠ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʨʝʘʢʮʠʶ ʚʥʝʩʝʥʠ-
ʝʤ ʩʪʦʧ-ʨʘʩʪʚʦʨʘ (10%-ʥʳʡ ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ). ʋʯʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʀʌɸ ʧʨʦʚʦʜʠ-
ʣʠ, ʠʟʤʝʨʷʷ ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘ 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ        
450 ʥʤ. ʈʝʘʢʮʠʶ ʫʯʠʪʳʚʘʣʠ, ʝʩʣʠ ʦʪʥʦʰʝ-
ʥʠʝ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪ-
ʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
ʢʦʥʪʨʦʣʝʡ ʂ+/ʂ- ʩʦʩʪʘʚʣʷʣʦ Ó1,5 (ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʧʦʚʳʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʪʠʩʳʚʦʨʦʪʦʢ ʢ 
ʨʝʢʦʤʙʠʥʘʥʪʥʳʤ ʙʝʣʢʘʤ ʚʠʨʫʩʘ ʠʤʤʫʥʠ-
ʟʠʨʦʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ï ʢʣʠ-
ʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʢʨʦʣʠʢʦʚ ʞʠʚʦʡ ʤʘʩʩʦʡ 
2,5ï3,0 ʢʛ. ɺ ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʘ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ Montanide ISA 70. 
ʀʤʤʫʥʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ: ʘʥʪʠ-
ʛʝʥ ɸʏʉ (ʦʙʨʘʟʮʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ 
ˉ 1, ˉ 2, ˉ 3) ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʚ 
ʦʙʣʘʩʪʴ ʧʦʷʩʥʠʮʳ ʧʦ 0,5 ʤʛ ʙʝʣʢʘ ʚ ʜʚʝ 
ʪʦʯʢʠ ʩ 0,5 ʤʣ Montanide ISA 70 (1:1). ʏʝ-
ʨʝʟ 7, 14 ʠ 21 ʜʝʥʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʯʝʨʝʟ 
3 ʥʝʜʝʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ ʚʚʦʜʠʣʠ ʨʝ-
ʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦ ʚ 
ʚʦʟʨʘʩʪʘʶʱʠʭ ʜʦʟʘʭ: 0,75; 1,0; 1,2 ʠ 1,5 ʤʛ. 
ʏʝʨʝʟ 10 ʩʫʪʦʢ ʧʦʩʣʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʠʥʲ-
ʝʢʮʠʠ ʙʨʘʣʠ ʢʨʦʚʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʢʦʧʣʝ-
ʥʠʷ ʘʥʪʠʪʝʣ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ 
ʠʤʤʫʥʠʟʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 3 ʤʝʩʷʮʘ. ʂ ʦʙʨʘʟ-
ʮʘʤ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ˉ 1, ˉ 2,    
ˉ 3 ʧʦʣʫʯʝʥʳ ʘʥʪʠʩʳʚʦʨʦʪʢʠ ˉ 1, ˉ 2,  
ˉ 3, ʢʦʪʦʨʳʝ ʧʨʦʚʝʨʷʣʠ ʥʘ ʥʘʣʠʯʠʝ ʙʝʣʢʘ 
ʤʝʪʦʜʦʤ ɹʨʵʜʬʦʨʜʘΦ ʊʠʪʨ ʘʥʪʠʪʝʣ ʧʨʦʚʝ-
ʨʷʣʠ ʚ ʨʝʘʢʮʠʠ ʀʌɸ ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ 
INGEZIM ʈʈɸ DAS (çIngenasaè, ʀʩʧʘʥʠʷ). 

ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʀʌɸ-ʜʠʘʛ-
ʥʦʩʪʠʢʫʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ 
ʙʝʣʢʠ ʚʠʨʫʩʘ ɸʏʉ, ʢʦʪʦʨʳʝ ʚʥʦʩʠʣʠ ʧʦ 
100,0 ʤʢʣ ʚ ʣʫʥʢʠ ʧʘʥʝʣʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
ʘʥʪʠʛʝʥʘ 3,0 ʤʢʛ/ʤʣ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥ-
ʥʦʡ ʚʳʰʝ. 

ɸʥʪʠʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʨʘʟʚʦʜʠʣʠ 
1:400, 1:800, 1:1600, 1:3200, 1:6400 ʚ         
pH 7,4 (0,02 ʄ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʡ ʙʫʬʝʨ) ʠ 
ʚʥʦʩʠʣʠ ʧʦ 100,0 ʤʢʣ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʣʫʥʢʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʥʝʣʠ. ʇʘʥʝʣʠ 
ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. 

ʈʘʙʦʯʠʡ ʨʘʩʪʚʦʨ ʘʥʪʠʢʨʦʣʠʯʴʝʛʦ 
ʢʦʥʲʶʛʘʪʘ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ (çSigmaè) 
ʚʥʦʩʠʣʠ ʚʦ ʚʩʝ ʣʫʥʢʠ ʧʘʥʝʣʠ ʧʦ 100,0 ʤʢʣ. 
ʇʘʥʝʣʴ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʧʝʨʝʥʦʩʠʣʠ 
ʚ ʪʝʨʤʦʩʪʘʪ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘ-
ʪʫʨʝ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɿʘʪʝʤ ʣʫʥʢʠ ʦʩʚʦ-
ʙʦʞʜʘʣʠ ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ ʧʫʪʝʤ ʩʪʨʷ-     
ʭʠʚʘʥʠʷ  ʠ  3-ʢʨʘʪʥʦ  ʧʨʦʤʳʚʘʣʠ, ʚʥʦʩʷ  ʧʦ 
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0,25 ʤʣ 0,02 ʄ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʛʦ ʙʫʬʝʨʘ 
pH 7,4 ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ. 

ɿʘʪʝʤ ʚʦ ʚʩʝ ʣʫʥʢʠ ʧʘʥʝʣʠ ʚʥʦʩʠʣʠ 
ʧʦ 100,0 ʤʢʣ ʩʫʙʩʪʨʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩ-
ʪʚʦʨʘ (ʊʄɹ). ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʩʫʙʩʪʨʘʪʥʦʡ 
ʩʤʝʩʠ ʧʘʥʝʣʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʤʥʦʝ ʤʝʩʪʦ, 
ʯʝʨʝʟ 15ï20 ʤʠʥ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ 
ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ 100,0 ʤʢʣ 
ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 
10 %.  

ʉʨʘʚʥʝʥʠʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʜʠ-
ʘʛʥʦʩʪʠʢʫʤʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʯʫʚʩʪʚʠʪʝʣɹ -
ʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʧʨʦʚʝʣʠ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʩʠʩʪʝʤʳ INGEZIM ʈʈɸ 
DAS (çIngenasaè, ʀʩʧʘʥʠʷ). ɼʣʷ ʧʨʦʚʝʜʝ-
ʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠ ʨʝʬʝʨʝʥʩʥʳʝ ʩʚʠʥʳʝ ʩʳʚʦʨʦʪʢʠ (3 ʧʦ-
ʣʦʞʠʪʝʣʴʥʳʭ ʩʳʚʦʨʦʪʢʠ ʠ 1 ʦʪʨʠʮʘʪʝʣʴ-
ʥʘʷ), ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʎʝʥʪʨʦʤ ʛʝʥʝʪʠʯʝ-
ʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ (ʂʫʙʘ). 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʩʦʟʜʘʥʠʷ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʥʘʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʦʮʝʩʩʘ ʠʟʛʦ-
ʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ, ʚ ʧʝʨʚʫʶ  ʦʯʝʨʝʜʴ  ʩʪʘʥ- 
ʜʘʨʪʠʟʘʮʠʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʫ-
ʥʦʢ  ʧʦʣʠʤʝʨʥʳʭ  ʧʣʘʥʰʝʪʦʚ ʨʝʢʦʤʙʠʥʘʥʪ- 

ʥʳʭ ʙʝʣʢʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʘʜʩʦʨʙʮʠʠ 
ʙʝʣʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʢʦʚʳʭ ʧʣʘʥ-
ʰʝʪʦʚ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʣʝʢʫʣ ʪʝʨʷʝʪ ʩʚʦʶ 
ʘʢʪʠʚʥʦʩʪʴ. ʕʪʦ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʚ 
ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ J.K. Jancovich [3]. ɹʳʣʦ 
ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʢʦʣʦ 75 % ʘʥʪʠʛʝʥʦʚ ʠ 
ʙʦʣʝʝ 90 % ʘʥʪʠʪʝʣ ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʶ ʙʠʦ-
ʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʭ 
ʧʦʜʚʝʨʛʘʣʠ ʦʙʳʯʥʦʡ ʜʣʷ ʀʌɸ ʧʨʦʮʝʜʫʨʝ ï 
ʧʘʩʩʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘ-
ʩʪʠʢʦʚʳʭ ʧʣʘʥʰʝʪʦʚ ʚ ʢʘʨʙʦʥʘʪʥʦʤ ʙʫʬʝ-
ʨʝ (ʨʅ 9,6). 

ɼʣʷ ʘʜʩʦʨʙʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ 
ʙʝʣʢʦʚ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʘʩ-
ʩʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ. 

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 
ʢʘʢ ʩʦʩʪʘʚ ʙʫʬʝʨʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʧʣʘʥʰʝʪʘ, 
ʫʩʣʦʚʠʷ ʘʜʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʦʚ, ʪʝʤʧʝʨʘʪʫʨ-
ʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʝʞʠʤʳ ʠʥʢʫʙʘʮʠʠ ʥʘʧʨʷ-
ʤʫʶ ʚʣʠʷʶʪ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʦʧʦ-
ʩʪʘʚʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʝʨʝ-
ʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷ-
ʶʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʘʜʩʦʨʙ-
ʮʠʠ ʘʥʪʠʛʝʥʘ, ʫʨʦʚʝʥʴ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 
ʬʦʥʘ, ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ-
ʢʨʳʪʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʨʘʙʦʪʢʠ ʧʘʨʘʤʝʪʨʦʚ 
ʧʦʩʪʘʥʦʚʢʠ ʀʌɸ ʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʙʝʣ-
ʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʆʪʨʘʙʦʪʢʘ ʧʘʨʘʤʝʪʨʦʚ ʘʜʩʦʨʙʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʚʠʨʫʩʘ 
ɸʏʉ ʥʘ ʧʦʣʠʩʪʠʨʦʣʦʚʳʭ ʧʣʘʥʰʝʪʘʭ 

ʀʩʧʦʣʴʟʫʝʤʳʝ  
ʙʫʬʝʨʳ 

ʇʦʢʘʟʘʪʝʣʴ æʆʇ ʂ+/ʂ- 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʘ,  
ʤʢʛ/ʤʣ 

ʚʨʝʤʷ ʘʜʩʦʨʙʮʠʠ, ʯ 
ʪʝʤʧʝʨʘʪʫʨʘ 
ʘʜʩʦʨʙʮʠʠ 

2,0 3,0 3,5 16 24 ʢʦʤʥʘʪʥʘʷ 4 Áʉ 

0,05 ʄ Na-
ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ  
ʙʫʬʝʨ, ʨʅ 9,5 

1,5Ñ0,05 2,4Ñ0,07 2,35Ñ0,03 2,1Ñ0,07 1,9Ñ0,01 1,9Ñ0,02 2,5Ñ0,01 

0,025 ʄ Na-ʬʦʩʬʘʪʥʳʡ 
ʙʫʬʝʨ, ʨʅ 7,5 

1,6Ñ0,03 2,0Ñ0,08 2,0Ñ0,01 2,1Ñ0,09 2,0Ñ0,03 1,98Ñ0,05 2,0Ñ0,03 

0,1 ʄ ʛʣʠʮʠʥ-HCl  
ʙʫʬʝʨ, ʨʅ 2,8. 

1,4Ñ0,02 1,5Ñ0,05 1,5Ñ0,04 1,6Ñ0,03 1,63Ñ0,05 1,87Ñ0,03 1,9Ñ0,03  

ʂʦʥʪʨʦʣʴ ʩ 0,1 ʄ ʂɹɹ  
ʩ pH 9,4 (ʢʦʤʤʝʨʯʝʩʢʘʷ 
ʪʝʩʪ-ʩʠʩʪʝʤʘ) 

1,5Ñ0,05 2,4Ñ0,07 2,35Ñ0,05 2,1Ñ0,04 1,9Ñ0,01 2,0Ñ0,01 2,5Ñ0,09 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʥʘʠʙʦʣʝʝ 
ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʩʪʘʥʦʚʢʠ 
ʀʌɸ ʩ ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʙʝʣʢʘʤʠ ʷʚʣʷʶʪ-
ʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 0,05 ʄ Na-ʛʠʜʨʦʢʘʨʙʦ-
ʥʘʪʥʦʛʦ ʙʫʬʝʨʘ ʩ ʨʅ 9,5, ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʙʝʣʢʘ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʣʘʥʰʝʪʳ            
3,0  ʤʢʛ/ʤʣ  (ʤʝʥʴʰʘʷ  ʢʦʥʮʝʥʪʨʘʮʠʷ  ʙʝʣʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ æʆʇ 
ʂ+/ʂ- ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʘ ʫʚʝʣʠ-
ʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴ-
ʰʝʡ ʧʣʦʪʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʙʝʣʢʘ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʣʘʥʰʝʪʘ). ʇʦ ʚʨʝʤʝʥʠ ʘʜʩʦʨʙ-
ʮʠʠ ʙʝʣʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʰʝʪʘ ʜʦʩʪʘ-
ʪʦʯʥʦ  16 ʯ,  ʧʨʠ  ʪʘʢʦʡ  ʜʣʠʪʝʣʴʥʦʩʪʠ   ʘʜ- 
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ʀʄʄʋʅʆɹʀʆʃʆɻʀʗ 

ʩʦʨʙʮʠʠ ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ æʆʇ ʂ+/ʂ- 
ʩʦʩʪʘʚʣʷʝʪ 2,1, ʢʘʢ ʠ ʚ ʢʦʥʪʨʦʣʝ. ʋʩʪʘʥʦʚ-
ʣʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʶ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʦʚʦ-
ʜʠʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʶʩ 4 Áʉ. 

ʇʦʩʣʝ ʠʤʤʫʥʠʟʘʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪ-
ʥʳʤʠ ʘʥʪʠʛʝʥʘʤʠ ˉ 1, ˉ 2, ˉ 3 ʫ ʚʩʝʭ 
ʢʨʦʣʠʢʦʚ  ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʚʳʨʘʙʦʪʘʣʠʩʴ 

ʘʥʪʠʪʝʣʘ, ʪ.ʝ. ʥʘ ʜʘʥʥʳʝ ʙʝʣʢʠ ʫ ʞʠʚʦʪʥʳʭ 
ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ. ɺ ʪʘʙʣʠʮʝ 2 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʳʚʦ-
ʨʦʪʦʢ ʢʨʦʚʠ ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʳʭ ʢʨʦʣʠʢʦʚ 
ʥʘ ʥʘʣʠʯʠʝ ʘʥʪʠʪʝʣ ʢ ʚʠʨʫʩʫ ɸʏʉ ʤʝʪʦʜʦʤ 
ʀʌɸ. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʘʥʪʠʛʝʥʦʚ 
ʧʨʠ ʚʥʫʪʨʠʤʳʰʝʯʥʦʤ ʚʚʝʜʝʥʠʠ 

ʇʦʢʘʟʘʪʝʣʠ 
ʊʠʪʨʳ ʘʥʪʠʪʝʣ 

400 800 1600 3200 6400 

ˉ 1 æʆʇ ʂ+/ʂ- 4,3Ñ0,6 3,0Ñ0,03 1,9Ñ0,03 1,2Ñ0,02 1,0Ñ0,02 

ˉ 2 æʆʇ ʂ+/ʂ- 4,3Ñ0,04 3,1Ñ0,04 1,8Ñ0,01 1,1Ñ0,03 0,9Ñ0,01 

ˉ 3 æʆʇ ʂ+/ʂ- 4,0Ñ0,01 2,8Ñ0,08 1,7Ñ0,04 1,1Ñ0,06 0,8Ñ0,02 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʚʦ ʚʩʝʭ ʧʦ-
ʣʫʯʝʥʥʳʭ ʩʳʚʦʨʦʪʢʘʭ ʫʨʦʚʝʥʴ ʘʥʪʠʪʝʣ ʜʦ-
ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʤ ʨʘʟʚʝ-
ʜʝʥʠʠ (1:1600). ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ æʆʇ 
ʂ+/ʂ- ʩʦʩʪʘʚʣʷʣʠ 1,9 (ʦʙʨʘʟʝʮ ˉ 1), 1,8 
(ʦʙʨʘʟʝʮ ˉ 2) ʠ 1,7 (ʦʙʨʘʟʝʮ ˉ 3). ʅʘʠʣʫʯ-
ʰʠʤʠ ʠʤʤʫʥʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘ-
ʶʪ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ ˉ 1 ʠ ̄ 2: ʧʦ-
ʢʘʟʘʪʝʣʴ æʆʇ ʂ+/ʂ- ʩʦʩʪʘʚʠʣ 4,3 ʧʨʠ ʨʘʟʚʝ-
ʜʝʥʠʠ ʩʳʚʦʨʦʪʢʠ ˉ 1 1:400 ʠ 3,0 ï ʧʨʠ ʨʘʟ-
ʚʝʜʝʥʠʠ 1:800. ʀʌɸ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴ-
ʥʦʡ ʧʨʠ ʚʝʣʠʯʠʥʝ ʧʦʢʘʟʘʪʝʣʷ æʆʇ ʂ+/ʂ- 
ʙʦʣʴʰʝ 1,5. ɼʣʷ ʦʙʨʘʟʮʘ ˉ 2 ʵʪʠ ʧʦʢʘʟʘʪʝ-
ʣʠ ʩʦʩʪʘʚʠʣʠ 4,3 ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ 1:400,      
3,1 ï ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ 1:800 ʠ 1,8 ï ʧʨʠ ʨʘʟ-
ʚʝʜʝʥʠʠ 1:1600. 

ɺ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʘʥʪʠʩʳʚʦʨʦʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʤʤʫʥʠʟʘ- 

ʮʠʠ ʘʥʪʠʛʝʥʦʤ ʚʠʨʫʩʘ ɸʏʉ ˉ 1 (ʟʥʘʯʝʥʠʝ 
ʧʦʢʘʟʘʪʝʣʷ æʆʇ ʂ+/ʂ- 1,9 ʧʨʠ ʨʘʟʚʝʜʝʥʠʠ 
ʩʳʚʦʨʦʪʢʠ 1:1600).  

ʋʩʧʝʭ ʨʘʟʨʘʙʦʪʢʠ ʀʌɸ-ʜʠʘʛʥʦʩ-
ʪʠʢʫʤʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʠʜʘ ʙʝʣʢʦʚʳʭ ʙʣʦʢʘʪʦ-
ʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ, ʦʙʝʟʞʠ-
ʨʝʥʥʦʝ ʤʦʣʦʢʦ, ʘʣʴʙʫʤʠʥ, ʵʤʙʨʠʦʥʘʣʴʥʘʷ 
ʩʳʚʦʨʦʪʢʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ʉʪʘ-
ʙʠʣʴʥʳʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʀʌɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 
ʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʘ ʚ 0,05 ʄ Na-ʛʠʜʨʦʢʘʨ-
ʙʦʥʘʪʥʦʤ ʙʫʬʝʨʝ ʩ ʨʅ 9,5 ʠ ʙʣʦʢʠʨʦʚʘʥʠʠ 
ʧʘʥʝʣʝʡ 0,4%-ʥʳʤ ʩʫʭʠʤ ʦʙʝʟʞʠʨʝʥʥʳʤ 
ʤʦʣʦʢʦʤ ï ʟʥʘʯʝʥʠʝ æʆʇ ʂ+/ʂ- ʩʦʩʪʘʚʠʣʦ 
2,4 (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3 ï ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 
ʀʌɸ 

ʇʦʢʘʟʘʪʝʣʠ 
ɺʘʨʠʘʥʪʳ ʙʣʦʢʠʨʦʚʢʠ ʧʘʥʝʣʠ (0,1 ʄ ʂɹɹ ʩ pH 9,4) 

0,1%-ʥʳʡ 
ɹʉɸ 

0,4%-ʥʦʝ 
ʤʦʣʦʢʦ 

0,1%-ʥʳʡ  
ʘʣʴʙʫʤʠʥ 

0,1%-ʥʘʷ ʵʤʙʨʠʦʥʘʣʴʥʘʷ 
ʩʳʚʦʨʦʪʢʘ 

æʆʇ ʂ+/ʂ- 1,9Ñ0,04 2,4Ñ0,01 2,1Ñ0,01 1,9Ñ0,04 

ʅʘ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʤʫʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʧʘʥʝʣʷʭ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝ-
ʣʝʡ ʩ ʙʫʬʝʨʦʤ ʂɹɹ ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ ʤʦʣʦ-
ʢʦʤ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʚʥʦʟʥʘʯ-
ʥʳʝ, ʟʥʘʯʝʥʠʝ æʆʇ ʂ+/ʂ- ʩʦʩʪʘʚʠʣʦ 2,4. 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʦʙʥʘʨʫ-
ʞʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʨʝʢʦʤʙʠʥʘʥʪʥʦʤʫ ʙʝʣʢʫ 
ʩʨʘʚʥʠʚʘʣʠ:  

- ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʥʝʣʠ ʨʘʟʥʳʭ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (ɸʆ çʌʠʨʤʘ ʄʝʜʧʦʣʠ-
ʤʝʨè, ʈʌ, çSarstedtè, ɻʝʨʤʘʥʠʷ) ʧʦ ʩʧʦʩʦʙ-
ʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʘʥʪʠʛʝʥ 
ɸʏʉ; 

- ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʘ 
(pH 5,0 ï 0,02 ʄ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʘ (ɸʮɹ), 
pH 7,2 ï 0,02 ʄ ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʦʛʦ ʙʫʬʝʨʘ 
(ʌʉɹ-ʊ); pH 8,0 ï 0,02 ʄ ʌʉɹ-ʊ), pH 9,4 ï 
0,1 ʄ ʂɹɹ) ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʀʌɸ; 

- ʚʨʝʤʷ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʨʙʮʠʠ      
(60 ʤʠʥ ʧʨʠ 37 Áʉ ʠ 16 ʯ ʧʨʠ 4 Áʉ); 

- ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʙʣʦʢʠʨʦʚʢʠ 
(ʤʦʣʦʢʦ, ɹʉɸ, ʵʤʙʨʠʦʥʘʣʴʥʘʷ ʩʳʚʦʨʦʪʢʘ 
ʂʈʉ) ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʀʌɸ. 

ɺ ʪʘʙʣʠʮʝ 4 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʀʌɸ ʥʘ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʤʫʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʘʥʝʣʷʭ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  
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ʀʄʄʋʅʆɹʀʆʃʆɻʀʗ 

ʂʘʢ ʚʠʜʥʦ, ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʥʘ ʧʘʥʝʣʷʭ çSarstedtè (ɻʝʨʤʘ-
ʥʠʷ), ʥʘ ʢʦʪʦʨʳʭ æʆʇ ʂ-/ʂ+ ʩʦʩʪʘʚʠʣʘ 2,3, 
ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʳ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʥʝʣʠ 
ʜʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘ-
ʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʩʦʨʙʮʠʠ ʘʥ-
ʪʠʛʝʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʀʌɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ ʨʅ. 

ʊʘʙʣʠʮʘ 4 ï ʉʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ 
ʨʝʢʦʤʙʠʥʘʥʪʥʦʤʫ ʘʥʪʠʛʝʥʫ ʚ ʢʦʥʢʫʨʝʥʪʥʦʤ ʀʌɸ 

ʇʦʢʘʟʘʪʝʣʠ 
ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʥʝʣʠ 

ɸʆ çʌʠʨʤʘ ʄʝʜʧʦʣʠʤʝʨè, ʈʌ çSarstedtè, ɻʝʨʤʘʥʠʷ 

ʆʇ 450 ʥʤ ʂ+ 0,4Ñ0,09 0,34Ñ0,06 

ʆʇ 450 ʥʤ ʂ- 0,85Ñ0,05 0,79Ñ0,08 

æʆʇ ʂ-/ʂ+ 2,1 2,3 

ʊʘʙʣʠʮʘ 5 ï ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ ʨʅ ʥʘ ʩʦʨʙʮʠʶ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ  
ʘʥʪʠʛʝʥʘ ʚ ʢʦʥʢʫʨʝʥʪʥʦʤ ʀʌɸ 

ʇʦʢʘʟʘʪʝʣʠ 

ʇʦʢʘʟʘʪʝʣʴ pH ʧʨʠ ʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʘ 

5,0 7,2 8,0 9,4 

ɸʮɹ ʌʉɹ-ʊ ʌʉɹ-ʊ ʂɹɹ 

ʆʇ 450 ʥʤ ʂ+ 0,34Ñ0,07 0,36Ñ0,07 0,38Ñ0,05 0,38Ñ0,012 

ʆʇ 450 ʥʤ ʂ- 0,69Ñ0,15 0,85Ñ0,05 0,92Ñ0,05 0,95Ñ0,03 

æʆʇ ʂ-/ʂ+ 2,02 2,36 2,42 2,50 

ʃʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʧʨʠ ʩʦʨʙʮʠʠ ʘʥʪʠʛʝʥʘ ʚ 0,02 ʄ ʬʦʩʬʘʪʥʦ-
ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ ʩ ʨʅ 7,2 ï ʧʦʢʘʟʘʪʝʣʴ æʆʇ 
ʂ-/ʂ+ ʩʦʩʪʘʚʠʣ 2,5 (ʧʨʠ ʠʥʢʫʙʘʮʠʠ 60 ʤʠʥ 
ʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ). ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 
ʢʦʥʪʘʢʪʘ ʜʦ 16 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ ʧʦ-
ʚʳʰʘʣʦ ʧʦʢʘʟʘʪʝʣʴ æʆʇ ʜʦ 2,6. 

ʉʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʪʠʛʝʥʘ 
ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ  ʙʝʣʢʘ  ʧʨʠ  ʚʥʝʩʝʥʠʠ  ʥʘ 

ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʥʝʣʠ çSarstedtè ʠʩ-
ʩʣʝʜʦʚʘʣʘʩʴ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10,0; 20,0; 
30,0 ʠ 40,0 ʤʢʛ/ʤʣ ʥʘ ʢʘʨʙʦʥʘʪʥʦ-ʙʠʢʘʨ-
ʙʦʥʘʪʥʦʤ ʙʫʬʝʨʝ ʩ pH 9,4 (ʪʘʙʣʠʮʘ 6). 

ɺ ʪʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʝʬʝʨʝʥʩʥʳʭ ʩʳʚʦʨʦʪʦʢ ʩ 
ʧʦʤʦʱʴʶ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠ-
ʢʫʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʝʩʪ-
ʩʠʩʪʝʤʦʡ.  

ʊʘʙʣʠʮʘ 6 ï ʉʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʠʛʝʥʘ 
10,0; 20,0; 30,0 ʠ 40,0 ʤʢʛ/ʤʣ  

ʇʦʢʘʟʘʪʝʣʠ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʥʪʠʛʝʥʘ, ʤʢʛ/ʤʣ 

10,0 20,0 30,0 40,0 

ʆʇ 450 ʥʤ ʂ+ 0,35Ñ0,06 0,36Ñ0,07 0,37Ñ0,06 0,36Ñ0,011 

ʆʇ 450 ʥʤ ʂ- 0,83Ñ0,13 1,10Ñ0,06 1,04Ñ0,07 0,95Ñ0,04 

æʆʇ ʂ-/ʂ+ 1,9 2,4 2,49 2,64 

ʊʘʙʣʠʮʘ 7 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ        
ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʝʩʪ-ʩʠʩʪʝʤʳ 

ʊʝʩʪ-ʩʠʩʪʝʤʳ 

ʈʝʬʝʨʝʥʩʥʳʝ ʩʳʚʦʨʦʪʢʠ, ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ˉ 1 ˉ 2 ˉ 3 ˉ 4 

ʨʘʟʚʝʜʝʥʠʷ ʩʳʚʦʨʦʪʦʢ 

1:10 1:20 1:30 1:10 1:20 1:30 1:10 1:20 1:30 1:10 1:20 1:30 

INGEZIM ʈʈɸ DAS 1,678 1,112 0,800 0,549 0,986 1,440 0,742 1,098 1,645 0,799 1,021 1,329 

ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤ 1,599 1,099 0,799 0,547 1,038 1,378 0,701 1,012 1,628 0,753 1,009 1,313 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ  
ʟʥʘʯʠʤʦʩʪʴ 

* * * * * * * * * * * * 

ʇʨʠʤʝʯʘʥʠʝ ï *ʨԇ0,05 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʩʨʘʚʥʠ-
ʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʙʣʠʮʘ 7) ʤʦʞʥʦ ʩ 
ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 
ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤ ʦʙʣʘʜʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴ-
ʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 4 ʨʝʬʝʨʝʥʩʥʳʭ 
ʩʳʚʦʨʦʪʦʢ ʚ ʨʘʟʚʝʜʝʥʠʷʭ 1:10, 1:20, 1:30 
ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥ-
ʥʳʝ ʧʨʠ ʧʨʦʚʝʨʢʝ ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ INGEZIM 
ʈʈɸ DAS ʠ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʜʠʘʛʥʦʩʪʠʢʫ-
ʤʝ, ʩʦʚʧʘʣʠ. 
 

ɺʓɺʆɼʓ 
1. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʘʥ-

ʪʠʛʝʥʳ ʚʠʨʫʩʘ ɸʏʉ ʧʫʪʝʤ ʢʣʦʥʠʨʦʚʘʥʠʷ ʠ 
ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʦʚ, ʢʦʜʠʨʫʝʤʳʭ ʜʚʫʤʷ ʛʝ-
ʥʘʤʠ ʜʘʥʥʦʛʦ ʚʠʨʫʩʘ ï p72 (B646L) ʠ p30 
(CP204L). 

2. ʆʪʨʘʙʦʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʘʜʩʦʨʙ-
ʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʝʣʢʦʚ ʚʠʨʫʩʘ ɸʏʉ 
ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʜʣʷ 
ʚʳʷʚʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʘʥʪʠʛʝʥʘʤ ʚʠʨʫʩʘ 
ɸʏʉ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʘʥʝʣʝʡ çSarstedtè (ɻʝʨʤʘʥʠʷ); 

- ʩʝʥʩʠʙʠʣʠʟʘʮʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʘʥʝʣʝʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 20,0ï           
40,0 ʤʢʛ/ʤʣ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʘʥʪʠʛʝʥʘ ɸʏʉ; 

- ʩʦʨʙʠʨʦʚʘʥʠʝ ʘʥʪʠʛʝʥʘ ʧʨʠ ʨʅ 9,5 
ʚ 0,1ʄ ʢʘʨʙʦʥʘʪʥʦ-ʙʠʢʘʨʙʦʥʘʪʥʦʤ ʙʫʬʝʨʝ 
60 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʶʩ 37 Áʉ; 

- ʚʚʝʜʝʥʠʝ ʚ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʜʣʷ 
ʙʣʦʢʠʨʦʚʢʠ ʧʘʥʝʣʝʡ 0,4%-ʥʦʛʦ ʦʙʝʟʞʠʨʝʥ-
ʥʦʛʦ ʤʦʣʦʢʘ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤ 
ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʢ 
ɸʏʉ ʩʚʠʥʝʡ. 

4. ʇʨʦʚʝʜʝʥʘ ʠʤʤʫʥʠʟʘʮʠʷ ʢʨʦʣʠ-
ʢʦʚ ʠ ʧʦʣʫʯʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʳʚʦʨʦʪʢʠ 
ʢ ʚʠʨʫʩʫ ɸʏʉ. 

5. ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʜʣʷ 
ʚʳʷʚʣʝʥʠʷ ʘʥʪʠʪʝʣ ʢ ʘʥʪʠʛʝʥʫ ʚʠʨʫʩʘ 
ɸʏʉ, ʦʙʝʩʧʝʯʠʚʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝ-
ʟʫʣʴʪʘʪ ʚ ʀʌɸ ʧʦ ʧʦʢʘʟʘʪʝʣʶ æʆʇ ʂ-/ʂ+ 
ʩʦ ʟʥʘʯʝʥʠʝʤ 3,65. 

6. ʇʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʨʘʟʨʘʙʦʪʘʥ-
ʥʦʛʦ ʀʌɸ-ʜʠʘʛʥʦʩʪʠʢʫʤʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 
ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʩʨʘʚ-
ʥʝʥʠʠ ʩ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʝʩʪ-ʩʠʩʪʝʤʦʡ 
INGEZIM ʈʈɸ DAS (çIngenasaè, ʀʩʧʘʥʠʷ). 
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ʂʨʘʩʦʯʢʦ ʇ.ʇ., ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ1 
ɹʦʨʠʩʦʚʝʮ ɼ.ʉ., ʢʘʥʜʠʜʘʪ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ2 
ʂʘʡʩʶʘʥʴ ɹʠ, ʘʩʧʠʨʘʥʪ1 

 

1ʋʆ çɺʠʪʝʙʩʢʘʷ ʦʨʜʝʥʘ çɿʥʘʢ ʇʦʯʝʪʘè ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠ-
ʥèr, ʛ. ɺʠʪʝʙʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
2ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝʣʝʩʩʢʦʛʦè, ʛ. ʄʠʥʩʢ,      
ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

 
ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏɽʉʂɸʗ ɼʀɸɻʅʆʉʊʀʂɸ  

ʈɽʇʈʆɼʋʂʊʀɺʅʆ-ʈɽʉʇʀʈɸʊʆʈʅʆɻʆ ʉʀʅɼʈʆʄɸ ʉɺʀʅɽʁ  
  

ʈʝʟʶʤʝ 
ɺ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩʚʠʥʝʡ ʦʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʠʨʫʩ ʨʝʧʨʦʜʫʢʪʠʚʥʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʩʠʥ-

ʜʨʦʤʘ ʩʚʠʥʝʡ (ʈʈʉʉ). ɼʣʷ ʙʳʩʪʨʦʛʦ, ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʩʧʝʮʠʬʠʯʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ 
ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧ-
ʥʘʷ ʨʝʘʢʮʠʷ (ʇʎʈ). ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪ-ʩʠʩʪʝʤ, ʢʦʪʦ-
ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ ʛʝʥʦʤ ʚʦʟʙʫʜʠʪʝʣʷ ʚ ʦʙʨʘʟʮʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘ-
ʝʪ ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʛʝʥʦʤ ʚʠʨʫʩʘ ʈʈʉʉ ʚ ʨʘʟ-
ʣʠʯʥʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ (ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ, ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʝ ʦʨʛʘʥʳ, ʠʟʦʣʷʪʳ ʚʠʨʫʩʘ) ʩ ʚʳʩʦʢʦʡ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  

ʀʟʫʯʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʠʥʬʝʢʮʠʠ ʧʦʢʘʟʘʣʦ ʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʘʪʦʣʦʛʠʠ ʩʚʠʥʝʡ. ʊʘʢ, 
ʩʝʨʦʧʦʟʠʪʠʚʥʦʩʪʴ ʩʚʠʥʝʡ ʢ ʚʠʨʫʩʫ ʈʈʉʉ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʚʠʥʦʢʦʤʧʣʝʢʩʘʭ ʩʦʩʪʘʚʣʷʝʪ 77,5 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʚʠʨʫʩ ʨʝʧʨʦʜʫʢʪʠʚʥʦ-
ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʩʠʥʜʨʦʤʘ ʩʚʠʥʝʡ, ʧʦʟʠʪʠʚʥʦʩʪʴ. 

 
Summary 

In the reproductive pathology of pigs, the porcine reproductive and respiratory syndrome virus (RRSS) plays a 
special role. For the rapid, highly sensitive and specific detection of the viral genome, molecular biological methods, 
primarily polymerase chain reaction (PCR), have become widespread. Modern developments are aimed at creating 
diagnostic test systems that allow high efficiency to identify the pathogen genome in the sample, which significantly 
reduces the time and cost of testing. The developed method makes it possible to identify the RRSS virus genome in vari-
ous biological material (blood serum, parenchymal organs, virus isolates) with high sensitivity. 

The study of the above infection showed its widespread distribution in the pathology of pigs. Thus, the sero-
positivity of pigs to the PRRS virus on individual pig farms is 77,5 %. 

Keywords: polymerase chain reaction, spread, porcine reproductive-respiratory syndrome virus, positivity. 
 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 14.10.2025 ʛ. 

ɺɺɽɼɽʅʀɽ 
ɺ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩʚʠ-

ʥʝʡ ʥʘʠʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʠʨʫʩʳ ʨʝ-
ʧʨʦʜʫʢʪʠʚʥʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʩʠʥʜʨʦʤʘ 
ʩʚʠʥʝʡ (ʈʈʉʉ), ʮʠʨʢʦʚʠʨʫʩ 2 ʪʠʧʘ (ʎɺʉ-
2), ʚʠʨʫʩ ʛʨʠʧʧʘ ʩʚʠʥʝʡ, ʧʘʨʚʦʚʠʨʫʩ (ʇɺʉ) 
ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʚʠʨʫʩ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʯʫʤʳ ʩʚʠʥʝʡ (ʂʏʉ) ʠ ʚʠʨʫʩ ʙʦʣʝʟʥʠ ɸʫʝ-
ʩʢʠ ʠʟ-ʟʘ ʦʙʷʟʘʪʝʣʴʥʦʡ ʚʘʢʮʠʥʘʮʠʠ ʠ ʙʣʘ-
ʛʦʧʦʣʫʯʠʷ ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʘʥʥʳʤ 
ʙʦʣʝʟʥʷʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ. ʆʩʦʙʫʶ 
ʨʦʣʴ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʧʘʪʦʣʦʛʠʠ ʩʚʠʥʝʡ 
ʠʛʨʘʝʪ ʚʠʨʫʩ ʈʈʉʉ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, 
ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 
ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʣʘʙʦ-
ʨʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ  ʤʝʪʦʜʳ,  

ʪʘʢʠʝ ʢʘʢ ʚʠʨʫʩʥʘʷ ʠʟʦʣʷʮʠʷ ʠ ʩʝʨʦʣʦʛʠʯʝ-
ʩʢʠʝ ʘʥʘʣʠʟʳ, ʚʢʣʶʯʘʷ ʠʤʤʫʥʦʬʝʨʤʝʥʪ-
ʥʳʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʚʠʨʫʩ 
ʠʣʠ ʘʥʪʠʪʝʣʘ ʢ ʥʝʤʫ. ʆʜʥʘʢʦ ʜʣʷ ʙʳʩʪʨʦ-
ʛʦ, ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠ ʩʧʝʮʠʬʠʯʥʦ-
ʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʠʨʫʩʥʦʛʦ ʛʝʥʦʤʘ, ʦʩʦʙʝʥ-
ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʢʦʠʥʬʝʢʮʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʦʡ 
ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʧʦʣʫʯʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝ-
ʪʦʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧ-
ʥʘʷ ʨʝʘʢʮʠʷ (ʇʎʈ). ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘ-
ʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʜʠʘʛʥʦʩʪʠ-
ʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦ-
ʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ ʚʦʟʙʫʜʠʪʝ-
ʣʝʡ ʤʝʪʦʜʦʤ ʇʎʈ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘ-
ʱʘʝʪ ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ [6]. 

 



 

 

ʀʄʄʋʅʆɹʀʆʃʆɻʀʗ 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ 
ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʚʳʷʚʣʝʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ 
ʢʠʩʣʦʪ ʚʠʨʫʩʘ ʈʈʉʉ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʞʠ-
ʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ). 

 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʪʨʘʩ-

ʣʝʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʙʠʦʪʝʭʥʦ-
ʣʦʛʠʠ ʠ ʟʘʨʘʟʥʳʭ ʙʦʣʝʟʥʝʡ ʞʠʚʦʪʥʳʭ, ʥʘ 
ʢʘʬʝʜʨʝ ʵʧʠʟʦʦʪʦʣʦʛʠʠ ʠ ʠʥʬʝʢʮʠʦʥʥʳʭ 
ʙʦʣʝʟʥʝʡ ʋʆ ɺɻɸɺʄ, ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫ- 

ʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʀʥʩʪʠʪʫʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ 
ʤʝʜʠʮʠʥʳ ɺʥʫʪʨʝʥʥʝʛʦ ʄʦʥʛʦʣʴʩʢʦʛʦ ʘʛ-
ʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʂʠʪʘʡʩʢʘʷ ʅʘʨʦʜ-
ʥʘʷ ʈʝʩʧʫʙʣʠʢʘ). 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ 
ʈʈʉʉ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠ-
ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʋʆ 
ɺɻɸɺʄ ʚ ʧʝʨʠʦʜ 2018ï2022 ʛʛ., ʜʣʷ ʚʳʷʚ-
ʣʝʥʠʷ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ ï ʦʣʠʛʦʥʫʢʣʝʦ-
ʪʠʜʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘ-
ʮʠʝʡ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤ ʚʠʨʫʩʘ ʈʈʉʉ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʚʠʨʫʩʘ 

ʐʠʬʨ  
ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʈʈʉʉ 

EU-1 F 5ô-GCA-CCA-CCT-CAC-CCR-RAC-3ô 

EU-2 F 5ô-CAG-ATG-CAG-AYT-GTG-TTG-CCT-3ô 

EU-1 R 5ô-CAG-TTC-CTG-CRC-CYT-GAT-3ô 

EU-2 R 5ô-TGG-AGD-CCT-GCA-GCA-CTT-TC-3ô 

Probe EU-1 
5ô-(6-HEX)-CCT-CTG-YYT-GCA-ATC-GAT-CCA-GAC-
(BHQ1) 

Probe EU-2 
5ô-(HEX)-ATA-CAT-TCT-GGC-CCC-TGC-CCA-YCA-CGT-
BHQ1 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥ-
ʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤ ʚʠʨʫʩʘ ʈʈʉʉ 
çʂʄʀʕɺ-V112è (ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝ-
ʣʝʩʩʢʦʛʦè). 

ɼʣʷ ʦʮʝʥʢʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʝʪʦʜʘ ʚ 
ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴ-
ʟʦʚʘʣʠ ʈʅʂ, ʚʳʜʝʣʝʥʥʫʶ ʠʟ ʧʘʪʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʨʦʚʴ, ʩʳʚʦʨʦʪʢʘ, ʢʫʩʦʯ-
ʢʠ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʦʚ ʦʪ ʩʚʠʥʝʡ ʠ 
ʧʦʨʦʩʷʪ), ʩ ʧʦʜʪʚʝʨʞʜʸʥʥʳʤ ʥʘʣʠʯʠʝʤ ʥʫʢ-
ʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚʠʨʫʩʘ ʈʈʉʉ ʩ ʧʦʤʦʱʴʶ 
ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʝʩʪ-ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʛʝʪʝʨʦ-
ʣʦʛʠʯʥʳʝ  ʰʪʘʤʤʳ ʚʠʨʫʩʦʚ ʠ ʙʘʢʪʝʨʠʡ, ʧʦ-
ʪʝʥʮʠʘʣʴʥʦ ʠʥʬʠʮʠʨʫʶʱʠʝ ʩʚʠʥʝʡ: ʚʠʨʫʩ 
ʂʏʉ (ʂʄʀʕɺ-V113), ʚʠʨʫʩ ʙʦʣʝʟʥʠ ɸʫʝ-
ʩʢʠ (ʰʪʘʤʤ çɻʅʂʀè), Escherichia coli 
(ʰʪʘʤʤ ɸʊʉʉ 25922), Salmonella enterica 
(ATCC BAA-2162), Streptococcus suis 
(ʠʟʦʣʷʪ ʋʆ ɺɻɸɺʄ), Streptococcus pneu-
moniae (ATCC 49619). 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʈʅʂ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʢʦʤʤʝʨʯʝʩʢʠʝ ʥʘʙʦʨʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʫʢ-
ʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ çʈʠʙʦ-ʇʨʝʧè, çʈʠʙʦ-
ʉʦʨʙè (ʌɹʋʅ ʎʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʈʦ-
ʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʈʦʩʩʠʷ), çɸʨʪɼʅʂè (ʆʆʆ 
çɸʨʪɹʠʦʊʝʭè, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ). ɼʣʷ 
ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ ʠʩʧʦʣʴ-
ʟʦʚʘʣʠ   ʢʦʤʤʝʨʯʝʩʢʠʝ   ʥʘʙʦʨʳ    çɸʨʪʊʝʩʪ 

ʈʈʉʉè (ʆʆʆ çɸʨʪɹʠʦʊʝʭè, ʈʝʩʧʫʙʣʠʢʘ 
ɹʝʣʘʨʫʩʴ) ʠ çʊʝʩʪ-ʩʠʩʪʝʤʘ çʈʈʉʉè ʜʣʷ 
ʚʳʷʚʣʝʥʠʷ ʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʚʠʨʫʩʘ ʨʝ-
ʧʨʦʜʫʢʪʠʚʥʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʩʠʥʜʨʦʤʘ 
ʩʚʠʥʝʡ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝ-
ʘʢʮʠʠè (ʌɹʋʅ ʎʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʈʦ-
ʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʈʌ), çʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ 
çʇʎʈ-ʈʈʉʉ-ʌɸʂʊʆʈè (ʆʆʆ çɺɽʊ ʌɸʂ-
ʊʆʈè, ʈʦʩʩʠʷ). 

ʇʎʈ ʩʪʘʚʠʣʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʬʠʢʘʪʦʨʘ 
çRotor Gene 3000è. ʋʯʸʪ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠ-
ʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ ʢ ʜʠʘ-
ʛʥʦʩʪʠʯʝʩʢʠʤ ʥʘʙʦʨʘʤ. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʈʈʉʉ ʚ ʈʝʩ-
ʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʧʦʢʘʟʘʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 
ʨʘʟʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚ ʙʳʩʪʨʦʡ ʠ ʵʬʬʝʢʪʠʚ-
ʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [1, 4]. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʦʪʨʘʩʣʝʚʦʡ 
ʣʘʙʦʨʘʪʦʨʠʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 
ʠ ʟʘʨʘʟʥʳʭ ʙʦʣʝʟʥʝʡ ʋʆ ɺɻɸɺʄ (ʨʘʥʝʝ ï 
ʣʘʙʦʨʘʪʦʨʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ 
ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 
ʋʆ ɺɻɸɺʄ) ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʧʦʢʘʟʘʣ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʧʦʣʦʞʠʪʝʣʴ- 
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ʥʳʭ ʧʨʦʙ ʩʳʚʦʨʦʪʦʢ ʢʨʦʚʠ: ʠʟ 267 ʦʙʨʘʟ-
ʮʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʧʝʨʠʦʜ 2020ï2022 ʛʛ., 
207 ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘ ʥʘʣʠʯʠʝ 
ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʢ ʚʠʨʫʩʫ ʈʈʉʉ, 
ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 77,5 %. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 
ʚʳʷʚʣʝʥʠʶ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʥʝ ʙʳʣʠ ʩʪʦʣʴ 
ʦʙʰʠʨʥʳ, ʥʦ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴ-
ʥʦʡ ʧʨʦʙʳ 90ï100 % ʧʨʦʙ ʠʟ ʵʪʦʡ ʞʝ ʛʨʫʧ-
ʧʳ ʩʦʜʝʨʞʘʣʠ ʛʝʥʦʤ ʈʈʉʉ. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʝʨʦʧʦʟʠʪʠʚʥʦʩʪʠ 
ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʘʢʮʠʥʘʮʠʠ ʧʨʦʪʠʚ 
ʜʘʥʥʦʛʦ ʚʦʟʙʫʜʠʪʝʣʷ, ʪ.ʢ. ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ 
ʩʚʠʥʦʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʝʤʝʥʥʳʝ 
ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʪʢʦʨʤʝ, ʥʝ 
ʧʨʦʚʦʜʷʪ ʚʘʢʮʠʥʘʮʠʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʚʦ-
ʜʠʤʳʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, 
ʈʈʉʉ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʚʠ-
ʥʦʚʦʜʩʪʚʘ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ 
ʚʠʨʫʩʘ. ɺʘʢʮʠʥʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʝ-
ʨʠʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʠ ʞʠʚʦʪʥʳʝ ʥʘ ʬʦʥʝ 
ʚʘʢʮʠʥʘʮʠʠ ʦʩʪʘʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʚʠʨʫʩʘ, 
ʯʪʦ ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʟʘʨʘʞʝʥʠʷ ʥʝʠʤʤʫʥʥʠ-
ʟʠʨʦʚʘʥʥʦʛʦ   ʧʦʛʦʣʦʚʴʷ  ʠ,  ʢʘʢ  ʩʣʝʜʩʪʚʠʝ,  

ʧʨʠʚʦʜʠʪ ʢ ʚʳʷʚʣʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʧʨʦʙ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʚʘʢʮʠʥʠʨʦʚʘʥʥʦʤ 
ʩʪʘʜʝ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʚʳʷʚʣʝʥʠʷ 
ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ 
ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʢ ʚʠʨʫ-
ʩʫ ʈʈʉʉ ʚ ʨʝʘʢʮʠʠ ʇʎʈ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤʠ 
ʚ ʤʝʪʦʜʠʢʝ ʫʩʣʦʚʠʷʤʠ: 

- ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ: ʧʨʘʡ-
ʤʝʨʳ ï ʧʦ 10,0 ʧʤʦʣʴ, ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ 
ʟʦʥʜʳ ï ʧʦ 5,0 ʧʤʦʣʴ, ArtMix ʨʝʚʝʨʪʘʟʘ 
(5Ĭ) ï 5,0 ʤʢʣ, ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ï ʜʦ 
15,0 ʤʢʣ; ʚʳʜʝʣʝʥʥʘʷ ʈʅʂ ï 10,0 ʤʢʣ; 

- ʫʩʣʦʚʠʷ ʇʎʈ: ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧ-
ʮʠʷ ï 55 Áʉ 10 ʤʠʥ; ʜʝʥʘʪʫʨʘʮʠʷ ï 95 Áʉ     
2 ʤʠʥ; 45 ʮʠʢʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʝʥʘʪʫʨʘ-
ʮʠʠ ʧʨʠ 95 Áʉ 5 ʩ, ʦʪʞʠʛʘ ʧʨʠ 60 Áʉ 15 ʩ, 
ʵʣʦʥʛʘʮʠʠ ʧʨʠ 67 Áʉ 15 ʩ; ʫʯʝʪ ʬʣʫʦʨʝʩ-
ʮʝʥʮʠʠ ʧʦʩʣʝ ʩʪʘʜʠʠ ʦʪʞʠʛʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
ʚʳʩʪʫʧʘʣʠ ʰʪʘʤʤ ʚʠʨʫʩʘ ʈʈʉʉ çʂʄʀʕɺ-
V112è ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʙʨʘʟʮʳ ʢʣʠʥʠʯʝ-
ʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤ ʩʦʜʝʨ-
ʞʘʥʠʝʤ ʈʅʂ ʚʠʨʫʩʘ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʈʝʟʫʣʴʪʘʪ 

ʐʪʘʤʤ çʂʄʀʕɺ-V112è 1 ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 8 ʧʦʣʦʞʠʪʝʣʴʥʳʡ (8 ʧʨʦʙ) 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 20 ʦʪʨʠʮʘʪʝʣʴʥʳʡ (20 ʧʨʦʙ) 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 9 ʧʦʣʦʞʠʪʝʣʴʥʳʡ (9 ʧʨʦʙ) 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ 19 ʦʪʨʠʮʘʪʝʣʴʥʳʡ (19 ʧʨʦʙ) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʠʩʧʦʣʴʟʫʝ-
ʤʳʝ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ ʜʦʩʪʦʚʝʨʥʦ ʧʦʟʚʦʣʷ-
ʶʪ ʚʳʷʚʠʪʴ ʈʅʂ ʚʠʨʫʩʘ ʈʈʉʉ ʚ ʩʳʚʦʨʦʪ-
ʢʘʭ ʢʨʦʚʠ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ, ʠʥ-
ʬʠʮʠʨʦʚʘʥʥʦʤ ʮʠʨʢʫʣʠʨʫʶʱʠʤʠ ʚ ʩʚʠʥʦ-
ʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʰʪʘʤʤʘʤʠ ʚʠʨʫʩʘ 
ʈʈʉʉ. 

ɼʘʣʝʝ ʦʪʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʚʳʷʚʣʝ-
ʥʠʷ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʩʦ 
ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ: 

- ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ: ʧʨʘʡʤʝ-
ʨʳ ʢ ʚʠʨʫʩʫ ʈʈʉʉ ï 5,0 ʧʤʦʣʴ, ArtMix ʨʝ-
ʚʝʨʪʘʟʘ (5Ĭ) ï 5,0 ʤʢʣ, ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ 
ʚʦʜʘ ï ʜʦ 15,0 ʤʢʣ; ʚʳʜʝʣʝʥʥʳʝ ʥʫʢʣʝʠʥʦ-
ʚʳʝ ʢʠʩʣʦʪʳ 10,0 ʤʢʣ; 

- ʫʩʣʦʚʠʷ ʇʎʈ: ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧ-
ʮʠʷ ï 55 Áʉ 10 ʤʠʥ; ʜʝʥʘʪʫʨʘʮʠʷ 95 Áʉ        
2 ʤʠʥ; 45 ʮʠʢʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʝʥʘʪʫʨʘ-
ʮʠʠ ʧʨʠ 95 Áʉ 5 ʩ, ʦʪʞʠʛʘ ʧʨʠ 60 Áʉ 15 ʩ, 
ʵʣʦʥʛʘʮʠʠ ʧʨʠ 67 Áʉ 15 ʩ; ʫʯʝʪ ʬʣʫʦʨʝʩ-
ʮʝʥʮʠʠ ʧʦʩʣʝ ʩʪʘʜʠʠ ʦʪʞʠʛʘ (ʢʘʥʘʣ HEX 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʨʫʩʫ ʈʈʉʉ). 

ɼʣʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʤʝ-
ʩʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʭ ʈʅʂ 
ʚʳʷʚʣʷʝʤʦʛʦ ʚʠʨʫʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥ-
ʪʘʭ, ʠ ʈʅʂ ʠʟ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʧʨʦʚʝʜʝʥʳ ʇʎʈ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʤʤʝʨʯʝ-
ʩʢʠʤ ʥʘʙʦʨʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 ï ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʮʠʢʣʦʚ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʘ ʚʠʨʫʩʘ 
ʈʈʉʉ 

ʅʘʣʠʯʠʝ ʛʝʥʦʤʘ ʚʠʨʫʩʦʚ ʚ ʩʦʩʪʘʚʝ  
ʩʤʝʩʠ  ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ɿʥʘʯʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ  
ʤʝʪʦʜ 

ʢʦʤʤʝʨʯʝʩʢʠʡ ʥʘʙʦʨ  
(çɸʨʪʊʝʩʪ ʈʈʉʉè) 

ʇɺʉ ï ï 

ʎɺʉ-2 ï ï 

ʈʈʉʉ 23,4 22,9 

ʇɺʉ + ʎɺʉ-2 ï ï 

ʇɺʉ + ʈʈʉʉ 25,1 25,9 

ʎɺʉ-2 + ʈʈʉʉ 25,8 24,9 

ʇɺʉ + ʎɺʉ-2 + ʈʈʉʉ 26,7 27,2 

ʇʘʪ. ʤʘʪʝʨʠʘʣ 1 36,8 35,7 

ʇʘʪ. ʤʘʪʝʨʠʘʣ 2 32,4 33,1 

ʇʘʪ. ʤʘʪʝʨʠʘʣ 3 16,5 16,1 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʚʳʷʚʣʝʥʠʷ ʚʠʨʫʩʘ ʈʈʉʉ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʥʘʙʦʨʫ ï 
ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʮʠʢʣʘ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʟʘ-
ʢʣʶʯʠʪʴ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ  ʩʦ- 

 

ʩʪʘʚʣʷʝʪ 103 ɻʕ/ʤʣ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʦʤ-
ʤʝʨʯʝʩʢʦʛʦ ʥʘʙʦʨʘ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 
ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 
ʇʎʈ ʩ ʨʘʟʣʠʯʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘ-
ʣʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝ-
ʪʦʜʘ (ʪʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4 ï ɺʳʷʚʣʝʥʠʝ ʛʝʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  
ʦʙʨʘʟʮʘ 

ʂʦʣʠʯʝʩʪʚʦ  
ʦʙʨʘʟʮʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʦʙʨʘʟʮʦʚ, ʚʳʷʚʣʝʥʥʳʭ  
ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ  
ʦʙʨʘʟʮʦʚ, ʚʳʷʚʣʝʥʥʳʭ  

ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʪʝʩʪ-ʩʠʩʪʝʤʘʤʠ 

ʇʘʪ. ʤʘʪʝʨʠʘʣ 
(ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ,  
ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʝ  
ʦʨʛʘʥʳ) 

152 17 17 

ʐʪʘʤʤ ʇɺʉ 1 0 0 

ʎɺʉ-2 2 0 0 

ʐʪʘʤʤ ʈʈʉʉ 1 1 1 

ɺʠʨʫʩ ʂʏʉ 1 0 0 

ɺʠʨʫʩ ʙʦʣʝʟʥʠ ɸʫʝʩʢʠ 1 0 0 

Escherichia coli 1 0 0 

Salmonella enterica 1 0 0 

Streptococcus suis 1 0 0 

Streptococcus  
pneumoniae 

1 0 0 



 

 

ʀʄʄʋʅʆɹʀʆʃʆɻʀʗ 

40                                  ʕʧʠʟʦʦʪʦʣʦʛʠʷ ʀʤʤʫʥʦʙʠʦʣʦʛʠʷ ʌʘʨʤʘʢʦʣʦʛʠʷ ʉʘʥʠʪʘʨʠʷ                               2/2025 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʛʝ-
ʥʦʤʘ ʚʠʨʫʩʘ ʈʈʉʉ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʧʝ-
ʮʠʬʠʯʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦ-
ʚʘʪʴ ʚʠʨʫʩ ʢʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ (ʰʪʘʤʤʳ ʠʣʠ 
ʠʟʦʣʷʪʳ), ʪʘʢ ʠ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘ-
ʣʝ. ʇʦ ʩʚʦʝʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʝʪʦʜ ʥʝ ʫʩʪʫ-
ʧʘʝʪ ʢʦʤʤʝʨʯʝʩʢʠʤ ʪʝʩʪ-ʩʠʩʪʝʤʘʤ. 

 
ɺʓɺʆɼʓ 

ʇʨʦʚʝʜʝʥʥʳʝ ʩʝʨʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʩʳʚʦʨʦʪʦʢ ʢʨʦʚʠ ʩʚʠʥʝʡ ʚ 2020ï
2022 ʛʛ. ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʝʨʦʧʦ- 

ʟʠʪʠʚʥʦʩʪʠ ʩʪʘʜ ʢ ʚʠʨʫʩʫ ʈʈʉʉ ï 77,5 %, 
ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʮʠʨʢʫʣʷʮʠʝʡ ʚʠʨʫʩʘ, 
ʪʘʢ ʠ ʧʨʦʚʦʜʠʤʦʡ ʚʘʢʮʠʥʘʮʠʝʡ. ɼʣʷ ʵʬ-
ʬʝʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦ-
ʨʝʩʧʠʨʘʪʦʨʥʦʛʦ ʩʠʥʜʨʦʤʘ ʩʚʠʥʝʡ ʥʘʤʠ 
ʨʘʟʨʘʙʦʪʘʥ ʇʎʈ-ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
ʚʳʷʚʣʷʪʴ ʛʝʥʦʤ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʚʠʨʫʩʘ ʚ 
ʨʘʟʣʠʯʥʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ 
(ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ, ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʝ ʦʨʛʘ-
ʥʳ, ʠʟʦʣʷʪʳ ʚʠʨʫʩʘ) ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, 
ʥʝ ʫʩʪʫʧʘʶʱʝʡ ʢʦʤʤʝʨʯʝʩʢʠʤ ʜʠʘʛʥʦʩʪʠ-
ʯʝʩʢʠʤ ʪʝʩʪ-ʩʠʩʪʝʤʘʤ (103 ɻʕ/ʤʣ). 
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ʂʦʩʪʶʢ ʅ.ʀ., ʢʘʥʜʠʜʘʪ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
ʂʫʣʝʰʦʚʘ ʖ.ʄ., ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
ʆʩʪʨʠʢʦʚʘ ʂ.ɺ., ʤʘʛʠʩʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 
ʇʦʪʘʧʦʚʠʯ ʄ.ʀ., ʟʘʚʝʜʫʶʱʠʡ ʅʀʃ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦ-
ʛʦ ʬʘʢʫʣʴʪʝʪʘ ɹɻʋ 
ʇʨʦʢʫʣʝʚʠʯ ɺ.ɸ., ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
 

ʆʎɽʅʂɸ ʇʈʆʊʀɺʆɺʀʈʋʉʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ɹʓʏʔʀʍ  
ʈɽʂʆʄɹʀʅɸʅʊʅʓʍ ʀʅʊɽʈʌɽʈʆʅʆɺ IN VITRO 

 
ʈʝʟʶʤʝ 

ʇʨʠ ʣʝʯʝʥʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʠʥʪʝʨʬʝʨʦʥʳ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʦʪʨʘʞʘʶʱʠʭ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʥʦʚ, ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚ-
ʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʘʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʣʠʯʠʥʳ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʢ-
ʪʠʚʥʦʩʪʠ ʙʳʯʴʠʭ ʠʥʪʝʨʬʝʨʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʥʘ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴ-
ʪʫʨʝ ʄDɺʂ. ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ ʠʥʪʝʨ-
ʬʝʨʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ ʙʝʣʢʠ, ʙʳʯʴʠ ʠʥʪʝʨʬʝʨʦʥʳ ʘʣʴʬʘ 
(Ŭ), ʣʷʤʙʜʘ (ɚ), ʛʘʤʤʘ (ɔ), ʪʘʫ (Ű), ʣʠʥʠʷ ʢʣʝʪʦʢ ʄDɺʂ. 

 

Summary  
Recombinant interferons are actively used in the treatment and prevention of viral diseases in farm animals. 

One of the most important quality indicators reflecting the effectiveness and safety of interferon preparations is specific 
antiviral activity. A biological method was used to determine the activity of interferons. The estimation of the specific 
activity of interferons on the MDBK cell line was studied. The presence of specific antiviral activity of interferon com-
positions has been shown.  

Keywords: antiviral activity, recombinant proteins, bovine interferons alpha (Ŭ), lambda (ɚ), gamma (ɔ),        
tau (Ű), MDBK cell line. 

 
ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 02.12.2025 ʛ. 

 

ɺɺɽɼɽʅʀɽ 
ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʥʠʡ ʠʥ-

ʬʝʢʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʫ ʞʠʚʦʪʥʳʭ, ʥʘʨʷ-
ʜʫ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʷʜʝ 
ʩʣʫʯʘʝʚ ʠʟʚʝʩʪʥʳʭ ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʝʧʘʨʘ-
ʪʦʚ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʧʨʦ-
ʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪ-
ʩʷ ʙʦʨʴʙʳ ʩ ʚʠʨʫʩʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ. ɺ ʦʩ-
ʥʦʚʝ ʪʘʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-
ʟʦʚʘʥʳ ʩʫʙʩʪʘʥʮʠʠ ʩ ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʚʠ-
ʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʦʜʫʣʷʪʦʨʳ ʢʣʝʪʦʯ-
ʥʦʛʦ ʠ/ʠʣʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ [1, 2, 
4, 5, 6, 8, 9, 12]. ʊʘʢʠʤ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 
ʜʝʡʩʪʚʠʷ ʦʙʣʘʜʘʶʪ ʙʝʣʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 
ʧʦʣʫʯʠʚʰʠʝ ʛʨʫʧʧʦʚʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʮʠʪʦ-
ʢʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʨʫʧʧʘ ʧʦʣʠʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ï ʠʥʪʝʨʬʝʨʦ-
ʥʦʚ I, II ʠ III ʪʠʧʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʛʝʥʥʦʠʥʞʝ-
ʥʝʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʠʟʚʦʜʩʪʚ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫ-
ʯʘʪʴ  ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ  ʙʝʣʢʠ  ʚ   ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʵʢʩʧʨʝʩʩʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʤʘʩʰʪʘʙʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʦʣʝʢʫʣʳ, ʚʭʦ-
ʜʷʱʠʝ ʚ ʧʫʣ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʠʜʦʩʧʝʮʠʬʠʯʝ-
ʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʥʘ ʫʨʦʚʥʝ ʨʝʛʫʣʷʮʠʠ 
ʛʝʥʦʚ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʞʠ-
ʚʦʪʥʳʭ. ʇʦʣʫʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʨʝʛʫ-
ʣʷʪʦʨʥʳʭ çʟʘʱʠʪʥʳʭè ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ    
ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 
ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʚʝʪʝʨʠʥʘʨʠʠ      
[2, 3, 8, 9, 10, 12, 13]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʠ ʢʣʠʥʠʯʝʩʢʠʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘ-
ʶʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʜʝʡʩʪʚʝʥʥʳʭ ʠ ʙʝʟʦʧʘʩ-
ʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʦʡ ʪʝʨʘ-
ʧʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʤʦ-
ʞʝʪ ʚ ʢʦʨʥʝ ʠʟʤʝʥʠʪʴ ʪʘʢʪʠʯʝʩʢʠʝ ʩʭʝʤʳ 
ʢʘʢ ʧʨʦʬʠʣʘʢʪʠʢʠ, ʪʘʢ ʠ ʣʝʯʝʥʠʷ ʞʠʚʦʪ-
ʥʳʭ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝ-
ʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʠ-
ʚʦʪʥʦʚʦʜʩʪʚʘ [5, 6, 8, 10, 12, 14, 15]. 
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ʈʝʢʦʤʙʠʥʘʥʪʥʳʝ ʠʥʪʝʨʬʝʨʦʥʳ ʩ 
ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʴʶ ʚʩʝ ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʩʥʦʚ-
ʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʨʘʟʨʘʙʦʪ-
ʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝ-
ʧʘʨʘʪʦʚ ʚʝʪʝʨʠʥʘʨʥʦʡ ʧʨʦʪʠʚʦʠʥʬʝʢʮʠʦʥ-
ʥʦʡ ʠʤʤʫʥʦʪʝʨʘʧʠʠ [5, 10, 11, 12, 13,       
14, 15]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʠʪʴ ʧʨʦ-
ʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʥʪ-
ʥʳʭ ʙʳʯʴʠʭ ʠʥʪʝʨʬʝʨʦʥʦʚ (ʀʌʅ) ʨʘʟʣʠʯ-
ʥʳʭ ʪʠʧʦʚ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ: ʘʣʴʬʘ (Ŭ) + 
ʪʘʫ (Ű) (ʀʌʅ I ʪʠʧʘ); ʘʣʴʬʘ (Ŭ) + ʣʷʤʙʜʘ 
(ɚ) (ʀʌʅ I + ʀʌʅ III ʪʠʧʦʚ); ʘʣʴʬʘ (Ŭ) + 
ʛʘʤʤʘ (ɔ) + ʣʷʤʙʜʘ (ɚ) (ʀʌʅ I + ʀʌʅ II + 
ʀʌʅ III ʪʠʧʦʚ); ʪʘʫ (Ű) + ʛʘʤʤʘ (ɔ) (ʀʌʅ I + 
ʀʌʅ II ʪʠʧʦʚ); ʪʘʫ (Ű) + ʣʷʤʙʜʘ (ɚ) (ʀʌʅ I + 
ʀʌʅ III ʪʠʧʦʚ); ʪʘʫ (Ű) + ʛʘʤʤʘ (ɔ) + ʣʷʤʙ-
ʜʘ (ɚ) (ʀʌʅ I + ʀʌʅ II + ʀʌʅ III ʪʠʧʦʚ); 
ʛʘʤʤʘ (ɔ) + ʣʷʤʙʜʘ (ɚ) (ʀʌʅ II + ʀʌʅ III 
ʪʠʧʦʚ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʥʘ 
ʦʩʥʦʚʝ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 
MDBK in vitro. 

 
ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʇʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤ-

ʧʦʟʠʮʠʡ ʠʥʪʝʨʬʝʨʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 
ʩʨʘʚʥʝʥʠʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
ʠʩʧʳʪʫʝʤʳʭ ʩʫʙʩʪʘʥʮʠʡ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 
ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠʥʪʝʨ-
ʬʝʨʦʥʘ ʥʘ ʤʦʜʝʣʠ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʣʝʪʦʯʥʦʡ 
ʣʠʥʠʠ ʄDɺʂ.  

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ 
ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʥʳʤ ʨʝʢʦ-
ʤʝʥʜʘʮʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʝʨʝʜ ʨʘʙʦʪʦʡ 
ʩ ʧʝʨʝʚʠʚʘʝʤʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʣʠʥʠʷʤʠ 
ʧʨʦʚʦʜʠʣʠ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʤʦʥʦʩʣʦʷ. ɺ ʨʘʙʦʪʫ ʙʨʘʣʠ ʢʫʣʴʪʫ-
ʨʘʣʴʥʳʝ ʬʣʘʢʦʥʳ ʩʦ 100%-ʥʳʤ ʤʦʥʦʩʣʦʝʤ 
ʢʣʝʪʦʢ ʩ ʵʧʠʪʝʣʠʦʧʦʜʦʙʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ, 
ʪʠʧʠʯʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʣʠʥʠʠ, ʥʝ ʩʦʜʝʨʞʘ-
ʱʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʘʛʝʥʪʦʚ.  

ʂʣʝʪʢʠ ʩʥʠʤʘʣʠ ʩ ʩʫʙʩʪʨʘʪʘ ʧʦ ʦʙ-
ʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ [7]. ʀʟ ʧʦʣʫʯʝʥʥʦʡ 
ʢʣʝʪʦʯʥʦʡ ʩʫʩʧʝʥʟʠʠ ʦʪʙʠʨʘʣʠ ʧʨʦʙʫ ʚ 
ʦʙʲʝʤʝ 0,01 ʩʤ3 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝ-
ʩʪʚʘ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʦʢ ʪʝʩʪʦʤ, 
ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʥʘʨʫʰʝʥʠʠ ʤʝʤʙʨʘʥʥʦʡ 
ʮʝʣʦʩʪʥʦʩʪʠ, ʠʟʤʝʨʷʝʤʦʡ ʧʦ ʧʨʦʥʠʢʥʦʚʝ-
ʥʠʶ ʢʨʘʩʠʪʝʣʷ ʪʨʠʧʘʥʦʚʦʛʦ ʩʠʥʝʛʦ [7]. ʂʦ-
ʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʧʦʜʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ Countess II (çLife 
Technologiesè, ʉʐɸ). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʠ-
ʢʘʪʦʨʥʳʡ  ʚʠʨʫʩ  ʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʦʤʘʪʠʪʘ  

(VSV) ʩ ʪʠʪʨʦʤ 105 ʊʎɼ/ʩʤ3. ɿʘ ʪʠʪʨ 
(ʘʢʪʠʚʥʦʩʪʴ) ʚʠʨʫʩʘ ʧʨʠʥʠʤʘʣʠ ʥʘʠʙʦʣʴ-
ʰʝʝ ʨʘʟʚʝʜʝʥʠʝ ʚʠʨʫʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʣʝ-
ʪʦʯʥʳʡ ʤʦʥʦʩʣʦʡ ʚ 50 % ʣʫʥʦʢ ʦʢʘʟʘʣʩʷ 
ʧʦʣʥʦʩʪʴʶ ʧʦʨʘʞʝʥʥʳʤ ʮʠʪʦʧʘʪʠʯʝʩʢʠʤ 
ʜʝʡʩʪʚʠʝʤ. ʊʠʪʨ ʚʠʨʫʩʘ ʚʳʨʘʞʘʣʠ ʚ ʪʢʘʥʝ-
ʚʳʭ ʮʠʪʦʧʘʪʠʯʝʩʢʠʭ ʜʦʟʘʭ ʊʎɼ50/ʤʣ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʢʪʠʚ-
ʥʦʩʪʠ ʀʌʅ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʠ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʛʦʪʦʚʠʣʠ ʩʝʨʠʠ ʜʚʫ-
ʢʨʘʪʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʀʌʅ ʚ ʧʠʪʘʪʝʣʴʥʦʡ 
ʩʨʝʜʝ ɼʄɽʄ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 2 % ʵʤʙʨʠʦ-
ʥʘʣʴʥʦʡ ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ (ʕʊʉ) ʚ ʨʘʟ-
ʚʝʜʝʥʠʷʭ ʦʪ 1:100 ʜʦ 1:12800. ʀʟ ʣʫʥʦʢ 
ʧʣʘʥʰʝʪʦʚ ʩʦ ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʩʷ ʧʦʣʥʦ-
ʮʝʥʥʳʤ ʢʣʝʪʦʯʥʳʤ ʤʦʥʦʩʣʦʝʤ ʫʜʘʣʷʣʠ 
ʨʦʩʪʦʚʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ (ɼʄɽʄ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ 10 % ʕʊʉ) ʠ ʚʥʦʩʠʣʠ ʧʨʠʛʦ-
ʪʦʚʣʝʥʥʳʝ ʨʘʟʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʨʦʥʦʚ. ʅʘ 
ʢʘʞʜʦʝ ʨʘʟʚʝʜʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ 4 ʣʫʥ-
ʢʠ ʩ ʢʫʣʴʪʫʨʦʡ ʢʣʝʪʦʢ ʄɼɺʂ. ɼʣʷ ʢʦʥ-
ʪʨʦʣʷ ʢʣʝʪʦʯʥʦʛʦ ʤʦʥʦʩʣʦʷ (ʂʂ) ʥʘ ʧʣʘʥ-
ʰʝʪʝ ʦʩʪʘʚʣʷʣʠ ʥʝ ʤʝʥʝʝ 4 ʣʫʥʦʢ ʠ ʥʝ ʤʝ-
ʥʝʝ 16 ʣʫʥʦʢ ï ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʦʟʳ ʚʠʨʫʩʘ. 
ʇʣʘʥʰʝʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʉʆ2-ʠʥʢʫʙʘ-
ʪʦʨʝ ʚ ʪʝʯʝʥʠʝ 24ï48 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
(37Ñ1) ʦʉ ʚ ʘʪʤʦʩʬʝʨʝ ʩ (5,0Ñ0,5) % ʉʆ2. 
ʇʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʠʟ ʧʣʘʥʰʝʪʘ ʫʜʘʣʷ-
ʣʠ ʩʨʝʜʫ ʠ ʚʦ ʚʩʝ ʣʫʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ-
ʜʝʣʴʥʳʝ ʀʌʅ, ʢʦʤʧʦʟʠʮʠʠ ʀʌʅ ʠ ʩʪʘʥ-
ʜʘʨʪʥʳʡ ʀʌʅ, ʚʥʦʩʠʣʠ ʠʥʜʠʢʘʪʦʨʥʳʡ 
VSV ʚ ʨʘʙʦʯʝʡ ʜʦʟʝ 100,0 ʊʎɼ50/0,1 ʩʤ

3. ɺ 
ʣʫʥʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʦ-
ʟʳ ʚʠʨʫʩʘ, ʚʥʦʩʠʣʠ ʨʘʟʚʝʜʝʥʠʷ ʚʠʨʫʩʘ, ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 100,0 ʊʎɼ50/0,1 ʩʤ3;      
10,0 ʊʎɼ50/0,1 ʩʤ3; 1,0 ʊʎɼ50/0,1 ʩʤ3;         
0,1 ʊʎɼ50/0,1 ʩʤ

3. ɺ ʣʫʥʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ-
ʥʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʣʝʪʦʯʥʦʛʦ ʤʦʥʦʩʣʦʷ, 
ʚʥʦʩʠʣʠ ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʩʨʝʜʫ (ɼʄɽʄ 
ʩ ʩʦʜʝʨʞʘʥʠʝʤ 2 % ʕʊʉ). ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ 
ʚʠʨʫʩʘ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ ʧʦʤʝʱʘʣʠ 
ʚ ʉʆ2-ʠʥʢʫʙʘʪʦʨ ʥʘ 24ï48 ʯ ʜʦ ʧʦʷʚʣʝʥʠʷ 
ʮʠʪʦʧʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʤʦʥʦʩʣʦʝ   
ʢʣʝʪʦʢ.  

ʋʯʸʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦ-
ʜʦʤ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʤʦʥʦʩʣʦʷ ʩ ʧʦʤʦ-
ʱʴʶ ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Nikon 
TS100 (çNikon Corporationè, ʗʧʦʥʠʷ). ɼʣʷ 
ʨʘʟʚʝʜʝʥʠʡ ʩʪʘʥʜʘʨʪʘ ʀʌʅ ʠ ʠʩʧʳʪʫʝʤʳʭ 
ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʫʥʦʢ, ʚ 
ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʮʠʪʦʧʘʪʠʯʝʩʢʦʝ ʜʝʡ-
ʩʪʚʠʝ ʚʠʨʫʩʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʣʘʥʰʝʪʘ ʨʘʩ-
ʩʯʠʪʳʚʘʣʠ ʪʠʪʨ ʩʪʘʥʜʘʨʪʥʦʛʦ (Tʉʆ) ʠ ʠʩ-
ʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʦʚ (Tʀʈ) ʤʝʪʦʜʦʤ ʉʧʠʨ-
ʤʝʥʘ-ʂʝʨʙʝʨʘ (ʬʦʨʤʫʣʳ 1ï3): 

https://www.laboratorii.com/oborudovanie-dlja-laboratorij/schetchiki-kletok/filter/producer-is-lifetechnologies/apply/
https://www.laboratorii.com/oborudovanie-dlja-laboratorij/schetchiki-kletok/filter/producer-is-lifetechnologies/apply/
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ʛʜʝ log2ED50 ï ʜʚʦʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʪʠʪʨʘ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʦʚ; 

Dmax ï ʜʚʦʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʨʘʟʚʝʜʝ-
ʥʠʷ, ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʱʠʪʘ 
ʢʣʝʪʦʢ ʦʪ ʚʠʨʫʩʘ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘ-
ʢʦʚ ʜʝʛʨʘʜʘʮʠʠ ʤʦʥʦʩʣʦʷ, ʚ 100 % ʣʫʥʦʢ; 

d ï ʜʚʦʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʰʘʛʘ ʨʘʟʚʝ-
ʜʝʥʠʡ, ʨʘʚʥʳʡ 1; 

n ï ʯʠʩʣʦ ʣʫʥʦʢ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ 
ʢʘʞʜʦʝ ʨʘʟʚʝʜʝʥʠʝ; 

p ï ʯʠʩʣʦ ʣʫʥʦʢ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ, ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ Dmax, ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟ-
ʚʝʜʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʮʠʪʦʧʘʪʠ-
ʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚʠʨʫʩʘ.  

ɿʘ ʪʠʪʨ ʀʌʅ ʧʨʠʥʠʤʘʣʠ ʚʝʣʠʯʠʥʫ, 
ʦʙʨʘʪʥʫʶ ʨʘʟʚʝʜʝʥʠʶ ʦʙʨʘʟʮʦʚ, ʧʨʠ ʢʦʪʦ-
ʨʦʤ ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ʚ 50 % ʣʫʥʦʢ ʧʦʣ-
ʥʦʩʪʴʶ ʟʘʱʠʱʝʥʘ ʦʪ ʊʎɼ ʚʠʨʫʩʘ. 

ʉʧʝʮʠʬʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʩʧʳʪʫ-
ʝʤr ʭ ʦʙʨʘʟʮʦʚ (ɸʀʈ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 
ʬʦʨʤʫʣʝ 4: 

 
 
 
 

ʛʜʝ     ɸʉʆ    ï  ʩʧʝʮʠʬʠʯʝʩʢʘʷ     ʘʢʪʠʚʥʦʩʪʴ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ; 

Tʀʈ ï ʪʠʪʨ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ; 
Tʉʆ ï ʪʠʪʨ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ; 
n ï ʯʠʩʣʦ ʣʫʥʦʢ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ 

ʢʘʞʜʦʝ ʨʘʟʚʝʜʝʥʠʝ. 
 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʙʳʯʴʠʭ ʀʌʅ Ŭ, ɔ, ɚ, Ű ʠ 
ʠʭ ʢʦʤʧʦʟʠʮʠʡ: Ŭ + Ű; Ŭ + ɚ; Ŭ + ɔ + ɚ; Ű + ɔ; 
Ű + ɚ; Ű + ɔ + ɚ; ɔ + ɚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠ-
ʜʝ ʙʝʣʢʦʚʳʭ ʩʫʙʩʪʘʥʮʠʡ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 
ʦʯʠʩʪʢʠ (>98 %). 

ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ 
ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʪʝʨʠʣʴʥʳʡ ʨʘʩʪʚʦʨ ʨʝ-
ʢʦʤʙʠʥʘʥʪʥʳʭ ʙʳʯʴʠʭ ʠʥʪʝʨʬʝʨʦʥʦʚ ʚ 
ʊʨʠʩ-ʙʫʬʝʨʝ (50 ʤʄʦʣʴ Tris-HCl, ʨʅ 7,0ï
8,0, 20 ʤʄʦʣʴ  NaCl, 1 ʤʄʦʣʴ ʕɼʊɸ).  ʇʨʠ  

ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʮʠʡ ʙʳʯʴʠ ʀʌʅ ʨʘʟʣʠʯ-
ʥʳʭ ʪʠʧʦʚ ʩʤʝʰʠʚʘʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, 
ʧʨʠ ʵʪʦʤ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʝʣʢʘ ʚ 
ʢʦʤʧʦʟʠʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 15 ʤʢʛ/ʩʤ3. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ-
ʜʝʣʴʥʳʭ ʀʌʅ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʤʦʜʝʣʴ-
ʥʦʡ ʩʠʩʪʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʚʠʚʘʝ-
ʤʦʡ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʄDɺʂ ʫʩʪʘʥʦʚʣʝʥʘ 
ʚʳʨʘʞʝʥʥʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ (ʪʘʙʣʠʮʳ 1, 2). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-
ʶʪ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʀʌʅ ʩʧʦʩʦʙʥʳ 
ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʮʠʪʦʧʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 
VSV ʥʘ 50 % ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʙʣʠʟʢʠʭ ʢ 
ʪʘʢʦʚʳʤ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʀʌʅ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
ʚ ʪʘʙʣʠʮʝ 1, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʙʨʘʟ-
ʮʳ ʀʌʅ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʙʣʘʜʘʣʠ ʧʨʦʪʠ-
ʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʜʘʚʣʷʣʠ ʮʠ-
ʪʦʧʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʚʠ-
ʨʫʩʘ ʚ ʫʩʣʦʚʠʷʭ in vitro, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴ-
ʰʠʝ ʨʘʟʚʝʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʀʌʅ ʥʝ ʟʘ-
ʱʠʱʘʣʠ ʢʣʝʪʢʠ ʦʪ ʚʠʨʫʩʘ. ʀʌʅ-Ŭ ʧʦʜʘʚ-
ʣʷʣ ʮʠʪʦʧʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʚʠʨʫʩʘ ʥʘ     
50 % ʚ ʨʘʟʚʝʜʝʥʠʷʭ ʜʦ 1:3200, ʯʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
3,2Ĭ106 ʄɽ/ʤʛ. ɹʳʯʠʡ ʀʌʅ-Ű ʧʦʜʘʚʣʷʣ 
ʜʝʡʩʪʚʠʝ ʚʠʨʫʩʘ ʥʘ 50 % ʚ ʨʘʟʚʝʜʝʥʠʷʭ ʜʦ 
1:400, ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 0,4Ĭ        
106 ʄɽ/ʤʛ; ʀʌʅ-ɔ ï 0,6Ĭ106 ʄɽ/ʤʛ,      
ʀʌʅ-ɚ ï 1,6Ĭ106 ʄɽ/ʤʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʨʬʝʨʦʥʳ Ŭ ʠ ɚ ʦʙʣʘ-
ʜʘʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ Ű ʠ ɔ, ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʚʠ-
ʚʘʝʤʦʡ ʣʠʥʠʠ ʢʣʝʪʦʢ ʄDɺʂ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʳʯʴʠ ʨʝʢʦʤ-
ʙʠʥʘʥʪʥʳʝ ʠʥʪʝʨʬʝʨʦʥʳ I (Ŭ) ʠ III (ɚ) ʪʠ-
ʧʦʚ ʧʨʦʷʚʠʣʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 
ʘʥʪʠʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʦʧʦʩʪʘʚʠʤʫʶ 
ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʮʦʤ. ʕʪʠ ʪʠʧʳ ʀʌʅ 
ʧʦ ʩʚʦʠʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 
ʩʚʦʡʩʪʚʘʤ ʦʪʥʝʩʝʥʳ ʢ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ 
ʮʠʪʦʢʠʥʘʤ, ʠʤʝʶʱʠʤ ʩʚʦʠ ʨʝʮʝʧʪʦʨʳ 
ʫʟʥʘʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ. ʀʥʪʝʨ-
ʬʝʨʦʥʳ ɔ ʠ Ű ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʥʠ-
ʞʝʥʥʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ 
ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʛʣʘʚʥʳʝ 
ʬʫʥʢʮʠʠ ʀʌʅ-ɔ (II ʪʠʧ) ʟʘʢʣʶʯʘʶʪʩʷ ʚ 
ʢʦʥʪʨʦʣʝ ʢʣʝʪʦʯʥʦʛʦ ʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤ-
ʤʫʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʀʌʅ-Ű ʫʯʘʩʪʚʫʝʪ ʚ 
ʧʨʦʮʝʩʩʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʫ 
ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ. 

,             (1) 

,               (2) 
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ʊʘʙʣʠʮʘ 1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʯʴʠʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʀʌʅ        
ʥʘ ʧʝʨʝʚʠʚʘʝʤʦʡ ʣʠʥʠʠ ʢʣʝʪʦʢ ʄDɺʂ 

ʈʘʟʚʝʜʝʥʠʷ ʀʌʅ* 1:100 1:200 1:400 1:800 1:1600 1:3200 1:6400 1:12800 

ɹʳʯʠʡ Ŭ-ʀʌʅ - - - - + ++ ++++ ++++ 

ɹʳʯʠʡ Ű-ʀʌʅ - - ++ +++ +++ ++++ +++ ++++ 

ɹʳʯʠʡ ɔ-ʀʌʅ - - + +++ ++++ ++++ ++++ ++++ 

ɹʳʯʠʡ ɚ-ʀʌʅ - - - - ++ +++ +++ ++++ 

ʉʪʘʥʜʘʨʪʥʳʡ  
ʦʙʨʘʟʝʮ ʀʌʅ** 

- - - - + ++ +++ +++ 

ʇʨʠʤʝʯʘʥʠʷ:  
* ï ʟʘ 1 ʯʘʩʪʴ ʀʌʅ ʧʨʠʥʠʤʘʣʘʩʴ ʢʦʥʮʝʥʪʨʘʮʠʷ 1,0 ʤʢʛ/ʩʤ3; 

** ï ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ Ŭ-ʀʌʅ (çPBL InterferonSourceè, ʉʐɸ); 
++++ ï ʧʦʣʥʳʡ ʮʠʪʦʧʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʜʝʛʝʥʝʨʘʮʠʷ ʢʣʝʪʦʢ 80ï100 %; 
+++ ï ʩʦʭʨʘʥʷʶʪʩʷ ʫʯʘʩʪʢʠ ʤʦʥʦʩʣʦʷ ʙʝʟ ʜʝʛʝʥʝʨʘʮʠʠ, ʦʢʦʣʦ 25 % ʚʩʝʡ ʧʣʦʱʘʜʠ; 
++ ï ʤʦʥʦʩʣʦʡ ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʝʥ, 50 % ʞʠʚʳʭ ʢʣʝʪʦʢ; 
+ ï ʧʨʘʢʪʠʯʝʩʢʠ ʩʧʣʦʰʥʦʡ ʤʦʥʦʩʣʦʡ, ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʝʪʦʢ ʦʢʦʣʦ 75 %; 
- ï ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʜʝʛʝʥʝʨʘʮʠʠ, 100%-ʥʳʡ ʤʦʥʦʩʣʦʡ, ʟʘʱʠʪʘ ʢʣʝʪʦʢ ʦʪ ʚʠʨʫʩʘ 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ ʙʳʯʴʠʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʀʌʅ in vitro 
ʥʘ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʄDɺʂ 

ʈʘʟʚʝʜʝʥʠʷ ʀʌʅ* 1:100 1:200 1:400 1:800 1:1600 1:3200 1:6400 1:12800 

ɸ) Ŭ + Ű - - ++ ++ +++ +++ ++++ ++++ 

ɹ) Ŭ + ɚ - - - ++ ++ ++ +++ ++++ 

ɺ) Ŭ + ɔ + ɚ - - - - + ++ ++ +++ 

ɻ) Ű + ɔ - - + ++ ++ +++ ++++ ++++ 

ɼ) Ű + ɚ - - - + ++ ++ +++ +++ 

ɽ) Ű + ɔ + ɚ - - + ++ ++ +++ ++++ ++++ 

ɾ) ɔ + ɚ - - + ++ ++ ++++ +++ ++++ 

ʉʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʀʌʅ** - - - - + ++ +++ +++ 

ʇʨʠʤʝʯʘʥʠʷ: 
* ï ʧʝʨʝʜ ʪʠʪʨʦʚʘʥʠʝʤ ʚ ʧʣʘʥʰʝʪʝ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʝʣʢʘ ʚ ʦʙʨʘʟʮʘʭ ʜʦʚʦʜʠʣʠ ʜʦ 1,0 ʤʢʛ/ʩʤ3; 
** ï ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ ʨʝʢʦʤʙʠʥʘʥʪʥʦʛʦ ʀʌʅ-Ŭ (çPBL InterferonSourceè, ʉʐɸ) ʚ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ 1,0 ʤʢʛ/ʩʤ3; 
++++ ï ʧʦʣʥʳʡ ʮʠʪʦʧʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʜʝʛʝʥʝʨʘʮʠʷ ʢʣʝʪʦʢ 80ï100 %; 
+++ ï ʩʦʭʨʘʥʷʶʪʩʷ ʫʯʘʩʪʢʠ ʤʦʥʦʩʣʦʷ ʙʝʟ ʜʝʛʝʥʝʨʘʮʠʠ, ʦʢʦʣʦ 25 % ʚʩʝʡ ʧʣʦʱʘʜʠ; 
++ ï ʤʦʥʦʩʣʦʡ ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʝʥ, 50 % ʢʣʝʪʦʢ ʞʠʚʳʭ; 
+ ï ʧʨʘʢʪʠʯʝʩʢʠ ʩʧʣʦʰʥʦʡ ʤʦʥʦʩʣʦʡ, ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʝʪʦʢ ʦʢʦʣʦ 75 %; 
- ï ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʜʝʛʝʥʝʨʘʮʠʠ, 100%-ʥʳʡ ʤʦʥʦʩʣʦʡ 
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ʉʭʦʜʥʫʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʮʦʤ 
ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ 
ʢʦʤʧʦʟʠʮʠʠ ɹ (Ŭ + ɚ) ʠ ɼ (Ű + ɚ) ï 3,2Ĭ    
106 ʄɽ/ʤʛ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʦʟʠʮʠʷ ɺ (Ŭ +      
ɔ + ɚ) ʧʨʦʷʚʣʷʣʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʘʥ- 

ʪʠʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʚʝʜʝʥʠʷʭ ʙʦ-
ʣʝʝ ʚʳʩʦʢʠʭ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ, ï 
1:6400, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6,4Ĭ106 ʄɽ/ʤʛ 
(ʨʠʩʫʥʦʢ). 
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ʈʠʩʫʥʦʢ ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ  
ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ ʙʳʯʴʠʭ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʀʌʅ in vitro  

ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ ʄDɺʂ 

ʂʦʤʧʦʟʠʮʠʷ ɸ (Ŭ + Ű) ʧʦʢʘʟʘʣʘ ʩʘ-
ʤʫʶ ʥʠʟʢʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 
ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ 
ʢʣʝʪʦʢ ʄDɺʂ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ 
ʩ ʢʦʥʢʫʨʝʥʮʠʝʡ ʜʘʥʥʳʭ ʚʠʜʦʚ ʀʌʅ ʟʘ ʨʝ-
ʮʝʧʪʦʨʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦ-
ʤʫ ʪʠʧʫ (I ʪʠʧ), ʪʘʢ ʠ ʩ ʚʦʟʤʦʞʥʦʡ ʥʝʩʦʚ-
ʤʝʩʪʠʤʦʩʪʴʶ ʀʌʅ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʢʦʤʧʦ-
ʟʠʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦ ʩʥʠʞʝʥʠʝʤ     
ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ ʨʝʟʫʣʴ-
ʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 
ʩʦʩʪʘʚʣʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 
ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤʠ 
ʨʝʢʦʤʙʠʥʘʥʪʥʳʤʠ ʀʌʅ. 

 
ɿɸʂʃʖʏɽʅʀɽ 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʝʢʦʤʙʠʥʘʥʪʥʳʝ 
ʀʌʅ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥ-
ʥʦʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʪʝʩʪ-
ʩʠʩʪʝʤʝ ʧʝʨʝʚʠʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ ʢʣʝʪʦʢ 
MDBK,  ʯʪʦ  ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ  ʠʭ  

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʦʩʥʦʚʳ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 
ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘ-
ʣʠ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʀʌʅ ʚʳʟʳʚʘʶʪ ʩʥʠ-
ʞʝʥʠʝ ʊʎɼ ʥʘ 50 % ʧʨʠ ʨʘʟʚʝʜʝʥʠʷʭ ʦʪ 
1:1600 ʜʦ 1:3200. ʇʨʠ ʵʪʦʤ ʢʦʤʧʦʟʠʮʠʷ ɺ 
(Ŭ + ɔ + ɚ) ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦ-
ʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʚ ʨʘʟʚʝʜʝ-
ʥʠʷʭ 1:6400, ʯʪʦ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʪʠʚʦʚʠ-
ʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ. 
ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʠʚʠʨʫʩ-
ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʀʌʅ, 
ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʫʩʣʦʚʠʷʭ in vitro, ʧʦʢʘʟʘʣʘ, 
ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ Ŭ + ɚ (ʚʘʨʠʘʥʪ ɹ) ʠ              
Ŭ + ɔ + ɚ (ʚʘʨʠʘʥʪ ɺ) ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ 
ʧʦʜʘʚʣʝʥʠʠ ʮʠʪʦʧʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠʥ-
ʜʠʢʘʪʦʨʥʦʛʦ ʚʠʨʫʩʘ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 
MDBK, ʯʝʤ Ű + ɔ (ʚʘʨʠʘʥʪ ɻ), Ű + ɚ 
(ʚʘʨʠʘʥʪ ɼ), Ű + ɔ + ɚ (ʚʘʨʠʘʥʪ ɽ), ɔ + ɚ 
(ʚʘʨʠʘʥʪ ɾ), ʘ ʩʘʤʘʷ ʥʠʟʢʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩ-
ʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʫ ʢʦʤʧʦʟʠʮʠʠ 
Ŭ + Ű (ʚʘʨʠʘʥʪ ɸ). 
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ʈʝʟʶʤʝ 
ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʙʠʦʪʠʢʘ çʇʨʦʤʦʠʩè ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʮʳʧ-

ʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ ʀʨʘʢ. ʅʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʤʘʩʩʘ ʮʳʧʣʷʪ ʫʚʝʣʠ-
ʯʠʚʘʝʪʩʷ ʥʘ 8,8 %, ʢʦʥʚʝʨʩʠʷ ʢʦʨʤʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 7,5 %, ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 8,6 % ʧʨʠ 
ʩʥʠʞʝʥʠʠ ʩʤʝʨʪʥʦʩʪʠ ʚ 2,4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʋʩʪʘʥʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʵʪʘʧʳ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʷ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʦʪʝʢʘʚʰʠʝ ʧʦ ʣʠʤʬʦʮʠʪʘʨʥʦʤʫ ʪʠʧʫ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠ-
ʝʤ ʢʦʣʠʯʝʩʪʚʘ ʣʠʤʬʦʮʠʪʦʚ, ʵʦʟʠʥʦʬʠʣʦʚ ʠ ʙʘʟʦʬʠʣʦʚ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʨʝʧʘʨʘʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʦʡʢʘʷ ʜʠʥʘ-
ʤʠʢʘ ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ: ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʙʝʣʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 19,2 %, ʘʣʴʙʫʤʠʥʦʚ ⱷ 
ʥʘ 33,3 %, ʛʣʦʙʫʣʠʥʦʚ ⱷ ʥʘ 22,4 %. ʇʨʦʙʠʦʪʠʢ ʩʪʠʤʫʣʠʨʫʝʪ ʘʥʛʠʦʛʝʥʝʟ ʚ ʘʣʠʤʝʥʪʘʨʥʦʡ ʩʠʩʪʝʤʝ, ʯʪʦ ʧʨʦʷʚʣʷ-
ʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʚ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʝ ʥʘ 26,1 % ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʤʝʞʢʘʧʠʣ-
ʣʷʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 67,3 %. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠʤʤʫ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʢʦʨʤʦʚʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʧʘʪʦʛʝʥʥʳʭ ʘʛʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʙʠʦʪʠʢ, ʮʳʧʣʷʪʘ, ʛʝʤʘʪʦʣʦʛʠʷ, ʙʠʦʭʠʤʠʷ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʤʦʨʬʦʣʦʛʠʷ, ʬʝʨʤʝʥ-
ʪʳ, ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʧʠʱʝʚʘʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʥʚʝʨʩʠʷ ʢʦʨʤʘ. 

 

Summary 
This article analyzes the effectiveness of the probiotic çPromoisè in raising broiler chickens in the Republic of 

Iraq. Productive indicators, such as chicken weight increased by 8,8 %, feed conversion decreased by 7,5 %, and aver-
age daily gain increased by 8,6 %, while mortality was reduced by 2,4 times compared to the control group. Charac-
teristic stages of hematological parameter changes were identified. These changes followed a lymphocytic pattern, 
accompanied by an increase in lymphocytes, eosinophilǋs, and basophils. The drug resulted in a persistent increase in 
protein metabolism, with total serum protein levels increasing by 19,2 %, albumin by 33,3 %, and globulin by 22,4 %. 
The probiotic stimulates angiogenesis in the alimentary system, resulting in a 26,1 % increase in capillary density in 
the duodenum and a 67,3 % decrease in intercapillary distance. The increased capillary density ensures a highly relia-
ble immunological barrier in the digestive system against feed toxic substances and pathogens. 

Keywords: probiotic, chickens, hematology, biochemistry, trace elements, morphology, enzymes, vascular      
system, productivity, digestive system, feed conversion. 
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ɺɺɽɼɽʅʀɽ 
ʇʨʦʙʠʦʪʠʢʠ ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʘʨʠ-

ʘʥʪ ʜʣʷ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʚ ʧʪʠʮʝʚʦʜʩʪʚʝ. 
ʀʭ ʜʦʙʘʚʣʷʶʪ ʚ ʢʦʨʤʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʦʨʛʘʥʠʟʤʘ ʧʪʠʮʳ ʧʦʣʝʟʥʳʤʠ ʤʠʢʨʦʦʨʛʘ-
ʥʠʟʤʘʤʠ. ʇʨʦʙʠʦʪʠʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʢʣʝʪ-
ʢʘʤʠ, ʚʳʩʪʠʣʘʶʱʠʤʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ 
ʪʨʘʢʪ, ʙʣʦʢʠʨʫʷ ʨʝʮʝʧʪʦʨʳ ʥʘ ʢʣʝʪʦʯʥʳʭ 
ʩʪʝʥʢʘʭ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 
ʚʨʝʜʥʳʭ ʤʠʢʨʦʙʦʚ [9, 12]. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫ-
ʝʪ ʚʳʚʝʜʝʥʠʶ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟ-
ʤʦʚ ʠ ʩʥʠʞʘʝʪ ʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 
ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʙʠʦʪʠʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 
ʤʠʢʨʦʙʥʳʡ ʙʘʣʘʥʩ ʚ ʢʠʰʝʯʥʠʢʝ, ʦʩʦʙʝʥʥʦ 
ʢʦʛʜʘ ʚʟʨʦʩʣʳʝ ʧʪʠʮʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʪʨʝʩ- 

 
ʩʫ, ʚʳʟʚʘʥʥʦʤʫ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 
ʠʣʠ ʙʦʣʝʟʥʷʤʠ. ʇʨʦʙʠʦʪʠʢʠ ʩʪʘʥʦʚʷʪʩʷ 
ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ, ʘ ʠʭ ʧʨʠʤʝʥʝ-   
ʥʠʝ ï h ʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʦ ʤʥʦ-
ʛʠʭ ʩʪʨʘʥʘʭ [1, 3]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʧʨʦʙʠʦʪʠʢʦʚ ʚ ʧʪʠʮʝʚʦʜʩʪʚʝ ʫʚʝ-
ʣʠʯʠʚʘʝʪ ʞʠʚʫʶ ʤʘʩʩʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʫʩʚʦʝʥʠʷ ʢʦʨʤʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠ-
ʞʝʥʠʶ ʩʤʝʨʪʥʦʩʪʠ ʠ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ 
[10]. ʇʪʠʮʳ, ʧʦʣʫʯʘʚʰʠʝ ʠʨʘʢʩʢʠʝ ʧʨʦ-
ʙʠʦʪʠʢʠ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʧʦʢʘʟʘʣʠ ʥʘʠ-
ʙʦʣʴʰʠʡ ʦʙʱʠʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʚ ʚʦʟʨʘʩʪʝ 
35 ʜʥʝʡ [5]. 
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ʇʦʣʫʯʝʥ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝ-
ʟʫʣʴʪʘʪ ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʨʦʙʠʦʪʠʢʦʚ ʚ ʢʦʨʤ 
ʮʳʧʣʷʪʘʤ ʧʦʩʣʝ ʚʳʣʫʧʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 24 ʠ 
48 ʯ [11, 13]. ɺʘʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦ-
ʙʠʦʪʠʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʝʱʝ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 
ʧʦʚʳʰʘʶʪ ʢʦʥʚʝʨʩʠʶ ʢʦʨʤʘ, ʩʥʠʞʘʶʪ ʝʛʦ 
ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʤʝʨʪʥʦʩʪʴ ʧʪʠʮʳ. 

ʇʨʦʬʠʣʴ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʙʠʦʪʳ  
ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʟʜʦʨʦʚʴʝ, 
ʠʤʤʫʥʠʪʝʪ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʪʠʮʳ. ʄʘʢ-
ʨʦʦʨʛʘʥʠʟʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʱʘʪʴ ʦʪ ʮʝʣʦ-
ʛʦ ʩʧʝʢʪʨʘ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʙʦʚ, ʚʳʨʘʙʘ-
ʪʳʚʘʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʳ-
ʞʠʚʘʥʠʷ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚ ʧʠʱʝʚʘʨʠ-
ʪʝʣʴʥʦʤ ʪʨʘʢʪʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʧʦʣʥʦʮʝʥʥʦʡ ʟʘʱʠʪʳ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ [4]. 

ɹʠʦʧʨʝʧʘʨʘʪʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 
ʷʚʣʷʶʪʩʷ ʤʝʪʘʧʨʦʙʠʦʪʠʢʠ  ʧʨʝʧʘʨʘʪʳ ʥʘ 
ʦʩʥʦʚʝ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ, 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʝ ʧʦʣʝʟʥʳʤʠ 
ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ (ʦʨʛʘʥʠ-
ʯʝʩʢʠʝ ʢʠʩʣʦʪʳ), ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʩʠʥʝʨ-
ʛʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʤʦʜʫʣʠ-
ʨʫʶʪ ʤʠʢʨʦʙʠʦʪʫ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝ-
ʤʳ. ʄʠʢʨʦʧʨʦʙʠʦʪʠʢ çʇʨʦʙʠʦʮʠʜ-ʋʣʴʪ-
ʨʘè ʦʙʲʝʜʠʥʷʝʪ ʢʦʤʙʠʥʘʮʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ 
ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ (ʬʫʤʘʨʦʚʦʡ ʠ 
ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪ) ʠ ʜʚʫʭ ʰʪʘʤʤʦʚ Bacil-
lus spp., ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʠʥʝʨʛʠʟʤʝ [4]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʪʦʛʝ-
ʥʦʚ, ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 
ʤʠʢʨʦʙʠʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʣʘʢʪʦ- ʠ ʙʠʬʠʜʦ-
ʙʘʢʪʝʨʠʠ, ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʩʥʠʞʝʥʠʶ 
ʫʨʦʚʥʷ ʨʅ, ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪ ʜʠʩ-
ʙʘʣʘʥʩ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʨʅ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 
ʧʦʣʝʟʥʦʡ ʤʠʢʨʦʙʠʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʮʝʣʣʶʣʦ-
ʟʦʣʠʪʠʯʝʩʢʠʝ ʙʘʢʪʝʨʠʠ Ruminococcus, Eu-
bacterium, ʨʘʩʱʝʧʣʷʶʱʠʝ ʢʣʝʪʯʘʪʢʫ, ʠʤʝ-
ʶʪ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʦʪ ʧʦʜʢʠʩʣʝ-
ʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʫ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʦʡ 
ʛʨʫʧʧʳ ʙʘʢʪʝʨʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʥʠ ʦʪʥʦʩʷʪ-
ʩʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʠ-
ʢʣʝʪʦʯʥʦʛʦ ʢʘʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʘʤʦʪ-
ʨʠʮʘʪʝʣʴʥʳʤʠ ʧʘʪʦʛʝʥʘʤʠ, ʯʪʦ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʘʥʠʦʥʦʚ ʢʠʩʣʦʪ [8]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʪʦʛʦ, ʯʪʦ-
ʙʳ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʡ 
ʧʦʪʝʥʮʠʘʣ ʢʨʦʩʩʘ, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʚʳʩʦ-
ʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠ ʤʷʩ-
ʥʳʤ ʢʘʯʝʩʪʚʘʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 
ʧʪʠʮʫ ʦʧʪʠʤʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ 
ʢʦʨʤʘʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʥʥʠʝ ʧʝʨʠʦʜʳ ʜʦʨʘ-
ʱʠʚʘʥʠʷ. 

ʋʣʫʯʰʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʩʚʦʝʥʠʝ 
ʢʦʨʤʘ ʚ ʧʝʨʚʳʝ 7 ʜʥʝʡ ʧʦʩʪʥʘʪʘʣʴʥʦʡ ʞʠʟ-
ʥʠ ʙʨʦʡʣʝʨʦʚ, ʢʦʛʜʘ ʫ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 
ʧʨʠʨʦʩʪʘ ʞʠʚʦʡ ʤʘʩʩʳ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝ-
ʯʠʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʛʦʣʦ-
ʚʴʷ [7]. 

ɺ ʧʝʨʚʳʝ ʜʥʠ ʧʦʩʪʥʘʪʘʣʴʥʦʡ ʞʠʟʥʠ 
ʮʳʧʣʝʥʦʢ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ 
ʨʘʟʣʠʯʥʳʭ ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ. ʅʝʩʬʦʨ-
ʤʠʨʦʚʘʥʥʘʷ ʬʝʨʤʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʠ ʩʣʘʙʦ-
ʨʘʟʚʠʪʳʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ ʚ 
ʧʝʨʚʫʶ ʥʝʜʝʣʶ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʛʣʘʚ-
ʥʳʭ ʧʨʠʯʠʥ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʥʠʭ ʦʩʦʙʳʭ 
ʢʦʨʤʦʚ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʧʨʝʩʪʘʨʪʝʨ-
ʥʳʤʠ [6]. 

ɿʘʜʘʯʝʡ ʧʨʝʩʪʘʨʪʝʨʥʦʛʦ ʢʦʤʙʠʢʦʨʤʘ 
ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʦʙʠʦʪʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʩʪʠ-
ʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯ-
ʥʦʛʦ ʪʨʘʢʪʘ, ʫʢʨʝʧʣʝʥʠʝ ʠʤʤʫʥʠʪʝʪʘ, ʦʙʝʩ-
ʧʝʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, 
ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʦʚ ʧʦ-
ʩʣʝ ʚʳʣʫʧʣʝʥʠʷ ʮʳʧʣʷʪ. ɹʝʣʢʦʚʳʝ ʢʦʨʤʘ ʚ 
ʧʨʝʩʪʘʨʪʝʨʥʳʭ ʨʘʮʠʦʥʘʭ ʧʦʣʦʞʠʪʝʣʴʥʦ 
ʚʣʠʷʶʪ ʥʘ ʤʷʩʥʳʝ ʢʘʯʝʩʪʚʘ ʮʳʧʣʷʪ-
ʙʨʦʡʣʝʨʦʚ [2]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʙʠʦʪʠʢʘ 
çʇʨʦʤʦʠʩè ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ 
ʣʝʪʥʠʡ ʧʝʨʠʦʜ.  

 
ʄɸʊʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʪʠʮʝ-

ʚʦʜʯʝʩʢʦʡ ʬʝʨʤʝ ʚ ʨʘʡʦʥʝ ɹʘʣʘʜʨʫʟ, ʧʨʦ-
ʚʠʥʮʠʷ ɼʠʷʣʘ, ʀʨʘʢ, ʩ 8 ʘʚʛʫʩʪʘ ʧʦ 11 ʩʝʥ-
ʪʷʙʨʷ 2025 ʛ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 60 ʮʳʧʣʷʪ 
ʣʠʥʠʠ RʆSS, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʜʚʝ ʛʨʫʧʧʳ  
ʢʦʥʪʨʦʣʴʥʫʶ ʠ ʦʧʳʪʥʫʶ ï ʧʦ 30 ʮʳʧʣʷʪ. 
ʆʧʳʪ ʜʣʠʣʩʷ 33 ʜʥʷ. ʎʳʧʣʷʪʘ ʨʘʟʤʝʱʘ-
ʣʠʩʴ ʚ ʰʝʩʪʠ ʦʜʠʥʘʢʦʚʳʭ ʧʦʤʝʱʝʥʠʷʭ ʨʘʟ-
ʤʝʨʦʤ 1 ʤĮ. ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʳʪʘ ʙʳʣʦ 
ʦʧʨʝʜʝʣʝʥʦ ʪʨʠ ʧʝʨʠʦʜʘ: ʩʪʘʨʪʦʚʳʡ ï ʩ        
1-ʛʦ ʧʦ 10-ʡ ʜʝʥʴ, ʨʦʩʪʦʚʦʡ  ʩ 11-ʛʦ ʧʦ 21-ʡ 
ʜʝʥʴ ʠ ʬʠʥʠʰʥʳʡ  ʩ 22-ʛʦ ʧʦ 35-ʡ ʜʝʥʴ. 

ʈʘʮʠʦʥ ʢʦʨʤʣʝʥʠʷ ʙʳʣ ʩʦʩʪʘʚʣʝʥ 
ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ. ʊʘʢ, ʜʣʷ ʩʪʘʨʪʦʚʦʛʦ 
ʧʝʨʠʦʜʘ ʤʝʪʘʙʦʣʠʟʠʨʫʝʤʘʷ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚ-
ʣʷʣʘ 3015, ʜʣʷ ʨʦʩʪʦʚʦʛʦ  3099 ʠ ʬʠʥʠʰ-
ʥʦʛʦ  3182 ʢʢʘʣ/ʢʛ ʢʦʨʤʘ. ʆʩʚʝʱʝʥʠʝ ʧʦ-
ʤʝʱʝʥʠʡ ʙʳʣʦ ʢʨʫʛʣʦʩʫʪʦʯʥʳʤ, ʪʝʤʧʝʨʘ-
ʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ ʪʨʠʞʜʳ ʚ ʜʝʥʴ. 

ʀʟʫʯʘʣʠʩʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ 
ʤʘʩʩʘ ʮʳʧʣʷʪ, ʧʨʠʨʦʩʪ ʤʘʩʩʳ, ʫʯʝʪ ʧʦʪʨʝʙ-
ʣʝʥʠʷ ʢʦʨʤʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʢʦʨʤʘ, ʧʨʦʮʝʥʪ ʩʤʝʨʪʥʦʩʪʠ ʠ ʧʨʦʜʫʢʪʠʚ-
ʥʦʩʪʴ. 

ʇʨʦʙʠʦʪʠʢ çʇʨʦʤʦʠʩè ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʠʟ ʨʘʩʯʝʪʘ 50,0 ʛ ʥʘ 100,0 ʣ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ 
ʞʘʨʢʦʛʦ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ. 

ʇʨʦʙʠʦʪʠʢ çʇʨʦʤʦʠʩè  ʤʥʦʛʦʢʦʤ-
ʧʦʥʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ, 
ʂʆɽ/ʛ: Bifidobacterium bifidum  1,0Ĭ1020, 
Lactobacillus acidophilus  1,0Ĭ1010, Lacto-
bacillus casei  1,0Ĭ1010, Bacillus subtilis  
1,0Ĭ1010, Bifidobacterium faecium  1,0Ĭ104, 
Streptococcus thermophilus  1,0Ĭ104, ʜʨʦʞ-
ʞʠ  1,0Ĭ102. 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ 
ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʠʬʠʜʦ- 
ʠ ʣʘʢʪʦʙʘʢʪʝʨʠʡ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʢʦ-
ʣʦʥʠʟʠʨʦʚʘʪʴ ʢʠʰʝʯʥʠʢ ʮʳʧʣʷʪ ʥʦʨʤʦ-
ʬʣʦʨʦʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʤʘ 
(ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʨʩʠʠ ʢʦʨʤʘ) ʨʘʚʝʥ ʩʦ-
ʦʪʥʦʰʝʥʠʶ ʥʦʨʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʤʘ (ʛ) 
ʟʘ ʮʠʢʣ ʚ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʢ ʥʦʨʤʝ ʧʨʠʨʦ-
ʩʪʘ ʤʘʩʩʳ (ʛ) ʟʘ ʪʦʪ ʞʝ ʩʨʦʢ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠ 
ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘ-
ʣʠ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ çIDEXX 
Procite DXè, ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ 
çSPOTCHEM ARKRAY ES-SP-4430è, ʣʘʙʦ-
ʨʘʪʦʨʥʳʝ ʤʠʢʨʦʩʢʦʧʳ çOLIMPUS CX41è ʠ 
çʆlympus IX71è. 

ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʢʘʧʠʣʣʷʨʠ-
ʟʘʮʠʠ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ʮʳʧʣʷʪ ʧʨʦʚʦʜʠ-
ʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʉ.ʄ. ɹʣʠʥ-
ʢʦʚʘ ʠ ʜʨ. ʧʦ ʬʦʨʤʫʣʝ: 

 
L0 = 2nc; nc = Nc/2a,  

 
ʛʜʝ      L0 ï ʜʣʠʥʘ ʢʘʧʠʣʣʷʨʦʚ ʥʘ 1,0 ʤʤ

3; 
nc ï ʧʣʦʪʥʦʩʪʴ ʢʦʥʮʦʚ ʢʘʧʠʣʣʷʨʦʚ ʥʘ 

1,0 ʤʤ2;  
Nc ï ʯʠʩʣʦ ʢʦʥʮʦʚ ʩʦʩʫʜʦʚ ʚ ʧʨʝʜʝ-

ʣʘʭ ʩʝʪʢʠ;  
ʘ ï ʧʣʦʱʘʜʴ ʩʨʝʟʦʚ, ʧʦʢʨʳʚʘʝʤʳʭ 

ʩʝʪʢʦʡ. 
ʄʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʝ ʨʫʩʣʦ ʚʳʷʚʣʷ-

ʣʠ ʤʝʪʦʜʦʤ ʠʤʧʨʝʛʥʘʮʠʠ ʘʟʦʪʥʦʢʠʩʣʳʤ 
ʩʝʨʝʙʨʦʤ ʧʦ ɺ.ɺ. ʂʫʧʨʠʷʥʦʚʫ, ʘ ʪʘʢʞʝ ʛʠ-
ʩʪʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ɻ. ɻʦʤʦʨʠ,     
ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʚʳʷʚʣʝʥʠʠ ʱʝʣʦʯʥʦʡ ʬʦʩ-
ʬʘʪʘʟʳ (ʑʌ) ʚ ʵʥʜʦʪʝʣʠʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦ-
ʩʫʜʦʚ. 

ɸʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ 
ʦʧʨʝʜʝʣʷʣʠ  ʩ  ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʦʥʥʦʡ  ʩʠ- 

ʩʪʝʤʳ çɹʠʦʩʢʘʥè ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝ-
ʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ɓ-ʛʣʠʮʝʨʦʬʦʩʬʘʪʘ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ OptAvrg  ʩʨʝʜ-
ʥʷʷ ʚʝʣʠʯʠʥʘ ʧʦʛʣʦʱʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʙʲ-
ʝʢʪʘ, ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʦʪ ʦʙʨʘʪʥʦʡ 
ʪʨʘʥʩʤʠʩʩʠʠ (ʆɸ): 

 
ʆɸ = -logĬ(Ii/I0), 

 
ʛʜʝ   Ii  ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝ-
ʨʝʟ ʦʙʲʝʢʪ. ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ  ʦʪʥʦʩʠ-
ʪʝʣʴʥʳʝ ʝʜʠʥʠʮʳ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 
(ʦʪʥ. ʝʜ. ʦʧʪʠʯ. ʧʣ.); 

I0  ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ 
ʦʙʲʝʢʪ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʮʠʬʨʦ-
ʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-
ʝʤ ʧʨʠʣʦʞʝʥʠʷ MS Office ʩ ʫʨʦʚʥʝʤ ʜʦʩʪʦ-
ʚʝʨʥʦʩʪʠ ʈ<0,05, ʈ<0,01. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ʉ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘ ʮʳʧʣʷʪ ʨʘʮʠʦʥ 

ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ ʧʦ ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝ-
ʩʪʚʘʤ (ʪʘʙʣʠʮʘ 1).  

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʩʦʩʪʘʚ ʙʝʣ-
ʢʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 
ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ: ʥʘ ʩʳʨʦʡ 
ʧʨʦʪʝʠʥ ʧʨʠʭʦʜʠʪʩʷ 40 %, ʞʠʨ  5 % ʠ        
2 %  ʥʘ ʢʣʝʪʯʘʪʢʫ. 

ʀʟ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʙʝʣʢʦʚʳʡ ʢʦʥ-
ʮʝʥʪʨʘʪ ʩʦʜʝʨʞʠʪ 6,5 % ʢʘʣʴʮʠʷ, 4,0 %  
ʫʩʚʦʷʝʤʦʛʦ ʬʦʩʬʦʨʘ ʠ 2,3 %  ʥʘʪʨʠʷ. ɺ 
ʩʦʩʪʘʚ ʪʘʢʞʝ ʚʭʦʜʷʪ ʘʤʠʥʦʢʠʩʣʦʪʳ: 3,85 % 
ʣʠʟʠʥʘ, 3,70 % ʤʝʪʠʦʥʠʥʘ ʠ 4,0 % ʤʝʪʠʦ-
ʥʠʥʘ ʩ ʮʠʩʪʝʠʥʦʤ, ʬʝʨʤʝʥʪ ʬʠʪʘʟʘ ʚ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ 15000 ʝʜ./ʢʛ ʠ 5000 ʤʛ/ʢʛ ʭʣʦʨʠ-
ʜʘ ʭʦʣʠʥʘ. 

ʕʪʦʪ ʢʦʥʮʝʥʪʨʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ        
2100 ʢʢʘʣ ʵʥʝʨʛʠʠ/ʢʛ ʠ ʩʦʜʝʨʞʠʪ ʚʩʝ ʥʝʦʙ-
ʭʦʜʠʤʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦ-
ʪʨʝʙʥʦʩʪʝʡ ʧʪʠʮʳ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʟʘʜʘʯʫ ʚʭʦʜʠʣʦ 
ʦʮʝʥʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʮʳʧʣʷʪ-ʙʨʦʡ-
ʣʝʨʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʙʠʦʪʠʢʘ ʚ ʣʝʪ-
ʥʠʡ ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ, ʘʥʘʣʠʟʠʨʦʚʘ-
ʣʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʪʝʯʝʥʠʝ 
ʩʫʪʦʢ (ʪʘʙʣʠʮʘ 2). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʚ ʫʪʨʝʥʥʠʝ 
ʯʘʩʳ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ           
29,1ï32,0 Áʉ, ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ ʧʦʚʳʰʘʣʘʩʴ 
ʜʦ 34,1ï35,7 Áʉ, ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠ-
ʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 30,9ï33,3 Áʉ. 
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ʊʘʙʣʠʮʘ 1  ʉʦʩʪʘʚ ʢʦʨʤʘ ʜʣʷ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ 

ʀʥʛʨʝʜʠʝʥʪʳ ʢʦʨʤʘ, % 

ɺʦʟʨʘʩʪʥʦʡ ʧʝʨʠʦʜ, ʜʥʠ 

ʬʠʥʠʰʥʳʡ, 
22ï35 

ʨʦʩʪʦʚʦʡ, 
11ï21 

ʩʪʘʨʪʦʚʳʡ, 
1ï10 

ʢʫʢʫʨʫʟʘ 57 55 53 

ʧʰʝʥʠʮʘ 10 10 10 

ʩʦʝʚʳʡ ʰʨʦʪ, ʙʝʣʢʘ 44 % 24 27 30 

ʙʝʣʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 5 5 5 

ʤʘʩʣʦ 3 2 1 

ʠʟʚʝʩʪʥʷʢ 0,7 0,7 0,7 

ʩʦʣʴ 0,3 0,3 0,3 

ʚʩʝʛʦ 100 100 100 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʨʤʘ 

ʩʳʨʦʡ ʧʨʦʪʝʠʥ 19,5 20,1 22,1 

ʤʝʪʘʙʦʣʠʟʠʨʫʝʤʘʷ ʵʥʝʨʛʠʷ, ʢʢʘʣ/ʢʛ ʢʦʨʤʘ 3182 3099 3015 

ʩʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ ʢ ʧʨʦʪʝʠʥʫ 163,17 148,99 136,42 

ʣʠʟʠʥ 1,08 1,06 1,27 

ʤʝʪʠʦʥʠʥ 0,50 0,47 0,52 

ʢʘʣʴʮʠʡ 0,78 0,80 0,75 

ʜʦʩʪʫʧʥʳʡ ʬʦʩʬʦʨ 0,57 0,45 0,55 

ʘʨʛʠʥʠʥ 1,21 1,00 1,21 

ʊʘʙʣʠʮʘ 2  ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 
ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʉʨʝʜʥʷʷ  
ʪʝʤʧʝʨʘʪʫʨʘ, ÁC 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, Áʉ ɺʦʟʨʘʩʪ 
ʚ ʥʝʜʝʣʷʭ 1900 1300 800 

33,3 32,1 35,7 32,0 1 

31,5 30,3 34,1 30,2 2 

30,9 29,2 34,6 29,1 3 

31,2 30,1 34,2 29,3 4 

31,3 30,2 34,2 29,5 5 

ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ 
ʦʮʝʥʝʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʙʠʦʪʠʢʘ çʇʨʦʤʦ-
ʠʩè (ʪʘʙʣʠʮʘ 3). ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʞʠʚʘʷ ʤʘʩʩʘ ʮʳʧʣʷʪ-
ʙʨʦʡʣʝʨʦʚ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʥʘ ʬʠʥʠʰʥʦʤ 
ʦʪʨʝʟʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʩʪʠʛʣʘ 2080,32Ñ 
3,65 ʛ, ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ  1912,65Ñ 
5,07 ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʪʝʣʴ ʚ ʦʧʳʪ-
ʥʦʡ ʛʨʫʧʧʝ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʡ ʚ ʢʦʥʪʨʦʣʝ 
ʥʘ 8,8 % (ʈ᾽0,05). 

ʈʘʩʭʦʜ ʢʦʨʤʘ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʙʳʣ 
ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ: ʪʘʢ, ʚ ʢʦʥʪʨʦʣʝ ʵʪʦʪ ʧʦʢʘ- 

ʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 3280,22Ñ11,01 ʛ, ʚ ʦʧʳ-   
ʪʝ  3311,12Ñ12,14 ʛ, ʥʦ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥ-
ʥʳʝ ʥʝʜʦʩʪʦʚʝʨʥʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʚʝʨʩʠʠ ʢʦʨʤʘ ʧʨʦ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ: ʚ ʢʦʥ-
ʪʨʦʣʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʠʣʠ 1,71Ñ0,01 ʢʛ/ʢʛ, 
ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ  1,59Ñ0,01 ʢʛ/ʢʛ, ʯʪʦ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʝ ʥʘ 7,5 % (ʈ᾽0,01). 

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ 
ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʚ ʢʦʥ-
ʪʨʦʣʝ ʩʦʩʪʘʚʣʷʣ 58,0Ñ1,33 ʛ, ʚ ʦʧʳʪʥʦʡ 
ʛʨʫʧʧʝ  63,0Ñ1,09 ʛ, ʚ ʧʨʦʮʝʥʪʥʦʤ ʚʳʨʘ-
ʞʝʥʠʠ ʵʪʦ ʙʦʣʴʰʝ ʥʘ 8,6 % (ʈ᾽0,05). 
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ɺ ʨʘʩʯʝʪʝ ʥʘ 1,0 ʤ2 ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 
ʧʣʦʱʘʜʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʙʠʦʪʠʢʘ 
ʧʦʣʫʯʝʥʦ ʧʨʦʜʫʢʮʠʠ ʚ ʞʠʚʦʡ ʤʘʩʩʝ ʥʘ 2,5 ʛ 
ʙʦʣʴʰʝ, ʠʣʠ ʞʝ ʥʘ 14,5 % (ʈ᾽0,01), ʯʪʦ ʚ 
ʨʘʩʯʝʪʝ ʥʘ 1000 ʛʦʣʦʚ ʩʦʩʪʘʚʠʪ 2500 ʛ. 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪ-
ʩʷ ʧʘʜʝʞ ʮʳʧʣʷʪ: ʚ ʢʦʥʪʨʦʣʝ ʦʥ ʜʦʩʪʠʛ 
6,55 %, ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ  2,75 % 
(ʪʘʙʣʠʮʘ 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʨʪʥʦʩʪʴ 
ʮʳʧʣʷʪ ʚ ʢʦʥʪʨʦʣʝ ʚʳʰʝ ʚ 2,4 ʨʘʟʘ. 

ʊʘʙʣʠʮʘ 3  ʇʨʦʜʫʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʙʠʦʪʠʢʘ 
çʇʨʦʤʦʠʩè 

ʇʦʢʘʟʘʪʝʣʴ 
ɻʨʫʧʧʘ 

ʢʦʥʪʨʦʣʴ ʦʧʳʪ 

ɾʠʚʘʷ ʤʘʩʩʘ, ʛ 1912,65Ñ15,07 2080,32Ñ13,65** 

% ʢ ʢʦʥʪʨʦʣʶ 100 108,8 

ʈʘʩʭʦʜ ʢʦʨʤʘ, ʛ 3280,22Ñ11,01 3311,12Ñ12,14ʥ/ʜ 

% ʢ ʢʦʥʪʨʦʣʶ 100 100,9 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʨʩʠʠ ʢʦʨʤʘ, ʢʛ/ʢʦʨʤʘ/ʢʛ ʧʨʠʨʦʩʪʘ  
ʤʘʩʩʳ (ʢʛ/ʢʛ) 

1,71Ñ0,01 1,59Ñ0,01** 

% ʢ ʢʦʥʪʨʦʣʶ 100 93,0 

ʉʨʝʜʥʝʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ, ʛ 58,0Ñ1,33 63,0Ñ1,09* 

% ʢ ʢʦʥʪʨʦʣʶ 100 108,6 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ 1 ʤ2 ʞʠʚʦʡ ʤʘʩʩʳ, ʛ 17,20Ñ0,32 19,70Ñ0,36** 

% ʢ ʢʦʥʪʨʦʣʶ 100 114,5 

ʉʤʝʨʪʥʦʩʪʴ ʮʳʧʣʷʪ, % 6,55Ñ0,48 2,75Ñ0,78** 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈԇ0,05; **ʈԇ0,01; ʥ/ʜ ⱷ ʥʝʜʦʩʪʦʚʝʨʥʦ  

ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʭʦ-
ʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʨʝʬʝʨʝʥʪʥʳʭ ʟʥʘʯʝʥʠʡ 
(ʪʘʙʣʠʮʘ 4). ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠ-
ʪʦʚ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳ-
ʰʝ ʥʘ 54 % (ʈ᾽0,01). ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 
ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʨʠʪʨʦ-
ʮʠʪʦʚ ʜʘʞʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʬʝʨʝʥʪʥʳʤ 
ʟʥʘʯʝʥʠʷʤ. ʄʦʞʥʦ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʫʚʝ-
ʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʫʢʘʟʳʚʘ-
ʝʪ ʥʘ ʫʩʠʣʝʥʠʝ ʢʨʦʚʝʪʚʦʨʥʦʡ ʬʫʥʢʮʠʠ 
(ʵʨʠʪʨʦʧʦʵʟ). ʕʪʦ ʘʧʨʠʦʨʠ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦ-
ʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ  

ʧʝʨʠʦʜ ʨʦʩʪʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʥʘʨʘʱʠʚʘ-
ʥʠʠ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ ʫ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ 
ʚ ʢʨʦʚʠ ʮʳʧʣʷʪ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ ʛʝʤʦʛʣʦʙʠʥʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦ-
ʣʝʝ ʧʦʣʥʦʤʫ ʥʘʩʳʱʝʥʠʶ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ 
ʢʠʩʣʦʨʦʜʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʝʡ-
ʢʦʮʠʪʦʚ ʥʘ 15,1 % (ʈ᾽0,01), ʯʪʦ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʚʝ-
ʪʝ ʥʘ ʚʚʝʜʝʥʠʝ ʧʨʦʙʠʦʪʠʢʘ.  

ʊʘʙʣʠʮʘ 4  ɻʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʙʠʦʪʠʢʘ çʇʨʦʤʦʠʩè 

ʇʦʢʘʟʘʪʝʣʴ ʂʦʥʪʨʦʣʴ ʆʧʳʪ ʈʝʬʝʨʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ɻʝʤʦʛʣʦʙʠʥ, ʛ/ʣ 73,04Ñ2,98 77,34Ñ2,82 51ï99 

ʕʨʠʪʨʦʮʠʪʳ, 1012/ʣ 2,17Ñ0,11 3,34Ñ0,13** 3ï4 

ʉʆʕ, ʤʤ/ʯ 3,23Ñ0,54 2,43Ñ0,17  

ʃʝʡʢʦʮʠʪʳ, 109/ʣ 31,43Ñ1,23 36,17Ñ0,49** 20ï40 

ʣʝʡʢʦʮʠʪʳ, % 

ʇʩʝʚʜʦʵʦʟʠʥʦʬʠʣʳ 22,81Ñ1,29 27,15Ñ1,19* 19ï28 

ʕʦʟʠʥʦʬʠʣʳ 4,55Ñ1,27 3,62Ñ1,18 3ï5 

ɹʘʟʦʬʠʣʳ 1,47Ñ0,42 2,61Ñ0,43 3ï5 

ʄʦʥʦʮʠʪʳ 2,24Ñ0,36 2,58Ñ0,36 0ï1 

ʃʠʤʬʦʮʠʪʳ 63,21Ñ2,18 73,97Ñ2,22* 64ï75 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈԇ0,05; **ʈԇ0,01 
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ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʛʝ-
ʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʦʠʩʭʦʜʠʚ-
ʰʠʝ ʧʦ ʣʠʤʬʦʮʠʪʘʨʥʦʤʫ ʪʠʧʫ. ɺ ʯʘʩʪʥʦ-
ʩʪʠ, ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʚ ʢʨʦʚʠ ʣʝʡʢʦʮʠʪʦʚ ʥʘ 17,0 % (ʈ᾽0,05), 
ʧʩʝʚʜʦʵʦʟʠʥʦʬʠʣʦʚ  ʥʘ 19,0 % (ʈ᾽0,05) ʧʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʆʪʤʝʯʘʣʘʩʴ ʪʝʥ-
ʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʘʟʦʬʠʣʦʚ ʠ ʤʦʥʦʮʠ-
ʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪ-
ʥʦʡ ʬʫʥʢʮʠʠ ʢʨʦʚʠ ʚ ʧʦʩʪʵʤʙʨʠʦʥʘʣʴʥʳʡ 
ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ  ʣʝʡʢʦʮʠʪʘʨʥʳʭ 

ʬʨʘʢʮʠʡ ʢʨʦʚʠ. ɺ ʠʪʦʛʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦ-
ʙʠʦʪʠʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʦʨʤʘʣʠʟʘʮʠʠ ʛʝʤʦ-
ʧʦʵʟʘ. 

ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʳʚʦʨʦʪʢʠ 
ʢʨʦʚʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦ-
ʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ʦʨʛʘʥʠʟʤʘ ʧʪʠʮʳ ʧʦ ʧʦʢʘʟʘʪʝ-
ʣʷʤ, ʢʦʪʦʨʳʝ ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷ-
ʥʠʝ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʪʘʙʣʠʮʘ 5). ɺ 
ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʦʪʤʝʯʝʥʘ ʩʪʦʡʢʘʷ ʜʠʥʘʤʠ-
ʢʘ ʧʦʚʳʰʝʥʠʷ ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ. 

ʊʘʙʣʠʮʘ 5  ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ ʧʨʦʙʠʦʪʠʢʘ çʇʨʦʤʦʠʩè 

ʇʦʢʘʟʘʪʝʣʴ ʂʦʥʪʨʦʣʴ ʆʧʳʪ 

ʆʙʱʠʡ ʙʝʣʦʢ, ʛ/ʣ 31,23Ñ1,16 37,23Ñ1,61* 

ɸʣʴʙʫʤʠʥʳ, ʛ/ʣ 10,18Ñ0,33 13,57Ñ0,31* 

ɻʣʦʙʫʣʠʥʳ, ʛ/ʣ 20,13Ñ1,45 24,64Ñ1,47* 

ɸʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʩʬʝʨʘʟʘ (ɸʉʊ), ʝʜ./ʣ 283,14Ñ23,71 236,28Ñ10,17 

ɻʣʶʢʦʟʘ, ʤʤʦʣʴ/ʣ 11,23Ñ0,31 10,77Ñ1,22 

ʂʘʣʴʮʠʡ, ʤʤʦʣʴ/ʣ 2,15Ñ0,07 3,73Ñ0,13* 

ʊʨʠʛʣʠʮʝʨʠʜʳ, ʤʤʦʣʴ/ʣ 0,22Ñ0,48 0,17Ñ0,28 

ʌʦʩʬʦʨ, ʤʤʦʣʴ/ʣ 2,76Ñ0,19 2,91Ñ0,11 

ʍʦʣʝʩʪʝʨʠʥ, ʤʤʦʣʴ/ʣ 3,27Ñ0,19 3,25Ñ0,18 

ʍʣʦʨʠʜʳ, ʤʤʦʣʴ/ʣ 103,32Ñ2,67 96,61Ñ1,43 

ʄʦʯʝʚʘʷ ʢʠʩʣʦʪʘ, ʤʢʤʦʣʴ/ʣ 298,55Ñ20,12 235,19Ñ19,04* 

ʂʘʣʠʡ, ʤʤʦʣʴ/ʣ 5,25Ñ0,41 5,23Ñ0,48 

ʅʘʪʨʠʡ, ʤʤʦʣʴ/ʣ 147,21Ñ4,14 157,63Ñ5,18 

ɻʘʤʤʘ-ʛʣʶʪʘʤʠʣʪʨʘʥʩʧʝʧʪʠʜʘʟʘ (ɻʊ), ʝʜ./ʣ 14,18Ñ4,32 13,81Ñ2,19 

ʑʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ, ʝʜ./ʣ 10057,61Ñ606,23 13321,45Ñ747,84* 

ʄʘʛʥʠʡ, ʤʤʦʣʴ/ʣ 0,98Ñ0,06 1,05Ñ0,08 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈԇ0,05 

ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʙʝʣʢʘ ʫ ʮʳʧ-
ʣʷʪ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʣʦ 37,23Ñ  
1,61 ʛ/ʣ, ʚ ʢʦʥʪʨʦʣʝ  31,23Ñ1,66 ʛ/ʣ, ʯʪʦ 
ʚʳʰʝ ʥʘ 19,2 % (ʈ᾽0,05). ʇʦʜʦʙʥʘʷ ʪʝʥʜʝʥ-
ʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʘʣʴʙʫʤʠʥʦʚ: ʠʭ ʩʦ-
ʜʝʨʞʘʥʠʝ ʚ ʢʦʥʪʨʦʣʝ ʙʳʣʦ 10,18Ñ0,33 ʛ/ʣ, ʚ 
ʦʧʳʪʝ  13,57Ñ0,31 ʛ/ʣ, ʛʣʦʙʫʣʠʥʦʚ  
20,13Ñ 1,45 ʛ/ʣ ʠ 24,64Ñ1,47 ʛ/ʣ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 
ʦʧʳʪʥʦʡ   ʛʨʫʧʧʝ   ʧʨʦʠʩʭʦʜʠʣʦ   ʩʥʠʞʝʥʠʝ  

ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ ʜʦ 235,19Ñ19,04 ʤʢʤʦʣʴ/ʣ, 
ʚ ʢʦʥʪʨʦʣʝ  286,55Ñ40,35 ʤʢʤʦʣʴ/ʣ. 

ʇʦ ʧʨʠʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞ-
ʥʦ ʩʫʜʠʪʴ  ʦ  ʩʥʠʞʝʥʠʠ  ʨʘʩʧʘʜʘ ʠ ʧʦʚʳʰʝ-
ʥʠʠ ʩʠʥʪʝʟʘ ʧʨʦʪʝʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠ-
ʣʝʥʠʶ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘ-
ʥʠʟʤʝ ʮʳʧʣʷʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʙʠʦʪʠ-
ʢʘ. ʉʦʜʝʨʞʘʥʠʝ ɸʉʊ ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʮʳʧ-
ʣʷʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʨʝʚʳʰʘʣʦ ʥʦʨʤʘʪʠʚ-
ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, 



 

 

ʌɸʈʄɸʂʆʃʆɻʀʗ 

2/2025                                 ʕʧʠʟʦʦʪʦʣʦʛʠʷ ʀʤʤʫʥʦʙʠʦʣʦʛʠʷ ʌʘʨʤʘʢʦʣʦʛʠʷ ʉʘʥʠʪʘʨʠʷ                                53 

ʯʪʦ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ-
ʩʪʠʛʘʣ 236,28Ñ10,17 ʝʜ./ʣ (ʧʨʠ ʥʦʨʤʘʪʠʚ-
ʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʣʠʥʠʠ ROSS 246,00ï      
208,80 ʝʜ./ʣ), ʘ ʚ ʢʦʥʪʨʦʣʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 
ʩʦʩʪʘʚʣʷʣ 283,14Ñ23,71 ʝʜ./ʣ. ɸʉʊ ʢʦʥʪʨʦ-
ʣʠʨʫʝʪ ʩʠʥʪʝʟ ʘʤʠʥʦʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʚʭʦ-
ʜʷʪ ʚ ʩʦʩʪʘʚ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠ ʪʢʘʥʝʡ. 
ʋʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʦʙʝʠʭ 
ʛʨʫʧʧ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ. ʉʥʠʞʝ-
ʥʠʝ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʚ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʥʝ 
ʚʳʭʦʜʠʣʦ ʟʘ ʧʨʝʜʝʣʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 
ʥʦʨʤʳ. 

ɺ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥ-
ʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʳʚʦʨʦʪʢʝ 
ʢʨʦʚʠ ʑʌ  ʥʘ 32,6 % (ʈ᾽0,05) ʧʦ ʦʪʥʦʰʝ-
ʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʑʌ ʠʛʨʘʝʪ 
ʚ ʦʩʪʝʦʛʝʥʝʟʝ ʚʘʞʥʫʶ ʨʦʣʴ. ɽʩʣʠ ʨʘʩʩʤʘʪ-
ʨʠʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʝʝ ʩʦʜʝʨʞʘʥʠʷ ʩ ʵʪʠʭ 
ʧʦʟʠʮʠʡ, ʪʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʢʪʠʚʠ-
ʟʠʨʫʝʪʩʷ ʬʫʥʢʮʠʷ ʦʩʪʝʦʙʣʘʩʪʦʚ. ʀʤʝʥʥʦ ʚ 
ʵʪʦʪ ʧʝʨʠʦʜ ʫ ʮʳʧʣʷʪ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ 
ʥʘʢʦʧʣʝʥʠʝ ʚ ʥʝʡ ʬʦʩʬʦʨʘ, ʢʦʪʦʨʳʡ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʩʪʥʦʛʦ ʤʘʪ-
ʨʠʢʩʘ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʫʚʝʣʠʯʝ-
ʥʠʝ ʥʘ 56,7 % (ʈ᾽0,05) ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ 
ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥ-
ʪʨʦʣʶ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʦ 
ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʘʣʴʮʠʷ ʠ 
ʬʦʩʬʦʨʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ. ʊʘʢ, ʚ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦ-
ʩʪʘʚʠʣ 1,16, ʚ ʢʦʥʪʨʦʣʝ  0,78 ʧʨʠ ʥʦʨʤʝ   
1,20ï1,50. ʉʦʦʪʥʦʰʝʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ 
ʦʧʳʪʝ ʙʳʣʦ ʚ ʧʨʝʜʝʣʘʭ 3,55, ʚ ʢʦʥʪʨʦʣʝ  
2,19. ʅʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʤʘʛʥʠʷ ʚ 
ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʩʦʩʪʘʚ-
ʣʷʶʪ 0,80ï1,10 ʤʤʦʣʴ/ʣ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 
ʬʦʩʬʦʨʫ ʫʢʘʟʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ 
ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʤʘʪʨʠʢʩʘ 
ʢʦʩʪʥʦʡ ʪʢʘʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʠʟʘʮʠʷ ʙʠʦ-
ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʮʳʧ-
ʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ʜʝʡ-
ʩʪʚʠʷ ʧʨʦʙʠʦʪʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 
ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʟʘʤʝʥʠʤʳʭ, 
ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʩʪʠʤʫʣʷʮʠʠ 
ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟ-
ʤʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ 
ʮʳʧʣʷʪ. 

ʀʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʑʌ ʚʳʟʚʘʥ 
ʪʝʤ, ʯʪʦ ʵʪʦʪ ʬʝʨʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ 
ʨʘʟʣʠʯʥʳʭ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ 
ʩʦʜʝʨʞʘʥʠʝ  ʵʥʟʠʤʘ   ʦʪʨʘʞʘʝʪ  ʧʨʦʣʠʬʝʨʘ- 

ʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ. ʑʌ ʨʝʘʛʠʨʫʝʪ 
ʥʘ ʠʟʤʝʥʝʥʠʝ ʚ ʨʘʮʠʦʥʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝ-
ʩʪʚʘ ʙʝʣʢʦʚʳʭ ʠ ʫʛʣʝʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʅʝʜʦʩʪʘʪʦʢ ʙʠʦʩʠʥʪʝʟʘ ʑʌ ʧʨʠʚʦʜʠʪ ʢ 
ʥʘʨʫʰʝʥʠʶ ʦʙʤʝʥʘ ʛʣʠʢʦʛʝʥʘ, ʥʘʪʨʠʷ ʠ 
ʬʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʦʚ. ʉʧʝʮʠʬʠʯʝʩʢʠʤ 
ʘʢʪʠʚʘʪʦʨʦʤ ʑʌ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʡ, ʜʘʥʥʳʝ 
ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-
ʣʠʮʝ 5. 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥ ʢʨʘʥʠʦ-
ʢʘʫʜʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʑʌ ʚ 
ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʮʳʧʣʷʪ-ʙʨʦʡ-
ʣʝʨʦʚ. ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ʑʌ ʚ ʩʦʩʫʜʠ-
ʩʪʦʤ ʨʫʩʣʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʦʢʘ-
ʟʘʣ ʛʠʩʪʦʵʥʟʠʤʘʪʠʯʝʩʢʫʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 
ʤʠʢʨʦʩʦʩʫʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʠ 
ʪʦʧʦʛʨʘʬʠʠ ʚ ʩʪʝʥʢʝ ʢʠʰʢʠ. 

ɺ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ ʜʚʝʥʘʜʮʘʪʠ-
ʧʝʨʩʪʥʦʡ ʢʠʰʢʠ ʘʢʪʠʚʥʦʩʪʴ ʑʌ ʚ ʤʠʢʨʦ-
ʮʠʨʢʫʣʷʪʦʨʥʦʤ ʨʫʩʣʝ ʚ ʢʦʥʪʨʦʣʝ ʩʦʩʪʘʚʣʷ-
ʣʘ 0,98Ñ0,02 ʦʪʥ. ʝʜ. ʦʧʪʠʯ. ʧʣ., ʚ ʦʧʳʪʝ  
1,18Ñ0,02 ʦʪʥ. ʝʜ. ʦʧʪʠʯ. ʧʣ., ʚ ʪʦʱʝʡ ʢʠʰ-
ʢʝ  1,13Ñ0,03 ʠ 1,23Ñ0,02 ʦʪʥ. ʝʜ. ʦʧʪʠʯ. 
ʧʣ., ʚ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʝ  1,19Ñ0,02         
ʠ 1,76Ñ0,03 ʦʪʥ. ʝʜ. ʦʧʪʠʯ. ʧʣ. ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. 

ɺ ʩʨʝʜʥʝʤ ʘʢʪʠʚʥʦʩʪʴ ʑʌ ʚ ʦʧʳʪ-
ʥʦʡ ʛʨʫʧʧʝ ʧʨʝʚʳʰʘʣʘ ʢʦʥʪʨʦʣʴ ʥʘ 26,4 % 
(ʈ̓0,01). ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʨ-
ʛʘʥʦʚ ʢʠʩʣʦʨʦʜʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʙʠʦʭʠ-
ʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʵʥʝʨʛʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʩʠʥʪʝʟʘ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 
ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠʭ ʬʫʥʢʮʠʡ. 

ɺʧʝʨʚʳʝ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʟʦʥʘʣʴ-
ʥʦʩʪʴ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʩʣʦʝʚ ʢʠʰʢʠ. ɺ 
ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʨʠʤʝʨʝ ʩʣʠʟʠʩʪʦʡ ʠ ʤʳʰʝʯ-
ʥʦʡ ʦʙʦʣʦʯʝʢ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ 
ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ ʩʣʠʟʠʩʪʦʡ 
ʦʙʦʣʦʯʢʠ ʚ 1,5 ʨʘʟʘ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʚ ʤʳ-
ʰʝʯʥʦʤ ʩʣʦʝ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʙʠʦʪʠʢʘ 
ʩʨʝʜʥʝʝ ʤʝʞʢʘʧʠʣʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʣʠ-
ʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰ-
ʢʠ ʩʦʩʪʘʚʣʷʣʦ 44,23Ñ3,41 ʤʢʤ, ʚ ʢʦʥʪ-       
ʨʦʣʝ  68,74Ñ5,36 ʤʢʤ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ       
ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʫʩʣʘ 
ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ). ʊʘ-   
ʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʢʘʧʠʣʣʷʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 
ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 67,3 % (ʈ᾽0,05). ʋʜʝʣʴʥʘʷ 
ʧʣʦʪʥʦʩʪʴ ʢʘʧʠʣʣʷʨʦʚ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-
ʧʝ  0,46Ñ0,02 ʤʤ2/ʤʤ2, ʚ ʦʧʳʪʝ ï 0,58Ñ     
0,03 ʤʤ2/ʤʤ2, ʯʪʦ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʳʭ ʜʘʥ-
ʥʳʭ ʥʘ 26,1 % (ʈ᾽0,05). 

ʂʘʢ ʚ ʦʧʳʪʝ, ʪʘʢ ʠ ʢʦʥʪʨʦʣʝ ʚʩʪʨʝʯʘ-
ʣʠʩʴ  ʢʘʧʠʣʣʷʨʳ,  ʥʝ  ʟʘʧʦʣʥʝʥʥʳʝ ʢʨʦʚʴʶ, 
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ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʧʫʩʪʫʶʱʠʝ ʢʘʧʠʣʣʷʨʳè, 
ʫʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥ-
ʪʝ ʩʦʩʪʘʚʣʷʣʘ 0,18Ñ0,02 ʤʤ2/ʤʤ2, ʚ ʢʦʥʪʨʦ-
ʣʝ  0,24Ñ0,02 ʤʤ2/ʤʤ2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥ ʚʘʞʥʳʡ 
ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪ: ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 
ʧʨʦʙʠʦʪʠʢʦʚ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʛʫʣʷ-
ʮʠʠ  ʤʠʢʨʦʙʠʦʪʳ, ʥʦ ʠ ʦʢʘʟʳʚʘʝʪ ʬʠʟʠʦʣʦ- 

ʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 
ʢʘʧʠʣʣʷʨʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʦʙʝʩʧʝʯʠ-
ʚʘʝʪ ʚʳʩʦʢʫʶ  ʥʘʜʝʞʥʦʩʪʴ  ʠʤʤʫʥʦʣʦʛʠʯʝ- 
ʩʢʦʛʦ ʙʘʨʴʝʨʘ ʘʣʠʤʝʥʪʘʨʥʦʡ ʩʠʩʪʝʤʳ ʦʪ 
ʢʦʨʤʦʚʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʧʘʪʦʛʝʥ-
ʥʳʭ ʘʛʝʥʪʦʚ. 

ʘ  ʢʦʥʪʨʦʣʴ; ʙ  ʦʧʳʪ 
 

ʈʠʩʫʥʦʢ  ʈʘʟʚʠʪʠʝ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ  
ʫ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ. ʀʤʧʨʝʛʥʘʮʠʷ ʩʝʨʝʙʨʦʤ. ʄʠʢʨʦʬʦʪʦ. ɹʠʦʩʢʘʥ 

ɺʓɺʆɼʓ 
1. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ 

ʜʝʡʩʪʚʠʷ ʧʨʦʙʠʦʪʠʢʘ çʇʨʦʤʦʠʩè ʧʨʠ ʚʳ-
ʨʘʱʠʚʘʥʠʠ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʚ ʣʝʪʥʠʡ 
ʧʝʨʠʦʜ ʚ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʀʨʘʢ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ 
ʧʨʦʙʠʦʪʠʢʘ ʠʟ ʨʘʩʯʝʪʘ 50,0 ʛ ʥʘ 100,0 ʣ ʧʠ-
ʪʴʝʚʦʡ ʚʦʜʳ ʞʠʚʘʷ ʤʘʩʩʘ ʮʳʧʣʷʪ-
ʙʨʦʡʣʝʨʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 8,8 %, ʩʨʝʜʥʝʩʫ-
ʪʦʯʥʳʡ ʧʨʠʨʦʩʪ  ʥʘ 8,6 %, ʚ ʨʘʩʯʝʪʝ ʥʘ      
1,0 ʤ2 ʧʣʦʱʘʜʠ ʧʦʣʫʯʝʥʦ ʥʘ 14,5 % ʧʨʦ-
ʜʫʢʮʠʠ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴ-
ʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

3. ʂʦʥʩʪʘʪʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʠʟʘʮʠʷ 
ʵʨʠʪʨʦʧʦʵʟʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠ-
ʯʝʥʠʝ ʚ ʢʨʦʚʠ ʵʨʠʪʨʦʮʠʪʦʚ ʥʘ 54 %, ʛʝʤʦ-
ʛʣʦʙʠʥʘ  ʥʘ 5,9 %. 

4. ɺ ʙʝʣʢʦʚʦʤ ʦʙʤʝʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 
ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʛʦ ʙʝʣʢʘ ʥʘ 
19,2 %, ʘʣʴʙʫʤʠʥʦʚ ʠ ʛʣʦʙʫʣʠʥʦʚ  ʥʘ    
33,3 % ʠ 22,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

5. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʬʠ-
ʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʘʣʴʮʠʷ ʠ 
ʬʦʩʬʦʨʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ: ʚ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 
1,16, ʚ ʢʦʥʪʨʦʣʝ  0,78 ʧʨʠ ʥʦʨʤʝ 1,20ï
1,50, ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʚ 
ʦʧʳʪʝ ʨʘʚʥʷʣʦʩʴ 3,55, ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-
ʧʝ  2,19.  

6. ʋʚʝʣʠʯʝʥʠʝ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʑʌ, ʢʘʣʴʮʠʷ, ʬʦʩʬʦʨʘ ʠ 
ʤʘʛʥʠʷ ʩʣʫʞʠʪ ʤʘʪʨʠʮʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʢʦʩʪʥʦʛʦ ʤʘʪʨʠʢʩʘ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ 
ʩʢʝʣʝʪʘ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ. 

7. ʋʪʦʯʥʝʥ ʠ ʜʦʧʦʣʥʝʥ ʤʝʭʘʥʠʟʤ 
ʜʝʡʩʪʚʠʷ ʧʨʦʙʠʦʪʠʢʘ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 
ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 
ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʑʌ ʚ ʤʠʢʨʦʮʠʨ-
ʢʫʣʷʪʦʨʥʦʤ ʨʫʩʣʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝ-
ʤʳ ʥʘ 26,4 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠ-
ʚʠʟʘʮʠʠ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

8. ɺʪʦʨʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ 
ʚʣʠʷʥʠʷ ʧʨʦʙʠʦʪʠʢʘ ʥʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ 
ʪʨʘʢʪ ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʷʮʠʷ ʘʥʛʠʦʛʝʥʝʟʘ, ʦ 
ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦ-
ʩʪʠ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʫʩʣʘ ʥʘ 26,1 %, ʫʤʝʥʴ-
ʰʝʥʠʝ ʤʝʞʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 
67,3 % ʠ ʥʝʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʧʠʣʣʷ-
ʨʦʚ  ʥʘ 25,0 %. 

9. ʋʩʪʘʥʦʚʣʝʥ ʚʘʞʥʳʡ ʙʠʦʣʦʛʠʯʝ-
ʩʢʠʡ ʬʘʢʪ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʝ-
ʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʧʨʦʙʠʦʪʠʢʦʚ ʩʦʩʪʦʠʪ ʥʝ 
ʪʦʣʴʢʦ ʚ ʨʝʛʫʣʷʮʠʠ ʤʠʢʨʦʙʠʦʪʳ, ʥʦ ʠ ʦʢʘ-
ʟʳʚʘʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢ-
ʮʠʦʥʠʨʦʚʘʥʠʝ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

10. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷ-
ʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʜʝʞ-
ʥʦʩʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʚ ʧʠʱʝ-
ʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪ ʢʦʨʤʦʚʳʭ ʪʦʢʩʠ-
ʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʧʘʪʦʛʝʥʥʳʭ ʘʛʝʥʪʦʚ. 
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ʩʪʚʘ ʜʣʷ ʩʘʥʘʮʠʠ ʦʙʲʝʢʪʦʚ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʥʘʜʟʦʨʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʘʥʪʠʤʠʢʨʦʙʥʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʟʠʥʬʝʢʮʠʷ, ʞʠʚʦʪʥʳʝ, ʪʦʢʩʠʯʥʦʩʪʴ, ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴ-
ʬʘʪ ʢʘʣʠʷ, ʢʣʘʪʨʘʪʳ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʏɸʉ) ʠ ʤʦʯʝʚʠʥʳ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʞʠʚʦʪʥʳʝ. 

 

Summary 
The article reflects the stages of selecting compositions for the creation of a powder disinfectant for the saniti-

zation of veterinary surveillance facilities and the results of its antimicrobial activity and toxicity. 
Keywords: disinfection, animals, toxicity, antimicrobial properties, potassium peroxomonosulfate, quaternary 

ammonium compound (QAC) and urea clathrates, laboratory animals disinfection, animals, toxicity, hydrogen perox-
ide, white mice, rabbits. 
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ɺɺɽɼɽʅʀɽ 
ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʦʣʥʦʡ ʤʝ-
ʨʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʝʣʴʩʢʦʭʦ-
ʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ 
ʭʦʨʦʰʝʛʦ ʫʨʦʚʥʷ ʢʦʨʤʣʝʥʠʷ ʠ ʛʨʘʤʦʪʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 
ʥʦ ʠ ʯʸʪʢʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚʝʪʝʨʠʥʘʨʥʦ-
ʩʘʥʠʪʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʇʨʠ ʩʦʚʨʝʤʝʥ-
ʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʞʠʚʦʪ-
ʥʳʭ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʦʣʦ-
ʚʴʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʢʦʣʠʯʝʩʪʚʦ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʤʝʱʝʥʠʷʭ ʨʝʟʢʦ ʚʦʟ-
ʨʘʩʪʘʝʪ, ʠ ʦʩʦʙʝʥʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʰʘ-
ʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, 
ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʷ ʤʘʩʩʦʚʳʭ ʙʦʣʝʟʥʝʡ, ʛʠʙʝʣʠ ʠ ʚʳʥʫʞ-
ʜʝʥʥʦʛʦ ʫʙʦʷ ʞʠʚʦʪʥʳʭ. ʕʪʦ ʥʘʥʦʩʠʪ ʙʦʣʴ-
ʰʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʞʠʚʦʪʥʦʚʦʜ-
ʩʪʚʫ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʪʨʦ ʩʪʦʷʱʠʭ 
ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴ-
ʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ  ʦʪ  ʧʘʪʦʛʝʥʥʳʭ  ʤʠʢʨʦ- 

ʦʨʛʘʥʠʟʤʦʚ [1ï3]. ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ 
ʚʝʜʝʥʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
ʙʦʣʴʰʦʛʦ ʧʦʛʦʣʦʚʴʷ ʩʢʦʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ 
ʵʬʬʝʢʪʠʚʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 
ʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ ʞʠʚʦʪ-
ʥʦʚʦʜʩʪʚʘ. ʆʜʥʘʢʦ ʠʥʪʝʥʩʠʚʥʳʝ ʪʝʭʥʦʣʦ-
ʛʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ 
ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ, ʤʦʛʫʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʥʘ-
ʢʦʧʣʝʥʠʝ, ʚʤʝʩʪʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʟʘʛʨʷʟ-
ʥʠʪʝʣʷʤʠ (ʘʤʤʠʘʢ, ʩʝʨʦʚʦʜʦʨʦʜ), ʙʦʣʴʰʦ-
ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʧʘʪʦʛʝʥʥʦʡ. ʇʨʝʚʳʰʝʥʠʝ ʧʦʨʦʛʘ 
ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʧʦʤʝʱʝʥʠ-
ʷʭ ʜʣʷ ʞʠʚʦʪʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʤʠʢʨʦʙʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʥʠʞʝʥʠʶ ʝʩʪʝ-
ʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪ-
ʥʳʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ 
ʧʘʜʝʞʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʩʩʦʨʪʠʤʝʥʪ 
ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʜʝʟʠʥʬʝʢ-
ʮʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠ-
ʨʠʣʩʷ, ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ,   ʫʩʪʦʡʯʠʚʳʭ   ʢ   ʮʝʣʳʤ 
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ʢʣʘʩʩʘʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʘʯʘʩʪʫʶ 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʩʨʝʜʩʪʚʘ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ ʧʦʙʦʯ-
ʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʢʘʢ ʥʘ ʞʠʚʦʪʥʳʭ, ʪʘʢ 
ʠ ʥʘ ʯʝʣʦʚʝʢʘ, ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʦʙʨʘʙʘ-
ʪʳʚʘʝʤʳʝ ʧʨʝʜʤʝʪʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ [4ï5]. 
ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʟ-
ʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʜʝʟʠʥʬʝʢʪʦʣʦʛʠʠ ʠ ʥʝ 
ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʚ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ, ʪ.ʢ. ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʚʘʞ-
ʥʝʡʰʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʟʘʜʘ-
ʯʠ ʨʝʩʧʫʙʣʠʢʠ ï ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʤʦʣʦʢʘ ʠ ʤʷʩʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ 
ʠʥʪʝʨʝʩ ʢ ʧʝʨʦʢʩʠʜʥʳʤ ʜʝʟʠʥʬʝʢʪʘʥʪʘʤ ʥʘ 
ʦʩʥʦʚʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʢʘʨ-
ʙʦʥʦʚʦʡ, ʥʘʜʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʦʢʩʠ-
ʜʘ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʊʘʢʠʝ ʧʨʝʧʘʨʘʪʳ 
ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʰʠʨʦ-
ʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʮʠʜʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʠʤʝ-
ʥʝʥʠʝ ʧʝʨʦʢʩʠʜʥʳʭ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ 
ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʧʨʘʢʪʠʯʝ-
ʩʢʠ ʥʘ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʚʠʜʳ ʚʠʨʫʩʦʚ ʠ ʙʘʢʪʝ-
ʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʩʧʦʨʦʚʳʝ ʬʦʨʤʳ, ʯʪʦ 
ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʩʪʝʨʠ-
ʣʠʟʘʮʠʠ, ʥʝ ʪʨʝʙʫʷ ʧʨʠ ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 
ʟʘʤʝʥʳ, ʪ.ʢ. ʦʥʠ ʥʝ ʚʳʟʳʚʘʶʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 
ʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʪʠ ʜʝʟʠʥʬʝʢʪʘʥʪʳ ʤʘ-
ʣʦʪʦʢʩʠʯʥʳ, ʵʬʬʝʢʪʠʚʥʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨ-
ʚʘʣʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝ-
ʨʘʪʫʨ [6ï9]. ʊʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʟʘʨʝ-
ʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 150 ʧʝʨʦʢʩʠʜʥʳʭ ʜʝʟʠʥ-
ʬʝʢʪʘʥʪʦʚ. 

ʆʜʥʘʢʦ ʧʝʨʦʢʩʠʜʥʳʝ ʜʝʟʠʥʬʠʮʠʨʫʶ-
ʱʠʝ ʩʨʝʜʩʪʚʘ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 
ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʞʠʜʢʦʡ ʬʦʨʤʝ [4]. ʊʝʭʥʦʣʦ-
ʛʠʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʜʣʠʪʝʣʴʥʘ ʠ ʩʣʦʞʥʘ, ʪʨʝ-
ʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠ. ʉʨʝʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ 
ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʧʨʠ ʭʨʘʥʝʥʠʠ ʨʘʟʣʘʛʘʶʪʩʷ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ, ʪʝʧʣʘ, ʱʝʣʦʯʥʦʡ ʩʨʝ-
ʜʳ, ʘ ʪʘʢʞʝ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬ-
ʬʝʢʪʠʚʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʴ-
ʥʳʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʝʨʦʢʩʠʜʥʳʭ ʜʝʟʠʥʬʝʢ-
ʪʘʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜ-
ʥʦʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 
ʤʦʛʫʪ ʙʳʪʴ ʧʦʨʦʰʢʦʚʳʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ 
ʩʨʝʜʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ 
ʩʦʝʜʠʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝ-
ʨʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʝʨʦʢ-
ʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ. ʕʪʦ ʧʨʦʜʫʢʪ ʤʥʦʛʦ-
ʪʦʥʥʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʧʠʱʝʚʦʡ  ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ,  ʢʦʩʤʝʪʦʣʦʛʠʠ,  

ʙʳʪʦʚʦʡ ʭʠʤʠʠ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʘʩʪ-
ʤʘʩʩ, ʧʝʩʪʠʮʠʜʦʚ, ʘ ʪʘʢʞʝ ʚ ʜʝʟʠʥʬʠʮʠʨʫ-
ʶʱʠʭ ʩʦʩʪʘʚʘʭ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʦʢʩʦ-
ʤʦʥʦʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝ-
ʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʠ ʥʘʜʢʠʩʣʦʪʘʤʠ ʟʘ-
ʢʣʶʯʘʶʪʩʷ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ, 
ʧʨʦʩʪʦʪʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʙʨʘʱʝʥʠʠ ʧʨʠ 
ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦ-
ʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ 
ʩʨʝʜʩʪʚʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʫʥʠʯʪʦʞʘʶʪ ʚʠʨʫ-
ʩʳ, ʙʘʢʪʝʨʠʠ ʠ ʛʨʠʙʳ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʨʘ-
ʙʦʯʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʝʱʝʩʪʚʘ. ʇʝʨʦʢʩʦ-
ʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ʚʳʟʳʚʘʝʪ ʦʢʠʩʣʝʥʠʝ 
ʤʠʢʨʦʙʥʳʭ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ, ʧʦʣʠʧʝʧʪʠ-
ʜʦʚ ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚʩʪʫʧʘʝʪ ʚ ʨʝ-
ʘʢʮʠʶ ʩ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 
ʙʝʣʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʘʧʩʠʜʘʭ ʚʠʨʫʩʦʚ.  

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʨʳʥʢʝ 
ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ ʈɹ ʠ ʈʌ ʧʨʠ-
ʩʫʪʩʪʚʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʨʦʰʢʦʚʳʝ ʧʨʝ-
ʧʘʨʘʪʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʘʢ-
ʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʭʦʜʠʣ 
ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ  ʢʘʣʠʷ:  çɺʠʨʫʙʦʡ  ʉè 
(ʈʌ), çɺʠʨʢʦʥè (ɻʝʨʤʘʥʠʷ), çɺʠʨʝʢʩè (ɺʝ-
ʣʠʢʦʙʨʠʪʘʥʠʷ), çʕʢʦʮʠʜ ʉè (ʉʣʦʚʝʥʠʷ), 
çɼʠʜʠʮʠʜè (ʈɹ) ʠ ʪ.ʜ. [7]. ɺʦʟʥʠʢʘʝʪ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʠʟʳʩʢʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝ-
ʚʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʩʨʝʜʩʪʚ, 
ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ʤʝʩʪʥʦʡ ʙʘʟʝ, ʜʦʩʪʫʧ-
ʥʳʭ ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʟʘʨʫ-
ʙʝʞʥʳʤ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʙʣʘʜʘʶʱʠʭ 
ʚʳʩʦʢʠʤ ʘʥʪʠʤʠʢʨʦʙʥʳʤ, ʜʝʟʦʜʦʨʠʨʫʶ-
ʱʠʤ ʵʬʬʝʢʪʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ 
ʪʨʝʙʫʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʞʠ-
ʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʠʩʴ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʧʦʨʦʰʢʦ-
ʚʦʛʦ ʜʝʟʠʥʬʝʢʪʘʥʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʚʦʡ 
ʩʦʩʪʘʚ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ 
ʚʝʱʝʩʪʚʘ ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ʠ 
ʢʣʘʪʨʘʪʳ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʝʚʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ (ʏɸʉ) ʠ ʤʦʯʝʚʠʥʳ, ʘ ʪʘʢʞʝ ʠʟʫ-
ʯʝʥʠʝ ʝʛʦ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʠ ʪʦʢʩʠʢʦʣʦʛʠ-
ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 
ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʂʣʘʪʨʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʧʝʨʚʳʝ 
ʧʦʷʚʠʣʠʩʴ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʢʪʠʚʥʦ ʜʝʡ-
ʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʮʝʧʪʫʨ ʩʪʝ-
ʨʠʣʠʟʫʶʱʠʭ ʩʨʝʜʩʪʚ, ʚ 2009 ʛ., ʟʘʪʝʤ ʠʥ-
ʬʦʨʤʘʮʠʷ ʙʳʣʘ ʚʢʣʶʯʝʥʘ ʚ ʫʯʝʙʥʳʝ ʧʦʩʦ-
ʙʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ɺʋɿʦʚ. 
ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʪʨʘʪʳ ʦʙʨʘʟʫʶʪʩʷ çʭʦ-
ʟʷʝʚʘʤʠè,   ʠʤʝʶʱʠʤʠ    ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨ- 
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ʥʳʝ ʧʦʣʦʩʪʠ. ʊʘʢʠʝ ʢʣʘʪʨʘʪʳ ʤʦʛʫʪ ʩʫʱʝ-
ʩʪʚʦʚʘʪʴ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʙʨʘʱʘʷʩʴ ʢ ʚʦʟʤʦʞʥʦʤʫ 
ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ ʢʣʘʪʨʘʪʦʚ ʤʦʯʝʚʠʥʳ ʠ 
ʙʠʦʮʠʜʥʦʛʦ ʏɸʉ, ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʠʤʠ 
ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʞʥʦ ʧʨʝʜ-
ʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʩʚʷʟʘʥ ʩ ʤʥʦʞʝ-
ʩʪʚʝʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʏɸʉ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ 
ʢʘʢ ʙʠʦʮʠʜ, ʤʦʯʝʚʠʥʘ ʦʢʘʟʳʚʘʝʪ ʜʝʛʠʜʨʘʪʠ-
ʨʫʶʱʝʝ ʠ ʜʝʥʘʪʫʨʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺ 
ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʘʤʤʦʥʠʝʚʘʷ ʩʦʣʴ ʩʚʷʟʳʚʘʝʪʩʷ 
ʩ ʙʘʢʪʝʨʠʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʤʝʤʙʨʘʥʳ, 
ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʬʘʪʘʣʴʥʘʷ ʫʪʝʯʢʘ 
ʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ. ʄʦʣʝʢʫʣʘ ʜʝʡ-
ʩʪʚʫʝʪ ʧʦ ʪʠʧʫ çʢʣʠʥʢʘè, ʚʦʥʟʸʥʥʦʛʦ ʚ ʤʝʤ-
ʙʨʘʥʫ, ʩʦʟʜʘʚʘʷ ʨʘʟʨʳʚ, ʢʦʪʦʨʳʡ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʨʝʧʘʨʠʨʦʚʘʥ. ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʝʨʠʷ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ 
ʩʨʝʜʩʪʚ ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ çɺʠʨʢʦʥè, ʛʜʝ 
ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʦʝʜʠʥʝ-
ʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ ʠ ʜʠʜʝ-
ʮʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜʘ [10]. ʆʜʥʘʢʦ 
ʢʣʘʪʨʘʪʳ çɺʠʨʢʦʥè ʚʳʧʫʩʢʘʶʪʩʷ ʪʦʣʴʢʦ ʚ 
ʞʠʜʢʦʤ ʚʠʜʝ, ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʨʦʰʢʦʚʳʭ 
ʜʝʟʠʥʬʝʢʪʘʥʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʟʘ-
ʪʨʫʜʥʠʪʝʣʴʥʳʤ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʦʣʫʯʘʣʠ ʢʣʘʪʨʘʪʳ 
ʤʦʯʝʚʠʥʳ ʠ ʏɸʉ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩʦ ʩʧʦʩʦʙʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [11]. ɺ ʢʘ-
ʯʝʩʪʚʝ ʏɸʉ ʚ ʩʠʥʪʝʟʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʪʦʚʘʨʥʳʝ ʧʨʦʜʫʢʪʳ ï ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜ 
ʠ ʜʠʜʝʮʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʜ. ʀʟʫʯʘ-
ʣʦʩʴ ʙʠʦʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ ʢʘʢ ʦʪʜʝʣʴʥʳʭ 
ʢʣʘʪʨʘʪʦʚ, ʪʘʢ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʧʝʨʦʢʩʦ-
ʤʦʥʦʩʫʣʴʬʘʪʦʤ ʢʘʣʠʷ (ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʜʫʢ-
ʪʦʤ, ʚʳʧʫʩʢʘʝʤʳʤ ʚ ʚʠʜʝ ʪʨʦʡʥʦʡ ʩʦʣʠ 
2KHSO5ĿKHSO4ĿK2SO4). ɺ ʠʩʩʣʝʜʫʝʤʳʭ 
ʦʙʨʘʟʮʘʭ ʧʦʨʦʰʢʦʚʳʭ ʜʝʟʠʥʬʝʢʪʘʥʪʦʚ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʦ-
ʝʜʠʥʝʥʠʷ, ʫʩʠʣʠʚʘʶʱʠʝ ʜʝʟʠʥʬʠʮʠʨʫʶ-
ʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʡ ʧʝʨʦʢʩʦʤʦʥʦ-
ʩʫʣʴʬʘʘʪʘ ʢʘʣʠʷ ʠ ʢʣʘʪʨʘʪʦʚ ʤʦʯʝʚʠʥʳ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʝʛʫʣʷʪʦʨʳ ʢʠʩʣʦʪ-
ʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʣʠʪʳ. ʆʙʨʘʟʮʳ ʠʟʫʯʘʝʤʳʭ 
ʢʦʤʧʦʟʠʮʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʝʥʠʝʤ 
ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʟʘ-
ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʚʝ-
ʜʝʥʠʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʮʝʥʢʫ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʢʦʤʧʦʟʠʮʠʡ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ [12]. ɺʥʘ-
ʯʘʣʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʨʘʙʦ-
ʪʘʥʥʳʭ  ʠʟʫʯʘʝʤʳʭ  ʢʦʤʧʦʥʝʥʪʦʚ,  ʢʦʪʦʨʳʝ  

ʚʭʦʜʷʪ ʚ ʩʦʟʜʘʚʘʝʤʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʝʧʘ-
ʨʘʪʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʙʠʦʮʠʜʥʦʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʠ ʚ 
ʘʛʘʨ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʪʝʩʪ-ʢʫʣʴʪʫʨ, ʧʦʜ-
ʚʝʨʛʥʫʪʳʭ ʦʙʨʘʙʦʪʢʘʤ ʩʦʟʜʘʚʘʝʤʳʤʠ ʢʦʤ-
ʧʦʟʠʮʠʷʤʠ, ʠʟʤʝʨʷʣʠ ʟʦʥʳ ʟʘʜʝʨʞʢʠ ʨʦ-
ʩʪʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʟ ʦʙʱʝʛʦ ʩʧʠʩʢʘ ʠʟʫ-
ʯʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ, ʧʨʦʚʝʣʠ ʠʟʫʯʝʥʠʝ 
ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥ-
ʥʳʤ ʩʫʩʧʝʥʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɸʥʪʠʤʠʢ-
ʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʘʣʠ ʥʘ ʪʝʩʪ-
ʢʫʣʴʪʫʨʘʭ   ʙʘʢʪʝʨʠʡ Staphylococcus aure-
us ï h ʪʘʤʤ ʂʄʀʕɺ-ɺ161; Escherichia coli 
2005 (0141:ʂ99) ï ʂʄʀʕɺ-ɺ102; Bacillus 
subtilis ï hʪʘʤʤ ʂʄʀʕɺ-ɺ205. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘ-
ʪʳ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʨʘʙʦ-
ʯʠʭ ʨʘʩʪʚʦʨʦʚ ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʝʢʪʘʥʪʘ, ʘ 
ʪʘʢʞʝ ʠʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘ-
ʥʠʡ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦ-
ʜʝʡʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢʣʘʪʨʘʪ ʤʦʯʝʚʠ-
ʥʳ ʩ ʙʝʥʟʘʣʢʦʥʫʤ ʭʣʦʨʠʜʦʤ ʠ ʢʣʘʪʨʘʪ ʤʦ-
ʯʝʚʠʥʳ ʩ ʜʠʜʝʮʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠ-
ʜʦʤ ʧʨʦʷʚʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʙʘʢ-
ʪʝʨʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʜʣʷ 
ʢʣʘʪʨʘʪʘ ʤʦʯʝʚʠʥʳ ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦ-
ʨʠʜʘ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʯʝʤ ʜʣʷ 
ʢʣʘʪʨʘʪʘ ʤʦʯʝʚʠʥʳ ʠ ʜʠʜʝʮʠʣʜʠʤʝʪʠʣʘʤ-
ʤʦʥʠʷ ʭʣʦʨʠʜʘ. ʕʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʦʧʨʝʜʝ-
ʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʘʢʪʠʚʥʦ 
ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦ-
ʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʝʢʪʘʥʪʘ ʥʘʨʷʜʫ ʩ ʰʠʨʦ-
ʢʦ ʠʟʚʝʩʪʥʳʤ ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪʦʤ ʢʘ-
ʣʠʷ. ʂʦʤʧʦʟʠʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 50 % ʧʝ-
ʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʠ 50 % ʢʣʘʪʨʘʪʘ 
ʤʦʯʝʚʠʥʳ ʩ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʦʤ, ʥʝ 
ʧʨʦʷʚʠʣʘ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus 
subtilis (ʦʙʨʘʟʝʮ 3), ʭʦʪʷ ʜʨʫʛʠʝ ʢʫʣʴʪʫʨʳ 
ʙʳʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʙʨʘʟʮʫ. ɺʤʝʩʪʝ ʩ 
ʪʝʤ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʘʢʪʠʚʥʦ ʜʝʡ-
ʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʦʙʨʘʟʝʮ 5) ʠ 
ʚʚʝʜʝʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠʚʝ-
ʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʦʥʳ ʣʠʟʠʩʘ ʜʦ 16 ʤʤ. 
ɹʦʣʝʝ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʦʥʳ ʣʠʟʠʩʘ 
(ʜʦ 18ï20 ʤʤ) ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ 
ʩʦʩʪʘʚ ʦʙʨʘʟʮʘ 4 ʥʝ ʪʦʣʴʢʦ ʨʝʛʫʣʷʪʦʨʦʚ 
ʢʠʩʣʦʪʥʦʩʪʠ, ʥʦ ʠ ʵʣʝʢʪʨʦʣʠʪʦʚ (ʦʙʨʘʟʝʮ 
6), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦ-
ʨʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʚʳʰʘ-
ʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪʘ 
ʢʘʣʠʷ ʠ ʢʣʘʪʨʘʪʘ ʤʦʯʝʚʠʥʳ  ʩ ʙʝʥʟʘʣʢʦʥʠ- 
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ʫʤ ʭʣʦʨʠʜʦʤ. ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ-
ʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʯʝʚʠʥʳ ʠ ʙʝʥʟʘʣ-
ʢʦʥʠʫʤ ʭʣʦʨʠʜʘ ʦʪ 2:1 ʜʦ 4:1 ʚ ʩʦʩʪʘʚʝ ʢʣʘ-
ʪʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʮʠʜʥʦʡ 
ʘʢʪʠʚʥʦʩʪʠ  ʨʘʩʪʚʦʨʦʚ ʧʦʨʦʰʢʦʚʦʛʦ  ʜʝʟʠʥ- 

ʬʝʢʪʘʥʪʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʧʦ ʩʚʦʝʤʫ ʙʠʦ-
ʮʠʜʥʦʤʫ ʜʝʡʩʪʚʠʶ ʦʢʘʟʘʣʩʷ ʦʙʨʘʟʝʮ 7, ʠʩ-
ʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 
ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝ-
ʟʠʥʬʝʢʪʘʥʪʘ. 

ʊʘʙʣʠʮʘ 1 ï ɿʦʥʳ ʣʠʟʠʩʘ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʠʟʫʯʘʝʤʳʭ        
ʢʦʤʧʦʟʠʮʠʡ 

ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʡ ʂ, % 
Escherichia  
coli 

Staphylo-
coccus  
aureus 

Bacillus 
subtilis 

ʂʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ (2:1) 

1 25 30 - 

2 25 30 - 

5 25 30 - 

ʂʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ ʠ ʜʠʜʝʮʠʣʜʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʜʘ 
(2:1) 

1 20 20 - 

2 22 16 - 

5 22 30 - 

ʇʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ï 50 %, ʢʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ  
ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ (2:1) ï 50 % 

1 20 ʉʈ ʉʈ 

2 24 14 ʉʈ 

5 26 20 ʉʈ 

ʇʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ï 50 %, ʢʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ  
ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ (2:1) ï 25 %, ʨʝʛʫʣʷʪʦʨʳ  
ʢʠʩʣʦʪʥʦʩʪʠ ï ʜʦ 100 % 

1 20 ʉʈ ʉʈ 

2 22 ʉʈ ʉʈ 

5 26 18 ʉʈ 

ʇʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ï 25 %, ʢʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ  
ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ (2:1) ï 50 %, ʨʝʛʫʣʷʪʦʨʳ  
ʢʠʩʣʦʪʥʦʩʪʠ ï ʜʦ 100 % 

1 22 18 14 

2 22 20 14 

5 24 22 16 

ʇʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ï 50 %, ʢʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ  
ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ (2:1) ï 25 %, ʨʝʛʫʣʷʪʦʨʳ  
ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʣʠʪʳ ï ʜʦ 100 % 

1 30 22 18 

2 35 22 20 

5 36 24 20 

ʇʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪ ʢʘʣʠʷ ï 50 %, ʢʣʘʪʨʘʪ ʤʦʯʝʚʠʥʳ  
ʠ ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ (4:1) ï 25 %, ʨʝʛʫʣʷʪʦʨʳ  
ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʣʠʪʳ ï ʜʦ 100 % 

1 28 20 18 

2 30 25 20 

5 33 26 20 

ʇʨʠʤʝʯʘʥʠʝ ï ʂ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ; ʉʈ ï ʩʧʣʦʰʥʦʡ ʨʦʩʪ ʢʫʣʴʪʫʨʳ ʠʣʠ ʟʦʥʘ 
ʤʝʥʝʝ 16 ʤʤ ʦʙʨʘʟʝʮ ï ʥʝ ʨʘʙʦʪʘʝʪ; 16ï19 ʤʤ ï ʢʫʣʴʪʫʨʘ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʙʨʘʟʮʫ; 20ï24 ʤʤ ï 
ʢʫʣʴʪʫʨʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʙʨʘʟʮʫ; 25 ʤʤ ʠ ʚʳʰʝ ï ʢʫʣʴʪʫʨʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʙʨʘʟʮʫ 

ɺ ʪʘʙʣʠʮʝ 2 ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪʦʙʨʘʥʥʦʛʦ 
ʦʙʨʘʟʮʘ ʜʝʟʠʥʬʝʢʪʘʥʪʘ (ʦʙʨʘʟʝʮ ˉ 7) ʢ 
ʪʝʩʪ-ʢʫʣʴʪʫʨʘʤ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʫʩʧʝʥ-
ʟʠʦʥʥʦʤ ʤʝʪʦʜʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʦʪʦʙʨʘʥ-
ʥʳʡ ʦʙʨʘʟʝʮ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶ-
ʱʝʛʦ ʩʨʝʜʩʪʚʘ ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 
ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʦʣʠʯʝʩʪʚʝʥ-
ʥʦʤ ʩʫʩʧʝʥʟʠʦʥʥʦʤ ʤʝʪʦʜʝ ʢʘʢ ʩ ʙʝʣʢʦʚʦʡ 
ʥʘʛʨʫʟʢʦʡ, ʪʘʢ ʠ ʙʝʟ ʥʝʝ. ʌʘʢʪʦʨ ʨʝʜʫʢʮʠʠ 
ʢʦ ʚʩʝʤ ʠʟʫʯʘʝʤʳʤ ʢʫʣʴʪʫʨʘʤ ʚʩʝʭ ʠʟʫʯʘʝ-
ʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʳʣ ʚʳʰʝ 5 ʣʦʛʘʨʠʬ-
ʤʦʚ,  ʯʪʦ ʩʦʛʣʘʩʥʦ ʉʘʥʇʠʥ 21-112-99  ʩʦʦʪ- 

ʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʜʝʟʠʥʬʠʮʠʨʫʶ-
ʱʠʭ ʩʨʝʜʩʪʚ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 
ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʢʦʥʩʪʨʫʠʨʦ-
ʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʝʢ-
ʪʘʥʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʩʪ-
ʨʦʡ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʘʣʣʝʨʛʝʥ-
ʥʳʭ ʠ ʨʘʟʜʨʘʞʘʶʱʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʘ ʧʦ-
ʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ 
ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ [13]. ʀʟʫʯʝʥʠʝ ʦʩʪʨʦʡ 
ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʣʠʥʠʯʝʩʢʠ 
ʟʜʦʨʦʚʳʭ ʤʳʰʘʭ. ɻʨʫʧʧʫ ʦʧʘʩʥʦʩʪʠ ʦʧʨʝ-
ʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 12.1.007-76. 
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ʊʘʙʣʠʮʘ 2 ï ɸʥʪʠʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʮʘ 
ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʢ ʪʝʩʪ-ʢʫʣʴʪʫʨʘʤ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʫʩʧʝʥʟʠʦʥ-
ʥʦʤ ʤʝʪʦʜʝ 

ʊʝʩʪ-ʢʫʣʴʪʫʨʘ ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ, % ʂʆɽ log RF 

Escherichia coli 

1,0* 2,2Ĭ102 2,34 5,11 

ʢʦʥʪʨʦʣʴ 2,8Ĭ107 7,45   

1,0* + ʣ.ʩ. 2,2Ĭ102 2,34 5,00 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,2Ĭ107 7,34   

2,0** 1,7Ĭ102 2,23 5,16 

ʢʦʥʪʨʦʣʴ 2,5Ĭ107 7,39   

2,0** + ʣ.ʩ. 1,9Ĭ102 2,28 5,10 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,4Ĭ107 7,38   

5,0*** 2,2Ĭ102 2,34 5,13 

ʢʦʥʪʨʦʣʴ 3,0Ĭ107 7,47   

5,0*** + ʣ.ʩ. 2,7Ĭ102 2,43 5,10 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 3,4Ĭ107 7,53   

Staphylococcus 
aureus 

1,0* 1,8Ĭ102 2,25 5,05 

ʢʦʥʪʨʦʣʴ 2,0Ĭ107 7,30   

1,0 + ʣ.ʩ. 1,9Ĭ102 2,28 5,04 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,1Ĭ107 7,32   

2,0** 1,9Ĭ102 2,27 5,12 

ʢʦʥʪʨʦʣʴ 2,5Ĭ107 7,39   

2,0** + ʣ.ʩ. 2,0Ĭ102 2,30 5,09 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,5Ĭ107 7,39   

5,0*** 2,5Ĭ102 2,39 5,93 

ʢʦʥʪʨʦʣʴ 2,1Ĭ108 8,32   

5,0*** + ʣ.ʩ. 1,9Ĭ102 2,28 5,16 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,8Ĭ107 7,44   

Bacillus subtilis 

1,0* 2,4Ĭ102 2,38 5,07 

ʢʦʥʪʨʦʣʴ 2,8Ĭ107 7,45   

1,0* + ʣ.ʩ. 2,2Ĭ102 2,34 5,01 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,2Ĭ107 7,35   

2,0** 2,2Ĭ102 2,34 5,11 

ʢʦʥʪʨʦʣʴ 2,8Ĭ107 7,45   

2,0** + ʣ.ʩ. 2,0Ĭ102 2,30 5,02 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 2,1Ĭ107 7,32   

5,0*** 2,2Ĭ102 2,34 5,23 

ʢʦʥʪʨʦʣʴ 3,7Ĭ107 7,57   

5,0*** + ʣ.ʩ. 2,0Ĭ102 2,30 5,19 

ʢʦʥʪʨʦʣʴ ʩ ʣ.ʩ. 3,1Ĭ107 7,49   

ʇʨʠʤʝʯʘʥʠʝ ï ʣ.ʩ ï ʣʦʰʘʜʠʥʘʷ ʩʳʚʦʨʦʪʢʘ; ɕɻ ʢʩʧʦʟʠʮʠʷ 60 ʤʠʥʫʪ; ɕɕɻʢʩʧʦʟʠʮʠʷ 30 ʤʠʥʫʪ; 
ɕɕɕɻʢʩʧʦʟʠʮʠʷ 15 ʤʠʥʫʪ 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʙʝʣʳʭ ʤʳʰʘʭ 
ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʝʥʦʩʠʤʫʶ 
ʜʦʟʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʩʝ ʞʠʚʦʪʥʳʝ ʦʩʪʘʚʘʣʠʩʴ  

ʞʠʚʳ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʫʶ ʜʦʟʫ, ʧʨʠʚʦ-
ʜʷʱʫʶ ʢ ʛʠʙʝʣʠ ʚʩʝʭ ʤʳʰʝʡ. ɹʨʘʣʠ ʪʘʢʞʝ 
3 ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʜʦʟʳ. 
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ʆʩʪʨʫʶ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʫʶ ʪʦʢʩʠʯ-
ʥʦʩʪʴ ʠʟʫʯʘʣʠ ʥʘ ʰʝʩʪʠ ʛʨʫʧʧʘʭ ʢʣʠʥʠ-
ʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʤʳʰʝʡ ʦʙʦʝʛʦ ʧʦʣʘ ʤʘʩʩʦʡ 
19,0 ʛ, ʧʦ 10 ʛʦʣʦʚ ʚ ʢʘʞʜʦʡ. ʄʳʰʘʤ ʧʨʠ-
ʥʫʜʠʪʝʣʴʥʦ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʚʚʦʜʠʣʠ ʨʘʩ-
ʪʚʦʨ (1 ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝ-
ʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʠ 2 ʯʘʩʪʠ 1%-
ʥʦʛʦ ʢʨʘʭʤʘʣʴʥʦʛʦ ʢʣʝʡʩʪʝʨʘ) ʥʘʪʦʱʘʢ: 1-ʡ 
ʛʨʫʧʧʝ ï 0,6 ʤʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 
3020,0 ʤʛ/ʢʛ ʧʦ ɸɼɺ, 2-ʡ ï 0,5 ʤʣ, ʯʪʦ ʩʦ-
ʦʪʚʝʪʩʪʚʦʚʘʣʦ 2520,0 ʤʛ/ʢʛ ʧʦ ɸɼɺ, 3-ʡ ï 
0,4 ʤʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 2010,0 ʤʛ/ʢʛ  
ʧʦ ɸɼɺ, 4-ʡ ï 0,3 ʤʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 
1510,0 ʤʛ/ʢʛ ʧʦ ɸɼɺ, 5-ʡ ï 0,2 ʤʣ     
(1000,0 ʤʛ/ʢʛ ʧʦ ɸɼɺ). 6-ʡ ʛʨʫʧʧʝ ʚʚʦʜʠʣʠ 
ʥʘʪʦʱʘʢ ʚ ʞʝʣʫʜʦʢ 0,6 ʤʣ ʢʨʘʭʤʘʣʴʥʦʛʦ 
ʢʣʝʡʩʪʝʨʘ (ʪʘʙʣʠʮʘ 3). ʅʘʙʣʶʜʝʥʠʝ ʚʝʣʠ ʚ 
ʪʝʯʝʥʠʝ 14 ʩʫʪʦʢ. ʃɼ50 ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 
ʤʝʪʦʜʫ ʂʝʨʙʝʨʘ. ɻʨʫʧʧʫ ʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝ-
ʣʷʣʠ ʧʦ ɻʆʉʊ 12.1.007-76.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 1-ʡ ʛʨʫʧʧʝ ʧʘʣʠ 
ʚʩʝ ʞʠʚʦʪʥʳʝ. ɻʠʙʝʣʴ ʤʳʰʝʡ ʥʘʙʣʶʜʘʣʠ ʚ 
ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 
ʧʨʝʧʘʨʘʪʘ. ʊʦʢʩʠʢʦʟ ʫ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝ-
ʨʠʟʦʚʘʣʩʷ ʚʳʨʘʞʝʥʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ, 
ʦʜʳʰʢʦʡ, ʮʠʘʥʦʟʦʤ ʚʠʜʠʤʳʭ ʩʣʠʟʠʩʪʳʭ ʠ 
ʢʦʞʠ. ɿʘʪʝʤ ʥʘʩʪʫʧʘʣʦ ʛʣʫʙʦʢʦʝ ʫʛʥʝʪʝʥʠʝ 
ʠ ʢʦʤʘ, ʩʤʝʨʪʴ ʥʘʩʪʫʧʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʩ-
ʬʠʢʩʠʠ. ɺʦ 2-ʡ ʛʨʫʧʧʝ ʧʘʜʝʞ ʩʦʩʪʘʚʠʣ 80 
%. ɻʠʙʝʣʴ ʞʠʚʦʪʥʳʭ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʩʭʦ-
ʞʠʭ ʷʚʣʝʥʠʷʭ ʪʦʢʩʠʢʦʟʘ, ʯʪʦ ʠ ʫ ʤʳʰʝʡ 1-
ʡ ʛʨʫʧʧʳ. ʉʤʝʨʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 
ʧʝʨʚʦʛʦ ʯʘʩʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ. ʆʩʪʘʚʰʠʝʩʷ 
ʚ ʞʠʚʳʭ ʤʳʰʠ ʚ ʪʝʯʝʥʠʝ  2-3 ʜʥʝʡ ʦʪʢʘʟʳ-
ʚʘʣʠʩʴ ʦʪ ʢʦʨʤʘ, ʦʪʤʝʯʘʣʠʩʴ ʧʨʠʟʥʘʢʠ 
ʘʜʠʥʘʤʠʠ, ʫʛʥʝʪʝʥʠʷ, ʟʘʪʝʤ ʠʭ ʦʙʱʝʝ ʩʦ-
ʩʪʦʷʥʠʝ  ʧʦʩʪʝʧʝʥʥʦ  ʫʣʫʯʰʘʣʦʩʴ, ʠ  ʥʘ 7-ʝ 

ʩʫʪʢʠ ʞʠʚʦʪʥʳʝ ʨʝʘʛʠʨʦʚʘʣʠ ʥʘ ʚʥʝʰʥʠʝ 
ʨʘʟʜʨʘʞʠʪʝʣʠ, ʦʭʦʪʥʦ ʧʨʠʥʠʤʘʣʠ ʢʦʨʤ ʠ 
ʚʦʜʫ. ɺ 3-ʡ ʛʨʫʧʧʝ ʧʘʜʝʞ ʩʦʩʪʘʚʣʷʣ 50 %, 
ʛʠʙʝʣʴ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʩʭʦʞʠʭ ʷʚʣʝʥʠʷʭ 
ʪʦʢʩʠʢʦʟʘ, ʯʪʦ ʠ ʫ ʤʳʰʝʡ    1-ʡ ʠ 2-ʡ ʛʨʫʧʧ, 
ʦʜʥʘʢʦ ʧʨʠʟʥʘʢʠ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʤʝʥʴʰʝʡ 
ʩʪʝʧʝʥʠ. ʉʤʝʨʪʴ ʞʠʚʦʪʥʳʭ ʥʘʙ-ʣʶʜʘʣʠ ʚ 
ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ   7ï10 ʯ ʧʦʩʣʝ ʚʚʝʜʝ-
ʥʠʷ ʩʨʝʜʩʪʚʘ. ʄʳʰʠ, ʦʩʪʘʚʰʠʝʩʷ ʚ ʞʠʚʳʭ, 
ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ ʦʪʢʘʟʳʚʘʣʠʩʴ ʦʪ ʚʦʜʳ ʠ 
ʢʦʨʤʘ, ʟʘʪʝʤ ʠʭ ʩʦʩʪʦʷʥʠʝ ʫʣʫʯʰʘʣʦʩʴ, ʠ 
ʥʘ 5-ʝ ʩʫʪʢʠ ʦʥʠ ʧʨʠʥʠʤʘʣʠ ʢʦʨʤ ʠ ʚʦʜʫ, 
ʨʝʘʛʠʨʦʚʘʣʠ ʥʘ ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. ɺ 4
-ʡ ʛʨʫʧʧʝ ʦʪʤʝʯʝʥ ʧʘʜʝʞ 20 % ʞʠʚʦʪʥʳʭ, 
ʛʠʙʝʣʴ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʩʭʦʞʠʭ ʷʚʣʝʥʠʷʭ, 
ʦʜʥʘʢʦ ʧʨʠʟʥʘʢʠ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʤʝʥʴʰʝʡ 
ʩʪʝʧʝʥʠ. ʉʤʝʨʪʴ ʤʳʰʝʡ ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʯʝ-
ʥʠʝ 3ï5 ʩʫʪʦʢ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ. 
ɾʠʚʦʪʥʳʝ, ʦʩʪʘʚʰʠʝʩʷ ʚ ʞʠʚʳʭ, ʚ ʪʝʯʝʥʠʝ 
2 ʜʥʝʡ ʦʪʢʘʟʳʚʘʣʠʩʴ ʦʪ ʚʦʜʳ ʠ ʢʦʨʤʘ, ʟʘ-
ʪʝʤ ʠʭ ʩʦʩʪʦʷʥʠʝ ʫʣʫʯʰʘʣʦʩʴ, ʠ ʥʘ 3-ʠ ʩʫʪ-
ʢʠ ʦʥʠ ʧʨʠʥʠʤʘʣʠ ʢʦʨʤ ʠ ʚʦʜʫ, ʨʝʘʛʠʨʦʚʘ-
ʣʠ ʥʘ ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. ɺ 5-ʡ ʛʨʫʧʧʝ 
ʚʩʝ ʞʠʚʦʪʥʳʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ 
ʦʩʪʘʚʘʣʠʩʴ ʞʠʚʳ, ʧʨʠʟʥʘʢʠ ʠʥʪʦʢʩʠʢʘʮʠʠ 
ʧʨʦʷʚʣʷʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ 6-ʡ ʛʨʫʧʧʝ 
(ʢʦʥʪʨʦʣʴʥʦʡ) ʧʘʜʝʞʘ ʥʝ ʦʪʤʝʯʝʥʦ. ɺ ʪʝʯʝ-
ʥʠʝ ʚʩʝʛʦ ʦʧʳʪʘ ʞʠʚʦʪʥʳʝ ʚʝʣʠ ʩʝʙʷ ʘʜʝʢ-
ʚʘʪʥʦ, ʦʭʦʪʥʦ ʧʨʠʥʠʤʘʣʠ ʢʦʨʤ ʠ ʚʦʜʫ, ʨʝʘ-
ʛʠʨʦʚʘʣʠ ʥʘ ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. 

ʇʨʠ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʦʤ ʚʩʢʨʳ-
ʪʠʠ ʧʘʚʰʠʭ ʤʳʰʝʡ ʦʙʥʘʨʫʞʠʚʘʣʠ ʟʘʩʪʦʡ-
ʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʭ ʦʨʛʘʥʘʭ, 
ʥʘʙʣʶʜʘʣʠʩʴ ʜʠʩʪʨʦʬʠʷ ʧʝʯʝʥʠ, ʧʦʯʝʢ, 
ʞʝʣʪʫʰʥʦʩʪʴ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ, ʥʘ ʩʣʠ-
ʟʠʩʪʦʡ ʞʝʣʫʜʢʘ ï ʢʨʦʚʦʠʟʣʠʷʥʠʷ. 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠ-
ʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ ʙʝʣʳʤ ʤʳʰʘʤ 

ɻʨʫʧʧʘ ɼʦʟʘ, ʤʛ/ʢʛ ʂʦʣ-ʚʦ ʞʠʚʦʪʥʳʭ, ʛʦʣ. 
ʀʟ ʥʠʭ 

ʧʦʛʠʙʣʦ ʦʩʪʘʣʦʩʴ ʚ ʞʠʚʳʭ % ʛʠʙʝʣʠ 

1 3020,0 10 10 0 100 

2 2520,0 10 8 2 80 

3 2010,0 10 5 5 50 

4 1510,0 10 2 8 20 

5 1000,0 10 0 10 0 

6 - 10 0 10 0 

ʇʨʠʤʝʯʘʥʠʝ ï ʚ 1ï5 ʛʨʫʧʧʘʭ ʧʨʠʟʥʘʢʠ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʫʛʥʝʪʝʥʠʝ, ʚʟʜʫʪʠʝ ʞʠʚʦʪʘ, ʦʪʢʘʟ ʦʪ 
ʢʦʨʤʘ) ʠ ʛʠʙʝʣʴ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʧʝʨʚʳʝ 2 ʜʥʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʩʨʝʜʩʪʚʘ 
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ʊʘʙʣʠʮʘ 4 ï ʈʘʩʯʝʪ ʃɼ50 ʤʝʪʦʜʦʤ ʂʝʨʙʝʨʘ 

ɻʨʫʧʧʘ Z d Zd 

2 9,0 500,0 4500,0 

3 7,5 510,0 3825,0 

4 6,0 500,0 3000,0 

    
 

11325,0 

ʉʨʝʜʥʝʩʤʝʨʪʝʣʴʥʫʶ ʜʦʟʫ (ʃɼ50) ʦʧ-
ʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

 
 
 
 

ʛʜʝ    z ï ʧʦʣʦʚʠʥʘ ʩʫʤʤʳ ʯʠʩʣʘ ʞʠʚʦʪʥʳʭ, 
ʧʘʚʰʠʭ ʦʪ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʜʦʟ; 

d ï ʨʘʟʥʠʮʘ ʚ ʚʝʣʠʯʠʥʘʭ ʜʚʫʭ ʧʦʩʣʝ-
ʜʫʶʱʠʭ ʜʦʟ; 

m ï ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ, ʚʟʷʪʳʭ ʚ 
ʦʧʳʪʝ ʥʘ ʢʘʞʜʫʶ ʜʦʟʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ: 
 

         ʃɼ50= 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 
12.1.007-76 ʦʙʨʘʟʝʮ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠ-
ʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯ-
ʥʦʤ ʚʚʝʜʝʥʠʠ ʦʪʥʦʩʠʪʩʷ ʢ III ʢʣʘʩʩʫ ï ʫʤʝ-
ʨʝʥʥʦ ʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʘʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢ-
ʩʠʯʥʦʩʪʠ ʚ ʦʧʳʪʝ ʥʘ ʙʝʣʳʭ ʤʳʰʘʭ ʬʦʨʤʠ-
ʨʦʚʘʣʠ 4 ʛʨʫʧʧʳ. ɾʠʚʦʪʥʳʤ 1-ʡ ʛʨʫʧʧʳ 
ʚʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʚʥʫʪʨʴ            
1/10 LD50 (188,8/ʢʛ ʧʦ ɼɺ), 2-ʡ ʛʨʫʧʧʳ ï 
1/20 LD50 (94,40 ʤʛ/ʢʛ), 3-ʡ ï 1/50 LD50 
(37,76 ʤʛ/ʢʛ), 4-ʷ ʛʨʫʧʧʘ ʙʳʣʘ ʢʦʥʪʨʦʣʴʥʦʡ 
(ʚʚʦʜʠʣʠ  ʨʘʩʪʚʦʨ  ʢʨʘʭʤʘʣʴʥʦʛʦ   ʢʣʝʡʩʪʝ- 

ʨʘ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʘ ʫʯʠʪʳʚʘʣʠ ʦʙ-
ʱʝʝ ʢʣʠʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʳʭ, ʧʦ-
ʝʜʘʝʤʦʩʪʴ ʢʦʨʤʘ, ʧʨʠʨʦʩʪ ʞʠʚʦʡ ʤʘʩʩʳ ʠ 
ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘ-
ʥʘʭ ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʧʳʪʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʫʪʨʠʞʝʣʫʜʦʯ-
ʥʦʝ ʚʚʝʜʝʥʠʝ ʤʳʰʘʤ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ 
1/10, 1/20 ʠ 1/50 LD50 ʥʝ ʚʳʟʚʘʣʦ ʠʟʤʝʥʝ-
ʥʠʡ ʚ ʠʭ ʧʦʚʝʜʝʥʠʠ, ʦʙʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠ 
ʧʦʝʜʘʝʤʦʩʪʠ ʢʦʨʤʘ. ɺ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ 
ʥʘʙʣʶʜʘʣʩʷ ʦʪʚʝʩ ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ: ʧʨʠ ʚʚʝʜʝ-
ʥʠʠ 1/10 ʃɼ50 ʤʘʩʩʘ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʙʳ-
ʣʘ ʥʠʞʝ ʥʘ 1,3 ʛ, ʧʨʠ ʜʦʟʝ 1/20 ʃɼ50 ï ʥʘ 
0,9 ʛ, ʧʨʠ 1/50 LD50 ï ʥʘ 0,4 ʛ. ʇʨʠ ʚʩʢʨʳ-
ʪʠʠ ʤʳʰʝʡ ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʧʳʪʘ ʠʟʤʝʥʝʥʠʡ 
ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʀʟʫʯʝʥʠʝ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠ 
ʠʥʛʘʣʷʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 
ʙʝʣʳʭ ʤʳʰʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠ-
ʯʝʩʢʦʡ ʟʘʪʨʘʚʢʠ ʚ ʵʢʩʠʢʘʪʦʨʝ, ʥʘ ʜʥʦ ʢʦʪʦ-
ʨʦʛʦ ʧʦʤʝʱʘʣʠ ʝʤʢʦʩʪʴ ʩ ʦʙʨʘʟʮʦʤ ʧʦʨʦʰ-
ʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʘ 
ʩʚʝʨʭʫ ʥʘ ʩʝʪʢʝ ʨʘʟʤʝʱʘʣʠ ʧʦʜʦʧʳʪʥʳʭ 
ʞʠʚʦʪʥʳʭ. ʆʩʪʨʘʷ ʠʥʛʘʣʷʮʠʦʥʥʘʷ ʪʦʢʩʠʯ-
ʥʦʩʪʴ (ʃʂ50) ʩʦʩʪʘʚʠʣʘ 2000 ʤʣ/ʤ

3, ʤʘʢʩʠ-
ʤʘʣʴʥʘʷ ʥʝʜʝʡʩʪʚʫʶʱʘʷ ʜʦʟʘ ï 1500 ʤʣ/ʤ3 
(ʪʘʙʣʠʮʘ 5). 

= 1888 ʤʛ/ʢʛ. 

ʊʘʙʣʠʮʘ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʨʦʡ ʠʥʛʘʣʷʮʠʦʥʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩʫʭʦʛʦ     
ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʙʝʣʳʭ ʤʳʰʝʡ 

ɻʨʫʧʧʘ 
ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʝʧʘʨʘʪʘ, ʤʛ/ʤ3 
ʕʢʩʧʦʟʠʮʠʷ, ʤʠʥ 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ, ʛʦʣ. 

ʚʩʝʛʦ ʧʘʣʦ ʞʠʚʳʭ 

1 3000 120 6 6 0 

2 2500 120 6 4 2 

3 2000 120 6 3 3 

4 1500 120 6 0 6 

ʇʨʠʤʝʯʘʥʠʝ ï ʠʥʪʦʢʩʠʢʘʮʠʷ ʧʨʦʷʚʣʷʣʘʩʴ ʫʛʥʝʪʝʥʠʝʤ, ʦʪʢʘʟʦʤ ʦʪ ʢʦʨʤʘ, ʫʯʘʱʝʥʥʳʤ ʜʳʭʘ-
ʥʠʝʤ, ʚʟʲʝʨʦʰʝʥʥʦʩʪʴʶ ʰʝʨʩʪʠ, ʛʠʙʝʣʴ ʥʘʩʪʫʧʘʣʘ ʚ ʪʝʯʝʥʠʝ 1ï3 ʜʥʝʡ 
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ʀʥʛʘʣʷʮʠʦʥʥʳʝ ʦʙʨʘʙʦʪʢʠ ʙʝʣʳʭ 
ʤʳʰʝʡ ʚ ʛʝʨʤʝʪʠʯʝʩʢʠʭ ʢʘʤʝʨʘʭ ʚ ʪʝʯʝʥʠʝ 
10 ʜʥʝʡ ʠʟ ʨʘʩʯʝʪʘ 1/10 ʠ 1/20 ʃʂ50 ʥʝ ʚʳ-
ʟʳʚʘʣʠ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʚʝʜʝʥʠʠ, ʦʙʱʝʤ ʩʦ-
ʩʪʦʷʥʠʠ ʠ ʧʦʝʜʘʝʤʦʩʪʠ ʢʦʨʤʘ. ɺ ʦʧʳʪʥʳʭ 
ʛʨʫʧʧʘʭ, ʢʘʢ ʠ ʧʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝ-
ʜʝʥʠʠ, ʥʘʙʣʶʜʘʣʠ ʦʪʚʝʩ ʞʠʚʦʡ ʤʘʩʩʳ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷ-
ʤʠ. ʇʨʠʨʦʩʪ ʞʠʚʦʡ ʤʘʩʩʳ ʚ 1-ʡ ʦʧʳʪʥʦʡ 
ʛʨʫʧʧʝ ʤʳʰʝʡ (1/10 ʃʂ50) ʩʦʩʪʘʚʠʣ 0,9 ʛ,    
2-ʡ (1/20 ʃʂ50) ï 0,7 ʛ, 3-ʡ (1/50 ʃʂ50) ï    
0,2 ʛ. ʇʨʠ ʚʩʢʨʳʪʠʠ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʦʢʦʥ-
ʯʘʥʠʷ ʦʧʳʪʘ ʫ ʤʳʰʝʡ 1-ʡ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ 
ʚ ʣʝʛʢʠʭ ʚ 50 % ʩʣʫʯʘʝʚ ʦʪʤʝʯʘʣʘʩʴ ʟʘʩʪʦʡ-
ʥʘʷ ʛʠʧʝʨʝʤʠʷ. ɺ ʜʨʫʛʠʭ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘ-
ʥʘʭ ʚʠʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʋ 
ʤʳʰʝʡ 2-ʡ ʠ 3-ʡ ʦʧʳʪʥʳʭ ʛʨʫʧʧ ʦʪʢʣʦʥʝ-
ʥʠʡ ʦʪ ʥʦʨʤʳ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʄʝʩʪʥʦʝ ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ 
ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ 
ʩʨʝʜʩʪʚʘ ʥʘ ʢʦʞʫ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʢʨʦʣʠʢʘʭ. 
ʅʘ ʚʳʩʪʨʠʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʢʦʞʥʳʭ ʧʦʢʨʦ-
ʚʦʚ ʨʘʟʤʝʨʦʤ 2Ĭ3 ʩʤ ʨʘʚʥʦʤʝʨʥʦ ʥʘʥʦʩʠʣʠ 
50%-ʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʠʟʫʯʘʝʤʦʛʦ ʦʙ-
ʨʘʟʮʘ ʚ ʚʠʜʝ ʘʧʧʣʠʢʘʮʠʠ ʚ ʢʦʣʠʯʝʩʪʚʝ      
0,1 ʩʤ3 ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʇʦ 
ʦʢʦʥʯʘʥʠʠ ʘʧʧʣʠʢʘʮʠʠ ʦʩʪʘʪʢʠ ʩʨʝʜʩʪʚʘ 
ʫʜʘʣʷʣʠ ʚʘʪʥʳʤ ʪʘʤʧʦʥʦʤ, ʩʤʦʯʝʥʥʳʤ 
ʪʝʧʣʦʡ ʚʦʜʦʡ. ɿʘ ʞʠʚʦʪʥʳʤʠ ʚʝʣʠ ʥʘʙʣʶ-
ʜʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ. ʂʦʥʪʨʦʣʴʥʳʤ ʞʠ-
ʚʦʪʥʳʤ ʥʘ ʚʳʩʪʨʠʞʝʥʥʳʝ ʫʯʘʩʪʠ ʢʦʞʠ 
ʥʘʥʦʩʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. ʈʝʘʢ-
ʮʠʶ ʢʦʞʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʨʘʟʫ ʧʦ ʦʢʦʥ-
ʯʘʥʠʠ ʵʢʩʧʦʟʠʮʠʠ, ʯʝʨʝʟ 1 ʯ ʠ 16 ʯ ʧʦʩʣʝ ʝʝ 
ʦʢʦʥʯʘʥʠʷ. ʅʘʙʣʶʜʘʣʠ ʟʘ ʧʦʷʚʣʝʥʠʝʤ ʥʘ 
ʢʦʞʝ ʛʠʧʝʨʝʤʠʠ, ʦʪʝʢʘ, ʫʪʦʣʱʝʥʠʷ ʢʦʞʥʦʡ 
ʩʢʣʘʜʢʠ ʠ ʨʘʩʯʝʩʦʚ, ʙʦʣʝʟʥʝʥʥʦʩʪʠ ʧʨʠ 
ʧʘʣʴʧʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʜʨʘʞʘʶʱʠʭ 
ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ ʥʘʥʝʩʝ-
ʥʠʝ ʥʘ ʢʦʞʫ ʠʟʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ 
ʚʦʜʥʦʛʦ 50%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ 
ʵʨʠʪʝʤʳ ʠʣʠ ʦʪʝʢʘ ʥʝ ʚʳʟʳʚʘʣʦ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʜʝʡ-
ʩʪʚʠʷ ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫ-
ʶɦ ʝʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʩʣʠʟʠʩʪrʝ ʦʙʦʣʦʯʢʠ ʠ 
ʦʨʛʘʥ ʟʨʝʥʠʷ ʧʨʦʚʝʣʠ ʦʧʳʪ ʥʘ ʪʨʝʭ ʢʨʦʣʠ-
ʢʘʭ ʞʠʚʦʡ ʤʘʩʩʦʡ 2,0Ñ0,5 ʢʛ. ɼʣʷ ʵʪʦʛʦ ʚ 
ʥʠʞʥʠʡ ʢʦʥʲʶʥʢʪʠʚʘʣʴʥʳʡ ʩʚʦʜ ʧʨʘʚʦʛʦ 
ʛʣʘʟʘ ʦʜʥʦʢʨʘʪʥʦ ʚʥʦʩʠʣʠ ʠʟʫʯʘʝʤʦʝ ʩʨʝʜ-
ʩʪʚʦ ʚ ʚʠʜʝ ʚʦʜʥʦʛʦ 50%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʘ ʚ 
ʣʝʚʳʡ (ʢʦʥʪʨʦʣʴ) ï ʧʦ 1-2 ʢʘʧʣʠ ʜʠʩʪʠʣʣʠ-
ʨʦʚʘʥʥʦʡ ʚʦʜʳ (ʙʝʟ ʧʨʝʧʘʨʘʪʘ). ɿʘ ʞʠʚʦʪ-
ʥʳʤʠ ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʥʝʜʝʣʴ, ʘ ʧʝʨ-
ʚʳʝ 8 ʯ ʧʦʩʣʝ ʠʥʩʪʠʣʣʷʮʠʠ ï ʝʞʝʯʘʩʥʦ. ʈʝ- 

ʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠʟʥʘʢʠ ʨʘʟʜʨʘʞʝʥʠʷ ʩʣʠ-
ʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ (ʩʣʝʟʦʪʝʯʝʥʠʝ, ʧʪʦʟ, ʠʥʲ-
ʝʢʮʠʶ ʩʦʩʫʜʦʚ, ʥʘʙʫʭʘʥʠʝ ʚʝʢ ʠ ʜʨ.), ʠʭ 
ʚʳʨʘʞʝʥʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʦʷʥʠʝ 
ʚʝʢ ʠ ʜʘʚʘʣʠ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦ-
ʩʪʠ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʘ 
ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘ-   
ʥʠʡ [13].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʥʘ ʩʣʠ-
ʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʛʣʘʟʘ ʢʨʦʣʠʢʦʚ 50%-ʥʦʛʦ 
ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʮʘ ʩʫʭʦʛʦ ʜʝʟʠʥʬʠ-
ʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʚ 10 
ʨʘʟ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʨʘʙʦʯʫʶ 
ʢʦʥʮʝʥʪʨʘʮʠʶ, ʚʳʟʳʚʘʣʦ ʩʣʝʟʦʪʝʯʝʥʠʝ, ʥʝ 
ʠʩʯʝʟʘʶʱʝʝ ʯʝʨʝʟ 24 ʯ, ʚʳʨʘʞʝʥʥʫʶ ʠʥʲ-
ʝʢʮʠʶ ʩʦʩʫʜʦʚ ʢʦʥʲʶʥʢʪʠʚʳ ʠ ʨʦʛʦʚʠʮʳ, 
ʩʣʘʙʳʡ ʦʪʝʢ ʚʝʢ, ʠʩʯʝʟʘʶʱʠʡ ʯʝʨʝʟ 24 ʯ, 
ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʨʝʥʥʦʤʫ ʨʘʟʜʨʘʞʘʶ-
ʱʝʤʫ ʜʝʡʩʪʚʠʶ ʥʘ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ 
ʛʣʘʟʘ ʢʨʦʣʠʢʘ (5 ʙʘʣʣʦʚ). ʇʨʠ ʠʟʫʯʝʥʠʠ 
ʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠ-
ʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʢʦʞʫ ʫʩʪʘʥʦʚʣʝʥʘ 
ʩʣʘʙʘʷ (ʨʦʟʦʚʘʷ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʨʠʪʝʤʳ, 
ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʦʪʝʢʘ ʢʦʞʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2-ʤʫ ʢʣʘʩʩʫ 
ʚʳʨʘʞʝʥʥʦʩʪʠ ʨʘʟʜʨʘʞʘʶʱʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 
ʦʜʥʦʢʨʘʪʥʦʤ ʥʘʥʝʩʝʥʠʠ ʥʘ ʢʦʞʫ (ʩʣʘʙʦʝ 
ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ 
ʩʚʦʡʩʪʚ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ 
ʩʨʝʜʩʪʚʘ ʧʨʦʚʝʣʠ ʦʧʳʪ ʥʘ 6 ʢʨʦʣʠʢʘʭ ʞʠ-
ʚʦʡ ʤʘʩʩʦʡ 2,0Ñ0,5 ʢʛ, ʢʦʪʦʨʳʤ ʥʘ ʦʜʠʥ ʠ 
ʪʦʪ ʞʝ ʫʯʘʩʪʦʢ ʤʥʦʛʦʢʨʘʪʥʦ ʚ ʪʝʯʝʥʠʝ       
15 ʩʫʪʦʢ ʥʘʥʦʩʠʣʠ ʠʟʫʯʘʝʤʳʡ ʦʙʨʘʟʝʮ ʚ 
ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʩ ʢʨʘʭʤʘʣʴʥʳʤ ʢʣʝʡʩʪʝ-
ʨʦʤ (ʩʦʦʪʥʦʰʝʥʠʝ 1:2) ʚ ʢʦʣʠʯʝʩʪʚʝ       
0,1 ʩʤ3, ʢʦʥʪʨʦʣʴʥʳʤ ʞʠʚʦʪʥʳʤ ï ʢʨʘʭ-
ʤʘʣʴʥʳʡ ʢʣʝʡʩʪʝʨ ʙʝʟ ʩʨʝʜʩʪʚʘ. ʇʦʩʣʝ      
14-ʜʥʝʚʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘʥʦʩʠʣʠ ʨʘʟʨʝʰʘ-
ʶʱʫʶ ʜʦʟʫ ʦʙʨʘʟʮʘ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥ-
ʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʚ ʪʦʤ ʞʝ ʢʦʣʠʯʝ-
ʩʪʚʝ ʠ ʧʨʦʚʦʜʠʣʠ ʫʯʝʪ ʨʝʘʢʮʠʠ ʢʦʞʠ 
(ʵʨʠʪʝʤʘ, ʦʪʝʢ ʢʦʞʠ, ʛʝʤʦʨʨʘʛʠʠ, ʥʝʢʨʦʟ) 
ʯʝʨʝʟ 24, 48 ʠ 72 ʯ. 

ɽʞʝʜʥʝʚʥʳʝ ʥʘʢʦʞʥʳʝ ʘʧʧʣʠʢʘʮʠʠ 
ʦʙʨʘʟʮʘ ʩʫʭʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜ-
ʩʪʚʘ ʢʨʦʣʠʢʘʤ ʚ ʪʝʯʝʥʠʝ 15 ʜʥʝʡ ʚ ʚʠʜʝ 
ʩʫʩʧʝʥʟʠʠ ʩ ʢʨʘʭʤʘʣʴʥʳʤ ʢʣʝʡʩʪʝʨʦʤ 
(ʩʦʦʪʥʦʰʝʥʠʝ 1:2) ʚ ʢʦʣʠʯʝʩʪʚʝ 0,1 ʩʤ3 ʠ 
ʥʘʥʝʩʝʥʠʝ ʧʦʩʣʝ 14-ʜʥʝʚʥʦʛʦ ʧʝʨʝʨʳʚʘ 
ʨʘʟʨʝʰʘʶʱʝʡ ʜʦʟʳ ʥʝ ʚʳʟʳʚʘʣʦ ʠʟʤʝʥʝ-
ʥʠʡ ʚ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʠ ʩʦʩʪʦʷʥʠʠ ʢʦʞ-
ʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 
ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ. 



 

 

ʉɸʅʀʊɸʈʀʗ 
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ɿɸʂʃʖʏɽʅʀɽ 
ʉʢʦʥʩʪʨʫʠʨʦʚʘʥ ʨʘʙʦʯʠʡ ʦʙʨʘʟʝʮ ʧʦ-

ʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, 
ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝʨʦʢʩʦʤʦʥʦʩʫʣʴʬʘʪʘ ʢʘ-  
ʣʠʷ ï 50 %, ʢʣʘʪʨʘʪʘ ʤʦʯʝʚʠʥʳ ʠ ʙʝʥʟʘʣʢʦ-
ʥʠʫʤ ʭʣʦʨʠʜʘ (4:1) ï 25 %, ʨʝʛʫʣʷʪʦʨʦʚ 
ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ï ʜʦ 100 %. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʘʥʪʠʤʠʢʨʦʙʥʳʭ 
ʩʚʦʡʩʪʚ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʫʩʧʝʥʟʠʦʥʥʦʤ 
ʪʝʩʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ 
ʦʙʨʘʟʮʝ ʧʦʨʦʰʢʦʚʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ 
ʩʨʝʜʩʪʚʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1,0 % ʠ ʚʳʰʝ ʥʘ 
ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʧʨʝʜʩʪʘ-
ʚʠʪʝʣʝʡ 1-ʡ, 2-ʡ, 3-ʡ ʠ 4-ʡ ʛʨʫʧʧ ʧʦ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤ ʩʨʝʜ-
ʩʪʚʘʤ) ʬʘʢʪʦʨ ʨʝʜʫʢʮʠʠ ʙʳʣ ʚʳʰʝ 5 ʣʦʛʘ-
ʨʠʬʤʦʚ,  ʚ ʪʦʤ  ʯʠʩʣʝ ʠ ʩ ʙʝʣʢʦʚʦʡ  ʥʘʛʨʫʟ- 

ʢʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʧʦ-
ʢʘʟʘʪʝʣʝʤ ʜʣʷ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ 
ʜʘʥʥʦʡ ʛʨʫʧʧʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘ-
ʥʦʚʣʝʥʦ, ʯʪʦ ʃɼ50 ʧʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ 
ʚʚʝʜʝʥʠʠ ʩʦʩʪʘʚʠʣʘ 1888 ʤʛ/ʢʛ, ʃʂ50 ʧʨʠ 
ʠʥʛʘʣʷʮʠʦʥʥʦʤ ʚʚʝʜʝʥʠʠ ï 2000 ʤʣ/ʤ3, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ III ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ï ʫʤʝ-
ʨʝʥʥʦ ʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʘʤ. ʀʟʫʯʘʝʤʳʡ ʦʙ-
ʨʘʟʝʮ ʥʝ ʦʙʣʘʜʘʝʪ ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦ-
ʩʪʴʶ, ʚʳʟʳʚʘʝʪ ʫʤʝʨʝʥʥʦʝ ʨʘʟʜʨʘʞʘʶʱʝʝ 
ʜʝʡʩʪʚʠʝ ʥʘ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ ʛʣʘʟʘ ʠ 
ʩʣʘʙʦʝ ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʦʞʫ 
ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʥʘʥʝʩʝʥʠʠ, ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘ-
ʥʠʟʤ ʞʠʚʦʪʥʳʭ. 
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