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1ʋʆ çɺʠʪʝʙʩʢʘʷ ʦʨʜʝʥʘ çɿʥʘʢ ʇʦʯʝʪʘè ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠ-

ʥèr, ʛ. ɺʠʪʝʙʩʢ 
2ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝʣʝʩʩʢʦʛʦè, ʛ. ʄʠʥʩʢ 
3ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʫʯʨʝʞʜʝʥʠʝ çʇʦʣʝʩʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʟʘʧʦʚʝʜʥʠʢè, ʛ. ʍʦʡʥʠʢʠ 
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ɺ ʑʀʊʆɺʀɼʅʆʁ ɾɽʃɽɿɽ ɺʓɼʈʓ ʈɽʏʅʆʁ ɺ ʋʉʃʆɺʀʗʍ  

ɹɽʃʆʈʋʉʉʂʆɻʆ ʉɽʂʊʆʈɸ ɿʆʅʓ ʆʊʏʋɾɼɽʅʀʗ 
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ʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʧʦʨʘʞʝʥʠʶ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʚʳʜʨʳ ʨʝʯʥʦʡ.  
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Summary 
The main attention is paid the anatomical, histological and morphometric criteria of radiation damage a thy-

roid gland of the otter. 

Keywords: thyroid gland, morphology, otter, radiation. 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 06.08.2021 ʛ. 

ɺɺɽɼɽʅʀɽ 
ʈʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦ-

ʨʠʥʛ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʇʦ- 

ʣʝʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʟʘʧʦʚʝʜʥʠʢè ʚʢʣʶʯʘʝʪ ʥʘʙʣʶ-

ʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʙʣʠʞʥʝʡ ʟʦʥʳ ʏʝʨʥʦʙʳʣʴ-

ʩʢʦʡ ɸʕʉ, ʧʦʣʫʯʝʥʠʝ ʙʘʟʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʦʙʱʝʡ ʨʘʜʠʦʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʤʥʦʛʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʪʝʨʨʠʪʦʨʠʠ, ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʩʥʷʪʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ [1, 6, 8]. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʧʦʜ ʚʣʠʷ-

ʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ, ʚʳʨʘʞʘʶ-

ʱʫʶʩʷ  ʚ ʩʥʠʞʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦ- 

ʦʙʨʘʟʠʷ, ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʜʘʧʪʠʚʥʳʭ ʬʠ-

ʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʚʳʞʠʚ-

ʰʠʭ ʚʠʜʦʚ ʠ ʩʠʩʪʝʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʊʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʩʨʝʜʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʙʠʦʩʬʝʨʳ, ʯʝʤ ʝʩʪʝʩʪʚʝʥ-

ʥʳʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ [6]. 

ɼʦʣʛʦʩʨʦʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩ-

ʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ Cs-137, 

Sr-90, Pu-239, 240, 241 ʧʨʦʠʟʦʰʣʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ɸʕʉ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ ʫʨʦʚʥʷʭ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚ, ʧʨʦʜʫʢʮʠʠ ʪʝʨʨʠʪʦʨʠʷ ʈɹ ʜʝʣʠʪʩʷ ʥʘ 

ʪʨʠ ʟʦʥʳ. ɿʦʥʘ çɸè ï ʪʝʨʨʠʪʦʨʠʷ ʨʘʜʠʦʘʢ-

ʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʛʜʝ ʧʨʦʠʟʦʰʣʦ ʜʦʣ-

ʛʦʚʨʝʤʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʨʘʜʠʦ-

ʥʫʢʣʠʜʘʤʠ ʮʝʟʠʷ-137 ʙʦʣʝʝ 37 ʢɹʢ/ʤ2        

(1 ʂu/ʢʤ2), ʩʪʨʦʥʮʠʷ-90 ï ʙʦʣʝʝ 5,55 ʢɹʢ/ʤ2 

(0,15 ʂu/ʢʤ2). ɿʦʥʘ çɹè ï ʪʝʨʨʠʪʦʨʠʷ  ʚʝʨʦ- 
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ʷʪʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʙʨʦʩʦʚ 

ɸʕʉ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. ɿʦʥʘ çɺè ï 

ʦʩʪʘʣʴʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʝʩʧʫʙʣʠʢʠ (çʯʠʩ-  

ʪʘè̫) ï ʪʝʨʨʠʪʦʨʠʷ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʧʦʯʚʳ ʧʦ ʮʝʟʠʶ-137 ʤʝʥʝʝ 37 ʢɹʢ/ʤ2, 

ʩʪʨʦʥʮʠʶ-90 ï ʤʝʥʝʝ 5,55 ʢɹʢ/ʤ2 [4].  

ʕʥʜʦʢʨʠʥʥʳʝ ʞʝʣʝʟʳ, ʦʩʦʙʝʥʥʦ 

ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ, ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʤʝʩʪ ʚ ʨʝʛʫʣʷʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ 

ʨʦʩʪ, ʨʘʟʚʠʪʠʝ (ʚʢʣʶʯʘʷ ʚʩʝ ʵʪʘʧʳ ʦʥʪʦʛʝ-

ʥʝʟʘ), ʨʝʧʨʦʜʫʢʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʘʜʘʧʪʘ-

ʮʠʷ ʦʨʛʘʥʠʟʤʘ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ [2, 3, 7]. 

ʈʝʯʥʘʷ ʚʳʜʨʘ (Lutra lutra Linnaeus, 

1758) ï ʚʠʜ ʭʠʱʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʝʤʝʡ-

ʩʪʚʘ ʢʫʥʴʠʭ, ʚʝʜʫʱʠʭ ʧʦʣʫʚʦʜʥʳʡ ʦʙʨʘʟ ʞʠʟ-

ʥʠ [5]. ɺʳʜʨʘ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʝʤ ʭʠʱʥʠʢʦʚ ʇʦʣʝʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ ʠʤʝʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʜʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʦʥʠʟʠʨʫʶ-

ʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ ʨʘʟʚʠʚʘ-

ʶʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʤʝʭʘʥʠʟʤʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʤʘʣʳʭ ʠ 

ʙʦʣʴʰʠʭ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʆʜʥʘʢʦ ʨʘʙʦʪ ʦ ʚʣʠʷʥʠʝ ʨʘʜʠ-

ʘʮʠʦʥʥʦʡ ʩʨʝʜr ʦʙʠʪʘʥʠ̫ ʥʘ ɦ ʠʪʦʚʠʜʥʫʁ 

ʞʝʣʝʟʫ ʨʝʯʥʦʡ ʚʳʜʨʳ ʚ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫ-

ʨʝ ʥʝ ʠʤʝʝʪʩʷ. 

ʎʝʣ ɹʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʨʝʜʝʣʠʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʱʠʪʦ-

ʚʠʜʥʦʡ ʞʝʣʝʟʳ ʚʳʜʨʳ ʨʝʯʥʦʡ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʦʥʳ ʦʪʯʫʞʜʝʥʠʷ. 

 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 
ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʣʝʩʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘ- 

ʧʦʚʝʜʥʠʢʘ (ʟʦʥʘ çɸè) ʧʨʠ ʧʦʤʦʱʠ ʢʘʧʢʘ-

ʥʦʚ ʦʪʣʘʚʣʠʚʘʣʠ ʚʳʜʨ (n=5).  

ʅʘʤʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʫʜʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ 137Cs ʠ 90Sr ʚ ʧʝʯʝʥʠ ʠ ʣʝʛʢʠʭ 

ʚʳʜʨʳ ʨʝʯʥʦʡ, ʦʙʠʪʘʶʱʝʡ ʚ ʫʩʣʦʚʠʷʭ ʙʝ-

ʣʦʨʫʩʩʢʦʛʦ ʩʝʢʪʦʨʘ ʟʦʥʳ ʦʪʯʫʞʜʝʥʠʷ. 

ʋʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 137Cs ʚ ʧʝʯʝʥʠ ʚʳʜʨ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 110Ñ34 ʜʦ 

546Ñ120 ɹʢ/ʢʛ, ʘ ʚ ʣʝʛʢʠʭ ï ʦʪ 70Ñ19 ʜʦ 

415Ñ97 ɹʢ/ʢʛ.  ɺ  ʩʨʝʜʥʝʤ  ʫʜʝʣʴʥʘʷ  ʘʢʪʠʚ- 

ʥʦʩʪʴ 137Cs ʚ ʧʝʯʝʥʠ ʚʳʜʨ ʩʦʩʪʘʚʠʣʘ 

305Ñ127,94 ɹʢ/ʢʛ, ʚ ʣʝʛʢʠʭ ï 249Ñ        

99,804 ɹʢ/ʢʛ. ʂʦʥʮʝʥʪʨʘʮʠʷ 137Cs ʙʳʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʫ ʦʜʥʦʛʦ ʩʘʤʮʘ ʠ ʩʦʩʪʘʚʠʣʘ 

546Ñ120 ɹʢ/ʢʛ. ʋʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 90Sr 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʢʦʨʨʝʢʪʥʦ ʪʦʣʴʢʦ ʫ 

ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʚ ʣʝʛʢʠʭ, ʠ ʦʥʘ ʩʦʩʪʘʚʠ-

ʣʘ 154Ñ49 ɹʢ/ʢʛ. 

ʀʟʫʯʘʣʠ ʘʙʩʦʣʶʪʥʫʶ ʤʘʩʩʫ ʜʦʣʝʡ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʠ ʠʭ ʜʣʠʥʫ. ʃʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʨʛʘʥʦʚ ʠʟʤʝʨʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʝʡʢʠ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 1 ʤʤ ʠ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ, ʘʙʩʦʣʶʪʥʫʶ ʤʘʩʩʫ ï ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ Scout Pro. ʊʦʧʦʛʨʘʬʠʷ 

ʦʧʠʩʳʚʘʣʘʩʴ ʩ ʫʯʝʪʦʤ ʛʦʣʦʪʦʧʠʠ (ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʝ ʚ ʪʝʣʝ), ʩʢʝʣʝʪʦʪʦʧʠʠ (ʨʘʩʧʦʣʦʞʝ- 

ʥʠʝ ʦʨʛʘʥʦʚ ʚ ʪʝʣʝ ʞʠʚʦʪʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʵʣʝʤʝʥʪʦʚ ʩʢʝʣʝʪʘ) ʠ ʩʠʥʪʦʧʠʠ (ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʦʨʛʘʥʘ ʢ ʩʦʩʝʜʥʠʤ 

ʘʥʘʪʦʤʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ). ʊʘʢʞʝ ʦʪ-

ʤʝʯʘʣʠ ʚʥʝʰʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘ-

ʢʠ (ʮʚʝʪ, ʢʦʥʩʠʩʪʝʥʮʠʶ, ʧʦʚʝʨʭʥʦʩʪʴ, ʚʠʜ, 

ʬʦʨʤʫ ʠ ʘʙʨʠʩ ʦʨʛʘʥʦʚ). 

ʄʘʢʨʦʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʵʥʜʦʢʨʠʥʥʳʭ ʞʝʣʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʧʘʨʘʪʘ Lumix 

ʧʨʦʠʟʚʦʜʩʪʚʘ Panasonic, ʤʦʜʝʣʴ DMC-

FX12 ʩ ʬʫʥʢʮʠʝʡ ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʠʣʠ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʬʦʪʦ. 

ʑʠʪʦʚʠʜʥʳʝ ʞʝʣʝʟʳ ʬʠʢʩʠʨʦʚʘʣʠ 

ʚ 10%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʦʨʤʘ-

ʣʠʥʘ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʟʳ ʠʟʛʦʪʘʚʣʠʚʘ-

ʣʠ ʥʘ ʩʘʥʥʦʤ ʤʠʢʨʦʪʦʤʝ ʠ ʦʢʨʘʰʠʚʘʣʠ ʛʝ-

ʤʘʪʦʢʩʠʣʠʥ-ʵʦʟʠʥʦʤ ʠ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ. 

ɸʙʩʦʣʶʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦ-

ʩʢʦʧʘ çOlympusè ʤʦʜʝʣʠ BX-41 ʩ ʮʠʬʨʦ-

ʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ ʩʠʩʪʝʤʳ çAltra20è ʠ ʩʧʝʢ-

ʪʨʦʤʝʪʨʘ HR 800 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʳ çCell^Aè, ʧʨʦʚʦʜʠʣʠ ʬʦʪʦʛʨʘʬʠ-

ʨʦʚʘʥʠʝ ʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʘʟʨʝʰʝ- 

ʥʠʝ 1400 ʥʘ 900 ʧʠʢʩʝʣʝʡ). ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘ ʮʠʬʨʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ Celestron ʩ LCD-

ʵʢʨʘʥʦʤ PentaView, ʤʦʜʝʣʴ #44348, ʧʨʦʚʦ-

ʜʠʣʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʘʥʘʣʠʟʦʤ ʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʘʟʨʝʰʝ- 

ʥʠʝ 1920 ʥʘ 1080 ʧʠʢʩʝʣʝʡ). 

ɺʩʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ,  ʙʳʣʠ ʦʙʨʘ- 
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ʙʦʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ Microsoft Excel. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ʇʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʚʘʷ ʜʦʣʷ ʧʨʝʚʘʣʠʨʫʝʪ 

ʥʘʜ ʧʨʘʚʦʡ. ɸʙʩʦʣʶʪʥʘʷ ʤʘʩʩʘ ʧʨʘʚʦʡ ʜʦ-

ʣʠ ʨʘʚʥʘ 0,66Ñ0,15 ʛ, ʣʝʚʦʡ ï 0,91Ñ0,12 ʛ. 

ɼʣʠʥʘ ʧʨʘʚʦʡ ʜʦʣʠ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ 

ʩʦʩʪʘʚʣʷʝʪ 1,74Ñ0,04 ʩʤ, ʣʝʚʦʡ ï 2,01Ñ0,02 ʛ. 

ʑʠʪʦʚʠʜʥʫʶ ʞʝʣʝʟʫ ʩʥʘʨʫʞʠ ʧʦ-

ʢʨʳʚʘʝʪ ʪʦʥʢʘʷ ʥʝʞʥʘʷ ʢʘʧʩʫʣʘ, ʦʪ ʢʦʪʦʨʦʡ 

ʦʪʭʦʜʷʪ ʩʦʝʜʠʥʠʪʝʣʴʥʦʪʢʘʥʥʳʝ ʧʝʨʝʛʦʨʦʜ-

ʢʠ, ʜʦʭʦʜʷʱʠʝ ʜʦ ʮʝʥʪʨʘ ʞʝʣʝʟʳ ʠ ʩʦʝʜʠ-

ʥʷʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʨʛʘʥ ʠʤʝʝʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʜʦʣʴʯʘ-

ʪʳʡ ʪʠʧ ʩʪʨʦʝʥʠʷ. ʉʦʝʜʠʥʠʪʝʣʴʥʦʪʢʘʥʥʳʝ 

ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʤʝʞʬʦʣʣʠʢʫʣʷʨʥʳʝ ʧʨʦ-

ʩʣʦʡʢʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʧʩʫʣʦʡ ʬʦʨʤʠʨʫʶʪ 

ʩʪʨʦʤʫ ʦʨʛʘʥʘ. ʊʦʣʱʠʥʘ ʢʘʧʩʫʣʳ ʞʝʣʝʟʳ 

ʩʦʩʪʘʚʣʷʝʪ 16,13Ñ1,77 ʤʢʤ. ʂ ʘʜʘʧʪʘʮʠʦʥ-

ʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢ-

ʪʫʨ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʫ ʚʳʜʨʳ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʨʬʦʣʣʠʢʫʣʷʨʥʳʭ 

ʦʩʪʨʦʚʢʦʚ ʵʧʠʪʝʣʠʦʮʠʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʤʦʣʦ-

ʜʳʭ ʬʦʣʣʠʢʫʣʦʚ ʠ çʧʦʜʫʰʝʯʝʢ ʉʘʥʜʝʨʩʦ-

ʥʘè, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʨʝʟʝʨʚʦʤ ʨʘʟʚʠʪʠʷ 

ʥʦʚʳʭ ʘʜʝʥʦʤʝʨʦʚ. 

ʊʠʨʦʮʠʪʳ ʚ ʱʠʪʦʚʠʜʥʳʭ ʞʝʣʝʟʘʭ 

ʚʳʜʨʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨ-

ʤʳ, ʬʦʨʤʠʨʫʶʪ ʩʪʝʥʢʫ ʜʣʷ ʢʘʞʜʦʛʦ ʬʦʣʣʠ-

ʢʫʣʘ. ʗʜʨʘ ʪʠʨʦʮʠʪʦʚ ʚʳʪʷʥʫʪʦʡ ʠ ʰʘʨʦ-

ʚʠʜʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʪʝʥʢʘʤ ʬʦʣʣʠʢʫʣʦʚ. ʎʠʪʦʧʣʘʟʤʘ ʞʝʣʝʟʠ-

ʩʪʳʭ ʢʣʝʪʦʢ ʩʚʝʪʣʘʷ, ʷʜʨʘ ʙʘʟʦʬʠʣʴʥʳʝ. 

ɺʳʩʦʪʘ ʪʠʨʦʮʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 6,75Ñ1,59 ʤʢʤ. 

ʌʦʣʣʠʢʫʣʳ ʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ 

ʨʝʯʥʦʡ ʚʳʜʨʳ ʦʢʨʫʛʣʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʬʦʨʤʳ, ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʇʦʣʦʩʪʴ ʬʦʣʣʠʢʫʣʦʚ ʟʘʧʦʣʥʝʥʘ ʢʦʣʣʦʠʜʦʤ, 

ʥʘ ʠʭ ʧʝʨʠʬʝʨʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʝ ʨʝʟʦʨʙʮʠʦʥʥʳʝ ʚʘʢʫʦʣʠ, ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʠʥʘʶʱʝʡʩʷ ʘʢʪʠʚʠʟʘʮʠʠ 

ʩʝʢʨʝʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʝʣʝʟʘʭ ʠʣʠ ʦ ʧʝʨʝ-

ʭʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʬʠʟʠʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʦʢʦʷ ʢ ʥʘʯʘʣʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʝʣʝʟʳ (ʨʠʩʫʥʦʢ 2). ɼʘʥʥʘʷ 

ʘʢʪʠʚʘʮʠʷ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ ʬʦʣʣʠʢʫʣʦʚ 

ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥ-

ʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʫʩʪʳʝ ʬʦʣʣʠʢʫʣʳ ʚʩʪʨʝʯʘʶʪʩʷ 

ʨʝʜʢʦ, ʧʨʠ ʵʪʦʤ ʱʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ʢʨʦ-

ʚʝʥʘʧʦʣʥʝʥʘ, ʩʦʩʫʜʳ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦ-

ʛʦ ʨʫʩʣʘ ʰʠʨʦʢʠʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʩʪʫʧ-

ʣʝʥʠʠ ʛʦʨʤʦʥʦʚ ʚ ʢʨʦʚʦʪʦʢ. ʅʘʨʷʜʫ ʩ ʚʳ-

ʜʝʣʝʥʠʝʤ ʢʦʣʣʦʠʜʘ, ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʩʝʢʨʝ-

ʮʠʷ ʝʛʦ ʚʥʫʪʨʠ ʬʦʣʣʠʢʫʣʘ. 

ɺ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ ʨʝʯʥʦʡ ʚʳʜ-

ʨʳ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʣʢʠʝ ʬʦʣʣʠʢʫʣʳ 

(91,50Ñ0,36 %), ʩʨʝʜʥʠʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜ-

ʢʦ (8,50Ñ0,58 %) ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʝʨʠ-

ʬʝʨʠʠ ʦʨʛʘʥʘ. ʂʨʫʧʥʳʝ ʘʜʝʥʦʤʝʨʳ ʚ ʞʝ-

ʣʝʟʘʭ ʚʳʜʨ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʠʘʤʝʪʨ ʤʝʣʢʠʭ 

ʬʦʣʣʠʢʫʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 41,22Ñ4,01 ʤʢʤ. 

ɼʘʥʥʳʝ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʱʠʪʦʚʠʜʥʳʝ ʞʝʣʝʟʳ ʨʝʯʥʦʡ ʚʳ-

ʜʨr ʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʦʥʝ ʦʙʠʪʘʥʠ̫ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʞʝʣʝʟʘʤ ʤʝʣʢʦʬʦʣʣʠʢʫʣʷʨʥʦʛʦ 

ʪʠʧʘ ʩʪʨʦʝʥʠʷ. 

ɼʣʷ ʱʠʪʦʚʠʜʥʳʭ ʞʝʣʝʟ ʚʳʜʨ ʭʘ-

ʨʘʢʪʝʨʥʘ ʜʝʩʢʚʘʤʘʮʠʷ ʪʠʨʝʦʠʜʥʦʛʦ ʵʧʠʪʝ- 

ʣʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʩʢʚʘʤʘʮʠʷ 

ʬʦʣʣʠʢʫʣʷʨʥʦʛʦ  ʵʧʠʪʝʣʠʷ  ʚ ʱʠʪʦʚʠʜʥʳʭ 

ʈʠʩʫʥʦʢ 1. ï ʊʦʧʦʛʨʘʬʠʷ ʱʠʪʦʚʠʜʥʦʡ  

ʞʝʣʝʟʳ ʚʳʜʨʳ ʨʝʯʥʦʡ  

ʈʠʩʫʥʦʢ 2. ï ɸʢʪʠʚʥʘʷ ʨʝʟʦʨʙʮʠʷ  

ʢʦʣʣʦʠʜʘ ʚ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʝ  

ʚʳʜʨʳ ʨʝʯʥʦʡ, ʦʙʠʪʘʶʱʝʡ  

ʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʦʥʝ  
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ʞʝʣʝʟʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʤʝʪʘʧʣʘʟʠʠ ʢʫʙʠʯʝʩʢʦʛʦ ʵʧʠʪʝʣʠʷ, ʨʘʟʞʠ-

ʞʝʥʠʠ ʢʦʣʣʦʠʜʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʟʦʨʙʮʠ-

ʦʥʥʳʭ ʚʘʢʫʦʣʝʡ, ʧʦʣʥʦʢʨʦʚʠʠ ʢʨʦʚʝʥʦʩ-

ʥʳʭ ʢʘʧʠʣʣʷʨʦʚ. ʂʦʣʣʘʧʩ ʬʦʣʣʠʢʫʣʦʚ, ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʠʡ ʫʩʠʣʝʥʥʫʶ ʨʝʟʦʨʙʮʠʶ 

ʢʦʣʣʦʠʜʘ, ʠ ʚʳʨʘʞʝʥʥʦʝ ʧʦʣʥʦʢʨʦʚʠʝ ʧʝ-

ʨʠʬʦʣʣʠʢʫʣʷʨʥʳʭ ʢʘʧʠʣʣʷʨʦʚ ʩʣʫʞʘʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶ-

ʱʠʤʠ ʩʣʫʱʠʚʘʥʠʶ ʵʧʠʪʝʣʠʷ. 

 

ɺʓɺʆɼʓ 

1. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝ-

ʥʠʷ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʚʳʜʨʳ ʨʝʯʥʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʙʝʣʦʨʫʩʩʢʦʛʦ ʩʝʢʪʦʨʘ ʟʦʥʳ ʦʪ-

ʯʫʞʜʝʥʠʷ. 

2. ʑʠʪʦʚʠʜʥʘʷ ʞʝʣʝʟʘ ī ʧʘʨʥʳʡ 

ʦʨʛʘʥ, ʧʨʘʚʘʷ ʜʦʣʷ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ     

1ï7-ʛʦ, ʣʝʚʘʷ ï 1ï9-ʛʦ ʢʦʣʴʮʘ ʪʨʘʭʝʠ. ɼʦʣʠ 

ʚʳʪʷʥʫʪʦʡ ʣʝʥʪʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʙʦʨʜʦʚʦ-

ʛʦ ʮʚʝʪʘ. ʇʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪ-

ʨʘʤ ʣʝʚʘʷ ʜʦʣʷ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ ʧʨʘʚʦʡ. ʂ 

ʘʜʘʧʪʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʛʠʩʪʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʪʨʫʢʪʫʨ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʫ ʚʳʜ-

ʨʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʨʬʦʣ-

ʣʠʢʫʣʷʨʥʳʭ ʦʩʪʨʦʚʢʦʚ ʵʧʠʪʝʣʠʦʮʠʪʦʚ, ʧʦ- 

ʷʚʣʝʥʠʝ ʤʦʣʦʜʳʭ ʬʦʣʣʠʢʫʣʦʚ ʠ çʧʦʜʫʰʝ- 

ʯʝʢ ʉʘʥʜʝʨʩʦʥʘè, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʨʝʟʝʨ-

ʚʦʤ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʘʜʝʥʦʤʝʨʦʚ. ʇʦʣʦʩʪʴ 

ʬʦʣʣʠʢʫʣʦʚ ʟʘʧʦʣʥʝʥʘ ʢʦʣʣʦʠʜʦʤ, ʥʘ ʠʭ 

ʧʝʨʠʬʝʨʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʨʝʟʦʨʙʮʠʦʥʥʳʝ ʚʘʢʫʦʣʠ ʠ ʧʨʝʦʙʣʘʜʘ-

ʶʪ ʤʝʣʢʠʝ ʬʦʣʣʠʢʫʣʳ (91,50Ñ0,36 %), ʪʦ 

ʝʩʪʴ ʞʝʣʝʟʳ ʤʝʣʢʦʬʦʣʣʠʢʫʣʷʨʥʦʛʦ ʪʠʧʘ 

ʩʪʨʦʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʝʩʢʚʘ-

ʤʘʮʠʷ ʬʦʣʣʠʢʫʣʷʨʥʦʛʦ ʵʧʠʪʝʣʠʷ ʚ ʱʠʪʦ-

ʚʠʜʥʳʭ ʞʝʣʝʟʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʤʝʪʘʧʣʘʟʠʠ ʢʫʙʠʯʝʩʢʦʛʦ ʵʧʠʪʝ-

ʣʠʷ, ʨʘʟʞʠʞʝʥʠʠ ʢʦʣʣʦʠʜʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʝʟʦʨʙʮʠʦʥʥʳʭ ʚʘʢʫʦʣʝʡ, ʧʦʣʥʦʢʨʦʚʠʠ 

ʢʨʦʚʝʥʦʩʥʳʭ ʢʘʧʠʣʣʷʨʦʚ. 

3. ɼʣʷ ʦʙʲʝʢʪʠʚʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʤʦʨʬʦʬʠ-

ʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʜʨʳ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʘʪʦʣʦʛʠʝʡ ʦʨʛʘʥʦʚ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʤʦʨ-

ʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʱʠʪʦʚʠʜʥʦʡ ʞʝ-

ʣʝʟʳ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘʤʠ ʘʜʘʧʪʘʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʱʠʪʦʚʠʜʥʳʭ ʞʝʣʝʟʘʭ ʚʳʜʨʳ 

ʨʝʯʥʦʡ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠʢʠʭ ʞʠʚʦʪ-

ʥʳʭ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʜʣʷ ʧʨʦ-

ʮʝʩʩʘ ʧʨʠʥʷʪʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʨʘʜʠʦʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ. 
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ʈʝʟʶʤʝ 
ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʡʢʠʣʦʪʝʨʤʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʜʝʣʴʥʦʤ ʚʠʜʝ Cyprinus carpio. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʨʳʙ. ʉʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦ-

ʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ. ʅʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ ʫ Cyprinus carpio ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʫʨʦʚʝʥʴ ʙʝʣʢʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʫʨʦʚʝʥʴ ʢʦʨʪʠ-

ʟʦʣʘ ʧʦʚʳʰʘʝʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʧ, ʘʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʠʩʣʦʨʦʜ, ʢʦʨʪʠʟʦʣ ʩʳʚʦʨʦʪʢʠ ʢʨʦ-

ʚʠ, ʦʙʱʠʡ ʙʝʣʦʢ. 

 

Summary 
Dependences and regularities of the influence of abiotic factors on the formation of resistance of poikilother-

mic animals on the model species Cyprinus carpio have been resistanced. A sharp decrease in the temperature of the 

aquatic environment leads to an increase in the level of cortisol in the blood serum of fish. A decrease in the amount of 

dissolved oxygen in the aquatic environment leads to an increase in cortisol levels. With an increase in the time spent in 

an anhydrous medium in the serum of Cyprinus carpio, the level of protein decreases, and the level of cortisol increases. 

Keywords: carp, abiotic factors, temperature, oxygen, serum cortisol, total protein. 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 13.09.2021 ʛ. 

ɺɺɽɼɽʅʀɽ 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʦʙʠʪʘ-

ʶɦ ʠʭ ʚ ʩʘʤr ʭ ʨʘʟʥʦʦʙʨʘʟʥrʭ ʝʩʪʝʩʪʚʝʥ-

ʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ 

ʢʘʩʘʝʪʩʷ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ. ʄʥʦʛʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ 

ʵʢʦʣʦʛʠʠ ʠ ʠʤʤʫʥʦʙʠʦʣʦʛʠʠ ʛʠʜʨʦʙʠʦʥʪʦʚ, 

ʘ ʪʘʢʞʝ  ʧʨʘʢʪʠʯʝʩʢʠʝ  ʚʦʧʨʦʩʳ ʨʘʮʠʦʥʘʣʴ- 

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʳʙʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʠ ʚʦʧʨʦʩʳ ʘʢʚʘʢʫʣʴʪʫ-

ʨʳ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʩ ʫʯʝʪʦʤ ʠʭ ʬʠʟʠʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ [4]. 

ʉʨʝʜʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʦʜ-

ʥʦʡ ʩʨʝʜʳ, ʚʣʠʷʶʱʠʭ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʦʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʘ [5, 6]. ʀʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʧʨʝʜʝʣʷʝʪ ʭʦʜ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʧʠʪʘʥʠʷ, ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ.  ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʧʨʝʜʝ- 
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ʣʝʥʠʝ ʠ ʧʦʚʝʜʝʥʠʝ ʨʳʙ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʘʢʚʘʢʫʣʴʪʫʨʝ ʟʘʚʠʩʠʪ ʦʪ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ, 

ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʟʦʥʳ ʵʢʦʣʦʛʦ-ʬʠʟʠʦʣʦʛʠ- 

ʯʝʩʢʦʛʦ ʦʧʪʠʤʫʤʘ [5, 6], ʘ ʪʘʢʞʝ ʩʫʙʣʝ-

ʪʘʣʴʥʳʝ ʠ ʣʝʪʘʣʴʥʳʝ ʧʨʝʜʝʣʳ, ʛʜʝ ʞʠʟʥʝʥ-

ʥʳʝ ʧʨʦʮʝʩʩʳ ʨʳʙ ʠʣʠ ʟʘʪʨʫʜʥʝʥʳ, ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʳ [1]. 

ʉʪʨʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠʟʫʯʘʝ-

ʤʦʡ ʪʝʤʦʡ ʠʟ-ʟʘ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ, ʨʘʟ-

ʤʥʦʞʝʥʠʝ, ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʠ, ʚ ʢʦʥʝʯ-

ʥʦʤ ʠʪʦʛʝ, ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʞʠʚʦʪʥʦʛʦ. 

ʈʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʬʠʟʠʦʣʦʛʠʠ ʩʪʨʝʩʩʘ ʫ 

ʨʳʙʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʚʦʣʝ, ʠʣʠ ʫ ʜʠʢʦʡ 

ʨʳʙʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʠʪʘʥʠʷ, 

ʙʫʜʴ ʪʦ ʦʮʝʥʢʘ ʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʘʢʚʘʢʫʣʴʪʫ-

ʨʝ, ʘʜʘʧʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʚ ʵʢʦʣʦʛʠʠ 

ʨʳʙ ʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʨʝʟʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʳʟʚʘʥʥʳʭ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʂʦʨʪʠʟʦʣ ʦʢʘʟʘʣ-

ʩʷ ʥʘʜʝʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʪʨʝʩʩʘ ʠ ʩʯʠʪʘ-

ʝʪʩʷ ʦʩʥʦʚʥʳʤ ʝʛʦ ʛʦʨʤʦʥʦʤ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ 

ʩʪʨʝʩʩʦʨ ʷʚʣʷʝʪʩʷ ʘʜʘʧʪʠʚʥʳʤ, ʠ ʫ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʞʠʚʦʪʥʳʭ ʨʘʟʚʠʣʩʷ ʦʙʱʠʡ ʧʨʦ-

ʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʘʢʪʠʚʘʮʠʶ ʦʩʠ ʛʠʧʦ-

ʪʘʣʘʤʫʩ-ʛʠʧʦʬʠʟ-ʥʘʜʧʦʯʝʯʥʠʢʠ/ʤʝʞʧʦʯʝʯ-

ʥʠʢʠ. ʋ ʤʥʦʛʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʨʳʙ 

ʢʦʨʪʠʟʦʣ ï ʦʩʥʦʚʥʦʡ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜ, ʚʳ-

ʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʦʩʠ [3]. 

ʂʦʨʪʠʟʦʣ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʮʠʨ-

ʢʫʣʠʨʫʶʱʠʤ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʤ ʫ ʨʳʙ, ʠ 

ʝʛʦ ʜʝʡʩʪʚʠʝ ʦʧʦʩʨʝʜʫʝʪʩʷ ʝʛʦ ʮʠʪʦʟʦʣʴ-

ʥʳʤ ʨʝʮʝʧʪʦʨʦʤ, ʨʝʮʝʧʪʦʨʦʤ ʛʣʶʢʦʢʦʨʪʠ-

ʢʦʠʜʦʚ (GR), ʠ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝ-

ʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʦʩʪʝ, ʤʝʪʘʙʦʣʠʟʤʝ ʠ 

ʠʤʤʫʥʥʦʡ ʬʫʥʢʮʠʠ. ʂʦʨʪʠʟʦʣ ʤʦʞʝʪ ʠʛ-

ʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʛʝʧʘʪʦʮʠʪʘʭ, 

ʯʪʦʙʳ ʩʧʨʘʚʠʪʴʩʷ ʩʦ ʩʪʨʝʩʩʦʤ. ʅʝʜʘʚʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʦʣʴ 

ʢʦʨʪʠʟʦʣʘ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʳʩʪʨʳʭ ʨʝʘʢ-

ʮʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʛʝʥʦʤʥʳʤʠ ʠ 

ʚʢʣʶʯʘʶʪ ʤʦʜʫʣʷʮʠʶ ʚʪʦʨʠʯʥʳʭ ʩʠʛʥʘʣʴ-

ʥʳʭ ʢʘʩʢʘʜʦʚ [2]. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ 

ʢʦʨʪʠʟʦʣʘ ʠ ʦʙʱʝʛʦ ʙʝʣʢʘ ʩʳʚʦʨʦʪʢʠ ʢʨʦ-

ʚʠ ʧʦʡʢʠʣʦʪʝʨʤʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ Cyprinus carpio ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʚʣʠʷʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʝ 

ʩʝʣʝʢʮʠʦʥʥʦ-ʧʣʝʤʝʥʥʦʛʦ ʫʯʘʩʪʢʘ çʀʟʦʙʝ- 

ʣʠʥʦè ʠ ʍʈʋ çɺʠʣʝʡʢʘè ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ ʙʦʣʝʟʥʝʡ 

ʨʳʙ ʈʋʇ çʀʥʩʪʠʪʫʪ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘè 

ʈʋʇ çʅʇʎ ʅɸʅ ɹʝʣʘʨʫʩʠ ʧʦ ʞʠʚʦʪʥʦʚʦʜ-

ʩʪʚʫè ʚ ʯʝʪʳʨʝ ʵʪʘʧʘ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ ʫʨʦ-

ʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʨʧʘ ʚ 

ʧʝʨʠʦʜ ʥʝʨʝʩʪʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʠʥʪʝʥ-

ʩʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʥ-

ʜʦʤʥʳʭ ʘʥʘʣʦʛʦʚ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ 6 

ʛʨʫʧʧ: ʧʝʨʚʘʷ ʛʨʫʧʧʘ (n=5) ï ʩʘʤʢʠ ʜʦ 

ʥʝʨʝʩʪʘ; ʚʪʦʨʘʷ (n=5) ï ʩʘʤʢʠ ʧʦʩʣʝ ʝʩʪʝ-

ʩʪʚʝʥʥʦʛʦ ʥʝʨʝʩʪʘ; ʪʨʝʪʴʷ (n=5) ï ʩʘʤʢʠ 

ʧʦʩʣʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʝʨʝʩʪʘ; ʯʝʪʚʝʨʪʘʷ 

(n=5) ï ʩʘʤʮʳ ʜʦ ʥʝʨʝʩʪʘ; ʧʷʪʘʷ (n=5) ï 

ʩʘʤʮʳ ʧʦʩʣʝ ʥʝʨʝʩʪʘ (ʝʩʪʝʩʪʚʝʥʥʦʝ ʚʦʩʧʨʦ-

ʠʟʚʦʜʩʪʚʦ); ʰʝʩʪʘʷ (n=5) ï ʩʘʤʮʳ ʧʦʩʣʝ 

ʥʝʨʝʩʪʘ (ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ ʚʣʠʷʥʠʝ 

ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝ-

ʜʳ. ʄʝʪʦʜʦʤ ʨʘʥʜʦʤʥʳʭ ʘʥʘʣʦʛʦʚ ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʜʚʝ ʛʨʫʧʧʳ ʢʘʨʧʘ (ʩʝʛʦʣʝ- 

ʪʦʢ). ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ (n=6) ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʜʥʦʡ ʩʨʝʜʳ ʨʝʟʢʦ ʩʥʠʞʘʣʠ ʩ 15 Áʉ ʜʦ 6 Áʉ 

ʩ ʵʢʩʧʦʟʠʮʠʝʡ 2,5 ʯʘʩʘ, ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-

ʧʝ (n=6) ï ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʫʨʦʚʥʝ 15 Áʉ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʄʝ-

ʪʦʜʦʤ ʨʘʥʜʦʤʥʳʭ ʘʥʘʣʦʛʦʚ ʙʳʣʦ ʩʬʦʨʤʠ-

ʨʦʚʘʥʦ ʜʚʝ ʛʨʫʧʧʳ ʢʘʨʧʘ (ʩʝʛʦʣʝʪʦʢ). ɺ 

ʧʝʨʚʦʡ ʛʨʫʧʧʝ (n=6) ʫʨʦʚʝʥʴ ʢʠʩʣʦʨʦʜʘ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ ʩʦʩʪʘʚʠʣ 5,3 ʤʛ/ʣ (ʘʵʨʘʮʠʷ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ), ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

(n=6) ï 8,43 ʤʛ/ʣ (ʘʵʨʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘ-

ʣʘʩʴ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩ ʧʨʦʯʠʤʠ 

ʨʘʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ ʟʘ-

ʚʠʩʠʤʦʩʪʴ  ʫʨʦʚʥʷ  ʙʝʣʢʘ  ʠ   ʢʦʨʪʠʟʦʣʘ  ʦʪ 
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ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʨʳʙʳ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝ-

ʜʝ. ʄʝʪʦʜʦʤ ʨʘʥʜʦʤʥʳʭ ʘʥʘʣʦʛʦʚ ʙʳʣʦ 

ʩʬʦʨʤʠʨʦʚʘʥʦ  ʜʚʝ  ʛʨʫʧʧʳ  ʢʘʨʧʘ  (ʩʝʛʦʣʝ- 

ʪʦʢ). ʆʪʙʦʨ ʢʨʦʚʠ ʨʳʙ ʚ ʢʘʞʜʦʡ ʵʢʩʧʦʟʠ-

ʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʝʜʠʥʦʚʨʝʤʝʥʥʦ. ʇʝʨʚʘʷ 

ʵʢʩʧʦʟʠʮʠʷ ʩʦʩʪʘʚʠʣʘ 5ï10 ʤʠʥʫʪ (n=6), 

ʚʪʦʨʘʷ ï 10ï15 ʤʠʥʫʪ (n=6), ʪʨʝʪʴʷ ï 15ï   

20 ʤʠʥʫʪ (n=6). ɺʪʦʨʘʷ ʛʨʫʧʧʘ (n=6) ʩʣʫʞʠ-

ʣʘ ʢʦʥʪʨʦʣʝʤ. 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʳʚʦ-

ʨʦʪʢʫ ʢʨʦʚʠ ʧʦʣʫʯʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝ-

ʪʦʜʘʤʠ (ʫ ʩʝʛʦʣʝʪʦʢ ï ʠʟ ʩʝʨʜʮʘ) ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʋʨʦʚʝʥʴ ʦʙ-

ʱʝʛʦ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʬʨʘʢ-

ʪʦʤʝʪʨʘ ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʤʝʥʝ-

ʥʠʶ. ʇʦʢʘʟʘʪʝʣʠ ʢʦʨʪʠʟʦʣʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠ 

ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʩ-

ʧʦʣʴʟʫʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʥʘʙʦʨʳ. ɿʘʪʝʤ 

ʩʪʨʦʠʣʠ ʢʘʣʠʙʨʦʚʦʯʥʫʶ ʢʨʠʚʫʶ, ʥʘʥʦʩʷ 

ʜʘʥʥʳʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʢʘʞʜʦʛʦ ʨʝʬʝ-

ʨʝʥʩʥʦʛʦ ʩʪʘʥʜʘʨʪʘ. ʀʩʧʦʣʴʟʫʷ ʩʨʝʜʥʝʝ ʟʥʘ-

ʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʦʙʨʘʟʮʘ, ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʦʧ-

ʨʝʜʝʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʦʨʪʠʟʦʣʘ ʚ ʥʤʦʣʴ/ʣ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Exel. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ɹʝʣʦʨʫʩʩʢʦʛʦ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ 

ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ ɹ20-019). 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʘʥʜʠʜʘʪʫ 

ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪʫ ʊʷʧʰʝ ʖ.ʀ. 

(ʈʋʇ çʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʪʝ-

ʨʠʥʘʨʠʠ ʠʤ. ʉ.ʅ. ɺʳʰʝʣʝʩʩʢʦʛʦè) ʟʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʚʤʝ-

ʩʪʝ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʦʡ ʚʦʜʦʸʤʘ 

ʢʦʨʤʣʝʥʠʝ ʨʳʙ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʢʦʤ-

ʙʠʢʦʨʤʘʤʠ, ʣʠʙʦ ʦʪʜʝʣʴʥʳʤʠ ʝʛʦ ʢʦʤʧʦ-

ʥʝʥʪʘʤʠ (ʟʝʨʥʦ ʠ ʦʪʭʦʜʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ). 

ʇʨʠ ʵʪʦʤ ʢʦʨʤʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʨʳʙʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɼʣʷ ʢʦʨʤʣʝʥʠʷ ʨʳʙʳ ʚʳʜʝʣʷʶʪ ʩʧʝʮʠʘʣʴ-

ʥʳʝ ʢʦʨʤʦʚʳʝ ʤʝʩʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʧʦʝʜʘʝʤʦʩʪʴ ʢʦʨʤʘ. ʉʙʘʣʘʥʩʠ-

ʨʦʚʘʥʥʦʝ ʢʦʨʤʣʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʧʦʪʨʝʙ-

ʣʝʥʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʢʦʤʙʠʢʦʨʤʘ, ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʪʝʣʘ ʨʳʙ. 

ɺʚʝʜʝʥʠʝ ʚ ʨʘʮʠʦʥ ʢʦʤʙʠʢʦʨʤʘ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʨʳʙ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʢʠʩ-

ʣʦʨʦʜʘ ʚ ʧʨʫʜʘʭ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʨʧʘ ʚ ʧʝʨʠʦʜ ʥʝʨʝʩʪʦʚʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ ʫʩ- 

ʣʦʚʠʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʢʘʨʧʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚ 3-ʡ ʛʨʫʧʧʝ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʢʘʨʧʘ ʩʦʩʪʘʚʣʷʝʪ 1024,0Ñ     

11,7 ʥʤʦʣʴ/ʣ (ʈ<0,02), ʯʪʦ ʚ 2,1 ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʚ 1-ʡ ʛʨʫʧʧʝ, ʚ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʢʦʨʪʠ-

ʟʦʣʘ 483,8Ñ65,5 ʥʤʦʣʴ/ʣ, ʠ ʚ 1,7 ʨʘʟ ʚʳʰʝ, 

ʯʝʤ ʚʦ 2-ʡ ʛʨʫʧʧʝ, ʚ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʢʦʨ-

ʪʠʟʦʣʘ ï 612,6Ñ126,1 ʥʤʦʣʴ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ɺ 6-ʡ ʛʨʫʧʧʝ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʢʘʨʧʘ ʩʦʩʪʘʚʣʷʝʪ 917,4Ñ        

21,8 ʥʤʦʣʴ/ʣ (ʈ<0,05), ʯʪʦ ʥʘ 44,2 % ʚʳʰʝ, 

ʯʝʤ ʚ 4-ʡ ʛʨʫʧʧʝ, ʛʜʝ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ 

512Ñ28,5 ʥʤʦʣʴ/ʣ, ʠ ʥʘ 37,2 % ʚʳʰʝ, ʯʝʤ ʚ 

5-ʡ, ʚ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ï 576,3Ñ     

43,7 ʥʤʦʣʴ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ). 

ʊʘʙʣʠʮʘ. ï ʋʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʘʨʧʘ ʚ ʧʝʨʠʦʜ ʥʝʨʝʩʪʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʤʦʣʴ/ʣ 

ɻʨʫʧʧʘ 

1 2 3 4 5 6 

586,0 722,0 932,0 496,0 568,0 805,0 

416,0 338,0 1224,0 416,0 786,0 785,0 

334,0 286,0 1049,0 638,0 554,0 1014,0 

214,0 1489,0 969,0 592,0 626,0 1023,0 

869,0 228,0 946,0 418,0 348,0 960,0 

483,8Ñ65,5 612,6Ñ126,1 1024,0Ñ11,7* 512,0Ñ28,5 576,3Ñ43,7 917,4Ñ21,8** 

ʇʨʠʤʝʯʘʥʠʝ ï *ʈ<0,02; **ʈ<0,05 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ ʢʘʨʧʘ ʦʪ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ-

ʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ ʩ 15 Áʉ ʜʦ 6 Áʉ ʛʠʙʝʣʴ 

ʩʝʛʦʣʝʪʦʢ ʢʘʨʧʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ  

2,5 ʯʘʩʘ. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʨʳʙ 

ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʜʦ 1124,7Ñ51,2 ʥʤʦʣʴ/ʣ, 

ʯʪʦ ʚ 4,6 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-

ʧʝ ï 245,3Ñ36,9 ʥʤʦʣʴ/ʣ (ʨʠʩʫʥʦʢ 1). 

y = 12603e-0,369x

wч Ґ м
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ʈʠʩʫʥʦʢ 1. ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ  

ʩʝʛʦʣʝʪʦʢ ʢʘʨʧʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠ-

ʥ̫ʠ̫ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʙʳʣʦ 5,3 ʤʛ/ʣ, ʫʨʦʚʝʥʴ 

ʙʝʣʢʘ  ʚ  ʩʳʚʦʨʦʪʢʝ  ʢʨʦʚʠ  ʩʦʩʪʘʚʠʣ   49,8Ñ 

1,24 ʛ/ʣ. ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʙʳʣʦ  

8,43 ʤʛ/ʣ, ʫʨʦʚʝʥʴ ʙʝʣʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʩʦʩʪʘʚʠʣ 51,2Ñ1,72 ʛ/ʣ.  

y = 0,4473x + 47,429
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ʈʠʩʫʥʦʢ 2. ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʙʝʣʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʝʛʦʣʝʪʦʢ  

ʢʘʨʧʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦ-

ʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʋʨʦʚʝʥʴ 

ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʚ ʧʝʨʚʦʡ 

ʛʨʫʧʧʝ, ʛʜʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜʥʦʡ ʩʨʝʜʳ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ  ʢʠʩʣʦʨʦʜʘ ʙʳʣʘ  5,3 ʤʛ/ʣ, ʩʦʩʪʘ- 

ʚʠʣ 1079,7Ñ46,5 ʥʤʦʣʴ/ʣ, ʯʪʦ ʥʘ 47,7 % ʚʳ-

ʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

(563,5Ñ40,6), ʚ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦ-

ʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʙʳʣʦ 8,43 ʤʛ/ʣ 

(ʨʠʩʫʥʦʢ 3). 
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y = 2068,8e-0,65x
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ʈʠʩʫʥʦʢ 3. ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʝʛʦʣʝʪʦʢ  

ʢʘʨʧʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠ ʫʨʦ-

ʚʝʥʴ ʙʝʣʢʘ ʠ ʢʦʨʪʠʟʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʨʳʙʳ ʚ ʙʝʟʚʦʜʥʦʡ 

ʩʨʝʜʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʦʪʨʘʞʝʥʘ ʣʠʥʝʡʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʪʝʥʜʝʥʮʠʶ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʙʝʣʢʘ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

ʩʝʛʦʣʝʪʦʢ  ʢʘʨʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ  

ʥʘʭʦʞʜʝʥʠʷ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ 

ʫʨʦʚʝʥʴ ʙʝʣʢʘ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ 1 ʩʦʩʪʘʚʠʣ 

55,2Ñ1,16 ʛ/ʣ, ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ 2 ï 55,6Ñ 

1,16 ʛ/ʣ, ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ 3 ï 54,8Ñ0,95 ʛ/ʣ, 

ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ï 57,7Ñ1,63 ʛ/ʣ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʚʨʝʤʷ ʵʢʩʧʦʟʠ-

ʮʠʠ, ʪʝʤ ʥʠʞʝ ʫʨʦʚʝʥʴ ʙʝʣʢʘ ʚ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ. 

ʈʠʩʫʥʦʢ 4. ï ʋʨʦʚʝʥʴ ʙʝʣʢʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʝʛʦʣʝʪʦʢ ʢʘʨʧʘ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʝʛʦ-

ʣʝʪʦʢ ʢʘʨʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ 

ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ 1 ʩʦʩʪʘ-

ʚʠʣ 732,0Ñ79,2 ʥʤʦʣʴ/ʣ, ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ 3 ï 

764,7Ñ105,0  ʥʤʦʣʴ/ʣ  (ʨʠʩʫʥʦʢ 5).   ʇʨʠʯʝʤ 

ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 

ʵʢʩʧʦʟʠʮʠʠ 2, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʩʦ-

ʩʪʘʚʠʣ 1112,0Ñ52,5 ʥʤʦʣʴ/ʣ, ʯʪʦ ʚ 2,7 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ 

(415,7Ñ82,0 ʥʤʦʣʴ/ʣ), ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʣʠʯʠʝ 

ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʈÒ0,005. 
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ʈʠʩʫʥʦʢ 5. ï ʋʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʩʝʛʦʣʝʪʦʢ ʢʘʨʧʘ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʧʦʩʣʝʥʝʨʝʩʪʦʚʳʡ ʧʝʨʠʦʜ ʫʨʦʚʝʥʴ 

ʢʦʨʪʠʟʦʣʘ ʫ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ ʧʦʚʳʰʘʝʪʩʷ 

ʢʘʢ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ 

ʠ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʜʦ ʥʝʨʝʩʪʘ, ʦʜʥʘʢʦ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʵʪʦʪ ʧʦʢʘʟʘ-

ʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʫ ʩʘʤʦʢ 

ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʩʘʤʮʦʚ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ 

ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʢʘʨʧʘ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʩʨʝʜʳ ʩ 15 Áʉ ʜʦ 6 Áʉ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ 

ʚ 4,6 ʨʘʟʘ. ʕʢʩʧʦʟʠʮʠʷ 2,5 ʯʘʩʘ ʚʳʟʳʚʘʝʪ 

ʣʝʪʘʣʴʥʳʡ ʵʬʬʝʢʪ. 

ʋʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ 

ʢʨʦʚʠ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʜ-

ʥʦʡ  ʩʨʝʜʳ  ʢʦʥʮʝʥʪʨʘʮʠʷ  ʢʠʩʣʦʨʦʜʘ  ʙʳʣʘ  

5,3 ʤʛ/ʣ, ʩʦʩʪʘʚʠʣ 1079,7Ñ46,5 ʥʤʦʣʴ/ʣ, ʯʪʦ 

ʥʘ 47,7 % ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-

ʧʝ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝ-

ʜʝ ʙʳʣʦ 8,43 ʤʛ/ʣ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ: ʯʝʤ ʥʠʞʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʪʝʤ ʚʳʰʝ ʫʨʦ-

ʚʝʥʴ ʢʦʨʪʠʟʦʣʘ. 

ɼʣʠʪʝʣʴʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʨʳʙ ʚ ʙʝʟ-

ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʦʙʱʝʛʦ ʙʝʣʢʘ ʠ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ ʫʨʦʚʝʥʴ ʙʝʣʢʘ ʩʥʠʞʘʝʪʩʷ 

ʜʦ 54,8Ñ0,95 ʛ/ʣ (ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ï 

57,7Ñ1,63 ʛ/ʣ), ʘ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ ʧʦʚʳ-

ʰʘʝʪʩʷ ʜʦ 1112,0Ñ52,5 ʥʤʦʣʴ/ʣ, ʯʪʦ ʚ 2,7 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʯʝʤ ʜʦʣʴʰʝ 

ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʨʳʙ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ, 

ʪʝʤ ʥʠʞʝ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. 
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ʆɹʅɸʈʋɾɽʅʀɽ ʄɸʈʂɽʈʆɺ ʉʂʈʓʊʆʁ ʊʋɹɽʈʂʋʃɽɿʅʆʁ ʀʅʌɽʂʎʀʀ ɺ  

ʋʃʔʊʈɸʇɸʉʊɽʈʀɿʆɺɸʅʅʆʄ ʄʆʃʆʂɽ, ʇʈʆʀɿɺɽɼɽʅʅʆʄ ɺ ʈɸɿʅʓʍ ʉʊʈɸʅɸʍ 

 

ʈʝʟʶʤʝ 
ɺ ʫʣʴʪʨʘʧʘʩʪʝʨʠʟʦʚʘʥʥʦʤ ʤʦʣʦʢʝ ʠʟ ʩʪʨʘʥ, ʥʝ ʠʤʝʶʱʠʭ ʩʪʘʪʫʩʘ ʩʚʦʙʦʜʥʳʭ ʦʪ ʪʫʙʝʨʢʫʣʝʟʘ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʠʤʝʶʱʠʭ ʝʛʦ, ʦʙʥʘʨʫʞʝʥ ʛʝʥʦʤ ʤʠʢʦʙʘʢʪʝʨʠʡ ʪʫʙʝʨʢʫʣʝʟʘ (ʄɹʊ), ʠ ʠʟ ʚʩʝʭ ʧʨʦʙ ʤʦʣʦʢʘ 

ʚʳʜʝʣʝʥʳ ʄɹʊ ʩ ʜʝʬʝʢʪʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʦʡ (cell wall deficient ī CWD), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʢʨʳʪʫʶ ʪʫʙʝʨ-

ʢʫʣʝʟʥʫʶ ʠʥʬʝʢʮʠʶ ʚ ʩʪʘʜʘʭ, ʧʦʩʪʘʚʣʷʶʱʠʭ ʤʦʣʦʢʦ ʥʘ ʤʦʣʦʢʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʦʣʦʢʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʫʣʴʪʨʘʤʝʣʢʠʝ (ʤʝʥʝʝ 0,22 Õm) ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʟʘʱʠʪ-

ʥʳʝ ʬʦʨʤʳ ʄɹʊ, ʩʧʦʩʦʙʥʳʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʠʜʝ CWD ʄɹʊ ʠ, ʚʦʟʤʦʞʥʦ, ʠʛʨʘʶʱʠʝ 

ʨʦʣʴ ʚ ʠʥʜʫʢʮʠʠ ʦʥʢʦʛʝʥʝʟʘ ʠ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʩʪʘʜ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʥʘʨʫʞʠʪʴ ʩʢʨʳʪʫʶ ʪʫʙʝʨʢʫʣʝʟʥʫʶ ʠʥ-

ʬʝʢʮʠʶ, ʪʘʢ ʢʘʢ ʧʝʨʩʠʩʪʠʨʫʶʱʠʝ CWD (L-) ʬʦʨʤʳ ʄɹʊ ʥʝ ʚʳʟʳʚʘʶʪ ʨʘʟʚʠʪʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʠ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʪʫʙʝʨʢʫʣʠʥʫ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʪʘʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʇʎʈ, ʧʦʩʝʚ ʢʨʦʚʠ ʠ ʤʦʣʦʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʙʝʨʢʫʣʝʟ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʜʝʬʝʢʪʥʘʷ ʢʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ, ʩʢʨʳʪʳʡ 

ʪʫʙʝʨʢʫʣʝʟ. 

 

Summary 
The genome of tuberculosis mycobacterium (MTB) was detected in ultrapasteurized milk from countries that 

have and do not have free status from bovine tuberculosis. Also cell wall deficient (CWD) MTB were isolated from all 

milk samples, that indicates latent tuberculosis infection in herds supplying milk to dairy enterprises. 

It was found that ultrasmall (less than 0.22 Õm) thermally stable protective forms of MTB were present in milk. 

They can restore viability as CWD MBT and possibly play a role in the induction of oncogenesis and other pathological 

conditions. 

The existing criteria determining the status of herds do not allow the detection of latent tuberculosis infection, 

since persistent CWD (L-) forms of MBT do not cause the development of macroscopic changes and hypersensitivity to 

tuberculin. To identify the real situation in the herds, it is necessary to use PCR and to inoculate special nutrient media 

with blood and milk mixed with mycobacterial growth stimulants. 

Keywords: bovine tuberculosis, cell wall deficient mycobacteria, latent tuberculosis 
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ɺɺɽɼɽʅʀɽ 

ʊʫʙʝʨʢʫʣʝʟ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʙʳʣ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʩʪʨʘʥʘʭ ʩ ʨʘʟ-

ʚʠʪʳʤ ʩʢʦʪʦʚʦʜʩʪʚʦʤ. ɼʘʞʝ ʚ ʩʝʨʝʜʠʥʝ ʍʍ 

ʚʝʢʘ ʚʦ ʌʨʘʥʮʠʠ ʙʳʣʦ ʠʥʬʠʮʠʨʦʚʘʥʦ      

8,2 % ʢʦʨʦʚ, ʚ ʀʪʘʣʠʠ ï 25 %, ʚ ʀʩʧʘʥʠʠ ï 

12 %, ʚ ɸʥʛʣʠʠ ï 18 % [1]. ʈʝʘʣʠʟʘʮʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʙʦʨʴʙʳ ʩ ʪʫʙʝʨ-

ʢʫʣʝʟʦʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʘ ʧʨʦʙʘ ʩ 

ʪʫʙʝʨʢʫʣʠʥʦʤ  ʠ ʫʙʦʡ ʚʳʷʚʣʝʥʥʳʭ ʠʥʬʠ- 

ʮʠʨʦʚʘʥʥʳʭ ʢʦʨʦʚ, ʧʦʟʚʦʣʠʣʘ ʦʟʜʦʨʦʚʠʪʴ 

ʨʷʜ ʩʪʨʘʥ ɽʚʨʦʧʳ. ɺ 2005 ʛ. ɸʚʩʪʨʠʷ, 

ɹʝʣʴʛʠʷ, ɻʝʨʤʘʥʠʷ, ɼʘʥʠʷ, ʃʶʢʩʝʤʙʫʨʛ, 

ʅʠʜʝʨʣʘʥʜʳ, ʉʣʦʚʘʢʠʷ, ʏʝʭʠʷ, ʐʚʝʮʠʷ, 

ʌʨʘʥʮʠʷ, ʌʠʥʣʷʥʜʠʷ ʠʤʝʣʠ ʩʪʘʪʫʩ ʩʪʨʘʥ, 

ʦʬʠʮʠʘʣʴʥʦ ʩʚʦʙʦʜʥʳʭ ʦʪ ʪʫʙʝʨʢʫʣʝʟʘ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. 

ʆʧʘʩʥʦʩʪʴ ʪʫʙʝʨʢʫʣʝʟʘ ʩʦʩʪʦʠʪ ʥʝ 

ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʩʥʠʞʘʝʪ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʤʦʞʝʪ ʚʳ- 
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ʟʳʚʘʪʴ ʛʠʙʝʣʴ ʞʠʚʦʪʥʳʭ, ʥʦ ʠ ʚ ʪʦʤ, ʯʪʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʙʦʣʴʥʳʝ ʢʦʨʦʚʳ ʘʢʪʠʚ-

ʥʦ ʚʳʜʝʣʷʶʪ Mycobacterium bovis c ʤʦʣʦ-

ʢʦʤ. ɼʦ h ʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ 20ï30 ʛʦʜʳ 

ʍʍ ʚʝʢʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 

ʤʦʣʦʢʘ ʜʦ 30 % ʩʣʫʯʘʝʚ ʪʫʙʝʨʢʫʣʝʟʘ ʯʝ-

ʣʦʚʝʢʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʤʝʨʪʥʦʩʪʠ ʜʝʪʝʡ 

ʤʣʘʜʰʝ 5 ʣʝʪ) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʟʘʨʘʞʝʥʠ-

ʝʤ ʤʠʢʦʙʘʢʪʝʨʠʷʤʠ ʪʫʙʝʨʢʫʣʝʟʘ ʙʳʯʴʝʛʦ 

ʚʠʜʘ (ʄɹʊ). ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 1900 ʛ. ʚ ʉʐɸ 

ʦʪ ʪʫʙʝʨʢʫʣʝʟʘ ʫʤʝʨʣʦ 148 000 ʯʝʣʦʚʝʢ, 

50 000 ʠʟ ʥʠʭ ʙʳʣʠ ʧʦʨʘʞʝʥʳ M. bovis [2, 

3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʣʦʢʦ ʪʘʢʞʝ ʦʩʪʘ-

ʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʝʨʝʥʦʩʘ ʄɹʊ. ʉʦ-

ʦʙʱʘʝʪʩʷ ʦ ʚʳʜʝʣʝʥʠʠ M. bovis ʠʟ ʩʳʨʦʛʦ 

ʤʦʣʦʢʘ ʫ ʢʦʨʦʚ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʩʪʘʜ ʚ 

ʨʷʜʝ ʩʪʨʘʥ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ɸʬʨʠʢʠ ʠ 

ɸʟʠʠ [4, 5]. ɹʝʟʫʩʣʦʚʥʦ, ʧʦʯʪʠ ʚʩʝ ʤʦʣʦʢʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʤʫ ʦʙʝʟʟʘʨʘʞʠʚʘ-

ʥʠʶ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʳʡ (30 ʤʠʥ) ï 

ʧʨʠ 63ï65 Áʉ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ (15ï20 ʩ) ï 

ʧʨʠ 72ï75 Áʉ ʠ ʤʦʤʝʥʪʘʣʴʥʳʡ ï ʧʨʠ 85ï   

90 Áʉ ʨʝʞʠʤʳ ʧʘʩʪʝʨʠʟʘʮʠʠ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ ʫʣʴʪʨʘʧʘʩʪʝʨʠ-

ʟʘʮʠʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʦʣʦʢʦ ʥʘ 1ï2 ʩʝʢʫʥʜʳ 

ʥʘʛʨʝʚʘʶʪ ʜʦ 135ï150 ÁC ʠ ʩʨʘʟʫ ʦʭʣʘʞʜʘ-

ʶʪ ʜʦ 4ï5 ÁC, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʜʦ 6 ʤʝʩʷʮʝʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʩʪʝ-

ʨʠʟʘʮʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʡ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʣʦʢʘ. ɾʠʟʥʝʩʧʦ-

ʩʦʙʥʳʝ ʤʠʢʦʙʘʢʪʝʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ M. avi- 

um subspecies paratuberculosis ʠ ʠʭ ʛʝʥʦʤ, 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 10,3 % ʜʦʧʫʱʝʥʥʳʭ ʢ 

ʨʝʘʣʠʟʘʮʠʠ ʫʧʘʢʦʚʦʢ ʧʦʣʫʦʙʝʟʞʠʨʝʥʥʦʛʦ 

ʧʘʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʤʦʣʦʢʘ [6]. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʩʪʘʜ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʪʫʙʝʨʢʫʣʝʟʥʦʡ ʠʥʬʝʢʮʠʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʷʚʥʦ ʙʦʣʴʥʳʝ ʞʠʚʦʪ-

ʥʳʝ, ʥʦ ʠ ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʪʫʙʝʨʢʫʣʠʥ ʢʦ-

ʨʦʚʳ ʠʟ ʩʪʘʜ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʩʪʘʪʫʩʦʤ 

ʧʦ ʪʫʙʝʨʢʫʣʝʟʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫ ʥʠʭ ʥʝ ʦʙ-

ʥʘʨʫʞʠʚʘʶʪ ʪʫʙʝʨʢʫʣʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʘ 

ʧʨʠ ʨʫʪʠʥʥʦʤ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʚʳ-

ʜʝʣʷʶʪ ʄɹʊ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠ-

ʤʝʨʘʟʥʦʡ  ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ)  ʠ  ʩʧʝʮʠ- 

ʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦ-

ʩʝʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 75 % ʦʙʨʘʟʮʦʚ ʤʦʣʦʢʘ 

ʦʪ ʪʘʢʠʭ ʢʦʨʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ɼʅʂ ʄɹʊ, ʠ 

ʠʟ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʢʠʩʣʦʪʦʫʩʪʦʡʯʠ-

ʚʳʝ (ʅʂʋ) ʄɹʊ ʩ ʜʝʬʝʢʪʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʦʡ (cell wall deficient ï CWD) ï ʩʚʦʝ-

ʦʙʨʘʟʥʳʡ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ ʤʘʨʢʝʨ ʪʫ-

ʙʝʨʢʫʣʝʟʥʦʡ ʠʥʬʝʢʮʠʠ [7]. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʛʝʥʦʤʘ 

ʄɹʊ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʪʘʪʫʩ ʩʪʨʘʥ ʠ ʩʪʘʜ, 

ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʟʥʘʥʥʳʭ ʩʚʦʙʦʜʥʳʤʠ ʦʪ 

ʪʫʙʝʨʢʫʣʝʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʥʝ 

ʛʘʨʘʥʪʠʨʦʚʘʣ ʨʝʘʣʴʥʫʶ ʣʠʢʚʠʜʘʮʠʶ ʪʫ-

ʙʝʨʢʫʣʝʟʥʦʡ ʠʥʬʝʢʮʠʠ. ɼʅʂ M. bovis ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚ 5 % ʧʨʦʙ ʫʣʴʪʨʘʧʘʩʪʝʨʠʟʦ-

ʚʘʥʥʳʭ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʫʧʝʨʤʘʨʢʝ-

ʪʘʭ ʀʩʧʘʥʠʠ, ʠʟ ʢʦʪʦʨʳʭ 89,9 % ʙʳʣʠ ʧʨʦ-

ʠʟʚʝʜʝʥʳ ʚ ʀʩʧʘʥʠʠ, 6,6 % ï ʚʦ ʌʨʘʥʮʠʠ, 

0,8 % ï ʚ ʀʨʣʘʥʜʠʠ, 0,4 % ï ʚ ʀʪʘʣʠʠ,     

0,8 % ï ʚ ɻʝʨʤʘʥʠʠ, 0,8 % ï ʚ ʅʠʜʝʨʣʘʥ-

ʜʘʭ, 0,8 % ï ʚ ʐʚʝʡʮʘʨʠʠ [8]. ʊʦ ʝʩʪʴ ʢʨʠ-

ʪʝʨʠʠ ʙʣʘʛʦʧʦʣʫʯʠʷ ʩʪʘʜ ʠ ʩʪʘʪʫʩʘ ʟʜʦʨʦ-

ʚʴʷ ʞʠʚʦʪʥʳʭ (ʦʪʩʫʪʩʪʚʠʝ ʞʠʚʦʪʥʳʭ ʩ ʷʚ-

ʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʙʦʣʝʟʥʠ ʠ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʥʫʪʨʠʢʦʞʥʦʡ ʘʣʣʝʨʛʠʯʝ-

ʩʢʦʡ ʧʨʦʙʳ ʩ ʪʫʙʝʨʢʫʣʠʥʦʤ) ʷʚʥʦ ʥʝ ʫʯʠ-

ʪʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʨʳʪʦʡ ʧʝʨʩʠʩʪʝʥ-

ʮʠʠ ʄɹʊ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʅʂʋ CWD- 

ʠʣʠ L-ʬʦʨʤ [9, 10], ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʚʳʟʳʚʘʶʪ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘ-

ʤʝʜʣʝʥʥʦʛʦ ʪʠʧʘ (ɻɿʊ) ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 

ʪʫʙʝʨʢʫʣʠʥʫ [11, 12]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫ ʪʘʢʠʭ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʘʥʪʠʪʝʣʘ, ʘʥ-

ʪʠʛʝʥʳ ʄɹʊ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ, ɼʅʂ ʄɹʊ ʠ 

ʜʘʞʝ ɻɿʊ, ʥʦ ʢ ʪʫʙʝʨʢʫʣʠʥʫ ʠʟ L-ʬʦʨʤ 

ʄɹʊ [9, 10, 12, 13]. ʅʘʨʷʜʫ ʩ ʵʪʠʤʠ ʬʘʢʪʠ-

ʯʝʩʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʘ-

ʪʫʩʘ ʟʜʦʨʦʚʴʷ, ʛʣʦʙʘʣʴʥʳʤ ʤʘʨʢʝʨʦʤ ʩʢʨʳ-

ʪʦʡ ʪʫʙʝʨʢʫʣʝʟʥʦʡ ʠʥʬʝʢʮʠʠ ʠ ʧʦʢʘʟʘʪʝ-

ʣʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʣʦʢʘ 

ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʦʙʲʝ-

ʤʦʚ ʩʙʦʨʥʦʛʦ ʤʦʣʦʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʣʴʪʨʘʧʘ-

ʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʵʢʩʪʨʝ-

ʤʘʣʴʥʦʡ ʪʝʨʤʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʄɹʊ [14].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʙʥʘʨʫʞʝʥʠʝ ʤʘʨʢʝ-

ʨʦʚ ʪʫʙʝʨʢʫʣʝʟʥʦʡ ʠʥʬʝʢʮʠʠ ʚ ʫʣʴʪʨʘʧʘ-

ʩʪʝʨʠʟʦʚʘʥʥʦʤ  ʤʦʣʦʢʝ,  ʧʨʦʠʟʚʝʜʝʥʥʦʤ  ʚ 
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ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʀʩʩʣʝʜʦʚʘʣʠ 5 ʫʧʘʢʦʚʦʢ ʫʣʴʪʨʘʧʘ-

ʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʤʦʣʦʢʘ (ʢʦʤʤʝʨʯʝʩʢʠʝ 

ʥʘʟʚʘʥʠʷ ʩʢʨʳʪʳ): çɽ3%Swè (ʐʚʝʮʠʷ), 

çLaè (ʃʘʪʚʠʷ), çJUè, çSUè, çDUè (ʋʢʨʘʠ-

ʥʘ), ʘ ʪʘʢʞʝ ʧʨʦʙʫ çNeè ʩʙʦʨʥʦʛʦ ʤʦʣʦʢʘ 

ʦʪ ʢʦʨʦʚ ʙʣʘʛʦʧʦʣʫʯʥʦʛʦ ʨʝʛʠʦʥʘ, ʧʦʜʚʝʨʛ-

ʥʫʪʫʶ ʫʣʴʪʨʘʧʘʩʪʝʨʠʟʘʮʠʠ.  

ʇʨʦʙʳ çɽ3%Swè, çLaè, çJUè, çSUè, 

çDUè ʚ ʩʪʝʨʠʣʴʥʳʭ ʧʨʦʙʠʨʢʘʭ ʕʧʧʝʥʜʦʨʬʘ 

ʧʨʦʛʨʝʣʠ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 99 ÁC ʥʘ 

ThermoCycler Biosan, ʩʤʝʰʘʣʠ 1:3 ʩʦ ʩʪʠ-

ʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ MycCel DW [10]. 

I ʯʘʩʪʴ ʧʨʦʙʳ çNeè (çNe-chgè) ʩʤʝ-

ʰʘʣʠ (1:2) ʩʦ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ MycCel 

DW (ʩ 0,05 % ʭʣʦʨʛʝʢʩʠʜʠʥʘ), II ʯʘʩʪʴ (çNe 

0.22è) ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʪʝʨʠʣʠʟʫʶ-

ʱʠʡ ʬʠʣʴʪʨ Millex GP 0.22 Õm, III ʯʘʩʪʴ 

(çNe 97/0.22è) ʧʨʦʛʨʝʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

97 Áʉ 10 ʤʠʥ ʠ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ 

ʬʠʣʴʪʨ Millex GP 0.22 Õm. ʇʦʩʣʝ ʵʪʦʛʦ ʯʘ-

ʩʪʠ çNe 0.22è, çNe 97/0.22è ʩʤʝʰʘʣʠ ʩʦ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ MycCel DW (1:3) [10]. 

ɺʩʝ ʧʨʦʙʳ ʩʦ ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʨʦʩʪʘ 

ʠʥʢʫʙʠʨʦʚʘʣʠ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ ʠ 

ʧʦ 0,3 ʤʣ ʩʝʷʣʠ ʥʘ ʧʨʦʙʠʨʢʠ ʩ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʦʡ MycCel DW [10].  

ʇʦʩʝʚʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 37 Áʉ ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʦʩʪʘ ʢʦʣʦʥʠʡ 

ʯʝʨʝʟ 1-2 ʜʥʷ ʜʝʣʘʣʠ çʩʣʝʧʳʝè ʧʝʨʝʩʝʚʳ ʥʘ 

ʩʨʝʜʝ MycCel DW. 

ʄʘʟʢʠ ʠʟʦʣʷʪʦʚ ʦʢʨʘʰʠʚʘʣʠ ʧʦ 

Kinyoun, ʘ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʤ ʠʤ-

ʤʫʥʦʧʝʨʦʢʩʠʜʘʟʥʳʤ ʤʝʪʦʜʦʤ (ɼʀʇ), ʚʢʣʶ-

ʯʘʚʰʠʤ ʠʥʘʢʪʠʚʘʮʠʶ ʵʥʜʦʛʝʥʥʦʡ ʧʝʨʦʢʩʠ-

ʜʘʟʳ (3 % H2O2), ʦʢʨʘʩʢʫ ʧʦ Kinyoun, ʦʙʨʘ-

ʙʦʪʢʫ ʢʦʥʲʶʛʘʪʦʤ ʧʝʨʦʢʩʠʜʘʟʳ ʩ ʘʬʬʠʥʥʦ 

ʦʯʠʱʝʥʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ M. bovis ʠ ʧʨʦ-

ʷʚʣʝʥʠʝ ʩʫʙʩʪʨʘʪʥʳʤ ʨʘʩʪʚʦʨʦʤ 3,3ô-ʜʠʘ- 

ʤʠʥʦʙʝʥʟʠʜʠʥʘ ʩ H2O2 [15]. 

ʇʎʈ. ʆʩʘʜʦʢ ʤʦʣʦʢʘ ʧʦʩʣʝ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (3000 g), ʘ ʪʘʢʞʝ ʙʘʢʪʝʨʠ-

ʘʣʴʥʫʶ ʤʘʩʩʫ ʠʟʦʣʷʪʦʚ (0,2ï0,5 ʤʛ/ʤʣ) ʩʫʩ-

ʧʝʥʜʠʨʦʚʘʣʠ ʚ ʣʠʟʠʨʫʶʱʝʤ ʙʫʬʝʨʝ (ʀɹʆʍ 

ʅɸʅɹ) ʠ ʧʨʦʛʨʝʚʘʣʠ 5 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 95 Áʉ. ɼʅʂ ʚʳʜʝʣʷʣʠ ʥʘ ʘʬʬʠʥʥʳʭ ʢʦ-

ʣʦʥʢʘʭ  (ʀɹʆʍ   ʅɸʅɹ)  ʠ  ʠʩʩʣʝʜʦʚʘʣʠ  ʩ  

ʧʨʘʡʤʝʨʘʤʠ Mycobacteria 16S RNA, 

MPB64, MPB70, ʘ ʪʘʢʞʝ IS6110 (ʚ ʇʎʈ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ï ʇʎʈ-RT). ɸʤʧʣʠʬʠ-

ʢʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʉ1000TM ThermoCy-

cler (BioRad) ʠ ʥʘ CFX96Ê Real-Time Sys-

tem (BioRad). ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʜʝʪʝʢʪʠʨʦʚʘʣʠ ʚ ʵʣʝʢʪʨʦʬʦʨʝʟʝ ʚ 2%-ʥʦʡ 

ʘʛʘʨʦʟʝ (Sigma), ʨʝʟʫʣʴʪʘʪʳ ʫʯʠʪʳʚʘʣʠ ʥʘ 

Molecular Imager GelDoc TM XR + (BioRad). 

ɸʥʪʠʛʝʥʥʳʡ ʩʦʩʪʘʚ ʠʟʦʣʷʪʦʚ. 

ʀʟʦʣʷʪʳ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʩʨʝʜʝ MycCel 

DW. ɹʘʢʪʝʨʠʘʣʴʥʫʶ ʤʘʩʩʫ ʦʪʤʳʚʘʣʠ ʮʝʥ-

ʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʚ 1%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʬʝ-

ʥʦʣʘ ʠ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʣʠ ʥʘ Bandelin 

Sonopuls 2400 (4 ʮʠʢʣʘ ʧʦ 5 ʤʠʥ). ɸʥʪʠʛʝʥ-

ʥʳʡ ʩʦʩʪʘʚ ʩʦʥʠʢʘʪʦʚ ʠʟʦʣʷʪʦʚ ʠʟʫʯʘʣʠ ʚ 

ʨʝʘʢʮʠʠ ʠʤʤʫʥʦʜʠʬʬʫʟʠʠ (ʈʀɼ) ʚ ʨʘʢʝʪ-

ʥʦʤ ʠʤʤʫʥʦʵʣʝʢʪʨʦʬʦʨʝʟʝ (ʈʀʕʌ) [16] ʠ ʚ 

ʥʝʧʨʷʤʦʤ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʤ ʘʥʘʣʠʟʝ 

(ʀʌɸ) ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ M. tuberculo-

sis H37Rv ʠ M. bovis 8 (ʪʠʧʠʯʥʳʝ ʬʦʨʤʳ), 

CWD M. tuberculosis H37Rv (ʧʦʣʫʯʝʥ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦ), ʢ CWD ʄɹʊ FLK-BLV 

HC 022 [17, 18]. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʩʦʥʠʢʘʪʳ M. tuberculosis H37Rv 

ʠ M. bovis 8 (ʪʠʧʠʯʥʘʷ ʬʦʨʤʘ), CWD 

M. tuberculosis H37Rv ʠ ʨʘʟʥʳʭ ʰʪʘʤʤʦʚ 

CWD M. bovis [18, 19], ʘ ʪʘʢʞʝ ʠʟʦʣʷʪʳ (Is 

CWD ʄɹʊ çJurkatè, Is çJurkat II 0.22           

100 kDa + 0.22è) ʠʟ ʣʠʥʠʠ ʧʝʨʝʚʠʚʘʝʤʳʭ    

ʊ-ʣʠʤʬʦʮʠʪʦʚ (Jurkat) ʙʦʣʴʥʦʛʦ ʊ-ʣʠʤʬʦ-

ʙʣʘʩʪʥʦʡ ʣʝʡʢʝʤʠʝʡ [20]. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ɼʅʂ ʠʟ ʧʨʦʙ ʤʦʣʦʢʘ çɽ3%Swè, 

çLaè, çJUè, çSUè, çDUè ʜʘʣʘ ʚ ʇʎʈ ʩʣʘʙʦ-

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʧʨʘʡʤʝʨʘʤʠ 

ʄʈɺ64 (ʨʠʩʫʥʦʢ 1, ʪʘʙʣʠʮʘ 1). ɼʅʂ ʧʨʦʙʳ 

çNeè ʨʝʘʛʠʨʦʚʘʣʘ ʚ ʇʎʈ ʩ ʧʨʘʡʤʝʨʘʤʠ 

ʄʈɺ64 ʠ ʚ ʇʎʈ-RT c ʧʨʘʡʤʝʨʘʤʠ IS6110 

(ʨʠʩʫʥʦʢ 2, ʪʘʙʣʠʮʘ 1). 

ʇʨʦʙʳ ʤʦʣʦʢʘ çNeè ʢʘʢ ʧʦʩʣʝ ʦʙʨʘ-

ʙʦʪʢʠ ʭʣʦʨʛʝʢʩʠʜʠʥʦʤ (çNech-gè), ʬʠʣʴ-

ʪʨʘʮʠʠ ʯʝʨʝʟ ʬʠʣʴʪʨ 0,22 Õm (çNe 0.22è), 

ʪʘʢ ʠ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘʥʠʷ (97 Áʉ) ʩ ʧʦʩʣʝʜʫ-

ʶʱʝʡ ʩʪʝʨʠʣʠʟʫʶʱʝʡ ʬʠʣʴʪʨʘʮʠʝʡ (çNe 

97/0.22è) ʚʦ II çʩʣʝʧʦʤè ʧʝʨʝʩʝʚʝ ʜʘʣʠ 

ʨʦʩʪ ʥʘ ʩʨʝʜʝ MycCel DW. ɺ ʤʘʟʢʘʭ ʦʙʥʘ-

ʨʫʞʝʥʳ ʢʣʝʪʢʠ ʩ ʪʠʧʠʯʥʳʤ ʜʣʷ CWD ʄɹʊ 

ʧʦʣʠʤʦʨʬʠʟʤʦʤ,   ʩʧʝʮʠʬʠʯʝʩʢʠ   ʦʢʨʘʰʠ- 
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ʚʘʚʰʠʝʩʷ ɼʀʇ-ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʪʠʪʝʣ ʢ M. bovis ʚ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ 

(ʨʠʩʫʥʦʢ 3). ɼʅʂ  ʠʟʦʣʷʪʦʚ  ʨʝʘʛʠʨʦʚʘʣʘ  ʚ  

ʇʎʈ ʩ ʧʨʘʡʤʝʨʘʤʠ ʄʈɺ64 ʠ ʄʈɺ70 

(ʨʠʩʫʥʦʢ 4, ʪʘʙʣʠʮʘ 1).  

103 ï çɽ3%Swè; 104 ï çLaè; 105 ï çJUè;  

106 ï çSUè; 107 ï çDUè;  

108 ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ;  

t+ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ; m ï ʤʘʨʢʝʨ  

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ï  

ʘʤʧʣʠʬʠʢʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʘʡʤʝʨʘʤʠ MPB64 

ʈʠʩʫʥʦʢ 1. ï ʕʣʝʢʪʨʦʬʦʨʝʟ  

ʘʤʧʣʠʬʠʢʘʪʦʚ ɼʅʂ ʠʟ ʧʨʦʙ ʤʦʣʦʢʘ  

ʊʘʙʣʠʮʘ 1. ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʣʴʪʨʘʧʘʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʤʦʣʦʢʘ  

ˉ  

ʧʨʦʙʳ 

ʇʨʦʙʳ 

ʤʦʣʦʢʘ 

ʇʎʈ c ɼʅʂ  

ʠʟ ʤʦʣʦʢʘ 

ʈʦʩʪ ʚ 

ʠʩʭʦʜʥʦʤ  

ʧʦʩʝʚʝ 

ʈʦʩʪ ʚ 

çʩʣʝʧʦʤè  

ʧʝʨʝʩʝʚʝ 

ʇʎʈ + c ɼʅʂ ʠʟʦʣʷʪʘ 

103 çɽ3%Swè ʄʈɺ64+ ï II IS6110 Cq 35.17 

104 çLaè ʄʈɺ64+ ʥʘ 2-ʡ ʜʝʥʴ   IS6110 Cq 34.17 

105 çJUè ʄʈɺ64+ ï III IS6110 Cq 34.03 

106 çSUè ʄʈɺ64+ ï II IS6110 Cq 34.13 

107 çDUè ʄʈɺ64+ ï II 
IS6110 Cq 34.01 

MPB64Ñ 

21 çNeè 
ʄʈɺ64+, 

IS6110+ 
ϝ ϝ ϝ 

31 çNech-gè ï ï II ʄʈɺ64+, ʄʈɺ70+ 

32 çNe 0.22è ï ï II ʄʈɺ70+ 

33 çNe 97/0.22è ï ï III ʄʈɺ64+ 

ʇʨʠʤʝʯʘʥʠʝ ï ϝʥʝ ʠʩʩʣʝʜʦʚʘʣʠ 

a ï ɻʣʝʢʪʨʦʬʦʨʝʟ ʘʤʧʣʠʬʠʢʘʪʦʚ ɼʅʂ ʠʟ ʧʨʦʙʳ ʤʦʣʦʢʘ çNeè (ˉ 21):  

mb+ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ; mb- ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ;  

m ï ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ; ʩʪʨʝʣʢʘ ï ʘʤʧʣʠʬʠʢʘʪ ʩ ʧʨʘʡʤʝʨʘʤʠ MPB64; 

b ï ʨʝʟʫʣʴʪʘʪ ʇʎʈ-RT c ʧʨʘʡʤʝʨʘʤʠ IS6110  

a b 

ʈʠʩʫʥʦʢ 2. ï ʀʜʝʥʪʠʬʠʢʘʮʠʷ ɼʅʂ ʠʟ ʤʦʣʦʢʘ çNeè  
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a ï çNe ch-gè; b ï çNe 0.22è; c ï çNe 97/0.22è; ɼʀʇ-ʦʢʨʘʩʢʘ, 10Ĭ100 

ʈʠʩʫʥʦʢ 3. ï ʈʦʩʪ ʥʘ ʩʨʝʜʝ MycCel DW ʧʨʦʙ ʤʦʣʦʢʘ  

a c b 

32 ï çNe 0.22è (ʄʈɺ 70+ ʯʝʨʥʘʷ ʩʪʨʝʣʢʘ);  

31 ï çNe ch-gè (ʄʈɺ 70+ ʢʨʘʩʥʘʷ ʩʪʨʝʣʢʘ;  

ʄʈɺ 64+ ʟʝʣʝʥʘʷ ʩʪʨʝʣʢʘ); m+ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ; m- ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʈʠʩʫʥʦʢ 4. ï ɸʤʧʣʠʬʠʢʘʪʳ ɼʅʂ  

ʠʟʦʣʷʪʦʚ ʠʟ ʧʨʦʙ ʤʦʣʦʢʘ  

ʇʨʦʙʳ ʫʣʴʪʨʘʧʘʩʪʝʨʠʟʦʚʘʥʥʦʛʦ ʤʦʣʦʢʘ çɽ3%Swè, çLaè, çJUè, çSUè, çDUè ʜʘʣʠ ʨʦʩʪ 

ʚʦ IIïIV çʩʣʝʧʦʤè ʧʝʨʝʩʝʚʝ ʧʦʣʠʤʦʨʬʥʳʭ ʅʂʋ ʬʦʨʤ, ʢʦʪʦʨʳʡ ʧʦʷʚʠʣʩʷ ʯʝʨʝʟ 3ï20 ʜʥʝʡ 

(ʪʘʙʣʠʮʳ 1 ʠ 2, ʨʠʩʫʥʦʢ 5). 

a ï ʠʟʦʣʷʪʳ ʠʟ ʤʦʣʦʢʘ çLaè;  
b ï ʠʟʦʣʷʪʳ ʠʟ ʤʦʣʦʢʘ çɽ3%Swè; 

Kinyoun, 10Ĭ100 

ʈʠʩʫʥʦʢ 5. ï  

ʅʝʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳʝ  

ʬʦʨʤ r 

a b 

ʅʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʚ ʠʟʦʣʷʪʘʭ ʥʘʨʷʜʫ ʩ ʅʂʋ ʬʦʨʤʘʤʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʯʘʩʪʠʯʥʦ ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳʝ 

(ʏʂʋ) ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʢʣʝʪʢʠ (ʨʠʩʫʥʦʢ 6). 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʣʦʩʴ ʭʘʨʘʢʪʝʨʥʦʝ 

ʜʣʷ CWD ʄɹʊ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʢʣʝʪʦʢ ʧʨʠ ʧʝʨʝʩʝʚʘʭ, ʠ ʚ ʨʘʟʥʳʭ ʠʟʦʣʷʪʘʭ 

ʤʦʞʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʠʪʴ ʢʣʝʪʢʠ ʦʜʠʥʘʢʦ-

ʚʦʡ ʬʦʨʤʳ. ʊʘʢ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʫʣʴʪʠʚʠ-

ʨʦʚʘʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ ʙʝʟ ʧʝʨʝʩʝ-
ʚʘ ʧʦʯʪʠ ʚʩʝ  ʢʣʝʪʢʠ  ʩʪʘʥʦʚʠʣʠʩʴ  çʧʫʩʪʳ- 

ʤʠè, ʘ ʩʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ 

ʜʣʠʥʥʳʝ ʥʠʪʝʚʠʜʥʳʝ ʠ ʪʦʣʩʪʳʝ ʩʣʘʙʦ-

ʦʢʨʘʰʝʥʥʳʝ ʧʘʣʦʯʢʦʚʠʜʥʳʝ ʬʦʨʤʳ (ʪʘʙ-

ʣʠʮʘ 2). ʇʦʩʣʝ ʧʝʨʝʩʝʚʘ çʧʫʩʪʳʝè ʠ ʥʠʪʝ-

ʚʠʜʥʳʝ ʢʣʝʪʢʠ ʠʩʯʝʟʘʣʠ, ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʚʩʝʭ ʠʟʦʣʷʪʦʚ ʧʨʝʚʘʣʠʨʦʚʘʣʠ ʢʦʨʦʪʢʠʝ 

ʧʘʣʦʯʢʦʚʠʜʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʚ ʪʝʯʝʥʠʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʫʪʦʢ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʚ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ CWD ʄɹʊ ʧʦʣʠʤʦʨʬ-

ʥʳʝ ʧʘʣʦʯʢʦʚʠʜʥʳʝ ʬʦʨʤʳ (ʪʘʙʣʠʮʘ 2). 
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a ï çNe 0.22è;  

b ï çLaè, ʩ ï çDUè; 

d ʠ e ï çNe 97/0.22è;  

f ï çɽ3%Swè; 

Kinyoun, 10Ĭ100 
ʈʠʩʫʥʦʢ 6. ï ʏʘʩʪʠʯʥʦ 

ʢʠʩʣʦʪʦʫʩʪʦʡʯʠʚʳʝ  

ʢʣʝʪʢʠ (ʩʪʨʝʣʢʠ)  

ʚ ʧʦʩʝʚʘʭ  

ʉʦʥʠʢʘʪʳ ʠʟʦʣʷʪʦʚ ʠʟ ʤʦʣʦʢʘ ʠʥ-

ʪʝʥʩʠʚʥʦ ʨʝʘʛʠʨʦʚʘʣʠ ʚ ʀʌɸ ʩ ʘʥʪʠʩʳʚʦ-

ʨʦʪʢʦʡ ʢ ʪʠʧʠʯʥʦʤʫ ʰʪʘʤʤʫ M. bovis 8, 

ʜʘʚʘʷ ʧʦʟʠʪʠʚʥʳʝ ʨʝʘʢʮʠʠ ʜʘʞʝ ʧʨʠ ʝʝ ʨʘʟ-

ʚʝʜʝʥʠʠ 1:5120 (ʨʠʩʫʥʦʢ 7). ɺ ʈʀɼ ʩ ʘʥ-

ʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ M. tuberculosis H37Rv ʠ ʢ 

M. bovis 8 ʦʥʠ ʦʙʨʘʟʦʚʳʚʘʣʠ 2ï4 ʧʣʘʚʥʦ 

ʩʣʠʚʘʶʱʠʭʩʷ ʧʨʝʮʠʧʠʪʘʪʘ (ʨʠʩʫʥʦʢ 8). 

ʀʟʦʣʷʪʳ ʠʟ ʤʦʣʦʢʘ ʠʤʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳʡ ʘʥʪʠʛʝʥʥʳʡ ʩʦʩʪʘʚ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ CWD-ʬʦʨʤʘʤʠ 

M. tuberculosis H37Rv ʠ M. bovis 8. ʊʘʢ, ʚ 

ʀʌɸ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʦʡ ʢ CWD M. tuber- 

culosis H37Rv ʩʦʥʠʢʘʪʳ ʠʟʦʣʷʪʦʚ ʠʟ ʤʦʣʦʢʘ 

ʨʝʘʛʠʨʦʚʘʣʠ ʪʘʢ ʞʝ ʠʥʪʝʥʩʠʚʥʦ, ʢʘʢ ʠ ʛʦ-

ʤʦʣʦʛʠʯʥʳʡ ʘʥʪʠʩʳʚʦʨʦʪʢʝ ʩʦʥʠʢʘʪ CWD 

M. tuberculosis H37Rv (ʪʘʙʣʠʮʘ 3). 

ɸʥʪʠʛʝʥʥʳʡ ʩʦʩʪʘʚ ʠʟʦʣʷʪʦʚ ʠʟ ʤʦ-

ʣʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ  ʥʝ  ʦʪʣʠʯʘʣʩʷ ʦʪ ʩʦʩʪʘʚʘ  

WD h ʪʘʤʤʦʚ M. bovis, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʣʠʤʬʘʪʠʯʝʩʢʦʛʦ ʫʟʣʘ ʢʦʨʦʚʳ ʩ ʪʫʙʝʨʢʫʣʝʟ-

ʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ (ʉWD M. bovis tbc 24), 

ʘ ʪʘʢʞʝ ʠʟ ʧʦʯʚʳ, ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʦʡ 

M. bovis 8, ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʜʝʟʠʥʬʝʢ-

ʪʘʥʪʘʤʠ (Is CWD M. bovis 8/1703, Is CWD 

M. bovis 8/1, Is CWD M. bovis 8/2/2) [19] 

(ʨʠʩʫʥʦʢ 9). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʦʜʠʥʘʢʦʚʳʡ ʘʥʪʠʛʝʥʥʳʡ ʩʦʩʪʘʚ ʙʳʣ ʫ ʠʟʦ-

ʣʷʪʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʨʦʙʳ çNeè, ʜʝʢʦʥ-

ʪʘʤʠʥʠʨʦʚʘʥʥʦʡ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

(ʦʙʨʘʙʦʪʢʘ ʭʣʦʨʛʝʢʩʠʜʠʥʦʤ, ʬʠʣʴʪʨʘʮʠʷ 

ʯʝʨʝʟ ʬʠʣʴʪʨ 0,22 Õm, ʧʨʦʛʨʝʚʘʥʠʝ ʧʨʠ     

97 Áʉ ʠ ʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʬʠʣʴʪʨ 0,22 Õm) 

(ʨʠʩʫʥʦʢ 10). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʘʥʪʠʛʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʫ 

ʠʟʦʣʷʪʦʚ ʢʘʩʘʣʠʩʴ ʣʠʰʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥ-

ʪʠʛʝʥʦʚ, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʨʘʟʥʦʡ ʚʳʩʦʪʝ 

ʧʠʢʦʚ ʚ ʈʀʕʌ (ʨʠʩʫʥʢʠ 11, 15). 

 

ʆʩʴ ʘʙʩʮʠʩʩ ï ʨʘʟʚʝʜʝʥʠʷ  

ʘʥʪʠʩʳʚʦʨʦʪʢʠ M. bovis 8;  

ʦʩʴ ʦʨʜʠʥʘʪ ï ʆʇ ʧʨʠ 450 ʥʤ 

ʈʠʩʫʥʦʢ 7. ï ʀʌɸ ʩʦʥʠʢʘʪʦʚ  

ʠʟʦʣʷʪʦʚ ʠʟ ʤʦʣʦʢʘ ʠ ʩʦʥʠʢʘʪʘ 

ʪʠʧʠʯʥʦʛʦ ʰʪʘʤʤʘ M. bovis 8 

(ʙʘʮʠʣʣʷʨʥʳʡ) ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʦʡ 

ʢ M. bovis 8 
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d e f 
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ʊʘʙʣʠʮʘ 2. ï ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠʟʦʣʷʪʦʚ ʠʟ ʤʦʣʦʢʘ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʙʝʟ ʧʝʨʝʩʝʚʘ, 

ʯʝʨʝʟ 20 ʯ ʠ 48 ʯ ʧʦʩʣʝ ʧʝʨʝʩʝʚʘ ʥʘ ʩʨʝʜʝ MycCel DW 

ʇʨʠʤʝʯʘʥʠʝ: a ï çNech-gè; b ï çNe 0.22è; c ï çNe 97/0.22è; d ï çLaè; e ï çDUè; f ï çSUè;             

g ï çɽ3%Swè (ʨʷʜʳ ʠʟʦʣʷʪʦʚ); Kinyoun; 10Ĭ100 

ɹʝʟ ʧʝʨʝʩʝʚʘ 
ʏʝʨʝʟ 20 ʯ 

ʧʦʩʣʝ ʧʝʨʝʩʝʚʘ 

ʏʝʨʝʟ 48 ʯ 

ʧʦʩʣʝ ʧʝʨʝʩʝʚʘ 
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