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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʦʯʘʛʝ ʠʩʢʫʩʩʪʚʝʥʥʦ (in vitro) 
ʩʦʟʜʘʥʥʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʟʫʙʘ (ʢʘʨʠʝʩ ʵʤʘʣʠ) ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ. ʄʝʪʦʜ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ, ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ 
ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ Nikon Metrology XT H 225, ʦʙʝʩʧʝʯʠʣ 
ʚʦʟʤʦʞʥʦʩʪʠ ʘʪʪʝʩʪʘʮʠʠ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ 
ʯʝʣʦʚʝʢʘ in vitro, ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʦʩʦʙʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 
ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʠʟʫʘʣʴʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ (ʧʦ 
ʢʨʠʪʝʨʠʷʤ ICDAS), ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ (Olympus SZX-16; Olympus DP-73; 
Olympus Stream Motion v.1.8) ʠ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʟʫʙʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ 
(in vitro) ʩʦʟʜʘʥʥʦʡ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ (ʧʘʪʝʥʪʳ ʈʌ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 
ˉ172561 ʠ ˉ171409 ʦʪ 16.12.2016) ʦʯʘʛʦʚʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʵʤʘʣʠ ʧʦʟʚʦʣʠʣ 
ʧʦʣʫʯʠʪʴ ʦʙʲʝʤʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ, 
ʧʦʜʪʚʝʨʜʠʣ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘʯʘʣʴʥʦʛʦ ʢʘʨʠʝʩʘ. ʈʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ 
ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʦʤʦʛʨʘʤʤ ʟʫʙʦʚ, 
ʚʢʣʶʯʘʶʱʠʡ: 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʟʫʙʘ ʠ ʩʦʙʩʪʚʝʥʥʦ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʩ 
ʦʮʝʥʢʦʡ ʦʙʲʝʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʭʨʘʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʜʨ.; ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʯʘʛʦʚ ʧʦʨʘʞʝʥʠʷ 
ʵʤʘʣʠ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʟʦʥ; ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ 
ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ ʤʝʪʦʜʦʤ ʵʪʘʣʦʥʥʦʡ ʜʝʥʩʠʪʦʤʝʪʨʠʠ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʨʠʝʩ ʵʤʘʣʠ 
ʢʣʠʥʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ICDAS (2), ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʷʣ 
ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʳʡ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʡ ʦʯʘʛ ʧʦʨʘʞʝʥʠʷ ʪʨʝʫʛʦʣʴʥʦʡ 
ʬʦʨʤʳ, ʛʣʫʙʠʥʦʡ 423,8 Ñ 107,4 ʤʢʤ, ʩ ʨʘʟʥʦʫʨʦʚʥʝʚʦʡ ʫʪʨʘʪʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 
ʥʘʩʳʱʝʥʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʚ ʝʛʦ ʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥʘʭ ((1,47 1,86) Ñ 
Ñ 0,17 ʛ/ʩʤ

3
). ʆʪʤʝʪʠʤ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʤʝʪʦʜʘ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʜʣʷ 
ʦʮʝʥʢʠ in vitro ʤʠʥʝʨʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ ʘʧʨʦʙʘʮʠʠ 
ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʢʘʨʠʝʩʘ 
ʟʫʙʦʚ. 



ɸ.ɼ. ʃʝʚʠʮʢʘʷ, ɽ.ʉ. ʉʶʪʢʠʥʘ, ʆ.ʉ. ɻʠʣʝʚʘ, ʉ.ɺ. ɻʘʣʢʠʥ, ɸ.ɸ. ɽʬʠʤʦʚ, ʗ.ɺ. ʉʘʚʠʮʢʠʡ 

ISSN 2409 6601. ʈʦʩʩʠʡʩʢʠʡ ʞʫʨʥʘʣ ʙʠʦʤʝʭʘʥʠʢʠ. 2018. ʊ. 22, ˉ 4: 485ï502 486 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʯʘʛʦʚʘʷ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʵʤʘʣʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʨʠʝʩ ʵʤʘʣʠ, 
ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ 
ʪʦʤʦʛʨʘʬʠʷ, ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʷ. 

ɺɺɽɼɽʅʀɽ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʟʫʙʥʦʡ ʵʤʘʣʠ ï 

ʦʩʦʙʦʛʦ ʙʠʦʤʘʪʝʨʠʘʣʘ ʩ ʨʘʟʚʠʪʦʡ ʧʦʜʦʙʥʦ ʚʦʣʦʢʦʥʥʦ-ʫʧʨʦʯʝʥʥʳʤ ʢʦʤʧʦʟʠʪʘʤ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʭʨʘʥʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʥʘʯʠʤʦʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ 

ʧʨʦʙʣʝʤʳ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [3, 5, 13, 15]. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʦʚʨʝʞʜʝʥʠʝ ʵʤʘʣʠ ʟʫʙʦʚ ʯʝʣʦʚʝʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʘʨʠʝʩʝ (ʂ02.0), 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ 

ʫʪʨʘʪʦʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʝʡ) ʵʤʘʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʠʩʣʦʪʦʧʨʦʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʟʫʙʥʦʡ ʙʠʦʧʣʝʥʢʠ [27, 32]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫ 

ʧʘʮʠʝʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʦʨʪʦʜʦʥʪʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʨʝʢʝʪ-ʩʠʩʪʝʤ, ʚʩʝ 

ʯʘʱʝ ʦʪʤʝʯʘʶʪ ʦʩʦʙʳʡ ʢʣʠʥʠʢʦ-ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʧʦʚʨʝʞʜʝʥʠʷ ʪʚʝʨʜʳʭ 

ʪʢʘʥʝʡ ʟʫʙʘ ï ʧʦʩʪʦʨʪʦʜʦʥʪʠʯʝʩʢʫʶ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʶ ʵʤʘʣʠ, ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʢʦʪʦʨʦʡ ʪʨʝʙʫʶʪ ʠʟʫʯʝʥʠʷ [6]. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʢʘʨʠʝʩʘ ʟʫʙʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʜʠʘʛʥʦʩʪʠʢʫ ʝʛʦ 

ʨʘʥʥʠʭ ʩʪʘʜʠʡ (ʂ02.0 ï ʢʘʨʠʝʩ ʵʤʘʣʠ: ʢʘʨʠʝʩ ʚ ʩʪʘʜʠʠ ʧʷʪʥʘ ï ʦʯʘʛʦʚʘʷ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʷ ʵʤʘʣʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʢʘʨʠʝʩ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʤʠʨʦʚʳʤ 

ʪʨʝʥʜʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ. ɼʣʷ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʡ 

ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʵʤʘʣʠ ʚ ʥʦʨʤʝ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷʭ 

ʟʫʙʦʚ, ʘ ʪʘʢʞʝ ʚ ʜʠʥʘʤʠʢʝ ʨʘʟʣʠʯʥʳʭ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩ 

ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʮʝʣʳʡ ʩʧʝʢʪʨ ʚʳʩʦʢʦʪʦʯʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʭ, ʩʧʝʮʠʘʣʴʥʳʭ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʥʥʦʡ, ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʜʨ. [1, 4, 5, 11, 12, 34, 35], ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [7, 31].  

ɸʪʪʝʩʪʘʮʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʵʤʘʣʠ ʩ ʦʮʝʥʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʝ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʣʝʯʝʙʥʦ-

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ, ʨʘʟʨʘʙʦʪʢʠ ʘʜʝʢʚʘʪʥʳʭ ʩʧʦʩʦʙʦʚ ʠʭ ʩʦʟʜʘʥʠʷ 

in vitro ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʩʫʝɦʩʪʚʫʶʱʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʥʝ ʚʩʝʛʜʘ ʫʥʠʚʝʨʩʘʣʴʥʳ [8]. ʇʨʠ ʚʩʝʤ 

ʤʥʦʛʦʦʙʨʘʟʠʠ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʟʜʦʨʦʚʦʡ ʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ʟʫʙʥʦʡ ʵʤʘʣʠ, ʮʝʥʥʦʩʪʴ ʤʥʦʛʠʭ ʠʟ ʥʠʭ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ, ʚʧʣʦʪʴ ʜʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʦʙʨʘʟʮʘ, 

ʫʨʦʚʥʝʤ ʠʥʚʘʟʠʚʥʦʩʪʠ, ʧʨʦʙʣʝʤʘʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʬʠʥʘʥʩʦʚʦʡ ʟʘʪʨʘʪʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʩʦʙʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʦʙʩʪʚʝʥʥʦ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʦʙʨʘʟʮʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʪɻʦʛʦ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʩʪʦʤʘʪʦʣʦʛʠʠ [29], ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ, ʩʦʯʝʪʘʶʱʝʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʠ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʤʠʢʨʦʩʢʦʧʠʶ [16, 24, 26, 42, 46]. ʈʘʩʰʠʨʷʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʣʷ: ʥʝʠʥʚʘʟʠʚʥʦʛʦ in vitro 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʠ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ ʟʫʙʘ (ʵʤʘʣʠ, ʜʝʥʪʠʥʘ) ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʵʪʘʧʘʭ ʢʘʨʠʦʟʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʨʘʥʥʠʝ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʵʤʘʣʠ ʩʪʘʜʠʠ; ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ 



ʆʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ 
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ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ; ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʵʤʘʣʠ ʠʣʠ ʜʝʥʪʠʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʧʦʚʨʝʞʜʘʶʱʠʭ (ʢʘʨʠʝʩʦʛʝʥʥʳʭ, ʭʠʤʠʯʝʩʢʦʡ/ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ) ʬʘʢʪʦʨʦʚ ʠ ʝʛʦ 

ʨʝʛʨʝʩʩʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʨʝʤʠʥʝʨʘʣʠʟʠʨʫʶʱʠʭ ʠ ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ [18, 20, 22, 23, 37, 47]. 

ʅʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ in vitro, ʥʘ ʧʨʠʤʝʨʝ 

ʦʙʨʘʟʮʦʚ ʫʜʘʣʝʥʥʳʭ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʟʫʙʦʚ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ (in vivo) ʢʘʨʠʦʟʥʳʤʠ 

ʧʦʨʘʞʝʥʠʷʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ, 

ʧʨʦʚʦʜʠʤʦʡ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʘ ʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ; ʜʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʧʦʩʪʘʚʠʤ r ʩ ʧʨʷʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ï 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʪʨʘʥʩʚʝʨʟʘʣʴʥʦʡ ʤʠʢʨʦʨʘʜʠʦʛʨʘʬʠʝʡ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʟʦʣʦʪʦʛʦ ʩʪʘʥʜʘʨʪʘ, ʦʜʥʘʢʦ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩ 

ʧʦʚʨʝʞʜʝʥʠʝʤ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝʤ ʪʝʩʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [2, 20]. 

ʉʧʝʢʪʨ ʧʦʢʘʟʘʥʠʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʥʝ ʦʛʨʘʥʠʯʝʥ ʧʨʦʙʣʝʤʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʢʘʨʠʝʩʦʣʦʛʠʠ, 

ʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʦʙʣʘʩʪʠ ʵʥʜʦʜʦʥʪʠʠ (ʯʘʱʝ ʜʣʷ ʦʮʝʥʢʠ ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ 

ʢʦʨʥʝʚʳʭ ʢʘʥʘʣʦʚ ʟʫʙʦʚ ʠ ʢʘʯʝʩʪʚʘ ʠʭ ʦʙʪʫʨʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʧʣʦʤʙʠʨʦʚʦʯʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ) ʠ ʠʤʧʣʘʥʪʦʣʦʛʠʠ (ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʢʦʨʪʠʢʘʣʴʥʦʡ 

ʢʦʩʪʠ ʯʝʣʶʩʪʝʡ ʥʘ ʵʪʘʧʘʭ ʣʝʯʝʥʠʷ) [25, 36, 40]. ɺʦʟʨʘʩʪʘʝʪ ʟʥʘʯʝʥʠʝ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚ ʠ ʢʘʯʝʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ 

ʨʝʩʪʘʚʨʘʮʠʦʥʥʳʭ, ʦʙʪʫʨʘʮʠʦʥʥʳʭ, ʘʜʛʝʟʠʚʥʳʭ ʠ ʢʦʩʪʥʦʟʘʤʝʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ [14, 

18, 21, 24, 26, 39, 42, 46, 47]. 

ʎʝʣʴ ï ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ 

ʦʯʘʛʝ ʠʩʢʫʩʩʪʚʝʥʥʦ (in vitro) ʩʦʟʜʘʥʥʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʟʫʙʘ (ʢʘʨʠʝʩ ʵʤʘʣʠ) 

ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ (in vitro) ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ, ʩʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ 

ʤʥʦʛʦʫʨʦʚʥʝʛʦ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʟʫʙʦʚ ʩ ʦʯʘʛʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ 

ʵʤʘʣʠ, ʧʨʝʜʣʦʞʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʘʪʪʝʩʪʘʮʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ ʯʝʣʦʚʝʢʘ ʤʝʪʦʜʦʤ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʝ Nikon Metrology XT H 225. 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ʇʦʜʛʦʪʦʚʢʘ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʟʫʙʦʚ 

ʇʨʦʪʦʢʦʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʦʙʨʝʥ ʪɻʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʇɻʄʋ ʠʤ. ɽ.ɸ. ɺʘʛʥʝʨʘ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 12 ʟʫʙʦʚ (ʧʝʨʚʳʝ ʠ 

ʚʪʦʨʳʝ ʧʨʝʤʦʣʷʨʳ), ʫʜʘʣʝʥʥʳʭ ʧʦ ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʥʠʷʤ ʫ 11 ʧʘʮʠʝʥʪʦʚ 

ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ (4 ʤʫʞʯʠʥ rʠ 7 ʞʝʥʱʠʥ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 25 ʣʝʪ). ʆʧʝʨʘʮʠʶ 

ʵʢʩʪʨʘʢʮʠʠ ʟʫʙʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ, ʩʪʘʨʘʷʩʴ, 

ʦʜʥʘʢʦ, ʠʩʢʣʶʯʠʪʴ ʤʘʣʝʡʰʝʝ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʵʤʘʣʠ ʧʨʠ ʥʘʣʦʞʝʥʠʠ 

ʠ ʬʠʢʩʘʮʠʠ ʱʝʯʝʢ ʱʠʧʮʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʠ ʟʫʙʳ ʩ ʩʦʭʨʘʥʝʥʥʦʡ ʢʦʨʦʥʢʦʡ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʠʜʠʤʳʭ ʢʘʨʠʦʟʥʳʭ ʠ ʥʝʢʘʨʠʦʟʥʳʭ ʜʝʬʝʢʪʦʚ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʟʫʙʦʚ ʧʦʜʚʝʨʛʘʣʠ ʘʪʨʘʚʤʘʪʠʯʥʦʡ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʤʝʪʦʜʠʢʝ (ʨʘʮʧʨʝʜʣʦʞʝʥʠʝ ˉ 2165 ʦʪ 23.01.2001 çʄʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ 

ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʫʜʘʣʝʥʥʳʭ ʟʫʙʦʚè, ɻʠʣʝʚʘ ʆ.ʉ., ɹʝʣʝʚʘ ʅ.ʉ., ʂʦʨʦʪʠʥ ʉ.ɺ., 

ɻʠʣʝʚʘ ɽ.ʉ.). 



ɸ.ɼ. ʃʝʚʠʮʢʘʷ, ɽ.ʉ. ʉʶʪʢʠʥʘ, ʆ.ʉ. ɻʠʣʝʚʘ, ʉ.ɺ. ɻʘʣʢʠʥ, ɸ.ɸ. ɽʬʠʤʦʚ, ʗ.ɺ. ʉʘʚʠʮʢʠʡ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ (in vitro) ʢʘʨʠʝʩʘ  ʵʤʘʣʠ  

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʨʠʝʩ ʵʤʘʣʠ ʤʦʜʝʣʠʨʦʚʘʣʠ ʥʘ ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʨʦʥʢʠ ʧʨʝʤʦʣʷʨʘ(ʦʚ), ʠʩʧʦʣʴʟʫʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘʤʠ ʩʧʝʮʠʘʣʴʥʦʝ ʘʧʧʘʨʘʪʫʨʥʦ-

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  çʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʘʨʠʝʩʘ ʚ ʩʪʘʜʠʠ ʧʷʪʥʘ ʤʝʪʦʜʦʤ ʵʤʘʣʝʚʦʛʦ ʦʢʥʘè (ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ  

 ̄172561 ʦʪ 16.12.2016) [9] ʠ çʉʝʧʘʨʘʪʦʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʟʫʙʦʚ ʩ ʮʝʣʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘè (ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 171409 ʦʪ 

16.12.16) [10], ʘ ʪʘʢʞʝ ʜʝʤʠʥʝʨʘʣʠʟʠʨʫʶʱʠʡ ʛʝʣʴ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

(ʨʘʮʧʨʝʜʣʦʞʝʥʠʝ ˉ 2757 ʦʪ 17.05.2018): 3 ʛ ʧʨʘʝʩʪʦʣʘ 2510 (ʧʦʣʠʘʢʨʠʣʘʤʠʜ ʩ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ ʦʢʦʣʦ 14 ʤʣʥ ʝʜ.), 8 ʤʣ 80%-ʥʦʡ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, 0,4 ʛ 

ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʢʘʣʴʮʠʷ, ʨʘʩʪʚʦʨ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ 1 ʛ ʚ 10 ʤʣ ʚʦʜʳ (ʜʦʙʘʚʣʷʝʪʩʷ 

ʢʘʧʝʣʴʥʦ ʜʦ pH ʨʘʩʪʚʦʨʘ 4,5), ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ï ʜʦ ʦʙʲʝʤʘ 1000 ʤʣ.  

ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ (in vitro) ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 

 

ʈʠʩ. 1. ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ: 1 ï ʫʩʪʘʥʦʚʢʘ ʨʝʟʠʥʦʚʦʛʦ 

ʬʦʨʤʠʨʦʚʘʪʝʣʷ çɻ ʤʘʣʝʚʦʛʦ ʦʢʥʘè ʚ ʮʝʥʪʨʝ ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʥʢʠ ʩ 

ʫʜʝʨʞʘʥʠʝʤ ʝʝ ʷʟʳʯʥʦʡ/ʥʝʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʦʩʪʨʦʛʦ ʢʦʥʮʘ ʬʠʢʩʘʪʦʨʘ; 

2 ï ʧʦʛʨʫʞʝʥʠʝ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʟʫʙʘ ʚ ʨʘʩʪʦʧʣʝʥʥʳʡ ʣʠʧʢʠʡ ʚʦʩʢ;  

3 ï ʫʩʪʘʥʦʚʢʘ ʦʙʨʘʟʮʦʚ, ʧʦʢʨʳʪʳʭ ʚʦʩʢʦʤ, ʚ ʩʝʧʘʨʘʪʦʨ; 4 ï ʧʦʤʝʱʝʥʠʝ ʩʝʧʘʨʘʪʦʨʘ  

ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʘʢʘʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʣʠʚʢʦʡ 

ʜʝʤʠʥʝʨʘʣʠʟʠʨʫʶʱʝʛʦ ʛʝʣ̫; 5 ï ʧʦʤʝʱʝʥʠʝ ʩʝʧʘʨʘʪʦʨʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ ʟʫʙʦʚ ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ ʨʅ = 4,5; t = 37 Áʉ ʥʘ 10 ʩʫʪʦʢ, ʩ ʟʘʤʝʥʦʡ ʨʘʩʪʚʦʨʘ 

ʢʘʞʜʳʝ 3 ʩʫʪʦʢ; 6 ï ʠʟʚʣʝʯʝʥʠʝ ʟʫʙʦʚ ʠʟ ʜʝʤʠʥʝʨʘʣʠʟʠʨʫʶʱʝʛʦ ʛʝʣʷ; ʧʨʦʤʳʚʢʘ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ; ʧʦʛʨʫʞʝʥʠʝ (10 ʩ) ʚ ʢʠʧʷʱʫʶ ʚʦʜʫ  ʜʣʷ ʩʥʷʪʠʷ ʚʦʩʢʘ 

ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤ 

ʢʘʨʠʝʩʦʤ ʵʤʘʣʠ 

ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʠʟ ʟʫʙʦʚ ʩ ʦʯʘʛʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ 

ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʦ, ʤʝʪʦʜʦʤ ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ.  



ʆʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ 
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ɺʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʟʫʙʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤʠ ʦʯʘʛʘʤʠ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʵʤʘʣʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʷʪʴʶ ʢʘʣʠʙʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ  ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠ ʧʨʦʧʝʜʝʚʪʠʢʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʇɻʄʋ, 

ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʮʝʥʠʚʘʣʠ ʥʘʣʠʯʠʝ ʢʘʨʠʦʟʥʦʛʦ ʦʯʘʛʘ(ʦʚ) ʥʘ 

ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʥʢʠ, ʠʭ ʮʚʝʪʦ-ʪʝʢʩʪʫʨʥʳʝ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʠʟʫʘʣʴʥʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʦʮʝʥʠʚʘʣʠ: ʮʚʝʪ ʧʷʪʝʥ ʠ ʩ ʫʯʝʪʦʤ ʮʚʝʪʘ  

ʚ ʥʝʠʟʤʝʥʝʥʥʳʭ ʟʦʥʘʭ ʵʤʘʣʠ ʥʘʣʠʯʠʝ ʮʚʝʪʦʚʦʛʦ ʜʠʩʩʦʥʘʥʩʘ ʢʦʨʦʥʢʠ ʟʫʙʘ; ʪʝʢʩʪʫʨʫ 

(ʛʣʘʜʢʘʷ/ʰʝʨʦʭʦʚʘʪʘʷ) ʧʦʚʝʨʭʥʦʩʪʠ ʧʷʪʥʘ; ʙʣʝʩʢ/ʧʦʪʝʨʶ ʙʣʝʩʢʘ/ʧʦʤʫʪʥʝʥʠʝ ʵʤʘʣʠ; 

ʪʦʧʦʛʨʘʬʠʶ, ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʀʥʪʝʛʨʘʣʴʥʫʶ ʦʮʝʥʢʫ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʭ ʦʯʘʛʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʢʨʠʪʝʨʠʷʤ International Caries Detection 

and Assessment System (ICDAS) [19, 30, 41]. 

ʆʙʟʦʨʥʳʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ ʩ ʦʯʘʛʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʧʦʣʫʯʘʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 12,5 ʢʨʘʪ ʥʘ ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʝ 

Olympus SZX-16; ʜʣʷ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʤʝʨʫ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

Olympus DP-73 (ʨʠʩ. 2), ʩʦʚʤʝʩʪʠʤʫʶ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Olympus Stream 

Motion v.1.8.  

ʄʠʢʨʦʫʨʦʚʥʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʵʤʘʣʠ ʩ ʦʯʘʛʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ (Nikon Metrology XT H 225) ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʪʨʦʬʠʟʠʢʠ ʢʘʬʝʜʨʳ 

çɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘè ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʠʩ. 3); ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣ. 1. 

ɼʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʝʮ ʟʫʙʘ ʧʦʤʝʱʘʣʠ ʚ ʢʘʤʝʨʫ ʪʦʤʦʛʨʘʬʘ, ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʱʝʤʩʷ ʠ ʧʝʨʝʜʚʠʛʘʶʱʝʤʩʷ ʚ ʪʨʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʪʦʣʠʢʝ, ʟʘʢʨʝʧʣʷʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʩʘʜʦʢ ʠ ʪʝʨʤʦʢʣʝʷ. 

 

      
      ʘ                                                                              ʙ 

ʈʠʩ. 2. ʉʪʝʨʝʦʤʠʢʨʦʩʢʦʧ Olympus SZX16 (ʘ); ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʫʙʦʚ  

ʩ ʦʯʘʛʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ (ʙ) 
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ʈʠʩ. 3. ʂʦʤʧʴʶʪʝʨʥʳʡ ʪʦʤʦʛʨʘʬ Nikon Metrology XT H 225 

ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ  

ʢʦʤʧʴʶʪʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ Nikon Metrology XT H 225 

ʈʝʞʠʤʳ ʠ ʫʩʣʦʚʠʷ ʩʲʝʤʢʠ ɿʥʘʯʝʥʠʝ 

ʅʘʧʨʷʞʝʥʠʝ, ʢɺ 140 

ʉʠʣʘ ʪʦʢʘ, ʤɸ 65 

ʌʠʣʴʪʨ ʤʝʜʥʳʡ, ʤʤ 0,25 

ʈʘʟʤʝʨ ʬʦʢʘʣʴʥʦʛʦ ʧʷʪʥʘ, ʤʤ 0,003 

ɻʘʙʘʨʠʪʳ ʜʝʪʝʢʪʦʨʘ, ʤʤ 200³250 

ʈʘʟʨʝʰʝʥʠʝ ʜʝʪʝʢʪʦʨʘ, ʧʠʢʩʝʣʝʡ 1408³1888 

ʈʘʟʨʝʰʝʥʠʝ ʚ ʧʠʢʩʝʣʝ, ʤʤ 0,0184 

ʏʘʩʪʦʪʘ ʩʲʝʤʢʠ ʢʘʜʨʦʚ, ɻʮ 3,5 

ʉʪʝʧʝʥʴ ʫʚʝʣʠʯʝʥʠʷ ³12 

 

ɺʳʧʦʣʥʝʥʠʝ ʩʥʠʤʢʦʚ ʟʫʙʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 12-ʢʨʘʪʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʪʨʫʙʢʠ ʜʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (F1) ʩʦʩʪʘʚʣʷʣʦ 50 ʤʤ, ʦʪ ʦʙʲʝʢʪʘ ʜʦ 

ʜʝʪʝʢʪʦʨʘ (F2) ï 600 ʤʤ (ʨʠʩ. 4). 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ  ʟʫʙʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ɺʩʝʛʦ 

ʧʦʣʫʯʝʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 151 200 ʠʟʦʙʨʘʞʝʥʠʡ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʟʫʙʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ  ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Avizo Fire (Visualization Sciences 

Group, France). 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʰʪʘʙʘ ʫʚʝʣʠʯʝʥʠʷ M ʦʧʨʝʜʝʣʷʣʘʩʴ ʬʦʨʤʫʣʦʡ  

ʄ = F2/F1, (1) 

ʛʜʝ F2 ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʘ ʜʦ ʜʝʪʝʢʪʦʨʘ; F1 ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʨʫʙʢʠ (ʨʝʥʪʛʝʥʦʚʩʢʠʡ 

ʠʟʣʫʯʘʪʝʣʴ) ʜʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 



ʆʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ 
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ʈʠʩ. 4. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʨʘʩʩʪʦʷʥʠʡ çʪʨʫʙʢʘ  ʦʙʲʝʢʪè (F1) ʠ çʦʙʲʝʢʪ ʜʝʪʝʢʪʦʨè 

(F2): 1 ï ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ; 2 ï ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ; 3  ʜʝʪʝʢʪʦʨ 

 

 ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ɸʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʦʤʦʛʨʘʤʤ ʟʫʙʦʚ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ:  

Å 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʟʫʙʘ, ʚʢʣʶʯʘʷ ʪʚʝʨʜʳʝ ʪʢʘʥʠ ʠ ʩʦʙʩʪʚʝʥʥʦ ʦʯʘʛ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ; ʘʥʘʣʠʟ ʠʭ ʦʙʲʝʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʭʨʘʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, 

ʥʘʣʠʯʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ; 

Å ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʟʦʨʥʳʡ ʘʥʘʣʠʟ ʘʢʩʠʘʣʴʥʳʭ 2D-ʩʨʝʟʦʚ ʢʦʨʦʥʦʢ; 

Å ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ (ʬʦʨʤʘ, ʣʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ  ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦ ʰʠʨʠʥʝ (ʤʤ), ʛʣʫʙʠʥʘ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ (ʤʢʤ), ʪʦʣʱʠʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʵʤʘʣʠ (ʤʢʤ)); 

Å ʚʳʜʝʣʝʥʠʝ ʟʦʥ ʚ ʦʯʘʛʝ ʧʦʨʘʞʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

(ʛ/ʩʤ
3
) ʚ ʢʘʞʜʦʡ ʠʟ ʟʦʥ; ʨʘʩʯʝʪ ʩʪʝʧʝʥʠ ʫʪʨʘʪʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʢ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ. 

ʆʮʝʥʢʘ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ (ʛ/ʩʤ
3
) 

ʤʝʪʦʜʦʤ ʵʪʘʣʦʥʥʦʡ ʜʝʥʩʠʪʦʤʝʪʨʠʠ 

ʄʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʫʧʝʥʯʘʪʳʤ ʩʧʝʢʘʥʠʝʤ ʚ 

ʧʝʯʠ (t = 1100 Áʉ) ʠʟ ʧʦʨʦʰʢʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ ʩ ʨʘʟʤʝʨʦʤ 

ʟʝʨʥʘ ʜʦ 30 ʥʤ ʛʦʪʦʚʠʣʠ ʵʪʘʣʦʥʥʳʝ ʜʠʩʢʠ. ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʠʩʢʦʚ ʧʨʦʠʟʚʦʜʠʣʠ 

ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʧʦʨʦʰʢʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʆʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʣʦʪʥʦʩʪʴ 

ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʠʩʢʠ ʨʘʟʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ: 

1) ʵʪʘʣʦʥʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ (ɟ = 3,0 ʛ/ʩʤ
3
); 

2) ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ (ɟ = 2,5 ʛ/ʩʤ
3
); 

3) ʚʳʩʦʢʦʡ (ɟ = 1,701 ʛ/ʩʤ
3
); 

4) ʩʨʝʜʥʝʡ (ɟ = 1,413 ʛ/ʩʤ
3
);  

5) ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ɟ = 1,234 ʛ/ʩʤ
3
). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʤʝʨʘ ʢʘʞʜʦʛʦ ʜʠʩʢʘ (ʜʠʘʤʝʪʨ 8 ʤʤ, ʚʳʩʦʪʘ 3 ʤʤ) 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʝʛʦ ʦʙʲʝʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʢʤ; ʤʘʩʩʫ ʜʠʩʢʘ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ 

ʚʟʚʝʰʠʚʘʥʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,0001 ʛ. ʇʣʦʪʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʣʠ ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʢ ʦʙʲʝʤʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʫʯʝʥʥʦʡ ʮʚʝʪʥʦʩʪʠ ʩʝʨʦʛʦ  

 

F1             F2      
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ʈʠʩ. 5. ʂʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ ʩʝʨʦʛʦ  

ʦʪ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ 

 
ʠ ʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʠʩʢʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʘ, ʘ ʪʘʢʞʝ 

ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ ʩʪʨʦʠʣʠ ʢʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʮʚʝʪʘ ʩʝʨʦʛʦ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 5). ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Adobe Photoshop CC ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʧʨʠʩʚʘʠʚʘʣʠ ʢʦʜ ʩʝʨʦʛʦ ʚ ʩʠʩʪʝʤʝ RGB, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʵʪʘʣʦʥʥʘʷ ʰʢʘʣʘ ʩʝʨʦʛʦ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʰʢʘʣʘ ʩʝʨʦʛʦ 

ʙʳʣʘ ʧʝʨʝʚʝʜʝʥʘ ʚ ʰʢʘʣʫ ʩʠʥʝʛʦ ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʢʦʜʦʚ RGB. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Statistica 13 ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ ʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ U-ʢʨʠʪʝʨʠʶ ʄʘʥʥʘ  ʋʠʪʥʠ (2): 
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ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʮʚʝʪʦʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤ ʢʘʨʠʝʩʦʤ ʵʤʘʣʠ ʠ ʠʭ ʫʚʝʣʠʯʝʥʥʳʭ  

ʚ 12,5 ʨʘʟʘ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʥʘʣʠʯʠʠ ʥʘ ʠʭ 

ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʘʛʦʚ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (75,0%) 

ʢʚʘʜʨʘʪʥʦʡ ʠʣʠ, ʨʝʞʝ (25,0%), ʦʚʘʣʴʥʦʡ  ʬʦʨʤ. ʏʘʱʝ ʦʯʘʛʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ 

ʙʳʣʠ ʣʠʰʝʥʳ ʧʨʠʩʫʱʝʛʦ ʵʤʘʣʠ ʙʣʝʩʢʘ ʠ ʦʧʘʣʝʩʮʝʥʮʠʠ, ʦʪʣʠʯʘʣʠʩʴ ʙʝʣʳʤ (ʦʪ 



ʆʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ 
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ʤʫʪʥʦʚʘʪʦ-ʦʧʘʢʦʚʦʛʦ ʜʦ ʷʨʢʦ-ʙʝʣʦʛʦ) ʮʚʝʪʦʤ ʠ ʠʤʝʣʠ ʯʝʪʢʦ ʢʦʥʪʫʨʠʨʫʝʤʳʝ ʛʨʘʥʠʮʳ.  

ʉ ʫʯʝʪʦʤ ʮʚʝʪʘ  ʵʤʘʣʠ ʚ ʦʯʘʛʝ ʧʦʨʘʞʝʥʠʷ ʠ ʝʝ ʧʝʨʠʬʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʚ 91,7% ʩʣʫʯʘʝʚ 

ʚʳʷʚʣʷʣʠ  ʮʚʝʪʦʚʦʡ ʜʠʩʩʦʥʘʥʩ ʢʦʨʦʥʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʟʫʙʦʚ. ʇʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ 

ʪʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 83,3% ʢʘʨʠʦʟʥʳʭ ʦʯʘʛʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʥʝʨʦʚʥʦ ʰʝʨʦʭʦʚʘʪʘʷ. 

ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʢʘʨʠʦʟʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʢʦʜʫ 2 ʧʦ 

ʢʨʠʪʝʨʠʷʤ ICDAS, ʯʪʦ ʦʙʦʩʥʦʚʳʚʘʣʦ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʦʯʘʛʦʚʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ. ʆʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ 

ʜʘʥʥʳʝ [38], ʯʪʦ ʥʘʣʠʯʠʝ ʥʘ ʟʫʙʘʭ ʧʦʜʦʙʥʳʭ ʢʘʨʠʦʟʥʳʭ ʧʷʪʝʥ ʩ ʰʝʨʦʭʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʚ ʵʤʘʣʠ ʟʦʥʳ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʣʫʙʠʥʦʡ ʦʪ 200 

ʜʦ 300 ʤʢʤ. ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʢʣʠʥʠʢʦ- ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʣʣʝʣʝʡ ʧʨʝʜʩʪʦʷʣʦ 

ʦʙʦʩʥʦʚʘʪʴ ʤʝʪʦʜʦʤ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ.  

ʆʙʟʦʨʥʳʡ ʘʥʘʣʠʟ ʚʩʝʭ ʩʦʟʜʘʥʥʳʭ 3D-ʤʦʜʝʣʝʡ ʟʫʙʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʢʘʨʠʝʩʦʤ 

ʵʤʘʣʠ (ʨʠʩ. 6) ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ, ʯʪʦ ʚʥʝʰʥʷʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʘʥʘʪʦʤʠʷ ʠʭ ʪʚʝʨʜʳʭ 

ʪʢʘʥʝʡ (ʵʤʘʣʠ, ʜʝʥʪʠʥʘ) ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʨʫʢʪʫʨʝ ʧʨʝʤʦʣʷʨʦʚ ʚʝʨʭʥʝʡ ʠʣʠ 

ʥʠʞʥʝʡ ʯʝʣʶʩʪʝʡ. ʇʨʠʮʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʦʥʘ ʢʘʨʠʦʟʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ ʙʳʣʘ 

ʦʢʨʘʰʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʦʪʪʝʥʢʘʤʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʥʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʵʤʘʣʝʚʦ-

ʜʝʥʪʠʥʥʦʡ ʛʨʘʥʠʮʝ ʥʘ ʛʣʫʙʠʥʫ 1/3 ʵʤʘʣʠ. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʯʠʥʘʣʠ ʩ ʦʙʟʦʨʘ ʪʨʠʜʮʘʪʠ ʘʢʩʠʘʣʴʥʳʭ 2D-ʩʨʝʟʦʚ 

ʢʦʨʦʥʢʠ (ʨʠʩ. 7), ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʟʦʥʫ ʧʦʨʘʞʝʥʠʷ ʧʦ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ, 

ʦʧʨʝʜʝʣʷʷ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ: 

ʬʦʨʤʫ (ʪʨʝʫʛʦʣʴʥʘʷ, ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʠ ʜʨ.); ʩʨʝʜʥʠʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʧʦ ʰʠʨʠʥʝ (ʤʤ) ʦʯʘʛʘ;   ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ (ʤʢʤ) ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ); ʪʦʣʱʠʥʫ 

(ʤʤ) ʵʤʘʣʠ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʵʤʘʣʝʚʦ-ʜʝʥʪʠʥʥʦʡ 

ʛʨʘʥʠʮʳ ʯʝʨʝʟ ʟʦʥʫ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ.  

 

 

 

ʈʠʩ. 6. 3D-ʠʟʦʙʨʘʞʝʥʠʝ 1.4 ʟʫʙʘ ʩ ʦʯʘʛʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  

ʚ ʮʝʥʪʨʝ ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʥʢʠ 
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ʈʠʩ. 7. ɸʢʩʠʘʣʴʥʳʡ 2D-ʩʨʝʟ ʢʦʨʦʥʢʠ 3.4 ʟʫʙʘ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʟʦʥʫ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʝ: ʘ  ʜʝʥʪʠʥ; ʙ ï ʠʥʪʘʢʪʥʘʷ  

ʵʤʘʣʴ; ʚ ï ʵʤʘʣʝʚʦ-ʜʝʥʪʠʥʥʘʷ ʛʨʘʥʠʮʘ; ʛ  ʦʯʘʛ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ  

ʩ ʪʦʯʢʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ (ʜ) 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ in vitro ʦʯʘʛʠ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʠʤʝʣʠ 

ʪʨʝʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʩ ʚʝʨʰʠʥʦʡ ʫʛʣʘ, ʦʙʨʘʱʝʥʥʦʡ ʢ ʵʤʘʣʝʚʦ-ʜʝʥʪʠʥʥʦʡ ʛʨʘʥʠʮʝ. 

ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʣʱʠʥʳ ʵʤʘʣʠ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 1,09 Ñ 0,11, ʯʪʦ ʚ ʮʝʣʦʤ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʷʤ ʟʫʙʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [13, 

17, 22]. ʇʦʢʘʟʘʪʝʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʤʝʪʦʜʠʢʝ, ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 316,4 

ʜʦ 531,2 ʤʢʤ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  423,8 Ñ 107,4 ʤʢʤ) ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʥʳʭ in vitro ʤʦʜʝʣʝʡ ʦʯʘʛʦʚʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ 

ʚ ʮʝʣʦʤ [8, 23, 28, 33]. 

ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʦʯʘʛʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʳʝ ʪʝʤʥʳʝ ʟʦʥʳ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʤʠ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ/ʩʠʥʝʛʦ ʮʚʝʪʦʚ. 
ɿʘʤʝʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ, ʩʦʛʣʘʩʥʦ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʤʘʣʠ, 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʪʦʯʢʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʣʫʙʠʥʝ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʟʦʥ 
(ʨʠʩ. 8 a, ʙ).  

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦ ʮʚʝʪʫ ʩʝʨʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʢʦʜ RGB (ʩʤ. ʨʠʩ. 8, ʘ).  
ʅʘ ʢʘʣʠʙʨʦʚʦʯʥʦʤ ʛʨʘʬʠʢʝ ʥʘʭʦʜʠʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʚʝʪ ʧʦ ʮʚʝʪʦʚʦʡ ʰʢʘʣʝ ʩʝʨʦʛʦ 
(ʨʠʩ. 9), ʦʙʦʟʥʘʯʘʣʠ ʢʦʜ RGB ʠ ʧʨʦʚʦʜʠʣʠ ʢʦʦʨʜʠʥʘʪʫ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʛʨʘʬʠʢʦʤ 
(ʦʧʨʝʜʝʣʷʣʠ ʪʦʯʢʫ ʥʘ ʛʨʘʬʠʢʝ), ʠʟ ʵʪʦʡ ʪʦʯʢʠ ʧʨʦʚʦʜʠʣʠ ʢʦʦʨʜʠʥʘʪʫ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ 
ʦʩʴʶ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʂʦʥʪʨʦʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ  
RGB-ʤʦʜʝʣʠ ʩʠʥʝʛʦ (ʩʤ. ʨʠʩ. 8, ʙ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʚʝʪʦʚʦʡ ʰʢʘʣʳ ʩʠʥʝʛʦ ʥʘ 
ʢʘʣʠʙʨʦʚʦʯʥʦʤ ʛʨʘʬʠʢʝ (ʨʠʩ. 9).   

 
 



ʆʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  
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ɿʘʤʝʨʳ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 10 ʧʨʦʠʟʚʦʣʴʥʦ 

ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ, ʧʝʨʠʬʦʢʘʣʴʥʳʭ ʦʯʘʛʫ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʪʦʯʢʝ E, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʭʦʜʫ ʧʨʦʟʨʘʯʥʦʡ ʟʦʥʳ ʚ ʦʙʣʘʩʪʴ ʧʦʜʣʝʞʘʱʝʡ ʥʝʠʟʤʝʥʝʥʥʦʡ 

ʵʤʘʣʠ. ʊʦʣʱʠʥʘ ʥʝʧʦʚʨʝʞʜʝʥʥʦʡ ʵʤʘʣʠ ʦʪ ʪʦʯʢʠ E ʜʦ ʵʤʘʣʝʚʦ-ʜʝʥʪʠʥʥʦʡ ʛʨʘʥʠʮʳ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 586,0 Ñ 107,3 ʤʢʤ; ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʩʦʩʪʘʚʠʣʘ 2,76 Ñ 0,07 ʛ/ʩʤ
3
 ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʟʥʘʯʝʥʠʷʤ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ ʚ ʟʦʥʘʭ AB, BC, CD, 

DE ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ʟʫʙʘ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʥʘ ʨʠʩ. 10.  

 

 
a 

 
ʙ 

 ʈʠʩ. 8.  ɸʢʩʠʘʣʴʥʘʷ ʪʦʤʦʛʨʘʤʤʘ 1.4 ʟʫʙʘ ʩ ʦʯʘʛʦʤ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ 

ʥʘ ʚʝʩʪʠʙʫʣʷʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ (ʘ); RGB-ʤʦʜʝʣʴ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʵʤʘʣʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʠ ʢʦʥʪʨʘʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʙ):  

ɸ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʘ/ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʘʛʘ 

ʧʦʨʘʞʝʥʠʷ; ɺ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʬʠʢʩʠʨʫʝʤʘʷ ʚ ʟʦʥʘʭ 

ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ; D ï ʤʠʥʠʤʘʣʴʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʬʠʢʩʠʨʫʝʤʘʷ ʚ 

ʟʦʥʘʭ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ; C ï ʩʨʝʜʥʷʷ ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʬʠʢʩʠʨʫʝʤʘʷ ʚ 

ʟʦʥʘʭ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ; ɽ ï ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʫʯʘʩʪʢʘʭ ʠʥʪʘʢʪʥʦʡ 

ʵʤʘʣʠ. AB ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʦʥʘ;  BC ï çʪʝʣʦè ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ;  

   CD ï ʪʝʤʥʘʷ ʟʦʥʘ; DE ï ʧʨʦʟʨʘʯʥʘʷ ʟʦʥʘ 



ɸ.ɼ. ʃʝʚʠʮʢʘʷ, ɽ.ʉ. ʉʶʪʢʠʥʘ, ʆ.ʉ. ɻʠʣʝʚʘ, ʉ.ɺ. ɻʘʣʢʠʥ, ɸ.ɸ. ɽʬʠʤʦʚ, ʗ.ɺ. ʉʘʚʠʮʢʠʡ 
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ʈʠʩ. 9. ʂʘʣʠʙʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʘ  

ʧʦ ʢʦʜʫ RGB ʦʪ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 1.4 ʟʫʙʘ, ʛ/ʩʤ
3
 

 

ɺ ʢʘʞʜʦʡ ʠʟ ʯʝʪʳʨʝʭ ʟʦʥ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʟʫʙʘ 1.4 ʠʟʤʝʨʷʣʠ 

ʛʣʫʙʠʥʫ ʧʦʨʘʞʝʥʠʷ. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʛʣʫʙʠʥʳ ʪʦʡ ʠʣʠ ʠʥʦʡ ʟʦʥʳ ʦʯʘʛʘ 

ʧʦʨʘʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ ʵʤʘʣʠ (ɸɺ) ʚ 1.4 ʟʫʙʝ ʩʦʩʪʘʚʣʷʣʘ 40 ʤʢʤ, ʘ ʝʝ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 2,0 ʛ/ʩʤ
3
. ʋʪʨʘʪʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (ʟʦʥʘ AB) ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ ʩʦʩʪʘʚʠʣʘ: 

ʤʘʢʩʠʤʘʣʴʥʘʷ  62%, ʤʠʥʠʤʘʣʴʥʘʷ ï 25%, ʩʨʝʜʥʷʷ ï 43,5% ʦʪ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ 

ʵʤʘʣʠ, ʧʨʠʥʷʪʦʡ ʟʘ 100%. 

ʊʝʣʦ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ (ʟʦʥʘ BC) ʪʦʣʱʠʥʦʡ ʦʪ 40 ʜʦ 70 ʤʢʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 2,0 ʛ/ʩʤ
3 
ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 1,6 ʛ/ʩʤ
3
. ʉʪʝʧʝʥʴ ʫʪʨʘʪʳ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʟʦʥʝ BC ʩʦʩʪʘʚʠʣʘ: 

ʤʘʢʩʠʤʘʣʴʥʘʷ  40,6%, ʤʠʥʠʤʘʣʴʥʘʷ ï 25%, ʩʨʝʜʥʷʷ ï 32,8% ʦʪ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ 

ʵʤʘʣʠ. 

ʊʝʤʥʘʷ ʟʦʥʘ (CD) ʠʤʝʣʘ ʪʦʣʱʠʥʫ ʧʦʨʘʞʝʥʠʷ 70190 ʤʢʤ, ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʤʠʥʝʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 1,6 ʛ/ʩʤ
3 
ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 1,2 ʛ/ʩʤ

3
. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʝʨʝʭʦʜ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʦʯʢʠ B ʜʦ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʯʢʠ D ʙʳʣ ʢʨʫʪʦʡ. ʉʪʝʧʝʥʴ ʫʪʨʘʪʳ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʟʦʥʝ CD ʩʦʩʪʘʚʠʣʘ: ʤʘʢʩʠʤʘʣʴʥʘʷ  53,3%, ʤʠʥʠʤʘʣʴʥʘʷ ï 40,6%,  

ʩʨʝʜʥʷʷ ï 46,95% ʦʪ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ. 
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ʈʠʩ. 10. ʇʦʢʘʟʘʪʝʣʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʤʘʣʠ, ʛ/ʩʤ
3
, 

ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ, ʤʢʤ, ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʟʫʙʘ 1.4 

 

ʇʨʦʟʨʘʯʥʘʷ ʟʦʥʘ (DE) ʚ ʦʯʘʛʝ ʧʦʨʘʞʝʥʠʷ ʪʦʣʱʠʥʦʡ ʦʪ 190 ʜʦ 500 ʤʢʤ ʠʤʝʣʘ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʨʘʚʥʫʶ 2,8 ʛ/ʩʤ
3
, ʠ ʤʠʥʠʤʘʣʴʥʫʶ 

ʤʠʥʝʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 1,2 ʛ/ʩʤ
3
. ʇʝʨʝʭʦʜ ʚ ʩʪʦʨʦʥʫ ʵʤʘʣʝʚʦ-ʜʝʥʪʠʥʥʦʡ ʛʨʘʥʠʮʳ ʦʪ 

ʤʠʥʠʤʘʣʴʥʦʡ (ʪʦʯʢʘ D) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʪʦʯʢʘ ɽ) ʚʝʩʴʤʘ 

ʧʦʣʦʛʠʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʦʟʨʘʯʥʦʡ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʧʦʢʘʟʘʪʝʣʶ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ (2,8 ʛ/ʩʤ
3
). ʉʪʝʧʝʥʴ ʫʪʨʘʪʳ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʟʦʥʝ DE ʩʦʩʪʘʚʠʣʘ: ʤʘʢʩʠʤʘʣʴʥʘʷ   53,3%, ʤʠʥʠʤʘʣʴʥʘʷ ï 0%, ʩʨʝʜʥʷʷ ï 

26,65% ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʣʱʠʥʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʦʯʘʛʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʚʩʝʭ 

ʜʚʝʥʘʜʮʘʪʠ ʪʝʩʪʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ.  

ʉʨʝʜʥʝʛʨʫʧʧʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʣʱʠʥʳ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʚ ʦʯʘʛʘʭ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʟʨʘʯʥʘʷ ʟʦʥʘ ʚ ʦʯʘʛʘʭ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʦʪʣʠʯʘʣʘʩʴ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ (173,5 Ñ 73,4 ʤʢʤ), ʪʦʛʜʘ ʢʘʢ ʥʘʠʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʪʦʣʱʠʥʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʦʥʘʭ (43,1 Ñ 31,2 ʤʢʤ). ʎʝʥʪʨʘʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʦʟʥʦʛʦ ʦʯʘʛʘ (çʪʝʣʦè ʠ ʪʝʤʥʘʷ ʟʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʥʘʠʙʦʣʴʰʝʡ ʫʪʨʘʪʦʡ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʤʘʣʠ) ʠʤʝʣʠ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʫʶ 

ʪʦʣʱʠʥʫ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 60,3 Ñ 35,1 ʠ 86,6 Ñ 37,2 ʤʢʤ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ  

M. Shahmoradi ʠ M.V. Swain [43, 44] ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ (in vivo) 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʢʘʨʠʝʩʘ ʵʤʘʣʠ. ʇʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʦʣʱʠʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʨʘʞʝʥʥʦʡ ʵʤʘʣʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʣʝʯʝʥʠʷ ʦʯʘʛʦʚʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ 

ʢʘʨʠʝʩ-ʠʥʬʠʣʴʪʨʘʮʠʠ, ʨʝʤʦʪʝʨʘʧʠʠ ʠ ʪ.ʜ. 

 



ɸ.ɼ. ʃʝʚʠʮʢʘʷ, ɽ.ʉ. ʉʶʪʢʠʥʘ, ʆ.ʉ. ɻʠʣʝʚʘ, ʉ.ɺ. ɻʘʣʢʠʥ, ɸ.ɸ. ɽʬʠʤʦʚ, ʗ.ɺ. ʉʘʚʠʮʢʠʡ 
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        ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʝʛʨʫʧʧʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʣʱʠʥʳ ʨʘʟʣʠʯʥʳʭ ʟʦʥ  

ʚ ʦʯʘʛʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ (n = 12) 

ɿʦʥʘ ʚ ʦʯʘʛʝ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʊʦʣʱʠʥʘ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ, ʤʢʤ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʟʦʥʘ (AB) 
43,1 Ñ 31,2 

(pĭ < 0,01; pĮ < 0,01; pį < 0,01) 

ʊʝʣʦ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ (BC) 
60,3 Ñ 35,1 

(pĭ < 0,01; p
4
 < 0,01; p

5
 < 0,01) 

ʊʝʤʥʘʷ ʟʦʥʘ (CD) 
86,6 Ñ 37,2 

(pĮ < 0,01; p
4
 < 0,01; p

6
 < 0,01) 

ʇʨʦʟʨʘʯʥʘʷ ʟʦʥʘ (DE) 
173,5 Ñ 73,4 

(pį < 0,01; p
5
 < 0,01; p

6
 < 0,01) 

ʇʨʠʤʝʯʘʥʠʝ: ʟʜʝʩʴ ʠ ʚ ʪʘʙʣ. 3 ĭ  ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʟʦʥʘʤʠ ɸɺ ʠ ɺʉ; 
2 

 ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʟʦʥʘʤʠ AB ʠ CD; 
3
  ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʟʦʥʘʤʠ 

AB ʠ DE; 
4
  ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʟʦʥʘʤʠ BC ʠ CD; 

5
  ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ 

ʤʝʞʜʫ ʟʦʥʘʤʠ BC ʠ DE; 
6
  ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʟʦʥʘʤʠ CD ʠ DE. 

 
ʅʘʰʠ ʜʘʥʥʳʝ ʦ ʪʦʣʱʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʵʤʘʣʠ ʚ ʮʝʣʦʤ ʩʦʟʚʫʯʥʳ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʨʘʙʦʪ: 
Silverstone [45]   ʩ ʨʘʩʯʝʪʥʦʡ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 30 ʤʢʤ; Groeneveld ʠ Arends [28]  ʩ 
ʦʮʝʥʢʦʡ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚ ʦʯʘʛʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ 2744 ʤʢʤ; 
Meyer-Lueckel [33] ï ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 
ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʵʤʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 45 Ñ 29 ʤʢʤ; N.J. Cochrane, P. Anderson et al. 
[23] ï ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʨʘʟʙʨʦʩʦʤ  ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ 35 ʜʦ 130 ʤʢʤ.  

ɺ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʤʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 
ʟʦʥʘʭ ʦʯʘʛʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ; ʜʘʥʥʳʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ  ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ (ʪʘʙʣ. 3). 

ɸʥʘʣʠʟ ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 
ʟʦʥʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ (ʩʤ. ʪʘʙʣ. 3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʘʠʤʝʥʝʝ 
ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪʤʝʯʝʥʳ ʚ ʧʨʦʟʨʘʯʥʦʡ ʟʦʥʝ (DE) ï 
ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ 2,03 Ñ 0,15 ʛ/ʩʤ

3
; 73,35% ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ. 

ʇʣʦʪʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ  (AB) ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ  
1,56 Ñ 0,12 ʛ/ʩʤ

3
 (ʤʠʥʠʤʘʣʴʥʘʷ  1,05 Ñ 0,08; ʤʘʢʩʠʤʘʣʴʥʘʷ  2,07 Ñ 0,12); 56,5% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʪʥʦʩʪʠ ʠʥʪʘʢʪʥʦʡ ʵʤʘʣʠ. ʄʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʟʦʥʝ 
BC ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 1,86 Ñ 0,17 ʛ/ʩʤ

3
, ʙʳʣʘ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʝʥʘ (67,2%) ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ (AB); ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚ 
çʪʝʣʝè ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ 
ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ ʩ ʦʯʘʛʘʤʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ [43, 44]. ʄʠʥʝʨʘʣʴʥʘʷ 
ʥʘʩʳʱʝʥʥʦʩʪʴ ʚ ʪʝʤʥʦʡ ʟʦʥʝ (CD) ʦʯʘʛʘ ï ʜʦ 1,47 Ñ 0,17 ʛ/ʩʤ

3
 ʚ ʩʨʝʜʥʝʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ  

1,64 Ñ 0,11; ʤʠʥʠʤʘʣʴʥʘʷ   1,29 Ñ 0,23); 53,1% ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʜʦʨʦʚʦʡ ʵʤʘʣʠ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʄʝʪʦʜ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ, ʨʝʘʣʠʟʫʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
ʢʦʤʧʴʶʪʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ Nikon Metrology XT H 225, ʦʙʝʩʧʝʯʠʣ ʚʦʟʤʦʞʥʦʩʪʠ 
ʘʪʪʝʩʪʘʮʠʠ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʦʙʨʘʟʮʦʚ ʟʫʙʦʚ ʯʝʣʦʚʝʢʘ in vitro, 
ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ, ʦʩʦʙʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 
ʦʙʲʝʢʪʦʚ, ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ.  



ʆʮʝʥʢʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʯʘʛʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ  

ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ 
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ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʠʟʫʘʣʴʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ (ʧʦ 
ʢʨʠʪʝʨʠʷʤ ICDAS), ʩʪʝʨʝʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ (Olympus SZX-16; Olympus DP-73; Olympus 
Stream Motion v.1.8) ʠ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʟʫʙʦʚ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ (in vitro) 
ʩʦʟʜʘʥʥʦʡ ʧʦ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ (ʧʘʪʝʥʪʳ ʈʌ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 172561 ʠ  

 ̄171409 ʦʪ 16.12.16) ʦʯʘʛʦʚʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʵʤʘʣʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʦʙʲʝʤʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ, ʧʦʜʪʚʝʨʜʠʣ ʚʳʩʦʢʫʶ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 
ʥʘʯʘʣʴʥʦʛʦ ʢʘʨʠʝʩʘ. 

ʈʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ 
ʪʦʤʦʛʨʘʤʤ ʟʫʙʦʚ, ʚʢʣʶʯʘʶʱʠʡ: 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʟʫʙʘ ʠ ʩʦʙʩʪʚʝʥʥʦ ʦʯʘʛʘ 
ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ ʩ ʦʮʝʥʢʦʡ ʦʙʲʝʤʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʦʭʨʘʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ 
ʜʨ.; ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʦʯʘʛʦʚ ʧʦʨʘʞʝʥʠʷ ʵʤʘʣʠ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʟʦʥ; ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 
ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ ʤʝʪʦʜʦʤ ʵʪʘʣʦʥʥʦʡ ʜʝʥʩʠʪʦʤʝʪʨʠʠ. 
ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʨʠʝʩ ʵʤʘʣʠ ʢʣʠʥʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ICDAS (2), ʧʦ ʜʘʥʥʳʤ 
ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʷʣ ʨʝʥʪʛʝʥʦʧʨʦʟʨʘʯʥʳʡ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʡ ʦʯʘʛ 
ʧʦʨʘʞʝʥʠʷ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʛʣʫʙʠʥʦʡ 423,8 Ñ 107,4 ʤʢʤ, ʩ ʨʘʟʥʦʫʨʦʚʥʝʚʦʡ ʫʪʨʘʪʦʡ 
ʤʠʥʝʨʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʚ ʝʛʦ ʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥʘʭ 
(1,471,86) Ñ 0,17 ʛ/ʩʤ

3
. ʇʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʜʣʷ ʦʮʝʥʢʠ in 
vitro ʤʠʥʝʨʘʣʴʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʯʘʛʘ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ ʘʧʨʦʙʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 
ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʢʘʨʠʝʩʘ ʟʫʙʦʚ. 

 
ʊʘʙʣʠʮʘ 3 

ʉʨʝʜʥʝʛʨʫʧʧʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʛ/ʩʤ
3
, 

 ʦʯʘʛʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ (n = 12) 

ɿʦʥʘ ʚ ʦʯʘʛʝ ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʵʤʘʣʠ 
ʄʠʥʝʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ  

ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ, ʛ/ʩʤ
3 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʟʦʥʘ (AB) 

min A  1,05 Ñ 0,08 

ʩʨʝʜʥʝʝ  1,56 Ñ 0,12 

(pĭ < 0,01; pĮ < 0,05; pį < 0,01) 

max B  2,07 Ñ 0,12 

ʊʝʣʦ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ (Bʉ) 

max B  2,07 Ñ 0,12 

ʩʨʝʜʥʝʝ  1,86 Ñ 0,17 

(pĭ < 0,01; p
4
 < 0,01; p

5
 < 0,01) 

min C  1,64 Ñ 0,11 

ʊʝʤʥʘʷ ʟʦʥʘ (CD) 

max C  1,64 Ñ 0,11 

ʩʨʝʜʥʝʝ  1,47 Ñ 0,17 

(pĮ < 0,05; p
4
 < 0,01; p

6
 < 0,01) 

min D  1,29 Ñ 0,23 

ʇʨʦʟʨʘʯʥʘʷ ʟʦʥʘ (DE) 

min D  1,29 Ñ 0,23 

ʩʨʝʜʥʝʝ  2,03 Ñ 0,15 

(pį < 0,01; p
5
 < 0,01; p

6
 < 0,01) 

max E  2,76 Ñ 0,07 

 



ɸ.ɼ. ʃʝʚʠʮʢʘʷ, ɽ.ʉ. ʉʶʪʢʠʥʘ, ʆ.ʉ. ɻʠʣʝʚʘ, ʉ.ɺ. ɻʘʣʢʠʥ, ɸ.ɸ. ɽʬʠʤʦʚ, ʗ.ɺ. ʉʘʚʠʮʢʠʡ 

ISSN 2409 6601. ʈʦʩʩʠʡʩʢʠʡ ʞʫʨʥʘʣ ʙʠʦʤʝʭʘʥʠʢʠ. 2018. ʊ. 22, ˉ 4: 485ï502 500 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʝʪʦʜʦʤ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʚ ʦʯʘʛʝ 
ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʨʠʝʩʘ ʵʤʘʣʠ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 
ʦʧʠʩʳʚʘʶʱʫʶ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ in vivo. ʊʝʤ ʩʘʤʳʤ 
ʧʨʝʜʩʪʦʠʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʠʢʨʦʪʦʤʦʛʨʘʬʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʯʘʛʝ ʧʦʨʘʞʝʥʠʷ. 

ɹʃɸɻʆɼɸʈʅʆʉʊʔ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ17-48-590562-

ʨ_ʫʨʘʣ_ʘ). 
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THE EVALUATION OF MI CROSTRUCTURE AND MINERAL DENSITY 
 OF THE FOCUS OF ARTIFICIAL ENAMEL CARIES  USING X-RAY 

COMPUTER MICROTOMOGRAPHY 

A.D. Levitskaya, E.S.  Syutkina, O.S.  Gileva, S.V . Galkin,  
A.A.  Efimov, Ya.V.  Savitski y (Perm, Russia)  

The aim of this work was to study the features of microstructure and mineral 
saturation in the focus of artificially (in vitro) created demineralized tooth enamel with the use 
of computer microtomography. The method of microtomography implemented with the help 
of an X-ray computer installation Nikon Metrology XT H 225, provided the possibility of 
certification of macro- and microstructure of small samples of human teeth in vitro, without 
breaking the integrity, special preparation and preliminary destruction of objects, in a 
relatively short time. A multilevel analysis based on visual-instrumental (ICDAS criteria), 
stereomicroscopes (Olympus SZX-16; Olympus DP-73; Olympus Stream Motion v.1.8) and 
microtopographical assessment of teeth with artificially (in vitro) created focal 
demineralization of enamel using original technique (patent of Russian Federation No. 
172561 and No. 171409 from 16.12.2016) allowed to obtain three-dimensional information 
on the nature of simulated lesions of the enamel, confirmed the high sensitivity and specificity 
of the experimental model of primary caries. The algorithm of qualitative and quantitative 
analysis of computer tomograms of teeth includes 3D-reconstruction of the tooth and the 
focus of demineralized enamel with the assessment of volume characteristics, safety of the 
structure, etc.; morphometric analysis of the linear dimensions and geometric characteristics 
of the lesions of enamel and their individual zones; determination of mineral density in 
different areas of the lesion by reference densitometry. Artificial enamel caries clinically 
corresponded to ICDAS (2), according to the microtomography data represented an X-ray 
diffuse structural heterogeneous lesion center of triangular shape, with a depth of  
423.8 Ñ 107.4 Õm, with a multi-level loss of mineral saturation, most pronounced in its 
Central  zones (1.47 1.86 Ñ 0.17 g/cm

3
). The use of the method of computer 

microtomography and the developed model of artificial enamel caries for the assessment of 
mineral saturation of the demineralization focus in vitro during the approbation of various 
means and methods of prevention and treatment of early stages of dental caries is promising. 

Key words: white spot lesion, artificial enamel caries, mineral density, microstructure, 
computer tomography, microtomography. 
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