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Ȱɚɜɚɏɔɑ ɣɔɞɌɞɑɗɔ! 

 

Ȼɑɜɑɐ ɎɌɘɔ Ɏɞɚɜɚɕ Ɏɧɛɟɝɖ ȼɚɝɝɔɕɝɖɚɏɚ ɉɗɑɖɞɜɚəəɚɏɚ 

ȲɟɜəɌɗɌ ȷɟɣɑɎɚɕ ȰɔɌɏəɚɝɞɔɖɔ ɓɌ 2021 ɏɚɐ (Ⱦɚɘ 11, No2, 2021).  

ɉɛɔɐɑɘɔɚɗɚɏɔɣɑɝɖɌɫ ɚɍɝɞɌəɚɎɖɌ Ɏ əɌɤɑɕ ɝɞɜɌəɑ ɚɝɞɌ-

ɑɞɝɫ əɑɝɞɌɍɔɗɨəɚɕ, ɛɌəɐɑɘɔɫ ɖɚɜɚəɌɎɔɜɟɝəɚɕ ɔəɠɑɖɢɔɔ 

COVID -19, ɎɧɓɎɌəəɌɫ Ɏɔɜɟɝɚɘ SARS-CoV-2, Ɏ ɘɔɜɑ ɛɜɚɐɚɗɒɌ-

ɑɞɝɫ. ȸɧ ɛɜɚɐɚɗɒɌɑɘ ɜɟɍɜɔɖɟ ɝɞɌɞɑɕ, ɛɚɝɎɫɥɑəəɧɡ ɗɟɣɑɎɚɕ 

ɐɔɌɏəɚɝɞɔɖɑ COVID-ɌɝɝɚɢɔɔɜɚɎɌəəɧɡ ɛɚɜɌɒɑəɔɕ ɗɑɏɖɔɡ. ȶɌɖ 

ɘɧ ɟɒɑ Ɏɔɐɔɘ, ɟ ɘəɚɏɔɡ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ ɐɌəəɚɑ ɓɌɍɚ-

ɗɑɎɌəɔɑ Ɏ ɜɌɓəɚɕ ɝɞɑɛɑəɔ ɞɫɒɑɝɞɔ, ɎɚɓəɔɖɌɪɞ ɚɞɝɜɚɣɑəəɧɑ 

ɚɝɗɚɒəɑəɔɫ (çPost-COVID syndromè). ȰɌəəɧɑ ɗɟɣɑɎɚɕ ɐɔɌɏəɚ-

ɝɞɔɖɔ ɚɣɑəɨ ɎɌɒəɧ ɐɗɫ ɚɢɑəɖɔ ɚɞɝɜɚɣɑəəɧɡ ɔɓɘɑəɑəɔɕ ɔ ɐɗɫ 

ɎɧɍɚɜɌ ɚɛɞɔɘɌɗɨəɚɕ ɞɌɖɞɔɖɔ ɜɑɌɍɔɗɔɞɌɢɔɔ. ȻɟɍɗɔɖɌɢɔɫ ɞɌ-

ɖɔɡ ɘɌɞɑɜɔɌɗɚɎ, ɖɌɖ ɘɧ ɝɣɔɞɌɑɘ, ɛɜɔəɑɝɑɞ ɛɚɗɨɓɟ ɛɜɌɖɞɔɣɑ-

ɝɖɔɘ ɎɜɌɣɌɘ, ɜɌɍɚɞɌɪɥɔɘ ɝ ɛɌɢɔɑəɞɌɘɔ Ɏ ɔəɠɑɖɢɔɚəəɧɡ ɚɞ-

ɐɑɗɑəɔɫɡ ɔ əɌɍɗɪɐɌɪɥɔɘ ɛɌɢɔɑəɞɚɎ ɛɚɝɗɑ ɎɧɓɐɚɜɚɎɗɑəɔɫ ɔ 

Ɏɧɛɔɝɖɔ ɔɓ ɝɞɌɢɔɚəɌɜɌ. ȮɌɤɑɘɟ ɛɜɚɣɞɑəɔɪ ɞɜɌɐɔɢɔɚəəɚ 

ɛɜɑɐɝɞɌɎɗɑəɌ ɝɞɌɞɨɫ ɛɚ ɐɌəəɚɕ ɛɜɚɍɗɑɘɑ. 

ȾɌɖɒɑ Ɏ ɩɞɚɘ əɚɘɑɜɑ ɒɟɜəɌɗɌ ɘɧ ɚɛɟɍɗɔɖɚɎɌɗɔ 15 ɜɌɓ-

əɚɛɗɌəɚɎɧɡ ɚɜɔɏɔəɌɗɨəɧɡ ɝɞɌɞɑɕ, 3 əɌɟɣəɧɡ ɚɍɓɚɜɌ ɔ 3 ɝɗɟɣɌɫ 

ɔɓ ɛɜɌɖɞɔɖɔ. Ȯ ɩɞɚ əɑɛɜɚɝɞɚɑ Ɏɜɑɘɫ ɘɧ ɔəɞɑəɝɔɎəɚ ɜɌɍɚɞɌɑɘ 

ɛɚ Ɏɧɛɟɝɖɟ əɚɘɑɜɚɎ ȼɚɝɝɔɕɝɖɚɏɚ ɉɗɑɖɞɜɚəəɚɏɚ ȲɟɜəɌɗɌ ȷɟɣɑ-

Ɏɚɕ ȰɔɌɏəɚɝɞɔɖɔ ɔ ɒɐɑɘ ɚɞ ɎɌɝ ɚɞɓɧɎɧ ɚ ɒɟɜəɌɗɑ, ɝɞɌɞɨɔ ɔ 

ɐɜɟɏɔɑ ɘɌɞɑɜɔɌɗɧ, ɖɚɞɚɜɧɑ ɛɚɘɚɏɌɪɞ ɎɜɌɣɌɘ Ɏ ɖɗɔəɔɣɑɝɖɚɕ 

ɜɌɍɚɞɑ.  

ȶɌɖ ɫ ɛɔɝɌɗ Ɏ ɛɜɚɤɗɚɘ əɚɘɑɜɑ, ɚɍɜɌɥɌɑɞ əɌ ɝɑɍɫ Ɏəɔ-

ɘɌəɔɑ, ɣɞɚ ɜɌɝɞɑɞ ɖɚɗɔɣɑɝɞɎɚ ɜɌɍɚɞ, ɚɞɖɗɚəɑəəɧɡ ɚɞ ɛɟɍɗɔɖɌ-

ɢɔɔ, Ɏ ɞɚɘ ɣɔɝɗɑ Ɏ ɝɎɫɓɔ ɝ  əɑɛɜɌɎɔɗɨəɧɘ ɚɠɚɜɘɗɑəɔɑɘ. ɉɞɚ 

ɝɚɓɐɌɑɞ ɚɣɑəɨ ɝɑɜɨɑɓəɟɪ ɐɚɛɚɗəɔɞɑɗɨəɟɪ əɌɏɜɟɓɖɟ əɌ ɜɑɐɖɚɗ-

ɗɑɏɔɪ ɔ ɜɑɢɑəɓɑəɞɚɎ ɔ ɛɜɔɎɚɐɔɞ ɖ ɓɌɐɑɜɒɖɑ ɎɧɛɟɝɖɌ ɘɌɞɑɜɔɌ-

ɗɚɎ. ȿɍɑɐɔɞɑɗɨəɌɫ ɛɜɚɝɨɍɌ ɖ ɌɎɞɚɜɌɘ ɜɟɖɚɎɚɐɝɞɎɚɎɌɞɨɝɫ ɛɜɌ-

ɎɔɗɌɘɔ ɒɟɜəɌɗɌ ɛɜɔ ɛɚɐɏɚɞɚɎɖɑ əɌɟɣəɧɡ ɝɞɌɞɨɑɕ Ɏ əɌɤ ɒɟɜ-

əɌɗ (http://www.rejr.ru/avtoram/avtoram.html).  

ȲɑɗɌɪ Ɏɝɑɘ ɓɐɚɜɚɎɨɫ ɔ ɍɚɗɨɤɔɡ ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɡ 

ɟɝɛɑɡɚɎ əɌ ɍɗɌɏɚ əɌɤɔɡ ɛɌɢɔɑəɞɚɎ!!    

 

ȯɗɌɎəɧɕ ɜɑɐɌɖɞɚɜ  

ȬɖɌɐɑɘɔɖ ȼȬȹ Ƚ.ȶ. ȾɑɜəɚɎɚɕ 
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ȹȬȼȿɄȱȹȴɋ ȸȴȶȼȺɂȴȼȶȿȷɋɂȴȴ Ȯ ȷȱȯȶȴɁ ȻȺ ȰȬȹȹɇȸ ȻȱȼɀȿȳȴȺȹȹȺȵ ȺɀɉȶȾ ȿ 

ȻȬɂȴȱȹȾȺȮ Ȯ ȻȺȽȾȶȺȮȴȰȹȺȸ ȻȱȼȴȺȰȱ 

 

ȳɚɗɚɞəɔɢɖɌɫ Ȯ.Ȼ., ȬɘɚɝɚɎ Ȯ.ȴ., ȾɔɞɚɎɌ Ⱥ.ȹ., ȬɏɌɠɚəɚɎ Ȭ.Ⱥ., ȬɘɚɝɚɎɌ Ⱥ.Ȯ. 
 

ɀȯȭȺȿ ȮȺ çȻɑɜɎɧɕ ȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏɝɖɔɕ ɏɚɝɟɐɌɜɝɞɎɑəəɧɕ ɘɑɐɔɢɔəɝɖɔɕ ɟəɔɎɑɜɝɔɞɑɞ ɔɘɑəɔ ɌɖɌɐɑɘɔɖɌ ȴ.Ȼ. ȻɌɎɗɚɎɌè ȸɔəɓɐɜɌɎɌ  

ȼɚɝɝɔɔ. ɏ. ȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏ, ȼɚɝɝɔɫ. 

 
ɣɔɞɧɎɌɫ Ɏɗɔɫəɔɑ ɎɔɜɟɝɌ SARS-CoV-2 əɌ ɝɚɝɟɐɔɝɞɟɪ ɝɔɝɞɑɘɟ ɗɑɏɖɔɡ, ɛɜɚɫɎɗɫɪɥɑɑɝɫ 

ɜɌɓɎɔɞɔɑɘ ɩəɐɚɞɑɗɔɔɞɌ, ɎɌɝɖɟɗɔɞɌ, ɞɜɚɘɍɚɓɚɎ ɔ ɖɚɌɏɟɗɚɛɌɞɔɕ, ɚɐəɔɘ ɔɓ Ɏɑɐɟɥɔɡ 

əɌɛɜɌɎɗɑəɔɕ ɗɟɣɑɎɚɏɚ ɚɍɝɗɑɐɚɎɌəɔɫ ɘɚɒɑɞ ɝɞɌɞɨ ɔɝɝɗɑɐɚɎɌəɔɑ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɘɑ-

ɞɚɐɚɘ ȺɀɉȶȾ.  

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. Ⱥɢɑəɔɞɨ ɔɓɘɑəɑəɔɫ Ɏ ɘɔɖɜɚɢɔɜɖɟɗɫɞɚɜəɚɘ ɜɟɝɗɑ ɗɑɏɖɔɡ ɟ ɛɌɢɔ-

ɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ   COVID-19, Ɏ ɜɌɓəɧɑ ɝɜɚɖɔ ɚɞ əɌɣɌɗɌ ɓɌɍɚɗɑɎɌəɔɫ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȻɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɐɌəəɧɑ ȺɀɉȶȾ-ɔɝɝɗɑɐɚɎɌəɔɕ 170 ɛɌɢɔɑəɞɚɎ 

ɝ ɛɑɜɑəɑɝɑəəɚɕ ɖɚɜɚəɌɎɔɜɟɝəɚɕ ɔəɠɑɖɢɔɑɕ ɜɌɓəɚɕ ɞɫɒɑɝɞɔ ɞɑɣɑəɔɫ ɝ ɘɌɫ 2020 ɏɚɐɌ ɛɚ ɔɪəɨ 

2021 ɏɚɐɌ. ȭɧɗɔ ɝɚɛɚɝɞɌɎɗɑəɧ ɜɑɓɟɗɨɞɌɞɧ ȺɀɉȶȾ, ȶȾ, ɀȮȰ, ɛɚɖɌɓɌɞɑɗɔ ɟɜɚɎəɫ Ȱ-ɐɔɘɑɜɌ, ɠɔɍ-

ɜɔəɚɏɑəɌ. 

ȼɑɓɟɗɨɞɌɞɧ. ȿ Ɏɝɑɡ ɛɌɢɔɑəɞɚɎ ɍɧɗɔ ɎɧɫɎɗɑəɧ ɔɓɘɑəɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ Ɏ 

ɛɚɝɞɖɚɎɔɐəɚɘ ɛɑɜɔɚɐɑ. Ƚɞɑɛɑəɨ ɎɧɜɌɒɑəəɚɝɞɔ əɌɜɟɤɑəɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɔɘɑɗɌ ɐɚɝɞɚɎɑɜ-

əɟɪ ɓɌɎɔɝɔɘɚɝɞɨ (p<0,05, r=0,76) ɚɞ ɝɞɑɛɑəɔ ɛɚɜɌɒɑəɔɫ ɗɑɏɚɣəɚɕ ɛɌɜɑəɡɔɘɧ ɔ  ɝɜɑɐəɪɪ ɖɚɜ-

ɜɑɗɫɢɔɚəəɟɪ ɓɌɎɔɝɔɘɚɝɞɨ (r=0,51)  ɚɞ ɝɜɚɖɚɎ ɛɚɝɞɖɚɎɔɐəɚɏɚ ɛɑɜɔɚɐɌ. ȿ ɛɌɢɔɑəɞɚɎ ɝ ɡɜɚəɔɣɑ-

ɝɖɔɘɔ ɓɌɍɚɗɑɎɌəɔɫɘɔ ɗɑɏɖɔɡ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɫ ɝəɔɒɌɗɌɝɨ ɐɚ ɖɜɔɞɔɣɑɝɖɔɡ ɢɔɠɜ, ɚɍɥɔɕ ɟɜɚ-

Ɏɑəɨ ɝəɔɒɑəɔɫ  ð ɐɚ 30% ɔ ɍɚɗɑɑ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɐɚɖɚɎɔɐəɧɘ ɛɑɜɔɚɐɚɘ  (p=0,034).  ȻɜɔɓəɌɖɔ 

ȾɉȷȬ/ɘɔɖɜɚɞɜɚɘɍɚɓɚɎ ɐɚɝɞɚɎɑɜəɚ ɣɌɥɑ (p<0,05, r=0,82) ɎɝɞɜɑɣɌɗɔɝɨ ɟ ɍɚɗɨəɧɡ ɝ ɍɚɗɑɑ ɞɫɒɑɗɧɘ 

ɞɑɣɑəɔɑɘ ɓɌɍɚɗɑɎɌəɔɫ. ȮɧɫɎɗɑəɔɑ ɘɑɗɖɔɡ, ɝɟɍɝɑɏɘɑəɞɌɜəɚɏɚ ɟɜɚɎəɫ, ɐɑɠɑɖɞɚɎ ɘɔɖɜɚɢɔɜɖɟɗɫ-

ɢɔɔ ɞɜɑɟɏɚɗɨəɚɕ ɠɚɜɘɧ,  ɝ ɣɌɝɞɔɣəɚ ɎɚɝɝɞɌəɚɎɗɑəəɧɘ ɖɜɚɎɚɞɚɖɚɘ, ɖɚɜɜɑɗɔɜɚɎɌɗɚ Ɏ Ɏɧɝɚɖɚɕ 

ɝɞɑɛɑəɔ (r=0,84) ɝ ɛɚɎɧɤɑəɔɑɘ ɟɜɚɎəɫ ɠɔɍɜɔəɚɏɑəɌ (4,6+1,8 ɘɏ/ɗ) ɔ ɟɖɌɓɧɎɌɗɚ əɌ ɛɚɝɗɑɐɝɞɎɔɫ 

ɛɑɜɑəɑɝɑəəɚɕ ȾɉȷȬ, Ɍ ɛɚɎɧɤɑəɔɑ ɟɜɚɎəɫ Ȱ-ɐɔɘɑɜɌ (1750+ 215 əɏ/ɘɗ) ɝ əɌɗɔɣɔɑɘ ɞɜɑɟɏɚɗɨəɚɕ 

ɠɚɜɘɧ ɐɑɠɑɖɞɚɎ əɌɖɚɛɗɑəɔɫ ȼɀȻ ɖɚɜɜɑɗɔɜɚɎɌɗɚ Ɏ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ (r=0,88) ɝ ȾɉȷȬ.  

ȮɧɎɚɐɧ. ȹɌɜɟɤɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ ɝɚɡɜɌəɫɪɞɝɫ ɐɗɔɞɑɗɨəɚɑ Ɏɜɑɘɫ. Ⱥəɔ 

ɎɧɫɎɗɫɪɞɝɫ ɟ ɍɚɗɨəɧɡ əɑ ɓɌɎɔɝɔɘɚ ɚɞ ɞɫɒɑɝɞɔ ɞɑɣɑəɔɫ ɛɌɞɚɗɚɏɔɣɑɝɖɚɏɚ ɛɜɚɢɑɝɝɌ, ɟɎɑɗɔɣɔɎɌ-

ɪɞɝɫ ɛɜɔ ɐɔəɌɘɔɣɑɝɖɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ;  ɐɑɠɔɢɔɞ ɛɑɜɠɟɓɔɔ ɓɌɎɔɝɔɞ ɚɞ ɝɞɑɛɑəɔ ɛɚɜɌɒɑəɔɫ ɗɑ-

ɏɚɣəɚɕ ɛɌɜɑəɡɔɘɧ.  ȿ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ COVID-19 ɝ ɜɌɓɎɔɞɔɑɘ ɞɜɚɘɍɚɓɚɎ, ɎɧɫɎɗɫɪɞɝɫ 

ɛɜɔɓəɌɖɔ ɛɑɜɑəɑɝɑəəɚɕ ȾɉȷȬ ɔ ɠɚɜɘɔɜɟɪɞɝɫ ɓɚəɧ ɗɚɖɌɗɨəɚɏɚ ɛəɑɎɘɚɝɖɗɑɜɚɓɌ.  

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: Ɏɔɜɟɝ SARS-CoV-2, ɐɔɝɠɟəɖɢɔɫ ɩəɐɚɞɑɗɔɫ, ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɫ, ɚɐəɚɠɚ-

ɞɚəəɌɫ ɩɘɔɝɝɔɚəəɌɫ ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ ɗɑɏɖɔɡ. 
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DISORDERS OF MICROCIRCULATION IN THE LUNGS ACCORDING TO PERFUSION SPECT 

DATA IN PATIENTS IN POST COVID-19 CONDITION 

 

Zolotnitskaya V.P., Amosov V.I., Titova O.N., Agafonov A. O., Amosova O.V.  

 
I.P. Pavlov First St. Petersburg State Medical University. Saint Petersburg, Russia.  

 

onsidering the influence of the SARS -CoV-2 virus on the pulmonary vascular system, 

manifested by the development of endotheliitis, vasculitis, thrombo sis and coagulopathies, 

one of the leading directions of radiological examination may be the study of microcircula-

tion by SPECT.  

Purpose.  To assess changes in the microvasculature of the lungs of patients who have un-

dergone COVID infection at different tim es from the onset of the disease.   

Material and methods.  SPECT data were analyzed in 170 patients with previous coronavirus 

infection from May 2020 to June 2021 of varying severity. The results of SPECT, MSCT, FVD and co-

agulation hemostasis (D -dimer, fibr inogen) were compared.  

Results.  All patients were found to have changes in microcirculation in the lungs in the post-

coid period. The severity of microcirculation disorders had a significant dependence (p <0.05, r = 

0.76) on the degree of damage to the pulm onary parenchyma and an average correlation dependence 

(r = 0.51) on the timing of the postcoid period. Signs of PE / microthrombosis changes were signifi-

cantly more frequent (p <0.05, r = 0.82) in patients with a more severe course of the disease. In pa-

ti ents with CLD, microcirculation decreased to critical levels, the overall level of decrease was up to 

30% or more compared to the dock period (p = 0.034). The detection of small subsegmental level of 

triangular microcirculation defects, with partially rest ored blood flow, correlated to a high degree (r = 

0.84) with an increase in the level of fibrinogen (4.6 + 1.8 mg / l) and indicated the consequences of 

PE, and an increase in the level of D -dimer (1750+ 215 ng / ml) with the presence of a triangular 

shape  of defects in the accumulation of radiopharmaceuticals correlated to a high degree (r = 0.88) 

with PE.  

Conclusion.  Disorders of microcirculation in the lungs persist for a long time. They are de-

tected in patients, regardless of the severity of the course of the pathological process, they increase 

during a dynamic study in patients, the deficit of perfusion depends on the degree of damage to the 

pulmonary parenchyma. The SARS -CoV-2 virus has a detrimental effect on the state of blood circula-

tion in patients  with chronic lung diseases. In patients who have undergone COVID -19 with the de-

velopment of thrombosis, signs of postponed pulmonary embolism are revealed and zones of local 

pneumosclerosis are formed.  

  

Keywords: SARS-CoV-2 virus, endothelial dysfunction , microcirculation, single -photon emis-

sion computed tomography.  
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əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɛɚɝɞɖɚɎɔɐəɧɕ 

ɝɔəɐɜɚɘ Ɏəɑɝɬə Ɏ ȸɑɒɐɟəɌɜɚɐəɟɪ 

ɖɗɌɝɝɔɠɔɖɌɢɔɪ ɍɚɗɑɓəɑɕ (ȸȶȭ-10)  

Ɏ ɠɚɜɘɟɗɔɜɚɎɖɑ çPost-COVID -19 

conditionè. Ȼɚ ɐɌəəɧɘ ȮȺȳ ɐɚ 20% 

ɗɪɐɑɕ, ɛɑɜɑəɬɝɤɔɡ ɖɚɜɚəɌɎɔɜɟɝəɟɪ ɔəɠɑɖ-

ɢɔɪ, ɝɞɜɌɐɌɪɞ ɚɞ ɐɚɗɏɚɝɜɚɣəɧɡ ɝɔɘɛɞɚɘɚɎ, 

ɐɗɫɥɔɡɝɫ ɐɚ 12 əɑɐɑɗɨ ɔ, Ɏ 2,3% ɝɗɟɣɌɑɎ, 

ɐɚɗɨɤɑ [1]. ȻɌɢɔɑəɞɧ ɚɞɘɑɣɌɪɞ ɞɌɖɔɑ ɚɝɞɌ-

ɞɚɣəɧɑ ɫɎɗɑəɔɫ ɔəɠɑɖɢɔɔ SARS-CoV-2, ɖɌɖ 

ɟɞɚɘɗɫɑɘɚɝɞɨ (53,1%), ɚɐɧɤɖɌ (43,4%), ɍɚɗɨ Ɏ 

ɝɟɝɞɌɎɌɡ (27,3%), ɍɚɗɨ Ɏ ɏɜɟɐɔ (21,7%),  ɖɌ-

ɤɑɗɨ (15,4%) [2, 3].  Ƚəɔɒɑəɔɑ ɖɌɣɑɝɞɎɌ ɒɔɓ-

əɔ, ɚɢɑəɔɎɌɑɘɚɑ ɛɚ ɎɔɓɟɌɗɨəɚɕ ɌəɌɗɚɏɚɎɚɕ 

ɤɖɌɗɑ EuroQol, ɚɞɘɑɣɑəɚ ɟ 44,1% ɛɌɢɔɑəɞɚɎ. 

Ȼɚ ɐɌəəɧɘ Huang, C. et al.  [4] ɛɜɔɘɑɜəɚ ɣɑ-

ɜɑɓ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɓɌɍɚɗɑɎɌəɔɫ ɟ 50% ɛɌ-

ɢɔɑəɞɚɎ ɛɜɔ Ɏɧɛɚɗəɑəɔɔ ȶȾ ɚɜɏɌəɚɎ ɏɜɟɐ-
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əɚɕ ɛɚɗɚɝɞɔ ɎɧɫɎɗɫɑɞɝɫ çɘɌɞɚɎɚɑ ɝɞɑɖɗɚè ɔ  

ɞɜɌɖɢɔɚəəɧɑ ɍɜɚəɡɚɩɖɞɌɓɧ. ȶɚɘɛɨɪɞɑɜəɌɫ 

ɞɚɘɚɏɜɌɠɔɫ ɔɏɜɌɑɞ ɎɌɒəɑɕɤɟɪ ɜɚɗɨ Ɏ ɐɔɌ-

ɏəɚɝɞɔɖɑ ɛəɑɎɘɚəɔɔ, ɎɧɓɎɌəəɚɕ Ɏɔɜɟɝɚɘ 

SARS-CoV-2 [5 -9]. ȺɐəɌɖɚ, ɟɣɔɞɧɎɌɫ Ɏɗɔɫəɔɑ 

ɎɔɜɟɝɌ əɌ ɝɚɝɟɐɔɝɞɟɪ ɝɔɝɞɑɘɟ ɗɑɏɖɔɡ, ɛɜɚɫɎ-

ɗɫɪɥɑɑɝɫ ɜɌɓɎɔɞɔɑɘ ɩəɐɚɞɑɗɔɔɞɌ, ɎɌɝɖɟɗɔ-

ɞɌ, ɞɜɚɘɍɚɓɚɎ ɔ ɖɚɌɏɟɗɚɛɌɞɔɕ [10 - 16], ɚɐ-

əɔɘ ɔɓ Ɏɑɐɟɥɔɡ əɌɛɜɌɎɗɑəɔɕ ɗɟɣɑɎɚɏɚ ɚɍ-

ɝɗɑɐɚɎɌəɔɫ ɘɚɒɑɞ ɝɞɌɞɨ ɔɝɝɗɑɐɚɎɌəɔɑ ɘɔɖ-

ɜɚɢɔɜɖɟɗɫɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ Ɏ ɛɚɝɞɖɚɎɔɐəɚɘ 

ɛɑɜɔɚɐɑ ɘɑɞɚɐɚɘ ȺɀɉȶȾ.    

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ.  

Ⱥɢɑəɔɞɨ ɔɓɘɑəɑəɔɫ Ɏ ɘɔɖɜɚɢɔɜɖɟɗɫ-

ɞɚɜəɚɘ ɜɟɝɗɑ ɗɑɏɖɔɡ ɟ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝ-

ɤɔɡ   COVID-19, Ɏ ɜɌɓəɧɑ ɝɜɚɖɔ ɚɞ əɌɣɌɗɌ 

ɓɌɍɚɗɑɎɌəɔɫ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

Ȯ əɌɤɑɕ ɜɌɍɚɞɑ ɍɧɗɔ ɛɜɚɌəɌɗɔɓɔɜɚɎɌ-

əɧ ɐɌəəɧɑ ȺɀɉȶȾ-ɔɝɝɗɑɐɚɎɌəɔɕ, Ɏɧɛɚɗəɑə-

əɧɡ 170 ɛɌɢɔɑəɞɌɘ, əɌɛɜɌɎɗɑəəɧɘ əɌ ɚɍ-

ɝɗɑɐɚɎɌəɔɑ ɐɗɫ ɚɢɑəɖɔ ɔɓɘɑəɑəɔɕ ɖɜɚɎɚɚɍ-

ɜɌɥɑəɔɫ Ɏ ɗɑɏɖɔɡ ɛɚɝɗɑ ɐɚɖɌɓɌəɚ ɛɑɜɑəɑɝɑə-

əɚɕ ɖɚɜɚəɌɎɔɜɟɝəɚɕ ɔəɠɑɖɢɔɔ, ɝ ɘɌɫ 2020 

ɏɚɐɌ ɛɚ ɔɪəɨ 2021 ɏɚɐɌ. 135 ɛɌɢɔɑəɞɚɎ ɜɌ-

əɑɑ əɑ ɔɘɑɗɔ ɓɌɍɚɗɑɎɌəɔɕ ɗɑɏɖɔɡ, 24 ɛɌɢɔɑə-

ɞɌ ɔɘɑɗɔ ɡɜɚəɔɣɑɝɖɟɪ ɚɍɝɞɜɟɖɞɔɎəɟɪ ɍɚ-

ɗɑɓəɨ ɗɑɏɖɔɡ ɔ 11 ɛɌɢɔɑəɞɚɎ  ╖  ɔəɞɑɜɝɞɔɢɔ-

Ɍɗɨəɧɑ ɓɌɍɚɗɑɎɌəɔɫ. ȬɘɍɟɗɌɞɚɜəɚ ɛɚɝɞɟɛɔɗɔ 

77 ɛɌɢɔɑəɞɚɎ, ɔɓ ɝɞɌɢɔɚəɌɜɌ  ╖  93. Ƚɜɑɐəɔɕ 

ɎɚɓɜɌɝɞ ɝɚɝɞɌɎɔɗ 57,6+17,9 ɗɑɞ; ɘɟɒɣɔə ɍɧɗɚ 

79,  ɒɑəɥɔə  ╖   91. ȽɚɏɗɌɝəɚ ɎɔɓɟɌɗɨəɚɕ ɩɘ-

ɛɔɜɔɣɑɝɖɚɕ ɤɖɌɗɑ ɚɢɑəɖɔ ɚɍɦɑɘɌ ɛɚɜɌɒɑ-

əɔɫ ɗɑɏɚɣəɚɕ ɛɌɜɑəɡɔɘɧ ɛɚ ɜɑɓɟɗɨɞɌɞɌɘ 

ȸȽȶȾ ɍɚɗɨəɧɑ ɜɌɓɐɑɗɑəɧ əɌ 4 ɏɜɟɛɛɧ:  ȶȾ-1  

╖   32; ȶȾ-2  ╖   49; ȶȾ-3  ╖   54; ȶȾ-4  ╖   35 ɛɌɢɔ-

ɑəɞɚɎ. ȶɜɔɞɑɜɔɑɘ Ɏɖɗɪɣɑəɔɫ Ɏ ɜɌɍɚɞɟ ɍɧɗɚ 

ɓɌɍɚɗɑɎɌəɔɑ  COVID -19.    

ȿ Ɏɝɑɡ ɛɌɢɔɑəɞɚɎ ɚɢɑəɔɎɌɗɔɝɨ ɜɑɓɟɗɨ-

ɞɌɞɧ ɖɚɘɛɗɑɖɝəɚɏɚ ɗɟɣɑɎɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ:  

ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɚɜɏɌəɚɎ 

ɏɜɟɐəɚɕ ɖɗɑɞɖɔ, ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ 

(ȸȽȶȾ), ɚɐəɚɠɚɞɚəəɌɫ ɩɘɔɝɝɔɚəəɌɫ ɖɚɘɛɨɪ-

ɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȺɀɉȶȾ), Ɍ ɞɌɖɒɑ ɛɚɖɌ-

ɓɌɞɑɗɔ Ɏɑəɞɔɗɫɢɔɚəəɚɕ ɠɟəɖɢɔɔ ɗɑɏɖɔɡ, ɜɑ-

ɓɟɗɨɞɌɞɧ ɗɌɍɚɜɌɞɚɜəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ  ╖   Ȱ-

ɐɔɘɑɜ (ɘɌɜɖɑɜ ɏɔɛɑɜɖɚɌɏɟɗɫɢɔɔ) ɔ ɐɜɟɏɔɑ 

ɛɚɖɌɓɌɞɑɗɔ ɖɚɌɏɟɗɫɢɔɚəəɚɏɚ ɏɑɘɚɝɞɌɓɌ (ɠɔɍ-

ɜɔəɚɏɑə, ɛɜɚɞɜɚɘɍɔəɚɎɧɕ ɔəɐɑɖɝ). 

ȷɟɣɑɎɧɑ ɘɑɞɚɐɧ ɐɔɌɏəɚɝɞɔɖɔ ɛɜɔɘɑəɫ-

ɗɔɝɨ ɝɞɜɚɏɚ ɛɚ ɛɚɖɌɓɌəɔɫɘ ɔ əɌɓəɌɣɑəɔɪ ɗɑ-

ɣɌɥɑɏɚ ɎɜɌɣɌ, ɍɚɗɨəɧɘɔ ɔɗɔ ɔɡ ɓɌɖɚəəɧɘɔ 

ɛɜɑɐɝɞɌɎɔɞɑɗɫɘɔ ɛɚɐɛɔɝɧɎɌɗɚɝɨ ɔəɠɚɜɘɔ-

ɜɚɎɌəəɚɑ ɝɚɏɗɌɝɔɑ əɌ ɛɜɚɎɑɐɑəɔɑ ɔɝɝɗɑɐɚɎɌ-

əɔɫ. 

ȺɝəɚɎəɚɕ ɓɌɐɌɣɑɕ ɜɌɐɔɚɗɚɏɔɣɑɝɖɚɏɚ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɗɑɏɖɔɡ ɟ ɍɚɗɨəɧɡ ɫɎɗɫɗɚɝɨ Ɏɧ-

ɫɎɗɑəɔɑ ɞɜɚɘɍɚɩɘɍɚɗɔɔ ɘɑɗɖɔɡ ɎɑɞɎɑɕ ɗɑ-

ɏɚɣəɚɕ Ɍɜɞɑɜɔɔ, Ɏ ɞɚɘ ɣɔɝɗɑ ɝɢɔəɞɔɏɜɌɠɔɣɑ-

ɝɖɔɡ ɛɜɔɓəɌɖɚɎ ɛɑɜɑəɑɝɑəəɚɕ ȾɉȷȬ ɔɗɔ 

thrombosis in situ, Ɍ ɞɌɖɒɑ ɎɧɫɎɗɑəɔɑ ɝɞɑɛɑ-

əɔ ɔɓɘɑəɑəɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ əɌ ɠɚəɑ ɛɑ-

ɜɑəɑɝɑəəɚɕ ɖɚɜɚəɌɎɔɜɟɝəɚɕ ɔəɠɑɖɢɔɔ.  

ȺɀɉȶȾ ɛɜɚɎɚɐɔɗɔ əɌ ɐɎɟɡɐɑɞɑɖɞɚɜəɚɕ 

ɏɌɘɘɌ-ɖɌɘɑɜɑ Philips Forte 2005 (USA). ȻɌɢɔ-

ɑəɞɟ Ɏ ɛɚɗɚɒɑəɔɔ ɝɔɐɫ ɎəɟɞɜɔɎɑəəɚ ɎɎɚɐɔɗɔ 

ɜɌɐɔɚɠɌɜɘɌɢɑɎɞɔɣɑɝɖɔɕ ɛɜɑɛɌɜɌɞ (ȼɀȻ) Ɏ 

ɐɚɓɑ 1,0-1,5 ɘȭɖ əɌ 1 ɖɏ ɎɑɝɌ.  ȺɍɝɗɑɐɚɎɌəɔɑ 

ɛɜɚɎɚɐɔɗɔ  Ɏ ɛɚɗɚɒɑəɔɔ ɗɑɒɌ Ɏ ɞɑɣɑəɔɑ 10-

12 ɘɔəɟɞ  ɛɚ ɛɜɚɏɜɌɘɘɑ Lung Spect, Ɏ ɛɚɗɚ-

ɒɑəɔɔ ɐɑɞɑɖɞɚɜɚɎ 180 ɏɜɌɐɟɝɚɎ, ɚɜɍɔɞɌ ɩɗ-

ɗɔɛɞɔɣɑɝɖɌɫ, 32 ɌɓɔɘɟɞɌ, 40 ɝɑɖɟəɐ əɌ ɟɏɚɗ. 

ȺɍɜɌɍɚɞɖɌ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚɐɔɗɌɝɨ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɎɧɝɚɖɚɣɌɝɞɚɞəɚɏɚ ɠɔɗɨɞɜɌ 

Furye,  ɞɜɌəɝɠɚɜɘɌɢɔɔ ɛɚ ɘɑɞɚɐɟ ȹenning. 

Ȱɗɫ ɌɎɞɚɘɌɞɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ ɔəɠɚɜɘɌɢɔɔ 

ɝɢɔəɞɔɏɜɌɠɔɣɑɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɔɝɛɚɗɨɓɚ-

ɎɌɗɔ ɖɚɘɛɨɪɞɑɜəɟɪ ɛɜɚɏɜɌɘɘɟ çȬəɌɗɔɓɌɞɚɜ 

ɔɓɚɍɜɌɒɑəɔɕ ɛɑɜɠɟɓɔɚəəɚɕ ɝɢɔəɞɔɏɜɌɠɔɔ 

ɗɑɏɖɔɡ (LungScintAnalyser)è [17], ɛɚɓɎɚɗɫɪ-

ɥɟɪ ɛɚɗɟɣɌɞɨ ɔəɠɚɜɘɌɢɔɪ ɚ ɝɞɑɛɑəɔ  ɔɓɘɑ-

əɑəɔɫ ɖɜɚɎɚɞɚɖɌ Ɏ % ɖ əɚɜɘɑ.  ȼɌɝɣɑɞ ɛɚɖɌ-

ɓɌɞɑɗɑɕ əɌɖɚɛɗɑəɔɫ ɜɌɐɔɚɠɌɜɘɛɜɑɛɌɜɌɞɌ  

ɛɜɚɎɚɐɔɗɝɫ Ɏ 50 ɟɣɌɝɞɖɌɡ ɖɌɒɐɚɏɚ  ɗɑɏɖɚɏɚ.  

Ȼɜɔ ɌəɌɗɔɓɑ ɜɑɓɟɗɨɞɌɞɚɎ ɖɚɘɛɨɪɞɑɜəɚɕ ɚɍ-

ɜɌɍɚɞɖɔ ɟɣɔɞɧɎɌɗɌɝɨ ɔəɞɑəɝɔɎəɚɝɞɨ əɌɖɚɛ-

ɗɑəɔɫ ȂðɖɎɌəɞɚɎ ɜɌɐɔɚɠɌɜɘɛɜɑɛɌɜɌɞɌ  əɌ 

ɝɢɔəɞɔɏɜɌɘɘɑ  ɛɜɔ ɟɐɌɗɑəɔɔ ɚɞ əɚɜɘɧ: ɝəɔ-

ɒɑəɔɑ ɚɞɘɑɣɌɗɚɝɨ  ɝɔəɔɘ ɢɎɑɞɚɘ,  Ɍ ɛɚɎɧ-

ɤɑəɔɑ ð ɖɜɌɝəɧɘ.  ȯɜɌəɔɢɧ əɚɜɘɧ Ɏ ɛɜɑɐɑ-

ɗɌɡ ɚɞ 0,85 ɐɚ 1,15,  ɏɔɛɚɛɑɜɠɟɓɔɫ  ╖   ɚɞ 0,3 

ɐɚ 0,7, ɏɔɛɑɜɛɑɜɠɟɓɔɫ  ╖  ɚɞ 1,3 ɔ Ɏɧɤɑ. ȳəɌ-

ɣɑəɔɫ  ɘɑəɨɤɑ 0,3 ɛɜɔəɔɘɌɗɔɝɨ ɖɌɖ ɐɑɠɑɖɞ 

əɌɖɚɛɗɑəɔɫ.  

ȭɧɗɔ ɝɚɛɚɝɞɌɎɗɑəɧ ɜɑɓɟɗɨɞɌɞɧ ȺɀɉȶȾ-

ɔɝɝɗɑɐɚɎɌəɔɕ ɛɌɢɔɑəɞɚɎ ɝ ɡɜɚəɔɣɑɝɖɔɘɔ ɓɌ-

ɍɚɗɑɎɌəɔɫɘɔ ɗɑɏɖɔɡ ɐɚ ɓɌɍɚɗɑɎɌəɔɫ COVID-

19 ɔ ɛɚɝɗɑ, Ɍ ɞɌɖɒɑ ɛɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɜɑ-

ɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɕ ɛɚ ɜɌɓɎɔɞɔɪ ɚɝɗɚɒ-

əɑəɔɕ:  ȾɉȷȬ ɘɑɗɖɔɡ ɎɑɞɎɑɕ/ thrombosis in 

situ, ɛɚɝɞɎɚɝɛɌɗɔɞɑɗɨəɧɕ ɛəɑɎɘɚɝɖɗɑɜɚɓ. 

ȽɢɔəɞɔɏɜɌɠɔɣɑɝɖɔɑ ɛɜɔɓəɌɖɔ ȾɉȷȬ ɘɑɗɖɔɡ 

ɎɑɞɎɑɕ  ╖   ɞɜɑɟɏɚɗɨəɚɕ ɠɚɜɘɧ ɐɑɠɑɖɞɧ ɛɑɜ-

ɠɟɓɔɔ ɝɑɏɘɑəɞɌɜəɚɏɚ ɟɜɚɎəɫ; ɝɢɔəɞɔɏɜɌɠɔ-

ɣɑɝɖɔɑ ɛɜɔɓəɌɖɔ ɘɔɖɜɚɞɜɚɘɍɚɓɌ  ╖   ɞɜɑɟɏɚɗɨ-

əɚɕ ɠɚɜɘɧ ɐɑɠɑɖɞɧ ɛɑɜɠɟɓɔɔ ɝɟɍɝɑɏɘɑə-

ɞɌɜəɚɏɚ ɟɜɚɎəɫ; ɛɑɜɑəɑɝɑəəɚɕ ȾɉȷȬ  ╖   ɞɜɑ-

ɟɏɚɗɨəɚɕ ɠɚɜɘɧ ɐɑɠɑɖɞɧ ɛɑɜɠɟɓɔɔ ɝɑɏɘɑə-

ɞɌɜəɚɏɚ/ ɝɟɍɝɑɏɘɑəɞɌɜəɚɏɚ ɟɜɚɎəɫ ɝ ɣɌɝɞɔɣəɚ 

ɎɚɝɝɞɌəɚɎɗɑəəɧɘ ɖɜɚɎɚɞɚɖɚɘ. Ȯ ɗɑɏɚɣəɚɕ 

ɛɌɜɑəɡɔɘɑ ɎɧɫɎɗɫɗɔɝɨ ɟɣɌɝɞɖɔ ɖɚəɝɚɗɔɐɌ-

ɢɔɔ ɗɑɏɚɣəɚɕ ɞɖɌəɔ əɑɛɜɌɎɔɗɨəɚɕ ɞɜɑɟɏɚɗɨ-

əɚɕ ɠɚɜɘɧ, ɤɔɜɚɖɔɘ ɚɝəɚɎɌəɔɑɘ ɛɜɔɗɑɒɌ-

ɥɔɑ ɖ ɖɚɝɞɌɗɨəɚɕ ɛɗɑɎɜɑ. ȽɢɔəɞɔɏɜɌɠɔɣɑ-

ɝɖɔɑ ɛɜɔɓəɌɖɔ ɛɚɝɞɎɚɝɛɌɗɔɞɑɗɨəɚɏɚ ɛəɑɎ-

ɘɚɝɖɗɑɜɚɓɌ  ╖   ɐɑɠɑɖɞɧ ɛɑɜɠɟɓɔɔ ɗɔəɑɕəɚɕ ɔ 

əɑɛɜɌɎɔɗɨəɚɕ ɠɚɜɘɧ. ȴɓɘɑəɑəɔɫ ɘɔɖɜɚ-

ɢɔɜɖɟɗɫɢɔɔ  Ɏ  ɗɑɏɖɔɡ  ɝɚɛɚɝɞɌɎɗɫɗɔɝɨ  ɝ  ɜɑ- 
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ɓɟɗɨɞɌɞɌɘɔ ȸȽȶȾ.   

ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ. ȺɍɜɌɍɚɞɖɌ ɜɑ-

ɓɟɗɨɞɌɞɚɎ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚɐɔɗɌɝɨ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɚɏɜɌɘɘɧ Statistica-10. Ȱɗɫ 

ɛɜɚɎɑɜɖɔ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɛɑɜɑɘɑəəɧɡ əɌ 

əɚɜɘɌɗɨəɚɝɞɨ  ɔɝɛɚɗɨɓɚɎɌɗɝɫ ɖɜɔɞɑɜɔɕ  ɄɌ-

ɛɔɜɚ-ȿɔɗɖɌ. ȼɌɓɗɔɣɔɫ ɘɑɒɐɟ ɏɜɟɛɛɌɘɔ ɚɢɑ-

əɔɎɌɗɔɝɨ ɝ ɛɚɘɚɥɨɪ ɘɑɞɚɐɌ ȮɔɗɖɚɖɝɚəɌ-

ȸɌəəɌ-ȿɔɞəɔ. ɃɌɝɞɚɞəɧɑ ɝɚɍɧɞɔɫ ɚɢɑəɔɎɌ-

ɗɔɝɨ ɝ ɛɚɘɚɥɨɪ ɖɜɔɞɑɜɔɫ ɡɔ-ɖɎɌɐɜɌɞ Ȼɔɜ-

ɝɚəɌ. Ȼɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɝɣɔɞɌɗɔɝɨ ɝɞɌ-

ɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɘɔ əɌ ɟɜɚɎəɑ p< 0,05. 

ȼɑɓɟɗɨɞɌɞɧ ɔ ɚɍɝɟɒɐɑəɔɑ. 

Ȼɜɔ ɚɍɝɗɑɐɚɎɌəɔɔ ɛɌɢɔɑəɞɚɎ ɝ ɖɗɔəɔ-

ɣɑɝɖɔɘɔ ɛɜɔɓəɌɖɌɘɔ çɛɚɝɞɖɚɎɔɐəɚɏɚ ɝɔə-

ɐɜɚɘɌè  ɔ ɍɑɓ ɛɌɞɚɗɚɏɔɔ ɚɜɏɌəɚɎ ɐɧɡɌəɔɫ ɛɚ 

ɐɌəəɧɘ ɜɌɐɔɚɗɚɏɔɣɑɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɍɧ-

ɗɔ ɎɧɫɎɗɑəɧ ɔɓɘɑəɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ 

ɗɑɏɖɔɡ ɟ Ɏɝɑɡ ɚɍɝɗɑɐɟɑɘɧɡ, əɑ ɓɌɎɔɝɔɘɚ ɚɞ 

ɞɫɒɑɝɞɔ ɞɑɣɑəɔɫ ɓɌɍɚɗɑɎɌəɔɫ. ȺɐəɌɖɚ ɛɚɖɌ-

ɓɌɞɑɗɔ ɔɓɘɑəɑəɔɕ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ ɔɘɑɗɔ 

ɚɞɗɔɣɔɫ (ɜɔɝ. 1).  ȿ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ 

ɔəɠɑɖɢɔɪ, ɎɧɓɎɌəəɟɪ Ɏɔɜɟɝɚɘ SARS-CoV-2, 

Ɏ ɗɑɏɖɚɕ ɠɚɜɘɑ,  ɘɧ ɎɧɫɎɗɫɗɔ ɔɓɘɑəɑəɔɫ 

ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ, ɡɌɜɌɖɞɑɜəɧɑ ɐɗɫ ɛɜɚɫɎ-

ɗɑəɔɕ ɎɌɝɖɟɗɔɞɌ, ɞ.ɑ. ɡɌɜɌɖɞɑɜəɧɑ ɟɣɌɝɞɖɔ 

ɝəɔɒɑəəɚɕ ɛɑɜɠɟɓɔɔ.  ȻɚɖɌɓɌɞɑɗɔ  ɘɔɖɜɚ-

ɢɔɜɖɟɗɫɢɔɔ Ɏ ɜɌəəɑɘ  ɛɚɝɞɖɚɎɔɐəɚɘ ɛɑɜɔɚ-

ɐɑ əɌɡɚɐɔɗɔɝɨ Ɏ ɛɜɑɐɑɗɌɡ əɚɜɘɧ (95,2+1,4%), 

ɚɐəɌɖɚ ɔɘɑɗɚ ɘɑɝɞɚ ɣɑɜɑɐɚɎɌəɔɑ ɓɚə ɏɔɛɚ- ɔ 

ɏɔɛɑɜɛɑɜɠɟɓɔɔ, Ɍ  ɝ 6-ɏɚ ɘɑɝɫɢɌ ɛɚɝɞɖɚɎɔɐ-

əɚɏɚ ɛɑɜɔɚɐɌ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɫ ɝəɔɒɌɗɌɝɨ 

ɐɚ 80,5+2,3%.  Ƚəɔɒɑəɔɑ ɚɍɥɑɏɚ ɖɜɚɎɚɞɚɖɌ 

ɛɜɚɔɝɡɚɐɔɗɚ əɌ ɠɚəɑ ɟɎɑɗɔɣɑəɔɫ ɖɚɗɔɣɑɝɞɎɌ 

ɓɚə ɏɔɛɚɛɑɜɠɟɓɔɔ ɔ ɝəɔɒɑəɔɫ ɖɚɗɔɣɑɝɞɎɌ 

ɟɣɌɝɞɖɚɎ ɏɔɛɑɜɛɑɜɠɟɓɔɔ, ɣɞɚ ɟɖɌɓɧɎɌɑɞ əɌ 

ɝəɔɒɑəɔɑ ɖɚɘɛɑəɝɌɞɚɜəɚɏɚ Ɏəɟɞɜɔɗɑɏɚɣəɚɏɚ 

ɤɟəɞɔɜɚɎɌəɔɫ ɖɜɚɎɔ. ȿɣɔɞɧɎɌɫ, ɣɞɚ ɣɔɝɗɚ 

ɛɌɢɔɑəɞɚɎ,  ɚɍɝɗɑɐɚɎɌəəɧɡ ɣɑɜɑɓ 11 ɘɑɝɫɢɑɎ 

ɚɞ əɌɣɌɗɌ ɍɚɗɑɓəɔ, ɍɧɗɚ əɑɍɚɗɨɤɔɘ (n=4), 

ɟɎɑɜɑəəɚ ɏɚɎɚɜɔɞɨ ɚɍ ɚɐəɚɓəɌɣəɚɘ  ɝəɔɒɑ-

əɔɔ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ əɑ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ 

Ɏɚɓɘɚɒəɧɘ.  ȹɌ ɐɌəəɧɕ ɛɑɜɔɚɐ Ɏɜɑɘɑəɔ 

ɘɚɒəɚ ɗɔɤɨ ɚɞɘɑɞɔɞɨ ɚɍɥɟɪ ɞɑəɐɑəɢɔɪ ɖ 

ɝəɔɒɑəɔɪ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɟ əɌɍɗɪɐɌɑɘɧɡ 

ɛɌɢɔɑəɞɚɎ.  

ȿ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ ɐɌəəɚɑ ɔə-

ɠɑɖɢɔɚəəɚɑ ɓɌɍɚɗɑɎɌəɔɑ Ɏ ɍɚɗɑɑ ɞɫɒɑɗɚɕ 

ɠɚɜɘɑ, ɘɧ ɎɧɫɎɗɫɗɔ ɝɟɥɑɝɞɎɑəəɧɑ ɔɓɘɑəɑ-

əɔɫ ɖɜɚɎɚɞɚɖɌ, ɛɜɔɣɑɘ ɩɞɔ ɔɓɘɑəɑəɔɫ 

əɌɜɌɝɞɌɗɔ ɛɜɔ əɌɍɗɪɐɑəɔɔ Ɏ ɐɔəɌɘɔɖɑ. 

ȶɗɔəɔɣɑɝɖɚɑ əɌɍɗɪɐɑəɔɑ:  ɛɌɢɔɑəɞ ȹ., 

59 ɗɑɞ, ɍɚɗɑɗ Ɏ ɐɑɖɌɍɜɑ 2020 ɏ. COVID-19  Ɏ 

ɞɫɒɑɗɚɕ ɠɚɜɘɑ (ȶȾ-4) (ɜɔɝ. 1 Ɍ). Ȼɚɝɞɟɛɔɗ ɝ 

ɒɌɗɚɍɌɘɔ əɌ ɍɧɝɞɜɟɪ ɟɞɚɘɗɫɑɘɚɝɞɨ, ɚɐɧɤɖɟ 

ɛɜɔ  əɑɓəɌɣɔɞɑɗɨəɚɕ ɠɔɓɔɣɑɝɖɚɕ əɌɏɜɟɓɖɑ, 

ɝɚɡɜɌəɫɪɥɔɕɝɫ ɝɟɡɚɕ ɖɌɤɑɗɨ, ɛɚɞɗɔɎɚɝɞɨ ɛɚ 

əɚɣɌɘ. Ƀɑɜɑɓ 3 ɘɑɝɫɢɌ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎɗɑ-

əɔɫè  ɛɜɔ Ɏɧɛɚɗəɑəɔɔ ɀȮȰ  ╖   ɜɑɝɞɜɔɖɞɔɎ-

əɧɑ ɔɓɘɑəɑəɔɫ: DL ╖  67%, VA ╖  78,9%; M ȺȽ25 

╖  44,8%.  ȿɜɚɎɑəɨ Ȱ-ɐɔɘɑɜɌ  ╖  590 əɏ/ ɘɗ, 

ɠɔɍɜɔəɚɏɑə  ╖  4,7 ɘɏ/ ɗ. Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ 

ȺɀɉȶȾ ɣɑɜɑɓ 2 ɘɑɝɫɢɌ ɚɞ əɌɣɌɗɌ ɓɌɍɚɗɑɎɌ-

əɔɫ ɎɧɫɎɗɫɗɔɝɨ ɐɔɠɠɟɓəɧɑ əɌɜɟɤɑəɔɫ 

ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ, əɌɔɍɚɗɑɑ ɓəɌɣɔɘɧɑ ɔɓɘɑ-

əɑəɔɫ ɚɞɘɑɣɌɗɔɝɨ Ɏ əɔɒəɔɡ ɚɞɐɑɗɌɡ ɗɑɏɖɔɡ, ɝ 

ɘɔəɔɘɌɗɨəɧɘ ɟɜɚɎəɑɘ əɌɖɚɛɗɑəɔɫ 35% ɚɞ 

əɚɜɘɧ. Ƀɑɜɑɓ 2 ɘɑɝɫɢɌ ɛɜɔ ɛɚɎɞɚɜəɚɘ ɚɍ-

ɝɗɑɐɚɎɌəɔɔ ɔɓɘɑəɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ 

ɛɜɚɏɜɑɝɝɔɜɚɎɌɗɔ (ɜɔɝ. 2 Ɍ, ɍ), ɟɎɑɗɔɣɔɗɚɝɨ 

ɖɚɗɔɣɑɝɞɎɚ ɓɚə ɝ əɔɓɖɔɘ əɌɖɚɛɗɑəɔɑɘ ɜɌ-

ɐɔɚɠɌɜɘɛɜɑɛɌɜɌɞɌ (30-40% ɚɞ əɚɜɘɧ), ɛɜɔ-

ɣɑɘ əɌɔɍɚɗɨɤɔɕ ɛɜɔɜɚɝɞ ɔɓɘɑəɑəɔɕ əɌɍɗɪ-

ɐɌɑɞɝɫ Ɏ əɔɒəɔɡ ɚɞɐɑɗɌɡ ɗɑɏɖɔɡ, ɣɞɚ ɛɚɐ-

ɞɎɑɜɒɐɌɑɞɝɫ ɜɑɓɟɗɨɞɌɞɌɘɔ ɜɌɝɣɑɞɌ ɔɓɘɑəɑ-

əɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɝ ɛɚɘɚɥɨɪ ɖɚɘɛɨɪ-

ɞɑɜəɚɕ ɛɜɚɏɜɌɘɘɧ LungScintAnalyser (ɜɔɝ. 2 

ɏ, ɐ). 

Ȼɜɔ ɌəɌɗɔɓɑ ɖɗɔəɔɖɚ-ɗɌɍɚɜɌɞɚɜəɧɡ 

ɐɌəəɧɡ ɍɧɗɚ ɚɞɘɑɣɑəɚ, ɣɞɚ ɝɛɜɚɎɚɢɔɜɚɎɌə-

əɚɑ Ɏɔɜɟɝɚɘ SARS-CoV-2 ɛɚɜɌɒɑəɔɑ ɗɑɏɖɔɡ, 

ɝ ɛɚɝɗɑɐɟɪɥɔɘ ɔɝɡɚɐɚɘ Ɏ Ɏɔɜɟɝ-

ɌɝɝɚɢɔɔɜɚɎɌəəɧɑ ɔəɞɑɜɝɞɔɢɔɌɗɨəɧɑ ɓɌɍɚɗɑ-

ɎɌəɔɫ ɗɑɏɖɔɡ (ȴȳȷ), ɍɧɗɚ ɚɞɘɑɣɑəɚ ɟ 18,5% 

(25 ɛɌɢɔɑəɞɚɎ), ɣɞɚ ɛɚɐɞɎɑɜɒɐɌɗɚɝɨ ɜɑɓɟɗɨ-

ɞɌɞɌɘɔ ɠɟəɖɢɔɚəɌɗɨəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɗɑɏ-

ɖɔɡ: ɝəɔɒɑəɔɑɘ ɐɔɠɠɟɓɔɚəəɚɕ ɝɛɚɝɚɍəɚɝɞɔ 

ɗɑɏɖɔɡ, ɟɘɑəɨɤɑəɔɑɘ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɍɦɑɘɌ 

ɔ   ɝɚɡɜɌəɫɪɥɔɘɔɝɫ ɔɓɘɑəɑəɔɫɘ  Ɏ ɛɌɜɑə-

ɡɔɘɑ  ɗɑɏɖɔɡ  ɝ   ɠɚɜɘɔɜɚɎɌəɔɑɘ   ɓɚə   ɛəɑɎ- 

 

ȼɔɝ. 1 (Fig. 1) 

ȼɔɝ. 1.   ȰɔɌɏɜɌɘɘɌ. 

ȺɞɜɌɒɑəɧ ɔɓɘɑəɑəɔɫ ɛɚɖɌɓɌɞɑɗɑɕ ɘɔɖɜɚɢɔɜɖɟɗɫ-

ɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ ɛəɑɎɘɚəɔɪ Ɏ ɗɑɏɖɚɕ 

ɠɚɜɘɑ, ɎɧɓɎɌəəɟɪ Ɏɔɜɟɝɚɘ SARS-CoV-2, əɌ ɜɌɓəɧɡ 

ɩɞɌɛɌɡ ɛɚɝɞɖɚɎɔɐəɚɏɚ ɛɑɜɔɚɐɌ.  

Fig. 1.   Diagram.  

Histogram reflecting the level of changes in microcir-

culation indices in patients who underwent mild 

pneumonia caused by the SARS -CoV-2 virus at differ-

ent stages of the postcoid period.  
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ȼɔɝ. 2 Ɍ (Fig. 2 Ɍ) 

 

ȼɔɝ. 2 ɍ (Fig. 2 b) 

 

ȼɔɝ. 2 Ɏ (Fig. 2 ɝ) 

͍͔ͨͪ͊ͦ ͔͍͔ͦ͡

0,790249 0,839545 1,183264 0,737997 0,701187 1,072685 1,071023 0,92719 0,623023 0,674142

0,832365 1,274762 1,281512 0,995554 0,704133 0,998681 1,194189 1,074234 0,870699 0,74669

0,953196 1,227808 1,227999 1,216957 1,132309 0,958959 1,214125 1,20489 1,006538 0,834375

1,314286 1,272419 1,220218 1,152299 1,20385 0,857107 1,042338 1,257462 1,159419 0,741981

1,216752 1,325709 1,274725 1,161709 1,066443 0,815464 0,755503 1,168462 1,27204 0,789746

1,341326 1,456278 1,250398 1,153471 1,029972 0,915508 0,654841 0,851341 1,189292 0,900902

1,315622 1,155373 0,955109 1,082476 0,896535 0,920092 0,741525 0,556559 0,792879 0,869732

0,931304 0,606823 0,484378 0,608496 0,683598 0,906475 0,836481 0,619419 0,54162 0,715705

0,569228 0,40278 0,353218 0,395505 0,573152 0,903821 0,93352 0,71426 0,43793 0,501531

0,637258 0,581291 0,548979 0,524957 0,717245 1,163798 1,089865 0,804569 0,473361 0,377949

͔͔͔ͫͪ͒ͤ0,990159 1,014279 0,97798 0,902942 0,870842 0,95124 0,951259 0,953341 0,917839 0,83668 0,715276 0,874879

ͣ͊ͫ͟ 1,341326 1,456278 1,281512 1,216957 1,20385 1,456278 1,163798 1,214125 1,257462 1,27204 0,900902 1,27204

͙ͣͤ 0,569228 0,40278 0,353218 0,395505 0,573152 0,353218 0,815464 0,654841 0,556559 0,43793 0,377949 0,377949 

ȼɔɝ. 2 ɏ (Fig. 2 d) 

͍͔ͨͪ͊ͦ ͔͎͔ͦ͟͡ ͔͍͔ͦ͡ ͔͎͔ͦ͟͡

0,557301 0,428959 0,815534 0,745364 0,926852 1,126573 1,242125 0,882155 0,381915 0,593946

0,582996 0,45365 0,771909 0,757526 0,55348 1,127826 1,294836 0,853659 0,608894 0,786213

0,806878 0,940133 0,93885 1,016517 0,836134 1,117288 1,167942 1,240895 0,996899 0,824859

0,985433 0,960102 0,958421 1,061404 0,937788 0,795389 1,069552 1,186541 1,062816 0,733228

0,932658 1,036489 1,110571 1,058655 0,822631 0,644872 0,672897 1,06247 1,078873 0,782172

1,143691 1,226358 1,188034 0,994496 0,635387 0,568719 0,400932 0,681882 0,980114 0,808889

1,311831 1,250452 1,191761 0,901206 0,513805 0,50489 0,30063 0,341865 0,683057 0,849516

1,188543 0,876014 0,814094 0,651959 0,438169 0,526913 0,317699 0,307679 0,507326 0,805075

0,99486 0,607127 0,459381 0,410177 0,408632 0,623741 0,448834 0,402871 0,508641 0,880609

0,901206 0,594129 0,307679 0,541845 0,68252 1,175658 0,814198 0,563208 0,603922 0,501531

͔͔͔ͫͪ͒ͤ0,94054 0,837341 0,855623 0,813915 0,67554 0,824592 0,821187 0,772964 0,752322 0,741246 0,756604 0,768865

ͣ͊ͫ͟ 1,311831 1,250452 1,191761 1,061404 0,937788 1,311831 1,175658 1,294836 1,240895 1,078873 0,880609 1,294836

͙ͣͤ 0,557301 0,428959 0,307679 0,410177 0,408632 0,307679 0,50489 0,30063 0,307679 0,381915 0,501531 0,30063 

ȼɔɝ. 2 ɐ (Fig. 2 ɑ) 

ȼɔɝ. 2.    ȻɌɢɔɑəɞ ȹ., 59 ɗɑɞ. ȭɚɗɑɗ COVID-19 Ɏ ɞɫɒɑɗɚɕ ɠɚɜɘɑ (ȶȾ-4). 

Ɍ ð ȶȾ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. ȸəɚɒɑɝɞɎɑəəɧɑ ɟɣɌɝɞɖɔ ɟɛɗɚɞəɑəɔɫ ɗɑɏɚɣəɚɕ ɞɖɌəɔ ɛɚ ɞɔɛɟ çɘɌɞɚɎɚɏɚ 

ɝɞɑɖɗɌè ɔ ɓɚəɧ ɖɚəɝɚɗɔɐɌɢɔɔ. ɍ  ╖   ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 2 ɘɑɝɫɢɌ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎɗɑəɔɫè, ɛɜɫɘɌɫ ɛɜɚɑɖ-

ɢɔɫ. Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɐɔɠɠɟɓəɚɑ ɝəɔɒɑəɔɑ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ (ɝɜɑɐəɑɕ ɝɞɑɛɑəɔ ɎɧɜɌɒɑəəɚɝɞɔ) Ɏɚ Ɏɝɑɡ 

ɚɞɐɑɗɌɡ ɗɑɏɖɔɡ. Ɏ  ╖   ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 4 ɘɑɝɫɢɌ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎɗɑəɔɫè, ɛɜɫɘɌɫ ɛɜɚɑɖɢɔɫ. ȺɞɜɔɢɌ-

ɞɑɗɨəɌɫ ɐɔəɌɘɔɖɌ: ɟɎɑɗɔɣɑəɔɑ ɐɔɠɠɟɓəɧɡ ɔɓɘɑəɑəɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ, ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ Ɏ əɔɒəɔɡ 

ɐɚɗɫɡ ɗɑɏɖɔɡ. ɏ  ╖   ȶɚɘɛɨɪɞɑɜəɌɫ ɚɍɜɌɍɚɞɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 2 ɘɑɝɫɢɌ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎ-

ɗɑəɔɫè (ɝɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ  ╖  95% ɖ əɚɜɘɑ ɝɛɜɌɎɌ, 87%  ╖  ɝɗɑɎɌ). ɐ ╖ ȶɚɘɛɨɪɞɑɜəɌɫ ɚɍ-

ɜɌɍɚɞɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 4 ɘɑɝɫɢɌ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎɗɑəɔɫè (ɝɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɘɔɖɜɚɢɔɜ-

ɖɟɗɫɢɔɔ  ╖  82,4%  ɖ əɚɜɘɑ ɝɛɜɌɎɌ, 76,8%   ╖  ɝɗɑɎɌ).   

Fig. 2.    Patient N., 59 years old, was ill with severe COVID -19 (CT-4).  

a ╖ CT, axial slice. Multiple areas of "ground glass" compaction of lung tissue and cons olidation zones. b  ╖ 

SPECT study performed 2 months after òrecoveryó. Direct projection. Determined by a diffuse moderate de-

crease in microcirculation in all parts of the lungs. C  ╖  SPECT study performed 4 months after òrecoveryó. 

Direct projection. Nega tive dynamics. An increase in diffuse changes in microcirculation, mainly in the lower 

lobes of the lungs. d  ╖  Computer processing of the results of SPECT of the lungs 2 months after "recovery" 

(mean values of microcirculation ð 95% to the norm on the ri ght; 87% ð on the left). e  ╖  Computer processing 

of the results of SPECT of the lungs 4 months after "recovery" (mean values of microcirculation ð 82.4% to the 

norm on the right; 76.8% ð on the left).   
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ɘɚɝɖɗɑɜɚɓɌ ɔ ɐɔɝɖɚɎɔɐəɧɡ ɌɞɑɗɑɖɞɌɓɚɎ. 

Ȼɜɔ ɌəɌɗɔɓɑ ɔɓɘɑəɑəɔɕ ɘɔɖɜɚɢɔɜɖɟ-

ɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ əɌ ɜɌɓəɧɡ ɝɜɚɖɌɡ ɛɚɝɞɖɚɎɔɐ-

əɚɏɚ ɛɑɜɔɚɐɌ ɟ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ 

COVID -19 ɝ ɜɌɓəɚɕ ɝɞɑɛɑəɨɪ ɞɫɒɑɝɞɔ, ɍɧɗɔ 

ɛɚɗɟɣɑəɧ ɐɌəəɧɑ, ɟɖɌɓɧɎɌɪɥɔɑ əɌ ɛɜɚɏɜɑɝ-

ɝɔɜɚɎɌəɔɑ əɌɜɟɤɑəɔɫ ɛɑɜɠɟɓɔɔ (p<0,05) ɟ 

ɍɚɗɨəɧɡ ɝ Ɏɔɜɟɝ-ɌɝɝɚɢɔɔɜɚɎɌəəɧɘɔ ȴȳȷ, 

ɛɜɔɣɑɘ əɌɔɍɚɗɨɤɔɑ ɔɓɘɑəɑəɔɫ ɎɧɫɎɗɫɗɔɝɨ Ɏ 

əɔɒəɑ-ɝɜɑɐəɔɡ ɚɞɐɑɗɌɡ ɗɑɏɖɔɡ, ɣɞɚ ɫɎɗɫɑɞɝɫ 

ɡɌɜɌɖɞɑɜəɚɕ ɝɢɔəɞɔɏɜɌɠɔɣɑɝɖɚɕ ɖɌɜɞɔəɚɕ 

ɛɜɔ ɜɌɓɎɔɞɔɔ ȴȳȷ.  

ȶɜɚɘɑ  ɩɞɚɏɚ, ɟ Ɏɝɑɡ  ɛɌɢɔɑəɞɚɎ ɚɞɘɑɣɌ-

ɗɚɝɨ ɛɚɎɧɤɑəɔɑ ɟɜɚɎəɫ ɠɔɍɜɔəɚɏɑəɌ, ɣɞɚ 

ɖɚɜɜɑɗɔɜɚɎɌɗɚ Ɏ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ (r=0,76) ɝɚ 

ɝəɔɒɑəɔɑɘ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ. ȳəɌ-

ɣɔɘɧɑ əɌɜɟɤɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɝɚɣɑ-

ɞɌəɔɔ ɝ əɌɜɟɤɑəɔɫɘɔ ɖɚɌɏɟɗɫɢɔɚəəɚɏɚ ɏɑ-

ɘɚɝɞɌɓɌ, ɍɑɓ ɛɜɔɓəɌɖɚɎ ȾɉȷȬ, ɘɚɏɟɞ ɍɧɞɨ 

ɚɍɦɫɝəɑəɧ ɜɌɓɎɔɞɔɑɘ ɎɌɝɖɟɗɔɞɌ [18, 19].  

ȶɗɔəɔɣɑɝɖɚɑ əɌɍɗɪɐɑəɔɑ: ɛɌɢɔɑəɞ  Ȱ., 

53 ɗɑɞ, ɍɚɗɑɗ Ɏ ɫəɎɌɜɑ Ɏ ɞɫɒɑɗɚɕ ɠɚɜɘɑ (ȶȾ-

4). 

Ȼɚɝɞɟɛɔɗ əɌ ɚɍɝɗɑɐɚɎɌəɔɑ ɣɑɜɑɓ 3 ɘɑ-

ɝɫɢɌ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎɗɑəɔɫè ɝ ɒɌɗɚɍɌɘɔ əɌ  

ɝɗɌɍɚɝɞɨ ɔ ɚɐɧɤɖɟ. Ȼɜɔ Ɏɧɛɚɗəɑəɔɔ ɀȮȰ 

ɚɞɘɑɣɌɗɚɝɨ ɝəɔɒɑəɔɑ ɛɜɚɡɚɐɔɘɚɝɞɔ ɘɑɗɖɔɡ 

ɍɜɚəɡɚɎ: ȸȺȽ25  ╖  42,3%. ȿɎɑɗɔɣɑə ɛɚɖɌɓɌ-

 

ȼɔɝ. 3 Ɍ (Fig. 3 Ɍ) 

 

ȼɔɝ. 3 ɍ (Fig. 3 b) 

 

ȼɔɝ. 3 Ɏ (Fig. 3 ɝ) 

˶͔͍͔ͦ ͔͎͔ͦ͟͡ ˽͍͔ͪ͊ͦ ͔͎͔ͦ͟͡

0,358595 0,277197 0,706472 0,86227 0,808808 0,617483 0,753846 0,818855 0,34539 0,558455

0,363698 0,285036 0,688441 0,780179 0,723443 0,556522 0,667814 0,70552 0,56898 0,628272

0,464021 0,633167 0,685752 0,616717 0,552101 0,528814 0,735302 1,002497 0,885736 0,619774

0,553543 0,67551 0,649013 0,617544 0,532488 0,628242 0,729614 0,922406 0,828932 0,539873

0,645823 0,798015 0,749771 0,717563 0,566731 0,623077 0,789252 0,945542 0,848803 0,605328

0,894915 0,966623 0,893876 0,782171 0,681514 0,653695 0,728644 0,940591 1,0072 0,713778

0,933387 0,78271 0,894716 0,83227 0,723737 0,722005 0,71874 0,845596 0,907772 0,903874

0,524386 0,508811 0,657368 0,788176 0,810881 0,727177 0,636106 0,724345 0,660756 0,70669

0,3 0,418891 0,569115 0,670442 0,684 0,620144 0,666804 0,672079 0,540097 0,471474

0,37284 0,436842 0,637907 0,78176 0,622764 0,663158 0,733951 0,736792 0,531127 0,424206

͔͔͔ͫͪ͒ͤ0,541121 0,57828 0,713243 0,744909 0,670647 0,64964 0,634031 0,716007 0,831422 0,712479 0,617172 0,702223

ͣ͊ͫ͟ 0,933387 0,966623 0,894716 0,86227 0,810881 0,966623 0,727177 0,789252 1,002497 1,0072 0,903874 1,0072

͙ͣͤ 0,3 0,277197 0,569115 0,616717 0,532488 0,277197 0,528814 0,636106 0,672079 0,34539 0,424206 0,34539 

ȼɔɝ. 3 ɏ (Fig. 3 d) 

ȼɔɝ. 3.     ȻɌɢɔɑəɞ Ȱ., 53 ɏɚɐɌ. ȭɚɗɑɗ COVID-19  Ɏ ɞɫɒɑɗɚɕ ɠɚɜɘɑ (ȶȾ-4). 

Ɍ  ╖  ȶȾ əɌ 10 ɐɑəɨ ɓɌɍɚɗɑɎɌəɔɫ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ.  ɍ  ╖  ȶȾ ɣɑɜɑɓ 2 ɘɑɝɫɢɌ ɛɚɝɗɑ əɌɣɌɗɌ ɓɌɍɚɗɑɎɌəɔɫ, 

ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. Ɏ  ╖  ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 3 ɘɑɝɫɢɌ ɚɞ əɌɣɌɗɌ ɓɌɍɚɗɑɎɌəɔɫ, ɝɢɔəɞɔɏɜɌɘɘɌ ɛɚ ɓɌɐ-

əɑɕ ɛɜɚɑɖɢɔɔ. ɏ  ╖   ȶɚɘɛɨɪɞɑɜəɌɫ ɚɍɜɌɍɚɞɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 3 ɘɑɝɫɢɌ ɛɚɝɗɑ ɎɧɓɐɚɜɚɎ-

ɗɑəɔɫ (ɝɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ  ╖  70% ɖ əɚɜɘɑ ɝɛɜɌɎɌ, 64%  ╖  ɝɗɑɎɌ). Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɓəɌɣɔ-

ɞɑɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɟɣɌɝɞɖɚɎ  ɝ ɏɔɛɚɛɑɜɠɟɓɔɑɕ  ╖  ɚɞ 27% ɚɞ əɚɜɘɧ ɐɚ 69% ɚɞ əɚɜɘɧ.  

Fig. 3.     Patient D., 53 years old, was ill with severe COVID -19 (CT-4). 

a ð CT of the lungs, axial section, performed on day 10 of the disease. b ð CT of the lungs, axial section, per-

formed 2 months after the onset of the disease. ɝ ð SPECT of the lungs, performed 3 months after the onset of 

the disease, scintigram on the posterior projection. d ð Computer processing of the results of SPECT of the 

lungs 3 months after recov ery (mean values of microcirculation ð 70% to the norm on the right; 64% ð on the 

left). A significant number of areas with hypoperfusion from 27% of the norm to 69% of the norm are deter-

mined.            
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ɞɑɗɨ ɠɔɍɜɔəɚɏɑəɌ  ɐɚ  4,8 ɘɏ/ ɗ. Ȱɜɟɏɔɡ ɓəɌ-

ɣɔɘɧɡ ɖɗɔəɔɖɚ-ɗɌɍɚɜɌɞɚɜəɧɡ ɔɓɘɑəɑəɔɕ əɑ 

ɎɧɫɎɗɑəɚ. Ȼɚ ɐɌəəɧɘ ȶȾ (ɜɔɝ. 3 Ɍ, ɍ) ɚɞɘɑɣɌ-

ɑɞɝɫ ɛɚɗɚɒɔɞɑɗɨəɌɫ ɐɔəɌɘɔɖɌ, ɛɜɌɖɞɔɣɑɝɖɔ 

ɝ ɛɚɗəɧɘ ɜɑɏɜɑɝɝɚɘ ɓɚə ɖɚəɝɚɗɔɐɌɢɔɔ ɔ çɘɌ-

ɞɚɎɚɏɚ ɝɞɑɖɗɌè. Ȼɜɔ Ɏɧɛɚɗəɑəɔɔ ȺɀɉȶȾ (ɜɔɝ. 

3 Ɏ) ɎɧɫɎɗɑəɧ əɌɜɟɤɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ 

Ɏ ɚɍɚɔɡ ɗɑɏɖɔɡ, ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ ɐɔɠɠɟɓəɚ-

ɏɚ ɡɌɜɌɖɞɑɜɌ. Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɖɚɘɛɨɪɞɑɜəɚ-

ɏɚ ɜɌɝɣɑɞɌ ɔɓɘɑəɑəɔɕ (ɜɔɝ. 3 ɏ) ɎɧɫɎɗɑəɚ 

ɓəɌɣɔɘɚɑ ɝəɔɒɑəɔɑ ɛɑɜɠɟɓɔɔ, ɚɛɜɑɐɑɗɫɑɞɝɫ 

ɓəɌɣɔɞɑɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɟɣɌɝɞɖɚɎ  ɝ ɏɔɛɚ-

ɛɑɜɠɟɓɔɑɕ ɚɞ 27% ɚɞ əɚɜɘɧ ɐɚ 69% ɚɞ əɚɜ-

ɘɧ. 

Ƚɞɑɛɑəɨ ɎɧɜɌɒɑəəɚɝɞɔ əɌɜɟɤɑəɔɕ 

ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɔɘɑɗɌ ɐɚɝɞɚɎɑɜəɟɪ ɓɌɎɔ-

ɝɔɘɚɝɞɨ (p<0,05, r=0,76) ɚɞ ɝɞɑɛɑəɔ ɛɚɜɌɒɑ-

əɔɫ ɗɑɏɚɣəɚɕ ɛɌɜɑəɡɔɘɧ ɔ  ɝɜɑɐəɪɪ ɖɚɜɜɑ-

ɗɫɢɔɚəəɟɪ ɓɌɎɔɝɔɘɚɝɞɨ (r=0,51)  ɚɞ ɝɜɚɖɚɎ 

ɛɚɝɞɖɚɎɔɐəɚɏɚ ɛɑɜɔɚɐɌ.  

Ȯ ɛɜɚɎɑɐɑəəɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɟ 107 ɛɌ-

ɢɔɑəɞɚɎ (62,9%)  əɌ ɠɚəɑ ɞɑɖɟɥɑɏɚ ɎɌɝɖɟɗɔ-

ɞɌ, ɣɞɚ ɛɚɐɞɎɑɜɒɐɌɗɚɝɨ ɜɑɓɟɗɨɞɌɞɌɘɔ ɖɚɘ-

ɛɨɪɞɑɜəɚɏɚ ɜɌɝɣɑɞɌ ɐɑɠɔɢɔɞɌ ɛɑɜɠɟɓɔɔ, ɘɧ 

ɎɧɫɎɗɫɗɔ ɛɜɔɓəɌɖɔ ȾɉȷȬ (ɘɔɖɜɚɞɜɚɘɍɚɓɚɎ), 

ɛɜɚɫɎɗɫɪɥɔɑɝɫ ɞɜɑɟɏɚɗɨəɚɕ ɠɚɜɘɚɕ ɐɑɠɑɖ-

ɞɌɘɔ ɛɑɜɠɟɓɔɔ ɝɑɏɘɑəɞɌɜəɚɏɚ ɔ ɝɟɍɝɑɏɘɑə-

ɞɌɜəɚɏɚ ɟɜɚɎəɫ. ȮɧɫɎɗɑəɔɑ ɞɜɑɟɏɚɗɨəɚɕ 

 

ȼɔɝ. 4 Ɍ (Fig. 4 Ɍ) 
 

 

ȼɔɝ. 4 ɍ (Fig. 4 b) 

˽͍͔ͪ͊ͦ ͔͎͔ͦ͟͡ ˶͔͍͔ͦ ͔͎͔ͦ͟͡

0,562057 0,645833 0,62602 0,997224 1,125237 0,89599 0,87687 1,002987 0,995741 0,96741

0,747155 0,541964 0,738643 0,850876 1,021759 0,669249 0,523341 0,621963 1,061813 1,119658

0,621072 0,64802 0,76847 0,732962 0,737326 0,520347 0,40741 0,480625 0,873853 0,964966

0,803951 0,778641 0,857645 0,66367 0,498866 0,610189 0,438826 0,473568 0,715215 0,92805

0,89061 0,853631 0,800236 0,529117 0,444225 0,783294 0,594788 0,516054 0,721127 0,89786

0,925278 0,910884 0,82559 0,513837 0,575069 0,769092 0,792465 0,593314 0,754384 0,830769

1,01121 1,056805 0,949286 0,543239 0,670309 0,684296 0,709961 0,602121 0,771424 0,867761

1,102719 1,413427 1,182706 0,624405 0,792725 0,674788 0,523999 0,47583 0,729149 0,83411

1,22903 1,80029 1,48414 0,773613 0,939607 0,586345 0,510217 0,511932 0,733177 0,858091

1,58414 1,359877 1,282068 1,062978 1,002384 0,699431 0,668419 0,739161 1,22903 1,201832

͔͔͔ͫͪ͒ͤ0,947722 1,000937 0,95148 0,729192 0,780751 0,882017 0,689302 0,60463 0,601756 0,858491 0,947051 0,740246 

ȼɔɝ. 4 Ɏ (Fig. 4 ɝ) 

ȼɔɝ. 4.    ȻɌɢɔɑəɞɖɌ Ȼ., 75 ɗɑɞ. ȭɚɗɑɗɌ COVID-19 Ɏ ɝɜɑɐəɑɞɫɒɑɗɚɕ ɠɚɜɘɑ (ȶȾ-3). 

Ɍ  ╖  ȶȾ ɣɑɜɑɓ 3 ɘɑɝɫɢɌ ɚɞ əɌɣɌɗɌ ɓɌɍɚɗɑɎɌəɔɫ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. Ⱥɛɜɑɐɑɗɫɪɞɝɫ ɚɝɞɌɞɚɣəɧɑ ɔɓɘɑəɑ-

əɔɫ: ɑɐɔəɔɣəɧɑ ɓɚəɧ çɘɌɞɚɎɚɏɚ ɝɞɑɖɗɌè. ɍ  ╖   ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 3 ɘɑɝɫɢɌ ɚɞ əɌɣɌɗɌ ɓɌɍɚɗɑɎɌəɔɫ, Ɍɖɝɔ-

ɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. ȮɧɫɎɗɑə ɗɚɖɌɗɨəɧɕ ɟɣɌɝɞɚɖ ɏɔɛɑɜɛɑɜɠɟɓɔɔ (ɟɖɌɓɌə ɝɞɜɑɗɖɚɕ). Ɏ  ╖   ȶɚɘɛɨɪɞɑɜəɌɫ 

ɚɍɜɌɍɚɞɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ȺɀɉȶȾ ɗɑɏɖɔɡ ɣɑɜɑɓ 3 ɘɑɝɫɢɌ ɛɚɝɗɑ ɎɧɓɐɚɜɚɎɗɑəɔɫ (ɝɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɘɔɖɜɚ-

ɢɔɜɖɟɗɫɢɔɔ  ╖  88% ɖ əɚɜɘɑ ɝɛɜɌɎɌ, 74%  ╖  ɝɗɑɎɌ). Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɓəɌɣɔɞɑɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɟɣɌɝɞɖɚɎ  ɝ 

ɏɔɛɚɛɑɜɠɟɓɔɑɕ  (40-69% ɚɞ əɚɜɘɧ).   

Fig. 4.    Patient  P., 75 years  old . She was sick in moderate -severe form, CT -3. 

a ð CT of the lu ngs, axial section, performed 3 months after the onset of the disease. Residual changes are 

determined ð single zones of "frosted glass". b ð SPECT of the lungs, performed 3 months after the onset of 

the disease. Axial slice. Identified a local area of hyp erperfusion (indicated by an arrow) c ð Computer pro-

cessing of the results of SPECT of the lungs of direct projection 3 months after recovery (mean values of mi-

crocirculation ð 88% to the norm on the right; 74% ð on the left). A significant number of areas  with hy-

poperfusion are determined (40 -69% of the norm).           
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ɠɚɜɘɧ ɐɑɠɑɖɞɚɎ əɌɖɚɛɗɑəɔɫ ȼɀȻ ɖɚɜɜɑɗɔ-

ɜɚɎɌɗɚ (r=0,88) ɝ ɛɚɎɧɤɑəɔɑɘ ɟɜɚɎəɫ Ȱ-

ɐɔɘɑɜɌ (1750+215 əɏ/ɘɗ). ȮɧɫɎɗɑəɔɑ ɘɑɗɖɔɡ, 

ɝɟɍɝɑɏɘɑəɞɌɜəɚɏɚ ɟɜɚɎəɫ, ɞɜɑɟɏɚɗɨəɚɕ ɠɚɜ-

ɘɧ ɐɑɠɑɖɞɚɎ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ,  ɝ ɣɌɝɞɔɣəɚ 

ɎɚɝɝɞɌəɚɎɗɑəəɧɘ ɖɜɚɎɚɞɚɖɚɘ, ɖɚɜɜɑɗɔɜɚɎɌ-

ɗɚ Ɏ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ (r=0,84) ɝ ɛɚɎɧɤɑəɔɑɘ 

ɟɜɚɎəɫ ɠɔɍɜɔəɚɏɑəɌ (4,6+1,8 ɘɏ/ɗ). 

ȻɜɔɓəɌɖɔ ȾɉȷȬ/ɘɔɖɜɚɞɜɚɘɍɚɓɚɎ/ ɛɚ-

ɝɞɞɜɚɘɍɚɩɘɍɚɗɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ ɐɚɝɞɚɎɑɜ-

əɚ ɣɌɥɑ (p<0,05, r=0,8) ɎɝɞɜɑɣɌɗɔɝɨ ɟ ɍɚɗɨ-

əɧɡ ɝ ɍɚɗɑɑ ɞɫɒɑɗɧɘ ɞɑɣɑəɔɑɘ ɓɌɍɚɗɑɎɌəɔɫ. 

ɉɞɚɘɟ ɝɛɚɝɚɍɝɞɎɟɑɞ ɐɗɔɞɑɗɨəɌɫ ɔɘɘɚɍɔɗɔɓɌ-

ɢɔɫ ɛɌɢɔɑəɞɚɎ,  əɌɗɔɣɔɑ ɝɚɛɟɞɝɞɎɟɪɥɔɡ ɓɌ-

ɍɚɗɑɎɌəɔɕ (ɓɌɍɚɗɑɎɌəɔɫ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɚɕ 

ɝɔɝɞɑɘɧ, ɝɌɡɌɜəɧɕ ɐɔɌɍɑɞ), Ɍ ɞɌɖɒɑ ɔɓɘɑəɑ-

əɔɑ ɝɚɝɟɐɔɝɞɚ-ɞɜɚɘɍɚɢɔɞɌɜəɚɏɚ ɔ ɖɚɌɏɟɗɫ-

ɢɔɚəəɚɏɚ ɏɑɘɚɝɞɌɓɌ, ɣɞɚ ɝɚɛɜɚɎɚɒɐɌɑɞɝɫ Ɍɖ-

ɞɔɎɌɢɔɑɕ ɠɔɍɜɔəɚɗɔɓɌ,  ɚ ɣɑɘ ɝɎɔɐɑɞɑɗɨ-

ɝɞɎɟɑɞ ɟɎɑɗɔɣɑəɔɑ Ɏ ɖɜɚɎɔ ɛɜɚɐɟɖɞɌ ɛɜɚɞɑɚ-

ɗɔɓɌ ɠɔɍɜɔəɌ  ╖  D-ɐɔɘɑɜɌ [11 , 12 , 20 ].         

ȿ 6-ɞɔ ɛɌɢɔɑəɞɚɎ ɍɧɗɔ ɎɧɫɎɗɑəɧ ɛɜɔ-

ɓəɌɖɔ ɖɜɚɎɚɔɓɗɔɫəɔɕ, ɣɞɚ ɛɜɚɫɎɗɫɗɚɝɨ ɘɑɗ-

ɖɔɘɔ ɗɚɖɌɗɨəɧɘɔ ɟɣɌɝɞɖɌɘɔ ɏɔɛɑɜɛɑɜɠɟɓɔɔ 

(ɜɔɝ. 4 ɍ). ȭɚɗɨəɧɑ ɛɜɑɐɦɫɎɗɫɗɔ ɒɌɗɚɍɧ əɌ 

ɚɍɥɟɪ ɝɗɌɍɚɝɞɨ ɔ ɚɐɧɤɖɟ. Ȯ ɌəɌɗɔɓɌɡ ɖɜɚɎɔ 

ɚɞɘɑɣɑəɚ ɝɚɡɜɌəɑəɔɑ əɔɓɖɚɏɚ ɟɜɚɎəɫ ɞɜɚɘ-

ɍɚɢɔɞɚɎ (ɘɑəɑɑ 100 ɞɧɝ./ɘɖɗ).  

Ȼɚɗɟɣɑəəɧɑ ɐɌəəɧɑ, Ɏ ɢɑɗɚɘ, ɝɚɚɞɎɑɞ-

ɝɞɎɟɪɞ ɐɌəəɧɘ ɘɔɜɚɎɚɕ ɗɔɞɑɜɌɞɟɜɧ ɚ ɜɌɓ-

Ɏɔɞɔɔ ɞɜɚɘɍɚɢɔɞɚɛɑəɔɔ. ȬɎɞɚɜɧ ɚɞɘɑɣɌɗɔ Ɏ 

ɝɎɚɑɕ ɜɌɍɚɞɑ ɟɘɑɜɑəəɚɑ ɝəɔɒɑâəɔɑ ɣɔɝɗɌ 

ɞɜɚɘɍɚɢɔɞɚɎ (100-150Ł109/ɗ) ɟ ɓəɌɣɔɞɑɗɨəɚɕ 

ɣɌɝɞɔ (70-90%) ɍɚɗɨəɧɡ, ɛɚɝɞɟɛɌɪɥɔɡ Ɏ ɝɞɌ-

ɢɔɚəɌɜ Ɏ ɞɫɒɑɗɚɘ ɝɚɝɞɚɫəɔɔ, əɑ ɛɜɔɎɚɐɫɥɑɑ  

ɖ ɜɌɓɎɔɞɔɪ ɖɜɚɎɚɞɑɣɑəɔɕ [21],  Ɍ ɟ 2% ɓɌɍɚ-

ɗɑɎɤɔɡ ɘɚɒɑɞ ɚɞɘɑɣɌɞɨɝɫ ɜɌɓɎɔɞɔɑ ɏɑɘɚɜɜɌ-

ɏɔɔ [22].   

Ȯ əɌɤɑɕ ɜɌɍɚɞɑ ɘɧ ɝɚɛɚɝɞɌɎɔɗɔ ɔɓɘɑ-

əɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ ɟ ɛɌɢɔɑə-

ɞɚɎ, ɛɑɜɑəɑɝɤɔɡ COVID-19 ɝ ɡɜɚəɔɣɑɝɖɔɘɔ 

ɓɌɍɚɗɑɎɌəɔɫɘɔ ɗɑɏɖɔɡ (ɁȺȭȷ 3ɝɞ (GOLD 

2020)), ɔəɞɑɜɝɞɔɢɔɌɗɨəɧɘɔ ɓɌɍɚɗɑɎɌəɔɫɘɔ 

ɗɑɏɖɔɡ (cɌɜɖɚɔɐɚɓ 2 ɝɞ., n=2; əɑɝɛɑɢɔɠɔɣɑ-

ɝɖɌɫ ɔəɞɑɜɝɞɔɢɔɌɗɨəɌɫ ɛəɑɎɘɚəɔɫ (ȹȽȴȻ), 

n=3) ɔ ɟ ɛɌɢɔɑəɞɚɎ ɍɑɓ ɛɌɞɚɗɚɏɔɔ ɚɜɏɌəɚɎ 

ɐɧɡɌəɔɫ. Ȱɗɫ ɌəɌɗɔɓɌ ɝɚɝɞɚɫəɔɫ ɖɜɚɎɚɚɍɜɌ-

ɥɑəɔɫ Ɏ ɗɑɏɖɔɡ ɍɧɗɚ Ɏɓɫɞɚ ɛɚ 5 ɛɌɢɔɑəɞɚɎ ɔɓ 

ɖɌɒɐɚɕ ɏɜɟɛɛɧ, ɛɑɜɑəɑɝɤɔɡ ɛəɑɎɘɚəɔɪ Ɏ 

ɞɫɒɑɗɚɕ ɠɚɜɘɑ (ȶȾ-4), ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ 

52,3+3,4 ɏɚɐɌ. ȭɚɗɨəɧɑ ɝ ɡɜɚəɔɣɑɝɖɔɘɔ ɓɌɍɚ-

ɗɑɎɌəɔɫɘɔ ɗɑɏɖɔɡ əɌɡɚɐɔɗɔɝɨ ɛɚ ɚɝəɚɎəɚɘɟ 

ɓɌɍɚɗɑɎɌəɔɪ Ɏ ɝɚɝɞɚɫəɔɔ ɜɑɘɔɝɝɔɔ ɐɗɔɞɑɗɨ-

əɚɑ Ɏɜɑɘɫ. ȻɜɚɎɚɐɔɗɚɝɨ ɛɗɌəɚɎɚɑ ɜɌɐɔɚɗɚɏɔ-

ɣɑɝɖɚɑ ɚɍɝɗɑɐɚɎɌəɔɑ. ȭɧɗ ɛɜɚɎɑɐɑə ɜɌɝɣɑɞ 

əɌɜɟɤɑəɔɕ ɛɑɜɠɟɓɔɔ ɐɚ ɓɌɍɚɗɑɎɌəɔɫ ɔ ɣɑɜɑɓ 

9 ɘɑɝɫɢɑɎ ɛɚɝɗɑ çɎɧɓɐɚɜɚɎɗɑəɔɫè. ȿ ɛɌɢɔɑə-

ɞɚɎ  ɍɑɓ ɛɌɞɚɗɚɏɔɔ ɚɜɏɌəɚɎ ɐɧɡɌəɔɫ ɝɚɝɞɚɫ-

əɔɑ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ ɛɜɔəɔɘɌɗɚɝɨ 

ɓɌ 100%. 

ȹɌɘɔ ɎɧɫɎɗɑəɚ ɐɚɝɞɚɎɑɜəɚ ɓəɌɣɔɘɚɑ 

ɝəɔɒɑəɔɑ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ (p=0,034) ɟ ɛɌ-

ɢɔɑəɞɚɎ ɝ ɡɜɚəɔɣɑɝɖɔɘɔ ɓɌɍɚɗɑɎɌəɔɫɘɔ ɗɑɏ-

ɖɔɡ (ɜɔɝ. 5). Ȼɚ ɐɌəəɧɘ ȶȾ ɛɜɚɏɜɑɝɝɔɜɚɎɌ-

əɔɫ ɚɝəɚɎəɚɏɚ ɓɌɍɚɗɑɎɌəɔɫ əɑ ɍɧɗɚ. Ȼɚ ɐɌə-

əɧɘ ɀȮȰ ɚɞɘɑɣɑəɚ ɝəɔɒɑəɔɑ ɐɔɠɠɟɓɔɚəəɚɕ 

ɝɛɚɝɚɍəɚɝɞɔ ɗɑɏɖɔɡ (əɌ 19,2+2,9%). ȹɚ 

əɌɔɍɚɗɑɑ ɓəɌɣɔɘɚɑ ɟɎɑɗɔɣɑəɔɑ  əɌɜɟɤɑəɔɕ 

ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɘɧ əɌɍɗɪɐɌɗɔ Ɏ ɓɚəɌɡ ɔɓ-

əɌɣɌɗɨəɚ ɝəɔɒɑəəɚɏɚ ɖɜɚɎɚɞɚɖɌ (ɜɔɝ. 6), ɏɐɑ 

ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɫ ɝəɔɓɔɗɌɝɨ ɐɚ 30% ɔ ɍɚɗɑɑ. 

ȶɜɚɘɑ ɩɞɚɏɚ, ɖɚɗɔɣɑɝɞɎɚ ɞɌɖɔɡ ɓɚə ɟɎɑɗɔɣɔ-

ɗɚɝɨ (ɜɔɝ. 6 ɐ).  

Ȯ əɌɤɑɘ ɘɌɞɑɜɔɌɗɑ ɛɜɑɐɝɞɌɎɗɑəɧ 

ɛɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɚ Ɏɗɔɫəɔɔ Ɏɔ-

ɜɟɝɌ SARS-CoV-2 əɌ ɝɚɝɞɚɫəɔɑ ɖɜɚɎɚɚɍɜɌɥɑ-

əɔɫ ɟ ɍɚɗɨəɧɡ ɝ ɡɜɚəɔɣɑɝɖɔɘɔ ɓɌɍɚɗɑɎɌəɔɫ-

ɘɔ ɗɑɏɖɔɡ. Ⱥəɔ ɛɚɖɌɓɧɎɌɪɞ ɚɍɥɟɪ ɞɑəɐɑə-

ɢɔɪ Ɏɗɔɫəɔɫ ɓɌɍɚɗɑɎɌəɔɫ əɌ ɘɔɖɜɚɢɔɜɖɟɗɫ-

ɞɚɜəɟɪ ɠɟəɖɢɔɪ ɗɑɏɖɔɡ. Ƚɖɚɜɑɑ Ɏɝɑɏɚ, ɩɞɚɘɟ 

ɝɛɚɝɚɍɝɞɎɟɪɞ ɔɓɘɑəɑəɔɫ, ɛɜɚɔɝɡɚɐɫɥɔɑ Ɏ 

ɝɚɝɟɐɔɝɞɚɕ ɝɞɑəɖɑ ɛɜɔ ɜɌɓɎɔɞɔɔ ɚɝəɚɎəɚɏɚ 

ɓɌɍɚɗɑɎɌəɔɫ ð ɛɚɎɜɑɒɐɑəɔɑ ɘɌɖɜɚɠɌɏɌɗɨəɧ-

ɘɔ ɏɜɌəɟɗɑɘɌɘɔ, ɩɖɝɛɜɑɝɝɔɫ ɠɌɖɞɚɜɚɎ ɜɚɝɞɌ 

(TGF-ȁ, PDGF, VEGF-Ȭ). ɉɞɚ ɛɜɔɎɚɐɔɞ ɖ ɍɑɝ-

ɖɗɑɞɚɣəɚɘɟ ɠɔɍɜɚɓɟ ɔ ɛɚɗəɚɕ ɚɍɗɔɞɑɜɌɢɔɔ 

ɛɜɚɝɎɑɞɌ ɝɚɝɟɐɌ, ɜɌɓɎɔɞɔɪ ɛɌɞɚɗɚɏɔɣɑɝɖɚɏɚ 

ɌəɏɔɚɏɑəɑɓɌ ɔ ɎɌɝɖɟɗɚɏɑəɑɓɌ. ȹɌ ɠɚəɑ ɡɜɚ-

əɔɣɑɝɖɚɕ ɏɔɛɚɖɝɑɘɔɔ ɟɎɑɗɔɣɔɎɌɑɞɝɫ ɝɑɖɜɑ-

ɢɔɫ ɠɌɖɞɚɜɚɎ ɎɌɓɚɖɚəɝɞɜɔɖɢɔɔ (ɩəɐɚɞɑɗɔə-

1),  ɝəɔɒɌɑɞɝɫ  ɚɍɜɌɓɚɎɌəɔɑ NO ɔ ɟɎɑɗɔɣɔɎɌ- 

 

ȼɔɝ. 5 (Fig. 5) 

ȼɔɝ. 5.    ȰɔɌɏɜɌɘɘɌ.  

ȴɓɘɑəɑəɔɑ ɝɜɑɐəɔɡ ɓəɌɣɑəɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ 

ɚɍɚɔɡ ɗɑɏɖɔɡ ɟ ɜɌɓəɧɡ ɍɚɗɨəɧɡ ɣɑɜɑɓ 9 ɘɑɝɫɢɑɎ 

ɛɚɝɞɖɚɎɔɐəɚɏɚ ɛɑɜɔɚɐɌ.  

Fig. 5.    Diagram.  

Histograms reflecting the change in the mean values 

of microcirculation in both lungs in different patients 

after 9 months postcovid period.  
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ȼɔɝ. 6 Ɍ (Fig. 6 Ɍ) 

 

ȼɔɝ. 6 ɍ (Fig. 6 b) 

 

ȼɔɝ. 6 Ɏ (Fig. 6 ɝ) 

 

ȼɔɝ. 6 ɏ (Fig. 6 d) 

 

ȼɔɝ. 6 ɐ (Fig. 6 ɑ) 

ȼɔɝ. 6.     ȻɌɢɔɑəɞ ȸ., 49 ɗɑɞ. ȰɔɌɏəɚɓ ɁȺȭȷ 3 ɝɞ., ɜɑɘɔɝɝɔɫ. Ȼɑɜɑɍɚɗɑɗ COVID-19 Ɏ ɞɫɒɑɗɚɕ 

ɠɚɜɘɑ (ȶȾ-4). ȻɗɌəɚɎɚɑ ɜɌɐɔɚɗɚɏɔɣɑɝɖɚɑ ɚɍɝɗɑɐɚɎɌəɔɑ. 

Ɍ  ╖  ȶȾ ɚɞ 2019 ɏ., ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. Ȱɚ ɓɌɍɚɗɑɎɌəɔɫ COVID -19. ȻɌəɌɢɔəɌɜəɌɫ ɩɘɠɔɓɑɘɌ. ȬəɌɗɚ-

ɏɔɣəɧɑ ɝɞɜɟɖɞɟɜəɧɑ ɔɓɘɑəɑəɔɫ Ɏ ɛɌɜɑəɡɔɘɑ ɗɑɏɖɔɡ ɎɧɫɎɗɑəɧ Ɏ ɘɌɑ 2021 ɏɚɐɌ. ɍ, ɏ  ╖ ȽɢɔəɞɔɏɜɌɘɘɌ 

ɗɑɏɖɔɡ Ɏ ɛɑɜɑɐəɑɕ ɛɜɚɑɖɢɔɔ ɔ ɖɚɗɔɣɑɝɞɎɑəəɧɕ ɜɌɝɣɑɞ ɔɓɘɑəɑəɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ ɚɞ 13 ɘɌɫ 2019 

ɏɚɐɌ (ɐɚ COVID -19) ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȮɧɫɎɗɑəɧ ɓəɌɣɔɞɑɗɨəɧɑ ɗɚɖɌɗɨəɧɑ  ɔɓɘɑəɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ. 

Ɏ, ɐ  ╖  ȽɢɔəɞɔɏɜɌɘɘɌ ɗɑɏɖɔɡ Ɏ ɛɑɜɑɐəɑɕ ɛɜɚɑɖɢɔɔ ɔ ɖɚɗɔɣɑɝɞɎɑəəɧɕ ɜɌɝɣɑɞ ɔɓɘɑəɑəɔɕ ɘɔɖɜɚɢɔɜɖɟɗɫ-

ɢɔɔ ɚɞ 19 ɘɌɫ 2021 ɏɚɐɌ (ɣɑɜɑɓ 9 ɘɑɝɫɢɑɎ ɛɚɝɗɑ COVID -19). ȺɞɜɔɢɌɞɑɗɨəɌɫ ɐɔəɌɘɔɖɌ: ɎɧɫɎɗɫɑɞɝɫ ɑɥɑ 

ɍɚɗɑɑ ɓəɌɣɔɘɚɑ ɝəɔɒɑəɔɑ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɓɚəɌɡ ɏɔɛɚɛɑɜɠɟɓɔɔ ( ɝəɔɒɑəɔɑ ɐɚ 30% ɛɚ ɝɜɌɎəɑəɔɪ ɝ 

ɛɜɑɐɧɐɟɥɔɘ ɔɝɝɗɑɐɚɎɌəɔɑɘ). 

Fig. 6.   Patient M., 49 years old. COPD diagnosis 3 tbsp. The state of remission. Had been ill with 

COVID-19 in a severe form (CT -4). Routine radiological examination.   

a ð CT, axial slice. Panacinar emphysema. Study 2019  Before the disease. Similar structural changes in the 

lung parenchyma were identified in May 2021. b, d ð Scintigram of the lungs in the anterior projection and 

quantitative calculation of changes in microcirculation from May 13, 2019 (before COVID -19). R evealed sig-

nificant local changes in microcirculation. c, d ð Lung scintigram in the anterior projection and quantitative 

calculation of changes in microcirculation from May 19, 2021 (after 9 months COVID -19). Negative dynamics. 

Even more significant decre ase in microcirculation in the areas of hypoperfusion is revealed (a decrease of up 

to 30% in comparison with the previous study).  
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ɑɞɝɫ ɜɔɝɖ ɞɜɚɘɍɚɚɍɜɌɓɚɎɌəɔɫ, ɣɞɚ ɝɛɚɝɚɍ-

ɝɞɎɟɑɞ ɜɌɓɎɔɞɔɪ çthrombosis in situè [23, 24]. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɘɚɒəɚ ɛɜɑɐɛɚɗɚɒɔɞɨ, 

ɣɞɚ ɟ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ COVID-19, 

ɛɜɚɔɝɡɚɐɫɞ ɝɔɝɞɑɘəɧɑ əɌɜɟɤɑəɔɫ ɘɔɖɜɚ-

ɢɔɜɖɟɗɫɢɔɔ.  

ȳɌɖɗɪɣɑəɔɑ. 

ȹɌɜɟɤɑəɔɫ ɘɔɖɜɚɢɔɜɖɟɗɫɢɔɔ Ɏ ɗɑɏɖɔɡ 

ɝɚɡɜɌəɫɪɞɝɫ ɐɗɔɞɑɗɨəɚɑ Ɏɜɑɘɫ ɔ ɎɧɫɎɗɫɪɞɝɫ 

ɟ ɍɚɗɨəɧɡ, Ɏəɑ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɞɫɒɑɝɞɔ ɞɑɣɑ-

əɔɫ ɛɌɞɚɗɚɏɔɣɑɝɖɚɏɚ ɛɜɚɢɑɝɝɌ. ȮɧɫɎɗɑəəɧɑ 

ɔɓɘɑəɑəɔɫ ɟɎɑɗɔɣɔɎɌɪɞɝɫ ɛɜɔ ɐɔəɌɘɔɣɑ-

ɝɖɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ.  Ȱɑɠɔɢɔɞ ɛɑɜɠɟɓɔɔ ɓɌ-

Ɏɔɝɔɞ ɚɞ ɝɞɑɛɑəɔ ɛɚɜɌɒɑəɔɫ ɗɑɏɚɣəɚɕ ɛɌ-

ɜɑəɡɔɘɧ. ȿ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ COVID-

19 ɝ ɜɌɓɎɔɞɔɑɘ ɞɜɚɘɍɚɓɚɎ, ɎɧɫɎɗɫɪɞɝɫ ɛɜɔ-

ɓəɌɖɔ ɛɑɜɑəɑɝɑəəɚɕ ȾɉȷȬ ɔ ɠɚɜɘɔɜɟɪɞɝɫ 

ɓɚəɧ ɗɚɖɌɗɨəɚɏɚ ɛəɑɎɘɚɝɖɗɑɜɚɓɌ. 

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ɛɜɔ ɝɚɣɑɞɌəəɚ ɕ ɖɌɜɐɔɚɛɟɗɨɘɚəɌɗɨəɚɕ ɛɌɞɚɗɚɏɔɔ (ɚɍɓɚɜ 

ɗɔɞɑɜɌɞɟɜɧ). ȭɪɗɗɑɞɑəɨ ɠɔɓɔɚɗɚɏɔɔ ɔ ɛɌɞɚɗɚɏɔɔ ɐɧ-

ɡɌəɔɫ. 2018; (67): 83-92. 

DOI:10.12737/ article _5a9f2b6c723 c93.71757652 . 
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ȻȼȱȰȺȻȱȼȬɂȴȺȹȹȬɋ ȷȿɃȱȮȬɋ ȰȴȬȯȹȺȽȾȴȶȬ ȺȽȾȼɇɁ ȽȿȭȬȼȬɁȹȺȴȰȬȷɈȹɇɁ 

ȶȼȺȮȺȴȳȷȴɋȹȴȵ ȮȽȷȱȰȽȾȮȴȱ ȼȬȳȼɇȮȬ ɂȱȼȱȭȼȬȷɈȹɇɁ ȬȹȱȮȼȴȳȸ 
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ɜɑɓɟɗɨɞɌɞɑ ɘəɚɏɚɣɔɝɗɑəəɧɡ ɘɑɒɐɟəɌɜɚɐəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɛɚ ɛɜɚɍɗɑɘɑ ɐɔɌɏəɚɝɞɔɖɔ 

ɌəɑɎɜɔɓɘ Ɍɜɞɑɜɔɕ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɔ ɎɧɓɎɌəəɧɡ ɔɘɔ ɝɟɍɌɜɌɡəɚɔɐɌɗɨəɧɡ ɖɜɚɎɚɔɓɗɔɫ-

əɔɕ (ȽȬȶ), ɍɧɗɔ ɜɌɓɜɌɍɚɞɌəɧ ɖɗɔəɔɣɑɝɖɔɑ ɜɑɖɚɘɑəɐɌɢɔɔ ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɡ Ɍɝɝɚɢɔ-

Ɍɢɔɕ. Ȯ əɔɡ ɜɑɖɚɘɑəɐɟɑɞɝɫ ɛɜɔɘɑəɑəɔɑ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ (ȶȾ) ɔ ȶȾ-

ɌəɏɔɚɏɜɌɠɔɔ (ȶȾȬȯ) ɖɌɖ ɘɑɞɚɐɚɎ ɛɑɜɎɚɕ ɗɔəɔɔ ɐɔɌɏəɚɝɞɔɖɔ. ȽɚɎɜɑɘɑəəɧɑ ɝɔɝɞɑɘɧ 

ȶȾ ɛɚ ɝɎɚɑɕ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɔ ɔ ɝɛɑɢɔɠɔɣəɚɝɞɔ ɎɧɫɎɗɑəɔɫ ɌəɑɎɜɔɓɘ ɔ ȽȬȶ ɛɜɌɖɞɔɣɑɝɖɔ ɝɜɌɎ-

əɫɗɔɝɨ ɝ ɔəɎɌɓɔɎəɚɕ ɢɑɜɑɍɜɌɗɨəɚɕ ɌəɏɔɚɏɜɌɠɔɑɕ. ȸɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɌəɏɔɚɏɜɌɠɔɫ (ȸȼȬ) əɑ 

ɟɝɞɟɛɌɑɞ ȶȾȬȯ ɛɚ ɝɎɚɑɕ ɔəɠɚɜɘɌɞɔɎəɚɝɞɔ, əɚ ɛɚ ɝɎɚɑɕ ɐɚɝɞɟɛəɚɝɞɔ Ɏ əɑɚɞɗɚɒəɧɡ ɝɔɞɟɌɢɔɫɡ 

ɚəɌ ɟɝɞɟɛɌɑɞ ȶȾ. ɂɑɜɑɍɜɌɗɨəɌɫ ɌəɏɔɚɏɜɌɠɔɫ ɚɝɞɌɑɞɝɫ ɩɞɌɗɚəəɧɘ ɘɑɞɚɐɚɎ ɎɧɫɎɗɑəɔɫ ɌəɑɎɜɔɓɘ 

(ɚɝɚɍɑəəɚ ɘɑɗɖɔɡ) Ɏ ɝɗɚɒəɧɡ ɝɗɟɣɌɫɡ, ɖɚɏɐɌ ȶȾȬȯ ɔɗɔ ȸȼȬ əɑ ɘɚɏɟɞ əɌɕɞɔ ɔɝɞɚɣəɔɖ ɖɜɚɎɚɞɑ-

ɣɑəɔɫ. ȴɝɖɟɝɝɞɎɑəəɧɕ ɔəɞɑɗɗɑɖɞ ɘɚɒɑɞ ɑɥɑ ɍɚɗɑɑ ɛɚɎɧɝɔɞɨ ɔəɠɚɜɘɌɞɔɎəɚɝɞɨ ȶȾȬȯ ɔ ȸȼȬ Ɏ 

ɎɧɫɎɗɑəɔɔ ɌəɑɎɜɔɓɘ ɔ ȽȬȶ ɔ Ɏəɑɝɞɔ ɝɟɥɑɝɞɎɑəəɧɕ ɎɖɗɌɐ Ɏ ɚɢɑəɖɟ ɛɜɚɏəɚɓɌ.  

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ, ȶȾ, ȶȾ-ɌəɏɔɚɏɜɌɠɔɫ, ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ 

ɞɚɘɚɏɜɌɠɔɫ, ȸȼȾ, ȸȼ-ɌəɏɔɚɏɜɌɠɔɫ, ɢɑɜɑɍɜɌɗɨəɌɫ ɌəɏɔɚɏɜɌɠɔɫ, ɌəɑɎɜɔɓɘɌ, ɏɚɗɚɎəɚɕ ɘɚɓɏ, ɝɟɍ-

ɌɜɌɡəɚɔɐɌɗɨəɚɑ ɖɜɚɎɚɔɓɗɔɫəɔɑ. 

 

ȶɚəɞɌɖɞəɧɕ ɌɎɞɚɜ: ȳɫɍɗɚɎɌ ȱ.ȴ., e-mail: elenazyablova@inbox.ru  

 

Ȱɗɫ ɢɔɞɔɜɚɎɌəɔɫ: ȳɫɍɗɚɎɌ ȱ.ȴ, ȻɚɜɡɌəɚɎ Ȯ.Ȭ., Ƚɔəɔɢɧə Ȯ.ȱ. ȻɜɑɐɚɛɑɜɌɢɔɚəəɌɫ ɗɟɣɑɎɌɫ 

ɐɔɌɏəɚɝɞɔɖɌ ɚɝɞɜɧɡ ɝɟɍɌɜɌɡəɚɔɐɌɗɨəɧɡ ɖɜɚɎɚɔɓɗɔɫəɔɕ ɎɝɗɑɐɝɞɎɔɑ ɜɌɓɜɧɎɌ ɢɑɜɑɍɜɌɗɨəɧɡ Ɍəɑ-

Ɏɜɔɓɘ. REJR 2021; 11( 2):19-31 . DOI: 10.2156 9/2222 -7415 -2021 -11-2-19-31.  

 
ȽɞɌɞɨɫ ɛɚɗɟɣɑəɌ: 28.02.21  ȽɞɌɞɨɫ ɛɜɔəɫɞɌ:  12.05.21 
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s a result of multiple studies and trials, international radiolog ical and neurological socie-

ties have created guidelines with recommendations about evidence -based use of different 

imaging modalities for detection and characterization of intracerebral aneurysms and sub-

arachnoid arterial hemorrhage (SAH). They recommend u se of computed tomography (CT) 

and CT -angiography (CTA) as first -line modalities in SAH. The sensitivity and specificity of CTA per-

formed with the state -of-the -art systems are very close to diagnostic parameters of catheter cerebral 

angiography. Magnetic r esonance (MR) angiography (MRA) has practicaly the same diagnostic value 

in paticents with SAH and cerebral aneurysms, but it is less suited for emergent cases in comparison 

Ȯ 

Ȭ 

ȹȬȿɃȹɇȵ ȺȭȳȺȼ 

 

 

 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

 

  | www.rejr.ru | REJR. 2021; 11 (2):19-31       DOI:10.21569/2222-7415-2021-11-2-19-31                        20 
  

with CT. Catheter cerebral angiography stays a gold standard modality in difficult  cases of SAH, 

when CTA or MRA cannot find the source of bleeding. Artificial intelligence may further increase the 

diagnostic value of CTA and MRA in detection of SAH and cerebral aneurysms and help with progno-

sis stratification.  

  

 Keywords: computed tom ography, CT, CT cerebral angiography, magnetic resonance imag -

ing, MRI, MR -angiography, cerebral angiography, aneurysm, brain, subarachnoid hemorrhage.  
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ɝɞɜɚɑ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɑ ɝɟɍɌɜɌɡ-

əɚɔɐɌɗɨəɚɑ ɖɜɚɎɚɔɓɗɔɫəɔɑ (ȽȬȶ) 

ɎɝɗɑɐɝɞɎɔɑ ɜɌɓɜɧɎɌ ɌəɑɎɜɔɓɘ ɏɚ-

ɗɚɎəɚɏɚ ɘɚɓɏɌ ɫɎɗɫɑɞɝɫ ɚɐəɔɘ ɔɓ 

ɝɌɘɧɡ ɞɫɒɑɗɧɡ ɎɔɐɚɎ ɏɑɘɚɜɜɌɏɔ-

ɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ. Ȼɚ ɐɌəəɧɘ Ȯɝɑɘɔɜəɚɕ ɚɜ-

ɏɌəɔɓɌɢɔɔ ɓɐɜɌɎɚɚɡɜɌəɑəɔɫ, ɓɌɍɚɗɑɎɌɑɘɚɝɞɨ 

ȽȬȶ ɓəɌɣɔɞɑɗɨəɚ ɎɌɜɨɔɜɟɑɞ ð ɚɞ 2,0 ɐɚ 22,5 

ɝɗɟɣɌɑɎ əɌ 100000 ɣɑɗɚɎɑɖ [1]. ȹɑɝɘɚɞɜɫ əɌ 

ɟɗɟɣɤɑəɔɫ ɘɑɞɚɐɚɎ ɐɔɌɏəɚɝɞɔɖɔ ɔ ɗɑɣɑəɔɫ, 

ɟɜɚɎɑəɨ ɝɘɑɜɞəɚɝɞɔ ɚɞ ɚɝɞɜɚɏɚ əɑɞɜɌɎɘɌɞɔ-

ɣɑɝɖɚɏɚ ȽȬȶ ɓɌ ɛɚɝɗɑɐəɑɑ ɐɑɝɫɞɔɗɑɞɔɑ ɝɟɥɑ-

ɝɞɎɑəəɚ əɑ ɔɓɘɑəɔɗɝɫ. Ȼɚ ɐɌəəɧɘ ɜɌɓɗɔɣəɧɡ 

ɌɎɞɚɜɚɎ, ɛɚɏɔɍɌɑɞ ɚɞ 30% ɐɚ 50% ɍɚɗɨəɧɡ ɝ 

ȽȬȶ. ȭɚɗɑɑ 15% ɛɌɢɔɑəɞɚɎ ɟɘɔɜɌɪɞ, əɑ 

ɟɝɛɑɎ ɚɍɜɌɞɔɞɨɝɫ ɓɌ ɘɑɐɔɢɔəɝɖɚɕ ɛɚɘɚɥɨɪ 

[2]. ȮɧɒɔɎɤɔɑ ɛɌɢɔɑəɞɧ ɣɌɝɞɚ ɝɞɜɌɐɌɪɞ ɚɞ 

ɡɜɚəɔɣɑɝɖɔɡ ɏɚɗɚɎəɧɡ ɍɚɗɑɕ, əɌɜɟɤɑəɔɕ 

ɝəɌ, əɑɕɜɚɖɚɏəɔɞɔɎəɧɡ ɔ ɛɝɔɡɔɌɞɜɔɣɑɝɖɔɡ 

ɛɜɚɍɗɑɘ, ɖɚɞɚɜɧɑ ɚɞɜɔɢɌɞɑɗɨəɚ ɝɖɌ-

ɓɧɎɌɪɞɝɫ əɌ ɖɌɣɑɝɞɎɑ ɒɔɓəɔ [3]. 

Ȯ ɜɑɓɟɗɨɞɌɞɑ ɘəɚɏɚɗɑɞəɔɡ ɘɑɒɐɟəɌɜɚɐ-

əɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɛɚ ɛɜɚɍɗɑɘɑ ɗɑɣɑəɔɫ ɍɚɗɨ-

əɧɡ ɝ ɌəɑɎɜɔɓɘɌɞɔɣɑɝɖɚɕ ɍɚɗɑɓəɨɪ ɏɚɗɚɎəɚ-

ɏɚ ɘɚɓɏɌ, ɜɌɓɜɌɍɚɞɌəɧ ɖɗɔəɔɣɑɝɖɔɑ ɜɑɖɚɘɑə-

ɐɌɢɔɔ ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɡ ɌɝɝɚɢɔɌɢɔɕ ɔ ɚɍ-

ɥɑɝɞɎ. ȽɌɘɧɘɔ ɌɎɞɚɜɔɞɑɞəɧɘɔ ɛɜɔɓəɌɪɞɝɫ 

ɖɗɔəɔɣɑɝɖɔɑ ɜɑɖɚɘɑəɐɌɢɔɔ ȱɎɜɚɛɑɕɝɖɚɕ Ɍɝ-

ɝɚɢɔɌɢɔɔ ɔəɝɟɗɨɞɌ (EuGmIASAH) ɚɞ 2013 ɏ. ɔ 

ȬɘɑɜɔɖɌəɝɖɚɕ ɌɝɝɚɢɔɌɢɔɔ ɔəɝɟɗɨɞɌ 

(AmGmASAH) ɚɞ 2012 ɏ. (ɛɚɝɗɑɐəɔɕ ɛɑɜɑ-

ɝɘɚɞɜ) [2]. Ȯ 2012 ɏ. ɍɧɗɔ ɟɞɎɑɜɒɐɑəɧ ɖɗɔ-

əɔɣɑɝɖɔɑ ɜɑɖɚɘɑəɐɌɢɔɔ ȬɝɝɚɢɔɌɢɔɔ əɑɕɜɚ-

ɡɔɜɟɜɏɚɎ ȼɚɝɝɔɔ (Ȭȹȼ) ɛɚ ɗɑɣɑəɔɪ ɛɌɢɔɑəɞɚɎ 

ɝ ɌəɑɎɜɔɓɘɌɞɔɣɑɝɖɔɘɔ ȽȬȶ, Ɏ 2015 ɏ. ð ɖɗɔ-

əɔɣɑɝɖɔɑ ɜɑɖɚɘɑəɐɌɢɔɔ Ȭȹȼ ɛɚ ɗɑɣɑəɔɪ əɑ-

ɜɌɓɚɜɎɌɎɤɔɡɝɫ ɌəɑɎɜɔɓɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [6]. 

ȶɗɔəɔɣɑɝɖɔ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɑ ȽȬȶ 

ɚɍɧɣəɚ ɐɑɍɪɞɔɜɟɑɞ ɝɔɗɨəɑɕɤɑɕ ɏɚɗɚɎəɚɕ 

ɍɚɗɨɪ, ɣɌɝɞɚ ɝɚɛɜɚɎɚɒɐɌɑɞɝɫ ɞɚɤəɚɞɚɕ ɔ 

ɜɎɚɞɚɕ, ɜɔɏɔɐəɚɝɞɨɪ ɓɌɞɧɗɚɣəɧɡ ɘɧɤɢ, ɛɚ-

ɞɑɜɑɕ ɝɚɓəɌəɔɫ ɔ ɝɟɐɚɜɚɏɌɘɔ. ȹɑɍɚɗɨɤɚɑ 

ȽȬȶ ɚɍɧɣəɚ ɛɜɚɫɎɗɫɑɞɝɫ ɍɚɗɑɑ ɗɑɏɖɔɘɔ ɖɗɔ-

əɔɣɑɝɖɔɘɔ ɝɔɘɛɞɚɘɌɘɔ, əɚ ɛɜɔ ɑɏɚ ɟɎɑɗɔɣɑ-

əɔɔ ɚəɚ ɎɧɓɧɎɌɑɞ ɍɚɗɑɑ ɞɫɒɑɗɟɪ ɝɔɘɛɞɚɘɌ-

ɞɔɖɟ [4].  

ȷɑɣɑəɔɑ ȽȬȶ Ɏ ɓəɌɣɔɞɑɗɨəɚɕ ɝɞɑɛɑəɔ 

ɓɌɎɔɝɔɞ ɚɞ ɎɧɍɚɜɌ ɔ ɝɎɚɑɎɜɑɘɑəəɚɏɚ ɔɝɛɚɗɨ-

ɓɚɎɌəɔɫ ɘɑɞɚɐɚɎ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ ð 

əɌɣɔəɌɫ ɖɌɖ ɝ ɚɝɞɜɚɏɚ ɛɑɜɔɚɐɌ, ɖɚɏɐɌ ɛɌɢɔ-

ɑəɞ ɚɍɜɌɥɌɑɞɝɫ ɓɌ ɘɑɐɔɢɔəɝɖɚɕ ɛɚɘɚɥɨɪ, 

ɞɌɖ ɔ Ɏ ɞɑɣɑəɔɑ ɛɚɝɗɑɐɟɪɥɑɏɚ ɖɜɔɞɔɣɑɝɖɚɏɚ 

ɛɑɜɔɚɐɌ ɐɗɔɞɑɗɨəɚɝɞɨɪ 1-2 əɑɐɑɗɔ, ɖɚɏɐɌ ɘɚ-

ɏɟɞ Ɏɚɓəɔɖəɟɞɨ ɞɌɖɔɑ ɚɝɗɚɒəɑəɔɫ, ɖɌɖ ɛɚ-

Ɏɞɚɜəɚɑ ɖɜɚɎɚɞɑɣɑəɔɑ, ɏɔɐɜɚɢɑɠɌɗɔɫ, ɎɌɓɚ-

ɝɛɌɓɘ, ɚɞɑɖ ɘɚɓɏɌ [5]. ȱɥɑ Ɏ ɝɑɜɑɐɔəɑ 80-ɡ 

ɏɚɐɚɎ ɁɁ ɎɑɖɌ ɣɌɝɞɚɞɌ ɚɤɔɍɚɣəɧɡ ɐɔɌɏəɚɓɚɎ 

ȽȬȶ ɐɚɝɞɔɏɌɗɌ 65%. Ȼɚɓɐəɑɑ, ɔɓ-ɓɌ ɛɚɫɎɗɑ-

əɔɫ ɔ ɜɌɓɎɔɞɔɫ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ 

(ȶȾ), Ɍ ɓɌɞɑɘ ɔ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ ɞɚ-

ɘɚɏɜɌɠɔɔ (ȸȼȾ), ɩɞɚɞ ɛɚɖɌɓɌɞɑɗɨ ɝɟɥɑɝɞɎɑə-

əɚ ɝəɔɓɔɗɝɫ ð ɘɑəɑɑ 10%. ȿɣɔɞɧɎɌɫ ɜɌɝɛɜɚ-

ɝɞɜɌəɑəəɚɝɞɨ ɚɤɔɍɚɣəɧɡ ɐɔɌɏəɚɓɚɎ ȽȬȶ ɔ 

Ɏɚɓɘɚɒəɧɑ ɛɚɝɗɑɐɝɞɎɔɫ əɑɛɜɌɎɔɗɨəɚɕ ɐɔɌ-

ɏəɚɝɞɔɖɔ ɑɏɚ ɛɜɔɣɔə, ɍɧɝɞɜɚɑ ɔ ɛɚɗəɚɑ ɚɍ-

ɝɗɑɐɚɎɌəɔɑ ɛɌɢɔɑəɞɚɎ Ɏ ɚɝɞɜɧɕ ɛɑɜɔɚɐ ɔɘɑ-

ɑɞ ɛɑɜɎɚɝɞɑɛɑəəɚɑ ɓəɌɣɑəɔɑ [1]. ȽȬȶ, Ɏɧ-

ɓɎɌəəɚɑ ɜɌɓɜɧɎɚɘ ɌəɑɎɜɔɓɘ Ɍɜɞɑɜɔɕ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ, ɣɌɥɑ ɎɝɞɜɑɣɌɑɞɝɫ ɟ ɒɑəɥɔə Ɏ 

ɎɚɓɜɌɝɞɑ 40-60 ɗɑɞ.  

ȼɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɨ ɢɑɜɑɍɜɌɗɨəɧɡ Ɍəɑ-

Ɏɜɔɓɘ Ɏ ɚɍɥɑɕ ɛɚɛɟɗɫɢɔɔ, ɛɚ ɐɌəəɧɘ ɚɞɑɣɑ-

ɝɞɎɑəəɧɡ ɔ ɓɌɜɟɍɑɒəɧɡ ɟɣɑəɧɡ, ɝɚɝɞɌɎɗɫɑɞ 

ɛɜɔɘɑɜəɚ 2-5%. Ⱥəɔ ɣɌɥɑ ɎɝɞɜɑɣɌɪɞɝɫ ɟ 

ɛɌɢɔɑəɞɚɎ ɝ ɝɑɘɑɕəɧɘ ɌəɌɘəɑɓɚɘ ɌəɑɎɜɔɓɘ, 

ɛɚɗɔɖɔɝɞɚɓɚɘ ɛɚɣɑɖ, ɝɔəɐɜɚɘɚɘ ɉɗɑɜɝɌ-

ȰɌəɗɚ ɔ əɑɕɜɚɠɔɍɜɚɘɌɞɚɓɚɘ 1-ɏɚ ɞɔɛɌ. ȼɌɝɌ, 

ɖɟɜɑəɔɑ ɝɔɏɌɜɑɞ, ɜɌɓɘɑɜ əɑɜɌɓɚɜɎɌɎɤɑɕɝɫ 

ɌəɑɎɜɔɓɘɧ, ɛɚɞɜɑɍɗɑəɔɑ Ɍɗɖɚɏɚɗɫ ɔ ɎɚɓɜɌɝɞ 

ɞɌɖɒɑ ɫɎɗɫɪɞɝɫ ɎɌɒəɧɘɔ ɠɌɖɞɚɜɌɘɔ ɜɔɝɖɌ 

ɜɌɓɜɧɎɌ. ȴɘɑɪɞɝɫ ɐɌəəɧɑ, ɣɞɚ ɔɝɛɚɗɨɓɚɎɌ-

əɔɑ ɚɜɌɗɨəɧɡ ɖɚəɞɜɌɢɑɛɞɔɎɚɎ ɘɚɒɑɞ ɛɚɎɧ-

ɝɔɞɨ ɜɔɝɖ ȽȬȶ, əɚ ɐɚɖɌɓɌɞɑɗɨɝɞɎɌ Ɏ ɛɚɗɨɓɟ 

ɩɞɚɏɚ ɠɌɖɞɌ ɛɜɚɞɔɎɚɜɑɣɔɎɧ [5, 6].  
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ȳɌɍɚɗɑɎɌɑɘɚɝɞɨ ȽȬȶ ɞɌɖɒɑ ɝɎɫɓɌəɌ ɝɚ 

ɝɛɑɢɔɠɔɣɑɝɖɔɘɔ əɌɝɗɑɐɝɞɎɑəəɧɘɔ ɍɚɗɑɓəɫ-

ɘɔ ɝɚɑɐɔəɔɞɑɗɨəɚɕ ɞɖɌəɔ, əɚ ɐɚɗɫ ɩɞɔɡ ɛɌ-

ɢɔɑəɞɚɎ əɑɎɑɗɔɖɌ.  

ȹɑɝɘɚɞɜɫ əɌ ɞɚ, ɣɞɚ ɞɚɗɨɖɚ ɚɖɚɗɚ 1% 

ɝɟɥɑɝɞɎɟɪɥɔɡ ɌəɑɎɜɔɓɘ ɜɌɓɜɧɎɌɪɞɝɫ ɔ 

ɛɜɔɎɚɐɫɞ ɖ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɘɟ ɚɝɞɜɚɘɟ 

Ɏəɟɞɜɔɣɑɜɑɛəɚɘɟ ȽȬȶ, ɞɫɒɑɝɞɨ ɝɚɝɞɚɫəɔɫ 

ɛɌɢɔɑəɞɚɎ ɔ Ɏɧɝɚɖɔɕ ɜɔɝɖ əɑɍɗɌɏɚɛɜɔɫɞəɧɡ 

ɔɝɡɚɐɚɎ ɞɜɑɍɟɪɞ ɔɡ ɩɖɝɞɜɑəəɚɏɚ ɎɧɫɎɗɑəɔɫ 

ɐɗɫ ɎɧɍɚɜɌ ɝɎɚɑɎɜɑɘɑəəɚɕ ɞɌɖɞɔɖɔ ɗɑɣɑəɔɫ. 

Ȼɜɔ ȽȬȶ ɘɚɏɟɞ ɜɌɓɎɔɎɌɞɨɝɫ ɛɚɎɞɚɜəɧɑ 

ɖɜɚɎɚɞɑɣɑəɔɫ. ȴɡ ɛɔɖɚɎɌɫ ɣɌɝɞɚɞɌ ɛɜɔɡɚ-

ɐɔɞɝɫ ɛɜɔ əɑɞɜɌɎɘɌɞɔɣɑɝɖɔɡ ȽȬȶ əɌ ɛɑɜɎɧɑ 

24 ɣɌɝɌ ɛɚɝɗɑ ɛɑɜɎɚəɌɣɌɗɨəɚɏɚ ɜɌɓɜɧɎɌ. Ƚɚ-

Ɏɚɖɟɛəɧɕ ɜɔɝɖ ɛɚɎɞɚɜəɚɏɚ ɖɜɚɎɚɞɑɣɑəɔɫ Ɏ 

ɞɑɣɑəɔɑ ɝɗɑɐɟɪɥɔɡ ɐɎɟɡ əɑɐɑɗɨ ɝɚɝɞɌɎɗɫɑɞ 

ɚɖɚɗɚ 20%. Ȯ ɩɞɚɞ ɒɑ ɛɑɜɔɚɐ ɚɞɘɑɣɌɪɞɝɫ ɝɌ-

ɘɧɑ Ɏɧɝɚɖɔɑ ɛɚɖɌɓɌɞɑɗɔ ɓɌɍɚɗɑɎɌɑɘɚɝɞɔ ɔ 

ɝɘɑɜɞəɚɝɞɔ [8]. Ȼɚɘɔɘɚ əɌɣɌɗɨəɚɏɚ ɔ ɛɚ-

Ɏɞɚɜəɚɏɚ ɖɜɚɎɚɔɓɗɔɫəɔɕ, ɑɥɑ ɚɐəɚɕ ɎɌɒəɚɕ 

ɛɜɔɣɔəɚɕ ɝɘɑɜɞəɚɝɞɔ ɔ ɓɌɍɚɗɑɎɌɑɘɚɝɞɔ ɛɌ-

ɢɔɑəɞɚɎ ɫɎɗɫɑɞɝɫ ɚɞɝɜɚɣɑəəɧɕ ɝɛɌɓɘ ɝɚɝɟ-

ɐɚɎ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. Ⱥə ɚɍɧɣəɚ ɎɚɓəɔɖɌɑɞ Ɏ 

ɛɑɜɔɚɐ ɚɞ 4 ɐɚ 12 ɐəɑɕ ɛɚɝɗɑ ɛɑɜ-

ɎɚəɌɣɌɗɨəɚɏɚ ɖɜɚɎɚɞɑɣɑəɔɫ, ɝ ɛɔɖɚɘ ɓɌɍɚɗɑ-

ɎɌɑɘɚɝɞɔ əɌ ɝɑɐɨɘɚɕ ɐɑəɨ. ȽɛɌɓɘ ɝɚɝɟɐɚɎ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɘɚɒəɚ ɟɎɔɐɑɞɨ əɌ Ɍəɏɔɚ-

ɏɜɌɘɘɌɡ ɟ 70-90% ɛɌɢɔɑəɞɚɎ Ɏ ɛɑɜɎɧɑ ɐɎɑ 

əɑɐɑɗɔ ɛɚɝɗɑ ȽȬȶ. Ȼɜɔ ɚɞɝɟɞɝɞɎɔɔ ɗɑɣɑəɔɫ ɟ 

50% ɛɌɢɔɑəɞɚɎ ɝ ɎɌɓɚɝɛɌɓɘɚɘ ɎɚɓəɔɖɌɑɞ Ɏɧ-

ɜɌɒɑəəɧɕ ɔɤɑɘɔɣɑɝɖɔɕ əɑɎɜɚɗɚɏɔɣɑɝɖɔɕ 

ɐɑɠɔɢɔɞ, ɘəɚɏɔɑ ɔɓ əɔɡ ɛɚɏɔɍɌɪɞ. ȾɌɖ, ɍɧɗɚ 

ɛɚɖɌɓɌəɚ, ɣɞɚ əɌɗɔɣɔɑ ɢɑɜɑɍɜɌɗɨəɚɏɚ ɎɌɓɚ-

ɝɛɌɓɘɌ ɖɚɜɜɑɗɔɜɟɑɞ ɝ ɟɎɑɗɔɣɑəɔɑɘ ɝɘɑɜɞəɚ-

ɝɞɔ ɛɌɢɔɑəɞɚɎ Ɏ 1,5-3 ɜɌɓɌ Ɏ ɛɑɜɎɧɑ 2 əɑɐɑ-

ɗɔ ɛɚɝɗɑ ȽȬȶ. ȮɌɓɚɝɛɌɓɘ ɛɚɝɗɑ ȽȬȶ ɘɚɒɑɞ 

ɐɗɔɞɨɝɫ əɑɝɖɚɗɨɖɚ ɐəɑɕ ɔɗɔ əɑɐɑɗɨ. Ȯ ɍɚɗɨ-

ɤɔəɝɞɎɑ ɝɗɟɣɌɑɎ ɚə ɛɜɚɡɚɐɔɞ ɣɑɜɑɓ ɞɜɔ əɑ-

ɐɑɗɔ, ɛɚɝɗɑ ɣɑɏɚ ɝɗɑɐɟɑɞ ɠɌɓɌ ɜɌɝɤɔɜɑəɔɫ 

ɝɚɝɟɐɚɎ [8]. 

ɀɌɖɞɚɜɧ ɜɔɝɖɌ, ɝɎɫɓɌəəɧɑ ɝ ɜɌɓɜɧɎɚɘ 

ɌəɑɎɜɔɓɘɧ, ɔɓɟɣɑəɧ ɗɟɣɤɑ, ɣɑɘ ɑɝɞɑɝɞɎɑə-

əɌɫ ɔɝɞɚɜɔɫ ɛɌɢɔɑəɞɚɎ ɝ əɑɜɌɓɚɜɎɌɎɤɔɘɔɝɫ 

Ɏəɟɞɜɔɣɑɜɑɛəɧɘɔ ɌəɎɜɔɓɘɌɘɔ. ȸɑɒɐɟəɌ-

ɜɚɐəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɛɜɚɏəɚɓɌ ɛɌɢɔɑəɞɚɎ ɝ 

əɑɜɌɓɚɜɎɌɎɤɔɘɔɝɫ Ɏəɟɞɜɔɣɑɜɑɛəɧɘɔ Ɍəɑ-

ɎɜɔɓɘɌɘɔ (ISUIA) ɝɛɚɝɚɍɝɞɎɚɎɌɗɚ ɐɚɝɞɔɒɑ-

əɔɪ ɖɚəɝɑəɝɟɝɌ ɛɚ ɚɢɑəɖɑ ɛɜɚɏəɚɓɌ ɞɌɖɔɡ 

ɍɚɗɨəɧɡ ɔ ɔɡ Ɏɑɐɑəɔɪ. ȴɝɝɗɑɐɚɎɌəɔɑ ɛɚɖɌɓɌ-

ɗɚ, ɣɞɚ ɜɔɝɖ ɜɌɓɜɧɎɚɎ ɌəɑɎɜɔɓɘ ɘɑəɑɑ 10 ɘɘ 

Ɏ ɐɔɌɘɑɞɜɑ (0,05% Ɏ ɏɚɐ) ɚɖɌɓɌɗɝɫ ɏɚɜɌɓɐɚ 

əɔɒɑ, ɣɑɘ ɝɣɔɞɌɗɚɝɨ ɜɌəɑɑ (1,5-2,4% Ɏ ɏɚɐ) 

[9].  

Ȼɜɔɘɑəɑəɔɑ ɘɑɞɚɐɚɎ əɑɕɜɚɎɔɓɟɌɗɔ-

ɓɌɢɔɔ ɛɜɔ ȽȬȶ Ɏ ɐɚɚɛɑɜɌɢɔɚəəɚɘ ɛɑɜɔɚ-

ɐɑ. 

ȼɌɢɔɚəɌɗɨəɚɑ ɛɜɔɘɑəɑəɔɑ ɘɑɞɚɐɚɎ ɗɟ-

ɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ əɑɓɌɘɑəɔɘɚ əɌ Ɏɝɑɡ ɩɞɌ-

ɛɌɡ ɗɑɣɑəɔɫ ɛɌɢɔɑəɞɚɎ ɝ ɜɌɓɚɜɎɌɎɤɔɘɔɝɫ 

Ɏəɟɞɜɔɣɑɜɑɛəɧɘɔ ɌəɑɎɜɔɓɘɌɘɔ ɔ ȽȬȶ. Ȼɚ 

ɘɑɜɑ ɞɚɏɚ, ɖɌɖ ɘɑɞɚɐɧ əɑɕɜɚɎɔɓɟɌɗɔɓɌɢɔɔ 

ɝɞɌəɚɎɫɞɝɫ Ɏɝɑ ɍɚɗɑɑ ɝɚɎɑɜɤɑəəɧɘɔ, ɘɑəɫ-

ɪɞɝɫ ɔ Ɍɗɏɚɜɔɞɘɧ ɐɔɌɏəɚɝɞɔɖɔ ȽȬȶ  ð Ɏ ɓɌ-

Ɏɔɝɔɘɚɝɞɔ ɚɞ ɛɜɑɔɘɟɥɑɝɞɎ ɔ ɚɏɜɌəɔɣɑəɔɕ 

ɜɌɓɗɔɣəɧɡ ɗɟɣɑɎɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ. ȹɔɒɑ ɍɟ-

ɐɟɞ ɜɌɝɝɘɚɞɜɑəɧ ɚɝɚɍɑəəɚɝɞɔ ɛɜɔɘɑəɑəɔɫ 

əɌɔɍɚɗɑɑ ɎɌɒəɧɡ ɔɓ əɔɡ.  

ȶɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ.  

ȶȾ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɛɚɐɚɓɜɑəɔɑɘ əɌ 

ɚɝɞɜɚɑ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɑ ȽȬȶ ɛɚɓɎɚɗɫɑɞ, 

ɛɜɑɒɐɑ Ɏɝɑɏɚ, ɟɝɞɌəɚɎɔɞɨ ɐɔɌɏəɚɓ ɖɜɚɎɚɔɓ-

ɗɔɫəɔɫ ɔ əɌɕɞɔ ɑɏɚ ɔɝɞɚɣəɔɖ. ȶɌɖ ɛɜɌɎɔɗɚ, 

ɍɑɝɖɚəɞɜɌɝɞəɌɫ ȶȾ ɫɎɗɫɑɞɝɫ ɛɑɜɎɧɘ ɘɑɞɚɐɚɘ 

ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ, ɔɝɛɚɗɨɓɟɑɘɧɘ ɐɗɫ ɛɚɐ-

ɞɎɑɜɒɐɑəɔɫ ȽȬȶ [10].  

Ȯ ɝɗɟɣɌɑ ɜɌɓɜɧɎɌ ɌəɑɎɜɔɓɘɧ Ɏ ɚɝɞɜɚɘ 

ɛɑɜɔɚɐɑ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ Ɏəɟɞɜɔɣɑɜɑɛəɚɏɚ 

ɖɜɚɎɚɔɓɗɔɫəɔɫ ɓɌɐɌɣɑɕ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ 

ɫɎɗɫɑɞɝɫ, ɛɜɑɒɐɑ Ɏɝɑɏɚ, ɎɧɫɎɗɑəɔɑ ɔɝɞɚɣəɔ-

ɖɌ ȽȬȶ ɔ ɚɢɑəɖɌ ɝɚɝɞɚɫəɔɫ ɎɑɥɑɝɞɎɌ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ, əɌɗɔɣɔɫ ɐɔɝɗɚɖɌɢɔɚəəɚɏɚ ɝɔə-

ɐɜɚɘɌ, ɚɞɑɖɌ, ɚɖɖɗɪɓɔɚəəɚɕ ɏɔɐɜɚɢɑɠɌɗɔɔ. 

Ȼɚɩɞɚɘɟ ɘɑɞɚɐɚɘ ɎɧɍɚɜɌ Ɏ ɜɌəəɑɘ (ɛɑɜɎɧɑ 

ɞɜɚɑ ɝɟɞɚɖ) ɔ ɚɝɞɜɚɘ (ɛɑɜɎɧɑ 20 ɝɟɞɚɖ) ɛɑɜɔ-

ɚɐɌɡ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ȽȬȶ ɚɝɞɌɑɞɝɫ ȶȾ.  

Ȯ ɚɝɞɜɟɪ ɝɞɌɐɔɪ ȽȬȶ ɖɜɚɎɨ Ɏ ɝɟɍɌɜɌɡ-

əɚɔɐɌɗɨəɚɘ ɗɔɖɎɚɜəɚɘ ɛɜɚɝɞɜɌəɝɞɎɑ ɔɘɑɑɞ 

ɛɚɎɧɤɑəəɟɪ ɛɗɚɞəɚɝɞɨ. Ȼɚɝɖɚɗɨɖɟ ɍɚɗɨɤɔə-

ɝɞɎɚ ɌɜɞɑɜɔɌɗɨəɧɡ ɌəɑɎɜɔɓɘ ɗɚɖɌɗɔɓɟɑɞɝɫ Ɏ 

ɌɜɞɑɜɔɌɗɨəɚɘ ɜɟɝɗɑ ɍɚɗɨɤɔɡ ɛɚɗɟɤɌɜɔɕ 

(ɚɍɧɣəɚ ð Ɏ ɚɍɗɌɝɞɔ əɌɣɌɗɨəɧɡ ɝɑɏɘɑəɞɚɎ 

ɝɜɑɐəɔɡ ɘɚɓɏɚɎɧɡ Ɍɜɞɑɜɔɕ), ɞɚ ɖɜɚɎɨ ɝəɌɣɌɗɌ 

ɝɖɌɛɗɔɎɌɑɞɝɫ Ɏ ɍɌɓɌɗɨəɧɡ ɢɔɝɞɑɜəɌɡ ɔ Ƚɔɗɨ-

ɎɔɑɎɚɕ ɥɑɗɔ, Ɏ ɐɌɗɨəɑɕɤɑɘ ɚəɌ ɜɌɝɛɜɑɐɑɗɫ-

ɑɞɝɫ ɛɚ ɖɚəɎɑɖɝɔɞɌɗɨəɧɘ ɝɟɍɌɜɌɡəɚɔɐɌɗɨ-

əɧɘ ɛɜɚɝɞɜɌəɝɞɎɌɘ, ɘɚɒɑɞ ɚɛɜɑɐɑɗɫɞɨɝɫ Ɏ 

ɘɑɒɛɚɗɟɤɌɜəɚɕ ɥɑɗɔ. ȼɌɝɛɜɑɐɑɗɑəɔɑ ɖɜɚɎɔ 

ɛɚɓɎɚɗɫɑɞ ɛɜɑɐɛɚɗɚɒɔɞɨ ɗɚɖɌɗɔɓɌɢɔɪ Ɍəɑ-

Ɏɜɔɓɘɧ.  ȺɐəɌɖɚ, ɚɛɜɑɐɑɗəɔɑ ɞɚɣəɚɕ ɌəɌɞɚ-

ɘɔɣɑɝɖɚɕ ɗɚɖɌɗɔɓɌɢɔɔ ɌəɑɎɜɔɓɘɧ, ɚɝəɚɎɌə-

əɚɑ əɌ ɗɚɖɌɗɔɓɌɢɔɔ ɖɜɚɎɔ Ɏ ɝɟɍɌɜɌɡəɚɔɐɌɗɨ-

əɧɡ ɛɜɚɝɞɜɌəɝɞɎɌɡ, ɝɎɫɓɌəɚ ɝ ɛɚɏɜɑɤəɚɝɞɫ-

ɘɔ [10].   

Ȼɜɔ ɛɚɎɞɚɜəɚɘ ɖɜɚɎɚɔɓɗɔɫəɔɔ, Ɏɝɗɑɐ-

ɝɞɎɔɑ ɛɜɔɘɑɝɔ ɝɎɑɒɑɕ ɖɜɚɎɔ, əɌ ɠɚəɑ ɜɌɓ-

ɜɧɎɌ ɌəɑɎɜɔɓɘɧ əɌ ɖɚɘɛɨɪɞɑɜəɧɡ ɞɚɘɚ-

ɏɜɌɘɘɌɡ ɎɧɫɎɗɫɑɞɝɫ ɟɎɑɗɔɣɑəɔɑ ɛɗɚɞəɚɝɞɔ 

ɝɚɐɑɜɒɔɘɚɏɚ Ɏ ɍɌɓɌɗɨəɧɡ ɔ ɖɚəɎɑɖɝɔɞɌɗɨəɧɡ 

ɝɟɍɌɜɌɡəɚɔɐɌɗɨəɧɡ ɛɜɚɝɞɜɌəɝɞɎɌɡ, ɛɜɔ ɩɞɚɘ 

ɘɚɏɟɞ ɝɞɌɞɨ Ɏɔɐɔɘɧɘɔ ɜɌəɑɑ əɑ ɐɔɌɏəɚ-

ɝɞɔɜɚɎɌəəɌɫ ɎəɟɞɜɔɘɚɓɏɚɎɌɫ ɏɑɘɌɞɚɘɌ ɗɔɍɚ 

ɎəɟɞɜɔɒɑɗɟɐɚɣɖɚɎɚɑ ɖɜɚɎɚɔɓɗɔɫəɔɑ. 

ȽɚɏɗɌɝəɚ ɛɜɚɎɑɐɑəəɧɘ ɔɝɝɗɑɐɚɎɌəɔɫɘ, 

ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ȶȾ Ɏ ɚɍəɌɜɟɒɑəɔɔ ȽȬȶ Ɏ 

ɞɑɣɑəɔɑ ɛɑɜɎɧɡ 6 ɣɌɝɚɎ ɛɚɝɗɑ ɛɚɫɎɗɑəɔɫ 

ɝɔɘɛɞɚɘɚɎ ɛɜɔɍɗɔɒɌɑɞɝɫ ɖ 100%. Ƚɛɟɝɞɫ 6 
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ɣɌɝɚɎ ɝ ɘɚɘɑəɞɌ ɛɚɫɎɗɑəɔɫ ɝɔɘɛɞɚɘɚɎ, ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨ ȶȾ ɝəɔɒɌɑɞɝɫ ɐɚ 85-89%. Ȯ 

ɞɑɣɑəɔɑ ɛɑɜɎɧɡ 12 ɣɌɝɚɎ ɞɚɣəɚɝɞɨ ɐɔɌ-

ɏəɚɝɞɔɖɔ ȽȬȶ ɛɚ ɐɌəəɧɘ ȶȾ ɝɚɝɞɌɎɗɫɑɞ ɚɖɚ-

ɗɚ 95%, Ɏ ɛɑɜɎɧɑ 48 ɣɌɝɚɎ ð 80-87%, əɌ 3ð5-ɑ 

ɝɟɞɖɔ ð 82%, ɛɚɓɒɑ, əɌ 6ð21-ɑ ɝɟɞɖɔ ð 29% [9, 

11]. ȽɚɏɗɌɝəɚ ȱɎɜɚɛɑɕɝɖɔɘ ɜɑɖɚɘɑəɐɌɢɔɫɘ 

ɛɚ ɗɑɣɑəɔɪ ɛɌɢɔɑəɞɚɎ ɝ əɑɞɜɌɎɘɌɞɔɣɑɝɖɔɘɔ 

ȽȬȶ, ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ȶȾ Ɏ ɎɧɫɎɗɑəɔɔ ȽȬȶ 

Ɏ ɛɑɜɎɧɑ 5 ɝɟɞɚɖ ɛɚɝɗɑ ɜɌɓɜɧɎɌ ɌəɑɎɜɔɓɘɧ 

ɟɖɌɓɧɎɌɑɞɝɫ ɖɌɖ 85%, ɣɑɜɑɓ 2 əɑɐɑɗɔ ɛɚɝɗɑ 

əɌɣɌɗɌ ɓɌɍɚɗɑɎɌəɔɫ ð ɘɑəɑɑ 30% [11]. ȱɝɗɔ 

ȶȾ Ɏɧɛɚɗəɫɑɞɝɫ Ɏ ɞɑɣɑəɔɑ ɛɑɜɎɧɡ 12 ɣɌɝɚɎ 

ɛɚɝɗɑ ɖɜɚɎɚɔɓɗɔɫəɔɫ, ɞɚ ɞɚɗɨɖɚ ɟ 2% ɛɌɢɔ-

ɑəɞɚɎ ɝ ȽȬȶ ȶȾ ɑɏɚ əɑ ɎɧɫɎɗɫɑɞ. ȷɪɘ-

ɍɌɗɨəɌɫ ɛɟəɖɢɔɫ ɍɚɗɑɑ ɣɟɎɝɞɎɔɞɑɗɨəɌ, ɣɑɘ 

ȶȾ ɐɗɫ ɎɧɫɎɗɑəɔɫ ȽȬȶ, ɔ ɑɑ ɝɗɑɐɟɑɞ ɚɢɑəɔ-

ɎɌɞɨ ɛɜɔ ɚɞɜɔɢɌɞɑɗɨəɚɘ ɜɑɓɟɗɨɞɌɞɑ ȶȾ, ɑɝɗɔ 

ɔɘɑɪɞɝɫ ɖɜɔɞɔɣɑɝɖɔɑ ɛɚɐɚɓɜɑəɔɫ. 

ȶ ɝɚɒɌɗɑəɔɪ, ɔəɚɏɐɌ ɚɝɗɚɒəɑəəɌɫ 

ɗɪɘɍɌɗɨəɌɫ ɛɟəɖɢɔɫ ɛɜɔɎɚɐɔɞ ɖ ɗɚɒəɚɛɚ-

ɗɚɒɔɞɑɗɨəɚɘɟ ɐɔɌɏəɚɓɟ ɔ əɑəɟɒəɧɘ Ɍəɏɔɚ-

ɏɜɌɠɔɫɘ [12]. 

ȸɑɤɖɚɎɔɐəɧɑ ɌəɑɎɜɔɓɘɧ ɎɚɓəɔɖɌɪɞ Ɏ 

ɚɍɗɌɝɞɔ ɜɌɓɎɑɞɎɗɑəɔɕ Ɍɜɞɑɜɔɕ ȮɔɗɗɔɓɔɑɎɌ 

ɖɜɟɏɌ ɔ ɎɧɓɧɎɌɪɞ ɍɚɗɨɤɚɕ ɚɍɦɑɘ ȽȬȶ ɛɜɔ 

ɔɡ ɜɌɓɜɧɎɑ. ȬəɑɎɜɔɓɘɌɞɔɣɑɝɖɚɑ ȽȬȶ ɣɌɝɞɚ 

ɓɌɛɚɗəɫɑɞ ɝɟɛɜɌɝɑɗɗɫɜəɟɪ, ɢɑəɞɜɌɗɨəɟɪ, ɛɑ-

ɜɑɐəɪɪ, ɍɚɖɚɎɟɪ, ɓɌɐəɪɪ ɔ əɔɒəɪɪ ɍɌ-

ɓɌɗɨəɟɪ ɢɔɝɞɑɜəɧ ɔ ɘɚɒɑɞ ɜɌɝɛɜɚ-

ɝɞɜɌəɫɞɨɝɫ əɌ ɍɚɜɚɓɐɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [13]. 

ȴəɚɏɐɌ ɎɚɓəɔɖɌɑɞ ɌɝɝɚɢɔɔɜɚɎɌəəɚɑ ɝ ȽȬȶ 

ɎəɟɞɜɔɒɑɗɟɐɚɣɖɚɎɚɑ ɖɜɚɎɚɔɓɗɔɫəɔɑ, əɌɛɜɔ-

ɘɑɜ, ɛɜɔ ɌəɑɎɜɔɓɘɌɡ ɛɑɜɑɐəɑɕ ɝɚɑɐɔəɔɞɑɗɨ-

əɚɕ Ɍɜɞɑɜɔɔ, ɝ ɛɜɚɜɧɎɚɘ Ɏ ɞɜɑɞɔɕ ɒɑɗɟɐɚ-

ɣɑɖ ɣɑɜɑɓ ɞɑɜɘɔəɌɗɨəɟɪ ɛɗɌɝɞɔəɖɟ.  

ȹɌɞɔɎəɌɫ ȶȾ ɟ ɛɌɢɔɑəɞɚɎ Ɏ ɜɌəəɑɘ ɛɑ-

ɜɔɚɐɑ ȽȬȶ ɛɚɓɎɚɗɫɑɞ ɝ ɚɛɜɑɐɑɗɑəəɚɕ ɝɞɑɛɑ-

əɨɪ ɛɜɚɏəɚɓɔɜɚɎɌɞɨ ɜɌɓɎɔɞɔɑ ɌəɏɔɚɝɛɌɓɘɌ ð 

ɝ ɛɚɘɚɥɨɪ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɘɚɐɔɠɔɢɔɜɚɎɌə-

əɚɕ ɤɖɌɗɧ ɀɔɤɑɜɌ. ȾɌɖ, ɝ ɑɑ ɛɚɘɚɥɨɪ 

Froniera J.A. [8] ɐɚɖɌɓɌɗ ɝɚɚɞɎɑɞɝɞɎɔɑ ɘɑɒɐɟ 

ɜɌɓɗɔɣəɧɘɔ ɌəɌɞɚɘɔɣɑɝɖɔɘɔ ɠɚɜɘɌɘɔ 

Ɏəɟɞɜɔɣɑɜɑɛəɧɡ ɖɜɚɎɚɔɓɗɔɫəɔɕ ɔ ɜɔɝɖɚɘ 

ɜɌɓɎɔɞɔɫ ɌəɏɔɚɝɛɌɓɘɌ. ȽȬȶ ɞɚɗɥɔəɚɕ ɍɚɗɑɑ 

2 ɘɘ əɌ ɟɜɚɎəɑ ɍɌɓɌɗɨəɧɡ ɢɔɝɞɑɜə (ɞɔɛ III) ɔ 

ɝɚɣɑɞɌəɔɑ ȽȬȶ ɝ ɐɜɟɏɔɘɔ ɠɚɜɘɌɘɔ Ɏəɟɞɜɔ-

ɣɑɜɑɛəɚɏɚ ɖɜɚɎɚɔɓɗɔɫəɔɫ (ɞɔɛ IV), ɀɔɤɑɜ ɔ 

ɝɚɌɎɞ. ɜɌɝɢɑəɔɎɌɗɔ ɖɌɖ əɌɔɍɚɗɑɑ ɚɛɌɝəɧɑ 

ɠɚɜɘɧ Ɏ ɚɞəɚɤɑəɔɔ ɜɔɝɖɌ ɜɌɓɎɔɞɔɫ ɝɛɌɓɘɌ 

ɔ ɔɤɑɘɔɔ ɘɚɓɏɌ. ȺɐəɌɖɚ, ɛɚ ɐɌəəɧɘ əɌɞɔɎ-

əɚɕ ȶȾ, ɐɌəəɌɫ ɤɖɌɗɌ əɑ ɘɚɒɑɞ ɝɛɜɚɏəɚɓɔ-

ɜɚɎɌɞɨ ɐɌɗɨəɑɕɤɟɪ ɩɎɚɗɪɢɔɪ ɝɛɌɓɘɌ ɔ 

ɔɤɑɘɔɔ Ɏ ɐɔəɌɘɔɖɑ, Ɏ ɞɚɘ ɣɔɝɗɑ Ɏ ɛɚɝɗɑɚɛɑ-

ɜɌɢɔɚəəɧɕ ɛɑɜɔɚɐ. 

ȸɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ. 

ȽɣɔɞɌɑɞɝɫ, ɣɞɚ ȸȼȾ ɔɘɑɑɞ ɚɏɜɌəɔɣɑə-

əɧɑ Ɏɚɓɘɚɒəɚɝɞɔ Ɏ ɚɍəɌɜɟɒɑəɔɔ ȽȬȶ Ɏ 

ɚɝɞɜɚɘ ɛɑɜɔɚɐɑ. Ȯ ɛɚɐɚɝɞɜɚɕ ɔ ɡɜɚəɔɣɑɝɖɚɕ 

(ɛɚɝɗɑ 14 ɐəɑɕ) ɝɞɌɐɔɫɡ ɑɑ ɔəɠɚɜɘɌɞɔɎəɚɝɞɨ 

ɝɟɥɑɝɞɎɑəəɚ ɛɚɎɧɤɌɑɞɝɫ. ȹɌɔɍɚɗɑɑ ɔəɠɚɜ-

ɘɌɞɔɎəɧɘɔ ɫɎɗɫɪɞɝɫ ɔɘɛɟɗɨɝəɧɑ ɛɚɝɗɑɐɚ-

ɎɌɞɑɗɨəɚɝɞɔ, ɎɓɎɑɤɑəəɧɑ ɛɚ ɛɜɚɞɚəəɚɕ ɛɗɚɞ-

əɚɝɞɔ, Ɍ ɞɌɖɒɑ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR. ȳɌ 

ɝɣɑɞ ɚɍɜɌɓɟɪɥɑɏɚɝɫ ɘɑɞɏɑɘɚɏɗɚɍɔəɌ Ɏ ɛɚɐɚ-

ɝɞɜɧɑ ɔ ɡɜɚəɔɣɑɝɖɔɑ ɠɌɓɧ ɖɜɚɎɚɔɓɗɔɫəɔɫ, 

ɚɍɑɝɛɑɣɔɎɌɑɞɝɫ Ɏɧɝɚɖɔɕ ɝɔɏəɌɗ əɌ Ⱦ1-

ɎɓɎɑɤɑəəɧɡ ȸȼ-ɔɓɚɍɜɌɒɑəɔɫɡ ɚɞ ɝɖɚɛɗɑəɔɕ 

ɖɜɚɎɔ Ɏ ɗɔɖɎɚɜəɧɡ ɛɜɚɝɞɜɌəɝɞɎɌɡ. Ȼɚɝɗɑɐɚ-

ɎɌɞɑɗɨəɚɝɞɨ FLAIR ɘɚɒɑɞ ɎɧɫɎɗɫɞɨ ɖɜɚɎɨ Ɏ 

ɢɑɜɑɍɜɚɝɛɔəɌɗɨəɚɕ ɒɔɐɖɚɝɞɔ ɔ Ɏ ɚɝɞɜɟɪ 

ɠɌɓɟ ɖɜɚɎɚɔɓɗɔɫəɔɫ. ȹɚ ɩɞɌ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

əɚɝɞɨ ɘɚɒɑɞ ɐɌɎɌɞɨ ɔ ɗɚɒəɚɛɚɗɚɒɔɞɑɗɨəɧɑ 

ɜɑɓɟɗɨɞɌɞɧ, ɖɚɞɚɜɧɑ ɘɚɏɟɞ ɍɧɞɨ ɎɧɓɎɌəɧ 

ɜɌɓɗɔɣəɧɘɔ ɠɌɖɞɚɜɌɘɔ: ɏɔɛɑɜɚɖɝɔɏɑəɌɢɔɑɕ, 

ɛɜɔɑɘɚɘ ɌəɑɝɞɑɞɔɖɚɎ ɔ ɍɚɗɑɓəɫɘɔ ɚɍɚɗɚɣɑɖ 

ɘɚɓɏɌ. ȻɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ ȸȼȾ, ɚɛɞɔɘɔɓɔ-

ɜɚɎɌəəɧɑ ɐɗɫ ɚɍəɌɜɟɒɑəɔɫ ɛɌɜɌɘɌɏəɔɞəɚɏɚ 

ɩɠɠɑɖɞɌ ɖɜɚɎɔ Ɏ ɗɔɖɎɚɜɑ ɞɌɖɔɑ, ɖɌɖ ɏɜɌɐɔ-

ɑəɞəɧɑ ɔ SWI (SWAN), ɚɣɑəɨ ɣɟɎɝɞɎɔɞɑɗɨəɧ ɖ 

ɖɜɚɎɔ Ɏ ɚɝɞɜɟɪ, ɛɚɐɚɝɞɜɚɘ ɔ ɡɜɚəɔɣɑɝɖɔɑ 

ɠɌɓɧ ȽȬȶ. ȺɐəɌɖɚ, ɚəɔ ɘɚɏɟɞ əɑ ɚɍ-

əɌɜɟɒɔɞɨ ɖɜɚɎɚɞɑɣɑəɔɑ Ɏ ɚɝɞɜɑɕɤɑɕ ɠɌɓɑ, 

ɖɚɏɐɌ ɖɜɚɎɨ Ɏ ɗɔɖɎɚɜɑ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ ɝɚ-

ɐɑɜɒɔɞ ɚɖɝɔɏɑɘɚɏɗɚɍɔə [14, 15].  

ȴɓɎɑɝɞəɚ, ɣɞɚ ȸȼȾ ɗɟɣɤɑ ȶȾ ɝ ɞɚɣɖɔ 

ɓɜɑəɔɫ ɚɢɑəɖɔ ɝɚɝɞɚɫəɔɫ ɛɌɜɑəɡɔɘɧ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ, ɣɞɚ ɘɚɒɑɞ ɍɧɞɨ Ɏɑɝɖɔɘ Ɍɜɏɟɘɑə-

ɞɚɘ Ɏ ɛɚɗɨɓɟ ɑɑ Ɏɧɛɚɗəɑəɔɫ. ȼɌəəɔɑ ɔ əɑ-

ɍɚɗɨɤɔɑ ɚɍɗɌɝɞɔ ɔɤɑɘɔɔ ɘɚɓɏɌ ɞɜɟɐəɚ ɚɍəɌ-

ɜɟɒɔɞɨ ɛɜɔ ȶȾ, ɐɌɒɑ ɝ ɛɚɘɚɥɨɪ ɘɑɞɚɐɔɖɔ 

ȶȾ ɛɑɜɠɟɓɔɔ. ȹɚ ɔɡ ɗɑɏɖɚ ɎɧɫɎɔɞɨ ɝ ɛɚ-

ɘɚɥɨɪ ȸȼȾ ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɐɔɠɠɟɓɔɚə-

əɚ-ɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɕ (ȰȮȴ). ȹɌɗɔɣɔɑ 

ɔɤɑɘɔɔ ɘɚɒɑɞ Ɏɗɔɫɞɨ əɌ ɛɜɚɏəɚɓ ɔ ɝɞɜɌɞɑ-

ɏɔɪ ɗɑɣɑəɔɫ ɛɌɢɔɑəɞɚɎ ɝ ȽȬȶ. Ⱦ2-

ɎɓɎɑɤɑəəɧɑ ȸȼ-ɔɓɚɍɜɌɒɑəɔɫ ɘɚɏɟɞ ɍɧɞɨ ɛɚ-

ɗɑɓəɧ ɐɗɫ ɚɍəɌɜɟɒɑəɔɫ ɔ ɞɚɣəɚɏɚ ɚɛɜɑɐɑɗɑ-

əɔɫ ɜɌɓɘɑɜɚɎ ɛɚɗəɚɝɞɨɪ ɔɗɔ ɣɌɝɞɔɣəɚ ɞɜɚɘ-

ɍɔɜɚɎɌəəɧɡ ɌəɑɎɜɔɓɘ. ȭɚɗɨɤɔɑ ɞɜɚɘɍɧ Ɏ 

ɌəɑɎɜɔɓɘɌɡ ɚɍɧɣəɚ Ɏɔɐəɧ ɔ əɌ ȶȾ-

ɔɓɚɍɜɌɒɑəɔɫɡ ɍɑɓ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. Ƚɗɑɐɚ-

ɎɌɞɑɗɨəɚ, Ɏ ɝɗɟɣɌɫɡ, ɖɚɏɐɌ əɑɚɍɡɚɐɔɘɌ ɐɚ-

ɛɚɗəɔɞɑɗɨəɌɫ ɔəɠɚɜɘɌɢɔɫ ɚ ɝɚɝɞɚɫəɔɔ ɛɌ-

ɜɑəɡɔɘɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ (ɔɤɑɘɔɣɑɝɖɔɑ ɔɓ-

ɘɑəɑəɔɫ), ȸȼȾ, ɐɚɛɚɗəɑəəɌɫ ȸȼ-

ɌəɏɔɚɏɜɌɠɔɑɕ, ɘɚɒɑɞ ɍɧɞɨ ɘɑɞɚɐɚɘ ɎɧɍɚɜɌ 

[14, 15].  

ȹɑɐɚɝɞɌɞɖɔ ȸȼȾ Ɏ ɝɜɌɎəɑəɔɔ ɝ ȶȾ ɡɚ-

ɜɚɤɚ ɔɓɎɑɝɞəɧ ð ɩɞɚ ɘɑəɨɤɌɫ ɐɚɝɞɟɛəɚɝɞɨ, 

ɍɚɗɑɑ ɐɗɔɞɑɗɨəɚɑ Ɏɜɑɘɫ ɝɖɌəɔɜɚɎɌəɔɫ, ɝɗɚɒ-

əɚɝɞɔ ɚɍɝɗɑɐɚɎɌəɔɫ əɑɝɞɌɍɔɗɨəɧɡ ɔ ɔəɞɟɍɔ-

ɜɚɎɌəəɧɡ ɛɌɢɔɑəɞɚɎ. 

ɂɑɜɑɍɜɌɗɨəɌɫ ɌəɏɔɚɏɜɌɠɔɫ (ɂȬȯ). 

çȳɚɗɚɞɧɘ ɝɞɌəɐɌɜɞɚɘè ɐɔɌɏəɚɝɞɔɖɔ 

Ɏəɟɞɜɔɣɑɜɑɛəɧɡ ɌəɑɎɜɔɓɘ ɛɚ-ɛɜɑɒəɑɘɟ ɝɣɔ-

ɞɌɑɞɝɫ ɂȬȯ. ȺəɌ ɫɎɗɫɑɞɝɫ ɘɑɞɚɐɚɘ ɝ ɝɌɘɧɘ 

Ɏɧɝɚɖɔɘ ɛɜɚɝɞɜɌəɝɞɎɑəəɧɘ ɔ Ɏɜɑɘɑəəɧɘ 
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ɜɌɓɜɑɤɑəɔɑɘ. ȰɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɞɚɣəɚɝɞɨ 

ɂȬȯ ɝɞɌɗɌ ɑɥɑ Ɏɧɤɑ ɓɌ ɝɣɑɞ Ɏəɑɐɜɑəɔɫ ɘɑ-

ɞɚɐɔɖɔ ɞɜɑɡɘɑɜəɚɕ ɜɚɞɌɢɔɚəəɚɕ ɌəɏɔɚɏɜɌ-

ɠɔɔ, ɛɚɓɎɚɗɫɪɥɑɕ ɎɔɓɟɌɗɔɓɔɜɚɎɌɞɨ ɝɚɝɟɐɔ-

ɝɞɟɪ ɝɑɞɨ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ ɚɍɦɑɘəɚɘ ɠɚɜ-

ɘɌɞɑ ð ɖɌɖ ɛɜɔ ȶȾ-ɌəɏɔɚɏɜɌɠɔɔ. ɂȬȯ ɫɎɗɫɑɞ-

ɝɫ ɚɞəɚɝɔɞɑɗɨəɚ ɐɚɜɚɏɚɝɞɚɫɥɔɘ, ɔəɎɌɓɔɎ-

əɧɘ ɘɑɞɚɐɚɘ. ȴɘɑɪɞɝɫ ɐɌəəɧɑ, ɣɞɚ ɑɑ Ɏɧ-

ɛɚɗəɑəɔɑ ɛɜɔɘɑɜəɚ Ɏ 0,5% ɝɗɟɣɌɑɎ ɛɜɔɎɚɐɔɞ 

ɖ ɜɌɓɎɔɞɔɪ ɝɞɚɕɖɔɡ əɑɎɜɚɗɚɏɔɣɑɝɖɔɡ ɚɝɗɚɒ-

əɑəɔɕ. ȺəɌ ɘɚɒɑɞ ɎɧɓɎɌɞɨ ɚɝɗɚɒəɑəɔɫ, Ɏ 

ɞɚɘ ɣɔɝɗɑ ɗɚɖɌɗɨəɧɑ (Ɏ ɘɑɝɞɑ ɛɟəɖɢɔɔ), Ɍ 

ɞɌɖɒɑ ɝɔɝɞɑɘəɧɑ (ɔɤɑɘɔɣɑɝɖɔɕ ɔəɝɟɗɨɞ). 

ɂȬȯ ɚɞəɚɝɔɞɑɗɨəɚ ɍɑɓɚɛɌɝəɌ ɐɗɫ ɛɌɢɔɑəɞɚɎ 

ɍɑɓ ɢɑɜɑɍɜɌɗɨəɚɏɚ ɌɞɑɜɚɝɖɗɑɜɚɓɌ. ȴɘɑɪɞɝɫ 

ɛɟɍɗɔɖɌɢɔɔ, ɝɎɔɐɑɞɑɗɨɝɞɎɟɪɥɔɑ ɚ ɞɚɘ, ɣɞɚ 

ɖɚɘɍɔəɔɜɚɎɌəəɌɫ ɣɌɝɞɚɞɌ ɞɜɌəɓɔɞɚɜəɧɡ ɔ 

ɚɍɜɌɞɔɘɧɡ əɑɎɜɚɗɚɏɔɣɑɝɖɔɡ ɚɝɗɚɒəɑəɔɕ ɛɜɔ 

ɂȬȯ ɝɚɝɞɌɎɗɫɑɞ ɚɞ 0,4% ɐɚ 12,2%. ȽɚɚɍɥɌɑ-

ɘɌɫ ɣɌɝɞɚɞɌ əɑɚɍɜɌɞɔɘɧɡ əɑɎɜɚɗɚɏɔɣɑɝɖɔɡ 

ɚɝɗɚɒəɑəɔɕ ɖɚɗɑɍɗɑɞɝɫ ɚɞ 0% ɐɚ 5,4% [16]. 

Ȼɚ ɐɌəəɧɘ ɜɚɝɝɔɕɝɖɔɡ ɖɗɔəɔɣɑɝɖɔɡ ɜɑɖɚ-

ɘɑəɐɌɢɔɕ (2015), ɣɔɝɗɚ ɚɝɗɚɒəɑəɔɕ ɛɜɔ 

ɛɜɚɎɑɐɑəɔɔ ɂȬȯ ɚɣɑəɨ əɔɓɖɚɑ ɔ ɝɚɝɞɌɎɗɫɑɞ 

0,07%.  

Ȯ ɛɟɍɗɔɖɌɢɔɫɡ Pryor J.C. ɔ ɝɚɌɎɞ. [17] ɔ 

Setton A. ɔ ɝɚɌɎɞ. [18] ɝɚɚɍɥɌɗɚɝɨ, ɣɞɚ ɓɌ 4 

ɏɚɐɌ əɌɍɗɪɐɑəɔɫ ɛɜɔ Ɏɧɛɚɗəɑəɔɔ 1802 ɂȬȯ, 

ɚɝɗɚɒəɑəɔɫ Ɏɚɓəɔɖɗɔ Ɏ ɡɚɐɑ Ɏɝɑɏɚ ɣɑɞɧɜɑɡ 

ɛɜɚɢɑɐɟɜ, ɞɜɔ ɔɓ ɖɚɞɚɜɧɡ ɎɧɓɎɌɗɔ Ɏɜɑɘɑə-

əɧɕ əɑɎɜɚɗɚɏɔɣɑɝɖɔɕ ɐɑɠɔɢɔɞ (0,17%) ɔ ɚɐ-

əɚ ð ɛɚɝɞɚɫəəɚɑ əɑɎɜɚɗɚɏɔɣɑɝɖɚɑ əɌɜɟɤɑəɔɑ 

(0,05%). ȴɝɝɗɑɐɚɎɌəɔɑ ɖɌɜɚɞɔɐəɚɏɚ Ɍɞɑɜɚ-

ɝɖɗɑɜɚɓɌ (ACAS) ɝɚɚɍɥɌɑɞ ɚ ɣɌɝɞɚɞɑ ɔəɝɟɗɨ-

ɞɚɎ, ɝɎɫɓɌəəɧɡ ɝ Ɏɧɛɚɗəɑəɔɑɘ ɌəɏɔɚɏɜɌɠɔɔ, 

ɜɌɎəɚɕ 1,2% [17, 18].  

Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɛɌɢɔɑəɞɚɎ ɝ ȽȬȶ 

ɘɑəɨɤɑ, ɣɑɘ ɟ ɍɚɗɨəɧɡ, ɝɞɜɌɐɌɪɥɔɡ ɔɤɑɘɔ-

ɣɑɝɖɔɘ ɔəɝɟɗɨɞɚɘ. Ȯɔɐɔɘɚ, ɩɞɔɘ ɚɍɦɫɝəɫɑɞ-

ɝɫ ɍɚɗɑɑ əɔɓɖɌɫ ɣɌɝɞɚɞɌ əɑɎɜɚɗɚɏɔɣɑɝɖɔɡ 

ɚɝɗɚɒəɑəɔɕ Ɏ ɩɞɚɕ ɏɜɟɛɛɑ ɛɌɢɔɑəɞɚɎ. ȾɌɖɒɑ 

ɝɚɚɍɥɌɗɚɝɨ, ɣɞɚ ɂȬȯ ɝɌɘɌ ɛɚ ɝɑɍɑ ɫɎɗɫɑɞɝɫ 

ɠɌɖɞɚɜɚɘ ɜɔɝɖɌ ɚɝɗɚɒəɑəɔɕ ɛɜɔ ɔɤɑ-

ɘɔɣɑɝɖɚɘ ɔəɝɟɗɨɞɑ, əɚ ɔɡ ɜɔɝɖ ɏɚɜɌɓɐɚ 

ɘɑəɨɤɑ ɟ ɛɌɢɔɑəɞɚɎ ɝ ȽȬȶ, ɔəɞɜɌ-

ɖɜɌəɔɌɗɨəɧɘɔ ɌəɑɎɜɔɓɘɌɘɔ ɔɗɔ ɌɜɞɑɜɔɚɎɑ-

əɚɓəɧɘɔ ɘɌɗɨɠɚɜɘɌɢɔɫɘɔ [17ð19].  

Saitoh H. ɔ ɝɚɌɎɞ. Ɏ ɝɎɚɑɕ ɜɌɍɚɞɑ ɝɚɚɍ-

ɥɔɗɔ ɚ 4,8% ɝɗɟɣɌɑɎ ɛɚɎɞɚɜəɚɏɚ ɖɜɚɎɚɞɑɣɑ-

əɔɫ ɔɓ ɌəɑɎɜɔɓɘɧ Ɏɚ Ɏɜɑɘɫ ɛɜɚɎɑɐɑəɔɫ ɂȬȯ 

Ɏ ɞɑɣɑəɔɑ 6 ɣɌɝɚɎ ɛɚɝɗɑ ɛɑɜɎɚəɌɣɌɗɨəɚɏɚ 

ɜɌɓɜɧɎɌ ɌəɑɎɜɔɓɘɧ [20]. Ȼɚ ɔɡ ɚɢɑəɖɌɘ, ɛɚ-

Ɏɞɚɜəɧɕ ɜɌɓɜɧɎ, ɎɧɓɎɌəəɧɕ ɌəɏɔɚɏɜɌɠɔɑɕ, 

ɛɜɚɔɓɚɤɑɗ Ɏ 1,4% (2/144) ɝɗɟɣɌɑɎ. Komi-

yama M. ɔ ɝɚɌɎɞ. ɝɚɚɍɥɔɗɔ ɚ ɣɌɝɞɚɞɑ ɛɚɎɞɚɜ-

əɧɡ ɖɜɚɎɚɔɓɗɔɫəɔɕ Ɏ 3,3% Ɏɚ Ɏɜɑɘɫ ɛɜɚɎɑ-

ɐɑəɔɫ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɕ ɌəɏɔɚɏɜɌɠɔɔ Ɏ ɞɑɣɑ-

əɔɑ 6 ɣɌɝɚɎ ɛɚɝɗɑ ȽȬȶ. Ȯ ɩɞɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ 

ɟɜɚɎɑəɨ ɝɘɑɜɞəɚɝɞɔ ɛɌɢɔɑəɞɚɎ ɍɧɗ Ɏɧɝɚɖɔɘ 

ɔ ɝɚɝɞɌɎɔɗ 80%. Ȼɜɚɏəɚɓ ɛɌɢɔɑəɞɚɎ ɝ ɛɚ-

Ɏɞɚɜəɧɘ ɖɜɚɎɚɞɑɣɑəɔɑɘ, Ɏɚɓəɔɖɤɔɘ Ɏɚ Ɏɜɑ-

ɘɫ Ɏɧɛɚɗəɑəɔɫ ɌəɏɔɚɏɜɌɠɔɔ, ɚɖɌɓɌɗɝɫ ɡɟɒɑ, 

ɣɑɘ Ɏ ɝɗɟɣɌɫɡ, ɖɚɏɐɌ ɚəɚ ɎɚɓəɔɖɌɗɚ ɔɓ-ɓɌ 

ɐɜɟɏɔɡ ɛɜɔɣɔə [21].  

ȭɚɗɑɑ ɛɚɓɐəɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɐɑɘɚə-

ɝɞɜɔɜɚɎɌɗɔ, ɣɞɚ ɝɚɎɜɑɘɑəəɌɫ ɖɌɞɑɞɑɜəɌɫ 

ɂȬȯ, ɎɧɛɚɗəɫɑɘɌɫ ɚɛɧɞəɧɘɔ əɑɕɜɚɔəɞɑɜ-

ɎɑəɢɔɚəɌɗɔɝɞɌɘɔ, ɝɎɫɓɌəɌ ɝ ɏɚɜɌɓɐɚ ɘɑəɨ-

ɤɑɕ ɣɌɝɞɚɞɚɕ ɚɝɗɚɒəɑəɔɕ (0,04-0,30%), ɐɌɒɑ 

Ɏ ɚɣɑəɨ ɝɗɚɒəɧɡ ɛɚɛɟɗɫɢɔɫɡ ɛɌɢɔɑəɞɚɎ [22]. 

ȶɜɚɘɑ ɜɔɝɖɌ ɚɝɗɚɒəɑəɔɕ, ɟ ɂȬȯ ɑɝɞɨ 

ɐɜɟɏɔɑ əɑɐɚɝɞɌɞɖɔ ð ɚəɌ ɛɗɚɡɚ  ɎɧɫɎɗɫɑɞ 

Ɏəɟɞɜɔɝɚɝɟɐɔɝɞɧɑ ɞɜɚɘɍɧ ɔ ɖɌɗɨɢɔəɚɓ ɝɞɑ-

əɚɖ Ɍɜɞɑɜɔɕ, ɣɞɚ ɘɚɒɑɞ ɛɚɎɗɔɫɞɨ əɌ ɛɜɔəɫ-

ɞɔɑ ɖɗɔəɔɣɑɝɖɚɏɚ ɜɑɤɑəɔɫ, ɛɚɝɖɚɗɨɖɟ ɖɌɖ 

Ɏəɟɞɜɔɝɚɝɟɐɔɝɞɧɕ ɞɜɚɘɍ, ɞɌɖ ɔ ɖɌɗɨɢɔɠɔ-

ɖɌɢɔɫ ɤɑɕɖɔ ɌəɑɎɜɔɓɘɧ, ɘɚɏɟɞ ɓəɌɣɔɞɑɗɨəɚ 

ɟɝɗɚɒəɔɞɨ ɑɑ ɘɔɖɜɚɡɔɜɟɜɏɔɣɑɝɖɚɑ ɖɗɔɛɔɜɚ-

ɎɌəɔɑ ɔ ɟɎɑɗɔɣɔɞɨ ɜɔɝɖ ɔəɝɟɗɨɞɌ [1, 22].  

ȹɑɚɝɛɚɜɔɘɧ ɔ ɛɜɑɔɘɟɥɑɝɞɎɌ ɂȬȯ: ɚəɌ 

ɛɜɑɐɚɝɞɌɎɗɫɑɞ əɌɔɍɚɗɑɑ ɞɚɣəɟɪ ɔəɠɚɜɘɌ-

ɢɔɪ ɚ ɏɑɚɘɑɞɜɔɔ ɌəɑɎɜɔɓɘɧ, ɐɔɌɘɑɞɜɑ ɑɑ 

çɤɑɕɖɔè, ɛɜɚɢɑəɞəɚɘ ɚɞəɚɤɑəɔɔ ɚɖɜɟɒəɚɝɞɔ 

çɘɌɞɑɜɔəɝɖɚɏɚè ɝɚɝɟɐɌ, ɎɚɎɗɑɣɑəəɚɏɚ Ɏ Ɍəɑ-

Ɏɜɔɓɘɟ, ɔ əɌɗɔɣɔɔ ɚɞɎɑɞɎɗɑəɔɕ ɝɚɝɟɐɚɎ, ɖɚ-

ɞɚɜɧɑ ɘɚɏɟɞ ɛɚɐɎɑɜɏəɟɞɨɝɫ ɜɔɝɖɟ Ɏɚ Ɏɜɑɘɫ 

ɗɑɣɑəɔɫ. ɉɞɔ ɐɌəəɧɑ ɌəɌɗɔɓɔɜɟɪɞɝɫ ɝɚɎ-

ɘɑɝɞəɚ ɐɗɫ ɞɚɏɚ, ɣɞɚɍɧ ɚɛɜɑɐɑɗɔɞɨ ɢɑɗɑɝɚɚɍ-

ɜɌɓəɚɝɞɨ ɩəɐɚɎɌɝɖɟɗɫɜəɚɏɚ ɔɗɔ ɡɔɜɟɜɏɔɣɑ-

ɝɖɚɏɚ ɗɑɣɑəɔɑ ɌəɑɎɜɔɓɘɧ [1, 22]. 

ɂɑɜɑɍɜɌɗɨəɌɫ ȶȾ-ɌəɏɔɚɏɜɌɠɔɫ 

(ȶȾȬȯ). 

ȶȾȬȯ ɛɚɫɎɔɗɌɝɨ Ɏ əɌɣɌɗɑ 90-ɡ ɏɚɐɚɎ ɁɁ 

ɎɑɖɌ ð ɛɚɝɗɑ ɛɚɫɎɗɑəɔɫ ɝɛɔɜɌɗɨəɚɕ ȶȾ. Ȼɚ 

ɘɑɜɑ ɝɚɎɑɜɤɑəɝɞɎɚɎɌəɔɫ ɞɑɡəɚɗɚɏɔ ȶȾ, ɚəɌ 

ɝɞɌɗɌ Ɏɧɏɚɐəɚ ɚɞɗɔɣɌɞɨɝɫ ɚɞ ɂȬȯ ɝ ɞɚɣɖɔ 

ɓɜɑəɔɫ ɟɐɚɍɝɞɎɌ, ɍɑɓɚɛɌɝəɚɝɞɔ ɔ ɐɔɌɏəɚɝɞɔ-

ɣɑɝɖɚɕ ɞɚɣəɚɝɞɔ. ȽɚɎɜɑɘɑəəɧɑ ɞɚɘɚɏɜɌɠɧ ɝ 

ɛɜɚɝɞɜɌəɝɞɎɑəəɧɘ ɜɌɓɜɑɤɑəɔɑɘ 0,5-0,6 ɘɘ 

ɔ ɘɑəɑɑ, ɛɚɓɎɚɗɫɪɞ ɛɚɗɟɣɌɞɨ ɞɜɑɡɘɑɜəɧɑ 

ɔɓɚɍɜɌɒɑəɔɫ Ɏ ɗɪɍɚɕ ɛɜɚɑɖɢɔɔ ɍɑɓ ɛɚɞɑɜɔ 

ɖɌɣɑɝɞɎɌ ɔɓɚɍɜɌɒɑəɔɫ. ȹɌ ɞɚɣəɚɝɞɨ ȶȾȬȯ 

ɘɚɏɟɞ ɛɚɎɗɔɫɞɨ ɖɌɣɑɝɞɎɚ ɔɓɚɍɜɌɒɑəɔɕ, ɜɌɓ-

ɘɑɜ, ɜɌɝɛɚɗɚɒɑəɔɑ ɔ ɖɚɗɔɣɑɝɞɎɚ ɌəɑɎɜɔɓɘ, 

ɝɚɛɟɞɝɞɎɟɪɥɔɑ ɢɑɜɑɍɜɚɎɌɝɖɟɗɫɜəɧɑ ɓɌɍɚɗɑ-

ɎɌəɔɫ [23]. 

ȴɝɛɚɗɨɓɚɎɌəɔɑ ɝɚɎɜɑɘɑəəɧɡ ɛɜɚɞɚɖɚ-

ɗɚɎ ȶȾȬȯ əɌɘəɚɏɚ ɟɘɑəɨɤɌɑɞ ɖɚɗɔɣɑɝɞɎɚ 

ɛɜɚɛɟɥɑəəɧɡ ɌəɑɎɜɔɓɘ, Ɏ ɞɚɘ ɣɔɝɗɑ ɔ ɘɑɗ-

ɖɔɡ ð ɝ ɐɔɌɘɑɞɜɚɘ ɘɑəɑɑ 3 ɘɘ. ȴɝɛɚɗɨɓɚɎɌ-

əɔɑ ɞɑɡəɚɗɚɏɔɕ çɎɧɣɔɞɌəɔɫè ɖɚɝɞəɚɕ ɞɖɌəɔ 

əɌ ɔɓɚɍɜɌɒɑəɔɫɡ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ, ɝɟ-

ɥɑɝɞɎɑəəɚ ɛɚɎɧɤɌɑɞ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɘɑ-

ɞɚɐɌ ɐɗɫ ɔɡ ɚɍəɌɜɟɒɑəɔɫ. ȺɐəɌɖɚ ɔɘɑɑɞɝɫ 

ɛɚɐɏɜɟɛɛɌ ɝɗɚɒəɧɡ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ Ɍəɑ-

Ɏɜɔɓɘ, ɖɚɞɚɜɧɑ ɘɚɏɟɞ ɍɧɞɨ ɛɜɚɛɟɥɑəɧ ɛɜɔ 

ȶȾȬȯ. Ƚɗɚɒəɚ ɟɎɔɐɑɞɨ ɛɜɔ ȶȾȬȯ ɘɑɗɖɔɑ Ɍəɑ-

Ɏɜɔɓɘɧ ɛɜɔ ɔɡ ɗɚɖɌɗɔɓɌɢɔɔ Ɏ ɝɑɏɘɑəɞɑ ɚɠ-
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ɞɌɗɨɘɔɣɑɝɖɚɕ Ɍɜɞɑɜɔɔ ɔ ɖɌɎɑɜəɚɓəɚɘ ɝɑɏ-

ɘɑəɞɑ Ɏəɟɞɜɑəəɑɕ ɝɚəəɚɕ Ɍɜɞɑɜɔɔ, Ɏ ɓɌɐəɑɕ 

əɔɒəɑɕ ɘɚɓɒɑɣɖɚɎɚɕ Ɍɜɞɑɜɔɔ, ɐɔɝɞɌɗɨəɚɕ 

ɝɜɑɐəɑɕ ɘɚɓɏɚɎɚɕ Ɍɜɞɑɜɔɔ ɔ ɛɑɜɑɐəɑɕ ɡɚ-

ɜɔɚɔɐɌɗɨəɚɕ Ɍɜɞɑɜɔɔ. ȾɌɖɒɑ ɞɜɟɐəɧ ɐɗɫ Ɏɔ-

ɓɟɌɗɔɓɌɢɔɔ ɘɌɗɧɑ ɌəɑɎɜɔɓɘɧ, ɜɌɝɛɚɗɚɒɑə-

əɧɑ Ɏ ɐɔɝɞɌɗɨəɧɡ ɝɑɏɘɑəɞɌɡ Ɏəɟɞɜɔɣɑɜɑɛ-

əɧɡ Ɍɜɞɑɜɔɕ, Ɏ ɓɌɐəɑɕ ɘɚɓɏɚɎɚɕ Ɍɜɞɑɜɔɔ 

[24].  

Ȼɗɚɡɚɑ ɖɌɣɑɝɞɎɚ ɔɓɚɍɜɌɒɑəɔɕ, ɎɧɓɎɌə-

əɚɑ ɌɜɞɑɠɌɖɞɌɘɔ ɐɎɔɒɑəɔɫ ɔɗɔ əɑɛɜɌɎɔɗɨəɚ 

ɎɧɍɜɌəəɚɘ Ɏɜɑɘɑəɑɘ ɓɌɐɑɜɒɖɔ ɎɎɑɐɑəɔɫ 

ɍɚɗɪɝɌ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ, ɞɌɖɒɑ ɘɚɒɑɞ 

ɛɜɔɎɑɝɞɔ ɖ ɗɚɒəɚɚɞɜɔɢɌɞɑɗɨəɧɘ ɜɑɓɟɗɨɞɌ-

ɞɌɘ, ɐɌɒɑ ɛɜɔ ɌəɑɎɜɔɓɘɌɡ ɜɌɓɘɑɜɚɘ ɍɚɗɑɑ 5 

ɘɘ. ȬəɑɎɜɔɓɘɧ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɞɌɖɔɘɔ ɢɑ-

ɜɑɍɜɚɎɌɝɖɟɗɫɜəɧɘɔ ɓɌɍɚɗɑɎɌəɔɫɘɔ, ɖɌɖ ɍɚ-

ɗɑɓəɨ ȸɚɕɫ-ȸɚɕɫ ɔ ɌɜɞɑɜɔɚɎɑəɚɓəɧɑ ɘɌɗɨ-

ɠɚɜɘɌɢɔɔ, Ɍ ɞɌɖɒɑ ɛɜɔ ɚɖɖɗɪɓɔɚəəɧɡ ɛɚ-

ɜɌɒɑəɔɫɡ ɝɚɝɟɐɚɎ, ɍɚɗɑɑ ɞɜɟɐəɧ ɐɗɫ ɎɧɫɎɗɑ-

əɔɫ. Ȯ ɚɞɗɔɣɔɑ ɚɞ ɜɌɓɚɜɎɌɎɤɔɡɝɫ ɌəɑɎɜɔɓɘ ɝ 

ȽȬȶ, əɑɍɚɗɨɤɔɑ əɑɜɌɓɚɜɎɌɎɤɔɑɝɫ ɌəɑɎɜɔɓ-

ɘɧ ɘɚɏɟɞ əɑ ɛɜɔɎɗɑɖɌɞɨ ɎəɔɘɌəɔɫ ɜɑəɞ-

ɏɑəɚɗɚɏɚɎ ɛɜɔ ɚɢɑəɖɑ ɐɌəəɧɡ ȶȾȬȯ. ȶɜɚɘɑ 

ɞɚɏɚ, ɐɔɝɝɑɖɢɔɔ Ɍɜɞɑɜɔɕ ɍɑɓ ɠɚɜɘɔɜɚɎɌəɔɫ 

ɌəɑɎɜɔɓɘɌɞɔɣɑɝɖɚɏɚ ɘɑɤɖɌ ɔəɚɏɐɌ ɘɚɏɟɞ 

ɍɧɞɨ ɛɜɚɛɟɥɑəɧ, ɐɌɒɑ ɑɝɗɔ ɐɔɌɘɑɞɜ ɛɚɜɌ-

ɒɑəəɚɏɚ ɝɑɏɘɑəɞɌ Ɍɜɞɑɜɔɔ ɛɜɑɎɧɤɌɑɞ 5 ɘɘ 

[24].  

ȻɜɑɔɘɟɥɑɝɞɎɌ ȶȾȬȯ ɛɑɜɑɐ ɂȬȯ ɓɌɖɗɪ-

ɣɌɑɞɝɫ Ɏ ɑɑ ɚɞəɚɝɔɞɑɗɨəɚ əɔɓɖɚɕ ɝɞɚɔɘɚɝɞɔ, 

Ɏɧɝɚɖɚɕ ɝɖɚɜɚɝɞɔ ɛɚɗɟɣɑəɔɫ ɜɑɓɟɗɨɞɌɞɚɎ ɔ 

ɍɚɗɑɑ ɤɔɜɚɖɚɕ ɐɚɝɞɟɛəɚɝɞɔ Ɏ ɚɝɞɜɧɕ ɛɑɜɔɚɐ 

ȽȬȶ, ɚɝɚɍɑəəɚ Ɏ əɑɍɚɗɨɤɔɡ ɍɚɗɨəɔɢɌɡ. ȼɌɓ-

ɗɔɣəɧɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɔ ɘɑɞɌ-ɌəɌɗɔɓɧ ɛɚɖɌ-

ɓɌɗɔ, ɣɞɚ ȶȾȬȯ ɛɜɌɖɞɔɣɑɝɖɔ ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɂȬȯ ɛɚ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɔ ɔ ɝɛɑɢɔɠɔɣəɚɝɞɔ 

ɐɗɫ ɎɧɫɎɗɑəɔɫ ɌəɑɎɜɔɓɘ, ɓɌ ɔɝɖɗɪɣɑəɔɑɘ 

ɝɗɟɣɌɑɎ ɚɣɑəɨ ɘɑɗɖɔɡ ɌəɑɎɜɔɓɘ, ɗɚɖɌɗɔɓɚ-

ɎɌəəɧɡ Ɏ çɞɜɟɐəɧɡè ɘɑɝɞɌɡ. Ȯ ɢɑɗɚɘ, ɐɌəəɧɑ 

ɗɔɞɑɜɌɞɟɜɧ ɟɖɌɓɧɎɌɪɞ əɌ ɝɚɎɚɖɟɛəɟɪ ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨ ɔ ɝɛɑɢɔɠɔɣəɚɝɞɨ ȶȾȬȯ, ɛɜɔ-

ɍɗɔɒɌɪɥɟɪɝɫ ɔɗɔ ɛɜɑɎɧɤɌɪɥɟɪ 90% ɛɚ 

ɝɜɌɎəɑəɔɪ ɝ ɂȬȯ, Ɏɓɫɞɟɪ ɖɌɖ çɓɚɗɚɞɚɕ ɝɞɌə-

ɐɌɜɞè [1ð3, 11, 23 ð25]. White P.M. ɔ ɝɚɌɎɞ. Ɏ 

ɔɝɝɗɑɐɚɎɌəɔɔ ɝ ɟɣɌɝɞɔɑɘ 677 ɛɌɢɔɑəɞɚɎ ɛɚ-

ɖɌɓɌɗɔ, ɣɞɚ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ȶȾȬȯ ɐɗɫ ɚɍəɌ-

ɜɟɒɑəɔɫ ɌəɑɎɜɔɓɘ ɝ ɘɌɖɝɔɘɌɗɨəɧɘ ɐɔɌɘɑɞ-

ɜɚɘ ɘɑəɑɑ 3 ɘɘ ɝɚɝɞɌɎɗɫɗɌ 61%, Ɍ ɐɗɫ Ɍəɑ-

Ɏɜɔɓɘ ɜɌɓɘɑɜɚɘ ɍɚɗɑɑ 3 ɘɘ ð 96% [26]. ȭɚɗɑɑ 

ɛɚɓɐəɔɕ ɘɑɞɌ-ɌəɌɗɔɓ, ɎɖɗɪɣɌɎɤɔɕ Ɏ ɝɑɍɫ 

ɛɌɢɔɑəɞɚɎ, ɚɍɝɗɑɐɚɎɌəəɧɡ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɍɚɗɑɑ ɝɚɎɑɜɤɑəəɧɡ ɞɚɘɚɏɜɌɠɚɎ, ɛɚɖɌɓɌɗ ɍɚ-

ɗɑɑ Ɏɧɝɚɖɔɑ ɛɚɖɌɓɌɞɑɗɔ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɔ 

ɝɛɑɢɔɠɔɣəɚɝɞɨ ɘɑɞɚɐɌ ɐɗɫ ɚɍəɌɜɟɒɑəɔɫ 

Ɏəɟɞɜɔɣɑɜɑɛəɧɡ ɌəɑɎɜɔɓɘ ð ɍɚɗɑɑ 97% [27]. 

ȹɌ ɗɚɒəɚɛɚɗɚɒɔɞɑɗɨəɧɑ ɔ ɗɚɒəɚɚɞɜɔ-

ɢɌɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ ȶȾȬȯ Ɏɚ ɘəɚɏɚɘ Ɏɗɔɫ-

ɑɞ ɗɚɖɌɗɔɓɌɢɔɫ ɌəɑɎɜɔɓɘɧ. ȾɌɖ, əɌɛɜɔɘɑɜ, 

ɛɜɔ ɔɡ ɗɚɖɌɗɔɓɌɢɔɔ Ɏ ɛɑɜɑɐəɑɕ ɝɚɑɐɔəɔ-

ɞɑɗɨəɚɕ Ɍɜɞɑɜɔɔ ɔ ɐɔɝɞɌɗɨəɚɘ ɝɑɏɘɑəɞɑ ɍɌ-

ɓɔɗɫɜəɚɕ Ɍɜɞɑɜɔɔ ɚɞɘɑɣɌɗɝɫ ɝɌɘɧɕ Ɏɧɝɚɖɔɕ 

ɟɜɚɎɑəɨ ɗɚɒəɚɛɚɗɚɒɔɞɑɗɨəɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ð 

21% ɔ 22% ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȷɚɒəɚɚɞɜɔɢɌ-

ɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɎɚɓəɔɖɌ-

ɪɞ ɛɜɔ ɗɚɖɌɗɔɓɌɢɔɔ ɘɑɗɖɔɡ ɌəɑɎɜɔɓɘ Ɏ ɖɌ-

Ɏɑɜəɚɓəɚɕ ɣɌɝɞɔ ȮȽȬ ɔ ɝɜɑɐəɑɕ ɘɚɓɏɚɎɚɕ 

Ɍɜɞɑɜɔɔ (ȽȸȬ). ȭɚɗɨɤɔəɝɞɎɚ əɑ ɐɔɌɏəɚɝɞɔ-

ɜɚɎɌəəɧɡ ɝ ɛɚɘɚɥɨɪ ȶȾȬȯ ɌəɑɎɜɔɓɘ ɍɧɗɔ 

ɘɑəɑɑ 3 ɘɘ Ɏ ɐɔɌɘɑɞɜɑ [27].  

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɌəɏɔɚɏɜɌɠɔɫ, Ɏɧ-

ɛɚɗəɫɑɘɌɫ əɌ ɝɚɎɜɑɘɑəəɧɡ ɘɚɐɑɗɫɡ ɞɚɘɚ-

ɏɜɌɠɚɎ ɝ ɣɔɝɗɚɘ ɜɫɐɚɎ ɐɑɞɑɖɞɚɜɚɎ 64 ɔ ɍɚ-

ɗɑɑ, ɛɚɓɎɚɗɫɑɞ ɎɧɫɎɗɫɞɨ ɍɚɗɨɤɔəɝɞɎɚ Ɏəɟɞ-

ɜɔɣɑɜɑɛəɧɡ ɌəɑɎɜɔɓɘ ɜɌɓɘɑɜɚɘ 3 ɘɘ ɔ ɍɚ-

ɗɑɑ, Ɍ ɞɌɖɒɑ ɚɢɑəɔɎɌɞɨ ɚɍɦɑɘəɟɪ ɌəɌɞɚɘɔɪ 

ɝɚɝɟɐɚɎ ɔ ɛɜɔɗɑɒɌɥɔɡ ɖ əɔɘ ɖɚɝɞəɧɡ ɝɞɜɟɖ-

ɞɟɜ, ɣɞɚ ɎɌɒəɚ ɐɗɫ ɍɚɗɨɤɔəɝɞɎɌ əɑɕɜɚɡɔɜɟɜ-

ɏɚɎ [6, 7]. ȶȾȬȯ ɞɌɖɒɑ əɑɚɍɡɚɐɔɘɌ ɐɗɫ ɐɔɌ-

ɏəɚɝɞɔɖɔ ɞɜɚɘɍɚɓɌ ɌəɑɎɜɔɓɘ ɔ ɖɌɗɨɢɔɠɔɖɌ-

ɢɔɔ ɔɡ çɤɑɕɖɔè ɔɗɔ ɝɞɑəɖɔ, Ɍ ɞɌɖɒɑ ɐɗɫ 

ɚɛɜɑɐɑɗɑəɔɫ ɎɓɌɔɘɚɝɎɫɓɔ ɌəɑɎɜɔɓɘɧ ɝ ɖɚɝɞ-

əɧɘɔ ɝɞɜɟɖɞɟɜɌɘɔ ɚɝəɚɎɌəɔɫ ɣɑɜɑɛɌ [28].   

Ȯ ɓəɌɣɔɞɑɗɨəɚɕ ɝɞɑɛɑəɔ ɣɟɎɝɞɎɔɞɑɗɨ-

əɚɝɞɨ ɚɍəɌɜɟɒɑəɔɫ ɌəɑɎɜɔɓɘ ɓɌɎɔɝɔɞ ɚɞ 

ɛɜɚɝɞɜɌəɝɞɎɑəəɚɏɚ ɜɌɓɜɑɤɑəɔɫ ɞɚɘɚɏɜɌɠɚɎ, 

ɖɚɞɚɜɚɑ ɣɌɝɞɔɣəɚ ɓɌɎɔɝɔɞ ɚɞ ɖɚɗɔɣɑɝɞɎɌ ɜɫ-

ɐɚɎ ɐɑɞɑɖɞɚɜɚɎ ɔ ɔɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ. ȹɌ ɝɑɏɚ-

ɐəɫɤəɔɕ ɐɑəɨ ɚəɚ ɝɚɝɞɌɎɗɫɑɞ 0,4ð0,7 ɘɘ. Ȼɚ 

ɐɌəəɧɘ ɗɔɞɑɜɌɞɟɜɧ, ɛɜɔ ɝɜɌɎəɑəɔɔ ɝ ɢɔɠ-

ɜɚɎɚɕ ɝɟɍɞɜɌɖɢɔɚəəɚɕ ɂȬȯ, ȶȾȬȯ ɔɘɑɑɞ ɛɚ-

ɖɌɓɌɞɑɗɔ ɝɛɑɢɔɠɔɣəɚɝɞɔ 96-98% (90 -94% ɐɗɫ 

ɌəɑɎɜɔɓɘ ɜɌɓɘɑɜɚɘ ɘɑəɑɑ 3 ɘɘ ɔ ɐɚ 100% ð 

ɛɜɔ ɔɡ ɜɌɓɘɑɜɑ ɍɚɗɑɑ 3 ɘɘ), ɟɜɚɎɑəɨ ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɔ ð 96 -98%. Ƚ ɛɚɫɎɗɑəɔɑɘ ɝɔ-

ɝɞɑɘ ɝ ɖɚɗɔɣɑɝɞɎɚɘ ɐɑɞɑɖɞɚɜɚɎ ɜɌɎəɧɘ 256 ɔ 

320 ɛɚɖɌɓɌɞɑɗɔ ɛɜɚɝɞɜɌəɝɞɎɑəəɚɏɚ ɜɌɓɜɑɤɑ-

əɔɫ ɔ ɞɚɣəɚɝɞɔ ȶȾȬȯ ɟɎɑɗɔɣɔɗɔɝɨ [29, 30].  

Ⱥɝɚɍɚɑ ɘɑɝɞɚ Ɏ ɚɢɑəɖɑ ɌəɑɎɜɔɓɘ ɓɌəɔ-

ɘɌɑɞ ɐɎɟɡɩəɑɜɏɑɞɔɣɑɝɖɌɫ ȶȾȬȯ, ɛɜɔ ɖɚɞɚɜɚɕ 

ɚɐəɚɎɜɑɘɑəəɚɑ ɛɚɗɟɣɌɪɞ ɐɎɌ əɌɍɚɜɌ ɐɌəəɧɡ 

ȶT ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɜɌɓəɧɡ ɩəɑɜɏɑɞɔɣɑɝɖɔɡ 

ɝɛɑɖɞɜɚɎ, ɣɞɚ ɛɚɓɎɚɗɫɑɞ ɜɌɓɗɔɣɌɞɨ ɘɌɞɑɜɔɌ-

ɗɧ ɝ ɚɐɔəɌɖɚɎɚɕ ɛɗɚɞəɚɝɞɨɪ ɛɚ ɤɖɌɗɑ 

ɁɌɟəɝɠɔɗɐɌ (əɌɛɜɔɘɑɜ, ɖɜɚɎɨ, ɖɌɗɨɢɔɕ ɔ 

ɕɚɐ). ȴəɠɚɜɘɌɢɔɫ, ɛɚɗɟɣɑəəɌɫ əɌ ɝɑɜɔɫɡ 

ɔɓɚɍɜɌɒɑəɔɕ ɝ ɍɚɗɑɑ Ɏɧɝɚɖɚɕ ɩəɑɜɏɔɑɕ, ɘɚ-

ɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɐɗɫ ɟɘɑəɨɤɑəɔɫ Ɍɜɞɑ-

ɠɌɖɞɚɎ, Ɍ ɐɌəəɧɑ, ɛɚɗɟɣɑəəɧɑ ɛɜɔ əɔɓɖɚɕ 

ɩəɑɜɏɔɔ, ɛɚɓɎɚɗɫɪɞ ɛɚɎɧɝɔɞɨ ɖɚəɞɜɌɝɞəɚɝɞɨ 

ɔɓɚɍɜɌɒɑəɔɕ. ȶɜɚɘɑ ɞɚɏɚ, ɐɎɟɡɩəɑɜɏɑɞɔɣɑ-

ɝɖɌɫ ȶȾȬȯ ɛɚɓɎɚɗɫɑɞ Ɏɧɛɚɗəɫɞɨ ɝɟɍɞɜɌɖɢɔɪ 

ɖɚɝɞəɧɡ ɝɞɜɟɖɞɟɜ, ɣɞɚ ɝɟɥɑɝɞɎɑəəɚ ɚɍɗɑɏɣɌ-

ɑɞ ɝɚɓɐɌəɔɑ ɞɜɑɡɘɑɜəɧɡ ɜɑɖɚəɝɞɜɟɖɢɔɕ ɔə-

ɞɜɌɖɜɌəɔɌɗɨəɧɡ Ɍɜɞɑɜɔɕ ɔ ɟɗɟɣɤɌɞɨ ɎɔɓɟɌ-

ɗɔɓɌɢɔɪ ɌəɑɎɜɔɓɘ, ɗɚɖɌɗɔɓɚɎɌəəɧɡ Ɏ ɚɍɗɌ-

ɝɞɔ ɚɝəɚɎɌəɔɫ ɣɑɜɑɛɌ. ȾɌɖ, ɛɚ ɐɌəəɧɘ ɜɌɓ-

ɗɔɣəɧɡ ɌɎɞɚɜɚɎ, ɐɎɟɡɩəɑɜɏɑɞɔɣɑɝɖɌɫ ȶȾȬȯ 
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ɔɘɑɑɞ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɔ ɝɛɑɢɔɠɔɣəɚɝɞɨ, 

ɜɌɎəɧɑ 95% ɔ 100% ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɛɜɔ 

60% ɝəɔɒɑəɔɔ ɝɜɑɐəɑɕ ɗɟɣɑɎɚɕ əɌɏɜɟɓɖɔ ð 

ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɂȬȯ [23, 24, 30]. 

ȴɝɛɚɗɨɓɚɎɌəɔɑ ɝɟɍɞɜɌɖɢɔɔ ɖɚɝɞəɧɡ 

ɝɞɜɟɖɞɟɜ ɛɜɔ Ɏɧɛɚɗəɑəɔɔ ȶȾȬȯ əɌ ɞɚɘɚɏɜɌ-

ɠɌɡ ɝ ɣɔɝɗɚɘ ɝɜɑɓɚɎ Ɏɧɤɑ 128, ɟɎɑɗɔɣɔɎɌɑɞ 

ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɔ ɝɛɑɢɔɠɔɣəɚɝɞɨ ɘɑɞɚɐɌ Ɏ 

ɎɧɫɎɗɑəɔɔ ɘɑɗɖɔɡ ɌəɑɎɜɔɓɘ, ɖɚɞɚɜɧɑ ɜɌɝɛɚ-

ɗɚɒɑəɧ ɍɗɔɓɖɚ ɖ ɖɚɝɞɫɘ ɚɝəɚɎɌəɔɫ ɣɑɜɑɛɌ. 

Z. Lu ɔ ɝɚɌɎɞ. Ɏ ɔɝɝɗɑɐɚɎɌəɔɔ ɝ ɛɜɔɘɑəɑ-

əɔɑɘ 320-ɝɜɑɓɚɎɚɏɚ ȶȾ ɛɚɖɌɓɌɗɔ ɣɟɎɝɞɎɔ-

ɞɑɗɨəɚɝɞɨ ȶȾȬȯ Ɏ ɎɧɫɎɗɑəɔɔ ɘɑɗɖɔɡ Ɍəɑ-

Ɏɜɔɓɘ, ɐɚɝɞɔɏɌɪɥɟɪ 98,9-100% ɛɚɝɗɑ ɝɟɍ-

ɞɜɌɖɢɔɔ ɖɚɝɞəɧɡ ɝɞɜɟɖɞɟɜ, Ɏ ɝɜɌɎəɑəɔɔ ɝ 

92,6 -93,7% ɍɑɓ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɝɟɍɞɜɌɖɢɔɔ 

[31]. Ȼɚɐɚɍəɧɑ ɐɌəəɧɑ ɛɚɗɟɣɔɗɔ ɔ Hwang ɔ 

ɝɚɌɎɞ. [32], ɟɖɌɓɧɎɌɫ əɌ ɞɚ, ɣɞɚ ɣɟɎɝɞɎɔɞɑɗɨ-

əɚɝɞɨ ɔ ɝɛɑɢɔɠɔɣəɚɝɞɨ ɚɍɦɑɘəɚɕ ȶȾȬȯ ɝ 

ɖɚɝɞəɚɕ ɝɟɍɞɜɌɖɢɔɑɕ ɛɜɔɍɗɔɒɌɑɞɝɫ ɖ 100%, 

əɑɓɌɎɔɝɔɘɚ ɚɞ ɗɚɖɌɗɔɓɌɢɔɔ ɔ ɜɌɓɘɑɜɚɎ Ɍəɑ-

Ɏɜɔɓɘ, ɛɜɔ ɩɞɚɘ ɚɍɌ ɔɝɝɗɑɐɚɎɌɞɑɗɫ ɝɜɌɎəɔ-

ɎɌɗɔ ɐɌəəɧɑ ȶȾ-ɌəɏɔɚɏɜɌɠɔɔ ɝ ɂȬȯ, ɛɜɔəɔ-

ɘɌɫ ɑɑ çɓɚɗɚɞɧɘ ɝɞɌəɐɌɜɞɚɘè Ɏ ɐɔɌɏəɚɝɞɔɖɑ 

ɌəɑɎɜɔɓɘ. 

ȻɚɞɑəɢɔɌɗɨəɧɘɔ ɔɝɞɚɣəɔɖɌɘɔ əɑɞɜɌɎ-

ɘɌɞɔɣɑɝɖɚɏɚ ȽȬȶ, ɛɚɘɔɘɚ ɌəɑɎɜɔɓɘ, ɘɚɏɟɞ 

ɍɧɞɨ ɐɜɟɏɔɑ ɝɚɝɟɐɔɝɞɧɑ ɛɌɞɚɗɚɏɔɔ ɞɌɖɔɑ, 

ɖɌɖ ɝɚɝɟɐɔɝɞɧɑ ɘɌɗɨɠɚɜɘɌɢɔɔ, ɎɌɝɖɟɗɚɛɌ-

ɞɔɔ (ɌɘɔɗɚɔɐəɌɫ ɌəɏɔɚɛɌɞɔɫ), ɌɜɞɑɜɔɌɗɨəɌɫ 

ɏɔɛɑɜɞɚəɔɫ, ɖɚɌɏɟɗɚɛɌɞɔɔ, ɛɜɔɑɘ ɗɑɖɌɜ-

ɝɞɎɑəəɧɡ ɛɜɑɛɌɜɌɞɚɎ (ɌəɞɔɖɚɌɏɟɗɫəɞɚɎ, Ɍɘ-

ɠɑɞɌɘɔəɚɎ ɔ ɐɜ.). Ȯ ɜɫɐɑ ɝɗɟɣɌɑɎ ɔɝɞɚɣəɔɖ 

ȽȬȶ ɞɌɖ ɔ ɚɝɞɌɑɞɝɫ əɑ ɎɧɫɎɗɑəəɧɘ [10, 14]. 

Ȯ ɝɎɚɑɘ ɔɝɝɗɑɐɚɎɌəɔɔ C.P. Marder ɔ ɝɚ-

ɌɎɞ. [33] ɟɝɞɌəɚɎɔɗɔ, ɣɞɚ ɞɚɗɨɖɚ Ɏ 85% ɝɗɟɣɌ-

ɑɎ Ɏəɟɞɜɔɣɑɜɑɛəɚɑ ȽȬȶ ɎɧɓɎɌəɚ ɜɌɓɜɧɎɚɘ 

ɌəɑɎɜɔɓɘɧ. Ⱥəɔ ɛɜɔɐɌɪɞ ɍɚɗɨɤɚɑ ɓəɌɣɑəɔɑ 

ɌəɌɗɔɓɟ ɐɌəəɧɡ əɌɞɔɎəɚɕ ȶȾ Ɏ ɝɚɣɑɞɌəɔɔ ɝ 

ȶȾȬȯ Ɏ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɑ ɜɌɓ-

ɗɔɣəɧɡ ɎɔɐɚɎ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ȽȬȶ. Ƚɚ-

ɏɗɌɝəɚ ɛɟɍɗɔɖɌɢɔɫɘ, Ɏ 15% ɝɗɟɣɌɑɎ ɛɜɔɣɔ-

əɚɕ əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ȽȬȶ ɝɞɌəɚɎɫɞɝɫ ɛɑ-

ɜɔɘɑɓɑəɢɑɠɌɗɨəɧɑ Ɏɑəɚɓəɧɑ ɖɜɚɎɚɔɓɗɔɫəɔɫ, 

ɎɌɝɖɟɗɔɞɧ, ɌɘɔɗɚɔɐəɌɫ ɌəɏɔɚɛɌɞɔɫ ɔ ɐɜ., Ɍ Ɏ 

7% ɝɗɟɣɌɑɎ ɎɧɫɎɗɫɪɞɝɫ ɔɐɔɚɛɌɞɔɣɑɝɖɔɑ 

ɖɜɚɎɚɔɓɗɔɫəɔɫ əɑɫɝəɚɏɚ ɏɑəɑɓɌ. ȬəɌɗɔɓɔɜɟɫ 

ɐɌəəɧɑ ɏɜɟɛɛɧ ɛɌɢɔɑəɞɚɎ ɝ əɑ-

ɞɜɌɎɘɌɞɔɣɑɝɖɔɘ ɛɑɜɔɘɑɓɑəɢɑɠɌɗɨəɧɘ ȽȬȶ, 

A.M. Mortimer ɔ ɝɚɌɎɞ. [34], ɛɜɔɤɗɔ ɖ ɓɌɖɗɪ-

ɣɑəɔɪ, ɣɞɚ ɎɧɝɚɖɌɫ ɚɞɜɔɢɌɞɑɗɨəɌɫ ɛɜɑɐɝɖɌ-

ɓɌɞɑɗɨəɌɫ ɢɑəəɚɝɞɨ ȶȾ-ɌəɏɔɚɏɜɌɠɔɔ (98,6%) 

ɛɚɓɎɚɗɫɑɞ əɑ ɛɜɚɎɚɐɔɞɨ ɂȬȯ ɛɜɔ əɑɞɜɌɎɘɌ-

ɞɔɣɑɝɖɚɘ ȽȬȶ əɑɫɝəɚɏɚ ɏɑəɑɓɌ. ȭɚɗɑɑ ɞɚɏɚ, B. 

Ramgren ɝ ɝɚɌɎɞ.  [35], ɛɚɐɣɑɜɖɔɎɌɪɞ Ɏɧɝɚ-

ɖɟɪ ɔəɠɚɜɘɌɞɔɎəɚɝɞɨ ȶȾ-ɌəɏɔɚɏɜɌɠɔɔ əɑ 

ɞɚɗɨɖɚ Ɏ ɎɧɫɎɗɑəɔɔ ɌəɑɎɜɔɓɘ ɗɪɍɚɏɚ ɜɌɓɘɑ-

ɜɌ (ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ 93,3%, ɝɛɑɢɔɠɔɣəɚɝɞɨ 

88%), əɚ ɔ Ɏ ɐɔɠɠɑɜɑəɢɔɌɢɔɔ ɜɌɓɚɜɎɌɎɤɔɡ-

ɝɫ ɔ əɑɜɌɓɚɜɎɌɎɤɔɡɝɫ ɌəɑɎɜɔɓɘ ɛɚ ɛɗɚɞəɚ-

ɝɞɔ ɛɜɚɝɎɑɞɌ ɌəɑɎɜɔɓɘɌɞɔɣɑɝɖɚɏɚ ɘɑɤɖɌ (Ɏ 

ɖɌɣɑɝɞɎɑ çɛɚɜɚɏɌè ɛɜɑɐɗɌɏɌɑɞɝɫ ɛɚɜɚɏ 

>535HU).  

ȽɟɥɑɝɞɎɟɪɞ ɐɌəəɧɑ, ɣɞɚ ȶȾȬȯ ɘɚɒɑɞ 

ɛɚɗəɚɝɞɨɪ ɓɌɘɑəɫɞɨ ɂȬȯ ɐɗɫ əɌɣɌɗɨəɚɕ 

ɚɢɑəɖɔ ȽȬȶ. Ȯ ɘɑɞɌ-ɌəɌɗɔɓɑ, ɎɖɗɪɣɌɪɥɑɘ 

50 ɔɝɝɗɑɐɚɎɌəɔɕ (4097 ɛɌɢɔɑəɞɚɎ), ɚɢɑəɔ-

ɎɌɪɥɔɡ ȶȾȬȯ ɖɌɖ ɘɑɞɚɐɌ ɎɧɍɚɜɌ ɐɗɫ ɛɑɜ-

Ɏɔɣəɚɕ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɕ ɎɔɓɟɌɗɔɓɌɢɔɔ ɛɜɔ 

ȽȬȶ, ɑɑ ɝɚɎɚɖɟɛəɌɫ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɔ ɝɛɑ-

ɢɔɠɔɣəɚɝɞɨ ɝɚɝɞɌɎɔɗɔ, Ɏ ɝɜɑɐəɑɘ 98% ɔ 

100% ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȼɌɓɜɧɎ ɌəɑɎɜɔɓɘɧ 

ɛɜɔ ȶȾȬȯ ɍɧɗ ɛɜɚɛɟɥɑə Ɏɝɑɏɚ Ɏ 71 ɝɗɟɣɌɑ. 

Ȼɜɔ ɗɚɒəɚɚɞɜɔɢɌɞɑɗɨəɧɡ ɜɑɓɟɗɨɞɌɞɌɡ (53 

ɝɗɟɣɌɫ) ɚɤɔɍɚɣəɌɫ ɗɚɖɌɗɔɓɌɢɔɫ ɌəɑɎɜɔɓɘɧ 

ɍɧɗɌ ɟɖɌɓɌəɌ ɣɌɥɑ Ɏɝɑɏɚ ɐɗɫ ȮȽȬ (27 ɝɗɟɣɌ-

ɑɎ, 51%), ɓɌɐəɑɕ əɔɒəɑɕ ɘɚɓɒɑɣɖɚɎɚɕ Ɍɜ-

ɞɑɜɔɔ (7 ɝɗɟɣɌɑɎ, 13%) ɔ ɝɜɑɐəɑɕ ɘɚɓɏɚɎɚɕ 

Ɍɜɞɑɜɔɔ (5 ɝɗɟɣɌɑɎ, 9%). ȮɌɒəɚɝɞɨ ɐɎɚɕəɚɏɚ 

ɌəɌɗɔɓɌ ɔɝɝɗɑɐɚɎɌəɔɕ ɔ ɚɛɧɞɌ ɜɑəɞɏɑəɚɗɚɏɌ 

ɛɚɐɣɑɜɖɔɎɌɑɞ ɞɚɞ ɠɌɖɞ, ɣɞɚ 19 ɛɜɚɛɟɥɑəəɧɡ 

ɌəɑɎɜɔɓɘ ɍɧɗɔ ɚɍəɌɜɟɒɑəɧ ɜɑɞɜɚɝɛɑɖɞɔɎəɚ 

[1].  

ȶȾȬȯ ɝɛɚɝɚɍəɌ ɛɚɖɌɓɌɞɨ ɝɚɝɞɚɫəɔɑ ɚɍ-

ɥɔɡ, əɌɜɟɒəɧɡ, Ɏəɟɞɜɑəəɔɡ ɝɚəəɧɡ ɔ ɛɚ-

ɓɎɚəɚɣəɧɡ Ɍɜɞɑɜɔɕ, ɔɡ ɌəɌɞɚɘɔɪ, ɎɌɜɔɌəɞɧ 

ɜɌɓɎɔɞɔɫ ɔ ɝɞɑɛɑəɨ Ɍɞɑɜɚɝɖɗɑɜɚɞɔɣɑɝɖɚɏɚ 

ɛɚɜɌɒɑəɔɫ, ɣɞɚ ɔɘɑɑɞ ɓəɌɣɑəɔɑ ɛɜɔ ɛɗɌəɔ-

ɜɚɎɌəɔɔ ɡɔɜɟɜɏɔɣɑɝɖɚɏɚ ɗɑɣɑəɔɫ. Ƚ ɛɚɘɚ-

ɥɨɪ ȶȾȬȯ Ɏɚɓɘɚɒəɚ ɞɌɖɒɑ ɚɛɜɑɐɑɗɔɞɨ ɛɜɚ-

ɐɚɗɒɌɪɥɟɪɝɫ ɩɖɝɞɜɌɎɌɓɌɢɔɪ ɜɑəɞɏɑəɚɖɚə-

ɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ, ɟɖɌɓɧɎɌɪɥɟɪ əɌ ɛɜɚ-

ɐɚɗɒɌɪɥɑɑɝɫ ɖɜɚɎɚɞɑɣɑəɔɑ. 

ȴɘɑɪɞɝɫ ɛɟɍɗɔɖɌɢɔɔ, Ɏ ɖɚɞɚɜɧɡ ɚɍ-

ɝɟɒɐɌɑɞɝɫ Ɏɚɓɘɚɒəɚɝɞɨ ɓɌɘɑəɧ ȰȽȬ əɌ ȶȾȬȯ 

Ɏ ɖɌɣɑɝɞɎɑ əɌɐɑɒəɚɏɚ ɝɛɚɝɚɍɌ ɎɧɫɎɗɑəɔɫ 

Ɏəɟɞɜɔɣɑɜɑɛəɧɡ ɌəɑɎɜɔɓɘ ɛɜɔ ɚɝɞɜɚɘ əɑ-

ɞɜɌɎɘɌɞɔɣɑɝɖɚɘ ȽȬȶ. ɉɞɚ ɝɟɒɐɑəɔɑ, ɚɞɣɌ-

ɝɞɔ, ɚɝəɚɎɌəɚ əɌ ɞɚɘ ɠɌɖɞɑ, ɣɞɚ ȶȾȬ ɘɚɒəɚ 

ɛɜɚɎɚɐɔɞɨ ɚɣɑəɨ ɍɧɝɞɜɚ, ɝɜɌɓɟ ɛɚɝɗɑ ɜɟ-

ɞɔəəɚɕ ȶȾ. Ȼɜɔ ɩɞɚɕ əɑɔəɎɌɓɔɎəɚɕ ɘɑɞɚɐɔ-

ɖɑ, ɜɔɝɖ ɚɝɗɚɒəɑəɔɕ ɚɣɑəɨ ɘɌɗ. ȺɐəɌɖɚ, 

ɚɢɑəɖɌ ɩɖɚəɚɘɔɣɑɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɓɌɘɑ-

əɧ ɚɐəɚɏɚ ɘɑɞɚɐɌ ɐɜɟɏɔɘ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ 

ɑɥɑ əɑ ɛɜɚɎɚɐɔɗɌɝɨ [29].  

ȬɎɞɚɜɧ ȱɎɜɚɛɑɕɝɖɚɏɚ ɜɑɖɚɘɑəɐɌɞɑɗɨ-

əɚɏɚ ɛɜɚɞɚɖɚɗɌ ɛɚ ɐɔɌɏəɚɝɞɔɖɑ ɔ ɗɑɣɑəɔɪ 

ɔəɞɜɌɖɜɌəɔɌɗɨəɧɡ ɌəɑɎɜɔɓɘ ɔ ȽȬȶ ɚɞ 2013 

ɏ., ɛɜɔɝɎɚɔɗɔ Ɏɝɑɘ ɌəɏɔɚɏɜɌɠɔɣɑɝɖɔɘ ɘɑɞɚ-

ɐɔɖɌɘ (ȶȾȬȯ, ȸȼ-ɌəɏɔɚɏɜɌɠɔɫ ɔ ɂȬȯ) ɚɐɔəɌ-

ɖɚɎɧɕ ɟɜɚɎɑəɨ ɐɚɖɌɓɌɞɑɗɨəɚɝɞɔ (ɖɗɌɝɝ II, 

ɟɜɚɎɑəɨ Ȯ) Ɏ ɎɧɫɎɗɑəɔɔ ɔɝɞɚɣəɔɖɌ ɖɜɚɎɚ-

ɔɓɗɔɫəɔɫ ɛɜɔ ȽȬȶ. Ȯ ɩɞɚɘ ɒɑ ɜɟɖɚɎɚɐɝɞɎɑ 

ɜɑɖɚɘɑəɐɚɎɌəɚ əɌɓəɌɣɑəɔɑ ɂȬȯ ɞɚɗɨɖɚ ɞɑɘ 

ɛɌɢɔɑəɞɌɘ, ɟ ɖɚɞɚɜɧɡ əɑ ɚɍəɌɜɟɒɑə ɔɝɞɚɣ-

əɔɖ ɖɜɚɎɚɔɓɗɔɫəɔɫ ɛɜɔ ȶȾȬȯ (ɖɗɌɝɝ II, ɟɜɚ-

Ɏɑəɨ Ȯ) [36].  

ȹɌɞɔɎəɌɫ ȶȾ ɔ ȶȾȬȯ ɫɎɗɫɪɞɝɫ ɘɑɞɚɐɌ-
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ɘɔ ɎɧɍɚɜɌ ɛɑɜɎɔɣəɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɛɌɢɔɑə-

ɞɚɎ ɝ ȽȬȶ, ɛɚɝɖɚɗɨɖɟ Ɏɧɛɚɗəɑəɔɑ ȸȼȾ ɔ ȸȼ-

ɌəɏɔɚɏɜɌɠɔɔ ɣɌɝɞɚ ɍɧɎɌɑɞ ɓɌɞɜɟɐəɑəɚ ɔɓ-ɓɌ 

ɞɫɒɑɝɞɔ ɝɚɝɞɚɫəɔɫ ɛɌɢɔɑəɞɚɎ, ɌɜɞɑɠɌɖɞɚɎ 

ɚɞ ɐɎɔɒɑəɔɫ ɔ əɑɎɚɓɘɚɒəɚɝɞɨɪ Ɏɧɫɝəɑəɔɫ 

ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɕ ɖ ȸȼȾ.  

Ȼɜɔɘɑəɑəɔɑ ɛɜɚɞɚɖɚɗɌ ȶȾȬȯ Ɏ ɝɜɑɐəɑɘ 

ɞɜɑɍɟɑɞ ɛɜɔɘɑəɑəɔɫ 40-80 ɘɗ ɕɚɐɝɚɐɑɜɒɌ-

ɥɑɏɚ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ, ɖɚɞɚɜɚɑ ɎɎɚ-

ɐɔɞɝɫ ɝɚ ɝɖɚɜɚɝɞɨɪ ɚɞ 3,5 ɐɚ 5 ɘɗ/ɝ. ȽɚɎɜɑ-

ɘɑəəɧɑ ɞɚɘɚɏɜɌɠɧ, əɌɣɔəɌɫ ɚɞ 64-ɝɜɑɓɚɎɧɡ 

ɝɔɝɞɑɘ, ɛɚɓɎɚɗɫɪɞ ɔɝɛɚɗɨɓɚɎɌɞɨ ɑɥɑ ɘɑəɨ-

ɤɔɕ ɚɍɦɑɘ ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ, ɞɑɘ ɝɌ-

ɘɧɘ ɝəɔɒɌɫ ɜɔɝɖ ɑɏɚ əɑɠɜɚɞɚɖɝɔɣəɚɝɞɔ.  

Ȯ 2012 ɏ. Ɏ ɛɟɍɗɔɖɌɢɔɔ D. Millon ɔ ɝɚ-

ɌɎɞ. [37] ɍɧɗ ɛɜɑɐɝɞɌɎɗɑə ɚɞɣɑɞ ɚ ɛɜɚɎɑɐɑə-

əɧɡ ȶȾ ɔɝɝɗɑɐɚɎɌəɔɫɡ 73 ɛɌɢɔɑəɞɚɎ ɝ əɑ-

ɞɜɌɎɘɌɞɔɣɑɝɖɔɘ ȽȬȶ. Ȯɚ Ɏɜɑɘɫ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɛɜɔ ȶȾȬȯ ɛɜɔɘɑəɫɗɔ ɎəɟɞɜɔɎɑəəɚɑ ɎɎɑ-

ɐɑəɔɑ 25 ɘɗ ɖɚəɞɜɌɝɞɌ ɝ ɖɚəɢɑəɞɜɌɢɔɑɕ ɕɚɐɌ 

400 ɘɏ/ɘɗ ɝɚ ɝɖɚɜɚɝɞɨɪ ɎɎɑɐɑəɔɫ 5 ɘɗ/ɝ, 

ɛɜɔ ɩɞɚɘ ɞɚɣəɚɝɞɨ ȶȾ-ɌəɏɔɚɏɜɌɠɔɔ Ɏ ɎɧɫɎ-

ɗɑəɔɔ ɔɝɞɚɣəɔɖɌ ɖɜɚɎɚɔɓɗɔɫəɔɫ ɝɚɝɞɌɎɔɗɌ 

95%. ȰɌəəɧɑ ɜɌɍɚɞɧ ɐɚɖɌɓɌɗɔ, ɣɞɚ ɝɚɎɜɑ-

ɘɑəəɧɑ ɞɑɡəɚɗɚɏɔɔ ȶȾ ɛɚɓɎɚɗɫɪɞ ɝɚɖɜɌɞɔɞɨ 

ɜɌɝɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɔ ɟɘɑəɨɤɔɞɨ 

ɩɠɠɑɖɞɔɎəɟɪ ɐɚɓɟ ɚɍɗɟɣɑəɔɫ ɛɜɔ ȶȾ-

ɌəɏɔɚɏɜɌɠɔɔ ɍɑɓ ɟɥɑɜɍɌ ɐɗɫ ɖɌɣɑɝɞɎɌ ɔɓɚɍ-

ɜɌɒɑəɔɫ. 

ȹɑɝɘɚɞɜɫ əɌ Ɏɧɝɚɖɟɪ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ 

ɔ ɝɛɑɢɔɠɔɣəɚɝɞɨ ɛɑɜɎɔɣəɚɕ ȶȾ-

ɌəɏɔɚɏɜɌɠɔɔ, ɛɜɚɞɚɖɚɗɧ ɛɑɜɎɔɣəɚɏɚ ɚɍɝɗɑ-

ɐɚɎɌəɔɫ ɛɜɔ ɛɚɐɚɓɜɑəɔɔ əɌ əɑɞɜɌɎɘɌɞɔɣɑ-

ɝɖɚɑ ȽȬȶ ɛɑɜɔɚɐɔɣɑɝɖɔ ɛɚɐɎɑɜɏɌɪɞɝɫ ɛɑɜɑ-

ɝɘɚɞɜɟ. Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɜɌɓɗɔɣəɧɡ ɔɝɝɗɑɐɚ-

ɎɌəɔɕ, ɚɛɟɍɗɔɖɚɎɌəəɧɡ ɓɌ ɛɑɜɔɚɐ 2008-2015 

ɏɏ., Ɏ ɘɑɞɌ-ɌəɌɗɔɓɑ W.J. Meurer ɔ ɝɚɌɎɞ. [38] 

ɛɜɑɐɗɌɏɌɑɞɝɫ ɝɚɣɑɞɌəɔɑ əɌɞɔɎəɚɕ ȶȾ ɔ ȶȾ-

ɌəɏɔɚɏɜɌɠɔɔ, ɖɌɖ ɍɚɗɑɑ ɩɠɠɑɖɞɔɎəɚɕ ɓɌɘɑ-

əɧ əɌɞɔɎəɚɕ ȶȾ ɔ ɗɪɘɍɌɗɨəɚɕ ɛɟəɖɢɔɔ ɛɜɔ 

əɑɞɜɌɎɘɌɞɔɣɑɝɖɚɘ ȽȬȶ. 

R. Agid ɔ ɝɚɌɎɞ. [39] ɟɖɌɓɧɎɌɪɞ əɌ ɞɚɞ 

ɠɌɖɞ, ɣɞɚ ɐɌɒɑ ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ȶȾ-

ɌəɏɔɚɏɜɌɠɔɔ Ɏ ɛɑɜɎɔɣəɚɘ Ɍɗɏɚɜɔɞɘɑ ɚɍɝɗɑ-

ɐɚɎɌəɔɫ ɛɌɢɔɑəɞɚɎ ɝ ȬȮȶ Ɏ 20% ɝɗɟɣɌɑɎ 

ɛɜɔɡɚɐɔɞɝɫ ɐɚɛɚɗəɔɞɑɗɨəɚ ɛɜɔɘɑəɫɞɨ ɂȬȯ. 

ȽɚɏɗɌɝəɚ ɜɚɝɝɔɕɝɖɚɘɟ ɔ ɑɎɜɚɛɑɕɝɖɚɘɟ ɜɑɖɚ-

ɘɑəɐɌɞɑɗɨəɧɘ ɛɜɚɞɚɖɚɗɌɘ əɑɕɜɚɡɔɜɟɜɏɚɎ ɛɚ 

ɗɑɣɑəɔɪ ɛɌɢɔɑəɞɚɎ ɝ əɑɞɜɌɎɘɌɞɔɣɑɝɖɔɘ 

ȽȬȶ, ɛɜɔ ɚɞɝɟɞɝɞɎɔɔ ɛɜɔɓəɌɖɚɎ ɖɜɚɎɚɔɓɗɔɫ-

əɔɫ ɛɚ ȶȾ ɔ ɌəɑɎɜɔɓɘɧ ɛɚ ɐɌəəɧɘ ȶȾȬȯ 

ɞɌɖɒɑ ɜɑɖɚɘɑəɐɟɑɞɝɫ ɎɑɜɔɠɔɢɔɜɚɎɌɞɨ ȽȬȶ ɝ 

ɛɚɘɚɥɨɪ ɗɪɘɍɌɗɨəɚɕ ɛɟəɖɢɔɔ ɔ ɎɧɫɎɔɞɨ 

ɔɝɞɚɣəɔɖ ɖɜɚɎɚɔɓɗɔɫəɔɫ ɛɚ ɂȬȯ. ȺɐəɌɖɚ, 

ɝɚɏɗɌɝəɚ ɐɌəəɧɘ ɩɞɔɡ ɌɎɞɚɜɚɎ, ɎɧɫɎɗɑəɔɑ 

ɔɝɞɚɣəɔɖɌ ɖɜɚɎɚɔɓɗɔɫəɔɫ ɝ ɛɚɘɚɥɨɪ ɂȬȯ Ɏ 

ɚɝɞɜɚɘ ɛɑɜɔɚɐɑ ɛɚɘɚɏɌɑɞ ɐɚɛɚɗəɔɞɑɗɨəɚ ɚɍ-

əɌɜɟɒɔɞɨ ɖ ɐɌəəɧɘ ȶȾȬȯ ð 0,5% ɌəɑɎɜɔɓɘ, 

əɚ ɝ ɣɌɝɞɚɞɚɕ ɚɝɗɚɒəɑəɔɕ ð 2,6%. Ȼɚ ɐɌəəɧɘ 

J.J. Heit ɔ ɝɚɌɎɞ. [40], ɐɚɛɚɗəɔɞɑɗɨəɌɫ ɔə-

ɠɚɜɘɌɢɔɫ ɛɚ ɔɝɞɚɣəɔɖɟ ɖɜɚɎɚɔɓɗɔɫəɔɕ ɛɚ 

ɐɌəəɧɘ ɂȬȯ Ɏ ɝɜɌɎəɑəɔɔ ɝ ȶȾȬȯ ð əɌ 13% 

ɍɚɗɨɤɑ, əɚ ɌəɑɎɜɔɓɘɧ ɛɜɔ ɩɞɚɘ ɎɧɫɎɗɫɪɞɝɫ 

ɞɚɗɨɖɚ Ɏ 5% ɝɗɟɣɌɑɎ, ɟ ɚɝɞɌɗɨəɧɡ ɛɌɢɔɑəɞɚɎ 

ɛɜɔ ɂȬȯ ɍɧɗɔ əɌɕɐɑəɧ ɎɌɝɖɟɗɔɞɧ, ȬȮȸ, ɐɟ-

ɜɌɗɨəɧɑ ɌɜɞɑɜɔɚɎɑəɚɓəɧɑ ɠɔɝɞɟɗɧ. 

ȹɌ ɚɝəɚɎɌəɔɔ ɜɑɞɜɚɝɛɑɖɞɔɎəɚɏɚ ɌəɌɗɔ-

ɓɌ 459 ɛɌɢɔɑəɞɚɎ A.A. Khan ɔ ɝɚɌɎɞ. [41] 

ɟɞɎɑɜɒɐɌɪɞ, ɣɞɚ ɐɌɒɑ ɛɚɎɞɚɜəɚɑ ɔɝɛɚɗɨɓɚ-

ɎɌəɔɑ ɂȬȯ ɛɜɔ ȶȾ-əɑɏɌɞɔɎəɚɕ ɖɌɜɞɔəɑ Ɏ 

ɚɝɞɜɚɘ ɛɑɜɔɚɐɑ ɖɜɚɎɚɔɓɗɔɫəɔɫ Ɏ ɍɚɗɨɤɔə-

ɝɞɎɑ ɝɗɟɣɌɑɎ əɑ ɐɌɑɞ ɜɑɓɟɗɨɞɌɞɌ.  

Ȼɚɝɗɑ ɛɜɚɎɑɐɑəɔɫ ɌəɌɗɔɓɌ ɩɖɚəɚɘɔɣɑ-

ɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɛɑɜɎɔɣəɚɏɚ ɚɍɝɗɑɐɚɎɌ-

əɔɫ ɔ ɐɔəɌɘɔɣɑɝɖɚɏɚ əɌɍɗɪɐɑəɔɫ Ɏ ɞɑɣɑəɔɑ 

ɏɚɝɛɔɞɌɗɔɓɌɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ ɝ əɑɞɜɌɎɘɌɞɔ-

ɣɑɝɖɔɘ ȽȬȶ, R. Jabbarli ɔ ɝɚɌɎɞ. [42] ɝɣɔɞɌɪɞ 

ɔɝɛɚɗɨɓɚɎɌəɔɑ ɛɑɜɎɔɣəɚɕ ȶȾ-ɌəɏɔɚɏɜɌɠɔɔ 

ɩɖɚəɚɘɔɣɑɝɖɔ ɍɚɗɑɑ ɩɠɠɑɖɞɔɎəɧɘ, ɣɑɘ ɂȬȯ, 

ɐɌɒɑ əɑɝɘɚɞɜɫ əɌ ɘɑəɨɤɟɪ ɐɔɌɏəɚɝɞɔɣɑ-

ɝɖɟɪ ɢɑəəɚɝɞɨ ɘɑɞɚɐɌ. 

Ƚɜɑɐɔ ɚɏɜɌəɔɣɑəɔɕ ȶȾȬȯ Ɏɧɐɑɗɫɪɞ əɑ-

ɐɚɝɞɌɞɚɣəɟɪ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɖ ɛɚɜɌɒɑəɔ-

ɫɘ ɝɚəəɚɕ Ɍɜɞɑɜɔɔ ɟ ɚɝəɚɎɌəɔɫ ɣɑɜɑɛɌ ɔɗɔ 

Ɏəɟɞɜɔ ɓɌɛɚɗəɑəəɧɡ ɖɚəɞɜɌɝɞɚɘ ɖɌɎɑɜəɚɓ-

əɧɡ ɝɔəɟɝɚɎ. ȶɜɚɘɑ ɞɚɏɚ, Ɏ ɛɚɝɗɑɐəɑɑ Ɏɜɑɘɫ 

ɎɚɓəɔɖɗɌ ɝɑɜɨɑɓəɌɫ ɚɍɑɝɛɚɖɚɑəəɚɝɞɨ ɛɚ ɛɚ-

Ɏɚɐɟ Ɏɧɝɚɖɔɡ ɟɜɚɎəɑɕ ɐɚɓ ɚɍɗɟɣɑəɔɫ, ɐɚ-

ɝɞɌɎɗɫɑɘɧɡ ɛɌɢɔɑəɞɌɘ ɝ ȶȾ, ɣɞɚ ɎɧɓɧɎɌɑɞ 

ɍɑɝɛɚɖɚɕɝɞɎɚ ɟ ɛɌɢɔɑəɞɚɎ, ɖɚɞɚ-ɜɧɘ ɞɜɑɍɟ-

ɑɞɝɫ ɛɚɎɞɚɜəɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ. 

ȸȼ-ɌəɏɔɚɏɜɌɠɔɫ. 

Ⱦɑɡəɔɣɑɝɖɔɑ ɐɚɝɞɔɒɑəɔɫ Ɏ ɚɍɗɌɝɞɔ 

ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ ɌəɏɔɚɏɜɌɠɔɔ (ȸȼȬ) 

ɛɚɎɧɝɔɗɔ ɞɚɣəɚɝɞɨ ɩɞɚɕ ɞɑɡəɔɖɔ Ɏ ɜɌɓɗɔɣ-

əɧɡ ɖɗɔəɔɣɑɝɖɔɡ ɝɔɞɟɌɢɔɫɡ ɞɌɖɔɡ, ɖɌɖ ɛɜɔ 

ɎɧɫɎɗɑəɔɔ ɌəɑɎɜɔɓɘ, ɌɜɞɑɜɔɌɗɨəɧɡ ɔ Ɏɑəɚɓ-

əɧɡ ɚɖɖɗɪɓɔɕ, ɝɚɝɟɐɔɝɞɧɡ ɘɌɗɨɠɚɜɘɌɢɔɕ, 

ɎɚɝɛɌɗɔɞɑɗɨəɧɡ ɌɜɞɑɜɔɌɗɨəɧɡ ɓɌɍɚɗɑɎɌəɔɕ, 

ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɚɢɑəɖɑ ɛɜɚɡɚɐɔɘɚɝɞɔ ɐɟ-

ɜɌɗɨəɧɡ ɝɔəɟɝɚɎ ɔ Ɏɜɚɒɐɑəəɧɡ ɌəɚɘɌɗɔɕ 

ɝɚɝɟɐɚɎ. Ȯ əɑɖɚɞɚɜɧɡ ɢɑəɞɜɌɡ ȸȼȬ ɓɌɘɑəɔɗɌ 

ɞɜɌɐɔɢɔɚəəɟɪ ɂȬȯ Ɏ ɝɖɜɔəɔəɏɑ Ɏəɟɞɜɔɣɑ-

ɜɑɛəɧɡ ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ ɔɓ-ɓɌ ɑɑ əɑ-

ɔəɎɌɓɔɎəɚɏɚ ɔ əɑɔɚəɔɓɔɜɟɪɥɑɏɚ ɡɌɜɌɖɞɑɜɌ. 

Ȱɗɫ ɎɔɓɟɌɗɔɓɌɢɔɔ Ɏəɟɞɜɔɣɑɜɑɛəɚɕ ɝɚɝɟɐɔ-

ɝɞɚɕ ɝɔɝɞɑɘɧ ɍɧɗɚ ɜɌɓɜɌɍɚɞɌəɚ əɑɝɖɚɗɨɖɚ 

ɘɑɞɚɐɚɎ ȸȼȬ ɞɌɖɔɡ, ɖɌɖ Ɏɜɑɘɫ-ɛɜɚɗɑɞəɌɫ 

ȸȼȬ (ȮȻ ȸȼȬ), ɠɌɓɚɎɚ-ɖɚəɞɜɌɝɞəɌɫ ȸȼȬ ɔ 

ȸȼȬ ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. Ȼɜɔ ɚɢɑəɖɑ 

ɝɞɑəɚɓɚ-ɚɖɖɗɪɓɔɚəəɚɏɚ ɓɌɍɚɗɑɎɌəɔɫ ɜɑɖɚ-

ɘɑəɐɟɑɞɝɫ ɞɜɑɡɘɑɜəɌɫ ȮȻ ȸȼȬ ɐɗɫ ɚɢɑəɖɔ 

Ɍɜɞɑɜɔɕ, Ɍ ɐɎɟɡɘɑɜəɌɫ ȮȻ ɔɗɔ ɠɌɓɚɎɚ-

ɖɚəɞɜɌɝɞəɌɫ ȸȼȬ ð ɐɗɫ ɚɢɑəɖɔ Ɏɑə ɔ ɝɔəɟ-

ɝɚɎ. Ȱɗɫ ɚɢɑəɖɔ ɌəɑɎɜɔɓɘ ɔ Ɍɜɞɑ-

ɜɔɚɎɑəɚɓəɧɡ ɘɌɗɨɠɚɜɘɌɢɔɕ ɜɑɖɚɘɑəɐɟɑɞɝɫ 

ɞɑɡəɔɖɌ ɞɜɑɡɘɑɜəɚɕ ɖɚəɞɜɌɝɞəɚɕ ȸȼȬ, ɚɝɚ-

ɍɑəəɚ ɐɔəɌɘɔɣɑɝɖɔɑ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ Ɏ 
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ɝɗɟɣɌɑ ɘɌɗɨɠɚɜɘɌɢɔɕ [43]. 

ȱɥɑ əɑɐɌɎəɚ ȮȻ ȸȼȬ ɫɎɗɫɗɌɝɨ əɌɔɍɚ-

ɗɑɑ ɣɌɝɞɚ ɔɝɛɚɗɨɓɟɑɘɧɘ ɘɑɞɚɐɚɘ ɐɗɫ ɚɢɑəɖɔ 

ɌəɑɎɜɔɓɘ ɔ ɎɧɛɚɗəɫɗɌɝɨ ɝ ɞɜɑɡɘɑɜəɧɘɔ ɜɑ-

ɖɚəɝɞɜɟɖɢɔɫɘɔ ɔ ɝ ɛɜɚɑɖɢɔɫɘɔ ɘɌɖɝɔɘɌɗɨ-

əɚɕ ɔəɞɑəɝɔɎəɚɝɞɔ (ɞɌɖɒɑ ɔɓɎɑɝɞəɧɘɔ ɖɌɖ 

MIP) ɔ ɚɍɦɑɘəɚɕ ɎɔɓɟɌɗɔɓɌɢɔɑɕ, ɣɞɚɍɧ ɚɍɑɝ-

ɛɑɣɔɞɨ ɚɛɞɔɘɌɗɨəɟɪ ɎɔɓɟɌɗɔɓɌɢɔɪ Ɍəɑ-

Ɏɜɔɓɘ. ȸɑɞɚɐɔɖɌ ɚɍɑɝɛɑɣɔɎɌɗɌ ɡɚɜɚɤɑɑ ɛɜɚ-

ɝɞɜɌəɝɞɎɑəəɚɑ ɜɌɓɜɑɤɑəɔɑ ɍɑɓ ɔɝɛɚɗɨɓɚɎɌ-

əɔɫ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ. Ȯ ɚɞɗɔɣɔɑ ɚɞ 

ɂȬȯ ɔɗɔ ȶȾȬȯ, ȮȻ ȸȼȬ ɚɝəɚɎɧɎɌɑɞɝɫ əɌ ɝɚɍ-

ɝɞɎɑəəɧɡ ɘɌɏəɔɞəɧɡ ɝɎɚɕɝɞɎɌɡ ɞɑɖɟɥɑɕ 

ɖɜɚɎɔ ɐɗɫ ɏɑəɑɜɌɢɔɔ ȸȼ-ɝɔɏəɌɗɌ. ȮɌɒəɚ ɚɞ-

ɘɑɞɔɞɨ, ɣɞɚ ȮȻ ȸȼȬ əɑ ɚɞɚɍɜɌɒɌɑɞ ɝɞɑəɚɖ 

ɝɚɝɟɐɚɎ, Ɍ ȸȼ-ɝɔɏəɌɗ ɚɞ ɖɜɚɎɔ ɓɌɎɔɝɔɞ ɚɞ 

ɚɝɚɍɑəəɚɝɞɑɕ ɖɜɚɎɚɞɚɖɌ. Ȼɚ ɩɞɔɘ ɛɜɔɣɔəɌɘ, 

Ɏɚɓɘɚɒəɧ ɌɜɞɑɠɌɖɞɧ əɌ ɔɓɚɍɜɌɒɑəɔɫɡ ɔɓ-ɓɌ 

ɔɓɘɑəɑəɔɕ ɘɌɏəɑɞɔɓɌɢɔɔ ɛɚɞɚɖɌ ɖɜɚɎɔ 

ɎɝɗɑɐɝɞɎɔɑ ɔɓɎɔɗɔɝɞɚɝɞɔ ɝɚɝɟɐɚɎ, ɞɟɜɍɟɗɑəɞ-

əɚɏɚ ɛɚɞɚɖɌ (ɚɝɚɍɑəəɚ Ɏ ɍɚɗɨɤɔɡ ɌəɑɎɜɔɓ-

ɘɌɡ) ɔ ɌɜɞɑɠɌɖɞɚɎ ɚɞ ɘɑɞɌɗɗɌ.  Ⱦɑɘ əɑ ɘɑəɑɑ, 

ȮȻ ȸȼȬ ɔɘɑɑɞ əɑɖɚɞɚɜɧɑ ɛɜɑɔɘɟɥɑɝɞɎɌ ɛɑ-

ɜɑɐ ȶȾȬȯ ɔ ɂȬȯ. ȱɏɚ ɘɚɒəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɟ 

ɛɌɢɔɑəɞɚɎ, ɖɚɞɚɜɧɑ əɑ ɛɑɜɑəɚɝɫɞ ɕɚɐɝɚɐɑɜ-

ɒɌɥɔɑ ɖɚəɞɜɌɝɞəɧɑ ɎɑɥɑɝɞɎɌ, əɌɛɜɔɘɑɜ, ɟ 

ɛɌɢɔɑəɞɚɎ ɝ Ɍɗɗɑɜɏɔɣɑɝɖɔɘɔ ɜɑɌɖɢɔɫɘɔ ɔɗɔ 

ɝ ɛɚɣɑɣəɚɕ əɑɐɚɝɞɌɞɚɣəɚɝɞɨɪ. ȶɜɚɘɑ ɞɚɏɚ, 

ȸȼȬ əɑ ɛɚɐɎɑɜɏɌɑɞ ɛɌɢɔɑəɞɚɎ ɎɚɓɐɑɕɝɞɎɔɪ 

ɔɚəɔɓɔɜɟɪɥɑɏɚ ɔɓɗɟɣɑəɔɫ. Ɂɚɞɫ ɐɚɓɌ ɚɍɗɟ-

ɣɑəɔɫ ɚɞ ɚɐəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ȶȾȬȯ əɑɎɑɗɔ-

ɖɌ, ɝɚɎɚɖɟɛəɌɫ ɐɚɓɌ ɘɚɒɑɞ ɚɖɌɓɌɞɨɝɫ ɓəɌɣɔ-

ɞɑɗɨəɚɕ ɐɗɫ ɛɌɢɔɑəɞɚɎ ɛɜɔ ɐɔəɌɘɔɣɑɝɖɚɘ 

əɌɍɗɪɐɑəɔɔ. ȮɌɒəɚ, ɣɞɚ ȸȼȬ ɝɚɣɑɞɌɑɞɝɫ ɝ 

ɚɍɧɣəɚɕ ȸȼȾ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɜɔ ɖɚɞɚɜɚɕ 

ɛɚɗɟɣɌɪɞ Ⱦ1- ɔ Ⱦ2-ɎɓɎɑɤɑəəɧɑ ɔɓɚɍɜɌɒɑəɔɫ, 

ɖɚɞɚɜɧɑ ɛɚɗɑɓəɧ ɐɗɫ ɐɑɘɚəɝɞɜɌɢɔɔ Ɏəɟɞɜɔ-

ɛɜɚɝɎɑɞəɚɏɚ ɞɜɚɘɍɌ ɔ ɍɚɗɑɑ ɞɚɣəɚɏɚ ɚɛɜɑɐɑ-

ɗɑəɔɫ ɜɌɓɘɑɜɌ ɣɌɝɞɔɣəɚ ɞɜɚɘɍɔɜɚɎɌəəɧɡ 

ɌəɑɎɜɔɓɘ [43, 44]. 

ȸȼȬ ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, ɖɚɏɐɌ 

ɎɎɚɐɔɞɝɫ ɍɚɗɪɝəɚ ɖɚəɞɜɌɝɞəɚɑ ɎɑɥɑɝɞɎɚ, ɝɚ-

ɐɑɜɒɌɥɑɑ ɏɌɐɚɗɔəɔɕ, ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɔɞɨ 

ɗɟɣɤɑ ɔɓɚɍɜɌɒɑəɔɫ, ɣɑɘ ȮȻ ȸȼȬ, ɞɌɖ ɖɌɖ Ɏ 

ɩɞɚɘ ɝɗɟɣɌɑ ɛɜɌɖɞɔɣɑɝɖɔ əɑɞ ɌɜɞɑɠɌɖɞɚɎ ɚɞ 

ɖɜɚɎɚɞɚɖɌ, Ɏɜɑɘɫ ɝɍɚɜɌ ɐɌəəɧɡ ɖɚɜɚɣɑ, 

ɘɚɒəɚ Ɏɧɛɚɗəɫɞɨ əɑɝɖɚɗɨɖɚ ɠɌɓ ɝɍɚɜɌ ɐɌə-

əɧɡ. 

Ȯ əɑɐɌɎəɑɘ ɝɔɝɞɑɘɌɞɔɣɑɝɖɚɘ ɚɍɓɚɜɑ ɔ 

ɘɑɞɌ-ɌəɌɗɔɓɑ [43, 45], ɩɠɠɑɖɞɔɎəɚɝɞɔ ȸȼȬ Ɏ 

ɐɔɌɏəɚɝɞɔɖɑ Ɏəɟɞɜɔɣɑɜɑɛəɧɡ ɌəɑɎɜɔɓɘ, ɝɚ-

ɚɍɥɌɑɞɝɫ ɚ ɝɚɎɚɖɟɛəɚɕ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɔ ɔ 

ɝɛɑɢɔɠɔɣəɚɝɞɔ ɘɑɞɚɐɔɖɔ 95% ɔ 89% ɝɚɚɞ-

ɎɑɞɝɞɎɑəəɚ. ȷɚɒəɚɚɞɜɔɢɌɞɑɗɨəɧɑ ɔ ɗɚɒəɚ-

ɛɚɗɚɒɔɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ, Ɏ ɚɝəɚɎəɚɘ, ɍɧ-

ɗɔ ɛɚɗɟɣɑəɧ ɐɗɫ ɎɑɞɎɑɕ Ɍɜɞɑɜɔɕ, ɜɌɝɛɚɗɚ-

ɒɑəəɧɡ Ɏ ɚɝəɚɎɌəɔɔ ɣɑɜɑɛɌ ɔ ɍɌɝɝɑɕəɑ 

ɝɜɑɐəɑɕ ɘɚɓɏɚɎɚɕ Ɍɜɞɑɜɔɔ. ȻɜɚɔɓɎɚɗɨəɧɑ 

ɞɜɑɡɘɑɜəɧɑ ɜɑɖɚəɝɞɜɟɖɢɔɔ ɝ ɛɚɝɞɚɍɜɌɍɚɞ-

ɖɚɕ ɓəɌɣɔɞɑɗɨəɚ ɛɚɎɧɤɌɗɔ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɑ 

Ɏɚɓɘɚɒəɚɝɞɔ ȸȼȬ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɠɔɖɝɔɜɚ-

ɎɌəəɧɘɔ ɜɑɖɚəɝɞɜɟɖɢɔɫɘɔ Ɏ ɝɞɌəɐɌɜɞəɧɡ 

ɛɗɚɝɖɚɝɞɫɡ. ȾɌɖ, ɐɗɫ ɞɌɖɔɡ ɞɔɛɚɎ ɜɑɖɚə-

ɝɞɜɟɖɢɔɕ ɝ ɐɔəɌɘɔɣɑɝɖɔɘ ɛɜɚɝɘɚɞɜɚɘ ɐɌə-

əɧɡ əɌ ɩɖɜɌəɑ ɜɌɍɚɣɑɕ ɝɞɌəɢɔɔ ɣɟɎɝɞɎɔ-

ɞɑɗɨəɚɝɞɨ ȸȼȬ ɝɚɝɞɌɎɔɗɌ 87-99%, ɝɛɑɢɔɠɔɣ-

əɚɝɞɨ ð 93 -99%, Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ ɐɗɫ ɠɔɖɝɔɜɚ-

ɎɌəəɧɡ ɜɑɖɚəɝɞɜɟɖɢɔɕ Ɏ ɝɞɌəɐɌɜɞəɧɡ ɛɗɚɝ-

ɖɚɝɞɫɡ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɜɌɎəɫɗɌɝɨ 84-99%, 

ɝɛɑɢɔɠɔɣəɚɝɞɨ 78-89%. ȾɌɖɒɑ ɟɖɌɓɧɎɌɗɚɝɨ, 

ɣɞɚ ɚɛɧɞ ɎɜɌɣɑɕ ɝɟɥɑɝɞɎɑəəɚ Ɏɗɔɫɑɞ əɌ Ɏɧ-

ɫɎɗɑəɔɑ ɌəɑɎɜɔɓɘ. 

ȴɝɝɗɑɐɚɎɌəɔɫ, ɛɜɚɎɑɐɑəəɧɑ əɌ ȸȼȾ 3Ⱦ, 

ɛɚɖɌɓɧɎɌɪɞ ɞɑəɐɑəɢɔɪ ɖ ɍɚɗɑɑ Ɏɧɝɚɖɚɕ 

ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɔ ɍɚɗɑɑ Ɏɧɝɚɖɚɕ ɐɔɌɏəɚ-

ɝɞɔɣɑɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ ȸȼȬ (ɣɟɎɝɞɎɔ-

ɞɑɗɨəɚɝɞɨ 95-100%, ɝɛɑɢɔɠɔɣəɚɝɞɨ 79-98%) 

ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɔɝɝɗɑɐɚɎɌəɔɫɘɔ, Ɏɧɛɚɗəɑə-

əɧɘɔ əɌ ɞɚɘɚɏɜɌɠɌɡ ɝ ɛɚɗɑɘ 1-1,5 Ⱦ (ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨ 82-97%, ɝɛɑɢɔɠɔɣəɚɝɞɨ 71-

95%).  Ɂɚɞɫ ɩɞɌ ɜɌɓəɔɢɌ əɑ ɐɚɝɞɔɏɗɌ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɚɕ ɓəɌɣɔɘɚɝɞɔ, ɚɍɥɌɫ ɐɔɌɏəɚɝɞɔɣɑ-

ɝɖɌɫ ɩɠɠɑɖɞɔɎəɚɝɞɨ ȸȼȬ, ɖɌɖ ɚɒɔɐɌɑɞɝɫ, 

ɘɚɒɑɞ ɟɎɑɗɔɣɔɞɨɝɫ ɛɜɔ ɛɑɜɑɡɚɐɑ əɌ ɝɔɝɞɑɘɧ 

ɝ ɛɚɗɑɘ 3 Ⱦ ɛɜɔ ɚɍɝɗɑɐɚɎɌəɔɔ ɛɌɢɔɑəɞɚɎ ɝ 

ɛɜɑɐɛɚɗɌɏɌɑɘɧɘɔ ɔəɞɜɌɖɜɌəɔɌɗɨəɧɘɔ Ɍəɑ-

ɎɜɔɓɘɌɘɔ ɔ ȽȬȶ [43, 46]. 

Ȼɚɐɚɍəɚ ȶȾȬȯ, ɐɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɩɠ-

ɠɑɖɞɔɎəɚɝɞɨ ȸȼȬ Ɏ ɚɍəɌɜɟɒɑəɔɔ ɌəɑɎɜɔɓɘ 

ɝəɔɒɌɑɞɝɫ ɛɜɔ ɔɡ ɐɔɌɘɑɞɜɑ Ò 5 ɘɘ ɔ ɗɚɖɌɗɔ-

ɓɌɢɔɔ Ɏ ɚɝəɚɎɌəɔɔ ɣɑɜɑɛɌ. Ȼɜɫɘɚɑ ɝɜɌɎəɑ-

əɔɑ ȶȾȬȯ ɔ ȸȼȬ Ɏ ɘɑɞɌ-ɌəɌɗɔɓɑ A.M.H. Sailer 

ɔ ɝɚɌɎɞ. [43] əɑ ɛɚɖɌɓɌɗɚ ɛɜɑɎɚɝɡɚɐɝɞɎɌ ɚɐ-

əɚɏɚ ɘɑɞɚɐɌ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɐɜɟɏɔɘ. ȽɜɌɎəɑ-

əɔɑ ɚɍɦɑɐɔəɑəəɧɡ ɐɌəəɧɡ Ɏ ɩɞɚɘ ɘɑɞɌ-

ɌəɌɗɔɓɑ ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ 

ȸȼȬ ɝɞɌɗɌ ɝɜɌɎəɔɘɚɕ ɝ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨɪ 

ȶȾȬȯ Ɏ ɐɔɌɏəɚɝɞɔɖɑ Ɏəɟɞɜɔɣɑɜɑɛəɧɡ Ɍəɑ-

Ɏɜɔɓɘ, əɚ ɝɛɑɢɔɠɔɣəɚɝɞɨ ɛɑɜɎɚɏɚ ɘɑɞɚɐɌ 

ɍɧɗɌ əɑɘəɚɏɚ əɔɒɑ: ȸȼȬ ð 95,0% (95% Ȱȴ, 

93 -96%), ȶȾȬȯ ð 96,2% (95% Ȱȴ, 93-98%) ɝɚ-

ɚɞɎɑɞɝɞɎɑəəɚ. ȷɚɒəɚɚɞɜɔɢɌɞɑɗɨəɧɑ ɔ ɗɚɒ-

əɚɛɚɗɚɒɔɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ ȸȼȬ ɍɧɗɔ ɚɞ-

ɘɑɣɑəɧ, Ɏ ɚɝəɚɎəɚɘ, ɐɗɫ ɝɚɝɟɐɚɎ, ɜɌɝɛɚɗɚ-

ɒɑəəɧɡ ɟ ɚɝəɚɎɌəɔɫ ɣɑɜɑɛɌ (ɖɌɖ ɔ ɐɗɫ ȶȾȬȯ). 

ȺɍəɌɜɟɒɑəɔɪ ɌəɑɎɜɔɓɘ ɛɜɔ ȸȼȬ ɘɚɒɑɞ ɞɌɖ 

ɒɑ ɛɜɑɛɫɞɝɞɎɚɎɌɞɨ ɝɗɚɒəɌɫ ɌəɌɞɚɘɔɫ ɝɚɝɟ-

ɐɚɎ. Ȯ ɖɗɔəɔɣɑɝɖɔɡ ɟɝɗɚɎɔɫɡ ɚɝɞɜɚɏɚ əɑ-

ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɝɟɍɌɜɌɡəɚɔɐɌɗɨəɚɏɚ ɖɜɚɎɚ-

ɔɓɗɔɫəɔɫ, ȶȾȬȯ ɔɘɑɑɞ əɑɝɖɚɗɨɖɚ ɛɜɑɔɘɟ-

ɥɑɝɞɎ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ȸȼȬ. ȶȾȬȯ ɫɎɗɫɑɞɝɫ 

ɍɧɝɞɜɚɕ, ɤɔɜɚɖɚɐɚɝɞɟɛəɚɕ, ɘɑəɑɑ ɣɟɎɝɞɎɔ-

ɞɑɗɨəɚɕ ɖ ɌɜɞɑɠɌɖɞɌɘ ɐɎɔɒɑəɔɫ ɘɑɞɚɐɔɖɚɕ. 

ȺəɌ ɘɚɒɑɞ Ɏɧɛɚɗəɫɞɨɝɫ ɝɜɌɓɟ ɛɚɝɗɑ ɚɍəɌɜɟ-

ɒɑəɔɫ ɝɟɍɌɜɌɡəɚɔɐɌɗɨəɚɏɚ ɖɜɚɎɚɔɓɗɔɫəɔɫ 

əɌ ȶȾ ɍɑɓ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȶɜɚɘɑ ɞɚɏɚ, ɚəɌ 

ɐɚɖɌɓɌɗɌ ɝɎɚɪ Ɏɧɝɚɖɟɪ ɐɔɌɏəɚɝɞɔɣɑɝɖɟɪ 

ɩɠɠɑɖɞɔɎəɚɝɞɨ [44, 45]. ɉɖɝɞɜɑəəɌɫ ȸȼȬ 
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ɘɚɒɑɞ ɍɧɞɨ əɑɐɚɝɞɟɛəɚɕ Ɏ əɚɣəɚɑ Ɏɜɑɘɫ, əɑ 

ɎɝɑɏɐɌ ɘɚɒɑɞ ɍɧɞɨ ɎɧɛɚɗəɑəɌ ɟ ɛɌɢɔɑəɞɚɎ, 

əɌɡɚɐɫɥɔɡɝɫ Ɏ ɖɜɔɞɔɣɑɝɖɚɘ ɝɚɝɞɚɫəɔɔ. ȺəɌ 

ɍɚɗɑɑ ɓɌɞɜɌɞəɌ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ȶȾȬȯ ɝ ɞɚɣɖɔ 

ɓɜɑəɔɫ ɩɖɚəɚɘɔɣɑɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ [35]. 

Ȼɚ ɩɞɔɘ ɛɜɔɣɔəɌɘ Ɏ ɍɚɗɨɤɔəɝɞɎɑ ɛɟɍɗɔɖɌ-

ɢɔɕ Ɏ ɚɝɞɜɧɡ ɝɗɟɣɌɫɡ ɔ ɛɜɔ Ɏɧɝɚɖɚɘ ɛɚɐɚ-

ɓɜɑəɔɔ əɌ Ɏəɟɞɜɔɣɑɜɑɛəɟɪ ɌəɑɎɜɔɓɘɟ ɔɗɔ 

ȽȬȶ,  ȸȼȬ ɜɑɖɚɘɑəɐɟɑɞɝɫ ɔɝɛɚɗɨɓɚɎɌɞɨ Ɏ ɖɌ-

ɣɑɝɞɎɑ ɚɝəɚɎəɚɏɚ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɏɚ ɔəɝɞɜɟ-

ɘɑəɞɌ ɞɚɗɨɖɚ Ɏ ɚɛɜɑɐɑɗɑəəɧɡ ɖɗɔəɔɣɑɝɖɔɡ 

ɝɔɞɟɌɢɔɫɡ: ɟ ɛɌɢɔɑəɞɚɎ ɝ ɟɝɞɌəɚɎɗɑəəɚɕ ɛɚ-

ɍɚɣəɚɕ ɜɑɌɖɢɔɑɕ əɌ ɕɚɐɝɚɐɑɜɒɌɥɔɑ ɖɚə-

ɞɜɌɝɞəɧɑ ɛɜɑɛɌɜɌɞɧ, ɞɫɒɑɗɧɘ əɌɜɟɤɑəɔɑɘ 

ɠɟəɖɢɔɔ ɛɚɣɑɖ ɔɗɔ ɒɑ ɛɜɔ ɛɚɐɚɓɜɑəɔɔ əɌ 

ɍɑɜɑɘɑəəɚɝɞɨ, ɖɚɏɐɌ ɚɏɜɌəɔɣɑəɔɑ ɐɚɓɧ ɚɍɗɟ-

ɣɑəɔɫ ɖɜɔɞɔɣɑɝɖɔ ɎɌɒəɚ, Ɍ ɞɌɖɒɑ ɛɜɔ əɑɚɍ-

ɡɚɐɔɘɚɝɞɔ ɐɑɞɌɗɨəɚɕ ɚɢɑəɖɔ ɝɞɜɟɖɞɟɜɧ Ɏɑ-

ɥɑɝɞɎɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ  [45, 46]. 

ȹɚɎɧɘ əɌɛɜɌɎɗɑəɔɑɘ Ɏ ɐɔɌɏəɚɝɞɔɖɑ 

ɔəɞɜɌɖɜɌəɔɌɗɨəɧɡ ɌəɑɎɜɔɓɘ ɔ ȽȬȶ ɫɎɗɫɑɞɝɫ 

ɛɜɔɘɑəɑəɔɑ ɝɔɝɞɑɘ ɔɝɖɟɝɝɞɎɑəəɚɏɚ ɔəɞɑɗ-

ɗɑɖɞɌ ɐɗɫ ɚɍɜɌɍɚɞɖɔ ɜɑɓɟɗɨɞɌɞɚɎ ȶȾ ɔɗɔ ȸȼȾ 

[48]. ȬɎɞɚɜɧ ɛɚɐɚɍəɧɡ ɜɌɍɚɞ ɛɚɖɌɓɌɗɔ, ɣɞɚ 

ɝɔɝɞɑɘɧ ȴȴ ɘɚɏɟɞ ɛɜɔɘɑəɫɞɨɝɫ ɖɌɖ ɛɚɘɚɥ-

əɔɖɔ ɎɜɌɣɌ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ ɩɞɔɡ ɛɌɞɚ-

ɗɚɏɔɕ, ɞɌɖ ɔ ɐɗɫ ɚɢɑəɖɔ ɛɜɚɏəɚɓɌ. ɉɞɌ ɚɍ-

ɗɌɝɞɨ ɍɧɝɞɜɚ ɜɌɓɎɔɎɌɑɞɝɫ ɔ ɑɑ ɛɜɔɘɑəɑəɔɑ Ɏ 

ɛɜɌɖɞɔɣɑɝɖɚɕ ɘɑɐɔɢɔəɑ ɞɜɑɍɟɑɞ ɚɞɐɑɗɨəɚɏɚ 

ɜɌɝɝɘɚɞɜɑəɔɫ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, əɌɖɚɛɗɑəəɧɑ ɖ ɝɑɏɚ-

ɐəɫɤəɑɘɟ ɐəɪ ɐɌəəɧɑ ɛɚɖɌɓɧɎɌɪɞ, ɣɞɚ ȶȾ 

ɚɝɞɌɑɞɝɫ ɚɝəɚɎəɧɘ ɔəɝɞɜɟɘɑəɞɚɘ ɎɧɫɎɗɑəɔɫ 

ȽȬȶ Ɏ əɑɚɞɗɚɒəɧɡ ɝɔɞɟɌɢɔɫɡ. ȶɜɌɕəɑ ɒɑɗɌ-

ɞɑɗɨəɚ, ɛɜɔ Ɏɚɓɘɚɒəɚɝɞɔ, əɑɘɑɐɗɑəəɚ Ɏɧ-

ɛɚɗəɫɞɨ ȶȾȬȯ ɛɚɝɗɑ ɎɧɫɎɗɑəɔɫ ɖɜɚɎɚɔɓɗɔɫ-

əɔɫ ɐɗɫ ɛɚɔɝɖɌ ɑɏɚ ɔɝɞɚɣəɔɖɌ, ɚɛɜɑɐɑɗɑəɔɫ 

ɞɌɖɞɔɖɔ ɗɑɣɑəɔɫ ɔ ɛɜɚɏəɚɓɌ ɛɌɢɔɑəɞɚɎ. ȸȼȾ 

ɔ ȸȼȬ ɜɑɖɚɘɑəɐɟɪɞɝɫ ɐɗɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ Ɏ 

əɑɟɜɏɑəɞəɧɡ ɝɔɞɟɌɢɔɫɡ, Ɏ ɖɌɣɑɝɞɎɑ ɐɚɛɚɗəɑ-

əɔɫ ɖ ȶȾ ɐɗɫ ɍɚɗɑɑ ɐɑɞɌɗɨəɚɕ ɚɢɑəɖɔ ɛɚɜɌ-

ɒɑəɔɕ ɎɑɥɑɝɞɎɌ ɘɚɓɏɌ, Ɍ ɞɌɖɒɑ ɛɜɔ ɛɜɚɞɔ-

ɎɚɛɚɖɌɓɌəɔɫɡ ɖ ȶȾȬȯ. ɂɑɜɑɍɜɌɗɨəɌɫ Ɍəɏɔɚ-

ɏɜɌɠɔɫ ɛɜɔɘɑəɫɑɞɝɫ ɐɗɫ ɛɚɔɝɖɌ ɘɑɗɖɔɡ Ɍəɑ-

Ɏɜɔɓɘ, ɖɚɏɐɌ ȶȾȬȯ ɔɗɔ ȸȼȬ əɑ ɘɚɏɟɞ ɔɡ Ɏɧ-

ɫɎɔɞɨ ɟ ɛɌɢɔɑəɞɚɎ ɝ ȽȬȶ. Ȼɜɔɘɑəɑəɔɑ ɝɔ-

ɝɞɑɘ ȴȴ ɛɚɓɎɚɗɔɞ ɑɥɑ ɍɚɗɑɑ ɛɚɎɧɝɔɞɨ ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨ ɞɚɘɚɏɜɌɠɔɣɑɝɖɔɡ ɘɑɞɚɐɚɎ ɐɔ-

Ɍɏəɚɝɞɔɖɔ ɐɗɫ ɩɞɚɕ ɛɌɞɚɗɚɏɔɔ. 

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ȶȺȸȻɈɊȾȱȼȹȺȱ ȸȺȰȱȷȴȼȺȮȬȹȴȱ ȽȱȼȰɂȬ ȹȬ ȺȽȹȺȮȱ ȸȬȯȹȴȾȹȺ-

ȼȱȳȺȹȬȹȽȹȺȵ ȾȺȸȺȯȼȬɀȴȴ: ȶȷȴȹȴɃȱȽȶȺȱ Ȼȼȴȸȱȹȱȹȴȱ Ȯ ȬȼȴȾȸȺȷȺȯȴȴ 

 

ȽɞɟɖɌɗɚɎɌ Ⱥ.Ȯ.1, ȽɑɜɚɎɌ ȹ.Ƚ.2, ɃɑɛɚɎɝɖɔɕ Ȭ.ȸ.3,4, ȾɑɜəɚɎɚɕ Ƚ.ȶ.1,2 
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ɑɔəɎɌɓɔɎəɧɑ ɘɑɞɚɐɧ ɐɔɌɏəɚɝɞɔɖɔ ɓɌɍɚɗɑɎɌəɔɕ ɝɑɜɐɢɌ ɛɜɚɣəɚ Ɏɚɤɗɔ Ɏ ɖɗɔəɔɣɑɝɖɟɪ 

ɛɜɌɖɞɔɖɟ ɌɜɔɞɘɚɗɚɏɚɎ. Ⱥɐəɔɘ ɔɓ əɚɎɧɡ əɌɛɜɌɎɗɑəɔɕ ɜɌɓɎɔɞɔɫ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɫɎ-

ɗɫɑɞɝɫ ɝɚɓɐɌəɔɑ ɞɜɑɡɘɑɜəɧɡ ɘɌɞɑɘɌɞɔɣɑɝɖɔɡ ɘɚɐɑɗɑɕ ɝɑɜɐɢɌ. ȴɝɛɚɗɨɓɚɎɌəɔɑ ɛɑɜɝɚ-

əɔɠɔɢɔɜɚɎɌəəɧɡ ɘɌɞɑɘɌɞɔɣɑɝɖɔɡ ɘɚɐɑɗɑɕ ɚɍɗɑɏɣɌɑɞ ɛɚəɔɘɌəɔɑ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔ-

ɣɑɝɖɔɡ ɘɑɡɌəɔɓɘɚɎ Ɍɜɔɞɘɔɕ, ɛɚɘɚɏɌɑɞ Ɏ ɛɗɌəɔɜɚɎɌəɔɔ ɔ ɚɢɑəɖɑ ɜɑɓɟɗɨɞɌɞɚɎ ɜɌɓɗɔɣ-

əɧɡ ɘɑɞɚɐɚɎ ɗɑɣɑəɔɫ.   

Ȯ ɝɞɌɞɨɑ ɛɜɑɐɝɞɌɎɗɑə ɚɍɓɚɜ ɝɚɎɜɑɘɑəəɚɕ ɚɞɑɣɑɝɞɎɑəəɚɕ ɔ ɓɌɜɟɍɑɒəɚɕ ɗɔɞɑɜɌɞɟɜɧ, ɛɚ-

ɝɎɫɥɑəəɚɕ ɜɌɓɗɔɣəɧɘ ɛɚɐɡɚɐɌɘ ɖ ɝɚɓɐɌəɔɪ ɘɚɐɑɗɑɕ ɝɑɜɐɢɌ, ɚɞ ɛɑɜɎɧɡ ɚɣɑəɨ ɛɜɚɝɞɧɡ ɖɚɘɛɨ-

ɪɞɑɜəɧɡ ɝɔɘɟɗɫɢɔɕ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɔ ɐɚ ɝɚɎɜɑɘɑəəɧɡ, ɚɝəɚɎɌəəɧɡ əɌ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ 

ɞɚɘɚɏɜɌɠɔɔ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ, ɝ ɚɞɜɌɒɑəɔɑɘ əɑ ɞɚɗɨɖɚ ɌəɌɞɚɘɔɔ, əɚ ɔ ɝɞɜɟɖɞɟɜɧ ɘɔɚɖɌɜ-

ɐɌ. ȾɌɖɒɑ Ɏ ɐɌəəɚɘ ɚɍɓɚɜɑ ɚɍɝɟɒɐɌɑɞɝɫ Ɏɚɛɜɚɝ ɛɜɌɖɞɔɣɑɝɖɚɏɚ ɛɜɔɘɑəɑəɔɫ ɐɌəəɧɡ ɞɑɡəɚɗɚɏɔɕ 

ɐɗɫ ɛɚɎɧɤɑəɔɫ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɝɑɜɐɑɣəɚɕ ɜɑɝɔəɡɜɚəɔɓɔɜɟɪɥɑɕ ɞɑɜɌɛɔɔ, ɌɍɗɌɢɔɔ ɒɑɗɟɐɚɣɖɚ-

Ɏɧɡ əɌɜɟɤɑəɔɕ ɜɔɞɘɌ ɝɑɜɐɢɌ, ɚɢɑəɖɔ ɛɚɝɞɌɍɗɌɢɔɚəəɧɡ ɛɚɎɜɑɒɐɑəɔɕ ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɏɚ 

ɎɘɑɤɌɞɑɗɨɝɞɎɌ. ȽɚɎɑɜɤɑəɝɞɎɚɎɌəɔɑ ɜɌɓɜɌɍɚɞɖɔ ɞɜɑɡɘɑɜəɧɡ ɛɑɜɝɚəɌɗɔɓɔɜɚɎɌəəɧɡ ɘɚɐɑɗɑɕ 

ɝɑɜɐɢɌ ɚɖɌɒɑɞ Ɏɗɔɫəɔɑ əɌ ɐɔɌɏəɚɝɞɔɖɟ, ɛɗɌəɔɜɚɎɌəɔɑ ɗɑɣɑəɔɫ ɔ ɛɜɚɠɔɗɌɖɞɔɖɟ ɝɑɜɐɑɣəɚ-

ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ. 
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on-invasive methods for the diagnosis of heart diseases are  firmly established in the clini-

cal practice of arrhythmologists. One of the new directions of development of radiaology 

methods is the creation of three -dimensional mathematical models of the heart. The use of  
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personalized mathematical models facilitate s the understanding of the electrophysiological mecha-

nisms of arrhythmias, helps in planning and evaluating the results of various treatment methods.  

The article presents a review of modern Russian and foreign literature on various approaches to cre-

ating m odels of the heart, from the first very simple computer simulations of electrophysiology to 

modern ones based on magnetic resonance imaging with contrast, reflecting not only the anatomy, 

but also the structure of the myocardium. This review also discusses  the practical application of 

these technologies to improve the effectiveness of cardiac resynchronization therapy, ablation of ven-

tricular arrhythmias, and assessment of postablational injuries after the intervention. Improving the 

development of three -di mensional personalized heart models will have an impact on the diagnosis, 

treatment planning, and prevention of cardiovascular diseases. . 

  

 Keywords: contrast -enhanced magnetic resonance imaging, 3 -dimensional heart models, the 

structure of the myocardium , arrhythmia, resynchronization therapy.  
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ɚɎɑɜɤɑəɝɞɎɚɎɌəɔɑ əɑɔəɎɌɓɔɎəɧɡ 

ɘɑɞɚɐɚɎ ɚɍɝɗɑɐɚɎɌəɔɫ ɐɗɫ ɐɔɌɏəɚ-

ɝɞɔɖɔ ɜɌɓɗɔɣəɧɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ 

ɝɚɝɞɚɫəɔɕ, ɎɧɍɚɜɌ ɔəɐɔɎɔɐɟɌɗɔɓɔ-

ɜɚɎɌəəɚɕ ɞɑɜɌɛɑɎɞɔɣɑɝɖɚɕ ɝɞɜɌɞɑ-

ɏɔɔ, ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ ɛɚɞɑəɢɔɌɗɨəɚɏɚ ɩɠ-

ɠɑɖɞɌ ɜɌɓɗɔɣəɧɡ ɎɘɑɤɌɞɑɗɨɝɞɎ ɓəɌɣɔɞɑɗɨəɚ 

ɜɌɝɤɔɜɫɑɞ ɚɍɗɌɝɞɔ ɔɡ ɛɜɔɘɑəɑəɔɫ. Ȯɚ Ɏɝɑɡ 

ɚɍɗɌɝɞɫɡ ɘɑɐɔɢɔəɧ ɛɜɚɏɜɑɝɝɔɎəɧɘ ɫɎɗɫɑɞɝɫ 

ɓɌɘɑəɌ ɔəɎɌɓɔɎəɧɡ ɘɑɞɚɐɚɎ ɐɔɌɏəɚɝɞɔɖɔ əɌ 

əɑɔəɎɌɓɔɎəɧɑ. ȻɑɜɝɚəɌɗɔɓɔɜɚɎɌəəɚɑ ɘɚɐɑ-

ɗɔɜɚɎɌəɔɑ ɝɑɜɐɢɌ Ɏɝɑ ɣɌɥɑ ɔɝɛɚɗɨɓɟɑɞɝɫ ɐɗɫ 

əɑɔəɎɌɓɔɎəɚɏɚ ɌəɌɗɔɓɌ ɔ ɛɜɚɏəɚɓɔɜɚɎɌəɔɫ 

ɜɌɓɗɔɣəɧɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɝɚɝɞɚɫəɔɕ ɝɑɜɐ-

ɢɌ.  

ȹɑɝɖɚɗɨɖɚ ɐɑɝɫɞɔɗɑɞɔɕ əɌɓɌɐ ɞɜɑɡɘɑɜ-

əɧɑ (3D) Ɏɧɣɔɝɗɔɞɑɗɨəɧɑ ɘɚɐɑɗɔ ɝɑɜɐɢɌ ɔɝ-

ɛɚɗɨɓɚɎɌɗɔɝɨ ɞɚɗɨɖɚ ɐɗɫ ɚɣɑəɨ ɛɜɚɝɞɧɡ ɖɚɘ-

ɛɨɪɞɑɜəɧɡ ɝɔɘɟɗɫɢɔɕ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɔ 

ɝɑɜɐɢɌ ɔɗɔ ɌəɌɗɔɓɌ ɘɑɡɌəɔɖɔ ɝɑɜɐɢɌ. Ȯ 

əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɞɜɑɡɘɑɜəɧɑ ɘɚɐɑɗɔ ɝɑɜɐɢɌ 

ɝɞɌəɚɎɫɞɝɫ Ɏɝɑ ɍɚɗɑɑ ɝɗɚɒəɧɘɔ ɔ ɔɝɛɚɗɨɓɟ-

ɪɞɝɫ Ɏ ɘɚɐɑɗɔɜɚɎɌəɔɔ ɌəɌɞɚɘɔɔ ɝɑɜɐɢɌ, 

ɌəɌɗɔɓ ɔɡ ɝɛɚɝɚɍɝɞɎɟɑɞ Ɏɧɍɚɜɟ ɞɌɖɞɔɖɔ ɗɑ-

ɣɑəɔɫ, ɛɗɌəɔɜɚɎɌəɔɪ ɡɔɜɟɜɏɔɣɑɝɖɔɡ ɎɘɑɤɌ-

ɞɑɗɨɝɞɎ. Ȯ ɖɗɔəɔɣɑɝɖɔɡ ɟɝɗɚɎɔɫɡ ɩɞɔ ɘɚɐɑɗɔ 

ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɗɫ ɌəɌɗɔɓɌ ɞɜɑɡɘɑɜəɧɡ ɔɓɚɍ-

ɜɌɒɑəɔɕ, Ɏ ɛɑɜɎɟɪ ɚɣɑɜɑɐɨ, ɛɜɔ ɔəɎɌɓɔɎəɚɘ 

ɗɑɣɑəɔɔ ɒɑɗɟɐɚɣɖɚɎɧɡ ɔ ɛɜɑɐɝɑɜɐəɧɡ Ɍɜɔɞ-

ɘɔɕ.   

ȻɑɜɎɧɘ ɩɞɌɛɚɘ ɛɜɚɢɑɝɝɌ ɜɌɓɜɌɍɚɞɖɔ 

3D -ɘɚɐɑɗɔ ɝɑɜɐɢɌ ɫɎɗɫɑɞɝɫ ɎɧɣɔɝɗɔɞɑɗɨəɌɫ 

ɜɑɖɚəɝɞɜɟɖɢɔɫ ɌəɌɞɚɘɔɔ ɝɑɜɐɢɌ ɛɟɞɑɘ ɝɚ-

ɓɐɌəɔɫ 3D-ɏɑɚɘɑɞɜɔɔ ɝɑɜɐɢɌ. ȻɑɜɎɧɑ ɜɌɓɜɌ-

ɍɚɞɌəəɧɑ ɞɜɑɡɘɑɜəɧɑ Ɏɧɣɔɝɗɔɞɑɗɨəɧɑ ɘɚɐɑ-

ɗɔ ɌəɌɞɚɘɔɔ ɝɑɜɐɢɌ ɍɧɗɔ ɟɛɜɚɥɑəəɧɘɔ, ɚɝ-

əɚɎɌəəɧɘɔ əɌ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ ɠɚɜɘɌɡ. 

ȭɚɗɨɤɔəɝɞɎɚ ɔɓ əɔɡ ɎɖɗɪɣɌɗɚ ɞɚɗɨɖɚ ɗɑɎɧɕ 

ɒɑɗɟɐɚɣɑɖ (ȷȲ), ɛɜɑɐɝɞɌɎɗɑəəɧɕ ɐɎɟɘɫ ɖɚə-

ɢɑəɞɜɔɣɑɝɖɔɘɔ ɩɗɗɔɛɝɚɔɐɌɘɔ, ɟɝɑɣɑəəɧɘɔ 

əɌ ɍɌɓɚɎɚɘ ɟɜɚɎəɑ, ɣɞɚɍɧ ɛɜɔɘɑɜəɚ ɝɚɚɞɎɑɞ-

ɝɞɎɚɎɌɞɨ ɠɚɜɘɑ ȷȲ. Ȼɚɓɒɑ ɍɧɗɔ ɝɚɓɐɌəɧ 

ɌəɌɞɚɘɔɣɑɝɖɔɑ ɘɚɐɑɗɔ, Ɏ ɖɚɞɚɜɧɡ ɌəɌɞɚɘɔɫ 

ɝɑɜɐɢɌ ɍɧɗɌ ɛɜɑɐɝɞɌɎɗɑəɌ ɍɚɗɑɑ ɜɑɌɗɔɝɞɔɣ-

əɧɘ ɚɍɜɌɓɚɘ. ȹɌɔɍɚɗɑɑ ɔɓɎɑɝɞəɧɘɔ ɫɎɗɫɪɞ-

ɝɫ ɐɎɑ ɍɔɎɑəɞɜɔɖɟɗɫɜəɧɑ ɘɚɐɑɗɔ: ɘɚɐɑɗɨ 

ɝɑɜɐɢɌ ɖɜɚɗɔɖɌ (ɜɔɝ. 1) ɔɓ ȶɌɗɔɠɚɜəɔɕɝɖɚɏɚ 

ɟəɔɎɑɜɝɔɞɑɞɌ Ɏ ȽɌə-Ȱɔɑɏɚ ɔ ɘɚɐɑɗɨ ɝɑɜɐɢɌ 

ɝɚɍɌɖɔ ɔɓ Ⱥɖɗɑəɐɝɖɚɏɚ ɟəɔɎɑɜɝɔɞɑɞɌ. ȯɗɌɎ-

əɧɕ ɎɖɗɌɐ ɩɞɔɡ ɜɌɍɚɞ ɓɌɖɗɪɣɌɗɝɫ Ɏ ɟɣɑɞɑ ɜɑ-

Ɍɗɔɝɞɔɣəɚɕ ɚɜɔɑəɞɌɢɔɔ ɎɚɗɚɖəɌ, ɛɚɗɟɣɑəəɚɕ 

ɔɓ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ ɔɓɘɑɜɑəɔɕ.  

3D -ɘɚɐɑɗɔ ɛɜɑɐɝɑɜɐɔɕ əɌɣɌɗɔ ɜɌɝɛɜɚ-

ɝɞɜɌəɫɞɨɝɫ ɛɚɓɒɑ, ɣɑɘ ɘɚɐɑɗɔ ɒɑɗɟɐɚɣɖɚɎ, 

ɛɚ əɑɝɖɚɗɨɖɔɘ ɛɜɔɣɔəɌɘ. Ȯɚ-ɛɑɜɎɧɡ, Ɏ ɝɎɫ-

ɓɔ ɝ ɍɚɗɨɤɑɕ ɌɖɞɟɌɗɨəɚɝɞɨɪ ɛɚɎɧɤɑəɔɫ ɩɠ-

ɠɑɖɞɔɎəɚɝɞɔ ɗɑɣɑəɔɫ ɓɌɍɚɗɑɎɌəɔɕ, ɝɎɫɓɌə-

əɧɡ ɝ ɛɌɞɚɗɚɏɔɑɕ ɒɑɗɟɐɚɣɖɚɎ ɝɑɜɐɢɌ ɔɓ-ɓɌ 

Ɏɧɝɚɖɚɕ ɔɡ ɗɑɞɌɗɨəɚɝɞɔ. Ȯɚ-Ɏɞɚɜɧɡ, ɔɓ-ɓɌ 

Ɏɧɝɚɖɚɕ ɝɗɚɒəɚɝɞɔ 3D-ɜɑɖɚəɝɞɜɟɖɢɔɕ ɔ 

ɘɑɒɝɟɍɦɑɖɞəɚɕ ɎɌɜɔɌɍɑɗɨəɚɝɞɔ ɌəɌɞɚɘɔɔ 

ɛɜɑɐɝɑɜɐɔɕ [2]. 

ɉɗɑɘɑəɞɧ ɞɜɑɡɘɑɜəɚɕ Ɏɧɣɔɝɗɔɞɑɗɨ-

əɚɕ ɘɚɐɑɗɔ ɝɑɜɐɢɌ. 

Ȼɚɘɔɘɚ ɐɌəəɧɡ ɚ ɞɜɑɡɘɑɜəɚɕ ɏɑɚɘɑɞ-

ɜɔɔ, ɛɚɓɎɚɗɫɪɥɑɕ ɝɘɚɐɑɗɔɜɚɎɌɞɨ ɌəɌɞɚɘɔɪ 

ɝɑɜɐɢɌ, ɐɗɫ ɖɌɒɐɚɕ ɞɜɑɡɘɑɜəɚɕ Ɏɧɣɔɝɗɔ-

ɞɑɗɨəɚɕ ɘɚɐɑɗɔ ɝɑɜɐɢɌ ɘɚɒɑɞ ɞɌɖɒɑ ɛɚɞɜɑ-

ɍɚɎɌɞɨɝɫ ɐɜɟɏɌɫ ɔəɠɚɜɘɌɢɔɫ: ɚ ɝɞɜɟɖɞɟɜɑ 

ɘɔɚɖɌɜɐɌ, ɘɑɡɌəɔɖɑ, ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɔ, ɩɞɚ 

ɛɚɘɚɒɑɞ ɝɘɚɐɑɗɔɜɚɎɌɞɨ ɛɌɞɚɗɚɏɔɣɑɝɖɔɑ ɛɜɚ-

ɢɑɝɝɧ, ɗɑɒɌɥɔɑ  Ɏ  ɚɝəɚɎɑ ɜɌɓɗɔɣəɧɡ ɓɌɍɚɗɑ- 

Ƚ 
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ȼɔɝ. 1 Ɍ (Fig. 1 Ɍ) 

 

ȼɔɝ. 1 ɍ (Fig. 1 b) 

 

ȼɔɝ. 1 Ɏ (Fig. 1 c ) 

ȼɔɝ. 1.    ȰɑɞɌɗɔɓɔɜɚɎɌəəɌɫ ɐɎɟɡɒɑɗɟɐɚɣɖɚɎɌɫ ɘɚɐɑɗɨ ɖɜɚɗɔɖɌ. 

(Ɍ) ȸȼȾ ex vivo ɝ ɚɣɑəɨ Ɏɧɝɚɖɔɘ ɜɌɓɜɑɤɑəɔɑɘ. (ɍ) 3D-ɘɚɐɑɗɔ ɝ Ɏɧɝɚɖɔɘ ɟɜɚɎəɑɘ ɌəɌɞɚɘɔɣɑɝɖɚɕ ɐɑɞɌɗɔ-

ɓɌɢɔɔ. (Ɏ) ȸɚɐɑɗɨ ɞɑɞɜɌɩɐɜɔɣɑɝɖɚɕ ɝɑɞɖɔ ɖɚəɑɣəɧɡ ɩɗɑɘɑəɞɚɎ, əɌ ɖɚɞɚɜɚɕ ɚɞɜɌɒɑəɧ ɝɚɝɚɣɖɚɎɧɑ ɘɧɤ-

ɢɧ (ɓɑɗɑəɧɑ) ɔ ɝɟɡɚɒɔɗɨəɧɑ ɡɚɜɐɧ (ɝɔəɔɑ). Ȼɚ Am J. Physiol Heart Circ Physiol [1].  

Fig. 1.    Detailed bicentricular rabbit model.   

(a) Very high resolution ex vivo MRI. (b) 3D rendering of the model with a high level of anatomical detail. (c) A 

tetrahedral finite elemen t mesh model depicting papillary muscles (green) and tendon chords (blue). Accord-

ing to Am J, Physiol Heart Circ Physiol [1].  
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ɎɌəɔɕ. 

ȯɑɚɘɑɞɜɔɫ. 

ȽɚɓɐɌəɔɑ ɞɜɑɡɘɑɜəɚɕ ɏɑɚɘɑɞɜɔɔ ɝɑɜɐ-

ɢɌ, ɚɍɧɣəɚ ɛɜɑɐɝɞɌɎɗɑəəɚɕ ɞɜɑɡɘɑɜəɚɕ ɛɚ-

Ɏɑɜɡəɚɝɞəɚɕ ɝɑɞɖɚɕ, ɫɎɗɫɑɞɝɫ ɝɌɘɧɘ ɛɑɜɎɧɘ 

ɩɞɌɛɚɘ ɛɜɚɢɑɝɝɌ ɛɚɝɞɜɚɑəɔɫ ɞɜɑɡɘɑɜəɚɕ ɘɚ-

ɐɑɗɔ ɝɑɜɐɢɌ. ȯɑɚɘɑɞɜɔɫ ɝɑɜɐɢɌ ɐɚɗɒəɌ ɍɧɞɨ 

ɞɚɣəɚ ɔ ɜɑɌɗɔɝɞɔɣəɚ ɛɜɑɐɝɞɌɎɗɑəɌ. ȯɑɚɘɑɞ-

ɜɔɫ 3D-ɘɚɐɑɗɔ ɛɜɑɐɝɞɌɎɗɫɑɞ ɚɐəɟ ɔɗɔ əɑ-

ɝɖɚɗɨɖɚ ɝɑɜɐɑɣəɧɡ ɖɌɘɑɜ (ɘɚɐɑɗɔ ɗɑɎɚɏɚ ɒɑ-

ɗɟɐɚɣɖɌ, ɐɎɟɡ ɒɑɗɟɐɚɣɖɚɎ, ɛɜɑɐɝɑɜɐɔɕ ɔɗɔ 

Ɏɝɑɏɚ ɝɑɜɐɢɌ), Ɍ ɞɌɖɒɑ ɘɚɒɑɞ ɎɖɗɪɣɌɞɨ ɐɜɟ-

ɏɔɑ ɐɑɞɌɗɔ, ɞɌɖɔɑ ɖɌɖ ɖɜɟɛəɧɑ ɝɑɜɐɑɣəɧɑ 

ɝɚɝɟɐɧ, ɠɔɍɜɚɓəɚɑ ɖɚɗɨɢɚ ɌɞɜɔɚɎɑəɞɜɔɖɟ-

ɗɫɜəɧɡ ɖɗɌɛɌəɚɎ, ɣɌɝɞɨ ɖɚɜɚəɌɜəɚɏɚ ɐɑɜɑɎɌ 

ɔɗɔ əɑɖɚɞɚɜɧɑ ɐɑɞɌɗɔ ɩəɐɚɖɌɜɐɌ, ɞɌɖɔɑ ɖɌɖ 

ɝɚɝɚɣɖɚɎɧɑ ɘɧɤɢɧ ɔ ɞɜɌɍɑɖɟɗɧ ɒɑɗɟɐɚɣɖɚɎ 

ɔɗɔ ɞɑɜɘɔəɌɗɨəɧɕ ɏɜɑɍɑəɨ, ɏɜɟɐəɧɑ ɘɧɤɢɧ 

ɔ ɚɎɌɗɨəɌɫ ɫɘɖɌ ɐɗɫ ɛɜɑɐɝɑɜɐɔɕ [3]. 

ȸɑɞɚɐɧ ɎɔɓɟɌɗɔɓɌɢɔɔ (Ɏ ɚɝəɚɎəɚɘ ɘɌɏ-

əɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȸȼȾ) ɔ ɖɚɘ-

ɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȶȾ)) ɝɑɏɚɐəɫ ɫɎɗɫɪɞ-

ɝɫ ɔɝɞɚɣəɔɖɚɘ ɌəɌɞɚɘɔɣɑɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ, 

əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɔɝɛɚɗɨɓɟɑɘɚɕ ɐɗɫ ɝɚɓɐɌəɔɫ 

ɏɑɚɘɑɞɜɔɔ ɞɜɑɡɘɑɜəɧɡ ɘɚɐɑɗɑɕ ɝɑɜɐɢɌ. ɉɞɔ 

ɘɑɞɚɐɧ ɛɚɓɎɚɗɫɪɞ ɐɑɞɌɗɨəɚ ɜɑɖɚəɝɞɜɟɔɜɚ-

ɎɌɞɨ ɏɑɚɘɑɞɜɔɪ ɝɑɜɐɢɌ, ɎɖɗɪɣɌɫ ɝɞɜɟɖɞɟɜɧ, 

ɖɚɞɚɜɧɑ ɚɣɑəɨ ɞɜɟɐəɚ ɚɢɑəɔɎɌɞɨ əɌ ɔɓɚɍɜɌ-

ɒɑəɔɫɡ in-vivo, ɞɌɖɔɑ ɖɌɖ ɛɟɣɚɖ ȭɌɡɘɌəɌ Ɏ 

ɛɜɑɐɝɑɜɐɔɫɡ ɔ ɩəɐɚɖɌɜɐɔɌɗɨəɧɑ ɞɜɌɍɑɖɟɗɧ Ɏ 

ɒɑɗɟɐɚɣɖɌɡ ɔɗɔ ɝɞɎɚɜɖɔ ɝɑɜɐɑɣəɧɡ ɖɗɌɛɌəɚɎ 

ɔ ɝɟɡɚɒɔɗɨəɧɑ ɡɚɜɐɧ [4]. 

Ƚɞɜɚɑəɔɑ ɘɔɚɖɌɜɐɌ. 

ȺɜɔɑəɞɌɢɔɫ Ɏɚɗɚɖɚə Ɏ ɓəɌɣɔɞɑɗɨəɚɕ 

ɝɞɑɛɑəɔ ɚɛɜɑɐɑɗɫɑɞ ɡɌɜɌɖɞɑɜ ɩɗɑɖɞɜɔɣɑɝɖɚɕ 

ɌɖɞɔɎɌɢɔɔ ɘɔɚɖɌɜɐɌ ɔ Ɏɗɔɫɑɞ əɌ ɘɑɡɌəɔɣɑ-

ɝɖɚɑ ɛɚɎɑɐɑəɔɑ ɝɑɜɐɑɣəɚɕ ɞɖɌəɔ. ȺɜɔɑəɞɌ-

ɢɔɫ ɎɚɗɚɖəɌ ɐɚɗɒəɌ ɍɧɞɨ ɎɖɗɪɣɑəɌ Ɏ ɘɚɐɑ-

ɗɔ, ɛɜɑɐəɌɓəɌɣɑəəɧɑ ɐɗɫ Ɏɧɛɚɗəɑəɔɫ ɜɑɌɗɔ-

ɝɞɔɣəɚɏɚ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ ɔ/ɔɗɔ 

ɘɑɡɌəɔɣɑɝɖɚɏɚ ɖɚɘɛɨɪɞɑɜəɚɏɚ ɘɚɐɑɗɔɜɚɎɌ-

əɔɫ. ȽɌɘɧɕ ɚɍɧɣəɧɕ ɛɚɐɡɚɐ ɚɢɑəɖɔ ɚɜɔɑə-

ɞɌɢɔɔ Ɏɚɗɚɖɚə ɚɝəɚɎɌə əɌ ɌɗɏɚɜɔɞɘɌɡ, ɖɚɞɚ-

ɜɧɑ ɚɢɑəɔɎɌɪɞ ɚɜɔɑəɞɌɢɔɪ ɎɚɗɚɖəɌ, ɝɎɫ-

ɓɌəəɟɪ ɝ ɖɌɒɐɧɘ ɩɗɑɘɑəɞɚɘ ɚɍɦɑɘəɚɕ ɝɑɞɖɔ 

ɘɚɐɑɗɔ, əɌ ɚɝəɚɎɑ ɓɌɜɌəɑɑ ɟɝɞɌəɚɎɗɑəəɧɡ 

ɤɌɍɗɚəɚɎ [5].  

ȻɜɚɎɚɐɫɥɌɫ ɝɔɝɞɑɘɌ ɝɑɜɐɢɌ. 

ɉɗɑɖɞɜɔɣɑɝɖɌɫ ɌɖɞɔɎɌɢɔɫ ɒɑɗɟɐɚɣɖɚɎ 

ɓɌɛɟɝɖɌɑɞɝɫ əɑɚɐəɚɜɚɐəɚɕ ɝɗɚɒəɚɕ ɝɑɞɨɪ 

ɞɜɑɡɘɑɜəɚɕ ɝɞɜɟɖɞɟɜɧ, ɖɚɞɚɜɌɫ ɚɍɦɑɐɔəɫɑɞ 

ɝɟɍɩəɐɚɖɌɜɐɔɌɗɨəɧɑ ɔ ɝɎɚɍɚɐəɚ ɐɎɔɒɟɥɔɑɝɫ 

ɎɚɗɚɖəɌ, ɚɍɜɌɓɟɪɥɔɑ ɞɌɖ əɌɓɧɎɌɑɘɟɪ ɛɜɚ-

Ɏɚɐɫɥɟɪ ɝɔɝɞɑɘɟ ɝɑɜɐɢɌ. ȼɫɐ ɖɚɘɛɨɪɞɑɜəɧɡ 

ɔɝɝɗɑɐɚɎɌəɔɕ ɟɒɑ ɔəɞɑɏɜɔɜɚɎɌɗɔ ɘɚɐɑɗɔ 

ɛɜɚɎɚɐɫɥɑɕ ɝɔɝɞɑɘɧ ɝɑɜɐɢɌ ɐɗɫ ɌəɌɗɔɓɌ ɔɡ 

ɜɚɗɔ Ɏ əɑɠɔɓɔɚɗɚɏɔɣɑɝɖɔɡ ɝɢɑəɌɜɔɫɡ, ɞɌɖɔɡ 

ɖɌɖ ɒɑɗɟɐɚɣɖɚɎɌɫ ɞɌɡɔɌɜɔɞɘɔɫ ɔɗɔ ɛɜɔɑɘ 

ɌəɞɔɌɜɔɞɘɔɣɑɝɖɔɡ ɛɜɑɛɌɜɌɞɚɎ [6]. 

ɉɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɫ. 

Ȱɗɫ ɘɚɐɑɗɑɕ, ɛɜɑɐəɌɓəɌɣɑəəɧɡ ɐɗɫ 

ɖɚɘɛɨɪɞɑɜəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ, ɛɚɝɗɑ ɚɛɜɑ-

ɐɑɗɑəɔɫ ɌəɌɞɚɘɔɔ ɔ ɝɞɜɟɖɞɟɜɧ ɝɑɜɐɢɌ əɑɚɍ-

ɡɚɐɔɘɚ ɛɚɐɖɗɪɣɔɞɨ ɘɌɞɑɘɌɞɔɣɑɝɖɟɪ ɘɚɐɑɗɨ, 

ɔɘɔɞɔɜɟɪɥɟɪ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɪ ɘɔɚɖɌɜ-

ɐɌ. Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɣɑ-

ɝɖɔɑ ɘɚɐɑɗɔ ɚɍɗɌɐɌɪɞ Ɏɧɝɚɖɚɕ ɝɛɑɢɔɠɔɣəɚ-

ɝɞɨɪ ɔ ɔɘɔɞɔɜɟɪɞ ɛɜɑɐɝɑɜɐəɧɑ, ɒɑɗɟɐɚɣɖɚ-

Ɏɧɑ ɔ ɖɗɑɞɖɔ Ȼɟɜɖɔəɨɑ ɣɑɗɚɎɑɖɌ Ɏ əɚɜɘɌɗɨ-

əɧɡ ɔɗɔ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɟɝɗɚɎɔɫɡ [7]. 

Ȯɧɐɑɗɑəɔɑ ɠɔɍɜɚɓɌ. 

ȸɚɐɑɗɔɜɚɎɌəɔɑ ȷȲ ɝ ɞɚɣəɧɘ ɚɛɜɑɐɑɗɑ-

əɔɑɘ ɝɞɜɟɖɞɟɜəɚɏɚ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɔ ɖɚɗɔɣɑ-

ɝɞɎɑəəɚɏɚ ɌəɌɗɔɓɌ ɠɔɍɜɚɓɌ ɫɎɗɫɑɞɝɫ ɖɗɪɣɑ-

Ɏɧɘ ɘɚɘɑəɞɚɘ Ɏ ɜɑɤɑəɔɑ əɑɝɖɚɗɨɖɔɡ ɖɗɔəɔ-

ɣɑɝɖɔɡ ɓɌɐɌɣ.  

ɀɔɍɜɚɓ ɘɔɚɖɌɜɐɌ ɫɎɗɫɑɞɝɫ əɑɓɌɎɔɝɔ-

ɘɧɘ ɛɜɚɏəɚɝɞɔɣɑɝɖɔɘ ɠɌɖɞɚɜɚɘ əɑɍɗɌɏɚ-

ɛɜɔɫɞəɚɏɚ ɔɝɡɚɐɌ ɜɌɓɗɔɣəɧɡ ɓɌɍɚɗɑɎɌəɔɕ. 

Ȼɚ ɐɌəəɧɘ Ɏɧɛɚɗəɑəəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ, Ɏɧ-

ɫɎɗɑəɌ ɝɔɗɨəɌɫ ɛɚɗɚɒɔɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɫ 

ɘɑɒɐɟ ɝɞɑɛɑəɨɪ ɠɔɍɜɚɓɌ ɔ ɎɚɓəɔɖəɚɎɑəɔɑɘ 

ɒɔɓəɑɟɏɜɚɒɌɪɥɔɡ əɌɜɟɤɑəɔɕ ɜɔɞɘɌ ɝɑɜɐɢɌ 

[8-11].  

Ⱥɝɚɍɧɕ ɔəɞɑɜɑɝ Ɏ ɚɞəɚɤɑəɔɔ Ɏɚɓəɔɖ-

əɚɎɑəɔɔ ȲȹȼȽ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɔɝɝɗɑɐɚ-

ɎɌəɔɑ ɜɚɗɔ ɛɑɜɔɔəɠɌɜɖɞəɧɡ çɛɚɏɜɌəɔɣəɧɡ 

ɓɚəè, ɚɖɜɟɒɌɪɥɔɡ əɑɖɜɚɞɔɣɑɝɖɔɕ ɜɟɍɑɢ. ɉɞɔ 

ɏɑɞɑɜɚɏɑəəɧɑ ɚɍɗɌɝɞɔ ɫɎɗɫɪɞɝɫ ɩɗɑɖɞɜɚɠɔ-

ɓɔɚɗɚɏɔɣɑɝɖɔɘ ɝɟɍɝɞɜɌɞɚɘ ɐɗɫ ɔəɐɟɖɢɔɔ ɒɑ-

ɗɟɐɚɣɖɚɎɧɡ Ɍɜɔɞɘɔɕ ɔ ɛɜɑɐɔɖɞɚɜɚɘ ɝɘɑɜɞ-

əɚɝɞɔ ɛɚɝɗɑ ɔəɠɌɜɖɞɌ ɘɔɚɖɌɜɐɌ (ȴȸ) [12-

13].  

 ɀɜɌɖɢɔɫ ɎɧɍɜɚɝɌ (ɀȮ) ɗɑɎɚɏɚ ɒɑɗɟ-

ɐɚɣɖɌ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɫɎɗɫɑɞɝɫ əɌɔɍɚɗɑɑ 

əɌɐɑɒəɧɘ ɖɗɔəɔɣɑɝɖɔɘ ɛɌɜɌɘɑɞɜɚɘ ɛɜɔ 

ɝɞɜɌɞɔɠɔɖɌɢɔɔ ɜɔɝɖɌ ɛɌɢɔɑəɞɚɎ ɛɚɝɗɑ ȴȸ ɔ 

ɛɜɔ ɛɜɔəɫɞɔɔ ɎɌɒəɧɡ ɜɑɤɑəɔɕ ɛɚ ɗɑɣɑəɔɪ, 

ɞɌɖɔɡ ɖɌɖ ɔɘɛɗɌəɞɌɢɔɫ ɖɌɜɐɔɚɎɑɜɞɑɜɌ-

ɐɑɠɔɍɜɔɗɗɫɞɚɜɌ ɔ ɐɜ. ȺɐəɌɖɚ, ɞɑɖɟɥɌɫ 

ɚɢɑəɖɌ ɜɔɝɖɌ ɚɝɞɌɑɞɝɫ əɑɚɛɞɔɘɌɗɨəɚɕ ɔ ɝɟ-

ɥɑɝɞɎɟɑɞ əɑɚɍɡɚɐɔɘɚɝɞɨ Ɏ ɐɜɟɏɔɡ ɞɚɣəɧɡ 

ɛɜɑɐɔɖɞɚɜɌɡ ɔɝɡɚɐɌ. ȸɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ 

ɞɚɘɚɏɜɌɠɔɫ ɝɑɜɐɢɌ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɢɑə-

əɧɕ əɑɔəɎɌɓɔɎəɧɕ ɘɑɞɚɐ Ɏ ɚɢɑəɖɑ ɔ ɝɞɜɌ-

ɞɔɠɔɖɌɢɔɔ ɜɔɝɖɌ ɛɌɢɔɑəɞɚɎ ɝ ȴȸ. ȸȼȾ ɘɚ-

ɒɑɞ əɑ ɞɚɗɨɖɚ ɞɚɣəɚ ɚɢɑəɔɞɨ ɚɍɦɑɘɧ ɔ 

ɠɟəɖɢɔɪ ȷȲ, əɚ ɞɌɖɒɑ ɎɧɫɎɔɞɨ ɔ ɖɚɗɔɣɑ-

ɝɞɎɑəəɚ ɚɢɑəɔɞɨ ɓɚəɧ ɚɝɞɜɚɏɚ ɔ ɛɑɜɑəɑɝɑə-

əɚɏɚ ȴȸ. ȸȼȾ ɝɑɜɐɢɌ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ 

ɚɞəɚɝɔɞɑɗɨəɚ ɩɡɚɖɌɜɐɔɚɏɜɌɠɔɔ ɔɘɑɑɞ ɛɜɑ-

ɔɘɟɥɑɝɞɎɌ Ɏ ɔɐɑəɞɔɠɔɖɌɢɔɔ ɠɔɍɜɚɓɌ, ɍɚɗɑɑ 

ɞɚɏɚ, ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ ɜɟɍɢɚɎ ɝ ɛɚɘɚɥɨɪ ȸȼȾ 

ɘɚɒɑɞ ɔɘɑɞɨ ɛɜɚɏəɚɝɞɔɣɑɝɖɚɑ ɓəɌɣɑəɔɑ [14]. 

ȻɜɚɎɑɐɑəɔɑ ȸȼȾ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ 

ɓɌəɔɘɌɑɞ ɚɛɜɑɐɑɗɑəɔɑ ɘɑɝɞɚ Ɏ ɚɍɝɗɑɐɚɎɌəɔɔ 

ɛɌɢɔɑəɞɚɎ-ɖɌəɐɔɐɌɞɚɎ ɐɗɫ ɝɑɜɐɑɣəɚɕ ɜɑɝɔə-

ɡɜɚəɔɓɔɜɟɪɥɑɕ  ɞɑɜɌɛɔɔ  (ȽȼȾ)  ɔ ɔɘɛɗɌəɞɌ- 
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ɢɔɔ ɖɌɜɐɔɚɎɑɜɞɑɜɌ-ɐɑɠɔɍɜɔɗɗɫɞɚɜɌ. ȹɑ-

ɝɖɚɗɨɖɚ əɌɍɗɪɐɌɞɑɗɨəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɛɚɖɌ-

ɓɌɗɔ, ɣɞɚ əɑ ɞɚɗɨɖɚ ɝɞɑɛɑəɨ ɠɔɍɜɚɓɌ ɫɎɗɫɑɞɝɫ 

ɛɜɑɐɔɖɞɚɜɚɘ ɚɞɎɑɞɌ əɌ ɜɑɝɔəɡɜɚəɔɓɔɜɟɪ-

ɥɟɪ ɞɑɜɌɛɔɪ, əɚ ɔ ɑɏɚ ɗɚɖɌɗɔɓɌɢɔɫ (ɜɔɝ. 2) 

[15]. ȶɜɚɘɑ ɞɚɏɚ, ɝəɔɒɌɑɞɝɫ ɩɠɠɑɖɞɔɎəɚɝɞɨ 

ȽȼȾ Ɏ ɝɗɟɣɌɑ ɜɌɓɘɑɥɑəɔɑ ɩɗɑɖɞɜɚɐɌ Ɏ ɘɑɝɞɑ 

ɜɟɍɢɌ, ɣɞɚ ɚɛɜɑɐɑɗɫɑɞɝɫ əɌ ɞɜɑɡɘɑɜəɧɡ ɘɚ-

ɐɑɗɫɡ. Ȯɧɍɚɜ ɘɑɝɞɌ ɔɘɛɗɌəɞɌɢɔɔ ɩɗɑɖɞɜɚɐɌ 

ɛɚ ɐɌəəɧɡ 3D-ɘɚɐɑɗɑɕ ɛɚɎɧɤɌɑɞ ɩɠɠɑɖɞɔɎ-

əɚɝɞɨ ɗɑɣɑəɔɫ ɝɑɜɐɑɣəɚɕ əɑɐɚɝɞɌɞɚɣəɚɝɞɔ 

ɛɜɔ ɔɘɛɗɌəɞɌɢɔɔ ɟɝɞɜɚɕɝɞɎ ɐɗɫ ɜɑɝɔəɡɜɚəɔ-

ɓɔɜɟɪɥɑɕ ɞɑɜɌɛɔɔ [16-17].  

Ȱɜɟɏɔɘ ɎɌɒəɧɘ əɌɛɜɌɎɗɑəɔɑɘ ɫɎɗɫɑɞ-

ɝɫ 3D ɘɚɐɑɗɔɜɚɎɌəɔɑ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ Ɏ ɝɚ-

ɛɚɝɞɌɎɗɑəɔɑ ɝ ɩɗɑɖɞɜɚ-ɌəɌɞɚɘɔɣɑɝɖɔɘ ɖɌɜ-

ɞɔɜɚɎɌəɔɑɘ. ȰɌəəɧɑ ɞɑɡəɚɗɚɏɔɔ ɛɜɑɐɝɞɌɎ-

ɗɫɪɞ ɚɝɚɍɧɕ ɔəɞɑɜɑɝ ɐɗɫ ɛɗɌəɔɜɚɎɌəɔɫ ɔə-

ɞɑɜɎɑəɢɔɚəəɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ.  

Ȱɗɫ ɐɚɝɞɔɒɑəɔɫ ɍɚɗɨɤɑɏɚ ɟɝɛɑɡɌ ɌɍɗɌ-

ɢɔɔ ɍɧɗɌ ɛɜɑɐɗɚɒɑəɧ Ɍɗɏɚɜɔɞɘɧ ɔəɞɑɏɜɌ-

ɢɔɔ ɛɚɗɟɣɑəəɧɡ ɐɌəəɧɡ ȸȼȾ ɔɓɚɍɜɌɒɑəɔɕ 

(çɛɚɏɜɌəɔɣəɚɕ ɓɚəɧè ɔ çɫɐɜɌè ɜɟɍɢɌ) Ɏ əɌɎɔ-

ɏɌɢɔɚəəɟɪ ɝɔɝɞɑɘɟ CARTO. Ȱɗɫ ɚɛɜɑɐɑɗɑəɔɫ 

ɐɚɝɞɟɛɌ ɌɍɗɌɢɔɔ (ɩəɐɚ- ɩɛɔ-ɖɌɜɐɔɌɗɨəɧɕ) 

ɛɜɑɐɗɌɏɌɪɞ ɔɝɛɚɗɨɓɚɎɌɞɨ ɐɌəəɧɑ ɚ ɏɗɟɍɔəɑ 

ɠɔɍɜɚɓəɚɏɚ ɛɚɜɌɒɑəɔɫ Ɏ ɞɚɗɥɑ ɘɔɚɖɌɜɐɌ. 

ȮɌɒəɧɘ Ɍɝɛɑɖɞɚɘ ɫɎɗɫɑɞɝɫ ɚɢɑəɖɌ ɛɚ-

ɝɞɌɍɗɌɢɔɚəəɧɡ ɔɓɘɑəɑəɔɕ ɔ Ɏɗɔɫəɔɑ ɛɚɗɟ-

ɣɑəəɧɡ ɐɌəəɧɡ əɌ ɐɌɗɨəɑɕɤɔɕ ɔɝɡɚɐ [18].   

Ⱥɝɚɍɧɕ ɔəɞɑɜɑɝ ɓɌɝɗɟɒɔɎɌɑɞ ɔəɞɑɏɜɌ-

ɢɔɫ ɐɌəəɧɡ 3D ɘɚɐɑɗɔɜɚɎɌəɔɫ ɝɑɜɐɢɌ ɝ ɜɑ-

ɓɟɗɨɞɌɘɔ əɑɔəɎɌɓɔɎəɚɏɚ ɖɌɜɞɔɜɚɎɌəɔɫ ɝɑɜɐ-

ɢɌ (əɌɛɜɔɘɑɜ, ɝ ɛɚɘɚɥɨɪ ɝɔɝɞɑɘɧ çȬɘɔ-

ɖɌɜɐè), ɐɌəəɧɑ ɖɚɞɚɜɚɕ ɝɚɛɚɝɞɌɎɔɘɧ ɝ ɔəɎɌ-

ɓɔɎəɧɘ ɖɌɜɞɔɜɚɎɌəɔɑɘ ɔ ɔɘɑɪɞ ɛɜɑɔɘɟɥɑ-

ɝɞɎɌ, ɞɌɖ ɖɌɖ ɚɛɜɑɐɑɗɫɪɞ ɚɝɚɍɑəəɚɝɞɔ Ɏɚɓ-

əɔɖəɚɎɑəɔɫ ɔ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ Ɏɚɓɍɟɒɐɑəɔɫ 

əɑ ɞɚɗɨɖɚ əɌ ɩəɐɚɖɌɜɐɔɌɗɨəɚɕ ɛɚɎɑɜɡəɚɝɞɔ, 

əɚ ɔ əɌ ɩɛɔɖɌɜɐɔɌɗɨəɚɕ. Ȼɚɗɟɣɑəəɧɑ ɐɌəəɧɑ 

ɝɛɚɝɚɍɝɞɎɟɑɞ ɍɚɗɑɑ ɞɚɣəɚɘɟ ɛɗɌəɔɜɚɎɌəɔɪ 

ɐɚɝɞɟɛɌ ɔəɞɑɜɎɑəɢɔɚəəɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ. 

ȰɌəəɧɑ ȸȼȾ ɝ ɚɞɝɜɚɣɑəəɧɘ ɖɚəɞɜɌɝɞɔɜɚɎɌ-

əɔɑɘ ɔ ɔɝɛɚɗɨɓɚɎɌəɔɑ əɑɔəɎɌɓɔɎəɚɏɚ ɩɛɔ- ɔ 

ɩəɐɚɖɌɜɐɔɌɗɨəɚɑ ɖɌɜɞɔɜɚɎɌəɔɫ ɝɑɜɐɢɌ ɛɚɓ-

Ɏɚɗɫɪɞ ɝɚɛɚɝɞɌɎɔɞɨ ɗɚɖɌɗɔɓɌɢɔɪ Ɍɜɔɞɘɚ-

ɏɑəəɚɏɚ ɚɣɌɏɌ ɛɚ ɜɑɓɟɗɨɞɌɞɌɘ ɛɚɎɑɜɡəɚɝɞəɚɏɚ 

əɑɔəɎɌɓɔɎəɚɏɚ ɌɖɞɔɎɌɢɔɚəəɚɏɚ ɖɌɜɞɔɜɚɎɌ-

əɔɫ ɝ ɗɚɖɌɗɔɓɌɢɔɑɕ ɛɚɎɜɑɒɐɑəɔɫ ɔ əɑɔəɎɌ-

ɓɔɎəɚ ɚɢɑəɔɞɨ ɗɚɖɌɗɔɓɌɢɔɪ ɔɝɞɚɣəɔɖɌ ɒɑɗɟ-

ɐɚɣɖɚɎɧɡ ɩɖɝɞɜɌɝɔɝɞɚɗ, ɒɑɗɟɐɚɣɖɚɎɚɕ ɞɌɡɔ-

ɖɌɜɐɔɔ əɌ ɛɚɝɞɜɚɑəəɧɡ ɖɌɜɞɌɡ (ɜɔɝ. 3) [19]. 

ȴɝɝɗɑɐɚɎɌəɔɫ ɝ ɛɚɘɚɥɨɪ əɑɔəɎɌɓɔɎəɚ-

ɏɚ ɎɔɜɞɟɌɗɨəɚɏɚ ɖɚɘɛɨɪɞɑɜəɚɏɚ  ɘɚɐɑɗɔɜɚɎɌ- 
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ȼɔɝ. 2.   ȸɚɐɑɗɔ ȷȲ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɛɚɝɞɔəɠɌɜɖɞəɧɘ ɖɌɜɐɔɚɝɖɗɑɜɚɓɚɘ (ȻȴȶȽ) ɜɌɓɗɔɣəɚɕ ɗɚ-

ɖɌɗɔɓɌɢɔɔ ɔ ɜɌɓɗɔɣəɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɨɪ ȽȼȾ.  

Ɍ ðɘɚɐɑɗɨ ȷȲ ɛɌɢɔɑəɞɌ ɝ ȻȴȶȽ ɛɑɜɑɐəɑ-ɛɑɜɑɏɚɜɚɐɚɣəɚɕ ɗɚɖɌɗɔɓɌɢɔɔ (ɚɍɦɑɘ ɜɟɍɢɚɎɚɏɚ ɛɚɜɌɒɑəɔɫ ð 

38%) ɔ ɡɚɜɚɤɔɘ ɩɠɠɑɖɞɚɘ ȽȼȾ. ɍ ð ɘɚɐɑɗɨ ȷȲ ɛɌɢɔɑəɞɌ ɝ ȻȴȶȽ ɓɌɐəɑ-ɍɚɖɚɎɚɕ ɗɚɖɌɗɔɓɌɢɔɔ (ɚɍɦɑɘ 

ɜɟɍɢɚɎɚɏɚ ɛɚɜɌɒɑəɔɫ 33%) ɔ ɍɑɓ ɩɠɠɑɖɞɌ ɚɞ ɛɜɚɎɑɐɑəɔɫ ȽȼȾ. ȴɓ ɜɌɍɚɞɧ ȽɞɟɖɌɗɚɎɚɕ ɔ ɝɚɌɎɞ. [15].  

Fig. 2.   LV models in patients with chronic myocardial infarction (MI) of different localization and 

different effectiveness of CRT.  

a ð LV model of a patient with anterior -septal chronic MI (volume of fibrosis -38%) and good CRT. b ð LV mod-

el of a patient with posterolateral chronic MI (volume of fibrosis -33%) and no effect of CRT. According to 

Stukalova et al. [15].  
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əɔɫ ɔ ɝɔɘɟɗɫɢɔɔ ɔɘɑɪɞ ɝɟɥɑɝɞɎɑəəɚɑ ɓəɌ-

ɣɑəɔɑ ɐɗɫ ɗɟɣɤɑɏɚ ɛɚəɔɘɌəɔɫ ɔ ɛɜɚɏəɚɓɔɜɚ-

ɎɌəɔɫ ɚɝəɚɎəɧɡ Ɍɜɔɞɘɚɏɑəəɧɡ ɘɑɡɌəɔɓɘɚɎ. 

ȸɚɐɑɗɔɜɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ. 

Ȯ ɞɚ Ɏɜɑɘɫ ɖɌɖ ɛɚɐɌɎɗɫɪɥɑɑ ɍɚɗɨɤɔə-

ɝɞɎɚ ɖɗɔəɔɣɑɝɖɔɡ ɔ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ ɔɝ-

ɝɗɑɐɚɎɌəɔɕ əɌɛɜɌɎɗɑəɚ əɌ ɘɚɐɑɗɔɜɚɎɌəɔɑ 

ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ (ȷȲ), ɔɘɑɑɞɝɫ ɘɌɗɚ ɐɌəəɧɡ 

ɚ 3D-ɘɚɐɑɗɫɡ ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ (ȻȲ).  Ȯ 

ɛɚɝɗɑɐəɔɑ ɏɚɐɧ Ɏɚɓɜɚɝ ɔəɞɑɜɑɝ ɖ ɠɟəɖɢɔɔ 

ȻȲ ɖɌɖ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɔəɠɌɜɖɞɚɘ ɛɜɌɎɚɏɚ 

ɒɑɗɟɐɚɣɖɌ, Ɍɜɔɞɘɚɏɑəəɚɕ ɖɌɜɐɔɚɘɔɚɛɌɞɔɑɕ 

ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ ɔ ɐɜ. ɔ ɜɚɗɔ ɛɜɌɎɚɏɚ ɒɑ-

ɗɟɐɚɣɖɌ Ɏ ɚɛɜɑɐɑɗɑəɔɔ ɐɑɓɌɐɌɛɞɔɎəɚɏɚ ɔ 

Ɍɜɔɞɘɚɏɑəəɚɏɚ ɜɑɘɚɐɑɗɔɜɚɎɌəɔɫ ɟ ɝɛɚɜɞɝɘɑ-

əɚɎ ɝ Ɏɧɝɚɖɔɘɔ ɝɛɚɜɞɔɎəɧɘɔ ɐɚɝɞɔɒɑəɔɫ-

ɘɔ. ȾɌɖɒɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ ȻȲ ɟ ɗɪɐɑɕ ɝ 

Ɏɜɚɒɐɑəəɧɘɔ ɛɚɜɚɖɌɘɔ ɝɑɜɐɢɌ (ȮȻȽ) ɛɚɓɎɚ-

ɗɫɑɞ ɗɟɣɤɑ ɎɧɜɌɍɚɞɌɞɨ ɡɔɜɟɜɏɔɣɑɝɖɟɪ ɞɌɖ-

ɞɔɖɟ [20].  

ɀɟəɖɢɔɪ ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ ɝɗɚɒəɚ 

ɔɓɟɣɔɞɨ ɝ ɛɚɘɚɥɨɪ ɔɓɚɍɜɌɒɑəɔɕ, ɞɌɖ ɖɌɖ 

ȻȲ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɞɚəɖɚɝɞɑəəɟɪ ɝɞɜɟɖ-

ɞɟɜɟ Ɏ ɠɚɜɘɑ ɛɚɗɟɘɑɝɫɢɌ, ɖɚɞɚɜɌɫ əɌɡɚɐɔɞɝɫ 

Ɏɚɖɜɟɏ ɛɜɌɎɚɕ ɝɞɚɜɚəɧ ȷȲ ɔ ɛɗɚɞəɚ ɛɜɔɗɑ-

ɏɌɪɥɟɪ ɖ ɏɜɟɐəɚɕ ɖɗɑɞɖɑ. ȻȲ ɔɘɑɑɞ Ɏɧɝɚ-

ɖɟɪ ɝɞɑɛɑəɨ ɌɛɔɖɌɗɨəɚɕ ɞɜɌɍɑɖɟɗɫɢɔɔ, ɔɘɑ-

ɑɞ ɞɜɔ ɛɌɛɔɗɗɫɜəɧɑ ɘɧɤɢɧ.  ɉɞɔ ɌəɌɞɚɘɔ-

 

ȼɔɝ. 3 (Fig. 3) 

ȼɔɝ. 3.  ȽɚɛɚɝɞɌɎɗɑəɔɑ ɞɜɑɡɘɑɜəɧɡ ɩɗɑɖɞɜɚ-ɌəɌɞɚɘɔɣɑɝɖɔɡ ɖɌɜɞ, ɛɚɗɟɣɑəəɧɡ Ɏ əɑɔəɎɌɓɔɎ-

əɚɕ ɩɛɔ-  ɔ ɩəɐɚɖɌɜɐɔɌɗɨəɚɕ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɣɑɝɖɚɕ ɝɔɝɞɑɘɑ çȬɘɔɖɌɜɐ 01ȶè, (ɝɗɑɎɌ) ɔ ɜɑ-

ɖɚəɝɞɜɟɔɜɚɎɌəəɧɡ ɞɜɑɡɘɑɜəɧɡ ɘɚɐɑɗɑɕ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ, ɛɚɗɟɣɑəəɧɡ əɌ ɚɝəɚɎɌəɔɔ ȸȼȾ 

ɝɑɜɐɢɌ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ ɝ ɚɞɝɜɚɣɑəəɧɘ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ ɔ ɚɍɜɌɍɚɞɖɔ ȸȼ-

ɔɓɚɍɜɌɒɑəɔɕ Ɏ ɛɜɚɏɜɌɘɘɑ LGE HEART Analyzer (ɝɛɜɌɎɌ). 

ȽɗɑɎɌ ð ɛɚɗɔɏɚəɌɗɨəɌɫ ɘɚɐɑɗɨ ɝɑɜɐɢɌ ɝ ɛɚɝɞɜɚɑəəɚɕ ɔɓɚɛɚɞɑəɢɔɌɗɨəɚɕ ɖɌɜɞɚɕ əɌ əɑɕ. Ɂɚɗɚɐəɧɘɔ ɚɞ-

ɞɑəɖɌɘɔ ɚɖɜɌɤɑə ɟɣɌɝɞɚɖ ɜɌəəɑɕ ɌɖɞɔɎɌɢɔɔ. ȴɝɞɚɣəɔɖɚɘ ɒɑɗɟɐɚɣɖɚɎɚɕ ɩɖɝɞɜɌɝɔɝɞɚɗɧ ɫɎɗɫɑɞɝɫ əɔɒ-

əɫɫ ɝɞɑəɖɌ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ (15 ɝɑɏɘɑəɞ). ȽɛɜɌɎɌ ð ɞɜɑɡɘɑɜəɌɫ ɘɚɐɑɗɨ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ, ɛɚɗɟɣɑəəɌɫ 

ɛɜɔ ȸȼȾ ɝɑɜɐɢɌ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ. ȷɚɖɌɗɔɓɌɢɔɫ ɛɚɎɜɑɒɐɑəɔɫ ð əɔɒəɫɫ ɝɞɑəɖɌ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ 

(4,10,15 ɝɑɏɘɑəɞɧ). ȶɜɌɝəɧɘ ɢɎɑɞɚɘ ɚɖɜɌɤɑəɧ ɟɣɌɝɞɖɔ ɠɔɍɜɚɓɌ, ɒɑɗɞɧɘ ð ɏɑɞɑɜɚɏɑəəɌɫ ɞɖɌəɨ, ɝɔəɔɘ ð 

əɑɛɚɎɜɑɒɐɑəəɧɑ ɟɣɌɝɞɖɔ ɘɔɚɖɌɜɐɌ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɌ. ȴɓ ɜɌɍɚɞɧ ȸɔɜɚəɚɎɚɕ ȹ.Ȭ., ȱɏɔɌɓɌɜɫə ȷ.ȯ. ɔ ɐɜ. 

[19].  

Fig. 3.    Compariso n of three -dimensional electro -anatomical maps obtained in the non -invasive 

epi - and endocardial electrophysiological system "Amicard 01K" (left) and reconstructed three -

dimensional models of the left ventricle obtained on the basis of high -resolution MRI of the heart 

with delayed contrast and processing of MR images in the LGE HEART Analyzer program (on the 

right).   

On the left is a polygonal heart model with a built isopotential map on it. The area of early activation is paint-

ed with cold shades. The sour ce of the ventricular extrasystole is the lower wall of the left ventricle (segment 

15). On the right ð 3D model of the left ventricle from high -resolution cardiac MRI. Localization of damage ð 

the lower wall of the left ventricle (4,10,15 segments). Areas  of fibrosis are colored red, heterogeneous tissue 

is yellow, and undamaged areas of the left ventricular myocardium are blue. According to N.A. Mironova, L.G. 

Egiazaryan. and others [19].  
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ɣɑɝɖɔɑ ɚɝɚɍɑəəɚɝɞɔ ɔ ɑɏɚ Ɏəɟɞɜɔɏɜɟɐəɚɑ ɛɚ-

ɗɚɒɑəɔɑ ɓɌɞɜɟɐəɫɪɞ ɛɚɗɟɣɑəɔɑ ɟɐɚɎɗɑɞɎɚɜɔ-

ɞɑɗɨəɚɏɚ ɔɓɚɍɜɌɒɑəɔɫ ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ, 

ɚɝɚɍɑəəɚ ɛɜɔ ɩɡɚɖɌɜɐɔɚɏɜɌɠɔɔ.  Ⱥɍɦɑɘəɧɑ 

ɔɓɘɑɜɑəɔɫ ɘɚɏɟɞ ɍɧɞɨ ɔɝɖɌɒɑəɧ ɔɓ-ɓɌ Ɏɧɝɚ-

ɖɚɕ ɝɞɑɛɑəɔ ɞɜɌɍɑɖɟɗɫɜɔɓɌɢɔɔ ɛɜɌɎɚɏɚ ɒɑ-

ɗɟɐɚɣɖɌ.  ȹɑɖɚɞɚɜɧɑ ɔɓ ɩɞɔɡ ɚɏɜɌəɔɣɑəɔɕ 

ɘɚɒəɚ ɛɜɑɚɐɚɗɑɞɨ ɝ ɛɚɘɚɥɨɪ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɚɕ ɞɚɘɚɏɜɌɠɔɔ ɝɑɜɐɢɌ [20]. 

Ⱥɝɚɍɑəəɚɝɞɔ ɠɟəɖɢɔɔ ɘɔɚɖɌɜɐɌ ɛɜɌɎɚ-

ɏɚ ɒɑɗɟɐɚɣɖɌ ɘɚɏɟɞ ɍɧɞɨ ɝɘɚɐɑɗɔɜɚɎɌəɧ Ɏ 

ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ ɘɚɐɑɗɫɡ, ɛɚɗɟɣɑəəɧɡ əɌ ɚɝ-

əɚɎɑ ɔɓɚɍɜɌɒɑəɔɕ ȸȼȾ.  Tang ɔ ɝɚɌɎɞ. əɌ ɚɝ-

əɚɎɑ ɐɌəəɧɡ ȸȼȾ ɜɌɓɜɌɍɚɞɌɗɔ ɘɚɐɑɗɨ ɛɜɌɎɚ-

ɏɚ ɒɑɗɟɐɚɣɖɌ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ ɛɚ ɛɚɎɚɐɧ ɞɑɞ-

ɜɌɐɧ ɀɌɗɗɚ. ȶɌɖ ɔɓɎɑɝɞəɚ, ɟ ɞɌɖɔɡ ɛɌɢɔɑə-

ɞɚɎ ɣɌɝɞɚ ɜɌɓɎɔɎɌɑɞɝɫ ɐɔɝɠɟəɖɢɔɫ ɖɗɌɛɌəɌ 

ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ ɔ ɜɟɍɑɢ Ɏɚɖɜɟɏ Ɏɧɡɚɐəɚɏɚ 

ɞɜɌɖɞɌ ȻȲ, ɛɜɔɎɚɐɫɥɔɑ ɖ ɐɔɗɌɞɌɢɔɔ ɔ ɐɔɝ-

ɠɟəɖɢɔɔ ȻȲ.  Ⱥɛɜɑɐɑɗɑəɔɑ ɞɚɏɚ, ɖɚɏɐɌ ɔ ɖɌɖ 

ɛɜɚɎɚɐɔɞɨ ɡɔɜɟɜɏɔɣɑɝɖɚɑ ɎɘɑɤɌɞɑɗɨɝɞɎɚ ɟ 

ɩɞɔɡ ɛɌɢɔɑəɞɚɎ, ɍɧɗɚ ɔɝɝɗɑɐɚɎɌəɚ ɝ ɔɝɛɚɗɨ-

ɓɚɎɌəɔɑɘ ɍɔɎɑəɞɜɔɖɟɗɫɜəɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ 

(ɜɔɝ. 4) [21].  

ȸɚɐɑɗɔɜɚɎɌəɔɑ ɛɜɑɐɝɑɜɐɔɕ. 

ȸəɚɏɚɘɌɝɤɞɌɍəɧɑ ɘɚɐɑɗɔ ɛɜɑɐɝɑɜɐɔɕ 

ð ɩɞɚ ɘɌɞɑɘɌɞɔɣɑɝɖɔɑ ɘɚɐɑɗɔ, ɖɚɞɚɜɧɑ ɝɎɫ-

ɓɧɎɌɪɞ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɣɑɝɖɔɑ ɫɎɗɑəɔɫ Ɏ 

ɘɌɝɤɞɌɍɑ ɖɗɑɞɖɔ, ɞɖɌəɔ ɔ Ɏɝɑɏɚ ɛɜɑɐɝɑɜɐɔɫ. 

ɄɖɌɗɌ ɖɗɑɞɚɖ ɎɖɗɪɣɌɑɞ ɟɜɌɎəɑəɔɫ, ɖɚɞɚɜɧɑ 

ɚɛɔɝɧɎɌɪɞ ɖɔəɑɞɔɖɟ ɜɌɓɗɔɣəɧɡ ɔɚəəɧɡ ɖɌ-

əɌɗɚɎ ɔ ɜɑɏɟɗɫɞɚɜəɧɡ ɍɑɗɖɚɎ, ɚɍɦɑɐɔəɑəəɧɡ 

ɐɗɫ ɝɚɓɐɌəɔɫ ɞɜɌəɝɘɑɘɍɜɌəəɚɏɚ ɛɚɞɑəɢɔɌɗɌ 

ɛɜɑɐɝɑɜɐəɚɏɚ ɘɔɚɢɔɞɌ. Ȼɜɔ ɩɞɚɘ Ɏ ɘɚɐɑɗɫɡ 

ɚɞɜɌɒɌɑɞɝɫ ɘɑɒɖɗɑɞɚɣəɌɫ ɝɎɫɓɨ ɔ ɚɜɔɑəɞɌ-

ɢɔɫ Ɏɚɗɚɖɚə, ɖɚɞɚɜɧɑ ɜɑɏɟɗɔɜɟɪɞ ɜɌɝɛɜɚ-

ɝɞɜɌəɑəɔɑ ɩɗɑɖɞɜɔɣɑɝɖɚɏɚ ɔɘɛɟɗɨɝɌ. ȸɚɐɑ-

ɗɔɜɚɎɌəɔɑ ɚɞɜɌɒɌɑɞ Ɏɝɪ ɝɗɚɒəɚɝɞɨ ɞɜɑɡ-

ɘɑɜəɚɕ ɌəɌɞɚɘɔɔ ɛɜɑɐɝɑɜɐɔɕ ɔ ɜɌɝɛɜɚɝɞɜɌ-

əɑəɔɑ ɠɔɍɜɚɓɌ (ɜɔɝ. 5). 

ȭɧɗɚ ɜɌɓɜɌɍɚɞɌəɚ əɑɝɖɚɗɨɖɚ ɖɚɘɛɨɪ-

ɞɑɜəɧɡ ɘɚɐɑɗɑɕ ɛɜɑɐɝɑɜɐɔɕ, ɖɚɞɚɜɧɑ ɔɝ-

ɛɚɗɨɓɚɎɌɗɔɝɨ ɐɗɫ ɔɓɟɣɑəɔɫ ɛɜɑɐɝɑɜɐəɧɡ 

Ɍɜɔɞɘɔɕ ɔ ɚɢɑəɖɔ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɜɌɓɗɔɣ-

əɧɡ ɞɑɜɌɛɑɎɞɔɣɑɝɖɔɡ ɛɚɐɡɚɐɚɎ. ȻɑɜɎɌɫ ɍɧɗɌ 

ɜɌɓɜɌɍɚɞɌəɌ Moe ɝ ɝɚɌɎɞ.. ȴɝɛɚɗɨɓɟɫ ɘɚɐɑɗɨ 

ɖɗɑɞɚɣəɚɏɚ ɌɎɞɚɘɌɞɌ, ɚəɔ ɛɜɑɐɛɚɗɚɒɔɗɔ, ɣɞɚ 

ɠɔɍɜɔɗɗɫɢɔɫ ɛɜɑɐɝɑɜɐɔɕ (ɀȻ) ɘɚɒɑɞ ɍɧɞɨ 

ɜɑɓɟɗɨɞɌɞɚɘ ɌɖɞɔɎəɚɝɞɔ əɑɝɖɚɗɨɖɔɡ əɑɓɌɎɔ-

ɝɔɘɧɡ ɎɚɗəɚɎɧɡ ɠɜɚəɞɚɎ, ɜɌɝɛɜɚɝɞɜɌəɫɪ-

ɥɔɡɝɫ ɚɐəɚɎɜɑɘɑəəɚ ɛɚ Ɏɝɑɘɟ ɛɜɑɐɝɑɜɐɔɪ. 

ȻɑɜɎɌɫ ɞɜɑɡɘɑɜəɌɫ ɘɚɐɑɗɨ ɛɜɑɐɝɑɜɐɔɕ 

ɣɑɗɚɎɑɖɌ, ɖɚɞɚɜɌɫ ɚɍɦɑɐɔəɔɗɌ ɐɑɞɌɗɨəɟɪ 

ɖɗɑɞɚɣəɟɪ ɔɚəəɟɪ ɘɚɐɑɗɨ (ɘɚɐɑɗɨ ɖɗɑɞɚɖ 

ȹɔɏɜɑəɌ) ɝ ɜɑɌɗɔɝɞɔɣəɚɕ ɏɑɚɘɑɞɜɔɑɕ, ɍɧɗɌ 

ɛɜɑɐɝɞɌɎɗɑəɌ ɁɌɜɜɔɗɐɚɘ ɔ ɉəɜɔɖɑɝɚɘ.   

Ⱥɝɚɍɑəəɚɝɞɨɪ ɘɚɐɑɗɔ ɍɧɗɚ ɚɞɜɌɒɑəɔɑ ɩɗɑɖ-

ɞɜɔɣɑɝɖɔɡ ɘɑɒɛɜɑɐɝɑɜɐəɧɡ ɖɚɘɘɟəɔɖɌɢɔɕ, 

Ɍəɔɓɚɞɜɚɛəɚɕ ɛɜɚɎɚɐɔɘɚɝɞɔ ɔ ɘɧɤɑɣəɧɡ 

ɝɞɜɟɖɞɟɜ.  ȯɜɟɛɛɌ ɔɓ ȷɚɓɌəəɧ ɛɜɑɐɝɞɌɎɔɗɌ 

ɟɛɜɚɥɑəəɟɪ ɝɞɜɟɖɞɟɜɟ ɎɚɗɚɖəɌ Ɏ 3D-ɘɚɐɑɗɔ 

ɐɗɫ ɔɓɟɣɑəɔɫ Ɏɗɔɫəɔɫ Ɍəɔɓɚɞɜɚɛɔɔ əɌ ɘɚɜ-

 

ȼɔɝ. 4 (Fig. 4) 

ȼɔɝ. 4.   ȼɑɖɚəɝɞɜɟɔɜɚɎɌəəɌɫ ɞɜɑɡɘɑɜəɌɫ ɏɑɚɘɑɞɜɔɫ ɛɜɌɎɚɏɚ ɔ ɗɑɎɚɏɚ ɒɑɗɟɐɚɣɖɚɎ, ɛɚɖɌɓɧ-

ɎɌɪɥɌɫ ɛɚɗɚɒɑəɔɑ ɖɗɌɛɌəɌ ɔ ɓɌɛɗɌɞɖɔ. Ȼɚ Tang et al., J Biomech Eng. [21].  

Fig. 4.   Reconstructed 3D geometry of the right and left ventricles showing valve and patch position. 

According to Tang et al., J Biom ech Eng. [21].  
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ɠɚɗɚɏɔɪ ɩɗɑɖɞɜɚɏɜɌɘɘ, Ɍ ɓɌɞɑɘ ɚɢɑəɔɗɌ Ɏɗɔ-

ɫəɔɑ ɜɌɓɗɔɣəɧɡ ɘɚɐɑɗɑɕ Ɍɍɗɫɢɔɔ ɛɜɔ ɗɑɣɑ-

əɔɔ ɀȻ, ɛɚɖɌɓɌɎ Ɏɚɓɘɚɒəɚɝɞɨ ɛɜɑɐɝɖɌɓɌəɔɫ 

ɛɜɑɚɍɜɌɓɚɎɌəɔɫ Ɍɜɔɞɘɔɔ Ɏ ɝɔəɟɝɚɎɧɕ ɜɔɞɘ.  

Ȯ 2006 ɏɚɐɟ Seeman ɔ ɐɜ. ɝɚɓɐɌɗɔ ɞɜɑɡɘɑɜ-

əɟɪ ɘɚɐɑɗɨ ɛɜɑɐɝɑɜɐɔɕ ɝ ɌəɌɞɚɘɔɣɑɝɖɔɘɔ 

ɐɑɞɌɗɫɘɔ. ȸɚɐɑɗɨ ɚɞɜɌɒɌɗɌ Ɍəɔɓɚɞɜɚɛəɧɑ 

ɝɎɚɕɝɞɎɌ ɞɖɌəɔ ɔ ɏɑɞɑɜɚɏɑəəɧɑ ɩɗɑɖɞɜɚɠɔ-

ɓɔɚɗɚɏɔɣɑɝɖɔɑ ɝɎɚɕɝɞɎɌ, ɣɞɚ ɛɚɓɎɚɗɫɗɚ ɔɓɟ-

ɣɌɞɨ ɎɖɗɌɐ ɜɌɓɗɔɣəɧɡ ɌəɌɞɚɘɔɣɑɝɖɔɡ ɝɞɜɟɖ-

ɞɟɜ Ɏ əɚɜɘɌɗɨəɚɑ ɛɜɚɎɑɐɑəɔɑ ɛɜɑɐɝɑɜɐɔɕ, 

Ɏɗɔɫəɔɑ ɩɗɑɖɞɜɔɣɑɝɖɚɏɚ ɔ ɝɞɜɟɖɞɟɜəɚɏɚ ɜɑ-

ɘɚɐɑɗɔɜɚɎɌəɔɫ əɌ ɛɚɐɐɑɜɒɌəɔɑ ɀȻ. Ȯɚ Ɏɝɑɡ 

ɚɛɔɝɌəəɧɡ ɞɜɑɡɘɑɜəɧɡ ɘɚɐɑɗɫɡ ɛɜɑɐɝɑɜɐɔɕ 

ɔɝɛɚɗɨɓɚɎɌɗɌɝɨ ɟɛɜɚɥɑəəɌɫ ɝɞɜɟɖɞɟɜɌ Ɏɚɗɚ-

ɖɚə ɍɑɓ ɛɚɐɜɚɍəɚɏɚ ɚɛɔɝɌəɔɫ əɌɛɜɌɎɗɑəɔɫ 

Ɏɚɗɚɖɚə Ɏ ɛɜɑɐɝɑɜɐɔɫɡ.  Ȯ ɛɚɝɗɑɐəɔɡ ɜɌɍɚɞɌɡ 

3D ɘɚɐɑɗɔ ɎɖɗɪɣɑəɌ Ɍəɔɓɚɞɜɚɛɔɫ (Ɏ ɞɚɘ 

ɣɔɝɗɑ ɚɜɔɑəɞɌɢɔɔ Ɏɚɗɚɖɚə) ɔ ɏɑɞɑɜɚɏɑəəɚɝɞɨ 

ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɔ ɟ ɚɞɐɑɗɨəɧɡ ɛɌɢɔɑəɞɚɎ 

[23 -24].  

Ȱɗɫ ɛɚɝɞɜɚɑəɔɫ ɏɑɚɘɑɞɜɔɣɑɝɖɔɡ ɘɚɐɑ-

ɗɑɕ ɛɜɑɐɝɑɜɐɔɕ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɔɝɛɚɗɨ-

ɓɟɪɞ ȸȼȾ ɝɑɜɐɢɌ, ɖɚɘɛɨɪɞɑɜəɟɪ ɞɚɘɚɏɜɌ-

ɠɔɪ ɝɑɜɐɢɌ ɔɗɔ ɩɗɑɖɞɜɚɌəɌɞɚɘɔɣɑɝɖɔɑ ɖɌɜ-

ɞɧ, ɛɚɗɟɣɑəəɧɑ ɔəɎɌɓɔɎəɧɘ ɝɛɚɝɚɍɚɘ. 

ȸɚɐɑɗɔɜɚɎɌəɔɑ ɏɑɚɘɑɞɜɔɔ ɛɜɑɐɝɑɜ-

ɐɔɕ. 

ȽɚɎɜɑɘɑəəɧɑ ɔɝɝɗɑɐɚɎɌəɔɫ əɌ ɟɜɚɎəɑ 

ɚɜɏɌəɚɎ Ɏɧɛɚɗəɫɪɞɝɫ əɌ ɘɚɐɑɗɫɡ ɝ ɜɑɌɗɔ-

ɝɞɔɣəɚɕ ɏɑɚɘɑɞɜɔɑɕ ɛɜɑɐɝɑɜɐɔɕ. ȸɚɐɑɗɔ ɝ 

ɜɑɌɗɔɝɞɔɣəɚɕ ɏɑɚɘɑɞɜɔɑɕ ɛɜɑɐɝɑɜɐɔɕ ɘɚɏɟɞ 

ɍɧɞɨ ɞɜɑɡɘɑɜəɧɘɔ ɘɚɐɑɗɫɘɔ ɛɚɎɑɜɡəɚɝɞɔ, 

ɚɍɦɑɘəɧɘɔ ɞɜɑɡɘɑɜəɧɘɔ ɘɚɐɑɗɫɘɔ ɛɚɗəɚɕ 

ɞɚɗɥɔəɧ ɔ ɞɜɑɡɘɑɜəɚɕ ɐɎɟɡɝɗɚɕəɚɕ ɘɚɐɑ-

ɗɨɪ. 

ȻɚɎɑɜɡəɚɝɞəɧɑ ɘɚɐɑɗɔ ɛɜɑɐɝɞɌɎɗɫɪɞ 

ɏɑɚɘɑɞɜɔɪ ɛɜɑɐɝɑɜɐɔɫ ɖɌɖ ɞɜɑɡɘɑɜəɟɪ ɛɚ-

Ɏɑɜɡəɚɝɞɨ ɔ əɑ ɟɣɔɞɧɎɌɪɞ ɞɚɗɥɔəɟ ɝɞɑəɖɔ 

ɛɜɑɐɝɑɜɐɔɫ. Ⱦɜɑɡɘɑɜəɧɑ ɘɚɐɑɗɔ ɛɚɎɑɜɡəɚ-

ɝɞɔ ɍɧɗɔ ɜɑɖɚəɝɞɜɟɔɜɚɎɌəɧ əɌ ɚɝəɚɎɑ ɔɓɚɍ-

ɜɌɒɑəɔɕ ȶȾ ɔɗɔ ɩɗɑɖɞɜɚɌəɌɞɚɘɔɣɑɝɖɔɡ ɖɌɜɞ, 

ɛɚɗɟɣɑəəɧɡ ɝ ɛɚɘɚɥɨɪ ɔəɎɌɓɔɎəɧɡ ɘɑɞɚɐɚɎ. 

Ȼɚɝɖɚɗɨɖɟ ɛɜɑɐɝɑɜɐɔɫ ɫɎɗɫɪɞɝɫ ɞɚəɖɚɝɞɑə-

əɧɘɔ ɖɚəɝɞɜɟɖɢɔɫɘɔ, ɘɚɐɑɗɔ 3D ɛɚɎɑɜɡəɚ-

ɝɞɔ ɞɚɣəɚ ɠɔɖɝɔɜɟɪɞ ɏɑɚɘɑɞɜɔɪ ɛɜɑɐɝɑɜ-

ɐɔɫ. 

ȻɚɗəɚɠɚɜɘɌɞəɧɑ ɚɍɦɑɘəɧɑ 3D-ɘɚɐɑɗɔ 

ɍɧɗɔ ɜɑɖɚəɝɞɜɟɔɜɚɎɌəɧ Ɏ ɚɝəɚɎəɚɘ ɝ ɛɚɘɚ-

ɥɨɪ ȸȼȾ, əɚ ɞɌɖɒɑ ɔ ɝ ɛɚɘɚɥɨɪ ɖɚɘɛɨɪ-

ɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ. Ⱥɍɦɑɘəɧɑ 3D-ɘɚɐɑɗɔ 

ɘɚɏɟɞ ɞɚɣəɚ ɚɞɚɍɜɌɒɌɞɨ ɘɑɗɖɔɑ ɐɑɞɌɗɔ ɌəɌ-

ɞɚɘɔɔ ɛɜɑɐɝɑɜɐɔɕ, əɚ ɞɜɑɍɟɪɞ ɓəɌɣɔɞɑɗɨəɚ 

ɍɚɗɑɑ Ɏɧɝɚɖɔɡ Ɏɧɣɔɝɗɔɞɑɗɨəɧɡ ɟɝɔɗɔɕ. 

ȰɎɟɡɝɗɚɕəɌɫ ɘɚɐɑɗɨ ð ɩɞɚ ɛɜɚɘɑɒɟɞɚɣ-

əɧɕ ɛɚɐɡɚɐ ɖ ɘɚɐɑɗɔɜɚɎɌəɔɪ ɘɑɒɐɟ ɞɜɑɡ-

ɘɑɜəɧɘɔ ɛɚɎɑɜɡəɚɝɞəɧɘɔ ɘɚɐɑɗɫɘɔ ɔ ɚɍɦ-

ɑɘəɧɘɔ ɞɜɑɡɘɑɜəɧɘɔ ɘɚɐɑɗɫɘɔ, ɏɐɑ ɛɜɑɐ-

 

ȼɔɝ. 5 (Fig. 5) 

ȼɔɝ. 5. ȸɚɐɑɗɔ ɛɜɑɐɝɑɜɐɔɕ ɛɚɝɞɜɚɑəɧ Ɏ ɞɜɑɡ ɜɌɓɗɔɣəɧɡ ɛɜɚɝɞɜɌəɝɞɎɑəəɧɡ ɤɖɌɗɌɡ: əɌ 

ɟɜɚɎəɑ ɖɗɑɞɚɖ, əɌ ɟɜɚɎəɑ ɞɖɌəɑɕ ɔ əɌ ɟɜɚɎəɑ ɚɜɏɌəɚɎ. Ȼɚ Aronis et al., Arrhythm Electrophysiol 

Rev. [22].  

Fig. 5.  Atrial models are built on three different spatial scales: at the cell level, at the tis sue level, 

and at the organ level. According to Aronis et al., Arrhythm Electrophysiol Rev. [22].  
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ɝɑɜɐɔɫ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ Ɏɔɐɑ ɐɎɟɡ ɛɚɎɑɜɡəɚ-

ɝɞɑɕ: ɩəɐɚɖɌɜɐɔɌɗɨəɚɕ ɔ ɩɛɔɖɌɜɐɔɌɗɨəɚɕ. 

ȰɎɟɡɝɗɚɕəɌɫ ɘɚɐɑɗɨ ɍɧɗɌ ɜɑɖɚəɝɞɜɟɔɜɚɎɌəɌ 

əɌ ɚɝəɚɎɑ ȸȼȾ ɔ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ. 

ɉɞɌ ɘɚɐɑɗɨ ɝɛɚɝɚɍəɌ ɟɗɚɎɔɞɨ ɞɜɌəɝɘɟɜɌɗɨ-

əɧɑ əɑɚɐəɚɜɚɐəɚɝɞɔ, ɛɚɝɖɚɗɨɖɟ ɚəɔ Ɏɖɗɪ-

ɣɌɪɞ Ɏ ɝɑɍɫ 2 ɛɚɎɑɜɡəɚɝɞɔ, 2 əɌɛɜɌɎɗɑəɔɫ 

Ɏɚɗɚɖɚə, ɚɝəɚɎəɧɑ ɘɧɤɑɣəɧɑ ɛɟɣɖɔ ɔ ɐɔɝ-

ɖɜɑɞəɚɑ ɝɚɑɐɔəɑəɔɑ ɛɜɑɐɝɑɜɐɔɕ [25].  

ȺɍəɌɜɟɒɑəɔɑ ɔ ɘɚɐɑɗɔɜɚɎɌəɔɑ ɠɔɍ-

ɜɚɓɌ. 

ȮɌɒəɧɘ ɝɚɍɧɞɔɑɘ Ɏ ɘɚɐɑɗɔɜɚɎɌəɔɔ 

ɛɜɑɐɝɑɜɐɔɕ əɌ ɟɜɚɎəɑ ɚɜɏɌəɚɎ ɫɎɗɫɑɞɝɫ 

Ɏɖɗɪɣɑəɔɑ ɠɔɍɜɚɓəɚɏɚ ɝɞɜɟɖɞɟɜəɚɏɚ ɜɑɘɚɐɑ-

ɗɔɜɚɎɌəɔɫ ɗɑɎɚɏɚ ɛɜɑɐɝɑɜɐɔɫ (ȷȻ), ɝɎɫɓɌəəɚ-

ɏɚ ɝ ɛɑɜɝɔɝɞɔɜɟɪɥɑɕ ɀȻ. ɀɔɍɜɚɓ ɛɜɑɐɝɑɜ-

ɐɔɕ ɘɚɒɑɞ ɍɧɞɨ ɚɍəɌɜɟɒɑə əɌ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɚɕ ɞɚɘɚɏɜɌɠɔɔ ɝ ɛɚɓɐəɔɘ ɟɝɔɗɑəɔ-

ɑɘ ɏɌɐɚɗɔəɔɫ ɖɌɖ ɚɍɗɌɝɞɔ əɌɖɚɛɗɑəɔɫ ɏɌɐɚ-

ɗɔəɔɫ. Ȱɗɫ ɜɌɓɗɔɣɑəɔɫ əɚɜɘɌɗɨəɚɏɚ ɔ ɠɔɍ-

ɜɚɓəɚɏɚ ɘɔɚɖɌɜɐɌ ɛɜɑɐɝɑɜɐɔɕ ɔɝɛɚɗɨɓɟɪɞɝɫ 

ɜɌɓɗɔɣəɧɑ ɛɚɜɚɏɚɎɧɑ ɘɑɞɚɐɧ [26]. 

Ȯ ɝɑɜɑɐɔəɑ 1990-ɡ ɏɚɐɚɎ ɔɝɛɚɗɨɓɚɎɌəɔɑ 

ȸȼȾ ɐɗɫ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɏɚ ɛɗɌəɔɜɚɎɌəɔɫ 

ɛɜɚɢɑɐɟɜ ɛɜɑɎɜɌɞɔɗɚɝɨ Ɏ ɘɚɥəɧɕ ɖɗɔəɔɣɑ-

ɝɖɔɕ ɔəɝɞɜɟɘɑəɞ. ȴɓəɌɣɌɗɨəɚ ɔɝɛɚɗɨɓɚɎɌ-

ɗɌɝɨ ȸȼ-ɌəɏɔɚɏɜɌɠɔɫ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ 

(CE-MRA) ɝ ɍɧɝɞɜɚɕ ɔəɠɟɓɔɑɕ ɖɚəɞɜɌɝɞəɚɏɚ 

ɎɑɥɑɝɞɎɌ, ɖɚɞɚɜɌɫ ɚɍɑɝɛɑɣɔɎɌɗɌ ɌəɌɞɚɘɔɣɑ-

ɝɖɟɪ ɖɌɜɞɟ ɌəɌɞɚɘɔɔ ɛɜɑɐɝɑɜɐɔɕ. ȻɑɜɎɚəɌ-

ɣɌɗɨəɚ ȸȼȾ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ Ɏɧɛɚɗəɫ-

ɗɌɝɨ Ɏɚ Ɏɜɑɘɫ ɓɌɐɑɜɒɖɔ ɐɧɡɌəɔɫ ɔ ɍɑɓ ɓɌɛɔ-

ɝɔ ɉȶȯ, ɣɞɚ ɛɚɓɎɚɗɫɗɚ ɍɧɝɞɜɚ ɜɑɏɔɝɞɜɔɜɚ-

ɎɌɞɨ ɐɌəəɧɑ (<10 ɝɑɖɟəɐ), ɡɚɞɫ ɛɚɗɟɣɑəəɌɫ 

ɠɚɜɘɌ ɛɜɑɐɝɑɜɐɔɕ ɍɧɗɌ ɜɌɓɘɧɞɚɕ, ɛɚɝɖɚɗɨ-

ɖɟ ɠɚɜɘɌ ɛɜɑɐɝɑɜɐɔɕ ɓəɌɣɔɞɑɗɨəɚ ɘɑəɫɑɞɝɫ 

Ɏ ɞɑɣɑəɔɑ ɝɑɜɐɑɣəɚɏɚ ɢɔɖɗɌ. ȹɌ ɍɚɗɑɑ ɛɚɓɐ-

əɑɘ ɩɞɌɛɑ Ɏ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɌ ɐɚɍɌɎɗɑəɌ 

ɝɔəɡɜɚəɔɓɌɢɔɫ ɝ ɐɧɡɌəɔɑɘ (əɌɎɔɏɌɞɚɜ-ɩɡɚ), 

ɣɞɚ ɛɚɓɎɚɗɔɗɚ ɛɚɗɟɣɔɞɨ ɍɚɗɑɑ Ɏɧɝɚɖɚɑ ɛɜɚ-

ɝɞɜɌəɝɞɎɑəəɚɑ ɜɌɓɜɑɤɑəɔɑ. ɉɞɔ ɍɚɗɑɑ ɐɗɔ-

ɞɑɗɨəɧɑ ɔɓɘɑɜɑəɔɫ ɛɜɑɐɛɚɣɞɔɞɑɗɨəɚ Ɏɧɛɚɗ-

əɫɞɨ ɝ ɘɑɐɗɑəəɧɘ ɎɎɑɐɑəɔɑɘ ɖɚəɞɜɌɝɞɌ, ɣɞɚ-

ɍɧ ɖɚəɢɑəɞɜɌɢɔɫ ɖɚəɞɜɌɝɞɌ ɚɝɞɌɎɌɗɌɝɨ ɝɞɌ-

ɍɔɗɨəɚɕ Ɏ ɞɑɣɑəɔɑ ɍɚɗɑɑ ɐɗɔɞɑɗɨəɚɏɚ ɝɍɚɜɌ 

(ɚɍɧɣəɚ 2ð5 ɘɔəɟɞ). Ȼɚ-ɛɜɑɒəɑɘɟ ɝɟɥɑɝɞɎɟ-

ɑɞ ɓəɌɣɔɞɑɗɨəɌɫ ɖɚəɖɟɜɑəɢɔɫ ɘɑɒɐɟ ȸȼȾ ɔ 

ȶȾ ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ Ɏ ɛɜɑɐɚɝɞɌɎɗɑ-

əɔɔ ɩɞɚɕ ɏɑɚɘɑɞɜɔɣɑɝɖɚɕ ɔəɠɚɜɘɌɢɔɔ ɚ 

ɛɜɑɐɝɑɜɐɔɫɡ, ɛɜɔ ɩɞɚɘ ȶȾ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ 

ɖɌɖ ɍɚɗɑɑ ɍɧɝɞɜɧɕ ɔ əɌɐɑɒəɧɕ ɘɑɞɚɐ ɎɔɓɟɌ-

ɗɔɓɌɢɔɔ, ɚɝɚɍɑəəɚ ɐɗɫ ɛɌɢɔɑəɞɚɎ ɝ əɑɜɑɏɟ-

ɗɫɜəɧɘ ɐɧɡɌəɔɑɘ ɔ ɣɌɝɞɚɞɚɕ ɝɑɜɐɑɣəɧɡ ɝɚ-

ɖɜɌɥɑəɔɕ, ɡɚɞɫ ȶȾ ɞɜɑɍɟɑɞ ɔəɦɑɖɢɔɔ ɍɚɗɑɑ 

əɑɠɜɚɞɚɖɝɔɣəɚɏɚ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ, 

ɣɑɘ ȸȼȾ. Ȱɗɫ ɛɌɢɔɑəɞɚɎ ɝ ɣɌɝɞɧɘɔ ɩɖɞɚɛɔ-

ɣɑɝɖɔɘɔ ɝɚɖɜɌɥɑəɔɫɘɔ ȸȼȾ ɘɚɒɑɞ ɛɚɞɜɑɍɚ-

ɎɌɞɨ ɗɑɣɑəɔɫ Ɍɜɔɞɘɔɕ ɛɑɜɑɐ ɎɔɓɟɌɗɔɓɌɢɔɑɕ, 

ɣɞɚɍɧ ɟ ɛɌɢɔɑəɞɚɎ ɍɧɗ ɝɔəɟɝɚɎɧɕ ɜɔɞɘ Ɏɚ 

Ɏɜɑɘɫ ɔɝɝɗɑɐɚɎɌəɔɫ.  

Ƚɗɑɐɟɪɥɔɘ ɎɌɒəɧɘ ɎɖɗɌɐɚɘ Ɏ ɛɜɑɐ-

ɚɛɑɜɌɢɔɚəəɚɑ ɛɗɌəɔɜɚɎɌəɔɑ ɝɞɌɗɌ ȸȼȾ ɝ 

ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ ɝ ɐɧɡɌɞɑɗɨəɚɕ əɌɎɔ-

ɏɌɢɔɑɕ. ȴɝɛɚɗɨɓɟɫ ȸȼȾ ɝ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ 

ɝɞɌɗɚ Ɏɚɓɘɚɒəɧɘ ɔɓɟɣɑəɔɑ ɜɌɝɛɜɑɐɑɗɑəɔɫ 

ɠɔɍɜɚɓəɚɕ ɞɖɌəɔ Ɏ ɝɞɑəɖɑ ȷȻ, ɖɚɞɚɜɟɪ əɑ-

ɗɑɏɖɚ ɎɔɓɟɌɗɔɓɔɜɚɎɌɞɨ ɛɜɔ Ɏɧɛɚɗəɑəɔɔ ȶȾ. 

Ȼɚɝɖɚɗɨɖɟ ɝɞɑəɖɌ ɛɜɑɐɝɑɜɐɔɫ ɞɚəɖɌɫ, ɚɍɧɣ-

əɚ ɞɚɗɥɔəɚɕ 1 ɘɘ, ɛɚɗɟɣɑəɔɑ ɔɓɚɍɜɌɒɑəɔɕ 

ɞɜɑɍɟɑɞ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ ɖɚɘɛɑəɝɌɢɔɔ ɐɎɔ-

ɒɑəɔɫ. Ȯɧɍɚɜ ɘɑɞɚɐɚɗɚɏɔɔ ɘɚɐɑɗɔɜɚɎɌəɔɫ 

ɠɔɍɜɚɓɌ ɔɘɑɑɞ ɜɑɤɌɪɥɑɑ ɓəɌɣɑəɔɑ, ɛɚ-

ɝɖɚɗɨɖɟ ɔəɠɚɜɘɌɢɔɫ ɚ ɠɔɍɜɚɓəɚɘ ɛɚɜɌɒɑ-

əɔɔ ɚɖɌɓɧɎɌɑɞ ɓəɌɣɔɞɑɗɨəɚɑ Ɏɗɔɫəɔɑ əɌ ɞɌɖ-

ɞɔɖɟ ɗɑɣɑəɔɫ.  

 ȮɧɫɎɗɑəɔɑ ɔ ɖɚɗɔɣɑɝɞɎɑəəɌɫ ɚɢɑəɖɌ 

ɠɔɍɜɚɓɌ ɛɜɑɐɝɑɜɐɔɕ, ɚɛɜɑɐɑɗɫɑɘɌɫ ɛɜɔ ɛɚ-

ɘɚɥɔ ȸȼȾ ɝ ɚɞɝɜɚɣɑəəɧɘ ɟɝɔɗɑəɔɑɘ ɏɌɐɚɗɔ-

əɔɑɘ, ɘɚɒɑɞ ɔɏɜɌɞɨ ɝɟɥɑɝɞɎɑəəɟɪ ɜɚɗɨ Ɏ 

ɛɜɚɏəɚɓɔɜɚɎɌəɔɔ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɔ ɜɔɝɖɌ 

ɜɑɢɔɐɔɎɌ ɀȻ. Ƚɞɑɛɑəɨ ɠɔɍɜɚɓəɚɏɚ ɛɚɜɌɒɑ-

əɔɫ ȷȻ Ɏɗɔɫɑɞ əɌ ɟɝɛɑɡ ɌɍɗɌɢɔɔ. ȾɌɖ, Ɏ ɔɝ-

ɝɗɑɐɚɎɌəɔɔ DECAAF (Delayed-Enhancement 

MRI Dete rminant of Successful Radiofrequency 

Catheter Ablation of Atrial Fibrillation) ɛɜɚɐɑ-

ɘɚəɝɞɜɔɜɚɎɌəɌ ɎɓɌɔɘɚɝɎɫɓɨ ɝɞɑɛɑəɔ ɎɧɜɌ-

ɒɑəəɚɝɞɔ ɠɔɍɜɚɓɌ ȷȻ ɔ ɜɑɢɔɐɔɎɚɎ ɀȻ. ȿ 

ɛɌɢɔɑəɞɚɎ ɝ ɀȻ, ɛɚɐɎɑɜɏɌɪɥɔɡɝɫ ɖɌɞɑɞɑɜ-

əɚɕ ɌɍɗɌɢɔɔ, ɠɔɍɜɚɓ ɞɖɌəɑɕ ɛɜɑɐɝɑɜɐɔɕ, 

ɚɢɑəɑəəɧɕ ɝ ɛɚɘɚɥɨɪ ȸȼȾ, ɍɧɗ əɑɓɌɎɔɝɔɘɚ 

ɝɎɫɓɌə ɝ Ɏɑɜɚɫɞəɚɝɞɨɪ ɜɑɢɔɐɔɎɔɜɟɪɥɔɡ ɛɌ-

ɜɚɖɝɔɓɘɚɎ Ɍɜɔɞɘɔɔ. Ȱɜɟɏɔɘ Ɍɝɛɑɖɞɚɘ ɔɓɟɣɑ-

əɔɫ ɠɔɍɜɚɓɌ ɛɜɔ ɛɚɘɚɥɔ ȸȼȾ ɝ ɛɚɓɐəɔɘ 

ɟɝɔɗɑəɔɑɘ ɏɌɐɚɗɔəɔɑɘ ɫɎɗɫɑɞɝɫ ɚɢɑəɖɌ ɛɚ-

ɝɞɌɍɗɌɢɔɚəəɧɡ ɛɚɎɜɑɒɐɑəɔɕ [53-54]. Ȯ ɛɔ-

ɗɚɞəɚɕ ɜɌɍɚɞɑ D.S.Peters ɔ ɝɚɌɎɞ. ɍɧɗɔ Ɏɛɑɜ-

Ɏɧɑ ɚɛɔɝɌəɧ 3D-ɘɚɐɑɗɔ ɘɔɚɖɌɜɐɌ ɗɑɎɚɏɚ 

ɛɜɑɐɝɑɜɐɔɫ ɝ ɛɚɝɞɌɍɗɌɢɔɚəəɧɘɔ ɛɚɎɜɑɒɐɑ-

əɔɫɘɔ Ɏ Ɏɔɐɑ ɔəɞɑəɝɔɎəɧɡ ɝɔɏəɌɗɚɎ Ɏ ɚɍɗɌ-

ɝɞɔ ɟɝɞɨɑɎ ɗɑɏɚɣəɧɡ Ɏɑə ɟ ɛɌɢɔɑəɞɚɎ ɝ ɀȻ, 

ɛɑɜɑəɑɝɤɔɡ ɜɌɐɔɚɣɌɝɞɚɞəɟɪ ɌɍɗɌɢɔɪ [27-30] 

(ɜɔɝ. 6).  

ȸɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ ɝ 

ɚɞɝɜɚɣɑəəɧɘ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ Ɏ ɗɑɣɑəɔɔ 

ɠɔɍɜɔɗɗɫɢɔɔ ɛɜɑɐɝɑɜɐɔɕ: ɛɑɜɎɧɑ ɐɚɝɞɔɒɑ-

əɔɫ ɔ ɛɑɜɝɛɑɖɞɔɎɧ 

Ȯ əɑɐɌɎəɑɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɍɧɗɚ ɛɜɚɐɑ-

ɘɚəɝɞɜɔɜɚɎɌəɚ ɟɝɛɑɤəɚɑ ɟɝɞɜɌəɑəɔɑ ɛɑɜɝɔ-

ɝɞɔɜɟɪɥɑɕ ɀȻ ɛɟɞɑɘ ɎɚɓɐɑɕɝɞɎɔɫ əɌ ɘɔɖɜɚ-

ɌəɌɞɚɘɔɣɑɝɖɔɑ ɟɣɌɝɞɖɔ re-entry Ɏ ɗɑɎɚɘ 

ɛɜɑɐɝɑɜɐɔɔ, ɚɛɜɑɐɑɗɫɑɘɧɑ ɝ ɛɚɘɚɥɨɪ ɘəɚ-

ɏɚɩɗɑɖɞɜɚɐəɚɏɚ ɖɌɜɞɔɜɚɎɌəɔɫ Ɏ ɚɍɗɌɝɞɫɡ 

ɝɞɜɟɖɞɟɜəɚɕ ɛɑɜɑɝɞɜɚɕɖɔ ɗɑɎɚɏɚ ɛɜɑɐɝɑɜɐɔɫ, 

ɚɛɜɑɐɑɗɫɑɘɚɕ ɖɚəɞɜɌɝɞəɚɕ ȸȼȾ [31]. 

Ⱦɚɣəɚɑ ɓəɌəɔɑ ɠɔɍɜɚɓəɚɕ ɝɞɜɟɖɞɟɜɧ 

ɛɜɑɐɝɑɜɐɔɕ ɣɑɗɚɎɑɖɌ ɎɌɒəɚ ɐɗɫ ɛɚəɔɘɌəɔɫ 

ɘɑɡɌəɔɓɘɚɎ ɛɜɑɐɝɑɜɐəɚɕ Ɍɜɔɞɘɔɔ ɣɑɗɚɎɑɖɌ; 

ɞɌɖɔɑ   ɓəɌəɔɫ   ɘɚɏɟɞ  Ɏəɑɝɞɔ  ɓəɌɣɔɞɑɗɨəɧɕ  
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ɎɖɗɌɐ Ɏ ɟɗɟɣɤɑəɔɑ ɝɞɜɌɞɑɏɔɕ ɗɑɣɑəɔɫ əɌɜɟ-

ɤɑəɔɕ ɜɔɞɘɌ ɛɜɑɐɝɑɜɐɔɕ [32]. 

ȸɚɐɑɗɔɜɚɎɌəɔɑ ɚɜɔɑəɞɌɢɔɔ ɛɜɑɐ-

ɝɑɜɐəɧɡ Ɏɚɗɚɖɚə. 

Ȯɖɗɪɣɑəɔɑ ɚɜɔɑəɞɌɢɔɔ Ɏɚɗɚɖɚə Ɏ 3D-

ɘɚɐɑɗɔ ɚɜɏɌəɚɎ ɎɌɒəɚ ɐɗɫ ɞɚɣəɚɏɚ ɘɚɐɑɗɔ-

ɜɚɎɌəɔɫ. ȺɜɔɑəɞɌɢɔɫ ɘɔɚɠɔɍɜɔɗɗ ɎɖɗɪɣɑəɌ 

Ɏ ɞɜɑɡɘɑɜəɧɑ ɘɚɐɑɗɔ ɛɜɑɐɝɑɜɐɔɕ, ɔɝɛɚɗɨɓɟ-

ɪɥɔɑ ɌɞɗɌɝɧ ɚɜɔɑəɞɌɢɔɔ Ɏɚɗɚɖɚə, ɛɚɗɟɣɑə-

əɧɑ ɔɓ ɏɔɝɞɚɗɚɏɔɔ, ɔɝɛɚɗɨɓɟɪɥɔɑ ɘɚɜɠɚɗɚ-

ɏɔɣɑɝɖɔɑ ɐɌəəɧɑ ɚɍ ɩəɐɚ- ɔ ɩɛɔɖɌɜɐɔɌɗɨəɧɡ 

ɛɚɎɑɜɡəɚɝɞɫɡ. Fastl et al. ɔɝɛɚɗɨɓɚɎɌɗ ɝɗɚɒ-

əɧɕ Ɍɗɏɚɜɔɞɘ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɚɜɔɑəɞɌɢɔɔ 

Ɏɚɗɚɖɚə Ɏ ɘɚɐɑɗɫɡ, ɜɑɖɚəɝɞɜɟɔɜɚɎɌəəɧɡ ɔɓ 

ɔɓɚɍɜɌɒɑəɔɕ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ 

ɝɑɜɐɢɌ ɝ ɛɑɜɑɘɑəəɚɕ ɞɚɗɥɔəɚɕ ɝɞɑəɖɔ. 

ȺɜɔɑəɞɌɢɔɫ Ɏɚɗɚɖɚə ɔɘɑɑɞ ɜɑɤɌɪɥɑɑ 

ɓəɌɣɑəɔɑ ɐɗɫ ɞɚɣəɚɏɚ ɚɛɜɑɐɑɗɑəɔɫ ɘɌɝɤɞɌɍ-

əɚɏɚ ɘɚɐɑɗɔɜɚɎɌəɔɫ. ȰɔɠɠɟɓɔɚəəɌɫ ɞɑəɓɚɜ-

əɌɫ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ 

(DTMRI) ɤɔɜɚɖɚ ɔɝɛɚɗɨɓɟɑɞɝɫ ɐɗɫ ɔɓɟɣɑəɔɫ 

Ɍɜɡɔɞɑɖɞɟɜɧ Ɏɚɗɚɖɚə Ɏ ɏɚɗɚɎəɚɘ ɘɚɓɏɑ ɔ 

ɐɜɟɏɔɡ ɚɜɏɌəɌɡ. ȮɌɒəɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɘɑɞɚ-

ɐɔɖɌ ɍɧɗɌ ɟɝɛɑɤəɚ ɛɜɔɘɑəɑəɌ ɐɗɫ ɔɓɟɣɑəɔɫ 

ɚɜɔɑəɞɌɢɔɔ Ɏɚɗɚɖɚə Ɏ əɚɜɘɌɗɨəɧɡ ɔ ɛɚɜɌ-

ɒɑəəɧɡ ɝɑɜɐɢɌɡ, ɖɌɖ ɟ ɒɔɎɚɞəɧɡ, ɞɌɖ ɔ ɟ 

ɣɑɗɚɎɑɖɌ [33, 34].  

ȹɚɎɧɑ ɐɌəəɧɑ ɚɍ ɚɜɔɑəɞɌɢɔɔ Ɏɚɗɚɖɚə 

ɘɚɏɟɞ ɛɚɘɚɣɨ ɝ ɍɚɗɨɤɑɕ ɞɚɣəɚɝɞɨɪ ɔəɞɑɜ-

ɛɜɑɞɔɜɚɎɌɞɨ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɑ ɔ ɖɗɔəɔɣɑ-

ɝɖɔɑ ɐɌəəɧɑ ɚ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɔ ɛɜɑɐɝɑɜ-

ɐɔɕ ɔ ɛɚɘɚɣɨ ɗɟɣɤɑ Ɏɧɫɝəɔɞɨ ɝɎɫɓɨ ɘɑɒɐɟ 

ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɣɑɝɖɚɕ ɔ ɩɗɑɖɞɜɚɘɑɡɌəɔɣɑ-

ɝɖɚɕ ɌɖɞɔɎəɚɝɞɨɪ, ɝɞɜɟɖɞɟɜəɧɘɔ ɚɝɚɍɑəəɚ-

ɝɞɫɘɔ əɚɜɘɌɗɨəɧɡ ɔ ɍɚɗɨəɧɡ ɛɜɑɐɝɑɜɐɔɕ, 

ɝɛɚɝɚɍɝɞɎɚɎɌɞɨ ɜɌɓɜɌɍɚɞɖɑ ɛɑɜɝɚəɌɗɔɓɔɜɚ-

ɎɌəəɚɕ 3D-ɘɚɐɑɗɔ ɛɜɑɐɝɑɜɐɔɕ. 

Ȱɜɟɏɔɘ ɎɌɒəɧɘ Ɍɝɛɑɖɞɚɘ Ɏ ɘɚɐɑɗɔɜɚ-

ɎɌəɔɔ ɩɗɑɖɞɜɔɣɑɝɖɚɕ ɌɖɞɔɎɌɢɔɔ Ɏ ɜɑɌɗɔ-

ɝɞɔɣəɚɕ ɞɜɑɡɘɑɜəɚɕ ɏɑɚɘɑɞɜɔɔ ɛɜɑɐɝɑɜɐɔɕ 

ɣɑɗɚɎɑɖɌ ɫɎɗɫɑɞɝɫ ɜɑɖɚəɝɞɜɟɖɢɔɫ ɛɜɚɎɚɐɫ-

ɥɑɕ ɝɔɝɞɑɘɧ ɝɑɜɐɢɌ. ȻɑɜɎɚəɌɣɌɗɨəɚ ɜɑɖɚə-

ɝɞɜɟɖɢɔɫ ɝɔəɟɝɚɎɚɏɚ ɟɓɗɌ ɍɧɗɌ ɚɝəɚɎɌəɌ əɌ 

ɌəɌɗɔɓɑ ɏɔɝɞɚɗɚɏɔɣɑɝɖɔɡ ɝɜɑɓɚɎ. Ȯ ɛɚɝɗɑɐɟ-

ɪɥɑɘ ɛɜɔ ɛɚɘɚɥɔ ɐɔɠɠɟɓɔɚəəɚ-ɞɑəɓɚɜəɚɕ 

ȸȼȾ ɟɐɌɗɚɝɨ ɜɑɖɚəɝɞɜɟɔɜɚɎɌɞɨ ɏɑɚɘɑɞɜɔɪ 

ɞɖɌəɔ ɔ ɚɜɔɑəɞɌɢɔɪ Ɏɚɗɚɖɚə Ɏ ɝɔəɟɝəɚ-

ɛɜɑɐɝɑɜɐəɚɘ ɟɓɗɑ, ɔəɞɑɏɜɔɜɚɎɌɞɨ ɐɌəəɧɑ Ɏ 

ɘɚɐɑɗɨ ɞɟɗɚɎɔɥɌ ɔ ɔɝɛɚɗɨɓɚɎɌɞɨ ɐɗɫ ɘɚɐɑɗɔ-

ɜɚɎɌəɔɫ ɉȶȯ əɌ ɛɚɎɑɜɡəɚɝɞɔ ɞɑɗɌ Ɏ ɟɝɗɚɎɔɫɡ 

əɚɜɘɌɗɨəɚɏɚ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ Ɏɚɓɍɟɒɐɑəɔɫ 

ɔ ɛɜɔ ɎɚɓəɔɖəɚɎɑəɔɔ Ɍɜɔɞɘɔɔ (ɜɔɝ. 7) [35-

38].  

ȳɌɖɗɪɣɑəɔɑ. 

ȶɚɘɛɨɪɞɑɜəɚɑ ɘɚɐɑɗɔɜɚɎɌəɔɑ ɝɞɌɗɚ 

ɎɌɒəɚɕ ɣɌɝɞɨɪ əɌɟɣəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ, 

əɌɛɜɌɎɗɑəəɧɡ əɌ ɗɟɣɤɑɑ ɛɚəɔɘɌəɔɑ ɝɗɚɒəɚ-

ɝɞɔ ɔ ɎɌɜɔɌɍɑɗɨəɚɝɞɔ ɛɌɞɚɠɔɓɔɚɗɚɏɔɔ ɜɌɓ-

ɗɔɣəɧɡ ɓɌɍɚɗɑɎɌəɔɕ. ȸɚɐɑɗɔ ɝɞɌəɚɎɫɞɝɫ Ɏɝɑ 

ɍɚɗɑɑ ɝɗɚɒəɧɘɔ ɔ ɚɞɜɌɒɌɪɞ ɘɑɗɨɣɌɕɤɔɑ 

ɐɑɞɌɗɔ ɌəɌɞɚɘɔɔ, ɟɗɨɞɜɌɝɞɜɟɖɞɟɜɧ ɔ ɜɌɝɛɜɑ-

ɐɑɗɑəɔɫ ɠɔɍɜɚɓɌ. ȸɚɐɑɗɔɜɚɎɌəɔɑ ɐɌɗɚ ɎɌɒ-

əɟɪ ɔəɠɚɜɘɌɢɔɪ ɚ ɘɑɡɌəɔɓɘɌɡ Ɍɜɔɞɘɔɔ, 

ɛɚɐɣɑɜɖɔɎɌɫ ɎɌɒəɚɝɞɨ ɏɑɚɘɑɞɜɔɔ, ɠɔɍɜɚɓəɚ-

ɏɚ ɝɟɍɝɞɜɌɞɌ ɔ ɔɓɘɑəɑəəɚɕ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚ-

ɏɔɔ Ɏ ɔəɔɢɔɌɢɔɔ ɔ ɛɚɐɐɑɜɒɌəɔɔ Ɍɜɔɞɘɔɕ. 

 

ȼɔɝ. 6 a (Fig. 6 a) 

 

ȼɔɝ. 6 ɍ (Fig. 6 b) 

 

ȼɔɝ. 6 Ɏ (Fig. 6 c ) 

 

ȼɔɝ. 6 ɏ (Fig. 6 d) 

ȼɔɝ. 6.    ȸȼ-ɔɓɚɍɜɌɒɑəɔɫ ɘɔɚɖɌɜɐɌ ɗɑɎɚɏɚ ɛɜɑɐɝɑɜɐɔɫ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ ɝ ɚɞɝɜɚɣɑəəɧɘ 

ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ. 

ȺɍɗɌɝɞɨ ɟɝɞɨɑɎ ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ Ɏɑɜɡəɔɡ ɗɑɏɚɣəɧɡ Ɏɑə ɐɚ (Ɍ) ɔ ɛɚɝɗɑ (ɍ) ɌɍɗɌɢɔɔ. ȺɍɗɌɝɞɨ ɟɝɞɨɑɎ ɛɜɌɎɚɕ ɔ 

ɗɑɎɚɕ əɔɒəɔɡ ɗɑɏɚɣəɧɡ Ɏɑəɧ ɐɚ (Ɏ) ɔ ɛɚɝɗɑ (ɏ) ɌɍɗɌɢɔɔ. ȻɜɔɘɑɣɌəɔɑ ð ɒɑɗɞɧɘɔ ɝɞɜɑɗɖɌɘɔ ɚɍɚɓəɌɣɑə 

ɘɔɚɖɌɜɐ ɗɑɎɚɏɚ ɛɜɑɐɝɑɜɐɔɫ, ɖɜɌɝəɧɘɔ ɝɞɜɑɗɖɌɘɔ ɟɖɌɓɌəɧ ɛɚɫɎɔɎɤɔɑɝɫ ɟɣɌɝɞɖɔ ɚɞɝɜɚɣɑəəɚɏɚ ɖɚəɞɜɌ-

ɝɞɔɜɚɎɌəɔɫ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɑ ɛɚɝɞɌɍɗɌɢɔɚəəɧɘ ɛɚɎɜɑɒɐɑəɔɫɘ [30]. 

Fig. 6.    High-resolution delayed contrast MR images of the left atrial myocardium.   

The area of the m ouths of the right and left superior pulmonary veins before ( a) and after ( b) ablation. The area 

of the mouths of the right and left inferior pulmonary veins before ( c) and after ( d) ablation. Note ð the yellow 

arrows indicate the myocardium of the left at rium, red arrows indicate the emerging areas of delayed con-

trasting, corresponding to post -ablation lesions [30].  
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ȴəɞɑɏɜɌɢɔɫ Ɏ ɚɐəɚɕ ɘɚɐɑɗɔ ɐɌəəɧɡ ɚ 

ɠɔɍɜɚɓɑ, ɚɜɔɑəɞɌɢɔɔ ɛɜɑɐɝɑɜɐəɧɡ Ɏɚɗɚɖɚə, 

ɞɚɗɥɔəɑ ɝɞɑəɖɔ, ɛɜɚɎɚɐɫɥɑɕ ɝɔɝɞɑɘɑ ɝɑɜɐɢɌ 

ɔ ɐɜ. ɐɌɑɞ Ɏɚɓɘɚɒəɚɝɞɨ ɐɗɫ ɘɚɐɑɗɔɜɚɎɌəɔɫ 

ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɔ ɖɗɑɞɚɖ ɔ ɞɖɌəɑɕ ɔ ɝɚɓɐɌ-

əɔɫ ɖɌɜɞ ɘəɚɏɚɟɜɚɎəɑɎɚɕ ɌɖɞɔɎɌɢɔɔ ɛɜɑɐ-

ɝɑɜɐɔɕ Ɏ əɚɜɘɑ ɔ ɛɜɔ ɛɌɞɚɗɚɏɔɔ. 

ȭɟɐɟɥɔɑ ɛɚɐɡɚɐɧ ɖ ɘɚɐɑɗɔɜɚɎɌəɔɪ 

ɐɚɗɒəɧ ɍɧɞɨ ɝɚɝɜɑɐɚɞɚɣɑəɧ əɌ ɜɌɓɜɌɍɚɞɖɑ 

ɘɚɐɑɗɑɕ, ɚɞɜɌɒɌɪɥɔɡ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɪ 

ɝɑɜɐɢɌ, ɝɛɑɢɔɠɔɣəɧɡ ɐɗɫ ɖɌɒɐɚɏɚ ɛɌɢɔɑəɞɌ. 

ɉɞɚ ɘɚɒɑɞ ɍɧɞɨ ɐɚɝɞɔɏəɟɞɚ ɛɟɞɑɘ ɖɌɗɔɍɜɚɎ-

ɖɔ ɔɘɑɪɥɔɡɝɫ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɘɚɐɑɗɑɕ ɝ 

ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɩɗɑɖɞɜɚɠɔɓɔɚɗɚɏɔɣɑɝɖɔɡ 

ɔɓɘɑɜɑəɔɕ ɐɗɫ ɖɚəɖɜɑɞəɚɏɚ ɛɌɢɔɑəɞɌ ɔɗɔ 

ɔɝɛɚɗɨɓɚɎɌəɔɫ ɏɑəɚɘəɧɡ ɐɌəəɧɡ. ȰɚɍɌɎɗɑ-

əɔɑ ɏɑəɚɘəɧɡ ɐɌəəɧɡ ɖ ɘɚɐɑɗɫɘ ɘɚɏɗɚ ɍɧ 

ɛɚɓɎɚɗɔɞɨ ɛɚɗɟɣɌɞɨ ɩɗɑɖɞɜɔɣɑɝɖɟɪ ɛɑɜɝɚəɌ-

ɗɔɓɌɢɔɪ ɓɌ ɝɣɑɞ Ɏɖɗɪɣɑəɔɫ ɛɜɑɐɝɖɌɓɧɎɌɑɘɚ-

ɏɚ ɎɚɓɐɑɕɝɞɎɔɫ, ɖɚɞɚɜɚɑ ɜɌɓɗɔɣəɧɑ ɛɚɗɔ-

ɘɚɜɠɔɓɘɧ ɚɖɌɓɧɎɌɪɞ əɌ ɔɚəəɧɑ ɖɌəɌɗɧ ɔ 

ɞɚɖɔ. 

ȼɌɓɎɔɞɔɑ ɛɚəɔɘɌəɔɫ ɟ ɖɚəɖɜɑɞəɧɡ ɛɌ-

ɢɔɑəɞɚɎ ɘɑɡɌəɔɓɘɚɎ ɔəɔɢɔɌɢɔɔ ɔ ɛɜɚɏɜɑɝ-

ɝɔɜɚɎɌəɔɫ Ɍɜɔɞɘɔɔ ɫɎɗɫɑɞɝɫ ɖɜɌɕəɑ ɎɌɒ-

əɧɘ ɤɌɏɚɘ əɌ ɛɟɞɔ ɖ ɜɌɓɜɌɍɚɞɖɑ ɔəɐɔɎɔɐɟ-

Ɍɗɨəɧɡ ɝɞɜɌɞɑɏɔɕ ɛɜɚɠɔɗɌɖɞɔɖɔ ɔɗɔ ɗɑɣɑ-

əɔɫ. 

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ.  

ȼɌɍɚɞɌ ɎɧɛɚɗəɑəɌ ɛɜɔ ɠɔəɌəɝɚɎɚɕ 

ɛɚɐɐɑɜɒɖɑ ȼɀɀȴ Ɏ ɜɌɘɖɌɡ əɌɟɣəɚɏɚ ɛɜɚɑɖɞɌ 

ʈ 18-29-26012. ȬɎɞɚɜɧ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ 

ɚɞɝɟɞɝɞɎɔɑ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɚɘ 

əɑɚɍɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ȼɔɝ. 7 (Fig. 7) 
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Fig. 7.  The reconstruction of the geometry and orientation of the fibers of the sinoatrial node and the 

right atrium (A) is integrated into the 3D model of the entire atrium (B), which is included in the torso 

model (C). According to Aslanidi et al., Prog Biophys Mol Biol. [38].  
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ȸȱȾȺȰɇ ȷȿɃȱȮȺȵ ȰȴȬȯȹȺȽȾȴȶȴ Ȯ ȮɇɋȮȷȱȹȴȴ ȮȴȽɂȱȼȬȷɈȹɇɁ ȴ  

ȶȺȽȾȹȺ-ȽȿȽȾȬȮȹɇɁ ȴȳȸȱȹȱȹȴȵ Ȼȼȴ ȭȺȷȱȳȹȴ ȯȺɄȱ I ȾȴȻȬ ȴ Ⱥɂȱȹȶȱ  

ɉɀɀȱȶȾȴȮȹȺȽȾȴ ȷȱɃȱȹȴɋ 

 

ȸɑɐɑəɔɖɚɎ Ȭ.Ȭ., ȮɧɤɑɐɖɑɎɔɣ ȱ.Ȱ., Ʉɞɑəɢɑɗɨ ȼ.ɉ., ȱɠɔɘɢɑɎ Ȭ.Ɋ., ȸɌɥɑəɖɚ ȴ.Ȭ.,  

ȭɑɓɜɟɖɔɡ Ȯ.Ȭ., ȽɌɗɚɏɟɍ ȯ.ȹ., ȾɜɟɠɌəɚɎ ȯ.ȱ. 
 

ɀȯȭȿ çȹɌɢɔɚəɌɗɨəɧɕ ɘɑɐɔɢɔəɝɖɔɕ ɔɝɝɗɑɐɚɎɌɞɑɗɨɝɖɔɕ ɢɑəɞɜ ɔɘ. Ȯ. Ȭ. ȬɗɘɌɓɚɎɌè ȸɔəɓɐɜɌɎɌ ȼɚɝɝɔɔ. 

 ɏ. ȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏ, ȼɚɝɝɔɫ. 

 
ɚɗɑɓəɨ ȯɚɤɑ ɫɎɗɫɑɞɝɫ ɝɌɘɚɕ ɜɌɝɛɜɚɝɞɜɌəɑəəɚɕ ɏɑəɑɞɔɣɑɝɖɔ ɐɑɞɑɜɘɔəɔɜɚɎɌəəɚɕ ɗɔɓɚ-

ɝɚɘəɚɕ ɍɚɗɑɓəɨɪ əɌɖɚɛɗɑəɔɫ, ɚɍɟɝɗɚɎɗɑəəɚɕ ɐɑɠɔɢɔɞɚɘ ɠɑɜɘɑəɞɌ ȁ-ɏɗɪɖɚɓɔɐɌɓɧ, 

ɟɣɌɝɞɎɟɪɥɑɏɚ Ɏɚ Ɏəɟɞɜɔɗɔɓɚɝɚɘəɚɘ ɜɌɝɥɑɛɗɑəɔɔ ɏɗɔɖɚɗɔɛɔɐɚɎ. Ȯ ɜɑɓɟɗɨɞɌɞɑ ɛɜɚɔɝ-

ɡɚɐɔɞ ɔɡ ɔɓɍɧɞɚɣəɚɑ əɌɖɚɛɗɑəɔɑ Ɏ ɘɌɖɜɚɠɌɏɌɡ ɝ ɛɜɑɚɍɜɌɓɚɎɌəɔɑɘ ɛɚɝɗɑɐəɔɡ Ɏ ɞɌɖ 

əɌɓɧɎɌɑɘɧɑ ɖɗɑɞɖɔ ȯɚɤɑ, ɖɚɞɚɜɧɑ ɔəɠɔɗɨɞɜɔɜɟɪɞ ɞɖɌəɔ ɝ ɜɌɓɎɔɞɚɕ ɜɑɞɔɖɟɗɚɩəɐɚɞɑ-

ɗɔɌɗɨəɚɕ ɝɔɝɞɑɘɚɕ (ɖɚɝɞəɧɕ ɘɚɓɏ, ɛɑɣɑəɨ ɔ ɝɑɗɑɓɑəɖɌ), ɎɧɓɧɎɌɫ ɔɡ ɛɚɜɌɒɑəɔɫ.  

ȮɧɜɌɒɑəəɧɑ ɛɌɞɚɘɚɜɠɚɗɚɏɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ ɛɜɔ ɐɌəəɚɘ ɓɌɍɚɗɑɎɌəɔɔ ɓɌɣɌɝɞɟɪ ɛɑɜ-

Ɏɔɣəɚ ɐɔɌɏəɚɝɞɔɜɟɪɞɝɫ ɛɜɔ ɛɜɔɘɑəɑəɔɔ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɔɝɝɗɑɐɚɎɌəɔɫ. ȶɜɚɘɑ ɞɚɏɚ, ɗɟɣɑɎɧɑ 

ɘɑɞɚɐɧ ɔɝɝɗɑɐɚɎɌəɔɫ ɔɏɜɌɪɞ ɖɗɪɣɑɎɟɪ ɜɚɗɨ Ɏ ɚɢɑəɖɑ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɗɑɣɑəɔɫ ɛɌɢɔɑəɞɚɎ, ɛɚ-

ɗɟɣɌɪɥɔɡ ɛɌɞɚɏɑəɑɞɔɣɑɝɖɟɪ ɞɑɜɌɛɔɪ.  

ɂɑɗɨɪ ɐɌəəɚɕ ɝɞɌɞɨɔ ɫɎɗɫɑɞɝɫ ɌəɌɗɔɓ ɔ ɚɍɚɍɥɑəɔɑ ɛɜɔɘɑəɫɑɘɧɡ ɘɑɞɚɐɚɎ ɗɟɣɑɎɚɕ ɐɔɌ-

ɏəɚɝɞɔɖɔ ɎəɟɞɜɔɚɜɏɌəəɧɡ ɔɓɘɑəɑəɔɕ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ I ɞɔɛɌ, ɎɖɗɪɣɌɫ ɝɚɎɜɑɘɑəəɧɑ ɞɑɡəɚɗɚ-

ɏɔɔ, ɚɛɔɝɌəɔɑ ɔɡ ɛɜɑɔɘɟɥɑɝɞɎ ɔ əɑɐɚɝɞɌɞɖɚɎ, Ɍ ɞɌɖɒɑ ɚɛɜɑɐɑɗɑəɔɑ əɌɔɍɚɗɑɑ ɟəɔɎɑɜɝɌɗɨəɚɏɚ 

ɘɑɞɚɐɌ, ɛɚɓɎɚɗɫɪɥɑɏɚ ɛɜɑɐɚɝɞɌɎɔɞɨ ɘɌɖɝɔɘɌɗɨəɚ ɔɝɣɑɜɛɧɎɌɪɥɟɪ ɔəɠɚɜɘɌɢɔɪ ɚ ɝɚɝɞɚɫəɔɔ 

ɚɜɏɌəɚɎ-ɘɔɤɑəɑɕ ɖɌɖ əɌ ɩɞɌɛɑ ɐɔɌɏəɚɝɞɔɖɔ, ɞɌɖ ɔ Ɏ ɚɢɑəɖɑ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɗɑɣɑəɔɫ.. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ȭɚɗɑɓəɨ ȯɚɤɑ, ɗɟɣɑɎɌɫ ɐɔɌɏəɚɝɞɔɖɌ, ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌ-

ɠɔɫ, ɖɚɝɞəɧɕ ɘɚɓɏ, ɎɔɝɢɑɜɌɗɨəɧɑ ɛɚɜɌɒɑəɔɫ, ɠɑɜɘɑəɞɚɓɌɘɑɝɞɔɞɑɗɨəɌɫ ɞɑɜɌɛɔɫ. 
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aucher disease is the most common genetically determined lysosomal storage disease 

caused  by a deficiency of the ȁ-glucosidase enzyme involved in the intra -lysosomal cleav-

age  of  glycolipids.  As  a  result,  they  accumulate   excessively  in macrophages with the  
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transformation of the latter into the so -called Gaucher cells, which infiltrat e the tissues with a devel-

oped reticuloendothelial system (bone marrow, liver and spleen), causing their damage.  

Severe pathomorphological changes in this disease are primarily diagnosed using radiation diagnos-

tic methods, which play one of the key roles in assessing the effectiveness of treatment of patients 

receiving pathogenetic therapy.  

The purpose of this review is to demonstrate the whole variety of methods of radiological di-

agnosis of intraorgan changes in Gaucher disease  type I, including the mos t modern technologies, a 

description of their advantages and disadvantages, and the determination of a universal method that 

allows to provide the most comprehensive information about the state of target organs as at the stage 

of primary diagnosis and at t he stage of evaluating the effectiveness of treatment.  

  

Keywords: Gaucher disease, radiology, magnetic resonance imaging, bone marrow, visceral 

manifestations, enzyme replacement therapy.  
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ɚɗɑɓəɨ ȯɚɤɑ ð əɌɔɍɚɗɑɑ ɣɌɝɞɌɫ 

ɠɚɜɘɌ əɌɝɗɑɐɝɞɎɑəəɧɡ ɠɑɜɘɑəɞɚ-

ɛɌɞɔɕ, ɚɍɦɑɐɔəɑəəɧɡ Ɏ ɏɜɟɛɛɟ ɗɔ-

ɓɚɝɚɘəɧɡ ɍɚɗɑɓəɑɕ əɌɖɚɛɗɑəɔɫ. 

ȮɚɓəɔɖəɚɎɑəɔɑ ɓɌɍɚɗɑɎɌəɔɫ ɝɎɫɓɌ-

əɚ ɝ əɌɝɗɑɐɝɞɎɑəəɧɘ ɐɑɠɔɢɔɞɚɘ ɠɑɜɘɑəɞɌ 

ȁ-ɏɗɪɖɚɓɔɐɌɓɧ (ȁ-ɏɗɪɖɚɢɑɜɑɍɜɚɓɔɐɌɓɧ), 

ɟɣɌɝɞɎɟɪɥɑɏɚ Ɏ ɠɑɜɘɑəɞɌɞɔɎəɚɘ Ɏəɟɞɜɔɗɔ-

ɓɚɝɚɘəɚɘ ɜɌɝɥɑɛɗɑəɔɔ ɏɗɔɖɚɗɔɛɔɐɚɎ, ɣɞɚ 

ɛɜɔɎɚɐɔɞ ɖ əɌɖɚɛɗɑəɔɪ Ɏ ɘɌɖɜɚɠɌɏɌɡ ɜɑɞɔ-

ɖɟɗɚɩəɐɚɞɑɗɔɌɗɨəɚɕ ɝɔɝɞɑɘɧ əɑɜɌɝɥɑɛɗɑə-

əɧɡ ɏɗɔɖɚɗɔɛɔɐɚɎ. ȰɌəəɧɑ ɌəɚɘɌɗɨəɧɑ ɘɌɖ-

ɜɚɠɌɏɔ əɌɓɧɎɌɪɞɝɫ ɖɗɑɞɖɌɘɔ ȯɚɤɑ, əɌɔɍɚ-

ɗɑɑ ɘəɚɏɚɣɔɝɗɑəəɧ ɚəɔ Ɏ ɖɚɝɞəɚɘ ɘɚɓɏɑ, ɛɑ-

ɣɑəɔ ɔ ɝɑɗɑɓɑəɖɑ [1 ð 3].  

ȭɚɗɑɓəɨ ȯɚɤɑ ɎɝɞɜɑɣɌɑɞɝɫ ɝ ɣɌɝɞɚɞɚɕ ɚɞ 

1:40000 ɐɚ 1:60000 ɟ ɛɜɑɐɝɞɌɎɔɞɑɗɑɕ Ɏɝɑɡ 

ɩɞəɔɣɑɝɖɔɡ ɏɜɟɛɛ, əɚ Ɏ ɛɚɛɟɗɫɢɔɔ ɑɎɜɑɑɎ 

ɌɤɖɑəɌɓɔ ɣɌɝɞɚɞɌ ɓɌɍɚɗɑɎɌəɔɫ ɐɚɝɞɔɏɌɑɞ 

1:450 ð 1:1000 [1, 4].  

ȳɌɍɚɗɑɎɌəɔɑ əɌɝɗɑɐɟɑɞɝɫ ɛɚ Ɍɟɞɚɝɚɘəɚ-

ɜɑɢɑɝɝɔɎəɚɘɟ ɞɔɛɟ. Ƚəɔɒɑəɔɑ ɔɗɔ ɚɞɝɟɞ-

ɝɞɎɔɑ ɌɖɞɔɎəɚɝɞɔ ɏɗɪɖɚɢɑɜɑɍɜɚɓɔɐɌɓɧ ɝɎɫ-

ɓɌəɚ ɝ ɘɟɞɌɢɔɑɕ ɏɑəɌ ɐɌəəɚɏɚ ɠɑɜɘɑəɞɌ, ɗɚ-

ɖɌɗɔɓɟɪɥɑɏɚɝɫ Ɏ ɜɑɏɔɚəɑ q21 əɌ 1-ɕ ɡɜɚɘɚ-

ɝɚɘɑ. Ⱥɍɧɣəɚ ɚɞɘɑɣɌɑɞɝɫ ɝəɔɒɑəɔɑ ɌɖɞɔɎəɚ-

ɝɞɔ ɠɑɜɘɑəɞɌ əɌ 70ð90% ɛɚ ɝɜɌɎəɑəɔɪ ɝ 

əɚɜɘɌɗɨəɧɘ ɓəɌɣɑəɔɑɘ [5]. Ȯ ɏɑəɑ ɏɗɪɖɚɢɑ-

ɜɑɍɜɚɓɔɐɌɓɧ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɔɓɟɣɑəɚ ɍɚ-

ɗɑɑ 300 ɎɌɜɔɌəɞɚɎ ɘɟɞɌɢɔɕ, ɛɜɔɎɚɐɫɥɔɡ ɖ 

ɜɌɓɎɔɞɔɪ ɍɚɗɑɓəɔ, ɔɓ ɖɚɞɚɜɧɡ əɌɔɍɚɗɑɑ ɜɌɝ-

ɛɜɚɝɞɜɌəɑəɧ ɣɑɞɧɜɑ ð N370S, IVS2 (+1), 

84GG, L444P, ɝɚɝɞɌɎɗɫɪɥɔɑ ɛɜɔɘɑɜəɚ 96% 

ɝɜɑɐɔ Ɏɝɑɡ ɝɗɟɣɌɑɎ ɓɌɍɚɗɑɎɌəɔɫ [6]. 

ȶɗɔəɔɣɑɝɖɔɑ ɔ ɛɌɞɚɘɚɜɠɚɗɚɏɔɣɑɝɖɔɑ 

ɛɜɚɫɎɗɑəɔɫ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ I ɞɔɛɌ ɚɍɟ-

ɝɗɚɎɗɑəɧ əɌɖɚɛɗɑəɔɑɘ ɌəɚɘɌɗɨəɧɡ ɘɌɖɜɚ-

ɠɌɏɚɎ, Ɏ ɛɑɜɎɟɪ ɚɣɑɜɑɐɨ, Ɏ ɜɑɞɔɖɟɗɚɩəɐɚɞɑ-

ɗɔɌɗɨəɚɕ ɝɔɝɞɑɘɑ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ, ɝɑɗɑɓɑəɖɔ 

ɔ ɛɑɣɑəɔ. ȹɌɘəɚɏɚ ɜɑɒɑ ɛɚɜɌɒɌɑɞɝɫ ɗɑɏɚɣ-

əɧɕ ɔəɞɑɜɝɞɔɢɔɕ. ȶɗɑɞɖɔ ȯɚɤɑ ɡɌɜɌɖɞɑɜɔ-

ɓɟɪɞɝɫ ɜɫɐɚɘ ɚɝɚɍɑəəɚɝɞɑɕ: ɔɘɑɪɞ ɏɚɜɌɓɐɚ 

ɍɚɗɨɤɟɪ ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɨ ɒɔɓəɔ ɔ Ɏ əɑ-

ɝɖɚɗɨɖɚ ɜɌɓ ɖɜɟɛəɑɑ əɚɜɘɌɗɨəɧɡ ɖɗɑɞɚɖ, Ɍ 

ɞɌɖɒɑ ɚɍɗɌɐɌɪɞ ɘɑɞɌɍɚɗɔɣɑɝɖɚɕ ɌɖɞɔɎəɚ-

ɝɞɨɪ Ɏ Ɏɔɐɑ ɌɖɞɔɎɌɢɔɔ ɛɜɚɎɚɝɛɌɗɔɞɑɗɨəɧɡ 

ɢɔɞɚɖɔəɚɎ, ɣɞɚ ɫɎɗɫɑɞɝɫ ɚɐəɔɘ ɔɓ ɓɎɑəɨɑɎ 

ɛɌɞɚɏɑəɑɓɌ ɛɜɔ ɛɚɎɜɑɒɐɑəɔɫɡ ɞɖɌəɑɕ ɔ ɚɜ-

ɏɌəɚɎ [7, 8].  

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ Ɏɧɐɑɗɫɪɞ ɞɜɔ ɖɗɔ-

əɔɣɑɝɖɔɡ ɞɔɛɌ ɍɚɗɑɓəɔ ȯɚɤɑ [9, 10]: 

I ɞɔɛ ð əɑəɑɕɜɚəɚɛɌɞɔɣɑɝɖɔɕ, ɫɎɗɫɑɞɝɫ 

ɝɌɘɧɘ ɜɌɝɛɜɚɝɞɜɌəɑəəɧɘ ɎɌɜɔɌəɞɚɘ ɍɚɗɑɓ-

əɔ (94%). ɃɌɥɑ ɐɔɌɏəɚɝɞɔɜɟɑɞɝɫ Ɏ ɜɌəəɑɘ 

ɐɑɞɝɞɎɑ ɔ ɡɌɜɌɖɞɑɜɔɓɟɑɞɝɫ ɡɜɚəɔɣɑɝɖɔɘ ɞɑ-

ɣɑəɔɑɘ, ɟɎɑɗɔɣɑəɔɑɘ ɛɑɣɑəɔ ɔ ɝɑɗɑɓɑəɖɔ, 

ɏɑɘɌɞɚɗɚɏɔɣɑɝɖɔɘɔ ɜɌɝɝɞɜɚɕɝɞɎɌɘɔ (Ɍəɑɘɔɫ 

ɔ ɞɜɚɘɍɚɢɔɞɚɛɑəɔɫ), ɛɚɜɌɒɑəɔɑɘ ɖɚɝɞəɚɕ 

ɝɔɝɞɑɘɧ, ɔ ɚɞɝɟɞɝɞɎɟɑɘ ɛɜɔɓəɌɖɚɎ ɛɚɜɌɒɑ-

əɔɫ ɢɑəɞɜɌɗɨəɚɕ əɑɜɎəɚɕ ɝɔɝɞɑɘɧ (ɂȹȽ) [11 

ð 13]. ȹɑɝɘɚɞɜɫ əɌ ɎɧɜɌɒɑəəɚɝɞɨ ɎɔɝɢɑɜɌɗɨ-

əɧɡ ɔ ɏɑɘɌɞɚɗɚɏɔɣɑɝɖɔɡ ɛɜɚɫɎɗɑəɔɕ, ɒɌɗɚɍɧ 

ɍɚɗɨəɧɡ, Ɏ ɛɑɜɎɟɪ ɚɣɑɜɑɐɨ, ɝɎɫɓɌəɧ ɝ ɛɚɜɌ-

ɒɑəɔɑɘ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ, ɎɝɞɜɑɣɌɪɥɑɏɚɝɫ Ɏ 

ɝɜɑɐəɑɘ Ɏ 90% ɝɗɟɣɌɑɎ [14]. 

II ɞɔɛ ð ɚɝɞɜɧɕ əɑɕɜɚəɚɛɌɞɔɣɑɝɖɔɕ. 

ȻɜɚɫɎɗɫɑɞɝɫ Ɏ ɛɑɜɎɧɑ ɘɑɝɫɢɧ ɒɔɓəɔ ɞɫɒɑ-

ɗɧɘ ɔ ɚɝɞɜɧɘ ɛɚɜɌɒɑəɔɑɘ ɂȹȽ, ɖɚɞɚɜɚɑ 
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ɍɧɝɞɜɚ ɛɜɚɏɜɑɝɝɔɜɟɑɞ ɔ ɚɍɧɣəɚ ɛɜɔɎɚɐɔɞ ɖ 

ɗɑɞɌɗɨəɚɘɟ ɔɝɡɚɐɟ Ɏ ɞɑɣɑəɔɑ 2 ɗɑɞ [15, 16]. 

III ɞɔɛ ð ɛɚɐɚɝɞɜɧɕ əɑɕɜɚəɚɛɌɞɔɣɑ-

ɝɖɔɕ. ȼɌɓɎɔɎɌɑɞɝɫ ɞɌɖ ɒɑ, ɖɌɖ ɔ ɚɝɞɜɧɕ 

əɑɕɜɚəɚɛɌɞɔɣɑɝɖɔɕ ɞɔɛ Ɏ ɐɑɞɝɖɚɘ ɎɚɓɜɌɝɞɑ, 

əɚ Ɏ ɍɚɗɑɑ ɛɚɓɐəɔɑ ɝɜɚɖɔ. Ⱥɝɚɍɑəəɚɝɞɨ ɐɌə-

əɚɏɚ ɎɌɜɔɌəɞɌ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɞɚɘ, ɣɞɚ ɎəɌɣɌ-

ɗɑ ɛɜɚɔɝɡɚɐɔɞ ɛɚɜɌɒɑəɔɑ Ɏəɟɞɜɑəəɔɡ ɚɜɏɌ-

əɚɎ ɔ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɖɌɖ ɛɜɔ əɑəɑɕɜɚəɚɛɌ-

ɞɔɣɑɝɖɚɘ ɞɔɛɑ, əɚ Ɏ ɐɌɗɨəɑɕɤɑɘ ɎɚɎɗɑɖɌɑɞɝɫ 

ɂȹȽ ɝ ɜɌɓɎɔɞɔɑɘ ɜɌɓɗɔɣəɚɕ əɑɎɜɚɗɚɏɔɣɑ-

ɝɖɚɕ ɝɔɘɛɞɚɘɌɞɔɖɔ [15, 16]. 

ȰɔɌɏəɚɝɞɔɖɌ ɍɚɗɑɓəɔ ȯɚɤɑ ɚɝəɚɎɧɎɌɑɞ-

ɝɫ əɌ ɖɚɘɛɗɑɖɝəɚɘ ɚɍɝɗɑɐɚɎɌəɔɔ, ɎɖɗɪɣɌɪ-

ɥɑɘ ɚɝɘɚɞɜ, ɌəɌɗɔɓ ɗɌɍɚɜɌɞɚɜəɧɡ ɛɚɖɌɓɌɞɑ-

ɗɑɕ ɝ ɚɢɑəɖɚɕ ɌɖɞɔɎəɚɝɞɔ ȁ-

ɏɗɪɖɚɢɑɜɑɍɜɚɓɔɐɌɓɧ ɔ ɠɑɜɘɑəɞɚɎ, ɝɑɖɜɑɞɔ-

ɜɟɑɘɧɡ ɖɗɑɞɖɌɘɔ ȯɚɤɑ (ɠɑɜɘɑəɞ ɡɔɞɚɞɜɔɚ-

ɓɔɐɌɓɌ ɔ ɏɗɪɖɚɓɔɗɝɠɔəɏɚɓɔə), ɘɚɗɑɖɟɗɫɜəɚ-

ɏɑəɑɞɔɣɑɝɖɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɐɗɫ ɎɧɫɎɗɑəɔɫ 

ɞɔɛɌ ɘɟɞɌɢɔɔ Ɏ ɏɑəɑ ɏɗɪɖɚɢɑɜɑɍɜɚɓɔɐɌɓɧ, Ɍ 

ɞɌɖɒɑ ɛɜɔɘɑəɑəɔɑ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɔɝɝɗɑɐɚ-

ɎɌəɔɫ [17]. 

ȮɧɫɎɗɑəɔɑ ɓɌɍɚɗɑɎɌəɔɫ əɌ ɜɌəəɔɡ ɝɞɌ-

ɐɔɫɡ ɣɌɝɞɚ ɓɌɞɜɟɐəɑəɚ, ɣɞɚ ɚɍɟɝɗɚɎɗɑəɚ ɎɌ-

ɜɔɌɍɑɗɨəɚɝɞɨɪ ɖɗɔəɔɣɑɝɖɔɡ ɛɜɚɫɎɗɑəɔɕ, ɔɡ 

əɔɓɖɚɕ ɝɛɑɢɔɠɔɣəɚɝɞɨɪ ɔɗɔ ɍɑɝɝɔɘɛɞɚɘəɚ-

ɝɞɨɪ ɞɑɣɑəɔɫ ɍɚɗɑɓəɔ [18]. ȹɑɝɘɚɞɜɫ əɌ Ɏɧ-

ɜɌɒɑəəɚɝɞɨ ɎɔɝɢɑɜɌɗɨəɧɡ ɔ ɏɑɘɌɞɚɗɚɏɔɣɑ-

ɝɖɔɡ ɛɜɚɫɎɗɑəɔɕ, ɒɌɗɚɍɧ ɍɚɗɨəɧɡ ɣɌɥɑ Ɏɝɑ-

ɏɚ ɝɎɫɓɌəɧ ɝ ɛɚɜɌɒɑəɔɑɘ ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ 

ɝɔɝɞɑɘɧ [9]. 

ȰɌəəɧɕ ɠɌɖɞ ɝɎɔɐɑɞɑɗɨɝɞɎɟɑɞ ɚ əɑɚɍ-

ɡɚɐɔɘɚɝɞɔ ɌəɌɗɔɓɌ ɔ ɚɍɚɍɥɑəɔɫ ɜɚɗɔ ɔ ɓəɌ-

ɣɑəɔɫ ɝɚɎɜɑɘɑəəɧɡ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ I ɞɔɛɌ, ɚɛɜɑɐɑɗɑ-

əɔɔ ɝɞɑɛɑəɔ ɎɧɜɌɒɑəəɚɝɞɔ ɎɔɝɢɑɜɌɗɨəɧɡ ɔ 

ɖɚɝɞəɚ-ɝɟɝɞɌɎəɧɡ ɛɜɚɫɎɗɑəɔɕ, ɚɢɑəɖɑ ɩɠ-

ɠɑɖɞɔɎəɚɝɞɔ ɗɑɣɑəɔɫ, Ɍ ɞɌɖɒɑ ɎɧɫɎɗɑəɔɔ 

ɚɝɗɚɒəɑəɔɕ. 

ȷɟɣɑɎɌɫ ɐɔɌɏəɚɝɞɔɖɌ ɛɚɜɌɒɑəɔɕ ɛɑ-

ɣɑəɔ.  

ȻɌɞɚɗɚɏɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ ɛɑɣɑəɔ ɘɚ-

ɏɟɞ əɚɝɔɞɨ ɐɔɠɠɟɓəɧɕ ɔ ɚɣɌɏɚɎɧɕ ɡɌɜɌɖɞɑɜ. 

ȺɝəɚɎəɧɘ ɛɜɔɓəɌɖɚɘ ɛɌɞɚɗɚɏɔɣɑɝɖɚɕ ɔə-

ɠɔɗɨɞɜɌɢɔɔ ɚɜɏɌəɌ ɖɗɑɞɖɌɘɔ ȯɚɤɑ ɫɎɗɫɑɞɝɫ 

ɏɑɛɌɞɚɘɑɏɌɗɔɫ. Ⱥɍɦɑɘ ɛɑɣɑəɔ ɛɜɔ ɩɞɚɘ 

ɚɍɧɣəɚ Ɏ ɐɎɌ ɜɌɓɌ ɛɜɑɎɧɤɌɑɞ əɚɜɘɌɗɨəɧɑ 

ɜɌɓɘɑɜɧ (ɜɔɝ. 1) [19]. 

   Ȱɗɫ ɎɧɫɎɗɑəɔɫ ɐɌəəɧɡ ɔɓɘɑəɑəɔɕ 

ɛɜɔɘɑəɫɪɞɝɫ ɟɗɨɞɜɌɓɎɟɖɚɎɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ 

(ȿȳȴ), ɖɚɘɛɨɪɞɑɜəɌɫ (ȶȾ) ɔ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȸȼȾ) [20, 21].  

ȻɜɑɔɘɟɥɑɝɞɎɌɘɔ ȿȳȴ ɫɎɗɫɑɞɝɫ ɚɞəɚɝɔ-

ɞɑɗɨəɌɫ ɛɜɚɝɞɚɞɌ, əɑɔəɎɌɓɔɎəɚɝɞɨ ɔ ɚɞɝɟɞ-

ɝɞɎɔɑ ɔɚəɔɓɔɜɟɪɥɑɏɚ ɔɓɗɟɣɑəɔɫ. Ȼɚ ɐɌəəɧɘ 

əɑɖɚɞɚɜɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ, ɓəɌɣɑəɔɫ ɚɍɦɑɘɚɎ 

ɛɑɣɑəɔ, ɛɚɗɟɣɑəəɧɑ ɛɜɔ ȿȳȴ, ɚɞɗɔɣɌɪɞɝɫ ɚɞ 

ɔɝɞɔəəɧɡ ɜɌɓɘɑɜɚɎ, ɣɞɚ ɛɚɎɧɤɌɑɞ ɜɚɗɨ ɍɚ-

ɗɑɑ ɝɗɚɒəɧɡ ɘɑɞɚɐɚɎ, Ɍ ɔɘɑəəɚ ȶȾ ɔ ȸȼȾ, 

ɛɜɔ ɖɚɞɚɜɧɡ ɔɘɑɑɞɝɫ Ɏɚɓɘɚɒəɚɝɞɨ ɛɚɝɞɜɚɑ-

əɔɫ ɚɍɦɑɘəɧɡ 3D-ɔɓɚɍɜɌɒɑəɔɕ ɐɗɫ ɍɚɗɑɑ 

ɞɚɣəɚɕ ɚɢɑəɖɔ ɜɌɓɘɑɜɚɎ ɚɜɏɌəɌ [22, 23]. 

 ȺɣɌɏɚɎɧɑ ɛɚɜɌɒɑəɔɫ ɛɑɣɑəɔ ɣɌɥɑ ɡɌ-

ɜɌɖɞɑɜɔɓɟɪɞɝɫ ɘəɚɒɑɝɞɎɑəəɚɝɞɨɪ ɔ ɏɔɛɑɜɩ-

ɡɚɏɑəəɚɝɞɨɪ, əɚ ɘɚɏɟɞ ɍɧɞɨ ɏɔɛɚɩɡɚɏɑəəɧɘɔ 

ɔɗɔ ɝɘɑɤɌəəɚɕ ɩɡɚɏɑəəɚɝɞɔ ɛɜɔ ȿȳȴ (ɜɔɝ. 2) 

[24].  

Ȼɜɔ ȸȼȾ ɟɓɑɗɖɔ ɚɍɧɣəɚ ɔɘɑɪɞ ɔɓɚ- ɔɗɔ 

ɏɔɛɚɔəɞɑəɝɔɎəɧɕ ɛɚ Ⱦ1-ɎɓɎɑɤɑəəɧɘ ɔɓɚɍ-

ɜɌɒɑəɔɫɘ (Ȯȴ) ɛɚ ɚɞəɚɤɑəɔɪ ɖ ɛɌɜɑəɡɔɘɑ 

ɛɑɣɑəɔ ȸȼ-ɝɔɏəɌɗ ɔ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɕ əɌ 

Ⱦ2-Ȯȴ. Ȼɜɔ ɔɝɝɗɑɐɚɎɌəɔɔ ɝ ɎəɟɞɜɔɎɑəəɧɘ 

ɎɎɑɐɑəɔɑɘ ɖɌɖ ɩɖɝɞɜɌɢɑɗɗɪɗɫɜəɧɡ, ɞɌɖ ɔ 

ɏɑɛɌɞɚɝɛɑɢɔɠɔɣəɧɡ ɛɌɜɌɘɌɏəɔɞəɧɡ ɖɚə-

ɞɜɌɝɞəɧɡ ɛɜɑɛɌɜɌɞɚɎ, əɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ 

Ⱦ1-Ȯȴ əɑ ɚɞɘɑɣɌɑɞɝɫ əɌɖɚɛɗɑəɔɫ ɖɚəɞɜɌɝɞɌ 

ɚɣɌɏɚɎɧɘɔ ɝɖɚɛɗɑəɔɫɘɔ ɖɗɑɞɚɖ ȯɚɤɑ, ɣɞɚ 

ɣɌɝɞɚ ɛɚɘɚɏɌɑɞ ɚɞɗɔɣɔɞɨ ɔɡ ɚɞ ɠɚɖɌɗɨəɚɕ 

əɚɐɟɗɫɜəɚɕ ɏɔɛɑɜɛɗɌɓɔɔ ɛɑɣɑəɔ ɔ ɜɌɓɗɔɣəɧɡ 

ɎɔɐɚɎ ɚɛɟɡɚɗɑɎɚɏɚ ɛɚɜɌɒɑəɔɫ [21, 24 ð 26] 

(ɜɔɝ. 3). 

Ȼɚ ɐɌəəɧɘ ɔɝɝɗɑɐɚɎɌəɔɫɘ ɝ ɛɜɔɘɑəɑ-

əɔɑɘ ɘɑɞɚɐɔɖɔ ȸȼðɐɔɠɠɟɓɔɔ ɐɗɫ ɖɚɗɔɣɑ-

ɝɞɎɑəəɚɕ ɚɢɑəɖɔ ɛɌɞɚɗɚɏɔɣɑɝɖɚɕ ɔəɠɔɗɨ-

ɞɜɌɢɔɔ ɛɑɣɑəɔ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɖɚɜɜɑɗɫɢɔɫ 

ɘɑɒɐɟ ɝəɔɒɑəɔɑɘ ɔɓɘɑɜɫɑɘɚɏɚ ɖɚɩɠɠɔɢɔ-

ɑəɞɌ ɐɔɠɠɟɓɔɔ ɔ ɞɫɒɑɝɞɨɪ ɞɑɣɑəɔɫ ɍɚɗɑɓəɔ 

[27].  

Ƚɖɚɛɗɑəɔɫ ɖɗɑɞɚɖ ȯɚɤɑ Ɏ ɛɑɣɑəɔ ɓɌ 

ɝɣɑɞ ɚɍɦɬɘəɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ ɔ ɛɜɚɎɚɝɛɌɗɔ-

ɞɑɗɨəɚɕ ɌɖɞɔɎəɚɝɞɔ ɝɛɚɝɚɍɝɞɎɟɪɞ ɜɌɓɎɔɞɔɪ 

ɔɤɑɘɔɣɑɝɖɔɡ ɔ ɠɔɍɜɚɓəɧɡ ɔɓɘɑəɑəɔɕ, Ɍ 

ɞɌɖɒɑ ɘɚɏɟɞ ɛɜɔɎɑɝɞɔ ɖ ɛɚɎɧɤɑəəɚɘɟ 

əɌɖɚɛɗɑəɔɪ ɒɑɗɑɓɌ ɛɑɣɑəɨɪ. Ȼɚɝɖɚɗɨɖɟ ɐɌə-

əɧɑ ɔɓɘɑəɑəɔɫ ɫɎɗɫɪɞɝɫ ɔɓɎɑɝɞəɧɘɔ ɠɌɖ-

ɞɚɜɌɘɔ ɜɔɝɖɌ ɜɌɓɎɔɞɔɫ ɏɑɛɌɞɚɢɑɗɗɪɗɫɜəɚɏɚ 

ɜɌɖɌ, ɝɖɜɔəɔəɏ ɩɞɔɡ ɝɚɝɞɚɫəɔɕ ɔɘɑɑɞ ɚɝɚɍɟɪ 

ɎɌɒəɚɝɞɨ ɛɜɔ Ɏɑɐɑəɔɔ ɛɌɢɔɑəɞɚɎ ɝ ɍɚɗɑɓəɨɪ 

ȯɚɤɑ. Ⱥɝɚɍɑəəɚ ɩɞɚ ɖɌɝɌɑɞɝɫ ɍɚɗɨəɧɡ ɝɚ 

ɝɛɗɑəɩɖɞɚɘɔɑɕ Ɏ ɌəɌɘəɑɓɑ, ɟ ɖɚɞɚɜɧɡ ɠɔɍ-

ɜɚɓ ɛɑɣɑəɔ ɔ ɛɑɜɑɏɜɟɓɖɌ ɒɑɗɑɓɚɘ əɌɍɗɪɐɌ-

ɪɞɝɫ ɣɌɥɑ ɔ Ɏ ɍɚɗɑɑ ɞɫɒɑɗɚɕ ɝɞɑɛɑəɔ [28, 

29].  

ȻɜɔɣɔəɌ ɛɚɎɧɤɑəəɚɏɚ ɟɜɚɎəɫ ɠɑɜɜɔ-

ɞɔəɌ Ɏ ɖɜɚɎɔ, əɌɖɚɛɗɑəɔɫ ɒɑɗɑɓɌ Ɏ ɛɑɣɑəɔ ɔ 

ɔɡ ɎɓɌɔɘɚɝɎɫɓɨ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ Ɏ əɌɝɞɚɫ-

ɥɑɑ Ɏɜɑɘɫ əɑ ɚɛɜɑɐɑɗɑəɌ. ȺɐəɌɖɚ ɔɓɎɑɝɞəɚ, 

ɣɞɚ ɔɡ ɛɚɎɧɤɑəɔɑ ɍɚɗɑɑ ɎɧɜɌɒɑəɚ ɟ ɍɚɗɨəɧɡ 

ɝɚ ɝɛɗɑəɩɖɞɚɘɔɑɕ [30]. Ⱥɐəɚɕ ɔɓ ɛɜɔɣɔə ɩɞɚ-

ɘɟ ɘɚɒɑɞ ɫɎɗɫɞɨɝɫ ɣɌɝɞɚɑ ɛɑɜɑɗɔɎɌəɔɑ ɖɜɚ-

Ɏɔ ɟ ɐɌəəɚɕ ɏɜɟɛɛɧ ɛɌɢɔɑəɞɚɎ. ȻɑɜɑɏɜɟɓɖɌ 

ɒɑɗɑɓɚɘ ɫɎɗɫɑɞɝɫ ɐɚɎɚɗɨəɚ ɜɑɐɖɔɘ ɛɜɚɫɎɗɑ-

əɔɑɘ ɍɚɗɑɓəɔ ȯɚɤɑ, ɔ ɐɗɫ ɑɏɚ ɐɔɌɏəɚɝɞɔɖɔ Ɏ 

əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɔɝɛɚɗɨɓɟɑɞɝɫ ɘɑɞɚɐɔɖɌ 

ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ Ⱦ2*-ɜɑɗɌɖɝɚɘɑɞɜɔɔ 

ɛɑɣɑəɔ ɝ ɖɚɗɔɣɑɝɞɎɑəəɚɕ ɚɢɑəɖɚɕ ɔɓɍɧɞɚɣ-

əɚɏɚ  əɌɖɚɛɗɑəɔɫ  ɒɑɗɑɓɌ.  ȰɌəəɌɫ  ɘɑɞɚɐɔɖɌ  
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ɚɝəɚɎɌəɌ əɌ ɜɑɏɔɝɞɜɌɢɔɔ ɝəɔɒɑəɔɫ ɔəɞɑə-

ɝɔɎəɚɝɞɔ ȸȼ-ɝɔɏəɌɗɌ ɞɖɌəɔ, əɌɝɧɥɑəəɚɕ 

ɔɚəɌɘɔ ɞɜɑɡɎɌɗɑəɞəɚɏɚ ɒɑɗɑɓɌ. Ȱɗɫ ɩɞɚɏɚ 

ɚɢɑəɔɎɌɑɞɝɫ ɛɌɜɌɘɑɞɜ Ɏɜɑɘɫ ɜɑɗɌɖɝɌɢɔɔ Ⱦ2* 

ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɚɝɞɔ ɏɜɌɐɔɑəɞəɚɏɚ ɩɡɌ. Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ 

ɛɜɚɎɑɐɑəəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɚɛɜɑɐɑɗɬəəɚɑ 

Ɏɜɑɘɑəɔ ɜɑɗɌɖɝɌɢɔɔ Ⱦ2* ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɖɚə-

ɖɜɑɞəɧɘ ɖɚəɢɑəɞɜɌɢɔɫɘ ɒɑɗɑɓɌ, ɣɞɚ ɛɚɓɎɚ-

ɗɫɑɞ ɎɧɫɎɔɞɨ ɛɑɜɑɏɜɟɓɖɟ ɒɑɗɑɓɌ ɛɑɣɑəɨɪ ɟ 

ɛɌɢɔɑəɞɚɎ ɝ ɍɚɗɑɓəɨɪ ȯɚɤɑ [29, 31, 32] (ɜɔɝ. 

4). 

Ȱɗɫ ɚɢɑəɖɔ ɠɔɍɜɚɓɌ ɛɑɣɑəɔ əɌɔɍɚɗɑɑ 

ɣɌɝɞɚ ɛɜɔɘɑəɫɑɞɝɫ ȿȳȴ ɝ ɛɜɔɘɑəɑəɔɑɘ ɘɑ-

ɞɚɐɔɖɔ ɩɗɌɝɞɚɏɜɌɠɔɔ,  ɚɝəɚɎɌəəɚɕ əɌ ɓɌɎɔ-

ɝɔɘɚɝɞɔ ɝɖɚɜɚɝɞɔ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɝɐɎɔɏɚ-

Ɏɚɕ Ɏɚɗəɧ Ɏ ɞɖɌəɫɡ ɚɞ ɔɡ ɒɑɝɞɖɚɝɞɔ ð ɣɑɘ 

ɛɗɚɞəɑɑ ɛɑɣɑəɨ, ɞɑɘ ɍɧɝɞɜɑɑ ɜɌɝɛɜɚɝɞɜɌəɫ-

ɑɞɝɫ Ɏ əɑɕ ɝɐɎɔɏɚɎɌɫ ɎɚɗəɌ (ɜɔɝ. 5) [33]. 

ȾɌɖɒɑ ɐɗɫ ɎɧɫɎɗɑəɔɫ ɠɔɍɜɚɓɌ ɛɑɣɑəɔ 

ɌɖɞɔɎəɚ ɝɞɌɗɌ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɝɚɎɜɑɘɑəəɌɫ 

ɘɑɞɚɐɔɖɌ ȸȼȾ ð ȸȼ-ɩɗɌɝɞɚɏɜɌɠɔɫ. Ȼɜɔ ɑɑ 

Ɏɧɛɚɗəɑəɔɔ Ɏɛɗɚɞəɟɪ ɖ ɍɚɖɚɎɚɕ ɍɜɪɤəɚɕ 

ɝɞɑəɖɑ Ɏ ɚɍɗɌɝɞɔ ɛɑɣɑəɔ ɛɜɔɝɚɑɐɔəɫɑɞɝɫ 

ɟɝɞɜɚɕɝɞɎɚ, ɏɑəɑɜɔɜɟɪɥɑɑ ɘɑɡɌəɔɣɑɝɖɔɑ 

Ɏɚɗəɧ ɓɌɐɌəəɚɕ, ɠɔɖɝɔɜɚɎɌəəɚɕ ɣɌɝɞɚɞɧ 

(ɚɍɧɣəɚ ɘɑɒɐɟ 40 ɔ 120 ȯɢ). ȻɜɚɎɚɐɔɞɝɫ ɛɚ-

ɗɟɣɑəɔɑ ɏɜɌɐɔɑəɞ-ɩɡɚ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ ɛɚ 

ɘɑɜɑ ɛɜɚɡɚɒɐɑəɔɫ ɘɑɡɌəɔɣɑɝɖɚɕ Ɏɚɗəɧ ɣɑ-

ɜɑɓ ɞɖɌəɔ ɛɑɣɑəɔ, ɛɜɔ ɩɞɚɘ ɏɜɌɐɔɑəɞɧ ɝɔə-

ɡɜɚəɔɓɔɜɚɎɌəɧ ɝ ɏɑəɑɜɌɢɔɑɕ ɘɑɡɌəɔɣɑɝɖɔɡ 

ɖɚɗɑɍɌəɔɕ. Ȼɚɗɟɣɑəəɧɑ ɠɌɓɚ-ɖɚəɞɜɌɝɞəɧɑ 

ɔɓɚɍɜɌɒɑəɔɫ, ɚɞɜɌɒɌɪɥɔɑ ɛɜɚɡɚɒɐɑəɔɑ ɘɑ-

ɡɌəɔɣɑɝɖɔɡ Ɏɚɗə, ɚɍɜɌɍɌɞɧɎɌɪɞɝɫ ɝɛɑɢɔɌɗɨ-

əɧɘɔ ɘɌɞɑɘɌɞɔɣɑɝɖɔɘɔ ɌɗɏɚɜɔɞɘɌɘɔ ɐɗɫ 

ɏɑəɑɜɌɢɔɔ ɢɎɑɞɚɎɧɡ ɖɌɜɞ ɒɑɝɞɖɚɝɞɔ ɞɖɌəɑɕ 

(ɩɗɌɝɞɚɏɜɌɘɘ) (ɜɔɝ. 6) [33, 34]. 

Ȯ ɛɚɝɗɑɐəɔɑ ɏɚɐɧ ɐɗɫ ɚɢɑəɖɔ ɝɞɑɛɑəɔ 

ɠɔɍɜɚɓɌ ɌɖɞɔɎəɚ ɔɓɟɣɌɑɞɝɫ ɚɞəɚɝɔɞɑɗɨəɚ əɚ-

Ɏɧɕ ɘɑɞɚɐ ɖɌɜɞɔɜɚɎɌəɔɫ ɘɌɖɜɚɘɚɗɑɖɟɗɫɜ-

əɚɕ ɛɜɚɞɚəəɚɕ ɠɜɌɖɢɔɔ (ȸȻɀ) ɛɜɔ ȸȼȾ. Ȯ 

ɚɝəɚɎɑ ɘɑɞɚɐɌ ɗɑɒɔɞ ɩɠɠɑɖɞ ɛɑɜɑəɚɝɌ 

əɌɘɌɏəɔɣɑəəɚɝɞɔ ɘɑɒɐɟ ɛɜɚɞɚəɌɘɔ ɝɎɚɍɚɐ-

əɚɕ  Ɏɚɐɧ  ɔ  ɛɜɚɞɚəɌɘɔ,  ɝɎɫɓɌəəɧɘɔ ɝ ɘɌɖ- 

 

ȼɔɝ. 1 Ɍ (Fig. 1 Ɍ) 

 

ȼɔɝ. 1 ɍ (Fig. 1 b) 

ȼɔɝ. 1.    ȸȼȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ. 

ȹɌ Ⱦ2-Ȯȴ (Ɍ) ɔ Ⱦ1-Ȯȴ (ɍ) ɝɞɜɟɖɞɟɜɌ ɛɑɣɑəɔ ɚɐəɚɜɚɐəɌɫ, ɚɛɜɑɐɑɗɫɪɞɝɫ ɛɜɔɓəɌɖɔ ɎɧɜɌɒɑəəɚɕ ɏɑɛɌɞɚɘɑ-

ɏɌɗɔɔ. 

Fig. 1.   MR images of the abdominal organs in the axial plane.  

On T2 -WI (a) and T1 -WI (b), the structure of the liver is homogeneous, signs of severe hepatomegaly are de-

termined.  

 

ȼɔɝ. 2 (Fig. 2) 

ȼɔɝ. 2.    ȿȳȴ ɛɑɣɑəɔ. 

ȻɌɜɑəɡɔɘɌ ɛɑɣɑəɔ əɑɚɐəɚɜɚɐəɌɫ ɓɌ ɝɣɑɞ əɌɗɔɣɔɫ 

ɘəɚɏɚɣɔɝɗɑəəɧɡ ɏɔɛɑɜɩɡɚɏɑəəɧɡ ɚɣɌɏɚɎ ɛɜɔɘɑɜ-

əɧɘ ɐɔɌɘɑɞɜɚɘ 20 ɘɘ [24]. 

Fig. 2.    Ultrasound of the liver.  

Liver parenchyma is heterogeneous due to the pres-

ence of numerous hyperechoic foci with an approxi-

mate diameter of 20 mm [24].  
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ȼɔɝ. 3 Ɍ (Fig. 3 Ɍ) 

 

ȼɔɝ. 3 ɍ (Fig. 3 b) 

 

ȼɔɝ. 3 Ɏ (Fig. 3 ɝ) 

ȼɔɝ. 3.  ȸȼȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɝ ɛɜɔɘɑəɑəɔɑɘ ɏɑɛɌɞɚɝɛɑ-

ɢɔɠɔɣəɚɏɚ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ. 

ȹɌ ɛɜɑɐɖɚəɞɜɌɝɞəɚɘ Ⱦ1-Ȯȴ Ɏ S8 ɝɑɏɘɑəɞɑ ɛɑɣɑəɔ ɎɔɓɟɌɗɔɓɔɜɟɪɞɝɫ ɏɔɛɚɔəɞɑəɝɔɎəɧɑ ɟɣɌɝɞɖɔ əɑɛɜɌ-

Ɏɔɗɨəɚɕ ɠɚɜɘɧ ɝ əɑɜɚɎəɧɘɔ əɑɣɑɞɖɔɘɔ ɖɚəɞɟɜɌɘɔ (Ɍ), ɛɜɑɐɝɞɌɎɗɫɪɥɔɑ ɚɣɌɏɚɎɧɑ ɝɖɚɛɗɑəɔɫ ɖɗɑɞɚɖ 

ȯɚɤɑ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). ȹɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ Ⱦ1-Ȯȴ (ɍ) ɚɣɌɏɚɎɧɑ ɔɓɘɑəɑəɔɫ ɛɑɣɑəɔ əɑ əɌɖɌɛɗɔɎɌɪɞ ɖɚə-

ɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ. Ȯ ɚɞɝɞɜɚɣɑəəɚɪ ɠɌɓɟ ɝɖɌəɔɜɚɎɌəɔɫ (Ɏ) əɑɔɓɘɑəɬəəɌɫ ɛɌɜɑəɡɔɘɌ ɛɑɣɑəɔ ɌɖɞɔɎəɚ 

əɌɖɌɛɗɔɎɌɑɞ ɏɑɛɌɞɚɝɛɑɢɔɠɔɣəɚɑ ɖɚəɞɜɌɝɞəɚɑ ɎɑɥɑɝɞɎɚ (ɍɑɗɌɫ ɝɞɜɑɗɖɌ), ɚɣɌɏɚɎɧɑ ɔɓɘɑəɑəɔɫ ɛɑɣɑəɔ əɑ 

əɌɖɌɛɗɔɎɌɪɞ ɖɚəɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ [25]. 

Fig. 3.   MR images of the abdominal organs in the axial plane using hepatospecific contrast agent.  

Hypointense areas of irregular shape with fuzzy contours are visualized on pre -Gd T1 in S8 segment of the 

liver (a), representing  focal clusters of Gaucher cells (yellow arrow). There is no focal liver enhancement on 

post -Gd T1 images (b). Unchanged liver parenchyma (white arrow) enhances on the delayed scanning phase 

images (c), with unenhanced foci [25].  

 

ȼɔɝ. 4 (Fig. 4) 

 

ȼɔɝ. 5 (Fig. 5)  

ȼɔɝ. 4.      ȸȼȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ Ɏ 

ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɝ ɛɜɔɘɑəɑəɔɑɘ ɔɘ-

ɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ ɏɜɌɐɔɑəɞəɚɏɚ 

ɩɡɌ. 

ȹɌ Ⱦ2* GRE-Ȯȴ Ɏ ɛɑɣɑəɔ ɚɞɘɑɣɌɪɞɝɫ ɛɜɔɓəɌɖɔ 

ɛɑɜɑɏɜɟɓɖɔ ɒɑɗɑɓɚɘ, ɛɜɚɫɎɗɫɪɥɔɑɝɫ ɜɑɓɖɔɘ ɝəɔ-

ɒɑəɔɑɘ ɔəɞɑəɝɔɎəɚɝɞɔ ȸȼ-ɝɔɏəɌɗɌ ɚɞ ɑɑ ɛɌɜɑə-

ɡɔɘɧ [32]. 

Fig. 4.   GRE T2*-weighted MR images.  

Axial image of a patient with severe iron overload 

demonstrates abrupt decrease in the liver signal in-

tensity [32].  

ȼɔɝ. 5.   ȿȳȴ ɛɑɣɑəɔ ɝ ɛɜɔɘɑəɑəɔɑɘ ɘɑɞɚɐɔɖɔ 

ɩɗɌɝɞɚɏɜɌɠɔɔ ɝɐɎɔɏɚɎɚɕ Ɏɚɗəɧ. 

Ƚɖɚɜɚɝɞɨ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ Ɏɚɗəɧ Ɏ ɓɚəɑ ɔəɞɑɜɑɝɌ 

1,1 ɘ/ɝ, ɣɞɚ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɠɔɍɜɚɓɟ ɛɑɣɑəɔ ɝɞɑɛɑəɔ 

F2 [33].  

Fig. 5.  US of the liver using quantitative shear 

wave ultrasound elastography.  

Wave propagation speed in  the zone of interest is 1.1 

m/s, which corresponds to liver fibrosis of the F2 

degree [33].  
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ɜɚɘɚɗɑɖɟɗɌɘɔ ɖɚɗɗɌɏɑəɌ, ɛɚɎɧɤɑəɔɑ ɛɜɚ-

ɐɟɖɢɔɔ ɖɚɞɚɜɚɏɚ ɫɎɗɫɑɞɝɫ ɚɝəɚɎəɧɘ ɏɔɝɞɚ-

ɛɌɞɚɗɚɏɔɣɑɝɖɔɘ ɛɜɔɓəɌɖɚɘ ɠɔɍɜɚɓɌ ɛɑɣɑəɔ. 

Ⱦɚ ɑɝɞɨ, ɝɔɏəɌɗ ɛɜɔ ɝɖɌəɔɜɚɎɌəɔɔ ɜɑɏɔɝɞɜɔ-

ɜɟɑɞɝɫ ɚɞ ɚɍɑɔɡ ɠɜɌɖɢɔɕ, ɓɌɞɑɘ ɛɚɐɌɑɞɝɫ 

ɛɜɑɐəɌɝɧɥɌɪɥɔɕ ɔɘɛɟɗɨɝ, ɖɚɞɚɜɧɕ Ɏɧɖɗɪ-

ɣɌɑɞ ɛɜɚɞɚəɧ ɘɌɖɜɚɘɚɗɑɖɟɗ ɔ ɎɛɚɝɗɑɐɝɞɎɔɔ 

ɜɑɏɔɝɞɜɔɜɟɑɞɝɫ ɣɔɝɞɌɫ ɎɚɐɌ. Ƚɟɞɨ ɘɑɞɚɐɌ ɓɌ-

ɖɗɪɣɌɑɞɝɫ Ɏ ɛɚɝɞɜɚɑəɔɔ ɖɌɜɞ ȸȻɀ əɌ ɚɝəɚɎɑ 

ɝɧɜɧɡ ɐɌəəɧɡ ɝɖɌəɔɜɚɎɌəɔɫ ɝ ɔɝɛɚɗɨɓɚɎɌ-

əɔɑɘ ɝɛɑɢɔɌɗɨəɧɡ ɌɗɏɚɜɔɞɘɚɎ ɔ ɛɜɚɏɜɌɘɘ-

əɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ. ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɕ 

ɛɚɖɌɓɌɗɔ Ɏɧɝɚɖɟɪ ɖɚɜɜɑɗɫɢɔɪ ɝ ɐɌəəɧɘɔ 

ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ. ɉɞɚ ɐɑɗɌɑɞ 

ɘɑɞɚɐ ɍɧɝɞɜɚɏɚ ɖɌɜɞɔɜɚɎɌəɔɫ ȸȻɀ ɚɐəɔɘ ɔɓ 

ɛɑɜɝɛɑɖɞɔɎəɧɡ Ɏ ɛɗɌəɑ əɑɔəɎɌɓɔɎəɚɕ ɚɢɑə-

ɖɔ ɠɔɍɜɚɓɌ ɛɑɣɑəɔ ɔ ɞɜɑɍɟɑɞ ɐɌɗɨəɑɕɤɑɏɚ 

ɔɓɟɣɑəɔɫ ɐɗɫ Ɏɚɓɘɚɒəɚɏɚ Ɏəɑɐɜɑəɔɫ Ɏ ɛɜɌɖ-

ɞɔɖɟ [36]. 

ȷɟɣɑɎɌɫ ɐɔɌɏəɚɝɞɔɖɌ ɛɚɜɌɒɑəɔɕ ɝɑ-

ɗɑɓɑəɖɔ.  

ȻɌɞɚɗɚɏɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ Ɏ ɝɑɗɑɓɑəɖɑ 

ɞɌɖ ɒɑ, ɖɌɖ ɔ Ɏ ɛɑɣɑəɔ, ɘɚɏɟɞ ɛɜɚɫɎɗɫɞɨɝɫ 

ɐɔɠɠɟɓəɧɘ ɛɚɜɌɒɑəɔɑɘ ɚɜɏɌəɌ Ɏ Ɏɔɐɑ ɞɚɗɨ-

ɖɚ ɟɎɑɗɔɣɑəɔɫ ɜɌɓɘɑɜɚɎ ɔɗɔ ɒɑ ɚɣɌɏɚɎɧɘ 

ɛɚɜɌɒɑəɔɑɘ. Ȯ ɛɚɝɗɑɐəɑɘ ɝɗɟɣɌɑ Ɏ ɝɑɗɑɓɑəɖɑ, 

ɛɚɘɔɘɚ ɑɑ ɟɎɑɗɔɣɑəɔɫ, ɚɍəɌɜɟɒɔɎɌɪɞɝɫ 

ɜɌɓəɚɖɌɗɔɍɑɜəɧɑ ɠɚɖɟɝɧ ɝɖɚɛɗɑəɔɫ ɖɗɑɞɚɖ 

ȯɚɤɑ ɔ/ɔɗɔ ɩɖɝɞɜɌɘɑɐɟɗɗɫɜəɚɏɚ ɏɑɘɚɛɚɩɓɌ, 

ɖɚɞɚɜɧɑ ɘɚɒəɚ ɎɧɫɎɔɞɨ ɝ ɛɚɘɚɥɨɪ ȿȳȴ,  

 

 

ȸȼȾ ɔɗɔ ȶȾ [37]. ȼɌɓɘɑɜɧ ɚɜɏɌəɌ ɛɜɔ ɩɞɚɘ 

ɘɚɏɟɞ ɍɧɞɨ ɟɎɑɗɔɣɑəɧ Ɏ 5ð15 ɜɌɓ, Ɏ ɜɑɐɖɔɡ 

ɝɗɟɣɌɫɡ Ɏɚɓɘɚɒəɚ ɟɎɑɗɔɣɑəɔɑ Ɏ 50 ɜɌɓ, ɣɞɚ 

ɫɎɗɫɑɞɝɫ ɠɌɖɞɚɜɚɘ ɜɔɝɖɌ ɎɚɓəɔɖəɚɎɑəɔɫ 

ɔəɠɌɜɖɞɚɎ ɝɑɗɑɓɑəɖɔ [38] (ɜɔɝ. 7). 

Ȼɜɔ ȿȳȴ ɚɣɌɏɚɎɧɑ ɔɓɘɑəɑəɔɫ Ɏ ɝɑɗɑ-

ɓɑəɖɑ, ɖɌɖ ɔ Ɏ ɛɑɣɑəɔ ɘɚɏɟɞ ɍɧɞɨ ɏɔɛɚ-, ɏɔ-

ɛɑɜɩɡɚɏɑəəɧɘɔ ɔɗɔ ɝɘɑɤɌəəɚɕ ɩɡɚɏɑəəɚɝɞɔ 

[39].  

Ȼɜɔ ȶȾ ɚɣɌɏɔ ɔɘɑɪɞ əɔɓɖɟɪ ɛɗɚɞəɚɝɞɨ, 

ɘɑəɑɑ ɔəɞɑəɝɔɎəɚ ɔɗɔ ɎɚɎɝɑ əɑ əɌɖɌɛɗɔɎɌɪɞ 

ɖɚəɞɜɌɝɞəɚɑ ɎɑɥɑɝɞɎɚ, ɛɚ ɝɜɌɎəɑəɔɪ ɝ 

əɑɔɓɘɑəəɚɕ ɞɖɌəɨɪ ɝɑɗɑɓɑəɖɔ. ȴəɚɏɐɌ ɛɚ 

ɛɑɜɔɠɑɜɔɔ ɚɍɜɌɓɚɎɌəɔɫ ɘɚɏɟɞ ɎɔɓɟɌɗɔɓɔɜɚ-

ɎɌɞɨɝɫ ɖɌɗɨɢɔəɌɞɧ [9, 37] (ɜɔɝ. 8). 

ȹɌɔɍɚɗɑɑ ɐɚɝɞɚɎɑɜəɌɫ ɚɢɑəɖɌ ɚɣɌɏɚɎɧɡ 

ɛɚɜɌɒɑəɔɕ Ɏ ɝɑɗɑɓɑəɖɑ ɛɜɚɔɓɎɚɐɔɞɝɫ ɛɜɔ 

ȸȼȾ. ȴəɞɑəɝɔɎəɚɝɞɨ ȸȼ-ɝɔɏəɌɗɌ əɌ ɜɌɓɗɔɣ-

əɧɡ ɔɘɛɟɗɨɝəɧɡ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɫɡ ɓɌɎɔ-

ɝɔɞ ɚɞ ɛɌɞɚɘɚɜɠɚɗɚɏɔɣɑɝɖɚɕ ɝɞɜɟɖɞɟɜɧ ɐɌə-

əɧɡ ɚɣɌɏɚɎ. ȭɚɗɨɤɔəɝɞɎɚ ɔɓ əɔɡ ɡɌɜɌɖɞɑɜɔ-

ɓɟɑɞɝɫ ɔɓɚɔəɞɑəɝɔɎəɧɘ ɝɔɏəɌɗɚɘ əɌ T1-Ȯȴ ɔ 

ɏɔɛɚɔəɞɑəɝɔɎəɧɘ əɌ T2-Ȯȴ, əɚ ɞɌɖɒɑ ɚɞɘɑ-

ɣɌɪɞɝɫ ɟɓɑɗɖɔ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ ɔ əɌ T1-

Ȯȴ, ɔ əɌ T2-Ȯȴ [24, 38] (ɜɔɝ. 9). 

ȶɜɚɘɑ ɞɚɏɚ, ɓɌɣɌɝɞɟɪ ɚɣɌɏɚɎɧɑ ɛɚɜɌ-

ɒɑəɔɫ ɡɌɜɌɖɞɑɜɔɓɟɪɞɝɫ əɑɚɐəɚɜɚɐəɧɘ ȸȼ-

ɝɔɏəɌɗɚɘ ɓɌ ɝɣɑɞ ɏɑɞɑɜɚɏɑəəɚɕ ɝɞɜɟɖɞɟɜɧ ɔɗɔ 

ɏɔɛɚɔəɞɑəɝɔɎəɧɘ ɝɔɏəɌɗɚɘ Ɏ ɢɑəɞɜɑ ɔ ɏɔɛɑ-

ɜɔəɞɑəɝɔɎəɧɘ ɛɚ ɛɑɜɔɠɑɜɔɔ əɌ T2-Ȯȴ ɔ 

əɌɚɍɚɜɚɞ. ȯɔɛɑɜɔəɞɑəɝɔɎəɧɕ əɌ  Ⱦ2-Ȯȴ  ȸȼ- 

 

ȼɔɝ. 6 Ɍ (Fig. 6 Ɍ) 

 

ȼɔɝ. 6 ɍ (Fig. 6 b) 

ȼɔɝ. 6.    ȸȼȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ (Ɍ) ɔ ȸȼ-ɩɗɌɝɞɚɏɜɌɘɘɌ (ɍ). 

ȹɌ Ⱦ2-Ȯȴ ɝ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨɪ ɏɜɌɐɔɑəɞəɚɏɚ ɩɡɌ (Ɍ) ɝɞɜɟɖɞɟɜɌ ɛɌɜɑəɡɔɘɧ ɛɑɣɑəɔ ɚɐəɚɜɚɐəɌɫ, ɚɣɌɏɚ-

Ɏɧɡ ɚɍɜɌɓɚɎɌəɔɕ əɑ ɚɛɜɑɐɑɗɫɑɞɝɫ.  ȹɌ ȸȼ-ɩɗɌɝɞɚɏɜɌɘɘɑ (ɍ) Ɏ ɝɞɜɟɖɞɟɜɑ ɛɑɣɑəɔ ɔɘɑɪɞɝɫ ɟɣɌɝɞɖɔ ɛɚɎɧ-

ɤɑəəɚɕ ɒɑɝɞɖɚɝɞɔ (ɖɜɌɝəɧɕ ɢɎɑɞ ɛɚ ɤɖɌɗɑ ɒɑɝɞɖɚɝɞɔ) [35]. 

Fig. 6.   MR images of the abdom en, axial plane, and MR -elastogram.  

T2, gradient echo pulse sequence (a): the structure of the liver parenchyma is homogeneous, no focal for-

mations are detected. There are areas of increased rigidity in the liver structure (red on the color scale map) 

on t he MR elastogram (b) [35].  
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ȼɔɝ. 7 Ɍ (Fig. 7 Ɍ) 

 

ȼɔɝ. 7 ɍ (Fig. 7 b) 

ȼɔɝ. 7.      ȸȼȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ. 

ȹɌ Ⱦ2-Ȯȴ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ (Ɍ) ɔ Ⱦ2-Ȯȴ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ (ɍ) ɝɞɜɟɖɞɟɜɌ ɛɑɣɑəɔ ɔ ɝɑɗɑɓɑə-

ɖɔ əɑ ɔɓɘɑəɑəɌ, ɚɞɘɑɣɌɪɞɝɫ ɛɜɔɓəɌɖɔ ɜɑɓɖɚ ɎɧɜɌɒɑəəɚɕ ɝɛɗɑəɚɘɑɏɌɗɔɔ. 

Fig. 7.   MR images of the abdomen.  

T2, coronal plane (a) and T2, axial plane (b): the structure of the liver and spleen is unchanged, there are 

signs of the splenomegaly.  

 

ȼɔɝ. 8 Ɍ (Fig. 8 Ɍ) 

 

ȼɔɝ. 8 ɍ (Fig. 8 b) 

ȼɔɝ. 8.   ȶȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ Ɏ ɘɫɏɖɚɞɖɌəəɚɘ ɚɖəɑ. 

ȹɌ ɔɓɚɍɜɌɒɑəɔɫɡ ɍɑɓ ɎɎɑɐɑəɔɫ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ (Ɍ) ɚɛɜɑɐɑɗɫɪɞɝɫ ɜɌɓəɚɖɌɗɔɍɑɜəɧɑ ɏɔɛɚɐɑəɝ-

əɧɑ ɚɣɌɏɚɎɧɑ ɛɚɜɌɒɑəɔɫ ɝɑɗɑɓɑəɖɔ [38]. ȹɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ ɔɓɚɍɜɌɒɑəɔɫɡ (ɍ) Ɏ ɝɞɜɟɖɞɟɜɑ ɟɎɑɗɔɣɑə-

əɚɕ ɝɑɗɑɓɑəɖɔ ɚɛɜɑɐɑɗɫɪɞɝɫ ɚɣɌɏɚɎɧɑ ɚɍɜɌɓɚɎɌəɔɫ, əɑ əɌɖɌɛɗɔɎɌɪɥɔɑ ɖɚəɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ [37]. 

Fig. 8.   CT scans of abdominen, axial plane, soft tissue window.  

Various -sized hypodense focal lesions of the spleen are determined on non -contrast images without contrast 

enhancement (a) [3 8]. On post -contrast images (b), there are non -enhancing focal lesions in the structure of 

the enlarged spleen [37].  
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ɝɔɏəɌɗ ɣɌɥɑ ɝɚɚɞɎɑɞɝɞɎɟɑɞ çɖɜɌɝəɧɘè ɟɓɗɌɘ 

ɝɖɚɛɗɑəɔɫ ɖɗɑɞɚɖ ȯɚɤɑ ɝ əɌɗɔɣɔɑɘ ɜɌɝɤɔ-

ɜɑəəɧɡ ɝɔəɟɝɚɔɐɚɎ, ɚɍəɌɜɟɒɔɎɌɑɘɧɡ ɛɜɔ 

ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ. ȯɔɛɚɔəɞɑə-

ɝɔɎəɧɕ ɝɔɏəɌɗ əɌ Ⱦ2-Ȯȴ ɝɚɚɞɎɑɞɝɞɎɟɑɞ çɍɑ-

ɗɧɘè ɟɓɗɌɘ, Ɏ ɖɚɞɚɜɧɡ ɛɜɔ ɛɌɞɚɗɚɏɚɌəɌɞɚɘɔ-

ɣɑɝɖɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɚɍəɌɜɟɒɔɎɌɪɞɝɫ ɞɚɗɨ-

ɖɚ ɖɗɑɞɖɔ ȯɚɤɑ [37]. 

ȷɟɣɑɎɌɫ ɐɔɌɏəɚɝɞɔɖɌ ɛɚɜɌɒɑəɔɕ 

ɗɑɏɖɔɡ.  

ȼɑɐɖɔɘ ɛɜɚɫɎɗɑəɔɑɘ ɍɚɗɑɓəɔ ȯɚɤɑ I 

ɞɔɛɌ ɫɎɗɫɑɞɝɫ ɛɚɜɌɒɑəɔɑ ɗɑɏɖɔɡ, ɖɚɞɚɜɚɑ 

ɎɝɞɜɑɣɌɑɞɝɫ ɟ 1ð2% ɍɚɗɨəɧɡ ɛɜɑɔɘɟɥɑ-

ɝɞɎɑəəɚ ɝ ɎɧɜɌɒɑəəɧɘɔ ɎɔɝɢɑɜɌɗɨəɧɘɔ ɔ 

ɖɚɝɞəɚ-ɝɟɝɞɌɎəɧɘɔ ɛɜɚɫɎɗɑəɔɫɘɔ, ɔ ɝɚ 

ɝɛɗɑəɩɖɞɚɘɔɑɕ Ɏ ɌəɌɘəɑɓɑ [24]. 

ȻɌɞɚɗɚɏɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ əɑ ɝɛɑɢɔ-

ɠɔɣəɧ, ɡɌɜɌɖɞɑɜɔɓɟɪɞɝɫ ɛɚɜɌɒɑəɔɑɘ ɗɑɏɚɣ-

əɚɏɚ ɔəɞɑɜɝɞɔɢɔɫ ɔ ɝɚɝɟɐɚɎ ɝ ɜɌɓɎɔɞɔɑɘ 

ɝɔɘɛɞɚɘɚɎ ɗɑɏɚɣəɚɕ ɏɔɛɑɜɞɑəɓɔɔ, ɔ ɘɚɏɟɞ 

əɌɍɗɪɐɌɞɨɝɫ ɛɜɔ ɝɚɛɟɞɝɞɎɟɪɥɔɡ ɓɌɍɚɗɑɎɌ-

əɔɫɡ, əɑ ɝɎɫɓɌəəɧɡ ɝ ɍɚɗɑɓəɨɪ ȯɚɤɑ [9, 24, 

38].  

Ȼɜɔ ɖɗɌɝɝɔɣɑɝɖɚɕ ɢɔɠɜɚɎɚɕ ɜɑəɞɏɑəɚ-

ɏɜɌɠɔɔ ɚɜɏɌəɚɎ ɏɜɟɐəɚɕ ɖɗɑɞɖɔ ɔɓɘɑəɑəɔɫ 

ɎɧɫɎɗɫɪɞɝɫ ɜɑɐɖɚ. ȭɚɗɑɑ ɔəɠɚɜɘɌɞɔɎəɚ 

ɛɜɔɘɑəɑəɔɑ ȶȾ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ. ȹɌ 

ɞɚɘɚɏɜɌɘɘɌɡ ɚɛɜɑɐɑɗɫɑɞɝɫ ɟɞɚɗɥɑəɔɑ ɘɑɒ-

ɐɚɗɨɖɚɎɚɏɚ ɔ ɎəɟɞɜɔɐɚɗɨɖɚɎɚɏɚ ɔəɞɑɜɝɞɔɢɔɫ,  

ɝɞɑəɚɖ ɍɜɚəɡɚɎ, Ɍ ɞɌɖɒɑ ɘɚɏɟɞ ɎɧɫɎɗɫɞɨɝɫ 

ɠɚɖɟɝɧ ɟɛɗɚɞəɑəɔɫ ɗɑɏɚɣəɚɕ ɞɖɌəɔ  ɛɚ  ɞɔɛɟ  

 

çɘɌɞɚɎɚɏɚ ɝɞɑɖɗɌè. ȽɣɔɞɌɑɞɝɫ, ɣɞɚ ɔɓɘɑəɑəɔɫ 

Ɏ ɗɑɏɖɔɡ ɫɎɗɫɪɞɝɫ Ɏɞɚɜɔɣəɧɘɔ ɛɚ ɚɞəɚɤɑ-

əɔɪ ɖ ɛɜɫɘɚɕ ɔəɠɔɗɨɞɜɌɢɔɔ ɖɗɑɞɖɌɘɔ ȯɚɤɑ 

ɗɑɏɚɣəɚɏɚ ɔəɞɑɜɝɞɔɢɔɫ [40] (ɜɔɝ. 10). 

ȷɟɣɑɎɌɫ ɐɔɌɏəɚɝɞɔɖɌ ɛɚɜɌɒɑəɔɕ 

ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ ɝɔɝɞɑɘɧ.  

ȻɚɜɌɒɑəɔɑ ɖɚɝɞəɚɕ ɝɔɝɞɑɘɧ ɫɎɗɫɑɞɝɫ 

ɚɐəɔɘ ɔɓ ɚɝəɚɎəɧɡ ɠɌɖɞɚɜɚɎ, ɟɡɟɐɤɌɪɥɔɡ 

ɖɌɣɑɝɞɎɚ ɒɔɓəɔ ɛɌɢɔɑəɞɚɎ ɛɜɔ ɍɚɗɑɓəɔ ȯɚ-

ɤɑ, ɔ ɡɌɜɌɖɞɑɜɔɓɟɑɞɝɫ ɜɌɓəɚɚɍɜɌɓɔɑɘ ɛɜɚɫɎ-

ɗɑəɔɕ [41]. Ⱥɛɜɑɐɑɗɑəɔɑ ɛɌɞɚɠɔɓɔɚɗɚɏɔɣɑ-

ɝɖɔɡ ɘɑɡɌəɔɓɘɚɎ ɑɑ ɛɚɜɌɒɑəɔɫ ɐɚ ɝɔɡ ɛɚɜ 

ɫɎɗɫɑɞɝɫ ɐɔɝɖɟɞɌɍɑɗɨəɧɘ Ɏɚɛɜɚɝɚɘ.  

ȹɌɔɍɚɗɑɑ ɔɓɟɣɑəəɧɘɔ ɫɎɗɫɪɞɝɫ ɝɗɑɐɟ-

ɪɥɔɑ ɘɑɡɌəɔɓɘɧ ɔɓɘɑəɑəɔɫ ɖɚɝɞəɚɕ ɝɔɝɞɑ-

ɘɧ: ɚɍɦɑɘəɚɑ ɎɚɓɐɑɕɝɞɎɔɑ ɔəɠɔɗɨɞɜɌɢɔɔ 

ɖɚɝɞəɚɕ ɞɖɌəɔ ɖɗɑɞɖɌɘɔ ȯɚɤɑ ɔ ɔɡ ɝɛɚɝɚɍ-

əɚɝɞɨ ɔəɐɟɢɔɜɚɎɌɞɨ ɛɜɚɎɚɝɛɌɗɔɞɑɗɨəɟɪ Ɍɖ-

ɞɔɎəɚɝɞɨ ɚɖɜɟɒɌɪɥɔɡ ɖɗɑɞɚɖ. Ȯ ɜɑɓɟɗɨɞɌɞɑ 

ɩɞɔɡ ɛɜɚɢɑɝɝɚɎ ɛɜɚɔɝɡɚɐɔɞ əɌɜɟɤɑəɔɑ 

ɚɝɞɑɚɏɑəɑɓɌ, ɜɌɓɎɔɞɔɑ ɚɝɞɑɚɛɑəɔɔ, ɔɝɞɚəɣɑ-

əɔɑ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɖɚɝɞɔ ɔ ɠɚɜɘɔɜɚɎɌ-

əɔɑ ɚɝɞɑɚɗɔɞɔɣɑɝɖɔɡ ɚɣɌɏɚɎ [12, 42]. ȶɜɚɘɑ 

ɞɚɏɚ, ɖ ɛɜɑɐɜɌɝɛɚɗɌɏɌɪɥɔɘ ɠɌɖɞɚɜɌɘ ɜɌɓ-

Ɏɔɞɔɫ ɚɝɞɑɚəɑɖɜɚɓɌ ɚɞəɚɝɫɞ ɛɚɎɜɑɒɐɌɪɥɑɑ 

ɐɑɕɝɞɎɔɑ ɢɔɞɚɖɔəɚɎ ɔ ɡɑɘɚɖɔəɚɎ əɌ ɩəɐɚɞɑ-

ɗɔɕ ɝɚɝɟɐɚɎ ɝ ɜɌɓɎɔɞɔɑɘ ɏɔɛɑɜɖɚɌɏɟɗɫɢɔɔ, Ɍ 

ɞɌɖɒɑ ɔɤɑɘɔɪ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɛɚɎɧɤɑəəɚɏɚ 

Ɏəɟɞɜɔɖɚɝɞəɚɏɚ ɐɌɎɗɑəɔɫ ɛɜɔ ɔəɠɔɗɨɞɜɌɢɔɔ 

ɖɚɝɞəɚɏɚ ɘɚɓɏɌ [43].  

Ȱɗɫ ɍɚɗɑɓəɔ  ȯɚɤɑ  ɡɌɜɌɖɞɑɜəɌ  ɚɛɜɑɐɑ- 

 

ȼɔɝ. 9 Ɍ (Fig. 9 Ɍ) 

 

ȼɔɝ. 9 ɍ (Fig. 9 b) 

ȼɔɝ. 9.   ȸȼȾ ɚɜɏɌəɚɎ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ. 

ȹɌ Ⱦ2-Ȯȴ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ (Ɍ) ɔ Ⱦ1-Ȯȴ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ (ɍ) Ɏ ɝɞɜɟɖɞɟɜɑ ɜɑɓɖɚ ɟɎɑɗɔɣɑə-

əɚɕ ɝɑɗɑɓɑəɖɔ ɚɛɜɑɐɑɗɫɪɞɝɫ ɘəɚɒɑɝɞɎɑəəɧɑ ɜɌɓəɚɖɌɗɔɍɑɜəɧɑ ɚɣɌɏɔ ɚɖɜɟɏɗɚɕ ɠɚɜɘɧ, əɑɚɐəɚɜɚɐəɚɕ 

ɝɞɜɟɖɞɟɜɧ [21]. 

Fig. 9.   MR images of the abdomen.  

T2, coronal plane (a) and T1, axial plane (b): there are multipl e lesions of different size, round shape, hetero-

geneous structure in a spleen tissue [21].  
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ɗɑəəɌɫ ɐɔəɌɘɔɖɌ ɛɚɜɌɒɑəɔɫ ɖɚɝɞəɚɕ ɝɔɝɞɑ-

ɘɧ: əɌ ɜɌəəɔɡ ɝɞɌɐɔɫɡ ɣɌɥɑ ɛɚɜɌɒɌɑɞɝɫ 

ɚɝɑɎɚɕ ɝɖɑɗɑɞ, Ɍ ɓɌɞɑɘ ɟɒɑ ɔɓɘɑəɑəɔɫ ɛɚɫɎ-

ɗɫɪɞɝɫ Ɏ ɐɗɔəəɧɡ ɞɜɟɍɣɌɞɧɡ ɖɚɝɞɫɡ, ɏɐɑ ɚəɔ 

ɜɌɝɛɜɚɝɞɜɌəɫɪɞɝɫ Ɏ ɐɔɝɞɌɗɨəɚɘ əɌɛɜɌɎɗɑ-

əɔɔ, ɐɔɝɞɌɗɨəɧɑ ɩɛɔɠɔɓɧ ɛɜɔ ɩɞɚɘ ɘɚɏɟɞ əɑ 

ɎɚɎɗɑɖɌɞɨɝɫ Ɏ ɛɜɚɢɑɝɝ [12]. 

Ȱɗɫ ɛɚɗəɚɢɑəəɚɕ ɚɢɑəɖɔ ɛɚɜɌɒɑəɔɫ 

ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ ɝɔɝɞɑɘɧ ɛɜɔɘɑəɫɪɞɝɫ 

ɜɑəɞɏɑəɚɏɜɌɠɔɫ, ȸȼȾ, ɐɎɟɡɩəɑɜɏɑɞɔɣɑɝɖɌɫ 

ɜɑəɞɏɑəɚɎɝɖɌɫ ɐɑəɝɔɞɚɘɑɞɜɔɫ (DEXA) ɔ ɜɌ-

ɐɔɚəɟɖɗɔɐəɧɑ ɘɑɞɚɐɧ [41]. 

ȶɗɌɝɝɔɣɑɝɖɌɫ ɜɑəɞɏɑəɚɏɜɌɠɔɫ ɛɚ-

ɛɜɑɒəɑɘɟ ɫɎɗɫɑɞɝɫ ɚɐəɔɘ ɔɓ ɛɑɜɎɔɣəɧɡ ɘɑ-

ɞɚɐɚɎ ɎɔɓɟɌɗɔɓɌɢɔɔ, ɛɚɓɎɚɗɫɪɥɔɘ ɓɌɛɚɐɚ-

ɓɜɔɞɨ ɍɚɗɑɓəɨ ȯɚɤɑ ɔ ɝɚɜɔɑəɞɔɜɚɎɌɞɨ ɐɜɟɏɔɑ, 

ɍɚɗɑɑ ɔəɠɚɜɘɌɞɔɎəɧɑ ɘɑɞɚɐɧ ɗɟɣɑɎɚɕ ɐɔɌ-

ɏəɚɝɞɔɖɔ ɐɗɫ ɝɖɌəɔɜɚɎɌəɔɫ ɚɛɜɑɐɑɗɑəəɚɕ 

ɚɍɗɌɝɞɔ ɖɚɝɞəɚɕ ɝɔɝɞɑɘɧ [38]. 

ȹɑɐɚɝɞɌɞɖɚɘ ɐɌəəɚɏɚ ɘɑɞɚɐɌ ɫɎɗɫɑɞɝɫ 

ɞɚ, ɣɞɚ ɚə ɎɧɝɚɖɚɔəɠɚɜɘɌɞɔɎɑə ɐɗɫ ɎɧɫɎɗɑ-

əɔɫ ɟɒɑ ɏɜɟɍɧɡ ɔɓɘɑəɑəɔɕ ɖɚɝɞəɚɕ ɞɖɌəɔ. ȶ 

əɔɘ ɚɞəɚɝɫɞɝɫ ɖɚɗɍɚɚɍɜɌɓəɌɫ ɐɑɠɚɜɘɌɢɔɫ 

ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɍɑɐɜɑəəɧɡ ɔ ɛɜɚɖɝɔ-

ɘɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɍɚɗɨɤɑɍɑɜɢɚɎɧɡ ɖɚɝɞɑɕ 

(ɖɚɗɍɌ ɉɜɗɑəɘɑɕɑɜɌ); əɑɚɐəɚɜɚɐəɚɝɞɨ ɖɚɝɞ-

əɚɕ ɞɖɌəɔ, ɚɍɟɝɗɚɎɗɑəəɌɫ ɟɣɌɝɞɖɌɘɔ ɚɝɞɑ-

ɚɛɑəɔɔ, ɚɖɜɟɒɑəəɧɘɔ ɝɖɗɑɜɚɓɚɘ; Ɍɝɑɛɞɔɣɑ-

ɝɖɔɕ əɑɖɜɚɓ, ɎɚɓəɔɖɌɪɥɔɕ ɣɌɥɑ Ɏ ɏɚɗɚɎɖɌɡ 

ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ (ɜɑɒɑ ɛɚɜɌɒɌɪɞɝɫ ɞɑɗɌ 

ɛɚɓɎɚəɖɚɎ ɔ ɏɚɗɚɎɖɔ  ɛɗɑɣɑɎɧɡ ɖɚɝɞɑɕ); ɛɌ-

ɞɚɗɚɏɔɣɑɝɖɔɑ ɛɑɜɑɗɚɘɧ, ɎɝɗɑɐɝɞɎɔɑ ɔɝɞɚəɣɑ-

əɔɫ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ [9, 41] (ɜɔɝ. 11, 12). 

ȰɎɟɡɩəɑɜɏɑɞɔɣɑɝɖɌɫ ɜɑəɞɏɑəɚɎɝɖɌɫ 

ɐɑəɝɔɞɚɘɑɞɜɔɫ (dual-energy X -

rayabsorptiometry, DEXA) ɫɎɗɫɑɞɝɫ ɘɑɞɚɐɚɘ 

ɎɧɍɚɜɌ ɐɗɫ ɚɢɑəɖɔ ɚɝɞɑɚɛɑəɔɔ ɔ ɘɔəɑɜɌɗɨ-

əɚɕ ɛɗɚɞəɚɝɞɔ ɖɚɝɞɑɕ. [38, 41]. 

ȶȾ ɝɗɟɒɔɞ ɐɚɛɚɗəɑəɔɑɘ ɖ ɖɗɌɝɝɔɣɑɝɖɚɕ 

ɜɑəɞɏɑəɚɏɜɌɠɔɔ ɛɜɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɚɢɑəɔɞɨ 

ɝɗɚɒəɧɑ ɛɑɜɑɗɚɘɧ ɖɚɝɞɑɕ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ 

[9, 38, 41].  

ȼɌɐɔɚəɟɖɗɔɐəɌɫ ɐɔɌɏəɚɝɞɔɖɌ əɌɜɫɐɟ ɝ 

ȸȼȾ ɞɌɖ ɒɑ ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɐɗɫ ɚɢɑə-

ɖɔ ɝɚɝɞɚɫəɔɫ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ. ȽɢɔəɞɔɏɜɌɠɔɫ 

ɝ 99m Tcðɖɚɗɗɚɔɐɚɘ ɝɑɜɧ ɛɜɔɘɑəɫɗɌɝɨ ɐɗɫ 

ɖɚɝɎɑəəɚɕ ɚɢɑəɖɔ ɔəɠɔɗɨɞɜɌɢɔɔ  ɖɚɝɞəɚɏɚ 

ɘɚɓɏɌ [44]. ȰɌəəɧɕ ɜɌɐɔɚɠɌɜɘɛɜɑɛɌɜɌɞ 

(ȼɀȻ) ɔəɞɑəɝɔɎəɚ ɛɚɏɗɚɥɌɑɞɝɫ əɑɔɓɘɑəɬə-

əɧɘ ɖɚɝɞəɧɘ ɘɚɓɏɚɘ, ɞɚɏɐɌ ɖɌɖ ɟɣɌɝɞɖɔ 

ɖɚɝɞəɚɏɚ ɘɚɓɏɌ, ɔəɠɔɗɨɞɜɔɜɚɎɌəəɧɑ ɖɗɑɞɖɌ-

ɘɔ ȯɚɤɑ, ɚɞəɚɝɔɞɑɗɨəɚ ɝɗɌɍɚ əɌɖɌɛɗɔɎɌɗɔ 

ȼɀȻ (ɜɔɝ. 13). 

ȽɢɔəɞɔɏɜɌɠɔɫ ɝ ɛɜɔɘɑəɑəɔɑɘ 99m Tc-

sestamib i ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɖɌɖ ɘɑɞɚɐ ɛɜɫɘɚɕ 

ɚɢɑəɖɔ ɔəɠɔɗɨɞɜɌɢɔɔ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ, ɖɚɞɚ-

ɜɧɕ ɚɝəɚɎɌə əɌ ɔəɞɑəɝɔɎəɚɘ ɛɚɏɗɚɥɑəɔɔ 

ȼɀȻ ɖɗɑɞɖɌɘɔ ȯɚɤɑ, Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ ɔəɞɌɖɞ-

əɧɕ ɖɚɝɞəɧɕ ɘɚɓɏ ɛɚɏɗɚɥɌɑɞ ɑɏɚ ɚɞəɚɝɔɞɑɗɨ-

əɚ ɝɗɌɍɚ [45, 46]. 

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɐɌɒɑ ɛɜɔ əɌɗɔɣɔɔ 

ȸȼȾ ɐɌəəɧɕ ɘɑɞɚɐ ɘɚɒɑɞ ɍɧɞɨ ɛɚɗɑɓəɧɘ 

ɛɜɔ ɔɝɝɗɑɐɚɎɌəɔɔ ɐɑɞɑɕ ɐɗɫ ɜɌɓɏɜɌəɔɣɑəɔɫ 

ɛɌɞɚɗɚɏɔɣɑɝɖɚɕ ɔəɠɔɗɨɞɜɌɢɔɔ ɔ əɑɔɓɘɑəɑə-

əɚɏɚ ɖɜɌɝəɚɏɚ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ. ȺɐəɌɖɚ Ɏ ɛɑ-

ɐɔɌɞɜɔɣɑɝɖɚɕ ɛɜɌɖɞɔɖɑ, Ɏ ɝɎɫɓɔ ɝ əɌɗɔɣɔɑɘ 

ɔɚəɔɓɔɜɟɪɥɑɏɚ ɔɓɗɟɣɑəɔɫ, ɑɏɚ ɛɜɔɘɑəɑəɔɑ 

ɝɔɗɨəɚ ɚɏɜɌəɔɣɑəɚ [47]. 

ȽɢɔəɞɔɏɜɌɠɔɫ ɝɖɑɗɑɞɌ ɝ ɔɝɛɚɗɨɓɚɎɌəɔ-

ɑɘ 99m Tc-ɘɑɞɔɗɑəɐɔɠɚɝɠɚəɌɞɌ ɔ ɗɑɕɖɚɢɔ-

ɞɚɎ, ɘɑɣɑəəɧɡ ɔəɐɔɑɘ-111, ɛɜɔ ɍɚɗɑɓəɔ ȯɚ-

ɤɑ ɘɚɒɑɞ ɍɧɞɨ ɛɚɗɑɓəɌ ɛɜɔ ɐɔɌɏəɚɝɞɔɖɑ ɞɌɖ 

əɌɓɧɎɌɑɘɧɡ çɖɚɝɞəɧɡ ɖɜɔɓɚɎè. Ȼɚɝɗɑɐəɔɑ 

ɎɚɓəɔɖɌɪɞ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ Ɏ ɐɑɞɝɖɚɘ ɔ 

ɛɚɐɜɚɝɞɖɚɎɚɘ ɎɚɓɜɌɝɞɑ ɔ ɛɜɚɫɎɗɫɪɞɝɫ Ɏ Ɏɔɐɑ 

ɛɜɔɝɞɟɛɚɎ ɝɔɗɨəɑɕɤɑɕ ɍɚɗɔ Ɏ ɖɚɝɞɫɡ ɝ ɗɔɡɚ-

ɜɌɐɖɚɕ ɔ ɗɑɕɖɚɢɔɞɚɓɚɘ, ɣɞɚ ɘɚɒɑɞ ɔɘɔɞɔɜɚ-

ɎɌɞɨ ɖɌɜɞɔəɟ ɚɝɞɑɚɘɔɑɗɔɞɌ. Ȯɧɛɚɗəɑəɔɑ 

ɝɢɔəɞɔɏɜɌɠɔɔ Ɏ ɞɑɣɑəɔɑ 1ð3 ɐəɑɕ ɚɞ əɌɣɌɗɌ 

ɖɜɔɓɌ ɛɜɚɐɑɘɚəɝɞɜɔɜɟɑɞ əɔɓɖɚɑ ɛɚɏɗɚɥɑəɔɑ 

ȼɀȻ ɛɚɜɌɒɑəəɧɘ ɟɣɌɝɞɖɚɘ Ɏ ɖɚɝɞɔ Ɏ ɚɞɗɔ-

ɣɔɑ ɚɞ ɚɝɞɑɚɘɔɑɗɔɞɌ, ɖɚɏɐɌ əɌɍɗɪɐɌɑɞɝɫ ɏɔ-

ɛɑɜɘɑɞɌɍɚɗɔɓɘ ȼɀȻ ɔəɠɔɢɔɜɚɎɌəəɚɕ ɖɚɝɞ-

əɚɕ ɞɖɌəɨɪ [9, 41].  

Ȼɚɓɔɞɜɚəəɚ-ɩɘɔɝɝɔɚəəɌɫ ɞɚɘɚɏɜɌɠɔɫ 

(ȻɉȾ) ɝɞɌɗɌ  ɍɚɗɑɑ  ɐɚɝɞɟɛəɚɕ Ɏ ɛɚɝɗɑɐəɔɑ ɏɚ- 

 

ȼɔɝ. 10 (Fig. 10) 

ȼɔɝ. 10. ȶȾ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ ɚɜɏɌəɚɎ 

ɏɜɟɐəɚɕ ɖɗɑɞɖɔ Ɏ ɗɑɏɚɣəɚɘ ɚɖəɑ Ɏ ɌɖɝɔɌɗɨəɚɕ 

ɛɗɚɝɖɚɝɞɔ. 

Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɟɞɚɗɥɑəɔɑ ɎəɟɞɜɔɐɚɗɨɖɚɎɚɏɚ ɔ ɘɑɒ-

ɐɚɗɨɖɚɎɚɏɚ ɔəɞɑɜɝɞɔɢɔɫ ɚɍɚɔɡ ɗɑɏɖɔɡ, Ɍ ɞɌɖɒɑ ɘɑɗ-

ɖɔɑ ɢɑəɞɜɔɗɚɍɟɗɫɜəɧɑ ɟɓɑɗɖɔ [24]. 

Fig. 10.    High-resolution CT images of the chest 

organs, aortopulmonary window, axial plane.  

Thickening of the intralobular and interlobular inter-

stitium of both lungs, as well as small centrilobula r 

nodules are determined [24].  
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ȼɔɝ. 11 Ɍ (Fig. 11 Ɍ) 

 

ȼɔɝ. 11 ɍ (Fig. 11 b) 

ȼɔɝ. 11.      ȼɑəɞɏɑəɚɏɜɌɘɘɧ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ Ɏ ɛɜɫɘɚɕ ɛɜɚɑɖɢɔɔ.   

ȭɟɗɌɎɚɎɔɐəɌɫ ɐɑɠɚɜɘɌɢɔɫ ɐɔɝɞɌɗɨəɧɡ ɘɑɞɌɐɔɌɠɔɓɚɎ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ ɝ ɜɌɝɤɔɜɑəɔɑɘ ɖɚɝɞəɚɘɚɓɏɚ-

Ɏɧɡ ɖɌəɌɗɚɎ ɛɚ ɞɔɛɟ ɖɚɗɍ ɉɜɗɑəɘɑɕɑɜɌ (Ɍ) [38]. ȹɑɚɐəɚɜɚɐəɚɝɞɨ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɌɡ 

ɍɑɐɜɑəəɧɡ Ɏ Ɏɔɐɑ ɣɑɜɑɐɚɎɌəɔɫ ɟɣɌɝɞɖɚɎ ɜɌɓɜɑɒɑəɔɫ ɔ ɝɖɗɑɜɚɓɌ (ɍ) [12]. 

Fig. 11.   Femur X-ray, anteroposterior projection.  

Deformation of the distal metadiaphysis of the femur with the expansion of the bone marrow canals, like Er-

lenmeyer flasks, is detected (a) [38]. Heterogeneity  of bone tissue in the distal femoral regions in the form of 

alternating sections of rarefaction and sclerosis (b) [12].  

 

ȼɔɝ. 12 Ɍ (Fig. 12 Ɍ) 

 

ȼɔɝ. 12 ɍ (Fig. 12 b) 

ȼɔɝ. 12.      ȼɑəɞɏɑəɚɏɜɌɘɘɧ ɞɌɓɚɍɑɐɜɑəəɧɡ ɝɟɝɞɌɎɚɎ Ɏ ɛɜɫɘɚɕ ɛɜɚɑɖɢɔɔ. 

ȻɜɔɓəɌɖɔ ɐɑɠɚɜɘɔɜɟɪɥɑɏɚ ɚɝɞɑɚɌɜɞɜɚɓɌ ɗɑɎɚɏɚ ɞɌɓɚɍɑɐɜɑəəɚɏɚ ɝɟɝɞɌɎɌ Ɏ ɜɑɓɟɗɨɞɌɞɑ Ɍɝɑɛɞɔɣɑɝɖɚɏɚ 

əɑɖɜɚɓɌ ɏɚɗɚɎɖɔ ɗɑɎɚɕ ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ (Ɍ) [38]. ȻɌɞɚɗɚɏɔɣɑɝɖɔɕ ɛɚɐɎɑɜɞɑɗɨəɧɕ ɛɑɜɑɗɚɘ ɍɑɐɜɑəəɚɕ ɖɚ-

ɝɞɔ ɝɚ ɝɘɑɥɑəɔɑɘ ɔ Ɏɖɗɔəɑəɔɑɘ ɚɞɗɚɘɖɚɎ, ɐɑɠɚɜɘɌɢɔɫ ɛɜɚɖɝɔɘɌɗɨəɚɏɚ ɚɞɐɑɗɌ ɐɔɌɠɔɓɌ ɍɑɐɜɑəəɚɕ ɖɚ-

ɝɞɔ ɓɌ ɝɣɑɞ ɜɌɝɤɔɜɑəɔɫ ɖɚɝɞəɚɘɚɓɏɚɎɚɏɚ ɖɌəɌɗɌ (ɍ) [12]. 

Fig. 12.   Hip joints X -ray in anteroposterior projection.  

Osteoarthritis of the left hip joint, as a result of aseptic necrosis of the right femoral head (a) [38]. Pathologi-

cal subtroch anteric fracture of the femur with displacement and wedging of fragments, deformation of the 

proximal part of the femoral diaphysis due to the expansion of the medullary canal (b) [12].  
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ɐɧ, əɚ ɤɔɜɚɖɚɏɚ ɛɜɔɘɑəɑəɔɫ ɐɗɫ ɚɢɑəɖɔ 

ɖɚɝɞəɧɡ ɔɓɘɑəɑəɔɕ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ ɩɞɚɞ 

ɘɑɞɚɐ əɑ əɌɤɑɗ. ȽɎɫɓɌəɚ ɩɞɚ ɝ əɔɓɖɚɕ ɝɛɑ-

ɢɔɠɔɣəɚɝɞɨɪ ɎɧɫɎɗɑəəɧɡ ɔɓɘɑəɑəɔɕ, ɞɌɖ 

ɖɌɖ ȼɀȻ, ɔɝɛɚɗɨɓɟɑɘɧɑ ɛɜɔ ȻɉȾ, ɌɖɞɔɎəɚ 

ɛɚɏɗɚɥɌɪɞɝɫ ɖɌɖ ɓɚəɌɘɔ ɚɝɞɑɚəɑɖɜɚɓɌ, ɞɌɖ ɔ 

ɟɣɌɝɞɖɌɘɔ ɚɛɟɡɚɗɑɎɚɏɚ ɛɚɜɌɒɑəɔɫ ɔ ɎɚɝɛɌ-

ɗɑəɔɫ [38]. 

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɚɐəɔɘ ɔɓ əɌɔɍɚɗɑɑ 

ɔəɠɚɜɘɌɞɔɎəɧɡ ɘɑɞɚɐɚɎ əɑɔəɎɌɓɔɎəɚɕ 

ɚɢɑəɖɔ ɝɚɝɞɚɫəɔɫ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɫɎɗɫɑɞɝɫ 

ȸȼȾ. ȰɌəəɧɕ ɘɑɞɚɐ ɛɚɓɎɚɗɫɑɞ ɚɛɜɑɐɑɗɔɞɨ 

ɝɚɚɞəɚɤɑəɔɑ ɒɔɜɚɎɚɏɚ ɔ ɖɜɚɎɑɞɎɚɜəɚɏɚ 

ɖɚɘɛɚəɑəɞɌ Ɏ ɖɚɝɞəɚɘ ɘɚɓɏɑ, ɗɚɖɌɗɔɓɌɢɔɪ ɔ 

ɜɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɨ ɞɌɖɔɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ 

ɔɓɘɑəɑəɔɕ, ɖɌɖ ɔəɠɔɗɨɞɜɌɢɔɫ, ɔɤɑɘɔɫ 

ɖɚɝɞəɚɏɚ ɘɚɓɏɌ (ɚɞɑɖ, ɚɝɞɑɚəɑɖɜɚɓ), ɚɝɞɑɚɗɔ-

ɓɔɝ, ɛɚɝɞɔəɠɌɜɖɞəɧɕ ɚɝɞɑɚɝɖɗɑɜɚɓ, ɛɌɞɚɗɚ-

ɏɔɣɑɝɖɔɕ ɛɑɜɑɗɚɘ ɔ Ɏəɟɞɜɔɖɚɝɞəɧɑ ɏɚɤɑɜɚ-

ɘɧ [48]. 

ȽɛɑɢɔɠɔɣɑɝɖɌɫ ɔəɠɔɗɨɞɜɌɢɔɫ ɖɚɝɞəɚ-

ɏɚ ɘɚɓɏɌ ɖɗɑɞɖɌɘɔ ȯɚɤɑ ɘɚɒɑɞ əɚɝɔɞɨ ɖɌɖ 

ɚɣɌɏɚɎɧɕ, ɞɌɖ ɔ ɐɔɠɠɟɓəɧɕ ɡɌɜɌɖɞɑɜ. ȿ 

Ɏɓɜɚɝɗɧɡ ɩɞɔ ɔɓɘɑəɑəɔɫ əɌ ȸȼ-ɞɚɘɚɏɜɌɘɘɌɡ 

ɛɜɚɫɎɗɫɪɞɝɫ ɝəɔɒɑəɔɑɘ ɔəɞɑəɝɔɎəɚɝɞɔ ɝɔɏ-

əɌɗɌ ɚɞ ɒɑɗɞɚɏɚ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ əɌ Ⱦ1-Ȯȴ ɔ 

Ⱦ2-Ȯȴ, ɞɚɏɐɌ ɖɌɖ Ɏ əɚɜɘɑ ɚə ɛɚɎɧɤɑə. ȹɌ 

ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ ɔəɎɑɜɝɔɔ ð 

ɎɚɝɝɞɌəɚɎɗɑəɔɫ ɝ ɖɚɜɚɞɖɔɘ Ɏɜɑɘɫðɩɡɚ (STIRð

short time inversion r ecovery). ȸȼ-ɝɔɏəɌɗ ɚɞ 

ɟɣɌɝɞɖɚɎ ɔəɠɔɗɨɞɜɌɢɔɔ ɘɚɒɑɞ ɍɧɞɨ əɑɓəɌ-

ɣɔɞɑɗɨəɚ ɛɚɎɧɤɑə. Ȼɜɔ ɎɧɜɌɒɑəəɚɕ ɝɞɑɛɑ-

əɔ ɔəɠɔɗɨɞɜɌɢɔɔ ɔəɞɑəɝɔɎəɚɝɞɨ ɝɔɏəɌɗɌ ɚɞ 

ɛɚɜɌɒɑəəɚɏɚ ɒɑɗɞɚɏɚ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɘɚɒɑɞ 

ɍɧɞɨ əɔɒɑ, ɣɑɘ ɚɞ ɘɧɤɑɣəɧɡ ɝɞɜɟɖɞɟɜ [41, 

48, 49] (ɜɔɝ. 14). 

ȺɢɑəɖɌ ɔəɠɔɗɨɞɜɌɢɔɔ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɟ 

ɐɑɞɑɕ ɚɝɗɚɒəɫɑɞɝɫ ɞɑɘ, ɣɞɚ əɚɜɘɌɗɨəɧɕ 

ɖɜɌɝəɧɕ ɖɚɝɞəɧɕ ɘɚɓɏ ɞɌɖ ɒɑ, ɖɌɖ ɔ ɓɚəɧ 

ɔəɠɔɗɨɞɜɌɢɔɔ, ɚɍɗɌɐɌɑɞ əɔɓɖɚɕ ɔəɞɑəɝɔɎəɚ-

ɝɞɨɪ ɝɔɏəɌɗɌ əɌ T1-Ȯȴ ɔ T2-Ȯȴ. Ȯ ɞɌɖɔɡ ɝɗɟ-

ɣɌɫɡ, ɛɚ ɐɌəəɧɘ əɑɖɚɞɚɜɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ, 

ɘɚɒɑɞ ɍɧɞɨ ɛɚɗɑɓəɌ ȸȼ-ɐɔɠɠɟɓɔɫ, ɛɜɔ ɛɜɚ-

Ɏɑɐɑəɔɔ ɖɚɞɚɜɚɕ  ɚɛɜɑɐɑɗɫɑɞɝɫ ɔɝɞɔəəɚɑ 

ɚɏɜɌəɔɣɑəɔɑ ɐɔɠɠɟɓɔɔ ɚɞ ɓɚə ɎɧɜɌɒɑəəɚɕ 

ɔəɠɔɗɨɞɜɌɢɔɔ [50]. 

ȴɤɑɘɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ ɖɚɝɞəɚɏɚ ɘɚɓ-

ɏɌ ɚɞ ɝɞɑɛɑəɔ ɚɍɜɌɞɔɘɚɏɚ ɞɜɌɍɑɖɟɗɫɜəɚɏɚ 

ɚɞɑɖɌ ɐɚ əɑɚɍɜɌɞɔɘɚɏɚ ɚɝɞɑɚəɑɖɜɚɓɌ ɔɘɑɪɞ 

ɡɌɜɌɖɞɑɜəɧɕ Ɏɔɐ əɌ ȸȼ-ɞɚɘɚɏɜɌɘɘɌɡ. Ⱥɞɑɖ 

ɡɌɜɌɖɞɑɜɔɓɟɑɞɝɫ ɛɚəɔɒɑəəɧɘ ȸȼ-ɝɔɏəɌɗɚɘ 

əɌ Ⱦ1-Ȯȴ ɔ ɛɚɎɧɤɑəəɧɘ əɌ STIR, Ⱦ2-Ȯȴ ɔ 

PD ɝ ɒɔɜɚɛɚɐɌɎɗɑəɔɑɘ [12, 48] (ɜɔɝ. 15). 

Ȼɜɔ ɚɞɝɟɞɝɞɎɔɔ ɗɑɣɑəɔɫ ɔɗɔ ɑɏɚ əɔɓɖɚɕ 

ɩɠɠɑɖɞɔɎəɚɝɞɔ ɐɌəəɧɕ ɛɜɚɢɑɝɝ ɘɚɒɑɞ ɛɑ-

ɜɑɜɌɝɞɌɞɨ Ɏ ɖɌɜɞɔəɟ ɚɝɞɑɚəɑɖɜɚɓɌ, ɛɜɚɫɎɗɫ-

ɪɥɑɏɚɝɫ ɟɣɌɝɞɖɌɘɔ əɑɛɜɌɎɔɗɨəɚɕ ɠɚɜɘɧ ɝ 

əɑɣɑɞɖɔɘɔ ɔ əɑɜɚɎəɧɘɔ çɏɑɚɏɜɌɠɔɣɑɝɖɔɘɔè 

ɖɚəɞɟɜɌɘɔ, ɏɔɛɑɜɔəɞɑəɝɔɎəɧɘɔ əɌ Ⱦ2-Ȯȴ ɝ 

ɛɜɚɏɜɌɘɘɚɕ ɒɔɜɚɛɚɐɌɎɗɑəɔɫ, STIR, ɔ ɏɔɛɚ-

ɔəɞɑəɝɔɎəɧɘɔ əɌ Ⱦ1-Ȯȴ. ȴɤɑɘɔɣɑɝɖɔɑ ɔɓ-

ɘɑəɑəɔɫ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ Ɏ ɚɍɗɌɝɞɔ ɩɛɔɠɔɓɚɎ 

ɛɜɔəɫɞɚ əɌɓɧɎɌɞɨ ɖɚɜɞɔɖɚ-ɘɑɐɟɗɗɫɜəɧɘ 

(Ɍɝɑɛɞɔɣɑɝɖɔɘ) ɚɝɞɑɚəɑɖɜɚɓɚɘ, Ɍ Ɏ ɚɍɗɌɝɞɔ 

ɐɔɌɠɔɓɌ ɔ ɘɑɞɌɠɔɓɚɎ ð ɘɑɐɟɗɗɫɜəɧɘ ɚɝɞɑɚ-

əɑɖɜɚɓɚɘ ɔɗɔ ɖɚɝɞəɧɘ ɔəɠɌɜɖɞɚɘ [48, 49] 

(ɜɔɝ. 16). 

ȻɚɝɞɔəɠɌɜɖɞəɧɕ ɚɝɞɑɚɝɖɗɑɜɚɓ əɌ ȸȼ-

ɞɚɘɚɏɜɌɘɘɌɡ ɚɛɜɑɐɑɗɫɑɞɝɫ ɖɌɖ ɓɚəɌ əɔɓɖɚɏɚ 

ɝɔɏəɌɗɌ Ɏɚ Ɏɝɑɡ ɔɘɛɟɗɨɝəɧɡ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

əɚɝɞɫɡ Ɏ ɓɚəɑ ɜɌəɑɑ ɜɌɓɎɔɎɤɑɏɚɝɫ ɚɝɞɑɚ-

əɑɖɜɚɓɌ [41, 48, 49] (ɜɔɝ. 17). 

Ȼɜɔ ɎɧɜɌɒɑəəɚɕ ɛɑɜɑɝɞɜɚɕɖɑ ɔ ɔɝɞɚə-

ɣɑəɔɔ ɖɚɝɞəɚɕ ɞɖɌəɔ ɘɚɏɟɞ ɠɚɜɘɔɜɚɎɌɞɨɝɫ 

ɟɣɌɝɞɖɔ ɚɝɞɑɚɗɔɞɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ, ɖɚɞɚ-

ɜɧɑ əɌ ȸȼ-ɞɚɘɚɏɜɌɘɘɌɡ ɎɔɓɟɌɗɔɓɔɜɟɪɞɝɫ 

ɖɌɖ ɚɐəɚ- ɔɗɔ ɘəɚɏɚɖɌɘɑɜəɧɑ ɖɔɝɞɚɎɔɐəɧɑ 

ɛɚɗɚɝɞɔ ɚɖɜɟɏɗɚɕ ɠɚɜɘɧ, ɝ ɜɚɎəɧɘɔ ɣɑɞɖɔ-

ɘɔ ɖɚəɞɟɜɌɘɔ, ɓɌɛɚɗəɑəəɧɑ ɒɔɐɖɚɝɞəɧɘ 

ɝɚɐɑɜɒɔɘɧɘ  ɔ  ɚɞɏɜɌəɔɣɑəəɧɑ  ɚɞ ɚɖɜɟɒɌɪ 

 

ȼɔɝ. 13 (Fig. 13) 

ȼɔɝ. 13.  ȽɢɔəɞɔɏɜɌɘɘɧ ɜɑɍɑəɖɌ 6 ɗɑɞ ɝ 99m 

Tc-ɖɚɗɗɚɔɐɚɘ ɝɑɜɧ. 

ȮɧɜɌɒɑəəɌɫ ɝɛɗɑəɚɘɑɏɌɗɔɫ ɝ ɛɚɎɧɤɑəəɧɘ 

əɌɖɚɛɗɑəɔɑɘ ȼɀȻ ɛɑɣɑəɨɪ ɔ ɝɑɗɑɓɑəɖɚɕ, Ɍ ɞɌɖɒɑ 

ɚɛɜɑɐɑɗɫɑɞɝɫ ɝəɔɒɑəɔɑ ɓɌɡɎɌɞɌ ȼɀȻ ɖɚɝɞəɧɘ 

ɘɚɓɏɚɘ ɚɍɑɔɡ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ [24]. 

Fig. 13.   99mTcðsulfur colloid bone marrow scan 

of a 6 -year -old child.  

There is splenomegaly with abnormal increased up-

take in the liver and spleen along with the decrease 

in marrow activity with areas of total absence of ac-

tivity of both femurs [24].  
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ȼɔɝ. 14 Ɍ (Fig. 14 Ɍ) 

 

ȼɔɝ. 14 ɍ (Fig. 14 b) 

ȼɔɝ. 14.    ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ.  

ȹɌ Ⱦ1-Ȯȴ (Ɍ) ɔ Ⱦ2-Ȯȴ (ɍ) ɎɔɓɟɌɗɔɓɔɜɟɑɞɝɫ ɎɧɜɌɒɑəəɚɑ ɏɚɘɚɏɑəəɚɑ ɝəɔɒɑəɔɑ ɔəɞɑəɝɔɎəɚɝɞɔ ȸȼ-ɝɔɏəɌɗɌ 

ɚɞ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ ɔ ɖɚɝɞɑɕ ɞɌɓɌ ɓɌ ɝɣɑɞ ɔəɠɔɗɨɞɜɌɢɔɔ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ, əɑ ɜɌɝɛɜɚɝɞɜɌəɫɪɥɑɕɝɫ əɌ 

ɐɔɝɞɌɗɨəɧɑ ɩɛɔɠɔɓɧ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ [12]. 

Fig. 14.   MR images of the femurs, coronal plane.  

T1 (a) and T2 (b): a pronounced homogeneous decrease of MR signal intensity of femurs and pelvic bones due 

to the infiltration of the bone marrow, which does not extend to the distal epiphyses of the femurs [12].  

 

ȼɔɝ. 15 (Fig. 15) 

ȼɔɝ. 15.  ȸȼȾ ɞɌɓɚɍɑɐɜɑəəɧɡ ɝɟɝɞɌɎɚɎ Ɏ ɖɚ-

ɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɝ ɛɜɔɘɑəɑəɔɑɘ ɔɘ-

ɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ STIR. 

Ȯ ɝɞɜɟɖɞɟɜɑ ɏɚɗɚɎɖɔ ɔ ɤɑɕɖɔ ɛɜɌɎɚɕ ɍɑɐɜɑəəɚɕ 

ɖɚɝɞɔ ɎɔɓɟɌɗɔɓɔɜɟɑɞɝɫ ɓɚəɌ ɎɧɜɌɒɑəəɚɏɚ ɞɜɌɍɑɖɟ-

ɗɫɜəɚɏɚ ɚɞɑɖɌ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ [12]. 

Fig. 15.  MR images of the hip joints in the coro-

nal plane, STIR. 

An area of trabecular bone marrow edema is visual-

ized in the structure of the head and neck of the right 

femur [12].  
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ȼɔɝ. 16 Ɍ (Fig. 16 Ɍ) 

 

ȼɔɝ. 16 ɍ (Fig. 16 b) 

 

ȼɔɝ. 16 Ɏ (Fig. 16 ɝ) 

ȼɔɝ. 16.   ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ. 

ȮɔɓɟɌɗɔɓɔɜɟɑɞɝɫ ɚɍɤɔɜəɌɫ ɓɚəɌ ɘɑɐɟɗɗɫɜəɚɏɚ ɚɝɞɑɚəɑɖɜɚɓɌ ɗɑɎɚɕ ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ, ɛɜɚɫɎɗɫɪɥɌɫɝɫ 

ɟɣɌɝɞɖɌɘɔ ɝ əɑɣɑɞɖɔɘɔ ɔ əɑɜɚɎəɧɘɔ ɏɑɚɏɜɌɠɔɣɑɝɖɔɘɔ ɖɚəɞɟɜɌɘɔ, əɑɛɜɌɎɔɗɨəɚɕ ɠɚɜɘɧ, ɏɔɛɚɔəɞɑə-

ɝɔɎəɧɑ əɌ Ⱦ1-Ȯȴ (Ɍ), ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ əɌ Ⱦ2-Ȯȴ ɝ ɒɔɜɚɛɚɐɌɎɗɑəɔɑɘ (ɍ) ɔ STIR-Ȯȴ (Ɏ).  

Fig. 16.   MR images of the femur in the coronal plane.  

A large area of medullary osteonecrosis of the left femur is seen, manifested by areas with fuzzy and uneven 

geographic contours, irregular shape, hypointense on T1 (a), hy perintense on T2 with fat saturation (b) and 

STIR (c).  

 

ȼɔɝ. 17 Ɍ (Fig. 17 Ɍ) 

 

ȼɔɝ. 17 ɍ (Fig. 17 b) 

ȼɔɝ. 17.      ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ. 

ȮɔɓɟɌɗɔɓɔɜɟɪɞɝɫ ɓɚəɧ ɛɚɝɞɔəɠɌɜɖɞəɚɏɚ ɚɝɞɑɚɝɖɗɑɜɚɓɌ Ɏ ɐɔɌɠɔɓɌɡ ɚɍɑɔɡ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ, ɛɜɚɫɎɗɫ-

ɪɥɔɑɝɫ ɝəɔɒɑəɔɑɘ ɔəɞɑəɝɔɎəɚɝɞɔ ȸȼ-ɝɔɏəɌɗɌ əɌ Ⱦ1-Ȯȴ (Ɍ) ɔ STIR -Ȯȴ (ɍ). 

Fig. 17.   MR images of the femur, coronal plane.  

Areas of postinfarction osteosclerosis in the diaphysis of both femurs, manifested by a decrease MR signal 

intensity on T1 (a) and S TIR (c).  
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ɥɑɕ ɖɚɝɞəɚɕ ɞɖɌəɔ əɔɓɖɚɔəɞɑəɝɔɎəɚɕ ɓɚəɚɕ 

ɚɝɝɔɠɔɖɌɢɔɔ [41, 48, 49] (ɜɔɝ. 18). 

Ȯəɟɞɜɔɖɚɝɞəɧɑ ɏɚɤɑɜɚɘɧ ð ɚɛɟɡɚɗɑɛɚ-

ɐɚɍəɧɑ ɘɌɝɝɔɎəɧɑ ɟɣɌɝɞɖɔ ɐɑɝɞɜɟɖɢɔɔ ɖɚ-

ɝɞɔ, ɛɜɑɐɝɞɌɎɗɫɪɥɔɑ ɝɚɍɚɕ ɝɖɚɛɗɑəɔɑ ɖɗɑɞɚɖ 

ȯɚɤɑ ɔ ɖɜɚɎɔ. ȹɌ ȸȼ-ɞɚɘɚɏɜɌɘɘɌɡ ɚɛɜɑɐɑ-

ɗɫɪɞɝɫ ɖɌɖ ɘəɚɏɚɟɓɗɚɎɧɑ ɓɚəɧ ɐɑɝɞɜɟɖɢɔɔ 

ɖɚɝɞɔ ɝɗɔɎəɚɏɚ ɡɌɜɌɖɞɑɜɌ, əɑɛɜɌɎɔɗɨəɚɕ 

ɠɚɜɘɧ, ɝ əɑɜɚɎəɧɘɔ əɑɣɑɞɖɔɘɔ ɖɚəɞɟɜɌɘɔ, 

ɓɌɛɚɗəɑəəɧɑ ɝɚɐɑɜɒɔɘɧɘ ɝ ɏɑɘɚɜɜɌɏɔɣɑɖɔ-

ɘɔ Ɏɖɗɪɣɑəɔɫɘɔ (ɔɓɚɔəɞɑəɝɔɎəɧɑ əɌ Ⱦ1-Ȯȴ 

ɔ əɑɏɚɘɚɏɑəəɧɑ ɔɓɚ-/ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ əɌ 

Ⱦ2-Ȯȴ) ɔ ɝɚɛɜɚɎɚɒɐɌɪɥɔɑɝɫ əɑɜɌɎəɚɘɑɜ-

əɧɘ ɔɝɞɚəɣɑəɔɑɘ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɖɚɝɞɔ 

ɝ Ɏɚɓɘɚɒəɧɘ ɜɌɓɎɔɞɔɑɘ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɛɑ-

ɜɑɗɚɘɚɎ [12, 48] (ɜɔɝ. 19). 

Ȼɚ ɡɌɜɌɖɞɑɜɟ ɔɓɘɑəɑəɔɕ ɖɚɝɞɑɕ ɛɜɔ 

ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɑ Ɏɧɐɑɗɫɪɞ ɚɍɜɌɞɔɘɧɑ ɔ 

əɑɚɍɜɌɞɔɘɧɑ [12]. 

ȶ ɛɑɜɎɚɕ ɏɜɟɛɛɑ ɚɞəɚɝɫɞ ɝɛɑɢɔɠɔɣɑ-

ɝɖɟɪ ɔəɠɔɗɨɞɜɌɢɔɪ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ, ɞɜɌɍɑ-

ɖɟɗɫɜəɧɕ ɚɞɑɖ, ɚɝɞɑɚɛɑəɔɪ ɔ ɚɝɞɑɚɛɚɜɚɓ. Ȯɚ 

Ɏɞɚɜɟɪ ɏɜɟɛɛɟ Ɏɡɚɐɫɞ ɚɝɞɑɚəɑɖɜɚɓ, Ɏɞɚɜɔɣ-

əɧɕ ɚɝɞɑɚɌɜɞɜɚɓ, ɚɝɞɑɚɝɖɗɑɜɚɓ, ɚɝɞɑɚɗɔɓɔɝ, 

Ɏəɟɞɜɔɖɚɝɞəɧɑ ɏɚɤɑɜɚɘɧ, ɛɌɞɚɗɚɏɔɣɑɝɖɔɑ 

ɛɑɜɑɗɚɘɧ ɔ ɐɑɠɚɜɘɌɢɔɔ ɖɚɝɞɑɕ (Ɏ ɞɚɘ ɣɔɝɗɑ, 

ɛɚ ɞɔɛɟ ɖɚɗɍ ɉɜɗɑəɘɑɕɑɜɌ) [12, 38].  

Ȼɚɘɔɘɚ ɎɧɤɑɚɛɔɝɌəəɧɡ ɘɑɞɚɐɔɖ ɖɌ-

ɣɑɝɞɎɑəəɚɕ ɚɢɑəɖɔ ɛɚɜɌɒɑəɔɫ ɖɚɝɞəɚɏɚ ɘɚɓ-

ɏɌ ɛɚ ȸȼ-ɞɚɘɚɏɜɌɘɘɌɘ ɝɟɥɑɝɞɎɟɪɞ ɞɌɖɒɑ 

ɝɛɚɝɚɍɧ ɐɗɫ ɛɚɗɟɖɚɗɔɣɑɝɞɎɑəəɚɕ ɔ ɖɚɗɔɣɑ-

ɝɞɎɑəəɚɕ ɚɢɑəɖɔ. ȶ əɔɘ ɚɞəɚɝɔɞɝɫ ɝɔɝɞɑɘɌ 

ɝɞɌɐɔɜɚɎɌəɔɫ ȼɚɓɑəɞɌɗɫ, ɖɗɌɝɝɔɠɔɖɌɢɔɫ 

ȾɑɜɖɌ, ɤɖɌɗɌ ȰɪɝɝɑɗɨɐɚɜɠɌ, ɤɖɌɗɌ çəɌɏɜɟɓ-

ɖɔè ɖɚɝɞəɚɏɚ ɘɚɓɏɌ (BMB-S ð bone marrow 

burden score), ɘɑɞɚɐ ȰɔɖɝɚəɌ ɔ ɛɜɚɞɚəəɌɫ 

ȸȼ-ɝɛɑɖɞɜɚɝɖɚɛɔɫ [9, 38]. 

ɄɖɌɗɌ ȰɪɝɝɑɗɨɐɚɜɠɌ ɍɧɗɌ ɜɌɓɜɌɍɚɞɌəɌ 

M. Maas ɝɚɌɎɞɚɜɌɘɔ Ɏ 2002 ɏ. ɔ ɛɜɑɐɝɞɌɎɗɫɑɞ 

ɝɚɍɚɕ ɝɔɝɞɑɘɟ ɚɢɑəɖɔ ɝɞɑɛɑəɔ ɞɫɒɑɝɞɔ ɛɚ-

ɜɌɒɑəɔɫ ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ ɝɔɝɞɑɘɧ ɛɜɔ ɍɚ-

ɗɑɓəɔ ȯɚɤɑ əɌ ɚɝəɚɎɌəɔɔ ɖɚɗɔɣɑɝɞɎɌ ɛɚɜɌ-

ɒɑəəɧɡ ɝɑɏɘɑəɞɚɎ əɔɒəɔɡ ɖɚəɑɣəɚɝɞɑɕ, Ɏɧ-

ɫɎɗɑəəɧɡ ɛɜɔ ȸȼȾ [48]. 

ȽɚɏɗɌɝəɚ ɐɌəəɚɕ ɘɑɞɚɐɔɖɑ, ɖɚəɑɣəɚɝɞɔ 

ɜɌɓɐɑɗɑəɧ əɌ 8 ɝɑɏɘɑəɞɚɎ, ɛɜɔ ɩɞɚɘ ɝɑɏɘɑəɞ 

ɝɣɔɞɌɑɞɝɫ ɛɚɜɌɒɑəəɧɘ, ɖɚɏɐɌ ɔɓɘɑəɑəəɧɕ 

ȸȼ-ɝɔɏəɌɗ ɚɡɎɌɞɧɎɌɑɞ ɍɚɗɑɑ ɞɜɑɞɔ ɝɑɏɘɑəɞɌ. 

Ⱦɫɒɑɝɞɨ ɓɌɍɚɗɑɎɌəɔɫ ɚɛɜɑɐɑɗɫɑɞɝɫ ɍɌɗɗɨəɚɕ 

ɝɔɝɞɑɘɚɕ, ɏɐɑ 1 ɍɌɗɗ ɝɚɚɞɎɑɞɝɞɎɟɑɞ 1 ɛɚɜɌ-

ɒɑəəɚɘɟ ɝɑɏɘɑəɞɟ (ɘɌɖɝɔɘɌɗɨəɚ = 8 ɍɌɗɗɚɎ). 

Ȼɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɤɖɌɗɧ ȰɪɝɝɑɗɨɐɚɜɠɌ 

ɍɧɗɌ ɎɧɫɎɗɑəɌ ɛɜɫɘɚ ɛɜɚɛɚɜɢɔɚəɌɗɨəɌɫ ɓɌ-

Ɏɔɝɔɘɚɝɞɨ ɘɑɒɐɟ ɝɟɘɘɚɕ ɍɌɗɗɚɎ ɔ ɣɌɝɞɚɞɚɕ 

ɎɧɫɎɗɑəɔɫ əɑɚɍɜɌɞɔɘɧɡ ɔɓɘɑəɑəɔɕ ɖɚɝɞəɚɏɚ 

ɘɚɓɏɌ [46].  

ɄɖɌɗɌ çəɌɏɜɟɓɖɔè ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ð 

BMB -S ɫɎɗɫɑɞɝɫ əɌɔɍɚɗɑɑ ɤɔɜɚɖɚ ɔɝɛɚɗɨɓɟ-

ɑɘɚɕ ɔ ɛɜɚɎɑɜɑəəɚɕ ɐɗɫ ɛɚɗɟɖɚɗɔɣɑɝɞɎɑəəɚɕ 

ɚɢɑəɖɔ ɛɚɜɌɒɑəɔɫ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ [46]. Ȼɚɐ-

ɝɣɑɞ ɍɌɗɗɚɎ ɛɜɚɎɚɐɔɞɝɫ ɛɚ T1-Ȯȴ ɔ T2-Ȯȴ əɌ 

ɝɌɏɔɞɞɌɗɨəɧɡ ɔɓɚɍɜɌɒɑəɔɫɡ ɛɚɫɝəɔɣəɚɏɚ 

ɚɞɐɑɗɌ ɛɚɓɎɚəɚɣəɔɖɌ ɔ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚ-

ɝɞɔ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ əɌ ɚɝəɚɎɌəɔɔ ɚɛɜɑɐɑ-

ɗɑəɔɫ ɚɞəɚɤɑəɔɫ ɔəɞɑəɝɔɎəɚɝɞɔ ȸȼ-ɝɔɏəɌɗɌ 

ɚɞ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɖ ȸȼ-ɝɔɏəɌɗɟ ɚɞ ɘɑɒɛɚ-

ɓɎɚəɖɚɎɚɏɚ ɐɔɝɖɌ, ɛɜɑɝɌɖɜɌɗɨəɚɏɚ ɒɔɜɌ (ɐɗɫ 

ɛɚɫɝəɔɣəɚɏɚ ɚɞɐɑɗɌ ɛɚɓɎɚəɚɣəɔɖɌ) ɔ ɛɚɐ-

ɖɚɒəɚɏɚ ɒɔɜɌ (ɐɗɫ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ). ȶɜɚɘɑ 

ɞɚɏɚ, ɍɌɗɗɧ əɌɣɔɝɗɫɪɞɝɫ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ 

ɡɌɜɌɖɞɑɜɌ ɛɚɜɌɒɑəɔɫ ɔ ɑɏɚ ɗɚɖɌɗɔɓɌɢɔɔ [51]. 

Ȱɗɫ ɛɚɫɝəɔɣəɚɏɚ ɚɞɐɑɗɌ ɛɚɓɎɚəɚɣəɔɖɌ: 

ɚɞ 0 ɐɚ 3 ɍɌɗɗɚɎ ɐɗɫ Ⱦ1-Ȯȴ (0 ð

ɝɗɌɍɚɏɔɛɑɜɔəɞɑəɝɔɎəɧɕ, 1 ð ɔɓɚɔəɞɑəɝɔɎ-

əɧɕ, 2 ð ɝɗɌɍɚɏɔɛɚɔəɞɑəɝɔɎəɧɕ, 3 ð ɏɔɛɑ-

ɜɔəɞɑəɝɔɎəɧɕ), ɚɞ 0 ɐɚ 2 ɍɌɗɗɚɎ ɐɗɫ Ⱦ2-Ȯȴ (0 

ð ɔɓɚɔəɞɑəɝɔɎəɧɕ, 1 ð ɝɗɌɍɚɏɔɛɚɔəɞɑəɝɔɎ-

əɧɕ, 2 ð ɏɔɛɚɔəɞɑəɝɔɎəɧɕ), ɚɞ 1 ɐɚ 3 ɍɌɗɗɚɎ 

Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɡɌɜɌɖɞɑɜɌ ɛɚɜɌɒɑəɔɫ (1 ð 

ɚɣɌɏɚɎɧɕ, 2 ð ɐɔɠɠɟɓəɧɕ, 3 ð ɚɞɝɟɞɝɞɎɔɑ 

ɒɔɜɌ Ɏɚɖɜɟɏ ɢɑəɞɜɌɗɨəɚɕ Ɏɑəɧ ɛɚɓɎɚəɖɌ). 

Ȱɗɫ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ: 0ð3 ɍɌɗɗɚɎ ɐɗɫ 

Ⱦ1-Ȯȴ (0 ð ɝɗɌɍɚɏɔɛɑɜɔəɞɑəɝɔɎəɧɕ ɔɗɔ ɔɓɚ-

ɔəɞɑəɝɔɎəɧɕ, 1 ð ɝɗɌɍɚɏɔɛɚɔəɞɑəɝɔɎəɧɕ, 2 ð 

ɏɔɛɚɔəɞɑəɝɔɎəɧɕ, 3 ð ɝɘɑɤɌəəɧɕ ɞɔɛ), ɚɞ 0 

ɐɚ 2 ɍɌɗɗɚɎ ɛɚ Ⱦ2-Ȯȴ (0 ð ɔɓɚɔəɞɑəɝɔɎəɧɕ, 1 

ð ɐɔɠɠɟɓəɧɕ ɝɗɌɍɚɏɔɛɑɜɔəɞɑəɝɔɎəɧɕ, 1 ð 

əɑɍɚɗɨɤɔɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ ɠɚɖɟɝɧ, 2 ð 

ɚɍɤɔɜəɧɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ ɠɚɖɟɝɧ) ɔ 1ð3 

ɍɌɗɗɌ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɗɚɖɌɗɔɓɌɢɔɔ ɛɚɜɌ-

ɒɑəɔɫ (1 ð ɐɔɌɠɔɓɧ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ, 2 ð 

ɛɜɚɖɝɔɘɌɗɨəɧɑ ɩɛɔɠɔɓɧ, 3 ð ɐɔɝɞɌɗɨəɧɑ 

ɩɛɔɠɔɓɧ). 

ȽɟɘɘɌɜəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɍɌɗɗɚɎ ɜɌɎəɚ 16 

(8 ð ɛɚɫɝəɔɣəɧɕ ɚɞɐɑɗ ɔ 8 ð ɐɗɫ ɚɍɑɔɡ ɍɑɐ-

ɜɑəəɧɡ ɖɚɝɞɑɕ). Ȯɧɝɚɖɔɕ ɚɍɥɔɕ ɍɌɗɗ ɝɚɚɞ-

ɎɑɞɝɞɎɟɑɞ ɍɚɗɑɑ ɞɫɒɑɗɚɘɟ ɛɚɜɌɒɑəɔɪ ɖɚɝɞ-

əɚɏɚ ɘɚɓɏɌ. 

ȸɑɞɚɐ ȰɔɖɝɚəɌ ɔɗɔ ɖɚɗɔɣɑɝɞɎɑəəɌɫ Ɏɔ-

ɓɟɌɗɔɓɌɢɔɫ ɡɔɘɔɣɑɝɖɚɏɚ ɝɐɎɔɏɌ (QCSI ð 

Quantitative chemicall shift imaging) ɜɌɓɜɌɍɚ-

ɞɌə W. Thomas Dixon Ɏ 1984 ɏɚɐɟ. ɀɔɓɔɣɑ-

ɝɖɚɕ ɚɝəɚɎɚɕ ɫɎɗɫɑɞɝɫ ɜɌɓɐɑɗɑəɔɑ ɝɔɏəɌɗɚɎ 

ɚɞ ɜɌɓəɧɡ ɞɖɌəɑɕ ɛɚ ɔɡ ɜɌɓɗɔɣɔɫɘ Ɏ ɡɔɘɔɣɑ-

ɝɖɔɡ ɝɐɎɔɏɌɡ, ɔɝɛɚɗɨɓɟɫ ɜɌɓəɧɑ ɛɌɜɌɘɑɞɜɧ 

Ɏɜɑɘɫðɩɡɚ. ȴɝɛɚɗɨɓɚɎɌɞɨ ɜɌɓəɧɑ ɓəɌɣɑəɔɫ 

Ɏɜɑɘɫðɩɡɚ əɑɚɍɡɚɐɔɘɚ ɐɗɫ ɛɚɗɟɣɑəɔɫ ɝɔɏəɌ-

ɗɚɎ ɚɞ Ɏɚɐɧ ɔ ɒɔɜɌ Ɏ ɘɚɘɑəɞ, ɖɚɏɐɌ ɔɡ ɛɚɛɑ-

ɜɑɣəɧɑ əɌɘɌɏəɔɣɑəəɚɝɞɔ əɌɡɚɐɫɞɝɫ ɗɔɍɚ Ɏ 

ɠɌɓɑ, ɗɔɍɚ Ɏ ɛɜɚɞɔɎɚɠɌɓɑ, Ɏ ɜɑɓɟɗɨɞɌɞɑ ɣɑɏɚ 

ɝɔɏəɌɗɧ ɍɟɐɟɞ ɜɑɏɔɝɞɜɔɜɚɎɌɞɨɝɫ ɗɔɍɚ ɚɞ Ɏɚ-

ɐɧ, ɗɔɍɚ ɚɞ ɒɔɜɌ [48]. Ȼɚɗɟɣɑəəɧɑ çɒɔɜɚɎɧɑ 

ɔɓɚɍɜɌɒɑəɔɫè ɝ ɛɚɘɚɥɨɪ ɛɚɝɞɚɍɜɌɍɚɞɖɔ ɝ 

ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɝɛɑɢɔɌɗɨəɚɏɚ ɛɜɚɏɜɌɘɘəɚɏɚ 

ɚɍɑɝɛɑɣɑəɔɫ ɘɚɒəɚ ɛɜɑɚɍɜɌɓɚɎɌɞɨ Ɏ ɖɌɜɞɧ 

ɒɔɜɚɎɚɕ ɠɜɌɖɢɔɔ, Ɏɧɐɑɗɔɞɨ əɌ əɔɡ ɓɚəɟ ɔə-

ɞɑɜɑɝɌ ɔ ɚɢɑəɔɞɨ ɝɚɐɑɜɒɌəɔɫ ɒɔɜɌ Ɏ ɛɜɚ-

ɢɑəɞɌɡ (ɜɔɝ. 20). 
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ȼɔɝ. 18 Ɍ (Fig. 18 Ɍ) 

 

ȼɔɝ. 18 ɍ (Fig. 18 b) 

ȼɔɝ. 18.      ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ.  

Ȯ ɘɑɞɌɐɔɌɠɔɓɑ ɗɑɎɚɕ ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ, ɚɛɜɑɐɑɗɫɑɞɝɫ ɘəɚɏɚɖɌɘɑɜəɚɑ ɖɔɝɞɚɎɔɐəɚɑ ɚɍɜɌɓɚɎɌəɔɑ, ɓɌɛɚɗ-

əɑəəɚɑ ɒɔɐɖɚɝɞəɧɘ ɝɚɐɑɜɒɔɘɧɘ, ɏɔɛɚɔəɞɑəɝɔɎəɚɑ əɌ Ⱦ1-Ȯȴ (Ɍ) ɔ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ əɌ Ⱦ2-Ȯȴ c ɒɔɜɚ-

ɛɚɐɌɎɗɑəɔɑɘ (ɍ), ɚɖɜɟɒɑəəɚɑ ɓɚəɚɕ ɚɝɞɑɚɝɖɗɑɜɚɓɌ. Ȯ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɌɡ ɐɔɌɠɔɓɌ ɛɜɌɎɚɕ ɍɑɐɜɑəəɚɕ 

ɖɚɝɞɔ ɚɛɜɑɐɑɗɫɑɞɝɫ ɟɣɌɝɞɚɖ ɛɚɝɞɔəɠɌɜɖɞəɚɏɚ ɚɝɞɑɚɝɖɗɑɜɚɓɌ [12]. 

Fig. 18.   MR images of the femur in the coronal plane.  

Multilocular cystic in the metadiaphysis of the left femur, surrounded by an area of osteclerosis, hypointense 

on T1 (Ɍ), hyperintense on T2 with fat saturation (b). The site of postinfarction osteosclerosis is determined in 

the distal diaphysis of the right femur [12].  

 

ȼɔɝ. 19 Ɍ (Fig. 19 Ɍ) 

 

ȼɔɝ. 19 ɍ (Fig. 19 b) 

ȼɔɝ. 19.   ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ ɝ ɓɌɡɎɌɞɚɘ ɞɌɓɚɍɑɐɜɑəəɧɡ ɔ ɖɚɗɑəəɧɡ ɝɟɝɞɌɎɚɎ Ɏ ɖɚɜɚəɌɗɨ-

əɚɕ ɛɗɚɝɖɚɝɞɔ. 

ȹɌ Ⱦ1-Ȯȴ (Ɍ) ɔ Ⱦ2-Ȯȴ (ɍ) ɎɔɓɟɌɗɔɓɔɜɟɪɞɝɫ ɘəɚɏɚɟɓɗɚɎɧɑ ɚɍɜɌɓɚɎɌəɔɫ ɝɗɔɎəɚɏɚ ɡɌɜɌɖɞɑɜɌ, ɛɜɑɐɝɞɌɎɗɫ-

ɪɥɔɑ ɝɚɍɚɕ Ɏəɟɞɜɔɖɚɝɞəɧɑ ɏɚɤɑɜɚɘɧ, əɑɛɜɌɎɔɗɨəɚɕ ɠɚɜɘɧ, ɝ əɑɜɚɎəɧɘɔ əɑɣɑɞɖɔɘɔ ɖɚəɞɟɜɌɘɔ, Ɏɧ-

ɓɧɎɌɪɥɔɑ Ɏɓɐɟɞɔɑ, ɐɑɠɚɜɘɌɢɔɪ ɔ ɘəɚɒɑɝɞɎɑəəɧɑ ɛɌɞɚɗɚɏɔɣɑɝɖɔɑ ɛɑɜɑɗɚɘɧ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ (ɍɚɗɨɤɑ 

ɛɜɌɎɚɕ). ȾɌɖɒɑ ɔɘɑɑɞɝɫ ɎɧɜɌɒɑəəɌɫ ɐɑɠɚɜɘɌɢɔɫ ɏɚɗɚɎɚɖ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ [ȽɚɗɚɎɨɑɎɌ Ȭ.Ȭ. ɁɌɜɌɖɞɑ-

ɜɔɝɞɔɖɌ ɔ ɘɚəɔɞɚɜɔəɏ ɔɓɘɑəɑəɔɕ ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ ɝɔɝɞɑɘɧ ɟ Ɏɓɜɚɝɗɧɡ ɛɌɢɔɑəɞɚɎ ɝ ɍɚɗɑɓəɨɪ ȯɚɤɑ I 

ɞɔɛɌ: ɐɔɝɝ. é ɖɌəɐ. ɘɑɐ. əɌɟɖ/ȸɚɝɖɎɌ, 2019. 93 ɝ.]. 

Fig. 19.   MR images of the femur, hip and knee joints, coronal plane.   

T1 (a) and T2 (b) show  multinodular lesions of a confluent nature, which are intraos seous gosheromas, of 

irregular shape, with uneven fuzzy contours, causing swelling, deformity and multiple pathological fractures 

of the femur (basically of the right). They cause swelling, deformation and multiple pathological fractures of 

the femur. Ther e is also a deformation of the femoral heads. [SolovyovɌ A.A. Characterization and monitoring 

of changes in the osteoarticular system in adults with type I Gaucher disease: diss. ... Candidate of Medical 

Sciences / Moscow, 2019. 93 p.].  

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):46-67       DOI: 10.21569/2222-7415-2021-11-2-46-67                     61 
 

 

 

 

ȼɔɝ. 20 Ɍ (Fig. 20 Ɍ) 

 

ȼɔɝ. 20 ɍ (Fig. 20 b) 

 

ȼɔɝ. 20 Ɏ (Fig. 20 c ) 

 

ȼɔɝ. 20 ɏ (Fig. 20 d) 

 

ȼɔɝ. 20 ɐ (Fig. 20 e)  

ȼɔɝ. 20.    ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɜɑɒɔɘɌ mDIXON. 

Ȼɜɔ ɛɚɝɞɛɜɚɢɑɝɝɔəɚɏɚɎɚɕ ɚɍɜɌɍɚɞɖɑ ɛɚɗɟɣɑəɧ əɌɍɚɜɧ ɔɓɚɍɜɌɒɑəɔɕ ɝ ɎɔɓɟɌɗɔɓɌɢɔɑɕ ȸȼ-ɝɔɏəɌɗɌ ɞɚɗɨɖɚ 

ɚɞ Ɏɚɐɧ (Ɍ), ɞɚɗɨɖɚ ɚɞ ɒɔɜɌ (ɍ), ɝɔəɠɌɓəɧɑ ɔɓɚɍɜɌɒɑəɔɫ (Ɏ), ɌəɞɔɠɌɓəɧɑ ɔɓɚɍɜɌɒɑəɔɫ  (Ɏ) ɔ ɢɎɑɞəɧɑ ɖɌɜ-

ɞɧ (ɐ), əɌ ɖɚɞɚɜɧɡ Ɏ ɖɚɝɞəɚɘ ɘɚɓɏɑ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ ɚɛɜɑɐɑɗɫɑɞɝɫ ɝəɔɒɑəɔɑ ɠɜɌɖ-

ɢɔɔ ɒɔɜɌ ɐɚ 36% Ɏ ɛɜɑɐɑɗɌɡ ɓɚəɧ ɔəɞɑɜɑɝɌ (ɖɜɌɝəɧɑ ɚɎɌɗɧ) [ȽɚɗɚɎɨɑɎɌ Ȭ.Ȭ. ɁɌɜɌɖɞɑɜɔɝɞɔɖɌ ɔ ɘɚəɔɞɚ-

ɜɔəɏ ɔɓɘɑəɑəɔɕ ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ ɝɔɝɞɑɘɧ ɟ Ɏɓɜɚɝɗɧɡ ɛɌɢɔɑəɞɚɎ ɝ ɍɚɗɑɓəɨɪ ȯɚɤɑ I ɞɔɛɌ: ɐɔɝɝ. é ɖɌəɐ. 

ɘɑɐ. əɌɟɖ/ȸɚɝɖɎɌ, 2019. 49 ɝ.]. 

Fig. 20.   MR images of the femurs, mDIXON mode.  

The  After postprocessing, t he sets of images of the MR signal only from water (a), only from fat (b), in -phase 

images (c), antiphase images (c) and color maps (e) were obtained, on which in the bone marrow of the distal 

regions femoral bones are determined by a decrease in the fract ion of fat up to 36% within the zone of interest 

(red ovals) [Solovyova A.A. Characterization and monitoring of changes in the osteoarticular system in adults 

with type I Gaucher disease: diss. ... Candidate of Medical Sciences / Moscow, 2019. 49 p.].  
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ȴɝɝɗɑɐɚɎɌəɔɫ ɛɚɖɌɓɌɗɔ, ɣɞɚ əɔɓɖɌɫ 

ɠɜɌɖɢɔɫ ɒɔɜɌ Ɏ ɖɚɝɞəɚɘ ɘɚɓɏɑ, ɔɓɘɑɜɑəəɌɫ 

ɝ ɛɚɘɚɥɨɪ ɘɑɞɚɐɌ ȰɔɖɝɚəɌ, ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɍɚɗɑɑ ɎɧɜɌɒɑəəɧɘ ɖɗɔəɔɣɑɝɖɔɘ ɛɜɚɫɎɗɑəɔ-

ɫɘ ɍɚɗɑɓəɔ ɔ ɍɚɗɑɑ ɣɌɝɞɚɘɟ ɜɌɓɎɔɞɔɪ əɑɚɍ-

ɜɌɞɔɘɧɡ ɛɚɜɌɒɑəɔɕ ɖɚɝɞəɚ-ɝɟɝɞɌɎəɚɕ ɝɔ-

ɝɞɑɘɧ [51, 52]. 

ȹɑɐɚɝɞɌɞɖɌɘɔ ɐɌəəɚɏɚ ɘɑɞɚɐɌ ɫɎɗɫɑɞɝɫ 

ɑɏɚ ɝɗɚɒəɚɝɞɨ ɔ əɑ ɛɚɎɝɑɘɑɝɞəɌɫ ɐɚɝɞɟɛ-

əɚɝɞɨ, ɡɚɞɫ Ɏ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɐɌəəɧɕ ɠɌɖ-

ɞɚɜ ɛɚɝɞɑɛɑəəɚ ɟɞɜɌɣɔɎɌɑɞ ɝɎɚɑ ɓəɌɣɑəɔɑ 

[12, 48, 52].  

Ȯ ɛɚɝɗɑɐəɑɑ Ɏɜɑɘɫ ɐɗɫ ɖɚɗɔɣɑɝɞɎɑəəɚɕ 

ɚɢɑəɖɔ ɝɚɐɑɜɒɌəɔɫ ɒɔɜɌ Ɏ ɖɚɝɞəɚɘ ɘɚɓɏɑ 

ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɘɑɞɚɐ ɚɐəɚɎɚɖɝɑɗɨəɚɕ ɛɜɚ-

ɞɚəəɚɕ Mȼ-ɝɛɑɖɞɜɚɝɖɚɛɔɔ, ɚɝəɚɎɌəəɚɕ əɌ 

ɚɛɜɑɐɑɗɑəɔɔ ɟɝɜɑɐəɬəəɧɡ ɓəɌɣɑəɔɕ ɛɔɖɚɎ 

ɛɜɚɞɚəɚɎ ɒɔɜɚɎɚɕ ɞɖɌəɔ Ɏ ɓɚəɑ ɔəɞɑɜɑɝɌ 

[53]. Ȼɜɔ  ɑɏɚ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɍɧɗɌ ɎɧɫɎɗɑəɌ 

ɎɧɝɚɖɌɫ ɖɚɜɜɑɗɫɢɔɫ ɝ ɜɑɓɟɗɨɞɌɞɌɘɔ, ɛɚɗɟ-

ɣɑəəɧɘɔ ɛɜɔ ɚɛɜɑɐɑɗɑəɔɔ  ɝɚɐɑɜɒɌəɔɫ ɒɔ-

ɜɌ Ɏ ɖɚɝɞəɚɘ ɘɚɓɏɑ ɘɑɞɚɐɚɘ ȰɔɖɝɚəɌ  (ɜɔɝ. 

21) [54].  

ȺɢɑəɖɌ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɗɑɣɑəɔɫ ɍɚ-

ɗɑɓəɔ ȯɚɤɑ ɝ ɛɚɘɚɥɨɪ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ 

ɔɝɝɗɑɐɚɎɌəɔɫ. 

Ȯ əɌɣɌɗɑ 1990-ɡ ɏɚɐɚɎ ɛɌɢɔɑəɞɌɘ ɝ ɍɚ-

ɗɑɓəɨɪ ȯɚɤɑ ɍɧɗɚ ɐɚɝɞɟɛəɚ ɞɚɗɨɖɚ ɝɔɘɛɞɚ-

ɘɌɞɔɣɑɝɖɚɑ ɗɑɣɑəɔɑ ɔɗɔ ɡɔɜɟɜɏɔɣɑɝɖɚɑ Ɏɘɑ 

ɤɌɞɑɗɨɝɞɎɚ (ɝɛɗɑəɩɖɞɚɘɔɫ ɔ ɩəɐɚɛɜɚɞɑɓɔɜɚ-

ɎɌəɔɑ ɝɟɝɞɌɎɚɎ). 

 

Ƚ 1994 ɏɚɐɌ ɚɝəɚɎəɧɘ ɘɑɞɚɐɚɘ ɗɑɣɑəɔɫ 

ɝɞɌɗɌ ɠɑɜɘɑəɞəɌɫ ɓɌɘɑɝɞɔɞɑɗɨəɌɫ ɞɑɜɌɛɔɫ 

(ɀȳȾ), ɢɑɗɨɪ ɖɚɞɚɜɚɕ ɫɎɗɫɑɞɝɫ ɟɘɑəɨɤɑəɔɑ 

ɝɔɘɛɞɚɘɚɎ ɓɌɍɚɗɑɎɌəɔɫ, ɛɜɑɐɚɞɎɜɌɥɑəɔɑ 

əɑɚɍɜɌɞɔɘɧɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ, 

ɚɝɚɍɑəəɚ Ɏ ɖɚɝɞəɚɕ ɝɔɝɞɑɘɑ, əɚɜɘɌɗɔɓɌɢɔɫ 

ɠɟəɖɢɔɕ ɛɚɜɌɒɑəəɧɡ ɚɜɏɌəɚɎ [55]. 

ȬɗɨɞɑɜəɌɞɔɎəɧɘ ɘɑɞɚɐɚɘ ɗɑɣɑəɔɫ ɫɎ-

ɗɫɑɞɝɫ ɝɟɍɝɞɜɌɞɝəɔɒɌɪɥɌɫ ɞɑɜɌɛɔɫ ɛɜɑɛɌ-

ɜɌɞɌɘɔ, ɚɖɌɓɧɎɌɪɥɔɘɔ ɔəɏɔɍɔɜɟɪɥɑɑ ɐɑɕ-

ɝɞɎɔɑ əɌ ɏɗɪɖɚɓɔɗɢɑɜɌɘɔɐɝɔəɞɌɓɟ, ɣɞɚ ɛɜɔ-

Ɏɚɐɔɞ ɖ ɟɘɑəɨɤɑəɔɪ əɌɖɚɛɗɑəɔɫ əɑɜɌɝɥɑɛ-

ɗɑəəɧɡ ɏɗɔɖɚɗɔɛɔɐɚɎ Ɏ ɘɌɖɜɚɠɌɏɌɡ ɜɑɞɔɖɟ-

ɗɚɩəɐɚɞɑɗɔɌɗɨəɚɕ ɝɔɝɞɑɘɧ [10, 55]. 

Ⱥɐəɔɘ ɔɓ ɎɌɒəɑɕɤɔɡ ɩɞɌɛɚɎ ɘɚəɔɞɚ-

ɜɔəɏɌ ɛɌɢɔɑəɞɚɎ ɝ ɍɚɗɑɓəɨɪ ȯɚɤɑ ɐɗɫ ɚɢɑə-

ɖɔ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɗɑɣɑəɔɫ ɫɎɗɫɑɞɝɫ ɛɜɔɘɑ-

əɑəɔɑ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɔɝɝɗɑɐɎɌəɔɫ, ɍɗɌɏɚ-

ɐɌɜɫ ɖɚɞɚɜɧɘ ɝɞɌɗɚ Ɏɚɓɘɚɒəɧɘ ɚɛɜɑɐɑɗɔɞɨ 

ɐɔəɌɘɔɖɟ ɎɔɝɢɑɜɌɗɨəɧɡ ɔ ɖɚɝɞəɚ-ɝɟɝɞɌɎəɧɡ 

ɛɜɚɫɎɗɑəɔɕ ɔ ɎɧɫɎɔɞɨ ɚɝɗɚɒəɑəɔɫ əɌ ɜɌə-

əɑɘ ɩɞɌɛɑ ɔɡ ɜɌɓɎɔɞɔɫ. 

ȮɔɝɢɑɜɌɗɨəɧɑ ɔ ɏɑɘɌɞɚɗɚɏɔɣɑɝɖɔɑ ɛɜɚ-

ɫɎɗɑəɔɫ ɍɚɗɑɓəɔ ȯɚɤɑ ɚɞəɚɝɔɞɑɗɨəɚ ɍɧɝɞɜɚ 

ɜɑɌɏɔɜɟɪɞ əɌ ɓɌɘɑɝɞɔɞɑɗɨəɟɪ ɞɑɜɌɛɔɪ. Ȼɚ-

Ɏɧɤɑəɔɑ ɛɚɖɌɓɌɞɑɗɑɕ ɖɗɑɞɚɣəɚɏɚ ɝɚɝɞɌɎɌ 

ɖɜɚɎɔ əɌɍɗɪɐɌɑɞɝɫ ɟɒɑ ɣɑɜɑɓ 6ð12 ɘɑɝɫɢɑɎ 

ɚɞ əɌɣɌɗɌ ɀȳȾ. ȼɌɓɘɑɜɧ ɛɑɣɑəɔ ɔ ɝɑɗɑɓɑəɖɔ 

ɘɚɏɟɞ ɟɘɑəɨɤɔɞɨɝɫ ɛɜɔɘɑɜəɚ əɌ 50% Ɏ  ɞɑɣɑ- 

əɔɑ ɛɑɜɎɧɡ 2 ɗɑɞ, əɚ ɜɑɐɖɚ əɚɜɘɌɗɔɓɟɪɞɝɫ 

ɐɌɒɑ ɛɜɔ ɐɗɔɞɑɗɨəɚɘ ɗɑɣɑəɔɔ  [56].   Ȼɚɗɚɒɔ- 

 

ȼɔɝ. 21 Ɍ (Fig. 21 Ɍ) 

 

ȼɔɝ. 21 ɍ (Fig. 21 b) 

ȼɔɝ. 21.      ȸȼȾ ɍɑɐɜɑəəɧɡ ɖɚɝɞɑɕ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɝ ɛɜɔɘɑəɑəɔɑɘ ȸȼ-

ɝɛɑɖɞɜɚɘɑɞɜɔɔ.  

ȹɌ Ⱦ1-Ȯȴ (Ɍ) ɚɛɜɑɐɑɗɫɑɞɝɫ ɎɧɜɌɒɑəəɌɫ ɛɌɞɚɗɚɏɔɣɑɝɖɌɫ ɔəɠɔɗɨɞɜɌɢɔɫ ɛɜɚɖɝɔɘɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛɜɌɎɚɕ 

ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ ɔ ɜɑɓɖɚ ɝəɔɒɑəəɌɫ ɠɜɌɖɢɔɫ ɒɔɜɌ əɌ ɩɞɚɘ ɟɜɚɎəɑ əɌ ɝɛɑɖɞɜɚɏɜɌɘɘɌɡ (ɍ) [54].   

Fig. 21.   MR images of the femurs, coronal plane, MR spectrometry . 

T1 (a) demonstrate certain pathological infiltration of the proximal parts of the right femur and a well reduced 

fat f raction at this level in spectrograms (b) [54].   
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ȼɔɝ. 22 Ɍ (Fig. 22 Ɍ) 

 

ȼɔɝ. 22 ɍ (Fig. 22 b) 

 

ȼɔɝ. 22 Ɏ (Fig. 22 ɝ) 

ȼɔɝ. 22. ȸȼȾ ɛɜɌɎɚɕ ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ Ɏ ɖɚɜɚəɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɝ ɛɜɔɘɑəɑəɔɑɘ ȸȼ-

ɝɛɑɖɞɜɚɘɑɞɜɔɔ. 

ȹɌ Ⱦ1-Ȯȴ ɚɛɜɑɐɑɗɫɑɞɝɫ ɎɧɜɌɒɑəəɌɫ ɛɌɞɚɗɚɏɔɣɑɝɖɌɫ ɔəɠɔɗɨɞɜɌɢɔɫ ɛɜɚɖɝɔɘɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɍɑɐɜɑəəɚɕ 

ɖɚɝɞɔ ɔ ɜɑɓɖɚ ɝəɔɒɑəəɌɫ ɠɜɌɖɢɔɫ ɒɔɜɌ əɌ ɩɞɚɘ ɟɜɚɎəɑ əɌ ɝɛɑɖɞɜɚɏɜɌɘɘɌɡ (Ɍ), ɛɚɝɞɑɛɑəəɧɕ  ɜɑɏɜɑɝɝ 

ɛɌɞɚɗɚɏɔɣɑɝɖɚɕ ɔəɠɔɗɨɞɜɌɢɔɔ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɝ ɛɚɎɧɤɑəɔɑɘ ɝɚɐɑɜɒɌəɔɫ ɒɔɜɌ ɣɑɜɑɓ 1 ɏɚɐ (ɍ) ɔ 2 ɏɚɐɌ 

(Ɏ) ɛɚɝɗɑ əɌɣɌɗɌ ɀȳȾ [9]. 

Fig. 22.   MR image s of the right femur, coronal plane, MR spectrometry.  

T1 images reveal a definite pathological infiltration of the proximal femur and a reduced fat fraction at this 

level on the spectrograms (a), a gradual regression of pathological bone marrow infiltrati on with an increase 

in fat tissue in 1 year (b) and 2 years (c) after the onset ERT [9].  
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ɞɑɗɨəɌɫ ɐɔəɌɘɔɖɌ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑəɑ-

əɔɕ Ɏ ɗɑɏɖɔɡ ɘɑɐɗɑəəɌɫ, Ɏɚ ɘəɚɏɔɡ ɝɗɟɣɌɫɡ 

ɜɑɏɜɑɝɝɌ əɑ əɌɝɞɟɛɌɑɞ [57]. 

ȹɌ ɠɚəɑ ɀȳȾ ɟɘɑəɨɤɑəɔɑ ɝɞɑɛɑəɔ Ɏɧ-

ɜɌɒɑəəɚɝɞɔ ɔ ɜɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɔ ɚɍɜɌɞɔ-

ɘɧɡ ɔɓɘɑəɑəɔɕ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ əɌɍɗɪɐɌɑɞɝɫ 

ɚɍɧɣəɚ əɑ ɜɌəɨɤɑ, ɣɑɘ ɣɑɜɑɓ 12 ɘɑɝɫɢɑɎ ɚɞ 

əɌɣɌɗɌ ɞɑɜɌɛɔɔ. Ȼɜɔ ɩɞɚɘ ɛɚɗɚɒɔɞɑɗɨəɌɫ 

ɐɔəɌɘɔɖɌ ɟ ɛɌɢɔɑəɞɚɎ ɍɑɓ ɝɛɗɑəɩɖɞɚɘɔɔ 

ɔɐɑɞ ɍɚɗɑɑ ɍɧɝɞɜɧɘɔ ɞɑɘɛɌɘɔ ɛɚ ɝɜɌɎəɑəɔɪ 

ɝ ɛɌɢɔɑəɞɌɘɔ, ɟ ɖɚɞɚɜɧɡ ɍɧɗɌ ɟɐɌɗɑəɌ ɝɑɗɑ-

ɓɑəɖɌ. ȹɑɚɍɜɌɞɔɘɧɑ ɒɑ ɔɓɘɑəɑəɔɫ ɖɚɝɞəɚ-

ɝɟɝɞɌɎəɚɕ ɝɔɝɞɑɘɧ ɛɚ ɐɌəəɧɘ ɗɔɞɑɜɌɞɟɜɧ 

ɜɑɓɔɝɞɑəɞəɧ ɖ ɛɌɞɚɏɑəɑɞɔɣɑɝɖɚɕ ɞɑɜɌɛɔɔ 

[58] (ɜɔɝ. 22). 

ȳɌɖɗɪɣɑəɔɑ. 

Ȱɗɫ ɚɢɑəɖɔ ɎɔɝɢɑɜɌɗɨəɧɡ ɔ ɖɚɝɞəɚ-

ɝɟɝɞɌɎəɧɡ ɔɓɘɑəɑəɔɕ ɛɜɔ ɍɚɗɑɓəɔ ȯɚɤɑ I ɞɔ-

ɛɌ ɣɌɥɑ ɔɝɛɚɗɨɓɟɪɞɝɫ ɖɚɘɍɔəɌɢɔɔ ɜɌɓɗɔɣ-

əɧɡ ɘɑɞɚɐɚɎ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ, ɞɌɖ ɖɌɖ 

əɔ ɚɐɔə ɔɓ əɔɡ Ɏ ɜɟɞɔəəɚɕ ɛɜɌɖɞɔɖɑ əɑ ɐɌɑɞ 

ɔɝɣɑɜɛɧɎɌɪɥɑɕ ɔəɠɚɜɘɌɢɔɔ. ɉɞɚ Ɏ ɛɑɜɎɟɪ 

ɚɣɑɜɑɐɨ ɝɎɫɓɌəɚ ɝ ɍɚɗɨɤɚɕ ɎɌɜɔɌɍɑɗɨəɚɝɞɨɪ 

ɛɌɞɚɘɚɜɠɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ ɚɜɏɌəɚɎ ɔ 

ɞɖɌəɑɕ ɔ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɑɕ ɗɟɣɑɎɚɕ ɝɑɘɔ-

ɚɞɔɖɔ. 

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɛɜɔɘɑəɑəɔɑ ɝɞɌə-

ɐɌɜɞəɧɡ ɔɘɛɟɗɨɝəɧɡ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɑɕ 

(Ⱦ1-Ȯȴ, Ⱦ2-Ȯȴ ɔ STIR) ɔ ɍɚɗɑɑ ɝɚɎɜɑɘɑəəɧɡ 

ɚɛɢɔɕ ȸȼȾ (ȸȼ-ɝɛɑɖɞɜɚɝɖɚɛɔɫ ɔ ɘɑɞɚɐ Ȱɔɖ-

ɝɚəɌ) ɛɚɓɎɚɗɫɪɞ ɖɌɣɑɝɞɎɑəəɚ ɎɧɫɎɔɞɨ ɛɜɔ-

ɓəɌɖɔ ɛɌɞɚɗɚɏɔɣɑɝɖɚɕ ɔəɠɔɗɨɞɜɌɢɔɔ Ɏ ɛɑɣɑ-

əɔ, ɝɑɗɑɓɑəɖɑ ɔ ɖɚɝɞəɚɘ ɘɚɓɏɑ ɔ ɚɛɜɑɐɑɗɔɞɨ 

ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɓəɌɣɑəɔɫ ɒɔɜɚɎɚɕ ɠɜɌɖɢɔɔ 

Ɏ əɔɡ. ɉɞɚ ɐɌɑɞ Ɏɚɓɘɚɒəɚɝɞɨ ɟɝɞɌəɚɎɔɞɨ ɝɞɑ-

ɛɑəɨ ɞɫɒɑɝɞɔ ɓɌɍɚɗɑɎɌəɔɫ, ɚɢɑəɔɞɨ ɩɠɠɑɖ-

ɞɔɎəɚɝɞɨ ɛɜɚɎɚɐɔɘɚɏɚ ɗɑɣɑəɔɫ, Ɍ ɛɜɔ ɛɚɘɚ-

ɥɔ ȸȼ-ɩɗɌɝɞɚɘɑɞɜɔɔ ɔ ȸȼ-ɜɑɗɌɖɝɚɘɑɞɜɔɔ 

ɎɧɫɎɔɞɨ ɞɌɖɔɑ ɚɝɗɚɒəɑəɔɫ, ɖɌɖ ɠɔɍɜɚɓ ɛɑ-

ɣɑəɔ ɔ ɛɑɜɑɏɜɟɓɖɌ ɑɑ ɒɑɗɑɓɚɘ. ȹɌɜɫɐɟ ɝ 

ɩɞɔɘ, ɚɞɝɟɞɝɞɎɔɑ ɔɚəɔɓɔɜɟɪɥɑɏɚ ɔɓɗɟɣɑəɔɫ 

ɐɑɗɌɑɞ ȸȼȾ əɌɔɍɚɗɑɑ ɟəɔɎɑɜɝɌɗɨəɧɘ ɔɓ Ɏɝɑɡ 

ɘɑɞɚɐɚɎ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɐɗɫ ɚɢɑəɖɔ ɛɚ-

ɜɌɒɑəɔɫ ɚɜɏɌəɚɎ ɘɔɤɑəɑɕ ɛɜɔ ɍɚɗɑɓəɔ ȯɚ-

ɤɑ, ɣɞɚ ɚɝɚɍɑəəɚ ɎɌɒəɚ Ɏ ɛɑɐɔɌɞɜɔɣɑɝɖɚɕ 

ɛɜɌɖɞɔɖɑ. Ⱥɐəɔɘ ɔɓ əɑɐɚɝɞɌɞɖɚɎ ɐɌəəɚɏɚ 

ɘɑɞɚɐɌ ɫɎɗɫɑɞɝɫ əɑɚɍɡɚɐɔɘɚɝɞɨ ɝɑɐɌɢɔɔ ɛɌ-

ɢɔɑəɞɚɎ ɐɑɞɝɖɚɏɚ ɎɚɓɜɌɝɞɌ, ɞɌɖ ɖɌɖ ɚɍɝɗɑɐɚ-

ɎɌəɔɑ ɓɌəɔɘɌɑɞ ɐɚɎɚɗɨəɚ ɐɗɔɞɑɗɨəɚɑ Ɏɜɑɘɫ. 

ȹɚ ɛɜɔ ɩɞɚɘ əɑɗɨɓɫ əɑɐɚɚɢɑəɔɎɌɞɨ ɞɌ-

ɖɔɑ ɍɚɗɑɑ ɛɜɚɝɞɧɑ ɔ ɐɚɝɞɟɛəɧɑ ɘɑɞɚɐɧ, ɖɌɖ 

ɜɑəɞɏɑəɚɏɜɌɠɔɫ ɔ ȿȳȴ, ɖɚɞɚɜɧɑ ɓɌɣɌɝɞɟɪ 

ɫɎɗɫɪɞɝɫ ɛɑɜɎɔɣəɧɘɔ ɛɜɔ ɎɔɓɟɌɗɔɓɌɢɔɔ 

ɖɚɝɞəɧɡ ɔ ɎɔɝɢɑɜɌɗɨəɧɡ ɔɓɘɑəɑəɔɕ, əɌ ɚɝ-

əɚɎɑ ɖɚɞɚɜɧɡ ɝɞɜɚɔɞɝɫ ɐɌɗɨəɑɕɤɌɫ ɞɌɖɞɔɖɌ 

ɐɔɌɏəɚɝɞɔɣɑɝɖɔɡ ɘɑɜɚɛɜɔɫɞɔɕ. 

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ȻɉȾ/ȶȾ Ƚ 11Ƚ-ȸȱȾȴȺȹȴȹȺȸ ȴ 18F-ɀȾȺȼȰȱȳȺȶȽȴȯȷɊȶȺȳȺȵ Ȯ ȴȳȿɃȱȹȴȴ  

ȯȱȾȱȼȺȯȱȹȹȺȽȾȴ ȯȷȴȺȸ ȯȺȷȺȮȹȺȯȺ ȸȺȳȯȬ 

 

ȮɔɡɜɚɎɌ ȹ.ȭ.1, ȶɌɗɌɑɎɌ Ȱ.ȭ.1,2, ȭɌɞɌɗɚɎ Ȭ.ȴ.1, ȶɚəɌɖɚɎɌ Ⱦ.Ȭ.1, ɁɚɡɗɚɎɌ ȱ.Ȯ.1,  

ȻɚɝɞəɚɎ Ȭ.Ȭ.1,2, Ȼɜɚəɔə ȴ.ȹ.1 

 
1 - ɀȯȬȿ çȹȸȴɂ əɑɕɜɚɡɔɜɟɜɏɔɔ ɔɘ. ɌɖɌɐ. ȹ. ȹ. ȭɟɜɐɑəɖɚè ȸɔəɓɐɜɌɎɌ ȼɚɝɝɔɔ, ȸɚɝɖɎɌ, ȼɚɝɝɔɫ. 

2 - ɀȯȬȺȿ ȮȺ ȹɌɢɔɚəɌɗɨəɧɕ ɔɝɝɗɑɐɚɎɌɞɑɗɨɝɖɔɕ ɫɐɑɜəɧɕ ɟəɔɎɑɜɝɔɞɑɞ çȸȴɀȴè, ȸɚɝɖɎɌ ȼɚɝɝɔɫ. 

3 - ɀɔɓɔɣɑɝɖɔɕ ɔəɝɞɔɞɟɞ ɔɘ. Ȼ.ȹ. ȷɑɍɑɐɑɎɌ ȼȬȹ, ȸɚɝɖɎɌ, ȼɚɝɝɔɫ. 

 
ɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. ȴɓɟɣɑəɔɑ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɘɑɞɌɍɚɗɔɓɘɌ Ɏ ɔɡ ɎɓɌ-

ɔɘɚɝɎɫɓɔ Ɏ ɜɌɓɗɔɣəɧɘɔ ɞɔɛɌɘɔ ɏɗɔɚɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɚɢɑəɖɌ ɏɑɞɑɜɚɏɑəəɚɝɞɔ ɝɞɜɟɖ-

ɞɟɜɧ ɚɛɟɡɚɗɔ ɔ ɛɜɔɗɑɒɌɥɔɡ ɞɖɌəɑɕ ɝ ɝɚɛɚɝɞɌɎɗɑəɔɑɘ ɐɌəəɧɡ ȸȼȾ ɔ ȻɉȾ/ȶȾ ɝ 11Ƚ-

ɘɑɞɔɚəɔəɚɘ ɔ 18F-ɠɞɚɜɐɑɓɚɖɝɔɏɗɪɖɚɓɚɕ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 52 ɛɌɢɔɑəɞɌ (ȸ/Ȳ 27/25, ɝɜ. ɎɚɓɜɌɝɞ 48Ñ12ɗɑɞ) ɝ ɏɗɔɚɘɌɘɔ: 

ɏɗɔɚɍɗɌɝɞɚɘɧ (n=19), ɌəɌɛɗɌɝɞɔɣɑɝɖɔɑ Ɍɝɞɜɚɢɔɞɚɘɧ (n=9), ɐɔɠɠɟɓəɧɑ Ɍɝɞɜɚɢɔɞɚɘɧ (n=9), ɌəɌ-

ɛɗɌɝɞɔɣɑɝɖɔɑ ɚɗɔɏɚɐɑəɐɜɚɏɗɔɚɘɧ (n=6), ɚɗɔɏɚɐɑəɐɜɚɏɗɔɚɘɧ (n=6). Ȼɜɚɞɚɖɚɗ ɔɝɝɗɑɐɚɎɌəɔɫ: ȸȼȾ 

Ɏ ɜɑɒɔɘɌɡ T2, T2-FLAIR, 3DȾ1 (FSPGR) ɔ 2D T1 (SE) ɐɚ/ɛɚɝɗɑ ɎəɟɞɜɔɎɑəəɚɏɚ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ) 

ɔ ɐɔəɌɘɔɣɑɝɖɌɫ ȻɉȾ/ȶȾ ɝ ȸȱȾ ɔ ɀȰȯ. ȻɌɜɌɘɑɞɜɧ ɖɚɗɔɣɑɝɞɎɑəəɚɕ ɚɢɑəɖɔ: ɔəɐɑɖɝ əɌɖɚɛɗɑəɔɫ 

ȼɀȻ (ȴȹ) ɓɌ ɛɚɝɗɑɐəɔɑ 10 ɘɔə ɝɖɌəɔɜɚɎɌəɔɫ (ɚɞɜɌɒɌɑɞ ɌɖɞɔɎəɚɝɞɨ ɛɜɚɢɑɝɝɚɎ ɘɑɞɌɍɚɗɔɓɘɌ) ɔ 

ɔəɐɑɖɝ əɌɖɚɛɗɑəɔɫ Ɏ ɘɚɘɑəɞ ɛɑɜɎɚɏɚ ɛɔɖɌ ɘɌɖɝɔɘɌɗɨəɚɏɚ əɌɖɚɛɗɑəɔɫ ȼɀȻ (ȻɘɌɡ) Ɏ ɞɑɣɑəɔɑ 

ɛɑɜɎɧɡ 60 ɝɑɖɟəɐ ɔɝɝɗɑɐɚɎɌəɔɫ (ɚɢɑəɖɌ ɟɜɚɎəɫ ɐɚɝɞɌɎɖɔ ȼɀȻ) ɔɓɘɑɜɫɗɔɝɨ Ɏ ɞɜɑɡ ɚɍɗɌɝɞɫɡ: 1 ð 

ɫɐɜɚ ɏɗɔɚɘɧ, 2 ð ɓɚəɌ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ, 3 ð ɓɚəɌ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ. ȻɜɚɎɑɐɑ-

əɚ ɝɚɛɚɝɞɌɎɗɑəɔɑ ȴȹ ɔ ȻɘɌɡ ɘɑɒɐɟ ɓɚəɌɘɔ 1 ɔ 2, 2 ɔ 3, ɔ ɝ ɜɑɠɑɜɑəɝəɧɘɔ ɓəɌɣɑəɔɫɘɔ Ɏ əɑɔɓ-

ɘɑəɑəəɚɘ ɎɑɥɑɝɞɎɑ ɘɚɓɏɌ ɛɜɚɞɔɎɚɛɚɗɚɒəɚɏɚ ɛɚɗɟɤɌɜɔɫ ɘɚɓɏɌ, ɔɓɟɣɑəɧ ɖɚɜɜɑɗɫɢɔɔ əɌɖɚɛɗɑ-

əɔɫ ȸȱȾ ɔ ɀȰȯ Ɏ ɟɖɌɓɌəəɧɡ ɓɚəɌɡ.  

ȼɑɓɟɗɨɞɌɞɧ. ȳəɌɣɔɘɧɑ ɚɞɗɔɣɔɫ ɓɚəɧ 1 ɔ 2 ɍɧɗɔ ɛɚɗɟɣɑəɧ ɛɚ ȴȹ ȸȱȾ Ɏɚ Ɏɝɑɡ ɏɗɔɚɘɌɡ 

(p<0,05), ɣɞɚ ɛɚɓɎɚɗɔɗɚ ɜɑɖɚɘɑəɐɚɎɌɞɨ ɑɏɚ ɐɗɫ ɚɢɑəɖɔ ɚɣɌɏɚɎ əɌɔɍɚɗɨɤɑɕ ɓɗɚɖɌɣɑɝɞɎɑəəɚɝɞɔ. 

ȻɘɌɡ ȸȱȾ ɚɞɗɔɣɌɗɝɫ ɞɚɗɨɖɚ Ɏ ɏɜɟɛɛɌɡ ɏɗɔɚɍɗɌɝɞɚɘ (p<0,0001) ɔ ɚɗɔɏɚɐɑəɐɜɚɏɗɔɚɘ (p<0,05), ɣɞɚ 

ɝɚɚɞəɚɝɔɗɚɝɨ ɝ Ɏɧɝɚɖɔɘ ɟɜɚɎəɑɘ ɎɌɝɖɟɗɫɜɔɓɌɢɔɔ ɩɞɔɡ ɞɔɛɚɎ ɏɗɔɚɘ. ȴȹ ɀȰȯ ɓəɌɣɔɘɚ ɚɞɗɔɣɌɗɝɫ 

ɘɑɒɐɟ ɓɚəɌɘɔ 2 ɔ 3 (p<0,05), ɣɞɚ Ɏ ɝɚɛɚɝɞɌɎɗɑəɔɔ ɝ ȸȼȾ ɛɚɓɎɚɗɫɗɚ ɚɢɑəɔɎɌɞɨ ɏɜɌəɔɢɧ ɔəɠɔɗɨ-

ɞɜɌɞɔɎəɚɏɚ ɜɚɝɞɌ ɏɗɔɚɘɧ.   

Ƚɞɚɕɖɔɑ ɖɚɜɜɑɗɫɢɔɚəəɧɑ ɎɓɌɔɘɚɝɎɫɓɔ ɛɜɚɢɑɝɝɚɎ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɌ, Ɍ 

ɞɌɖɒɑ ɟɜɚɎəɫ ɐɚɝɞɌɎɖɔ ȼɀȻ Ɏ ɫɐɜɚ Ɍɝɞɜɚɢɔɞɚɘ (Grade II-III) (Rs 0,8, p<0,05) ɔ Ɏ ɚɍɗɌɝɞɔ ɚɞɑ-

ɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɏɗɔɚɍɗɌɝɞɚɘ (Rs-0,5, p=0,02), ɐɚɖɌɓɧɎɌɪɞ ɩɎɚɗɪɢɔɚəəɟɪ ɞɑɚɜɔɪ ɜɚɝɞɌ ɏɗɔɚɘ.  

ȳɌɖɗɪɣɑəɔɑ. Ȼɚɗɟɣɑəəɧɑ ɛɌɞɞɑɜəɧ ɜɌɝɛɜɑɐɑɗɑəɔɫ ȼɀȻ Ɏ ɜɌɓɗɔɣəɧɡ ɚɞɐɑɗɌɡ ɚɛɟɡɚɗɔ ɔ 

ɓɌ ɑɑ ɛɜɑɐɑɗɌɘɔ, ɔ ɎɧɫɎɗɑəəɧɑ ɐɚɝɞɚɎɑɜəɧɑ ɎɓɌɔɘɚɝɎɫɓɔ ɛɜɚɢɑɝɝɚɎ ɘɑɞɌɍɚɗɔɓɘɌ ȸȱȾ ɔ ɀȰȯ Ɏ 

ɓɚəɌɡ ɫɐɜɌ, ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɔ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ, ɛɜɔɍɗɔɒɌɪɞ əɌɝ ɖ ɛɚəɔɘɌ-

əɔɪ ɠɟəɐɌɘɑəɞɌɗɨəɧɡ ɛɜɚɢɑɝɝɚɎ ɘɑɞɌɍɚɗɔɓɘɌ ɏɗɔɚɘ ɔ ɛɚɓɎɚɗɫɪɞ ɔɝɛɚɗɨɓɚɎɌɞɨ əɚɎɧɑ ɛɌɜɌ-

ɘɑɞɜɔɣɑɝɖɔɑ ɛɚɖɌɓɌɞɑɗɔ Ɏ ɜɟɞɔəəɚɕ ɖɗɔəɔɣɑɝɖɚɕ ɛɜɌɖɞɔɖɑ ɝ ɢɑɗɨɪ ɗɟɣɤɑɕ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ 

ɜɌɓɗɔɣəɧɡ ɚɞɐɑɗɚɎ ɚɛɟɡɚɗɔ.   
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urpose.  The study of plastic and energy metabolism and their correlation with various his-

tologic types of brain gliomas. Assessment of heterogeneity tumor structure and adjacent 

brain tissues by comparing MRI  and 11C -methionine and 18F -fluorodeoxyglucose PET/CT 

data.  

Materials and methods.  52 patients (M/F 27/25, average age 48Ñ12 years) with gliomas 

were enrolled in this study: glioblastoma (n = 19), anaplastic astrocytoma (n=9), diffuse astrocytoma 

(n=9), an aplastic oligodendroglioma (n=6), oligodendroglioma (n=6). Research protocol consisted from 

MRI before (T2, T2 -FLAIR, 3DT1 (FSPGR) and after contrast enhancement (2DT1 (SE)) and dynamic 

MET and FDG PET/CT.   

Quantification parameters were:  tumor to normal  index (T/N) at last 10 min of time -activity 

curve (reflects the activity of metabolic processes), T/N in first peak of maximum uptake (Pmax) dur-

ing first 60sec of study (reflects delivery level of radiopharmaceutical agent). Measurements were 

made in thre e areas:  1 ð tumor core, 2 ð edema/infiltration, 3 ð intact brain tissue in close vicinity to 

the tumor borders (outside the T2 -FLAIR hyperintensity zone). Ƚomparison was made between areas 

1 and 2, 2and 3, and with intact brain tissue reference; MET and FDG accum ulation correlations 

were studied.  

Results.  Significant differences in T/N MET between areas 1 and 2 were obtained in all glio-

mas (p <0.05). Pmax MET differed only in glioblastomas (p <0.0001) and oligodendrogliomas (p 

<0.05), which correlated with the hig h level of vascularization of these tumor types. T/N FDG signifi-

cantly differed between area 2 and 3 (p <0.05), which might allow to evaluate the boundaries of infil-

trative growth of glioma, with mandatory comparison with MRI. Strong stable correlations of  plastic 

and energy metabolism (as well as high level of radiopharmaceutical agent delivery) in the core of as-

trocytomas (Grade II -III) (Rs 0.8, p <0.05) and edema/infiltration area around of glioblastomas (Rs 

0.5, p = 0, 02) were found and proved the evol utionary theory of glioma growth.  

Conclusion.  The patterns of MET/FDG distribution as well as plastic and energy metabolism 

correlations in different tumor areas (core and edema/infiltration) and intact brain tissue in close 

vicinity to the tumor borders b ring us closer to understanding the fundamental metabolic processes 

of brain gliomas . 

  

Keywords: PET/CT, 11C -methionine, 18F -FDG, dynamic PET, brain gliomas, glial tumor me-

tabolism, metabolic changes . 
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ɜɑɐɔ Ɏɝɑɡ ɔəɞɜɌɖɜɌəɔɌɗɨəɧɡ 

ɚɍɦɑɘəɧɡ ɚɍɜɌɓɚɎɌəɔɕ ɏɗɔɌɗɨ-

əɧɑ ɚɛɟɡɚɗɔ ɫɎɗɫɪɞɝɫ əɌɔɍɚɗɑɑ 

ɜɌɝɛɜɚɝɞɜɌəɑəəɧɘɔ ɔ ɝɚɝɞɌɎ-

ɗɫɪɞ Ɏ ɝɜɑɐəɑɘ 25-30% Ɏɝɑɡ əɚ-

ɎɚɚɍɜɌɓɚɎɌəɔɕ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [1-3]. ȮɌɒəɧɘ 

ɩɞɌɛɚɘ ɚɛɞɔɘɔɓɌɢɔɔ ɛɗɌəɌ ɗɑɣɑəɔɫ ɛɌɢɔɑəɞɌ ɔ 

ɚɛɜɑɐɑɗɑəɔɫ ɛɜɚɏəɚɓɌ ɞɑɣɑəɔɫ ɓɌɍɚɗɑɎɌəɔɫ ɫɎ-

ɗɫɑɞɝɫ ɝɎɚɑɎɜɑɘɑəəɌɫ ɔ ɞɚɣəɌɫ ɐɔɌɏəɚɝɞɔɖɌ 

ɛɚɜɌɒɑəɔɫ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɖɚɞɚɜɌɫ ɍɌɓɔɜɟɑɞɝɫ 

əɌ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɜɌɓɗɔɣəɧɡ ɘɑɞɚɐɌɡ əɑɕɜɚɎɔ-

ɓɟɌɗɔɓɌɢɔɔ [4-15].  
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ȴ ɑɝɗɔ ȸȼȾ ɚɍɗɌɐɌɑɞ Ɏɧɝɚɖɚɕ ɞɚɣəɚɝɞɨɪ Ɏ 

ɎɧɫɎɗɑəɔɔ ɗɚɖɌɗɔɓɌɢɔɔ ɚɛɟɡɚɗɑɎɚɕ ɝɞɜɟɖɞɟɜɧ, 

ɞɚ ɚɛɜɑɐɑɗɑəɔɑ ɏɜɌəɔɢ ɔ ɜɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɔ 

ɚɛɟɡɚɗɔ Ɏ ɚɖɜɟɒɌɪɥɑɘ ɘɚɓɏɚɎɚɘ ɎɑɥɑɝɞɎɑ ɐɚ 

ɝɔɡ ɛɚɜ ɚɝɞɌɑɞɝɫ ɝɗɚɒəɧɘ Ɏɚɛɜɚɝɚɘ ɐɗɫ ɍɚɗɨ-

ɤɔəɝɞɎɌ əɑɕɜɚɎɔɓɟɌɗɔɓɌɢɔɚəəɧɡ ɞɑɡəɚɗɚɏɔɕ, 

ɎɖɗɪɣɌɫ ȸȼ-ɔɝɝɗɑɐɚɎɌəɔɑ. Ⱥɍɧɣəɚ Ɏ əɑɕɜɚɜɌ-

ɐɔɚɗɚɏɔɣɑɝɖɚɕ ɗɔɞɑɜɌɞɟɜɑ ɩɞɟ ɛɑɜɔɠɚɖɌɗɨəɟɪ 

ɓɚəɟ ɏɗɔɚɘɧ, ɛɜɑɐɝɞɌɎɗɑəəɟɪ ɚɍɗɌɝɞɨɪ ɏɔɛɑ-

ɜɔəɞɑəɝɔɎəɚɏɚ ȸȼ-ɝɔɏəɌɗɌ Ɏ ɜɑɒɔɘɌɡ Ⱦ2 ɔ T2-

FLAIR, ɚɍɚɓəɌɣɌɪɞ ɖɌɖ ɓɚəɟ 

ɚɞɑɖ/ɔəɠɔɗɨɞɜɌɢɔɫ, ɛɚɐɜɌɓɟɘɑɎɌɫ ɣɞɚ ɚəɌ 

ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɔɓɘɑəɑəɔɫ ɝɘɑɤɌəəɚɏɚ ɏɑ-

əɑɓɌ, ɚɍɟɝɗɚɎɗɑəəɧɑ ɚɛɟɡɚɗɑɎɚɕ ɔəɠɔɗɨɞɜɌɢɔɑɕ 

ɔ ɎɌɓɚɏɑəəɧɘ ɚɞɑɖɚɘ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ [7-10]. 

ȼɌɓɏɜɌəɔɣɔɞɨ ɩɞɔ ɛɜɚɢɑɝɝɧ ɔɝɛɚɗɨɓɟɫ ɝɞɌə-

ɐɌɜɞəɧɑ ɜɑɒɔɘɧ ȸȼȾ ɣɌɝɞɚ əɑ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ 

Ɏɚɓɘɚɒəɧɘ. Ƚ ɩɞɚɕ ɢɑɗɨɪ ɚɍɧɣəɚ ɔɝɛɚɗɨɓɟɪɞɝɫ 

ɛɜɚɐɎɔəɟɞɧɑ ȸȼ-ȶȾ-ɞɑɡəɚɗɚɏɔɔ, ɞɌɖɔɑ ɖɌɖ 

ɛɑɜɠɟɓɔɚəəɧɑ ɘɑɞɚɐɧ, ɛɜɚɞɚəəɌɫ ȸȼ-

ɝɛɑɖɞɜɚɝɖɚɛɔɫ, ɐɔɠɠɟɓɔɚəəɚ-ɎɓɎɑɤɑəəɧɑ 

(ɐɔɠɠɟɓɔɚəəɚ-ɞɑəɓɚɜəɧɑ) ɔɓɚɍɜɌɒɑəɔɫ ɔ əɑɖɚ-

ɞɚɜɧɑ ɐɜɟɏɔɑ [11-13].  

ȹɌɔɍɚɗɑɑ ɌɖɞɟɌɗɨəɚɕ ɫɎɗɫɑɞɝɫ ɛɜɚɍɗɑɘɌ 

ɞɚɣəɚɏɚ ɚɛɜɑɐɑɗɑəɔɫ ɏɜɌəɔɢ ɚɛɟɡɚɗɔ ɛɜɔ ɔɓɟ-

ɣɑəɔɔ ɓɗɚɖɌɣɑɝɞɎɑəəɧɡ ɏɗɔɚɘ (ɌəɌɛɗɌɝɞɔɣɑɝɖɔɡ 

Ɍɝɞɜɚɢɔɞɚɘ ɔ ɏɗɔɚɍɗɌɝɞɚɘ), ɞɌɖ ɖɌɖ ɛɜɔ əɑɛɜɌ-

Ɏɔɗɨəɚ ɎɧɍɜɌəəɚɘ ɚɍɦɑɘɑ ɗɑɣɑəɔɫ ɩɞɔɡ Ɏɧɝɚɖɚ 

ɌɏɜɑɝɝɔɎəɧɡ ɚɍɜɌɓɚɎɌəɔɕ ɜɑɢɔɐɔɎ (ɔɗɔ ɛɜɚ-

ɐɚɗɒɑəəɧɕ ɜɚɝɞ) ɎɚɓəɔɖɌɑɞ ɔɘɑəəɚ Ɏ ɓɚəɑ ɔə-

ɠɔɗɨɞɜɌɞɔɎəɚɏɚ ɜɚɝɞɌ, əɑɜɌɝɛɚɓəɌəəɚɏɚ əɌ 

ɠɚəɑ ɚɞɑɖɌ [2, 4, 5, 11, 12]. 

ȺɛɟɡɚɗɑɎɌɫ ɔəɠɔɗɨɞɜɌɢɔɫ ɎɧɓɧɎɌɑɞ ɜɌɓ-

Ɏɔɞɔɑ ɝɞɜɟɖɞɟɜəɧɡ, ɍɔɚɡɔɘɔɣɑɝɖɔɡ ɔ ɐɜɟɏɔɡ 

ɔɓɘɑəɑəɔɕ Ɏ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ, ɛɜɚɫɎɗɫɪɥɔɡɝɫ Ɏ 

Ɏɔɐɑ ɛɚɎɧɤɑəəɚɕ ɛɑɜɠɟɓɔɔ ɛɜɔ ASL, ɟɎɑɗɔ-

ɣɑəəɚɏɚ ɝɚɚɞəɚɤɑəɔɫ ɛɔɖɚɎ Ch/NAA ɛɜɔ ȸȼ-

ɝɛɑɖɞɜɚɝɖɚɛɔɔ, ɝəɔɒɑəɔɫ ɛɚɖɌɓɌɞɑɗɫ ȴȶȰ ɛɜɔ 

ȰȮȴ, Ɍ ɞɌɖɒɑ ɘɑɞɌɍɚɗɔɓɘɌ Ɍɘɔəɚɖɔɝɗɚɞ, ɖɚɞɚ-

ɜɧɑ ɝ Ɏɧɝɚɖɚɕ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɕ ɞɚɣəɚɝɞɨɪ ɜɌɝ-

ɛɚɓəɌɪɞɝɫ ɘɑɞɚɐɚɘ ɛɚɓɔɞɜɚəəɚ-ɩɘɔɝɝɔɚəəɚɕ 

ɞɚɘɚɏɜɌɠɔɔ, ɝɚɎɘɑɥɑəəɚɕ ɝ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚ-

ɘɚɏɜɌɠɔɑɕ (ȻɉȾ/ȶȾ) [6, 7, 9-11, 13 -15]. ȻɜɑɛɌ-

ɜɌɞɧ Ɍɘɔəɚɖɔɝɗɚɞ, Ɏ ɣɌɝɞəɚɝɞɔ 11C-ɘɑɞɔɚəɔə 

(ȸȱȾ), ɫɎɗɫɪɞɝɫ ɛɜɔɓəɌəəɧɘɔ ɔ ɤɔɜɚɖɚ ɛɜɔ-

ɘɑəɫɪɞɝɫ Ɏɚ Ɏɝɑɘ ɘɔɜɑ ɐɗɫ ɛɑɜɎɔɣəɚɕ ɚɢɑəɖɔ 

ɏɗɔɚɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [18-21]. Ȼɚ ɐɌəəɧɘ ɚɐəɚ-

ɏɚ ɔɓ ɛɚɝɗɑɐəɔɡ ɘɑɞɌ-ɌəɌɗɔɓɚɎ Katsanos et al. 

ȸȱȾ ɐɑɘɚəɝɞɜɔɜɟɑɞ Ɏɧɝɚɖɟɪ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ 

Ɏ ɚɢɑəɖɑ ɓɗɚɖɌɣɑɝɞɎɑəəɚɝɞɔ ɏɗɔɚɘ, ɖɚɞɚɜɌɫ Ɏ 

ɝɜɑɐəɑɘ ɝɚɝɞɌɎɗɫɑɞ 0,94 (0,79ð0,98), ɚɐəɌɖɚ 

ɝɛɑɢɔɠɔɣəɚɝɞɨ ɘɑɞɚɐɌ əɑ ɎɧɝɚɖɌ - Ɏ ɝɜɑɐəɑɘ 

0.55 (0.32 ð0.77) [19].  

Ȯ ɛɜɚɢɑɝɝɑ ɜɚɝɞɌ ɏɗɔɚɘɧ ɘɑəɫɑɞɝɫ əɑ 

ɞɚɗɨɖɚ ɛɗɌɝɞɔɣɑɝɖɔɕ ɚɍɘɑə, əɚ ɔ ɛɚɞɜɑɍɗɑəɔɑ 

ɩəɑɜɏɔɔ ɖɗɑɞɖɌɘɔ ɚɛɟɡɚɗɔ, ɣɞɚ ɘɚɒɑɞ ɍɧɞɨ Ɏɔ-

ɓɟɌɗɔɓɔɜɚɎɌəɚ əɌ ȻɉȾ/ȶȾ ɝ 18F-

ɠɞɚɜɐɑɓɚɖɝɔɏɗɪɖɚɓɚɕ (ɀȰȯ) [16, 19, 20, 22]. 

Ⱥɖɚɗɚ 50% ɏɗɔɚɍɗɌɝɞɚɘ ɐɑɘɚəɝɞɜɔɜɟɪɞ ɚɣɌɏɔ 

ɏɔɛɑɜɘɑɞɌɍɚɗɔɓɘɌ ɏɗɪɖɚɓɧ Ɏ ɝɞɜɟɖɞɟɜɑ ɚɛɟɡɚ-

ɗɑɎɚɕ ɞɖɌəɔ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɓɚəɌɘ əɌɔɍɚɗɨɤɑɕ 

ɛɜɚɗɔɠɑɜɌɞɔɎəɚɕ ɌɖɞɔɎəɚɝɞɔ, Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ 

ɚɛɟɡɚɗɔ ɝ ɍɚɗɑɑ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɨɪ ɐɔɠɠɑɜɑə-

ɢɔɜɚɎɖɔ ɝɚɡɜɌəɫɪɞ ɔɗɔ ɝəɔɒɌɪɞ ɛɚɞɜɑɍɗɑəɔɑ 

ɩəɑɜɏɔɔ ɚɞəɚɝɔɞɑɗɨəɚ ɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ ɟɜɚɎəɫ 

[16, 23, 24]. Ƚɛɑɢɔɠɔɣəɚɝɞɨ ɘɑɞɚɐɌ Ɏ ɚɢɑəɖɑ 

ɝɞɑɛɑəɔ ɓɗɚɖɌɣɑɝɞɎɑəəɚɝɞɔ ɏɗɔɚɘ ɛɚ ɐɌəəɧɘ 

ɚɐəɚɏɚ ɔɓ ɛɚɝɗɑɐəɔɡ ɚɍɓɚɜɚɎ ɓɌɜɟɍɑɒəɚɕ ɗɔɞɑ-

ɜɌɞɟɜɧ ɝɚɝɞɌɎɗɫɑɞ Ɏ ɝɜɑɐəɑɘ 79%, ɚɐəɌɖɚ ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨ ɐɚɝɞɌɞɚɣəɚ əɔɓɖɌɫ 59% [22].  

ȴɘɑəəɚ ɛɚɩɞɚɘɟ əɌ ɝɚɎɜɑɘɑəəɚɘ ɩɞɌɛɑ 

ɜɌɓɎɔɞɔɫ ɘɑɞɚɐɚɎ əɑɕɜɚɎɔɓɟɌɗɔɓɌɢɔɔ ɖɌɒɑɞɝɫ 

ɢɑɗɑɝɚɚɍɜɌɓəɧɘ ɛɜɔɘɑəɑəɔɑ ɖɚɘɛɗɑɖɝəɧɡ ɛɚɐ-

ɡɚɐɚɎ Ɏ ɔɓɟɣɑəɔɔ ɏɗɔɌɗɨəɧɡ ɚɛɟɡɚɗɑɕ ɔ ɛɑɜɔ-

ɠɚɖɌɗɨəɚɕ ɓɚəɧ ɔəɠɔɗɨɞɜɌɢɔɔ əɌ ɚɝəɚɎɑ ɖɚɘ-

ɍɔəɔɜɚɎɌəəɚɏɚ ɔɝɛɚɗɨɓɚɎɌəɔɫ ȻɉȾ/ȶȾ ɝ Ɍɘɔ-

əɚɖɔɝɗɚɞɌɘɔ ɔ ɀȰȯ, ɚɞɜɌɒɌɪɥɔɘɔ ɜɌɓɗɔɣəɧɑ 

ɘɑɞɌɍɚɗɔɣɑɝɖɔɑ ɛɜɚɢɑɝɝɧ, ɛɜɚɞɑɖɌɪɥɔɑ Ɏ ɚɛɟ-

ɡɚɗɔ, ɛɜɔ ɚɍɫɓɌɞɑɗɨəɚɘ ɝɚɛɚɝɞɌɎɗɑəɔɔ ɝ ɐɌə-

əɧɘɔ ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ [20, 23-

26].  

ȿɣɔɞɧɎɌɫ ɡɚɜɚɤɚ ɔɓɎɑɝɞəɧɕ ɠɌɖɞ Ɏɧɝɚ-

ɖɚɕ ɏɑɞɑɜɚɏɑəəɚɝɞɔ ɝɞɜɟɖɞɟɜɧ ɏɗɔɚɘ ɏɚɗɚɎəɚɏɚ 

ɘɚɓɏɌ, ɔəɞɑɜɑɝəɧɘ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ ɔɓɟɣɑəɔɑ 

ɚɞɐɑɗɨəɧɡ ɟɣɌɝɞɖɚɎ əɚɎɚɚɍɜɌɓɚɎɌəɔɫ (ɫɐɜɚ ɔ 

ɓɚəɌ ɚɞɑɖ/ɔəɠɔɗɨɞɜɌɢɔɫ), ɏɔɛɚɞɑɞɔɣɑɝɖɔ ɚɞɗɔ-

ɣɌɪɥɔɡɝɫ ɛɚ ɝɞɜɟɖɞɟɜəɧɘ ɔ ɘɑɞɌɍɚɗɔɣɑɝɖɔɘ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘ ɛɚ ɚɞəɚɤɑəɔɪ ɖ ɘɚɓɏɚɎɚɘɟ 

ɎɑɥɑɝɞɎɟ [18, 23]. 

ɋɐɜɚɘ ɓɗɚɖɌɣɑɝɞɎɑəəɚɕ ɚɛɟɡɚɗɔ ɝɣɔɞɌɑɞɝɫ 

əɌɔɍɚɗɑɑ ɌɖɞɔɎəɚ ɜɌɝɞɟɥɌɫ ɣɌɝɞɨ, ɖɚɞɚɜɌɫ, ɖɌɖ 

ɛɜɌɎɔɗɚ, ɎɔɓɟɌɗɨəɚ ɛɜɑɐɝɞɌɎɗɑəɌ ɟɣɌɝɞɖɌɘɔ 

əɌɖɚɛɗɑəɔɫ ȸȼ-ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɔ Ɏɧ-

ɝɚɖɔɘ ɟɜɚɎəɑɘ ɘɑɞɌɍɚɗɔɓɘɌ ȸȱȾ ɔ ɀȰȯ [9, 10, 

18, 23]. ȴɘɑəəɚ ɔɓ ɩɞɚɏɚ ɟɣɌɝɞɖɌ ɜɑɖɚɘɑəɐɟɑɞɝɫ 

ɍɜɌɞɨ ɚɍɜɌɓɑɢ ɛɜɔ ɝɞɑɜɑɚɞɌɖɝɔɣɑɝɖɚɕ ɍɔɚɛɝɔɔ 

(ȽȾȭ) ɔ ɚəɌ ɒɑ, ɛɚ Ɏɚɓɘɚɒəɚɝɞɔ, ɛɚɐɗɑɒɔɞ ɘɌɖ-

ɝɔɘɌɗɨəɚ ɜɌɐɔɖɌɗɨəɚɘɟ ɟɐɌɗɑəɔɪ ɛɜɔ ɡɔɜɟɜɏɔ-

ɣɑɝɖɚɘ ɎɘɑɤɌɞɑɗɨɝɞɎɑ [2, 4, 5].  

ȳɚəɌ ɔəɠɔɗɨɞɜɌɢɔɔ ɛɜɑɐɝɞɌɎɗɑəɌ əɌ ȸȼȾ 

ɛɌɞɚɗɚɏɔɣɑɝɖɔ ɔɓɘɑəɑəəɧɘ ȸȼ-ɝɔɏəɌɗɚɘ Ɏ ɜɑ-

ɒɔɘɌɡ Ⱦ2 ɔ T2-FLAIR ɝ ɠɜɌɏɘɑəɞɌɜəɧɘ ɔɗɔ 

ɐɔɠɠɟɓəɧɘ Ɏɖɗɪɣɑəɔɑɘ ȸȱȾ ɛɜɔ ȻɉȾ-ȶȾ ɔɝ-

ɝɗɑɐɚɎɌəɔɫɡ, ɔəɞɑəɝɔɎəɚɝɞɨ ɖɚɞɚɜɚɏɚ ɘɚɒɑɞ 

ɝɔɗɨəɚ ɎɌɜɨɔɜɚɎɌɞɨ ɔ ɢɑɗɑəɌɛɜɌɎɗɑəəɚ ɜɌəɑɑ 

əɑ ɔɓɟɣɌɗɌɝɨ əɌ ɚɝəɚɎɑ ɛɚɓɔɞɜɚəəɚ-

ɩɘɔɝɝɔɚəəɚɕ ɞɚɘɚɏɜɌɠɔɔ. ȮɌɓɚɏɑəəɧɕ ɚɞɑɖ, Ɏ 

ɝɎɚɪ ɚɣɑɜɑɐɨ, Ɏ çɣɔɝɞɚɘè Ɏɔɐɑ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚ-

ɍɚɕ ɓɚəɟ ɝ ɟɎɑɗɔɣɑəɔɑɘ ɚɍɦɑɘɌ Ɏəɑɖɗɑɞɚɣəɚɕ 

Ɏɚɐɧ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɛɗɌɓɘɧ ɔɓ 

ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɖɌɛɔɗɗɫɜəɧɡ ɝɚɝɟɐɚɎ ɔ ɖɚɞɚ-

ɜɧɕ ɞɌɖɒɑ, ɖɌɖ ɔ ɓɚəɌ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ 

ɔɘɑɑɞ ɛɚɎɧɤɑəəɧɕ ȸȼ-ɝɔɏəɌɗ əɌ Ⱦ2- ɔ Ⱦ2-

FLAIR ðɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɫɡ, ɡɌɜɌɖɞɑɜɔ-

ɓɟɑɞɝɫ ɓɚəɚɕ ɏɔɛɚɘɑɞɌɍɚɗɔɓɘɌ ɛɜɔ ȻɉȾ/ȶȾ ɝ 

ɗɪɍɧɘ ȼɀȻ [8-10, 23].  

ȰɌəəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɝɞɌɎɔɞ ɏɗɌɎəɚɕ ɢɑ-

ɗɨɪ ɔɓɟɣɑəɔɑ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ 
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ɘɑɞɌɍɚɗɔɓɘɌ Ɏ ɜɌɓɗɔɣəɧɡ ɚɞɐɑɗɌɡ ɏɗɔɚɘ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɝɞɑɛɑəɔ ɔɡ ɐɔɠ-

ɠɑɜɑəɢɔɜɚɎɖɔ ɔ ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɏɚ ɞɔɛɌ, Ɍ ɞɌɖ-

ɒɑ ɛɚɔɝɖ ɘɑɞɌɍɚɗɔɣɑɝɖɔɡ ɚɝɚɍɑəəɚɝɞɑɕ ɫɐɜɌ 

ɚɛɟɡɚɗɔ, ɓɚəɧ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɔ ɛɜɔɗɑ-

ɒɌɥɑɏɚ əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɖ ɚɛɟɡɚɗɔ ɘɚɓɏɚɎɚɏɚ 

ɎɑɥɑɝɞɎɌ, ɎɔɓɟɌɗɨəɚ əɑ ɔɓɘɑəɑəəɚɏɚ ɛɚ ȸȼȾ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

Ȯ ɐɌəəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɔ Ɏɖɗɪɣɑəɧ 

ɐɔɌɏəɚɝɞɔɣɑɝɖɔɑ ɐɌəəɧɑ 52-ɡ ɛɌɢɔɑəɞɚɎ ɝ ɛɑɜ-

Ɏɔɣəɧɘɔ ɏɗɔɌɗɨəɧɘɔ ɚɛɟɡɚɗɫɘɔ ɏɚɗɚɎəɚɏɚ ɘɚɓ-

ɏɌ (27 ɘɟɒɣɔə, 25 ɒɑəɥɔə, ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ 

ɖɚɞɚɜɧɡ ɝɚɝɞɌɎɔɗ 48Ñ12ɗɑɞ), ɖɚɞɚɜɧɑ ɛɜɚɤɗɔ 

Ɏɝɑ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɑ ɔ ɗɑɣɑɍəɧɑ ɘɑɜɚɛɜɔɫɞɔɫ Ɏ 

ɀȯȬȿ çȹȸȴɂ əɑɕɜɚɡɔɜɟɜɏɔɔ ɔɘ. Ɍɖ. ȹ.ȹ. ȭɟɜ-

ɐɑəɖɚè Ɏ ɛɑɜɔɚɐ ɝ ɔɪɗɫ 2018 ɛɚ əɚɫɍɜɨ 2020 ɏɏ.   

ȰɔɌɏəɚɓ ɖɌɒɐɚɏɚ ɛɌɢɔɑəɞɌ ɍɧɗ Ɏɑɜɔɠɔ-

ɢɔɜɚɎɌə ɏɔɝɞɚɗɚɏɔɣɑɝɖɔ ɛɚɝɜɑɐɝɞɎɚɘ ɡɔɜɟɜɏɔ-

ɣɑɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ Ɏ ɡɚɐɑ ɝɞɑɜɑɚɞɌɖɝɔɣɑ-

ɝɖɚɕ ɍɔɚɛɝɔɔ (ȽȾȭ), ɜɌɐɔɖɌɗɨəɚɕ ɔɗɔ ɣɌɝɞɔɣ-

əɚɕ ɜɑɓɑɖɢɔɔ ɚɛɟɡɚɗɔ. ȻɜɑɐɎɌɜɔɞɑɗɨəɚ ɟ ɖɌɒ-

ɐɚɏɚ ɛɌɢɔɑəɞɌ ɍɧɗɚ ɛɚɗɟɣɑəɚ ɛɔɝɨɘɑəəɚɑ ɔə-

ɠɚɜɘɔɜɚɎɌəəɚɑ ɝɚɏɗɌɝɔɑ əɌ ɛɜɚɎɑɐɑəɔɑ ȸȼȾ ɔ 

ȻɉȾ/ȶȾ ɔɝɝɗɑɐɚɎɌəɔɕ. ȼɌɍɚɞɌ ɚɐɚɍɜɑəɌ ɉɞɔɣɑ-

ɝɖɔɘ ɖɚɘɔɞɑɞɚɘ ɀȯȬȿ çȹȸȴɂ əɑɕɜɚɡɔɜɟɜɏɔɔ 

ɔɘ. ɌɖɌɐ. ȹ. ȹ. ȭɟɜɐɑəɖɚè ȸɔəɓɐɜɌɎɌ ȼɚɝɝɔɔ.  

ȻɌɢɔɑəɞɧ ɍɧɗɔ ɜɌɓɐɑɗɑəɧ əɌ ɏɜɟɛɛɧ ɝɚ-

ɏɗɌɝəɚ ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɕ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɚɛɟɡɚ-

ɗɑɕ ɂȹȽ (ȮȺȳ) ɚɞ 2016 ɏɚɐɌ (ɞɌɍɗɔɢɌ ʈ1).   

ȹɌ ɐɚɚɛɑɜɌɢɔɚəəɚɘ ɩɞɌɛɑ ɖɌɒɐɚɘɟ ɛɌɢɔ-

ɑəɞɟ ɛɜɚɎɚɐɔɗɚɝɨ ȸȼȾ-ɝɖɌəɔɜɚɎɌəɔɑ əɌ ɌɛɛɌ-

ɜɌɞɑ Signa HDxt ɝ əɌɛɜɫɒɑəəɚɝɞɨɪ ɘɌɏəɔɞəɚɏɚ 

ɛɚɗɫ 3.0 T (General Electric, USA) ɝ ɔɝɛɚɗɨɓɚɎɌ-

əɔɑɘ 8-ɖɌəɌɗɨəɚɕ ɖɌɞɟɤɖɔ. Ȼɜɚɞɚɖɚɗ ɝɖɌəɔɜɚ-

ɎɌəɔɫ ɎɖɗɪɣɌɗ Ɏ ɝɑɍɫ ɝɞɌəɐɌɜɞəɧɑ ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɚɝɞɔ: T2, T2-FLAIR, 3D Ⱦ1 (FSPGR) ɔ 2D T1 

(SE) ɐɚ ɔ ɛɚɝɗɑ Ɏ/Ɏ ɎɎɑɐɑəɔɫ ȸȼ-ɖɚəɞɜɌɝɞəɚɏɚ 

ɏɌɐɚɗɔəɔɕ-ɝɚɐɑɜɒɌɥɑɏɚ ɛɜɑɛɌɜɌɞɌ Ɏ ɝɞɌəɐɌɜɞ-

əɚɕ ɐɚɓɔɜɚɎɖɑ. ȻɉȾ/ȶȾ ɔɝɝɗɑɐɚɎɌəɔɑ ɝ ȸȱȾ ɔ 

ɀȰȯ ɛɜɚɎɚɐɔɗɚɝɨ əɌ ɚɐəɚɘ ɌɛɛɌɜɌɞɑ Siemens 

Biograph 40 True Point (Siemens Medical 

Solutions, ȽɄȬ) ɝɚɏɗɌɝəɚ ɝɛɑɢɔɌɗɨəɚ ɜɌɓɜɌɍɚ-

ɞɌəəɚɘɟ ɛɜɚɞɚɖɚɗɟ Ɏ ɜɑɒɔɘɑ ɐɔəɌɘɔɣɑɝɖɚɏɚ 

ɝɖɌəɔɜɚɎɌəɔɫ ɝ ɘɔəɔɘɌɗɨəɚ Ɏɚɓɘɚɒəɧɘ Ɏɜɑ-

ɘɑəəɧɘ ɔəɞɑɜɎɌɗɚɘ ɘɑɒɐɟ ɩɞɔɘɔ ɐɎɟɘɫ 

ȻɉȾ/ȶȾ ɔɝɝɗɑɐɚɎɌəɔɫɘɔ ɔ ȸȼȾ (əɑ ɍɚɗɑɑ 2-3 

ɐəɑɕ). 

Ƚɍɚɜ ɐɌəəɧɡ ɛɜɔ ȻɉȾ-ɔɝɝɗɑɐɚɎɌəɔɔ 

əɌɣɔəɌɗɝɫ ɝɜɌɓɟ ɝ ɘɚɘɑəɞɌ Ɏ/Ɏ ɎɎɑɐɑəɔɫ ȼɀȻ 

(ɐɗɫ ȸȱȾ ɚɍɥɑɑ Ɏɜɑɘɫ ɝɖɌəɔɜɚɎɌəɔɫ ɝɚɝɞɌɎɗɫɗɚ 

20 ɘɔəɟɞ, ɐɗɫ ɀȰȯ - 40 ɘɔəɟɞ)  ɔ ɛɜɚɎɚɐɔɗɝɫ 

ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: ɐɗɫ ȸȱȾ ɔəɠɚɜɘɌɢɔɫ ɝɚ-

ɍɔɜɌɗɌɝɨ  Ɏ ɞɑɣɑəɔɑ 26 Ɏɜɑɘɑəəɧɡ ɔəɞɑɜɎɌɗɚɎ ( 

Ɏ ɛɑɜɎɟɪ ɘɔəɟɞɟ ɖɌɒɐɧɑ 10 ɝɑɖɟəɐ, ɐɌɗɑɑ 6 

ɔəɞɑɜɎɌɗɚɎ ɛɚ 20 ɝɑɖ, 6 - ɛɚ 30 ɝɑɖ, 4 - ɛɚ 60 

ɝɑɖ ɔ ɛɚɝɗɑɐəɔɑ 4 - ɛɚ 150 ɝɑɖ), Ɍ ɐɗɫ ɀȰȯ Ɏ ɞɑ-

ɣɑəɔɑ 34 ɔəɞɑɜɎɌɗɚɎ (Ɏ ɛɑɜɎɟɪ ɘɔəɟɞɟ ɖɌɒɐɧɑ 

10 ɝɑɖ, ɝɗɑɐɟɪɥɔɑ ɐɎɑ ɘɔəɟɞɧ ɛɚ 20 ɝɑɖ, ɞɜɔ 

ɘɔəɟɞɧ ɛɚ 30 ɝɑɖ, 4 ɘɔəɟɞɧ ɛɚ 60 ɝɑɖ ɔ ɚɝɞɌɎ-

ɤɔɑɝɫ 12 ɔəɞɑɜɎɌɗɚɎ ɛɚ 150 ɝɑɖ).  Ȱɗɫ ɜɑɖɚə-

ɝɞɜɟɖɢɔɔ ɔɓɚɍɜɌɒɑəɔɕ ɔɝɛɚɗɨɓɚɎɌɗɝɫ Ɍɗɏɚɜɔɞɘ 

3D OSEM (Or dered Subset Expectation 

Maximization) c 5 ɔɞɑɜɌɢɔɫɘɔ ɔ 8 ɛɚɐɘəɚɒɑ-

ɝɞɎɌɘɔ ɝ ɖɚɜɜɑɖɢɔɑɕ ɛɚɏɗɚɥɑəɔɫ ɛɜɔ ɛɚɘɚɥɔ 

əɔɓɖɚɐɚɓəɚɕ ȶȾ. 

ȬəɌɗɔɓ ɔ ɔəɞɑɜɛɜɑɞɌɢɔɫ ɛɚɗɟɣɑəəɧɡ 

ɔɓɚɍɜɌɒɑəɔɕ ɛɜɚɎɚɐɔɗɔɝɨ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚ-

ɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ PMOD (Ɏɑɜɝɔɫ 4.0, ɂɪ-

ɜɔɡ, ɄɎɑɕɢɌɜɔɫ).  

ȳɚəɌ ɔəɞɑɜɑɝɌ (Region of Interest ð ROI) Ɏ 

ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ ɛɜɔəɫɞɧɘ ɛɜɚɞɚɖɚɗɚɘ ɚɍɜɌɍɚɞ-

ɖɔ ɔɓɚɍɜɌɒɑəɔɕ ɍɧɗɌ ɛɜɑɐɝɞɌɎɗɑəɌ ɚɐəɔɘ ɖɟ-

ɍɔɣɑɝɖɔɘ ɝɌəɞɔɘɑɞɜɚɘ (1,0 ɝɘ3) əɌɔɍɚɗɑɑ Ɍɖ-

ɞɔɎəɚɕ ɣɌɝɞɔ ɚɛɟɡɚɗɔ, ɎɧɍɜɌəəɚɕ ɛɚ əɌɔɍɚɗɑɑ 

ɔəɞɑəɝɔɎəɚɘɟ əɌɖɚɛɗɑəɔɪ ȸȼ-ɖɚəɞɜɌɝɞəɚɏɚ 

ɛɜɑɛɌɜɌɞɌ Ɏ ɝɚɛɚɝɞɌɎɗɑəɔɔ ɝ əɌɍɗɪɐɌɑɘɧɘ 

ɟɣɌɝɞɖɚɘ əɌɔɍɚɗɨɤɑɕ ɌɖɞɔɎəɚɝɞɔ ȸȱȾ, ɟɝɗɚɎəɚ 

ɚɍɚɓəɌɣɑəɌ, ɖɌɖ ɓɚəɌ 1 ɔɗɔ ɞɌɖ əɌɓɧɎɌɑɘɚɑ ɫɐ- 

ȾɌɍɗɔɢɌ ʈ1.  ȼɌɝɛɜɑɐɑɗɑəɔɑ ɛɌɢɔɑəɞɚɎ ɛɚ ɏɜɟɛɛɌɘ ɏɔɝɞɚɗɚɏɔɣɑɝɖɔɡ ɞɔɛɚɎ ɏɗɔɚɘ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ ɟɣɑɞɚɘ ɝɞɑɛɑəɔ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ. 

ɻʨʫʧʧʳ ʦʧʫʭʦʣʝʡ ʉʦʢʨʘʱʝʥʠʝ ʉʨʝʜʥʠʡ 

ʚʦʟʨʘʩʪ 

N ʇʦʣ 

ʤʫʞ/ʞʝʥ 

ɸʩʪʨʦʮʠʪʘʨʥʳʝ ʦʧʫʭʦʣʠ:     

ɻʣʠʦʙʣʘʩʪʦʤʳ (Grade IV) ɻɹ 55Ñ10 19 13/6 

ɸʥʘʧʣʘʩʪʠʯʝʩʢʘʠʝ ʘʩʪʨʦʮʠʪʦʤʳ (Grade III) ɸɸ 43Ñ13 9 4/5 

ɼʠʬʬʫʟʥʳʝ ʘʩʪʨʦʮʠʪʦʤʳ (Grade II) ɼɸ 41Ñ13 9 4/5 

ʆʧʫʭʦʣʠ ʩ ʦʣʠʛʦʜʝʥʜʨʦʢʦʤʧʦʥʝʥʪʦʤ:     

ɸʥʘʧʣʘʩʪʠʯʝʩʢʠʝ ʦʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʳ (Grade III) ɸʆɼ 49Ñ9 6 2/4 

ʆʣʠʛʦʜʝʥʜʨʦʛʣʠʦʤʳ (Grade II) ʆɼ 45Ñ11 9 4/5 
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ȼɔɝ. 1 Ɍ (Fig. 1 Ɍ) 

 

ȼɔɝ. 1 ɍ (Fig. 1 b) 

 

ȼɔɝ. 1 Ɏ (Fig. 1 ɝ) 

 

ȼɔɝ. 1 ɏ (Fig. 1 d) 

ȼɔɝ. 1.   Ȼɜɔɘɑɜ ɚɛɜɑɐɑɗɑəɔɫ ɓɚə ɔəɞɑɜɑɝɌ Ɏ ɝɞɜɟɖɞɟɜɑ ɚɛɟɡɚɗɑɎɚɕ ɞɖɌəɔ (ɏɗɔɚɍɗɌɝɞɚɘɌ ɗɑɎɚɕ 

ɗɚɍəɚɕ ɐɚɗɔ, Grade IV), ɛɜɚɑɖɢɔɔ ɖɚɞɚɜɧɡ ɛɜɑɐɝɞɌɎɗɑəɧ əɌ ȸȼȾ ɔ ȻɉȾ ɔɓɚɍɜɌɒɑəɔɫɡ. 

Ȭ. ȸȼȾ T1 c Ɏ/Ɏ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ;  

ȭ. ȸȼȾ Ɏ ɜɑɒɔɘɑ T2-FLAIR;  

Ȯ. ȻɉȾ ɝ 11Ƚ-ɘɑɞɔɚəɔəɚɘ;  

ȯ. ȻɉȾ ɝ 18F-ɠɞɚɜɐɑɓɚɖɝɔɏɗɪɖɚɓɚɕ.  

Fig. 1.   An example of tumor structure and healthy tissues ROI determination in patient with left frontal 

lobe glioblastoma on MRI and PET images . 

A. Ƚontrast enhanced T1 MRI,  

B.  T2-FLAIR MRI,  

C. 11C -methionine PET/CT ,  

D. 18F -fluorodeoxyglucose PET/CT.  
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ɜɚ ɚɛɟɡɚɗɔ. Ȯ ɝɗɟɣɌɫɡ, ɖɚɏɐɌ Ɏɔɐɔɘɚɏɚ əɌɖɚɛ-

ɗɑəɔɫ ȸȼ-ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɔ/ɔɗɔ ȼɀȻ Ɏ 

ɝɞɜɟɖɞɟɜɑ ɚɛɟɡɚɗɔ əɑ ɚɞɘɑɣɌɗɚɝɨ, ROI ɓɚəɧ 1 

ɎɧɝɞɌɎɗɫɗɌɝɨ Ɏ ɢɑəɞɜɑ ɟɣɌɝɞɖɌ ɔɓɘɑəɬəəɚɏɚ 

ȸȼ-ɝɔɏəɌɗɌ ɛɚɐɌəəɧɘ ȸȼȾ Ɏ ɜɑɒɔɘɑ T2-FLAIR. 

ȶɜɚɘɑ ɞɚɏɚ, Ɏ ɐɌəəɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɍɧɗɔ ɔɓɟ-

ɣɑəɧ ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɛɚɖɌɓɌɞɑɗɔ əɌɖɚɛɗɑəɔɫ 

ɚɍɚɔɡ ȼɀȻ Ɏ ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ (ɓɚəɌ 2) 

ɔ Ɏ ɚɍɗɌɝɞɔ ɛɜɔɗɑɒɌɥɑɏɚ ɖ ɚɛɟɡɚɗɔ (ɓɌ ɛɜɑɐɑ-

ɗɌɘɔ ɓɚəɧ ɔɓɘɑəɑəɔɫ ȸȼ-ɝɔɏəɌɗɌ Ɏ ɜɑɒɔɘɑ Ⱦ2-

FLAIR) ɔ ɎɔɓɟɌɗɨəɚ əɑɔɓɘɑəɑəəɚɏɚ ɘɚɓɏɚɎɚɏɚ 

ɎɑɥɑɝɞɎɌ (ɓɚəɌ 3). Ȼɚɝɗɑɐəɫɫ ɚɍɗɌɝɞɨ, ɖɌɖ ɛɜɌ-

Ɏɔɗɚ, ɓɌɡɎɌɞɧɎɌɗɌ ɝɑɜɚɑ ɔ ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ ɘɚɓɏɌ 

ɔ ɜɌɝɛɚɗɌɏɌɗɌɝɨ Ɏ əɑɛɚɝɜɑɐɝɞɎɑəəɚɕ ɍɗɔɓɚɝɞɔ 

ɚɞ ɓɚəɧ 2. ȴɓɘɑɜɑəɔɑ ɟɜɚɎəɫ Ɏɖɗɪɣɑəɔɫ ȼɀȻ Ɏ 

ɓɚəɌɡ 2 ɔ 3 ɛɜɚɎɚɐɔɗɚɝɨ ɝ ɛɚɘɚɥɨɪ ɝɠɑɜɧ ɚɍɦ-

ɑɘɚɘ ɚɖɚɗɚ 1 ɝɘ3. ȳɚəɧ ɔəɞɑɜɑɝɌ ɎɧɝɞɌɎɗɫɗɔɝɨ 

ɚɛɧɞəɧɘ ɜɌɐɔɚɗɚɏɚɘ ɝɚ ɝɞɌɒɑɘ ɜɌɍɚɞɧ ɍɚɗɑɑ 5 

ɗɑɞ.  

ȴɓɘɑɜɑəɔɫ ɟɜɚɎəɫ əɌɖɚɛɗɑəɔɫ ȼɀȻ Ɏ əɑ-

ɔɓɘɑəɑəəɚɕ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ ɛɜɚɞɔɎɚɛɚɗɚɒəɚɏɚ 

ɛɚɗɟɤɌɜɔɫ ɘɚɓɏɌ ɛɜɚɎɚɐɔɗɔɝɨ ɝ ɛɚɘɚɥɨɪ ɝɠɑ-

ɜɧ 1 ɝɘ3 Ɏ ɚɍɗɌɝɞɔ ɖɚɜɧ ɝ ɓɌɡɎɌɞɚɘ ɝɑɜɚɏɚ ɔ 

ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ ð ɓɚəɌ 4 (SUVmix), ɔ ɚɞɐɑɗɨəɚ Ɏ 

ɍɑɗɚɘ ɎɑɥɑɝɞɎɑ ð ɓɚəɌ 5 (SUVwhite). Ȼɚɐɜɚɍəɚ 

ɔɓɟɣɌɑɘɧɑ ɚɍɗɌɝɞɔ ɛɜɑɐɝɞɌɎɗɑəɧ əɌ ɜɔɝɟəɖɑ 1. 

ȺɍɚɓəɌɣɑəɔɫ ɓɚə ɔəɞɑɜɑɝɌ (1ɝɘ3): ɣɑɜəɧɕ 

ð ɓɚəɌ 1, ɚɞɜɌɒɌɑɞ ɟɣɌɝɞɚɖ əɌɔɍɚɗɑɑ ɔəɞɑəɝɔɎ-

əɚɏɚ əɌɖɚɛɗɑəɔɫ ȸȼ-ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɔ 

ȸȱȾ Ɏ ɫɐɜɑ ɚɛɟɡɚɗɔ (SUVtumor); ɏɚɗɟɍɚɕ ð ɓɚəɌ 

2 ð ɚɞɑɖ/ɔəɠɔɗɨɞɜɌɢɔɫ (SUVinf),  ɓɑɗɑəɧɕ ð ɓɚ-

əɌ 3 ð ɚɍɗɌɝɞɨ ɍɗɔɓɗɑɒɌɥɑɏɚ ɖ ɚɛɟɡɚɗɔ ɎɔɓɟɌɗɨ-

əɚ əɑɔɓɘɑəɑəəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ 

(SUVnear), ɍɑɗɧɕ ð ɓɚəɌ 4 ɔɓɘɑɜɑəɔɫ ɜɑɠɑɜɑəɝ-

əɧɡ ɓəɌɣɑəɔɕ Ɏ əɑɔɓɘɑəɑəəɚɘ ɘɚɓɏɚɎɚɘ Ɏɑɥɑ-

ɝɞɎɑ ɛɜɚɞɔɎɚɛɚɗɚɒəɚɏɚ ɛɚɗɟɤɌɜɔɫ, ɝɘɑɤɌəəɚ-

ɏɚ ɞɔɛɌ (ɝɑɜɚɑ ɔ ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ - SUVmix); 

ɚɜɌəɒɑɎɧɕ ð ɓɚəɌ 5 ɔɓɘɑɜɑəɔɫ ɜɑɠɑɜɑəɝəɧɡ 

ɓəɌɣɑəɔɕ Ɏ əɑɔɓɘɑəɑəəɚɘ ɍɑɗɚɘ ɎɑɥɑɝɞɎɑ ɘɚɓɏɌ 

ɛɜɚɞɔɎɚɛɚɗɚɒəɚɏɚ ɛɚɗɟɤɌɜɔɫ (SUVwhite). 

Ȱɗɫ ɖɚɗɔɣɑɝɞɎɑəəɚɏɚ ɌəɌɗɔɓɌ ɘɑɞɌɍɚɗɔɣɑ-

ɝɖɚɕ ɌɖɞɔɎəɚɝɞɔ ɞɜɑɡ ɚɝəɚɎəɧɡ ɚɍɗɌɝɞɑɕ Ɏ 

ɏɗɔɚɘɑ ɔ ɛɚ ɑɑ ɛɑɜɔɠɑɜɔɔ (ɓɚəɧ- 1, 2 ɔ 3) ɔɝ-

ɛɚɗɨɓɚɎɌɗɔɝɨ ɝɗɑɐɟɪɥɔɑ ɐɎɌ ɛɌɜɌɘɑɞɜɌ: 

- ɔəɐɑɖɝ əɌɖɚɛɗɑəɔɫ (ȴȹ) ȼɀȻ ð ɚɞəɚɤɑ-

əɔɑ ɝɜɑɐəɔɡ ɓəɌɣɑəɔɕ ɝɞɌəɐɌɜɞɔɓɚɎɌəəɚɕ Ɏɑ-

ɗɔɣɔəɧ əɌɖɚɛɗɑəɔɫ (Standardized Uptake Value 

- SUV) ȼɀȻ Ɏ ɓɚəɑ ɔəɞɑɜɑɝɌ (SUVtumor) ɖ əɑɔɓ-

ɘɑəɑəəɚɕ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ (SUVmix ɔ SUVwhite Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ȼɀȻ). ȽɚɏɗɌɝəɚ ɝɚɎɜɑɘɑəəɧɘ 

ɜɑɖɚɘɑəɐɌɢɔɫɘ əɑɕɜɚɚəɖɚɗɚɏɚɎ [4,5] ɐɗɫ ɔɝɝɗɑ-

ɐɚɎɌəɔɕ ɝ ɀȰȯ ɜɌɝɣɬɞɧ ɛɜɚɎɚɐɔɗɔɝɨ ɝ ɔɝɛɚɗɨ-

ɓɚɎɌəɔɑɘ ɣɔɝɗɚɎɧɡ ɓəɌɣɑəɔɕ SUVwhite, Ɍ ɛɜɔ 

ȻɉȾ/ȶȾ ɝ ȸȱȾ ð SUVmix. ȴɞɚɏɚɎɧɑ ɛɚɖɌɓɌɞɑɗɔ 

ȴȹ ɍɧɗɔ ɛɚɗɟɣɑəəɧɑ ɛɟɞɑɘ ɟɝɜɑɐəɑəɔɫ ɓəɌɣɑ-

əɔɕ ɓɌ ɛɚɝɗɑɐəɔɑ 10ɘɔə əɌ ɖɜɔɎɚɕ ɌɖɞɔɎəɚɝɞɨ 

Ɏɜɑɘɫ ɐɗɫ ɚɍɚɔɡ ȼɀȻ, ɣɞɚ Ɏ ɔɞɚɏɑ ɝɚɛɚɝɞɌɎɔɘɚ ɝ 

ɐɌəəɧɘɔ ɝɞɌəɐɌɜɞəɧɡ ȻɉȾ/ȶȾ ɔɝɝɗɑɐɚɎɌəɔɕ, 

ɛɜɑɐɝɞɌɎɗɑəəɧɡ Ɏ ɗɔɞɑɜɌɞɟɜɑ, Ɏɧɛɚɗəɑəəɧɡ Ɏ 

ɜɑɒɔɘɑ ɝɞɌɞɔɣɑɝɖɚɏɚ ɝɖɌəɔɜɚɎɌəɔɫ; 

- əəɐɑɖɝ əɌɖɚɛɗɑəɔɫ Ɏ ɘɚɘɑəɞ ɛɑɜɎɚɏɚ 

ɛɔɖɌ ɘɌɖɝɔɘɌɗɨəɚɏɚ əɌɖɚɛɗɑəɔɫ ȼɀȻ (ȻɘɌɡ) ð 

ɚɐɔə ɔɓ ɐɔəɌɘɔɣɑɝɖɔɡ ɛɌɜɌɘɑɞɜɚɎ, ɜɌɝɝɣɔɞɌə-

əɧɕ ɖɌɖ ȴȹ Ɏ ɞɚɣɖɑ ɛɑɜɎɚɏɚ ɛɔɖɌ ɘɌɖɝɔɘɌɗɨ-

əɚɏɚ əɌɖɚɛɗɑəɔɫ ȼɀȻ əɌ ɛɑɜɎɚɕ ɘɔəɟɞɑ ɖɜɔɎɚɕ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ ȼɀȻ (ɛɚɐɜɚɍəɚ ɚɛɔɝɌə Ɏ ɛɜɑɐɧ-

ɐɟɥɔɡ ɜɌɍɚɞɌɡ). Ȼɜɔ ɔɝɝɗɑɐɚɎɌəɔɫɡ ɝ ȸȱȾ ɐɌə-

əɧɕ ɛɌɜɌɘɑɞɜ əɌɍɗɪɐɌɗɝɫ Ɏ ɍɚɗɨɤɔəɝɞɎɑ ɝɗɟ-

ɣɌɑɎ əɌ 35 ɝɑɖɟəɐɑ ɐɗɫ Ɏɝɑɡ ɞɔɛɚɎ ɚɛɟɡɚɗɑɕ, Ɍ 

ɐɗɫ ɔɝɝɗɑɐɚɎɌəɔɕ ɝ ɀȰȯ Ɏ ɏɜɟɛɛɑ ɚɛɟɡɚɗɑɕ ɝ 

ɚɗɔɏɚɐɑəɐɜɚɖɚɘɛɚəɑəɞɚɘ ɚə əɌɍɗɪɐɌɗɝɫ əɑ-

ɝɖɚɗɨɖɚ ɜɌəɨɤɑ (25 ɝɑɖ), ɣɑɘ Ɏ ɌɝɞɜɚɢɔɞɚɘɌɡ 

(35 ɝɑɖ).  

Ȱɗɫ ɟɐɚɍɝɞɎɌ Ɏɚɝɛɜɔɫɞɔɫ ɘɌɞɑɜɔɌɗɌ ɚɍɌ 

ɛɌɜɌɘɑɞɜɌ ɛɜɚɔəɐɑɖɝɔɜɚɎɌəɧ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ 

əɚɘɑɜɚɘ ɔɓɟɣɌɑɘɚɕ ɓɚəɧ ɚɛɟɡɚɗɔ ɝ ɟɖɌɓɌəɔɑɘ 

ȼɀȻ (əɌɛɜɔɘɑɜ, ȴȹ1 ȸȱȾ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ȴȹ ɘɑ-

ɞɔɚəɔəɌ Ɏ ɫɐɜɑ ɚɛɟɡɚɗɔ, ȻɘɌɡ2 ɀȰȯ ɝɚɚɞɎɑɞ-

ɝɞɎɟɑɞ ȴȹ Ɏ ɞɚɣɖɑ ɛɑɜɎɚɏɚ ɛɔɖɌ ɘɌɖɝɔɘɌɗɨəɚɏɚ 

əɌɖɚɛɗɑəɔɫ ɀȰȯ əɌ ɛɑɜɎɚɕ ɘɔəɟɞɑ ɔɝɝɗɑɐɚɎɌ-

əɔɫ Ɏ ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ). 

Ȱɗɫ ɝɜɌɎəɑəɔɫ ɐɔəɌɘɔɖɔ ɔɓɘɑəɑəɔɫ ɘɑ-

ɞɌɍɚɗɔɓɘɌ ȸȱȾ Ɏ ɔɓɟɣɌɑɘɧɡ ɚɞɐɑɗɌɡ ɚɛɟɡɚɗɑɎɚɕ 

ɞɖɌəɔ ɝ əɚɜɘɌɗɨəɧɘ ɟɜɚɎəɑɘ Ɏɖɗɪɣɑəɔɫ ȼɀȻ 

ɍɧɗɚ ɔɝɛɚɗɨɓɚɎɌəɚ ɚɍɥɑɛɜɔəɫɞɚɑ ɛɚɜɚɏɚɎɚɑ 

ɓəɌɣɑəɔɑ ȴȹȼȱɀ ȸȱȾ = 1,3 [5], Ɍ ɐɗɫ ɛɑɜɎɚɕ 

ɘɔəɟɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ ɘɧ ɔɝɛɚɗɨɓɚɎɌɗɔ, ɖɌɖ 

ɜɑɠɑɜɑəɝ, ɓəɌɣɑəɔɑ ȻɘɌɡȼȱɀ ȸȱȾ = 1.0.  

ȼɑɠɑɜɑəɝəɧɑ ɓəɌɣɑəɔɫ ɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ 

Ɏɖɗɪɣɑəɔɫ ɀȰȯ (ȴȹȼȱɀ ɔ ȻɘɌɡȼȱɀ) Ɏ ɐɌəəɚɕ 

ɏɜɟɛɛɑ ɛɌɢɔɑəɞɚɎ ɜɌɝɝɣɔɞɌəɧ, ɖɌɖ ɚɞəɚɤɑəɔɑ 

SUVmix ɖ SUVwhite, ɔ ɝɚɝɞɌɎɔɗɔ ȴȹȼȱɀ ɀȰȯ = 

2,11Ñ0,35, ȻɘɌɡȼȱɀ ɀȰȯ = 1,64Ñ0,29.  

ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ ɛɜɚɎɚɐɔɗɝɫ ɝ ɛɚ-

ɘɚɥɨɪ t-ɖɜɔɞɑɜɔɫ ȽɞɨɪɐɑəɞɌ, ɜɌɓɗɔɣɔɫ ɝɣɔɞɌ-

ɗɔɝɨ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɘɔ ɛɜɔ p < 0,05. 

ȰɌɗɑɑ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ROC-ɌəɌɗɔɓɌ ɛɚɜɚɏɚɎɧɑ 

ɓəɌɣɑəɔɫ ɎɧɍɔɜɌɗɔɝɨ ɝ ɛɚɘɚɥɨɪ ɔəɐɑɖɝɌ Ɋɐɑ-

əɌ [*] J=max(sensitivity(t)+specificity(t)-1), ɏɐɑ t ð 

ɔɓɘɑɜɫɑɘɌɫ Ɏ ɩɖɝɛɑɜɔɘɑəɞɑ ɎɑɗɔɣɔəɌ. Ȼɚɜɚɏɚ-

Ɏɚɑ ɓəɌɣɑəɔɑ t ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɘɌɖɝɔɘɌɗɨəɚɘɟ 

ɓəɌɣɑəɔɪ ɔəɐɑɖɝɌ ɊɐɑəɌ. ȾɌɖɒɑ ɐɗɫ ɎɧɫɎɗɑ-

əɔɫ ɖɚɜɜɑɗɫɢɔɚəəɚɕ ɝɎɫɓɔ ɘɑɒɐɟ əɌɖɚɛɗɑəɔɑɘ 

ɀȰȯ ɔ ȸȱȾ Ɏ ɔɝɝɗɑɐɟɑɘɧɡ ɓɚəɌɡ ɐɗɫ ɐɎɟɡ ɛɌɜɌ-

ɘɑɞɜɚɎ, ȴȹ ɔ ȻɘɌɖɝ, ɍɧɗ Ɏɧɣɔɝɗɑə əɑɛɌɜɌɘɑɞ-

ɜɔɣɑɝɖɔɕ ɖɚɩɠɠɔɢɔɑəɞ ȽɛɔɜɘɑəɌ. ȶɚɜɜɑɗɫɢɔ-

ɚəəɌɫ ɝɎɫɓɨ ɝɣɔɞɌɗɌɝɨ ɓəɌɣɔɘɚɕ ɛɜɔ ɓəɌɣɑəɔɔ 

ɖɚɩɠɠɔɢɔɑəɞɌ Rs Ɏɧɤɑ 0,7 ɔ p < 0,05. 

 ȼɑɓɟɗɨɞɌɞɧ. 

Ȯ əɌɤɑɕ ɜɌɍɚɞɑ ɍɧɗɔ Ɏɧɣɔɝɗɑəɧ ɔ ɛɜɚ-

ɌəɌɗɔɓɔɜɚɎɌəɧ ɟɜɚɎəɔ əɌɖɚɛɗɑəɔɫ ȸȱȾ ɔ ɀȰȯ 

Ɏ ɜɌɓɗɔɣəɧɡ ɚɞɐɑɗɌɡ ɏɗɔɚɘ ɔ Ɏ ɍɗɔɓɗɑɒɌɥɑɕ 

ɎɔɓɟɌɗɨəɚ əɑ ɔɓɘɑəɑəəɚɕ ɞɖɌəɔ ɏɚɗɚɎəɚɏɚ ɘɚɓ-

ɏɌ. Ƚɜɑɐəɔɑ ɣɔɝɗɚɎɧɑ ɓəɌɣɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ȴȹ 

ɔ ȻɘɌɡ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ ɞɌɍɗɔɢɑ 2. 

ȹɌ ɜɔɝɟəɖɑ 2 ɏɜɌɠɔɣɑɝɖɔ ɛɜɑɐɝɞɌɎɗɑəɧ 

ɛɚɗɟɣɑəəɧɑ ɘɑɞɌɍɚɗɔɣɑɝɖɔɑ ɛɌɞɞɑɜəɧ Ɏɖɗɪɣɑ-

əɔɫ ȸȱȾ (ɝɔəɫɫ ɢɎɑɞɚɎɌɫ ɏɌɘɘɌ) ɔ ɀȰȯ (ɖɜɌɝ-
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əɌɫ ɢɎɑɞɚɎɌɫ ɏɌɘɘɌ) Ɏ ɝɞɜɟɖɞɟɜɑ ɏɗɔɚɘ Ɏ ɓɌɎɔ-

ɝɔɘɚɝɞɔ ɚɞ ɏɔɝɞɚɞɔɛɌ ɚɛɟɡɚɗɔ ɔ ɝɞɑɛɑəɔ ɑɑ 

ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝɚ ɝɜɑɐəɔɘɔ 

ɓəɌɣɑəɔɫɘɔ ɛɚɖɌɓɌɞɑɗɑɕ ȴȹ ɔ ȻɘɌɡ Ɏ ɔɓɟɣɌɑ-

ɘɧɡ ɓɚəɌɡ, ɛɜɑɐɝɞɌɎɗɑəəɧɡ Ɏ ɞɌɍɗɔɢɑ 2.  

ȴɓ ɞɌɍɗɔɢɧ 2 ɔ ɜɔɝɟəɖɌ 2 Ɏɔɐəɚ, ɣɞɚ 

ɏɗɔɚɍɗɌɝɞɚɘɧ ɡɌɜɌɖɞɑɜɔɓɚɎɌɗɔɝɨ əɌɔɍɚɗɨɤɑɕ 

ɌɖɞɔɎəɚɝɞɨɪ, ɖɌɖ ɛɗɌɝɞɔɣɑɝɖɚɏɚ, ɞɌɖ ɔ ɩəɑɜɏɑ-

ɞɔɣɑɝɖɚɏɚ ɘɑɞɌɍɚɗɔɓɘɌ Ɏ ɚɍɗɌɝɞɔ ɫɐɜɌ ɚɛɟɡɚɗɔ 

(ɓɚəɌ 1). ȻɚɜɚɏɚɎɧɑ ɓəɌɣɑəɔɫ ȻɘɌɡ1 ȸȱȾ = 2,03 

ɔ ȴȹ1 ȸȱȾ = 2,45 ɝ Ɏɧɝɚɖɚɕ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨɪ 

(89% ɔ  100%,   ɝɚɚɞɎɑɞɝɞɎɑəəɚ)  ɔ  ɝɛɑɢɔɠɔɣəɚ- 

ɝɞɨɪ (84% ɐɗɫ ɚɍɚɔɡ ɛɌɜɌɘɑɞɜɚɎ) ɚɞɐɑɗɫɗɔ ɛɌ-

ɢɔɑəɞɚɎ Ɏ ɏɜɟɛɛɌɡ ȯȭ ɚɞ ȬȬ ɔ ȬȺȰ. ȮɔɓɟɌɗɨəɚ 

Ɏɝɑ ȯȭ ɡɌɜɌɖɞɑɜɔɓɚɎɌɗɔɝɨ ɓəɌɣɔɞɑɗɨəɧɘ ɛɚɎɧ-

ɤɑəɔɑɘ ɔ əɑɚɐəɚɜɚɐəɚɝɞɨɪ əɌɖɚɛɗɑəɔɫ ȸȱȾ, 

ɖɚɞɚɜɚɑ ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɚ ɖɚəɞɜɌɝɞ-ɛɚɓɔɞɔɎəɧɘ 

ɓɚəɌɘ ɛɚ ɐɌəəɧɘ ȸȼȾ. ȺɐəɌɖɚ ɛɜɔ ɝɜɌɎəɑəɔɔ 

ɖɚɗɔɣɑɝɞɎɑəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ ȴȹ1 ɝ ɜɑɠɑɜɑəɝ-

əɧɘɔ ɓəɌɣɑəɔɫɘɔ (ȴȹȼȱɀ), ɏɔɛɑɜɘɑɞɌɍɚɗɔɓɘ 

ȸȱȾ ɛɜɔɝɟɞɝɞɎɚɎɌɗ Ɏ 94,7% Ɏɝɑɡ ɝɗɟɣɌɑɎ ȯȭ, Ɍ 

ɚɣɌɏɚɎɚɑ Ɏɖɗɪɣɑəɔɑ ɀȰȯ ɛɜɔ ɩɞɚɘ ɎɝɞɜɑɣɌɗɚɝɨ 

ɞɚɗɨɖɚ Ɏ 36% ɝɗɟɣɌɑɎ. 

Ȯ ɏɜɟɛɛɌɡ ȬȬ ɔ ȰȬ əɌɖɚɛɗɑəɔɑ ɚɍɚɔɡ ȼɀȻ 

ɛɚ ɝɞɌəɐɌɜɞəɧɘ ɛɚɖɌɓɌɞɑɗɫɘ ȴȹ1 ȸȱȾ ɔ ɀȰȯ Ɏ 

ɫɐɜɑ ɚɛɟɡɚɗɔ Ɏɚɛɜɑɖɔ ɚɒɔɐɌəɔɫɘ ɝɞɌɞɔɝɞɔɣɑ-

ɝɖɔ əɑ ɚɞɗɔɣɌɗɚɝɨ ɐɜɟɏ ɚɞ ɐɜɟɏɌ (p>0,05) (ɞɌɍɗ. 

2).  

Ȼɜɔ ɝɜɌɎəɑəɔɔ ɟɜɚɎəɫ ɘɑɞɌɍɚɗɔɣɑɝɖɚɕ 

ɌɖɞɔɎəɚɝɞɔ ȸȱȾ Ɏ ɫɐɜɑ ɚɛɟɡɚɗɔ (ɓɚəɌ 1) ɝ ɓɚəɚɕ 

ɛɑɜɔɠɚɖɌɗɨəɚɏɚ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ (ɓɚəɌ 2) 

ɍɧɗɔ ɛɚɗɟɣɑəɧ ɐɚɝɞɚɎɑɜəɚ ɍɚɗɑɑ Ɏɧɝɚɖɔɑ ɛɚɖɌ-

ɓɌɞɑɗɔ ɐɗɫ ȴȹ ȸȱȾ Ɏ ɚɍɗɌɝɞɔ ɫɐɜɌ ȯȭ (ɜ<0,001), 

ȬȬ (ɜ=0,01), ȰȬ (ɜ=0,03), ȬȺȰ (ɜ=0,01), ȺȰ 

(ɜ=0,03). Ȭ Ɏɚɞ ɛɚ ɜɌəɑɑ əɑ ɔɓɟɣɑəəɧɘ ɛɌɜɌɘɑɞ-

ɜɌɘ əɌɖɚɛɗɑəɔɫ ȼɀȻ Ɏ ɛɑɜɎɧɑ ɘɔəɟɞɧ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ, ɛɜɔ ɔɝɝɗɑɐɚɎɌəɔɔ ɝ ȸȱȾ ɐɚɝɞɚɎɑɜəɚ 

ɍɚɗɑɑ Ɏɧɝɚɖɔɑ ɓəɌɣɑəɔɫ ȻɘɌɡ1 ɍɧɗɔ ɛɚɗɟɣɑəɧ 

ɞɚɗɨɖɚ Ɏ ɏɜɟɛɛɑ ȯȭ (ɜ<0,001) ɔ ɚɛɟɡɚɗɫɡ ɝ ɚɗɔ-

ɏɚɐɑəɐɜɚ-ɖɚɘɛɚəɑəɞɚɘ (ȬȺȰ ɜ= 0,05; ȺȰ 

ɜ=0,03), ɣɞɚ ɝɎɔɐɑɞɑɗɨɝɞɎɟɑɞ ɚ ɛɚɎɧɤɑəəɚɕ 

ɝɖɚɜɚɝɞɔ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɌ Ɏ ɫɐɜɑ ɩɞɔɡ ɞɔ-

ɛɚɎ ɚɛɟɡɚɗɑɕ. Ȼɜɔ ɩɞɚɘ ɐɚɝɞɚɎɑɜəɚ ɍɚɗɑɑ Ɏɧɝɚ-

ɖɔɕ ɟɜɚɎɑəɨ ȴȹ Ɏ ɓɚəɑ 1 ɍɧɗ ɎɧɫɎɗɑə ɞɚɗɨɖɚ Ɏ 

ȯȭ əɌ Ɏɝɑɡ ɩɞɌɛɌɡ ɔɝɝɗɑɐɚɎɌəɔɫ (ɜ<0,001). Ȯ 

ɐɜɟɏɔɡ ɏɜɟɛɛɌɡ ɏɗɔɚɘ əɑɝɘɚɞɜɫ əɌ Ɏɔɐɔɘɧɑ ɚɞ-

ɗɔɣɔɫ ɝɜɑɐəɔɡ ɓəɌɣɑəɔɕ ɛɌɜɌɘɑɞɜɌ ȻɘɌɡ ɀȰȯ Ɏ 

ɓɚəɑ 1 ɔ ɓɚəɑ 2 ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɡ ɚɞɗɔ-

ɣɔɕ ɘɑɒɐɟ əɔɘɔ əɑ əɌɕɐɑəɚ (p>0,05). ȻɚɖɌɓɌɞɑ-

ɗɔ ȴȹ2 ȸȱȾ ɔ ȻɘɌɡ2 ȸȱȾ Ɏ ɓɚəɑ ɚɞɑ-

ɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ Ɏɚ Ɏɝɑɡ ɏɜɟɛɛɌɡ ɌɝɞɜɚɢɔɞɌɜ-

əɧɡ ɏɗɔɚɘ, əɑ ɓɌɎɔɝɔɘɚ ɚɞ ɝɞɑɛɑəɔ ɐɔɠɠɑɜɑə-

ɢɔɜɚɎɖɔ, ɍɧɗɔ əɔɒɑ ɔɗɔ əɌ ɟɜɚɎəɑ ɜɑɠɑɜɑəɝ-

əɚɕ əɚɜɘɧ, Ɍ Ɏ ɏɜɟɛɛɌɡ ȺȰ ɔ ȬȺȰ ɝɚɛɚɝɞɌɎɔɘɧ 

ɝ əɑɕ. ȶɜɚɘɑ ɞɚɏɚ, Ɏ ɓɚəɑ 2 Ɏɚ Ɏɝɑɡ ɏɜɟɛɛɌɡ ɚɞ-

ɘɑɣɌɗɚɝɨ ɐɚɝɞɚɎɑɜəɚɑ ɝəɔɒɑəɔɑ ɟɜɚɎəɫ əɌɖɚɛ-

ɗɑəɔɫ ɀȰȯ ɛɜɔɘɑɜəɚ Ɏ 1,5 ɜɌɓɌ. 

Ȼɜɔ ɝɜɌɎəɑəɔɔ ɟɜɚɎəɫ əɌɖɚɛɗɑəɔɫ ȼɀȻ Ɏ 

ɓɚəɑ 2 (ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɫ) ɔ ɓɚəɑ 3 ɛɜɔ ɔɝ-

ɝɗɑɐɚɎɌəɔɔ ɝ ȸȱȾ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɑ ɚɞ-

ɗɔɣɔɫ ɍɧɗɔ ɎɧɫɎɗɑəɧ ɞɚɗɨɖɚ ɛɚ ȴȹ Ɏ ɏɜɟɛɛɌɡ 

ȯȭ (ɜ=0,05) ɔ ɚɗɔɏɚɐɑəɐɜɚɏɗɔɚɘ (ȬȺȰ ɜ<0,001 ɔ 

ȺȰ ɜ=0,01).  

Ȼɜɔ ɩɞɚɘ ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɛɚɖɌɓɌɞɑɗɔ 

ȾɌɍɗɔɢɌ ʈ2.     ȳəɌɣɑəɔɫ ȴȹ ɔ ȻɘɌɡ Ɏ ɔɓɟɣɌɑɘɧɡ ɓɚəɌɡ ɔəɞɑɜɑɝɌ. 

18F-ʌɼɻ 

ʇmax ʌɼɻ ɻɹ ɸɸ ɼɸ ɸʆɼ ʆɼ 

1 ï ʷʜʨʦ 2.84Ñ1.11 2.10Ñ0.66 1.76Ñ0.85 1.98Ñ0.36 1.71Ñ0.45 

2 - ʦʪʝʢ/ʠʥʬ. 1.35Ñ0.67 1.71Ñ0.67 1.35Ñ0.47 1.63Ñ0.31 1.49Ñ0.43 

3 - ʠʥʪʘʢʪ. ʚ-ʚʦ 1.42Ñ0.34 1.83Ñ0.50 1.70Ñ0.49 1.71Ñ0.24 1.65Ñ0.37 

18F-ʌɼɻ 

ʀʅ ʌɼɻ ɻɹ ɸɸ ɼɸ ɸʆɼ ʆɼ 

1 ï ʷʜʨʦ 2.14Ñ0.87 1.45Ñ0.45 1.40Ñ0.50 1.35Ñ0.19 1.60Ñ0.68 

2 - ʦʪʝʢ/ʠʥʬ. 1.19Ñ0.32 1.23Ñ0.30 1.11Ñ0.27 1.34Ñ0.21 1.46Ñ0.37 

3 - ʠʥʪʘʢʪ. ʚ-ʚʦ 1.56Ñ0.38 1.72Ñ0.28 1.91Ñ0.30 2.03Ñ0.25 1.90Ñ0.39 

11C-ʄɽʊ 

ʇmax ʄɽʊ ɻɹ ɸɸ ɼɸ ɸʆɼ ʆɼ 

1 ï ʷʜʨʦ 3.02Ñ0.92 1.51Ñ0.53 1.25Ñ0.43 2.05Ñ0.50 1.62Ñ0.46 

2 - ʦʪʝʢ/ʠʥʬ. 1.17Ñ0.50 1.16Ñ0.53 0.91Ñ0.27 1.45Ñ0.44 1.20Ñ0.31 

3 - ʠʥʪʘʢʪ. ʚ-ʚʦ 1.19Ñ0.30 1.11Ñ0.22 1.04Ñ0.20 1.10Ñ0.13 1.11Ñ0.40 

11C-ʄɽʊ 

ʀʅ ʄɽʊ ɻɹ ɸɸ ɼɸ ɸʆɼ ʆɼ 

1 ï ʷʜʨʦ 3.39Ñ1.05 1.77Ñ0.61 1.59Ñ0.70 2.67Ñ0.74 1.95Ñ0.68 

2 - ʦʪʝʢ/ʠʥʬ. 1.35Ñ0.47 1.15Ñ0.32 1.03Ñ0.25 1.68Ñ0.30 1.36Ñ0.37 

3 - ʠʥʪʘʢʪ. ʚ-ʚʦ 1.01Ñ0.18 0.99Ñ0.10 1.03Ñ0.08 1.01Ñ0.06 0.96Ñ0.09 

(1 ð ɫɐɜɚ ɚɛɟɡɚɗɔ, 2 ð ɓɚəɌ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ, 3 ð ɔəɞɌɖɞəɚɑ ɎɑɥɑɝɞɎɚ ɘɚɓɏɌ Ɏ əɑɛɚɝɜɑɐɝɞɎɑə-

əɚɕ ɍɗɔɓɚɝɞɔ ɚɞ ɓɚəɧ 2). Ȱɗɫ ɝɜɌɎəɑəɔɫ ɓəɌɣɑəɔɫ ȴȹȼȱɀ ɀȰȯ ð 2,11, ȻɘɌɡȼȱɀ ɀȰȯ ð 1,64; ȴȹȼȱɀ ȸȱȾ ð 1,3, 

ȻɘɌɡȼȱɀ ȸȱȾ ð 1,0.     
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Ɏɖɗɪɣɑəɔɫ ȸȱȾ Ɏ ɓɚəɑ 3 Ɏ ɜɌɓɗɔɣəɧɡ ɏɜɟɛɛɌɡ 

ɏɗɔɚɘ ɐɚɝɞɚɎɑɜəɚ əɑ ɚɞɗɔɣɌɗɔɝɨ ɐɜɟɏ ɚɞ ɐɜɟɏɌ 

(p>0,05) ɖɌɖ əɌ ɛɑɜɎɚɕ ɘɔəɟɞɑ (ȻɘɌɡ3), ɞɌɖ ɔ 

ɛɜɔ ɚɞɝɜɚɣɑəəɚɕ ɚɢɑəɖɑ ȴȹ3 ȸȱȾ ɔ ɚɝɞɌɎɌɗɔɝɨ 

ɛɜɔɘɑɜəɚ əɌ ɟɜɚɎəɑ ɜɑɠɑɜɑəɝəɚɕ əɚɜɘɧ, ɣɞɚ 

ɝɎɔɐɑɞɑɗɨɝɞɎɚɎɌɗɚ Ɏ ɛɚɗɨɓɟ ɝɞɌɍɔɗɨəɚɝɞɔ ɛɗɌ-

ɝɞɔɣɑɝɖɚɏɚ ɘɑɞɌɍɚɗɔɓɘɌ Ɏ ɩɞɚɕ ɓɚəɑ. 

 Ȼɚ ɐɌəəɧɘ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɀȰȯ ɚɞɘɑɣɌ-

ɗɚɝɨ ɍɚɗɑɑ əɔɓɖɚɑ ɛɚɞɜɑɍɗɑəɔɑ ɏɗɪɖɚɓɧ Ɏ ɓɚəɑ 

ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ (ɓɚəɌ 2) ɛɚ ɝɜɌɎəɑəɔɪ ɝ 

ɓɚəɚɕ 3 Ɏɚ Ɏɝɑɡ ɏɜɟɛɛɌɡ ɚɛɟɡɚɗɑɕ ɛɜɔ ɛɚɐɝɣɑɞɌɡ 

ȴȹ ɀȰȯ: ȯȭ (ɜ<0,002), ȬȬ (ɜ=0,002), ȰȬ 

(ɜ<0,001), ȬȺȰ (<0,001), ȺȰ (ɜ=0,02). Ȼɜɔ ɩɞɚɘ 

ɛɚ ɛɌɜɌɘɑɞɜɟ ȻɘɌɡ ɔɘɑɗɌɝɨ ɎɔɓɟɌɗɨəɌɫ ɞɑəɐɑə- 

ɢɔɫ ɖ ɝəɔɒɑəɔɪ əɌɖɚɛɗɑəɔɫ ɀȰȯ Ɏ ɓɚəɑ 2 ɐɗɫ 

Ɏɧɝɚɖɚ ɐɔɠɠɑɜɑəɢɔɜɚɎɌəəɧɡ ɚɛɟɡɚɗɑɕ (Grade 

II), ɔ, ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɓɚəɚɕ 3, ɚɐəɌɖɚ, ɜɌɓɗɔɣɔɫ 

ɍɧɗɔ əɑ ɐɚɝɞɚɎɑɜəɧ (ȰȬ p=0,14 ɔ ȺȰ ɜ=0,38).  

ȿɜɚɎɑəɨ ɘɑɞɌɍɚɗɔɓɘɌ ɀȰȯ Ɏ ɓɚəɑ 3 Ɏ ȯȭ 

ɐɚɝɞɚɎɑɜəɚ ɚɞɗɔɣɌɗɝɫ Ɏ ɝɞɚɜɚəɟ ɓəɌɣɔɞɑɗɨəɚɏɚ 

ɝəɔɒɑəɔɫ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɐɜɟɏɔɘɔ ɚɛɟɡɚɗɫɘɔ ɔ 

ɚɞəɚɝɔɞɑɗɨəɚ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ 

 

ȼɔɝ. 2 (Fig. 2) 

ȼɔɝ. 2.   ȸɑɞɌɍɚɗɔɣɑɝɖɔɑ ɛɌɞɞɑɜəɧ Ɏɖɗɪɣɑəɔɫ ȸȱȾ (ɝɔəɫɫ ɢɎɑɞɚɎɌɫ ɤɖɌɗɌ) ɔ ɀȰȯ (ɖɜɌɝəɌɫ ɢɎɑɞɚ-

ɎɌɫ ɤɖɌɗɌ) Ɏ ɝɞɜɟɖɞɟɜɑ ɏɗɔɚɘ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɏɔɝɞɚɞɔɛɌ ɚɛɟɡɚɗɔ ɔ ɝɞɑɛɑəɔ ɑɑ ɐɔɠɠɑɜɑəɢɔ-

ɜɚɎɖɔ.  

ȳɚəɌ 1 ð ɫɐɜɚ ɚɛɟɡɚɗɔ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɑ ɟɣɌɝɞɖɟ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ əɌ ȸȼȾ (ɛɜɔ ɑɏɚ ɎɔɓɟɌɗɔɓɌɢɔɔ), ɓɚəɌ 2 ð 

ɚɞɑɖ/ɔəɠɔɗɨɞɜɌɢɔɫ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɌɫ ɛɌɞɚɗɚɏɔɣɑɝɖɚɘɟ ɝɔɏəɌɗɟ Ɏ ɜɑɒɔɘɑ T2-FLAIR əɌ ȸȼȾ, ɓɚəɌ 3 ð ɔə-

ɞɌɖɞəɌɫ ɘɚɓɏɚɎɌɫ ɞɖɌəɨ Ɏ əɑɛɚɝɜɑɐɝɞɎɑəəɚɕ ɍɗɔɓɚɝɞɔ ɚɞ ɓɚəɧ 2, ɎɔɓɟɌɗɨəɚ əɑ ɔɓɘɑəɑəəɌɫ ɛɚ ɐɌəəɧɘ ȸȼȾ. 

Fig. 2.    Metabolic patterns of MET (blue color scale) and FDG (red color scale) distribution in different 

regi ons of glioma depending on its histologic type and grade .  

Region 1 ð tumor core area corresponding to the MR contrast enhancement (if visible), region 2 ð ede-

ma/infiltration area corresponding to pathological signal on T2 -FLAIR MRI, region 3 - visually un changed on MRI 

intact brain tissue area in close vicinity to the T2 -FLAIR tumorõs borders. 
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ɛɜɚɞɔɎɚɛɚɗɚɒəɚɏɚ ɛɚɗɟɤɌɜɔɫ (ȯȭ - ȴȹ3 

ɀȰȯ=1,56Ñ0.38 < 2,14, ȻɘɌɡ3 ɀȰȯ =1,42Ñ0,34 < 

1,64).  

ȴəɞɑɜɑɝəɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ əɌ ɛɚɓɐəɔɡ ɩɞɌ-

ɛɌɡ ɔɝɝɗɑɐɚɎɌəɔɫ Ɏ ɓɚəɑ 3 ɚɞɘɑɣɌɗɚɝɨ ɛɚɝɞɑ-

ɛɑəəɚɑ ɝəɔɒɑəɔɑ ɣɔɝɗɚɎɧɡ ɓəɌɣɑəɔɕ ȴȹ3 ɀȰȯ 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɚ ɝəɔɒɑəɔɪ ɝɞɑɛɑəɔ ɐɔɠɠɑ-

ɜɑəɢɔɜɚɎɖɔ ɚɛɟɡɚɗɑɎɚɕ ɞɖɌəɔ (ȴȹ3 ɀȰȯ ɐɗɫ ȰȬ 

- 1,91, ȬȬ - 1,72, ȯȭ - 1,56), Ɏ ɏɜɟɛɛɑ ɚɗɔɏɚɐɑəɐ-

ɜɚɏɗɔɚɘ əɑ ɓɌɎɔɝɔɘɚ ɚɞ ɝɞɑɛɑəɔ ɐɔɠɠɑɜɑəɢɔ-

ɜɚɎɖɔ ɚɛɟɡɚɗɔ ɚɞɘɑɣɌɗɝɫ ɐɚɝɞɚɎɑɜəɚ ɍɚɗɑɑ Ɏɧ-

ɝɚɖɔɕ ɟɜɚɎɑəɨ ɘɑɞɌɍɚɗɔɓɘɌ ɀȰȯ Ɏ ɓɚəɑ 3, ɣɑɘ 

ɛɜɔ ȯȭ ɔ ȬȬ (p>0,05). ȳəɌɣɑəɔɫ ɍɧɗɔ əɌ ɟɜɚɎəɑ 

ɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ Ɏɖɗɪɣɑəɔɫ ɔ ɝɚɎɛɌɐɌɗɔ ɝ ɞɌ-

ɖɚɎɧɘɔ Ɏ ɏɜɟɛɛɑ ȰȬ (Grade II). 

Ƚ ɟɣɑɞɚɘ  ɛɚɗɟɣɑəəɧɡ  ɐɚɝɞɚɎɑɜəɧɡ  ɚɞɗɔ- 

ɣɔɕ ɟɜɚɎəɫ Ɏɖɗɪɣɑəɔɫ ȸȱȾ ɔ ɀȰȯ Ɏ ɜɌɓɗɔɣəɧɡ 

ɟɣɌɝɞɖɌɡ ɏɗɔɚɘ, ɍɧɗɚ ɜɑɤɑəɚ ɛɜɚɎɑɝɞɔ ɌəɌɗɔɓ 

ɎɓɌɔɘɚɝɎɫɓɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɔ ɛɗɌɝɞɔɣɑɝɖɚɏɚ 

ɘɑɞɌɍɚɗɔɓɘɌ ɛɚ ɐɎɟɘ ɔɓɟɣɌɑɘɧɘ ɛɌɜɌɘɑɞɜɌɘ 

əɌ əɌɣɌɗɨəɧɡ ɔ ɛɚɓɐəɔɡ ɩɞɌɛɌɡ ɔɝɝɗɑɐɚɎɌəɔɫ 

ɛɚ ɛɌɜɌɘɑɞɜɌɘ ȻɘɌɡ ɔ ȴȹ, ɝɚɚɞɎɑɞɝɞɎɑəəɚ, Ɏɚ 

Ɏɝɑɡ ɛɜɑɐɝɞɌɎɗɑəəɧɡ ɓɚəɌɡ (ɫɐɜɚ, 

ɚɞɑɖ/ɔəɠɔɗɨɞɜɌɢɔɫ, ɓɚəɌ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ 

ɎɑɥɑɝɞɎɌ) Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɏɚ 

ɞɔɛɌ ɏɗɔɚɘɧ ɔ ɝɞɑɛɑəɔ ɑɑ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ ð 

ɐɌəəɧɑ ɛɜɑɐɝɞɌɎɗɑəɧ Ɏ ɞɌɍɗɔɢɑ 3. 

Ȯ ɚɍɥɑɕ Ɏɧɍɚɜɖɑ ɛɌɢɔɑəɞɚɎ (n=52) ɍɧɗɔ 

ɛɚɗɟɣɑəɧ ɛɚɗɚɒɔɞɑɗɨəɧɑ ɖɚɜɜɑɗɫɢɔɔ ɛɚ ɛɌɜɌ-

ɘɑɞɜɟ ȴȹ ȸȱȾ ɔ ȴȹ ɀȰȯ Ɏ ɫɐɜɑ ɚɛɟɡɚɗɔ (ɓɚəɌ 

1, Rs =0,6) ɔ Ɏ ɓɚəɑ ɚɞɑɖɌ/ ɔəɠɔɗɨɞɜɌɢɔɔ (ɓɚəɌ 

2, Rs =0,5), ɍɚɗɑɑ Ɏɧɝɚɖɔɕ ɘɑɞɌɍɚɗɔɓɘ Ɍɘɔəɚ-

ɖɔɝɗɚɞ ɖɚɜɜɑɗɔɜɚɎɌɗ ɝ ɛɚɎɧɤɑəəɧɘ ɛɚɞɜɑɍɗɑ-

əɔɑɘ ɏɗɪɖɚɓɧ. Ȼɜɔ ɩɞɚɘ, Ɏ ɓɚəɑ ɔəɞɌɖɞəɚɏɚ 

ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ (ɓɚəɌ 3), ɛɜɔɗɑɒɌɥɑɏɚ ɖ 

ɓɚəɑ ɔɓɘɑəɑəɔɫ ȸȼ-ɝɔɏəɌɗɌ Ɏ ɜɑɒɔɘɑ Ⱦ2-FLAIR, 

ɎɓɌɔɘɚɝɎɫɓɔ ɛɚɖɌɓɌɞɑɗɑɕ ȻɘɌɡ ɔ ȴȹ ȸȱȾ ɔ 

ɀȰȯ ɎɧɫɎɗɑəɚ əɑ ɍɧɗɚ. ȺɐəɌɖɚ ɐɌəəɧɑ ɎɓɌɔɘɚ-

ɝɎɫɓɔ əɑ ɛɜɑɐɝɞɌɎɗɫɪɞ ɍɚɗɨɤɚɏɚ ɔəɞɑɜɑɝɌ, ɞɌɖ 

ɖɌɖ ɟɒɑ ɡɚɜɚɤɚ ɔɓɎɑɝɞəɚ, ɣɞɚ ɘɑɞɌɍɚɗɔɓɘ ɚɛɟ-

ɡɚɗɑɕ ɌɝɞɜɚɢɔɞɌɜəɚɏɚ ɜɫɐɌ ɔ ɚɗɔɏɚɐɑəɐɜɚɏɗɔɚɘ 

ɝɟɥɑɝɞɎɑəəɚ ɚɞɗɔɣɌɪɞɝɫ ɔɓ-ɓɌ ɚɝɚɍɑəəɚɝɞɑɕ 

ɘɔɖɜɚɝɞɜɟɖɞɟɜəɚɏɚ ɝɞɜɚɑəɔɫ ɩɞɔɡ ɞɔɛɚɎ ɏɗɔɚɘ.  

Ȼɜɔ ɌəɌɗɔɓɑ ɎɓɌɔɘɚɝɎɫɓɔ ɟɜɚɎəɫ əɌɖɚɛ-

ɗɑəɔɫ ȸȱȾ ɔ ɀȰȯ Ɏ ɚɞɐɑɗɨəɧɡ ɏɜɟɛɛɌɡ ɛɚ ɏɔ-

ɝɞɚɞɔɛɟ ɚɛɟɡɚɗɔ ɔ ɝɞɑɛɑəɔ ɑɑ ɓɗɚɖɌɣɑɝɞɎɑəəɚ-

ɝɞɔ ɍɧɗɔ ɛɚɗɟɣɑəɧ ɝɗɑɐɟɪɥɔɑ ɜɑɓɟɗɨɞɌɞɧ. Ȯ 

ɏɜɟɛɛɌɡ ȰȬ ɔ ȬȬ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɝɔɗɨəɌɫ ɛɚɗɚ-

ɒɔɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɚəəɌɫ ɝɎɫɓɨ ȻɘɌɡ ɔ ȴȹ 

ȸȱȾ ɔ ɀȰȯ Ɏ ɓɚəɑ ɫɐɜɌ ɚɛɟɡɚɗɔ ɛɚ ɚɍɚɔɘ ɛɌɜɌ-

ɘɑɞɜɌɘ (ȰȬ: ȻɘɌɡ Rs =0,7, ȴȹ Rs=0,8. ȬȬ: ȻɘɌɡ 

Rs =0,7, ȴȹ Rs =0,8). Ȼɜɔ ɩɞɚɘ Ɏ ȺȰ ɎɓɌɔɘɚɝɎɫ-

ɓɔ ɛɚ ȴȹ ɎɧɫɎɗɑəɚ əɑ ɍɧɗɚ, Ɍ ɛɚ ȻɘɌɡ Ɏ ɫɐɜɑ 

ɚɛɟɡɚɗɔ ɓəɌɣɔɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɚəəɌɫ ɝɎɫɓɨ 

(Rs=0,9). Ȯ ɏɜɟɛɛɑ ȬȺȰ əɌɍɗɪɐɌɗɌɝɨ ɝɔɗɨəɌɫ 

ɚɞɜɔɢɌɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɫ ɛɚ ȴȹ ȸȱȾ ɔ ɀȰȯ Ɏ 

ɓɚəɑ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ (ɓɚəɌ 3) ð 

Rs= -0,9. Ȱɗɫ ȯȭ ɚɞɘɑɣɌɗɌɝɨ ɖɚɜɜɑɗɫɢɔɫ ɝɜɑɐ-

əɑɕ ɝɞɑɛɑəɔ ɎɓɌɔɘɚɝɎɫɓɔ Ɏ ɚɍɗɌɝɞɔ ɚɞɑ-

ɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ (ɓɚəɌ 2) ɛɚ ȴȹ ȸȱȾ ɔ ɀȰȯ (Rs 

=0,5).  

ȺɢɑəɖɌ əɑɔɓɘɑəɑəəɚɕ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ 

ɖɚəɞɜɌɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ ɛɚɖɌɓɌɗɌ əɌɗɔ-

ɣɔɑ ɝɞɚɕɖɚɕ ɛɚɗɚɒɔɞɑɗɨəɚɕ ɖɚɜɜɑɗɫɢɔɔ ɟɜɚɎəɫ 

əɌɖɚɛɗɑəɔɫ ȸȱȾ ɔ ɀȰȯ Ɏ ɚɍɥɑɕ ɏɜɟɛɛɑ ɛɌɢɔɑə-

ɞɚɎ (Rs 0,7, p < 0,0001).  

Ⱥɍɝɟɒɐɑəɔɑ. 

ȽɞɜɟɖɞɟɜəɌɫ əɑɚɐəɚɜɚɐəɚɝɞɨ ɔ ɔəɎɌɓɔɫ 

ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ, əɌɍɗɪɐɌɑɘɧɑ ɛɜɔ ɜɚɝɞɑ 

ɏɗɔɚɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɫɎɗɫɪɞɝɫ ɚɝəɚɎəɧɘɔ 

ɚɝɚɍɑəəɚɝɞɫɘɔ ɩɞɚɏɚ ɞɔɛɌ ɎəɟɞɜɔɘɚɓɏɚɎɧɡ əɚ-

ɎɚɚɍɜɌɓɚɎɌəɔɕ, ɛɜɑɐɘɑɞɚɘ ɘəɚɏɚɣɔɝɗɑəəɧɡ 

ɐɔɝɖɟɝɝɔɕ ɔ ɔɝɝɗɑɐɚɎɌəɔɕ [6-10, 18, 23]. Ƚ ɚɐ-

əɚɕ ɝɞɚɜɚəɧ, ɔəɠɔɗɨɞɜɌɞɔɎəɧɕ ɡɌɜɌɖɞɑɜ ɜɚɝɞɌ 

ɚɛɟɡɚɗɔ ɓɌɞɜɟɐəɫɑɞ ɚɛɜɑɐɑɗɑəɔɑ ɑɑ ɏɜɌəɔɢ əɌ 

ɠɚəɑ ɛɑɜɔɠɚɖɌɗɨəɚɏɚ ɚɞɑɖɌ, Ɍ ɝ ɐɜɟɏɚɕ ââð 

Ɏɚɓɘɚɒəɚɑ əɑɝɚɎɛɌɐɑəɔɑ ɟɣɌɝɞɖɚɎ ɖɚəɞɜɌɝɞɔ-

ɜɚɎɌəɔɫ ɛɜɔ ȸȼȾ ɔ əɌɔɍɚɗɑɑ ɌɖɞɔɎəɧɡ ɓɚə ɘɑ-

ɞɌɍɚɗɔɓɘɌ Ɏ ɝɞɜɟɖɞɟɜɑ ɚɛɟɡɚɗɔ ɛɚ ɐɌəəɧɘ 

ȻɉȾ/ȶȾ ɔəɚɏɐɌ ɎɎɚɐɔɞ Ɏ ɓɌɍɗɟɒɐɑəɔɑ əɑɕɜɚɡɔ-

ȾɌɍɗɔɢɌ ʈ3.   ȶɚɜɜɑɗɫɢɔɫ ɟɜɚɎəɫ əɌɖɚɛɗɑəɔɫ ȸȱȾ ɔ ɀȰȯ Ɏɚ Ɏɝɑɡ ɔɓɟɣɌɑɘɧɡ ɓɚəɌɡ. 

ʇʤʘʭ 

ʄɽʊ 

ʌɼɻ  

  ɻɹ ɸɸ ɼɸ  ɸʆɼ ʆɼ 

  Rs p Rs p Rs p Rs p Rs p 

  1 ʷʜʨʦ      0,7 <0,05 0,7 0,02     0,9 <0,001 

  2 ʠʥʬ         0,7 0,04         

  3 ʠʥʪʘʢʪ 0,5 0,03     0,7 <0,05         

ʀʅ ʄɽʊ 

ʌɼɻ 

  ɻɹ ɸɸ ɼɸ  ɸʆɼ ʆɼ 

  Rs p Rs p Rs p Rs p Rs p 

  1 ʷʜʨʦ      0,8 0,03 0,8 <0,01         

  2 ʠʥʬ 0,5 0,02                 

  3 ʠʥʪʘʢʪ             -0,9 <0,05     

(1 ðɓɚəɌ ɫɐɜɌ ɚɛɟɡɚɗɔ, 2 ð ɓɚəɌ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ, 3 ð ɓɚəɌ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ) ɟ ɛɌ-

ɢɔɑəɞɚɎ ɝ ɏɗɔɚɘɌɘɔ ɜɌɓɗɔɣəɧɡ ɏɔɝɞɚɗɚɏɔɣɑɝɖɔɡ ɞɔɛɚɎ ɔ ɝɞɑɛɑəɔ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ (ɟɖɌɓɌəɧ ɞɚɗɨɖɚ ɖɚɜɜɑ-

ɗɫɢɔɔ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ ɐɚɝɞɚɎɑɜəɚɝɞɔ).    
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ɜɟɜɏɚɎ ɛɜɔ Ɏɧɍɚɜɑ ɞɌɖɞɔɖɔ ɔ ɘɑɝɞɌ ȽȾȭ, ɔɗɔ 

ɜɑɤɑəɔɫ ɎɚɛɜɚɝɚɎ ɚɍ ɚɍɦɑɘɑ ɡɔɜɟɜɏɔɣɑɝɖɚɕ ɜɑ-

ɓɑɖɢɔɔ      [8, 9, 16, 23]. Ȯ ɝɎɫɓɔ ɝ ɩɞɔɘ, ɔɓɟɣɑ-

əɔɑ ɏɑɞɑɜɚɏɑəəɚɝɞɔ ɝɞɜɟɖɞɟɜɧ (ɎɖɗɪɣɌɫ ɓɚəɟ 

ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ) ɔ ɚɝɚɍɑəəɚɝɞɑɕ ɘɑɞɌɍɚ-

ɗɔɓɘɌ ɏɗɔɚɘ ɫɎɗɫɑɞɝɫ ɌɖɞɟɌɗɨəɚɕ ɔ ɝɗɚɒəɚɕ ɓɌ-

ɐɌɣɑɕ ɐɗɫ ɝɚɎɜɑɘɑəəɧɡ ɘɑɞɚɐɚɎ əɑɕɜɚɎɔɓɟɌɗɔ-

ɓɌɢɔɔ. 

Ȯ ɗɔɞɑɜɌɞɟɜɑ Ɏ ɍɚɗɨɤɚɘ ɖɚɗɔɣɑɝɞɎɑ ɛɜɑɐ-

ɝɞɌɎɗɑəɧ ɜɌɍɚɞɧ ɛɚ ɔɓɟɣɑəɔɪ ɘɑɞɌɍɚɗɔɓɘɌ ɚɞ-

ɐɑɗɨəɚ ɏɗɪɖɚɓɧ ɔ Ɍɘɔəɚɖɔɝɗɚɞ Ɏ ɚɍɜɌɓɚɎɌəɔɫɡ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ ɛɚɘɚɥɨɪ ɘɑɞɚɐɌ ȻɉȾ/ȶȾ, ɔ 

ɗɔɤɨ Ɏ əɑɝɖɚɗɨɖɔɡ ɛɟɍɗɔɖɌɢɔɫɡ ɘɚɒəɚ əɌɕɞɔ 

ɝɎɑɐɑəɔɫ ɚɍ ɔɓɟɣɑəɔɔ ɡɌɜɌɖɞɑɜɔɝɞɔɖ əɌɖɚɛɗɑ-

əɔɫ ȼɀȻ Ɏ ɓɚəɑ ɔəɠɔɗɨɞɜɌɞɔɎəɚɏɚ ɜɚɝɞɌ ɚɛɟɡɚ-

ɗɔ, ɝɚɎɛɌɐɌɪɥɑɕ ɝ ɛɌɞɚɗɚɏɔɣɑɝɖɔɘ ɝɔɏəɌɗɚɘ Ɏ 

ɜɑɒɔɘɑ T2-FLAIR əɌ ȸȼȾ, ɛɜɔ ɝɚɎɘɑɝɞəɚɘ ɛɜɔ-

ɘɑəɑəɔɔ ȸȱȾ ɔ ɀȰȯ [ 6, 18, 22, 25, 27, 28]. 

ȯɜɟɛɛɌ ɟɣɑəɧɡ ɔɓ ɋɛɚəɔɔ Ɏɚ ɏɗɌɎɑ ɝ 

Miwako Takahashi Ɏ 2019 ɏ ɚɛɟɍɗɔɖɚɎɌɗɌ ɜɌɍɚɞɟ 

ɛɚ ɔɓɟɣɑəɔɪ ɡɌɜɌɖɞɑɜɌ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɀȰȯ ɔ 

ȸȱȾ ɟ 63 ɍɚɗɨəɧɡ ɏɗɔɚɘɌɘɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ (44 

HGG ɔ 19 LGG) ɔ ɐɚɖɌɓɌɗɌ, ɣɞɚ ɐɌɒɑ əɑɍɚɗɨɤɚɑ 

ɛɚɎɧɤɑəɔɑ ɟɜɚɎəɫ Ɏɖɗɪɣɑəɔɫ ȸȱȾ ɛɜɔ ɝəɔɒɑ-

əɔɔ ɟɜɚɎəɫ ɛɚɏɗɚɥɑəɔɫ ɀȰȯ, ɘɚɒɑɞ ɝɚɚɞɎɑɞ-

ɝɞɎɚɎɌɞɨ ɓɚəɑ ɔəɠɔɗɨɞɜɌɞɔɎəɚɏɚ ɜɚɝɞɌ ɏɗɔɚɘɧ. 

ȶɜɚɘɑ ɞɚɏɚ, ɌɎɞɚɜɧ ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌɗɔ Ɏɧɝɚ-

ɖɟɪ ɔəɠɚɜɘɌɞɔɎəɚɝɞɨ ȻɉȾ/ȶȾ ɝ ɐɎɟɘɫ ȼɀȻ ɐɗɫ 

ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɏɗɔɚɘ Ɏɧɝɚɖɚɕ 

ɝɞɑɛɑəɔ ɓɗɚɖɌɣɑɝɞɎɑəəɚɝɞɔ, Ɏ ɝɗɟɣɌɫɡ əɌɗɔɣɔɫ 

ɚɣɌɏɚɎ ɏɔɛɑɜɘɑɞɌɍɚɗɔɓɘɌ ɖɌɖ ȸȱȾ, ɞɌɖ ɔ ɀȰȯ 

[23].  

ȴɓɘɑəɑəɔɑ ɟɜɚɎəɫ ɘɑɞɌɍɚɗɔɓɘɌ Ɍɘɔəɚ-

ɖɔɝɗɚɞ Ɏ ɖɗɑɞɖɑ ɝɎɫɓɧɎɌɪɞ Ɏ ɛɑɜɎɟɪ ɚɣɑɜɑɐɨ ɝ 

ɔɓɘɑəɑəɔɑɘ ɛɜɚɢɑɝɝɚɎ ɝɔəɞɑɓɌ ɘɑɘɍɜɌə ɔ Ɍɖ-

ɞɔɎɌɢɔɑɕ ɍɑɗɖɚɎ ɞɜɌəɝɛɚɜɞɑɜɚɎ ɝɔɝɞɑɘɧ LAT1, 

LAT2, Ɍ Ɏɚɞ ɟɜɚɎɑəɨ ɛɚɞɜɑɍɗɑəɔɫ ɩəɑɜɏɔɔ Ɏ 

ɖɗɑɞɖɌɡ ɛɜɔəɫɞɚ ɝɎɫɓɧɎɌɞɨ ɝ ɚɝɚɍɑəəɚɝɞɫɘɔ 

Ɍɩɜɚɍəɚɏɚ ɔ ɌəɌɩɜɚɍəɚɏɚ ɏɗɔɖɚɗɔɓɌ [29, 30].  

ȴɓɟɣɌɑɘɧɑ Ɏ ɐɌəəɚɕ ɜɌɍɚɞɑ ɛɌɜɌɘɑɞɜɧ 

Ɏɖɗɪɣɑəɔɫ ɚɍɚɔɡ ȼɀȻ (ȴȹ ɔ ȻɘɌɡ), ɜɌɝɝɣɔɞɌəɧ 

ɖɌɖ ɚɞəɚɤɑəɔɑ ɝɞɌəɐɌɜɞɔɓɚɎɌəəɚɏɚ ɟɜɚɎəɫ 

əɌɖɚɛɗɑəɔɫ ȸȱȾ ɔ ɀȰȯ Ɏ ɚɛɟɡɚɗɑɎɚɕ ɞɖɌəɔ ɖ 

ɞɌɖɚɎɚɘɟ Ɏ əɑɔɓɘɑəɑəəɚɕ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ. Ȼɜɔ 

ɩɞɚɘ ɛɚɖɌɓɌɞɑɗɔ ȴȹ ɚɍɚɔɡ ȼɀȻ ɫɎɗɫɪɞɝɫ ɚɞɜɌ-

ɒɑəɔɑɘ ɔɘɑəəɚ ɌɖɞɔɎəɚɝɞɔ ɛɜɚɢɑɝɝɚɎ ɘɑɞɌɍɚ-

ɗɔɓɘɌ (ȸȱȾ ð ɛɗɌɝɞɔɣɑɝɖɔɕ ɚɍɘɑə, ɀȰȯ ð ɩəɑɜ-

ɏɑɞɔɣɑɝɖɔɕ ɚɍɘɑə) [18,28], Ɍ ɎəɚɎɨ ɎɎɑɐɑəəɧɕ 

ɛɌɜɌɘɑɞɜ ȻɘɌɡ, ɖɚɞɚɜɧɕ Ɏɑɜɚɫɞəɚ ɡɌɜɌɖɞɑɜɔ-

ɓɟɑɞ ɝɖɚɜɚɝɞɨ ɐɚɝɞɌɎɖɔ ȼɀȻ, ɓɌɎɔɝɫɥɌɫ Ɏ 

ɍɚɗɨɤɑɕ ɝɞɑɛɑəɔ ɚɞ ɎɌɝɖɟɗɫɜɔɓɌɢɔɔ ɚɛɟɡɚɗɔ, 

ɚɞɜɌɒɌɑɞ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ ɛɑɜɠɟɓɔɚəəɟɪ ɝɚ-

ɝɞɌɎɗɫɪɥɟɪ əɌɖɚɛɗɑəɔɫ ȼɀȻ. 

ȴɓɟɣɑəɔɑ ɚɝɚɍɑəəɚɝɞɑɕ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ 

ɘɑɞɌɍɚɗɔɓɘɌ Ɏ ɚɍɗɌɝɞɔ ɫɐɜɌ ɚɛɟɡɚɗɔ (ɓɚəɌ 1) ɔ 

ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ (ɓɚəɌ 2) ɛɚɖɌɓɌɗɚ 

əɌɗɔɣɔɑ ɐɚɝɞɚɎɑɜəɧɡ ɚɞɗɔɣɔɕ ɘɑɒɐɟ əɔɘɔ 

ɞɚɗɨɖɚ Ɏ ɏɜɟɛɛɑ ȯȭ. ɋɐɜɚ ɩɞɔɡ ɚɛɟɡɚɗɑɕ ɡɌɜɌɖ-

ɞɑɜɔɓɚɎɌɗɚɝɨ ɓəɌɣɔɞɑɗɨəɚ ɍɚɗɑɑ ɔəɞɑəɝɔɎəɧɘ 

ɛɚɞɜɑɍɗɑəɔɑɘ ɩəɑɜɏɔɔ, ɣɑɘ ɓɚəɌ ɔəɠɔɗɨɞɜɌɢɔɔ. 

Ȯ ɐɜɟɏɔɡ ɞɔɛɌɡ ɏɗɔɚɘ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɡ 

ɚɞɗɔɣɔɕ ɎɧɫɎɗɑəɚ əɑ ɍɧɗɚ, Ɏɑɝɨ ɚɍɦɑɘ ɚɛɟɡɚɗɑ-

Ɏɚɕ ɞɖɌəɔ (ɓɚəɌ 1 ɔ 2) ɐɑɘɚəɝɞɜɔɜɚɎɌɗ ɜɌɎəɚ-

ɓəɌɣəɧɑ ɛɚɞɜɑɍəɚɝɞɔ Ɏ ɩəɑɜɏɔɔ, ɖɚɞɚɜɧɑ, ɣɞɚ 

ɔəɞɑɜɑɝəɚ, ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɔ ɞɌɖɚɎɧɘ Ɏ ɓɚəɑ 

ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ȯȭ. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɓɚəɌ 2 

Ɏ ȯȭ ɛɚ   ɝɎɚɔɘ ɘɑɞɌɍɚɗɔɣɑɝɖɔɘ ɡɌɜɌɖɞɑɜɔɝɞɔ-

ɖɌɘ ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɌ ɫɐɜɟ ɍɚɗɨɤɔəɝɞɎɌ ɏɗɔɚɘ 

ɍɚɗɑɑ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ.   

 Ȼɜɔ ɝɜɌɎəɑəɔɔ ɛɚɖɌɓɌɞɑɗɑɕ ɩəɑɜɏɚɚɍɘɑəɌ 

Ɏ ɓɚəɌɡ 2 ɔ 3 ɍɧɗɔ ɛɚɗɟɣɑəɧ ɝɞɌɞɔɝɞɔɣɑɝɖɔ 

ɓəɌɣɔɘɧɑ ɚɞɗɔɣɔɫ Ɏɚ Ɏɝɑɡ ɞɔɛɌɡ ɏɗɔɚɘ Ɏ ɝɞɚɜɚ-

əɟ ɍɚɗɑɑ əɔɓɖɚɏɚ ɛɚɞɜɑɍɗɑəɔɫ ɏɗɪɖɚɓɧ Ɏ ɓɚəɑ 

ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɚɞəɚɝɔɞɑɗɨəɚ ɔəɞɌɖɞəɚɏɚ 

ɎɑɥɑɝɞɎɌ, ɣɞɚ ɓɌɖɚəɚɘɑɜəɚ ɝɎɔɐɑɞɑɗɨɝɞɎɟɪɞ ɚ 

əɌɜɟɤɑəɔɔ ɠɟəɖɢɔɚəɌɗɨəɚɕ ɌɖɞɔɎəɚɝɞɔ ɘɚɓɏɚ-

Ɏɚɕ ɞɖɌəɔ ɎɝɗɑɐɝɞɎɔɑ ɛɚɎɜɑɒɐɑəɔɫ əɑɕɜɚəɚɎ. 

ȬəɌɗɔɓ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɌ Ɏ ɝɞɜɟɖɞɟɜɑ 

ɏɗɔɚɘ ɛɚ ȴȹ ȸȱȾ ɛɚɖɌɓɌɗ ɐɚɝɞɚɎɑɜəɚ ɍɚɗɑɑ Ɏɧ-

ɝɚɖɔɕ ɟɜɚɎɑəɨ ɛɚɞɜɑɍɗɑəɔɫ Ɍɘɔəɚɖɔɝɗɚɞ Ɏ ɫɐɜɑ 

(ɓɚəɌ 1) ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɛɑɜɔɠɚɖɌɗɨəɚɕ ɓɚəɚɕ 

(ɓɚəɌ 2) əɑ ɓɌɎɔɝɔɘɚ ɚɞ ɔɡ ɏɔɝɞɚɞɔɛɌ ɔ ɝɞɑɛɑəɔ 

ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ, ɣɞɚ ɚɞɜɌɒɌɑɞ ɛɜɚɢɑɝɝ ɟɎɑ-

ɗɔɣɑəɔɫ ɖɚɗɔɣɑɝɞɎɌ ɖɗɑɞɚɣəɧɡ ɘɑɘɍɜɌə ɔ ɔɡ 

ɞɜɌəɝɛɚɜɞəɧɡ ɝɔɝɞɑɘ ɓɌ ɝɣɑɞ ɌɖɞɔɎəɚɏɚ ɐɑɗɑ-

əɔɫ ɖɗɑɞɚɖ ɔ ɛɚɝɞɜɚɑəɔɫ ɛɌɞɚɗɚɏɔɣɑɝɖɚɕ ɝɚɝɟ-

ɐɔɝɞɚɕ ɝɑɞɔ. ȴɓɎɑɝɞəɚ, ɣɞɚ Ɏ ɚɛɟɡɚɗɫɡ ɝ ɚɗɔɏɚ-

ɐɑəɐɜɚ-ɖɚɘɛɚəɑəɞɚɘ ɐɌɒɑ ɛɜɔ Ɏɧɝɚɖɚɕ ɝɞɑɛɑ-

əɔ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ ɩɞɔ ɛɜɚɢɑɝɝɧ ɎɧɜɌɒɑəɧ 

ɝɔɗɨəɑɑ, ɣɑɘ Ɏ ɌɝɞɜɚɢɔɞɚɘɌɡ, ɔ ɖɌɖ ɝɗɑɐɝɞɎɔɑ 

ɟɜɚɎɑəɨ əɌɖɚɛɗɑəɔɫ ȸȱȾ Ɏ ɫɐɜɑ Ɏɧɤɑ, ɣɞɚ ɓɌ-

ɞɜɟɐəɫɑɞ ɐɔɠɠɑɜɑəɢɔɌɗɨəɟɪ ɐɔɌɏəɚɝɞɔɖɟ 

ɏɗɔɚɘ Ɏ ɚɍɥɑɕ ɏɜɟɛɛɑ ɞɚɗɨɖɚ ɛɚ ɐɌəəɧɘ 

ȻɉȾ/ȶȾ ɝ ȸȱȾ.   

ȴəɞɑɜɑɝəɚ, ɣɞɚ ɐɚɝɞɚɎɑɜəɧɑ ɚɞɗɔɣɔɫ 

ɟɜɚɎəɫ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɑɞɌɍɚɗɔɓɘɌ ɘɑɒɐɟ ɓɚ-

əɌɘɔ 2 ɔ 3 ɍɧɗɔ ɎɧɫɎɗɑəɧ ɞɚɗɨɖɚ Ɏ ɏɜɟɛɛɌɡ 

ɚɗɔɏɚɐɑəɐɜɚɏɗɔɚɘ ɔ ȯȭ. Ȱɗɫ ɛɚɝɗɑɐəɔɡ ɩɞɚɞ ɠɑ-

əɚɘɑə, Ɏɑɜɚɫɞəɑɑ Ɏɝɑɏɚ, ɚɍɦɫɝəɫɑɞɝɫ ɔɡ Ɍɏɜɑɝ-

ɝɔɎəɧɘ ɜɚɝɞɚɘ ɔ ɝɟɥɑɝɞɎɑəəɚ ɍɚɗɑɑ Ɏɧɝɚɖɔɘ 

ɟɜɚɎəɑɘ ɘɑɞɌɍɚɗɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ Ɏ ɫɐɜɑ, ɖɚ-

ɞɚɜɚɑ ɚɞɞɫɏɔɎɌɑɞ əɌ ɝɑɍɫ ɜɑɝɟɜɝɧ ɚɖɜɟɒɌɪɥɔɡ 

ɞɖɌəɑɕ, Ɏ ɞɚɘ ɣɔɝɗɑ ɎɔɓɟɌɗɨəɚ əɑ ɔɓɘɑəɑəəɧɡ 

ɛɚ ȸȼȾ. 

Ȯ ɚɛɟɡɚɗɫɡ ɌɝɞɜɚɢɔɞɌɜəɚɏɚ ɜɫɐɌ (ȬȬ ɔ ȰȬ) 

ɓɚəɌ ɔəɠɔɗɨɞɜɌɞɔɎəɚɏɚ ɜɚɝɞɌ (ɓɚəɌ 2) ɛɑɜɑɡɚ-

ɐɔɞ Ɏ ɔəɞɌɖɞəɟɪ ɘɚɓɏɚɎɟɪ ɞɖɌəɨ (ɓɚəɌ 3) ɍɑɓ 

Ɏɔɐɔɘɚɕ ɝɘɑəɧ ɛɌɞɞɑɜəɌ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɑɞɌ-

ɍɚɗɔɓɘɌ, ɣɞɚ ɓɌɞɜɟɐəɫɑɞ ɛɜɔɘɑəɑəɔɑ ȻɉȾ/ȶȾ ɝ 

ȸȱȾ ɐɗɫ ɚɢɑəɖɔ ɏɜɌəɔɢ ɏɗɔɌɗɨəɧɡ ɚɛɟɡɚɗɑɕ 

ɌɝɞɜɚɢɔɞɌɜəɚɏɚ ɜɫɐɌ, ɛɜɔ ɩɞɚɘ, ɖɌɖ ɘɑɞɚɐ ɛɚ-

ɔɝɖɌ ɚɣɌɏɚɎ əɌɔɍɚɗɨɤɑɕ ɛɜɚɗɔɠɑɜɌɞɔɎəɚɕ Ɍɖ-

ɞɔɎəɚɝɞɔ ɚɛɟɡɚɗɔ, ȻɉȾ/ȶȾ ɝ ȸȱȾ ɛɚɐɞɎɑɜɒɐɌɑɞ 

ɝɎɚɪ ɓəɌɣɔɘɚɝɞɨ Ɏ ɝɞɜɟɖɞɟɜɑ ɌɗɏɚɜɔɞɘɌ ɛɜɑɐ-

ɚɛɑɜɌɢɔɚəəɚɕ əɑɕɜɚɎɔɓɟɌɗɔɓɌɢɔɔ. ȻɉȾ/ȶȾ ɝ 

ɀȰȯ ɘɚɒɑɞ ɍɧɞɨ ɜɌɝɝɘɚɞɜɑəɌ, ɖɌɖ ɐɚɛɚɗəɔ-

ɞɑɗɨəɚɕ ɘɑɞɚɐ ɚɢɑəɖɔ ɏɜɌəɔɢ ɚɛɟɡɚɗɑɎɚɏɚ ɜɚ-

ɝɞɌ, ɚɐəɌɖɚ əɑɚɍɡɚɐɔɘɚ ɛɜɚɎɑɐɑəɔɑ ɐɚɛɚɗəɔ-
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ɞɑɗɨəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɝ ɘɚɜɠɚɗɚɏɔɣɑɝɖɔɘ ɛɚɐ-

ɞɎɑɜɒɐɑəɔɑɘ əɌɗɔɣɔɫ ɚɛɟɡɚɗɑɎɚɕ ɔəɠɔɗɨɞɜɌ-

ɢɔɔ, Ɏɧɡɚɐɫɥɑɕ ɓɌ ɛɜɑɐɑɗɧ Ɏɔɐɔɘɧɡ ɛɚ ȸȼȾ 

ɏɜɌəɔɢ ɚɛɟɡɚɗɔ.   

ȻɑɜɎɧɕ ɛɔɖ ɘɌɖɝɔɘɌɗɨəɚɏɚ əɌɖɚɛɗɑəɔɫ 

ȸȱȾ ɔ ɀȰȯ (ȻɘɌɡ), ɛɚ əɌɤɑɘɟ ɘəɑəɔɪ, Ɏ ɍɚɗɨ-

ɤɑɕ ɝɞɑɛɑəɔ ɝɎɫɓɌə ɝ ɛɑɜɠɟɓɔɚəəɚɕ ɝɚɝɞɌɎɗɫ-

ɪɥɑɕ ɜɌɝɛɜɑɐɑɗɑəɔɫ ȼɀȻ Ɏ ɞɖɌəɫɡ. ȴɓɘɑɜɑəɔɫ 

ɛɜɚɎɚɐɔɗɔɝɨ əɌ ɛɑɜɎɚɕ ɘɔəɟɞɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɚɞ 

ɘɚɘɑəɞɌ ɎɎɑɐɑəɔɫ ȼɀȻ, ɞɚ ɑɝɞɨ ɛɚ ɔɐɑɑ ɑɥɬ ɐɚ 

ɘɚɘɑəɞɌ ɌɖɞɔɎəɚɏɚ Ɏɖɗɪɣɑəɔɫ ɏɗɪɖɚɓɧ ɔ Ɍɘɔ-

əɚɖɔɝɗɚɞ Ɏ ɘɑɞɌɍɚɗɔɣɑɝɖɔɑ ɝɔɝɞɑɘɧ ɖɗɑɞɚɖ, ɔ 

ɜɌɝɢɑəɔɎɌɗɝɫ əɌɘɔ Ɏ ɛɑɜɎɟɪ ɚɣɑɜɑɐɨ, ɖɌɖ ɛɚ-

ɖɌɓɌɞɑɗɨ ɝɖɚɜɚɝɞɔ ɐɚɝɞɌɎɖɔ ȼɀȻ.   

ȽɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɑ ɜɌɓɗɔɣɔɫ ȻɘɌɡ Ɏ 

ɓɚəɑ ɫɐɜɌ ɚɛɟɡɚɗɔ ɔ ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ 

ɍɧɗɔ ɎɧɫɎɗɑəɧ ɞɚɗɨɖɚ Ɏ ɝɞɜɟɖɞɟɜɑ ȯȭ, ɎɧɜɌ-

ɒɑəəɚɑ ɟɝɖɚɜɑəɔɑ ɛɚɛɌɐɌəɔɫ ɀȰȯ Ɏ ɓɚəɟ 1 ȯȭ 

ɛɜɚɔɝɡɚɐɔɞ Ɏ ɛɑɜɎɟɪ ɚɣɑɜɑɐɨ ɓɌ ɝɣɑɞ ɘɌɝɝɔɎəɚ 

ɜɌɓɎɔɞɚɕ ɝɑɞɔ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɝɚɝɟɐɚɎ ɔ ɖɌɖ 

ɝɗɑɐɝɞɎɔɑ ɛɚɎɧɤɑəɔɫ ɝɖɚɜɚɝɞɔ ɖɜɚɎɚɞɚɖɌ. ȻɌ-

ɞɚɗɚɏɔɣɑɝɖɚɑ ɝɞɜɚɑəɔɑ ɝɚɝɟɐɔɝɞɚɕ ɝɞɑəɖɔ, ɚɍɟ-

ɝɗɚɎɗɑəəɚɑ əɌɜɟɤɑəɔɑɘ ɏɑɘɌɞɚ-

ɩəɢɑɠɌɗɔɣɑɝɖɚɏɚ ɍɌɜɨɑɜɌ ɞɌɖɒɑ ɝɛɚɝɚɍɝɞɎɟɑɞ 

ɍɧɝɞɜɚɘɟ ɔ ɍɑɝɛɜɑɛɫɞɝɞɎɑəəɚɘɟ ɛɜɚəɔɖəɚɎɑ-

əɔɪ ȼɀȻ Ɏ ɫɐɜɚ ɚɛɟɡɚɗɔ, ɣɞɚ ɐɚɛɚɗəɔɞɑɗɨəɚ 

ɛɚɐɞɎɑɜɒɐɌɑɞ ɝɎɫɓɨ ɘɑɞɌɍɚɗɔɣɑɝɖɚɕ ɌɖɞɔɎəɚ-

ɝɞɔ ɏɗɔɚɘ ɝ ɛɜɚɢɑɝɝɌɘɔ ɛɌɞɚɗɚɏɔɣɑɝɖɚɏɚ əɑɚɌə-

ɏɔɚɏɑəɑɓɌ.  

ȶɜɌɕəɑ ɎɧɝɚɖɌɫ ɝɖɚɜɚɝɞɨ ɐɚɝɞɌɎɖɔ ɀȰȯ ɖ 

ɫɐɜɟ ȯȭ ɘɚɒɑɞ ɛɜɔɎɚɐɔɞɨ ɖ ɩɠɠɑɖɞɟ ɚɍɖɜɌɐɧ-

ɎɌəɔɫ ɖɌɖ Ɏ ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ, ɞɌɖ ɔ Ɏ 

ɔəɞɌɖɞəɚɘ ɎɑɥɑɝɞɎɑ ɘɚɓɏɌ, ɣɞɚ ɚɞɜɌɒɌɑɞɝɫ Ɏ 

ɝəɔɒɑəəɧɡ ɛɚɖɌɓɌɞɑɗɫɡ ȻɘɌɡ Ɏ ɩɞɔɡ ɓɚəɌɡ, Ɍ 

ɞɌɖɒɑ ɚɞɝɟɞɝɞɎɔɔ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɡ ɜɌɓ-

ɗɔɣɔɕ ɘɑɒɐɟ əɔɘɔ. ȺɐəɌɖɚ ɛɚ ȴȹ ɀȰȯ, ɞɚ ɑɝɞɨ 

ɛɚ ɟɜɚɎəɪ ɌɖɞɔɎəɚɝɞɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɌ, 

ɩɞɔ ɓɚəɧ ɔɘɑɪɞ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɑ ɚɞɗɔ-

ɣɔɫ Ɏ ɝɞɚɜɚəɟ ɝəɔɒɑəɔɫ ɌɖɞɔɎəɚɝɞɔ ɛɜɚɢɑɝɝɚɎ 

ɖɌɞɌɍɚɗɔɓɘɌ Ɏ ɓɚəɑ 2.  

ȱɝɗɔ ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɛɚɖɌɓɌɞɑɗɔ ȻɘɌɡ ɓɚ-

əɧ 1 ɔ 2 ɐɗɫ ȸȱȾ ɞɚ ɎɧɜɌɒɑəəɚɑ ɟɎɑɗɔɣɑəɔɑ 

ɔəɞɑəɝɔɎəɚɝɞɔ ɐɚɝɞɌɎɖɔ Ɍɘɔəɚɖɔɝɗɚɞ ɖ ɫɐɜɟ 

ɚɛɟɡɚɗɔ ɚɞɘɑɣɌɑɞɝɫ ɝəɚɎɌ ɞɚɗɨɖɚ Ɏ ɏɜɟɛɛɑ ȯȭ. 

ȹɌɐɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɩɞɔ ɛɚɖɌɓɌɞɑɗɔ ɛɚɗəɚɝɞɨɪ 

ɝɚɚɞəɚɝɫɞɝɫ ɝ ɞɌɖɚɎɧɘɔ ɛɜɔ ɔɝɝɗɑɐɚɎɌəɔɔ ɝ 

ɀȰȯ, Ɍ ɩɞɚ ɛɚɐɞɎɑɜɒɐɌɑɞ ɛɜɑɐɛɚɗɚɒɑəɔɑ ɚ ɞɚɘ, 

ɣɞɚ Ɏ ɛɑɜɎɟɪ ɘɔəɟɞɟ ɔɝɝɗɑɐɚɎɌəɔɫ ɔəɞɑəɝɔɎ-

əɚɝɞɨ əɌɖɚɛɗɑəɔɫ ȼɀȻ əɑ ɓɌɎɔɝɔɞ ɚɞ ɑɏɚ ɛɜɔɜɚ-

ɐɧ, ɔ Ɏ ɍɚɗɨɤɑɕ ɝɞɑɛɑəɔ ɝɎɫɓɌəɚ ɝ ɛɜɚɢɑɝɝɌɘɔ 

əɑɚɎɌɝɖɟɗɫɜɔɓɌɢɔɔ ɚɛɟɡɚɗɔ, Ɍ əɑ ɝ ɚɝɚɍɑəəɚ-

ɝɞɫɘɔ ɑɑ ɘɑɞɌɍɚɗɔɓɘɌ. 

ȳɌɐɌɣɌ Ɏɧɫɝəɔɞɨ, əɌɖɚɛɗɑəɔɑ ɖɌɖɚɏɚ ɔɓ 

ȼɀȻ ɗɟɣɤɑ ɚɞɜɌɒɌɑɞ ɛɑɜɠɟɓɔɚəəɧɑ ɡɌɜɌɖɞɑɜɔ-

ɝɞɔɖɔ ɏɗɔɚɘ Ɏ ɜɌɘɖɌɡ ɐɌəəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ, əɑ 

ɝɞɌɎɔɗɌɝɨ, ɡɚɞɫ Ɏ ɐɌɗɨəɑɕɤɑɘ ɘɚɒɑɞ ɍɧɞɨ ɢɑɗɑ-

ɝɚɚɍɜɌɓəɚ ɝɜɌɎəɑəɔɑ ɐɌəəɧɡ ȻɉȾ/ȶȾ ɝ ɛɚɖɌɓɌ-

ɞɑɗɫɘɔ ȶȾ- ɔ ȸȼ-ɛɑɜɠɟɓɔɔ (ASL), ɚɐəɌɖɚ ɩɞɚ 

ɞɜɑɍɟɑɞ ɜɌɓɜɌɍɚɞɖɔ ɔ ɛɚɝɞɜɚɑəɔɫ ɛɑɜɠɟɓɔɚəəɚɕ 

ɘɚɐɑɗɔ ɐɗɫ ɚɢɑəɖɔ ɖɜɚɎɚɞɚɖɌ ɝ ɛɚɘɚɥɨɪ ɖɜɔ-

Ɏɧɡ ɜɌɝɛɜɑɐɑɗɑəɔɫ ȼɀȻ ɐɗɫ ȻɉȾ ɝ ȸȱȾ ɔ ɀȰȯ. 

ȴəɞɑɜɑɝəɧɘ ɍɟɐɑɞ ɞɌɖɒɑ ɝɜɌɎəɑəɔɑ ȻɘɌɡ ɝ ɔɝ-

ɞɔəəɧɘɔ ɛɚɖɌɓɌɞɑɗɫɘɔ ɛɑɜɠɟɓɔɔ ɏɚɗɚɎəɚɏɚ 

ɘɚɓɏɌ, ɛɚɗɟɣɑəəɧɘɔ ɛɜɔ ȻɉȾ/ȶȾ ɝ 15Ⱥ-H2O.  

Ƚ ɟɣɑɞɚɘ ɎɧɫɎɗɑəəɧɡ ɜɌɓɗɔɣɔɕ ɟɜɚɎəɫ 

Ɏɖɗɪɣɑəɔɫ ȸȱȾ ɔ ɀȰȯ Ɏ ɜɌɓɗɔɣəɧɡ ɓɚəɌɡ ɏɗɔ-

Ɍɗɨəɧɡ ɚɛɟɡɚɗɑɕ, ɗɚɏɔɣəɚ ɛɜɑɐɛɚɗɚɒɔɞɨ, ɣɞɚ 

ɝɟɥɑɝɞɎɟɑɞ ɎɓɌɔɘɚɝɎɫɓɨ ɛɜɚɢɑɝɝɚɎ ɛɗɌɝɞɔɣɑ-

ɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɌ Ɏ ɝɞɜɟɖɞɟɜɑ 

ɜɌɓɗɔɣəɧɡ ɚɞɐɑɗɚɎ ɚɛɟɡɚɗɑɎɚɕ ɞɖɌəɔ.  

ȬəɌɗɔɓ ɖɚɜɜɑɗɫɢɔɔ ɔəɐɑɖɝɚɎ əɌɖɚɛɗɑəɔɫ 

ȸȱȾ ɔ ɀȰȯ, ɖɌɖ ɛɌɜɌɘɑɞɜɚɎ, ɚɞɜɌɒɌɪɥɔɡ Ɍɖ-

ɞɔɎəɚɝɞɨ ɛɜɚɢɑɝɝɚɎ ɌəɌɍɚɗɔɓɘɌ ɔ ɖɌɞɌɍɚɗɔɓɘɌ, 

ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɛɚɖɌɓɌɗ, ɣɞɚ Ɏ ɫɐɜɑ ȯȭ ɖɌɖɔɑ-

ɗɔɍɚ ɎɓɌɔɘɚɝɎɫɓɔ ɟɜɚɎəɫ əɌɖɚɛɗɑəɔɫ ɚɍɚɔɡ 

ȼɀȻ ɚɞɝɟɞɝɞɎɚɎɌɗɔ. Ȼɜɔ ɩɞɚɘ ɐɚɝɞɚɎɑɜəɌɫ ɛɚ-

ɗɚɒɔɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɫ ɚɍɘɑəɌ Ɍɘɔəɚɖɔɝɗɚɞ ɔ 

ɏɗɪɖɚɓɧ ɍɧɗɌ ɎɧɫɎɗɑəɌ Ɏ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ 

(ɓɚəɌ 2), ɖɌɖ ɜɌɓ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɞɚɕ ɣɌɝɞɔ 

ɚɛɟɡɚɗɔ, ɓɌ ɝɣɑɞ ɖɚɞɚɜɚɕ ɛɜɚɔɝɡɚɐɔɞ ɚɝəɚɎəɚɕ 

ɜɚɝɞ ɔ əɌɍɚɜ ɚɛɟɡɚɗɑɎɚɕ ɘɌɝɝɧ.  

Ȯ ȰȬ ɔ ȬȬ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɝɞɚɕɖɌɫ ɎɧɜɌ-

ɒɑəəɌɫ ɎɓɌɔɘɚɝɎɫɓɨ ɛɜɚɢɑɝɝɚɎ ɌɖɞɔɎɌɢɔɔ ɛɗɌ-

ɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɚɚɍɘɑəɌ Ɏ ɚɍɗɌɝɞɔ ɫɐɜɌ ɚɛɟ-

ɡɚɗɔ, ɖɚɞɚɜɌɫ ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɌ ɞɌɖɚɎɧɘ ɒɑ Ɏ 

ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ȯȭ. ȶɜɚɘɑ ɞɚɏɚ, Ɏ 

ɓɚəɑ 1 ɐɗɫ ȬȬ ɔ ȰȬ ɚɞɘɑɣɌɗɚɝɨ ɛɜɚɛɚɜɢɔɚəɌɗɨ-

əɚɑ ɟɎɑɗɔɣɑəɔɑ ɝɖɚɜɚɝɞɔ ɐɚɝɞɌɎɖɔ ɚɍɚɔɡ ȼɀȻ, 

ɣɞɚ ɝɚɏɗɌɝɟɑɞɝɫ ɝ ɎɧɫɎɗɑəəɚɕ ɔəɞɑəɝɔɠɔɖɌɢɔ-

ɑɕ ɛɜɚɢɑɝɝɚɎ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɚɚɍɘɑəɌ ɛɚ 

ȴȹ ȸȱȾ ɔ ɀȰȯ. 

Ƚ ɟɣɑɞɚɘ ɩɎɚɗɪɢɔɚəəɚɕ ɞɑɚɜɔɔ ɜɚɝɞɌ ɏɗɔ-

Ɍɗɨəɧɡ ɚɛɟɡɚɗɑɕ, Ɍ ɔɘɑəəɚ ɐɚɖɌɓɌəəɚɏɚ ɠɌɖɞɌ 

ɛɚɫɎɗɑəɔɫ ɟɣɌɝɞɖɚɎ ɌəɌɛɗɌɓɔɔ Ɏ ɝɞɜɟɖɞɟɜɑ ȰȬ 

ɍɑɓ ɗɑɣɑəɔɫ, ɔ ɞɜɌəɝɠɚɜɘɌɢɔɔ ȬȬ ɝɚ Ɏɜɑɘɑəɑɘ 

Ɏ ȯȭ, əɌɗɔɣɔɑ ɝɞɚɕɖɔɡ ɎɓɌɔɘɚɝɎɫɓɑɕ ɛɗɌɝɞɔɣɑ-

ɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɚɎ Ɏ ɫɐɜɑ Ɍɝɞɜɚ-

ɢɔɞɌɜəɧɡ ɚɛɟɡɚɗɑɕ (Grade II ɔ III) ɔ ɓɚəɑ ɚɞɑ-

ɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ȯȭ ɛɚɐɞɎɑɜɒɐɌɑɞ, ɣɞɚ ɛɚ-

ɝɗɑɐəɫɫ ɠɌɖɞɔɣɑɝɖɔ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɫɐɜɟ ɍɚɗɑɑ 

ɐɚɍɜɚɖɌɣɑɝɞɎɑəəɧɡ ɞɔɛɚɎ ɏɗɔɚɘ. ȰɌəəɧɕ ɛɜɚ-

ɢɑɝɝ Ɏɧɏɗɫɐɔɞ ɍɚɗɑɑ, ɣɑɘ ɗɚɏɔɣəɚ, ɚɐəɌɖɚ ɞɜɑ-

ɍɟɑɞ ɐɌɗɨəɑɕɤɑɏɚ ɛɜɚɎɑɐɑəɔɫ ɔɝɝɗɑɐɚɎɌəɔɕ ɝ 

ɘɚɜɠɚɗɚɏɔɣɑɝɖɔɘ ɛɚɐɞɎɑɜɒɐɑəɔɑɘ ɜɑɓɟɗɨɞɌɞɚɎ 

[31 -33].  

Ⱥɗɔɏɚɐɑəɐɜɚɏɗɔɚɘɧ Ɏ ɝɎɚɪ ɚɣɑɜɑɐɨ əɑ 

ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌɗɔ ɖɌɖɚɕ-ɗɔɍɚ ɎɓɌɔɘɚɝɎɫɓɔ 

ɛɜɚɢɑɝɝɚɎ ɖɌɞɌɍɚɗɔɓɘɌ ɔ ɌəɌɍɚɗɔɓɘɌ Ɏɚ Ɏɝɑɘ 

ɎɔɓɟɌɗɔɓɔɜɟɑɘɚɘ ɛɚ ȸȼȾ ɚɍɦɑɘɑ ɚɛɟɡɚɗɔ (ɓɚəɌ 

1+2), Ɍ Ɏɚɞ Ɏ ɚɍɗɌɝɞɔ ɟɝɗɚɎəɚ ɔəɞɌɖɞəɚɕ ɘɚɓɏɚ-

Ɏɚɕ ɞɖɌəɔ Ɏ ɏɜɟɛɛɑ ȬȺȰ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɎɧɜɌ-

ɒɑəəɌɫ ɚɞɜɔɢɌɞɑɗɨəɌɫ ɎɓɌɔɘɚɝɎɫɓɨ ɛɜɚɢɑɝɝɚɎ 

ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɚɍɘɑəɌ. Ȼɜɔ 

ɩɞɚɘ ɛɚ ɣɔɝɗɚɎɧɘ ɓəɌɣɑəɔɫɘ ɔɘɑəəɚ Ɏ ɩɞɚɕ 

ɏɜɟɛɛɑ ɏɗɔɚɘ Ɏ ɓɚəɑ 3 (ɔəɞɌɖɞəɚɑ ɎɑɥɑɝɞɎɚ ɘɚɓ-

ɏɌ ɛɚ ɛɑɜɔɠɑɜɔɔ ɚɛɟɡɚɗɔ) ɛɚɖɌɓɌɞɑɗɔ ȴȹ ɀȰȯ3 

ɍɧɗɔ əɌɔɍɚɗɑɑ ɍɗɔɓɖɔ ɖ ɠɔɓɔɚɗɚɏɔɣɑɝɖɔɘ. ȾɌ-

ɖɔɘ ɚɍɜɌɓɚɘ, ɐɌəəɧɕ ɠɑəɚɘɑə, ɚɞɜɌɒɌɪɥɔɕ 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):68-82       DOI: 10.21569/2222-7415-2021-11-2-68-82                     79 
 

 

ɝɚɚɞɎɑɞɝɞɎɔɑ Ɏɧɝɚɖɚɏɚ ɛɚɞɜɑɍɗɑəɔɫ ɏɗɪɖɚɓɧ (əɌ 

ɟɜɚɎəɑ ɓɐɚɜɚɎɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ) ɘɔəɔ-

ɘɌɗɨəɚɘɟ ɟɜɚɎəɪ ɘɑɘɍɜɌəəɚ-ɝɞɜɚɔɞɑɗɨəɚɕ Ɍɖ-

ɞɔɎəɚɝɞɔ Ɏ ɞɖɌəɔ, əɑ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɛɜɚɢɑɝɝɌɘ, 

ɛɜɚɔɝɡɚɐɫɥɔɘ Ɏ ɓɐɚɜɚɎɚɘ ɘɚɓɏɚɎɚɘ ɎɑɥɑɝɞɎɑ 

ɖɚəɞɜɌɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ, ɏɐɑ əɌɘɔ ɍɧɗɌ 

ɎɧɫɎɗɑəɌ ɝɞɚɕɖɌɫ ɛɚɗɚɒɔɞɑɗɨəɌɫ ɎɓɌɔɘɚɝɎɫɓɨ 

ɟɜɚɎəɫ əɌɖɚɛɗɑəɔɫ ɚɍɚɔɡ ȼɀȻ.  

Ȼɜɔ ɌəɌɗɔɓɑ ɚɝɚɍɑəəɚɝɞɑɕ ɖɚɜɜɑɗɫɢɔɔ ɛɌ-

ɜɌɘɑɞɜɚɎ ȻɘɌɡ (ɝɖɚɜɚɝɞɔ ɐɚɝɞɌɎɖɔ ȼɀȻ) Ɏ ɓɚəɑ 

3 Ɏ ɏɜɟɛɛɑ ȯȭ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɐɚɝɞɚɎɑɜəɌɫ ɛɚ-

ɗɚɒɔɞɑɗɨəɌɫ ɎɓɌɔɘɚɝɎɫɓɨ ɛɜɚɢɑɝɝɚɎ ɛɚɝɞɟɛɗɑ-

əɔɫ ɘɑɞɔɚəɔəɌ ɔ ɏɗɪɖɚɓɧ Ɏ ɞɖɌəɔ. ȴɓɎɑɝɞəɚ, 

ɣɞɚ əɌɗɔɣɔɑ ɛɚɗɚɒɔɞɑɗɨəɚɕ ɖɚɜɜɑɗɫɢɔɔ ɘɚɒɑɞ 

ɡɌɜɌɖɞɑɜɔɓɚɎɌɞɨ ɓɌɎɔɝɔɘɚɝɞɨ ɛɜɚɢɑɝɝɚɎ ɐɜɟɏ ɚɞ 

ɐɜɟɏɌ, ɖɌɖ Ɏ ɝɞɚɜɚəɟ ɟɎɑɗɔɣɑəɔɫ, ɞɌɖ ɔ Ɏ ɝɞɚɜɚ-

əɟ ɟɘɑəɨɤɑəɔɫ. Ȯ ɐɌəəɚɘ ɝɗɟɣɌɑ ɎɧɜɌɒɑəəɚɑ 

ɝəɔɒɑəɔɑ ɝɖɚɜɚɝɞɔ ɐɚɝɞɌɎɖɔ ɚɍɚɔɡ ȼɀȻ Ɏ ɓɚəɑ 

3, ɛɜɑɐɝɞɌɎɗɑəəɚɑ ɐɚɝɞɚɎɑɜəɚ ɍɚɗɑɑ əɔɓɖɔɘɔ 

Ɍɍɝɚɗɪɞəɧɘɔ ɓəɌɣɑəɔɕ ȻɘɌɡ Ɏ ȯȭ, ɘɚɒɑɞ ɛɚɐ-

ɞɎɑɜɒɐɌɞɨ ɎɧɝɖɌɓɌəəɚɑ Ɏɧɤɑ ɛɜɑɐɛɚɗɚɒɑəɔɑ ɚ 

əɌɗɔɣɔɔ ɩɠɠɑɖɞɌ ɚɍɖɜɌɐɧɎɌəɔɫ ɫɐɜɚɘ ɩɞɔɡ 

ɚɛɟɡɚɗɑɕ ɛɜɔɗɑɒɌɥɔɡ ɞɖɌəɑɕ, Ɏ ɞɚɘ ɣɔɝɗɑ əɑ 

ɔɓɘɑəɑəəɧɡ ɛɚ ɐɌəəɧɘ ȸȼȾ.   

ȮɧɎɚɐɧ. 

Ȯ ɐɌəəɚɕ ɜɌɍɚɞɑ ɛɜɔ ɝɚɛɚɝɞɌɎɗɑəɔɔ ɐɌə-

əɧɡ ȸȼȾ ɔ ȻɉȾ/ȶȾ ɝ ȸȱȾ ɔ ɀȰȯ ɍɧɗɔ ɔɓɟɣɑəɧ 

ɚɝɚɍɑəəɚɝɞɔ ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ 

ɚɍɘɑəɌ Ɏ ɝɞɜɟɖɞɟɜɑ ɏɗɔɌɗɨəɧɡ ɚɛɟɡɚɗɑɕ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ ɜɌɓɗɔɣəɧɡ ɏɔɝɞɚɗɚɏɔɣɑɝɖɔɡ ɛɚɐɞɔ-

ɛɚɎ ɔ ɝɞɑɛɑəɔ ɐɔɠɠɑɜɑəɢɔɜɚɎɖɔ. Ȼɚɗɟɣɑəəɧɑ 

ɛɌɞɞɑɜəɧ ɜɌɝɛɜɑɐɑɗɑəɔɫ ȼɀȻ Ɏ ɜɌɓɗɔɣəɧɡ ɚɞ-

ɐɑɗɌɡ ɚɛɟɡɚɗɔ ɔ ɓɌ ɑɑ ɛɜɑɐɑɗɌɘɔ, Ɍ ɞɌɖɒɑ ɎɧɫɎ-

ɗɑəəɧɑ ɔəɞɑɜɑɝəɧɑ ɐɚɝɞɚɎɑɜəɧɑ ɖɚɜɜɑɗɫɢɔɚə-

əɧɑ ɎɓɌɔɘɚɝɎɫɓɔ ɛɜɚɢɑɝɝɚɎ ɖɌɞɌ- ɔ ɌəɌɍɚɗɔɓɘɌ 

Ɏ ɓɚəɌɡ ɫɐɜɌ, ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɔ ɔəɞɌɖɞəɚ-

ɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ, ɛɜɔɍɗɔɒɌɪɞ əɌɝ ɖ ɍɚɗɑɑ 

ɛɚɗəɚɘɟ ɛɚəɔɘɌəɔɪ ɠɟəɐɌɘɑəɞɌɗɨəɧɡ ɛɜɚɢɑɝ-

ɝɚɎ ɘɑɞɌɍɚɗɔɓɘɌ ɏɗɔɚɘ.   

Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɝɚɎɘɑɝɞəɚɏɚ ɛɜɔɘɑəɑəɔɫ 

ȻɉȾ/ȶȾ ɝ ɐɎɟɘɫ ȼɀȻ, ȸȱȾ ɚɝɞɌɑɞɝɫ ɛɜɑɛɌɜɌ-

ɞɚɘ ɎɧɍɚɜɌ Ɏ ɝɞɜɟɖɞɟɜɑ ɌɗɏɚɜɔɞɘɌ ɛɜɑɐɚɛɑɜɌ-

ɢɔɚəəɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɏɗɔɚɘ ɐɗɫ ɛɚɔɝɖɌ ɚɣɌɏɚɎ 

əɌɔɍɚɗɨɤɑɕ ɓɗɚɖɌɣɑɝɞɎɑəəɚɝɞɔ ɚɛɟɡɚɗɑɎɚɕ ɞɖɌ-

əɔ (çɫɐɜɚ ɚɛɟɡɚɗɔè) ɐɗɫ ɛɗɌəɔɜɚɎɌəɔɫ ɡɔɜɟɜɏɔ-

ɣɑɝɖɚɏɚ ɗɑɣɑəɔɫ ɔ/ɔɗɔ ȽȾȭ. Ȼɜɔɘɑəɑəɔɑ ɀȰȯ 

ɌɖɞɟɌɗɨəɚ Ɏ ɜɌɘɖɌɡ ɚɢɑəɖɔ ɏɜɌəɔɢ ɚɛɟɡɚɗɑɎɚɏɚ 

ɜɚɝɞɌ, ɎɝɗɑɐɝɞɎɔɑ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚ ɍɚɗɑɑ 

əɔɓɖɚɏɚ ɟɜɚɎəɫ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɘɑɞɌɍɚɗɔɓɘɌ Ɏ 

ɓɚəɑ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɛɜɔ-

ɗɑɒɌɥɑɕ ɓɚəɚɕ ɔəɞɌɖɞəɚɏɚ ɘɚɓɏɚɎɚɏɚ ɎɑɥɑɝɞɎɌ. 

Ȼɜɔ ɩɞɚɘ ɝɚɛɚɝɞɌɎɗɑəɔɑ ȻɉȾ/ȶȾ ɔɓɚɍɜɌɒɑəɔɕ ɝ 

ɐɌəəɧɘɔ ȸȼȾ ɫɎɗɫɑɞɝɫ ɚɍɫɓɌɞɑɗɨəɧɘ.  

ȴɓɟɣɑəəɧɑ ɛɌɜɌɘɑɞɜɧ ɐɔəɌɘɔɣɑɝɖɚɏɚ 

ɜɌɝɛɜɑɐɑɗɑəɔɫ ɚɍɚɔɡ ȼɀȻ Ɏ ɛɑɜɎɧɑ ɘɔəɟɞɧ ɔɝ-

ɝɗɑɐɚɎɌəɔɫ (ȻɘɌɡ) Ɏ ɍɚɗɨɤɑɕ ɝɞɑɛɑəɔ, ɛɚ 

əɌɤɑɘɟ ɘəɑəɔɪ, ɝɎɫɓɌəəɧ ɝ ɚɝɚɍɑəəɚɝɞɫɘɔ əɑ-

ɚɎɌɝɖɟɗɫɜɔɓɌɢɔɔ ɚɛɟɡɚɗɑɎɚɕ ɞɖɌəɔ, ɣɞɚ Ɏ ɐɌɗɨ-

əɑɕɤɑɘ ɞɜɑɍɟɑɞ ɝɚɛɚɝɞɌɎɗɑəɔɫ ɖɌɖ ɝ ɤɔɜɚɖɚ 

ɔɓɎɑɝɞəɧɘɔ ɘɑɞɚɐɔɖɌɘɔ ȶȾ ɔ ȸȼ-ɛɑɜɠɟɓɔɔ, 

ɞɌɖ ɔ ɝ ɛɌɜɌɘɑɞɜɌɘɔ ɛɚɞɜɑɍɗɑəɔɫ ɖɔɝɗɚɜɚɐɌ 

ɚɛɟɡɚɗɨɪ ɛɚ ɐɌəəɧɘ ȻɉȾ/ȶȾ.  

Ȼɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɚɓɎɚɗɫɪɞ əɌɘ 

ɟɗɟɣɤɔɞɨ ɛɚəɔɘɌəɔɑ ɠɟəɐɌɘɑəɞɌɗɨəɧɡ ɛɜɚ-

ɢɑɝɝɚɎ ɜɚɝɞɌ ɔ ɞɜɌəɝɠɚɜɘɌɢɔɔ ɏɗɔɌɗɨəɧɡ ɚɛɟ-

ɡɚɗɑɕ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. ȺɐəɌɖɚ ɚɞɝɟɞɝɞɎɔɑ ɘɚɜ-

ɠɚɗɚɏɔɣɑɝɖɚɕ ɎɑɜɔɠɔɖɌɢɔɔ ɔɓɘɑəɑəɔɕ Ɏ ɚɍɗɌ-

ɝɞɔ ɚɞɑɖɌ/ɔəɠɔɗɨɞɜɌɢɔɔ ɔ ɓɚəɑ ɔəɞɌɖɞəɚɏɚ 

ɎɑɥɑɝɞɎɌ ɘɚɓɏɌ ɞɜɑɍɟɑɞ ɛɜɚɎɑɐɑəɔɫ ɐɌɗɨəɑɕ-

ɤɔɡ ɔɝɝɗɑɐɚɎɌəɔɕ əɌ ɍɚɗɨɤɑɕ Ɏɧɍɚɜɖɑ ɛɌɢɔɑə-

ɞɚɎ ɝ ɖɚɘɛɗɑɖɝəɧɘ ɘɟɗɨɞɔɐɔɝɢɔɛɗɔəɌɜəɧɘ 

ɛɚɐɡɚɐɚɘ Ɏ ɛɗɌəɔɜɚɎɌəɔɔ ȽȾȭ ɔ ɡɔɜɟɜɏɔɣɑɝɖɚ-

ɏɚ ɗɑɣɑəɔɫ ɞɌɖɔɡ ɛɌɢɔɑəɞɚɎ, Ɍ ɞɌɖɒɑ ɐɌɗɨəɑɕ-

ɤɑɏɚ ɔɡ əɌɍɗɪɐɑəɔɫ ɐɚ ɘɚɘɑəɞɌ ɛɜɚɏɜɑɝɝɔɜɚ-

ɎɌəɔɫ ɝ ɢɑɗɨɪ ɜɑɞɜɚɝɛɑɖɞɔɎəɚɏɚ ɌəɌɗɔɓɌ ɓɚə 

ɛɜɚɐɚɗɒɑəəɚɏɚ ɜɚɝɞɌ ɔ ɚɢɑəɖɔ ɠɌɖɞɚɜɚɎ əɑɍɗɌ-

ɏɚɛɜɔɫɞəɚɏɚ ɛɜɚɏəɚɓɌ ɚɛɟɡɚɗɑɎɚɏɚ ɜɚɝɞɌ əɌ 

ɩɞɌɛɑ ɛɑɜɎɔɣəɚɕ ɐɔɌɏəɚɝɞɔɖɔ.  

ȭɗɌɏɚɐɌɜəɚɝɞɔ. 

ȴɝɝɗɑɐɚɎɌəɔɑ Ɏɧɛɚɗəɑəɚ ɛɜɔ ɛɚɐɐɑɜɒɖɑ 

ɏɜɌəɞɌ ȼɚɝɝɔɕɝɖɚɏɚ əɌɟɣəɚɏɚ ɠɚəɐɌ (ɛɜɚɑɖɞ ʈ 

18 -15-00337 çȹɑɔəɎɌɓɔɎəɚɑ ɔɓɟɣɑəɔɑ ɩəɑɜɏɑɞɔ-

ɣɑɝɖɚɏɚ ɘɑɞɌɍɚɗɔɓɘɌ ɚɛɟɡɚɗɑɕ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌè) 

ȶɚəɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞɝɟɞ-

ɝɞɎɔɑ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍɡɚ-

ɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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(ɘɟɒɣɔəɧ, ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ 30Ñ5 ɗɑɞ) Ɏ ɝɞɌɐɔɔ ɜɑɘɔɝɝɔɔ. Ȯɝɑɘ ɛɌɢɔɑəɞɌɘ Ɏɧɛɚɗəɫ-

ɗɌɝɨ ɝɞɌəɐɌɜɞəɌɫ ɔ ɠɟəɖɢɔɚəɌɗɨəɌɫ ȸȼȾ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɐɎɚɕəɚɕ ɛɌɜɌɐɔɏɘɧ ɝ ɖɚɏəɔɞɔɎəɚɕ 

əɌɏɜɟɓɖɚɕ (ɝɣɑɞ ð ɎɧɣɔɞɌəɔɑ ɔɓ 100 ɛɚ 7) ɔ ɓɌɐɌəɔɑɘ əɌ ɓɌɛɚɘɔəɌəɔɑ ɝɗɚɎɌ. ȸȼȾ ɎɧɛɚɗəɫɗɌɝɨ 

əɌ ɞɚɘɚɏɜɌɠɑ ɝ əɌɛɜɫɒɑəəɚɝɞɨɪ ɛɚɗɫ 3 Ⱦɗ. ȺɍɜɌɍɚɞɖɌ ɛɚɗɟɣɑəəɧɡ ɐɌəəɧɡ ɛɜɚɔɓɎɚɐɔɗɌɝɨ ɝ ɛɚ-

ɘɚɥɨɪ ɛɜɚɏɜɌɘɘəɚɏɚ ɚɍɑɝɛɑɣɑəɔɫ SPM8 ð Statistical Parametric Mapping (Welcome Trust Centre 

of Neuroimaging, London, UK) əɌ ɍɌɓɑ MATLAB. 

ȼɑɓɟɗɨɞɌɞɧ. ȿ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɌɫ ɓɚəɌ 

ɐɑɌɖɞɔɎɌɢɔɔ ɛɑɜɑɐəɑɏɚ ɖɚɘɛɚəɑəɞɌ ɎɑɜɍɌɗɨəɚɕ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ, ɎɖɗɪɣɌɫ ɛɚɗɫ ȭɜɚɐɘɌəɌ 9 ɔ 10 

(pFWEcorr  < 0,001). ȶɜɚɘɑ ɞɚɏɚ, ɔɝɝɗɑɐɚɎɌəɔɑ ɛɚɖɌɓɌɗɚ ɓɚəɟ ɐɑɌɖɞɔɎɌɢɔɔ ɗɑɎɚɕ ɗɔɘɍɔɣɑɝɖɚɕ ɐɚɗɔ 

Ɏ ɓɌɐəɔɡ ɚɞɐɑɗɌɡ ɗɑɎɚɕ ɛɚɫɝəɚɕ ɔɓɎɔɗɔəɧ, ɛɚɗɑ ȭɜɚɐɘɌəɌ 23 (pFWEcorr  < 0,001). Ȯ ɗɑɎɚɕ əɔɒəɑɕ 

ɞɑɘɑəəɚɕ ɔɓɎɔɗɔəɑ (ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɗɚɖɌɗɔɓɌɢɔɔ ɓɌɐəɑɏɚ ɖɚɘɛɚəɑəɞɌ ɖɜɌɞɖɚɝɜɚɣəɚɕ ɛɌɘɫɞɔ) ɍɧ-

ɗɌ ɚɍəɌɜɟɒɑəɌ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɌɫ ɓɚəɌ ɌɖɞɔɎɌɢɔɔ ɖɚɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ (pFWEcorr  < 0,001).  

 ȮɧɎɚɐɧ. Ȼɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɚɐɞɎɑɜɒɐɌɪɞ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɛɜɔɘɑəɑəɔɫ ɐɎɚɕəɚɕ 

ɛɌɜɌɐɔɏɘɧ ɝ ɖɚɏəɔɞɔɎəɧɘ ɓɌɐɌəɔɑɘ ɔ ɓɌɛɚɘɔəɌəɔɑɘ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ ɓɚə ɌɖɞɔɎəɚɝɞɔ ɖɚɜɧ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ. ȮɧɫɎɗɑəəɧɑ ɓɚəɧ ɐɑɌɖɞɔɎɌɢɔɔ Ɏ ɗɚɍəɚɕ ɖɚɜɑ ɔ 

ɗɔɘɍɔɣɑɝɖɚɕ ɝɔɝɞɑɘɑ, Ɍ ɞɌɖɒɑ ɓɚəɌ ɌɖɞɔɎɌɢɔɔ Ɏ ɞɑɘɑəəɚɕ ɖɚɜɑ, ɎɌɒəɧ ɐɗɫ ɛɚəɔɘɌəɔɫ ɛɌɞɚɏɑ-

əɑɓɌ ɤɔɓɚɠɜɑəɔɔ ɔ Ɏ ɍɟɐɟɥɑɘ ɘɚɏɟɞ ɍɧɞɨ ɔɝɛɚɗɨɓɚɎɌəɧ Ɏ ɐɜɟɏɔɡ ɔɝɝɗɑɐɚɎɌəɔɫɡ ɐɗɫ ɔɓɟɣɑəɔɫ 

Ɏɗɔɫəɔɫ ɜɌɓɗɔɣəɧɡ ɘɑɞɚɐɚɎ ɗɑɣɑəɔɫ ɐɌəəɚɏɚ ɓɌɍɚɗɑɎɌəɔɫ. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɠȸȼȾ, ɤɔɓɚɠɜɑəɔɫ, ɌɖɞɔɎɌɢɔɫ əɑɕɜɚəɚɎ, ɖɜɌɞɖɚɝɜɚɣəɌɫ ɜɌɍɚɣɌɫ ɛɌ-

ɘɫɞɨ, ɗɔɘɍɔɣɑɝɖɌɫ ɝɔɝɞɑɘɌ. 
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BRAIN ACTIVATION/DEACTIVATION EVALUATION IN PATIENTS WITH SCHIZOPHRENIA  

USING FUNCTIONAL MRI 

 

Ustyuzhanin D. 1, Beliaevskaia A. 1, Morozova Ya. 1, Zashezova M. 1, Shariya M. 1,2,  

Kropotov J. 3, Konovalov R. 4, Smulevich A. 5, Smirnov V.1, Ternovoy S.1,2 
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urpose.  To evaluate the brain activation/deactivation patterns using a dual task fMRI with 

cognitive load and memory exercise  in patients with schizophrenia.  

Materials and methods.  The study involved 15 patients with schizophrenia (males, aged 

30Ñ5 years) in remission. All patients underwent standard and functional 3 T MRI with dual 

task: backwards counting by 7 from 100 as a co gnitive load and instruction to keep in mind the ex-

act word during the test as a memory exercise. The fMRI data was processed using the SPM8 ð Sta-

tistical Parametric Mapping software (Welcome Trust Centre of Neuroimaging, London, UK) based on 

MATLAB.  

Resul ts.  In patients with schizophrenia, a statistically significant zone of deactivation in the 

anterior component of the verbal working memory was detected, including Brodmann areas 9 and 10 

(pFWEcorr < 0,001). A zone of deactivation of the left limbic lobe i n the left posterior cingulate gyrus 

was revealed, Brodmann area 23 (pFWEcorr < 0,001). A significant activation zone in the posterior 

component of working memory in the left inferior parietal gyrus was found (pFWEcorr < 0,001).  

Conclusions.  The results of  this study confirm the effectiveness of dual task paradigm with 

cognitive load and memory exercise for cortical activation evaluation in patients with schizophrenia. 

Deactivation zones in frontal cortex and in limbic lobe, activation zone in temporal cort ex are im-

portant for understanding the pathogenesis of schizophrenia, and in the future can be used in other 

studies to assess the impact of different treatment methods.  

  

Keywords: fMRI, schizophrenia, neuronal activation, short -term working memory, limbi c sys-

tem.  
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ɟəɖɢɔɚəɌɗɨəɌɫ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ɠȸȼȾ) ð 

ɘɑɞɚɐ, ɛɚɓɎɚɗɫɪɥɔɕ ɐɚɛɚɗəɔɞɨ 

ɝɞɌəɐɌɜɞəɧɑ ɌəɌɞɚɘɔɣɑɝɖɔɑ ɔɓɚɍ-

ɜɌɒɑəɔɫ ȸȼȾ Ɏɧɝɚɖɚɏɚ ɖɌɣɑɝɞɎɌ 

ɔəɠɚɜɘɌɢɔɑɕ, ɔɗɗɪɝɞɜɔɜɟɪɥɑɕ ɌɖɞɔɎəɚɝɞɨ 

ɖɚɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. ɉɞɚ ɝɧɏɜɌɗɚ ɎɌɒəɟɪ ɜɚɗɨ 

Ɏ ɛɚəɔɘɌəɔɔ əɑɕɜɚɍɔɚɗɚɏɔɔ ɘɚɓɏɚɎɧɡ ɛɜɚɢɑɝ-

ɝɚɎ, Ɍ ɞɌɖɒɑ ɝɐɑɗɌɗɚ Ɏɚɓɘɚɒəɧɘ ɎɔɓɟɌɗɔɓɌɢɔɪ 

ɖɚɏəɔɞɔɎəɧɡ ɛɜɚɢɑɝɝɚɎ [1, 2].  

Ʉɔɓɚɠɜɑəɔɫ ð ɩɞɚ ɛɝɔɡɔɣɑɝɖɚɑ ɜɌɝɝɞɜɚɕ-

ɝɞɎɚ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɑɑɝɫ ɓəɌɣɔɞɑɗɨəɧɘɔ ɔɓɘɑ-

əɑəɔɫɘɔ Ɏɚɝɛɜɔɫɞɔɫ, ɘɧɝɗɑɕ, əɌɝɞɜɚɑəɔɫ ɔ ɛɚ-

Ɏɑɐɑəɔɫ. ȳɌɍɚɗɑɎɌəɔɑ ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɚɣɑɞɌəɔɑɘ 

ɛɜɚɐɟɖɞɔɎəɧɡ (ɏɌɗɗɪɢɔəɌɢɔɔ, ɍɜɑɐ ɔ ɠɚɜɘɌɗɨ-

əɧɑ əɌɜɟɤɑəɔɫ ɘɧɤɗɑəɔɫ) ɔ əɑɏɌɞɔɎəɧɡ (ɌɎɚ-

ɗɔɢɔɔ, Ɍɗɚɏɔɔ, Ɍəɑɜɏɔɔ ɔ Ɍəɏɑɐɚəɔɔ) ɝɔɘɛɞɚ-

ɘɚɎ. ȶɜɚɘɑ ɞɚɏɚ, ɟ ɛɌɢɔɑəɞɚɎ əɌɍɗɪɐɌɪɞɝɫ Ɏɧ-

ɜɌɒɑəəɧɑ ɖɚɏəɔɞɔɎəɧɑ əɌɜɟɤɑəɔɫ ɞɌɖɔɑ, ɖɌɖ 

əɌɜɟɤɑəɔɫ ɔɝɛɚɗəɔɞɑɗɨəɧɡ ɠɟəɖɢɔɕ, ɜɌɍɚɣɑɕ 

ɛɌɘɫɞɔ ɔ ɎəɔɘɌəɔɫ. ȶɚɏəɔɞɔɎəɧɑ əɌɜɟɤɑəɔɫ ð 

ɝɌɘɧɑ ɜɌəəɔɑ ɔ əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɎɝɞɜɑɣɌɪɥɔɑɝɫ 

ɛɜɚɫɎɗɑəɔɫ ɤɔɓɚɠɜɑəɔɔ. Ⱥəɔ ɣɌɝɞɚ ɛɚɫɎɗɫɪɞ-

ɝɫ ɓɌɐɚɗɏɚ ɐɚ əɌɣɌɗɌ ɍɚɗɑɓəɔ əɌ ɛɜɚɐɜɚɘɌɗɨəɚɕ 

ɝɞɌɐɔɔ ɔ ɘɚɏɟɞ ɛɜɔɝɟɞɝɞɎɚɎɌɞɨ Ɏ ɜɌəəɑɘ ɛɚɐ-

ɜɚɝɞɖɚɎɚɘ ɔɗɔ ɐɑɞɝɖɚɘ ɎɚɓɜɌɝɞɑ. Ȯɘɑɝɞɑ ɛɚɓɔ-

ɞɔɎəɧɑ, əɑɏɌɞɔɎəɧɑ ɝɔɘɛɞɚɘɧ ɔ ɖɚɏəɔɞɔɎəɧɕ 

ɐɑɠɔɢɔɞ ɛɜɔɎɚɐɫɞ ɖ ɞɚɘɟ, ɣɞɚ ɟ ɗɪɐɑɕ, ɝɞɜɌ-
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ɐɌɪɥɔɡ ɤɔɓɚɠɜɑəɔɑɕ, əɌ Ɏɝɪ ɒɔɓəɨ ɎɚɓəɔɖɌ-

ɪɞ ɔəɞɑɗɗɑɖɞɟɌɗɨəɧɑ, ɛɜɚɠɑɝɝɔɚəɌɗɨəɧɑ, ɘɑɒ-

ɗɔɣəɚɝɞəɧɑ ɔ ɝɚɢɔɌɗɨəɧɑ əɌɜɟɤɑəɔɫ [3].  

ȼɌɍɚɣɌɫ ɛɌɘɫɞɨ ð ɩɞɚ ɎɌɒəɑɕɤɌɫ ɚɛɑɜɌ-

ɢɔɫ ɖɚɏəɔɞɔɎəɚɏɚ ɖɚəɞɜɚɗɫ. Ȼɜɑɐɧɐɟɥɔɑ ɔɝ-

ɝɗɑɐɚɎɌəɔɫ ɛɚɖɌɓɌɗɔ, ɣɞɚ ɐɑɠɔɢɔɞ ɜɌɍɚɣɑɕ ɛɌ-

ɘɫɞɔ ɟ ɍɚɗɨəɧɡ ɤɔɓɚɠɜɑəɔɑɕ ɝɎɫɓɌə ɝ əɌɜɟɤɑ-

əɔɫɘɔ ɛɜɑɠɜɚəɞɌɗɨəɚɕ ɖɚɜɧ ɔ ɗɚɍəɚ-Ɏɔɝɚɣəɚɕ 

ɐɔɝɠɟəɖɢɔɑɕ [4]. ȸɚɓɏɚɎɧɑ ɘɑɡɌəɔɓɘɧ Ɏɑɜ-

ɍɌɗɨəɚɕ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ ɍɧɗɔ ɔɓɟɣɑəɧ ɟ ɓɐɚɜɚ-

Ɏɧɡ ɗɪɐɑɕ ɝ ɛɚɘɚɥɨɪ ɠȸȼȾ. ȴɝɝɗɑɐɚɎɌəɔɫ 

ɛɚɐɞɎɑɜɐɔɗɔ ɘɚɐɑɗɨ çɠɚəɚɗɚɏɔɣɑɝɖɚɕ ɛɑɞɗɔè 

ȭɩɐɐɑɗɔ [5]. ȸɚɐɑɗɨ ɎɖɗɪɣɌɑɞ ɘɚɞɚɜəɚ-

Ɍɜɞɔɖɟɗɫɞɚɜəɧɕ ɖɚɘɛɚəɑəɞ (çɝɟɍɎɚɖɌɗɨəɌɫ ɜɑ-

ɛɑɞɔɢɔɚəəɌɫ ɝɔɝɞɑɘɌè) ɔ ɚɍɦɬɘ ɛɌɝɝɔɎəɚɕ ɛɌ-

ɘɫɞɔ (çɖɜɌɞɖɚɎɜɑɘɑəəɧɕ ɠɚəɚɗɚɏɔɣɑɝɖɔɕ ɓɌ-

ɛɌɝè). ȻɑɜɎɧɕ ɖɚɘɛɚəɑəɞ ɝɎɫɓɌə ɝ ɛɑɜɑɐəɑɕ ɜɑ-

ɣɑɎɚɕ ɝɔɝɞɑɘɚɕ (ɗɑɎɌɫ əɔɒəɫɫ ɗɚɍəɌɫ ɔɓɎɔɗɔ-

əɌ, ɛɜɑɘɚɞɚɜəɌɫ ɖɚɜɌ, ɛɑɜɑɐəɔɕ ɚɝɞɜɚɎɚɖ ɔ 

ɐɎɟɝɞɚɜɚəəɫɫ ɐɚɛɚɗəɔɞɑɗɨəɌɫ ɘɚɞɚɜəɌɫ ɓɚəɌ. 

Ȯɞɚɜɚɕ ɖɚɘɛɚəɑəɞ ɝɎɫɓɌə ɝ ɓɌɐəɑɕ ɜɑɣɑɎɚɕ ɝɔ-

ɝɞɑɘɚɕ (ɗɑɎɌɫ Ɏɔɝɚɣəɚ-ɞɑɘɑəəɌɫ ɖɚɜɌ ɔ əɔɒəɫɫ 

ɞɑɘɑəəɌɫ ɖɚɜɌ) [6]. ȸəɚɏɚɣɔɝɗɑəəɧɑ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɝ ɛɚɘɚɥɨɪ ɠȸȼȾ ɎɧɫɎɔɗɔ ɏɔɛɚɌɖɞɔɎɌɢɔɪ 

ɖɌɖ ɗɚɍəɧɡ, ɞɌɖ ɔ ɓɌɐəɔɡ ɖɚɘɛɚəɑəɞɚɎ ɛɜɔ ɤɔ-

ɓɚɠɜɑəɔɔ [7]. 

ȭɚɗɨɤɔəɝɞɎɚ ɔɝɝɗɑɐɚɎɌɞɑɗɑɕ Ɏ ɖɌɣɑɝɞɎɑ 

ɛɌɜɌɐɔɏɘɧ ɐɗɫ ɠȸȼȾ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑ-

əɔɑɕ ɔɝɛɚɗɨɓɟɪɞ çɓɌɐɌɣɟ N-əɌɓɌɐè (çN-back 

taskè), Ɏ ɖɚɞɚɜɚɕ ɛɌɢɔɑəɞɟ ɛɚɖɌɓɧɎɌɪɞ ɜɫɐ Ɏɔ-

ɓɟɌɗɨəɧɡ ɚɍɜɌɓɚɎ, ɢɔɠɜ, ɍɟɖɎ ɔɗɔ ɝɗɚɎ, Ɍ ɚə 

ɐɚɗɒɑə Ɏ ɛɌɘɫɞɔ ɎɚɝɛɜɚɔɓɎɑɝɞɔ ɞɚɞ ɚɍɜɌɓ, ɖɚ-

ɞɚɜɧɕ ɐɑɘɚəɝɞɜɔɜɚɎɌɗɝɫ N ɛɚɓɔɢɔɕ ɜɌəɑɑ (ɣɌ-

ɥɑ Ɏɝɑɏɚ 1, 2 ɔɗɔ 3 ɛɚɓɔɢɔɔ əɌɓɌɐ) [8]. ȺɐəɌɖɚ Ɏ 

ɜɫɐɑ ɔɝɝɗɑɐɚɎɌəɔɕ ɟɖɌɓɧɎɌɑɞɝɫ, ɣɞɚ ɔɝɛɚɗɨɓɚ-

ɎɌəɔɑ ɩɞɚɕ ɛɌɜɌɐɔɏɘɧ ɓɌɞɜɟɐəɔɞɑɗɨəɚ ɟ ɛɌɢɔ-

ɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ ɓɌ ɝɣɑɞ ɝɗɚɒəɚɝɞɔ ɑɑ Ɏɧ-

ɛɚɗəɑəɔɫ ɔ ɚɏɜɌəɔɣɑəɔɫ Ɏɚɓɘɚɒəɚɝɞɑɕ ɖɚə-

ɞɜɚɗɫ ɞɚɣəɚɝɞɔ ɑɑ ɚɝɟɥɑɝɞɎɗɑəɔɫ Ɏɚ Ɏɜɑɘɫ 

ɠȸȼȾ [9]. Ȼɚɩɞɚɘɟ əɌɘɔ ɍɧɗɌ ɛɜɑɐɗɚɒɑəɌ ɝɛɑ-

ɢɔɌɗɨəɚ ɜɌɓɜɌɍɚɞɌəəɌɫ ɐɎɚɕəɌɫ ɛɌɜɌɐɔɏɘɌ ɐɗɫ 

ɔɝɝɗɑɐɚɎɌəɔɫ əɌɜɟɤɑəɔɕ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ ɔ ɖɚ-

ɏəɔɞɔɎəɧɡ ɛɜɚɢɑɝɝɚɎ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑ-

əɔɑɕ. ȺəɌ ɛɚɐɜɌɓɟɘɑɎɌɑɞ ɖɚɏəɔɞɔɎəɟɪ əɌɏɜɟɓ-

ɖɟ Ɏ Ɏɔɐɑ əɑɛɜɑɜɧɎəɚɏɚ ɝɣɑɞɌ (ɎɧɣɔɞɌəɔɑ ɚɞ 

100 ɛɚ 7), Ɍ ɞɌɖɒɑ ɓɌɐɑɕɝɞɎɚɎɌəɔɑ ɖɜɌɞɖɚɝɜɚɣ-

əɚɕ ɛɌɘɫɞɔ Ɏ Ɏɔɐɑ ɓɌɛɚɘɔəɌəɔɫ ɓɌɐɌəəɚɏɚ ɛɑ-

ɜɑɐ ɩɖɝɛɑɜɔɘɑəɞɚɘ ɠȸȼȾ ɝɗɚɎɌ. 

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȮɧɫɎɔɞɨ ɓɚəɧ ɌɖɞɔɎɌɢɔɔ/ɐɑɌɖɞɔɎɌɢɔɔ 

ɖɚɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑ-

əɔɑɕ ɘɑɞɚɐɚɘ ɠȸȼȾ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ əɚɎɚɕ 

ɐɎɚɕəɚɕ ɛɌɜɌɐɔɏɘɧ, ɎɖɗɪɣɌɪɥɑɕ ɖɚɏəɔɞɔɎəɚɑ 

ɓɌɐɌəɔɑ ɔ ɓɌɛɚɘɔəɌəɔɑ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɚ Ɏɖɗɪɣɑəɚ 15 ɛɌɢɔ-

ɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ (ɘɟɒɣɔəɧ, ɎɚɓɜɌɝɞ 35 Ñ 5 

ɗɑɞ). ȶɜɔɞɑɜɔɔ Ɏɖɗɪɣɑəɔɫ: ɛɚɐɞɎɑɜɒɐɑəəɧɕ 

ɐɔɌɏəɚɓ çɤɔɓɚɠɜɑəɔɫè Ɏ ɝɞɌɐɔɔ ɜɑɘɔɝɝɔɔ ɛɜɔ 

ɖɚəɝɟɗɨɞɌɢɔɔ ɛɝɔɡɔɌɞɜɌ, əɌɗɔɣɔɑ ɛɜɑɐɧɐɟɥɔɡ 

ɏɚɝɛɔɞɌɗɔɓɌɢɔɕ ɛɚ ɛɚɎɚɐɟ ɚɝəɚɎəɚɏɚ ɓɌɍɚɗɑɎɌ-

əɔɫ, ɝɞɌɍɔɗɨəɌɫ ɛɚɐɐɑɜɒɔɎɌɪɥɌɫ ɞɑɜɌɛɔɫ 

əɑɕɜɚɗɑɛɞɔɖɌɘɔ ɍɑɓ ɔɓɘɑəɑəɔɫ ɐɚɓɧ Ɏ ɞɑɣɑəɔɑ 

ɛɜɑɐɧɐɟɥɔɡ 3 ɘɑɝɫɢɑɎ, ɚɞɝɟɞɝɞɎɔɑ ɝɚɛɟɞɝɞɎɟ-

ɪɥɑɕ əɑɎɜɚɗɚɏɔɣɑɝɖɚɕ ɛɌɞɚɗɚɏɔɔ ɔ/ɔɗɔ Ɍɗɖɚ-

ɏɚɗɨəɚɕ/əɌɜɖɚɞɔɣɑɝɖɚɕ ɓɌɎɔɝɔɘɚɝɞɔ. Ȼɚɐɍɚɜ 

ɛɌɢɔɑəɞɚɎ ɛɜɚɎɚɐɔɗɝɫ Ɏ ȹɌɟɣəɚɘ ɢɑəɞɜɑ ɛɝɔ-

ɡɔɣɑɝɖɚɏɚ ɓɐɚɜɚɎɨɫ, ɔɝɝɗɑɐɚɎɌəɔɑ ɠȸȼȾ Ɏɧ-

ɛɚɗəɫɗɚɝɨ Ɏ ȹɌɢɔɚəɌɗɨəɚɘ ɘɑɐɔɢɔəɝɖɚɘ ɔɝɝɗɑ-

ɐɚɎɌɞɑɗɨɝɖɚɘ ɢɑəɞɜɑ ɖɌɜɐɔɚɗɚɏɔɔ. Ȼɜɚɞɚɖɚɗ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɍɧɗ ɟɞɎɑɜɒɐɑə ɉɞɔɣɑɝɖɔɘ ɖɚɘɔ-

ɞɑɞɚɘ ɚɍɚɔɡ ɔəɝɞɔɞɟɞɚɎ. Ȯɝɑ ɛɌɢɔɑəɞɧ ɐɌɎɌɗɔ 

ɛɔɝɨɘɑəəɚɑ ɔəɠɚɜɘɔɜɚɎɌəəɚɑ ɝɚɏɗɌɝɔɑ əɌ 

Ɏɖɗɪɣɑəɔɑ Ɏ ɔɝɝɗɑɐɚɎɌəɔɑ ɔ ɛɜɚɎɚɐɔɘɧɑ ɛɜɚ-

ɢɑɐɟɜɧ. 

ȿɣɌɝɞəɔɖɌɘ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɝɞɌəɐɌɜɞəɌɫ 

ɔ ɠɟəɖɢɔɚəɌɗɨəɌɫ ȸȼȾ əɌ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɚɘ ɞɚɘɚɏɜɌɠɑ Philips Achieva 3 Ⱦɗ. 

Ȼɜɔ ɠȸȼȾ ɔɝɛɚɗɨɓɚɎɌɗɌɝɨ ɍɗɚɖɚɎɌɫ ɛɌɜɌɐɔɏɘɌ. 

ȴɝɝɗɑɐɚɎɌəɔɑ ɝɚɝɞɚɫɗɚ ɔɓ ɤɑɝɞɔ ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɧɡ ɍɗɚɖɚɎ (ɜɔɝ. 1), ɖɌɒɐɧɕ ɔɓ ɖɚɞɚɜɧɡ 

ɎɖɗɪɣɌɗ ɓɌɐɌəɔɑ (30 ɝ) ɔ ɛɑɜɔɚɐ ɚɞɐɧɡɌ (30 ɝ). 

Ȯ ɖɌɣɑɝɞɎɑ ɓɌɐɌəɔɫ ɔɝɛɚɗɨɓɚɎɌɗɌɝɨ ɐɎɚɕəɌɫ 

ɛɌɜɌɐɔɏɘɌ: ɚɍɜɌɞəɧɕ ɝɣɑɞ ð ɎɧɣɔɞɌəɔɑ ɔɓ 100 

ɛɚ 7 Ɏ ɖɌɣɑɝɞɎɑ ɖɚɏəɔɞɔɎəɚɕ əɌɏɜɟɓɖɔ, Ɍ ɞɌɖɒɑ 

ɟɐɑɜɒɌəɔɑ Ɏ ɛɌɘɫɞɔ ɓɌɐɌəəɚɏɚ ɝɗɟɣɌɕəɚɏɚ ɝɗɚ-

ɎɌ, ɖɚɞɚɜɚɑ ɚɞɚɍɜɌɒɌɗɚɝɨ Ɏ ɞɑɣɑəɔɑ 10 ɝɑɖɟəɐ 

ɛɑɜɑɐ ɩɖɝɛɑɜɔɘɑəɞɚɘ ɠȸȼȾ. Ȯ ɛɑɜɔɚɐɑ ɚɞɐɧɡɌ 

ɛɌɢɔɑəɞ əɌɡɚɐɔɗɝɫ Ɏ ɛɚɖɚɑ ɍɑɓ Ɏɧɛɚɗəɑəɔɫ ɖɌ-

ɖɔɡ-ɗɔɍɚ ɔəɝɞɜɟɖɢɔɕ. Ȯɝɑ ɟɣɌɝɞəɔɖɔ ɍɧɗɔ ɓɌ-

ɜɌəɑɑ ɚɍɟɣɑəɧ Ɏɧɛɚɗəɑəɔɪ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ 

ɓɌɐɌɣ. ȶɚɘɌəɐɧ ɐɗɫ Ɏɧɛɚɗəɑəɔɫ ɓɌɐɌəɔɫ ɔɗɔ 

ɚɞɐɧɡɌ ɚɞɚɍɜɌɒɌɗɔɝɨ ɎɔɓɟɌɗɨəɚ ɝ ɛɚɘɚɥɨɪ 

ɝɛɑɢɔɌɗɨəɚɏɚ ɚɍɚɜɟɐɚɎɌəɔɫ, ɛɜɚɑɢɔɜɟɪɥɑɏɚ 

ɔɓɚɍɜɌɒɑəɔɫ Ɏ ɖɌəɌɗ ɞɚɘɚɏɜɌɠɌ. ȻɑɜɎɧɑ 30 

ɝɑɖɟəɐ ɝɍɚɜɌ ɐɌəəɧɡ ɍɧɗɔ ɔɝɖɗɪɣɑəɧ ɔɓ ɌəɌ-

ɗɔɓɌ ɐɗɫ ɛɜɔɎɑɐɑəɔɫ ɝɔɝɞɑɘɧ Ɏ ɝɚɝɞɚɫəɔɑ ɜɌɎ-

əɚɎɑɝɔɫ. 

Ȼɜɚɞɚɖɚɗ ɠȸȼȾ ɎɖɗɪɣɌɗ ɌəɌɞɚɘɔɣɑɝɖɚɑ 

(ɞɜɑɡɘɑɜəɌɫ T1-ɎɓɎɑɤɑəəɌɫ ɔɘɛɟɗɨɝəɌɫ ɛɚɝɗɑ-

ɐɚɎɌɞɑɗɨəɚɝɞɨ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ, TR = 7,5 

ɘɝ, TE = 3,5 ɘɝ, ɛɚɗɑ ɔɓɚɍɜɌɒɑəɔɫ 25x25x15 ɝɘ, 

ɘɌɞɜɔɢɌ 228x228, ɟɏɚɗ ɚɞɖɗɚəɑəɔɫ = 8, ɞɚɗɥɔ-

əɌ ɝɜɑɓɚɎ = 1,1 ɘɘ, ɖɚɗɔɣɑɝɞɎɚ ɝɜɑɓɚɎ 250) ɔ 

ɠɟəɖɢɔɚəɌɗɨəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ (T2*-ɎɓɎɑɤɑəəɌɫ 

ɏɜɌɐɔɑəɞəɌɫ ɩɡɚ-ɛɗɌəɌɜəɌɫ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

əɚɝɞɨ, TR = 3000 ɘɝ, TE = 35 ɘɝ, ɛɚɗɑ ɔɓɚɍɜɌ-

ɒɑəɔɫ 23x23x12 ɝɘ, ɘɌɞɜɔɢɌ 96x96, ɟɏɚɗ ɚɞ-

ɖɗɚəɑəɔɫ = 90, ɞɚɗɥɔəɌ ɝɜɑɓɚɎ = 4 ɘɘ, ɖɚɗɔɣɑ-

ɝɞɎɚ ɝɜɑɓɚɎ 30). ȶɌɒɐɧɕ ɛɑɜɔɚɐ ɚɞɐɧɡɌ ɔɗɔ ɓɌ-

ɐɌəɔɫ Ɏɧɛɚɗəɫɗɚɝɨ 10 ɛɚɎɞɚɜɑəɔɕ TR (10 x 

3000 ɘɝ = 30  ɝ), ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɨ ɖɌɒɐɚɏɚ 

ɍɗɚɖɌ ɚɞɐɧɡ + ɓɌɐɌəɔɑ  ɝɚɝɞɌɎɔɗɌ   1 ɘɔəɟɞɟ,   

ɝɟɘɘɌɜəɌɫ ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɨ ɩɖɝɛɑɜɔɘɑəɞɌ 

ɠȸȼȾ ɝɚɝɞɌɎɔɗɌ 6 ɘɔəɟɞ 30 ɝɑɖɟəɐ (ɜɔɝ. 1). 

ȺɍɜɌɍɚɞɖɌ ɐɌəəɧɡ ɛɜɚɎɚɐɔɗɌɝɨ ɝ ɛɚɘɚ-

ɥɨɪ ɛɜɚɏɜɌɘɘɧ SPM8 ð Statistical Parametric 

Mapping (Welcome Trust Centre of Neuroimag ing,  
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London, UK) əɌ ɍɌɓɑ MATLAB. ȬəɌɞɚɘɔɣɑɝɖɔɑ 

ɔɓɚɍɜɌɒɑəɔɫ ɖɌɒɐɚɏɚ ɛɌɢɔɑəɞɌ ɛɜɔɎɚɐɔɗɔɝɨ ɖ 

ɝɞɌəɐɌɜɞɔɓɚɎɌəəɚɘɟ ɛɜɚɝɞɜɌəɝɞɎɟ ɛɚ ɩɗɑɖ-

ɞɜɚəəɚɘɟ ɌɞɗɌɝɟ ɌəɌɞɚɘɔɣɑɝɖɔɡ ɝɞɜɟɖɞɟɜ (ɔɝ-

ɛɚɗɨɓɚɎɌɗɝɫ ɌɞɗɌɝ ȸɚəɜɑɌɗɨɝɖɚɏɚ əɑɎɜɚɗɚɏɔɣɑ-

ɝɖɚɏɚ ɔəɝɞɔɞɟɞɌ ð Montreal Neurologica l Institute 

MNI 152). ȹɚɜɘɌɗɔɓɚɎɌəəɧɑ ɔɓɚɍɜɌɒɑəɔɫ ɝɏɗɌ-

ɒɔɎɌɗɔɝɨ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɔɓɚɞɜɚɛəɚɏɚ ɏɌɟɝ-

ɝɚɎɌ ɫɐɜɌ 8 ɘɘ. Ȱɗɫ ɖɌɒɐɚɏɚ ɎɚɖɝɑɗɌ ɍɧɗɌ ɛɚ-

ɝɞɜɚɑəɌ ɗɔəɑɕəɌɫ ɘɚɐɑɗɨ ɐɗɫ ɚɞɚɍɜɌɒɑəɔɫ ɔɓ-

ɘɑəɑəɔɫ ɝɔɏəɌɗɌ BOLD ɎɝɗɑɐɝɞɎɔɑ Ɏɧɛɚɗəɑəɔɫ 

ɓɌɐɌəɔɫ. ȯɜɟɛɛɚɎɧɑ ɖɌɜɞɧ ɝɞɜɚɔɗɔɝɨ ɝ ɛɚɘɚ-

ɥɨɪ t-ɞɑɝɞɌ (one-sample t -test), ɐɚɝɞɚɎɑɜəɚɕ 

ɝɣɔɞɌɗɌɝɨ ɌɖɞɔɎɌɢɔɫ/ɐɑɌɖɞɔɎɌɢɔɫ ɛɜɔ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɚɕ ɓəɌɣɔɘɚɝɞɔ pFWEcorr  < 0,05 (ɝ ɔɝɛɚɗɨ-

ɓɚɎɌəɔɑɘ əɌɔɍɚɗɑɑ ɒɑɝɞɖɚɕ ɖɚɜɜɑɖɢɔɔ Family 

wise error ð corrected), ɛɜɔ ɛɚɜɚɏɑ (Ⱦ) Ó 2,8. Ȼɜɚ-

ɝɘɚɞɜ ɔ ɛɜɑɐɝɞɌɎɗɑəɔɑ ɓɚə ɌɖɞɔɎɌɢɔɔ ɚɝɟ-

ɥɑɝɞɎɗɫɗɔɝɨ Ɏ ɛɜɔɗɚɒɑəɔɔ SPM xjView 8.4 

(Human Neuroimaging Lab, Baylor College of 

Medicine).  

ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȹɌ ɝɞɌəɐɌɜɞəɧɡ ɌəɌɞɚɘɔɣɑɝɖɔɡ ɔɓɚɍɜɌ-

ɒɑəɔɫɡ ȸȼȾ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɟ Ɏɝɑɡ ɛɌɢɔɑəɞɚɎ 

əɑ ɍɧɗɚ ɎɧɫɎɗɑəɚ ɝɞɜɟɖɞɟɜəɧɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ 

ɔɓɘɑəɑəɔɕ. 

Ȼɜɔ ɌəɌɗɔɓɑ ɐɌəəɧɡ ɠɟəɖɢɔɚəɌɗɨəɚɕ 

ȸȼȾ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ ɍɧɗɌ ɎɧɫɎɗɑ-

əɌ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɌɫ ɓɚəɌ ɐɑɌɖɞɔɎɌɢɔɔ Ɏ 

ɗɚɍəɚɕ ɖɚɜɑ Ɏ ɚɍɗɌɝɞɔ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɕ ɛɜɚ-

ɑɖɢɔɔ ɛɑɜɑɐəɑɏɚ ɖɚɘɛɚəɑəɞɌ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ, 

ɎɖɗɪɣɌɫ ɛɚɗɫ ȭɜɚɐɘɌəɌ 9 ɔ 10: MNI ɖɚɚɜɐɔəɌ-

ɞɧ ɛɔɖɌ ɓɚəɧ [-16; 54; 30], pFWEcorr < 0,001 

(ɜɔɝ. 2). 

ȶɜɚɘɑ ɞɚɏɚ, ɟ ɐɌəəɧɡ ɛɌɢɔɑəɞɚɎ ɍɧɗɌ ɚɍ-

əɌɜɟɒɑəɌ ɓɚəɌ ɐɑɌɖɞɔɎɌɢɔɔ ɗɑɎɚɕ ɗɔɘɍɔɣɑɝɖɚɕ 

ɐɚɗɔ Ɏ ɓɌɐəɔɡ ɚɞɐɑɗɌɡ ɗɑɎɚɕ ɛɚɫɝəɚɕ ɔɓɎɔɗɔəɧ, 

ɛɚɗɑ ȭɜɚɐɘɌəɌ 23: MNI ɖɚɚɜɐɔəɌɞɧ ɛɔɖɌ ɓɚəɧ 

[-2; -46; 22], pFWEcorr < 0,001 (ɜɔɝ. 3).  

Ȯ ɗɑɎɚɕ əɔɒəɑɕ ɞɑɘɑəəɚɕ ɔɓɎɔɗɔəɑ (ɝɚɚɞ-

ɎɑɞɝɞɎɟɑɞ ɓɌɐəɑɘɟ ɖɚɘɛɚəɑəɞɟ ɖɜɌɞɖɚɎɜɑɘɑə-

əɚɕ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ) ɍɧɗɌ ɎɧɫɎɗɑəɌ ɝɞɌɞɔɝɞɔ-

ɣɑɝɖɔ ɓəɌɣɔɘɌɫ ɓɚəɌ ɌɖɞɔɎɌɢɔɔ: MNI ɖɚɚɜɐɔ-

əɌɞɧ ɛɔɖɌ ɓɚəɧ [-34; -50; 40], pFWEcorr < 0,001  

(ɜɔɝ. 4). 

Ⱥɍɝɟɒɐɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ. 

ȰɌəəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɛɚɖɌɓɌɗɚ ɩɠɠɑɖɞɔɎ-

əɚɝɞɨ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɐɎɚɕəɚɕ ɛɌɜɌɐɔɏɘɧ ɐɗɫ 

ɠɟəɖɢɔɚəɌɗɨəɚɕ ȸȼȾ ɝ əɌɗɔɣɔɑɘ ɖɚɏəɔɞɔɎəɚɕ 

əɌɏɜɟɓɖɔ ɔ ɓɌɛɚɘɔəɌəɔɫ ɐɗɫ ɛɌɢɔɑəɞɚɎ ɝ ɤɔ-

ɓɚɠɜɑəɔɑɕ. ȻɌɜɌɐɔɏɘɌ ɛɚɓɎɚɗɔɗɌ ɛɚɖɌɓɌɞɨ ɐɑ-

ɌɖɞɔɎɌɢɔɪ ɛɑɜɑɐəɑɏɚ ɖɚɘɛɚəɑəɞɌ ɖɜɌɞɖɚɝɜɚɣ-

əɚɕ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ. ȻɜɑɠɜɚəɞɌɗɨəɌɫ ɖɚɜɌ ɔɏ-

ɜɌɑɞ ɎɌɒəɟɪ ɜɚɗɨ Ɏ ɜɌɍɚɞɑ Ɏɧɝɤɔɡ ɖɚɏəɔɞɔɎ-

əɧɡ ɠɟəɖɢɔɕ ɞɌɖɔɡ, ɖɌɖ ɛɗɌəɔɜɚɎɌəɔɑ, ɜɑɤɑ-

əɔɑ ɛɜɚɍɗɑɘ, ɜɌɝɝɟɒɐɑəɔɑ ɔ ɎɚɝɝɞɌəɚɎɗɑəɔɑ 

ɩɛɔɓɚɐɔɣɑɝɖɚɕ ɛɌɘɫɞɔ [10]. Ȼɜɑɐɧɐɟɥɔɑ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ ɛɚɖɌɓɌɗɔ, ɣɞɚ əɌɜɟɤɑəɔɑ ɜɌɍɚɣɑɕ ɛɌ-

ɘɫɞɔ ɟ ɍɚɗɨəɧɡ ɤɔɓɚɠɜɑəɔɑɕ ɞɑɝəɚ ɝɎɫɓɌəɚ ɝ 

ɐɑɌɖɞɔɎɌɢɔɑɕ ɛɜɑɠɜɚəɞɌɗɨəɚɕ ɖɚɜɧ. Ȼɚɗɑ  

ȭɜɚɐɘɌəɌ 10 ɟɣɌɝɞɎɟɑɞ Ɏ ɘɚɐɑɗɔ ɜɌɍɚɣɑɕ ɛɌɘɫ-

ɞɔ ȭɩɐɐɑɗɔ [11]. Ȼɚɗɑ ȭɜɚɐɘɌəɌ 9 ɓɌɐɑɕɝɞɎɚɎɌ-

əɚ Ɏ ɖɜɌɞɖɚɝɜɚɣəɚɕ ɛɌɘɫɞɔ [12], Ɍ ɞɌɖɒɑ ɟɣɌɝɞ-

Ɏɟɑɞ Ɏ ɠɟəɖɢɔɫɡ,  ɎɌɒəɧɡ  Ɏ  ɛɌɞɚɏɑəɑɓɑ  ɤɔ-

ɓɚɠɜɑəɔɔ (ɝɌɘɚɖɜɔɞɔɖɌ ɔ ɎəɔɘɌəɔɑ ɖ ɚɞɜɔɢɌ-

ɞɑɗɨəɧɘ ɩɘɚɢɔɫɘ) [10]. 

 Ȯ ɍɚɗɨɤɔəɝɞɎɑ ɔɝɝɗɑɐɚɎɌəɔɕ ɐɗɫ ɚɢɑəɖɔ 

ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ ɔɝɛɚɗɨɓɟɑɞɝɫ ɓɌɐɌɣɌ N-əɌɓɌɐ 

[8], ɣɞɚ ɐɗɫ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ ɣɌɥɑ 

Ɏɝɑɏɚ ɞɜɟɐəɚɎɧɛɚɗəɔɘɚ [9]. Ȯ ɐɌəəɚɘ ɔɝɝɗɑɐɚ-

ɎɌəɔɔ ɘɧ ɔɝɛɚɗɨɓɚɎɌɗɔ ɝɞɌəɐɌɜɞəɟɪ ɓɌɐɌɣɟ 

ɐɗɫ ɎɚɎɗɑɣɑəɔɫ ɖɚɏəɔɞɔɎəɚɕ ɛɌɘɫɞɔ ð əɑɛɜɑ-

ɜɧɎəɧɕ ɝɣɑɞ ɝ ɎɧɣɔɞɌəɔɑɘ ɚɞ 100 ɛɚ 7 [13], 

ɟɝɚɎɑɜɤɑəɝɞɎɚɎɌɎ ɑɑ ɐɚɛɚɗəɔɞɑɗɨəɧɘ ɓɌɐɌəɔɑɘ  

 

ȼɔɝ. 1 (Fig. 1) 

ȼɔɝ. 1.     ȽɡɑɘɌ ɩɖɝɛɑɜɔɘɑəɞɌ ɠȸȼȾ. 

ȻɑɜɎɧɕ ɛɑɜɔɚɐ ɚɞɐɧɡɌ (ɛɚɘɑɣɑəɚ ɓɑɗɑəɚɕ çɚè) əɑ ɎɖɗɪɣɌɗɝɫ Ɏ ɚɍɜɌɍɚɞɖɟ ɐɌəəɧɡ ɐɗɫ ɐɚɝɞɔɒɑəɔɫ ɝɔɝɞɑɘɚɕ 

ɜɌɎəɚɎɑɝəɚɏɚ ɝɚɝɞɚɫəɔɫ. Ȯɝɑɏɚ ɌəɌɗɔɓɔɜɚɎɌɗɚɝɨ 6 ɍɗɚɖɚɎ, ɝɚɝɞɚɫɥɔɡ ɔɓ ɓɌɐɌəɔɫ (ɛɚɘɑɣɑəɚ çɓè) ɔ ɚɞɐɧɡɌ (ɛɚ-

ɘɑɣɑəɚ çɚè). 

Fig. 1.    fMRI paradigm design.  

The first rest period (indicated green òoó) was discarded to ensure reaching the equilibrium. Six consecutive blocks 

were analyzed. Each block included task (indicated òɓó) and rest (indicated òoó) periods.  
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əɌ ɓɌɛɚɘɔəɌəɔɑ ɝɗɚɎɌ. ȴɘɑəəɚ ɝ ɩɞɔɘ ɘɚɒɑɞ 

ɍɧɞɨ ɝɎɫɓɌə ɞɚɞ ɜɑɓɟɗɨɞɌɞ, ɣɞɚ əɌ ɠɚəɑ ɝɞɌə-

ɐɌɜɞəɚɕ ɐɗɫ ɤɔɓɚɠɜɑəɔɔ ɐɑɌɖɞɔɎɌɢɔɔ ɛɑɜɑɐ-

əɑɏɚ ɖɚɘɛɚəɑəɞɌ ɛɌɘɫɞɔ Ɏ ɗɚɍəɚɕ ɖɚɜɑ, Ɏ ɔɝ-

ɝɗɑɐɚɎɌəɔɔ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɓɚəɌ ɌɖɞɔɎɌɢɔɔ, ɝɚ-

ɚɞɎɑɞɝɞɎɟɪɥɌɫ ɓɌɐəɑɘɟ ɖɚɘɛɚəɑəɞɟ ɜɌɍɚɣɑɕ 

ɛɌɘɫɞɔ Ɏ ɗɑɎɚɕ ɞɑɘɑəəɚɕ ɐɚɗɑ. 

ȹɌɜɟɤɑəɔɑ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ ɗɔɘɍɔɣɑ-

ɝɖɚɕ ɝɔɝɞɑɘɧ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ ɡɚ-

ɜɚɤɚ ɔɓɎɑɝɞəɚ ɔɓ ɖɗɔəɔɣɑɝɖɔɡ ɛɜɚɫɎɗɑəɔɕ ɓɌ-

ɍɚɗɑɎɌəɔɫ. Ȯ əɑɖɚɞɚɜɧɡ ɔɝɝɗɑɐɚɎɌəɔɫɡ ɟɐɌɗɚɝɨ 

ɛɚɖɌɓɌɞɨ ɘɚɜɠɚɗɚɏɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ, ɖɚɞɚɜɧɑ 

ɘɚɏɟɞ ɍɧɞɨ ɚɝəɚɎɚɕ ɩɞɔɡ əɌɜɟɤɑəɔɕ. ȾɌɖ, Ɏ ɜɌ-

ɍɚɞɑ ȸ. ɁɌɓəɑɐɌɜɌ ɔ ɝɚɌɎɞ. ɍɧɗɚ ɛɚɖɌɓɌəɚ ɝəɔ-

ɒɑəɔɑ ɘɑɞɌɍɚɗɔɓɘɌ ɠɞɚɜɐɑɓɚɖɝɔɏɗɪɖɚɓɧ ɟ ɛɌ-

ɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ Ɏ ɓɌɐəɔɡ ɚɞɐɑɗɌɡ ɛɚɫɝ-

əɚɕ ɔɓɎɔɗɔəɧ ɝ ɛɚɘɚɥɨɪ ȻɉȾ [14]. Ȯ əɌɤɑɘ 

ɔɝɝɗɑɐɚɎɌəɔɔ ɟɐɌɗɚɝɨ ɛɚɐɞɎɑɜɐɔɞɨ ɩɞɔ ɐɌəəɧɑ, 

ɎɧɫɎɔɎ ɓɚəɟ ɐɑɌɖɞɔɎɌɢɔɔ ɖɚɜɧ Ɏ ɓɌɐəɔɡ ɚɞɐɑ-

ɗɌɡ ɗɑɎɚɕ ɛɚɫɝəɚɕ ɔɓɎɔɗɔəɧ.  

ȰɌəəɌɫ ɜɌɍɚɞɌ ɫɎɗɫɑɞɝɫ ɣɌɝɞɨɪ ɍɚɗɑɑ 

ɘɌɝɤɞɌɍəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ, ɛɚɝɎɫɥɑəəɚɏɚ ɔɓɟ-

ɣɑəɔɪ ɖɗɑɞɚɣəɚɕ ɞɑɜɌɛɔɔ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚ-

ɠɜɑəɔɑɕ. ȻɜɑɐɎɌɜɔɞɑɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ ɚɛɟɍɗɔɖɚɎɌəɧ Ɏ ɒɟɜəɌɗɑ Schizophrenia 

Research [15].  

ȴɝɝɗɑɐɚɎɌəɔɑ ɔɘɑɑɞ əɑɝɖɚɗɨɖɚ ɚɏɜɌəɔɣɑ-

əɔɕ, ɖɚɞɚɜɧɑ əɑɚɍɡɚɐɔɘɚ ɟɛɚɘɫəɟɞɨ. ȼɌɍɚɞɌ 

ɍɧɗɌ ɓɌɛɗɌəɔɜɚɎɌəɌ Ɏ ɖɌɣɑɝɞɎɑ ɛɔɗɚɞəɚɏɚ ɛɜɚ-

ɑɖɞɌ, ɛɚɩɞɚɘɟ ɖɚəɞɜɚɗɨəɌɫ ɏɜɟɛɛɌ əɑ əɌɍɔɜɌ-

 

ȼɔɝ. 2 (Fig. 2) 

 

ȼɔɝ. 3 (Fig. 3)  

ȼɔɝ. 2.   ɠȸȼȾ. 

ȳɚəɌ ɐɑɌɖɞɔɎɌɢɔɔ Ɏ ɗɚɍəɚɕ ɖɚɜɑ Ɏ ɚɍɗɌɝɞɔ ɛɑɜɑɐəɑɏɚ 

ɖɚɘɛɚəɑəɞɌ ɜɌɍɚɣɑɕ ɛɌɘɫɞɔ, ɎɖɗɪɣɌɫ ɛɚɗɫ ȭɜɚɐɘɌəɌ 

9 ɔ 10 ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ. 

Fig. 2.  fMRI. 

Deactivation zone in patients with schizophrenia in 

frontal cortex in the anterior component of the working 

memory, including Brodmann areas 9 and 10.  

ȼɔɝ. 3.   ɠȸȼȾ. 

ȳɚəɌ ɐɑɌɖɞɔɎɌɢɔɔ ɗɑɎɚɕ ɗɔɘɍɔɣɑɝɖɚɕ ɐɚɗɔ Ɏ ɓɌɐəɔɡ 

ɚɞɐɑɗɌɡ ɗɑɎɚɕ ɛɚɫɝəɚɕ ɔɓɎɔɗɔəɧ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔ-

ɓɚɠɜɑəɔɑɕ. 

Fig. 3.  fMRI. 

Deactivation zone in patients with schizophrenia in the 

left limbic lobe in the left posterior cingulate gyrus.  

 

ȼɔɝ. 4 (Fig. 4) 

ȼɔɝ. 4.    ɠȸȼȾ. 

ȳɚəɌ ɌɖɞɔɎɌɢɔɔ Ɏ ɗɑɎɚɕ əɔɒəɑɕ ɞɑɘɑəəɚɕ ɔɓɎɔɗɔəɑ ɟ 

ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ. 

Fig. 4.    fMRI. 

Activation zone in patients with schizophrenia in the left 

inferior parietal gyrus. . 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):83-89       DOI: 10.21569/2222-7415-2021-11-2-83-89                     88 
 

 

ɗɌɝɨ. ȺɐəɌɖɚ, ɛɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɚɓɎɚɗɫ-

ɪɞ ɛɗɌəɔɜɚɎɌɞɨ ɐɌɗɨəɑɕɤɑɑ ɔɝɝɗɑɐɚɎɌəɔɑ, Ɏ 

ɖɚɞɚɜɚɘ ɜɑɓɟɗɨɞɌɞɧ ɠȸȼȾ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɐɎɚɕəɚɕ ɛɌɜɌɐɔɏɘɧ ɍɟɐɟɞ ɝɚɛɚɝɞɌɎɗɑəɧ ɝɚ 

ɝɞɌəɐɌɜɞəɧɘɔ ɓɌɐɌɣɌɘɔ çN-əɌɓɌɐè. ȾɌɖɒɑ ɘɧ 

ɛɗɌəɔɜɟɑɘ ɔɝɝɗɑɐɚɎɌəɔɑ ɩɞɚɕ ɛɌɜɌɐɔɏɘɧ Ɏ 

ɏɜɟɛɛɑ ɓɐɚɜɚɎɧɡ ɐɚɍɜɚɎɚɗɨɢɑɎ. Ȯɞɚɜɧɘ ɚɏɜɌ-

əɔɣɑəɔɑɘ ɘɚɒəɚ əɌɓɎɌɞɨ əɑɍɚɗɨɤɚɕ ɚɍɦɑɘ ɔɝ-

ɝɗɑɐɚɎɌəəɚɕ ɏɜɟɛɛɧ ɛɌɢɔɑəɞɚɎ ð 15 ɣɑɗɚɎɑɖ. 

Ⱦɑɘ əɑ ɘɑəɑɑ, ɞɌɖɚɏɚ ɚɍɦɑɘɌ ɘɌɞɑɜɔɌɗɌ ɚɖɌɓɌ-

ɗɚɝɨ ɐɚɝɞɌɞɚɣəɚ ɐɗɫ ɛɚɗɟɣɑəɔɫ ɝɞɌɞɔɝɞɔɣɑɝɖɔ 

ɓəɌɣɔɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ əɌɔɍɚ-

ɗɑɑ ɒɑɝɞɖɚɕ ɖɚɜɜɑɖɢɔɔ (Family wise error 

correction).  

ȮɧɎɚɐɧ. 

Ȼɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɚɐɞɎɑɜɒɐɌɪɞ 

ɩɠɠɑɖɞɔɎəɚɝɞɨ ɛɜɔɘɑəɑəɔɫ ɐɎɚɕəɚɕ ɛɌɜɌɐɔɏ-

ɘɧ ɝ ɖɚɏəɔɞɔɎəɧɘ ɓɌɐɌəɔɑɘ ɔ ɓɌɛɚɘɔəɌəɔɑɘ 

ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ ɓɚə ɌɖɞɔɎəɚɝɞɔ ɖɚɜɧ ɏɚɗɚɎəɚ-

ɏɚ ɘɚɓɏɌ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɤɔɓɚɠɜɑəɔɑɕ. ȮɧɫɎɗɑə-

əɧɑ ɓɚəɧ ɐɑɌɖɞɔɎɌɢɔɔ Ɏ ɗɚɍəɚɕ ɖɚɜɑ ɔ ɗɔɘɍɔ-

ɣɑɝɖɚɕ ɝɔɝɞɑɘɑ, Ɍ ɞɌɖɒɑ ɓɚəɌ ɌɖɞɔɎɌɢɔɔ Ɏ ɞɑ-

ɘɑəəɚɕ ɖɚɜɑ, ɎɌɒəɧ ɐɗɫ ɛɚəɔɘɌəɔɫ ɛɌɞɚɏɑəɑɓɌ 

ɤɔɓɚɠɜɑəɔɔ ɔ Ɏ ɍɟɐɟɥɑɘ ɘɚɏɟɞ ɍɧɞɨ ɔɝɛɚɗɨɓɚ-

ɎɌəɧ Ɏ ɐɜɟɏɔɡ ɔɝɝɗɑɐɚɎɌəɔɫɡ ɐɗɫ ɔɓɟɣɑəɔɫ 

Ɏɗɔɫəɔɫ ɜɌɓɗɔɣəɧɡ ɘɑɞɚɐɚɎ ɗɑɣɑəɔɫ ɐɌəəɚɏɚ 

ɓɌɍɚɗɑɎɌəɔɫ. 

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚəɠɗɔɖɞ 

ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞɝɟɞ-

ɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌəɔɫ ɔ 

ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍɡɚɐɔɘɚ 

ɝɚɚɍɥɔɞɨ. 
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ȺɂȱȹȶȬ ȰȺȽȾȺȮȱȼȹȺȽȾȴ ȺȭȹȬȼȿȲȱȹȴɋ ȴȳȸȱȹȱȹȴȵ ȾȺȷɅȴȹɇ  

ȶȺȼȾȴȶȬȷɈȹȺȯȺ ȽȷȺɋ ȯȺȷȺȮȹȺȯȺ ȸȺȳȯȬ ɃȱȷȺȮȱȶȬ ȻȺ ȰȬȹȹɇȸ  

ȸȬȯȹȴȾȹȺ-ȼȱȳȺȹȬȹȽȹȺȵ ȾȺȸȺȯȼȬɀȴȴ 

 

ȶɚəɚɛɗɑɎɌ ȷ.Ȯ.1, Ȭɗɨ-ȴɞɡɌɎɔ ȭ.Ȭ.1, ȴɗɨɫɝɚɎ ȶ.Ȭ.1,2 
 

1 - ȴəɝɞɔɞɟɞ ɀɔɓɔɖɔ ȶɀȿ. ɏ. ȶɌɓɌəɨ, ȼɚɝɝɔɫ. 

2 - ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ɖɗɔəɔɖɌ ȶɀȿ. ɏ. ȶɌɓɌəɨ, ȼɚɝɝɔɫ. 

 
ɓɟɣɑəɔɑ ɝɞɌɍɔɗɨəɚɝɞɔ   ɜɑɓɟɗɨɞɌɞɚɎ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝɖɚɕ ɞɚɘɚ-

ɏɜɌɠɔɔ (ȸȼȾ) ɛɜɔ ɜɌɓɗɔɣəɧɡ ɟɜɚɎəɫɡ ɤɟɘɌ, ɛɌɜɌɘɑɞɜɌɡ ɛɜɚɞɚɖɚɗɌ ɝɖɌəɔɜɚɎɌəɔɫ ɔ 

ɛɚɗɚɒɑəɔɫɡ ɏɚɗɚɎɧ ɛɌɢɔɑəɞɌ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȰɌəəɧɑ ɤɑɝɞɔ ɓɐɚɜɚɎɧɡ ɐɚɍɜɚɎɚɗɨɢɑɎ ɍɧɗɔ ɔɓɘɑɜɑəɧ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɜɌɓɗɔɣəɧɡ ɛɜɚɞɚɖɚɗɚɎ ɝɖɌəɔɜɚɎɌəɔɫ əɌ 1,5 Ⱦ ɖɗɔəɔɣɑɝɖɚɘ ȸȼ- ɞɚɘɚ-

ɏɜɌɠɑ Siemens Symphony c ɔɓɚɞɜɚɛəɧɘ ɜɌɓɜɑɤɑəɔɑɘ 1 ɘɘ^3. ȴɓɘɑɜɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨ-

əɚɏɚ ɝɗɚɫ ɍɧɗɚ ɛɜɚɎɑɐɑəɚ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɐɎɟɡ ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɚɎ ð çCAT12è ɔ çFreeSurferè. 

ȺɍɜɌɍɚɞɖɌ ɐɌəəɧɡ ɚɝɟɥɑɝɞɎɗɫɗɌɝɨ ɘɑɞɚɐɌɘɔ Ɏɚɖɝɑɗɨ-ɍɌɓɔɜɚɎɌəəɚɕ ɔ ɛɚɎɑɜɡəɚɝɞəɚɕ ɘɚɜɠɚ-

ɘɑɞɜɔɔ. Ȱɗɫ ɌɐɑɖɎɌɞəɚɕ ɚɢɑəɖɔ ɜɌɍɚɞɧ ɘɑɞɚɐɚɎ Ɏɝɫ ɛɜɑɐɎɌɜɔɞɑɗɨəɌɫ ɚɍɜɌɍɚɞɖɌ ɐɌəəɧɡ ɚɝɟ-

ɥɑɝɞɎɗɫɗɌɝɨ ɞɚɗɨɖɚ ɛɜɔ ɛɚɘɚɥɔ ɝɞɌəɐɌɜɞəɧɡ ɠɟəɖɢɔɕ ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɚɎ.  

ȼɑɓɟɗɨɞɌɞɧ.  ȻɚɗɟɣɌɑɘɧɑ ɓəɌɣɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɟɘɑəɨɤɌɗɔɝɨ əɑ ɍɚɗɑɑ 

ɣɑɘ əɌ 5% ɛɜɔ ɟɎɑɗɔɣɑəɔɔ ɤɟɘɌ Ɏ ɐɌəəɧɡ əɌ 60% (ɚɞəɚɤɑəɔɑ ɝɔɏəɌɗ-ɤɟɘ 15) ɔ əɑ ɓɌɎɔɝɑɗɔ ɚɞ 

ɔɝɛɚɗɨɓɚɎɌəəɧɡ ɛɌɜɌɘɑɞɜɚɎ ɛɜɚɞɚɖɚɗɌ ɝɖɌəɔɜɚɎɌəɔɫ ɔ ɛɚɗɚɒɑəɔɫ ɏɚɗɚɎɧ ɛɌɢɔɑəɞɌ. Ȯɝɑ ɔɓɘɑ-

əɑəɔɫ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ əɌɡɚɐɔɗɔɝɨ Ɏ ɛɜɑɐɑɗɌɡ ɛɚɏɜɑɤəɚɝɞɔ ɔɝɛɚɗɨɓɚɎɌə-

əɧɡ ɘɑɞɚɐɚɎ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ.  

ȮɧɎɚɐɧ. ȸɑɞɚɐɧ Ɏɚɖɝɑɗɨ-ɍɌɓɔɜɚɎɌəəɚɕ ɔ ɛɚɎɑɜɡəɚɝɞəɚɕ ɘɚɜɠɚɘɑɞɜɔɔ, ɜɑɌɗɔɓɚɎɌəəɧɑ 

Ɏ ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɌɡ çCAT12è ɔ çFreeSurferè, ɛɚɓɎɚɗɫɪɞ ɛɚɗɟɣɌɞɨ ɝɞɌɍɔɗɨəɧɑ ɜɑɓɟɗɨɞɌɞɧ Ɏəɑ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɖɌɣɑɝɞɎɌ ɔɝɡɚɐəɧɡ ɐɌəəɧɡ. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȸȼȾ), Ɏɚɗɪɘɑɞɜɔɫ, ɞɚɗɥɔəɌ ɖɚɜɞɔ-

ɖɌɗɨəɚɏɚ ɝɗɚɫ. 
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Ȱɗɫ ɢɔɞɔɜɚɎɌəɔɫ: ȶɚəɚɛɗɑɎɌ ȷ.Ȯ., Ȭɗɨ-ȴɞɡɌɎɔ ȭ.Ȭ., ȴɗɨɫɝɚɎ ȶ.Ȭ. ȺɢɑəɖɌ ɐɚɝɞɚɎɑɜəɚɝɞɔ 
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urpose.  The study of the stability of the results of MRI data processing at different noise 

levels, parameters of the scanning protocol and the position of the patient's head. Data pro - 
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cessing was carried out by voxel -based and surface morphometry methods.  

Materials and methods.  Data from six healthy volunteers were measured using various 

scanning protocols on a 1.5T Siemens Symphony clinical scanner with an isotropic resolution of 1 

mm3. T he measurement of the of the cortical thickness was carried out using two software packages 

- "CAT12" and "FreeSurfer". For an adequate comparison of the methods, all preliminary data pro-

cessing was carried out only using standard software package function s.  

Results.  The obtained values of the cortical layer thickness decreased by 5% with an increase 

of the noise level by 60% (signal -to-noise ratio 15), and did not depend on the used parameters of the 

scanning protocol and the position of the patient's hea d. All changes in the values of the cortical lay-

er thickness were within the error limits of the data processing methods.  

Conclusion.  Voxel -based and surface morphometry methods implemented in the çCAT12è 

and çFreeSurferè software packages allow obtaining stable results regardless of the quality of the ini-

tial data.  
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Ɍɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ 

ð əɑɔəɎɌɓɔɎəɧɕ ɘɑɞɚɐ, ɛɚɓɎɚɗɫ-

ɪɥɔɕ ɛɚɗɟɣɔɞɨ ɛɜɑɐɝɞɌɎɗɑəɔɑ 

ɖɌɖ ɚ ɘɑɡɌəɔɓɘɌɡ ɜɌɓɎɔɞɔɫ ɏɚ-

ɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ əɚɜɘɑ, ɞɌɖ ɔ ɔɝ-

ɝɗɑɐɚɎɌɞɨ ɝɞɜɟɖɞɟɜəɧɑ ɔɓɘɑəɑəɔɫ, ɎɧɓɎɌə-

əɧɑ ɜɌɓɗɔɣəɧɘɔ ɛɌɞɚɗɚɏɔɣɑɝɖɔɘɔ ɛɜɚɢɑɝ-

ɝɌɘɔ. ȸɑɞɚɐɧ, ɔɝɛɚɗɨɓɟɑɘɧɑ ɐɗɫ ɌəɌɗɔɓɌ 

ɝɞɜɟɖɞɟɜəɧɡ ɐɌəəɧɡ, ɘɚɒəɚ ɜɌɓɐɑɗɔɞɨ əɌ 

ɐɎɑ ɍɚɗɨɤɔɑ ɏɜɟɛɛɧ ð Ɏɚɖɝɑɗɨ-ɍɌɓɔɜɚɎɌəəɌɫ 

ɘɚɜɠɚɘɑɞɜɔɫ [1] ɔ ɛɚɎɑɜɡəɚɝɞəɌɫ ɘɚɜɠɚ-

ɘɑɞɜɔɫ [2]. ɉɞɔ ɘɑɞɚɐɧ ɛɚɓɎɚɗɫɪɞ ɔɝɝɗɑɐɚ-

ɎɌɞɨ ɞɌɖɔɑ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ, ɖɌɖ ɚɍɥɔɕ ɚɍɦ-

ɑɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [3, 4] ɚɍɦɑɘ ɝɑɜɚɏɚ ɔ ɍɑɗɚ-

ɏɚ ɎɑɥɑɝɞɎɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [5 ð 7], ɞɚɗɥɔəɌ 

ɖɚɜɞɔɖɌɗɨəɚɕ ɛɚɎɑɜɡəɚɝɞɔ [8 ð 10], ɔəɐɑɖɝ 

ɠɜɌɖɞɌɗɨəɚɝɞɔ ɔ ɏɔɜɔɠɔɖɌɢɔɔ [11 ð 13].  

ȿɘɑəɨɤɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ 

ɝɗɚɫ ɘɚɒɑɞ ɍɧɞɨ ɎɧɓɎɌəɚ ɟɘɑəɨɤɑəɔɑɘ ɣɔɝ-

ɗɌ əɑɕɜɚəɚɎ ɔɗɔ ɔɡ ɐɑɏɜɌɐɌɢɔɑɕ [14], ɛɚɩɞɚ-

ɘɟ ɔɓɘɑɜɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ 

ɫɎɗɫɑɞɝɫ ɛɚɗɑɓəɧɘ ɔəɝɞɜɟɘɑəɞɚɎ ɛɜɔ ɔɝɝɗɑ-

ɐɚɎɌəɔɔ ɜɌɓɗɔɣəɧɡ əɑɕɜɚɐɑɏɑəɑɜɌɞɔɎəɧɡ  

ɓɌɍɚɗɑɎɌəɔɕ ɞɌɖɔɡ, ɖɌɖ ɍɚɗɑɓəɨ ȬɗɨɢɏɑɕɘɑɜɌ 

[15, 16], ɜɌɝɝɑɫəəɧɕ ɝɖɗɑɜɚɓ [17], ɤɔɓɚɠɜɑ-

əɔɫ [10], ɍɚɗɑɓəɨ ɁɌəɞɔəɏɞɚəɌ [18] ɔ ɐɜ. ȴɓ-

ɘɑəɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ 

ɎɚɓɜɌɝɞɚɘ Ɏ əɚɜɘɑ ɛɚɓɎɚɗɫɑɞ ɝɟɐɔɞɨ ɚ ɘɑɡɌ-

əɔɓɘɌɡ ɜɌɓɎɔɞɔɫ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [8, 9, 19, 

20].  

ȶɚɜɌ ɍɚɗɨɤɔɡ ɛɚɗɟɤɌɜɔɕ ɏɚɗɚɎəɚɏɚ 

ɘɚɓɏɌ ɛɜɑɐɝɞɌɎɗɫɑɞ ɔɓ ɝɑɍɫ ɝɖɗɌɐɣɌɞɟɪ 

ɝɞɜɟɖɞɟɜɟ ɝɚ ɝɜɑɐəɑɕ ɞɚɗɥɔəɚɕ ɛɚɜɫɐɖɌ 2,5 

ɘɘ, ɚɞ 1 ɐɚ 4,5 ɘɘ Ɏ ɜɌɓɗɔɣəɧɡ ɟɣɌɝɞɖɌɡ ɖɚ-

ɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ [21].  Ȱɗɫ ɚɢɑəɖɔ ɞɚɗɥɔ-

əɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɔɝɛɚɗɨɓɟɪɞ, ɖɌɖ ɛɜɌ-

Ɏɔɗɚ, ɞɜɑɡɘɑɜəɧɑ T1-ɎɓɎɑɤɑəəɧɑ ɔɓɚɍɜɌɒɑ-

əɔɫ ɝ ɔɓɚɞɜɚɛəɧɘ ɜɌɓɜɑɤɑəɔɑɘ ~1 ɘɘ^3. Ȯ 

ɜɌɍɚɞɑ [22] ɍɧɗɚ ɛɚɖɌɓɌəɚ, ɣɞɚ əɑ Ɏɝɑ ɝɟɥɑ-

ɝɞɎɟɪɥɔɑ ɛɜɚɏɜɌɘɘəɧɑ ɛɌɖɑɞɧ ɖɚɜɜɑɖɞəɚ 

ɚɍɜɌɍɌɞɧɎɌɪɞ ɔɓɚɍɜɌɒɑəɔɫ, ɔɘɑɪɥɔɑ ɍɚɗɑɑ 

Ɏɧɝɚɖɚɑ ɜɌɓɜɑɤɑəɔɑ (~0,5 ɘɘ^3).  Ȼɜɚɢɑɝɝ 

ɔɓɘɑɜɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ 

ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ ɝɑɏɘɑəɞɌɢɔɪ ɝɞɜɟɖɞɟɜəɧɡ 

ɐɌəəɧɡ əɌ ɍɑɗɚɑ, ɝɑɜɚɑ ɎɑɥɑɝɞɎɚ ɔ ɢɑɜɑɍɜɚ-

ɝɛɔəɌɗɨəɟɪɒɔɐɖɚɝɞɨ ɔ ɚɢɑəɖɟ ɜɌɝɝɞɚɫəɔɫ 

ɘɑɒɐɟ ɏɜɌəɔɢɌɘɔ ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ ð ɝɑɜɚɑ 

ɎɑɥɑɝɞɎɚ ɔ ɝɑɜɚɑ ɎɑɥɑɝɞɎɚ ð ɢɑɜɑɍɜɚɝɛɔ-

əɌɗɨəɌɫ ɒɔɐɖɚɝɞɨ.  Ȯ əɌɝɞɚɫɥɔɕ ɘɚɘɑəɞ əɑ 

ɝɟɥɑɝɞɎɟɑɞ ɑɐɔəɚɏɚ ɛɚɐɡɚɐɌ ɐɗɫ ɚɢɑəɖɔ ɟɖɌ-

ɓɌəəɚɏɚ ɜɌɝɝɞɚɫəɔɫ ɘɑɒɐɟ ɏɜɌəɔɢɌɘɔ ð Ɏɚ-

ɛɑɜɎɧɡ, əɑ ɝɟɥɑɝɞɎɟɑɞ ɝɞɜɚɏɚɏɚ ɘɌɞɑɘɌɞɔɣɑ-

ɝɖɚɏɚ ɚɛɜɑɐɑɗɑəɔɫ ɐɗɫ ɞɚɗɥɔəɧ ɔɝɖɜɔɎɗɑə-

əɧɡ ɝɞɜɟɖɞɟɜ, Ɏɚ-Ɏɞɚɜɧɡ ɎɑɜɔɠɔɖɌɢɔɫ ɛɚɗɟ-

ɣɑəəɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɛɜɌɖɞɔɣɑɝɖɔ əɑɎɚɓɘɚɒ-

əɌ, ɞɌɖ ɖɌɖ ɠɔɖɝɌɢɔɫ ɝɜɑɓɚɎ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ 

ex vivo Ɏɑɐɑɞ ɖ ɝɑɜɨɑɓəɧɘ ɔɓɘɑəɑəɔɫɘ Ɏ ɖɚɜ-

ɞɔɖɌɗɨəɧɡ ɝɞɜɟɖɞɟɜɌɡ [22]. ȽɟɥɑɝɞɎɟɪɞ Ɏɚɖ-

ɝɑɗɨ-ɍɌɓɔɜɚɎɌəəɧɑ ɔ ɛɚɎɑɜɡəɚɝɞəɧɑ ɘɑɞɚɐɧ 

ɔɓɘɑɜɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ [16]. 

Ȯɚɖɝɑɗɨ-ɍɌɓɔɜɚɎɌəəɧɑ ɘɑɞɚɐɧ ɚɞɗɔɣɌɪɞɝɫ, 

ɖɌɖ ɛɜɌɎɔɗɚ, ɘɌɗɧɘɔ ɎɜɑɘɑəɌɘɔ ɜɌɝɣɑɞɚɎ, 

ɚɐəɌɖɚ ɛɚɎɑɜɡəɚɝɞəɧɑ ɘɑɞɚɐɧ ɛɚɓɎɚɗɫɪɞ 

ɛɚɗɟɣɌɞɨ ɍɚɗɑɑ ɞɚɣəɧɑ ɜɑɓɟɗɨɞɌɞɧ. 

ȮɝɗɑɐɝɞɎɔɑ ɞɚɏɚ, ɣɞɚ ɐɚɝɞɔɒɔɘɚɑ əɌ 

ɐɌəəɧɕ ɘɚɘɑəɞ ɜɌɓɜɑɤɑəɔɑ ȸȼȾ-
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ɔɓɚɍɜɌɒɑəɔɕ (~1 ɘɘ^3) ɘɚɒɑɞ ɍɧɞɨ ɓəɌɣɔ-

ɞɑɗɨəɚ ɍɚɗɨɤɑ əɑɖɚɞɚɜɧɡ ɌəɌɞɚɘɔɣɑɝɖɔɡ 

ɝɞɜɟɖɞɟɜ, ɩɠɠɑɖɞ ɣɌɝɞɔɣəɚɏɚ ɚɍɦɑɘɌ ɘɚɒɑɞ 

ɚɖɌɓɧɎɌɞɨ ɓəɌɣɔɞɑɗɨəɚɑ Ɏɗɔɫəɔɑ əɌ ɛɚɗɟɣɌ-

ɑɘɧɑ ɜɑɓɟɗɨɞɌɞɧ. ɉɠɠɑɖɞ ɣɌɝɞɔɣəɚɏɚ ɚɍɦɑɘɌ 

ɎɚɓəɔɖɌɑɞ Ɏ ɝɗɟɣɌɑ, ɑɝɗɔ ɩɗɑɘɑəɞ ɔɓɚɍɜɌɒɑ-

əɔɫ ɝɚɐɑɜɒɔɞ ɍɚɗɨɤɑ ɚɐəɚɏɚ ɞɔɛɌ ɞɖɌəɑɕ, 

ɔəɞɑəɝɔɎəɚɝɞɨ ɞɌɖɚɏɚ ɩɗɑɘɑəɞɌ ɍɟɐɑɞ ɛɜɑɐ-

ɝɞɌɎɗɫɞɨ ɟɝɜɑɐəɑəɔɑ ɔəɞɑəɝɔɎəɚɝɞɑɕ, ɡɌɜɌɖ-

ɞɑɜəɧɡ ɐɗɫ çɣɔɝɞɧɡè ɞɖɌəɑɕ.  ȹɌɛɜɔɘɑɜ, Ɏ 

ɜɌɍɚɞɌɡ [2, 23] ɍɧɗɚ ɛɚɖɌɓɌəɚ, ɣɞɚ ɩɠɠɑɖɞ 

ɣɌɝɞɔɣəɚɏɚ ɚɍɦɑɘɌ ɘɚɒɑɞ ɎɧɓɧɎɌɞɨ ɓɌɎɧɤɑ-

əɔɑ ɛɚɗɟɣɌɑɘɧɡ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔ-

ɖɌɗɨəɚɏɚ ɝɗɚɫ. ȽɟɥɑɝɞɎɟɪɥɔɑ əɌ ɝɑɏɚɐəɫɤ-

əɔɕ ɘɚɘɑəɞ ɘɑɞɚɐɧ ɎɖɗɪɣɌɪɞ Ɏ ɝɑɍɫ ɛɜɑɐ-

ɎɌɜɔɞɑɗɨəɟɪ ɚɍɜɌɍɚɞɖɟ ɐɌəəɧɡ, Ɍ ɞɌɖɒɑ ɜɌɓ-

ɗɔɣəɧɑ ɛɜɚɢɑɐɟɜɧ, ɝɟɥɑɝɞɎɑəəɚ ɝəɔɒɌɪɥɔɑ 

Ɏɑɜɚɫɞəɚɝɞɨ ɛɚɫɎɗɑəɔɫ ɚɤɔɍɚɣəɚɝɞɨ ɜɑɓɟɗɨ-

ɞɌɞɚɎ.  

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴɝɝɗɑɐɚɎɌəɔɑ Ɏɗɔɫəɔɫ ɖɌɣɑɝɞɎɌ ɔɓɘɑ-

ɜɑəəɧɡ ɐɌəəɧɡ əɌ ɜɑɓɟɗɨɞɌɞɧ ɚɢɑəɖɔ ɞɚɗ-

ɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ, ɛɚɗɟɣɌɑɘɧɑ ɛɜɔ 

ɛɚɘɚɥɔ ɐɎɟɡ ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɚɎ ð CAT12 

(Ɏɚɖɝɑɗɨ-ɍɌɓɔɜɚɎɌəəɧɕ ɘɑɞɚɐ) ɔ FreeSurfer 

(ɛɚɎɑɜɡəɚɝɞəɧɕ ɘɑɞɚɐ) [24].  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

ȸɌɞɑɜɔɌɗɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȰɌəəɧɑ 6 ɓɐɚɜɚɎɧɡ ɐɚɍɜɚɎɚɗɨɢɑɎ ɍɧɗɔ 

ɔɓɘɑɜɑəɧ əɌ 1,5 Ⱦ ɖɗɔəɔɣɑɝɖɚɘ ȸȼ-

ɞɚɘɚɏɜɌɠɑ Siemens Symphony (ȿəɔɎɑɜɝɔɞɑɞ-

ɝɖɌɫ ȶɗɔəɔɖɌ ȶɀȿ) ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɞɜɑɡ-

ɘɑɜəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ MP RAGE ɝ ɔɓɚ-

ɞɜɚɛəɧɘ ɜɌɓɜɑɤɑəɔɑɘ 1Į1Į1 ɘɘ^3.  ȻɌɜɌ-

ɘɑɞɜɧ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ, ɔɝɛɚɗɨɓɚɎɌəəɧɑ 

ɐɗɫ ɔɓɘɑɜɑəɔɫ ɜɌɓɗɔɣəɧɡ əɌɍɚɜɚɎ T1-

ɎɓɎɑɤɑəəɧɡ ɐɌəəɧɡ, ɛɜɔɎɑɐɑəɧ Ɏ ɞɌɍɗ. ʈ1. 

ȶɜɚɘɑ ɞɚɏɚ, ɛɜɚɞɚɖɚɗ ɝɖɌəɔɜɚɎɌəɔɫ ʈ1 

ɍɧɗ ɞɌɖɒɑ ɐɗɫ ɔɓɘɑɜɑəɔɫ ɐɌəəɧɡ ɛɜɔ ɜɌɓ-

ɗɔɣəɧɡ ɛɚɗɚɒɑəɔɫɡ ɏɚɗɚɎɧ ɐɚɍɜɚɎɚɗɨɢɑɎ. 

Ȱɚɛɚɗəɔɞɑɗɨəɚ ɍɧɗɔ ɔɓɘɑɜɑəɧ ɔɓɚɍɜɌɒɑəɔɫ 

ɝ ɝɟɥɑɝɞɎɑəəɚ ɡɟɐɤɔɘ ɝɚɚɞəɚɤɑəɔɑɘ ɝɔɏ-

əɌɗ-ɤɟɘ ɛɜɔ ɛɚɘɚɥɔ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɔɓɘɑɜɔ-

ɞɑɗɨəɚɕ ɖɌɞɟɤɖɔ əɌ Ɏɝɑ ɞɑɗɚ Ɏɘɑɝɞɚ ɏɚɗɚɎəɚɕ 

ɖɌɞɟɤɖɔ. Ȼɚɗəɚɑ Ɏɜɑɘɫ ɝɖɌəɔɜɚɎɌəɔɫ ɖɌɒ-

ɐɚɏɚ ɔɓ ɐɚɍɜɚɎɚɗɨɢɑɎ əɑ ɛɜɑɎɧɤɌɗɚ 60 ɘɔ-

əɟɞ. 

ȸɑɞɚɐɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴɓɘɑɜɑəəɧɑ ɐɌəəɧɑ ȸȼȾ Ɏ ɠɚɜɘɌɞɑ 

DICOM ɍɧɗɔ ɚɍɜɌɍɚɞɌəɧ ɛɜɔ ɛɚɘɚɥɔ ɐɎɟɡ 

ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɚɎ ð çCAT12è 

(www.neuro.uni -jena.de) (Ɏɚɖɝɑɗɨ-

ɍɌɓɔɜɚɎɌəəɌɫ ɘɚɜɠɚɘɑɞɜɔɫ) ɔ çFreeSurferè 

v.5.3 (http://.surfer.nmr.mgh.harvard.edu) 

(ɛɚɎɑɜɡəɚɝɞəɌɫ ɘɚɜɠɚɘɑɞɜɔɫ). 

 çCAT12è ð ɛɜɚɏɜɌɘɘɌ əɌ ɍɌɓɑ SPM12 

(MatLab), ɛɚɓɎɚɗɫɪɥɌɫ ɛɚɗɟɣɌɞɨ ɜɌɓɗɔɣəɧɑ 

ɘɚɜɠɚɘɑɞɜɔɣɑɝɖɔɑ ɛɌɜɌɘɑɞɜɧ ɏɚɗɚɎəɚɏɚ 

ɘɚɓɏɌ ɔɓ ɝɞɜɟɖɞɟɜəɧɡ ȸȼȾ-ɔɓɚɍɜɌɒɑəɔɕ. 

Ȼɜɚɢɑɝɝ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ ɎɖɗɪɣɌɗ Ɏ ɝɑɍɫ 

ɖɚɜɜɑɖɢɔɪ ɔɓɚɍɜɌɒɑəɔɕ, ɝɑɏɘɑəɞɌɢɔɪ ɔɓɚɍ-

ɜɌɒɑəɔɕ əɌ ɝɑɜɚɑ, ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ ɔ ɢɑɜɑɍ-

ɜɚɎɌɝɖɟɗɫɜəɟɪ ɒɔɐɖɚɝɞɨ, ɚɛɜɑɐɑɗɑəɔɑ ɢɑə-

ɞɜɌɗɨəɚɕ ɛɚɎɑɜɡəɚɝɞɔ ɔ ɔɓɘɑɜɑəɔɑ ɞɚɗɥɔəɧ 

ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɘɑɞɚɐɚɘ ɛɜɚɑɖɢɔɕ 

(Projection Based Thickness, PBT) [25]. Ȯɜɑɘɫ 

ɚɍɜɌɍɚɞɖɔ ɚɐəɚɏɚ əɌɍɚɜɌ ɐɌəəɧɡ əɌ ɛɑɜɝɚ-

əɌɗɨəɚɘ ɖɚɘɛɨɪɞɑɜɑ ɝɚɝɞɌɎɗɫɑɞ ɚɖɚɗɚ 40 

ɘɔəɟɞ (Intel Core i7, 4 GHz, 8 ɫɐɑɜ, RAM 16 

ȯɍ). 

çFreeSurferè ð ɛɜɚɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑ-

əɔɑ, əɌɡɚɐɫɥɑɑɝɫ Ɏ ɚɞɖɜɧɞɚɘ ɐɚɝɞɟɛɑ, ɛɚɓ-

Ɏɚɗɫɪɥɑɑ ɜɑɤɌɞɨ ɚɍɤɔɜəɧɕ ɜɫɐ ɞɌɖɔɡ ɓɌ-

ɐɌɣ, ɖɌɖ ɜɑɖɚəɝɞɜɟɖɢɔɫ ɖɚɜɞɔɖɌɗɨəɚɕ ɛɚ-

Ɏɑɜɡəɚɝɞɔ, ɚɛɜɑɐɑɗɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨ-

əɚɕ ɛɚɎɑɜɡəɚɝɞɔ, ɝɑɏɘɑəɞɌɢɔɫ ɖɚɜɞɔɖɌɗɨəɚɕ 

ɛɚɎɑɜɡəɚɝɞɔ əɌ ɚɞɐɑɗɨəɧɑ ɌəɌɞɚɘɔɣɑɝɖɔɑ 

ɚɍɗɌɝɞɔ, ɝɞɌɞɔɝɞɔɣɑɝɖɌɫ ɚɍɜɌɍɚɞɖɌ ɍɚɗɨɤɚɏɚ 

ɣɔɝɗɌ ɐɌəəɧɡ ɔ ɐɜ. Ȱɗɫ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ 

ɍɧɗ ɔɝɛɚɗɨɓɚɎɌə ɝɞɌəɐɌɜɞəɧɕ ɛɜɚɞɚɖɚɗ ɜɑ-

ɖɚəɝɞɜɟɖɢɔɔ ɐɌəəɧɡ çrecon-allè 

(https://surfer.nmr.mgh.harvard.edu.edu/fswi

ki/recon -all). ɉɞɚɞ ɛɜɚɞɚɖɚɗ ɚɍɜɌɍɚɞɖɔ ɐɌə-

əɧɡ ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ ɝɗɑɐɟɪɥɔɑ ɩɞɌɛɧ: 

ɞɜɌəɝɠɚɜɘɌɢɔɫ TaɗɌɕɜɌɡɌ (Talairach 

transformation) [26], əɚɜɘɌɗɔɓɌɢɔɫ ɔəɞɑə-

ɝɔɎəɚɝɞɔ ɔɓɚɍɜɌɒɑəɔɕ [27], ɟɐɌɗɑəɔɑ ɞɖɌəɑɕ, 

əɑ ɚɞəɚɝɫɥɔɡɝɫ ɖ ɏɚɗɚɎəɚɘɟ ɘɚɓɏɟ [28], ɜɌɓ-

ɐɑɗɑəɔɑ ɛɚɗɟɤɌɜɔɕ ɔ ɟɐɌɗɑəɔɑ ɝɞɎɚɗɌ ɘɚɓɏɌ. 

ȳɌɞɑɘ ɚɛɜɑɐɑɗɫɑɞɝɫ ɏɜɌəɔɢɌ ɝɑɜɚɏɚ ɔ ɍɑɗɚɏɚ 

ɎɑɥɑɝɞɎɌ ɔ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɖɚɜɜɑɖɢɔɫ ɞɚɛɚ-

ɗɚɏɔɣɑɝɖɔɡ  ɐɑɠɑɖɞɚɎ.  ȰɑɠɚɜɘɌɢɔɫ  ɛɚɎɑɜɡ- 

ȾɌɍɗɔɢɌ ʈ1.     ȻɌɜɌɘɑɞɜɧ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ MP RAGE, ɔɝɛɚɗɨɓɚɎɌəəɧɑ ɐɗɫ 

ɜɌɓɗɔɣəɧɡ ɛɜɚɞɚɖɚɗɚɎ ɝɖɌəɔɜɚɎɌəɔɫ. 

ʇʨʦʪʦʢʦʣ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ 

ɺʨʝʤʷ ʧʦʚʪʦʨʝʥʠʷ 

TR (ʤʩ) 

ɺʨʝʤʷ ʵʭʦ 

TE (ʤʩ) 

ɺʨʝʤʷ 

ʠʥʚʝʨʩʠʠ 

TI  (ʤʩ) 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ 

FA (Á) 

1 1780 3.93 1100 15 

2 1780 3.93 1100 10 

3 1780 3.93 800 15 

4 2030 3.93 1350 15 
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əɚɝɞɔ Ɏ ɝɚɚɞɎɑɞɝɞɎɔɔ ɝ əɌɕɐɑəəɚɕ ɞɚɛɚɗɚɏɔ-

ɑɕ   ɏɚɗɚɎəɚɏɚ  ɘɚɓɏɌ   ɛɚɓɎɚɗɫɑɞ  ɚɛɜɑɐɑɗɔɞɨ  

ɏɜɌəɔɢɧ ɞɖɌəɑɕ, ɞɚɗɥɔəɌ ɖɚɜɞɔɖɌɗɨəɚɏɚ 

ɝɗɚɫ ɚɛɜɑɐɑɗɫɑɞɝɫ ɖɌɖ ɐɔɝɞɌəɢɔɫ ɘɑɒɐɟ ɛɚ-

Ɏɑɜɡəɚɝɞɨɪ ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ ɔ ɛɔɌɗɨəɚɕ ɛɚ-

Ɏɑɜɡəɚɝɞɨɪ [24]. Ȯɜɑɘɫ ɚɍɜɌɍɚɞɖɔ ɚɐəɚɏɚ 

əɌɍɚɜɌ ɐɌəəɧɡ ɝɚɝɞɌɎɗɫɑɞ ɛɚɜɫɐɖɌ 6 ɣɌɝɚɎ 

əɌ ɛɑɜɝɚəɌɗɨəɚɘ ɖɚɘɛɨɪɞɑɜɑ. 

ȼɑɓɟɗɨɞɌɞɧ. 

ȺɢɑəɖɌ ɎɚɝɛɜɚɔɓɎɚɐɔɘɚɝɞɔ ɛɚɗɟɣɌɑ-

ɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ. 

ȻɑɜɎɧɘ ɩɞɌɛɚɘ ɔɝɝɗɑɐɚɎɌəɔɫ ɫɎɗɫɗɌɝɨ 

ɚɢɑəɖɌ ɎɚɝɛɜɚɔɓɎɚɐɔɘɚɝɞɔ ɛɚɗɟɣɌɑɘɧɡ ɜɑ-

ɓɟɗɨɞɌɞɚɎ. ȰɌəəɧɑ 3 ɐɚɍɜɚɎɚɗɨɢɑɎ ɍɧɗɔ ɔɓ-

ɘɑɜɑəɧ ɐɎɌɒɐɧ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɚɐəɚɏɚ ɔ 

ɞɚɏɚ ɒɑ ɛɜɚɞɚɖɚɗɌ ɝɖɌəɔɜɚɎɌəɔɫ (ɛɜɚɞɚɖɚɗ 

ɝɖɌəɔɜɚɎɌəɔɫ ʈ1), ɌəɌɗɔɓ ɖɌɣɑɝɞɎɌ ɛɚɗɟ-

ɣɑəəɧɡ ɐɌəəɧɡ ɛɚɖɌɓɌɗ, ɣɞɚ ɐɌəəɧɑ ɔɘɑɗɔ 

ɝɡɚɐəɧɑ ɝɚɚɞəɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ ~40 ɔ ɚɞ-

əɚɤɑəɔɑ ɖɚəɞɜɌɝɞ-ɤɟɘ ~10. Ȯɚɚɍɥɑ ɏɚɎɚɜɫ, 

ɚɞəɚɤɑəɔɑ ɝɔɏəɌɗ-ɤɟɘ ɍɟɐɑɞ ɜɌɓɗɔɣəɧɘ ɐɗɫ 

ɍɑɗɚɏɚ ɔ ɝɑɜɚɏɚ ɎɑɥɑɝɞɎɌ, ɔ, ɞɌɖ ɖɌɖ ɛɜɑɐɘɑ-

ɞɚɘ ɔɓɟɣɑəɔɫ ɐɌəəɚɕ ɜɌɍɚɞɧ ɫɎɗɫɑɞɝɫ ɝɑɜɚɑ 

ɎɑɥɑɝɞɎɚ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɐɌɗɑɑ ɛɚɐ ɚɞəɚ-

ɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ ɍɟɐɑɞ ɛɚɐɜɌɓɟɘɑɎɌɞɨɝɫ 

ɚɞəɚɤɑəɔɑ ɝɔɏəɌɗ-ɤɟɘ ɐɗɫ ɝɑɜɚɏɚ ɎɑɥɑɝɞɎɌ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. ȸɑɞɚɐɧ ɝɞɌɞɔɝɞɔɣɑɝɖɚɏɚ 

ɌəɌɗɔɓɌ ɜɑɓɟɗɨɞɌɞɚɎ ɐɗɫ ɜɟɞɔəəɧɡ ɔɝɝɗɑɐɚ-

ɎɌəɔɕ ɍɧɗɔ Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ əɑɛɜɔɘɑəɔɘɧ 

ɎɝɗɑɐɝɞɎɔɑ ɘɌɗɚɏɚ ɜɌɓɘɑɜɌ Ɏɧɍɚɜɖɔ.  

ȺɢɑəɔɎɌɗɌɝɨ ɖɌɖ ɝɜɑɐəɫɫ ɞɚɗɥɔəɌ Ɏɝɑ-

ɏɚ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ, ɞɌɖ ɔ ɝɜɑɐəɫɫ ɞɚɗɥɔ-

əɌ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏ ɛɜɑɐɑɗɌɡ ɚɍɗɌɝɞɑɕ, 

ɚɛɜɑɐɑɗɑəəɧɡ ɛɜɔ ɛɚɘɚɥɔ ɌəɌɞɚɘɔɣɑɝɖɚɏɚ 

ɌɞɗɌɝɌ Deskian -Killiany -Tourville Atlas 

(DKT40) [29, 30], ɐɗɫ ɌəɌɗɔɓɌ ɍɧɗɔ ɔɝɛɚɗɨɓɚ-

ɎɌəɧ ɞɚɗɨɖɚ ɚɍɗɌɝɞɔ, əɌɡɚɐɫɥɔɑɝɫ Ɏ ɖɚɜɞɔ-

ɖɌɗɨəɚɘ ɝɑɜɚɘ ɎɑɥɑɝɞɎɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, Ɏ 

ɞɌɍɗ. ʈ2 ɛɜɔɎɑɐɑəɧ əɌɓɎɌəɔɫ Ɏɡɚɐɫɥɔɡ Ɏ 

ɌɞɗɌɝ ɚɍɗɌɝɞɑɕ ɔ ɓəɌɣɑəɔɫ ɝɜɑɐəɑɕ ɞɚɗɥɔəɧ 

ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɐɗɫ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ 

ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɞɚɖɚɗɌ ɝɖɌəɔɜɚɎɌəɔɫ ʈ1 

(əɌɔɗɟɣɤɑɑ ɝɚɚɞəɚɤɑəɔɑ ɝɔɏəɌɗ-ɤɟɘ): 

C ɟɣɑɞɚɘ ɞɚɏɚ, ɣɞɚ ɛɚɏɜɑɤəɚɝɞɨ ɔɓɘɑ-

ɜɑəɔɕ ɝɚɝɞɌɎɗɫɑɞ ~0,5 ɘɘ, ɘɚɒəɚ ɝɖɌɓɌɞɨ, 

ɣɞɚ ɜɑɓɟɗɨɞɌɞɧ, ɛɚɗɟɣɌɑɘɧɑ ɛɜɔ ɛɚɘɚɥɔ 

CAT12, ɝɚɎɛɌɐɌɪɞ ɝ ɜɑɓɟɗɨɞɌɞɌɘɔ, ɛɚɗɟɣɌɑ-

ɘɧɘɔ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ 

FreeSurfer. ȹɌɕɐɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɝɚɚɞɎɑɞ-

ɝɞɎɚɎɌɗɔ ɓəɌɣɑəɔɫɘ ɝɜɑɐəɑɕ ɞɚɗɥɔəɧ ɖɚɜ-

ɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏ ɐɌəəɧɡ ɚɍɗɌɝɞɫɡ, ɛɜɔɎɑ-

ɐɑəəɧɡ Ɏ ɜɌɍɚɞɑ [15] Ɏ ɛɜɑɐɑɗɌɡ ɛɚɏɜɑɤəɚɝɞɔ 

ɔɓɘɑɜɑəɔɕ. 

ȼɑɓɟɗɨɞɌɞɧ ɚɢɑəɖɔ ɎɚɝɛɜɚɔɓɎɚɐɔɘɚɝɞɔ 

ɛɚɗɟɣɌɑɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɐɗɫ ɚɐəɚɏɚ ɔ ɞɚɏɚ ɒɑ 

ɐɚɍɜɚɎɚɗɨɢɌ ɛɜɔɎɑɐɑəɧ əɌ ɜɔɝ. 2. 

ȶɌɖ Ɏɔɐəɚ ɔɓ ɜɔɝ. 2, ɛɚɗɟɣɑəəɚɑ ɚɞɖɗɚ-

əɑəɔɑ Ɏ ɜɑɓɟɗɨɞɌɞɌɡ ɛɜɔ ɛɚɎɞɚɜəɚɘ ɝɖɌəɔɜɚ-

ɎɌəɔɔ ɐɚɍɜɚɎɚɗɨɢɌ əɌɡɚɐɔɞɝɫ Ɏ ɛɜɑɐɑɗɌɡ ɛɚ-

ɏɜɑɤəɚɝɞɔ  ɔɓɘɑɜɑəɔɕ,  ɣɞɚ ɛɚɓɎɚɗɫɑɞ ɟɞɎɑɜ- 

 

ȼɔɝ. 1 (Fig. 1) 

ȼɔɝ. 1.    CɡɑɘɌ. 

ȻɜɑɐɝɞɌɎɗɑəɔɑ ɛɜɚɢɑɝɝɌ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ ɛɜɚɏɜɌɘɘəɧɘɔ ɛɌɖɑɞɌɘɔ CAT12 ɔ FreeSurfer (ɛɑɜɑɎɚɐ ɜɔɝ. 

ɔɓ ɜɌɍɚɞɧ [15]). 

Fig. 1.   Schem e.  

Schematic description of reconstruction algorithm for CAT12 and FreeSurfer (adapted from [15])  
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ȾɌɍɗɔɢɌ ʈ2.   Ƚɜɑɐəɫɫ ɞɚɗɥɔəɌ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɐɗɫ 31 ɚɍɗɌɝɞɔ ɔɓ ɌəɌɞɚɘɔ-

ɣɑɝɖɚɏɚ ɌɞɗɌɝɌ DKT40. 

ˉ ʅʘʟʚʘʥʠʝ ʦʙʣʘʩʪʠ 

(ʣʘʪ.) 

CAT12 

(ʤʤ) 

FreeSurfer 

(ʤʤ) 

1 caudal anterio cingulate cortex 2,6Ñ0,1 2,7Ñ0,1 

2 Caudal middle frontal gyrus 2,8Ñ0,2 2,6Ñ0,1 

3 Cuneus cortex 1,7Ñ0,2 1,8Ñ0,1 

4 Entorhinal cortex 3,7Ñ0,4 3,3Ñ0,4 

5 Fusiform gyrus 2,6Ñ0,1 2,6Ñ0,1 

6 Inferior parietal cortex 2,6Ñ0,1 2,5Ñ0,1 

7 Inferior temporal cortex 2,8Ñ0,1 2,8Ñ0,1 

8 Isthmus-cingulate cortex 2,4Ñ0,1 2,5Ñ0,1 

9 Lateral occipital cortex 2,1Ñ0,1 2,1Ñ0,1 

10 Lateral orbital frontal cortex 2,9Ñ0,2 2,8Ñ0,1 

11 Lingual gyrus 2,0Ñ0,1 1,9Ñ0,1 

12 Medial orbital frontal cortex 2,5Ñ0,1 2,6Ñ0,2 

13 Middle temporal gyrus 3,1Ñ0,1 2,9Ñ0,1 

14 Parahippocampal gyrus 2,6Ñ0,2  2,7Ñ0,2 

15 Paracentral louble 2,2Ñ0,2 2,3Ñ0,1 

16 Pars opercularis 2,9Ñ0,1 2,6Ñ0,1 

17 Pars obitalis 3,0Ñ0,2 2,7Ñ0,1 

18 Pars triangularis 2,8Ñ0,1 2,5Ñ0,1 

19 Pericalcarine cortex 1,6Ñ0,1 1,4Ñ0,1 

20 Postcentral gyrus 2,1Ñ0,1 2,1Ñ0,1 

21 Posterior-cingulate cortex 2,6Ñ0,1 2,5Ñ0,1 

22 Precentral gyrus 2,3Ñ0,1 2,4Ñ0,1 

23 Precuneus cortex 2,5Ñ0,1 2,4Ñ0,1 

24 Rostral anterior cingulate cortex 2,9Ñ0,1 2,9Ñ0,1 

25 Rostral middle frontal gyrus 2,7Ñ0,1 2,5Ñ0,1 

26 Superior frontal gyrus 3,0Ñ0,1 2,8Ñ0,1 

27 Superior parietal cortex 2,3Ñ0,2 2,2Ñ0,1 

28 Superior temporal gyrus 3,0Ñ0,1 2,8Ñ0,1 

29 Supramarginal gyrus 2,8Ñ0,1 2,7Ñ0,1 

30 Transverse temporal cortex 2,6Ñ0,1 2,2Ñ0,1 

31 Insula 3,6Ñ0,1 3,1Ñ0,1 
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ɒɐɌɞɨ, ɣɞɚ ɚɍɌ ɘɑɞɚɐɌ ɛɚɓɎɚɗɫɪɞ ɛɚɗɟɣɌɞɨ 

ɎɚɝɛɜɚɔɓɎɚɐɔɘɧɑ ɜɑɓɟɗɨɞɌɞɧ. 

Ȯɗɔɫəɔɑ ɟɜɚɎəɫ ɝɔɏəɌɗ-ɤɟɘ əɌ ɛɚɗɟ-

ɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ. 

ȴɓɘɑəɑəɔɑ ɟɜɚɎəɫ ɤɟɘɌ Ɏ ɐɌəəɧɡ ɐɚ-

ɝɞɔɏɌɗɚɝɨ ɓɌ ɝɣɑɞ ɎɌɜɔɌɢɔɔ ɛɌɜɌɘɑɞɜɚɎ ɛɚ-

ɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ, ɔɝɛɚɗɨɓɟɑɘɚɕ ɐɗɫ ɛɚɗɟɣɑ-

əɔɫ ɞɜɑɡɘɑɜəɧɡ ɝɞɜɟɖɞɟɜəɧɡ ɔɓɚɍɜɌɒɑəɔɕ. 

ȹɌ ɜɔɝ. 2 ɛɜɑɐɝɞɌɎɗɑəɧ ɝɌɏɔɞɞɌɗɨəɧɑ ɝɜɑɓɧ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɐɎɟɡ ɐɚɍɜɚɎɚɗɨɢɑɎ. ȹɌ ɜɔɝ. 3 

Ɍ ɔɓɘɑəɑəɔɑ ɚɞəɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ (SNR) 

ɝɚɝɞɌɎɔɗɚ 10% (ɛɜɚɞɚɖɚɗ ɔɓɘɑɜɑəɔɫ ɐɌəəɧɡ 

ʈ1 ɔ ʈ2). ȹɌ ɜɔɝ. 3 ɍ ɔɓɘɑəɑəɔɑ ɟɜɚɎəɫ 

ɝɔɏəɌɗ-ɤɟɘ ɝɚɝɞɌɎɔɗɚ 60%. ȾɌɖɚɑ ɓəɌɣɔɞɑɗɨ-

əɚɑ ɟɎɑɗɔɣɑəɔɫ ɟɜɚɎəɫ ɤɟɘɌ Ɏ ɐɌəəɧɡ ɐɚ-

ɝɞɔɏɌɗɚɝɨ ɓɌ ɝɣɑɞ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɖɌɞɟɤɖɔ əɌ 

Ɏɝɑ ɞɑɗɚ Ɏɘɑɝɞɚ ɏɚɗɚɎəɚɕ ɖɌɞɟɤɖɔ. ȼɑɓɟɗɨɞɌ-

ɞɧ ɔɓɘɑɜɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ 

ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɚɎ CAT12 ɔ 

FreeSurfer ɛɜɔɎɑɐɑəɧ əɌ ɜɔɝ. 4.  

ȴɓ ɜɔɝ. 4 Ɏɔɐəɚ, ɣɞɚ ɛɜɔ ɔɓɘɑəɑəɔɔ ɚɞ-

əɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ əɌ 10% əɑ əɌɍɗɪɐɌɑɞɝɫ 

ɔɓɘɑəɑəɔɕ Ɏ ɛɚɗɟɣɌɑɘɧɡ ɜɑɓɟɗɨɞɌɞɌɡ. Ȼɜɔ 

ɔɓɘɑəɑəɔɔ ɚɞəɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ əɌ 60% 

əɌɍɗɪɐɌɗɚɝɨ əɑɓəɌɣɔɞɑɗɨəɚɑ ɟɘɑəɨɤɑəɔɑ 

ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɐɗɫ Ɏɝɑɡ ɚɍɗɌ-

ɝɞɑɕ Ɏ ɜɑɓɟɗɨɞɌɞɌɡ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ 

FreeSurfer, ɚɐəɌɖɚ ɩɞɚ ɔɓɘɑəɑəɔɑ əɑ Ɏɧɡɚɐɔ-

ɗɚ  ɓɌ  ɜɌɘɖɔ  ɝɞɌəɐɌɜɞəɚɏɚ  ɚɞɖɗɚəɑəɔɫ,  ɡɌ- 

 

 

ɜɌɖɞɑɜəɚɑ ɐɗɫ ɖɌɒɐɚɕ ɚɍɗɌɝɞɔ ɔɝɝɗɑɐɚɎɌəɔɫ.  

ȾɌɖɚɑ ɟɘɑəɨɤɑəɔɑ ɎɧɓɎɌəɚ ɔɓɘɑəɑəɔɑɘ ɗɔ-

əɔɔ ɏɜɌəɔɢɧ ɘɑɒɐɟ ɝɑɜɧɘ ɔ ɍɑɗɧɘ Ɏɑɥɑ-

ɝɞɎɚɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɎɝɗɑɐɝɞɎɔɑ əɌɗɔɣɔɫ 

ɤɟɘɚɎ Ɏ ɐɌəəɧɡ (ɜɔɝ. 5) 

Ȯɗɔɫəɔɑ ɛɌɜɌɘɑɞɜɚɎ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚ-

ɝɞɔ MP RAGE əɌ ɛɚɗɟɣɌɑɘɧɑ ɜɑɓɟɗɨɞɌɞɧ. 

ȻɌɜɌɘɑɞɜɧ ȸȼȾ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ, 

ɚɛɔɝɌəəɧɑ Ɏ ɜɌɓɐɑɗɑ çȸɑɞɚɐɧ ɔɝɝɗɑɐɚɎɌəɔɫè 

ɘɚɏɟɞ ɚɖɌɓɧɎɌɞɨ ɝɟɥɑɝɞɎɑəəɚɑ Ɏɗɔɫəɔɑ əɌ 

ɖɌɣɑɝɞɎɚ ɛɚɗɟɣɌɑɘɧɡ ɔɓɚɍɜɌɒɑəɔɕ. Ƚɟɥɑ-

ɝɞɎɟɪɞ ɜɌɓɗɔɣəɧɑ ɖɜɔɞɑɜɔɔ ɐɗɫ ɚɢɑəɖɔ ɖɌ-

ɣɑɝɞɎɌ ɛɚɗɟɣɑəəɧɡ ɐɌəəɧɡ, Ɏ ɐɌəəɚɕ ɜɌɍɚɞɑ 

ɐɗɫ ɩɞɚɕ ɢɑɗɔ ɍɧɗɔ ɔɝɛɚɗɨɓɚɎɌəɧ ɝɚɚɞəɚɤɑ-

əɔɫ ɝɔɏəɌɗ-ɤɟɘ (SNR) ɔ ɖɚəɞɜɌɝɞ-ɤɟɘ (CNR), 

Ɏ ɞɌɍɗ. ʈ3 ɛɜɔɎɑɐɑəɧ ɓəɌɣɑəɔɫ SNR ɔ CNR, 

ɛɚɗɟɣɑəəɧɑ ɐɗɫ ɖɌɒɐɚɏɚ ɛɜɚɞɚɖɚɗɌ ɝɖɌəɔɜɚ-

ɎɌəɔɫ.  

Ȼɚɗɟɣɑəəɧɑ ɝɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɞɚɗɥɔəɧ 

ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɛɜɔɎɑɐɑəɧ Ɏ ɞɌɍɗ. ʈ4, 

Ɏɔɐəɚ, ɣɞɚ ɛɜɔ ɔɓɘɑəɑəɔɔ ɛɌɜɌɘɑɞɜɚɎ ɛɚ-

ɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ əɑ ɛɜɚɔɝɡɚɐɔɞ ɓəɌɣɔɞɑɗɨ-

əɚɏɚ ɔɓɘɑəɑəɔɫ Ɏ ɛɚɗɟɣɑəəɧɡ ɜɑɓɟɗɨɞɌɞɌɡ. Ȭ 

ɞɌɖɒɑ ɍɧɗɔ ɔɝɝɗɑɐɚɎɌəɧ ɝɜɑɐəɔɑ ɓəɌɣɑəɔɫ 

ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɐɗɫ ɚɍɗɌɝɞɑɕ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɔɓ ɌɞɗɌɝɌ DKT40. ȼɑɓɟɗɨɞɌɞɧ, 

ɛɚɗɟɣɑəəɧɑ ɐɗɫ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ ɛɜɔ 

ɛɚɘɚɥɔ ɜɌɓɗɔɣəɧɡ ɛɜɚɞɚɖɚɗɚɎ ɝɖɌəɔɜɚɎɌ-

əɔɫ ɛɜɔɎɑɐɑəɧ əɌ ɜɔɝ. 6.  Ȯ ɢɑɗɚɘ əɑ əɌɍɗɪ-

ɐɌɗɚɝɨ ɓəɌɣɔɞɑɗɨəɚɏɚ ɔɓɘɑəɑəɔɫ ɜɑɓɟɗɨɞɌɞɚɎ,  

 

ȼɔɝ. 2 Ɍ (Fig. 2 Ɍ) 

 

ȼɔɝ. 2 ɍ (Fig. 2 b) 

ȼɔɝ. 2.   ȯɜɌɠɔɖɔ. 

Ⱥɞɖɗɚəɑəɔɑ Ɏ ɜɑɓɟɗɨɞɌɞɌɡ ɛɜɔ ɛɚɎɞɚɜəɚɘ ɝɖɌəɔɜɚɎɌəɔɔ ɚɐəɚɏɚ ɔ ɞɚɏɚ ɒɑ ɐɚɍɜɚɎɚɗɨɢɌ (ɖɜɌɝəɌɫ ɗɔəɔɫ) 

ɔ ɝɞɌəɐɌɜɞəɚɑ ɚɞɖɗɚəɑəɔɑ, ɡɌɜɌɖɞɑɜəɚɑ ɐɗɫ ɐɌəəɚɕ ɚɍɗɌɝɞɔ ɔɝɝɗɑɐɚɎɌəɔɫ (ȽȶȺ) (ɝɔəɫɫ ɗɔəɔɫ). ȾɌɖ ɖɌɖ 

CAT12 əɑ ɛɚɓɎɚɗɫɑɞ əɌɕɞɔ ȽȶȺ ɐɗɫ ɖɌɒɐɚɕ ɚɍɗɌɝɞɔ ɔɝɝɗɑɐɚɎɌəɔɫ, ɛɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɝ ȽȶȺ ɜɌɝ-

ɝɣɔɞɌəəɧɘ ɐɗɫ Ɏɝɑɏɚ ɖɚɜɞɑɖɝɌ. 

Fig. 2.   Graphs.  

Results deviation obtained from subjects scanned twice (red line) and typical standard deviati on (RMS) for 

each ROI (blue line). Since CAT12 does not allow to find RMS for each ROI, figure shows RMS for the whole 

cortex.  
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ȼɔɝ. 3 Ɍ (Fig. 3 Ɍ) 
 

 

ȼɔɝ. 3 ɍ (Fig. 3 b) 

ȼɔɝ. 3.      ȸȼȾ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. 

Ɍ - ɝɜɑɓɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɚɐəɚɏɚ ɔɓ ɐɚɍɜɚɎɚɗɨɢɑɎ, ɔɓɘɑɜɑəəɧɑ ɝ əɑɓəɌɣɔɞɑɗɨəɧɘ ɔɓɘɑəɑəɔɑɘ ɟɜɚɎəɫ 

ɝɔɏəɌɗ-ɤɟɘ (~10%); ɍ - ɝɜɑɓɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɚɐəɚɏɚ ɔɓ ɐɚɍɜɚɎɚɗɨɢɑɎ, ɔɓɘɑɜɑəəɧɑ ɝɚ ɓəɌɣɔɞɑɗɨəɧɘ ɔɓ-

ɘɑəɑəɔɑɘ ɟɜɚɎəɫ ɝɔɏəɌɗ ɤɟɘ (~60%).   

Fig. 3.   MRI, brain, sagittal view.  

a ð sagittal projections of the brain, measured wi th a slight change in the signal -to-noise level (~ 10%); b ð 

sagittal projections of the brain, measured with a significant change in the level of signal -to-noise (~ 60%).  
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CAT12 

 

FreeSurfer 

 

ȼɔɝ. 4 (Fig. 4)  

ȼɔɝ. 4.      ȰɔɌɏɜɌɘɘɧ.  

ȼɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏ ɜɌɓɗɔɣəɧɡ ɚɍɗɌɝɞɫɡ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɚɗɟɣɑəəɧɑ 

ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘɧ çCAT12è (Ɏɑɜɡəɔɕ ɜɫɐ) ɔ çFreesurferè (əɔɒəɔɕ ɜɫɐ) ɐɗɫ ɐɌəəɧɡ ɝ ɜɌɓɗɔɣəɧɘ ɝɚ-

ɚɞəɚɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ. Ȯɔɐəɚ, ɣɞɚ ɛɜɔ əɔɓɖɚɘ ɚɞəɚɤɑəɔɔ ɝɔɏəɌɗ-ɤɟɘ ɛɜɚɔɝɡɚɐɔɞ əɑɓəɌɣɔɞɑɗɨəɚɑ 

ɟɘɑəɨɤɑəɔɑ ɛɚɗɟɣɌɑɘɧɡ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ. 

Fig. 4.   Diagrams.  

The results of cortical thickness measurements in various regions of the brain obtained using the CAT12 (top 

row) and Freesurfer (bottom row) for data measured with d ifferent signal -to-noise ratios. It can be seen that 

by low signal -to-noise ratio, a slight decrease in the obtained values of the thickness of the cortical layer oc-

curs.  

 

ȼɔɝ. 5 Ɍ (Fig. 5 Ɍ) 

 

ȼɔɝ. 5 ɍ (Fig. 5 b) 

ȼɔɝ. 5.    ȸȼȾ. 

Ɍ - ɏɜɌəɔɢɌ ɍɑɗɚɏɚ (ɝɔəɔɕ ɢɎɑɞ) ɔ ɝɑɜɚɏɚ (ɖɜɌɝəɧɕ ɢɎɑɞ) ɎɑɥɑɝɞɎɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɚɗɟɣɑəəɌɫ ɛɜɔ ɛɚ-

ɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ çFreeSurferè ɐɗɫ ɐɌəəɧɡ ɝ ɚɞəɚɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ 40, ɍ - ɐɌəəɧɡ ɝ ɚɞəɚɤɑ-

əɔɑɘ ɝɔɏəɌɗ-ɤɟɘ 15. ȮɝɗɑɐɝɞɎɔɑ əɌɗɔɣɔɫ ɤɟɘɚɎ Ɏ ɐɌəəɧɡ ɗɔəɔɫ ɏɜɌəɔɢɧ ɘɑɒɐɟ ɝɑɜɧɘ ɔ ɍɑɗɧɘ Ɏɑɥɑ-

ɝɞɎɚɘ ɝɞɌəɚɎɔɞɝɫ ɘɑəɑɑ ɏɗɌɐɖɚɕ, ɣɞɚ ɛɜɔɎɚɐɔɞ ɖ əɑɓəɌɣɔɞɑɗɨəɚɘɟ ɓɌəɔɒɑəɔɪ ɛɚɗɟɣɌɑɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ. 

Fig. 5.   MRI. 

a ð the border of white (blue) and gray (red) brain matter obtained using the FreeSurfer software pa ckage for 

data with a signal -to-noise ratio 40,  b ð and data with a signal -to-noise ratio 15. Due to the presence of 

noise in the data, the boundary line between gray and white matter becomes less smooth, which leads to a 

slight underestimation of the res ults.   
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ȾɌɍɗɔɢɌ ʈ3.  Ⱥɞəɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ ɔ ɖɚəɞɜɌɝɞ-ɤɟɘ ɐɗɫ ɜɌɓɗɔɣəɧɡ ɛɜɚɞɚɖɚ-

ɗɚɎ ɔɓɘɑɜɑəɔɕ. 

ˉ ʧʨʦʪʦʢʦʣʘ 

ʠʟʤʝʨʝʥʠʡ 
SNR (ʙʝʣʦʝ ʚʝʱʝʩʪʚʦ/ʩʝʨʦʝ ʚʝʱʝʩʪʚʦ) CNR (ʩʝʨʦʝ/ʙʝʣʦʝ ʚʝʱʝʩʪʚʦ) 

1 50/40 10 

2 40/30 8 

3 40/40 7 

4 40/30 7 
 

   
 

ȾɌɍɗɔɢɌ ʈ4.  Ƚɜɑɐəɔɑ ɓəɌɣɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ, ɛɚɗɟɣɑəəɧɑ ɐɗɫ 

ɜɌɓɗɔɣəɧɡ ɛɜɚɞɚɖɚɗɚɎ ɝɖɌəɔɜɚɎɌəɔɫ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɧɡ ɛɌɖɑɞɚɎ CAT12 ɔ 

FreeSurfer.  

ˉ ʧʨʦʪʦʢʦʣʘ 

ʠʟʤʝʨʝʥʠʡ 

ʉAT12 FreeSurfer 

 ʥʘʙʦʨ ʜʘʥʥʳʭ 1 ʥʘʙʦʨ ʜʘʥʥʳʭ 2 ʥʘʙʦʨ ʜʘʥʥʳʭ 1 ʥʘʙʦʨ ʜʘʥʥʳʭ 2 

1 2,6Ñ0,8 2,6Ñ0,8 2,4Ñ0,7 2,5Ñ0,8 

2 2,4Ñ0,8 2,5Ñ0,8 2,3Ñ0,7 2,4Ñ0,8 

3 2,6Ñ0,8 2,6Ñ0,8 2,4Ñ0,7 2,4Ñ0,8 

4 2,5Ñ0,8 2,4Ñ0,8 2,4Ñ0,7 2,4Ñ0,8 
 

   
 

 

ȼɔɝ. 6 (Fig. 6) 
 

ȼɔɝ. 6.    ȰɔɌɏɜɌɘɘɧ.  

ȳəɌɣɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏ ɚɍɗɌɝɞɫɡ ɔɝɝɗɑɐɚɎɌəɔɫ, ɛɚɗɟɣɑəəɧɑ ɐɗɫ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ 

ɐɗɫ ɜɌɓɗɔɣəɧɡ ɛɜɚɞɚɖɚɗɚɎ ɔɓɘɑɜɑəɔɕ; Ɏɔɐəɚ, ɣɞɚ Ɏɝɑ ɛɚɗɟɣɑəəɧɑ ɓəɌɣɑəɔɫ ɗɑɒɌɞ Ɏ ɛɜɑɐɑɗɌɡ ɛɚɏɜɑɤəɚ-

ɝɞɔ ɔɓɘɑɜɑəɔɕ (ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ). 

Fig. 6.   Diagrams.  

The values of the cortical thickness in ROIs obtained for the data measured using various measurement pro-

tocols, it can be seen that all the obtained values are within the measurement error (dashed line) . 
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Ȼɜɔɗɚɒɑəɔɑ 1. 

ȶɚɜɞɔɖɌɗɨəɌɫ ɛɚɎɑɜɡəɚɝɞɨ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɐɗɫ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɞɚɖɚɗɌ ʈ1 ɔ ʈ2, 

ɛɚɗɟɣɑəəɌɫ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ CAT12. Ƀɑɜəɧɑ ɗɔəɔɔ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɏɜɌəɔɢɌɘ ɚɍɗɌɝɞɑɕ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɔɓ ɌəɌɞɚɘɔɣɑɝɖɚɏɚ ɌɞɗɌɝɌ DKT40. ȶɜɌɝəɚɕ ɞɚɣɖɚɕ ɚɍɚɓəɌɣɑəɌ ɚɍɗɌɝɞɨ ɩəɞɚɜɔəɌɗɨəɚɕ ɖɚ-

ɜɧ. Ȯɔɐəɚ, ɣɞɚ ɐɗɫ ɛɜɚɞɚɖɚɗɌ ɔɓɘɑɜɑəɔɕ ʈ2 ɛɜɚɔɝɡɚɐɔɞ ɓɌəɔɒɑəɔɑ ɓəɌɣɑəɔɫ ɞɚɗɥɔəɧ Ɏ ɚɞɘɑɣɑəəɚɕ 

ɚɍɗɌɝɞɔ. 

Cortical surface (datasets ʈ1 and ʈ2) obtained using CAT12. Black lines indicate ROIs from digital anatom-

ical atlas DKT40. Red dot indicates entorhinal cortex. There was decrease in obtained thickness value for da-

taset ʈ 2 in this area. 

 

ȶɚɜɚəɌɗɨəɧɕ ɔ ɝɌɏɔɞɞɌɗɨəɧɕ ɝɜɑɓɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ əɌɗɚɒɑəəɧɘɔ ɏɜɌəɔɢɌɘɔ ɍɑɗɚɏɚ (ɝɔəɔɕ ɢɎɑɞ) ɔ 

ɝɑɜɚɏɚ (ɒɑɗɞɧɕ ɢɎɑɞ) ɎɑɥɑɝɞɎɌ, ɛɚɗɟɣɑəəɧɘɔ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ FreeSurfer. ȶɜɌɝəɚɕ 

ɞɚɣɖɚɕ ɚɍɚɓəɌɣɑəɌ ɚɍɗɌɝɞɨ ɩəɞɚɜɔəɌɗɨəɚɕ ɖɚɜɧ. 

Coronal and sagittal projections with wh ite (blue line) and gray (yellow  line) matter borders, obtained using 

FreeSurfer. Red dot indicates entorhinal cortex.  

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONI C JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):90-104       DOI: 10.21569/2222-7415-2021-11-2-90-104                    100 
 

 

 

 

ȼɔɝ. 7 Ɍ (Fig. 7 Ɍ) 

 

ȼɔɝ. 7 ɍ (Fig. 7 b) 

 

ȼɔɝ. 7 Ɏ (Fig. 7 ɝ) 

ȼɔɝ. 7.      ȻɚɎɑɜɡəɚɝɞɨ ɖɚɜɞɑɖɝɌ ɐɗɫ ɔɓɘɑɜɑəɔɕ ɝ ɜɌɓɗɔɣəɧɘ ɛɚɗɚɒɑəɔɑɘ ɏɚɗɚɎɧ (ɜɑɓɟɗɨɞɌɞɧ 

CAT12), ɢɎɑɞɚɎɌɫ ɝɡɑɘɌ ɔɓɚɍɜɌɒɑəɔɫ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɛɚɗɟɣɑəəɚɕ ɞɚɗɥɔəɑ ɝɑɜɚɏɚ ɎɑɥɑɝɞɎɌ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. 

Fig. 7.   Cortex surface for measurements with different head positions (CAT12  results), color scheme 

of the image corresponds to the obtained cortical thickness.  

 

ȼɔɝ. 8 (Fig. 8) 
 

ȼɔɝ. 8.    ȰɔɌɏɜɌɘɘɧ.  

ȼɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ, ɛɚɗɟɣɑəəɧɑ ɐɗɫ ɐɌəəɧɡ ɝ Ɏɧɝɚɖɔɘ ɚɞəɚɤɑəɔɑɘ-

ɝɔɏəɌɗ ɤɟɘ (ɝɔəɔɕ ɢɎɑɞ) ɔ ɐɌəəɧɡ ɝ əɔɓɖɔɘ ɚɞəɚɤɑəɔɑɘ-ɝɔɏəɌɗ ɤɟɘ ɔ ɛɚɎɚɜɚɞɚɘ ɏɚɗɚɎɧ ɐɚɍɜɚɎɚɗɨɢɌ 

Ɏɚ Ɏɜɑɘɫ ɛɜɚɎɑɐɑəɔɫ ɔɓɘɑɜɑəɔɕ. 

Fig. 8.   Diagrams.  

Cortical thickness measurement results obtained for data with a high signal -to-noise ratio (blue) and data 

with a low signal -to-noise ratio and for different head positions.  

ȾɌɍɗɔɢɌ ʈ4.   ȼɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ, ɛɚɗɟɣɑə-

əɧɑ ɐɗɫ ɜɌɓɗɔɣəɧɡ ɛɚɗɚɒɑəɔɕ ɏɚɗɚɎɧ ɐɚɍɜɚɎɚɗɨɢɌ ɛɜɔ ɔɓɘɑɜɑəɔɔ ɐɌəəɧɡ. 

ʇʦʣʦʞʝʥʠʝ ʛʦʣʦʚʳ CAT12 FreeSurfer 

ɸ 2,6Ñ0,8 2,6Ñ0,7 

ɹ 2,6Ñ0,8 2,5Ñ0,7 

ɺ 2,6Ñ0,8 2,5Ñ0,7 
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Ɏɝɑ əɌɕɐɑəəɧɑ ɔɓɘɑəɑəɔɫ ɍɧɗɔ Ɏ ɛɜɑɐɑɗɌɡ 

ɛɚɏɜɑɤəɚɝɞɔ ɔɓɘɑɜɑəɔɕ.  

ȸɚɒəɚ ɓɌɘɑɞɔɞɨ əɑɖɚɞɚɜɧɑ ɚɞɖɗɚəɑəɔɫ 

Ɏ ɜɑɓɟɗɨɞɌɞɌɡ ɐɗɫ ɚɍɗɌɝɞɔ ɔɝɝɗɑɐɚɎɌəɔɫ 4 ð 

ɩəɞɚɜɔəɌɗɨəɚɕ ɖɚɜɧ (entorhinal cortex).  ȬəɌ-

ɗɔɓ ɛɚɗɟɣɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɕ ɔ ɖɌɜɞ ɞɚɗɥɔ-

əɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɛɚɖɌɓɌɗ, ɣɞɚ Ɏ ɐɌəəɚɕ 

ɚɍɗɌɝɞɔ əɌɍɗɪɐɌɑɞɝɫ əɔɓɖɔɕ ɖɚəɞɜɌɝɞ ɞɖɌ-

əɑɕ, ɣɞɚ ɛɜɔɎɚɐɔɞ ɖ əɑɚɐəɚɓəɌɣəɚɝɞɔ Ɏ 

ɚɛɜɑɐɑɗɑəɔɔ ɏɜɌəɔɢ ɝɑɜɚɏɚ ɎɑɥɑɝɞɎɌ (Ȼɜɔ-

ɗɚɒɑəɔɑ 1). 

Ȯɗɔɫəɔɑ ɛɚɗɚɒɑəɔɫ ɏɚɗɚɎɧ əɌ ɛɚɗɟɣɌ-

ɑɘɧɑ ɜɑɓɟɗɨɞɌɞɧ. 

Ȼɚɝɖɚɗɨɖɟ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ɛɚɎɞɚɜəɚɏɚ 

ɔɓɘɑɜɑəɔɫ ɐɗɫ ɚɢɑəɖɔ ɞɑəɐɑəɢɔɕ ɔɓɘɑəɑəɔɫ 

ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɛɚɗɚɒɑəɔɑ ɝɜɑ-

ɓɚɎ ɘɚɒɑɞ ɔɓɘɑəɫɞɨɝɫ, ɐɌəəɧɕ ɩɠɠɑɖɞ ɍɧɗ 

ɝɘɚɐɑɗɔɜɚɎɌə ɝɑɜɔɑɕ ɔɓɘɑɜɑəɔɕ, ɏɐɑ ɛɚɗɚ-

ɒɑəɔɑ ɏɚɗɚɎɧ ɐɚɍɜɚɎɚɗɨɢɑɎ ɘɑəɫɗɚɝɨ ɘɑɒɐɟ 

ɔɓɘɑɜɑəɔɫɘɔ əɌ ɟɏɚɗ 45Á.  ȹɌ ɜɔɝ. 7 ɛɜɔɎɑ-

ɐɑəɧ ɛɚɗɟɣɑəəɧɑ ɖɚɜɞɔɖɌɗɨəɧɑ ɛɚɎɑɜɡəɚɝɞɔ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɚɐəɚɏɚ ɔɓ ɐɚɍɜɚɎɚɗɨɢɑɎ ɛɜɔ 

ɜɌɓɗɔɣəɚɘ ɛɚɗɚɒɑəɔɔ ɏɚɗɚɎɧ, ɛɚɗɟɣɑəəɧɑ 

ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ CAT12.  

ɂɎɑɞɚɎɌɫ ɝɡɑɘɌ ɔɓɚɍɜɌɒɑəɔɕ ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɞɚɗɥɔəɑ ɝɑɜɚɏɚ ɎɑɥɑɝɞɎɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ 

ɐɌəəɚɕ ɚɍɗɌɝɞɔ. ȭɧɗ ɛɜɚɎɑɐɑə ɌəɌɗɔɓ ɖɌɖ 

ɝɜɑɐəɑɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɕ ɛɚɎɑɜɡəɚɝɞɔ 

Ɏɝɑɏɚ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɞɌɖ ɔ ɝɜɑɐəɑɕ ɞɚɗɥɔ-

əɧ ɚɍɗɌɝɞɑɕ, ɚɛɜɑɐɑɗɑəəɧɡ ɛɜɔ ɛɚɘɚɥɔ ɌəɌ-

ɞɚɘɔɣɑɝɖɚɏɚ ɌɞɗɌɝɌ DKT40. ȾɌɖ ɖɌɖ əɑ ɍɧɗɚ 

ɚɍəɌɜɟɒɑəɚ ɓəɌɣɔɞɑɗɨəɚɏɚ ɔɓɘɑəɑəɔɫ ɜɑ-

ɓɟɗɨɞɌɞɚɎ əɔ ɐɗɫ ɚɐəɚɕ ɔɓ ɚɍɗɌɝɞɑɕ ɔɝɝɗɑɐɚ-

ɎɌəɔɫ, Ɏ ɞɌɍɗ. ʈ4 ɛɜɔɎɑɐɑəɧ ɞɚɗɨɖɚ ɝɜɑɐəɔɑ 

ɓəɌɣɑəɔɫ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ. 

ȶɜɚɘɑ ɞɚɏɚ, ɍɧɗɔ ɔɓɘɑɜɑəɧ ɐɌəəɧɑ ɝ 

ɛɚɎɚɜɚɞɚɘ ɏɚɗɚɎɧ ɔ ɝɟɥɑɝɞɎɑəəɧɘ ɔɓɘɑəɑ-

əɔɑɘ ɝɔɏəɌɗ-ɤɟɘ (~60%). ȭɧɗɚ ɚɍəɌɜɟɒɑəɚ 

ɓɌəɔɒɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏ 

ɜɑɓɟɗɨɞɌɞɌɡ, ɛɚɗɟɣɑəəɧɡ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚ-

ɏɜɌɘɘɧ FreeSurfer. Ȼɚɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ 

ɔɓɘɑɜɑəɔɕ ɐɗɫ ɐɎɟɡ ɐɚɍɜɚɎɚɗɨɢɑɎ ɛɜɔɎɑɐɑəɧ 

əɌ ɜɔɝ. 8. 

ȾɌɖ ɖɌɖ  ɍɧɗɚ ɎɧɫɎɗɑəɚ, ɣɞɚ ɓəɌɣɔɞɑɗɨ-

 

ȼɔɝ. 9 Ɍ (Fig. 9 Ɍ) 

 

ȼɔɝ. 9 ɍ (Fig. 9 b) 

 

ȼɔɝ. 9 Ɏ (Fig. 9 ɝ) 

 

ȼɔɝ. 9 ɏ (Fig. 9 d) 

 

ȼɔɝ. 9 d (Fig. 9 e)  

ȼɔɝ. 9.     

Ɍ - ɌɖɝɔɌɗɨəɧɕ ɝɜɑɓ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ əɔɓɖɔɘ ɚɞəɚɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ (SNR 15) ɔ ɛɚɎɚɜɚɞɚɘ ɏɚɗɚɎɧ əɌ 

45Á; ɍ - ɝɌɏɔɞɞɌɗɨəɧɕ ɝɜɑɓ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ əɔɓɖɔɘ ɚɞəɚɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ (SNR 15) ɔ ɛɚɎɚɜɚɞɚɘ ɏɚ-

ɗɚɎɧ əɌ 45Á, Ɏɔɐəɚ, ɣɞɚ ɎɝɗɑɐɝɞɎɔɑ ɛɚɎɚɜɚɞɌ ɛɜɚɔɝɡɚɐɔɞ ɔɝɖɌɒɑəɔɑ ɌəɌɞɚɘɔɣɑɝɖɔɡ ɝɞɜɟɖɞɟɜ; Ɏ, ɏ, ɐ - 

ɖɚɜɞɔɖɌɗɨəɧɑ ɛɚɎɑɜɡəɚɝɞɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɚɗɟɣɑəəɧɑ ɛɜɔ ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ CAT12 ɐɗɫ 

ɐɌəəɧɡ ɝ Ɏɧɝɚɖɔɘ SNR, əɔɓɖɔɘ SNR ɔ əɔɓɖɔɘ SNR ɔ ɛɚɎɚɜɚɞɚɘ ɏɚɗɚɎɧ əɌ 45Á ɝɚɚɞɎɑɞɝɞɎɑəəɚ. 

Fig. 9.   

a ð an axial projection of the brain with a low signal -to-noise ratio (SNR 15) and a head rotation of 45 Á; b ð a 

sagittal projection of the brain with a low signal to noise ratio (SNR 15) and a head rotation of 45 Á, it can be 

seen that there is a distortion of the anatomical structures; c -d ð cortical surfaces obtained using the CAT12 

software package for data with h igh SNR, low SNR and low SNR and a head rotation of 45 Á. 
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əɚɑ ɟɘɑəɨɤɑəɔɑ ɚɞəɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ 

ɛɜɔɎɚɐɔɞ ɖ ɓɌəɔɒɑəɔɪ ɛɚɗɟɣɌɑɘɧɡ ɓəɌɣɑ-

əɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ, ɍɧɗɚ ɛɜɚ-

Ɏɑɐɑəɚ ɝɚɛɚɝɞɌɎɗɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ ɐɌəəɧɡ ɝ 

Ɏɧɝɚɖɔɘ ɚɞəɚɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ (SNR), 

ɐɌəəɧɡ ɝ əɔɓɖɔɘ SNR ɔ ɐɌəəɧɡ əɔɓɖɔɘ SNR 

ɔ ɛɚɎɚɜɚɞɚɘ ɏɚɗɚɎɧ ɐɚɍɜɚɎɚɗɨɢɌ. ȹɌ ɜɔɝ. 9 ɔ 

10 ɛɜɔɎɑɐɑəɧ ɜɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ ɚɐəɚɏɚ ɔɓ ɐɚɍɜɚɎɚɗɨɢɑɎ. ȹɌ ɜɔɝ. 9 

(Ɏ, ɏ, ɐ) ɛɜɑɐɝɞɌɎɗɑəɧ ɖɚɜɞɔɖɌɗɨəɧɑ ɛɚɎɑɜɡ-

əɚɝɞɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɚɗɟɣɑəəɧɑ ɛɜɔ ɛɚ-

ɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ CAT12. ȮɔɓɟɌɗɨ 

əɧɕ ɌəɌɗɔɓ ɛɚɗɟɣɑəəɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɛɚɖɌɓɧ-

ɎɌɑɞ, ɣɞɚ ɛɜɚɔɝɡɚɐɔɞ ɛɑɜɑɜɌɝɛɜɑɐɑɗɑəɔɑ 

ɝɜɑɐəɑɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ. ȺɐəɌ 

ɖɚ ɍɚɗɑɑ ɓəɌɣɔɞɑɗɨəɧɑ ɔɓɘɑəɑəɔɫ Ɏ ɓəɌɣɑəɔ-

ɫɡ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɍɧɗɔ ɚɍəɌ-

ɜɟɒɑəɧ Ɏ ɜɑɓɟɗɨɞɌɞɌɡ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ 

FreeSurfer, ɛɚɗɟɣɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɜɔɎɑɐɑ-

əɧ əɌ ɜɔɝ. 10. Ȯɔɐəɚ, ɣɞɚ ɛɜɔ ɛɚɎɚɜɚɞɑ ɏɚɗɚ-

Ɏɧ ɐɚɍɜɚɎɚɗɨɢɌ ɛɜɚɔɝɡɚɐɔɞ ɍɚɗɑɑ ɝɔɗɨəɚɑ 

ɓɌəɔɒɑəɔɑ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ 

ɝɗɚɫ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɜɑɓɟɗɨɞɌɞɌɘɔ ɝ əɔɓɖɔɘ 

SNR, əɚ ɢɑəɞɜɌɗɨəɧɘ ɛɚɗɚɒɑəɔɑɘ ɏɚɗɚɎɧ.  

Ⱥɍɝɟɒɐɑəɔɑ ɛɚɗɟɣɑəəɧɡ ɜɑɓɟɗɨɞɌ-

ɞɚɎ. 

ȴɓɘɑɜɑəɔɑ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ 

ɝɗɚɫ ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɌɞɨ ɔəɠɚɜɘɌɢɔɪ ɚɍ ɔɓ-

ɘɑəɑəɔɔ ɝɞɜɟɖɞɟɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ əɚɜɘɑ 

ɔ ɛɜɔ ɜɌɓɗɔɣəɧɡ ɛɌɞɚɗɚɏɔɫɡ. ȾɌɖ ɖɌɖ ɝɜɑɐ-

əɫɫ ɞɚɗɥɔəɌ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɝɚɛɚɝɞɌɎɔ-

ɘɌ ɛɚ ɛɚɜɫɐɖɟ Ɏɑɗɔɣɔəɧ ɝ ɐɚɝɞɔɒɔɘɧɘ əɌ 

ɐɌəəɧɕ ɘɚɘɑəɞ ɜɌɓɜɑɤɑəɔɑɘ ɝɞɜɟɖɞɟɜəɧɡ 

ɔɓɚɍɜɌɒɑəɔɕ ȸȼȾ, ɌɜɞɑɠɌɖɞɧ, ɩɠɠɑɖɞ ɣɌ-

ɝɞɔɣəɚɏɚ ɚɍɦɑɘɌ, ɔ ɤɟɘ Ɏ ɐɌəəɧɡ ɘɚɏɟɞ ɝɟ-

ɥɑɝɞɎɑəəɚ Ɏɗɔɫɞɨ əɌ ɛɚɗɟɣɌɑɘɧɑ ɜɑɓɟɗɨɞɌɞɧ. 

ȺɐəɌɖɚ, ɝɟɥɑɝɞɎɟɪɥɑɑ əɌ ɝɑɏɚɐəɫɤəɔɕ ɐɑəɨ 

ɛɜɚɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ ɐɗɫ ɜɌɝɣɑɞɌ ɞɚɗ-

ɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɎɖɗɪɣɌɑɞ Ɏ ɝɑɍɫ 

ɩɞɌɛ ɛɜɑɐɎɌɜɔɞɑɗɨəɚɕ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ, 

ɛɚɓɎɚɗɫɪɥɔɕ ɝɟɥɑɝɞɎɑəəɚ ɝəɔɓɔɞɨ Ɏɑɜɚɫɞ-

əɚɝɞɨ ɎɚɓəɔɖəɚɎɑəɔɫ ɚɤɔɍɚɖ. Ȯ ɐɌəəɚɕ ɜɌ-

ɍɚɞɑ ɍɧɗɔ ɛɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɐɌəəɧɑ ɐɚɍɜɚ-

ɎɚɗɨɢɑɎ, ɔɓɘɑɜɑəəɧɑ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɜɌɓ-

ɗɔɣəɧɡ ɛɜɚɞɚɖɚɗɚɎ ɔɓɘɑɜɑəɔɕ. 

ȭɧɗɚ ɎɧɫɎɗɑəɚ, ɣɞɚ əɑɓəɌɣɔɞɑɗɨəɚɑ 

ɔɓɘɑəɑəɔɑ ɖɌɣɑɝɞɎɌ ɔɓɘɑɜɑəəɧɡ ɐɌəəɧɡ 

(ɛɜɔ ɔɓɘɑəɑəɔɔ ɛɌɜɌɘɑɞɜɚɎ ɔɝɛɚɗɨɓɟɑɘɚɕ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ) əɑ Ɏɗɔɫɑɞ əɌ ɛɚɗɟɣɌɑ-

ɘɧɑ ɓəɌɣɑəɔɫ (ɜɔɝ. 4, ɜɔɝ. 6). ȹɑɖɚɞɚɜɚɑ ɔɓ-

ɘɑəɑəɔɑ Ɏ ɛɚɗɟɣɑəəɧɡ ɜɑɓɟɗɨɞɌɞɌɡ ɍɧɗɚ ɚɍ-

əɌɜɟɒɑəɚ ɞɚɗɨɖɚ ɛɜɔ ɝɟɥɑɝɞɎɑəəɚɘ ɝəɔɒɑ-

əɔɔ ɚɞəɚɤɑəɔɫ ɝɔɏəɌɗ-ɤɟɘ (ɛɚɜɫɐɖɌ 60%), Ɏ 

ɜɑɓɟɗɨɞɌɞɌɡ FreeSurfer əɌɍɗɪɐɌɗɚɝɨ ɝəɔɒɑ-

əɔɑ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏɚ Ɏɝɑɡ ɔɝ-

ɝɗɑɐɟɑɘɧɡ ɚɍɗɌɝɞɫɡ (ɜɔɝ. 4). ȮɔɓɟɌɗɨəɧɕ 

ɌəɌɗɔɓ ɐɌəəɧɡ ɛɚɖɌɓɌɗ, ɣɞɚ əɌɍɗɪɐɌɑɘɚɑ 

ɟɘɑəɨɤɑəɔɑ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨ-

əɚɏɚ ɝɗɚɫ ɘɚɏɗɚ ɍɧɞɨ ɎɧɓɎɌəɚ ɔɝɖɜɔɎɗɑəɔɑɘ 

ɏɜɌəɔɢ ɝɑɜɚɏɚ ɔ ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ ɔɓ-ɓɌ Ɏɧɝɚ-

ɖɚɏɚ ɟɜɚɎəɫ ɤɟɘɌ Ɏ ɐɌəəɧɡ (ɜɔɝ. 5).  

ȾɌɖ ɖɌɖ ɛɜɔ ɛɚɎɞɚɜəɚɘ ɔɓɘɑɜɑəɔɔ 

ɐɌəəɧɡ ɐɗɫ əɌɍɗɪɐɑəɔɫ ɐɔəɌɘɔɖɔ ɔɓɘɑəɑ-

əɔɫ ɝɞɜɟɖɞɟɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɛɚɗɚɒɑəɔɑ 

ɏɚɗɚɎɧ ɛɌɢɔɑəɞɌ Ɏ ɝɖɌəɑɜɑ ɘɚɒɑɞ ɔɓɘɑəɫɞɨ-

ɝɫ, ɍɧɗɚ ɛɜɚɎɑɐɑəɚ ɝɖɌəɔɜɚɎɌəɔɑ ɐɚɍɜɚ-

ɎɚɗɨɢɑɎ ɝ ɔɓɘɑəɑəɔɑɘ ɛɚɗɚɒɑəɔɫ ɏɚɗɚɎɧ əɌ 

45Á. ȬəɌɗɔɓ ɐɌəəɧɡ ɛɚɖɌɓɌɗ, ɣɞɚ ɛɚɗɚɒɑəɔɑ 

ɏɚɗɚɎɧ ɛɌɢɔɑəɞɌ Ɏ ɝɖɌəɑɜɑ əɑ Ɏɗɔɫɑɞ əɌ ɛɚ-

ɗɟɣɌɑɘɧɑ ɜɑɓɟɗɨɞɌɞɧ, ɝɚɎɜɑɘɑəəɚɑ ɛɜɚ-

ɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ ȸȼ-ɞɚɘɚɏɜɌɠɌ, Ɍ ɞɌɖ-

ɒɑ ɛɜɑɐɎɌɜɔɞɑɗɨəɌɫ ɚɍɜɌɍɚɞɖɌ ɐɌəəɧɡ ɛɚɓ-

Ɏɚɗɫɑɞ ɔɓɍɑɒɌɞɨ ɔɝɖɌɒɑəɔɫ ɌəɌɞɚɘɔɣɑɝɖɔɡ 

ɝɞɜɟɖɞɟɜ. ȭɧɗɚ ɎɧɫɎɗɑəɚ ɓɌəɔɒɑəɔɑ ɛɚɗɟɣɌ-

ɑɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ Ɏ ɜɑɓɟɗɨɞɌɞɌɡ FreeSurfer 

ɛɜɔ əɔɓɖɚɘ ɚɞəɚɤɑəɔɔ ɝɔɏəɌɗ-ɤɟɘ ɔ ɛɚɎɚ-

ɜɚɞɑ ɏɚɗɚɎɧ (ɜɔɝ. 9). ȺɐəɌɖɚ, ɝɗɑɐɟɑɞ ɟɣɑɝɞɨ, 

ɣɞɚ ɩɞɔ ɐɌəəɧɑ ɓəɌɣɔɞɑɗɨəɚ ɍɚɗɑɑ əɔɓɖɚɏɚ 

ɖɌɣɑɝɞɎɌ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɐɌəəɧɘɔ, ɚɍɧɣəɚ 

ɛɚɗɟɣɌɑɘɧɘɔ əɌ ȸȼ-ɞɚɘɚɏɜɌɠɌɡ ɝ ɛɚɗɫɘɔ 

1,5 Ⱦ ɔ Ɏɧɤɑ. ȹɑɒɑɗɌɞɑɗɨəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ 

ɐɌəəɧɑ ɞɌɖɚɏɚ ɖɌɣɑɝɞɎɌ ɐɗɫ ɛɜɚɎɑɐɑəɔɫ ɔɝ-

ɝɗɑɐɚɎɌəɔɕ. Ȯɚɓɘɚɒəɚ, ɩɞɚɞ ɩɠɠɑɖɞ ɝɗɑɐɟɑɞ 

ɟɣɑɝɞɨ ɛɜɔ ɝɜɌɎəɑəɔɔ ɝ ɐɌəəɧɘɔ, ɛɚɗɟɣɑə-

əɧɘɔ əɌ əɔɓɖɚɛɚɗɨəɧɡ ȸȼ-ɞɚɘɚɏɜɌɠɌɡ. Ⱥɐ-

əɌɖɚ, ɛɚɝɖɚɗɨɖɟ ɛɜɔ əɔɓɖɔɡ ɛɚɗɫɡ ɍɟɐɑɞ ɓɌ-

ɘɑɞəɚ ɔɓɘɑəɫɞɨɝɫ ɖɚəɞɜɌɝɞ ɔɓɚɍɜɌɒɑəɔɕ, 

əɑɚɍɡɚɐɔɘɧ ɍɚɗɑɑ ɐɑɞɌɗɨəɧɑ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴ, əɑɝɘɚɞɜɫ əɌ ɞɚ, ɣɞɚ, Ɏ ɢɑɗɚɘ, əɑ ɍɧ-

 

ȼɔɝ. 10 (Fig. 10) 

ȼɔɝ. 10.   ȰɔɌɏɜɌɘɘɌ. 

ȼɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ 

ɝɗɚɫ ɐɗɫ ɚɐəɚɏɚ ɔɓ ɐɚɍɜɚɎɚɗɨɢɑɎ, ɛɚɗɟɣɑəəɧɑ ɛɜɔ 

ɛɚɘɚɥɔ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɌɖɑɞɌ FreeSurfer. ȭɧɗɚ 

ɎɧɫɎɗɑəɚ ɟɘɑəɨɤɑəɔɑ ɛɚɗɟɣɌɑɘɧɡ ɓəɌɣɑəɔɕ ɞɚɗ-

ɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɝ ɟɡɟɐɤɑəɔɑɘ ɖɌɣɑɝɞɎɌ 

ɐɌəəɧɡ. 

Fig. 10.    Diagrams.  

The results of the cortical thickness measurements 

obtained using the FreeSurfer sof tware package. We 

found decreased cortical thickness values for data 

with higher signal -to-noise ratio and head rotation.  
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ɗɚ ɎɧɫɎɗɑəɚ ɓɌɎɔɝɔɘɚɝɞɔ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ 

ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ ɚɞ ɔɝɛɚɗɨɓɟɑɘɚɏɚ ɛɜɚɞɚ-

ɖɚɗɌ ɔɓɘɑɜɑəɔɕ, ɞɌɖɌɫ ɓɌɎɔɝɔɘɚɝɞɨ ɘɚɒɑɞ 

ɍɧɞɨ ɚɍəɌɜɟɒɑəɌ Ɏ ɚɍɗɌɝɞɫɡ ɝ əɔɓɖɔɘ ɖɚə-

ɞɜɌɝɞɚɘ ɞɖɌəɑɕ (ɜɑɓɟɗɨɞɌɞɧ ɐɗɫ ɩəɞɚɜɔəɌɗɨ-

əɚɏɚ ɖɚɜɞɑɖɝɌ (Ȼɜɔɗɚɒɑəɔɑ 1), Ɏ ɞɌɖɔɡ ɚɍɗɌ-

ɝɞɫɡ əɑɚɍɡɚɐɔɘ ɐɚɛɚɗəɔɞɑɗɨəɧɕ ɖɚəɞɜɚɗɨ 

ɛɚɗɟɣɌɑɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ. ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ 

ɌəɌɗɔɓ ɐɌəəɧɡ ɎɧɫɎɔɗ ɚɍɗɌɝɞɔ ɝɚ ɝɞɌɞɔɝɞɔ-

ɣɑɝɖɔ ɓəɌɣɔɘɧɘɔ ɔɓɘɑəɑəɔɫɘɔ Ɏ ɞɚɗɥɔəɑ Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɔɝɛɚɗɨɓɚɎɌəəɚɏɚ ɛɜɚɞɚɖɚɗɌ 

ɔɓɘɑɜɑəɔɕ (p < 0,05). ȭɚɗɑɑ ɛɚɐɜɚɍəɧɕ ɌəɌ-

ɗɔɓ ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɝɗɚɫ Ɏ 

ɩɞɔɡ ɚɍɗɌɝɞɫɡ ɛɚɖɌɓɌɗ, ɣɞɚ əɌɍɗɪɐɌɑɘɧɑ ɔɓ-

ɘɑəɑəɔɫ ɛɚɜɫɐɖɌ 0,02 ɘɘ, ɣɞɚ ɓəɌɣɔɞɑɗɨəɚ 

ɘɑəɨɤɑ ɐɚɝɞɔɏɌɑɘɚɕ ɞɚɣəɚɝɞɔ ɔɓɘɑɜɑəɔɕ 

(~0,5 ɘɘ). Ȼɚɩɞɚɘɟ, Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ, əɑɗɨɓɫ 

ɏɚɎɚɜɔɞɨ ɚ əɌɗɔɣɔɔ ɎɓɌɔɘɚɝɎɫɓɔ ɘɑɒɐɟ ɛɚ-

ɗɟɣɌɑɘɧɘɔ ɜɑɓɟɗɨɞɌɞɌɘɔ ɔ ɛɌɜɌɘɑɞɜɌɘɔ 

ɛɜɚɞɚɖɚɗɌ ɔɓɘɑɜɑəɔɕ ɐɌəəɧɡ. 

ȳɌɖɗɪɣɑəɔɑ. 

ȻɜɚɎɑɐɑəəɧɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɚɓɎɚɗɫɪɞ 

ɝɐɑɗɌɞɨ ɎɧɎɚɐ ɚ ɞɚɘ, ɣɞɚ ɝɚɎɜɑɘɑəəɌɫ ɌɛɛɌ-

ɜɌɞɟɜɌ ɔ ɛɜɑɐɎɌɜɔɞɑɗɨəɌɫ ɚɍɜɌɍɚɞɖɌ ɐɌəəɧɡ 

ɛɚɘɚɏɌɪɞ ɔɓɍɑɒɌɞɨ ɔɝɖɌɒɑəɔɫ ɛɚɗɟɣɌɑɘɧɡ 

ɓəɌɣɑəɔɕ ɞɚɗɥɔəɧ ɖɚɜɞɔɖɌɗɨəɚɏɚ ɛɜɔ əɑ-

ɓəɌɣɔɞɑɗɨəɚɘ ɟɡɟɐɤɑəɔɔ ɖɌɣɑɝɞɎɌ ɐɌəəɧɡ 

ȸȼȾ, ɎɧɓɎɌəəɚɘ ɟɎɑɗɔɣɑəɔɑɘ ɟɜɚɎəɫ ɤɟɘɌ Ɏ 

ɔɝɡɚɐəɧɡ ɐɌəəɧɡ, əɑɖɚɜɜɑɖɞəɧɘ ɛɚɐɍɚɜɚɘ 

ɛɌɜɌɘɑɞɜɚɎ ɛɜɚɞɚɖɚɗɌ ɝɖɌəɔɜɚɎɌəɔɫ ɔ ɛɚ-

ɗɚɒɑəɔɑɘ ɏɚɗɚɎɧ ɛɌɢɔɑəɞɌ. Ⱦɑɘ əɑ ɘɑəɑɑ, 

ɛɚɗəɚɝɞɨɪ ɔɝɖɗɪɣɔɞɨ ɟɣɌɝɞɔɫ ɚɛɑɜɌɞɚɜɌ ɔɓ 

ɛɜɚɢɑɝɝɌ ɌəɌɗɔɓɌ ɐɌəəɧɡ əɑɗɨɓɫ, ɞɌɖ ɖɌɖ əɌ 

ɖɌɒɐɚɘ ɩɞɌɛɑ əɑɚɍɡɚɐɔɘ ɖɚəɞɜɚɗɨ ɛɚɗɟɣɌɑ-

ɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ. 

ɀɔəɌəɝɔɜɚɎɌəɔɑ. 

ȴɝɝɗɑɐɚɎɌəɔɑ Ɏɧɛɚɗəɑəɚ ɛɜɔ ɠɔəɌəɝɚ-

Ɏɚɕ ɛɚɐɐɑɜɒɖɑ ȼɀɀȴ Ɏ ɜɌɘɖɌɡ əɌɟɣəɚɏɚ 

ɛɜɚɑɖɞɌ ʈ19-29-10006/  

ȶɚəɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ 

əɑɚɍɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ȽȴȹȿȽ-ȷȴɀȾȴȹȯ ȻȺ ȰȬȹȹɇȸ ȷȿɃȱȮɇɁ ȸȱȾȺȰȺȮ ȴȽȽȷȱȰȺȮȬȹȴɋ 
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ɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. ȻɚɎɧɤɑəɔɑ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɐɑəɞɌɗɨəɚɕ ɔɘɛɗɌəɞɌɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ ɝ 

ɛɚɞɑɜɑɕ ɓɟɍɚɎ ɔ əɑɐɚɝɞɌɞɚɣəɧɘ ɚɍɦɑɘɚɘ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɍɚɖɚɎɧɡ ɚɞɐɑɗɌɡ Ɏɑɜɡəɑɕ ɣɑ-

ɗɪɝɞɔ ɛɟɞɑɘ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɖɚɘɛɚɓɔɢɔɔ ɖɝɑəɚɏɑəəɚɏɚ ɖɚɝɞəɚɓɌɘɑɥɌɪɥɑɏɚ ɘɌɞɑɜɔɗɌ 

çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɚɎ əɌ ɚɝəɚɎɑ ɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ çȰɑəɞɌɗ ȯɔ-

ɌɗɜɔɛɌɕɑɜ-02è ɔ çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-10è ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ɚɛɑɜɌɢɔɔ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɛɚɐ ɖɚəɞɜɚɗɑɘ 

ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɔɝɝɗɑɐɚɎɌəɔɫ.  

 ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȻɜɚɎɑɐɑəɚ ɖɗɔəɔɖɚ-ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ 27 ɛɌɢɔɑəɞɚɎ 

ɘɟɒɝɖɚɏɚ ɔ ɒɑəɝɖɚɏɚ ɛɚɗɌ (ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ 52Ñ9,2 ɏɚɐɌ) ɍɑɓ ɞɫɒɑɗɚɕ ɝɚɛɟɞɝɞɎɟɪɥɑɕ ɛɌɞɚɗɚɏɔɔ. 

ȻɌɜɌɘɑɞɜɌɘɔ Ɏɖɗɪɣɑəɔɫ ɫɎɗɫɗɔɝɨ ɣɌɝɞɔɣəɌɫ ɛɚɞɑɜɫ ɓɟɍɚɎ, ɐɑɠɔɢɔɞ ɖɚɝɞəɚɕ ɞɖɌəɔ, ɚɍɟɝɗɚɎɗɑə-

əɧɕ əɔɓɖɔɘ ɜɌɝɛɚɗɚɒɑəɔɑɘ ɐəɌ Ɏɑɜɡəɑɣɑɗɪɝɞəɚɏɚ ɝɔəɟɝɌ. ȻɌɢɔɑəɞɧ (n=27) ɍɧɗɔ ɜɌɓɐɑɗɑəɧ əɌ 

ɞɜɔ ɏɜɟɛɛɧ ɛɚ 9 ɣɑɗɚɎɑɖ: ɛɌɢɔɑəɞɌɘ 1 ɏɜɟɛɛɧ ɛɜɚɎɚɐɔɗɔ ɝɞɌəɐɌɜɞəɟɪ ɚɛɑɜɌɢɔɪ ɚɞɖɜɧɞɧɕ ɝɔəɟɝ-

ɗɔɠɞɔəɏ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚɖɚəɐɟɖɞɔɎəɚɏɚ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-

Ossè ɝ ɠɔɓɔɚɗɚɏɔɣɑɝɖɔɘ ɜɌɝɞɎɚɜɚɘ; ɛɌɢɔɑəɞɌɘ 2 ɏɜɟɛɛɧ ð ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚ-

ɖɚəɐɟɖɞɔɎəɚɏɚ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɌ ɍɔɚɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌ-

ɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-02è; ɛɌɢɔɑəɞɌɘ 3 ɏɜɟɛɛɧ ð ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ 

ɘɌɞɑɜɔɌɗɌ çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɌ ɍɔɚɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ çȰɑəɞɌɗ ȯɔɌɗɜɔ-

ɛɌɕɑɜ-10è. Ȯɝɑɘ ɛɌɢɔɑəɞɌɘ əɌ ɐɚɚɛɑɜɌɢɔɚəəɚɘ ɔ ɛɚɝɗɑɚɛɑɜɌɢɔɚəəɧɡ ɩɞɌɛɌɡ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚ-

ɐɔɗɔ ɖɚəɟɝəɚ-ɗɟɣɑɎɟɪ ɖɚɘɛɨɪɞɑɜəɟɪ ɞɚɘɚɏɜɌɠɔɪ (ȶȷȶȾ) ɔ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɠɔɪ (ȺȻȾȯ). 

 ȼɑɓɟɗɨɞɌɞɧ. Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɛɜɚɎɑɐɑəəɚɔ↑ ɖɚɘɛɨɪɞɑɜəɚɔ↑ ɞɚɘɚɏɜɌɠɔɔ ɝɛɟɝɞɫ 6 ɘɑɝɫɢɑɎ ɛɚ-

ɝɗɑ ɚɛɑɜɌɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ 1 ɏɜɟɛɛɧ ɝɜɑɐəɫɫ ɛɗɚɞəɚɝɞɨ əɚɎɚɚɍɜɌɓɚɎɌəəɚɔ↑ ɖɚɝɞəɚɔ↑ ɞɖɌəɔ ɝɚɝɞɌɎɔɗɌ 

1790Ñ250 ɟɝɗɚɎəɧɡ ɑɐɔəɔɢ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ 

ɝɚɝɞɌɎɗɫɗɌ Ɏ ɝɜɑɐəɑɘ 3,02Ñ0,51 ɘɘ, ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɔ↑ ɚɛɑɜɌɢɔɔ ɎɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏ 

ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɝɚɝɞɌɎɔɗɌ 10,25Ñ0,42 ɘɘ, ɣɞɚ ɝɚɝɞɌɎɔɗɚ 339% ɚɞ ɛɑɜɎɚəɌɣɌɗɨəɚɔ↑ Ɏɧɝɚɞɧ. 

ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ Ɏɚ 2 ɏɜɟɛɛɑ ɝɚɝɞɌɎɗɫɗɌ Ɏ ɝɜɑɐ-

əɑɘ 3,44Ñ0,3 ɘɘ, ɣɑɜɑɓ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɔ↑ ɚɛɑɜɌɢɔɔ ɎɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏ 

ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ð 11,61Ñ0,38 ɘɘ, ɣɞɚ ɝɚɝɞɌɎɔɗɚ 337% ɚɞ ɛɑɜɎɚəɌɣɌɗɨəɚɔ↑ ɤɔɜɔəɧ. ȮɧɝɚɞɌ 

ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ Ɏ 3 ɏɜɟɛɛɑ ɝɚɝɞɌɎɗɫɗɌ 3,3Ñ0,25 ɘɘ, ɣɑ-

ɜɑɓ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɔ↑ ɚɛɑɜɌɢɔɔ ɎɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑ-

ɜɌɞɌ ð 11,23Ñ0,6 ɘɘ, ɣɞɚ ɝɚɝɞɌɎɔɗɚ 340% ɚɞ ɛɑɜɎɚəɌɣɌɗɨəɚɔ↑ Ɏɧɝɚɞɧ. Ȼɗɚɞəɚɝɞɨ əɚɎɚɚɍɜɌɓɚɎɌəəɚɏɚ 

ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ Ɏɚ 2 ɏɜɟɛɛɑ Ɏ ɝɜɑɐəɑɘ ɝɚɝɞɌɎɔɗɌ 1870Ñ320 ɟɝɗɚɎəɧɡ ɑɐɔəɔɢ, Ɏ 3 ɏɜɟɛɛɑ ð 

1840Ñ330. ȿ ɛɌɢɔɑəɞɚɎ Ɏɝɑɡ ɞɜɑɡ ɏɜɟɛɛ ɜɑəɞɏɑəɚɝɑɘɔɚɞɔɣɑɝɖɔɑ ɝɎɚɔ↑ɝɞɎɌ ɖɚɝɞəɚ-ɛɗɌɝɞɔɣɑɝɖɔɡ ɘɌ-

ɞɑɜɔɌɗɚɎ ɛɚɝɗɑ ɛɑɜɔɚɐɌ ɍɔɚɐɑɏɜɌɐɌɢɔɔ ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɔ ɡɌɜɌɖɞɑɜəɧɘ ɐɗɫ ɐɌəəɧɡ ɘɌɞɑɜɔɌɗɚɎ, 

ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɔ↑ ɐɗɫ ɛɜɚɎɑɐɑəɔɫ ɐɑəɞɌɗɨəɚɔ↑ ɔɘɛɗɌəɞɌɢɔɔ ɎɧɫɎɗɑəɚ əɑ ɍɧɗɚ.  

 ȮɧɎɚɐɧ. ȺɛɑɜɌɢɔɫ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚɖɚəɐɟɖɞɔɎəɚɏɚ 

ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɚɎ ɍɔɚɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝ-

ɗɚɞɧ çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-02è ɔ çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-10è (ɏɜɟɛɛɧ 2 ɔ 3) ɝɚɛɜɚɎɚɒɐɌɗɌɝɨ ɍɚɗɑɑ 

ɓəɌɣɔɞɑɗɨəɧɘ ɛɚɎɧɤɑəɔɑɘ ɛɗɚɞəɚɝɞɔ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɍɚɗɑɑ ɜɌəəɔɑ ɝɜɚɖɔ Ɏ ɝɜɌɎəɑəɔɔ ɝ ɖɚə-

ɞɜɚɗɨəɚɕ ɏɜɟɛɛɚɕ. 
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FOR SINUS LIFT OPERATION ACCORDING TO THE 

RADIOLOGY METHODS 

 

Tarasenko S.V., Golovichev M.E., Oganesyan I.R., Serova N.S.  

 
I.M. Sechenov First Moscow State Medical University (Sechenov University). Moscow, Russia.  

 

urpose.  Increasing the efficiency of dental implantation in patients with secondary adentia and 

insufficient bone tissue in the lateral parts of the upper jaw by  using the composition of xeno-

genic bone -replacing material "Bio -Oss" and materials based on modified hyaluronic acid çDen-

tal Gyalrepair -02è and çDental Gyalrepair-10è during the sinus lift operation under the control of radiol-

ogy methods.  

 Materials and m ethods.  The study involved 27 male and female patients (average age 52 Ñ 9.2 

years) with diagnosis: secondary partial adentia and bone deficiency due to the low location of the max-

illary sinus floor, without severe concomitant pathology. The patients were divided into three groups. 

The patients of the first group underwent a sinus lift operation using a composition of xenogenic bone -

replacing material material "Bio -Oss" and saline. Patients of the second group underwent operation us-

ing the composition of xe nogenic bone -replacing material material "Bio -Oss" and the material based on 

modified hyaluronic acid çDental Gyalrepair-02è, patients of the third group underwent operation using 

the composition of the material çBio-Ossè and the material based on modified hyaluronic acid çDental 

Gyalrepair -10è. All patients underwent cone-beam computed tomography (CBCT) and orthopantomog-

raphy (OPTG) at the preoperative and postoperative stages of the study.  

 Results.  According to the results of the computed tomography 6 mo nths after the operation, the 

height of the alveolar process of the upper jaw before the sinus lift in group 1 averaged 3.02 Ñ 0.51 mm; 

6 months after the operation the height of the alveolar process in the area of the osteoregenerate was 

10.25 Ñ 0.42 mm, which was 339% of the initial height. The average density of newly formed bone tis-

sue in group 1 was 1790 Ñ 250 HU. The height of the alveolar process of the upper jaw before the sinus 

lift in group 2 averaged 3.44 Ñ 0.3 mm, 6 months after the operation the height of the alveolar process 

in the area of the osteoregenerate was 11.61 Ñ 0.38 mm, which was 337 % of the initial width. The 

height of the alveolar process of the upper jaw before the sinus lift in group 3 was 3.3 Ñ 0.25 mm, 6 

months after the operat ion the height of the alveolar process in the area of the osteoregenerate was 

11.23 Ñ 0.6 mm, which was 340% of the initial height. The density of the newly formed osteoregenerate 

in group 2 averaged 1870 Ñ 320 HU, in group 3 - 1840 Ñ 330 HU. In patients of all three groups, the X -

ray properties of osteoplastic materials after a period of osseointegration corresponded to those charac-

teristic of these materials; no contraindications for dental implantation were found.  

 Conclusions.  Sinus lift operation usin g the composition of xenogenic bone -replacing material 

"Bio -Oss" and materials based on biomodified hyaluronic acid "Dental Gyalrepair -02" and "Dental 

Gyalrepair -10" (groups 2 and 3) was accompanied by a more significant increase in bone density at an 

earl ier date in comparison with the control group.  

  

 Keywords: computed tomography, osteoplastic materials, hyaluronic acid, sinus lift, augmenta-

tion of the alveolar bone, regeneration, dental implantation.  
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ɚ ɘəɚɏɔɡ ɖɗɔəɔɣɑɝɖɔɡ ɝɔɞɟɌɢɔɫɡ 

ɟɝɞɌəɚɎɖɌ ɐɑəɞɌɗɨəɧɡ ɔɘɛɗɌəɞɌ-

ɞɚɎ ɐɚɝɞɌɞɚɣəɚɕ ɐɗɔəɧ əɑɎɚɓɘɚɒ-

əɌ ɔɓ-ɓɌ ɚɞɝɟɞɝɞɎɔɫ ɌɐɑɖɎɌɞəɚɏɚ 

ɚɍɦɑɘɌ ɖɚɝɞəɚɕ ɞɖɌəɔ [1, 2]. Ƚ 

1974 ɏɚɐɌ, ɖɚɏɐɌ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɛɑɜɎɌɫ 

ɚɛɑɜɌɢɔɫ ɝɔəɟɝ-ɗɔɠɞɔəɏ, əɌɟɖɌ ɚ ɍɔɚɘɌɞɑ-

ɜɔɌɗɌɡ ɓəɌɣɔɞɑɗɨəɚ ɤɌɏəɟɗɌ Ɏɛɑɜɑɐ ɔ ɛɚɓɎɚ-

ɗɔɗɌ ɖɗɔəɔɢɔɝɞɌɘ Ɏɧɛɚɗəɫɞɨ ɟɝɞɌəɚɎɖɟ ɐɑə-

ɞɌɗɨəɧɡ ɔɘɛɗɌəɞɌɞɚɎ ɐɌɒɑ Ɏ ɝɗɚɒəɧɡ ɖɗɔ-

əɔɣɑɝɖɔɡ ɝɔɞɟɌɢɔɫɡ Ɏ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɌɡ 

Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ. Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɝɟɍɌə-

ɞɜɌɗɨəɌɫ ɌɟɏɘɑəɞɌɢɔɫ ɫɎɗɫɑɞɝɫ ɛɚɗəɚɝɞɨɪ 

ɐɚɖɟɘɑəɞɔɜɚɎɌəəɚɕ ɡɔɜɟɜɏɔɣɑɝɖɚɕ ɘɌəɔɛɟ-

ɗɫɢɔɑɕ ɝ ɐɚɗɏɚɝɜɚɣəɧɘ ɖɗɔəɔɣɑɝɖɔɘ ɟɝɛɑ-

ɡɚɘ [3, 4]. ȺəɌ ɚɝɞɌɑɞɝɫ ɞɚɣəɧɘ ɔəɐɔɖɌɞɚɜɚɘ 

ɐɗɫ ɚɢɑəɖɔ ɔ ɝɜɌɎəɑəɔɫ ɛɚɞɑəɢɔɌɗɌ ɓɌɒɔɎ-

ɗɑəɔɫ ɔ ɓɌɘɑɥɑəɔɫ ɚɝɞɑɚɛɗɌɝɞɔɣɑɝɖɔɡ ɘɌɞɑ-

ɜɔɌɗɚɎ ɝɚɍɝɞɎɑəəɚɕ ɖɚɝɞəɚɕ ɞɖɌəɨɪ, əɑ-

ɝɘɚɞɜɫ əɌ ɞɚ, ɣɞɚ Ɏ Ɏɑɜɡəɑɣɑɗɪɝɞəɚɕ ɛɌɓɟɡɑ 

ɓɌɘɑɥɑəɔɑ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ 

ɚɜɏɌəɔɣɑɝɖɚɕ ɖɚɝɞəɚɕ ɞɖɌəɨɪ ɘɚɒɑɞ ɛɜɚɔɝ-

ɡɚɐɔɞɨ ɔ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ ɔɘɛɗɌəɞɌɢɔɔ ɔ əɑ 

ɎɝɑɏɐɌ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɟɜɚɎəɪ ɎɧɒɔɎɌɑɘɚɝɞɔ 

ɔɘɛɗɌəɞɌɞɚɎ [5, 6]. ȺɐəɌɖɚ Ɏɝɑ ɑɥɑ ɝɟɥɑ-

ɝɞɎɟɑɞ ɐɔɝɖɟɝɝɔɫ ɚ ɗɟɣɤɑɘ ɍɔɚɘɌɞɑɜɔɌɗɑ ɔɗɔ 

ɖɚɘɍɔəɌɢɔɔ ɍɔɚɘɌɞɑɜɔɌɗɚɎ Ɏ ɚɞəɚɤɑəɔɔ 

ɡɔɜɟɜɏɔɔ ɝɔəɟɝɌ [7]. 

ȯɜɟɛɛɧ ɘɌɞɑɜɔɌɗɚɎ ɐɗɫ ɛɜɚɎɑɐɑəɔɫ 

ɖɚɝɞəɚɕ ɛɗɌɝɞɔɖɔ ɎɖɗɪɣɌɪɞ Ɏ ɝɑɍɫ Ɍɟɞɚɏɑə-

əɧɑ, Ɍɗɗɚɏɑəəɧɑ, ɖɝɑəɚɏɑəəɧɑ, ɝɔəɞɑɞɔɣɑ-

ɝɖɔɑ (ɌɗɗɚɛɗɌɝɞɔɣɑɝɖɔɑ) ɚɝɞɑɚɛɗɌɝɞɔɣɑɝɖɔɑ 

ɘɌɞɑɜɔɌɗɧ [8]. ȹɌɜɫɐɟ ɝ ɞɎɑɜɐɧɘɔ, ɏɟɍɣɌɞɧ-

ɘɔ, ɏɜɌəɟɗɫɜəɧɘɔ ɔ ɛɚɜɚɤɖɚɚɍɜɌɓəɧɘɔ 

ɚɝɞɑɚɛɗɌɝɞɔɣɑɝɖɔɘɔ ɘɌɞɑɜɔɌɗɌɘɔ, ɔɝɛɚɗɨɓɟ-

ɑɘɧɘɔ ɐɗɫ ɖɚɝɞəɚɕ ɌɟɏɘɑəɞɌɢɔɔ, ɜɌɓɜɌɍɌ-

ɞɧɎɌɪɞɝɫ ɞɌɖɒɑ ɘɌɞɑɜɔɌɗɧ Ɏ Ɏɔɐɑ ɏɑɗɑɕ, 

ɛɚɓɎɚɗɫɪɥɔɑ ɓɌɛɚɗəɫɞɨ ɐɑɠɑɖɞɧ ɝɗɚɒəɚɕ 

ɖɚəɠɔɏɟɜɌɢɔɔ, ɖɚɞɚɜɧɑ ɚɍɜɌɓɟɪɞɝɫ Ɏ ɜɑ-

ɓɟɗɨɞɌɞɑ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ ɔɗɔ ɡɔ-

ɜɟɜɏɔɣɑɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ əɌ ɣɑɗɪɝɞɫɡ 

ɔɗɔ ɐɜɟɏɔɡ ɖɚɝɞɫɡ ɗɔɢɑɎɚɏɚ ɝɖɑɗɑɞɌ [9].  

ȻɑɜɝɛɑɖɞɔɎəɧɘ ɘɌɞɑɜɔɌɗɚɘ ɐɗɫ ɝɚɓɐɌ-

əɔɫ ɏɑɗɫ Ɏ ɖɌɣɑɝɞɎɑ ɚɝəɚɎɧ ɐɗɫ ɝɚɓɐɌəɔɫ 

ɚɝɞɑɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ ɫɎɗɫɑɞɝɫ ɏɔɌ-

ɗɟɜɚəɚɎɌɫ ɖɔɝɗɚɞɌ. Ȯ ɗɔɞɑɜɌɞɟɜɑ ɚɛɔɝɌəɧ 

ɛɜɚɞɔɎɚɎɚɝɛɌɗɔɞɑɗɨəɚɑ ɔ ɍɌɖɞɑɜɔɚɝɞɌɞɔɣɑ-

ɝɖɚɑ ɐɑɕɝɞɎɔɫ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ, ɑɑ 

ɛɜɚɠɔɗɌɖɞɔɣɑɝɖɔɑ ɔ ɌɖɞɔɎəɧɑ ɗɑɣɑɍəɧɑ 

ɩɠɠɑɖɞɧ [10]. ȻɚɖɌɓɌəɚ ɑɑ ɓəɌɣɑəɔɑ Ɏ ɝɚ-

ɖɜɌɥɑəɔɔ ɝɜɚɖɚɎ ɎɚɝɝɞɌəɚɎɗɑəɔɫ ɞɖɌəɑɕ 

ɛɜɔ ɛɜɚɏɜɑɝɝɔɜɟɪɥɔɡ ɎɚɝɛɌɗɔɞɑɗɨəɚ-

ɐɔɝɞɜɚɠɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɌɡ Ɏ ɞɖɌəɫɡ ɛɌɜɚ-

ɐɚəɞɌ, Ɏ ɞɚɘ ɣɔɝɗɑ ɝɜɚɖɚɎ ɜɑɏɑəɑɜɌɢɔɔ ɞɖɌ-

əɑɕ Ɏ ɛɌɜɚɐɚəɞɌɗɨəɧɡ ɖɌɜɘɌəɌɡ, ɓɌɛɚɗəɑəɔɫ 

ɐɑɠɑɖɞɌ ɛɚɗəɚɢɑəəɚɕ ɖɚɝɞəɚɕ ɞɖɌəɨɪ ɛɚɝɗɑ 

ɟɐɌɗɑəɔɫ ɓɟɍɌ ɔɗɔ ɜɑɓɑɖɢɔɔ Ɏɑɜɡɟɤɖɔ ɖɚɜəɫ, 

ɛɜɔ ɎɚɝɝɞɌəɚɎɗɑəɔɔ ɘɫɏɖɔɡ ɞɖɌəɑɕ ɛɚɝɗɑ ɡɔ-

ɜɟɜɏɔɣɑɝɖɔɡ ɎɘɑɤɌɞɑɗɨɝɞɎ. ȭɗɌɏɚɐɌɜɫ ɤɔ-

ɜɚɖɚɘɟ ɝɛɑɖɞɜɟ ɩɠɠɑɖɞɚɎ ɘɌɖɜɚɘɚɗɑɖɟɗɌ 

ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ ɛɚɗɟɣɔɗɌ ɤɔɜɚɖɚɑ 

ɛɜɔɘɑəɑəɔɑ ɔ Ɏ çɖɚəɝɑɜɎɌɞɔɎəɚɕè ɛɌɜɚɐɚə-

ɞɚɗɚɏɔɔ ɛɜɔ ɔəɦɑɖɢɔɚəəɚɘ ɘɚɐɑɗɔɜɚɎɌəɔɔ 

ɐɑɠɑɖɞɚɎ ɞɖɌəɑɕ ɘɑɒɓɟɍəɧɡ ɝɚɝɚɣɖɚɎ ɔ 

əɌɐɗɑɒɌɥɑɕ ɣɌɝɞɔ ɐɑɝəɧ Ɏɧɤɑ ɐɑɝɑəəɚɏɚ 

ɓɑəɔɞɌ [11, 12]. ȶɜɚɘɑ ɩɞɚɏɚ, ɐɚɖɌɓɌəɚ ɟɗɟɣ-

ɤɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ ɛɜɚɢɑɐɟɜɧ ɌɟɏɘɑəɞɌɢɔɔ 

ɖɚɝɞəɧɡ ɐɑɠɑɖɞɚɎ ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɖɚɘ-

ɍɔəɌɢɔɔ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ ɝ ɚɝɞɑɚɛɗɌ-

ɝɞɔɣɑɝɖɔɘɔ ɘɌɞɑɜɔɌɗɌɘɔ [13].  

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɔɘɑɪɞɝɫ ɑɐɔəɔɣəɧɑ 

ɝɚɚɍɥɑəɔɫ ɚɍ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ ɔɝɝɗɑɐɚ-

ɎɌəɔɫɡ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ ɛɜɔ ɎɚɝɝɞɌ-

əɚɎɗɑəɔɔ ɖɚɝɞəɧɡ ɐɑɠɑɖɞɚɎ. ȺɐəɌɖɚ ɑɑ ɜɚɗɨ 

Ɏ ɎɚɝɝɞɌəɚɎɗɑəɔɔ ɔ ɓɌɒɔɎɗɑəɔɔ ɖɚɝɞəɚɕ 

ɞɖɌəɔ ɫɎɗɫɑɞɝɫ ɌɖɞɟɌɗɨəɚɕ ɞɑɘɚɕ ɐɗɫ ɔɓɟɣɑ-

əɔɫ ɔ ɎɧɓɧɎɌɑɞ ɍɚɗɨɤɚɕ ɔəɞɑɜɑɝ ɟ ɟɣɑəɧɡ 

[14]. ȴɝɛɚɗɨɓɚɎɌəɔɑ ɑɑ Ɏ ɡɔɜɟɜɏɔɔ ɛɜɔ ɝɔəɟɝ-

ɗɔɠɞɔəɏɑ ð  ɝɞɌəɐɌɜɞəɚɕ ɛɜɚɢɑɐɟɜɑ əɌ ɝɑɏɚ-

ɐəɫɤəɔɕ ɐɑəɨ ð ɛɜɑɐɗɌɏɌɑɞ ɘəɚɏɚɣɔɝɗɑəəɧɑ 

ɛɜɑɔɘɟɥɑɝɞɎɌ ɖɌɖ ɐɗɫ ɡɔɜɟɜɏɌ, ɞɌɖ ɔ ɐɗɫ 

ɛɌɢɔɑəɞɌ [15].  

ȺȺȺ çȷɌɍɚɜɌɞɚɜɔɫ ȾȺȽȶȬȹȴè (ȼɚɝɝɔɫ) 

ɛɜɚɔɓɎɚɐɔɞ ɝɑɜɔɪ ɍɔɚɌɖɞɔɎəɧɡ ɛɜɑɛɌɜɌɞɚɎ 

çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜè əɌ ɚɝəɚɎɑ ɘɚɐɔɠɔɢɔ-

ɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ, ɖɚɞɚɜɧɑ 

ɝɚɐɑɜɒɌɞ ɝɞɌɍɔɗɔɓɔɜɚɎɌəəɧɑ ɝɚɗɔ ɏɔɌɗɟɜɚ-

əɚɎɚɕ ɖɔɝɗɚɞɧ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɔ ɚɣɔɝɞɖɔ əɑ-

ɒɔɎɚɞəɚɏɚ ɛɜɚɔɝɡɚɒɐɑəɔɫ Ɏ ɖɚɘɍɔəɌɢɔɔ ɝ 

ɌɝɖɚɜɍɔɗɠɚɝɠɌɞɚɘ ɔ ɛɜɚɞɑɔəɚɏɑəəɧɘɔ Ɍɘɔ-

əɚɖɔɝɗɚɞɌɘɔ. ȬɝɖɚɜɍɔɗɠɚɝɠɌɞ Ɏɧɛɚɗəɫɑɞ 

ɜɚɗɨ çɝɤɔɎɌɞɑɗɫè ɝɚɗɑɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚ-

ɞɧ, ɔəɏɔɍɔɞɚɜɌ ɏɔɌɗɟɜɚəɔɐɌɓ ɔ Ɍəɞɔɚɖɝɔ-

ɐɌəɞɌ. Ȼɜɚɞɑɔəɚɏɑəəɧɑ Ɍɘɔəɚɖɔɝɗɚɞɧ Ɏɡɚ-

ɐɫɞ Ɏ ɝɚɝɞɌɎ ɚɝəɚɎəɧɡ ɍɑɗɖɚɎ ɘɑɒɖɗɑɞɚɣəɚɏɚ 

ɘɌɞɜɔɖɝɌ ɝɚɑɐɔəɔɞɑɗɨəɚɔ↑ ɞɖɌəɔ, əɚ, ɛɜɑɒɐɑ 

Ɏɝɑɏɚ, ɝɞɔɘɟɗɔɜɟɪɞ ɝɔəɞɑɓ ɖɚɗɗɌɏɑəɌ ɔ ɐɜɟ-

ɏɔɡ ɖɌɜɖɌɝəɧɡ ɍɑɗɖɚɎ ɘɌɞɜɔɖɝɌ. Ȼɜɔɝɟɞ-

ɝɞɎɔɑ ɏɔɌɗɟɜɚəɌɞɌ ɝɚɓɐɌɑɞ ɚɛɞɔɘɌɗɨəɟɪ ɝɜɑ-

ɐɟ ɐɗɫ əɚɜɘɌɗɨəɚɏɚ ɠɟəɖɢɔɚəɔɜɚɎɌəɔɫ ɠɔɍ-

ɜɚɍɗɌɝɞɚɎ ɔ/ɔɗɔ ɚɝɞɑɚɍɗɌɝɞɚɎ, ɝɔəɞɑɓɔɜɟɪ-

ɥɔɡ ɍɑɗɖɔ ɘɌɞɜɔɖɝɌ.  
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ȶɚɘɛɌəɔɫ Geistlich (ɄɎɑɕɢɌɜɔɫ) ɛɜɚɔɓ-

Ɏɚɐɔɞ əɌɞɟɜɌɗɨəɧɕ ɖɚɝɞəɧɕ ɘɌɞɑɜɔɌɗ Ɏɧɝɚ-

ɖɚɕ ɝɞɑɛɑəɔ ɚɣɔɝɞɖɔ çBio-Ossè, ɛɚɗɟɣɌɑɘɧɕ 

ɔɓ ɖɚɝɞəɚɕ ɞɖɌəɔ ɖɜɟɛəɚɏɚ ɜɚɏɌɞɚɏɚ ɝɖɚɞɌ ɔ 

ɝɞɔɘɟɗɔɜɟɪɥɔɕ ɚɍɜɌɓɚɎɌəɔɑ ɔ ɛɜɚɜɌɝɞɌəɔɑ 

əɚɎɚɕ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɟɣɌɝɞɖɑ ɌɟɏɘɑəɞɌɢɔɔ, 

Ɍ ɞɌɖɒɑ ɐɎɟɡɝɗɚɕəɟɪ ɖɚɗɗɌɏɑəɚɎɟɪ ɘɑɘɍɜɌ-

əɟ çBio-Gideè, ɝɚɝɞɚɫɥɟɪ ɔɓ ɝɎɔəɚɏɚ ɖɚɗɗɌɏɑ-

əɌ I ɔ III ɞɔɛɚɎ ɔ ɚɍɗɌɐɌɪɥɟɪ Ɏɧɝɚɖɚɕ ɍɔɚ-

ɗɚɏɔɣɑɝɖɚɕ ɝɚɎɘɑɝɞɔɘɚɝɞɨɪ. 

 Ȼɜɔ ɛɗɌəɔɜɚɎɌəɔɔ ɖɚɝɞəɚ-

ɜɑɖɚəɝɞɜɟɖɞɔɎəɧɡ ɚɛɑɜɌɢɔɕ ɟ ɛɌɢɔɑəɞɚɎ ɝ 

ɐɑɠɔɢɔɞɚɘ ɖɚɝɞəɚɕ ɞɖɌəɔ ɣɑɗɪɝɞɑɕ ɚɝəɚɎ-

əɟɪ ɞɜɟɐəɚɝɞɨ ɛɜɑɐɝɞɌɎɗɫɑɞ Ɏɧɍɚɜ əɑɚɍɡɚ-

ɐɔɘɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɖɚɝɞəɚ-ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌ-

ɞɑɜɔɌɗɌ ɔ ɚɛɜɑɐɑɗɑəɔɑ ɛɜɌɎɔɗɨəɚɝɞɔ ɑɏɚ 

ɜɌɝɛɚɗɚɒɑəɔɫ. Ȼɜɔ ɩɞɚɘ ɟ Ɏɝɑɡ ɛɌɢɔɑəɞɚɎ ɛɚ 

ɜɑɓɟɗɨɞɌɞɌɘ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɠɔɔ ɔɓɘɑɜɔɞɨ 

ɛɌɜɌɘɑɞɜɧ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ 

ɣɑɗɪɝɞɔ, Ɍ ɞɌɖɒɑ ɚɛɜɑɐɑɗɔɞɨ ɝɚɝɞɚɫəɔɑ 

Ɏɑɜɡəɑɣɑɗɪɝɞəɧɡ ɛɌɓɟɡ əɑɎɚɓɘɚɒəɚ. Ȯɧɝɚ-

ɖɚɞɑɡəɚɗɚɏɔɣəɧɑ ɗɟɣɑɎɧɑ ɘɑɞɚɐɧ ɞɌɖɔɑ, ɖɌɖ 

ɖɚəɟɝəɚ-ɗɟɣɑɎɌɫ ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ, 

ɛɜɑɐɚɝɞɌɎɗɫɪɞ əɌɘ Ɏɚɓɘɚɒəɚɝɞɨ ɞɚɣəɚɕ 

ɚɢɑəɖɔ Ɏɝɑɡ ɛɌɜɌɘɑɞɜɚɎ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɏɜɑɍ-

əɫ Ɏ ɘɑɝɞɑ ɛɗɌəɔɜɟɑɘɚɕ ɔɘɛɗɌəɞɌɢɔɔ, ɣɞɚ 

ɛɚɓɎɚɗɫɑɞ ɍɚɗɑɑ ɞɚɣəɚ ɚɛɜɑɐɑɗɫɞɨ ɛɚɖɌɓɌəɔɫ, 

ɎɧɍɔɜɌɞɨ ɘɑɞɚɐɔɖɟ ɜɑɖɚəɝɞɜɟɖɞɔɎəɚɕ ɚɛɑ-

ɜɌɢɔɔ ɔ ɚɢɑəɔɎɌɞɨ əɑɚɍɡɚɐɔɘɧɕ ɐɗɫ ɩɞɚɏɚ 

ɚɍɦɑɘ ɖɚɝɞəɚ-ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ. 

 ȸɑɞɚɐɧ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɔɘɑɪɞ 

ɜɑɤɌɪɥɑɑ ɓəɌɣɑəɔɑ Ɏ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɘ 

ɛɗɌəɔɜɚɎɌəɔɔ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɔɡ ɚɛɑɜɌ-

ɢɔɕ, Ɍ ɞɌɖɒɑ Ɏ ɖɚəɞɜɚɗɑ ɔɡ ɩɠɠɑɖɞɔɎəɚɝɞɔ 

əɌ ɛɚɝɗɑɚɛɑɜɌɢɔɚəəɧɡ ɩɞɌɛɌɡ ɛɑɜɑɐ ɐɑə-

ɞɌɗɨəɚɕ ɔɘɛɗɌəɞɌɢɔɑɕ. ȾɜɌɐɔɢɔɚəəɚ ɜɑəɞ-

ɏɑəɚɗɚɏɔɣɑɝɖɔɕ ɖɚəɞɜɚɗɨ ɝɚɝɞɚɫəɔɫ ɚɍɗɌɝɞɔ 

ɜɑɖɚəɝɞɜɟɖɞɔɎəɚ-ɎɚɝɝɞɌəɚɎɔɞɑɗɨəɚɕ ɚɛɑɜɌ-

ɢɔɔ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɞɜɔɒɐɧ: ɛɑɜɑɐ ɩɞɌɛɚɘ 

ɟɝɞɌəɚɎɖɔ ɔɘɛɗɌəɞɌɞɚɎ ð ɐɚ Ɏɧɛɚɗəɑəɔɫ ɜɑ-

ɖɚəɝɞɜɟɖɞɔɎəɚɕ ɚɛɑɜɌɢɔɔ, ɝɜɌɓɟ ɛɚɝɗɑ ɚɛɑ-

ɜɌɢɔɔ ɔ əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɛɑɜɑɐ ɐɑəɞɌɗɨəɚɕ 

ɔɘɛɗɌəɞɌɢɔɑɕ (ɖɌɖ ɛɜɌɎɔɗɚ, ɝɛɟɝɞɫ 6 ɘɑɝɫ-

ɢɑɎ). 

 ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ.  

ȻɚɎɧɤɑəɔɑ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɐɑəɞɌɗɨəɚɕ 

ɔɘɛɗɌəɞɌɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɛɚɞɑɜɑɕ ɓɟɍɚɎ ɔ 

əɑɐɚɝɞɌɞɚɣəɧɘ ɚɍɦɑɘɚɘ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɍɚ-

ɖɚɎɧɡ ɚɞɐɑɗɌɡ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ ɛɟɞɑɘ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɫ ɖɚɘɛɚɓɔɢɔɔ ɖɝɑəɚɏɑəəɚɏɚ ɖɚɝɞ-

əɚɓɌɘɑɥɌɪɥɑɏɚ ɘɌɞɑɜɔɌɗɌ  ɔ ɛɜɑɛɌɜɌɞɚɎ 

ɍɔɚɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚ-

ɞɧ. 

 ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ.  

 ȹɌ ɍɌɓɑ ɖɌɠɑɐɜɧ ɡɔɜɟɜɏɔɣɑɝɖɚɕ ɝɞɚ-

ɘɌɞɚɗɚɏɔɔ ȴəɝɞɔɞɟɞɌ ɝɞɚɘɌɞɚɗɚɏɔɔ ȽɑɣɑəɚɎ-

ɝɖɚɏɚ ɟəɔɎɑɜɝɔɞɑɞɌ ɔ ȯȬȿȳ ȸȺ çȸɧɞɔɥɔə-

ɝɖɌɫ ɜɌɕɚəəɌɫ ɝɞɚɘɌɞɚɗɚɏɔɣɑɝɖɌɫ ɛɚɗɔɖɗɔ-

əɔɖɌè ɛɜɚɎɑɐɑəɚ ɖɗɔəɔɖɚ-

ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ 27 ɛɌɢɔɑə-

ɞɚɎ ɘɟɒɝɖɚɏɚ ɔ ɒɑəɝɖɚɏɚ ɛɚɗɌ (ɝɜɑɐəɔɕ Ɏɚɓ-

ɜɌɝɞ ɝɚɝɞɌɎɔɗ 52Ñ9,2 ɏɚɐɌ) ɝ ɣɌɝɞɔɣəɚɕ ɛɚɞɑ-

ɜɑɕ ɓɟɍɚɎ ɔ ɐɑɠɔɢɔɞɚɘ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɐɔ-

ɝɞɌɗɨəɧɡ ɚɞɐɑɗɌɡ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ,  ɚɍɟɝɗɚɎ-

ɗɑəəɧɘ əɔɓɖɔɘ ɜɌɝɛɚɗɚɒɑəɔɑɘ ɐəɌ Ɏɑɜɡəɑ-

ɣɑɗɪɝɞəɚɏɚ ɝɔəɟɝɌ, ɖɚɞɚɜɧɘ ɛɗɌəɔɜɚɎɌɗɚɝɨ 

ɔɓɏɚɞɚɎɗɑəɔɑ ɚɜɞɚɛɑɐɔɣɑɝɖɔɡ ɖɚəɝɞɜɟɖɢɔɔ↑ ɝ 

ɚɛɚɜɚɕ əɌ ɐɑəɞɌɗɨəɧɑ ɔɘɛɗɌəɞɌɞɧ. ȻɌɢɔɑə-

ɞɧ ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ ɜɌɝɛɜɑɐɑɗɫɗɔɝɨ əɌ 

ɞɜɔ ɏɜɟɛɛɧ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɜɑɛɌɜɌɞɌ, ɔɝ-

ɛɚɗɨɓɟɑɘɚɏɚ ɐɗɫ ɝɘɑɤɔɎɌəɔɫ ɝ ɖɚɝɞəɚɛɗɌ-

ɝɞɔɣɑɝɖɔɘ ɘɌɞɑɜɔɌɗɚɘ. ȻɌɢɔɑəɞɌɘ 1 ɏɜɟɛɛɧ 

ɛɜɚɎɚɐɔɗɔ ɚɛɑɜɌɢɔɪ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɖɝɑəɚɏɑəəɚɏɚ 

ɚɝɞɑɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-Ossè ɔ 

ɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ ɜɌɝɞɎɚɜɌ. ȻɌɢɔɑəɞɌɘ 2 

ɏɜɟɛɛɧ ð ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɘɌ-

ɞɑɜɔɌɗɌ çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɌ ɍɔɚɘɚɐɔɠɔ-

ɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ çȰɑəɞɌɗ 

ȯɔɌɗɜɔɛɌɕɑɜ-02è, 3 ɏɜɟɛɛɧ ð ɝ ɔɝɛɚɗɨɓɚɎɌəɔ-

ɑɘ ɖɚɘɛɚɓɔɢɔɔ çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɌ ɍɔɚɘɚ-

ɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ 

çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-10è. ȻɜɚɎɑɐɑəɔɑ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ ɚɐɚɍɜɑəɚ ɗɚɖɌɗɨəɧɘ ɩɞɔɣɑɝɖɔɘ ɖɚ-

ɘɔɞɑɞɚɘ. 

 ȹɌ ɩɞɌɛɑ ɛɗɌəɔɜɚɎɌəɔɫ ɗɑɣɑəɔɫ Ɏɝɑɘ 

ɛɌɢɔɑəɞɌɘ ɛɜɚɎɚɐɔɗɔ ɖɚəɟɝəɚ-ɗɟɣɑɎɟɪ ɖɚɘ-

ɛɨɪɞɑɜəɟɪ ɞɚɘɚɏɜɌɠɔɪ (ȶȷȶȾ) ɣɑɗɪɝɞɑɕ ɝ 

ɢɑɗɨɪ ɚɢɑəɖɔ ɛɌɜɌɘɑɞɜɚɎ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞ-

ɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ, Ɍ ɞɌɖɒɑ ɚɛɜɑɐɑɗɑ-

əɔɫ ɝɚɝɞɚɫəɔɫ Ɏɑɜɡəɑɣɑɗɪɝɞəɧɡ ɛɌɓɟɡ (Ɍɛ-

ɛɌɜɌɞɧ Vatech, Planmeca). ȺɢɑəɖɌ ɝɚɝɞɚɫəɔɫ 

ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ 

ɛɜɑɐɛɚɗɌɏɌɗɌ ɟɞɚɣəɑəɔɑ ɑɏɚ ɜɌɓɘɑɜɚɎ (Ɏɧɝɚ-

ɞɧ ɔ ɞɚɗɥɔəɧ), Ɍ ɞɌɖɒɑ əɌɗɔɣɔɑ Ɏ əɑɘ ɔɓɘɑ-

əɑəɔɕ, ɞɜɑɍɟɪɥɔɡ ɝɌəɌɢɔɔ (ɖɚɜəɔ ɓɟɍɚɎ, ɖɔ-

ɝɞɧ, ɚɝɞɌɞɖɔ ɛɗɚɘɍɔɜɚɎɚɣəɚɏɚ ɘɌɞɑɜɔɌɗɌ ɔ 

ɞ.ɐ.). ȺɢɑəɖɌ ɝɚɝɞɚɫəɔɫ Ɏɑɜɡəɑɣɑɗɪɝɞəɧɡ 

ɛɌɓɟɡ ɛɜɑɐɟɝɘɌɞɜɔɎɌɗɌ əɑ ɞɚɗɨɖɚ ɎɧɫɎɗɑəɔɑ 

ɛɌɞɚɗɚɏɔɔ Ɏɑɜɡəɑɣɑɗɪɝɞəɚɕ ɛɌɓɟɡɔ, əɚ ɔ 

ɚɛɜɑɐɑɗɑəɔɑ ɌəɌɞɚɘɔɣɑɝɖɔɡ ɚɝɚɍɑəəɚɝɞɑɕ 

ɝɞɜɚɑəɔɫ ɛɌɓɟɡɔ (əɌɛɜɔɘɑɜ, əɌɗɔɣɔɑ ɔ ɜɌɝ-

ɛɚɗɚɒɑəɔɑ ɖɜɔɛɞ). ȰɌɗɑɑ Ɏɝɑɘ Ɏɖɗɪɣɑəəɧɘ Ɏ 

ɔɝɝɗɑɐɚɎɌəɔɑ ɛɌɢɔɑəɞɌɘ Ɏɧɛɚɗəɫɗɔ ɚɛɑɜɌ-

ɢɔɪ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɝɞ-

əɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ Ɏ ɖɚɘɍɔəɌɢɔɔ ɝ 

ɠɔɓɔɚɗɚɏɔɣɑɝɖɔɘ ɜɌɝɞɎɚɜɚɘ ɔɗɔ ɛɜɑɛɌɜɌɞɌ-

ɘɔ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ. Ȼɚɝɗɑ ɡɔɜɟɜɏɔɣɑ-

ɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ ɛɌɢɔɑəɞɌɘ əɌɓəɌɣɌɗɔ 

ɖɟɜɝ ɌəɞɔɍɔɚɞɔɖɚɞɑɜɌɛɔɔ, ɛɚɗɑɚɛɑɜɌɢɔɚə-

əɧɕ ɛɑɜɔɚɐ Ɏɚ Ɏɝɑɡ ɝɗɟɣɌɫɡ ɛɜɚɡɚɐɔɗ ɍɗɌɏɚ-

ɛɜɔɫɞəɚ. ȽɜɌɓɟ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ Ɏɧɛɚɗəɫɗɔ 

ɖɚəɞɜɚɗɨəɚɑ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɠɔɣɑɝɖɚɑ ɔɝɝɗɑ-

ɐɚɎɌəɔɑ (ȺȻȾȯ) ɝ ɢɑɗɨɪ ɚɢɑəɖɔ ɛɜɌɎɔɗɨəɚ-

ɝɞɔ ɜɌɝɛɚɗɚɒɑəɔɫ ɖɚɝɞəɚ-ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌ-

ɞɑɜɔɌɗɌ, ɝɞɑɛɑəɔ ɛɜɔɗɑɏɌəɔɫ ɖ ɝɞɑəɖɌɘ ɛɌ-

ɓɟɡɔ, ɑɏɚ ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɔɡ ɝɎɚɕɝɞɎ Ɏ ɓɌɎɔ-

ɝɔɘɚɝɞɔ ɚɞ ɎɔɐɌ, Ɍ ɞɌɖɒɑ ɝɚɝɞɚɫəɔɫ Ɏɑɜɡəɑ-
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ɣɑɗɪɝɞəɚɕ ɛɌɓɟɡɔ. Ȼɚ ɛɜɚɤɑɝɞɎɔɔ 5-6 ɘɑɝɫ-

ɢɑɎ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ ɝɔəɟɝ-ɗɔɠɞɔəɏ əɑɛɚ-

ɝɜɑɐɝɞɎɑəəɚ ɛɑɜɑɐ ɟɝɞɌəɚɎɖɚɕ ɔɘɛɗɌəɞɌɞɚɎ 

ɛɌɢɔɑəɞɌɘ ɛɜɚɎɚɐɔɗɔ ɛɚɎɞɚɜəɟɪ ɖɚɘɛɨɪ-

ɞɑɜəɟɪ ɞɚɘɚɏɜɌɠɔɪ, ɛɚ ɐɌəəɧɘ ɖɚɞɚɜɚɕ 

ɚɛɜɑɐɑɗɫɗɔ ɛɌɜɌɘɑɞɜɧ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞ-

ɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ (ɤɔɜɔəɌ/ɎɧɝɚɞɌ), 

ɛɚɗɟɣɑəəɧɑ ɚɍɦɑɘ, ɚɐəɚɜɚɐəɚɝɞɨ, ɛɗɚɞəɚɝɞɨ 

ɔ ɝɞɜɟɖɞɟɜɟ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ, ɑɏɚ ɜɌɝɛɚɗɚɒɑ-

əɔɑ ɔ ɛɜɔɗɑɏɌəɔɑ ɚɖɜɟɒɌɪɥɑɕ ɖɚɝɞəɚɕ ɞɖɌ-

əɔ, Ɍ ɞɌɖɒɑ Ɏɚɓɘɚɒəɚɝɞɨ ɟɝɞɌəɚɎɖɔ Ɏ ɐɌə-

əɚɘ ɟɣɌɝɞɖɑ ɣɑɗɪɝɞɔ ɐɑəɞɌɗɨəɧɡ ɔɘɛɗɌəɞɌ-

ɞɚɎ. 

 ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ ɔ ɔɡ ɚɍ-

ɝɟɒɐɑəɔɑ. 

 ȾɜɌɐɔɢɔɚəəɚ ɝɣɔɞɌɑɞɝɫ, ɣɞɚ ɟɝɞɌəɚɎ-

ɖɌ ɔɘɛɗɌəɞɌɞɚɎ ɎɚɓɘɚɒəɌ ɞɚɗɨɖɚ ɛɚ ɔɝɞɑɣɑ-

əɔɔ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɝɔəɟɝ-ɗɔɠɞɔəɏɌ, əɑɚɍ-

ɡɚɐɔɘɧɡ ɐɗɫ ɍɔɚɐɑɏɜɌɐɌɢɔɔ ɖɚɝɞəɚɛɗɌɝɞɔ-

ɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ ɔ ɑɏɚ ɣɌɝɞɔɣəɚɏɚ ɓɌɘɑɥɑ-

əɔɫ ɝɚɍɝɞɎɑəəɚɕ ɖɚɝɞəɚɕ ɞɖɌəɨɪ. ȺɐəɌɖɚ 

ɐɗɫ əɌɝ ɚɝɚɍɧɕ ɔəɞɑɜɑɝ ɛɜɑɐɝɞɌɎɗɫɗɚ ɚɍəɌ-

ɜɟɒɔɞɨ ɍɚɗɑɑ ɜɌəəɑɑ ɠɚɜɘɔɜɚɎɌəɔɑ ɖɌɣɑ-

ɝɞɎɑəəɚɏɚ ɖɚɝɞəɚɏɚ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ Ɏ ɝɗɟɣɌɑ 

ɔɝɛɚɗɨɓɚɎɌəɔɫ ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚɛɗɌɝɞɔɣɑ-

ɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-Ossè ɔ ɛɜɑɛɌɜɌɞɚɎ 

çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-02è ɔ çȰɑəɞɌɗ ȯɔɌɗɜɔ-

ɛɌɕɑɜ-10è. 

 Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɛɜɚɎɑɐɑəəɚɔ↑ ɖɚɘɛɨɪ-

ɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ ɝɛɟɝɞɫ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ 

ɚɛɑɜɌɢɔɔ ɟ ɛɌɢɔɑəɞɚɎ 1 ɏɜɟɛɛɧ (çBio -Ossè + 

ɠɔɓ. ɜɌɝɞɎɚɜ) ɍɧɗɚ ɚɞɘɑɣɑəɚ ɛɗɚɞəɚɑ ɛɜɔɗɑ-

ɏɌəɔɑ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɖ ɚɖɜɟɒɌɪɥɔɘ ɖɚɝɞ-

əɧɘ ɝɞɑəɖɌɘ, ɚɐəɚɜɚɐəɌɫ ɝɞɜɟɖɞɟɜɌ ɚɝɞɑɚɜɑ-

ɏɑəɑɜɌɞɌ, ɚɐəɌɖɚ əɌɍɗɪɐɌɗɚɝɨ ɣɑɜɑɐɚɎɌəɔɑ  

əɑɓəɌɣɔɞɑɗɨəɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɛɗɚɞəɧɡ ɟɣɌɝɞ-

ɖɚɎ ɔ əɑɛɗɚɞəɧɡ ɟɣɌɝɞɖɚɎ (ɚɝɞɌɞɖɔ əɑɜɑɓɚɜ-

ɍɔɜɚɎɌəəɧɡ ɏɜɌəɟɗ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌ-

ɞɑɜɔɌɗɌ). Ƚɜɑɐəɫɫ ɛɗɚɞəɚɝɞɨ əɚɎɚɚɍɜɌɓɚɎɌə-

əɚɕ ɖɚɝɞəɚɕ ɞɖɌəɔ ɝɚɝɞɌɎɔɗɌ 1790Ñ250 

ɟɝɗɚɎəɧɡ ɑɐɔəɔɢ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞ-

ɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ 

ɝɚɝɞɌɎɗɫɗɌ Ɏ ɝɜɑɐəɑɘ 3,02Ñ0,51 ɘɘ, ɣɑɜɑɓ 6 

ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɕ ɚɛɑɜɌɢɔɔ ɎɧɝɚɞɌ 

ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑ-

əɑɜɌɞɌ ɝɚɝɞɌɎɔɗɌ 10,25Ñ0,42 ɘɘ, ɣɞɚ ɝɚɝɞɌ-

Ɏɔɗɚ 339% ɚɞ ɛɑɜɎɚəɌɣɌɗɨəɚɕ Ɏɧɝɚɞɧ.  

 ȿ ɛɌɢɔɑəɞɚɎ 2 ɏɜɟɛɛɧ (çBio-Ossè + 

çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-02è) ɔ 3 ɏɜɟɛɛɧ (çBio-

Ossè + çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-10è) ɝɛɟɝɞɫ 5-6 

ɘɑɝɫɢɑɎ ɞɌɖɒɑ ɍɧɗɚ ɚɞɘɑɣɑəɚ ɟɐɚɎɗɑɞɎɚɜɔ-

ɞɑɗɨəɚɑ ɝɚɝɞɚɫəɔɑ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌ-

ɞɑɜɔɌɗɌ, ɏɜɌəɟɗɧ ɑɏɚ ɛɗɚɞəɚ ɛɜɔɗɑɏɌɗɔ ɖ 

ɝɞɑəɖɌɘ. ȸɌɞɑɜɔɌɗ ɓɌ ɛɑɜɔɚɐ ɍɔɚɐɑɏɜɌɐɌɢɔɔ 

ɟ Ɏɝɑɡ ɛɌɢɔɑəɞɚɎ əɑ ɛɚɗəɚɝɞɨɪ ɓɌɘɑɝɞɔɗɝɫ 

əɌ ɝɚɍɝɞɎɑəəɟɪ ɖɚɝɞəɟɪ ɞɖɌəɨ, ɚ ɣɑɘ ɘɚɒəɚ 

ɝɟɐɔɞɨ ɛɚ əɑɚɐəɚɜɚɐəɚɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɚɎ, 

əɚ ɏɜɌəɔɢɧ ɘɑɒɐɟ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɔɘ ɘɌ-

ɞɑɜɔɌɗɚɘ ɔ ɖɚɝɞəɚɕ ɞɖɌəɨɪ ɍɧɗɔ əɑ ɝɞɚɗɨ 

ɫɎəɧɘɔ. Ȼɗɚɞəɚɝɞɨ əɚɎɚɚɍɜɌɓɚɎɌəəɚɏɚ 

ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɟ ɛɌɢɔɑəɞɚɎ 2 ɏɜɟɛɛɧ Ɏ 

ɝɜɑɐəɑɘ ɝɚɝɞɌɎɔɗɌ 1870Ñ320 ɟɝɗɚɎəɧɡ ɑɐɔ-

əɔɢ, ɟ ɛɌɢɔɑəɞɚɎ 3 ɏɜɟɛɛɧ ð 1840Ñ330. Ȯɧ-

ɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪ-

ɝɞɔ ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ ɟ ɛɌɢɔɑəɞɚɎ 3 ɏɜɟɛɛɧ 

ɝɚɝɞɌɎɗɫɗɌ Ɏ ɝɜɑɐəɑɘ 3,44Ñ0,3 ɘɘ, ɛɚɝɗɑ 

ɛɜɚɎɑɐɑəəɚɕ ɚɛɑɜɌɢɔɔ ɎɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ 

ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɟ ɛɌɢɔ-

ɑəɞɚɎ 3 ɏɜɟɛɛɧ ɝɚɝɞɌɎɔɗɌ 11,61Ñ0,38 ɘɘ, ɣɞɚ 

ɝɚɝɞɌɎɔɗɚ 337% ɚɞ ɛɑɜɎɚəɌɣɌɗɨəɚɕ ɤɔɜɔəɧ. 

ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑ-

ɗɪɝɞɔ ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ ɟ ɛɌɢɔɑəɞɚɎ 3 

ɏɜɟɛɛɧ ɝɚɝɞɌɎɗɫɗɌ 3,3Ñ0,25 ɘɘ, ɛɚɝɗɑ ɛɜɚɎɑ-

ɐɑəəɚɕ ɚɛɑɜɌɢɔɔ ɝɔəɟɝ-ɗɔɠɞɔəɏɌ ɎɧɝɚɞɌ 

ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑ-

əɑɜɌɞɌ ɟ ɛɌɢɔɑəɞɚɎ 3 ɏɜɟɛɛɧ ɝɚɝɞɌɎɔɗɌ 

11,23Ñ0,6 ɘɘ, ɣɞɚ ɝɚɝɞɌɎɔɗɚ 340% ɚɞ ɛɑɜɎɚ-

əɌɣɌɗɨəɚɕ Ɏɧɝɚɞɧ. 

 ȿ ɛɌɢɔɑəɞɚɎ Ɏɝɑɡ ɞɜɑɡ ɏɜɟɛɛ ɜɑəɞɏɑ-

əɚɝɑɘɔɚɞɔɣɑɝɖɔɑ ɝɎɚɔ↑ɝɞɎɌ ɖɚɝɞəɚ-

ɛɗɌɝɞɔɣɑɝɖɔɡ ɘɌɞɑɜɔɌɗɚɎ ɛɚɝɗɑ ɛɑɜɔɚɐɌ ɍɔ-

ɚɐɑɏɜɌɐɌɢɔɔ ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɔ ɡɌɜɌɖɞɑɜəɧɘ 

ɐɗɫ ɐɌəəɧɡ ɘɌɞɑɜɔɌɗɚɎ, ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɔ↑ 

ɐɗɫ ɛɜɚɎɑɐɑəɔɫ ɐɑəɞɌɗɨəɚɕ ɔɘɛɗɌəɞɌɢɔɔ 

ɎɧɫɎɗɑəɚ əɑ ɍɧɗɚ. ȺɐəɌɖɚ Ɏ ɜɫɐɑ ɝɗɟɣɌɑɎ Ɏ 

ɏɜɟɛɛɌɡ 2 ɔ 3 ɘɧ ɛɚɗɟɣɌɗɔ əɑɚɍɡɚɐɔɘɧɑ ɖɌ-

ɣɑɝɞɎɚ ɔ ɚɍɦɑɘ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ Ɏ ɍɚɗɑɑ ɜɌə-

əɔɑ ɝɜɚɖɔ (ɣɑɜɑɓ 5 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɡɔɜɟɜɏɔɣɑ-

ɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ əɌ Ɏɑɜɡəɑɣɑɗɪɝɞəɧɡ 

ɛɌɓɟɡɌɡ).  

 ȶɗɔəɔɣɑɝɖɔɕ ɛɜɔɘɑɜ ʈ 1 (ɛɌɢɔɑəɞ 

ɔɓ ɏɜɟɛɛɧ 1). 

 ȻɌɢɔɑəɞɖɌ ȸ., 49 ɗɑɞ, ɚɍɜɌɞɔɗɌɝɨ Ɏ 

ɖɗɔəɔɖɟ ɝ ɒɌɗɚɍɌɘɔ əɌ ɓɌɞɜɟɐəɑəəɧɕ ɛɜɔɑɘ 

ɛɔɥɔ. Ȼɜɔ ɖɗɔəɔɣɑɝɖɚɘ ɚɝɘɚɞɜɑ ɐɔɌɏəɚɝɞɔ-

ɜɚɎɌəɚ ɚɞɝɟɞɝɞɎɔɑ ɓɟɍɚɎ 15,16,17. Ƚɚ ɝɗɚɎ 

ɛɌɢɔɑəɞɖɔ ɓɟɍɧ ɟɐɌɗɑəɧ ɍɚɗɑɑ 9 ɗɑɞ əɌɓɌɐ. 

ȮɧɛɚɗəɑəɌ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ (ɜɔɝ. 1) ɔ ɖɚ-

əɟɝəɚ-ɗɟɣɑɎɌɫ ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɘɘɌ 

(ɜɔɝ. 2), ɛɚ ɐɌəəɧɘ ɖɚɞɚɜɧɡ ɚɛɜɑɐɑɗɑəɚ, ɣɞɚ 

ɎɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑ-

ɗɪɝɞɔ Ɏ ɚɍɗɌɝɞɔ ɚɞɝɟɞɝɞɎɟɪɥɔɡ ɓɟɍɚɎ ɝɚ-

ɝɞɌɎɗɫɑɞ 3,08 ɘɘ. ȻɜɚɎɑɐɑəɌ ɚɛɑɜɌɢɔɫ ɚɞ-

ɖɜɧɞɧɕ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ 

çBio-Ossè ɔ ɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ ɜɌɝɞɎɚɜɌ. ȽɜɌ-

ɓɟ ɛɚɝɗɑ ɡɔɜɟɜɏɔɣɑɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ Ɏɧ-

ɛɚɗəɑəɌ ɖɚəɞɜɚɗɨəɌɫ ȺȻȾȯ (ɜɔɝ. 3). Ƚɛɟɝɞɫ 6 

ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ ɎɧɛɚɗəɑəɌ ɛɚɎɞɚɜ-

əɌɫ ȶȷȶȾ (ɜɔɝ. 4). Ȼɚɗɟɣɑə ɐɚɝɞɌɞɚɣəɚ ɛɗɚɞ-

əɧɕ ɚɝɞɑɚɜɑɏɑəɑɜɌɞ, ɚɐəɚɜɚɐəɧɕ ɛɚ ɝɞɜɟɖ-

ɞɟɜɑ, ɚɞɘɑɣɌɗɔɝɨ əɑɓəɌɣɔɞɑɗɨəɧɑ Ɏɖɗɪɣɑəɔɫ 

ɣɌɝɞɔɢ əɑɜɑɓɚɜɍɔɜɚɎɌəəɚɏɚ ɖɚɝɞəɚ-

ɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ, ɛɗɚɞəɚɝɞɨ ɝɚɝɞɌɎ-

ɗɫɗɌ 1600-1800 ɟɝɗɚɎəɧɡ ɑɐɔəɔɢ. ȮɧɝɚɞɌ 

ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ ɝɚɝɞɌɎɗɫɗɌ 11,24 ɘɘ. 

ȹɌ ɐɌəəɧɕ ɘɚɘɑəɞ ɛɌɢɔɑəɞɖɌ əɌɡɚɐɔɞɝɫ əɌ 

ɩɞɌɛɑ ɟɝɞɌəɚɎɖɔ ɐɑəɞɌɗɨəɧɡ ɔɘɛɗɌəɞɌɞɚɎ. 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):105-114       DOI: 10.21569/2222-7415-2021-11-2-105-114                    110 
 

 

 

 

ȼɔɝ. 1 (Fig. 1) 

 

ȼɔɝ. 2 (Fig. 2)  

ȼɔɝ. 1.    ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ.  

ȻɌɢɔɑəɞɖɌ ȸ. ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ.  

Fig. 1.   OPTG. 

Patient ȸ. before treatment. 

ȼɔɝ. 2.   ȶȷȶȾ, ɖɜɚɝɝ-ɝɑɖɢɔɫ. 

ȻɌɢɔɑəɞɖɌ ȸ. ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ. ȮɧɝɚɞɌ ɌɗɨɎɑɚ-

ɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ ɝɚɝɞɌɎɗɫɑɞ 3,08 ɘɘ. 

Fig. 2.  CBCT, cross-section.  

Patient ȸ. before treatment. The height of the alveo-

lar process is 3,08 mm.  

 

ȼɔɝ. 3 (Fig. 3) 

 

ȼɔɝ. 4 (Fig. 4)  

ȼɔɝ. 3.    ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ.  

ȻɌɢɔɑəɞɖɌ ȸ. ɝɜɌɓɟ ɛɚɝɗɑ ɛɜɚɎɑɐɑəɔɫ ɚɛɑɜɌɢɔɔ 

ɝɔəɟɝ-ɗɔɠɞɔəɏ.  

Fig. 3.   OPTG. 

Patient ȸ. immediately after the sinus lift.  

ȼɔɝ. 4.   ȶȷȶȾ, ɖɜɚɝɝ-ɝɑɖɢɔɫ. 

ȻɌɢɔɑəɞɖɌ ȸ. ɣɑɜɑɓ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɜɚɎɑɐɑə-

əɚɕ ɚɛɑɜɌɢɔɔ ɝɔəɟɝ-ɗɔɠɞɔəɏ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜ-

əɚɏɚ ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɝɚɝɞɌɎ-

ɗɫɑɞ 11,24 ɘɘ.  

Fig. 4.  CBCT, cross-section . 

Patient ȸ. 6 months after the sinus lift. The height 

of the alveolar process in the area of the osteore-

generate is 11,24 mm.  
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ȶɗɔəɔɣɑɝɖɔɕ ɛɜɔɘɑɜ ʈ 2 (ɛɌɢɔɑəɞ ɔɓ 

ɏɜɟɛɛɧ 2). 

 ȻɌɢɔɑəɞ ȹ., 36 ɗɑɞ, ɚɍɜɌɞɔɗɝɫ Ɏ ɖɗɔ-

əɔɖɟ ɝ ɒɌɗɚɍɌɘɔ əɌ ɚɞɝɟɞɝɞɎɔɑ Ɏɑɜɡəɔɡ ɓɟ-

ɍɚɎ, ɩɝɞɑɞɔɣɑɝɖɔɕ ɐɑɠɑɖɞ ɔ ɓɌɞɜɟɐəɑəəɚɑ 

ɛɑɜɑɒɑɎɧɎɌəɔɑ ɛɔɥɔ. Ȼɜɔ ɖɗɔəɔɣɑɝɖɚɘ 

ɚɝɘɚɞɜɑ ɐɔɌɏəɚɝɞɔɜɚɎɌəɚ ɚɞɝɟɞɝɞɎɔɑ ɓɟɍɚɎ 

14,15,16.  Ƚɚ ɝɗɚɎ ɛɌɢɔɑəɞɌ ɓɟɍɧ ɟɐɌɗɑəɧ 

ɍɚɗɑɑ 5 ɗɑɞ əɌɓɌɐ. ȮɧɛɚɗəɑəɌ ɚɜɞɚɛɌəɞɚɘɚ-

ɏɜɌɘɘɌ (ɜɔɝ. 5) ɔ ɖɚəɟɝəɚ-ɗɟɣɑɎɌɫ ɖɚɘɛɨɪ-

ɞɑɜəɌɫ ɞɚɘɚɏɜɌɘɘɌ (ɜɔɝ. 6), ɛɚ ɐɌəəɧɘ ɖɚɞɚ-

ɜɧɡ  ɚɛɜɑɐɑɗɑəɚ,  ɣɞɚ  ɎɧɝɚɞɌ  ɌɗɨɎɑɚɗɫɜəɚɏɚ  

ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɔ↑ ɣɑɗɪɝɞɔ Ɏ ɚɍɗɌɝɞɔ ɚɞɝɟɞɐɑ-

əɌ ɚɛɑɜɌɢɔɫ ɚɞɖɜɧɞɧɕ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ   ɖɚɘɛɚɓɔɢɔɔ    ɚɝɞɑɚɛɗɌɝɞɔɣɑ- 

ɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio -Ossè ɔ ɛɜɑɛɌɜɌɞɌ ɍɔɚ-

ɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ 

çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-02è. ȽɜɌɓɟ ɛɚɝɗɑ ɡɔɜɟɜ-

ɏɔɣɑɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ ɎɧɛɚɗəɑəɌ ɖɚə-

ɞɜɚɗɨəɌɫ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ (ɜɔɝ. 7). Ƚɛɟɝɞɫ 

5,2 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ ɎɧɛɚɗəɑəɌ ɛɚ-

ɎɞɚɜəɌɫ ȶȷȶȾ (ɜɔɝ. 8). Ȼɚɗɟɣɑə ɛɗɚɞəɧɕ, ɚɐ-

əɚɜɚɐəɧɕ ɚɝɞɑɚɜɑɏɑəɑɜɌɞ, ɖɚɞɚɜɧɕ ɔɘɑɗ 

ɛɗɚɞəɟɪ əɑɚɐəɚɜɚɐəɟɪ ɝɞɜɟɖɞɟɜɟ, Ɏɧɐɑɗɫ-

ɪɥɟɪɝɫ əɌ ɠɚəɑ ɚɝɞɌɗɨəɧɡ ɝɞɜɟɖɞɟɜ ɖɚɝɞ-

əɚɕ ɞɖɌəɔ. Ȼɗɚɞəɚɝɞɨ ɝɚɝɞɌɎɗɫɗɌ 1700-1900 

ɟɝɗɚɎəɧɡ ɑɐɔəɔɢ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞ-

ɜɚɝɞɖɌ ɝɚɝɞɌɎɗɫɗɌ 12,05 ɘɘ. ȻɌɢɔɑəɞ 

 

ȼɔɝ. 5 (Fig. 5) 

 

ȼɔɝ. 6 (Fig. 6)  

ȼɔɝ. 5.    ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ.  

ȻɌɢɔɑəɞ ȹ. ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ.  

Fig. 5.   OPTG. 

Patient N. before treatment.  

ȼɔɝ. 6.   ȶȷȶȾ, ɖɜɚɝɝ-ɝɑɖɢɔɫ. 

ȻɌɢɔɑəɞ ȹ. ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ. ȮɧɝɚɞɌ ɌɗɨɎɑɚ-

ɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ ɝɚɝɞɌɎɗɫɑɞ 3,66 ɘɘ.  

Fig. 6.  CBCT, cross-section . 

Patient N. before treatment. The height of the alveo-

lar process is 3,66 mm.  

 

ȼɔɝ. 7 (Fig. 7) 

 

ȼɔɝ. 8 (Fig. 8)  

ȼɔɝ. 7.    ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ.  

ȻɌɢɔɑəɞ ȹ. ɝɜɌɓɟ ɛɚɝɗɑ ɛɜɚɎɑɐɑəɔɫ ɚɛɑɜɌɢɔɔ ɝɔ-

əɟɝ-ɗɔɠɞɔəɏ.  

Fig. 7.   OPTG. 

Patient N. immediately after the sinus lift.  

ȼɔɝ. 8.   ȶȷȶȾ, ɖɜɚɝɝ-ɝɑɖɢɔɫ. 

ȻɌɢɔɑəɞ ȹ. ɣɑɜɑɓ 5,2 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɕ 

ɚɛɑɜɌɢɔɔ ɝɔəɟɝ-ɗɔɠɞɔəɏ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ 

ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɝɚɝɞɌɎɗɫɑɞ 

12,05 ɘɘ.  

Fig. 8.  CBCT, cross-section . 

Patient N. 5,2 months after the sinus lift. The 

height of the alveolar process in the area of the os-

teoregenerate is 12,05 mm.  

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):105-114       DOI: 10.21569/2222-7415-2021-11-2-105-114                    112 
 

 

əɌɛɜɌɎɗɑə ɖ ɝɞɚɘɌɞɚɗɚɏɟ-ɔɘɛɗɌəɞɚɗɚɏɟ.  

ȶɗɔəɔɣɑɝɖɔɕ ɛɜɔɘɑɜ ʈ 3 (ɛɌɢɔɑəɞ ɔɓ 

ɏɜɟɛɛɧ 3).  

 Ⱦɚɞ ɒɑ ɛɌɢɔɑəɞ ȹ., 36 ɗɑɞ. Ȼɜɔ ɖɗɔ-

əɔɣɑɝɖɚɘ ɚɝɘɚɞɜɑ ɐɔɌɏəɚɝɞɔɜɚɎɌəɚ ɚɞɝɟɞ-

ɝɞɎɔɑ ɓɟɍɌ 26. Ƚɚ ɝɗɚɎ ɛɌɢɔɑəɞɌ ɓɟɍ ɟɐɌɗɑə 

ɍɚɗɑɑ 7 ɗɑɞ əɌɓɌɐ. ȮɧɛɚɗəɑəɌ ɚɜɞɚɛɌəɞɚɘɚ-

ɏɜɌɘɘɌ (ɜɔɝ. 9) ɔ ɖɚəɟɝəɚ-ɗɟɣɑɎɌɫ ɖɚɘɛɨɪ-

ɞɑɜəɌɫ ɞɚɘɚɏɜɌɘɘɌ (ɜɔɝ. 10), ɛɚ ɐɌəəɧɘ ɖɚ-

ɞɚɜɧɡ ɚɛɜɑɐɑɗɑəɚ, ɣɞɚ ɎɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ 

ɚɞɜɚɝɞɖɌ Ɏɑɜɡəɑɕ ɣɑɗɪɝɞɔ Ɏ ɚɍɗɌɝɞɔ ɚɞɝɟɞ-

ɝɞɎɟɪɥɑɏɚ  ɓɟɍɌ ɝɚɝɞɌɎɗɫɑɞ  2,78 ɘɘ.  ȻɜɚɎɑ- 

ɐɑəɌ ɚɛɑɜɌɢɔɫ ɚɞɖɜɧɞɧɕ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ 

ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚɛɗɌɝɞɔɣɑ-

ɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio -Ossè ɔ ɛɜɑɛɌɜɌɞɌ ɍɔɚ-

ɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ 

çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-10è. ȽɜɌɓɟ ɛɚɝɗɑ ɡɔɜɟɜ-

ɏɔɣɑɝɖɚɏɚ ɎɘɑɤɌɞɑɗɨɝɞɎɌ ɎɧɛɚɗəɑəɌ ɖɚə-

ɞɜɚɗɨəɌɫ ȺȻȾȯ (ɜɔɝ. 11). Ƚɛɟɝɞɫ 5,4 ɘɑɝɫɢɑɎ 

ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ ɎɧɛɚɗəɑəɌ ɛɚɎɞɚɜəɌɫ ȶȷȶȾ 

(ɜɔɝ. 12). ȸɌɞɑɜɔɌɗ ɓɌ ɛɑɜɔɚɐ ɍɔɚɐɑɏɜɌɐɌɢɔɔ 

ɛɜɌɖɞɔɣɑɝɖɔ ɛɚɗəɚɝɞɨɪ ɓɌɘɑɝɞɔɗɝɫ əɌ ɝɚɍ-

ɝɞɎɑəəɟɪ ɖɚɝɞəɟɪ ɞɖɌəɨ. Ȼɗɚɞəɚɝɞɨ ɝɚɝɞɌɎ-

ɗɫɗɌ 1800-1900 ɟɝɗɚɎəɧɡ ɑɐɔəɔɢ. ȮɧɝɚɞɌ 

 

ȼɔɝ. 9 (Fig. 9) 

 

ȼɔɝ. 10 (Fig. 10) 

ȼɔɝ. 9.    ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ.  

ȻɌɢɔɑəɞ ȹ. ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ.  

Fig. 9.   OPTG. 

Patient N. before treatment.  

ȼɔɝ. 10.   ȶȷȶȾ, ɖɜɚɝɝ-ɝɑɖɢɔɫ. 

ȻɌɢɔɑəɞ ȹ. ɐɚ əɌɣɌɗɌ ɗɑɣɑəɔɫ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜ-

əɚɏɚ ɚɞɜɚɝɞɖɌ ɝɚɝɞɌɎɗɫɑɞ 2,78 ɘɘ.  

Fig. 10.  CBCT, cross-section . 

Patient N. before treatment. The height of the alveo-

lar process is 2,78 mm.  

 

ȼɔɝ. 11 (Fig. 11)  

 

ȼɔɝ. 12 (Fig. 12)  

ȼɔɝ. 11.    ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌ.  

ȻɌɢɔɑəɞɖɌ ȹ. ɝɜɌɓɟ ɛɚɝɗɑ ɛɜɚɎɑɐɑəɔɫ ɚɛɑɜɌɢɔɔ 

ɝɔəɟɝ-ɗɔɠɞɔəɏ.  

Fig. 11.   OPTG. 

Patient N. immediately afte r the sinus lift.  

ȼɔɝ. 12.   ȶȷȶȾ, ɖɜɚɝɝ-ɝɑɖɢɔɫ. 

ȻɌɢɔɑəɞ ȹ. ɣɑɜɑɓ 5,4 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɕ 

ɚɛɑɜɌɢɔɔ ɝɔəɟɝ-ɗɔɠɞɔəɏ. ȮɧɝɚɞɌ ɌɗɨɎɑɚɗɫɜəɚɏɚ 

ɚɞɜɚɝɞɖɌ Ɏ ɚɍɗɌɝɞɔ ɚɝɞɑɚɜɑɏɑəɑɜɌɞɌ ɝɚɝɞɌɎɗɫɑɞ 

14,11 ɘɘ.  

Fig. 12.  CBCT, cross-section . 

Patient N. 5,4 months after  the sinus lift. The height 

of the alveolar process in the area of the osteoregen-

erate is 14,11 mm.  

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2021; 11 (2):105-114       DOI: 10.21569/2222-7415-2021-11-2-105-114                    113 
 

 

ɌɗɨɎɑɚɗɫɜəɚɏɚ ɚɞɜɚɝɞɖɌ ɝɚɝɞɌɎɗɫɗɌ 14,11 ɘɘ. 

ȻɌɢɔɑəɞ əɌɛɜɌɎɗɑə ɖ ɝɞɚɘɌɞɚɗɚɏɟ-

ɔɘɛɗɌəɞɚɗɚɏɟ.  

ȮɧɎɚɐɧ. 

ȺɍɚɍɥɌɫ Ɏɧɤɑɔɓɗɚɒɑəəɚɑ, ɘɚɒəɚ ɚɞ-

ɘɑɞɔɞɨ, ɣɞɚ ɚɛɑɜɌɢɔɫ ɝɔəɟɝ-ɗɔɠɞɔəɏ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɖɚɘɛɚɓɔɢɔɔ ɚɝɞɑɚɖɚəɐɟɖɞɔɎ-

əɚɏɚ ɖɚɝɞəɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-

Ossè ɔ ɛɜɑɛɌɜɌɞɚɎ ɍɔɚɘɚɐɔɠɔɢɔɜɚɎɌəəɚɕ 

ɏɔɌɗɟɜɚəɚɎɚɕ ɖɔɝɗɚɞɧ çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-

02è ɔ çȰɑəɞɌɗ ȯɔɌɗɜɔɛɌɕɑɜ-10è (ɏɜɟɛɛɧ 2 ɔ 3) 

ɝɚɛɜɚɎɚɒɐɌɑɞɝɫ ɍɚɗɑɑ ɓəɌɣɔɞɑɗɨəɧɘ ɛɚɎɧ-

ɤɑəɔɑɘ ɛɗɚɞəɚɝɞɔ ɖɚɝɞəɚɕ ɞɖɌəɔ Ɏ ɍɚɗɑɑ 

ɜɌəəɔɑ ɝɜɚɖɔ, əɑɒɑɗɔ ɌəɌɗɚɏɔɣəɌɫ ɚɛɑɜɌɢɔɫ 

ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɚɝɞɑɚɖɚəɐɟɖɞɔɎəɚɏɚ ɖɚɝɞ-

əɚɛɗɌɝɞɔɣɑɝɖɚɏɚ ɘɌɞɑɜɔɌɗɌ çBio-Ossè Ɏ ɖɚɘ-

ɍɔəɌɢɔɔ ɝ ɠɔɓɔɚɗɚɏɔɣɑɝɖɔɘ ɜɌɝɞɎɚɜɚɘ. 

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ  ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ɍɚɝəɚɎɌəɔɑ ɛɜɔɘɑəɑəɔɫ ɟɗɨɞɜɌɓɎɟɖɚɎɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚəɞɜɌɝɞ-

əɧɡ ɛɜɑɛɌɜɌɞɚɎ ɛɜɔ ɚɛɟɡɚɗɫɡ  ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȻɜɚɎɑɐɑəɚ ɝɜɌɎəɔɞɑɗɨəɚɑ ɔɓɟɣɑəɔɑ ɐɌəəɧɡ ɟɗɨɞɜɌɓɎɟɖɚɎɚɏɚ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ (ȶȿȿȳȴ) ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚəɞɜɌɝɞəɧɡ ɛɜɑ-

ɛɌɜɌɞɚɎ (ȶȻ) ɔ ɔɘɘɟəɚɏɔɝɞɚɡɔɘɔɣɑɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ (ȴȯɁ) ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ 

ɒɑɗɑɓɧ (ɅȲ) ɜɌɓɗɔɣəɚɏɚ ɘɚɜɠɚɗɚɏɔɣɑɝɖɚɏɚ ɝɞɜɚɑəɔɫ. ȺɍɝɗɑɐɚɎɌəɚ 30 ɛɌɢɔɑəɞɚɎ (ɎɚɓɜɌɝɞ 

51,3Ñ6,2 ɏɚɐɌ). ȴɝɝɗɑɐɚɎɌəɔɑ Ɏɧɛɚɗəɫɗɚɝɨ əɌ ɟɗɨɞɜɌɓɎɟɖɚɎɚɘ ɌɛɛɌɜɌɞɑ DC-8 (Mindray, Ƚhina) ɝ 

ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɉȶ çȽɚəɚɎɨɪè (SonoVue, Italy). ȴȯɁ ɛɜɚɎɚɐɔɗɔ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɛɑɜɎɔɣəɧɡ 

ɘɚəɚɖɗɚəɌɗɨəɧɡ Ɍəɞɔɞɑɗ (ȸȶȬȾ) ɖ CD31, VEGF ɔ Ɏɔɘɑəɞɔəɟ  ɠɔɜɘɧ DAKO (Danmark). ȸɚɜɠɚ-

ɗɚɏɔɣɑɝɖɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚɐɔɗɔɝɨ əɌ ɘɔɖɜɚɝɖɚɛɑ DM-20 (Optika Microscopes, Italy) ɝ ɛɚɘɚ-

ɥɨɪ ɛɜɚɏɜɌɘɘɧ Optimas (EN ver. 2.0). Ȼɚɗɟɣɑəəɧɑ ɔɓɚɍɜɌɒɑəɔɫ ɚɢɑəɔɎɌɗɔ ɛɚ ɎɧɜɌɒɑəəɚɝɞɔ 

ɛɚɗɚɒɔɞɑɗɨəɚ ɛɜɚɩɖɝɛɜɑɝɝɔɜɚɎɌɎɤɔɡ ɖɗɑɞɚɖ. 

ȼɑɓɟɗɨɞɌɞɧ ɔ ɚɍɝɟɒɐɑəɔɑ. ȽɜɌɎəɑəɔɑ ɐɌəəɧɡ ɝɞɌəɐɌɜɞəɚɏɚ ȿȳȴ (ɩəɑɜɏɑɞɔɣɑɝɖɚɑ ɔ 

ɢɎɑɞəɚɑ ɐɚɛɛɗɑɜɚɎɝɖɚɑ ɖɌɜɞɔɜɚɎɌəɔɑ) ɔ ȶȿȿȳȴ ɛɚɖɌɓɌɗɚ, ɣɞɚ ɎɧɜɌɒɑəəɚɝɞɨ ɝɚɝɟɐɔɝɞɚɏɚ ɖɚɘ-

ɛɚəɑəɞɌ ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ əɑɎɑɗɔɖɌ, ɔ ɚɢɑəɖɌ ɑɏɚ əɑ ɏɌɜɌəɞɔɜɟɑɞ ɟɝɛɑɡ ɐɔɠɠɑɜɑə-

ɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɔ. ȺɞɝɟɞɝɞɎɟɑɞ ɛɜɫɘɌɫ ɓɌɎɔɝɔɘɚɝɞɨ ɘɑɒɐɟ ɛɌɜɌɘɑɞɜɌɘɔ ɎɌɝɖɟɗɫɜɔɓɌɢɔɔ Ɏ 

ɐɚɛɛɗɑɜɚɎɝɖɚɘ ɜɑɒɔɘɑ, ɛɜɔɝɟɞɝɞɎɔɑɘ ɝɚɝɟɐɔɝɞɧɡ ɝɞɜɟɖɞɟɜ ɔ ɘɚɜɠɚɗɚɏɔɣɑɝɖɚɕ ɠɚɜɘɚɕ ɚɛɟɡɚ-

ɗɔ.  

Ȼɜɔ ɝɜɌɎəɔɞɑɗɨəɚɘ ɒɑ ɌəɌɗɔɓɑ ɐɌəəɧɡ ȶȿȿȳȴ ɔ ɩɖɝɛɜɑɝɝɔɔ CD31 ɔ VEGF ɛɜɔ ɜɌɓɗɔɣ-

əɧɡ ɚɛɟɡɚɗɫɡ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ ɛɚɖɌɓɌɗ, ɣɞɚ əɌɔɍɚɗɑɑ Ɏɧɝɚɖɔɑ ɛɚɖɌɓɌɞɑɗɔ ɩɖɝɛɜɑɝɝɔɔ ɡɌɜɌɖ-

ɞɑɜəɧ ɓɗɚɖɌɣɑɝɞɎɑəəɧɡ ɚɛɟɡɚɗɑɕ ɅȲ, ɘɑəɨɤɔɑ ð ɐɗɫ Ɍɐɑəɚɘ ɅȲ. ȻɚɖɌɓɌɞɑɗɔ ɩɖɝɛɜɑɝɝɔɔ CD31 

ɔ VEGF ɔɘɑɪɞ ɖɚɜɜɑɗɫɢɔɪ ɝ ɜɫɐɚɘ ɛɚɖɌɓɌɞɑɗɑɕ ȶȿȿȳȴ. ȰɌəəɧɕ ɠɌɖɞ ɚɞɖɜɧɎɌɑɞ əɚɎɧɑ Ɏɚɓ-

ɘɚɒəɚɝɞɔ ɔɝɛɚɗɨɓɚɎɌəɔɫ ȶȿȿȳȴ ɖɌɖ ɚɍɦɑɖɞɔɎəɚɏɚ ɘɑɞɚɐɌ, ɚɝəɚɎɧɎɌɪɥɑɏɚɝɫ əɌ ɖɚɗɔɣɑɝɞɎɑə-

əɧɡ ɛɌɜɌɘɑɞɜɌɡ, Ɏ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɑ ɚɛɟɡɚɗɑɕ ɅȲ.    

ȳɌɖɗɪɣɑəɔɑ.  ȿɗɨɞɜɌɓɎɟɖɚɎɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚəɞɜɌɝɞɚɎ ɫɎɗɫɑɞɝɫ ɛɚ-

ɗɚɒɔɞɑɗɨəɚɕ ɚɛɢɔɑɕ, ɐɌɪɥɑɕ ɐɚɛɚɗəɔɞɑɗɨəɧɑ Ɏɚɓɘɚɒəɚɝɞɔ ɛɜɔ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚ-

ɝɞɔɖɑ ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ. Ⱥɝɚɍɑəəɚɝɞɔ ɝɚɝɟɐɔɝɞɚɏɚ ɜɟɝɗɌ ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ ɒɑ-

ɗɑɓɧ, ɝɎɫɓɌəəɧɑ ɝ ɌɖɞɔɎəɚɝɞɨɪ ɠɌɖɞɚɜɚɎ, Ɏɗɔɫɪɥɔɡ əɌ ɠɚɜɘɔɜɚɎɌəɔɑ ɝɚɝɟɐɔɝɞɧɡ ɝɞɜɟɖɞɟɜ Ɏ 

ɞɖɌəɔ ɔ ɚɛɟɡɚɗɫɡ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ, ɔɘɑɪɞ ɖɚɜɜɑɗɫɢɔɪ ɝ ɜɫɐɚɘ ɛɚɖɌɓɌɞɑɗɑɕ ɝɚəɚɏɜɌɠɔɔ ɝ 

ɛɜɔɘɑəɑəɔɑɘ ɖɚəɞɜɌɝɞɚɎ. 
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urpose.  To justify the use of ultrasou nd examination with contrast media in thyroid tu-

mors.  

Materials and methods . Ultrasound examination findings using contrast media and those 

of immunohistochemical examination of thyroid tumors having different morphological 

structure were compared. 30 pati ents (51.3 Ñ 6.2 years of age) were examined. The study was con-

ducted on the ultrasound device DC -8 (Mindray, China) using an ultrasound contrast agent 

"SonoVue" (SonoVue, Italy). Immunohistochemical examination was carried out using primary mon-

oclonal ant ibodies (MKAT) to CD31, VEGF and vimentin produced by DAKO Company (Denmark).  

Morphological studies were conducted usingthe microscope DM -20 (Optika Microscopes, Italy) with 

the help of Optimas program (ver. 2.0). The resulting images were evaluated by se verity of positively 

expressed cells.  

Results and discussion . Comparing findings of standard ultrasound examination (energy 

and color Doppler mapping) and ultrasound examination showed that the expressiveness of the vas-

cular component in thyroid tumors was  low and its evaluation did not guarantee differential diagno-

sis success. There was no direct correlation between the parameters of vascularization in Doppler 

mode, the presence of vascular structures and the tumorõs morphological form. 

A comparative analy sis of ultrasound examination findings and expression of CD31 and VEGF in dif-

ferent thyroid tumors showed that the highest indices of expression were characteristic for malignant 

thyroid tumors; they were lower in thyroid adenoma. Indices of CD31 and VEGF expression correlat-

ed with a number of ultrasound examination indicators. This fact gives new opportunities for the use 

of ultrasound examination as an objective method based on quantitative parameters in the differen-

tial diagnosis of thyroid tumors.  

Conc lusion.   Ultrasound examination using contrast media is a positive option, which gives 

additional opportunities in the differential diagnosis of thyroid tumors. Features of the vascular bed 

in thyroid tumors associated with the activity of factors influenc ing vascular structures formation in 

the thyroid tissue and tumors are correlated with a number of indicators obtained by sonography 

using contrast media.  

  

 Keywords: the thyroid gland, ultrasound examination using contrast media, immunohisto-

chemical exam ination, CD31, vimentin, VEGF.  
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ɚɫɎɗɑəɔɑ ɝɚɎɜɑɘɑəəɧɡ ɘɑɞɚɐɔɖ ɔ 

ɞɑɡəɚɗɚɏɔɕ Ɏ ɘɑɐɔɢɔəɑ ɐɌɗɚ əɚɎɧɑ 

Ɏɚɓɘɚɒəɚɝɞɔ Ɏ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ 

ɐɔɌɏəɚɝɞɔɖɑ Ɏəɟɞɜɑəəɔɡ ɔ ɛɚɎɑɜɡ-

əɚɝɞəɚ ɜɌɝɛɚɗɚɒɑəəɧɡ ɚɜɏɌəɚɎ, Ɏ 

ɞɚɘ ɣɔɝɗɑ ɛɌɞɚɗɚɏɔɔ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ 

(ɅȲ) [1 - 8]. ȻɚɫɎɔɎɤɔɑɝɫ ɓɌɜɟɍɑɒəɧɑ ɛɟɍ-

ɗɔɖɌɢɔɔ [9 - 11], ɚɞɜɌɒɌɪɥɔɑ ɛɜɔɘɑəɑəɔɑ 

ɖɚəɞɜɌɝɞɚɎ ɛɜɔ ɟɗɨɞɜɌɓɎɟɖɚɎɚɕ ɐɔɌɏəɚɝɞɔɖɑ 

ɛɌɞɚɗɚɏɔɔ ɅȲ, ɟɖɌɓɧɎɌɪɞ əɌ ɑɑ ɚɝɚɍɑəəɚɝɞɔ 

ɛɜɔ ɐɔɠɠɟɓəɧɡ ɔ ɚɣɌɏɚɎɧɡ ɔɓɘɑəɑəɔɫɡ ɚɜ-

ɏɌəɌ. ȺɞɑɣɑɝɞɎɑəəɧɑ ɜɌɍɚɞɧ ɛɜɫɘɚ ɏɚɎɚɜɫɞ ɚ 

əɑɚɍɡɚɐɔɘɚɝɞɔ ɑɑ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɛɜɔ ɐɔɠ-

ɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɑ ɟɓɗɚɎɧɡ ɓɌɍɚɗɑ-

ɎɌəɔɕ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ, Ɏ ɣɌɝɞəɚɝɞɔ ɚɛɟ-

ɡɚɗɑɕ ɅȲ [12 - 14]. ȺɝəɚɎəɧɘ Ɍɜɏɟɘɑəɞɚɘ 

ɔɝɝɗɑɐɚɎɌɞɑɗɑɕ ɫɎɗɫɪɞɝɫ ɎɧɜɌɒɑəəɧɑ ɛɜɚ-

ɢɑɝɝɧ əɑɚɌəɏɔɚɏɑəɑɓɌ, ɡɌɜɌɖɞɑɜəɧɑ ɐɗɫ Ɍɐɑ-

əɚɘ ɅȲ ɔ ɜɌɖɌ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ (ȼɅȲ). 

ȴɓɟɣɑəɔɑ Ɏɚɓɘɚɒəɚɝɞɑɕ ȶȿȿȳȴ ɛɜɔ ɛɌɞɚɗɚ-

ɏɔɔ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ, ɞɌɖɒɑ ɖɌɖ ɔ ȴȯɁ, 

ɛɜɚɎɑɐɑəɚ ɍɚɗɨɤɔɘ ɣɔɝɗɚɘ ɔɝɝɗɑɐɚɎɌɞɑɗɑɕ 

[15 - 17]. ȿɖɌɓɌəəɧɑ ɜɌɍɚɞɧ ɛɜɔɎɚɐɫɞ ɜɌɓ-

ɜɚɓəɑəəɧɑ ɝɎɔɐɑɞɑɗɨɝɞɎɌ, əɚ ɔɝɝɗɑɐɚɎɌəɔɫ, 

ɛɚɝɎɫɥɑəəɧɑ ɚɢɑəɖɑ ɝɚɝɟɐɔɝɞɚɏɚ ɖɚɘɛɚəɑə-

ɞɌ ɚɛɟɡɚɗɑɕ ɅȲ ɔ ɚɖɜɟɒɌɪɥɑɕ ɔɡ ɛɌɜɑəɡɔ-

ɘɧ ɝ ɑɐɔəɚɕ ɖɚɘɛɗɑɖɝəɚɕ ɚɢɑəɖɚɕ ɘɑɞɚɐɚɎ 

ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɔ ɛɌɞɚɘɚɜɠɚɗɚɏɔɔ, ɚɞ-

ɝɟɞɝɞɎɟɪɞ.     

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȺɍɚɝəɚɎɌəɔɑ ɛɜɔɘɑəɑəɔɫ ɟɗɨɞɜɌɓɎɟɖɚ-

Ɏɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɚə-

ɞɜɌɝɞəɧɡ ɛɜɑɛɌɜɌɞɚɎ ɛɜɔ ɚɛɟɡɚɗɫɡ ɥɔɞɚ-

Ɏɔɐəɚɕ ɒɑɗɑɓɧ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȻɜɚɎɑɐɑəɚ ɝɜɌɎəɔɞɑɗɨəɚɑ ɔɓɟɣɑəɔɑ 

ɐɌəəɧɡ ȶȿȿȳȴ ɔ ȴȯɁ ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ 

ɒɑɗɑɓɧ ɜɌɓɗɔɣəɚɏɚ ɘɚɜɠɚɗɚɏɔɣɑɝɖɚɏɚ ɝɞɜɚɑ-

əɔɫ. ȺɍɝɗɑɐɚɎɌəɚ 30 ɛɌɢɔɑəɞɚɎ (ɎɚɓɜɌɝɞ 

51,3Ñ6,2 ɏɚɐɌ): 10 ɛɌɢɔɑəɞɚɎ ɝ ɌɐɑəɚɘɌɘɔ 

ɅȲ, 20 ð ɝ ȼɅȲ. ȴɝɝɗɑɐɚɎɌəɔɑ Ɏɧɛɚɗəɫɗɚɝɨ 

əɌ ɟɗɨɞɜɌɓɎɟɖɚɎɚɘ ɌɛɛɌɜɌɞɑ Mindray DC-8 

(Mindray, Ƚhina) ɝ  ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɗɔəɑɕəɚ-

ɏɚ ɐɌɞɣɔɖɌ 7,5-15 ɘȯɢ Ɏ ɜɑɒɔɘɑ çȽontrastè ɝ 

ɠɔɖɝɌɢɔɑɕ Ɏɔɐɑɚɛɑɞɗɔ. ɉɡɚɖɚəɞɜɌɝɞɔɜɚɎɌ-

əɔɑ ɚɝɟɥɑɝɞɎɗɫɗɚɝɨ ɓɌ ɝɣɑɞ ɎəɟɞɜɔɎɑəəɚɏɚ 

ɎɎɑɐɑəɔɫ 2,4 ɘɗ ɉȶ çȽɚəɚɎɨɪè (SonoVue, 

Italy). Ȼɜɔ ȶȿȿȳȴ ɚɛɜɑɐɑɗɫɗɔ ɔəɞɑəɝɔɎəɚɝɞɨ 

ɔ ɚɐəɚɜɚɐəɚɝɞɨ ɖɚəɞɜɌɝɞəɚɏɚ ɟɝɔɗɑəɔɫ, ɝɖɚ-

ɜɚɝɞɨ əɌɖɚɛɗɑəɔɫ ɔ ɎɧɘɧɎɌəɔɫ ɖɚəɞɜɌɝɞɌ. 

ȿɣɔɞɧɎɌɗɔ ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɛɚɖɌɓɌɞɑɗɔ: Ɏɜɑ-

ɘɫ əɌɖɚɛɗɑəɔɫ (TPI), ɘɌɖɝɔɘɌɗɨəɌɫ ɔəɞɑə-

ɝɔɎəɚɝɞɨ əɌɖɚɛɗɑəɔɫ (PI), Ɏɜɑɘɫ ɐɎɟɖɜɌɞəɚɏɚ 

ɝəɔɒɑəɔɫ əɌɖɚɛɗɑəɔɫ ɖɚəɞɜɌɝɞɌ (DT/2). ȴȯɁ 

ɛɜɚɎɚɐɔɗɔ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɛɑɜɎɔɣəɧɡ ɘɚ-

əɚɖɗɚəɌɗɨəɧɡ Ɍəɞɔɞɑɗ (ȸȶȬȾ) ɠɔɜɘɧ DAKO 

(Danmark). ȸɚɜɠɚɗɚɏɔɣɑɝɖɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ 

ɛɜɚɎɚɐɔɗɔɝɨ əɌ ɘɔɖɜɚɝɖɚɛɑ DM-20 (Optika 

Microscopes, Italy) ɝ ɛɚɘɚɥɨɪ ɛɜɚɏɜɌɘɘɧ 

Optimas (EN ver. 2.0). Ȱɗɫ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɑ-

ɛɌɜɌɞɚɎ, ɚɖɜɌɤɑəəɧɡ ɘɚəɚɖɗɚəɌɗɨəɧɘɔ Ɍə-

ɞɔɞɑɗɌɘɔ ɖ ȽD31, VEGF ɔ Ɏɔɘɑəɞɔəɟ, ɛɜɚɔɓ-

Ɏɚɐɔɗɔ ɠɚɞɚɝɦɑɘɖɟ ɖɌɒɐɚɏɚ ɛɜɑɛɌɜɌɞɌ Ɏ 10 

ɛɚɗɫɡ ɓɜɑəɔɫɡ ɛɜɔ ɟɎɑɗɔɣɑəɔɔ Į100. ȺɍɜɌ-

ɍɚɞɖɌ ɛɚɗɟɣɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɕ ɓɌɖɗɪɣɌɗɌɝɨ 

Ɏ ɚɢɑəɖɑ ɛɗɚɥɌɐɔ ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɏɚ ɛɜɑɛɌɜɌ-

ɞɌ ɔ ɎɧɜɌɒɑəəɚɝɞɔ ɛɚɗɚɒɔɞɑɗɨəɚ ɛɜɚɩɖɝ-

ɛɜɑɝɝɔɜɚɎɌɎɤɔɡ ɖɗɑɞɚɖ. ȴɝɛɚɗɨɓɚɎɌɗɔɝɨ 

ɝɗɑɐɟɪɥɔɑ ɖɜɔɞɑɜɔɔ: 1  ð  ɑɝɗɔ ɐɚɗɫ ɞɑɘəɚ-

ɚɖɜɌɤɑəəɧɡ ɫɐɑɜ ɛɜɑɎɧɤɌɗɌ 3 ɣɑɞɎɑɜɞɔ 

Ɏɝɑɡ ɫɐɑɜ, ɞɚ ɔəɞɑəɝɔɎəɚɝɞɨ ɚɖɜɌɝɖɔ ɚɍɚɓəɌ-

ɣɌɗɌɝɨ ɖɌɖ ɎɧɜɌɒɑəəɌɫ  (ɍɚɗɑɑ 75%, +++); 2 ð 

ɑɝɗɔ ɐɚɗɫ ɫɜɖɚ ɚɖɜɌɤɑəəɧɡ ɫɐɑɜ əɑ ɛɜɑɎɧ-

ɤɌɗɌ 3 ɣɑɞɎɑɜɞɑɕ Ɏɝɑɡ ɫɐɑɜ, ɞɚ ɔəɞɑəɝɔɎ-

əɚɝɞɨ ɍɧɗɌ ɟɘɑɜɑəəɚ ɛɚɗɚɒɔɞɑɗɨəɚɕ  (25-

75%, ++); 3 ð ɑɝɗɔ ɐɚɗɫ ɫɐɑɜ ɞɑɘəɚ-

ɖɚɜɔɣəɑɎɚɏɚ ɢɎɑɞɌ əɑ ɛɜɑɎɧɤɌɗɌ 1 ɣɑɞɎɑɜɞɔ 

Ɏɝɑɡ ɫɐɑɜ, ɞɚ ɔəɞɑəɝɔɎəɚɝɞɨ ɍɧɗɌ ɝɗɌɍɚ ɛɚ-

ɗɚɒɔɞɑɗɨəɚɕ  (0-24%, +).  

ȺɍɜɌɍɚɞɖɌ ɐɌəəɧɡ. 

ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ ɛɜɚɎɚɐɔɗɝɫ ɝ 

ɛɚɘɚɥɨɪ ɛɜɚɏɜɌɘɘɧ STATISTICA 12,5 

(StatSoft, 2014) ɩɞɌɛəɚ, Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ 

əɌɛɜɌɎɗɑəɔɫ ɔɝɝɗɑɐɚɎɌəɔɫ: ɛɜɔ ɚɢɑəɖɑ ȶȿȿ-

ȳȴ ð ROC-ɌəɌɗɔɓ, ɛɜɔ ɝɜɌɎəɔɞɑɗɨəɚɕ ɚɢɑəɖɑ 

ȴȯɁ ɔ ȶȿȿȳȴ ð ɗɚɏɔɝɞɔɣɑɝɖɌɫ ɜɑɏɜɑɝɝɔɫ.   

ȼɑɓɟɗɨɞɌɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴɝɝɗɑɐɚɎɌəɔɑ ɛɚɖɌɓɌɗɚ, ɣɞɚ ɝɚɝɟɐɔɝɞɚɑ 

ɜɟɝɗɚ ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ ɓɌɎɔɝɔɞ 

ɚɞ ɔɡ ɘɚɜɠɚɗɚɏɔɣɑɝɖɚɏɚ ɝɞɜɚɑəɔɫ, ɣɞɚ əɌɡɚ-

ɐɔɞ ɚɞɜɌɒɑəɔɑ ɖɌɖ Ɏ ɚɝɚɍɑəəɚɝɞɫɡ ɜɌɓɎɔɞɔɫ 

ɔ ɠɚɜɘɔɜɚɎɌəɔɫ, ɞɌɖ ɔ Ɏ ɏɚɜɘɚəɌɗɨəɚɕ Ɍɖ-

ɞɔɎəɚɝɞɔ (ɜɔɝ.1, 2). 

Ȼɜɔ ɔɓɟɣɑəɔɔ ɚɝɚɍɑəəɚɝɞɔ əɌɖɚɛɗɑəɔɫ 

ɖɚəɞɜɌɝɞɌ ɍɧɗɚ ɚɞɘɑɣɑəɚ, ɣɞɚ ɐɗɫ Ɍɐɑəɚɘ 

ɅȲ ɔ ɠɚɗɗɔɖɟɗɫɜəɚɏɚ ȼɅȲ ɡɌɜɌɖɞɑɜəɧɘ 

ɍɧɗɚ ɑɏɚ ɜɌɎəɚɘɑɜəɚɑ əɌɖɚɛɗɑəɔɑ (Ɏ 84,2%), 

ɛɜɔ ɛɌɛɔɗɗɫɜəɚɘ ȼɅȲ ɛɜɑɚɍɗɌɐɌɗɚ əɑɚɐəɚ-

ɜɚɐəɚɑ əɌɖɚɛɗɑəɔɑ ɉȶ (54,5%). ȾɌɖɒɑ ɐɗɫ 

Ɍɐɑəɚɘ ɅȲ ɍɧɗɚ ɡɌɜɌɖɞɑɜəɚ ɍɚɗɑɑ ɎɧɜɌ-

ɒɑəəɚɑ, ɔəɞɑəɝɔɎəɚɑ əɌɖɚɛɗɑəɔɑ ɉȶ (Ɏ 80%), 

ɣɑɘ Ɏ ɛɌɛɔɗɗɫɜəɚɘ ȼɅȲ (63,6%) ɔ ɠɚɗɗɔɖɟ-

ɗɫɜəɚɘ ȼɅȲ (55,6%).  

Ȼɜɔ ɔɓɘɑɜɑəɔɔ Ɏɜɑɘɑəɔ əɌɖɚɛɗɑəɔɫ 

(TPI) ɩɡɚɖɚəɞɜɌɝɞɌ ɍɧɗɚ ɟɝɞɌəɚɎɗɑəɚ, ɣɞɚ 

əɌɔɍɚɗɑɑ ɍɧɝɞɜɚ ɛɔɖ əɌɖɚɛɗɑəɔɫ əɌɝɞɟɛɌɑɞ Ɏ 

ɌɐɑəɚɘɌɡ ɅȲ (n=10) ð 19,43Ñ2,54 ɝ (ɚɞ 14,6 

ɐɚ 24,5), ɍɚɗɑɑ ɘɑɐɗɑəəɚ Ɏ ɛɌɛɔɗɗɫɜəɚɘ ɜɌɖɑ 

(n=11) ð 20,64Ñ4,37 ɝ (ɚɞ 14,8 ɐɚ 28,6) ɔ ɑɥɑ 

ɍɚɗɑɑ ɘɑɐɗɑəəɚ Ɏ ɠɚɗɗɔɖɟɗɫɜəɚɘ  ɜɌɖɑ (n=9) 

- 21,24Ñ3,67 ɝ (ɚɞ 17,6 ɐɚ 29,3). Ȼɜɔ ɩɞɚɘ 

ɜɌɓɗɔɣɔɫ ɛɚɖɌɓɌɞɑɗɫ TPI Ɏ ɚɛɟɡɚɗɫɡ əɑɐɚɝɞɚ-

Ɏɑɜəɧ (ɜ>0,05).   

Ȼɜɔ ɚɢɑəɖɑ ɘɌɖɝɔɘɌɗɨəɚɕ ɔəɞɑəɝɔɎəɚ-

ɝɞɔ əɌɖɚɛɗɑəɔɫ ɖɚəɞɜɌɝɞɌ ɛɚɖɌɓɌɞɑɗɨ PI Ɏ 

ɌɐɑəɚɘɌɡ   ɅȲ    ɝɚɝɞɌɎɔɗ   33,71Ñ3,41ɐȭ  (ɚɞ  

Ȼ 
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27,5 ɐɚ 39,2), Ɏ ɠɚɗɗɔɖɟɗɫɜəɚɘ ȼɅȲ ð 

34,64Ñ1,18 ɐȭ (ɚɞ 33,8 ɐɚ 36,4), Ɏ ɛɌɛɔɗɗɫɜ-

əɚɘ ȼɅȲ ð 31,08Ñ1,65 ɐȭ (ɚɞ 28,6 ɐɚ 33,2). 

ȼɌɓɗɔɣɔɫ ɛɚɖɌɓɌɞɑɗɫ PI Ɏ ɚɛɟɡɚɗɫɡ ɚɖɌɓɌɗɔɝɨ  

əɑɐɚɝɞɚɎɑɜəɧɘɔ (ɜ>0,05).  

Ȯɜɑɘɫ ɛɌɐɑəɔɫ ɔəɞɑəɝɔɎəɚɝɞɔ ɐɚ ɛɚɗɚ-

Ɏɔəɧ PI (DT/2) ɛɜɔ ɌɐɑəɚɘɌɡ ɅȲ ɝɚɝɞɌɎɔɗɚ 

78,70Ñ12,37 ɝ (ɚɞ 56 ɐɚ 92), ɛɜɔ ɠɚɗɗɔɖɟɗɫɜ-

əɚɘ ȼɅȲ ð 57,44Ñ6,82 ɝ (ɚɞ 49 ɐɚ 70), ɛɜɔ 

ɛɌɛɔɗɗɫɜəɚɘ ȼɅȲ ð 64,00Ñ10,27 ɝ (ɚɞ 52 ɐɚ 

82).  

Ƚɖɚɜɚɝɞɨ ɝəɔɒɑəɔɫ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ 

ɓɌ 30 ɝɑɖɟəɐ ɛɚɝɗɑ ɛɔɖɌ ɔəɞɑəɝɔɎəɚɝɞɔ (DV) . 

Ƚ ɟɣɑɞɚɘ ɞɚɏɚ, ɣɞɚ ȶȿȿȳȴ ɔɝɛɚɗɨɓɟɑɞɝɫ 

ɐɗɫ ɚɢɑəɖɔ ɚɝɚɍɑəəɚɝɞɑɕ ɝɚɝɟɐɔɝɞɚɏɚ ɜɟɝɗɌ, 

ɛɜɚɎɑɐɑə ɝɜɌɎəɔɞɑɗɨəɧɕ ɌəɌɗɔɓ ɛɚɖɌɓɌɞɑɗɑɕ 

ȶȿȿȳȴ ɔ ɚɢɑəɖɔ ɎɌɝɖɟɗɫɜɔɓɌɢɔɔ Ɏ ɜɑɒɔɘɌɡ 

ɢɎɑɞəɚɏɚ ɔ ɩəɑɜɏɑɞɔɣɑɝɖɚɏɚ ɐɚɛɛɗɑɜɚɎɝɖɚɏɚ 

ɖɌɜɞɔɜɚɎɌəɔɫ (ɞɌɍɗ. ʈ1).  

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ROC-ɌəɌɗɔɓ ɛɚɖɌɓɌɗ, 

ɣɞɚ ɛɜɔ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɑ 

ɚɛɟɡɚɗɑɕ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ əɔ ɚɐɔə ɔɓ ɛɚ-

ɖɌɓɌɞɑɗɑɕ ȶȿȿȳȴ əɑ ɔɘɑɑɞ ɛɜɑɔɘɟɥɑɝɞɎ ɛɑ-

ɜɑɐ ɐɚɛɛɗɑɜɚɎɝɖɔɘ ɔɝɝɗɑɐɚɎɌəɔɑɘ. 

Ȼɜɔ ɔɓɟɣɑəɔɔ ɛɚɖɌɓɌɞɑɗɑɕ ɐɚɛɛɗɑɜɚɎ-

ɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ, ȶȿȿȳȴ ɔ ɐɌəəɧɡ ȴȯɁ 

ɍɧɗɚ ɟɝɞɌəɚɎɗɑəɚ, ɣɞɚ ɎɧɜɌɒɑəəɚɝɞɨ ɩɖɝ-

ɛɜɑɝɝɔɔ CD31 ɎɧɝɚɖɌ Ɏ ɌɐɑəɚɘɌɡ ɅȲ ɔ 

ɠɚɗɗɔɖɟɗɫɜəɚɘ ɜɌɖɑ ɅȲ, Ɍ ɛɜɔ ɛɌɛɔɗɗɫɜ-

əɚɘ ɜɌɖɑ ɍɧɗɌ əɑɓəɌɣɔɞɑɗɨəɚɕ (ɜɔɝ. 3). Ȼɜɔ 

ɝɜɌɎəɔɞɑɗɨəɚɘ ɌəɌɗɔɓɑ ɟɝɞɌəɚɎɗɑəɌ ɝɗɌɍɚ 

ɎɧɜɌɒɑəəɌɫ ɖɚɜɜɑɗɫɢɔɫ ɟɜɚɎəɫ ɩɖɝɛɜɑɝɝɔɔ 

CD31 ɗɔɤɨ ɝ ɚɐəɔɘ ɛɚɖɌɓɌɞɑɗɑɘ ð ɘɌɖɝɔ-

ɘɌɗɨəɚɕ ɔəɞɑəɝɔɎəɚɝɞɔ əɌɖɚɛɗɑəɔɫ ɖɚəɞɜɌ-

ɝɞɌ (PI). ȶɚɜɜɑɗɫɢɔɫ ɩɖɝɛɜɑɝɝɔɔ CD31 ɔ ɛɚ-

ɖɌɓɌɞɑɗɑɕ ɐɚɛɛɗɑɜɚɎɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɚɞ-

ɝɟɞɝɞɎɟɑɞ. 

Ȼɜɔ ɚɢɑəɖɑ ɩɖɝɛɜɑɝɝɔɔ ɎɔɘɑəɞɔəɌ, ɫɎ-

ɗɫɪɥɑɏɚɝɫ ɟəɔɎɑɜɝɌɗɨəɧɘ ɘɌɜɖɑɜɚɘ ɐɗɫ 

ɓɗɚɖɌɣɑɝɞɎɑəəɧɡ ɚɛɟɡɚɗɑɕ ɜɌɓɗɔɣəɧɡ ɗɚɖɌ-

ɗɔɓɌɢɔɕ, ɟɝɞɌəɚɎɗɑəɧ əɔɓɖɔɑ ɟɜɚɎəɔ ɩɖɝ-

ɛɜɑɝɝɔɔ ɖɌɖ ɛɜɔ ɌɐɑəɚɘɌɡ ɅȲ, ɞɌɖ ɔ ɛɜɔ 

ɠɚɗɗɔɖɟɗɫɜəɚɘ ɔ ɛɌɛɔɗɗɫɜəɚɘ ȼɅȲ. Ȼɜɔ 

ɚɢɑəɖɑ ɩɖɝɛɜɑɝɝɔɔ VEGF ɍɧɗɚ ɚɞɘɑɣɑəɚ, ɣɞɚ 

Ɏ ɓɗɚɖɌɣɑɝɞɎɑəəɧɡ ɚɛɟɡɚɗɫɡ ɚəɌ ɍɧɗɌ ɍɚɗɑɑ 

ɎɧɜɌɒɑəəɚɕ, ɣɑɘ Ɏ ɌɐɑəɚɘɌɡ ɅȲ, ɛɜɔɣɑɘ 

ɓəɌɣɔɞɑɗɨəɧɑ ɚɞɗɔɣɔɫ ɛɜɔ ɛɌɛɔɗɗɫɜəɚɘ ɔ 

ɠɚɗɗɔɖɟɗɫɜəɚɘ ȼɅȲ ɚɞɝɟɞɝɞɎɚɎɌɗɔ (ɜɔɝ. 4). 

Ȼɜɔ ɝɜɌɎəɔɞɑɗɨəɚɘ ɌəɌɗɔɓɑ ɟɝɞɌəɚɎɗɑəɌ 

ɖɚɜɜɑɗɫɢɔɫ ɟɜɚɎəɫ ɩɖɝɛɜɑɝɝɔɔ VEGF ɝ ɛɚɖɌ-

ɓɌɞɑɗɑɘ DT/2 (Ɏɜɑɘɫ ɛɌɐɑəɔɫ ɔəɞɑəɝɔɎəɚɝɞɔ 

ɐɚ ɛɚɗɚɎɔəɧ PI), ɛɜɔɣɑɘ ɚəɌ ɔɘɑɗɌ ɍɚɗɑɑ 

ɣɑɞɖɟɪ ɖɚɜɜɑɗɫɢɔɪ.  ȶɚɜɜɑɗɫɢɔɫ ɩɖɝɛɜɑɝɝɔɔ 

VEGF ɔ ɛɚɖɌɓɌɞɑɗɑɕ ɐɚɛɛɗɑɜɚɎɝɖɚɏɚ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ ɞɌɖɒɑ ɚɞɝɟɞɝɞɎɟɑɞ. 

ȽɜɌɎəɑəɔɑ ɐɌəəɧɡ ɝɞɌəɐɌɜɞəɚɏɚ ȿȳȴ 

(ɩəɑɜɏɑɞɔɣɑɝɖɚɑ ɔ ɢɎɑɞəɚɑ ɐɚɛɛɗɑɜɚɎɝɖɚɑ 

ɖɌɜɞɔɜɚɎɌəɔɑ) ɔ ȶȿȿȳȴ ɛɚɖɌɓɌɗɚ, ɣɞɚ ɎɧɜɌ-

ɒɑəəɚɝɞɨ ɝɚɝɟɐɔɝɞɚɏɚ ɖɚɘɛɚəɑəɞɌ ɚɛɟɡɚɗɑɕ 

ɅȲ əɑɎɑɗɔɖɌ, ɔ ɚɢɑəɖɌ ɑɏɚ əɑ ɏɌɜɌəɞɔɜɟɑɞ 

ɟɝɛɑɡ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɔ. Ⱥɞ-

ɝɟɞɝɞɎɟɑɞ ɛɜɫɘɌɫ ɓɌɎɔɝɔɘɚɝɞɨ ɘɑɒɐɟ ɛɌɜɌ-

ɘɑɞɜɌɘɔ ɎɌɝɖɟɗɫɜɔɓɌɢɔɔ Ɏ ɐɚɛɛɗɑɜɚɎɝɖɚɘ 

ɜɑɒɔɘɑ, ɛɜɔɝɟɞɝɞɎɔɑɘ  ɝɚɝɟɐɔɝɞɧɡ  ɝɞɜɟɖɞɟɜ  

 

ȼɔɝ. 1 (Fig. 1) 

 

ȼɔɝ. 2 (Fig. 2)  

ȼɔɝ. 1.    ȶȿȿȳȴ. 

ȬɜɞɑɜɔɌɗɨəɌɫ ɠɌɓɌ (ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɑ ɓɌɖɗɪɣɑəɔɑ ð 

ɌɐɑəɚɘɌ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ). ȿɓɑɗ ɥɔɞɚɎɔɐəɚɕ 

ɒɑɗɑɓɧ.  

Fig. 1.   CEUS.  

Arterial phase (a pathology report adenoma of the 

thyroid gland). A thyroid nodule.  

ȼɔɝ. 2.   ȶȿȿȳȴ. 

ȮɑəɚɓəɌɫ ɠɌɓɌ (ɏɔɝɞɚɗɚɏɔɣɑɝɖɚɑ ɓɌɖɗɪɣɑəɔɑ ð ɛɌ-

ɛɔɗɗɫɜəɧɕ ɜɌɖ ɥɔɞɚɎɔɐəɚɕ ɒɑɗɑɓɧ). ȿɓɑɗ ɥɔɞɚ-

Ɏɔɐəɚɕ ɒɑɗɑɓɧ. 

Fig. 2.  CEUS. 

Venous phase (histological conclusion ð papillary thy-

roid cancer). A thyroid nodule.   
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