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Ȱɚɜɚɏɔɑ ɐɜɟɓɨɫ, ɖɚɗɗɑɏɔ! 

 

ȼɌɐ ɛɜɑɐɝɞɌɎɔɞɨ əɌɤɔɘ ɣɔɞɌɞɑɗɫɘ Ɏɞɚɜɚɕ əɚɘɑɜ əɌɤɑɏɚ 

ɒɟɜəɌɗɌ ɓɌ 2016 ɏɚɐ. Ȯ ɩɞɚɘ əɚɘɑɜɑ ɍɚɗɨɤɚɑ ɖɚɗɔɣɑɝɞɎɚ əɌɟɣəɧɡ 

ɝɞɌɞɑɕ ɔ ɔəɞɑɜɑɝəɧɡ əɌɍɗɪɐɑəɔɕ ɔɓ ɛɜɌɖɞɔɖɔ, ɛɚɝɎɫɥɑəəɧɡ ɜɌɓ-

əɧɘ əɌɛɜɌɎɗɑəɔɫɘɔ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ. Ȯɧ ɟɎɔɐɔɞɑ Ɏ əɚɘɑɜɑ əɑ-

ɝɖɚɗɨɖɚ əɌɟɣəɧɡ ɚɍɓɚɜɚɎ, ɛɚɝɎɫɥɑəəɧɡ ɎɌɒəɧɘ əɌɛɜɌɎɗɑəɔɫɘ 

əɌɤɑɕ ɝɛɑɢɔɌɗɨəɚɝɞɔ, ɝɞɌɞɨɔ, ɛɚɖɌɓɧɎɌɪɥɔɑ ɜɑɤɌɪɥɟɪ ɜɚɗɨ ɗɟ-

ɣɑɎɧɡ ɘɑɞɚɐɚɎ Ɏ ɐɔɌɏəɚɝɞɔɖɑ ɔ ɘɚəɔɞɚɜɔəɏɑ ɜɑɓɟɗɨɞɌɞɚɎ ɗɑɣɑəɔɫ 

ɓɌɍɚɗɑɎɌəɔɕ ɣɑɗɪɝɞəɚ-ɗɔɢɑɎɚɕ ɚɍɗɌɝɞɔ, ɚɜɏɌəɚɎ ɏɜɟɐəɚɕ ɖɗɑɞɖɔ, 

ɝɑɜɐɢɌ ɔ ɝɚɝɟɐɚɎ ɔ ɞ.ɐ. 

ȿɎɑɜɑə, ɣɞɚ ɣɔɞɌɞɑɗɔ əɌɕɐɟɞ Ɏ ɩɞɚɘ əɚɘɑɜɑ ɘɌɞɑɜɔɌɗɧ, ɖɚɞɚ-

ɜɧɑ ɍɟɐɟɞ ɚɞɎɑɣɌɞɨ ɔɡ ɔəɞɑɜɑɝɌɘ ɔ ɛɚɘɚɏɌɞɨ ɛɜɔ ɛɜɌɖɞɔɣɑɝɖɚɕ ɜɌ-

ɍɚɞɑ. 

ȶɌɖ ɚɍɧɣəɚ ɒɐɑɘ ɚɞ ɎɌɝ ɛɔɝɑɘ ɝ ɎɚɛɜɚɝɌɘɔ ɔ ɛɜɑɐɗɚɒɑəɔɫ-

ɘɔ ɛɚ ɞɑɘɌɞɔɖɑ ɝɗɑɐɟɪɥɔɡ əɚɘɑɜɚɎ. 

  

Ƚ ɟɎɌɒɑəɔɑɘ, 

ȯɗɌɎəɧɕ ɜɑɐɌɖɞɚɜ, ɛɜɚɠɑɝɝɚɜ Ƚ.ȶ. ȾɑɜəɚɎɚɕ 
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ȮȱȼȴɀȴȶȬɂȴɋ ȼȱȳȿȷɈȾȬȾȺȮ ȸȼ-ȾȼȬȶȾȺȯȼȬɀȴȴ ȴ ȺȭȹȬȼȿȲȱȹȴȱ  

ȻȺȮȼȱȲȰȱȹȴȵ ȬȶȽȺȹȬȷɈȹɇɁ ȾȼȬȶȾȺȮ 
 

ȶɚəɚɛɗɑɎɌ ȷ.Ȯ.1, ȹɑɐɚɛɑɖɔə Ⱥ.Ȯ.1, ȸɌɜɐɔɡɌəɚɎɌ Ȱ.ȸ.2,  

ɁɌɕɐɌɜɚɎɌ Ȭ.ȼ.1, ȴɗɨɫɝɚɎ ȶ.Ȭ.1 

 
ɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. ȺɛɞɔɘɔɓɔɜɚɎɌɞɨ ɜɌɓɜɌɍɚɞɌəəɧɑ ɜɌəɑɑ ɘɑɞɚɐɧ Ɏɑɜɔɠɔ-

ɖɌɢɔɔ ɜɑɓɟɗɨɞɌɞɚɎ ɌɖɝɚəɌɗɨəɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ əɌ ȸȼȾ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ 

əɌ ɓɐɚɜɚɎɧɡ ɐɚɍɜɚɎɚɗɨɢɌɡ ɔ ɛɌɢɔɑəɞɌɡ. ȻɜɚɌəɌɗɔɓɔɜɚɎɌɞɨ ɐɌəəɧɑ ɌɖɝɚəɌɗɨ-

əɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ Ɏ ɓɚəɑ ɏɑɘɚɜɜɌɏɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɐɗɫ ɗɟɣɤɑɏɚ Ɏɧ-

ɫɎɗɑəɔɫ ɛɚɎɜɑɒɐɑəəɧɡ ɞɜɌɖɞɚɎ ɔ ɓɚə ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɔ ɝɚɚɞəɑɝɞɔ ɛɚɗɟɣɑəəɧɑ ɛɌɜɌ-

ɘɑɞɜɧ ɚɢɑəɖɔ ɐɚɝɞɚɎɑɜəɚɝɞɔ ɝɚ ɝɞɑɛɑəɨɪ ɞɫɒɑɝɞɔ ɛɚɜɌɒɑəɔɕ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȬɖɝɚəɌɗɨəɌɫ ɞɜɌɖɞɚɏɜɌɠɔɫ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ əɌ ɢɔɠɜɚ-

Ɏɧɡ ɠɌəɞɚɘɌɡ ɝ ɓɌɐɌəəɧɘɔ ɞɜɌɑɖɞɚɜɔɫɘɔ ɞɜɌɖɞɚɎ ɔ əɌ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ əɌ ɐɚɍɜɚ-

ɎɚɗɨɢɌɡ ɔ ɛɌɢɔɑəɞɌɡ əɌ 1,5 Ⱦɗ ɖɗɔəɔɣɑɝɖɚɘ ɞɚɘɚɏɜɌɠɑ ɝ ɛɌɜɌɘɑɞɜɌɘɔ, ɡɌɜɌɖɞɑɜəɧɘɔ 

ɐɗɫ ɜɟɞɔəəɧɡ ɖɗɔəɔɣɑɝɖɔɡ ɔɓɘɑɜɑəɔɕ, ɔ əɌ 3 Ⱦɗ ɞɚɘɚɏɜɌɠɑ ɩɖɝɛɑɜɞəɚɏɚ ɖɗɌɝɝɌ, ɝɛɑɢɔ-

Ɍɗɨəɚ ɜɌɓɜɌɍɚɞɌəəɚɘ ɐɗɫ ɔɓɘɑɜɑəɔɫ ɐɔɠɠɟɓɔɔ, ɛɚɓɎɚɗɫɪɥɑɘ ɛɚɗɟɣɔɞɨ ɐɌəəɧɑ ɝ ɍɚɗɑɑ 

Ɏɧɝɚɖɔɘ ɛɜɚɝɞɜɌəɝɞɎɑəəɧɘ ɜɌɓɜɑɤɑəɔɑɘ ɔ ɚɞəɚɤɑəɔɑɘ ɝɔɏəɌɗ-ɤɟɘ. ȮɑɜɔɠɔɖɌɢɔɫ 

ɛɚɗɟɣɑəəɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɞɜɌɖɞɚɏɜɌɠɔɔ ɛɜɚɔɓɎɚɐɔɗɌɝɨ əɌ ɚɝəɚɎɑ ɛɜɑɐɗɚɒɑəəɧɡ ɜɌəɑɑ 

ɘɑɞɚɐɚɎ ɜɌɝɣɑɞɌ Ɏɑɜɚɫɞəɚɝɞɔ ɔ ɔəɠɚɜɘɌɢɔɚəəɚɕ ɩəɞɜɚɛɔɔ ɄɑəəɚəɌ Ɏɐɚɗɨ əɌɕɐɑəəɧɡ 

ɞɜɌɑɖɞɚɜɔɕ. 

ȼɑɓɟɗɨɞɌɞɧ. ȭɧɗɚ ɎɧɫɎɗɑəɚ, ɣɞɚ Ɏɑɜɚɫɞəɚɝɞɨ ɗɟɣɤɑ, ɣɑɘ ɩəɞɜɚɛɔɫ ɡɌɜɌɖɞɑɜɔ-

ɓɟɑɞ əɌɛɜɌɎɗɑəɔɑ ɞɜɌɖɞɌ, Ɍ ɩəɞɜɚɛɔɫ ɛɚɓɎɚɗɫɑɞ ɚɛɜɑɐɑɗɫɞɨ ɚɍɗɌɝɞɔ ɛɑɜɑɝɑɣɑəɔɫ ɔ ɜɌɓ-

ɎɑɞɎɗɑəɔɫ ɞɜɌɖɞɚɎ. ȭɧɗɌ ɚɍəɌɜɟɒɑəɌ ɖɚɜɜɑɗɫɢɔɫ ɘɑɒɐɟ ɝɞɑɛɑəɨɪ ɛɚɜɌɒɑəɔɫ ɔ Ɏɑɗɔ-

ɣɔəɚɕ ɩəɞɜɚɛɔɔ Ɏ ɚɍɗɌɝɞɔ ɛɚɜɌɒɑəɔɫ. 

ȮɧɎɚɐɧ. ȶɚɘɍɔəɌɢɔɫ ɩəɞɜɚɛɔɔ ɔ Ɏɑɜɚɫɞəɚɝɞɔ ɐɔɠɠɟɓɔɔ Ɏɐɚɗɨ əɌɕɐɑəəɧɡ Ɍɖ-

ɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ ɛɚɓɎɚɗɫɑɞ ɚɢɑəɔɞɨ Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɕ ɔɗɔ ɔəɚɕ ɞɜɌɑɖɞɚɜɔɔ ɛɜɚɡɚɒɐɑ-

əɔɫ ɞɜɌɖɞɚɎ ɔ, ɞɑɘ ɝɌɘɧɘ, ɘɚɒɑɞ ɝɗɟɒɔɞɨ ɘɑɜɚɕ ɚɢɑəɖɔ ɐɚɝɞɚɎɑɜəɚɝɞɔ ɜɑɓɟɗɨɞɌɞɚɎ Ɍɖ-

ɝɚəɌɗɨəɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ. ɉəɞɜɚɛɔɫ ɛɚɓɎɚɗɫɑɞ ɚɢɑəɔɎɌɞɨ ɝɞɑɛɑəɨ ɞɫɒɑɝɞɔ ɛɚɜɌɒɑəɔɫ, 

ɚɐəɌɖɚ ɐɌəəɚɑ ɛɜɑɐɛɚɗɚɒɑəɔɑ ɞɜɑɍɟɑɞ ɐɌɗɨəɑɕɤɑɕ ɛɜɚɎɑɜɖɔ əɌ ɍɚɗɨɤɑɘ ɖɚɗɔɣɑɝɞɎɑ 

ɛɌɢɔɑəɞɚɎ. 
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urpose.  Optim ization of previously developed verification methods for the analysis 

of MRI data measured in healthy volunteers and patients. Analysis of axonal fiber 

tracking in the area of hemorrhagic stroke for better detection of damaged paths 

and areas in the brain.   To  indentify  the  correlation parameters with the severity of injury.     
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Materials and methods.  Axonal tractography was performed on a digital phantom 

with predetermined tracts trajectories and on volunteers and patients, measured on a clin i-

cal 1.5 T  scanner with parameters specific to routine clinical measurements and on 3T e x-

pert class scanner specially designed for the measurement of diffusion, which provides data 

with a higher spatial resolution and signal to noise ratio. Verification of the tract ography 

results was based on proposed earlier methods of probability calculation and Shannon i n-

formation entropy along the paths.  

Results.  It was found that the probability was better than the entropy in path dire c-

tion characterization and the entropy allo wed determining the area of intersection and the 

branching of paths. A certain correlation was found between the degree of injury and the 

amount of entropy in the affected area.  

Conclusions.  The combination of entropy and the probability of diffusion alon g the 

axonal tracts allows to estimate the probability of passage routes particular trajectory and 

thus can serve as a measure ɝriterion of the reliability of the axonal tractography results. 

Entropy allows to evaluate the severity of the lesions, but this  hypothesis needs further i n-

vestigation in more patients.    

 
Keywords: magnetic resonance imaging, diffusion -weighted images, magnetic res o-

nance imaging, axonal tractography, cerebral stroke.  
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ɜɌɖɞɚɏɜɌɠɔɫ ɌɖɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ əɌ 

ɚɝəɚɎɑ ɐɔɠɠɟɓɔɚəəɚ-ɎɓɎɑɤɑəəɧɡ ȸȼȾ 

ɐɌəəɧɡ (ȰȮ-ȸȼȾ) ɛɚɓɎɚɗɫɑɞ ɛɜɔɒɔɓ-

əɑəəɚ ɚɛɜɑɐɑɗɔɞɨ ɞɜɌɑɖɞɚɜɔɔ ɛɜɚɡɚɒɐɑəɔɫ Ɍɖ-

ɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ Ɏ ɏɚɗɚɎəɚɘ ɘɚɓɏɑ [1, 2]. Ȯ 

ɘɑɐɔɢɔəɝɖɚɕ ɛɜɌɖɞɔɖɑ ɐɌəəɧɕ ɘɑɞɚɐ ɘɚɒɑɞ 

ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɐɗɫ ɛɜɑɐɎɌɜɔɞɑɗɨəɚɏɚ ɛɗɌəɔɜɚ-

ɎɌəɔɫ əɑɕɜɚɡɔɜɟɜɏɔɣɑɝɖɔɡ ɚɛɑɜɌɢɔɕ, ɐɗɫ ɛɗɌ-

əɔɜɚɎɌəɔɫ ɜɑɌɍɔɗɔɞɌɢɔɚəəɚɏɚ ɗɑɣɑəɔɫ ɛɌɢɔɑə-

ɞɚɎ ɛɚɝɗɑ ɔəɝɟɗɨɞɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɔ ɐɗɫ ɘɚəɔ-

ɞɚɜɔəɏɌ ɜɌɓɎɔɞɔɫ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɟ əɚɎɚɜɚɒ-

ɐɑəəɧɡ [3 - 9].  

ȸɑɞɚɐɧ ɌɖɝɚəɌɗɨəɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ ɚɝəɚ-

ɎɌəɧ əɌ ɞɚɘ, ɣɞɚ ɐɔɠɠɟɓɔɫ Ɏɐɚɗɨ ɌɖɝɚəɌɗɨəɧɡ 

ɞɜɌɖɞɚɎ ɘɑəɑɑ ɚɏɜɌəɔɣɑəɌ, ɣɑɘ ɛɚɛɑɜɑɖ Ɍɖɝɚ-

əɚɎ, ɛɚɩɞɚɘɟ əɌɛɜɌɎɗɑəɔɑ, Ɏɐɚɗɨ ɖɚɞɚɜɚɏɚ ɖɚ-

ɩɠɠɔɢɔɑəɞ ɐɔɠɠɟɓɔɔ ɘɌɖɝɔɘɌɗɑə, ɟɖɌɓɧɎɌɑɞ 

əɌ ɗɚɖɌɗɨəɚɑ əɌɛɜɌɎɗɑəɔɑ ɌɖɝɚəɚɎ. ȴɓ əɌɍɚɜɌ 

ɐɌəəɧɡ ȰȮ-ȸȼȾ, ɔɓɘɑɜɑəəɧɡ ɘɔəɔɘɟɘ ɛɚ 6 

əɌɛɜɌɎɗɑəɔɫɘ ɐɔɠɠɟɓɔɚəəɚɏɚ ɎɓɎɑɤɔɎɌəɔɫ, 

ɘɚɒəɚ Ɏɧɣɔɝɗɔɞɨ ɞɑəɓɚɜ ɐɔɠɠɟɓɔɔ ɔ ɜɌɝɝɣɔ-

ɞɌɞɨ ɛɚ əɑɘɟ ɑɏɚ ɝɚɍɝɞɎɑəəɧɑ ɓəɌɣɑəɔɫ ɔ ɝɚɍ-

ɝɞɎɑəəɧɑ Ɏɑɖɞɚɜɧ; ɘɌɖɝɔɘɌɗɨəɚɑ ɝɚɍɝɞɎɑəəɚɑ 

ɓəɌɣɑəɔɑ ɍɟɐɑɞ ɡɌɜɌɖɞɑɜɔɓɚɎɌɞɨ ɐɔɠɠɟɓɔɪ 

Ɏɐɚɗɨ ɌɖɝɚəɌɗɨəɚɏɚ ɞɜɌɖɞɌ, Ɍ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɕ 

ɝɚɍɝɞɎɑəəɧɕ Ɏɑɖɞɚɜ ð əɌɛɜɌɎɗɑəɔɑ, Ɏɐɚɗɨ ɖɚɞɚ-

ɜɚɏɚ əɌɍɗɪɐɌɑɘɧɕ ɖɚɩɠɠɔɢɔɑəɞ ɐɔɠɠɟɓɔɔ 

ɘɌɖɝɔɘɌɗɑə. ȺɐəɌɖɚ, ɜɌɓɘɑɜɧ ɌɖɝɚəɚɎ ɘɑəɨɤɑ, 

ɣɑɘ ɛɜɚɝɞɜɌəɝɞɎɑəəɚɑ ɜɌɓɜɑɤɑəɔɑ ȰȮ-ȸȼȾ 

ɔɓɚɍɜɌɒɑəɔɕ, ɔ ɛɜɔ ɜɌɓɗɔɣɔɔ əɌɛɜɌɎɗɑəɔɕ Ɍɖ-

ɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ Ɏəɟɞɜɔ ɎɚɖɝɑɗɌ ɟɝɜɑɐəɬəəɚɑ 

əɌɛɜɌɎɗɑəɔɑ ɘɚɒɑɞ əɑ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ ɠɌɖɞɔ-

ɣɑɝɖɔɘ əɌɛɜɌɎɗɑəɔɫɘ ɌɖɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ. Ȯ 

ɜɑɓɟɗɨɞɌɞɑ, ɛɜɚɏɜɌɘɘɧ ɞɜɌɖɞɚɏɜɌɠɔɔ ɘɚɏɟɞ əɑ 

ɚɍəɌɜɟɒɔɞɨ əɑɖɚɞɚɜɧɑ ɔɓ ɝɟɥɑɝɞɎɟɪɥɔɡ  ɞɜɌɖ-

ɞɚɎ, ɗɔɍɚ, əɌɚɍɚɜɚɞ, ɛɚɖɌɓɌɞɨ əɌɗɔɣɔɑ ɝɎɫɓɑɕ, 

ɖɚɞɚɜɧɡ Ɏ ɜɑɌɗɨəɚɝɞɔ əɑɞ. Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ 

ɝɚɓɐɌəɚ ɍɚɗɨɤɚɑ ɖɚɗɔɣɑɝɞɎɚ ɜɌɓɗɔɣəɧɡ ɛɜɚ-

ɏɜɌɘɘ ɐɗɫ ȰȮ-ȸȼȾ, ɖɚɞɚɜɧɑ ɞɌɖ ɔɗɔ ɔəɌɣɑ ɛɧ-

ɞɌɪɞɝɫ əɌɕɞɔ ɛɟɞɔ ɛɜɚɡɚɒɐɑəɔɫ ɌɖɝɚəɌɗɨəɧɡ 

ɞɜɌɖɞɚɎ Ɏ ɞɚɘ ɣɔɝɗɑ ɔ ɣɑɜɑɓ ɓɚəɧ ɔɡ ɛɑɜɑɝɑɣɑ-

əɔɫ ɔɗɔ ɗɚɖɌɗɨəɧɡ ɌɜɞɑɠɌɖɞɚɎ əɌ ȰȮ-ȸȼȾ 

ɔɓɚɍɜɌɒɑəɔɫɡ [10]. ȽɜɌɎəɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ 

ɞɜɌɖɞɚɏɜɌɠɔɔ, ɛɚɗɟɣɑəəɧɡ ɜɌɓəɧɘɔ Ɍɗɏɚɜɔɞ-

ɘɌɘɔ əɌ ɐɚɍɜɚɎɚɗɨɢɌɡ ɔ ɛɌɢɔɑəɞɌɡ, Ɍ ɞɌɖɒɑ əɌ 

ɔɝɖɟɝɝɞɎɑəəɧɡ ɚɍɦɑɖɞɌɡ (ɠɌəɞɚɘɌɡ) ɔɗɔ əɌ 

ɢɔɠɜɚɎɧɡ ɘɚɐɑɗɫɡ ɝ ɓɌɐɌəəɧɘɔ ɛɟɞɫɘɔ ɛɜɚ-

ɡɚɒɐɑəɔɫ ɞɜɌɖɞɚɎ ɛɚɖɌɓɌɗɚ, ɣɞɚ ɜɑɓɟɗɨɞɌɞɧ, ɝ 

ɚɐəɚɕ ɝɞɚɜɚəɧ, ɓɌɎɔɝɫɞ ɚɞ ɔɝɛɚɗɨɓɚɎɌəəɚɏɚ ɘɑ-

ɞɚɐɌ, ɝ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, əɑɚɐəɚɓəɌɣəɚɝɞɔ 

əɌɛɜɌɎɗɑəɔɫ Ɏ ɓɚəɑ ɛɑɜɑɝɑɣɑəɔɫ ɞɜɌɖɞɚɎ əɑ 

ɐɌɪɞ Ɏɚɓɘɚɒəɚɝɞɔ əɌɕɞɔ ɞɜɌɑɖɞɚɜɔɔ Ɏɝɑɡ Ɍɖ-

ɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ ð ɣɌɝɞɨ ɝɟɥɑɝɞɎɟɪɥɔɡ ɞɜɌ-

ɑɖɞɚɜɔɕ ɘɚɒɑɞ ɍɧɞɨ əɑ əɌɕɐɑəɌ, Ɍ ɣɌɝɞɨ 

əɌɕɐɑəəɧɡ ɞɜɌɑɖɞɚɜɔɕ ɘɚɒɑɞ Ɏ ɜɑɌɗɨəɚɝɞɔ əɑ 

ɝɟɥɑɝɞɎɚɎɌɞɨ [11]. ȹɑɚɛɜɑɐɑɗɬəəɚɝɞɨ Ɏ ɜɑɓɟɗɨ-

ɞɌɞɌɡ ɞɜɌɖɞɚɏɜɌɠɔɔ ɝɐɑɜɒɔɎɌɑɞ ɔɡ ɤɔɜɚɖɚɑ 

ɔɝɛɚɗɨɓɚɎɌəɔɑ ɐɗɫ ɖɗɔəɔɣɑɝɖɔɡ ɓɌɐɌɣ, əɌɛɜɔ-

ɘɑɜ, ɛɜɔ ɛɗɌəɔɜɚɎɌəɔɔ əɑɕɜɚɚɛɑɜɌɢɔɕ. Ȼɜɔ-

ɒɔɓəɑəəɌɫ ɛɜɚɎɑɜɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ɞɜɌɖɞɚɏɜɌɠɔɔ 

Ⱦ 
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əɌ ɣɑɗɚɎɑɖɑ ɎɚɓɘɚɒəɌ ɗɔɤɨ ɖɚɝɎɑəəɧɘ ɚɍɜɌ-

ɓɚɘ, Ɍ ɜɑɓɟɗɨɞɌɞɧ ɝɚɛɚɝɞɌɎɗɑəɔɫ ɜɑɓɟɗɨɞɌɞɚɎ 

ɞɜɌɖɞɚɏɜɌɠɔɔ əɌ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ ɒɔɎɚɞ-

əɧɡ ɝ ɐɌəəɧɘɔ post mortem, ɗɔɍɚ ɝ ɜɑɓɟɗɨɞɌɞɌ-

ɘɔ ɐɜɟɏɔɡ ɘɑɞɚɐɚɎ ɔəɎɌɓɔɎəɚɏɚ ɖɚəɞɜɚɗɫ ɐɌɪɞ 

əɑ ɎɝɑɏɐɌ ɚɐəɚɓəɌɣəɚɑ ɛɚɐɞɎɑɜɒɐɑəɔɑ  ɔ əɑ 

ɛɚɓɎɚɗɫɪɞ ɚɍɦɑɖɞɔɎəɚ ɚɢɑəɔɞɨ ɐɚɝɞɚɎɑɜəɚɝɞɨ 

ɜɑɓɟɗɨɞɌɞɚɎ ɞɜɌɖɞɚɏɜɌɠɔɔ əɌ ɖɌɖɚɘ-ɞɚ ɖɚə-

ɖɜɑɞəɚɘ ɛɌɢɔɑəɞɑ [12]. Ȯ ɝɎɫɓɔ ɝ ɩɞɔɘ Ɏɑɜɔɠɔ-

ɖɌɢɔɫ ɜɌɓɗɔɣəɧɡ ɘɑɞɚɐɔɖ ɌɖɝɚəɌɗɨəɚɕ ɞɜɌɖɞɚ-

ɏɜɌɠɔɔ ɛɜɚɎɚɐɔɞɝɫ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɐɌəəɧɡ, 

ɔɓɘɑɜɑəəɧɡ əɌ ɠɔɓɔɣɑɝɖɔɡ ɘɚɐɑɗɫɡ ɌɖɝɚəɌɗɨ-

əɧɡ ɞɜɌɖɞɚɎ (ɠɔɓɔɣɑɝɖɔɑ ɠɌəɞɚɘɧ), ɔ əɌ ɔɡ 

ɣɔɝɗɚɎɧɡ ɘɚɐɑɗɫɡ (ɣɔɝɗɚɎɧɑ ɠɌəɞɚɘɧ) [13 - 16].  

ɂɑɗɨ ɐɌəəɚɕ ɜɌɍɚɞɧ ɝɚɝɞɚɫɗɌ Ɏ ɚɛɞɔɘɔɓɌ-

ɢɔɔ ɜɌɓɜɌɍɚɞɌəəɧɡ ɜɌəɑɑ ɘɑɞɚɐɚɎ ɚɢɑəɖɔ Ɏɑ-

ɜɚɫɞəɚɝɞɔ ɝɟɥɑɝɞɎɚɎɌəɔɫ ɞɚɏɚ ɔɗɔ ɔəɚɏɚ ɛɟɞɔ 

ɛɜɚɡɚɒɐɑəɔɫ ɌɖɝɚəɌɗɨəɚɏɚ ɞɜɌɖɞɌ [17]. Ȱɗɫ 

ɞɜɌɖɞɚɏɜɌɠɔɔ ɔɝɛɚɗɨɓɚɎɌɗɔɝɨ ȸȼȾ ɐɌəəɧɑ, ɔɓ-

ɘɑɜɑəəɧɑ ɖɌɖ əɌ 1,5 Ⱦɗ ɜɟɞɔəəɚɘ ɖɗɔəɔɣɑɝɖɚɘ 

ɞɚɘɚɏɜɌɠɑ, ɞɌɖ ɔ əɌ 3 Ⱦɗ ɞɚɘɚɏɜɌɠɑ ɩɖɝɛɑɜɞəɚ-

ɏɚ ɖɗɌɝɝɌ, ɚɛɞɔɘɔɓɔɜɚɎɌəəɚɘ ɐɗɫ ɔɓɘɑɜɑəɔɫ 

ɐɔɠɠɟɓɔɔ.  ȶɜɚɘɑ ɌəɌɗɔɓɌ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ 

əɌ ɓɐɚɜɚɎɧɡ ɐɚɍɜɚɎɚɗɨɢɌɡ, əɌ ɛɜɔɘɑɜɑ ɛɌɢɔɑə-

ɞɚɎ ɝ ɔəɝɟɗɨɞɚɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɛɜɚɌəɌɗɔɓɔɜɚ-

ɎɌəɌ Ɏɚɓɘɚɒəɚɝɞɨ ɘɑɞɚɐɌ ɐɗɫ ɎɧɫɎɗɑəɔɫ ɛɚ-

Ɏɜɑɒɐɬəəɧɡ ɞɜɌɖɞɚɎ Ɏ ɚɍɗɌɝɞɔ ɛɚɜɌɒɑəɔɫ ɏɚ-

ɗɚɎəɚɏɚ ɘɚɓɏɌ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

ȸɌɞɑɘɌɞɔɣɑɝɖɚɑ ɚɛɔɝɌəɔɑ ɩɠɠɑɖɞɚɎ 

ɐɔɠɠɟɓɔɔ. 

Ȯ ɖɚəɞɑɖɝɞɑ ɘɑɐɔɖɚ-ɍɔɚɗɚɏɔɣɑɝɖɔɡ ɚɍɦɑɖ-

ɞɚɎ ɚɍɧɣəɚ ɏɚɎɚɜɫɞ ɚɍ ɔɓɘɑɜɫɑɘɚɘ ɖɚɩɠɠɔɢɔ-

ɑəɞɑ ɐɔɠɠɟɓɔɔ (ȴȶȰ), ɞɌɖ ɖɌɖ ɐɔɠɠɟɓɔɫ Ɏ ɍɔɚ-

ɗɚɏɔɣɑɝɖɔɡ ɞɖɌəɫɡ ɚɏɜɌəɔɣɑəɌ Ɏəɟɞɜɔɖɗɑɞɚɣ-

əɧɘɔ ɔ ɎəɟɞɜɔɞɖɌəɑɎɧɘɔ ɍɌɜɨɑɜɌɘɔ. Ȯ ɗɔɞɑ-

ɜɌɞɟɜɑ ɛɚ ȸȼȾ ɘɑɐɔɖɚ-ɍɔɚɗɚɏɔɣɑɝɖɔɡ ɚɍɦɑɖɞɚɎ 

ɝɗɚɎɚ çɝɌɘɚè ɚɍɧɣəɚ ɚɛɟɝɖɌɪɞ, ɛɚɩɞɚɘɟ ɐɌɗɑɑ Ɏ 

ɜɌɍɚɞɑ ɛɚɐ ɐɔɠɠɟɓɔɑɕ Ɏɚɐɧ ɍɟɐɑɞ ɛɚɐɜɌɓɟɘɑ-

ɎɌɞɨɝɫ ɝɌɘɚɐɔɠɠɟɓɔɫ ɘɚɗɑɖɟɗ Ɏɚɐɧ [18]. 

ȱɝɗɔ ɐɔɠɠɟɓɔɫ ɌəɔɓɚɞɜɚɛəɌ, ɞɚ ɐɔɠɠɟ-

ɓɔɪ ɘɚɒəɚ ɚɛɔɝɌɞɨ ɞɑəɓɚɜɚɘ ɎɔɐɌ: 

   (1) 

ȮɎɔɐɟ ɝɔɘɘɑɞɜɔɔ əɑɐɔɌɏɚəɌɗɨəɧɑ ɩɗɑ-

ɘɑəɞɧ ɞɑəɓɚɜɌ ɜɌɎəɧ ɔ, ɠɌɖɞɔɣɑɝɖɔ, ɚə ɚɛɜɑ-

ɐɑɗɫɑɞɝɫ 6 əɑɓɌɎɔɝɔɘɧɘɔ ɛɌɜɌɘɑɞɜɌɘɔ.  

ȮɧɍɜɌɎ ɝɚɚɞɎɑɞɝɞɎɟɪɥɟɪ ɝɔɝɞɑɘɟ ɖɚɚɜ-

ɐɔəɌɞ, ɘɧ ɘɚɒɑɘ ɛɜɔɎɑɝɞɔ DT ɖ ɐɔɌɏɚəɌɗɨəɚɘɟ 

Ɏɔɐɟ: 

  (2) 

ɏɐɑ  Ȋ_i ð ɝɚɍɝɞɎɑəəɧɑ ɓəɌɣɑəɔɫ ɞɑəɓɚɜɌ 

ɐɔɠɠɟɓɔɔ, ɚəɔ ɡɌɜɌɖɞɑɜɔɓɟɪɞ ɝɜɑɐəɑɖɎɌɐɜɌ-

ɞɔɣɑɝɖɚɑ ɝɘɑɥɑəɔɑ Ɏɐɚɗɨ ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ 

əɌɛɜɌɎɗɑəɔɫ. ȽɚɍɝɞɎɑəəɧɑ Ɏɑɖɞɚɜɧ ɚɛɔɝɧɎɌɪɞ 

ɛɜɑɚɍɜɌɓɚɎɌəɔɑ ɝɔɝɞɑɘɧ ɖɚɚɜɐɔəɌɞ, Ɏ ɖɚɞɚɜɧɡ 

ɛɜɚɔɓɎɚɐɫɞɝɫ ɔɓɘɑɜɑəɔɫ (ɚəɌ ɝɎɫɓɌəɌ ɝ ɜɌɝɛɚ-

ɗɚɒɑəɔɑɘ ɏɜɌɐɔɑəɞəɧɡ ɖɌɞɟɤɑɖ) ɖ ɝɔɝɞɑɘɑ ɖɚ-

ɚɜɐɔəɌɞ, ɏɐɑ ɞɑəɓɚɜ ɐɔɠɠɟɓɔɔ ɔɘɑɑɞ ɐɔɌɏɚ-

əɌɗɨəɧɕ Ɏɔɐ. Ȼɚɝɖɚɗɨɖɟ ɛɚɛɑɜɑɖ ɌɖɝɚəɌ ɐɔɠ-

ɠɟɓɔɫ ɝɔɗɨəɚ ɚɏɜɌəɔɣɑəɌ, ɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ 

əɌɛɜɌɎɗɑəɔɑ ɌɖɝɚəɌɗɨəɧɡ ɛɟɣɖɚɎ ɝɚɎɛɌɐɌɑɞ ɝ 

əɌɛɜɌɎɗɑəɔɑɘ ɝɚɍɝɞɎɑəəɚɏɚ ɎɑɖɞɚɜɌ  v_max, ɝɚ-

ɚɞɎɑɞɝɞɎɟɪɥɑɏɚ əɌɔɍɚɗɨɤɑɘɟ ɝɚɍɝɞɎɑəəɚɘɟ 

ɓəɌɣɑəɔɪ Ȋ_max [1].  

ȺɐəɌɖɚ, ɐɌəəɌɫ ɘɚɐɑɗɨ əɑɖɚɜɜɑɖɞəɌ Ɏ 

ɓɚəɑ ɛɑɜɑɝɑɣɑəɔɫ əɑɝɖɚɗɨɖɔɡ ɞɜɌɖɞɚɎ. Ȱɔɠɠɟ-

ɓɔɫ Ɏ ɐɌəəɚɕ ɓɚəɑ ɘɚɒɑɞ ɍɧɞɨ ɚɛɔɝɌəɌ ɖɌɖ ɝɟ-

ɛɑɜɛɚɓɔɢɔɫ əɑɝɖɚɗɨɖɔɡ ɞɑəɓɚɜɚɎ ɔɗɔ ɛɜɚɌəɌɗɔ-

ɓɔɜɚɎɌəɌ ɖɌɖ ɐɑɖɚəɎɚɗɪɢɔɫ ɎɖɗɌɐɚɎ ɚɞ ɜɌɓɗɔɣ-

əɧɡ ɖɚɘɛɚəɑəɞ  [19 - 22]. Ȱɗɫ ɌəɌɗɔɓɌ ɐɌəəɧɡ 

ȰȮ-ȸȼȾ ɍɚɗɑɑ ɝɗɚɒəɧɘɔ ɘɚɐɑɗɫɘɔ ɔɓɘɑɜɑəɔɫ 

ɐɚɗɒəɧ ɍɧɞɨ ɝɐɑɗɌəɧ Ɏɐɚɗɨ ɓəɌɣɔɞɑɗɨəɚ ɍɚɗɨ-

ɤɑɏɚ ɖɚɗɔɣɑɝɞɎɌ əɌɛɜɌɎɗɑəɔɕ ɐɔɠɠɟɓɔɚəəɚɏɚ 

ɎɓɎɑɤɔɎɌəɔɫ (HARDI ð h igh angular diffusion 

imaging ð ȰȮ-ȸȼȾ ɝ Ɏɧɝɚɖɔɘ ɟɏɗɚɎɧɘ ɜɌɓɜɑɤɑ-

əɔɑɘ).    

ȸɑɞɚɐɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

Ȱɗɫ ɜɌɍɚɞɧ ɝ ɐɌəəɧɘɔ ɍɧɗɌ ɔɝɛɚɗɨɓɚɎɌəɌ 

ɜɌɓɜɌɍɚɞɌəəɌɫ əɌɘɔ ɛɜɚɏɜɌɘɘɌ 

çCheckFiberTractsè, Ɍ ɞɌɖɒɑ ɛɌɖɑɞ ɛɜɚɏɜɌɘɘ 

çDTI&Fibers-toolè ɐɗɫ ɎɔɓɟɌɗɔɓɌɢɔɔ ɔ ɚɍɜɌɍɚɞɖɔ  

ȸȼȾ ɐɌəəɧɡ ɛɚ ɐɔɠɠɟɓɔɔ ɔ ɐɗɫ ɌɖɝɚəɌɗɨəɚɕ 

ɞɜɌɖɞɚɏɜɌɠɔɔ Ɏɑɜɚɫɞəɚɝɞəɧɘɔ, ɐɑɞɑɜɘɔəɔɝɞɔ-

ɣɑɝɖɔɘɔ ɘɑɞɚɐɌɘɔ ɔ, ɖɜɚɘɑ ɞɚɏɚ, Ɍɗɏɚɜɔɞɘɚɘ 

ɏɗɚɍɌɗɨəɚɏɚ ɞɜɑɖɔəɏɌ [19, 23 - 26].  

Ȱɗɫ ɚɢɑəɖɔ Ɏɑɜɚɫɞəɚɝɞɔ ɛɜɚɐɚɗɒɑəɔɫ 

ɞɜɌɖɞɌ Ɏ ɓɌɐɌəəɚɘ əɌɛɜɌɎɗɑəɔɔ ɍɧɗɌ ɔɝɛɚɗɨɓɚ-

ɎɌəɌ ɠɚɜɘɟɗɌ, ɘɚɐɔɠɔɢɔɜɚɎɌəəɌɫ ɔɓ ɜɌɍɚɞɧ  ɖ 

ɝɗɑɐɟɪɥɑɘɟ Ɏɔɐɟ:     

  ,  (3) 

ɏɐɑ r ð Ɏɑɖɞɚɜ əɌɛɜɌɎɗɑəɔɫ ɞɜɌɖɞɌ Ɏ ɐɌə-

əɚɘ Ɏɚɖɝɑɗɑ,  Ǹ ð əɑɖɚɞɚɜɧɕ ɞɑɗɑɝəɧɕ ɟɏɚɗ (Ɏ 

ɐɌəəɚɕ ɜɌɍɚɞɑ ɛɚɗɌɏɌɗɝɫ ɜɌɎəɧɘ ȏ/16 ɜɌɐ, Ɏ 

ɛɜɑɐɑɗɌɡ ɖɚɞɚɜɚɏɚ ɚɛɜɑɐɑɗɫɑɞɝɫ Ɏɑɜɚɫɞəɚɝɞɨ), 

S_ɛɚɎ ð ɛɗɚɥɌɐɨ ɛɚɎɑɜɡəɚɝɞɔ, əɌɞɫɏɔɎɌɑɘɚɕ əɌ 

Ɏɝɑ əɌɛɜɌɎɗɑəɔɫ ɐɔɠɠɟɓɔɚəəɚɏɚ ɎɓɎɑɤɔɎɌəɔɫ, 

D ð ɞɑəɓɚɜ ɐɔɠɠɟɓɔɔ [27]. 

ȴəɠɚɜɘɌɢɔɚəəɌɫ ɩəɞɜɚɛɔɫ ɄɑəəɚəɌ  

Ɏɐɚɗɨ ɎɧɍɜɌəəɚɏɚ ɞɜɌɖɞɌ ɜɌɝɝɣɔɞɧɎɌɗɌɝɨ ɖɌɖ: 

,  (4) 

ɏɐɑ p(i) əɌɡɚɐɔɞɝɫ ɔɓ ɟɜɌɎəɑəɔɫ (3) [28]. 

ȸɌɞɑɜɔɌɗɧ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȬɛɜɚɍɌɢɔɫ ɘɑɞɚɐɚɎ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ əɌ 

ɢɔɠɜɚɎɧɡ ɠɌəɞɚɘɌɡ ɝ ɜɌɓɗɔɣəɧɘɔ FA ɠɌɖɞɚ-

ɜɌɘɔ, ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚɐɔɗɔɝɨ ɛɜɔ ɜɌɓɗɔɣ-

əɧɡ ɟɜɚɎəɫɡ ɝɔɏəɌɗ/ɤɟɘ ɔ ɝ ɜɌɓɗɔɣəɧɘ əɌɍɚ-

ɜɌɘɔ ɐɔɠɠɟɓɔɚəəɚ-ɎɓɎɑɤɔɎɌɪɥɔɡ ɏɜɌɐɔɑəɞɚɎ. 

Ȯ ɐɌəəɚɕ ɜɌɍɚɞɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚɐɔ-

ɗɔɝɨ əɌ ɜɑɌɗɨəɧɡ ȸȼȾ ɝɚ ɝɗɑɐɟɪɥɔɘɔ ɐɌəəɧ-

ɘɔ: 

1) ȰɌəəɧɑ, ɛɚɗɟɣɑəəɧɑ əɌ ȸȼȾ ɞɚɘɚɏɜɌɠɑ 

çSiemens Symphonyè (ɛɚɗɑ ð 1,5 Ⱦɗ, ɌɘɛɗɔɞɟɐɌ 

ɏɜɌɐɔɑəɞɚɎ 30 ɘȾ/ɘ), əɌɡɚɐɫɥɑɘɝɫ Ɏ ȿəɔɎɑɜɝɔ-

ɞɑɞɝɖɚɕ ɖɗɔəɔɖɑ ȶɀȿ.  ȭɧɗɔ ɛɚɗɟɣɑəɧ ɐɌəəɧɑ 
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ɐɗɫ 2 ɏɜɟɛɛ ɛɌɢɔɑəɞɚɎ: ɓɐɚɜɚɎɧɑ ɛɌɢɔɑəɞɧ ɔ 

ɛɌɢɔɑəɞɧ ɝ ɏɑɘɚɜɜɌɏɔɣɑɝɖɔɘ ɔəɝɟɗɨɞɚɘ. ȻɌɜɌ-

ɘɑɞɜɧ ɝɖɌəɔɜɚɎɌəɔɫ: ɜɌɓɜɑɤɑəɔɑ (ɜɌɓɘɑɜ Ɏɚɖ-

ɝɑɗɌ) ð 2*2*3 ɘɘ3; b=850 ɝ/ɘɘ2, 12 əɌɛɜɌɎɗɑ-

əɔɕ ɏɜɌɐɔɑəɞɌ, Ɏɜɑɘɫ ɩɡɚ Ⱦȱ = 97 ɘɝ. Ȯɧɍɚɜ 

b=850 ɝ/ɘɘ2 ɛɜɚɞɔɎ b=1000 ɝ/ɘɘ2 (əɌɔɍɚɗɑɑ 

ɣɌɝɞɚ ɔɝɛɚɗɨɓɟɑɘɚɘ ɐɗɫ ɖɗɔəɔɣɑɝɖɔɡ ȰȮ-ȸȼȾ 

ɔɝɝɗɑɐɚɎɌəɔɕ ɔ ɌɖɝɚəɌɗɨəɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ) ɍɧɗ 

ɚɍɟɝɗɚɎɗɑə əɑɚɍɡɚɐɔɘɚɝɞɨɪ ɖɚɘɛɜɚɘɔɝɝɌ ɘɑɒ-

ɐɟ ɓəɌɣɔɞɑɗɨəɧɘ ɟɐɗɔəɑəɔɑɘ Ɏɜɑɘɑəɔ ɩɡɚ ɓɌ 

ɝɣɬɞ əɑɚɛɞɔɘɌɗɨəɧɡ ɐɗɫ ȰȮ-ȸȼȾ ɚɏɜɌəɔɣɑəɔɕ 

ɛɌɜɌɘɑɞɜɚɎ ȸȼȾ ɚɍɚɜɟɐɚɎɌəɔɫ. ȶɌɖ ɍɧɗɚ ɛɚɖɌ-

ɓɌəɚ ɜɌəɑɑ, ɞɌɖɚɑ ɟɘɑəɨɤɑəɔɑ Ɏɑɗɔɣɔəɧ ɍ-

ɠɌɖɞɚɜɌ əɑɓəɌɣɔɞɑɗɨəɚ ɟɡɟɐɤɌɑɞ ɞɚɣəɚɝɞɨ 

ɚɛɜɑɐɑɗɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɐɔɠɠɟɓɔɔ, ɐɌɗɑɑ ɛɜɚ-

ɞɚɖɚɗ ɔɓɘɑɜɑəɔɕ ʈ1 [29]. 

2) ȸȼȾ ɐɌəəɧɑ, ɛɚɗɟɣɑəəɧɑ əɌ ȸȼȾ ɞɚɘɚ-

ɏɜɌɠɑ ç3T CONNECTOMè (3 Ⱦɗ, ɌɘɛɗɔɞɟɐɌ ɏɜɌ-

ɐɔɑəɞɚɎ 200 ɘȾ/ɘ), Ɏ ɜɌɘɖɌɡ ɛɜɚɑɖɞɌ Human 

Connectom Project [30]. ȻɌɜɌɘɑɞɜɧ ɝɖɌəɔɜɚɎɌ-

əɔɫ: ɜɌɓɜɑɤɑəɔɑ 1,5*1,5*1,5 ɘɘ3, b=1000 ɝ/ɘɘ2, 

64 əɌɛɜɌɎɗɑəɔɫ ɏɜɌɐɔɑəɞɌ, Ɏɜɑɘɫ ɩɡɚ Ⱦȱ ɐɚ 57 

ɘɝ, ɐɌɗɑɑ ɛɜɚɞɚɖɚɗ ɔɓɘɑɜɑəɔɕ ʈ2. 

ȼɑɓɟɗɨɞɌɞɧ. 

ɃɔɝɗɚɎɧɑ ɠɌəɞɚɘɧ. 

Ȱɗɫ ɌɛɜɚɍɌɢɔɔ ɌɗɏɚɜɔɞɘɚɎ ɍɧɗɔ ɝɘɚɐɑɗɔ-

ɜɚɎɌəɧ ɜɌɓɗɔɣəɧɑ ɢɔɠɜɚɎɧɑ ɠɌəɞɚɘɧ, əɌ 

(ɜɔɝ.1) ɛɜɑɐɝɞɌɎɗɑə ɠɌəɞɚɘ, ɝɚɝɞɚɫɥɔɕ ɔɓ ɐɎɟɡ 

ɞɜɌɖɞɚɎ ɝ ɜɌɓɗɔɣəɧɘɔ FA ɠɌɖɞɚɜɌɘɔ. Ƚɚɍ-

ɝɞɎɑəəɧɑ ɓəɌɣɑəɔɫ ɐɗɫ 1 ɞɜɌɖɞɌ ð (1.6 0.16 

0.15) *10 -3 ɘɘ2/ɝ, ɐɗɫ 2 ɞɜɌɖɞɌ ð (1.4 0.3 0.4) 

*10 -3 ɘɘ2/ɝ. ȹɌ ɏɜɌɠɔɖɑ ɔɓɘɑəɑəɔɫ ɛɌɜɌɘɑɞ-

ɜɚɎ Ɏɐɚɗɨ ɞɜɌɖɞɌ ɎɔɐəɌ ɚɍɗɌɝɞɨ, ɏɐɑ ɛɜɚɔɝɡɚɐɔɞ 

ɛɑɜɑɝɑɣɑəɔɑ ɞɜɌɖɞɚɎ (ɜɔɝ. 2, 3). 

ȴɓɘɑəɑəɔɑ ɛɌɜɌɘɑɞɜɚɎ Ɏɐɚɗɨ ɞɜɌɖɞɚɎ. 

ȴɓ Ɏɝɑɡ ɞɜɌɖɞɚɎ, əɌɕɐɑəəɧɡ ɌɖɝɚəɌɗɨəɚɕ 

ɞɜɌɖɞɚɏɜɌɠɔɑɕ (ɛɜɚɏɜɌɘɘɌ çDTI&Fibers-toolè), 

ɍɧɗɔ ɎɧɍɜɌəɧ əɌɔɍɚɗɑɑ ɖɜɟɛəɧɑ ɛɟɣɖɔ Ɍɖɝɚ-

əɚɎ (ɜɔɝ. 4) [23].  ȹɌ ɜɔɝɟəɖɑ 5 ɛɚ ɔɓɘɑəɑəɔɪ 

Ɏɑɜɚɫɞəɚɝɞɔ ɔ ɩəɞɜɚɛɔɔ ɘɚɒəɚ ɣɑɞɖɚ Ɏɧɐɑɗɔɞɨ 

ɚɍɗɌɝɞɔ ɛɌɜɌɗɗɑɗɨəɚɏɚ ɛɜɚɡɚɒɐɑəɔɫ ɞɜɌɖɞɚɎ ɔ 

ɚɍɗɌɝɞɔ ɜɌɓɎɑɞɎɗɑəɔɫ. ȹɌ ɜɔɝɟəɖɑ 4 (b, c) ɛɜɑɐ-

ɝɞɌɎɗɑəɌ ɖɌɜɞɌ ɩəɞɜɚɛɔɔ ɖɚɜɚəɌɗɨəɧɡ ɝɜɑɓɚɎ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. ȹɌ ɩɞɔɡ ɖɌɜɞɌɡ Ɏɔɐəɚ, ɣɞɚ Ɏ 

ɘɑɝɞɑ ɛɑɜɑɝɑɣɑəɔɫ ɞɜɌɖɞɚɎ ɛɜɚɔɝɡɚɐɔɞ ɓəɌɣɔ-

ɞɑɗɨəɚɑ ɟɎɑɗɔɣɑəɔɑ ɩəɞɜɚɛɔɔ. ȹɌ ɜɔɝɟəɖɑ 4 (d, 

e) ɛɜɑɐɝɞɌɎɗɑəɌ ɜɑɖɚəɝɞɜɟɖɢɔɫ ɖɚɜɞɔɖɚɝɛɔ-

əɌɗɨəɧɡ ɞɜɌɖɞɚɎ ɏɗɚɍɌɗɨəɧɘ ɘɑɞɚɐɚɘ ɐɗɫ ɐɌə-

əɧɡ HCP (ɐɌəəɧɑ 2), ɛɚɖɌɓɌəɌ ɚɍɗɌɝɞɨ, ɏɐɑ ɛɜɚ-

ɔɝɡɚɐɔɞ ɛɑɜɑɝɑɣɑəɔɑ əɑɝɖɚɗɨɖɔɡ ɛɟɣɖɚɎ ɞɜɌɖ-

ɞɚɎ [30].  

ȬəɌɗɔɓ ɐɌəəɧɡ ɛɌɢɔɑəɞɚɎ ɝ ɚɝɞɜɧɘ 

əɌɜɟɤɑəɔɑɘ ɘɚɓɏɚɎɚɏɚ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ ɛɚ ɏɑ-

ɘɚɜɜɌɏɔɣɑɝɖɚɘɟ ɞɔɛɟ. 

ȭɧɗɚ ɛɜɚɎɑɐɑəɚ ɔɝɝɗɑɐɚɎɌəɔɑ ɐɌəəɧɡ, 

ɔɓɘɑɜɑəəɧɡ ɛɚ ɛɜɚɞɚɖɚɗɟ ʈ1. ȭɧɗɔ Ɏɧɐɑɗɑəɧ 

2 ɝɔɘɘɑɞɜɔɣəɧɑ ɓɚəɧ əɌ ɖɚɜɞɔɖɚɝɛɔəɌɗɨəɚɘ 

ɞɜɌɖɞɑ: ɚɐəɌ ð Ɏ ɓɐɚɜɚɎɚɕ ɚɍɗɌɝɞɔ, ɐɜɟɏɌɫ ð əɌ 

ɏɜɌəɔɢɑ ɚɍɗɌɝɞɔ ɛɚɜɌɒɑəɔɫ. ȼɌəɑɑ Ɏ ɩɞɔɡ ɚɍɗɌ-

ɝɞɫɡ ɍɧɗɚ ɚɛɜɑɐɑɗɑəɚ ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ ɠɌɖɞɚ-

ɜɌ Ɍəɔɓɚɞɜɚɛɔɔ ɔ ɝɜɑɐəɑɏɚ ɖɚɩɠɠɔɢɔɑəɞɌ 

ɐɔɠɠɟɓɔɔ [17]. Ȯ ɐɌəəɚɕ ɜɌɍɚɞɑ ɍɧɗ ɛɜɚɎɑɐɑə 

ɜɌɝɣɑɞ ɩəɞɜɚɛɔɔ Ɏ Ɏɧɐɑɗɑəəɧɡ ɚɍɗɌɝɞɫɡ, ɜɑ-

ɓɟɗɨɞɌɞɧ ɍɧɗɔ ɝɚɚɞəɑɝɑəɧ ɝɚ ɝɞɑɛɑəɨɪ ɞɫɒɑɝɞɔ 

ɛɚɎɜɑɒɐɑəɔɕ (ɞɌɍɗ. 1). 

ȭɧɗɌ ɎɧɫɎɗɑəɌ ɖɚɜɜɑɗɫɢɔɫ ɘɑɒɐɟ ɓəɌɣɑ-

əɔɑɘ ɩəɞɜɚɛɔɔ ɔ ɝɞɑɛɑəɨɪ ɞɫɒɑɝɞɔ ɛɚɜɌɒɑəɔɫ 

ð əɌɔɍɚɗɑɑ ɞɫɒɑɗɧɘ ɛɚɜɌɒɑəɔɫɘ ɝɚɚɞɎɑɞɝɞɎɚ-

ɎɌɗɚ ɍɚɗɑɑ Ɏɧɝɚɖɚɑ ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ ɩəɞɜɚɛɔɔ 

Ɏ ɓɚəɑ ɛɚɜɌɒɑəɔɫ. 

Ȱɗɫ ɐɌəəɧɡ ɛɌɢɔɑəɞɚɎ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ 

ɜɑɖɚəɝɞɜɟɖɢɔɫ ɞɜɌɖɞɚɎ. ȭɧɗɚ ɎɧɫɎɗɑəɚ, ɣɞɚ 

ɣɌɝɞɨ ɞɜɌɖɞɚɎ ɚɍɜɧɎɌɑɞɝɫ əɌ ɏɜɌəɔɢɑ ɓɚəɧ ɛɚ-

ɜɌɒɑəɔɫ. ȹɌ ɜɔɝɟəɖɑ 6 (Ɍ) ɛɜɑɐɝɞɌɎɗɑəɌ ɜɑɖɚə-

ɝɞɜɟɖɢɔɫ ɖɚɜɞɔɖɚɝɛɔəɌɗɨəɧɡ ɞɜɌɖɞɚɎ əɌ ɓɐɚ-

ɜɚɎɚɕ ɝɞɚɜɚəɑ (ɓɑɗɑəɧɕ) ɔ əɌ ɝɞɚɜɚəɑ ɛɚɜɌɒɑ-

əɔɫ (ɖɜɌɝəɧɕ). Ȯɔɐəɚ, ɣɞɚ ɞɜɌɖɞɧ ɗɔɍɚ çɚɏɔɍɌ-

ɪɞè ɚɍɗɌɝɞɨ ɛɚɜɌɒɑəɔɫ, ɗɔɍɚ ɚɍɜɧɎɌɪɞɝɫ. ȹɌ 

ɖɌɜɞɑ ɩəɞɜɚɛɔɔ (ɜɔɝ. 6 ɍ) ɔ ɏɜɌɠɔɖɑ ɔɓɘɑəɑəɔɫ 

ɛɌɜɌɘɑɞɜɚɎ (ɜɔɝ. 7) Ɏɔɐəɚ, ɣɞɚ Ɏ ɚɍɗɌɝɞɔ ɛɚɜɌ-

ɒɑəɔɫ ɛɜɚɔɝɡɚɐɔɞ ɟɎɑɗɔɣɑəɔɑ ɓəɌɣɑəɔɫ ɩəɞɜɚ-

ɛɔɔ, ɖɌɖ ɍɧɗɚ ɝɖɌɓɌəɚ ɜɌəɑɑ. 

Ⱥɍɝɟɒɐɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ. 

Ȼɜɑɐɗɚɒɑəəɧɕ ɘɑɞɚɐ ɎɑɜɔɠɔɖɌɢɔɔ Ɏɖɗɪ-

ɣɌɑɞ Ɏ ɝɑɍɫ ɐɎɌ ɛɌɜɌɘɑɞɜɌ ð Ɏɑɜɚɫɞəɚɝɞɨ Ɏɐɚɗɨ 

ɞɜɌɖɞɌ ɔ ɩəɞɜɚɛɔɪ. ȹɌ ɜɌɓɗɔɣəɧɡ ɐɌəəɧɡ ȸȼȾ, 

ɔɓɘɑɜɑəəɧɡ əɌ ɣɑɗɚɎɑɖɑ, ɍɧɗɚ ɚɍəɌɜɟɒɑəɚ, ɣɞɚ 

ɩəɞɜɚɛɔɫ ɘɚɒɑɞ ɝɗɟɒɔɞɨ ɐɚɛɚɗəɔɞɑɗɨəɧɘ ɛɌ-

ɜɌɘɑɞɜɚɘ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɔɘ ɝɞɑɛɑəɨ ɚɐəɚ-

ɓəɌɣəɚɝɞɔ əɌɛɜɌɎɗɑəɔɫ ɞɜɌɖɞɚɎ Ɏ Ɏɚɖɝɑɗɑ ð ɩə-

ɞɜɚɛɔɫ ɓɌɘɑɞəɚ ɚɞɗɔɣɌɑɞɝɫ əɌ ɟɣɌɝɞɖɌɡ, ɏɐɑ Ɏ 

ɛɜɑɐɑɗɌɡ ɎɚɖɝɑɗɌ Ɍɖɝɚəɧ ɔɘɑɗɔ ɚɐəɚ əɌɛɜɌɎɗɑ-

əɔɑ, ɔ Ɏ ɓɚəɌɡ ɔɡ ɜɌɓɎɑɞɎɗɑəɔɫ ɔ ɛɑɜɑɝɑɣɑəɔɫ; 

Ɏɑɜɚɫɞəɚɝɞɨ ɡɌɜɌɖɞɑɜɔɓɟɑɞ əɌɝɖɚɗɨɖɚ əɌɛɜɌɎ-

ɗɑəɔɑ ɞɜɌɖɞɌ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɔɓɘɑɜɑəəɧɘ 

əɌɛɜɌɎɗɑəɔɫɘ əɌɔɘɑəɑɑ ɚɏɜɌəɔɣɑəəɚɕ ɐɔɠɠɟ-

ɓɔɔ Ɏ Ɏɚɖɝɑɗɑ. ȶɚɘɍɔəɌɢɔɫ ɩɞɔɡ ɐɎɟɡ ɛɌɜɌɘɑɞ- 

 

ȼɔɝ. 1.   

ȼɔɝ. 1.   FA ɖɌɜɞɌ ɠɌəɞɚɘɌ ɔɓ ɐɎɟɡ ɛɑɜɑɝɑ-

ɖɌɪɥɔɡɝɫ ɞɜɌɖɞɚɎ.   

ȽɚɍɝɞɎɑəəɧɑ ɓəɌɣɑəɔɫ - ɐɗɫ 1 ɞɜɌɖɞɌ ð (1.6 

0.16 0.15) *10 -3 ɘɘ2/ɝ, ɐɗɫ 2 ɞɜɌɖɞɌ ð (1.4 

0.3 0.4)  *10 -3 ɘɘ2/ɝ. 
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ȼɔɝ. 2. 

ȼɔɝ. 2.  ȯɜɌɠɔɖ ɔɓɘɑəɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɐɗɫ SNR=120. 

Ȯ ɚɍɗɌɝɞɔ ɛɑɜɑɝɑɣɑəɔɫ ɛɜɚɔɝɡɚɐɔɞ ɛɌɐɑəɔɑ Ɏɑɜɚɫɞəɚɝɞɔ ɔ ɛɚɎɧɤɑəɔɑ ɩəɞɜɚɛɔɔ. 

 

ȼɔɝ. 3. 

ȼɔɝ. 3.  ȯɜɌɠɔɖ ɔɓɘɑəɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɐɗɫ SNR=30. 

 

ȼɔɝ. 4,Ɍ. 

 

ȼɔɝ. 4,ɍ. 

 

ȼɔɝ. 4,Ɏ. 

 

ȼɔɝ. 4,ɏ. 

ȼɔɝ. 4.  (Ȭ ð ȯ). ȾɜɌɖɞɚɏɜɌɠɔɫ. ȶɚɜɞɔɖɚɝɛɔəɌɗɨəɧɑ ɞɜɌɖɞɧ. 

Ȭ - 3D -ɔɓɚɍɜɌɒɑəɔɑ ɞɜɌɖɞɌ; ɜɌɘɖɌɘɔ ɚɞɘɑɣɑəɧ ɚɍɗɌɝɞɔ ɜɌɓɎɑɞɎɗɑəɔɫ ɔ ɛɑɜɑɝɑɣɑəɔɫ ɞɜɌɖɞɚɎ (ɏɚ-

ɗɟɍɚɕ ɢɎɑɞ) ɔ ɚɍɗɌɝɞɨ ɛɌɜɌɗɗɑɗɨəɚɕ ɟɛɌɖɚɎɖɔ ɞɜɌɖɞɚɎ (ɓɑɗɑəɧɕ ɢɎɑɞ).   

ȭ, Ȯ -  Ȼɜɚɑɖɢɔɔ ɞɜɌɖɞɚɎ əɌ ɖɌɜɞɟ ɩəɞɜɚɛɔɔ ɌɖɝɔɌɗɨəɧɡ ɝɜɑɓɚɎ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. Ȯɧɝɚɖɔɑ ɓəɌɣɑ-

əɔɫ ɩəɞɜɚɛɔɔ ɟɖɌɓɧɎɌɪɞ əɌ əɌɗɔɣɔɑ ɜɌɓɎɑɞɎɗɑəɔɫ ɔ ɛɑɜɑɝɑɣɑəɔɫ ɞɜɌɖɞɚɎ (ɐɌəəɧɑ, ɔɓɘɑɜɑəəɧɑ 

ɛɚ ɛɜɚɞɚɖɚɗɟ ʈ1). 

ȯ - ȹɌɗɚɒɑəɔɑ ɜɑɖɚəɝɞɜɟɖɢɔɔ ɞɜɌɖɞɚɎ ɐɗɫ ɐɌəəɧɡ, ɔɓɘɑɜɑəəɧɡ ɛɚ ɛɜɚɞɚɖɚɗɟ ʈ2, ɛɚɗɟɣɑəəɧɡ ɘɑ-

ɞɚɐɚɘ ɏɗɚɍɌɗɨəɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ, əɌ T1-ɔɓɚɍɜɌɒɑəɔɫ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ ɖɚɜɚəɌɗɨəɚɏɚ ɝɜɑɓɌ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. Ȯɔɐəɚ, ɣɞɚ Ɏ ɚɍɗɌɝɞɔ Ɏɧɐɑɗɑəəɚɕ əɌ ɜɔɝ. 4 (a) ɛɜɚɔɝɡɚɐɔɞ ɛɑɜɑɝɑɣɑəɔɑ əɑɝɖɚɗɨ-

ɖɔɡ ɛɟɣɖɚɎ ɌɖɝɚəɚɎ. 
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ȾɌɍɗɔɢɌ ʈ1. ȳəɌɣɑəɔɫ ɩəɞɜɚɛɔɔ ɄɑəəɚəɌ Ɏ ɓɐɚɜɚɎɚɕ ɓɚəɑ ɔ ɓɚəɑ ɛɚɜɌɒɑəɔɫ ɏɚɗɚɎəɚɏɚ 

ɘɚɓɏɌ. 

 

ʇʘʮʠʝʥʪ ʕʥʪʨʦʧʠʷ ʚ ʟʜʦ-

ʨʦʚʦʡ ʟʦʥʝ 

ʕʥʪʨʦʧʠʷ ʚ ʟʦʥʝ 

ʧʦʨʘʞʝʥʠʷ 

ʊʷʞʝʩʪʴ ʧʦʨʘʞʝ-

ʥʠʷ ʧʦ NIHSS
1 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʘʩʩʠʤʝʪʨʠʠ
2 

ʇʘʮʠʝʥʪ ˉ1 16,5 (Ñ2,9) 23,9 (Ñ3,9) 15 1,5 

ʇʘʮʠʝʥʪ ˉ2 14,0 (Ñ4,4) 19,5 (Ñ54) 8 ,4 

ʇʘʮʠʝʥʪ ˉ3 14,41 (Ñ3,5) 2,6 (Ñ4,4) 9 1,6 

ʇʘʮʠʝʥʪ ˉ4 15,1 (Ñ4,4) 22,0 (Ñ36) 10 1,5 

ʇʘʮʠʝʥʪ ˉ5 13,6 (Ñ2,8) 23,9 (Ñ5,) 15 ,8 

ɿʜʦʨʦʚʳʡ ʜʦʙʨʦ-

ʚʦʣʝʮ ˉ1 

(ʣʝʚʘʷ ʟʦʥʘ) 

13,0 (Ñ2,5) 

(ʧʨʘʚʘʷ ʟʦʥʘ) 

14,0 (Ñ2,5) 

- 1,1 

ɿʜʦʨʦʚʳʡ ʜʦʙʨʦ-

ʚʦʣʝʮ ˉ2 

(ʣʝʚʘʷ ʟʦʥʘ) 

13,6 Ñ1,9) 

(ʧʨʘʚʘʷ ʟʦʥʘ) 

13,2 (Ñ25) 

- 1,0 

ɿʜʦʨʦʚʳʡ ʜʦʙʨʦ-

ʚʦʣʝʮ ˉ3 

(ʣʝʚʘʷ ʟʦʥʘ) 

14, (Ñ2,3) 

(ʧʨʘʚʘʷ ʟʦʥʘ) 

15,0 (Ñ2,4) 

- 1,1 

ɿʜʦʨʦʚʳʡ ʜʦʙʨʦ-

ʚʦʣʝʮ ˉ4 

(ʣʝʚʘʷ ʟʦʥʘ) 

13,5 (Ñ2,7) 

(ʧʨʘʚʘʷ ʟʦʥʘ) 

14,5 (Ñ2,7) 

- 1,1 

ɿʜʦʨʦʚʳʡ ʜʦʙʨʦ-

ʚʦʣʮ ˉ5 

(ʣʝʚʘʷ ʟʦʥʘ) 

15,0 (Ñ2,7) 

(ʧʨʘʚʘʷ ʟʦʥʘ) 

14,6 (Ñ2,3) 

- 1,0 

1 - ɄɖɌɗɌ NIHSS  (National  Institutes  of Health  Stroke  Scale). Ȼɜɔɘɑəɫɑɞɝɫ ɐɗɫ ɚɢɑəɖɔ əɑɎɜɚɗɚɏɔɣɑ-

ɝɖɚɏɚ ɝɞɌɞɟɝɌ, ɗɚɖɌɗɔɓɌɢɔɔ ɔəɝɟɗɨɞɌ, ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɔ ɜɑɓɟɗɨɞɌɞɚɎ ɗɑɣɑəɔɫ [31, 

32].  

2 - ȶɚɩɠɠɔɢɔɑəɞ Ɍɝɔɘɘɑɞɜɔɔ ɜɌɝɝɣɔɞɧɎɌɑɞɝɫ ɖɌɖ ɚɞəɚɤɑəɔɑ ɓəɌɣɑəɔɫ ɩəɞɜɚɛɔɔ Ɏ ɓɚəɑ ɛɚɜɌɒɑ-

əɔɫ ɖ ɓəɌɣɑəɔɪ ɩəɞɜɚɛɔɔ Ɏ ɝɔɘɘɑɞɜɔɣəɚɕ ɓɐɚɜɚɎɚɕ ɓɚəɑ. 

 

ȼɔɝ. 5.   

ȼɔɝ. 5.   ȯɜɌɠɔɖ ɔɓɘɑəɑəɔɫ Ɏɑɜɚɫɞəɚɝɞɔ ɔ ɩəɞɜɚɛɔɔ Ɏɐɚɗɨ ɞɜɌɖɞɌ.  

ȴɓɘɑəɑəɔɑ ɛɌɜɌɘɑɞɜɚɎ ɛɚɓɎɚɗɫɑɞ ɎɧɫɎɔɞɨ ɚɍɗɌɝɞɔ ɛɌɜɌɗɗɑɗɨəɚɕ ɟɛɌɖɚɎɖɔ ɞɜɌɖɞɚɎ (ɓɑɗɑəɌɫ ɜɌɘ-

ɖɌ) ɔ ɚɍɗɌɝɞɔ ɜɌɓɎɑɞɎɗɑəɔɫ ɔ ɛɑɜɑɝɑɣɑəɔɫ ɞɜɌɖɞɚɎ (ɏɚɗɟɍɌɫ ɜɌɘɖɌ). ȺɍɗɌɝɞɔ, Ɏɧɐɑɗɑəəɧɑ əɌ ɏɜɌ-

ɠɔɖɑ, ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɚɍɗɌɝɞɫɘ, Ɏɧɐɑɗɑəəɧɘ əɌ 3D-ɔɓɚɍɜɌɒɑəɔɔ, Ɍ ɞɌɖɒɑ əɌ ɛɜɚɑɖɢɔɫɡ. 
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ɜɚɎ Ɏɐɚɗɨ əɌɕɐɑəəɧɡ ɌɖɝɚəɌɗɨəɧɡ ɞɜɌɖɞɚɎ ɛɚɓ-

Ɏɚɗɫɑɞ ɚɢɑəɔɞɨ Ɏɑɜɚɫɞəɚɝɞɨ ɞɚɕ ɔɗɔ ɔəɚɕ ɞɜɌ-

ɑɖɞɚɜɔɔ ɛɜɚɡɚɒɐɑəɔɫ ɞɜɌɖɞɚɎ ɔ, ɞɑɘ ɝɌɘɧɘ, 

ɘɚɒɑɞ ɝɗɟɒɔɞɨ ɘɑɜɚɕ ɚɢɑəɖɔ ɐɚɝɞɚɎɑɜəɚɝɞɔ 

ɜɑɓɟɗɨɞɌɞɚɎ ɌɖɝɚəɌɗɨəɚɕ ɞɜɌɖɞɚɏɜɌɠɔɔ.  

Ȼɚɗɟɣɑəəɧɑ ɖɌɜɞɧ ɩəɞɜɚɛɔɔ ɡɌɜɌɖɞɑɜɔ-

ɓɟɪɞ ɝɞɑɛɑəɨ əɑɚɐəɚɓəɌɣəɚɝɞɔ əɌɛɜɌɎɗɑəɔɕ 

ɌɖɝɚəɚɎ Ɏ Ɏɚɖɝɑɗɑ. Ȯ əɑɖɚɞɚɜɚɕ ɘɑɜɑ ɩɞɌ ɖɌɜɞɌ 

ɝɡɚɒɌ ɝ ɖɌɜɞɚɕ ɛɗɌəɌɜəɚɝɞɔ ɞɑəɓɚɜɌ ɐɔɠɠɟ-

ɓɔɔ, ɏɐɑ ɔɓ-ɓɌ ɍɗɔɓɚɝɞɔ ɐɎɟɡ əɌɔɍɚɗɨɤɔɡ ɝɚɍ-

ɝɞɎɑəəɧɡ ɓəɌɣɑəɔɕ ɞɑəɓɚɜɌ əɌɛɜɌɎɗɑəɔɫ ɝɚɍ-

ɝɞɎɑəəɚɏɚ ɓəɌɣɑəɔɫ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɏɚ ɘɌɖɝɔ-

ɘɌɗɨəɚɘɟ ɝɚɍɝɞɎɑəəɚɘɟ ɓəɌɣɑəɔɪ, ɚɛɜɑɐɑɗɫɑɞ-

ɝɫ ɝ Ɏɧɝɚɖɚɕ ɝɞɑɛɑəɨɪ əɑɚɐəɚɓəɌɣəɚɝɞɔ. ȺɐəɌ-

ɖɚ ɛɜɑɐɗɚɒɑəəɧɕ əɌɘɔ ɘɑɞɚɐ ɍɚɗɑɑ ɚɍɥɔɕ, ɛɚ-

ɝɖɚɗɨɖɟ ɚə ɛɜɔɏɚɐɑə ɐɗɫ ɌəɌɗɔɓɌ ɐɌəəɧɡ ɍɑɓ 

ɚɏɜɌəɔɣɑəɔɫ ɞɑəɓɚɜəɚɕ ɘɚɐɑɗɨɪ, ɔ ɛɜɔ ɔɓɘɑɜɑ-

əɔɫɡ ɐɔɠɠɟɓɔɔ ɝ Ɏɧɝɚɖɔɘ ɟɏɗɚɎɧɘ ɜɌɓɜɑɤɑəɔ-

ɑɘ ɛɚɓɎɚɗɫɑɞ ɐɑɞɑɖɞɔɜɚɎɌɞɨ ɚɐəɚɎɜɑɘɑəəɚ əɑ-

ɝɖɚɗɨɖɚ əɌɛɜɌɎɗɑəɔɕ ɌɖɝɚəɚɎ Ɏ ɛɜɑɐɑɗɌɡ Ɏɚɖɝɑ-

ɗɌ. ȺɢɑəɖɌ ɐɑɞɑɖɞɔɜɟɑɘɚɝɞɔ ɞɜɌɖɞɚɎ Ɍɗɏɚɜɔɞ-

ɘɌɘɔ ɏɗɚɍɌɗɨəɚɕ ɚɛɞɔɘɔɓɌɢɔɔ əɑ ɞɜɔɎɔɌɗɨəɌ, 

 

ȼɔɝ.6, Ɍ. 

 

ȼɔɝ.6, ɍ. 

ȼɔɝ. 6.    ȾɜɌɖɞɚɏɜɌɠɔɫ.  

Ȭ ð 3D -ɜɑɖɚəɝɞɜɟɖɢɔɫ ɞɜɌɖɞɚɎ, əɌɗɚɒɑəəɌɫ əɌ ȰȮ ɔɓɚɍɜɌɒɑəɔɑ; ɓɑɗɑəɧɕ ɛɟɣɚɖ -  ɞɜɌɖɞɧ əɌ ɓɐɚɜɚ-

Ɏɚɕ ɝɞɚɜɚəɑ, ɖɜɌɝəɧɕ ɛɟɣɚɖ ð ɞɜɌɖɞɧ əɌ ɝɞɚɜɚəɑ ɛɚɜɌɒɑəɔɫ; ɍɑɗɚɕ ɜɌɘɖɚɕ ɎɧɐɑɗɑəɌ ɚɍɗɌɝɞɨ, ɏɐɑ 

Ɍɗɏɚɜɔɞɘ ɞɜɌɖɞɚɏɜɌɠɔɔ çɚɍɜɧɎɌɑɞè ɞɜɌɖɞɧ. 

ȭ ð ȶɌɜɞɌ ɩəɞɜɚɛɔɔ ɖɚɜɚəɌɗɨəɚɏɚ ɝɜɑɓɌ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɝ əɌɗɚɒɑəəɚɕ ɛɜɚɑɖɢɔɑɕ ɞɜɌɖɞɚɎ. 

 

ȼɔɝ. 7.     ȴɓɘɑəɑəɔɑ ɛɌɜɌɘɑɞɜɚɎ Ɏɐɚɗɨ ɞɜɌɖɞɚɎ, ɛɜɑɐɝɞɌɎɗɑəəɧɡ əɌ ɜɔɝ. 6 (ɍ), əɌɛɜɌɎɗɑəɔɑ ɚɞɝɣɑɞɌ 

ɝɎɑɜɡɟ-Ɏəɔɓ, ɐɗɔəɌ ɤɌɏɌ å ɜɌɓɘɑɜɟ ɎɚɖɝɑɗɌ. 

Ȯ ɚɍɗɌɝɞɔ ɚɍɜɧɎɌ ɞɜɌɖɞɌ Ɏɑɜɚɫɞəɚɝɞɨ ɟɘɑəɨɤɌɑɞɝɫ, Ɍ ɩəɞɜɚɛɔɫ ɎɚɓɜɌɝɞɌɑɞ. 








































































































































































































































































































