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ɍȾɄ 51-73:517.9:519.62:53.04 

Ɉɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ Ƚɚɥɟɪɤɢɧɚ  
ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɮɮɭɡɢɢ  

ɷɤɫɢɬɨɧɨɜ, ɜɵɡɜɚɧɧɨɣ ɩɭɥɶɫɢɪɭɸɳɢɦ  
ɷɥɟɤɬɪɨɧɧɵɦ ɡɨɧɞɨɦ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɦɢɲɟɧɢ 
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ɋɬɟɩɨɜɢɱ Ɇ.Ⱥ., ɋɟɪɟɝɢɧɚ ȿ.ȼ., ɉɨɥɹɤɨɜ Ⱥ.ɇ., Ʌɹɦɢɧɚ Ɉ.ɂ. Ɉɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ 
Ƚɚɥɟɪɤɢɧɚ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɮɮɭɡɢɢ ɷɤɫɢɬɨɧɨɜ, ɜɵɡɜɚɧɧɨɣ 
ɩɭɥɶɫɢɪɭɸɳɢɦ ɷɥɟɤɬɪɨɧɧɵɦ ɡɨɧɞɨɦ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɦɢɲɟɧɢ. Ɋаɫɫмɨɬɪɟɧɵ 
ɧɟкɨɬɨɪɵɟ ɜɨɡмɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜаɧɢɹ ɩɪɨɟкцɢɨɧɧɨɝɨ мɟɬɨɞа Ƚаɥɟɪкɢɧа ɞɥɹ 
мɨɞɟɥɢɪɨɜаɧɢɹ ɞɜɭмɟɪɧɨɣ ɞɢɮɮɭɡɢɢ ɷкɫɢɬɨɧɨɜ, ɜɨɡɛɭɠɞаɟмɵɯ ɩɭɥɶɫɢɪɭɸɳɢм 
ɷɥɟкɬɪɨɧɧɵм ɡɨɧɞɨм ɜ ɩɨɥɭɩɪɨɜɨɞɧɢкɨɜɨɣ мɢɲɟɧɢ. Ɂаɞаɱа ɪɟɲɟɧа ɜ цɢɥɢɧɞɪɢɱɟɫкɨɣ 
ɫɢɫɬɟмɟ кɨɨɪɞɢɧаɬ. ɂɫкɨмаɹ кɨɧцɟɧɬɪацɢɹ ɷкɫɢɬɨɧɨɜ ɧаɣɞɟɧа ɜ ɜɢɞɟ ɱаɫɬɢɱɧɨɣ ɫɭммɵ 
ɞɜɨɣɧɨɝɨ ɪɹɞа Ɏɭɪɶɟ ɩɨ ɫɢɫɬɟмɟ мɨɞɢɮɢцɢɪɨɜаɧɧɵɯ ɮɭɧкцɢɣ Ʌаɝɟɪɪа. ɉɨɥɭɱɟɧа 
ɩɨɪɹɞкɨɜаɹ ɨцɟɧка ɩɨɝɪɟɲɧɨɫɬɢ ɧɟɜɹɡкɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɢɛɥɢɠɟɧɧɨмɭ ɪɟɲɟɧɢɸ 
ɧɟɫɬацɢɨɧаɪɧɨɝɨ ɭɪаɜɧɟɧɢɹ ɢɯ ɞɢɮɮɭɡɢɢ. ɉɪɢ мɨɞɟɥɢɪɨɜаɧɢɢ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɩаɪамɟɬɪɵ, 
ɯаɪакɬɟɪɧɵɟ ɞɥɹ ɧɢɬɪɢɞа ɝаɥɥɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: мɟɬɨɞ Ƚаɥɟɪкɢɧа, ɪɹɞ Ɏɭɪɶɟ, ɞɢɮɮɭɡɢɹ, ɩɨɥɭɩɪɨɜɨɞɧɢк. 
 

Ɉɛɳɚɹ ɩɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ 

ɋɮɨɤɭɫɢɪɨɜаɧɧɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɩɭчɤɢ 
(ɷɥɟɤɬɪɨɧɧɵɟ ɡɨɧɞɵ) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫя ɞɥя 
ɥɨɤаɥɶɧɨɣ ɞɢаɝɧɨɫɬɢɤɢ ɪаɡɥɢчɧɵɯ ɨɛɴɟɤɬɨɜ ɜ 
ɮɢɡɢɤɟ, ɦаɬɟɪɢаɥɨɜɟɞɟɧɢɢ, ɦɢɧɟɪаɥɨɝɢɢ ɢ ɜ 
ɞɪɭɝɢɯ ɨɛɥаɫɬяɯ ɧаɭɤɢ ɢ ɬɟɯɧɢɤɢ. ɉɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɨɧɞа ɫ ɦɢɲɟɧɶɸ 
ɜ ɩɨɫɥɟɞɧɟɣ ɜɨɡɧɢɤаɟɬ ɪяɞ яɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɛɵɬɶ ɡаɪɟɝɢɫɬɪɢɪɨɜаɧɵ ɢ ɩɨɥɭчɟɧɧɵɣ 
ɢɧɮɨɪɦаɬɢɜɧɵɣ ɫɢɝɧаɥ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧ 
ɞɥя ɤачɟɫɬɜɟɧɧɨɝɨ аɧаɥɢɡа ɢ ɤɨɥɢчɟɫɬɜɟɧɧɵɯ 
ɢɫɫɥɟɞɨɜаɧɢɣ ɨɛɥɭчаɟɦɨɣ ɦɢɲɟɧɢ. ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɤɨɥɢчɟɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ, ɤаɤ 
ɩɪаɜɢɥɨ, ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɢɡɦɟɪɟɧɧɵɣ 
ɢɧɮɨɪɦаɬɢɜɧɵɣ ɫɢɝɧаɥ ɫɪаɜɧɢɜаɟɬɫя ɫ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɶɸ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 
яɜɥɟɧɢя ɢɥɢ ɩɪɨɰɟɫɫа, ɩɪɢ ɷɬɨɦ ɪɟɡɭɥɶɬаɬɵ 
ɢɞɟɧɬɢɮɢɤаɰɢɢ ɩаɪаɦɟɬɪɨɜ ɦɢɲɟɧɢ ɜɨ ɦɧɨɝɨɦ 
ɨɩɪɟɞɟɥяɸɬɫя аɞɟɤɜаɬɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɦɨɣ 
ɦɨɞɟɥɢ ɨɩɢɫɵɜаɟɦɨɦɭ ɮɢɡɢчɟɫɤɨɦɭ яɜɥɟɧɢɸ. ȼ 
ɫɢɥɭ ɫɥɨɠɧɨɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜ 
ɡаɞачаɯ ɢɞɟɧɬɢɮɢɤаɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫя чɢɫɥɟɧɧɵɟ 
ɦɟɬɨɞɵ, ɭɞачɧɵɣ ɜɵɛɨɪ ɢ ɢɫɩɨɥɶɡɨɜаɧɢɟ 
ɤɨɬɨɪɵɯ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥяɸɬ ɪɟɡɭɥɶɬаɬɵ 
ɢɫɫɥɟɞɨɜаɧɢɣ. ɉɪɢ ɷɥɟɤɬɪɨɧɧɨɡɨɧɞɨɜɵɯ 
ɢɫɫɥɟɞɨɜаɧɢяɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɢɲɟɧɟɣ 
ɨɫɨɛɨɟ ɡɧачɟɧɢɟ ɢɦɟɸɬ ɩɪɨɰɟɫɫɵ, ɫɜяɡаɧɧɵɟ ɫ 

ɞɢɮɮɭɡɢɟɣ ɢ ɪɟɤɨɦɛɢɧаɰɢɟɣ ɧɟɪаɜɧɨɜɟɫɧɵɯ 
ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡаɪяɞа, ɝɟɧɟɪɢɪɨɜаɧɧɵɯ ɜ 
ɦɢɲɟɧɢ ɷɥɟɤɬɪɨɧɧɵɦ ɩɭчɤɨɦ. ɇɟɤɨɬɨɪɵɟ 
аɫɩɟɤɬɵ ɢɫɩɨɥɶɡɨɜаɧɢя чɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɞɥя 
ɩɪɨɜɟɞɟɧɢя ɤɨɥɢчɟɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɬаɤɢɯ 
ɨɛɴɟɤɬɨɜ ɢ ɫɨɫɬаɜɥяɸɬ ɩɪɟɞɦɟɬ ɪаɫɫɦɨɬɪɟɧɢя ɜ 
ɧаɫɬɨящɟɣ ɪаɛɨɬɟ. 

Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ  
ɩɭɛɥɢɤɚɰɢɣ 

ɉɪɢ ɷɥɟɤɬɪɨɧɧɨɡɨɧɞɨɜɵɯ ɢɫɫɥɟɞɨɜаɧɢяɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɨɫɨɛɨɟ ɡɧачɟɧɢɟ 
ɩɪɢɨɛɪɟɬаɟɬ ɡаɞача ɤɨɪɪɟɤɬɧɨɝɨ 
ɤɨɥɢчɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫаɧɢя ɞɢɮɮɭɡɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɜɨɡɧɢɤаɸщɢɯ ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭчɤа ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ 
ɦɢɲɟɧɶɸ [1, 2]. Ɂɧаɧɢɟ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ 
ɩɨɡɜɨɥяɟɬ ɩɨɫɬɪɨɢɬɶ ɦаɬɟɦаɬɢчɟɫɤɢɟ ɦɨɞɟɥɢ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥя ɤɨɥɢчɟɫɬɜɟɧɧɨɝɨ ɢɡɭчɟɧɢя 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, ɜ чаɫɬɧɨɫɬɢ ɦɨɞɟɥɟɣ ɧаɢɛɨɥɟɟ 
ɢɧɮɨɪɦаɬɢɜɧɵɯ ɫɢɝɧаɥɨɜ: ɬɨɤа, ɧаɜɟɞɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɧɧɵɦ ɡɨɧɞɨɦ ɢ ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. ȼ 
ɫɢɥɭ ɫɥɨɠɧɨɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬаɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɞɥя ɢɯ ɤɨɥɢчɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫаɧɢя 
ɧɟɪɟɞɤɨ ɜɨɡɧɢɤаɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢя 
чɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ [3-6Ж. ȼɢɞɢɦɨ, ɜ ɫɢɥɭ ɷɬɨɝɨ, а 
ɬаɤɠɟ ɧɟɤɨɬɨɪɵɯ ɩɪɨɛɥɟɦ, ɜɨɡɧɢɤаɸщɢɯ ɩɪɢ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ ɪɟаɥɢɡаɰɢɢ ɷɬɨɝɨ ɦɟɬɨɞа, ɜ 
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ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɦɟɬɨɞɵ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɡɥɭчɟɧɢя, ɜɨɡɧɢɤаɸщɟɝɨ ɩɪɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɧɨɜ ɩɭчɤа ɫ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɦɢɲɟɧɶɸ, ɩɪɢɦɟɧяɸɬɫя 
ɞɨɜɨɥɶɧɨ ɪɟɞɤɨ; ɧɢɠɟ ɨɩɢɫаɧɵ ɧɟɤɨɬɨɪɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɬаɤɨɣ ɪɟаɥɢɡаɰɢɢ, ɩɪɟɞɥаɝаɟɦɵɟ 
ɧаɦɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя ɨɫɨɛɨɟ ɡɧачɟɧɢɟ 
ɩɪɢɨɛɪɟɬаɸɬ ɢɫɫɥɟɞɨɜаɧɢя ɪаɡɥɢчɧɵɯ ɨɛɴɟɤɬɨɜ 
ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɷɥɟɤɬɪɨɧɧɵɯ ɩɭчɤɨɜ ɧɢɡɤɢɯ 
(ɞɨ 8…10 ɤɷȼ) ɷɧɟɪɝɢɣ, ɩɨɫɤɨɥɶɤɭ 
ɢɫɩɨɥɶɡɨɜаɧɢɟ ɬаɤɨɝɨ ɪɟɠɢɦа ɪаɛɨɬɵ 
ɷɥɟɤɬɪɨɧɧɨ-ɡɨɧɞɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜа ɩɨɡɜɨɥяɟɬ 
ɩɨɥɭчɢɬɶ ɢɧɮɨɪɦаɰɢɸ ɨɛ ɨɛɴɟɤɬɟ ɢɫɫɥɟɞɨɜаɧɢя, 
ɤɨɬɨɪɭɸ ɩɨɞчаɫ ɛɵɜаɟɬ ɫɥɨɠɧɨ ɩɨɥɭчɢɬɶ ɫ 
ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɷɥɟɤɬɪɨɧɧɵɯ ɩɭчɤɨɜ ɫɪɟɞɧɢɯ 
(10…50 ɤɷȼ) ɷɧɟɪɝɢɣ Д7Ж. ȼ ɪяɞɟ ɫɥɭчаɟɜ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜаɧɢɢ ɧɢɡɤɨɷɧɟɪɝɟɬɢчɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ 
ɩɭчɤɨɜ ɞɥя ɩɪɨɜɟɞɟɧɢя ɤɨɥɢчɟɫɬɜɟɧɧɵɯ 
ɢɫɫɥɟɞɨɜаɧɢɣ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɩɪɨɰɟɫɫɨɜ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɷɥɟɤɬɪɨɧɨɜ ɫ ɤɨɧɞɟɧɫɢɪɨɜаɧɧɵɦ 
ɜɟщɟɫɬɜɨɦ ɞɨɫɬаɬɨчɧɨ ɪаɫɫɦɨɬɪɟɧɢя ɩɪɨɰɟɫɫɨɜ, 
ɩɪɨɢɫɯɨɞящɢɯ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɥаɫɬɢ 
ɦɢɲɟɧɢ. Ɇаɬɟɦаɬɢчɟɫɤɢ ɷɬɨ ɨɡɧачаɟɬ 
ɢɫɩɨɥɶɡɨɜаɧɢɟ ɞɜɭɦɟɪɧɵɯ ɦɨɞɟɥɟɣ, ɜ ɤɨɬɨɪɵɯ 
ɨɩɢɫɵɜаɸɬɫя ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞящɢɟ ɧа 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ. ɇаɩɪɢɦɟɪ, ɜ ɪаɛɨɬаɯ [8, 9] 

ɪаɫɫɦɨɬɪɟɧɵ ɦаɬɟɦаɬɢчɟɫɤɢɟ ɦɨɞɟɥɢ, 
ɨɩɢɫɵɜаɸщɢɟ ɩɪɨɰɟɫɫ ɜɨɡɛɭɠɞɟɧɢя 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɡɥɭчɟɧɢя, 
ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɪɟɤɨɦɛɢɧаɰɢɟɣ ɷɤɫɢɬɨɧɨɜ ɢ 
ɜɨɡɧɢɤаɸщɟɝɨ ɩɪɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɡɨɧɞа ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪяɦɨɡɨɧɧɨɝɨ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɦаɬɟɪɢаɥа. ɋɪаɜɧɟɧɢɟ 
ɪɟɡɭɥɶɬаɬɨɜ ɦɨɞɟɥɢɪɨɜаɧɢя ɫ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦɢ ɞаɧɧɵɦɢ [10, 11] 

ɩɨɞɬɜɟɪɠɞаɟɬ ɨɛɨɫɧɨɜаɧɧɨɫɬɶ ɜɵɛɪаɧɧɨɝɨ 
ɩɨɞɯɨɞа ɤ ɬаɤɨɦɭ ɤɨɥɢчɟɫɬɜɟɧɧɨɦɭ ɨɩɢɫаɧɢɸ 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɨɞɧɨɝɨ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɦаɬɟɪɢаɥɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɨɩɬɨ- ɢ ɋȼɑ 
ɷɥɟɤɬɪɨɧɢɤɢ – ɦɨɧɨɤɪɢɫɬаɥɥɢчɟɫɤɨɝɨ ɧɢɬɪɢɞа 
ɝаɥɥɢя. ȼ ɬɨ ɠɟ ɜɪɟɦя, ɤаɤ ɫɥɟɞɭɟɬ ɢɡ аɧаɥɢɡа 
ɥɢɬɟɪаɬɭɪɧɵɯ ɞаɧɧɵɯ, ɜɨɩɪɨɫɵ ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɤɨɪɪɟɤɬɧɨɫɬɢ ɩɪɟɞɥаɝаɟɦɵɯ ɦɨɞɟɥɟɣ [12, 13], 

ɪаɜɧɨ ɤаɤ ɢ ɜɨɩɪɨɫɵ, ɫɜяɡаɧɧɵɟ ɫ чɢɫɥɟɧɧɨɣ 
ɪɟаɥɢɡаɰɢɟɣ ɷɬɢɯ ɦɨɞɟɥɟɣ ɢ ɨɰɟɧɤɢ 
ɜɨɡɧɢɤаɸщɢɯ ɩɪɢ ɷɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ [3-6] 

ɪаɫɫɦɨɬɪɟɧɵ ɧɟɞɨɫɬаɬɨчɧɨ ɩɨɞɪɨɛɧɨ. Ɉɬчаɫɬɢ 
ɡаɞача ɜɨɫɩɨɥɧɢɬɶ ɷɬɨɬ ɩɪɨɛɟɥ ɢ яɜɥяɟɬɫя ɰɟɥɶɸ 
ɧаɫɬɨящɟɣ ɪаɛɨɬɵ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ȼ ɧаɫɬɨящɟɣ ɪаɛɨɬɟ ɢɡɥɨɠɟɧɵ 

ɪɟɡɭɥɶɬаɬɵ ɢɫɩɨɥɶɡɨɜаɧɢя ɩɪɨɟɤɰɢɨɧɧɨɝɨ 
ɦɟɬɨɞа Гаɥɟɪɤɢɧа ɞɥя ɦɨɞɟɥɢɪɨɜаɧɢя 
ɞɜɭɦɟɪɧɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɷɤɫɢɬɨɧɨɜ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɦаɬɟɪɢаɥɟ, ɨɛɥɭчɟɧɧɨɦ 
ɨɫɬɪɨ ɫɮɨɤɭɫɢɪɨɜаɧɧɵɦ ɩɭчɤɨɦ ɷɥɟɤɬɪɨɧɨɜ.  

Ɏɢɡɢчɟɫɤɨɟ ɨɛɨɫɧɨɜаɧɢɟ ɪɟɲаɟɦɨɣ 
ɡаɞачɢ ɫɥɟɞɭɸщɟɟ: ɩɪɢ ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 
ɢɫɫɥɟɞɨɜаɧɢяɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɞɥя ɩɨɜɵɲɟɧɢя 
ɨɬɧɨɲɟɧɢя «ɫɢɝɧаɥ-ɲɭɦ» ɢɫɩɨɥɶɡɭɟɬɫя 
ɩɭɥɶɫɢɪɭɸщɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɩɭчɨɤ. ȼ ɪɟɡɭɥɶɬаɬɟ 
ɜ ɧачаɥɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɦɩɭɥɶɫа ɩɪɨɢɫɯɨɞɢɬ 
ɪаɡɝɨɪаɧɢɟ ɥɸɦɢɧɟɫɰɟɧɰɢɢ, а ɩɪɢ ɩɪɟɤɪащɟɧɢɢ 
ɨɛɥɭчɟɧɢя – ɫɩаɞ ɢɡɥɭчɟɧɢя. Ɉɬɦɟɬɢɦ, чɬɨ ɜ 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɨɛɥɭчɟɧɢɟ 
ɨɛɪаɡɰа ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɵɲɟɧɢɸ ɟɝɨ 
ɥɨɤаɥɶɧɨɣ ɬɟɦɩɟɪаɬɭɪɵ [14, 15Ж ɢ, ɤаɤ ɫɥɟɞɫɬɜɢɟ, 
ɤ ɢɡɦɟɧɟɧɢɸ ɷɧɟɪɝɟɬɢчɟɫɤɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤа (ɲɢɪɢɧɵ ɡаɩɪɟщёɧɧɨɣ ɡɨɧɵ ɢ 
ɬ.ɩ.). B ɪɟɡɭɥɶɬаɬɟ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫя ɫɩɟɤɬɪ 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɬɧɨɝɨ ɢɡɥɭчɟɧɢя, чɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭчёɬа ɷɬɨɝɨ яɜɥɟɧɢя 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɥɢчɟɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ. ɇа 
ɯаɪаɤɬɟɪ ɫɩɟɤɬɪа ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɦɨɠɟɬ 
ɨɤаɡаɬɶ ɜɥɢяɧɢɟ ɢ ɩɨɝɥɨщɟɧɢɟ ɢɡɥɭчɟɧɢя ɜ 
ɨɛɴɟɦɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤа [16-18Ж. ɉɨɫɤɨɥɶɤɭ 
ɩɪɟɞɦɟɬɨɦ ɪаɫɫɦɨɬɪɟɧɢя ɜ ɧаɫɬɨящɟɣ ɪаɛɨɬɟ 
яɜɥяɟɬɫя ɞɜɭɦɟɪɧая ɞɢɮɮɭɡɢя, ɪɟаɥɢɡɭɟɦая ɩɪɢ 
ɧɢɡɤɢɯ ɷɧɟɪɝɢяɯ ɷɥɟɤɬɪɨɧɨɜ ɩɭчɤа, ɬɨ ɭчɟɬ ɷɬɢɯ 
ɨɛɴɟɦɧɵɯ яɜɥɟɧɢɣ ɡɞɟɫɶ ɧɟ ɩɪɨɜɨɞɢɬɫя. 

ɗɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɢɡɦɟɪɟɧɧɵɣ ɫɢɝɧаɥ 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, ɨɬɜɟчаɸщɢɣ ɨɞɧɨɦɭ 
ɢɦɩɭɥɶɫɭ ɨɛɥɭчɟɧɢя, ɩɪɟɞɫɬаɜɥɟɧ ɧа ɪɢɫɭɧɤɟ 1.  

 

 

Ɋɢɫɭɧɨɤ 1 – ɗɤɫɩɟɪɢɦɟɧɬаɥɶɧɨ ɢɡɦɟɪɟɧɧɵɣ ɫɢɝɧаɥ 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɧɢɬɪɢɞа ɝаɥɥɢя, ɨɬɜɟчаɸщɢɣ 
ɨɞɧɨɦɭ ɢɦɩɭɥɶɫɭ ɨɛɥɭчɟɧɢя. ɉɭɧɤɬɢɪɨɦ ɩɨɤаɡаɧɨ 

ɜɪɟɦя ɧачаɥа ɢ ɤɨɧɰа ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɦɩɭɥɶɫа. 
ɗɧɟɪɝɢя ɷɥɟɤɬɪɨɧɨɜ 5 ɤɷȼ, ɬɟɦɩɟɪаɬɭɪа ɦɢɲɟɧɢ 5 Ʉ 

 

Ⱦɥя ɤɨɥɢчɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫаɧɢя ɩɪɨɰɟɫɫа 
ɞɢɮɮɭɡɢɢ ɷɤɫɢɬɨɧɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ 
ɧɟɨɛɯɨɞɢɦɨ ɜɧачаɥɟ ɧаɣɬɢ ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɝɟɧɟɪɢɪɨɜаɧɧɵɯ ɷɤɫɢɬɨɧɨɜ ɜ ɫɨɫɬɨяɧɢɢ 
ɤɜаɡɢɪаɜɧɨɜɟɫɢя (ɪаɡɝɨɪаɧɢɟ ɥɸɦɢɧɟɫɰɟɧɰɢɢ), 
ɩɨɫɥɟ чɟɝɨ ɨɩɢɫаɬɶ ɢɯ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢ 
ɨɬɤɥɸчɟɧɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭчɤа (ɡаɬɭɯаɧɢɟ 
ɥɸɦɢɧɟɫɰɟɧɰɢɢ). Ɇаɬɟɦаɬɢчɟɫɤɢ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɧачаɥɟ ɪɟɲɢɬɶ ɫɬаɰɢɨɧаɪɧɭɸ 
ɡаɞачɭ ɞɢɮɮɭɡɢɢ, ɩɨɫɥɟ чɟɝɨ ɢɫɩɨɥɶɡɨɜаɬɶ 
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ɩɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɞɥя ɪɟɲɟɧɢя 
ɧɟɫɬаɰɢɨɧаɪɧɨɣ ɡаɞачɢ. 

ɂɫɯɨɞɧая ɡаɞача ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧа ɜ 
ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, ɩɪɢ ɷɬɨɦ 
ɢɫɤɨɦɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɷɤɫɢɬɨɧɨɜ ɧаɯɨɞɢɬɫя ɜ 
ɜɢɞɟ чаɫɬɢчɧɨɣ ɫɭɦɦɵ ɞɜɨɣɧɨɝɨ ɪяɞа Ɏɭɪɶɟ ɩɨ 
ɫɢɫɬɟɦɟ ɦɨɞɢɮɢɰɢɪɨɜаɧɧɵɯ ɮɭɧɤɰɢɣ Ʌаɝɟɪɪа. ȼ 
ɪаɛɨɬаɯ [19, β0Ж ɛɵɥа ɩɨɥɭчɟɧа ɩɨɪяɞɤɨɜая 
ɨɰɟɧɤа ɩɨɝɪɟɲɧɨɫɬɢ ɧɟɜяɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ 
ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɫɬаɰɢɨɧаɪɧɨɝɨ ɭɪаɜ-

ɧɟɧɢя ɞɢɮɮɭɡɢɢ ɩɪɨɟɤɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ 
Гаɥɟɪɤɢɧа. ɇаɫɬɨящая ɪаɛɨɬа ɩɪɨɞɨɥɠаɟɬ ɬаɤɢɟ 
ɢɫɫɥɟɞɨɜаɧɢя ɢ ɫɬаɜɢɬ ɡаɞачɭ ɞаɬɶ ɨɰɟɧɤɭ 
ɩɨɝɪɟɲɧɨɫɬɢ ɧɟɜяɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ 
ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ 
ɭɪаɜɧɟɧɢя ɞɢɮɮɭɡɢɢ. 

ɂɫɯɨɞɧɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

Ʉɨɧɰɟɧɬɪаɰɢя ɷɤɫɢɬɨɧɨɜ ( , , )c x y t  ɜ 
ɬɨчɤɟ ɫ ɤɨɨɪɞɢɧаɬаɦɢ ( , )x y  ɦɨɠɟɬ ɛɵɬɶ ɧаɣɞɟɧа 
ɤаɤ ɪɟɲɟɧɢɟ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ 
ɞɢɮɮɟɪɟɧɰɢаɥɶɧɨɝɨ ɭɪаɜɧɟɧɢя ɞɢɮɮɭɡɢɢ 

t
c cc D       (1) 

ɫ ɧачаɥɶɧɵɦ ɭɫɥɨɜɢɟɦ 

( , ,0) ( , )c x y n x y    (2) 

Ɂɞɟɫɶ 2 2 2 2
x y       — ɞɜɭɦɟɪɧɵɣ 

ɨɩɟɪаɬɨɪ Ʌаɩɥаɫа, D  — ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 
ɢ   — ɜɪɟɦя ɠɢɡɧɢ ɷɤɫɢɬɨɧɨɜ, а ɮɭɧɤɰɢя 

( , )n x y  ɦɨɠɟɬ ɛɵɬɶ ɧаɣɞɟɧа, ɤаɤ ɪɟɲɟɧɢɟ 
ɫɬаɰɢɨɧаɪɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɨɝɨ ɭɪаɜɧɟɧɢя, 
ɨɩɢɫɵɜаɸщɟɝɨ ɞɢɮɮɭɡɢɸ ɷɤɫɢɬɨɧɨɜ ɜ ɫɨɫɬɨяɧɢɢ 
ɤɜаɡɢɪаɜɧɨɜɟɫɢя:  

( , )n n x yD        (3) 

ɝɞɟ ( , )x y  — ɮɭɧɤɰɢя ɢɫɬɨчɧɢɤа ɝɟɧɟɪаɰɢɢ 
ɷɤɫɢɬɨɧɨɜ, ɤɨɬɨɪая ɨɩɪɟɞɟɥяɟɬɫя ɯаɪаɤɬɟɪɨɦ 
ɜɨɡɛɭɠɞɟɧɢя ɢ ɫɜɨɣɫɬɜаɦɢ ɦаɬɟɪɢаɥа. ȼ ɫɥɭчаɟ 
ɭɡɤɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭчɤа, ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɨɧɞа, 
ɨɛɥаɫɬɶ ɝɟɧɟɪаɰɢɢ ɷɤɫɢɬɨɧɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢɫаɧа ɮɭɧɤɰɢɟɣ ɪаɫɩɪɟɞɟɥɟɧɢя 
Гаɭɫɫа, чɬɨ ɞаɟɬ ɞɥя ɩɪаɜɨɣ чаɫɬɢ (3) 

ɫɨɨɬɧɨɲɟɧɢɟ 0 ( , )G x y . Ɂɞɟɫɶ ( , )x y  — 

ɩɥɨɬɧɨɫɬɶ ɞɜɭɦɟɪɧɨɝɨ ɧɨɪɦаɥɶɧɨɝɨ 
ɪаɫɩɪɟɞɟɥɟɧɢя Гаɭɫɫа, а 0G  — чаɫɬɨɬа 
ɝɟɧɟɪаɰɢɢ ɷɤɫɢɬɨɧɨɜ. 

ɉɟɪɟɯɨɞя ɤ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧаɬ, ɩɨɥɭчɢɦ ɫɥɟɞɭɸщɟɟ ɭɪаɜɧɟɧɢɟ: 

       
2

2 2

, , ,1 1
, 0

c r t c r t c r t
r r rc r t

r D tr 

  
   

 
,    (4) 

ɫ ɝɪаɧɢчɧɵɦɢ ɭɫɥɨɜɢяɦɢ 

 ( ,0) ( ), , 0c r n r c    ,  (5) 

ɝɞɟ  2 2, 0c r t    , ɩɨɫɤɨɥɶɤɭ 

   , , ,c r t c r t  , D   - ɞɢɮɮɭɡɢɨɧɧая 
ɞɥɢɧа ɷɤɫɢɬɨɧɨɜ. Ɍɨɝɞа ɭɪаɜɧɟɧɢɟ (γ) ɩɪɢɦɟɬ 
ɜɢɞ: 

       
2

2 2

1 1d n r d n r
r rn r r r

dr Ddr 
            (6) 

ɉɪɨɟɤɰɢɨɧɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɢɫɯɨɞɧɨɣ 
ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ  
ɦɟɬɨɞɚ Ƚɚɥɟɪɤɢɧɚ 

Ⱦɥя ɪɟаɥɢɡаɰɢɢ ɩɪɨɟɤɰɢɨɧɧɨɝɨ ɦɟɬɨɞа 
Гаɥɟɪɤɢɧа ɜɵɛɟɪɟɦ ɞɜɭɦɟɪɧɵɣ ɛаɡɢɫ ɢɡ 
ɦɨɞɢɮɢɰɢɪɨɜаɧɧɵɯ ɮɭɧɤɰɢɣ Ʌаɝɟɪɪа ɫ 
ɩаɪаɦɟɬɪаɦɢ, ɭɫɤɨɪяɸщɢɦɢ ɫɯɨɞɢɦɨɫɬɶ 
ɪяɞа [21]: 

         , 1 1 2 2, ( ) ( ) exp γ β γ ОxЩ γ β γi j i j i jr t r t r L r t L t      , 

ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥяɸɬɫя чɟɪɟɡ ɦɧɨɝɨчɥɟɧɵ 
ɑɟɛɵɲɟɜа-Ʌаɝɟɪɪа  1γiL r  ɩɨ ɩɟɪɟɦɟɧɧɨɣ r  ɢ 

ɦɧɨɝɨчɥɟɧɵ  2γjL t  ɩɨ ɩɟɪɟɦɟɧɧɨɣ t  ɫ 

ɩаɪаɦɟɬɪаɦɢ 1α 0  ɢ 2α 0  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [21], , 0,1, 2, ...i j  . Ɂɞɟɫɶ 
ɩаɪаɦɟɬɪɵ 1

γ 0  ɢ 2γ 0  ɢɫɩɨɥɶɡɭɸɬɫя ɞɥя 
ɨɩɬɢɦɢɡаɰɢɢ ɜɵчɢɫɥɢɬɟɥɶɧɨɣ ɫɯɟɦɵ. 

ȼ ɦɟɬɨɞɟ Гаɥɟɪɤɢɧа ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ 
ɧɟɢɡɜɟɫɬɧая ɮɭɧɤɰɢя  ,c r t  ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬаɬɨчɧɨ ɬɨчɧɨ ɩɪɟɞɫɬаɜɥɟɧа ɩɪɢɛɥɢɠɟɧɧɵɦ 
ɪɟɲɟɧɢɟɦ:  

     m+1 m 0, , ,c r t c r t c r t  ,  (7) 

ɝɞɟ 

     
ij

1 1

m i j

0 0

,
m m

i j

c r t c r t 
 

 
  - ɩɪяɦɨɭɝɨɥɶɧая 

чаɫɬɢчɧая ɫɭɦɦа ɞɜɨɣɧɨɝɨ ɪяɞа Ɏɭɪɶɟ-Ʌаɝɟɪɪа 
ɩɨɪяɞɤа m m  ɮɭɧɤɰɢɢ  ,c r t , а 

     0 0 m,c r t p r t , 

       
j

1 1 1

0 i i j m

0 0 0

( ) 0 0
i i

m m m
n

i i j

c r c r c r   
  

  
   . 

Ɏɭɧɤɰɢя  0 ,c r t  ɜɜɟɞɟɧа, чɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ 

ɝɪаɧɢчɧɵɦ ɭɫɥɨɜɢяɦ, 
i

n
c  — ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɪаɡɥɨɠɟɧɢя ɮɭɧɤɰɢɢ  n r , ɤɨɬɨɪɵɟ ɧаɯɨɞяɬɫя ɢɡ 
ɪɟɲɟɧɢя ɭɪаɜɧɟɧɢя (6), а ɧɟɢɡɜɟɫɬɧɵɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɪаɡɥɨɠɟɧɢя  

      1 2

0 0

! !
, ( ) ( )

Г( 1)Г( 1)ij i j

i j
c c r t r t d r d t

i j
   




     

ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ  ,c r t  ɫɨɝɥаɫɧɨ ɦɟɬɨɞɭ 
Гаɥɟɪɤɢɧа ɨɩɪɟɞɟɥяɸɬɫя ɢɡ ɪɟɲɟɧɢя ɫɥɟɞɭɸщɟɣ 
ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ: 
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 k l, ( ) ( ) 0, , 0, 1R r t k l m     . (8) 

Ɂɞɟɫɶ 
       

2
m+1 m+1 m+1

m+12 2

, , ,1 1
,

c r t c r t c r t
R r r rc r t

r D tr 

  
   

 
 — ɧɟɜяɡɤа ɢɫɯɨɞɧɨɝɨ ɭɪаɜɧɟɧɢя (4). 

Ɉɛɨɡɧачɢɦ ɫɬɨɥɛɰɵ (ɪаɫɬяɧɭɬɵɟ ɜ 
ɫɬɨɥɛɰɵ ɦаɬɪɢɰɵ) ɢɡ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪаɡ-

ɥɨɠɟɧɢя ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɢ  ,c r t  ɢ ɮɭɧɤɰɢɢ 

 n r  ɩɨ ɜɵɛɪаɧɧɨɦɭ ɛаɡɢɫɭ чɟɪɟɡ mmC  ɢ n
mC  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɫɩɨɥɶɡɭя ɤɪɨɧɟɤɟɪɨɜɨ 
ɩɪɨɢɡɜɟɞɟɧɢɟ, ɜɜɟɞёɦ ɦаɬɪɢɰɭ r

mmD  

ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢя ɩɨ ɩɟɪɟɦɟɧɧɨɣ r  

1γr
mm m mD D E   ɢ ɩɨ ɩɟɪɟɦɟɧɧɨɣ t  — 

2γt
mm m mD E D  , ɝɞɟ mE  — ɟɞɢɧɢчɧая ɦаɬɪɢɰа, 

а γ
mD  —ɦаɬɪɢɰа ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢя ɜ 

ɨɞɧɨɦɟɪɧɨɦ ɛаɡɢɫɟ ɢɡ ɦɨɞɢɮɢɰɢɪɨɜаɧɧɵɯ 
ɮɭɧɤɰɢɣ Ʌаɝɟɪɪа, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ ɧаɯɨɞяɬɫя ɫ 
ɩɨɦɨщɶɸ ɷɥɟɦɟɧɬаɪɧɵɯ аɥɝɟɛɪаɢчɟɫɤɢɯ ɨɩɟɪа-

ɰɢɣ [22]: 

ij

γ β, ɟɫɥɢ ,
γ, ɟɫɥɢ ,

0, ɟɫɥɢ .

i j

d i j

i j

 
  
 

. 

Ɉɛɨɡɧачɢɦ чɟɪɟɡ 1B  ɦаɬɪɢɰɭ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ 
ɧаɯɨɞяɬɫя ɩɨ ɮɨɪɦɭɥɟ:  

 
  

 

1

1

1
ij 1

1

γ 1 4, ɟɫɥɢ 1 ,

γ 1 1 4 , ɟɫɥɢ 1 ,

γ γ 4 β , ɟɫɥɢ ,
0, ɟɫɥɢ 1 ,

, ɟɫɥɢ 1 ,

j i j

i j i

b i i j

i j

j i

   


   


  
  
  


 

ɢ чɟɪɟɡ 2B  ɦаɬɪɢɰɭ ɫ ɷɥɟɦɟɧɬаɦɢ:  

 
 

1

1

2
ij 1

γ , ɟɫɥɢ 1 ,
1 γ , ɟɫɥɢ 1 ,

2 1 γ , ɟɫɥɢ ,
0, ɟɫɥɢ 1 ,
0, ɟɫɥɢ 1 ,

i i j

i j i

b i i j

i j

j i

  
   
  
  
  

 

ɤɨɬɨɪɵɟ ɭɫɬаɧаɜɥɢɜаɸɬɫя ɧа ɨɫɧɨɜаɧɢɢ 
ɫɥɟɞɭɸщɢɯ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥя 
ɮɭɧɤɰɢɣ Ʌаɝɟɪɪа:  

            

           

i 1 i+1 1 1 i

2

1 1 i-1 1 k

0

γ 4 1 γ 4 β 1 γ

3γ 4 1 γ 1 1 γ ,
i

k

r r i r i i r

i i r r

  

 




       

     
           i 1 i+1 i-1 i1 γ ( 1) β 1r r i r i r i r           . 

ɉɨɫɥɟɞɧɢɟ ɫɨɨɬɧɨɲɟɧɢя ɥɟɝɤɨ ɜɵɜɨɞяɬɫя ɢɡ 
ɢɡɜɟɫɬɧɵɯ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥя 
ɦɧɨɝɨчɥɟɧɨɜ Ʌаɝɟɪɪа [21]: 

     i+1 i i-1( 1) ( 2 1) 0i L r r i L r i L r      , 

     i i i-1 0rL r iL r i L r     

ɢ ɮɨɪɦɭɥ: 
     i i i(1 ) 0rL r r L r i L r     , 

   k i

0

;1
i

k

L r L r


 , 

ɝɞɟ  i ;1L r  — ɦɧɨɝɨчɥɟɧɵ ɑɟɛɵɲɟɜа-Ʌаɝɟɪɪа 
ɩɨ ɩɟɪɟɦɟɧɧɨɣ r  ɫ ɩаɪаɦɟɬɪɨɦ 1α 1 . 

Ⱦаɥɟɟ ɜɜɟɞɟɦ ɦаɬɪɢɰɵ: r2 T
mm 1 mD B E  , 

2γt2 T
mm 2 mD B D  , 

T
mm 2 mIi B E  . ɉɟɪɟɩɢɲɟɦ 

ɫɢɫɬɟɦɭ (8) ɜ ɦаɬɪɢчɧɨɦ ɜɢɞɟ 

1r2 t2 r t
mm mm mm mm mm mm mm2

1 1 1 1
D D D D Ii C C

D D D
      

 
% ,  (9) 

ɝɞɟ t T
mm 2 3D B B % , 3B  - ɦаɬɪɢɰа ɫ ɷɥɟɦɟɧɬаɦɢ 

3
ij 2γb   , а ɫɬɨɥɛɟɰ 1

mmC


 ɧаɯɨɞɢɬɫя ɩɭɬɟɦ 

ɪаɫɬяɠɟɧɢя ɦаɬɪɢɰɵ:   1
2 2 0

T
T n m

mC B C
    . 

ɉɨɞɫɬаɧɨɜɤа ɜɟɥɢчɢɧ ijc , ɨɩɪɟɞɟɥяɟɦɵɯ 
ɢɡ ɪɟɲɟɧɢя ɫɢɫɬɟɦɵ ɭɪаɜɧɟɧɢɣ (9), ɜ ɮɨɪɦɭɥɭ 
(7), ɞаɟɬ ɢɫɤɨɦɨɟ ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ. 

ɂɫɫɥɟɞɭɟɦ ɫɯɨɞɢɦɨɫɬɶ ɧɟɜяɡɤɢ R  ɢ 
ɩɨɤаɠɟɦ, чɬɨ R  ɫɯɨɞɢɬɫя ɤ ɧɭɥɸ ɜ ɫɪɟɞɧɟɦ (ɜ 
ɩɪɟɞɟɥɟ ɩɪɢ m  ). 

ɋɥɟɞɭя ДβγЖ, ɜɜɟɞɟɦ ɨɛɨɡɧачɟɧɢя: 

   
2 2

2 2
1 1

d d d d
D r r t t

dr dtdx dt
      ; 

 n
2L D  ( 0,1,...)n   — ɤɥаɫɫ ɮɭɧɤɰɢɣ f  ɬаɤɢɯ, 

чɬɨ ɮɭɧɤɰɢɢ 
     1 2 2( , ) , exp γ β ОxЩ γ βf r t f r t r t L %  ɢ 

ɢɦɟɸщɢɟ ɨɛɨɛщɟɧɧɵɟ чаɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɜ 
ɫɦɵɫɥɟ Ʌɟɜɢ k i j( , )f r t r t  % , , 0,1,...i j k k  

, ɩɪɢɧаɞɥɟɠащɢɟ ɩɪɨɫɬɪаɧɫɬɜɭ 2L , ɞɥя ɤɨɬɨɪɵɯ 
n

2D f L% , 0,1,...n  , ɝɞɟ 0
D f f% %, 

 n n-1
D f D D f% % ,  0

2 21,2,...,n L D L  . 

ȿɫɥɢ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɢɫɯɨɞɧɵɯ ɞаɧɧɵɯ ɢ 
ɩɨɝɪɟɲɧɨɫɬɢ ɜɵчɢɫɥɟɧɢɣ ɨɬɫɭɬɫɬɜɭɸɬ, а 
ɭчɢɬɵɜаɸɬɫя ɥɢɲɶ ɩɨɝɪɟɲɧɨɫɬɢ аɩɩɪɨɤɫɢɦаɰɢɣ, 
ɬɨ, ɨɩɢɪаяɫɶ ɧа ɪɟɡɭɥɶɬаɬɵ ɪаɛɨɬ Дβ4-β8Ж, ɦɨɠɧɨ 
ɭɫɬаɧɨɜɢɬɶ ɨɰɟɧɤɭ ɞɥя ɧɟɜяɡɤɢ ɭɪаɜɧɟɧɢя (4). 
Ɇɵ ɧɟ ɛɭɞɟɦ ɨɫɬаɧаɜɥɢɜаɬɶɫя ɧа ɷɬɨɦ ɩɨɞɪɨɛɧɨ, 
а ɩɪɢɜɟɞɟɦ ɛɟɡ ɞɨɤаɡаɬɟɥɶɫɬɜа ɫɥɟɞɭɸщɢɣ 
ɪɟɡɭɥɶɬаɬ. 
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ɉɭɫɬɶ ɮɭɧɤɰɢя    n+1
2,c r t L D , 2n   ɢ 

ɢɦɟɟɬ ɧɟɩɪɟɪɵɜɧɵɟ чаɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɞɨ 
ɩɨɪяɞɤа 2 2n   ɩɨ ɨɛɨɢɦ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɦ 
ɧаɩɪаɜɥɟɧɢяɦ, ɬɨɝɞа ɫɩɪаɜɟɞɥɢɜа ɨɰɟɧɤа:  

     

     

2

-k
m

2 1 2
1 1 1

7
nn 1 2 1 24

3 2 γ β β β Dγ β γ 1 1

ω , .

L
R m

m m O m m m

 

   

            
 
    
 
 

Ɂɞɟɫɶ  1 2
m
  — ɦаɠɨɪаɧɬа ɨɛɨɛщɟɧɧɵɯ 

ɦɨɞɭɥɟɣ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɞɥя ɮɭɧɤɰɢɣ ɢɡ 
ɩɪɨɫɬɪаɧɫɬɜа 2L  [23], а  1 2ω m

  — ɡаɞаɧɧая 

ɦаɠɨɪаɧɬа ɦɨɞɭɥɟɣ ɧɟɩɪɟɪɵɜɧɨɫɬɢ 
ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɯ ɮɭɧɤɰɢɣ Дβ9Ж. ɉɨɫɥɟɞɧɟɟ 

ɜɵɪаɠɟɧɢɟ ɨɡɧачаɟɬ, чɬɨ ɧɟɜяɡɤа R  ɭɪаɜɧɟɧɢя 
(γ) ɫɯɨɞɢɬɫя ɤ ɧɭɥɸ ɜ ɫɪɟɞɧɟɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ  
Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦаɬɟɦаɬɢчɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜаɧɢɟ ɞɢɮɮɭɡɢɢ ɷɤɫɢɬɨɧɨɜ ɞɥя ɩа-

ɪаɦɟɬɪɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤа, ɯаɪаɤɬɟɪɧɵɯ ɞɥя 
ɧɢɬɪɢɞа ɝаɥɥɢя, ɤɨɬɨɪɵɣ яɜɥяɟɬɫя 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦаɬɟɪɢаɥɨɦ ɞɥя ɫɨɡɞаɧɢя 
ɭɫɬɪɨɣɫɬɜ ɨɩɬɨ-, ɦɢɤɪɨ- ɢ ɧаɧɨɷɥɟɤɬɪɨɧɢɤɢ, а 
ɬаɤɠɟ ɋȼɑ-ɭɫɬɪɨɣɫɬɜ, ɫɩɨɫɨɛɧɵɯ ɪаɛɨɬаɬɶ ɜ ɬɨɦ 
чɢɫɥɟ ɢ ɜ ɧɟɛɥаɝɨɩɪɢяɬɧɵɯ ɭɫɥɨɜɢяɯ ɜɧɟɲɧɟɣ 
ɫɪɟɞɵ ɢ ɩɪɢ ɜɵɫɨɤɢɯ ɧаɩɪяɠɟɧɢяɯ. ɑаɫɬɨɬа 
ɝɟɧɟɪаɰɢɢ ɷɤɫɢɬɨɧɨɜ ɩɪɢɧɢɦаɥаɫɶ ɪаɜɧɨɣ 
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-1, а ɩɪɨɮɢɥɶ ɪаɫɩɪɟɞɟɥɟɧɢя ɷɧɟɪɝɢɢ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɩɭчɤɟ ɡаɞаɜаɥɫя ɮɭɧɤɰɢɟɣ Гаɭɫɫа ɫ 
ɧɭɥɟɜɵɦ ɦаɬɟɦаɬɢчɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ ɢ ɞɢɫɩɟɪ-

ɫɢɟɣ 60 ɧɦ, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɫɥɨɜɢяɦ 

ɪɟаɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɯ ɤаɬɨɞɨ-

ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɢɡɦɟɪɟɧɢɣ. 
ɇа ɪɢɫɭɧɤɟ βа ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ 

ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɥɭчɟɧɧɨɝɨ 
ɪɟɲɟɧɢя ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɭɪаɜɧɟɧɢя ɞɢɮɮɭɡɢɢ 
ɷɤɫɢɬɨɧɨɜ (4), (5). ȼɪɟɦя ɠɢɡɧɢ ɷɤɫɢɬɨɧɨɜ 
ɩɪɢɧɢɦаɥɨɫɶ ɪаɜɧɵɦ 271   ɩɫ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɯ ɞɢɮɮɭɡɢɢ 9D   ɫɦ2/М. ɇа ɪɢɫɭɧɤɟ βɛ 
ɩɪɟɞɫɬаɜɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɞɥя ɪаɡɥɢчɧɵɯ ɡɧачɟɧɢɣ ɜɪɟɦɟɧɢ 
t  0, 10, 20, 30, 40, 50 ɫ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

ɚ) 

ɛ) 
Ɋɢɫɭɧɨɤ 2 –  а) – ɪаɫɫчɢɬаɧɧая ɤɨɧɰɟɧɬɪаɰɢя 
ɷɤɫɢɬɨɧɨɜ  ,c r t ; ɛ) – ɫɟчɟɧɢя ɩɨɜɟɪɯɧɨɫɬɢ 

 ,c r t  - ɡаɜɢɫɢɦɨɫɬɢ  c r , ɩɨɥɭчɟɧɧɵɟ ɞɥя 
ɪаɡɥɢчɧɵɯ ɡɧачɟɧɢɣ ɜɪɟɦɟɧɢ t  0, 10, 20, 30, 40, 

50 ɫ (ɫɜɟɪɯɭ ɜɧɢɡ); (ɜɵчɢɫɥɟɧɢя ɩɪɨɜɟɞɟɧɵ ɜ 1β-ɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɞɥя ɩаɪаɦɟɬɪɨɜ, ɯаɪаɤɬɟɪɧɵɯ ɞɥя 

ɧɢɬɪɢɞа ɝаɥɥɢя, ɷɧɟɪɝɢя ɷɥɟɤɬɪɨɧɨɜ ɡɨɧɞа 5 ɤɷȼ) 
 

Ɂаɬɪаɬɵ ɦаɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɧа ɪаɫчɟɬ 
ɤɨɧɰɟɧɬɪаɰɢɢ ɷɤɫɢɬɨɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɩɪɨɟɤɰɢɨɧɧɨɝɨ Гаɥɟɪɤɢɧа ɫɨɫɬаɜɢɥɢ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 7 ɫ, чɬɨ ɝɨɜɨɪɢɬ ɨ 
ɜɵчɢɫɥɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɦɟɬɨɞа. ȼɵчɢɫɥɟɧɢя ɜɵɩɨɥɧяɥɢɫɶ ɜ ɫɢɫɬɟɦɟ 
MATLAB (TСО MКЭСАШrФs, IЧМ.) ɜɟɪɫɢɢ 7.5.0.γ4β 

ɧа ɩɟɪɫɨɧаɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɫɨ ɫɥɟɞɭɸщɢɦɢ 
ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ: ɩɪɨɰɟɫɫɨɪ IЧЭОХ PОЧЭТЮЦ E5400 
(2 x 2.70 GHг, βMB CКМСО), ɨɛɴɟɦ ɨɩɟɪаɬɢɜɧɨɣ 
ɩаɦяɬɢ β GB. 

ȼɵɜɨɞɵ 

ɉɨɫɬɪɨɟɧа ɞɜɭɦɟɪɧая ɦаɬɟɦаɬɢчɟɫɤая 
ɦɨɞɟɥɶ ɞɢɮɮɭɡɢɢ ɷɤɫɢɬɨɧɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, 
ɨɫɧɨɜаɧɧая ɧа ɢɫɩɨɥɶɡɨɜаɧɢɢ ɩɪɨɟɤɰɢɨɧɧɨɝɨ 
ɦɟɬɨɞа Гаɥɟɪɤɢɧа. ɉɨɥɭчɟɧа ɩɨɪяɞɤɨɜая ɨɰɟɧɤа 
ɩɨɝɪɟɲɧɨɫɬɢ ɧɟɜяɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɩɪɢɛɥɢ-

ɠёɧɧɨɦɭ ɪɟɲɟɧɢɸ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɭɪаɜɧɟɧɢя 
ɞɢɮɮɭɡɢɢ. ɉɪɟɞɥаɝаɟɦɵɣ ɤɪɢɬɟɪɢɣ ɤачɟɫɬɜа 
ɩɪɢɛɥɢɠɟɧɢя ɩɨɡɜɨɥяɟɬ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɨ 
ɧаɯɨɞɢɬɶ ɦаɬɪɢɰɭ, ɨɩɪɟɞɟɥяɸщɭɸ 

( , ), ɭɫɥ.ɟɞ.ɫ r t

, ɧɦr , ct

,ɧɦr
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ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɡаɞачɢ, 
ɧɟ ɩɪɢɛɟɝая ɤ ɨɩɟɪаɰɢяɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜаɧɢя ɢ 
ɢɧɬɟɝɪɢɪɨɜаɧɢя ɢ ɢɫɩɨɥɶɡɭя ɬɨɥɶɤɨ аɥɝɟ-

ɛɪаɢчɟɫɤɢɟ ɨɩɟɪаɰɢɢ, чɬɨ ɫɭщɟɫɬɜɟɧɧɨ 
ɫɨɤɪащаɟɬ ɜɪɟɦя ɜɵчɢɫɥɟɧɢɣ. ɉɪɢ ɦɨɞɟ-

ɥɢɪɨɜаɧɢɢ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɩаɪаɦɟɬɪɵ, 
ɯаɪаɤɬɟɪɧɵɟ ɞɥя ɧɢɬɪɢɞа ɝаɥɥɢя. 

ɉɟɪɫɩɟɤɬɢɜɵ ɩɨɫɥɟɞɭɸɳɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ȼ ɩɨɫɥɟɞɭɸщɢɯ ɢɫɫɥɟɞɨɜаɧɢяɯ 
ɩɨɥɭчɟɧɧɵɟ ɪɟɡɭɥɶɬаɬɵ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜаɧɵ ɞɥя 
ɦɨɞɟɥɢɪɨɜаɧɢя ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ, 
ɜɨɡɧɢɤаɸщɟɣ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɥаɫɬɢ 
ɧɢɬɪɢɞа ɝаɥɥɢя ɩɪɢ ɪɟɤɨɦɛɢɧаɰɢɢ ɷɤɫɢɬɨɧɨɜ, 
ɝɟɧɟɪɢɪɨɜаɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɦ ɡɨɧɞɨɦ. 
Ɉɠɢɞаɟɬɫя, чɬɨ ɢɫɩɨɥɶɡɨɜаɧɢɟ ɩɪɟɞɥаɝаɟɦɨɝɨ 
ɩɨɞɯɨɞа ɩɨɡɜɨɥɢɬ ɩɪɨɜɟɫɬɢ ɤɨɪɪɟɤɬɧɭɸ ɨɰɟɧɤɭ 
ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɬɨɞа, чɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥя 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɢɞɟɧɬɢɮɢɤаɰɢɢ 
ɩаɪаɦɟɬɪɨɜ ɩɪяɦɨɡɨɧɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 
ɦаɬɟɪɢаɥɨɜ. 

Ȼɥɚɝɨɞɚɪɧɨɫɬɶ ɢ ɢɧɮɨɪɦɚɰɢɹ ɨ 
ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ 

ɗɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɢɫɫɥɟɞɨɜаɧɢя 
ɤаɬɨɞɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɷɤɫɢɬɨɧɨɜ ɜ ɧɢɬɪɢɞɟ 
ɝаɥɥɢя, ɩɪɟɞɫɬаɜɥɟɧɧɵɟ ɧа ɪɢɫ. 1, ɩɪɨɜɟɞɟɧɵ ɜ 
ɭɧɢɜɟɪɫɢɬɟɬɟ ɝ. Ɇаɝɞɟɛɭɪɝа, ɎɊГ, ɜ ɧаɭчɧɨɣ 
ɝɪɭɩɩɟ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɩɪɨɮɟɫɫɨɪа 
ɀ. ɏɪɢɫɬɟɧа (J. Christen), ɡа чɬɨ аɜɬɨɪɵ 
ɧаɫɬɨящɟɣ ɪаɛɨɬɵ ɢɦ ɝɥɭɛɨɤɨ ɛɥаɝɨɞаɪɧɵ. 

ɂɫɫɥɟɞɨɜаɧɢя ɩɪɨɜɟɞɟɧɵ ɩɪɢ чаɫɬɢчɧɨɣ 
ɮɢɧаɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞа 
ɮɭɧɞаɦɟɧɬаɥɶɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ (ɩɪɨɟɤɬ № 16-

03-00515). 
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Ƚɚɥɟɪɤɢɧɚ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɢɮɮɭɡɢɢ ɷɤɫɢɬɨɧɨɜ, ɜɵɡɜɚɧɧɨɣ 
ɩɭɥɶɫɢɪɭɸɳɢɦ ɷɥɟɤɬɪɨɧɧɵɦ ɡɨɧɞɨɦ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɦɢɲɟɧɢ. Ɋаɫɫмɨɬɪɟɧɵ 
ɧɟкɨɬɨɪɵɟ ɜɨɡмɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜаɧɢɹ ɩɪɨɟкцɢɨɧɧɨɝɨ мɟɬɨɞа Ƚаɥɟɪкɢɧа ɞɥɹ 
мɨɞɟɥɢɪɨɜаɧɢɹ ɞɜɭмɟɪɧɨɣ ɞɢɮɮɭɡɢɢ ɷкɫɢɬɨɧɨɜ, ɜɨɡɛɭɠɞаɟмɵɯ ɩɭɥɶɫɢɪɭɸɳɢм 
ɷɥɟкɬɪɨɧɧɵм ɡɨɧɞɨм ɜ ɩɨɥɭɩɪɨɜɨɞɧɢкɨɜɨɣ мɢɲɟɧɢ. Ɂаɞаɱа ɪɟɲɟɧа ɜ цɢɥɢɧɞɪɢɱɟɫкɨɣ 
ɫɢɫɬɟмɟ кɨɨɪɞɢɧаɬ. ɂɫкɨмаɹ кɨɧцɟɧɬɪацɢɹ ɷкɫɢɬɨɧɨɜ ɧаɣɞɟɧа ɜ ɜɢɞɟ ɱаɫɬɢɱɧɨɣ ɫɭммɵ 
ɞɜɨɣɧɨɝɨ ɪɹɞа Ɏɭɪɶɟ ɩɨ ɫɢɫɬɟмɟ мɨɞɢɮɢцɢɪɨɜаɧɧɵɯ ɮɭɧкцɢɣ Ʌаɝɟɪɪа. ɉɨɥɭɱɟɧа 
ɩɨɪɹɞкɨɜаɹ ɨцɟɧка ɩɨɝɪɟɲɧɨɫɬɢ ɧɟɜɹɡкɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɢɛɥɢɠɟɧɧɨмɭ ɪɟɲɟɧɢɸ 
ɧɟɫɬацɢɨɧаɪɧɨɝɨ ɭɪаɜɧɟɧɢɹ ɢɯ ɞɢɮɮɭɡɢɢ. ɉɪɢ мɨɞɟɥɢɪɨɜаɧɢɢ ɢɫɩɨɥɶɡɨɜаɥɢɫɶ ɩаɪамɟɬɪɵ, 
ɯаɪакɬɟɪɧɵɟ ɞɥɹ ɧɢɬɪɢɞа ɝаɥɥɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: мɟɬɨɞ Ƚаɥɟɪкɢɧа, ɪɹɞ Ɏɭɪɶɟ, ɞɢɮɮɭɡɢɹ, ɩɨɥɭɩɪɨɜɨɞɧɢк. 
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for mathematical modeling of diffusion of excitons caused by a pulsing electron beam in a 

semiconductor target. Some possibilities of using the Galerkin projection method to simulate two-

dimensional diffusion of excitons excited by a pulsing electron beam in a semiconductor target are 

considered. The problem is solved in a cylindrical coordinate system. The wanted concentration of 

excitons is found in the form of a partial sum of a double Fourier series in the system of modified 

Laguerre functions. An order-of-magnitude estimate of the discrepancy error corresponding to the 

approximate solution of the nonstationary equation of their diffusion is obtained. In the 

simulation, parameters typical of gallium nitride were used. 
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