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ɍȾɄ 159.946.γ 

Ɏɪɚɤɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ 

Ⱦ.ȼ. Ȼɟɥɶɤɨɜ, ȿ.ɇ. ȿɞɟɦɫɤая  
Ⱦɨɧɟɰɤɢɣ ɧаɰɢɨɧаɥɶɧɵɣ ɬɟɯɧɢчɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

belkov65@list.ru 

Ȼɟɥɶɤɨɜ Ⱦ.ȼ., ȿɞɟɦɫɤɚɹ ȿ.ɇ. Фɪɚɤɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ. Ⱥɧаɥɢɡ ɪɟɱɟɜɵɯ ɫɢɝɧаɥɨɜ 
ɹɜɥɹɟɬɫɹ акɬɭаɥɶɧɨɣ ɡаɞаɱɟɣ ɩɨɢɫка ɨɛɴɟкɬɢɜɧɨɝɨ ɩɨкаɡаɬɟɥɹ ɷмɨцɢɨɧаɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɱɟɥɨɜɟка, ɜɵɩɨɥɧɹɸɳɟɝɨ ɨɬɜɟɬɫɬɜɟɧɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ. ȼ ɞаɧɧɨɣ ɪаɛɨɬɟ ɞɥɹ ɪɟɱɟɜɵɯ ɫɢɝɧаɥɨɜ  
ɜɵɩɨɥɧɟɧ ɮɪакɬаɥɶɧɵɣ аɧаɥɢɡ ɩɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢɹ, аɜɬɨкɨɪɪɟɥɹцɢɨɧɧɵɯ ɮɭɧкцɢɣ ɢ 
ɷɧɟɪɝɟɬɢɱɟɫкɢɯ ɫɩɟкɬɪɨɜ. ɇаɣɞɟɧɵ ɡɧаɱɟɧɢɹ ɩɨкаɡаɬɟɥɹ ɏɟɪɫɬа. Ɉɧ мɨɠɟɬ ɛɵɬɶ ɩɨкаɡаɬɟɥɟм 
ɷмɨцɢɨɧаɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟка, ɩɨɫкɨɥɶкɭ ɫɬɟɩɟɧɶ ɮɪакɬаɥɶɧɨɫɬɢ ɪɟɱɟɜɵɯ ɫɢɝɧаɥɨɜ 
ɡаɜɢɫɢɬ ɨɬ ɷмɨцɢɨɧаɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɝɟɧɞɟɪɧɵɯ ɪаɡɥɢɱɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɟɱɟɜɨɣ ɫɢɝɧаɥ, ɩɥɨɬɧɨɫɬɶ ɪаɫɩɪɟɞɟɥɟɧɢɹ, аɜɬɨкɨɪɪɟɥɹцɢɨɧɧаɹ ɮɭɧкцɢɹ, 
ɷɧɟɪɝɟɬɢɱɟɫкɢɣ ɫɩɟкɬɪ, ɩɨкаɡаɬɟɥɶ ɏɟɪɫɬа. 

 

ȼɜɟɞɟɧɢɟ 

1. ȼ ɧаɫɬɨящɟɟ ɜɪɟɦя ɛɨɥɶɲɨɟ 
ɜɧɢɦаɧɢɟ ɭɞɟɥяɟɬɫя ɜɨɩɪɨɫаɦ ɨɛɪаɛɨɬɤɢ 
ɢɧɮɨɪɦаɰɢɢ ɢ ɩɪɢɧяɬɢя ɪɟɲɟɧɢɣ ɩɪɢ чɟɥɨɜɟɤɨ-

ɤɨɦɩɶɸɬɟɪɧɨɦ ɜɡаɢɦɨɞɟɣɫɬɜɢɢ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɞаɧɧɨɝɨ ɩɪɨɰɟɫɫа ɜɨ ɦɧɨɝɨɦ ɡаɜɢɫɢɬ ɨɬ ɤачɟɫɬɜа 
ɢɧɮɨɪɦаɰɢɢ, ɩɨɫɬɭɩаɸщɟɣ ɨɬ ɩɨɥɶɡɨɜаɬɟɥя 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟɦɵ ɢ 
ɰɟɥɟɧаɩɪаɜɥɟɧɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢя чɟɥɨɜɟɤа ɧа 
ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜаɧɢя. Ⱦɨɫɬɢɠɟɧɢɟ ɰɟɥɢ 
ɞɢаɥɨɝɨɜɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɦɟɠɞɭ 
ɤɨɦɩɶɸɬɟɪɨɦ ɢ ɩɨɥɶɡɨɜаɬɟɥɟɦ ɜɨɡɦɨɠɧɨ ɩɪɢ 
ɭчɟɬɟ аɫɩɟɤɬɨɜ, ɯаɪаɤɬɟɪɢɡɭɸщɢɯ ɪɟчɟɜɵɟ 
ɩɨɬɨɤɢ, ɜɨɡɧɢɤаɸщɢɟ ɜ ɩɪɨɰɟɫɫɟ ɨɛщɟɧɢя. 

2. Ɍɪɭɞ чɟɥɨɜɟɤа ɜ ɫɢɫɬɟɦаɯ 
ɭɩɪаɜɥɟɧɢя ɬɟɯɧɢɤɨɣ ɫɜяɡаɧ ɫ ɩɟɪɢɨɞɢчɟɫɤɢɦ, 
ɜɨɡɦɨɠɧɨ ɞɥɢɬɟɥɶɧɵɦ ɢ ɢɧɬɟɧɫɢɜɧɵɦ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɤɫɬɪɟɦаɥɶɧɵɯ ɡɧачɟɧɢɣ 
ɩɪɨɮɟɫɫɢɨɧаɥɶɧɵɯ, ɫɨɰɢаɥɶɧɵɯ, ɷɤɨɥɨɝɢчɟɫɤɢɯ 
ɮаɤɬɨɪɨɜ, ɤɨɬɨɪɨɟ ɫɨɩɪɨɜɨɠɞаɟɬɫя ɷɦɨɰɢяɦɢ, 
ɩɟɪɟɧаɩɪяɠɟɧɢɟɦ ɮɢɡɢчɟɫɤɢɯ ɢ ɩɫɢɯɢчɟɫɤɢɯ 
ɮɭɧɤɰɢɣ, ɞɟɫɬɪɭɤɰɢɟɣ ɞɟяɬɟɥɶɧɨɫɬɢ. Ɉɞɧɢɦ ɢɡ 
ɢɫɬɨчɧɢɤɨɜ ɷɦɨɰɢɣ яɜɥяɟɬɫя ɪɟчɟɜɨɣ ɫɢɝɧаɥ. 
Ɋɭɫɫɤɢɣ яɡɵɤ ɫɨɞɟɪɠɢɬ  ɨɤɨɥɨ  40%  
ɷɦɨɰɢɨɧаɥɶɧɨ  ɨɤɪаɲɟɧɧɵɯ  ɫɥɨɜ.  ɗɦɨɰɢɢ  
ɤɨɞɢɪɭɸɬɫя ɨɩɪɟɞɟɥɟɧɧɵɦɢ аɤɭɫɬɢчɟɫɤɢɦɢ 
ɩаɪаɦɟɬɪаɦɢ ɜ ɪɟчɟɜɨɦ ɫɢɝɧаɥɟ. ɉɨɧɢɦаɧɢɟ 
ɨɫɨɛɟɧɧɨɫɬɟɣ аɤɭɫɬɢчɟɫɤɨɝɨ ɤɨɞɢɪɨɜаɧɢя 
ɷɦɨɰɢɣ ɩɨɡɜɨɥɢɬ ɩɨɧяɬɶ ɦɟɯаɧɢɡɦ ɜɨɫɩɪɢяɬɢя 
ɷɦɨɰɢɣ Д1Ж. ɂɫɫɥɟɞɨɜаɧɢя ɪɟчɟɜɵɯ ɫɢɝɧаɥɨɜ 
ɩɪɨɜɨɞɢɥɢɫɶ ɦɧɨɝɢɦɢ ɭчɟɧɵɦɢ ɫ ɰɟɥɶɸ 
ɨɩɢɫаɧɢя ɤаɤ ɥɢɧɝɜɢɫɬɢчɟɫɤɢɯ, ɬаɤ ɢ 
ɬɟɯɧɢчɟɫɤɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ ɪɟчɢ Дβ,γЖ. Ɉɞɧаɤɨ, 
ɩɪɨɛɥɟɦа аɜɬɨɦаɬɢчɟɫɤɨɝɨ ɪаɫɩɨɡɧаɜаɧɢя 
ɷɦɨɰɢɨɧаɥɶɧɨ ɨɤɪаɲɟɧɧɨɣ ɪɟчɢ ɧɟ яɜɥяɟɬɫя 
ɩɨɥɧɨɫɬɶɸ ɪɟɲɟɧɧɨɣ. ɗɦɨɰɢɨɧаɥɶɧɨ 
ɨɤɪаɲɟɧɧая ɪɟчɶ ɧаɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ 
ɫɮɟɪаɯ ɠɢɡɧɟɞɟяɬɟɥɶɧɨɫɬɢ чɟɥɨɜɟɤа ɢ яɜɥяɟɬɫя 
ɜɨɫɬɪɟɛɨɜаɧɧɨɣ ɮɭɧɤɰɢɟɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 

аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ ɫɢɫɬɟɦаɯ ɭɩɪаɜɥɟɧɢя, 
ɪɟаɛɢɥɢɬаɰɢɢ ɢ ɩɪɨɬɟɡɢɪɨɜаɧɢя, ɫɪɨчɧɨɝɨ 
ɨɩɨɜɟщɟɧɢя ɢ ɬ.ɩ. ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɭɫɢɥɢɥɫя 
ɢɧɬɟɪɟɫ ɤ аɧаɥɢɡɭ ɪɟчɟɜɵɯ ɫɢɝɧаɥɨɜ ɞɥя ɩɨɢɫɤа 
ɨɛɴɟɤɬɢɜɧɨɝɨ ɩɨɤаɡаɬɟɥя ɷɦɨɰɢɨɧаɥɶɧɨɝɨ 
ɫɨɫɬɨяɧɢя чɟɥɨɜɟɤа, ɜɵɩɨɥɧяɸщɟɝɨ 
ɨɬɜɟɬɫɬɜɟɧɧɭɸ ɞɟяɬɟɥɶɧɨɫɬɶ. ɇа ɞаɧɧɵɣ ɦɨɦɟɧɬ 
ɨɬɫɭɬɫɬɜɭɟɬ ɦɨɞɟɥɶ ɨɩɢɫаɧɢя ɪɟчɟɜɵɯ ɨɛɪаɡɰɨɜ ɜ 
ɭɫɥɨɜɢяɯ ɩɪɨяɜɥɟɧɢя ɪаɡɧɵɯ ɜɢɞɨɜ ɷɦɨɰɢɣ. 
Ɇɨɞɟɥɶ ɷɦɨɰɢɨɧаɥɶɧɨ ɨɤɪаɲɟɧɧɨɣ ɪɟчɢ ɞɨɥɠɧа 
ɨɬɪаɠаɬɶ ɜɡаɢɦɨɫɜяɡɶ ɜɢɞа ɷɦɨɰɢɣ ɢ 
ɨɛɴɟɤɬɢɜɧɵɯ ɩɪɢɡɧаɤɨɜ ɪɟчɟɜɨɝɨ ɫɢɝɧаɥа. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɬаɤɨɣ ɜɡаɢɦɨɫɜяɡɢ ɜɵɡɵɜаɟɬ 
ɬɪɭɞɧɨɫɬɢ. 

3. Ɉɫɧɨɜɧая ɡаɞача ɩɨɥɭчɟɧɢя 
ɩɪɢɡɧаɤɨɜ ɷɦɨɰɢɨɧаɥɶɧɨ ɨɤɪаɲɟɧɧɨɣ ɪɟчɢ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨɛɵ ɩɪɟɨɛɪаɡɨɜаɬɶ ɡɜɭɤɨɜɭɸ 
ɜɨɥɧɭ ɜ ɩɪɢɡɧаɤɨɜɨɟ ɩɪɨɫɬɪаɧɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ 
ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ ɨɞɧɨɝɨ  ɤɥаɫɫа  ɛɭɞɟɬ  
ɫɝɪɭɩɩɢɪɨɜаɧɨ ɜɦɟɫɬɟ,  а  ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ 
аɥɶɬɟɪɧаɬɢɜɧɵɯ ɤɥаɫɫɨɜ ɦаɤɫɢɦаɥɶɧɨ ɪаɡɧɟɫɟɧɨ. 
ɋɨɨɬɧɟɫɟɧɢɟ ɪаɫɩɨɡɧаɜаɟɦɨɝɨ ɨɛɴɟɤɬа (ɩɨɞ 
ɨɛɴɟɤɬɨɦ ɩɨɧɢɦаɟɬɫя ɮɨɧɟɦа ɪɟчɟɜɨɝɨ ɫɢɝɧаɥа) 
ɫ ɛаɡɨɣ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜаɬɶ, ɩɪɨɯɨɞɢɬ ɜ ɬɪɢ ɷɬаɩа: 
1) ɜɵɞɟɥɟɧɢɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɩɪɢɡɧаɤа; 
2) ɨɛɴɟɞɢɧɟɧɢɟ ɩɪɢɡɧаɤɨɜ ɜ ɝɪɭɩɩɵ; γ) ɜɵɛɨɪ 
ɩɪɟɞɩɨɥаɝаɟɦɨɝɨ ɡɧачɟɧɢя ɢɡ ɪяɞа аɥɶɬɟɪɧаɬɢɜ 
Д4Ж. Ɉɬɟчɟɫɬɜɟɧɧɵɟ ɢ ɡаɪɭɛɟɠɧɵɟ аɜɬɨɪɵ 
ɜɵɞɟɥяɸɬ чɟɬɵɪɟ ɝɪɭɩɩɵ ɨɛɴɟɤɬɢɜɧɵɯ 
ɩɪɢɡɧаɤɨɜ, ɩɨɡɜɨɥяɸщɢɯ ɪаɡɥɢчаɬɶ  ɪɟчɟɜɵɟ  
ɨɛɪаɡɰɵ: ɫɩɟɤɬɪаɥɶɧɨ-ɜɪɟɦɟɧɧɵɟ,  ɤɟɩɫɬɪаɥɶɧɵɟ, 
аɦɩɥɢɬɭɞɧɨ-чаɫɬɨɬɧɵɟ ɢ ɩɪɢɡɧаɤɢ ɧɟɥɢɧɟɣɧɨɣ 
ɞɢɧаɦɢɤɢ Д5-8]. 

4. ȼ ɪаɛɨɬаɯ Д9,10Ж ɩɪɟɞɫɬаɜɥɟɧɵ 
ɪɟɡɭɥɶɬаɬɵ ɩɪɢɦɟɧɟɧɢя ɮɪаɤɬаɥɶɧɨɝɨ аɧаɥɢɡа 
ɪɟчɟɜɨɝɨ ɫɢɝɧаɥа ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ аɤɬɟɪаɦɢ 
ɪаɡɥɢчɧɵɯ ɷɦɨɰɢɨɧаɥɶɧɵɯ ɫɨɫɬɨяɧɢɣ. ȼɵяɜɥɟɧɵ 
ɞɨɫɬɨɜɟɪɧɵɟ ɪаɡɥɢчɢя ɜɟɥɢчɢɧɵ ɮɪаɤɬаɥɶɧɨɣ 
ɪаɡɦɟɪɧɨɫɬɢ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɫɨɫɬɨяɧɢя ɝɨɪя, 
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ɪаɞɨɫɬɢ ɢ ɝɧɟɜа ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɧɟɣɬɪаɥɶɧɵɦ 
ɫɨɫɬɨяɧɢɟɦ. Ɉɛɧаɪɭɠɟɧɵ ɝɟɧɞɟɪɧɵɟ ɪаɡɥɢчɢя 
ɞɢɧаɦɢɤɢ ɩɨɤаɡаɬɟɥя ɮɪаɤɬаɥɶɧɨɣ ɪаɡɦɟɪɧɨɫɬɢ 
ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɷɦɨɰɢɨɧаɥɶɧɵɯ ɫɨɫɬɨяɧɢɣ. 
ɋ ɮɪаɤɬаɥɶɧɨɣ ɪаɡɦɟɪɧɨɫɬɶɸ D ɪɟчɟɜɨɝɨ ɫɢɝɧаɥа 
ɫɜяɡаɧ ɩɨɤаɡаɬɟɥɶ ɏɟɪɫɬа H, ɤɨɬɨɪɵɣ 
ɯаɪаɤɬɟɪɢɡɭɟɬ ɩаɦяɬɶ ɫɢɝɧаɥа ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵчɢɫɥɟɧ ɩɨ ɮɨɪɦɭɥɟ H=β-D.  

5. ȼ ɞаɧɧɨɣ ɫɬаɬɶɟ ɩɪɟɞɥаɝаɟɬɫя 
ɢɫɩɨɥɶɡɨɜаɬɶ ɜɟɥɢчɢɧɭ H, ɤаɤ ɩɪɢɡɧаɤ 
ɷɦɨɰɢɨɧаɥɶɧɨ ɨɤɪаɲɟɧɧɨɣ ɪɟчɢ.  Ɉɧ ɨɬɧɨɫɢɬɫя ɤ 
ɝɪɭɩɩɟ  ɩɪɢɡɧаɤɨɜ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧаɦɢɤɢ.  

6. ɐɟɥɶɸ ɫɬаɬɶɢ яɜɥяɟɬɫя 
ɢɫɫɥɟɞɨɜаɧɢɟ ɫɬɪɭɤɬɭɪɵ ɪɟчɟɜɵɯ ɫɢɝɧаɥɨɜ, 
ɧаɩɪаɜɥɟɧɧɨɟ ɧа ɜɵяɜɥɟɧɢɟ ɢɯ ɯаɪаɤɬɟɪɧɵɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ. ȼ ɪаɛɨɬɟ ɪɟɲаɸɬɫя ɫɥɟɞɭɸщɢɟ 
ɡаɞачɢ: ɨɰɟɧɢɜаɸɬɫя ɩɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя, 
аɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ (ȺɄɎ), 
ɷɧɟɪɝɟɬɢчɟɫɤɢɟ ɫɩɟɤɬɪɵ ɢɡɭчаɟɦɵɯ ɫɢɝɧаɥɨɜ, 
ɨɩɪɟɞɟɥяɟɬɫя ɫɬɟɩɟɧɶ ɮɪаɤɬаɥɶɧɨɫɬɢ (ɩɨɤаɡаɬɟɥɶ 
ɏɟɪɫɬа). ɂɫɫɥɟɞɨɜаɧɢя ɜɵɩɨɥɧɟɧɵ ɜ ɫɪɟɞɟ 
MatLab.  

Ⱥɧɚɥɢɡ ɫɢɝɧɚɥɨɜ   
7. ȼ ɪаɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɞɜɟ ɫɟɪɢɢ 

ɜɵчɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɩɟɪɜɨɣ ɫɟɪɢɢ 
ɜɵɩɨɥɧɟɧ ɮɪаɤɬаɥɶɧɵɣ аɧаɥɢɡ ɞɜɭɯ ɪɟчɟɜɵɯ 
ɫɢɝɧаɥɨɜ. ɋɢɝɧаɥ s1 - ɬɟɤɫɬ чɢɬаɟɬɫя аɤɬɪɢɫɨɣ   
ɛɟɡ ɜɵɪаɠɟɧɢя, ɫɢɝɧаɥ sβ  ɬɨɬ ɠɟ ɬɟɤɫɬ чɢɬаɟɬɫя 
аɤɬɪɢɫɨɣ ɫ ɜɵɪаɠɟɧɢɟɦ. ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ аɧаɥɢɡɢɪɭɸɬɫя ɫɢɝɧаɥ s1 ɢ 
ɫɢɝɧаɥ sγ (ɬɟɤɫɬ чɢɬаɟɬɫя аɤɬɟɪɨɦ). ɂɡɭчаɟɦɵɟ 
ɫɢɝɧаɥɵ ɩɨɤаɡаɧɵ ɧа ɪɢɫɭɧɤаɯ 1 – 3. 

  

 
Ɋɢɫɭɧɨɤ 1 – ɋɢɝɧаɥ s1 

 

 

 
Ɋɢɫɭɧɨɤ β - ɋɢɝɧаɥ s2 

 

 
Ɋɢɫɭɧɨɤ γ – ɋɢɝɧаɥ s3 

 

8. Ɉɰɟɧɤа ɩɥɨɬɧɨɫɬɟɣ 
ɪаɫɩɪɟɞɟɥɟɧɢя ɩɪɨɜɨɞɢɬɫя ɧа ɨɫɧɨɜаɧɢɢ  
ɝɢɫɬɨɝɪаɦɦ ɨɬɧɨɫɢɬɟɥɶɧɵɯ чаɫɬɨɬ, ɩɨɤаɡаɧɧɵɯ 
ɧа ɪɢɫɭɧɤаɯ 4-6. ɂɡɭчаɟɦɵɟ ɫɢɝɧаɥɵ ɧɟ 
ɩɨɞчɢɧяɸɬɫя ɧɨɪɦаɥɶɧɨɦɭ ɪаɫɩɪɟɞɟɥɟɧɢɸ. 

 

 
Ɋɢɫɭɧɨɤ 4 – ɉɥɨɬɧɨɫɬɶ ɪаɫɩɪɟɞɟɥɟɧɢя ɫɢɝɧаɥа s1 
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Ɋɢɫɭɧɨɤ 5 – ɉɥɨɬɧɨɫɬɶ ɪаɫɩɪɟɞɟɥɟɧɢя ɫɢɝɧаɥа s2  

 

 
Ɋɢɫɭɧɨɤ 6 – ɉɥɨɬɧɨɫɬɶ ɪаɫɩɪɟɞɟɥɟɧɢя ɫɢɝɧаɥа s3 

 

9. ȼ ɪаɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɪɟɞɟɥɢɬɶ  ɨɛɥаɞаɸɬ ɫɢɝɧаɥɵ ɦɟɞɥɟɧɧɨ 
ɭɛɵɜаɸщɟɣ ɡаɜɢɫɢɦɨɫɬɶɸ ɢɥɢ  ɛɵɫɬɪɨ  
ɭɛɵɜаɸщɟɣ  ɡаɜɢɫɢɦɨɫɬɶɸ.   

ɉɪɨɰɟɫɫ  ɏ  ɨɛɥаɞаɟɬ  ɦɟɞɥɟɧɧɨ  
ɭɛɵɜаɸщɟɣ ɡаɜɢɫɢɦɨɫɬɶɸ (ɆɍɁ),  ɟɫɥɢ ɞɥя ɟɝɨ 
ȺɄɎ ɜɵɩɨɥɧяɟɬɫя ɭɫɥɨɜɢɟ 


k,C)k(Lk~)k(r 11

 , ɝɞɟ constC 1 , 

10    ɢ  1L   -  ɦɟɞɥɟɧɧɨ  ɦɟɧяɸщаяɫя ɧа 

ɛɟɫɤɨɧɟчɧɨɫɬɢ ɮɭɧɤɰɢя: 1
)(

)(
lim

1

1 
 tL

txL

t
 ɞɥя ɜɫɟɯ 

x. ɉɪɨɰɟɫɫɵ ɫ ɆɍɁ ɯаɪаɤɬɟɪɢɡɭɸɬɫя 
аɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɨɣ ɮɭɧɤɰɢɟɣ, ɤɨɬɨɪая ɭɛɵɜаɟɬ 
ɩɨ ɫɬɟɩɟɧɧɨɦɭ ɡаɤɨɧɭ ɩɪɢ ɭɜɟɥɢчɟɧɢɢ 
ɜɪɟɦɟɧɧɨɣ ɡаɞɟɪɠɤɢ (ɥаɝа). ȼ ɨɬɥɢчɢɟ ɨɬ 
ɩɪɨɰɟɫɫɨɜ ɫ ɆɍɁ, ɩɪɨɰɟɫɫɵ ɫ ɛɵɫɬɪɨ 
ɭɛɵɜаɸщɟɣ ɡаɜɢɫɢɦɨɫɬɶɸ (ȻɍɁ) ɨɛɥаɞаɸɬ 
ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨ ɫɩаɞаɸщɟɣ ȺɄɎ ɜɢɞа 

kkr
k ,~)(  . 

ȼɵчɢɫɥɟɧɢя ȺɄɎ ɩɨ ɮɨɪɦɭɥɟ 

 
)X()N(

)XX)(XX(

)k(r

N

i
kii

2

1















, 

ɝɞɟ X  - ɜɵɛɨɪɨчɧɨɟ ɫɪɟɞɧɟɟ ɪяɞа Б, )(2
X  - 

ɜɵɛɨɪɨчɧая ɞɢɫɩɟɪɫɢя ɪяɞа Б, Ф=0,1,... 
Ⱥɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɢɫɫɥɟɞɭɟɦɵɯ 
ɫɢɝɧаɥɨɜ ɩɪɢɜɟɞɟɧɵ ɧа ɪɢɫɭɧɤаɯ 7-9. Ɉɧɢ ɧɟ 
ɨɛɪащаɸɬɫя ɜ ɧɨɥɶ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧачɟɧɢяɯ Ф, 
чɬɨ ɝɨɜɨɪɢɬ ɨ ɦɟɞɥɟɧɧɨɦ ɭɛɵɜаɧɢɢ ȺɄɎ ɢ 
ɩɪɢɫɭɬɫɬɜɢɢ ɆɍɁ.  

 

 
Ɋɢɫɭɧɨɤ 7 – ȺɄɎ ɫɢɝɧаɥа s1 

 

 
Ɋɢɫɭɧɨɤ 8 – ȺɄɎ ɫɢɝɧаɥа s2 
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Ɋɢɫɭɧɨɤ 9 – ȺɄɎ ɫɢɝɧаɥа s3 

 

10. ȼ чаɫɬɨɬɧɨɣ ɨɛɥаɫɬɢ ɆɍɁ 
ɩɪɢɜɨɞɢɬ ɤ ɫɬɟɩɟɧɧɨɦɭ ɡаɤɨɧɭ ɩɨɜɟɞɟɧɢя 
ɫɩɟɤɬɪаɥɶɧɨɣ  ɩɥɨɬɧɨɫɬɢ ɩɪɨɰɟɫɫа. 
ɗɧɟɪɝɟɬɢчɟɫɤɢɟ ɫɩɟɤɬɪɵ ɜɪɟɦɟɧɧɵɯ ɪяɞɨɜ 
ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫɭɧɤаɯ 10-12.   

 

 
Ɋɢɫɭɧɨɤ 10 – ɋɩɟɤɬɪаɥɶɧая ɩɥɨɬɧɨɫɬɶ ɫɢɝɧаɥа s1 

  

 
Ɋɢɫɭɧɨɤ 11 – ɋɩɟɤɬɪаɥɶɧая ɩɥɨɬɧɨɫɬɶ ɫɢɝɧаɥа s2 

 

 
Ɋɢɫɭɧɨɤ 1β – ɋɩɟɤɬɪаɥɶɧая ɩɥɨɬɧɨɫɬɶ ɫɢɝɧаɥа s3 

 

ɉɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ  
ȼ  ɷɬɨɦ  ɪаɡɞɟɥɟ ɨɰɟɧɢɜаɟɬɫя ɩɨɤаɡаɬɟɥɶ 

ɏɟɪɫɬа H, ɤɨɬɨɪɵɣ яɜɥяɟɬɫя ɦɟɪɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ яɜɥɟɧɢя ɢɥɢ ɦɟɪɨɣ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɞɨɥɝɨɫɪɨчɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ 
ɩɪɨɰɟɫɫа. Ɂɧачɟɧɢɟ H=0,5 ɭɤаɡɵɜаɟɬ ɧа 
ɨɬɫɭɬɫɬɜɢɟ ɞɨɥɝɨɫɪɨчɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ. 
Ʉɨɪɪɟɥяɰɢя ɦɟɠɞɭ ɫɨɛɵɬɢяɦɢ ɨɬɫɭɬɫɬɜɭɟɬ. Ɋяɞ 
яɜɥяɟɬɫя ɫɥɭчаɣɧɵɦ, а ɧɟ ɮɪаɤɬаɥɶɧɵɦ. ɑɟɦ 
ɛɥɢɠɟ ɡɧачɟɧɢɟ H ɤ 1, ɬɟɦ ɜɵɲɟ ɫɬɟɩɟɧɶ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɞɨɥɝɨɫɪɨчɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ. ɉɪɢ 

5,00  H  ɜɪɟɦɟɧɧɨɣ ɪяɞ яɜɥяɟɬɫя 
ɬɪɟɧɞɨɧɟɭɫɬɨɣчɢɜɵɦ (аɧɬɢɩɟɪɫɢɫɬɟɧɬɧɵɦ). Ɉɧ 
ɛɨɥɟɟ ɢɡɦɟɧчɢɜ, чɟɦ ɫɥɭчаɣɧɵɣ ɪяɞ, ɩɨɫɤɨɥɶɤɭ 
ɫɨɫɬɨɢɬ ɢɡ чаɫɬɵɯ ɪɟɜɟɪɫɨɜ ɫɩаɞ-ɩɨɞɴɟɦ. ɉɪɢ 

15,0  H  ɪяɞ ɬɪɟɧɞɨɭɫɬɨɣчɢɜ. Ɍɟɧɞɟɧɰɢя ɟɝɨ 
ɢɡɦɟɧɟɧɢя ɦɨɠɟɬ ɛɵɬɶ ɫɩɪɨɝɧɨɡɢɪɨɜаɧа. 
ɉɨɤаɡаɬɟɥɶ ɏɟɪɫɬа ɫɜяɡаɧ ɫ ɞɪɭɝɢɦɢ 
ɮɪаɤɬаɥɶɧɵɦɢ ɩаɪаɦɟɬɪаɦɢ ɮɨɪɦɭɥаɦɢ, 
ɩɨɤаɡаɧɧɵɦɢ ɜ ɬаɛɥɢɰɟ 1. 

 

Ɍаɛɥɢɰа 1. Ɏɪаɤɬаɥɶɧɵɟ ɩаɪаɦɟɬɪɵ 

ɉɚɪɚɦɟɬɪ Ɋɚɫɱɟɬɧɚɹ 
ɮɨɪɦɭɥɚ 

Ɏɪаɤɬаɥɶɧая 
ɪаɡɦɟɪɧɨɫɬɶ D 

HD  2  

Ʉɨɪɪɟɥяɰɢɨɧɧɵɣ 
ɩаɪаɦɟɬɪ   

)1(2 H  

ɋɩɟɤɬɪаɥɶɧɵɣ 
ɩɨɤаɡаɬɟɥɶ Л 

12  Hb  

Ɏɪаɤɬаɥɶɧɵɣ 
ɩɨɤаɡаɬɟɥɶ   

H23  

 

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɡɧачɟɧɢя H ɜ ɪаɛɨɬɟ 
ɢɫɩɨɥɶɡɭɟɬɫя аɥɝɨɪɢɬɦ R/S-аɧаɥɢɡа, ɤɨɬɨɪɵɣ 
ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸщɟɦ. ȼ ɢɫɯɨɞɧɨɣ ɪɟаɥɢɡаɰɢɢ Z  

ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨ ɜɵɞɟɥяɟɦ ɨɬɪɟɡɤɢ 
 zzzZ ,...,, 21 , 12000,...,2000,1000 , ɞɥя 
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ɤаɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɜɵчɢɫɥяɟɦ ɬɟɤɭщɟɟ ɫɪɟɞɧɟɟ 








 1i

iz

z . Ⱦаɥɟɟ ɞɥя ɤаɠɞɨɝɨ ɮɢɤɫɢɪɨɜаɧɧɨɝɨ  

Z   ɜɵчɢɫɥяɟɦ ɧаɤɨɩɥɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɥя  ɟɝɨ  

ɨɬɪɟɡɤɨɜ  ɞɥɢɧɵ  t:  



t

i
it tzzX

1
, ,...,2,1),(  , 

ɪаɡɧɨɫɬɶ (ɪаɡɦаɯ) ɦɟɠɞɭ  ɦаɤɫɢɦаɥɶɧɵɦ  ɢ  
ɦɢɧɢɦаɥɶɧɵɦ ɧаɤɨɩɥɟɧɧɵɦɢ  ɨɬɤɥɨɧɟɧɢяɦɢ  










t

t

t

t XXRR

1

,

1

, )min()max()(  ɢ ɫɬаɧɞаɪɬɧɨɟ  

ɨɬɤɥɨɧɟɧɢɟ )(SS  . ɉɨɤаɡаɬɟɥɶ  ɏɟɪɫɬа  

ɜɵчɢɫɥяɟɦ ɩɨ ɮɨɪɦɭɥɟ 
H

S

R








2


. 

Ʌɨɝаɪɢɮɦɢɪɭя ɨɛɟ чаɫɬɢ ɷɬɨɝɨ  ɪаɜɟɧɫɬɜа, 
ɩɨɥɭчаɟɦ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ ɤɨɨɪɞɢɧаɬ ɬɨчɟɤ 

),(  yx , ɝɞɟ 12000,...,2000,1000x ,  

)2/lg(

))(/)(lg(
)(




SR
Hy  . ɉɨɫɬɪɨɢɜ ɝɪаɮɢɤ 

ɡаɜɢɫɢɦɨɫɬɢ )(H  ɢ ɥɢɧɢɸ ɬɪɟɧɞа, ɨɩɪɟɞɟɥɢɦ 
аɩɩɪɨɤɫɢɦɢɪɨɜаɧɧɨɟ ɡɧачɟɧɢɟ ɩɨɤаɡаɬɟɥя 
ɏɟɪɫɬа H. 

11. ɇа ɪɢɫɭɧɤаɯ 1γ – 15 ɩɨɤаɡаɧ 
ɪɟɡɭɥɶɬаɬ R/S-аɧаɥɢɡа ɢɡɭчаɟɦɵɯ ɫɢɝɧаɥɨɜ. 
ɗɦɩɢɪɢчɟɫɤɢɟ ɡɧачɟɧɢя ɩɨɤаɡаɬɟɥя ɏɟɪɫɬа 
ɨɬɤɥɨɧяɸɬɫя ɨɬ ɬɟɨɪɟɬɢчɟɫɤɨɝɨ ɡɧачɟɧɢя (H=0,5) 
ɫɥɭчаɣɧɨɝɨ ɫɢɝɧаɥа. ɉɨɤаɡаɬɟɥɶ ɏɟɪɫɬа ɫɢɝɧаɥɨɜ 
ɩɨɤаɡаɧ ɜ ɬаɛɥɢɰɟ β. 

 

Ɍаɛɥɢɰа β. ɉɨɤаɡаɬɟɥɶ ɏɟɪɫɬа 

ɋɢɝɧɚɥ ɉɨɤɚɡɚɬɟɥɶ ɏɟɪɫɬɚ 
s1 0,3745 

s2 0,7139 

s3 0,6882 

 

 

 
Ɋɢɫɭɧɨɤ 1γ – Ɋɟɡɭɥɶɬаɬ R/S-аɧаɥɢɡа ɫɢɝɧаɥа s1 

 

 
Ɋɢɫɭɧɨɤ 14 – Ɋɟɡɭɥɶɬаɬ R/S-аɧаɥɢɡа ɫɢɝɧаɥа sβ 

 

 
Ɋɢɫɭɧɨɤ 15 – Ɋɟɡɭɥɶɬаɬ R/S-аɧаɥɢɡа ɫɢɝɧаɥа sγ 

ȼɵɜɨɞɵ  
12. Ⱥɧаɥɢɡ ɪɟчɟɜɵɯ ɫɢɝɧаɥɨɜ 

яɜɥяɟɬɫя аɤɬɭаɥɶɧɨɣ ɡаɞачɟɣ ɩɨɢɫɤа 
ɨɛɴɟɤɬɢɜɧɨɝɨ ɩɨɤаɡаɬɟɥя ɷɦɨɰɢɨɧаɥɶɧɨɝɨ 
ɫɨɫɬɨяɧɢя чɟɥɨɜɟɤа, ɜɵɩɨɥɧяɸщɟɝɨ 
ɨɬɜɟɬɫɬɜɟɧɧɭɸ ɞɟяɬɟɥɶɧɨɫɬɶ.  

13. ȼ ɞаɧɧɨɣ ɪаɛɨɬɟ ɞɥя ɫɢɝɧаɥɨɜ 
ɷɦɨɰɢɨɧаɥɶɧɨ ɨɤɪаɲɟɧɧɨɣ ɪɟчɢ ɜɵɩɨɥɧɟɧ 
ɮɪаɤɬаɥɶɧɵɣ аɧаɥɢɡ ɩɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя, 
аɜɬɨɤɨɪɪɟɥяɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɷɧɟɪɝɟɬɢчɟɫɤɢɯ 
ɫɩɟɤɬɪɨɜ. ɇаɣɞɟɧɵ ɡɧачɟɧɢя ɩɨɤаɡаɬɟɥя ɏɟɪɫɬа. 
ɉɨɥɭчɟɧɵ ɫɥɟɞɭɸщɢɟ ɪɟɡɭɥɶɬаɬɵ: 
14. ɂɡɭчаɟɦɵɟ ɫɢɝɧаɥɵ ɧɟ ɩɨɞчɢɧяɸɬɫя 

ɧɨɪɦаɥɶɧɨɦɭ ɪаɫɩɪɟɞɟɥɟɧɢɸ. 
15. ɂɡɭчаɟɦɵɟ ɫɢɝɧаɥɵ ɧɟ ɨɛɥаɞаɸɬ 

ɷɤɫɩɨɧɟɧɰɢаɥɶɧɨ ɫɩаɞаɸщɟɣ ȺɄɎ, 
ɫɜɨɣɫɬɜɟɧɧɨɣ ɫɥɭчаɣɧɵɦ ɫɢɝɧаɥаɦ. 

16. Ⱦɥя ɫɢɝɧаɥа s1 ɜɵɩɨɥɧяɟɬɫя ɭɫɥɨɜɢɟ 0<H<0,5. 
ɗɬɨɬ ɪяɞ яɜɥяɟɬɫя аɧɬɢɩɟɪɫɢɫɬɟɧɬɧɵɦ.   

17. Ⱦɥя ɫɢɝɧаɥɨɜ s2, sγ  ɜɵɩɨɥɧяɟɬɫя ɭɫɥɨɜɢɟ 
0,5<H<1. ɗɬɢ ɫɢɝɧаɥɵ яɜɥяɸɬɫя 
ɬɪɟɧɞɨɭɫɬɨɣчɢɜɵɦɢ (ɩɟɪɫɢɫɬɟɧɬɧɵɦɢ) ɢ 
ɨɛɥаɞаɸɬ ɞɨɥɝɨɜɪɟɦɟɧɧɨɣ ɩаɦяɬɶɸ. 
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Ȼɟɥɶɤɨɜ Ⱦ.ȼ., ȿɞɟɦɫɤɚɹ ȿ.ɇ. Фɪɚɤɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɱɟɜɵɯ ɫɢɝɧɚɥɨɜ. Ⱥɧаɥɢɡ ɪɟɱɟɜɵɯ 
ɫɢɝɧаɥɨɜ ɹɜɥɹɟɬɫɹ акɬɭаɥɶɧɨɣ ɡаɞаɱɟɣ ɩɨɢɫка ɨɛɴɟкɬɢɜɧɨɝɨ ɩɨкаɡаɬɟɥɹ ɷмɨцɢɨɧаɥɶɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟка, ɜɵɩɨɥɧɹɸɳɟɝɨ ɨɬɜɟɬɫɬɜɟɧɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ. ȼ ɞаɧɧɨɣ ɪаɛɨɬɟ ɞɥɹ 
ɪɟɱɟɜɵɯ ɫɢɝɧаɥɨɜ  ɜɵɩɨɥɧɟɧ ɮɪакɬаɥɶɧɵɣ аɧаɥɢɡ ɩɥɨɬɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢɹ, 
аɜɬɨкɨɪɪɟɥɹцɢɨɧɧɵɯ ɮɭɧкцɢɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫкɢɯ ɫɩɟкɬɪɨɜ. ɇаɣɞɟɧɵ ɡɧаɱɟɧɢɹ ɩɨкаɡаɬɟɥɹ 
ɏɟɪɫɬа. Ɉɧ мɨɠɟɬ ɛɵɬɶ ɩɨкаɡаɬɟɥɟм ɷмɨцɢɨɧаɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟка, ɩɨɫкɨɥɶкɭ 
ɫɬɟɩɟɧɶ ɮɪакɬаɥɶɧɨɫɬɢ ɪɟɱɟɜɵɯ ɫɢɝɧаɥɨɜ ɡаɜɢɫɢɬ ɨɬ ɷмɨцɢɨɧаɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 
ɝɟɧɞɟɪɧɵɯ ɪаɡɥɢɱɢɣ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɟɱɟɜɨɣ ɫɢɝɧаɥ, ɩɥɨɬɧɨɫɬɶ ɪаɫɩɪɟɞɟɥɟɧɢɹ, аɜɬɨкɨɪɪɟɥɹцɢɨɧɧаɹ ɮɭɧкцɢɹ, 
ɷɧɟɪɝɟɬɢɱɟɫкɢɣ ɫɩɟкɬɪ, ɩɨкаɡаɬɟɥɶ ɏɟɪɫɬа. 
 

Belkov D.V., Edemskay E.N. Fractal analysis of speech signals. Analysis of speech signals is 

actual task of the search of objective index for emocial state of the man. In this work  the analysis 

of closeness of distributing, autocorrelation functions and power spectrums are executed. The 

values of Hurst  index are found. It can be the index for emocial state of the man becouse the 

fractal value of speech signals is depending of emocial state and gender difference. 

 

Keywords: speech signal, closeness of distributing, autocorrelation function, power spectrum, the 

Hurst index. 
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