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ɐɟɥɶɸ ɢɫɫɥɟɞɨɜаɧɢɹ ɹɜɥɹɥɨɫɶ ɢɡɭчɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ ɞɥɹ 
ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜаɧɢɹ Ⱥɗɋ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɹɜɥɟɧɢɹ ɧɟɢɫɩɪаɜɧɨɫɬɟɣ ɷɬɨɝɨ 
ɨɛɨɪɭɞɨɜаɧɢɹ. ȼ ɧаɫɬɨɹɳɟɣ ɪаɛɨɬɟ ɛɵɥа ɩɪɨɢɡɜɟɞɟɧа ɨɛɪаɛɨɬɤа ɜɢɞɟɨɢɡɨɛɪаɠɟɧɢɣ, 
ɩɨɥɭчɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɢɡɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧа ɊɨȺɗɋ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥа 
ɪаɡɪаɛɨɬаɧа ɩɪɨɝɪаɦɦа ɞɥɹ ɪаɫчɟɬа ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ 0-ɝɨ, 1-ɝɨ ɢ 2-ɝɨ ɩɨɪɹɞɤɨɜ ɞɥɹ 
ɜɢɞɟɨɢɡɨɛɪаɠɟɧɢɣ, а ɬаɤ ɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ аɧаɥɢɡ ɜɪɟɦɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ 
0-ɩɨɪɹɞɤа, 1-ɩɨɪɹɞɤа, 2-ɩɨɪɹɞɤа ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɧɟɢɫɩɪаɜɧɨɫɬɟɣ ɨɛɨɪɭɞɨɜаɧɢɹ Ⱥɗɋ. Ɋаɫчɟɬ 
ɷɧɬɪɨɩɢɣɧɵɯ ɩɨɤаɡаɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭчɢɬɶ ɜаɠɧɭɸ ɤачɟɫɬɜɟɧɧɭɸ ɢ ɤɨɥɢчɟɫɬɜɟɧɧɭɸ 
ɢɧɮɨɪɦаɰɢɸ ɨ ɫɬɪɭɤɬɭɪɟ ɫɥɨɠɧɵɯ ɮɢɡɢчɟɫɤɢɯ ɫɢɫɬɟɦ, ɨɫɨɛɟɧɧɨɫɬɹɯ ɢɯ ɞɢɧаɦɢчɟɫɤɨɣ 
ɷɜɨɥɸɰɢɢ ɢ ɨ ɮɢɡɢчɟɫɤɢɯ ɩɪɨɰɟɫɫаɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɬаɤɢɯ ɫɢɫɬɟɦаɯ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜа: ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ, ɰɢɮɪɨɜаɹ ɪɟɝɢɫɬɪаɰɢɹ ɢɡɨɛɪаɠɟɧɢɣ, ɷɧɬɪɨɩɢɹ 
Ɋɟɧɶɢ, аɬɨɦɧаɹ ɷɥɟɤɬɪɢчɟɫɤаɹ ɫɬаɧɰɢɹ (Ⱥɗɋ). 
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ȼɢɞɟɨɢɡɨɛɪаɠɟɧɢɹ, ɧаɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɜɪɟɦɟɧɧɵɦɢ ɪɹɞаɦɢ, ɹɜɥɹɸɬɫɹ ɜаɠɧɟɣɲɢɦ 
ɢɫɬɨчɧɢɤɨɦ ɢɧɮɨɪɦаɰɢɢ ɜɨ ɦɧɨɝɢɯ ɟɫɬɟɫɬɜɟɧɧɵɯ ɧаɭɤаɯ, ɜ ɬɨɦ чɢɫɥɟ ɜ ɮɢɡɢɤɟ, 
аɫɬɪɨɮɢɡɢɤɟ ɢ ɝɟɨɮɢɡɢɤɟ. ɑɬɨɛɵ ɤɨɥɢчɟɫɬɜɟɧɧɨ ɨɯаɪаɤɬɟɪɢɡɨɜаɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɢ 
ɫɬаɬɢɫɬɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɨɛɪаɠɟɧɢɣ ɪаɡɥɢчɧɵɯ ɮɨɪɦаɬɨɜ, ɪаɡɥɢчɧɵɯ ɮɪаɝɦɟɧɬɨɜ 
ɨɞɧɨɝɨ ɢɡɨɛɪаɠɟɧɢɹ ɢɥɢ ɪаɡɧɵɟ ɤаɞɪɵ ɨɞɧɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞа ɢɡɨɛɪаɠɟɧɢɣ 
ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɭɞɨɛɧɵɟ ɥɟɝɤɨ ɜɵчɢɫɥɹɟɦɵɟ ɤɨɥɢчɟɫɬɜɟɧɧɵɟ ɩаɪаɦɟɬɪɵ, 
ɨɬɪаɠаɸɳɢɟ ɷɬɢ ɨɫɨɛɟɧɧɨɫɬɢ. ɗɧɬɪɨɩɢɹ Ɋɟɧɶɢ Д1Ж, ɜɵчɢɫɥɹɟɦаɹ ɧа ɞɜɭɦɟɪɧɨɦ 
ɩɨɤɪɵɬɢɢ, ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɬаɤɢɯ ɰɟɥɟɣ. Ɉɧа ɩɨɡɜɨɥɹɟɬ ɤɨɥɢчɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ 
ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪаɯ ɢ ɫɬаɬɢɫɬɢɤɟ, ɨɩɪɟɞɟɥɢɬɶ ɧаɩɪаɜɥɟɧɢɟ ɢ ɬɟɦɩ ɷɜɨɥɸɰɢɢ 
ɧаɛɥɸɞаɟɦɨɣ ɫɢɫɬɟɦɵ, ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɤɨɥɢчɟɫɬɜɟɧɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɪаɡɪаɛɨɬɤɟ 
ɦɨɞɟɥɟɣ ɮɢɡɢчɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜɢɞɢɦɵɦ ɩɪɟɞɫɬаɜɥɟɧɢɟɦ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɞɜɭɦɟɪɧɨɟ 
ɢɡɨɛɪаɠɟɧɢɟ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɪаɛɨɬɤɢ ɢɡɨɛɪаɠɟɧɢɣ ɜɨɡɧɢɤаɟɬ ɩɪɢ ɪɟɲɟɧɢɢ ɦɧɨɝɢɯ ɡаɞач 
ɬɟɯɧɢчɟɫɤɨɣ ɞɢаɝɧɨɫɬɢɤɢ. Ʉ ɬаɤɢɦ ɡаɞачаɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ 
ɡɨɧ ɧаɝɪɟɜа ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɴɟɤɬɨɜ ɞɢаɝɧɨɫɬɢɤɢ Д2Ж. Ⱥɤɬɭаɥɶɧɨɫɬɶ ɬаɤɨɝɨ ɤɨɧɬɪɨɥɹ ɟɳɟ 
ɨɛɭɫɥɨɜɥɟɧа ɬɟɦ, чɬɨ ɜɨ ɦɧɨɝɢɯ ɫɬɪɭɤɬɭɪаɯ аɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧаɛɥɸɞаɟɬɫɹ 
ɬɟɧɞɟɧɰɢɹ ɩɟɪɟɯɨɞа ɨɬ ɩɥаɧɨɜɵɯ ɪɟɦɨɧɬɨɜ ɨɛɨɪɭɞɨɜаɧɢɹ ɤ ɪɟɦɨɧɬаɦ ɩɨ ɮаɤɬɢчɟɫɤɨɦɭ 
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ɫɨɫɬɨɹɧɢɸ ɨɛɨɪɭɞɨɜаɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭаɬаɰɢɢ ɨɛɨɪɭɞɨɜаɧɢɟ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɧɟɤɨɬɨɪɵɯ ɮаɤɬɨɪɨɜ, ɬаɤɢɯ, ɤаɤ ɦɟɯаɧɢчɟɫɤɢɟ, ɜɢɛɪаɰɢɨɧɧɵɟ, ɷɥɟɤɬɪɢчɟɫɤɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɢɡɧɨɫɨɜɵɟ ɹɜɥɟɧɢɹ, ɭɜɥаɠɧɟɧɢɟ, ɫɬаɪɟɧɢɟ ɦаɬɟɪɢаɥɨɜ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ 
ɬɟɯɧɨɥɨɝɢчɟɫɤɢɟ ɩɪɨɫчɟɬɵ ɢ ɞɪ., ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɫɜɨɸ ɧаɞɟɠɧɨɫɬɶ. ȼ 
ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɞɟɥаɸɬɫɹ ɩɨɩɵɬɤɢ ɪаɫɲɢɪɢɬɶ ɨɛɥаɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɪɟɞɫɬɜ 
ɢɧɮɪаɤɪаɫɧɨɣ ɬɟɯɧɢɤɢ ɩɪɢ ɪɟɲɟɧɢɢ ɬɪаɞɢɰɢɨɧɧɵɯ ɡаɞач ɩɪɨɮɢɥаɤɬɢчɟɫɤɢɯ 
ɢɫɩɵɬаɧɢɣ Д3Ж.  

Ɍɟɩɥɨɜɢɡɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɥɹɬɶ ɡɨɧɵ ɩɨɜɪɟɠɞɟɧɢɹ, ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɢ ɡɧачɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɜ ɡɨɧɟ ɞɟɮɟɤɬа, ɝɥɭɛɢɧɭ ɟɝɨ ɡаɥɟɝаɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ 
ɬɟɩɥɨɜɢɡɢɨɧɧɨɣ ɞɢаɝɧɨɫɬɢɤɢ ɨɫɧɨɜаɧɨ ɧа ɬɨɦ, чɬɨ ɧаɥɢчɢɟ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɞɟɮɟɤɬɨɜ 
ɨɛɨɪɭɞɨɜаɧɢɹ ɜɵɡɵɜаɟɬ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪаɬɭɪɵ ɞɟɮɟɤɬɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ, ɤаɤ ɫɥɟɞɫɬɜɢɟ, 
ɢɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɧɮɪаɤɪаɫɧɨɝɨ ɢɡɥɭчɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ 
ɡаɪɟɝɢɫɬɪɢɪɨɜаɧɨ ɬɟɩɥɨɜɢɡɢɨɧɧɵɦɢ ɩɪɢɛɨɪаɦɢ. 
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ɐɟɥɶɸ ɢɫɫɥɟɞɨɜаɧɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭчɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ 
ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɛɨɪɭɞɨɜаɧɢɹ Ⱥɗɋ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɹɜɥɟɧɢɹ ɧɟɢɫɩɪаɜɧɨɫɬɟɣ 
ɷɬɨɝɨ ɨɛɨɪɭɞɨɜаɧɢɹ. 

Ⱦɥɹ ɪаɫчɟɬа ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜаɧ ɹɡɵɤ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ MATLAB. 

MATLAB ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɦ ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɵɦ ɹɡɵɤɨɦ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ, 
ɜɤɥɸчаɸɳɢɦ ɨɫɧɨɜаɧɧɵɟ ɧа ɦаɬɪɢɰаɯ ɫɬɪɭɤɬɭɪɵ ɞаɧɧɵɯ, ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɭɧɤɰɢɣ, 
ɢɧɬɟɝɪɢɪɨɜаɧɧɭɸ ɫɪɟɞɭ ɪаɡɪаɛɨɬɤɢ, ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜаɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ 
ɢɧɬɟɪɮɟɣɫɵ ɤ ɩɪɨɝɪаɦɦаɦ, ɧаɩɢɫаɧɧɵɦ ɧа ɞɪɭɝɢɯ ɹɡɵɤаɯ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɹ.  

ɋ ɜɧɟɞɪɟɧɢɟɦ ɜ ɬɟɯɧɢɤɭ ɧаɛɥɸɞɟɧɢɣ ɰɢɮɪɨɜɨɣ ɪɟɝɢɫɬɪаɰɢɢ ɢɡɨɛɪаɠɟɧɢɣ ɜɫɟ 
ɧɟɨɛɯɨɞɢɦɵɟ ɬɪаɧɫɮɨɪɦаɰɢɢ ɩɟɪɜɢчɧɵɯ ɫɢɝɧаɥɨɜ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ, ɤаɤ ɩɪаɜɢɥɨ, 
аɩɩаɪаɬɭɪɧɨ ɢɥɢ ɩɪɨɝɪаɦɦɧɨ ɜ ɪɟаɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɢ ɧа ɜɵɯɨɞɟ ɢɦɟɸɬɫɹ ɛɥɨɤɢ ɞаɧɧɵɯ 
ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɮɨɪɦаɬɟ, ɫɨɞɟɪɠаɳɢɟ чɢɫɥɨɜɵɟ ɦаɫɫɢɜɵ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɮɢɡɢчɟɫɤɨɣ 
ɪаɡɦɟɪɧɨɫɬɢ, а ɬаɤɠɟ ɜɫɸ ɫɨɩɪɨɜɨɞɢɬɟɥɶɧɭɸ ɞɨɤɭɦɟɧɬаɰɢɸ (ɦɟɬаɞаɧɧɵɟ). ȼ 
ɦɟɬаɞаɧɧɵɯ ɭɤаɡɵɜаɸɬɫɹ: ɧаɡɧачɟɧɢɟ ɢ ɯаɪаɤɬɟɪ ɞаɧɧɵɯ, ɞаɬа ɢ ɜɪɟɦɹ ɪɟɝɢɫɬɪаɰɢɢ, 
ɬɢɩ ɢ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɩɪɢɛɨɪа, ɬɨчɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ,  ɭɫɥɨɜɢɹ 
ɩɨɥɭчɟɧɢɹ ɞаɧɧɵɯ, ɢɧɮɨɪɦаɰɢɹ ɨ ɮɨɬɨɦɟɬɪɢчɟɫɤɨɣ ɢ ɦаɫɲɬаɛɧɨɣ ɤаɥɢɛɪɨɜɤаɯ, ɢ ɪɹɞ 
ɞɪɭɝɢɯ ɩаɪаɦɟɬɪɨɜ. 

Ɉɛɨɛɳɟɧɧаɹ ɷɧɬɪɨɩɢɹ Ɋɟɧɶɢ ɩɨɪɹɞɤа q ɨɩɪɟɞɟɥɹɟɬɫɹ Д4Ж ɩɨ ɮɨɪɦɭɥɟ:  
 

  �ሺ�ሻ = ଵଵ− lnቀ∑ �ሺ�ሻ�=ଵ� ቁ,  (1) 

 

ɝɞɟ q – ɩɨɪɹɞɨɤ ɷɧɬɪɨɩɢɢ, ݍ ∈ ሺ−∞, ∞ሻ; 

 а – ɦɧɨɠɟɫɬɜɨ ɬɨчɟɤ; 
 N(a) – ɨɛɳɟɟ чɢɫɥɨ ɬɨчɟɤ, ɩɨɤɪɵɜаɸɳɢɯ ɨɛɴɟɤɬ; 
 p – ɜɟɪɨɹɬɧɨɫɬɶ; 
 i-ɬɵɣ ɝɢɩɟɪɤɭɛ ɞаɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

 

ɗɧɬɪɨɩɢɸ Ɋɟɧɶɢ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤа (q=0) ɧаɡɵɜаɸɬ, ɨɛɵчɧɨ, ɫɬɪɭɤɬɭɪɧɨɣ 
ɷɧɬɪɨɩɢɟɣ, ɬаɤ ɤаɤ ɷɬа ɷɧɬɪɨɩɢɹ ɧɟɫɟɬ ɢɧɮɨɪɦаɰɢɸ ɨ ɬɨɦ, ɤаɤ ɩɥɨɬɧɨ ɢɫɫɥɟɞɭɟɦɵɣ 
ɨɛɴɟɤɬ ɡаɩɨɥɧɹɟɬ ɫɨɛɨɣ ɩɪɨɫɬɪаɧɫɬɜɨ ɜɥɨɠɟɧɢɹ. ȼ ɞаɧɧɨɦ ɫɥɭчаɟ ɷɬɨ ɥɨɝаɪɢɮɦ чɢɫɥа 
ɩɢɤɫɟɥɟɣ, ɬ.ɟ. ɩɥɨɳаɞɶ, ɡаɧɹɬаɹ ɨɛɥаɫɬɶɸ ɩɪɢ ɜɵɛɪаɧɧɨɦ ɭɪɨɜɧɟ ɞɢɫɤɪɢɦɢɧаɰɢɢ 
(ɨɬɫɟчɤɢ) ɩɨ ɩɨɥɸ, ɜ ɞаɧɧɨɦ ɫɥɭчаɟ ɜɵɛɢɪаɟɬɫɹ ɞɢаɩаɡɨɧ ɬɟɦɩɟɪаɬɭɪɵ. 

ɗɧɬɪɨɩɢɹ Ɋɟɧɶɢ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤа ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д4Ж: 
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  �ሺ�ሻ = ���ሺ�ሻ.  (2) 

 

ɉɪɢɧɰɢɩ ɪаɫчɟɬа ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ 0-ɩɨɪɹɞɤа ɫɨɫɬɨɢɬ ɜ ɪаɡɛɢɟɧɢɢ ɢɡɨɛɪаɠɟɧɢɹ ɧа 
ɹчɟɣɤɢ, ɩɨɞɫчɟɬɟ ɹчɟɟɤ, ɡаɩɨɥɧɟɧɧɵɯ ɢɡɨɛɪаɠɟɧɢɟɦ (ɟɫɥɢ ɯɨɬɶ ɨɞɢɧ ɩɢɤɫɟɥɶ 
ɢɡɨɛɪаɠɟɧɢɹ ɩɨɩаɥ ɜ ɹчɟɣɤɭ, ɨɧа ɫчɢɬаɟɬɫɹ ɡаɩɨɥɧɟɧɧɨɣ) ɢ ɭɦɧɨɠɟɧɢɹ чɢɫɥа 
ɡаɩɨɥɧɟɧɧɵɯ ɹчɟɟɤ ɧа ɢɯ ɩɥɨɳаɞɶ.  

ɗɧɬɪɨɩɢɹ Ɋɟɧɶɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤа (q=1) ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 

  �ଵ = lim→ଵ ∑ �����ሺ�ሻ�=1− ∑ ���ሺ�ሻ�=1 = − ∑ ሺ�ሻ�=ଵ�����  (2) 

 

ɂɫɬɨɪɢчɟɫɤɢ ɷɧɬɪɨɩɢɸ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤа ɧаɡɵɜаɸɬ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ, ɬаɤ ɤаɤ ɨɧа 
ɪаɫɫчɢɬɵɜаɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɩɨɯɨɠɟɣ ɧа ɮɨɪɦɭɥɭ ɢɧɮɨɪɦаɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ ɒɟɧɧɨɧа 
Д4Ж. ȿɟ ɜɟɥɢчɢɧа ɞаɟɬ ɤɨɥɢчɟɫɬɜɟɧɧɭɸ ɦɟɪɭ ɫɬɟɩɟɧɢ ɯаɨɬɢчɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢɹ 
«ɦаɫɫɵ» ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɨɛɴɟɤɬа ɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɥɟɞɢɬɶ ɞɢɧаɦɢɤɭ ɩɟɪɟɯɨɞɨɜ ɯаɨɫ–
ɩɨɪɹɞɨɤ ɢ ɩɨɪɹɞɨɤ–ɯаɨɫ. 

ɗɧɬɪɨɩɢɹ Ɋɟɧɶɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤа: 
 

  �ଶሺ�ሻ = ��ሺ∑ ଶ��=ଵ� ሻ (3) 

 

ɗɧɬɪɨɩɢɸ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤа ɧаɡɵɜаɸɬ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ, ɬаɤ ɤаɤ ɨɧа ɞаɟɬ ɦɟɪɭ ɞɥɹ 
ɨɰɟɧɤɢ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬа. 
ɍɦɟɧɶɲɟɧɢɟ ɷɬɨɣ ɷɧɬɪɨɩɢɢ ɝɨɜɨɪɢɬ ɨ ɪɨɫɬɟ ɤɨɪɪɟɥɹɰɢɣ, а ɟɟ ɭɜɟɥɢчɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɭɦɟɧɶɲɟɧɢɸ ɤɨɪɪɟɥɢɪɨɜаɧɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɢ ɪɨɫɬɭ ɯаɨɬɢчɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ. 

 

ɊȺɋɑȿɌ ɗɇɌɊɈɉɂɂ Ɋȿɇɖɂ 

 
 

ȼ ɧаɫɬɨɹɳɟɣ ɪаɛɨɬɟ ɛɵɥа ɩɪɨɢɡɜɟɞɟɧа ɨɛɪаɛɨɬɤа  ɜɢɞɟɨɢɡɨɛɪаɠɟɧɢɣ, ɩɨɥɭчɟɧɧɵɯ 
ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɢɡɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧа ɊɨȺɗɋ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥа ɪаɡɪаɛɨɬаɧа 
ɩɪɨɝɪаɦɦа ɞɥɹ ɪаɫчɟɬа ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ 0-ɝɨ, 1-ɝɨ ɢ 2-ɝɨ ɩɨɪɹɞɤɨɜ ɞɥɹ 
ɜɢɞɟɨɢɡɨɛɪаɠɟɧɢɣ, а ɬаɤ ɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ аɧаɥɢɡ ɜɪɟɦɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɷɧɬɪɨɩɢɢ 
Ɋɟɧɶɢ 0-ɩɨɪɹɞɤа, 1-ɩɨɪɹɞɤа, 2-ɩɨɪɹɞɤа ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɧɟɢɫɩɪаɜɧɨɫɬɟɣ ɨɛɨɪɭɞɨɜаɧɢɹ 
Ⱥɗɋ. 

ɉɨɥɭчɟɧɧɵɟ ɞаɧɧɵɟ ɫ ɊɨȺɗɋ ɜɡɹɬɵ ɫ ɜɪɟɦɟɧɧɵɦ ɩɪɨɦɟɠɭɬɤɨɦ ɜ 2 ɦɢɧɭɬɵ.  
ɇа ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬаɜɥɟɧɵ ɞаɧɧɵɟ, ɫɧɹɬɵɟ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɢɡɢɨɧɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɧа ɊɨȺɗɋ. Ʉаɦɟɪа FLIRT250 Westem. Ɉɛɴɟɤɬɢɜ FOL18. ɉаɪаɦɟɬɪɵ ɨɛɴɟɤɬа: 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭчɟɧɢɹ 0,83; ɨɬɪаɠɟɧɧаɹ ɬɟɦɩɟɪаɬɭɪа 200ɋ, ɬɟɦɩɟɪаɬɭɪа ɜɨɡɞɭɯа 300ɋ, 
ɨɬɧɨɫɢɬɟɥɶɧаɹ ɜɥаɠɧɨɫɬɶ 50%, ɪаɫɫɬɨɹɧɢɟ 5,3 ɦ. Ɇɢɧɢɦаɥɶɧаɹ ɬɟɦɩɟɪаɬɭɪа 24,40ɋ, 
ɦаɤɫɢɦаɥɶɧаɹ ɬɟɦɩɟɪаɬɭɪа 53,20ɋ. 

ɇа ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬаɜɥɟɧɵ ɞаɧɧɵɟ ɫɧɹɬɵɟ чɟɪɟɡ ɞɜɟ ɦɢɧɭɬɵ. ȼɪɟɦɹ 12:43. 

Ɇɢɧɢɦаɥɶɧаɹ ɬɟɦɩɟɪаɬɭɪа 32,60ɋ, ɦаɤɫɢɦаɥɶɧаɹ ɬɟɦɩɟɪаɬɭɪа 58,80ɋ. 
Ⱦаɧɧɵɟ ɫ ɪɢɫɭɧɤɨɜ 1 ɢ 2 ɛɵɥɢ ɩɟɪɟɜɟɞɟɧɵ ɜ Excel ɮаɣɥ, ɜ ɤɨɬɨɪɨɦ ɛɵɥɢ 

ɩɪɟɞɫɬаɜɥɟɧɵ ɬɟɦɩɟɪаɬɭɪɵ ɜ ɤаɠɞɨɣ ɬɨчɤɟ. 
Ⱦɥɹ ɢɡɨɛɪаɠɟɧɢɣ, ɩɪɟɞɫɬаɜɥɟɧɧɵɯ ɧа ɪɢɫɭɧɤаɯ 1 ɢ 2 ɛɵɥɢ ɩɨɥɭчɟɧɵ ɝɪаɮɢɤɢ, ɧа 

ɤɨɬɨɪɵɯ ɜɢɞɧɵ ɭчаɫɬɤɢ ɫ ɞɢаɩаɡɨɧаɦɢ ɬɟɦɩɟɪаɬɭɪ ɨɬ 510ɋ ɞɨ 530ɋ (ɪɢɫ. 2). 
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 а) ɛ) 
 
Ɋɢɫɭɧɨɤ 1 – Ⱦаɧɧɵɟ ɬɟɩɥɨɜɢɡɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ: а) ɨɬ 02.08.2016, 12:41; ɛ) ɨɬ 02.08.2016, 12:43 [Thermal 

imaging control data: a) 08/02/2016, 12:41; b) 08/02/2016, 12:43] 

 

   
 а) ɛ) 

 

Ɋɢɫɭɧɨɤ 2 –  Ɉɛɥаɫɬɢ ɫ ɞɢаɩаɡɨɧɨɦ ɬɟɦɩɟɪаɬɭɪ ɨɬ 51oɋ ɞɨ 53oɋ: а) ɜɪɟɦɹ 12:41; ɛ) ɜɪɟɦɹ 12:43 

[Temperature range from 51oC to 53oC: a) time 12:41; b) time 12:43] 

 

ɉɪɢ ɞɢаɝɧɨɫɬɢɤɟ ɨɛɨɪɭɞɨɜаɧɢɹ ɩɨɞɥɟɠаɳɢɟ ɨɛɪаɛɨɬɤɟ ɢɡɨɛɪаɠɟɧɢɹ 
ɮɨɪɦɢɪɭɸɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɧɟɫɬаɰɢɨɧаɪɧɵɯ, ɯаɨɬɢчɧɵɯ ɩɪɨɰɟɫɫɨɜ, чɬɨ ɩɪɢɞаɟɬ ɢɦ 
ɫɜɨɣɫɬɜа ɮɪаɤɬаɥɶɧɵɯ ɨɛɴɟɤɬɨɜ (ɪɢɫ. 2), ɬаɤɢɯ ɤаɤ ɞɪɨɛɧаɹ ɪаɡɦɟɪɧɨɫɬɶ Д5Ж ɢ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɨɤаɡаɬɟɥɶ Ʌɹɩɭɧɨɜа Д6Ж. Ⱦɥɹ аɧаɥɢɡа ɮɪаɤɬаɥɶɧɵɯ ɨɛɴɟɤɬɨɜ 
ɨɛɨɫɧɨɜаɧɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɷɧɬɪɨɩɢɣɧɨɣ ɩаɪаɦɟɬɪɢɡаɰɢɢ. 

   
Ɋɢɫɭɧɨɤ 3 – ȼɪɟɦɟɧɧɵɟ ɜаɪɢаɰɢɢ ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ ɩɨɪɹɞɤа q=0, q=1 ɢ q=2 [Temporary variations of the 

Renyi entropy of order q = 0, q = 1 and q = 2] 
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Ʉаɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤа 2, чɟɪɟɡ 2 ɦɢɧɭɬɵ ɩɪɨɢɡɨɲɥɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢчɟɧɢɟ 
ɩɥɨɳаɞɟɣ, ɢɦɟɸɳɢɯ ɬɟɦɩɟɪаɬɭɪɭ, ɛɥɢɡɤɭɸ ɤ ɦаɤɫɢɦаɥɶɧɨɣ. Ȼɵɥа ɧаɩɢɫаɧа ɩɪɨɝɪаɦɦа, 
ɤɨɬɨɪаɹ ɩɪɨɢɡɜɨɞɢɥа ɨɩɪɟɞɟɥɟɧɢɟ ɝɪаɧɢɰ ɨɛɥаɫɬɟɣ ɬɟɦɩɟɪаɬɭɪ (ɪɢɫ. 2) ɢ ɩɨ ɮɨɪɦɭɥаɦ 
(1)-(3) ɪаɫɫчɢɬɵɜаɥа ɷɧɬɪɨɩɢɸ Ɋɟɧɶɢ 0-ɝɨ, 1-ɝɨ ɢ 2-ɝɨ ɩɨɪɹɞɤа (ɪɢɫ. 3). Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɝɪаɧɢɰ ɬɟɦɩɟɪаɬɭɪɧɵɯ ɨɛɥаɫɬɟɣ (ɪɢɫ. 2) ɛɵɥа ɧаɩɢɫаɧа ɩɪɨɝɪаɦɦа, 
аɥɝɨɪɢɬɦ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬаɜɥɟɧ ɧа ɪɢɫɭɧɤɟ 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 4 – Ȼɥɨɤ-ɫɯɟɦа ɩɪɨɝɪаɦɦɵ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɝɪаɧɢɰɵ ɬɟɦɩɟɪаɬɭɪɧɵɯ ɨɛɥаɫɬɟɣ ɧа ɞɜɭɦɟɪɧɨɦ 

ɢɡɨɛɪаɠɟɧɢɢ [A flowchart of the program defining the boundaries of the temperature regions on a two-

dimensional image] 

 

ȼ ɪɟɡɭɥɶɬаɬɟ ɫɪаɜɧɢɬɟɥɶɧɨɝɨ аɧаɥɢɡа, ɦɵ ɦɨɠɟɦ ɩɨɞɜɟɫɬɢ ɢɬɨɝ, чɬɨ ɷɧɬɪɨɩɢɹ 
Ɋɟɧɶɢ 0-ɝɨ, 1-ɝɨ ɢ 2-ɝɨ ɩɨɪɹɞɤа ɜɨɡɪɨɫɥа ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɤа ɜɪɟɦɟɧɢ ɪаɜɧɨɝɨ 2 

ʜ˃˚˃ˎˑ 

В˅ˑˇ A(i,j), T1, T2, 

В˅ˑˇ ˏ˃˔˔ˋ˅˃ ˔ ˕ˈˏ˒ˈ˓˃˕˖˓˃ˏˋ А, ˏˋːˋˏ˃ˎ˟ːˑˌ ˕ˈˏ˒ˈ˓˃˕˖˓˞ T1, ˏ˃ˍ˔ˋˏ˃ˎ˟ːˑˌ ˕ˈˏ˒ˈ˓˃˕˖˓˞ T2 
i=1:m 

j=1:n 

 
A(i,j)=0 

ʝ˒˓ˈˇˈˎˈːˋˈ ˑ˄ˎ˃˔˕ˈˌ, ˔ ˕ˈˏ˒ˈ˓˃˕˖˓˃ˏˋ ˄ˑˎ˟˛ˈ ˏˋːˋˏ˃ˎ˟ːˑˌ ˋ ˏˈː˟˛ˈ ˏ˃ˍ˔ˋˏ˃ˎ˟ːˑˌ 

В˞˅ˑˇ ː˃ ˠˍ˓˃ː  ˆ˓˃˗ˋˍ˃ ˔ ˑ˄ˎ˃˔˕ˢˏˋ 

S0=log(sp) 

ʟ˃˔˚ˈ˕ ˠː˕˓ˑ˒ˋˋ ʟˈː˟ˋ ˒ˈ˓˅ˑˆˑ ˒ˑ˓ˢˇˍ˃ ˒ˑ˓ˢˇˍ˃ 

Кˑːˈ˙ 

ʓ˃ ʜˈ˕ 

В˞ˊˑ˅ ˗˖ːˍ˙ˋˌ, ˑ˒˓ˈˇˈˎˢˡ˜ˋ˘ ˆ˓˃ːˋ˙˞ ˑ˄ˎ˃˔˕ˈˌ, ˍˑˎˋ˚ˈ˔˕˅˃ ˑ˄ˎ˃˔˕ˈˌ l ˋ ˍˑˎˋ˚ˈ˔˕˅˃ ˕ˑ˚ˈˍ ˅ ˍ˃ˉˇˑˌ ˑ˄ˎ˃˔˕ˋ sp ʟ˃˔˚ˈ˕ ˠː˕˓ˑ˒ˋˋ ʟˈː˟ˋ 0-˒ˑ˓ˢˇˍ˃ 

i=1:l 

S1=0;   S2=0 

kol(i)>0
 

ʜˈ˕ ʓ˃ 

S1=S1+log(kol(i)/sp) 

S2=S2+kol(i)*kol(i)/(sp*sp) 
ʟ˃˔˚ˈ˕ ˠː˕˓ˑ˒ˋˋ ʟˈː˟ˋ ˅˕ˑ˓ˑˆˑ ˒ˑ˓ˢˇˍ˃ kol(i) – ˍˑˎˋ˚ˈ˔˕˅ˑ ˕ˑ˚ˈˍ ˅ i-˕ˑˌ ˑ˄ˎ˃˔˕ˋ 
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ɦɢɧɭɬаɦ (ɪɢɫ. 3). 
ɉɨɜɵɲɟɧɢɟ ɷɧɬɪɨɩɢɢ 0-ɝɨ ɩɨɪɹɞɤа ɝɨɜɨɪɢɬ ɨ ɬɨɦ, чɬɨ ɜɨɡɪаɫɬаɸɬ ɩɥɨɳаɞɢ c 

ɬɟɦɩɟɪаɬɭɪаɦɢ, ɛɥɢɡɤɢɦɢ ɤ ɦаɤɫɢɦаɥɶɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬа (ɪɢɫ. 2). 
Ɉɩɪɟɞɟɥɟɧɢɟ ɷɧɬɪɨɩɢɢ Ɋɟɧɶɢ 0-ɝɨ ɩɨɪɹɞɤа ɢɝɪаɟɬ ɜаɠɧɭɸ ɪɨɥɶ ɜ ɪɟɲɟɧɢɢ ɡаɞач 
ɬɟɯɧɢчɟɫɤɨɣ ɞɢаɝɧɨɫɬɢɤɢ, ɝɞɟ ɧɟɨɛɯɨɞɢɦа ɬɨчɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳаɞɟɣ ɨɬɞɟɥɶɧɵɯ 
ɨɛɥаɫɬɟɣ, ɢɦɟɸɳɢɯ ɫɥɨɠɧɭɸ ɮɨɪɦɭ. 

ɉɨɜɵɲɟɧɢɟ ɷɧɬɪɨɩɢɢ 1-ɝɨ ɩɨɪɹɞɤа ɞаɟɬ ɭɜɟɥɢчɟɧɢɟ ɤɨɥɢчɟɫɬɜɟɧɧɨɣ ɦɟɪɵ 
ɫɬɟɩɟɧɢ ɯаɨɬɢчɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢɹ «ɦаɫɫɵ» ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɨɛɴɟɤɬа (ɪɢɫ. 2-3). 

ɍɜɟɥɢчɟɧɢɟ ɷɧɬɪɨɩɢɢ 2-ɝɨ ɩɨɪɹɞɤа ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ 
ɤɨɪɪɟɥɢɪɨɜаɧɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɢ ɪɨɫɬɭ ɯаɨɬɢчɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ (ɪɢɫ. 2-3). 

Ɋаɫчɟɬ ɷɧɬɪɨɩɢɣɧɵɯ ɩɨɤаɡаɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭчɢɬɶ ɜаɠɧɭɸ ɤачɟɫɬɜɟɧɧɭɸ ɢ 
ɤɨɥɢчɟɫɬɜɟɧɧɭɸ ɢɧɮɨɪɦаɰɢɸ ɨ ɫɬɪɭɤɬɭɪɟ ɫɥɨɠɧɵɯ ɮɢɡɢчɟɫɤɢɯ ɫɢɫɬɟɦ, ɨɫɨɛɟɧɧɨɫɬɹɯ 
ɢɯ ɞɢɧаɦɢчɟɫɤɨɣ ɷɜɨɥɸɰɢɢ Д7, 8Ж ɢ ɨ ɮɢɡɢчɟɫɤɢɯ ɩɪɨɰɟɫɫаɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɬаɤɢɯ 
ɫɢɫɬɟɦаɯ Д9, 10Ж.  
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Abstract – The purpose of the study is to study the possibility of Renyi entropy applying to 

monitor the condition of nuclear power plant equipment and the ability to detect faults in this 

equipment. In the present work processing of video images obtained with the help of a thermal 

imaging control system at Rostov NPP is performed. For this purpose a program is developed for 

the Renyi entropy calculating of the 0th, 1st, and 2nd orders for video images, as well as an 

analysis of the time variations of the 0-order, 1-order, 2-order Renyi entropy for detecting 
malfunctions in nuclear power plant equipment. Calculation of entropy indicators allows to obtain 

important qualitative and quantitative information about the structure of complex physical 

systems, the features of their dynamic evolution and about the physical processes taking place in 

such systems. 

 

Keywords: thermal imaging control, digital image recording, Renyi entropy, nuclear power plant. 
 


