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ɍȾК 681.3; 623.313 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨяɧɢя ɢɡɨɥяɰɢɢ ɨɛɦɨɬɨɤ  
ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

 

Ɇ.ɂ. Ɏɟɞɨɪɨɜ, Ⱦ.Ɇ. Ɇаɥɟɟɜ, ɂ.Ⱥ. Ɋɟɡɧɢɤɨɜ 

Ⱦɨɧɟɰɤɢɣ ɧаɰɢɨɧаɥɶɧыɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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 Фɟдɨрɨɜ Ɇ.Ɇ., Ɇɚɥɟɟɜ Д.Ɇ., Ɋɟɡɧɢɤɨɜ ɂ.Ⱥ. Ɇɨдɟɥɢрɨɜɚɧɢɟ дɢɧɚɦɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɨɛɦɨɬɨɤ ɩрɢ ɩрɨɢɡɜɨдɫɬɜɟ ɷɥɟɤɬрɨдɜɢɝɚɬɟɥɟɣ. ȼ ɫɬɚɬɶе ɪɚɫɫɦɨɬɪеɧɵ ɜɨɩɪɨɫɵ ɦɨɞеɥɢɪɨɜɚɧɢя 
ɞɢɧɚɦɢɤɢ ɬеɩɥɨɜɨɝɨ ɫɨɫɬɨяɧɢя ɢɡɨɥяɰɢɢ ɨɛɦɨɬɨɤ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜе ɷɥеɤɬɪɨɞɜɢɝɚɬеɥеɣ. 
Оɛɨɫɧɨɜɚɧɨ ɩɪɢɦеɧеɧɢе ɞɢɧɚɦɢчеɫɤɢɯ ɬеɩɥɨɜɵɯ ɦɨɞеɥеɣ ɭɡɥɨɜ ɢ ɩɪɢɜеɞеɧ ɚɥɝɨɪɢɬɦ ɩɨɥɭчеɧɢя ɢɯ 
ɩɚɪɚɦеɬɪɨɜ. ɉɨɤɚɡɚɧɚ ɨɛɴеɤɬɢɜɧɚя ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭчɢɬɶ ɯɚɪɚɤɬеɪɢɫɬɢɤɢ ɬеɩɥɨɜɨɝɨ 
ɫɨɫɬɨяɧɢя ɨɛɦɨɬɨɤ ɤɚɠɞɨɝɨ ɜɵɩɭɫɤɚеɦɨɝɨ ɞɜɢɝɚɬеɥя. 

 

Выɛɨɪ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɢ 
ɪɟɠɢɦа ɪаɛɨɬы ɷɥɟɤɬɪɨɩɪɢɜɨɞа ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɞɢаɝɪаɦɦɨɣ ɧаɝɪɭɡɨɤ ɜ ɡɧаɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶю ɢɯ ɢɡɨɥɹɰɢɢ ɨɛɦɨɬɨɤ 
ɜыɞɟɪɠɢɜаɬɶ ɬɟɩɥɨɜыɟ ɧаɝɪɭɡɤɢ. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ 
ɫɭɠɞɟɧɢɟ ɨ ɬɟɩɥɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɢɯ ɨɛɦɨɬɨɤ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɢɫɩыɬаɧɢɣ ɧа 
ɧаɝɪɟɜаɧɢɟ, ɤɨɬɨɪыɟ ɩɪɟɞɭɫɦɨɬɪɟɧы ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɩɪɢɟɦɨɱɧыɯ, ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ 
ɬɢɩɨɜыɯ ɢɫɩыɬаɧɢɣ Д1,2Ж. ɉɪɢɟɦɨɱɧыɟ ɢɫɩыɬаɧɢɹ 
ɩɪɨɜɨɞɹɬɫɹ ɧа ɨɩыɬɧɨɦ ɨɛɪаɡɰɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɦаɲɢɧы. ɉɨ ɢɯ ɪɟɡɭɥɶɬаɬаɦ ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ 
ɪаɡɥɢɱɧыɯ ɷɥɟɤɬɪɨɦɟɯаɧɢɱɟɫɤɢɯ 
ɯаɪаɤɬɟɪɢɫɬɢɤаɯ. ɉɟɪɢɨɞɢɱɟɫɤɢɟ ɢɫɩыɬаɧɢɹ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɫ ɰɟɥɶю ɩɪɨɜɟɪɤɢ ɬɨɝɨ, ɧаɫɤɨɥɶɤɨ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɨɞɞɟɪɠɢɜаɟɬ ɤаɱɟɫɬɜɨ 
ɜыɩɭɫɤаɟɦыɯ ɦаɲɢɧ. Ɍɢɩɨɜыɟ ɢɫɩыɬаɧɢɹ 
ɩɪɨɜɨɞɹɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɦаɬɟɪɢаɥɨɜ ɢɥɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ. Оɛɴɟɦ 
ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢ ɬɢɩɨɜыɯ ɢɫɩыɬаɧɢɣ ɞɨɫɬаɬɨɱɧɨ 
ɜɟɥɢɤ ɢ ɜɤɥюɱаɟɬ ɜ ɫɟɛɹ ɩɪɨɜɟɪɤɭ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɩаɪаɦɟɬɪɨɜ ɩɨ ɩɪɨɝɪаɦɦɟ 
ɩɪɢɟɦɨɱɧыɯ ɢɫɩыɬаɧɢɣ. 

ɉɪɢɟɦɨ-ɫɞаɬɨɱɧыɦ ɢɫɩыɬаɧɢɹɦ 
ɩɨɞɜɟɪɝаɟɬɫɹ ɤаɠɞыɣ ɜыɩɭɫɤаɟɦыɣ 
ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɶ, ɩɨɷɬɨɦɭ ɨɛɴɟɦ ɷɬɢɯ ɢɫɩыɬаɧɢɣ 
ɨɝɪаɧɢɱɟɧ ɢ ɢɫɩыɬаɧɢɹ ɧа ɧаɝɪɟɜаɧɢɟ ɜ ɧɢɯ ɧɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧы. Оɞɧаɤɨ, ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɦɨɠɧɨ 
ɫɭɞɢɬɶ ɨɛ ɨɩɪɟɞɟɥɟɧɧыɯ ɷɥɟɤɬɪɨɦɟɯаɧɢɱɟɫɤɢɯ 
ɯаɪаɤɬɟɪɢɫɬɢɤаɯ. ɇаɩɪɢɦɟɪ, ɞɥɹ аɫɢɧɯɪɨɧɧыɯ 
ɞɜɢɝаɬɟɥɟɣ (ȺȾ) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩаɪаɦɟɬɪы 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦы ɡаɦɟɳɟɧɢɹ, а, 
ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɢ ɬɨɤɢ ɜ ɨɛɦɨɬɤаɯ, ɩɨɬɟɪɢ ɩɪɢ 
ɪаɡɥɢɱɧыɯ ɦɨɦɟɧɬаɯ ɧаɝɪɭɡɤɢ ɧа ɜаɥɭ ɢ ɬ.ɩ. 

ɋɭɠɞɟɧɢɹ ɨ ɬɟɩɥɨɜɨɦ ɫɨɫɬɨɹɧɢɢ 
ɢɫɩыɬɭɟɦыɯ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɩɨ ɪɟɡɭɥɶɬаɬаɦ 

ɢɫɩыɬаɧɢɣ ɧа ɧаɝɪɟɜаɧɢɟ ɨɝɪаɧɢɱɟɧы. ɗɬɨ, ɤаɤ 
ɩɪаɜɢɥɨ, ɬɟɦɩɟɪаɬɭɪы ɨɛɦɨɬɨɤ ɩɪɢ ɧɨɦɢɧаɥɶɧɨɣ 
ɧаɝɪɭɡɤɟ ɞɜɢɝаɬɟɥɹ, ɪаɛɨɬаюɳɟɝɨ ɜ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ ɪɟɠɢɦɟ. Ⱦɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɦаɲɢɧ, ɪаɛɨɬаюɳɢɯ ɜ ɩɨɜɬɨɪɧɨ-ɤɪаɬɤɨɜɪɟɦɟɧɧыɯ 
ɪɟɠɢɦаɯ, ɪɟɝɢɫɬɪɢɪɭюɬɫɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪаɬɭɪ 
ɨɛɦɨɬɨɤ (t) ɜ ɨɞɧɨɦ ɢɡ ɜɨɡɦɨɠɧыɯ ɰɢɤɥɨɜ 
ɤɜаɡɢɭɫɬаɧɨɜɢɜɲɟɝɨɫɹ ɫɨɫɬɨɹɧɢɹ. ɇаɩɪɢɦɟɪ, ɞɥɹ 
ɰɢɤɥа ɞɥɢɬɟɥɶɧɨɫɬɶю tɰ = 10 ɦɢɧ ɢ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶю ɜɤɥюɱɟɧɢɹ ɉВ=0.4 
ɪɟɝɢɫɬɪɢɪɭюɬɫɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪаɬɭɪы ɩɪɢ 
ɪаɛɨɬɟ ɩɨɞ ɧаɝɪɭɡɤɨɣ ɜ ɬɟɱɟɧɢɟ tɪ = 10 ɦɢɧ ɨɬ 
ɦɢɧɢɦаɥɶɧɨɝɨ min ɞɨ ɦаɤɫɢɦаɥɶɧɨɝɨ max 

ɡɧаɱɟɧɢɣ ɬɟɦɩɟɪаɬɭɪы ɜ ɰɢɤɥɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɜɨ ɜɪɟɦɹ ɩаɭɡы tɩ = 6 ɦɢɧ ɩɪɢ ɨɬɤɥюɱɟɧɧɨɦ 
ɞɜɢɝаɬɟɥɟ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪы ɨɬ max ɞɨ min. 

В ɩɪɟɞɥаɝаɟɦɨɣ ɪаɛɨɬɟ ɪаɫɫɦаɬɪɢɜаɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɯаɪаɤɬɟɪɢɫɬɢɤ ɞɢɧаɦɢɤɢ 
ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɦɨɬɨɤ ɤаɠɞɨɝɨ 
ɜыɩɭɫɤаɟɦɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ 
ɪɟɠɢɦɟ ɪаɛɨɬы. ɉɨɫɬаɜɥɟɧɧаɹ ɡаɞаɱа ɦɨɠɟɬ ɛыɬɶ 
ɪɟɲɟɧа ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜаɧɢɹ ɞɢɧаɦɢɱɟɫɤɢɯ 
ɬɟɩɥɨɜыɯ ɦɨɞɟɥɟɣ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ, ɤɨɬɨɪыɟ 
ɮɨɪɦɢɪɭюɬɫɹ ɧа ɨɫɧɨɜɟ ɷɤɜɢɜаɥɟɧɬɧыɯ ɫɯɟɦ 
ɡаɦɟɳɟɧɢɹ (ɗɌɋ) ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦаɲɢɧ Д3Ж, ɥɢɛɨ 
ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜаɧɢɹ ɞɢɧаɦɢɱɟɫɤɢɯ ɬɟɩɥɨɜыɯ 
ɦɨɞɟɥɟɣ (ȾɌɆɍ) ɨɬɞɟɥɶɧыɯ ɭɡɥɨɜ 
ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ Д4Ж.  

В ɤаɱɟɫɬɜɟ ɩɪɢɦɟɪа ɪаɫɫɦɨɬɪɢɦ 
ɞɢɧаɦɢɱɟɫɤɭю ɬɟɩɥɨɜɭю ɦɨɞɟɥɶ аɫɢɧɯɪɨɧɧɨɝɨ 
ɤɨɪɨɬɤɨɡаɦɤɧɭɬɨɝɨ ɞɜɢɝаɬɟɥɹ, ɩɪɟɞɫɬаɜɥɟɧɧɭю ɧа 
ɪɢɫ. 1.  

Ɇɨɞɟɥɶ ɫɮɨɪɦɢɪɨɜаɧа ɧа ɨɫɧɨɜɟ ɗɌɋ, 
ɫɨɞɟɪɠаɳɟɣ ɲɟɫɬɶ ɭɡɥɨɜ (ɬɟɥ), ɜ ɤɨɬɨɪыɯ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɬɟɦɩɟɪаɬɭɪа ɜыɞɟɥɟɧɧыɯ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝаɬɟɥɹ. Ɍаɤɨɜыɦɢ 
ɹɜɥɹюɬɫɹ: 1 - ɩаɡɨɜаɹ ɱаɫɬɶ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа; 2 - 
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ɥɨɛɨɜаɹ ɱаɫɬɶ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа; 3 - ɫɟɪɞɟɱɧɢɤ 
ɫɬаɬɨɪа; 4 - ɪɨɬɨɪ; 5 - ɜɧɭɬɪɟɧɧɢɣ ɜɨɡɞɭɯ ɢ 6 - 

ɤɨɪɩɭɫ. ɍɡɥы ɫɨɟɞɢɧɟɧы ɬɟɩɥɨɜыɦɢ 
ɩɪɨɜɨɞɢɦɨɫɬɹɦɢ ij, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɩɥɨɜыɦɢ 

 

 

 
Ɋɢɫɭɧɨɤ 1 - Ⱦɢɧаɦɢɱɟɫɤаɹ ɬɟɩɥɨɜаɹ ɦɨɞɟɥɶ аɫɢɧɯɪɨɧɧɨɝɨ ɤɨɪɨɬɤɨɡаɦɤɧɭɬɨɝɨ ɞɜɢɝаɬɟɥɹ. 
 

ɩɨɬɨɤаɦɢ, ɧаɩɪаɜɥɟɧɧыɦɢ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥа pi 

ɜ ɨɤɪɭɠаюɳɭю ɫɪɟɞɭ. К ɤаɠɞɨɦɭ ɭɡɥɭ 
ɩɨɞɤɥюɱɟɧа ɬɟɩɥɨёɦɤɨɫɬɶ Ci, ɜ ɤɨɬɨɪɨɣ 
ɧаɤаɩɥɢɜаɟɬɫɹ ɬɟɩɥɨɜаɹ ɷɧɟɪɝɢɹ ɫɨɨɬɜɟɬɫɬ-

ɜɭюɳɟɝɨ ɷɥɟɦɟɧɬа ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝаɬɟɥɹ. 
Ɍɟɩɥɨёɦɤɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯа ɩɪɢɧɹɬа 
ɪаɜɧɨɣ ɧɭɥю ɋ5=0. 

К ɫɨɨɬɜɟɬɫɬɜɭюɳɢɦ ɭɡɥаɦ ɩɨɞɤɥюɱɟɧы 
ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ pi, ɤɨɬɨɪыɦɢ ɹɜɥɹюɬɫɹ 
ɷɥɟɦɟɧɬаɦɢ ɤɨɧɫɬɪɭɤɰɢɢ: ɪ1 - ɩɨɬɟɪɢ ɜ ɦɟɞɢ 
ɩаɡɨɜɨɣ ɱаɫɬɢ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа, ɪ2 - ɩɨɬɟɪɢ ɜ ɦɟɞɢ 
ɜ ɥɨɛɨɜɨɣ ɱаɫɬɢ ɨɛɦɨɬɤɢ ɫɬаɬɨɪа, ɪ3 - ɩɨɬɟɪɢ ɜ 
ɫɬаɥɢ ɢ ɞɨɛаɜɨɱɧыɟ ɩɨɬɟɪɢ ɜ ɫɟɪɞɟɱɧɢɤɟ ɫɬаɬɨɪа, 
ɪ4 - ɩɨɬɟɪɢ ɜ ɦɟɞɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪа ɢ ɞɨɛаɜɨɱɧыɟ 
ɩɨɬɟɪɢ ɜ ɫɟɪɞɟɱɧɢɤɟ ɪɨɬɨɪа. 

ɉаɪаɦɟɬɪы ɦɨɞɟɥɢ ɦɨɠɧɨ ɪаɡɛɢɬɶ ɧа 
аɤɬɢɜɧыɟ (ɢɫɬɨɱɧɢɤɢ ɬɟɩɥа ɪi) ɢ ɩаɫɫɢɜɧыɟ 
(ɬɟɩɥɨɟɦɤɨɫɬɢ ɋi ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ij). 

ɉаɫɫɢɜɧыɟ ɩаɪаɦɟɬɪы ɨɩɪɟɞɟɥɹюɬɫɹ ɦаɫɫɨ-

ɝаɛаɪɢɬɧыɦɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɷɬɨɦɭ ɢɯ ɦɨɠɧɨ ɫɱɢɬаɬɶ ɟɞɢɧыɦɢ 
ɞɥɹ ɜɫɟɯ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɨɞɧɨɝɨ ɬɢɩɨɪаɡɦɟɪа.  

Ⱥɤɬɢɜɧыɟ ɩаɪаɦɟɬɪы ɭ ɞɜɢɝаɬɟɥɟɣ ɨɞɧɨɝɨ 
ɬɢɩɨɪаɡɦɟɪа ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧыɯ 
ɩɪɟɞɟɥаɯ ɩɨ ɪаɡɥɢɱɧыɦ ɩɪɢɱɢɧаɦ: ɧɟɤɨɬɨɪɨɟ 
ɢɡɦɟɧɟɧɢɟ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ ɨɛɦɨɬɨɤ, ɤаɱɟɫɬɜɨ 
ɫɬаɥɢ ɫɟɪɞɟɱɧɢɤа, ɢɡɦɟɧɟɧɢɟ ɞɨɛаɜɨɱɧыɯ ɩɨɬɟɪɶ 
ɩɪɢ ɩɢɬаɧɢɢ ɨɬ ɩɪɟɨɛɪаɡɨɜаɬɟɥɟɣ ɱаɫɬɨɬы ɢ ɩɪ. 
Кɪɨɦɟ ɬɨɝɨ, ɜɨɡɦɨɠɧы ɤɨɥɟɛаɧɢɹ ɬɨɤɨɜ ɜ 
ɨɛɦɨɬɤаɯ ɩɪɢ ɨɞɢɧаɤɨɜɨɦ ɦɨɦɟɧɬɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧа ɜаɥɭ, ɧаɩɪɢɦɟɪ, ɢɡ-ɡа 
ɤɨɥɟɛаɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɭ ȺȾ. ɉɨɷɬɨɦɭ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɢɫɩыɬаɧɢɣ ɧа ɧаɝɪɟɜаɧɢɟ ɭ 
ɪаɡɥɢɱɧыɯ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɨɞɧɨɝɨ 
ɬɢɩɨɪаɡɦɟɪа ɬɟɦɩɟɪаɬɭɪа ɨɛɦɨɬɨɤ ɦɨɠɟɬ 

ɤɨɥɟɛаɬɶɫɹ ɜ ɩɪɟɞɟɥаɯ 20%. ɇɟɨɛɯɨɞɢɦɨ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ аɤɬɢɜɧыɟ ɩаɪаɦɟɬɪы ɦɨɝɭɬ ɛыɬɶ  
ɨɩɪɟɞɟɥɟɧы ɞɥɹ ɤаɠɞɨɝɨ ɞɜɢɝаɬɟɥɹ ɧа ɷɬаɩɟ 
ɩɪɢɟɦɨ-ɫɞаɬɨɱɧыɯ ɢɫɩыɬаɧɢɣ.  

ɋɥɟɞɭɟɬ ɬаɤɠɟ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɤɨɫɜɟɧɧаɹ 
ɨɰɟɧɤа ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɦɨɬɨɤ ɩɨ 
ɢɡɜɟɫɬɧыɦ аɤɬɢɜɧыɦ ɩаɪаɦɟɬɪаɦ ɧɟ ɝаɪаɧɬɢɪɭɟɬ 
ɷɤɫɩɥɭаɬаɰɢю ɜыɩɭɫɤаɟɦыɯ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɫ 
ɬɟɦɩɟɪаɬɭɪаɦɢ ɢɯ ɨɛɦɨɬɨɤ ɧɟ ɩɪɟɜыɲаюɳɢɯ 
ɞɨɩɭɫɬɢɦɭю ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɤɥаɫɫа 
ɢɡɨɥɹɰɢɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɠɟɥаɬɟɥɶɧɨ ɢɦɟɬɶ 
ɤаɪɬɢɧɭ ɞɢɧаɦɢɤɢ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɜыɩɭɫɤаɟɦыɯ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɜ ɯаɪаɤɬɟɪɧыɯ 
ɪɟɠɢɦаɯ ɪаɛɨɬы. 

ɂɡ ɜыɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɯаɪаɤɬɟɪɢɫɬɢɤ ɞɢɧаɦɢɤɢ ɬɟɩɥɨɜɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜыɩɭɫɤаɟɦыɯ ɞɜɢɝаɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ 
ɢɦɟɬɶ ɩаɫɫɢɜɧыɟ ɩаɪаɦɟɬɪы ɢɯ ɦɨɞɟɥɟɣ, 
ɩɨɥɭɱаɟɦыɯ ɪаɫɱɟɬɧыɦ ɩɭɬɟɦ Д3Ж.  ɉɪɨɜɨɞɢɦɨɫɬɢ 
12, 13 ɢ 36 ɨɩɪɟɞɟɥɹюɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɟɣ ɦаɬɟɪɢаɥɨɜ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪаɡɦɟɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɷɬɨɦɭ ɢɯ ɩɨɥɭɱаюɬ ɫ 
ɞɨɫɬаɬɨɱɧɨɣ ɫɬɟɩɟɧɶю ɬɨɱɧɨɫɬɢ. Вɟɥɢɱɢɧы 25, 

34, 45, 56 ɢ 60 ɡаɜɢɫɹɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɬɟɩɥɨɨɬɞаɱɢ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɨɬ ɪɟɠɢɦа ɨɛɞɭɜа 
ɜɨɡɞɭɯɨɦ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɢ.  

В ɤаɱɟɫɬɜɟ ɩɪɢɦɟɪа ɪаɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ 
ɭɪаɜɧɟɧɢɣ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ аɫɢɧɯɪɨɧɧɨɝɨ 
ɤɨɪɨɬɤɨɡаɦɤɧɭɬɨɝɨ ɞɜɢɝаɬɟɥɹ. Оɧа ɢɦɟɟɬ ɜɢɞ: 
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ɝɞɟ: i = i - 0 - ɩɪɟɜыɲɟɧɢɟ ɬɟɦɩɟɪаɬɭɪы i 

ɫɨɨɬɜɟɬɫɬɜɭюɳɟɝɨ ɷɥɟɦɟɧɬа ɤɨɧɫɬɪɭɤɰɢɢ ɧаɞ 
ɬɟɦɩɟɪаɬɭɪɨɣ ɨɤɪɭɠаюɳɟɣ ɫɪɟɞы 0.  

В ɪɟɡɭɥɶɬаɬɟ ɢɦɟɟɦ ɫɢɫɬɟɦɭ ɢɡ ɲɟɫɬɢ 
ɭɪаɜɧɟɧɢɣ ɫ ɲɟɫɬɶю ɧɟɢɡɜɟɫɬɧыɦɢ . ɋɥɟɞɭɟɬ 
ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɢ ɪаɫɱɟɬɟ ɬɟɦɩɟɪаɬɭɪы ɜ 
ɭɫɬаɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ 

0
dt

d
C i

i

 , а ɜ ɩɪаɜɨɣ 

ɱаɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɛɪаɬɶ ɩɨɬɟɪɢ pi ɜ ɷɥɟɦɟɧɬаɯ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɩыɬɭɟɦɨɝɨ ɨɛɪаɡɰа ȺȾ. 

Ⱦɥɹ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɫ ɫаɦɨɜɟɧɬɢɥɹɰɢɟɣ 
ɜ ɨɛɳɟɦ ɫɥɭɱаɟ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɡаɜɢɫɢɦɨɫɬɢ 
ɷɬɢɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɨɬ ɱаɫɬɨɬы ɜɪаɳɟɧɢɹ 
ɞɜɢɝаɬɟɥɹ. Ɋɟɡɭɥɶɬаɬы ɢɯ ɪаɫɱɟɬа ɢɦɟюɬ 
ɫɭɳɟɫɬɜɟɧɧыɣ ɪаɡɛɪɨɫ ɢ ɧɭɠɞаюɬɫɹ ɜ ɤɨɪɪɟɤɰɢɢ, 
ɤɨɬɨɪаɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɪɟɡɭɥɶɬаɬɨɜ ɢɫɩыɬаɧɢɣ ɧа ɧаɝɪɟɜаɧɢɟ, ɩɭɬɟɦ 
ɫɪаɜɧɟɧɢɹ ɪаɫɱɟɬɧыɯ ɢ ɢɡɦɟɪɟɧɧыɯ 
ɭɫɬаɧɨɜɢɜɲɢɯɫɹ ɬɟɦɩɟɪаɬɭɪ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝаɬɟɥɹ, ɩɪɢ ɪаɛɨɬɟ ɜ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ ɪɟɠɢɦɟ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩыɬаɧɢɣ ɧа ɧаɝɪɟɜаɧɢɟ 
ɞɜɢɝаɬɟɥɶ ɞɨɥɠɟɧ ɪаɛɨɬаɬɶ ɜ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ 
ɪɟɠɢɦɟ ɢ ɧɟɨɛɯɨɞɢɦɨ ɮɢɤɫɢɪɨɜаɬɶ ɬɟɦɩɟɪаɬɭɪы 
i ɜɨɡɦɨɠɧɨ ɛɨɥɶɲɟɝɨ ɱɢɫɥа ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɰɟɥɶю ɩɨɥɭɱɟɧɢɹ ɢɯ ɤɪɢɜыɯ 
ɧаɝɪɟɜа. Кɪɨɦɟ ɬɨɝɨ, ɫɥɟɞɭɟɬ ɢɡɦɟɪɹɬɶ ɪаɡɥɢɱɧыɟ 
ɩаɪаɦɟɬɪы, ɩɨɡɜɨɥɹюɳɢɟ ɨɩɪɟɞɟɥɹɬɶ ɩɨɬɟɪɢ ɜ 
ɷɥɟɦɟɧɬаɯ ɤɨɧɫɬɪɭɤɰɢɢ ȺȾ ɫ ɞɨɫɬаɬɨɱɧɨɣ 
ɫɬɟɩɟɧɶю ɬɨɱɧɨɫɬɢ. 

В ɪɟɡɭɥɶɬаɬɟ ɩɨɥɭɱаɟɦ ɜɟɥɢɱɢɧы ɬɟɩɥɨɜыɯ 
ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɜ ɪɟɠɢɦɟ ɧаɝɪɟɜа ɩɪɢ 
ɧɨɦɢɧаɥɶɧɨɣ ɱаɫɬɨɬɟ ɜɪаɳɟɧɢɹ.  

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɪɪɟɤɰɢɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɟɣ ɫɥɟɞɭɟɬ ɪаɫɫɱɢɬаɬɶ ɤɪɢɜыɟ 
ɧаɝɪɟɜа i(t) ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ. ɋɪаɜɧɟɧɢɟ 
ɪаɫɱɟɬɧыɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧыɯ ɤɪɢɜыɯ ɧаɝɪɟɜа 
ɩɨɡɜɨɥɢɬ ɩɪɨɢɡɜɟɫɬɢ ɤɨɪɪɟɤɰɢю ɬɟɩɥɨɟɦɤɨɫɬɟɣ 
ɋi.  

Ɍɟɩɥɨɜыɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ 
ɪɨɬɨɪɟ ɬаɤɠɟ ɩɨɥɭɱаюɬ ɪаɫɱɟɬɧыɦ ɩɭɬɟɦ Д1Ж ɩɨ 
ɬɟɦ ɠɟ ɮɨɪɦɭɥаɦ, ɱɬɨ ɢ ɩɪɢ ɪаɛɨɬаюɳɟɦ 
ɞɜɢɝаɬɟɥɟ. Оɞɧаɤɨ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞаɱɢ ɧɟ 
ɡаɜɢɫɢɬ ɨɬ ɱаɫɬɨɬы ɜɪаɳɟɧɢɹ, а, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 
ɢɦɟɟɦ ɞɨɫɬаɬɨɱɧɨ ɬɨɱɧыɟ ɡɧаɱɟɧɢɹ . Вɨɡɦɨɠɧыɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɜ ɪɟɠɢɦɟ 
ɨɯɥаɠɞɟɧɢɹ ɨɩɪɟɞɟɥɹюɬɫɹ ɫɬɟɩɟɧɶю ɬɨɱɧɨɫɬɢ 

ɩɪɢɦɟɧɹɟɦыɯ ɪаɫɱɟɬɧыɯ ɮɨɪɦɭɥ. Оɧɢ ɬаɤɠɟ 
ɧɭɠɞаюɬɫɹ ɜ ɤɨɪɪɟɤɰɢɢ ɧа ɨɫɧɨɜɟ ɫɪаɜɧɟɧɢɹ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧыɦɢ ɞаɧɧыɦɢ. ɋ ɷɬɨɣ ɰɟɥɶю ɜ 
ɩɪɨɝɪаɦɦɭ ɢɫɩыɬаɧɢɣ ɧа ɧаɝɪɟɜаɧɢɟ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɫɧɹɬɢɟ ɤɪɢɜыɯ ɨɯɥаɠɞɟɧɢɹ. 
ɋɪаɜɧɟɧɢɟ ɪаɫɱɟɬɧыɯ ɤɪɢɜыɯ ɨɯɥаɠɞɟɧɢɹ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧыɦɢ ɩɨɡɜɨɥɹюɬ ɤɨɪɪɟɤɬɢɪɨɜаɬɶ 
ɜɟɥɢɱɢɧы ɬɟɩɥɨɜыɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɩɪɢ 
ɧɟɩɨɞɜɢɠɧɨɦ ɪɨɬɨɪɟ. 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɢɟ 
ɮɭɧɤɰɢɨɧаɥɶɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ 
ɬɟɩɥɨɜыɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɨɬ ɱаɫɬɨɬы ɜɪаɳɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɢɫɩыɬаɧɢɹ ɧа 
ɧаɝɪɟɜаɧɢɟ ɩɪɢ ɪаɡɥɢɱɧыɯ ɱаɫɬɨɬаɯ ɜɪаɳɟɧɢɹ. 

ɉɨɥɭɱɟɧɧыɟ ɩаɫɫɢɜɧыɟ ɩаɪаɦɟɬɪы 
ɦɨɞɟɥɟɣ ɩɪɟɞɫɬаɜɥɹюɬ ɫɨɛɨɣ ɫɜɨɟɨɛɪаɡɧыɣ 
ɬɟɩɥɨɜɨɣ ɩаɫɩɨɪɬ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɟɣ ɨɞɧɨɝɨ 
ɬɢɩɨɪаɡɦɟɪа, ɤɨɬɨɪыɣ ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ 
ɞɢɧаɦɢɤɟ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤаɠɞɨɝɨ 
ɜыɩɭɫɤаɟɦɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ 
ɪɟɠɢɦɟ ɪаɛɨɬы.  

Ɍɟɩɥɨɜɨɣ ɩаɫɩɨɪɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɭɬɟɦ 
ɢɫɩɨɥɶɡɨɜаɧɢɹ ɞɢɧаɦɢɱɟɫɤɢɯ ɬɟɩɥɨɜыɯ ɦɨɞɟɥɟɣ 
(ȾɌɆɍ) ɨɬɞɟɥɶɧыɯ ɭɡɥɨɜ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ. 
Ɍаɤɢɦɢ ɦɨɝɭɬ ɛыɬɶ ɨɛɦɨɬɤɢ (ɢɥɢ ɢɯ ɱаɫɬɢ) 
ɞɜɢɝаɬɟɥɟɣ, ɢɫɩыɬыɜаюɳɢɯ ɧаɢɛɨɥɶɲɢɟ 
ɬɟɩɥɨɜыɟ ɧаɝɪɭɡɤɢ. ɇаɩɪɢɦɟɪ, ɥɨɛɨɜаɹ ɱаɫɬɶ 
ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ȺȾ. ɇа ɪɢɫ. 2 ɩɪɢɜɟɞɟɧа ɫɯɟɦа 
ȾɌɆɍ: 

 
Ɋɢɫɭɧɨɤ 2 - ɋɯɟɦа ɞɢɧаɦɢɱɟɫɤɨɣ ɬɟɩɥɨɜɨɣ 

ɦɨɞɟɥɢ (ȾɌɆɍ) ɭɡɥа ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ. 
 

Оɧа ɫɨɞɟɪɠɢɬ ɬɪɢ ɬɟɩɥɨɜыɟ ɩɪɨɜɨɞɢɦɨɫɬɢ 
(11, 12 ɢ 22), ɞɜɟ ɬɟɩɥɨɟɦɤɨɫɬɢ (ɋ1 ɢ ɋ2) ɢ ɞɜа 
ɢɫɬɨɱɧɢɤа ɬɟɩɥа (ɪ1 ɢ ɪ2). 

Ɍɟɩɥɨɜыɟ ɩɪɨɰɟɫɫы, ɦɨɞɟɥɢɪɭɟɦыɟ ɫ 
ɩɨɦɨɳɶю ȾɌɆɍ ɦɨɠɧɨ ɬɪаɤɬɨɜаɬɶ ɫɥɟɞɭюɳɢɦ 
ɨɛɪаɡɨɦ. В ɭɡɥɟ 1 ɦɨɞɟɥɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪаɬɭɪы ɜ ɜыɛɪаɧɧɨɦ ɭɡɥɟ ɞɜɢɝаɬɟɥɹ, а 
ɬɟɦɩɟɪаɬɭɪа ɜɬɨɪɨɝɨ ɭɡɥа ɨɬɪаɠаɟɬ ɜɥɢɹɧɢɟ 
ɨɫɬаɥɶɧыɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɧа ɬɟɩɥɨɜыɟ 
ɩɪɨɰɟɫɫы ɜ ɜыɛɪаɧɧɨɦ ɞɥɹ ɤɨɧɬɪɨɥɹ ɭɡɥɟ 
ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪ1 ɪаɜɧа 
ɦɨɳɧɨɫɬɢ ɩɨɬɟɪɶ ɜ ɜыɛɪаɧɧɨɦ ɭɡɥɟ, а ɪ2 - ɩɨɬɟɪɹ 
ɦɨɳɧɨɫɬɢ ɜ ɨɫɬаɥɶɧыɯ ɷɥɟɦɟɧɬаɯ ɤɨɧɫɬɪɭɤɰɢɢ. 
Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɫɭɦɦаɪɧаɹ ɦɨɳɧɨɫɬɶ ɩɨɬɟɪɶ 
ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ ɪi ɢ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ 
ɬɟɩɥа (ɪ1+ɪ2) ȾɌɆɍ ɫɨɜɩаɞаюɬ. 

Ⱦɢɧаɦɢɤа ɬɟɩɥɨɜыɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɜыɛɪаɧɧɨɦ ɭɡɥɟ ɨɩɢɫыɜаɟɬɫɹ ɫɢɫɬɟɦɨɣ ɞɜɭɯ 
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ɞɢɮɮɟɪɟɧɰɢаɥɶɧыɯ ɭɪаɜɧɟɧɢɣ. Оɧа ɢɦɟɟɬ ɜɢɞ: 
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В ɤаɱɟɫɬɜɟ ɩɪɢɦɟɪа ɪаɫɫɦɨɬɪɢɦ ɜыɪаɠɟɧɢɟ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪ1 ɢ ɪ2 ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ 
ɬɟɩɥɨɜыɯ ɩɪɨɰɟɫɫɨɜ ɜ ɥɨɛɨɜɨɣ ɱаɫɬɢ ɨɛɦɨɬɤɢ 
ɫɬаɬɨɪа. 

ɪ1 = ɪɦ1 + ɪɫ + 0.5 ɪɞ 

ɝɞɟ: ɪɦ1 = 3I1
2
r1 = ki1

2
 pɧr1 – ɩɨɬɟɪɢ ɜ ɦɟɞɢ 

ɨɛɦɨɬɤɢ ɫɬаɬɨɪа, ɡɞɟɫɶ ki1 = I1 / I1ɧ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɤɪаɬɧɨɫɬɢ ɬɨɤа I1 ɨɛɦɨɬɤɢ ɫɬаɬɨɪа ɩɨ ɨɬɧɨɲɟɧɢю 
ɤ ɧɨɦɢɧаɥɶɧɨɦɭ ɬɨɤɭ I1ɧ 

ɪɫ – ɩɨɬɟɪɢ ɜ ɫɬаɥɢ, 
ɪɞ = ki

2ɪɞɧ – ɞɨɛаɜɨɱɧыɟ ɩɨɬɟɪɢ. 
Ⱦɨɛаɜɨɱɧыɟ ɩɨɬɟɪɢ ɪɞ ɩɪɢɧɹɬɨ ɫɱɢɬаɬɶ 

ɩɪɨɩɨɪɰɢɨɧаɥɶɧыɦɢ ki
2
 ɢ ɢɯ ɪаɫɩɪɟɞɟɥɹюɬ 

ɩɨɪɨɜɧɭ ɦɟɠɞɭ ɫɬаɬɨɪɨɦ ɢ ɪɨɬɨɪɨɦ. 

  

ɪ2 = ɪɦ2 + 0.5 ɪɞ 

ɝɞɟ: ɪ2 = 3 I2
2
 r1 = ki

2
 ɪɦ2 – ɩɨɬɟɪɢ ɦɟɞɢ ɜ 

ɨɛɦɨɬɤɟ ɪɨɬɨɪа. 
ɉаɫɫɢɜɧыɟ ɩаɪаɦɟɬɪы ȾɌɆɍ (11, 22, 12, 

C1 ɢ ɋ2) ɟɞɢɧы ɞɥɹ ɜɫɟɯ ɞɜɢɝаɬɟɥɟɣ ɨɞɧɨɝɨ 
ɬɢɩɨɪаɡɦɟɪа. Ɍɟɩɥɨɜыɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɡаɜɢɫɹɬ ɨɬ 
ɪɟɠɢɦа ɨɛɞɭɜа ɜɨɡɞɭɯɨɦ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ. 
ɉɪɢ ɱаɫɬɨɬɟ ɜɪаɳɟɧɢɹ ɛɥɢɡɤɨɣ ɤ ɧɨɦɢɧаɥɶɧɨɣ 
ɨɧɢ ɨɛɨɡɧаɱаюɬɫɹ ɧ11, ɧ22 ɢ ɧ12. ɇɟɩɨɞɜɢɠɧɨɦɭ 
ɪɨɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭюɬ ɨɯ11, ɨɯ22 ɢ ɨɯ12. В ɫɥɭɱаɟ 
ɧаɥɢɱɢɹ ɪɟɠɢɦɨɜ ɫ ɩɟɪɟɦɟɧɧɨɣ ɱаɫɬɨɬɨɣ 
ɜɪаɳɟɧɢɹ  ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ 
ɮɭɧɤɰɢɨɧаɥɶɧыɟ ɡаɜɢɫɢɦɨɫɬɢ 11(), 22() ɢ 
12(). 

ɉаɫɫɢɜɧыɟ ɩаɪаɦɟɬɪы ȾɌɆɍ ɨɩɪɟɞɟɥɹюɬ 
ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɤɪɢɜыɯ ɧаɝɪɟɜа ɢ ɨɯɥаɠɞɟɧɢɹ, 
ɩɨɥɭɱɟɧɧыɦ ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɢɫɩыɬаɧɢɣ ɧа 
ɧаɝɪɟɜаɧɢɟ. Ваɠɧыɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ȾɌɆɍ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜаɧɢɹ ɷɦɩɢɪɢɱɟɫɤɢɯ ɮɨɪɦɭɥ ɫ ɭɱɟɬɨɦ 
ɪаɡɥɢɱɧыɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪаɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɢ. ɋ ɩɨɦɨɳɶю ɩɨɥɭɱɟɧɧыɯ 
ɩаɪаɦɟɬɪɨɜ ȾɌɆɍ ɦɨɠɧɨ ɪаɫɫɱɢɬаɬɶ 
ɡаɜɢɫɢɦɨɫɬɢ (t) ɞɥɹ ɥюɛɨɝɨ ɪɟɠɢɦа ɪаɛɨɬы. ɗɬɨ 
ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɤɨɪɪɟɤɰɢɢ 
ɩаɫɫɢɜɧыɯ ɩаɪаɦɟɬɪɨɜ ȾɌɆɍ ɧа ɨɫɧɨɜɟ 
ɫɪаɜɧɟɧɢɹ ɪаɫɱɟɬɧɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɣ 

ɡаɜɢɫɢɦɨɫɬɢ (t) ɜ ɨɞɧɨɦ ɢɡ ɜɨɡɦɨɠɧыɯ 
ɩɨɜɬɨɪɧɨ-ɤɪаɬɤɨɜɪɟɦɟɧɧыɯ ɪɟɠɢɦɨɜ ɪаɛɨɬы 
ɨɩыɬɧɨɝɨ ɨɛɪаɡɰа ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɹ. 

ɂɡ ɜыɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɦɟɟɬɫɹ 
ɨɛɴɟɤɬɢɜɧаɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɯаɪаɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɦɨɬɨɤ 
ɤаɠɞɨɝɨ ɜыɩɭɫɤаɟɦɨɝɨ ɞɜɢɝаɬɟɥɹ. Ⱦɥɹ ɷɬɨɝɨ 
ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɢ ɨɞɧɨɝɨ ɬɢɩɨɪаɡɦɟɪа ɞɨɥɠɧы 
ɢɦɟɬɶ ɬɟɩɥɨɜɨɣ ɩаɫɩɨɪɬ, ɩаɪаɦɟɬɪы ɤɨɬɨɪɨɝɨ 
ɨɩɪɟɞɟɥɹюɬɫɹ ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɢɫɩыɬаɧɢɣ ɧа 
ɧаɝɪɟɜаɧɢɟ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɝɪаɦɦа ɢɯ ɩɪɨɜɟɞɟɧɢɹ 
ɞɨɥɠɧа ɛыɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜаɧа ɫɨɨɬɜɟɬɫɬɜɭюɳɢɦ 
ɨɛɪаɡɨɦ. 
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