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ɊȿɄɈɆȿɇȾɈȼȺɇɈ Ʉ ɂɋɉɈɅɖɁɈȼȺɇɂɘ ȼ ɍɇɂȼȿɊɋɂɌȿɌȿ ɂɌɆɈ 
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ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɛɚɤɚɥɚɜɪɢɚɬɚ, ɦɚɝɢɫɬɪɚɬɭɪɵ  
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 Ƚɪɢɲɟɧɰɟɜ Ⱥ.ɘ. ɐɢɮɪɨɜɵɟ ɫɢɫɬɟɦɵ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ. ɑɚɫɬɶ 1.  
ȼɜɟɞɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɦɟɬɨɞɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ– ɋɉɛ: ɍɧɢɜɟɪɫɢɬɟɬ 
ɂɌɆɈ, 2019. – 72 ɫ. 

  

Ɋɟɰɟɧɡɟɧɬ: 

Ƚɟɪɚɫɢɦɨɜ ɂɝɨɪɶ ȼɥɚɞɢɦɢɪɨɜɢɱ, ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ 
ɋȺɉɊ ɋɉɛȽɗɌɍ «ɅɗɌɂ», ɤɚɮɟɞɪɚ ɋȺɉɊ ɋɉɛȽɗɌɍ «ɅɗɌɂ» 

 

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɹɜɥɹɟɬɫɹ ɜɜɨɞɧɨɣ ɱɚɫɬɶɸ ɜ ɬɟɨɪɢɸ ɩɪɨɫɬɪɚɧɫɬɜ ɢ 
ɦɟɬɨɞɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦɚɯ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ, 
ɦɚɬɟɪɢɚɥ ɢɥɥɸɫɬɪɢɪɨɜɚɧ ɩɪɢɦɟɪɚɦɢ ɩɪɨɝɪɚɦɦ ɧɚ ɹɡɵɤɟ MКЭLКЛ. 
ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɛɚɤɚɥɚɜɪɨɜ, ɦɚɝɢɫɬɪɨɜ,  ɨɛɭɱɚɸɳɢɯɫɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɨɞɝɨɬɨɜɤɢ: 11.03.03, 11.04.03 – «Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɹ 
ɷɥɟɤɬɪɨɧɧɵɯ ɫɪɟɞɫɬɜ», 10.03.01, 10.04.01 – «ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ»; 
ɞɢɫɰɢɩɥɢɧɵ: «ȼɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɪɟɞɚɯ», «Ɋɚɞɢɨɬɟɯɧɢɤɚ», «Ɉɛɪɚɛɨɬɤɚ 
ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ ɜ ɫɢɫɬɟɦɚɯ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ». 

Ɋɚɛɨɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɚ ɚɫɩɢɪɚɧɬɚɦ, ɨɛɭɱɚɸɳɢɦɫɹ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɧɚɩɪɚɜɥɟɧɢɹɦ. 
 

Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɡɚ ɰɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ ɞ.ɬ.ɧ., ɩɪɨɮɟɫɫɨɪɭ ɋɟɪɝɟɸ 
Ⱥɪɤɚɞɶɟɜɢɱɭ Ⱥɪɭɫɬɚɦɨɜɭ, ɤ.ɬ.ɧ., ɞɨɰɟɧɬɭ ȼɥɚɞɢɦɢɪɭ ɂɜɚɧɨɜɢɱɭ ɉɨɥɹɤɨɜɭ ɢ 
ɪɟɞɚɤɬɨɪɭ ɤ.ɬ.ɧ., ɞɨɰɟɧɬɭ ɇɚɬɚɥɢɢ Ɏɟɞɨɪɨɜɧɟ Ƚɭɫɚɪɨɜɨɣ. 

 

 

                                                                                  
  

ɍɧɢɜɟɪɫɢɬɟɬ ɂɌɆɈ – ɜɟɞɭɳɢɣ ɜɭɡ Ɋɨɫɫɢɢ ɜ ɨɛɥɚɫɬɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ 
ɮɨɬɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɞɢɧ ɢɡ ɧɟɦɧɨɝɢɯ ɪɨɫɫɢɣɫɤɢɯ ɜɭɡɨɜ, ɩɨɥɭɱɢɜɲɢɯ ɜ 2009 
ɝɨɞɭ ɫɬɚɬɭɫ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋ 2013 ɝɨɞɚ 
ɍɧɢɜɟɪɫɢɬɟɬ ɂɌɆɈ – ɭɱɚɫɬɧɢɤ ɩɪɨɝɪɚɦɦɵ ɩɨɜɵɲɟɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɪɨɫɫɢɣɫɤɢɯ ɭɧɢɜɟɪɫɢɬɟɬɨɜ ɫɪɟɞɢ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɧɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ 
ɰɟɧɬɪɨɜ, ɢɡɜɟɫɬɧɨɣ ɤɚɤ ɩɪɨɟɤɬ «5 ɜ 100». ɐɟɥɶ ɍɧɢɜɟɪɫɢɬɟɬɚ ɂɌɆɈ – 

ɫɬɚɧɨɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɦɢɪɨɜɨɝɨ ɭɪɨɜɧɹ, 
ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɤɨɝɨ ɩɨ ɬɢɩɭ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɧɚ ɢɧɬɟɪɧɚɰɢɨɧɚɥɢɡɚɰɢɸ 
ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɟɹɬɟɥɶɧɨɫɬɢ.  

 

© ɍɧɢɜɟɪɫɢɬɟɬ ɂɌɆɈ, 2019 

© Ƚɪɢɲɟɧɰɟɜ Ⱥ.ɘ., 2019 
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ȼȼȿȾȿɇɂȿ 

Ʉɨɧɜɟɪɝɟɧɰɢɹ ɧɚɭɱɧɨɝɨ ɡɧɚɧɢɹ ɧɟ ɨɛɨɲɥɚ ɫɬɨɪɨɧɨɣ ɬɟɨɪɢɸ ɢ ɩɪɚɤɬɢɤɭ 
ɪɚɞɢɨɫɜɹɡɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɚɧɫɞɢɫɰɢɩɥɢɧɚɪɧɭɸ ɦɨɞɟɥɶ ɡɧɚɧɢɣ ɬɟɨɪɢɢ ɫɜɹɡɢ. 
ɋɚɦɢ ɩɨ ɫɟɛɟ ɫɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɫɜɹɡɢ ɞɨɫɬɚɬɨɱɧɨ ɞɟɬɚɥɶɧɨ 
ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ: ɩɨ ɜɢɞɭ ɢɫɩɨɥɧɟɧɢɹ, ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɢ ɰɟɥɟɜɨɦɭ 
ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ, ɩɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɨɞɧɨɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦ ɢɥɢ 
ɦɧɨɝɨɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦ, ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɪɚɡɦɟɳɟɧɢɸ ɷɥɟɦɟɧɬɨɜ ɢ ɭɡɥɨɜ 
(ɧɚɡɟɦɧɵɟ, ɤɨɫɦɢɱɟɫɤɢɟ, ɫɦɟɲɚɧɧɵɟ), ɩɨ ɜɢɞɭ ɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɚ, ɜɢɞɭ 
ɤɨɞɢɪɨɜɚɧɢɹ ɫɨɨɛɳɟɧɢɣ ɢ ɩɪ. Ɋɚɡɥɢɱɢɹ ɬɢɩɨɜ ɫɢɫɬɟɦ ɫɜɹɡɢ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 
ɪɚɡɧɨɨɛɪɚɡɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨɞɞɟɪɠɤɢ, ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɫɢɧɬɟɡɚ ɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɉɞɧɢɦ ɢɡ ɤɪɚɟɭɝɨɥɶɧɵɯ ɜɨɩɪɨɫɨɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ ɫɜɹɡɢ 
ɹɜɥɹɟɬɫɹ ɰɢɮɪɨɜɚɹ ɢ ɫɦɟɲɚɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ. ȼ ɪɚɛɨɬɟ Д1Ж ɞɨɫɬɚɬɨɱɧɨ 
ɢɡɜɟɫɬɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɇ. ɂ. Ʉɥɸɟɜ  ɩɢɲɟɬ ɫɥɟɞɭɸɳɟɟ: «Ɍɟɨɪɢɹ ɩɟɪɟɞɚɱɢ 
ɫɨɨɛɳɟɧɢɣ ɪɚɡɜɢɜɚɥɚɫɶ ɩɨ ɞɜɭɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. ɉɟɪɜɨɟ ɛɵɥɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɢ 
ɪɚɡɪɚɛɨɬɚɧɨ Д2Ж ȼ. Ⱥ. Ʉɨɬɟɥɶɧɢɤɨɜɵɦ1

 – ɜ ɋɋɋɊ ɢ Ⱦ. Ɇɢɞɞɥɬɨɧɨɦ2
 – ɜ ɋɒȺ. ɗɬɨ 

ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɨɪɢɸ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɨɜ 
ɧɚ ɮɨɧɟ ɩɨɦɟɯ ɢɥɢ ɬɟɨɪɢɸ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ. ȼɬɨɪɨɟ 
ɧɚɩɪɚɜɥɟɧɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɩɨɧɹɬɢɢ «ɤɨɥɢɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ», ɪɚɡɪɚɛɨɬɚɧɨ ɜ 
ɬɪɭɞɚɯ Ⱥ. ɇ. Ʉɨɥɦɨɝɨɪɨɜɚ 3 , Ʉ. ɒɟɧɧɨɧɚ 4 , Ⱥ. ə. ɏɢɧɱɢɧɚ 5

 ɢ ɞɪ. ɚɜɬɨɪɨɜ. 
Ⱦɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɨɛɚ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɜɚɥɢɫɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɢ ɥɢɲɶ ɜ 
ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ (ɪɟɱɶ ɢɞɺɬ ɨ 60-ɯɯ ɝɝ. XX ɫɬɨɥɟɬɢɹ) ɨɛɚ ɧɚɩɪɚɜɥɟɧɢɹ ɫɛɥɢɠɚɸɬɫɹ». 

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ ɫɜɹɡɢ ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɚ ɫ ɚɧɚɥɨɝɨɜɨɣ, ɰɢɮɪɨɜɨɣ ɢ 
ɫɦɟɲɚɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɫɢɝɧɚɥɨɜ, ɬɟɨɪɢɟɣ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɫɬɚɬɢɫɬɢɤɨɣ, ɬɟɨɪɢɟɣ ɢɧɮɨɪɦɚɰɢɢ, ɬɟɨɪɢɟɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɬɟɨɪɢɟɣ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɤɪɢɩɬɨɝɪɚɮɢɟɣ ɢ ɫɬɟɝɚɧɨɝɪɚɮɢɟɣ, ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɫɜɹɡɢ ɧɟ ɨɛɨɣɬɢɫɶ ɛɟɡ ɚɩɩɚɪɚɬɧɵɯ ɪɟɲɟɧɢɣ ɦɢɤɪɨ- 

ɢ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɢ, ɫɯɟɦɨɬɟɯɧɢɤɢ, ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɋȺɉɊ) 
[3-5Ж, ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɇɨɜɟɣɲɚɹ ɬɟɨɪɢɹ ɫɜɹɡɢ, ɤɪɨɦɟ ɬɨɝɨ, ɞɨɩɨɥɧɢɥɚɫɶ ɧɨɜɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ, 
ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɟ. ɉɪɟɞɨɫɬɚɜɥɹɟɦɚɹ ɫɨɜɪɟɦɟɧɧɵɦɢ 
                                                             
1
 ȼɥɚɞɢɦɢɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ Ʉɨɬɟɥɶɧɢɤɨɜ (24 ɚɜɝɭɫɬɚ (6 ɫɟɧɬɹɛɪɹ) 1908 – 11 ɮɟɜɪɚɥɹ 2005) – ɪɨɫɫɢɣɫɤɢɣ ɭɱɺɧɵɣ ɜ 

ɨɛɥɚɫɬɢ ɪɚɞɢɨɮɢɡɢɤɢ, ɪɚɞɢɨɬɟɯɧɢɤɢ, ɷɥɟɤɬɪɨɧɢɤɢ, ɢɧɮɨɪɦɚɬɢɤɢ, ɪɚɞɢɨɚɫɬɪɨɧɨɦɢɢ ɢ ɤɪɢɩɬɨɝɪɚɮɢɢ. Ɉɞɢɧ ɢɡ 
ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɜ ɫɨɜɟɬɫɤɨɣ ɫɟɤɪɟɬɧɨɣ ɪɚɞɢɨ- ɢ ɬɟɥɟɮɨɧɧɨɣ ɫɜɹɡɢ. Ⱥɤɚɞɟɦɢɤ Ⱥɇ ɋɋɋɊ, ɚɤɚɞɟɦɢɤ ɊȺɇ, 

ɜɢɰɟ-ɩɪɟɡɢɞɟɧɬ Ⱥɇ ɋɋɋɊ (1970 – 1988 ɝɝ), ɞɜɚɠɞɵ Ƚɟɪɨɣ ɋɨɰɢɚɥɢɫɬɢɱɟɫɤɨɝɨ Ɍɪɭɞɚ. 
2
 Ⱦɚɜɢɞ Ɇɢɞɞɥɬɨɧ (19 ɚɩɪɟɥɹ 1920  – 16 ɧɨɹɛɪɹ 2008) – ɚɦɟɪɢɤɚɧɫɤɢɣ ɭɱɺɧɵɣ ɨɞɢɧ ɢɡ ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɜ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɫɜɹɡɢ. 
3
 Ⱥɧɞɪɟɣ ɇɢɤɨɥɚɟɜɢɱ Ʉɨɥɦɨɝɨɪɨɜ (ɭɪɨɠɞɺɧɧɵɣ Ʉɚɬɚɟɜ, 12 (25) ɚɩɪɟɥɹ 1903 – 20 ɨɤɬɹɛɪɹ 1987) – ɪɨɫɫɢɣɫɤɢɣ 

ɦɚɬɟɦɚɬɢɤ, ɨɞɢɧ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɦɚɬɟɦɚɬɢɤɨɜ ББ ɜɟɤɚ. 
4
 Ʉɥɨɞ ɗɥɜɭɞ ɒɟɧɧɨɧ (30 ɚɩɪɟɥɹ 1916 – 24 ɮɟɜɪɚɥɹ 2001) – ɚɦɟɪɢɤɚɧɫɤɢɣ ɢɧɠɟɧɟɪ, ɤɪɢɩɬɨɚɧɚɥɢɬɢɤ ɢ ɦɚɬɟɦɚɬɢɤ. 

5
 Ⱥɥɟɤɫɚɧɞɪ əɤɨɜɥɟɜɢɱ ɏɢɧɱɢɧ (1894 – 1959) – ɪɨɫɫɢɣɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɩɪɨɮɟɫɫɨɪ ɆȽɍ, ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ 

ɡɧɚɱɢɦɵɯ ɭɱɺɧɵɯ ɜ ɫɨɜɟɬɫɤɨɣ ɲɤɨɥɟ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ. ɑɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ Ⱥɇ ɋɋɋɊ (1939). Ʌɚɭɪɟɚɬ 
ɋɬɚɥɢɧɫɤɨɣ ɩɪɟɦɢɢ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ, ɩɨɥɭɱɟɧɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫ Ⱥ. ɇ. Ʉɨɥɦɨɝɨɪɨɜɵɦ ɡɚ ɧɚɭɱɧɵɟ ɪɚɛɨɬɵ ɩɨ ɬɟɨɪɢɢ 
ɜɟɪɨɹɬɧɨɫɬɟɣ. 
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ɬɟɯɧɨɥɨɝɢɹɦɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɤɜɚɧɬɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɪɟɞɫɬɜ ɫɜɹɡɢ, ɜɵɱɢɫɥɟɧɢɣ, 
ɲɢɮɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɨɜ ɤɜɚɧɬɨɜɨɝɨ ɦɢɪɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɫɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ ɫɜɹɡɢ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɨɛɥɚɫɬɢ ɡɧɚɧɢɹ  ɢɫɩɨɥɶɡɭɟɬ ɷɥɟɦɟɧɬɵ 
ɬɟɨɪɢɢ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ. 

Ⱦɚɧɧɭɸ ɪɚɛɨɬɭ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɜɜɨɞɧɭɸ ɱɚɫɬɶ ɜ ɬɟɨɪɢɸ 

ɩɪɨɫɬɪɚɧɫɬɜ ɢ ɦɟɬɨɞɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦɚɯ 
ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ, ɜ ɪɚɦɤɚɯ ɤɭɪɫɨɜ: «ȼɨɥɧɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɪɟɞɚɯ», 
«Ɋɚɞɢɨɬɟɯɧɢɤɚ» ɱɢɬɚɟɦɵɯ ɜ ɛɚɤɚɥɚɜɪɢɚɬɟ, ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ 

«ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ»; «Ɉɛɪɚɛɨɬɤɚ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ ɜ ɫɢɫɬɟɦɚɯ 
ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ» ɱɢɬɚɟɦɨɝɨ ɜ ɦɚɝɢɫɬɪɚɬɭɪɟ, ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ 
«Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɫɪɟɞɫɬɜ». 

ɋɩɟɰɢɮɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ, ɜ ɪɚɦɤɚɯ ɭɱɟɛɧɵɯ 
ɡɚɧɹɬɢɣ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɞɥɹ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɬɚɤɢɟ ɦɟɬɨɞɵ, ɤɚɤ 

ɤɨɦɩɥɟɤɫɧɵɣ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɚɪɚɥɥɟɥɶɧɨɦ 
ɨɫɜɨɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɚɜɬɨɪɢɬɟɬɧɵɯ ɢɡɞɚɧɢɣ ɩɨ ɬɟɦɟ ɩɪɟɞɦɟɬɚ. 

ȼ ɫɨɫɬɚɜɟ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɢɦɟɟɬɫɹ ɞɜɟ ɱɚɫɬɢ. ɉɟɪɜɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɢɬ 
ɷɥɟɦɟɧɬɵ ɬɟɨɪɢɢ ɢ ɧɟɤɨɬɨɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɩɪɢɦɟɪɵ. ȼɬɨɪɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɢɬ 
ɥɢɫɬɢɧɝɢ ɮɭɧɤɰɢɣ ɧɚ ɹɡɵɤɟ MatLab, ɪɟɚɥɢɡɭɸɳɢɟ ɦɟɬɨɞɵ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɟɪɜɨɣ 
ɱɚɫɬɢ. 
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1. ɉɊɈɋɌɊȺɇɋɌȼȺ ɂ ɉɊȿɈȻɊȺɁɈȼȺɇɂЯ ɋɂȽɇȺɅɈȼ 

Ɉɞɧɢɦ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɩɪɢ ɚɧɚɥɢɡɟ ɫɢɝɧɚɥɨɜ ɢ ɫɢɫɬɟɦ ɫɜɹɡɢ 
ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɜɵɛɨɪ ɮɨɪɦɚɥɶɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɧɬɟɡɚ ɢ ɚɧɚɥɢɡɚ 
ɫɢɝɧɚɥɨɜ.  

Ɍɟɨɪɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ ɩɨɥɟɣ ɩɪɟɬɟɪɩɟɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ 
ɢɡɦɟɧɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɞɥɹ 
ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ Д6 9]. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɬɚ ɬɟɨɪɢɹ ɢɫɩɨɥɶɡɭɟɬ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɜɵɛɪɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍɚɤɢɦ 
ɚɩɩɚɪɚɬɨɦ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ (ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ) ɫɢɝɧɚɥɨɜ. 

1.1. Ʉɥɚɫɫɢɱɟɫɤɨɟ ɤɨɦɩɥɟɤɫɧɨɟ ɟɜɤɥɢɞɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɋɢɫɬɟɦɵ ɫɜɹɡɢ Д10, 11Ж ɢ ɫɢɫɬɟɦɵ ɰɢɮɪɨɜɨɣ Д12, 13Ж ɢ ɫɦɟɲɚɧɧɨɣ 
(ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɣ) Д14Ж ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɜɵɱɢɫɥɟɧɢɣ ɩɪɨɢɡɜɨɞɹɬ 
ɧɚ ɩɨɥɟ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ . ɉɪɢ ɷɬɨɦ ɪɹɞ ɨɩɪɟɞɟɥɟɧɢɣ ɢ ɩɨɥɨɠɟɧɢɣ, ɢɡɜɟɫɬɧɵɯ 
ɢɡ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɭɪɫɨɜ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ Д15, 16Ж, ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ [17, 

18Ж ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ Д8, 19Ж, ɧɟ ɜɫɟɝɞɚ ɞɨɫɬɚɬɨɱɟɧ ɞɥɹ 
ɮɨɪɦɚɥɢɡɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɹɯ 
ɜ ɰɢɮɪɨɜɨɣ ɢ ɫɦɟɲɚɧɧɨɣ ɨɛɪɚɛɨɬɤɟ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɦɟɬɨɞɵ ɫɨɜɪɟɦɟɧɧɨɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ Д7, 8Ж, ɫɨɜɪɟɦɟɧɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ 
ɩɨɥɟɣ Д6Ж ɪɚɫɩɨɥɚɝɚɸɬ ɞɨɫɬɚɬɨɱɧɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɚɩɩɚɪɚɬɨɦ, ɤɨɬɨɪɵɣ ɩɨɤɚ ɧɟ 
ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɢɧɬɟɝɪɢɪɨɜɚɧ ɜ ɩɪɚɤɬɢɤɭ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. 

ȼ ɪɚɛɨɬɟ Д20Ж ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɟɜɤɥɢɞɨɜɚ 
ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɚɡɵɜɚɟɦɨɝɨ ɭɧɢɬɚɪɧɵɦ Д21Ж, ɞɥɹ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɞɜɚ 
ɬɪɟɛɨɜɚɧɢɹ: 

I. ɢɦɟɟɬɫɹ ɩɪɚɜɢɥɨ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɥɸɛɵɦ ɞɜɭɦ ɷɥɟɦɟɧɬɚɦ  ɢ  ɷɬɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ, ɧɚɡɵɜɚɟɦɨɟ ɫɤɚɥɹɪɧɵɦ 
ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɨɛɨɡɧɚɱɚɟɦɨɟ ɫɢɦɜɨɥɨɦ . 

II. ɍɤɚɡɚɧɧɨɟ ɩɪɚɜɢɥɨ ɩɨɞɱɢɧɟɧɨ ɫɥɟɞɭɸɳɢɦ ɱɟɬɵɪɺɦ ɚɤɫɢɨɦɚɦ: 
1.  (ɝɞɟ  ɨɛɨɡɧɚɱɚɟɬ ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɤ ) 

2.  

3.  

4.  – ɜɟɳɟɫɬɜɟɧɧɨɟ ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ, ɨɛɪɚɳɚɸɳɟɟɫɹ ɜ ɧɨɥɶ ɥɢɲɶ 
ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ  – ɧɭɥɟɜɨɣ ɷɥɟɦɟɧɬ. 

Ɍɚɦ ɠɟ (ɜ Д20Ж) ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɜɫɹɤɨɟ ɤɨɦɩɥɟɤɫɧɨɟ ɟɜɤɥɢɞɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ 
ɹɜɥɹɟɬɫɹ ɧɨɪɦɢɪɨɜɚɧɧɵɦ, ɟɫɥɢ ɜ ɧɺɦ ɧɨɪɦɭ ɥɸɛɨɝɨ ɷɥɟɦɟɧɬɚ x ɨɩɪɟɞɟɥɢɬɶ 
ɫɨɨɬɧɨɲɟɧɢɟɦ , ɜ ɱɚɫɬɧɨɫɬɢ, ɜɨ ɜɫɹɤɨɦ ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ 
ɧɨɪɦɨɣ ɫɩɪɚɜɟɞɥɢɜɨ ɧɟɪɚɜɟɧɫɬɜɨ ɬɪɟɭɝɨɥɶɧɢɤɚ: .  
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Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɨɧɹɬɢɟ ɭɝɥɚ ɦɟɠɞɭ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ  ɢ  ɞɥɹ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɬɟɪɹɟɬ ɫɦɵɫɥ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 
ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ  ɹɜɥɹɟɬɫɹ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɤɨɦɩɥɟɤɫɧɵɦ ɱɢɫɥɨɦ. 

ɉɪɢ ɷɬɨɦ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ  

ɢ  ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɚɤ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ  ɪɚɜɧɨ 
ɧɭɥɸ, ɬ.ɟ. ,  ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɫɜɨɣɫɬɜɚ ɛɚɡɢɫɚ 
(ɢ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɛɚɡɢɫɚ) ɤɨɦɩɥɟɤɫɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼ Д20] 

ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɛɚɡɢɫ N-ɦɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɨɩɪɟɞɟɥɺɧ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ 
ɫɥɟɞɭɸɳɟɦɭ ɫɨɨɬɧɨɲɟɧɢɸ: , ɬ.ɟ. ɩɨɩɚɪɧɨ 
ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɢ ɢɦɟɸɳɢɯ ɧɨɪɦɵ, ɪɚɜɧɵɟ ɟɞɢɧɢɰɟ, ɝɞɟ 

  – ɫɢɦɜɨɥ Ʉɪɨɧɟɤɟɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ Д16, 18, 20, 
21], ɷɥɟɦɟɧɬɵ  ɢ  ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɤɚɥɹɪɧɨɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɤɨɬɨɪɵɯ ɪɚɜɧɨ ɤɨɦɩɥɟɤɫɧɨɦɭ ɱɢɫɥɭ ɫ ɧɭɥɟɜɨɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ 
ɧɟɧɭɥɟɜɨɣ ɦɧɢɦɨɣ ɱɚɫɬɶɸ, ɧɟ ɦɨɝɭɬ ɫɱɢɬɚɬɶɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ Д20Ж, ɤɚɠɞɨɣ ɦɟɪɧɨɫɬɢ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɭɦɟɪɧɨɟ ɢɧɜɚɪɢɚɧɬɧɨɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, 
ɧɟ ɫɨɞɟɪɠɚɳɟɟ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ Д21Ж. ɂɥɢ, ɝɨɜɨɪɹ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɤɚɠɞɨɣ ɦɟɪɧɨɫɬɢ N-ɦɟɪɧɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɧɚ ɤɨɦɩɥɟɤɫɧɭɸ ɭɜɟɥɢɱɟɧɢɹ ɦɟɪɧɨɫɬɢ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ, ɬ.ɤ. ɤɚɠɞɚɹ ɦɟɪɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟ 
ɫɨɞɟɪɠɢɬ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ Д21Ж. 

Ⱦɥɹ ɩɪɢɦɟɪɚ, ɩɭɫɬɶ ɫɭɳɟɫɬɜɭɟɬ ɨɛɴɟɤɬ  ɢɡ N-ɦɟɪɧɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ 
ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ , ɩɪɢɱɺɦ , ɱɬɨ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ .  

ɉɟɪɟɧɟɫɺɦ ɨɛɴɟɤɬ  ɜ N-ɦɟɪɧɨɟ ɤɨɦɩɥɟɤɫɧɨɟ ɟɜɤɥɢɞɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ , ɡɚɦɟɧɢɜ 
ɤɚɠɞɭɸ ɦɟɪɧɨɫɬɶ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɜɟɳɟɫɬɜɟɧɧɨɣ ɧɚ 
ɤɨɦɩɥɟɤɫɧɭɸ (ɩɪɢ ɷɬɨɦ ɷɥɟɦɟɧɬ  ɢɦɟɟɬ ɬɨɥɶɤɨ ɜɟɳɟɫɬɜɟɧɧɵɟ ɧɟɧɭɥɟɜɵɟ 
ɡɧɚɱɟɧɢɹ) ɢ ɩɪɨɜɟɪɢɦ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ  ɢ  (ɝɞɟ ), ɜɵɱɢɫɥɢɜ 
ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ . ȼɩɨɥɧɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ 
ɪɚɜɧɨ ɤɨɦɩɥɟɤɫɧɨɦɭ ɱɢɫɥɭ  ɫ ɧɟɧɭɥɟɜɨɣ ɦɧɢɦɨɣ ɱɚɫɬɶɸ ɢ ɧɭɥɟɜɨɣ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ, ɬ.ɟ. , ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɷɥɟɦɟɧɬɵ  ɢ  ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɜɟɤɬɨɪɧɨɝɨ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟ ɹɜɥɹɸɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ. 

ȼ ɩɪɚɤɬɢɤɟ ɨɛɪɚɛɨɬɤɢ ɦɧɨɝɨɦɟɪɧɵɯ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɜ ɡɚɞɚɱɚɯ 
ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɜɨɡɧɢɤɚɸɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ 
ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɧɨ 
ɬɪɟɛɭɟɬɫɹ ɢɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɫɫɦɨɬɪɟɧɨ ɤɚɤ ɪɚɫɲɢɪɟɧɢɟ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɟɧɢɟ 
ɬɚɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ ɤɨɬɨɪɨɦ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ 
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ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ  ɢ . Ɉɩɪɟɞɟɥɟɧɢɟɦ ɬɚɤɢɯ ɩɪɨɫɬɪɚɧɫɬɜ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɨɜ ɜ ɬɚɤɢɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɡɚɧɢɦɚɟɬɫɹ ɫɨɜɪɟɦɟɧɧɚɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɟɨɦɟɬɪɢɹ, ɬɟɨɪɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ ɩɨɥɟɣ Д6 8], 

ɩɨɥɨɠɟɧɢɹ ɤɨɬɨɪɨɣ ɩɨɤɚ ɧɟ ɦɨɝɭɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ  ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɩɪɚɤɬɢɤɟ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. 

1.2. ɋɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɜɟɤɬɨɪɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɉɪɢɜɟɞɺɦ ɪɹɞ ɨɩɪɟɞɟɥɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ ɫɨɜɪɟɦɟɧɧɵɯ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ ɩɨɥɟɣ Д6Ж. 

ȼɟɤɬɨɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɪɚɡɦɟɪɧɨɫɬɢ N ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɤɚɤ  ɧɚɞ ɩɨɥɟɦ 
ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ  , ɨɛɪɚɡɨɜɚɧɧɨɟ ɜɫɟɦɢ ɜɟɤɬɨɪɚɦɢ ɜɢɞɚ 

    ,           (1) 

ɝɞɟ  – ɤɨɦɩɥɟɤɫɧɵɟ ɤɨɨɪɞɢɧɚɬɵ,  – ɛɚɡɢɫ ɩɪɨɫɬɪɚɧɫɬɜɚ,  – 

ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ. Ⱦɥɹ ɜɟɤɬɨɪɨɜ  ɢ  ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ 
 ɨɩɪɟɞɟɥɟɧɵ ɨɩɟɪɚɰɢɢ: 
– ɫɥɨɠɟɧɢɹ,  

;     (2) 

– ɭɦɧɨɠɟɧɢɟ ɧɚ ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ: 
.       (3) 

ɉɪɨɫɬɪɚɧɫɬɜɨ  ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 2N-ɦɟɪɧɨɟ ɜɟɤɬɨɪɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɚɞ ɩɨɥɟɦ ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɫ ɛɚɡɢɫɨɦ  ɢ 

: 
,    (4) 

ɞɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɨɜɟɳɟɫɬɜɥɟɧɢɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɜɟɳɟɫɬɜɥɟɧɢɟɦ 
ɹɜɥɹɟɬɫɹ ɨɬɨɛɪɚɠɟɧɢɟ ɨɛɴɟɤɬɨɜ ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ  ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɞɟɤɨɦɩɨɡɢɰɢɢ  ɧɚ , ɩɪɢɬɨɦ ɱɬɨ . 

Ʌɢɧɟɣɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ – ɷɬɨ 
ɨɬɨɛɪɚɠɟɧɢɹ, ɡɚɞɚɸɳɢɟɫɹ ɦɚɬɪɢɰɚɦɢ , , ɫ ɩɨɦɨɳɶɸ 
ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: 

.   (5) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɧɟɣɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ N-ɦɟɪɧɨɝɨ 
ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɛɪɚɡɭɸɬ ɝɪɭɩɩɭ  ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɢɧɟɣɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. ɗɬɨ ɝɪɭɩɩɚ ɤɨɦɩɥɟɤɫɧɵɯ ɦɚɬɪɢɰ ɪɚɡɦɟɪɨɦ N×N ɫ ɨɩɪɟɞɟɥɢɬɟɥɟɦ, 
ɧɟ ɪɚɜɧɵɦ ɧɭɥɸ. Ɇɚɬɪɢɰɵ ɢɡ  ɫ ɨɩɪɟɞɟɥɢɬɟɥɟɦ, ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ, 
ɨɛɪɚɡɭɸɬ ɫɩɟɰɢɚɥɶɧɭɸ ɥɢɧɟɣɧɭɸ ɩɨɞɝɪɭɩɩɭ  ɝɪɭɩɩɵ . 

ȼɟɤɬɨɪɵ  ɹɜɥɹɸɬɫɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚɦɢ ɬɨɱɟɤ ɢɡ ɞɟɤɚɪɬɨɜɚ 
ɩɪɨɫɬɪɚɧɫɬɜɚ . ɉɪɢ ɨɜɟɳɟɫɬɜɥɟɧɢɢ ( ) ɥɢɧɟɣɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ 

 ɩɟɪɟɯɨɞɹɬ ɜ ɥɢɧɟɣɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ . ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɨɛɪɚɡɭɟɬɫɹ ɝɨɦɨɦɨɪɮɢɡɦ ɝɪɭɩɩ: 

.     (6) 
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ɉɪɨɢɡɜɟɞɺɦ ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ  ɧɚ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ 
ɱɚɫɬɢ: . ɉɪɢ ɨɜɟɳɟɫɬɜɥɟɧɢɢ  ɦɚɬɪɢɰɚ  ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

.     (7) 

ȼ ɪɚɛɨɬɟ Д6Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ , ɤɨɦɦɭɬɢɪɭɟɬ ɫ 
: 

,      (8) 

ɬ.ɤ. ɭɦɧɨɠɟɧɢɟ ɧɚ  ɤɨɦɦɭɬɢɪɭɟɬ ɫ ɥɸɛɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ : 
 .      (9) 

Ⱦɥɹ ɨɛɴɟɤɬɨɜ   ɢ , ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ  

ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ 
 ,   (10) 

ɩɪɢɬɨɦ, ɱɬɨ . 

ɋɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ( ): 

1.  ɢ  

2.  

3.  

4.  

Ʌɸɛɨɟ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɨ ɫɜɨɣɫɬɜɚɦɢ 1–3 ɧɚɡɵɜɚɟɬɫɹ ɷɪɦɢɬɨɜɵɦ 
ɫɤɚɥɹɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ. ȿɫɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɫɜɨɣɫɬɜɨ 4, ɬɨ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɧɚɡɵɜɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɺɧɧɵɦ.  

Ⱦɥɹ ɥɸɛɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɷɪɦɢɬɨɜɚ ɫɤɚɥɹɪɧɨɝɨ 
ɩɪɨɢɡɜɟɞɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɛɚɡɢɫ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɥɹ ɨɛɴɟɤɬɨɜ  ɢ 
 ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ  ɫɤɚɥɹɪɧɨɟ 

ɩɪɨɢɡɜɟɞɟɧɢɟ  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
 =     

,     (11) 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ: 
.     (12) 

Ʌɟɦɦɚ. ɉɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɺɧɧɨɟ ɷɪɦɢɬɨɜɨ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ 
 ɢɦɟɟɬ ɜɢɞ: 

,      (13) 

ɝɞɟ  – ɜɟɳɟɫɬɜɟɧɧɨɟ ɫɢɦɦɟɬɪɢɱɧɨɟ (ɟɜɤɥɢɞɨɜɨ) ɫɤɚɥɹɪɧɨɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ ;  – ɫɢɦɩɥɟɤɬɢɱɟɫɤɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ . 

ȼ ɱɚɫɬɧɨɫɬɢ, ɷɪɦɢɬɨɜ ɢ ɜɟɳɟɫɬɜɟɧɧɵɣ ɤɜɚɞɪɚɬɵ ɜɟɤɬɨɪɨɜ ɫɨɜɩɚɞɚɸɬ: 
. 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɥɟɦɦɚ ɜɟɪɧɚ ɞɥɹ ɜɫɟɯ ɷɪɦɢɬɨɜɵɯ ɫɤɚɥɹɪɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɣ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɧɟɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɺɧɧɵɯ. 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɡɚɦɟɱɚɧɢɟ: 
 ,    (14) 

ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 
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.      (15) 

ɋɪɚɜɧɢɜɚɹ (14) ɢ (15), ɩɨɥɭɱɚɟɦ: 
.       (16) 

ɗɬɨ ɬɚɤɠɟ ɦɨɠɧɨ ɞɨɤɚɡɚɬɶ ɞɥɹ ɨɛɴɟɤɬɨɜ  

ɢ , ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ  ɢɫɩɨɥɶɡɭɹ 
ɫɥɟɞɭɸɳɢɟ ɪɚɫɫɭɠɞɟɧɢɹ. Ɂɚɩɢɲɟɦ:  

=      

,   (17) 

 ɫɪɚɜɧɢɜɚɹ ɫ (11) ɩɨɥɭɱɢɦ, ɱɬɨ  ɱ. ɬ. ɞ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɡɚɩɢɲɟɦ: 
.      (18) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɪɦɢɬɨɜɨ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɜɨɟɣ ɦɧɢɦɨɣ ɱɚɫɬɶɸ – ɫɢɦɩɥɟɤɬɢɱɟɫɤɨɣ ɮɨɪɦɨɣ, ɨɛɨɡɧɚɱɚɟɦɨɣ ɤɚɤ , ɢɥɢ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ – ɫɢɦɦɟɬɪɢɱɧɵɦ ɫɤɚɥɹɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ, ɨɛɨɡɧɚɱɚɟɦɵɦ 
ɤɚɤ . 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɫɢɦɩɥɟɤɬɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 
 ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɫɢɦɩɥɟɤɬɢɱɟɫɤɚɹ ɮɨɪɦɚ  ɹɜɥɹɟɬɫɹ 

ɜɡɹɬɨɣ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ, 

ɩɨɜɺɪɧɭɬɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɦɧɨɠɟɧɢɹ ɧɚ ɩɨɜɨɪɚɱɢɜɚɸɳɢɣ ɦɧɨɠɢɬɟɥɶ  ɜɟɤɬɨɪɚ , 

ɬ.ɟ.  . 

Ɉɛɨɛɳɟɧɢɟ ɫɜɨɣɫɬɜ ɫɢɦɩɥɟɤɬɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɥɹ ɨɛɴɟɤɬɨɜ  ɢ  ɢɡ 
ɩɪɨɫɬɪɚɧɫɬɜɚ  ɢ ( ) ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ: 

1.   

2.   

3.  

Ʌɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ  ɧɚɡɵɜɚɸɬ ɭɧɢɬɚɪɧɵɦ ɥɢɧɟɣɧɵɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɟɫɥɢ ɨɧɨ ɫɨɯɪɚɧɹɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɺɧɧɨɟ ɷɪɦɢɬɨɜɨ 
ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ: 

,      (19) 

ɞɥɹ ɜɫɟɯ ɜɟɤɬɨɪɨɜ  ɢ , ɩɪɨɫɬɪɚɧɫɬɜɚ . 

ɍɫɥɨɜɢɟ ɭɧɢɬɚɪɧɨɫɬɢ ɥɢɧɟɣɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ 
,      (20) 

ɝɞɟ  – ɫɢɦɜɨɥ Ʉɪɨɧɟɤɟɪɚ, ɢɥɢ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ: 
.      (21) 

ɝɞɟ  – ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɚɹ ɦɚɬɪɢɰɚ . 

Ɇɚɬɪɢɰɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɸ (21), ɨɛɪɚɡɭɸɬ ɭɧɢɬɚɪɧɭɸ 
ɝɪɭɩɩɭ, ɨɛɨɡɧɚɱɚɟɦɭɸ . ɂɡ ɪɚɜɟɧɫɬɜɚ (21) ɫɥɟɞɭɟɬ, ɱɬɨ 

.     (22) 

ɉɨɞɝɪɭɩɩɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɭɧɢɬɚɪɧɵɯ ɦɚɬɪɢɰ  ɫ ɪɚɜɧɵɦ ɩɨ ɦɨɞɭɥɸ ɟɞɢɧɢɰɟ 
ɨɩɪɟɞɟɥɢɬɟɥɟɦ , ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ . 

ɗɪɦɢɬɨɜɨ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɟɣ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ, ɩɨɷɬɨɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ  ɭɧɢɬɚɪɧɨ ɬɨɝɞɚ ɢ 
ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ  ɨɪɬɨɝɨɧɚɥɶɧɨ: 
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,    (23) 

ɝɞɟ  – ɝɪɭɩɩɚ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ ɜ . 

1.3. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɫɢɝɧɚɥɨɜ ɜ ɜɟɤɬɨɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ 

Ⱦɥɹ ɥɸɛɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯ ɜɟɤɬɨɪɨɜ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ 
ɩɪɨɰɟɞɭɪɭ ɨɪɬɨɝɨɧɚɥɢɡɚɰɢɢ, ɧɚɡɵɜɚɟɦɨɣ ɨɪɬɨɝɨɧɚɥɢɡɚɰɢɟɣ Ƚɪɚɦɚ6–ɒɦɢɞɬɚ7

. 

ɉɪɨɰɟɫɫ ɨɪɬɨɝɨɧɚɥɢɡɚɰɢɢ Ƚɪɚɦɚ–ɒɦɢɞɬɚ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯ 
ɜɟɤɬɨɪɨɜ ( ) ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ: 

,    (24) 

ɝɞɟ  – ɨɩɟɪɚɬɨɪ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ  ɧɚ ɜɟɤɬɨɪ , ɱɬɨ ɬɚɤɠɟ ɨɛɨɡɧɚɱɚɟɬɫɹ 

ɤɚɤ , ( ) – ɫɢɫɬɟɦɚ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ. 
Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɨɬ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɨɜ ɤ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɰɟɞɭɪɭ ɧɨɪɦɢɪɨɜɚɧɢɹ: 
,      (25) 

ɝɞɟ  – ɧɨɪɦɚ ɜɟɤɬɨɪɚ , ( ) – ɫɢɫɬɟɦɚ 
ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ (ɥɢɫɬɢɧɝ 2.9 ɢ 2.10). 

ȿɫɥɢ ɱɢɫɥɨ  ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɡɦɟɪɧɨɫɬɶɸ 
ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ , ɬɨ ɫɢɫɬɟɦɚ ɨɛɪɚɡɭɟɬ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɛɚɡɢɫ 
ɩɪɨɫɬɪɚɧɫɬɜɚ. 

Ⱦɥɹ ɫɢɫɬɟɦɵ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ ( ) ɨɩɪɟɞɟɥɟɧɚ 
ɤɜɚɞɪɚɬɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ  ɫɤɚɥɹɪɧɵɯ ɩɪɨɢɡɜɟɞɟɧɢɣ Д6Ж, ɧɚɡɵɜɚɟɦɚɹ 
ɦɚɬɪɢɰɟɣ Ƚɪɚɦɦɚ: , ɝɞɟ . Ⱦɥɹ ɦɚɬɪɢɰɵ Ƚɪɚɦɦɚ 

 ɫɩɪɚɜɟɞɥɢɜɨ:  
.    (26) 

Ɉɫɧɨɜɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɢɞɟɹ ɨ 
ɪɚɫɫɦɨɬɪɟɧɢɢ ɫɢɝɧɚɥɚ ɤɚɤ ɜɟɤɬɨɪɚ.  

Ɉɛɨɛɳɟɧɢɟɦ ɩɪɨɰɟɞɭɪɵ ɞɟɤɨɦɩɨɡɢɰɢɢ ɩɨ ɨɪɬɨɝɨɧɚɥɶɧɨɦɭ ɛɚɡɢɫɭ ɹɜɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɚɹ ɩɪɨɰɟɞɭɪɚ. Ʌɸɛɨɣ ɧɚɛɨɪ ɢɡ P ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɢɡ ɦɧɨɠɟɫɬɜɚ 

 ɫ ɤɨɧɟɱɧɨɣ ɷɧɟɪɝɢɟɣ, ɨɩɪɟɞɟɥɺɧɧɵɯ ɧɚ ɢɧɬɟɪɜɚɥɟ , 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɥɢɧɟɣɧɵɯ ɤɨɦɛɢɧɚɰɢɣ  ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ 
ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ  [10], ɱɬɨ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɤɚɤ 

                                                             
6
 Ƀɨɪɝɟɧ ɉɟɞɟɪɫɟɧ Ƚɪɚɦ (27 ɢɸɧɹ 1850 – 29 ɚɩɪɟɥɹ 1916) – ɞɚɬɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɢɡɜɟɫɬɧɵɣ ɪɚɛɨɬɚɦɢ ɜ ɨɛɥɚɫɬɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ, ɬɟɨɪɢɢ ɱɢɫɟɥ ɢ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ. 
7
  ɗɪɯɚɪɞ ɒɦɢɞɬ (14 ɹɧɜɚɪɹ 1876 – 6 ɞɟɤɚɛɪɹ 1959) – ɝɟɪɦɚɧɫɤɢɣ ɦɚɬɟɦɚɬɢɤ. Ɉɫɧɨɜɧɵɟ ɬɪɭɞɵ ɩɨ ɬɟɨɪɢɢ ɮɭɧɤɰɢɣ, 

ɢɧɬɟɝɪɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ, ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɚɧɚɥɢɡɭ. Ɉɩɪɟɞɟɥɢɥ ɢ ɢɡɭɱɢɥ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɝɢɥɶɛɟɪɬɨɜɨ 
ɩɪɨɫɬɪɚɧɫɬɜɨ, ɢɫɩɨɥɶɡɭɹ ɚɧɚɥɨɝɢɢ ɫ ɝɟɨɦɟɬɪɢɟɣ ȿɜɤɥɢɞɚ. Ɂɚɧɢɦɚɥɫɹ ɤɜɚɞɪɚɬɢɱɧɵɦɢ ɮɨɪɦɚɦɢ. 
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,      (27) 

ɝɞɟ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɛɚɡɢɫ  ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ 
ɩɨɩɚɪɧɨɣ ɜɡɚɢɦɧɨɣ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɮɭɧɤɰɢɣ, ɬ.ɟ. ɨɛɪɚɡɭɟɬ ɦɚɬɪɢɰɭ Ƚɪɚɦɦɚ: 

.   (28) 

ɋɢɝɧɚɥ, ɫɨɫɬɨɹɳɢɣ ɢɡ N ɨɬɫɱɺɬɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ, 

ɩɪɟɞɥɨɠɟɧɧɨɣ ȼ. Ⱥ. Ʉɨɬɟɥɶɧɢɤɨɜɵɦ ɢ Ʉ. ɒɟɧɧɨɧɨɦ, ɫɱɢɬɚɟɬɫɹ N-ɦɟɪɧɵɦ 
ɫɢɝɧɚɥɨɦ, ɚ ɤɚɠɞɵɣ ɨɬɫɱɺɬ  ɧɟɡɚɜɢɫɢɦɵɦ ɢɡɦɟɪɟɧɢɟɦ. ɉɪɢ ɬɚɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
N-ɦɟɪɧɵɣ ɫɢɝɧɚɥ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɜɟɤɬɨɪ ɜ N-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
ɉɨɷɬɨɦɭ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɫɨɜɪɟɦɟɧɧɨɣ ɝɟɨɦɟɬɪɢɢ ɢ ɜɟɤɬɨɪɧɨɣ ɚɥɝɟɛɪɵ 
Д6Ж ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɜɹɡɢ ɜ ɱɚɫɬɢ ɚɧɚɥɢɡɚ ɢ 
ɫɢɧɬɟɡɚ ɫɢɝɧɚɥɨɜ. 

ȼ ɩɪɚɤɬɢɤɟ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɛɪɚɛɨɬɤɢ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɫɢɝɧɚɥɨɜ. ɉɪɢ ɢɦɟɸɳɟɦɫɹ ɦɧɨɝɨɨɛɪɚɡɢɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɪɨɫɬɪɚɧɫɬɜ ɨɩɪɟɞɟɥɢɦ ɩɨɫɬɚɧɨɜɤɭ ɜɨɩɪɨɫɚ: ɜɵɛɨɪ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɚɧɚɥɢɡ ɫɢɝɧɚɥɨɜ. 

ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ, 
ɤɚɠɞɨɣ ɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɜɭɦɟɪɧɨɟ ɢɧɜɚɪɢɚɧɬɧɨɟ 
ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, ɧɟ ɫɨɞɟɪɠɚɳɟɟ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ Д15, 16]. Ɍɚɤɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ ɜɡɚɢɦɧɭɸ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ 
ɤɨɦɩɨɧɟɧɬ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɚɧɚɥɢɡɚ 
ɫɢɝɧɚɥɚ. 

Ɉɛɪɚɳɚɹɫɶ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɢ ɫɜɨɣɫɬɜɚɦ ɫɨɜɪɟɦɟɧɧɵɯ ɜɟɤɬɨɪɧɵɯ 
ɩɪɨɫɬɪɚɧɫɬɜ, ɦɵ ɩɨɥɭɱɚɟɦ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ, ɩɨɡɜɨɥɹɸɳɢɣ ɭɱɢɬɵɜɚɬɶ 
ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ 
ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɞɥɹ ɩɪɨɫɬɪɚɧɫɬɜɚ  

ɢ  ɛɭɞɭɬ ɪɚɡɥɢɱɧɵ. 
ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɹɜɥɹɸɫɹ ɜɟɤɬɨɪɵ  ɢ , ɞɥɹ ɤɨɬɨɪɵɯ 

ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ  ɦɨɠɟɬ ɛɵɬɶ ɤɨɦɩɥɟɤɫɧɨɣ 
ɜɟɥɢɱɢɧɨɣ, ɧɟ ɪɚɜɧɨɣ ɧɭɥɸ, ɧɨ ɞɥɹ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ  ɢ  

ɨɛɹɡɚɬɟɥɶɧɨ ɪɚɜɧɚ ɧɭɥɸ ɜɟɳɟɫɬɜɟɧɧɚɹ ɱɚɫɬɶ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ: 
. Ⱦɥɹ ɜɟɤɬɨɪɨɜ  ɢ  ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ  ɫɤɚɥɹɪɧɨɟ 

ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɫɟɝɞɚ ɢɦɟɟɬ ɜɟɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ , ɜ ɫɥɭɱɚɟ 
ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ  ɡɧɚɱɟɧɢɟ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɪɚɜɧɨ ɧɭɥɸ: 

. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɨɜɟɳɟɫɬɜɥɟɧɢɢ ɩɪɨɫɬɪɚɧɫɬɜɚ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ  

ɷɥɟɦɟɧɬɵ  ɢ , ɛɭɞɭɬ ɨɪɬɨɝɨɧɚɥɶɧɵ, ɟɫɥɢ ɢɯ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɜɧɨ ɧɭɥɸ, 
ɬ.ɟ. . 
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 ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ N ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯ ɜɟɤɬɨɪɨɜ, ɚ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ  ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯ ɜɟɤɬɨɪɨɜ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д6Ж, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɫɬɟɦɵ 
ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ , ɬ.ɟ. 
ɨɩɟɪɚɰɢɹ ɨɜɟɳɟɫɬɜɥɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɨɩɟɪɚɰɢɟɣ.  

ɍɱɢɬɵɜɚɹ ɬɟɨɪɟɦɵ Ʉɨɬɟɥɶɧɢɤɨɜɚ ɢ ɝɨɦɨɦɨɪɮɢɡɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɪɭɩɩ ɩɪɢ 
ɨɜɟɳɟɫɬɜɥɟɧɢɢ  ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɟɟ 
ɡɚɤɥɸɱɟɧɢɟ ɜ ɜɢɞɟ ɥɟɦɦɵ. 

Ʌɟɦɦɚ. ȼɫɹɤɢɣ ɫɢɝɧɚɥ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɫɩɟɤɬɪɨɦ ɨɬ 0 ɞɨ  ɦɨɠɧɨ 
ɢɫɫɥɟɞɨɜɚɬɶ ɛɟɡ ɩɨɬɟɪɢ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɤɚɱɟɫɬɜ ɜ ɤɨɧɟɱɧɨɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

, ɢ ɩɪɢ ɨɜɟɳɟɫɬɜɥɟɧɢɢ ɜ ɤɨɧɟɱɧɨɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ . 

ɂɫɩɨɥɶɡɭɹ (7), ɨɩɟɪɚɰɢɸ ɨɜɟɳɟɫɬɜɥɟɧɢɹ  ɢ ɭɱɢɬɵɜɚɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨ Ʉɨɬɟɥɶɧɢɤɨɜɭ ɢ ɒɟɧɨɧɭ ɫɢɝɧɚɥɨɜ  ɤɚɤ ɜɟɤɬɨɪɨɜ  , 

ɡɚɩɢɲɟɦ: 
.                                        (29) 

Ɂɚɩɢɲɟɦ ɢ ɩɪɨɢɡɜɟɞɺɦ ɫɪɚɜɧɟɧɢɟ ɜɵɪɚɠɟɧɢɣ ɪɚɫɱɺɬɚ ɷɧɟɪɝɢɢ, ɧɨɪɦɵ, 
ɞɢɫɬɚɧɰɢɢ ɢ ɭɝɥɚ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɪɢɤɭ Ɇɢɧɤɨɜɫɤɨɝɨ ɜ ɤɥɚɫɫɟ 

, ɬ.ɟ. ɤɜɚɞɪɚɬɢɱɧɭɸ ɢɥɢ ɟɜɤɥɢɞɨɜɭ ɦɟɬɪɢɤɭ, ɞɥɹ ɫɢɝɧɚɥɨɜ 
 ɢ , ɝɞɟ , ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɢ ɞɥɹ 

ɨɜɟɳɟɫɬɜɥɺɧɧɵɯ ɨɛɪɚɡɨɜ  ɢ , ɝɞɟ ,  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
. 

Ɋɚɫɱɺɬ ɷɧɟɪɝɢɢ  ɢ ɫɢɝɧɚɥɚ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ 
ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ 

 

.      (30) 

ɗɧɟɪɝɢɹ ɫɢɝɧɚɥɚ ɟɫɬɶ ɟɝɨ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɚɦɨɝɨ ɫ ɫɨɛɨɣ, ɤɪɨɦɟ 
ɬɨɝɨ, ɷɧɟɪɝɢɹ ɫɢɝɧɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɰɟɧɬɪɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɢ (ȺɄɎ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ȺɄɎ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɮɭɧɤɰɢɸ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɧɟɪɝɢɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɟ ȺɄɎ. Ⱥɧɚɥɢɡ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɪɚɫɱɺɬɚ 
ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ (30) ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɨɱɟɧɶ ɩɨɥɟɡɧɵɣ ɜɵɜɨɞ: ɞɥɹ 
ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɫɢɝɧɚɥɨɜ ɡɧɚɱɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ȺɄɎ (ɬ.ɟ. ɷɧɟɪɝɢɹ 
ɫɢɝɧɚɥɚ) ɜɫɟɝɞɚ ɜɟɳɟɫɬɜɟɧɧɨ, ɩɪɢɱɺɦ ɨɛɪɚɡɨɜɚɧɨ ɫɭɦɦɨɣ ɤɜɚɞɪɚɬɨɜ ɜɟɳɟɫɬɜɟɧɧɵɯ 
ɢ ɦɧɢɦɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɚ, ɚ ɡɧɚɱɟɧɢɹ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ ȺɄɎ ɦɨɝɭɬ 
ɢɦɟɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɜɟɥɢɱɢɧɭ ɫ ɧɟɧɭɥɟɜɵɦɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɹɦɢ, 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɞɟɥɟɧɢɟ ɛɨɤɨɜɵɯ 
ɥɟɩɟɫɬɤɨɜ ȺɄɎ ɧɚ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɢ, ɚ ɰɟɧɬɪɚɥɶɧɵɣ ɜɫɩɥɟɫɤ 
ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɜ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ. ɂɫɩɨɥɶɡɭɹ ɫɜɨɣɫɬɜɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɡɧɚɱɟɧɢɣ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ ɱɚɫɬɢɱɧɨ ɦɧɢɦɨɦɭ ɢ ɱɚɫɬɢɱɧɨ ɜɟɳɟɫɬɜɟɧɧɨɦɭ 
ɩɪɨɫɬɪɚɧɫɬɜɭ, ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ȺɄɎ ɧɚ 
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ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɶ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɞɨɦɢɧɢɪɨɜɚɧɢɸ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɜɫɩɥɟɫɤɚ ȺɄɎ ɧɚɞ ɛɨɤɨɜɵɦɢ ɥɟɩɟɫɬɤɚɦɢ. 

ɍɱɢɬɵɜɚɹ ɜɵɪɚɠɟɧɢɟ (29) ɞɥɹ ɨɜɟɳɟɫɬɜɥɟɧɢɹ ɫɢɝɧɚɥɚ, ɷɧɟɪɝɢɹ 
ɨɜɟɳɟɫɬɜɥɺɧɧɨɝɨ ɫɢɝɧɚɥɚ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɛɭɞɟɬ ɪɚɜɧɚ 

.   (31) 

ɋɪɚɜɧɟɧɢɟ ɜɵɪɚɠɟɧɢɣ (30) ɢ (31) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɨɜɟɳɟɫɬɜɥɟɧɢɢ ɩɨɥɧɚɹ 
ɷɧɟɪɝɢɹ ɫɢɝɧɚɥɚ ɨɫɬɚɺɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɱɬɨ, ɫɨɛɫɬɜɟɧɧɨ, ɹɜɥɹɟɬɫɹ ɫɜɨɣɫɬɜɨɦ 
ɥɢɧɟɣɧɨɣ ɨɩɟɪɚɰɢɢ ɨɜɟɳɟɫɬɜɥɟɧɢɹ, ɬ.ɟ. , ɢ ɫɥɟɞɫɬɜɢɟɦ ɡɚɤɨɧɚ 
ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ. ȺɄɎ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɢɦɟɟɬ ɬɨɥɶɤɨ ɜɟɳɟɫɬɜɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢ ɰɟɧɬɪɚɥɶɧɵɣ ɜɫɩɥɟɫɤ, ɢ ɛɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ ȺɄɎ 
ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɦ, ɬɨɥɶɤɨ ɜɟɳɟɫɬɜɟɧɧɨɦ, ɩɪɨɫɬɪɚɧɫɬɜɟ.  

ɇɨɪɦɚ  ɫɢɝɧɚɥɚ ɜɟɤɬɨɪɚ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ : 

.  (32) 

Ɉɜɟɳɟɫɬɜɥɺɧɧɵɣ ɫɢɝɧɚɥ  ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɞɜɚ ɫɢɝɧɚɥɚ  ɢ  ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ  ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɧɨɪɦɚ ɛɭɞɟɬ ɪɚɜɧɚ 

  (33) 

ɢ 

.  (34) 

ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɢɝɧɚɥ  ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ , ɩɪɢ 
ɨɜɟɳɟɫɬɜɥɟɧɢɢ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɞɜɚ, ɜɨɡɦɨɠɧɨ, ɧɟɧɨɪɦɢɪɨɜɚɧɧɵɯ ɫɢɝɧɚɥɚ  

ɢ . 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɧɨɪɦɢɪɨɜɚɧɢɹ ɫɜɹɡɚɧ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɜɟɤɬɨɪɚ ɟɞɢɧɢɱɧɨɣ 
ɞɥɢɧɵ Д22Ж. ȼɟɤɬɨɪ ɟɞɢɧɢɱɧɨɣ ɞɥɢɧɵ ɹɜɥɹɟɬɫɹ ɦɟɪɨɣ ɢɥɢ ɨɩɪɟɞɟɥɟɧɢɟɦ ɟɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ  ɷɧɟɪɝɢɢ, ɷɧɟɪɝɢɹ ɪɟɚɥɶɧɨɣ 
ɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɫɦɟɧɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ɉɪɢ ɷɬɨɦ, 
ɧɚɩɪɢɦɟɪ, ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ ɩɪɢɧɹɬɨ ɨɩɪɟɞɟɥɹɬɶ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɹ, ɷɧɟɪɝɢɢ, ɦɨɳɧɨɫɬɢ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ Д23Ж. Ⱦɥɹ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɩɪɟɞɟɥɺɧɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ 
(ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɹ, ɦɨɳɧɨɫɬɢ, ɷɧɟɪɝɢɢ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɛɳɢɟ 
ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ, ɚ ɩɪɢ ɫɥɨɠɟɧɢɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɤɨɦɩɨɧɟɧɬ, 

ɢɦɟɸɳɢɯ ɨɛɳɢɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ, ɨɛɪɚɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫɧɚɹ ɜɟɥɢɱɢɧɚ, ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɟɞɢɧɫɬɜɨ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ, ɮɚɤɬɢɱɟɫɤɢ ɫɭɳɟɫɬɜɭɸɬ 
ɨɬɞɟɥɶɧɵɟ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɟ (ɧɨɪɦɢɪɨɜɚɧɧɵɟ) ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɤɨɦɩɨɧɟɧɬɵ. 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨ ɧɨɪɦɢɪɨɜɚɧɢɢ ɫɢɝɧɚɥɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
 ɢ . ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɫɜɨɣɫɬɜ ɫɢɝɧɚɥɚ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɧɨɪɦɢɪɨɜɚɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɧɨɪɦɢɪɨɜɚɧɢɟɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
 ɛɭɞɟɬ ɧɨɪɦɢɪɨɜɚɧɢɟ, ɩɪɨɢɡɜɟɞɺɧɧɨɟ ɨɬɞɟɥɶɧɨ ɞɥɹ ɦɧɢɦɨɣ ɢ ɨɬɞɟɥɶɧɨ 

ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ, ɬɚɤ ɱɬɨ ɷɧɟɪɝɢɹ ɢ ɞɥɢɧɚ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ 
ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɜɟɤɬɨɪɚ ɛɭɞɭɬ ɪɚɜɧɵ 2 ɢ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɧɟ 
ɨɬɜɟɱɚɟɬ ɨɩɪɟɞɟɥɟɧɢɸ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ ɜɟɤɬɨɪɚ, ɬɚɤ ɤɚɤ ɩɨ 
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ɨɩɪɟɞɟɥɟɧɢɸ Д6, 15Ж ɞɥɢɧɚ ɢ ɷɧɟɪɝɢɹ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ 
ɜɟɤɬɨɪɚ ɪɚɜɧɵ ɟɞɢɧɢɰɟ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɡɚɞɚɧ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɣ ɫɢɝɧɚɥ , 

ɢɡɧɚɱɚɥɶɧɨ ɨɛɥɚɞɚɸɳɢɣ ɧɟɪɚɜɟɧɫɬɜɨɦ ɦɨɞɭɥɹ ɷɧɟɪɝɢɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ 
ɱɚɫɬɢ, ɬ.ɟ. , ɬɨ ɩɪɢ ɧɨɪɦɢɪɨɜɚɧɢɢ ɨɬɞɟɥɶɧɨ ɦɧɢɦɨɣ ɢ 
ɨɬɞɟɥɶɧɨ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ɩɪɨɢɡɨɣɞɺɬ ɜɵɪɚɜɧɢɜɚɧɢɟ ɷɧɟɪɝɢɢ (ɬ.ɟ. 

), ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɟɞɨɩɭɫɬɢɦɨ, ɬɚɤ ɤɚɤ 

ɧɚɪɭɲɢɬ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɟɞɢɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ ɫɢɝɧɚɥɚ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɜɵɪɚɜɧɢɜɚɧɢɟ ɷɧɟɪɝɢɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɟɣ ɫɢɝɧɚɥɚ ɦɨɠɟɬ 
ɛɵɬɶ ɩɨɥɟɡɧɨ ɩɪɢ ɫɢɧɬɟɡɟ ɫɢɝɧɚɥɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ  ɫɥɟɞɭɸɳɢɟ ɡɚɤɥɸɱɟɧɢɹ. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɛɚɡɢɫɚ ɜ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɤɚɤ ɟɞɢɧɢɰɵ ɦɟɪɵ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɫɨɜɦɟɫɬɧɨɟ ɧɨɪɦɢɪɨɜɚɧɢɟ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ: 

,    (35) 

ɝɞɟ  – ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɣ ɫɢɝɧɚɥ, ɬɨɝɞɚ ɩɨɥɭɱɢɦ 
. ɉɪɢ ɷɬɨɦ ɦɟɪɚ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɨɪɦɢɪɨɜɚɧɢɹ ɜ 

ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɦɟɪɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɧɨɪɦɢɪɨɜɚɧɢɹ ɜ ɨɜɟɳɟɫɬɜɥɺɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɯɪɚɧɟɧɢɹ ɟɞɢɧɫɬɜɚ ɦɟɪɵ ɜ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ  ɢ ɟɝɨ ɨɜɟɳɟɫɬɜɥɺɧɧɨɦ ɨɛɪɚɡɟ  ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ 
ɧɨɪɦɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɨ ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɨɬɞɟɥɶɧɨ ɦɧɢɦɨɣ ɱɚɫɬɢ. Ɍɚɤ, ɞɥɹ ɫɢɝɧɚɥɚ 

 ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 
,     (36) 

ɢ 

,     (37) 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɣ ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɫɢɝɧɚɥ 
, ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ . 

ȿɜɤɥɢɞɨɜɭ ɞɢɫɬɚɧɰɢɸ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ  ɢ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  

ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ: 
 =       

 

=   

                                .   (38) 
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ȼɩɨɥɧɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɟɜɤɥɢɞɨɜɚ ɞɢɫɬɚɧɰɢɹ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
 ɛɭɞɟɬ ɜɫɟɝɞɚ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɜɟɳɟɫɬɜɟɧɧɵɦ ɱɢɫɥɨɦ. 

Ⱦɢɫɬɚɧɰɢɹ ɦɟɠɞɭ ɨɜɟɳɟɫɬɜɥɺɧɧɵɦɢ ɫɢɝɧɚɥɚɦɢ  ɢ  ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ  ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɜɵɪɚɠɟɧɢɹ: 

 =    

                                    .   (39) 

ɋɪɚɜɧɢɜɚɹ ɜɵɪɚɠɟɧɢɹ (38) ɢ (39), ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɟɜɤɥɢɞɨɜɚ 
ɞɢɫɬɚɧɰɢɹ  ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ  ɢ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɢ 
ɞɢɫɬɚɧɰɢɹ  ɦɟɠɞɭ ɢɯ ɨɜɟɳɟɫɬɜɥɺɧɧɵɦɢ ɨɛɪɚɡɚɦɢ  ɢ 

 ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɫɨɯɪɚɧɹɟɬ ɫɜɨɺ ɡɧɚɱɟɧɢɟ: 
. 

Ʉɨɫɢɧɭɫ ɭɝɥɚ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɫɢɝɧɚɥɨɜ  ɢ  ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ  

ɜɵɱɢɫɥɢɦ ɤɚɤ 

 

                              .        (40) 

Ⱦɥɹ ɨɜɟɳɟɫɬɜɥɺɧɧɵɯ ɫɢɝɧɚɥɨɜ  ɢ  ɤɨɫɢɧɭɫɧɚɹ ɦɟɪɚ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ  ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ 

 

                                          .                                     (41) 

ɂɡ ɜɵɪɚɠɟɧɢɣ (40) ɢ (41) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ  ɹɜɥɹɟɬɫɹ 
ɤɨɦɩɥɟɤɫɧɨɣ ɢ ɟɺ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɶɸ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ, ɫɨɜɩɚɞɚɸɳɟɟ ɫ 
ɜɟɥɢɱɢɧɨɣ . Ɇɧɢɦɚɹ ɱɚɫɬɶ ɜɟɥɢɱɢɧɵ  

ɨɛɪɚɡɨɜɚɧɚ ɫɢɦɩɥɟɤɬɢɱɟɫɤɨɣ ɮɨɪɦɨɣ  ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 
 ɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɫɦɵɫɥɨɦ ɫɢɦɩɥɟɤɬɢɱɟɫɤɨɣ 

ɮɨɪɦɵ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɡɹɬɭɸ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ ɜɟɥɢɱɢɧɭ ɤɨɫɢɧɭɫɚ ɭɝɥɚ ɦɟɠɞɭ 
ɜɟɤɬɨɪɨɦ ɫɢɝɧɚɥɚ  ɢ ɜɟɤɬɨɪɨɦ ɫɢɝɧɚɥɚ  ɩɨɜɺɪɧɭɬɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɭɦɧɨɠɟɧɢɹ ɧɚ ɩɨɜɨɪɚɱɢɜɚɸɳɢɣ ɦɧɨɠɢɬɟɥɶ . 

1.4. Ʌɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ 

Ʌɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ – ɷɬɨ ɫɢɫɬɟɦɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɫɜɨɣɫɬɜɚɦ ɚɞɞɢɬɢɜɧɨɫɬɢ 
ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ (ɪɢɫ. 1). 

Ɏɨɪɦɚɥɶɧɨ ɡɚɩɢɫɚɬɶ ɫɜɨɣɫɬɜɚ ɥɢɧɟɣɧɨɫɬɢ ɦɨɠɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
Ⱥɞɞɢɬɢɜɧɨɫɬɶ: 

                              ,  (42) 

ɢɥɢ ɜ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɮɨɪɦɟ: 
                                ,   (43) 
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ɝɞɟ (*) – ɨɩɟɪɚɰɢɹ ɫɜɺɪɬɤɢ (ɨ ɧɟɣ  ɞɚɥɟɟ),  – ɫɨɛɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɫɢɫɬɟɦɵ, ɧɚɡɵɜɚɟɦɚɹ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ,  ɢ  – ɜɯɨɞɧɵɟ 
ɫɢɝɧɚɥɵ. ɋɢɝɧɚɥ, ɜɯɨɞɹɳɢɣ ɜ ɥɢɧɟɣɧɭɸ ɫɢɫɬɟɦɭ, ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɜɨɡɦɭɳɚɸɳɢɦ 

ɫɢɝɧɚɥɨɦ (ɜɨɡɦɭɳɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ), ɚ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ – ɨɬɤɥɢɤɨɦ ɥɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦɵ.  

Ɉɞɧɨɪɨɞɧɨɫɬɶ: 
                                               ,    (44) 

ɢɥɢ ɜ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɮɨɪɦɟ: 
                                               ,    (45) 

ɝɞɟ c – ɤɨɧɫɬɚɧɬɚ,  – ɜɨɡɦɭɳɚɸɳɢɣ ɫɢɝɧɚɥ.  
Ʌɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ ɩɨɥɧɨɫɬɶɸ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɨ ɜɪɟɦɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ , ɚ ɜ ɨɩɟɪɚɰɢɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ – 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɢɞɨɦ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ: 
 – ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ8

,  – ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ9
,  – 

ɞɥɹ z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɬ. ɞ. 

 
Ɋɢɫɭɧɨɤ 1. Ȼɥɨɤ ɫɯɟɦɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɜɨɣɫɬɜ ɚɞɞɢɬɢɜɧɨɫɬɢ (ɚ.)  

ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ (ɛ.) 

 

Ɉɛɨɛɳɟɧɢɟ ɫɜɨɣɫɬɜ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 
,    (46) 

ɢɥɢ 

,  (47) 

ɝɞɟ  – ɩɨɫɬɨɹɧɧɵɟ ɦɧɨɠɢɬɟɥɢ. 

                                                             
8

 ɀɚɧ-Ȼɚɬɢɫɬ ɀɨɡɟɮ Ɏɭɪɶɟ (21 ɦɚɪɬɚ 1768 – 16 ɦɚɹ 1830), ɮɪɚɧɰɭɡɫɤɢɣ ɦɚɬɟɦɚɬɢɤ ɢ ɮɢɡɢɤ, ɨɞɢɧ ɢɡ 
ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɜ ɧɚɩɪɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɤɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 
9
 ɉɶɟɪ-ɋɢɦɨɧ, ɦɚɪɤɢɡ ɞɟ Ʌɚɩɥɚɫ (23 ɦɚɪɬɚ 1749 – 5 ɦɚɪɬɚ 1827) – ɮɪɚɧɰɭɡɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɦɟɯɚɧɢɤ, ɮɢɡɢɤ ɢ 

ɚɫɬɪɨɧɨɦ; ɢɡɜɟɫɬɟɧ ɪɚɛɨɬɚɦɢ ɜ ɨɛɥɚɫɬɢ ɧɟɛɟɫɧɨɣ ɦɟɯɚɧɢɤɢ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɞɢɧ ɢɡ ɫɨɡɞɚɬɟɥɟɣ 
ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ. Ɂɚɫɥɭɝɢ Ʌɚɩɥɚɫɚ ɜ ɨɛɥɚɫɬɢ ɱɢɫɬɨɣ ɢ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢ ɨɫɨɛɟɧɧɨ ɜ ɚɫɬɪɨɧɨɦɢɢ 
ɝɪɨɦɚɞɧɵ: ɨɧ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥ ɩɨɱɬɢ ɜɫɟ ɪɚɡɞɟɥɵ ɷɬɢɯ ɧɚɭɤ. 

x1(t) c 

. . 

h(t) 
y(t) 

+1 
x2(t) 

h(t) 
x1(t) 

y(t) 
+1 

x2(t) 
h(t) 

h(t) 
y(t) 

×1 

x(t) 

h(t) 

y(t) 

×1 x(t) 

c 
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1.5. ɋɜɺɪɬɤɚ ɢ ɤɨɪɪɟɥɹɰɢɹ 

  
Ɋɢɫɭɧɨɤ 2. ɚ. – ɚɧɚɥɨɝɨɜɚɹ ɫɢɫɬɟɦɚ; ɛ. – ɰɢɮɪɨɜɚɹ ɫɢɫɬɟɦɚ 

 

Ⱦɥɹ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɪɟɦɟɧɢ (ɪɢɫ. 2, ɚ.) ɩɭɫɬɶ x(t) ɟɫɬɶ 
ɜɯɨɞɹɳɢɣ ɫɢɝɧɚɥ, h(t) – ɫɨɛɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɢɫɬɟɦɵ, ɧɚɡɵɜɚɟɦɚɹ 
ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɬɨɝɞɚ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ y(t), ɤɨɬɨɪɵɣ ɬɚɤɠɟ 
ɧɚɡɵɜɚɸɬ ɨɬɤɥɢɤɨɦ ɫɢɫɬɟɦɵ ɧɚ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɨɩɟɪɚɰɢɸ 
ɫɜɟɪɬɤɢ: 

 

                                   ,                                     (48) 

ɝɞɟ ɫɢɦɜɨɥ (*) ɹɜɥɹɟɬɫɹ ɤɨɦɩɚɤɬɧɵɦ ɨɛɨɡɧɚɱɟɧɢɟɦ ɨɩɟɪɚɰɢɢ ɫɜɺɪɬɤɚ. 
ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɤɚɡɭɚɥɶɧɨɣ ɢɥɢ ɩɪɢɱɢɧɧɨɣ, ɬ.ɟ. ɜɵɯɨɞ ɬɚɤɨɣ 

ɫɢɫɬɟɦɵ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɨɲɟɞɲɟɝɨ ɜɪɟɦɟɧɢ, ɧɨ ɧɟ ɡɚɜɢɫɢɬ 
ɨɬ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɛɭɞɭɳɟɝɨ ɜɪɟɦɟɧɢ, ɬɨ ɭɪɚɜɧɟɧɢɟ (48) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

                                  

                                 .                                               (49) 

Ⱦɥɹ ɞɢɫɤɪɟɬɧɨɣ ɧɟɤɚɡɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ. 2, ɛ.) ɭɪɚɜɧɟɧɢɟ ɫɜɺɪɬɤɢ ɛɭɞɟɬ 
ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

      

                                            ,                                         (50) 

ɞɥɹ ɞɢɫɤɪɟɬɧɨɣ ɤɚɡɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ: 
                       

                                                 .                                         (51) 

ȼ ɪɟɚɥɶɧɵɯ ɞɢɫɤɪɟɬɧɵɯ ɫɢɫɬɟɦɚɯ ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ ɜɯɨɞɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ x[nЖ ɢ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ h[nЖ ɨɛɵɱɧɨ ɨɝɪɚɧɢɱɟɧɨ, 
ɩɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ ɫɜɺɪɬɤɢ (51) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

                                           ,                              (52) 

ɝɞɟ M – ɞɥɢɧɚ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ h[nЖ, ɩɪɢ ɷɬɨɦ ɟɫɥɢ ɞɥɢɧɚ ɜɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ) x[nЖ ɫɨɫɬɚɜɥɹɟɬ N ɨɬɫɱɺɬɨɜ, ɬɨ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ 
ɛɭɞɟɬ ɢɦɟɬɶ ɞɥɢɧɭ N+M–1 ɨɬɫɱɺɬɨɜ. 

Ɉɩɟɪɚɰɢɹ ɫɜɺɪɬɤɢ ɢɦɟɟɬ ɪɹɞ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɚɧɵ ɧɢɠɟ ɞɥɹ ɫɢɝɧɚɥɨɜ 
x1(t), x2(t) ɢ x3(t) ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ.  

 ɤɨɦɦɭɬɚɬɢɜɧɨɫɬɶ: 
;     (53) 

h(t) 

x(t) y(t) 

. 

h[n] 

x[n] y[n] 

. 
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 ɚɫɫɨɰɢɚɬɢɜɧɨɫɬɶ: 
                                   ;                  (54) 

 ɞɢɫɬɪɢɛɭɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɟɪɚɰɢɢ ɫɥɨɠɟɧɢɹ ɫɢɝɧɚɥɨɜ 

(ɷɤɜɢɜɚɥɟɧɬ ɚɞɞɢɬɢɜɧɨɫɬɢ): 
                                   ;                           (55) 

 ɞɢɫɬɪɢɛɭɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ: 
                             .                      (56) 

Ɉɩɟɪɚɰɢɹ ɫɜɺɪɬɤɢ ɪɟɚɥɢɡɭɟɬ ɥɢɧɟɣɧɭɸ ɫɢɫɬɟɦɭ, ɩɨɷɬɨɦɭ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɫɜɨɣɫɬɜɚɦ ɚɞɞɢɬɢɜɧɨɫɬɢ: 

                            ;                                (57) 

ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ: 
                                          ,           (58) 

ɝɞɟ c1, c2 – ɤɨɧɫɬɚɧɬɵ. 
ɋɭɳɟɫɬɜɟɧɧɨɣ ɨɩɟɪɚɰɢɟɣ ɜ ɬɟɨɪɢɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɜɡɚɢɦɧɨ 

ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ (ȼɄɎ) ɢɥɢ ɤɪɚɬɤɨ ɤɨɪɪɟɥɹɰɢɹ. Ʉɨɪɪɟɥɹɰɢɹ  ɷɬɨ 
ɮɭɧɤɰɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɞɜɭɦɹ ɫɢɝɧɚɥɚɦɢ, ɬ.ɟ. 
ɤɨɪɪɟɥɹɰɢɹ  ɷɬɨ ɦɟɪɚ ɩɨɞɨɛɢɹ. Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɺɬɚ ɤɨɪɪɟɥɹɰɢɢ, 
ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɫɯɨɞɫɬɜɨ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ x1(t) ɢ  x2(t): 

         

   ,      (59) 

ɝɞɟ  – ɤɪɚɬɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ, x*
(t) – ɮɭɧɤɰɢɹ, ɡɧɚɱɟɧɢɹ 

ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɵɦɢ ɤ ɡɧɚɱɟɧɢɹɦ ɮɭɧɤɰɢɢ  x(t). 

Ʉɨɪɪɟɥɹɰɢɸ ɞɢɫɤɪɟɬɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ x1[nЖ ɢ x2[nЖ ɦɨɠɧɨ 

ɜɵɱɢɫɥɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
                                .                             (60) 

ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɞɥɢɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ x1[nЖ ɫɨɫɬɚɜɥɹɟɬ N ɨɬɫɱɺɬɨɜ, ɚ 
ɞɥɢɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ x2[nЖ ɫɨɫɬɚɜɥɹɟɬ K ɨɬɫɱɺɬɨɜ, ɬɨ ɞɥɢɧɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ s[nЖ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɢ, ɫɨɫɬɚɜɢɬ N+K–1, ɚ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɺɬɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ Д24Ж 

                            .                  (61) 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɨɩɟɪɚɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɤɨɦɩɥɟɤɫɧɨɟ 
ɫɨɩɪɹɠɟɧɢɟ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɚɪɝɭɦɟɧɬɚ, ɬɨ ɪɚɡɥɢɱɧɵɣ ɩɨɪɹɞɨɤ ɡɚɩɢɫɢ ɚɪɝɭɦɟɧɬɨɜ 
ɛɭɞɟɬ ɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɬ.ɟ. ɤɨɦɦɭɬɚɬɢɜɧɨɫɬɶ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ɉɩɟɪɚɰɢɹ ɤɨɪɪɟɥɹɰɢɢ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɚɧɵ ɧɢɠɟ ɞɥɹ 
ɫɢɝɧɚɥɨɜ x1(t), x2(t) ɢ x3(t) ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ: 

 ɤɨɦɦɭɬɚɬɢɜɧɨɫɬɶ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ: 
                                                         ;                 (62) 

 ɚɫɫɨɰɢɚɬɢɜɧɨɫɬɶ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ: 
                                                    ;           (63) 
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 ɞɢɫɬɪɢɛɭɬɢɜɧɨɫɬɶ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɟɪɚɰɢɢ ɫɥɨɠɟɧɢɹ ɫɢɝɧɚɥɨɜ: 
                                         ;                       (64) 

 ɞɢɫɬɪɢɛɭɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ ɫɢɝɧɚɥɨɜ, ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ: 
                                            .                               (65) 

Ⱦɥɹ ɤɨɪɪɟɥɹɰɢɢ ɫɩɪɚɜɟɞɥɢɜɨ ɫɥɟɞɭɸɳɟɟ ɫɜɨɣɫɬɜɨ: 
                                              ,             (66) 

ɝɞɟ (–t) ɨɡɧɚɱɚɟɬ ɨɛɪɚɬɧɨɟ ɫɥɟɞɨɜɚɧɢɟ ɚɪɝɭɦɟɧɬɚ, ɬ.ɟ. ɮɚɤɬɢɱɟɫɤɢ ɩɟɪɟɜɨɪɚɱɢɜɚɧɢɟ 
ɪɹɞɚ ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɭɧɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɭɥɟɜɨɝɨ (ɞɥɹ ɞɢɫɤɪɟɬɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ  ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɝɨ) ɨɬɫɱɺɬɚ. ɂɫɩɨɥɶɡɭɹ ɫɜɨɣɫɬɜɚ 

ɤɨɪɪɟɥɹɰɢɢ ɢ ɫɜɺɪɬɤɢ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɹ, ɫɜɹɡɵɜɚɸɳɢɟ ɫɜɺɪɬɤɭ ɢ 
ɤɨɪɪɟɥɹɰɢɸ: 

                                                            ,     (67) 

ɢ 
                                                                 .    (68) 

Ʉɨɪɪɟɥɹɰɢɹ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɨɩɟɪɚɰɢɣ, ɬɚɤ ɤɚɤ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɜɨɣɫɬɜɭ 
ɚɞɞɢɬɢɜɧɨɫɬɢ: 

                                                            ;                                         (69) 

ɢ ɫɜɨɣɫɬɜɭ ɨɞɧɨɪɨɞɧɨɫɬɢ: 
                                                     .                     

(70) 

Ɉɫɨɛɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɨɩɟɪɚɰɢɢ ɤɨɪɪɟɥɹɰɢɹ ɹɜɥɹɟɬɫɹ ɪɚɫɱɺɬ ɤɨɪɪɟɥɹɰɢɢ 
ɫɢɝɧɚɥɚ ɫ ɫɚɦɢɦ ɫɨɛɨɣ, ɬ.ɟ. ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ ɢɥɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ 

(ȺɄɎ): 
                                                      ,                     (71) 

ɨɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɜ ɮɨɪɦɭɥɟ ɤɨɪɪɟɥɹɰɢɢ 
ɰɟɧɬɪɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ȺɄɎ ɜɫɟɝɞɚ ɛɭɞɟɬ ɜɟɳɟɫɬɜɟɧɧɵɦ ɱɢɫɥɨɦ. 

1.6. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 

ȼ ɨɛɪɚɛɨɬɤɟ ɫɢɝɧɚɥɨɜ, ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, 
ɬɟɨɪɢɢ ɤɨɥɟɛɚɧɢɣ ɢ ɞɪɭɝɢɯ ɞɢɫɰɢɩɥɢɧɚɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɨɩɟɪɚɬɨɪɧɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɨɩɟɪɚɬɨɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ  ɷɬɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɢ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʉɚɪɫɨɧɚ-ɏɟɜɢɫɚɣɞɚ. Ɉɩɟɪɚɬɨɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ 
ɨɬɨɛɪɚɡɢɬɶ ɫɢɝɧɚɥ ɢɡ ɜɪɟɦɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɢɥɢ ɥɸɛɨɝɨ ɢɧɨɝɨ) ɜ ɨɩɟɪɚɬɨɪɧɨɟ 

ɩɪɨɫɬɪɚɧɫɬɜɨ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɫɢɝɧɚɥ, ɩɨɥɭɱɟɧɧɵɣ ɮɭɧɤɰɢɟɣ 
 ɜɨ ɜɪɟɦɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɭɸ ɩɪɨɬɹɠɺɧɧɨɫɬɶ, ɬɨ ɜ 

ɨɩɟɪɚɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɨɛɪɚɡ ɫɢɝɧɚɥɚ  ɢɦɟɟɬ 
ɧɭɥɟɜɭɸ ɩɪɨɬɹɠɺɧɧɨɫɬɶ. ɇɚ ɷɬɨɦ ɫɜɨɣɫɬɜɟ ɨɩɟɪɚɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
ɛɚɡɢɪɭɸɬɫɹ ɨɩɟɪɚɬɨɪɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɝɞɚ 
ɫɢɫɬɟɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɭɬɺɦ ɨɩɟɪɚɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
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ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ⱦɪɭɝɢɦɢ ɡɚɦɟɱɚɬɟɥɶɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɨɩɟɪɚɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: 
ɚɧɚɥɢɡ ɫɢɫɬɟɦ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɦɨɳɢ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ;  ɚɧɚɥɢɡ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ 
ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɨɜ ɫɢɝɧɚɥɨɜ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɫɢɫɬɟɦɭ; ɫɢɧɬɟɡ ɢ ɚɧɚɥɢɡ 
ɮɢɥɶɬɪɨɜ ɢ ɩɪ. 

ɉɪɹɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ Д18Ж ɞɥɹ ɜɟɳɟɫɬɜɟɧɧɵɯ ɧɟɩɪɟɪɵɜɧɵɯ 
ɮɭɧɤɰɢɣ (ɫɢɝɧɚɥɨɜ), ɜɵɪɚɠɟɧɧɨɟ ɱɟɪɟɡ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɢɦɟɟɬ ɜɢɞ: 

                                                  ,                (72) 

ɝɞɟ ,  – ɱɥɟɧɵ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɪɹɞɚ ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɹɞɚ Ɏɭɪɶɟ; k = 

0,1,2,…;  – ɮɭɧɤɰɢɹ (ɫɢɝɧɚɥ), ɪɚɫɤɥɚɞɵɜɚɟɦɚɹ ɜ ɪɹɞ Ɏɭɪɶɟ. ɉɪɹɦɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɩɨɫɬɪɨɟɧɨ ɧɚ ɨɫɧɨɜɟ ɜɵɱɢɫɥɟɧɢɹ ɤɨɪɪɟɥɹɰɢɢ ɧɟɤɨɬɨɪɨɣ 
ɮɭɧɤɰɢɢ (ɫɢɝɧɚɥɚ)  ɫ ɩɚɪɚɦɢ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ. 

Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɚɪɵ ɫ ɩɪɹɦɵɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ (1.4.1) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

                                   .                    (73) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɱɢɫɥɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (72) ɨɫɧɨɜɚɧɨ ɧɚ 
ɪɚɫɱɺɬɟ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ x(t) ɢ ɝɚɪɦɨɧɢɱɟɫɤɢɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ, ɩɪɢɱɟɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɰɟɧɬɪɚɥɶɧɵɣ ɷɥɟɦɟɧɬ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ. 

ȼɵɪɚɠɟɧɢɹ (72) ɢ (73) ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɞɥɹ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɫɢɝɧɚɥɨɜ. ȿɫɥɢ ɫɢɝɧɚɥ x(t) ɢɦɟɟɬ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ, 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɤɨɦɩɥɟɤɫɧɵɯ ɫɢɝɧɚɥɨɜ: 

                                    ,   (74) 

ɝɞɟ j – ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ, ɬ.ɟ. j
2
 = –1;  – ɤɨɦɩɥɟɤɫɧɵɣ ɱɚɫɬɨɬɧɵɣ ɨɛɪɚɡ ɢɥɢ 

Ɏɭɪɶɟ-ɨɛɪɚɡ ɫɢɝɧɚɥɚ x(t); ɦɢɧɭɫ ɩɟɪɟɞ ɮɭɧɤɰɢɟɣ ЬТЧ(…) ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɩɪɢ ɪɚɫɱɺɬɟ ɤɨɪɪɟɥɹɰɢɢ. 

ɂɧɬɟɪɟɫɧɨ ɩɪɨɧɚɛɥɸɞɚɬɶ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫ ɧɨɪɦɢɪɭɸɳɢɦɢ ɦɧɨɠɢɬɟɥɹɦɢ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɟɳɟɫɬɜɟɧɧɨɣ ɮɨɪɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɤ ɤɨɦɩɥɟɤɫɧɨɣ. Ⱦɥɹ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɩɨɥɭɱɢɦ: 

                                           .     (75) 

Ⱦɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɩɚɪɵ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɩɨɥɭɱɢɦ: 

     

                                             .                                                   (76) 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɨɝɨ, ɱɬɨ ɜ ɜɵɪɚɠɟɧɢɹɯ (72) – (74) ɧɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɬɨɥɶɤɨ ɩɪɢ ɨɛɪɚɬɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ, ɩɨɥɭɱɚɟɦ ɧɨɪɦɢɪɭɸɳɢɟ ɦɧɨɠɢɬɟɥɢ: 

 – ɞɥɹ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ;  – ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. Ⱦɥɹ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ  ɜɟɳɟɫɬɜɟɧɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɨɪɦɢɪɭɸɳɢɣ 

ɦɧɨɠɢɬɟɥɶ ɪɚɜɟɧ . 

Ⱦɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɟɪɢɨɞɚ  ɡɚɩɢɲɟɦ ɩɚɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ɏɭɪɶɟ 
ɤɨɦɩɥɟɤɫɧɵɯ ɫɢɝɧɚɥɨɜ: 

                     .                (77) 

ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ ɗɣɥɟɪɚ, ɜɵɪɚɠɚɸɳɟɟ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɱɟɪɟɡ 
ɷɤɫɩɨɧɟɧɬɭ: 

                                                       ;          (78) 

ɝɞɟ  – ɦɨɞɭɥɶ ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ,  – ɭɝɨɥ ɩɨɜɨɪɨɬɚ, ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ 
ɞɥɹ ɩɚɪɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ: 

                                                         ,     (79) 

ɝɞɟ  – ɨɩɟɪɚɬɨɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ,  – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɱɚɫɬɨ ɜɦɟɫɬɨ ɨɛɨɡɧɚɱɟɧɢɹ  ɢɫɩɨɥɶɡɭɸɬ  ɩɪɢ 

, ɩɪɢ ɬɚɤɨɦ ɨɛɨɡɧɚɱɟɧɢɢ ɩɨɥɭɱɟɧɧɵɣ ɪɹɞ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɱɥɟɧɨɜ 

 ɦɨɠɟɬ ɢɦɟɬɶ ɧɟɰɟɥɨɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɨɜ, ɫɨɨɬɜɟɫɬɜɭɸɳɢɟ 

ɤɪɭɝɨɜɨɣ ɱɚɫɬɨɬɟ . Ɏɚɤɬɢɱɟɫɤɢ ɞɥɹ ɧɭɦɟɪɚɰɢɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɱɥɟɧɨɜ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɡɦɟɧɹɸɳɢɣɫɹ ɤɨɦɩɨɧɟɧɬ  ɚɪɝɭɦɟɧɬɚ , ɩɨɷɬɨɦɭ ɡɚɩɢɫɶ 
 ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɷɤɜɢɜɚɥɟɧɬɧɨɣ . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɩɢɫɶ  ɜɵɪɚɠɚɟɬ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬ ɪɟɚɥɶɧɨɣ 
ɤɪɭɝɨɜɨɣ ɱɚɫɬɨɬɵ, ɚ ɡɚɩɢɫɶ  ɜɵɪɚɠɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬ ɭɫɥɨɜɧɨɝɨ ɧɨɦɟɪɚ ɝɚɪɦɨɧɢɤɢ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɤɪɭɝɨɜɨɣ ɱɚɫɬɨɬɨɣ 
ɱɟɪɟɡ ɜɵɪɚɠɟɧɢɟ . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɠɟɧɢɟ (79) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

                                                         .     (80) 

ɍɱɢɬɵɜɚɹ ɮɚɤɬɢɱɟɫɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 
ɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɬ.ɟ. ɩɪɢ ɢɡɦɟɧɟɧɢɢ k = … –2,   –1, 0, 1, 2, …,  ɩɚɪɭ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (80) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɟ: 
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                                                     .     (81) 

Ɏɨɪɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɭɱɢɬɵɜɚɸɳɚɹ ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɚɫɬɨɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ 
ɉɚɪɫɟɜɚɥɹ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

                                                    .          (82) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢɪɚɳɟɧɢɟ ɱɚɫɬɨɬɵ ɜ ɫɩɟɤɬɪɟ ɫɢɝɧɚɥɚ ɛɭɞɟɬ , ɩɪɢ 

ɭɫɬɪɟɦɥɟɧɢɢ  ɩɨɥɭɱɢɦ T= , ɩɪɢ ɷɬɨɦ ɞɢɫɤɪɟɬɧɨ 

ɢɡɦɟɧɹɸɳɟɟɫɹ ɦɧɨɠɟɫɬɜɨ ɡɧɚɱɟɧɢɣ  ɩɟɪɟɣɞɺɬ ɜ ɧɟɩɪɟɪɵɜɧɭɸ ɱɚɫɬɨɬɭ , 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɩɟɤɬɪɚ ɛɭɞɟɬ ɢɦɟɬɶ 
ɜɢɞ: 

                                                       .    (83) 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɨɛɪɚɡɭɸɳɢɟ ɩɚɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, 

ɩɪɢɧɹɬɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɬɚɤ: 

– ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɜɪɟɦɟɧɢ; 
– ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɢ; 
– ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɩɟɤɬɪɚ; 
– ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɩɟɤɬɪɚ. 
ȼɵɪɚɠɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ ɱɟɪɟɡ ɩɚɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Ɏɭɪɶɟ: 

                                                            .   (84) 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ ɱɟɪɟɡ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ Д25Ж ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ɋ ɭɱɺɬɨɦ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɫɨɩɪɹɠɟɧɢɹ, ɩɪɢ ɪɚɫɱɺɬɟ ɤɨɪɪɟɥɹɰɢɢ ɜ ɩɪɹɦɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ, ɛɥɚɝɨɞɚɪɹ 
ɩɨɜɨɪɚɱɢɜɚɸɳɟɦɭ ɦɧɨɠɢɬɟɥɸ , -ɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ – -ɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɚ – -ɧɵɟ – ɜ -ɧɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ; ɦɧɨɠɢɬɟɥɶ  (ɢɥɢ ) ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɭɸ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ (ɫɤɨɪɨɫɬɶ ɩɪɢɪɚɳɟɧɢɹ) ɮɭɧɤɰɢɢ, ɬ.ɟ. 
ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫ ɪɨɫɬɨɦ ɱɚɫɬɨɬɵ ɜɨɡɪɚɫɬɚɟɬ 
ɦɧɨɠɢɬɟɥɶ , ɩɪɢɱɺɦ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɦɧɨɠɢɬɟɥɶ   ɩɨɥɨɠɢɬɟɥɟɧ, ɚ 
ɞɥɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɦɧɨɠɢɬɟɥɶ  ɨɬɪɢɰɚɬɟɥɟɧ; ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ , 

ɫɨɨɬɜɟɫɬɜɭɸɳɢɣ ɩɨɪɹɞɤɭ ɩɪɨɢɡɜɨɞɧɨɣ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɨɨɬɜɟɫɬɭɸɳɟɟ ɢɡɦɟɧɟɧɢɟ 
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ɩɨɜɨɪɚɱɢɜɚɸɳɟɝɨ ɦɧɨɠɢɬɟɥɹ  ɢ ɤɪɭɝɨɜɨɣ ɱɚɫɬɨɬɵ . ȼ ɩɪɢɥɨɠɟɧɢɢ (ɥɢɫɬɢɧɝ 2.2) 
ɢɦɟɟɬɫɹ ɮɭɧɤɰɢɹ ЦТИНТППИППЭ(), ɜɵɱɢɫɥɹɸɳɚɹ ɩɪɨɢɡɜɨɞɧɭɸ ɱɟɪɟɡ ɛɵɫɬɪɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɢ ЦТИНТППИППЭ() ɩɪɢɜɟɞɺɧ ɜ 
ɩɪɨɝɪɚɦɦɟ (ɥɢɫɬɢɧɝ 1.1). ȼ ɷɬɨɦ ɩɪɢɦɟɪɟ (ɥɢɫɬɢɧɝ 1.1) ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɟ 
ɛɢɛɥɢɨɬɟɱɧɵɟ ɮɭɧɤɰɢɢ MatLab ɜɵɱɢɫɥɟɧɢɹ ɫɢɝɧɚɥɚ ɫɨ ɫɥɭɱɚɣɧɵɦ ɫɩɟɤɬɪɨɦ ɜ 
ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ЦТИЬТРЧШТЬО() (ɥɢɫɬɢɧɝ 2.12) ɢ ɮɭɧɤɰɢɹ mi_diff() (ɥɢɫɬɢɧɝ 2.1) 
ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ ɞɥɹ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, ɷɬɢ ɮɭɧɤɰɢɢ ɬɚɤɠɟ ɦɨɠɧɨ 
ɧɚɣɬɢ ɜ ɩɪɢɥɨɠɟɧɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɪɢɥɨɠɟɧɢɢ ɢɦɟɟɬɫɹ ɪɹɞ ɞɪɭɝɢɯ ɮɭɧɤɰɢɣ, 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɝɪɚɦɦɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 
 

Ʌɢɫɬɢɧɝ 1.1. ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, MatLab 
%%  ɩɪɢɦɟɪ ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ 
%% =========================================================== 
clОar all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
closО all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% ɫɢɧɬɟɡ ɫɢɝɧɚɥɚ 
Fl = 1;         % ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Fu = 12;        % ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ; 
Nc = 64;        % ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
sx = mi_signoise( Fl, Fu, Nc, 1, 2 );  % ɜɟɤɬɨɪ ɫɢɝɧɚɥɚ 
% ɚɪɝɭɦɟɧɬ ɫɢɝɧɚɥɚ (ɜɪɟɦɹ, ɫ*ɪɚɞ) 
st = linspace(-pi*Nc, pi*Nc, Nc);  
 
%% ɨɬɵɫɤɚɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ  
dfftsx = mi_diff_fft(sx); 
dsx = mi_diff(sx); 
%% =========================================================== 

 

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɺɧ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1). ɉɨ ɨɫɢ 
ɚɛɫɰɢɫɫ ɨɬɥɨɠɟɧɨ ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɜɪɟɦɹ  ɜ ɟɞɢɧɢɰɚɯ ɭɫɥɨɜɧɨɝɨ 
ɜɪɟɦɟɧɢ ɫ·ɪɚɞ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ  ɚɦɩɥɢɬɭɞɚ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ (ɭ.ɟ.). ɇɟɤɨɬɨɪɵɣ 
ɫɞɜɢɝ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɩɪɢ 
ɩɨɦɨɳɢ ɪɚɡɧɨɫɬɢ ɫɞɜɢɧɭɬɨɝɨ ɢ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɫɞɜɢɝɚ 
ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧɨɣ ɩɪɢ ɩɨɦɨɳɢ ɫɞɜɢɝɚ. 
Ɏɚɤɬɢɱɟɫɤɚɹ ɞɢɫɬɚɧɰɢɹ ɫɞɜɢɝɚ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɫ ɩɨɦɨɳɶɸ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɧɨɫɬɢ ɫɞɜɢɧɭɬɨɝɨ ɢ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, 
ɫɨɫɬɚɜɥɹɟɬ ɩɨɥɨɜɢɧɭ ɨɬɫɱɺɬɚ. ɇɚɩɪɚɜɥɟɧɢɟ ɫɞɜɢɝɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɫɞɜɢɝɨɦ 
ɫɢɝɧɚɥɚ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧɨɣ, ɮɭɧɤɰɢɹ mi_diff_rep() ɞɚɺɬ ɫɞɜɢɝ 
ɩɪɨɢɡɜɨɞɧɨɣ ɧɚ ɩɨɥɨɜɢɧɭ ɨɬɫɱɺɬɚ ɜɥɟɜɨ. ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ ɫ ɩɨɦɨɳɶɸ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɨɢɡɜɨɞɧɭɸ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɛɟɡ 
ɫɞɜɢɝɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
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Ɋɢɫɭɧɨɤ 3. ɉɪɨɢɡɜɨɞɧɚɹ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤɰɢɢ, ɜɵɱɢɫɥɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (dfftsx) ɢ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɧɨɫɬɢ ɫɞɜɢɧɭɬɨɝɨ ɢ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ (dsx) 

 

ɉɚɪɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɞɢɫɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɢ ɞɥɹ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ 
x[mЖ ɞɥɢɧɨɣ N ɨɬɫɱɺɬɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

                                                            ,     (85) 

ɝɞɟ  – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ k-ɨɣ ɝɚɪɦɨɧɢɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɷɥɟɦɟɧɬ ɤɪɭɝɨɜɨɣ ɱɚɫɬɨɬɵ, ɧɚɩɪɢɦɟɪ ɩɪɢ , ɛɭɞɟɬ ɢɦɟɬɶ ɡɧɚɱɟɧɢɟ , ɱɬɨ 

ɧɚ  ɦɟɧɶɲɟ , ɬ.ɟ. , ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɰɢɤɥɢɱɧɨɫɬɶɸ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɢɥɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ , ɬ.ɟ. ɞɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜ ɬɨɱɤɟ, ɝɞɟ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ  ɧɚɱɢɧɚɟɬɫɹ ɫɩɟɤɬɪ 
ɞɪɭɝɨɝɨ ɛɨɥɟɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɫɢɝɧɚɥɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɬɨɱɤɟ  

ɧɚɱɢɧɚɟɬɫɹ ɢɧɬɟɪɜɚɥ ɫɥɟɞɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɢ ɩɨɷɬɨɦɭ ɜ ɪɚɫɱɺɬ ɩɪɟɞɵɞɭɳɟɝɨ ɧɟ 
ɜɯɨɞɢɬ. 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɨɬɫɱɺɬɚ ɪɚɜɧɚ , ɝɞɟ  – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɚ, 
 – ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ ɧɚ ɢɧɬɟɪɜɚɥ , ɩɪɢ ɷɬɨɦ, ɤɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɩɨɫɥɟɞɧɢɣ 

ɨɬɫɱɺɬ ɮɨɪɦɚɥɶɧɨ ɨɬɧɨɫɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ ɢɧɬɟɪɜɚɥɭ, ɚ ɧɭɦɟɪɚɰɢɹ ɨɬɫɱɺɬɨɜ 
ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɭɥɹ (ɡɚɦɟɬɢɦ, ɱɬɨ ɜ ɧɟɤɨɬɨɪɵɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 
ɧɚɩɪɢɦɟɪ, MatLab, ɢɧɞɟɤɫɚɰɢɹ ɦɚɫɫɢɜɨɜ ɧɚɱɢɧɚɟɬɫɹ ɫ ɟɞɢɧɢɰɵ). ɑɚɫɬɨɬɭ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɤ . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɚɫɬɨɬɚ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɨɬɫɱɺɬɚ  ɜɡɚɢɦɨɨɛɪɚɬɧɵɟ ɜɟɥɢɱɢɧɵ: 
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. ȼɜɟɞɺɦ ɩɨɧɹɬɢɟ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɜɪɟɦɟɧɢ ɤɚɤ ɨɬɧɨɲɟɧɢɹ ɬɟɤɭɳɟɝɨ 

ɜɪɟɦɟɧɢ ɤ ɞɥɢɬɟɥɶɧɨɫɬɢ ɨɞɧɨɝɨ ɨɬɫɱɺɬɚ: . ɇɨɪɦɢɪɨɜɚɧɧɚɹ 
ɱɚɫɬɨɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɬɟɤɭɳɟɣ ɱɚɫɬɨɬɵ ɤ ɱɚɫɬɨɬɟ ɞɟɫɤɪɟɬɢɡɚɰɢɢ: 

. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɜɵɪɚɠɟɧɢɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ 

ɬɟɤɭɳɢɯ ɢ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɪɟɦɟɧɢ ɢ ɱɚɫɬɨɬɵ: . ȼ ɫɥɭɱɚɟ ɟɫɥɢ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɤɪɭɝɨɜɭɸ ɱɚɫɬɨɬɭ, ɩɪɢɦɟɧɹɸɬ 
ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ: . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɭɥɶ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɱɚɫɬɨɬɵ ɩɪɢɧɚɞɥɟɠɚɬ ɞɢɚɩɚɡɨɧɭ:   ɢ . 

ȿɫɥɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜ ɫɩɟɤɬɪɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɫɨɫɬɚɜɥɹɟɬ  Ƚɰ 
(ɭɫɥɨɜɧɵɯ), ɬɨ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ  ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɨɬɫɱɺɬɚɦɢ ɪɚɜɟɧ ɨɞɧɨɣ 
(ɭɫɥɨɜɧɨɣ) ɫɟɤɭɧɞɟ ɢɥɢ , ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɢɨɞ ɜɫɟɝɨ ɫɢɝɧɚɥɚ  ɛɭɞɟɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶ ɢɧɬɟɪɜɚɥ  ɢɥɢ  “ɭɫɥɨɜɧɵɯ ɫɟɤɭɧɞ”, ɭɦɧɨɠɟɧɧɵɯ 
ɧɚ ɪɚɞɢɚɧ (ɫ·ɪɚɞ), ɜ ɫɢɥɭ ɰɢɤɥɢɱɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɩɪɚɜɚɹ ɝɪɚɧɢɰɚ ɧɟ 
ɜɯɨɞɢɬ ɜ ɩɟɪɢɨɞ ɫɢɝɧɚɥɚ . 

ȼɟɥɢɱɢɧɚ ɩɪɢɪɚɳɟɧɢɹ ɱɚɫɬɨɬɵ ɜ ɞɢɫɤɪɟɬɧɨɦ ɫɩɟɤɬɪɟ ɫɢɝɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɦ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɛɭɞɟɬ ɢɦɟɬɶ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɩɟɪɜɨɣ 
ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɷɬɨɦ ɫɩɟɤɬɪɟ, ɬ.ɟ. . ɍɱɢɬɵɜɚɹ, ɱɬɨ 

 ɢ , ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: . 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɜɵɪɚɠɟɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɚɠɧɵɟ 
ɜɵɜɨɞɵ. ɉɪɢ ɧɟɢɡɦɟɧɧɨɦ ɱɢɫɥɟ ɨɬɫɱɺɬɨɜ ɪɚɫɲɢɪɟɧɢɟ ɢɧɬɟɪɜɚɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɱɚɫɬɨɬɟ  ɢ 
ɭɦɟɧɶɲɢɬɶ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɜɪɟɦɟɧɢ , ɱɚɫɬɨɬɭ ɞɟɫɤɪɟɬɢɡɚɰɢɢ  ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɱɚɫɬɨɬɭ  ɜ ɫɨɫɬɚɜɟ ɫɩɟɤɬɪɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. Ɋɚɫɲɢɪɟɧɢɟ ɢɧɬɟɪɜɚɥɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɨɛɵɱɧɨ ɩɪɨɢɡɜɨɞɹɬ ɡɚ ɫɱɺɬ ɞɨɩɨɥɧɟɧɢɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɢɫɤɪɟɬɧɨɣ ɮɭɧɤɰɢɢ ɜɨ ɜɪɟɦɟɧɢ ɧɭɥɟɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. 

ɉɪɢ ɧɟɢɡɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ 
ɨɬɫɱɺɬɨɜ ɧɚ ɟɞɢɧɢɰɭ ɢɧɬɟɪɜɚɥɚ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɱɚɫɬɨɬɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ , 

ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɜɪɟɦɟɧɢ , ɦɚɤɫɢɦɚɥɶɧɭɸ ɱɚɫɬɨɬɭ  ɜ ɫɨɫɬɚɜɟ ɫɩɟɤɬɪɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɫɨɯɪɚɧɢɬɶ ɧɟɢɡɦɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɱɚɫɬɨɬɟ . 

ɉɪɢ ɪɚɫɲɢɪɟɧɢɢ ɢɧɬɟɪɜɚɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɫɨɯɪɚɧɟɧɢɢ ɩɥɨɬɧɨɫɬɢ 
ɨɬɫɱɺɬɨɜ (ɬ.ɟ. ɩɪɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɨɬɫɱɺɬɨɜ) ɦɨɠɧɨ 
ɭɜɟɥɢɱɢɬɶ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɱɚɫɬɨɬɟ ɢ ɫɨɯɪɚɧɢɬɶ ɧɟɢɡɦɟɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɭɸ ɱɚɫɬɨɬɭ 

 ɜ ɫɨɫɬɚɜɟ ɫɩɟɤɬɪɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. 
Ʉɪɚɬɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɩɚɪɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

        .     (86) 
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ɝɞɟ  – ɩɪɹɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɫɢɝɧɚɥɚ ,  – ɨɛɪɚɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɱɚɫɬɨɬɧɨɝɨ ɨɛɪɚɡɚ , ɫɢɝɧɚɥɚ , ɮɢɝɭɪɧɵɟ ɫɤɨɛɤɢ 
ɨɡɧɚɱɚɸɬ, ɱɬɨ ɨɩɟɪɚɰɢɹ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɞ 
ɦɧɨɠɟɫɬɜɨɦ ɡɧɚɱɟɧɢɣ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ 
ɫɜɨɣɫɬɜɚɦɢ ɞɥɹ ɫɢɝɧɚɥɨɜ x1(t), x2(t) ɢ x3(t) ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɬ.ɟ. 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɜɨɣɫɬɜɭ ɚɞɞɢɬɢɜɧɨɫɬɢ: 

    ,   (87) 

ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ: 
    ,     

 (88) 

ɝɞɟ c – ɤɨɧɫɬɚɧɬɚ. 
Ɋɚɜɟɧɫɬɜɨ, ɜɵɪɚɠɚɸɳɟɟ ɫɜɨɣɫɬɜɨ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɩɪɢ ɩɟɪɟɯɨɞɟ 

ɢɡ ɜɪɟɦɟɧɧɨɣ ɜ ɱɚɫɬɨɬɧɭɸ ɨɛɥɚɫɬɶ, ɧɚɡɵɜɚɸɬ ɭɪɚɜɧɟɧɢɟɦ ɉɚɪɫɟɜɚɥɹ Д26Ж, ɫ ɩɚɪɨɣ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (81) ɭɪɚɜɧɟɧɢɟ ɉɚɪɫɟɜɚɥɹ ɢɦɟɟɬ ɜɢɞ: 

     .    (89) 

ȼ ɪɚɞɢɨɮɢɡɢɤɟ ɭɪɚɜɧɟɧɢɟ ɉɚɪɫɟɜɚɥɹ ɬɚɤɠɟ ɧɚɡɵɜɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ 
Ɋɷɥɟɹ [28, 28]. Ⱦɥɹ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ ɭɪɚɜɧɟɧɢɟ ɉɚɪɫɟɜɚɥɹ ɢɦɟɟɬ ɜɢɞ: 

     .     (90) 

ɋɞɜɢɝ ɫɢɝɧɚɥɚ  ɜɨ ɜɪɟɦɟɧɢ ɩɪɢɜɨɞɢɬ ɤ ɫɞɜɢɝɭ ɮɚɡɵ ɱɚɫɬɨɬɧɨɝɨ ɨɛɪɚɡɚ 
(ɫɩɟɤɬɪɚ) : 

     ,     (91) 

ɝɞɟ  – ɮɚɡɨɜɵɣ ɫɞɜɢɝ. Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ɧɚɡɵɜɚɟɬɫɹ ɬɟɨɪɟɦɨɣ ɨ ɡɚɞɟɪɠɤɟ ɢ 
ɞɨɤɚɡɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜɵɩɨɥɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 
ɡɚɞɟɪɠɚɧɧɨɝɨ ɫɢɝɧɚɥɚ , ; ɩɪɨɢɡɜɟɞɹ ɡɚɦɟɧɭ , 

ɬɨɝɞɚ  ɢ , ɬɚɤ ɤɚɤ ɡɚɞɟɪɠɤɚ , ɩɨɥɭɱɢɦ: 
, ɱ.ɬ.ɞ. 

Ⱦɥɹ ɫɞɜɢɝɚ ɩɨ ɱɚɫɬɨɬɟ ɫɩɪɚɜɟɞɥɢɜɨ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ 
,     (92) 

ɬ.ɟ. ɡɚɞɟɪɠɤɚ ɫɢɝɧɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɮɚɡɨɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɩɨɤɚɡɵɜɚɸɳɟɣ ɨɬɧɨɲɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬ: . 

ɋɜɹɡɶ ɢɡɦɟɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ  ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɚɫɲɬɚɛɚ 
ɜɪɟɦɟɧɢ (ɫɠɚɬɢɟɦ ɢ ɪɚɫɬɹɠɟɧɢɟɦ) ɫɢɝɧɚɥɚ  ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɤɚɤ 

,        (93) 

ɝɞɟ c – ɤɨɧɫɬɚɧɬɚ. Ⱦɚɧɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɧɟɫɥɨɠɧɨ ɞɨɤɚɡɚɬɶ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ   
. 
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1.7. Ɏɭɧɤɰɢɹ ɫɬɭɩɟɧɶɤɢ, ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ 

Ɏɭɧɤɰɢɹ ɟɞɢɧɢɱɧɨɣ ɫɬɭɩɟɧɶɤɢ, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɚɹ ɮɭɧɤɰɢɟɣ ɏɟɜɢɫɚɣɞɚ10
, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 
    .      (94) 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɦɟɳɟɧɢɹ ɮɭɧɤɰɢɢ:  – ɫɦɟɳɟɧɢɟ ɜɩɪɚɜɨ ɧɚ ; 

 – ɫɦɟɳɟɧɢɟ ɜɥɟɜɨ ɧɚ . 

ɉɪɨɢɡɜɨɞɧɨɣ ɨɬ ɮɭɧɤɰɢɢ ɏɟɜɢɫɚɣɞɚ ɹɜɥɹɟɬɫɹ ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ, ɬɚɤɠɟ 
ɧɚɡɵɜɚɟɦɚɹ ɮɭɧɤɰɢɟɣ Ⱦɢɪɚɤɚ11, ɨɩɪɟɞɟɥɹɟɦɚɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

   .      (95) 

ɉɪɢ ɷɬɨɦ , ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ . 

Ɉɞɧɢɦ ɢɡ ɨɫɨɛɟɧɧɵɯ ɫɜɨɣɫɬɜ ɟɞɢɧɢɱɧɨɣ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɬɤɥɢɤ 
ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɫ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ  ɧɚ ɜɨɡɦɭɳɟɧɢɟ ɟɞɢɧɢɱɧɨɣ 
ɮɭɧɤɰɢɟɣ ɪɚɜɟɧ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɬ.ɟ. 

    .    (96) 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɞɟɥɶɬɚ-ɮɭɧɤɰɢɢ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɤ 

, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɩɟɤɬɪ ɟɞɢɧɢɱɧɨɣ ɮɭɧɤɰɢɢ ɢɦɟɟɬ 

ɚɦɩɥɢɬɭɞɭ  ɢ ɧɟɨɝɪɚɧɢɱɟɧɧɭɸ ɩɪɨɬɹɠɺɧɧɨɫɬɶ ɩɨ ɱɚɫɬɨɬɟ. ɂ ɧɚɨɛɨɪɨɬ, ɫɩɟɤɬɪ 
ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ ɟɞɢɧɢɱɧɨɝɨ ɢɦɩɭɥɶɫɚ. 
ɉɨɞɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɨɬɧɨɫɹɬ ɤ ɞɭɚɥɢɡɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ȿɫɥɢ ɨɬɥɢɱɧɵɟ ɨɬ 
ɧɭɥɹ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜɨ ɜɪɟɦɟɧɢ, ɬɨ ɫɩɟɤɬɪ ɬɚɤɨɣ ɮɭɧɤɰɢɢ ɧɟ 

ɨɝɪɚɧɢɱɟɧ (ɧɟ ɥɨɤɚɥɢɡɨɜɚɧ), ɢ ɧɚɩɪɨɬɢɜ, ɟɫɥɢ ɫɩɟɤɬɪ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ 
ɥɨɤɚɥɢɡɨɜɚɧ ɩɨ ɱɚɫɬɨɬɟ, ɬɨ ɫɚɦɚ ɮɭɧɤɰɢɹ ɧɟ ɨɝɪɚɧɢɱɟɧɚ ɩɨ ɜɪɟɦɟɧɢ. ɉɨɞɨɛɧɵɟ 
ɫɜɨɣɫɬɜɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɯɨɪɨɲɨ ɫɨɨɬɧɨɫɹɬɫɹ ɫ ɩɪɢɧɰɢɩɨɦ 
ɧɟɨɩɪɟɞɟɥɺɧɧɨɫɬɢ Ƚɟɣɡɟɧɛɟɪɝɚ 12

 ɤɜɚɧɬɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɣ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɩɪɢɦɟɧɟɧɢɟ ɤ ɦɢɤɪɨɨɛɴɟɤɬɚɦ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɨɧɹɬɢɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ Д24Ж. ȿɫɥɢ 
ɜɡɝɥɹɧɭɬɶ ɛɨɥɟɟ ɜɧɢɦɚɬɟɥɶɧɨ ɧɚ ɢɡɥɨɠɟɧɧɵɣ ɜɵɲɟ ɩɪɢɧɰɢɩ ɞɭɚɥɶɧɨɫɬɢ ɩɚɪ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ɏɭɪɶɟ, ɬɨ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ ɟɞɢɧɢɱɧɨɝɨ ɢɦɩɭɥɶɫɚ 

 ɥɨɤɚɥɢɡɨɜɚɧɚ ɜ ɬɨɱɤɟ   ɚ ɟɺ ɱɚɫɬɨɬɧɵɣ ɨɛɪɚɡ   ɧɟ ɨɝɪɚɧɢɱɟɧ ɩɨ 
ɩɪɨɬɹɠɺɧɧɨɫɬɢ (ɧɟ ɥɨɤɚɥɢɡɨɜɚɧ), ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɭɧɤɰɢɢ   ɢ  

                                                             
10

 Ɉɥɢɜɟɪ ɏɟɜɢɫɚɣɞ (18 ɦɚɹ 1850 – 3 ɮɟɜɪɚɥɹ 1925) – ɚɧɝɥɢɣɫɤɢɣ ɭɱɺɧɵɣ-ɫɚɦɨɭɱɤɚ, ɦɚɬɟɦɚɬɢɤ, ɮɢɡɢɤ, ɢɧɠɟɧɟɪ. 
ȼɩɟɪɜɵɟ ɩɪɢɦɟɧɢɥ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ, ɪɚɡɪɚɛɨɬɚɥ ɬɟɯɧɢɤɭ ɩɪɢɦɟɧɟɧɢɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɞɥɹ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɟɪɟɮɨɪɦɭɥɢɪɨɜɚɥ ɭɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɜ 
ɬɟɪɦɢɧɚɯ ɬɪɟɯɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ, ɧɚɩɪɹɠɺɧɧɨɫɬɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɟɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɚɝɧɢɬɧɨɣ 
ɢɧɞɭɤɰɢɣ, ɢ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɦɚɬɟɦɚɬɢɤɨɜ, ɫɨɡɞɚɥ ɜɟɤɬɨɪɧɵɣ ɚɧɚɥɢɡ. 
11

 ɉɨɥɶ Ⱥɞɪɢɟɧ Ɇɨɪɢɫ Ⱦɢɪɚɤ (8 ɚɜɝɭɫɬɚ 1902 – 20 ɨɤɬɹɛɪɹ 1984) – ɚɧɝɥɢɣɫɤɢɣ ɮɢɡɢɤ-ɬɟɨɪɟɬɢɤ, ɨɞɢɧ ɢɡ ɫɨɡɞɚɬɟɥɟɣ 
ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ. Ʌɚɭɪɟɚɬ ɇɨɛɟɥɟɜɫɤɨɣ ɩɪɟɦɢɢ ɩɨ ɮɢɡɢɤɟ 1933 ɝɨɞɚ (ɫɨɜɦɟɫɬɧɨ ɫ ɗɪɜɢɧɨɦ ɒɪɺɞɢɧɝɟɪɨɦ). ɑɥɟɧ 
Ʌɨɧɞɨɧɫɤɨɝɨ ɤɨɪɨɥɟɜɫɤɨɝɨ ɨɛɳɟɫɬɜɚ (1930), ɚ ɬɚɤɠɟ ɪɹɞɚ ɚɤɚɞɟɦɢɣ ɧɚɭɤ ɦɢɪɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɧɨɫɬɪɚɧɧɵɣ ɱɥɟɧ 
Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɋɋɋɊ (1931), ɇɚɰɢɨɧɚɥɶɧɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɋɒȺ (1949) ɢ ɉɚɩɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (1961). 
12

 Ƚɟɣɡɟɧɛɟɪɝ ȼɟɪɧɟɪ Ʉɚɪɥ (5 ɞɟɤɚɛɪɹ 1901 – 1 ɮɟɜɪɚɥɹ 1976) – ɧɟɦɟɰɤɢɣ ɮɢɡɢɤ-ɬɟɨɪɟɬɢɤ, ɨɞɢɧ ɢɡ ɫɨɡɞɚɬɟɥɟɣ 
ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ. Ʌɚɭɪɟɚɬ ɇɨɛɟɥɟɜɫɤɨɣ ɩɪɟɦɢɢ ɩɨ ɮɢɡɢɤɟ (1932). ɑɥɟɧ ɪɹɞɚ ɚɤɚɞɟɦɢɣ ɢ ɧɚɭɱɧɵɯ ɨɛɳɟɫɬɜ ɦɢɪɚ. 



 

 

29 
 

ɧɟɫɨɢɡɦɟɪɢɦɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɤɚɤ ɧɟɫɨɢɡɦɟɪɢɦ, ɧɚɩɪɢɦɟɪ, ɪɚɞɢɭɫ ɢ ɞɥɢɧɚ 
ɨɤɪɭɠɧɨɫɬɢ. Ɏɚɤɬɢɱɟɫɤɢ ɷɬɢ ɞɜɟ ɮɭɧɤɰɢɢ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɪɵ, ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ 
ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɢɥɢ ɩɪɨɬɹɠɺɧɧɨɫɬɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɉɨɩɵɬɤɚ ɢɡɦɟɪɟɧɢɹ (ɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ – ɷɬɨ 
ɦɟɪɚ, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɨɬɧɨɲɟɧɢɹɯ ɛɚɡɢɫɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ ɢ ɫɢɝɧɚɥɚ) ɧɟɫɨɢɡɦɟɪɢɦɵɯ ɜɟɥɢɱɢɧ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 
ɧɟɨɩɪɟɞɟɥɺɧɧɨɫɬɟɣ. ɉɪɨɹɜɥɟɧɢɟɦ ɬɚɤɢɯ ɧɟɨɩɪɟɞɟɥɺɧɧɨɫɬɟɣ ɹɜɥɹɸɬɫɹ ɤɨɥɟɛɚɧɢɹ 
Ƚɢɛɛɫɚ13

. 

1.8. Ɍɟɨɪɟɦɚ ɨ ɫɜɺɪɬɤɟ 

Ɍɟɨɪɟɦɚ. Ɍɟɨɪɟɦɚ ɨ ɫɜɺɪɬɤɟ ɨɩɪɟɞɟɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɜɺɪɬɤɢ ɫɢɝɧɚɥɨɜ ɜɨ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ  ɩɨɷɥɟɦɟɧɬɧɨɦɭ ɭɦɧɨɠɟɧɢɸ ɫɢɝɧɚɥɨɜ ɜ ɱɚɫɬɨɬɧɨɣ 
ɨɛɥɚɫɬɢ : 

   .    (97) 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ. Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɫɜɺɪɬɤɢ ɞɜɭɯ ɫɢɝɧɚɥɨɜ  ɢ  ɜ ɜɢɞɟ 
. ȼɵɩɨɥɧɢɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɛɨɢɯ ɱɚɫɬɟɣ 

ɭɪɚɜɧɟɧɢɹ ɫɜɺɪɬɤɢ, ɩɨɥɭɱɢɦ: , ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 
 ɞɚɥɟɟ ɫɞɟɥɚɟɦ ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ 

 (ɬɨɝɞɚ , ) ɢ ɡɚɩɢɲɟɦ: 
. ɂɡɦɟɧɢɜ ɩɨɪɹɞɨɤ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, 

ɩɨɥɭɱɢɦ: 

, ɱ.ɬ.ɞ. 
ȼɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɢ ɫɥɟɞɭɸɳɟɟ «ɨɛɪɚɬɧɨɟ» ɫɜɨɣɫɬɜɨ: 

.    (98) 

ɇɚ ɛɚɡɟ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɫɜɺɪɬɤɢ ɫɢɝɧɚɥɨɜ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ 
ɭɦɧɨɠɟɧɢɸ ɫɢɝɧɚɥɨɜ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ, ɩɨɫɪɟɞɫɬɜɨɦ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ (ȻɉɎ) ɪɟɚɥɢɡɭɸɬ ɨɩɟɪɚɰɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɨɣ. Ȼɵɫɬɪɚɹ 
ɫɜɺɪɬɤɚ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɫɜɺɪɬɤɭ ɫ ɦɟɧɶɲɢɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ 
ɩɪɢ ɪɚɡɦɟɪɚɯ ɫɢɝɧɚɥɚ ɨɬ 60 ɢ ɛɨɥɟɟ ɨɬɫɱɺɬɨɜ Д29Ж. ɉɪɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ 
ɬɪɟɛɭɟɬɫɹ ɭɱɢɬɵɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɥɢɧɵ ɞɚɧɧɵɯ, ɬɚɤ ɤɚɤ 

ɛɨɥɶɲɢɧɫɬɜɨ ɚɥɝɨɪɢɬɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɪɚɛɨɬɚɟɬ ɫ 
ɫɢɝɧɚɥɚɦɢ, ɞɥɢɧɚ ɤɨɬɨɪɵɯ ɤɪɚɬɧɚ 2k, ɝɞɟ k – ɰɟɥɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɢ ɢ ɛɵɫɬɪɨɣ ɤɨɪɪɟɥɹɰɢɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ 
ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ Д30, 31Ж. 
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 Ⱦɠɨɡɚɣɹ ɍɢɥɥɚɪɞ Ƚɢɛɛɫ (11 ɮɟɜɪɚɥɹ 1839 – 28 ɚɩɪɟɥɹ 1903) – ɚɦɟɪɢɤɚɧɫɤɢɣ ɮɢɡɢɤ, ɮɢɡɢɤɨɯɢɦɢɤ, ɦɚɬɟɦɚɬɢɤ ɢ 
ɦɟɯɚɧɢɤ, ɨɞɢɧ ɢɡ ɫɨɡɞɚɬɟɥɟɣ ɜɟɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 



30 

 

ɇɚ ɨɫɧɨɜɟ ɛɵɫɬɪɨɣ ɫɜɟɪɬɤɢ ɦɨɠɧɨ ɷɮɮɟɤɬɢɜɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɨɛɪɚɬɧɭɸ 
ɫɜɺɪɬɤɭ (ɚɧɝɥ. deconvolution). Ɍɚɤ ɤɚɤ , ɬɨ , 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ: 
.     (99) 

ɋɜɹɡɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɤɨɪɪɟɥɹɰɢɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
                                           ,    (100) 

ɚ ɬɚɤɠɟ 
                                      .    (101) 

1.9. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɬɨɪɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Д32Ж, ɫɜɹɡɶ 
ɦɟɠɞɭ ɨɪɢɝɢɧɚɥɨɦ ɫɢɝɧɚɥɚ  ɜɨ ɜɪɟɦɟɧɢ (ɩɪɨɨɛɪɚɡɨɦ) ɢ ɢɡɨɛɪɚɠɟɧɢɟɦ 
(ɨɛɪɚɡɨɦ) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɝɪɚɥɚ Ʌɚɩɥɚɫɚ: 

                                                  ,    (102) 

ɝɞɟ  – ɨɩɟɪɚɬɨɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ.  
ɂɫɩɨɥɶɡɭɹ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɡɚɩɢɫɶ ɜɢɞɚ 

                                          ,   (103) 

ɧɟɫɥɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɨɛɪɚɳɚɟɬɫɹ ɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ ɩɪɢ ɡɧɚɱɟɧɢɢ . ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɩɨɡɜɨɥɹɟɬ 
ɫ ɩɨɦɨɳɶɸ ɜɵɱɢɫɥɟɧɢɹ ɤɨɪɪɟɥɹɰɢɢ ɪɚɡɥɨɠɢɬɶ ɫɢɝɧɚɥ ɧɚ ɝɚɪɦɨɧɢɱɟɫɤɢɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ, ɬɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɩɨɡɜɨɥɹɟɬ ɪɚɡɥɨɠɢɬɶ ɫɢɝɧɚɥ ɧɚ 
ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ (ɞɥɹ  – ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ɩɨɤɚɡɚɬɟɥɹ 
ɫɬɟɩɟɧɢ ) ɫɨɫɬɚɜɥɹɸɳɢɟ.  

ɋɨɜɨɤɭɩɧɨɫɬɶ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɵ ɫɢɝɧɚɥɚ 
ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɦɧɨɠɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɇɚɩɪɢɦɟɪ, 
ɬɚɤɢɟ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ ɫɜɨɛɨɞɧɨ ɡɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ ɦɚɹɬɧɢɤɚ ɢɥɢ 
ɡɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ RLC-ɤɨɧɬɭɪɟ, ɨɬɤɥɸɱɺɧɧɨɦ ɨɬ 
ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, ɢɦɟɸɬ ɮɨɪɦɭ ɩɪɨɢɡɜɟɞɟɧɢɹ , ɝɞɟ ,  – 

ɧɚɱɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ ɢ ɮɚɡɚ,  – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, t – ɜɪɟɦɹ ɤɨɥɟɛɚɧɢɣ. 
ȿɫɥɢ ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ RLC-ɤɨɧɬɭɪ ɩɨɞɤɥɸɱɢɬɶ ɤ ɢɫɬɨɱɧɢɤɭ 
ɩɢɬɚɧɢɹ ɫ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɨɣ ɧɚɩɪɹɠɟɧɢɹ, ɛɥɢɡɤɨɣ ɤ ɱɚɫɬɨɬɟ ɪɟɡɨɧɚɧɫɚ  

ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ, ɬɨ ɜ ɤɨɧɬɭɪɟ ɧɚɱɧɺɬɫɹ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ, ɫɨɩɪɹɠɺɧɧɵɣ 
ɫ ɪɨɫɬɨɦ ɚɦɩɥɢɬɭɞɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ 
ɤɚɤ  

.  

ɉɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɡɚɬɭɯɚɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɜ 
ɞɥɢɧɧɵɯ ɥɢɧɢɹɯ, ɤɨɥɟɛɚɧɢɹ ɪɟɡɢɧɨɜɨɣ ɦɟɦɛɪɚɧɵ ɢɥɢ ɪɚɫɯɨɞɹɳɢɟɫɹ ɤɪɭɝɢ ɨɬ 
ɛɪɨɲɟɧɧɨɝɨ ɜ ɜɨɞɭ ɤɚɦɧɹ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɬɚɰɢɨɧɚɪɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɧɟ 
ɫɨɞɟɪɠɚɬɶ ɜ ɫɜɨɺɦ ɫɨɫɬɚɜɟ ɜɟɳɟɫɬɜɟɧɧɵɯ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɧɨ 
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ɫɨɞɟɪɠɚɬ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ (ɜ ɬɨɦ ɱɢɫɥɟ ɧɭɥɟɜɭɸ ɝɚɪɦɨɧɢɤɭ ɜ ɜɢɞɟ 
ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ). 

Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ, ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɫɭɦɦɵ 
ɩɪɨɢɡɜɟɞɟɧɢɣ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɯ ɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ʌɚɩɥɚɫɚ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɨɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɤ ɨɛɵɱɧɵɦ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɹɦ Д32, 33Ж. 

Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
                                   ,    (104)  

ɝɞɟ  – ɚɛɫɰɢɫɫɚ ɚɛɫɨɥɸɬɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɢɧɬɟɝɪɚɥɚ Ʌɚɩɥɚɫɚ Д34Ж.  
Ⱦɥɹ ɧɟɤɚɡɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɢɧɬɟɝɪɚɥ Ʌɚɩɥɚɫɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

                                           .    (105) 

Ʉɪɚɬɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɩɚɪɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
      .      (106) 

ɝɞɟ  – ɩɪɹɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɫɢɝɧɚɥɚ ,  – ɨɛɪɚɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ, ɨɛɪɚɡɚ . 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɫɢɝɧɚɥɨɜ ɞɢɫɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ 
ɜɢɞ: 

    .     (107) 

ɇɭɥɢ – ɷɬɨ ɨɛɥɚɫɬɢ, ɝɞɟ ɮɭɧɤɰɢɹ , ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ, ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ; ɩɨɥɸɫɵ – ɷɬɨ ɨɛɥɚɫɬɢ, ɝɞɟ ɮɭɧɤɰɢɹ, 
ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ, ɨɛɪɚɳɚɟɬɫɹ ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɶ. 

Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬ ɯɚɪɚɤɬɟɪ ɮɭɧɤɰɢɢ-ɩɪɨɨɛɪɚɡɚ . ɋɭɳɟɫɬɜɟɧɧɵɦ ɤɚɱɟɫɬɜɨɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɮɭɧɤɰɢɢ ɢɥɢ ɫɢɫɬɟɦɵ, ɟɫɥɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɜɵɩɨɥɧɟɧɨ ɧɚɞ ɢɦɩɭɥɶɫɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɢɫɬɟɦɵ. Ʉɨɝɞɚ ɩɨɥɸɫɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɥɟɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ 
ɤɨɦɩɥɟɤɫɧɨɣ Ь-ɩɥɨɫɤɨɫɬɢ, ɫɢɫɬɟɦɚ ɭɫɬɨɣɱɢɜɚ, ɤɨɝɞɚ ɜ ɩɪɚɜɨɣ – ɧɟɭɫɬɨɣɱɢɜɚ. ɉɪɢ 
ɷɬɨɦ Ь-ɩɥɨɫɤɨɫɬɶ  ɡɚɞɚɺɬɫɹ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɜɟɤɬɨɪɚɦɢ 
ɜɟɳɟɫɬɜɟɧɧɨɣ ɢ ɦɧɢɦɨɣ ɟɞɢɧɢɰɵ. ɉɪɢ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɸɫɨɜ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɸɫɨɦ ɫ ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ (ɪɢɫ. 
4). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɢɫɬɟɦɚ ɛɵɥɚ ɭɫɬɨɣɱɢɜɚ, ɜɫɟ ɟɺ ɩɨɥɸɫɵ ɞɨɥɠɧɵ ɛɵɬɶ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɥɟɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ Ь-ɩɥɨɫɤɨɫɬɢ Д13Ж.  

ɇɚ ɪɢɫ. 4 ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ  ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɯ ɩɨɥɸɫɨɜ, 
ɧɚɣɞɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɢ ɩɨɡɜɨɥɹɸɳɢɯ ɨɰɟɧɢɬɶ 
ɭɫɬɨɣɱɢɜɨɫɬɶ: 

– (ɪɢɫ. 4, ɚ) , , ɜɫɟ ɩɨɥɸɫɵ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɥɚɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɥɟɜɚɹ ɩɨɥɭɩɥɨɫɤɨɫɬɶ s-ɩɥɨɫɤɨɫɬɢ); 

– (ɪɢɫ. 4, ɛ) , , ɜɫɟ ɩɨɥɸɫɵ ɪɚɫɩɨɥɨɠɟɧɵ 
ɜ ɨɛɥɚɫɬɢ ɛɟɡɪɚɡɥɢɱɢɹ (ɨɫɶ , s-ɩɥɨɫɤɨɫɬɢ); 
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– (ɪɢɫ. 4, ɜ) , , ɜɫɟ ɩɨɥɸɫɵ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɥɚɫɬɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ (ɩɪɚɜɚɹ ɩɨɥɭɩɥɨɫɤɨɫɬɶ s-ɩɥɨɫɤɨɫɬɢ). 

 

 
Ɋɢɫɭɧɨɤ 4. Ƚɪɚɮɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɢɫɯɨɞɧɵɯ ɮɭɧɤɰɢɣ  ɢ ɢɯ ɩɨɥɸɫɚ 

ɧɚ s-ɩɥɨɫɤɨɫɬɢ 

 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
Ɉɧɨ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɬ.ɟ. ɞɥɹ ɫɢɝɧɚɥɨɜ x1(t) ɢ x2(t) ɫ 

ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɜɨɣɫɬɜɭ ɚɞɞɢɬɢɜɧɨɫɬɢ: 

                                 ,   

 (108) 

ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ: 

                                                  ,     (109) 

ɝɞɟ k – ɤɨɧɫɬɚɧɬɚ. 
ɂɡɨɛɪɚɠɟɧɢɟ Ʌɚɩɥɚɫɚ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ ɩɨɪɹɞɤɚ n ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, 

ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ: 
   ,    (110) 

ɝɞɟ  – ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢ . 

ɂɡɨɛɪɚɠɟɧɢɟ ɢɧɬɟɝɪɚɥɚ, ɜɡɹɬɨɝɨ ɜ ɩɪɟɞɟɥɟ ɨɬ 0 ɞɨ t, ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
 .                 (111) 
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ɋɜɺɪɬɤɚ ɫɢɝɧɚɥɨɜ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ  ɷɤɜɢɜɚɥɟɧɬɧɚ 
ɭɦɧɨɠɟɧɢɸ ɫɢɝɧɚɥɨɜ ɜ ɨɩɟɪɚɬɨɪɧɨɣ Ь-ɨɛɥɚɫɬɢ  (ɬɟɨɪɟɦɚ ɨ 
ɫɜɺɪɬɤɟ ɜ s-ɨɛɥɚɫɬɢ), ɬ.ɟ. 

                                                .                         (112) 

1.10. Z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɞɢɫɤɪɟɬɧɵɯ ɫɢɫɬɟɦ, ɧɚɪɹɞɭ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ʌɚɩɥɚɫɚ, 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɭɸɬ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ 
z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɩɟɪɚɬɨɪ . ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɩɪɹɦɨɝɨ 
z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ  ɢɦɟɟɬ ɜɢɞ: 

                                                            .     (113) 

Ɂɚɩɢɫɚɜ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɜɢɞɟ 
                                                ,                           (114) 

ɥɟɝɤɨ ɡɚɦɟɬɢɬɶ ɫɜɹɡɶ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ʌɚɩɥɚɫɚ ɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ  z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɛɪɚɳɚɟɬɫɹ ɜ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɚ ɫɚɦ ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɭɞɟɬ ɨɬɨɛɪɚɠɺɧ ɧɚ 
z-ɩɥɨɫɤɨɫɬɶ ɜɞɨɥɶ ɟɞɢɧɢɱɧɨɣ ɨɤɪɭɠɧɨɫɬɢ. 

Ɉɛɪɚɬɧɨɟ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɟɟ 
ɜɵɪɚɠɟɧɢɟ: 

                                                    ,               (115) 

ɝɞɟ ɋ – ɥɸɛɨɣ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ ɨɛɯɨɞɚ ɨɛɥɚɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ 
ɮɭɧɤɰɢɢ, ɨɯɜɚɬɵɜɚɸɳɢɣ ɜɫɟ ɟɺ ɨɫɨɛɵɟ ɬɨɱɤɢ ɢ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ. 

Ʉɚɤ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ, г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦ. Ɉɬɥɢɱɢɟɦ ɹɜɥɹɟɬɫɹ ɤɨɨɪɞɢɧɚɬɧɚɹ ɫɢɫɬɟɦɚ Ь-ɩɥɨɫɤɨɫɬɢ ɨɬ 
z-ɩɥɨɫɤɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɚɪɬɢɪɨɜɚɧɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɭɥɟɣ ɢ ɩɨɥɸɫɨɜ ɢ 
ɤɪɢɬɟɪɢɟɜ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɉɪɢ ɚɧɚɥɢɡɟ ɫɢɫɬɟɦ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫ ɩɨɦɨɳɶɸ 
z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɱɢɬɚɸɬ, ɱɬɨ ɫɢɫɬɟɦɚ ɭɫɬɨɣɱɢɜɚ – ɟɫɥɢ ɜɫɟ ɩɨɥɸɫɵ ɧɚɯɨɞɹɬɫɹ 
ɜɧɭɬɪɢ ɟɞɢɧɢɱɧɨɣ ɨɤɪɭɠɧɨɫɬɢ; ɧɟɭɫɬɨɣɱɢɜɚ – ɟɫɥɢ ɯɨɬɶ ɨɞɢɧ ɩɨɥɸɫ ɧɚɯɨɞɢɬɫɹ ɡɚ 
ɩɪɟɞɟɥɚɦɢ ɟɞɢɧɢɱɧɨɣ ɨɤɪɭɠɧɨɫɬɢ (ɪɢɫ. 5). ɉɪɢ ɷɬɨɦ г-ɩɥɨɫɤɨɫɬɶ  

ɡɚɞɚɺɬɫɹ ɜ ɩɨɥɹɪɧɨɦ ɜɢɞɟ: ω –ɭɝɨɥ, r – ɪɚɞɢɭɫ ɜɟɤɬɨɪ. 
ɇɚ ɪɢɫ. 5 ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ  ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɯ ɩɨɥɸɫɨɜ, 

ɧɚɣɞɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɨɡɜɨɥɹɸɳɢɯ ɨɰɟɧɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ: 
– (ɪɢɫ. 5, ɚ) , , ɜɫɟ ɩɨɥɸɫɵ 

ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɥɚɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɜɧɭɬɪɢ ɟɞɢɧɢɱɧɨɣ ɨɤɪɭɠɧɨɫɬɢ 
z-ɩɥɨɫɤɨɫɬɢ); 

– (ɪɢɫ. 5, ɛ) , , ɜɫɟ ɩɨɥɸɫɵ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɥɚɫɬɢ ɛɟɡɪɚɡɥɢɱɢɹ (ɟɞɢɧɢɱɧɚɹ ɨɤɪɭɠɧɨɫɬɶ z-ɩɥɨɫɤɨɫɬɢ); 
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– (ɪɢɫ. 5, ɜ) , , ɜɫɟ ɩɨɥɸɫɵ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɥɚɫɬɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ (ɡɚ ɩɪɟɞɟɥɚɦɢ ɟɞɢɧɢɱɧɨɣ ɨɤɪɭɠɧɨɫɬɢ 
z-ɩɥɨɫɤɨɫɬɢ). 

 

 
Ɋɢɫɭɧɨɤ 5. Ƚɪɚɮɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɢɫɯɨɞɧɵɯ ɮɭɧɤɰɢɣ  ɢ ɢɯ ɩɨɥɸɫɚ, ɧɚ 

Z-ɩɥɨɫɤɨɫɬɢ 

 

Ʉɪɚɬɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɩɚɪɵ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
      .       (116) 

ɝɞɟ  – ɩɪɹɦɨɟ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɚ  ,  – ɨɛɪɚɬɧɨɟ 
z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɨɛɪɚɡɚ . 

Z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɥɟɞɭɸɳɢɦɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ 
ɫɜɨɣɫɬɜɚɦ. 

Z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, ɬ.ɟ. ɞɥɹ ɫɢɝɧɚɥɨɜ 
x1[nЖ ɢ x2[nЖ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɜɨɣɫɬɜɭ ɚɞɞɢɬɢɜɧɨɫɬɢ: 

                                    ,                    (117) 

ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ: 
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                                          ,                  (118) 

ɝɞɟ k – ɤɨɧɫɬɚɧɬɚ. 
ɋɜɨɣɫɬɜɨ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɞɟɪɠɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɡɚɞɟɪɠɚɧɧɨɣ ɧɚ m ɨɬɫɱɺɬɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɪɚɜɧɨ 
z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɧɟɡɚɞɟɪɠɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɭɦɧɨɠɟɧɧɨɣ ɧɚ , ɱɬɨ 
ɦɨɠɧɨ ɫɢɦɜɨɥɢɱɟɫɤɢ ɡɚɩɢɫɚɬɶ ɤɚɤ 
                                                           .                                (119) 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɫɜɨɣɫɬɜɚ (119)  ɫɥɟɞɭɟɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɪɚɫɫɭɠɞɟɧɢɣ. Ⱦɥɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ , ɡɚɞɟɪɠɚɧɧɨɣ ɧɚ m ɨɬɫɱɺɬɨɜ, г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɪɚɜɧɨ 

                                                          ,                       (120) 

ɢɫɩɨɥɶɡɭɹ ɡɚɦɟɧɭ k = n – m ɢ ɦɟɧɹɹ ɩɚɪɚɦɟɬɪ ɫɭɦɦɵ, ɩɨɥɭɱɢɦ: 
                                                 .         (121) 

ɉɪɢ ɭɦɧɨɠɟɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɧɚ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ , z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɦɟɟɬ ɜɢɞ 

.                       

(122) 

Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 
                                                            .           (123) 

ɋɨɩɪɹɠɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 
                                                              .         (124) 

Ɉɛɪɚɳɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 
                                                               .          (125) 

Z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɜɺɪɬɤɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɷɤɜɢɜɚɥɟɧɬɧɨ 
ɩɪɨɢɡɜɟɞɟɧɢɸ ɨɩɟɪɚɬɨɪɧɵɯ ɨɛɪɚɡɨɜ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɬɟɨɪɟɦɚ ɨ ɫɜɺɪɬɤɟ ɜ 
z-ɨɛɥɚɫɬɢ): 

                                              .                             (126) 

1.11. Ɋɚɡɧɨɫɬɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɍɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜɨɣ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

                                           ,                   (127) 

ɝɞɟ  – ɜɵɯɨɞɧɨɣ ɨɬɤɥɢɤ ɫɢɫɬɟɦɵ,   – ɜɯɨɞɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɫɢɫɬɟɦɵ,  

ɢ  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɧɨɫɬɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɩɪɢɱɺɦ  

ɨɬɜɟɱɚɟɬ ɡɚ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɜ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ. 
Ⱦɥɹ ɞɢɫɤɪɟɬɧɵɯ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ, ɩɨɥɭɱɚɸɳɢɯ ɧɚ ɜɯɨɞ ɜɨɡɦɭɳɟɧɢɟ  ɢ 

ɩɪɨɢɡɜɨɞɹɳɢɯ ɨɬɤɥɢɤ , ɚɧɚɥɨɝ ɭɪɚɜɧɟɧɢɹ (127) ɢɦɟɟɬ ɜɢɞ: 
                                               .   (128) 
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ɍɪɚɜɧɟɧɢɹ (127) ɢ (128), ɤɚɤ ɢ ɫɜɺɪɬɤɚ ɜɨɡɦɭɳɚɸɳɟɝɨ ɫɢɝɧɚɥɚ ɫ ɢɦɩɭɥɶɫɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɹɜɥɹɸɬɫɹ ɢɫɱɟɪɩɵɜɚɸɳɢɦ ɨɩɢɫɚɧɢɟɦ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɧɭɥɟɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ  (ɢɥɢ ) ɩɪɢɫɭɳɢ 
ɫɢɫɬɟɦɚɦ ɫ ɛɟɫɤɨɧɟɱɧɨɣ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ (Ȼɂɏ). ɇɨ ɢɦɟɸɬɫɹ 
ɢɫɤɥɸɱɟɧɢɹ, ɬ.ɟ. ɬɚɤɢɟ ɫɢɫɬɟɦɵ, ɜ ɪɚɡɧɨɫɬɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɤɨɬɨɪɵɯ ɟɫɬɶ ɧɟɧɭɥɟɜɵɟ 
ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  (ɢɥɢ ), ɧɨ ɩɪɢ ɷɬɨɦ ɭ ɫɢɫɬɟɦɵ ɤɨɧɟɱɧɚɹ 
ɢɦɩɭɥɶɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (Ʉɂɏ). ɉɪɢɦɟɪɨɦ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ 
ɨɞɧɨɪɨɞɧɵɣ ɮɢɥɶɬɪ. 

ȼ ɨɩɟɪɚɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ 
ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ  ɨɩɟɪɚɬɨɪɧɵɣ ɨɛɪɚɡ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬ.ɟ. 
ɨɬɧɨɲɟɧɢɟ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɬɤɥɢɤɚ ɫɢɫɬɟɦɵ ɤ ɨɩɟɪɚɬɨɪɧɨɦɭ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɜɨɡɦɭɳɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ȼ ɨɛɳɟɦ ɜɢɞɟ ɷɬɨ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 

                                                            ,                 (129) 

ɝɞɟ  – ɧɟɤɨɬɨɪɵɣ ɨɩɟɪɚɬɨɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ʌɚɩɥɚɫɚ ,    – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ,  – ɜɨɡɦɭɳɚɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɢɫɬɟɦɭ,  – ɨɬɤɥɢɤ ɫɢɫɬɟɦɵ. 

 Ɋɚɫɫɦɨɬɪɢɦ ɩɨɥɭɱɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɫɢɫɬɟɦɵ 
ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɣ ɪɚɡɧɨɫɬɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ (128), ɧɚ ɩɪɢɦɟɪɟ 
z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ:  

                      .  (130) 

ȼɵɩɨɥɧɹɹ г-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɩɨɥɭɱɢɦ: 
                         ,  (131) 

ɞɚɥɟɟ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɜ ɞɪɨɛɧɨ-ɪɚɰɢɨɧɚɥɶɧɨɦ 
ɜɢɞɟ, ɜɵɪɚɠɟɧɧɨɟ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɧɨɫɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ: 

                                   .     (132) 

1.12. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ, ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ 14
 ɧɟ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɨɩɟɪɚɬɨɪɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɪɟɚɥɢɡɭɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɨɩɟɪɚɰɢɢ ɫɜɺɪɬɤɢ ɫ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɜɢɞɚ (ɪɢɫ. 6) 

.                            (133) 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ɨ ɫɜɺɪɬɤɟ, ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ƚɢɥɶɛɟɪɬɚ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɨɷɥɟɦɟɧɬɧɨɝɨ ɭɦɧɨɠɟɧɢɹ ɫɩɟɤɬɪɚ 
ɫɢɝɧɚɥɚ ɧɚ ɫɩɟɤɬɪ ɮɭɧɤɰɢɢ . ȼɵɱɢɫɥɢɦ ɫɩɟɤɬɪ : 

                                                             
14

 Ⱦɚɜɢɞ Ƚɢɥɶɛɟɪɬ (23 ɹɧɜɚɪɹ 1862 – 14 ɮɟɜɪɚɥɹ 1943) – ɧɟɦɟɰɤɢɣ ɦɚɬɟɦɚɬɢɤ-ɭɧɢɜɟɪɫɚɥ, ɜɧɺɫ ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ 
ɪɚɡɜɢɬɢɟ ɦɧɨɝɢɯ ɨɛɥɚɫɬɟɣ ɦɚɬɟɦɚɬɢɤɢ. ɑɥɟɧ ɦɧɨɝɢɯ ɚɤɚɞɟɦɢɣ ɧɚɭɤ, ɜ ɬɨɦ ɱɢɫɥɟ Ȼɟɪɥɢɧɫɤɨɣ, Ƚɺɬɬɢɧɝɟɧɫɤɨɣ, 
Ʌɨɧɞɨɧɫɤɨɝɨ ɤɨɪɨɥɟɜɫɤɨɝɨ ɨɛɳɟɫɬɜɚ, ɢɧɨɫɬɪɚɧɧɵɣ ɩɨɱɺɬɧɵɣ ɱɥɟɧ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɋɋɋɊ (1934). Ʌɚɭɪɟɚɬ ɩɪɟɦɢɢ 
ɢɦɟɧɢ ɇ. ɂ. Ʌɨɛɚɱɟɜɫɤɨɝɨ (1903). ȼ 1910 – 1920-ɟ ɝɨɞɵ (ɩɨɫɥɟ ɫɦɟɪɬɢ Ⱥɧɪɢ ɉɭɚɧɤɚɪɟ) ɛɵɥ ɩɪɢɡɧɚɧɧɵɦ ɦɢɪɨɜɵɦ 
ɥɢɞɟɪɨɦ ɦɚɬɟɦɚɬɢɤɨɜ. 
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,   (134) 

ɝɞɟ  – ɮɭɧɤɰɢɹ ɡɧɚɤɚ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

                                                      .    (135) 

 

 
Ɋɢɫɭɧɨɤ 6. Ɏɭɧɤɰɢɹ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (134) ɜɩɨɥɧɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɩɟɤɬɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ 
ɹɜɥɹɟɬɫɹ ɱɢɫɬɨ ɦɧɢɦɵɦ (ɧɟ ɫɨɞɟɪɠɢɬ ɜɟɳɟɫɬɜɟɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɬɥɢɱɧɵɯ ɨɬ 
ɧɭɥɹ). 

Ⱦɥɹ ɫɢɝɧɚɥɚ  ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɜɨ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɜɵɩɨɥɧɢɜ ɫɜɺɪɬɤɭ: 

                                     .                 (136) 

ȼ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɜɵɩɨɥɧɢɹɟɬɫɹ ɭɦɧɨɠɟɧɢɟ ɫɩɟɤɬɪɚ  ɫɢɝɧɚɥɚ  

ɧɚ ɫɩɟɤɬɪ : 
.                            (137) 

ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɨɩɟɪɚɰɢɹ ɫɜɺɪɬɤɢ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ, 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ. 
Ʌɢɧɟɣɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ ɨɡɧɚɱɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɫɜɨɣɫɬɜ 
ɥɢɧɟɣɧɨɫɬɢ ɢ ɢɯ ɫɥɟɞɫɬɜɢɹ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɫɢɝɧɚɥ  ɢɦɟɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
Ƚɚɭɫɫɚ, ɬɨ ɢ ɫɢɝɧɚɥ  ɛɭɞɟɬ ɢɦɟɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ƚɚɭɫɫɚ Д27Ж. 

ɑɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ  ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɨ 
ɫɜɨɣɫɬɜɚɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ: 

–ɩɨɞɚɜɥɹɟɬ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɢɝɧɚɥɚ ɧɚ ɧɭɥɟɜɨɣ ɱɚɫɬɨɬɟ, ɬ.ɟ. ɩɨɫɬɨɹɧɧɭɸ 
ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɨ ɜɪɟɦɟɧɢ; 

– ɜɪɚɳɚɟɬ ɮɚɡɭ ɫɢɝɧɚɥɚ. 
Ȼɥɚɝɨɞɚɪɹ ɭɦɧɨɠɟɧɢɸ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɧɚ ɦɧɢɦɭɸ ɟɞɢɧɢɰɭ , ɩɪɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ƚɢɥɶɛɟɪɬɚ ɜ ɱɚɫɬɨɬɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɢɫɬɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɢɥɢ 
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ɱɢɫɬɨ ɦɧɢɦɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɩɨɥɭɱɢɬɫɹ ɫɢɝɧɚɥ  ɨɪɬɨɝɨɧɚɥɶɧɵɣ ɤ 
ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ , ɬɚɤ ɤɚɤ ɫɢɧɭɫɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ 
ɤɨɫɢɧɭɫɧɵɟ, ɚ ɤɨɫɢɧɭɫɧɵɟ ɜ ɫɢɧɭɫɧɵɟ, ɩɨɷɬɨɦɭ ɫɢɝɧɚɥ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ, ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɞɨɩɨɥɧɟɧɢɟɦ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɫɜɹɡɚɧɨ ɫ ɩɨɧɹɬɢɟɦ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ – ɷɬɨ ɫɢɝɧɚɥ  , ɝɞɟ  – ɱɢɫɬɨ 
ɜɟɳɟɫɬɜɟɧɧɵɣ ɫɢɝɧɚɥ, ɚ  – ɨɪɬɨɝɨɧɚɥɶɧɨɟ ɞɨɩɨɥɧɟɧɢɟ ɤ . ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ  ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɟɝɨ ɫɜɨɣɫɬɜɚ Д35Ж: 

, (138) 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɭɱɺɬɨɦ (134), ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

.  (139) 

ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜɩɨɥɧɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɩɟɤɬɪ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɫɢɝɧɚɥɚ ɨɬɥɢɱɟɧ ɨɬ ɧɭɥɹ ɬɨɥɶɤɨ ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ , ɚ ɩɨɫɬɨɹɧɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɢ ɫɩɟɤɬɪ ɜ ɨɛɥɚɫɬɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɱɚɫɬɨɬ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ. 
Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɟɲɟɧɢɹɯ ɡɚɞɚɱ 
ɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɫɩɟɤɬɪɚ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ ɨɩɪɟɞɟɥɟɧɢɟ ɨɝɢɛɚɸɳɟɣ 
ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɫɢɝɧɚɥɚ Д36Ж ɤɚɤ ɦɝɧɨɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɚɦɩɥɢɬɭɞɵ: 

.    (140) 

1.13. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɨ ɫɜɨɣɫɬɜɚɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

ɉɪɢɜɟɞɺɦ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɦɟɱɚɧɢɹ ɨ ɫɜɨɣɫɬɜɚɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɫɢɧɬɟɡɚ ɢ 
ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɨɜ.  

Ⱦɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɧɚɝɥɹɞɧɨɫɬɢ ɢɡɥɨɠɟɧɢɹ ɫɜɨɣɫɬɜ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɜɡɚɢɦɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɮɭɧɤɰɢɣ. ɋɮɨɪɦɢɪɭɟɦ 
ɬɚɛɥɢɰɭ ɪɚɡɥɢɱɧɵɯ ɜɡɚɢɦɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɮɭɧɤɰɢɣ 
(ɬɚɛɥɢɰɚ 1), ɚ ɜɫɟɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ 
ɮɭɧɤɰɢɣ ɨɛɨɡɧɚɱɢɦ ɤɚɤ . Ɍɨɝɞɚ ɜ ɤɥɟɬɤɚɯ 
ɬɚɛɥɢɰɵ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜɨɡɦɨɠɧɵɟ ɡɧɚɱɟɧɢɹ  ɢ ɨɩɟɪɚɰɢɢ ɜɡɚɢɦɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

 

Ɍɚɛɥɢɰɚ 1. ȼɡɚɢɦɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɮɭɧɤɰɢɣ 

a(t)+jb(t) 
֜ ×(+j) ֜ –b(t)+ja(t) 

֜ ×(+j) ֜ –a(t)–jb(t) 
֜ ×(+j) ֜ 

b(t)–ja(t) ֚ ×(–j) ֚ ֚ ×(–j) ֚ ֚ ×(–j) ֚ ֝ (x(t))
*
 ֛  ֝ (x(t))

*
 ֛  ֝ (x(t))

*
 ֛  ֝ (x(t))

*
 ֛ 

a(t)–jb(t) 
֜ ×(+j) ֜ –b(t)–ja(t) 

֜ ×(+j) ֜ –a(t)+jb(t) 
֜ ×(+j) ֜ 

b(t)+ja(t) ֚ ×(–j) ֚ ֚ ×(–j) ֚ ֚ ×(–j) ֚ 
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ɂɡ ɬɚɛɥɢɰɵ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɭɦɧɨɠɟɧɢɟ ɜɟɤɬɨɪɚ  ɧɚ  

ɩɨɜɨɪɚɱɢɜɚɟɬ ɜɟɤɬɨɪ ɧɚ  ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ (ɜ ɩɨɥɨɠɢɬɟɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ), ɭɦɧɨɠɟɧɢɟ ɧɚ –  ɩɨɜɨɪɚɱɢɜɚɟɬ 
ɜɟɤɬɪɨ  ɧɚ  ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ (ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ). 
ɋɜɨɣɫɬɜɚ ɩɨɜɨɪɚɱɢɜɚɸɳɢɯ ɦɧɨɠɢɬɟɥɟɣ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵ ɢ ɜɩɨɥɧɟ ɨɱɟɜɢɞɧɵ ɢɡ 
ɭɪɚɜɧɟɧɢɹ ɭɦɧɨɠɟɧɢɹ ɢ ɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ  ɢ  

ɜ ɩɨɤɚɡɚɬɟɥɶɧɨɣ ɮɨɪɦɟ: 
,     (141) 

ɢ 

.     (142) 

Ɍɟɩɟɪɶ ɜɵɩɨɥɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɵɯ ɮɭɧɤɰɢɣ , ɧɨ 
ɢɫɩɨɥɶɡɭɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ (ɬɚɛɥɢɰɚ 2).  

 

Ɍɚɛɥɢɰɚ 2. ȼɡɚɢɦɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɮɭɧɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

a(t)+jb(t) 
ℱ–1

{j×ℱ{x}}֜ –b(t)+ja(t) 
ℱ–1

{j×ℱ{x}}֜ –a(t)–jb(t) 
ℱ–1

{j×ℱ{x}}֜ 
b(t)–ja(t) ֚ℱ–1

{–j×ℱ{x}} ֚ℱ–1
{–j×ℱ{x}} ֚ℱ–1

{–j×ℱ{x}} ֝ (x(t))* ֛  ֝ (x(t))* ֛  ֝ (x(t))* ֛  ֝ (x(t))* ֛ 

a(t)–jb(t) 
ℱ–1дУ×ℱ{x}}֜ –b(t)–ja(t) 

ℱ–1
{j×ℱ{x}}֜ –a(t)+jb(t) 

ℱ–1
{j×ℱ{x}}֜ 

b(t)+ja(t) ֚ℱ–1
{–j×ℱ{x}} ֚ℱ–1

{–j×ℱ{x}} ֚ℱ–1
{–j×ℱ{x}} 

 

Ɉɬɦɟɬɢɦ, ɱɬɨ, ɟɫɥɢ ɡɚɞɚɧ ɫɢɝɧɚɥ , ɬɨ ɧɚɣɬɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɵɣ 
ɫɢɝɧɚɥ ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ , ɜɵɩɨɥɧɢɜ 
ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: ɪɚɡɜɟɪɧɭɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ, ɱɬɨ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ  ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɤɨɦɩɥɟɤɫɧɵɦ ɫɨɩɪɹɠɟɧɢɟɦ ɢ 
ɨɛɪɚɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ: . ɇɚ ɹɡɵɤɟ MatLab 

ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 
ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1.2.). 

 

Ʌɢɫɬɢɧɝ 1.2. Ʉɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 
%%  ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ 
%% =========================================================== 
clear all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% ɫɢɧɬɟɡ ɫɢɝɧɚɥɚ 
Fl = 1;         % ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Fu = 7;         % ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ; 
Nc = 16;        % ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
sx = mi_signoise( Fl, Fu, Nc, 1, 2 ); 
 
% ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ  
% ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɵɣ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ 
RFSX = conj(fft(sx));           
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RFSX(end:-1:2) = RFSX(2:1:end); % ɪɟɜɟɪɫ ɫɩɟɤɬɪɚ 
% ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɵɣ ɫɢɝɧɚɥ ɤ ɫɢɝɧɚɥɭ sx 
csx = ifft(RFSX);                
%% =========================================================== 

 

ɋɥɟɞɭɟɬ ɭɞɟɥɢɬɶ ɜɧɢɦɚɧɢɟ ɩɪɨɰɟɞɭɪɟ ɪɚɡɜɨɪɚɱɢɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ . ɇɭɥɟɜɨɣ ɷɥɟɦɟɧɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  

ɫɨɨɬɜɟɫɬɜɭɟɬ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ , ɩɨɷɬɨɦɭ 
ɩɪɨɰɟɞɭɪɚ ɪɚɡɜɨɪɚɱɢɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɚɱɢɧɚɟɬɫɹ 
ɧɟ ɫ ɧɭɥɟɜɨɝɨ ɷɥɟɦɟɧɬɚ, ɚ ɫ ɩɟɪɜɨɝɨ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟɞɧɢɣ ɷɥɟɦɟɧɬ ɫɬɚɜɢɬɫɹ ɧɚ 
ɦɟɫɬɨ ɩɟɪɜɨɝɨ, ɚ ɩɟɪɜɵɣ ɧɚ ɦɟɫɬɨ ɩɨɫɥɟɞɧɟɝɨ, ɩɪɟɞɩɨɫɥɟɞɧɢɣ ɧɚ ɦɟɫɬɨ ɜɬɨɪɨɝɨ, ɚ 
ɜɬɨɪɨɣ ɧɚ ɦɟɫɬɨ ɩɪɟɞɩɨɫɥɟɞɧɟɝɨ ɢ ɬ.ɞ. ɉɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɨɛɦɟɧ ɷɥɟɦɟɧɬɨɜ 
ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ. ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɤɚɡɚɧɧɵɦ, ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ  

ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

.   (143) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɩɢɫɶ  ɢɦɟɟɬ ɭɫɥɨɜɧɵɣ ɮɨɪɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

1.14. ɇɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɛɵɫɬɪɨɣ ɤɨɪɪɟɥɹɰɢɢ 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ, ɫɜɹɡɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɤɨɪɪɟɥɹɰɢɢ ɢɦɟɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

,    (144) 

ɚ ɬɚɤɠɟ 
.    (145) 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɜɵɱɢɫɥɟɧɢɟ ɤɨɪɪɟɥɹɰɢɢ ɦɨɠɧɨ 
ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɜɵɱɢɫɥɟɧɢɟ ɫɜɺɪɬɤɢ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɞɢɧ ɫɢɝɧɚɥ 
ɪɟɜɟɪɫɢɜɧɨ ɪɚɡɜɺɪɧɭɬ ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧ (67, 68). Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɵɱɢɫɥɟɧɢɹ 
ɤɨɪɪɟɥɹɰɢɢ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɩɪɨɢɡɜɟɞɺɦ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚ 
ɪɚɡɜɺɪɧɭɬɨɝɨ (ɪɟɜɟɪɫɢɜɧɨɝɨ) ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɨɝɨ ɫɢɝɧɚɥɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɢɫɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ. 

Ʌɢɫɬɢɧɝ 1.3 ɫɨɞɟɪɠɢɬ ɩɪɢɦɟɪ ɩɪɨɝɪɚɦɦɵ MatLab ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɟɤɨɬɨɪɨɝɨ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɪɚɡɜɺɪɧɭɬɨɝɨ 
(ɪɟɜɟɪɫɢɜɧɨɝɨ) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɫɯɨɞɧɨɦɭ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ MКЭLКЛ (ɥɢɫɬɢɧɝ 3) ɜɩɨɥɧɟ ɨɱɟɜɢɞɟɧ: ɜ ɩɟɪɜɵɯ ɫɬɪɨɤɚɯ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɱɢɫɬɤɚ ɩɚɦɹɬɢ, ɞɚɥɟɟ ɡɚɞɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɢ mi_signoise() 

(ɥɢɫɬɢɧɝ 1.2), ɩɪɨɢɡɜɨɞɹɳɟɣ ɫɢɧɬɟɡ ɫɥɭɱɚɣɧɨɝɨ ɫɢɝɧɚɥɚ Ьб ɫ ɡɚɞɚɧɧɵɦ ɱɚɫɬɨɬɧɵɦ 
ɫɩɟɤɬɪɨɦ, ɡɚɬɟɦ ɜɵɱɢɫɥɹɸɬɫɹ ɚɪɝɭɦɟɧɬɵ ɫɢɝɧɚɥɚ ЬЭ ɜ ɞɢɚɩɚɡɨɧɟ  ɢ ɫɩɟɤɬɪɚ 
ЬП ɜ ɞɢɚɩɚɡɨɧɟ  (ɫ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɱɚɫɬɨɬɨɣ), ɞɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
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ɪɚɡɜɨɪɨɬ (ɪɟɜɟɪɫ) ɫɢɝɧɚɥɚ ɢ ɜɵɱɢɫɥɟɧɢɟ ɫɩɟɤɬɪɚ ɩɪɹɦɨɝɨ Ьx ɢ ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ 
ɫɢɝɧɚɥɚ rsx. Ɉɬɦɟɬɢɦ, ɱɬɨ ɮɭɧɤɰɢɹ ППЭЬСТПЭ() ɩɟɪɟɝɪɭɩɩɢɪɨɜɵɜɚɟɬ ɜɵɯɨɞɧɵɟ 
ɦɚɫɫɢɜɵ ɮɭɧɤɰɢɣ ППЭ() ɢ ППЭ2(), ɪɚɡɦɟɳɚɹ ɧɭɥɟɜɭɸ ɱɚɫɬɨɬɭ ɜ ɰɟɧɬɪɟ ɫɩɟɤɬɪɚ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɨɬɨɛɪɚɠɚɬɶ ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜ ɛɨɥɟɟ ɩɪɢɜɵɱɧɨɦ ɞɥɹ 
ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɢɞɟ. 
Ʌɢɫɬɢɧɝ 1.3. Ɋɟɜɟɪɫ ɫɢɝɧɚɥɚ ɢ ɪɚɫɱɺɬ ɫɩɟɤɬɪɚ ɩɪɹɦɨɝɨ ɢ ɪɟɜɟɪɫɢɜɧɨɝɨ ɫɢɝɧɚɥɨɜ, 
MatLab 
%%  ɪɚɫɱɺɬ ɫɩɟɤɬɪɚ ɩɪɹɦɨɝɨ ɢ ɪɟɜɟɪɫɢɜɧɨɝɨ ɫɢɝɧɚɥɨɜ 
%% =========================================================== 
clОar all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
closО all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% ɫɢɧɬɟɡ ɫɢɝɧɚɥɚ 
Fl = 2;         % ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Fu = 12;        % ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Nc = 31;        % ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
sx = mi_signoise( Fl, Fu, Nc, 1, 2 ); 
% ɚɪɝɭɦɟɧɬ ɫɢɝɧɚɥɚ (ɜɪɟɦɹ, ɫ·ɪɚɞ) 
st = linspace(-pi*Nc, pi*Nc, Nc);  
% ɚɪɝɭɦɟɧɬ ɫɩɟɤɬɪɚ (ɧɨɪɦ. ɱɚɫɬɨɬɚ, Ƚɰ) 
sf = linspace(-0.5,0.5,Nc);        
 
%% ɪɚɡɜɨɪɚɱɢɜɚɧɢɟ ɫɢɝɧɚɥɚ ɢ ɪɚɫɱɺɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Фɭɪɶɟ 
rsx = sx(end:-1:1);       % ɪɟɜɟɪɫ (ɪɚɡɜɨɪɨɬ) ɫɢɝɧɚɥɚ 
FSX  = (1/sqrt(Nc)).*fftshift(fft(sx));   
FRSX = (1/sqrt(Nc)).*fftshift(fft(rsx)); 
%% =========================================================== 

 

ɇɚ (ɪɢɫ. 7 ɢ 8 ɩɪɢɜɟɞɟɧɚ ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ 
(ɥɢɫɬɢɧɝ 1.3). ɂɡɨɛɪɚɠɟɧɢɟ (ɪɢɫ. 7) ɫɨɞɟɪɠɢɬ ɝɪɚɮɢɤɢ ɜɟɳɟɫɬɜɟɧɧɨɣ Reд…ж ɢ 
ɦɧɢɦɨɣ Imд…ж ɫɨɫɬɚɜɥɹɸɳɢɯ ɭɫɥɨɜɧɨ ɩɪɹɦɨɝɨ sx ɢ ɭɫɥɨɜɧɨ ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ 
rsx ɫɢɝɧɚɥɨɜ. ɂɡɨɛɪɚɠɟɧɢɟ (ɪɢɫ. 8) ɫɨɞɟɪɠɢɬ ɝɪɚɮɢɤɢ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ  ɫɢɝɧɚɥɨɜ sx ɢ rsx, ɚ ɢɦɟɧɧɨ: ɜɟɳɟɫɬɜɟɧɧɵɟ ɢ ɦɧɢɦɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ, ɚɦɩɥɢɬɭɞɭ (ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ) ɢ ɮɚɡɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ ɫ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɱɚɫɬɨɬɨɣ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ; ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɢɡɨɛɪɚɠɟɧɢɟ (ɪɢɫ. 8) ɫɨɞɟɪɠɢɬ ɤɨɦɩɥɟɤɫ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. FSБ – 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ  ɭɫɥɨɜɧɨ  ɩɪɹɦɨɝɨ ɫɢɝɧɚɥɚ sx ɢ FRSБ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ ɭɫɥɨɜɧɨ ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ rsx, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼɩɨɥɧɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɩɟɤɬɪ abs{FRSXж ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ rsx 

ɪɚɡɜɺɪɧɭɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɩɟɤɬɪɭ abs{FSXж ɩɪɹɦɨɝɨ 
ɫɢɝɧɚɥɚ sx, ɩɪɢɱɺɦ ɧɭɥɟɜɨɣ ɨɬɫɱɺɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 
ɨɫɬɚɺɬɫɹ ɧɚ ɩɪɟɠɧɟɦ ɦɟɫɬɟ. ɍɱɢɬɵɜɚɹ ɝɪɚɮɢɤɢ ɜɟɳɟɫɬɜɟɧɧɨɣ Reд…ж ɢ ɦɧɢɦɨɣ 
Imд…ж ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɭɫɥɨɜɧɨ ɩɪɹɦɨɝɨ ɢ 
ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɨɜ, ɚ ɬɚɤɠɟ ɝɪɚɮɢɤ ɮɚɡɵ КЧРХОд...ж, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 
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ɩɪɢ ɪɟɜɟɪɫɢɪɨɜɚɧɢɢ ɫɢɝɧɚɥɚ ɩɪɨɢɡɨɲɥɨ ɪɟɜɟɪɫɢɪɨɜɚɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɩɟɤɬɪɚ (ɬ.ɟ. 
ɜɡɚɢɦɨɨɛɦɟɧ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɱɚɫɬɟɣ ɫɩɟɤɬɪɚ) ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɢɡɦɟɧɟɧɢɢ ɮɚɡɵ (ɫɨɨɬɧɨɲɟɧɢɹ cos-ɧɵɯ ɢ  sin-ɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ) 
ɢ ɫɨɯɪɚɧɟɧɢɢ ɚɦɩɥɢɬɭɞɵ. ɋɨɯɪɚɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɨɛɴɹɫɧɢɦɨ ɬɟɦ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɟɜɟɪɫɚ ɫɢɝɧɚɥɚ ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɫɨɫɬɚɜ ɧɟ ɦɟɧɹɟɬɫɹ, ɧɨ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ 
ɮɚɡɨɜɵɣ ɯɚɪɚɤɬɟɪ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɱɬɨ ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɚɯ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 3). 

 

 
Ɋɢɫɭɧɨɤ 7. Ƚɪɚɮɢɤɢ: sx – ɢɫɯɨɞɧɨɝɨ ɭɫɥɨɜɧɨ ɩɪɹɦɨɝɨ ɢ rsx – ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ 

ɫɢɝɧɚɥɨɜ 

 

 
Ɋɢɫɭɧɨɤ 8. Ƚɪɚɮɢɤɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ FSX ɭɫɥɨɜɧɨ ɩɪɹɦɨɝɨ sx ɢ FRSX 

ɭɫɥɨɜɧɨ ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ rsx ɫɢɝɧɚɥɨɜ 
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Ɍɟɩɟɪɶ ɜɵɩɨɥɧɢɦ ɚɧɚɥɢɡ ɪɚɡɥɢɱɢɣ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ  ɢ 
ɫɩɟɤɬɪɚ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɝɨ ɫɢɝɧɚɥɚ . ɉɪɢɦɟɪ ɜɵɱɢɫɥɟɧɢɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢɫɯɨɞɧɨɝɨ ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɨɝɨ ɤ ɢɫɯɨɞɧɨɦɭ 
ɫɢɝɧɚɥɨɜ ɩɪɢɜɟɞɺɧ ɜ ɩɪɨɝɪɚɦɦɟ MatLab (ɥɢɫɬɢɧɝ 1.4).  

 

Ʌɢɫɬɢɧɝ 1.4. Ɋɚɫɱɺɬ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɝɨ ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɝɨ ɫɢɝɧɚɥɨɜ, 
MatLab 
%%  ɪɚɫɱɺɬ ɫɩɟɤɬɪɚ  
%    ɢɫɯɨɞɧɨɝɨ ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɝɨ ɫɢɝɧɚɥɨɜ 
%% =========================================================== 
clОar all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
closО all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% ɫɢɧɬɟɡ ɫɢɝɧɚɥɚ 
Fl = 2;      % ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Fu = 12;     % ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Nc = 31;     % ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
sx = mi_signoise( Fl, Fu, Nc, 1, 2 ); 
% ɚɪɝɭɦɟɧɬ ɫɢɝɧɚɥɚ (ɜɪɟɦɹ, ɫ·ɪɚɞ) 
st = linspace(-pi*Nc, pi*Nc, Nc);  
% ɚɪɝɭɦɟɧɬ ɫɩɟɤɬɪɚ (ɧɨɪɦ. ɱɚɫɬɨɬɚ, Ƚɰ) 
sf = linspace(-0.5,0.5,Nc);  
%% ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɫɢɝɧɚɥɚ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ 
csx = conj(sx); 
FSX =  fftshift(fft(sx)); 
FCSX = fftshift(fft(csx)); 
%% =========================================================== 

ɋɩɟɤɬɪ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɨɝɨ ɫɢɝɧɚɥɚ ɷɤɜɢɜɚɥɟɧɬɟɧ ɪɚɡɜɺɪɧɭɬɨɦɭ 
ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɨɦɭ ɫɩɟɤɬɪɭ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɬ.ɟ.  

(ɪɢɫ. 9). 
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Ɋɢɫɭɧɨɤ 9. Ƚɪɚɮɢɤɢ ɢɫɯɨɞɧɨɝɨ sx ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɨɝɨ МЬб ɫɢɝɧɚɥɨɜ ɢ ɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɜɥɢɹɧɢɹ ɪɟɜɟɪɫɚ ɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɫɢɝɧɚɥɚ ɧɚ 
ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ  ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ ɚɧɚɥɢɡ ɫɯɨɞɫɬɜɚ ɢ 
ɪɚɡɥɢɱɢɣ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɫɬɪɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɤɨɪɪɟɥɹɰɢɢ. ɉɪɨɢɡɜɟɞɺɦ ɪɚɫɱɺɬ 
(ɥɢɫɬɢɧɝ 1.5) ɢ ɫɪɚɜɧɢɦ ɪɟɡɭɥɶɬɚɬɵ (ɪɢɫ. 10, 11) ɜɵɱɢɫɥɟɧɢɹ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ 
ɬɪɟɦɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: 

1. ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɤɨɪɪɟɥɹɰɢɢ ; 

2. ɱɟɪɟɡ ɩɟɪɟɦɧɨɠɟɧɢɟ ɫɩɟɤɬɪɨɜ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɪɟɜɟɪɫɢɪɨɜɚɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɝɨ ɞɜɨɣɧɢɤɚ ; 

3. ɱɟɪɟɡ ɩɟɪɟɦɧɨɠɟɧɢɟ ɫɩɟɤɬɪɚ ɢ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɨɝɨ ɫɩɟɤɬɪɚ 
. 

 

Ʌɢɫɬɢɧɝ 1.5. Ɋɚɫɱɺɬ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ 
%%  Ɋɚɫɱɺɬ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ  
% ɞɥɹ ɲɭɦɨɩɨɞɨɛɧɨɝɨ ɫɢɝɧɚɥɚ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 
%% =========================================================== 
clОar all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% ɫɢɧɬɟɡ ɫɢɝɧɚɥɚ 
Fl = 2;         % ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Fu = 12;        % ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Nc = 31;        % ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
 
sx = mi_signoise( Fl, Fu, Nc, 1, 2 ); 
% ɚɪɝɭɦɟɧɬ ɫɢɝɧɚɥɚ (ɜɪɟɦɹ, ɫ·ɪɚɞ) 
cst = linspace(-pi*Nc, pi*Nc, 2*Nc-1);  
% ɚɪɝɭɦɟɧɬ ɫɩɟɤɬɪɚ (ɧɨɪɦ. ɱɚɫɬɨɬɚ, Ƚɰ) 
csf = linspace(-0.5, 0.5, 2*Nc-1);      
% ɜɟɤɬɨɪ ɧɭɥɟɣ ɞɨɩɨɥɧɟɧɢɹ ɫɢɝɧɚɥɚ 
sxdop = zeros(1, Nc-1);                 
%% =========================================================== 
%%  ɜɵɱɢɫɥɟɧɢɟ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ 
% 1 ɫɩɨɫɨɛ 
csx1  = xcorr(sx); 
FCSX1 = (1/sqrt(2*Nc-1)).*fftshift(fft(csx1)); 
%% =========================================================== 
% 2 ɫɩɨɫɨɛ 
rsx   = conj(sx(end:-1:1)); 
FSX   = fft([sx sxdop]);     
FRSX  = fft([rsx sxdop]);  
FCSX  = FSX.*FRSX; 
csx2  = ifft(FCSX); 
FCSX2 = (1/sqrt(2*Nc-1)).*fftshift(FCSX); 
%% =========================================================== 
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% 3 ɫɩɨɫɨɛ 
FCSX  = FSX.*conj(FSX); 
csx3  = ifft(FCSX);            % ɪɚɡɜɺɪɧɭɬɚɹ ɮɨɪɦɚ ȺКФ 
% csx3 = fftshift(ifft(FCSX)); % ɩɪɢɜɵɱɧɚɹ ɮɨɪɦɚ ȺКФ 
FCSX3 = (1/sqrt(2*Nc-1)).*fftshift(FCSX); 
%% =========================================================== 

ɇɚ ɪɢɫ. 10 ɩɪɢɜɟɞɺɧ ɩɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 
1.5). Ⱥɧɚɥɢɡ ɢɡɨɛɪɚɠɟɧɢɣ (ɪɢɫ. 10) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɢɞ ɢ ɫɩɟɤɬɪ 
ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ ɫɩɨɫɨɛɨɦ, 
ɫɨɜɩɚɞɚɸɬ. Ⱥɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɬɪɟɬɶɢɦ ɫɩɨɫɨɛɨɦ, ɚ 
ɬɚɤɠɟ ɟɺ ɫɩɟɤɬɪ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɟɪɜɵɯ ɞɜɭɯ. 

 

 
Ɋɢɫɭɧɨɤ 10. Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1.5) ɪɚɫɱɺɬɚ 

ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨ ɫɬɪɨɤɚɦ: ɩɟɪɜɚɹ ɫɬɪɨɤɚ – 

ɩɟɪɜɵɣ ɫɩɨɫɨɛ; ɜɬɨɪɚɹ ɫɬɪɨɤɚ – ɜɬɨɪɨɣ ɫɩɨɫɨɛ; ɬɪɟɬɶɹ ɫɬɪɨɤɚ – ɬɪɟɬɢɣ ɫɩɨɫɨɛ. 
ɋɥɟɜɚ – ɜɟɳɟɫɬɜɟɧɧɵɟ ɢ ɦɧɢɦɵɟ ɮɭɧɤɰɢɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ, ɫɩɪɚɜɚ – 

ɜɟɳɟɫɬɜɟɧɧɵɟ ɢ ɦɧɢɦɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɩɟɤɬɪɚ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ 

 

ɋɭɳɟɫɬɜɟɧɧɨ, ɱɬɨ ȺɄɎ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɬɪɟɬɶɢɦ ɫɩɨɫɨɛɨɦ, ɪɚɡɜɺɪɧɭɬɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɵɯ ɬɨɱɟɤ ɨɬɪɟɡɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɞɟɥɟɧɢɟɦ ɩɨɩɨɥɚɦ 
ɢɧɬɟɪɜɚɥɚ ɨɩɪɟɞɟɥɟɧɢɹ ȺɄɎ. ɋɩɟɤɬɪ ɬɚɤɨɣ ȺɄɎ ɢɦɟɟɬ ɜɟɳɟɫɬɜɟɧɧɵɣ ɯɚɪɚɤɬɟɪ. 
Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɨɪɦɵ ȺɄɎ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɥɭɱɟɧɧɨɣ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ 
ɫɩɨɫɨɛɨɦ, ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɮɭɧɤɰɢɸ ППЭЬСТПЭ(), ɬ.ɟ. ɪɟɚɥɢɡɨɜɚɬɶ ɬɪɟɬɢɣ ɫɩɨɫɨɛ 
ɜɵɱɢɫɥɟɧɢɹ ȺɄɎ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: fftshift(ifft(FSX.*conj(FSX))). 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɩɨɬɪɟɛɥɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɪɟɫɭɪɫɚ ɜ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ 
ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɨɞɧɨɫɬɨɪɨɧɧɢɣ ɫɩɟɤɬɪ Д27, 36, 37Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɚɤɬɭɚɥɶɧɵɦ ɜɨɩɪɨɫɨɦ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɢ ɞɥɹ ɫɢɝɧɚɥɚ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɫɩɟɤɬɪɨɦ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ, 



46 

 

ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ ɜɵɱɢɫɥɢɦɚ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ , 

ɩɪɢ ɬɚɤɨɦ ɜɵɱɢɫɥɟɧɢɢ ɫɩɟɤɬɪ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɛɭɞɟɬ ɜɟɳɟɫɬɜɟɧɧɵɦ 
ɢ ɡɧɚɤɨɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɩɪɢɱɺɦ ɜɟɳɟɫɬɜɟɧɧɚɹ ɱɚɫɬɶ ȺɄɎ ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɪɹɞɚ 

 ɮɭɧɤɰɢɣ, ɚ ɦɧɢɦɚɹ ɱɚɫɬɶ ȺɄɎ – ɫɭɦɦɚ ɪɹɞɚ  ɮɭɧɤɰɢɣ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɣ ɮɭɧɤɰɢɢ  ɩɨɥɭɱɢɦ 
ɨɞɧɨɫɬɨɪɨɧɧɢɣ ɫɩɟɤɬɪ ȺɄɎ . ɍɱɢɬɵɜɚɹ ɩɪɚɜɢɥɚ 
ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɬ.ɟ.  ɢ 

, ɚ ɬɚɤɠɟ ɩɪɚɜɢɥɚ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ ɱɟɪɟɡ ɟɺ 
ɪɚɡɥɨɠɟɧɢɟ ɜ ɪɹɞ Ɏɭɪɶɟ (84), ɩɨɥɭɱɢɦ, ɱɬɨ ɦɧɢɦɚɹ ɱɚɫɬɶ ȺɄɎ ɛɥɢɡɤɚ ɩɨ ɮɨɪɦɟ ɤ 
ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ȺɄɎ (ɢ ɧɚɨɛɨɪɨɬ). Ɉɬɥɢɱɢɟ ɨɬ ɩɪɨɢɡɜɨɞɧɨɣ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɜɵɩɨɥɧɟɧɢɹ ɬɨɝɨ ɩɪɚɜɢɥɚ, ɱɬɨ ɝɚɪɦɨɧɢɱɟɫɤɢɟ 
ɤɨɦɩɨɧɟɧɬɵ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɭɸ ɫɤɨɪɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ (ɫɤɨɪɨɫɬɶ ɩɪɢɪɚɳɟɧɢɹ) ɮɭɧɤɰɢɢ, ɬ.ɟ. ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ, 
ɱɬɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɭɦɧɨɠɟɧɢɢ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɱɚɫɬɨɬɭ (84). ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɨɝɨ, ɱɬɨ ɜɟɳɟɫɬɜɟɧɧɚɹ ɱɚɫɬɶ ȺɄɎ ɫ 
ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɫɩɟɤɬɪɨɦ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɚ  ɫɨɫɬɚɜɥɹɸɳɢɦɢ, ɚ ɦɧɢɦɚɹ – 

 ɫɨɫɬɚɜɥɹɸɳɢɦɢ, ɦɟɠɞɭ ɤɨɦɩɥɟɤɫɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ȺɄɎ ɮɭɧɤɰɢɣ ɫ 
ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɫɩɟɤɬɪɨɦ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɧɚ 
ɢɧɬɟɪɜɚɥɚɯ, ɜ ɤɨɬɨɪɵɟ ɰɟɥɢɤɨɦ ɭɦɟɳɚɟɬɫɹ ɰɟɥɨɟ ɱɢɫɥɨ ɩɟɪɢɨɞɨɜ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ:  

  .     (146) 

ɂɧɚɱɟ ɝɨɜɨɪɹ, ɦɧɢɦɚɹ ɱɚɫɬɶ ȺɄɎ  ɮɭɧɤɰɢɢ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ 
ɫɩɟɤɬɪɨɦ ɢ ɧɭɥɟɜɨɣ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɷɤɜɢɜɚɥɟɧɬɧɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ 
Ƚɢɥɶɛɟɪɬɚ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ȺɄɎ ɬɨɣ ɠɟ ɮɭɧɤɰɢɢ . Ⱦɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɫɢɝɧɚɥɚ  ɬɨɥɶɤɨ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ ɢ ɧɭɥɟɜɨɣ ɩɨɫɬɨɹɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

.      (147) 

Ⱦɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɢɝɧɚɥɚ  ɬɨɥɶɤɨ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ ɢ ɧɭɥɟɜɨɣ 
ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

.     (148) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ȺɄɎ  ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ ɫɢɝɧɚɥɚ  ɫ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ ɢ ɧɭɥɟɜɨɣ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɹɜɥɹɟɬɫɹ 
ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ  ɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɮɨɪɦɭɥɵ ɗɣɥɟɪɚ , ɚ ȺɄɎ  

ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ ɢ ɧɭɥɟɜɨɣ ɩɨɫɬɨɹɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɺɧɧɵɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ. ɇɚ 
ɩɪɚɤɬɢɤɟ ɭɤɚɡɚɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ȺɄɎ ɧɚ 
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ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ ɡɚ ɫɱɺɬ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ  ɢ 
 ɞɥɹ ɫɢɝɧɚɥɨɜ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɫɩɟɤɬɪɨɦ. 

ȼ ɥɢɫɬɢɧɝɟ 1.6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ ɜɵɱɢɫɥɟɧɢɹ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ 
ɫɢɝɧɚɥɚ ɫ ɩɨɥɧɵɦ (ɜɫɟɦ) ɫɩɟɤɬɪɨɦ (ȼɋ), ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ (ɉɋ) ɢ 
ɬɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ (Ɉɋ). ȼɵɱɢɫɥɟɧɢɟ ȺɄɎ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɪɪɟɤɬɧɨɣ ɮɨɪɦɵ ȺɄɎ ɩɪɢɦɟɧɹɟɬɫɹ 
ɮɭɧɤɰɢɹ MatLab fftshift(). Ɍɚɤɠɟ ɞɥɹ ɤɚɠɞɨɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ȺɄɎ ȼɋ, ɉɋ ɢ 
Ɉɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɺɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ MatLab 

ɜɵɱɢɫɥɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ СТХЛОЫЭ(). 
 

Ʌɢɫɬɢɧɝ 1.6. Ɋɚɫɱɺɬ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɫɢɝɧɚɥɚ ɫ ɩɨɥɧɵɦ ɢ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ 
ɫɩɟɤɬɪɨɦ 
%%  Ɋɚɫɱɺɬ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɫɢɝɧɚɥɚ 
%% =========================================================== 
clОar all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
closО all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% ɫɢɧɬɟɡ ɫɢɝɧɚɥɚ 
Fl = 1;      % ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Fu = 15;     % ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 
Nc = 31;     % ɪɚɡɦɟɪ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
sx = mi_signoise( Fl, Fu, Nc, 1, 2 ); 
% ɚɪɝɭɦɟɧɬ ɫɢɝɧɚɥɚ (ɜɪɟɦɹ, ɫ·ɪɚɞ) 
cst = linspace(-pi*Nc, pi*Nc, 2*Nc-1);  
% ɚɪɝɭɦɟɧɬ ɫɩɟɤɬɪɚ (ɧɨɪɦ. ɱɚɫɬɨɬɚ, Ƚɰ) 
csf = linspace(-0.5, 0.5, 2*Nc-1);   
% ɜɟɤɬɨɪ ɧɭɥɟɣ ɞɨɩɨɥɧɟɧɢɹ ɫɢɝɧɚɥɚ    
sxdop = zeros(1, Nc-1);           
%%  ɜɵɱɢɫɥɟɧɢɟ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ 
FSXFS = fft([sx sxdop]); 
%% =========================================================== 
% ɩɨɥɧɵɣ (ɜɟɫɶ) ɫɩɟɤɬɪ (ȼɋ) 
csбПs = ППtsСiПt(iППt(FSБFS.*conj(FSБFS))); % ɜɵɱɢɫɥɟɧɢɟ ȺКФ 
СПs = imaР(СilbОrt(rОal(csбПs))); % ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ 
% ɫɩɟɤɬɪ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ 
VFSXFS = (1/sqrt(2*Nc-1)).*fftshift(FSXFS);  
%% =========================================================== 
% ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɫɩɟɤɬɪ (ɉɋ)  
FSXPS = FSXFS; 
% ɨɛɧɭɥɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ 
FSXPS(floor(end/2)+2:end) = 0;  
csxps = fftshift(ifft(FSXPS.*conj(FSXPS))); % ɜɵɱɢɫɥɟɧɢɟ ȺКФ 
Сps = imaР(СilbОrt(rОal(csбps))); % ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ 
% ɫɩɟɤɬɪ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ 
VFSXPS = (1/sqrt(2*Nc-1)).*fftshift(FSXPS);  
%% =========================================================== 
% ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɫɩɟɤɬɪ (Ɉɋ) 
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FSXNS = FSXFS; 
% ɨɛɧɭɥɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ 
FSXNS(2:floor(end/2)+1) = 0;  
csбns = ППtsСiПt(iППt(FSБNS.*conj(FSБNS))); % ɜɵɱɢɫɥɟɧɢɟ ȺКФ 
Сns = imaР(СilbОrt(rОal(csбns))); % ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ 
% ɫɩɟɤɬɪ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ 
VFSXNS = (1/sqrt(2*Nc-1)).*fftshift(FSXNS);  

ɇɚ ɪɢɫ. 11 ɩɪɢɜɟɞɺɧ ɩɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɚ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 
1.6), ɜ ɤɚɠɞɨɣ ɫɬɪɨɤɟ ɫɥɟɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɟɳɟɫɬɜɟɧɧɚɹ ɢ ɦɧɢɦɚɹ ɱɚɫɬɢ ȺɄɎ, 
ɫɩɪɚɜɚ – ɫɩɟɤɬɪ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ȼɦɟɫɬɟ ɫ ɦɧɢɦɨɣ ɱɚɫɬɶɸ ȺɄɎ ɞɥɹ ɜɢɡɭɚɥɶɧɨɝɨ 
ɫɪɚɜɧɟɧɢɹ ɨɬɨɛɪɚɠɺɧ ɝɪɚɮɢɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ƚɢɥɶɛɟɪɬɚ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ 
ȺɄɎ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɫɢɝɧɚɥɚ ɬɨɥɶɤɨ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ ɦɧɢɦɚɹ ɱɚɫɬɶ 
ȺɄɎ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ȺɄɎ ɩɨɥɧɨɫɬɶɸ 
ɫɨɜɩɚɞɚɸɬ, ɚ ɞɥɹ ɫɢɝɧɚɥɚ ɬɨɥɶɤɨ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɫɩɟɤɬɪɨɦ ɦɧɢɦɚɹ ɱɚɫɬɶ ȺɄɎ ɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ƚɢɥɶɛɟɪɬɚ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɢ ȺɄɎ ɪɚɜɧɵ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɪɚɜɧɵ 
ɩɨ ɦɨɞɭɥɸ ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ ɩɨ ɡɧɚɤɭ. 

 

 
Ɋɢɫɭɧɨɤ 11. Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ (ɥɢɫɬɢɧɝ 1.6), ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 
ɮɭɧɤɰɢɹ ɢ ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ: ɩɟɪɜɚɹ ɫɬɪɨɤɚ – ɩɨɥɧɵɣ ɫɩɟɤɬɪ; ɜɬɨɪɚɹ ɫɬɪɨɤɚ – ɬɨɥɶɤɨ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɫɩɟɤɬɪ; ɬɪɟɬɶɹ ɫɬɪɨɤɚ – ɬɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɫɩɟɤɬɪ 

1.15. Ʌɢɧɟɣɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɉɚɪɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ  

    (149) 



 

 

49 
 

ɜɡɚɢɦɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɫɢɝɧɚɥɚ , ɞɥɢɬɟɥɶɧɨɫɬɶɸ  ɨɬɫɱɺɬɨɜ, ɢ ɟɝɨ ɱɚɫɬɨɬɧɨɝɨ 
ɨɛɪɚɡɚ  ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɥɢɧɟɣɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ  ɢ ɡɚɩɢɫɚɬɶ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ: 

,      (150) 

ɝɞɟ  – ɜɟɤɬɨɪ ɫɢɝɧɚɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɨɪɞɢɧɚɬ-ɨɬɫɱɺɬɨɜ ɩɨ ɜɪɟɦɟɧɢ,  – ɜɟɤɬɨɪ 
ɫɢɝɧɚɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɨɪɞɢɧɚɬ-ɨɬɫɱɺɬɨɜ ɩɨ ɱɚɫɬɨɬɟ. Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɦɚɬɪɢɰɵ ɥɢɧɟɣɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ , ɜɵɱɢɫɥɢɦɵ ɤɚɤ 

,   (151) 

ɝɞɟ . Ɉɬɦɟɬɢɦ, ɱɬɨ ɦɚɬɪɢɰɚ  ɹɜɥɹɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɨɣ, ɬ.ɟ. 
 ɢ . ɋɬɪɨɤɢ (ɫɬɨɥɛɰɵ) ɦɚɬɪɢɰɵ ɹɜɥɹɸɬɫɹ ɥɢɧɟɣɧɨ 

ɧɟɡɚɜɢɫɢɦɵɦɢ, ɬ.ɟ. ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ, ɜɟɤɬɨɪɚɦɢ. ɉɨɷɬɨɦɭ, ɢɫɩɨɥɶɡɭɹ ɫɢɦɜɨɥ 
Ʉɪɨɧɟɤɟɪɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

.  (152) 

ɝɞɟ , ɢɥɢ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ: 
.    (153) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɨɛɪɚɡɭɟɬ ɥɢɧɟɣɧɨɟ ɭɧɢɬɚɪɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ. 

ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɤɚɤ ɥɢɧɟɣɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɚɬɪɢɰɵ , ɤɪɨɦɟ ɬɨɝɨ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɚ ɞɥɹ 
ɩɨɧɢɦɚɧɢɹ ɫɭɳɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ȻɉɎ) Д38Ж.  

1.16. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɢ ɮɪɚɤɬɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɪɢɰɵ Ɏɭɪɶɟ 

ȼɩɨɥɧɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɦɚɬɪɢɰɵ  

ɥɢɧɟɣɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɪɚɜɧɨ 

.       (154) 

ȼɵɪɚɠɟɧɢɟ (4) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɧɟɪɝɢɹ ɦɚɬɪɢɰɵ , ɜɵɱɢɫɥɢɦɚɹ ɤɚɤ 
, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɦɟɠɞɭ ɟɺ ɷɥɟɦɟɧɬɚɦɢ, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ 
ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ, ɡɚɞɚɱɟɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɚɫɬɨɬɚ-ɜɪɟɦɹ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɫɥɟɞɭɸɳɟɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɧɟɪɝɢɢ ɩɪɢ ɩɨɦɨɳɢ ȺɄɎ (ɥɢɫɬɢɧɝ 1.7). 

 

Ʌɢɫɬɢɧɝ 1.7. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɤɚɤ ɭɧɢɬɚɪɧɨɟ ɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
%% ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ ɤɚɤ ɭɧɢɬɚɪɧɨɟ ɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
%% =========================================================== 
clОar all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
closО all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% =========================================================== 
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% ɩɚɪɚɦɟɬɪɵ 
Nn = 8;   % ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Фɭɪɶɟ (МɉФ) 
%% ɮɨɪɦɢɪɭɟɦ ɦɚɬɪɢɰɭ Фɉ ɢ ɫɢɝɧɚɥ 
CN_MFT = mi_matrixFT( Nn ); 
sx = zeros(Nn,1); % ɫɢɝɧɚɥ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ 
sx(:,1) = mi_signoise( 1, Nn/2, Nn, 1, 2 ); 
  
%% ɨɜɟɳɟɫɬɜɥɟɧɢɟ ɦɚɬɪɢɰɵ Фɉ 
R2N_MFT = [real(CN_MFT)  -imag(CN_MFT); ... 
           imag(CN_MFT)  real(CN_MFT)]; 
  
% ɩɪɨɜɟɪɤɚ ɭɧɢɬɚɪɧɨɫɬɢ ɥɢɧɟɣɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ  
ПprintП('ɤɪɢɬɟɪɢɣ: ɦɨɞɭɥɶ ɨɩɪɟɞɟɥɢɬɟɥɹ МɉФ = %П \n', abs(det(CN_MFT)));  
ПprintП('ɤɪɢɬɟɪɢɣ: ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ \n');  
ONM = abs(CN_MFT.'*conj(CN_MFT)) 
% ɤɨɪɪɟɥɹɰɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ 
XCMFT = xcorr2(CN_MFT); 
figure(); 
subplot(1,2,1); mesh(real(XCMFT)); 
subplot(1,2,2); mesh(imag(XCMFT)); 
  
XR2MFT = xcorr2(R2N_MFT); 
figure(); 
subplot(1,2,1); mesh(real(XR2MFT)); 
subplot(1,2,2); mesh(imag(XR2MFT)); 
  
%% ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ 
% ɩɪɹɦɨɟ 
FSБ  = CN_MFT*sб;              % ɱɟɪɟɡ ɦɚɬɪɢɰɭ 
FTSБ = (1/sqrt(Nn)).*ППt(sб);  % ɬɪɚɞɢɰɢɨɧɧɨɟ 
% ɨɛɪɚɬɧɨɟ 
rsб  = conj(CN_MFT)*FSБ;       % ɱɟɪɟɡ ɦɚɬɪɢɰɭ 
% ɜɢɡɭɚɥɢɡɚɰɢɹ ɫɩɟɤɬɪɨɜ 
figure(); 
subplot(2,2,1); stem(real(FSX)); 
subplot(2,2,2); stem(imag(FSX)); 
subplot(2,2,3); stem(real(FTSX)); 
subplot(2,2,4); stem(imag(FTSX)); 
% ɜɢɡɭɚɥɢɡɚɰɢɹ ɫɢɝɧɚɥɨɜ 
figure(); 
subplot(2,2,1); plot(real(sx)); 
subplot(2,2,2); plot(imag(sx)); 
subplot(2,2,3); plot(real(rsx)); 
subplot(2,2,4); plot(imag(rsx)); 
%% =========================================================== 
 

ɇɚ ɪɢɫ. 12 ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪɧɵɣ ɜɢɞ ɜɟɳɟɫɬɜɟɧɧɨɣ  ɢ ɦɧɢɦɨɣ 
 ɱɚɫɬɟɣ ȺɄɎ ɦɚɬɪɢɰɵ  ɪɚɡɦɟɪɨɦ 32×32 ɨɬɫɱɺɬɚ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 
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ɰɟɧɬɪɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ȺɄɎ ɜɫɟɝɞɚ ɜɟɳɟɫɬɜɟɧɧɨ. ɉɪɚɤɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɦɚɬɪɢɰ  ɩɨɤɚɡɵɜɚɸɬ ɯɚɪɚɤɬɟɪɧɭɸ ɨɫɨɛɟɧɧɨɫɬɶ: ȺɄɎ ɦɚɬɪɢɰ  ɢɦɟɟɬ 
ɨɞɧɨɪɨɞɧɨ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɛɨɤɨɜɵɯ ɥɟɩɟɫɬɤɨɜ ɩɪɢ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɦ ɰɟɧɬɪɚɥɶɧɨɦ 
ɜɫɩɥɟɫɤɟ. Ɍɚɤɨɟ ɫɜɨɣɫɬɜɨ ȺɄɎ ɦɚɬɪɢɰ  ɨɱɟɧɶ ɩɨɥɟɡɧɨ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɫɢɝɧɚɥɚ 
ɧɚ ɮɨɧɟ ɩɨɦɟɯ ɢ ɬɨɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɩɢɤɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ȺɄɎ ɜɨ ɜɪɟɦɟɧɢ Д39-42].  
 

 
Ɋɢɫɭɧɨɤ 12. ɏɚɪɚɤɬɟɪɧɵɣ ɜɢɞ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ȺɄɎ ɞɥɹ ɦɚɬɪɢɰɵ  ɪɚɡɦɟɪɨɦ 

32×32 ɨɬɫɱɺɬɚ 

 

ɉɭɫɬɶ ɦɚɬɪɢɰɚ ȺɄɎ , ɝɞɟ  – ɨɩɟɪɚɬɨɪ 
ɤɨɪɪɟɥɹɰɢɢ,  ɢ  – ɢɧɞɟɤɫɵ ɦɚɬɪɢɰɵ ȺɄɎ , ɬɨɝɞɚ ɢɫɩɨɥɶɡɭɹ 
ɜɵɪɚɠɟɧɢɟ (154), ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɚ ȺɄɎ ɤɚɤ 
ɮɭɧɤɰɢɸ ɨɬ ɪɚɡɦɟɪɚ  ɦɚɬɪɢɰɵ : 
                                             =      

 = 

                                .            (155) 

Ɉɛɪɚɬɧɭɸ ɜɟɥɢɱɢɧɭ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɚ ȺɄɎ (155)  

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɧɨɪɦɢɪɭɸɳɟɝɨ ɦɧɨɠɢɬɟɥɹ  ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɟɞɢɧɢɱɧɨɣ ɚɦɩɥɢɬɭɞɵ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɚ ȺɄɎ. 

Ɍɟɨɪɟɦɚ. Ⱥɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ  ɦɚɬɪɢɰɵ ɥɢɧɟɣɧɨɝɨ 

ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ  ɪɚɡɦɟɪɨɦ  

ɢɦɟɟɬ ɮɨɪɦɭ ɞɜɭɦɟɪɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɟɞɢɧɢɱɧɨɝɨ ɢɦɩɭɥɶɫɚ. 
Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɟɞɢɧɢɱɧɨɝɨ ɢɦɩɭɥɶɫɚ 

( -ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ) ɢɦɟɟɬ ɪɚɜɧɨɦɟɪɧɵɣ ɧɟɨɝɪɚɧɢɱɟɧɧɵɣ ɫɩɟɤɬɪ, ɦɚɬɪɢɰɚ  
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ɪɚɡɦɟɪɨɦ  ɨɛɪɚɡɨɜɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɫ 
ɨɞɢɧɚɤɨɜɨɣ ɚɦɩɥɢɬɭɞɨɣ ɢ ɨɝɪɚɧɢɱɟɧɧɵɦ ɫɩɟɤɬɪɨɦ. ȼɵɱɢɫɥɢɦ ɜɟɤɬɨɪɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɺɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ ɦɚɬɪɢɰ  ɩɨ ɫɬɪɨɤɚɦ , 

ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɨ ɤɚɤ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɫɢɝɧɚɥɚ ɜ 
ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫɩɟɤɬɪɚ Д43Ж ɉɨɥɭɱɟɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ ɦɚɬɪɢɰ  ɩɨ ɫɬɪɨɤɚɦ  ɩɨ ɫɜɨɟɣ 
ɮɨɪɦɟ ɹɜɥɹɟɬɫɹ ɞɢɫɤɪɟɬɧɵɦ ɨɛɪɚɡɨɦ ɨɞɧɨɦɟɪɧɨɝɨ ɟɞɢɧɢɱɧɨɝɨ ɢɦɩɭɥɶɫɚ, ɚ ɩɪɢ 
ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ ɦɚɬɪɢɰɵ , ɬ.ɟ. , ɭɤɚɡɚɧɧɚɹ ɫɭɦɦɚ 
ɞɚɫɬ ɨɞɧɨɦɟɪɧɵɣ ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ. ȼ ɫɢɥɭ  ɫɢɦɦɟɬɪɢɢ ɦɚɬɪɢɰɵ  ɬɨɬ ɠɟ 
ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɭɦɦɢɪɨɜɚɧɢɹ ɩɨ ɫɬɨɥɛɰɚɦ . 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ ɤɨɪɪɟɥɹɰɢɢ ɱɟɪɟɡ 
ɩɟɪɟɦɧɨɠɟɧɢɟ ɫɩɟɤɬɪɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢɦɟɟɦ: 

,      (156) 

ɝɞɟ ɫɢɦɜɨɥ ɨɡɧɚɱɚɟɬ ɩɨɷɥɟɦɟɧɬɧɨɟ ɭɦɧɨɠɟɧɢɟ ɦɚɬɪɢɰ;  – ɩɪɹɦɨɟ ɢ  – 

ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɜɭɦɟɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ), ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ  

=   

. 

Ⱦɚɥɟɟ ɡɚɩɢɲɟɦ: 
.  

ɍɱɢɬɵɜɚɹ ɫɜɨɣɫɬɜɨ ɭɦɧɨɠɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ ɧɚ ɫɨɩɪɹɠɺɧɧɨɟ 
, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɦɧɨɠɟɧɢɹ 

 ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɪɚɡɦɟɪɨɦ  ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
ɷɥɟɦɟɧɬɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɪɚɜɟɧ . Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ ɬɚɤɨɝɨ ɦɚɫɫɢɜɚ ɞɚɫɬ ɞɜɭɦɟɪɧɵɣ ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ, ɱ.ɬ.ɞ.  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɬɪɢɰɵ  ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ  ɢɦɟɸɬ ɢɞɟɚɥɶɧɭɸ 
ɮɨɪɦɭ ȺɄɎ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɰɟɧɬɪɚɥɶɧɵɣ ɜɫɩɥɟɫɤ/ɛɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ  
ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɧɟɪɝɢɢ ɩɨ ɷɥɟɦɟɧɬɚɦ ɦɚɬɪɢɰɵ . 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɫɭɦɦɢɪɨɜɚɧɢɟ ɦɚɬɪɢɰɵ ɦɚɬɪɢɰ  ɩɨ ɫɬɪɨɤɚɦ ɢɥɢ 
ɩɨ ɫɬɨɥɛɰɚɦ ɞɚɺɬ ɞɢɫɤɪɟɬɧɵɣ ɨɛɪɚɡ ɟɞɢɧɢɱɧɨɝɨ ɢɦɩɭɥɶɫɚ ɜ ɨɞɧɨɦɟɪɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ ɦɚɬɪɢɰɵ  ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ, ɧɨ ɭɠɟ ɜ ɞɜɭɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɩɪɨɹɜɥɹɸɬɫɹ ɮɪɚɤɬɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ  ɰɢɤɥɢɱɟɫɤɢɟ ɩɨɜɬɨɪɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɨɪɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɪɚɡɥɢɱɧɨɣ ɦɟɪɧɨɫɬɢ Д44Ж.  

ɋɥɟɞɭɹ ɩɪɨɜɟɞɺɧɧɵɦ ɪɚɫɫɭɠɞɟɧɢɹɦ, ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɨɬɦɟɱɟɧɧɵɟ 
ɮɪɚɤɬɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɧɚɫɥɟɞɭɸɬɫɹ ɞɥɹ ɦɧɨɝɨɦɟɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜ Д45Ж. Ɍɚɤ, 

ɦɚɬɪɢɰɚ  ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɨɞɧɨɦɟɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. Ⱦɥɹ 
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ɞɜɭɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɞɜɚ ɬɪɺɯɦɟɪɧɵɯ ɦɚɫɫɢɜɚ 
(ɪɢɫ. 13). 

Ʉɚɠɞɵɣ ɦɚɫɫɢɜ (ɪɢɫ. 13, a, b) ɩɨɥɭɱɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɴɟɞɢɧɟɧɢɹ  ɦɚɬɪɢɰ 
 ɪɚɡɦɟɪɨɦ , ɨɞɢɧ ɜɞɨɥɶ ɨɫɢ , ɞɪɭɝɨɣ ɜɞɨɥɶ ɨɫɢ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɬɫɹ ɞɜɚ ɦɚɫɫɢɜɚ  ɢ  , ɤɚɠɞɵɣ ɪɚɡɦɟɪɨɦ 
. ȼ ɨɛɨɡɧɚɱɟɧɢɹɯ ɦɚɫɫɢɜɨɜ  ɢ  ɜɟɪɯɧɢɟ ɢɧɞɟɤɫɵ ɨɡɧɚɱɚɸɬ 

ɬɪɺɯɦɟɪɧɨɫɬɶ, ɚ ɧɢɠɧɢɟ  ɢ   ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɩɨ ɤɨɨɪɞɢɧɚɬɟ  ɢ  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɭɦɦɢɪɨɜɚɧɢɟ  ɢ  ɦɚɫɫɢɜɨɜ 
 ɢ  ɜɞɨɥɶ ɨɫɢ  (ɪɢɫ. 13, c, d), ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɷɥɟɦɟɧɬɧɵɦ 

ɩɟɪɟɦɧɨɠɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɚ  , ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ 
ɨɛɪɚɬɧɨɝɨ ɞɜɭɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ: , ɪɟɡɭɥɶɬɚɬ 
ɩɨɞɨɛɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ – ɞɜɭɦɟɪɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ, ɱɬɨ 
ɜɩɨɥɧɟ ɨɱɟɜɢɞɧɨ ɢɡ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫ. 13, e). 

 

 
Ɋɢɫɭɧɨɤ 13. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɬɪɺɯɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ, 

ɪɟɚɥɢɡɭɸɳɢɯ ɞɜɭɦɟɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 
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ɉɪɨɞɨɥɠɚɹ ɩɨɞɨɛɧɵɟ ɪɚɫɫɭɠɞɟɧɢɹ, ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɨɧɢ ɛɭɞɭɬ 
ɫɩɪɚɜɟɞɥɢɜɵ ɞɥɹ ɫɥɭɱɚɟɜ ɛɨɥɶɲɟɣ ɦɟɪɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɜ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
Ɏɭɪɶɟ ɦɧɨɝɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ ɥɟɠɢɬ ɨɞɧɨɦɟɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɢ 
ɭɤɚɡɚɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɫɨɯɪɚɧɹɸɬɫɹ. Ɍɚɤ, ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 
ɬɪɺɯɦɟɪɧɨɝɨ ɦɚɫɫɢɜɚ ɧɟɨɛɯɨɞɢɦɨ ɬɪɢ ɱɟɬɵɪɺɯɦɟɪɧɵɯ ɦɚɫɫɢɜɚ , 

 ɢ   ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɛɚɡɟ ɨɛɴɟɞɢɧɟɧɢɹ ɦɚɬɪɢɰ . 

ɇɚ ɪɢɫ. 14 ɩɨɤɚɡɚɧɨ ɮɪɚɤɬɚɥɶɧɨɟ ɞɟɪɟɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɧɚ ɛɚɡɟ ɦɚɬɪɢɰɵ ɥɢɧɟɣɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

. ɋɟɪɨɣ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɨɬɨɛɪɚɠɟɧɚ ɫɜɹɡɶ ɦɟɠɞɭ ɞɜɭɦɟɪɧɵɦɢ ɟɞɢɧɢɱɧɵɦɢ 
ɢɦɩɭɥɶɫɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɧɚ ɛɚɡɟ ɨɩɟɪɚɰɢɢ ɤɨɪɪɟɥɹɰɢɹ  ɦɚɬɪɢɰɵ 

 ɢ ɧɚ ɛɚɡɟ ɷɤɜɢɜɚɥɟɧɬɚ ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

 ɞɥɹ ɦɚɫɫɢɜɨɜ  ɢ . 

 
Ɋɢɫɭɧɨɤ 14. Ɏɪɚɤɬɚɥɶɧɨɟ ɞɟɪɟɜɨ ɟɞɢɧɢɱɧɵɯ ɮɭɧɤɰɢɣ ɨɛɪɚɡɨɜɚɧɧɨɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɬɪɚɧɫɮɨɪɦɚɰɢɣ ɧɚ ɛɚɡɟ ɦɚɬɪɢɰɵ ɥɢɧɟɣɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

1.17. Ɂɚɦɟɱɚɧɢɹ ɨ ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɚɯ 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɱɚɫɬɨ ɜɵɩɨɥɧɹɸɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ. ɉɨɞ ɦɧɨɝɨɦɟɪɧɵɦɢ ɫɢɝɧɚɥɚɦɢ, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɮɭɧɤɰɢɹɦɢ 
ɦɧɨɝɢɯ ɩɟɪɟɦɟɧɧɵɯ, ɩɨɧɢɦɚɸɬ ɫɢɝɧɚɥɵ ɨɬ ɦɧɨɝɢɯ ɩɟɪɟɦɟɧɧɵɯ (ɚɪɝɭɦɟɧɬɨɜ, 
ɩɚɪɚɦɟɬɪɨɜ). ɇɚɩɪɢɦɟɪ, K-ɦɟɪɧɵɣ ɫɢɝɧɚɥ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɢɝɧɚɥ ɢɦɟɟɬ K 

ɚɪɝɭɦɟɧɬɨɜ: ɨɞɧɨɦɟɪɧɵɣ ɫɢɝɧɚɥ, ɞɜɭɦɟɪɧɵɣ ɫɢɝɧɚɥ, ɬɪɺɯɦɟɪɧɵɣ ɫɢɝɧɚɥ ɢ ɬ.ɞ., 
ɤɚɠɞɵɣ ɚɪɝɭɦɟɧɬ ɨɛɪɚɡɭɟɬ ɦɟɪɧɨɫɬɶ ɫɢɝɧɚɥɚ. ɋɚɦɨ ɩɨ ɫɟɛɟ ɨɩɪɟɞɟɥɟɧɢɟ 
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ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɲɢɪɧɵɦ, ɧɟ ɜɫɟɝɞɚ ɨɩɪɟɞɟɥɺɧɧɵɦ 
ɨɞɧɨɡɧɚɱɧɨ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɦɧɨɝɨɦɟɪɧɵɯ 
ɫɢɝɧɚɥɨɜ. ɇɚɩɪɢɦɟɪ, ɦɧɨɝɨɦɟɪɧɵɣ ɫɢɝɧɚɥ ɦɨɠɟɬ ɛɵɬɶ ɞɢɫɤɪɟɬɧɵɦ (ɰɢɮɪɨɜɵɦ), 
ɧɟɩɪɟɪɵɜɧɵɦ (ɚɧɚɥɨɝɨɜɵɦ), ɫɦɟɲɚɧɧɵɦ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɫɦɟɲɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɜɢɞɟɨɫɢɝɧɚɥ 
ɱɟɪɟɫɫɬɪɨɱɧɨɣ ɪɚɡɜɟɪɬɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ 
ɦɨɧɢɬɨɪɚɯ ɫ ɷɥɟɤɬɪɨɧɧɨɥɭɱɟɜɨɣ ɬɪɭɛɤɨɣ. ȼɢɞɟɨɫɢɝɧɚɥ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɨɞɧɨɦɟɪɧɵɣ ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ ɫɢɝɧɚɥ, ɩɪɢ ɷɬɨɦ ɜɢɞɟɨɫɢɝɧɚɥ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ 
ɛɭɞɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɤɚɤ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɫɢɝɧɚɥɚ ɤɚɤ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɤɨɨɪɞɢɧɚɬɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ 
ɩɨɜɟɪɯɧɨɫɬɶ, ɧɚ ɤɨɬɨɪɨɣ ɮɨɪɦɢɪɭɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɭɫɬɶ ɷɬɨ ɛɭɞɭɬ ɚɪɝɭɦɟɧɬɵ: x 

– ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɢ y – ɩɨ ɜɟɪɬɢɤɚɥɢ. Ɍɨɝɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɨɞɚ ɥɭɱɚ ɩɨ 
ɝɨɪɢɡɨɧɬɚɥɢ (ɚɪɝɭɦɟɧɬ x) ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɢɝɧɚɥ ɢɦɟɟɬ ɧɟɩɪɟɪɵɜɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɞɥɹ ɦɨɧɨɯɪɨɦɧɨɝɨ ɦɨɧɢɬɨɪɚ ɢ ɞɢɫɤɪɟɬɧɭɸ ɞɥɹ ɰɜɟɬɧɨɝɨ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɯɨɞɚ ɥɭɱɚ ɩɨ ɜɟɪɬɢɤɚɥɢ (ɚɪɝɭɦɟɧɬ y) ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɚɪɝɭɦɟɧɬ 
ɞɢɫɤɪɟɬɧɵɦ ɨɬ ɫɬɪɨɤɢ ɤ ɫɬɪɨɤɟ, ɟɫɥɢ ɧɟ ɭɱɢɬɵɜɚɬɶ ɨɛɪɚɬɧɵɣ ɯɨɞ ɥɭɱɚ 
ɱɟɪɟɫɫɬɪɨɱɧɨɣ ɪɚɡɜɺɪɬɤɢ; ɢ ɧɟɩɪɟɪɵɜɧɵɦ, ɟɫɥɢ ɨɛɪɚɬɧɵɣ ɯɨɞ ɥɭɱɚ ɭɱɢɬɵɜɚɬɶ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɢɝɧɚɥ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɚɪɝɭɦɟɧɬɨɜ ɢ/ɢɥɢ ɢɡɦɟɧɹɸɳɭɸɫɹ (ɨɬ ɤɚɤɢɯ-ɬɨ ɭɫɥɨɜɢɣ) ɫɢɫɬɟɦɭ 
ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɚɪɝɭɦɟɧɬɚ. ɋɢɝɧɚɥ ɦɨɠɟɬ ɢɦɟɬɶ ɜɥɨɠɟɧɧɭɸ 
ɪɟɤɭɪɪɟɧɬɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɪɢɱɺɦ ɧɚ ɤɚɠɞɨɦ ɭɪɨɜɧɟ ɜɥɨɠɟɧɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɫɜɨɺ 
ɨɫɨɛɟɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɩɢɫɚɧɢɹ ɷɥɟɦɟɧɬɚ ɫɢɝɧɚɥɚ. Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ 
ɩɪɢɦɟɪɚ ɬɨɬ ɠɟ ɜɢɞɟɨɫɢɝɧɚɥ, ɧɨ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɰɜɟɬɧɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɤɚɤ  , ɝɞɟ 
ɚɪɝɭɦɟɧɬɵ x, y – ɨɩɪɟɞɟɥɟɧɵ ɜɵɲɟ; t – ɚɪɝɭɦɟɧɬ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɬ ɞɢɫɤɪɟɬɧɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɚɞɪɨɜ; Y, Cr, Cb – ɮɭɧɤɰɢɢ ɨɬ  ɢ ɚɪɝɭɦɟɧɬɵ ɰɜɟɬɧɨɫɬɢ 
(ɰɜɟɬɨɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ВCЫCЛ) ɮɭɧɤɰɢɢ V. ɋɥɟɞɭɟɬ ɨɬɦɟɬɶ, ɱɬɨ ɜ ɚɧɚɥɨɝɨɜɨɦ 
ɬɟɥɟɜɢɡɢɨɧɧɨɦ ɜɟɳɚɧɢɢ ɤɚɠɞɵɣ ɤɚɞɪ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɞɜɚ ɩɨɥɭɤɚɞɪɚ, ɫɨɫɬɨɹɳɢɯ ɢɡ 
ɱɺɬɧɵɯ ɢ ɧɟɱɺɬɧɵɯ ɫɬɪɨɤ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɫɦɟɳɟɧɢɢ ɜɧɭɬɪɢ ɫɬɪɨɤɢ ɢ ɜɧɭɬɪɢ 
ɩɨɥɭɤɚɞɪɚ ɚɪɝɭɦɟɧɬ ɜɪɟɦɟɧɢ t ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɟɩɪɟɪɵɜɧɵɦ ɢɥɢ ɞɚɠɟ ɩɨɫɬɨɹɧɧɵɦ 
(ɟɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɟɫɶ ɩɨɥɭɤɚɞɪ ɮɨɪɦɢɪɭɟɬɫɹ ɟɞɢɧɨɜɪɟɦɟɧɧɨ), ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 
ɩɨɥɭɤɚɞɪɚ ɤ ɩɨɥɭɤɚɞɪɭ ɜɪɟɦɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɞɢɫɤɪɟɬɧɵɦ. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɰɜɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɰɜɟɬɨɜɵɟ ɤɨɦɩɨɧɟɧɬɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɨɜɦɟɫɬɧɨ 

(ɩɪɢ ɷɬɨɦ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɫɢɝɧɚɥɚ ɛɭɞɟɬ ɬɟɧɡɨɪɨɦ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɬ.ɟ. 
ɜɟɤɬɨɪɨɦ), ɬɚɤ ɢ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɤɚɤ ɨɬɞɟɥɶɧɵɟ ɫɢɝɧɚɥɵ (ɩɪɢ ɷɬɨɦ ɤɚɠɞɵɣ 
ɰɜɟɬɨɜɨɣ ɷɥɟɦɟɧɬ ɫɢɝɧɚɥɚ ɛɭɞɟɬ ɬɟɧɡɨɪɨɦ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ, ɬ.ɟ. ɫɤɚɥɹɪɨɦ). 

ɐɜɟɬɨɜɵɟ ɤɨɦɩɨɧɟɧɬɵ ɡɚɞɚɧɵ ɜ ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ВCЫCЛ, 
ɬɪɚɧɫɮɨɪɦɢɪɭɟɦɨɦ ɩɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɰɜɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɰɜɟɬɨɜɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ RGB. Ⱦɚɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɫ ɭɱɺɬɨɦ ɝɚɦɦɚ-ɤɨɪɪɟɤɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɧɟɥɢɧɟɣɧɵɦ. Ɇɨɠɧɨ ɟɳɺ ɭɫɥɨɠɧɢɬɶ ɩɪɨɰɟɞɭɪɭ 
ɮɨɪɦɚɥɢɡɚɰɢɢ ɜɢɞɟɨɫɢɝɧɚɥɚ Д46Ж, ɟɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ 



56 

 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɝɭɬ ɮɨɪɦɢɪɨɜɚɬɶ ɨɛɴɺɦɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɚɧɨɪɚɦɧɵɟ 
ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɩɪɨɱ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɨɛɳɺɧɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɮɨɪɦɚɥɢɡɚɰɢɹ ɨɩɢɫɚɧɢɹ 
ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ ɡɚɬɪɭɞɧɟɧɚ  Д47Ж. ɉɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɮɨɪɦɚɥɢɡɚɰɢɟɣ ɫɢɝɧɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ 
ɚɩɩɚɪɚɬɧɵɯ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ, ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɫɢɝɧɚɥɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɩɪɢɨɪɢɬɟɬɧɵɦ ɮɚɤɬɨɪɨɦ. Ɉɬɞɟɥɶɧɵɦ ɜɨɩɪɨɫɨɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɮɨɪɦɚɥɶɧɵɦ 
ɨɩɢɫɚɧɢɟɦ ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɮɨɪɦɚɬɨɜ ɢ ɩɪɨɬɨɤɨɥɨɜ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɬɟɪɨɩɟɪɚɛɟɥɶɧɨɫɬɢ 
[48 52].  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ N-ɦɟɪɧɵɟ ɫɢɝɧɚɥɵ ɨɩɪɟɞɟɥɢɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ, 
ɟɫɥɢ ɫɩɟɰɢɚɥɶɧɨ ɧɟ ɨɬɦɟɱɟɧɨ ɢɧɨɝɨ. Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɞɚɞɢɦ ɪɟɤɭɪɫɢɜɧɨ ɢ ɧɚɱɧɺɦ ɫ 
ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ. Ɉɞɧɨɦɟɪɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ   ɷɬɨ ɜɟɤɬɨɪ, ɬɚɤɠɟ 
ɧɚɡɵɜɚɟɦɵɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɢɥɢ ɨɞɧɨɦɟɪɧɵɦ ɰɢɮɪɨɜɵɦ ɫɢɝɧɚɥɨɦ, ɭ ɬɚɤɨɝɨ 
ɫɢɝɧɚɥɚ ɟɫɬɶ ɟɞɢɧɫɬɜɟɧɧɵɣ ɚɪɝɭɦɟɧɬ , ɩɪɢɱɺɦ ɨɬɫɱɺɬɵ ɚɪɝɭɦɟɧɬɚ 
ɪɚɜɧɨɭɞɚɥɟɧɵ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɬɫɱɺɬɵ ɧɭɦɟɪɭɸɬɫɹ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ 
( , ɚ ɲɚɝ ɫɨɫɬɚɜɥɹɟɬ ɟɞɢɧɢɰɭ. ɑɢɫɥɨ ɨɬɫɱɺɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɨ, ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɜɨɪɹɬ ɨ ɫɢɝɧɚɥɟ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɪɚɡɦɟɪɚ ɢɥɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɱɢɫɥɨɦ 
ɨɬɫɱɺɬɨɜ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɨɬɫɱɺɬɵ ɫɢɝɧɚɥɚ ɫɥɟɞɭɸɬ ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɧɟɩɪɟɪɵɜɧɨ, 
ɫɢɝɧɚɥ, ɧɟ ɨɝɪɚɧɢɱɟɧɧɵɣ ɩɨ ɪɚɡɦɟɪɭ, ɛɭɞɟɬ ɢɦɟɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ. 
Ʉɚɠɞɨɦɭ ɨɬɫɱɺɬɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɟ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɨɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɹ ɢɡ ɞɢɫɤɪɟɬɧɨɝɨ ɢɥɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɦɧɨɠɟɫɬɜɚ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ . 

Ⱦɨɛɚɜɥɟɧɢɟ ɦɟɪɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɤɭɪɫɢɜɧɨ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɜɭɦɟɪɧɵɣ 
ɞɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ , ɨɛɪɚɡɨɜɚɧ ɦɧɨɠɟɫɬɜɨɦ ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɜɟɤɬɨɪɨɜ 

, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɪɚɜɧɨ ɪɚɡɦɟɪɭ ɞɨɛɚɜɥɟɧɧɨɣ ɦɟɪɧɨɫɬɢ . ɉɪɢ ɷɬɨɦ 
 ɲɚɝ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɨɬɫɱɺɬɚɦɢ ɦɟɪɧɨɫɬɢ  ɪɚɜɟɧ ɟɞɢɧɢɰɟ, ɟɫɥɢ ɧɟ ɫɤɚɡɚɧɨ 

ɢɧɨɝɨ. ȿɫɥɢ ɪɚɡɦɟɪɵ ɦɟɪɧɨɫɬɟɣ ɫɢɝɧɚɥɚ  ɨɝɪɚɧɢɱɟɧɵ, ɧɚɩɪɢɦɟɪ, 
ɡɧɚɱɟɧɢɹɦɢ  ɢ , ɬɨ ɫɢɝɧɚɥ  ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɦɚɬɪɢɰɟ ɪɚɡɦɟɪɨɦ 

. 

ȼɵɩɨɥɧɹɹ ɚɧɚɥɨɝɢɱɧɵɟ ɪɚɫɫɭɠɞɟɧɢɹ, ɦɨɠɧɨ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɭɜɟɥɢɱɢɜɚɬɶ 
ɦɟɪɧɨɫɬɶ ɫɢɝɧɚɥɚ, ɬɚɤ, ɬɪɟɯɦɟɪɧɵɣ ɫɢɝɧɚɥ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: . 

Ȼɨɥɶɲɢɧɫɬɜɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɢɦɟɟɬ ɜɟɤɬɨɪɧɭɸ ɩɚɦɹɬɶ, 
ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɨɞɧɨɦɟɪɧɨɦɭ ɦɚɫɫɢɜɭ, ɜ ɤɨɬɨɪɨɦ ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɟɤɫɨɜ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɞɪɟɫɚ ɩɚɦɹɬɢ. ɉɨɷɬɨɦɭ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɪɚɛɨɬɤɢ, 
ɩɟɪɟɞɚɱɢ ɢ ɯɪɚɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɩɪɢ ɩɨɦɨɳɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɜɟɤɬɨɪ 
ɹɜɥɹɟɬɫɹ ɧɚɢɥɭɱɲɟɣ ɮɨɪɦɨɣ ɛɚɡɨɜɨɣ ɟɞɢɧɢɰɵ ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
K-ɦɟɪɧɨɝɨ ɫɢɝɧɚɥɚ. 

Ⱦɥɹ ɫɢɝɧɚɥɚ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ ɦɟɪɧɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ, ɞɥɹ K-ɦɟɪɧɨɝɨ ɫɢɝɧɚɥɚ 
, ɦɨɠɧɨ ɩɨ ɥɸɛɨɦɭ ɢɡɦɟɪɟɧɢɸ ɜɵɩɨɥɧɢɬɶ ɩɟɪɟɯɨɞ ɨɬ 

ɞɢɫɤɪɟɬɧɨɣ ɮɨɪɦɵ ɤ ɧɟɩɪɟɪɵɜɧɨɣ (ɚɧɚɥɨɝɨɜɨɣ), ɭɫɬɪɟɦɢɜ ɲɚɝ ɩɨ ɜɵɛɪɚɧɧɨɣ 
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ɦɟɪɧɨɫɬɢ ɤ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɟ. Ʉɚɤ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ, ɟɫɥɢ ɜ ɫɢɝɧɚɥɟ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɢɫɤɪɟɬɧɵɟ ɢ ɧɟɩɪɟɪɵɜɧɵɟ ɦɟɪɧɨɫɬɢ, ɬɨ ɬɚɤɨɣ 
ɫɢɝɧɚɥ ɧɚɡɵɜɚɸɬ ɫɦɟɲɚɧɧɵɦ. ȿɫɥɢ ɜɵɩɨɥɧɢɬɶ ɩɟɪɟɯɨɞ ɨɬ ɞɢɫɤɪɟɬɧɵɯ ɮɨɪɦ ɤ 
ɧɟɩɪɟɪɵɜɧɵɦ ɞɥɹ ɜɫɟɯ ɦɟɪɧɨɫɬɟɣ ɫɢɝɧɚɥɚ, ɬɨ ɩɨɥɭɱɢɦ ɧɟɩɪɟɪɵɜɧɵɣ ɫɢɝɧɚɥ.  

ɇɟɩɪɟɪɵɜɧɵɣ K-ɦɟɪɧɵɣ ɫɢɝɧɚɥ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ K-ɦɟɪɧɨɦ 
ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ . 

 ɋɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
K-ɦɟɪɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ . Ɍɚɤɢɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ 
ɹɜɥɹɟɬɫɹ ɰɟɥɨɱɢɫɥɟɧɧɚɹ ɪɟɲɺɬɤɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɬɨɱɟɤ K-ɦɟɪɧɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ , ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɵɯ ɜ ɧɟɤɨɬɨɪɨɣ (ɩɪɹɦɨɥɢɧɟɣɧɨɣ) K-ɦɟɪɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɹɜɥɹɸɬɫɹ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ Д53Ж. ɋɢɫɬɟɦɚɬɢɡɚɰɢɸ ɩɨɧɹɬɢɹ 
ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɪɟɲɟɬɨɤ ɧɚɱɚɥ Ʉ. Ɏ. Ƚɚɭɫɫ15, ɚ ɩɪɨɞɨɥɠɢɥɢ Ƚ. Ɇɢɧɶɤɨɜɫɤɢɣ16

, 

Ƚ. Ɏ. ȼɨɪɨɧɨɣ17, Ȼ. ɇ. Ⱦɟɥɨɧɟ18
 ɢ ɞɪ. ɜ ɩɪɢɥɨɠɟɧɢɢ ɤ ɝɟɨɦɟɬɪɢɢ ɢ ɬɟɨɪɢɢ ɱɢɫɟɥ, 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɢ, ɞɢɫɤɪɟɬɧɵɦ ɜɵɱɢɫɥɟɧɢɹɦ ɢ ɩɪ. 
ɉɪɟɞɫɬɚɜɥɹɹ ɞɢɫɤɪɟɬɧɵɣ K-ɦɟɪɧɵɣ ɫɢɝɧɚɥ ɧɚ K-ɦɟɪɧɨɣ ɰɟɥɨɱɢɫɥɟɧɧɨɣ 

ɪɟɲɟɬɤɟ  ɫ ɭɱɺɬɨɦ ɢɧɬɟɪɩɪɟɬɚɰɢɢ, ɩɪɟɞɥɨɠɟɧɧɨɣ ȼ. Ⱥ. Ʉɨɬɟɥɶɧɢɤɨɜɵɦ ɢ 
Ʉ. ɒɟɧɧɨɧɨɦ, ɤɨɝɞɚ ɤɚɠɞɵɣ ɨɬɫɱɺɬ ɹɜɥɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦ ɢɡɦɟɪɟɧɢɟɦ, ɩɨɥɭɱɚɟɦ 
ɜɥɨɠɟɧɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɡɧɚɱɧɨɝɨ K-ɦɟɪɧɨɝɨ 
ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ , ɩɪɢ ɪɚɡɦɟɪɟ ɤɚɠɞɨɣ ɦɟɪɧɨɫɬɢ 

 ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ: 
ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɦɟɪɧɨɫɬɟɣ ɫɢɝɧɚɥ ɩɪɟɞɫɬɚɜɢɦ ɧɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɪɟɲɟɬɤɟ ; 

ɩɨ ɱɢɫɥɭ ɨɬɫɱɺɬɨɜ -ɦɟɪɧɨɦ ɤɨɦɩɥɟɤɫɧɨɦ ɟɜɤɥɢɞɨɜɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ , ɩɪɢɱɺɦ ɩɪɨɫɬɪɚɧɫɬɜɨ  ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ , ɬ.ɟ. 

. 

ȼɨɡɦɨɠɧɵ ɢ ɞɪɭɝɢɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɱɢɫɥɨ ɜɨɡɦɨɠɧɵɯ 
ɚɦɩɥɢɬɭɞ ɫɢɝɧɚɥɚ ɨɝɪɚɧɢɱɟɧɨ ɫɢɫɬɟɦɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ 
Ɏɭɪɶɟ ɨɞɧɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ. ɉɭɫɬɶ ɢɦɟɟɬɫɹ K-ɦɟɪɧɵɣ ɫɢɝɧɚɥ 

, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɟɝɨ Ɏɭɪɶɟ-ɨɛɪɚɡɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 

ɫɥɟɞɭɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ.  Ⱦɥɹ ɜɫɟɯ ɜɟɤɬɨɪɨɜ ɩɨ ɦɟɪɧɨɫɬɢ 
i ( ) ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɚ ɦɟɫɬɨ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ⱦɚɥɟɟ ɞɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɞɥɹ ɜɫɟɯ ɜɟɤɬɨɪɨɜ ɩɨ ɦɟɪɧɨɫɬɢ j (
                                                             
15

 ɂɨɝɚɧɧ Ʉɚɪɥ Ɏɪɢɞɪɢɯ Ƚɚɭɫɫ (30 ɚɩɪɟɥɹ 1777 – 23 ɮɟɜɪɚɥɹ 1855) – ɧɟɦɟɰɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɦɟɯɚɧɢɤ, ɮɢɡɢɤ, ɚɫɬɪɨɧɨɦ 
ɢ ɝɟɨɞɟɡɢɫɬ. ɋɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɟɥɢɱɚɣɲɢɯ ɦɚɬɟɦɚɬɢɤɨɜ ɜɫɟɯ ɜɪɟɦɺɧ, «ɤɨɪɨɥɺɦ ɦɚɬɟɦɚɬɢɤɨɜ». Ʌɚɭɪɟɚɬ ɦɟɞɚɥɢ 
Ʉɨɩɥɢ (1838), ɢɧɨɫɬɪɚɧɧɵɣ ɱɥɟɧ ɒɜɟɞɫɤɨɣ (1821) ɢ Ɋɨɫɫɢɣɫɤɨɣ (1824) ɚɤɚɞɟɦɢɣ ɧɚɭɤ, ɚɧɝɥɢɣɫɤɨɝɨ Ʉɨɪɨɥɟɜɫɤɨɝɨ 
ɨɛɳɟɫɬɜɚ. 
16

 Ƚɟɪɦɚɧ Ɇɢɧɤɨɜɫɤɢɣ (22 ɢɸɧɹ 1864 – 12 ɹɧɜɚɪɹ 1909) – ɧɟɦɟɰɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɪɚɡɪɚɛɨɬɚɜɲɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ 
ɬɟɨɪɢɸ ɱɢɫɟɥ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɱɟɬɵɪɺɯɦɟɪɧɭɸ ɦɨɞɟɥɶ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 
17

 Ƚɟɨɪɝɢɣ Ɏɟɨɞɨɫɶɟɜɢɱ ȼɨɪɨɧɨɣ (16 ɚɩɪɟɥɹ 1868 – 7 ɧɨɹɛɪɹ 1908) –ɢɡɜɟɫɬɧɵɣ ɪɨɫɫɢɣɫɤɢɣ ɦɚɬɟɦɚɬɢɤ. 
ɑɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ ɉɟɬɟɪɛɭɪɝɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɫ 1 ɞɟɤɚɛɪɹ 1907 ɝɨɞɚ. 
18

 Ȼɨɪɢɫ ɇɢɤɨɥɚɟɜɢɱ Ⱦɟɥɨɧɟ (3 ɦɚɪɬɚ 1890 – 17 ɢɸɥɹ 1980) – ɪɭɫɫɤɢɣ ɢ ɫɨɜɟɬɫɤɢɣ ɦɚɬɟɦɚɬɢɤ, ɩɪɨɮɟɫɫɨɪ ɆȽɍ, 
ɱɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ Ⱥɇ ɋɋɋɊ, ɚɥɶɩɢɧɢɫɬ, ɦɚɫɬɟɪ ɫɩɨɪɬɚ ɋɋɋɊ. 
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), ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɚɤɠɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɚ ɦɟɫɬɨ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ ɞɥɹ ɜɫɟɯ ɜɟɤɬɨɪɨɜ ɢɡ ɤɚɠɞɨɣ ɦɟɪɧɨɫɬɢ, ɚ ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɚ ɦɟɫɬɨ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. ɉɨɪɹɞɨɤ ɩɟɪɟɛɨɪɚ 
ɦɟɪɧɨɫɬɟɣ ɧɟ ɜɥɢɹɟɬ ɧɚ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɜ ɷɬɨɦ ɫɦɵɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɢɧɜɚɪɢɚɧɬɧɨ. 

Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɦɧɨɝɨɦɟɪɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɚɧɚɥɨɝɢɱɧɨ, ɩɪɢɱɺɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɟɪɟɛɨɪɚ ɦɟɪɧɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɚɹ 
ɜɨɫɫɬɚɧɨɜɢɬɶ ɢɫɯɨɞɧɵɣ ɫɢɝɧɚɥ, ɩɪɨɢɡɜɨɥɶɧɚ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɫɜɨɣɫɬɜɨɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ ɹɜɥɹɟɬɫɹ ɢɧɜɚɪɢɚɧɬɧɨɫɬɶ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɟɪɟɛɨɪɚ ɦɟɪɧɨɫɬɟɣ ɩɪɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ.  

Ⱦɥɹ K-ɦɟɪɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
, ɝɞɟ , (i=1,…, K)), ɩɚɪɭ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɡɚɩɢɲɟɦ ɬɚɤ: 
   .                            (157) 

ɉɭɫɬɶ ɜ K-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɡɚɞɚɧɵ ɞɜɚ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɚ ɫ 
ɤɨɦɩɥɟɤɫɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ  ɢ , ɝɞɟ , 

(i=1,…, K), ɬɨɝɞɚ ɨɩɟɪɚɰɢɸ ɫɜɺɪɬɤɢ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ 
 ɢɥɢ ɤɨɦɩɚɤɬɧɨ , ɢ 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ K-ɦɟɪɧɨɣ ɫɜɺɪɬɤɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ Д12Ж:  

.                          (158) 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ K-ɦɟɪɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɬɟɯ ɠɟ ɫɢɝɧɚɥɨɜ, 
, ɢɥɢ ɤɨɦɩɚɤɬɧɨ 

, ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

.                            (159) 

1.18. Ɍɟɨɪɟɦɵ ɨ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ 

Ɉɩɪɟɞɟɥɢɦ ɨɩɟɪɚɰɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɩɨɧɢɠɟɧɢɟɦ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ 

Д43Ж ɧɚ ɢɡɦɟɪɟɧɢɟ , ɢɥɢ ɫɭɦɦɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɚ  ɩɨ  ɞɥɹ 
 ɤɚɤ 

.     (160) 

Ɍɟɨɪɟɦɚ. Ɉ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɫɜɺɪɬɤɟ. ɉɭɫɬɶ ɜ 
K-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɡɚɞɚɧɵ ɞɜɚ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɚ ɢ , ɜ 
ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɨ ɤɚɠɞɨɦɭ ɢɡɦɟɪɟɧɢɸ ni ɢɡ  ɢɧɬɟɪɜɚɥɟ, ɬɨɝɞɚ ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ 
ɫɜɺɪɬɤɢ  ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ni ɟɫɬɶ 
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 ɢ ɷɤɜɢɜɚɥɟɧɬɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɫɭɦɦɢɪɨɜɚɧɢɸ 
 ɢ  ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɜɺɪɬɤɨɣ    . 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ [43]. Ⱦɥɹ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ ɢ , 

ɨɩɪɟɞɟɥɺɧɧɵɯ ɜ K-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ , ɜɵɛɟɪɟɦ ɢ ɡɚɮɢɤɫɢɪɭɟɦ ɡɧɚɱɟɧɢɹ 
ɨɬɫɱɺɬɨɜ ɩɨ ɜɫɟɦ, ɤɪɨɦɟ ɨɞɧɨɝɨ, ɢɡɦɟɪɟɧɢɹɦ ni (i=1,…, K), ɢ ɩɪɨɢɡɜɟɞɟɦ 
ɜɵɱɢɫɥɟɧɢɟ ɫɜɺɪɬɤɢ  ɞɥɹ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ  ɢ ɜɫɟɯ 
ɜɨɡɦɨɠɧɵɯ ni ɡɧɚɱɟɧɢɣ ɨɬɫɱɺɬɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɫɜɺɪɬɤɢ ɦɧɨɝɨɦɟɪɧɵɯ ɫɢɝɧɚɥɨɜ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɟɨɪɟɦɵ ɨ 
ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɫɜɺɪɬɤɟ ɫɢɝɧɚɥɵ  ɢ  

ɢɦɟɸɬ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɧɟɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɣ ɩɨ ɤɚɠɞɨɦɭ ɢɡɦɟɪɟɧɢɸ ɜ 
ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɨ ɤɚɠɞɨɦɭ ɢɡɦɟɪɟɧɢɸ ɢɧɬɟɪɜɚɥɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɣ 
ɩɨɥɭɱɢɦ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɧɟɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɝɧɚɥɚ  ɫ 
ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɨɬɫɱɺɬɨɜ, ɩɨ ɜɫɟɦ ɢɡɦɟɪɟɧɢɹɦ, ɤɪɨɦɟ ɨɞɧɨɝɨ ni. 

ɉɨɥɭɱɟɧɧɨɟ ɦɧɨɠɟɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɫɭɦɦɭ 
 ɩɨɧɢɠɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɞɥɹ ɨɞɧɨɝɨ 

ɷɥɟɦɟɧɬɚ ɫɢɝɧɚɥɚ , ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɫɭɦɦɨɣ ɩɨ ni ɤɨɦɛɢɧɚɬɨɪɧɵɯ 
ɫɨɱɟɬɚɧɢɣ ɛɟɡ ɩɨɜɬɨɪɟɧɢɣ ɩɪɨɢɡɜɟɞɟɧɢɣ  ɢ , ɞɥɹ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɨɬɫɱɺɬɨɜ ɩɨ ɩɪɨɱɢɦ ɢɡɦɟɪɟɧɢɹɦ . 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ɜɵɩɨɥɧɢɦ ɞɟɣɫɬɜɢɹ ɢɧɚɱɟ. ɋɧɚɱɚɥɚ ɩɪɨɢɡɜɟɞɺɦ 
ɩɨɧɢɠɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɫɢɝɧɚɥɨɜ   ɢ  ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɧɟɟ 
ɢɡɦɟɪɟɧɢɹ ni, ɜɵɱɢɫɥɢɜ  ɢ 

. Ɂɚɬɟɦ ɩɪɨɢɡɜɟɞɺɦ ɫɜɺɪɬɤɭ ɫɢɝɧɚɥɨɜ   ɢ 
 ɞɥɹ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɪɚɧɟɟ ɡɧɚɱɟɧɢɣ ɨɬɫɱɺɬɨɜ ɩɨ ɜɫɟɦ ɢɡɦɟɪɟɧɢɹɦ ɢɡ 

. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɩɨɥɭɱɢɦ ɫɭɦɦɭ ɩɨ 
ni ɤɨɦɛɢɧɚɬɨɪɧɵɯ ɫɨɱɟɬɚɧɢɣ ɛɟɡ ɩɨɜɬɨɪɟɧɢɣ ɩɪɨɢɡɜɟɞɟɧɢɣ  ɢ , ɞɥɹ 
ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬɫɱɺɬɨɜ ɩɨ ɩɪɨɱɢɦ ɢɡɦɟɪɟɧɢɹɦ  , ɩɪɢɱɺɦ 
ɚɧɚɥɨɝɢɱɧɭɸ ɫɭɦɦɟ, ɩɨɥɭɱɟɧɧɨɣ ɪɚɧɟɟ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɢɜɟɞɺɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɟɣɫɬɜɢɣ ɤ ɜɫɟɜɨɡɦɨɠɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɨɬɫɱɺɬɨɜ ɞɥɹ  ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ ɫɜɺɪɬɤɢ 

 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ni ɟɫɬɶ 
 ɢ ɷɤɜɢɜɚɥɟɧɬɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɫɭɦɦɢɪɨɜɚɧɢɸ 

 ɢ 
, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɜɺɪɬɤɨɣ 

, ɱ. ɬ. ɞ. 
Ⱦɪɭɝɢɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɬɟɨɪɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ, ɨɫɧɨɜɚɧɧɨɟ 

ɧɚ ɫɜɨɣɫɬɜɚɯ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ  ɚɞɞɢɬɢɜɧɨɫɬɢ ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ Д29Ж. ɋɥɨɠɟɧɢɟ 
K-ɦɟɪɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɨɞɧɨɦɭ ɢɡ ɢɡɦɟɪɟɧɢɣ ni ɢɡ  ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɨɩɟɪɚɰɢɟɣ, 

ɢ ɨɩɟɪɚɰɢɹ ɫɜɺɪɬɤɢ ɬɚɤɠɟ ɥɢɧɟɣɧɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɨɪɹɞɤɚ 
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ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ (ɫɥɨɠɟɧɢɟ ɢ ɫɜɺɪɬɤɚ ɢɥɢ ɫɜɺɪɬɤɚ ɢ ɫɥɨɠɟɧɢɟ) 
ɪɟɡɭɥɶɬɚɬ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜ. 

Ɍɟɨɪɟɦɚ. Ɉ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɤɨɪɪɟɥɹɰɢɢ. ɉɭɫɬɶ 
ɜ K-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɡɚɞɚɧɵ ɞɜɚ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɚ ɢ , ɜ 
ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɨ ɤɚɠɞɨɦɭ ɢɡɦɟɪɟɧɢɸ ni ɢɡ  ɢɧɬɟɪɜɚɥɟ, ɬɨɝɞɚ ɪɟɡɭɥɶɬɚɬ 
ɨɩɟɪɚɰɢɢ ɤɨɪɪɟɥɹɰɢɢ  ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ni 

ɟɫɬɶ  ɢ ɷɤɜɢɜɚɥɟɧɬɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ 
ɫɭɦɦɢɪɨɜɚɧɢɸ  ɢ 

 ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɪɪɟɥɹɰɢɟɣ    
. 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ Д43Ж ɬɟɨɪɟɦɵ ɨ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ 
ɤɨɪɪɟɥɹɰɢɢ ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɞɨɤɚɡɚɬɟɥɶɫɬɜɭ ɬɟɨɪɟɦɵ ɨ ɩɨɧɢɠɟɧɢɢ 
ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɫɜɺɪɬɤɟ, ɫ ɬɨɣ ɥɢɲɶ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɜɦɟɫɬɨ ɨɩɟɪɚɰɢɢ 
ɫɜɺɪɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɹɬɶ ɨɩɟɪɚɰɢɸ ɤɨɪɪɟɥɹɰɢɢ. 

Ɍɟɨɪɟɦɚ. Ɉ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɟ. 

ɉɭɫɬɶ ɜ K-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  ɡɚɞɚɧɵ ɞɜɚ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɚ ɢ 
, ɫ ɤɨɧɟɱɧɵɦ, ɩɨ ɤɚɠɞɨɦɭ ɢɡɦɟɪɟɧɢɸ ni ɢɡ , ɱɢɫɥɨɦ ɧɟɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɣ. 

ȼɵɛɟɪɟɦ ɨɞɧɨ ɩɪɨɢɡɜɨɥɶɧɨɟ ɢɡɦɟɪɟɧɢɟ ni ɢɡ , ɬɨɝɞɚ ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ 
ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɢ  ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ni ɟɫɬɶ  ɢ ɷɤɜɢɜɚɥɟɧɬɟɧ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɫɭɦɦɢɪɨɜɚɧɢɸ  ɢ 

 ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɨɣ    
, ɢɥɢ ɤɪɚɬɤɨ: 

 .   

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɬɟɨɪɟɦɵ ɨ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ 
ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɟ Д43Ж ɫɥɟɞɭɟɬ ɢɡ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɟɨɪɟɦɵ ɨ ɩɨɧɢɠɟɧɢɢ 
ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɫɜɺɪɬɤɟ, ɩɪɢɜɟɞɺɧɧɨɣ ɪɚɧɟɟ, ɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɩɟɪɚɰɢɢ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɢ. Ɍɟɨɪɟɦɭ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɩɪɢ ɫɜɺɪɬɤɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɜɵɪɚɠɟɧɢɹ 

, ɡɚɦɟɧɹɹ ɨɩɟɪɚɰɢɸ ɫɜɺɪɬɤɢ ɨɩɟɪɚɰɢɟɣ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɢ 

. ɉɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ 
, ɱ. ɬ. ɞ. 

ȼ ɩɪɨɝɪɚɦɦɟ MatLab (ɥɢɫɬɢɧɝ 1.8) ɪɟɚɥɢɡɨɜɚɧɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɩɪɨɰɟɞɭɪɵ 
ɫɜɺɪɬɤɢ, ɤɨɪɪɟɥɹɰɢɢ ɢ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɢ ɞɥɹ ɦɚɬɪɢɰ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫ ɩɨɧɢɠɟɧɢɟɦ ɪɚɡɦɟɪɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɚɦɢ. ɋɪɚɡɭ 
ɩɨɫɥɟ ɥɢɫɬɢɧɝɚ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ (ɥɢɫɬɢɧɝ 1.9), ɜɵɜɨɞɢɦɵɟ 
ɩɪɨɝɪɚɦɦɨɣ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɦɚɬɪɢɰɵ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫɮɨɪɦɢɪɨɜɚɧɵ ɫ ɭɱɺɬɨɦ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɚɥɨɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɟ, ɬ.ɟ. ɞɨɩɨɥɧɟɧɵ 
ɧɭɥɹɦɢ. ɉɨɧɢɠɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɝɧɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 
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ɮɭɧɤɰɢɢ sum(), ɟɫɥɢ ɩɚɪɚɦɟɬɪɨɦ ɮɭɧɤɰɢɢ MatLab sum() ɹɜɥɹɟɬɫɹ ɞɜɭɦɟɪɧɵɣ 
ɦɚɫɫɢɜ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɨ ɫɬɨɥɛɰɚɦ; ɮɭɧɤɰɢɹ МШЧЯ()  ɩɪɟɞɧɚɡɧɚɱɟɧɚ 
ɞɥɹ ɫɜɺɪɬɤɢ ɨɞɧɨɦɟɪɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, fft() ɢ ifft() – ɩɪɹɦɨɟ ɢ ɨɛɪɚɬɧɨɟ 
ȻɉɎ ɨɞɧɨɦɟɪɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, conv2(), fft2() ɢ ifft2() – 

ɞɜɭɦɟɪɧɵɟ ɚɧɚɥɨɝɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɮɭɧɤɰɢɣ. 
 

Ʌɢɫɬɢɧɝ 1.8. Ɋɚɫɱɺɬ ɤɨɪɪɟɥɹɰɢɢ ɢ ɫɜɺɪɬɤɢ ɫ ɩɨɧɢɠɟɧɢɟɦ ɪɚɡɦɟɪɧɨɫɬɢ 
%% ɪɚɫɱɺɬ ɤɨɪɪɟɥɹɰɢɢ ɢ ɫɜɺɪɬɤɢ ɫ ɩɨɧɢɠɟɧɢɟɦ ɪɚɡɦɟɪɧɨɫɬɢ 
clear all;      % ɨɱɢɫɬɤɚ ɩɟɪɟɦɟɧɧɵɯ 
close all;      % ɡɚɤɪɵɬɶ ɜɫɟ ɨɤɧɚ 
clc;            % ɨɱɢɫɬɤɚ ɤɨɦɚɧɞɧɨɝɨ ɨɤɧɚ 
%% =========================================================== 
% ɢɫɯɨɞɧɵɟ ɦɚɬɪɢɰɵ 
mx1 = [1+3i 2+i 0 0; 
       7+2i 3+4i 0 0; 
       0 0 0 0; 
       0 0 0 0]; 
mx2 = [5+i  9+7i 0 0; 
       2+2i 4-3i 0 0; 
       0 0 0 0; 
       0 0 0 0];   
%% =========================================================== 
%% ɬɟɨɪɟɦɚ "ɨ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɢ ɫɜɺɪɬɤɟ" 
% 1-ɵɣ ɫɩɨɫɨɛ: 
conv(sum(mx1), sum(mx2)) 
% 2-ɨɣ ɫɩɨɫɨɛ: 
sum(conv2(mx1,mx2))  
%% =========================================================== 
%% ɬɟɨɪɟɦɚ "ɨ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɢ ɤɨɪɪɟɥɹɰɢɢ" 
% 1-ɵɣ ɫɩɨɫɨɛ: 
xcorr(sum(mx1), sum(mx2)) 
% 2-ɨɣ ɫɩɨɫɨɛ: 
sum(xcorr2(mx1,mx2)) 
%% =========================================================== 
%% ɬɟɨɪɟɦɚ "ɨ ɩɨɧɢɠɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɢ ɛɵɫɬɪɨɣ ɫɜɺɪɬɤɟ" 
% 1-ɵɣ ɫɩɨɫɨɛ: 
ifft(fft(sum(mx1)).*fft(sum(mx2))) 
% 2-ɨɣ ɫɩɨɫɨɛ: 
sum(ifft2(fft2(mx1).*fft2(mx2)))  
%% =========================================================== 

 
Ʌɢɫɬɢɧɝ 1.9. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ (ɜɵɜɨɞ ɩɪɨɝɪɚɦɦɵ ɥɢɫɬɢɧɝ 8) 
41,0+59,0i 104,0+147,0i 45,0+85,0i 0,0+0,0i 0,0+0,0i 0,0+0,0i 0,0+0,0i 
41,0+59,0i 104,0+147,0i 45,0+85,0i 0,0+0,0i 0,0+0,0i 0,0+0,0i 0,0+0,0i 
 
0,0+0,0i 0,0+0,0i 124,0+33,0i 156,0+56,0i 50,0+20,0i 0,0+0,0i 0,0+0,0i 
0,0+0,0i 0,0+0,0i 124,0+33,0i 156,0+56,0i 50,0+20,0i 0,0+0,0i 0,0+0,0i 
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41,0+59,0i 104,0+147,0i 45,0+85,0i 0,0+0,0i 
41,0+59,0i 104,0+147,0i 45,0+85,0i 0,0+0,0i 
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2. ɇȿɄɈɌɈɊɕȿ ɉɊɂɆȿɊɕ ɉɊɈȽɊȺɆɆɇɈɃ ɊȿȺɅɂɁȺɐɂɂ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɮɭɧɤɰɢɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜ ɫɪɟɞɟ 
ɋȺɉɊ MatLab ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ. Ʉɚɠɞɚɹ ɮɭɧɤɰɢɹ 
ɫɨɞɟɪɠɢɬ ɤɨɦɦɟɧɬɚɪɢɢ, ɚ ɛɥɚɝɨɞɚɪɹ ɹɫɧɨɦɭ ɢ ɥɚɤɨɧɢɱɧɨɦɭ ɹɡɵɤɭ MatLab ɤɨɞ 
ɮɭɧɤɰɢɣ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ. 

 

Ʌɢɫɬɢɧɝ 2.1. Ɏɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ ɫɞɜɢɝ ɢ ɜɵɱɢɬɚɧɢɟ 
function diff_sx = mi_diff( sx ) 
%% =========================================================== 
%% mi_diff - ɮɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ ɫɞɜɢɝ ɢ  
% ɜɵɱɢɬɚɧɢɟ, ɫɢɝɧɚɥ sб ɫɱɢɬɚɟɬɫɹ ɰɢɤɥɢɱɟɫɤɢɦ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx - ɫɢɝɧɚɥ 
%  ɜɨɡɜɪɚɳɚɟɬ: 
%   diff_sx - ɩɪɨɢɡɜɨɞɧɚɹ ɨɬ sб 
%% =========================================================== 
% ɪɚɫɱɺɬ ɪɚɡɧɨɫɬɢ ɫ ɰɢɤɥɢɱɟɫɤɢ ɫɞɜɢɧɭɬɵɦ ɫɢɝɧɚɥɨɦ ɜɥɟɜɨ 
diff_sx = (circshift(sx, [0 -1]) - sx); 
%% =========================================================== 
end 

 

Ɏɭɧɤɰɢɹ ЦТИНТПП(), ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɞɥɹ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɫɯɨɞɧɚ ɫ 
ɛɢɛɥɢɨɬɟɱɧɨɣ ɮɭɧɤɰɢɣ MatLab diff(), ɧɨ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɮɭɧɤɰɢɹ ЦТИНТПП() 
ɫɱɢɬɚɟɬ ɫɢɝɧɚɥ ɰɢɤɥɢɱɟɫɤɢɦ ɢ ɜɨɡɜɪɚɳɚɟɬ ɩɪɨɢɡɜɨɞɧɭɸ, ɪɚɜɧɭɸ ɩɨ ɞɥɢɧɟ 
ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ, ɩɪɢ ɷɬɨɦ ɩɪɢɪɚɳɟɧɢɟɦ (ɨɬ ɨɬɫɱɺɬɚ ɤ ɨɬɫɱɺɬɭ) ɫɱɢɬɚɟɬɫɹ 
ɟɞɢɧɢɰɚ. 
 

Ʌɢɫɬɢɧɝ 2.2. Ɏɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 
function deriv_sx = mi_diff_fft( sx ) 
%% =========================================================== 
%% mi_diff_fft -- ɮɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ ȻɉФ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx -- ɫɢɝɧɚɥ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   deriv_sx - ɩɪɨɢɡɜɨɞɧɚɹ ɨɬ sб 
%% =========================================================== 
  Nc = length(sx);  
  FSX = fft(sx); 
  
  roNcDiv2 = round(Nc/2+0.6);  
  deriv_sx = zeros(1, Nc); 
  % ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɫɩɟɤɬɪɚ 
  deriv_sx(1:1:roNcDiv2) = ... 
     (0:1:roNcDiv2-1).*FSX(1:1:roNcDiv2); 
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  % ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɱɚɫɬɶ ɫɩɟɤɬɪɚ 
  deriv_sx(Nc:-1:roNcDiv2+1) = ... 
     (-1:-1:(2-roNcDiv2-mod(Nc,2))).*FSX(Nc:-1:roNcDiv2+1); 
  % ɨɛɳɚɹ ɱɚɫɬɶ ɦɧɨɠɢɬɟɥɹ ɞɥɹ ɜɫɟɝɨ ɫɩɟɤɬɪɚ 
  deriv_sx = ((2i*pi)/Nc).*deriv_sx; 
  deriv_sx = ifft(deriv_sx);   
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.3. Ɏɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ 
function energy = mi_energy( sx ) 
%% =========================================================== 
%% mi_energy -- ɮɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥɚ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx – ɫɢɝɧɚɥ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   energy - ɷɧɟɪɝɢɸ ɫɢɝɧɚɥɚ sб 
%% =========================================================== 
  energy = sum(sx.*conj(sx)); 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.4. Ɏɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɞɥɢɧɵ ɜɟɤɬɨɪɚ 
function veclen = mi_veclen( sx ) 
%% =========================================================== 
%% mi_veclen - ɮɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɞɥɢɧɵ ɜɟɤɬɨɪɚ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   inp_sig – ɜɟɤɬɨɪ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɧɚ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   veclen - ɞɥɢɧɵ ɜɟɤɬɨɪɚ-ɫɢɝɧɚɥɚ sx 
%% =========================================================== 
  veclen = sqrt(mi_energy(sx)); 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.5. Ɏɭɧɤɰɢɹ ɪɚɫɱɺɬɚ ɟɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢɤɢ 
function dist = mi_dist( sx1, sx2 ) 
%% =========================================================== 
% mi_dist - ɮɭɧɤɰɢɹ ɪɚɫɱɺɬɚ Еɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢɤɢ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx1 - ɩɟɪɜɵɣ ɜɟɤɬɨɪ 
%   sx2 - ɜɬɨɪɨɣ ɜɟɤɬɨɪ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   dist - Еɜɤɥɢɞɨɜɭ ɦɟɬɪɢɤɭ (ɞɢɫɬɚɧɰɢɸ) 
%% =========================================================== 
  dist = sqrt(mi_energy(sx1-sx2)); 
%% =========================================================== 
end 
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Ʌɢɫɬɢɧɝ 2.6. Ɏɭɧɤɰɢɹ ɧɨɪɦɢɪɨɜɤɢ ɫɢɝɧɚɥɚ ɩɨ ɷɧɟɪɝɢɢ 
function nsx = mi_engynorm( sx ) 
%% =========================================================== 
%% mi_engynorm -- ɮɭɧɤɰɢɹ ɧɨɪɦɢɪɨɜɤɢ ɫɢɝɧɚɥɚ ɩɨ ɷɧɟɪɝɢɢ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx -- ɫɢɝɧɚɥ ɞɥɹ ɧɨɪɦɢɪɨɜɤɢ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   nsx –- ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɩɨ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥ sx 
%% =========================================================== 
% ɧɨɪɦɢɪɭɟɦ ɩɨ ɷɧɟɪɝɢɢ 
  en_sx = mi_energy(sx); 
  if ~isnumeric(en_sx) || (en_sx == 0)  
    % ɢɫɤɥɸɱɟɧɢɟ ɞɟɥɟɧɢɹ ɧɚ ɧɨɥɶ ɢɥɢ NaN 
    en_sx = 1;  
  end  
  nsx = (1/sqrt(en_sx)).*sx; 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.7. Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɮɭɧɤɰɢɹ ɧɨɪɦɢɪɨɜɤɢ ɫɢɝɧɚɥɚ ɩɨ ɷɧɟɪɝɢɢ 
function nsx = mi_engynormcmplx( sx ) 
%% =========================================================== 
%% mi_engynormcmplx -- ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɮɭɧɤɰɢɹ 
%         ɧɨɪɦɢɪɨɜɤɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɷɧɟɪɝɢɢ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx -- ɫɢɝɧɚɥ ɞɥɹ ɧɨɪɦɢɪɨɜɤɢ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   nsx –- ɚɥɶɬɟɪɧɚɬɢɜɧɨ ɧɨɪɦɢɪɨɜɚɧɧɵɣ ɩɨ ɷɧɟɪɝɢɢ ɫɢɝɧɚɥ sx 
%% =========================================================== 
% ɧɨɪɦɢɪɭɟɦ ɩɨ ɷɧɟɪɝɢɢ ɨɬɞɟɥɶɧɨ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ  
%  ɨɬɞɟɥɶɧɨ ɦɧɢɦɭɸ ɱɚɫɬɢ 
  nsx = (1/sqrt(2)).*mi_engynorm( real(sx) ) + ... 
         (1i/sqrt(2)).*mi_engynorm( imag(sx) ); 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.8. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɭɧɢɬɚɪɧɨɣ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 
function CN_MFT = mi_matrixFT( NN ) 
%% =========================================================== 
%% mi_matrixFT -- ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɭɧɢɬɚɪɧɨɣ ɦɚɬɪɢɰɵ 
%                     ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Фɭɪɶɟ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   NN -- ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ Фɭɪɶɟ NN x NN 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   CN_MFT -- ɭɧɢɬɚɪɧɭɸ ɦɚɬɪɢɰɭ ɉФ ɪɚɡɦɟɪɚ NN x NN 
%% =========================================================== 
  dw = 2*pi/NN;        % ɩɪɢɪɚɳɟɧɢɟ ɱɚɫɬɨɬɵ 
  norm = 1/sqrt(NN);   % ɧɨɪɦɢɪɭɸɳɢɣ ɦɧɨɠɢɬɟɥɶ 
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  % ɮɨɪɦɢɪɭɟɦ ɦɚɬɪɢɰɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Фɭɪɶɟ 
  for nl = 1:NN 
    for ns = 1:NN 
      phi = (nl-1)*(ns-1)*dw; 
          CN_MFT(nl,ns) = (norm)*(exp(-1i*phi));  
    end 
  end 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.9. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ ɜ N-ɦɟɪɧɨɦ 
ɜɟɳɟɫɬɜɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
function matrix_basis = mi_orthoreal( NN ) 
%% =========================================================== 
%% mi_orthoreal -- ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ  
%                 ɜ NN-ɦɟɪɧɨɦ ɜɟɳɟɫɬɜɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
%   NN -- ɦɟɪɧɨɫɬɶ ɩɪ-ɜɚ ɢ ɱɢɫɥɨ ɜɟɤɬɨɪɨɜ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   matrix_basis -- ɦɚɬɪɢɰɭ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ (ɛɚɡɢɫ) 
%% =========================================================== 
% ɩɪɨɜɟɪɤɚ 
if NN <= 1   
  matrix_basis = 1; return; 
end  
% ɧɚɛɨɪ ɧɚɱɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ 
matrix_basis = 1 - (2.*rand(NN,NN)); 
% ɧɚɱɚɥɶɧɵɣ ɛɚɡɢɫɧɵɣ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɜɟɤɬɨɪ 
matrix_basis(1,:) = mi_engynorm(matrix_basis(1,:)); 
% ɩɨɫɥɟɞɭɸɳɢɟ ɜɟɤɬɨɪɚ 
for nv = 2:1:NN 
  prjvect = zeros(1,NN); 
  for nb = 1:1:nv-1 
    prjvect = prjvect + ... 
       sum(matrix_basis(nv,:).*matrix_basis(nb,:)).*... 
       matrix_basis(nb,:); 
  end 
  matrix_basis(nv,:) = matrix_basis(nv,:) - prjvect; 
  matrix_basis(nv,:) = mi_engynorm(matrix_basis(nv,:)); 
end 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.10. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ ɜ N-ɦɟɪɧɨɦ 
ɤɨɦɩɥɟɤɫɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
function matrix_basis = mi_orthocomplex( NN ) 
%% =========================================================== 
%% mi_orthocomplex -- ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ  
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%            ɜɟɤɬɨɪɨɜ ɜ NN-ɦɟɪɧɨɦ ɤɨɦɩɥɟɤɫɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
%   NN -- ɦɟɪɧɨɫɬɶ ɩɪ-ɜɚ ɢ ɱɢɫɥɨ ɜɟɤɬɨɪɨɜ 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   matrix_basis -- ɦɚɬɪɢɰɭ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɨɜ (ɛɚɡɢɫ) 
%% =========================================================== 
% ɩɪɨɜɟɪɤɚ 
if NN <= 1   
  matrix_basis = 1; return; 
end  
% ɧɚɛɨɪ ɧɚɱɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ 
matrix_basis = (1 - (2.*rand(NN,NN))) + 1i.*(1 - (2.*rand(NN,NN))); 
% ɧɚɱɚɥɶɧɵɣ ɛɚɡɢɫɧɵɣ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɜɟɤɬɨɪ 
matrix_basis(1,:) = mi_engynorm(matrix_basis(1,:)); 
% ɩɨɫɥɟɞɭɸɳɢɟ ɜɟɤɬɨɪɚ 
for nv = 2:1:NN 
  prjvect = zeros(1,NN); 
  for nb = 1:1:nv-1 
    prjvect = prjvect + ... 
      sum(matrix_basis(nv,:).*conj(matrix_basis(nb,:))).*... 
      matrix_basis(nb,:); 
  end 
  matrix_basis(nv,:) = matrix_basis(nv,:) - prjvect; 
  matrix_basis(nv,:) = mi_engynorm(matrix_basis(nv,:)); 
end 
%% =========================================================== 
end 

 

Ʌɢɫɬɢɧɝ 2.11. Ɏɭɧɤɰɢɹ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɢɝɧɚɥɚ ɜ ɦɚɬɪɢɰɭ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɜɟɤɬɨɪɨɜ 
function mat = mi_sig2matg( sx )  
%% =========================================================== 
%% mi_dist -- ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ  
%            ɫɢɝɧɚɥɚ-ɜɟɤɬɨɪɚ ɜ ɫɢɝɧɚɥ-ɦɚɬɪɢɰɭ 
% ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ: 
%   sx1 -- ɜɟɤɬɨɪ ɫɢɝɧɚɥɚ, ɞɥɢɧɨɣ Nn 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   mat -- ɤɜɚɞɪɚɬɧɭɸ ɦɚɬɪɢɰɭ ɪɚɡɦɟɪɚ Nn б Nn 
%% =========================================================== 
  Nn  = lОnРtС(sб);               % ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ ɫɢɝɧɚɥɚ 
  FSБ = (1/Nn).*ППt(sб);          % ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ 
  mat = гОros(Nn,Nn);             % ɡɚɝɨɬɨɜɤɚ ɩɨɞ ɫɢɝɧɚɥ-ɦɚɬɪɢɰɭ 
  xt  = (0:1:Nn-1).*(2*1i*pi/Nn); % ɜɟɤɬɨɪ ɜɪɟɦɟɧɢ 
  % ɮɨɪɦɢɪɭɟɦ ɦɚɬɪɢɰɭ 
  for k = 1:Nn 
    mat(k,:) = FSX(k).*exp(xt.*(k-1)); 
  end 
%% =========================================================== 
end 
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Ʌɢɫɬɢɧɝ 2.12. Ɏɭɧɤɰɢɹ ɫɢɧɬɟɡɚ ɲɭɦɨɩɨɞɨɛɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɡɚɞɚɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ 
function signal = mi_signoise( Fl, Fu, Nc, NormType, SType ) 
%% =========================================================== 
%% mi_signoise -- ɮɭɧɤɰɢɹ ɫɢɧɬɟɡɚ  
%       ɲɭɦɨɩɨɞɨɛɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɡɚɞɚɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ 
%   Fl (frequency low)    - ɧɢɠɧɹɹ  ɱɚɫɬɨɬɚ 1<=Fl<=Fu<(Nc/2) 
%   Fu (frequency up)     - ɜɟɪɯɧɹɹ ɱɚɫɬɨɬɚ 1<=Fl<=Fu<(Nc/2) 
%   Nc (Number of counts) - ɱɢɫɥɨ ɨɬɫɱɺɬɨɜ 
%   signal - ɜɨɡɜɪɚɳɚɟɬ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɫɢɝɧɚɥ 
%   NormType - ɬɢɩ ɧɨɪɦɢɪɨɜɤɢ: 
%              1 - ɩɨ ɷɧɟɪɝɢɢ; 
%              2 - ɱɢɫɥɭ ɨɬɫɱɺɬɨɜ 
%              3 - ɞɨ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ еsiРnalе = 1 
%              4 - ɛɟɡ ɧɨɪɦɢɪɨɜɚɧɢɹ 
%   SType  - ɬɢɩ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ: 
%      1 - ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɵɣ (ППt - ɥɟɜɵɣ) (rОal + imaРО) 
%      2 - ɩɨɥ.. ɢ ɨɬɪ. (ɥɟɜ. ɢ ɩɪɚɜ.) (real + image) 
%      3 - ɬɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɣ (ППt - ɩɪɚɜɵɣ) (rОal + imaРО) 
% ɜɨɡɜɪɚɳɚɟɬ: 
%   signal - ɲɭɦɨɩɨɞɨɛɧɵɣ ɫɢɝɧɚɥ 
%% =========================================================== 
% ɫɢɧɬɟɡ ɧɭɥɟɜɨɝɨ ɫɢɝɧɚɥɚ 
signal = zeros(1, Nc); 
%% ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɢ ɩɪɨɜɟɪɤɢ 
NcDiv2 = floor((Nc+0.2)/2); 
% ɩɪɟɨɛɪɚɡɭɟɦ ɜ ɛɥɢɠɚɣɲɟɟ ɰɟɥɨɟ 
Fl = round(Fl);  
Fu = round(Fu);  
Nc = round(Nc);  
iП Fu >= NcDiv2  % ɟɫɥɢ ɜɟɪɯɧɹɹ ɱɚɫɬɨɬɚ ɛ. ɢɥɢ ɪ. ɩɨɥɨɜɢɧɵ ɜɟɤɬɨɪɚ ɫɢɝɧɚɥɚ 
  Fu = NcDiv2-1; % ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɨɜɭɸ ɜɟɪɯɧɸɸ ɱɚɫɬɨɬɭ 
end; 
iП Fl < 1        % ɟɫɥɢ ɧɢɠɧɹɹ ɱɚɫɬɨɬɚ ɦɟɧɟɟ 1 
  Fl = 1;        % ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɟɞɢɧɢɱɧɭɸ ɧɢɠɧɸɸ ɱɚɫɬɨɬɭ 
end; 
iП Fl > Fu       % ɟɫɥɢ ɧɢɠɧɹɹ ɱɚɫɬɨɬɚ ɛɨɥɶɲɟ ɜɟɪɯɧɟɣ ɱɚɫɬɨɬɵ 
  rОturn; % ɜɨɡɜɪɚɳɚɟɦ ɧɭɥɟɜɨɣ ɫɢɝɧɚɥ 
end; 
%% ɫɢɧɬɟɡ 
FSN_r = rand(1,Nc)-0.5;       % ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ (ɜɟɳ. ɱɚɫɬɶ) 
FSN_i = 1i.*(rand(1,Nc)-0.5); % ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ (ɦɧɢɦ. ɱɚɫɬɶ) 
FSN = FSN_r + FSN_i;          % ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ ɤɨɦɩɥɟɤɫɧɵɣ 
  
% ɨɛɧɭɥɹɟɦ ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɜɧɟ ɡɚɞɚɧɧɨɣ ɩɨɥɨɫɵ 
FSN(1:Fl) = 0; 
FSN(Fu+2:Nc-Fu) = 0; 
FSN(Nc-Fl+2:Nc) = 0; 
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% ɨɛɧɭɥɟɧɢɟ ɱɚɫɬɟɣ ɫɩɟɤɬɪɚ ɩɨ ɭɫɥɨɜɢɸ ɩɚɪɚɦɟɬɪɚ STвpО 
iП STвpО == 1  % ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɵɣ (rОal + imaРО) 
  FSN(NcDiv2+2:end) = 0; 
elseif SType == 3 % ɬɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɣ (real + image) 
  FSN(2:NcDiv2+mod(Nc,2)) = 0; 
elseif (SType < 1) || (3 < SType) 
  error('mi_swaveletmorli:FunctionInput: SType = {1,2 or 3}'); 
end 
  
% ɫɨɛɫɬɜɟɧɧɨ ɫɢɧɬɟɡɢɪɭɟɦ ɫɢɝɧɚɥ 
signal = ifft(FSN); 
  
% ɧɨɪɦɢɪɭɟɦ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ 
switch NormType 
  casО 1      % ɩɨ ɷɧɟɪɝɢɢ 
    signal = mi_engynorm(signal); 
  case 2      % ɩɨ ɱɢɫɥɭ ɨɬɫɱɺɬɨɜ 
    signal = signal./Nc; 
  case 3      % ɞɨ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ |signal| = 1 
    nnorm = sum(abs(signal))/Nc; 
    signal = signal./nnorm; 
  otherwise 
    if NormType ~= 4 
      error(... 
       'mi_swaveletmorli:FunctionInput: NormType ={1,2,3,4}'); 
    end 
end 
%% =========================================================== 
end 
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