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ɊȿФȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ 

ɝɟɨɦɨɧɢɬɨɪɢɧɝɚ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɢɯ ɡɚɞɚɱ» ɫɨɞɟɪɠɢɬ 37 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 2 ɩɪɢɥɨɠɟɧɢɹ, 12 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɊȿɈȻɊȺɁɈȼȺɇɂȿ ɎɍɊɖȿ, ɆȿɌɈȾ ȽɅȺȼɇɕɏ ɄɈɆɉɈɇȿɇɌ, 

ɆȿɌɈȾ ɍɉɊɍȽɂɏ ɄȺɊɌ, ɋɉȿɄɌɊȺɅɖɇȺə ɉɅɈɌɇɈɋɌɖ, 

ȽȿɈȾɂɇȺɆɂɑȿɋɄɂɃ ɆɈɇɂɌɈɊɂɇȽ, ɄȺɌȺɅɈȽ ɁȿɆɅȿɌɊəɋȿɇɂɃ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɤɚɬɚɥɨɝɢ ɤɪɭɩɧɟɣɲɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɢ 

ɞɚɧɧɵɟ ɫ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɸɝɟ Ʉɚɦɱɚɬɤɢ.  

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɚɧɚɥɢɡɚ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɞɚɧɧɵɯ ɝɟɨɦɨɧɢɬɨɪɢɧɝɚ ɫɢɥɶɧɵɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜ ɪɚɦɤɚɯ ɩɨɥɢɝɨɧɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ.  

Ɂɚɞɚɱɢ:  

1. ɂɡɭɱɟɧɢɟ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ ɞɚɧɧɵɯ  

2. Ⱥɞɚɩɬɚɰɢɹ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɪɚɫɱɟɬɨɜ ɩɨ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɚɬɚɥɨɝɚ ɫɢɥɶɧɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɭɩɪɭɝɢɯ ɤɚɪɬ. 

3. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

ɡɚɩɢɫɟɣ ɫɟɣɫɦɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. 
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ȼȼȿȾȿɇɂȿ 

 

Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɩɪɨɛɥɟɦ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɰɭɧɚɦɢ, ɨɰɟɧɤɟ ɜɵɫɨɬ ɜɨɥɧ 

ɜɞɨɥɶ ɩɨɛɟɪɟɠɶɹ ɢ ɩɪɨɝɧɨɡ ɰɭɧɚɦɢ ɹɜɥɹɸɬɫɹ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɜ ɢɫɬɨɱɧɢɤɟ 

ɰɭɧɚɦɢ. ɉɪɨɛɥɟɦɚ ɚɤɬɭɚɥɶɧɚ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢ ɧɟ ɜɩɨɥɧɟ ɪɟɲɟɧɚ ɜ ɫɢɥɭ 

ɦɚɥɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɜ ɨɱɚɝɨɜɨɣ ɨɛɥɚɫɬɢ. 

ɂɦɟɧɧɨ ɫɨɜɪɟɦɟɧɧɵɟ ɞɚɧɧɵɟ ɫɟɣɫɦɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɫ ɢɯ ɲɢɪɨɱɚɣɲɢɦ 

ɩɨɤɪɵɬɢɟɦ ɩɨɡɜɨɥɹɸɬ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɞɟɥɢɪɨɜɚɬɶ 

ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ [1].  

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ, ɨɮɨɪɦɥɟɧɧɵɯ 

ɜ ɜɢɞɟ ɛɨɥɶɲɢɯ ɦɚɫɫɢɜɨɜ. ɗɬɨ ɬɚɛɥɢɰɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɤɚɤɢɦ-ɥɢɛɨ ɨɛɴɟɤɬɨɦ ɢɥɢ ɹɜɥɟɧɢɟɦ, ɞɚɧɧɵɯ 

ɫɨɰɢɨɥɨɝɢɱɟɫɤɢɯ ɨɩɪɨɫɨɜ ɢ ɬ.ɞ. ɑɢɫɥɨ ɫɬɪɨɤ (ɩɚɪɚɦɟɬɪɨɜ) ɜ ɬɚɤɢɯ ɬɚɛɥɢɰɚɯ – 

ɞɟɫɹɬɤɢ ɬɵɫɹɱ, ɚ ɱɢɫɥɨ ɫɬɨɥɛɰɨɜ (ɩɪɢɡɧɚɤɨɜ) – ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ. Ɍɚɛɥɢɰɵ 

ɞɚɧɧɵɯ ɞɚɜɧɨ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɥɨɠɟɧɢɣ ɞɥɹ ɦɟɬɨɞɨɜ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ.  

ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ – ɷɬɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɜ ɜɢɞɟ, ɤɨɬɨɪɵɣ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɛɨɬɭ ɱɟɥɨɜɟɤɚ ɩɨ ɢɯ ɢɡɭɱɟɧɢɸ. ɇɚɯɨɞɢɬ 

ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɚɭɱɧɵɯ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɧɨɜɨɫɬɧɵɯ 

ɫɜɨɞɤɚɯ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɨɛɡɨɪɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɢɧɮɨɪɦɚɰɢɢ, 

ɢɧɮɨɝɪɚɮɢɤɨɣ, ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɧɚɭɱɧɵɯ ɞɚɧɧɵɯ ɢ ɬ.ɞ. 

Ʉ ɡɚɞɚɱɟ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɫɜɨɞɢɬɫɹ ɩɪɨɛɥɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ 

ɧɚɝɥɹɞɧɨɣ ɮɨɪɦɟ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɥɢ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. Ƚɪɚɮɢɤɢ ɢ ɞɢɚɝɪɚɦɦɵ ɩɥɨɯɨ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɡɚɞɚɱɟɣ 

ɜɢɡɭɚɥɢɡɚɰɢɢ, ɤɨɝɞɚ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɨɛɪɚɡɢɬɶ ɛɨɥɟɟ ɬɪɟɯ 

ɩɚɪɚɦɟɬɪɨɜ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɚɧɚɥɢɡɚ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɞɚɧɧɵɯ ɝɟɨɦɨɧɢɬɨɪɢɧɝɚ ɫɢɥɶɧɵɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜ ɪɚɦɤɚɯ ɩɨɥɢɝɨɧɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ. 
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ɉɨɫɬɚɜɥɟɧɧɚɹ ɰɟɥɶ ɨɩɪɟɞɟɥɢɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɢɯ 

ɡɚɞɚɱ: 

1. ɂɡɭɱɟɧɢɟ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ ɞɚɧɧɵɯ. 

2. Ⱥɞɚɩɬɚɰɢɹ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɪɚɫɱɟɬɨɜ ɩɨ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɚɬɚɥɨɝɚ ɫɢɥɶɧɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɭɩɪɭɝɢɯ 

ɫɟɬɨɤ. 

3. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

ɡɚɩɢɫɟɣ ɫɟɣɫɦɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɤɚɬɚɥɨɝɚ ɞɚɧɧɵɯ ɫɢɥɶɧɵɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ  ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɭɩɪɭɝɢɯ ɤɚɪɬ. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɪɟɝɢɫɬɪɚɰɢɢ ɫɟɣɫɦɢɱɟɫɤɢɯ 

ɤɨɥɟɛɚɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɧɧɵɟ ɤɚɬɚɥɨɝɨɜ ɤɪɭɩɧɟɣɲɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, ɚ 

ɬɚɤɠɟ ɞɚɧɧɵɟ ɝɟɨɥɨɝɨ-ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɨɜɟɞёɧɧɵɯ ɇɉ «ɗɐ 

ɊɈɉɊ» ɜ ɪɚɦɤɚɯ ɩɨɥɢɝɨɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɸɝɚ Ʉɚɦɱɚɬɤɢ. 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɹɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɡɚɞɚɧɢɹɦɢ Ⱥ.Ⱥ. Ʉɚɛɚɧɨɜɚ – ɪɭɤɨɜɨɞɢɬɟɥɹ 

ɝɪɭɩɩɵ ɫɜɨɞɧɨɣ ɨɛɪɚɛɨɬɤɢ ɇɉ «ɗɐ ɊɈɉɊ». 

 

  



6 

 

1 ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ 

 

1.1 ȼɢɡɭɚɥɢɡɚɰɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ 

 

Ɂɚɞɚɱɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɫɥɨɜɚ ɧɚɫɱɢɬɵɜɚɟɬ 

ɞɟɫɹɬɤɢ ɬɵɫɹɱ ɥɟɬ. ɇɚɫɤɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɟɪɜɵɟ ɤɚɪɬɵ ɦɟɫɬɧɨɫɬɢ, 

ɫɨɜɪɟɦɟɧɧɚɹ ɤɚɪɬɨɝɪɚɮɢɹ ɢ ɤɥɢɦɚɬɨɥɨɝɢɹ, ɬɨɦɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɷɤɨɧɨɦɢɤɚ ɪɟɝɢɨɧɨɜ, ɫɢɫɬɟɦɵ ɯɪɚɧɟɧɢɹ ɢ ɩɨɢɫɤɚ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɟɬɹɯ, 

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ, ɧɚɜɢɝɚɰɢɹ ɜ ɦɨɛɢɥɶɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɤɟ, 

ɦɧɨɝɨɜɚɪɢɚɧɬɧɵɣ ɚɧɚɥɢɡ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ – ɞɢɚɩɚɡɨɧ 

ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɨɛɴɟɞɢɧɟɧɵ ɨɛɳɢɦ ɩɨɧɹɬɢɟɦ ɜɢɡɭɚɥɢɡɚɰɢɢ.  

Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɟɬɨɞɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɛɪɚɛɨɬɤɟ 

ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɱɢɫɟɥ, ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɢɥɢ ɤɨɦɩɥɟɤɫɧɵɯ, ɧɚ 

ɧɟɩɪɟɪɵɜɧɨɣ ɢɥɢ ɞɢɫɤɪɟɬɧɨɣ ɲɤɚɥɟ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ 

ɧɚɬɭɪɧɵɯ ɢɥɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɟɥɶɡɹ ɨɬɪɢɰɚɬɶ 

ɜɚɠɧɨɫɬɶ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɯ ɫɜɹɡɟɣ, ɤɨɝɞɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɞɧɨɣ ɩɪɟɞɦɟɬɧɨɣ 

ɨɛɥɚɫɬɢ ɩɥɨɞɨɬɜɨɪɧɨ ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɚɦɢ ɢ ɫɪɟɞɫɬɜɚɦɢ ɢɡ ɞɪɭɝɨɣ ɨɛɥɚɫɬɢ. 

ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɜɢɡɭɚɥɢɡɚɰɢɢ ɜ ɲɢɪɨɤɨɣ 

ɩɨɫɬɚɧɨɜɤɟ. 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ ɜ ɫɚɦɨɦ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɢɡɨɛɪɚɠɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ ɨɬ ɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢ ɦɨɠɟɬ 

ɛɵɬɶ ɪɟɲɟɧɚ ɞɚɠɟ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ. Ȼɨɥɟɟ ɫɥɨɠɧɨɣ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɢ ɞɚɠɟ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɞɜɭɦɟɪɧɨɦ ɫɥɭɱɚɟ 

ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɬɪɨɢɬɶ ɬɪёɯɦɟɪɧɵɣ ɝɪɚɮɢɤ, ɨɞɧɚɤɨ ɩɪɢ 

ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɨɜ ɜɢɡɭɚɥɢɡɚɰɢɹ ɫɬɚɧɨɜɢɬɫɹ ɜɟɫɶɦɚ 

ɩɪɨɛɥɟɦɚɬɢɱɧɨɣ [2]. ɉɨɷɬɨɦɭ ɭɫɢɥɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɧɚɩɪɚɜɥɟɧɵ 

ɢɦɟɧɧɨ ɧɚ ɪɟɲɟɧɢɟ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ. ɗɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɱɟɬɜёɪɬɵɦ ɚɫɩɟɤɬɨɦ ɩɪɨɛɥɟɦɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ. 
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ɉɟɪɜɵɦ ɚɫɩɟɤɬɨɦ ɡɚɞɚɱɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɟё ɩɪɚɤɬɢɱɟɫɤɨɟ 

ɧɚɡɧɚɱɟɧɢɟ, ɚ ɢɦɟɧɧɨ, ɨɛɥɟɝɱɟɧɢɟ ɜɨɫɩɪɢɹɬɢɹ ɞɚɧɧɵɯ ɞɥɹ ɢɯ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɚɧɚɥɢɡɚ, ɧɚɩɪɢɦɟɪ, ɩɨɥɭɱɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɨ ɫɭɳɟɫɬɜɭ ɹɜɥɹɟɬɫɹ 

ɩɨɞɞɟɪɠɤɨɣ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. ɉɨɷɬɨɦɭ ɢɦɟɟɬɫɹ ɧɟɪɚɡɪɵɜɧɚɹ ɫɜɹɡɶ ɦɟɠɞɭ 

ɩɪɢɤɥɚɞɧɨɣ ɡɚɞɚɱɟɣ ɢ ɫɩɨɫɨɛɨɦ ɜɢɡɭɚɥɢɡɚɰɢɢ. Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɩɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ, ɬɚɤ ɢ ɞɚɧɧɵɟ, ɩɪɨɲɟɞɲɢɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ. ɗɬɢ ɜɬɨɪɨɣ ɚɫɩɟɤɬ ɜɢɡɭɚɥɢɡɚɰɢɢ. ȿɝɨ ɫɥɟɞɭɟɬ 

ɨɬɥɢɱɚɬɶ ɨɬ ɬɪɟɬɶɟɝɨ ɚɫɩɟɤɬɚ — ɪɚɡɪɚɛɨɬɤɢ ɫɨɛɫɬɜɟɧɧɨ ɩɪɨɝɪɚɦɦɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɢ ɤɨɞɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɧɚ ɫɪɟɞɫɬɜɚɯ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɬɟɯɧɢɤɢ [2]. 

 

1.2. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ 

 

Ɉɛɲɢɪɧɟɣɲɢɣ ɤɪɭɝ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 

ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɨɫɧɨɜɚɦɢ, ɚɥɝɨɪɢɬɦɚɦɢ, ɩɪɨɝɪɚɦɦɧɵɦɢ ɪɟɚɥɢɡɚɰɢɹɦɢ, ɢ, 

ɤɨɧɟɱɧɨ, ɨɛɥɚɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɭɠɞɚɟɬɫɹ ɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɤɨɬɨɪɚɹ ɜ 

ɰɟɥɨɦ ɩɨɤɚ ɧɟ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɢɦɟɧɧɨ ɜ ɫɢɥɭ ɜɟɥɢɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ 

ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. 

ɉɟɪɜɵɣ ɜɢɞ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɫɞɟɥɚɧ ɩɨ ɜɢɞɚɦ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɞɚɧɧɵɯ. Ⱦɚɧɧɵɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɬɟ, ɱɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɜɫɟɝɞɚ 

ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɢ, ɬ. ɟ. ɦɧɨɠɟɫɬɜɨ ɤɨɪɬɟɠɟɣ ɢɥɢ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɨɛɴɟɤɬɨɜ ɞɚɧɧɵɯ. ɇɟɤɨɬɨɪɵɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ 

ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɵ ɤɚɤ ɮɭɧɤɰɢɢ. 

Ɋɚɡɧɨɨɛɪɚɡɢɟ ɨɛɴɟɤɬɨɜ ɢ ɫɪɟɞɫɬɜ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ 

ɤɨɧɰɟɩɰɢɟɣ, ɩɪɟɞɥɨɠɟɧɧɨɣ Ȼɟɪɬɢɧɨɦ. ɋɭɬɶ ɟё ɜ ɬɨɦ, ɱɬɨ ɤɚɠɞɵɣ ɝɪɚɮɢɤ 

ɫɨɫɬɨɢɬ ɢɡ ɦɚɪɤɟɪɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɵ ɧɚ ɩɥɨɫɤɨɫɬɢ ɢ ɢɦɟɸɬ 6 

ɜɢɡɭɚɥɶɧɵɯ ɜɚɪɶɢɪɭɟɦɵɯ ɚɬɪɢɛɭɬɨɜ: ɪɚɡɦɟɪ, ɮɨɪɦɚ, ɨɪɢɟɧɬɚɰɢɹ, ɰɜɟɬ, ɬɟɤɫɬɭɪɚ, 

ɡɧɚɱɟɧɢɟ. ɗɬɢ ɚɬɪɢɛɭɬɵ ɬɚɤɠɟ ɢɦɟɸɬ ɬɢɩ ɲɤɚɥɵ ɢ ɭɪɨɜɟɧɶ (ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɫɩɨɡɧɚɜɚɟɦɵɯ ɩɪɟɞɦɟɬɨɜ). ɂɦɟɸɬɫɹ ɢ ɞɪɭɝɢɟ ɫɜɨɣɫɬɜɚ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
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ɜɨɫɩɪɢɹɬɢɸ ɨɛɪɚɡɨɜ ɱɟɥɨɜɟɤɨɦ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɫɞɟɥɚɧɚ ɩɨ 

ɜɢɡɭɚɥɢɡɢɪɭɟɦɵɦ ɨɛɴɟɤɬɚɦ (ɪɢɫ. 1.1). 

 

Ɋɢɫ. 1.1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ ɨɛɴɟɤɬɚɦ ɜɢɡɭɚɥɢɡɚɰɢɢ 

 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɱɚɫɬɨ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦ. ɗɬɨ ɫɜɹɡɚɧɨ ɢ ɫ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɡɜɥɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 

ɢɡɭɱɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɹɜɥɟɧɢɹ ɢ ɫɨɛɫɬɜɟɧɧɨ ɩɪɨɛɥɟɦɚɦɢ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ 

ɞɥɹ ɥɭɱɲɟɝɨ ɜɨɫɩɪɢɹɬɢɹ. ɉɨɷɬɨɦɭ ɬɪɟɬɶɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɫɩɨɫɨɛɚɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɢ ɞɚɧɧɵɯ (ɪɢɫ. 1.2). 

 

Ɋɢɫ. 1.2 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɜɢɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨ ɫɩɨɫɨɛɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɨɪɞɢɧɚɬ ɢ ɞɚɧɧɵɯ 
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ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɫɬɨɪɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨ ɫɭɳɟɫɬɜɭ 

ɧɚɫɱɢɬɵɜɚɟɬ ɧɟ ɨɞɧɨ ɞɟɫɹɬɢɥɟɬɢɟ, ɚ ɜ ɲɢɪɨɤɨɦ ɬɨɥɤɨɜɚɧɢɢ ɢ ɧɟ ɨɞɧɨ ɫɬɨɥɟɬɢɟ, 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɨ ɢ ɜ ɧɚɲɟ 

ɜɪɟɦɹ.  

 

1.3 Ⱥɥɝɨɪɢɬɦɵ ɢ ɮɨɪɦɭɥɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ 

Ɇɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ 

Ɇɟɬɨɞ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚɛɥɸɞɚɟɦɵɯ ɜɟɤɬɨɪɨɜ, ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɨɬɟɪɢ ɢɧɮɨɪɦɚɰɢɢ. 

ɉɪɟɞɩɨɫɵɥɤɨɣ ɦɟɬɨɞɚ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ. ȼ ɦɟɬɨɞɟ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɫɥɭɱɚɣɧɵɟ 

ɜɟɥɢɱɢɧɵ ɥɢɧɟɣɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɧɚɯɨɞɹɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦɢ ɜɟɤɬɨɪɚɦɢ 

ɤɨɜɚɪɢɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ. Ɉɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɟ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɵɯ ɞɢɫɩɟɪɫɢɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɢɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ. 

ɉɭɫɬɶ ɡɚɞɚɧɨ ɧɚɱɚɥɶɧɨɟ ɦɧɨɠɟɫɬɜɨ ɜɟɤɬɨɪɨɜ X ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

Lk. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɤ ɛɚɡɢɫɭ 

ɩɪɨɫɬɪɚɧɫɬɜɚ Lm (m≤k), ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ: ɩɟɪɜɚɹ ɤɨɦɩɨɧɟɧɬɚ (ɩɟɪɜɵɣ ɜɟɤɬɨɪ 

ɛɚɡɢɫɚ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɩɪɚɜɥɟɧɢɸ, ɩɨ ɤɨɬɨɪɨɦɭ ɞɢɫɩɟɪɫɢɹ ɜɟɤɬɨɪɨɜ 

ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɦɚɤɫɢɦɚɥɶɧɚ. ɇɚɩɪɚɜɥɟɧɢɟ ɜɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬɵ (ɜɬɨɪɨɝɨ 

ɜɟɤɬɨɪɚ ɛɚɡɢɫɚ) ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɞɢɫɩɟɪɫɢɹ ɧɚɱɚɥɶɧɵɯ 

ɜɟɤɬɨɪɨɜ ɜɞɨɥɶ ɧɟɟ ɛɵɥɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢ ɭɫɥɨɜɢɢ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɤ 

ɩɟɪɜɨɦɭ ɜɟɤɬɨɪɭ ɛɚɡɢɫɚ.  

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢ ɞɪɭɝɢɟ ɜɟɤɬɨɪɵ ɛɚɡɢɫɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ, 

ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ ɛɚɡɢɫɚ ɜɵɛɢɪɚɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 

ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɞɢɫɩɟɪɫɢɸ ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɜɞɨɥɶ ɩɟɪɜɵɯ ɤɨɦɩɨɧɟɧɬ, 

ɧɚɡɵɜɚɟɦɵɯ ɝɥɚɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ 

ɜɟɤɬɨɪɨɜ ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɜɟɤɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɟɪɜɵɦɢ ɧɟɫɤɨɥɶɤɢɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɨɬɛɪɚɫɵɜɚɹ ɨɫɬɚɜɲɢɟɫɹ ɤɨɦɩɨɧɟɧɬɵ, 

ɩɟɪɟɣɬɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ.  
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Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɢɦɟɧɟɧɢɹ ɆȽɄ ɹɜɥɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɦɚɬɪɢɰɵ W ɪɚɡɦɟɪɚ 

m*k, ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɨɟɤɰɢɸ ɜɟɤɬɨɪɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ    ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, 

ɪɚɫɬɹɧɭɬɨɟ ɧɚ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬɚɯ:                      
ɝɞɟ X – ɜɟɤɬɨɪ ɢɡ ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ, Y – ɤɨɨɪɞɢɧɚɬɵ ɜɟɤɬɨɪɚ ɜ 

ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɟ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ, μ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɟɤɬɨɪɚ X 

ɧɚɱɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ. 

Ƚɥɚɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ (ɜɟɤɬɨɪɵ ɛɚɡɢɫɚ), ɜɵɛɢɪɚɟɦɵɟ ɫ ɩɨɦɨɳɶɸ ɆȽɄ, 

ɨɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦ ɫɜɨɣɫɬɜɨɦ: ɨɛɪɚɬɧɚɹ ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ Y ɜ    ɞɚɟɬ 

ɦɢɧɢɦɚɥɶɧɭɸ ɨɲɢɛɤɭ ɪɟɤɨɧɫɬɪɭɤɰɢɢ (ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɨɛɪɚɡɚ 

ɜɟɤɬɨɪɚ Y). ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɪɪɟɤɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɆȽɄ ɜɨɡɦɨɠɧɨ ɥɢɲɶ 

ɩɪɢ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɧɨɪɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɟɤɬɨɪɨɜ ɢɫɯɨɞɧɨɝɨ ɧɚɛɨɪɚ.  
 

1.4 ɂɧɮɨɪɦɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɭɩɪɭɝɢɯ ɤɚɪɬ 

 

Ɇɵ ɩɨɫɬɪɨɢɥɢ ɤɚɪɬɭ ɞɚɧɧɵɯ, ɤɚɪɬɭ ɨɫɬɚɬɤɨɜ, ɤɚɪɬɭ ɜɬɨɪɵɯ ɨɫɬɚɬɤɨɜ ɢ ɬ.ɞ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɬɚɤɢɯ ɤɚɪɬ ɧɚɡɵɜɚɟɬɫɹ ɢɧɮɨрɦаɰɢɨɧɧɨɣ ɦɨɞɟɥɶю ɞаɧɧɵɯ.  

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɨɛɪɚɡɢɣ ɧɚ ɜɯɨɞ ɦɨɞɟɥɢ 

ɩɨɞɚɟɬɫɹ ɜɟɤɬɨɪ ɩɪɨɫɬɪɚɧɫɬɜɚ x, ɚ ɧɚ ɜɵɯɨɞɟ ɭɞɚɥɹɟɬɫɹ ɢɦɢɬɢɪɨɜɚɧɧɵɣ ɜɟɤɬɨɪ 

ɬɨɝɨ ɠɟ ɩɪɨɫɬɪɚɧɫɬɜɚ X. ɋɯɟɦɚ ɩɨɯɨɠɚ ɧɚ ɚɪɯɢɬɟɤɬɭɪɭ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɧɨ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɪɟɞɢ ɤɨɦɩɨɧɟɧɬɨɜ  x ,x ,x ...,ɯ 

ɜɟɤɬɨɪɚ x ɦɨɝɭɬ ɛɵɬɶ ɩɭɫɬɵɟ ɡɧɚɱɟɧɢɹ, ɚ ɧɚ ɜɵɯɨɞɟ ɷɬɢ ɡɧɚɱɟɧɢɹ ɛɭɞɭɬ 

ɜɨɫɫɬɚɧɨɜɥɟɧɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɟɦ ɩɪɨɢɡɜɨɥɶɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚɛɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ 

ɜɯɨɞ ɢ ɜɵɯɨɞ. ɉɨɞɚɜɚɹ ɧɚ ɜɯɨɞ ɜɟɤɬɨɪ, ɜ ɤɨɬɨɪɵɣ ɡɚɩɨɥɧɟɧɵ ɤɨɦɩɨɧɟɧɬɵ 

ɜɯɨɞɧɨɝɨ ɜɟɤɬɨɪɚ, ɜ ɜɵɯɨɞɧɵɟ ɨɫɬɚɜɥɟɧɵ ɩɭɫɬɵɦɢ, ɧɚ ɜɵɯɨɞɟ ɦɨɠɧɨ ɫɧɹɬɶ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɵɯ ɩɪɢɡɧɚɤɨɜ (ɪɢɫ. 1.3). ɗɬɨ ɨɬɤɪɵɜɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɟɣ ɩɪɢɡɧɚɤɨɜ, ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɪɨɝɧɨ-

ɡɢɪɨɜɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ ɩɪɢɡɧɚɤɚɦɢ [3]. 
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Ɋɢɫ. 1.3 – Ⱦɜɚ ɬɢɩɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ. 

ɚ) ɫɬɚɧɞɚɪɬɧɚɹ ɧɟɣɪɨɫɟɬɟɜɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 

ɛ) ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɨɛɪɚɡɢɣ. 

 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ. 

Ɉɫɧɨɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɢ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɫɬɪɨɟɧɢɹ ɞɜɭɦɟɪɧɵɯ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɢɡɭɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɞɚɧɧɵɯ ɢ ɨɲɢɛɨɤ ɨɩɢɫɚɧɢɹ ɞɚɧɧɵɯ ɦɨɞɟɥɶɸ. Ʌɸɛɚɹ ɢɡ ɩɨɫɬɪɨɟɧɧɵɯ ɤɚɪɬ 

ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɶɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɚɦɢɯ ɞɚɧɧɵɯ ɢɥɢ ɨɲɢɛɨɤ ɜ 

ɨɩɢɫɚɧɢɢ [4]. 

Ƚɪɭɩɩɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ. 

ɂɫɩɨɥɶɡɭɹ ɤɚɪɬɵ, ɦɨɠɟɦ ɪɚɡɞɟɥɢɬɶ ɨɛɴɟɤɬɵ ɧɚ ɝɪɭɩɩɵ. ɗɬɨ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɢɡɭɚɥɶɧɨ, ɨɰɟɧɢɜɚɹ ɤɨɦɩɚɤɬɧɨɫɬɶ. ȿɫɥɢ ɞɟɥɟɧɢɟ ɧɚ ɝɪɭɩɩɵ 

ɧɟɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ. ɇɚ ɤɚɪɬɟ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɞɜɭɦɟɪɧɚɹ ɧɟɩɪɟɪɵɜɧɚɹ 

ɰɜɟɬɨɜɚɹ ɤɚɪɬɚ. ɉɨɥɭɱɢɬɟ ɨɩɪɟɞɟɥɟɧɧɵɣ ɰɜɟɬ ɢ ɬɨɱɤɢ. ɉɨɥɭɱɟɧɧɵɟ ɰɜɟɬɚ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɬɨɱɤɢ ɞɚɧɧɵɯ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɦɟɳɟɧɵ ɧɚ 

ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɪɬɟ. Ɍɨɝɞɚ ɚɧɚɥɨɝɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɡɧɚɤɚ ɬɨɱɤɢ ɧɚ ɤɚɪɬɟ ɛɭɞɭɬ 

ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɵɟ ɰɜɟɬɚ. 

 

1.5 ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ  
 

ȼ ɩɪɨɝɪɚɦɦɟ Vida Expert ɢɦɟɟɬɫɹ ɜɧɭɬɪɟɧɧɢɟ ɢɟɪɚɪɯɢɢ ɨɛɴɟɤɬɨɜ [5]. 

ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɦ ɨɛɴɟɤɬɚɦ, ɫ ɤɨɬɨɪɵɦɢ ɨɩɟɪɢɪɭɟɬ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɧɚ ɩɪɚɤɬɢɤɟ, ɞɪɭɝɢɟ ɨɛɴɟɤɬɵ ɹɜɥɹɸɬɫɹ ɤɨɧɬɟɣɧɟɪɚɦɢ, 
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ɫɨɞɟɪɠɚɳɢɦɢ ɢ ɭɩɨɪɹɞɨɱɢɜɚɸɳɢɦɢ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 1.4 

ɢɡɨɛɪɚɠɟɧɵ ɨɛɴɟɤɬɵ ɫɢɫɬɟɦɵ ɢ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ. 

 

 

Ɋɢɫ. 1.4 – ȼɧɭɬɪɟɧɧɹɹ ɫɬɪɭɤɬɭɪɚ ɨɛɴɟɤɬɨɜ ɩɪɨɝɪɚɦɦɵ Vida Expert 

 

Ɂɚɝɪɭɡɢɜ ɬɚɛɥɢɰɭ ɞɚɧɧɵɯ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɧɚ ɨɫɧɨɜɟ ɬɚɛɥɢɰɵ, ɜɵɛɢɪɚɹ 

ɧɟɨɛɯɨɞɢɦɵɟ ɱɢɫɥɨɜɵɟ ɩɨɥɹ ɢ ɭɤɚɡɵɜɚɹ ɫɩɨɫɨɛ ɢɯ ɧɨɪɦɢɪɨɜɤɢ, ɫɨɡɞɚёɬ ɨɛɴɟɤɬ 

ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɱɢɫɥɨɜɨɣ ɦɚɫɫɢɜ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɜɵɛɪɚɧɧɵɯ 

ɩɪɢɡɧɚɤɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɞɚɧɧɵɟ ɫɨɯɪɚɧɹɸɬ ɫɜɹɡɶ ɫ ɬɚɛɥɢɰɟɣ, ɧɚ ɨɫɧɨɜɟ 

ɤɨɬɨɪɨɝɨ ɨɧ ɛɵɥ ɫɨɡɞɚɧ. ɂɫɩɨɥɶɡɭɹ ɨɞɧɭ ɢ ɬɭ ɠɟ ɬɚɛɥɢɰɭ, ɦɨɠɧɨ ɫɨɡɞɚɜɚɬɶ 

ɪɚɡɥɢɱɧɵɟ ɦɚɫɫɢɜɵ ɞɚɧɧɵɯ, ɜɵɛɢɪɚɹ ɪɚɡɧɵɟ ɧɚɛɨɪɵ ɫɬɪɨɤ, ɩɪɢɡɧɚɤɨɜ ɢ 

ɫɩɨɫɨɛɵ ɢɯ ɧɨɪɦɢɪɨɜɤɢ. 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɨɡɞɚɬɶ ɧɚɫɬɪɨɟɧɧɵɟ ɤɚɪɬɵ, ɤɨɬɨɪɵɟ ɯɪɚɧɹɬɫɹ ɜ 

ɧёɦ ɤɚɤ ɜ ɤɨɧɬɟɣɧɟɪɟ. Ɉɧɢ ɫɨɞɟɪɠɚɬ ɜɫɸ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɩɨɥɨɠɟɧɢɢ ɭɡɥɨɜ ɫɟɬɤɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɫɨɡɞɚɸɬɫɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 

ɫɥɨɢ. ȼ ɩɪɨɝɪɚɦɦɟ ɢɦɟɟɬɫɹ 4 ɜɢɞɚ ɫɥɨёɜ, ɷɬɨ ɫɥɨɣ ɬɨɱɟɤ ɞɚɧɧɵɯ, ɫɟɬɤɢ, 

ɪɚɫɤɪɚɫɨɤ ɢ ɨɛɴɟɤɬɨɜ. Ʉɚɠɞɵɣ ɫɥɨɣ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ. ȼ ɩɪɨɝɪɚɦɦɟ 

ɪɟɚɥɢɡɨɜɚɧɨ 4 ɜɚɪɢɚɧɬɚ ɜɢɞɨɜ:  

1) ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɟ ɩɥɨɫɤɨɫɬɢ; 

2) ɧɚ ɩɥɨɫɤɨɫɬɶ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ; 

3) ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɤɚɪɬɵ ; 

4) ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɤɚɪɬɵ. 
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ȼ 3-ɟɦ ɩɭɧɤɬɟ ɤɚɪɬɚ ɩɪɟɞɫɬɚёɬ ɜ ɜɢɞɟ ɪɚɜɧɨɦɟɪɧɨɣ ɫɟɬɤɢ ɭɡɥɨɜ, ɬɨɱɤɢ 

ɞɚɧɧɵɯ ɪɚɡɦɟɳɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɩɪɨɟɤɰɢɹɦɢ ɧɚ ɤɚɪɬɭ. ȼ 4-ɨɦ – ɩɭɧɤɬɟ 

ɤɚɪɬɚ ɢɡɨɛɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɫɟɬɤɢ. Ɉɬɞɟɥɶɧɵɣ ɞɢɚɥɨɝ ɩɨɡɜɨɥɹɟɬ 

ɧɚɫɬɪɚɢɜɚɬɶ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɪɚɡɜёɪɬɤɭ ɬɚɤ, ɱɬɨɛɵ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɭɡɥɚɦɢ 

ɫɟɬɤɢ ɧɚ ɩɥɨɫɤɨɫɬɢ ɤɚɤ ɦɨɠɧɨ ɬɨɱɧɟɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ 

ɭɡɥɚɦɢ ɜ ɢɫɯɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɇɚ ɤɚɪɬɭ ɦɨɠɟɬ ɛɵɬɶ ɧɚɥɨɠɟɧɚ ɰɜɟɬɨɜɚɹ 

ɝɚɦɦɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɩɪɢɡɧɚɤɚ ɢ ɬ.ɞ [6]. 

 

1.6 ɉɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɭɩɪɭɝɢɯ ɤɚɪɬ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ, 

ɚ ɢɦɟɧɧɨ, ɦɟɬɨɞɚ ɭɩɪɭɝɢɯ ɤɚɪɬ ɜ ɨɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ 

ɦɨɧɢɬɨɪɢɧɝɚ: ɡɚɞɚɱɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɥɭɛɢɧɵ ɢ ɦɚɝɧɢɬɭɞɵ 

ɡɟɦɥɟɬɪɹɫɟɧɢɹ. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɚɠɧɨ ɢ ɜɤɥɸɱɟɧɨ ɜ ɪɚɛɨɬɭ ɞɥɹ 

ɞɟɦɨɧɫɬɪɚɰɢɢ ɬɨɝɨ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɦɟɬɨɞɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɦɨɝɭɬ 

ɨɛɟɫɩɟɱɢɬɶ «ɩɨɞɫɤɚɡɤɭ» ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɜ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɞɚɧɧɵɟ ɡɟɦɥɟɬɪɹɫɟɧɢɹ, ɩɪɨɢɡɨɲɟɞɲɟɝɨ 8 

ɫɟɧɬɹɛɪɹ 2017 ɝ. ɜ Ɍɢɯɨɦ ɨɤɟɚɧɟ ɭ ɸɠɧɨɝɨ ɩɨɛɟɪɟɠɶɹ Ɇɟɤɫɢɤɢ. Ɂɟɦɥɟɬɪɹɫɟɧɢɟ 

ɢɦɟɥɨ ɦɚɝɧɢɬɭɞɭ 8.1 ɛɚɥɥɨɜ. ɗɩɢɰɟɧɬɪ ɩɨɞɡɟɦɧɵɯ ɬɨɥɱɤɨɜ ɧɚɯɨɞɢɥɫɹ 

ɩɪɢɦɟɪɧɨ ɜ 100 ɤɦ ɤ ɸɝɨ-ɡɚɩɚɞɭ ɨɬ ɝɨɪɨɞɚ ɉɶɟɞɠɢɚɩɚɧ ɢ ɧɚ ɝɥɭɛɢɧɟ 35 ɤɦ 

(ɪɢɫ. 1.5 – 1.6). 

 

Ɋɢɫ. 1.5 – Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɷɩɢɰɟɧɬɪɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɭ ɛɟɪɟɝɨɜ Ɇɟɤɫɢɤɢ 

8 ɫɟɧɬɹɛɪɹ 2017 ɝ. 
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Ɋɢɫ. 1.6 – ɗɩɢɰɟɧɬɪɵ ɚɮɬɟɪɲɨɤɨɜ ɫ 8 ɩɨ 12 ɫɟɧɬɹɛɪɹ. Ⱦɚɧɧɵɟ ɫ ɫɚɣɬɚ 

Ƚɟɨɮɢɡɢɱɟɫɤɨɣ ɫɥɭɠɛɵ ɋɒȺ. Ɍɨɱɤɚ ɞɨɫɬɭɩɚ: http://earthquake.usgs.gov. 

 

ȼɫɟɝɨ ɡɚ 4 ɞɧɹ ɩɪɨɢɡɨɲɥɨ 126 ɫɟɣɫɦɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ. ȼɫɟ ɷɬɢ ɞɚɧɧɵɟ 

ɨɛɪɚɛɨɬɚɧɵ ɢ ɢɦɩɨɪɬɢɪɨɜɚɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɝɪɚɦɦɭ (ɪɢɫ. 1.7). 

 

Ɋɢɫ. 1.7 – ɂɧɬɟɪɮɟɣɫ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ ɧɚ ɪɢɫɭɧɤɟ, ɜɪɟɦɹ ɩɟɪɟɜɟɞɟɧɨ ɜ ɫɟɤɭɧɞɵ. ɇɚɱɚɥɨ 

ɨɬɫɱёɬɚ 00:00 ɱɚɫɨɜ 8 ɫɟɧɬɹɛɪɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɟɦɥɟɬɪɹɫɟɧɢɟ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɚɦɩɥɢɬɭɞɨɣ ɩɪɨɢɡɨɲɥɨ ɜ 4:49:21 (ɧɚ 17361 ɫ). 

Ⱦɚɥɟɟ ɩɪɢɫɬɭɩɚɟɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɚɪɬɵ. ɇɚ ɪɢɫɭɧɤɟ 

1.8 ɚ ɩɨɫɬɪɨɟɧɚ ɤɚɪɬɚ ɩɨ ɢɫɯɨɞɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɜɵɛɪɚɧɧɵɦ ɦɧɨɸ: ɞɨɥɝɨɬɚ, 

ɲɢɪɨɬɚ ɢ ɜɪɟɦɹ. ɋɥɟɞɭɸɳɢɣ ɲɚɝ – ɜɢɡɭɚɥɢɡɚɰɢɹ ɷɬɢɯ ɞɚɧɧɵɯ ɜ ɞɜɭɦɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ (ɪɢɫ. 1.8 b). 
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Ɋɢɫ. 1.8 – a) ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɜɢɞ ɤɚɪɬɵ; b) 3D ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɚɫɫɢɜɚ 

ɞɚɧɧɵɯ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɝɥɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬ 

 

Ɇɨɠɧɨ ɢɡɦɟɧɢɬɶ ɰɜɟɬɚ ɨɩɪɟɞɟɥёɧɧɵɯ ɬɨɱɟɤ ɢɥɢ ɚɬɪɢɛɭɬ. ȼ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɜɵɛɪɚɧɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɨɛɵɯ ɬɨɱɟɤ – ɩɨ ɞɧɹɦ. ɉɟɪɜɵɣ ɞɟɧɶ ɨɬɦɟɱɟɧ ɧɚ 

ɤɚɪɬɟ ɤɪɚɫɧɵɦ, ɜɬɨɪɨɣ – ɠɟɥɬɵɦ, ɬɪɟɬɢɣ ɡɟɥɟɧɵɦ ɢ ɱɟɬɜɟɪɬɵɣ ɞɟɧɶ – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɢɧɢɦ ɰɜɟɬɨɦ (ɪɢɫ. 1.9 – 1.11). 

 

Ɋɢɫ. 1.9 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ ɧɚ «ɩɨɞɥɨɠɤɟ» ɢɡ ɝɥɚɜɧɵɯ 

ɤɨɦɩɨɧɟɧɬ, ɤɨɦɩɨɧɟɧɬɵ ɦɚɫɫɢɜɚ ɤɨɞɢɪɭɸɬɫɹ ɰɜɟɬɨɦ 
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Ɋɢɫ. 1.10 – Ɋɟɡɭɥɶɬɚɬɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ ɫ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɭɤɚɡɚɧɢɟɦ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ: ɜɪɟɦɟɧɢ ɢ ɝɥɭɛɢɧɵ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

 

Ɋɢɫ. 1.11 – Ɍɪёɯɦɟɪɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ 

 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɬɨ, 

ɱɬɨ ɞɚɧɧɵɟ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ ɩɪɨɛɟɥɵ, ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɢɥɢ ɧɟɤɨɪɪɟɤɬɧɵɟ 

ɡɧɚɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ, ɬɚɤɢɟ ɬɨɱɤɢ ɞɚɧɧɵɯ ɦɨɝɭɬ ɧɚ ɤɚɪɬɭ ɧɚɧɨɫɢɬɫɹ. 

Ɍɚɤɠɟ ɤɚɪɬɚ ɫɥɭɠɢɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɶɸ ɞɚɧɧɵɯ. Ɇɨɞɟɥɶ ɦɨɠɟɬ ɪɟɲɢɬɶ 

ɜɚɠɧɭɸ ɡɚɞɚɱɭ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɛɟɥɨɜ. ɗɬɚ ɫɩɨɫɨɛɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɩɪɚɜɞɨɩɨɞɨɛɧɨɝɨ ɩɪɨɝɧɨɡɚ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɜ 

ɭɫɥɨɜɢɹɯ, ɡɚɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ. 
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2. ɋɩɟɤɬɪɚɥɶɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ 

 

2.1 Ɍɟɨɪɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

 

ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ – ɦɟɬɨɞ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɱɚɫɬɨɬɧɵɣ ɫɨɫɬɚɜ ɢɡɦɟɪɹɟɦɨɝɨ ɫɢɝɧɚɥɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɷɬɨɝɨ ɦɟɬɨɞɚ 

ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɹɟɬ ɜɪɟɦɟɧɧɨɣ ɢɥɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɫɢɝɧɚɥ ɫ ɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ [8]. 

Ɉɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɚɞɚɱɢ ɚɭɞɢɨ ɢ ɪɟɱɟɜɨɝɨ ɚɧɚɥɢɡɚ, 

ɫɢɝɧɚɥɵ ɜ ɤɨɬɨɪɵɯ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɦ ɞɚɧɧɵɯ ɜ 

ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. 

ȼɨ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɩɪɢɯɨɞɢɬɫɹ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɞɜɭɯ ɜɢɞɨɜ – 

ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɨɰɟɧɢɜɚɧɢɹ. Ɂɚɞɚɱɚ ɢɡɦɟɪɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɧɚɡɵɜɚɟɬɫɹ 

ɡɚɞɚɱɟɣ ɨɰɟɧɢɜɚɧɢɟ. Ɉɱɟɧɶ ɱɚɫɬɨ ɫɢɝɧɚɥ ɦɨɠɟɬ ɛɵɬɶ ɡɚɲɭɦɥɟɧ, ɧɚ ɧɟɝɨ ɦɨɝɭɬ 

ɧɚɤɥɚɞɵɜɚɬɶɫɹ ɞɪɭɝɢɟ ɫɢɝɧɚɥɵ. ɉɨɷɬɨɦɭ ɫɢɝɧɚɥ ɨɛɵɱɧɨ ɪɚɡɥɚɝɚɸɬ ɩɨ ɛɚɡɢɫɧɵɦ 

ɫɨɫɬɚɜɥɹɸɳɢɦ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɢɝɧɚɥɨɜ.  

ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɦɧɨɝɢɯ ɩɪɢɥɨɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. ȼɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɧɭɫ ɢ 

ɤɨɫɢɧɭɫ, ɬɚɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. 

ɋɩɟɤɬɪɚɥɶɧɚɹ ɨɰɟɧɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɤɨɧɟɱɧɨɣ ɡɚɩɢɫɢ ɞɚɧɧɵɯ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɤɨɬɨɪɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɢɫɬɢɧɧɨɣ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɛɵɬɶ ɩɨɥɭɱɟɧɚ, ɟɫɥɢ ɡɚɩɢɫɶ ɞɚɧɧɵɯ ɛɟɫɤɨɧɟɱɧɨɣ ɞɥɢɧɵ. ɉɨɷɬɨɦɭ ɩɨɜɟɞɟɧɢɟ ɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɨɰɟɧɨɤ ɫɥɟɞɭɟɬ ɨɩɢɫɵɜɚɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢ. 

Ɉɛɳɢɦɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɤɪɢɬɟɪɢɹɦɢ ɤɚɱɟɫɬɜɚ ɨɰɟɧɤɢ ɹɜɥɹɸɬɫɹ ɟɟ ɫɦɟɳɟɧɢɟ ɢ 

ɞɢɫɩɟɪɫɢɹ. 

Ɉɛɥɚɫɬɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɝɪɚɮɢɤɨɜ ɫɩɟɤɬɪɚɥɶɧɨɣ ɨɰɟɧɤɢ, ɝɞɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɨ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɢɫɩɟɪɫɢɢ, ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, 

ɱɬɨ ɫɩɟɤɬɪɚɥɶɧɵɟ ɩɪɢɡɧɚɤɢ, ɜɢɞɢɦɵɟ ɜ ɫɩɟɤɬɪɟ ɨɞɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɧɟ ɦɨɝɭɬ 

ɫɱɢɬɚɬɶɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ.  
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ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɜɦɟɳɟɧɧɵɯ ɫɩɟɤɬɪɨɜ ɜ ɬɟɯ ɨɛɥɚɫɬɹɯ, 

ɝɞɟ ɷɬɚ ɞɢɫɩɟɪɫɢɹ ɦɚɥɚ, ɦɨɠɟɬ ɛɵɬɶ ɫɨɨɬɧɟɫɟɧɨ ɫ ɪɟɚɥɶɧɵɦɢ ɱɚɫɬɨɬɧɵɦɢ 

ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ ɫ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ. 

ȼ ɫɥɭɱɚɟ ɤɨɪɨɬɤɢɯ  ɡɚɩɢɫɟɣ ɞɚɧɧɵɯ ɱɚɫɬɨ ɧɟ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɧɟɫɤɨɥɶɤɨ  

ɫɩɟɤɬɪɚɥɶɧɵɯ ɨɰɟɧɨɤ, ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɬɞɟɥɶɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɨɰɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɤɨɪɨɬɤɢɦ ɡɚɩɢɫɹɦ ɞɚɧɧɵɯ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟ ɩɪɨɫɬɭɸ ɡɚɞɚɱɭ. 

ɋɩɟɤɬɪɨɦ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɚɧɧɵɯ y(x) ɧɚɡɵɜɚɸɬ ɧɟɤɨɬɨɪɭɸ ɮɭɧɤɰɢɸ 

ɞɪɭɝɨɣ ɤɨɨɪɞɢɧɚɬɵ (ɢɥɢ ɤɨɨɪɞɢɧɚɬ, ɟɫɥɢ ɪɟɱɶ ɢɞɟɬ ɨ ɦɧɨɝɨɦɟɪɧɨɦ ɫɩɟɤɬɪɟ) 

F(ω), ɩɨɥɭɱɟɧɧɭɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ. ɉɪɢɦɟɪɚɦɢ 

ɫɩɟɤɬɪɨɜ ɹɜɥɹɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɫɩɟɤɬɪ ɦɨɳɧɨɫɬɢ, ɜɟɣɜɥɟɬ- 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ Ɏɭɪɶɟ-ɫɩɟɤɬɪɚ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 

ɫɨɫɬɨɢɬ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɫɢɝɧɚɥɚ y(x) ɜ ɜɢɞɟ ɛɟɫɤɨɧɟɱɧɨɣ ɫɭɦɦɵ ɫɢɧɭɫɨɢɞ ɜɢɞɚ 

F(ω)∙sin(ωx). Ɏɭɧɤɰɢɹ F(ω) ɧɚɡɵɜɚɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ, ɢɥɢ 

ɢɧɬɟɝɪɚɥɨɦ Ɏɭɪɶɟ, ɢɥɢ Ɏɭɪɶɟ-ɫɩɟɤɬɪɨɦ ɫɢɝɧɚɥɚ. ȿɟ ɚɪɝɭɦɟɧɬ ω ɢɦɟɟɬ ɫɦɵɫɥ 

ɱɚɫɬɨɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ. Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

Ɏɭɪɶɟ ɩɟɪɟɜɨɞɢɬ ɫɩɟɤɬɪ F(ω) ɜ ɢɫɯɨɞɧɵɣ ɫɢɝɧɚɥ y(x). 

ɋɨɝɥɚɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ,  

                       
                                                              

ɂɡ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɧɨ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɣ 

ɜɟɥɢɱɢɧɨɣ, ɞɚɠɟ ɟɫɥɢ ɫɢɝɧɚɥ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɢ ɞɥɹ ɧɟɝɨ ɪɚɡɪɚɛɨɬɚɧ ɷɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ, 

ɧɚɡɵɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦɨɦ ȻɉɎ (ɛɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ). Ɉɧ ɩɨɩɭɥɹɪɟɧ, 

ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɭɥɶɬɪɚ-ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɩɚɤɟɬɚɯ ɨɪɝɚɧɢɡɨɜɚɧ ɜ ɜɢɞɟ ɩɨɞɩɪɨɝɪɚɦɦɵ. 
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Ⱥɥɝɨɪɢɬɦ ȻɉɎ ɢɦɟɟɬ ɫɢɥɶɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟ 

ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɧɵɦ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɚɪɝɭɦɟɧɬ ɩɪɹɦɨɝɨ Ɏɭɪɶɟ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 

ɬ.ɟ. ɨɛɴɟɦ ɜɵɛɨɪɤɢ y(xi), ɞɨɥɠɟɧ ɢɦɟɬɶ ɪɨɜɧɨ    ɷɥɟɦɟɧɬɨɜ (n – ɥɸɛɨɟ ɰɟɥɨɟ 

ɱɢɫɥɨ). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ȻɉɎ ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪ ɫ 

1+2n-1 ɷɥɟɦɟɧɬɚɦɢ. ȿɫɥɢ ɱɢɫɥɨ ɞɚɧɧɵɯ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɬɟɩɟɧɶɸ 2, ɬɨ ɞɥɹ 

ɡɚɩɭɫɤɚ ɚɥɝɨɪɢɬɦɚ ȻɉɎ ɞɨɫɬɚɬɨɱɧɨ ɞɨɩɨɥɧɢɬɶ ɧɟɞɨɫɬɚɸɳɢɟ ɷɥɟɦɟɧɬɵ ɧɭɥɹɦɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɭɸ ɞɥɹ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɢɬɭɚɰɢɸ 

ɪɚɫɱɟɬɚ Ɏɭɪɶɟ-ɫɩɟɤɬɪɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ [8]. ɑɬɨɛɵ ɫɦɵɫɥ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɛɵɥ ɛɨɥɟɟ ɩɨɧɹɬɟɧ, ɢɫɩɨɥɶɡɭɟɦ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɵɯ 

ɞɚɧɧɵɯ ɞɢɫɤɪɟɬɢɡɚɰɢɸ ɫɥɟɞɭɸɳɟɝɨ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ (ɪɢɫ. 2.1-2.2): 

 

y(x)=1·sin(2·π·0.05·x)+0.5·sin(π·0.1·x)+0.1·sin(2·π·0.5·x).                (2) 

 

 

Ɋɢɫ. – 2.1 Ɇɨɞɟɥɶɧɵɟ ɞɚɧɧɵɟ     Ɋɢɫ. – 2.2 ȼɵɛɨɪɨɱɧɵɣ Ɏɭɪɶɟ-ɫɩɟɤɬɪ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ȻɉɎ ɜ ɜɢɞɟ 

ɦɨɞɭɥɹ Ɏɭɪɶɟ-ɫɩɟɤɬɪɚ |F(ω)|, ɩɨɫɤɨɥɶɤɭ, ɩɨɜɬɨɪɢɦɫɹ, ɫɚɦ ɫɩɟɤɬɪ ɹɜɥɹɟɬɫɹ 

ɤɨɦɩɥɟɤɫɧɵɦ. ɉɨɥɟɡɧɨ ɫɪɚɜɧɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɚɦɩɥɢɬɭɞɵ ɢ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 

ɩɢɤɨɜ ɫɩɟɤɬɪɚ ɧɚ ɪɢɫɭɧɤɟ 2.2  ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɫɢɧɭɫɨɢɞ ɜ ɮɨɪɦɭɥɟ (2). 

ɉɨɤɚɡɚɬɟɥɶɧɨ, ɱɬɨ, ɟɫɥɢ ɩɨɞɜɟɪɝɧɭɬɶ ɩɨɥɭɱɟɧɧɨɟ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ 

Ɏɭɪɶɟ-ɫɩɟɤɬɪɚ (ɪɢɫ. 2.2) ɨɛɪɚɬɧɨɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ɏɭɪɶɟ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɚɥɝɨɪɢɬɦ ȻɉɎ, ɬɨ ɩɪɨɮɢɥɶ ɢɫɯɨɞɧɨɝɨ  ɫɢɝɧɚɥɚ 

ɛɭɞɟɬ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧ ɩɪɚɜɢɥɶɧɨ, ɧɨ ɨɤɚɠɟɬɫɹ ɫɞɜɢɧɭɬɵɦ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɪɚɫɫɬɨɹɧɢɟ ɜɞɨɥɶ ɨɫɢ x (ɪɢɫ. 2.3).  



20 

 

ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɞɥɹ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ ɤɨɦɩɥɟɤɫɧɨɝɨ 

ɫɩɟɤɬɪɚ ɨɬɫɭɬɫɬɜɭɟɬ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɮɚɡɟ ɨɬɫɱɟɬɨɜ ɞɚɧɧɵɯ. ȼ 

ɨɫɬɚɥɶɧɨɦ, ɫɢɝɧɚɥ y(x) ɜɨɫɫɬɚɧɨɜɥɟɧ ɫ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 

ɩɥɚɜɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɢɝɧɚɥɚ. ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɨɛɪɚɬɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɥɟɤɫɧɵɣ Ɏɭɪɶɟ-ɫɩɟɤɬɪ, ɬɨ ɫɨɜɩɚɞɟɧɢɟ 

ɛɭɞɟɬ ɩɨɥɧɵɦ. 

 

Ɋɢɫ. 2.3 – Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɤɨɦɩɥɟɤɫɧɨɝɨ (ɤɪɭɠɤɢ) ɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ (ɬɨɱɤɢ) Ɏɭɪɶɟ-ɫɩɟɤɬɪɚ 

 

2.2 Ƚɟɨɞɢɧɚɦɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɫɟɣɫɦɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ 

 

ȼ ɬɟɱɟɧɢɟ 2007-2014 ɝɝ. ɧɚ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɥɢɝɨɧɚɯ ɧɚ ɩ-ɨɜɟ Ʉɚɦɱɚɬɤɚ 

ɩɪɨɜɨɞɢɥɫɹ ɦɨɧɢɬɨɪɢɧɝ ɇȾɋ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ ɤɨɦɩɥɟɤɫɨɦ ɝɟɨɥɨɝɨ-

ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ – ɫɟɣɫɦɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ, ɪɟɝɢɫɬɪɚɰɢɹ 

ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ [9]. 

ȼɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɜɵɛɨɪɟ ɬɟɪɪɢɬɨɪɢɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɛɥɸɞɟɧɢɣ 

ɹɜɥɹɟɬɫɹ ɩɪɟɞɲɟɫɬɜɭɸɳɚɹ ɫɟɣɫɦɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ ɜ ɟɟ ɩɪɟɞɟɥɚɯ, ɚ ɬɚɤɠɟ 

ɫɜɟɞɟɧɢɹ ɨ ɜɵɫɨɤɨɣ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɣ ɩɥɨɳɚɞɢ. 

ȼ ɬɚɛɥɢɰɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɥɢɝɨɧɨɜ ɆɉɊ ɊɎ ɜ ɋɢɛɢɪɢ ɢ ɧɚ Ⱦɚɥɶɧɟɦ ɜɨɫɬɨɤɟ. Ɍɚɤɠɟ ɧɚ 

ɪɢɫɭɧɤɟ 2.4 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɥɢɝɨɧɨɜ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɧɚ 

ɸɝɟ Ʉɚɦɱɚɬɤɢ.  
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Ɍɚɛɥɢɰɚ 2.1 – ɋɨɫɬɚɜ ɦɨɧɢɬɨɪɢɧɝɨɜɵɯ ɫɟɬɟɣ 

Ɉɤɪɭɝ ɊɎ 

ɉɭɧɤɬɵ 

ɫɟɣɫɦɢɱɟɫɤɨɝɨ 

ɦɨɧɢɬɨɪɢɧɝɚ (ɲɬ.) 

Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɵɣ ɎɈ 21 

ɋɢɛɢɪɫɤɢɣ ɎɈ 11 

 

 

Ɋɢɫ. 2.4 – Ʉɚɪɬɚ-ɫɯɟɦɚ ɧɚɛɥɸɞɚɬɟɥɶɧɨɣ ɫɟɬɢ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ 

ɧɚ ɉɟɬɪɨɩɚɜɥɨɜɫɤ-ɒɢɩɭɧɫɤɨɦ ɩɨɥɢɝɨɧɟ 

 

ɇɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɩɪɢ ɦɨɧɢɬɨɪɢɧɝɟ ɇȾɋ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ ɧɚ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɥɢɝɨɧɚɯ 

ɩɪɨɲɥɢ ɦɧɨɝɨɥɟɬɧɸɸ ɩɪɨɜɟɪɤɭ. ɋɟɣɫɦɢɱɟɫɤɢɟ ɫɟɬɢ ɨɫɧɚɳɟɧɵ 

ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɦɢ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɚɦɢ ɫ ɨɞɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɞɜɭɦɹ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ.  

Ʉɨɦɩɨɧɟɧɬɵ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɚ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɨ ɫɬɨɪɨɧɚɦ ɫɜɟɬɚ. 

Ɉɪɢɟɧɬɚɰɢɹ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɨɜ ɫɥɟɞɭɸɳɚɹ: ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɏ – ɧɚ 

ɫɟɜɟɪ, ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ Y - ɧɚ ɜɨɫɬɨɤ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ Z – 

ɜɜɟɪɯ.  

ȼɚɠɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɟɣɫɦɨɞɚɬɱɢɤɨɜ ɹɜɥɹɸɬɫɹ: ɩɪɟɨɛɪɚɡɭɟɦɵɣ 

ɩɚɪɚɦɟɬɪ ɞɜɢɠɟɧɢɹ ɨɫɧɨɜɚɧɢɹ: ɫɦɟɳɟɧɢɟ, ɫɤɨɪɨɫɬɶ ɢɥɢ ɭɫɤɨɪɟɧɢɟ; 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɬɱɢɤɚ ɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ; ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ 

ɩɟɪɢɨɞɨɜ ɞɚɬɱɢɤɚ. 
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Ⱦɥɹ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɢɦɟɧɹɸɬɫɹ ɢɧɟɪɰɢɨɧɧɵɟ 

ɫɟɣɫɦɨɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɢɡɦɟɪɹɸɬ ɞɜɢɠɟɧɢɟ ɨɫɧɨɜɚɧɢɹ ɡɟɦɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɢɧɟɪɰɢɨɧɧɨɣ ɬɨɱɤɢ ɩɨɞɜɢɠɧɨɣ ɦɚɫɫɵ. Ɉɧɢ ɛɨɥɟɟ ɩɪɨɫɬɵ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢ 

ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɫɢɝɧɚɥɚɦ, ɜɨɡɛɭɠɞɚɟɦɵɦ ɡɟɦɥɟɬɪɹɫɟɧɢɹɦɢ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɪɨɬɤɨɩɟɪɢɨɞɧɵɟ ɫɟɣɫɦɨɦɟɬɪɵ, ɨɧɢ ɢɡɦɟɪɹɸɬ ɫɢɝɧɚɥɵ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ ɞɢɚɩɚɡɨɧɟ 0,1-50 Ƚɰ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɨɣ 0,2-1 Ƚɰ. ɢ 

ɢɦɟɸɬ ɫɬɚɛɢɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɢɧɬɟɪɜɚɥɚ ɱɚɫɬɨɬ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 

ɡɟɦɥɟɬɪɹɫɟɧɢɹ.  

ɗɬɨɬ ɬɢɩ ɞɚɬɱɢɤɚ ɫɩɨɫɨɛɟɧ ɩɨɤɪɵɬɶ ɞɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ ɝɥɚɜɧɵɯ 

ɫɟɣɫɦɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ, ɨɬ ɪɟɝɢɫɬɪɚɰɢɢ ɫɚɦɨɝɨ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɫɟɣɫɦɢɱɟɫɤɨɝɨ 

ɲɭɦɚ ɞɨ ɪɚɡɪɭɲɢɬɟɥɶɧɵɯ ɫɟɣɫɦɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ [10].  

 

2.3 Ⱥɧɚɥɢɡ ɫɟɣɫɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɝɟɨɦɨɧɢɬɨɪɢɧɝɚ 

 

ɑɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɟɣɫɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɚɦɩɥɢɬɭɞɨɣ ɢ ɮɚɡɨɣ, ɧɚ ɤɨɬɨɪɵɟ ɷɬɚ ɫɢɫɬɟɦɚ ɪɟɚɝɢɪɭɟɬ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɝɪɭɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɟɝɨ ɤɨɥɟɛɚɧɢɣ. Ɉɩɪɟɞɟɥɟɧɢɟ 

ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ 

ɨɰɟɧɤɢ ɦɚɝɧɢɬɭɞɵ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɢɥɢ ɩɪɨɜɟɞɟɧɢɹ ɫɟɣɫɦɢɱɟɫɤɨɝɨ 

ɦɨɧɢɬɨɪɢɧɝɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɣɫɦɢɱɟɫɤɢɯ 

ɜɨɥɧ [11].  

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɣ ɢ ɮɚɡɨɜɨ-ɱɚɫɬɨɬɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɚ ɬɚɤɠɟ ɤ ɤɨɧɬɪɨɥɸ ɞɪɭɝɢɯ ɚɩɩɚɪɚɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɜɟɞɨɦɫɬɜɟɧɧɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɱɚɫɬɨɬ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɨɛɴɟɦɧɵɯ 

ɜɨɥɧ ɫɨɫɬɚɜɥɹɟɬ 0.5-10 Ƚɰ. Ɍɚɤɨɣ ɞɢɚɩɚɡɨɧ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɪɟɝɢɫɬɪɚɰɢɸ, 

ɤɚɤ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɦɟɫɬɧɵɯ, ɬɚɤ ɢ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɞɚɥɟɤɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɦɟɫɬɧɵɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, 

ɛɨɥɶɲɟ ɩɨɞɯɨɞɢɬ ɬɚɤɚɹ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɫɟɝɨ 
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ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɬɪɚɤɬɚ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɱɚɫɬɨɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɚɦɩɥɢɬɭɞɵ ɡɚɩɢɫɢ ɜɟɥɢɱɢɧɟ ɫɤɨɪɨɫɬɢ ɫɦɟɳɟɧɢɹ ɝɪɭɧɬɚ; 

ɞɥɹ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɞɚɥɟɤɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɞɥɹ ɢɡɭɱɟɧɢɹ 

ɝɥɭɛɢɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ, ɛɨɥɶɲɟ ɩɪɢɝɨɞɧɚ ɚɩɩɚɪɚɬɭɪɚ ɫ 

ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɦɟɳɟɧɢɸ ɝɪɭɧɬɚ. 

Ɂɚɞɚɱɚ: ɂɡɭɱɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ, 

ɜɵɞɟɥɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɚ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬɚɯ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ. 

Ⱦɚɧɧɵɟ ɫ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɚ, ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɪɟɡɭɥɶɬɚɬɵ (6 ɞɧɟɣ), ɜɫɟɝɨ 

2154000 ɫɬɪɨɤ. Ɋɚɡɦɟɪ ɮɚɣɥɚ 42 ɦɟɝɚɛɚɣɬ. Ɉɛɪɚɛɚɬɵɜɚɸɬɫɹ ɬɪɢ ɤɨɦɩɨɧɟɧɬɵ: Z, 

X, Y (ɬɚɛɥ. 2.3) 

Ɍɚɛɥɢɰɚ 2.3 – Ɏɪɚɝɦɟɧɬ ɞɚɧɧɵɯ ɫ ɫɟɣɫɦɨɞɚɬɱɢɤɚ 

ȼɪɟɦɹ  Z X Y 

2153994 -51157 -6529 36327 

2153995 -50760 -7805 36550 

2153996 -50744 -5443 36510 

2153997 50874 -5159 36349 

 

ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɟɚɥɢɡɭɟɬɫɹ ɜ 

ɫɩɟɰɢɚɥɶɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɧɚɩɢɫɚɧɧɨɣ ɧɚ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ R (ɫɦ. ɉɪɢɥɨɠɟɧɢɟ Ⱥ). 

Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ:  

1. Ɂɚɝɪɭɡɤɚ ɞɚɧɧɵɯ. 

2. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɞɥɹ ɜɵɜɨɞɚ ɫɩɟɤɬɪɚ. 

3. ȼɵɞɟɥɹɟɬɫɹ ɩɟɪɜɵɣ ɫɬɨɥɛɟɰ. 

4. ȼɵɱɢɫɥɹɟɬɫɹ ɫɩɟɤɬɪ. 

5. ɋɨɡɞɚɟɬɫɹ png ɮɚɣɥ. 

6. ȼ ɧɟɣ ɨɬɪɢɫɨɜɵɜɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚ. 

ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ ɪɨɜɧɨ ɬɪɢ ɪɚɡɚ, ɫ ɭɱɟɬɨɦ ɨɞɧɨɝɨ ɢɡɦɟɧɟɧɢɹ. 

ȼɵɛɢɪɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɫɬɨɥɛɟɰ ɜ ɩɭɧɤɬɟ 3. 
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ɉɪɨɰɟɫɫ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɯ ɝɪɚɮɢɤɨɜ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɥɹɟɬ 12 ɦɢɧɭɬ, 

ɜɵɜɨɞɹɬɫɹ ɱɚɫɬɨɬɵ c 0,2 ɞɨ 10 Ƚɰ.  

ɇɚ ɪɢɫɭɧɤɚɯ 2.5-2.7 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɟ ɫɩɟɤɬɪɚ ɬɪɟɯ 

ɤɨɦɩɨɧɟɧɬ: Z, Y, X. 

 

Ɋɢɫ. 2.5 – Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɞɥɹ ɤɨɨɪɞɢɧɚɬɵ Z 

 

 

Ɋɢɫ. 2.6 – Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɞɥɹ ɤɨɨɪɞɢɧɚɬɵ Y 

 

Ɋɢɫ. 2.7 – Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɬɪɟɬɶɟɝɨ ɞɚɬɱɢɤɚ X 
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2.4 ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ 

 

Ɍɚɤɠɟ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɥɹ ɫɢɝɧɚɥɨɜ ɢ ɩɨɫɬɪɨɟɧɢɟ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

(ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ). ɇɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

Python (ɫɦ. ɉɪɢɥɨɠɟɧɢɟ Ⱥ), ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬ ɥɨɝɚɪɢɮɦɵ ɡɧɚɱɟɧɢɣ, ɪɚɛɨɬɚɟɬ ɢ ɫ 

ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɱɢɫɥɚɦɢ (ɬɚɛɥ. 2.4). 

 

Ɍɚɛɥɢɰɚ 2.4 – Ɏɪɚɝɦɟɧɬ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ 

ȼɪɟɦɹ (ɫɬɪɨɤɚ) Z X Y 

2153994 5.9388 5.3236 5.4092 

2153995 5.939 5.321 5.4096 

2153996 5.939 5.3258 5.4095 

2153997 5.9389 5.3264 5.4092 

 

Ⱦɚɥɟɟ ɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ. ɉɪɨɰɟɫɫ ɩɨɫɬɪɨɟɧɢɟ 

ɡɚɧɹɥ ɩɪɢɦɟɪɧɨ ɜ 5-6 ɪɚɡ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɱɟɦ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦ. ɇɚ 

ɪɢɫɭɧɤɚɯ 2.8-2.10 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɟ ɫɩɟɤɬɪɚ 

ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ. 

 

Ɋɢɫ. 2.8 – Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɞɥɹ ɤɨɨɪɞɢɧɚɬɵ X 
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Ɋɢɫ. 2.9 – Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɞɥɹ ɤɨɨɪɞɢɧɚɬɵ Y 

 

Ɋɢɫ. 2.10 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɚ ɞɥɹ ɤɨɨɪɞɢɧɚɬɵ Z 

 

2.5 ɋɪɚɜɧɟɧɢɟ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ 

 

ɇɚ ɪɢɫɭɧɤɚɯ 2.10-2.12 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫɩɟɤɬɪɨɜ ɫɬɚɧɞɚɪɬɧɵɯ 

ɡɧɚɱɟɧɢɣ ɫ ɧɨɜɵɦɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ (ɨɬɦɟɱɟɧɵ ɤɪɚɫɧɵɦ 

ɰɜɟɬɨɦ). 
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Ɋɢɫ. 2.10 – ɋɪɚɜɧɟɧɢɟ ɤɨɦɩɨɧɟɧɬɵ Z  

 

 

Ɋɢɫ. 2.11 – ɋɪɚɜɧɟɧɢɟ ɤɨɦɩɨɧɟɧɬɵ Y 
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Ɋɢɫ. 2.12 – ɋɪɚɜɧɟɧɢɟ ɤɨɦɩɨɧɟɧɬɵ X 

 

ɋɩɟɤɬɪ ɨɞɧɨɦɟɪɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɜ 

ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɋɩɨɫɨɛɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɩɟɤɬɪɚ ɦɨɝɭɬ ɛɵɬɶ ɫɚɦɵɦɢ 

ɪɚɡɥɢɱɧɵɦɢ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧ ɫɩɨɫɨɛ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɥɟɞɢɬɶ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞ ɧɚ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ ɜɨ ɜɪɟɦɟɧɢ, ɚ 

ɬɚɤɠɟ ɜɵɹɜɢɬɶ ɤɚɪɬɢɧɭ ɥɨɤɚɥɶɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ («ɯɨɥɦɨɜ» ɢ 

«ɜɩɚɞɢɧ»), ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɫɤɟɥɟɬ» ɫɬɪɭɤɬɭɪɵ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ [12].  
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ɁȺɄɅɘЧȿɇɂȿ 

 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɧɨɝɨɦɟɪɧɵɯ 

ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ («ɩɥɨɯɢɟ» ɞɚɧɧɵɟ). ɉɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɜɢɞɵ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɢɯ ɫɢɥɶɧɵɟ ɢ ɫɥɚɛɵɟ ɫɬɨɪɨɧɵ, ɨɛɥɚɫɬɢ 

ɩɪɢɦɟɧɢɦɨɫɬɢ. 

Ɋɚɫɫɦɨɬɪɟɧɚ ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɭɩɪɭɝɨɣ ɤɚɪɬɵ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɧɚɛɨɪɚ 

ɞɚɧɧɵɯ. ɇɚ ɨɫɧɨɜɟ ɢɡɭɱɟɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɫɬɪɨɟɧɢɹ ɭɩɪɭɝɢɯ ɤɚɪɬ ɩɪɢɜɟɞɟɧ 

ɩɪɢɦɟɪ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɨɝɨ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ ɚɮɬɟɪɲɨɤɨɜ ɫɢɥɶɧɨɝɨ 

ɡɟɦɥɟɬɪɹɫɟɧɢɹ, ɩɪɨɢɡɨɲɟɞɲɟɝɨ 8 ɫɟɧɬɹɛɪɹ 2017 ɝ. ɭ ɛɟɪɟɝɨɜ Ɇɟɤɫɢɤɢ.  

ɉɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɬɶ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɞɚɧɧɵɟ ɢ ɜɵɹɜɢɬɶ 

ɨɫɧɨɜɧɵɟ ɢɯ ɨɫɨɛɟɧɧɨɫɬɢ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɦɟɬɨɞ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɧɢɦ ɤɨ ɦɧɨɝɢɦ 

ɤɥɚɫɫɚɦ ɫɢɝɧɚɥɨɜ ɢ ɲɭɦɨɜ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ 

Ȼɵɫɬɪɨɝɨ ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ.  

ɂɡɭɱɟɧ ɦɟɬɨɞ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɷɬɨɝɨ ɦɟɬɨɞɚ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 

ɫɟɣɫɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɝɟɨɦɨɧɢɬɨɪɢɧɝɚ ɜ  ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ. 

ȼɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɫ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɨɜ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ Ʉɚɦɱɚɬɫɤɨɦ ɩɨɥɢɝɨɧɟ. 

Cɮɨɪɦɭɥɢɪɨɜɚɧ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɪɟɫɭɪɫɚɦ ɩɪɢ 

ɪɟɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ, ɫɞɟɥɚɧ ɚɧɚɥɢɡ ɞɥɢɧɵ ɜɵɛɨɪɤɢ ɞɚɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ɉɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɰɟɧɤɟ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɫɢɝɧɚɥɚ. 
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ɉɪɢɥɨɠɟɧɢɟ Ⱥ 

 

ȼɵɱɢɫɥɟɧɢɹ ɞɟɫɹɬɢɱɧɨɝɨ ɥɨɝɚɪɢɮɦɚ ɫɢɝɧɚɥɚ 

ɉɪɨɝɪɚɦɦɚ, ɧɚɩɢɫɚɧɧɚɹ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ Python ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɥɨɝɚɪɢɮɦɚ ɡɧɚɱɟɧɢɣ ɫɢɝɧɚɥɚ (ɪɚɛɨɬɚɟɬ ɢ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ 

ɱɢɫɥɚɦɢ). 
import math 
import sys 
#ɢɦɩɨɪɬɢɪɭɟɦ ɧɟɨɛɯɨɞɢɦɵɟ ɛɢɛɥɢɨɬɟɤɢ 
file_name_full = sys.argv[1] 
print(file_name_full) 
#ɜɜɨɞɢɦ ɧɚɡɜɚɧɢɟ ɮɚɣɥɚ 
try: 
 file_name, extension = file_name_full.split(".") 
except: 
 file_name = file_name_full 
 extension = "" 
#ɩɪɨɝɪɚɦɦɚ ɧɚɯɨɞɢɬ ɮɚɣɥ ɫ ɬɚɤɢɦ ɧɚɡɜɚɧɢɟɦ 
def find_min_column(mass,column): 
 mass_tmp = [] 
 for line in mass: 
  mass_tmp.append(line[column]) 
 return min(mass_tmp) 
#ɩɪɨɰɟɫɫ ɩɨɢɫɤɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɬɨɥɛɰɚ 
def all_sum_column(column,value): 
 global mass_full 
 for line in range(len(mass_full)): 
  mass_full[line][column]+=abs(value)+1.0 
  mass_full[line][column]=round(mass_full[line][column],3) 
#ɩɪɨɰɟɫɫ ɫɭɦɦɢɪɨɜɚɧɢɟ ɟɫɥɢ ɢɦɟɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ. 
def print_mass(): 
 for i in mass_full: 
  print(i) 
 
def mass_log(): 
 global mass_full 
 for line in range(len(mass_full)): 
  for column in range(len(mass_full[line])): 
   mass_full[line][column]=round(math.log10(mass_full[line][column]),4) 
 mass_full = [] 
#ɛɟɪɟɬɫɹ ɡɧɚɱɟɧɢɟ, ɧɚɯɨɞɢɬɫɹ ɥɨɝɚɪɢɮɦ ɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɧɚ ɦɟɫɬɨ. 
with open(file_name_full,"r") as file: 
 for line in file.readlines(): 
  mass_full.append(list(map(float,line.strip().split("\t")))) 
 
print("[+] Read file") 
#ɫɨɨɛɳɟɧɢɟ ɨ ɬɨɦ ɱɬɨ ɮɚɣɥ ɡɚɝɪɭɠɟɧ 
for i in range(3): 
 res = find_min_column(mass_full,i) 
 if(res<0): 
  all_sum_column(i,res) 
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#ɩɪɨɝɪɚɦɦɚ ɩɪɨɯɨɞɢɬ ɩɨ ɤɚɠɞɨɦɭ ɫɬɨɥɛɰɭ, ɧɚɯɨɞɢɬ ɫɚɦɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɟɫɥɢ ɨɧɨ 
ɦɟɧɶɲɟ ɧɭɥɹ ɡɚɩɭɫɤɚɟɬɫɹ ɩɪɨɰɟɫɫ ɫɭɦɦɢɪɨɜɚɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨ ɜɫɟɦɭ ɫɬɨɥɛɰɭ 

mass_log() 
print("[+] Logarithm") 
#ɫɱɢɬɚɟɬɫɹ ɥɨɝɚɪɢɮɦ 
 
with open(file_name+"_out."+extension,"w") as file: 
 for line in mass_full: 
  file.write("\t".join(map(str,line))+"\n") 
#ɫɨɯɪɚɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
print("[+] Finished") 
 

ȼɵɱɢɫɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɫɢɝɧɚɥɚ 

ɉɪɨɝɪɚɦɦɚ ɧɚ ɹɡɵɤɟ R ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 

ɦɨɳɧɨɫɬɢ ɩɨ ɞɚɧɧɵɦ ɫɟɣɫɦɨɞɚɬɱɢɤɨɜ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɛɢɛɥɢɨɬɟɤɚ psd (Adaptive, 

sine multitaper power spectral density estimation). Ɉɛɪɚɛɚɬɵɜɚɸɬɫɹ ɬɪɢ ɞɚɬɱɢɤɚ: 

Z, X, Y. Ʉɚɠɞɵɣ ɮɚɣɥ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɱɟɬɵɪɟ ɪɚɜɧɵɟ ɱɚɫɬɢ, ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ (ɩɪɢɦɟɪɧɨ) ɝɪɚɧɢɰɚɦ ɱɚɫɚ. ȼɵɜɨɞɹɬɫɹ ɱɚɫɬɨɬɵ ɫ 0,2 ɞɨ 10 Ƚɰ. 
# ɂɫɩɨɥɶɡɭɟɬɫɹ ɛɢɛɥɢɨɬɟɤɚ psd (Adaptive, sine multitaper power spectral density estimation) 
# Ɉɛɪɚɛɚɬɵɜɚɸɬɫɹ ɬɪɢ ɞɚɬɱɢɤɚ: Z, X, Y. 
# Ʉɚɠɞɵɣ ɮɚɣɥ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɱɟɬɵɪɟ ɪɚɜɧɵɟ ɱɚɫɬɢ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ (ɩɪɢɦɟɪɧɨ) 
ɝɪɚɧɢɰɚɦ ɱɚɫɚ. 
# ȼɵɜɨɞɹɬɫɹ ɱɚɫɬɨɬɵ ɫ 0,2 ɞɨ 10 Ƚɰ. 
 
# ɉɨɞɤɥɸɱɚɟɦ ɛɢɛɥɢɨɬɟɤɭ psd (ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɚ). 
library(psd) 
 
# Ɂɚɞɚɟɦ ɱɚɫɬɨɬɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
fr <- 100 
 
# ɉɨɥɭɱɚɟɦ ɫɩɢɫɨɤ ɮɚɣɥɨɜ ɫ ɪɚɫɲɢɪɟɧɢɟɦ txt ɜ ɪɚɛɨɱɟɣ ɞɢɪɟɤɬɨɪɢɢ. 
files <- list.files(pattern=".*txt$") 
 
# Ⱦɥɹ ɤɚɠɞɨɝɨ ɮɚɣɥɚ ɢɡ ɫɩɢɫɤɚ 
for (k in 1:length(files)) { 
    # ɱɢɬɚɟɦ ɟɝɨ ɫɨɞɟɪɠɢɦɨɟ, 
    dat <- read.table(files[k]) 
    # ɨɩɪɟɞɟɥɹɟɦ ɞɥɢɧɭ ɤɚɠɞɨɣ ɱɚɫɬɢ (ɞɥɹ ɩɪɨɫɬɨɬɵ ɫɱɢɬɚɟɦ ɢɯ ɪɚɜɧɵɦɢ), 
    len <- length(dat[,3]) %/% 1 
    # ɨɩɪɟɞɟɥɹɟɦ ɧɢɠɧɸɸ ɢ ɜɟɪɯɧɸɸ ɝɪɚɧɢɰɭ ɞɥɹ ɜɵɜɨɞɚ ɫɩɟɤɬɪɚ. 
    tmin <- floor(0.2*len/fr) + 1 
    tmax <- ceiling(10*len/fr) + 1 
 
    # Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ ɱɟɬɵɪɟɯ ɱɚɫɬɟɣ. 
    for (part in 1:1) { 
 
        # ȼɵɞɟɥɹɟɦ ɩɟɪɜɵɣ ɫɬɨɥɛɟɰ, 
        Z <- dat[1:len + (part-1)*len ,1] 
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        # ɜɵɱɢɫɥɹɟɦ ɫɩɟɤɬɪ, 
        spZ <- pspectrum(Z,x.frqsamp=fr)  
        # ɫɨɡɞɚɟɦ ɧɨɜɵɣ ɮɚɣɥ png ɪɚɡɦɟɪɨɦ 2400 ɧɚ 1800, 
        png(file=paste("png",files[k],"-",part,"-psd-Z.png",sep=""), width = 2400, height = 1800, 
pointsize=30) 
        # ɨɬɪɢɫɨɜɵɜɚɟɦ ɜ ɧɟɝɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚ, 
        plot(spZ$freq[tmin:tmax],spZ$spec[tmin:tmax],main=paste(files[k],", part ",part,", 
Z",sep=""),type="l",cex=1.5 ,log="xy",xlab="frequency",ylab="spectrum") 
        # ɡɚɤɪɵɜɚɟɦ ɮɚɣɥ png. 
        dev.off() 
 
        # ȼɵɞɟɥɹɟɦ ɜɬɨɪɨɣ ɫɬɨɥɛɟɰ, 
        X <- dat[1:len + (part-1)*len ,2] 
        # ɜɵɱɢɫɥɹɟɦ ɫɩɟɤɬɪ, 
        spX <- pspectrum(X,x.frqsamp=fr) 
        # ɫɨɡɞɚɟɦ ɧɨɜɵɣ ɮɚɣɥ png ɪɚɡɦɟɪɨɦ 2400 ɧɚ 1800, 
        png(file=paste("png",files[k],"-",part,"-psd-X.png",sep=""), width = 2400, height = 1800, 
pointsize=30) 
        # ɨɬɪɢɫɨɜɵɜɚɟɦ ɜ ɧɟɝɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚ, 
        plot(spX$freq[tmin:tmax],spX$spec[tmin:tmax],main=paste(files[k],", part ",part,", 
X",sep=""),type="l", cex=1.5 ,log="xy",xlab="frequency",ylab="spectrum") 
        # ɡɚɤɪɵɜɚɟɦ ɮɚɣɥ png. 
        dev.off() 
 
        # ȼɵɞɟɥɹɟɦ ɬɪɟɬɢɣɫɬɨɥɛɟɰ, 
        Y <- dat[1:len + (part-1)*len ,3] 
        # ɜɵɱɢɫɥɹɟɦ ɫɩɟɤɬɪ, 
        spY <- pspectrum(Y,x.frqsamp=fr) 
        # ɫɨɡɞɚɟɦ ɧɨɜɵɣ ɮɚɣɥ png ɪɚɡɦɟɪɨɦ 2400 ɧɚ 1800, 
        png(file=paste("png",files[k],"-",part,"-psd-Y.png",sep=""), width = 2400, height = 1800, 
pointsize=30) 
        # ɨɬɪɢɫɨɜɵɜɚɟɦ ɜ ɧɟɝɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚ, 
        plot(spY$freq[tmin:tmax],spY$spec[tmin:tmax],main=paste(files[k],", part ",part,", 
Y",sep=""),type="l",cex=1.5 ,log="xy",xlab="frequency",ylab="spectrum") 
        # ɡɚɤɪɵɜɚɟɦ ɮɚɣɥ png. 
        dev.off() 
 
    } 
} 
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ɉɪɢɥɨɠɟɧɢɟ Ȼ 

 

Ɇɟɬɨɞ ɭɩɪɭɝɢɯ ɤɚɪɬ ɩɪɢɦɟɧɟɧ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɨ 

ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɹɯ. ɇɚ ɪɢɫɭɧɤɚɯ Ȼ 1- Ȼ 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɤɚɬɚɥɨɝɨɜ ɷɬɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ. 

 
Ɋɢɫ. Ȼ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ, ɚɮɬɟɪɲɨɤɨɜ 

(ɩɨɫɥɟɞɭɸɳɢɟ 10 ɞɧɟɣ) ɑɢɥɢɣɫɤɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɩɪɨɢɡɨɲɟɞɲɟɝɨ 27 ɮɟɜɪɚɥɹ  

2010 ɝ.: a) ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɪɟɦɟɧɢ, ɦɚɝɧɢɬɭɞɵ ɢ ɰɜɟɬɨɜɨɟ ɤɨɞɢɪɨɜɚɧɢɟ 

ɩɚɪɚɦɟɬɪɚ ɝɥɭɛɢɧɵ; b) ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɪɟɦɟɧɢ, ɝɥɭɛɢɧɵ ɢ ɰɜɟɬɨɜɨɟ ɧɚɥɨɠɟɧɢɟ 

ɩɚɪɚɦɟɬɪɚ ɦɚɝɧɢɬɭɞɵ ɬɨɥɱɤɚ; c) ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɨɪɞɢɧɚɬ ɢ ɰɜɟɬɨɜɨɟ 

ɤɨɞɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɝɧɢɬɭɞɵ; d) ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɨɪɞɢɧɚɬ ɬɨɥɱɤɚ ɢ 

ɰɜɟɬɨɜɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɝɥɭɛɢɧɵ 
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Ɋɢɫ. Ȼ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ, ɚɮɬɟɪɲɨɤɨɜ 

(ɩɨɫɥɟɞɭɸɳɢɟ 10 ɞɧɟɣ) ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɩɪɨɢɡɨɲɟɞɲɟɝɨ 11 ɦɚɪɬɚ 2011 ɝ. ɭ 

ɛɟɪɟɝɨɜ əɩɨɧɢɢ: a)  ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɤɚɪɬɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜ ɞɟɧɶ ɫɚɦɨɝɨ 

ɦɨɳɧɨɝɨ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɫɨɛɵɬɢɹ; b) 2D ɦɨɞɟɥɶ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɣ 

ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɪɬɵ, ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɨɪɞɢɧɚɬ; c) ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɨɪɞɢɧɚɬ 

ɢ ɰɜɟɬɨɜɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɦɚɝɧɢɬɭɞɵ; d) ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɤɨɨɪɞɢɧɚɬ 

ɰɜɟɬɨɜɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɝɥɭɛɢɧɵ 
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Ɋɢɫ. Ȼ 3 – Ɋɟɡɭɥɶɬɚɬɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɦ ɭɩɪɭɝɢɯ ɤɚɪɬ ɤɚɬɚɥɨɝɨɜ 

ɡɟɦɥɟɬɪɹɫɟɧɢɣ, ɩɪɨɢɡɨɲɟɞɲɢɯ ɜ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɡɚ ɩɟɪɢɨɞ ɫ 2015 ɩɨ 

2016 ɝɝ. (ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɪɟɦɟɧɢ, ɦɚɝɧɢɬɭɞɵ ɢ ɩɚɪɚɦɟɬɪɚ h) 

 
ȼɢɡɭɚɥɢɡɢɪɨɜɚɧ ɬɚɤɠɟ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɞɚɧɧɵɯ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 

ɩɟɪɜɢɱɧɵɯ ɞɚɧɧɵɯ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ (ɡɚ 18 ɞɧɟɣ) (ɪɢɫ. Ȼ4). 

 
Ɋɢɫ. Ȼ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɨɜ 
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ɇɚ ɪɢɫɭɧɤɟ Ȼ 5 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɨɜ ɞɥɹ 

ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

 

 
 

Ɋɢɫ. Ȼ 5 – Ɋɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɨɜ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 
 




