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ȼȼȿȾȿɇɂȿ 
 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɨɧɹɬɢɹ ɢ ɨɛɴɟɤɬɵ ɡɚɧɢɦɚɸɬ ɨɞɧɨ ɢɡ ɜɚɠɧɵɯ ɦɟɫɬ ɜ 
ɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ȼɨ-ɩɟɪɜɵɯ, ɫɜɨɣɫɬɜɚ ɥɸɛɵɯ ɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
ɜɫɟɝɞɚ ɨɱɟɧɶ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɢɯ ɝɟɨɦɟɬɪɢɟɣ, ɧɚɩɪɢɦɟɪ, ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɤɪɢɫɬɚɥɥɨɜ ɱɚɳɟ ɜɫɟɝɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɟɨɦɟɬɪɢɟɣ ɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. 
ȼɨ-ɜɬɨɪɵɯ, ɛɨɥɶɲɢɧɫɬɜɨ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɬɪɭɤɬɭɪ ɞɨɩɭɫɤɚɸɬ 
ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ (ɧɚɩɪɢɦɟɪ, ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɮɭɧɤɰɢɣ, ɮɚɡɨɜɵɯ 
ɬɪɚɟɤɬɨɪɢɣ). ɑɚɳɟ ɜɫɟɝɨ ɜ ɮɢɡɢɤɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɬɪɚɞɢɰɢɨɧɧɵɟ ɝɟɨɦɟɬɪɢɢ: Ɋɢɦɚɧɨɜɚ, ɗɜɤɥɢɞɨɜɚ, Ʌɨɛɚɱɟɜɫɤɨɝɨ ɢ ɞɪ. 
Ʌɨɝɢɱɟɫɤɢɦ ɩɪɨɞɨɥɠɟɧɢɟɦ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɬɚɥɨ ɜɜɟɞɟɧɢɟ ɜ ɮɢɡɢɤɭ ɧɨɜɨɝɨ, 
ɞɥɹ ɧɚɱɚɥɚ ɱɢɫɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɨɧɹɬɢɹ “ɮɪɚɤɬɚɥ”. ɉɨɜɵɲɟɧɢɟ 
ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɢ ɤ ɞɚɧɧɨɦɭ ɨɛɴɟɤɬɭ ɢ ɨɫɨɡɧɚɧɢɟ ɟɝɨ ɜɚɠɧɨɝɨ ɦɟɫɬɚ ɜ ɮɢɡɢɤɟ 
ɫɜɹɡɚɧɨ ɫ ɢɦɟɧɟɦ Ȼ. Ɇɚɧɞɟɥɶɛɪɨɬɚ, ɤɨɬɨɪɵɣ ɜɜɟɥ ɬɟɪɦɢɧ “ɮɪɚɤɬɚɥ” ɢ ɞɚɥ 
ɨɛɳɟɟ ɩɨɧɹɬɢɟ ɮɪɚɤɬɚɥɚ. Ɉɱɟɧɶ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɜɚɠɧɵɦ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 
ɩɪɢɦɟɧɟɧɢɟ ɮɪɚɤɬɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɨɩɢɫɚɧɢɸ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɨɰɟɫɫɨɜ 
ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɪɟɚɥɶɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ȼɫɟ 
ɪɟɚɥɶɧɵɟ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɦɟɪɟ ɲɟɪɨɯɨɜɚɬɵɟ. 
ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɬɚɤɢɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ, ɧɭɠɧɨɣ ɢ ɢɧɬɟɪɟɫɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ. ɂɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɬɚɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɜɚɠɧɨ 
ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɥɹ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɪɟɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɫɬɪɨɟɧɵ ɜɵɱɢɫɥɟɧɧɵɟ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ 
(ɭɫɪɟɞɧёɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɟɹɧɢɹ) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɧɟɨɞɧɨɪɨɞɧɵɯ ɲɟɪɨɯɨɜɚɬɨ ɮɪɚɤɬɚɥ ɩɨɞɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ 
ɪɚɡɥɢɱɧɵɯ ɭɝɥɨɜ ɩɚɞɟɧɢɹ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɫɬɨɣ ɫɤɚɥɹɪɧɵɣ 
ɜɚɪɢɚɧɬ ɬɟɨɪɢɢ ɪɚɫɫɟɹɧɢɹ Ʉɢɪɯɝɨɮɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 
ɪɚɫɫɟɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɬɪɟɛɨɜɚɥɨɫɶ 
ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ 
ȼɟɣɟɪɲɬɪɚɫɫɚ. 

2. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɢ ȼɟɣɟɪɲɬɪɚɫɫɚ ɧɚ ɜɢɞ 
ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

3. ȼɵɱɢɫɥɢɬɶ ɢɧɞɢɤɚɬɪɢɫɭ ɪɚɫɫɟɢɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɝɥɨɜ ɩɚɞɟɧɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

4. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɢ ɫɞɟɥɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɜɵɜɨɞɵ. 
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1 Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɬɟɪɦɢɧɵ 
 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ – ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɟɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ȼɢɞɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ: 
 ɪɚɞɢɨɜɨɥɧɵ, 
 ɬɟɪɚɝɟɪɰɨɜɨɟ ɢɡɥɭɱɟɧɢɟ, 
 ɢɧɮɪɚɤɪɚɫɧɨɟ ɢɡɥɭɱɟɧɢɟ, 
 ɜɢɞɢɦɵɣ ɫɜɟɬ, 
 ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ.  

 
Ɋɢɫɭɧɨɤ 1 – Ɍɚɛɥɢɰɚ ɬɢɩɨɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨ ɱɚɫɬɨɬɧɵɦ ɞɢɚɩɚɡɨɧɚɦ 

 
Ɋɚɫɫɟɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ – ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɩɨɫɥɟ ɫɬɨɥɤɧɨɜɟɧɢɹ (ɤɚɫɚɧɢɹ, ɩɪɨɯɨɠɞɟɧɢɹ ɦɢɦɨ) ɫ ɜɟɳɟɫɬɜɨɦ ɢɥɢ ɬɟɥɨɦ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɟɹɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɜɟɳɟɫɬɜɨɦ: 

 ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, 
 ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ, 
 ɩɨɥɹɪɢɡɚɰɢɹ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɨɩɢɫɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɜɨɡɦɨɠɧɨ ɜ 
ɪɚɦɤɚɯ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɡɥɭɱɟɧɢɹ ɫ ɜɟɳɟɫɬɜɨɦ, ɨɫɧɨɜɚɧɧɨɣ 
ɧɚ ɤɜɚɧɬɨɜɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ ɨ ɫɬɪɨɟɧɢɢ ɜɟɳɟɫɬɜɚ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ 
ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɨɩɢɫɚɧɢɟ ɪɚɫɫɟɹɧɢɹ ɜ ɪɚɦɤɚɯ ɜɨɥɧɨɜɨɣ ɬɟɨɪɢɢ 
ɢɡɥɭɱɟɧɢɹ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɬɨɣ ɬɟɨɪɢɢ, ɩɚɞɚɸɳɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ 
ɜɨɡɛɭɠɞɚɟɬ ɜ ɱɚɫɬɢɰɚɯ ɫɪɟɞɵ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ, 
ɤɨɬɨɪɵɟ ɫɬɚɧɨɜɹɬɫɹ ɢɫɬɨɱɧɢɤɚɦɢ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, 
ɢɡɥɭɱɚɟɦɵɯ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. ɉɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɢɝɪɚɟɬ 
ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɦɟɠɞɭ ɩɚɞɚɸɳɟɣ ɢ ɜɬɨɪɢɱɧɵɦɢ ɜɨɥɧɚɦɢ.  

ȿɫɥɢ ɫɪɟɞɚ ɨɞɧɨɪɨɞɧɚ, ɬɨ ɜɫɥɟɞɫɬɜɢɟ ɤɨɝɟɪɟɧɬɧɨɫɬɢ ɜɬɨɪɢɱɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɜɨɥɧɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɩɪɹɦɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɚɤɬɢɱɟɫɤɢ 
ɛɟɡ ɪɚɫɫɟɹɧɢɹ. Ɋɚɫɫɟɹɧɢɹ ɜɨɡɧɢɤɚɟɬ ɬɨɥɶɤɨ ɧɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ ɫɪɟɞɵ.   
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ɂɧɞɢɤɚɬɪɢɫɚ – ɥɢɧɢɹ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɶ, ɧɚɝɥɹɞɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɤɚɤɨɟ-
ɧɢɛɭɞɶ ɫɜɨɣɫɬɜɨ ɢɡɭɱɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɂɧɞɢɤɚɬɪɢɫɚ ɪɚɫɫɟɹɧɢɹ – ɭɝɥɨɜɨɟ ɢɥɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɪɟɝɢɫɬɪɢɪɭɟɦɨɟ 
ɦɧɨɝɨɷɥɟɦɟɧɬɧɵɦ ɮɨɬɨɩɪɢёɦɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ. 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ – ɋɨɜɨɤɭɩɧɨɫɬɶ ɧɟɪɨɜɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɦɢ ɪɚɡɦɟɪɚɦɢ ɧɚ ɛɚɡɨɜɨɣ ɞɥɢɧɟ. Ⱦɥɹ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɢɞɟɥɚɯ ɨɬ 1 
ɞɨ 1000 ɦɤɦ, ɚ ɜɟɪɬɢɤɚɥɶɧɵɟ ɪɚɡɦɟɪɵ – ɨɬ 0,01 ɞɨ 10 ɦɤɦ. 

Ɏɪɚɤɬɚɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ – ɩɨɜɟɪɯɧɨɫɬɶ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɚɹ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɮɪɚɤɬɚɥɶɧɨɝɨ 
ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ ɢɦɢɬɢɪɭɟɬ ɜɧɟɲɧɢɣ ɜɢɞ ɩɪɢɪɨɞɧɨɣ ɦɟɫɬɧɨɫɬɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɟɹɧɢɹ – ɛɟɡɪɚɡɦɟɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɟɥɚ ɪɚɫɫɟɢɜɚɬɶ ɩɚɞɚɸɳɟɟ ɧɚ ɧɟɝɨ ɢɡɥɭɱɟɧɢɟ. 

Ɉɛɟɪɬɨɧɵ – ɫɢɧɭɫɨɢɞɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɤɨɥɟɛɚɧɢɹ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɫ ɱɚɫɬɨɬɨɣ, ɛɨɥɟɟ ɜɵɫɨɤɨɣ, ɱɟɦ ɨɫɧɨɜɧɨɣ ɬɨɧ. 

Ƚɚɪɦɨɧɢɤɚ – ɩɪɨɫɬɟɣɲɚɹ ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɜɢɞɚ           . 
Ⱦɟɬɟɤɬɨɪ – ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ. 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ – ɫɤɚɥɹɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ 

ɜɟɥɢɱɢɧɚ, ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɧɨɫɢɦɭɸ ɜɨɥɧɨɣ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ.   

https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D1%8B%D0%B5_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D1%8B
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2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɪɚɤɬɚɥɨɩɨɞɨɛɧɨɣ ɲɟɪɨɯɨɜɚɬɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ 
 

ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɜɨɥɧ ɫɚɦɨɩɨɞɨɛɧɵɦɢ ɧɟɨɞɧɨɪɨɞɧɵɦɢ ɨɛɴɟɤɬɚɦɢ (ɲɟɪɨɯɨɜɚɬɵɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ) ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɪɚɫɫɟɢɜɚɸɳɢɯ ɨɛɴɟɤɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɝɥɚɜɧɨɝɨ ɪɚɫɫɟɢɜɚɸɳɟɝɨ ɨɛɴɟɤɬɚ ɜɵɛɟɪɟɦ 
ɲɟɪɨɯɨɜɚɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɧɚ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ        
ɨɬɤɥɨɧɟɧɢɣ   ɬɨɱɟɤ M ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɨɩɨɪɧɨɣ ɩɥɨɫɤɨɫɬɢ       (ɪɢɫ. 2) ɢ 
ɬɪɟɛɭɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

 
ɋɟɣɱɚɫ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɞɟɥɹɯ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɮɭɧɤɰɢɢ ȼɟɣɟɪɲɬɪɚɫɫɚ-Ɇɚɧɞɟɥɶɛɪɨɬɚ. Ⱦɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɩɨɥɨɫɨɣ ɮɭɧɤɰɢɟɣ ȼɟɣɟɪɲɬɪɚɫɫɚ       : 

                                                    
   

   
     (1) 

 
ɝɞɟ    — ɧɨɪɦɢɪɨɜɨɱɧɚɹ ɤɨɧɫɬɚɧɬɚ; q > 1 — ɨɫɧɨɜɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 

ɱɚɫɬɨɬɚ ɩɨɜɟɪɯɧɨɫɬɢ; K — ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɩɨɜɟɪɯɧɨɫɬɢ; D — 
ɮɪɚɤɬɚɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (2 < D < 3); N, M — 
ɤɨɥɢɱɟɫɬɜɨ ɨɛɟɪɬɨɧɨɜ;     — ɮɚɡɨɜɵɟ ɫɥɚɝɚɟɦɵɟ. Ɏɚɡɵ     ɜɵɛɢɪɚɸɬɫɹ 
ɫɥɭɱɚɣɧɨ ɢɥɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɨ, ɩɨɥɭɱɚɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɥɭɱɚɣɧɵɟ ɢɥɢ  
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɮɭɧɤɰɢɢ       . ɋɱɢɬɚɟɦ     ɤɚɤ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ,  
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɨɬɪɟɡɤɟ [–π, π]. ɉɪɢ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɜɵɛɨɪɟ 
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ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɫɟɯ N × M ɮɚɡ     (ɤ ɩɪɢɦɟɪɭ, ɫ ɩɨɦɨɳɶɸ ɝɟɧɟɪɚɬɨɪɚ 
ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ) ɩɨɥɭɱɚɟɦ ɤɨɧɤɪɟɬɧɭɸ (ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ   , q, K, D, N, M) ɪɟɚɥɢɡɚɰɢɸ ɮɭɧɤɰɢɢ       . 
Ɇɧɨɠɟɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɮɭɧɤɰɢɢ        ɨɛɪɚɡɭɸɬ ɚɧɫɚɦɛɥɶ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. 

Ɉɬɤɥɨɧɟɧɢɹ ɬɨɱɟɤ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɨɩɨɪɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɜɟɥɢɱɢɧɟ   , ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɫɜɹɡɚɧ ɫ ɜɵɫɨɬɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɩɨɫɥɟɞɭɸɳɟɦ ɭɞɨɛɧɟɟ ɡɚɞɚɜɚɬɶ 
ɲɟɪɨɯɨɜɚɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɭɤɚɡɵɜɚɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɭɸ ɜɵɫɨɬɭ ɟɟ ɩɪɨɮɢɥɹ  , ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:          

ɝɞɟ                               ɨɡɧɚɱɚɟɬ ɭɫɪɟɞɧɟɧɢɟ ɩɨ ɚɧɫɚɦɛɥɸ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. ɉɨɫɥɟ ɝɪɨɦɨɡɞɤɢɯ ɜɵɱɢɫɥɟɧɢɣ ɩɨɥɭɱɢɦ 

                     
  

 
   

   
                                          (2) 

 
ɬ. ɟ. ɜɟɥɢɱɢɧɚ   ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɧɨɪɦɢɪɨɜɨɱɧɨɣ ɤɨɧɫɬɚɧɬɟ    ɢ 

ɧɚɯɨɞɢɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɪɚɤɬɚɥɶɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ D ɪɚɫɫɟɢɜɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɟɥɢɱɢɧ q, N, M.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɟɪɨɯɨɜɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɧɚɲɟɣ ɦɨɞɟɥɢ ɨɩɢɫɵɜɚɟɬɫɹ 
ɮɭɧɤɰɢɟɣ ɫ ɲɟɫɬɶɸ ɩɚɪɚɦɟɬɪɚɦɢ:    (ɢɥɢ σ), q, K, D, N, M. ȼɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɜɢɞ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ, ɢɡɭɱɚɹ ɩɪɨɮɢɥɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ, ɩɨɫɬɪɨɟɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɢ ȼɟɣɟɪɲɬɪɚɫɫɚ. Ⱥɧɚɥɢɡ ɩɪɨɮɢɥɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ, 
ɩɨɫɬɪɨɟɧɧɵɯ ɜ Maple (ɪɢɫ. 3), ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ ɜɵɜɨɞɚɦ: ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ 
K ɨɩɪɟɞɟɥɹɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɭɸ 
ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɦɟɥɤɨɦɚɫɲɬɚɛɧɚɹ ɪɹɛɶ ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɚɪɦɨɧɢɤ; ɱɢɫɥɚ N, 
M, D ɢ q ɡɚɞɚɸɬ ɫɬɟɩɟɧɶ ɤɚɥɢɛɪɨɜɤɢ ɩɪɨɮɢɥɹ ɡɚ ɫɱɟɬ ɧɚɥɨɠɟɧɢɹ ɧɚ ɝɥɚɜɧɭɸ 
ɜɨɥɧɭ ɞɨɛɚɜɨɱɧɵɯ ɝɚɪɦɨɧɢɤ, ɩɪɢɱɟɦ N ɢ M ɨɩɪɟɞɟɥɹɸɬ ɤɨɥɢɱɟɫɬɜɨ ɝɚɪɦɨɧɢɤ, 
ɤɨɬɨɪɵɟ ɧɚɤɥɚɞɵɜɚɸɬɫɹ; D ɨɩɪɟɞɟɥɹɟɬ ɚɦɩɥɢɬɭɞɭ ɝɚɪɦɨɧɢɤ; q ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤ 
ɚɦɩɥɢɬɭɞɭ, ɬɚɤ ɢ ɱɚɫɬɨɬɭ ɝɚɪɦɨɧɢɤ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɨɠɧɨ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ N, M, D ɢ q ɜɨɡɪɚɫɬɚɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɛɨɥɶɲɨɦ ɦɚɫɲɬɚɛɟ: ɥɟɝɤɨ ɭɜɢɞɟɬɶ, ɱɬɨ 
ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɟ ɩɢɤɢ ɢɫɱɟɡɚɸɬ, ɚ ɦɟɥɤɨɦɚɫɲɬɚɛɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
ɧɚɩɨɦɢɧɚɸɬ ɛɪɵɡɝɢ ɧɚ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 3 – ɉɪɢɦɟɪɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɟɣ ȼɟɣɟɪɲɬɪɚɫɫɚ: ɚ 
— N = 5, M = 10, q = 1.01, D = 2.01; ɛ — N = 2, M = 3, q = 1.5, D = 2.9; ɜ — N = 2, M = 3, q = 
3.0, D = 2.9; ɝ — N = 2, M = 3, q = 7.0, D = 2.9; ɞ — N = 5, M = 10, q = 2.9, D = 2.9; ɟ — N = 5, 

M = 5, q = 7, D = 2.9  

ɚ ɛ
ɚ 

ɜ ɝ 

ɞ ɟ 
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3 Ɋɚɫɫɟɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɧɟɨɞɧɨɪɨɞɧɨɣ 
ɮɪɚɤɬɚɥɨɩɨɞɨɛɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
 

ɉɭɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ ɩɚɞɚɟɬ ɧɚ ɲɟɪɨɯɨɜɚɬɭɸ 
ɮɪɚɤɬɚɥɨɩɨɞɨɛɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ S ɩɨɞ ɭɝɥɨɦ    ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜɨ ɜɫɟɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɋɚɫɫɟɹɧɧɚɹ ɜɨɥɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɟɬɟɤɬɨɪɚ D ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɹɪɧɵɦ    ɢ ɚɡɢɦɭɬɧɵɦ    ɭɝɥɚɦɢ. 
ɂɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɨɣ ɫɱɢɬɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ 
(ɫɜɟɬɚ)   , ɪɚɫɫɟɹɧɧɨɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ         

 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɧɚɛɥɸɞɟɧɢɸ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ 

ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ: S — ɪɚɫɫɟɢɜɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; D — ɞɟɬɟɤɬɨɪ;    — ɭɝɨɥ 
ɩɚɞɟɧɢɹ;    — ɩɨɥɹɪɧɵɣ ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ;    — ɚɡɢɦɭɬɧɵɣ ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ 

 
ɇɚɦ ɧɭɠɧɨ ɩɨɫɬɪɨɢɬɶ ɢɧɞɢɤɚɬɪɢɫɭ ɪɚɫɫɟɹɧɢɹ               

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɩɪɨɮɢɥɶ ɤɨɬɨɪɨɣ 
ɦɨɞɟɥɢɪɭɟɬɫɹ ɮɭɧɤɰɢɟɣ ȼɟɣɟɪɲɬɪɚɫɫɚ (1). ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɫɯɟɦɚɦ ɧɚɛɥɸɞɟɧɢɹ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ 
ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɉɨɫɤɨɥɶɤɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɧɨɣ ɜɨɥɧɵ 
ɫɜɹɡɚɧɚ ɫ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

          (3) 
 
ɝɞɟ     - ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɪɚɫɫɟɹɧɧɨɣ ɜɨɥɧɵ ɜ ɤɨɦɩɥɟɤɫɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ, 
ɬɨ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ    ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɩɨɥɟ ɪɚɫɫɟɹɧɧɨɣ ɜɨɥɧɵ   . 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɫɫɟɹɧɧɨɟ ɩɨɥɟ ɧɚɣɞɟɦ ɦɟɬɨɞɨɦ Ʉɢɪɯɝɨɮɚ, ɩɪɢ ɷɬɨɦ, 
ɭɱɢɬɵɜɚɹ ɫɥɨɠɧɨɫɬɶ ɡɚɞɚɱɢ, ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦ, ɫɤɚɥɹɪɧɵɦ 
ɜɚɪɢɚɧɬɨɦ ɬɟɨɪɢɢ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɨɩɢɫɵɜɚɟɬɫɹ 
ɫɤɚɥɹɪɧɨɣ ɜɟɥɢɱɢɧɨɣ       . ɇɨ ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨɫɬɶ ɚɧɚɥɢɡɚ 
ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ ɬɟɪɹɟɬɫɹ. 
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Ȼɚɡɨɜɚɹ ɮɨɪɦɭɥɚ ɦɟɬɨɞɚ Ʉɢɪɯɝɨɮɚ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɩɨɥɟ ɪɚɫɫɟɹɧɧɨɣ 
ɜɨɥɧɵ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɩɚɞɚɸɳɚɹ ɜɨɥɧɚ — ɷɬɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɚɹ 
ɩɥɨɫɤɚɹ; ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɫɫɟɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɲɟɪɨɯɨɜɚɬɨɣ ɜɧɭɬɪɢ ɧɟɤɨɬɨɪɨɝɨ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ                  ɢ ɝɥɚɞɤɨɣ ɜɧɟ ɟɝɨ ɝɪɚɧɢɰ; ɪɚɡɦɟɪ 
ɲɟɪɨɯɨɜɚɬɨɣ ɨɛɥɚɫɬɢ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɢɧɚ ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ; ɜɫɟ ɬɨɱɤɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɸɬ ɤɨɧɟɱɧɵɣ ɝɪɚɞɢɟɧɬ; ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɞɢɧɚɤɨɜ ɞɥɹ 
ɜɫɟɯ ɬɨɱɟɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ; ɪɚɫɫɟɹɧɧɨɟ ɩɨɥɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɜɨɥɧɨɜɨɣ ɡɨɧɟ, ɬ. ɟ. 
ɞɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨ ɨɬ ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɪɚɫɫɟɹɧɧɨɟ 
ɩɨɥɟ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɢɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ  

                                                                    (4) 

 
ɝɞɟ k — ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ;                             - ɭɝɥɨɜɨɣ ɮɚɤɬɨɪ;                  ;                            - ɮɚɡɨɜɚɹ ɮɭɧɤɰɢɹ; R — ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ;                   ;              ;               ;                               - ɤɪɚɟɜɨɟ ɫɥɚɝɚɟɦɨɟ; 
                                    

                                       
   (5) 

 
ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɨɜ (4) ɢ (5) ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɪɦɭɥɵ                     

     

ɝɞɟ       — ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ ɰɟɥɨɝɨ ɩɨɪɹɞɤɚ, ɩɨɥɭɱɚɟɦ  
                                                                                 (6) 

 
ɝɞɟ                                           
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               ;                                                                                                                          
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɪɚɠɟɧɢɟ (6) ɞɚɟɬ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɹ, 

ɪɚɫɫɟɹɧɧɨɝɨ ɮɪɚɤɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (1), ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ Ʉɢɪɯɝɨɮɚ. Ɍɟɩɟɪɶ 
ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (6) ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɧɨɣ ɜɨɥɧɵ, 
ɟɫɥɢ ɡɚɞɚɬɶ ɩɚɪɚɦɟɬɪɵ ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ    (ɢɥɢ σ), D, q, K, N, M, X, 
Y,    , ɩɚɪɚɦɟɬɪ k (ɢɥɢ λ = 2π/k) ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ ɢ ɩɚɪɚɦɟɬɪɵ   ,   ,    
ɝɟɨɦɟɬɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɗɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɫɫɟɹɧɢɟ ɧɚ 
ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ         (ɫ ɤɨɧɤɪɟɬɧɨ ɩɨɥɭɱɟɧɧɵɦ ɧɚɛɨɪɨɦ 
ɫɥɭɱɚɣɧɵɯ ɮɚɡ    ). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɫɱɟɬɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɧɭɠɧɨ ɨɩɟɪɢɪɨɜɚɬɶ ɫɪɟɞɧɟɣ ɩɨ ɚɧɫɚɦɛɥɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ             . ɗɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨɥɧɵ, 
ɨɬɪɚɠɟɧɧɨɣ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɥɚɞɤɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ:                    , ɩɨɷɬɨɦɭ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 
ɭɞɨɛɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɟɹɧɢɹ (ɢɧɞɢɤɚɬɪɢɫɭ 
ɪɚɫɫɟɹɧɢɹ)             . ȼɵɱɢɫɥɢɜ      ɩɨ (2) ɢ (3), ɢɫɯɨɞɹ ɢɡ (6), ɩɨɥɭɱɚɟɦ 
ɬɨɱɧɨɟ ɜɵɪɚɠɟɧɢɟ 

                                                                                                         (7) 

 
Ɍɚɤ ɤɚɤ ɜɵɪɚɠɟɧɢɟ (7) ɫɨɞɟɪɠɢɬ ɛɟɫɤɨɧɟɱɧɭɸ ɫɭɦɦɭ, ɨɧɨ ɧɟɭɞɨɛɧɨ ɞɥɹ 

ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɭɩɪɨɳɟɧɢɟ (7) 
ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɫɥɭɱɚɟ     . ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɹ ɪɚɡɥɨɠɟɧɢɟ ɮɭɧɤɰɢɣ Ȼɟɫɫɟɥɹ 
ɜ ɪɹɞ: 

                               
    

ɢ ɨɬɛɪɚɫɵɜɚɹ ɱɥɟɧɵ ɩɨɪɹɞɤɨɜ ɜɵɲɟ ɜɬɨɪɨɝɨ, ɩɨɥɭɱɚɟɦ ɢɡ (7) 
ɩɪɢɛɥɢɠɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ 
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(8) 

 
ɝɞɟ                                        

Ɉɬɦɟɬɢɦ, ɱɬɨ ɮɨɪɦɭɥɵ (7) ɢ (8) ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɜɵɪɚɠɟɧɢɣ ɜ ɧɚɥɢɱɢɟɦ ɤɪɚɟɜɵɯ ɱɥɟɧɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞ        ɢ    . 
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4 Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ  
ɇɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɣ (1) ɢ (8) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɪɢɝɢɧɚɥɶɧɨɣ 

ɩɪɨɝɪɚɦɦɵ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ ɫɪɟɞɟ MATLAB, ɮɭɧɤɰɢɹ ȼɟɣɟɪɲɬɪɚɫɫɚ ɛɵɥɚ 
ɱɢɫɥɟɧɧɨ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɩɭɬɟɦ ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɟɹɧɢɹ, ɚ 
ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɢɧɞɢɤɚɬɪɢɫɚ ɪɚɫɫɟɹɧɢɹ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɩɨɥɹɪɧɨɦɭ (  ) ɢ ɚɡɢɦɭɬɧɨɦɭ (  ) ɭɝɥɚɦ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ 
ɮɪɚɤɬɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɭɝɥɨɜ ɩɚɞɟɧɢɹ   . ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɜɵɫɨɬɚ  , 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɩɨɜɟɪɯɧɨɫɬɢ K ɢ ɪɚɡɦɟɪɵ (X, Y) ɮɪɚɝɦɟɧɬɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɛɵɥɢ ɡɚɞɚɧɵ ɜ ɟɞɢɧɢɰɚɯ k, ɩɨɬɨɦɭ ɱɬɨ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɩɚɞɚɸɳɟɣ 
ɜɨɥɧɵ k ɜɯɨɞɢɬ ɜ ɜɢɞɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɦɛɢɧɚɰɢɣ k , kX ɢ kY. ȼ ɪɚɫɱɟɬɚɯ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ Ɏɪɟɧɟɥɹ R = 1. ɉɪɢɦɟɪɵ 
ɫɬɚɧɞɚɪɬɧɵɯ ɢɧɞɢɤɚɬɪɢɫ ɪɚɫɫɟɹɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ ɩɪɢ ɱɢɫɥɨɜɵɯ ɪɚɫɱɟɬɚɯ, 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. 

 

 

Ɋɢɫɭɧɨɤ 5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ       ɨɬ ɭɝɥɨɜ ɪɚɫɫɟɹɧɢɹ    ɢ    ɞɥɹ 
ɮɪɚɤɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɚ — ɩɪɢɦɟɪɵ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɜɨɞɢɥɫɹ 
ɪɚɫɱɟɬ ɢɧɞɢɤɚɬɪɢɫ ɪɚɫɫɟɹɧɢɹ; ɫɜɟɪɯɭ ɜɧɢɡ ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ ɞɥɹ 

ɬɪɟɯ ɭɝɥɨɜ ɩɚɞɟɧɢɹ    = 30, 40, 60° (ɛ—ɝ) ɩɪɢ N = 5, M = 10, D = 2.9 
 

ɛ ɚ 

ɜ ɝ 



14 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɟɦ ɪɚɜɧɨɦɟɪɧɭɸ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɫɟɬɤɭ                                                
ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɩɨ ɤɚɠɞɨɣ ɢɡ ɤɨɨɪɞɢɧɚɬ, h – ɲɚɝ ɫɟɬɤɢ. 
Ɉɛɨɡɧɚɱɢɦ     – ɜɵɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɧɞɢɤɚɬɪɢɫɵ ɜ ɭɡɥɟ ɫɟɬɤɢ. 
ɇɚɣɞɟɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɫɩɥɟɫɤ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ      ɢ ɭɝɥɵ        ɢ        ɩɪɢ ɤɨɬɨɪɵɯ ɨɧ ɞɨɫɬɢɝɚɟɬɫɹ. 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 

ɩɚɞɟɧɢɹ ɜɵɱɢɫɥɢɦ ɞɜɟ ɫɭɦɦɵ             
   

 
              

     
 

     
ɢ ɨɩɪɟɞɟɥɢɦ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɪɚɡɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ                            

 Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɞɥɹ ɬɪɟɯ ɧɚɛɨɪɨɜ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: 
1. N = 5; M = 10; D = 2.9; q = 1.1, 
2. N = 2; M = 3; D = 2.5; q = 3, 
3. N = 5; M = 10; D = 2.5; q = 3. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1-3 ɩɪɢɥɨɠɟɧɢɹ Ⱥ.  
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 

ɜɟɥɢɱɢɧɚ ɧɚɢɛɨɥɶɲɟɝɨ ɜɫɩɥɟɫɤɚ ɢɧɞɢɤɚɬɪɢɫɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟ ɭɝɥɚ 
ɩɚɞɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ (ɪɢɫ. 6). Ⱥɡɢɦɭɬɧɵɣ ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ        , 
ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚɢɛɨɥɶɲɢɣ ɜɫɩɥɟɫɤ ɢɧɞɢɤɚɬɪɢɫɵ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
ɪɚɜɟɧ ɭɝɥɭ ɩɚɞɟɧɢɹ    (ɪɢɫ. 7). ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɟɥɢɱɢɧɚ ɩɨɥɹɪɧɨɝɨ ɭɝɥɚ 
ɪɚɫɫɟɹɧɢɹ        ɛɥɢɡɤɚ ɤ ɧɭɥɸ. Ⱥɧɚɥɢɡ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧ S1 ɢ S2 ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɢɧɞɢɤɚɬɪɢɫɚ ɪɚɫɫɟɹɧɢɹ ɩɨɱɬɢ ɫɢɦɦɟɬɪɢɱɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 
ɩɚɞɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ (ɪɢɫ. 8). 

 

 
Ɋɢɫɭɧɨɤ 6 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɞɢɤɚɬɪɢɫɵ ɨɬ ɭɝɥɚ 

ɩɚɞɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ 
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Ɋɢɫɭɧɨɤ 7 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɝɥɚ        ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɢɧɞɢɤɚɬɪɢɫɵ 

ɨɬ ɭɝɥɚ ɩɚɞɟɧɢɹ. 

 
Ɋɢɫɭɧɨɤ 8 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ   ɉɨɤɚɡɚɬɟɥɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ    ɨɬ    

Ⱥɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɟɹɧɢɹ        ɨɬ ɭɝɥɨɜ ɪɚɫɫɟɹɧɢɹ    ɢ    ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɮɪɚɤɬɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɭɝɥɨɜ ɩɚɞɟɧɢɹ    = 
30, 40 ɢ 60° ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ. 

1. Ɋɚɫɫɟɹɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɚɞɟɧɢɹ. 
2. ɋɚɦɚɹ ɛɨɥɶɲɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɧɨɣ ɜɨɥɧɵ ɧɚɛɥɸɞɚɟɬɫɹ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɸɬ ɞɪɭɝɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɸɬɫɹ ɜɫɩɥɟɫɤɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. 
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3. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɤɚɥɢɛɪɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ (ɢɥɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɟɟ 
ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ) ɤɚɪɬɢɧɚ ɪɚɫɫɟɹɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ 
ɫɥɨɠɧɨɣ: ɱɢɫɥɨ ɩɢɤɨɜ, ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɢɤɢ ɦɟɧɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɚɠɭɬɫɹ ɫɢɦɦɟɬɪɢɱɧɵɦɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɪɚɫɫɟɹɧɢɹ. 

4. ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ (ɮɪɚɤɬɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ) ɪɚɫɫɟɢɜɚɸɳɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɳɟɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɟɹɧɢɹ ɨɬ ɭɝɥɚ ɩɚɞɟɧɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɝɥɚ ɩɚɞɟɧɢɹ ɨɬ 30 ɞɨ 60° ɱɢɫɥɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɢɤɨɜ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɚɢɛɨɥɶɲɟɟ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɧɚɛɥɸɞɚɟɬɫɹ 
ɩɪɢ ɭɝɥɟ ɩɚɞɟɧɢɹ    = 30°. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɜɥɢɹɧɢɟɦ ɜɵɫɨɬɵ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɩɪɨɰɟɫɫ ɪɚɫɫɟɹɧɢɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɩɚɞɟɧɢɹ ɩɚɞɚɸɳɚɹ 
ɜɨɥɧɚ ɤɚɤ ɛɵ ɧɚɱɢɧɚɟɬ “ɧɟ ɡɚɦɟɱɚɬɶ” ɜɵɫɨɬɭ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ, ɢ ɜɤɥɚɞ ɨɬ ɧɢɯ 
ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɉɬɦɟɱɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɫɨɱɟɬɚɧɢɹ 
ɫɥɭɱɚɣɧɨɫɬɢ ɢ ɨɱɟɧɶ ɩɨɯɨɠɟɝɨ ɪɟɥɶɟɮɚ ɪɚɫɫɟɢɜɚɸɳɟɣ ɲɟɪɨɯɨɜɚɬɨɣ 
ɮɪɚɤɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  



17 

 

ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɫɥɟɞɹɳɢɟ ɪɟɡɭɥɶɬɚɬɵ.  
1. ɂɫɫɥɟɞɨɜɚɧɨ ɪɚɫɫɟɹɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɲɟɪɨɯɨɜɚɬɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɧɟɨɞɧɨɪɨɞɧɨɣ ɮɪɚɤɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  
2. ɇɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ ɞɥɹ MATLAB ɞɥɹ ɪɚɫɱɟɬɚ ɢɧɞɢɤɚɬɪɢɫɵ 

ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
3. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɧɞɢɤɚɬɪɢɫɚ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɧɚ 

ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɮɪɚɤɬɚɥɶɧɵɦ ɪɟɥɶɟɮɨɦ ɢɦɟɟɬ ɫɥɨɠɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɢ ɫɨɞɟɪɠɢɬ ɜɫɩɥɟɫɤɢ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ, 
ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɡɟɪɤɚɥɶɧɨɝɨ 
ɨɬɪɚɠɟɧɢɹ.  

4. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɪɚɫɫɟɹɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 
ɩɚɞɟɧɢɹ.  

5. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɤɚɥɢɛɪɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ (ɢɥɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɟɟ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ) ɤɚɪɬɢɧɚ ɪɚɫɫɟɹɧɢɹ ɫɬɚɧɨɜɢɬɫɹ 
ɛɨɥɟɟ ɫɥɨɠɧɨɣ: ɱɢɫɥɨ ɩɢɤɨɜ, ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɢɤɢ ɦɟɧɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɤɚɠɭɬɫɹ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɶ ɪɚɫɫɟɹɧɢɹ. 

Ɉɬɦɟɱɟɧɧɵɟ ɨɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɧɟɨɞɧɨɪɨɞɧɵɯ ɲɟɪɨɯɨɜɚɬɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɭɠɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ 
ɪɟɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɟɫɶɦɚ ɨɛɧɚɞɟɠɢɜɚɸɳɢɟ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ɍɚɛɥɢɰɚ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ N = 5; M = 
10; D = 2.9; q = 1.1.                       S1 S2    

5 0,741161 5,4 1,27E-14 312,4309 268,4033 15,16% 
10 0,74435 9 -1,80E+00 215,2166 202,0867 6,29% 
15 0,757167 14,4 -1,80E+00 139,8857 147,2371 5,12% 
20 0,771662 19,8 1,27E-14 107,6987 117,31 8,54% 
25 0,786201 25,2 1,27E-14 95,31978 99,43087 4,22% 
30 0,802125 28,8 1,27E-14 85,97103 85,68135 0,34% 
35 0,827571 34,2 1,27E-14 80,23248 77,47384 3,50% 
40 0,850642 39,6 1,27E-14 79,74348 74,90734 6,25% 
45 0,873792 43,2 1,27E-14 82,22069 75,21888 8,89% 
50 0,904716 48,6 1,27E-14 86,17026 76,97103 11,28% 
55 0,936866 52,2 1,27E-14 92,21548 80,7638 13,24% 
60 0,979423 55,8 1,27E-14 101,5321 87,7136 14,60% 
65 1,049374 59,4 1,27E-14 116,1166 99,63699 15,28% 
70 1,174768 63 1,27E-14 142,077 121,936 15,26% 
75 1,457867 63 1,27E-14 199,5541 172,4934 14,55% 
80 2,26113 64,8 1,27E-14 374,4938 328,411 13,11% 
85 6,248996 64,8 1,27E-14 1456,187 1308,781 10,66% 
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Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ N = 2; M = 
3; D = 2.5; q = 3.                       S1 S2    

5 0,971041 5,4 -1,8 370,285 360,7184 2,62% 
10 0,967082 9 1,27E-14 249,2552 241,4531 3,18% 
15 0,974827 14,4 1,27E-14 163,7211 156,6572 4,41% 
20 0,977805 19,8 1,27E-14 132,2543 124,902 5,72% 
25 0,976283 25,2 1,27E-14 118,5194 110,4184 7,08% 
30 0,979615 28,8 1,27E-14 104,1423 95,15634 9,02% 
35 0,987055 34,2 1,27E-14 94,8302 85,00826 10,92% 
40 0,989319 39,6 1,27E-14 93,26665 82,68763 12,02% 
45 0,997489 43,2 1,27E-14 94,99403 83,43388 12,96% 
50 1,007707 48,6 1,27E-14 97,62628 84,52464 14,39% 
55 1,025578 52,2 1,27E-14 102,5038 87,33017 15,99% 
60 1,054822 55,8 1,27E-14 111,5137 94,01796 17,02% 
65 1,113402 59,4 1,27E-14 126,8615 106,8338 17,14% 
70 1,233154 61,2 1,27E-14 154,9163 131,433 16,40% 
75 1,520035 63 1,27E-14 217,128 186,8235 15,00% 
80 2,337639 64,8 1,27E-14 405,1821 355,3578 13,10% 
85 6,42322 64,8 1,27E-14 1552,902 1397,559 10,53% 
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Ɍɚɛɥɢɰɚ 3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ N = 5; M = 
10; D = 2.5; q = 3.                       S1 S2    

5 0,902432 5,4 1,27E-14 348,7261 332,5426 4,75% 

10 0,899059 9 1,27E-14 235,8918 225,6635 4,43% 

15 0,909158 14,4 1,27E-14 155,7225 148,7504 4,58% 

20 0,915947 19,8 1,27E-14 125,696 118,8441 5,60% 

25 0,91946 25,2 1,27E-14 112,5388 105,0923 6,84% 

30 0,925868 28,8 1,27E-14 99,18908 91,29853 8,28% 

35 0,939013 34,2 1,27E-14 90,68484 82,11517 9,92% 

40 0,9477 39,6 1,27E-14 89,45712 79,88435 11,31% 

45 0,960116 43,2 1,27E-14 91,45986 80,61525 12,60% 

50 0,976756 48,6 1,27E-14 94,4977 81,98983 14,17% 

55 0,998929 52,2 1,27E-14 99,74333 85,16523 15,77% 

60 1,032319 55,8 1,27E-14 108,903 92,02531 16,80% 

65 1,094566 59,4 1,27E-14 124,1192 104,7096 16,96% 

70 1,21582 61,2 1,27E-14 151,6935 128,8169 16,31% 

75 1,50287 63 1,27E-14 212,7552 183,0784 14,99% 

80 2,317441 64,8 1,27E-14 397,5733 348,5435 13,14% 

85 6,379157 64,8 1,27E-14 1528,941 1375,469 10,57% 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 
N = 5; %ɤɨɥɢɱɟɫɬɜɨ ɨɛɟɪɬɨɧɨɜ 
M = 10; %ɤɨɥɢɱɟɫɬɜɨ ɨɛɟɪɬɨɧɨɜ 
D = 2.5; %ɮɪɚɤɬɚɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
q = 3; %ɨɫɧɨɜɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɩɨɜɟɪɯɧɨɫɬɢ 
Cw = 0.01; %ɧɨɪɦɢɪɨɜɨɱɧɚɹ ɤɨɧɫɬɚɧɬɚ 
WTheta2=pi/2;  
WTheta3=WTheta2; 
NN = 100; %Ʉɨɥɢɱɫɟɬɜɨ ɪɚɡɛɢɟɧɢɣ 
h2 = 2*WTheta2/NN; 
h3 = 2*WTheta3/NN; 
Result=zeros(17,8); %Ɇɚɬɪɢɰɚ ɪɚɡɥɱɧɵɯ ɡɧɚɱɟɧɢɣ 
P=zeros(NN+1,NN+1); %Ɇɚɬɪɢɰɚ ɡɧɚɱɟɧɢɣ ɢɧɞɢɤɚɬɪɢɫɵ  
R = 1; %ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ 
k = 7; %ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ  
K = 1; %ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɩɨɜɟɪɯɧɨɫɬɢ 
XX = 0.5; 
YY= 0.5; 
sigma = Cw*sqrt((M*(1-q^(2*N*(D-3))))/(2*(1-q^(2*(D-3))))); 
%ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɜɵɫɨɬɚ ɟɟ ɩɪɨɮɢɥɹ 
for l=1:17 
    Pmax=0; 
    Theta2max=0; 
    Theta3max=0; 
    s1=0; 
    s2=0; 
    s3=0; 
    s4=0; 
    s5=0; 
    s6=0; 
    s7=0; 
    s8=0; 
    SumaZ=0;  
    fita1 = l*5*pi/180; 
    Result(l,8) = fita1*180/pi; 
for i=0:NN 
    for j=0:NN 
        sum = 0; 
        sum1= 0; 
        p=0; 
        fita2 = -WTheta2 + i*h2; %ȼɵɱɢɫɥɟɧɢɟ ɬɟɬɚ2 
        fita3 = -WTheta3 + j*h3; %ȼɵɱɢɫɥɟɧɢɟ ɬɟɬɚ3 
        A = sin(fita1)-sin(fita2)*cos(fita3); 
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        B = -sin(fita2)*sin(fita3); 
        C = -cos(fita1)-cos(fita2); 
        Ffita = (-R*(A*A+B*B+C*C))/(2*C); %ɭɝɥɨɜɨɣ ɮɚɤɬɨɪ 
        Cf = k*sigma*C*sqrt((2*(1-q^(2*(D-3))))/(M*(1-q^(2*N*(D-3))))); 
        for n=0:N 
            for m=1:M-1 
                sum1=q^(2*(D-
3)*n)*sinc((k*A+K*q^n*cos((2*pi*m)/M))*XX)^2*sinc(k*B+K*q^n*cos((2*pi*m)/
M)*YY)^2; 
                sum = sum + sum1; 
            end 
        end 
        p = ((Ffita/cos(fita1))^2)*(1-
(k*sigma*C)^2)*(sinc(k*B*YY)^2*sinc(k*A*XX)^2)+(1/2)*Cf^2*sum+((R/(2*C*c
os(fita1)))*(A^2+B^2))*(sinc(k*A*XX)^2*sinc(k*B*YY)^2); 
         
        if p> Pmax 
        Pmax = p; %Ɇɚɤɫɢɦɚɥɶɧɵɣ Z ɜ ɧɚɲɟɦ ɫɥɭɱɚɟɦ ɦɚɤɫɢɦɚɥɶɧɵɣ p 
        Theta2max=fita2*180/pi; %Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɟɬɚ2 ɞɥɹ ɦɚɤɦɢɥɚɶɧɨɝɨ Z 
        Theta3max=fita3*180/pi; %Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɟɬɚ3 ɞɥɹ ɦɚɤɦɢɥɚɶɧɨɝɨ Z 
        end 
         
        Result(l,1) =Pmax; %Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɦɚɬɪɢɰɭ Ɇɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɢɧɞɢɤɚɬɪɢɫɵ 
        Result(l,2) =Theta2max; %Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɦɚɬɪɢɰɭ Ɇɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɬɚ2 ɞɥɹ 
ɦɚɤɦɢɥɚɶɧɨɝɨ Z 
        Result(l,3) =Theta3max; %Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɦɚɬɪɢɰɭ Ɇɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɬɚ3 ɞɥɹ 
ɦɚɤɦɢɥɚɶɧɨɝɨ Z 
         
      if fita2 >= 0 & fita3 >= 0  
      s1=p+s1;       
      end 
       
      if fita2 >= 0 & fita3 <= 0  
      s2=p+s2;       
      end 
       
       if fita2 <= 0 & fita3 >= 0  
      s3=p+s3;       
      end 
       
      if fita2 <= 0 & fita3 <= 0  
      s4=p+s4;       
      end 
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      Result(l,4) =s1; 
      Result(l,5) =s2; 
      Result(l,6) =s3; 
      Result(l,7) =s4; 
       
      s5=s1+s2;     
      s6=s3+s4; 
% s5 ɢ s6 ɷɬɨ ɫɭɦɦɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɛɢɟɧɢɹ ɩɨ ɬɟɬɚ 3 
      s7=s1+s4; 
      s8=s2+s3; 
% s7 ɢ s8 ɷɬɨ ɫɭɦɦɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɛɢɟɧɢɹ ɩɨ ɬɟɬɚ 2     
      SumaZ = SumaZ + p; 
       
      P (I + 1, j + 1 ) = p; 
    end 
end 
end 
IntergralPoZ = SumaZ/NN^2; % ɂɧɬɟɝɪɚɥ ɩɨ Z 
% ɉɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
GWTheta2=WTheta2*180/pi; 
Gh2=2*GWTheta2/NN; 
[X, Y]=meshgrid([-GWTheta2:Gh2:GWTheta2]); 
meshc(X, Y,P); 




