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Ɉɛɳɚɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɪɚɛɨɬɵ 
 

Ⱦɢɫɫɟɪɬɚɰɢɹ� ɨɛɨɛɳɚɟɬ� ɪɚɛɨɬɵ� ɜ� ɨɛɥɚɫɬɢ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɪɚɜɧɨɜɟɫɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɩɥɚɡɦɵ, ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ� ɢ� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɬɨɤɚ� ɜ 

ɥɨɜɭɲɤɚɯ - «ɝɚɥɚɬɟɹɯ». Ɋɚɫɫɦɨɬɪɟɧɵ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɜ� ɩɥɚɡɦɟɧɧɵɯ� ɰɢɥɢɧɞɪɚɯ� ɫ 

ɩɨɝɪɭɠɟɧɧɵɦɢ� ɜ� ɧɢɯ� ɞɜɭɦɹ� ɢ� ɬɪɟɦɹ� ɩɪɹɦɵɦɢ� ɢ� ɜɢɧɬɨɜɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ – 

ɪɚɫɩɪɹɦɥɟɧɧɵɯ� ɚɧɚɥɨɝɚɯ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ� ɬɨɪɨɢɞɚɥɶɧɵɯ� ɥɨɜɭɲɟɤ. 

ɉɥɚɡɦɨɫɬɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ� ɩɨɥɭɱɟɧɵ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɱɢɫɥɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ� ɤɪɚɟɜɵɯ 

ɡɚɞɚɱ� ɫ� ɭɪɚɜɧɟɧɢɟɦ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ� ɞɥɹ� ɮɭɧɤɰɢɢ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɬɨɤɚ� ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ�ɬɢɩɚɯ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ. 

 Актуальность работы.�Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɨɛɥɚɞɚɟɬ�ɲɢɪɨɤɢɦɢ 

ɜɨɡɦɨɠɧɨɫɬɹɦɢ� ɜ�ɨɩɢɫɚɧɢɢ� ɫɥɨɠɧɵɯ�ɮɢɡɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ, ɭɫɬɚɧɨɜɨɤ� ɢ�ɨɛɴɟɤɬɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫ� ɛɵɫɬɪɵɦ� ɢɡɦɟɧɟɧɢɟɦ� ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ� ɞɥɹ� ɢɡɭɱɚɟɦɨɝɨ 

ɨɛɴɟɤɬɚ, ɷɤɨɧɨɦɹ� ɩɪɢ� ɷɬɨɦ� ɮɢɧɚɧɫɨɜɵɟ� ɫɪɟɞɫɬɜɚ, ɢɫɤɥɸɱɚɹ� ɢɡ� ɪɚɫɫɦɨɬɪɟɧɢɹ 

ɧɟɷɮɮɟɤɬɢɜɧɵɟ, ɧɟɪɚɛɨɱɢɟ� ɢɥɢ� ɩɪɢɧɰɢɩɢɚɥɶɧɨ� ɧɟɜɨɡɦɨɠɧɵɟ� ɭɫɬɚɧɨɜɤɢ� ɢ 

ɩɪɨɬɟɤɚɸɳɢɟ� ɜ� ɧɢɯ� ɩɪɨɰɟɫɫɵ. Ⱥɩɩɚɪɚɬ� ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɣ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ� ɩɨɡɜɨɥɹɟɬ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɤɚɤ� ɫɥɨɠɧɵɟ� ɡɚɞɚɱɢ, ɩɨɥɧɨɫɬɶɸ 

ɭɱɢɬɵɜɚɸɳɢɟ�ɜɫɟ�ɩɪɨɰɟɫɫɵ�ɢ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɜ�ɫɢɫɬɟɦɟ�ɞɥɹ�ɩɨɥɭɱɟɧɢɹ�ɞɨɫɬɚɬɨɱɧɨ 

ɬɨɱɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ, ɬɚɤ� ɢ� ɭɩɪɨɳɟɧɧɵɟ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɢɟ� ɨɫɧɨɜɧɵɟ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ� ɦɨɦɟɧɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ� ɞɥɹ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɜɨɩɪɨɫɨɜ� ɤɚɫɚɸɳɢɯɫɹ 

ɜɨɡɦɨɠɧɨɫɬɢ� ɪɟɚɥɢɡɚɰɢɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɪɟɚɤɰɢɢ� ɢ� ɞɪ. ȼ� ɱɚɫɬɧɨɫɬɢ� ɞɥɹ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɮɢɡɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ� ɢ� ɨɛɪɚɛɨɬɤɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ, ɜ� ɨɛɥɚɫɬɢ�ɮɢɡɢɤɢ� ɩɥɚɡɦɵ, ɫɭɳɟɫɬɜɟɧɧɭɸ�ɪɨɥɶ� ɢɝɪɚɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɜɨɡɦɨɠɧɨɫɬɟɣ�ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ�ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ. 

Ɏɢɡɢɤɚ� ɩɥɚɡɦɵ – ɨɛɥɚɫɬɶ� ɧɚɭɤɢ, ɡɚɧɢɦɚɸɳɚɹɫɹ� ɢɡɭɱɟɧɢɟɦ� ɩɪɨɰɟɫɫɨɜ� ɢ 

ɹɜɥɟɧɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ� ɫ� ɭɱɚɫɬɢɟɦ� ɡɚɪɹɠɟɧɧɵɯ� ɱɚɫɬɢɰ� ɜ� ɢɨɧɢɡɨɜɚɧɧɵɯ� ɢ 

ɩɪɨɜɨɞɹɳɢɯ� ɫɪɟɞɚɯ, ɜ� ɩɪɢɪɨɞɟ� ɢ� ɜ� ɥɚɛɨɪɚɬɨɪɧɵɯ� ɢɥɢ� ɩɪɨɦɵɲɥɟɧɧɵɯ� ɭɫɬɚɧɨɜɤɚɯ. 

Ɂɧɚɱɟɧɢɟ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɮɢɡɢɤɢ� ɩɥɚɡɦɵ� ɞɥɹ� ɪɚɡɜɢɬɢɹ� ɧɚɭɤɢ� ɢ� ɬɟɯɧɢɤɢ� ɫɨɫɬɨɢɬ� ɜ 

ɪɚɫɲɢɪɟɧɢɢ� ɡɧɚɧɢɣ� ɨ� ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ� ɩɪɢɪɨɞɧɵɯ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ, ɢ, ɫɚɦɨɟ 

ɝɥɚɜɧɨɟ, ɜ� ɪɚɡɪɚɛɨɬɤɟ� ɩɪɨɛɥɟɦɵ� ɭɩɪɚɜɥɹɟɦɨɝɨ� ɬɟɪɦɨɹɞɟɪɧɨɝɨ� ɫɢɧɬɟɡɚ, ɫɨɡɞɚɧɢɢ 

ɧɨɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ, ɩɪɢɛɨɪɨɜ�ɢ�ɭɫɬɪɨɣɫɬɜ. 
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ɇɚ�ɩɪɨɬɹɠɟɧɢɢ�ɭɠɟ�ɛɨɥɟɟ 60 ɥɟɬ�ɜɟɞɭɬɫɹ�ɚɤɬɢɜɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɥɚɡɦɟɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɜɨɞɹɬɫɹ  ɤɪɭɩɧɵɟ� ɧɚɭɱɧɨ±ɬɟɯɧɢɱɟɫɤɢɟ� ɪɚɡɪɚɛɨɬɤɢ, ɫɨɡɞɚɸɬɫɹ 

ɩɥɚɡɦɟɧɧɵɟ� ɭɫɬɚɧɨɜɤɢ – ɜɫɺ� ɧɚɩɪɚɜɥɟɧɨ� ɧɚ� ɦɚɤɫɢɦɚɥɶɧɨ� ɝɥɭɛɨɤɨɟ� ɢɡɭɱɟɧɢɟ 

ɩɪɨɛɥɟɦɵ�ɭɩɪɚɜɥɹɟɦɨɝɨ�ɬɟɪɦɨɹɞɟɪɧɨɝɨ�ɫɢɧɬɟɡɚ (ɍɌɋ). 

Ɉɪɢɟɧɬɚɰɢɹ� ɧɚ� ɭɤɚɡɚɧɧɵɟ�ɩɪɢɥɨɠɟɧɢɹ, ɜ� ɩɟɪɜɭɸ�ɨɱɟɪɟɞɶ – ɬɟɪɦɨɹɞɟɪɧɵɟ�ɢ 

ɪɚɡɜɢɬɢɟ�ɚɩɩɚɪɚɬɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɫɨɜɪɟɦɟɧɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ� ɦɨɳɧɨɫɬɟɣ� ɨɛɭɫɥɚɜɥɢɜɚɟɬ� ɚɤɬɭɚɥɶɧɨɫɬɶ� ɞɚɧɧɨɣ� ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ 

ɪɚɛɨɬɵ. 

Ɇɨɞɟɥɢ� ɩɪɨɰɟɫɫɨɜ� ɜ� ɩɥɨɬɧɨɣ� ɝɨɪɹɱɟɣ� ɩɥɚɡɦɟ� ɫɬɪɨɹɬɫɹ� ɧɚ� ɹɡɵɤɟ� ɦɚɝɧɢɬɧɨɣ 

ɝɚɡɨɞɢɧɚɦɢɤɢ. Ⱦɜɭɦɟɪɧɵɟ� ɡɚɞɚɱɢ� ɢɫɩɨɥɶɡɭɸɬ� ɫɢɦɦɟɬɪɢɸ — ɩɥɨɫɤɭɸ, ɨɫɟɜɭɸ�ɢɥɢ 

ɜɢɧɬɨɜɭɸ. Ɉɧɢ�ɫɨɞɟɪɠɚɬ�ɪɚɡɜɢɬɵɣ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ�ɚɩɩɚɪɚɬ�ɢ�ɷɮɮɟɤɬɢɜɧɵɟ�ɦɟɬɨɞɵ 

ɪɟɲɟɧɢɹ. ȼ�ɱɚɫɬɧɨɫɬɢ, ɫɢɫɬɟɦɭ�ɞɜɭɦɟɪɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɩɥɚɡɦɨɫɬɚɬɢɤɢ, ɦɨɠɧɨ�ɫɜɟɫɬɢ 

ɤ� ɨɞɧɨɦɭ� ɫɤɚɥɹɪɧɨɦɭ� ɭɪɚɜɧɟɧɢɸ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ [1,2] — ɷɥɥɢɩɬɢɱɟɫɤɨɦɭ 

ɭɪɚɜɧɟɧɢɸ� ɜɬɨɪɨɝɨ� ɩɨɪɹɞɤɚ� ɫ� ɧɟɥɢɧɟɣɧɨɣ� ɩɪɚɜɨɣ� ɱɚɫɬɶɸ. Ɂɚɞɚɱɢ� ɨ� ɜɨɡɦɨɠɧɵɯ 

ɫɢɦɦɟɬɪɢɱɧɵɯ� ɪɚɜɧɨɜɟɫɧɵɯ� ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɹɯ� ɫɬɚɧɨɜɹɬɫɹ 

ɤɪɚɟɜɵɦɢ�ɡɚɞɚɱɚɦɢ�ɫ�ɷɬɢɦ�ɭɪɚɜɧɟɧɢɟɦ. 

ɉɪɨɛɥɟɦɚ� ɭɩɪɚɜɥɹɟɦɨɝɨ� ɬɟɪɦɨɹɞɟɪɧɨɝɨ� ɫɢɧɬɟɡɚ� ɜɤɥɸɱɚɟɬ� ɜ� ɫɟɛɹ� ɜɨɩɪɨɫɵ 

ɨɛɪɚɡɨɜɚɧɢɹ� ɪɚɜɧɨɜɟɫɧɵɯ� ɩɥɚɡɦɟɧɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɢ� ɢɯ� ɭɞɟɪɠɚɧɢɹ� ɦɚɝɧɢɬɧɵɦ 

ɩɨɥɟɦ. Ɉɛɵɱɧɨ�ɪɚɫɫɦɚɬɪɢɜɚɸɬ�ɡɚɦɤɧɭɬɵɟ�ɤɨɧɮɢɝɭɪɚɰɢɢ, ɱɚɳɟ�ɜɫɟɝɨ�ɬɨɪɨɢɞɚɥɶɧɵɟ 

— ɬɨɤɚɦɚɤ (ɫ� ɫɢɥɶɧɵɦ� ɬɨɪɨɢɞɚɥɶɧɵɦ� ɬɨɤɨɦ� ɜ� ɩɥɚɡɦɟ) ɢ� ɫɬɟɥɥɚɪɚɬɨɪ (ɫ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ�ɬɨɤɨɦ�ɜ�ɨɫɧɨɜɧɨɦ�ɜɨ�ɜɧɟɲɧɢɯ�ɩɪɨɜɨɞɧɢɤɚɯ). 

Ȼɨɥɶɲɨɣ�ɢɧɬɟɪɟɫ�ɢ�ɩɟɪɫɩɟɤɬɢɜɵ�ɩɪɟɞɫɬɚɜɥɹɸɬ�ɬɨɪɨɢɞɚɥɶɧɵɟ�ɤɨɧɮɢɝɭɪɚɰɢɢ, 

ɜ� ɤɨɬɨɪɵɯ� ɩɪɨɜɨɞɧɢɤɢ� ɫ� ɬɨɤɨɦ� ɩɨɝɪɭɠɟɧɵ� ɜ� ɩɥɚɡɦɭ. ɉɪɨɜɨɞɧɢɤɢ� ɧɟ� ɡɚɤɪɟɩɥɟɧɵ 

ɜɧɭɬɪɢ� ɤɨɧɮɢɝɭɪɚɰɢɢ, ɩɪɢ� ɷɬɨɦ� ɦɚɝɧɢɬɧɨɟ� ɩɨɥɟ, ɨɛɪɚɡɨɜɚɧɧɨɟ� ɬɨɤɨɦ� ɜ� ɫɚɦɢɯ 

ɩɪɨɜɨɞɧɢɤɚɯ�ɢ�ɩɥɚɡɦɟ, ɨɝɪɚɠɞɚɟɬ�ɢɯ�ɨɬ�ɤɨɧɬɚɤɬɚ�ɫ�ɩɨɫɥɟɞɧɟɣ. ɗɬɨɦɭ�ɤɥɚɫɫɭ�ɥɨɜɭɲɟɤ 

ɩɨɫɜɹɳɟɧɨ� ɨɛɲɢɪɧɨɟ� ɱɢɫɥɨ� ɪɚɛɨɬ, ɨɬɟɱɟɫɬɜɟɧɧɵɯ� ɢ� ɡɚɪɭɛɟɠɧɵɯ, ɧɚɱɢɧɚɹ� ɫ� Ⱥ�Ⱦ. 

ɋɚɯɚɪɨɜɚ [3] ɢ� Ⱦ�ȼ. Ɉɪɥɢɧɫɤɨɝɨ [4] ɢ� ɋ. ɂɨɲɢɤɚɜɵ [5]. ɋɩɟɰɢɚɥɶɧɨɟ� ɜɧɢɦɚɧɢɟ� ɤ 

ɞɚɧɧɨɦɭ�ɤɥɚɫɫɭ�ɥɨɜɭɲɟɤ�ɢ�ɢɯ�ɩɟɪɫɩɟɤɬɢɜɚɦ�ɩɪɢɜɥɟɱɟɧɨ�ɜ�ɪɚɛɨɬɚɯ�Ⱥ�ɂ. Ɇɨɪɨɡɨɜɚ, ɜ 

ɤɨɬɨɪɵɯ� ɨɧɢ� ɧɚɡɜɚɧɵ «ɝɚɥɚɬɟɹɦɢ»[6]. Ɉɛɡɨɪ� ɢɯ� ɩɟɪɜɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɤɥɸɱɚɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ�ɦɨɞɟɥɢ�ɫɨɞɟɪɠɚɬɫɹ�ɜ [7]. 

ȼ� ɞɚɧɧɨɣ� ɞɢɫɫɟɪɬɚɰɢɢ� ɪɚɫɫɦɨɬɪɟɧɵ� ɧɟɤɨɬɨɪɵɟ� ɜɨɩɪɨɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ� ɤ 

ɤɪɚɟɜɵɦ�ɡɚɞɚɱɚɦ�ɫ� ɭɪɚɜɧɟɧɢɟɦ�Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ, ɚ�ɢɦɟɧɧɨ, ɢɬɟɪɚɰɢɨɧɧɵɟ�ɦɟɬɨɞɵ 
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ɟɝɨ� ɪɟɲɟɧɢɹ, ɜɨɡɦɨɠɧɚɹ� ɧɟɟɞɢɧɫɬɜɟɧɧɨɫɬɶ� ɪɟɲɟɧɢɹ, ɜɨɩɪɨɫɵ� ɭɫɬɨɣɱɢɜɨɫɬɢ. Ɉɧɢ 

ɩɪɢɜɥɟɤɥɢ� ɤ� ɫɟɛɟ� ɜɧɢɦɚɧɢɟ� ɜ� ɩɪɨɰɟɫɫɟ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɫ� ɬɪɟɦɹ� ɪɚɡɥɢɱɧɵɦɢ 

ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ. «ɉɨɹɫ» [8] — ɬɨɪɨɢɞɚɥɶɧɚɹ�ɩɥɚɡɦɟɧɧɚɹ�ɥɨɜɭɲɤɚ�ɫ�ɩɨɝɪɭɠɟɧɧɵɦɢ 

ɜ� ɧɟɝɨ� ɞɜɭɦɹ� ɩɪɨɜɨɞɧɢɤɚɦɢ, «Ɍɪɢɥɢɫɬɧɢɤ» — ɚɧɚɥɨɝ� ɥɨɜɭɲɤɢ «ɉɨɹɫ» ɫ 

ɩɨɝɪɭɠɟɧɧɵɦɢ� ɜ� ɧɟɝɨ� ɬɪɟɦɹ� ɩɪɨɜɨɞɧɢɤɚɦɢ, «ɋɬɟɥɥɚɪɚɬɨɪ� ɝɚɥɚɬɟɢ» — ɪɚɡɜɢɬɢɟ 

ɤɨɧɮɢɝɭɪɚɰɢɢ�ɬɪɢɥɢɫɬɧɢɤ — ɬɨɪɨɢɞɚɥɶɧɚɹ�ɩɥɚɡɦɟɧɧɚɹ�ɥɨɜɭɲɤɚ�ɫ�ɩɨɝɪɭɠɟɧɧɵɦɢ�ɜ 

ɧɟɝɨ� ɜɢɧɬɨɜɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ [9]. Ⱦɥɹ� ɭɩɪɨɳɟɧɢɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɫɬɚɧɨɜɤɢ� ɢ 

ɪɟɲɟɧɢɹ�ɡɚɞɚɱ, ɬɨɪɨɢɞɚɥɶɧɵɟ�ɤɨɧɮɢɝɭɪɚɰɢɢ�ɥɨɜɭɲɟɤ�ɡɚɦɟɧɟɧɵ�ɢɯ�ɪɚɫɩɪɹɦɥɟɧɧɵɦ�ɜ 

ɰɢɥɢɧɞɪ� ɚɧɚɥɨɝɨɦ [10]. ɋɟɱɟɧɢɹ� ɦɚɝɧɢɬɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɭɩɨɦɹɧɭɬɵɯ� ɬɪɟɯ 

ɥɨɜɭɲɤɚɯ�ɩɥɨɫɤɨɫɬɶɸ constz = , ɩɪɢɜɟɞɟɧɵ�ɧɢɠɟ�ɜ�ɪɚɡɞɟɥɟ�ɤɪɚɬɤɨɝɨ�ɫɨɞɟɪɠɚɧɢɹ�ɧɚ 

ɪɢɫ.1-3. 

 Целью� ɞɢɫɫɟɪɬɚɰɢɢ� ɹɜɥɹɸɬɫɹ� ɩɨɫɬɪɨɟɧɢɟ, ɢɫɫɥɟɞɨɜɚɧɢɟ, ɪɚɡɜɢɬɢɟ 

ɧɟɥɢɧɟɣɧɵɯ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɪɚɜɧɨɜɟɫɧɵɯ� ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɵɯ 

ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɭɤɚɡɚɧɧɵɯ� ɥɨɜɭɲɤɚɯ, ɜɤɥɸɱɚɹ� ɫɨɫɬɚɜɥɟɧɢɟ� ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ, ɢ� ɪɟɚɥɢɡɚɰɢɹ� ɦɨɞɟɥɢ� ɜ� ɱɢɫɥɟɧɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɹɯ� ɝɟɨɦɟɬɪɢɢ� ɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɤɨɧɮɢɝɭɪɚɰɢɢ. Ɉɫɨɛɨɟ�ɜɧɢɦɚɧɢɟ�ɭɞɟɥɟɧɨ� ɭɫɥɨɜɢɹɦ 

ɧɚ� ɜɧɟɲɧɟɣ� ɝɪɚɧɢɰɟ� ɰɢɥɢɧɞɪɚ, ɞɨɩɭɫɤɚɸɳɢɦ� ɟɺ� ɩɪɨɧɢɰɚɟɦɨɫɬɶ� ɞɥɹ� ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ. 

 Методы исследования. "Ɋɚɫɩɪɹɦɥɟɧɢɟ" ɬɨɪɚ�ɜ�ɰɢɥɢɧɞɪ�ɛɟɫɤɨɧɟɱɧɨɣ�ɞɥɢɧɧɵ 

ɨɱɟɜɢɞɧɨ� ɭɩɪɨɳɚɟɬ� ɦɨɞɟɥɶ, ɜ� ɫɥɭɱɚɟ� ɩɪɹɦɵɯ� ɩɪɨɜɨɞɧɢɤɨɜ� ɤɨɧɮɢɝɭɪɚɰɢɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ� ɨɛɥɚɞɚɟɬ� ɫɢɦɦɟɬɪɢɟɣ, ɚ� ɜ� ɫɥɭɱɚɟ� ɜɢɧɬɨɜɵɯ� ɩɪɨɜɨɞɧɢɤɨɜ� ɩɨɡɜɨɥɹɟɬ 

ɩɪɟɞɩɨɥɨɠɢɬɶ� ɜɢɧɬɨɜɭɸ� ɫɢɦɦɟɬɪɢɸ, ɬ�ɟ. ɫɞɟɥɚɬɶ� ɡɚɞɚɱɭ� ɞɜɭɦɟɪɧɨɣ. Ɋɟɲɟɧɢɟ 

ɧɟɥɢɧɟɣɧɵɯ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱ� ɫ� ɞɜɭɦɟɪɧɵɦ� ɭɪɚɜɧɟɧɢɟɦ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ� ɫɬɪɨɢɬɫɹ, 

ɢɫɩɨɥɶɡɭɹ� ɱɢɫɥɟɧɧɵɟ� ɦɟɬɨɞɵ. Ɋɚɡɧɨɫɬɧɵɣ� ɚɧɚɥɨɝ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɪɟɲɚɟɬɫɹ 

ɢɬɟɪɚɰɢɨɧɧɵɦ� ɦɟɬɨɞɨɦ� ɭɫɬɚɧɨɜɥɟɧɢɹ, ɧɟɥɢɧɟɣɧɚɹ� ɱɚɫɬɶ� ɛɟɪɟɬɫɹ� ɫ� ɩɪɟɞɵɞɭɳɟɝɨ 

ɫɥɨɹ, ɚ� ɥɢɧɟɣɧɚɹ� ɫɨ� ɫɥɟɞɭɸɳɟɝɨ. Ⱦɥɹ� ɱɢɫɥɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦ� ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ� ɧɚ� ɫɥɟɞɭɸɳɟɦ� ɫɥɨɟ� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɦɟɬɨɞ� ɩɪɨɞɨɥɶɧɨ�ɩɨɩɟɪɟɱɧɨɣ 

ɩɪɨɝɨɧɤɢ� ɢ� ɦɟɬɨɞ� Ɏɭɪɶɟ. Ⱦɥɹ� ɚɧɚɥɢɡɚ� ɩɨɹɜɢɜɲɢɯɫɹ� ɜ� ɪɟɲɟɧɢɢ� ɛɢɮɭɪɤɚɰɢɣ 

ɢɫɩɨɥɶɡɭɸɬɫɹ�ɫɩɟɤɬɪɚɥɶɧɵɟ�ɫɜɨɣɫɬɜɚ�ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɝɨ�ɚɧɚɥɨɝɚ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 

ɨɩɟɪɚɬɨɪɚ. Ɋɟɚɥɢɡɚɰɢɹ� ɱɢɫɥɟɧɧɵɯ� ɚɥɝɨɪɢɬɦɨɜ� ɩɪɨɜɨɞɢɥɚɫɶ� ɧɚ� ɹɡɵɤɟ C++. Ɉɛɡɨɪ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɦɨɞɟɥɟɣ�ɜ�ɡɚɞɚɱɚɯ�ɩɥɚɡɦɨɫɬɚɬɢɤɢ�ɫɨɞɟɪɠɢɬɫɹ�ɜ [11,12] 

 В диссертационной работе решены следующие задачи:  
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· ɍɬɨɱɧɟɧɢɹ� ɢ� ɦɨɞɟɪɧɢɡɚɰɢɢ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɪɚɜɧɨɜɟɫɧɵɯ 

ɤɨɧɮɢɝɭɪɚɰɢɣ�ɩɥɚɡɦɵ, ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ�ɢ�ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɬɨɤɚ�ɜ�ɰɢɥɢɧɞɪɟ�ɫ 

ɩɨɝɪɭɠɟɧɧɵɦɢ� ɜ� ɧɟɝɨ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɫ� ɬɨɤɨɦ. Ɇɨɞɟɥɢ� ɢɫɩɨɥɶɡɭɸɬ� ɚɩɩɚɪɚɬ 

ɞɜɭɦɟɪɧɵɯ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱ� ɫ� ɭɪɚɜɧɟɧɢɟɦ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ� ɞɥɹ� ɮɭɧɤɰɢɢ 

ɦɚɝɧɢɬɧɨɝɨ�ɩɨɬɨɤɚ. 

· Ɇɨɞɢɮɢɤɚɰɢɢ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɫ� ɩɨɦɨɳɶɸ� ɪɚɡɥɢɱɧɵɯ� ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ� ɩɟɪɜɨɝɨ� ɢ� ɜɬɨɪɨɝɨ� ɪɨɞɚ� ɜ� ɭɩɨɦɹɧɭɬɵɯ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱɚɯ� ɫ� ɰɟɥɶɸ 

ɞɨɩɭɫɬɢɬɶ� ɩɪɨɡɪɚɱɧɨɫɬɶ� ɝɪɚɧɢɰ� ɞɥɹ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ� ɢ� ɢɫɫɥɟɞɨɜɚɬɶ 

ɡɚɜɢɫɢɦɨɫɬɶ�ɫɜɨɣɫɬɜ�ɤɨɧɮɢɝɭɪɚɰɢɢ�ɨɬ�ɜɟɥɢɱɢɧɵ�ɩɨɥɧɨɝɨ�ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɬɨɤɚ 

ɜ�ɩɥɚɡɦɟɧɧɨɦ�ɰɢɥɢɧɞɪɟ. ɋɨɡɞɚɧɢɟ�ɩɪɨɝɪɚɦɦɧɨɝɨ� ɤɨɦɩɥɟɤɫɚ�ɞɥɹ�ɪɟɚɥɢɡɚɰɢɢ 

ɦɨɞɟɥɢ�ɜ�ɪɚɫɱɟɬɟ. 

· ɂɫɫɥɟɞɨɜɚɧɢɹ� ɝɟɨɦɟɬɪɢɢ� ɢ� ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɵɯ�ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɪɚɫɱɟɬɚɯ� ɫɟɪɢɢ� ɡɚɞɚɱ� ɜ� ɪɚɫɲɢɪɟɧɧɵɯ� ɫ 

ɩɨɦɨɳɶɸ� ɭɤɚɡɚɧɧɵɯ� ɦɨɞɢɮɢɤɚɰɢɣ� ɩɨɫɬɚɧɨɜɤɚɯ, ɚ� ɢɦɟɧɧɨ: ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɬɨɤɚ� ɜ� ɩɥɚɡɦɟ, ɭɫɥɨɜɢɣ� ɫɭɳɟɫɬɜɨɜɚɧɢɹ� ɢ� ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ 

ɪɟɲɟɧɢɹ�ɡɚɞɚɱ�ɨ�ɪɚɜɧɨɜɟɫɢɢ, ɞɟɮɨɪɦɚɰɢɣ, ɜɵɡɜɚɧɧɵɯ�ɩɪɨɡɪɚɱɧɨɫɬɶɸ�ɝɪɚɧɢɰ 

ɰɢɥɢɧɞɪɚ�ɞɥɹ�ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ. 

 Научная новизна работы:  

 Ɉɫɧɨɜɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɪɚɛɨɬɵ�ɹɜɥɹɸɬɫɹ�ɧɨɜɵɦɢ. Ɉɧɢ�ɞɨɩɨɥɧɹɸɬ�ɢ�ɪɚɡɜɢɜɚɸɬ 

ɬɟɨɪɢɸ�ɪɚɜɧɨɜɟɫɧɵɯ�ɤɨɧɮɢɝɭɪɚɰɢɣ�ɩɥɚɡɦɵ, ɬɨɤɨɜ�ɢ�ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ�ɜ�ɥɨɜɭɲɤɚɯ�ɢ 

ɢɯ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ� ɰɢɬɢɪɭɟɦɵɦɢ� ɜ� ɞɢɫɫɟɪɬɚɰɢɢ 

ɢɫɬɨɱɧɢɤɚɦɢ. 

 Обоснованность и достоверность � ɱɢɫɥɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ� ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɜɧɭɬɪɟɧɧɟɣ� ɫɯɨɞɢɦɨɫɬɶɸ�ɦɟɬɨɞɚ� ɪɚɫɱɟɬɨɜ, ɫɨɜɩɚɞɟɧɢɟɦ� ɩɨɥɭɱɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� ɫ 

ɬɟɫɬɨɜɵɦɢ� ɬɨɱɧɵɦɢ� ɪɟɲɟɧɢɹɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ� ɚɧɚɥɢɬɢɱɟɫɤɢ� ɢ� ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ� ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ�ɞɪɭɝɢɯ�ɚɜɬɨɪɨɜ. 

 Теоретическая, методическая и практическая значимость работы   

Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɛɨɬɵ 

· ɜɧɨɫɹɬ� ɜɤɥɚɞ� ɜ� ɬɟɨɪɢɸ� ɪɚɜɧɨɜɟɫɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɩɥɚɡɦɵ, ɭɞɟɪɠɢɜɚɟɦɨɣ 

ɦɚɝɧɢɬɧɵɦ� ɩɨɥɟɦ� ɫ� ɷɥɟɤɬɪɢɱɟɫɤɢɦ� ɬɨɤɨɦ� ɜ� ɬɟɪɦɨɹɞɟɪɧɵɯ� ɥɨɜɭɲɤɚɯ, ɢ� ɢɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɦɨɞɟɥɟɣ; 
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· ɞɟɦɨɧɫɬɪɢɪɭɸɬ� ɜɨɡɦɨɠɧɨɫɬɢ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ� ɦɨɞɟɥɟɣ� ɢ� ɪɚɫɱɟɬɨɜ� ɧɚ 

ɫɨɜɪɟɦɟɧɧɵɯ� ɤɨɦɩɶɸɬɟɪɧɵɯ� ɫɢɫɬɟɦɚɯ� ɢ� ɢɯ� ɪɚɡɜɢɬɢɟ� ɜ� ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɫɥɨɠɧɵɯ�ɮɢɡɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ�ɜ�ɬɟɪɦɨɹɞɟɪɧɨɣ�ɬɟɦɚɬɢɤɟ; 

· ɢɦɟɟɬ� ɩɟɪɫɩɟɤɬɢɜɭ� ɩɪɢɦɟɧɟɧɢɹ� ɜ� ɪɚɡɪɚɛɨɬɤɟ� ɧɨɜɵɯ� ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 

ɦɚɝɧɢɬɧɵɯ�ɥɨɜɭɲɟɤ�ɝɚɥɚɬɟɣ�ɞɥɹ�ɭɞɟɪɠɚɧɢɹ�ɩɥɚɡɦɵ, ɚɧɚɥɢɡɚ�ɢ�ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɢ�ɨɩɬɢɦɢɡɚɰɢɢ�ɩɚɪɚɦɟɬɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ� ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ� ɪɚɛɨɬɵ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɚɬɟɪɢɚɥɨɜ� ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ� ɮɟɞɟɪɚɥɶɧɨɣ� ɰɟɥɟɜɨɣ� ɩɪɨɝɪɚɦɦɵ «ɇɚɭɱɧɵɟ� ɢ� ɧɚɭɱɧɨ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɟ 

ɤɚɞɪɵ� ɢɧɧɨɜɚɰɢɨɧɧɨɣ� Ɋɨɫɫɢɢ»: "Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɢ� ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ� ɜɨɩɪɨɫɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɪɨɰɟɫɫɨɜ� ɜ� ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɢɯ� ɡɚɞɚɱɚɯ� ɮɢɡɢɤɢ 

ɩɥɚɡɦɵ�ʋ16.740.11.0156, ɢ�ɝɪɚɧɬɚ�ɊɎɎɂ�ʋ12-01-00071 

На защиту выносятся:   

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ� ɪɚɜɧɨɜɟɫɧɵɯ� ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ 

ɩɨɫɬɪɨɟɧɧɵɟ� ɜ� ɬɟɪɦɢɧɚɯ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱ� ɫ� ɭɪɚɜɧɟɧɢɹɦɢ� ɬɢɩɚ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ, 

ɜɵɛɨɪ�ɢ�ɪɟɚɥɢɡɚɰɢɹ�ɱɢɫɥɟɧɧɵɯ�ɦɟɬɨɞɨɜ, ɫɨɡɞɚɧɢɟ�ɩɪɨɝɪɚɦɦɧɨɝɨ�ɤɨɦɩɥɟɤɫɚ�ɞɥɹ 

ɪɚɫɱɟɬɨɜ�ɧɚ�ɫɨɜɪɟɦɟɧɧɵɯ�ɤɨɦɩɶɸɬɟɪɚɯ, ɚ�ɢɦɟɧɧɨ: 

ɚ. ɍɬɨɱɧɟɧɧɚɹ� ɦɨɞɟɥɶ� ɥɨɜɭɲɟɤ� ɞɨɩɭɫɤɚɸɳɚɹ� ɚɞɟɤɜɚɬɧɵɟ� ɡɚɞɚɱɟ 

ɛɟɡɪɚɡɦɟɪɧɵɟ� ɡɧɚɱɟɧɢɹ� ɩɚɪɚɦɟɬɪɨɜ� ɢ� ɪɚɫɱɟɬɵ� ɧɚ� ɞɨɫɬɚɬɨɱɧɨ 

ɩɨɞɪɨɛɧɵɯ�ɫɟɬɤɚɯ, ɢɫɩɨɥɶɡɭɸɳɚɹ�ɫɨɜɪɟɦɟɧɧɵɟ�ɫɪɟɞɫɬɜɚ�ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɪɟɡɭɥɶɬɚɬɨɜ. 

ɛ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ� ɦɨɞɟɥɶ� ɥɨɜɭɲɟɤ� ɫ� ɩɪɨɡɪɚɱɧɵɦɢ� ɞɥɹ� ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ� ɝɪɚɧɢɰɚɦɢ� ɧɚ� ɨɫɧɨɜɟ� ɩɟɪɜɨɣ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɫ� ɡɚɞɚɧɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ� ɦɚɤɫɢɦɚɥɶɧɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɥɚɡɦɵ� ɢ� ɧɟɨɞɧɨɪɨɞɧɨɣ� ɩɨ 

ɭɝɥɨɜɨɣ�ɤɨɦɩɨɧɟɧɬɟ�ɮɭɧɤɰɢɟɣ�ɦɚɝɧɢɬɧɨɝɨ�ɩɨɬɨɤɚ�ɧɚ�ɝɪɚɧɢɰɟ. 

ɜ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ�ɦɨɞɟɥɶ�ɥɨɜɭɲɟɤ�ɧɚ�ɨɫɧɨɜɟ�ɜɬɨɪɨɣ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ 

ɫ� ɡɚɞɚɧɧɨɣ� ɚɡɢɦɭɬɚɥɶɧɨɣ� ɤɨɦɩɨɧɟɧɬɨɣ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ� ɧɚ� ɝɪɚɧɢɰɟ, 

ɤɨɬɨɪɚɹ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɡɚɞɚɧɧɨɣ� ɜɟɥɢɱɢɧɟ� ɩɨɥɧɨɝɨ� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɬɨɤɚ� ɜ� ɰɢɥɢɧɞɪɟ.  Ɉɧɚ� ɬɚɤɠɟ� ɞɨɩɭɫɤɚɟɬ� ɩɪɨɡɪɚɱɧɵɟ� ɞɥɹ� ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ� ɝɪɚɧɢɰɵ. Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɞɚɜɥɟɧɢɹ� ɩɥɚɡɦɵ� ɩɪɢ� ɷɬɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ�ɜ�ɩɪɨɰɟɫɫɟ�ɪɚɫɱɟɬɨɜ. 

2. Ɋɟɡɭɥɶɬɚɬɵ�ɫɟɪɢɢ�ɪɚɫɱɟɬɨɜ�ɪɚɜɧɨɜɟɫɧɵɯ�ɤɨɧɮɢɝɭɪɚɰɢɣ�ɩɥɚɡɦɵ, ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ 

ɢ� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɬɨɤɚ� ɜ� ɬɪɟɯ� ɪɚɡɧɨɜɢɞɧɨɫɬɹɯ� ɩɥɚɡɦɟɧɧɨɝɨ� ɰɢɥɢɧɞɪɚ� ɫ 



6 
 

ɩɨɝɪɭɠɟɧɧɵɦɢ� ɜ� ɧɟɝɨ� ɞɜɭɦɹ� ɢ� ɬɪɟɦɹ� ɩɪɹɦɵɦɢ� ɢ� ɜɢɧɬɨɜɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɫ 

ɬɨɤɨɦ, ɚ�ɢɦɟɧɧɨ: 

ɚ. ȼɨ� ɜɫɟɯ� ɜɚɪɢɚɧɬɚɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɢ� ɥɨɜɭɲɟɤ� ɧɚɣɞɟɧɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɬɨɤɚ�ɜ�ɩɥɚɡɦɟ, ɤɨɬɨɪɨɟ�ɯɚɪɚɤɬɟɪɢɡɭɟɬ�ɟɝɨ�ɬɟɧɞɟɧɰɢɸ�ɤ 

ɫɤɢɧɢɪɨɜɚɧɢɸ: ɬɨɤ�ɨɬɫɭɬɫɬɜɭɟɬ�ɜ�ɨɛɥɚɫɬɹɯ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɞɚɜɥɟɧɢɹ�ɢ 

ɫɨɫɪɟɞɨɬɨɱɟɧ�ɜɛɥɢɡɢ�ɝɪɚɧɢɰ�ɤɨɧɮɢɝɭɪɚɰɢɣ. 

ɛ. ɇɚɣɞɟɧɵ� ɤɪɢɬɢɱɟɫɤɢɟ� ɛɟɡɪɚɡɦɟɪɧɵɟ� ɡɧɚɱɟɧɢɹ� ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɞɚɜɥɟɧɢɹ 0
crp , ɡɚɜɢɫɹɳɢɟ�ɨɬ�ɩɚɪɚɦɟɬɪɨɜ�ɡɚɞɚɱ, ɤɨɬɨɪɵɟ�ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɛɢɮɭɪɤɚɰɢɹɦ� ɪɟɲɟɧɢɣ� ɨɬ� ɟɞɢɧɫɬɜɟɧɧɨ� ɫɭɳɟɫɬɜɭɸɳɢɯ� ɤ 

ɧɟɟɞɢɧɫɬɜɟɧɧɵɦ�ɢɥɢ�ɧɟɫɭɳɟɫɬɜɭɸɳɢɦ. 

ɜ. ȼ� ɪɚɫɱɟɬɚɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɫ� ɩɪɨɡɪɚɱɧɵɦɢ� ɞɥɹ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ 

ɝɪɚɧɢɰɚɦɢ� ɜ� ɬɟɪɦɢɧɚɯ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ� ɦɨɞɟɥɟɣ� ɤɨɥɢɱɟɫɬɜɟɧɧɨ 

ɢɫɫɥɟɞɨɜɚɧɵ� ɞɟɮɨɪɦɚɰɢɢ� ɩɨɥɹ� ɢ� ɩɥɚɡɦɵ� ɩɨɞ� ɜɥɢɹɧɢɟɦ� ɭɤɚɡɚɧɧɵɯ 

ɢɡɦɟɧɟɧɢɣ�ɝɪɚɧɢɱɧɵɯ� ɭɫɥɨɜɢɣ�ɡɚɞɚɱ. ɇɚɣɞɟɧɵ� ɭɫɥɨɜɢɹ, ɩɪɢ�ɤɨɬɨɪɵɯ 

ɩɥɚɡɦɟɧɧɵɟ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɫɠɢɦɚɸɬɫɹ� ɢɥɢ� ɪɚɫɬɹɝɢɜɚɸɬɫɹ� ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ� ɫɜɨɢɯ� ɨɫɟɣ� ɫɢɦɦɟɬɪɢɢ, ɱɬɨ� ɦɨɠɟɬ� ɛɵɬɶ� ɜɵɡɜɚɧɨ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɫ� ɬɨɤɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ� ɡɚ 

ɩɪɟɞɟɥɚɦɢ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɨɛɥɚɫɬɢ�ɥɨɜɭɲɤɢ. 

 Апробация работы � Ɉɫɧɨɜɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɢ� ɩɨɥɨɠɟɧɢɹ� ɞɢɫɫɟɪɬɚɰɢɢ 

ɞɨɤɥɚɞɵɜɚɥɢɫɶ�ɢ�ɨɛɫɭɠɞɚɥɢɫɶ�ɧɚ�ɫɥɟɞɭɸɳɢɯ�ɤɨɧɮɟɪɟɧɰɢɹɯ: 

1. ȿɠɟɝɨɞɧɵɟ�ɇɚɭɱɧɵɟ�ɫɟɫɫɢɢ�ɇɂəɍ�ɆɂɎɂ, Ɇɨɫɤɜɚ, 2009-2014ɝ�ɝ. 

2. ȼɫɟɪɨɫɫɢɣɫɤɚɹ� ɤɨɧɮɟɪɟɧɰɢɹ "Ɍɟɨɪɟɬɢɱɟɫɤɢɟ� ɨɫɧɨɜɵ� ɢ� ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ 

ɱɢɫɥɟɧɧɵɯ�ɚɥɝɨɪɢɬɦɨɜ�ɪɟɲɟɧɢɹ�ɡɚɞɚɱ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɮɢɡɢɤɢ", ɩɨɫɜɹɳɟɧɧɨɣ 

ɩɚɦɹɬɢ�Ʉ�ɂ. Ȼɚɛɟɧɤɨ. Ⱦɸɪɫɨ, 10-16 ɫɟɧɬɹɛɪɹ, 2012ɝ. 

3. Ɇɟɠɞɭɧɚɪɨɞɧɚɹ� ɤɨɧɮɟɪɟɧɰɢɹ «Ɂɚɛɚɛɚɯɢɧɫɤɢɟ� ɧɚɭɱɧɵɟ� ɱɬɟɧɢɹ» ɋɧɟɠɢɧɫɤ, 

16-20 ɚɩɪɟɥɹ 2012ɝ. 

4. Ɇɟɠɞɭɧɚɪɨɞɧɚɹ� ɤɨɧɮɟɪɟɧɰɢɹ «ɋɨɜɪɟɦɟɧɧɵɟ� ɩɪɨɛɥɟɦɵ� ɩɪɢɤɥɚɞɧɨɣ 

ɦɚɬɟɦɚɬɢɤɢ� ɢ� ɢɧɮɨɪɦɚɬɢɤɢ» ɋ56 (MPAMCS'2012) Ⱦɭɛɧɚ, Ɉɂəɂ, 22- 27 

ɚɜɝɭɫɬɚ 2012ɝ.  

5. Ɇɟɠɞɭɧɚɪɨɞɧɚɹ� ɤɨɧɮɟɪɟɧɰɢɹ «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ�ɮɢɡɢɤɚ» (MMCP'2013) Ⱦɭɛɧɚ, Ɉɂəɂ, 8-12 ɢɸɥɹ 2013ɝ  
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ɩɭɛɥɢɤɚɰɢɹɯ, ɜ�ɬɨɦ�ɱɢɫɥɟ 3 ɩɭɛɥɢɤɚɰɢɢ�ɜ�ɢɡɞɚɧɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ�ȼȺɄ. 

Структура и объем диссертации. 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ� ɪɚɛɨɬɚ� ɫɨɫɬɨɢɬ� ɢɡ� ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ� ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, 

ɫɩɢɫɤɚ�ɥɢɬɟɪɚɬɭɪɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ�ɫɨɞɟɪɠɢɬ 139 ɦɚɲɢɧɨɩɢɫɧɵɯ�ɫɬɪɚɧɢɰ, ɜɤɥɸɱɚɹ 40 

ɪɢɫɭɧɤɨɜ�ɢ 5 ɬɚɛɥɢɰ. ɋɩɢɫɨɤ�ɥɢɬɟɪɚɬɭɪɵ�ɫɨɞɟɪɠɢɬ 79 ɧɚɢɦɟɧɨɜɚɧɢɣ. 

Ʉɪɚɬɤɨɟ�ɫɨɞɟɪɠɚɧɢɟ�ɪɚɛɨɬɵ 
 

ȼɨ введении ɨɛɫɭɠɞɚɸɬɫɹ� ɜɨɩɪɨɫɵ� ɚɤɬɭɚɥɶɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɸɬɫɹ� ɰɟɥɢ� ɢ 

ɦɟɬɨɞɵ�ɪɚɛɨɬɵ, ɩɪɨɜɨɞɢɬɫɹ�ɨɛɳɚɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ�ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ�ɪɚɛɨɬɵ, ɚ�ɬɚɤɠɟ 

ɞɟɥɚɟɬɫɹ� ɨɛɡɨɪ� ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ, ɤɪɚɬɤɨ� ɢɡɥɚɝɚɟɬɫɹ� ɫɬɪɭɤɬɭɪɚ, ɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ�ɨɫɧɨɜɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ. 

Первая глава�ɩɨɫɜɹɳɟɧɚ�ɩɨɫɬɚɧɨɜɤɟ�ɞɜɭɦɟɪɧɨɣ�ɆȽȾ- ɡɚɞɚɱɢ�ɨ�ɪɚɜɧɨɜɟɫɢɢ�ɜ 

ɪɚɫɩɪɹɦɥɟɧɧɨɦ� ɜ� ɰɢɥɢɧɞɪ� ɚɧɚɥɨɝɟ� ɬɨɪɨɢɞɚɥɶɧɵɯ� ɥɨɜɭɲɟɤ� ɫ� ɞɜɭɦɹ� ɩɪɹɦɵɦɢ 

ɩɪɨɜɨɞɧɢɤɚɦɢ� ɫ� ɬɨɤɨɦ, ɩɨɝɪɭɠɟɧɧɵɦɢ� ɜ� ɩɥɚɡɦɟɧɧɵɣ� ɨɛɴɟɦ. Ɍɨɤɢ� ɩɪɨɬɟɤɚɸɳɢɟ� ɜ 

ɩɪɨɜɨɞɧɢɤɚɯ, ɪɚɜɧɵɟ� ɩɨ� ɜɟɥɢɱɢɧɟ� ɢ� ɩɨ� ɧɚɩɪɚɜɥɟɧɢɸ, ɫɨɡɞɚɸɬ� ɦɚɝɧɢɬɧɨɟ� ɩɨɥɟ, 

ɤɨɬɨɪɨɟ� ɩɪɢɡɜɚɧɨ� ɭɞɟɪɠɢɜɚɬɶ� ɩɥɚɡɦɭ� ɜɧɭɬɪɢ� ɥɨɜɭɲɤɢ� ɢ� ɧɟ� ɞɨɩɭɫɬɢɬɶ� ɤɨɧɬɚɤɬɚ� ɫ 

ɧɢɦɢ, ɚ� ɬɚɤɠɟ�ɨɤɪɭɠɚɸɳɟɣ� ɟɺ� ɨɛɨɥɨɱɤɨɣ. Ⱦɚɧɧɚɹ� ɤɨɧɮɢɝɭɪɚɰɢɹ� ɨɛɥɚɞɚɟɬ�ɩɥɨɫɤɨɣ 

ɫɢɦɦɟɬɪɢɟɣ, ɜ�ɫɢɥɭ�ɤɨɬɨɪɨɣ, ɤɚɤ�ɯɨɪɨɲɨ�ɢɡɜɟɫɬɧɨ, ɦɨɞɟɥɶ�ɫɭɳɟɫɬɜɟɧɧɨ�ɭɩɪɨɳɚɟɬɫɹ: 

ɜɦɟɫɬɨ� ɬɪɟɯ� ɜɟɤɬɨɪɧɵɯ� ɭɪɚɜɧɟɧɢɣ� ɩɥɚɡɦɨɫɬɚɬɢɤɢ� ɞɨɫɬɚɬɨɱɧɨ� ɢɦɟɬɶ� ɞɟɥɨ� ɫ� ɨɞɧɢɦ 

ɫɤɚɥɹɪɧɵɦ�ɭɪɚɜɧɟɧɢɟɦ�ɬɢɩɚ�Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ (1) ɞɥɹ�ɮɭɧɤɰɢɢ�ɦɚɝɧɢɬɧɨɝɨ�ɩɨɬɨɤɚ 

Y [1,2]. 

   
24 44ex dp dIj I

c d c d
p p

p æ öDY = - - -ç ÷Y Yè ø
   (1) 

ɍɪɚɜɧɟɧɢɟ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ - ɞɜɭɦɟɪɧɨɟ� ɷɥɥɢɩɬɢɱɟɫɤɨɟ� ɭɪɚɜɧɟɧɢɟ� ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ. ȿɝɨ� ɦɥɚɞɲɢɟ� ɱɥɟɧɵ� ɫɨɞɟɪɠɚɬ� ɞɜɟ� ɩɪɨɢɡɜɨɥɶɧɵɟ� ɮɭɧɤɰɢɢ� ɨɞɧɨɣ 

ɩɟɪɟɦɟɧɧɨɣ ( )p Y � ɢ ( )I Y , ɤɨɬɨɪɵɟ�ɨɩɢɫɵɜɚɸɬ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɞɚɜɥɟɧɢɹ� ɩɥɚɡɦɵ� ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɬɨɤɚ� ɦɟɠɞɭ «ɦɚɝɧɢɬɧɵɦɢ� ɩɨɜɟɪɯɧɨɫɬɹɦɢ» constY = . ȼ 

ɪɚɫɫɦɨɬɪɟɧɧɨɦ� ɜɚɪɢɚɧɬɟ� ɩɨɫɬɚɧɨɜɤɢ� ɡɚɞɚɱɢ� ɞɚɜɥɟɧɢɟ� ɩɥɚɡɦɵ� ɡɚɞɚɧɨ� ɬɚɤ, ɱɬɨɛɵ 

ɫɨɫɪɟɞɨɬɨɱɢɬɶ�ɩɥɚɡɦɭ�ɜ�ɥɨɜɭɲɤɟ�ɜ�ɨɤɪɟɫɬɧɨɫɬɢ�ɨɞɧɨɣ�ɢɡ�ɦɚɝɧɢɬɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ, ɚ 

ɢɦɟɧɧɨ (2). 
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Ɏɭɧɤɰɢɹ� ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ� ɬɨɤɚ� ɜ� ɭɤɚɡɚɧɧɨɦ� ɜɚɪɢɚɧɬɟ� ɪɚɜɧɚ� ɨɫɟɜɨɣ� ɤɨɨɪɞɢɧɚɬɟ 

ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ�ɢ� ɩɨɷɬɨɦɭ� ɜ� ɡɚɞɚɱɚɯ� ɨ «ɉɨɹɫɟ» ɢ «Ɍɪɢɥɢɫɬɧɢɤɟ» 0I º . Ɏɭɧɤɰɢɹ 
exj , ɡɚɞɚɸɳɚɹ� ɬɨɤ�ɜ� ɩɪɨɜɨɞɧɢɤɚɯ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ�ɧɟɩɪɟɪɵɜɧɨ� ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɨɣ� ɜ 

ɢɯ�ɨɤɪɟɫɬɧɨɫɬɹɯ�ɧɟɛɨɥɶɲɨɝɨ�ɞɢɚɦɟɬɪɚ. Ɂɚɞɚɱɚ�ɫɢɦɦɟɬɪɢɱɧɚ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɨɫɟɣ x �ɢ 

y , ɬ�ɟ. ɜɞɨɥɶ� ɥɭɱɟɣ 0j = � ɢ 2j p= , ɤɨɬɨɪɵɣ� ɩɨɡɜɨɥɹɟɬ� ɨɝɪɚɧɢɱɢɬɶɫɹ� ɪɟɲɟɧɢɟɦ 

ɡɚɞɚɱɢ�ɬɨɥɶɤɨ�ɜ�ɩɟɪɜɨɦ�ɤɜɚɞɪɚɧɬɟ. ɉɨɫɬɚɜɥɟɧɧɚɹ�ɤɪɚɟɜɚɹ�ɡɚɞɚɱɚ�ɪɟɲɚɟɬɫɹ�ɱɢɫɥɟɧɧɨ. 

Ⱦɥɹ� ɱɢɫɥɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ� ɩɨɫɬɚɜɥɟɧɧɵɟ� ɡɚɞɚɱɢ� ɩɪɢɜɨɞɹɬɫɹ� ɤ� ɛɟɡɪɚɡɦɟɪɧɨɣ� ɮɨɪɦɟ. 

ȿɞɢɧɢɰɵ� ɢɡɦɟɪɟɧɢɹ� ɜɫɟɯ� ɜɟɥɢɱɢɧ� ɨɛɪɚɡɨɜɚɧɵ� ɢɡ� ɪɚɡɦɟɪɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ, 

ɭɱɚɫɬɜɭɸɳɢɯ� ɜ� ɩɨɫɬɚɧɨɜɤɟ� ɡɚɞɚɱɢ. Ɋɚɡɧɨɫɬɧɵɣ� ɚɧɚɥɨɝ� ɭɪɚɜɧɟɧɢɹ� ɬɢɩɚ� Ƚɪɷɞɚ-

ɒɚɮɪɚɧɨɜɚ� ɢɫɩɨɥɶɡɭɟɬ� ɫɬɚɧɞɚɪɬɧɵɣ� ɩɹɬɢɬɨɱɟɱɧɵɣ� ɲɚɛɥɨɧ� ɧɚ� ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɤɨɨɪɞɢɧɚɬɧɨɣ� ɫɟɬɤɟ� ɫ� ɩɨɫɬɨɹɧɧɵɦɢ� ɲɚɝɚɦɢ rD � ɢ jD . Ɂɚɞɚɱɢ� ɫ� ɪɚɡɧɨɫɬɧɵɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ�ɪɟɲɚɸɬɫɹ�ɢɬɟɪɚɰɢɨɧɧɵɦ�ɦɟɬɨɞɨɦ�ɭɫɬɚɧɨɜɥɟɧɢɹ. Ʌɢɧɟɣɧɨɟ�ɪɚɡɧɨɫɬɧɨɟ 

ɭɪɚɜɧɟɧɢɟ� ɞɥɹ 1n+Y � ɧɚ� ɫɥɟɞɭɸɳɟɣ� ɢɬɟɪɚɰɢɢ� ɪɟɲɚɟɬɫɹ� ɦɟɬɨɞɨɦ� ɩɪɨɞɨɥɶɧɨ-

ɩɨɩɟɪɟɱɧɨɣ� ɩɪɨɝɨɧɤɢ. ȼ� ɷɬɨɣ� ɝɥɚɜɟ� ɬɚɤɠɟ� ɪɚɫɫɤɚɡɚɧɨ� ɩɪɨ� ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ 

ɱɢɫɥɟɧɧɵɟ� ɦɟɬɨɞɵ� ɢ� ɨɫɨɛɟɧɧɨɫɬɢ� ɢɯ� ɩɪɢɦɟɧɟɧɢɹ. Ɂɚɬɟɦ� ɨɩɢɫɵɜɚɟɬɫɹ� ɨɫɨɛɟɧɧɨɫɬɶ 

ɩɨɫɬɚɧɨɜɤɢ� ɜɬɨɪɨɣ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɢ� ɜɨɡɧɢɤɚɸɳɢɟ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ� ɭɫɥɨɜɢɹ. 

Ɉɛɫɭɠɞɚɟɬɫɹ� ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ� ɢ� ɧɟɟɞɢɧɫɬɜɟɧɧɨɫɬɶ� ɪɟɲɟɧɢɣ� ɫ� ɩɨɦɨɳɶɸ� ɚɧɚɥɢɡɚ 

ɦɚɥɵɯ�ɜɨɡɦɭɳɟɧɢɣ�ɪɟɲɟɧɢɹ�ɜ�ɥɢɧɟɣɧɨɦ�ɩɪɢɛɥɢɠɟɧɢɢ.  

Вторая глава� ɩɨɫɜɹɳɟɧɚ� ɦɚɝɧɢɬɧɨɣ� ɥɨɜɭɲɤɟ «ɉɨɹɫ» - ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ 

ɚɧɚɥɨɝɟ�ɩɥɚɡɦɟɧɧɨɝɨ�ɬɨɪɚ�ɫ�ɩɨɝɪɭɠɟɧɧɵɦɢ�ɜ�ɧɟɝɨ�ɞɜɭɦɹ�ɩɚɪɚɥɥɟɥɶɧɵɦɢ�ɞɪɭɝ�ɞɪɭɝɭ 

ɤɨɥɶɰɟɜɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ. ɉɨɥɭɱɟɧɵ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ, ɩɥɚɡɦɵ� ɢ 

ɬɨɤɚ�ɜ� ɩɥɚɡɦɟ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɬɨɤɚ� ɧɚ� ɯɚɪɚɤɬɟɪɧɨɣ� ɢɥɥɸɫɬɪɚɰɢɢ�ɪɢɫ.1ɜ�ɩɨɤɚɡɵɜɚɟɬ 

ɟɝɨ�ɧɚɩɪɚɜɥɟɧɢɟ: ɬɨɤ�ɨɬɪɢɰɚɬɟɥɟɧ�ɢ�ɫɩɨɫɨɛɫɬɜɭɟɬ�ɨɬɠɚɬɢɸ�ɩɥɚɡɦɵ�ɨɬ�ɩɪɨɜɨɞɧɢɤɨɜ�ɜ 

ɢɯ�ɨɤɪɟɫɬɧɨɫɬɢ, ɬ�ɟ. ɜɧɭɬɪɢ�ɫɟɩɚɪɚɬɪɢɫɵ, ɜ�ɰɟɧɬɪɚɥɶɧɨɣ�ɱɚɫɬɢ�ɬɨɤ�ɨɬɫɭɬɫɬɜɭɟɬ, ɚ�ɜɧɟ 

ɫɟɩɚɪɚɬɪɢɫɵ - ɩɨɥɨɠɢɬɟɥɟɧ. ɇɚ� ɫɚɦɨɣ� ɫɟɩɚɪɚɬɪɢɫɟ� ɧɚɩɪɚɜɥɟɧɢɟ� ɬɨɤɚ� ɦɟɧɹɟɬ� ɡɧɚɤ, 

ɬ�ɟ. 0plj = ,  ɤɨɧɮɢɝɭɪɚɰɢɹ�ɩɥɚɡɦɵ�ɧɚ�ɧɟɣ,  ɢɦɟɟɬ� ɯɚɪɚɤɬɟɪ� ɬɨɤɨɜɨɝɨ «ɛɢɫɥɨɹ»,  ɚ�ɧɟ 

ɫɥɨɹ. Ɇɚɤɫɢɦɚɥɶɧɵɣ� ɩɨ� ɜɟɥɢɱɢɧɟ� ɬɨɤ� ɨɛɨɢɯ� ɡɧɚɤɨɜ� ɩɪɨɬɟɤɚɟɬ� ɜ� ɪɚɣɨɧɟ� ɝɪɚɧɢɰ 

ɤɨɧɮɢɝɭɪɚɰɢɣ, ɢɫɩɵɬɵɜɚɟɬ� ɬɟɧɞɟɧɰɢɸ� ɤ «ɫɤɢɧɢɪɨɜɚɧɢɸ». ɉɨɥɭɱɟɧɵ� ɡɧɚɱɟɧɢɹ 

ɩɨɥɧɨɝɨ� ɬɨɤɚ� ɜ� ɩɥɚɡɦɟ – ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ� ɢ� ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ. ȼ� ɩɪɨɰɟɫɫɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɫ� ɬɪɚɞɢɰɢɨɧɧɵɦ� ɝɪɚɧɢɱɧɵɦ� ɭɫɥɨɜɢɟɦ� ɩɟɪɜɨɝɨ� ɪɨɞɚ, 
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ɪɚɧɟɟ� ɛɵɥɨ� ɨɬɦɟɱɟɧɨ, ɱɬɨ� ɩɪɢ� ɩɪɢɛɥɢɠɟɧɢɢ� ɤ� ɨɩɪɟɞɟɥɟɧɧɵɦ� ɜ� ɪɟɡɭɥɶɬɚɬɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ�ɡɧɚɱɟɧɢɹɦ 0 1
crp p= �ɪɟɲɟɧɢɟ�ɩɟɪɟɫɬɚɟɬ�ɛɵɬɶ�ɟɞɢɧɫɬɜɟɧɧɵɦ. Ɉɞɧɨɦɭ�ɢ 

ɬɨɦɭ� ɠɟ� ɡɧɚɱɟɧɢɸ ȽY ɨɬɜɟɱɚɸɬ� ɬɪɢ� ɪɟɲɟɧɢɹ. ȼ� ɷɬɨɣ� ɱɚɫɬɢ� ɪɚɛɨɬɵ� ɩɪɨɜɟɞɟɧ 

ɫɩɟɤɬɪɚɥɶɧɵɣ�ɚɧɚɥɢɡ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ�ɨɩɟɪɚɬɨɪɚ�ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�ɢ 

ɪɚɫɫɱɢɬɚɧɵ� ɟɝɨ� ɫɬɚɪɲɢɟ� ɫɨɛɫɬɜɟɧɧɵɟ� ɡɧɚɱɟɧɢɹ l . Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ�ɨɛɪɚɳɟɧɢɟ l � ɜ 

ɧɭɥɶ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ 0
crp p= , ɩɨɥɭɱɟɧɧɨɦɭ�ɜ�ɩɪɨɰɟɫɫɟ�ɪɚɫɱɟɬɚ�ɧɟɥɢɧɟɣɧɨɣ�ɡɚɞɚɱɢ. ȼ 

ɷɬɨɣ�ɱɚɫɬɢ�ɪɚɛɨɬɵ�ɢɫɫɥɟɞɨɜɚɧɚ�ɡɚɜɢɫɢɦɨɫɬɶ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɥɨɜɭɲɤɢ�ɨɬ�ɬɨɝɨ, ɜ�ɤɚɤɨɦ 

ɜɢɞɟ�ɡɚɞɚɧɨ�ɝɪɚɧɢɱɧɨɟ�ɭɫɥɨɜɢɹ�ɩɟɪɜɨɝɨ�ɪɨɞɚ. ȼ�ɪɚɛɨɬɟ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɪɚɫɱɟɬɵ�ɫɟɪɢɢ 

ɜɚɪɢɚɧɬɨɜ� ɩɟɪɜɨɣ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɜ� ɤɪɭɝɨɜɨɦ� ɫɟɱɟɧɢɢ� ɰɢɥɢɧɞɪɚ, ɜ� ɤɨɬɨɪɵɯ 

ɝɪɚɧɢɱɧɨɟ� ɡɧɚɱɟɧɢɟ� ɮɭɧɤɰɢɢ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɬɨɤɚ ȽY � ɡɚɜɢɫɢɬ� ɨɬ� ɚɡɢɦɭɬɚɥɶɧɨɣ 

ɤɨɨɪɞɢɧɚɬɵ j . Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɩɪɢ� ɷɬɨɦ� ɦɨɠɟɬ� ɩɟɪɟɫɟɤɚɬɶ� ɝɪɚɧɢɰɭ, ɚ 

ɤɨɧɮɢɝɭɪɚɰɢɹ� ɩɥɚɡɦɵ� ɢ� ɩɨɥɹ� ɞɟɮɨɪɦɢɪɭɟɬɫɹ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɛɚɡɨɜɵɦ� ɜɚɪɢɚɧɬɨɦ 

constȽY = � Ɋɢɫ.1. Ⱦɟɮɨɪɦɚɰɢɹ� ɦɨɠɟɬ� ɛɵɬɶ� ɜɵɡɜɚɧɚ, ɧɚɩɪɢɦɟɪ, ɧɚɥɢɱɢɟɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɩɪɨɜɨɞɧɢɤɨɜ�ɫ�ɬɨɤɨɦ, ɜɧɟɲɧɢɯ�ɩɨ�ɨɬɧɨɲɟɧɢɸ�ɤ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɨɛɥɚɫɬɢ, ɤɨɬɨɪɵɟ� ɜ� ɨɩɪɟɞɟɥɟɧɧɵɯ� ɩɪɟɞɟɥɚɯ� ɬɨɱɧɨɫɬɢ� ɭɱɚɫɬɜɭɸɬ� ɜ� ɦɨɞɟɥɢ� ɟɺ 

ɰɟɧɬɪɚɥɶɧɨɣ� ɱɚɫɬɢ� ɫ� ɩɨɦɨɳɶɸ� ɝɪɚɧɢɱɧɨɝɨ� ɭɫɥɨɜɢɹ. Ⱦɚɥɟɟ� ɝɪɚɧɢɱɧɨɟ� ɭɫɥɨɜɢɟ 

ɜɵɛɢɪɚɟɬɫɹ� ɜ� ɪɚɡɥɢɱɧɵɯ� ɜɚɪɢɚɧɬɚɯ, ɚ� ɢɦɟɧɧɨ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɞɜɚ� ɜɚɪɢɚɧɬɚ 

ɡɚɜɢɫɢɦɨɫɬɢ: ɥɢɧɟɣɧɚɹ – ɤɨɧɟɱɧɨ� ɝɥɚɞɤɚɹ� ɢ� ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɚɹ, ɩɪɢ� ɷɬɨɦ 

ɩɨɫɥɟɞɧɹɹ�ɩɪɟɞɫɬɚɜɥɹɟɬ�ɛɨɥɶɲɢɣ�ɢɧɬɟɪɟɫ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ�ɧɢɠɟ. 

 

 

    ɚ      ɛ    �ɜ 

Ɋɢɫ 1 Ɋɚɫɱɟɬ�ɛɚɡɨɜɨɝɨ�ɜɚɪɢɚɧɬɚ�ɥɨɜɭɲɤɢ «ɉɨɹɫ» ɚ) ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ�ɛ) 

ɞɚɜɥɟɧɢɹ�ɜ) ɬɨɤɚ�ɜ�ɩɥɚɡɦɟ 
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Ɋɚɫɱɟɬɵ� ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ «ɉɨɹɫɟ» ɢ� ɞɪɭɝɢɯ� ɥɨɜɭɲɤɚɯ, 

ɜɵɩɨɥɧɟɧɵ�ɩɟɪɜɨɧɚɱɚɥɶɧɨ� ɜ� ɬɟɪɦɢɧɚɯ�ɩɟɪɜɨɣ�ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɫ� ɭɪɚɜɧɟɧɢɟɦ�Ƚɪɷɞɚ-

ɒɚɮɪɚɧɨɜɚ� ɫ� ɝɪɚɧɢɱɧɵɦ� ɭɫɥɨɜɢɟɦ constY = � ɩɪɢ r R= . Ɉɧɨ� ɩɪɟɞɩɨɥɚɝɚɟɬ 

ɦɚɝɧɢɬɧɭɸ� ɧɟɩɪɨɧɢɰɚɟɦɨɫɬɶ� ɝɪɚɧɢɰɵ ( 0rH = ) ɢ� ɫɨɡɞɚɟɬ� ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɜɧɭɬɪɟɧɧɸɸ� ɡɚɦɤɧɭɬɨɫɬɶ� ɡɚɞɚɱɢ. Ɂɚɬɟɦ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɝɪɚɧɢɱɧɨɟ� ɭɫɥɨɜɢɟ� ɫ 

ɩɟɪɟɦɟɧɧɵɦ ( )r jY  

   ( ) 0 1, 44 cos(2 )Ƚ Cj jY -Y = - +    (3) 

ɩɪɢ 2,    0 2r R j p= = < < � ɫ� ɫɢɦɦɟɬɪɢɱɧɵɦ� ɨɬɪɚɠɟɧɢɟɦ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɨɫɟɣ 

0,j p= � ɢ 2j p= ± � ɜ� ɨɫɬɚɥɶɧɵɯ� ɤɜɚɞɪɚɧɬɚɯ. Ʉɨɧɫɬɚɧɬɚ 1, 44- � ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɛɚɡɨɜɨɦɭ� ɜɚɪɢɚɧɬɭ, ɜ� ɤɨɬɨɪɨɦ� ɞɢɚɦɟɬɪ� ɩɪɨɜɨɞɧɢɤɨɜ 0.25a b= = , ɧɚɱɚɥɶɧɨɟ 

ɞɚɜɥɟɧɢɟ 0 0.3, 0.3p q= = , ɚ� ɦɧɨɠɢɬɟɥɶ C � ɩɭɫɬɶ� ɩɪɢɧɢɦɚɟɬ� ɪɚɡɧɵɟ� ɡɧɚɱɟɧɢɹ. 

ɍɫɥɨɜɢɟ (3) ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɨɬɥɢɱɧɨɣ� ɨɬ� ɧɭɥɹ� ɧɨɪɦɚɥɶɧɨɣ� ɤɨɦɩɨɧɟɧɬɟ� ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ 

    1 sin(2 )r
dH C

r d
j

j
Y

= = -    (4) 

ɢ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɟɺ�ɝɥɚɞɤɭɸ�ɡɚɜɢɫɢɦɨɫɬɶ�ɨɬ j �ɧɚ�ɝɪɚɧɢɰɚɯ�ɤɜɚɞɪɚɧɬɨɜ, ɝɞɟ�ɫ�ɭɱɟɬɨɦ 

ɫɢɦɦɟɬɪɢɢ� ɞɨɥɠɧɨ� ɛɵɬɶ 0rH = . Ɏɢɡɢɱɟɫɤɢɣ� ɫɦɵɫɥ� ɭɫɥɨɜɢɹ (3) – ɡɚɦɟɧɚ 

ɩɪɨɜɨɞɹɳɟɝɨ� ɤɨɠɭɯɚ� ɧɟɩɪɨɜɨɞɹɳɢɦ� ɢɥɢ� ɜɨɨɛɳɟ� ɨɬɫɭɬɫɬɜɢɟ� ɤɚɤɨɣ�ɥɢɛɨ 

ɦɚɬɟɪɢɚɥɶɧɨɣ� ɝɪɚɧɢɰɵ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ� ɰɢɥɢɧɞɪ, ɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ ȽH � ɜɞɨɥɶ 

ɝɪɚɧɢɰɵ�ɦɨɠɟɬ�ɢɦɢɬɢɪɨɜɚɬɶ� ɫɭɳɟɫɬɜɨɜɚɧɢɟ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɩɪɨɜɨɞɧɢɤɨɜ� ɫ� ɬɨɤɨɦ 

ɡɚ�ɩɪɟɞɟɥɚɦɢ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ�ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�ɨɛɥɚɫɬɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ�ɩɪɢ 0C > �ɜ 

ɪɚɫɱɟɬɚɯ�ɡɚɞɚɱɢ�ɦɚɝɧɢɬɧɨɟ�ɩɨɥɟ�ɜɬɟɤɚɟɬ�ɜ�ɰɢɥɢɧɞɪ�ɱɟɪɟɡ�ɜɧɟɲɧɸɸ�ɝɪɚɧɢɰɭ�ɜ�ɩɟɪɜɨɦ 

ɢ� ɬɪɟɬɶɟɦ� ɤɜɚɞɪɚɧɬɚɯ� ɢ� ɜɵɬɟɤɚɟɬ� ɜɨ� ɜɬɨɪɨɦ� ɢ� ɱɟɬɜɟɪɬɨɦ� ɢ� ɫɠɢɦɚɟɬ� ɩɥɚɡɦɟɧɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ� ɜ� ɜɟɪɬɢɤɚɥɶɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ. ɉɪɢ� ɡɧɚɱɟɧɢɹɯ 1C : � ɷɬɚ� ɞɟɮɨɪɦɚɰɢɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɚ, ɩɥɚɡɦɚ�ɡɚɧɢɦɚɟɬ�ɨɛɥɚɫɬɶ, ɛɨɥɟɟ�ɩɪɨɬɹɠɟɧɧɭɸ�ɩɨ�ɝɨɪɢɡɨɧɬɚɥɢ�ɢ�ɛɨɥɟɟ 

ɭɡɤɭɸ� ɩɨ� ɜɟɪɬɢɤɚɥɢ� ɫ� ɜɟɪɯɧɟɣ� ɢ� ɧɢɠɧɟɣ� ɝɪɚɧɢɰɚɦɢ, ɛɨɥɟɟ� ɜɵɩɭɤɥɵɦɢ� ɜ� ɫɬɨɪɨɧɭ 

ɩɥɚɡɦɵ. ɉɪɢ� ɞɚɥɶɧɟɣɲɟɦ� ɭɜɟɥɢɱɟɧɢɢ C � ɢ� ɜ� ɱɚɫɬɧɨɫɬɢ� ɩɪɢ 2C = � ɨɛɥɚɫɬɶ 

ɢɡɦɟɧɹɟɬɫɹ� ɫɢɥɶɧɨ, ɜɥɢɹɧɢɟ� ɜɧɟɲɧɢɯ� ɩɪɨɜɨɞɧɢɤɨɜ� ɫɭɳɟɫɬɜɟɧɧɨ, ɢ� ɷɬɨɬ� ɮɚɤɬ 
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ɩɪɢɜɨɞɢɬ� ɤ� ɬɨɦɭ, ɱɬɨ� ɧɟ� ɜɟɫɶ� ɨɛɴɟɦ� ɩɥɚɡɦɵ� ɩɪɢ� ɞɚɧɧɨɣ� ɩɨɫɬɚɧɨɜɤɟ� ɪɚɫɩɨɥɚɝɚɥɫɹ 

ɜɧɭɬɪɢ�ɨɛɥɚɫɬɢ. 

ɉɪɢ 0C < �ɦɚɝɧɢɬɧɨɟ�ɩɨɥɟ n rH H= �ɧɚ�ɝɪɚɧɢɰɚɯ – ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ�ɡɧɚɤɚ, 

ɬ�ɟ. ɨɧɨ�ɜɬɟɤɚɟɬ�ɜ�ɰɢɥɢɧɞɪ�ɜɨ�ɜɬɨɪɨɦ�ɢ�ɱɟɬɜɟɪɬɨɦ�ɤɜɚɞɪɚɧɬɚɯ�ɢ�ɜɵɬɟɤɚɟɬ�ɜ�ɩɟɪɜɨɦ�ɢ 

ɬɪɟɬɶɟɦ. ɉɥɚɡɦɟɧɧɚɹ� ɤɨɧɮɢɝɭɪɚɰɢɹ� ɫɠɢɦɚɟɬɫɹ� ɜ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ� ɢ 

ɪɚɫɲɢɪɹɟɬɫɹ – ɜ� ɜɟɪɬɢɤɚɥɶɧɨɦ, ɝɞɟ� ɟɺ� ɜɧɟɲɧɹɹ� ɝɪɚɧɢɰɚ� ɫɬɚɧɨɜɢɬɫɹ� ɜɵɩɭɤɥɨɣ� ɜ 

ɫɬɨɪɨɧɭ�ɩɟɪɢɮɟɪɢɢ. ɉɪɢ 1C -: � ɧɚ� ɥɭɱɚɯ 2j p= ± � ɜɨɡɧɢɤɚɸɬ�ɨɫɨɛɵɟ� ɬɨɱɤɢ� ɬɢɩɚ 

ɫɟɞɥɚ. ɋ� ɪɨɫɬɨɦ� ɚɛɫɨɥɸɬɧɨɣ� ɜɟɥɢɱɢɧɵ C � ɷɬɢ� ɬɨɱɤɢ� ɩɪɢɛɥɢɠɚɸɬɫɹ� ɤ� ɰɟɧɬɪɭ, ɚ� ɡɚ 

ɧɢɦɢ� ɜɫɺ� ɛɨɥɟɟ� ɨɳɭɳɚɟɬɫɹ� ɜɥɢɹɧɢɟ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɬɨɤɨɜ� ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɡɚɞɚɱɢ� ɫ� ɝɪɚɧɢɱɧɵɦ� ɭɫɥɨɜɢɟɦ� ɩɟɪɜɨɝɨ� ɪɨɞɚ (3) ɫɩɨɫɨɛɧɵ 

ɦɨɞɟɥɢɪɨɜɚɬɶ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɜ� ɨɛɥɚɫɬɢ� ɫ� ɩɪɨɡɪɚɱɧɵɦɢ� ɞɥɹ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ 

ɝɪɚɧɢɰɚɦɢ� ɢ� ɫ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ� ɬɨɤɚɦɢ� ɡɚ� ɩɪɟɞɟɥɚɦɢ� ɰɢɥɢɧɞɪɚ� ɩɪɢ� ɭɦɟɪɟɧɧɵɯ 

ɡɧɚɱɟɧɢɹɯ 1C : . Ɉɧɢ� ɨɩɢɫɵɜɚɸɬ� ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ� ɞɟɮɨɪɦɚɰɢɸ� ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɴɟɤɬɚ,  ɜɵɡɜɚɧɧɭɸ� ɥɢɛɨ� ɧɟɛɨɥɶɲɨɣ� ɜɟɥɢɱɢɧɨɣ� ɬɨɤɨɜ� ɜɧɟ� ɰɢɥɢɧɞɪɚ,  ɥɢɛɨ� ɢɯ 

ɞɨɫɬɚɬɨɱɧɵɦ�ɭɞɚɥɟɧɢɟɦ�ɨɬ�ɰɢɥɢɧɞɪɚ. ɉɪɢ�ɛɨɥɶɲɢɯ�ɡɧɚɱɟɧɢɹɯ C �ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɬɨɤɢ� ɨɤɚɡɵɜɚɸɬ� ɨɫɧɨɜɧɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɤɨɧɮɢɝɭɪɚɰɢɸ, ɢ� ɟɺ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ 

ɞɨɥɠɧɚ�ɜɤɥɸɱɚɬɶ�ɢɯ�ɜ�ɨɛɥɚɫɬɶ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɜ�ɩɨɫɬɚɧɨɜɤɭ�ɡɚɞɚɱɢ.  

ȼ� ɬɪɟɬɶɟɣ� ɱɚɫɬɢ� ɜɬɨɪɨɣ� ɝɥɚɜɵ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɞɥɹ 

ɜɬɨɪɨɣ�ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ. ɍɫɥɨɜɢɟ� ɜɬɨɪɨɝɨ�ɪɨɞɚ� ɫ� ɡɚɞɚɧɧɨɣ�ɧɨɪɦɚɥɶɧɨɣ�ɩɪɨɢɡɜɨɞɧɨɣ 

ɢɫɤɨɦɨɣ�ɮɭɧɤɰɢɢY  

    ( ) ( )ȽH G
r

j j ¶Y
= = -

¶
   (5) 

ɝɞɟ ( , )ȽH H Rj j= - ɚɡɢɦɭɬɚɥɶɧɚɹ� ɤɨɦɩɨɧɟɧɬɚ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ. ɏɨɪɨɲɨ� ɢɡɜɟɫɬɧɨ, 

ɱɬɨ� ɜɬɨɪɚɹ� ɤɪɚɟɜɚɹ� ɡɚɞɚɱɚ� ɫ� ɭɪɚɜɧɟɧɢɟɦ� ɉɭɚɫɫɨɧɚ� ɪɚɡɪɟɲɢɦɚ� ɬɨɥɶɤɨ� ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ� ɧɟɨɛɯɨɞɢɦɨɝɨ� ɫɨɝɥɚɫɨɜɚɧɢɹ� ɩɨɬɨɤɚ� ɱɟɪɟɡ� ɝɪɚɧɢɰɭ� ɫ� ɦɨɳɧɨɫɬɶɸ 

ɢɫɬɨɱɧɢɤɚ. ȼ� ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ� ɡɚɞɚɱɟ� ɚɧɚɥɨɝɢɱɧɨɟ� ɬɪɟɛɨɜɚɧɢɟ� ɜɨɡɧɢɤɚɟɬ, ɟɫɥɢ 

ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɬɶ� ɭɪɚɜɧɟɧɢɟ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ ɩɨ� ɤɪɭɝɭ r R< � ɢ� ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɝɪɚɧɢɱɧɨɟ� ɭɫɥɨɜɢɟ (5): ( ) ( )
2

0
Ƚ

r R

R H d g rdrd
p

j j j
<

= Yò òò
 
ɭɤɚɡɚɧɧɨɟ� ɪɚɜɟɧɫɬɜɨ� ɩɪɢ 
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ɡɚɞɚɧɧɨɣ�ɮɭɧɤɰɢɢ ( )ȽH j �ɨɞɧɨɡɧɚɱɧɨ�ɨɩɪɟɞɟɥɹɟɬ�ɦɚɤɫɢɦɚɥɶɧɨɟ�ɡɧɚɱɟɧɢɟ�ɞɚɜɥɟɧɢɹ 

0p . 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ� ɤɨɧɮɢɝɭɪɚɰɢɢ «ɉɨɹɫ» ɜ� ɬɟɪɦɢɧɚɯ� ɜɬɨɪɨɣ� ɤɪɚɟɜɨɣ 

ɡɚɞɚɱɢ� ɫ� ɭɪɚɜɧɟɧɢɟɦ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ� ɜ� ɤɪɭɝɟ r R< � ɩɪɟɞɫɬɚɜɥɟɧɚ� ɡɞɟɫɶ� ɬɪɟɦɹ 

ɫɟɪɢɹɦɢ� ɪɚɫɱɟɬɨɜ. Ɏɭɧɤɰɢɹ ( )ȽH j � ɜ� ɝɪɚɧɢɱɧɨɦ� ɭɫɥɨɜɢɢ� ɜɬɨɪɨɝɨ� ɪɨɞɚ 

( )Ƚr H j-¶Y ¶ = � ɛɭɞɟɬ� ɜɚɪɶɢɪɨɜɚɬɶɫɹ� ɬɪɟɦɹ� ɫɩɨɫɨɛɚɦɢ, ɨɬɬɚɥɤɢɜɚɹɫɶ� ɨɬ� ɟɟ 

ɡɧɚɱɟɧɢɹ (5), ɩɨɥɭɱɟɧɧɨɝɨ�ɜ�ɱɢɫɥɟɧɧɨɦ�ɪɟɲɟɧɢɢ�ɩɟɪɜɨɣ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ�ɞɥɹ�ɛɚɡɨɜɨɝɨ 

ɜɚɪɢɚɧɬɚ. 

ɗɬɚ� ɮɭɧɤɰɢɹ� ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ� ɞɜɭɦɹ� ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɦɢ. ȿɺ� ɢɧɬɟɝɪɚɥ� ɩɨ 

ɝɪɚɧɢɰɟ� ɢɥɢ� ɫɪɟɞɧɟɟ� ɡɧɚɱɟɧɢɟ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɰɢɪɤɭɥɹɰɢɢ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ, ɬ�ɟ. 

ɩɨɥɧɨɦɭ�ɬɨɤɭ�ɜ�ɤɜɚɞɪɚɧɬɟ 

    
2

tot pl cJJ J= +     (6) 

Ɉɬɥɢɱɢɟ� ɨɬ� ɫɪɟɞɧɟɝɨ� ɡɧɚɱɟɧɢɹ� ɨɩɪɟɞɟɥɹɟɬ� ɩɪɨɮɢɥɶ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɜɟɥɢɱɢɧɵ 

ɬɚɧɝɟɧɰɢɚɥɶɧɨɝɨ�ɩɨɥɹ�ɜɞɨɥɶ�ɝɪɚɧɢɰɵ. 

ȼ�ɩɟɪɜɨɣ�ɫɟɪɢɢ�ɪɚɫɱɟɬɨɜ�ɩɨɥɨɠɢɦ 

    ( ) ( )ȽH CGj j=     (7) 

ɬ�ɟ. ɩɭɫɬɶ� ɩɨɥɧɵɣ� ɬɨɤ� ɢ�ɩɪɨɮɢɥɶ� ɬɚɧɝɟɧɰɢɚɥɶɧɨɝɨ� ɩɨɥɹ� ɢɡɦɟɧɹɸɬɫɹ�ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ� ɞɪɭɝ� ɞɪɭɝɭ� ɫ� ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɩɨɞɨɛɢɹ 0C > . ɂɡ� ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱɟɬɨɜ� ɫɥɟɞɭɟɬ, ɱɬɨ� ɩɪɢ 1C > � ɤɨɧɮɢɝɭɪɚɰɢɹ� ɞɟɮɨɪɦɢɪɭɟɬɫɹ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ 

ɛɚɡɨɜɨɣ, ɚ� ɢɦɟɧɧɨ, ɫɠɢɦɚɟɬɫɹ� ɜ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ� ɢ� ɫɬɚɧɨɜɢɬɫɹ� ɛɨɥɟɟ 

ɜɵɩɭɤɥɨɣ�ɜ�ɜɟɪɬɢɤɚɥɶɧɨɦ. Ɇɚɝɧɢɬɧɨɟ�ɩɨɥɟ�ɜɬɟɤɚɟɬ�ɜ�ɰɢɥɢɧɞɪ�ɜɨ�ɜɬɨɪɨɦ�ɢ�ɱɟɬɜɟɪɬɨɦ 

ɤɜɚɞɪɚɧɬɚɯ. ɋ�ɪɨɫɬɨɦ�ɩɚɪɚɦɟɬɪɚ C � ɜɨɡɪɚɫɬɚɟɬ� ɜɟɥɢɱɢɧɚ� ɩɨɥɧɨɝɨ, ɚ� ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɥɚɡɦɟɧɧɨɝɨ�ɬɨɤɚ,  ɬ�ɤ.  ɜ�ɮɨɪɦɭɥɟ (6)  ɬɨɤ�ɜ�ɩɪɨɜɨɞɧɢɤɟ cJ �ɩɨɫɬɨɹɧɟɧ. ȼɨɡɪɚɫɬɚɟɬ�ɢ 

ɦɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ 0p � ɞɚɜɥɟɧɢɹ� ɩɥɚɡɦɵ,  ɤɨɬɨɪɭɸ� ɬɨɤ� ɦɨɠɟɬ� ɭɞɟɪɠɢɜɚɬɶ.  ȼ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ�ɪɚɛɨɬɟ�ɩɪɢɜɨɞɢɬɫɹ�ɡɚɜɢɫɢɦɨɫɬɶ�ɬɨɤɨɜ�ɢ�ɞɚɜɥɟɧɢɹ�ɨɬ�ɦɧɨɠɢɬɟɥɹ C . 

ɂɡ�ɧɟɺ�ɫɥɟɞɭɟɬ, ɱɬɨ�ɫ�ɪɨɫɬɨɦ C �ɛɵɫɬɪɨ�ɪɚɫɬɟɬ�ɩɨɥɨɠɢɬɟɥɶɧɵɣ�ɩɥɚɡɦɟɧɧɵɣ�ɬɨɤ J +  

ɜɧɟ� ɫɟɩɚɪɚɬɪɢɫɵ. Ɉɬɪɢɰɚɬɟɥɶɧɵɣ� ɬɨɤ J - � ɩɪɢ 2C > ɢɧɬɟɧɫɢɜɧɨ� ɩɚɞɚɟɬ� ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɪɹɟɬ� ɫɩɨɫɨɛɧɨɫɬɶ� ɧɟ� ɞɨɩɭɫɤɚɬɶ� ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ� ɩɥɚɡɦɵ� ɫ 

ɩɪɨɜɨɞɧɢɤɨɦ. ɉɪɢ 2,5C = � ɨɛɥɚɫɬɶ� ɩɪɨɜɨɞɧɢɤɚ� ɩɪɚɤɬɢɱɟɫɤɢ� ɩɨɥɧɨɫɬɶɸ� ɡɚɥɢɬɚ 
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ɩɥɚɡɦɨɣ. Ɉɞɧɨɜɪɟɦɟɧɧɨ� ɭɫɥɨɠɧɹɟɬɫɹ� ɬɨɩɨɥɨɝɢɹ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ 

0r = . ɉɪɢ�ɢɡɦɟɧɟɧɢɢ�ɦɧɨɠɢɬɟɥɹ C �ɜ�ɦɟɧɶɲɭɸ�ɨɬɧɨɫɢɬɟɥɶɧɨ 1C = �ɫɬɨɪɨɧɭ�ɬɨɤɢ�ɜ 

ɩɥɚɡɦɟ�ɨɛɨɢɯ�ɡɧɚɤɨɜ�ɛɵɫɬɪɨ�ɭɦɟɧɶɲɚɸɬɫɹ�ɢ�ɩɪɢ 0,955C = ɩɨɥɧɨɫɬɶɸ�ɢɫɱɟɡɚɸɬ. Ɍɨ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ�ɷɬɨɬ�ɜɚɤɭɭɦ�ɧɚɫɬɭɩɢɥ�ɩɪɢ�ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ�ɢɡɦɟɧɟɧɢɢ C �ɨɬ 1�ɞɨ 

ɛɥɢɡɤɨɝɨ�ɡɧɚɱɟɧɢɹ 0,955 �ɨɛɴɹɫɧɹɟɬɫɹ�ɬɟɦ,  ɱɬɨ�ɜ�ɛɚɡɨɜɨɦ�ɜɚɪɢɚɧɬɟ ( 1C = ) ɡɧɚɱɟɧɢɟ 

ɬɨɤɚ� ɜ� ɩɥɚɡɦɟ 0,22plJ = � ɡɧɚɱɢɬɟɥɶɧɨ� ɦɟɧɶɲɟ� ɬɨɤɚ� ɜ� ɩɪɨɜɨɞɧɢɤɟ: ɛɟɡɪɚɡɦɟɪɧɵɟ 

ɡɧɚɱɟɧɢɹ�ɬɨɤɚ 2cJ �ɜ�ɮɨɪɦɭɥɟ (6) ɪɚɜɧɨ 3,14. 

ȼɨ�ɜɬɨɪɨɣ�ɫɟɪɢɢ�ɝɪɚɧɢɱɧɨɟ�ɭɫɥɨɜɢɟ�ɩɪɢ 2r = �ɢɦɟɟɬ�ɜɢɞ 

   ( ) ( )( )ȽH G C G Gj j= + -    (8) 

ɝɞɟ G - ɫɪɟɞɧɟɟ� ɡɧɚɱɟɧɢɟ� ɛɚɡɨɜɨɝɨ� ɚɡɢɦɭɬɚɥɶɧɨɝɨ� ɩɨɥɹ� ɧɚ� ɨɬɪɟɡɤɟ 0 2j p< < . 

Ɇɧɨɠɢɬɟɥɶ C �ɨɩɪɟɞɟɥɹɟɬ�ɡɧɚɤ�ɢ�ɜɟɥɢɱɢɧɭ�ɩɪɨɮɢɥɹ�ɮɭɧɤɰɢɢ (8). ȿɝɨ�ɡɧɚɱɟɧɢɟ 1C =  

ɨɩɹɬɶ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɛɚɡɨɜɨɣ�ɤɨɧɮɢɝɭɪɚɰɢɢ. ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɚɫɱɟɬɨɜ�ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɩɪɢ 1C >  (ɛɨɥɟɟ�ɤɪɭɬɨɣ�ɩɪɨɮɢɥɶ ( )ȽH j ) ɩɪɨɢɫɯɨɞɢɬ�ɞɟɮɨɪɦɚɰɢɹ�ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ: 

ɧɚ� ɩɟɪɢɮɟɪɢɢ� ɨɧɨ� ɡɚɦɟɬɧɨ� ɫɠɢɦɚɟɬɫɹ� ɜ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ, ɚ� ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ� ɱɚɫɬɢ� ɰɢɥɢɧɞɪɚ� ɦɟɧɹɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɨ� ɦɟɧɶɲɟ. ɉɨɷɬɨɦɭ� ɩɥɚɡɦɟɧɧɚɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ�ɩɨɱɬɢ�ɧɟ�ɢɡɦɟɧɹɟɬɫɹ, ɫɥɚɛɨ�ɪɚɫɲɢɪɹɹɫɶ�ɩɨ�ɜɟɪɬɢɤɚɥɢ. ɉɨɥɧɵɣ�ɬɨɤ�ɜ 

ɨɛɥɚɫɬɢ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɫɪɟɞɧɢɦ� ɡɧɚɱɟɧɢɟɦ� ɮɭɧɤɰɢɢ (8) ɢ� ɩɨɬɨɦɭ� ɨɫɬɚɟɬɫɹ� ɪɚɜɧɵɦ 

ɛɚɡɨɜɨɦɭ 0,22plJ = � ɧɟɡɚɜɢɫɢɦɨ� ɨɬ C . ɉɨɥɨɠɢɬɟɥɶɧɵɣ J + � ɢ� ɨɬɪɢɰɚɬɟɥɶɧɵɣ J -  

ɩɥɚɡɦɟɧɧɵɟ�ɬɨɤɢ�ɧɟɡɧɚɱɢɬɟɥɶɧɨ�ɢ�ɫɨɝɥɚɫɨɜɚɧɧɨ�ɭɛɵɜɚɸɬ�ɩɨ�ɜɟɥɢɱɢɧɟ�ɫ�ɪɨɫɬɨɦ C , 

ɬɚɤ� ɱɬɨ� ɢɯ� ɫɭɦɦɚ� ɧɟ� ɢɡɦɟɧɹɟɬɫɹ. Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɞɚɜɥɟɧɢɹ� ɧɟɫɤɨɥɶɤɨ 

ɫɧɢɠɚɟɬɫɹ (ɨɬ 0 0,3p = �ɩɪɢ 1C = �ɞɨ 0 0,23p = �ɩɪɢ 2,5C = ) ɜ�ɪɟɡɭɥɶɬɚɬɟ�ɪɚɫɲɢɪɟɧɢɹ 

ɩɥɚɡɦɟɧɧɨɣ� ɤɨɧɮɢɝɭɪɚɰɢɢ. ɉɪɢ 1C <  (ɩɪɨɮɢɥɶ ( )ȽH j � ɦɟɧɟɟ� ɤɪɭɬɨɣ� ɢɥɢ� ɞɚɠɟ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ�ɡɧɚɤɚ) ɤɨɧɮɢɝɭɪɚɰɢɢ�ɩɨɥɹ�ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɥɚɡɦɵ�ɫɠɢɦɚɸɬɫɹ 

ɜ� ɜɟɪɬɢɤɚɥɶɧɨɦ� ɧɚɩɪɚɜɥɟɧɢɢ� ɢ� ɪɚɫɬɹɝɢɜɚɸɬɫɹ� ɜ� ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ. Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ 

ɜɬɟɤɚɟɬ� ɜ� ɰɢɥɢɧɞɪ� ɜ� ɩɟɪɜɨɦ� ɢ� ɬɪɟɬɶɟɦ� ɤɜɚɞɪɚɧɬɚɯ. ɉɥɚɡɦɟɧɧɵɟ� ɬɨɤɢ J + ɢ J -  

ɧɟɫɤɨɥɶɤɨ�ɜɨɡɪɚɫɬɚɸɬ, ɨɫɬɚɜɥɹɹ�ɧɟɢɡɦɟɧɧɨɣ�ɢɯ� ɫɭɦɦɭ. Ɇɚɤɫɢɦɚɥɶɧɨɟ�ɞɚɜɥɟɧɢɟ 0p  

ɫɧɢɠɚɟɬɫɹ� ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɬ�ɤ. ɩɥɨɳɚɞɶ� ɨɛɥɚɫɬɢ, ɡɚɧɹɬɨɣ� ɩɥɚɡɦɨɣ, ɞɟɮɨɪɦɢɪɭɹɫɶ, 

ɥɢɲɶ�ɫɥɟɝɤɚ�ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
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ȼ�ɤɨɧɰɟ�ɝɥɚɜɵ�ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɦɨɞɟɥɶ «ɉɨɹɫɚ» ɫɨɩɨɫɬɚɜɥɟɧɧɚɹ�ɫ�ɛɥɢɡɤɨɣ�ɤ 

ɧɟɣ�ɦɨɞɟɥɶɸ�ɬɨɤɨɜɨɝɨ�ɫɥɨɹ, ɨɛɪɚɳɟɧɨ�ɜɧɢɦɚɧɢɟ�ɧɚ�ɨɛɳɢɟ�ɱɟɪɬɵ�ɨɛɟɢɯ�ɦɨɞɟɥɟɣ�ɢ�ɧɚ 

ɢɯ�ɪɚɡɥɢɱɢɹ. 

Третья глава� ɩɨɫɜɹɳɟɧɚ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɥɨɜɭɲɤɢ� ɬɢɩɚ «ɬɪɢɥɢɫɬɧɢɤ». 

ɑɢɫɥɟɧɧɚɹ� ɦɨɞɟɥɶ� ɪɚɜɧɨɜɟɫɢɹ� ɩɥɚɡɦɵ� ɜ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ� ɥɨɜɭɲɤɟ� ɫ� ɬɪɟɦɹ 

ɩɨɝɪɭɠɟɧɧɵɦɢ� ɜ� ɧɟɟ� ɩɪɹɦɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɪɚɫɫɦɨɬɪɟɧɚ� ɤɪɚɬɤɨ� ɜ� ɤɚɱɟɫɬɜɟ 

ɨɛɨɛɳɟɧɢɹ� ɚɧɚɥɨɝɢɱɧɨɣ� ɤɨɧɮɢɝɭɪɚɰɢɢ «ɉɨɹɫ». Ɋɚɫɱɟɬɵ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɜ 

ɢɡɥɨɠɟɧɧɨɣ�ɜɵɲɟ�ɦɨɞɟɥɢ�ɩɨɡɜɨɥɢɥɢ�ɧɚɣɬɢ�ɡɧɚɱɟɧɢɹ�ɟɟ� ɯɚɪɚɤɬɟɪɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɢ 

ɫɨɩɨɫɬɚɜɢɬɶ�ɢɯ�ɫ�ɚɧɚɥɨɝɢɱɧɵɦɢ�ɡɧɚɱɟɧɢɹɦɢ�ɜ «ɉɨɹɫɟ» ɞɥɹ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ. 

Ɇɟɬɨɞ�ɱɢɫɥɟɧɧɨɝɨ�ɪɟɲɟɧɢɹ, ɩɪɢ�ɨɩɢɫɚɧɧɨɣ�ɜɵɲɟ�ɩɨɫɬɚɧɨɜɤɟ�ɧɟ�ɢɡɦɟɧɹɟɬɫɹ. 

Ʉɚɤ� ɢ� ɜ� ɫɥɭɱɚɟ� ɥɨɜɭɲɤɢ «ɉɨɹɫ» ɫɭɳɟɫɬɜɟɧɧɭɸ� ɪɨɥɶ� ɢɝɪɚɟɬ� ɫɟɩɚɪɚɬɪɢɫɚ 

�ɬɪɟɯɥɢɫɬɧɚɹ), ɤɨɬɨɪɚɹ� ɩɪɨɯɨɞɢɬ� ɱɟɪɟɡ� ɰɟɧɬɪ� ɢ� ɨɬɞɟɥɹɟɬ� ɫɢɥɨɜɵɟ� ɥɢɧɢɢ, 

ɨɤɪɭɠɚɸɳɢɟ� ɤɚɠɞɵɣ� ɩɪɨɜɨɞɧɢɤ� ɜ� ɨɬɞɟɥɶɧɨɫɬɢ� ɨɬ� ɥɢɧɢɣ� ɧɚ� ɩɟɪɢɮɟɪɢɢ, 

ɨɯɜɚɬɵɜɚɸɳɢɯ�ɜɫɟ� ɬɪɢ�ɩɪɨɜɨɞɧɢɤɚ. ɉɥɚɡɦɚ� ɡɚɧɢɦɚɟɬ�ɜ�ɨɫɧɨɜɧɨɦ�ɨɛɥɚɫɬɶ�ɜ�ɰɟɧɬɪɟ, 

ɤɨɬɨɪɚɹ� ɢɦɟɟɬ� ɜɢɞ� ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ� ɲɟɫɬɢɭɝɨɥɶɧɢɤɚ� ɫ� ɭɡɤɢɦɢ� ɨɬɜɟɬɜɥɟɧɢɹɦɢ, 

ɨɩɨɹɫɵɜɚɸɳɢɦɢ� ɩɪɨɜɨɞɧɢɤɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ� ɞɚɜɥɟɧɢɹ - ɜ� ɰɟɧɬɪɟ� ɢ� ɧɚ 

ɫɟɩɚɪɚɬɪɢɫɟ. ȼ� ɤɚɱɟɫɬɜɟ� ɛɚɡɨɜɨɝɨ� ɜɚɪɢɚɧɬɚ� ɫ� ɝɪɚɧɢɱɧɵɦ� ɭɫɥɨɜɢɟɦ constȽY = Y = , 

ɤɚɱɟɫɬɜɟɧɧɨ� ɨɩɢɫɚɧɧɨɝɨ� ɜɵɲɟ, ɜɵɛɪɚɧɚ� ɤɨɧɮɢɝɭɪɚɰɢɹ� ɫ� ɩɚɪɚɦɟɬɪɚɦɢ 

0 0.5  0.1  0.5p a q= = = �Ɋɢɫ.2 

 
      ɚ      ɛ    ɜ 
Ɋɢɫ.2. ɚ) Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɛ) ɞɚɜɥɟɧɢɟ� ɜ) ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɥɚɡɦɟɧɧɨɝɨ� ɬɨɤɚ� ɜ 
Ɍɪɢɥɢɫɬɧɢɤɟ 

 

ɂɧɬɟɝɪɚɥɶɧɵɟ� ɡɧɚɱɟɧɢɹ� ɬɨɤɚ, ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ� ɜɧɭɬɪɢ� ɫɟɩɚɪɚɬɪɢɫɵ� ɢ 

ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ�ɜɧɟ�ɟɟ, ɜ «Ɍɪɢɥɢɫɬɧɢɤɟ» ɦɟɧɶɲɟ, ɱɟɦ�ɜ «ɉɨɹɫɟ», ɬ�ɟ. ɟɝɨ�ɡɧɚɱɟɧɢɹ 

ɭɛɵɜɚɸɬ�ɫ�ɞɨɛɚɜɥɟɧɢɟɦ�ɬɪɟɬɶɟɝɨ�ɩɪɨɜɨɞɧɢɤɚ. 
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Ɉɝɪɚɧɢɱɟɧɢɹ�ɧɚ�ɦɚɤɫɢɦɭɦ�ɞɚɜɥɟɧɢɹ 0
crp p< , ɫɜɹɡɚɧɧɵɟ�ɫ�ɩɟɪɟɯɨɞɨɦ�ɝɪɚɧɢɰɵ 

ɫɩɟɤɬɪɚ�ɨɩɟɪɚɬɨɪɚ�ɱɟɪɟɡ�ɧɭɥɶ�ɜ�ɨɛɥɚɫɬɶ�ɨɬɪɢɰɚɬɟɥɶɧɵɯ�ɡɧɚɱɟɧɢɣ, ɢɦɟɸɬ�ɦɟɫɬɨ�ɢ�ɜ 

ɦɨɞɟɥɢ «Ɍɪɢɥɢɫɬɧɢɤ». ɉɨ�ɫɪɚɜɧɟɧɢɸ�ɫ «ɉɨɹɫɨɦ» ɨɧɢ�ɨɤɚɡɚɥɢɫɶ�ɜ 1,5-2 ɪɚɡɚ�ɜɵɲɟ, 

ɬ�ɟ. ɩɪɢ�ɞɨɛɚɜɥɟɧɢɢ�ɬɪɟɬɶɟɝɨ�ɩɪɨɜɨɞɧɢɤɚ�ɭɤɚɡɚɧɧɨɟ�ɨɝɪɚɧɢɱɟɧɢɟ�ɫɬɚɧɨɜɢɬɫɹ�ɫɥɚɛɟɟ. 

Ⱦɚɥɟɟ�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɝɪɚɧɢɱɧɨɟ�ɭɫɥɨɜɢɟ�ɫ�ɩɟɪɟɦɟɧɧɵɦ ( )r jY  

   ( ) 0 2,13 cos(3 )Ƚ Cj jY -Y = - + ,    (9) 

ɝɞɟ� ɡɧɚɱɟɧɢɟ� ɤɨɧɫɬɚɧɬɵ -2,13 ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɛɚɡɨɜɨɦɭ� ɜɚɪɢɚɧɬɭ. Ʉɚɤ� ɢ� ɪɚɧɟɟ, 

ɦɧɨɠɢɬɟɥɶ C � ɩɭɫɬɶ� ɩɪɢɧɢɦɚɟɬ� ɪɚɡɧɵɟ� ɡɧɚɱɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɵ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ, ɞɚɜɥɟɧɢɹ� ɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɥɚɡɦɟɧɧɨɝɨ� ɬɨɤɚ� ɜ� Ɍɪɢɥɢɫɬɧɢɤɟ� ɩɪɢ 

ɪɟɲɟɧɢɢ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ�ɫ�ɝɪɚɧɢɱɧɵɦ�ɭɫɥɨɜɢɟɦ (9) ɩɪɢ 1C = . ȼɢɞɧɨ, ɱɬɨ�ɩɪɢ 0C >  

ɦɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɞɟɮɨɪɦɢɪɨɜɚɧɨ, ɨɧɨ� ɜɬɟɤɚɟɬ� ɜ� ɧɟɱɟɬɧɵɯ� ɫɟɤɬɨɪɚɯ. Ɇɚɝɧɢɬɧɚɹ� ɢ 

ɩɥɚɡɦɟɧɧɚɹ� ɤɨɧɮɢɝɭɪɚɰɢɹ� ɫɠɢɦɚɟɬɫɹ� ɜ� ɧɚɩɪɚɜɥɟɧɢɢ� ɜɞɨɥɶ� ɧɟɱɟɬɧɵɯ� ɨɫɟɣ 

ɫɢɦɦɟɬɪɢɢ�ɢ�ɜɵɬɟɤɚɟɬ�ɜɞɨɥɶ�ɱɟɬɧɵɯ. ɉɪɢ�ɷɬɨɦ�ɩɪɢ�ɡɧɚɱɟɧɢɹɯ 1C : �ɷɬɚ�ɞɟɮɨɪɦɚɰɢɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɚ, ɩɥɚɡɦɚ� ɡɚɧɢɦɚɟɬ� ɨɛɥɚɫɬɶ, ɫɯɨɠɭɸ� ɩɨ� ɪɚɡɦɟɪɚɦ� ɢ� ɩɚɪɚɦɟɬɪɚɦ� ɫ 

ɤɥɚɫɫɢɱɟɫɤɢɦɢ�ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ. ɉɥɚɡɦɟɧɧɵɣ�ɬɨɤ�ɪɚɫɩɪɟɞɟɥɟɧ�ɫɥɟɞɭɸɳɢɦ�ɨɛɪɚɡɨɦ: 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ� ɩɥɚɡɦɟɧɧɵɣ� ɬɨɤ� ɪɚɫɩɨɥɨɠɟɧ� ɜɛɥɢɡɢ� ɜɧɟɲɧɟɣ� ɝɪɚɧɢɰɵ� ɩɥɚɡɦɵ� ɜ 

ɮɨɪɦɟ� ɜɨɝɧɭɬɨɝɨ� ɬɪɟɭɝɨɥɶɧɢɤɚ, ɜɟɪɲɢɧɵ� ɤɨɬɨɪɨɝɨ� ɨɯɜɚɬɵɜɚɸɬ� ɨɛɥɚɫɬɶ 

ɩɪɨɜɨɞɧɢɤɨɜ. ȼɛɥɢɡɢ� ɩɪɨɜɨɞɧɢɤɨɜ� ɫɨɫɪɟɞɨɬɨɱɟɧ� ɨɬɪɢɰɚɬɟɥɶɧɵɣ� ɩɥɚɡɦɟɧɧɵɣ� ɬɨɤ, 

ɡɚɧɢɦɚɸɳɢɣ� ɤɨɥɶɰɟɜɵɟ� ɨɛɥɚɫɬɢ. ɉɪɢ� ɡɧɚɱɟɧɢɹɯ 2C ³ � ɞɟɮɨɪɦɚɰɢɢ� ɫɬɚɧɨɜɹɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɵ, ɚ� ɞɚɥɶɧɟɣɲɟɟ� ɭɜɟɥɢɱɟɧɢɟ� ɞɨ 3C ³ � ɩɪɢɜɨɞɢɬ� ɤ� ɫɢɥɶɧɵɦ� ɢɡɦɟɧɟɧɢɹɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ�ɜɫɟɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  

ɉɪɢ 0C < � ɦɚɝɧɢɬɧɨɟ� ɩɨɥɟ rH � ɧɚ� ɝɪɚɧɢɰɚɯ –  ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ� ɡɧɚɤɚ,  ɬ�ɟ.  

ɨɧɨ� ɜɬɟɤɚɟɬ� ɜ� ɰɢɥɢɧɞɪ� ɜ� ɱɟɬɧɵɯ� ɫɟɤɬɨɪɚɯ. ɉɥɚɡɦɟɧɧɚɹ� ɤɨɧɮɢɝɭɪɚɰɢɹ� ɫɠɢɦɚɟɬɫɹ� ɜ 

ɧɚɩɪɚɜɥɟɧɢɹɯ�ɜɞɨɥɶ�ɱɟɬɧɵɯ�ɨɫɟɣ�ɫɢɦɦɟɬɪɢɢ�ɢ�ɪɚɫɲɢɪɹɟɬɫɹ – ɜɨ�ɜɧɟɲɧɸɸ�ɨɛɥɚɫɬɶ 

ɩɨ� ɧɟɱɟɬɧɵɦ, ɝɞɟ� ɟɺ� ɜɧɟɲɧɹɹ� ɝɪɚɧɢɰɚ� ɫɬɚɧɨɜɢɬɫɹ� ɜɵɩɭɤɥɨɣ� ɜ� ɫɬɨɪɨɧɭ� ɩɟɪɢɮɟɪɢɢ. 

ɉɥɚɡɦɟɧɧɵɣ�ɬɨɤ�ɜ�ɱɚɫɬɧɨɫɬɢ�ɩɨɥɨɠɢɬɟɥɶɧɵɣ�ɪɚɫɩɪɟɞɟɥɟɧ�ɜ�ɮɨɪɦɟ�ɬɪɟɭɝɨɥɶɧɢɤɚ, ɧɨ 

ɟɫɥɢ�ɪɚɧɟɟ�ɫɬɨɪɨɧɵ�ɬɪɟɭɝɨɥɶɧɢɤɚ�ɛɵɥɢ�ɜɨɝɧɭɬɵɟ, ɬɨ�ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɭɠɟ�ɩɪɢ 1C = -  

ɨɧɢ� ɩɪɹɦɵɟ, ɫɨ� ɡɧɚɱɢɬɟɥɶɧɵɦ� ɭɲɢɪɟɧɢɟɦ� ɧɚ� ɫɬɨɪɨɧɟ. ɋ� ɪɨɫɬɨɦ� ɚɛɫɨɥɸɬɧɨɣ 

ɜɟɥɢɱɢɧɵ 0C < � ɤɨɧɮɢɝɭɪɚɰɢɢ� ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ, ɩɥɚɡɦɵ� ɢ� ɬɨɤɚ� ɦɟɧɹɸɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ. ȼɫɸ�ɤɨɧɮɢɝɭɪɚɰɢɸ�ɜ�ɨɫɧɨɜɧɨɣ�ɫɜɨɟɣ�ɦɚɫɫɟ «ɪɚɫɬɹɝɢɜɚɟɬ�ɧɚɪɭɠɭ», ɩɪɢ 

ɷɬɨɦ� ɪɨɥɶ� ɨɫɧɨɜɧɵɯ� ɬɨɤɨɜ� ɧɟ� ɨɫɥɚɛɟɜɚɟɬ. Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɡɚɞɚɱɢ� ɫ� ɝɪɚɧɢɱɧɵɦ 
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ɭɫɥɨɜɢɟɦ� ɩɟɪɜɨɝɨ� ɪɨɞɚ (9) ɫɩɨɫɨɛɧɵ� ɦɨɞɟɥɢɪɨɜɚɬɶ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɫ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ�ɬɨɤɚɦɢ�ɡɚ�ɩɪɟɞɟɥɚɦɢ�ɰɢɥɢɧɞɪɚ�ɩɪɢ�ɭɦɟɪɟɧɧɵɯ�ɡɧɚɱɟɧɢɹɯ 1C : . 

Ʉɚɤ�ɢ�ɜ�ɫɥɭɱɚɟ «ɉɨɹɫɚ» ɨɧɢ�ɨɩɢɫɵɜɚɸɬ�ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ�ɞɟɮɨɪɦɚɰɢɸ�ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɴɟɤɬɚ,  ɜɵɡɜɚɧɧɭɸ� ɥɢɛɨ� ɧɟɛɨɥɶɲɨɣ� ɜɟɥɢɱɢɧɨɣ� ɬɨɤɨɜ� ɜɧɟ� ɰɢɥɢɧɞɪɚ,  ɥɢɛɨ� ɢɯ 

ɞɨɫɬɚɬɨɱɧɵɦ�ɭɞɚɥɟɧɢɟɦ�ɨɬ�ɰɢɥɢɧɞɪɚ. ɉɪɢ�ɛɨɥɶɲɢɯ�ɡɧɚɱɟɧɢɹɯ C �ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɬɨɤɢ� ɨɤɚɡɵɜɚɸɬ� ɨɫɧɨɜɧɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɤɨɧɮɢɝɭɪɚɰɢɸ, ɢ� ɟɺ� ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ� ɦɨɞɟɥɶ 

ɞɨɥɠɧɚ�ɜɤɥɸɱɚɬɶ�ɢɯ�ɜ�ɨɛɥɚɫɬɶ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɜ�ɩɨɫɬɚɧɨɜɤɭ�ɡɚɞɚɱɢ. 

ȼɬɨɪɚɹ�ɱɚɫɬɶ�ɬɪɟɬɶɟɣ�ɝɥɚɜɵ�ɩɨɫɜɹɳɟɧɚ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ�ɦɨɞɟɥɢ�ɤɨɧɮɢɝɭɪɚɰɢɢ 

©Ɍɪɢɥɢɫɬɧɢɤ» ɜ� ɬɟɪɦɢɧɚɯ� ɜɬɨɪɨɣ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɫ� ɭɪɚɜɧɟɧɢɟɦ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ. 

Ɉɧɚ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɡɞɟɫɶ�ɤɚɤ�ɢ�ɜɵɲɟ�ɬɪɟɦɹ�ɫɟɪɢɹɦɢ�ɪɚɫɱɟɬɨɜ. 

ȼ� ɩɟɪɜɨɣ� ɫɟɪɢɢ� ɪɚɫɱɟɬɨɜ� ɩɨɥɨɠɢɦ� ɝɪɚɧɢɱɧɨɟ� ɭɫɥɨɜɢɟ� ɜ� ɜɢɞɟ (7), ɬ�ɟ. ɩɭɫɬɶ 

ɩɨɥɧɵɣ� ɬɨɤ� ɢ� ɩɪɨɮɢɥɶ� ɬɚɧɝɟɧɰɢɚɥɶɧɨɝɨ� ɩɨɥɹ� ɢɡɦɟɧɹɸɬɫɹ� ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ� ɞɪɭɝ� ɞɪɭɝɭ� ɫ� ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɩɨɞɨɛɢɹ 0C > . ɂɡ� ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱɟɬɨɜ� ɫɥɟɞɭɟɬ, ɱɬɨ� ɩɪɢ 1C > � ɤɨɧɮɢɝɭɪɚɰɢɹ� ɞɟɮɨɪɦɢɪɭɟɬɫɹ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ 

ɛɚɡɨɜɨɣ, ɚ�ɢɦɟɧɧɨ, ɫɠɢɦɚɟɬɫɹ� ɜɞɨɥɶ� ɧɟɱɟɬɧɵɯ�ɨɫɟɣ� ɫɢɦɦɟɬɪɢɢ�ɢ� ɫɬɚɧɨɜɢɬɫɹ� ɛɨɥɟɟ 

ɜɵɩɭɤɥɨɣ� ɜɞɨɥɶ� ɱɟɬɧɵɯ.  Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɜɬɟɤɚɟɬ� ɜ� ɰɢɥɢɧɞɪ� ɜ� ɱɟɬɧɵɯ� ɫɟɤɬɨɪɚɯ.  ɋ 

ɪɨɫɬɨɦ� ɩɚɪɚɦɟɬɪɚ C � ɜɨɡɪɚɫɬɚɟɬ� ɜɟɥɢɱɢɧɚ� ɩɨɥɧɨɝɨ, ɚ� ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɥɚɡɦɟɧɧɨɝɨ 

ɬɨɤɚ, ɬ�ɤ. ɬɨɤ�ɜ�ɩɪɨɜɨɞɧɢɤɟ cJ �ɩɨɫɬɨɹɧɟɧ. ȼɨɡɪɚɫɬɚɟɬ�ɢ�ɦɚɤɫɢɦɚɥɶɧɨɟ�ɡɧɚɱɟɧɢɟ 0p  

ɞɚɜɥɟɧɢɹ�ɩɥɚɡɦɵ, ɤɨɬɨɪɭɸ�ɬɨɤ�ɦɨɠɟɬ�ɭɞɟɪɠɢɜɚɬɶ.  

ɉɥɚɡɦɚ�ɫɨɫɪɟɞɨɬɨɱɟɧɚ�ɜ�ɬɪɟɭɝɨɥɶɧɨɣ, ɩɪɚɤɬɢɱɟɫɤɢ�ɩɪɚɜɢɥɶɧɨɣ, ɧɟɢɫɤɚɠɟɧɧɨɣ 

ɪɨɜɧɨɣ�ɨɛɥɚɫɬɢ. ɉɪɢ�ɫɪɚɜɧɟɧɢɢ�ɫ�ɛɚɡɨɜɵɦ�ɨɧ�ɦɟɧɟɟ�ɪɚɫɬɹɧɭɬ�ɜ�ɰɟɧɬɪ�ɤɨɧɮɢɝɭɪɚɰɢɢ. 

ɋ� ɪɨɫɬɨɦ C � ɛɵɫɬɪɨ� ɪɚɫɬɟɬ� ɩɨɥɨɠɢɬɟɥɶɧɵɣ� ɩɥɚɡɦɟɧɧɵɣ� ɬɨɤ J + � ɜɧɟ� ɫɟɩɚɪɚɬɪɢɫɵ. 

Ɉɬɪɢɰɚɬɟɥɶɧɵɣ� ɬɨɤ J - � ɩɪɢ 2C > ɢɧɬɟɧɫɢɜɧɨ� ɩɚɞɚɟɬ� ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɪɹɟɬ 

ɫɩɨɫɨɛɧɨɫɬɶ� ɧɟ� ɞɨɩɭɫɤɚɬɶ� ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ� ɩɥɚɡɦɵ� ɫ� ɩɪɨɜɨɞɧɢɤɨɦ. ɉɪɢ 2C =  

ɨɛɥɚɫɬɶ�ɩɪɨɜɨɞɧɢɤɚ�ɩɪɚɤɬɢɱɟɫɤɢ�ɩɨɥɧɨɫɬɶɸ�ɡɚɥɢɬɚ�ɩɥɚɡɦɨɣ, ɨɞɧɚɤɨ�ɜ�ɩɥɚɡɦɟ�ɜɨɤɪɭɝ 

ɩɪɨɜɨɞɧɢɤɚ�ɩɪɨɬɟɤɚɸɳɢɟ�ɬɨɤɢ�ɪɚɡɧɵɯ�ɧɚɩɪɚɜɥɟɧɢɣ. ɉɪɢ�ɢɡɦɟɧɟɧɢɢ�ɦɧɨɠɢɬɟɥɹ C �ɜ 

ɦɟɧɶɲɭɸ� ɨɬɧɨɫɢɬɟɥɶɧɨ 1C = � ɫɬɨɪɨɧɭ� ɬɨɤɢ� ɜ� ɩɥɚɡɦɟ� ɨɛɨɢɯ� ɡɧɚɤɨɜ� ɛɵɫɬɪɨ 

ɭɦɟɧɶɲɚɸɬɫɹ�ɢ�ɩɪɢ 0,967C = ɩɨɥɧɨɫɬɶɸ�ɢɫɱɟɡɚɸɬ, ɤɚɤ�ɢ�ɜ�ɫɥɭɱɚɟ�ɥɨɜɭɲɤɢ�ɩɨɹɫ. 

ȼɨ�ɜɬɨɪɨɣ�ɫɟɪɢɢ�ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɝɪɚɧɢɱɧɨɟ�ɭɫɥɨɜɢɟ�ɩɪɢ 2r = � ɜɢɞɚ (8), ɝɞɟ 

G - ɫɪɟɞɧɟɟ� ɡɧɚɱɟɧɢɟ� ɛɚɡɨɜɨɝɨ� ɚɡɢɦɭɬɚɥɶɧɨɝɨ� ɩɨɥɹ� ɧɚ� ɨɬɪɟɡɤɟ 0 3j p< < . 
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Ɇɧɨɠɢɬɟɥɶ C �ɨɩɪɟɞɟɥɹɟɬ�ɡɧɚɤ�ɢ�ɜɟɥɢɱɢɧɭ�ɩɪɨɮɢɥɹ�ɮɭɧɤɰɢɢ (8). ȿɝɨ�ɡɧɚɱɟɧɢɟ 1C =  

ɩɨ�ɩɪɟɠɧɟɦɭ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɛɚɡɨɜɨɣ�ɤɨɧɮɢɝɭɪɚɰɢɢ. 

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɪɚɫɱɟɬɨɜ� ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɩɪɢ 1C > � ɩɪɨɢɫɯɨɞɢɬ� ɞɟɮɨɪɦɚɰɢɹ 

ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ: ɧɚ�ɩɟɪɢɮɟɪɢɢ�ɨɧɨ�ɡɚɦɟɬɧɨ�ɫɠɢɦɚɟɬɫɹ�ɜɞɨɥɶ�ɥɭɱɟɣ 2 3nj p= , ɚ�ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ� ɱɚɫɬɢ� ɰɢɥɢɧɞɪɚ� ɦɟɧɹɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɨ� ɦɟɧɶɲɟ. ɉɨɷɬɨɦɭ� ɩɥɚɡɦɟɧɧɚɹ 

ɤɨɧɮɢɝɭɪɚɰɢɹ�ɩɨɱɬɢ�ɧɟ�ɢɡɦɟɧɹɟɬɫɹ, ɫɥɚɛɨ�ɪɚɫɲɢɪɹɹɫɶ�ɜɞɨɥɶ�ɥɭɱɟɣ (2 1) 3nj p= + . 

ɉɪɢ 1C < � ɤɨɧɮɢɝɭɪɚɰɢɢ� ɩɨɥɹ� ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɥɚɡɦɵ� ɫɠɢɦɚɸɬɫɹ� ɜɞɨɥɶ 

ɥɭɱɟɣ (2 1) 3nj p= + � ɢ� ɪɚɫɬɹɝɢɜɚɸɬɫɹ� ɜɞɨɥɶ� ɥɭɱɟɣ 2 3nj p= . Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ 

ɜɬɟɤɚɟɬ�ɜ�ɰɢɥɢɧɞɪ�ɜ�ɧɟɱɟɬɧɵɯ�ɫɟɤɬɨɪɚɯ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ� ɜɫɟ� ɪɚɫɫɦɨɬɪɟɧɧɵɟ� ɩɪɨɰɟɫɫɵ� ɤɚɱɟɫɬɜɟɧɧɨ� ɫɨɜɩɚɞɚɸɬ� ɫ 

ɬɚɤɨɜɵɦɢ�ɜ�ɥɨɜɭɲɤɟ�ɬɢɩɚ «ɉɨɹɫ», ɧɨ�ɨɬɥɢɱɚɸɬɫɹ�ɤɨɥɢɱɟɫɬɜɟɧɧɨ. 

Четвертая глава� ɩɨɫɜɹɳɟɧɚ� ɛɨɥɟɟ� ɫɥɨɠɧɨɣ� ɢ� ɢɧɬɟɪɟɫɧɨɣ� ɡɚɞɚɱɟ� ɨ 

ɪɚɜɧɨɜɟɫɢɢ� ɜ� ɥɨɜɭɲɤɟ «ɋɬɟɥɥɚɪɚɬɨɪ- ɝɚɥɚɬɟɹ». Ɉɧɚ� ɨɬɥɢɱɚɟɬɫɹ� ɨɬ «Ɍɪɢɥɢɫɬɧɢɤɚ» 

ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ�ɜɢɧɬɨɜɨɣ�ɫɢɦɦɟɬɪɢɢ�ɫ�ɬɟɦ�ɠɟ�ɲɚɝɨɦ, ɱɬɨ�ɢ�ɜɢɧɬɨɜɵɟ�ɩɪɨɜɨɞɧɢɤɢ. 

ȼɢɧɬɨɜɵɟ� ɩɪɨɜɨɞɧɢɤɢ� ɜɧɟɫɥɢ� ɤɚɱɟɫɬɜɟɧɧɨɟ� ɢɡɦɟɧɟɧɢɟ� ɜ� ɝɟɨɦɟɬɪɢɸ� ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ. ȼɢɧɬɨɜɚɹ� ɩɪɢɪɨɞɚ� ɩɪɨɜɨɞɧɢɤɨɜ� ɩɪɨɹɜɥɹɟɬɫɹ� ɜ� ɬɨɦ, ɱɬɨ� ɫɟɩɚɪɚɬɪɢɫɚ 

ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ, ɪɚɡɞɟɥɹɸɳɚɹ�ɪɚɡɥɢɱɧɵɟ�ɩɨ�ɫɬɪɭɤɬɭɪɟ�ɨɛɥɚɫɬɢ, ɧɟ�ɩɪɨɯɨɞɢɬ�ɱɟɪɟɡ 

ɰɟɧɬɪ. ɉɨɦɢɦɨ� ɨɛɥɚɫɬɟɣ, ɨɤɪɭɠɚɸɳɢɯ� ɩɪɨɜɨɞɧɢɤɢ, ɩɨɹɜɥɹɟɬɫɹ� ɨɛɥɚɫɬɶ� ɜ� ɜɢɞɟ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ�ɬɪɟɭɝɨɥɶɧɢɤɚ�ɜ�ɰɟɧɬɪɚɥɶɧɨɣ�ɱɚɫɬɢ�ɰɢɥɢɧɞɪɚ, ɜ�ɤɨɬɨɪɨɣ�ɦɚɝɧɢɬɧɨɟ 

ɩɨɥɟ�ɨɪɢɟɧɬɢɪɨɜɚɧɨ�ɩɨ�ɱɚɫɨɜɨɣ�ɫɬɪɟɥɤɟ. ȿɫɥɢ�ɫɨɫɪɟɞɨɬɨɱɢɬɶ�ɩɥɚɡɦɭ, ɤɚɤ�ɢ�ɜɵɲɟ, ɧɚ 

ɫɟɩɚɪɚɬɪɢɫɟ, ɩɨɥɭɱɢɦ� ɤɨɧɮɢɝɭɪɚɰɢɸ� ɫɥɨɠɧɨɣ� ɮɨɪɦɵ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ� ɦɨɞɟɥɶ 

ɤɨɧɮɢɝɭɪɚɰɢɣ�ɩɨɡɜɨɥɹɟɬ�ɫɪɚɜɧɢɬɶ�ɦɟɠɞɭ�ɫɨɛɨɣ�ɞɜɚ�ɜɚɪɢɚɧɬɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɩɥɚɡɦɵ. 

ȼ�ɫɥɭɱɚɟ�ɪɚɫɫɦɨɬɪɟɧɢɹ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ�ɥɨɜɭɲɟɤ�ɫ�ɜɢɧɬɨɜɵɦɢ�ɩɪɨɜɨɞɧɢɤɚɦɢ, 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ� ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ� ɜɢɧɬɨɜɚɹ� ɫɢɦɦɟɬɪɢɹ� ɡɚɞɚɱ: ɜɫɟ� ɢɫɤɨɦɵɟ� ɜɟɥɢɱɢɧɵ 

ɡɚɜɢɫɹɬ� ɨɬ� ɞɜɭɯ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ� ɩɟɪɟɦɟɧɧɵɯ r � ɢ zq j a= - , ɝɞɟ 2 ha p= , h  - 

ɲɚɝ�ɜɢɧɬɚ�ɩɪɨɜɨɞɧɢɤɨɜ. ɉɪɢ�ɷɬɨɦ�ɬɨɤ, ɤɚɤ�ɢ�ɪɚɧɟɟ, ɫɨɫɬɨɢɬ�ɢɡ�ɡɚɞɚɧɧɨɝɨ�ɜ�ɨɛɥɚɫɬɢ 

ɩɪɨɜɨɞɧɢɤɚɦɢ� ɢ� ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ� ɩɥɚɡɦɟɧɧɨɝɨ ex pl
z z zj j j= + , ɚ� ɭɪɚɜɧɟɧɢɟ� Ƚɪɷɞɚ-

ɒɚɮɪɚɧɨɜɚ�ɜɢɞɨɢɡɦɟɧɹɟɬɫɹ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɜɢɧɬɨɜɨɣ�ɫɢɦɦɟɬɪɢɢ [13]. 

ɋɭɳɟɫɬɜɭɟɬ� ɞɜɚ� ɬɢɩɚ� ɜɚɪɢɚɧɬɚ� ɤɨɧɮɢɝɭɪɚɰɢɢ: ɩɟɪɜɵɣ� ɬɢɩ- ɷɬɨ 

ɫɨɫɪɟɞɨɬɨɱɟɧɢɟ�ɩɥɚɡɦɵ�ɜ�ɰɟɧɬɪɚɥɶɧɨɣ�ɱɚɫɬɢ�ɥɨɜɭɲɤɢ, ɜɬɨɪɨɣ�ɬɢɩ – ɫɨɫɪɟɞɨɬɨɱɟɧɢɟ 

ɩɥɚɡɦɵ� ɜ� ɨɛɥɚɫɬɢ� ɫɟɩɚɪɚɬɪɢɫɵ. Ʉɪɚɬɤɨ� ɪɚɫɫɦɨɬɪɢɦ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɫ� ɩɥɚɡɦɨɣ, 

ɪɚɫɩɨɥɨɠɟɧɧɨɣ�ɜ�ɰɟɧɬɪɟ. ȼ�ɤɨɧɮɢɝɭɪɚɰɢɹɯ�ɫ�ɩɥɚɡɦɨɣ�ɜ�ɰɟɧɬɪɟ�ɩɥɚɡɦɟɧɧɵɣ�ɬɨɤ�ɜɟɡɞɟ 
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ɨɬɪɢɰɚɬɟɥɟɧ, ɬ�ɟ. ɩɪɨɬɢɜɨɩɨɥɨɠɟɧ� ɩɨ� ɧɚɩɪɚɜɥɟɧɢɸ� ɬɨɤɚɦ� ɜ� ɩɪɨɜɨɞɧɢɤɚɯ. 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ� ɫɢɥɚ� ɨɬɠɢɦɚɟɬ� ɩɥɚɡɦɭ� ɨɬ� ɩɪɨɜɨɞɧɢɤɨɜ� ɜ� ɨɫɧɨɜɧɨɦ� ɜ� ɫɬɨɪɨɧɭ 

ɰɟɧɬɪɚ, ɚ� ɧɟɛɨɥɶɲɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɡɚ� ɩɪɨɜɨɞɧɢɤɚɦɢ - ɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ� ɫɬɨɪɨɧɭ. ɉɪɢ�ɦɚɥɵɯ� ɞɚɜɥɟɧɢɹɯ 0p � ɟɟ� ɭɞɟɪɠɢɜɚɟɬ� ɧɟɩɨɞɜɢɠɧɚɹ 

ɝɪɚɧɢɰɚ, ɜɛɥɢɡɢ� ɤɨɬɨɪɨɣ� ɦɨɠɧɨ� ɡɚɦɟɬɢɬɶ� ɧɟɛɨɥɶɲɨɟ� ɩɨɜɵɲɟɧɢɟ� ɞɚɜɥɟɧɢɹ. ɉɪɢ 

ɛɨɥɟɟ�ɜɵɫɨɤɢɯ�ɡɧɚɱɟɧɢɹɯ 0p �ɩɥɚɡɦɭ�ɭɞɟɪɠɢɜɚɟɬ�ɨɬ�ɪɚɡɥɟɬɚ�ɢɡɦɟɧɢɜɲɟɟ�ɧɚɩɪɚɜɥɟɧɢɟ 

ɚɡɢɦɭɬɚɥɶɧɨɟ� ɩɨɥɟ� ɡɚ� ɭɩɨɦɹɧɭɬɵɦ� ɜɵɲɟ� ɜɬɨɪɵɦ� ɩɨɹɫɨɦ� ɨɫɨɛɵɯ� ɬɨɱɟɤ. ȼ� ɪɚɛɨɬɟ 

ɩɨɥɭɱɟɧɵ� ɢ� ɨɛɫɭɠɞɚɸɬɫɹ� ɡɧɚɱɟɧɢɹ� ɩɨɥɧɨɝɨ� ɩɥɚɡɦɟɧɧɨɝɨ� ɬɨɤɚ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ 

ɩɚɪɚɦɟɬɪɨɜ. 

Ȼɨɥɟɟ� ɢɧɬɟɪɟɫɧɵ� ɤɨɧɮɢɝɭɪɚɰɢɢ, ɜ� ɤɨɬɨɪɵɯ� ɩɥɚɡɦɚ� ɫɨɫɪɟɞɨɬɨɱɟɧɚ� ɜɛɥɢɡɢ 

ɫɟɩɚɪɚɬɪɢɫɵ� Ɋɢɫ.3, ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ, ɨɱɟɜɢɞɧɨ, ɨɧɚ� ɡɚɧɢɦɚɟɬ� ɝɨɪɚɡɞɨ� ɛɨɥɶɲɭɸ� ɱɚɫɬɶ 

ɨɛɴɟɦɚ� ɰɢɥɢɧɞɪɚ, ɤɚɤ� ɜɩɟɪɜɵɟ� ɩɨɤɚɡɚɧɨ� ɜ� ɪɚɛɨɬɟ [14]. ȼ� ɱɚɫɬɧɨɫɬɢ, ɞɢɚɩɚɡɨɧ 

ɞɨɩɭɫɬɢɦɵɯ�ɡɧɚɱɟɧɢɣ crp � ɡɞɟɫɶ�ɲɢɪɟ, ɱɟɦ�ɜ�ɪɚɫɫɦɨɬɪɟɧɧɵɯ�ɜɵɲɟ�ɤɨɧɮɢɝɭɪɚɰɢɹɯ. 

ɗɬɢ� ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ� ɫɨɝɥɚɫɭɸɬɫɹ� ɫ� ɢɡɭɱɟɧɧɵɦɢ� ɪɚɧɟɟ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɢ� ɟɳɟ� ɪɚɡ 

ɞɟɦɨɧɫɬɪɢɪɭɸɬ� ɩɪɟɢɦɭɳɟɫɬɜɚ� ɥɨɜɭɲɟɤ�ɝɚɥɚɬɟɣ� ɩɟɪɟɞ� ɬɪɚɞɢɰɢɨɧɧɵɦɢ 

ɫɬɟɥɥɚɪɚɬɨɪɚɦɢ. 

 

 
    ɚ    �ɛ    �ɫ 
Ɋɢɫ.3. ɚ) Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɛ) ɞɚɜɥɟɧɢɟ� ɜ) ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɥɚɡɦɟɧɧɨɝɨ� ɬɨɤɚ� ɜ 
ɋɬɟɥɥɚɪɚɬɨɪɟ�ɝɚɥɚɬɟɟ 

 

ɇɚɩɪɚɜɥɟɧɢɟ�ɬɨɤɚ�ɜ�ɩɥɚɡɦɟ�ɨɬɥɢɱɧɨ�ɨɬ�ɪɚɫɫɦɨɬɪɟɧɧɵɯ�ɜɵɲɟ�ɜɚɪɢɚɧɬɨɜ. Ɍɨɤ 

ɩɨ�ɩɪɟɠɧɟɦɭ� ɨɬɪɢɰɚɬɟɥɟɧ� ɢ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɨɬɠɚɬɢɸ� ɩɥɚɡɦɵ� ɨɬ� ɩɪɨɜɨɞɧɢɤɨɜ� ɜ� ɢɯ 

ɨɤɪɟɫɬɧɨɫɬɢ, ɬ�ɟ. ɜɧɭɬɪɢ�ɥɟɩɟɫɬɤɨɜ�ɫɟɩɚɪɚɬɪɢɫɵ, ɚ�ɜ�ɰɟɧɬɪɚɥɶɧɨɦ�ɬɪɟɭɝɨɥɶɧɢɤɟ�ɢ�ɜɧɟ 

ɫɟɩɚɪɚɬɪɢɫɵ - ɩɨɥɨɠɢɬɟɥɟɧ. ɇɚ� ɫɚɦɨɣ� ɫɟɩɚɪɚɬɪɢɫɟ� ɧɚɩɪɚɜɥɟɧɢɟ� ɬɨɤɚ� ɦɟɧɹɟɬ� ɡɧɚɤ, 
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ɬ�ɟ. 0plj = , ɤɨɧɮɢɝɭɪɚɰɢɹ�ɩɥɚɡɦɵ�ɧɚ�ɧɟɣ, ɤɚɤ�ɢ�ɜ «ɉɨɹɫɟ», ɢɦɟɟɬ�ɯɚɪɚɤɬɟɪ�ɬɨɤɨɜɨɝɨ 

©ɛɢɫɥɨɹ»,  ɚ� ɧɟ� ɫɥɨɹ.  Ɇɚɤɫɢɦɚɥɶɧɵɣ� ɩɨ� ɜɟɥɢɱɢɧɟ� ɬɨɤ� ɨɛɨɢɯ� ɡɧɚɤɨɜ� ɩɪɨɬɟɤɚɟɬ� ɜ 

ɪɚɣɨɧɟ� ɝɪɚɧɢɰ� ɤɨɧɮɢɝɭɪɚɰɢɣ, ɬ�ɟ. ɤɚɤ� ɢ� ɜɵɲɟ� ɢɫɩɵɬɵɜɚɟɬ� ɬɟɧɞɟɧɰɢɸ� ɤ 

©ɫɤɢɧɢɪɨɜɚɧɢɸ». ɉɨɥɭɱɟɧɵ� ɡɧɚɱɟɧɢɹ� ɩɨɥɧɨɝɨ� ɬɨɤɚ� ɜ� ɩɥɚɡɦɟ – ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ� ɢ 

ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ. 

Ɋɚɫɱɟɬɵ� ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɋȽ� ɤɚɤ� ɜ «Ɍɪɢɥɢɫɬɧɢɤɟ» ɢ 

©ɉɨɹɫɟ», ɜɵɩɨɥɧɟɧɵ�ɩɟɪɜɨɧɚɱɚɥɶɧɨ�ɜ�ɬɟɪɦɢɧɚɯ�ɩɟɪɜɨɣ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ�ɫ�ɭɪɚɜɧɟɧɢɟɦ 

Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ�ɫ�ɝɪɚɧɢɱɧɵɦ�ɭɫɥɨɜɢɟɦ constY = �ɩɪɢ r R= . ɂɫɩɨɥɶɡɭɹ�ɝɪɚɧɢɱɧɨɟ 

ɭɫɥɨɜɢɟ�ɜ�ɜɢɞɟ ( ) 0 cos(3 )Ƚ b Cq qY -Y = Y + , ɝɞɟ 0Y �ɡɧɚɱɟɧɢɟ Y �ɧɚ� ɫɟɩɚɪɚɬɪɢɫɟ, ɚ 

bY - «ɛɚɡɨɜɨɟ» ɡɧɚɱɟɧɢɟ 0ȽY -Y , ɩɨɥɭɱɟɧɧɨɟ�ɜ�ɬɪɚɞɢɰɢɨɧɧɨɣ�ɩɨɫɬɚɧɨɜɤɟ�ɡɚɞɚɱɢ�ɫ 

constȽY = �ɩɪɢ�ɡɧɚɱɟɧɢɹɯ 02,  0.25,  0.5,  0.5cR r p q= = = = . ɉɪɢ 0C > �ɩɨɥɟ�ɜɬɟɤɚɟɬ 

ɜ� ɰɢɥɢɧɞɪ� ɜ� ɩɟɪɜɨɦ� ɫɟɤɬɨɪɟ,  ɢ ,  ɫɥɟɞɨɜɚɬɟɥɶɧɨ,  ɜɨ� ɜɫɟɯ� ɧɟɱɟɬɧɵɯ� ɫɟɤɬɨɪɚɯ,  ɢ 

ɜɵɬɟɤɚɟɬ� ɢɡ� ɧɟɝɨ� ɜ� ɱɟɬɧɵɯ. Ɇɚɝɧɢɬɨɩɥɚɡɦɟɧɧɚɹ� ɤɨɧɮɢɝɭɪɚɰɢɹ� ɞɟɮɨɪɦɢɪɭɟɬɫɹ� ɩɪɢ 

ɷɬɨɦ, ɫɠɢɦɚɹɫɶ�ɤ�ɰɟɧɬɪɭ�ɜ�ɧɚɩɪɚɜɥɟɧɢɹɯ�ɧɟɱɟɬɧɵɯ�ɥɭɱɟɣ ( )2 1 3nq p= + �ɩɨɫɪɟɞɢɧɟ 

ɦɟɠɞɭ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɢ� ɪɚɫɬɹɝɢɜɚɹɫɶ� ɨɬ� ɰɟɧɬɪɚ� ɜ� ɱɟɬɧɵɯ� ɧɚɩɪɚɜɥɟɧɢɹɯ� ɡɚ 

ɩɪɨɜɨɞɧɢɤɚɦɢ�ɩɪɢ 2 3nq p= . 

ȿɫɥɢ� ɩɥɚɡɦɚ� ɫɨɫɪɟɞɨɬɨɱɟɧɚ� ɜ� ɰɟɧɬɪɟ, ɤɨɧɮɢɝɭɪɚɰɢɢ� ɧɟ� ɩɪɟɬɟɪɩɟɥɢ� ɯɨɬɶ 

ɫɤɨɥɶɤɨ�ɧɢɛɭɞɶ�ɡɚɦɟɬɧɨɝɨ�ɢɡɦɟɧɟɧɢɹ�ɩɪɢ�ɢɡɦɟɧɟɧɢɢ�ɝɪɚɧɢɱɧɨɝɨ�ɭɫɥɨɜɢɹ. Ⱥ�ɜ�ɫɥɭɱɚɟ 

ɪɚɫɩɨɥɨɠɟɧɢɹ� ɩɥɚɡɦɵ� ɜɞɨɥɶ� ɫɟɩɚɪɚɬɪɢɫɵ, ɜ� ɰɟɧɬɪɚɥɶɧɨɣ� ɱɚɫɬɢ� ɧɚɯɨɞɢɬɫɹ 

ɩɥɚɡɦɟɧɧɨɟ� ɢ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ� ɨɛɪɚɡɨɜɚɧɢɟ� ɬɪɟɭɝɨɥɶɧɨɣ� ɮɨɪɦɵ, 

ɤɨɬɨɪɨɟ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ� ɝɪɚɧɢɱɧɨɝɨ� ɭɫɥɨɜɢɹ� ɧɟ� ɢɡɦɟɧɢɥɨ� ɫɜɨɟɣ� ɮɨɪɦɵ, ɩɨ 

ɫɪɚɜɧɟɧɢɸ� ɫ� ɛɚɡɨɜɨɣ� ɤɨɧɮɢɝɭɪɚɰɢɟɣ. ɉɨɥɭɱɟɧɧɚɹ� ɞɟɮɨɪɦɚɰɢɹ� ɜ� ɋȽ� ɨɫɥɚɛɥɹɟɬ 

ɜɵɩɭɤɥɨɫɬɶ� ɜ� ɫɬɨɪɨɧɭ� ɩɟɪɢɮɟɪɢɢ, ɱɬɨ�ɩɨ�ɜɢɞɢɦɨɦɭ, ɞɨɥɠɧɨ� ɩɨɥɨɠɢɬɟɥɶɧɨ� ɜɥɢɹɬɶ 

ɧɚ�ɟɝɨ�ɭɫɬɨɣɱɢɜɨɫɬɶ. 

ɉɪɢ 0C < � ɤɨɧɮɢɝɭɪɚɰɢɹ� ɞɟɮɨɪɦɢɪɭɟɬɫɹ� ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ� ɨɛɪɚɡɨɦ : ɩɨɥɟ 

ɜɬɟɤɚɟɬ�ɜ�ɰɢɥɢɧɞɪ�ɜ�ɱɟɬɧɵɯ�ɫɟɤɬɨɪɚɯ�ɢ�ɜɵɬɟɤɚɟɬ – ɜ�ɧɟɱɟɬɧɵɯ, ɩɥɚɡɦɚ�ɩɪɢɠɢɦɚɟɬɫɹ�ɤ 

ɰɟɧɬɪɭ� ɡɚ� ɩɪɨɜɨɞɧɢɤɚɦɢ, ɚ� ɦɟɠɞɭ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɟɺ� ɜɧɟɲɧɹɹ� ɝɪɚɧɢɰɚ� ɫɬɪɟɦɢɬɫɹ 

ɜɵɬɹɧɭɬɶɫɹ�ɨɬ�ɰɟɧɬɪɚ�ɢ�ɫɬɚɬɶ�ɛɨɥɟɟ�ɜɵɩɭɤɥɨɣ�ɧɚɪɭɠɭ.  

ɋɥɟɞɭɟɬ�ɡɚɦɟɬɢɬɶ, ɱɬɨ�ɜ�ɋȽ�ɜɧɭɬɪɟɧɧɹɹ�ɝɪɚɧɢɰɚ�ɩɥɚɡɦɟɧɧɨɣ�ɤɨɧɮɢɝɭɪɚɰɢɢ, ɚ 

ɬɚɤɠɟ� ɩɨɥɨɠɟɧɢɟ� ɫɟɩɚɪɚɬɪɢɫɵ� ɢ� ɫɟɞɥɨɜɵɯ� ɬɨɱɟɤ, ɜɨɤɪɭɝ� ɤɨɬɨɪɵɯ� ɜ� ɨɫɧɨɜɧɨɦ 
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ɫɨɫɪɟɞɨɬɨɱɟɧɚ�ɩɥɚɡɦɚ, ɩɪɢ�ɞɟɮɨɪɦɚɰɢɹɯ�ɨɛɨɢɯ�ɬɢɩɨɜ�ɩɪɚɤɬɢɱɟɫɤɢ�ɧɟ�ɦɟɧɹɸɬɫɹ, ɬ�ɟ. 

ɞɟɮɨɪɦɢɪɭɟɬɫɹ�ɬɨɥɶɤɨ�ɟɺ�ɜɧɟɲɧɹɹ�ɝɪɚɧɢɰɚ. 

ɉɪɨɢɡɜɟɞɟɧ� ɩɨɞɪɨɛɧɵɣ� ɚɧɚɥɢɡ� ɡɚɜɢɫɢɦɨɫɬɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɦɚɝɧɢɬɧɵɯ 

ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ C . ɉɪɢɜɨɞɢɬɫɹ� ɞɟɬɚɥɶɧɨɟ� ɨɩɢɫɚɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɬɨɤɨɜ�ɜ�ɨɛɥɚɫɬɢ. 

Ⱦɚɥɟɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɩɨɫɬɚɧɨɜɤɚ� ɡɚɞɚɱɢ� ɫ� ɝɪɚɧɢɱɧɵɦ� ɭɫɥɨɜɢɟɦ� ɜɬɨɪɨɝɨ 

ɪɨɞɚ. Ɋɚɫɱɟɬɵ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɬɟɪɦɢɧɚɯ� ɜɬɨɪɨɣ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ� ɩɪɨɜɟɞɟɧɨ� ɜ� ɞɜɭɯ 

ɫɟɪɢɹɯ, ɤɚɤ�ɢ�ɪɚɧɟɟ, ɨɬɬɚɥɤɢɜɚɹɫɶ�ɨɬ� ɡɧɚɱɟɧɢɣ ( ) ( ):   rr R r H Gq q= - ¶Y ¶ = = � ɝɞɟ 

( )G q  – ɱɢɫɥɟɧɧɵɟ�ɡɧɚɱɟɧɢɹ r-¶Y ¶ , ɩɨɥɭɱɟɧɧɵɟ�ɜ�ɪɚɫɱɟɬɚɯ «ɛɚɡɨɜɵɯ» ɡɚɞɚɱ�ɩɪɢ 

constȽY = � ɜ «ɰɟɧɬɪɚɥɶɧɨɦ» ɢ «ɫɟɩɚɪɚɬɪɢɫɧɨɦ» ɋȽ� ɫ� ɭɤɚɡɚɧɧɵɦɢ� ɜɵɲɟ 

ɩɚɪɚɦɟɬɪɚɦɢ. ɉɪɢ 1C > , ɬ�ɟ. ɩɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɩɨɥɧɨɝɨ� ɬɨɤɚ� ɨɛɟ� ɤɨɧɮɢɝɭɪɚɰɢɢ 

ɞɟɮɨɪɦɢɪɭɸɬɫɹ, ɫɠɢɦɚɹɫɶ� ɜɞɨɥɶ� ɱɟɬɧɵɯ� ɥɭɱɟɣ, ɩɪɨɯɨɞɹɳɢɯ� ɱɟɪɟɡ� ɩɪɨɜɨɞɧɢɤɢ, ɢ 

ɜɵɬɹɝɢɜɚɹɫɶ� ɜɞɨɥɶ� ɧɟɱɟɬɧɵɯ - ɦɟɠɞɭ� ɩɪɨɜɨɞɧɢɤɚɦɢ. Ɇɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɜɬɟɤɚɟɬ� ɜ 

ɰɢɥɢɧɞɪ� ɜ� ɧɟɱɟɬɧɵɯ� ɫɟɤɬɨɪɚɯ� ɢ� ɜɵɬɟɤɚɟɬ� ɜ� ɱɟɬɧɵɯ. ȼ «ɰɟɧɬɪɚɥɶɧɨɦ» ɫɥɭɱɚɟ 

ɩɨɫɬɚɧɨɜɤɢ� ɪɚɫɱɟɬɵ� ɪɚɜɧɨɜɟɫɢɹ� ɞɨɩɭɫɤɚɸɬ� ɞɨɫɬɚɬɨɱɧɨ� ɫɢɥɶɧɨɟ� ɜɨɡɪɚɫɬɚɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ C . ɉɥɚɡɦɚ�ɢ�ɷɥɟɤɬɪɢɱɟɫɤɢɣ�ɬɨɤ�ɡɚɧɢɦɚɸɬ�ɤɪɭɝɥɭɸ�ɨɛɥɚɫɬɶ�ɜ�ɰɟɧɬɪɟ 

ɥɨɜɭɲɤɢ� ɧɟ� ɦɟɧɹɹ� ɫɜɨɟɣ� ɝɟɨɦɟɬɪɢɢ, ɩɪɢ� ɷɬɨɦ� ɦɚɝɧɢɬɧɨɟ� ɩɨɥɟ� ɜ� ɨɛɥɚɫɬɢ� ɡɚ 

ɩɪɨɜɨɞɧɢɤɚɦɢ�ɜ�ɩɥɨɬɶ�ɞɨ�ɝɪɚɧɢɰɵ�ɥɨɜɭɲɤɢ�ɫɩɨɫɨɛɧɨ�ɦɟɧɹɬɶɫɹ. 

Ɋɚɜɧɨɜɟɫɧɵɟ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ� ɜɞɨɥɶ� ɫɟɩɚɪɚɬɪɢɫɵ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ�ɥɢɲɶ�ɩɪɢ�ɨɝɪɚɧɢɱɟɧɧɵɯ�ɡɧɚɱɟɧɢɹɯ 1 1.4C< < . 

ɉɪɢ� ɡɧɚɱɟɧɢɹɯ 1C < , ɬ�ɟ. ɩɪɢ� ɭɦɟɧɶɲɟɧɢɢ� ɩɨɥɧɨɝɨ� ɬɨɤɚ, ɪɚɜɧɨɜɟɫɧɵɟ 

ɤɨɧɮɢɝɭɪɚɰɢɢ� ɜ� ɨɛɟɢɯ� ɥɨɜɭɲɤɚɯ� ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ� ɬɨɥɶɤɨ� ɜ� ɭɡɤɨɦ� ɞɢɚɩɚɡɨɧɟ  

1crC C- < < , ɝɞɟ 0.886crC - = �ɜ «ɰɟɧɬɪɚɥɶɧɨɦ» ɫɥɭɱɚɟ�ɢ 0.745crC - = �ɜ «ɫɟɩɚɪɚɬɪɢɫɧɨɦ». 

ȼɨ� ɜɬɨɪɨɣ� ɫɟɪɢɢ� ɪɚɫɱɟɬɨɜ, ɜ� ɤɨɬɨɪɨɣ� ɮɢɤɫɢɪɭɟɬɫɹ� ɩɨɥɧɵɣ� ɬɨɤ, ɝɪɚɧɢɱɧɨɟ 

ɭɫɥɨɜɢɟ� ɢɦɟɟɬ� ɜɢɞ ( ) ( )( )Ƚr H G C G Gq q-¶Y ¶ = = + - , ɝɞɟ G - ɫɪɟɞɧɟɟ 

ɡɧɚɱɟɧɢɟ «ɛɚɡɨɜɨɣ» ɮɭɧɤɰɢɢ ( )G j � ɡɚɞɚɧɧɨɣ� ɪɚɧɟɟ. Ʉɚɤ� ɢ� ɪɚɧɟɟ, ɷɬɨ� ɝɪɚɧɢɱɧɨɟ 

ɭɫɥɨɜɢɟ�ɜɨɡɦɭɳɚɟɬ�ɥɢɲɶ�ɩɪɨɮɢɥɶ�ɚɡɢɦɭɬɚɥɶɧɨɝɨ�ɩɨɥɹ.  ɉɪɢ 1C = �ɩɪɨɮɢɥɶ ( )ȽH q  

ɫɨɜɩɚɞɚɟɬ� ɫ� ɛɚɡɨɜɵɦ, ɩɪɢ 1C >  –  ɫɬɚɧɨɜɢɬɫɹ� ɛɨɥɟɟ� ɤɪɭɬɵɦ,  ɩɪɢ 1C <  –  ɦɟɧɟɟ 

ɤɪɭɬɵɦ, ɚ�ɩɪɢ 0C <  – ɦɨɧɨɬɨɧɧɵɦ�ɜ�ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ�ɫɬɨɪɨɧɭ. ȼ�ɨɛɟɢɯ�ɥɨɜɭɲɤɚɯ 



21 
 

ɤɨɧɮɢɝɭɪɚɰɢɹ� ɫɠɢɦɚɟɬɫɹ� ɜɞɨɥɶ� ɱɟɬɧɵɯ� ɥɭɱɟɣ 2 3nq p= � ɢ� ɪɚɫɲɢɪɹɟɬɫɹ� ɜɞɨɥɶ 

ɧɟɱɟɬɧɵɯ ( )2 1 3nq p= + , ɝɞɟ�ɫɬɚɧɨɜɢɬɫɹ�ɛɨɥɟɟ�ɜɵɩɭɤɥɨɣ. 

ɂɡɦɟɧɟɧɢɟ� ɩɪɨɮɢɥɹ ( )ȽH q � ɜ� ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ� ɫɬɨɪɨɧɭ� ɩɪɢɜɨɞɢɬ� ɤ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ� ɞɟɮɨɪɦɚɰɢɹɦ� ɩɥɚɡɦɵ� ɢ� ɩɨɥɹ: ɫɠɚɬɢɸ� ɜɞɨɥɶ� ɧɟɱɟɬɧɵɯ� ɥɭɱɟɣ� ɢ 

ɪɚɫɬɹɠɟɧɢɸ� ɜɞɨɥɶ� ɱɟɬɧɵɯ. ȼ� ɨɛɨɢɯ� ɪɚɫɫɦɨɬɪɟɧɧɵɯ� ɬɢɩɚɯ� ɞɟɮɨɪɦɚɰɢɣ� ɡɧɚɱɟɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ� ɞɚɜɥɟɧɢɹ 0p � ɧɟɡɧɚɱɢɬɟɥɶɧɨ� ɭɛɵɜɚɸɬ� ɡɚ� ɫɱɟɬ� ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ�ɢ�ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ�ɬɨɤɨɜ�ɜ�ɩɥɚɡɦɟ. 

Заключение  . 

ɉɨɫɬɪɨɟɧɚ� ɱɢɫɥɟɧɧɚɹ� ɦɨɞɟɥɶ� ɪɚɜɧɨɜɟɫɢɹ� ɩɥɚɡɦɵ, ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ� ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɬɨɤɚ�ɜ�ɬɪɟɯ�ɦɚɝɧɢɬɧɵɯ�ɥɨɜɭɲɤɚɯ�ɝɚɥɚɬɟɹɯ: «ɉɨɹɫ», «Ɍɪɢɥɢɫɬɧɢɤ» ɢ 

©ɋɬɟɥɥɚɪɚɬɨɪ�ɝɚɥɚɬɟɹ» ɜ� ɢɯ� ɪɚɫɩɪɹɦɥɟɧɧɨɣ� ɜ� ɰɢɥɢɧɞɪ� ɦɨɞɢɮɢɤɚɰɢɢ. ɂɡɥɨɠɟɧ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ� ɚɩɩɚɪɚɬ� ɦɨɞɟɥɢ - ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ� ɩɥɚɡɦɨɫɬɚɬɢɤɚ, ɨɫɧɨɜɚɧɧɚɹ� ɧɚ 

ɱɢɫɥɟɧɧɨɦ� ɪɟɲɟɧɢɢ� ɤɪɚɟɜɵɯ� ɡɚɞɚɱ� ɫ� ɭɪɚɜɧɟɧɢɟɦ� Ƚɪɷɞɚ�ɒɚɮɪɚɧɨɜɚ. ɉɨɥɭɱɟɧɵ 

ɧɨɜɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɞɨɩɨɥɧɹɸɳɢɟ�ɢ�ɪɚɡɜɢɜɚɸɳɢɟ�ɬɟɨɪɢɸ�ɜ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ�ɨɛɥɚɫɬɢ: 

ɭɤɚɡɚɧɵ�ɡɧɚɱɟɧɢɹ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɞɚɜɥɟɧɢɹ�ɩɥɚɡɦɵ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ�ɜɨɡɦɨɠɧɨɫɬɶ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ� ɪɚɜɧɨɜɟɫɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɜ� ɬɪɟɯ� ɥɨɜɭɲɤɚɯ� ɫ� ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ 

ɪɚɫɩɨɥɨɠɟɧɢɟɦ� ɩɪɨɜɨɞɧɢɤɨɜ� ɢ� ɡɧɚɱɟɧɢɹɦɢ� ɬɨɤɚ� ɜ� ɧɢɯ, ɫɩɟɤɬɪɚɥɶɧɵɣ� ɚɧɚɥɢɡ 

ɛɢɮɭɪɤɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ� ɫ� ɧɟɟɞɢɧɫɬɜɟɧɧɨɫɬɶɸ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɨ «ɉɨɹɫɟ»; ɪɚɫɱɟɬ 

ɤɨɧɮɢɝɭɪɚɰɢɢ «Ɍɪɢɥɢɫɬɧɢɤ» ɫ� ɬɪɟɦɹ� ɩɚɪɚɥɥɟɥɶɧɵɦɢ� ɩɪɨɜɨɞɧɢɤɚɦɢ� ɫ� ɬɨɤɨɦ; 

ɩɨɞɪɨɛɧɵɣ� ɚɧɚɥɢɡ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɩɥɚɡɦɵ, ɦɚɝɧɢɬɧɨɝɨ� ɩɨɥɹ� ɢ� ɩɥɨɬɧɨɫɬɢ� ɬɨɤɚ� ɜ 

©ɋɬɟɥɥɚɪɚɬɨɪ- ɝɚɥɚɬɟɟ» ɫ�ɜɢɧɬɨɜɵɦɢ�ɬɨɤɨɧɟɫɭɳɢɦɢ�ɩɪɨɜɨɞɧɢɤɚɦɢ�ɜ�ɞɜɭɯ�ɪɚɡɥɢɱɧɵɯ 

ɜɚɪɢɚɧɬɚɯ�ɫɨɫɪɟɞɨɬɨɱɟɧɢɹ�ɩɥɚɡɦɵ. ȼɨ�ɜɫɟɯ�ɬɪɟɯ�ɩɪɢɦɟɪɚɯ�ɨɛɪɚɳɚɟɬɫɹ�ɜɧɢɦɚɧɢɟ�ɧɚ 

ɬɟɧɞɟɧɰɢɸ�ɤ «ɫɤɢɧɢɪɨɜɚɧɢɸ» ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ�ɬɨɤɚ�ɜ�ɩɥɚɡɦɟ, ɬ�ɟ. ɟɝɨ�ɫɨɫɪɟɞɨɬɨɱɟɧɢɟ 

ɧɚ� ɝɪɚɧɢɰɚɯ� ɩɥɚɡɦɟɧɧɵɯ� ɤɨɧɮɢɝɭɪɚɰɢɣ. ɉɨɥɭɱɟɧɵ� ɧɨɜɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɜ� ɞɜɭɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ: 1) ɪɚɫɲɢɪɟɧɢɟ� ɬɪɚɞɢɰɢɨɧɧɵɯ� ɤɪɚɟɜɵɯ� ɭɫɥɨɜɢɣ� ɩɟɪɜɨɝɨ� ɪɨɞɚ� ɢ 

ɦɨɞɟɥɢ�ɤɨɧɮɢɝɭɪɚɰɢɣ�ɜ�ɨɛɥɚɫɬɹɯ�ɫ�ɩɪɨɡɪɚɱɧɵɦɢ�ɞɥɹ�ɦɚɝɧɢɬɧɨɝɨ�ɩɨɥɹ�ɝɪɚɧɢɰɚɦɢ; 2) 

ɡɚɞɚɱɢ� ɫ� ɤɪɚɟɜɵɦɢ� ɭɫɥɨɜɢɹɦɢ� ɜɬɨɪɨɝɨ� ɪɨɞɚ� ɢ� ɦɨɞɟɥɢ� ɤɨɧɮɢɝɭɪɚɰɢɣ� ɫ� ɡɚɞɚɧɧɵɦ 

ɬɨɤɨɦ� ɜ� ɩɥɚɡɦɟ. ɂɫɫɥɟɞɨɜɚɧɵ� ɪɚɜɧɨɜɟɫɧɵɟ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɩɥɚɡɦɵ, ɩɨɥɹ� ɢ� ɬɨɤɚ� ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɪɚɡɥɢɱɧɵɯ� ɜɚɪɢɚɧɬɨɜ� ɭɫɥɨɜɢɣ� ɧɚ� ɝɪɚɧɢɰɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ� ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ� ɷɬɢɯ� ɭɫɥɨɜɢɣ� ɪɚɜɧɨɜɟɫɧɵɟ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɞɟɮɨɪɦɢɪɭɸɬɫɹ. ɗɬɨ� ɦɨɠɟɬ 

ɛɵɬɶ� ɫɜɹɡɚɧɨ, ɧɚɩɪɢɦɟɪ, ɫ� ɜɥɢɹɧɢɟɦ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ� ɩɪɨɜɨɞɧɢɤɨɜ� ɫ� ɬɨɤɨɦ, 
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ɪɚɫɩɨɥɨɠɟɧɧɵɯ� ɡɚ� ɩɪɟɞɟɥɚɦɢ� ɰɢɥɢɧɞɪɚ. Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɲɢɪɹɸɬ� ɜɨɡɦɨɠɧɨɫɬɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɪɚɜɧɨɜɟɫɢɹ�ɩɥɚɡɦɵ�ɜ�ɦɚɝɧɢɬɧɵɯ�ɥɨɜɭɲɤɚɯ�ɝɚɥɚɬɟɹɯ. 
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