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ɪɚɫɩɪɨɫɬɪɚɧɹɹɫɶ�ɜ�ɫɪɟɞɟ�ɡɞɚɧɢɹ, ɫɨɡɞɚɟɬ�ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɣ�ɲɭɦɨɜɨɣ�ɪɟɠɢɦ. ȼ�ɷɬɨɣ 

ɫɜɹɡɢ� ɡɞɚɧɢɹ� ɫ�ɩɨɡɢɰɢɣ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜ�ɧɢɯ� ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ� ɨɛɳɟɦ�ɫɥɭɱɚɟ 

ɫɥɟɞɭɟɬ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɤɚɤ� ɫɢɫɬɟɦɵ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. Ⱦɥɹ 

ɫɧɢɠɟɧɢɹ� ɲɭɦɚ� ɜ� ɧɢɯ� ɧɚɢɛɨɥɟɟ� ɩɪɢɟɦɥɟɦɵ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɟ� ɫɪɟɞɫɬɜɚ 

ɡɚɳɢɬɵ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ�ɡɜɭɤɨɜɭɸ�ɷɧɟɪɝɢɸ�ɧɚ�ɩɭɬɹɯ�ɟɟ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜ�ɫɪɟɞɟ 

ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. Ⱦɥɹ� ɜɵɛɨɪɚ� ɷɬɢɯ� ɫɪɟɞɫɬɜ� ɢ� ɭɫɬɚɧɨɜɥɟɧɢɹ� ɢɯ 

ɬɪɟɛɭɟɦɵɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɧɟɨɛɯɨɞɢɦɨ� ɢɦɟɬɶ� ɦɟɬɨɞɵ� ɢ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɲɭɦɚ, 

ɭɱɢɬɵɜɚɸɳɢɟ�ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ�ɧɚ�ɩɪɨɰɟɫɫɵ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ 

ɫɪɟɞɟ�ɡɞɚɧɢɣ. ȼ�ɷɬɨɣ�ɫɜɹɡɢ�ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɚ�ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ 

ɢ� ɪɚɡɪɚɛɨɬɤɚ�ɦɟɬɨɞɢɤ�ɢɯ� ɪɟɚɥɢɡɚɰɢɢ� ɫ� ɰɟɥɶɸ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɞɥɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɫɪɟɞɫɬɜ� ɲɭɦɨɡɚɳɢɬɵ� ɜ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɹɯ� ɤɚɤ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ, ɹɜɥɹɟɬɫɹ� ɚɤɬɭɚɥɶɧɨɣ� ɧɚɭɱɧɨɣ� ɡɚɞɚɱɟɣ, ɢɦɟɸɳɟɣ 

ɩɪɚɤɬɢɱɟɫɤɨɟ�ɡɧɚɱɟɧɢɟ. 

ɋɬɟɩɟɧɶ� ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ� ɬɟɦɵ.� ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɧɚ� ɨɫɧɨɜɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɩɨɦɟɳɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ� Ⱥɧɬɨɧɨɜɵɦ� Ⱥ�ɂ.,  

Ƚɭɫɟɜɵɦ� ȼ�ɉ., Ʉɨɜɪɢɝɢɧɵɦ� ɋ�Ⱦ., Ʉɪɵɲɨɜɵɦ� ɋ�ɂ., Ʌɟɞɟɧɟɜɵɦ� ȼ�ɂ.,  

Ɉɫɢɩɨɜɵɦ�Ƚ�Ʌ., ɒɭɛɢɧɵɦ�ɂ�Ʌ. ɢ�ɞɪ. ɪɚɡɪɚɛɨɬɚɧɵ�ɧɚɞɟɠɧɵɟ�ɦɟɬɨɞɵ�ɪɚɫɱɟɬɚ�ɲɭɦɚ 

ɜ� ɨɬɞɟɥɶɧɵɯ� ɡɚɦɤɧɭɬɵɯ� ɨɛɴɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ. Ɍɚɤɢɟ� ɠɟ� ɪɚɛɨɬɵ� ɜɵɩɨɥɧɹɥɢ 

Schroeder M.R., Kuttruff H., Jeske W., Gremer L., Hodgson M. ɢ� ɞɪ. ȼ� ɬɨɠɟ� ɜɪɟɦɹ 

ɢɦɟɟɬɫɹ� ɨɝɪɚɧɢɱɟɧɧɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ� ɫ 

ɪɚɡɪɚɛɨɬɤɨɣ�ɦɟɬɨɞɨɜ�ɢ�ɦɟɬɨɞɢɤ�ɪɚɫɱɟɬɚ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ. ȼ 

Ɋɨɫɫɢɢ� ɤ� ɧɢɦ� ɨɬɧɨɫɹɬɫɹ� ɪɚɛɨɬɵ� Ⱥɧɬɨɧɨɜɚ� Ⱥ�ɂ., Ƚɨɥɨɜɤɨ� Ⱥ�ȼ., Ʌɟɞɟɧɟɜɚ� ȼ�ɂ., 

Ɇɚɧɶɤɨɜɫɤɨɝɨ� ȼ�ɋ. Ɂɚ� ɪɭɛɟɠɨɦ� ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ 

ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɪɚɧɟɟ� ɡɚɧɢɦɚɥɢɫɶ Sabine W.C., Eyring C.F., ɚ� ɩɨɡɞɧɟɟ  

Jeske W., Kruzins E., Lyle C.D. ɢ�ɞɪ.  
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Ⱥɧɚɥɢɡ� ɩɪɟɞɥɚɝɚɟɦɵɯ� ɪɚɫɱɟɬɧɵɯ� ɦɨɞɟɥɟɣ� ɢ� ɦɟɬɨɞɨɜ� ɢɯ� ɪɟɚɥɢɡɚɰɢɢ 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ�ɨɧɢ�ɧɟ�ɜ�ɩɨɥɧɨɣ�ɦɟɪɟ�ɭɱɢɬɵɜɚɸɬ�ɫɥɨɠɧɵɣ�ɯɚɪɚɤɬɟɪ�ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɜɨɡɞɭɲɧɵɯ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɤɚɤ� ɟɞɢɧɨɝɨ� ɚɤɭɫɬɢɱɟɫɤɨɝɨ� ɩɪɨɰɟɫɫɚ, ɡɚɜɢɫɹɳɟɝɨ� ɨɬ 

ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɪɟɲɟɧɢɣ� ɨɬɞɟɥɶɧɵɯ� ɨɛɴɟɦɨɜ� ɢ� ɡɞɚɧɢɹ� ɜ� ɰɟɥɨɦ, ɨɬ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɢ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɨɝɪɚɠɞɟɧɢɣ� ɨɛɴɟɦɨɜ, 

ɧɚɥɢɱɢɹ� ɨɛɳɢɯ� ɜɨɡɞɭɲɧɵɯ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɨɛɴɟɦɚɦɢ� ɢ� ɞɪɭɝɢɯ� ɮɚɤɬɨɪɨɜ. ȼ� ɷɬɨɣ 

ɫɜɹɡɢ�ɧɟɨɛɯɨɞɢɦɚ�ɪɚɡɪɚɛɨɬɤɚ�ɧɨɜɵɯ�ɢ�ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ�ɫɭɳɟɫɬɜɭɸɳɢɯ�ɦɟɬɨɞɨɜ 

ɢ�ɦɟɬɨɞɢɤ�ɪɚɫɱɟɬɚ, ɩɭɬɟɦ�ɛɨɥɟɟ�ɩɨɥɧɨɝɨ�ɭɱɟɬɚ�ɜ�ɧɢɯ�ɷɬɢɯ�ɨɫɨɛɟɧɧɨɫɬɟɣ. 

ɐɟɥɶ�ɢ�ɡɚɞɚɱɢ�ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ�ɪɚɛɨɬɵ. 

ɐɟɥɶ� ɪɚɛɨɬɵ - ɪɚɡɪɚɛɨɬɤɚ� ɦɟɬɨɞɨɜ� ɢ� ɦɟɬɨɞɢɤ� ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɲɭɦɚ, ɩɨɡɜɨɥɹɸɳɢɯ�ɢɫɫɥɟɞɨɜɚɬɶ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɣ� ɢ� ɜɵɩɨɥɧɹɬɶ 

ɧɚɞɟɠɧɵɟ�ɪɚɫɱɟɬɵ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɩɪɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɫɬɪɨɢɬɟɥɶɧɨ-

ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ�ɫɧɢɠɟɧɢɹ�ɲɭɦɚ�ɢ�ɨɰɟɧɤɟ�ɢɯ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ.  

Ɂɚɞɚɱɢ�ɪɚɛɨɬɵ: ɩɪɨɢɡɜɟɫɬɢ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ 

ɜ� ɡɞɚɧɢɹɯ� ɤɚɤ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ� ɢ� ɨɰɟɧɢɬɶ� ɨɫɧɨɜɧɵɟ 

ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɲɭɦɚ� ɜ� ɧɢɯ; ɜɵɩɨɥɧɢɬɶ� ɚɧɚɥɢɡ� ɦɟɬɨɞɨɜ 

ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɲɭɦɚ� ɫ� ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɢɯ� ɞɥɹ� ɨɰɟɧɤɢ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɹɯ� ɤɚɤ 

ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ� ɢ� ɨɩɪɟɞɟɥɟɧɢɹ� ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɚɪɯɢɬɟɤɬɭɪɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ�ɢ�ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ 

ɫɧɢɠɟɧɢɹ�ɲɭɦɚ; ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ�ɦɟɬɨɞɵ�ɪɚɫɱɟɬɨɜ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ 

ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɹɯ� ɫɨ� ɫɬɪɭɤɬɭɪɚɦɢ�ɢɡ� ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɣ� ɢ� ɧɚ� ɢɯ� ɨɫɧɨɜɟ 

ɜɵɩɨɥɧɢɬɶ� ɨɰɟɧɤɭ� ɜɥɢɹɧɢɹ� ɩɚɪɚɦɟɬɪɨɜ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɢɯ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɧɚ 

ɜɵɛɨɪ� ɫɪɟɞɫɬɜ� ɡɚɳɢɬɵ� ɜ� ɡɞɚɧɢɹɯ� ɤɚɤ� ɜ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɚɯ; 

ɪɚɡɪɚɛɨɬɚɬɶ�ɦɟɬɨɞɵ�ɢ�ɦɟɬɨɞɢɤɢ�ɪɚɫɱɟɬɨɜ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɡɞɚɧɢɹɯ�ɫɨ 

ɫɥɨɠɧɵɦɢ� ɫɢɫɬɟɦɚɦɢ� ɩɥɚɧɢɪɨɜɨɤ� ɢ� ɫ� ɩɥɚɧɢɪɨɜɤɚɦɢ, ɨɛɴɟɞɢɧɟɧɧɵɦɢ� ɨɛɳɢɦ 

ɜɨɡɞɭɲɧɵɦ�ɩɪɨɫɬɪɚɧɫɬɜɨɦ; ɪɚɡɪɚɛɨɬɚɬɶ�ɤɨɦɩɶɸɬɟɪɧɵɟ�ɩɪɨɝɪɚɦɦɵ�ɞɥɹ�ɪɟɚɥɢɡɚɰɢɢ 

ɪɚɫɱɟɬɧɵɯ� ɦɟɬɨɞɨɜ� ɢ� ɦɟɬɨɞɢɤ; ɩɪɨɢɡɜɟɫɬɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ� ɩɪɨɜɟɪɤɭ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɦɟɬɨɞɨɜ�ɢ�ɦɟɬɨɞɢɤ�ɪɚɫɱɟɬɚ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ. 
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ɇɚɭɱɧɚɹ�ɧɨɜɢɡɧɚ�ɪɚɛɨɬɵ:  

- ɧɚ� ɨɫɧɨɜɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɹɱɟɣɤɨɜɨɣ� ɢ� ɚɧɮɢɥɚɞɧɨɣ� ɩɥɚɧɢɪɨɜɤɚɦɢ� ɢ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ� Ʉɭɬɬɪɭɮɚ� ɩɨɥɭɱɟɧɵ� ɧɨɜɵɟ� ɞɚɧɧɵɟ� ɨ� ɫɬɟɩɟɧɢ� ɜɥɢɹɧɢɹ 

ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɧɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɷɬɢɯ� ɫɢɫɬɟɦɚɯ� ɢ 

ɜɵɩɨɥɧɟɧɨ�ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ�ɦɟɬɨɞɚ�ɪɚɫɱɟɬɚ; 

- ɪɚɡɪɚɛɨɬɚɧ�ɧɨɜɵɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɲɭɦɚ�ɜ� ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ� ɫ� ɤɨɪɢɞɨɪɧɵɦɢ� ɢ� ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɵɦɢ� ɫɢɫɬɟɦɚɦɢ� ɩɥɚɧɢɪɨɜɤɢ, 

ɭɱɢɬɵɜɚɸɳɢɣ� ɩɪɢ� ɪɚɫɱɟɬɟ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ 

ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɵɣ� ɯɚɪɚɤɬɟɪ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɨɫɨɛɟɧɧɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜ� ɧɟɦ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɤɚɤ� ɜ� ɞɥɢɧɧɨɦ 

ɩɨɦɟɳɟɧɢɢ; 

- ɪɚɡɪɚɛɨɬɚɧɵ� ɧɨɜɚɹ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɞɥɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ� ɲɭɦɨɡɚɳɢɬɵ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɱɟɪɟɡ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɨɜ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ 

ɢ  ɤɨɦɩɶɸɬɟɪɧɚɹ�ɩɪɨɝɪɚɦɦɚ�ɞɥɹ�ɟɟ�ɪɟɚɥɢɡɚɰɢɢ. ȼ�ɦɟɬɨɞɢɤɟ�ɭɱɢɬɵɜɚɸɬɫɹ�ɭɫɥɨɜɢɹ 

ɩɨɫɬɭɩɥɟɧɢɹ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɚ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɨɬ� ɬɪɚɧɡɢɬɧɵɯ 

ɜɨɡɞɭɯɨɜɨɞɨɜ� ɢ� ɢɡ� ɲɭɦɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɨɫɨɛɟɧɧɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜ� ɧɟɦ 

ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɤɚɤ�ɜ�ɩɥɨɫɤɨɦ�ɩɨɦɟɳɟɧɢɢ; 

- ɩɪɟɞɥɨɠɟɧɚ� ɧɨɜɚɹ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, 

ɫɜɹɡɚɧɧɵɯ�ɨɛɳɢɦ�ɜɨɡɞɭɲɧɵɦ�ɩɪɨɫɬɪɚɧɫɬɜɨɦ, ɨɫɧɨɜɚɧɧɚɹ�ɧɚ�ɪɟɚɥɢɡɚɰɢɢ�ɪɚɫɱɟɬɧɨɣ 

ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ� ɲɭɦɨɜɨɟ� ɩɨɥɟ� ɜ� ɫɢɫɬɟɦɟ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ 

ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ. ȼ� ɦɟɬɨɞɢɤɟ� ɫɢɫɬɟɦɚ� ɩɨɦɟɳɟɧɢɣ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɜ�ɜɢɞɟ�ɬɪɟɯɦɟɪɧɨɣ�ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɟɣ�ɩɪɢ�ɪɚɡɪɚɛɨɬɤɟ�ɨɛɴɟɦɧɨ-

ɩɥɚɧɢɪɨɜɨɱɧɵɯ�ɪɟɲɟɧɢɣ�ɛɨɥɟɟ�ɩɨɥɧɨ�ɭɱɢɬɵɜɚɬɶ�ɜɥɢɹɧɢɟ�ɧɚ�ɲɭɦɨɜɨɟ�ɩɨɥɟ�ɨɛɳɟɝɨ 

ɜɨɡɞɭɲɧɨɝɨ�ɩɪɨɫɬɪɚɧɫɬɜɚ. 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ� ɢ� ɩɪɚɤɬɢɱɟɫɤɚɹ� ɡɧɚɱɢɦɨɫɬɶ� ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ� ɪɚɛɨɬɵ 

ɡɚɤɥɸɱɚɟɬɫɹ:  

- ɜ� ɩɪɢɦɟɧɟɧɢɢ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɩɨɞɯɨɞɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɧɚ� ɨɫɧɨɜɟ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ� Ʉɭɬɬɪɭɮɚ� ɩɪɨɰɟɫɫ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
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ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɫɢɫɬɟɦɟ� ɤɚɤ� ɟɞɢɧɵɣ� ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɣ� ɩɪɨɰɟɫɫ� ɞɥɹ� ɜɫɟɯ� ɟɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ; 

- ɜ� ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ� ɫɭɳɟɫɬɜɭɸɳɟɝɨ� ɢ� ɪɚɡɪɚɛɨɬɤɟ� ɧɨɜɨɝɨ� ɦɟɬɨɞɚ� ɢ 

ɦɟɬɨɞɢɤ� ɪɚɫɱɟɬɚ� ɲɭɦɚ, ɩɨɡɜɨɥɹɸɳɢɯ� ɧɚɢɛɨɥɟɟ� ɩɨɥɧɨ� ɭɱɢɬɵɜɚɬɶ� ɩɪɨɰɟɫɫɵ 

ɮɨɪɦɢɪɨɜɚɧɢɹ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɜ� ɫɢɫɬɟɦɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ, ɢɫɯɨɞɹ� ɢɡ� ɢɯ� ɮɨɪɦɵ, ɩɪɨɩɨɪɰɢɣ, ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ, ɯɚɪɚɤɬɟɪɚ 

ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ, ɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɟ� ɢ 

ɯɚɪɚɤɬɟɪɚ�ɢɡɥɭɱɟɧɢɹ�ɢɦɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ; 

- ɜ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɢɤ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɞɥɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɫɬɪɨɢɬɟɥɶɧɨ-

ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ�ɲɭɦɨɡɚɳɢɬɵ� ɜ� ɫɥɨɠɧɵɯ�ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɱɟɪɟɡ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɨɜ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɢ� ɱɟɪɟɡ 

ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ, ɩɨɡɜɨɥɹɸɳɢɯ�ɭɱɟɫɬɶ�ɨɫɨɛɟɧɧɨɫɬɢ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜ�ɧɢɯ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɤɚɤ�ɜ�ɧɟɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ; 

- ɜ� ɪɚɡɪɚɛɨɬɤɟ� ɤɨɦɩɶɸɬɟɪɧɵɯ� ɩɪɨɝɪɚɦɦ, ɩɨɡɜɨɥɹɸɳɢɯ� ɨɩɪɟɞɟɥɹɬɶ 

ɧɟɨɛɯɨɞɢɦɵɟ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɢ� ɜɵɩɨɥɧɹɬɶ 

ɪɚɡɪɚɛɨɬɤɭ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ� ɡɚɳɢɬɵ� ɫ� ɭɱɟɬɨɦ� ɨɛɴɟɦɧɨ-

ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɩɨɦɟɳɟɧɢɹ, ɢɯ� ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɚɪɚɦɟɬɪɨɜ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɢ� ɞɪɭɝɢɯ� ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ� ɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɜ�ɫɢɫɬɟɦɚɯ�ɩɨɦɟɳɟɧɢɣ.  

Ɇɟɬɨɞɨɥɨɝɢɹ�ɢ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɬɟɦɵ� ɜɵɩɨɥɧɟɧɵ� ɬɟɨɪɟɬɢɱɟɫɤɢɟ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ. ɐɟɥɶɸ� ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɹɜɥɹɥɚɫɶ� ɨɰɟɧɤɚ� ɩɪɨɰɟɫɫɨɜ 

ɮɨɪɦɢɪɨɜɚɧɢɹ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɜɨɡɞɭɲɧɵɯ� ɨɛɴɟɦɨɜ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɪɚɡɪɚɛɨɬɤɚ� ɦɟɬɨɞɨɜ� ɢ� ɦɟɬɨɞɢɤ� ɪɚɫɱɟɬɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɚ� ɩɨɦɟɳɟɧɢɣ� ɜ� ɡɞɚɧɢɹɯ� ɫ� ɪɚɡɥɢɱɧɵɦɢ 

ɩɥɚɧɢɪɨɜɨɱɧɵɦɢ� ɫɢɫɬɟɦɚɦɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ� ɜɵɩɨɥɧɟɧɵ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɢ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɚɤɭɫɬɢɤɢ� ɩɨɦɟɳɟɧɢɣ. Ɋɚɫɱɟɬɵ 

ɩɪɨɢɡɜɟɞɟɧɵ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɤɨɦɩɶɸɬɟɪɧɵɯ� ɩɪɨɝɪɚɦɦ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜɵɩɨɥɧɟɧɵ� ɞɥɹ� ɩɨɞɬɜɟɪɠɞɟɧɢɹ� ɪɟɡɭɥɶɬɚɬɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ�ɧɚ�ɨɫɧɨɜɟ�ɪɚɡɪɚɛɨɬɚɧɧɵɯ�ɦɟɬɨɞɨɜ�ɢ�ɦɟɬɨɞɢɤ.  

ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ� ɧɚ� ɡɚɳɢɬɭ: ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɪɨɰɟɫɫɨɜ 

ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɢɫɬɟɦɚɯ� ɫɜɹɡɚɧɧɵɯ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɢ 
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ɜɥɢɹɧɢɹ� ɧɚ� ɧɢɯ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ, ɜɵɩɨɥɧɟɧɧɵɟ� ɧɚ� ɨɫɧɨɜɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 

ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɢ� ɭɪɚɜɧɟɧɢɹ� Ʉɭɬɪɭɮɮɚ; ɦɟɬɨɞ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɫ 

ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɨɣ� ɢ� ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɚɦɢ� ɩɥɚɧɢɪɨɜɤɢ; ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ 

ɲɭɦɚ� ɞɥɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ� ɲɭɦɨɡɚɳɢɬɵ� ɜ 

ɫɥɨɠɧɵɯ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɩɨɬɨɥɤɚɦɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɢ� ɫ 

ɨɛɳɢɦ� ɜɨɡɞɭɲɧɵɦ� ɩɪɨɫɬɪɚɧɫɬɜɨɦ; ɤɨɦɩɶɸɬɟɪɧɵɟ� ɩɪɨɝɪɚɦɦɵ, ɪɟɚɥɢɡɭɸɳɢɟ 

ɪɚɡɪɚɛɨɬɚɧɧɵɟ�ɦɟɬɨɞɵ�ɢ�ɦɟɬɨɞɢɤɢ�ɪɚɫɱɟɬɨɜ.  

ɋɬɟɩɟɧɶ� ɞɨɫɬɨɜɟɪɧɨɫɬɢ� ɪɟɡɭɥɶɬɚɬɨɜ. ɉɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɢ 

ɪɚɡɪɚɛɨɬɤɟ� ɪɚɫɱɟɬɧɵɯ� ɦɟɬɨɞɨɜ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɩɨɥɨɠɟɧɢɹ� ɤɥɚɫɫɢɱɟɫɤɢɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɢ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɣ� ɚɤɭɫɬɢɤɢ� ɩɨɦɟɳɟɧɢɣ. Ⱦɨɩɭɳɟɧɢɹ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɨɜ� ɢ� ɦɟɬɨɞɢɤ, ɨɛɳɟɩɪɢɧɹɬɵ� ɜ� ɪɚɛɨɬɚɯ 

ɪɨɫɫɢɣɫɤɢɯ� ɢ� ɡɚɪɭɛɟɠɧɵɯ� ɚɜɬɨɪɨɜ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ� ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɦɟɬɨɞɨɜ� ɢ 

ɦɟɬɨɞɢɤ� ɩɨɞɬɜɟɪɠɞɟɧɚ� ɫɪɚɜɧɟɧɢɟɦ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ, 

ɩɨɥɭɱɟɧɧɵɯ�ɧɚ�ɪɟɚɥɶɧɵɯ�ɨɛɴɟɤɬɚɯ, ɚ�ɬɚɤɠɟ�ɧɚ�ɦɨɞɟɥɶɧɵɯ�ɭɫɬɚɧɨɜɤɚɯ�ɞɥɹ�ɫɥɨɠɧɵɯ 

ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɢɫɬɟɦ. ɉɪɢ�ɩɪɨɜɟɞɟɧɢɢ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɢɫɩɨɥɶɡɨɜɚɧɵ�ɨɛɳɟɩɪɢɧɹɬɵɟ 

ɦɟɬɨɞɢɤɢ, ɨɛɨɪɭɞɨɜɚɧɢɟ� ɢ� ɩɪɢɛɨɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ� ȽɈɋɌ. ɉɨɥɭɱɟɧɧɵɟ� ɩɪɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨɦ�ɚɧɚɥɢɡɟ�ɞɚɧɧɵɟ�ɫɨɩɪɨɜɨɠɞɚɥɢɫɶ�ɩɨɞɪɨɛɧɵɦ�ɚɧɚɥɢɡɨɦ�ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɡɦɟɧɟɧɢɣ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɚ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ� ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɫɜɹɡɟɣ, ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɢ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɨɝɪɚɠɞɟɧɢɣ�ɜ�ɩɨɦɟɳɟɧɢɹɯ.  

Ⱥɩɪɨɛɚɰɢɹ� ɪɚɛɨɬɵ.� Ɋɟɡɭɥɶɬɚɬɵ� ɞɢɫɫɟɪɬɚɰɢɢ� ɩɪɟɞɫɬɚɜɥɹɥɢɫɶ� ɢ 

ɨɛɫɭɠɞɚɥɢɫɶ: ɧɚ�ɦɟɠɞɭɧɚɪɨɞɧɵɯ�ɧɚɭɱɧɵɯ�ɤɨɧɮɟɪɟɧɰɢɹɯ «Ⱥɤɚɞɟɦɢɱɟɫɤɢɟ�ɱɬɟɧɢɹ, 

ɩɨɫɜɹɳɟɧɧɵɟ� ɩɚɦɹɬɢ� ɚɤɚɞɟɦɢɤɚ� ɊȺȺɋɇ� Ɉɫɢɩɨɜɚ� Ƚ�Ʌ.» (ɝ�Ɇɨɫɤɜɚ, 2012, 2013, 

2014, 2016 ɝɝ.); ɧɚ� ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ�ɩɪɚɤɬɢɱɟɫɤɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ «ɇɚɭɤɚ, 

ɨɛɪɚɡɨɜɚɧɢɟ, ɨɛɳɟɫɬɜɨ: ɬɟɧɞɟɧɰɢɢ� ɢ� ɩɟɪɫɩɟɤɬɢɜɵ» (Ɇɨɫɤɜɚ, 2013ɝ.); ɧɚ 

ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ «Ⱥɤɬɭɚɥɶɧɵɟ� ɩɪɨɛɥɟɦɵ 

ɫɨɜɪɟɦɟɧɧɨɝɨ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ» (ɉɟɧɡɚ, 2013ɝ.); ɧɚ� ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ-

ɩɪɚɤɬɢɱɟɫɤɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ «ɗɤɨɥɨɝɢɱɟɫɤɚɹ� ɛɟɡɨɩɚɫɧɨɫɬɶ� ɢ� ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ� ɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ» (Ɇɨɫɤɜɚ�Ʉɚɜɚɥɚ, 2013ɝ.); ɧɚ� ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «Ⱥɤɬɭɚɥɶɧɵɟ� ɩɪɨɛɥɟɦɵ� ɝɨɪɨɞɫɤɨɝɨ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ» (ɉɟɧɡɚ, 2013ɝ.); 

ɧɚ� ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ�ɩɪɚɤɬɢɱɟɫɤɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɛɥɟɦɵ� ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ� ɢ� ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ� ɜ� ɫɬɪɨɢɬɟɥɶɫɬɜɟ� ɢ� ɀɄɏ» (Ɇɨɫɤɜɚ�Ʉɚɜɚɥɚ, 
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2014ɝ.); ɧɚ� ɦɟɠɞɭɧɚɪɨɞɧɨɣ� ɧɚɭɱɧɨ�ɩɪɚɤɬɢɱɟɫɤɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ «ɍɫɬɨɣɱɢɜɨɟ 

ɪɚɡɜɢɬɢɟ�ɪɟɝɢɨɧɚ: ɚɪɯɢɬɟɤɬɭɪɚ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɬɪɚɧɫɩɨɪɬ» (Ɍɚɦɛɨɜ, 2015 ɝ.). 

Ɉɛɥɚɫɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɩɚɫɩɨɪɬɭ� ɧɚɭɱɧɨɣ� ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

ȼȺɄ 05.23.01 – ɋɬɪɨɢɬɟɥɶɧɵɟ�ɤɨɧɫɬɪɭɤɰɢɢ, ɡɞɚɧɢɹ�ɢ�ɫɨɨɪɭɠɟɧɢɹ:  

ɩ.6 «ɉɨɢɫɤ� ɪɚɰɢɨɧɚɥɶɧɵɯ� ɮɨɪɦ, ɪɚɡɦɟɪɨɜ� ɡɞɚɧɢɣ, ɩɨɦɟɳɟɧɢɣ� ɢ� ɢɯ� ɨɝɪɚɠɞɟɧɢɣ 

ɢɫɯɨɞɹ� ɢɡ� ɭɫɥɨɜɢɣ� ɢɯ� ɪɚɡɦɟɳɟɧɢɹ� ɜ� ɡɚɫɬɪɨɣɤɟ, ɞɟɹɬɟɥɶɧɨɫɬɢ� ɥɸɞɟɣ� ɢ� ɞɜɢɠɟɧɢɹ 

ɥɸɞɫɤɢɯ�ɩɨɬɨɤɨɜ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ�ɜ�ɡɞɚɧɢɢ, ɫɚɧɢɬɚɪɧɨ-

ɝɢɝɢɟɧɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ�ɛɟɡɨɩɚɫɧɨɫɬɢ»; ɩ.7 «Ɋɚɡɜɢɬɢɟ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ� ɨɫɧɨɜ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɦɟɬɨɞɨɜ� ɢ� ɫɪɟɞɫɬɜ, ɩɨɢɫɤ 

ɪɚɰɢɨɧɚɥɶɧɵɯ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɣ� ɡɞɚɧɢɣ� ɢ 

ɫɨɨɪɭɠɟɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ� ɧɚ� ɩɨɜɵɲɟɧɢɟ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, 

ɷɧɟɪɝɨ- ɢ� ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ, ɫɨɡɞɚɧɢɟ� ɤɨɦɮɨɪɬɧɵɯ� ɭɫɥɨɜɢɣ� ɞɥɹ� ɥɸɞɟɣ� ɢ 

ɨɩɬɢɦɚɥɶɧɵɯ�ɞɥɹ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ».  

Ɋɟɚɥɢɡɚɰɢɹ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɛɨɬɵ.� ɂɫɫɥɟɞɨɜɚɧɢɹ� ɜɵɩɨɥɧɹɥɢɫɶ� ɜ� ɇɈɐ 

©ɌȽɌɍ�ɇɂɂɋɎ�ɊȺȺɋɇ» ɜ�ɪɚɦɤɚɯ�ɜɵɩɨɥɧɟɧɢɹ�ɇɂɊ «Ɋɚɡɪɚɛɨɬɤɚ�ɦɟɬɨɞɨɜ�ɨɰɟɧɤɢ 

ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɡɞɚɧɢɹɯ� ɢ� ɧɚ� ɩɪɢɥɟɝɚɸɳɢɯ� ɤ� ɧɢɦ� ɬɟɪɪɢɬɨɪɢɹɯ� ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɢɯ�ɩɪɢ�ɦɨɧɢɬɨɪɢɧɝɟ�ɲɭɦɨɜɨɝɨ�ɡɚɝɪɹɡɧɟɧɢɹ�ɫɪɟɞɵ�ɢ�ɪɚɡɪɚɛɨɬɤɟ�ɦɟɪ 

ɩɨ�ɫɧɢɠɟɧɢɸ�ɲɭɦɚ�ɜ�ɝɨɪɨɞɫɤɨɣ�ɡɚɫɬɪɨɣɤɟ» (ɤɨɞ�ɩɪɨɟɤɬɚ 882) ɫ�ɮɢɧɚɧɫɢɪɨɜɚɧɢɟɦ 

ɢɡ� ɫɪɟɞɫɬɜ� Ɇɢɧɨɛɪɧɚɭɤɢ� Ɋɨɫɫɢɢ� ɜ� ɪɚɦɤɚɯ� ɩɪɨɟɤɬɧɨɣ� ɱɚɫɬɢ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɡɚɞɚɧɢɹ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ� ɪɚɫɱɟɬɧɵɟ� ɩɪɨɝɪɚɦɦɵ� ɩɟɪɟɞɚɧɵ� ɞɥɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɜ 

ɇɂɂɋɎ� ɊȺȺɋɇ. ɉɪɨɝɪɚɦɦɵ� ɩɪɢɦɟɧɹɸɬɫɹ� ɜ� ɇɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɦ� ɰɟɧɬɪɟ� ɩɨ 

ɩɪɨɛɥɟɦɚɦ�ɚɪɯɢɬɟɤɬɭɪɵ�ɢ�ɫɬɪɨɢɬɟɥɶɫɬɜɚ�ɌȽɌɍ, ɚ�ɬɚɤɠɟ�ɜ�ɭɱɟɛɧɨɦ�ɩɪɨɰɟɫɫɟ�ɌȽɌɍ. 

ɉɭɛɥɢɤɚɰɢɢ.� ɉɨ� ɬɟɦɟ� ɞɢɫɫɟɪɬɚɰɢɢ� ɨɩɭɛɥɢɤɨɜɚɧɨ 14 ɪɚɛɨɬ, ɢɡ� ɤɨɬɨɪɵɯ 6 

ɫɬɚɬɟɣ� ɜ� ɠɭɪɧɚɥɚɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ� ȼȺɄ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ 4 ɩɪɨɝɪɚɦɦɵ� ɞɥɹ 

ɗȼɆ�ɜ�ɮɟɞɟɪɚɥɶɧɨɣ�ɫɥɭɠɛɟ�ɩɨ�ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ�ɫɨɛɫɬɜɟɧɧɨɫɬɢ.   

ɋɬɪɭɤɬɭɪɚ� ɢ� ɨɛɴɟɦ� ɪɚɛɨɬɵ.� Ɋɚɛɨɬɚ� ɫɨɫɬɨɢɬ� ɢɡ� ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ� ɝɥɚɜ, 

ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ� ɥɢɬɟɪɚɬɭɪɵ� ɢɡ 130 ɧɚɢɦɟɧɨɜɚɧɢɣ� ɢ 2 ɩɪɢɥɨɠɟɧɢɣ. Ɉɛɳɢɣ 

ɨɛɴɟɦ� ɪɚɛɨɬɵ 194 ɫɬɪɚɧɢɰɵ. Ɉɫɧɨɜɧɨɣ� ɬɟɤɫɬ, ɜɤɥɸɱɚɹ 60 ɪɢɫɭɧɤɨɜ, 28 ɬɚɛɥɢɰ, 

ɢɡɥɨɠɟɧ�ɧɚ 167 ɫɬɪɚɧɢɰɚɯ, ɨɛɴɟɦ�ɩɪɢɥɨɠɟɧɢɹ 27 ɫɬɪɚɧɢɰ.  
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ȽɅȺȼȺ 1. ɉɊɂɇɐɂɉɕ�ɊȺɋɑȿɌȺ�ɒɍɆȺ�ɂ�ɉɊɈȿɄɌɂɊɈȼȺɇɂə 

ɒɍɆɈɁȺɓɂɌɕ�ȼ�ȽɊȺɀȾȺɇɋɄɂɏ�ɁȾȺɇɂəɏ�ɄȺɄ�ȼ�ɋɂɋɌȿɆȺɏ 

ȺɄɍɋɌɂɑȿɋɄɂ�ɋȼəɁȺɇɇɕɏ�ɈȻɔȿɆɈȼ. ɋɈɋɌɈəɇɂȿ�ȼɈɉɊɈɋȺ�ɂ 

ɈɋɇɈȼɇɕȿ�ɇȺɉɊȺȼɅȿɇɂə�ɂɋɋɅȿȾɈȼȺɇɂə 

 

 

Ɏɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɥɸɛɨɦ� ɨɬɞɟɥɶɧɨɦ� ɨɛɴɟɦɟ� ɡɞɚɧɢɹ� ɜ 

ɧɚɢɛɨɥɟɟ�ɨɛɳɟɦ�ɜɢɞɟ�ɫɥɟɞɭɟɬ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɤɚɤ�ɟɞɢɧɵɣ�ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɣ�ɩɪɨɰɟɫɫ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜɨɡɞɭɲɧɨɝɨ� ɲɭɦɚ� ɜɨ� ɜɫɟɯ� ɨɛɴɟɦɚɯ� ɨɛɴɟɦɧɨ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ� ɡɞɚɧɢɹ, ɢɦɟɸɳɢɯ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɪɚɡɧɨɝɨ� ɪɨɞɚ� ɚɤɭɫɬɢɱɟɫɤɢɟ� ɫɜɹɡɢ.  

Ɉɛɴɟɤɬɢɜɧɵɣ�ɭɱɟɬ�ɷɬɢɯ�ɫɜɹɡɟɣ, ɭɫɥɨɜɢɣ�ɢ�ɮɚɤɬɨɪɨɜ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ 

ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɡɞɚɧɢɣ� ɤɚɤ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ� ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɨɣ�ɞɥɹ�ɪɚɡɪɚɛɨɬɤɢ�ɧɚɞɟɠɧɵɯ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɚ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɡɞɚɧɢɹɯ� ɪɚɡɥɢɱɧɨɝɨ� ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ� ɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ� ɢ� ɪɚɡɥɢɱɧɨɣ� ɨɛɴɟɦɧɨ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɫɬɪɭɤɬɭɪɵ. ȼ� ɷɬɨɣ� ɫɜɹɡɢ� ɜ 

ɝɥɚɜɟ� ɪɚɫɫɦɨɬɪɟɧɵ� ɭɫɥɨɜɢɹ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɡɞɚɧɢɹɯ� ɤɚɤ� ɜ 

ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ, ɨɩɪɟɞɟɥɟɧɵ� ɨɫɧɨɜɧɵɟ� ɮɚɤɬɨɪɵ, 

ɜɥɢɹɸɳɢɟ�ɧɚ�ɩɪɨɰɟɫɫ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜ�ɧɢɯ�ɜɨɡɞɭɲɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. ȼ�ɝɥɚɜɟ 

ɬɚɤɠɟ�ɜɵɩɨɥɧɟɧ�ɚɧɚɥɢɡ�ɢɦɟɸɳɢɯɫɹ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɚ�ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ�ɜ�ɡɞɚɧɢɹɯ, 

ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɤɨɬɨɪɵɯ� ɜ� ɷɬɨɣ� ɢɥɢ� ɢɧɨɣ� ɦɟɪɟ� ɭɱɢɬɵɜɚɥɚɫɶ� ɚɤɭɫɬɢɱɟɫɤɚɹ� ɫɜɹɡɶ 

ɦɟɠɞɭ� ɨɬɞɟɥɶɧɵɦɢ� ɩɨɦɟɳɟɧɢɹɦɢ, ɢ� ɩɪɚɤɬɢɱɟɫɤɢɣ� ɨɩɵɬ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɢɯ� ɞɥɹ 

ɪɚɫɱɟɬɨɜ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɜ�ɡɞɚɧɢɹɯ�ɦɟɪɨɩɪɢɹɬɢɣ�ɩɨ 

ɡɚɳɢɬɟ�ɨɬ�ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ. 

ɉɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɝɥɚɜɵ�ɨɩɪɟɞɟɥɟɧɵ�ɨɫɧɨɜɧɵɟ�ɧɚɩɪɚɜɥɟɧɢɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 

 

1.1 Ɂɞɚɧɢɹ�ɤɚɤ�ɫɢɫɬɟɦɵ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɜɨɡɞɭɲɧɵɯ�ɨɛɴɟɦɨɜ. 

Ɉɫɨɛɟɧɧɨɫɬɢ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɜ�ɬɚɤɢɯ�ɫɢɫɬɟɦɚɯ 

 

 

ȼ�ɩɪɚɤɬɢɤɟ�ɛɨɪɶɛɵ�ɫ�ɜɨɡɞɭɲɧɵɦ�ɲɭɦɨɦ�ɢɡɜɟɫɬɧɨ, ɱɬɨ�ɲɭɦ, ɜɨɡɧɢɤɚɸɳɢɣ�ɜ 

ɨɞɧɨɦ� ɢɡ� ɜɨɡɞɭɲɧɵɯ� ɨɛɴɟɦɨɜ� ɡɞɚɧɢɹ, ɪɚɫɩɪɨɫɬɪɚɧɹɹɫɶ� ɜ� ɟɝɨ� ɩɪɨɫɬɪɚɧɫɬɜɟ, 
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ɩɪɨɧɢɤɚɟɬ�ɜ�ɫɦɟɠɧɵɟ�ɨɛɴɟɦɵ�ɢ�ɫɨɡɞɚɟɬ�ɜ�ɧɢɯ�ɬɨɬ�ɢɥɢ�ɢɧɨɣ�ɭɪɨɜɟɧɶ�ɡɚɲɭɦɥɟɧɢɹ. 

Ʉɨɥɢɱɟɫɬɜɨ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɩɪɨɧɢɤɚɸɳɟɣ� ɜ� ɫɨɫɟɞɧɢɟ�ɨɛɴɟɦɵ, ɡɚɜɢɫɢɬ� ɨɬ� ɜɢɞɚ 

ɚɤɭɫɬɢɱɟɫɤɨɣ� ɫɜɹɡɢ� ɦɟɠɞɭ� ɨɛɴɟɦɚɦɢ. ɉɨ� ɭɫɥɨɜɢɹɦ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜɨɡɞɭɲɧɨɝɨ 

ɲɭɦɚ�ɤ�ɚɤɭɫɬɢɱɟɫɤɢɦ�ɫɜɹɡɹɦ�ɦɟɠɞɭ�ɨɛɴɟɦɚɦɢ�ɨɬɧɨɫɹɬɫɹ�ɨɬɤɪɵɬɵɟ�ɩɪɨɟɦɵ, ɨɛɳɢɟ 

ɜɨɡɞɭɲɧɵɟ� ɩɪɨɫɬɪɚɧɫɬɜɚ, ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ� ɩɪɟɝɪɚɞɵ. ɉɪɢ� ɧɚɥɢɱɢɢ� ɦɟɠɞɭ 

ɨɛɴɟɦɚɦɢ� ɥɸɛɨɝɨ� ɜɢɞɚ� ɢɡ� ɩɟɪɟɱɢɫɥɟɧɧɵɯ� ɫɜɹɡɟɣ� ɷɬɢ� ɨɛɴɟɦɵ� ɩɨ� ɭɫɥɨɜɢɹɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜ�ɧɢɯ�ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ�ɦɨɠɧɨ�ɫɱɢɬɚɬɶ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɦɢ.  

ȼɢɞ� ɢ� ɤɨɥɢɱɟɫɬɜɨ� ɬɚɤɢɯ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɨɛɴɟɦɚɦɢ� ɫɭɳɟɫɬɜɟɧɧɨ� ɜɥɢɹɟɬ� ɧɚ 

ɩɪɨɰɟɫɫɵ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɤɚɤ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ, ɬɚɤ� ɢ� ɜ 

ɰɟɥɨɦ� ɜ� ɫɢɫɬɟɦɟ. ɗɬɨ� ɜɥɢɹɧɢɟ� ɜɨ� ɦɧɨɝɨɦ� ɡɚɜɢɫɢɬ� ɨɬ� ɨɛɴɟɦɧɨ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ� ɡɞɚɧɢɹ. ȼ� ɡɞɚɧɢɹɯ, ɝɞɟ� ɨɬɞɟɥɶɧɵɟ� ɨɛɴɟɦɵ� ɨɛɴɟɞɢɧɟɧɵ� ɨɛɳɢɦ 

ɜɨɡɞɭɲɧɵɦ� ɩɪɨɫɬɪɚɧɫɬɜɨɦ, ɧɚɩɪɢɦɟɪ� ɜ� ɨɮɢɫɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ 

ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ, ɮɨɪɦɢɪɨɜɚɧɢɟ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɜ� ɨɫɧɨɜɧɨɦ� ɡɚɜɢɫɢɬ� ɨɬ 

ɭɫɥɨɜɢɣ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜɨɡɞɭɲɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɨɛɳɟɦ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɧɚɞ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ. ɉɪɢ�ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ�ɫɬɪɭɤɬɭɪɚɯ, ɤɨɝɞɚ�ɨɬɞɟɥɶɧɵɟ�ɨɛɴɟɦɵ 

ɫɜɹɡɚɧɵ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɨɬɤɪɵɬɵɦɢ� ɩɪɨɟɦɚɦɢ� ɛɨɥɶɲɢɯ� ɪɚɡɦɟɪɨɜ, ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɨɛɳɟɝɨ�ɲɭɦɨɜɨɝɨ�ɩɨɥɹ�ɢɡ�ɡɚ�ɧɚɥɢɱɢɹ�ɩɪɹɦɵɯ�ɢ�ɨɛɪɚɬɧɵɯ�ɫɜɹɡɟɣ�ɦɟɠɞɭ�ɨɛɴɟɦɚɦɢ 

ɜɨ� ɦɧɨɝɨɦ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɪɟɜɟɪɛɟɪɚɰɢɨɧɧɵɦɢ� ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɬɟɤɚɸɳɢɦɢ� ɜ 

ɨɬɞɟɥɶɧɵɯ�ɨɛɴɟɦɚɯ, ɢ�ɩɟɪɟɬɟɤɚɧɢɟɦ� ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɦɟɠɞɭ�ɧɢɦɢ. ɉɪɢ�ɧɚɥɢɱɢɢ 

ɦɟɠɞɭ� ɨɬɞɟɥɶɧɵɦɢ� ɨɛɴɟɦɚɦɢ� ɬɨɥɶɤɨ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ� ɩɪɟɝɪɚɞ 

ɪɟɜɟɪɛɟɪɚɰɢɨɧɧɵɟ�ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ�ɜ�ɤɚɠɞɨɦ�ɢɡ�ɨɛɴɟɦɨɜ, ɩɪɚɤɬɢɱɟɫɤɢ�ɧɟ 

ɜɥɢɹɸɬ�ɧɚ�ɩɟɪɟɬɟɤɚɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɦɟɠɞɭ�ɧɢɦɢ�ɢ�ɭɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 

ɜ� ɦɟɧɟɟ�ɲɭɦɧɵɯ� ɢɡ� ɧɢɯ� ɜ� ɨɫɧɨɜɧɨɦ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ� ɪɚɡɞɟɥɹɸɳɢɯ 

ɨɛɴɟɦɵ�ɩɪɟɝɪɚɞ [2].  

Ʉɪɨɦɟ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɧɚ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ 

ɫɢɫɬɟɦɟ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ�ɜɥɢɹɸɬ�ɭɫɥɨɜɢɹ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ 

ɩɨɥɟɣ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɨɛɴɟɦɚɯ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɢɯ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ� ɢ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɏɚɪɚɤɬɟɪ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɡɚɦɤɧɭɬɵɯ� ɨɛɴɟɦɚɯ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɧɢɯ� ɪɚɡɧɨɝɨ� ɜɢɞɚ 

ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɨɩɪɟɞɟɥɹɟɬ� ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɧɚ� ɢɯ� ɝɪɚɧɢɰɚɯ� ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟɥɢɱɢɧɭ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɩɪɨɧɢɤɚɸɳɟɣ�ɜ�ɫɨɫɟɞɧɢɟ�ɨɛɴɟɦɵ [10]. 
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Ʉɚɤ�ɜɢɞɧɨ, ɩɪɨɰɟɫɫ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɫɢɫɬɟɦɟ�ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ� ɢɦɟɟɬ� ɰɟɥɵɣ� ɪɹɞ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɢ� ɹɜɥɹɟɬɫɹ� ɦɧɨɝɨɮɚɤɬɨɪɧɵɦ 

ɩɪɨɰɟɫɫɨɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɨɜ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ�ɜ�ɡɞɚɧɢɹɯ�ɧɟɨɛɯɨɞɢɦɨ�ɭɱɢɬɵɜɚɬɶ�ɷɬɢ�ɨɫɨɛɟɧɧɨɫɬɢ�ɢ�ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ 

ɧɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ�ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɨɛɴɟɦɚɯ� ɢ� ɜ� ɰɟɥɨɦ� ɜ 

ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ.  

 

 

1.2 Ɉɫɧɨɜɧɵɟ�ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ�ɧɚ�ɩɪɨɰɟɫɫɵ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ, ɢ�ɢɯ�ɭɱɟɬ�ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɲɭɦɨɡɚɳɢɬɵ�ɜ�ɡɞɚɧɢɹɯ 

 

 

Ɏɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɫɢɫɬɟɦɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɜɨɡɞɭɲɧɵɯ� ɨɛɴɟɦɨɜ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɞɜɭɦɹ� ɝɪɭɩɩɚɦɢ� ɮɚɤɬɨɪɨɜ. Ʉ� ɩɟɪɜɨɣ� ɝɪɭɩɩɟ 

ɨɬɧɨɫɹɬɫɹ� ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɨɬɞɟɥɶɧɨ 

ɜɡɹɬɵɯ�ɨɛɴɟɦɚɯ�ɩɪɢ�ɧɚɥɢɱɢɢ�ɜ�ɧɢɯ�ɪɚɡɥɢɱɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ. Ʉɨ�ɜɬɨɪɨɣ�ɝɪɭɩɩɟ 

ɨɬɧɨɫɹɬɫɹ�ɮɚɤɬɨɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ�ɚɤɭɫɬɢɱɟɫɤɭɸ�ɫɜɹɡɶ�ɦɟɠɞɭ�ɨɛɴɟɦɚɦɢ�ɢ�ɭɫɥɨɜɢɹ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɟ�ɜ�ɰɟɥɨɦ. 

ɇɢɠɟ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ�ɪɚɫɫɦɨɬɪɟɧɵ�ɷɬɢ�ɮɚɤɬɨɪɵ�ɢ�ɩɨɤɚɡɚɧɵ�ɩɭɬɢ�ɢɯ�ɭɱɟɬɚ�ɜ 

ɦɟɬɨɞɚɯ�ɪɚɫɱɟɬɚ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɜ�ɤɚɠɞɨɦ�ɨɬɞɟɥɶɧɨɦ�ɨɛɴɟɦɟ 

ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɧɟɦ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɷɧɟɪɝɢɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ 

ɷɧɟɪɝɢɟɣ, ɜɨɡɧɢɤɚɸɳɟɣ�ɩɪɢ�ɨɬɪɚɠɟɧɢɹɯ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ. 

ɉɟɪɜɚɹ�ɫɨɫɬɚɜɥɹɸɳɚɹ�ɧɚɩɪɹɦɭɸ�ɡɚɜɢɫɢɬ�ɨɬ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ. 

Ʉ� ɧɢɦ� ɨɬɧɨɫɹɬɫɹ: ɱɚɫɬɨɬɧɚɹ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ� ɢɡɥɭɱɚɟɦɨɝɨ� ɡɜɭɤɚ; ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɣ 

ɦɨɳɧɨɫɬɢ� ɢɫɬɨɱɧɢɤɚ� ɩɨ� ɱɚɫɬɨɬɚɦ; ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ� ɯɚɪɚɤɬɟɪ� ɢɡɥɭɱɟɧɢɹ� ɡɜɭɤɚ 

ɢɫɬɨɱɧɢɤɨɦ; ɮɚɤɬɨɪ� ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ; ɜɪɟɦɟɧɧɚɹ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ� ɢɡɥɭɱɟɧɢɹ  

ɡɜɭɤɚ [78].  

ɉɟɪɟɱɢɫɥɟɧɧɵɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɩɪɢɧɢɦɚɸɬɫɹ�ɩɨ  

ɩɚɫɩɨɪɬɧɵɦ� ɞɚɧɧɵɦ� ɢɫɬɨɱɧɢɤɨɜ� ɢɥɢ� ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ� ɧɚ� ɨɫɧɨɜɚɧɢɢ� ɫɩɟɰɢɚɥɶɧɨ 

ɩɪɨɜɨɞɢɦɵɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ. Ʉɚɤ� ɩɨɤɚɡɵɜɚɟɬ� ɜɵɩɨɥɧɟɧɧɵɣ 
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ɧɚɦɢ� ɚɧɚɥɢɡ, ɜ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɧɟɬ� ɞɨɫɬɚɬɨɱɧɨɝɨ� ɤɨɥɢɱɟɫɬɜɚ� ɞɚɧɧɵɯ� ɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ, ɨɩɪɟɞɟɥɹɸɳɢɯ�ɲɭɦɨɜɨɣ�ɪɟɠɢɦ�ɜ�ɝɪɚɠɞɚɧɫɤɢɯ 

ɡɞɚɧɢɹɯ. Ⱦɥɹ� ɢɯ� ɩɨɥɭɱɟɧɢɹ� ɧɟɨɛɯɨɞɢɦɨ� ɜɵɩɨɥɧɟɧɢɟ� ɛɨɥɶɲɨɝɨ� ɨɛɴɟɦɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɨ� ɭɫɬɚɧɨɜɥɟɧɢɸ� ɩɟɪɟɱɢɫɥɟɧɧɵɯ� ɜɵɲɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɗɬɨ� ɹɜɥɹɟɬɫɹ� ɩɪɟɞɦɟɬɨɦ� ɨɬɞɟɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɢ� ɧɟ� ɜɯɨɞɢɬ� ɜ 

ɡɚɞɚɱɢ�ɞɚɧɧɨɣ�ɪɚɛɨɬɵ. 

ɇɚ� ɜɟɥɢɱɢɧɭ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɢɡɥɭɱɚɟɦɨɝɨ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ 

ɨɤɚɡɵɜɚɸɬ�ɬɚɤɠɟ�ɜɥɢɹɧɢɟ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ�ɩɚɪɚɦɟɬɪɵ�ɢɫɬɨɱɧɢɤɨɜ�ɢ�ɢɯ�ɩɨɥɨɠɟɧɢɟ�ɜ 

ɨɛɴɟɦɟ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. ȼ� ɠɢɥɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɢɫɬɨɱɧɢɤɢ� ɲɭɦɚ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɹɜɥɹɸɬɫɹ� ɬɨɱɟɱɧɵɦɢ�ɢɥɢ�ɛɥɢɡɤɢɦɢ�ɩɨ�ɪɚɡɦɟɪɚɦ� ɤ�ɬɨɱɟɱɧɵɦ. ɗɬɨ�ɦɨɝɭɬ 

ɛɵɬɶ�ɬɟɥɟ – ɢ�ɪɚɞɢɨɚɩɩɚɪɚɬɭɪɚ, ɛɵɬɨɜɚɹ�ɬɟɯɧɢɤɚ, ɦɭɡɵɤɚɥɶɧɵɟ�ɢɧɫɬɪɭɦɟɧɬɵ�ɢ�ɞɪ. 

ȼ� ɞɪɭɝɢɯ� ɨɛɴɟɦɚɯ� ɡɞɚɧɢɹ, ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɫ� ɨɛɴɟɦɚɦɢ, ɜ� ɤɨɬɨɪɵɯ 

ɪɚɡɦɟɳɚɸɬɫɹ� ɩɟɪɜɢɱɧɵɟ� ɢɫɬɨɱɧɢɤɢ� ɲɭɦɚ, ɢɫɬɨɱɧɢɤɚɦɢ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ�ɛɨɥɶɲɢɟ�ɢɡɥɭɱɚɸɳɢɟ�ɡɜɭɤ�ɩɥɨɫɤɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɣ�ɢɥɢ�ɛɨɥɶɲɢɟ�ɨɬɤɪɵɬɵɟ 

ɩɪɨɟɦɵ, ɫɨɟɞɢɧɹɸɳɢɟ�ɷɬɢ�ɨɛɴɟɦɵ. 

ɉɪɢ� ɨɰɟɧɤɟ� ɡɜɭɤɚ, ɢɡɥɭɱɚɟɦɨɝɨ� ɨɝɪɚɠɞɟɧɢɹɦɢ, ɪɚɡɞɟɥɹɸɳɢɦɢ� ɨɛɴɟɦɵ� ɫ 

ɪɚɡɧɵɦɢ� ɭɪɨɜɧɹɦɢ� ɲɭɦɚ, ɧɟɨɛɯɨɞɢɦɨ� ɢɦɟɬɶ� ɫɜɟɞɟɧɢɹ� ɨɛ� ɭɪɨɜɧɹɯ� ɡɜɭɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ� ɜ� ɲɭɦɧɨɦ� ɩɨɦɟɳɟɧɢɢ� ɜɛɥɢɡɢ� ɨɝɪɚɠɞɟɧɢɣ; ɱɚɫɬɨɬɧɭɸ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɷɬɨɝɨ� ɨɝɪɚɠɞɟɧɢɹ [43,69], ɚ� ɬɚɤɠɟ� ɭɱɢɬɵɜɚɬɶ� ɩɪɢ� ɪɚɫɱɟɬɚɯ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɨɬ� ɩɥɨɫɤɢɯ� ɢ� ɥɢɧɟɣɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ [12,16].  

ɑɟɪɟɡ� ɛɨɥɶɲɢɟ� ɨɬɤɪɵɬɵɟ� ɩɪɨɟɦɵ� ɦɨɠɟɬ� ɩɟɪɟɞɚɜɚɬɶɫɹ� ɩɪɹɦɚɹ� ɡɜɭɤɨɜɚɹ 

ɷɧɟɪɝɢɹ� ɨɬ� ɩɟɪɜɢɱɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ, ɪɚɫɩɨɥɚɝɚɟɦɵɯ� ɜ� ɫɦɟɠɧɨɦ� ɨɛɴɟɦɟ, ɚ� ɬɚɤɠɟ 

ɨɬɪɚɠɟɧɧɚɹ� ɷɧɟɪɝɢɹ, ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ� ɜ� ɨɛɴɟɦɟ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ. ɗɬɚ 

ɨɬɪɚɠɟɧɧɚɹ� ɷɧɟɪɝɢɹ� ɛɭɞɟɬ� ɹɜɥɹɬɶɫɹ� ɩɪɹɦɨɣ� ɞɥɹ� ɜɬɨɪɢɱɧɨɝɨ� ɨɛɴɟɦɚ� ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ�ɜ�ɟɝɨ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɤɚɤ�ɨɬ�ɩɥɨɫɤɢɯ�ɢɥɢ�ɬɨɱɟɱɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. ȼ� ɪɹɞɟ� ɫɥɭɱɚɟɜ� ɷɬɭ� ɷɧɟɪɝɢɸ� ɦɨɠɧɨ� ɬɚɤɠɟ� ɨɩɪɟɞɟɥɹɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ 

ɩɪɨɰɟɫɫ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɫɦɟɠɧɵɯ� ɨɛɴɟɦɚɯ� ɤɚɤ� ɟɞɢɧɵɣ 

ɪɟɜɟɪɛɟɪɚɰɢɨɧɧɵɣ� ɩɪɨɰɟɫɫ. Ɋɚɫɱɟɬɵ� ɦɨɠɧɨ� ɜɵɩɨɥɧɹɬɶ� ɧɚ� ɨɫɧɨɜɟ� ɦɟɬɨɞɚ 

ɩɪɨɫɥɟɠɢɜɚɧɢɹ�ɥɭɱɟɣ [119,120] ɢ�ɦɟɬɨɞɨɜ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɚɤɭɫɬɢɤɢ [58,72]. 

ɉɟɪɜɢɱɧɵɟ� ɢɫɬɨɱɧɢɤɢ� ɲɭɦɚ� ɫɭɳɟɫɬɜɟɧɧɨ� ɪɚɡɥɢɱɚɸɬɫɹ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɞɥɹ 

ɪɚɡɧɵɯ�ɩɨ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ�ɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ�ɩɪɨɰɟɫɫɚɦ�ɡɞɚɧɢɣ�ɢ�ɜ�ɷɬɨɣ�ɫɜɹɡɢ�ɩɨ 
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ɪɚɡɧɨɦɭ� ɦɨɝɭɬ� ɜɥɢɹɬɶ� ɧɚ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɩɨɥɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɨɬɪɚɠɟɧɧɵɯ�ɲɭɦɨɜɵɯ� ɩɨɥɟɣ. ɇɟɨɛɯɨɞɢɦɵɟ� ɞɥɹ� ɪɚɫɱɟɬɨɜ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɫɜɟɞɟɧɢɹ 

ɨɛ�ɢɫɬɨɱɧɢɤɚɯ�ɲɭɦɚ� ɜ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɹɯ� ɪɚɡɥɢɱɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɪɚɫɫɦɨɬɪɟɧɵ 

ɧɢɠɟ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɨɬɪɚɠɟɧɧɨɝɨ�ɲɭɦɚ�ɡɚɜɢɫɢɬ�ɨɬ�ɛɨғ ɥɶɲɟɝɨ�ɤɨɥɢɱɟɫɬɜɚ�ɮɚɤɬɨɪɨɜ, 

ɜɥɢɹɸɳɢɯ� ɤɚɤ� ɧɚ� ɚɛɫɨɥɸɬɧɵɟ� ɜɟɥɢɱɢɧɵ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɨɬɪɚɠɟɧɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɟɣ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ, ɬɚɤ� ɢ� ɧɚ� ɩɪɨɰɟɫɫɵ� ɧɚɪɚɫɬɚɧɢɹ� ɢ 

ɡɚɬɭɯɚɧɢɹ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ [17].  

Ɂɧɚɱɢɬɟɥɶɧɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɜɟɥɢɱɢɧɭ� ɢ� ɯɚɪɚɤɬɟɪ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɨɬɪɚɠɟɧɧɨɣ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɨɤɚɡɵɜɚɟɬ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ� ɩɨɥɨɠɟɧɢɟ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ. ȼ 

ɛɥɢɠɧɢɯ� ɤ� ɢɫɬɨɱɧɢɤɭ� ɡɨɧɚɯ� ɜɨɡɞɭɲɧɨɝɨ� ɨɛɴɟɦɚ� ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ 

ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɚ� ɜɵɲɟ� ɱɟɦ� ɜ� ɞɚɥɶɧɢɯ. Ɉɬ� ɷɬɨɝɨ� ɜ� ɡɧɚɱɢɬɟɥɶɧɨɣ� ɦɟɪɟ� ɡɚɜɢɫɢɬ 

ɧɚɥɢɱɢɟ�ɫɩɚɞɨɜ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɩɨ�ɦɟɪɟ�ɭɞɚɥɟɧɢɹ�ɨɬ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ.  

Ȼɨɥɶɲɨɟ�ɜɥɢɹɧɢɟ�ɧɚ�ɮɨɪɦɢɪɨɜɚɧɢɟ�ɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɨɬɪɚɠɟɧɧɨɝɨ�ɲɭɦɚ�ɜ 

ɨɬɞɟɥɶɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɢ�ɜ�ɰɟɥɨɦ�ɜɨ�ɜɫɟɣ�ɫɢɫɬɟɦɟ�ɨɤɚɡɵɜɚɸɬ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɯɚɪɚɤɬɟɪ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ 

ɨɝɪɚɠɞɟɧɢɣ [35]. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɨɬɪɚɠɟɧɧɨɝɨ�ɲɭɦɚ�ɜ� ɫɢɫɬɟɦɟ� ɡɚɜɢɫɢɬ�ɬɚɤɠɟ�ɨɬ 

ɜɢɞɚ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɷɥɟɦɟɧɬɚɦɢ� ɫɢɫɬɟɦɵ, ɚ� ɢɦɟɧɧɨ, ɨɬ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ�ɫɜɨɣɫɬɜ�ɨɝɪɚɠɞɟɧɢɣ [1,33], ɪɚɡɦɟɪɨɜ�ɨɬɤɪɵɬɵɯ  ɩɪɨɟɦɨɜ�ɦɟɠɞɭ 

ɷɥɟɦɟɧɬɚɦɢ, ɨɬ�ɪɚɡɦɟɪɨɜ�ɢ�ɩɪɨɩɨɪɰɢɣ�ɨɛɳɟɝɨ�ɜɨɡɞɭɲɧɨɝɨ�ɨɛɴɟɦɚ, ɨɛɴɟɞɢɧɹɸɳɟɝɨ 

ɜɫɟ�ɩɨɥɭɨɬɤɪɵɬɵɟ�ɩɪɨɫɬɪɚɧɫɬɜɚ, ɚ�ɬɚɤɠɟ�ɨɬ�ɪɚɡɦɟɪɨɜ�ɢ�ɩɪɨɩɨɪɰɢɣ�ɩɨɫɥɟɞɧɢɯ.  

Ɏɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜɧɭɬɪɢ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɜ� ɰɟɥɨɦ� ɜ� ɫɢɫɬɟɦɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɜɨ�ɦɧɨɝɨɦ�ɡɚɜɢɫɢɬ�ɨɬ�ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɣ, ɚ� ɬɚɤɠɟ� ɨɬ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɫɬɪɭɤɬɭɪɵ� ɜɫɟɣ 

ɫɢɫɬɟɦɵ. Ɉɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɟ� ɩɚɪɚɦɟɬɪɵ� ɜɥɢɹɸɬ� ɧɚ� ɯɚɪɚɤɬɟɪ� ɨɬɪɚɠɟɧɧɨɝɨ 

ɩɨɥɹ. ȼ� ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ� ɨɬɪɚɠɟɧɧɨɟ� ɩɨɥɟ, ɤɚɤ�ɩɪɚɜɢɥɨ, ɞɢɮɮɭɡɧɨɟ, ɚ� ɜ 

ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɨɧɨ� ɥɢɛɨ� ɤɜɚɡɢɞɢɮɮɭɡɧɨɟ� ɢɥɢ� ɫɨɜɫɟɦ� ɧɟɞɢɮɮɭɡɧɨɟ. 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ� ɫɬɪɭɤɬɭɪɚ� ɫɢɫɬɟɦɵ� ɨɩɪɟɞɟɥɹɟɬ� ɜɢɞ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɢ� ɬɟɦ 

ɫɚɦɵɦ�ɨɩɪɟɞɟɥɹɟɬ�ɜɢɞ�ɲɭɦɨɜɨɝɨ�ɩɨɥɹ�ɜ�ɡɞɚɧɢɢ. 

ɇɚ� ɫɬɟɩɟɧɶ� ɞɢɮɮɭɡɧɨɫɬɢ� ɩɨɥɹ� ɬɚɤɠɟ� ɨɤɚɡɵɜɚɟɬ� ɜɥɢɹɧɢɟ� ɧɚɥɢɱɢɟ� ɜɧɭɬɪɢ 

ɩɨɦɟɳɟɧɢɣ� ɪɚɡɥɢɱɧɵɯ� ɪɚɫɫɟɢɜɚɬɟɥɟɣ� ɡɜɭɤɚ� ɜ� ɜɢɞɟ� ɭɛɪɚɧɫɬɜɚ, ɨɛɨɪɭɞɨɜɚɧɢɹ� ɢ 

ɞɪɭɝɢɯ�ɩɪɟɞɦɟɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ�ɜ�ɩɨɦɟɳɟɧɢɹɯ. 



15 

Ȼɨɥɶɲɢɧɫɬɜɨ� ɩɟɪɟɱɢɫɥɟɧɧɵɯ� ɮɚɤɬɨɪɨɜ� ɜɡɚɢɦɨɫɜɹɡɚɧɵ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɢ 

ɩɨɷɬɨɦɭ� ɤɨɦɩɥɟɤɫɧɨ� ɜɥɢɹɸɬ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ�ɮɚɤɬɨɪɵ�ɢ�ɢɯ�ɜɡɚɢɦɨɫɜɹɡɶ�ɩɨɤɚɡɚɧɵ�ɧɚ�ɪɢɫɭɧɤɟ 1.1 

 
Ɋɢɫɭɧɨɤ 1.1 – ɍɫɥɨɜɢɹ�ɢ�ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ�ɧɚ�ɮɨɪɦɢɪɨɜɚɧɢɟ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɜ 

ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɝɪɚɠɞɚɧɫɤɢɯ�ɡɞɚɧɢɣ 

ɇɢɠɟ�ɪɚɫɫɦɨɬɪɟɧɨ�ɜɥɢɹɧɢɟ� ɷɬɢɯ�ɮɚɤɬɨɪɨɜ�ɧɚ�ɲɭɦɨɜɨɣ�ɪɟɠɢɦ�ɝɪɚɠɞɚɧɫɤɢɯ 

ɡɞɚɧɢɣ� ɪɚɡɥɢɱɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɢ� ɧɟɨɛɯɨɞɢɦɨɫɬɶ� ɢɯ� ɭɱɟɬɚ� ɩɪɢ� ɪɚɫɱɟɬɚɯ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɲɭɦɚ�ɜ�ɩɪɨɰɟɫɫɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɫɪɟɞɫɬɜ�ɡɚɳɢɬɵ�ɜ 

ɡɞɚɧɢɹɯ�ɤɚɤ�ɜ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɠɢɥɵɯ�ɡɞɚɧɢɣ. 

ɒɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɤɜɚɪɬɢɪ� ɠɢɥɵɯ� ɡɞɚɧɢɣ 

ɮɨɪɦɢɪɭɟɬɫɹ�ɡɚ�ɫɱɟɬ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɢ�ɨɬɪɚɠɟɧɧɨɣ�ɫɨɫɬɚɜɥɹɸɳɟɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. 
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ɉɪɹɦɨɣ�ɡɜɭɤ�ɜ�ɨɫɧɨɜɧɨɦ�ɨɩɪɟɞɟɥɹɟɬ�ɲɭɦɨɜɨɣ�ɪɟɠɢɦ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɢɫɬɨɱɧɢɤɨɦ 

ɲɭɦɚ. ȼɥɢɹɧɢɟ� ɧɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɷɬɢɯ� ɩɨɦɟɳɟɧɢɹɯ� ɨɤɚɡɵɜɚɟɬ� ɬɚɤɠɟ� ɢ 

ɨɬɪɚɠɟɧɧɚɹ� ɫɨɫɬɚɜɥɹɸɳɚɹ�ɲɭɦɚ. ɒɭɦ� ɜ� ɠɢɥɵɯ� ɡɞɚɧɢɹɯ� ɜɨɡɧɢɤɚɟɬ� ɩɪɢ� ɞɟɣɫɬɜɢɢ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ [6]. ɉɨ� ɭɫɥɨɜɢɹɦ� ɩɪɨɧɢɤɧɨɜɟɧɢɹ� ɜɧɭɬɪɶ 

ɩɨɦɟɳɟɧɢɣ� ɨɧɢ� ɞɟɥɹɬɫɹ� ɧɚ� ɜɧɟɲɧɢɟ� ɢ� ɜɧɭɬɪɟɧɧɢɟ. Ʉ� ɜɧɟɲɧɢɦ� ɨɬɧɨɫɹɬɫɹ 

ɬɪɚɧɫɩɨɪɬɧɵɟ�ɢ�ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɟ�ɲɭɦɚ, ɛɵɬɨɜɵɟ�ɲɭɦɚ�ɫɨɫɟɞɧɢɯ�ɤɜɚɪɬɢɪ, ɲɭɦɵ 

ɬɟɯɧɢɱɟɫɤɢɯ� ɢ� ɬɪɚɧɫɩɨɪɬɧɨ�ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɡɞɚɧɢɣ, ɲɭɦɵ 

ɜɫɬɪɨɟɧɧɵɯ�ɩɪɟɞɩɪɢɹɬɢɣ�ɤɭɥɶɬɭɪɧɨɝɨ, ɫɨɰɢɚɥɶɧɨ�ɛɵɬɨɜɨɝɨ�ɢ�ɞɪɭɝɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ. 

Ʉ� ɜɧɭɬɪɟɧɧɢɦ� ɲɭɦɨɜɵɦ� ɜɨɡɞɟɣɫɬɜɢɹɦ� ɨɬɧɨɫɹɬɫɹ� ɲɭɦɵ, ɜɵɡɜɚɧɧɵɟ� ɬɪɭɞɨɜɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɶɸ� ɜɧɭɬɪɢ� ɤɜɚɪɬɢɪɵ, ɲɭɦɵ� ɨɬ� ɛɵɬɨɜɨɣ� ɞɟɹɬɟɥɶɧɨɫɬɢ, ɲɭɦɵ, 

ɜɨɡɧɢɤɚɸɳɢɟ�ɩɪɢ�ɚɤɬɢɜɧɨɦ�ɢɥɢ�ɩɚɫɫɢɜɧɨɦ�ɨɬɞɵɯɟ (ɡɚɧɹɬɢɹ�ɫɩɨɪɬɨɦ, ɪɚɛɨɬɚ�ɪɚɞɢɨ- 

ɢ� ɜɢɞɟɨɚɩɩɚɪɚɬɭɪɵ), ɲɭɦɵ� ɫɚɧɢɬɚɪɧɨ�ɬɟɯɧɢɱɟɫɤɨɝɨ� ɨɛɨɪɭɞɨɜɚɧɢɹ� ɢ� ɛɵɬɨɜɨɣ 

ɬɟɯɧɢɤɢ.  

Ⱥɧɚɥɢɡ� ɦɟɪ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ, ɢɫɩɨɥɶɡɭɟɦɵɯ� ɜ� ɠɢɥɵɯ� ɡɞɚɧɢɹɯ, ɩɨɤɚɡɵɜɚɟɬ, 

ɱɬɨ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɨɫɧɨɜɧɨɟ�ɜɧɢɦɚɧɢɟ�ɭɞɟɥɹɟɬɫɹ�ɩɪɨɛɥɟɦɚɦ�ɡɚɳɢɬɵ�ɤɜɚɪɬɢɪ�ɨɬ 

ɜɧɟɲɧɢɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ. Ⱦɥɹ� ɷɬɨɝɨ  ɪɚɡɪɚɛɨɬɚɧɵ� ɞɨɫɬɚɬɨɱɧɨ� ɧɚɞɟɠɧɵɟ, 

ɩɨɞɬɜɟɪɠɞɟɧɧɵɟ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ� ɢ� ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ�ɦɟɬɨɞɵ� ɨɝɪɚɧɢɱɟɧɢɹ�ɩɪɨɧɢɤɧɨɜɟɧɢɹ�ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹ� ɤɜɚɪɬɢɪ 

ɢɡɜɧɟ. ɉɪɢ� ɩɪɚɜɢɥɶɧɨɦ� ɢɯ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɧɚ� ɫɬɚɞɢɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɨɧɢ� ɩɨɡɜɨɥɹɸɬ� ɨɛɟɫɩɟɱɢɬɶ� ɜɵɩɨɥɧɟɧɢɟ� ɧɨɪɦɚɬɢɜɧɵɯ� ɬɪɟɛɨɜɚɧɢɣ. 

Ʉɚɤ�ɩɪɚɜɢɥɨ, ɷɬɢ�ɦɟɬɨɞɵ�ɜ�ɨɫɧɨɜɧɨɦ�ɫɜɹɡɚɧɵ�ɫ�ɨɝɪɚɧɢɱɟɧɢɟɦ�ɦɨɳɧɨɫɬɢ�ɜɧɟɲɧɢɯ 

ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ, ɫɧɢɠɟɧɢɟɦ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɧɚ� ɩɭɬɹɯ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɢɯ� ɞɨ 

ɨɝɪɚɠɞɟɧɢɣ�ɤɜɚɪɬɢɪ, ɫ�ɡɚɳɢɬɨɣ�ɨɬ�ɩɪɨɧɢɤɧɨɜɟɧɢɹ�ɲɭɦɚ�ɱɟɪɟɡ�ɜɧɟɲɧɢɟ�ɨɝɪɚɠɞɟɧɢɹ 

ɤɜɚɪɬɢɪ.  

ȼɧɭɬɪɢ�ɤɜɚɪɬɢɪ�ɚɤɭɫɬɢɱɟɫɤɢɟ�ɭɫɥɨɜɢɹ�ɩɪɨɠɢɜɚɧɢɹ�ɜɨ�ɦɧɨɝɨɦ�ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɫɨɛɫɬɜɟɧɧɵɦɢ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ� ɢɫɬɨɱɧɢɤɚɦɢ� ɲɭɦɚ. Ɉɫɨɛɟɧɧɨɫɬɹɦɢ� ɷɬɢɯ 

ɢɫɬɨɱɧɢɤɨɜ� ɹɜɥɹɸɬɫɹ: ɫɜɨɛɨɞɧɨɟ� ɩɟɪɟɦɟɳɟɧɢɟ� ɢɯ� ɜ� ɩɪɟɞɟɥɚɯ� ɤɜɚɪɬɢɪɵ; 

ɧɟɩɨɫɬɨɹɧɧɵɣ� ɜɨ� ɜɪɟɦɟɧɢ� ɭɪɨɜɟɧɶ� ɡɜɭɤɨɜɨɣ� ɦɨɳɧɨɫɬɢ; ɜɨɡɦɨɠɧɨɫɬɶ� ɢɯ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ� ɜ� ɥɸɛɨɟ� ɜɪɟɦɹ� ɫɭɬɨɤ. ɗɬɢ� ɨɫɨɛɟɧɧɨɫɬɢ, ɚ� ɬɚɤ� ɠɟ� ɪɹɞ� ɞɪɭɝɢɯ 

ɩɚɪɚɦɟɬɪɨɜ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɡɚɬɪɭɞɧɹɸɬ� ɪɚɡɪɚɛɨɬɤɭ� ɷɮɮɟɤɬɢɜɧɵɯ� ɦɟɪ� ɩɨ 

ɫɧɢɠɟɧɢɸ� ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɯ� ɲɭɦɨɜ. ɇɟɨɛɯɨɞɢɦɨ� ɢɦɟɬɶ� ɧɚɞɟɠɧɭɸ� ɦɟɬɨɞɢɤɭ� ɩɨ 
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ɚɧɚɥɢɡɭ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɤɜɚɪɬɢɪ� ɫ� ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɦɢ 

ɢɫɬɨɱɧɢɤɚɦɢ�ɲɭɦɚ�ɢ�ɪɚɡɪɚɛɨɬɤɟ�ɦɟɪ�ɭɥɭɱɲɟɧɢɹ�ɢɯ�ɚɤɭɫɬɢɱɟɫɤɨɝɨ�ɤɥɢɦɚɬɚ.  

ȼ� ɩɨɦɟɳɟɧɢɹɯ� ɛɟɡ� ɫɨɛɫɬɜɟɧɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ 

ɨɩɪɟɞɟɥɹɸɬ� ɫɨɫɬɚɜɥɹɸɳɢɟ�ɲɭɦɚ, ɩɪɢɯɨɞɹɳɢɟ� ɢɡ� ɫɨɫɟɞɧɢɯ� ɨɛɴɟɦɨɜ� ɩɪɢ� ɧɚɥɢɱɢɢ 

ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɜɹɡɟɣ�ɫ�ɧɢɦɢ, ɢ�ɨɬɪɚɠɟɧɧɵɣ�ɲɭɦ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɜɧɢɦɚɧɢɟ�ɫɥɟɞɭɟɬ 

ɭɞɟɥɢɬɶ� ɢɫɬɨɱɧɢɤɚɦ� ɲɭɦɚ, ɤɨɬɨɪɵɦɢ� ɹɜɥɹɸɬɫɹ� ɨɝɪɚɠɞɚɸɳɢɟ� ɤɨɧɫɬɪɭɤɰɢɢ, 

ɢɡɥɭɱɚɸɳɢɟ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɤɜɚɪɬɢɪɵ�ɲɭɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ�ɜ�ɫɨɫɟɞɧɢɯ�ɨɛɴɟɦɚɯ�ɢ 

ɜɨ�ɜɧɟɲɧɟɦ�ɨɤɪɭɠɚɸɳɟɦ�ɡɞɚɧɢɟ�ɩɪɨɫɬɪɚɧɫɬɜɟ.  Ʉɚɤ�ɩɪɚɜɢɥɨ, ɷɬɢ�ɲɭɦɵ�ɩɪɨɧɢɤɚɸɬ 

ɱɟɪɟɡ�ɛɨɥɶɲɢɟ�ɩɥɨɫɤɨɫɬɢ�ɫɬɟɧ�ɢ�ɩɟɪɟɤɪɵɬɢɣ�ɢ�ɱɟɪɟɡ�ɨɤɨɧɧɵɟ�ɩɪɨɟɦɵ. ɉɨɷɬɨɦɭ�ɢɯ 

ɫɥɟɞɭɟɬ�ɨɬɧɨɫɢɬɶ�ɤ�ɩɥɨɫɤɢɦ�ɢɫɬɨɱɧɢɤɚɦ, ɢɡɥɭɱɚɸɳɢɦ�ɲɭɦ�ɫ�ɛɨɥɶɲɢɯ�ɩɨ�ɩɥɨɳɚɞɢ 

ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɉɪɨɛɥɟɦɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɰɟɫɫɨɜ� ɜɨɡɧɢɤɧɨɜɟɧɢɹ�ɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ 

ɜɧɭɬɪɢ�ɤɜɚɪɬɢɪ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɧɟ�ɭɞɟɥɹɟɬɫɹ�ɞɨɥɠɧɨɝɨ�ɜɧɢɦɚɧɢɹ. ȼ�ɪɟɡɭɥɶɬɚɬɟ 

ɷɬɨɝɨ�ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɟ�ɢ�ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�ɪɟɲɟɧɢɹ�ɤɜɚɪɬɢɪ�ɩɪɨɟɤɬɢɪɭɟɬɫɹ 

ɛɟɡ� ɭɱɟɬɚ� ɩɪɨɰɟɫɫɨɜ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɤɜɚɪɬɢɪɚɯ� ɢ, ɤɚɤ� ɫɥɟɞɫɬɜɢɟ 

ɷɬɨɝɨ, ɩɪɢ� ɷɤɫɩɥɭɚɬɚɰɢɢ� ɜ� ɤɜɚɪɬɢɪɚɯ� ɧɟ� ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ� ɭɫɥɨɜɢɹ� ɤɨɦɮɨɪɬɚ� ɩɨ 

ɲɭɦɨɜɨɦɭ�ɪɟɠɢɦɭ.  

ȼ� ɰɟɥɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɤɜɚɪɬɢɪɵ� ɫ� ɬɨɱɤɢ� ɡɪɟɧɢɹ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɜɨɡɞɭɲɧɵɟ� ɨɛɴɟɦɵ, ɫɜɹɡɚɧɧɵɟ� ɜ� ɟɞɢɧɨɟ� ɰɟɥɨɟ 

ɚɤɭɫɬɢɱɟɫɤɢɦɢ� ɫɜɹɡɹɦɢ� ɱɟɪɟɡ� ɨɬɤɪɵɬɵɟ� ɩɪɨɟɦɵ� ɢ� ɱɟɪɟɡ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ 

ɤɨɧɫɬɪɭɤɰɢɢ� ɜ� ɜɢɞɟ� ɞɜɟɪɟɣ� ɢ� ɩɟɪɟɝɨɪɨɞɨɤ. ɉɪɨɰɟɫɫ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɜ� ɬɚɤɨɣ� ɫɢɫɬɟɦɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɹɜɥɹɟɬɫɹ 

ɦɧɨɝɨɮɚɤɬɨɪɧɵɦ, ɬɪɟɛɭɸɳɢɦ� ɭɱɟɬɚ� ɩɪɢ� ɪɚɫɱɟɬɚɯ� ɭɪɨɜɧɟɣ� ɲɭɦɚ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɨɝɪɚɠɞɟɧɢɣ� ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɜɫɟɯ�ɷɥɟɦɟɧɬɨɜ�ɤɜɚɪɬɢɪɵ [2,9]. 

Ɉɝɪɚɧɢɱɟɧɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɤɜɚɪɬɢɪɚɯ� ɜɨɡɦɨɠɧɨ� ɨɛɟɫɩɟɱɢɬɶ 

ɩɪɢɦɟɧɟɧɢɟɦ� ɚɪɯɢɬɟɤɬɭɪɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ 

ɫɧɢɠɟɧɢɹ�ɲɭɦɚ. 

ɋɨɜɪɟɦɟɧɧɵɟ� ɤɜɚɪɬɢɪɵ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ, ɤɚɤ� ɩɪɚɜɢɥɨ, ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 

ɩɨ� ɨɛɴɟɦɭ� ɡɚɤɪɵɬɵɟ� ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ� ɞɥɹ� ɜɵɩɨɥɧɟɧɢɹ� ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɨɝɨ� ɤɨɥɢɱɟɫɬɜɚ� ɨɞɧɨɜɪɟɦɟɧɧɨ� ɩɪɨɬɟɤɚɸɳɢɯ� ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ. 

ɉɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɛɨɥɶɲɢɧɫɬɜɚ� ɢɡ� ɧɢɯ� ɜɨɡɧɢɤɚɟɬ� ɲɭɦɨɜɨɟ� ɡɚɝɪɹɡɧɟɧɢɟ� ɫɪɟɞɵ 
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ɤɜɚɪɬɢɪɵ. Ɉɧɨ� ɨɤɚɡɵɜɚɟɬ� ɧɟɝɚɬɢɜɧɨɟ� ɜɨɡɞɟɣɫɬɜɢɟ� ɧɚ� ɩɪɨɬɟɤɚɧɢɟ� ɞɪɭɝɢɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ, ɬɪɟɛɭɸɳɢɯ� ɨɛɟɫɩɟɱɟɧɢɹ� ɛɨɥɟɟ� ɛɥɚɝɨɩɪɢɹɬɧɵɯ 

ɚɤɭɫɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ. ɂɫɤɥɸɱɟɧɢɟ� ɩɨɞɨɛɧɵɯ� ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ� ɜɨɡɞɟɣɫɬɜɢɣ 

ɦɨɠɟɬ� ɛɵɬɶ� ɨɛɟɫɩɟɱɟɧɨ� ɧɚ� ɪɚɧɧɢɯ� ɫɬɚɞɢɹɯ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɤɜɚɪɬɢɪ� ɩɭɬɟɦ 

ɪɚɰɢɨɧɚɥɶɧɨɝɨ� ɡɨɧɢɪɨɜɚɧɢɹ� ɢɯ� ɨɛɴɟɦɨɜ, ɢɫɯɨɞɹ� ɢɡ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ 

ɨɬɞɟɥɶɧɵɯ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɡɨɧ. ȼɵɛɨɪ�ɪɚɰɢɨɧɚɥɶɧɵɯ�ɩɨ�ɚɤɭɫɬɢɱɟɫɤɢɦ�ɭɫɥɨɜɢɹɦ 

ɩɥɚɧɢɪɨɜɨɤ� ɹɜɥɹɟɬɫɹ� ɞɨɫɬɚɬɨɱɧɨ� ɫɥɨɠɧɨɣ� ɡɚɞɚɱɟɣ. Ɋɟɲɟɧɢɟ� ɟɟ� ɡɚɬɪɭɞɧɹɟɬɫɹ 

ɨɝɪɚɧɢɱɟɧɧɨɫɬɶɸ� ɨɛɴɟɦɚ� ɤɜɚɪɬɢɪɵ, ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ� ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ� ɨɛɟɫɩɟɱɟɧɢɹ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɩɥɚɧɢɪɨɜɤɢ� ɞɪɭɝɢɯ� ɤɨɦɮɨɪɬɧɵɯ� ɢ 

ɫɨɰɢɚɥɶɧɵɯ�ɤɪɢɬɟɪɢɟɜ�ɠɢɥɢɳɚ. ȼɵɛɨɪ�ɩɥɚɧɢɪɨɜɤɢ�ɬɚɤɠɟ�ɫɭɳɟɫɬɜɟɧɧɨ�ɡɚɜɢɫɢɬ�ɨɬ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ�ɫɯɟɦ�ɢ�ɫɢɫɬɟɦ�ɧɟɫɭɳɟɝɨ�ɨɫɬɨɜɚ�ɡɞɚɧɢɹ [40]. 

Ɉɝɪɚɧɢɱɟɧɧɵɟ� ɜɨɡɦɨɠɧɨɫɬɢ� ɚɪɯɢɬɟɤɬɭɪɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɦɟɪ� ɫɧɢɠɟɧɢɹ 

ɲɭɦɚ� ɬɪɟɛɭɸɬ� ɩɪɢɦɟɧɟɧɢɹ� ɞɥɹ� ɭɦɟɧɶɲɟɧɢɹ� ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ� ɜ� ɨɛɴɟɦɟ 

ɤɜɚɪɬɢɪɵ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ, ɩɭɬɟɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ� ɭɫɬɪɨɣɫɬɜɚ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɢ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɣ. Ɂɜɭɤɨɢɡɨɥɹɰɢɹ�ɜɧɭɬɪɢ�ɤɜɚɪɬɢɪɵ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɦɢ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ, ɩɟɪɟɤɪɵɬɢɹɦɢ� ɢ� ɫɬɟɧɚɦɢ. ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɚɹ� ɫɩɨɫɨɛɧɨɫɬɶ� ɫɬɟɧ� ɢ� ɩɟɪɟɝɨɪɨɞɨɤ  ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɧɢɯ� ɞɜɟɪɧɵɯ 

ɩɪɨɟɦɨɜ� ɜ� ɡɧɚɱɢɬɟɥɶɧɨɣ� ɦɟɪɟ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ� ɞɜɟɪɟɣ [2].  

Ɂɜɭɤɨɩɨɝɥɨɳɟɧɢɟ� ɲɭɦɚ� ɜ� ɤɜɚɪɬɢɪɟ� ɩɪɨɢɫɯɨɞɢɬ� ɜ� ɩɪɨɰɟɫɫɟ� ɩɨɝɥɨɳɟɧɢɹ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɩɚɞɟɧɢɢ�ɡɜɭɤɨɜɵɯ�ɜɨɥɧ�ɧɚ�ɨɝɪɚɠɞɚɸɳɢɟ�ɤɨɧɫɬɪɭɤɰɢɢ, 

ɭɛɪɚɧɫɬɜɨ� ɢ� ɨɛɨɪɭɞɨɜɚɧɢɟ, ɪɚɡɦɟɳɟɧɧɨɟ� ɜ� ɷɬɢɯ� ɩɨɦɟɳɟɧɢɹɯ. Ɉɧɨ� ɡɚɜɢɫɢɬ� ɨɬ 

ɩɪɢɧɹɬɵɯ�ɨɬɞɟɥɨɱɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɨɝɪɚɠɞɟɧɢɣ, ɧɚɫɵɳɟɧɢɹ�ɩɨɦɟɳɟɧɢɣ�ɦɟɛɟɥɶɸ�ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ� ɢ� ɜ� ɤɚɠɞɨɦ� ɫɥɭɱɚɟ� ɢɦɟɟɬ� ɤɨɧɤɪɟɬɧɨɟ� ɡɧɚɱɟɧɢɟ. ȼ� ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɥɭɚɬɚɰɢɢ� ɟɝɨ� ɦɨɠɧɨ� ɪɟɝɭɥɢɪɨɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ� ɢɡɦɟɧɟɧɢɹ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɫɜɨɣɫɬɜ�ɨɝɪɚɠɞɟɧɢɣ, ɦɟɛɟɥɢ�ɢ�ɞɪ. 

ȼ� ɭɫɥɨɜɢɹɯ� ɷɤɫɩɥɭɚɬɚɰɢɢ� ɡɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ, ɢɡɥɭɱɚɟɦɚɹ� ɢɫɬɨɱɧɢɤɚɦɢ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ�ɩɨ�ɩɨɦɟɳɟɧɢɹɦ�ɤɜɚɪɬɢɪ, ɩɪɨɧɢɤɚɹ�ɜ�ɧɢɯ�ɱɟɪɟɡ�ɨɬɤɪɵɬɵɟ�ɩɪɨɟɦɵ 

ɢ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ� ɩɪɟɝɪɚɞɵ. ȼ� ɷɬɨɣ� ɫɜɹɡɢ� ɤɜɚɪɬɢɪɚ� ɩɨ� ɭɫɥɨɜɢɹɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɹɜɥɹɟɬɫɹ� ɬɢɩɢɱɧɨɣ� ɫɢɫɬɟɦɨɣ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɨɛɴɟɦɨɜ, ɢɦɟɸɳɟɣ� ɨɛɳɟɟ� ɲɭɦɨɜɨɟ� ɩɨɥɟ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ 

ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɩɨɦɟɳɟɧɢɣ, ɡɜɭɤɨɢɡɨɥɹɰɢɢ ɢ 
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ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɨɝɪɚɠɞɟɧɢɣ, ɦɟɛɟɥɢ, ɨɛɨɪɭɞɨɜɚɧɢɹ�ɢ�ɭɛɪɚɧɫɬɜɚ 

ɩɨɦɟɳɟɧɢɣ, ɚ� ɬɚɤɠɟ� ɨɬ� ɦɟɫɬɚ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢ� ɦɨɳɧɨɫɬɢ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ. 

ɂɡɦɟɧɹɹ� ɜ� ɩɪɨɰɟɫɫɟ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɨɟ� ɪɟɲɟɧɢɟ� ɤɜɚɪɬɢɪɵ, 

ɜɢɞ� ɢ� ɩɨɥɨɠɟɧɢɟ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɤɨɦɧɚɬɚɦɢ, ɚ� ɬɚɤɠɟ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ� ɢ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟ� ɨɝɪɚɠɞɟɧɢɣ, ɜɨɡɦɨɠɧɨ� ɢɡɦɟɧɹɬɶ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɫɢɫɬɟɦɟ�ɜ�ɰɟɥɨɦ�ɢ�ɬɟɦ�ɫɚɦɵɦ�ɞɨɫɬɢɝɚɬɶ�ɧɚɢɛɨɥɟɟ�ɨɩɬɢɦɚɥɶɧɵɯ�ɭɫɥɨɜɢɣ 

ɞɥɹ�ɫɨɡɞɚɧɢɹ�ɚɤɭɫɬɢɱɟɫɤɨɝɨ�ɤɨɦɮɨɪɬɚ�ɜ�ɤɜɚɪɬɢɪɚɯ. 

Ɋɟɲɟɧɢɟ� ɷɬɨɣ� ɦɧɨɝɨɮɚɤɬɨɪɧɨɣ� ɡɚɞɚɱɢ� ɜɨɡɦɨɠɧɨ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɞɨɫɬɚɬɨɱɧɨ 

ɧɚɞɟɠɧɨɝɨ� ɦɟɬɨɞɚ� ɨɰɟɧɤɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ 

ɤɜɚɪɬɢɪɵ. ȼɨ�ɦɧɨɝɨɦ�ɜɵɛɨɪ�ɬɚɤɨɝɨ�ɦɟɬɨɞɚ�ɡɚɜɢɫɢɬ�ɨɬ�ɫɢɫɬɟɦ�ɩɥɚɧɢɪɨɜɤɢ�ɤɜɚɪɬɢɪ. 

ɋɨɜɪɟɦɟɧɧɵɟ�ɠɢɥɵɟ� ɞɨɦɚ� ɜ� ɨɫɧɨɜɧɨɦ� ɜɨɡɜɨɞɹɬɫɹ� ɦɧɨɝɨɫɟɤɰɢɨɧɧɵɦɢ. ɉɪɢ 

ɷɬɨɦ� ɨɬɞɟɥɶɧɵɟ� ɫɟɤɰɢɢ� ɞɨɦɚ� ɦɨɝɭɬ� ɩɪɨɟɤɬɢɪɨɜɚɬɶɫɹ� ɫ� ɨɩɪɟɞɟɥɟɧɧɵɦɢ� ɨɛɴɟɦɧɨ- 

ɩɥɚɧɢɪɨɜɨɱɧɵɦɢ� ɪɟɲɟɧɢɹɦɢ. ɇɚɢɛɨɥɟɟ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɜ� ɩɪɚɤɬɢɤɟ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɠɢɥɵɯ� ɡɞɚɧɢɣ� ɢɦɟɸɬ� ɫɟɤɰɢɨɧɧɵɟ, ɤɨɪɢɞɨɪɧɵɟ� ɢ� ɤɨɪɢɞɨɪɧɨ-

ɫɟɤɰɢɨɧɧɵɟ�ɩɥɚɧɢɪɨɜɨɱɧɵɟ�ɪɟɲɟɧɢɹ [18].  

ȼ� ɫɟɤɰɢɨɧɧɨɣ� ɫɢɫɬɟɦɟ� ɩɥɚɧɢɪɨɜɤɢ (ɫɦ. ɪɢɫɭɧɨɤ 1.2) ɤɚɠɞɚɹ� ɤɜɚɪɬɢɪɚ  2 

ɢɦɟɟɬ� ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɭɸ� ɫɜɹɡɶ� ɫ� ɥɟɫɬɧɢɰɟɣ 1. Ʌɟɫɬɧɢɰɚ� ɹɜɥɹɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɵɦ 

ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɜ� ɫɟɤɰɢɢ. ɉɨɷɬɨɦɭ� ɡɚɳɢɬɚ� ɩɨɦɟɳɟɧɢɣ� ɤɜɚɪɬɢɪ� ɨɬ� ɲɭɦɚ, 

ɜɨɡɧɢɤɚɸɳɟɝɨ� ɜ� ɥɟɫɬɧɢɱɧɨ�ɥɢɮɬɨɜɨɦ� ɭɡɥɟ, ɹɜɥɹɟɬɫɹ� ɜɚɠɧɨɣ� ɡɚɞɚɱɟɣ. Ɋɟɲɟɧɢɟ� ɟɟ 

ɞɨɫɬɢɝɚɟɬɫɹ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ� ɩɥɚɧɢɪɨɜɨɱɧɵɦ� ɪɟɲɟɧɢɟɦ� ɤɜɚɪɬɢɪ� ɢ� ɭɫɬɪɨɣɫɬɜɨɦ 

ɧɚɞɥɟɠɚɜɲɟɣ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɫɬɟɧ�ɢ�ɜɯɨɞɧɵɯ�ɞɜɟɪɟɣ.  

 
Ɋɢɫɭɧɨɤ 1.2 - ɋɟɤɰɢɨɧɧɚɹ�ɫɢɫɬɟɦɚ�ɩɥɚɧɢɪɨɜɤɢ�ɠɢɥɵɯ�ɡɞɚɧɢɣ 

Ʉɨɪɢɞɨɪɧɚɹ� ɫɢɫɬɟɦɚ� ɩɥɚɧɢɪɨɜɤɢ� ɫɟɤɰɢɣ� ɩɪɟɞɩɨɥɚɝɚɟɬ� ɧɚɥɢɱɢɟ� ɞɥɢɧɧɨɝɨ 

ɤɨɪɢɞɨɪɚ, ɜ� ɤɨɬɨɪɨɦ� ɜ� ɩɪɨɰɟɫɫɟ� ɷɤɫɩɥɭɚɬɚɰɢɢ� ɦɨɝɭɬ� ɜɨɡɧɢɤɚɬɶ� ɪɚɡɥɢɱɧɵɟ 

ɢɫɬɨɱɧɢɤɢ� ɲɭɦɚ. (ɫɦ. ɪɢɫɭɧɨɤ 1.3). ɒɭɦ� ɨɬ� ɧɢɯ� ɫɜɨɛɨɞɧɨ� ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ� ɩɨ 
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ɤɨɪɢɞɨɪɭ 3 ɢ�ɩɪɨɧɢɤɚɟɬ�ɜ�ɨɬɞɟɥɶɧɵɟ�ɤɜɚɪɬɢɪɵ 2, ɝɞɟ�ɜ�ɞɚɥɶɧɟɣɲɟɦ�ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ 

ɤɚɤ� ɜ� ɫɢɫɬɟɦɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ.  Ⱦɥɹ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ, 

ɩɪɨɧɢɤɚɸɳɟɝɨ�ɜ�ɤɜɚɪɬɢɪɵ, ɧɟɨɛɯɨɞɢɦɨ�ɩɨɜɵɲɚɬɶ�ɡɜɭɤɨɢɡɨɥɹɰɢɸ�ɫɬɟɧ�ɢ�ɜɯɨɞɧɵɯ 

ɞɜɟɪɟɣ� ɤɜɚɪɬɢɪɵ, ɚ� ɬɚɤɠɟ� ɭɫɬɪɚɢɜɚɬɶ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟ� ɧɚ� ɩɨɬɨɥɤɟ� ɤɨɪɢɞɨɪɚ. 

ɉɥɚɧɢɪɨɜɤɚ� ɤɜɚɪɬɢɪ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɞɨɥɠɧɚ� ɭɱɢɬɵɜɚɬɶ� ɡɚɳɢɬɭ� ɨɬ� ɲɭɦɚ, 

ɩɪɨɧɢɤɚɸɳɟɝɨ�ɢɡ�ɤɨɪɢɞɨɪɚ. 

 
Ɋɢɫɭɧɨɤ 1.3 - Ʉɨɪɢɞɨɪɧɚɹ�ɫɢɫɬɟɦɚ�ɩɥɚɧɢɪɨɜɤɢ�ɠɢɥɵɯ�ɡɞɚɧɢɣ 

Ʉɨɪɢɞɨɪɧɨ�ɫɟɤɰɢɨɧɧɚɹ� ɫɢɫɬɟɦɚ� ɩɥɚɧɢɪɨɜɤɢ (ɫɦ. ɪɢɫɭɧɨɤ 1.4) ɢɦɟɟɬ� ɜ 

ɫɨɫɬɚɜɟ� ɫɟɤɰɢɢ�ɤɨɪɢɞɨɪ 3, ɨɛɴɟɞɢɧɹɸɳɢɣ� ɜɫɟ� ɤɜɚɪɬɢɪɵ 2 ɫɟɤɰɢɢ. Ɍɚɤɨɟ�ɪɟɲɟɧɢɟ 

ɩɪɢɦɟɧɹɟɬɫɹ� ɫ� ɰɟɥɶɸ� ɭɦɟɧɶɲɟɧɢɹ� ɤɨɥɢɱɟɫɬɜɚ� ɥɟɫɬɧɢɱɧɵɯ� ɤɥɟɬɨɤ. Ʌɟɫɬɧɢɱɧɨ-

ɥɢɮɬɨɜɵɣ� ɭɡɟɥ 1, ɹɜɥɹɟɬɫɹ� ɦɨɳɧɵɦ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ. ɉɨɷɬɨɦɭ� ɩɪɢ� ɬɚɤɨɣ 

ɩɥɚɧɢɪɨɜɤɟ� ɫɟɤɰɢɣ�ɧɟɨɛɯɨɞɢɦɨ, ɤɚɤ� ɢ� ɜ� ɞɪɭɝɢɯ� ɫɥɭɱɚɹɯ, ɩɪɨɢɡɜɨɞɢɬɶ� ɭɫɬɪɨɣɫɬɜɨ 

ɫɬɟɧ�ɢ�ɜɯɨɞɧɵɯ�ɞɜɟɪɟɣ�ɜ�ɤɜɚɪɬɢɪɵ�ɫ�ɩɨɜɵɲɟɧɧɨɣ�ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ. 

 
Ɋɢɫɭɧɨɤ 1.4 - Ʉɨɪɢɞɨɪɧɨ�ɫɟɤɰɢɨɧɧɚɹ�ɫɢɫɬɟɦɚ�ɩɥɚɧɢɪɨɜɤɢ�ɠɢɥɵɯ�ɡɞɚɧɢɣ 

ɋɨɜɪɟɦɟɧɧɵɟ� ɩɥɚɧɢɪɨɜɤɢ� ɨɬɞɟɥɶɧɵɯ� ɤɜɚɪɬɢɪ� ɜ� ɨɫɧɨɜɧɨɦ� ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɫɨɰɢɚɥɶɧɵɦ�ɫɬɚɬɭɫɨɦ�ɠɢɥɵɯ�ɡɞɚɧɢɣ�ɢ�ɡɚɜɢɫɹɬ�ɨɬ�ɤɨɥɢɱɟɫɬɜɚ�ɤɨɦɧɚɬ�ɜ�ɤɜɚɪɬɢɪɟ. ȼ 

ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɫɭɳɟɫɬɜɭɟɬ�ɬɪɢ�ɬɢɩɚ�ɩɥɚɧɢɪɨɜɤɢ�ɤɜɚɪɬɢɪ.  
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ɉɟɪɜɚɹ, ɧɚɢɛɨɥɟɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ� ɫɢɫɬɟɦɚ, ɷɬɨ� ɹɱɟɣɤɨɜɚɹ� ɫɢɫɬɟɦɚ 

ɩɥɚɧɢɪɨɜɤɢ (ɫɦ. ɪɢɫɭɧɨɤ 1.5). əɱɟɣɤɨɜɵɟ� ɫɢɫɬɟɦɵ� ɤɜɚɪɬɢɪɵ, ɤɚɤ� ɩɪɚɜɢɥɨ,  

ɦɚɥɨɝɚɛɚɪɢɬɧɵɟ� ɩɪɨɟɤɬɢɪɭɸɬɫɹ� ɫ� ɝɥɚɜɧɵɦ� ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ� ɡɜɟɧɨɦ, ɤɨɬɨɪɵɣ 

ɨɞɧɨɜɪɟɦɟɧɧɨ�ɹɜɥɹɟɬɫɹ�ɢ�ɜɯɨɞɧɵɦ�ɭɡɥɨɦ�ɤɜɚɪɬɢɪɵ. ɋ�ɧɢɦ�ɱɟɪɟɡ�ɞɜɟɪɢ�ɫɜɹɡɚɧɵ�ɜɫɟ 

ɨɬɞɟɥɶɧɵɟ� ɩɨɦɟɳɟɧɢɹ� ɤɜɚɪɬɢɪɵ. Ɇɟɠɞɭ� ɫɨɛɨɣ� ɩɨɦɟɳɟɧɢɹ� ɤɜɚɪɬɢɪ� ɪɚɡɞɟɥɹɸɬɫɹ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɦɢ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ. ɉɨɦɟɳɟɧɢɹ� ɤɜɚɪɬɢɪɵ� ɬɚɤɠɟ� ɦɨɝɭɬ� ɛɵɬɶ 

ɫɜɹɡɚɧɵ�ɦɟɠɞɭ�ɫɨɛɨɣ�ɞɜɟɪɹɦɢ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ� ɹɱɟɣɤɨɜɨɣ� ɫɢɫɬɟɦɵ� ɩɥɚɧɢɪɨɜɤɢ� ɫ� ɩɨɡɢɰɢɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɜɚɪɬɢɪɟ� ɹɜɥɹɟɬɫɹ� ɫɥɟɞɭɸɳɟɟ. ɒɭɦ, ɜɨɡɧɢɤɚɸɳɢɣ� ɜ� ɥɸɛɨɦ 

ɩɨɦɟɳɟɧɢɢ�ɤɜɚɪɬɢɪɵ, ɩɪɨɧɢɤɚɟɬ�ɱɟɪɟɡ�ɞɜɟɪɢ�ɜ�ɩɪɢɯɨɠɭɸ�ɢ�ɡɚɬɟɦ�ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ� ɞɪɭɝɢɦ� ɩɨɦɟɳɟɧɢɹɦ� ɤɜɚɪɬɢɪɵ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɧɟɨɛɯɨɞɢɦɨ� ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɩɨɜɵɲɟɧɧɭɸ�ɡɜɭɤɨɢɡɨɥɹɰɢɸ�ɞɜɟɪɟɣ. ɗɮɮɟɤɬɢɜɧɵɦ�ɬɚɤɠɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɭɫɬɪɨɣɫɬɜɨ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɜ�ɩɪɢɯɨɠɟɣ [2].  

Ɍɚɤ� ɤɚɤ�ɩɨɦɟɳɟɧɢɹ� ɤɜɚɪɬɢɪɵ� ɹɜɥɹɸɬɫɹ� ɫɨɪɚɡɦɟɪɧɵɦɢ� ɩɨ� ɞɥɢɧɟ, ɲɢɪɢɧɟ� ɢ 

ɜɵɫɨɬɟ, ɜ�ɧɢɯ�ɮɨɪɦɢɪɭɸɬɫɹ�ɞɢɮɮɭɡɧɵɟ�ɡɜɭɤɨɜɵɟ�ɩɨɥɹ, ɢ�ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɱɟɬɧɵɣ 

ɦɟɬɨɞ� ɦɨɠɧɨ� ɪɚɡɪɚɛɨɬɚɬɶ, ɨɫɧɨɜɵɜɚɹɫɶ� ɧɚ  ɤɥɚɫɫɢɱɟɫɤɨɣ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ 

ɚɤɭɫɬɢɤɢ�ɩɨɦɟɳɟɧɢɣ [9,58,72]. 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.5 - ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɫ�ɹɱɟɣɤɨɜɨɣ�ɫɢɫɬɟɦɨɣ�ɩɥɚɧɢɪɨɜɤɢ 

ȼɬɨɪɨɣ, ɞɨɫɬɚɬɨɱɧɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ� ɫɢɫɬɟɦɨɣ� ɩɥɚɧɢɪɨɜɤɢ� ɤɜɚɪɬɢɪ 

ɹɜɥɹɟɬɫɹ� ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɚɹ� ɫɢɫɬɟɦɚ. ȼ� ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɟ 

ɩɥɚɧɢɪɨɜɤɢ�ɜɫɟ�ɩɨɦɟɳɟɧɢɹ�ɫɜɹɡɚɧɵ�ɫ�ɤɨɪɢɞɨɪɨɦ (ɫɦ. ɪɢɫɭɧɨɤ 1.6). ɑɟɪɟɡ�ɤɨɪɢɞɨɪ 

ɩɪɨɢɫɯɨɞɢɬ�ɩɟɪɟɞɚɱɚ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ�ɩɨ�ɜɫɟɦ�ɩɨɦɟɳɟɧɢɹɦ�ɤɜɚɪɬɢɪɵ. Ɍɚɤ�ɤɚɤ�ɜ 

ɷɬɢɯ� ɫɥɭɱɚɹɯ� ɤɨɪɢɞɨɪ� ɹɜɥɹɟɬɫɹ� ɞɨɫɬɚɬɨɱɧɨ� ɞɥɢɧɧɵɦ� ɩɨɦɟɳɟɧɢɟɦ� ɫ� ɧɟɛɨɥɶɲɢɦɢ 

ɩɨɩɟɪɟɱɧɵɦɢ� ɪɚɡɦɟɪɚɦɢ, ɜ� ɧɟɦ� ɩɪɨɢɫɯɨɞɢɬ� ɫɭɳɟɫɬɜɟɧɧɨɟ� ɡɚɬɭɯɚɧɢɟ� ɡɜɭɤɨɜɨɣ 
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ɷɧɟɪɝɢɢ. ɗɬɨ� ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɪɚɫɱɟɬɧɨɝɨ 

ɦɟɬɨɞɚ, ɭɱɢɬɵɜɚɸɳɟɝɨ�ɫɧɢɠɟɧɢɟ�ɲɭɦɚ�ɩɪɢ�ɭɞɚɥɟɧɢɢ�ɨɬ�ɢɫɬɨɱɧɢɤɚ [10]. 

 
Ɋɢɫɭɧɨɤ 1.6 - ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɫ�ɹɱɟɣɤɨɜɨ - ɤɨɪɢɞɨɪɧɨɣ�ɫɢɫɬɟɦɨɣ�ɩɥɚɧɢɪɨɜɤɢ 

Ʉ� ɬɪɟɬɶɟɣ, ɞɨɫɬɚɬɨɱɧɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ� ɜ� ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɫɢɫɬɟɦɟ 

ɩɥɚɧɢɪɨɜɤɢ� ɨɬɧɨɫɹɬɫɹ� ɤɜɚɪɬɢɪɵ�ɫɬɭɞɢɢ, ɢɦɟɸɳɢɟ� ɫɜɨɛɨɞɧɭɸ� ɩɥɚɧɢɪɨɜɤɭ  

�ɫɦ. ɪɢɫɭɧɨɤ 1.7). ȼ�ɧɢɯ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɩɪɨɢɫɯɨɞɢɬ�ɤɚɤ�ɜ�ɨɞɧɨɦ 

ɩɨɦɟɳɟɧɢɢ, ɪɚɡɞɟɥɟɧɧɨɦ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ. ɂɡ�ɡɚ� ɢɯ� ɧɚɥɢɱɢɹ� ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ� ɤɜɚɪɬɢɪɵ� ɫɨɡɞɚɸɬɫɹ� ɪɚɡɧɵɟ� ɭɫɥɨɜɢɹ� ɞɥɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɧɢɠɧɟɣ�ɢ�ɜɟɪɯɧɟɣ� ɡɨɧɚɯ  ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɬɪɟɛɭɟɬɫɹ� ɛɨɥɟɟ 

ɫɥɨɠɧɚɹ� ɪɚɫɱɟɬɧɚɹ� ɦɨɞɟɥɶ, ɭɱɢɬɵɜɚɸɳɚɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ  

ɨɛɴɟɦɟ�ɤɜɚɪɬɢɪɵ�ɱɟɪɟɡ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ. 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.7 - ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɫɨ�ɫɜɨɛɨɞɧɨɣ�ɩɥɚɧɢɪɨɜɤɨɣ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɨɛɳɟɫɬɜɟɧɧɵɯ�ɡɞɚɧɢɣ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ� ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɷɧɟɪɝɢɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ� ɷɧɟɪɝɢɟɣ, 
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ɜɨɡɧɢɤɚɸɳɟɣ� ɩɪɢ� ɨɬɪɚɠɟɧɢɹɯ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ, ɚ� ɬɚɤɠɟ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɟɣ, ɩɪɢɯɨɞɹɳɟɣ�ɜ�ɧɢɯ�ɢɡ  ɫɨɫɟɞɧɢɯ�ɩɨɦɟɳɟɧɢɣ�ɱɟɪɟɡ�ɚɤɭɫɬɢɱɟɫɤɢɟ�ɫɜɹɡɢ.  

ɇɚ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɨɤɚɡɵɜɚɸɬ 

ɜɥɢɹɧɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɜɧɟɲɧɢɯ�ɢ�ɜɧɭɬɪɟɧɧɢɯ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ. 

Ʉ� ɜɧɭɬɪɟɧɧɢɦ� ɢɫɬɨɱɧɢɤɚɦ� ɲɭɦɚ� ɨɬɧɨɫɹɬɫɹ� ɫɨɛɫɬɜɟɧɧɵɟ� ɲɭɦɵ, 

ɜɨɡɧɢɤɚɸɳɢɟ� ɩɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ� ɩɪɨɰɟɫɫɚ. Ɉɧɢ, ɤɚɤ� ɢ 

ɩɪɨɬɟɤɚɸɳɢɟ� ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ� ɩɪɨɰɟɫɫɵ, ɨɬɥɢɱɚɸɬɫɹ� ɛɨɥɶɲɢɦ� ɪɚɡɧɨɨɛɪɚɡɢɟɦ. 

ȼɧɭɬɪɟɧɧɢɟ� ɢɫɬɨɱɧɢɤɢ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɦɨɝɭɬ� ɛɵɬɶ 

ɬɨɱɟɱɧɵɦɢ, ɥɢɧɟɣɧɵɦɢ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ� ɩɨ� ɩɥɨɳɚɞɢ� ɩɨɦɟɳɟɧɢɹ, ɨɛɴɟɦɧɵɦɢ, 

ɫɦɟɲɚɧɧɵɦɢ�ɢ�ɬ�ɞ. ȼɵɛɨɪ�ɪɚɫɱɟɬɧɨɣ�ɫɯɟɦɵ�ɢɫɬɨɱɧɢɤɚ�ɡɚɜɢɫɢɬ�ɨɬ�ɟɝɨ�ɩɨɥɨɠɟɧɢɹ�ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ� ɬɚɤɠɟ�ɨɬ� ɜɡɚɢɦɧɨɝɨ� ɪɚɫɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ� ɢ� ɩɪɢɟɦɧɢɤɚ�ɲɭɦɚ. 

Ⱦɥɹ� ɪɚɡɧɵɯ� ɫɢɬɭɚɰɢɣ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɨɞɢɧ� ɢ� ɬɨɬ� ɠɟ� ɢɫɬɨɱɧɢɤ� ɦɨɠɧɨ� ɫɱɢɬɚɬɶ 

ɥɢɧɟɣɧɵɦ� ɢɥɢ� ɬɨɱɟɱɧɵɦ, ɬɨɱɟɱɧɵɦ� ɢɥɢ� ɨɛɴɟɦɧɵɦ� ɢ� ɬ�ɞ. ȼɧɭɬɪɟɧɧɢɟ� ɢɫɬɨɱɧɢɤɢ 

ɨɤɚɡɵɜɚɸɬ� ɧɟɝɚɬɢɜɧɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɩɨɦɟɳɟɧɢɣ, ɜ� ɤɨɬɨɪɵɯ� ɨɧɢ 

ɧɚɯɨɞɹɬɫɹ. ɗɬɨ� ɜɥɢɹɧɢɟ� ɡɚɜɢɫɢɬ� ɨɬ� ɩɚɪɚɦɟɬɪɨɜ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɢ� ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɢɫɩɨɥɶɡɭɟɦɵɯ�ɜ�ɩɨɦɟɳɟɧɢɢ�ɦɟɪ�ɫɧɢɠɟɧɢɹ�ɲɭɦɚ.  

ȼɧɟɲɧɢɦɢ� ɞɥɹ� ɩɨɦɟɳɟɧɢɣ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɹɜɥɹɸɬɫɹ� ɲɭɦɵ, 

ɜɨɡɧɢɤɚɸɳɢɟ� ɡɚ� ɩɪɟɞɟɥɚɦɢ� ɷɬɢɯ� ɩɨɦɟɳɟɧɢɣ. Ʉ� ɧɢɦ� ɨɬɧɨɫɹɬɫɹ� ɲɭɦɵ, 

ɩɪɨɧɢɤɚɸɳɢɟ�ɜ� ɡɞɚɧɢɹ�ɢɡɜɧɟ, ɚ�ɬɚɤɠɟ�ɲɭɦɵ�ɫɨɫɟɞɧɢɯ�ɩɨɦɟɳɟɧɢɣ, ɩɪɢɯɨɞɹɳɢɟ�ɜ 

ɩɨɦɟɳɟɧɢɹ� ɱɟɪɟɡ� ɚɤɭɫɬɢɱɟɫɤɢɟ� ɫɜɹɡɢ (ɨɬɤɪɵɬɵɟ� ɩɪɨɟɦɵ, ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ 

ɩɪɟɝɪɚɞɵ� ɢ� ɬ�ɩ.). ɂɫɬɨɱɧɢɤɚɦɢ� ɬɚɤɨɝɨ� ɲɭɦɚ� ɞɥɹ� ɩɨɦɟɳɟɧɢɹ� ɦɨɝɭɬ� ɛɵɬɶ 

ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ� ɨɬɜɟɪɫɬɢɹ (ɬɨɱɟɱɧɵɟ� ɢɫɬɨɱɧɢɤɢ), ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ� ɤɨɪɨɛɚ 

�ɥɢɧɟɣɧɵɟ� ɢɫɬɨɱɧɢɤɢ), ɩɥɨɫɤɨɫɬɢ� ɩɪɨɟɦɨɜ (ɬɨɱɟɱɧɵɟ� ɢ� ɩɥɨɫɤɢɟ� ɢɫɬɨɱɧɢɤɢ), 

ɩɥɨɫɤɨɫɬɢ�ɫɬɟɧ (ɩɥɨɫɤɢɟ�ɢɫɬɨɱɧɢɤɢ). Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɲɭɦɚ�ɨɬ� ɬɚɤɢɯ�ɢɫɬɨɱɧɢɤɨɜ 

ɢɦɟɟɬ� ɫɜɨɢ� ɨɫɨɛɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ� ɧɟɨɛɯɨɞɢɦɨ  ɭɱɢɬɵɜɚɬɶ� ɩɪɢ� ɨɰɟɧɤɟ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ. ȼ� ɱɚɫɬɧɨɫɬɢ, ɬɚɤɢɟ� ɩɥɨɫɤɢɟ 

ɢɫɬɨɱɧɢɤɢ� ɤɚɤ� ɫɬɟɧɵ� ɢɡ�ɡɚ� ɫɜɨɢɯ� ɛɨɥɶɲɢɯ� ɪɚɡɦɟɪɨɜ� ɞɚɠɟ� ɩɪɢ� ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɢɡɥɭɱɟɧɢɹ� ɡɜɭɤɚ� ɫ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɦɨɝɭɬ� ɫɨɡɞɚɜɚɬɶ� ɡɧɚɱɢɬɟɥɶɧɵɟ 

ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɢ. 

ɂɦɟɸɳɢɣɫɹ� ɨɩɵɬ� ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ� ɩɪɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɨɛɳɟɫɬɜɟɧɧɵɯ 

ɡɞɚɧɢɣ� ɩɨ� ɭɫɥɨɜɢɹɦ� ɨɛɟɫɩɟɱɟɧɢɹ� ɜ� ɧɢɯ� ɬɪɟɛɨɜɚɧɢɣ� ɤ� ɲɭɦɨɜɨɦɭ� ɪɟɠɢɦɭ, ɡɞɚɧɢɹ 

ɫɥɟɞɭɟɬ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɤɚɤ�ɫɢɫɬɟɦɵ�ɜɨɡɞɭɲɧɵɯ�ɨɛɴɟɦɨɜ, ɫɜɹɡɚɧɧɵɟ�ɜ�ɟɞɢɧɨɟ�ɰɟɥɨɟ 
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ɚɤɭɫɬɢɱɟɫɤɢɦɢ�ɫɜɹɡɹɦɢ�ɱɟɪɟɡ�ɨɬɤɪɵɬɵɟ�ɩɪɨɟɦɵ, ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ�ɤɨɧɫɬɪɭɤɰɢɢ�ɜ 

ɜɢɞɟ� ɞɜɟɪɟɣ� ɢ� ɩɟɪɟɝɨɪɨɞɨɤ [10] ɢ� ɱɟɪɟɡ� ɨɛɳɢɟ� ɜɨɡɞɭɲɧɵɟ� ɩɪɨɫɬɪɚɧɫɬɜɚ, 

ɨɛɴɟɞɢɧɹɸɳɢɟ� ɷɬɢ� ɨɛɴɟɦɵ. ɉɪɨɰɟɫɫ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɬɚɤɢɯ 

ɫɢɫɬɟɦɚɯ�ɹɜɥɹɟɬɫɹ�ɦɧɨɝɨɮɚɤɬɨɪɧɵɦ, ɬɪɟɛɭɸɳɢɦ�ɭɱɟɬɚ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɭɪɨɜɧɟɣ�ɲɭɦɚ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɨɝɪɚɠɞɟɧɢɣ� ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ� ɜɫɟɯ� ɷɥɟɦɟɧɬɨɜ� ɡɞɚɧɢɹ. ȼ�ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɬɚɤɨɦɭ 

ɩɨɞɯɨɞɭ� ɧɟ� ɭɞɟɥɹɟɬɫɹ� ɞɨɥɠɧɨɝɨ� ɜɧɢɦɚɧɢɹ. ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɛɨɥɶɲɢɧɫɬɜɨ� ɨɛɴɟɦɧɨ-

ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɣ� ɜ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɹɯ 

ɩɪɨɟɤɬɢɪɭɟɬɫɹ�ɛɟɡ�ɭɱɟɬɚ�ɭɫɥɨɜɢɣ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɢ, ɤɚɤ�ɫɥɟɞɫɬɜɢɟ, ɜ 

ɩɨɫɥɟɞɭɸɳɟɦ�ɜ�ɧɢɯ�ɧɟ�ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ�ɬɪɟɛɭɟɦɵɟ�ɭɫɥɨɜɢɹ�ɤɨɦɮɨɪɬɚ�ɩɨ�ɲɭɦɨɜɨɦɭ 

ɪɟɠɢɦɭ.  

Ɉɝɪɚɧɢɱɟɧɢɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɹɯ, ɤɚɤ� ɢ� ɜ 

ɠɢɥɵɯ, ɜɨɡɦɨɠɧɨ� ɨɛɟɫɩɟɱɢɬɶ� ɩɪɢɦɟɧɟɧɢɟɦ� ɚɪɯɢɬɟɤɬɭɪɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ 

ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɦɟɪ�ɫɧɢɠɟɧɢɹ�ɲɭɦɚ.  

ɋɨɜɪɟɦɟɧɧɵɟ� ɨɛɳɟɫɬɜɟɧɧɵɟ� ɡɞɚɧɢɹ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ, ɤɚɤ� ɩɪɚɜɢɥɨ, 

ɪɚɡɧɨɨɛɪɚɡɧɵɟ� ɩɨ� ɨɛɴɟɦɭ� ɩɥɚɧɢɪɨɜɤɢ� ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ� ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ� ɞɨɫɬɚɬɨɱɧɨ� ɛɨɥɶɲɨɝɨ� ɤɨɥɢɱɟɫɬɜɚ� ɨɞɧɨɜɪɟɦɟɧɧɨ� ɩɪɨɬɟɤɚɸɳɢɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɩɪɨɰɟɫɫɨɜ [19]. ɉɪɢ�ɜɵɩɨɥɧɟɧɢɢ�ɛɨɥɶɲɢɧɫɬɜɚ�ɢɡ�ɧɢɯ�ɜɨɡɧɢɤɚɟɬ 

ɲɭɦɨɜɨɟ�ɡɚɝɪɹɡɧɟɧɢɟ�ɫɪɟɞɵ�ɩɨɦɟɳɟɧɢɣ. Ɉɧɨ�ɨɤɚɡɵɜɚɟɬ�ɧɟɝɚɬɢɜɧɨɟ�ɜɨɡɞɟɣɫɬɜɢɟ�ɧɚ 

ɩɪɨɬɟɤɚɧɢɟ� ɞɪɭɝɢɯ� ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ� ɩɪɨɰɟɫɫɨɜ, ɬɪɟɛɭɸɳɢɯ� ɨɛɟɫɩɟɱɟɧɢɹ� ɛɨɥɟɟ 

ɛɥɚɝɨɩɪɢɹɬɧɵɯ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ. ɂɫɤɥɸɱɟɧɢɟ� ɩɨɞɨɛɧɵɯ� ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 

ɜɨɡɞɟɣɫɬɜɢɣ� ɦɨɠɟɬ� ɛɵɬɶ� ɨɛɟɫɩɟɱɟɧɨ� ɧɚ� ɪɚɧɧɢɯ� ɫɬɚɞɢɹɯ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɩɭɬɟɦ� ɪɚɰɢɨɧɚɥɶɧɨɝɨ� ɡɨɧɢɪɨɜɚɧɢɹ� ɜɧɭɬɪɟɧɧɢɯ� ɨɛɴɟɦɨɜ, 

ɢɫɯɨɞɹ� ɢɡ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɭɫɥɨɜɢɣ� ɨɬɞɟɥɶɧɵɯ� ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ� ɡɨɧ. ȼɵɛɨɪ 

ɪɚɰɢɨɧɚɥɶɧɵɯ� ɩɨ� ɚɤɭɫɬɢɱɟɫɤɢɦ� ɭɫɥɨɜɢɹɦ� ɩɥɚɧɢɪɨɜɨɤ� ɹɜɥɹɟɬɫɹ� ɫɥɨɠɧɨɣ� ɡɚɞɚɱɟɣ. 

Ɋɟɲɟɧɢɟ� ɟɟ� ɡɚɬɪɭɞɧɹɟɬɫɹ� ɪɚɡɧɨɨɛɪɚɡɢɟɦ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɪɟɲɟɧɢɣ, 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ� ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ� ɨɛɟɫɩɟɱɟɧɢɹ� ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ�ɩɥɚɧɢɪɨɜɨɤ�ɞɪɭɝɢɯ, ɤɪɨɦɟ�ɲɭɦɨɜɨɝɨ�ɡɚɝɪɹɡɧɟɧɢɹ, ɤɨɦɮɨɪɬɧɵɯ�ɭɫɥɨɜɢɣ. 

ɇɚ� ɢɡɦɟɧɟɧɢɟ� ɩɥɚɧɢɪɨɜɨɤ� ɬɚɤɠɟ� ɫɭɳɟɫɬɜɟɧɧɨ� ɜɥɢɹɸɬ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ� ɫɯɟɦɵ� ɢ 

ɫɢɫɬɟɦɵ�ɧɟɫɭɳɟɝɨ�ɨɫɬɨɜɚ�ɡɞɚɧɢɹ [40].  
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Ɉɝɪɚɧɢɱɟɧɧɵɟ� ɜɨɡɦɨɠɧɨɫɬɢ� ɚɪɯɢɬɟɤɬɭɪɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɦɟɪ� ɫɧɢɠɟɧɢɹ 

ɲɭɦɚ� ɬɪɟɛɭɸɬ� ɩɪɢɦɟɧɟɧɢɹ� ɞɥɹ� ɷɬɢɯ� ɰɟɥɟɣ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ� ɜ 

ɜɢɞɟ�ɷɤɪɚɧɢɪɭɸɳɢɯ, ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ�ɢ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ. 

Ɂɜɭɤɨɢɡɨɥɹɰɢɹ� ɜ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɹɯ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɜɧɭɬɪɟɧɧɢɦɢ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ, ɫɬɟɧɚɦɢ�ɢ�ɩɟɪɟɤɪɵɬɢɹɦɢ. ȼ�ɩɟɪɟɝɨɪɨɞɤɚɯ�ɢ�ɫɬɟɧɚɯ�ɜɫɟɝɞɚ�ɢɦɟɟɬɫɹ 

ɛɨɥɶɲɨɟ� ɤɨɥɢɱɟɫɬɜɨ� ɞɜɟɪɟɣ� ɢ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɢɯ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɚɹ� ɫɩɨɫɨɛɧɨɫɬɶ, 

ɤɚɤ� ɢ� ɜ� ɠɢɥɵɯ� ɡɞɚɧɢɹɯ, ɜ� ɨɫɧɨɜɧɨɦ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ� ɞɜɟɪɧɵɯ 

ɡɚɩɨɥɧɟɧɢɣ [2]. ɇɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ 

ɫɭɳɟɫɬɜɟɧɧɨɟ� ɜɥɢɹɧɢɟ� ɨɤɚɡɵɜɚɸɬ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ� ɫɜɨɣɫɬɜɚ� ɨɝɪɚɠɞɚɸɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɭɛɪɚɧɫɬɜɚ� ɢ� ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡɦɟɳɟɧɧɨɝɨ� ɜ� ɷɬɢɯ� ɩɨɦɟɳɟɧɢɹɯ. ɉɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɦɨɠɧɨ� ɪɟɝɭɥɢɪɨɜɚɬɶ� ɩɭɬɟɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ� ɜɵɛɨɪɚ� ɨɬɞɟɥɶɧɵɯ� ɦɚɬɟɪɢɚɥɨɜ� ɨɝɪɚɠɞɟɧɢɣ, ɭɫɬɪɨɣɫɬɜɚ� ɢ 

ɦɟɛɟɥɢ. Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɹ� ɨɛɳɟɫɬɜɟɧɧɨɟ� ɡɞɚɧɢɟ� ɤɚɤ� ɫɢɫɬɟɦɭ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ, ɢɦɟɸɳɢɯ�ɨɛɳɟɟ�ɲɭɦɨɜɨɟ�ɩɨɥɟ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ 

ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɣ, 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɨɝɪɚɠɞɟɧɢɣ, ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɨɝɪɚɠɞɟɧɢɣ, 

ɦɟɛɟɥɢ, ɨɛɨɪɭɞɨɜɚɧɢɹ� ɢ� ɭɛɪɚɧɫɬɜɚ� ɩɨɦɟɳɟɧɢɣ, ɚ� ɬɚɤɠɟ� ɨɬ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢ 

ɦɨɳɧɨɫɬɢ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ, ɦɨɠɧɨ� ɞɨɫɬɚɬɨɱɧɨ� ɷɮɮɟɤɬɢɜɧɨ� ɨɛɟɫɩɟɱɢɜɚɬɶ� ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɬɪɟɛɨɜɚɧɢɹ�ɡɚɳɢɬɵ�ɨɬ�ɲɭɦɚ. ɂɡɦɟɧɹɹ�ɜ�ɩɪɨɰɟɫɫɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɨɟ� ɪɟɲɟɧɢɟ, ɜɢɞ� ɢ� ɩɨɥɨɠɟɧɢɟ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɨɬɞɟɥɶɧɵɦɢ 

ɩɨɦɟɳɟɧɢɹɦɢ, ɚ� ɬɚɤɠɟ�ɡɜɭɤɨɢɡɨɥɹɰɢɸ�ɢ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟ�ɨɝɪɚɠɞɟɧɢɣ, ɜɨɡɦɨɠɧɨ 

ɢɡɦɟɧɹɬɶ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɫɢɫɬɟɦɟ� ɜ� ɰɟɥɨɦ� ɢ� ɬɟɦ� ɫɚɦɵɦ 

ɞɨɫɬɢɝɚɬɶ�ɨɩɬɢɦɚɥɶɧɵɯ�ɭɫɥɨɜɢɣ�ɞɥɹ�ɫɨɡɞɚɧɢɹ�ɚɤɭɫɬɢɱɟɫɤɨɝɨ�ɤɨɦɮɨɪɬɚ�ɜ�ɡɞɚɧɢɹɯ. 

Ɋɟɲɟɧɢɟ� ɷɬɨɣ� ɦɧɨɝɨɮɚɤɬɨɪɧɨɣ� ɡɚɞɚɱɢ� ɜɨɡɦɨɠɧɨ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɞɨɫɬɚɬɨɱɧɨ 

ɧɚɞɟɠɧɨɝɨ� ɦɟɬɨɞɚ� ɨɰɟɧɤɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɜ 

ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɩɨɦɟɳɟɧɢɣ. ȼɨ� ɦɧɨɝɨɦ� ɜɵɛɨɪ 

ɬɚɤɨɝɨ�ɦɟɬɨɞɚ�ɡɚɜɢɫɢɬ�ɨɬ�ɫɢɫɬɟɦ�ɩɥɚɧɢɪɨɜɤɢ�ɡɞɚɧɢɣ.  

ɋɨɜɪɟɦɟɧɧɵɟ� ɨɛɳɟɫɬɜɟɧɧɵɟ� ɡɞɚɧɢɹ� ɢɦɟɸɬ� ɡɧɚɱɢɬɟɥɶɧɨɟ� ɪɚɡɧɨɨɛɪɚɡɢɟ� ɜ 

ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɪɟɲɟɧɢɹɯ. ɋɪɟɞɢ� ɧɢɯ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢɦɟɸɬ 

ɚɧɮɢɥɚɞɧɵɟ� ɩɥɚɧɢɪɨɜɤɢ, ɩɥɚɧɢɪɨɜɤɢ� ɤɨɪɢɞɨɪɧɨɝɨ� ɬɢɩɚ, ɩɥɚɧɢɪɨɜɤɢ� ɨɬɤɪɵɬɨɝɨ 

ɬɢɩɚ (ɫ� ɜɵɝɨɪɨɞɤɚɦɢ), ɹɱɟɣɤɨɜɵɟ� ɩɥɚɧɢɪɨɜɤɢ, ɚ� ɬɚɤɠɟ� ɫɦɟɲɚɧɧɵɟ� ɩɥɚɧɢɪɨɜɤɢ, 

ɧɚɩɪɢɦɟɪ, ɤɨɪɢɞɨɪɧɨ�ɹɱɟɣɤɨɜɵɟ [19].  
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ɇɚɢɦɟɧɶɲɟɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɜ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɹɯ� ɢɦɟɸɬ� ɹɱɟɣɤɨɜɵɟ 

ɫɢɫɬɟɦɵ� ɩɥɚɧɢɪɨɜɤɢ. Ɉɧɢ, ɤɚɤ� ɩɪɚɜɢɥɨ, ɜɯɨɞɹɬ� ɜ� ɫɨɫɬɚɜ� ɫɦɟɲɚɧɧɨɣ� ɤɨɪɢɞɨɪɧɨ-

ɹɱɟɣɤɨɜɨɣ� ɫɢɫɬɟɦɵ. Ʉ� ɧɢɦ� ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, ɨɮɢɫɧɵɟ� ɡɞɚɧɢɹ. ɉɪɢ� ɷɬɨɦ 

ɨɬɞɟɥɶɧɵɟ� ɨɮɢɫɵ� ɜ� ɩɪɟɞɟɥɚɯ� ɬɚɤɨɣ� ɫɢɫɬɟɦɵ� ɩɪɨɟɤɬɢɪɭɸɬɫɹ� ɩɨ� ɹɱɟɣɤɨɜɨɣ� ɫɯɟɦɟ. 

əɱɟɣɤɢ� ɢɦɟɸɬ� ɫɜɨɢ� ɜɧɭɬɪɟɧɧɢɟ� ɢɫɬɨɱɧɢɤɢ� ɲɭɦɚ. ɒɭɦ� ɜ� ɧɢɯ� ɬɚɤɠɟ� ɦɨɠɟɬ 

ɩɪɨɧɢɤɚɬɶ� ɢɡ� ɤɨɪɢɞɨɪɨɜ. əɱɟɣɤɢ� ɜ� ɨɮɢɫɚɯ� ɫɨɫɬɨɹɬ� ɢɡ� ɦɚɥɨ- ɢ� ɫɪɟɞɧɟɝɚɛɚɪɢɬɧɵɯ 

ɩɨɦɟɳɟɧɢɣ. ɉɪɨɟɤɬɢɪɭɸɬɫɹ� ɨɧɢ� ɫ� ɝɥɚɜɧɵɦ� ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ� ɡɜɟɧɨɦ, ɤɨɬɨɪɵɣ 

ɨɞɧɨɜɪɟɦɟɧɧɨ� ɹɜɥɹɟɬɫɹ� ɢ�ɜɯɨɞɧɵɦ�ɭɡɥɨɦ� ɹɱɟɣɤɢ. ɋ�ɧɢɦ�ɱɟɪɟɡ�ɞɜɟɪɢ� ɫɜɹɡɚɧɵ� ɜɫɟ 

ɨɬɞɟɥɶɧɵɟ� ɩɨɦɟɳɟɧɢɹ� ɹɱɟɣɤɢ. Ɇɟɠɞɭ� ɫɨɛɨɣ� ɩɨɦɟɳɟɧɢɹ� ɪɚɡɞɟɥɹɸɬɫɹ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɦɢ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ. ȼ� ɪɹɞɟ� ɫɥɭɱɚɟɜ� ɩɨɦɟɳɟɧɢɹ� ɹɱɟɣɤɢ� ɬɚɤɠɟ 

ɦɨɝɭɬ�ɛɵɬɶ�ɫɜɹɡɚɧɵ�ɦɟɠɞɭ�ɫɨɛɨɣ  ɞɜɟɪɹɦɢ.  

Ɉɫɨɛɟɧɧɨɫɬɶɸ�ɹɱɟɣɤɨɜɨɣ�ɫɢɫɬɟɦɵ�ɩɥɚɧɢɪɨɜɤɢ�ɜ�ɨɛɳɟɫɬɜɟɧɧɵɯ�ɡɞɚɧɢɹɯ, ɤɚɤ 

ɢ� ɜ� ɠɢɥɵɯ� ɡɞɚɧɢɹɯ, ɫ� ɩɨɡɢɰɢɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɜ� ɧɟɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɹɜɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɟɟ. ɒɭɦ, ɜɨɡɧɢɤɚɸɳɢɣ� ɜ� ɥɸɛɨɦ� ɩɨɦɟɳɟɧɢɢ� ɹɱɟɣɤɢ, ɩɪɨɧɢɤɚɟɬ� ɱɟɪɟɡ 

ɞɜɟɪɢ� ɜɨ� ɜɯɨɞɧɨɣ� ɭɡɟɥ�ɢ� ɡɚɬɟɦ� ɨɬɬɭɞɚ� ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ� ɩɨ� ɞɪɭɝɢɦ�ɩɨɦɟɳɟɧɢɹɦ. ȼ 

ɷɬɨɦ�ɫɥɭɱɚɟ�ɧɟɨɛɯɨɞɢɦɨ�ɨɛɟɫɩɟɱɢɜɚɬɶ�ɩɨɜɵɲɟɧɧɭɸ�ɡɜɭɤɨɢɡɨɥɹɰɢɸ�ɞɜɟɪɟɣ. 

ɇɚɢɛɨɥɶɲɚɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ� ɦɚɬɟɪɢɚɥɚ� ɧɚɛɥɸɞɚɟɬɫɹ� ɜ 

ɬɨɦ�ɫɥɭɱɚɟ, ɟɫɥɢ�ɨɧ�ɪɚɫɩɨɥɚɝɚɟɬɫɹ�ɜ�ɡɨɧɟ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɨɬɪɚɠɟɧɧɨɝɨ 

ɡɜɭɤɚ, ɬɨ� ɟɫɬɶ� ɜɛɥɢɡɢ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ. ɉɪɢ� ɨɬɫɭɬɫɬɜɢɢ� ɮɢɤɫɢɪɨɜɚɧɧɵɯ� ɦɟɫɬ 

ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɷɮɮɟɤɬɢɜɧɵɦ� ɦɨɠɟɬ� ɛɵɬɶ� ɭɫɬɪɨɣɫɬɜɨ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɜɨ 

ɜɯɨɞɧɨɦ�ɭɡɥɟ.  

Ɍɚɤ� ɤɚɤ� ɩɨɦɟɳɟɧɢɹ� ɹɱɟɟɤ� ɹɜɥɹɸɬɫɹ� ɜ� ɨɫɧɨɜɧɨɦ� ɫɨɪɚɡɦɟɪɧɵɦɢ� ɩɨ� ɞɥɢɧɟ, 

ɲɢɪɢɧɟ�ɢ�ɜɵɫɨɬɟ, ɜ�ɧɢɯ�ɮɨɪɦɢɪɭɸɬɫɹ�ɞɢɮɮɭɡɧɵɟ�ɡɜɭɤɨɜɵɟ�ɩɨɥɹ, ɢ�ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɪɚɫɱɟɬɧɵɣ�ɦɟɬɨɞ�ɦɨɠɧɨ�ɪɚɡɪɚɛɨɬɚɬɶ, ɨɫɧɨɜɵɜɚɹɫɶ�ɧɚ�ɤɥɚɫɫɢɱɟɫɤɨɣ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɬɟɨɪɢɢ�ɚɤɭɫɬɢɤɢ�ɩɨɦɟɳɟɧɢɣ [58,72]. 

əɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɚɹ� ɫɢɫɬɟɦɚ� ɩɥɚɧɢɪɨɜɤɢ� ɨɮɢɫɨɜ� ɩɪɟɞɩɨɥɚɝɚɟɬ� ɧɚɥɢɱɢɟ 

ɞɥɢɧɧɨɝɨ�ɤɨɪɢɞɨɪɚ, ɜ�ɤɨɬɨɪɨɦ�ɜ�ɩɪɨɰɟɫɫɟ�ɷɤɫɩɥɭɚɬɚɰɢɢ�ɦɨɝɭɬ�ɜɨɡɧɢɤɚɬɶ�ɪɚɡɥɢɱɧɵɟ 

ɢɫɬɨɱɧɢɤɢ�ɲɭɦɚ. ɒɭɦ�ɨɬ�ɧɢɯ�ɫɜɨɛɨɞɧɨ�ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ�ɩɨ�ɤɨɪɢɞɨɪɭ�ɢ�ɩɪɨɧɢɤɚɟɬ 

ɜ� ɨɬɞɟɥɶɧɵɟ� ɨɮɢɫɵ, ɝɞɟ� ɜ� ɞɚɥɶɧɟɣɲɟɦ� ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ� ɜ� ɹɱɟɣɤɚɯ� ɤɚɤ� ɜ� ɫɢɫɬɟɦɚɯ 

ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. Ⱦɥɹ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɜ 

ɨɬɞɟɥɶɧɵɟ� ɹɱɟɣɤɢ, ɧɟɨɛɯɨɞɢɦɨ� ɩɨɜɵɲɚɬɶ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ� ɫɬɟɧ� ɢ� ɜɯɨɞɧɵɯ� ɞɜɟɪɟɣ 

ɹɱɟɟɤ, ɚ� ɬɚɤɠɟ� ɭɫɬɪɚɢɜɚɬɶ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟ� ɧɚ� ɩɨɬɨɥɤɟ� ɤɨɪɢɞɨɪɚ. ɉɥɚɧɢɪɨɜɤɚ 



27 

ɹɱɟɟɤ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɞɨɥɠɧɚ� ɭɱɢɬɵɜɚɬɶ� ɡɚɳɢɬɭ� ɨɬ� ɲɭɦɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɢɡ 

ɤɨɪɢɞɨɪɚ.  

Ʉɨɪɢɞɨɪɧɵɟ�ɫɢɫɬɟɦɵ�ɩɥɚɧɢɪɨɜɤɢ�ɩɪɟɞɩɨɥɚɝɚɸɬ, ɤɚɤ�ɩɪɚɜɢɥɨ, ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɫ� ɨɞɧɨ�ɢɥɢ� ɫ� ɞɜɭɯ� ɫɬɨɪɨɧ� ɨɬ� ɤɨɪɢɞɨɪɚ� ɩɨɦɟɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ� ɫ� ɤɨɪɢɞɨɪɨɦ�ɱɟɪɟɡ 

ɞɜɟɪɢ. Ʉ� ɧɢɦ, ɧɚɩɪɢɦɟɪ, ɨɬɧɨɫɹɬɫɹ� ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ� ɡɞɚɧɢɹ� ɢ� ɡɞɚɧɢɹ� ɭɱɟɛɧɵɯ 

ɡɚɜɟɞɟɧɢɣ. Ʉɨɪɢɞɨɪɧɵɟ� ɫɢɫɬɟɦɵ� ɦɨɝɭɬ� ɛɵɬɶ� ɬɭɩɢɤɨɜɵɟ, ɡɚɦɤɧɭɬɵɟ, Ɍ- ɢ  

ɉ- ɨɛɪɚɡɧɵɟ�ɢ�ɬ�ɞ. 

ɋ�ɩɨɡɢɰɢɣ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ�ɜ�ɩɨɞɨɛɧɵɯ�ɫɢɫɬɟɦɚɯ�ɩɥɚɧɢɪɨɜɨɤ�ɤɨɪɢɞɨɪ 

ɹɜɥɹɟɬɫɹ� ɞɨɫɬɚɬɨɱɧɨ� ɞɥɢɧɧɵɦ� ɩɨɦɟɳɟɧɢɟɦ� ɫ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɧɟɛɨɥɶɲɢɦɢ 

ɩɨɩɟɪɟɱɧɵɦɢ�ɪɚɡɦɟɪɚɦɢ. ȼ�ɤɨɪɢɞɨɪɟ�ɩɪɨɢɫɯɨɞɢɬ�ɫɭɳɟɫɬɜɟɧɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 

ɡɚɬɭɯɚɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ. ɗɬɨ� ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ� ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ�ɪɚɫɱɟɬɧɨɝɨ�ɦɟɬɨɞɚ [10]. 

ȼ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɹɯ� ɧɟɤɨɬɨɪɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢɦɟɸɬ� ɬɚɤɠɟ 

ɚɧɮɢɥɚɞɧɵɟ� ɫɢɫɬɟɦɵ� ɩɥɚɧɢɪɨɜɤɢ. Ɉɧɢ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ� ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɫɜɹɡɚɧɧɵɟ, ɤɚɤ� ɩɪɚɜɢɥɨ, ɨɬɤɪɵɬɵɦɢ� ɩɪɨɟɦɚɦɢ� ɩɨɦɟɳɟɧɢɹ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ 

ɚɤɭɫɬɢɱɟɫɤɚɹ� ɫɜɹɡɶ� ɜ� ɧɢɯ� ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ� ɱɟɪɟɡ� ɨɬɤɪɵɬɵɟ� ɩɪɨɟɦɵ. ɋɜɹɡɶ� ɬɚɤɠɟ 

ɦɨɠɟɬ� ɩɪɨɢɫɯɨɞɢɬɶ� ɢ� ɱɟɪɟɡ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ� ɨɝɪɚɠɞɟɧɢɹ� ɜ� ɜɢɞɟ� ɞɜɟɪɟɣ, 

ɪɚɡɞɟɥɹɸɳɢɯ� ɩɨɦɟɳɟɧɢɹ� ɚɧɮɢɥɚɞ. Ɍɚɤɢɟ� ɫɯɟɦɵ� ɩɥɚɧɢɪɨɜɤɢ� ɢɦɟɸɬ� ɦɭɡɟɢ, 

ɜɵɫɬɚɜɨɱɧɵɟ�ɡɚɥɵ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ�ɜɨɤɡɚɥɵ�ɢ�ɬ�ɞ. ȼ�ɫɨɫɬɚɜ�ɚɧɮɢɥɚɞɧɵɯ�ɫɢɫɬɟɦ 

ɩɥɚɧɢɪɨɜɤɢ� ɦɨɝɭɬ� ɜɯɨɞɢɬɶ� ɤɚɤ� ɫɨɪɚɡɦɟɪɧɵɟ, ɬɚɤ� ɢ� ɧɟɫɨɪɚɡɦɟɪɧɵɟ� ɩɨɦɟɳɟɧɢɹ. ȼ 

ɫɥɭɱɚɟ� ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ� ɤɜɚɡɢɞɢɮɮɭɡɧɵɣ 

ɯɚɪɚɤɬɟɪ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɧɢɯ� ɢ� ɜɵɛɢɪɚɬɶ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɦɟɬɨɞɵ�ɪɚɫɱɟɬɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɜ�ɧɢɯ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. ȼ�ɚɧɮɢɥɚɞɧɵɯ 

ɫɢɫɬɟɦɚɯ� ɛɨɥɶɲɨɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɨɤɚɡɵɜɚɟɬ 

ɩɟɪɟɬɟɤɚɧɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɦɟɠɞɭ� ɨɛɴɟɦɚɦɢ. Ɉɫɨɛɟɧɧɨ� ɷɬɨ 

ɩɪɨɹɜɥɹɟɬɫɹ�ɜ�ɫɢɫɬɟɦɚɯ�ɫ�ɨɬɤɪɵɬɵɦɢ�ɩɪɨɟɦɚɦɢ, ɧɚɩɪɢɦɟɪ, ɜ�ɜɵɫɬɚɜɨɱɧɵɯ�ɡɚɥɚɯ�ɢ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ�ɜɨɤɡɚɥɚɯ. ɉɪɨɰɟɫɫ�ɷɬɨɝɨ�ɩɟɪɟɬɟɤɚɧɢɹ�ɧɟɨɛɯɨɞɢɦɨ�ɭɱɢɬɵɜɚɬɶ�ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ�ɪɚɫɱɟɬɧɵɯ�ɦɟɬɨɞɨɜ [7,8]. 

ȼ� ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɧɚɱɢɧɚɸɬ� ɧɚɯɨɞɢɬɶ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɨɛɳɟɫɬɜɟɧɧɵɟ 

ɡɞɚɧɢɹ�ɫɨ�ɫɜɨɛɨɞɧɨɣ�ɫɢɫɬɟɦɨɣ�ɩɥɚɧɢɪɨɜɤɢ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɧɢɯ 

ɩɪɨɢɫɯɨɞɢɬ�ɤɚɤ�ɜ�ɨɞɧɨɦ�ɨɛɴɟɦ, ɪɚɡɞɟɥɟɧɧɨɦ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ. ɂɡ-

ɡɚ� ɧɚɥɢɱɢɹ� ɩɟɪɟɝɨɪɨɞɨɤ� ɜ� ɨɛɳɟɦ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɫɨɡɞɚɸɬɫɹ� ɪɚɡɧɵɟ� ɭɫɥɨɜɢɹ� ɞɥɹ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ�ɜ�ɧɢɠɧɟɣ�ɢ�ɜɟɪɯɧɟɣ� ɡɨɧɚɯ�ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼ�ɷɬɨɦ 

ɫɥɭɱɚɟ�ɬɪɟɛɭɸɬɫɹ�ɛɨɥɟɟ�ɫɥɨɠɧɵɟ�ɪɚɫɱɟɬɧɵɟ�ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɰɟɥɨɦ� ɜ� ɨɛɴɟɦɟ� ɜɫɟɝɨ� ɡɚɦɤɧɭɬɨɝɨ� ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɚɩɪɢɦɟɪ, 

ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ� ɩɨɞɯɨɞɟ [27,31,52,75] ɢ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ� ɦɨɞɟɥɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ� ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ�ɡɞɚɧɢɣ [5,28,82]. 

 

 

1.3 ɋɨɜɪɟɦɟɧɧɵɟ�ɦɟɬɨɞɵ�ɪɚɫɱɟɬɚ�ɜɨɡɞɭɲɧɨɝɨ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɢ 

ɨɩɵɬ�ɢɯ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɜ 

ɡɞɚɧɢɹɯ�ɤɚɤ�ɜ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ 

 

 

ɋɨɜɪɟɦɟɧɧɵɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɚ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ� ɨɫɧɨɜɚɧɵ� ɧɚ� ɩɨɥɨɠɟɧɢɹɯ� ɜɨɥɧɨɜɨɣ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɢɥɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɣ� ɚɤɭɫɬɢɤɢ [23,62,71,79,103]. ȼ� ɫɢɥɭ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɷɬɢɯ 

ɬɟɨɪɢɣ� ɪɚɡɪɚɛɨɬɚɧɧɵɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ� ɢɦɟɸɬ� ɨɩɪɟɞɟɥɟɧɧɵɟ� ɨɝɪɚɧɢɱɟɧɢɹ, 

ɫɜɹɡɚɧɧɵɟ� ɫ� ɧɟɭɱɟɬɨɦ� ɬɟɯ� ɢɥɢ� ɢɧɵɯ� ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ� ɧɚ� ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɲɭɦɨɜɵɯ�ɩɨɥɟɣ. 

ɋɨɝɥɚɫɧɨ�ɜɨɥɧɨɜɨɣ�ɬɟɨɪɢɢ�ɜɨɡɞɭɲɧɵɣ�ɨɛɴɟɦ�ɩɨɦɟɳɟɧɢɣ�ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɜ 

ɜɢɞɟ� ɤɨɥɟɛɚɬɟɥɶɧɨɣ� ɫɢɫɬɟɦɵ� ɫ� ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ. ɉɪɢ� ɞɟɣɫɬɜɢɢ� ɜ 

ɩɨɦɟɳɟɧɢɢ� ɜɨɡɞɭɲɧɨɝɨ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɜ� ɨɛɴɟɦɟ� ɜɨɡɛɭɠɞɚɸɬɫɹ� ɫɨɛɫɬɜɟɧɧɵɟ 

ɤɨɥɟɛɚɧɢɹ�ɧɚ�ɱɚɫɬɨɬɚɯ, ɛɥɢɡɤɢɯ�ɤ� ɱɚɫɬɨɬɧɨɦɭ�ɫɩɟɤɬɪɭ�ɢɫɬɨɱɧɢɤɚ.  ȼɨɡɛɭɠɞɟɧɧɵɟ 

ɢɫɬɨɱɧɢɤɨɦ� ɤɨɥɟɛɚɧɢɹ� ɜɨɡɞɭɲɧɨɝɨ� ɨɛɴɟɦɚ� ɢ� ɜɨɡɧɢɤɚɸɳɢɟ� ɩɪɢ� ɷɬɨɦ� ɢɯ� ɮɨɪɦɵ 

ɨɩɪɟɞɟɥɹɸɬɫɹ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɩɨɦɟɳɟɧɢɹ� ɢ� ɝɪɚɧɢɱɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ.  

ɉɪɢ� ɪɚɫɱɟɬɚɯ� ɧɚ� ɨɫɧɨɜɟ� ɜɨɥɧɨɜɨɣ� ɬɟɨɪɢɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜɨɡɧɢɤɚɸɬ� ɫɭɳɟɫɬɜɟɧɧɵɟ� ɡɚɬɪɭɞɧɟɧɢɹ, ɩɪɢɜɨɞɹɳɢɟ� ɜ 

ɩɨɫɥɟɞɭɸɳɟɦ�ɤ�ɩɨɝɪɟɲɧɨɫɬɹɦ. ȼ�ɩɟɪɜɭɸ�ɨɱɟɪɟɞɶ�ɨɧɢ�ɫɜɹɡɚɧɵ�ɫ�ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ 

ɬɨɱɧɨɝɨ� ɡɚɞɚɧɢɹ� ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ� ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ� ɨɛɴɟɦ 

ɩɨɦɟɳɟɧɢɹ� ɤɚɤ� ɤɨɥɟɛɚɬɟɥɶɧɭɸ� ɫɢɫɬɟɦɭ. ɉɨɝɪɟɲɧɨɫɬɢ� ɪɚɫɱɟɬɨɜ� ɩɪɨɢɫɯɨɞɹɬ� ɢɡ�ɡɚ 

ɢɞɟɚɥɢɡɚɰɢɢ� ɪɚɫɱɟɬɧɵɯ� ɦɨɞɟɥɟɣ� ɩɨ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ� ɮɨɪɦɚɦ, ɚɤɭɫɬɢɱɟɫɤɢɦ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ�ɨɝɪɚɠɞɟɧɢɣ, ɯɚɪɚɤɬɟɪɭ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ. Ɂɧɚɱɢɬɟɥɶɧɵɟ�ɩɪɨɛɥɟɦɵ 

ɜɨɡɧɢɤɚɸɬ� ɬɚɤɠɟ� ɩɪɢ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɭɱɟɬɚ� ɜɥɢɹɧɢɹ� ɩɪɟɞɦɟɬɨɜ� ɢ� ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɧɚɯɨɞɹɳɢɯɫɹ�ɜ�ɨɛɴɟɦɟ, ɧɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɜ�ɧɟɦ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. ȼɨɡɧɢɤɚɸɳɢɟ�ɜ 

ɩɨɝɪɟɲɧɨɫɬɢ� ɜɨɡɪɚɫɬɚɸɬ� ɟɳɟ� ɛɨɥɟɟ�ɩɪɢ� ɪɚɫɫɦɨɬɪɟɧɢɢ� ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ� ɤɚɤ 

ɟɞɢɧɨɣ�ɤɨɥɟɛɚɬɟɥɶɧɨɣ�ɫɢɫɬɟɦɵ. ɇɚ�ɬɨɱɧɨɫɬɶ�ɪɚɫɱɟɬɨɜ�ɨɤɚɡɵɜɚɟɬ�ɬɚɤɠɟ�ɱɚɫɬɨɬɧɵɣ 

ɫɨɫɬɚɜ� ɲɭɦɚ. ɋ� ɪɨɫɬɨɦ� ɜɨɡɛɭɠɞɚɸɳɢɯ� ɱɚɫɬɨɬ� ɤɨɥɢɱɟɫɬɜɨ� ɜɨɡɛɭɠɞɟɧɧɵɯ� ɦɨɞ 

ɜɨɡɪɚɫɬɚɟɬ� ɦɧɨɝɨɤɪɚɬɧɨ. ɗɬɨ� ɩɪɢɜɨɞɢɬ� ɤ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɭɜɟɥɢɱɟɧɢɸ� ɜɪɟɦɟɧɢ 

ɜɵɱɢɫɥɟɧɢɣ�ɢ�ɪɨɫɬɭ�ɩɨɝɪɟɲɧɨɫɬɟɣ. ɉɨɷɬɨɦɭ�ɜ�ɨɫɧɨɜɧɨɦ�ɦɟɬɨɞɵ�ɜɨɥɧɨɜɨɣ�ɬɟɨɪɢɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ� ɩɪɢ� ɪɚɫɱɟɬɚɯ� ɜ� ɩɭɫɬɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɚɜɢɥɶɧɨɣ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 

ɮɨɪɦɵ, ɞɨɫɬɚɬɨɱɧɨ� ɨɝɪɚɧɢɱɟɧɧɵɯ� ɪɚɡɦɟɪɨɜ� ɜ� ɞɢɚɩɚɡɨɧɚɯ� ɧɢɡɤɢɯ� ɱɚɫɬɨɬ [65]. ȼ 

ɷɬɨɦɭ�ɫɥɭɱɚɟ�ɩɪɢ�ɪɟɲɟɧɢɢ�ɩɪɚɤɬɢɱɟɫɤɢɯ�ɡɚɞɚɱ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ 

ɧɚ�ɦɨɞɚɥɶɧɨɦ�ɩɨɞɯɨɞɟ [124] ɢ�ɦɟɬɨɞɵ�ɤɨɧɟɱɧɨɝɨ�ɷɥɟɦɟɧɬɚ [92].  

ɉɟɪɟɱɢɫɥɟɧɧɵɟ� ɨɫɨɛɟɧɧɨɫɬɢ� ɪɚɫɱɟɬɨɜ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɦɟɬɨɞɨɜ� ɜɨɥɧɨɜɨɣ 

ɬɟɨɪɢɢ� ɢ� ɜɨɡɧɢɤɚɸɳɢɟ� ɩɪɢ� ɷɬɨɦ� ɩɨɝɪɟɲɧɨɫɬɢ� ɩɨɬɪɟɛɨɜɚɥɢ� ɪɚɡɪɚɛɨɬɤɢ� ɧɨɜɵɯ 

ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ�ɧɚ�ɧɟɤɨɬɨɪɵɯ�ɭɩɪɨɳɟɧɢɹɯ�ɩɪɟɞɫɬɚɜɥɟɧɢɣ�ɨ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ. Ʉ� ɧɢɦ� ɨɬɧɨɫɹɬɫɹ� ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɹɯ�ɚɤɭɫɬɢɤɢ. 

Ⱦɨɫɬɚɬɨɱɧɨ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɜ� ɩɪɚɤɬɢɤɟ� ɪɚɫɱɟɬɨɜ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɩɨɥɭɱɢɥɢ� ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɩɪɢɧɰɢɩɚɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɚɤɭɫɬɢɤɢ� ɩɨɦɟɳɟɧɢɣ. ȼ� ɫɟɪɟɞɢɧɟ 20-ɝɨ� ɜɟɤɚ� ɛɵɥɢ 

ɪɚɡɪɚɛɨɬɚɧɵ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ�ɦɟɬɨɞɵ�ɪɚɫɱɟɬɚ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɣ, ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭɟɦɨɣ�ɜ�ɫɜɟɬɨɬɟɯɧɢɤɟ 

[66]. ȼ�ɨɫɧɨɜɟ�ɦɟɬɨɞɨɜ�ɥɟɠɚɬ�ɩɪɢɧɰɢɩ�ɩɨɫɬɪɨɟɧɢɹ�ɥɭɱɟɜɵɯ�ɤɚɪɬɢɧ�ɡɜɭɤɨɜɨɝɨ�ɩɨɥɹ, 

ɤɨɝɞɚ� ɞɥɹ� ɡɜɭɤɨɜɵɯ�ɥɭɱɟɣ� ɜɵɩɨɥɧɹɟɬɫɹ� ɡɚɤɨɧ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɨɩɬɢɤɢ, ɢ� ɩɪɢɧɰɢɩ 

ɫɭɩɟɪɩɨɡɢɰɢɢ, ɩɪɢ�ɤɨɬɨɪɨɦ�ɡɜɭɤɨɜɚɹ�ɷɧɟɪɝɢɹ�ɜ�ɥɸɛɨɣ�ɬɨɱɤɟ�ɨɛɴɟɦɚ�ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɤɚɤ� ɪɟɡɭɥɶɬɚɬ� ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ� ɫɭɦɦɢɪɨɜɚɧɢɹ� ɷɧɟɪɝɢɣ, ɩɪɢɲɟɞɲɢɯ� ɜ� ɬɨɱɤɢ� ɨɬ 

ɢɫɬɨɱɧɢɤɚ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɚ�ɬɚɤɠɟ�ɩɪɢɧɟɫɟɧɧɵɯ�ɜɫɟɦɢ�ɥɭɱɚɦɢ, ɨɬɪɚɠɟɧɧɵɦɢ�ɨɬ 

ɨɝɪɚɠɞɟɧɢɣ.  

Ʉ� ɦɟɬɨɞɚɦ, ɨɫɧɨɜɚɧɧɵɦ� ɧɚ� ɬɚɤɨɦ� ɩɪɟɞɫɬɚɜɥɟɧɢɢ� ɨɛ� ɨɬɪɚɠɟɧɢɢ� ɡɜɭɤɚ, 

ɨɬɧɨɫɢɬɫɹ� ɦɟɬɨɞ� ɩɨɫɬɪɨɟɧɢɹ� ɤɚɪɬɢɧ� ɨɬɪɚɠɟɧɢɹ [80,130], ɦɟɬɨɞ� ɩɨɫɬɪɨɟɧɢɹ 

ɩɥɨɳɚɞɨɤ�ɨɞɢɧɚɤɨɜɨɝɨ�ɱɢɫɥɚ�ɨɬɪɚɠɟɧɢɣ [37], ɦɟɬɨɞ�ɦɧɢɦɵɯ�ɢɫɬɨɱɧɢɤɨɜ [64]. 
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Ⱦɜɚ� ɩɟɪɜɵɯ� ɦɟɬɨɞɚ� ɜ� ɨɫɧɨɜɧɨɦ� ɛɵɥɢ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜ� ɚɪɯɢɬɟɤɬɭɪɧɨɣ 

ɚɤɭɫɬɢɤɟ� ɢ� ɧɟ� ɧɚɲɥɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜ� ɩɪɚɤɬɢɤɟ� ɨɰɟɧɤɢ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ 

ɩɨɦɟɳɟɧɢɣ. Ɇɟɬɨɞ� ɦɧɢɦɵɯ� ɢɫɬɨɱɧɢɤɨɜ, ɤɪɨɦɟ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɚɪɯɢɬɟɤɬɭɪɧɨɣ 

ɚɤɭɫɬɢɤɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ� ɬɚɤɠɟ� ɩɪɢ� ɨɰɟɧɤɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɢ 

ɪɚɡɪɚɛɨɬɤɟ�ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ�ɫɧɢɠɟɧɢɹ�ɲɭɦɚ�ɜ�ɧɢɯ [32,39,42,81]. 

Ⱥɧɚɥɢɡ�ɩɪɢɧɰɢɩɨɜ, ɩɨɥɨɠɟɧɧɵɯ�ɜ�ɨɫɧɨɜɭ�ɦɟɬɨɞɚ�ɦɧɢɦɵɯ�ɢɫɬɨɱɧɢɤɨɜ, ɩɨɤɚɡɵɜɚɟɬ 

ɱɬɨ� ɟɝɨ� ɩɪɢɦɟɧɟɧɢɟ� ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ� ɩɭɫɬɵɦɢ� ɩɨɦɟɳɟɧɢɹɦɢ� ɩɪɚɜɢɥɶɧɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ. Ⱦɥɹ� ɪɚɫɱɟɬɨɜ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ 

ɦɟɬɨɞ� ɦɚɥɨ� ɩɪɢɝɨɞɟɧ. ɉɨɩɵɬɤɚ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɬɚɤɨɝɨ� ɩɨɞɯɨɞɚ� ɞɥɹ� ɪɚɫɱɟɬɚ 

ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɛɵɥɚ�ɩɪɟɞɩɪɢɧɹɬɚ�ɜ�ɞɨɤɬɨɪɫɤɨɣ�ɪɚɛɨɬɟ 

Ʌɢɥɹ� ɋ�Ⱦ. [107]. ɋɥɟɞɭɟɬ� ɬɚɤɠɟ� ɨɬɦɟɬɢɬɶ, ɱɬɨ� ɦɟɬɨɞ� ɦɧɢɦɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ�ɬɨɥɶɤɨ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ, ɱɬɨ 

ɜɨ� ɦɧɨɝɢɯ� ɫɥɭɱɚɹɯ� ɧɟ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɪɟɚɥɶɧɨɦɭ� ɯɚɪɚɤɬɟɪɭ� ɨɬɪɚɠɟɧɢɹ. ɇɚɥɢɱɢɟ 

ɫɦɟɲɚɧɧɨɝɨ� ɨɬɪɚɠɟɧɢɹ, ɤɨɝɞɚ� ɤɪɨɦɟ� ɡɟɪɤɚɥɶɧɨɝɨ� ɨɬɪɚɠɟɧɢɹ� ɩɪɢɫɭɬɫɬɜɭɟɬ� ɢ 

ɪɚɫɫɟɹɧɧɚɹ� ɫɨɫɬɚɜɥɹɸɳɚɹ, ɩɨɬɪɟɛɨɜɚɥɨ� ɨɬ� Ʌɢɥɹ� ɋ�Ⱦ, ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ 

ɩɪɟɞɥɨɠɟɧɧɵɣ� ɜ� ɪɚɛɨɬɟ [107] ɦɟɬɨɞ� ɩɭɬɟɦ� ɭɱɟɬɚ� ɜ� ɧɟɦ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ [106].  

Ʉ� ɦɟɬɨɞɚɦ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɚɤɭɫɬɢɤɢ� ɨɬɧɨɫɢɬɫɹ� ɬɚɤɠɟ� ɲɢɪɨɤɨ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɣ� ɫɟɛɹ� ɜ� ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɦɟɬɨɞ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ. ɂɞɟɹ 

ɥɭɱɟɜɨɝɨ� ɦɟɬɨɞɚ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɩɪɨɫɥɟɠɢɜɚɧɢɟ� ɬɪɚɟɤɬɨɪɢɣ� ɢ� ɷɧɟɪɝɢɣ� ɡɚɞɚɧɧɨɝɨ 

ɧɚɛɨɪɚ�ɥɭɱɟɣ, ɢɫɯɨɞɹɳɢɯ�ɢɡ�ɢɫɬɨɱɧɢɤɚ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. Ɇɟɬɨɞ, ɩɨɹɜɢɜɲɢɣɫɹ�ɜɨ 

ɜɬɨɪɨɣ� ɩɨɥɨɜɢɧɟ 20-ɝɨ� ɜɟɤɚ [119,120], ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɞɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɚɤɭɫɬɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ� ɜ� ɩɨɦɟɳɟɧɢɹɯ. ȼ� ɫɜɹɡɢ� ɫ� ɪɚɡɜɢɬɢɟɦ� ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɬɟɯɧɢɤɢ�ɢ�ɫɨɡɞɚɧɢɟɦ�ɪɚɡɥɢɱɧɵɯ�ɦɨɞɢɮɢɤɚɰɢɣ�ɦɟɬɨɞɚ�ɜ�ɩɨɫɥɟɞɧɟɟ�ɜɪɟɦɹ�ɨɧ�ɧɚɱɚɥ 

ɧɚɯɨɞɢɬɶ�ɲɢɪɨɤɨɟ�ɩɪɢɦɟɧɟɧɢɟ�ɜ�ɩɪɚɤɬɢɤɟ�ɨɰɟɧɤɢ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɩɨɦɟɳɟɧɢɣ�ɜ 

ɜɢɞɟ� ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ� ɦɟɬɨɞɚ, ɚ� ɬɚɤɠɟ� ɜ� ɫɨɫɬɚɜɟ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� ɪɚɫɱɟɬɧɵɯ 

ɦɨɞɟɥɟɣ [15,56,57,76,87,89,104,122]. ɒɢɪɨɤɨɟ� ɩɪɢɦɟɧɟɧɢɟ� ɦɟɬɨɞ� ɢɦɟɟɬ� ɜ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ� ɩɪɚɤɬɢɤɟ, ɢ� ɜ� ɱɚɫɬɧɨɫɬɢ, ɩɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɯ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ [4,63,121,128]. ȼ� ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɦɟɬɨɞ� ɧɚɲɟɥ 

ɬɚɤɠɟ� ɩɪɢɦɟɧɟɧɢɟ� ɩɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɯ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɢ 

ɩɪɨɰɟɫɫɨɜ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɩɪɢ� ɪɚɛɨɬɟ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɢɫɬɨɱɧɢɤɨɜ� ɫ 

ɧɟɩɨɫɬɨɹɧɧɨɣ�ɜɨ�ɜɪɟɦɟɧɢ�ɡɜɭɤɨɜɨɣ�ɦɨɳɧɨɫɬɶɸ [20]. 
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Ʉɚɤ�ɩɨɤɚɡɵɜɚɟɬ�ɩɪɚɤɬɢɤɚ, ɦɟɬɨɞ�ɩɪɨɫɥɟɠɢɜɚɧɢɹ�ɥɭɱɟɣ�ɦɨɠɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɞɥɹ� ɪɟɲɟɧɢɹ� ɩɨɫɬɚɜɥɟɧɧɵɯ� ɜ� ɪɚɛɨɬɟ� ɡɚɞɚɱ. ȿɝɨ� ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ� ɹɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ�ɪɚɫɱɟɬɨɜ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫɥɨɠɧɨɣ�ɮɨɪɦɵ, ɚ�ɬɚɤɠɟ�ɩɪɢ�ɧɚɥɢɱɢɢ�ɜ�ɧɢɯ 

ɪɚɡɧɨɝɨ�ɜɢɞɚ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɨɛɨɪɭɞɨɜɚɧɢɹ [56,57]. Ɇɟɬɨɞ�ɩɨɡɜɨɥɹɟɬ� ɨɰɟɧɢɜɚɬɶ 

ɢɡɥɭɱɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɢɫɬɨɱɧɢɤɚɦɢ� ɫɥɨɠɧɨɣ� ɮɨɪɦɵ [76], ɚ� ɬɚɤɠɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɪɚɡɦɟɳɚɟɦɵɦ� ɜ� ɤɨɠɭɯɚɯ� ɢ� ɤɚɛɢɧɚɯ [15]. Ʉ� ɨɩɪɟɞɟɥɟɧɧɨɦɭ 

ɩɪɟɢɦɭɳɟɫɬɜɭ� ɦɟɬɨɞɚ� ɨɬɧɨɫɢɬɫɹ� ɜɨɡɦɨɠɧɨɫɬɶ� ɟɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɤɚɤ� ɩɪɢ 

ɡɟɪɤɚɥɶɧɨɣ, ɬɚɤ�ɢ�ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ [88,95]. ɉɪɢ 

ɬɨɣ�ɢɥɢ�ɞɪɭɝɨɣ�ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ�ɦɟɬɨɞ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɪɢɦɟɧɟɧ�ɞɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ. Ɉɛ�ɷɬɨɦ� ɜ 

ɱɚɫɬɧɨɫɬɢ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ� ɡɚɪɭɛɟɠɧɚɹ� ɩɪɚɤɬɢɤɚ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɦɟɬɨɞɚ 

[87,89,122]. 

ɋɭɳɟɫɬɜɟɧɧɵɦ� ɨɝɪɚɧɢɱɟɧɢɟɦ� ɩɪɢɦɟɧɟɧɢɹ� ɦɟɬɨɞɚ� ɹɜɥɹɟɬɫɹ� ɧɟɜɨɡɦɨɠɧɨɫɬɶ 

ɟɝɨ�ɩɪɹɦɨɝɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ 

ɨɬ� ɨɝɪɚɠɞɟɧɢɣ, ɤɨɝɞɚ� ɨɞɧɚ� ɱɚɫɬɶ� ɷɧɟɪɝɢɢ� ɨɬɪɚɠɚɟɬɫɹ� ɡɟɪɤɚɥɶɧɨ, ɚ� ɞɪɭɝɚɹ 

ɪɚɫɫɟɢɜɚɟɬɫɹ� ɞɢɮɮɭɡɧɨ. ɉɨɩɵɬɤɢ� ɦɨɞɢɮɢɤɚɰɢɢ� ɦɟɬɨɞɚ� ɩɪɢɦɟɧɢɬɟɥɶɧɨ� ɤ� ɬɚɤɨɦɭ 

ɯɚɪɚɤɬɟɪɭ�ɨɬɪɚɠɟɧɢɹ�ɧɟ�ɞɚɸɬ�ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ�ɪɟɡɭɥɶɬɚɬɚ. Ʉ�ɧɢɦ, ɜ�ɱɚɫɬɧɨɫɬɢ, 

ɨɬɧɨɫɹɬɫɹ� ɪɚɛɨɬɵ [94,117], ɜ� ɤɨɬɨɪɵɯ� ɧɚ� ɨɫɧɨɜɟ� ɩɪɢɧɰɢɩɚ� ɭɱɟɬɚ� ɱɚɫɬɢɱɧɨɝɨ 

ɪɚɫɫɟɹɧɢɹ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ� ɜ� ɦɟɬɨɞɟ� Ɇɨɧɬɟ�Ʉɚɪɥɨ 

[105], ɱɚɫɬɶ� ɪɚɧɧɢɯ� ɨɬɪɚɠɟɧɢɣ� ɥɭɱɟɣ� ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨɣ� ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ, ɚ� ɛɨɥɟɟ� ɩɨɡɞɧɢɟ� ɨɬɪɚɠɟɧɢɹ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɩɪɢ� ɞɢɮɮɭɡɧɨɦ 

ɨɬɪɚɠɟɧɢɢ. Ɍɚɤɨɣ� ɩɨɞɯɨɞ� ɩɪɨɬɢɜɨɪɟɱɢɬ� ɪɟɚɥɶɧɨɦɭ� ɪɚɡɞɟɥɟɧɢɸ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ�ɧɚ� ɡɟɪɤɚɥɶɧɭɸ�ɢ� ɞɢɮɮɭɡɧɭɸ�ɫɨɫɬɚɜɥɹɸɳɢɟ. ɉɨɷɬɨɦɭ� ɜ� ɫɥɭɱɚɟ� ɫɥɨɠɧɨɝɨ 

ɯɚɪɚɤɬɟɪɚ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ�ɦɟɬɨɞ�ɦɨɠɟɬ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɜ� ɫɨɫɬɚɜɟ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ�ɪɚɫɱɟɬɧɵɯ�ɦɨɞɟɥɟɣ.  

ɇɚɢɛɨɥɟɟ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɩɪɢ� ɨɰɟɧɤɟ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɡɜɭɤɨɜɵɯ�ɩɨɥɟɣ�ɩɨɥɭɱɢɥɢ�ɦɟɬɨɞɵ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ� ɚɤɭɫɬɢɤɢ 

ɩɨɦɟɳɟɧɢɣ. Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ�ɧɚ�ɪɟɡɭɥɶɬɚɬɚɯ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɤɨɧɰɚ 19-ɝɨ� ɜɟɤɚ� ɢ� ɯɨɪɨɲɨ� ɪɚɡɜɢɬɵɟ� ɬɟɨɪɟɬɢɱɟɫɤɢ� ɜ� ɩɟɪɜɨɣ� ɩɨɥɨɜɢɧɟ 20-ɝɨ� ɜɟɤɚ 

[55, 62,90,116,129], ɢɫɩɨɥɶɡɭɸɬɫɹ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ 

ɜ�ɩɨɦɟɳɟɧɢɹɯ, ɜ�ɤɨɬɨɪɵɯ�ɫɨɡɞɚɟɬɫɹ�ɞɢɮɮɭɡɧɨɟ�ɨɬɪɚɠɟɧɧɨɟ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ. Ɍɚɤɨɦɭ 

ɩɨɥɸ� ɩɪɢɫɭɳɢ� ɩɪɢɡɧɚɤɢ� ɨɞɧɨɪɨɞɧɨɫɬɢ� ɢ� ɢɡɨɬɪɨɩɧɨɫɬɢ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɡɜɭɤɨɜɚɹ 
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ɷɧɟɪɝɢɹ� ɜ� ɤɚɠɞɨɣ� ɬɨɱɤɟ� ɩɨɦɟɳɟɧɢɹ� ɹɜɥɹɟɬɫɹ� ɪɟɡɭɥɶɬɚɬɨɦ� ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ 

ɫɭɦɦɢɪɨɜɚɧɢɹ� ɫɪɟɞɧɢɯ� ɷɧɟɪɝɢɣ� ɨɬɪɚɠɟɧɢɣ, ɩɪɨɯɨɞɹɳɢɯ� ɱɟɪɟɡ� ɧɟɟ, ɢ� ɩɥɨɬɧɨɫɬɶ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɨɧɤɪɟɬɧɵɣ� ɦɨɦɟɧɬ� ɜɪɟɦɟɧɢ� ɨɞɢɧɚɤɨɜɚ� ɩɨ� ɜɫɟɦɭ� ɨɛɴɟɦɭ, ɚ 

ɩɪɢɯɨɞ� ɜ� ɥɸɛɭɸ� ɬɨɱɤɭ� ɨɛɴɟɦɚ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɫɨ� ɜɫɟɯ� ɧɚɩɪɚɜɥɟɧɢɣ 

ɪɚɜɧɨɜɟɪɨɹɬɟɧ.  

ɋ� ɦɨɦɟɧɬɚ� ɫɜɨɟɝɨ� ɩɨɹɜɥɟɧɢɹ� ɢ� ɞɨ� ɧɚɫɬɨɹɳɟɝɨ� ɜɪɟɦɟɧɢ� ɦɟɬɨɞɵ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɩɪɢ� ɨɰɟɧɤɟ�ɲɭɦɚ� ɜ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

ɞɥɹ�ɫɥɭɱɚɟɜ�ɩɨɫɬɨɹɧɧɨɝɨ�ɢ�ɧɟɩɨɫɬɨɹɧɧɨɝɨ�ɜ�ɧɢɯ�ɲɭɦɨɜɵɯ�ɪɟɠɢɦɨɜ. Ⱦɨɩɭɫɬɢɦɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɩɪɢ� ɧɟɩɨɫɬɨɹɧɧɨɦ� ɪɟɠɢɦɟ� ɩɨɤɚɡɚɧɚ� Ɏ. 

Ɇɨɪɡɨɦ�ɜ�ɪɚɛɨɬɟ [62]. 

ȼɩɟɪɜɵɟ� ɜɵɪɚɠɟɧɢɹ� ɞɥɹ� ɨɰɟɧɤɢ� ɡɚɬɭɯɚɧɢɹ� ɜ� ɞɜɭɯ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

ɞɚɧɵ�ɜ� ɪɚɛɨɬɟ�ɋɷɛɢɧɚ�ɢ�ɗɣɪɢɧɝɚ [90,116]. Ɂɚɬɟɦ�ɩɨɞɨɛɧɵɟ� ɜɵɪɚɠɟɧɢɹ� ɬɚɤɠɟ�ɞɥɹ 

ɞɜɭɯ� ɩɨɦɟɳɟɧɢɣ� ɛɵɥɢ� ɩɨɥɭɱɟɧɵ� Ɇɚɧɶɤɨɜɫɤɢɦ� ȼ�ɋ. [58], Ʉɪɟɦɟɪɨɦ� Ʌ. [93] ɢ 

ɩɨɡɞɧɟɟ� Ʌɢɥɟɦ� ɋ�Ⱦ, [108]. ȼɫɟ� ɭɤɚɡɚɧɧɵɟ� ɪɚɛɨɬɵ� ɨɬɧɨɫɹɬɫɹ� ɤ� ɫɢɫɬɟɦɚɦ� ɢɡ� ɞɜɭɯ 

ɫɜɹɡɚɧɧɵɯ�ɛɨɥɶɲɢɦɢ�ɩɪɨɟɦɚɦɢ�ɩɨɦɟɳɟɧɢɣ. 

ȼ�ɬɨɠɟ�ɜɪɟɦɹ�ȿɫɤɟ�ȼ. ɫɞɟɥɚɥ�ɩɨɩɵɬɤɭ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ�ɬɟɨɪɢɸ 

ɞɥɹ� ɪɚɫɱɟɬɚ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɫɢɫɬɟɦɟ� ɩɨɦɟɳɟɧɢɣ, ɫɨɫɬɨɹɳɟɣ� ɢɡ� ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ� ɨɛɴɟɦɨɜ, ɪɚɡɞɟɥɟɧɧɵɯ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ, ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɸɳɢɯ� ɨɛɳɢɣ� ɜɨɡɞɭɲɧɵɣ� ɨɛɴɟɦ� ɧɚɞ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ. ȼ� ɪɚɛɨɬɟ 

[96] ɢɦ�ɩɨɥɭɱɟɧɵ�ɜɵɪɚɠɟɧɢɹ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɫɩɚɞɨɜ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 

ɜ� ɬɚɤɢɯ� ɫɢɫɬɟɦɚɯ� ɛɟɫɤɨɧɟɱɧɨɣ� ɢ� ɤɨɧɟɱɧɨɣ� ɞɥɢɧɵ. ɉɨɞɨɛɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɧɚ 

ɨɫɧɨɜɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɛɵɥɢ� ɜɵɩɨɥɧɟɧɵ� Ƚɨɥɨɜɤɨ� Ⱥ�ȼ., Ʉɪɵɲɨɜɵɦ� ɋ�ɂ., 

Ʉɨɜɪɢɝɢɧɵɦ� ɋ�Ⱦ. [25]. ȼɵɩɨɥɧɟɧɧɵɟ� Ƚɨɥɨɜɤɨ� Ⱥ�ȼ. ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɞɬɜɟɪɞɢɥɢ� ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɭɸ� ɬɨɱɧɨɫɬɶ� ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɜɵɪɚɠɟɧɢɣ [24]. 

ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ, ɱɬɨ� ɪɚɫɫɦɨɬɪɟɧɧɵɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ� ɨ� ɞɢɮɮɭɡɧɨɦ� ɡɜɭɤɨɜɨɦ� ɩɨɥɟ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɜ� ɨɫɧɨɜɧɨɦ� ɞɥɹ 

ɩɪɨɫɬɟɣɲɢɯ� ɫɢɫɬɟɦ� ɩɨɦɟɳɟɧɢɣ, ɤɚɤ� ɩɪɚɜɢɥɨ, ɫɨɫɬɨɹɳɢɯ� ɢɡ� ɞɜɭɯ� ɨɛɴɟɦɨɜ, ɢ� ɞɥɹ 

ɨɞɧɨɝɨ�ɜɢɞɚ�ɫɜɹɡɢ - ɱɟɪɟɡ�ɨɬɤɪɵɬɵɣ�ɩɪɨɟɦ.   

Ȼɨɥɟɟ�ɲɢɪɨɤɢɟ�ɜɨɡɦɨɠɧɨɫɬɢ�ɩɪɢɦɟɧɟɧɢɹ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɩɨɥɭɱɟɧɵ�ɜ 

ɪɚɛɨɬɟ�Ƚɨɥɨɜɤɨ�Ⱥ�ȼ. [26]. Ɇɟɬɨɞɵ, ɩɪɟɞɥɨɠɟɧɧɵɟ�ɜ�ɪɚɛɨɬɟ, ɩɨɡɜɨɥɹɸɬ�ɜɵɩɨɥɧɹɬɶ 
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ɪɚɫɱɟɬɵ�ɜ�ɫɢɫɬɟɦɚɯ�ɢɡ�ɛɨɥɶɲɨɝɨ�ɤɨɥɢɱɟɫɬɜɚ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɬɨɦ�ɱɢɫɥɟ, ɢ 

ɜ�ɚɧɮɢɥɚɞɧɵɯ�ɫɢɫɬɟɦɚɯ�ɩɨɦɟɳɟɧɢɣ [7,8]. 

ɉɪɢɦɟɧɟɧɢɟ� ɞɢɮɮɭɡɧɨɣ� ɬɟɨɪɢɢ� ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɧɚ� ɟɟ 

ɨɫɧɨɜɟ� ɦɟɬɨɞɨɜ� ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ� ɫɨɪɚɡɦɟɪɧɵɦɢ� ɩɨɦɟɳɟɧɢɹɦɢ, ɜ� ɤɨɬɨɪɵɯ 

ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ� ɭɫɥɨɜɢɹ� ɨɞɧɨɪɨɞɧɨɫɬɢ� ɢ� ɢɡɨɬɪɨɩɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɨɜɨɝɨ 

ɩɨɥɹ. Ʉɚɤ� ɩɨɤɚɡɚɧɨ� ɜ� ɪɚɛɨɬɟ [36] Ɂɚɛɨɪɨɜɵɦ� ȼ�ɂ. ɢ� Ʉɨɱɟɪɝɢɧɵɦ� ɂ�Ⱥ. ɭɫɥɨɜɢɹ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɞɢɮɮɭɡɧɨɦɭ�ɩɨɥɸ, ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ�ɬɨɥɶɤɨ�ɞɥɹ�ɧɟɤɨɬɨɪɵɯ�ɝɪɭɩɩ 

ɩɨ� ɫɬɟɩɟɧɢ� ɫɨɪɚɡɦɟɪɧɨɫɬɢ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɩɪɢ� ɨɩɪɟɞɟɥɟɧɧɨɦ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɢ� ɢɯ 

ɨɝɪɚɠɞɟɧɢɣ. ɉɨɷɬɨɦɭ� ɧɚ� ɩɪɚɤɬɢɤɟ� ɪɟɤɨɦɟɧɞɭɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɦɟɬɨɞɵ 

ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ� ɜ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ, ɭ� ɤɨɬɨɪɵɯ� ɫɨɨɬɧɨɲɟɧɢɹ 

ɧɚɢɦɟɧɶɲɟɝɨ�ɢ�ɧɚɢɛɨɥɶɲɟɝɨ�ɪɚɡɦɟɪɨɜ 1 ɤ 5 ɢ�ɦɟɧɟɟ [21,22].  

ȼɵɩɨɥɧɟɧɧɵɣ� ɜ� ɪɚɡɞɟɥɟ 1.2 ɚɧɚɥɢɡ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɪɟɲɟɧɢɣ 

ɩɨɤɚɡɚɥ, ɱɬɨ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɣ 

ɩɪɢɫɭɬɫɬɜɭɸɬ� ɧɟɫɨɪɚɡɦɟɪɧɵɟ� ɩɨɦɟɳɟɧɢɹ (ɞɥɢɧɧɵɟ� ɢ� ɩɥɨɫɤɢɟ), ɜ� ɤɨɬɨɪɵɯ 

ɩɪɢɦɟɧɟɧɢɟ� ɞɥɹ� ɪɚɫɱɟɬɨɜ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ� ɦɟɬɨɞɨɜ 

ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ� ɞɚɟɬ� ɛɨɥɶɲɢɟ� ɩɨɝɪɟɲɧɨɫɬɢ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ�ɦɟɬɨɞɵ, ɭɱɢɬɵɜɚɸɳɢɟ�ɧɚɥɢɱɢɟ�ɜ�ɧɟɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɫɩɚɞɨɜ 

ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ. ȼɵɩɨɥɧɟɧɧɵɟ� Ʌɟɞɟɧɟɜɵɦ� ȼ�ɂ. [54], Ʉɪɵɲɨɜɵɦ� ɋ�ɂ. [45], 

Ⱥɧɬɨɧɨɜɵɦ� Ⱥ�ɂ. [11] ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɜ 

ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɨɬɪɚɠɟɧɧɚɹ� ɡɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ� ɧɟ� ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ 

ɪɚɜɧɨɦɟɪɧɨ�ɩɨ�ɨɛɴɟɦɭ�ɤɚɤ�ɜ�ɞɢɮɮɭɡɧɨɦ�ɡɜɭɤɨɜɨɦ�ɩɨɥɟ, ɚ�ɫɩɚɞɚɟɬ�ɩɨ�ɦɟɪɟ�ɭɞɚɥɟɧɢɹ 

ɨɬ�ɢɫɬɨɱɧɢɤɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ�ɜ� ɷɬɢɯ� ɫɥɭɱɚɹɯ�ɧɚɪɭɲɚɟɬɫɹ�ɩɪɢɡɧɚɤ�ɞɢɮɮɭɡɧɨɫɬɢ 

ɩɨɥɹ� ɩɨ� ɨɞɧɨɪɨɞɧɨɫɬɢ, ɨɞɧɚɤɨ� ɩɪɢ� ɞɢɮɮɭɡɧɨɦ� ɨɬɪɚɠɟɧɢɢ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ 

ɫɨɯɪɚɧɹɟɬɫɹ�ɟɝɨ�ɜɬɨɪɨɣ�ɩɪɢɡɧɚɤ - ɪɚɜɧɨɜɟɪɨɹɬɧɨɫɬɶ�ɩɪɢɯɨɞɚ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɜ 

ɪɚɫɱɟɬɧɭɸ� ɬɨɱɤɭ� ɢɡɨɬɪɨɩɧɨ� ɫɨ� ɜɫɟɯ� ɧɚɩɪɚɜɥɟɧɢɣ. Ɍɚɤɢɟ� ɩɨɥɹ, ɫɨɝɥɚɫɧɨ 

ɨɩɪɟɞɟɥɟɧɢɸ� ɒɪɟɞɟɪɚ� Ɇ�Ɋ., ɹɜɥɹɸɬɫɹ� ɤɜɚɡɢɞɢɮɮɭɡɧɵɦɢ [118]. Ⱦɥɹ� ɪɚɫɱɟɬɚ 

ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɤɜɚɡɢɞɢɮɮɭɡɧɵɯ� ɩɨɥɹɯ� ɢɫɩɨɥɶɡɭɸɬɫɹ� ɦɟɬɨɞɵ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɟ� ɧɚ� ɨɫɧɨɜɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ� ɩɨɞɯɨɞɚ [52]. Ⱥɧɚɥɢɡ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɦɟɬɨɞɨɜ� ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ� ɧɚɢɛɨɥɟɟ 

ɩɪɢɟɦɥɟɦɵɦ�ɢɯ�ɧɢɯ�ɞɥɹ�ɪɟɲɟɧɢɹ�ɡɚɞɚɱ�ɩɨ�ɨɰɟɧɤɟ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɫɢɫɬɟɦɚɯ� ɫ� ɧɟɫɨɪɚɡɦɟɪɧɵɦɢ� ɩɨɦɟɳɟɧɢɹɦɢ� ɹɜɥɹɟɬɫɹ� ɱɢɫɥɟɧɧɵɣ�ɦɟɬɨɞ. 
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ɇɚ�ɨɫɧɨɜɟ� ɷɬɨɝɨ� ɦɟɬɨɞɚ, ɜ� ɱɚɫɬɧɨɫɬɢ, ɛɵɥɢ�ɩɪɨɢɡɜɟɞɟɧɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ�ɲɭɦɨɜɨɝɨ 

ɪɟɠɢɦɚ�ɜ�ɤɜɚɪɬɢɪɟ [50], ɚ�ɬɚɤɠɟ�ɜ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ�ɡɞɚɧɢɢ [51].  

ȼ�ɡɚɪɭɛɟɠɧɨɣ�ɩɪɚɤɬɢɤɟ�ɩɪɢ�ɨɰɟɧɤɟ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɜ�ɩɨɫɥɟɞɧɟɟ�ɜɪɟɦɹ 

ɧɚɲɥɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ� ɨ� ɞɢɮɮɭɡɢɨɧɧɨɣ 

ɦɨɞɟɥɢ, ɩɪɟɞɥɨɠɟɧɧɨɣ� Ɏ. Ɉɥɟɧɞɨɪɮɨɦ� ɜ 60-ɯ� ɝɨɞɚɯ 20-ɝɨ� ɜɟɤɚ [110,111]. ɋ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɞɚɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɜ� ɤɨɧɰɟ 90-ɯ� ɝɨɞɨɜ 20-ɝɨ� ɜɟɤɚ� ɢ� ɜ� ɧɚɱɚɥɟ 21-ɝɨ 

ɜɟɤɚ� ɡɚ� ɪɭɛɟɠɨɦ� ɧɚɱɚɥɢ� ɚɤɬɢɜɧɨ� ɪɚɡɜɢɜɚɬɶɫɹ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɩɪɢ� ɞɢɮɮɭɡɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ 

ɨɝɪɚɠɞɟɧɢɣ. ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɩɪɟɞɥɨɠɟɧɵ� ɪɚɡɥɢɱɧɵɟ� ɦɨɞɢɮɢɤɚɰɢɢ� ɬɚɤɢɯ 

ɦɟɬɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɟ�ɩɭɬɟɦ�ɪɚɡɥɢɱɧɵɯ�ɢɡɦɟɧɟɧɢɣ�ɜɯɨɞɹɳɢɯ�ɜ�ɧɢɯ�ɫɨɫɬɚɜɥɹɸɳɢɯ 

[83,84,85,91,97,98,109,113,114,125,126,127]. ɉɪɟɞɥɨɠɟɧɧɵɟ� ɦɟɬɨɞɵ� ɚɜɬɨɪɵ 

ɢɫɩɨɥɶɡɨɜɚɥɢ� ɬɚɤɠɟ� ɞɥɹ� ɪɟɲɟɧɢɹ� ɧɟɤɨɬɨɪɵɯ� ɡɚɞɚɱ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɜ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ [82,86,99,112,115,123]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ�ɩɨɞɨɛɧɨɝɨ�ɜɢɞɚ�ɩɪɨɢɡɜɨɞɢɥ�ɬɚɤɠɟ E. Kruzinst [100,101]. 

Ⱥɧɚɥɢɡ� ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɦɟɬɨɞɨɜ� ɪɚɫɱɟɬɚ 

ɨɬɪɚɠɟɧɧɵɯ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɢ� ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ� ɧɚ� ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ� ɨ 

ɞɢɮɮɭɡɢɨɧɧɨɣ� ɦɨɞɟɥɢ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ� ɢɯ� ɬɨɱɧɨɫɬɶ� ɡɚɜɢɫɢɬ� ɨɬ� ɫɬɟɩɟɧɢ 

ɫɨɨɬɜɟɬɫɬɜɢɹ� ɩɪɢɧɹɬɨɣ� ɢɞɟɚɥɶɧɨɣ� ɞɢɮɮɭɡɧɨɣ� ɦɨɞɟɥɢ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ 

ɨɝɪɚɠɞɟɧɢɣ� ɪɟɚɥɶɧɨɦɭ� ɩɪɨɰɟɫɫɭ� ɨɬɪɚɠɟɧɢɹ. ɂɡɜɟɫɬɧɨ [17,30,48,59], ɱɬɨ� ɯɚɪɚɤɬɟɪ 

ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɚɸɳɢɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ� ɜ� ɭɫɥɨɜɢɹɯ�ɪɟɚɥɶɧɵɯ�ɩɨɦɟɳɟɧɢɣ 

ɢɦɟɟɬ� ɫɦɟɲɚɧɧɵɣ� ɯɚɪɚɤɬɟɪ, ɩɪɢ� ɤɨɬɨɪɨɦ� ɱɚɫɬɶ� ɷɧɟɪɝɢɢ� ɨɬɪɚɠɚɟɬɫɹ� ɡɟɪɤɚɥɶɧɨ, ɚ 

ɞɪɭɝɚɹ�ɱɚɫɬɶ�ɩɪɢ�ɨɬɪɚɠɟɧɢɢ�ɞɢɮɮɭɡɧɨ�ɪɚɫɫɟɢɜɚɟɬɫɹ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɨɛɪɚɡɭɟɬɫɹ�ɞɜɚ 

ɨɬɪɚɠɟɧɧɵɯ� ɡɜɭɤɨɜɵɯ� ɩɨɥɹ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɤɨɬɨɪɵɯ�ɡɧɚɱɢɬɟɥɶɧɨ�ɨɬɥɢɱɚɸɬɫɹ�ɞɪɭɝ�ɨɬ�ɞɪɭɝɚ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɩɪɢ 

ɪɚɫɱɟɬɚɯ�ɬɨɥɶɤɨ�ɡɟɪɤɚɥɶɧɨɣ�ɢɥɢ�ɬɨɥɶɤɨ�ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ�ɩɪɢɜɨɞɢɬ�ɤ 

ɡɧɚɱɢɬɟɥɶɧɵɦ� ɩɨɝɪɟɲɧɨɫɬɹɦ. ɍɱɟɫɬɶ� ɫɦɟɲɚɧɧɵɣ� ɯɚɪɚɤɬɟɪ� ɨɬɪɚɠɟɧɢɹ� ɜ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ� ɜɵɲɟ� ɦɨɞɟɥɹɯ� ɧɟ� ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɜɨɡɦɨɠɧɵɦ. Ɍɚɤɢɟ� ɩɨɩɵɬɤɢ 

ɩɪɟɞɩɪɢɧɢɦɚɥɢɫɶ� ɜ� ɡɚɪɭɛɟɠɧɨɣ� ɩɪɚɤɬɢɤɟ� ɫ� ɰɟɥɶɸ� ɪɚɫɲɢɪɟɧɢɹ� ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɞɢɮɮɭɡɢɨɧɧɨɝɨ� ɩɨɞɯɨɞɚ� ɤ� ɨɰɟɧɤɟ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ-

ɞɢɮɮɭɡɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ [91,125,127]. ȼɵɩɨɥɧɢɥɨɫɶ� ɷɬɨ� ɩɭɬɟɦ 

ɮɨɪɦɚɥɶɧɨɝɨ� ɜɜɟɞɟɧɢɹ� ɩɨɩɪɚɜɨɱɧɵɯ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ� ɤ� ɤɨɷɮɮɢɰɢɟɧɬɭ� ɞɢɮɮɭɡɢɢ, 

ɤɨɬɨɪɵɣ�ɚɧɚɥɨɝɢɱɟɧ�ɤɨɷɮɮɢɰɢɟɧɬɭ�ɫɜɹɡɢ�ɜ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ�ɦɨɞɟɥɢ. 



35 

ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ� Ⱥɧɬɨɧɨɜɵɦ�Ⱥ�ɂ. ɜ� ɪɚɛɨɬɟ [11] ɛɵɥɨ� ɩɨɤɚɡɚɧɨ, ɱɬɨ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ 

ɤɨɷɮɮɢɰɢɟɧɬ� ɫɜɹɡɢ� ɧɟ� ɨɫɬɚɟɬɫɹ� ɩɨɫɬɨɹɧɧɨɣ� ɜɟɥɢɱɢɧɨɣ, ɚ� ɢɡɦɟɧɹɟɬɫɹ� ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɦɟɳɟɧɢɹ, ɱɬɨ� ɢ� ɹɜɥɹɟɬɫɹ� ɨɫɧɨɜɧɨɣ� ɩɪɢɱɢɧɨɣ� ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɪɢɦɟɧɟɧɢɹ� ɭɤɚɡɚɧɧɵɯ� ɜɵɲɟ� ɪɚɫɱɟɬɧɵɯ� ɦɨɞɟɥɟɣ. ɉɨɷɬɨɦɭ� ɜ� ɩɪɚɤɬɢɤɟ� ɪɚɫɱɟɬɨɜ 

ɧɚɱɢɧɚɸɬ� ɧɚɯɨɞɢɬɶ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ  ɦɟɬɨɞɵ, ɜ� ɤɨɬɨɪɵɯ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɨɬɪɚɠɟɧɧɨɣ� ɡɟɪɤɚɥɶɧɨɣ� ɢ� ɞɢɮɮɭɡɧɨɣ� ɷɧɟɪɝɢɣ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɨɬɞɟɥɶɧɨ 

[38,44,49,59]. Ɉɩɵɬ�ɪɚɡɪɚɛɨɬɤɢ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɨɜ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ� ɩɨɤɚɡɚɥ, ɱɬɨ� ɧɚɢɛɨɥɟɟ� ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɹɜɥɹɸɬɫɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ� ɦɨɞɟɥɢ, ɜɤɥɸɱɚɸɳɢɟ� ɜ� ɫɟɛɹ� ɦɟɬɨɞ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ� ɢ 

ɱɢɫɥɟɧɧɵɣ� ɫɬɚɬɢɫɬɢɱɟɫɤɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ� ɦɟɬɨɞ. Ɍɚɤɢɟ� ɦɨɞɟɥɢ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜ 

ɪɚɛɨɬɚɯ�Ɇɚɤɚɪɨɜɚ�Ⱥ�Ɇ. [57] ɢ�ɋɨɥɨɦɚɬɢɧɚ�ȿ�Ɉ. [76] ɩɪɢ�ɪɟɲɟɧɢɟ�ɡɚɞɚɱ�ɩɨ�ɨɰɟɧɤɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɫɥɨɠɧɨɣ� ɮɨɪɦɵ� ɫ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ� ɪɚɡɥɢɱɧɨɝɨ� ɜɢɞɚ� ɩɪɢ� ɩɨɫɬɨɹɧɧɨɦ� ɲɭɦɨɜɨɦ� ɪɟɠɢɦɟ� ɢ� ɜ� ɪɚɛɨɬɟ 

Ȼɚɰɭɧɨɜɨɣ�Ⱥ�ȼ. [20] ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɲɭɦɚ�ɫ�ɢɫɬɨɱɧɢɤɚɦɢ�ɧɟɩɨɫɬɨɹɧɧɨɣ� ɜɨ� ɜɪɟɦɟɧɢ 

ɡɜɭɤɨɜɨɣ� ɦɨɳɧɨɫɬɶɸ. ɋɭɬɶ� ɷɬɢɯ� ɦɟɬɨɞɨɜ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɬɨɦ, ɱɬɨ� ɨɧɢ� ɭɱɢɬɵɜɚɸɬ 

ɩɪɢ�ɨɬɪɚɠɟɧɢɹɯ�ɩɟɪɟɯɨɞ�ɱɚɫɬɢ�ɡɟɪɤɚɥɶɧɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɪɚɫɫɟɹɧɧɭɸ�ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ 

ɡɚɬɟɦ� ɪɚɫɩɪɨɫɬɪɚɧɹɹɫɶ� ɜ� ɨɛɴɟɦɟ� ɫɨɡɞɚɟɬ� ɤɜɚɡɢɞɢɮɮɭɡɧɨɟ� ɨɬɪɚɠɟɧɧɨɟ� ɡɜɭɤɨɜɨɟ 

ɩɨɥɟ. ɉɪɢ�ɷɬɨɦ�ɨɛɪɚɬɧɵɣ�ɩɟɪɟɯɨɞ�ɪɚɫɫɟɹɧɧɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɡɟɪɤɚɥɶɧɭɸ�ɧɟ�ɜɨɡɦɨɠɟɧ. 

Ⱥɧɚɥɢɡ� ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ� ɧɚ� ɨɫɧɨɜɟ� ɞɚɧɧɨɝɨ� ɩɨɞɯɨɞɚ, ɞɚɟɬ 

ɨɫɧɨɜɚɧɢɟ� ɞɥɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɟɝɨ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɪɚɫɱɟɬɧɵɯ� ɦɟɬɨɞɨɜ� ɨɰɟɧɤɢ 

ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɤɨɬɨɪɵɟ�ɜɯɨɞɹɬ 

ɧɟɫɨɪɚɡɦɟɪɧɵɟ�ɩɨɦɟɳɟɧɢɹ�ɢ�ɜ�ɤɨɬɨɪɵɯ�ɫɨɡɞɚɸɬɫɹ�ɤɜɚɡɢɞɢɮɮɭɡɧɵɟ�ɡɜɭɤɨɜɵɟ�ɩɨɥɹ.  

ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɧɨɜɵɯ� ɦɟɬɨɞɨɜ� ɪɚɫɱɟɬɨɜ� ɢ, ɚɧɚɥɢɡɟ� ɝɪɚɧɢɰ� ɩɪɢɦɟɧɟɧɢɹ� ɢ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ�ɫɭɳɟɫɬɜɭɸɳɢɯ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɨɜ�ɧɚɯɨɞɢɬ�ɩɪɢɦɟɧɟɧɢɟ�ɢɧɬɟɝɪɚɥɶɧɨɟ 

ɭɪɚɜɧɟɧɢɟ, ɩɪɟɞɥɨɠɟɧɧɨɟ� Ʉɭɬɬɪɭɮɨɦ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɲɭɦɚ�ɢ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɨɰɟɫɫɨɜ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ [102,105].  
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ɝɞɟ       - ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɩɚɞɚɸɳɟɣ�ɧɚ�ɭɱɚɫɬɨɤ sd c ;   

                  - ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɩɚɞɚɸɳɟɣ� ɧɚ� ɷɥɟɦɟɧɬ sd c � ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ�ɜɤɥɚɞɚɦɢ�ɨɬɪɚɠɟɧɧɨɣ�ɨɬ�ɜɫɟɯ�ɞɪɭɝɢɯ�ɷɥɟɦɟɧɬɨɜ�ɨɝɪɚɠɞɟɧɢɣ 

ds ;        - ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɨɛɪɚɡɭɸɳɟɣɫɹ�ɩɪɢ�ɩɚɞɟɧɢɢ 

)( sdI c

)()1( dsID�

0
)( sdI c
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ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɧɚ�ɷɥɟɦɟɧɬ     ;      - ɪɚɞɢɭɫ - ɜɟɤɬɨɪ, ɫɨɟɞɢɧɹɸɳɢɣ�ɷɥɟɦɟɧɬɵ ds �ɢ 

sd c ; 1T ɢ 2T  - ɭɝɥɵ�ɦɟɠɞɭ�ɜɟɤɬɨɪɨɦ r �ɢ�ɧɨɪɦɚɥɹɦɢ�ɤ�ɷɥɟɦɟɧɬɚɦ ds �ɢ sd c . 

Ʉɚɤ� ɩɨɤɚɡɚɥɢ� ɜɵɩɨɥɧɟɧɧɵɟ� ɜ� ɪɚɛɨɬɚɯ [20,54] ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚ�ɟɝɨ�ɨɫɧɨɜɟ�ɜɨɡɦɨɠɧɨ�ɩɪɨɢɡɜɨɞɢɬɶ�ɩɪɢ 

ɞɢɮɮɭɡɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ� ɚɧɚɥɢɡ� ɩɪɨɰɟɫɫɨɜ 

ɪɟɜɟɪɛɟɪɚɰɢɢ, ɨɰɟɧɤɭ� ɝɪɚɞɢɟɧɬɨɜ� ɩɥɨɬɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 

ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɨɜ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɢ� ɞɪɭɝɢɯ� ɡɧɚɱɢɦɵɯ� ɩɚɪɚɦɟɬɪɨɜ 

ɮɨɪɦɢɪɭɟɦɵɯ�ɨɬɪɚɠɟɧɧɵɣ�ɡɜɭɤɨɜɵɯ�ɩɨɥɟɣ, ɜ�ɬɨɦ�ɱɢɫɥɟ�ɢ�ɜ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɹ. ɂɧɬɟɝɪɚɥɶɧɨɟ�ɭɪɚɜɧɟɧɢɟ�ɢɫɩɨɥɶɡɨɜɚɧɨ�ɞɥɹ�ɷɬɢɯ�ɰɟɥɟɣ�ɢ�ɜ�ɧɚɫɬɨɹɳɟɣ 

ɪɚɛɨɬɟ�ɜ�ɝɥɚɜɟ 2. 

 

 

ȼɵɜɨɞɵ�ɩɨ�ɝɥɚɜɟ 1 ɢ�ɨɩɪɟɞɟɥɟɧɢɟ�ɧɚɩɪɚɜɥɟɧɢɣ�ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

 

1. Ɋɚɡɪɚɛɨɬɤɚ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɣ 

ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɣ� ɫ� ɭɱɟɬɨɦ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜ� ɧɢɯ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɢ 

ɪɚɡɪɚɛɨɬɤɚ� ɷɮɮɟɤɬɢɜɧɵɯ� ɫɪɟɞɫɬɜ� ɡɚɳɢɬɵ� ɨɬ� ɲɭɦɚ� ɜɨɡɦɨɠɧɚ� ɩɪɢ� ɧɚɥɢɱɢɢ 

ɧɚɞɟɠɧɵɯ� ɦɟɬɨɞɨɜ� ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɚ, ɨɫɧɨɜɚɧɧɵɯ� ɧɚ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ� ɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɚ� ɜ� ɡɞɚɧɢɹɯ� ɤɚɤ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ.  

2. ȼɵɛɨɪ�ɪɚɫɱɟɬɧɵɯ�ɦɟɬɨɞɨɜ� ɡɚɜɢɫɢɬ�ɨɬ�ɭɫɥɨɜɢɣ�ɢ�ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ�ɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɢ� ɜ� ɰɟɥɨɦ� ɜɨ� ɜɫɟɣ 

ɫɢɫɬɟɦɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ. Ɉɫɧɨɜɧɵɦɢ� ɢɡ� ɧɢɯ, ɤɨɬɨɪɵɟ� ɫɥɟɞɭɟɬ 

ɭɱɢɬɵɜɚɬɶ� ɩɪɢ� ɜɵɛɨɪɟ� ɦɟɬɨɞɨɜ, ɹɜɥɹɸɬɫɹ� ɩɪɨɩɨɪɰɢɢ� ɩɨɦɟɳɟɧɢɣ, ɯɚɪɚɤɬɟɪ 

ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ�ɢ�ɜɢɞ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɜɹɡɟɣ�ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ.  

3. Ⱦɥɹ� ɫɢɫɬɟɦ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɨɛɴɟɦɚɦɢ, ɢɦɟɸɳɢɦɢ 

ɫɨɪɚɡɦɟɪɧɵɟ� ɩɪɨɩɨɪɰɢɢ, ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɦɟɬɨɞɵ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ 

ɚɤɭɫɬɢɤɢ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɩɪɢɧɰɢɩɚɯ� ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ. Ⱦɥɹ� ɫɢɫɬɟɦ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɧɟɫɨɪɚɡɦɟɪɧɵɦɢ� ɨɛɴɟɦɚɦɢ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ 

ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ� ɫɥɟɞɭɟɬ� ɩɪɢɦɟɧɹɬɶ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ 

rsd c
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ɦɟɬɨɞɵ, ɜɤɥɸɱɚɸɳɢɟ� ɜ� ɫɟɛɹ� ɦɟɬɨɞ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ� ɢ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ.  

ɂɫɯɨɞɹ� ɢɡ� ɢɡɥɨɠɟɧɧɨɝɨ� ɢ� ɩɨɫɬɚɜɥɟɧɧɨɣ� ɰɟɥɢ ɨɫɧɨɜɧɵɦɢ� ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɣ�ɜ�ɪɚɛɨɬɟ�ɹɜɥɹɸɬɫɹ:  

� ɤɨɪɪɟɤɬɢɪɨɜɤɚ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ� ɦɟɬɨɞɨɜ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɭɱɟɬɨɦ� ɜɢɞɚ� ɫɜɹɡɟɣ� ɜ� ɫɢɫɬɟɦɟ, ɩɨɥɨɠɟɧɢɹ 

ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɢ� ɞɪɭɝɢɯ� ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɬɚɤɢɯ�ɫɢɫɬɟɦɚɯ; 

� ɪɚɡɪɚɛɨɬɤɚ�ɦɟɬɨɞɨɜ�ɢ�ɦɟɬɨɞɢɤ�ɪɚɫɱɟɬɨɜ�ɜ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɧɢɯ� ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ-

ɞɢɮɮɭɡɧɨɦ�ɯɚɪɚɤɬɟɪɟ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ; 

� ɪɚɡɪɚɛɨɬɤɚ� ɤɨɦɩɶɸɬɟɪɧɵɯ� ɩɪɨɝɪɚɦɦ, ɪɟɚɥɢɡɭɸɳɢɯ� ɩɪɟɞɥɨɠɟɧɧɵɟ� ɜ 

ɪɚɛɨɬɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɝɪɚɠɞɚɧɫɤɢɯ�ɡɞɚɧɢɣ�ɢ�ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ�ɨɰɟɧɤɭ 

ɚɤɭɫɬɢɱɟɫɤɨɣ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɫɪɟɞɫɬɜ�ɫɧɢɠɟɧɢɹ�ɲɭɦɚ�ɜ�ɷɬɢɯ�ɫɢɫɬɟɦɚɯ; 

� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɨɛɴɟɦɨɜ�ɫ�ɰɟɥɶɸ�ɨɰɟɧɤɢ�ɬɨɱɧɨɫɬɢ�ɧɨɜɵɯ�ɢ�ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɯ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɨɜ 

ɜ�ɪɚɡɥɢɱɧɵɯ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ.  
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ȽɅȺȼȺ 2. ɂɋɋɅȿȾɈȼȺɇɂȿ�ɊȺɋɉɊɈɋɌɊȺɇȿɇɂə�ɁȼɍɄɈȼɈɃ�ɗɇȿɊȽɂɂ 

ȼ�ȽɊȺɀȾȺɇɋɄɂɏ�ɁȾȺɇɂəɏ�ɋ�əɑȿɃɄɈȼɕɆɂ�ɂ�ȺɇɎɂɅȺȾɇɕɆɂ 

ɋɂɋɌȿɆȺɆɂ�ɉɅȺɇɂɊɈȼɄɂ�ɇȺ�ɈɋɇɈȼȿ�ɋɌȺɌɂɋɌɂɑȿɋɄɈɃ�ɌȿɈɊɂɂ 

ȺɄɍɋɌɂɄɂ�ɉɈɆȿɓȿɇɂɃ  

 

 

Ʉɚɤ�ɩɨɤɚɡɚɧɨ�ɜ�ɝɥɚɜɟ 1 ɜɢɞ�ɫɢɫɬɟɦ�ɩɥɚɧɢɪɨɜɤɢ�ɡɞɚɧɢɣ�ɫɭɳɟɫɬɜɟɧɧɨ�ɜɥɢɹɟɬ�ɧɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɧɢɯ. ɋɜɹɡɚɧɨ� ɷɬɨ� ɜ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɫ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ� ɩɪɨɰɟɫɫɨɜ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɨɬɞɟɥɶɧɵɯ 

ɩɨɦɟɳɟɧɢɹɯ� ɷɬɨɣ� ɫɢɫɬɟɦɵ� ɢ� ɨɛɦɟɧɚ� ɟɸ� ɫ� ɫɨɫɟɞɧɢɦɢ� ɨɛɴɟɦɚɦɢ. ɍɫɥɨɜɢɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɧɨɜɵɯ� ɢ 

ɤɨɪɪɟɤɬɢɪɨɜɤɟ�ɫɭɳɟɫɬɜɭɸɳɢɯ�ɦɟɬɨɞɨɜ�ɪɚɫɱɟɬɚ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɲɭɦɚ�ɜ 

ɡɞɚɧɢɹɯ� ɤɚɤ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. ȼ� ɷɬɨɣ� ɝɥɚɜɟ� ɪɚɛɨɬɵ 

ɪɚɫɫɦɨɬɪɟɧɵ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ, ɤɨɬɨɪɵɟ� ɜɨɡɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɜ 

ɡɞɚɧɢɹɯ� ɫ� ɹɱɟɣɤɨɜɨɣ� ɢ� ɚɧɮɢɥɚɞɧɨɣ� ɫɢɫɬɟɦɚɦɢ� ɩɥɚɧɢɪɨɜɤɢ, ɫɨɫɬɨɹɳɢɦɢ� ɢɡ 

ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ. ɇɚ� ɨɫɧɨɜɟ� ɷɬɢɯ� ɦɟɬɨɞɨɜ� ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ� ɪɚɡɥɢɱɧɵɟ 

ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ�ɧɚ�ɮɨɪɦɢɪɨɜɚɧɢɟ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɠɢɥɵɯ�ɢ�ɨɛɳɟɫɬɜɟɧɧɵɯ 

ɡɞɚɧɢɹɯ�ɫ�ɬɚɤɢɦɢ�ɩɥɚɧɢɪɨɜɤɚɦɢ.  

 

 

2.1 ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɲɭɦɚ�ɜ�ɡɞɚɧɢɹɯ�ɫ�ɹɱɟɣɤɨɜɨɣ�ɢ 

ɚɧɮɢɥɚɞɧɨɣ�ɫɢɫɬɟɦɚɦɢ�ɩɥɚɧɢɪɨɜɤɢ 

 

 

ɉɪɢ� ɪɚɛɨɬɟ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɜ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɹɱɟɣɤɨɜɵɯ� ɢ 

ɚɧɮɢɥɚɞɧɵɯ� ɫɢɫɬɟɦ� ɩɥɚɧɢɪɨɜɤɢ� ɮɨɪɦɢɪɭɸɬɫɹ� ɞɢɮɮɭɡɧɵɟ� ɨɬɪɚɠɟɧɧɵɟ� ɡɜɭɤɨɜɵɟ 

ɩɨɥɹ� ɫ� ɪɚɜɧɨɦɟɪɧɵɦ� ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ�ɩɨ� ɨɛɴɟɦɭ�ɩɨɦɟɳɟɧɢɣ. ȼ 

ɷɬɨɦ� ɫɥɭɱɚɟ� ɨɰɟɧɤɭ� ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɦɨɠɧɨ� ɩɪɨɢɡɜɨɞɢɬɶ� ɧɚ 

ɨɫɧɨɜɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɚɤɭɫɬɢɤɢ� ɩɨɦɟɳɟɧɢɣ [14,58,72]. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ� ɜ 

ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɞɥɹ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɪɚɫɱɟɬɧɵɟ� ɦɟɬɨɞɵ� ɢɦɟɸɬ� ɪɹɞ 

ɞɨɩɭɳɟɧɢɣ, ɤɨɬɨɪɵɟ� ɦɨɝɭɬ� ɩɪɢɜɨɞɢɬɶ� ɤ� ɫɭɳɟɫɬɜɟɧɧɵɦ� ɩɨɝɪɟɲɧɨɫɬɹɦ. Ʉ� ɧɢɦ 

ɨɬɧɨɫɹɬɫɹ: 



39 

1. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ� ɨɬɪɚɠɟɧɧɵɟ� ɡɜɭɤɨɜɵɟ�ɩɨɥɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɹɜɥɹɸɬɫɹ 

ɢɞɟɚɥɶɧɨ�ɞɢɮɮɭɡɧɵɦɢ. ȼ�ɬɨɠɟ�ɜɪɟɦɹ�ɢɡɜɟɫɬɧɨ, ɱɬɨ�ɩɪɢ�ɧɚɥɢɱɢɢ�ɨɬɤɪɵɬɵɯ�ɫɜɹɡɟɣ 

ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ� ɜɛɥɢɡɢ� ɨɬɤɪɵɬɵɯ� ɩɪɨɟɦɨɜ� ɞɢɮɮɭɡɧɨɫɬɶ� ɩɨ� ɩɪɢɡɧɚɤɭ 

ɨɞɧɨɪɨɞɧɨɫɬɢ� ɪɟɡɤɨ� ɧɚɪɭɲɚɟɬɫɹ. ɗɬɨ� ɦɨɠɟɬ� ɩɪɢɜɨɞɢɬɶ� ɤ� ɫɭɳɟɫɬɜɟɧɧɵɦ 

ɩɨɝɪɟɲɧɨɫɬɹɦ�ɩɪɢ�ɨɰɟɧɤɟ�ɨɛɦɟɧɚ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ. ȼ�ɪɚɣɨɧɟ 

ɩɪɨɟɦɚ�ɩɨɹɜɥɹɸɬɫɹ�ɧɚɩɪɚɜɥɟɧɧɵɟ�ɩɨɬɨɤɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. Ɉɰɟɧɤɚ�ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɪɚɫɱɟɬɨɜ�ɡɚ�ɫɱɟɬ�ɞɚɧɧɨɝɨ�ɞɨɩɭɳɟɧɢɹ�ɪɚɧɟɟ�ɧɟ�ɩɪɨɢɡɜɨɞɢɥɚɫɶ.  

2. ȼ� ɩɨɦɟɳɟɧɢɹɯ� ɫɢɫɬɟɦɵ� ɫ� ɢɫɬɨɱɧɢɤɚɦɢ� ɲɭɦɚ� ɨɛɪɚɡɭɸɬɫɹ� ɩɨɥɹ� ɩɪɹɦɨɝɨ 

ɡɜɭɤɚ�ɢ�ɨɬɪɚɠɟɧɧɵɟ�ɡɜɭɤɨɜɵɟ�ɩɨɥɹ. ɉɪɢ�ɪɚɫɱɟɬɚɯ�ɩɪɹɦɭɸ�ɫɨɫɬɚɜɥɹɸɳɭɸ�ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɨɬ� ɥɨɤɚɥɶɧɨɝɨ� ɢɫɬɨɱɧɢɤɚ� ɧɟ� ɜɵɞɟɥɹɸɬ� ɨɬɞɟɥɶɧɨ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɫɭɦɦɚɪɧɵɣ�ɪɟɡɭɥɶɬɚɬ�ɨɬ�ɩɪɹɦɨɝɨ�ɢ�ɨɬɪɚɠɟɧɧɨɝɨ�ɡɜɭɤɚ, ɱɬɨ�ɜ�ɪɹɞɟ�ɫɥɭɱɚɟɜ�ɹɜɥɹɟɬɫɹ 

ɞɨɩɭɳɟɧɢɟɦ, ɞɚɸɳɢɦ� ɫɭɳɟɫɬɜɟɧɧɵɟ� ɩɨɝɪɟɲɧɨɫɬɢ� ɩɪɢ� ɪɚɫɱɟɬɚɯ. Ⱦɚɧɧɨɟ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɧɟ�ɢɫɫɥɟɞɨɜɚɧɨ.  

3. ȼ�ɪɹɞɟ� ɫɥɭɱɚɟɜ� ɜ� ɪɚɫɱɟɬɧɵɯ�ɦɨɞɟɥɹɯ�ɨɬɫɭɬɫɬɜɭɟɬ�ɭɱɟɬ�ɨɛɪɚɬɧɨɝɨ�ɨɛɦɟɧɚ 

ɷɧɟɪɝɢɟɣ�ɦɟɠɞɭ «ɬɢɯɢɦ» ɢ «ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɹɦɢ. ɉɪɢ� ɷɬɨɦ� ɧɟ� ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɨɰɟɧɤɚ�ɜɥɢɹɧɢɹ�ɬɚɤɨɝɨ�ɞɨɩɭɳɟɧɢɹ�ɧɚ�ɬɨɱɧɨɫɬɶ�ɪɚɫɱɟɬɨɜ. 

Ⱦɚɧɧɵɟ�ɭɩɪɨɳɟɧɢɹ�ɛɵɥɢ�ɜɵɡɜɚɧɵ�ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ�ɜɵɩɨɥɧɟɧɢɹ�ɬɪɭɞɨɟɦɤɢɯ 

ɪɚɫɱɟɬɨɜ� ɜɪɭɱɧɭɸ. ɉɪɢ� ɤɨɦɩɶɸɬɟɪɧɵɯ� ɪɚɫɱɟɬɚɯ� ɧɟɨɛɯɨɞɢɦɨɫɬɶ� ɜ� ɬɚɤɢɯ 

ɭɩɪɨɳɟɧɢɹɯ�ɨɬɩɚɞɚɟɬ. ɇɢɠɟ�ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɪɚɫɱɟɬɧɚɹ�ɦɨɞɟɥɶ, ɜ�ɩɨɥɧɨɦ�ɨɛɴɟɦɟ 

ɭɱɢɬɵɜɚɸɳɚɹ�ɜɫɟ�ɩɪɨɰɟɫɫɵ�ɩɟɪɟɬɟɤɚɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ�ɜ� ɫɢɫɬɟɦɟ�ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ.  

ȼ� ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɡɜɭɤɚ� ɡɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɪɹɦɨɣ� ɢ� ɨɬɪɚɠɟɧɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɢɦɢ� ɷɧɟɪɝɢɢ. ɉɪɹɦɚɹ� ɷɧɟɪɝɢɹ 

ɜɵɱɢɫɥɹɟɬɫɹ� ɞɨɫɬɚɬɨɱɧɨ� ɩɪɨɫɬɨ� ɞɥɹ� ɤɚɠɞɨɝɨ� ɩɨɦɟɳɟɧɢɹ. Ɉɬɪɚɠɟɧɧɚɹ� ɷɧɟɪɝɢɹ 

ɡɚɜɢɫɢɬ�ɨɬ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɨɦɟɳɟɧɢɣ, ɢɯ�ɫɜɹɡɟɣ�ɦɟɠɞɭ�ɫɨɛɨɣ�ɢ 

ɞɪɭɝɢɯ�ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ�ɧɚ�ɟɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɜ�ɫɢɫɬɟɦɟ�ɩɨɦɟɳɟɧɢɣ.  

ɋ�ɩɨɡɢɰɢɣ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ� ɬɟɨɪɢɢ� ɚɤɭɫɬɢɤɢ� ɩɪɢ� ɞɢɮɮɭɡɧɨɦ� ɡɜɭɤɨɜɨɦ�ɩɨɥɟ 

ɭɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ� ɢɡɦɟɧɟɧɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ i-ɨɦ 

ɩɨɦɟɳɟɧɢɢ�ɫɢɫɬɟɦɵ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɣ, ɦɨɠɟɬ�ɛɵɬɶ 

ɩɨɥɭɱɟɧɨ�ɧɚ�ɨɫɧɨɜɟ�ɡɚɤɨɧɚ�ɫɨɯɪɚɧɟɧɢɹ�ɷɧɟɪɝɢɢ.  

ɂɡɦɟɧɟɧɢɟ� ɤɨɥɢɱɟɫɬɜɚ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ i-ɨɦ� ɩɨɦɟɳɟɧɢɢ 

ɫɢɫɬɟɦɵ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɟɣ, ɜɨɡɧɢɤɚɸɳɟɣ� ɩɪɢ� ɪɚɛɨɬɟ� ɢɫɬɨɱɧɢɤɚ 
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ɡɜɭɤɚ� ɜ i-ɨɦ� ɩɨɦɟɳɟɧɢɢ ii W)1( D� , ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɟɣ, ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ� ɜ i-ɨɦ 

ɩɨɦɟɳɟɧɢɢ� ɨɬ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɢɡ� ɫɜɹɡɚɧɧɵɯ� ɫ� ɧɢɦ j-ɯ� ɩɨɦɟɳɟɧɢɣ 

jiji WJD )1( � , ɩɪɨɧɢɤɚɸɳɟɝɨ�ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ� ɢɡ� ɫɜɹɡɚɧɧɵɯ j-ɯ� ɩɨɦɟɳɟɧɢɣ jij EE , 

ɩɨɬɟɪɹɦɢ�ɷɧɟɪɝɢɢ�ɡɚ�ɫɱɟɬ�ɩɨɝɥɨɳɟɧɢɹ� ɟɟ�ɜ� ɨɛɴɟɦɟ i-ɝɨ�ɩɨɦɟɳɟɧɢɹ iiEQ ɢ�ɨɬɬɨɤɚ� ɜ 

ɫɦɟɠɧɵɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɟ� ɩɨɦɟɳɟɧɢɹ� ɷɧɟɪɝɢɢ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ iji EE ɢ 

ɷɧɟɪɝɢɢ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ ijiWJ . Ɍɨ�ɟɫɬɶ  
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11 EQDJEJD   (2.1) 

ɇɚɱɚɥɶɧɵɟ�ɭɫɥɨɜɢɹ�ɦɨɝɭɬ�ɡɚɞɚɜɚɬɶɫɹ�ɜ�ɜɢɞɟ Ei=Eoi�ɩɪɢ t=t0 . ɉɪɢ t>>t0�ɢ�ɩɪɢ 

ɧɚɥɢɱɢɢ� ɞɟɣɫɬɜɭɸɳɢɯ� ɫ� ɩɨɫɬɨɹɧɧɨɣ� ɦɨɳɧɨɫɬɶɸ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɜɥɢɹɧɢɟ 

ɧɚɱɚɥɶɧɨɝɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɷɧɟɪɝɢɢ Eoi� ɧɚ� ɡɜɭɤɨɜɨɟ� ɩɨɥɟ� ɛɵɫɬɪɨ� ɭɦɟɧɶɲɚɟɬɫɹ� ɢ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ�ɫɬɚɰɢɨɧɚɪɧɨɟ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ, ɨɩɢɫɵɜɚɟɦɨɟ�ɭɪɚɜɧɟɧɢɟɦ
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ɋɯɟɦɚ� ɛɚɥɚɧɫɚ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɞɥɹ i-ɝɨ� ɩɨɦɟɳɟɧɢɹ� ɩɪɢɜɟɞɟɧɚ� ɧɚ 

ɪɢɫɭɧɤɟ 2.1. 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.1 - ɋɯɟɦɚ�ɛɚɥɚɧɫɚ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɞɥɹ i�ɝɨ�ɩɨɦɟɳɟɧɢɹ 

ɍɪɚɜɧɟɧɢɟ (2.2) ɹɜɥɹɟɬɫɹ� ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ� ɡɚɩɢɫɶɸ� ɡɚɤɨɧɚ� ɫɨɯɪɚɧɟɧɢɹ 

ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. Ʉɚɤ�ɜɢɞɧɨ, ɩɪɢ�ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ�ɪɟɠɢɦɟ�ɡɜɭɤɨɜɨɝɨ 

ɩɨɥɹ� ɤɨɥɢɱɟɫɬɜɨ� ɩɨɝɥɨɳɟɧɧɨɣ� ɜ i�ɦ� ɨɛɴɟɦɟ� ɩɨɦɟɳɟɧɢɹ� ɢ� ɭɲɟɞɲɟɣ� ɜ� ɫɨɫɟɞɧɢɟ 

ɩɨɦɟɳɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ� ɢɡɥɭɱɟɧɧɨɣ� ɩɟɪɟɲɟɞɲɟɣ� ɜ 

ɨɬɪɚɠɟɧɧɭɸ�ɷɧɟɪɝɢɟɣ�ɢɫɬɨɱɧɢɤɚ�ɢ�ɷɧɟɪɝɢɟɣ, ɩɪɢɲɟɞɲɟɣ�ɢɡ�ɫɦɟɠɧɵɯ�ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ.  

Ⱦɥɹ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɩɨ� ɨɰɟɧɤɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɢ� ɚɧɚɥɢɡɭ� ɜɥɢɹɧɢɹ 

ɪɚɡɥɢɱɧɵɯ�ɮɚɤɬɨɪɨɜ�ɧɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ 

ɭɪɚɜɧɟɧɢɹ (2.1) ɢ (2.2) ɭɞɨɛɧɟɟ� ɡɚɩɢɫɚɬɶ� ɱɟɪɟɡ� ɩɥɨɬɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 

ijiHE  

ijiWJ  

jijWJ  

jijHE jW

jj EȞ  

 

Ej 
iW

ii EȞ  

 

Ei 
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ɭɱɢɬɵɜɚɹ, ɱɬɨ�ɜ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɨɬɪɚɠɟɧɧɨɟ� ɡɜɭɤɨɜɨɟ�ɩɨɥɟ�ɞɢɮɮɭɡɧɨ�ɢ 

ɩɥɨɬɧɨɫɬɶ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ i�ɨɦ�ɩɨɦɟɳɟɧɢɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 

iii VE / H       (2.3) 

Ɍɨɝɞɚ�ɭɪɚɜɧɟɧɢɟ (2.1) ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜ�ɜɢɞɟ  
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11 HEHQDJHEJDH  (2.4) 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɪɚɜɧɟɧɢɟ (2.2) ɛɭɞɟɬ�ɢɦɟɬɶ�ɜɢɞ 

� � 011
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HEHQDJHEJD   (2.5) 

ȼ�ɭɪɚɜɧɟɧɢɹɯ (2.1) - (2.5) N - ɨɛɳɟɟ�ɤɨɥɢɱɟɫɬɜɨ�ɫɜɹɡɚɧɧɵɯ�ɫ i�ɦ�ɩɨɦɟɳɟɧɢɟɦ            

j�ɯ� ɩɨɦɟɳɟɧɢɣ; iD - ɫɪɟɞɧɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɜ i�ɨɦ� ɩɨɦɟɳɟɧɢɢ;  

iQ - ɤɨɷɮɮɢɰɢɟɧɬ� ɩɨɬɟɪɶ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ i�ɨɦ� ɩɨɦɟɳɟɧɢɢ;  

jiij EE , - ɤɨɷɮɮɢɰɢɟɧɬɵ�ɩɟɪɟɞɚɱɢ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɢɡ j�ɝɨ�ɩɨɦɟɳɟɧɢɹ�ɜ 

i�ɟ� ɩɨɦɟɳɟɧɢɟ� ɢ� ɧɚɨɛɨɪɨɬ� ɢɡ i�ɝɨ� ɜ j�ɟ; jiij JJ , - ɤɨɷɮɮɢɰɢɟɧɬɵ� ɩɟɪɟɞɚɱɢ� ɩɪɹɦɨɣ 

ɷɧɟɪɝɢɢ�ɢɡ j�ɝɨ�ɩɨɦɟɳɟɧɢɹ�ɜ i�ɟ�ɩɨɦɟɳɟɧɢɟ�ɢ�ɧɚɨɛɨɪɨɬ�ɢɡ i�ɝɨ�ɜ j�ɟ; iV  - ɨɛɴɟɦ i�ɝɨ 

ɩɨɦɟɳɟɧɢɹ. 

ȼ� ɭɫɥɨɜɢɹɯ� ɞɢɮɮɭɡɧɨɝɨ� ɡɜɭɤɨɜɨɝɨ� ɩɨɥɹ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɩɨɬɟɪɶ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɧɚɯɨɞɹɬɫɹ�ɤɚɤ 

,
)5.01(4 ii

ii
i V

Sɫ
D

DQ
�

       (2.6) 

ɚ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɩɟɪɟɞɚɱɢ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɢɡ j�ɝɨ� ɩɨɦɟɳɟɧɢɹ� ɜ i�ɟ 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ 

� �.
)5.01(4

ɩɟɪɩɟɪɞɜɞɜ WWD
E ijijijij

ji
ij ssV

ɫ
���

�
    (2.7) 

Ⱥɧɚɥɨɝɢɱɧɵɦ�ɨɛɪɚɡɨɦ�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɤɨɷɮɮɢɰɢɟɧɬɵ jiE .  

ȼ� ɜɵɪɚɠɟɧɢɹɯ (2.6) ɢ (2.7) ɩɪɢɧɹɬɵ� ɨɛɨɡɧɚɱɟɧɢɹ: c – ɫɤɨɪɨɫɬɶ� ɡɜɭɤɚ� ɜ 

ɜɨɡɞɭɯɟ; Si,Vi – ɩɥɨɳɚɞɶ� ɨɝɪɚɠɞɟɧɢɣ� ɢ� ɨɛɴɟɦ i�ɝɨ� ɩɨɦɟɳɟɧɢɹ; Vj – ɨɛɴɟɦ j�ɝɨ 

ɩɨɦɟɳɟɧɢɹ; ji DD , - ɫɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ i�ɝɨ� ɢ  

j�ɝɨ�ɩɨɦɟɳɟɧɢɣ; W ɞɜɞɜ ,
ijijs - ɩɥɨɳɚɞɶ�ɢ�ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɟɪɟɞɚɱɢ�ɞɜɟɪɢ�ɦɟɠɞɭ i�ɦ�ɢ 

j�ɦ�ɩɨɦɟɳɟɧɢɹɦɢ; W ɩɟɪɩɟɪ ,
ijijs - ɬɨ�ɠɟ�ɩɟɪɟɝɨɪɨɞɤɢ.  
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ɉɪɢ�ɫɪɟɞɧɢɯ�ɤɨɷɮɮɢɰɢɟɧɬɚɯ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 1.0diD  ɤɨɷɮɮɢɰɢɟɧɬɵ iQ � ɢ  

ijE  ɦɨɝɭɬ�ɜɵɱɢɫɥɹɬɶɫɹ�ɩɨ�ɮɨɪɦɭɥɚɦ  

iiii VSɫ 4/DQ  ,     (2.8) 

� �ĲsĲs ijijijij
i

ij V
ɫ ɩɟɪɩɟɪɞɜɞɜ

4
��� E      (2.9)  

ɉɪɢ� ɡɚɩɢɫɢ� ɜɵɪɚɠɟɧɢɣ (2.4) - (2.5) ɢɫɩɨɥɶɡɨɜɚɧɵ� ɢɡɜɟɫɬɧɵɟ� ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɚɤɭɫɬɢɤɢ�ɩɨɦɟɳɟɧɢɣ [58]. 

Ɉɩɪɟɞɟɥɟɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɨɜ jiij JJ , � ɹɜɥɹɟɬɫɹ� ɛɨɥɟɟ� ɫɥɨɠɧɨɣ� ɡɚɞɚɱɟɣ� ɟɟ 

ɪɟɲɟɧɢɟ�ɪɚɫɫɦɨɬɪɟɧɨ�ɧɢɠɟ�ɩɪɢ�ɭɱɟɬɟ�ɜɥɢɹɧɢɹ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɧɚ� ɡɜɭɤɨɜɵɟ�ɩɨɥɹ� ɜ 

ɫɦɟɠɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ� ɞɥɹ� ɨɰɟɧɤɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɹɱɟɣɤɨɜɨɣ� ɢ 

ɚɧɮɢɥɚɞɧɨɣ� ɫɢɫɬɟɦɚɯ� ɩɥɚɧɢɪɨɜɤɢ� ɤɚɤ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɣ�ɧɟɨɛɯɨɞɢɦɨ�ɪɟɲɚɬɶ�ɫɢɫɬɟɦɵ�ɥɢɧɟɣɧɵɯ�ɭɪɚɜɧɟɧɢɣ (2.1) ɢ (2.2) ɢɥɢ (2.4) 

ɢ (2.5) ɫ�ɢɯ�ɱɢɫɥɨɦ, ɪɚɜɧɵɦ�ɤɨɥɢɱɟɫɬɜɭ�ɩɨɦɟɳɟɧɢɣ�ɜ�ɫɢɫɬɟɦɟ. ɉɪɢ�ɫɬɚɰɢɨɧɚɪɧɨɦ 

ɪɟɠɢɦɟ�ɪɚɛɨɬɵ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ�ɫɢɫɬɟɦɵ�ɭɪɚɜɧɟɧɢɣ (2.2) ɢ (2.5) ɦɨɠɧɨ�ɪɟɲɚɬɶ, 

ɦɟɬɨɞɨɦ�Ƚɚɭɫɫɚ. ɑɢɫɥɟɧɧɨɟ�ɪɟɲɟɧɢɟ� ɫɢɫɬɟɦɵ�ɭɪɚɜɧɟɧɢɣ (2.1) ɢ (2.4) ɦɨɠɟɬ�ɛɵɬɶ 

ɜɵɩɨɥɧɟɧɨ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɹɜɧɵɯ� ɢ� ɧɟɹɜɧɵɯ� ɫɯɟɦ. ɇɚɢɛɨɥɟɟ� ɩɪɨɫɬɨ 

ɚɥɝɨɪɢɬɦɢɡɢɪɭɟɬɫɹ� ɪɟɲɟɧɢɟ� ɫɢɫɬɟɦ� ɭɪɚɜɧɟɧɢɣ (2.1) ɢ (2.4) ɦɟɬɨɞɨɦ� ɤɨɧɟɱɧɵɯ 

ɪɚɡɧɨɫɬɟɣ�ɩɨ�ɹɜɧɨɣ�ɫɯɟɦɟ. ɇɚɩɪɢɦɟɪ�ɞɥɹ�ɭɪɚɜɧɟɧɢɹ (2.4), ɡɚɦɟɧɢɜ�ɞɢɮɮɟɪɟɧɰɢɚɥɵ 

ɧɚ� ɤɨɧɟɱɧɵɟ� ɪɚɡɧɨɫɬɢ H' � ɢ t' ,� ɦɨɠɧɨ� ɡɚɩɢɫɚɬɶ� ɜɵɪɚɠɟɧɢɟ� ɞɥɹ� ɩɪɢɪɚɳɟɧɢɹ 

ɷɧɟɪɝɢɢ�ɜ i-ɨɦ�ɩɨɦɟɳɟɧɢɢ�ɡɚ�ɢɧɬɟɪɜɚɥ�ɜɪɟɦɟɧɢ t' ɜ�ɜɢɞɟ 
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11  (2.10)  

ȼɟɥɢɱɢɧɚ� ɩɥɨɬɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ tt
i
'�H � ɜɨ� ɜɪɟɦɹ tt '�

ɜɵɪɚɠɚɟɬɫɹ�ɱɟɪɟɡ�ɩɥɨɬɧɨɫɬɶ t
iH �ɜɨ�ɜɪɟɦɹ t ɫ�ɭɱɟɬɨɦ�ɧɚɱɚɥɶɧɵɯ�ɭɫɥɨɜɢɣ i

t
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1
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JDHEJD

EQHHHH

  (2.11) 

ȼɵɩɨɥɧɟɧɧɵɟ� ɪɚɫɱɟɬɵ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɭɫɬɨɣɱɢɜɨɫɬɶ� ɪɟɲɟɧɢɹ� ɭɪɚɜɧɟɧɢɣ� ɩɨ 

ɹɜɧɨɣ�ɫɯɟɦɟ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɩɪɢ�ɨɛɟɫɩɟɱɟɧɢɢ�ɭɫɥɨɜɢɹ 
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05.0

EQ
     (2.12) 

Ɋɟɲɚɹ� ɫɢɫɬɟɦɭ� ɭɪɚɜɧɟɧɢɣ� ɜ� ɜɢɞɟ (2.5), ɦɨɠɧɨ� ɨɩɪɟɞɟɥɢɬɶ� ɩɥɨɬɧɨɫɬɶ 

ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɚɠɞɨɦ i�ɦ� ɩɨɦɟɳɟɧɢɢ iH  ɢ� ɜɵɱɢɫɥɢɬɶ� ɞɥɹ� ɧɢɯ� ɭɪɨɜɧɢ 

ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ. ɉɪɢ� ɧɚɥɢɱɢɢ� ɜ i�ɨɦ� ɩɨɦɟɳɟɧɢɢ� ɩɪɹɦɨɝɨ� ɢɫɬɨɱɧɢɤɚ� ɡɜɭɤɚ 

ɭɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɨɩɪɟɞɟɥɢɬɫɹ�ɤɚɤ 

]/)lg[(10 0ɩɪ IcL iii HH �     (2.13) 

ɝɞɟ iɩɪH  - ɩɥɨɬɧɨɫɬɶ� ɩɪɹɦɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 12
0 10� I ȼɬ�ɦ2 - ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɡɜɭɤɚ�ɧɚ�ɩɨɪɨɝɟ�ɫɥɵɲɢɦɨɫɬɢ. 

Ⱦɥɹ�ɪɟɚɥɢɡɚɰɢɢ�ɪɚɫɫɦɨɬɪɟɧɧɨɣ�ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɪɚɡɪɚɛɨɬɚɧɚ�ɤɨɦɩɶɸɬɟɪɧɚɹ 

ɩɪɨɝɪɚɦɦɚ, ɩɨɡɜɨɥɹɸɳɚɹ� ɩɪɨɢɡɜɨɞɢɬɶ� ɪɚɫɱɟɬɵ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ 

ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɩɪɢ� ɫɬɚɰɢɨɧɚɪɧɨɦ� ɢ 

ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ� ɪɟɠɢɦɚɯ� ɪɚɛɨɬɵ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ [67]. Ɉɧɚ� ɩɪɢɝɨɞɧɚ� ɞɥɹ 

ɪɟɲɟɧɢɹ�ɡɚɞɚɱ�ɩɪɢ�ɹɱɟɣɤɨɜɵɯ�ɢ�ɚɧɮɢɥɚɞɧɵɯ�ɫɢɫɬɟɦɚɯ�ɩɥɚɧɢɪɨɜɤɢ. 

ȼ�ɡɚɩɢɫɚɧɧɵɯ�ɭɪɚɜɧɟɧɢɹɯ�ɭɱɢɬɵɜɚɟɬɫɹ�ɨɬɬɨɤ�ɷɧɟɪɝɢɢ�ɜ�ɫɦɟɠɧɵɟ�ɩɨɦɟɳɟɧɢɹ 

ɢ� ɨɛɪɚɬɧɵɣ� ɩɪɢɬɨɤ� ɷɧɟɪɝɢɢ� ɢɡ� ɫɦɟɠɧɵɯ� ɩɨɦɟɳɟɧɢɣ, ɚ� ɬɚɤɠɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɨɬɞɟɥɶɧɨ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɜ�ɫɢɫɬɟɦɟ�ɩɨɦɟɳɟɧɢɣ�ɩɪɹɦɨɣ�ɢ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ. 

ȼ� ɩɪɚɤɬɢɤɟ� ɪɚɫɱɟɬɨɜ� ɞɨɫɬɚɬɨɱɧɨ� ɱɚɫɬɨ� ɢ� ɛɟɡ� ɞɨɥɠɧɨɝɨ� ɨɛɨɫɧɨɜɚɧɢɹ 

ɩɪɟɧɟɛɪɟɝɚɸɬ� ɨɛɪɚɬɧɵɦ� ɩɪɢɬɨɤɨɦ� ɷɧɟɪɝɢɢ� ɢɡ� ɫɦɟɠɧɵɯ� ɩɨɦɟɳɟɧɢɣ, ɚ� ɬɚɤɠɟ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɧɟ� ɪɚɡɞɟɥɹɸɬ� ɷɧɟɪɝɢɸ� ɩɪɹɦɨɝɨ� ɢ� ɨɬɪɚɠɟɧɧɨɝɨ 

ɡɜɭɤɚ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɭɪɚɜɧɟɧɢɹ (2.1) ɢ (2.2) ɫɭɳɟɫɬɜɟɧɧɨ�ɭɩɪɨɳɚɸɬɫɹ�ɢ�ɢɦɟɸɬ�ɜɢɞ 
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ɋɯɟɦɚ� ɛɚɥɚɧɫɚ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɞɥɹ� ɞɚɧɧɨɝɨ� ɫɥɭɱɚɹ� ɩɪɢɜɟɞɟɧɚ� ɧɚ  

ɪɢɫɭɧɤɟ 2.2. 

 

 

 

Ɋɢɫɭɧɨɤ 2.2 - ɋɯɟɦɚ�ɛɚɥɚɧɫɚ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɞɥɹ i�ɝɨ�ɩɨɦɟɳɟɧɢɹ 
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Ʉɚɤ� ɢ� ɪɚɧɟɟ, ɞɥɹ� ɩɥɨɬɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɭɪɚɜɧɟɧɢɹ (2.14) ɢ (2.15) 

ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜ�ɜɢɞɟ 
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Ɋɟɲɟɧɢɟ� ɫɢɫɬɟɦ� ɭɪɚɜɧɟɧɢɣ (2.16) ɢ (2.17) ɚɧɚɥɨɝɢɱɧɨ� ɩɪɟɞɵɞɭɳɟɦɭ. ɉɪɢ 

ɷɬɨɦ� ɭɫɬɨɣɱɢɜɨɫɬɶ� ɪɟɲɟɧɢɹ� ɩɨ� ɹɜɧɨɣ� ɫɯɟɦɟ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɩɪɢ� ɜɵɩɨɥɧɟɧɢɢ 

ɭɫɥɨɜɢɹ (2.12). 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɡɜɭɤɨɜɵɯ�ɩɨɥɟɣ�ɜ�ɹɱɟɣɤɨɜɵɯ�ɢ�ɜ�ɚɧɮɢɥɚɞɧɵɯ 

ɫɢɫɬɟɦɚɯ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɩɪɢ�ɞɢɮɮɭɡɧɨɦ�ɡɜɭɤɨɜɨɦ�ɩɨɥɟ�ɢ�ɞɥɹ�ɪɚɡɪɚɛɨɬɤɢ 

ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɦɟɪɨɩɪɢɹɬɢɣ� ɩɨ� ɫɧɢɠɟɧɢɸ� ɲɭɦɚ� ɜ� ɧɢɯ� ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ�ɪɚɫɫɦɨɬɪɟɧɧɵɣ�ɜɵɲɟ�ɬɨɱɧɵɣ�ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɢ�ɪɚɡɪɚɛɨɬɚɧɧɭɸ 

ɞɥɹ� ɟɝɨ� ɪɟɚɥɢɡɚɰɢɢ� ɤɨɦɩɶɸɬɟɪɧɭɸ� ɩɪɨɝɪɚɦɦɭ [67]. Ɉɧ� ɩɨɡɜɨɥɹɟɬ� ɭɱɢɬɵɜɚɬɶ 

ɤɨɧɤɪɟɬɧɵɟ� ɭɫɥɨɜɢɹ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

ɫɢɫɬɟɦɵ�ɢ�ɚɤɭɫɬɢɱɟɫɤɭɸ�ɫɜɹɡɶ�ɦɟɠɞɭ�ɧɢɦɢ. 

 

 

2.2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɩɪɨɜɟɪɤɚ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ�ɪɚɫɱɟɬɧɨɝɨ�ɦɟɬɨɞɚ 

 

 

Ⱦɥɹ�ɨɰɟɧɤɢ�ɬɨɱɧɨɫɬɢ�ɪɚɫɱɟɬɨɜ�ɲɭɦɚ�ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ�ɦɟɬɨɞɨɦ�ɩɪɨɢɡɜɟɞɟɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢ�ɜɵɩɨɥɧɟɧɨ�ɢɯ�ɫɪɚɜɧɟɧɢɟ�ɫ�ɞɚɧɧɵɦɢ�ɪɚɫɱɟɬɨɜ. 

Ɇɟɬɨɞɢɤɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�ɪɟɡɭɥɶɬɚɬɵ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ 

ɩɪɢɜɟɞɟɧɵ�ɧɢɠɟ. 

ɉɪɢ�ɩɪɨɜɟɞɟɧɢɢ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɩɨɫɬɚɜɥɟɧɚ�ɢ�ɪɟɲɟɧɚ�ɡɚɞɚɱɚ�ɨɰɟɧɤɢ 

ɫɬɟɩɟɧɢ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɩɪɟɞɥɨɠɟɧɧɨɝɨ� ɪɚɫɱɟɬɧɨɝɨ� ɦɟɬɨɞɚ� ɪɟɚɥɶɧɵɦ� ɭɫɥɨɜɢɹɦ 

ɮɨɪɦɢɪɨɜɚɧɢɹ�ɡɜɭɤɨɜɵɯ�ɩɨɥɟɣ�ɩɨɦɟɳɟɧɢɣ�ɜ�ɹɱɟɣɤɨɜɵɯ�ɫɢɫɬɟɦɚɯ�ɩɥɚɧɢɪɨɜɨɤ. 

ȼɵɛɨɪ�ɨɛɴɟɤɬɚ�ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɢɡɜɨɞɢɥɫɹ�ɢɫɯɨɞɹ�ɢɡ ɭɫɥɨɜɢɣ�ɨɛɟɫɩɟɱɟɧɢɹ 

ɜ�ɢɫɫɥɟɞɭɟɦɨɣ�ɫɢɫɬɟɦɟ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɞɢɮɮɭɡɧɨɝɨ�ɨɬɪɚɠɟɧɢɹ 

ɡɜɭɤɚ�ɨɬ�ɩɨɜɟɪɯɧɨɫɬɟɣ�ɢ�ɞɨɫɬɚɬɨɱɧɨ�ɪɚɜɧɨɦɟɪɧɨɝɨ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

ɜ�ɤɚɠɞɨɦ�ɨɛɴɟɦɟ�ɫɢɫɬɟɦɵ. ȼ�ɷɬɨɣ�ɫɜɹɡɢ�ɜ�ɤɚɱɟɫɬɜɟ�ɨɛɴɟɤɬɚ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɪɢɧɹɬɚ 
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ɬɢɩɨɜɚɹ� ɬɪɟɯɤɨɦɧɚɬɧɚɹ� ɤɜɚɪɬɢɪɚ� ɹɱɟɣɤɨɜɨɣ� ɫɢɫɬɟɦɵ�ɩɥɚɧɢɪɨɜɤɢ� ɫ� ɫɨɪɚɡɦɟɪɧɵɦɢ 

ɩɨɦɟɳɟɧɢɹɦɢ. 

Ⱥɩɩɚɪɚɬɭɪɧɨɟ� ɨɛɟɫɩɟɱɟɧɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɜɤɥɸɱɚɥɨ 

ɢɫɬɨɱɧɢɤɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɤɨɦɩɥɟɤɬ�ɲɭɦɨɦɟɬɪɢɱɟɫɤɢɯ�ɩɪɢɛɨɪɨɜ�ɢ� ɚɩɩɚɪɚɬɭɪɭ 

ɞɥɹ� ɢɡɦɟɪɟɧɢɹ� ɜɪɟɦɟɧɢ� ɪɟɜɟɪɛɟɪɚɰɢɢ. ɉɪɢ� ɢɡɦɟɪɟɧɢɹɯ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɜɫɟɧɚɩɪɚɜɥɟɧɧɵɣ�ɢɫɬɨɱɧɢɤ�ɡɜɭɤɚ (ɞɨɞɟɤɚɷɞɪ) OED-SP-012-600. Ɂɜɭɤɨɜɚɹ�ɦɨɳɧɨɫɬɶ 

ɢɫɬɨɱɧɢɤɚ 90 ɞȻ�ɢ� ɜɵɲɟ. ɉɨɤɚɡɚɬɟɥɶ� ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ� ɢɫɬɨɱɧɢɤɚ� ɧɟ� ɩɪɟɜɵɲɚɥ ±5 

ɞȻ. ɂɡɦɟɪɟɧɢɹ� ɜɵɩɨɥɧɹɥɢɫɶ� ɲɭɦɨɦɟɪɨɦ� ɗɄɈɎɂɁɂɄȺ-110Ⱥ. ɂɫɫɥɟɞɨɜɚɧɢɟ 

ɪɟɜɟɪɛɟɪɚɰɢɢ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɲɭɦɨɦɟɪɚ� ɢ� ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ� ɩɪɢɛɨɪɨɜ� ɮɢɪɦɵ� Ɉɤɬɚɜɚ «110 UTIL», ɩɨɡɜɨɥɹɸɳɟɝɨ� ɡɚɩɢɫɵɜɚɬɶ� ɢ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ�ɜɪɟɦɟɧɧɵɟ�ɢ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ. 

Ɇɟɬɨɞɢɤɚ� ɢɡɦɟɪɟɧɢɣ. ȼɵɛɨɪ� ɤɨɥɢɱɟɫɬɜɚ� ɢ� ɩɨɥɨɠɟɧɢɹ� ɬɨɱɟɤ� ɢɡɦɟɪɟɧɢɣ� ɜ 

ɤɜɚɪɬɢɪɟ� ɨɬɜɟɱɚɥ� ɬɪɟɛɨɜɚɧɢɹɦ� ɚɧɚɥɢɡɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɫ 

ɩɨɡɢɰɢɢ� ɜɥɢɹɧɢɹ� ɧɚ� ɧɟɟ� ɯɚɪɚɤɬɟɪɚ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɢ� ɩɪɨɩɨɪɰɢɣ� ɩɨɦɟɳɟɧɢɣ. 

Ɉɛɳɟɟ� ɤɨɥɢɱɟɫɬɜɨ� ɬɨɱɟɤ� ɢɡɦɟɪɟɧɢɹ� ɜ� ɤɜɚɪɬɢɪɟ� ɩɪɢɧɢɦɚɥɨɫɶ� ɬɚɤɢɦ, ɱɬɨɛɵ� ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɦɨɠɧɨ� ɛɵɥɨ� ɫɭɞɢɬɶ� ɨɛ� ɨɛɳɟɣ� ɤɚɪɬɢɧɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɜɚɪɬɢɪɟ. ɂɡɦɟɪɟɧɢɹ� ɞɥɹ� ɜɫɟɯ� ɪɚɫɱɟɬɧɵɯ� ɬɨɱɟɤ� ɜ� ɩɨɦɟɳɟɧɢɢ 

ɜɵɩɨɥɧɹɥɢɫɶ� ɜ� ɨɞɧɨɣ� ɯɚɪɚɤɬɟɪɧɨɣ� ɩɥɨɫɤɨɫɬɢ� ɧɚ� ɭɪɨɜɧɟ 1.5 ɦ� ɨɬ� ɩɨɥɚ. ɒɭɦɨɜɨɣ 

ɮɨɧ� ɜɨ� ɜɫɟɯ� ɫɥɭɱɚɹɯ� ɛɵɥ� ɧɚ 10-15 ɞȻ� ɧɢɠɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ, 

ɫɨɡɞɚɜɚɟɦɵɯ�ɢɫɬɨɱɧɢɤɨɦ�ɜ�ɧɚɢɛɨɥɟɟ�ɭɞɚɥɟɧɧɵɯ�ɬɨɱɤɚɯ. 

ɋɪɚɜɧɢɬɟɥɶɧɚɹ� ɨɰɟɧɤɚ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ 

ɜɵɩɨɥɧɟɧɚ� ɧɚ� ɨɫɧɨɜɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɨɛɪɚɛɨɬɤɢ. Ɋɚɫɯɨɠɞɟɧɢɹ�ɦɟɠɞɭ 

ɪɚɫɱɟɬɧɵɦɢ� ɞɚɧɧɵɦɢ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɨɦ� ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ 

ɩɨɤɚɡɚɬɟɥɟɦ - ɫɪɟɞɧɢɦ�ɤɜɚɞɪɚɬɢɱɧɵɦ�ɨɬɤɥɨɧɟɧɢɟɦ 
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2 /)( ,   (2.20) 

ɝɞɟ L'  - ɪɚɡɧɨɫɬɶ� ɢɡɦɟɪɟɧɧɨɝɨ� ɢ� ɪɚɫɫɱɢɬɚɧɧɨɝɨ� ɭɪɨɜɧɟɣ; L'  - ɫɪɟɞɧɟɟ 

ɪɚɫɯɨɠɞɟɧɢɟ� ɞɚɧɧɵɯ� ɪɚɫɱɟɬɨɜ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚ, ɪɚɜɧɨɟ         ;  

N – ɤɨɥɢɱɟɫɬɜɨ�ɪɚɫɱɟɬɧɵɯ�ɬɨɱɟɤ. 
Ɋɚɫɱɟɬɵ�ɜɵɩɨɥɧɹɥɢɫɶ�ɫ�ɩɨɦɨɳɶɸ�ɤɨɦɩɶɸɬɟɪɧɨɣ�ɩɪɨɝɪɚɦɦɵ [67]. 

ɋɯɟɦɚ� ɤɜɚɪɬɢɪɵ� ɩɪɢɜɟɞɟɧɚ� ɧɚ� ɪɢɫɭɧɤɟ 2.3. Ʉɜɚɪɬɢɪɚ� ɫɨɫɬɨɢɬ� ɢɡ 8 

ɩɨɦɟɳɟɧɢɣ, ɪɚɡɞɟɥɟɧɧɵɯ� ɤɢɪɩɢɱɧɵɦɢ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɫɨ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ 41 ɞȻ. 
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' '
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Ɂɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɧɵɯ� ɡɚɩɨɥɧɟɧɢɣ 10 ɞȻ. ȼɵɫɨɬɚ� ɩɨɦɟɳɟɧɢɹ 2.7 ɦ. Ɉɫɬɚɥɶɧɵɟ 

ɩɚɪɚɦɟɬɪɵ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɞɚɧɵ�ɜ�ɬɚɛɥɢɰɟ 2.1. ȼɫɟɝɨ�ɩɪɨɢɡɜɟɞɟɧɨ�ɬɪɢ�ɫɟɪɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɩɪɢ�ɬɪɟɯ�ɢɡɦɟɧɟɧɢɹɯ�ɦɟɫɬɚ�ɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɜ�ɤɜɚɪɬɢɪɟ. 

ɂɡɦɟɪɟɧɢɹ� ɜ� ɤɚɠɞɨɦ� ɩɨɦɟɳɟɧɢɢ� ɩɪɨɢɡɜɨɞɢɥɢɫɶ� ɧɟ� ɦɟɧɟɟ� ɱɟɦ�ɜ� ɬɪɟɯ� ɬɨɱɤɚɯ� ɩɪɢ 

ɨɬɤɪɵɬɵɯ�ɢ�ɡɚɤɪɵɬɵɯ�ɞɜɟɪɹɯ�ɜɨ�ɜɫɟɯ�ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ. 

 
Ɋɢɫɭɧɨɤ 2.3 - ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɤ�ɪɚɫɱɟɬɭ 

 

Ɍɚɛɥɢɰɚ 2.1 - ɉɚɪɚɦɟɬɪɵ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ  

ʋ 
ɩɨɦ. 

 

ɉɥɨɳɚɞɶ 
ɨɝɪɚɠɞɟɧɢɣ 
ɩɨɦɟɳɟɧɢɹ, 

Si�ɦ2 

ɉɥɨɳɚɞɶ 
ɞɜɟɪɧɨɝɨ 
ɩɪɨɟɦɚ 

ɩɨɦɟɳɟɧɢɹ 

Ɉɛɴɟɦ 
ɩɨɦɟɳɟɧɢɹ, 

Vi�ɦ3 

ɋɪɟɞɧɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ 
ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ  
ɩɨɦɟɳɟɧɢɣ Įi 

1 2 3 4 5 
1 46.8 2.0 21.6 0.2 
2 48.0 1.8 22.5 0.1 
3 73.9 2.0 41.5 0.2 
4 66.4 1.8 35.0 0.2 
5 27.6 1.84 8.1 0.2 
6 18.1 1.4 4.8 0.1 
7 24.1 1.4 7.8 0.05 
8 47.0 1.8 21.9 0.2 
 

Ɋɟɡɭɥɶɬɚɬɵ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɞɚɧɧɵɯ 

ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɚɯ 2.2 – 2.4. 

 



47 

Ɍɚɛɥɢɰɚ 2.2 - Ɋɚɫɱɟɬɧɵɟ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɤɜɚɪɬɢɪɵ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɩɨɦɟɳɟɧɢɢ�ʋ1 

ʋ 
ɩɨɦɟɳɟɧɢɹ 
ɤɜɚɪɬɢɪɵ 

ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɨɤɬɚɜɧɨɣ 
ɩɨɥɨɫɟ�ɫ fɫɪ=1000 Ƚɰ, ɞȻ 

ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɨɤɬɚɜɧɨɣ 
ɩɨɥɨɫɟ�ɫ fɫɪ =4000 Ƚɰ, ɞȻ 

ɂɡɦɟɪɟɧɧɵɟ 
Lɷ 

Ɋɚɫɱɟɬɧɵɟ 
Lp 

ɤɜL'
 

ɂɡɦɟɪɟɧɧɵɟ   
Lɷ 

Ɋɚɫɱɟɬɧɵɟ 
Lp ɤɜL'  

1 2 3 4 5 6 7 
ȼɫɟ�ɞɜɟɪɢ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɨɬɤɪɵɬɵ 

1 88.31 87.10 1.21 85.93 87.10 1.17 
2 82.55 81.40 1.15 80.14 81.40 1.26 
3 76.13 76.50 0.37 75.19 76.50 1.31 
4 78.64 76.10 2.54 75.89 76.10 0.21 
5 82.05 81.20 0.85 80.70 81.20 0.50 
6 69.75 69.10 0.65 68.41 69.10 0.69 
7 67.75 67.20 0.55 66.23 67.20 0.97 
8 77.14 76.20 0.64 74.53 76.20 1.68 

ȼɫɟ�ɞɜɟɪɢ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɡɚɤɪɵɬɵ 
1 90.30 88.90 1.46 89.20 88.90 0.30 
2 73.20 72.30 0.87 71.20 72.30 1.10 
3 68.60 67.20 1.36 66.10 67.20 1.14 
4 65.30 66.60 1.30 64.80 66.60 1.85 
5 82.80 81.50 1.29 79.60 81.50 1.87 
6 70.40 71.80 1.37 72.10 71.80 0.32 
7 68.30 70.10 1.85 71.80 70.10 1.72 
8 53.80 52.80 0.96 51.70 52.80 1.09 

 

Ɍɚɛɥɢɰɚ 2.3 - Ɋɚɫɱɟɬɧɵɟ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɤɜɚɪɬɢɪɵ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɩɨɦɟɳɟɧɢɢ�ʋ2 

ʋ 
ɩɨɦɟɳɟɧɢɹ 
ɤɜɚɪɬɢɪɵ 

ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɨɤɬɚɜɧɨɣ 
ɩɨɥɨɫɟ�ɫ fɫɪ=1000 Ƚɰ, ɞȻ 

ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɨɤɬɚɜɧɨɣ 
ɩɨɥɨɫɟ�ɫ fɫɪ =4000 Ƚɰ, ɞȻ 

ɂɡɦɟɪɟɧɧɵɟ 
Lɷ 

Ɋɚɫɱɟɬɧɵɟ 
Lp 

ɤɜL'
 

ɂɡɦɟɪɟɧɧɵɟ   
Lɷ 

Ɋɚɫɱɟɬɧɵɟ 
Lp ɤɜL'  

1 2 3 4 5 6 7 
ȼɫɟ�ɞɜɟɪɢ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɨɬɤɪɵɬɵ 

1 82.10 80.80 1.26 79.80 80.80 1.01 
2 90.10 88.50 1.59 88.40 88.50 0.14 
3 71.20 69.90 1.33 68.20 69.90 1.69 
4 71.60 70.30 1.34 68.80 70.30 1.46 
5 79.90 78.10 1.79 77.10 78.10 0.98 
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ɉɪɨɞɨɥɠɟɧɢɟ�ɬɚɛɥ. 2.3 

1 2 3 4 5 6 7 
6 66.90 68.10 1.19 66.20 68.10 1.88 
7 64.10 63.20 0.92 61.30 63.20 1.87 
8 69.40 69.20 0.20 67.50 69.20 1.70 

ȼɫɟ�ɞɜɟɪɢ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɡɚɤɪɵɬɵ 
1 71.20 71.30 0.15 69.90 71.30 1.45 
2 90.60 89.00 1.59 88.50 89.00 0.48 
3 44.00 42.10 1.94 40.40 42.10 1.74 
4 44.10 42.30 1.77 43.90 42.30 1.64 
5 64.10 62.50 1.60 60.80 62.50 1.70 
6 52.20 50.80 1.40 49.10 50.80 1.70 
7 47.70 45.80 1.86 44.60 45.80 1.18 
8 38.20 36.50 1.70 35.40 36.50 1.10 

Ɉɬɤɪɵɬɚ�ɞɜɟɪɶ�ɜɬɨɪɨɝɨ�ɩɨɦɟɳɟɧɢɹ 
1 82.10 80.90 1.20 81.60 80.90 0.70 
2 88.70 87.60 1.05 87.90 87.60 0.30 
3 54.70 55.70 1.04 54.30 55.70 1.36 
4 54.90 53.20 1.70 52.70 53.20 0.53 
5 75.20 73.50 1.70 71.90 73.50 1.60 
6 68.60 67.30 1.25 63.10 64.30 1.25 
7 67.40 66.20 1.20 65.10 66.20 1.10 
8 56.40 55.10 1.30 54.20 55.10 0.90 
 

Ɍɚɛɥɢɰɚ 2.4 - Ɋɚɫɱɟɬɧɵɟ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɤɜɚɪɬɢɪɵ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɩɨɦɟɳɟɧɢɢ�ʋ3 

ʋ 
ɩɨɦɟɳɟɧɢɹ 
ɤɜɚɪɬɢɪɵ 

ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ 
ɫ fɫɪ=1000 Ƚɰ, ɞȻ 

ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɨɤɬɚɜɧɨɣ 
ɩɨɥɨɫɟ�ɫ fɫɪ =4000 Ƚɰ, ɞȻ 

ɂɡɦɟɪɟɧɧɵɟ 
Lɷ 

Ɋɚɫɱɟɬɧɵɟ 
Lp ɤɜL'  

ɂɡɦɟɪɟɧɧɵɟ   
Lɷ 

Ɋɚɫɱɟɬɧɵɟ 
Lp ɤɜL'  

1 2 3 4 5 6 7 
ȼɫɟ�ɞɜɟɪɢ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɨɬɤɪɵɬɵ 

1 75.20 73.90 1.33 73.50 73.90 0.39 
2 69.80 68.10 1.70 66.40 68.10 1.67 
3 84.90 83.90 1.00 85.10 83.90 1.17 
4 67.10 65.40 1.70 64.70 65.40 0.72 
5 72.00 70.20 1.82 71.50 70.20 1.28 
6 58.90 57.10 1.80 58.60 57.10 1.48 
7 66.90 65.10 1.80 63.90 65.10 1.20 
8 57.90 56.40 1.50 55.40 56.40 1.05 
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ɉɪɨɞɨɥɠɟɧɢɟ�ɬɚɛɥ. 2.4 

1 2 3 4 5 6 7 
ȼɫɟ�ɞɜɟɪɢ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɡɚɤɪɵɬɵ 

1 61,20 59,80 1,40 58,40 59,80 1,40 
2 43,50 44,10 0,59 42,90 44,10 1,20 
3 85.80 84.90 0.90 85.20 84.90 0.26 
4 45.70 46.20 0.51 44.80 46.20 1.40 
5 61.10 60.70 0.38 61.00 60.70 0.32 
6 48.60 50.10 1.52 48.10 50.10 1.97 
7 45.50 46.40 0.88 44.90 46.40 1.50 
8 46.40 46.30 0.05 45.10 46.30 1.20 

Ɉɬɤɪɵɬɚ�ɞɜɟɪɶ�ɬɪɟɬɶɟɝɨ�ɩɨɦɟɳɟɧɢɹ 
1 76.90 75.10 1.78 73.80 75.10 1.32 
2 60.20 61.80 1.58 60.20 61.80 1.58 
3 85.10 83.30 1.77 81.90 83.30 1.43 
4 58.50 57.10 1.38 56.20 57.10 0.92 
5 70.90 69.40 1.46 68.20 69.40 1.24 
6 61.20 60.30 0.90 59.30 60.30 1.00 
7 63.10 62.20 0.92 60.70 62.20 1.48 
8 54.60 53.20 1.37 51.60 53.20 1.63 

 

Ⱥɧɚɥɢɡ�ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ�ɦɟɬɨɞ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɞɨɫɬɚɬɨɱɧɭɸ�ɬɨɱɧɨɫɬɶ�ɪɚɫɱɟɬɨɜ 

ɭɪɨɜɧɟɣ�ɲɭɦɚ�ɜ�ɤɜɚɪɬɢɪɚɯ. Ɋɚɫɯɨɠɞɟɧɢɟ�ɪɟɡɭɥɶɬɚɬɨɜ�ɪɚɫɱɟɬɨɜ�ɫ�ɷɤɫɩɟɪɢɦɟɧɬɨɦ�ɧɟ 

ɩɪɟɜɵɲɚɸɬ 2 ɞȻ. Ɇɟɬɨɞ� ɚɞɟɤɜɚɬɧɨ� ɪɟɚɝɢɪɭɟɬ� ɧɚ� ɢɡɦɟɧɟɧɢɟ� ɭɫɥɨɜɢɣ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɢɡɦɟɧɟɧɢɹɯ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɜɹɡɟɣ�ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ�ɤɜɚɪɬɢɪɵ.  

 

 

2.3 ɂɫɫɥɟɞɨɜɚɧɢɹ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɜ 

ɫɨɪɚɡɦɟɪɧɵɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɢ�ɨɰɟɧɤɚ�ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɢɯ�ɭɱɟɬɚ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɲɭɦɚ�ɧɚ�ɨɫɧɨɜɟ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɚɤɭɫɬɢɤɢ 

 

 

ɐɟɥɶɸ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɜ� ɞɚɧɧɨɦ� ɪɚɡɞɟɥɟ� ɹɜɥɹɟɬɫɹ� ɨɰɟɧɤɚ� ɬɨɱɧɨɫɬɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ�ɩɨɞɯɨɞɚ�ɤ�ɪɚɫɱɟɬɭ�ɲɭɦɚ�ɜ� ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɢ 

ɭɬɨɱɧɟɧɢɟ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɧɚ� ɨɫɧɨɜɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ 

ɦɟɬɨɞɚɦɢ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ�ɭɩɪɨɳɟɧɢɹ� ɡɚɩɢɫɟɣ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
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ɜɵɩɨɥɧɹɥɢɫɶ� ɧɚ� ɩɪɢɦɟɪɟ� ɞɜɭɯ� ɫɜɹɡɚɧɧɵɯ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ. ɉɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ�ɦɨɠɧɨ�ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ�ɧɚ�ɞɪɭɝɨɟ�ɤɨɥɢɱɟɫɬɜɨ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ.  

ɍɱɟɬ� ɜɥɢɹɧɢɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɢ� ɟɝɨ� ɩɨɥɨɠɟɧɢɹ� ɧɚ 

ɡɜɭɤɨɜɨɟ�ɩɨɥɟ�ɜ�ɫɦɟɠɧɨɦ�ɩɨɦɟɳɟɧɢɢ. 

ɉɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɩɪɟɞɥɨɠɟɧɧɵɦ� ɪɚɫɱɟɬɧɵɦ� ɦɟɬɨɞɨɦ� ɜ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɜ 

ɩɪɚɤɬɢɤɟ�ɢɫɩɨɥɶɡɭɟɬɫɹ�ɭɩɪɨɳɟɧɧɵɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ, ɩɪɢ�ɤɨɬɨɪɨɦ�ɜ�ɞɜɭɯ�ɫɜɹɡɚɧɧɵɯ 

ɦɟɠɞɭ�ɫɨɛɨɣ�ɩɨɦɟɳɟɧɢɹɯ�ɭɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɨɩɪɟɞɟɥɹɸɬɫɹ:  

ɞɥɹ�ɩɨɦɟɳɟɧɢɹ�ɫ�ɢɫɬɨɱɧɢɤɨɦ�ɲɭɦɚ�ɤɚɤ 

� �111 /4lg10 SLL w D� ,    (2.19) 

ɞɥɹ�ɩɨɦɟɳɟɧɢɹ�ɛɟɡ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɤɚɤ 
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ȼ�ɮɨɪɦɭɥɚɯ (2.19) ɢ (2.20) wL - ɭɪɨɜɟɧɶ� ɚɤɭɫɬɢɱɟɫɤɨɣ�ɦɨɳɧɨɫɬɢ�ɢɫɬɨɱɧɢɤɚ 

ɲɭɦɚ, ɪɚɡɦɟɳɟɧɧɨɝɨ� ɜ� ɩɟɪɜɨɦ� ɩɨɦɟɳɟɧɢɢ; 2211 ,,, SS DD – ɫɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɢ�ɩɥɨɳɚɞɢ�ɨɝɪɚɠɞɚɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ�ɩɟɪɜɨɦ 

©ɲɭɦɧɨɦ» ɢ� ɜɨ� ɜɬɨɪɨɦ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɹɯ; ɜɞɞɜ,WS - ɩɥɨɳɚɞɶ� ɢ� ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ�ɞɜɟɪɢ; ɩɟɪW  - ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ�ɩɟɪɟɝɨɪɨɞɤɢ;  

ɩɟɪS c - ɩɥɨɳɚɞɶ�ɩɟɪɟɝɨɪɨɞɤɢ�ɛɟɡ�ɭɱɟɬɚ�ɩɥɨɳɚɞɢ�ɞɜɟɪɢ. 

ȼɢɞɧɨ, ɱɬɨ� ɧɟɞɨɫɬɚɬɤɨɦ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɜɵɪɚɠɟɧɢɣ (2.19) ɢ (2.20) ɹɜɥɹɟɬɫɹ� ɨɛɴɟɞɢɧɟɧɢɟ� ɩɪɹɦɨɝɨ� ɢ 

ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ� ɫ� ɩɨɫɥɟɞɭɸɳɢɦ� ɪɚɫɱɟɬɨɦ� ɟɝɨ� ɤɚɤ� ɞɥɹ� ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ. ȼ 

ɪɟɚɥɶɧɨɫɬɢ� ɜɛɥɢɡɢ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɫɭɦɦɚɪɧɨɟ� ɡɜɭɤɨɜɨɟ� ɩɨɥɟ� ɡɚ� ɫɱɟɬ� ɧɚɥɢɱɢɹ 

ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɧɟ�ɞɢɮɮɭɡɧɨ. ɗɬɨ�ɦɨɠɟɬ�ɩɪɢɜɨɞɢɬɶ�ɤ�ɫɭɳɟɫɬɜɟɧɧɵɦ�ɩɨɝɪɟɲɧɨɫɬɹɦ. 

ɇɢɠɟ� ɩɪɨɢɡɜɟɞɟɧ� ɭɱɟɬ� ɜɥɢɹɧɢɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ� ɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɧɚ�ɲɭɦ� ɜ 

ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɢ�ɜɵɩɨɥɧɟɧɚ�ɨɰɟɧɤɚ�ɜɟɥɢɱɢɧɵ�ɷɬɨɝɨ�ɜɥɢɹɧɢɹ. 

Ɂɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ� ɩɪɢ� ɞɟɣɫɬɜɢɢ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɥɨɤɚɥɶɧɨɝɨ� ɬɨɱɟɱɧɨɝɨ 

ɧɟɧɚɩɪɚɜɥɟɧɧɨɝɨ�ɢɫɬɨɱɧɢɤɚ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɷɧɟɪɝɢɹɦɢ�ɩɪɹɦɨɝɨ�ɢ�ɨɬɪɚɠɟɧɧɨɝɨ�ɡɜɭɤɚ, 

ɩɥɨɬɧɨɫɬɢ�ɤɨɬɨɪɵɯ�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɤɚɤ 

crWɩɪ
24/ SH  c ,                   (2.21) 

111 /)1(4 ScW DDH � c .     (2.22) 
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ɂɧɬɟɧɫɢɜɧɨɫɬɶ�ɩɚɞɚɸɳɟɣ�ɷɧɟɪɝɢɢ�ɧɚ�ɷɥɟɦɟɧɬ�ɨɝɪɚɠɞɟɧɢɹ dsɫɨɫɬɚɜɥɹɟɬ 

4/cosɩɪ ccI
ds

HTH c�c ,     (2.23) 

ɝɞɟ T - ɭɝɨɥ�ɦɟɠɞɭ�ɧɨɪɦɚɥɶɸ�ɤ ds�ɢ�ɧɚɩɪɚɜɥɟɧɢɟɦ�ɩɨɞɚɸɳɟɝɨ�ɥɭɱɚ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ.  

Ɇɨɳɧɨɫɬɶ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɷɧɟɪɝɢɢ, ɢɡɭɱɚɟɦɨɣ  ɨɝɪɚɠɞɟɧɢɟɦ�ɜ�ɫɦɟɠɧɨɟ «ɬɢɯɨɟ» 

ɩɨɦɟɳɟɧɢɟ, ɪɚɜɧɚ 

dscdsc
SɫSɫ

dsIW
ssss

TWHTWH
WHWH

W coscos
44 ɞɜɩɪɩɟɪɩɪ

ɞɜɞɜɩɟɪɩɟɪ

ɞɜɩɟɪɞɜɩɟɪ

�c���c�
�c

�
�cc

  cc ³³³
c�c

.   (2.24) 

Ⱦɥɹ�ɩɟɪɟɯɨɞɚ�ɜ�ɩɨɥɹɪɧɭɸ�ɫɢɫɬɟɦɭ�ɤɨɨɪɞɢɧɚɬ�ɡɚɩɢɲɟɦ 

TJJ ddrds �� sin2     (2.25) 

ɝɞɟ TJ , - ɭɝɥɨɜɵɟ� ɤɨɨɪɞɢɧɚɬɵ� ɜ� ɩɨɥɹɪɧɨɣ� ɫɢɫɬɟɦɟ; r - ɪɚɫɫɬɨɹɧɢɟ� ɨɬ� ɢɫɬɨɱɧɢɤɚ 

ɲɭɦɚ�ɞɨ�ɷɥɟɦɟɧɬɚ�ɨɝɪɚɠɞɟɧɢɹ ds . 

ɋ� ɭɱɟɬɨɦ (2.21) ɢ (2.25) ɢ� ɡɚɦɟɧɵ� ɩɪɟɞɟɥɨɜ� ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ� ɜɵɪɚɠɟɧɢɟ� ɞɥɹ 

ɚɤɭɫɬɢɱɟɫɤɨɣ� ɦɨɳɧɨɫɬɢ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɢɡɥɭɱɚɟɦɨɣ� ɩɟɪɟɝɨɪɨɞɤɨɣ� ɜ� ɫɦɟɠɧɨɟ 

ɩɨɦɟɳɟɧɢɟ, (2.24) ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜ�ɜɢɞɟ 

S
W

TJJT
S
W

TWH
4

sincos
4

cos ɩɟɪɩɟɪ2
2
ɩɟɪ

ɩɟɪɩɪ

ɩɟɪɩɟɪ

:
 � ��c ³³

:c

W
ddr

ɫr
Wc

dsɫ
S

, (2.26) 

ɝɞɟ ɩɟɪ: - ɬɟɥɟɫɧɵɣ�ɭɝɨɥ, ɩɨɞ�ɤɨɬɨɪɵɦ�ɢɡ�ɬɨɱɤɢ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɜɢɞɧɚ�ɩɟɪɟɝɨɪɨɞɤɚ. 

Ɉɬɧɨɲɟɧɢɟ S4/ɩɟɪ:  ɩɨɤɚɡɵɜɚɟɬ� ɞɨɥɸ� ɩɪɹɦɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɩɚɞɚɸɳɟɣ� ɧɚ 

ɷɥɟɦɟɧɬ�ɨɝɪɚɠɞɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ (2.26) ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ�ɜɵɪɚɠɟɧɢɟ�ɢ�ɞɥɹ�ɞɜɟɪɧɨɝɨ 

ɩɪɨɟɦɚ. 

ɉɨɫɥɟ� ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ� ɨɤɨɧɱɚɬɟɥɶɧɨ� ɢɦɟɟɦ� ɮɨɪɦɭɥɭ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ 

ɭɪɨɜɧɹ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜɨ�ɜɬɨɪɨɦ�ɩɨɦɟɳɟɧɢɢ 

¸̧
¹

·
¨̈
©

§
�¸̧

¹

·
¨̈
©

§
��

�
�

�c
� 

22

ɞɜɞɜɩɟɪɩɟɪ

11

ɞɜ1ɞɜ

11

ɩɟɪ1ɩɟɪ
2

4lg10
44

11
lg10

SĮʌ
Ĳȍ

ʌ
Ĳȍ

SĮ
Ĳ)Į(S

SĮ
�ĲĮ(S

LL W .(2.27) 

Ⱦɥɹ�ɜɵɱɢɫɥɟɧɢɹ�ɬɟɥɟɫɧɵɯ�ɭɝɥɨɜ ɩɟɪ:  ɢ ɞɜ:  ɭɞɨɛɧɨ�ɪɚɡɞɟɥɢɬɶ�ɤɨɧɫɬɪɭɤɰɢɢ�ɧɚ 

ɬɪɟɭɝɨɥɶɧɢɤɢ�ɢ�ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ�ɜɵɪɚɠɟɧɢɟɦ�Ʌɸɢɥɶɟ [41] 
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§ :

2222
4 PCtgPBtgPAtgPtgarctg ,   (2.28) 

ɝɞɟ CBA ,, – ɭɝɨɥ�ɝɪɚɧɟɣ�ɬɟɥɟɫɧɨɝɨ�ɭɝɥɚ�ɩɪɢ�ɟɝɨ�ɜɟɪɲɢɧɟ; 2/)( CBAP �� . 

ȼ� ɤɨɦɩɶɸɬɟɪɧɵɯ� ɩɪɨɝɪɚɦɦɚɯ� ɞɥɹ� ɧɟɛɨɥɶɲɢɯ� ɷɥɟɦɟɧɬɨɜ� ɨɝɪɚɠɞɟɧɢɣ 

ɜɨɡɦɨɠɧɨ�ɩɪɢɛɥɢɠɟɧɧɨɟ�ɨɩɪɟɞɟɥɟɧɢɟ�ɬɟɥɟɫɧɵɯ�ɭɝɥɨɜ�ɜ�ɜɢɞɟ 
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2/cos RS T� : ,            (2.29) 

ɝɞɟ R – ɪɚɫɫɬɨɹɧɢɟ�ɨɬ�ɢɫɬɨɱɧɢɤɚ�ɞɨ�ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ�ɰɟɧɬɪɚ�ɷɥɟɦɟɧɬɚ�ɨɝɪɚɠɞɟɧɢɹ;  

T - ɭɝɨɥ�ɦɟɠɞɭ R�ɢ�ɧɨɪɦɚɥɶɸ�ɤ�ɷɥɟɦɟɧɬɭ�ɨɝɪɚɠɞɟɧɢɹ�ɩɥɨɳɚɞɶɸ S. 

ɇɢɠɟ�ɧɚ�ɤɨɧɤɪɟɬɧɨɦ�ɩɪɢɦɟɪɟ�ɞɚɧ�ɚɧɚɥɢɡ�ɪɚɫɯɨɠɞɟɧɢɹ�ɪɟɡɭɥɶɬɚɬɨɜ�ɪɚɫɱɟɬɨɜ 

ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɞɜɭɯ� ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ� ɩɪɢɛɥɢɠɟɧɧɨɦ� ɢ 

ɬɨɱɧɨɦ�ɭɱɟɬɚɯ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ. 

ɉɪɢɦɟɪ 1.� Ɋɚɫɫɱɢɬɚɬɶ� ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ, 

ɪɚɡɞɟɥɟɧɧɵɯ� ɩɟɪɟɝɨɪɨɞɤɨɣ� ɩɥɨɳɚɞɶɸ ɩɟɪS =15 ɦ2 ɫɨ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ ɩɟɪR =26 ɞȻ. 

ɋɯɟɦɚ� ɩɨɦɟɳɟɧɢɣ� ɩɪɢɜɟɞɟɧɚ� ɧɚ� ɪɢɫɭɧɤɟ 2.4. ɂɫɬɨɱɧɢɤ� ɲɭɦɚ� ɦɨɳɧɨɫɬɶɸ  

WL =100 ɞȻ� ɧɚɯɨɞɢɬɫɹ� ɜ «ɲɭɦɧɨɦ» ɩɨɦɟɳɟɧɢɢ� ɜ� ɬɨɱɤɟ� ʋ2. Ʉɨɷɮɮɢɰɢɟɧɬɵ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ 07.0ɩɨɥɚɫɬɟɧ   DD , ɩɨɬɨɥɤɚ 43.0ɩɨɬ  D . Ⱦɜɟɪɶ 

ɩɥɨɳɚɞɶɸ ɞɜS =  3  ɦ2 ɢɦɟɟɬ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ 0ɞɜ  R � ɜ� ɨɬɤɪɵɬɨɦ� ɫɨɫɬɨɹɧɢɢ� ɢ 

10ɞɜ  R  ɞȻ�ɜ�ɡɚɤɪɵɬɨɦ. ȼɵɫɨɬɚ�ɩɨɦɟɳɟɧɢɹ h=3 ɦ. 

 
Ɋɢɫɭɧɨɤ 2.4 - Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɞɜɭɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɩɨɦɟɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɟ�ɞɥɹ�ɪɚɫɱɟɬɚ: ɩɥɨɳɚɞɶ�ɨɝɪɚɠɞɟɧɢɣ  

                                                      ɦ2; ɫɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 

ɨɝɪɚɠɞɟɧɢɣ�ɩɪɢ�ɡɚɤɪɵɬɨɣ�ɞɜɟɪɢ  

                                               ; ɬɨɠɟ�ɩɪɢ�ɨɬɤɪɵɬɨɣ� ɞɜɟɪɢ ( 1ɞɜ |D ) ɢ�ɩɪɢ� ɨɬɫɭɬɫɬɜɢɢ 

ɨɛɪɚɬɧɨɣ�ɫɜɹɡɢ 

Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɚ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɩɨ�ɭɩɪɨɳɟɧɧɵɦ�ɮɨɪɦɭɥɚɦ 

(2.19) ɢ (2.20) 

252)31212636(2ɨɝɪ  ����� S

�����������  61207.031207.023607.02(21 DD

� � 184.0252/)07.01(3)07.0043(12607.025221  �������  DD

173.0252/)61243.0  ���
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ɋɪɟɞɧɢɣ�ɭɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɩɨɦɟɳɟɧɢɢ�ɫ�ɢɫɬɨɱɧɢɤɨɦ�ɲɭɦɚ�ɩɪɢ 

ɨɬɤɪɵɬɨɣ�ɞɜɟɪɢ�ɫɨɫɬɚɜɥɹɟɬ                                                          ɞȻ , ɬɨɠɟ�ɩɪɢ 

ɡɚɤɪɵɬɨɣ�ɞɜɟɪɢ                                                                     ɞȻ. 

ɋɪɟɞɧɢɣ� ɭɪɨɜɟɧɶ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɫɦɟɠɧɨɦ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ� ɩɪɢ 

ɨɬɤɪɵɬɨɣ�ɞɜɟɪɢ�ɪɚɜɟɧ                                                                                                   

           ɞȻ, ɬɨɠɟ�ɩɪɢ�ɡɚɤɪɵɬɨɣ�ɞɜɟɪɢ 

                                                       ɞȻ. 

Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ� ɫ 

ɭɱɟɬɨɦ�ɪɚɡɞɟɥɟɧɢɹ�ɩɚɞɚɸɳɟɣ�ɧɚ�ɩɟɪɟɝɨɪɨɞɤɭ�ɷɧɟɪɝɢɢ�ɧɚ�ɩɪɹɦɭɸ�ɢ�ɨɬɪɚɠɟɧɧɭɸ. 

ɂɫɬɨɱɧɢɤ� ɩɨɦɟɳɚɥɫɹ� ɜ� ɬɨɱɤɚɯ 1,2,3 ɩɪɢ� ɨɬɤɪɵɬɨɦ � �0ɞɜ  R  ɢ� ɡɚɤɪɵɬɨɦ                      

(Rɞɜ=10 ɞȻ) ɞɜɟɪɧɨɦ�ɩɪɨɟɦɟ. Ⱦɚɧɧɵɟ�ɪɚɫɱɟɬɚ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ 2.5 

ɉɨ� ɪɟɡɭɥɶɬɚɬɚɦ� ɪɚɫɱɟɬɨɜ� ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɩɨɥɨɠɟɧɢɟ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɟɣ� ɤɨɧɫɬɪɭɤɰɢɢ� ɜɥɢɹɟɬ� ɧɚ� ɜɟɥɢɱɢɧɭ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɡɚɳɢɳɚɟɦɨɦ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ. ɑɟɦ�ɛɥɢɠɟ�ɢɫɬɨɱɧɢɤ�ɲɭɦɚ�ɧɚɯɨɞɢɬɫɹ 

ɤ�ɩɟɪɟɝɨɪɨɞɤɟ, ɬɟɦ�ɜɵɲɟ�ɡɧɚɱɟɧɢɟ�ɭɪɨɜɧɹ�ɡɜɭɤɚ�ɜ�ɫɦɟɠɧɨɦ�ɩɨɦɟɳɟɧɢɢ. ȼ�ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ� ɭɜɟɥɢɱɟɧɢɟ� ɲɭɦɚ� ɞɨɫɬɢɝɚɟɬ 3.1 'L � ɞȻ. ɋ� ɪɨɫɬɨɦ� ɧɟɫɨɪɚɡɦɟɪɧɨɫɬɢ 

ɩɨɦɟɳɟɧɢɣ�ɷɬɨ�ɡɧɚɱɟɧɢɟ�ɦɨɠɟɬ�ɜɨɡɪɚɫɬɚɬɶ.  

Ɍɚɛɥɢɰɚ 2.5 - Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɫ� ɭɱɟɬɨɦ 

ɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɢ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ 
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©ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ, 

L2, ɞȻ 
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88.5 
1 0.00237 0.00235 0.0162 0.0119 

0 77.4 77.4 77.5 
88.8 10 67.9 67.9 68.5 
88.5 

2 0.00915 0.00919 0.0469 0.0563 
0 77.9 77.9 77.5 

88.8 10 68.3 68.3 68.5 
88.5 

3 0.0236 0.0255 0.0788 0.1326 
0 78.7 78.8 77.5 

88.8 10 69.2 69.3 68.5 
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Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɩɨɤɚɡɚɥɢ� ɬɚɤɠɟ, ɱɬɨ� ɩɪɢɛɥɢɠɟɧɧɵɣ� ɪɚɫɱɟɬ� ɬɟɥɟɫɧɵɯ 

ɭɝɥɨɜ� ɷɥɟɦɟɧɬɨɜ� ɨɝɪɚɠɞɟɧɢɣ :  ɩɨ� ɮɨɪɦɭɥɟ (2.29) ɨɛɟɫɩɟɱɢɜɚɟɬ� ɞɨɫɬɚɬɨɱɧɭɸ 

ɬɨɱɧɨɫɬɶ. ȼ�ɞɚɧɧɨɦ�ɤɨɧɤɪɟɬɧɨɦ�ɫɥɭɱɚɟ�ɩɨɝɪɟɲɧɨɫɬɶ�ɪɚɫɱɟɬɚ�ɧɟ�ɩɪɟɜɵɲɚɟɬ 0.15 ɞȻ.  

Ɉɰɟɧɤɚ� ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɭɱɟɬɚ� ɨɛɪɚɬɧɨɣ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɫɜɹɡɢ� ɜ� ɫɢɫɬɟɦɟ 

ɩɨɦɟɳɟɧɢɣ 

ȼ�ɭɪɚɜɧɟɧɢɹɯ (2.19) ɢ (2.20) ɧɟ�ɭɱɢɬɵɜɚɟɬɫɹ�ɜɨɡɜɪɚɳɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

ɢɡ�ɩɨɦɟɳɟɧɢɹ� ɛɟɡ� ɢɫɬɨɱɧɢɤɚ� ɡɜɭɤɚ� ɜ� ɩɨɦɟɳɟɧɢɟ� ɫ� ɢɫɬɨɱɧɢɤɨɦ. Ɍɚɤɨɟ�ɩɨɥɨɠɟɧɢɟ 

ɦɨɠɟɬ� ɛɵɬɶ� ɜ� ɬɨɦ� ɫɥɭɱɚɟ, ɟɫɥɢ� ɲɭɦɨɜɚɹ� ɫɢɬɭɚɰɢɹ� ɜ� ɫɦɟɠɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

©ɤɨɧɬɪɚɫɬɧɚɹ», ɬɨ� ɟɫɬɶ� ɢɦɟɟɬɫɹ� ɡɧɚɱɢɬɟɥɶɧɵɣ� ɩɟɪɟɩɚɞ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ. Ɉɛɪɚɬɧɵɣ� ɩɪɢɯɨɞ� ɷɧɟɪɝɢɢ� ɦɨɠɧɨ� ɢɝɧɨɪɢɪɨɜɚɬɶ� ɩɪɢ� ɜɵɫɨɤɨɣ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɪɚɡɞɟɥɹɸɳɟɝɨ� ɨɝɪɚɠɞɟɧɢɹ� ɢ� ɩɪɢ� ɨɬɫɭɬɫɬɜɢɢ� ɫɜɹɡɢ� ɦɟɠɞɭ 

ɩɨɦɟɳɟɧɢɹɦɢ� ɜ� ɜɢɞɟ� ɨɬɤɪɵɬɵɯ� ɩɪɨɟɦɨɜ. ȼ� ɨɫɬɚɥɶɧɵɯ� ɫɥɭɱɚɹɯ (ɨɬɤɪɵɬɵɟ� ɞɜɟɪɢ, 

ɩɟɪɟɝɨɪɨɞɤɢ� ɧɟ� ɩɨɥɧɨɣ� ɜɵɫɨɬɵ� ɢ� ɬ�ɩ.) ɷɬɨ� ɧɟɨɱɟɜɢɞɧɨ. ȼɨɡɪɚɳɟɧɢɟ� ɷɧɟɪɝɢɢ� ɢɡ 

©ɬɢɯɢɯ» ɩɨɦɟɳɟɧɢɣ�ɜ «ɲɭɦɧɵɟ» ɜ�ɪɹɞɟ�ɫɥɭɱɚɟɜ�ɦɨɠɟɬ�ɨɤɚɡɚɬɶ�ɜɥɢɹɧɢɟ�ɧɚ�ɭɪɨɜɧɢ 

©ɲɭɦɧɨɝɨ» ɩɨɦɟɳɟɧɢɹ. ɉɨɷɬɨɦɭ� ɟɟ� ɧɟɭɱɟɬ� ɜ� ɧɟɤɨɬɨɪɵɯ� ɫɢɬɭɚɰɢɹɯ� ɦɨɠɟɬ 

ɩɪɢɜɨɞɢɬɶ�ɤ�ɩɨɝɪɟɲɧɨɫɬɹɦ�ɜ�ɪɚɫɱɟɬɚɯ. ɇɢɠɟ�ɩɪɢɜɟɞɟɧ�ɚɧɚɥɢɡ�ɬɚɤɢɯ�ɫɢɬɭɚɰɢɣ. 

ɋɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ� ɞɥɹ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɨɜɨɝɨ� ɩɨɥɹ� ɜ� ɞɜɭɯ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ, ɜ�ɤɚɠɞɨɦ�ɢɡ�ɤɨɬɨɪɵɯ�ɢɦɟɟɬɫɹ�ɢɫɬɨɱɧɢɤ�ɲɭɦɚ 

ɢɦɟɟɬ�ɜɢɞ 
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Ɋɟɲɟɧɢɟɦ�ɫɢɫɬɟɦɵ�ɭɪɚɜɧɟɧɢɣ�ɹɜɥɹɸɬɫɹ�ɜɵɪɚɠɟɧɢɹ 
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  (2.31) 

ɉɪɢɦɟɪ 2. Ⱦɥɹ�ɩɨɦɟɳɟɧɢɣ�ɜ�ɩɪɢɦɟɪɟ 1 (ɪɢɫɭɧɨɤ 2.4) ɪɚɫɫɱɢɬɚɧɵ�ɡɧɚɱɟɧɢɹ 

ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɢ� ɞɟɣɫɬɜɢɢ� ɞɜɭɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ. ȼ� ɥɟɜɨɦ 

ɩɨɦɟɳɟɧɢɢ� ɜ� ɬɨɱɤɟ� ʋ2 ɪɚɫɩɨɥɚɝɚɟɬɫɹ� ɢɫɬɨɱɧɢɤɚ� ɫ� ɩɨɫɬɨɹɧɧɨɣ� ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɦɨɳɧɨɫɬɢ WLc =100 ɞȻ. Ɇɨɳɧɨɫɬɶ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɜ�ɩɪɚɜɨɦ�ɩɨɦɟɳɟɧɢɢ       (ɬɨɱɤɚ WL cc
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ʋ5) ɢɡɦɟɧɹɥɚɫɶ� ɨɬ 60 ɞɨ 100 ɞȻ. Ɋɚɫɱɟɬɵ� ɩɪɨɢɡɜɟɞɟɧɵ� ɩɪɢ� ɨɬɤɪɵɬɨɣ � �0ɞɜ  R � ɢ 

ɡɚɤɪɵɬɨɣ (Rɞɜ=10 ɞȻ) ɞɜɟɪɢ.  

Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɞɚɧɵ� ɜ� ɬɚɛɥɢɰɟ 2.6 ɢ� ɩɪɢɜɟɞɟɧɵ� ɧɚ� ɝɪɚɮɢɤɚɯ  

ɪɢɫɭɧɤɚ 2.5. Ɋɚɫɱɟɬɵ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɛɨғ ɥɶɲɟɣ 

ɦɨɳɧɨɫɬɢ (ɩɨɦɟɳɟɧɢɟ� ʋ1) ɨɛɪɚɬɧɚɹ� ɫɜɹɡɶ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ� ɩɪɨɹɜɥɹɟɬɫɹ (ɫɦ. 

ɫɬɨɥɛɟɰ 3, ɬɚɛɥɢɰɵ 2.6). ɉɪɢ� ɭɜɟɥɢɱɟɧɢɢ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɦɨɳɧɨɫɬɢ� ɜ� ɫɦɟɠɧɨɦ 

ɩɨɦɟɳɟɧɢɢ�ɞɨ�ɪɚɜɧɨɝɨ�ɡɧɚɱɟɧɢɹ�ɭɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɭɜɟɥɢɱɢɜɚɟɬɫɹ�ɦɟɧɟɟ 

ɱɟɦ�ɧɚ 0.4 ɞȻ�ɩɪɢ�ɨɬɤɪɵɬɨɣ�ɞɜɟɪɢ�ɢ�ɩɪɚɤɬɢɱɟɫɤɢ�ɧɟ�ɭɜɟɥɢɱɢɜɚɟɬɫɹ�ɩɪɢ� ɡɚɤɪɵɬɨɣ 

ɞɜɟɪɢ. ȼ� ɩɨɦɟɳɟɧɢɢ� ʋ2 ɫ� ɛɨɥɟɟ� ɬɢɯɢɦ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɜɨɡɞɟɣɫɬɜɢɟ 

ɚɤɭɫɬɢɱɟɫɤɨɣ� ɫɜɹɡɢ� ɨɱɟɜɢɞɧɟɟ. ɉɪɢ� ɭɪɨɜɧɟ 70�ccWL ɞȻ� ɭɪɨɜɟɧɶ� ɡɜɭɤɚ� ɜ� ɩɪɚɜɨɦ 

ɩɨɦɟɳɟɧɢɢ�ɩɨɥɧɨɫɬɶɸ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɷɧɟɪɝɢɟɣ, ɩɪɨɧɢɤɚɸɳɟɣ�ɱɟɪɟɡ�ɩɟɪɟɝɨɪɨɞɤɭ�ɢ 

ɞɜɟɪɶ. ɉɪɢ�ɪɚɜɟɧɫɬɜɟ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ�ɜ�ɫɦɟɠɧɵɯ 

ɩɨɦɟɳɟɧɢɹɯ�ɢ�ɛɥɢɡɤɢɯ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɚɯ�ɩɨɦɟɳɟɧɢɣ�ɜɥɢɹɧɢɟ�ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɫɜɹɡɢ�ɧɚ�ɩɚɪɚɦɟɬɪɵ�ɡɜɭɤɨɜɨɝɨ�ɩɨɥɹ�ɦɢɧɢɦɚɥɶɧɨ. ɉɪɢ                     ɞȻ ɜɫɟ� ɬɪɢ 

ɝɪɚɮɢɤɚ�ɪɢɫɭɧɤɚ 2.6 ɫ                ,               �ɞȻ�ɢ                   ɫɯɨɞɹɬɫɹ�ɜ�ɨɞɧɭ�ɬɨɱɤɭ 

Ɍɚɛɥɢɰɚ 2.6 - Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɫ� ɢɫɬɨɱɧɢɤɚɦɢ� ɡɜɭɤɚ� ɜ 

ɤɚɠɞɨɦ�ɩɨɦɟɳɟɧɢɢ. 

ɍɪɨɜɟɧɶ�ɚɤɭɫɬɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 

ɩɨɦɟɳɟɧɢɢ�ʋ2, 

WLcc , ɞȻ 

Ɂɜɭɤɨɢɡɨɥɹɰɢɹ  
ɞɜɟɪɢ, 

ɞɜR , ɞȻ 

ɍɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, 
L, ɞȻ 

ɜ�ɩɨɦɟɳɟɧɢɢ�ʋ1, 
Lc , ɞȻ 

ɜ�ɩɨɦɟɳɟɧɢɢ�ʋ2, 
Lcc , ɞȻ 

1 2 3 4 

60 
0 88.54 78.31 
10 88.80 69.19 

70 
0 88.54 78.36 
10 88.80 69.54 

80 
0 88.54 78.74 
10 88.80 71.99 

90 
0 88.58 81.43 
10 88.81 79.25 

100 
0 88.93 88.93 
10 88.85 88.85 

 

100 cc c WW LL

0ɞɜ  R 10ɞɜ  R f ɞɜR
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Ɋɢɫɭɧɨɤ 2.5 - Ƚɪɚɮɢɤɢ�ɡɚɜɢɫɢɦɨɫɬɢ�ɭɪɨɜɧɟɣ�ɩɥɨɬɧɨɫɬɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɩɪɚɜɨɦ 

ɩɨɦɟɳɟɧɢɢ�ʋ2 ɨɬ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɦɨɳɧɨɫɬɢ�ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ�ɜ�ɧɟɦ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ: 

                 - ɩɪɢ�ɨɬɫɭɬɫɬɜɢɢ�ɫɜɹɡɢ�ɫɨ�ɫɦɟɠɧɵɦ�ɩɨɦɟɳɟɧɢɟɦ (Rɞɜ = �);                  - ɩɪɢ 

�ɨɬɤɪɵɬɨɣ� ɞɜɟɪɢ       ɜ� ɫɦɟɠɧɨɟ� ɩɨɦɟɳɟɧɢɟ� ɫ� ɢɫɬɨɱɧɢɤɨɦ   =100 ɞȻ; 

                 - ɬɨɠɟ�ɩɪɢ�ɡɚɤɪɵɬɨɣ�ɞɜɟɪɢ (Rɞɜ = 10 ɞȻ)

 
ɂɡ� ɩɪɢɦɟɪɚ� ɜɢɞɧɨ, ɱɬɨ� ɨɛɪɚɬɧɨɣ� ɫɜɹɡɶɸ� ɦɟɠɞɭ «ɬɢɯɢɦ» ɢ «ɲɭɦɧɵɦ» 

ɩɨɦɟɳɟɧɢɹɦɢ� ɦɨɠɧɨ� ɩɪɟɧɟɛɪɟɱɶ. ɗɬɨ� ɢɦɟɟɬ� ɡɧɚɱɟɧɢɟ� ɞɥɹ� ɚɧɮɢɥɚɞɧɵɯ� ɫɢɫɬɟɦ 

ɩɥɚɧɢɪɨɜɤɢ. Ȼɟɡ� ɭɱɟɬɚ� ɨɛɪɚɬɧɨɣ� ɫɜɹɡɢ� ɫɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ� ɞɥɹ n� ɚɧɮɢɥɚɞɧɵɯ 

ɩɨɦɟɳɟɧɢɣ� ɩɪɢ� ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɦɨɳɧɨɫɬɶɸ W1� ɜ� ɩɟɪɜɨɦ� ɩɨɦɟɳɟɧɢɢ 
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    (2.32) 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɩɨɬɟɪɶ�ɜ i�ɨɦ�ɩɨɦɟɳɟɧɢɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨ�ɜɵɪɚɠɟɧɢɸ (2.8), ɚ 

ɤɨɷɮɮɢɰɢɟɧɬ� ɩɟɪɟɧɨɫɚ� ɷɧɟɪɝɢɢ� ɢɡ i-1 ɜ i�ɟ� ɩɨɦɟɳɟɧɢɟ� ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ� ɩɨ  

ɮɨɪɦɭɥɟ (2.9). 

Ʉɨɷɮɮɢɰɢɟɧɬ�ɩɟɪɟɞɚɱɢ�ɩɪɹɦɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɫɦɟɠɧɨɟ�ɩɨɦɟɳɟɧɢɟ 2 ɪɚɜɟɧ 

¸
¸
¹

·
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¨
©
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S
W

S
W

J
44

ɞɜ
1,2ɞɜ

ɩɟɪ
2,1ɩɟɪ

2,1 .     (2.33) 

ȼɵɪɚɠɟɧɢɟ (2.32) ɧɟɫɤɨɥɶɤɨ� ɭɫɥɨɠɧɢɬɫɹ, ɟɫɥɢ� ɢɫɬɨɱɧɢɤ� ɲɭɦɚ� ɛɭɞɟɬ� ɜ 

ɩɪɨɦɟɠɭɬɨɱɧɨɦ k-ɨɦ�ɩɨɦɟɳɟɧɢɢ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɦɨɠɧɨ�ɡɚɩɢɫɚɬɶ 

� �0ɞɜ  R WLc
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);1( kkkk WE DQ �  
kknkknkk WEE JEQ � ɩɪɢ 1r kn ;         (2.34) 

jjiii EE EQ   ɝɞɟ 1� ij �ɩɪɢ 1;1 � �! ijki  ɩɪɢ 1�� ki . 

ɋɢɫɬɟɦɚ�ɭɪɚɜɧɟɧɢɣ (2.34) ɪɟɲɚɟɬɫɹ�ɦɟɬɨɞɨɦ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ�ɩɨɞɫɬɚɧɨɜɤɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ� ɮɚɤɬɢɱɟɫɤɨɝɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɦɟɠɞɭ 

ɫɜɹɡɚɧɧɵɦɢ� ɩɨɦɟɳɟɧɢɹɦɢ� ɢ� ɨɰɟɧɤɚ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɟɦɭ� ɪɚɫɱɟɬɚ� ɧɚ� ɨɫɧɨɜɟ 

ɞɢɮɮɭɡɧɨɝɨ�ɦɟɬɨɞɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ� ɮɚɤɬɢɱɟɫɤɨɝɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɷɧɟɪɝɢɢ�ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ� ɢ 

ɨɰɟɧɤɚ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɟɦɭ� ɪɚɫɱɟɬɨɜ� ɞɢɮɮɭɡɧɵɦ� ɦɟɬɨɞɨɦ� ɩɪɨɢɡɜɟɞɟɧɚ� ɧɚ� ɩɪɢɦɟɪɟ 

ɞɜɭɯ� ɩɨɦɟɳɟɧɢɣ. ɋɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ� ɞɥɹ� ɞɜɭɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɩɪɹɦɨɣ� ɢ� ɨɛɪɚɬɧɨɣ 

ɚɤɭɫɬɢɱɟɫɤɢɦɢ�ɫɜɹɡɹɦɢ�ɞɥɹ�ɩɥɨɬɧɨɫɬɢ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɢɦɟɟɬ�ɜɢɞ 

¯
®
­

 �
� �

.0
);1(

12122

1121211

HEHQ
DHEHQ W

    (2.35) 

Ʉɨɷɮɮɢɰɢɟɧɬɵ�ɩɨɬɟɪɶ 1Q �ɢ 2Q  ɩɪɢ�ɡɚɩɢɫɢ�ɭɪɚɜɧɟɧɢɣ�ɜ�ɜɢɞɟ (2.35) ɧɚɯɨɞɹɬɫɹ 

ɩɨ�ɜɵɪɚɠɟɧɢɸ  

(2.36) 

ɚ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɫɜɹɡɢ�ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ�ɤɚɤ 

¦
 

 

  
kk

k
kk cS

1
2112 4/WEE ,     (2.37) 

ɝɞɟ k - ɤɨɥɢɱɟɫɬɜɨ� ɷɥɟɦɟɧɬɨɜ� ɫ� ɪɚɡɧɨɣ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ� ɜ� ɨɝɪɚɠɞɟɧɢɢ� ɦɟɠɞɭ 

ɩɨɦɟɳɟɧɢɹɦɢ i� ɢ j; kW  - ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ k-ɝɨ� ɷɥɟɦɟɧɬɚ 

ɨɝɪɚɠɞɟɧɢɹ (ɩɟɪɟɝɨɪɨɞɤɢ, ɞɜɟɪɢ). 

ɉɪɢ�ɢɫɫɥɟɞɨɜɚɧɢɢ�ɩɨɦɟɳɟɧɢɣ�ɫ�ɨɬɤɪɵɬɵɦ�ɩɪɨɟɦɨɦ�ɩɥɨɳɚɞɶɸ A�ɩɟɪɟɞɚɱɟɣ 

ɡɜɭɤɚ� ɱɟɪɟɡ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ� ɨɝɪɚɠɞɟɧɢɹ� ɦɨɠɧɨ� ɩɪɟɧɟɛɪɟɱɶ� ɢ� ɤɨɷɮɮɢɰɢɟɧɬ 

ɫɜɹɡɢ�ɛɭɞɟɬ�ɪɚɜɟɧ 

.             (2.38) 

Ⱦɥɹ� ɚɧɚɥɢɡɚ� ɪɟɲɟɧɢɟ� ɫɢɫɬɟɦɵ� ɭɪɚɜɧɟɧɢɣ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɢɬɟɪɚɰɢɨɧɧɵɦ 

ɫɩɨɫɨɛɨɦ. Ɂɚ� ɲɚɝ� ɢɬɟɪɚɰɢɢ� ɩɪɢɧɢɦɚɟɬɫɹ� ɩɪɨɰɟɫɫ� ɜɨɡɜɪɚɳɟɧɢɹ� ɷɧɟɪɝɢɢ� ɢɡ 

ɫɨɫɟɞɧɟɝɨ�ɩɨɦɟɳɟɧɢɹ. ɉɥɨɬɧɨɫɬɶ�ɷɧɟɪɝɢɢ�ɜ�ɩɟɪɜɨɦ�ɩɨɦɟɳɟɧɢɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ  

 

,4/iii SɫDQ  
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Ɍɨɱɧɨɟ�ɪɟɲɟɧɢɟ�ɭɪɚɜɧɟɧɢɣ (2.35) ɞɚɟɬ 
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DH ;    (2.40) 

� �2
2211

11
1

22
2

)1(4
ASSc

AW
S
A

�
�

  
DD

DH
D

H       (2.41) 

ɉɪɢɦɟɪ 3. Ⱦɥɹ� ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ� ɨɰɟɧɤɢ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɨɜ� ɩɨ�ɮɨɪɦɭɥɚɦ 

(2.39) - (2.41) ɩɪɨɢɡɜɟɞɟɧ�ɱɢɫɥɟɧɧɵɣ�ɪɚɫɱɟɬ�ɲɭɦɚ� ɜ� ɞɜɭɯ� ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ 

�ɪɢɫɭɧɨɤ 2.6). 

ɉɚɪɚɦɟɬɪɵ� ɤɚɠɞɨɝɨ� ɢɡ� ɩɨɦɟɳɟɧɢɣ: ɜɵɫɨɬɚ h=4 ɦ; ɩɥɨɳɚɞɶ� ɨɝɪɚɠɞɟɧɢɣ  

                              ; ɫɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ                ; 

ɚɤɭɫɬɢɱɟɫɤɚɹ�ɦɨɳɧɨɫɬɶ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ         100 ɞȻ; ɩɥɨɳɚɞɶ�ɨɬɤɪɵɬɨɝɨ�ɩɪɨɟɦɚ 

842  � A ɦ2. 

 
Ɋɢɫɭɧɨɤ 2.6 - ɋɯɟɦɚ�ɞɜɭɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɞɥɹ�ɩɪɢɦɟɪɚ 3 

ɉɥɨɬɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɢ� ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɫɨɝɥɚɫɧɨ (2.40) ɢ (2.41) ɪɚɜɧɵ 
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ɉɪɨɢɡɜɟɞɟɧɚ� ɨɰɟɧɤɚ� ɫɤɨɪɨɫɬɢ� ɫɯɨɠɞɟɧɢɹ� ɪɹɞɚ� ɜ (2.39). ɋɪɚɜɧɟɧɢɟ 

ɜɵɪɚɠɟɧɢɣ (2.39) ɢ (2.40) ɩɨɡɜɨɥɹɟɬ�ɡɚɩɢɫɚɬɶ  
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           (2.42) 

ȼɵɩɨɥɧɟɧ�ɱɢɫɥɟɧɧɵɣ�ɚɧɚɥɢɡ�ɪɹɞɚ�ɜ (2.42) 

.0347,1...00004,000113,003354,01  ���  

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɜ� ɩɨɞɚɜɥɹɸɳɟɦ� ɛɨɥɶɲɢɧɫɬɜɟ� ɫɥɭɱɚɟɜ� ɦɨɠɧɨ� ɩɪɟɧɟɛɪɟɱɶ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɟɣ, ɜɨɡɜɪɚɳɚɸɳɟɣɫɹ� ɢɡ� ɜɬɨɪɨɝɨ «ɬɢɯɨɝɨ» ɩɨɦɟɳɟɧɢɹ� ɜ� ɩɟɪɜɨɟ� ɫ 

ɢɫɬɨɱɧɢɤɨɦ�ɲɭɦɚ, ɬɨ�ɟɫɬɶ�ɦɨɠɧɨ�ɩɪɢɧɢɦɚɬɶ  

./)1(4 11111 cSW DDH �     (2.43) 

ɉɨɝɪɟɲɧɨɫɬɶ�ɬɚɤɨɝɨ�ɭɩɪɨɳɟɧɢɹ�ɞɥɹ�ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ�ɩɪɢɦɟɪɚ�ɫɨɫɬɚɜɥɹɟɬ 
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16826.016826.0
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ɞȻ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɭɩɪɨɳɟɧɧɨɝɨ� ɜɵɪɚɠɟɧɢɹ (2.43) ɜɦɟɫɬɨ (2.40) ɦɨɠɟɬ� ɛɵɬɶ 

ɨɩɪɚɜɞɚɧɧɵɦ� ɞɥɹ� ɨɰɟɧɤɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɩɨɥɟɣ 

ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. Ɉɧɨ� ɩɨɡɜɨɥɹɟɬ� ɜɪɟɦɟɧɧɨ� ɢɫɤɥɸɱɢɬɶ� ɢɡ� ɚɧɚɥɢɡɚ� ɦɚɥɨ 

ɡɧɚɱɢɦɭɸ�ɜɟɥɢɱɢɧɭ�ɨɛɪɚɬɧɨɣ�ɫɜɹɡɢ.  

Ⱦɥɹ�ɩɨɥɭɱɟɧɢɹ�ɬɨɱɧɨɝɨ�ɪɟɲɟɧɢɹ�ɞɥɹ�ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ�ɩɪɢɦɟɪɚ�ɩɪɨɢɡɜɟɞɟɧɵ 

ɪɚɫɱɟɬɵ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɢɧɬɟɝɪɚɥɶɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ 

Ʉɭɬɬɪɭɮɚ [102]. Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɨɜ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫɭɧɤɟ 2.7. 

 
Ɋɢɫɭɧɨɤ 2.7 - ɒɭɦɨɜɚɹ�ɤɚɪɬɚ�ɜ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ  ɧɚ�ɜɵɫɨɬɟ 2 ɦ�ɨɬ�ɩɨɥɚ 
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ɉɨɥɭɱɟɧɧɨɟ� ɩɪɢ� ɪɚɫɱɟɬɟ� ɫɪɟɞɧɟɟ� ɡɧɚɱɟɧɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɩɟɪɜɨɦ 

ɩɨɦɟɳɟɧɢɢ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ 4.881  L  ɞȻ� ɯɨɪɨɲɨ� ɫɨɝɥɚɫɭɟɬɫɹ� ɫ� ɪɚɫɱɟɬɨɦ� ɩɨ 

ɦɟɬɨɞɭ� ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ 45.881  L  ɞȻ. ȼ� ɩɨɦɟɳɟɧɢɢ� ʋ2 ɛɟɡ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ 

ɪɚɫɯɨɠɞɟɧɢɟ� ɜ� ɡɧɚɱɟɧɢɹɯ� ɫɪɟɞɧɢɯ� ɭɪɨɜɧɟɣ� ɛɨɥɶɲɟ. ɉɪɢ 3.802  L  ɞȻ –  ɩɨ 

ɢɧɬɟɝɪɚɥɶɧɨɦɭ�ɭɪɚɜɧɟɧɢɸ�ɢ 11.812  L  ɞȻ – ɩɨ (2.41) ɨɧɨ�ɪɚɜɧɨ 0.7 ɞȻ.  

ȼ� ɩɟɪɜɨɦ� ɩɨɦɟɳɟɧɢɢ� ɦɚɤɫɢɦɚɥɶɧɵɣ� ɭɪɨɜɟɧɶ� ɫɨɫɬɚɜɥɹɟɬ 8.90max1  L  ɞȻ. 

Ɇɢɧɢɦɚɥɶɧɵɣ� ɭɪɨɜɟɧɶ� ɪɚɜɟɧ 3.86min1  L
 ɞȻ� ɪɹɞɨɦ� ɫ� ɩɪɨɟɦɨɦ� ɜ� ɩɟɪɟɝɨɪɨɞɤɟ� ɧɚ 

ɜɵɫɨɬɟ 3.5 ɦ� ɨɬ� ɭɪɨɜɧɹ� ɩɨɥɚ. ȼɨ� ɜɬɨɪɨɦ� ɩɨɦɟɳɟɧɢɢ 2.83max2  L  ɞȻ, ɪɹɞɨɦ� ɫ 

ɩɪɨɟɦɨɦ, 7.79min2  L  ɞȻ. ɉɟɪɟɩɚɞɵ� ɭɪɨɜɧɟɣ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ� ɫɨɫɬɚɜɥɹɸɬ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 5.43.868.901  � 'L  ɞȻ�ɢ 5.37.792.832  � 'L  ɞȻ. Ʉɚɤ�ɜɢɞɧɨ, ɞɥɹ 

ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ� ɷɬɨɬ� ɩɟɪɟɩɚɞ� ɜɟɫɶɦɚ� ɫɭɳɟɫɬɜɟɧɟɧ. ȼ 

ɦɟɫɬɟ� ɩɪɨɟɦɚ� ɜ� ɩɟɪɟɝɨɪɨɞɤɟ� ɡɜɭɤɨɜɨɟ� ɩɨɥɟ� ɧɟ� ɞɢɮɮɭɡɧɨ. ȼ� ɩɥɨɫɤɨɫɬɢ� ɩɟɪɟɞ 

ɩɪɨɟɦɨɦ�ɫɨ�ɫɬɨɪɨɧɵ�ɩɨɦɟɳɟɧɢɹ 1 ɧɚɛɥɸɞɚɟɬɫɹ «ɩɪɨɜɚɥ» ɷɧɟɪɝɢɢ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ 

ɛɥɢɠɚɣɲɢɦɢ� ɭɱɚɫɬɤɚɦɢ� ɩɨɦɟɳɟɧɢɹ� ɧɚ 1 'L � ɞȻ (ɫɦ. ɪɢɫɭɧɨɤ 2.8). ɋɧɢɠɟɧɢɟ 

ɭɪɨɜɧɹ� ɲɭɦɚ� ɨɛɴɹɫɧɹɟɬɫɹ� ɫɧɢɠɟɧɢɟɦ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 

ɜɨɡɜɪɚɳɚɸɳɟɣɫɹ�ɢɡ�ɩɨɦɟɳɟɧɢɹ 2 ɜ�ɩɨɦɟɳɟɧɢɟ 1. 

ȼ� ɩɨɦɟɳɟɧɢɢ 2 ɡɚ� ɩɟɪɟɝɨɪɨɞɤɨɣ (ɫɦ. ɪɢɫɭɧɨɤ 2.9), ɧɚɨɛɨɪɨɬ, ɧɚɛɥɸɞɚɟɬɫɹ 

ɥɨɤɚɥɶɧɨɟ� ɩɨɜɵɲɟɧɢɟ� ɭɪɨɜɧɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɨɫɬɚɥɶɧɵɦɢ 

ɡɨɧɚɦɢ� ɩɨɦɟɳɟɧɢɹ� ɡɚ� ɫɱɟɬ� ɩɨɫɬɭɩɥɟɧɢɹ� ɷɧɟɪɝɢɢ� ɢɡ� ɩɨɦɟɳɟɧɢɹ 1 ɫ� ɢɫɬɨɱɧɢɤɨɦ 

ɡɜɭɤɚ.  

ɉɪɨɜɟɪɤɚ� ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɚ� ɥɨɤɚɥɶɧɨɣ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɚɧɨɦɚɥɢɢ�ɜɵɩɨɥɧɟɧɚ�ɩɪɢ�ɚɧɚɥɢɡɟ�ɝɪɚɞɢɟɧɬɨɜ�ɩɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɨɜ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

ɢ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɡɜɭɤɚ�ɜ�ɦɟɫɬɟ�ɩɪɨɟɦɚ.  

ɂɡ�ɤɚɪɬɵ� ɧɚ� ɪɢɫɭɧɤɟ 2.10 ɜɢɞɧɨ, ɱɬɨ� ɜɨ� ɜɬɨɪɨɦ�ɩɨɦɟɳɟɧɢɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɷɧɟɪɝɢɢ� ɡɧɚɱɢɬɟɥɶɧɨ� ɪɚɜɧɨɦɟɪɧɟɟ. Ɇɢɧɢɦɚɥɶɧɵɣ� ɩɟɪɟɩɚɞ� ɷɧɟɪɝɢɢ� ɭ� ɞɚɥɶɧɟɣ� ɨɬ 

ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɫɬɟɧɵ� ɩɨɦɟɳɟɧɢɹ 2 (ɝɪɚɞɢɟɧɬ 340/1071,0 5�� � Ⱦɠ�ɦ4). ɗɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ� ɨɬɪɚɠɟɧɢɹɦɢ� ɨɬ� ɫɬɟɧɵ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ. ɇɚɢɛɨɥɶɲɢɣ� ɝɪɚɞɢɟɧɬ 

ɩɥɨɬɧɨɫɬɢ�ɷɧɟɪɝɢɢ�ɧɚɛɥɸɞɚɟɬɫɹ�ɜ� ɡɨɧɟ�ɦɚɤɫɢɦɚɥɶɧɵɯ�ɨɬɪɚɠɟɧɢɣ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɜ 

ɨɛɥɚɫɬɢ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ. ȼ� ɨɛɥɚɫɬɢ� ɩɪɨɟɦɚ� ɜ� ɩɟɪɟɝɨɪɨɞɤɟ 

ɧɚɛɥɸɞɚɟɬɫɹ� ɪɨɫɬ� ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ� ɩɥɨɬɧɨɫɬɢ� ɷɧɟɪɝɢɢ� ɢɡ�ɡɚ� ɛɨɥɶɲɨɣ� ɪɚɡɧɨɫɬɢ 

ɩɪɢɯɨɞɚ�ɷɧɟɪɝɢɢ�ɫ�ɪɚɡɥɢɱɧɵɯ�ɧɚɩɪɚɜɥɟɧɢɣ.  
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Ɋɢɫɭɧɨɤ 2.8 - Ƚɪɚɮɢɤ� ɢɡɦɟɧɟɧɢɹ� ɭɪɨɜɧɹ� ɲɭɦɚ� ɩɟɪɟɞ� ɩɟɪɟɝɨɪɨɞɤɨɣ� ɫ� ɩɪɨɟɦɨɦ  

�ɫɦ. ɫɟɱɟɧɢɟ 1-1 ɧɚ�ɪɢɫɭɧɤɟ 2.7) 

 
Ɋɢɫɭɧɨɤ 2.9 - Ƚɪɚɮɢɤ� ɢɡɦɟɧɟɧɢɹ� ɭɪɨɜɧɹ� ɲɭɦɚ� ɡɚ� ɩɟɪɟɝɨɪɨɞɤɨɣ� ɫ� ɩɪɨɟɦɨɦ  

�ɫɦ. ɫɟɱɟɧɢɟ 2-2 ɧɚ�ɪɢɫɭɧɤɟ 2.7) 

 
Ɋɢɫɭɧɨɤ 2.10 - Ʉɚɪɬɚ� ɝɪɚɞɢɟɧɬɨɜ� ɩɥɨɬɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ (Ⱦɠ�ɦ4, ɡɧɚɱɟɧɢɹ 

ɭɜɟɥɢɱɟɧɵ�ɧɚ 510340 � ) 

ȼ� ɰɟɥɨɦ� ɪɟɡɭɥɶɬɚɬɵ� ɜɵɩɨɥɧɟɧɧɨɝɨ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɮɨɪɦɢɪɭɟɦɨɟ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ�ɜ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɧɟ�ɜ�ɩɨɥɧɨɣ�ɦɟɪɟ�ɞɢɮɮɭɡɧɨ 

ɢɡ�ɡɚ� ɧɚɥɢɱɢɹ� ɨɬɤɪɵɬɵɯ� ɩɪɨɟɦɨɜ. ȼ� ɬɨɠɟ� ɜɪɟɦɹ� ɞɥɹ� ɩɪɚɤɬɢɱɟɫɤɢɯ� ɪɚɫɱɟɬɨɜ 
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ɜɟɥɢɱɢɧɚ� ɩɨɝɪɟɲɧɨɫɬɢ, ɜɨɡɧɢɤɚɸɳɚɹ� ɢɡ�ɡɚ� ɧɟɭɱɟɬɚ� ɧɚɪɭɲɟɧɢɹ� ɞɢɮɮɭɡɧɨɫɬɢ, 

ɹɜɥɹɟɬɫɹ� ɧɟɫɭɳɟɫɬɜɟɧɧɨɣ� ɢ� ɟɣ� ɦɨɠɧɨ� ɩɪɟɧɟɛɪɟɱɶ� ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɪɟɞɥɨɠɟɧɧɨɝɨ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ. ȼ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɡɚɤɪɵɬɵɦɢ� ɞɜɟɪɧɵɦɢ 

ɩɪɨɟɦɚɦɢ�ɷɬɚ�ɩɨɝɪɟɲɧɨɫɬɶ�ɛɭɞɟɬ�ɟɳɟ�ɦɟɧɟɟ�ɫɭɳɟɫɬɜɟɧɧɨɣ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ� ɜɥɢɹɧɢɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɱɟɪɟɡ� ɨɬɤɪɵɬɵɣ 

ɩɪɨɟɦ, ɧɚ�ɲɭɦ�ɜ�ɩɨɦɟɳɟɧɢɢ�ɛɟɡ�ɢɫɬɨɱɧɢɤɚ. 

Ⱦɥɹ� ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ� ɜɵɲɟ� ɩɪɢɦɟɪɚ� ɜ� ɩɨɦɟɳɟɧɢɢ 1 ɧɚɛɥɸɞɚɟɬɫɹ� ɯɨɪɨɲɟɟ 

ɫɨɜɩɚɞɟɧɢɟ� ɜ� ɪɟɡɭɥɶɬɚɬɚɯ� ɪɚɫɱɟɬɨɜ� ɫɪɟɞɧɟɝɨ� ɭɪɨɜɧɹ�ɲɭɦɚ� ɩɨ�ɦɟɬɨɞɭ� ɞɢɮɮɭɡɧɨɝɨ 

ɩɨɥɹ� ɢ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɢɧɬɟɝɪɚɥɶɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ. ȼɨ� ɜɬɨɪɨɦ� ɩɨɦɟɳɟɧɢɢ 

ɪɚɫɯɨɠɞɟɧɢɟ� ɛɥɢɡɤɨ� ɤ 1 ɞȻ. ȼ� ɪɚɫɫɦɨɬɪɟɧɧɨɦ� ɩɪɢɦɟɪɟ� ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ� ɜɫɹ 

ɢɡɥɭɱɟɧɧɚɹ�ɢɫɬɨɱɧɢɤɨɦ�ɡɜɭɤɚ�ɷɧɟɪɝɢɹ�ɩɨɫɬɭɩɚɟɬ�ɜ�ɩɟɪɜɨɟ�ɩɨɦɟɳɟɧɢɟ�ɢ�ɮɨɪɦɢɪɭɟɬ 

ɜ�ɧɟɦ�ɨɬɪɚɠɟɧɧɨɝɨ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ. 

ɉɪɢ� ɧɚɥɢɱɢɢ� ɨɬɤɪɵɬɨɝɨ� ɩɪɨɟɦɚ� ɢ� ɧɚɯɨɠɞɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɣ� ɡɨɧɟ� ɩɨɦɟɳɟɧɢɹ� ɱɚɫɬɶ� ɩɪɹɦɨɣ� ɷɧɟɪɝɢɢ� ɦɨɠɟɬ� ɩɨɫɬɭɩɚɬɶ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ� ɜ� ɫɦɟɠɧɨɟ� ɩɨɦɟɳɟɧɢɟ� ɢ� ɩɨɫɥɟ� ɨɬɪɚɠɟɧɢɹ� ɨɬ� ɨɝɪɚɠɞɟɧɢɹ 

ɭɱɚɫɬɜɨɜɚɬɶ� ɜ� ɫɨɡɞɚɧɢɢ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɨɜɨɝɨ� ɩɨɥɹ� ɷɬɨɝɨ� ɩɨɦɟɳɟɧɢɹ  

�ɫɦ. ɪɢɫɭɧɨɤ 2.11). 

 
Ɋɢɫɭɧɨɤ 2.11 - ɋɯɟɦɚ�ɤ�ɪɚɫɱɟɬɭ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɩɟɪɜɨɝɨ�ɨɬɪɚɠɟɧɢɹ  

ɇɚ� ɪɢɫɭɧɤɟ 2.11 ɩɨɤɚɡɚɧɵ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ� ɭɝɥɵ 21,TT  ɢɡɥɭɱɟɧɢɹ 

ɢɫɬɨɱɧɢɤɨɦ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɞɥɹ 1 ɢ 2 ɩɨɦɟɳɟɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋ� ɭɱɟɬɨɦ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɩɨɫɬɭɩɚɸɳɟɣ� ɨɬ� ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ� ɷɧɟɪɝɢɢ� ɫɢɫɬɟɦɚ� ɭɪɚɜɧɟɧɢɣ 

(2.35) ɩɪɢɦɟɬ�ɜɢɞ 
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ȿɝɨ�ɪɟɲɟɧɢɟ�ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɤɚɤ 
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ɋɪɚɜɧɟɧɢɟ� ɪɟɲɟɧɢɣ (2.40), (2.41) ɢ (2.45), (2.46) ɩɨɡɜɨɥɹɟɬ� ɭɫɬɚɧɨɜɢɬɶ 

ɜɥɢɹɧɢɟ� ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɜɜɨɞɢɦɨɣ� ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɷɧɟɪɝɢɢ� ɦɟɠɞɭ 

ɩɨɦɟɳɟɧɢɹɦɢ. Ⱦɥɹ� ɭɩɪɨɳɟɧɢɹ� ɜɵɪɚɠɟɧɢɣ� ɫ� ɰɟɥɶɸ� ɢɫɤɥɸɱɟɧɢɹ� ɦɚɥɨɡɧɚɱɢɦɵɯ 

ɮɚɤɬɨɪɨɜ�ɜɵɩɨɥɧɟɧ�ɱɢɫɥɟɧɧɵɣ�ɚɧɚɥɢɡ�ɤɨɦɩɨɧɟɧɬɨɜ�ɪɟɲɟɧɢɣ (2.45) ɢ (2.46). 

Ɇɧɨɠɢɬɟɥɶ        ɜɵɱɢɫɥɟɧ�ɩɨ�ɩɪɢɛɥɢɠɟɧɧɨɣ�ɮɨɪɦɭɥɟ�ɤɚɤ 

                                                                   .  
ȼɟɥɢɱɢɧɚ   ɨɩɪɟɞɟɥɟɧɚ� ɫ� ɭɱɟɬɨɦ� ɡɧɚɱɟɧɢɹ� ɩɥɨɬɧɨɫɬɢ� ɷɧɟɪɝɢɢ� ɜ� ɩɟɪɜɨɦ 

ɩɨɦɟɳɟɧɢɢ 0.206ǜ10-5�Ⱦɠ�ɦ3, ɩɨɥɭɱɟɧɧɨɝɨ�ɪɚɧɟɟ�ɩɪɢ  

                                                Ⱦɠ�ɦ
3. ɍɪɨɜɟɧɶ�ɡɜɭɤɚ�ɜ�ɩɟɪɜɨɦ�ɩɨɦɟɳɟɧɢɢ�ɪɚɜɟɧ                        

                                                              ɞȻ. 

Ɂɧɚɱɟɧɢɟ 1L  ɥɢɲɶ� ɧɚ 0.08 ɞȻ� ɦɟɧɶɲɟ� ɡɧɚɱɟɧɢɹ� ɭɪɨɜɧɹ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ� ɩɨ 

ɮɨɪɦɭɥɟ (2.40), ɜ� ɤɨɬɨɪɨɦ� ɧɟ� ɭɱɢɬɵɜɚɟɬɫɹ� ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɪɹɦɨɣ� ɷɧɟɪɝɢɢ 

ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ. Ɂɧɚɱɟɧɢɟ�ɭɪɨɜɧɹ 1L  ɬɚɤɠɟ�ɯɨɪɨɲɨ�ɫɨɝɥɚɫɭɟɬɫɹ�ɫ�ɪɟɡɭɥɶɬɚɬɨɦ 

ɪɚɫɱɟɬɚ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɢɧɬɟɝɪɚɥɶɧɵɦ�ɭɪɚɜɧɟɧɢɟɦ - 4.881  L  ɞȻ. 

Ⱥɧɚɥɨɝɢɱɧɨ�ɜɵɱɢɫɥɟɧɨ�ɡɧɚɱɟɧɢɟ  

 

 

 

                                        
 

ɍɜɟɥɢɱɟɧɢɟ� ɫɪɟɞɧɟɝɨ� ɭɪɨɜɧɹ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɫɨɫɬɚɜɥɹɟɬ 

45.011.8155.812  � 'L  ɞȻ. ȼ�ɬɨɠɟ�ɜɪɟɦɹ�ɪɚɫɯɨɠɞɟɧɢɟ�ɦɟɠɞɭ�ɪɟɡɭɥɶɬɚɬɚɦɢ�ɪɚɫɱɟɬɚ 

ɩɨ� ɦɟɬɨɞɭ� ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ� ɢ� ɢɧɬɟɝɪɚɥɶɧɨɦɭ� ɭɪɚɜɧɟɧɢɸ� ɜɨɡɪɚɫɬɚɟɬ� ɞɨ 

25.13.8055.812  � 'L  ɞȻ. ɍɬɨɱɧɟɧɢɟ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɩɪɢɜɟɥɨ� ɤ� ɩɨɜɵɲɟɧɢɸ 

ɭɪɨɜɧɹ�ɡɜɭɤɚ�ɜ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ�ɢ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɩɨɤɚɡɚɥɨ�ɩɨɝɪɟɲɧɨɫɬɶ�ɦɟɬɨɞɚ 

ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ, ɤɨɝɞɚ�ɧɟ�ɪɚɡɞɟɥɹɸɬɫɹ�ɩɪɹɦɚɹ�ɢ�ɨɬɪɚɠɟɧɧɚɹ�ɷɧɟɪɝɢɢ. 
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ɂɫɫɥɟɞɨɜɚɧɢɟ� ɩɨɬɨɤɚ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɢ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɫɜɹɡɢ� ɦɟɠɞɭ 

ɩɨɦɟɳɟɧɢɹɦɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɜɛɥɢɡɢ� ɩɪɨɟɦɚ� ɜ� ɩɟɪɟɝɨɪɨɞɤɟ, ɫɨɟɞɢɧɹɸɳɟɝɨ� ɞɜɚ 

ɩɨɦɟɳɟɧɢɹ, ɩɪɨɢɫɯɨɞɢɬ� ɪɟɡɤɨɟ� ɫɧɢɠɟɧɢɟ� ɞɢɮɮɭɡɧɨɫɬɢ� ɡɜɭɤɨɜɨɝɨ� ɩɨɥɹ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ� ɭɯɨɞɚ� ɷɧɟɪɝɢɢ� ɢɡ� ɩɨɦɟɳɟɧɢɹ 1 ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɪɟɜɵɲɚɟɬ� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɜɨɡɜɪɚɳɚɸɳɟɝɨɫɹ� ɡɜɭɤɚ� ɢɡ� ɩɨɦɟɳɟɧɢɹ 2 (ɫɦ. ɪɢɫɭɧɨɤ 

2.12). 

 
Ɋɢɫɭɧɨɤ 2.12 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ� ɫɯɟɦɚ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɩɨɬɨɤɨɜ 

ɷɧɟɪɝɢɢ�ɜɛɥɢɡɢ�ɩɪɨɟɦɚ, ɫɨɟɞɢɧɹɸɳɟɝɨ�ɩɨɦɟɳɟɧɢɹ 1 ɢ 2 

Ɇɟɬɨɞɨɦ� ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ� ɞɥɹ� ɩɪɢɦɟɪɚ 3 ɜɵɱɢɫɥɟɧɵ� ɡɧɚɱɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ: 

ɢɡ�ɩɟɪɜɨɝɨ�ɩɨɦɟɳɟɧɢɹ�ɜɨ�ɜɬɨɪɨɟ 

                                                 
 

 

ɢɡ�ɜɬɨɪɨɝɨ�ɩɨɦɟɳɟɧɢɹ�ɜ�ɩɟɪɜɨɟ 

 
 

 

ɝɞɟ                         - ɩɨɪɨɝɨɜɨɟ�ɡɧɚɱɟɧɢɟ�ɩɥɨɬɧɨɫɬɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, Ⱦɠ�ɦ3. 

Ɍɨɝɞɚ�ɩɥɨɬɧɨɫɬɶ�ɩɨɬɨɤɚ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɩɪɨɟɦɟ�ɪɚɜɧɚ 
55

21 109.1310)57.35.17( �� � �� � IIq  ȼɬ�ɦ
2. 

ȼɟɥɢɱɢɧɚ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɚ� ɷɧɟɪɝɢɢ� ɜɛɥɢɡɢ� ɨɝɪɚɠɞɟɧɢɹ� ɩɨɦɟɳɟɧɢɣ, 

ɫɜɹɡɚɧɧɚɹ� ɫ� ɩɨɝɥɨɳɟɧɢɟɦ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɨɝɪɚɠɞɟɧɢɹɦɢ, ɪɚɜɧɚ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɨɝɥɨɳɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɢ�ɫɨɫɬɚɜɥɹɟɬ 

- ɜ�ɩɟɪɜɨɦ�ɩɨɦɟɳɟɧɢɢ 
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- ɜɨ�ɜɬɨɪɨɦ�ɩɨɦɟɳɟɧɢɢ 
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ȼɬ�ɦ2. 

ɉɨɥɭɱɟɧɧɚɹ� ɩɪɢ� ɤɨɦɩɶɸɬɟɪɧɨɦ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɧɚ� ɨɫɧɨɜɟ� ɢɧɬɟɝɪɚɥɶɧɨɝɨ 

ɭɪɚɜɧɟɧɢɹ� ɤɚɪɬɚ� ɜɟɤɬɨɪɨɜ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɨɜ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ  ɹ� ɩɪɢɜɟɞɟɧɚ� ɧɚ 

ɪɢɫɭɧɤɟ 2.13 

 
Ɋɢɫɭɧɨɤ 2.13 - Ʉɚɪɬɚ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɨɜ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ (ɡɧɚɱɟɧɢɹ� ɜ� ȼɬ�ɦ2 

ɭɜɟɥɢɱɟɧɵ�ɜ 105�ɪɚɡ). 

Ɋɟɡɭɥɶɬɚɬɵ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ   ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ� ɩɥɨɬɧɨɫɬɶ� ɩɨɬɨɤɚ� ɷɧɟɪɝɢɢ 

ɱɟɪɟɡ�ɩɪɨɟɦ                            ȼɬ�ɦ2 ɫɨɜɩɚɞɚɟɬ�ɫɨ�ɡɧɚɱɟɧɢɟɦ, ɪɚɫɫɱɢɬɚɧɧɵɦ�ɩɨ�ɦɟɬɨɞɭ 

ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ. ȼ� ɬɨɠɟ� ɜɪɟɦɹ� ɧɚ� ɛɨɥɶɲɢɧɫɬɜɟ� ɭɱɚɫɬɤɨɜ� ɩɟɪɜɨɝɨ� ɩɨɦɟɳɟɧɢɹ  

ɩɥɨɬɧɨɫɬɶ� ɩɨɬɨɤɨɜ� ɷɧɟɪɝɢɢ� ɜɛɥɢɡɢ� ɨɝɪɚɠɞɟɧɢɣ, ɡɚ� ɢɫɤɥɸɱɟɧɢɟɦ� ɡɨɧɵ� ɩɟɪɟɞ 

ɩɟɪɟɝɨɪɨɞɤɨɣ, ɧɚɢɛɨɥɟɟ� ɭɞɚɥɟɧɧɨɣ� ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ, ɡɧɚɱɢɬɟɥɶɧɨ� ɛɨɥɶɲɟ 

ɫɪɟɞɧɟɝɨ�ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ�ɦɟɬɨɞɨɦ�ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ                        ȼɬ�ɦ2.  

Ɍɚɤɚɹ�ɠɟ�ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ�ɧɚɛɥɸɞɚɟɬɫɹ�ɢ�ɜɨ�ɜɬɨɪɨɦ�ɩɨɦɟɳɟɧɢɢ.  

Ⱦɥɹ� ɪɚɫɱɟɬɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɷɧɟɪɝɢɢ� ɦɟɠɞɭ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɦɢ 

ɩɨɦɟɳɟɧɢɹɦɢ� ɩɨ�ɦɟɬɨɞɭ� ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ� ɢ� ɞɪɭɝɢɦɢ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ�ɦɟɬɨɞɚɦɢ 

ɜɚɠɧɨ�ɡɧɚɬɶ�ɬɨɱɧɨɟ�ɡɧɚɱɟɧɢɟ�ɷɧɟɪɝɢɢ, ɩɟɪɟɞɚɸɳɟɣɫɹ�ɱɟɪɟɡ�ɩɪɨɟɦ, ɬɨ�ɟɫɬɶ�ɜɟɥɢɱɢɧɭ 

ɤɨɷɮɮɢɰɢɟɧɬɚ� ɫɜɹɡɢ. Ⱦɥɹ� ɫɦɟɠɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ� ɩɪɨɟɦ� ɦɨɠɧɨ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɤɚɤ 

ɢɫɬɨɱɧɢɤ�ɲɭɦɚ�ɫ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɦɨɳɧɨɫɬɶɸ                , ɜɟɥɢɱɢɧɚ�ɤɨɬɨɪɨɝɨ�ɡɚɜɢɫɢɬ�ɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬɚ�ɫɜɹɡɢ                     . 

ɋ� ɩɨɦɨɳɶɸ� ɤɨɦɩɶɸɬɟɪɧɨɝɨ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɡɜɭɤɨɜɨɝɨ� ɩɨɥɹ� ɧɚ� ɨɫɧɨɜɟ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�Ʉɭɬɬɪɭɮɚ�ɜɵɩɨɥɧɟɧ�ɚɧɚɥɢɡ�ɩɪɨɰɟɫɫɨɜ�ɩɟɪɟɞɚɱɢ�ɡɜɭɤɨɜɨɣ 
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ɷɧɟɪɝɢɢ� ɱɟɪɟɡ� ɩɪɨɟɦ� ɢ� ɩɪɨɜɟɞɟɧɚ� ɨɰɟɧɤɚ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɫɜɹɡɢ. ɇɚ� ɪɢɫɭɧɤɟ 2.14 

ɩɨɤɚɡɚɧɵ� ɡɧɚɱɟɧɢɹ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ� ɢɡ� ɩɟɪɜɨɝɨ 

ɩɨɦɟɳɟɧɢɹ  ɜɨ� ɜɬɨɪɨɟ    ɢ� ɧɚɨɛɨɪɨɬ    ɱɟɪɟɡ� ɩɪɨɟɦ, ɚ� ɬɚɤɠɟ� ɩɥɨɬɧɨɫɬɶ� ɩɨɬɨɤɚ 

ɷɧɟɪɝɢɢ. ɇɚ�ɝɪɚɮɢɤɟ ɯ – ɪɚɫɫɬɨɹɧɢɟ�ɨɬ� ɤɪɚɣɧɟɣ� ɥɟɜɨɣ� ɫɬɟɧɵ�ɫɢɫɬɟɦɵ�ɩɨɦɟɳɟɧɢɣ 

ɢɥɢ�ɤɨɨɪɞɢɧɚɬɚ ɯ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɢ.  

 
Ɋɢɫɭɧɨɤ 2.14 - Ƚɪɚɮɢɤ�ɢɡɦɟɧɟɧɢɹ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɢ�ɩɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɚ�ɷɧɟɪɝɢɢ�ɜ�ɪɚɣɨɧɟ 

ɩɪɨɟɦɚ:                   -   ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɷɧɟɪɝɢɢ,  ɩɨɫɬɭɩɚɸɳɟɣ� ɢɡ� ɩɨɦɟɳɟɧɢɹ 1  ɜ 

ɩɨɦɟɳɟɧɢɟ 2, ;           - ɬɨɠɟ, ɢɡ� ɩɨɦɟɳɟɧɢɹ 2 ɜ� ɩɨɦɟɳɟɧɢɟ 1,  ; 

                       - ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ� ɩɥɨɬɧɨɫɬɶ� ɩɨɬɨɤɚ� ɷɧɟɪɝɢɢ, ɧɚɩɪɚɜɥɟɧɧɚɹ� ɢɡ 

ɩɨɦɟɳɟɧɢɹ 1 ɜ�ɩɨɦɟɳɟɧɢɟ 2,                 .  
Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 

ɩɨɫɬɭɩɚɸɳɟɣ� ɜɨ� ɜɬɨɪɨɟ� ɩɨɦɟɳɟɧɢɟ,                    ȼɬ�ɦ2 ɞɨɫɬɚɬɨɱɧɨ� ɯɨɪɨɲɨ 

ɫɨɝɥɚɫɭɟɬɫɹ�ɫ�ɪɟɡɭɥɶɬɚɬɨɦ�ɪɚɫɱɟɬɚ�ɩɨ�ɦɟɬɨɞɭ�ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ                         ȼɬ�ɦ2. 

ɋɨɜɩɚɞɟɧɢɟ�ɩɨɬɨɤɨɜ�ɷɧɟɪɝɢɢ�ɢ�ɫɪɟɞɧɢɯ�ɭɪɨɜɧɟɣ�ɡɜɭɤɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɯ 

ɦɟɬɨɞɨɦ�ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ�ɢ�ɩɭɬɟɦ�ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɭɤɚɡɵɜɚɟɬ�ɧɚ 

ɞɨɫɬɨɜɟɪɧɨɫɬɶ�ɩɪɢɧɹɬɨɝɨ�ɡɧɚɱɟɧɢɹ�ɤɨɷɮɮɢɰɢɟɧɬɚ                 . 

ȼ�ɬɨɠɟ�ɜɪɟɦɹ�ɜɢɞɧɨ, ɱɬɨ�ɜɟɥɢɱɢɧɚ�ɜɨɡɜɪɚɳɚɸɳɟɣɫɹ�ɷɧɟɪɝɢɢ�ɢɡ�ɩɨɦɟɳɟɧɢɹ 2 

ɜ�ɩɨɦɟɳɟɧɢɟ 1, ɩɨɥɭɱɟɧɧɚɹ�ɦɟɬɨɞɨɦ�ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ                     ȼɬ�ɦ2�ɛɨɥɶɲɟ 

ɡɧɚɱɟɧɢɣ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ                        ȼɬ�ɦ
2. ɗɬɨ� ɨɡɧɚɱɚɟɬ, ɱɬɨ� ɜ� ɫɢɫɬɟɦɟ 

ɭɪɚɜɧɟɧɢɣ (2.35) ɧɟɨɛɯɨɞɢɦɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɤɨɷɮɮɢɰɢɟɧɬ�ɫɜɹɡɢ
                    

. 

 

4/21 ɫA E

kɫA /12  E

1I 2I

1I 2I

211 IIq � 

^ ` 5
1 102.1817 ��y I

5
1 109.16 �� I

5
2 1057.3 �� I

^ ` 5
2 100.29,1 ��y I



67 

Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɤɨɷɮɮɢɰɢɟɧɬɚ k�ɦɨɠɧɨ�ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ�ɫɨɨɬɧɨɲɟɧɢɟɦ 

 

Ɍɨɝɞɚ�ɜ�ɞɚɧɧɨɦ�ɫɥɭɱɚɟ k�ɛɭɞɟɬ�ɪɚɜɟɧ  

 

ɢ�ɤɨɷɮɮɢɰɢɟɧɬ�ɨɛɪɚɬɧɨɣ�ɫɜɹɡɢ�ɨɩɪɟɞɟɥɢɬɫɹ�ɤɚɤ  

     (2.47) 

ȼɟɥɢɱɢɧɚ�ɤɨɷɮɮɢɰɢɟɧɬɚ k�ɢɧɞɢɜɢɞɭɚɥɶɧɚ�ɞɥɹ�ɤɚɠɞɨɣ�ɫɢɫɬɟɦɵ�ɩɨɦɟɳɟɧɢɣ�ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɟ� ɧɟɨɛɯɨɞɢɦɨ� ɨɩɪɟɞɟɥɹɬɶ� ɜ� ɤɚɠɞɨɦ� ɤɨɧɤɪɟɬɧɨɦ� ɫɥɭɱɚɟ. Ⱦɥɹ 

ɩɪɚɤɬɢɱɟɫɤɢɯ� ɫɥɭɱɚɟɜ, ɭɱɢɬɵɜɚɹ� ɦɚɥɨɟ� ɡɧɚɱɟɧɢɟ� ɨɛɪɚɬɧɨɣ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɫɜɹɡɢ  

�ɫɦ. 2.42), ɜɦɟɫɬɨ (2.47) ɛɟɡ� ɫɧɢɠɟɧɢɹ� ɬɨɱɧɨɫɬɢ� ɪɚɫɱɟɬɨɜ� ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɜɵɪɚɠɟɧɢɟ (2.38). 

ɂɡɦɟɧɟɧɢɹ�ɫɪɟɞɧɟɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɩɨɦɟɳɟɧɢɣ�ɡɚ�ɫɱɟɬ 

ɨɬɤɪɵɬɨɝɨ�ɩɪɨɟɦɚ. 

Ʉɚɤ� ɜɢɞɧɨ, ɱɟɪɟɡ� ɨɬɤɪɵɬɵɣ� ɩɪɨɟɦ� ɭɯɨɞɢɬ� ɛɨɥɶɲɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɱɟɦ 

ɜɨɡɜɪɚɳɚɟɬɫɹ. ɉɪɨɟɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ� ɪɚɫɫɦɚɬɪɢɜɚɬɶ� ɤɚɤ� ɩɥɨɳɚɞɶ� ɫɬɨɤɚ 

ɷɧɟɪɝɢɢ�ɫ�ɭɫɥɨɜɧɵɦ�ɤɨɷɮɮɢɰɢɟɧɬɨɦ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ        . 

ɉɪɢ�ɪɚɫɱɟɬɟ         ɦɨɠɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɡɧɚɱɟɧɢɹ�ɞɥɹ�ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ:  

- ɩɚɞɚɸɳɟɣ�ɧɚ�ɩɪɨɟɦ 

 

- ɜɨɡɜɪɚɳɚɸɳɟɣɫɹ�ɱɟɪɟɡ�ɩɪɨɟɦ  

 

Ɍɨɝɞɚ�ɭɫɥɨɜɧɨ�ɩɨɝɥɨɳɟɧɧɚɹ�ɷɧɟɪɝɢɹ�ɪɚɜɧɚ 
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ɩɪD �ɛɭɞɟɬ�ɨɩɪɟɞɟɥɹɬɶɫɹ�ɤɚɤ 

(2.48) 

Ⱦɥɹ� ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ� ɩɪɢɦɟɪɚ 3 ɩɪɢ� ɢɫɯɨɞɧɵɯ� ɫɪɟɞɧɢɯ� ɤɨɷɮɮɢɰɢɟɧɬɚɯ 
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ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɪɟɞɧɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɩɨɦɟɳɟɧɢɹ 1 ɧɚɣɞɟɬɫɹ 

ɤɚɤ 

 

ɗɬɭ�ɜɟɥɢɱɢɧɭ�ɜ�ɞɚɧɧɨɦ�ɫɥɭɱɚɟ�ɫɥɟɞɭɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɜ�ɪɚɫɱɟɬɚɯ. 

 

 

2.4 ɂɫɫɥɟɞɨɜɚɧɢɟ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɤɜɚɪɬɢɪɚɯ�ɤɚɤ�ɜ�ɫɢɫɬɟɦɚɯ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɧɚ�ɨɫɧɨɜɟ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ�ɦɟɬɨɞɚ 

ɪɚɫɱɟɬɚ�ɲɭɦɚ  
 

 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ�ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ 

ɡɞɚɧɢɹɯ� ɫ� ɹɱɟɣɤɨɜɨɣ� ɢ� ɚɧɮɢɥɚɞɧɨɣ� ɫɢɫɬɟɦɚɦɢ� ɩɥɚɧɢɪɨɜɤɢ� ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɫɫɥɟɞɨɜɚɬɶ� ɜɥɢɹɧɢɟ� ɪɚɡɥɢɱɧɵɯ� ɮɚɤɬɨɪɨɜ� ɧɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 

ɤɜɚɪɬɢɪɚɯ. Ɇɟɬɨɞ�ɩɨɡɜɨɥɹɟɬ�ɜɵɩɨɥɧɹɬɶ�ɧɚ�ɫɬɚɞɢɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ 

ɢ�ɤɚɱɟɫɬɜɟɧɧɭɸ�ɨɰɟɧɤɭ�ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɤɜɚɪɬɢɪɵ, ɩɪɨɢɡɜɨɞɢɬɶ�ɟɟ�ɡɨɧɢɪɨɜɚɧɢɟ�ɩɨ 

ɫɬɟɩɟɧɢ�ɲɭɦɧɨɫɬɢ�ɩɨɦɟɳɟɧɢɣ�ɢ�ɪɚɡɪɚɛɚɬɵɜɚɬɶ�ɧɚ�ɷɬɨɣ�ɨɫɧɨɜɟ�ɩɥɚɧɢɪɨɜɤɭ�ɤɜɚɪɬɢɪ 

ɫ�ɩɨɡɢɰɢɣ�ɨɝɪɚɧɢɱɟɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ�ɜ�ɧɢɯ. 

ɇɢɠɟ�ɪɚɫɫɦɨɬɪɟɧɵ�ɞɜɟ�ɨɫɧɨɜɧɵɟ� ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ�ɦɨɠɧɨ�ɪɟɲɚɬɶ�ɧɚ�ɨɫɧɨɜɟ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ� ɩɪɢɦɟɧɢɬɟɥɶɧɨ� ɤ� ɹɱɟɣɤɨɜɵɦ� ɫɢɫɬɟɦɚɦ� ɩɥɚɧɢɪɨɜɤɢ� ɫ 

ɫɨɪɚɡɦɟɪɧɵɦɢ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɦɢ�ɨɛɴɟɦɚɦɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ� ɜɥɢɹɧɢɹ� ɜɪɟɦɟɧɢ� ɪɟɜɟɪɛɟɪɚɰɢɢ� ɧɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ 

ɤɜɚɪɬɢɪ. 

ȼɨɡɦɨɠɧɨɫɬɶ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɪɨɰɟɫɫɨɜ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 

ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɤɜɚɪɬɢɪɚɯ� ɢɦɟɟɬ� ɛɨɥɶɲɨɟ� ɩɪɚɤɬɢɱɟɫɤɨɟ� ɡɧɚɱɟɧɢɟ. ɇɚ� ɨɫɧɨɜɟ 

ɨɛɪɚɛɨɬɤɢ� ɩɨɥɭɱɚɟɦɵɯ� ɪɟɜɟɪɛɟɪɚɰɢɨɧɧɵɯ� ɝɪɚɮɢɤɨɜ� ɦɨɠɧɨ� ɨɩɪɟɞɟɥɹɬɶ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ�ɢ�ɨɰɟɧɢɜɚɬɶ�ɜɥɢɹɧɢɟ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚ�ɫɧɢɠɟɧɢɟ�ɜ�ɧɢɯ�ɲɭɦɚ. 

ɉɨɫɬɪɨɟɧɢɟ�ɪɟɜɟɪɛɟɪɚɰɢɨɧɧɵɯ�ɝɪɚɮɢɤɨɜ�ɢ�ɨɩɪɟɞɟɥɟɧɢɟ�ɢɡɦɟɧɟɧɢɹ�ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɜɨ� ɜɪɟɦɟɧɢ� ɜɨɡɦɨɠɧɨ� ɩɭɬɟɦ� ɱɢɫɥɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ� ɭɪɚɜɧɟɧɢɹ (2.4) ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɪɚɡɪɚɛɨɬɚɧɧɨɣ�ɤɨɦɩɶɸɬɟɪɧɨɣ�ɩɪɨɝɪɚɦɦɵ [67]. 

.287.0
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ɇɢɠɟ, ɜ� ɤɚɱɟɫɬɜɟ� ɨɰɟɧɤɢ� ɜɨɡɦɨɠɧɨɫɬɟɣ� ɩɪɟɞɥɨɠɟɧɧɨɝɨ� ɦɟɬɨɞɚ, ɩɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɬɪɟɯɤɨɦɧɚɬɧɨɣ� ɤɜɚɪɬɢɪɟ, ɫɯɟɦɚ� ɤɨɬɨɪɨɣ� ɞɚɧɚ� ɧɚ 

ɪɢɫɭɧɤɟ 2.15. Ʉɜɚɪɬɢɪɚ� ɫɨɫɬɨɢɬ� ɢɡ 8 ɩɨɦɟɳɟɧɢɣ, ɪɚɡɞɟɥɟɧɧɵɯ� ɤɢɪɩɢɱɧɵɦɢ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɫɨ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ 48 ɞȻ. Ɂɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɧɵɯ� ɡɚɩɨɥɧɟɧɢɣ  

10 ɞȻ. ɂɫɬɨɱɧɢɤ�ɲɭɦɚ�ɫ�ɦɨɳɧɨɫɬɶɸ 90 ɞȻ�ɪɚɫɩɨɥɚɝɚɟɬɫɹ�ɜ�ɤɨɦɧɚɬɟ 1. ɉɚɪɚɦɟɬɪɵ 

ɩɨɦɟɳɟɧɢɣ� ɤɜɚɪɬɢɪɵ� ɞɚɧɵ� ɜ� ɬɚɛɥɢɰɟ 2.7. ȼ� ɧɟɣ� ɩɪɢɜɟɞɟɧɵ� ɩɨɥɭɱɟɧɧɵɟ� ɩɪɢ 

ɪɚɫɱɟɬɚɯ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɤɜɚɪɬɢɪɵ� ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɢ� ɨɬɤɪɵɬɵɯ 

ɞɜɟɪɹɯ. 

 
Ɋɢɫɭɧɨɤ 2.15 - ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɤ�ɪɚɫɱɟɬɭ:           - ɩɨɥɨɠɟɧɢɟ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ 

Ɍɚɛɥɢɰɚ 2.7 - ɉɚɪɚɦɟɬɪɵ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ�ɢ�ɪɚɫɫɱɢɬɚɧɧɵɟ�ɜ�ɧɢɯ�ɭɪɨɜɧɢ 

ɲɭɦɚ  

ʋ 
ɩɨɦ. 

 

ɉɥɨɳɚɞɶ 
ɨɝɪɚɠɞɟɧɢɣ, 

Si�ɦ2 

Ɉɛɴɟɦ, 
Vi�ɦ3 

ɋɪɟɞɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ Įi 

ɍɪɨɜɧɢ�ɲɭɦɚ, ɞȻ 
ɩɪɢ 

ɡɚɤɪɵɬɵɯ 
ɞɜɟɪɹɯ 

ɩɪɢ 
ɨɬɤɪɵɬɵɯ 
ɞɜɟɪɹɯ 

1 56.8 28.5 0.2 84.8 82.5 
2 63.6 34.2 0.1 69.6 76.4 
3 89.4 55.9 0.3 63.3 70.9 
4 83.6 50.8 0.3 63.6 71.2 
5 52.2 12.6 0.2 68.9 74.0 
6 28.0 9.6 0.05 60.8 72.4 
7 44.0 19.2 0.05 60.6 72.4 
8 63.8 34.6 0.3 49.0 64.1 

 

ɇɚ� ɪɢɫɭɧɤɚɯ 2.16 ɢ 2.17 ɩɪɢɜɟɞɟɧɵ� ɝɪɚɮɢɤɢ� ɩɪɨɰɟɫɫɨɜ� ɧɚɪɚɫɬɚɧɢɹ� ɢ 

ɡɚɬɭɯɚɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ� ɞɥɹ� ɜɫɟɯ� ɩɨɦɟɳɟɧɢɣ� ɤɜɚɪɬɢɪɵ� ɩɨɫɥɟ 

ɜɤɥɸɱɟɧɢɹ�ɢ�ɨɬɤɥɸɱɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɞɥɹ�ɫɥɭɱɚɹ, ɤɨɝɞɚ�ɜɫɟ�ɞɜɟɪɢ�ɨɬɤɪɵɬɵ.  
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Ɋɢɫɭɧɨɤ 2.16 - ɉɪɨɰɟɫɫ�ɧɚɪɚɫɬɚɧɢɹ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ�ɤɚɤ 

ɫɢɫɬɟɦɟ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ. 

 
Ɋɢɫɭɧɨɤ 2.17 - ɉɪɨɰɟɫɫɵ�ɪɟɜɟɪɛɟɪɚɰɢɢ�ɡɜɭɤɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ�ɤɚɤ�ɜ�ɫɢɫɬɟɦɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɨɛɴɟɦɨɜ 
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ȼ� ɬɚɛɥɢɰɟ 2.8 ɩɪɢɜɟɞɟɧɵ� ɡɧɚɱɟɧɢɹ� ɜɪɟɦɟɧɢ� ɪɟɜɟɪɛɟɪɚɰɢɢ� ɩɨɦɟɳɟɧɢɣ, 

ɪɚɫɫɱɢɬɚɧɧɵɟ�ɧɚ�ɨɫɧɨɜɟ�ɫɢɫɬɟɦɵ�ɭɪɚɜɧɟɧɢɣ (2.4) ɤɚɤ�ɞɥɹ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ, ɢ 

ɡɧɚɱɟɧɢɹ�ɜɪɟɦɟɧɢ�ɪɟɜɟɪɛɟɪɚɰɢɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ�ɩɨ�ɢɡɜɟɫɬɧɨɣ�ɮɨɪɦɭɥɟ�ɗɣɪɢɧɝɚ [58] 

ɤɚɤ� ɞɥɹ� ɢɡɨɥɢɪɨɜɚɧɧɵɯ� ɨɞɢɧɨɱɧɵɯ� ɩɨɦɟɳɟɧɢɣ. ȼɢɞɧɨ, ɱɬɨ� ɪɚɫɫɱɢɬɚɧɧɨɟ� ɞɜɭɦɹ 

ɫɩɨɫɨɛɚɦɢ�ɜɪɟɦɹ�ɪɟɜɟɪɛɟɪɚɰɢɢ�ɫɨɜɩɚɞɚɟɬ�ɬɨɥɶɤɨ�ɜ�ɩɨɦɟɳɟɧɢɹɯ 2, 6 ɢ 7, ɢɦɟɸɳɢɯ 

ɧɢɡɤɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ. ȼ� ɨɫɬɚɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

ɧɚɥɢɱɢɟ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɫɜɹɡɢ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɜɟɥɢɱɢɜɚɟɬ� ɜɪɟɦɹ� ɪɟɜɟɪɛɟɪɚɰɢɢ. ɇɚ 

ɡɚɤɥɸɱɢɬɟɥɶɧɵɯ� ɫɬɚɞɢɹɯ� ɪɟɜɟɪɛɟɪɚɰɢɢ� ɝɪɚɮɢɤɢ� ɡɚɬɭɯɚɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ 

ɫɬɚɧɨɜɹɬɫɹ�ɛɨɥɟɟ�ɩɨɥɨɝɢɦɢ, ɷɬɨ�ɨɛɴɹɫɧɹɟɬɫɹ�ɩɪɨɰɟɫɫɨɦ�ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɷɧɟɪɝɢɢ 

ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ. Ɂɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ� ɢɡ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɛɨɥɟɟ� ɧɢɡɤɢɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ� ɛɨɥɟɟ� ɧɢɡɤɨɣ� ɫɤɨɪɨɫɬɶɸ 

ɡɚɬɭɯɚɧɢɹ�ɡɜɭɤɚ�ɩɟɪɟɞɚɟɬɫɹ�ɜ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɟ�ɫ�ɧɢɦɢ�ɩɨɦɟɳɟɧɢɹ, ɢɦɟɸɳɢɟ 

ɛɨɥɟɟ�ɜɵɫɨɤɭɸ�ɫɤɨɪɨɫɬɶ�ɡɚɬɭɯɚɧɢɹ�ɡɜɭɤɚ. 

Ɍɚɛɥɢɰɚ 2.8 - ȼɪɟɦɹ�ɪɟɜɟɪɛɟɪɚɰɢɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ 

ʋ 
ɩɨɦɟɳɟɧɢɹ 

ȼɪɟɦɹ�ɪɟɜɟɪɛɟɪɚɰɢɢ, ɫ 

ɪɚɫɱɟɬ�ɩɨ�ɮɨɪɦɭɥɟ�ɗɣɪɢɧɝɚ 
ɪɚɫɱɟɬ�ɞɥɹ�ɫɢɫɬɟɦɵ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ 
ɩɨɦɟɳɟɧɢɣ 

1 0.35 0.53 
2 0.75 0.76 
3 0.29 0.51 
4 0.28 0.51 
5 0.23 0.95 
6 1.09 1.15 
7 2.10 2.15 
8 0.26 0.90 

 

ȼ� ɰɟɥɨɦ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ� ɚɤɭɫɬɢɱɟɫɤɚɹ� ɫɜɹɡɶ� ɦɟɠɞɭ 

ɩɨɦɟɳɟɧɢɹɦɢ�ɫɭɳɟɫɬɜɟɧɧɨ�ɜɥɢɹɟɬ�ɧɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɦɟɠɞɭ�ɧɢɦɢ  

ɤɚɤ�ɩɪɢ�ɫɬɚɰɢɨɧɚɪɧɨɦ, ɬɚɤ�ɢ�ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ�ɲɭɦɨɜɵɯ�ɪɟɠɢɦɚɯ�ɜ�ɤɜɚɪɬɢɪɟ. ȼ�ɷɬɨɦ 

ɫɥɭɱɚɟ�ɞɥɹ�ɪɚɫɱɟɬɚ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɢ�ɪɚɡɪɚɛɨɬɤɢ�ɦɟɪɨɩɪɢɹɬɢɣ�ɩɨ 

ɟɝɨ� ɭɥɭɱɲɟɧɢɸ� ɜ� ɤɜɚɪɬɢɪɚɯ� ɫ� ɹɱɟɣɤɨɜɵɦɢ� ɩɥɚɧɢɪɨɜɤɚɦɢ� ɦɨɠɧɨ� ɫ� ɞɨɫɬɚɬɨɱɧɨɣ 

ɧɚɞɟɠɧɨɫɬɶɸ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɩɪɟɞɥɨɠɟɧɧɵɣ�ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɲɭɦɚ. Ɉɧ 

ɩɨɡɜɨɥɹɟɬ� ɛɨɥɟɟ� ɨɛɴɟɤɬɢɜɧɨ� ɭɱɢɬɵɜɚɬɶ� ɤɨɧɤɪɟɬɧɵɟ� ɩɪɨɰɟɫɫɵ� ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɢ� ɜɥɢɹɧɢɟ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɧɚ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɦɟɠɞɭ�ɧɢɦɢ.  
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Ɇɟɬɨɞ� ɩɨɡɜɨɥɹɟɬ� ɨɰɟɧɢɜɚɬɶ� ɢɡɦɟɧɟɧɢɟ� ɩɪɨɰɟɫɫɨɜ� ɪɟɜɟɪɛɟɪɚɰɢɢ� ɜɨ� ɜɫɟɯ 

ɩɨɦɟɳɟɧɢɹɯ� ɤɜɚɪɬɢɪɵ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜ 

ɨɬɞɟɥɶɧɵɯ� ɟɟ� ɩɨɦɟɳɟɧɢɹɯ� ɢ� ɬɟɦ� ɫɚɦɵɦ� ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ� ɪɟɝɭɥɢɪɨɜɚɬɶ�ɲɭɦɨɜɨɣ 

ɪɟɠɢɦ�ɤɜɚɪɬɢɪ�ɡɚ�ɫɱɟɬ�ɩɪɢɦɟɧɟɧɢɹ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ.  

Ɉɰɟɧɤɚ�ɜɥɢɹɧɢɹ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɜɧɭɬɪɟɧɧɢɯ�ɨɝɪɚɠɞɚɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ 

ɧɚ�ɲɭɦɨɜɨɣ�ɪɟɠɢɦ�ɤɜɚɪɬɢɪ. 

Ɂɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ� ɜ� ɤɜɚɪɬɢɪɟ� ɤɚɤ� ɫɢɫɬɟɦɟ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɴɟɦɨɜ 

ɩɟɪɟɬɟɤɚɟɬ� ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ� ɱɟɪɟɡ� ɨɬɤɪɵɬɵɟ� ɩɪɨɟɦɵ, ɚ� ɬɚɤɠɟ� ɱɟɪɟɡ 

ɩɟɪɟɝɨɪɨɞɤɢ� ɢ� ɞɜɟɪɢ. Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɩɪɢ� ɨɬɫɭɬɫɬɜɢɢ� ɨɬɤɪɵɬɵɯ� ɩɪɨɟɦɨɜ 

ɡɜɭɤɨɢɡɨɥɹɰɢɹ� ɩɟɪɟɝɨɪɨɞɨɤ� ɢ� ɞɜɟɪɟɣ� ɹɜɥɹɟɬɫɹ� ɧɚɢɛɨɥɟɟ� ɜɚɠɧɵɦ� ɮɚɤɬɨɪɨɦ, 

ɜɥɢɹɸɳɢɦ� ɧɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɤɜɚɪɬɢɪɵ. Ɉɞɧɚɤɨ, ɷɬɨ� ɜɥɢɹɧɢɟ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ 

ɭɱɢɬɵɜɚɟɬɫɹ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɪɟɲɟɧɢɣ� ɤɜɚɪɬɢɪ� ɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɯ� ɨɝɪɚɠɞɚɸɳɢɯ� ɤɨɧɫɬɪɭɤɰɢɣ (ɩɟɪɟɝɨɪɨɞɨɤ� ɢ 

ɞɜɟɪɟɣ). Ɂɜɭɤɨɢɡɨɥɹɰɢɹ�ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɯ�ɩɟɪɟɝɨɪɨɞɨɤ�ɛɟɡ�ɞɜɟɪɟɣ�ɧɚɡɧɚɱɚɟɬɫɹ�ɧɚ 

ɨɫɧɨɜɚɧɢɟ� ɧɨɪɦɚɬɢɜɧɵɯ� ɬɪɟɛɨɜɚɧɢɣ� ɋɉ 51.13330.2011 «Ɂɚɳɢɬɚ� ɨɬ� ɲɭɦɚ. 

Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ� ɜɟɪɫɢɹ� ɋɇɢɉ 23-03-2003» [77], ɩɪɢɧɹɬɵɯ� ɛɟɡ� ɞɨɫɬɚɬɨɱɧɵɯ 

ɨɛɨɫɧɨɜɚɧɢɣ� ɛɨɥɟɟ 50 ɥɟɬ� ɧɚɡɚɞ [73]. ɋɨɝɥɚɫɧɨ [77] ɧɨɪɦɚɬɢɜɧɚɹ� ɜɟɥɢɱɢɧɚ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɦɟɠɤɨɦɧɚɬɧɵɯ� ɩɟɪɟɝɨɪɨɞɨɤ� ɛɟɡ� ɞɜɟɪɟɣ� ɫɨɫɬɚɜɥɹɟɬ Rw=43ɞȻ. 

Ɂɜɭɤɨɢɡɨɥɹɰɢɹ�ɞɜɟɪɟɣ�ɢ�ɩɟɪɟɝɨɪɨɞɨɤ�ɫ�ɞɜɟɪɶɦɢ�ɧɟ�ɧɨɪɦɢɪɭɟɬɫɹ.  

Ʉɚɤ� ɢɡɜɟɫɬɧɨ [9], ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɡɚɳɢɳɚɟɦɵɯ� ɨɬ� ɲɭɦɚ� ɩɨɦɟɳɟɧɢɹɯ 

ɮɨɪɦɢɪɭɟɬɫɹ� ɫ� ɭɱɟɬɨɦ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɟɣ� ɫɩɨɫɨɛɧɨɫɬɢ� ɜɫɟɯ� ɷɥɟɦɟɧɬɨɜ 

ɨɝɪɚɠɞɟɧɢɣ, ɪɚɫɩɨɥɚɝɚɟɦɵɯ� ɧɚ� ɩɭɬɹɯ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɨɬ 

ɩɨɦɟɳɟɧɢɹ�ɫ�ɢɫɬɨɱɧɢɤɨɦ�ɲɭɦɚ. Ɍɚɤ�ɤɚɤ�ɡɜɭɤɨɢɡɨɥɹɰɢɹ�ɞɜɟɪɟɣ�ɫɭɳɟɫɬɜɟɧɧɨ�ɧɢɠɟ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɩɟɪɟɝɨɪɨɞɨɤ, ɜɨ� ɦɧɨɝɢɯ� ɫɥɭɱɚɹɯ�ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɜ 

ɨɫɧɨɜɧɨɦ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ� ɞɜɟɪɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ� ɧɚ� ɩɭɬɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹ. ɉɨɷɬɨɦɭ� ɩɪɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɤɜɚɪɬɢɪ 

ɧɟɨɛɯɨɞɢɦɨ� ɨɛɨɫɧɨɜɚɧɧɨ� ɧɚɡɧɚɱɚɬɶ� ɪɚɫɩɨɥɨɠɟɧɢɟ� ɞɜɟɪɟɣ� ɧɟ� ɬɨɥɶɤɨ� ɢɫɯɨɞɹ� ɢɡ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɬɪɟɛɨɜɚɧɢɣ, ɧɨ�ɢ�ɫ�ɭɱɟɬɨɦ�ɡɚɳɢɬɵ�ɨɬ�ɲɭɦɚ, ɚ�ɬɚɤɠɟ�ɧɚɡɧɚɱɚɬɶ�ɢɯ 

ɡɜɭɤɨɢɡɨɥɹɰɢɸ� ɫ� ɭɱɟɬɨɦ� ɭɪɨɜɧɹ� ɦɨɳɧɨɫɬɢ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ, ɦɟɫɬɚ� ɟɝɨ 

ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɪɭɝɢɯ� ɨɝɪɚɠɞɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ� ɧɚ� ɩɭɬɹɯ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɨɬ�ɢɫɬɨɱɧɢɤɚ�ɞɨ�ɡɚɳɢɳɚɟɦɨɝɨ�ɩɨɦɟɳɟɧɢɹ. 
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Ⱦɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɪɚɰɢɨɧɚɥɶɧɨɝɨ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɞɜɟɪɟɣ� ɢ� ɬɪɟɛɭɟɦɨɣ 

ɜɟɥɢɱɢɧɵ� ɢɯ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɧɟɨɛɯɨɞɢɦɨ� ɢɦɟɬɶ� ɦɟɬɨɞ� ɪɚɫɱɟɬɚ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɨɰɟɧɢɬɶ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɜɚɪɬɢɪɚɯ, ɭɱɢɬɵɜɚɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ 

ɞɜɟɪɟɣ� ɢ� ɩɟɪɟɝɨɪɨɞɨɤ. Ɍɚɤɢɦ� ɭɫɥɨɜɢɹɦ� ɨɬɜɟɱɚɟɬ� ɪɚɫɫɦɨɬɪɟɧɧɵɣ� ɜɵɲɟ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɭɪɨɜɧɟɣ�ɲɭɦɚ�ɜ�ɤɜɚɪɬɢɪɚɯ�ɫ�ɹɱɟɣɤɨɜɵɦɢ�ɫɢɫɬɟɦɚɦɢ 

ɩɥɚɧɢɪɨɜɤɢ�ɢ�ɩɪɟɞɥɨɠɟɧɧɚɹ�ɞɥɹ�ɟɝɨ�ɪɟɚɥɢɡɚɰɢɢ�ɤɨɦɩɶɸɬɟɪɧɚɹ�ɩɪɨɝɪɚɦɦɚ [68].  

Ɇɟɬɨɞɢɤɚ�ɨɰɟɧɤɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɩɟɪɟɝɨɪɨɞɨɤ�ɢ� ɞɜɟɪɟɣ�ɧɚ�ɲɭɦɨɜɨɣ� ɪɟɠɢɦ 

ɤɜɚɪɬɢɪ�ɩɨɤɚɡɚɧɚ�ɧɚ�ɩɪɢɦɟɪɟ�ɞɥɹ�ɬɢɩɨɜɨɣ�ɤɜɚɪɬɢɪɵ. ɐɟɥɶɸ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɹɜɥɹɥɨɫɶ 

ɭɫɬɚɧɨɜɥɟɧɢɟ� ɬɪɟɛɭɟɦɨɣ� ɜɟɥɢɱɢɧɵ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɟɣ� ɢ� ɩɟɪɟɝɨɪɨɞɨɤ� ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɤɜɚɪɬɢɪɵ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ� ɜɵɩɨɥɧɟɧɵ� ɞɥɹ� ɬɪɟɯɤɨɦɧɚɬɧɨɣ� ɤɜɚɪɬɢɪɵ, ɫɯɟɦɚ� ɤɨɬɨɪɨɣ 

ɩɨɤɚɡɚɧɚ� ɧɚ� ɪɢɫɭɧɤɟ 2.18. Ɋɚɫɫɦɚɬɪɢɜɚɥɚɫɶ� ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ� ɢɫɬɨɱɧɢɤ� ɲɭɦɚ 

ɪɚɫɩɨɥɚɝɚɥɫɹ� ɜ� ɤɨɦɧɚɬɟ 4. ɍɪɨɜɟɧɶ� ɡɜɭɤɨɜɨɣ�ɦɨɳɧɨɫɬɢ� ɢɫɬɨɱɧɢɤɚ� ɜ� ɢɫɫɥɟɞɭɟɦɨɣ 

ɩɨɥɨɫɟ� ɱɚɫɬɨɬ� ɫɨɫɬɚɜɥɹɟɬ LW=80 ɞȻ. Ɂɜɭɤɨɩɨɝɥɨɳɟɧɢɟ� ɨɝɪɚɠɞɟɧɢɣ� ɜɨ� ɜɫɟɯ 

ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ�ɛɵɥɨ�ɨɞɢɧɚɤɨɜɵɦ. ɋɪɟɞɧɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɟɣ�ɪɚɜɟɧ Įɫɪ= 0.10.  

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɤɟ 2.18 - ɋɯɟɦɚ� ɢɫɫɥɟɞɭɟɦɨɣ� ɬɢɩɨɜɨɣ� ɤɜɚɪɬɢɪɵ:    - ɂɒ- ɢɫɬɨɱɧɢɤ�ɲɭɦɚ; 

6ɩɨɦ/Vɩɨɦ – ɩɥɨɳɚɞɶ (ɱɢɫɥɢɬɟɥɶ) ɢ�ɨɛɴɟɦ (ɡɧɚɦɟɧɚɬɟɥɶ) ɩɨɦɟɳɟɧɢɹ 

Ɋɚɫɱɟɬɵ�ɩɪɨɢɡɜɨɞɢɥɢɫɶ� ɞɥɹ� ɫɥɭɱɚɟɜ� ɢɡɦɟɧɟɧɢɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɩɟɪɟɝɨɪɨɞɨɤ 

ɨɬ 30 ɞɨ 49 ɞȻ. Ɂɜɭɤɨɢɡɨɥɹɰɢɹ�ɞɜɟɪɟɣ�ɢɡɦɟɧɹɥɚɫɶ�ɨɬ 0 (ɨɬɤɪɵɬɵɟ�ɞɜɟɪɢ) ɞɨ 25 ɞȻ. 
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ɇɚ� ɪɢɫɭɧɤɚɯ 2.19 ɢ 2.20 ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 3 ɢ 5, ɩɨɥɭɱɟɧɧɵɟ� ɩɪɢ� ɭɤɚɡɚɧɧɵɯ� ɜɵɲɟ� ɢɡɦɟɧɟɧɢɹɯ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɩɟɪɟɝɨɪɨɞɨɤ ɩɪR ɢ�ɞɜɟɪɟɣ ɞɜR .  

Ⱥɧɚɥɢɡ� ɩɪɢɜɟɞɟɧɧɵɯ� ɧɚ� ɪɢɫɭɧɤɚɯ 2.19 ɢ 2.20 ɝɪɚɮɢɤɨɜ� ɩɨɤɚɡɵɜɚɟɬ 

ɫɥɟɞɭɸɳɟɟ.  

ɍɪɨɜɟɧɶ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 3 ɢ 5  ɩɪɢ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

(Rɞɜ=0 ɞȻ) ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ� ɡɚɜɢɫɢɬ� ɨɬ� ɜɟɥɢɱɢɧɵ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɩɟɪɟɝɨɪɨɞɨɤ. 

Ⱥɧɚɥɨɝɢɱɧɚɹ�ɫɢɬɭɚɰɢɹ�ɧɚɛɥɸɞɚɟɬɫɹ�ɢ�ɩɪɢ�ɦɚɥɨɣ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɞɜɟɪɟɣ (Rɞɜ=5 ɞȻ). 

ɉɪɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɟɣ Rɞɜ=10 ɞȻ� ɪɨɫɬ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɩɟɪɟɝɨɪɨɞɨɤ� ɜ 

ɞɢɚɩɚɡɨɧɟ� ɨɬ 30 ɞɨ 41 ɞȻ� ɨɤɚɡɵɜɚɟɬ� ɜɥɢɹɧɢɟ� ɧɚ� ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ 3 ɢ 5. ɉɪɢ�ɷɬɨɦ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ Rɩɪ �ɷɬɨ�ɜɥɢɹɧɢɟ�ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɋɨɫɬ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɟɣ� ɛɨɥɟɟ 20 ɞȻ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ� ɜɥɢɹɟɬ� ɧɚ� ɭɪɨɜɧɢ 

ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 3 ɢ 5. Ⱦɚɥɶɧɟɣɲɟɟ� ɫɧɢɠɟɧɢɟ� ɭɪɨɜɧɟɣ� ɜ 

ɢɫɫɥɟɞɨɜɚɧɧɨɦ� ɞɢɚɩɚɡɨɧɟ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɩɟɪɟɝɨɪɨɞɨɤ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɬɨɥɶɤɨ  

ɪɨɫɬɨɦ Rɩɪ.  

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɜ�ɪɚɫɫɦɨɬɪɟɧɧɨɦ�ɫɥɭɱɚɟ�ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ�ɞɥɹ�ɨɛɟɫɩɟɱɟɧɢɹ�ɜ 

ɩɨɦɟɳɟɧɢɹɯ 3 ɢ 5 ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɧɟ� ɛɨɥɟɟ 40 ɞȻ� ɩɪɢ� ɪɚɛɨɬɚɸɳɟɦ 

ɢɫɬɨɱɧɢɤɟ� ɲɭɦɚ� ɫ LW=80 ɞȻ� ɧɟɨɛɯɨɞɢɦɨ� ɢɦɟɬɶ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ� ɞɜɟɪɟɣ� ɧɟ� ɦɟɧɟɟ 

Rɞɜ=20 ɞȻ. ɉɪɢ�ɷɬɨɦ�ɡɜɭɤɨɢɡɨɥɹɰɢɹ�ɩɟɪɟɝɨɪɨɞɨɤ�ɧɟ�ɞɨɥɠɧɚ�ɛɵɬɶ�ɧɢɠɟ 38 ɞȻ.  

ȼ� ɫɥɭɱɚɟ, ɟɫɥɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɟɣ� ɦɟɧɶɲɟ 20 ɞȻ� ɨɛɟɫɩɟɱɢɬɶ� ɭɪɨɜɧɢ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 40 ɞȻ�ɢ�ɧɢɠɟ�ɧɟ�ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɜɨɡɦɨɠɧɵɦ�ɩɪɢ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ 

ɩɟɪɟɝɨɪɨɞɨɤ�ɦɟɧɟɟ 38 ɞȻ.  

ɉɪɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɟɣ Rɞɜ=10 ɞȻ, ɱɬɨ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɞɜɟɪɹɦ, ɢɦɟɸɳɢɦ 

ɜɟɧɬɢɥɹɰɢɨɧɧɵɣ�ɡɚɡɨɪ�ɦɟɠɞɭ�ɩɨɥɨɬɧɨɦ�ɞɜɟɪɢ�ɢ�ɩɨɥɨɦ, ɬɪɟɛɭɟɦɵɣ�ɭɪɨɜɟɧɶ�ɜ 40 ɞȻ 

ɨɛɟɫɩɟɱɢɬɶ� ɜ� ɩɪɢɧɰɢɩɟ� ɧɟ� ɜɨɡɦɨɠɧɨ, ɬɚɤ� ɤɚɤ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ 

ɩɟɪɟɝɨɪɨɞɨɤ� ɜɵɲɟ 45 ɞȻ� ɩɪɚɤɬɢɱɟɫɤɢ� ɧɟ� ɩɪɢɜɨɞɢɬ� ɤ� ɫɧɢɠɟɧɢɸ� ɭɪɨɜɧɟɣ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ 3 ɢ 5. ɍɪɨɜɟɧɶ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɧɢɯ� ɜ� ɨɫɧɨɜɧɨɦ� ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɟɣ, ɩɪɢɲɟɞɲɟɣ�ɱɟɪɟɡ�ɞɜɟɪɢ.  

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɟɧɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ�ɩɪɟɞɥɨɠɟɧɧɵɣ 

ɦɟɬɨɞ� ɪɚɫɱɟɬɚ� ɦɨɠɟɬ� ɷɮɮɟɤɬɢɜɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɩɪɢ� ɫɨɜɦɟɫɬɧɨɦ� ɩɨɞɛɨɪɟ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɜɫɟɯ�ɜɧɭɬɪɟɧɧɢɯ�ɨɝɪɚɠɞɚɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɢɫɯɨɞɹ�ɢɡ�ɨɛɟɫɩɟɱɟɧɢɹ 
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ɬɪɟɛɨɜɚɧɢɣ� ɤ� ɲɭɦɨɜɨɦɭ� ɪɟɠɢɦɭ� ɤɜɚɪɬɢɪɵ� ɩɪɢ� ɞɟɣɫɬɜɢɢ� ɜ� ɧɢɯ� ɢɫɬɨɱɧɢɤɨɜ� ɫ 

ɡɚɞɚɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɦɨɳɧɨɫɬɶɸ. 

 
Ɋɢɫɭɧɨɤ 2.19 - Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɨɜ�ɭɪɨɜɧɟɣ�ɜ 3 ɩɨɦɟɳɟɧɢɢ 

 
Ɋɢɫɭɧɨɤ 2.20- Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɨɜ�ɭɪɨɜɧɟɣ�ɜ 5 ɩɨɦɟɳɟɧɢɢ 
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2.5 Ɉɰɟɧɤɚ�ɜɥɢɹɧɢɹ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɢ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɞɜɟɪɟɣ�ɧɚ 

ɲɭɦɨɜɨɣ�ɪɟɠɢɦ�ɜ�ɚɧɮɢɥɚɞɧɵɯ�ɫɢɫɬɟɦɚɯ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ 

ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɣ 

 

 

ȼ� ɚɧɮɢɥɚɞɧɵɯ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ� ɩɟɪɟɞɚɱɚ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɡɚɜɢɫɢɬ� ɨɬ 

ɜɢɞɚ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɨɛɴɟɦɚɦɢ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɩɨɦɟɳɟɧɢɣ. Ⱥɤɭɫɬɢɱɟɫɤɚɹ� ɫɜɹɡɶ� ɦɨɠɟɬ� ɛɵɬɶ� ɜ� ɜɢɞɟ� ɨɬɤɪɵɬɵɯ� ɩɪɨɟɦɨɜ� ɢɥɢ 

ɞɜɟɪɧɵɯ�ɩɪɨɟɦɨɜ�ɫ�ɧɟɜɵɫɨɤɨɣ�ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ�ɞɜɟɪɧɵɯ�ɡɚɩɨɥɧɟɧɢɣ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ 

ɚɤɭɫɬɢɱɟɫɤɚɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɡɚɜɢɫɢɬ� ɨɬ� ɜɢɞɚ� ɫɜɹɡɟɣ� ɦɟɠɞɭ 

ɩɨɦɟɳɟɧɢɹɦɢ� ɢ� ɨɬ� ɜɡɚɢɦɧɨɝɨ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ 

ɨɛɥɢɰɨɜɨɤ. Ⱥɧɚɥɢɡ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɨɛɥɢɰɨɜɨɤ�ɜ 

ɷɬɨɣ� ɫɢɬɭɚɰɢɢ� ɦɨɠɧɨ� ɜɵɩɨɥɧɢɬɶ� ɩɭɬɟɦ� ɫɪɚɜɧɟɧɢɹ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ (2.5) ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɦɟɫɬɚɯ� ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɢ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɨɛɥɢɰɨɜɨɤ� ɢ� ɩɪɢ  ɪɚɡɧɵɯ� ɜɢɞɚɯ� ɫɜɹɡɢ� ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ 

[13]. 

ɇɢɠɟ� ɩɪɢɜɟɞɟɧɨ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɜɥɢɹɧɢɹ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɨɛɥɢɰɨɜɨɤ 

ɩɨɬɨɥɤɚ� ɧɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɚɧɮɢɥɚɞɧɨɣ� ɫɢɫɬɟɦɟ� ɢɡ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. Ⱦɥɹ� ɩɨɜɵɲɟɧɢɹ� ɧɚɝɥɹɞɧɨɫɬɢ� ɢ 

ɭɦɟɧɶɲɟɧɢɹ�ɱɢɫɥɚ�ɞɪɭɝɢɯ�ɜɥɢɹɸɳɢɯ�ɧɚ�ɪɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɚ�ɮɚɤɬɨɪɨɜ�ɪɚɫɫɦɨɬɪɟɧɚ 

ɰɟɩɨɱɤɚ�ɢɡ�ɬɪɟɯ�ɩɨɦɟɳɟɧɢɣ�ɨɞɢɧɚɤɨɜɵɯ�ɪɚɡɦɟɪɨɜ  6ɯ�ɯ3(h) ɦ, ɫɜɹɡɚɧɧɵɯ�ɩɨ�ɫɯɟɦɟ 

ɧɚ�ɪɢɫɭɧɤɟ 2.21. 

 

 

Ɋɢɫɭɧɨɤ 2.21 - Ɋɚɫɱɟɬɧɚɹ�ɫɯɟɦɚ�ɞɥɹ�ɬɪɺɯ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɜ�ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ 

ɭɤɚɡɚɧɵ�ɧɨɦɟɪɚ�ɤɨɦɧɚɬ 

ɉɨɦɟɳɟɧɢɹ� ɪɚɡɞɟɥɟɧɵ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɩɥɨɳɚɞɶɸ 12 ɦ2� ɫɨ 

ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ Rɩɪ = 40 ɞȻ. ȼ� ɩɟɪɟɝɨɪɨɞɤɚɯ� ɢɦɟɸɬɫɹ� ɞɜɟɪɢ� ɩɥɨɳɚɞɶɸ 2 ɦ2. ȼ 

ɡɚɤɪɵɬɨɦ� ɫɨɫɬɨɹɧɢɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɧɵɯ� ɡɚɩɨɥɧɟɧɢɣ� ɪɚɜɧɚ Rɞɜ = 10 ɞȻ. 

ɋɪɟɞɧɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ� ɩɨɦɟɟɳɧɢɣ� ɪɚɜɟɧ 0.20. Ⱦɥɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ� ɢɫɩɨɥɶɡɨɜɚɧ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɣ� ɩɨɬɨɥɨɤ� ɫ 

1 2 3 
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ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 80.0ɩɬ  D . ȼ� ɫɢɫɬɟɦɟ� ɩɨɦɟɳɟɧɢɣ� ɪɚɛɨɬɚɟɬ 

ɢɫɬɨɱɧɢɤ�ɡɜɭɤɚ, ɢɦɟɸɳɢɣ�ɭɪɨɜɟɧɶ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɦɨɳɧɨɫɬɢ 90 ɞȻ. 

ɉɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɢ� ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ� ɪɚɡɥɢɱɧɵɟ� ɜɚɪɢɚɧɬɵ� ɜɡɚɢɦɧɨɝɨ 

ɪɚɫɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɡɜɭɤɚ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɨɛɥɢɰɨɜɨɤ. ɉɪɢ� ɷɬɨɦ 

ɭɱɢɬɵɜɚɥɢɫɶ� ɞɜɚ� ɜɢɞɚ� ɫɜɹɡɟɣ� ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ: ɩɪɢ� ɨɬɤɪɵɬɵɯ� ɢ� ɡɚɤɪɵɬɵɯ 

ɞɜɟɪɹɯ. Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɨɜ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɚɯ 2.9 ɢ 2.10. 

Ⱦɥɹ� ɨɰɟɧɤɢ� ɜɥɢɹɧɢɹ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɧɚ� ɨɛɳɢɣ� ɭɪɨɜɟɧɶ� ɡɚɲɭɦɥɟɧɧɨɫɬɢ 

ɩɨɦɟɳɟɧɢɣ�ɢɫɩɨɥɶɡɨɜɚɧ�ɩɨɤɚɡɚɬɟɥɶ�ɫɪɟɞɧɟɝɨ�ɭɪɨɜɧɹ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɫɢɫɬɟɦɟ 

k�ɯ�ɩɨɦɟɳɟɧɢɣ, ɨɩɪɟɞɟɥɹɟɦɵɣ�ɤɚɤ 

¸
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©
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N N
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L
kɫɪ VVL k /10lg10 1.0 .   (2.49) 

Ɍɚɛɥɢɰɚ 2.9 - Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɫɢɫɬɟɦɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɩɪɢ�ɨɬɤɪɵɬɵɯ�ɞɜɟɪɹɯ 

 
 
 
ʋ 

ɉɨɥɨɠɟɧɢɟ�ɜ 
ɩɨɦɟɳɟɧɢɹɯ 

ɍɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ 

ɜ�ɩɨɦɟɳɟɧɢɢ, ɞȻ 

ɋ
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ɞɧ
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ɭɪ
ɨɜ
ɟɧ
ɶ 
ɡɜ
ɭɤ
ɨɜ
ɨɝ
ɨ 

ɞɚ
ɜɥ
ɟɧ
ɢɹ
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, ɞ
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ɋɧɢɠɟɧɢɟ�ɭɪɨɜɧɹ 
ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ 
ɩɨɦɟɳɟɧɢɢ�ɡɚ�ɫɱɟɬ 
ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ 

ɨɛɥɢɰɨɜɨɤ, ɞȻ 
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 ɡɜ
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,  
ɞȻ

 

ɢɫɬɨɱ- 
ɧɢɤɚ  
ɲɭɦɚ 

 

ɡɜɭɤɨɩɨɝ-
ɥɨɳɚɸɳɢɯ 
ɨɛɥɢɰɨɜɨɤ 

1 2 3 1 2 3 1 2 3 1 2 3 
1  2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1  *      81.9 71.0 60.4 77.50     
2   *     71.0 81.6 71.0 77.53     
3   *    60.4 71.0 81.9 77.50     
4  *      79.7 69.0 58.4 75.28 2.2 2 2 2.22 
5   *     68.8 81.6 71.0 77.39 2.2 0 0 0.14 
6   *    58.1 71.0 81.9 77.48 2.3 0 0 0.02 
7  *      81.9 68.8 58.5 77.35 0 2.2 1.9 0.15 
8   *     69.2 79.5 69.2 75.46 1.8 2.1 1.8 2.07 
9   *    58.5 68.8 81.9 77.35 1.9 2.2 0 0.15 
10 *      81.9 71.0 58.1 77.48 0 0 2.3 0.02 
11  *     71.0 81.6 68.8 77.39 0 0 2.2 0.14 
12   *    58.4 69.0 79.7 75.28 2.0 2 2.2 2.22 
          ,  - ɩɨɥɨɠɟɧɢɹ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ 

ɨɛɥɢɰɨɜɨɤ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫɢɫɬɟɦɵ. 

ɑɟɪɟɡ�ɨɬɤɪɵɬɵɟ�ɞɜɟɪɢ�ɢɡ� ɩɨɦɟɳɟɧɢɹ�ɩɪɨɢɫɯɨɞɢɬ�ɨɬɬɨɤ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ�ɜ 

ɫɦɟɠɧɵɟ� ɫ� ɧɢɦ� ɨɛɴɟɦɵ. ɗɬɨ� ɪɚɜɧɨɡɧɚɱɧɨ� ɧɚɥɢɱɢɸ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɚɛɫɨɥɸɬɧɨ 

 * 
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ɩɨɝɥɨɳɚɸɳɟɝɨ�ɡɜɭɤ�ɭɱɚɫɬɤɚ�ɨɝɪɚɠɞɟɧɢɹ, ɪɚɜɧɨɝɨ�ɩɨ�ɩɥɨɳɚɞɢ�ɞɜɟɪɧɨɦɭ�ɩɪɨɟɦɭ. ɋ 

ɭɱɟɬɨɦ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɟɣ� ɫɪɟɞɧɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ 

ɩɨɦɟɳɟɧɢɹ�ʋ2 ɫ�ɞɜɭɦɹ�ɞɜɟɪɹɦɢ�ɫɨɫɬɚɜɥɹɟɬ   Įɫɪ= 0.23, ɚ�ɞɥɹ�ɨɫɬɚɥɶɧɵɯ�ɩɨɦɟɳɟɧɢɣ 

ɫ�ɨɞɧɨɣ�ɞɜɟɪɶɸ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Įɫɪ = 0.215. 

Ɍɚɛɥɢɰɚ 2.10 - Ɋɟɡɭɥɶɬɚɬɵ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɫɢɫɬɟɦɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɩɪɢ�ɡɚɤɪɵɬɵɯ�ɞɜɟɪɹɯ 

 
 
 
ʋ 

ɉɨɥɨɠɟɧɢɟ�ɜ 
ɩɨɦɟɳɟɧɢɹɯ 

ɍɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ 

ɜ�ɩɨɦɟɳɟɧɢɢ, ɞȻ 
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ɋɧɢɠɟɧɢɟ�ɭɪɨɜɧɹ 
ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ 
ɩɨɦɟɳɟɧɢɢ�ɡɚ�ɫɱɟɬ 
ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ 

ɨɛɥɢɰɨɜɨɤ, ɞȻ 
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,  
ɞȻ

 

ɢɫɬɨɱ- 
ɧɢɤɚ  
ɲɭɦɚ 

 

ɡɜɭɤɨɩɨɝ-
ɥɨɳɚɸɳɢɯ 
ɨɛɥɢɰɨɜɨɤ 

1 2 3 1 2 3 1 2 3 1 2 3 
1  2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1  *      82.2 61.9 41.6 77.49     
2   *     61.9 82.2 61.9 77.53     
3   *    41.6 61.9 82.2 77.49     
4  *      79.8 59.8 39.5 75.12 2.4 2.1 2.1  2.37 
5   *     59.2 82.2 61.9 77.51 2.7 0  0  0.02 
6   *    39.2 61.9 82.2 77.49 2.7 0  0  0  
7  *      82.2 59.5 39.5 77.47 0  2.1  2.1  0.02  
8   *     59.8 79.8 59.8 75.16 2.1 2.4 2.1  2.37  
9   *    39.5 59.5 82.2 77.47 2.1 2.4 0 0.02 
10 *      82.2 61.9 39.2 77.49 0 0  2.4 0  
11  *     61.9 82.2 59.2 77.51 0  0  2.7  0.02 
12   *    39.5 59.8 79.8 75.12 2.1 2.1 2.4 2.37 

ȼɵɩɨɥɧɟɧɧɵɟ�ɪɚɫɱɟɬɵ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫɢɫɬɟɦɵ 

ɩɪɢ�ɨɬɤɪɵɬɵɯ�ɞɜɟɪɹɯ�ɩɨɤɚɡɚɥɢ�ɫɥɟɞɭɸɳɟɟ. ɇɚɢɛɨɥɶɲɟɟ�ɫɧɢɠɟɧɢɟ�ɫɪɟɞɧɟɝɨ�ɭɪɨɜɧɹ 

ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɟ�ɡɚ�ɫɱɟɬ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚɛɥɸɞɚɟɬɫɹ�ɜ�ɫɥɭɱɚɟ, 

ɟɫɥɢ�ɢɫɬɨɱɧɢɤ�ɲɭɦɚ�ɧɚɯɨɞɢɬɫɹ�ɜ�ɩɨɦɟɳɟɧɢɢ�ɫɨ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɦ�ɩɨɬɨɥɤɨɦ. ȼ 

ɷɬɨɦ� ɫɥɭɱɚɟ� ɜ� ɤɚɠɞɨɦ� ɩɨɦɟɳɟɧɢɢ� ɫɢɫɬɟɦɵ� ɩɪɨɢɡɨɣɞɟɬ� ɫɭɳɟɫɬɜɟɧɧɨɟ� ɫɧɢɠɟɧɢɟ 

ɲɭɦɚ (ɫɦ. ɫɬɪɨɤɭ�ʋ4 ɬɚɛɥɢɰɚ 2.9). ɇɚɢɦɟɧɶɲɟɟ�ɫɧɢɠɟɧɢɟ�ɲɭɦɚ�ɧɚɛɥɸɞɚɟɬɫɹ�ɜ�ɬɨɦ 

ɫɥɭɱɚɟ, ɟɫɥɢ� ɢɫɬɨɱɧɢɤ� ɲɭɦɚ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ� ɤɨɧɫɬɪɭɤɰɢɢ� ɦɚɤɫɢɦɚɥɶɧɨ 

ɭɞɚɥɟɧɵ� ɞɪɭɝ� ɨɬ� ɞɪɭɝɚ (ɫɦ. ɫɬɪɨɤɭ� ʋ6 ɬɚɛɥɢɰɵ 2.9). ɇɚɢɛɨɥɟɟ� ɜɵɝɨɞɧɵɦ� ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ� ɫɢɫɬɟɦɟ� ɹɜɥɹɟɬɫɹ� ɪɚɡɦɟɳɟɧɢɟ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɜ� ɫɪɟɞɧɟɦ 

ɩɨɦɟɳɟɧɢɢ� ʋ2. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɩɪɨɢɡɨɣɞɟɬ� ɫɧɢɠɟɧɢɟ� ɲɭɦɚ� ɜ� ɦɚɤɫɢɦɚɥɶɧɨɦ 
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ɤɨɥɢɱɟɫɬɜɟ�ɩɨɦɟɳɟɧɢɣ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɜ�ɥɸɛɨɦ�ɢɡ�ɩɨɦɟɳɟɧɢɣ 

ɫɢɫɬɟɦɵ (ɫɦ. ɫɬɪɨɤɢ 7-9 ɬɚɛɥɢɰɵ 2.9). ȼ� ɤɜɚɪɬɢɪɚɯ, ɜ� ɱɚɫɬɧɨɫɬɢ, ɤ� ɬɚɤɢɦ 

ɩɨɦɟɳɟɧɢɹɦ�ɨɬɧɨɫɹɬɫɹ�ɩɪɢɯɨɠɢɟ�ɢ�ɤɨɪɢɞɨɪɵ.  

Ɂɚɤɪɵɬɢɟ�ɞɜɟɪɟɣ (ɫɦ. ɬɚɛɥɢɰɭ 2.10) ɩɪɢɜɨɞɹɬ�ɤ�ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ�ɩɨɜɵɲɟɧɢɸ 

ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ. ɉɪɢ� ɷɬɨɦ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɨɛɥɢɰɨɜɨɤ�ɩɪɚɤɬɢɱɟɫɤɢ�ɨɫɬɚɟɬɫɹ�ɩɪɟɠɧɟɣ, ɤɚɤ�ɢ 

ɩɪɢ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ. Ɋɨɫɬ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɛɥɢɰɨɜɨɤ� ɡɚ� ɫɱɟɬ 

ɢɡɦɟɧɟɧɢɹ� ɭɫɥɨɜɢɣ� ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɩɪɢ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɫɨɫɬɚɜɥɹɟɬ�ɜɫɟɝɨ�ɥɢɲɶ 0.1-0.3 ɞȻ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ� ɜɵɩɨɥɧɟɧɧɵɯ� ɪɚɫɱɟɬɨɜ� ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɭɫɬɪɨɣɫɬɜɨ� ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɩɪɢ� ɫɪɟɞɧɟɦ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɢ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ�ɫɢɫɬɟɦɵ, ɪɚɜɧɨɦ Įɫɪ=0.20, ɧɟ�ɦɨɠɟɬ�ɹɜɥɹɬɶɫɹ�ɷɮɮɟɤɬɢɜɧɵɦ�ɫɪɟɞɫɬɜɨɦ 

ɫɧɢɠɟɧɢɹ�ɲɭɦɚ. ȿɝɨ�ɦɨɠɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɤɚɤ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ�ɫɪɟɞɫɬɜɨ�ɫɧɢɠɟɧɢɹ 

ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɧɢɡɤɢɦɢ� ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ� ɢ 

ɩɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɧɢɯ� ɩɨɫɬɨɹɧɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ. ɇɚɩɪɢɦɟɪ, ɜ� ɤɜɚɪɬɢɪɚɯ, ɷɬɨ 

ɨɬɧɨɫɢɬɫɹ�ɤ�ɤɭɯɧɹɦ�ɩɪɢ Įɫɪ=0.10 ɭɫɬɪɨɣɫɬɜɨ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɣ�ɨɛɥɢɰɨɜɤɢ�ɩɨɬɨɥɤɚ�ɫ 

Įɩɬ=0.80 ɦɨɠɟɬ�ɫɧɢɡɢɬɶ�ɭɪɨɜɟɧɶ�ɲɭɦɚ�ɞɨ 4,0 ɞȻ�ɜ�ɩɨɦɟɳɟɧɢɢ�ɤɭɯɧɢ�ɢ�ɜ�ɫɜɹɡɚɧɧɵɯ 

ɫ�ɧɟɣ�ɩɨɦɟɳɟɧɢɹɯ�ɤɜɚɪɬɢɪɵ.  

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɪɟɡɭɥɶɬɚɬɨɜ� ɬɚɛɥɢɰ 2.9 ɢ 2.10, ɧɚɢɛɨɥɟɟ� ɷɮɮɟɤɬɢɜɧɵɦ 

ɫɪɟɞɫɬɜɨɦ� ɫɧɢɠɟɧɢɹ�ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɟ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɹɜɥɹɟɬɫɹ� ɩɨɜɵɲɟɧɢɟ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɟɣ. ȼ� ɬɚɛɥɢɰɟ 2.11 ɩɪɢɜɟɞɟɧɵ� ɞɚɧɧɵɟ� ɨɛ� ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɫɧɢɠɟɧɢɹ�ɲɭɦɚ� ɡɚ� ɫɱɟɬ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɟɣ�ɢ� ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ. Ɉɬɪɢɰɚɬɟɥɶɧɵɟ� ɡɧɚɱɟɧɢɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɜ� ɝɪɚɮɚɯ 12-14  

ɬɚɛɥɢɰɟ 2.11 ɫɜɹɡɚɧɵ�ɫ�ɩɨɜɵɲɟɧɢɟɦ�ɭɪɨɜɧɟɣ�ɞɚɜɥɟɧɢɹ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɢɫɬɨɱɧɢɤɨɦ 

ɲɭɦɚ� ɩɨɫɥɟ� ɡɚɤɪɵɬɢɹ� ɞɜɟɪɟɣ. ȼɢɞɧɨ, ɱɬɨ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɜ 

ɧɟɫɤɨɥɶɤɨ�ɪɚɡ�ɜɵɲɟ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ.  

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɟɧɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ� ɞɥɹ� ɨɰɟɧɤɢ  

ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɚɧɮɢɥɚɞɧɵɯ�ɫɢɫɬɟɦ�ɢ�ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɦɟɪ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ� ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ� ɦɟɬɨɞ 
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ɪɚɫɱɟɬɚ. Ɇɟɬɨɞ�ɩɨɡɜɨɥɹɟɬ�ɨɛɴɟɤɬɢɜɧɨ�ɨɩɪɟɞɟɥɹɬɶ�ɝɪɚɧɢɰɵ�ɷɮɮɟɤɬɢɜɧɨɝɨ�ɫɧɢɠɟɧɢɹ 

ɲɭɦɚ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɦɢ� ɨɛɥɢɰɨɜɤɚɦɢ� ɢ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɦɢ� ɤɨɧɫɬɪɭɤɰɢɹɦɢ 

ɞɜɟɪɟɣ� ɢ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɢɯ� ɫɨɜɦɟɫɬɧɨɝɨ� ɩɪɢɦɟɧɟɧɢɹ� ɞɥɹ� ɤɚɠɞɨɣ� ɤɨɧɤɪɟɬɧɨɣ 

ɩɥɚɧɢɪɨɜɨɱɧɨɣ�ɫɢɬɭɚɰɢɢ�ɫ�ɭɱɟɬɨɦ�ɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɟ.  

Ɍɚɛɥɢɰɚ 2.11 - ɋɭɦɦɚɪɧɚɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɫɧɢɠɟɧɢɹ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ�ɡɚ�ɫɱɟɬ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ�ɨɛɥɢɰɨɜɨɤ�ɢ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɞɜɟɪɟɣ 
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1 2 3 1 2 3 1 2 3 1 2 3 
1  2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1  *      82.2 61.9 41.6 77.49 -0.3  9.1 18.8  0.01 
2   *     61.9 82.2 61.9 77.53 8.1 -0.6 8.1 0 
3   *    41.6 61.9 82.2 77.49 18.8 9.1 -0.3 0.01 
4  *      79.8 59.8 39.5 75.12 2.1 11.2 20.9 2.38 
5   *     59.2 82.2 61.9 77.51 11.8 -0.6 9.1 0.02 
6   *    39.2 61.9 82.2 77.49 21.2  8.1 -0.3 0.01 
7  *      82.2 59.5 39.5 77.47 -0.3 11.5 20.9 0.03 
8   *     59.8 79.8 59.8 75.16 11.2 1.8 11.2 2.37 
9   *    39.5 59.5 82.2 77.47 20.9 11.5 -0.3  0.03 
10 *      82.2 61.9 39.2 77.49 -0.3 9.1 21.2 0.01 
11  *     61.9 82.2 59.2 77.51 9.1 -0.6 11.8 0.02 
12   *    39.5 59.8 79.8 75.12 20.9 11.2 2.1 2.38 

 

 

ȼɵɜɨɞɵ�ɩɨ�ɝɥɚɜɟ 2 

 

 
1. Ɋɚɫɱɟɬ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɹɯ� ɡɞɚɧɢɣ� ɹɱɟɣɤɨɜɨɣ� ɢ� ɚɧɮɢɥɚɞɧɵɯ� ɩɥɚɧɢɪɨɜɨɤ� ɦɨɠɟɬ� ɜɵɩɨɥɧɹɬɶɫɹ� ɧɚ 

ɨɫɧɨɜɟ�ɫɥɨɠɧɵɯ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɦɨɞɟɥɟɣ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɦɟɬɨɞɨɜ. Ɉɞɧɚɤɨ�ɫɨɪɚɡɦɟɪɧɵɣ 

ɯɚɪɚɤɬɟɪ�ɩɨɦɟɳɟɧɢɣ�ɩɨɡɜɨɥɹɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɦɟɬɨɞ�ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ 

ɜ�ɩɪɟɞɟɥɚɯ�ɤɚɠɞɨɝɨ�ɩɨɦɟɳɟɧɢɹ. Ⱥɤɭɫɬɢɱɟɫɤɚɹ�ɫɜɹɡɶ�ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ�ɧɚɞɟɠɧɨ 

ɪɟɚɥɢɡɭɸɬɫɹ� ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ� ɫɜɹɡɢ� ɢ� ɫɢɫɬɟɦɨɣ� ɭɪɚɜɧɟɧɢɣ, ɡɚɩɢɫɚɧɧɨɣ� ɞɥɹ 

ɫɬɚɰɢɨɧɚɪɧɵɯ� ɢ� ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ� ɭɫɥɨɜɢɣ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ. ɇɚ 
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ɨɫɧɨɜɟ�ɷɬɨɣ�ɫɢɫɬɟɦɵ�ɩɨɥɭɱɟɧɚ�ɞɨɫɬɚɬɨɱɧɨ�ɩɪɨɫɬɚɹ�ɫɢɫɬɟɦɚ�ɭɪɚɜɧɟɧɢɣ�ɞɥɹ�ɡɞɚɧɢɣ�ɫ 

ɚɧɮɢɥɚɞɧɵɦɢ�ɩɥɚɧɢɪɨɜɤɚɦɢ.  

2. ɉɪɨɢɡɜɟɞɟɧɨ�ɭɬɨɱɧɟɧɢɟ�ɫɭɳɟɫɬɜɭɸɳɟɣ�ɪɚɫɱɟɬɧɨɣ�ɦɟɬɨɞɢɤɢ�ɡɚ�ɫɱɟɬ�ɭɱɟɬɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ�ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ�ɧɚ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ, ɚ�ɢɦɟɧɧɨ:  

- ɡɚ�ɫɱɟɬ�ɪɚɡɞɟɥɟɧɢɹ�ɩɪɹɦɨɣ�ɢ�ɨɬɪɚɠɟɧɧɨɣ�ɫɨɫɬɚɜɥɹɸɳɢɯ�ɡɜɭɤɚ�ɜ «ɲɭɦɧɨɦ» 

ɩɨɦɟɳɟɧɢɢ� ɢ� ɭɱɟɬɚ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɢɯ� ɩɪɨɧɢɤɧɨɜɟɧɢɹ� ɜ� ɢɡɨɥɢɪɭɟɦɨɟ� ɩɨɦɟɳɟɧɢɟ 

ɱɟɪɟɡ�ɨɝɪɚɠɞɟɧɢɟ�ɢɥɢ�ɨɬɤɪɵɬɵɣ�ɩɪɨɟɦ; 

- ɡɚ� ɫɱɟɬ� ɭɱɟɬɚ� ɡɚɜɢɫɢɦɨɫɬɢ� ɭɪɨɜɧɟɣ� ɡɜɭɤɚ� ɜ� ɢɡɨɥɢɪɭɟɦɨɦ� ɩɨɦɟɳɟɧɢɢ� ɨɬ 

ɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ; 

- ɡɚ�ɫɱɟɬ�ɭɱɟɬɚ�ɜɥɢɹɧɢɹ�ɨɛɪɚɬɧɨɣ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɫɜɹɡɢ�ɢ�ɨɩɪɟɞɟɥɟɧɢɹ�ɝɪɚɧɢɰ 

ɷɬɨɝɨ�ɭɱɟɬɚ. 

3. ɉɪɢ� ɩɪɨɜɟɪɤɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ, ɭɬɨɱɧɟɧɢɢ� ɩɚɪɚɦɟɬɪɨɜ� ɢ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɜ 

ɤɚɱɟɫɬɜɟ� ɢɧɫɬɪɭɦɟɧɬɚ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɩɨɥɹ, ɩɨɥɭɱɟɧɧɵɟ�ɫ�ɩɨɦɨɳɶɸ�ɢɧɬɟɝɪɚɥɶɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ 

Ʉɭɬɬɪɭɮɚ. ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɬɚɤɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɩɨɥɭɱɟɧɨ�ɫɥɟɞɭɸɳɟɟ: 

– ɪɚɫɫɱɢɬɚɧɵ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ� ɢ� ɩɨɫɬɪɨɟɧɵ� ɤɚɪɬɵ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɝɪɚɞɢɟɧɬɨɜ�ɩɥɨɬɧɨɫɬɢ�ɢ�ɩɥɨɬɧɨɫɬɟɣ�ɩɨɬɨɤɨɜ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ; 

- ɭɫɬɚɧɨɜɥɟɧɵ� ɞɢɚɩɚɡɨɧɵ� ɩɨɝɪɟɲɧɨɫɬɟɣ� ɦɟɬɨɞɚ� ɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ�ɤ�ɫɜɹɡɚɧɧɵɦ�ɩɨɦɟɳɟɧɢɹɦ; 

- ɜɵɩɨɥɧɟɧ� ɚɧɚɥɢɡ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɨɬɨɤɨɜ� ɢ� ɭɬɨɱɧɟɧɵ� ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɫɜɹɡɢ�ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ; 

- ɩɨɥɭɱɟɧɨ� ɭɬɨɱɧɟɧɧɨɟ� ɜɵɪɚɠɟɧɢɟ� ɞɥɹ� ɩɪɟɞɫɬɚɜɥɟɧɢɹ� ɨɬɤɪɵɬɨɝɨ� ɩɪɨɟɦɚ 

ɦɟɠɞɭ�ɩɨɦɟɳɟɧɢɹɦɢ�ɜ�ɜɢɞɟ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ�ɭɱɚɫɬɤɚ�ɨɝɪɚɠɞɟɧɢɹ. 

4. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ� ɪɚɫɱɟɬɧɵɣ� ɦɟɬɨɞ� ɦɨɠɟɬ� ɧɚɞɟɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɞɥɹ 

ɨɰɟɧɤɢ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɜ� ɤɜɚɪɬɢɪɚɯ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɜɨɡɧɢɤɚɸɳɟɣ� ɩɪɢ� ɪɚɛɨɬɟ 

ɜɧɭɬɪɢɤɜɚɪɬɢɪɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ. Ɇɟɬɨɞ� ɩɨɡɜɨɥɹɟɬ� ɭɫɬɚɧɨɜɢɬɶ� ɧɟɨɛɯɨɞɢɦɵɟ 

ɜɟɥɢɱɢɧɵ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɩɨɦɟɳɟɧɢɣ, ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɞɜɟɪɟɣ�ɢ�ɩɟɪɟɝɨɪɨɞɨɤ�ɞɥɹ 

ɤɚɠɞɨɣ� ɤɨɧɤɪɟɬɧɨɣ� ɩɥɚɧɢɪɨɜɨɱɧɨɣ� ɫɢɬɭɚɰɢɢ� ɫ� ɭɱɟɬɨɦ� ɩɨɥɨɠɟɧɢɹ� ɢ� ɡɜɭɤɨɜɨɣ 

ɦɨɳɧɨɫɬɢ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ�ɜ�ɤɜɚɪɬɢɪɟ. 

5. Ɇɟɬɨɞ�ɢ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɟɝɨ� ɪɟɚɥɢɡɚɰɢɢ� ɪɟɤɨɦɟɧɞɭɸɬɫɹ� ɤ� ɩɪɢɦɟɧɟɧɢɸ�ɜ 

ɩɪɚɤɬɢɤɟ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɡɞɚɧɢɣ� ɫ� ɹɱɟɣɤɨɜɵɦɢ� ɢ� ɚɧɮɢɥɚɞɧɵɦɢ� ɫɢɫɬɟɦɚɦɢ 

ɩɥɚɧɢɪɨɜɤɢ. 
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ȽɅȺȼȺ 3. ɊȺɋɑȿɌ�ɗɇȿɊȽȿɌɂɑȿɋɄɂɏ�ɏȺɊȺɄɌȿɊɂɋɌɂɄ�ɒɍɆɈȼɕɏ 

ɉɈɅȿɃ�ȼ�ȽɊȺɀȾȺɇɋɄɂɏ�ɁȾȺɇɂəɏ�ɋ�ɄɈɊɂȾɈɊɇɕɆɂ�ɂ  

əɑȿɃɄɈȼɈ�ɄɈɊɂȾɈɊɇɕɆɂ�ɋɂɋɌȿɆȺɆɂ�ɉɅȺɇɂɊɈȼɄɂ 

 

 

ȼ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɹɯ� ɨɛɳɟɫɬɜɟɧɧɨɝɨ� ɢ� ɠɢɥɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ 

�ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ�ɢ�ɠɢɥɵɟ�ɡɞɚɧɢɹ, ɝɨɫɬɢɧɢɰɵ, ɭɱɟɛɧɵɟ�ɡɚɜɟɞɟɧɢɹ�ɢ�ɬ�ɞ.) ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɢɦɟɸɬ�ɤɨɪɢɞɨɪɧɵɟ�ɢ�ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɵɟ�ɫɢɫɬɟɦɵ�ɩɥɚɧɢɪɨɜɤɢ, 

ɩɪɢ� ɤɨɬɨɪɵɯ� ɛyɥɶɲɚɹ� ɱɚɫɬɶ� ɩɨɦɟɳɟɧɢɣ� ɫɜɹɡɚɧɚ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɩɨɫɪɟɞɫɬɜɚɦ 

ɤɨɪɢɞɨɪɚ. Ɉɛɴɟɞɢɧɹɸɳɢɣ� ɩɨɦɟɳɟɧɢɹ� ɤɨɪɢɞɨɪ� ɩɪɢ� ɧɚɥɢɱɢɢ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɜ 

ɤɨɪɢɞɨɪɟ� ɢɥɢ� ɜ� ɨɬɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨɦɭ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɩɨ� ɜɫɟɦ� ɨɛɴɟɦɚɦ� ɩɥɚɧɢɪɨɜɤɢ. Ⱦɥɹ� ɨɰɟɧɤɢ 

ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɢ� ɪɚɡɪɚɛɨɬɤɢ� ɲɭɦɨɡɚɳɢɬɧɵɯ� ɦɟɪɨɩɪɢɹɬɢɣ� ɧɟɨɛɯɨɞɢɦ� ɦɟɬɨɞ 

ɪɚɫɱɟɬɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɡɞɚɧɢɹɯ� ɫ� ɬɚɤɢɦɢ� ɫɢɫɬɟɦɚɦɢ 

ɩɥɚɧɢɪɨɜɤɢ, ɨɛɴɟɤɬɢɜɧɨ�ɭɱɢɬɵɜɚɸɳɢɣ�ɭɫɥɨɜɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɟ. 

ȼ�ɞɚɧɧɨɣ� ɝɥɚɜɟ� ɩɪɟɞɥɨɠɟɧ� ɬɚɤɨɣ� ɦɟɬɨɞ�ɪɚɫɱɟɬɚ. ɇɢɠɟ�ɩɪɢɜɨɞɹɬɫɹ� ɩɪɢɧɰɢɩɵ� ɟɝɨ 

ɪɚɡɪɚɛɨɬɤɢ�ɢ�ɩɪɚɤɬɢɱɟɫɤɨɣ�ɪɟɚɥɢɡɚɰɢɢ.  

 

 

3.1 ɑɢɫɥɟɧɧɵɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ�ɡɞɚɧɢɹɯ�ɫ 

ɤɨɪɢɞɨɪɧɵɦɢ�ɢ�ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɵɦɢ�ɫɢɫɬɟɦɚɦɢ�ɩɥɚɧɢɪɨɜɤɢ 

 

 

ɋ�ɩɨɡɢɰɢɣ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ� ɤɨɪɢɞɨɪɧɭɸ�ɫɢɫɬɟɦɭ�ɩɥɚɧɢɪɨɜɤɢ�ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɤɚɤ�ɫɢɫɬɟɦɭ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ [10]. Ⱥɤɭɫɬɢɱɟɫɤɚɹ 

ɫɜɹɡɶ� ɦɟɠɞɭ� ɧɢɦɢ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɱɟɪɟɡ� ɪɚɡɞɟɥɹɸɳɢɟ� ɩɨɦɟɳɟɧɢɹ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ�ɩɪɟɝɪɚɞɵ�ɜ� ɜɢɞɟ� ɫɬɟɧ�ɢ�ɞɜɟɪɟɣ. ɉɪɢ�ɷɬɨɦ�ɱɚɫɬɶ� ɞɜɟɪɟɣ�ɦɨɠɟɬ 

ɛɵɬɶ�ɡɚɤɪɵɬɚ�ɢɥɢ�ɨɬɤɪɵɬɚ.  

ȼɫɟ� ɩɨɦɟɳɟɧɢɹ, ɜɯɨɞɹɳɢɟ� ɜ� ɚɤɭɫɬɢɱɟɫɤɭɸ� ɫɢɫɬɟɦɭ� ɫ� ɤɨɪɢɞɨɪɧɵɦɢ 

ɩɥɚɧɢɪɨɜɤɚɦɢ, ɩɨ� ɭɫɥɨɜɢɹɦ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɜ� ɧɢɯ� ɨɬɪɚɠɟɧɧɵɯ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ 

ɞɟɥɹɬɫɹ� ɧɚ� ɞɜɚ� ɬɢɩɚ: ɧɚ� ɫɨɪɚɡɦɟɪɧɵɟ� ɢ� ɞɥɢɧɧɵɟ� ɩɨɦɟɳɟɧɢɹ. ȼ� ɫɨɪɚɡɦɟɪɧɵɯ 

ɩɨɦɟɳɟɧɢɹɯ� ɨɛɪɚɡɭɸɬɫɹ� ɞɢɮɮɭɡɧɵɟ� ɡɜɭɤɨɜɵɟ� ɩɨɥɹ� ɫ� ɪɚɜɧɨɦɟɪɧɵɦ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɩɨ�ɨɛɴɟɦɭ�ɩɨɦɟɳɟɧɢɣ. Ɋɚɫɱɟɬ�ɢɯ, ɤɚɤ�ɩɨɤɚɡɚɧɨ�ɜ 

ɝɥɚɜɟ 2, ɦɨɠɧɨ�ɩɪɨɢɡɜɨɞɢɬɶ�ɧɚ�ɨɫɧɨɜɟ�ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ�ɬɟɨɪɢɢ�ɚɤɭɫɬɢɤɢ [58].  

ȼ�ɞɥɢɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ, ɤ� ɤɨɬɨɪɵɦ�ɜ� ɞɚɧɧɨɣ� ɫɢɫɬɟɦɟ� ɨɬɧɨɫɹɬɫɹ� ɤɨɪɢɞɨɪɵ, 

ɧɚɛɥɸɞɚɸɬɫɹ�ɫɭɳɟɫɬɜɟɧɧɵɟ�ɫɩɚɞɵ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɩɨ�ɦɟɪɟ�ɭɞɚɥɟɧɢɹ 

ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ. Ɍɚɤɢɟ� ɩɨɥɹ� ɹɜɥɹɸɬɫɹ� ɤɜɚɡɢɞɢɮɮɭɡɧɵɦɢ� ɢ� ɪɚɫɱɟɬɵ� ɢɯ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜɨɡɦɨɠɧɨ� ɩɪɨɢɡɜɨɞɢɬɶ� ɧɚ� ɨɫɧɨɜɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ� ɩɨɞɯɨɞɚ [14,53]. ɉɪɢ� ɬɚɤɨɦ� ɩɨɞɯɨɞɟ� ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ� ɜ 

ɤɨɪɢɞɨɪɟ� ɫɭɳɟɫɬɜɭɟɬ� ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ� ɩɨɬɨɤ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 

ɧɚɩɪɚɜɥɟɧɧɵɣ� ɜ� ɫɬɨɪɨɧɭ� ɭɦɟɧɶɲɟɧɢɹ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ İ. ɋɜɹɡɶ� ɦɟɠɞɭ 

ɝɪɚɞɢɟɧɬɨɦ� ɩɥɨɬɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɢ� ɩɥɨɬɧɨɫɬɶɸ� ɩɨɬɨɤɚ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ q ɢɦɟɟɬ�ɜɢɞ 

HK gradq �� ,                                           (3.1) 

ɝɞɟ 2/ɫɪcl K - ɤɨɷɮɮɢɰɢɟɧɬ� ɫɜɹɡɢ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɚ� ɢ� ɝɪɚɞɢɟɧɬɚ� ɩɥɨɬɧɨɫɬɢ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɜɚɡɢɞɢɮɮɭɡɧɵɯ� ɡɜɭɤɨɜɵɯ� ɩɨɥɹɯ; ɫɪl - ɫɪɟɞɧɹɹ� ɞɥɢɧɚ 

ɫɜɨɛɨɞɧɨɝɨ�ɩɪɨɛɟɝɚ�ɡɜɭɤɨɜɵɯ�ɜɨɥɧ�ɜ�ɩɨɦɟɳɟɧɢɢ.  

Ɍɚɤ� ɤɚɤ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɪɚɡɧɵɯ� ɩɨ� ɮɨɪɦɟ� ɢ� ɪɚɡɦɟɪɚɦ 

ɩɨɦɟɳɟɧɢɹɯ� ɤɨɪɢɞɨɪɧɵɯ� ɫɢɫɬɟɦ� ɩɥɚɧɢɪɨɜɤɢ� ɩɪɨɢɫɯɨɞɢɬ� ɩɪɢ� ɪɚɡɧɵɯ� ɭɫɥɨɜɢɹɯ, 

ɪɚɫɱɟɬɵ� ɫɭɦɦɚɪɧɨɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ� ɜɵɩɨɥɧɹɬɶ� ɱɢɫɥɟɧɧɵɦ 

ɦɟɬɨɞɨɦ. ɉɪɢ� ɟɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɤɨɪɢɞɨɪ� ɢ� ɜɫɟ, ɫɜɹɡɚɧɧɵɟ� ɫ� ɧɢɦ� ɩɨɦɟɳɟɧɢɹ, 

ɪɚɡɞɟɥɹɸɬɫɹ� ɧɚ� ɷɥɟɦɟɧɬɚɪɧɵɟ� ɨɛɴɟɦɵ Vi, ɜ� ɩɪɟɞɟɥɚɯ� ɤɨɬɨɪɵɯ� ɩɥɨɬɧɨɫɬɶ 

ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɨɫɬɚɟɬɫɹ� ɩɨɫɬɨɹɧɧɨɣ� ɩɨ� ɜɫɟɦɭ� ɷɥɟɦɟɧɬɚɪɧɨɦɭ 

ɨɛɴɟɦɭ.  

ȼ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɜ�ɤɚɱɟɫɬɜɟ�ɬɚɤɨɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ�ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ� ɜɟɫɶ� ɨɛɴɟɦ� ɩɨɦɟɳɟɧɢɹ. ȼ� ɬɨɠɟ� ɜɪɟɦɹ� ɤɨɪɢɞɨɪ� ɫɥɟɞɭɟɬ� ɞɟɥɢɬɶ� ɧɚ 

ɨɬɞɟɥɶɧɵɟ�ɨɛɴɟɦɵ, ɜ�ɩɪɟɞɟɥɚɯ�ɤɨɬɨɪɵɯ�ɞɨɩɭɫɬɢɦɨ�ɩɪɟɞɩɨɥɨɠɟɧɢɟ�ɨ�ɞɢɮɮɭɡɧɨɫɬɢ 

ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɨɜɨɝɨ� ɩɨɥɹ� ɜ� ɩɨɩɟɪɟɱɧɨɦ� ɫɟɱɟɧɢɟ� ɢ� ɨ� ɟɝɨ� ɦɢɧɢɦɚɥɶɧɨɦ 

ɢɡɦɟɧɟɧɢɢ�ɜ�ɩɪɨɞɨɥɶɧɨɦ�ɧɚɩɪɚɜɥɟɧɢɢ. Ⱦɥɹ�ɤɚɠɞɨɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ�ɜ�ɷɬɨɦ 

ɫɥɭɱɚɟ�ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɪɟɞɧɸɸ�ɜɟɥɢɱɢɧɭ�ɩɥɨɬɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ İi, ɢ� ɫɪɟɞɧɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɨɝɪɚɠɞɟɧɢɣ Įi�ɞɥɹ�ɜɫɟɣ�ɩɥɨɳɚɞɢ�ɨɝɪɚɠɞɟɧɢɣ Si. 

ȼɟɥɢɱɢɧɚ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ Ei   ɜ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɨɛɴɟɦɚɯ Vi  

ɦɨɠɟɬ� ɛɵɬɶ� ɨɩɪɟɞɟɥɟɧɚ� ɩɪɢ� ɪɚɫɫɦɨɬɪɟɧɢɢ� ɛɚɥɚɧɫɚ� ɩɨɫɬɭɩɚɸɳɟɣ, ɭɯɨɞɹɳɟɣ� ɢ 

ɩɨɝɥɨɳɟɧɧɨɣ�ɜ�ɨɛɴɟɦɟ�ɷɧɟɪɝɢɣ (ɫɦ. ɪɢɫɭɧɨɤ 3.1). 
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Ɋɢɫɭɧɨɤ 3.1 - ɋɯɟɦɚ�ɤ�ɪɚɫɱɟɬɭ�ɛɚɥɚɧɫɚ�ɷɧɟɪɝɢɢ�ɞɥɹ i�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ 

¦
 

 ��
n

j
ijiii WEW

1
0Ȟ  .    (3.2) 

ɝɞɟ n - ɤɨɥɢɱɟɫɬɜɨ j�ɯ�ɨɛɴɟɦɨɜ, ɫɜɹɡɚɧɧɵɯ�ɫ i�ɦ�ɨɛɴɟɦɨɦ. 

ȼ�ɭɪɚɜɧɟɧɢɢ (3.2) ɩɟɪɜɚɹ�ɫɨɫɬɚɜɥɹɸɳɚɹ iW �ɨɩɪɟɞɟɥɹɟɬɫɹ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɟɣ, 

ɜɨɡɧɢɤɚɸɳɟɣ�ɜ i-ɣ�ɷɥɟɦɟɧɬɚɪɧɨɦ�ɨɛɴɟɦɟ�ɩɪɢ�ɪɚɛɨɬɟ�ɨɬ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ.  

ȼɬɨɪɚɹ� ɫɨɫɬɚɜɥɹɸɳɚɹ� ɭɪɚɜɧɟɧɢɹ (3.2) iiEQ � ɯɚɪɚɤɬɟɪɢɡɭɟɬ� ɩɨɬɟɪɢ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɜ� ɩɪɟɞɟɥɚɯ i�ɝɨ� ɨɛɴɟɦɚ. Ʉɨɷɮɮɢɰɢɟɧɬ� ɩɨɬɟɪɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ iQ  i�ɝɨ 

ɨɛɴɟɦɚ�ɩɪɢ�ɭɫɥɨɜɢɹɯ�ɤɜɚɡɢɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ�ɧɚɯɨɞɢɬɫɹ�ɤɚɤ 

ii

ii
i V

Sɫ
)2(2 D

D
Q

�
  .         (3.3) 

Ɍɪɟɬɶɹ�ɫɨɫɬɚɜɥɹɸɳɚɹ�ɭɪɚɜɧɟɧɢɹ (3.2)          ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨɫɬɭɩɥɟɧɢɟɦ�ɜ i�ɣ 

ɨɛɴɟɦ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɢɡ� ɫɦɟɠɧɵɯ j�ɯ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɨɛɴɟɦɨɜ. ȼɟɥɢɱɢɧɚ� ɟɟ 

ɡɚɜɢɫɢɬ� ɨɬ� ɭɫɥɨɜɢɣ� ɩɟɪɟɞɚɱɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɧɚ� ɝɪɚɧɢɰɚɯ� ɪɚɡɞɟɥɨɜ� ɨɛɴɟɦɨɜ. 

ɑɟɪɟɡ�ɜɨɡɞɭɲɧɭɸ�ɝɪɚɧɢɰɭ�ɩɥɨɳɚɞɶɸ Sk, ɪɚɡɞɟɥɹɸɳɭɸ�ɞɜɚ�ɫɦɟɠɧɵɯ�ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɨɛɴɟɦɚ�ɤɨɪɢɞɨɪɚ, ɜ�ɭɫɥɨɜɢɹɯ�ɤɜɚɡɢɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ�ɛɭɞɟɬ�ɩɟɪɟɞɚɜɚɬɶɫɹ�ɤɨɥɢɱɟɫɬɜɨ 

ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ�ɤɚɤ 
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Ɂɞɟɫɶ� ɩɪɢɧɹɬɨ hSVV kji �  , ɝɞɟ h – ɲɚɝ� ɪɚɡɛɢɟɧɢɹ� ɤɨɪɢɞɨɪɚ� ɧɚ� ɭɱɚɫɬɤɢ;  

kS - ɩɥɨɳɚɞɶ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� ɤɨɪɢɞɨɪɚ; ijq  - ɩɥɨɬɧɨɫɬɶ� ɩɨɬɨɤɚ� ɷɧɟɪɝɢɢ 

ɜɯɨɞɹɳɟɣ�ɜ i�ɣ�ɨɛɴɟɦ. 
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ȿɫɥɢ� ɝɪɚɧɢɰɟɣ� ɪɚɡɞɟɥɚ� ɦɟɠɞɭ� ɷɥɟɦɟɧɬɚɪɧɵɦɢ� ɨɛɴɟɦɚɦɢ� ɹɜɥɹɟɬɫɹ� ɫɬɟɧɚ 

ɩɥɨɳɚɞɶɸ ijS  ɫ� ɤɨɷɮɮɢɰɢɟɧɬɨɦ� ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ Ĳij, ɬɨ� ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɫɬɭɩɚɸɳɟɣ�ɜ i�ɣ�ɨɛɴɟɦ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɫɨɫɬɚɜɢɬ 
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  .      (3.5) 

Ⱦɥɹ� ɫɬɟɧɵ, ɫɨɫɬɨɹɳɟɣ� ɢɡ� ɧɟɫɤɨɥɶɤɢɯ� ɭɱɚɫɬɤɨɜ� ɫ� ɪɚɡɧɵɦɢ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɦɢ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɜɟɥɢɱɢɧɚ ijijS W �ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 
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m
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ijijij SS WW  ,      (3.6) 

ɝɞɟ m – ɤɨɥɢɱɟɫɬɜɨ�ɪɚɡɥɢɱɧɵɯ�ɭɱɚɫɬɤɨɜ�ɨɝɪɚɠɞɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɞɜɟɪɢ, ɤɢɪɩɢɱɧɚɹ 

ɤɥɚɞɤɚ�ɢ�ɬ�ɩ.) 

ɋɥɟɞɭɟɬ�ɨɬɦɟɬɢɬɶ, ɱɬɨ�ɫ�ɰɟɥɶɸ�ɭɩɪɨɳɟɧɢɹ�ɡɚɩɢɫɢ�ɭɪɚɜɧɟɧɢɹ (3.2) ɡɜɭɤɨɜɚɹ 

ɷɧɟɪɝɢɹ, ɭɯɨɞɹɳɚɹ� ɢɡ i�ɝɨ� ɨɛɴɟɦɚ� ɜ� ɫɦɟɠɧɵɟ j�ɟ� ɨɛɴɟɦɵ� ɱɟɪɟɡ� ɨɝɪɚɠɞɟɧɢɹ, 

ɭɱɢɬɵɜɚɟɬɫɹ� ɜ� ɤɨɷɮɮɢɰɢɟɧɬɟ� ɩɨɬɟɪɶ iQ  ɩɭɬɟɦ� ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ� ɭɜɟɥɢɱɟɧɢɹ 

ɫɪɟɞɧɟɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɨɝɪɚɠɞɟɧɢɣ iD . 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɧɚ� ɨɫɧɨɜɟ� ɭɪɚɜɧɟɧɢɹ (3.2) ɞɥɹ� ɤɚɠɞɨɣ� ɫɯɟɦɵ� ɩɥɚɧɢɪɨɜɤɢ 

ɦɨɠɟɬ�ɛɵɬɶ�ɫɮɨɪɦɢɪɨɜɚɧɚ�ɫɢɫɬɟɦɚ�ɢɡ N�ɥɢɧɟɣɧɵɯ�ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ�ɭɪɚɜɧɟɧɢɣ�ɫ i,j € 

[1,2,…k,..N], ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɨɛɴɟɦɨɜ. Ⱦɥɹ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ�ɦɨɠɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɪɚɡɥɢɱɧɵɟ�ɬɨɱɧɵɟ�ɢ�ɢɬɟɪɚɰɢɨɧɧɵɟ�ɦɟɬɨɞɵ.  

ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ� ɭɪɚɜɧɟɧɢɣ� ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɜɟɥɢɱɢɧɵ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜɨ� ɜɫɟɯ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɨɛɴɟɦɚɯ� ɩɥɚɧɢɪɨɜɤɢ Ei� ɢ 

ɩɪɨɢɡɜɨɞɹɬɫɹ�ɪɚɫɱɟɬɵ�ɩɥɨɬɧɨɫɬɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

iii VE / H ,         (3.7) 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɱɢɫɥɹɸɬɫɹ�ɭɪɨɜɧɢ�ɲɭɦɚ 
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ɝɞɟ  12
0 10 � I ȼɬ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɡɜɭɤɚ�ɧɚ�ɩɨɪɨɝɟ�ɫɥɵɲɢɦɨɫɬɢ. 

ȼ� ɭɪɚɜɧɟɧɢɟ (3.2) ɜɯɨɞɢɬ� ɫɨɫɬɚɜɥɹɸɳɚɹ iW , ɤɨɬɨɪɚɹ� ɜ i�ɨɦ� ɷɥɟɦɟɧɬɚɪɧɨɦ 

ɨɛɴɟɦɟ, ɫ�ɢɫɬɨɱɧɢɤɨɦ�ɲɭɦɚ�ɞɥɹ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ�ɢ�ɪɚɧɟɟ 

ɫ�ɭɱɟɬɨɦ�ɪɟɤɨɦɟɧɞɚɰɢɣ, ɩɨɥɭɱɟɧɧɵɯ�ɜ� ɝɥɚɜɟ 2. ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ 

ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ, ɱɬɨ� ɫɨɝɥɚɫɧɨ� ɝɥɚɜɟ 1 ɩɪɨɢɫɯɨɞɢɬ� ɜ� ɤɨɪɢɞɨɪɧɵɯ 
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ɫɢɫɬɟɦɚɯ� ɞɨɫɬɚɬɨɱɧɨ� ɱɚɫɬɨ, ɜɟɥɢɱɢɧɭ iW � ɫɥɟɞɭɟɬ� ɨɩɪɟɞɟɥɹɬɶ� ɫ� ɭɱɟɬɨɦ 

ɨɫɨɛɟɧɧɨɫɬɟɣ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɤɨɪɢɞɨɪɚɯ� ɤɚɤ� ɧɟɫɨɪɚɡɦɟɪɧɵɯ 

ɩɨɦɟɳɟɧɢɹɯ.  

Ʉɨɪɢɞɨɪ� ɨɬɧɨɫɢɬɫɹ� ɤ� ɞɥɢɧɧɵɦ� ɩɨɦɟɳɟɧɢɹɦ, ɜ� ɤɨɬɨɪɵɯ� ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɲɭɦɨɜɵɯ�ɩɨɥɟɣ�ɢɦɟɟɬ�ɞɜɟ�ɨɫɨɛɟɧɧɨɫɬɢ, ɜɥɢɹɸɳɢɟ�ɧɚ�ɜɵɛɨɪ�ɪɚɫɱɟɬɧɨɝɨ�ɦɟɬɨɞɚ. 

ȼ� ɩɟɪɜɭɸ� ɨɱɟɪɟɞɶ� ɷɬɨ� ɨɬɧɨɫɢɬɫɹ� ɤ� ɯɚɪɚɤɬɟɪɭ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ 

ɩɨɜɟɪɯɧɨɫɬɟɣ. Ʉɚɤ� ɭɫɬɚɧɨɜɥɟɧɨ� ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ [17,30,48] 

ɨɬɪɚɠɟɧɢɟ� ɡɜɭɤɚ� ɨɬ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɨɝɪɚɠɞɟɧɢɣ� ɢɦɟɟɬ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɵɣ 

ɯɚɪɚɤɬɟɪ. ɉɪɢ�ɬɚɤɨɦ�ɨɬɪɚɠɟɧɢɢ�ɱɚɫɬɶ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɨɬɪɚɠɚɟɬɫɹ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ 

ɡɟɪɤɚɥɶɧɨ, ɚ� ɜɬɨɪɚɹ� ɱɚɫɬɶ� ɪɚɫɫɟɢɜɚɟɬɫɹ� ɞɢɮɮɭɡɧɨ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɨɬɪɚɠɟɧɧɚɹ 

ɷɧɟɪɝɢɹ�ɩɟɪɟɧɨɫɢɬɫɹ�ɜ�ɨɛɴɟɦ�ɞɜɭɦɹ�ɝɪɭɩɩɚɦɢ�ɥɭɱɟɣ: ɡɟɪɤɚɥɶɧɵɦɢ�ɢ�ɞɢɮɮɭɡɧɵɦɢ. 

ȼ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɫɪɟɞɧɢɟ� ɞɥɢɧɵ� ɩɪɨɛɟɝɚ� ɡɟɪɤɚɥɶɧɵɯ� ɢ 

ɞɢɮɮɭɡɧɵɯ�ɥɭɱɟɣ�ɩɪɢɦɟɪɧɨ�ɨɞɢɧɚɤɨɜɵ. ȼ�ɷɬɨɣ�ɫɜɹɡɢ�ɜ�ɫɨɪɚɡɦɟɪɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ 

ɩɪɢ� ɨɰɟɧɤɟ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɚ� ɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ� ɬɟɨɪɢɸ� ɚɤɭɫɬɢɤɢ, ɨɫɧɨɜɚɧɧɭɸ�ɧɚ� ɩɪɟɞɫɬɚɜɥɟɧɢɹɯ� ɨ 

ɞɢɮɮɭɡɧɨɦ� ɨɬɪɚɠɟɧɧɨɦ� ɡɜɭɤɨɜɨɦ� ɩɨɥɟ. Ɍɚɤɢɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɹ� ɢɫɩɨɥɶɡɨɜɚɧɵ� ɜɨ 

ɜɬɨɪɨɣ�ɝɥɚɜɟ�ɪɚɛɨɬɵ.  

ȼ� ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɞɥɢɧɧɵɯ� ɢ� ɩɥɨɫɤɢɯ� ɩɨɦɟɳɟɧɢɹɯ� ɡɜɭɤɨɜɵɟ� ɥɭɱɢ, 

ɨɬɪɚɠɟɧɧɵɟ� ɡɟɪɤɚɥɶɧɨ� ɢ� ɞɢɮɮɭɡɧɨ, ɫɭɳɟɫɬɜɟɧɧɨ� ɪɚɡɥɢɱɚɸɬɫɹ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɩɨ 

ɞɥɢɧɟ�ɩɪɨɛɟɝɚ�ɢ�ɢɯ�ɧɟɥɶɡɹ�ɨɰɟɧɢɬɶ�ɫɪɟɞɧɟɣ�ɞɥɢɧɨɣ�ɩɪɨɛɟɝɚ�ɞɥɹ�ɜɫɟɣ�ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɥɭɱɟɣ. ɉɨɷɬɨɦɭ� ɜ� ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɢ� ɜ� ɬɨɦ� ɱɢɫɥɟ� ɤɨɪɢɞɨɪɚɯ� ɨɰɟɧɤɭ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɧɟɨɛɯɨɞɢɦɨ�ɩɪɨɢɡɜɨɞɢɬɶ�ɨɬɞɟɥɶɧɨ 

ɞɥɹ�ɡɟɪɤɚɥɶɧɨɣ�ɢ�ɞɢɮɮɭɡɧɨɣ�ɫɨɫɬɚɜɥɹɸɳɢɯ�ɷɧɟɪɝɢɢ�ɨɬɪɚɠɟɧɧɨɝɨ�ɲɭɦɚ. ɉɪɢ�ɷɬɨɦ 

ɧɟɨɛɯɨɞɢɦɨ� ɭɱɢɬɵɜɚɬɶ, ɱɬɨ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɞɢɮɮɭɡɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɟɣ� ɜɨ� ɦɧɨɝɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ�ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ. 

ȼɬɨɪɨɣ� ɜɚɠɧɨɣ� ɨɫɨɛɟɧɧɨɫɬɶɸ� ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɹɜɥɹɟɬɫɹ 

ɯɚɪɚɤɬɟɪ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɨɛɴɟɦɟ�ɤɨɪɢɞɨɪɚ. ɐɟɥɟɧɚɩɪɚɜɥɟɧɧɨ 

ɜɵɩɨɥɧɟɧɧɵɟ� ɜ� ɪɚɛɨɬɟ [74] ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɩɪɢ 

ɞɢɮɮɭɡɧɨɦ� ɨɬɪɚɠɟɧɢɢ� ɡɜɭɤɚ� ɩɥɨɬɧɨɫɬɶ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 

ɩɨɩɟɪɟɱɧɨɦ� ɫɟɱɟɧɢɢ� ɤɨɪɢɞɨɪɨɜ� ɢɡɦɟɧɹɟɬɫɹ� ɧɟɡɧɚɱɢɬɟɥɶɧɨ� ɜ� ɫɪɚɜɧɟɧɢɢ� ɫ� ɟɺ 

ɢɡɦɟɧɟɧɢɹɦɢ� ɩɨ� ɞɥɢɧɟ. ɉɨɞɨɛɧɨɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɷɧɟɪɝɢɢ� ɩɨɡɜɨɥɹɟɬ� ɫɱɢɬɚɬɶ 

ɨɬɪɚɠɟɧɧɨɟ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ�ɜ�ɧɢɯ�ɨɞɧɨɦɟɪɧɵɦ )(xfɨɬɪ  H �ɢ�ɬɟɦ�ɫɚɦɵɦ�ɫɭɳɟɫɬɜɟɧɧɨ 
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ɭɩɪɨɫɬɢɬɶ� ɦɟɬɨɞɢɤɭ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ. 

ɋ� ɭɱɟɬɨɦ� ɭɤɚɡɚɧɧɵɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɜɟɥɢɱɢɧɵ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ iW �ɜɨɡɦɨɠɧɨ�ɩɪɢɦɟɧɢɬɶ�ɩɪɢɧɰɢɩɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ�ɧɚɦɢ�ɩɪɢ�ɪɚɡɪɚɛɨɬɤɟ 

ɦɟɬɨɞɚ�ɪɚɫɱɟɬɚ�ɲɭɦɚ�ɜ�ɝɚɡɨɜɨɡɞɭɲɧɵɯ�ɤɚɧɚɥɚɯ�ɫɢɫɬɟɦ�ɜɟɧɬɢɥɹɰɢɢ�ɡɞɚɧɢɣ [28].  

ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɚ� ɛɵɥɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɪɚɫɱɟɬɧɚɹ 

ɦɨɞɟɥɶ, ɜ� ɤɨɬɨɪɨɣ� ɡɟɪɤɚɥɶɧɚɹ� ɢ� ɪɚɫɫɟɹɧɧɚɹ� ɫɨɫɬɚɜɥɹɸɳɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ� ɪɚɡɞɟɥɶɧɨ. Ɂɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɚɹ� ɷɧɟɪɝɢɹ� ɧɚɯɨɞɢɬɫɹ� ɦɟɬɨɞɨɦ 

ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ, ɚ� ɪɚɫɫɟɹɧɧɚɹ� ɷɧɟɪɝɢɹ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ. 

ȼ� ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɡɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ, ɩɪɢɯɨɞɹɳɚɹ� ɜ i�ɣ� ɨɛɴɟɦ� ɤɨɪɢɞɨɪɚ� ɩɪɢ 

ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɪɹɦɨɣ� ɷɧɟɪɝɢɟɣ, 

ɩɪɢɯɨɞɹɳɟɣ� ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ ɩɪ
i

W , ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɟɣ ɡ
i

W � ɢ 

ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɟɣ ɞ
i

W , ɬɨ�ɟɫɬɶ  

.ɞ
iii

WWWW ɡɩɪ
i ��     (3.9) 

ɉɪɢ�ɪɚɫɱɟɬɟ�ɷɧɟɪɝɢɢ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ ɩɪ
i

W  ɢ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ ɡ
i

W  

ɦɟɬɨɞɨɦ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɩɨɞɯɨɞ, ɩɪɢ� ɤɨɬɨɪɨɦ� ɩɪɢɧɢɦɚɸɬɫɹ 

ɥɭɱɢ�ɫ�ɛɟɫɤɨɧɟɱɧɨ�ɦɚɥɵɦɢ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ�ɭɝɥɚɦɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ.  

Ɂɜɭɤɨɜɚɹ�ɦɨɳɧɨɫɬɶ, ɩɟɪɟɧɨɫɢɦɚɹ�ɤɚɠɞɵɦ k�ɦ�ɥɭɱɨɦ, ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɩɨɫɥɟ�ɟɝɨ 

ɩɪɨɯɨɠɞɟɧɢɹ� ɨɬ� ɦɟɫɬɚ� ɢɡɥɭɱɟɧɢɹ� ɞɨ i�ɨɝɨ� ɨɛɴɟɦɚ� ɤɨɪɢɞɨɪɚ� ɞɥɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɜ 

ɬɨɱɤɚɯ�ɤɨɪɢɞɨɪɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ�ɜ�ɡɨɧɟ�ɩɪɹɦɨɣ�ɜɢɞɢɦɨɫɬɢ�ɢɫɬɨɱɧɢɤɚ, ɫɨɫɬɚɜɥɹɟɬ 

� �kiRɜm
N
Wɩɪ

kiW � exp     (3.10) 

ɢ� ɨɛɳɚɹ� ɷɧɟɪɝɢɹ� ɨɬ� ɜɫɟɯ k-ɯ ɥɭɱɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɩɪɢɲɟɞɲɢɯ� ɱɟɪɟɡ i�ɣ 

ɷɥɟɦɟɧɬɚɪɧɵɣ�ɨɛɴɟɦ�ɤɨɪɢɞɨɪɚ, ɪɚɜɧɚ 

¦
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Ⱦɥɹ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ� ɦɨɳɧɨɫɬɶ, ɩɟɪɟɧɨɫɢɦɚɹ� ɤɚɠɞɵɦ k-ɦ 

ɥɭɱɨɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 

� ��
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p
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ppkiRɜm
N
Wɡ

kiW
1

])1[(exp [D    (3.12) 
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Ʉɨɥɢɱɟɫɬɜɨ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ i�ɨɦ� ɷɥɟɦɟɧɬɚɪɧɨɦ� ɨɛɴɟɦɟ 

ɪɚɜɧɨ�ɫɭɦɦɟ�ɷɧɟɪɝɢɣ K-ɯ�ɥɭɱɟɣ, ɩɪɨɯɨɞɹɳɢɯ�ɱɟɪɟɡ�ɧɟɝɨ, ɬɨ�ɟɫɬɶ 

¦
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k
ɡ
kiWɡ

iW
1

,    (3.13) 

ȼ�ɜɵɪɚɠɟɧɢɹɯ (3.10) - (3.13) ɩɪɢɧɹɬɨ: W –ɡɜɭɤɨɜɚɹ�ɦɨɳɧɨɫɬɶ�ɢɫɬɨɱɧɢɤɚ, ȼɬ ; 

N – ɤɨɥɢɱɟɫɬɜɨ� ɥɭɱɟɣ, ɢɫɯɨɞɹɳɢɯ� ɢɡ� ɢɫɬɨɱɧɢɤɚ; mɜ – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ� ɡɚɬɭɯɚɧɢɹ� ɡɜɭɤɚ� ɜ� ɜɨɡɞɭɯɟ, ɦ-1; Rki – ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɯɨɞɢɦɨɟ k-ɦ 

ɥɭɱɨɦ� ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɡɜɭɤɚ� ɞɨ i�ɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɨɛɴɟɦɚ, ɦ; Dɪ – ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ p�ɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɹ, ɧɚ�ɤɨɬɨɪɭɸ�ɩɚɞɚɥ�ɩɪɨɫɥɟɠɢɜɚɟɦɵɣ 

ɥɭɱ; P – ɨɛɳɟɟ� ɱɢɫɥɨ� ɚɤɬɨɜ� ɨɬɪɚɠɟɧɢɹ k-ɝɨ� ɥɭɱɚ� ɨɬ� ɜɫɟɯ� ɨɬɪɚɠɚɸɳɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ� ɧɚ� ɟɝɨ� ɩɭɬɢ� ɜ� ɩɪɨɰɟɫɫɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɟɝɨ� ɧɚ 

ɪɚɫɫɬɨɹɧɢɟ Rki�ɞɨ i�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ; Dp – ɱɢɫɥɨ�ɚɤɬɨɜ�ɩɚɞɟɧɢɹ k-ɝɨ�ɥɭɱɚ�ɧɚ 

p�ɸ� ɩɨɜɟɪɯɧɨɫɬɶ� ɜ� ɩɪɨɰɟɫɫɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɟɝɨ� ɧɚ� ɪɚɫɫɬɨɹɧɢɟ Rki; [p –  ɞɨɥɹ 

ɷɧɟɪɝɢɢ, ɧɚɩɪɚɜɥɹɟɦɚɹ� ɩɨ k-ɦɭ� ɥɭɱɭ� ɩɨɫɥɟ� ɟɝɨ� ɨɬɪɚɠɟɧɢɹ� ɨɬ p�ɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɝɪɚɠɞɟɧɢɹ. 

ȼɟɥɢɱɢɧɚ ɞ
iW  ɨɩɪɟɞɟɥɹɟɬɫɹ� ɫɭɦɦɨɣ� ɷɧɟɪɝɢɣ� ɩɪɹɦɵɯ� ɢ� ɡɟɪɤɚɥɶɧɵɯ� ɥɭɱɟɣ, 

ɩɟɪɟɲɟɞɲɢɯ� ɜ� ɨɬɪɚɠɟɧɧɭɸ� ɞɢɮɮɭɡɧɭɸ� ɫɨɫɬɚɜɥɹɸɳɭɸ� ɩɪɢ� ɨɬɪɚɠɟɧɢɢ� ɥɭɱɟɣ� ɨɬ  

m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ i -ɝɨ�ɨɛɴɟɦɚ, ɹɜɥɹɸɳɟɣɫɹ�ɱɚɫɬɶɸ�ɩɨɜɟɪɯɧɨɫɬɢ�ɤɨɪɢɞɨɪɚ 
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ɝɞɟ K – ɤɨɥɢɱɟɫɬɜɨ� ɥɭɱɟɣ, ɭɩɚɜɲɢɯ� ɧɚ m�ɸ� ɩɨɜɟɪɯɧɨɫɬɶ i -ɝɨ� ɨɛɴɟɦɚ; [m –  ɞɨɥɹ 

ɡɟɪɤɚɥɶɧɨɣ� ɷɧɟɪɝɢɢ, ɧɚɩɪɚɜɥɹɟɦɚɹ� ɩɨ� ɥɭɱɭ� ɩɨɫɥɟ� ɟɝɨ� ɨɬɪɚɠɟɧɢɹ� ɨɬ m�ɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ� ɨɝɪɚɠɞɟɧɢɹ� ɤɨɪɢɞɨɪɚ; mD  - ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ m�ɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. 

Ⱦɥɹ� ɪɟɚɥɢɡɚɰɢɢ� ɪɚɫɱɟɬɧɨɝɨ� ɦɟɬɨɞɚ� ɪɚɡɪɚɛɨɬɚɧɚ� ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ. 

ɉɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɫɢɫɬɟɦɟ� ɩɨɦɟɳɟɧɢɣ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɜ� ɩɪɨɝɪɚɦɦɟ� ɜɵɩɨɥɧɹɟɬɫɹ 

ɪɚɫɱɟɬ� ɜɟɥɢɱɢɧɵ iW ɢ� ɡɚɬɟɦ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɪɟɲɟɧɢɟ� ɫɢɫɬɟɦɵ� ɭɪɚɜɧɟɧɢɣ (3.2). 

ɉɪɨɝɪɚɦɦɚ, ɩɨɡɜɨɥɹɟɬ� ɩɪɨɢɡɜɨɞɢɬɶ� ɪɚɫɱɟɬ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɷɧɟɪɝɢɢ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ 

ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɪɟɲɟɧɢɹɯ� ɡɞɚɧɢɣ: ɫ� ɥɢɧɟɣɧɵɦɢ� ɤɨɪɢɞɨɪɚɦɢ, ɫ� ɤɨɥɶɰɟɜɵɦ 

ɡɚɦɤɧɭɬɵɦ� ɤɨɪɢɞɨɪɨɦ, ɫ� ɤɨɪɢɞɨɪɚɦɢ� Ɍ�ɨɛɪɚɡɧɨɣ� ɮɨɪɦɵ� ɩɪɢ� ɨɞɧɨ- ɢɥɢ 

ɞɜɭɯɫɬɨɪɨɧɧɢɦ�ɪɚɡɦɟɳɟɧɢɢ�ɩɨɦɟɳɟɧɢɣ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ɤɨɪɢɞɨɪɚ.  
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ɇɢɠɟ�ɩɪɢɜɟɞɟɧ�ɩɪɢɦɟɪ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɩɪɟɞɥɨɠɟɧɧɨɝɨ�ɦɟɬɨɞɚ�ɢ�ɪɟɚɥɢɡɚɰɢɣ 

ɟɝɨ�ɩɪɨɝɪɚɦɦɵ� ɞɥɹ� ɪɚɫɱɟɬɚ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɟ� ɩɥɚɧɢɪɨɜɤɢ� ɫ� ɥɢɧɟɣɧɵɦ 

ɤɨɪɢɞɨɪɨɦ� ɫ� ɞɜɭɯɫɬɨɪɨɧɧɢɦ� ɪɚɡɦɟɳɟɧɢɟɦ� ɩɨɦɟɳɟɧɢɣ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɤɨɪɢɞɨɪɚ. 

ɋɯɟɦɚ�ɩɥɚɧɢɪɨɜɤɢ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 3.2. 

 
Ɋɢɫɭɧɨɤ 3.2 - Ɋɚɫɱɟɬɧɚɹ� ɫɯɟɦɚ� ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɵ� ɫ� ɭɤɚɡɚɧɢɟɦ� ɧɨɦɟɪɨɜ 

ɩɨɦɟɳɟɧɢɣ: ¨ - ɦɟɫɬɨ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ 

ɂɫɬɨɱɧɢɤ� ɦɨɳɧɨɫɬɶɸ 90 ɞȻ� ɪɚɡɦɟɳɟɧ� ɜɛɥɢɡɢ� ɬɨɪɰɚ� ɤɨɪɢɞɨɪɚ. ɋɪɟɞɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɜɫɟɯ� ɨɝɪɚɠɞɟɧɢɣ� ɤɨɪɢɞɨɪɚ� ɢ� ɩɨɦɟɳɟɧɢɣ 0.1. 

Ⱦɜɟɪɢ� ɩɨɦɟɳɟɧɢɣ� ɢɦɟɸɬ� ɩɥɨɳɚɞɢ� ɪɚɜɧɵɟ 2.5 ɦ2� ɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ Rɞɜ=10 ɞȻ. 

ɇɟɤɨɬɨɪɵɟ� ɞɜɟɪɢ� ɨɬɤɪɵɬɵ� ɢ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɢɦɟɟɬ Rɞɜ= 0. ɉɨɩɟɪɟɱɧɨɟ� ɫɟɱɟɧɢɟ 

ɤɨɪɢɞɨɪɚ 9 ɦ2.  

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ 

ɭɪɨɜɧɟɣ�ɲɭɦɚ� ɩɪɢɜɟɞɟɧɵ�ɜ� ɬɚɛɥɢɰɟ 3.1. ɍɪɨɜɧɢ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɜ� ɫɜɹɡɚɧɧɵɯ 

ɩɨɦɟɳɟɧɢɹɯ�ɬɚɤɠɟ�ɩɨɤɚɡɚɧɵ�ɧɚ�ɪɢɫɭɧɤɟ 3.3. 

 
Ɋɢɫɭɧɨɤ 3.3 - Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɜ� ɩɪɢɥɟɝɚɸɳɢɯ� ɤ 

ɧɟɦɭ�ɩɨɦɟɳɟɧɢɹɯ:        - ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɤɨɪɢɞɨɪɟ;      - ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ; 

ɰɢɮɪɚɦɢ�ɨɛɨɡɧɚɱɟɧɵ�ɧɨɦɟɪɚ�ɩɨɦɟɳɟɧɢɣ�ɫɨɝɥɚɫɧɨ�ɬɚɛɥɢɰɟ 3.1 
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Ɍɚɛɥɢɰɚ 3.1  - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ 

ɧɢɯ 

ʋ�ɩɨɦɟɳɟɧɢɹ� Ɉɛɴɟɦ ɉɥɨɳɚɞɶ L, ɞȻ 
1 53 30 50,5 
2 53 30 40,3 
3 144 108 68,3 
4 73 42 70,5 
5 144 108 66,4 
6 198 162 57,1 
7 198 162 47,1 
8 144 108 45,9 
9 73 42 57,9 
10 198 162 49,9 
11 198 162 33,7 
12 144 108 68,3 
13 117 81 66,5 
14 198 162 58,7 
15 81 45 61,5 
16 198 162 48,1 
17 144 108 45,9 
18 198 162 38,8 
19 117 81 33,7 
20 198 162 33 
21 99 63 46,7 

 

 

3.2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɩɪɨɜɟɪɤɚ�ɩɪɟɞɥɨɠɟɧɧɨɝɨ�ɪɚɫɱɟɬɧɨɝɨ�ɦɟɬɨɞɚ 

ɩɪɢ�ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɨɣ�ɫɢɫɬɟɦɟ�ɩɥɚɧɢɪɨɜɤɢ�ɤɜɚɪɬɢɪɵ 

 

 

Ɇɟɬɨɞɢɤɚ� ɩɪɨɜɟɞɟɧɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɢ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ 

ɚɧɚɥɢɡɚ�ɪɚɫɱɟɬɧɵɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɩɪɢɜɟɞɟɧɚ�ɜ�ɪɚɡɞɟɥɟ 2.2 ɪɚɛɨɬɵ. 

Ⱦɥɹ� ɩɪɨɜɟɪɤɢ� ɬɨɱɧɨɫɬɢ� ɪɚɫɱɟɬɧɨɝɨ� ɦɟɬɨɞɚ� ɜɵɩɨɥɧɟɧɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ� ɢ� ɪɚɫɱɟɬɵ� ɲɭɦɚ� ɜ� ɬɢɩɨɜɨɣ� ɱɟɬɵɪɟɯɤɨɦɧɚɬɧɨɣ� ɤɜɚɪɬɢɪɟ� ɫ  

ɹɱɟɣɤɨɜɨ – ɤɨɪɢɞɨɪɧɨɣ�ɩɥɚɧɢɪɨɜɤɨɣ. ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 3.4.  

Ʉɜɚɪɬɢɪɚ�ɫɨɫɬɨɢɬ�ɢɡ 9 ɩɨɦɟɳɟɧɢɣ, ɪɚɡɞɟɥɟɧɧɵɯ�ɤɢɪɩɢɱɧɵɦɢ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ 

ɫɨ� ɡɜɭɤɨɢɡɨɥɹɰɢɟɣ 41 ɞȻ. Ɂɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɧɵɯ� ɡɚɩɨɥɧɟɧɢɣ 10 ɞȻ. ɂɫɬɨɱɧɢɤ 
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ɲɭɦɚ�ɪɚɡɦɟɳɚɥɫɹ�ɧɚ�ɜɵɫɨɬɟ 1.5 ɦ. ȼɵɫɨɬɚ�ɩɨɦɟɳɟɧɢɹ 2.7 ɦ. Ɉɫɧɨɜɧɵɟ�ɩɚɪɚɦɟɬɪɵ 

ɩɨɦɟɳɟɧɢɣ� ɤɜɚɪɬɢɪɵ� ɞɚɧɵ� ɜ� ɬɚɛɥɢɰɟ 3.2. ȼɫɟɝɨ� ɩɪɨɜɨɞɢɥɨɫɶ� ɞɜɟ� ɫɟɪɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɫ� ɢɡɦɟɧɟɧɢɟɦ� ɦɟɫɬɚ� ɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɩɪɢ� ɨɬɤɪɵɬɵɯ� ɢ 

ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ� ɤɜɚɪɬɢɪɵ. ɉɪɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɜ� ɤɚɱɟɫɬɜɟ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɜɫɟɧɚɩɪɚɜɥɟɧɧɵɣ� ɢɫɬɨɱɧɢɤ� ɡɜɭɤɚ (ɞɨɞɟɤɚɷɞɪ) OED-SP-012-600. 

ɂɡɦɟɪɟɧɢɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɲɭɦɨɦɟɪɨɦ  

ɗɄɈɎɂɁɂɄȺ-110Ⱥ. 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.4 - ɋɯɟɦɚ�ɤɜɚɪɬɢɪɵ�ɤ�ɪɚɫɱɟɬɭ 

Ɍɚɛɥɢɰɚ 3.2 - ɉɚɪɚɦɟɬɪɵ�ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ 

ʋ 
ɩɨɦ. 

 

ɉɥɨɳɚɞɶ 
ɨɝɪɚɠɞɟɧɢɣ,Si 

ɦ2 

Ɉɛɴɟɦ, 
Vi�ɦ3 

ɋɪɟɞɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ Įi 

1 12.9 2.67 0.05 
2 21.2 6.40 0.05 
3 55.6 27.7 0.1 
4 69.0 37.6 0.2 
5 90.7 53.2 0.2 
6 76.3 42.8 0.2 
7 65.6 340 0.2 

 

Ɋɟɡɭɥɶɬɚɬɵ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɞɚɧɧɵɯ 

ɩɪɢɜɟɞɟɧɵ�ɧɚ� ɪɢɫɭɧɤɚɯ 3.5-3.12. ȼɢɞɧɨ, ɱɬɨ� ɪɚɫɯɨɠɞɟɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɨɜ� ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɧɟ�ɩɪɟɜɵɲɚɸɬ 2-3ɞȻ. 
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Ɋɢɫɭɧɨɤ 3.5 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 5 ɩɨɦɟɳɟɧɢɢ, ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ� ɩɨɦɟɳɟɧɢɣ 

ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ. 

 
Ɋɢɫɭɧɨɤ 3.6 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɤɜɚɪɬɢɪɵ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 5 ɩɨɦɟɳɟɧɢɢ, ɩɪɢ�ɜɫɟɯ�ɡɚɤɪɵɬɵɯ�ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ. 
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Ɋɢɫɭɧɨɤ 3.7 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 5 ɩɨɦɟɳɟɧɢɢ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ� ɩɨɦɟɳɟɧɢɣ 

ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ. 

 

 
Ɋɢɫɭɧɨɤ 3.8 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɤɜɚɪɬɢɪɵ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 5 ɩɨɦɟɳɟɧɢɢ, ɩɪɢ�ɜɫɟɯ�ɨɬɤɪɵɬɵɯ�ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ. 
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Ɋɢɫɭɧɨɤ 3.9 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ� ɤɨɪɢɞɨɪɟ, ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ� ɩɨɦɟɳɟɧɢɣ 

ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ.  

 

 
Ɋɢɫɭɧɨɤ 3.10 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ  

ɤɜɚɪɬɢɪɵ� ɩɪɢ� ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ� ɤɨɪɢɞɨɪɟ, ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ.  
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Ɋɢɫɭɧɨɤ 3.11 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ� ɤɨɪɢɞɨɪɟ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ� ɩɨɦɟɳɟɧɢɣ 

ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ.  

 

 
Ɋɢɫɭɧɨɤ 3.12 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɤɜɚɪɬɢɪɵ� ɩɪɢ� ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ� ɤɨɪɢɞɨɪɟ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ�ɤɜɚɪɬɢɪɵ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=1000 Ƚɰ.  
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3.3 ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɪɚɫɱɟɬɧɵɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ  

ɫ�ɰɟɥɶɸ�ɩɨɞɬɜɟɪɠɞɟɧɢɹ�ɬɨɱɧɨɫɬɢ�ɩɪɟɞɥɨɠɟɧɧɨɝɨ�ɪɚɫɱɟɬɧɨɝɨ�ɦɟɬɨɞɚ�ɞɥɹ 

ɤɨɪɢɞɨɪɧɨɣ�ɫɢɫɬɟɦɵ�ɩɥɚɧɢɪɨɜɤɢ 

 

 

Ⱦɥɹ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ� ɜɵɛɪɚɧ 2 ɷɬɚɠ�ɭɱɟɛɧɨɝɨ� ɤɨɪɩɭɫɚ� Ɍɚɦɛɨɜɫɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɬɟɯɧɢɱɟɫɤɨɝɨ� ɭɧɢɜɟɪɫɢɬɟɬɚ, ɢɦɟɸɳɢɣ� ɬɢɩɢɱɧɭɸ� ɤɨɪɢɞɨɪɧɭɸ 

ɩɥɚɧɢɪɨɜɤɭ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɭɱɟɛɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ. ɋɯɟɦɚ� ɷɬɚɠɚ  ɞɚɧɚ� ɧɚ 

ɪɢɫɭɧɤɟ 3.13. ɗɬɚɠ� ɫɨɫɬɨɢɬ� ɢɡ 21 ɩɨɦɟɳɟɧɢɹ, ɪɚɡɞɟɥɟɧɧɵɯ� ɤɢɪɩɢɱɧɵɦɢ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɢ�ɫɬɟɧɚɦɢ. ɉɪɢ�ɪɚɫɱɟɬɚɯ�ɩɟɪɟɞɚɱɚ�ɡɜɭɤɚ�ɱɟɪɟɡ�ɝɥɭɯɢɟ�ɭɱɚɫɬɤɢ�ɫɬɟɧ�ɢ 

ɩɟɪɟɝɨɪɨɞɨɤ� ɧɟ� ɭɱɢɬɵɜɚɥɚɫɶ, ɬɚɤ� ɤɚɤ� ɢɯ� ɡɜɭɤɨɢɡɨɥɹɰɢɹ ( 4060y ɞȻ) ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɪɟɜɵɲɚɟɬ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ� ɞɜɟɪɟɣ, ɪɚɜɧɭɸ ( 1310 y ɞȻ) ɢ� ɬɟɦ� ɛɨɥɟɟ� ɷɬɨɬ� ɭɱɟɬ� ɧɟ 

ɧɭɠɟɧ�ɞɥɹ�ɫɥɭɱɚɹ�ɨɬɤɪɵɬɵɯ�ɩɪɨɟɦɨɜ. 

ɂɫɬɨɱɧɢɤ�ɲɭɦɚ�ɪɚɡɦɟɳɚɥɫɹ�ɧɚ�ɜɵɫɨɬɟ 1.5 ɦ. ȼɵɫɨɬɚ�ɤɨɪɢɞɨɪɚ 3.0 ɦ., ɜɵɫɨɬɚ 

ɨɫɬɚɥɶɧɵɯ�ɩɨɦɟɳɟɧɢɣ 3.3 ɦ. Ɉɫɬɚɥɶɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɩɨɦɟɳɟɧɢɣ�ɞɚɧɵ�ɜ�ɬɚɛɥɢɰɟ 3.3. 

ȼɫɟɝɨ� ɩɪɨɢɡɜɟɞɟɧɨ� ɱɟɬɵɪɟ� ɫɟɪɢɢ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɩɪɢ� ɱɟɬɵɪɟɯ� ɢɡɦɟɧɟɧɢɹɯ� ɦɟɫɬɚ 

ɩɨɥɨɠɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ. ɉɪɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɜ� ɤɚɱɟɫɬɜɟ 

ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɢɫɩɨɥɶɡɨɜɚɥɫɹ�ɜɫɟɧɚɩɪɚɜɥɟɧɧɵɣ�ɢɫɬɨɱɧɢɤ�ɡɜɭɤɚ (ɞɨɞɟɤɚɷɞɪ) OED-

SP-012-600. ɂɡɦɟɪɟɧɢɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɲɭɦɨɦɟɪɨɦ 

ɗɄɈɎɂɁɂɄȺ-110Ⱥ. 

 
Ɋɢɫɭɧɨɤ 3.13 - ɋɯɟɦɚ�ɷɬɚɠɚ�ɭɱɟɛɧɨɝɨ�ɡɞɚɧɢɹ�ɤ�ɪɚɫɱɟɬɭ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɭ 

Ⱦɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɧɵɯ� ɡɚɩɨɥɧɟɧɢɣ� ɛɵɥɢ� ɜɵɩɨɥɧɟɧɵ 

ɨɬɞɟɥɶɧɵɟ� ɫɩɟɰɢɚɥɶɧɵɟ� ɢɡɦɟɪɟɧɢɹ. ɂɫɬɨɱɧɢɤ� ɲɭɦɚ� ɩɨɦɟɳɚɥɫɹ� ɜ� ɤɨɪɢɞɨɪɟ� ɧɚ 
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ɪɚɫɫɬɨɹɧɢɢ 1.5 ɦ�ɨɬ�ɞɜɟɪɢ. ɍɪɨɜɟɧɶ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɢ�ɢɡɦɟɪɹɥɫɹ�ɩɪɢ�ɡɚɤɪɵɬɨɣ�ɢ 

ɨɬɤɪɵɬɨɣ� ɞɜɟɪɢ. Ɂɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɢ� ɨɩɪɟɞɟɥɹɥɚɫɶ� ɤɚɤ 2
'
2 LLR � , ɝɞɟ 2

'
2 , LL  - 

ɢɡɦɟɪɟɧɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɩɪɢ� ɨɬɤɪɵɬɨɣ� ɢ� ɡɚɤɪɵɬɨɣ� ɞɜɟɪɢ. Ʉɪɨɦɟ 

ɷɬɨɝɨ�ɡɜɭɤɨɢɡɨɥɹɰɢɹ�ɞɜɟɪɢ�ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ�ɩɨ�ɢɡɜɟɫɬɧɨɣ�ɮɨɪɦɭɥɟ 

� �)/(lg10 22ɞɜ21 SSLLR D�� , 

ɝɞɟ 1L ɢ 2L  - ɭɪɨɜɧɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɜ� ɤɨɪɢɞɨɪɟ «ɲɭɦɧɨɟ» 

ɩɨɦɟɳɟɧɢɟ�ɢ�ɭɱɟɛɧɵɯ «ɬɢɯɢɯ» ɩɨɦɟɳɟɧɢɹɯ; ɞɜS  - ɩɥɨɳɚɞɶ�ɞɜɟɪɢ; 22 , SD  - ɫɪɟɞɧɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɢ� ɩɥɨɳɚɞɶ� ɨɝɪɚɠɞɟɧɢɣ� ɩɨɦɟɳɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ 

ɨɩɪɟɞɟɥɟɧɢɹ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɞɜɟɪɟɣ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ 3.3. 

Ɍɚɛɥɢɰɚ 3.3 - ɉɚɪɚɦɟɬɪɵ�ɩɨɦɟɳɟɧɢɣ  

ʋ
 

ɩɨ
ɦɟ
ɳ
ɟɧ
ɢɹ

 

ɉɥɨɳɚɞɶ 
ɨɝɪɚɠɞɟɧɢɣ, Si 

ɦ2 

Ɉɛɴɟɦ, 
Vi�ɦ3 

ɋɪɟɞɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ  
ɩɨɦɟɳɟɧɢɣ Įi  ɜ 

ɩɨɥɨɫɟ�ɫ fɫɪ=2000 Ƚɰ 

Ɂɜɭɤɨɢɡɨɥɹɰɢɹ�ɞɜɟɪɟɣ 
ɩɨɦɟɳɟɧɢɣ Rɞɜ�ɜ 

ɩɨɥɨɫɟ�ɫ fɫɪ=2000 Ƚɰ 

1 181 207 0.08 13.2 
2 133 163 0.08 13.1 
3 29.1 59 0.10 - 
5 78.2 122 0.10 13.4 
6 227 253 0.08 13.1 
7 18.8 44.7 0.10 16.8 
8 94.7 135 0.08 13.2 
9 24.4 50.8 0.06 - 
10 26.7 53.8 0.06 13.1 
11 51.1 104.6 0.06 5.3 
12 151.6 244.3 0.10 13.4 
13 220 248 0.07 12.6 
14 25 51.5 0.05 12.8 
15 26.4 53.3 0.05 - 
16 52.1 105.1 0.06 7.4 
17 59.1 94.2 0.07 12.3 
18 115 147 0.10 17.1 
19 115 147 0.07 8.6 
20 56.4 92.6 0.07 17.1 
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ɋɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɩɨɦɟɳɟɧɢɣ� ɪɚɫɫɱɢɬɚɧɵ� ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɭɪɚɜɧɟɧɢɹ� ɋɷɛɢɧɚ� ɧɚ� ɨɫɧɨɜɟ� ɢɡɦɟɪɟɧɧɵɯ� ɡɧɚɱɟɧɢɣ� ɜɪɟɦɟɧɢ 

ɪɟɜɟɪɛɟɪɚɰɢɢ�Ɍ�ɤɚɤ 

,/163,0 STV� D  

ɝɞɟ V- ɨɛɴɟɦ�ɩɨɦɟɳɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ�ɨɩɪɟɞɟɥɟɧɢɹ�ɤɨɷɮɮɢɰɢɟɧɬɨɜ 1D ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ 3.3. 

ɂɡɦɟɪɟɧɢɹ�ɢ�ɪɚɫɱɟɬɵ�ɩɪɨɢɡɜɨɞɢɥɢɫɶ�ɜ� ɨɤɬɚɜɧɵɯ�ɩɨɥɨɫɚɯ�ɫ fɫɪ� ɨɬ 250  Ƚɰ�ɞɨ 

8000 Ƚɰ. ȼ�ɪɚɛɨɬɟ�ɩɪɢɜɟɞɟɧɵ�ɞɚɧɧɵɟ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ 

ɫ fɫɪ =2000 Ƚɰ. 

Ɋɟɡɭɥɶɬɚɬɵ�ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ�ɚɧɚɥɢɡɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɞɚɧɧɵɯ 

ɩɪɢɜɟɞɟɧɵ�ɜ�ɩɪɢɥɨɠɟɧɢɢ�ɧɚ�ɪɢɫɭɧɤɚɯ�ɉ.1.1 - ɉ.1.16 ɢ�ɜ�ɬɚɛɥɢɰɚɯ�ɉ.1.1 - ɉ.1.8 

ɋɪɚɜɧɢɬɟɥɶɧɵɣ� ɚɧɚɥɢɡ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɡɧɚɱɟɧɢɣ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɚ�ɩɨɡɜɨɥɹɟɬ�ɫɞɟɥɚɬɶ�ɫɥɟɞɭɸɳɢɟ�ɜɵɜɨɞɵ. 

Ɋɚɫɱɟɬɧɵɟ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɫɨɝɥɚɫɭɸɬɫɹ� ɦɟɠɞɭ� ɫɨɛɨɣ� ɜ 

ɤɨɪɢɞɨɪɟ� ɤɚɤ� ɩɪɢ� ɨɬɤɪɵɬɵɯ, ɬɚɤ� ɢ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ� ɦɟɠɞɭ� ɤɨɪɢɞɨɪɨɦ� ɢ 

ɩɨɦɟɳɟɧɢɹɦɢ. Ɋɚɫɯɨɠɞɟɧɢɹ�ɜ�ɛɨɥɶɲɢɧɫɬɜɟ�ɫɥɭɱɚɟɜ�ɧɟ�ɩɪɟɜɵɲɚɸɬ 3 ɞȻ. ɍɱɢɬɵɜɚɹ 

ɛɨɥɶɲɭɸ�ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ�ɩɨɥɹ�ɜ�ɤɨɪɢɞɨɪɟ (ɞɨ 40 ɞȻ) ɩɪɢ�ɨɛɳɟɣ�ɞɥɢɧɟ�ɤɨɪɢɞɨɪɚ 

43 ɦ, ɫɨɜɩɚɞɟɧɢɟ�ɪɚɫɱɟɬɚ�ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚ�ɦɨɠɧɨ�ɫɱɢɬɚɬɶ�ɯɨɪɨɲɢɦ. Ɂɧɚɱɢɬɟɥɶɧɵɟ 

ɪɚɫɯɨɠɞɟɧɢɹ (ɞɨ 4 ɞȻ) ɧɚɛɥɸɞɚɸɬɫɹ� ɜ� ɤɨɪɢɞɨɪɟ� ɜ� ɫɥɭɱɚɟ� ɪɚɡɦɟɳɟɧɢɹ� ɢɫɬɨɱɧɢɤɚ 

ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɢ 9. Ɋɚɫɯɨɠɞɟɧɢɹ� ɨɛɴɹɫɧɹɸɬɫɹ� ɢɡɦɟɧɟɧɢɹɦɢ� ɭɫɥɨɜɢɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ�ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɨɜɨɝɨ�ɩɨɥɹ�ɜ�ɤɨɪɢɞɨɪɟ: ɩɪɢ�ɜɵɯɨɞɟ�ɢɡ�ɨɬɤɪɵɬɨɝɨ 

ɩɪɨɟɦɚ�ɩɨɦɟɳɟɧɢɹ�ɜ�ɤɨɪɢɞɨɪ�ɡɜɭɤɨɜɵɟ�ɥɭɱɢ�ɢɦɟɸɬ�ɜɵɪɚɠɟɧɧɭɸ�ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ, 

ɱɬɨ�ɧɟ�ɜ�ɩɨɥɧɨɣ�ɦɟɪɟ�ɭɱɢɬɵɜɚɟɬɫɹ�ɪɚɫɱɟɬɧɵɦ�ɦɟɬɨɞɨɦ.  

ɇɚ� ɬɨɱɧɨɫɬɶ� ɪɚɫɱɟɬɨɜ� ɜ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɡɚɤɪɵɬɵɦɢ 

ɞɜɟɪɧɵɦɢ� ɩɪɨɟɦɚɦɢ� ɫɭɳɟɫɬɜɟɧɧɨɟ� ɜɥɢɹɧɢɟ� ɨɤɚɡɵɜɚɟɬ� ɬɨɱɧɨɫɬɶ� ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɟɥɢɱɢɧɵ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɞɜɟɪɧɵɯ� ɡɚɩɨɥɧɟɧɢɣ. Ɏɚɤɬɢɱɟɫɤɚɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɹ� ɞɜɟɪɢ 

ɦɨɠɟɬ� ɨɬɥɢɱɚɬɶɫɹ� ɨɬ� ɢɡɦɟɪɟɧɧɵɯ� ɡɧɚɱɟɧɢɣ, ɬɚɤ� ɤɚɤ� ɚɤɭɫɬɢɱɟɫɤɢɟ� ɭɫɥɨɜɢɹ� ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɢ� ɩɪɢ� ɩɪɨɜɟɞɟɧɢɢ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɧɟ� ɫɨɜɩɚɞɚɸɬ� ɜ 

ɩɨɥɧɨɣ� ɦɟɪɟ. ȼ� ɧɟɤɨɬɨɪɵɯ� ɫɥɭɱɚɹɯ� ɢɡ�ɡɚ� ɷɬɨɝɨ� ɩɨɝɪɟɲɧɨɫɬɢ� ɪɚɫɱɟɬɨɜ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ� ɞɨɫɬɢɝɚɟɬ 3.5 - 4.0 ɞȻ. Ʉɨɫɜɟɧɧɨ� ɷɬɨ� ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ� ɬɟɦ, ɱɬɨ 

ɧɚɢɛɨɥɶɲɟɟ� ɪɚɫɯɨɠɞɟɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɧɚɛɥɸɞɚɟɬɫɹ� ɜ� ɭɞɚɥɟɧɧɵɯ� ɨɬ� ɢɫɬɨɱɧɢɤɚ 

ɬɨɱɤɚɯ, ɝɞɟ�ɜ�ɫɬɪɭɤɬɭɪɟ�ɨɬɪɚɠɟɧɧɨɝɨ�ɩɨɥɹ�ɜ�ɛɨɥɶɲɟɣ�ɦɟɪɟ�ɩɪɢɫɭɬɫɬɜɭɸɬ�ɨɫɟɜɵɟ�ɢ 
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ɤɚɫɚɬɟɥɶɧɵɟ� ɥɭɱɢ, ɛɨɥɟɟ� ɫɤɨɥɶɡɹɳɢɟ� ɩɨ� ɩɨɜɟɪɯɧɨɫɬɢ� ɨɝɪɚɠɞɟɧɢɣ, ɢ� ɩɪɹɦɨɣ� ɡɜɭɤ 

ɩɨɞɚɟɬ�ɧɚ�ɞɜɟɪɢ�ɬɚɤɠɟ�ɩɨɞ�ɦɟɧɶɲɢɦɢ�ɭɝɥɚɦɢ.  

ȼ� ɫɥɭɱɚɟ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɟɣ, ɤɚɤ� ɭɤɚɡɚɧɨ� ɜɵɲɟ, ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɚɭɞɢɬɨɪɢɣ 

ɨɬɦɟɱɚɟɬɫɹ�ɯɨɪɨɲɚɹ�ɫɯɨɞɢɦɨɫɬɶ�ɪɟɡɭɥɶɬɚɬɨɜ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɢ�ɪɚɫɱɟɬɨɜ. 

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɩɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɪɚɫɱɟɬɧɨɝɨ� ɦɟɬɨɞɚ� ɞɥɹ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ�ɜɚɠɧɨ�ɢɦɟɬɶ�ɧɚɞɟɠɧɵɟ�ɫɜɟɞɟɧɢɹ�ɨ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ 

ɩɪɟɞɥɚɝɚɟɦɵɯ� ɞɥɹ� ɩɪɢɦɟɧɟɧɢɹ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɣ� ɞɜɟɪɟɣ. Ʉɚɤ� ɩɨɤɚɡɵɜɚɟɬ 

ɩɪɚɤɬɢɤɚ, ɮɚɤɬɢɱɟɫɤɚɹ� ɢɡɨɥɹɰɢɹ� ɞɜɟɪɟɣ� ɦɨɠɟɬ� ɫɭɳɟɫɬɜɟɧɧɨ� ɨɬɥɢɱɚɬɶɫɹ� ɨɬ 

ɡɚɹɜɥɟɧɧɵɯ� ɜ� ɫɟɪɬɢɮɢɤɚɬɚɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɨɥɭɱɟɧɧɵɯ� ɜ� ɭɫɥɨɜɢɹɯ� ɞɢɮɮɭɡɧɨɝɨ 

ɩɨɥɹ.  

 

 

ȼɵɜɨɞɵ�ɩɨ�ɝɥɚɜɟ 3 

 

 

1. ɉɪɟɞɫɬɚɜɥɟɧ� ɧɨɜɵɣ� ɦɟɬɨɞ� ɪɚɫɱɟɬɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɡɞɚɧɢɹɯ� ɫ 

ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɨɣ� ɢ� ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɚɦɢ� ɩɥɚɧɢɪɨɜɤɢ. ɇɨɜɵɣ� ɦɟɬɨɞ� ɢ 

ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɟɝɨ� ɪɟɚɥɢɡɚɰɢɢ� ɩɨɡɜɨɥɹɸɬ� ɨɛɴɟɤɬɢɜɧɨ� ɨɰɟɧɢɜɚɬɶ 

ɲɭɦɨɜɨɣ� ɪɟɠɢɦ�ɜ� ɡɞɚɧɢɹɯ� ɫ� ɤɨɪɢɞɨɪɚɦɢ� ɩɪɢ� ɪɚɡɥɢɱɧɨɦ� ɪɚɡɦɟɳɟɧɢɢ�ɢɫɬɨɱɧɢɤɨɜ 

ɲɭɦɚ, ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɩɚɪɚɦɟɬɪɚɯ� ɢ 

ɚɤɭɫɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɩɨɦɟɳɟɧɢɣ, ɜɯɨɞɹɳɢɯ�ɜ�ɫɢɫɬɟɦɵ. 

2. Ɋɟɡɭɥɶɬɚɬɵ�ɬɟɨɪɟɬɢɱɟɫɤɢɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ�ɞɥɹ 

ɫɢɫɬɟɦ� ɤɨɪɢɞɨɪɧɨɣ� ɩɥɚɧɢɪɨɜɨɱɧɨɣ� ɫɬɪɭɤɬɭɪɨɣ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ� ɨ� ɞɨɫɬɚɬɨɱɧɨɣ 

ɧɚɞɟɠɧɨɫɬɢ�ɪɚɫɱɟɬɨɜ�ɭɪɨɜɧɟɣ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɩɪɢ�ɪɚɫɱɟɬɚɯ 

ɩɪɟɞɥɨɠɟɧɧɨɝɨ� ɪɚɫɱɟɬɧɨɝɨ� ɦɟɬɨɞɚ. Ɋɚɫɯɨɠɞɟɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɦɟɠɞɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɢ�ɪɚɫɱɟɬɧɵɦɢ�ɞɚɧɧɵɦɢ�ɜ�ɨɫɧɨɜɧɨɦ�ɧɟ�ɩɪɟɜɵɲɚɟɬ 3 ɞȻ. 

3. Ɇɟɬɨɞ� ɢ� ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɟɝɨ� ɪɟɚɥɢɡɚɰɢɢ� ɦɨɝɭɬ� ɛɵɬɶ 

ɷɮɮɟɤɬɢɜɧɨ�ɢɫɩɨɥɶɡɨɜɚɧɵ�ɩɪɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ�ɪɟɲɟɧɢɣ 

ɫ� ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɨɣ� ɩɥɚɧɢɪɨɜɤɢ� ɢ� ɜɵɛɨɪɟ� ɧɟɨɛɯɨɞɢɦɵɯ� ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ 

ɩɚɪɚɦɟɬɪɨɜ� ɨɝɪɚɠɞɟɧɢɣ� ɢ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɨɝɪɚɠɞɟɧɢɣ. 
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ȽɅȺȼȺ 4. ɊȺɋɑȿɌɕ�ɒɍɆȺ�ȼ�ɋɂɋɌȿɆȺɏ�ɉɈɆȿɓȿɇɂɃ, 

ȺɄɍɋɌɂɑȿɋɄɂ�ɋȼəɁȺɇɇɕɏ�ɑȿɊȿɁ�ɉɊɈɋɌɊȺɇɋɌȼɈ 

ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ�ɉɈɌɈɅɄɈȼ�ɂ�ɑȿɊȿɁ�ɈȻɓȿȿ�ȼɈɁȾɍɒɇɈȿ 

ɉɊɈɋɌɊȺɇɋɌȼɈ 

 

 

Ʉɚɤ� ɩɨɤɚɡɚɧɨ� ɜ� ɝɥɚɜɟ 1, ɜ� ɡɞɚɧɢɹɯ� ɨɛɳɟɫɬɜɟɧɧɨɝɨ� ɧɚɡɧɚɱɟɧɢɹ� ɜ� ɩɨɫɥɟɞɧɟɟ 

ɜɪɟɦɹ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢɦɟɸɬ� ɫɢɫɬɟɦɵ� ɩɥɚɧɢɪɨɜɨɤ, ɜ� ɤɨɬɨɪɵɯ 

ɚɤɭɫɬɢɱɟɫɤɚɹ� ɫɜɹɡɶ� ɦɟɠɞɭ� ɩɨɦɟɳɟɧɢɹɦɢ� ɩɪɨɢɫɯɨɞɢɬ� ɱɟɪɟɡ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɨɛɳɢɯ 

ɩɨɬɨɥɤɨɜ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ�ɢɥɢ�ɱɟɪɟɡ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ, 

ɨɛɴɟɞɢɧɹɸɳɟɟ� ɨɬɞɟɥɶɧɵɟ� ɱɚɫɬɢɱɧɨ� ɜɵɝɨɪɨɠɟɧɧɵɟ� ɨɛɴɟɦɵ. ɍɤɚɡɚɧɧɵɟ 

ɩɪɨɫɬɪɚɧɫɬɜɚ� ɹɜɥɹɸɬɫɹ� ɧɟɫɨɪɚɡɦɟɪɧɵɦɢ� ɨɛɴɟɦɚɦɢ� ɢ� ɜ� ɷɬɨɣ� ɫɜɹɡɢ� ɞɥɹ� ɨɰɟɧɤɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɜ� ɧɢɯ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɦɟɬɨɞɵ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɬɟɨɪɢɢ�ɚɤɭɫɬɢɤɢ, ɨɫɧɨɜɚɧɧɵɟ�ɧɚ�ɢɞɟɚɥɶɧɨɦ�ɩɪɟɞɫɬɚɜɥɟɧɢɢ�ɨ�ɞɢɮɮɭɡɧɨɦ�ɡɜɭɤɨɜɨɦ 

ɩɨɥɟ, ɧɟ�ɩɪɢɦɟɧɢɦɵ. ȼ�ɷɬɢɯ�ɫɥɭɱɚɹɯ�ɧɟɨɛɯɨɞɢɦɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɪɚɫɱɟɬɧɵɟ�ɦɨɞɟɥɢ, 

ɛɨɥɟɟ� ɨɛɴɟɤɬɢɜɧɨ� ɭɱɢɬɵɜɚɸɳɢɟ� ɢɡɦɟɧɟɧɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 

ɨɛɴɟɦɚɯ, ɭɤɚɡɚɧɧɵɯ� ɜɨɡɞɭɲɧɵɯ� ɩɪɨɫɬɪɚɧɫɬɜ. ȼ� ɝɥɚɜɟ� ɩɪɟɞɥɨɠɟɧɵ� ɪɚɫɱɟɬɧɵɟ 

ɦɨɞɟɥɢ� ɢ� ɦɟɬɨɞɢɤɢ� ɞɥɹ� ɨɰɟɧɤɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, 

ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɱɟɪɟɡ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɨɛɳɢɯ� ɞɥɹ� ɜɫɟɯ� ɩɨɦɟɳɟɧɢɣ� ɩɨɬɨɥɤɨɜ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ, ɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ, 

ɨɛɴɟɦɵ�ɤɨɬɨɪɵɯ�ɢɦɟɸɬ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ. 

 

 

4.1 Ɋɚɫɱɟɬ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɩɨɦɟɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ�ɱɟɪɟɡ�ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɩɨɞɜɟɫɧɨɝɨ�ɩɨɬɨɤɚ 

 

 

ȼ� ɩɪɚɤɬɢɤɟ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɢ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɨɛɳɟɫɬɜɟɧɧɵɯ� ɡɞɚɧɢɣ� ɜ 

ɩɨɫɥɟɞɧɟɟ� ɜɪɟɦɹ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɢɦɟɸɬ� ɤɚɪɤɚɫɧɵɟ� ɭɧɢɜɟɪɫɚɥɶɧɵɟ 

ɡɞɚɧɢɹ� ɫ� ɩɪɨɫɬɪɚɧɫɬɜɚɦɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ� ɜɵɩɨɥɧɹɬɶ� ɜ� ɩɪɟɞɟɥɚɯ� ɜɫɟɝɨ� ɷɬɚɠɚ 

ɫɜɨɛɨɞɧɭɸ�ɩɥɚɧɢɪɨɜɤɭ. ɋɜɨɛɨɞɧɚɹ�ɩɥɚɧɢɪɨɜɤɚ�ɜ�ɬɚɤɢɯ�ɡɞɚɧɢɹɯ�ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ�ɡɚ 

ɫɱɟɬ� ɭɫɬɪɨɣɫɬɜɚ� ɥɟɝɤɢɯ, ɬɪɚɧɫɮɨɪɦɢɪɭɟɦɵɯ� ɩɟɪɟɝɨɪɨɞɨɤ, ɤɨɬɨɪɵɟ� ɞɨɯɨɞɹɬ� ɞɨ 
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ɭɫɬɪɚɢɜɚɟɦɨɝɨ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɩɨɬɨɥɤɚ, ɧɟ� ɩɟɪɟɫɟɤɚɹ� ɟɝɨ. ɉɨɬɨɥɨɤ� ɩɪɢ� ɬɚɤɢɯ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɹɯ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɥɟɝɤɨɣ� ɩɟɪɟɩɥɚɧɢɪɨɜɤɟ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ�ɩɪɨɰɟɫɫɚ�ɧɚ�ɥɸɛɨɣ�ɱɚɫɬɢ�ɡɞɚɧɢɹ. ɉɪɨɫɬɪɚɧɫɬɜɚ�ɩɨɬɨɥɤɨɜ�ɜ�ɬɚɤɢɯ 

ɡɞɚɧɢɹɯ� ɢɦɟɸɬ� ɤɨɧɤɪɟɬɧɨɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ� ɧɚɡɧɚɱɟɧɢɹ. ȼ� ɧɢɯ� ɪɚɫɩɨɥɚɝɚɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ� ɤɨɦɦɭɧɢɤɚɰɢɢ, ɜ� ɬɨɦ� ɱɢɫɥɟ� ɢ� ɜɨɡɞɭɯɨɜɨɞɵ� ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ� ɫɢɫɬɟɦ. 

ɉɨɷɬɨɦɭ� ɢɯ� ɪɚɡɦɟɪɵ� ɩɨ� ɜɵɫɨɬɟ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɩɚɪɚɦɟɬɪɚɦɢ� ɪɚɡɦɟɳɚɟɦɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ� ɫɢɫɬɟɦ. ɒɭɦ� ɨɬ� ɬɪɚɧɡɢɬɧɵɯ� ɜɨɡɞɭɯɨɜɨɞɨɜ� ɢ� ɨɬ� ɞɪɭɝɢɯ 

ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ� ɫɢɫɬɟɦ� ɦɨɠɟɬ� ɫɜɨɛɨɞɧɨ� ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɩɨɬɨɥɤɨɜ�ɧɚ�ɛɨɥɶɲɢɟ�ɪɚɫɫɬɨɹɧɢɹ�ɢ�ɨɤɚɡɵɜɚɬɶ�ɧɟɝɚɬɢɜɧɨɟ�ɜɨɡɞɟɣɫɬɜɢɟ�ɧɚ�ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ�ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɫ�ɧɢɦ�ɩɨɦɟɳɟɧɢɣ [3]. ȼɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɩɨɬɨɥɤɚ� ɹɜɥɹɟɬɫɹ� ɬɚɤɠɟ� ɩɪɨɜɨɞɧɢɤɨɦ� ɢ� ɩɟɪɟɞɚɬɱɢɤɨɦ� ɜɨɡɞɭɲɧɨɣ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ, ɩɨɫɬɭɩɚɸɳɟɣ� ɜ� ɟɝɨ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɨɬ� ɛɨɥɟɟ� ɲɭɦɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɫ 

ɥɨɤɚɥɶɧɵɦɢ� ɢɫɬɨɱɧɢɤɚɦɢ� ɲɭɦɚ. Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɩɪɨɫɬɪɚɧɫɬɜɚ� ɩɨɬɨɥɤɚ� ɢ 

ɩɪɢɦɵɤɚɸɳɢɯ� ɤ� ɧɟɦɭ� ɩɨɦɟɳɟɧɢɣ� ɨɛɪɚɡɭɸɬ� ɫɢɫɬɟɦɭ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɨɛɴɟɦɨɜ, ɢɦɟɸɳɢɯ�ɨɛɳɟɟ�ɲɭɦɨɜɨɟ�ɩɨɥɟ (ɫɦ. ɪɢɫɭɧɨɤ 4.1) 

 
Ɋɢɫɭɧɨɤ 4.1 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ� ɫɯɟɦɚ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɩɨɬɨɥɤɚ, 

ɢɦɟɸɳɢɯ�ɨɛɳɟɟ�ɡɜɭɤɨɜɨɟ�ɩɨɥɟ 

Ɉɬ� ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ, ɪɚɫɩɨɥɚɝɚɟɦɵɯ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɚɯ� ɩɨɬɨɥɤɚ, ɨɛɪɚɡɭɸɬɫɹ 

ɲɭɦɨɜɵɟ� ɩɨɥɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ� ɟɝɨ� ɨɬɪɚɠɟɧɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɫɱɟɬ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɤɨɬɨɪɵɯ�ɢɦɟɟɬ�ɫɜɨɢ�ɨɫɨɛɟɧɧɨɫɬɢ. 

ɑɚɳɟ� ɜɫɟɝɨ� ɱɟɪɟɡ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɚ� ɩɪɨɯɨɞɹɬ� ɬɪɚɧɡɢɬɧɵɟ� ɜɨɡɞɭɯɨɜɨɞɵ 

ɤɪɭɝɥɨɝɨ� ɢɥɢ� ɤɜɚɞɪɚɬɧɨɝɨ� ɫɟɱɟɧɢɹ� ɫ� ɜɵɫɨɬɨɣ, ɩɪɢɦɟɪɧɨ� ɪɚɜɧɨɣ� ɜɵɫɨɬɟ� ɩɨɬɨɥɤɚ. 

ɂɡɥɭɱɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɨɬ�ɫɬɟɧɨɤ�ɜɨɡɞɭɯɨɜɨɞɚ�ɩɪɨɢɫɯɨɞɢɬ�ɩɨ�ɜɫɟɣ�ɟɝɨ�ɞɥɢɧɟ. 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɜɨɡɞɭɯɨɜɨɞ�ɦɨɠɧɨ� ɫɱɢɬɚɬɶ�ɥɢɧɟɣɧɵɦ�ɢɫɬɨɱɧɢɤɨɦ�ɩɪɹɦɨɝɨ� ɡɜɭɤɚ. 

ɉɪɹɦɚɹ� ɢ� ɨɬɪɚɠɟɧɧɚɹ� ɷɧɟɪɝɢɢ� ɩɪɨɧɢɤɚɸɬ� ɱɟɪɟɡ� ɩɨɬɨɥɨɤ� ɜ� ɫɦɟɠɧɵɟ� ɫ� ɧɢɦ 

ɩɨɦɟɳɟɧɢɹ� ɢ� ɫɨɡɞɚɸɬ� ɜ� ɧɢɯ� ɩɨɜɵɲɟɧɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ. Ⱦɥɹ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ� ɜ 

ɩɨɦɟɳɟɧɢɹɯ� ɧɟɨɛɯɨɞɢɦɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɟ� ɫɪɟɞɫɬɜɚ, 
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ɜɤɥɸɱɚɹ� ɩɨɞɛɨɪ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɫɬɟɧɨɤ� ɜɨɡɞɭɯɨɜɨɞɚ� ɢ� ɤɨɧɫɬɪɭɤɰɢɢ� ɩɨɬɨɥɤɚ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ� ɬɪɟɛɭɟɦɵɯ� ɜɟɥɢɱɢɧ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɧɟɨɛɯɨɞɢɦɨ� ɩɪɨɢɡɜɨɞɢɬɶ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ� ɪɚɫɱɟɬɵ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ, 

ɨɛɪɚɡɭɸɳɢɯɫɹ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɩɨɬɨɥɤɚ�ɢ�ɜ�ɧɢɠɟ�ɪɚɫɩɨɥɨɠɟɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ. 

Ɉɛɳɚɹ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɨɜ� ɲɭɦɚ� ɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ� ɲɭɦɨɡɚɳɢɬɵ 

ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɫɥɟɞɭɸɳɟɦ. 

1. ɉɪɨɢɡɜɨɞɢɬɫɹ� ɪɚɫɱɟɬ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ� ɜɧɭɬɪɢ 

ɜɨɡɞɭɯɨɜɨɞɚ. 

2. ɉɪɢ�ɢɡɜɟɫɬɧɵɯ�ɡɧɚɱɟɧɢɹɯ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɫɬɟɧɨɤ�ɜɨɡɞɭɯɨɜɨɞɚ�ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɢɡɥɭɱɚɟɦɨɣ�ɩɨɜɟɪɯɧɨɫɬɹɦɢ�ɤɚɧɚɥɚ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. 

3. ɉɪɨɢɡɜɨɞɢɬɫɹ� ɪɚɫɱɟɬ� ɭɪɨɜɧɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ� ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ�ɩɨɬɨɥɤɚ�ɨɬ�ɜɨɡɞɭɯɨɜɨɞɚ�ɤɚɤ�ɨɬ�ɥɢɧɟɣɧɨɝɨ�ɢɫɬɨɱɧɢɤɚ. 

4. ɉɪɨɢɡɜɨɞɢɬɫɹ� ɪɚɫɱɟɬ� ɭɪɨɜɧɟɣ� ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ� ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɚ� ɨɬ� ɷɧɟɪɝɢɢ� ɬɪɚɧɡɢɬɧɨɝɨ� ɜɨɡɞɭɯɨɜɨɞɚ� ɢ� ɨɬ� ɷɧɟɪɝɢɢ, 

ɩɪɨɧɢɤɚɸɳɟɣ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɚ�ɢɡ «ɲɭɦɧɵɯ» ɩɨɦɟɳɟɧɢɣ�ɫɢɫɬɟɦɵ (ɩɪɢ�ɢɯ 

ɧɚɥɢɱɢɢ). 

5. Ɉɩɪɟɞɟɥɹɸɬɫɹ�ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɧɢɠɟ�ɥɟɠɚɳɢɯ�ɩɨɦɟɳɟɧɢɹɯ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ 

ɨɬ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ, ɩɪɨɧɢɤɚɸɳɟɣ�ɜ�ɧɢɯ�ɱɟɪɟɡ�ɤɨɧɫɬɪɭɤɰɢɸ�ɩɨɬɨɥɤɚ. 

6. ɉɪɨɢɡɜɨɞɢɬɫɹ� ɨɰɟɧɤɚ� ɫɨɨɬɜɟɬɫɬɜɢɹ� ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ 

ɧɨɪɦɚɬɢɜɧɵɦ� ɬɪɟɛɨɜɚɧɢɹɦ. ȼ� ɫɥɭɱɚɟ� ɩɪɟɜɵɲɟɧɢɹ� ɧɨɪɦ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɪɚɫɱɟɬ 

ɬɪɟɛɭɟɦɨɣ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɨɝɪɚɠɞɟɧɢɣ� ɜɨɡɞɭɯɨɜɨɞɚ� ɢ� ɩɨɬɨɥɤɚ� ɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ�ɤɨɧɫɬɪɭɤɰɢɣ. 

Ɋɚɫɱɟɬɵ�ɲɭɦɚ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ�ɜ�ɜɨɡɞɭɯɨɜɨɞɟ. 

Ʉɚɤ� ɢɡɜɟɫɬɧɨ [29], ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɜɨɡɞɭɯɨɜɨɞɟ 

ɡɚɜɢɫɹɬ�ɨɬ�ɤɨɧɫɬɪɭɤɰɢɢ�ɢ�ɟɝɨ�ɜɧɭɬɪɟɧɧɢɯ�ɪɚɡɦɟɪɨɜ.  

Ⱦɥɹ� ɜɨɡɞɭɯɨɜɨɞɨɜ� ɦɚɥɨɝɨ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɫɧɢɠɟɧɢɹ 

ɦɨɳɧɨɫɬɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɩɨ�ɞɥɢɧɟ�ɤɚɧɚɥɨɜ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɢɧɠɟɧɟɪɧɵɟ�ɦɟɬɨɞɵ, 

ɩɨɥɭɱɟɧɧɵɟ� ɧɚ� ɨɫɧɨɜɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɣ� ɨ� ɜɨɡɞɭɯɨɜɨɞɟ� ɤɚɤ� ɨ� ɜɨɥɧɨɜɨɞɟ. Ɇɟɬɨɞɢɤɚ 

ɬɚɤɨɝɨ�ɪɚɫɱɟɬɚ�ɩɪɢɜɟɞɟɧɚ�ɜ�ɫɩɪɚɜɨɱɧɨɦ�ɩɨɫɨɛɢɢ [29].  

Ⱦɥɹ� ɤɪɭɩɧɵɯ� ɜɨɡɞɭɲɧɵɯ� ɤɚɧɚɥɨɜ� ɫɢɫɬɟɦ� ɜɟɧɬɢɥɹɰɢɢ� ɡɞɚɧɢɣ� ɧɚɦɢ 

ɪɚɡɪɚɛɨɬɚɧ�ɧɨɜɵɣ�ɪɚɫɱɟɬɧɵɣ�ɦɟɬɨɞ [28]. ɉɪɢ�ɪɚɡɪɚɛɨɬɤɟ�ɪɚɫɱɟɬɧɨɝɨ�ɦɟɬɨɞɚ�ɭɱɬɟɧɵ 

ɨɫɨɛɟɧɧɨɫɬɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 
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ɜɨɡɞɭɯɨɜɨɞɟ. Ʉɚɤ� ɢ� ɜ� ɫɥɭɱɚɟ� ɤɨɪɢɞɨɪɨɜ, ɜ� ɜɨɡɞɭɯɨɜɨɞɟ� ɨɬɪɚɠɟɧɢɟ� ɡɜɭɤɚ� ɨɬ� ɟɝɨ 

ɜɧɭɬɪɟɧɧɢɯ�ɫɬɟɧɨɤ�ɢɦɟɟɬ�ɫɦɟɲɚɧɧɵɣ�ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɵɣ�ɯɚɪɚɤɬɟɪ, ɩɪɢ�ɤɨɬɨɪɨɦ 

ɱɚɫɬɶ�ɷɧɟɪɝɢɢ�ɡɜɭɤɨɜɵɯ�ɥɭɱɟɣ�ɨɬɪɚɠɚɟɬɫɹ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ�ɡɟɪɤɚɥɶɧɨ, ɚ�ɞɪɭɝɚɹ�ɱɚɫɬɶ 

ɞɢɮɮɭɡɧɨ�ɪɚɫɫɟɢɜɚɟɬɫɹ. 

ɉɨɷɬɨɦɭ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɪɚɫɱɟɬɧɚɹ 

ɦɨɞɟɥɶ, ɜ� ɤɨɬɨɪɨɣ� ɡɟɪɤɚɥɶɧɚɹ� ɢ� ɪɚɫɫɟɹɧɧɚɹ� ɫɨɫɬɚɜɥɹɸɳɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ� ɪɚɡɞɟɥɶɧɨ. Ɂɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɚɹ� ɷɧɟɪɝɢɹ� ɧɚɯɨɞɢɬɫɹ� ɦɟɬɨɞɨɦ 

ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ, ɚ� ɪɚɫɫɟɹɧɧɚɹ� ɷɧɟɪɝɢɹ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ. ɋɭɦɦɚɪɧɵɣ�ɭɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɜɨɡɞɭɯɨɜɨɞɟ�ɜɵɱɢɫɥɹɟɬɫɹ�ɤɚɤ: 

]/)(lg[10 0
ɞɡɩɪ IcL iiii HHH �� ,    (4.1) 

ɝɞɟ   - ɩɥɨɬɧɨɫɬɶ� ɩɪɹɦɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ i�ɨɣ� ɬɨɱɤɟ� ɜɨɡɞɭɯɨɜɨɞɚ;  

      ɢ    - ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɟɪɤɚɥɶɧɨɣ� ɢ� ɪɚɫɫɟɹɧɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. 

Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɩɥɨɬɧɨɫɬɟɣ�ɩɪɹɦɨɣ�ɢ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɣ, ɤɚɤ�ɢ 

ɜ�ɝɥɚɜɟ 3, ɢɫɩɨɥɶɡɨɜɚɧɵ�ɩɪɢɧɰɢɩɵ�ɥɭɱɟɜɨɝɨ�ɩɨɞɯɨɞɚ�ɤ�ɢɡɥɭɱɟɧɢɸ�ɩɪɹɦɨɣ�ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɩɨɜɟɪɯɧɨɫɬɹɦɢ� ɢɫɬɨɱɧɢɤɚ� ɢ� ɤ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɜɨɡɞɭɯɨɜɨɞɚ. 

Ɍɚɤɠɟ� ɤɚɤ� ɢ� ɜ� ɤɨɪɢɞɨɪɚɯ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 

ɩɨɩɟɪɟɱɧɨɦ� ɫɟɱɟɧɢɢ� ɜɨɡɞɭɯɨɜɨɞɨɜ� ɢɡɦɟɧɹɟɬɫɹ� ɧɟɡɧɚɱɢɬɟɥɶɧɨ� ɜ� ɫɪɚɜɧɟɧɢɢ� ɫ� ɟɺ 

ɢɡɦɟɧɟɧɢɹɦɢ� ɩɨ� ɞɥɢɧɟ. ɗɬɨ� ɩɨɡɜɨɥɹɟɬ� ɫɱɢɬɚɬɶ� ɨɬɪɚɠɟɧɧɨɟ� ɡɜɭɤɨɜɨɟ� ɩɨɥɟ� ɜ� ɧɢɯ 

ɨɞɧɨɦɟɪɧɵɦ                   ɢ� ɬɟɦ� ɫɚɦɵɦ� ɭɩɪɨɫɬɢɬɶ� ɦɟɬɨɞɢɤɭ� ɪɚɫɱɟɬɚ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ�ɦɟɬɨɞɨɦ.  

Ɍɚɤɚɹ� ɦɟɬɨɞɢɤɚ� ɩɨɞɪɨɛɧɨ� ɪɚɡɪɚɛɨɬɚɧɚ� ɋɨɥɨɦɚɬɢɧɵɦ� ȿ�Ɉ. ɜ� ɪɚɛɨɬɟ [76] ɢ 

ɜɤɥɸɱɚɟɬ�ɜ�ɫɟɛɹ�ɫɥɟɞɭɸɳɢɟ�ɨɫɧɨɜɧɵɟ�ɨɩɟɪɚɰɢɢ:  

- ɜɨɡɞɭɯɨɜɨɞ�ɪɚɡɛɢɜɚɟɬɫɹ�ɩɨɩɟɪɟɱɧɵɦɢ�ɫɟɱɟɧɢɹɦɢ�ɧɚ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɨɛɴɟɦɵ 

ɫɨ�ɫɬɨɪɨɧɚɦɢ a, b ɢ h ɢ�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɭɡɥɨɜɵɟ�ɬɨɱɤɢ�ɨɞɧɨɦɟɪɧɨɣ�ɫɟɬɤɢ;  

- ɞɥɹ� ɤɚɠɞɨɣ� ɬɨɱɤɢ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɩɥɨɬɧɨɫɬɶ� ɷɧɟɪɝɢɢ�ɩɪɹɦɨɝɨ� ɡɜɭɤɚ       ɢ 

ɩɥɨɬɧɨɫɬɶ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ     ; 

- ɧɚɯɨɞɢɬɫɹ�ɜɟɥɢɱɢɧɚ�ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɨɛɴɟɦɚɯ, ɜɧɨɫɢɦɚɹ�ɜ 

ɧɢɯ�ɥɭɱɚɦɢ, ɩɚɞɚɸɳɢɦɢ�ɧɚ�ɨɝɪɚɠɞɟɧɢɹ�ɤɚɧɚɥɚ�ɜ�ɩɪɟɞɟɥɚɯ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ, ɢ 

ɞɥɹ� ɜɫɟɯ� ɨɛɴɟɦɨɜ� ɡɚɩɢɫɵɜɚɸɬɫɹ� ɭɪɚɜɧɟɧɢɹ� ɛɚɥɚɧɫɨɜ� ɞɢɮɮɭɡɧɨɣ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ�ɫ�ɭɱɟɬɨɦ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ; 
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- ɩɭɬɟɦ�ɜɵɪɚɠɟɧɢɹ�ɱɟɪɟɡ�ɡɧɚɱɟɧɢɹ�ɫɟɬɨɱɧɨɣ�ɮɭɧɤɰɢɢ�ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ�ɜɫɟ 

ɱɥɟɧɵ, ɜɯɨɞɹɳɢɟ�ɜ� ɭɪɚɜɧɟɧɢɟ�ɛɚɥɚɧɫɚ�ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɢ 

ɩɪɨɢɡɜɨɞɢɬɫɹ� ɪɟɲɟɧɢɟ� ɩɨɥɭɱɟɧɧɨɣ� ɫɢɫɬɟɦɵ� ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ� ɭɪɚɜɧɟɧɢɣ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ�ɤɨɬɨɪɨɝɨ�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɜɟɥɢɱɢɧɵ      ; 

- ɩɨɫɥɟ� ɪɟɲɟɧɢɹ� ɫɢɫɬɟɦɵ� ɭɪɚɜɧɟɧɢɣ� ɧɚɯɨɞɢɬɫɹ� ɫɭɦɦɚɪɧɚɹ� ɩɥɨɬɧɨɫɬɶ 

ɷɧɟɪɝɢɢ, ɪɚɜɧɚɹ� ɫɭɦɦɟ� ɩɥɨɬɧɨɫɬɟɣ� ɩɪɹɦɨɣ, ɥɭɱɟɜɨɣ� ɢ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɣ.  

Ʉɚɤ� ɢ� ɪɚɧɟɟ� ɜ� ɝɥɚɜɟ 3, ɩɪɢ� ɪɚɫɱɟɬɟ� ɷɧɟɪɝɢɢ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ� ɡɟɪɤɚɥɶɧɨ 

ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɦɟɬɨɞɨɦ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ� ɩɪɢɧɢɦɚɸɬɫɹ� ɥɭɱɢ� ɫ 

ɛɟɫɤɨɧɟɱɧɨ�ɦɚɥɵɦɢ�ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ�ɭɝɥɚɦɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 

ɉɥɨɬɧɨɫɬɶ�ɩɪɹɦɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɷɥɟɦɟɧɬɚɪɧɨɦ�ɨɛɴɟɦɟ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ 
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ɝɞɟ K – ɤɨɥɢɱɟɫɬɜɨ� ɥɭɱɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɩɪɨɲɟɞɲɢɯ� ɱɟɪɟɡ i�ɣ� ɷɥɟɦɟɧɬɚɪɧɵɣ 

ɨɛɴɟɦ;       - ɩɪɢɜɟɞɟɧɧɚɹ�ɩɥɨɳɚɞɶ�ɫɟɱɟɧɢɹ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ;         - ɡɜɭɤɨɜɚɹ 

ɦɨɳɧɨɫɬɶ, ɩɟɪɟɧɨɫɢɦɚɹ� ɤɚɠɞɵɦ k�ɦ� ɥɭɱɨɦ, ɩɨɫɥɟ� ɟɝɨ� ɩɪɨɯɨɠɞɟɧɢɹ� ɨɬ� ɦɟɫɬɚ 

ɢɡɥɭɱɟɧɢɹ�ɞɨ i�ɨɣ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɢ�ɜɨɡɞɭɯɨɜɨɞɚ�ɢ�ɨɩɪɟɞɟɥɹɟɦɚɹ�ɞɥɹ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ 

ɜ� ɬɨɱɤɚɯ� ɜɨɡɞɭɯɨɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ� ɜ� ɡɨɧɟ� ɩɪɹɦɨɣ� ɜɢɞɢɦɨɫɬɢ� ɢɫɬɨɱɧɢɤɚ, ɩɨ 

ɮɨɪɦɭɥɟ (3.10) ɤɚɤ 

 

Ⱦɥɹ�ɜɨɡɞɭɯɨɜɨɞɚ, ɜ�ɤɨɬɨɪɨɦ�ɜɟɫɶ�ɨɛɴɟɦ�ɪɚɡɛɢɜɚɟɬɫɹ�ɧɚ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɨɛɴɟɦɵ 

ɜ� ɜɢɞɟ� ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɜ, ɡɚ�ɩɥɨɳɚɞɶ       ɦɨɠɧɨ�ɩɪɢɧɹɬɶ� ɩɥɨɳɚɞɶ� ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ�ɫɮɟɪɵ, ɪɚɜɧɨɣ�ɩɨ�ɨɛɴɟɦɭ�ɷɥɟɦɟɧɬɚɪɧɨɦɭ�ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɭ. 

Ʉɨɥɢɱɟɫɬɜɨ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ i�ɨɦ� ɨɛɴɟɦɟ� ɪɚɜɧɨ� ɫɭɦɦɟ 

ɷɧɟɪɝɢɣ K�ɥɭɱɟɣ, ɩɪɨɯɨɞɹɳɢɯ�ɱɟɪɟɡ�ɧɟɝɨ, ɢ�ɟɟ�ɩɥɨɬɧɨɫɬɶ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 
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ɝɞɟ         - ɡɜɭɤɨɜɚɹ�ɦɨɳɧɨɫɬɶ, ɩɟɪɟɧɨɫɢɦɚɹ�ɤɚɠɞɵɦ k�ɦ�ɥɭɱɨɦ�ɩɨɫɥɟ�ɟɝɨ�ɢɡɥɭɱɟɧɢɹ, 

ɢ�ɩɪɨɯɨɠɞɟɧɢɹ�ɞɨ i�ɨɣ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ�ɩɨ�ɮɨɪɦɭɥɟ (3.12) ɤɚɤ 
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ɢɫɩɨɥɶɡɭɟɬɫɹ�ɢɡɜɟɫɬɧɵɣ�ɦɟɬɨɞ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ�ɛɚɥɚɧɫɨɜ [61]. ɋɭɬɶ�ɦɟɬɨɞɚ�ɜ�ɫɥɭɱɚɟ 

ɪɟɲɟɧɢɹ� ɞɚɧɧɨɣ� ɡɚɞɚɱɢ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɫɨɫɬɚɜɥɟɧɢɢ� ɭɪɚɜɧɟɧɢɣ� ɛɚɥɚɧɫɚ� ɞɢɮɮɭɡɧɨ 

ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɞɥɹ� ɤɚɠɞɨɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɨɛɴɟɦɚ� ɜɨɡɞɭɯɨɜɨɞɚ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɷɧɟɪɝɢɢ�ɧɚɯɨɞɢɬɫɹ�ɢɡ�ɪɟɲɟɧɢɹ�ɫɢɫɬɟɦɵ�ɭɪɚɜɧɟɧɢɣ.  

Ⱦɥɹ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɨɛɴɟɦɚ� ɜɨɡɞɭɯɨɜɨɞɚ� ɛɚɥɚɧɫ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ 

ɡɚɩɢɫɵɜɚɟɬɫɹ�ɤɚɤ 

0ɞ
6

1

6

1
)(

ɞ
1,,1  ���� ¦ ¦

�

 

�

 
�� iiɜm

N

m

N

m
mmijiiii VİcmSqW)Sq(q D .           (4.4) 

Ɂɞɟɫɶ                   -  ɪɚɡɧɨɫɬɶ�ɩɥɨɬɧɨɫɬɟɣ�ɩɨɬɨɤɨɜ�ɷɧɟɪɝɢɢ,  ɜɯɨɞɹɳɢɯ�ɜ i�ɣ 

ɨɛɴɟɦ� ɢ� ɜɵɯɨɞɹɳɢɯ� ɢɡ� ɧɟɝɨ� ɩɨ� ɩɨɩɟɪɟɱɧɨɦɭ� ɫɟɱɟɧɢɸ Si=a·b; q(D)m – ɩɥɨɬɧɨɫɬɶ 

ɩɨɬɨɤɚ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ, ɩɨɝɥɨɳɚɟɦɨɣ� ɧɚ m�ɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ i�ɝɨ 

ɨɛɴɟɦɚ, ɹɜɥɹɸɳɟɣɫɹ�ɩɨɜɟɪɯɧɨɫɬɶɸ�ɜɨɡɞɭɯɨɜɨɞɚ�ɫ�ɩɥɨɳɚɞɶɸ Sm;         - ɞɢɮɮɭɡɧɚɹ 

ɷɧɟɪɝɢɹ, ɩɪɢɯɨɞɹɳɚɹ�ɜ i�ɣ�ɨɛɴɟɦ�ɩɨɫɥɟ�ɨɬɪɚɠɟɧɢɹ�ɩɪɹɦɵɯ�ɢ�ɨɬɪɚɠɟɧɧɵɯ�ɥɭɱɟɣ�ɨɬ 

m�ɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɜɨɡɞɭɯɨɜɨɞɚ� ɢ� ɩɟɪɟɯɨɞɚ� ɱɚɫɬɢ� ɷɧɟɪɝɢɢ� ɥɭɱɟɣ� ɜ� ɞɢɮɮɭɡɧɭɸ 

ɷɧɟɪɝɢɸ; N – ɤɨɥɢɱɟɫɬɜɨ� ɨɛɴɟɦɨɜ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ� ɫ i�ɦ� ɨɛɴɟɦɨɦ;  

6-N – ɤɨɥɢɱɟɫɬɜɨ� ɝɪɚɧɟɣ i�ɝɨ� ɨɛɴɟɦɚ, ɹɜɥɹɸɳɢɯɫɹ� ɩɨɜɟɪɯɧɨɫɬɹɦɢ� ɨɝɪɚɠɞɟɧɢɣ 

ɜɨɡɞɭɯɨɜɨɞɚ;     - ɨɛɴɟɦ i�ɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ;  

ɚ, ɜ - ɪɚɡɦɟɪɵ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɜɨɡɞɭɯɨɜɨɞɚ;      - ɲɚɝ�ɪɚɡɛɢɟɧɢɹ;      - ɩɥɨɬɧɨɫɬɶ 

ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɣ�ɜ i�ɦ�ɨɛɴɟɦɟ; 

ɉɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɨɜ�ɷɧɟɪɝɢɢ           ɢ          ɨɩɪɟɞɟɥɹɸɬɫɹ�ɤɚɤ 

iiiii )/hİȘ�İq ɞɞ
1,1 �� �� ; ijiiii )/hİȘ�İq ɞ

1
ɞ

1, �� �� ,   (4.5) 

ɝɞɟ              -  ɤɚɤ� ɢ� ɪɚɧɟɟ� ɜ� ɝɥɚɜɟ 3,  ɤɨɷɮɮɢɰɢɟɧɬ� ɫɜɹɡɢ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɚ� ɢ 

ɝɪɚɞɢɟɧɬɚ�ɩɥɨɬɧɨɫɬɢ�ɜ�ɤɜɚɡɢɞɢɮɮɭɡɧɨɦ�ɡɜɭɤɨɜɨɦ�ɩɨɥɟ [53]. 

ȼɟɥɢɱɢɧɚ�ɩɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɨɜ q(D)m�ɫɨɝɥɚɫɧɨ [53] ɜɵɱɢɫɥɹɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ 
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)( ,     (4.6) 

ɝɞɟ Įm – ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɛɴɟɦɚ. 

ȼɟɥɢɱɢɧɚ       ɜɵɱɢɫɥɹɟɬɫɹ� ɚɧɚɥɨɝɢɱɧɨ� ɮɨɪɦɭɥɟ (3.14) ɢ� ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɭɦɦɨɣ� ɷɧɟɪɝɢɣ� ɩɪɹɦɵɯ� ɢ� ɡɟɪɤɚɥɶɧɵɯ� ɥɭɱɟɣ, ɩɟɪɟɲɟɞɲɢɯ� ɜ� ɨɬɪɚɠɟɧɧɭɸ 

ɞɢɮɮɭɡɧɭɸ�ɫɨɫɬɚɜɥɹɸɳɭɸ�ɩɪɢ�ɨɬɪɚɠɟɧɢɢ�ɥɭɱɟɣ�ɨɬ m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ i -ɝɨ�ɨɛɴɟɦɚ, 

ɹɜɥɹɸɳɟɣɫɹ�ɱɚɫɬɶɸ�ɩɨɜɟɪɯɧɨɫɬɢ�ɤɚɧɚɥɚ, 
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ɞ )1)(1( [D ,         (4.7) 

ɝɞɟ K – ɤɨɥɢɱɟɫɬɜɨ� ɩɪɹɦɵɯ� ɥɭɱɟɣ�ɢɥɢ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɵɯ�ɥɭɱɟɣ, ɭɩɚɜɲɢɯ�ɧɚ  

m�ɸ�ɩɨɜɟɪɯɧɨɫɬɶ i -ɝɨ�ɨɛɴɟɦɚ; [m – ɞɨɥɹ�ɡɟɪɤɚɥɶɧɨɣ�ɷɧɟɪɝɢɢ, ɧɚɩɪɚɜɥɹɟɦɚɹ�ɩɨ�ɥɭɱɭ 

ɩɨɫɥɟ�ɟɝɨ�ɨɬɪɚɠɟɧɢɹ�ɨɬ m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɜɨɡɞɭɯɨɜɨɞɚ.  

Ɉɩɪɟɞɟɥɟɧɢɟ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɣ� ɫɬɟɧɤɚɦɢ 

ɜɨɡɞɭɯɨɜɨɞɚ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɨɬɨɥɤɨɜ. 

ɇɚ� ɷɬɨɦ� ɷɬɚɩɟ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɣ� ɫɬɟɧɤɚɦɢ 

ɜɨɡɞɭɯɨɜɨɞɚ� ɜɧɚɱɚɥɟ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɜɵɱɢɫɥɟɧɢɟ� ɩɚɞɚɸɳɟɣ� ɧɚ� ɟɝɨ� ɜɧɭɬɪɟɧɧɢɟ 

ɫɬɟɧɤɢ� ɷɧɟɪɝɢɢ. ɇɚ� ɤɚɠɞɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ i�ɝɨ� ɨɛɴɟɦɚ� ɜɨɡɞɭɯɨɜɨɞɚ� ɜɟɥɢɱɢɧɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɩɚɞɚɸɳɟɣ�ɷɧɟɪɝɢɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ: 

ɞɥɹ�ɩɪɹɦɨɣ�ɷɧɟɪɝɢɢ 
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ɞɥɹ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ 
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ɞɥɹ�ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ 

)2(2/
'ɞɞ

iiɩɚɞi ɫI DH � .     (4.10) 

ȼ�ɮɨɪɦɭɥɚɯ (4.8) - (4.10): M - ɤɨɥɢɱɟɫɬɜɨ�ɩɪɹɦɵɯ�ɢɥɢ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɵɯ 

ɥɭɱɟɣ, ɩɚɞɚɸɳɢɯ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɶ iF � ɫɬɟɧɤɢ� ɜɨɡɞɭɯɨɜɨɞɚ i�ɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ 

ɨɛɴɟɦɚ; - ɭɝɨɥ� ɦɟɠɞɭ� ɩɚɞɚɸɳɢɦ� ɧɚ� ɫɬɟɧɤɭ m�ɦ� ɥɭɱɨɦ� ɢ� ɧɨɪɦɚɥɶɸ� ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ� ɫɬɟɧɤɢ� ɜ i�ɨɦ� ɷɥɟɦɟɧɬɚɪɧɨɦ� ɨɛɴɟɦɟ;    - ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɫɬɟɧɤɢ� ɜɨɡɞɭɯɨɜɨɞɚ i�ɝɨ� ɨɛɴɟɦɚ,      - ɪɚɫɫɱɢɬɚɧɧɚɹ� ɩɥɨɬɧɨɫɬɶ 

ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ i�ɨɦ�ɷɥɟɦɟɧɬɚɪɧɨɦ�ɨɛɴɟɦɟ; W –ɡɜɭɤɨɜɚɹ 

ɦɨɳɧɨɫɬɶ� ɢɫɬɨɱɧɢɤɚ, N – ɤɨɥɢɱɟɫɬɜɨ� ɥɭɱɟɣ, ɢɫɯɨɞɹɳɢɯ� ɢɡ� ɢɫɬɨɱɧɢɤɚ;  

mɜ – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɚɬɭɯɚɧɢɹ� ɡɜɭɤɚ� ɜ� ɜɨɡɞɭɯɟ, ɦ-1;  

Rmi – ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɲɟɞɲɟɟ m-ɦ�ɥɭɱɨɦ�ɨɬ�ɢɫɬɨɱɧɢɤɚ�ɡɜɭɤɚ�ɞɨ i�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ 

ɨɛɴɟɦɚ, ɦ; Dɪ – ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ p�ɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɨɝɪɚɠɞɟɧɢɹ, ɧɚ 

ɤɨɬɨɪɭɸ�ɩɚɞɚɥ m-ɣ�ɩɪɨɫɥɟɠɢɜɚɟɦɵɣ�ɥɭɱ; P – ɨɛɳɟɟ�ɱɢɫɥɨ�ɚɤɬɨɜ�ɨɬɪɚɠɟɧɢɹ m-ɝɨ 

ɥɭɱɚ� ɨɬ� ɜɫɟɯ� ɨɬɪɚɠɚɸɳɢɯ� ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ� ɧɚ� ɟɝɨ� ɩɭɬɢ� ɜ� ɩɪɨɰɟɫɫɟ 
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ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɟɝɨ�ɧɚ�ɪɚɫɫɬɨɹɧɢɟ Rmi�ɞɨ�ɩɨɜɟɪɯɧɨɫɬɢ i�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ; 

Dp – ɱɢɫɥɨ� ɚɤɬɨɜ� ɩɚɞɟɧɢɹ m-ɝɨ� ɥɭɱɚ� ɧɚ p�ɸ� ɩɨɜɟɪɯɧɨɫɬɶ� ɜ� ɩɪɨɰɟɫɫɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɟɝɨ�ɧɚ�ɪɚɫɫɬɨɹɧɢɟ Rmi; [p – ɞɨɥɹ�ɷɧɟɪɝɢɢ, ɧɚɩɪɚɜɥɹɟɦɚɹ�ɩɨ m-ɦɭ 

ɥɭɱɭ�ɩɨɫɥɟ�ɟɝɨ�ɨɬɪɚɠɟɧɢɹ�ɨɬ p�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɹ. 

ɋɭɦɦɚɪɧɚɹ�ɩɚɞɚɸɳɚɹ�ɢɧɬɟɧɫɢɜɧɨɫɬɶ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 

ɞɡɩɪɫɭɦ
ɩɚɞiɩɚɞiɩɚɞiɩɚɞi IIII ��          (4.11) 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ� ɢɡɥɭɱɚɟɦɨɣ� ɫ� ɩɨɜɟɪɯɧɨɫɬɢ� ɫɬɟɧɤɢ� ɜɨɡɞɭɯɨɜɨɞɚ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɩɪɢ�ɢɡɜɟɫɬɧɨɣ�ɟɟ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɛɭɞɟɬ�ɨɩɪɟɞɟɥɹɬɶɫɹ�ɤɚɤ 

,ɫɭɦ W� ɩɚɞiɢɡi II           (4.12) 

ɝɞɟ W  - ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ�ɫɬɟɧɤɢ�ɜɨɡɞɭɯɨɜɨɞɚ. 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɮɨɪɦɭɥ (4.8) - (4.10) ɜ� ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɡɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ, 

ɢɡɥɭɱɚɟɦɚɹ� ɜɨɡɞɭɯɨɜɨɞɨɦ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɚ, ɧɟ� ɩɨɫɬɨɹɧɧɚ� ɩɨ� ɟɝɨ� ɞɥɢɧɟ. 

Ɉɞɧɚɤɨ, ɩɪɢ� ɩɪɚɤɬɢɱɟɫɤɢɯ� ɪɚɫɱɟɬɚɯ� ɦɨɠɧɨ� ɩɪɢɧɢɦɚɬɶ� ɫɪɟɞɧɸɸ� ɜɟɥɢɱɢɧɭ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɭɸ�ɤɚɤ 

(4.13) 

ɝɞɟ N - ɱɢɫɥɨ�ɷɥɟɦɟɧɬɚɪɧɵɯ�ɨɛɴɟɦɨɜ�ɧɚ�ɤɨɬɨɪɵɟ�ɛɵɥ�ɪɚɡɛɢɬ�ɭɱɚɫɬɨɤ�ɜɨɡɞɭɯɨɜɨɞɚ, 

ɩɪɨɯɨɞɹɳɟɝɨ�ɱɟɪɟɡ�ɩɨɬɨɥɨɤ; ɜl  - ɨɛɳɚɹ�ɞɥɢɧɚ�ɜɨɡɞɭɯɨɜɨɞɚ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɩɨɬɨɥɤɚ. 

Ɍɚɤ�ɤɚɤ�ɜɨɡɞɭɯɨɜɨɞ�ɢɡɥɭɱɚɟɬ�ɡɜɭɤɨɜɭɸ�ɷɧɟɪɝɢɸ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɚ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɨɞɧɨɣ�ɛɨɤɨɜɨɣ� ɫɬɟɧɤɨɣ, ɢɡɥɭɱɚɟɦɚɹ� ɢɦ�ɩɨɝɨɧɧɚɹ� ɦɨɳɧɨɫɬɶ� ɛɭɞɟɬ� ɪɚɜɧɚ            

                              ȼɬ�ɦ, ɝɞɟ a - ɜɵɫɨɬɚ�ɫɬɟɧɤɢ. 

Ɋɚɫɱɟɬ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɟ  ɩɨɬɨɥɤɚ�ɨɬ 

ɜɨɡɞɭɯɨɜɨɞɚ.  

ɂɡɥɭɱɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɫ�ɩɨɜɟɪɯɧɨɫɬɢ�ɜɨɡɞɭɯɨɜɨɞɚ�ɜ�ɜɨɡɞɭɲɧɭɸ�ɫɪɟɞɭ 

ɩɨɬɨɥɤɚ�ɫɨɝɥɚɫɧɨ [70] ɩɪɢɧɹɬɨ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ�ɡɚɤɨɧɭ�Ʌɚɦɛɟɪɬɚ. 

ɇɢɠɟ�ɩɪɢɜɟɞɟɧɵ�ɪɚɫɱɟɬɧɵɟ�ɮɨɪɦɭɥɵ� ɞɥɹ� ɨɩɪɟɞɟɥɟɧɢɹ�ɩɥɨɬɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ� ɨɬ� ɭɱɚɫɬɤɚ� ɜɨɡɞɭɯɨɜɨɞɚ, ɫɯɟɦɚ� ɤɨɬɨɪɨɝɨ� ɩɪɢɜɟɞɟɧɚ� ɧɚ� ɪɢɫɭɧɤɟ 4.2. Ⱦɥɹ 

ɭɩɪɨɳɟɧɢɹ� ɤɨɨɪɞɢɧɚɬɧɚɹ� ɩɥɨɫɤɨɫɬɶ� ɏOY ɫɨɜɦɟɳɟɧɚ� ɫ� ɪɚɫɱɟɬɧɨɣ� ɬɨɱɤɨɣ, ɤɨɝɞɚ 
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Ɋɢɫɭɧɨɤ 4.2 - ɋɯɟɦɚ� ɤ� ɪɚɫɱɟɬɭ� ɭɪɨɜɧɟɣ� ɩɪɹɦɨɝɨ� ɲɭɦɚ� ɨɬ� ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 

ɜɨɡɞɭɯɨɜɨɞɚ: ɇɉɌ - ɜɵɫɨɬɚ�ɩɪɨɫɬɪɚɧɫɬɜɚ�ɩɨɬɨɥɤɚ. 

ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɩɥɨɬɧɨɫɬɶ�ɷɧɟɪɝɢɢ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɜ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɟ�ɨɬ�ɭɱɚɫɬɤɚ 

ɜɨɡɞɭɯɨɜɨɞɚ�ɞɥɢɧɨɣ        ɫ�ɤɨɨɪɞɢɧɚɬɚɦɢ       ɢ       ɛɭɞɟɬ�ɨɩɪɟɞɟɥɹɬɶɫɹ�ɤɚɤ 
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Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ              ɩɪɢɧɹɬɨ 
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ɝɞɟ                     - ɤɨɨɪɞɢɧɚɬɵ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɢ. 

ȼ�ɞɚɥɶɧɟɦ�ɩɨɥɟ, ɤɨɝɞɚ ɌxH ��ɉɌ ɢ ɌyH ��ɉɌ , 22
ɌɌ yɯR � . 

ɍɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɟ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ  
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         (4.15) 

Ɋɚɫɱɟɬ� ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɚ� ɨɬ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɣ� ɜɨɡɞɭɯɨɜɨɞɨɦ� ɢ� ɨɬ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɩɪɢɯɨɞɹɳɟɣ 

ɱɟɪɟɡ�ɩɨɬɨɥɨɤ�ɢɡ «ɲɭɦɧɨɝɨ» ɩɨɦɟɳɟɧɢɹ. 

Ʉɚɤ� ɫɤɚɡɚɧɨ� ɪɚɧɟɟ, ɨɬɪɚɠɟɧɧɨɟ� ɲɭɦɨɜɨɟ� ɩɨɥɟ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɚ 

ɮɨɪɦɢɪɭɟɬɫɹ�ɡɚ�ɫɱɟɬ�ɨɬɪɚɠɟɧɢɣ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɨɬ�ɩɨɜɟɪɯɧɨɫɬɟɣ�ɩɨɬɨɥɤɚ�ɢ�ɡɚ�ɫɱɟɬ 

ɲɭɦɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɢɡ� ɩɨɦɟɳɟɧɢɹ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɚ. 

ɏɚɪɚɤɬɟɪ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɜɫɟɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ�ɩɨɬɨɥɤɚ�ɩɪɢɧɹɬ�ɞɢɮɮɭɡɧɵɦ.  

ɜl ɧz ɤz

Msin

ɌɌɌ zyx ,,
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ɉɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɚ�ɩɨ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ�ɩɪɨɩɨɪɰɢɹɦ�ɨɬɧɨɫɢɬɫɹ�ɤ�ɩɥɨɫɤɢɦ 

ɩɨɦɟɳɟɧɢɹɦ, ɜ� ɤɨɬɨɪɵɯ� ɫɨɝɥɚɫɧɨ� ɪɚɧɟɟ� ɜɵɩɨɥɧɟɧɧɵɦ� ɢɫɫɥɟɞɨɜɚɧɢɹɦ� Ʌɟɞɟɧɟɜɚ 

ȼ�ɂ. [54], Ⱥɧɬɨɧɨɜɚ�Ⱥ�ɂ. [11], Ɇɚɬɜɟɟɜɨɣ�ɂ�ȼ. [60] ɩɥɨɬɧɨɫɬɶ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ 

ɩɨ� ɜɵɫɨɬɟ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɨɫɬɚɟɬɫɹ� ɩɨɫɬɨɹɧɧɨɣ, ɧɨ� ɢɡɦɟɧɹɟɬɫɹ� ɜ� ɩɥɨɫɤɨɫɬɢ. 

Ɉɬɪɚɠɟɧɧɨɟ� ɩɨɥɟ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɹɜɥɹɟɬɫɹ� ɞɜɭɯɦɟɪɧɵɦ. Ⱦɥɹ� ɧɟɝɨ� ɯɚɪɚɤɬɟɪɧɵ 

ɩɪɢɡɧɚɤɢ� ɤɜɚɡɢɞɢɮɮɭɡɧɨɝɨ� ɩɨɥɹ, ɩɪɢ� ɤɨɬɨɪɨɦ� ɧɟ� ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ� ɪɚɜɟɧɫɬɜɨ 

ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɩɨ� ɩɪɨɫɬɪɚɧɫɬɜɭ� ɩɨɬɨɥɤɚ, ɧɨ� ɫɨɛɥɸɞɚɟɬɫɹ� ɩɪɢɡɧɚɤ 

ɞɢɮɮɭɡɧɨɫɬɢ�ɩɨ�ɢɡɨɬɪɨɩɧɨɫɬɢ�ɩɪɢɯɨɞɚ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɪɚɫɱɟɬɧɵɟ 

ɬɨɱɤɢ�ɫɨ�ɜɫɟɯ�ɜɨɡɦɨɠɧɵɯ�ɧɚɩɪɚɜɥɟɧɢɹɯ.  

ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɦɟɠɞɭ� ɩɥɨɬɧɨɫɬɶɸ� ɩɨɬɨɤɚ q � ɢ� ɝɪɚɞɢɟɧɬɨɦ� ɩɥɨɬɧɨɫɬɢ 

ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɫɭɳɟɫɬɜɭɟɬ�ɫɜɹɡɶ�ɜ�ɜɢɞɟ�ɜɵɪɚɠɟɧɢɹ (3.1) 

Hqradclq ɫɪ5.0�  

ɢ� ɩɥɨɬɧɨɫɬɶ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɩɪɢ� ɫɬɚɰɢɨɧɚɪɧɨɦ� ɪɟɠɢɦɟ� ɪɚɛɨɬɵ 

ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ�ɨɩɢɫɵɜɚɟɬɫɹ�ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ�ɭɪɚɜɧɟɧɢɟɦ 

05.0 2  �� HH ɜɫɪ cmcl     (4.16) 

ɝɞɟ 2�  - ɨɩɟɪɚɬɨɪ�Ʌɚɩɥɚɫɚ. 

Ⱦɥɹ� ɪɟɲɟɧɢɹ� ɭɪɚɜɧɟɧɢɹ� ɡɚɞɚɸɬɫɹ� ɝɪɚɧɢɱɧɵɟ� ɭɫɥɨɜɢɹ. ȼ� ɞɚɧɧɨɦ� ɫɥɭɱɚɟ� ɧɚ 

ɝɪɚɧɢɰɚɯ� ɩɨɬɨɥɤɚ� ɡɚɞɚɸɬɫɹ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɨɜ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ 

ɜɤɥɸɱɚɸɬ� ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ� ɩɪɢ� ɨɬɬɨɤɟ� ɷɧɟɪɝɢɢ� ɡɚ� ɫɱɟɬ 

ɩɨɝɥɨɳɟɧɢɹ� ɡɜɭɤɚ� ɧɚ� ɨɝɪɚɠɞɟɧɢɹɯ� ɢ� ɩɪɢɬɨɤɟ� ɷɧɟɪɝɢɢ� ɡɚ� ɫɱɟɬ� ɩɟɪɜɵɯ� ɨɬɪɚɠɟɧɢɣ 

ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɨɬ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɚ, ɚ 

ɬɚɤɠɟ� ɷɧɟɪɝɢɢ, ɩɪɨɧɢɤɚɸɳɟɣ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɨ  ɩɨɬɨɥɤɚ� ɢɡ� ɩɨɦɟɳɟɧɢɣ� ɫ 

ɢɫɬɨɱɧɢɤɚɦɢ�ɲɭɦɚ.  

Ƚɪɚɧɢɱɧɵɟ�ɭɫɥɨɜɢɹ�ɧɚɞ «ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ�ɢɦɟɸɬ�ɜɢɞ 

ds

RL

ds
ds

ds

IIcq
)2(2

10)1(
)2(2 ɲ

)(1.0
0

ɩɪ
ɩ

ɩ
ɩɲɲ

D
DH

D
D

�
���

�
�

 
�

, (4.17) 

ɝɞɟ            - ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɷɥɟɦɟɧɬɚ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɩɨɬɨɥɤɚ 

ɫɜɟɪɯɭ� ɢ� ɫɨ� ɫɬɨɪɨɧɵ� ɲɭɦɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ;      - ɢɧɬɟɧɫɢɜɧɨɫɬɶ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, 

ɩɪɢɯɨɞɹɳɟɝɨ� ɨɬ� ɜɨɡɞɭɯɨɜɨɞɚ� ɢ� ɩɚɞɚɸɳɟɝɨ� ɧɚ� ɷɥɟɦɟɧɬ� ɨɝɪɚɠɞɟɧɢɹ ds;  

         - ɡɜɭɤɨɢɡɨɥɹɰɢɹ�ɩɨɬɨɥɤɚ�ɧɚɞ «ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ. 

ɲɩ ,DD

ɩɪI

ɩɲR
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ȼ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ�ɧɚɞ�ɩɨɦɟɳɟɧɢɹɦɢ�ɛɟɡ�ɫɨɛɫɬɜɟɧɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ 

ɬɪɟɬɢɣ� ɱɥɟɧ� ɜ� ɩɪɚɜɨɣ� ɱɢɫɬɢ� ɮɨɪɦɭɥɵ (4.17) ɨɬɫɭɬɫɬɜɭɟɬ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ 

       ɧɚɯɨɞɢɬɫɹ� ɩɨ� ɪɚɫɫɦɨɬɪɟɧɧɨɣ� ɜɵɲɟ� ɦɟɬɨɞɢɤɟ� ɪɚɫɱɟɬɚ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɨɬ 

ɜɨɡɞɭɯɨɜɨɞɚ�ɫ�ɭɱɟɬɨɦ�ɭɝɥɚ�ɩɚɞɟɧɢɹ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɧɚ�ɷɥɟɦɟɧɬ�ɨɝɪɚɠɞɟɧɢɹ ds. 

ɍɪɚɜɧɟɧɢɟ (4.16) ɫ� ɝɪɚɧɢɱɧɵɦɢ� ɭɫɥɨɜɢɹɦɢ (4.17) ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ� ɦɨɞɟɥɶ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɚ� ɨɬɪɚɠɟɧɧɨɣ 

ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. Ⱦɥɹ�ɟɟ�ɪɟɚɥɢɡɚɰɢɢ�ɭɞɨɛɧɨ�ɩɪɢɦɟɧɢɬɶ�ɱɢɫɥɟɧɧɵɣ�ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ� ɦɟɬɨɞ [53]. ɉɪɢ� ɟɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɜɫɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɚ 

ɞɟɥɢɬɫɹ�ɧɚ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɵ�ɫ�ɜɵɫɨɬɨɣ, ɪɚɜɧɨɣ�ɜɵɫɨɬɟ�ɩɨɬɨɥɤɚ. Ⱦɥɹ 

ɤɚɠɞɨɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɨɛɴɟɦɚ� ɫɨɫɬɚɜɥɹɟɬɫɹ� ɭɪɚɜɧɟɧɢɟ� ɛɚɥɚɧɫɚ� ɨɬɪɚɠɟɧɧɨɣ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɡɧɚɱɟɧɢɹ� ɩɪɨɢɡɜɨɞɧɵɯ� ɩɥɨɬɧɨɫɬɢ� ɡɚɦɟɧɹɸɬɫɹ 

ɩɪɢɛɥɢɠɟɧɧɵɦɢ�ɡɧɚɱɟɧɢɹɦɢ�ɱɟɪɟɡ�ɪɚɡɧɨɫɬɢ�ɡɧɚɱɟɧɢɣ�ɩɥɨɬɧɨɫɬɢ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

ɜ� ɫɨɫɟɞɧɢɯ� ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚɯ     . Ɉɛɳɟɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɥɨɬɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ�ɧɚɯɨɞɢɬɫɹ�ɢɡ�ɪɟɲɟɧɢɹ�ɫɢɫɬɟɦɵ�ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ�ɭɪɚɜɧɟɧɢɣ. 

Ȼɚɥɚɧɫ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɞɥɹ� ɤɚɠɞɨɝɨ i�ɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ 

ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ�ɜ�ɨɛɳɟɦ�ɜɢɞɟ�ɡɚɩɢɫɵɜɚɟɬɫɹ�ɤɚɤ 
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Ɂɞɟɫɶ       - ɩɥɨɬɧɨɫɬɶ�ɩɨɬɨɤɨɜ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɦɟɠɞɭ i, j – ɦ�ɨɛɴɟɦɨɦ�ɢ 

ɫɨɫɟɞɧɢɦɢ� ɨɛɴɟɦɚɦɢ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ� ɫ� ɧɢɦ� ɱɟɪɟɡ� ɩɨɜɟɪɯɧɨɫɬɢ nS , ɢɯ 

ɫɨɟɞɢɧɹɸɳɢɟ;      - ɩɥɨɬɧɨɫɬɶ� ɩɨɬɨɤɚ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɧɚ m�ɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɴɟɦɚ, ɹɜɥɹɸɳɟɣɫɹ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɨɝɪɚɠɞɟɧɢɹ� ɩɨɦɟɳɟɧɢɹ� ɫ� ɩɥɨɳɚɞɶɸ   ,  

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ� ɩɨ� ɜɵɪɚɠɟɧɢɸ (4.17); N – ɤɨɥɢɱɟɫɬɜɨ� ɨɛɴɟɦɨɜ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ  

i, j – ɦ�ɨɛɴɟɦɨɦ; 6-N – ɤɨɥɢɱɟɫɬɜɨ�ɝɪɚɧɟɣ i,j�ɝɨ�ɨɛɴɟɦɚ, ɹɜɥɹɸɳɢɯɫɹ�ɩɨɜɟɪɯɧɨɫɬɹɦɢ 

ɨɝɪɚɠɞɟɧɢɣ;      - ɨɛɴɟɦ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ;     - ɩɥɨɬɧɨɫɬɶ 

ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɜ i,j – ɦ�ɨɛɴɟɦɟ. 

ɉɥɨɬɧɨɫɬɶ�ɩɨɬɨɤɨɜ�ɷɧɟɪɝɢɢ        ɨɩɪɟɞɟɥɹɸɬɫɹ�ɤɚɤ 

� � nnijn hlcq /5.0 HH �� ,          (4.19) 

ɝɞɟ� ɢɧɞɟɤɫ ^ 1̀,;1,;,1;,1 ����� jijijijin ;     - ɪɚɫɫɬɨɹɧɢɟ� ɦɟɠɞɭ� ɰɟɧɬɪɚɦɢ  

i, j – ɝɨ�ɨɛɴɟɦɚ�ɢ�ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ�ɫ�ɧɢɦ�ɨɛɴɟɦɨɜ�ɜ�ɧɚɩɪɚɜɥɟɧɢɢ n. 
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Ⱥɥɝɨɪɢɬɦ� ɱɢɫɥɟɧɧɨɝɨ� ɦɟɬɨɞɚ� ɪɟɚɥɢɡɨɜɚɧ� ɜ� ɤɨɦɩɶɸɬɟɪɧɨɣ� ɩɪɨɝɪɚɦɦɟ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ�ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ�ɦɟɬɨɞɚ�ɹɜɥɹɟɬɫɹ�ɭɱɟɬ�ɜ� ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɹɯ (4.17) 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɩɨɫɬɭɩɥɟɧɢɹ� ɷɧɟɪɝɢɢ� ɜ� ɨɛɴɟɦ� ɱɟɪɟɡ� ɩɟɪɜɵɟ� ɨɬɪɚɠɟɧɢɹ� ɩɪɹɦɨɝɨ 

ɡɜɭɤɚ, ɚ� ɬɚɤɠɟ� ɭɱɟɬ� ɜ� ɧɢɯ� ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɩɪɨɧɢɤɚɸɳɟɣ� ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɚ�ɢɡ�ɧɢɠɧɢɯ�ɫɦɟɠɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɱɟɪɟɡ�ɟɝɨ�ɤɨɧɫɬɪɭɤɰɢɸ.  

ɍɪɨɜɟɧɶ� ɲɭɦɚ� ɜ «ɲɭɦɧɨɦ» ɩɨɦɟɳɟɧɢɢ� ɩɪɢ� ɪɚɛɨɬɟ� ɜ� ɧɟɦ� ɬɨɱɟɱɧɨɝɨ 

ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ�ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ  
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       - ɭɪɨɜɟɧɶ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɦɨɳɧɨɫɬɢ� ɥɨɤɚɥɶɧɨɝɨ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ, ɞȻ;  

r – ɪɚɫɫɬɨɹɧɢɟ� ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɞɨ� ɪɚɫɱɟɬɧɨɣ� ɬɨɱɤɢ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɨɬɨɥɤɚ;  

Ɏ – ɮɚɤɬɨɪ�ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ�ɢɡɥɭɱɟɧɢɢ�ɲɭɦɚ�ɢɫɬɨɱɧɢɤɨɦ;     - ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ 

ɭɝɨɥ� ɢɡɥɭɱɟɧɢɹ� ɲɭɦɚ;    - ɫɪɟɞɧɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ 

ɩɨɦɟɳɟɧɢɹ;  S – ɩɥɨɳɚɞɶ�ɨɝɪɚɠɞɟɧɢɣ «ɲɭɦɧɨɝɨ» ɩɨɦɟɳɟɧɢɹ.  

Ɋɚɫɱɟɬ� ɭɪɨɜɧɟɣ� ɲɭɦɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɢɡ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɩɨɬɨɥɤɚ� ɜ� ɧɢɠɟ 

ɥɟɠɚɳɢɟ�ɩɨɦɟɳɟɧɢɹ.  

ɉɨɫɥɟ� ɨɩɪɟɞɟɥɟɧɢɹ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɩɚɪɚɦɟɬɪɨɜ� ɨɬɪɚɠɟɧɧɨɝɨ� ɢ� ɩɪɹɦɨɝɨ 

ɲɭɦɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ� ɫɭɦɦɚɪɧɚɹ� ɡɜɭɤɨɜɚɹ 

ɷɧɟɪɝɢɹ� ɜ� ɤɚɠɞɨɣ� ɪɚɫɱɟɬɧɨɣ� ɬɨɱɤɟ� ɩɪɨɫɬɪɚɧɫɬɜɚ. ɗɬɢ� ɫɜɟɞɟɧɢɹ� ɩɨɡɜɨɥɹɸɬ 

ɨɩɪɟɞɟɥɢɬɶ� ɜɟɥɢɱɢɧɭ� ɲɭɦɚ, ɩɪɨɧɢɤɚɸɳɟɝɨ� ɱɟɪɟɡ� ɩɨɬɨɥɨɤ� ɜ� ɥɸɛɨɟ� ɩɨɦɟɳɟɧɢɟ 

ɫɢɫɬɟɦɵ. 

ɋɪɟɞɧɢɣ� ɭɪɨɜɟɧɶ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɬɚɤɢɯ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

ɦɨɠɧɨ�ɪɚɫɫɱɢɬɚɬɶ�ɩɨ�ɮɨɪɦɭɥɚɦ�ɞɢɮɮɭɡɧɨɝɨ�ɩɨɥɹ. ɉɪɢ�ɷɬɨɦ�ɭɪɨɜɟɧɶ�ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɦɨɳɧɨɫɬɢ�ɲɭɦɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ�ɱɟɪɟɡ�ɩɨɬɨɥɨɤ, ɫɥɟɞɭɟɬ�ɨɩɪɟɞɟɥɹɬɶ�ɩɨ�ɮɨɪɦɭɥɟ 
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ɝɞɟ K – ɤɨɥɢɱɟɫɬɜɨ�ɭɱɚɫɬɤɨɜ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɩɨɬɨɥɤɚ, ɱɟɪɟɡ�ɤɨɬɨɪɵɟ�ɩɟɪɟɞɚɟɬɫɹ 

ɲɭɦ;          - ɩɥɨɳɚɞɶ k�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɭɱɚɫɬɤɚ�ɩɨɬɨɥɤɚ, ɦ2;         - ɡɜɭɤɨɢɡɨɥɹɰɢɹ 

k�ɝɨ�ɭɱɚɫɬɤɚ�ɩɨɬɨɥɤɚ, ɞȻ;     - ɫɭɦɦɚɪɧɚɹ�ɪɚɫɫɱɢɬɚɧɧɚɹ�ɩɥɨɬɧɨɫɬɶ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ 

ɩɟɪɟɞ k�ɦ�ɭɱɚɫɬɤɨɦ�ɩɨɬɨɥɤɚ, Ⱦɠ�ɦ3;                 ȼɬ - ɩɨɪɨɝɨɜɨɟ�ɡɧɚɱɟɧɢɟ�ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɦɨɳɧɨɫɬɢ;        - ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ k�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɩɨɬɨɥɤɚ. 
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ȼ�ɩɪɢɜɟɞɟɧɧɨɣ�ɦɟɬɨɞɢɤɟ�ɧɟ�ɭɱɢɬɵɜɚɟɬɫɹ�ɨɛɪɚɬɧɚɹ�ɚɤɭɫɬɢɱɟɫɤɚɹ�ɫɜɹɡɶ�ɬɚɤɢɯ 

ɩɨɦɟɳɟɧɢɣ�ɫ�ɩɪɨɫɬɪɚɧɫɬɜɨɦ�ɩɨɬɨɥɤɚ. ɋɜɹɡɚɧɨ�ɷɬɨ�ɫ�ɬɟɦ, ɱɬɨ, ɤɚɤ�ɩɨɤɚɡɚɧɨ�ɜ�ɝɥɚɜɟ 

2, ɜɥɢɹɧɢɟ� ɧɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜɨɡɜɪɚɳɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɢɡ «ɬɢɯɨɝɨ» 

ɩɨɦɟɳɟɧɢɹ� ɨɛɪɚɬɧɨ� ɜ «ɲɭɦɧɨɟ» ɩɨɦɟɳɟɧɢɟ�ɦɢɧɢɦɚɥɶɧɨ� ɢ� ɢɦ�ɛɟɡ� ɫɭɳɟɫɬɜɟɧɧɵɯ 

ɩɨɝɪɟɲɧɨɫɬɟɣ�ɦɨɠɧɨ�ɩɪɟɧɟɛɪɟɱɶ. 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɟɞɹ�ɪɚɫɱɟɬɵ�ɞɥɹ�ɜɫɟɯ�ɨɤɬɚɜɧɵɯ�ɩɨɥɨɫ�ɱɚɫɬɨɬ, ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ�ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɞɥɹ�ɜɫɟɝɨ�ɧɨɪɦɢɪɭɟɦɨɝɨ�ɞɢɚɩɚɡɨɧɚ�ɱɚɫɬɨɬ, 

ɭɫɬɚɧɨɜɢɬɶ� ɫɨɨɬɜɟɬɫɬɜɢɟ� ɭɪɨɜɧɟɣ� ɞɨɩɭɫɬɢɦɵɦ� ɡɧɚɱɟɧɢɹɦ� ɢ, ɜ� ɫɥɭɱɚɟ� ɢɯ 

ɩɪɟɜɵɲɟɧɢɹ, ɩɪɨɢɡɜɟɫɬɢ�ɢɡɦɟɧɟɧɢɹ�ɜ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɤɨɧɫɬɪɭɤɰɢɢ�ɩɨɬɨɥɤɚ  ɢ / ɢɥɢ 

ɫɬɟɧɨɤ�ɜɨɡɞɭɯɨɜɨɞɚ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ� ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ�ɢɫɩɨɥɶɡɭɟɬɫɹ� ɜ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɜ 

ɇɌɐɋ� ɌȽɌɍ� ɢ� ɜ� ɇɂɂ� ɫɬɪɨɢɬɟɥɶɧɨɣ� ɮɢɡɢɤɢ� ɊȺȺɋɇ� ɩɪɢ� ɪɟɲɟɧɢɢ� ɡɚɞɚɱ� ɩɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ� ɲɭɦɨɡɚɳɢɬɧɵɯ� ɦɟɪɨɩɪɢɹɬɢɣ� ɫɧɢɠɟɧɢɹ� ɲɭɦɚ� ɜ� ɡɞɚɧɢɹɯ� ɫ 

ɩɨɬɨɥɤɚɦɢ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɧɚɡɧɚɱɟɧɢɹ.  

ɇɢɠɟ� ɜ� ɤɚɱɟɫɬɜɟ� ɩɪɢɦɟɪɚ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɩɪɚɤɬɢɱɟɫɤɨɣ� ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɟɞɥɨɠɟɧɧɨɣ� ɜ� ɪɚɛɨɬɟ� ɦɟɬɨɞɢɤɢ. ɉɨ� ɡɚɞɚɧɢɸ� ɇɚɭɱɧɨ�ɬɟɯɧɢɱɟɫɤɨɝɨ� ɰɟɧɬɪɚ� ɩɨ 

ɩɪɨɛɥɟɦɚɦ� ɫɬɪɨɢɬɟɥɶɫɬɜɚ� Ɍɚɦɛɨɜɫɤɨɝɨ� ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ� ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ (ɇɌɐɋ�ɌȽɌɍ) ɩɪɨɢɡɜɟɞɟɧɵ�ɪɚɫɱɟɬɵ�ɲɭɦɚ�ɜ� ɜɵɝɨɪɚɠɢɜɚɟɦɨɣ�ɱɚɫɬɢ 

ɨɮɢɫɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ, ɢɦɟɸɳɟɝɨ� ɨɛɳɢɣ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ� ɩɨɬɨɥɨɤ, ɜ� ɤɨɬɨɪɨɦ 

ɪɚɡɦɟɳɟɧ�ɬɪɚɧɡɢɬɧɵɣ�ɜɨɡɞɭɯɨɜɨɞ. ɒɭɦ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɚ�ɩɨɩɚɞɚɟɬ�ɬɚɤɠɟ�ɢɡ 

ɲɭɦɧɨɝɨ� ɬɟɯɧɢɱɟɫɤɨɝɨ� ɩɨɦɟɳɟɧɢɹ� ɨɮɢɫɚ. ɋɯɟɦɚ� ɨɮɢɫɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ� ɜ� ɭɪɨɜɧɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɩɨɬɨɥɤɚ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 4.3. 

Ɉɛɳɢɟ� ɪɚɡɦɟɪɵ� ɨɮɢɫɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ 36ɯ24ɯ3 ɦ. ɇɚ� ɫɯɟɦɟ� ɪɢɫɭɧɤɚ 4.3 

ɩɨɤɚɡɚɧɚ� ɩɪɢɜɹɡɤɚ� ɬɨɥɶɤɨ� ɧɟɨɛɯɨɞɢɦɵɯ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɩɨɦɟɳɟɧɢɣ, ɬɨ� ɟɫɬɶ 

ɩɨɦɟɳɟɧɢɹ, ɢɡ�ɤɨɬɨɪɨɝɨ�ɜ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɩɨɬɨɥɨɤ�ɩɪɢ�ɪɚɛɨɬɟ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ� ɢɡɥɭɱɚɟɬɫɹ� ɡɜɭɤɨɜɚɹ� ɷɧɟɪɝɢɹ� ɢ� ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ� ɡɚɳɢɳɚɟɦɨɝɨ� ɨɬ 

ɲɭɦɚ�ɩɨɦɟɳɟɧɢɹ�Ɍ1. ɇɚ�ɫɯɟɦɟ�ɬɚɤɠɟ�ɞɚɧɚ�ɩɪɢɜɹɡɤɚ «ɬɢɯɨɝɨ» ɨɮɢɫɧɨɝɨ�ɩɨɦɟɳɟɧɢɹ 

Ɍ2, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ� ɪɹɞɨɦ� ɫ «ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ. ȼɵɫɨɬɚ� ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɩɨɬɨɥɤɚ�ɫɨɝɥɚɫɧɨ�ɡɚɞɚɧɢɸ�ɪɚɜɧɚ 0.7 ɦ. Ɍɪɚɧɡɢɬɧɵɣ�ɜɨɡɞɭɯɨɜɨɞ, 

ɜɵɩɨɥɧɟɧɧɵɣ�ɢɡ�ɫɬɚɥɢ�ɬɨɥɳɢɧɨɣ 1ɦɦ, ɢɦɟɟɬ�ɤɜɚɞɪɚɬɧɨɟ�ɫɟɱɟɧɢɟ 300ɯ300 ɦɦ.  

ɇɢɠɟ�ɩɪɢɜɟɞɟɧɵ�ɪɚɫɱɟɬɵ�ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ  fɫɪ =1000 Ƚɰ.  
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Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ� ɨɮɢɫɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ� ɜ� ɭɪɨɜɧɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɩɨɬɨɥɤɚ� ɫ 

ɩɪɢɜɹɡɤɨɣ�ɜɨɡɞɭɯɨɜɨɞɚ, «ɲɭɦɧɨɝɨ» ɒ�ɢ�ɜɵɝɨɪɚɠɢɜɚɟɦɨɝɨ «ɬɢɯɨɝɨ» Ɍ1 ɩɨɦɟɳɟɧɢɣ 

ɢ�ɫɭɳɟɫɬɜɭɸɳɟɝɨ «ɬɢɯɨɝɨ» Ɍ2 ɩɨɦɟɳɟɧɢɹ. 

Ɂɜɭɤɨɢɡɨɥɹɰɢɹ� ɫɬɟɧɤɢ� ɜɨɡɞɭɯɨɜɨɞɚ� ɜ� ɨɤɬɚɜɧɨɣ� ɩɨɥɨɫɟ� ɫ fɫɪ =1000 Ƚɰ 

ɫɨɫɬɚɜɥɹɟɬ 29 ɞȻ. ɋɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɩɨɦɟɳɟɧɢɣ� ɜ� ɷɬɨɣ 

ɩɨɥɨɫɟ�ɱɚɫɬɨɬ�ɪɚɜɧɵ D =0.14, ɚ�ɫɪɟɞɧɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɨɝɪɚɠɞɟɧɢɣ�ɜɧɭɬɪɢ�ɩɨɬɨɥɤɚ 

ɩD =0.10. Ⱥɤɭɫɬɢɱɟɫɤɚɹ�ɦɨɳɧɨɫɬɶ�ɜ�ɜɨɡɞɭɯɨɜɨɞɟ�ɧɚ�ɜɯɨɞɟ�ɜ�ɩɪɨɫɬɪɚɧɫɬɜɨ�ɩɨɬɨɥɤɚ 

ɨɮɢɫɚ� ɜ� ɢɫɫɥɟɞɭɟɦɨɣ� ɩɨɥɨɫɟ� ɱɚɫɬɨɬ� ɫɨɫɬɚɜɥɹɟɬ 85.6 ɞȻ, ɚ� ɨɛɳɢɣ� ɭɪɨɜɟɧɶ 

ɚɤɭɫɬɢɱɟɫɤɨɣ� ɦɨɳɧɨɫɬɢ� ɢɡɥɭɱɚɟɦɨɣ� ɜɨɡɞɭɯɨɜɨɞɨɦ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɩɨɬɨɥɤɚ� ɪɚɜɟɧ 

75.6 ɞȻ. ɉɪɢ�ɪɚɫɱɟɬɚɯ�ɭɱɬɟɧɨ, ɱɬɨ�ɫɨɝɥɚɫɧɨ [29] ɡɚɬɭɯɚɧɢɟ�ɚɤɭɫɬɢɱɟɫɤɨɣ�ɦɨɳɧɨɫɬɢ 

ɜ� ɜɨɡɞɭɯɨɜɨɞɟ� ɫɨɫɬɚɜɥɹɟɬ 0.2 ɞȻ�ɦ. Ⱥɤɭɫɬɢɱɟɫɤɚɹ� ɦɨɳɧɨɫɬɶ� ɢɫɬɨɱɧɢɤɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ� ɜ «ɲɭɦɧɨɦ» ɩɨɦɟɳɟɧɢɢ, ɪɚɜɧɚ 80.5 ɞȻ. ɇɨɪɦɚɬɢɜɧɵɣ� ɭɪɨɜɟɧɶ� ɜ 

ɡɚɳɢɳɚɟɦɨɦ� ɩɨɦɟɳɟɧɢɢ� ɜ� ɩɨɥɨɫɟ� ɱɚɫɬɨɬ� ɫ fɫɪ =1000 Ƚɰ� ɪɚɜɟɧ 45 ɞȻ. ɂɫɯɨɞɧɚɹ 

ɡɜɭɤɨɢɡɨɥɹɰɢɹ�ɤɨɧɫɬɪɭɤɰɢɣ�ɩɨɬɨɥɤɚ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɩɪɢɧɹɬɚ�ɪɚɜɧɨɣ 5 ɞȻ. 

Ɋɚɫɱɟɬɵ� ɜɵɩɨɥɧɟɧɵ� ɩɪɢ� ɫɨɜɦɟɫɬɧɨɦ� ɞɟɣɫɬɜɢɢ� ɞɜɭɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ, ɚ 

ɬɚɤɠɟ� ɩɨ� ɨɬɞɟɥɶɧɨɫɬɢ� ɨɬ� ɲɭɦɚ� ɜɨɡɞɭɯɨɜɨɞɚ� ɢ� ɨɬ� ɲɭɦɚ� ɥɨɤɚɥɶɧɨɝɨ� ɢɫɬɨɱɧɢɤɚ, 

ɪɚɡɦɟɳɟɧɧɨɝɨ�ɜ «ɲɭɦɧɨɦ» ɩɨɦɟɳɟɧɢɢ.  

ȼ� ɬɚɛɥɢɰɟ 4.1 ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɲɭɦɚ� ɜ� ɩɪɨɟɤɬɢɪɭɟɦɨɦ 

©ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ� Ɍ1 ɢ� ɜ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ� Ɍ2, ɪɚɫɩɨɥɨɠɟɧɧɨɦ� ɪɹɞɨɦ� ɫ 

©ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ. Ɋɚɫɱɟɬɵ� ɩɪɨɢɡɜɟɞɟɧɵ� ɞɥɹ� ɪɚɡɥɢɱɧɵɯ� ɜɚɪɢɚɧɬɨɜ� ɜɵɫɨɬɵ 

ɩɪɨɫɬɪɚɧɫɬɜɚ� ɩɨɬɨɥɤɚ� ɩɪɢ� ɪɚɡɧɨɦ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɢ� ɨɝɪɚɠɞɟɧɢɣ� ɩɨɬɨɥɤɚ� ɢ� ɩɪɢ 

ɪɚɡɧɨɣ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɩɨɬɨɥɤɚ�ɧɚɞ «ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ. 
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Ɍɚɛɥɢɰɚ 4.1 - Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɩɪɨɟɤɬɢɪɭɟɦɨɦ «ɬɢɯɨɦ» 

ɩɨɦɟɳɟɧɢɢ�Ɍ1 ɢ «ɬɢɯɨɦ» ɩɨɦɟɳɟɧɢɢ�Ɍ2 

Ɋɚɫɱɟɬɧɚɹ�ɫɢɬɭɚɰɢɹ ɍɪɨɜɧɢ�ɲɭɦɚ�ɜ «ɬɢɯɢɯ»  ɩɨɦɟɳɟɧɢɹɯ�Ɍ1 ɢ�Ɍ2, ɞȻ 

ɇɩɬ, ɦ ɩɬD  ɩɲR  
ɨɬ 

ɜɨɡɞɭɯɨɜɨɞɚ 
ɨɬ «ɲɭɦɧɨɝɨ» 
ɩɨɦɟɳɟɧɢɹ 

ɨɬ�ɨɛɳɟɝɨ�ɜɨɡɞɟɣɫɬɜɢɹ 
ɜɨɡɞɭɯɨɜɨɞɚ�ɢ 

©ɲɭɦɧɨɝɨ» ɩɨɦɟɳɟɧɢɹ 
©Ɍɢɯɨɟ» ɩɨɦɟɳɟɧɢɟ�Ɍ1 

0.5 0.10 5.0 38.6 45.7 46.5 
0.7 0.10 5.0 43.2 49.7 50.6 
0.7 0.20 5.0 38.9 45.3 46.2 
0.7 0.10 10.0 43.2 44.7 47.0 
0.7 0.10 15.0 43.2 39.7 44.8 
1.0 0.10 5.0 46.7 52.4 53.5 

©Ɍɢɯɨɟ» ɩɨɦɟɳɟɧɢɟ�Ɍ2 
0.7 0.10 5.0 32.5 64.2 64.2 
0.7 0.20 5.0 28.8 62.7 62.7 
0.7 0.10 10.0 32.5 59.2 59.2 
0.7 0.10 15.0 32.5 54.2 54.2 
0.7 0.20 15.0 28.8 52.7 52.7 
1.0 0.10 5.0 37.9 63.3 63.3 
1.0 0.10 15.0 37.9 53.3 53.4 

 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɬɚɛɥɢɰɵ 4.1, ɞɥɹ� ɨɛɟɫɩɟɱɟɧɢɹ� ɧɨɪɦɚɬɢɜɧɵɯ� ɬɪɟɛɨɜɚɧɢɣ� ɜ 

ɩɪɨɟɤɬɢɪɭɟɦɨɦ� ɩɨɦɟɳɟɧɢɢ� ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ� ɡɜɭɤɨɢɡɨɥɹɰɢɹ� ɩɨɬɨɥɤɚ� ɧɚɞ 

©ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ� ɛɵɥɚ� ɧɟ� ɧɢɠɟ 15 ɞȻ. ɋɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ, ɱɬɨ� ɬɚɤɨɣ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɛɭɞɟɬ� ɧɟɞɨɫɬɚɬɨɱɧɨ� ɞɥɹ� ɡɚɳɢɬɵ «ɬɢɯɨɝɨ» ɩɨɦɟɳɟɧɢɹ� Ɍ2, 

ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ�ɪɹɞɨɦ�ɫ «ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɹɦ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɧɟɨɛɯɨɞɢɦɨ�ɬɚɤɠɟ 

ɩɨɜɵɫɢɬɶ� ɡɜɭɤɨɢɡɨɥɹɰɢɸ� ɩɨɬɨɥɤɚ� ɧɚɞ «ɬɢɯɢɦ» ɩɨɦɟɳɟɧɢɟɦ� Ɍ2 ɤɚɤ� ɦɢɧɢɦɭɦ� ɞɨ  

12 ɞȻ. 

Ʉɚɪɬɵ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɞɥɹ� ɫɥɭɱɚɹ, ɤɨɝɞɚ� ɡɜɭɤɨɢɡɨɥɹɰɢɹ� ɩɨɬɨɥɤɚ� ɧɚɞ 

©ɲɭɦɧɵɦ» ɩɨɦɟɳɟɧɢɟɦ�ɪɚɜɧɚ 15 ɞȻ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫɭɧɤɟ 4.4. 

Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɢɡ�ɞɚɧɧɨɝɨ�ɩɪɚɤɬɢɱɟɫɤɨɝɨ�ɩɪɢɦɟɪɚ�ɜɢɞɧɨ, ɱɬɨ�ɩɪɟɞɥɨɠɟɧɧɚɹ 

ɦɟɬɨɞɢɤɚ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɩɪɨɟɤɬɢɪɨɜɚɬɶ� ɡɚɳɢɬɭ� ɨɬ� ɲɭɦɚ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ� ɱɟɪɟɡ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɩɨɬɨɥɤɚ, ɩɭɬɟɦ� ɢɡɦɟɧɟɧɢɹ� ɜɵɫɨɬɵ 
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ɩɪɨɫɬɪɚɧɫɬɜɚ, ɟɝɨ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɢ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɤɨɧɫɬɪɭɤɰɢɢ 

ɩɨɬɨɥɤɚ.  

 

  

 
Ɋɢɫɭɧɨɤ 4.4 – ɒɭɦɨɜɵɟ� ɤɚɪɬɵ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɩɨɬɨɥɤɚ� ɜ 

ɨɤɬɚɜɧɨɣ� ɩɨɥɨɫɟ� ɫ fɫɪ =1000 Ƚɰ: ɚ) ɨɬ� ɜɨɡɞɭɯɨɜɨɞɚ; ɛ) ɨɬ «ɲɭɦɧɨɝɨ» ɩɨɦɟɳɟɧɢɹ;  

ɜ) ɨɬ�ɫɨɜɦɟɫɬɧɨɝɨ�ɞɟɣɫɬɜɢɹ�ɞɜɭɯ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ.  
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4.2 Ɋɚɫɱɟɬ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɩɨɦɟɳɟɧɢɣ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ 

ɜɵɫɨɬɵ, ɫɜɹɡɚɧɧɵɯ�ɱɟɪɟɡ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ 

 

 

4.2.1 ȼɵɛɨɪ�ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɞɥɹ�ɨɰɟɧɤɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ�ɜ 

ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ 

 

 

ȼ� ɫɨɜɪɟɦɟɧɧɵɯ� ɨɮɢɫɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ� ɲɢɪɨɤɨɟ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɧɚɯɨɞɹɬ 

ɩɥɚɧɢɪɨɜɤɢ, ɩɪɢ� ɤɨɬɨɪɵɯ�ɨɛɳɟɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ� ɪɚɡɞɟɥɹɟɬɫɹ� ɧɚ� ɨɬɞɟɥɶɧɵɟ� ɨɛɴɟɦɵ, 

ɤɚɤ�ɩɪɚɜɢɥɨ, ɧɟɛɨɥɶɲɢɯ�ɪɚɡɦɟɪɨɜ. Ɉɬɞɟɥɶɧɵɟ�ɨɛɴɟɦɵ�ɜɵɞɟɥɹɸɬɫɹ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ 

ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ, ɤɨɬɨɪɵɟ� ɜ� ɩɪɨɰɟɫɫɟ� ɷɤɫɩɥɭɚɬɚɰɢɢ� ɩɪɢ� ɢɡɦɟɧɟɧɢɢ� ɩɥɚɧɢɪɨɜɨɤ 

ɦɨɝɭɬ� ɥɟɝɤɨ� ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɬɶɫɹ. Ɍɚɤɢɟ� ɩɥɚɧɢɪɨɜɨɱɧɵɟ� ɪɟɲɟɧɢɹ� ɩɪɢɫɭɳɢ, 

ɧɚɩɪɢɦɟɪ, ɸɪɢɞɢɱɟɫɤɢɦ�ɢ�ɛɚɧɤɨɜɫɤɢɦ�ɨɮɢɫɚɦ, ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ�ɰɟɧɬɪɚɦ�ɩɨ 

ɨɛɫɥɭɠɢɜɚɧɢɸ� ɧɚɫɟɥɟɧɢɹ, ɬɨɪɝɨɜɵɦ� ɭɱɪɟɠɞɟɧɢɹɦ� ɫ� ɛɭɬɢɤɚɦɢ� ɪɚɡɥɢɱɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ�ɢ�ɬ�ɞ. ɉɨɞɨɛɧɵɟ�ɩɥɚɧɢɪɨɜɤɢ�ɢɦɟɸɬ�ɬɚɤɠɟ�ɤɜɚɪɬɢɪɵ�ɫɬɭɞɢɢ. 

Ɍɚɤ� ɤɚɤ� ɨɬɞɟɥɶɧɵɟ� ɨɛɴɟɦɵ� ɪɚɡɞɟɥɹɸɬɫɹ� ɨɝɪɚɠɞɟɧɢɹɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ, 

ɧɚɞ�ɧɢɦɢ�ɢɦɟɟɬɫɹ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ. ɋ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɜɨɡɞɭɲɧɨɝɨ� ɲɭɦɚ� ɬɚɤɢɟ� ɩɥɚɧɢɪɨɜɨɱɧɵɟ� ɪɟɲɟɧɢɹ� ɨɬɧɨɫɹɬɫɹ� ɤ� ɫɢɫɬɟɦɚɦ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹ, ɫɜɹɡɶ�ɜ�ɤɨɬɨɪɵɯ�ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɜ�ɨɫɧɨɜɧɨɦ�ɡɚ 

ɫɱɟɬ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɨɛɳɟɦ� ɧɚɞ� ɜɵɝɨɪɨɠɟɧɧɵɦɢ� ɨɛɴɟɦɚɦɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. ȼ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɜɨɡɧɢɤɚɸɳɚɹ�ɜ�ɨɞɧɨɦ�ɢɡ�ɨɬɞɟɥɶɧɵɯ�ɨɛɴɟɦɨɜ�ɡɜɭɤɨɜɚɹ 

ɷɧɟɪɝɢɹ� ɦɨɠɟɬ� ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ� ɧɚ� ɞɨɫɬɚɬɨɱɧɨ� ɛɨɥɶɲɢɟ� ɪɚɫɫɬɨɹɧɢɹ� ɱɟɪɟɡ� ɨɛɳɟɟ 

ɜɨɡɞɭɲɧɨɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɢ� ɫɨɡɞɚɜɚɬɶ� ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɣ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɧɢɠɟ 

ɥɟɠɚɳɢɯ�ɨɛɴɟɦɚɯ.  

ɉɪɢ�ɬɚɤɢɯ�ɭɫɥɨɜɢɹɯ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɨɬɞɟɥɶɧɵɯ�ɨɛɴɟɦɚɯ 

ɨɛɪɚɡɭɟɬɫɹ� ɲɭɦɨɜɨɣ� ɮɨɧ, ɤɨɬɨɪɵɣ� ɦɨɠɟɬ� ɢɦɟɬɶ� ɤɚɤ� ɨɬɪɢɰɚɬɟɥɶɧɨɟ, ɬɚɤ� ɢ 

ɩɨɥɨɠɢɬɟɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ.  ȼ�ɫɥɭɱɚɟ�ɜɵɫɨɤɢɯ�ɭɪɨɜɧɟɣ�ɲɭɦɨɜɨɝɨ�ɮɨɧɚ�ɭɯɭɞɲɚɟɬɫɹ 

ɪɚɡɛɨɪɱɢɜɨɫɬɶ� ɪɟɱɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ� ɭɬɨɦɥɹɟɦɨɫɬɶ� ɪɚɛɨɬɚɸɳɢɯ, ɫɧɢɠɚɟɬɫɹ� ɢɯ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɜɨɡɪɚɫɬɚɟɬ�ɤɨɥɢɱɟɫɬɜɨ�ɨɲɢɛɨɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ�ɧɚɛɨɪɟ�ɬɟɤɫɬɚ�ɧɚ 

ɤɨɦɩɶɸɬɟɪɟ, ɩɪɨɜɟɞɟɧɢɢ�ɛɚɧɤɨɜɫɤɢɯ�ɨɩɟɪɚɰɢɣ�ɢ�ɬ�ɩ. ȼ�ɬɨɠɟ�ɜɪɟɦɹ, ɜ�ɨɮɢɫɚɯ, ɝɞɟ 

ɬɪɟɛɭɟɬɫɹ� ɜɵɫɨɤɢɣ� ɭɪɨɜɟɧɶ� ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɩɪɢ� ɪɚɡɝɨɜɨɪɚɯ� ɫ 
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ɤɥɢɟɧɬɚɦɢ�ɜ�ɸɪɢɞɢɱɟɫɤɢɯ�ɢ�ɛɚɧɤɨɜɫɤɢɯ�ɨɮɢɫɚɯ, ɧɟɨɛɯɨɞɢɦɨ�ɢɦɟɬɶ�ɨɩɪɟɞɟɥɟɧɧɵɣ 

ɭɪɨɜɟɧɶ� ɨɛɳɟɝɨ� ɲɭɦɨɜɨɝɨ� ɮɨɧɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ� ɬɪɟɛɭɟɦɭɸ� ɫɬɟɩɟɧɶ 

ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ.  

Ɉɛɟɫɩɟɱɟɧɢɟ� ɬɪɟɛɭɟɦɨɝɨ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɩɪɢ� ɬɚɤɢɯ� ɩɥɚɧɢɪɨɜɨɱɧɵɯ 

ɪɟɲɟɧɢɹɯ� ɜɨɡɦɨɠɧɨ: ɡɚ� ɫɱɟɬ� ɢɡɦɟɧɟɧɢɹ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ 

ɜɵɝɨɪɨɠɟɧɧɵɯ�ɨɛɴɟɦɨɜ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ�ɢɡɦɟɧɟɧɢɹ�ɜɵɫɨɬɵ�ɩɟɪɟɝɨɪɨɞɨɤ; ɡɚ�ɫɱɟɬ 

ɩɨɜɵɲɟɧɢɹ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɩɟɪɟɝɨɪɨɞɨɤ; ɡɚ� ɫɱɟɬ� ɢɡɦɟɧɟɧɢɹ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɜɵɝɨɪɨɞɨɤ�ɢ�ɨɝɪɚɠɞɟɧɢɣ�ɧɚɞ�ɨɛɳɢɦ�ɜɨɡɞɭɲɧɵɦ�ɩɪɨɫɬɪɚɧɫɬɜɨɦ.  

ȼɵɛɨɪ� ɩɟɪɟɱɢɫɥɟɧɧɵɯ� ɦɟɪɨɩɪɢɹɬɢɣ� ɞɨɥɠɟɧ� ɩɪɨɢɡɜɨɞɢɬɶɫɹ� ɧɚ� ɨɫɧɨɜɟ 

ɚɤɭɫɬɢɱɟɫɤɢɯ�ɪɚɫɱɟɬɨɜ, ɨɰɟɧɢɜɚɸɳɢɯ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɨɛɳɟɦ 

ɜɨɡɞɭɲɧɨɦ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɧɚɞ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɢ�ɮɨɪɦɢɪɨɜɚɧɢɟ�ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɜ 

ɜɵɝɨɪɚɠɢɜɚɟɦɵɯ�ɨɛɴɟɦɚɯ. Ⱦɥɹ�ɷɬɨɝɨ�ɧɟɨɛɯɨɞɢɦ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ�ɧɚ 

ɨɫɧɨɜɟ� ɪɚɫɱɟɬɧɨɣ� ɦɨɞɟɥɢ, ɧɚɢɛɨɥɟɟ� ɩɨɥɧɨ� ɭɱɢɬɵɜɚɸɳɟɣ� ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ� ɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ� ɩɪɹɦɨɣ� ɢ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɬɚɤɢɯ� ɝɟɨɦɟɬɪɢɱɟɫɤɢ� ɢ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɥɨɠɧɵɯ�ɫɢɫɬɟɦɚɯ�ɩɥɚɧɢɪɨɜɨɤ.  

ȼɵɩɨɥɧɟɧɧɵɣ� ɜ� ɩɟɪɜɨɣ� ɝɥɚɜɟ� ɚɧɚɥɢɡ� ɪɚɫɱɟɬɧɵɯ� ɦɨɞɟɥɟɣ� ɫ� ɬɨɱɤɢ� ɡɪɟɧɢɹ 

ɜɨɡɦɨɠɧɨɫɬɢ� ɢɯ� ɩɪɢɦɟɧɟɧɢɹ� ɞɥɹ� ɪɚɡɪɚɛɨɬɤɢ� ɦɟɬɨɞɨɜ, ɩɪɢɝɨɞɧɵɯ� ɞɥɹ� ɪɚɫɱɟɬɨɜ 

ɲɭɦɚ� ɜ� ɬɚɤɢɯ� ɫɢɫɬɟɦɚɯ, ɩɨɤɚɡɚɥ, ɱɬɨ� ɧɚɢɛɨɥɟɟ� ɩɪɢɟɦɥɟɦɵɦɢ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ 

ɹɜɥɹɸɬɫɹ� ɦɨɞɟɥɢ, ɜ� ɤɨɬɨɪɵɯ� ɩɪɢ� ɨɰɟɧɤɟ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ� ɢ� ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ� ɩɪɟɞɫɬɚɜɥɟɧɢɹ� ɨ� ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɨɬɪɚɠɟɧɧɵɯ�ɡɜɭɤɨɜɵɯ�ɩɨɥɟɣ�ɩɨɦɟɳɟɧɢɣ. ɉɪɢ�ɜɵɛɨɪɟ�ɦɨɞɟɥɢ�ɜ�ɤɚɠɞɨɦ�ɤɨɧɤɪɟɬɧɨɦ 

ɫɥɭɱɚɟ, ɤɚɤ�ɩɪɚɜɢɥɨ, ɢɫɯɨɞɹɬ�ɢɡ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ�ɩɪɨɩɨɪɰɢɣ�ɩɨɦɟɳɟɧɢɣ�ɢ�ɯɚɪɚɤɬɟɪɚ 

ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ.  

ȼ� ɫɥɭɱɚɟ� ɡɟɪɤɚɥɶɧɨɝɨ� ɯɚɪɚɤɬɟɪɚ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɜ� ɧɟɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ 

ɫɥɨɠɧɨɫɬɢ� ɨɛɳɟɣ� ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ� ɮɨɪɦɵ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ 

ɦɨɠɟɬ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧ� ɦɟɬɨɞ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ [87,89,122]. Ɇɟɬɨɞ� ɦɨɠɟɬ 

ɬɚɤɠɟ�ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ�ɢ�ɩɪɢ�ɞɢɮɮɭɡɧɨɦ�ɨɬɪɚɠɟɧɢɢ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ [88,95]. Ɇɟɬɨɞ 

ɢɦɟɟɬ� ɜɵɫɨɤɭɸ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ� ɡɚɞɚɱ 

[63,121,128]. ȼ� ɬɨɠɟ� ɜɪɟɦɹ� ɟɦɭ� ɩɪɢɫɭɳɢ� ɞɜɚ� ɫɭɳɟɫɬɜɟɧɧɵɯ� ɧɟɞɨɫɬɚɬɤɚ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ� ɟɝɨ� ɩɪɢɦɟɧɟɧɢɟ� ɩɪɢ� ɪɟɲɟɧɢɢ� ɩɪɚɤɬɢɱɟɫɤɢɯ� ɡɚɞɚɱ, ɚ� ɢɦɟɧɧɨ, 

ɜɵɫɨɤɚɹ� ɬɪɭɞɨɟɦɤɨɫɬɶ� ɢ� ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ� ɩɨɥɭɱɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� ɩɪɢ� ɩɨɜɬɨɪɧɵɯ 

ɪɚɫɱɟɬɚɯ, ɢ� ɨɫɨɛɟɧɧɨ, ɜ� ɫɥɭɱɚɟ� ɞɢɮɮɭɡɧɨɝɨ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ. ɇɟɞɨɫɬɚɬɤɢ 
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ɢɫɤɥɸɱɟɧɵ� ɜ� ɪɚɫɱɟɬɧɨɣ� ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɨɣ� ɧɚ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ� ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ 

ɩɨɞɯɨɞɟ [52]. ɑɢɫɥɟɧɧɵɣ�ɪɚɫɱɟɬɧɵɣ�ɦɟɬɨɞ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ�ɞɥɹ�ɪɟɚɥɢɡɚɰɢɢ�ɞɚɧɧɨɣ 

ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɟɬ� ɩɪɢ� ɞɢɮɮɭɡɧɨɦ� ɨɬɪɚɠɟɧɢɢ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ� ɢ� ɥɸɛɨɣ 

ɫɥɨɠɧɨɣ� ɮɨɪɦɟ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɩɪɨɢɡɜɨɞɢɬɶ� ɪɚɫɱɟɬɵ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ [50,51]. ɇɟɞɨɫɬɚɬɤɨɦ� ɦɟɬɨɞɚ� ɹɜɥɹɟɬɫɹ 

ɧɟɜɨɡɦɨɠɧɨɫɬɶ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɟɝɨ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨɦ�ɨɬɪɚɠɟɧɢɢ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ. 

ɉɪɢ�ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɹɯ [17,20,30,57,59,76] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ�ɞɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ� ɪɟɚɥɶɧɵɯ� ɫɢɬɭɚɰɢɣ� ɨɬɪɚɠɟɧɢɟ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ� ɢɦɟɟɬ 

ɫɦɟɲɚɧɧɵɣ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɵɣ� ɯɚɪɚɤɬɟɪ. ɋ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɡɟɪɤɚɥɶɧɨ-

ɞɢɮɮɭɡɧɨɣ� ɦɨɞɟɥɢ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɪɚɡɪɚɛɨɬɚɧɵ� ɷɮɮɟɤɬɢɜɧɵɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ 

ɲɭɦɚ�ɜ�ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɩɨɫɬɨɹɧɧɨɦ�ɢ�ɧɟɩɨɫɬɨɹɧɧɨɦ�ɲɭɦɨɜɵɯ 

ɪɟɠɢɦɚɯ [20,34,57,76]. Ɇɨɞɟɥɶ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɝɨ� ɨɬɪɚɠɟɧɢɹ� ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɧɚɦɢ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 

ɜɨɡɞɭɲɧɵɯ� ɤɚɧɚɥɚɯ� ɫɢɫɬɟɦɵ� ɜɟɧɬɢɥɹɰɢɢ� ɡɞɚɧɢɣ [28]. ȼ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɟ� ɷɬɚ 

ɦɨɞɟɥɶ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫ 

ɤɨɪɢɞɨɪɧɨɣ�ɢ�ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɨɣ�ɫɢɫɬɟɦɚɦɢ�ɩɥɚɧɢɪɨɜɤɢ, ɚ�ɬɚɤɠɟ�ɩɪɢ�ɪɚɡɪɚɛɨɬɤɟ 

ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɩɨɬɨɥɤɚ. ɍɱɢɬɵɜɚɹ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ� ɨɩɵɬ� ɟɟ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɨɧɚ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɪɢɦɟɧɟɧɚ� ɢ� ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɥɚɧɢɪɨɜɤɢ� ɫ� ɨɛɳɢɦ� ɜɨɡɞɭɲɧɵɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ. 

ȼ� ɞɚɧɧɨɦ� ɫɥɭɱɚɟ� ɞɨɥɠɧɚ� ɛɵɬɶ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɪɚɫɱɟɬɧɚɹ 

ɦɨɞɟɥɶ, ɜ�ɤɨɬɨɪɨɣ, ɭɱɢɬɵɜɚɹ�ɫɥɨɠɧɭɸ�ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ�ɮɨɪɦɭ�ɩɥɚɧɢɪɨɜɤɢ�ɫɢɫɬɟɦ 

ɩɨɦɟɳɟɧɢɣ�ɫ�ɨɛɳɢɦ�ɜɨɡɞɭɲɧɵɦ�ɩɪɨɫɬɪɚɧɫɬɜɨɦ�ɨɰɟɧɤɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɡɟɪɤɚɥɶɧɨɣ 

ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɦɟɬɨɞɨɦ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɥɭɱɟɣ, ɚ� ɞɢɮɮɭɡɧɨ 

ɪɚɫɫɟɹɧɧɨɣ�ɷɧɟɪɝɢɢ�ɱɢɫɥɟɧɧɵɦ�ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ�ɦɟɬɨɞɨɦ. 

ȼɵɩɨɥɧɟɧɧɵɟ� ɪɚɧɟɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɬɨɱɧɨɫɬɢ� ɪɚɫɫɦɨɬɪɟɧɧɵɯ� ɜɵɲɟ� ɦɟɬɨɞɨɜ 

[11] ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɞɥɹ� ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɩɪɚɜɢɥɶɧɨɣ� ɮɨɪɦɵ� ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ� ɦɟɬɨɞɚɦɢ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨɣ� ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ, ɯɨɪɨɲɨ� ɫɨɝɥɚɫɭɸɬɫɹ� ɫ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɪɚɫɱɟɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ�ɦɟɬɨɞɚɦɢ. ɗɬɨ�ɨɛɴɹɫɧɹɟɬɫɹ�ɬɟɦ, ɱɬɨ�ɫɪɟɞɧɢɟ�ɞɥɢɧɵ�ɩɪɨɛɟɝɚ�ɥɭɱɟɣ 

ɢ� ɜ� ɬɨɦ� ɢ� ɞɪɭɝɨɦ� ɫɥɭɱɚɟ� ɛɥɢɡɤɢ� ɦɟɠɞɭ� ɫɨɛɨɣ, ɢ� ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɰɟɫɫɵ 

ɪɟɜɟɪɛɟɪɚɰɢɢ, ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɤɨɬɨɪɵɯ� ɨɛɪɚɡɭɸɬɫɹ� ɨɬɪɚɠɟɧɧɵɟ� ɡɜɭɤɨɜɵɟ� ɩɨɥɹ, 
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ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ� ɨɰɟɧɢɜɚɸɬɫɹ� ɜ� ɨɛɟɢɯ� ɫɥɭɱɚɹɯ. Ɍɚɤ� ɤɚɤ� ɫɢɫɬɟɦɵ� ɩɥɚɧɢɪɨɜɨɤ� ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɢɦɟɸɬ�ɜ�ɨɫɧɨɜɧɨɦ�ɫɨɪɚɡɦɟɪɧɵɟ�ɨɛɴɟɦɵ, ɫɥɟɞɭɟɬ 

ɨɠɢɞɚɬɶ, ɱɬɨ�ɪɚɫɱɟɬɵ�ɭɤɚɡɚɧɧɵɦɢ�ɜɵɲɟ�ɦɟɬɨɞɚɦɢ�ɛɭɞɭɬ�ɫɨɜɩɚɞɚɬɶ�ɦɟɠɞɭ�ɫɨɛɨɣ�ɢ 

ɫ� ɪɚɫɱɟɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ�ɦɟɬɨɞɨɦ�ɩɪɢ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ 

ɨɬɪɚɠɟɧɢɢ� ɡɜɭɤɚ. ɉɪɢ� ɧɚɥɢɱɢɢ� ɜ� ɫɢɫɬɟɦɚɯ� ɧɟɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ�ɪɚɫɱɟɬɧɭɸ�ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ�ɦɨɠɟɬ 

ɬɚɤɠɟ�ɛɵɬɶ�ɢɫɩɨɥɶɡɨɜɚɧɚ�ɢ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ�ɢ�ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ. 

 

 

4.2.2 Ɋɚɫɱɟɬɧɚɹ�ɦɨɞɟɥɶ�ɲɭɦɨɜɨɝɨ�ɩɨɥɹ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ�ɜ�ɫɢɫɬɟɦɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ  

ɢ�ɱɢɫɥɟɧɧɵɟ�ɦɟɬɨɞɵ�ɟɟ�ɪɟɚɥɢɡɚɰɢɢ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ, ɞɢɮɮɭɡɧɨɣ  

ɢ�ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ�ɨɬ�ɨɝɪɚɠɞɟɧɢɣ 

 

 

ɍɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɥɸɛɨɣ i�ɨɣ�ɬɨɱɤɟ�ɨɬɞɟɥɶɧɨɝɨ�ɨɛɴɟɦɚ�ɫɢɫɬɟɦɵ�ɫ 

ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɪɹɦɨɣ� ɢ� ɨɬɪɚɠɟɧɧɨɣ� ɫɨɫɬɚɜɥɹɸɳɢɦɢ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ, ɢɦɟɸɳɟɣɫɹ� ɜ� ɷɬɨɦ� ɨɛɴɟɦɟ. ȼ� ɞɪɭɝɢɯ� ɨɛɴɟɦɚɯ� ɫɢɫɬɟɦɵ� ɛɟɡ� ɢɫɬɨɱɧɢɤɨɜ 

ɭɪɨɜɧɢ�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɬɨɥɶɤɨ�ɨɬɪɚɠɟɧɧɨɣ�ɫɨɫɬɚɜɥɹɸɳɟɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. 

Ɋɚɫɱɟɬ� ɩɥɨɬɧɨɫɬɢ� ɩɪɹɦɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ   , ɜ� ɫɥɭɱɚɟ� ɢɫɬɨɱɧɢɤɨɜ 

ɧɟɛɨɥɶɲɢɯ� ɪɚɡɦɟɪɨɜ (ɬɨɱɟɱɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ), ɤɚɤ�ɩɪɚɜɢɥɨ, ɧɟ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ 

ɬɪɭɞɧɨɫɬɟɣ. Ɋɚɫɱɟɬ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɨɬ� ɥɢɧɟɣɧɵɯ, ɩɥɨɫɤɢɯ�ɢ� ɨɛɴɟɦɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ 

ɛɨɥɟɟ� ɫɥɨɠɟɧ. Ⱦɥɹ� ɷɬɨɝɨ�ɦɨɠɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɩɪɟɞɥɨɠɟɧɧɵɟ�ɜ� ɪɚɛɨɬɚɯ [12,15,16] 

ɦɟɬɨɞɵ, ɭɱɢɬɵɜɚɸɳɢɟ� ɮɨɪɦɭ� ɢɫɬɨɱɧɢɤɨɜ� ɢ� ɯɚɪɚɤɬɟɪ� ɢɡɥɭɱɟɧɢɹ� ɢɦɢ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɛɨɥɟɟ�ɫɥɨɠɧɵɦɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ. Ʉɚɤ� ɩɨɤɚɡɚɧɨ� ɜɵɲɟ, ɞɥɹ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ 

ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, ɢɦɟɸɳɢɯ� ɨɛɳɟɟ� ɜɨɡɞɭɲɧɨɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ, ɧɚɢɛɨɥɟɟ 

ɩɪɢɟɦɥɟɦɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɪɚɫɱɟɬɧɨɣ� ɦɨɞɟɥɢ, ɞɚɸɳɟɣ 

ɜɨɡɦɨɠɧɨɫɬɶ�ɩɪɨɢɡɜɨɞɢɬɶ�ɪɚɫɱɟɬɵ�ɧɟ�ɬɨɥɶɤɨ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ�ɯɚɪɚɤɬɟɪɟ 

ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ, ɧɨ� ɢ� ɜɵɩɨɥɧɹɬɶ� ɢɯ� ɨɬɞɟɥɶɧɨ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨɣ� ɢ� ɞɢɮɮɭɡɧɨɣ 

ɦɨɞɟɥɹɯ� ɨɬɪɚɠɟɧɢɹ. Ɍɚɤɨɣ� ɩɨɞɯɨɞ� ɭɞɨɛɟɧ� ɞɥɹ� ɪɚɡɪɚɛɨɬɤɢ� ɭɧɢɜɟɪɫɚɥɶɧɨɣ 

ɩɪ
iH
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ɤɨɦɩɶɸɬɟɪɧɨɣ� ɩɪɨɝɪɚɦɦɵ, ɩɨɡɜɨɥɹɸɳɟɣ� ɩɪɨɢɡɜɨɞɢɬɶ� ɪɚɫɱɟɬɵ� ɜ� ɨɞɧɨɦ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɩɪɢ�ɪɚɡɧɵɯ�ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ. 

ȼ� ɧɚɢɛɨɥɟɟ� ɨɛɳɟɦ� ɫɥɭɱɚɟ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ� ɨɬɪɚɠɟɧɢɢ� ɡɜɭɤɚ 

ɫɭɦɦɚɪɧɚɹ�ɩɥɨɬɧɨɫɬɶ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɜ�ɥɸɛɨɣ i�ɨɣ�ɬɨɱɤɟ�ɩɨɦɟɳɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ� ɩɥɨɬɧɨɫɬɹɦɢ� ɡɟɪɤɚɥɶɧɨ      ɢ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ      ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɭɦɦɚɪɧɵɣ�ɭɪɨɜɟɧɶ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜɵɱɢɫɥɹɟɬɫɹ�ɤɚɤ 

]/)(lg[10 0
ɞɡɩɪ IcL iiii HHH ��    (4.22) 

ɋɭɬɶ�ɩɪɟɞɥɚɝɚɟɦɨɣ�ɞɥɹ�ɷɬɨɣ�ɰɟɥɢ�ɦɨɞɟɥɢ�ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɫɥɟɞɭɸɳɟɦ. 

ȼɫɟ� ɨɬɞɟɥɶɧɵɟ� ɨɛɴɟɦɵ� ɢ� ɨɛɳɟɟ� ɜɨɡɞɭɲɧɨɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɫɢɫɬɟɦɵ 

ɩɨɦɟɳɟɧɢɣ� ɫ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ� ɞɟɥɹɬɫɹ� ɧɚ� ɷɥɟɦɟɧɬɚɪɧɵɟ� ɨɛɴɟɦɵ 

�ɫɦ. ɪɢɫɭɧɨɤ 4.5). ɉɪɢ�ɪɚɡɞɟɥɟɧɢɢ�ɭɱɢɬɵɜɚɟɬɫɹ�ɩɨɥɨɠɟɧɢɟ�ɢ�ɪɚɡɦɟɪɵ�ɩɟɪɟɝɨɪɨɞɨɤ, 

ɦɟɠɞɭ�ɨɬɞɟɥɶɧɵɦɢ�ɨɛɴɟɦɚɦɢ�ɢ�ɪɚɡɦɟɪɵ�ɨɛɳɟɝɨ�ɜɨɡɞɭɲɧɨɝɨ�ɩɪɨɫɬɪɚɧɫɬɜɚ.  

 
Ɋɢɫɭɧɨɤ 4.5 - ɋɯɟɦɚ�ɪɚɡɛɢɟɧɢɹ�ɫɢɫɬɟɦɵ�ɧɚ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɨɛɴɟɦɵ 

Ⱦɚɥɟɟ�ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ�ɢɡ�ɢɫɬɨɱɧɢɤɚ�ɡɜɭɤɚ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɟɝɨ�ɞɢɚɝɪɚɦɦɨɣ 

ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ� ɜɟɪɨɹɬɧɨɫɬɧɵɦ� ɨɛɪɚɡɨɦ� ɢɡɥɭɱɚɟɬɫɹ� ɨɩɪɟɞɟɥɟɧɧɨɟ� ɤɨɥɢɱɟɫɬɜɨ 

ɥɭɱɟɣ, ɤɚɠɞɵɣ�ɢɡ�ɤɨɬɨɪɵɯ�ɧɟɫɟɬ�ɱɚɫɬɶ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɢɫɬɨɱɧɢɤɚ. ɗɧɟɪɝɢɹ�ɜɫɟɯ 

ɥɭɱɟɣ�ɪɚɜɧɚ�ɨɛɳɟɣ�ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɣ�ɢɫɬɨɱɧɢɤɨɦ. Ʉɚɠɞɵɣ�ɥɭɱ�ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ 
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ɞɨ�ɜɫɬɪɟɱɢ�ɫ�ɩɨɜɟɪɯɧɨɫɬɶɸ�ɨɝɪɚɠɞɟɧɢɹ. ɉɪɢ�ɨɬɪɚɠɟɧɢɢ�ɨɬ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɞɧɚ�ɱɚɫɬɶ 

ɫɨɯɪɚɧɢɜɲɟɣɫɹ� ɩɨɫɥɟ� ɩɨɝɥɨɳɟɧɢɹ� ɷɧɟɪɝɢɢ� ɨɬɪɚɠɚɟɬɫɹ� ɩɨ� ɡɟɪɤɚɥɶɧɨɦɭ� ɡɚɤɨɧɭ, ɚ 

ɞɪɭɝɚɹ� ɱɚɫɬɶ� ɨɬɪɚɠɚɟɬɫɹ� ɞɢɮɮɭɡɧɨ� ɩɨ� ɡɚɤɨɧɭ� Ʌɚɦɛɟɪɬɚ. Ɉɬɪɚɡɢɜɲɚɹɫɹ� ɡɟɪɤɚɥɶɧɨ 

ɷɧɟɪɝɢɹ� ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ� ɞɨ� ɫɥɟɞɭɸɳɟɝɨ� ɚɤɬɚ� ɨɬɪɚɠɟɧɢɹ, ɩɪɢ� ɤɨɬɨɪɨɦ� ɩɨɫɥɟ 

ɨɬɪɚɠɟɧɢɹ� ɨɩɹɬɶ� ɩɪɨɢɫɯɨɞɢɬ� ɩɟɪɟɯɨɞ� ɱɚɫɬɢ� ɡɟɪɤɚɥɶɧɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɞɢɮɮɭɡɧɭɸ. 

Ʉɚɠɞɵɣ�ɥɭɱ�ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ�ɞɨ�ɬɟɯ�ɩɨɪ, ɩɨɤɚ�ɩɨɥɧɨɫɬɶɸ�ɩɨɬɟɪɹɟɬ�ɷɧɟɪɝɢɸ�ɡɚ�ɫɱɟɬ 

ɩɨɝɥɨɳɟɧɢɹ� ɧɚ� ɩɨɜɟɪɯɧɨɫɬɹɯ, ɡɚɬɭɯɚɧɢɹ� ɜ� ɜɨɡɞɭɯɟ� ɢ� ɩɟɪɟɯɨɞɚ� ɱɚɫɬɢ� ɡɟɪɤɚɥɶɧɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɞɢɮɮɭɡɧɭɸ.  

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɩɪɨɫɥɟɠɢɜɚɸɬɫɹ� ɜɫɟ� ɢɫɯɨɞɹɳɢɟ� ɢɡ� ɢɫɬɨɱɧɢɤɚ� ɥɭɱɢ. ɉɨɫɥɟ 

ɷɬɨɝɨ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɫɭɦɦɢɪɨɜɚɧɢɟ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜɫɟɯ� ɥɭɱɟɣ, 

ɩɪɨɲɟɞɲɢɯ� ɱɟɪɟɡ� ɪɚɫɱɟɬɧɭɸ� ɬɨɱɤɭ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɷɧɟɪɝɢɢ� ɥɭɱɟɣ, ɩɟɪɟɲɟɞɲɟɣ� ɜ 

ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɭɸ�ɷɧɟɪɝɢɸ, ɨɰɟɧɢɜɚɟɬɫɹ�ɱɢɫɥɟɧɧɵɦ�ɦɟɬɨɞɨɦ, ɨɫɧɨɜɚɧɧɵɦ�ɧɚ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ�ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ�ɩɨɞɯɨɞɟ.  

ɇɢɠɟ� ɪɚɫɫɦɨɬɪɟɧɵ� ɨɫɧɨɜɧɵɟ� ɩɪɢɧɰɢɩɵ� ɩɨɫɬɪɨɟɧɢɹ� ɪɚɫɱɟɬɧɵɯ� ɦɟɬɨɞɨɜ, 

ɜɯɨɞɹɳɢɯ� ɜ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ�ɦɨɞɟɥɶ, ɢ� ɦɟɬɨɞɢɤɢ� ɢɯ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɩɪɢ� ɨɰɟɧɤɟ 

ɲɭɦɚ�ɜ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ. 

Ⱦɥɹ�ɨɰɟɧɤɢ�ɩɥɨɬɧɨɫɬɢ�ɩɪɹɦɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ           ɢ�ɩɥɨɬɧɨɫɬɢ�ɡɟɪɤɚɥɶɧɨ 

ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ   ɜ� ɪɚɫɱɟɬɧɨɣ� ɦɨɞɟɥɢ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɦɟɬɨɞ 

ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɡɜɭɤɨɜɵɯ� ɥɭɱɟɣ (ray tracing). Ɇɟɬɨɞ� ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ 

ɦɨɞɟɥɢɪɨɜɚɬɶ� ɩɪɨɰɟɫɫɵ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɢɫɯɨɞɹɳɟɣ� ɢɡ 

ɢɫɬɨɱɧɢɤɚ� ɜ� ɜɢɞɟ� ɡɜɭɤɨɜɵɯ� ɥɭɱɟɣ. ȼ� ɦɨɞɟɥɢ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɦɟɬɨɞ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ 

ɥɭɱɟɣ, ɜ� ɤɨɬɨɪɨɦ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɥɭɱɢ, ɢɦɟɸɳɢɟ� ɛɟɫɤɨɧɟɱɧɨ� ɦɚɥɵɟ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ� ɭɝɥɵ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. ȼ� ɷɬɨɦ� ɫɥɭɱɚɟ� ɡɜɭɤɨɜɚɹ� ɦɨɳɧɨɫɬɶ, 

ɩɟɪɟɧɨɫɢɦɚɹ� ɩɪɹɦɵɦ� ɡɜɭɤɨɦ� ɨɬ� ɜɫɟɯ k�ɯ� ɥɭɱɟɣ, ɩɪɨɲɟɞɲɢɯ� ɱɟɪɟɡ i,j,d�ɣ 

ɷɥɟɦɟɧɬɚɪɧɵɣ� ɨɛɴɟɦ, ɧɚɯɨɞɹɳɢɣɫɹ� ɜ� ɩɪɹɦɨɣ� ɜɢɞɢɦɨɫɬɢ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ  

��¦
 

� 
K

k
djikɜdji Rm

N
WW

1
,,

ɩɪ
,, exp                              (4.23) 

ɝɞɟ W - ɨɛɳɚɹ� ɦɨɳɧɨɫɬɶ� ɢɫɬɨɱɧɢɤɚ; N - ɤɨɥɢɱɟɫɬɜɨ� ɥɭɱɟɣ, ɢɫɯɨɞɹɳɢɯ� ɢɡ 

ɢɫɬɨɱɧɢɤɚ; K - ɨɛɳɟɟ� ɤɨɥɢɱɟɫɬɜɨ� ɥɭɱɟɣ, ɩɪɨɲɟɞɲɢɯ� ɱɟɪɟɡ i,j,d�ɣ� ɢɫɬɨɱɧɢɤ;  

              - ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɲɟɞɲɟɟ k-ɦ�ɩɪɹɦɵɦ�ɥɭɱɨɦ�ɞɨ i,j,d�ɝɨ�ɨɛɴɟɦɚ. 
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ɉɥɨɬɧɨɫɬɶ� ɷɧɟɪɝɢɢ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɜ i,j,d�ɦ� ɨɛɴɟɦɟ� ɜ� ɷɬɨɦ� ɫɥɭɱɚɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 

ɩɪ
ɩɪ

,,
ɩɪ

,, / cSW djidji  H ,     (4.24) 

ɝɞɟ        - ɩɪɢɜɟɞɟɧɧɚɹ�ɩɥɨɳɚɞɶ�ɫɟɱɟɧɢɹ i,j,d�ɝɨ�ɨɛɴɟɦɚ, ɩɪɢɧɢɦɚɟɦɚɹ�ɩɪɢ�ɪɚɜɧɨɣ 

ɩɥɨɳɚɞɢ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɫɮɟɪɵ, ɨɞɢɧɚɤɨɜɨɣ�ɩɨ�ɨɛɴɟɦɭ�ɫ i,j,d�ɦ�ɨɛɴɟɦɨɦ.  

Ⱦɥɹ� ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɡɜɭɤɨɜɚɹ� ɦɨɳɧɨɫɬɶ, ɩɟɪɟɧɨɫɢɦɚɹ 

ɡɜɭɤɨɜɵɦɢ�ɥɭɱɚɦɢ, ɩɪɨɲɟɞɲɢɦɢ�ɱɟɪɟɡ i,j,d�ɣ�ɨɛɴɟɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 
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ɝɞɟ             - ɪɚɫɫɬɨɹɧɢɟ�ɩɪɨɯɨɠɞɟɧɢɹ k�ɝɨ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɝɨ�ɥɭɱɚ�ɨɬ�ɩɟɪɜɨɝɨ 

ɨɬɪɚɠɟɧɢɹ� ɞɨ� ɩɪɨɯɨɞɚ� ɜ� ɪɚɫɱɟɬɧɵɣ i,j,d�ɣ� ɷɥɟɦɟɧɬɚɪɧɵɣ� ɨɛɴɟɦ; P - ɨɛɳɟɟ� ɱɢɫɥɨ 

ɚɤɬɨɜ�ɨɬɪɚɠɟɧɢɹ k�ɝɨ�ɥɭɱɚ�ɨɬ� ɜɫɟɯ�ɨɬɪɚɠɚɸɳɢɯ�ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ�ɧɚ 

ɟɝɨ�ɩɭɬɢ�ɜ�ɩɪɨɰɟɫɫɟ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɧɚ             ɞɨ i,j,d�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ�ɨɛɴɟɦɚ;  

        - ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ p�ɣ� ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ� ɤɨɬɨɪɭɸ� ɩɚɞɚɟɬ 

ɩɪɨɫɥɟɠɢɜɚɟɦɵɣ�ɥɭɱ;        - ɱɢɫɥɨ�ɚɤɬɨɜ�ɩɚɞɟɧɢɹ k�ɝɨ�ɥɭɱɚ�ɧɚ p�ɸ�ɩɨɜɟɪɯɧɨɫɬɶ�ɜ 

ɩɪɨɰɟɫɫɟ� ɟɝɨ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɧɚ� ɪɚɫɫɬɨɹɧɢɟ         ;       - ɞɨɥɹ� ɷɧɟɪɝɢɢ, 

ɧɚɩɪɚɜɥɹɟɦɚɹ�ɩɨ k�ɦɭ�ɥɭɱɭ�ɩɨɫɥɟ�ɟɝɨ�ɨɬɪɚɠɟɧɢɹ�ɨɬ p-ɣ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɹ.  

Ʉɨɥɢɱɟɫɬɜɨ� ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ i,j,d�ɦ� ɨɛɴɟɦɟ� ɪɚɜɧɨ� ɫɭɦɦɟ 

ɷɧɟɪɝɢɣ�ɥɭɱɟɣ K, ɩɪɨɯɨɞɹɳɢɯ�ɱɟɪɟɡ�ɧɟɝɨ. ɉɥɨɬɧɨɫɬɶ�ɟɟ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɚɤ 
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Ɋɚɫɱɟɬ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜɵɩɨɥɧɹɟɬɫɹ� ɱɢɫɥɟɧɧɵɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ�ɦɟɬɨɞɨɦ. 

ɍɪɚɜɧɟɧɢɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɞɥɹ�ɢɦɟɟɬ�ɜɢɞ 

0ɞ2  �� d
ɜcm HHK     (4.27) 

ɇɚ� ɝɪɚɧɢɰɚɯ� ɜɫɟɝɨ� ɨɛɴɟɦɚ� ɫɢɫɬɟɦɵ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɨɛɳɢɦ 

ɜɨɡɞɭɲɧɵɦ� ɩɪɨɫɬɪɚɧɫɬɜɨɦ� ɩɨɦɟɳɟɧɢɣ� ɩɪɨɢɫɯɨɞɢɬ� ɨɬɬɨɤ� ɞɢɮɮɭɡɧɨ� ɨɬɪɚɠɟɧɧɨɣ 

ɷɧɟɪɝɢɢ� ɡɚ� ɫɱɟɬ� ɩɨɝɥɨɳɟɧɢɹ� ɟɟ� ɨɝɪɚɠɞɟɧɢɹɦɢ� ɢ� ɩɪɢɬɨɤ� ɷɧɟɪɝɢɢ� ɡɚ� ɫɱɟɬ� ɟɟ 

ɩɨɫɬɭɩɥɟɧɢɹ� ɩɪɢ� ɩɟɪɟɯɨɞɟ� ɱɚɫɬɢ� ɷɧɟɪɝɢɢ� ɜ� ɞɢɮɮɭɡɧɭɸ� ɩɪɢ� ɨɬɪɚɠɟɧɢɢ� ɩɪɹɦɨɝɨ 

ɡɜɭɤɚ� ɢ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ. Ƚɪɚɧɢɱɧɵɟ� ɭɫɥɨɜɢɹ� ɞɥɹ 

ɪɟɲɟɧɢɹ�ɭɪɚɜɧɟɧɢɹ (4.27) ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɢɦɟɟɬ�ɜɢɞ 
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ȼɟɥɢɱɢɧɵ       ,       ɨɩɪɟɞɟɥɹɸɬɫɹ�ɫ�ɭɱɟɬɨɦ�ɜɵɪɚɠɟɧɢɣ (4.23) ɢ (4.25) ɢ�ɭɝɥɚ 

ɩɚɞɟɧɢɹ� ɥɭɱɟɣ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɢ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɵɯ� ɥɭɱɟɣ� ɧɚ� ɷɥɟɦɟɧɬ 

ɨɝɪɚɠɞɟɧɢɹ ds.  

ɉɪɢ� ɱɢɫɥɟɧɧɨɦ� ɪɟɲɟɧɢɢ� ɭɪɚɜɧɟɧɢɹ (4.27) ɫ� ɝɪɚɧɢɱɧɵɦɢ� ɭɫɥɨɜɢɹɦɢ (4.28) 

ɞɥɹ�ɤɚɠɞɨɝɨ�ɨɛɴɟɦɚ�ɫɨɫɬɚɜɥɹɟɬɫɹ�ɭɪɚɜɧɟɧɢɟ�ɛɚɥɚɧɫɚ�ɨɬɪɚɠɟɧɧɨɣ�ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ. 

Ɉɛɳɟɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɩɥɨɬɧɨɫɬɢ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɧɚɯɨɞɢɬɫɹ� ɢɡ� ɪɟɲɟɧɢɹ 

ɩɨɥɭɱɟɧɧɨɣ�ɫɢɫɬɟɦɵ�ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ�ɭɪɚɜɧɟɧɢɣ. 

Ȼɚɥɚɧɫ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɞɥɹ� ɤɚɠɞɨɝɨ i,j,k�ɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɨɛɴɟɦɚ� ɫ 

ɭɱɟɬɨɦ�ɩɨɝɥɨɳɟɧɢɹ�ɡɜɭɤɚ�ɜ�ɜɨɡɞɭɯɟ�ɜ�ɨɛɳɟɦ�ɜɢɞɟ�ɡɚɩɢɫɵɜɚɟɬɫɹ�ɤɚɤ 
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Ɂɞɟɫɶ     - ɩɥɨɬɧɨɫɬɢ� ɩɨɬɨɤɨɜ� ɷɧɟɪɝɢɢ� ɦɟɠɞɭ i,j,d�ɦ� ɨɛɴɟɦɨɦ� ɢ� ɫɨɫɟɞɧɢɦɢ 

ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ� ɫ� ɧɢɦ� ɨɛɴɟɦɚɦɢ� ɱɟɪɟɡ� ɩɨɜɟɪɯɧɨɫɬɢ      ;        - ɞɢɮɮɭɡɧɚɹ 

ɷɧɟɪɝɢɹ, ɩɪɢɯɨɞɹɳɚɹ� ɜ i,j,d�ɣ� ɨɛɴɟɦ�ɩɨɫɥɟ� ɨɬɪɚɠɟɧɢɹ� ɥɭɱɟɣ� ɨɬ m�ɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ 

i,j,d�ɝɨ� ɨɛɴɟɦɚ� ɩɥɨɳɚɞɶɸ  , ɹɜɥɹɸɳɟɣɫɹ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɩɨɦɟɳɟɧɢɹ;  

            - ɩɥɨɬɧɨɫɬɶ�ɩɨɬɨɤɚ�ɞɢɮɮɭɡɧɨɣ�ɷɧɟɪɝɢɢ, ɩɨɝɥɨɳɚɟɦɵɣ�ɧɚ m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ 

i,j,d�ɝɨ� ɨɛɴɟɦɚ, ɹɜɥɹɸɳɟɣɫɹ� ɩɨɜɟɪɯɧɨɫɬɶɸ� ɨɝɪɚɠɞɟɧɢɹ      ; N – ɤɨɥɢɱɟɫɬɜɨ 

ɨɛɴɟɦɨɜ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ� ɫ i,j,d�ɦ� ɨɛɴɟɦɨɦ; 6-N – ɤɨɥɢɱɟɫɬɜɨ� ɝɪɚɧɟɣ i,j,d�ɝɨ 

ɨɛɴɟɦɚ, ɹɜɥɹɸɳɢɯɫɹ�ɩɨɜɟɪɯɧɨɫɬɹɦɢ�ɨɝɪɚɠɞɟɧɢɣ; Vi,j,d -ɨɛɴɟɦ i,j,d�ɝɨ�ɷɥɟɦɟɧɬɚɪɧɨɝɨ 

ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ;          -  ɩɥɨɬɧɨɫɬɶ�ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɣ�ɜ i,j,d�ɦ�ɨɛɴɟɦɟ. 

Ⱦɥɹ� ɜɧɭɬɪɟɧɧɢɯ� ɨɛɴɟɦɨɜ, ɧɟ� ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ� ɫ� ɨɝɪɚɠɞɟɧɢɹɦɢ, ɛɚɥɚɧɫ 

ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɡɚɩɢɫɵɜɚɟɬɫɹ�ɤɚɤ 
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ɉɨɫɥɟɞɧɢɟ�ɱɥɟɧɵ�ɜ�ɭɪɚɜɧɟɧɢɹɯ (4.29) ɢ (4.30) ɩɨɤɚɡɵɜɚɸɬ�ɩɨɬɟɪɢ�ɷɧɟɪɝɢɢ�ɜ 

i,j,d�ɦ�ɨɛɴɟɦɟ�ɡɚ�ɫɱɟɬ�ɩɨɝɥɨɳɟɧɢɹ�ɟɟ�ɜ�ɜɨɡɞɭɯɟ. 

ɉɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɨɜ�ɷɧɟɪɝɢɢ qn�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɤɚɤ 
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ɝɞɟ ^ `1,,1,,,1,,1,,,1,,1 ;;;;; ������ djidjidjidjidjidjin
İ HHHHHH ; nh  – ɪɚɡɦɟɪ� ɝɪɚɧɟɣ i,j,d�ɝɨ 

ɨɛɴɟɦɚ�ɜ�ɧɚɩɪɚɜɥɟɧɢɢ�ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ�ɫ�ɧɢɦ n�ɯ�ɨɛɴɟɦɨɜ. 

ȼɟɥɢɱɢɧɚ�ɩɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɨɜ             ɜɵɱɢɫɥɹɟɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ 
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ɝɞɟ Įm– ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ i,j,d�ɝɨ�ɨɛɴɟɦɚ. 

ȼɟɥɢɱɢɧɚ      ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɨɣ� ɷɧɟɪɝɢɣ� ɥɭɱɟɣ, ɩɟɪɟɲɟɞɲɢɯ� ɜ 

ɨɬɪɚɠɟɧɧɭɸ�ɞɢɮɮɭɡɧɭɸ�ɫɨɫɬɚɜɥɹɸɳɭɸ�ɩɪɢ�ɨɬɪɚɠɟɧɢɢ�ɥɭɱɟɣ�ɨɬ m�ɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ 

i,j,d�ɝɨ�ɨɛɴɟɦɚ, ɹɜɥɹɸɳɟɣɫɹ�ɱɚɫɬɶɸ�ɩɨɜɟɪɯɧɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɹ, 
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ɝɞɟ K - ɤɨɥɢɱɟɫɬɜɨ ɩɪɹɦɵɯ� ɥɭɱɟɣ� ɢɥɢ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɵɯ� ɥɭɱɟɣ, ɭɩɚɜɲɢɯ� ɧɚ  

m�ɸ�ɩɨɜɟɪɯɧɨɫɬɶ i,j,d�ɝɨ�ɨɛɴɟɦɚ, ɹɜɥɹɸɳɟɣɫɹ�ɩɨɜɟɪɯɧɨɫɬɶɸ�ɨɝɪɚɠɞɟɧɢɹ;        - ɞɨɥɹ 

ɡɟɪɤɚɥɶɧɨɣ� ɷɧɟɪɝɢɢ, ɧɚɩɪɚɜɥɹɟɦɚɹ� ɩɨ k�ɦɭ� ɥɭɱɭ� ɩɨɫɥɟ� ɟɝɨ� ɨɬɪɚɠɟɧɢɹ� ɨɬ m�ɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ�ɨɝɪɚɠɞɟɧɢɹ�ɜ i,j,d�ɨɦ�ɨɛɴɟɦɟ. 

ɉɪɢ� ɧɚɥɢɱɢɢ� ɦɟɠɞɭ� ɫɨɫɟɞɧɢɦɢ� ɷɥɟɦɟɧɬɚɪɧɵɦɢ� ɨɛɴɟɦɚɦɢ� ɩɟɪɟɝɨɪɨɞɤɢ, 

ɪɚɡɞɟɥɹɸɳɟɣ�ɨɬɞɟɥɶɧɵɟ�ɨɛɴɟɦɵ�ɫɢɫɬɟɦɵ, ɧɚɩɪɢɦɟɪ, ɦɟɠɞɭ�ɨɛɴɟɦɚɦɢ Vi,j,d �ɢ Vi+1,j,d, 

ɩɥɨɬɧɨɫɬɢ�ɩɨɬɨɤɨɜ�ɨɩɪɟɞɟɥɹɸɬɫɹ�ɦɟɠɞɭ�ɧɢɦɢ�ɤɚɤ 

� � ,/ ,,,,,,1,,1,,,, djidjidjidjidjidji hq WHKHK ���        (4.34) 

ɝɞɟ 
djiɫɪdji cl

,,,, 5.0 K ; djiɫɪdji cl
,,1,,1 5.0

��  K ; djiɫɪl
,, , 

djiɫɪl
,,1�

 - ɫɪɟɞɧɢɟ�ɞɥɢɧɵ�ɩɪɨɛɟɝɨɜ 

ɥɭɱɟɣ�ɜ�ɩɨɦɟɳɟɧɢɹɯ, ɤ�ɤɨɬɨɪɵɦ�ɩɪɢɧɚɞɥɟɠɚɬ�ɫɦɟɠɧɵɟ�ɨɛɴɟɦɵ Vi,j,d �ɢ Vi+1,j,d, dji ,,W  - 

ɤɨɷɮɮɢɰɢɟɧɬ�ɡɜɭɤɨɩɪɨɧɢɰɚɟɦɨɫɬɢ�ɩɟɪɟɝɨɪɨɞɤɢ, ɪɚɡɞɟɥɹɸɳɟɣ�ɩɨɦɟɳɟɧɢɹ. 

Ⱦɥɹ�ɪɟɚɥɢɡɚɰɢɢ�ɩɪɟɞɥɨɠɟɧɧɨɣ�ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɪɚɡɪɚɛɨɬɚɧɚ�ɤɨɦɩɶɸɬɟɪɧɚɹ 

ɩɪɨɝɪɚɦɦɚ, ɨɫɧɨɜɚɧɧɚɹ�ɧɚ�ɧɢɠɟ�ɫɥɟɞɭɸɳɟɣ�ɦɟɬɨɞɢɤɟ.  

1. ȼɫɟ�ɩɨɦɟɳɟɧɢɹ�ɫɢɫɬɟɦɵ�ɪɚɡɛɢɜɚɟɬɫɹ�ɧɚ�ɨɬɞɟɥɶɧɵɟ�ɷɥɟɦɟɧɬɚɪɧɵɟ�ɨɛɴɟɦɵ 

ɜ�ɜɢɞɟ�ɤɭɛɨɜ�ɢɥɢ�ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɜ�ɫɨ�ɫɬɨɪɨɧɚɦɢ djih ,,  (ɫɦ. ɪɢɫɭɧɨɤ 4.5). Ƚɪɚɧɢɰɵ 

ɨɛɴɟɦɨɜ� ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ� ɩɨ� ɨɛɳɢɦ� ɝɪɚɧɢɰɚɦ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɩɨ� ɝɪɚɧɢɰɚɦ 

ɩɟɪɟɝɨɪɨɞɨɤ�ɦɟɠɞɭ�ɨɬɞɟɥɶɧɵɦɢ�ɨɛɴɟɦɚɦɢ�ɫɢɫɬɟɦɵ. 
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2. Ɉɩɪɟɞɟɥɹɸɬɫɹ� ɭɡɥɨɜɵɟ� ɬɨɱɤɢ� ɨɛɴɟɦɧɨɣ� ɫɟɬɤɢ. Ʉɚɠɞɨɦɭ� ɷɥɟɦɟɧɬɚɪɧɨɦɭ 

ɨɛɴɟɦɭ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɨɞɧɚ�ɬɨɱɤɚ�ɫɟɬɤɢ 

3. ɉɪɨɢɡɜɨɞɢɬɫɹ�ɪɚɫɱɟɬ�ɩɥɨɬɧɨɫɬɢ�ɷɧɟɪɝɢɢ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɞɥɹ�ɤɚɠɞɨɣ�ɬɨɱɤɢ 

ɫɟɬɤɢ. Ɋɚɫɱɟɬ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ� ɨɬ� ɢɫɬɨɱɧɢɤɨɜ� ɜɵɩɨɥɧɹɟɬɫɹ� ɩɨ� ɮɨɪɦɭɥɚɦ, 

ɭɱɢɬɵɜɚɸɳɢɦ�ɜɢɞ�ɢɫɬɨɱɧɢɤɚ, ɟɝɨ�ɮɨɪɦɭ, ɝɚɛɚɪɢɬɧɵɟ�ɪɚɡɦɟɪɵ, ɞɪɭɝɢɟ�ɩɚɪɚɦɟɬɪɵ, 

ɜɥɢɹɸɳɢɟ�ɧɚ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ. 

4. Ⱦɥɹ� ɤɚɠɞɨɣ� ɪɚɫɱɟɬɧɨɣ� ɬɨɱɤɢ� ɨɩɪɟɞɟɥɹɸɬɫɹ� ɩɥɨɬɧɨɫɬɢ� ɩɪɹɦɨɣ� ɷɧɟɪɝɢɢ, 

ɩɪɢɲɟɞɲɟɣ�ɜ�ɷɥɟɦɟɧɬɚɪɧɵɣ�ɨɛɴɟɦ. ȼ�ɩɪɨɝɪɚɦɦɟ�ɪɚɫɱɟɬ�ɩɥɨɬɧɨɫɬɢ�ɩɪɹɦɨɣ�ɷɧɟɪɝɢɢ 

ɩɪɨɢɡɜɨɞɢɬɫɹ�ɦɟɬɨɞɨɦ�ɩɪɨɫɥɟɠɢɜɚɧɢɹ�ɥɭɱɟɣ�ɩɨ�ɮɨɪɦɭɥɚɦ (4.23) ɢ (4.24). ɂɦɟɟɬɫɹ 

ɬɚɤɠɟ�ɜɨɡɦɨɠɧɨɫɬɶ�ɪɚɫɱɟɬɚ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɮɨɪɦɭɥ. 

5. Ɇɟɬɨɞɨɦ� ɩɪɨɫɥɟɠɢɜɚɧɢɹ� ɞɥɹ� ɤɚɠɞɨɣ� ɪɚɫɱɟɬɧɨɣ� ɬɨɱɤɢ� ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɜɟɥɢɱɢɧɵ�ɡɟɪɤɚɥɶɧɨ�ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ�ɥɭɱɟɣ, ɩɪɨɯɨɞɹɳɢɯ�ɱɟɪɟɡ� ɷɥɟɦɟɧɬɚɪɧɵɣ 

ɨɛɴɟɦ. Ɋɚɫɱɟɬ� ɩɥɨɬɧɨɫɬɢ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɩɨ 

ɮɨɪɦɭɥɚɦ (4.25) ɢ (4.26). 

6. Ⱦɥɹ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɨɛɴɟɦɨɜ, ɪɚɫɩɨɥɚɝɚɸɳɢɯɫɹ� ɭ� ɝɪɚɧɢɰ� ɩɨɦɟɳɟɧɢɣ 

ɫɢɫɬɟɦɵ, ɧɚɯɨɞɹɬɫɹ� ɜɟɥɢɱɢɧɵ� ɞɢɮɮɭɡɧɨɣ� ɷɧɟɪɝɢɢ, ɩɨɹɜɥɹɸɳɟɣɫɹ� ɜ� ɧɢɯ� ɩɪɢ 

ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ� ɯɚɪɚɤɬɟɪɟ� ɨɬɪɚɠɟɧɢɹ� ɥɭɱɟɣ� ɨɬ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɨɝɪɚɠɞɟɧɢɣ. 

Ɋɚɫɱɟɬ�ɩɪɨɢɡɜɨɞɢɬɫɹ�ɩɨ�ɮɨɪɦɭɥɟ (4.33) 

7. Ⱦɥɹ� ɜɫɟɯ� ɷɥɟɦɟɧɬɚɪɧɵɯ� ɨɛɴɟɦɨɜ� ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɮɨɪɦɭɥɚɦɢ (4.29) ɢ 

(4.30) ɫɨɫɬɚɜɥɹɸɬɫɹ�ɭɪɚɜɧɟɧɢɹ�ɛɚɥɚɧɫɨɜ�ɞɢɮɮɭɡɧɨɣ�ɷɧɟɪɝɢɢ.  

8. ɑɟɪɟɡ� ɡɧɚɱɟɧɢɹ� ɫɟɬɨɱɧɨɣ� ɮɭɧɤɰɢɢ� ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ� ɱɥɟɧɵ� ɭɪɚɜɧɟɧɢɣ 

ɛɚɥɚɧɫɚ� ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɞɥɹ� ɤɚɠɞɨɝɨ� ɨɛɴɟɦɚ. ɉɪɢ� ɷɬɨɦ� ɩɨɥɭɱɚɟɬɫɹ� ɫɢɫɬɟɦɚ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ� ɭɪɚɜɧɟɧɢɣ, ɪɟɚɥɢɡɚɰɢɹ� ɤɨɬɨɪɨɣ� ɩɨɡɜɨɥɹɟɬ� ɩɨɥɭɱɢɬɶ� ɪɚɡɧɨɫɬɧɨɟ 

ɪɟɲɟɧɢɟ. 

9. Ⱦɥɹ� ɤɚɠɞɨɝɨ� ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɨɛɴɟɦɚ� ɧɚɯɨɞɢɬɫɹ� ɫɭɦɦɚɪɧɚɹ� ɩɥɨɬɧɨɫɬɶ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, ɪɚɜɧɚɹ� ɫɭɦɦɟ� ɩɥɨɬɧɨɫɬɟɣ� ɩɪɹɦɨɣ, ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɣ� ɢ 

ɪɚɫɫɟɹɧɧɨɣ� ɷɧɟɪɝɢɣ, ɢ� ɩɪɨɢɡɜɨɞɢɬɫɹ� ɜɵɱɢɫɥɟɧɢɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɨ 

ɮɨɪɦɭɥɟ (4.22). 

ɉɪɢ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɢɡɥɨɠɟɧɧɨɣ�ɦɟɬɨɞɢɤɢ� ɢ� ɤɨɦɩɶɸɬɟɪɧɨɣ�ɩɪɨɝɪɚɦɦɵ� ɞɥɹ 

ɟɟ� ɪɟɚɥɢɡɚɰɢɢ� ɜɨɡɦɨɠɧɨ� ɩɪɨɢɡɜɨɞɢɬɶ� ɨɰɟɧɤɭ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ 

ɥɸɛɵɯ� ɩɨ� ɫɥɨɠɧɨɫɬɢ� ɫɢɫɬɟɦɚɯ� ɨɛɴɟɦɨɜ, ɨɛɴɟɞɢɧɟɧɧɵɯ� ɨɛɳɢɦ� ɜɨɡɞɭɲɧɵɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ, ɢ� ɜɵɩɨɥɧɹɬɶ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɪɟɞɫɬɜ, 
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ɧɟɨɛɯɨɞɢɦɵɯ� ɞɥɹ� ɨɛɟɫɩɟɱɟɧɢɹ� ɬɪɟɛɭɟɦɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ. 

ɉɪɨɝɪɚɦɦɚ�ɩɨɡɜɨɥɹɟɬ� ɬɚɤɠɟ�ɩɪɨɢɡɜɨɞɢɬɶ�ɪɚɫɱɟɬɵ�ɩɪɢ� ɡɟɪɤɚɥɶɧɨɣ�ɢɥɢ�ɞɢɮɮɭɡɧɨɣ 

ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ. 

ȼ� ɫɥɭɱɚɟ� ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɪɚɫɱɟɬɵ� ɩɥɨɬɧɨɫɬɟɣ� ɩɪɹɦɨɝɨ 

ɡɜɭɤɚ� ɢ� ɡɟɪɤɚɥɶɧɨ� ɨɬɪɚɠɟɧɧɨɝɨ� ɡɜɭɤɚ� ɩɪɨɢɡɜɨɞɹɬɫɹ, ɤɨɝɞɚ� ɜ� ɮɨɪɦɭɥɟ (4.25) 

ɡɧɚɱɟɧɢɟ     ɩɪɢɧɹɬɨ� ɪɚɜɧɵɦ        . ɉɪɢ� ɞɢɮɮɭɡɧɨɣ� ɦɨɞɟɥɢ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ 

ɩɪɨɢɡɜɨɞɹɬɫɹ�ɪɚɫɱɟɬɵ�ɩɥɨɬɧɨɫɬɟɣ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɢ�ɞɢɮɮɭɡɧɨ�ɨɬɪɚɠɟɧɧɨɝɨ�ɡɜɭɤɚ. ȼ 

ɷɬɨɦ�ɫɥɭɱɚɟ�ɝɪɚɧɢɱɧɵɟ�ɭɫɥɨɜɢɹ (4.28) ɢɦɟɸɬ�ɜɢɞ 
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4.3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢ�ɪɚɫɱɟɬɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɟ 

ɚɤɭɫɬɢɱɟɫɤɢ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ 

 

 

Ⱦɥɹ� ɩɨɞɬɜɟɪɠɞɟɧɢɹ� ɜɨɡɦɨɠɧɨɫɬɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɞɥɹ� ɪɚɫɱɟɬɨɜ� ɲɭɦɚ� ɜ 

ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɨɛɳɢɦ� ɜɨɡɞɭɲɧɵɦ� ɩɪɨɫɬɪɚɧɫɬɜɨɦ 

ɩɪɟɞɥɨɠɟɧɧɨɣ�ɦɟɬɨɞɢɤɢ�ɜ� ɪɚɛɨɬɟ� ɜɵɩɨɥɧɟɧɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɢ 

ɩɪɨɢɡɜɟɞɟɧ� ɫɪɚɜɧɢɬɟɥɶɧɵɣ� ɚɧɚɥɢɡ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢ� ɪɚɫɱɟɬɧɵɯ� ɞɚɧɧɵɯ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜɵɩɨɥɧɟɧɵ�ɧɚ�ɮɢɡɢɱɟɫɤɢɯ�ɦɨɞɟɥɹɯ�ɩɨɦɟɳɟɧɢɣ 

ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɢ�ɜ�ɫɢɫɬɟɦɟ�ɪɟɚɥɶɧɵɯ�ɩɨɦɟɳɟɧɢɣ. Ɍɚɤɨɣ�ɜɵɛɨɪ 

ɨɛɴɹɫɧɹɟɬɫɹ� ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ� ɨɛɟɫɩɟɱɟɧɢɹ� ɩɪɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɨɬɢɜɨɪɟɱɢɜɵɯ� ɬɪɟɛɨɜɚɧɢɣ. ɋ� ɨɞɧɨɣ� ɫɬɨɪɨɧɵ� ɧɟɨɛɯɨɞɢɦɨ� ɨɛɟɫɩɟɱɢɬɶ 

ɫɨɨɬɜɟɬɫɬɜɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɢɡɦɟɪɟɧɢɣ� ɪɟɚɥɶɧɵɦ� ɭɫɥɨɜɢɹɦ, ɫ� ɞɪɭɝɨɣ� ɫɬɨɪɨɧɵ 

ɬɪɟɛɭɟɬɫɹ� ɢɫɫɥɟɞɨɜɚɬɶ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɩɪɢ� ɲɢɪɨɤɨɦ� ɞɢɚɩɚɡɨɧɟ 

ɢɡɦɟɧɟɧɢɹ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ� ɢ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɦɟɳɟɧɢɣ. ȼ� ɷɬɨɦ 

ɫɥɭɱɚɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɧɚ� ɦɨɞɟɥɹɯ� ɩɨɦɟɳɟɧɢɣ� ɩɨɡɜɨɥɹɸɬ� ɜɵɹɜɢɬɶ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɥɟɣ� ɩɪɢ� ɢɡɦɟɧɟɧɢɹɯ� ɩɚɪɚɦɟɬɪɨɜ 

p[ 1 p[
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ɩɨɦɟɳɟɧɢɣ� ɢ� ɢɯ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɉɞɧɚɤɨ, ɩɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ 

ɢɡɦɟɪɟɧɢɣ�ɛɭɞɭɬ�ɜ�ɢɡɜɟɫɬɧɨɣ�ɫɬɟɩɟɧɢ�ɨɬɥɢɱɚɬɶɫɹ�ɨɬ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ, 

ɩɨɥɭɱɟɧɧɵɯ�ɜ�ɪɟɚɥɶɧɵɯ�ɩɨɦɟɳɟɧɢɹɯ. ɉɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ�ɧɟɜɨɡɦɨɠɧɨ�ɩɨɥɧɨɫɬɶɸ 

ɫɨɡɞɚɬɶ� ɭɫɥɨɜɢɹ� ɪɟɚɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɭɱɟɬɨɦ� ɫɥɨɠɧɨɫɬɢ� ɮɨɪɦɵ� ɩɨɦɟɳɟɧɢɹ, 

ɧɚɥɢɱɢɹ� ɦɟɛɟɥɢ� ɢ� ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡɧɨɨɛɪɚɡɢɹ� ɦɚɬɟɪɢɚɥɨɜ� ɫ� ɪɚɡɥɢɱɧɵɦɢ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɦɢ�ɢ�ɨɬɪɚɠɚɸɳɢɦɢ�ɡɜɭɤ�ɫɜɨɣɫɬɜɚɦɢ�ɢ�ɬ�ɞ. 

ɇɢɠɟ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɜ 

ɦɨɞɟɥɶɧɵɯ�ɢ�ɧɚɬɭɪɧɵɯ�ɭɫɥɨɜɢɹɯ. 

 

 

4.3.1 ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɪɚɫɱɟɬɧɵɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɜ 
ɮɢɡɢɱɟɫɤɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ 

 
 

ɂɫɫɥɟɞɨɜɚɧɢɹ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ 

ɜɵɫɨɬɵ� ɜɵɩɨɥɧɟɧɵ� ɧɚ� ɦɨɞɟɥɢ� ɫ� ɝɚɛɚɪɢɬɧɵɦɢ� ɪɚɡɦɟɪɚɦɢ 195×77 ɫɦ. ȼɵɫɨɬɚ 

ɩɨɦɟɳɟɧɢɹ� ɩɟɪɟɦɟɧɧɚɹ� ɢ� ɩɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɹɯ� ɩɪɢɧɢɦɚɥɚ� ɡɧɚɱɟɧɢɹ 25, 35, 45  

ɢ 55 ɫɦ. Ⱦɜɟ� ɩɟɪɟɝɨɪɨɞɤɢ� ɩɨɫɬɨɹɧɧɨɣ� ɜɵɫɨɬɵ 18 ɫɦ� ɞɟɥɹɬ� ɩɨɦɟɳɟɧɢɟ� ɧɚ� ɬɪɢ 

ɪɚɜɧɵɯ� ɱɚɫɬɢ (ɫɦ. ɪɢɫɭɧɨɤ 4.6). ɉɨɥ� ɢ� ɩɨɬɨɥɨɤ� ɦɨɞɟɥɢ� ɜɵɩɨɥɧɟɧɵ� ɢɡ  

ɰɟɦɟɧɬɧɨ�ɫɬɪɭɠɟɱɧɵɯ� ɩɥɢɬ, ɜɟɪɬɢɤɚɥɶɧɵɟ� ɨɝɪɚɠɞɟɧɢɹ� ɜɵɩɨɥɧɟɧɵ� ɢɡ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ� ɫɬɟɤɥɚ� ɢ� ɰɟɦɟɧɬɧɨ�ɫɬɪɭɠɟɱɧɵɯ� ɩɥɢɬ. Ⱦɥɹ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ� ɨɛɥɢɰɨɜɤɢ� ɩɨɬɨɥɤɚ� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɩɥɢɬɵ� ɫ� ɧɚɤɥɟɟɧɧɵɦ 

ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɨɦ� ɬɨɥɳɢɧɨɣ 15 ɦɦ. ɋɪɟɞɧɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 

ɧɟɨɛɥɢɰɨɜɚɧɧɵɯ�ɨɝɪɚɠɞɟɧɢɣ�ɦɨɞɟɥɢ�ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ�ɱɚɫɬɨɬ�ɫ fɫɪ=4000 Ƚɰ�ɪɚɜɟɧ 

Įɫɪ=0.06, ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɩɚɧɟɥɟɣ� ɫ� ɩɟɧɨɩɨɥɢɭɪɟɬɚɧɨɦ Įɡ=0.31. 

ɇɢɠɧɢɟ�ɪɚɫɱɟɬɧɵɟ�ɬɨɱɤɢ�ɪɚɡɦɟɳɚɥɢɫɶ�ɜ�ɭɪɨɜɧɟ�ɫɟɪɟɞɢɧɵ�ɜɵɫɨɬɵ�ɩɟɪɟɝɨɪɨɞɨɤ�ɧɚ 

ɜɵɫɨɬɟ 9 ɫɦ. ɍɪɨɜɟɧɶ� ɜɟɪɯɧɟɝɨ� ɪɹɞɚ� ɬɨɱɟɤ� ɩɪɢɧɹɬ� ɩɨ� ɫɟɪɟɞɢɧɟ� ɨɬɤɪɵɬɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ�ɧɚɞ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ.  

ɋɨɡɞɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɦɨɞɟɥɢ� ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ� ɲɚɪɢɤɨɜɵɦ 

ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ, ɪɚɡɪɚɛɨɬɚɧɧɵɦ� ɜ� ɇɂɂɋɎɟ� ɢ� ɲɢɪɨɤɨ� ɢɫɩɨɥɶɡɨɜɚɧɧɵɦ� ɩɪɢ 

ɢɡɦɟɪɟɧɢɹɯ� ɜ� ɦɨɞɟɥɶɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ [46,47]. ɂɡɦɟɪɟɧɢɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɲɭɦɨɦɟɪɨɦ� ɗɄɈɎɂɁɂɄȺ-110Ⱥ. Ⱥɧɚɥɢɡ� ɪɟɡɭɥɶɬɚɬɨɜ 

ɜɵɩɨɥɧɹɥɫɹ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɫɩɟɰɢɚɥɶɧɨɝɨ� ɩɪɨɝɪɚɦɦɧɨɝɨ� ɨɛɟɫɩɟɱɟɧɢɹ. 
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ɋɪɚɜɧɢɬɟɥɶɧɵɣ� ɚɧɚɥɢɡ� ɜɵɩɨɥɧɹɥɫɹ� ɜ� ɨɤɬɚɜɧɨɣ� ɩɨɥɨɫɟ� ɫ fɫɪ=4000 Ƚɰ, ɜ� ɤɨɬɨɪɨɣ 

ɞɥɢɧɚ�ɜɨɥɧ�ɦɟɧɶɲɟ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ�ɦɨɞɟɥɢ�ɢ�ɩɟɪɟɝɨɪɨɞɨɤ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ� ɧɚ� ɦɨɞɟɥɹɯ� ɩɨɞɨɛɧɨɝɨ� ɜɢɞɚ� ɜ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɹɯ 

ɜɵɩɨɥɧɹɥ�ɜ�ɪɚɛɨɬɟ [109] E. Kruzinst. 

 
Ɋɢɫɭɧɨɤ 4.6 - ɋɯɟɦɚ� ɦɨɞɟɥɢ� ɩɨɦɟɳɟɧɢɹ� ɫ� ɭɤɚɡɚɧɢɟɦ� ɩɨɥɨɠɟɧɢɹ� ɩɟɪɟɝɨɪɨɞɨɤ� ɢ 

ɪɚɫɱɟɬɧɵɯ�ɬɨɱɟɤ: ɚ) - ɩɥɚɧ�ɦɨɞɟɥɢ; ɛ) - ɫɟɱɟɧɢɟ 1-1. 

ȼɫɟɝɨ� ɩɪɨɢɡɜɟɞɟɧɨ 8 ɫɟɪɢɣ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɩɪɢ� ɱɟɬɵɪɟɯ� ɡɧɚɱɟɧɢɹɯ� ɜɵɫɨɬɵ 

ɩɨɦɟɳɟɧɢɹ� ɫ� ɩɨɬɨɥɤɨɦ, ɨɛɥɢɰɨɜɚɧɧɵɦ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɦ� ɦɚɬɟɪɢɚɥɨɦ, ɢ� ɛɟɡ 

ɨɛɥɢɰɨɜɤɢ. Ⱦɥɹ� ɨɰɟɧɤɢ� ɜɥɢɹɧɢɹ� ɩɟɪɟɝɨɪɨɞɨɤ� ɜɵɩɨɥɧɟɧɵ� ɬɚɤɠɟ� ɢɡɦɟɪɟɧɢɹ� ɜ 

ɦɨɞɟɥɢ�ɛɟɡ�ɩɟɪɟɝɨɪɨɞɨɤ. ȼɫɟ�ɪɟɡɭɥɶɬɚɬɵ�ɢɡɦɟɪɟɧɢɣ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ 4.2.  
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Ɍɚɛɥɢɰɚ 4.2 - Ɋɟɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɜ� ɮɢɡɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ 

ȼɵɫɨɬɚ 
ɩɨɦɟɳɟɧɢɹ, 

ɫɦ 

Ɂɜɭɤɨɩɨɝɥɨɳɟɧɢɟ 
ɩɨɬɨɥɤɚ 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ�ɜ�ɬɨɱɤɚɯ 

Ɍ1 Ɍ2 Ɍ3 Ɍ4 Ɍ5 

ɉɨɦɟɳɟɧɢɟ�ɛɟɡ�ɩɟɪɟɝɨɪɨɞɨɤ 

25 ɧɟɬ 110.60 108.20 107.60 107.41 107.20 
ɟɫɬɶ 106.92 105.20 104.60 104.41 104.20 

35 ɧɟɬ 109.10 108.32 108.00 107.16 106.89 
ɟɫɬɶ 106.10 105.50 104.90 104.81 104.72 

45 ɧɟɬ 108.40 107.89 107.80 107.69 107.60 
ɟɫɬɶ 105.40 104.89 104.80 104.70 104.76 

55 ɧɟɬ 107.68 107.73 107.70 107.54 107.30 
ɟɫɬɶ 104.90 104.71 104.68 104.42 104.52 

ɉɨɦɟɳɟɧɢɟ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ 

25 ɧɟɬ 112.58 106.09 106.77 104.33 104.45 
ɟɫɬɶ 109.42 99.45 99.15 91.20 92.00 

35 ɧɟɬ 110.42 106.50 107.32 104.82 104.81 
ɟɫɬɶ 107.86 102.82 102.15 98.49 97.32 

45 ɧɟɬ 110.04 106.69 106.61 105.61 105.36 
ɟɫɬɶ 105.41 101.87 102.42 101.25 100.05 

55 ɧɟɬ 109.56 106.78 106.80 105.78 105.09 
ɟɫɬɶ 106.87 103.32 102.15 101.01 100.02 

Ɋɟɡɭɥɶɬɚɬɵ� ɢɡɦɟɪɟɧɢɣ� ɢ� ɜɵɩɨɥɧɟɧɧɵɯ� ɪɚɫɱɟɬɨɜ� ɩɨ� ɨɬɞɟɥɶɧɵɦ� ɜɚɪɢɚɧɬɚɦ 
ɞɚɧɵ�ɜ�ɬɚɛɥɢɰɚɯ 4.3-4.6 ɢ�ɧɚ�ɪɢɫɭɧɤɚɯ 4.7-4.10. 

Ɋɚɫɱɟɬɵ� ɩɪɨɢɡɜɨɞɢɥɢɫɶ� ɜ� ɤɨɦɩɶɸɬɟɪɧɨɣ� ɩɪɨɝɪɚɦɦɟ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɦɟɬɨɞɢɤɢ, ɢɡɥɨɠɟɧɧɨɣ� ɜ� ɪɚɡɞɟɥɟ 4.2, ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɜɟɥɢɱɢɧɵ  

ȟ: ȟ=0 - ɞɢɮɮɭɡɧɨɟ�ɨɬɪɚɠɟɧɢɟ; ȟ=1 - ɡɟɪɤɚɥɶɧɨɟ�ɨɬɪɚɠɟɧɢɟ; ȟ=0.1÷0.4 - ɫɦɟɲɚɧɧɨɟ 

ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɟ�ɨɬɪɚɠɟɧɢɟ. ȼ�ɬɚɛɥɢɰɚɯ�ɩɪɢɜɟɞɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɨɜ�ɩɪɢ 

ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ�ɨɬɪɚɠɟɧɢɢ�ɫ ȟ=0.2. 

ȼɵɩɨɥɧɟɧɧɵɣ�ɫɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɪɟɡɭɥɶɬɚɬɨɜ�ɩɨɤɚɡɚɥ�ɫɥɟɞɭɸɳɟɟ.  
Ȼɥɢɠɧɹɹ� ɤ� ɢɫɬɨɱɧɢɤɭ� ɩɟɪɟɝɨɪɨɞɤɚ� ɜ� ɨɩɪɟɞɟɥɟɧɧɨɣ� ɦɟɪɟ� ɜɵɩɨɥɧɹɟɬ� ɪɨɥɶ 

ɚɤɭɫɬɢɱɟɫɤɨɝɨ� ɷɤɪɚɧɚ� ɞɥɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ. ɉɟɪɟɝɨɪɨɞɤɢ� ɪɚɫɩɨɥɚɝɚɸɬɫɹ� ɧɚ� ɜɫɸ 
ɲɢɪɢɧɭ�ɦɨɞɟɥɢ�ɢ�ɢɯ�ɦɨɠɧɨ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɤɚɤ�ɷɤɪɚɧɵ�ɛɟɫɤɨɧɟɱɧɨɣ�ɞɥɢɧɵ. ȼɧɭɬɪɢ 
ɩɨɦɟɳɟɧɢɣ� ɷɤɪɚɧɵ� ɨɛɵɱɧɨ� ɢɫɩɨɥɶɡɭɸɬ� ɞɥɹ� ɫɧɢɠɟɧɢɹ� ɩɪɹɦɨɝɨ� ɡɜɭɤɚ, ɤɨɬɨɪɵɣ 
ɞɨɫɬɚɬɨɱɧɨ� ɜɵɫɨɤ� ɜ� ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ� ɛɥɢɡɨɫɬɢ� ɤ� ɢɫɬɨɱɧɢɤɭ� ɲɭɦɚ. ɉɨ� ɦɟɪɟ 
ɭɞɚɥɟɧɢɹ� ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɜɨɡɪɚɫɬɚɟɬ� ɞɨɥɹ� ɨɬɪɚɠɟɧɧɨɣ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ, 
ɷɤɪɚɧɢɪɭɸɳɚɹ� ɪɨɥɶ� ɩɟɪɟɝɨɪɨɞɨɤ� ɪɟɡɤɨ� ɫɧɢɠɚɟɬɫɹ� ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɟɧɢɟ 
ɭɪɨɜɧɟɣ� ɲɭɦɚ� ɢ� ɚɤɭɫɬɢɱɟɫɤɚɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɟɪɟɝɨɪɨɞɨɤ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ 
ɨɩɪɟɞɟɥɹɟɬɫɹ�ɜ�ɨɫɧɨɜɧɨɦ�ɫɧɢɠɟɧɢɟɦ�ɢɦɢ�ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ.  
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Ɍɚɛɥɢɰɚ 4.3 - Ɋɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɟɧɢɹ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɦɨɞɟɥɢ�ɜɵɫɨɬɨɣ 25 ɫɦ�ɩɪɢ�ɤɨɷɮɮɢɰɢɟɧɬɟ ȟ=0.8 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ, ɜ�ɬɨɱɤɚɯ 
Ɍ1 Ɍ2 Ɍ3 Ɍ4 Ɍ5 

ɉɨɬɨɥɨɤ�ɛɟɡ 
ɨɛɥɢɰɨɜɤɢ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 112.58 106.09 106.77 104.33 104.45 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 111.29 106.15 106.08 103.21 103.23 

ɉɨɬɨɥɨɤ�ɫ 
ɨɛɥɢɰɨɜɤɨɣ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 109.42 99.45 99.15 91.20 92.00 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 107.85 99.42 99.46 93.98 93.99 

ɚ) 

 
ɛ) 

 
Ɋɢɫɭɧɨɤ 4.7 - Ƚɪɚɮɢɤɢ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɦɨɞɟɥɢ� ɜɵɫɨɬɨɣ 25 ɫɦ�ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ ȟ: ɚ) – ɜ� ɦɨɞɟɥɢ� ɛɟɡ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ 

ɨɛɥɢɰɨɜɤɢ�ɩɨɬɨɥɤɚ; ɛ) - ɜ�ɦɨɞɟɥɢ�ɫɨ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ�ɨɛɥɢɰɨɜɤɨɣ�ɩɨɬɨɥɤɚ 

103
104
105
106
107
108
109
110
111
112

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

91
93
95
97
99

101
103
105
107
109
111

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 

1 0.34 
0.9 0.46 
0.8 0.46 
0.6 0.59 
0 0.70 

ȟ ǻLɤɜ 
1 2.83 

0.9 1.76 
0.8 1.54 
0.6 1.68 
0 1.59 
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Ɍɚɛɥɢɰɚ 4.4 - Ɋɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɟɧɢɹ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɦɨɞɟɥɢ�ɜɵɫɨɬɨɣ 35 ɫɦ�ɩɪɢ�ɤɨɷɮɮɢɰɢɟɧɬɟ ȟ=0.8 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ, ɜ�ɬɨɱɤɚɯ 
Ɍ1 Ɍ2 Ɍ3 Ɍ4 Ɍ5 

ɉɨɬɨɥɨɤ�ɛɟɡ 
ɨɛɥɢɰɨɜɤɢ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 110.42 106.50 107.32 104.82 104.81 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 109.74 106.13 105.94 104.21 104.22 

ɉɨɬɨɥɨɤ�ɫ 
ɨɛɥɢɰɨɜɤɨɣ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 107.86 102.82 102.15 98.49 97.32 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 107.42 101.75 101.22 98.44 98.31 

 
ɚ) 

 
ɛ) 

 
Ɋɢɫɭɧɨɤ 4.8 - Ƚɪɚɮɢɤɢ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɦɨɞɟɥɢ� ɜɵɫɨɬɨɣ 35 ɫɦ�ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ ȟ: ɚ) – ɜ� ɦɨɞɟɥɢ� ɛɟɡ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ 

ɨɛɥɢɰɨɜɤɢ�ɩɨɬɨɥɤɚ; ɛ) - ɜ�ɦɨɞɟɥɢ�ɫɨ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ�ɨɛɥɢɰɨɜɤɨɣ�ɩɨɬɨɥɤɚ 

104

105

106

107

108

109

110

111

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

97

99

101

103

105

107

109

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 
1 0.70 

0.9 0.45 
0.8 0.32 
0.6 0.32 
0 0.34 

ȟ� ǻLɤɜ 
1 1.32 

0.9 0.64 
0.8 0.64 
0.6 0.63 
0 0.59 



132 

Ɍɚɛɥɢɰɚ 4.5 - Ɋɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɟɧɢɹ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɦɨɞɟɥɢ�ɜɵɫɨɬɨɣ 45 ɫɦ�ɩɪɢ�ɤɨɷɮɮɢɰɢɟɧɬɟ ȟ=0.8 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ  ɜ�ɬɨɱɤɚɯ 
Ɍ1 Ɍ2 Ɍ3 Ɍ4 Ɍ5 

ɉɨɬɨɥɨɤ�ɛɟɡ 
ɨɛɥɢɰɨɜɤɢ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 110.04 106.69 106.61 105.61 105.36 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 109.35 106.68 106.41 105.39 105.28 

ɉɨɬɨɥɨɤ�ɫ 
ɨɛɥɢɰɨɜɤɨɣ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 105.41 101.87 102.42 101.25 100.05 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 105.89 101.75 101.14 99.47 99.27 

 
ɚ) 

 
ɛ) 

 
Ɋɢɫɭɧɨɤ 4.9 - Ƚɪɚɮɢɤɢ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɜ� ɦɨɞɟɥɢ� ɜɵɫɨɬɨɣ 45 ɫɦ�ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ ȟ: ɚ) – ɜ� ɦɨɞɟɥɢ� ɛɟɡ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ 

ɨɛɥɢɰɨɜɤɢ�ɩɨɬɨɥɤɚ;  ɛ)  - ɜ�ɦɨɞɟɥɢ�ɫɨ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ�ɨɛɥɢɰɨɜɤɨɣ�ɩɨɬɨɥɤɚ 

105

106

107

108

109

110

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

98
99

100
101
102
103
104
105
106
107

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 
1 0.49 

0.9 0.25 
0.8 0.24 
0.6 0.29 
0 0.40 

ȟ� ǻLɤɜ 
1 1.03 

0.9 0.98 
0.8 0.81 
0.6 0.87 
0 0.87 
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Ɍɚɛɥɢɰɚ 4.6 - Ɋɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɟɧɢɹ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ 

ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɦɨɞɟɥɢ�ɜɵɫɨɬɨɣ 55 ɫɦ�ɩɪɢ�ɤɨɷɮɮɢɰɢɟɧɬɟ ȟ=0.8 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ, ɜ�ɬɨɱɤɚɯ 
Ɍ1 Ɍ2 Ɍ3 Ɍ4 Ɍ5 

ɉɨɬɨɥɨɤ�ɛɟɡ 
ɨɛɥɢɰɨɜɤɢ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 109.56 106.78 106.80 105.78 105.09 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 108.92 106.32 105.87 105.14 104.97 

ɉɨɬɨɥɨɤ�ɫ 
ɨɛɥɢɰɨɜɤɨɣ 

ɂɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ 106.87 103.32 102.15 101.01 100.02 
Ɋɚɫɫɱɢɬɚɧɧɵɟ�ɭɪɨɜɧɢ 105.80 101.71 100.94 99.66 99.37 

 
ɚ) 

 
ɛ) 

 
Ɋɢɫɭɧɨɤ 4.10 - Ƚɪɚɮɢɤɢ�ɭɪɨɜɧɟɣ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ�ɜ�ɦɨɞɟɥɢ�ɜɵɫɨɬɨɣ 55 ɫɦ�ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ ȟ: ɚ) – ɜ� ɦɨɞɟɥɢ� ɛɟɡ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ 

ɨɛɥɢɰɨɜɤɢ�ɩɨɬɨɥɤɚ; ɛ) - ɜ�ɦɨɞɟɥɢ�ɫɨ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ�ɨɛɥɢɰɨɜɤɨɣ�ɩɨɬɨɥɤɚ. 

104

105

106

107

108

109

110

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.7
ȟ=0.4
ȟ=0
ɷɤɫɩɟɪ

98
99

100
101
102
103
104
105
106
107

ɬ1 ɬ2 ɬ3 ɬ4 ɬ5

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 
1 0.51 

0.9 0.31 
0.8 0.27 
0.7 0.29 
0.4 0.30 
0 0.48 

ȟ ǻLɤɜ 
1 0.53 

0.9 0.32 
0.8 0.31 
0.6 0.38 
0 0.63 
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ɂɡ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɜɢɞɧɨ, ɱɬɨ� ɩɪɚɤɬɢɱɟɫɤɢ� ɩɪɢ� ɜɫɟɯ� ɜɵɫɨɬɚɯ� ɩɨɦɟɳɟɧɢɣ� ɜ 

ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɟ�Ɍ3�ɢɡɦɟɪɟɧɧɵɟ�ɭɪɨɜɧɢ�ɜɵɲɟ�ɪɚɫɱɟɬɧɵɯ�ɭɪɨɜɧɟɣ�ɧɚ 0.5-1.5 ɞȻ�ɩɪɢ 

ɜɫɟɯ� ɦɨɞɟɥɹɯ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ� ɨɝɪɚɠɞɟɧɢɣ. ɗɬɨ� ɨɛɴɹɫɧɹɟɬɫɹ� ɧɟɭɱɟɬɨɦ� ɜ 

ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɞɢɮɪɚɤɰɢɢ�ɩɪɹɦɨɝɨ�ɡɜɭɤɚ�ɡɚ�ɩɟɪɟɝɨɪɨɞɤɢ.  

Ɂɚ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ, ɧɟ� ɧɚɯɨɞɹɳɢɦɢɫɹ� ɜ� ɩɪɹɦɨɣ� ɜɢɞɢɦɨɫɬɢ, ɢ� ɜ� ɨɛɳɟɦ 

ɜɨɡɞɭɲɧɨɦ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɧɚɞ� ɧɢɦɢ� ɮɨɪɦɢɪɨɜɚɧɢɟ� ɲɭɦɨɜɨɝɨ� ɩɨɥɹ� ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɡɟɪɤɚɥɶɧɵɦɢ� ɢ� ɞɢɮɮɭɡɧɵɦɢ� ɨɬɪɚɠɟɧɢɹɦɢ. Ɋɚɫɱɟɬɵ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɧɚɢɛɨɥɟɟ 

ɛɥɢɡɤɢɟ� ɪɟɡɭɥɶɬɚɬɵ� ɤ� ɷɤɫɩɟɪɢɦɟɧɬɭ� ɞɚɸɬ� ɪɚɫɱɟɬɵ� ɩɪɢ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɨɦ 

ɨɬɪɚɠɟɧɢɢ, ɤɨɝɞɚ ȟ=0.8. Ⱦɚɧɧɨɟ�ɭɫɥɨɜɢɟ�ɫɨɯɪɚɧɹɟɬɫɹ�ɞɥɹ�ɜɫɟɯ�ɜɵɫɨɬ�ɦɨɞɟɥɢ.  

ȼɵɩɨɥɧɟɧɨ�ɫɪɚɜɧɟɧɢɟ�ɪɟɡɭɥɶɬɚɬɨɜ�ɷɤɫɩɟɪɢɦɟɧɬɨɜ�ɜ�ɦɨɞɟɥɹɯ�ɛɟɡ�ɩɟɪɟɝɨɪɨɞɨɤ 

�ɫɦ. ɬɚɛɥɢɰɭ 4.2) ɫ� ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ� ɜ� ɦɨɞɟɥɢ� ɫ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɩɟɪɟɝɨɪɨɞɨɤ� ɜ� ɦɨɞɟɥɹɯ� ɛɟɡ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ� ɜɟɥɢɱɢɧɭ� ɜ� ɬɨɱɤɟ� Ɍ3 1-2 ɞȻ, ɚ� ɜ� ɞɚɥɶɧɟɣ� ɡɨɧɟ� ɜ� ɬɨɱɤɟ� Ɍ5 2.5-3.5 ɞȻ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ�ɫɭɳɟɫɬɜɟɧɧɨ�ɜɨɡɪɚɫɬɚɟɬ�ɩɪɢ�ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɦ�ɩɨɬɨɥɤɟ. ȼ�ɬɨɱɤɟ 

Ɍ3� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɫɨɫɬɚɜɥɹɟɬ 2.0-5.5 ɞȻ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɫɨɨɬɧɨɲɟɧɢɣ� ɜɵɫɨɬɵ 

ɩɟɪɟɝɨɪɨɞɤɢ�ɢ�ɩɨɦɟɳɟɧɢɹ. ȿɳɟ�ɛɨɥɟɟ�ɫɭɳɟɫɬɜɟɧɟɧ�ɪɨɫɬ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɜ�ɞɚɥɶɧɟɣ 

ɨɬ� ɢɫɬɨɱɧɢɤɚ� ɡɨɧɟ. ȼ� ɬɨɱɤɟ� Ɍ5� ɫɧɢɠɟɧɢɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɞɨɫɬɢɝɚɟɬ  

4.0-12.5 ɞȻ.  

Ɍɚɤɢɦ� ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ� ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɩɪɟɞɥɨɠɟɧɧɚɹ� ɪɚɫɱɟɬɧɚɹ� ɦɨɞɟɥɶ� ɞɥɹ� ɨɰɟɧɤɢ� ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɲɭɦɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ� ɨɛɳɢɦ� ɜɨɡɞɭɲɧɵɦ 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ, ɚɞɟɤɜɚɬɧɨ�ɪɟɚɝɢɪɭɟɬ�ɧɚ�ɢɡɦɟɧɟɧɢɟ�ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ�ɢ�ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ� ɜ� ɬɚɤɢɯ� ɫɢɫɬɟɦɚɯ� ɢ� ɦɨɠɟɬ� ɷɮɮɟɤɬɢɜɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɩɪɢ� ɨɰɟɧɤɟ 

ɲɭɦɨɜɨɝɨ�ɪɟɠɢɦɚ�ɢ�ɜɵɛɨɪɟ�ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ�ɫɧɢɠɟɧɢɹ�ɲɭɦɚ. ɋ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɪɚɫɱɟɬɧɨɣ� ɦɨɞɟɥɢ� ɦɨɠɧɨ� ɩɪɨɢɡɜɨɞɢɬɶ� ɩɨɞɛɨɪ� ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ� ɩɨɬɨɥɤɨɜ, ɩɪɢ� ɤɨɬɨɪɵɯ� ɛɭɞɟɬ� ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ 

ɬɪɟɛɭɟɦɵɣ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɨɮɢɫɨɜ, ɜɵɝɨɪɚɠɢɜɚɟɦɵɯ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ. ɋɪɚɜɧɟɧɢɟ� ɪɚɫɱɟɬɨɜ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚ� ɩɨɤɚɡɚɥɨ, 

ɱɬɨ�ɩɪɢ�ɪɚɫɱɟɬɚɯ�ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɫɥɟɞɭɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɭɸ�ɦɨɞɟɥɶ 

ɨɬɪɚɠɟɧɢɹ�ɫ�ɤɨɷɮɮɢɰɢɟɧɬɨɦ ȟ=0.80. ȼɟɥɢɱɢɧɚ�ɪɚɫɯɨɠɞɟɧɢɣ�ɜ�ɭɪɨɜɧɹɯ�ɩɪɢ�ɷɬɨɦ�ɧɟ 

ɛɭɞɟɬ�ɩɪɟɜɵɲɚɬɶ 2 ɞȻ.  
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4.3.2 ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɪɚɫɱɟɬɧɵɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ  

ɜ�ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ 

 

 

Ⱦɥɹ�ɨɰɟɧɤɢ�ɫɬɟɩɟɧɢ�ɚɞɟɤɜɚɬɧɨɫɬɢ�ɪɚɫɱɟɬɧɨɣ�ɦɨɞɟɥɢ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ 

ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɭɫɥɨɜɢɹɦɢ, ɦɚɤɫɢɦɚɥɶɧɨ� ɩɪɢɛɥɢɠɟɧɧɵɦɢ� ɤ� ɪɟɚɥɶɧɵɦ� ɭɫɥɨɜɢɹɦ, 

ɜɵɩɨɥɧɟɧɵ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜ�ɩɨɦɟɳɟɧɢɢ, ɩɪɨɫɬɪɚɧɫɬɜɨ�ɤɨɬɨɪɨɝɨ 

ɪɚɡɞɟɥɟɧɨ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ� ɧɚ 8 ɨɛɴɟɦɨɜ� ɫ� ɪɚɡɧɵɦɢ 

ɩɥɚɧɢɪɨɜɨɱɧɵɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ. ɋɯɟɦɚ� ɩɨɦɟɳɟɧɢɹ� ɩɪɢɜɟɞɟɧɚ� ɧɚ� ɪɢɫɭɧɤɟ 4.11. 

Ƚɚɛɚɪɢɬɧɵɟ� ɪɚɡɦɟɪɵ� ɩɨɦɟɳɟɧɢɹ� ɢ� ɟɝɨ� ɨɬɞɟɥɶɧɵɯ� ɨɛɴɟɦɨɜ� ɭɤɚɡɚɧɵ� ɧɚ� ɫɯɟɦɚɯ 

ɪɢɫɭɧɤɚ 4.11. ɇɚ�ɫɯɟɦɚɯ�ɩɨɤɚɡɚɧɵ�ɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ, ɧɢɠɧɢɯ�ɢ�ɜɟɪɯɧɢɯ�ɬɨɱɟɤ 

ɢɡɦɟɪɟɧɢɹ. ɋɬɟɧɵ, ɩɨɥ� ɢ� ɩɨɬɨɥɨɤ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɛɟɬɨɧɧɵɟ, ɩɟɪɟɝɨɪɨɞɤɢ� ɢɡ 

ɝɢɩɫɨɤɚɪɬɨɧɧɵɯ�ɩɥɢɬ.  

ɒɭɦɨɜɨɣ� ɪɟɠɢɦ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɫɨɡɞɚɜɚɥɫɹ� ɢɫɬɨɱɧɢɤɨɦ� ɡɜɭɤɚ  

OED-SP-012-600. ɂɡɦɟɪɟɧɢɹ� ɲɭɦɚ� ɩɪɨɢɡɜɨɞɢɥɢɫɶ� ɲɭɦɨɦɟɪɨɦ� ɗɄɈɎɂɁɂɄȺ-

110Ⱥ. ɋɪɟɞɧɢɟ� ɤɨɷɮɮɢɰɢɟɧɬɵ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɪɚɫɫɱɢɬɚɧɵ� ɧɚ� ɨɫɧɨɜɚɧɢɢ 

ɢɡɦɟɪɟɧɧɵɯ�ɡɧɚɱɟɧɢɣ�ɜɪɟɦɟɧɢ�ɪɟɜɟɪɛɟɪɚɰɢɢ. 

ɇɢɠɟ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ� ɞɥɹ� ɨɤɬɚɜɧɨɣ� ɩɨɥɨɫɵ 

ɱɚɫɬɨɬ� ɫ fɫɪ =2000 Ƚɰ. ɋɪɟɞɧɢɣ�ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɞɥɹ�ɷɬɨɣ�ɨɤɬɚɜɧɨɣ 

ɩɨɥɨɫɵ�ɱɚɫɬɨɬ�ɩɨ�ɞɚɧɧɵɦ�ɢɡɦɟɪɟɧɢɣ�ɜɪɟɦɟɧɢ�ɪɟɜɟɪɛɟɪɚɰɢɢ�ɪɚɜɟɧ D =0.11. 

ȼ� ɬɚɛɥɢɰɚɯ 4.7-4.10 ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɢ� ɜɵɩɨɥɧɟɧɧɵɯ 

ɪɚɫɱɟɬɨɜ�ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ, ɞɢɮɮɭɡɧɨɣ�ɢ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɦɨɞɟɥɹɯ�ɨɬɪɚɠɟɧɢɹ�ɡɜɭɤɚ 

ɨɬ�ɨɝɪɚɠɞɟɧɢɣ. Ⱦɚɧɧɵɟ�ɬɚɤɠɟ�ɩɪɢɜɟɞɟɧɵ�ɧɚ�ɪɢɫɭɧɤɚɯ 4.12-4.15. 

ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɚɧɚɥɢɡɚ� ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɫɭɳɟɫɬɜɟɧɧɨ 

ɪɚɡɥɢɱɚɸɬɫɹ�ɜ�ɨɬɞɟɥɶɧɵɯ�ɨɛɴɟɦɚɯ�ɪɚɡɞɟɥɟɧɧɵɯ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ. ȼ�ɬɨ�ɠɟ�ɜɪɟɦɹ�ɫɩɚɞ 

ɨɬɪɚɠɟɧɧɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɜɟɪɯɧɟɣ� ɱɚɫɬɢ� ɨɛɴɟɦɚ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɯɚɪɚɤɬɟɪɧɵɦ� ɫɩɚɞɚɦ 

ɞɥɹ� ɩɥɨɫɤɢɯ� ɩɨɦɟɳɟɧɢɣ. ɉɪɢ� ɜɵɩɨɥɧɟɧɢɢ� ɫɟɪɢɣ� ɪɚɫɱɟɬɨɜ� ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɪɚɫɱɟɬɧɨɣ� ɦɨɞɟɥɢ� ɜɟɥɢɱɢɧɭ� ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɫɥɟɞɭɟɬ�ɩɪɢɧɢɦɚɬɶ�ɪɚɜɧɨɣ ȟ=0.8. 

ɉɪɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɢɫɫɥɟɞɨɜɚɧɨ� ɬɚɤɠɟ� ɜɥɢɹɧɢɟ� ɧɚ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɡɜɭɤɨɜɨɣ�ɷɧɟɪɝɢɢ�ɭɫɬɪɨɣɫɬɜɚ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚ�ɩɨɬɨɥɤɟ. Ⱦɚɧɧɵɟ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɢ 

ɪɚɫɱɟɬɨɜ� ɞɥɹ� ɷɬɨɝɨ� ɫɥɭɱɚɹ� ɩɪɢɜɟɞɟɧɵ� ɜ� ɩɪɢɥɨɠɟɧɢɢ 2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ� ɩɪɢ 
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ɪɚɡɦɟɳɟɧɢɢ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɧɚɞ� ɭɱɚɫɬɤɨɦ� ɫ� ɢɫɬɨɱɧɢɤɨɦ� ɲɭɦɚ� ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɢɦɟɪɧɨ� ɪɚɜɧɨɟ� ɫɧɢɠɟɧɢɟ� ɲɭɦɚ� ɡɚ� ɫɱɟɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɧɚ� ɜɫɟɯ� ɨɫɬɚɥɶɧɵɯ 

ɭɱɚɫɬɤɚɯ. ȼ�ɫɥɭɱɚɟ�ɪɚɡɦɟɳɟɧɢɹ�ɢɫɬɨɱɧɢɤɨɜ�ɲɭɦɚ�ɧɟ�ɩɨɞ�ɷɬɢɦ�ɭɱɚɫɬɤɨɦ�ɫɧɢɠɟɧɢɟ 

ɲɭɦɚ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟɦ� ɧɨɫɢɬ� ɥɨɤɚɥɶɧɵɣ� ɯɚɪɚɤɬɟɪ. ɉɨɷɬɨɦɭ� ɦɟɫɬɨ� ɪɚɡɦɟɳɟɧɢɹ 

ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɞɨɥɠɧɨ� ɜ� ɤɚɠɞɨɣ� ɫɢɬɭɚɰɢɢ� ɨɩɪɟɞɟɥɹɬɶɫɹ� ɤɨɧɤɪɟɬɧɨ. ȿɝɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɦɨɠɟɬ� ɛɵɬɶ� ɨɩɪɟɞɟɥɟɧɚ� ɪɚɫɱɟɬɨɦ� ɩɨ� ɩɪɟɞɥɨɠɟɧɧɨɣ� ɜ� ɪɚɛɨɬɟ 

ɦɟɬɨɞɢɤɟ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɪɚɡɪɚɛɨɬɚɧɧɨɣ�ɤɨɦɩɶɸɬɟɪɧɨɣ�ɩɪɨɝɪɚɦɦɵ.  

 

Ɋɢɫɭɧɨɤ 4.11 - ɋɯɟɦɚ�ɩɨɦɟɳɟɧɢɹ� ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɫ�ɭɤɚɡɚɧɢɟɦ 

ɩɨɥɨɠɟɧɢɹ�ɪɚɫɱɟɬɧɵɯ�ɬɨɱɟɤ (ɚ) ɢ�ɩɨɥɨɠɟɧɢɣ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ (ɛ). 
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Ɍɚɛɥɢɰɚ 4.7 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ1, ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 
ʋ

 ɬ
ɨɱ
ɤɢ

 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɚɥ
ɶɧ
ɵ
ɣ 
ɭɪ
ɨɜ
ɟɧ
ɶ,

 
Lɷ
ɤɫ

i ɞ
Ȼ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɞɢɮɮɭɡɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ�ȟ=0.8 
/ɪɚɫɱi ɞȻ 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

Ɍ1 89.98 88.39 1.59 88.99 0.99 88.57 1.41 
Ɍ2 89.65 87.93 1.72 88.89 0.76 88.22 1.43 
Ɍ3 85.63 84.88 0.75 83.86 1.77 84.57 106 
Ɍ4 86.37 83.62 2.75 84.00 2.37 83.74 2.63 
Ɍ5 80.82 81.23 -0.41 80.48 0.34 81.00 -0.18 
Ɍ6 81.65 80.77 0.88 80.88 0.77 80.80 0.85 
Ɍ7 77.84 79.18 -1.34 78.88 -0.84 79.03 -1.19 
Ɍ8 78.05 78.78 -0.73 79.24 -1.19 78.91 -0.86 
Ɍ9 85.76 85.28 0.48 84.57 1.19 85.07 0.69 
Ɍ10 84.70 84.99 -0.29 84.95 -0.25 84.98 -0.28 
Ɍ11 82.79 83.41 -0.62 81.61 1.18 82.87 -0.08 
Ɍ12 83.27 82.55 0.72 82.71 0.56 82.59 0.68 
Ɍ13 79.51 80.59 -1.08 79.33 0.18 80.21 -0.70 
Ɍ14 79.84 80.20 -0.36 79.93 -0.09 80.12 -0.28 
Ɍ15 75.59 78.81 -3.22 78.05 -2.46 78.58 -2.99 
Ɍ16 76.16 78.45 -2.29 78.33 -2.17 78.41 -2.25 
ȼ1 90.15 88.13 2.02 88.52 1.63 88.25 1.90 
ȼ2 89.04 87.45 1.59 88.05 0.99 87.63 1.41 
ȼ3 87.07 85.20 1.87 84.94 2.13 85.12 1.95 
ȼ4 85.30 83.44 1.86 84.10 1.20 83.64 1.66 
ȼ5 82.94 81.73 1.21 82.23 0.71 81.88 1.06 
ȼ6 81.05 80.59 0.46 80.65 0.40 80.61 0.44 
ȼ7 80.10 79.37 0.73 80.00 0.10 79.56 0.54 
ȼ8 78.52 78.73 -0.21 79.29 -0.77 78.90 -0.38 
ȼ9 86.03 85.38 0.65 85.25 0.78 85.34 0.69 
ȼ10 83.74 84.96 -1.22 85.33 -1.59 85.07 -1.33 
ȼ11 83.44 83.65 -0.21 82.99 0.45 83.46 -0.02 
ȼ12 81.76 82.44 -0.68 82.11 -0.35 82.34 -0.58 
ȼ13 79.54 81.04 -1.50 80.48 -0.94 80.87 -1.33 
ȼ14 79.04 80.07 -1.03 79.57 -0.53 79.92 -0.88 
ȼ15 77.56 79.00 -1.44 78.43 -0.87 7883 -1.27 
ȼ16 77.09 78.43 1.34 78.45 1.36 78.44 -1.35 
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Ɋɢɫɭɧɨɤ 4.12 - Ƚɪɚɮɢɤɢ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɫɫɟɢɜɚɧɢɹ�ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ1  
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Ɍɚɛɥɢɰɚ 4.8 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ2, ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 
ʋ

 ɬ
ɨɱ
ɤɢ

 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɚɥ
ɶɧ
ɵ
ɣ 
ɭɪ
ɨɜ
ɟɧ
ɶ,

 
Lɷ
ɤɫ

i ɞ
Ȼ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɞɢɮɮɭɡɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ�ȟ=0.8 
/ɪɚɫɱi ɞȻ 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

Ɍ1 83.17 82.86 0.31 82.30 0.87 82.69 0.48 
Ɍ2 82.70 83.12 -0.42 81.72 0.98 82.70 0.00 
Ɍ3 83.88 83.76 0.12 83.77 0.11 83.76 0.12 
Ɍ4 84.30 83.69 0.61 83.68 0.62 83.69 0.61 
Ɍ5 81.15 82.61 -1.46 81.11 0.04 82.16 -1.01 
Ɍ6 81.29 82.35 -1.06 84.54 -0.25 82.10 -0.81 
Ɍ7 77.76 81.27 -3.51 79.86 -2.10 80.84 -3.08 
Ɍ8 79.34 80.97 -1.63 80.80 -1.46 80.92 -1.58 
Ɍ9 83.55 84.12 -0.57 84.07 -0.52 84.11 -0.56 
Ɍ10 84.42 84.86 -0.44 84.14 0.28 84.64 -0.22 
Ɍ11 90.20 87.72 2.48 88.88 1.32 88.07 2.13 
Ɍ12 90.10 87.63 2.47 88.80 1.30 87.98 2.12 
Ɍ13 82.57 84.65 -2.08 83.77 -1.20 84.38 -1.81 
Ɍ14 83.68 84.06 -0.38 83.71 -0.03 83.96 -0.28 
Ɍ15 78.58 82.11 -3.53 81.26 -2.68 81.85 -3.27 
Ɍ16 79.65 81.62 -1.97 81.60 -1.95 81.62 -1.97 
ȼ1 83.00 82.93 0.07 82.62 0.38 82.84 0.16 
ȼ2 83.50 83.30 0.20 82.75 0.75 83.14 0.36 
ȼ3 84.85 83.81 1.04 84.02 0.83 83.88 0.97 
ȼ4 83.94 83.72 0.22 83.69 0.25 83.71 0.23 
ȼ5 82.71 82.97 -0.26 82.46 0.25 82.82 -0.11 
ȼ6 82.30 82.32 -0.02 82.21 0.09 82.29 0.01 
ȼ7 80.57 81.50 -0.93 80.78 -0.21 81.29 -0.72 
ȼ8 79.23 81.05 -1.82 79.57 -0.34 80.60 -1.37 
ȼ9 84.86 84.15 0.71 84.20 0.66 84.16 0.70 
ȼ10 85.38 85.20 0.18 85.04 0.34 85.15 0.23 
ȼ11 89.70 87.16 2.54 87.86 1.84 87.37 2.33 
ȼ12 89.49 87.13 2.36 87.95 1.54 87.37 2.12 
ȼ13 85.96 85.35 0.61 85.23 0.73 85.31 0.65 
ȼ14 83.61 83.94 -0.33 84.26 -0.65 84.04 -0.43 
ȼ15 81.51 82.45 -0.4 81.98 -0.47 82.31 -0.80 
ȼ16 79.33 81.68 -2.35 81.11 -1.78 81.51 -2.18 
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Ɋɢɫɭɧɨɤ 4.13 - Ƚɪɚɮɢɤɢ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɫɫɟɢɜɚɧɢɹ�ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ2  
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Ɍɚɛɥɢɰɚ 4.9 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ3, ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 
ʋ

 ɬ
ɨɱ
ɤɢ

 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɚɥ
ɶɧ
ɵ
ɣ 
ɭɪ
ɨɜ
ɟɧ
ɶ,

 
Lɷ
ɤɫ

i ɞ
Ȼ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɞɢɮɮɭɡɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ�ȟ=0.8 
/ɪɚɫɱi ɞȻ 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

Ɍ1 81.45 80.50 0.95 79.94 1.51 80.33 1.12 
Ɍ2 80.63 81.09 -0.46 80.37 0.26 80.87 -0.24 
Ɍ3 83.90 83.34 0.56 83.43 0.477 83.37 0.53 
Ɍ4 83.91 84.60 -0.69 83.36 0.55 84.23 -0.32 
Ɍ5 90.75 88.13 2.62 89.45 1.30 88.53 2.22 
Ɍ6 91.27 88.10 3.17 89.60 1.67 88.55 2.72 
Ɍ7 84.18 85.44 -1.26 84.56 -0.38 85.18 -1.00 
Ɍ8 83.95 84.93 -0.98 84.33 -0.38 84.75 -0.80 
Ɍ9 79.68 79.93 -0.25 79.34 0.34 79.76 -0.08 
Ɍ10 80.14 80.39 -0.25 79.39 0.75 80.09 0.05 
Ɍ11 81.88 82.00 -0.12 82.26 -0.38 82.08 -0.20 
Ɍ12 81.46 82.73 -1.27 81.40 0.06 82.33 -0.87 
Ɍ13 82.96 83.78 -0.82 84.24 -1.28 83.91 -0.95 
Ɍ14 83.48 83.85 -0.37 84.14 -0.66 83.94 -0.46 
Ɍ15 81.09 83.61 -2.52 82.68 -1.29 83.33 -2.24 
Ɍ16 80.45 83.45 -3.00 82.49 -2.04 83.16 -2.71 
ȼ1 81.05 80.54 0.51 80.94 0.11 80.66 0.39 
ȼ2 82.16 81.40 0.76 81.30 0.86 81.37 0.79 
ȼ3 84.07 83.22 0.85 83.72 0.35 83.37 0.70 
ȼ4 85.45 84.94 0.51 85.11 0.34 84.99 0.46 
ȼ5 88.99 86.97 2.02 88.17 0.82 87.33 1.66 
ȼ6 88.25 87.12 1.13 88.20 0.05 87.44 0.81 
ȼ7 87.34 85.76 1.58 85.45 1.89 85.67 1.67 
ȼ8 84.86 84.98 -0.12 84.96 -0.10 84.97 -0.11 
ȼ9 79.07 80.01 -0.94 79.66 -0.59 79.91 -0.84 
ȼ10 79.97 80.67 -0.70 80.20 -0.23 80.53 -0.56 
ȼ11 81.06 81.99 -0.93 81.80 -0.74 81.93 -0.87 
ȼ12 83.06 83.00 0.06 82.43 0.63 82.83 0.23 
ȼ13 83.95 83.83 0.12 84.17 -0.22 83.93 0.02 
ȼ14 84.64 84.02 0.62 84.34 0.30 84.11 0.53 
ȼ15 82.34 83.81 -1.47 83.10 -0.76 83.6 -1.26 
ȼ16 81.75 83.57 -1.82 83.01 -1.26 83.40 -1.65 
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Ɋɢɫɭɧɨɤ 4.14 - Ƚɪɚɮɢɤɢ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɫɫɟɢɜɚɧɢɹ�ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ3  
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Ɍɚɛɥɢɰɚ 4.10 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɩɨɦɟɳɟɧɢɢ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ4, ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 
ʋ

 ɬ
ɨɱ
ɤɢ

 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɚɥ
ɶɧ
ɵ
ɣ 
ɭɪ
ɨɜ
ɟɧ
ɶ,

 
Lɷ
ɤɫ

i ɞ
Ȼ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɞɢɮɮɭɡɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ 
ɩɪɢ�ɡɟɪɤɚɥɶɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

ɦɨɞɟɥɢ�ɨɬɪɚɠɟɧɢɹ�ȟ=0.8 
/ɪɚɫɱi ɞȻ 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

/ɪɚɫɱi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i 

Ɍ1 76.06 78.41 -2.35 77.70 -0.64 78.20 -2.14 
Ɍ2 75.91 78.90 -2.99 77.29 -0.38 78.42 -2.51 
Ɍ3 79.25 80.71 -1.46 80.50 -0.25 80.65 -1.40 
Ɍ4 77.50 81.63 -4.13 79.50 -2.00 80.99 -3.49 
Ɍ5 82.56 83.49 -0.93 83.12 -0.56 83.38 -0.82 
Ɍ6 81.40 83.86 -2.46 82.70 -1.30 83.51 -2.11 
Ɍ7 82.70 85.19 -2.49 85.04 -2.34 85.15 -2.45 
Ɍ8 82.25 85.41 -3.16 84.98 -2.73 85.28 -3.03 
Ɍ9 76.72 78.53 -1.81 78.60 -1.88 78.55 -1.83 
Ɍ10 76.14 79.10 -2.96 79.07 -2.93 79.09 -2.95 
Ɍ11 80.61 81.29 -0.68 81.38 -0.77 81.32 -0.71 
Ɍ12 79.59 82.51 -2.92 81.17 -1.58 82.11 -2.52 
Ɍ13 83.84 85.26 -1.42 85.01 -1.17 85.19 -1.35 
Ɍ14 84.00 85.93 -1.93 84.47 -0.47 85.49 -1.49 
Ɍ15 87.65 89.02 -1.37 90.09 -2.44 89.34 -1.69 
Ɍ16 88.37 89.41 -1.04 90.16 -1.79 89.63 -1.26 
ȼ1 75.76 78.42 -2.66 78.23 -2.47 78.36 -2.60 
ȼ2 77.00 79.13 -2.13 78.52 -1.52 78.95 -1.95 
ȼ3 78.18 80.59 -2.41 80.19 -2.01 80.47 -2.29 
ȼ4 78.96 81.86 -2.90 80.95 -1.99 81.58 -2.62 
ȼ5 81.80 83.29 -1.49 83.00 -1.20 83.20 -1.40 
ȼ6 81.96 84.19 -2.23 83.32 -1.36 83.93 -1.97 
ȼ7 82.49 85.13 -2.64 85.23 -2.74 85.16 -2.67 
ȼ8 83.58 85.47 -1.89 85.50 -1.92 85.48 -1.90 
ȼ9 76.45 78.54 -2.09 78.87 -2.42 78.64 -2.19 
ȼ10 76.79 79.37 -2.58 78.99 -2.20 79.26 -2.47 
ȼ11 79.59 81.14 -1.55 81.54 -1.95 81.26 -1.67 
ȼ12 80.63 82.82 -2.19 82.61 -1.98 82.76 -2.13 
ȼ13 83.43 84.96 -1.53 85.31 -1.88 85.07 -1.64 
ȼ14 85.32 86.55 -1.23 86.52 -1.20 86.54 -1.22 
ȼ15 89.39 88.42 0.97 89.21 0.18 88.66 0.73 
ȼ16 87.81 89.04 -1.23 89.61 -1.80 89.21 -1.40 
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Ɋɢɫɭɧɨɤ 4.15 - Ƚɪɚɮɢɤɢ� ɢɡɦɟɪɟɧɧɵɯ� ɢ� ɪɚɫɫɱɢɬɚɧɧɵɯ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ� ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹ� ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɫɫɟɢɜɚɧɢɹ�ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ4 
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4.3.3 ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɪɚɫɱɟɬɧɵɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɜ 

ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɦ�ɩɨɦɟɳɟɧɢɢ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɢɡɦɟɪɟɧɢɹ�ɜɵɩɨɥɧɟɧɵ�ɜ�ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɦ�ɩɨɦɟɳɟɧɢɢ 

ɤɨɪɩɭɫɚ� Ʌ� ɌȽɌɍ. ɉɨɦɟɳɟɧɢɟ� ɫ� ɪɚɡɦɟɪɚɦɢ 11.32ǜ8.42ǜ4.6(h) ɦ� ɪɚɡɝɨɪɨɠɟɧɨ 

ɨɫɬɟɤɥɟɧɧɵɦɢ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɜɵɫɨɬɨɣ 2.5 ɦ�ɢɡ�ɉȼɏ�ɩɪɨɮɢɥɟɣ. ɋɯɟɦɚ�ɩɨɦɟɳɟɧɢɹ 

ɫ� ɨɛɨɡɧɚɱɟɧɢɟɦ� ɩɨɥɨɠɟɧɢɣ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɢ� ɬɨɱɟɤ� ɢɡɦɟɪɟɧɢɣ� ɩɨɤɚɡɚɧɚ� ɧɚ 

ɪɢɫɭɧɤɟ 4.16. ɂɡɦɟɪɟɧɢɹ�ɜɵɩɨɥɧɹɥɢɫɶ�ɧɚ�ɪɚɫɫɬɨɹɧɢɢ 1.5 ɦ�ɨɬ�ɩɨɥɚ (ɬɨɱɤɢ�Ɍ1 – Ɍ8) ɢ 

ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɧɚɞ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɚ� ɭɪɨɜɧɟ 3.75 ɦ (ɬɨɱɤɢ� ȼ1 –  ȼ8). ɉɪɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ� ɜ� ɤɚɱɟɫɬɜɟ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɢɫɩɨɥɶɡɨɜɚɥɫɹ� ɜɫɟɧɚɩɪɚɜɥɟɧɧɵɣ 

ɢɫɬɨɱɧɢɤ� ɡɜɭɤɚ (ɞɨɞɟɤɚɷɞɪ) OED-SP-012-600. ɉɨɥɨɠɟɧɢɟ�ɢ� ɩɪɢɜɹɡɤɚ  ɢɫɬɨɱɧɢɤɨɜ 

ɲɭɦɚ� ɩɨɤɚɡɚɧɵ� ɧɚ� ɪɢɫɭɧɤɟ 4.16. ɂɡɦɟɪɟɧɢɟ� ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ� ɞɚɜɥɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɥɨɫɶ�ɲɭɦɨɦɟɪɨɦ�ɗɄɈɎɂɁɂɄȺ-110Ⱥ. 

ɉɨɤɪɵɬɢɟ�ɩɨɥɚ�ɢɡ�ɥɢɧɨɥɟɭɦɚ, ɫɬɟɧɵ�ɨɤɪɚɲɟɧɵ�ɜɨɞɨɷɦɭɥɶɫɢɨɧɧɨɣ�ɤɪɚɫɤɨɣ. 

ɉɨɬɨɥɨɤ� ɩɨɞɜɟɫɧɨɣ� ɢɡ� ɩɥɢɬ� ɬɢɩɚ «Ⱥɤɦɢɝɪɚɧ». ɉɨɦɟɳɟɧɢɟ� ɩɪɟɞɧɚɡɧɚɱɟɧɨ� ɞɥɹ 

ɪɚɛɨɬɵ� ɦɟɬɨɞɢɫɬɨɜ� ɢ� ɢɦɟɟɬ� ɜɵɫɨɤɭɸ� ɩɥɨɬɧɨɫɬɶ� ɪɚɫɫɬɚɧɨɜɤɢ� ɨɮɢɫɧɨɣ� ɦɟɛɟɥɢ, 

ɨɪɝɬɟɯɧɢɤɢ, ɞɟɪɟɜɹɧɧɵɯ�ɢ�ɦɟɬɚɥɥɢɱɟɫɤɢɯ�ɲɤɚɮɨɜ, ɫɟɣɮɨɜ�ɢ�ɬ�ɩ. 

ɇɢɠɟ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ� ɞɥɹ� ɨɤɬɚɜɧɨɣ� ɩɨɥɨɫɵ 

ɱɚɫɬɨɬ� ɫ fɫɪ=2000 Ƚɰ. ɋɪɟɞɧɢɣ� ɤɨɷɮɮɢɰɢɟɧɬ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɩɨɦɟɳɟɧɢɹ� ɜ� ɷɬɨɣ 

ɩɨɥɨɫɟ�ɱɚɫɬɨɬ�ɩɨ�ɞɚɧɧɵɦ�ɢɡɦɟɪɟɧɢɣ�ɜɪɟɦɟɧɢ�ɪɟɜɟɪɛɟɪɚɰɢɢ�ɪɚɜɟɧ D =0.18. 

ȼ� ɬɚɛɥɢɰɚɯ 4.11-4.14 ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɜɵɩɨɥɧɟɧɧɵɯ� ɪɚɫɱɟɬɨɜ� ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚ. Ⱦɚɧɧɵɟ� ɬɚɤɠɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ� ɪɢɫɭɧɤɚɯ 4.17-4.20 ɞɥɹ� ɜɫɟɯ 

ɩɨɥɨɠɟɧɢɣ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ. 

ɋɪɚɜɧɟɧɢɹ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɤɚɤ� ɢ 

ɪɚɧɟɟ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɚɹ� ɦɨɞɟɥɶ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ 

ɨɝɪɚɠɞɟɧɢɣ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɥɭɱɲɟɟ� ɫɨɜɩɚɞɟɧɢɟ� ɪɟɡɭɥɶɬɚɬɨɜ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ 

ɢɞɟɚɥɶɧɵɦɢ�ɡɟɪɤɚɥɶɧɨɣ�ɢ�ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɹɦɢ�ɨɬɪɚɠɟɧɢɹ. ɇɚɢɥɭɱɲɟɟ�ɫɨɜɩɚɞɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ� ɧɚɛɥɸɞɚɟɬɫɹ� ɩɪɢ� ɤɨɷɮɮɢɰɢɟɧɬɚɯ� ȟ=0.8-0.6. Ɍɚɤɨɟ� ɢɡɦɟɧɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ� ȟ� ɨɛɴɹɫɧɹɟɬɫɹ� ɛɥɢɡɨɫɬɶɸ� ɪɟɡɭɥɶɬɚɬɨɜ� ɪɚɫɱɟɬɚ� ɩɪɢ� ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ 

ɢɡɦɟɧɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ. Ɉɛ� ɷɬɨɦ� ɬɚɤɠɟ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɢɡɦɟɧɟɧɢɟ� ɫɪɟɞɧɟɝɨ 

ɤɜɚɞɪɚɬɢɱɧɨɝɨ�ɨɬɤɥɨɧɟɧɢɹ�ǻLɤɜ. 
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Ɋɢɫɭɧɨɤ 4.16 - ɋɯɟɦɚ� ɨɮɢɫɧɨɝɨ� ɩɨɦɟɳɟɧɢɹ� ɫ� ɭɤɚɡɚɧɢɟɦ� ɩɨɥɨɠɟɧɢɹ� ɪɚɫɱɟɬɧɵɯ 

ɬɨɱɟɤ (ɚ) ɢ�ɩɨɥɨɠɟɧɢɹ�ɢɫɬɨɱɧɢɤɚ�ɲɭɦɚ (ɛ)  
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Ɍɚɛɥɢɰɚ 4.11 – ɋɪɚɜɧɟɧɢɟ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɜ 

ɩɨɦɟɳɟɧɢɢ�ɨɮɢɫɚ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ1, ɤɨɷɮɮɢɰɢɟɧɬ�ȟ=0.6  

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ 

ɇɚ�ɜɵɫɨɬɟ 1.5 ɦ ɇɚ�ɜɵɫɨɬɟ 3.75ɦ 

Ɍɨɱɤɢ� ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ Ɍɨɱɤɢ� ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ 

Ɍ1 86.61 85.21 ȼ1 82.74 83.15 

Ɍ2 83.95 85.21 ȼ2 82.07 82.05 

Ɍ3 84.29 81.99 ȼ3 81.66 80.90 

Ɍ4 81.04 79.65 ȼ4 81.85 81.07 

Ɍ5 78.31 78.10 ȼ5 80.76 79.36 

Ɍ6 76.16 76.17 ȼ6 78.20 76.97 

Ɍ7 76.40 76.33 ȼ7 77.75 77.27 

Ɍ8 76.05 76.33 ȼ8 79.10 77.42 

 

 
 

Ɋɢɫɭɧɨɤ 4.17 - Ƚɪɚɮɢɤɢ�ɢɡɦɟɪɟɧɧɵɯ�ɢ�ɪɚɫɫɱɢɬɚɧɧɵɯ�ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 

ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɪɚɫɫɟɢɜɚɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ� ɜ 

ɬɨɱɤɟ�ɂɒ1 
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ɬ� ɬ� ɬ� ɜ� ɜ� ɜ� ɜ� ɬ� ɜ� ɬ� ɜ� ɜ� ɜ� ɬ� ɬ� ɬ7

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0.5
ȟ=0.4
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 

1 1.075 
0.9 0.889 
0.8 0.799 
0.6 0.744 
0.5 0.754 
0.4 0.759 
0 0.838 
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Ɍɚɛɥɢɰɚ 4.12 – ɋɪɚɜɧɟɧɢɟ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɜ 

ɩɨɦɟɳɟɧɢɢ�ɞɟɤɚɧɚɬɚ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ2, ɤɨɷɮɮɢɰɢɟɧɬ�ȟ=0.6 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ 

ɇɚ�ɜɵɫɨɬɟ 1.5 ɦ ɇɚ�ɜɵɫɨɬɟ 3.75ɦ 

Ɍɨɱɤɢ� ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ Ɍɨɱɤɢ ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ 

Ɍ1-1 80.69 81.88 ȼ1-1 82.65 82.09 

Ɍ1 81.15 81.21 ȼ1 81.81 81.58 

Ɍ2 79.47 80.25 ȼ2 81.41 80.61 

Ɍ3 78.88 79.38 ȼ3 79.45 79.41 

Ɍ4 89.78 88.57 ȼ4 84.12 84.45 

Ɍ5 79.76 78.75 ȼ5 81.00 80.05 

Ɍ6 74.28 75.48 ȼ6 75.18 76.02 

Ɍ7 74.73 75.61 ȼ7 76.54 76.03 

Ɍ8 73.94 75.57 ȼ8 76.41 75.87 

 

 
 

Ɋɢɫɭɧɨɤ 4.18 - Ƚɪɚɮɢɤɢ�ɢɡɦɟɪɟɧɧɵɯ�ɢ�ɪɚɫɫɱɢɬɚɧɧɵɯ�ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 

ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɪɚɫɫɟɢɜɚɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ� ɜ 

ɬɨɱɤɟ�ɂɒ2 
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ɬ� ɜ� ɜ1-1 ɜ� ɜ� ɬ� ɜ� ɬ1-1 ɬ� ɬ� ɜ� ɬ� ɜ� ɜ� ɜ� ɬ� ɬ� ɬ8

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0.5
ȟ=0.4
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 

1 1.380 
0.9 1.077 
0.8 0.885 
0.6 0.841 
0.5 0.895 
0.4 0.967 
0 0.676 
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Ɍɚɛɥɢɰɚ 4.13 – ɋɪɚɜɧɟɧɢɟ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɜ 

ɩɨɦɟɳɟɧɢɢ�ɞɟɤɚɧɚɬɚ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ3, ɤɨɷɮɮɢɰɢɟɧɬ�ȟ=0.8 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ 

ɇɚ�ɜɵɫɨɬɟ 1.5 ɦ. ɇɚ�ɜɵɫɨɬɟ 3.75ɦ 

Ɍɨɱɤɢ� ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ Ɍɨɱɤɢ ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ 

Ɍ1-1 78.27 78.58 ȼ1-1 80.84 79.83 

Ɍ1 79.15 79.17 ȼ1 81.76 80.37 

Ɍ2 78.28 79.47 ȼ2 81.73 80.47 

Ɍ3 78.23 79.34 ȼ3 81.15 80.59 

Ɍ4 78.26 79.34 ȼ4 81.64 80.95 

Ɍ5 88.21 88.43 ȼ5 82.21 83.79 

Ɍ6 77.61 78.46 ȼ6 78.88 80.30 

Ɍ7 76.82 78.51 ȼ7 78.69 79.64 

Ɍ8 76.74 78.31 ȼ8 79.05 79.40 

 

 
 

Ɋɢɫɭɧɨɤ 4.19 - Ƚɪɚɮɢɤɢ�ɢɡɦɟɪɟɧɧɵɯ�ɢ�ɪɚɫɫɱɢɬɚɧɧɵɯ�ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 

ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɪɚɫɫɟɢɜɚɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ� ɜ 

ɬɨɱɤɟ�ɂɒ3 
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ɬ� ɜ� ɜ� ɜ� ɜ� ɜ� ɜ1-1 ɬ� ɜ� ɜ� ɜ� ɬ� ɬ1-1 ɬ� ɬ� ɬ� ɬ� ɬ8

L, ɞȻ

ɊɌ

ȟ=1
ȟ=0.9
ȟ=0.8
ȟ=0.6
ȟ=0.5
ȟ=0.4
ȟ=0
ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 

1 1.055 
0.9 0.994 
0.8 0.990 
0.6 1.169 
0.5 1.232 
0.4 1.295 
0 1.212 
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Ɍɚɛɥɢɰɚ 4.14 – ɋɪɚɜɧɟɧɢɟ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧɧɵɯ� ɜ 

ɩɨɦɟɳɟɧɢɢ�ɞɟɤɚɧɚɬɚ. ɂɫɬɨɱɧɢɤ�ɜ�ɬɨɱɤɟ�ɂɒ4, ɤɨɷɮɮɢɰɢɟɧɬ�ȟ=0.8 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ, ɞȻ 

ɇɚ�ɜɵɫɨɬɟ 1.5 ɦ. ɇɚ�ɜɵɫɨɬɟ 3.75ɦ 

Ɍɨɱɤɢ� ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ Ɍɨɱɤɢ ɂɡɦɟɪɟɧɢɟ Ɋɚɫɱɟɬ 

Ɍ1-1 75.29 76.38 ȼ1-1 76.59 76.74 

Ɍ1 76.22 76.77 ȼ1 78.35 77.41 

Ɍ2 77.59 76.83 ȼ2 78.27 77.74 

Ɍ3 77.45 77.67 ȼ3 79.23 79.29 

Ɍ4 75.27 75.26 ȼ4 76.46 76.50 

Ɍ5 77.10 77.60 ȼ5 78.38 79.02 

Ɍ7 84.65 84.89 ȼ7 82.61 82.87 

Ɍ8 82.24 83.26 ȼ8 81.57 82.44 

 

 
 

Ɋɢɫɭɧɨɤ 4.20 - Ƚɪɚɮɢɤɢ�ɢɡɦɟɪɟɧɧɵɯ�ɢ�ɪɚɫɫɱɢɬɚɧɧɵɯ�ɭɪɨɜɧɟɣ� ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ 

ɩɪɢ� ɪɚɡɥɢɱɧɵɯ� ɡɧɚɱɟɧɢɹɯ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ɪɚɫɫɟɢɜɚɧɢɹ� ɨɝɪɚɠɞɟɧɢɣ. ɂɫɬɨɱɧɢɤ� ɜ 

ɬɨɱɤɟ�ɂɒ4 
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ɬ� ɜ� ɬ� ɜ� ɜ� ɜ� ɜ� ɜ� ɬ� ɬ� ɬ� ɜ1-1 ɜ� ɬ� ɬ1-1 ɬ4

L, ɞȻ

ɊɌ

ȟ=1

ȟ=0.9

ȟ=0.8

ȟ=0.6

ȟ=0

ɷɤɫɩɟɪ

ȟ� ǻLɤɜ 

1 0.667 
0.9 0.567 
0.8 0.565 
0.6 0.647 
0 1.023 
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Ɍɚɤɢɦ�ɨɛɪɚɡɨɦ, ɩɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɪɚɫɱɟɬɨɜ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ�ɜ 

ɩɨɦɟɳɟɧɢɹɯ�ɨɮɢɫɨɜ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɢ�ɫ�ɛɨɥɶɲɢɦ�ɤɨɥɢɱɟɫɬɜɨɦ 

ɨɮɢɫɧɨɝɨ� ɨɛɨɪɭɞɨɜɚɧɢɹ� ɫɪɟɞɧɢɣ� ɩɨ� ɩɨɦɟɳɟɧɢɹɦ� ɤɨɷɮɮɢɰɢɟɧɬ� ɞɨɥɢ� ɡɟɪɤɚɥɶɧɨ 

ɨɬɪɚɠɟɧɧɨɣ�ɷɧɟɪɝɢɢ�ɦɨɠɧɨ�ɩɪɢɧɢɦɚɬɶ�ɪɚɜɧɵɦ�ȟ=0.7. 

Ȼɨɥɟɟ� ɧɢɡɤɚɹ� ɜɟɥɢɱɢɧɚ� ɤɨɷɮɮɢɰɢɟɧɬɚ� ȟ� ɩɨ� ɫɪɚɜɧɟɧɢɸ� ɫ� ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ� ɜ� ɩ.4.31 ɢ� ɩ.4.32 ɨɛɴɹɫɧɹɟɬɫɹ� ɛɨɥɶɲɢɦ� ɤɨɥɢɱɟɫɬɜɨɦ� ɜ� ɨɮɢɫɚɯ 

ɪɚɫɫɟɢɜɚɸɳɟɝɨ� ɡɜɭɤ� ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɞɨɛɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɭɜɟɥɢɱɟɧɢɹ� ɪɚɫɫɟɹɧɢɹ 

ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɧɚ� ɦɟɛɟɥɢ� ɨ� ɨɛɨɪɭɞɨɜɚɧɢɢ� ɛɵɥɢ� ɬɚɤɠɟ� ɩɨɥɭɱɟɧɵ� Ɇɚɤɚɪɨɜɵɦ 

Ⱥ�Ɇ. ɜ�ɪɚɛɨɬɟ [57]. Ɋɚɫɯɨɠɞɟɧɢɟ�ɪɟɡɭɥɶɬɚɬɨɜ�ɪɚɫɱɟɬɨɜ�ɩɪɢ�ȟ=0.7 ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɧɟ 

ɩɪɟɜɵɲɚɟɬ 2-3 ɞȻ. 

 

 

ȼɵɜɨɞɵ�ɩɨ�ɝɥɚɜɟ 4 

 

 

1. Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, ɢɦɟɸɳɢɯ 

ɫɜɹɡɶ� ɱɟɪɟɡ� ɨɛɳɟɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɩɨɬɨɥɤɨɜ. Ɇɟɬɨɞɢɤɚ� ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɢɡɜɨɞɢɬɶ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ� ɫɪɟɞɫɬɜ� ɲɭɦɨɡɚɳɢɬɵ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫ� ɭɱɟɬɨɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɨɜ, ɜɨɡɧɢɤɚɸɳɟɝɨ� ɜɧɭɬɪɢ 

ɩɪɨɫɬɪɚɧɫɬɜɚ� ɨɬ� ɜɨɡɞɭɯɨɜɨɞɨɜ�ɢ� ɩɪɨɧɢɤɚɸɳɟɝɨ� ɜ� ɧɟɝɨ� ɢɡ�ɲɭɦɧɵɯ�ɩɨɦɟɳɟɧɢɣ. ȼ 

ɤɨɦɩɥɟɤɫɟ� ɦɟɪ� ɩɨ� ɲɭɦɨɡɚɳɢɬɟ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɜɨɡɦɨɠɧɨɟ� ɢɡɦɟɧɟɧɢɟ� ɜɵɫɨɬɵ 

ɩɪɨɫɬɪɚɧɫɬɜɚ, ɚɤɭɫɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɢ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɤɨɧɫɬɪɭɤɰɢɣ�ɩɨɬɨɥɤɚ.  

2. Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ� ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ, ɫɜɹɡɚɧɧɵɯ�ɱɟɪɟɡ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ. 

ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɚɹ� ɦɨɞɟɥɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɨɬɪɚɠɟɧɧɨɝɨ� ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ. Ɇɨɞɟɥɶ� ɚɞɚɩɬɢɪɨɜɚɧɚ� ɞɥɹ 

ɪɟɲɟɧɢɹ�ɡɚɞɚɱ�ɩɨ�ɨɰɟɧɤɟ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɲɭɦɚ�ɜ�ɫɢɫɬɟɦɚɯ�ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ, 

ɨɛɴɟɞɢɧɟɧɧɵɯ�ɨɛɳɢɦ�ɜɨɡɞɭɲɧɵɦ�ɩɪɨɫɬɪɚɧɫɬɜɨɦ. 

3. Ⱦɥɹ� ɪɚɡɪɚɛɨɬɚɧɧɵɯ� ɜ� ɝɥɚɜɟ� ɦɟɬɨɞɢɤ� ɜɵɩɨɥɧɟɧɵ� ɤɨɦɩɶɸɬɟɪɧɵɟ 

ɩɪɨɝɪɚɦɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ� ɜɨɡɦɨɠɧɨɫɬɶ� ɨɰɟɧɤɢ� ɲɭɦɨɜɨɝɨ� ɪɟɠɢɦɚ� ɜ� ɬɚɤɢɯ 
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ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɢ� ɚɤɭɫɬɢɱɟɫɤɨɣ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɨɟɤɬɢɪɭɟɦɵɯ�ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ�ɡɚɳɢɬɵ�ɨɬ�ɲɭɦɚ.  

4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ� ɩɪɨɜɟɪɤɚ, ɩɪɟɞɥɨɠɟɧɧɨɣ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ 

ɫɢɫɬɟɦɚɯ� ɫɜɹɡɚɧɧɵɯ� ɨɛɳɢɦ� ɩɪɨɫɬɪɚɧɫɬɜɨɦ� ɩɨɦɟɳɟɧɢɣ� ɩɨɤɚɡɚɥɚ� ɟɟ� ɞɨɫɬɚɬɨɱɧɭɸ 

ɬɨɱɧɨɫɬɶ� ɢ� ɧɚɞɟɠɧɨɫɬɶ. Ɋɚɫɯɨɠɞɟɧɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢ� ɪɚɫɱɟɬɧɵɯ� ɞɚɧɧɵɯ� ɜ 

ɧɚɢɛɨɥɟɟ�ɫɥɨɠɧɵɯ�ɫɥɭɱɚɹɯ�ɧɟ�ɩɪɟɜɵɲɚɟɬ 3 ɞȻ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

 

Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɛɨɬɵ�ɩɨɡɜɨɥɹɸɬ�ɩɪɟɞɫɬɚɜɢɬɶ�ɟɟ�ɫɥɟɞɭɸɳɢɟ�ɢɬɨɝɢ:  

1. ɉɪɢ� ɢɫɫɥɟɞɨɜɚɧɢɢ� ɡɜɭɤɨɜɵɯ� ɩɨɥɟɣ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ� ɫɜɹɡɚɧɧɵɯ 

ɫɨɪɚɡɦɟɪɧɵɯ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ� ɚɤɭɫɬɢɤɢ� ɢ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ�ɭɪɚɜɧɟɧɢɹ�Ʉɭɬɬɪɭɮɚ�ɩɨɥɭɱɟɧɵ�ɧɨɜɵɟ�ɞɚɧɧɵɟ�ɨ�ɜɥɢɹɧɢɢ�ɩɚɪɚɦɟɬɪɨɜ 

ɩɨɦɟɳɟɧɢɣ, ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ� ɢ� ɚɤɭɫɬɢɱɟɫɤɢɯ� ɫɜɹɡɟɣ� ɧɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɡɜɭɤɨɜɨɣ 

ɷɧɟɪɝɢɢ�ɜ�ɷɬɢɯ�ɫɢɫɬɟɦɚɯ. ɇɚ�ɨɫɧɨɜɟ�ɷɬɢɯ�ɞɚɧɧɵɯ�ɩɪɨɢɡɜɟɞɟɧɨ�ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ. ɉɨɤɚɡɚɧɨ� ɷɮɮɟɤɬɢɜɧɨɟ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɬɨɞɚ�ɢ�ɤɨɦɩɶɸɬɟɪɧɨɣ�ɩɪɨɝɪɚɦɦɵ�ɞɥɹ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɫɪɟɞɫɬɜ�ɡɚɳɢɬɵ�ɜ�ɹɱɟɣɤɨɜɵɯ�ɢ�ɚɧɮɢɥɚɞɧɵɯ�ɫɢɫɬɟɦɚɯ�ɩɥɚɧɢɪɨɜɨɤ. 

2. Ɋɚɡɪɚɛɨɬɚɧɵ� ɦɟɬɨɞ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɢ� ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɟɝɨ 

ɪɟɚɥɢɡɚɰɢɢ�ɜ�ɩɨɦɟɳɟɧɢɹɯ�ɫ�ɤɨɪɢɞɨɪɧɵɦɢ�ɢ�ɹɱɟɣɤɨɜɨ�ɤɨɪɢɞɨɪɧɵɦɢ�ɩɥɚɧɢɪɨɜɤɚɦɢ. 

ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ�ɦɟɬɨɞɚ�ɭɱɬɟɧ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɵɣ�ɯɚɪɚɤɬɟɪ� ɨɬɪɚɠɟɧɢɹ� ɡɜɭɤɚ� ɨɬ 

ɨɝɪɚɠɞɟɧɢɣ� ɤɨɪɢɞɨɪɚ� ɢ� ɨɫɨɛɟɧɧɨɫɬɢ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɡɜɭɤɨɜɨɣ� ɷɧɟɪɝɢɢ� ɜ� ɧɟɦ. 

Ɇɟɬɨɞ� ɨɛɴɟɤɬɢɜɧɨ� ɪɟɚɝɢɪɭɟɬ� ɧɚ� ɢɡɦɟɧɟɧɢɟ� ɡɜɭɤɨɢɡɨɥɹɰɢɢ� ɨɝɪɚɠɞɟɧɢɣ� ɢ� ɦɨɠɟɬ 

ɷɮɮɟɤɬɢɜɧɨ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɩɪɢ� ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɫɪɟɞɫɬɜ�ɡɚɳɢɬɵ�ɜ�ɡɞɚɧɢɹɯ�ɫ�ɬɚɤɢɦɢ�ɩɥɚɧɢɪɨɜɤɚɦɢ.   

3. Ɋɚɡɪɚɛɨɬɚɧɚ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ, ɢɦɟɸɳɢɯ 

ɫɜɹɡɶ� ɱɟɪɟɡ� ɨɛɳɟɟ� ɩɪɨɫɬɪɚɧɫɬɜɨ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɩɨɬɨɥɤɨɜ. Ɇɟɬɨɞɢɤɚ� ɢ 

ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɟɟ� ɪɟɚɥɢɡɚɰɢɢ� ɩɨɡɜɨɥɹɟɬ� ɩɪɨɢɡɜɨɞɢɬɶ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ� ɫɪɟɞɫɬɜ� ɲɭɦɨɡɚɳɢɬɵ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɫɢɫɬɟɦɵ� ɫ� ɭɱɟɬɨɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɩɪɨɫɬɪɚɧɫɬɜɟ� ɩɨɬɨɥɤɨɜ, ɜɨɡɧɢɤɚɸɳɟɝɨ� ɜɧɭɬɪɢ 

ɩɪɨɫɬɪɚɧɫɬɜɚ� ɨɬ� ɜɨɡɞɭɯɨɜɨɞɨɜ�ɢ� ɩɪɨɧɢɤɚɸɳɟɝɨ� ɜ� ɧɟɝɨ� ɢɡ�ɲɭɦɧɵɯ�ɩɨɦɟɳɟɧɢɣ. ȼ 

ɤɨɦɩɥɟɤɫɟ� ɦɟɪ� ɩɨ� ɲɭɦɨɡɚɳɢɬɟ� ɦɨɝɭɬ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɜɨɡɦɨɠɧɵɟ� ɢɡɦɟɧɟɧɢɹ 

ɜɵɫɨɬɵ� ɩɪɨɫɬɪɚɧɫɬɜɚ, ɚɤɭɫɬɢɱɟɫɤɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɨɜɟɪɯɧɨɫɬɟɣ� ɩɪɨɫɬɪɚɧɫɬɜɚ� ɢ 

ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɤɨɧɫɬɪɭɤɰɢɣ�ɩɨɬɨɥɤɚ.  

4. Ɋɚɡɪɚɛɨɬɚɧɵ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɩɨɦɟɳɟɧɢɣ� ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ, ɫɜɹɡɚɧɧɵɯ�ɱɟɪɟɡ�ɨɛɳɟɟ�ɜɨɡɞɭɲɧɨɟ�ɩɪɨɫɬɪɚɧɫɬɜɨ, 

ɢ� ɤɨɦɩɶɸɬɟɪɧɚɹ� ɩɪɨɝɪɚɦɦɚ� ɞɥɹ� ɟɟ� ɪɟɚɥɢɡɚɰɢɢ. ɉɪɢ� ɪɚɡɪɚɛɨɬɤɟ� ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɡɟɪɤɚɥɶɧɨ�ɞɢɮɮɭɡɧɚɹ� ɦɨɞɟɥɶ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɨɬɪɚɠɟɧɧɨɝɨ 
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ɲɭɦɚ� ɜ� ɩɨɦɟɳɟɧɢɹɯ. Ɇɨɞɟɥɶ� ɚɞɚɩɬɢɪɨɜɚɧɚ� ɞɥɹ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱ� ɩɨ� ɨɰɟɧɤɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ, ɨɛɴɟɞɢɧɟɧɧɵɯ� ɨɛɳɢɦ 

ɜɨɡɞɭɲɧɵɦ� ɩɪɨɫɬɪɚɧɫɬɜɨɦ. Ɇɟɬɨɞɢɤɚ� ɢ� ɩɪɨɝɪɚɦɦɚ� ɩɨɡɜɨɥɹɸɬ� ɷɮɮɟɤɬɢɜɧɨ 

ɩɪɨɟɤɬɢɪɨɜɚɬɶ� ɫɬɪɨɢɬɟɥɶɧɨ�ɚɤɭɫɬɢɱɟɫɤɢɟ� ɫɪɟɞɫɬɜɚ� ɡɚɳɢɬɵ� ɜ� ɫɥɨɠɧɵɯ� ɫɢɫɬɟɦɚɯ 

ɩɥɚɧɢɪɨɜɨɤ.  

5. ȼɵɩɨɥɧɟɧɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɨɰɟɫɫɨɜ� ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɲɭɦɚ� ɜ� ɪɚɡɥɢɱɧɵɯ� ɫɢɫɬɟɦɚɯ� ɫɜɹɡɚɧɧɵɯ� ɩɨɦɟɳɟɧɢɣ. ɇɚ� ɨɫɧɨɜɟ� ɫɪɚɜɧɟɧɢɹ 

ɪɚɫɱɟɬɧɵɯ�ɢ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ�ɩɪɟɞɥɨɠɟɧɧɵɟ�ɦɟɬɨɞɵ�ɢ 

ɦɟɬɨɞɢɤɢ� ɨɛɟɫɩɟɱɢɜɚɸɬ� ɬɪɟɛɭɟɦɭɸ� ɬɨɱɧɨɫɬɶ� ɪɚɫɱɟɬɨɜ� ɢ� ɚɞɟɤɜɚɬɧɨ� ɪɟɚɝɢɪɭɸɬ� ɧɚ 

ɢɡɦɟɧɟɧɢɟ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɩɨɦɟɳɟɧɢɣ, ɢɯ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɢ�ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɜɹɡɟɣ�ɜ�ɫɢɫɬɟɦɟ. 

Ɋɟɤɨɦɟɧɞɚɰɢɢ�ɩɨ�ɢɫɩɨɥɶɡɨɜɚɧɢɸ�ɪɟɡɭɥɶɬɚɬɨɜ�ɞɢɫɫɟɪɬɚɰɢɢ: 

- ɪɚɡɪɚɛɨɬɚɧɧɵɟ� ɦɟɬɨɞɵ� ɢ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɲɭɦɚ� ɜ� ɫɢɫɬɟɦɚɯ� ɚɤɭɫɬɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɯ�ɩɨɦɟɳɟɧɢɣ�ɫɥɟɞɭɟɬ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɜ�ɩɪɚɤɬɢɤɟ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɫɬɪɨɢɬɟɥɶɧɨ-

ɚɤɭɫɬɢɱɟɫɤɢɯ�ɫɪɟɞɫɬɜ�ɡɚɳɢɬɵ�ɨɬ�ɲɭɦɚ�ɜ�ɝɪɚɠɞɚɧɫɤɢɯ�ɡɞɚɧɢɹɯ; 

- ɦɟɬɨɞɵ� ɢ� ɦɟɬɨɞɢɤɢ� ɪɚɫɱɟɬɚ� ɲɭɦɚ  ɦɨɝɭɬ� ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ� ɩɪɢ� ɪɚɡɪɚɛɨɬɤɟ 

ɧɨɜɵɯ� ɨɛɴɟɦɧɨ�ɩɥɚɧɢɪɨɜɨɱɧɵɯ� ɢ� ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɣ� ɜ� ɫɨɜɪɟɦɟɧɧɵɯ� ɡɞɚɧɢɹɯ 

ɫɨ�ɫɜɨɛɨɞɧɵɦɢ�ɫɢɫɬɟɦɚɦɢ�ɩɥɚɧɢɪɨɜɨɤ. 

ɉɟɪɫɩɟɤɬɢɜɵ� ɪɚɡɪɚɛɨɬɤɢ� ɬɟɦɵ� ɢɫɫɥɟɞɨɜɚɧɢɣ. ɇɚ� ɨɫɧɨɜɟ� ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɦɟɬɨɞɨɜ�ɧɟɨɛɯɨɞɢɦɨ�ɩɪɨɜɟɞɟɧɢɟ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɜɥɢɹɧɢɹ�ɯɚɪɚɤɬɟɪɢɫɬɢɤ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ 

ɜɧɭɬɪɟɧɧɢɯ� ɨɝɪɚɠɞɚɸɳɢɯ� ɤɨɧɫɬɪɭɤɰɢɣ� ɧɚ� ɲɭɦɨɜɨɣ� ɪɟɠɢɦ� ɩɨɦɟɳɟɧɢɣ� ɫ� ɰɟɥɶɸ 

ɭɬɨɱɧɟɧɢɹ�ɧɨɪɦɚɬɢɜɧɵɯ�ɬɪɟɛɨɜɚɧɢɣ�ɤ�ɡɜɭɤɨɢɡɨɥɹɰɢɢ�ɜɧɭɬɪɟɧɧɢɯ�ɨɝɪɚɠɞɟɧɢɣ, ɢɫɯɨɞɹ 

ɢɡ� ɡɜɭɤɨɜɨɣ� ɦɨɳɧɨɫɬɢ� ɫɨɜɪɟɦɟɧɧɵɯ� ɢɫɬɨɱɧɢɤɨɜ� ɲɭɦɚ� ɜ� ɝɪɚɠɞɚɧɫɤɢɯ� ɡɞɚɧɢɹɯ� ɢ� ɜ 

ɩɟɪɜɭɸ�ɨɱɟɪɟɞɶ, ɜ�ɠɢɥɵɯ�ɡɞɚɧɢɹɯ. 
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ɉɊɂɅɈɀȿɇɂȿ 1 

Ɋɟɡɭɥɶɬɚɬɵ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�ɪɚɫɱɟɬɨɜ�ɜ�ɫɢɫɬɟɦɟ 
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ȼ� ɩɪɢɥɨɠɟɧɢɢ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢ� ɪɚɫɱɟɬɧɵɯ� ɞɚɧɧɵɯ� ɜ� ɩɨɦɟɳɟɧɢɹɯ� ɤɨɪɢɞɨɪɧɨɣ� ɫɢɫɬɟɦɵ 

ɩɥɚɧɢɪɨɜɤɢ, ɫɯɟɦɚ� ɤɨɬɨɪɨɣ� ɩɪɢɜɟɞɟɧɚ� ɧɚ� ɪɢɫɭɧɤɟ 3.13. ɉɚɪɚɦɟɬɪɵ� ɩɨɦɟɳɟɧɢɣ, 

ɡɜɭɤɨɢɡɨɥɹɰɢɹ�ɞɜɟɪɟɣ�ɢ�ɤɨɷɮɮɢɰɢɟɧɬɵ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɞɚɧɵ�ɜ�ɬɚɛɥɢɰɟ 3.3 

Ɍɚɛɥɢɰɚ� ɉ.1.1 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 1 ɬɨɱɤɟ�ɤɨɪɢɞɨɪɚ,  ɩɪɢ�ɜɫɟɯ�ɨɬɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 
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1 90.55 90.01 0.54 1 74.92 77.45 -2.53 
2 82.45 80.60 1.85 2 62.30 65.60 -3.30 
3 77.94 76.80 1.14 3 72.02 73.70 -1.70 
4 75.55 75.30 0.25 4 66.80 69.70 -2.90 
5 72.86 72.50 0.36 5 63.57 64.70 -1.13 
6 69.38 70.70 -1.32 6 51.31 54.50 -3.14 
7 67.16 68.50 -1.34 7 54.29 56.70 -2.41 
8 66.59 67.70 -1.11 8 46.33 49.40 -3.07 
9 65.98 67.30 -1.32 9 53.72 54.49 -0.77 
10 65.45 65.90 -0.45 10 52.06 52.50 -0.44 
11 64.45 65.10 -0.65 11 48.57 47.60 0.97 
12 62.18 64.30 -2.12 12 46.43 47.22 -0.79 
13 61.67 63.60 -1.93 13 51.73 54.14 -2.41 
14 57.12 60.10 -2.98 14 66.82 67.25 -0.43 
15 59.48 63.00 -3.52 15 64.29 65.25 -0.96 
16 54.37 56.20 -1.83 16 60.02 58.41 1.61 
17 52.54 54.60 -2.06 17 68.93 67.53 1.40 
18 50.86 52.90 -2.04 18 70.01 73.81 -3.80 
19 50.11 52.40 -2.29 19 68.03 70.79 -2.76 
20 48.21 51.70 -3.49 20 77.53 80.83 -3.30 
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Ɋɢɫɭɧɨɤ�ɉ.1.1 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 1 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.   

 

Ɋɢɫɭɧɨɤ� ɉ.1.2 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 1 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.   
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Ɍɚɛɥɢɰɚ� ɉ.1.2 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 1 ɬɨɱɤɟ�ɤɨɪɢɞɨɪɚ,  ɩɪɢ�ɜɫɟɯ�ɡɚɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 
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1 91.02 91.00 0.02 1 60.26 63.10 -2.84 
2 82.53 81.10 1.43 2 59.10 62.70 -3.60 
3 78.08 77.90 0.18 3 74.19 74.80 -0.61 
4 77.34 76.00 1.34 4 52.09 55.00 -2.91 
5 75.32 74.50 0.82 5 53.24 53.70 -0.46 
6 71.90 72.10 -0.20 6 47.90 46.50 1.40 
7 69.41 71.10 -1.69 7 42.42 45.00 -2.58 
8 68.03 70.60 -2.57 8 28.48 26.89 1.59 
9 67.48 69.40 -1.92 9 42.77 41.50 1.27 
10 67.20 68.20 -1.00 10 40.59 39.50 1.09 
11 65.19 67.50 -2.31 11 34.10 31.50 2.60 
12 64.29 66.30 -2.01 12 39.47 37.60 1.87 
13 63.43 65.60 -2.17 13 45.20 48.20 -3.00 
14 59.26 60.10 -0.84 14 57.16 60.00 -2.84 
15 61.09 63.10 -2.01 15 54.26 57.14 -2.88 
16 58.12 61.00 -2.88 16 41.50 44.40 -2.90 
17 57.75 60.60 -2.85 17 39.38 37.40 1.98 
18 55.81 58.80 -2.99 18 54.98 54.50 0.48 
19 54.98 57.70 -2.72 19 49.80 52.50 -2.70 
20 54.65 56.30 -1.65 20 64.61 67.60 -2.99 
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Ɋɢɫɭɧɨɤ�ɉ.1.3 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 1 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ,  ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

 
 

Ɋɢɫɭɧɨɤ� ɉ.1.4 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 1 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ,  ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  
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Ɍɚɛɥɢɰɚ� ɉ.1.3 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 7 ɬɨɱɤɟ�ɤɨɪɢɞɨɪɚ,  ɩɪɢ�ɜɫɟɯ�ɨɬɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 
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1 68.86 70.60 -1.74 1 60.57 60.24 0.33 
2 70.12 72.30 -2.18 2 61.31 63.47 -2.16 
3 71.59 73.00 -1.41 3 68.25 71.19 -2.94 
4 72.52 74.50 -1.98 4 62.99 64.12 -1.13 
5 76.15 76.60 -0.45 5 71.77 74.25 -2.48 
6 81.19 79.50 1.69 6 67.29 70.28 -2.99 
7 87.43 88.40 -0.97 7 68.18 71.18 -3.00 
8 83.15 89.70 -6.55 8 60.66 63.71 -3.05 
9 80.26 77.70 2.56 9 67.34 70.43 -3.09 
10 76.38 75.40 0.98 10 65.20 67.56 -2.36 
11 74.79 73.30 1.49 11 60.57 62.57 -2.00 
12 72.36 71.30 1.06 12 58.57 61.41 -2.84 
13 71.61 69.00 2.61 13 69.00 72.08 -3.08 
14 66.49 68.00 -1.51 14 75.41 77.33 -1.92 
15 67.36 68.00 -0.64 15 72.20 73.41 -1.21 
16 65.19 64.70 0.49 16 68.15 68.36 -0.21 
17 63.11 64.10 -0.99 17 55.91 57.09 -1.18 
18 62.75 62.20 0.55 18 58.25 61.37 -3.12 
19 61.76 60.70 1.06 19 52.94 53.58 -0.64 
20 59.96 60.50 -0.54 20 65.60 63.62 1.98 
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Ɋɢɫɭɧɨɤ�ɉ.1.5 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 7 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ,  ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

  
 

Ɋɢɫɭɧɨɤ� ɉ.1.6 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 7 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ,  ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  
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Ɍɚɛɥɢɰɚ� ɉ.1.4 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 7 ɬɨɱɤɟ�ɤɨɪɢɞɨɪɚ,  ɩɪɢ�ɜɫɟɯ�ɡɚɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 
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Lɪ
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ʋ
 ɩ
ɨɦ

. 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɚɥ
ɶɧ
ɵ
ɣ 

ɭɪ
ɨɜ
ɟɧ
ɶ 

Lɷ
ɤɫ

i ɞ
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Ɋɚ
ɫɱ
ɟɬ
ɧɵ

ɣ 
ɭɪ
ɨɜ
ɟɧ
ɶ 

Lɪ
ɚɫ

i ɞ
Ȼ 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i

 

1 71.33 70.30 1.03 1 45.88 49.20 -3.32 
2 72.12 71.10 1.02 2 46.86 50.50 -3.64 
3 73.89 76.00 -2.11 3 70.21 72.60 -2.39 
4 74.55 77.10 -3.45 4 51.00 53.80 -2.80 
5 79.56 82.00 -2.44 5 59.96 61.20 -1.24 
6 85.02 84.40 0.62 6 51.73 54.10 -2.37 
7 88.23 88.90 -0.67 7 53.20 56.40 -3.20 
8 84.11 84.50 -0.39 8 41.29 37.50 3.79 
9 80.59 82.10 -1.51 9 57.50 60.78 -3.28 
10 77.68 80.20 -2.52 10 55.80 57.61 -1.81 
11 74.96 78.30 -3.34 11 36.02 37.80 -1.78 
12 74.11 77.00 -2.89 12 47.54 51.00 -3.46 
13 73.65 74.00 -0.35 13 57.71 60.80 -3.09 
14 68.69 70.30 -1.61 14 62.72 65.20 -2.48 
15 68.45 70.40 -1.95 15 59.39 62.40 -3.01 
16 67.70 69.40 -1.70 16 46.73 48.40 -1.67 
17 66.66 67.00 -0.34 17 31.59 33.40 -1.81 
18 65.38 66.10 -0.72 18 47.91 50.50 -2.59 
19 64.17 64.60 -0.43 19 35.19 37.70 -2.51 
20 63.45 63.80 -0.35 20 52.00 53.80 -1.80 

  



176 

 

 
 

Ɋɢɫɭɧɨɤ�ɉ.1.7 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 7 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ,  ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

 

 

Ɋɢɫɭɧɨɤ� ɉ.1.8 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 7 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ,  ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  



177 

 

Ɍɚɛɥɢɰɚ� ɉ.1.5 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 13 ɬɨɱɤɟ�ɤɨɪɢɞɨɪɚ, ɩɪɢ�ɜɫɟɯ�ɨɬɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.   

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 

ʋ
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ɨɱ

. 
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ɨɜ
ɟɧ
ɶ,
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ɨɜ
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Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i

 

1 58.11 61.30 -3.19 1 51.52 53.20 -1.68 
2 59.48 62.50 -3.12 2 50.99 52.02 -1.03 
3 61.23 63.60 -2.37 3 57.59 60.12 -2.53 
4 62.70 64.80 -2.10 4 53.03 56.10 -3.07 
5 64.32 65.90 -1.58 5 59.44 57.92 1.52 
6 67.12 68.00 -0.88 6 60.99 63.80 -2.81 
7 69.93 70.20 -0.27 7 73.26 74.50 -1.24 
8 71.58 71.50 0.08 8 67.09 67.20 -0.11 
9 73.69 72.70 0.99 9 79.47 78.60 0.87 
10 75.39 74.40 0.99 10 76.97 76.60 0.37 
11 80.05 77.00 3.05 11 71.84 68.80 3.04 
12 84.41 81.40 3.01 12 66.80 67.90 -1.10 
13 87.63 89.00 -1.37 13 60.65 64.00 -3.35 
14 77.18 77.50 -0.32 14 63.28 64.90 -1.62 
15 76.80 77.70 -0.90 15 60.55 62.80 -2.25 
16 76.27 76.20 0.07 16 56.15 53.40 2.75 
17 74.90 75.80 -0.90 17 46.86 46.50 0.36 
18 73.65 73.80 -0.15 18 48.64 51.60 -2.96 
19 73.73 73.80 -0.07 19 49.05 50.70 -1.65 
20 73.63 72.60 1.03 20 60.70 57.80 2.90 
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Ɋɢɫɭɧɨɤ�ɉ.1.9 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɭɪɨɜɧɢ�ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 13 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

 

 

Ɋɢɫɭɧɨɤ� ɉ.1.10 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 13 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ, ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  
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Ɍɚɛɥɢɰɚ� ɉ.1.6 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 13 ɬɨɱɤɟ�ɤɨɪɢɞɨɪɚ, ɩɪɢ�ɜɫɟɯ�ɡɚɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 

ʋ
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ɨɱ

. 

ɗ
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ɨɜ
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ɨɜ
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Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i

 

1 63.18 65.90 -2.72 1 42.55 43.80 -1.25 
2 63.89 67.20 -3.31 2 41.22 43.60 -2.38 
3 65.12 67.50 -2.38 3 62.05 64.70 -2.65 
4 66.14 68.20 -2.06 4 43.80 46.00 -2.20 
5 68.25 69.60 -1.35 5 51.05 48.80 2.25 
6 70.96 70.00 0.96 6 51.33 51.10 0.23 
7 73.48 70.60 2.88 7 56.90 55.70 1.20 
8 74.98 71.90 3.08 8 35.54 35.40 0.14 
9 75.61 73.00 2.61 9 61.30 64.30 -3.00 
10 76.89 74.70 2.19 10 58.42 60.70 -2.28 
11 79.12 76.20 2.92 11 48.82 51.51 -2.69 
12 82.36 79.10 3.26 12 54.66 54.40 0.26 
13 87.92 88.00 -0.08 13 50.87 50.80 0.07 
14 77.16 77.00 0.16 14 53.48 55.50 -2.02 
15 77.56 76.50 1.06 15 52.98 54.30 -1.32 
16 77.01 76.40 0.61 16 46.54 45.30 -1.24 
17 75.25 75.50 -0.25 17 - 25.50 - 
18 73.84 73.40 0.44 18 39.99 41.60 -1.61 
19 73.56 73.30 0.26 19 30.98 28.30 2.68 
20 72.89 73.60 -0.71 20 44.84 44.40 0.44 
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Ɋɢɫɭɧɨɤ�ɉ.1.11 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɤɨɪɢɞɨɪɟ�ɢ�ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 13 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ, ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ  

 
 

Ɋɢɫɭɧɨɤ� ɉ.1.12 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 13 ɬɨɱɤɟ� ɤɨɪɢɞɨɪɚ, ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ� ɞɜɟɪɹɯ 

ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  
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Ɍɚɛɥɢɰɚ� ɉ.1.7 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ� ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 9 ɩɨɦɟɳɟɧɢɢ,  ɩɪɢ� ɜɫɟɯ� ɨɬɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 

ʋ
 ɬ
ɨɱ

. 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
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ɨɜ
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ɨɜ
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Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i

 

1 54.36 53.66 0.70 1 48.07 45.41 2.66 
2 55.96 57.42 -1.46 2 46.96 49.28 -2.32 
3 58.63 61.73 -3.10 3 55.79 59.00 -3.21 
4 60.86 64.19 -3.43 4 56.54 57.12 -0.58 
5 63.65 66.61 -2.96 5 50.94 54.54 -3.60 
6 65.91 69.19 -3.28 6 60.99 64.38 -3.39 
7 67.13 70.89 -3.76 7 72.40 75.33 -2.93 
8 69.03 72.92 -3.89 8 65.74 68.25 -2.51 
9 70.88 74.84 -3.96 9 93.28 91.48 1.80 
10 73.51 77.53 -4.02 10 91.02 87.31 3.71 
11 77.24 79.70 -2.46 11 82.90 83.26 -0.36 
12 82.30 81.88 0.42 12 63.19 60.41 2.78 
13 78.47 75.23 3.24 13 63.14 65.98 -3.84 
14 68.76 71.62 -2.86 14 61.38 62.61 -1.23 
15 71.06 71.28 -0.22 15 58.98 58.70 0.28 
16 71.38 70.66 0.72 16 54.00 56.00 -2.00 
17 70.84 69.85 0.99 17 46.95 44.81 2.14 
18 69.05 69.43 -0.38 18 43.57 46.09 -2.52 
19 68.63 69.01 -0.38 19 - 37.75 - 
20 68.06 68.90 -0.84 20 50.85 48.78 2.07 
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Ɋɢɫɭɧɨɤ�ɉ.1.13 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɤɨɪɢɞɨɪɟ�ɢ�ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 9 ɩɨɦɟɳɟɧɢɢ,  ɩɪɢ�ɜɫɟɯ�ɨɬɤɪɵɬɵɯ  ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ 

ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

 
 

Ɋɢɫɭɧɨɤ� ɉ.1.14 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 9 ɩɨɦɟɳɟɧɢɢ,  ɩɪɢ�ɜɫɟɯ�ɨɬɤɪɵɬɵɯ�ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ 

ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ.  
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Ɍɚɛɥɢɰɚ� ɉ.1.8 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ� ɪɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ 

ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ� ɪɚɫɩɨɥɨɠɟɧɢɢ� ɢɫɬɨɱɧɢɤɚ� ɜ 9 ɩɨɦɟɳɟɧɢɢ, ɩɪɢ� ɜɫɟɯ� ɡɚɤɪɵɬɵɯ 

ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

ɍɪɨɜɧɢ�ɡɜɭɤɨɜɨɝɨ�ɞɚɜɥɟɧɢɹ L, ɞȻ 

ɜ�ɤɨɪɢɞɨɪɟ ɜ�ɩɨɦɟɳɟɧɢɹɯ 

ʋ
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ɨɱ

. 

ɗ
ɤɫ
ɩɟ
ɪɢ
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ɨɜ
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Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i

 

ʋ
 ɩ
ɨɦ

. 

ɗ
ɤɫ
ɩɟ
ɪɢ
ɦɟ
ɧɬ
ɚɥ
ɶɧ
ɵ
ɣ 

ɭɪ
ɨɜ
ɟɧ
ɶ 

Lɷ
ɤɫ

i ɞ
Ȼ 

Ɋɚ
ɫɱ
ɟɬ
ɧɵ

ɣ 
ɭɪ
ɨɜ
ɟɧ
ɶ 

Lɪ
ɚɫ

i ɞ
Ȼ 

ǻL
=

Lɷ
ɤɫ

i- 
Lɪ
ɚɫ
ɱ i

 

1 50.12 50.90 -0.78 1 29.31 28.70 0.61 
2 50.98 52.20 -1.22 2 34.73 31.40 3.33 
3 51.45 52.50 -1.05 3 47.85 49.77 -1.92 
4 51.99 53.20 -1.21 4 - 31.10 - 
5 53.35 54.60 -1.25 5 - 34.60 - 
6 55.19 55.00 0.19 6 35.38 36.10 -0.72 
7 57.94 55.60 2.34 7 45.21 41.70 3.51 
8 59.23 56.90 2.33 8 - 21.40 - 
9 61.09 58.00 3.09 9 94.64 92.94 1.70 
10 62.05 60.00 2.05 10 92.32 90.91 1.41 
11 64.48 61.20 3.28 11 85.55 82.80 2.75 
12 66.19 66.10 0.09 12 - 29.50 - 
13 67.77 66.00 1.77 13 38.45 36.80 1.65 
14 51.48 52.10 -0.62 14 42.34 40.50 1.84 
15 52.89 54.20 -1.31 15 40.02 38.50 1.52 
16 53.3 53.80 -0.50 16 - 27.60 - 
17 53.19 53.20 -0.01 17 38.61 36.68 1.93 
18 52.83 53.00 -0.17 18 - 26.60 - 
19 50.73 52.10 -1.37 19 - 13.00 - 
20 49.67 51.00 -1.33 20 31.04 29.50 1.54 
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Ɋɢɫɭɧɨɤ�ɉ.1.15 - ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɭɪɨɜɧɢ�ɲɭɦɚ�ɜ�ɤɨɪɢɞɨɪɟ�ɢ�ɩɨɦɟɳɟɧɢɹɯ�ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 9 ɩɨɦɟɳɟɧɢɢ, ɩɪɢ�ɜɫɟɯ�ɡɚɤɪɵɬɵɯ�ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ 

ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 

 
 

Ɋɢɫɭɧɨɤ� ɉ.1.16 - Ɋɚɫɱɟɬɧɵɟ� ɭɪɨɜɧɢ� ɲɭɦɚ� ɜ� ɤɨɪɢɞɨɪɟ� ɢ� ɩɨɦɟɳɟɧɢɹɯ� ɩɪɢ 

ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ 9 ɩɨɦɟɳɟɧɢɢ,  ɩɪɢ�ɜɫɟɯ�ɡɚɤɪɵɬɵɯ�ɞɜɟɪɹɯ�ɩɨɦɟɳɟɧɢɣ, ɜ 

ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɟ fɫɪ=2000 Ƚɰ. 
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ɉɊɂɅɈɀȿɇɂȿ 2 
Ɋɟɡɭɥɶɬɚɬɵ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɞɚɧɧɵɯ�ɜ�ɫɢɫɬɟɦɟ 

ɩɨɦɟɳɟɧɢɣ�ɫ�ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ 
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ȼ� ɩɪɢɥɨɠɟɧɢɢ� ɩɪɢɜɟɞɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ� ɚɧɚɥɢɡɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɞɚɧɧɵɯ�ɜ�ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ� ɫ� ɭɫɬɪɨɣɫɬɜɨɦ� ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ� ɧɚ� ɩɨɬɨɥɤɟ, 

ɫɯɟɦɚ�ɩɨɦɟɳɟɧɢɹ�ɩɪɢɜɟɞɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ�ɉ.2.1.  

 
Ɋɢɫɭɧɨɤ� ɉ.2.1- ɋɯɟɦɚ� ɩɨɦɟɳɟɧɢɹ� ɫ� ɩɟɪɟɝɨɪɨɞɤɚɦɢ� ɧɟɩɨɥɧɨɣ� ɜɵɫɨɬɵ� ɫ 

ɭɤɚɡɚɧɢɟɦ� ɩɨɥɨɠɟɧɢɹ� ɪɚɫɱɟɬɧɵɯ� ɬɨɱɟɤ (ɚ), ɩɨɥɨɠɟɧɢɣ� ɢɫɬɨɱɧɢɤɚ� ɲɭɦɚ (ɛ) ɢ 

ɩɨɥɨɠɟɧɢɹ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ. 
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Ɍɚɛɥɢɰɚ�ɉ.2.1 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɭɪɨɜɧɟɣ�ɜ�ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɫ�ɭɫɬɪɨɣɫɬɜɨɦ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚ�ɩɨɬɨɥɤɟ�ɜ�ɨɛɴɟɦɟ�ɉ1, ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ1, 

ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 

ʋ
 ɬ
ɨɱ
ɤɢ

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɭɪɨɜɟɧɶ 
/ɷɤɫi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ�ȟ=0,8  
/ɪɚɫɱi ɞȻ 

/ɷɤɫi Lɷɤɫ�ɡi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɷ
ɤɫ

 ɡ i
 

/ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 ɡ i
 

/ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 ɡ i
 

/ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 ɡ i
 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ1 89.98 87.63 2.35 88.39 89.88 -1.49 88.99 89.02 -0.03 88.57 89.19 -0.62 
Ɍ2 89.65 89.43 0.22 87.93 89.54 -1.61 88.89 89.10 -0.21 88.22 89.04 -0.82 
Ɍ3 85.63 82.94 2.69 84.88 84.93 -0.05 83.86 81.82 2.04 84.57 82.99 1.58 
Ɍ4 86.37 83.61 2.76 83.62 83.67 -0.05 84.00 82.09 1.91 83.74 82.50 1.24 
Ɍ5 80.82 79.24 1.58 81.23 81.28 -0.05 80.48 78.87 1.61 81.00 79.87 1.13 
Ɍ6 81.65 80.30 1.35 80.77 80.81 -0.04 80.88 82.56 -1.68 80.80 79.82 0.98 
Ɍ7 77.84 76.09 1.75 79.18 79.23 -0.05 78.88 77.42 1.46 79.03 77.79 1.24 
Ɍ8 78.05 76.07 1.98 78.78 78.82 -0.04 79.24 77.76 1.48 78.91 77.76 1.15 
Ɍ9 85.76 83.89 1.87 85.28 85.33 -0.05 84.57 83.02 1.55 85.07 83.77 1.30 
Ɍ10 84.70 82.74 1.96 84.99 85.04 -0.05 84.95 82.98 1.97 84.98 83.48 1.50 
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ɉɪɨɞɨɥɠɟɧɢɟ�ɬɚɛɥ. ɉ.2.1 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ11 82.79 81.71 1.08 83.41 83.47 -0.06 81.61 80.05 1.56 82.87 81.89 0.98 
Ɍ12 83.27 81.78 1.49 82.55 82.60 -0.05 82.71 81.45 1.26 82.59 81.46 1.13 
Ɍ13 79.51 77.02 2.49 80.59 80.64 -0.05 79.33 78.34 0.99 80.21 79.14 1.07 
Ɍ14 79.84 77.72 2.12 80.20 80.25 -0.05 79.93 80.12 -0.19 80.12 79.40 0.72 
Ɍ15 75.59 74.84 0.75 78.81 78.86 -0.05 78.05 77.33 0.72 78.58 77.66 0.92 
Ɍ16 76.16 74.57 1.59 78.45 78.50 -0.05 78.33 77.61 0.72 78.41 77.39 1.02 
ȼ1 90.15 88.11 2.04 88.13 88.77 -0.64 88.52 87.44 1.08 88.25 87.82 0.43 
ȼ2 89.04 87.43 1.61 87.45 88.20 -0.75 88.05 87.16 0.89 87.63 87.23 0.40 
ȼ3 87.07 85.44 1.63 85.20 85.20 0.00 84.94 83.79 1.15 85.12 84.17 0.95 
ȼ4 85.30 83.70 1.60 83.44 83.44 0.00 84.10 82.28 1.82 83.64 82.53 1.11 
ȼ5 82.94 81.11 1.83 81.73 81.73 0.00 82.23 80.60 1.63 81.88 80.51 1.37 
ȼ6 81.05 79.50 1.55 80.59 80.59 0.00 80.65 79.56 1.09 80.61 79.51 1.10 
ȼ7 80.10 77.29 2.81 79.37 79.37 0.00 80.00 78.80 1.20 79.56 78.57 0.99 
ȼ8 78.52 76.38 2.14 78.73 78.73 0.00 79.29 79.07 0.22 78.90 78.07 0.83 
ȼ9 86.03 83.57 2.46 85.38 85.38 0.00 85.25 84.02 1.23 85.34 84.25 1.09 
ȼ10 83.74 82.20 1.54 84.96 84.96 0.00 85.33 83.76 1.57 85.07 83.75 1.32 
ȼ11 83.44 81.02 2.42 83.65 83.65 0.00 82.99 81.66 1.33 83.46 82.44 1.02 
ȼ12 81.76 81.04 0.72 82.44 82.44 0.00 82.11 81.27 0.84 82.34 81.47 0.87 
ȼ13 79.54 78.18 1.36 81.04 81.04 0.00 80.48 79.45 1.03 80.87 80.04 0.83 
ȼ14 79.04 77.32 1.72 80.07 80.07 0.00 79.57 78.62 0.95 79.92 79.05 0.87 
ȼ15 77.56 75.51 2.05 79.00 79.00 0.00 78.43 78.81 -0.38 78.83 78.18 0.65 
ȼ16 77.09 74.44 2.65 78.43 78.43 0.00 78.45 77.70 0.75 78.44 77.56 0.88 
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Ɍɚɛɥɢɰɚ�ɉ.2.2 - ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɭɪɨɜɧɟɣ�ɜ�ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɫ�ɭɫɬɪɨɣɫɬɜɨɦ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚ�ɩɨɬɨɥɤɟ�ɜ�ɨɛɴɟɦɟ�ɉ1, ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ2, 

ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 

ʋ
 ɬ
ɨɱ
ɤɢ

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɭɪɨɜɟɧɶ 
/ɷɤɫi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ�ȟ=0,8  
/ɪɚɫɱi ɞȻ 

/ɷɤɫi Lɷɤɫ�ɡi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɷ
ɤɫ

 ɡ i
 

/ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i /ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i /ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ1 83.17 81.50 1.67 82.86 82.95 -0.09 82.30 81.06 1.24 82.69 82.53 0.16 
Ɍ2 82.70 81.41 1.29 83.12 83.22 -0.10 81.72 80.69 1.03 82.70 82.69 0.01 
Ɍ3 83.88 83.68 0.20 83.76 83.88 -0.12 83.77 83.01 0.76 83.76 83.60 0.16 
Ɍ4 84.30 84.95 -0.65 83.69 83.81 -0.12 83.68 83.49 0.19 83.69 83.42 0.27 
Ɍ5 81.15 81.29 -0.14 82.61 82.74 -0.13 81.11 80.57 0.54 82.16 81.95 0.21 
Ɍ6 81.29 82.33 -1.04 82.35 82.48 -0.13 84.54 81.44 3.10 82.10 82.17 -0.07 
Ɍ7 77.76 77.52 0.24 81.27 81.40 -0.13 79.86 79.46 0.40 80.84 80.72 0.12 
Ɍ8 79.34 78.30 1.04 80.97 81.10 -0.13 80.80 80.26 0.54 80.92 80.70 0.22 
Ɍ9 83.55 83.22 0.33 84.12 84.19 -0.07 84.07 83.42 0.65 84.11 83.86 0.25 
Ɍ10 84.42 82.93 1.49 84.86 84.92 -0.06 84.14 83.85 0.29 84.64 84.26 0.38 
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ɉɪɨɞɨɥɠɟɧɢɟ�ɬɚɛɥ. ɉ.2.2 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ11 90.20 88.07 2.13 87.72 89.25 -1.53 88.88 89.93 -1.05 88.07 89.10 -1.03 
Ɍ12 90.10 92.04 -1.94 87.63 89.53 -1.90 88.80 91.18 -2.38 87.98 89.45 -1.47 
Ɍ13 82.57 82.54 0.03 84.65 84.77 -0.12 83.77 83.62 0.15 84.38 83.55 0.83 
Ɍ14 83.68 82.75 0.93 84.06 84.18 -0.12 83.71 83.74 -0.03 83.96 83.28 0.68 
Ɍ15 78.58 78.14 0.44 82.11 82.23 -0.12 81.26 80.63 0.63 81.85 80.97 0.88 
Ɍ16 79.65 78.66 0.99 81.62 81.75 -0.13 81.60 81.50 0.10 81.62 81.20 0.42 
ȼ1 83.00 81.12 1.88 82.93 82.94 -0.01 82.62 80.44 2.18 82.84 82.48 0.36 
ȼ2 83.50 80.94 2.56 83.30 83.32 -0.02 82.75 80.94 1.81 83.14 82.93 0.21 
ȼ3 84.85 83.89 0.96 83.81 83.85 -0.04 84.02 83.68 0.34 83.88 83.63 0.25 
ȼ4 83.94 84.00 -0.06 83.72 83.77 -0.05 83.69 83.63 0.06 83.71 83.47 0.24 
ȼ5 82.71 82.47 0.24 82.97 83.02 -0.05 82.46 82.41 0.05 82.82 82.52 0.30 
ȼ6 82.30 81.10 1.20 82.32 82.37 -0.05 82.21 81.91 0.30 82.29 82.00 0.29 
ȼ7 80.57 80.29 0.28 81.50 81.55 -0.05 80.78 80.79 -0.01 81.29 80.84 0.45 
ȼ8 79.23 77.45 1.78 81.05 81.10 -0.05 79.57 79.94 -0.37 80.60 80.43 0.17 
ȼ9 84.86 83.62 1.24 84.15 84.14 0.01 84.20 84.37 -0.17 84.16 84.10 0.06 
ȼ10 85.38 85.47 -0.09 85.20 85.19 0.01 85.04 84.89 0.15 85.15 84.94 0.21 
ȼ11 89.70 89.13 0.57 87.16 87.91 -0.75 87.86 88.44 -0.58 87.37 87.78 -0.41 
ȼ12 89.49 90.18 -0.69 87.13 87.97 -0.84 87.95 88.58 -0.63 87.37 87.76 -0.39 
ȼ13 85.96 86.20 -0.24 85.35 85.39 -0.04 85.23 85.25 -0.02 85.31 84.67 0.64 
ȼ14 83.61 83.54 0.07 83.94 83.99 -0.05 84.26 84.46 -0.20 84.04 83.22 0.82 
ȼ15 81.51 81.11 0.40 82.45 82.49 -0.04 81.98 82.25 -0.27 82.31 81.98 0.33 
ȼ16 79.33 78.54 0.79 81.68 81.73 -0.05 81.11 81.17 -0.06 81.51 81.19 0.32 
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Ɍɚɛɥɢɰɚ�ɉ.2.3 - ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɭɪɨɜɧɟɣ�ɜ�ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɫ�ɭɫɬɪɨɣɫɬɜɨɦ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚ�ɩɨɬɨɥɤɟ�ɜ�ɨɛɴɟɦɟ�ɉ1, ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ3, 

ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 

ʋ
 ɬ
ɨɱ
ɤɢ

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɭɪɨɜɟɧɶ 
/ɷɤɫi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ�ȟ=0,8  
/ɪɚɫɱi ɞȻ 

/ɷɤɫi Lɷɤɫ�ɡi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɷ
ɤɫ

 ɡ i
 

/ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i /ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i /ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ1 81.45 80.27 1.18 80.50 80.59 -0.09 79.94 79.04 0.90 80.33 80.47 -0.14 
Ɍ2 80.63 78.98 1.65 81.09 81.18 -0.09 80.37 78.88 1.49 80.87 80.85 0.02 
Ɍ3 83.90 84.02 -0.12 83.34 83.43 -0.09 83.43 83.39 0.04 83.37 83.32 0.05 
Ɍ4 83.91 84.07 -0.16 84.60 84.69 -0.09 83.36 83.25 0.11 84.23 84.30 -0.07 
Ɍ5 90.75 93.41 -2.66 88.13 91.19 -3.06 89.45 91.77 -2.32 88.53 91.15 -2.62 
Ɍ6 91.27 92.11 -0.84 88.10 91.11 -3.01 89.60 91.74 -2.14 88.55 91.09 -2.54 
Ɍ7 84.18 84.08 0.10 85.44 85.54 -0.10 84.56 84.77 -0.21 85.18 84.50 0.68 
Ɍ8 83.95 84.18 -0.23 84.93 85.02 -0.09 84.33 84.63 -0.30 84.75 84.30 0.45 
Ɍ9 79.68 78.95 0.73 79.93 80.02 -0.09 79.34 78.94 0.40 79.76 79.92 -0.16 
Ɍ10 80.14 78.68 1.46 80.39 80.47 -0.08 79.39 86.34 -6.95 80.09 80.31 -0.22 
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ɉɪɨɞɨɥɠɟɧɢɟ�ɬɚɛɥ. ɉ.2.3 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ11 81.88 81.70 0.18 82.00 82.08 -0.08 82.26 82.14 0.12 82.08 82.06 0.02 
Ɍ12 81.46 82.13 -0.67 82.73 82.81 -0.08 81.40 82.82 -1.42 82.33 82.38 -0.05 
Ɍ13 82.96 83.46 -0.50 83.78 83.85 -0.07 84.24 83.75 0.49 83.91 83.37 0.54 
Ɍ14 83.48 84.04 -0.56 83.85 83.92 -0.07 84.14 83.79 0.35 83.94 83.33 0.61 
Ɍ15 81.09 81.86 -0.77 83.61 83.68 -0.07 82.68 82.12 0.56 83.33 82.89 0.44 
Ɍ16 80.45 81.48 -1.03 83.45 83.53 -0.08 82.49 83.21 -0.72 83.16 82.94 0.22 
ȼ1 81.05 79.09 1.96 80.54 80.59 -0.05 80.94 79.25 1.69 80.66 80.54 0.12 
ȼ2 82.16 80.82 1.34 81.40 81.45 -0.05 81.30 79.77 1.53 81.37 81.22 0.15 
ȼ3 84.07 83.86 0.21 83.22 83.27 -0.05 83.72 82.87 0.85 83.37 83.14 0.23 
ȼ4 85.45 85.35 0.10 84.94 84.99 -0.05 85.11 84.71 0.40 84.99 84.78 0.21 
ȼ5 88.99 89.88 -0.89 86.97 88.03 -1.06 88.17 89.00 -0.83 87.33 88.10 -0.77 
ȼ6 88.25 89.59 -1.34 87.12 88.16 -1.04 88.20 88.76 -0.56 87.44 88.13 -0.69 
ȼ7 87.34 88.11 -0.77 85.76 85.82 -0.06 85.45 85.44 0.01 85.67 85.25 0.42 
ȼ8 84.86 85.73 -0.87 84.98 85.03 -0.05 84.96 85.07 -0.11 84.97 84.40 0.57 
ȼ9 79.07 78.21 0.86 80.01 80.06 -0.05 79.66 79.15 0.51 79.91 79.98 -0.07 
ȼ10 79.97 78.79 1.18 80.67 80.72 -0.05 80.20 79.33 0.87 80.53 80.55 -0.02 
ȼ11 81.06 81.77 -0.71 81.99 82.03 -0.04 81.80 81.92 -0.12 81.93 81.62 0.31 
ȼ12 83.06 81.90 1.16 83.00 83.04 -0.04 82.43 82.36 0.07 82.83 82.54 0.29 
ȼ13 83.95 83.34 0.61 83.83 83.86 -0.03 84.17 84.37 -0.20 83.93 83.48 0.45 
ȼ14 84.64 83.32 1.32 84.02 84.05 -0.03 84.34 84.09 0.25 84.11 83.90 0.21 
ȼ15 82.34 83.13 -0.79 83.81 83.85 -0.04 83.10 83.72 -0.62 83.60 83.38 0.22 
ȼ16 81.75 82.13 -0.38 83.57 83.61 -0.04 83.01 83.12 -0.11 83.40 82.87 0.53 
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Ɍɚɛɥɢɰɚ�ɉ.2.4 - ɋɪɚɜɧɢɬɟɥɶɧɵɣ�ɚɧɚɥɢɡ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɢ�ɪɚɫɱɟɬɧɵɯ�ɭɪɨɜɧɟɣ�ɜ�ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɣ�ɦɨɞɟɥɢ�ɩɨɦɟɳɟɧɢɹ�ɫ 

ɩɟɪɟɝɨɪɨɞɤɚɦɢ�ɧɟɩɨɥɧɨɣ�ɜɵɫɨɬɵ�ɫ�ɭɫɬɪɨɣɫɬɜɨɦ�ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ�ɧɚ�ɩɨɬɨɥɤɟ�ɜ�ɨɛɴɟɦɟ�ɉ1, ɩɪɢ�ɪɚɫɩɨɥɨɠɟɧɢɢ�ɢɫɬɨɱɧɢɤɚ�ɜ�ɂɒ4, 

ɞɥɹ�ɨɤɬɚɜɧɨɣ�ɩɨɥɨɫɵ�ɫ fɫɪ=2000 Ƚɰ. 

ʋ
 ɬ
ɨɱ
ɤɢ

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɭɪɨɜɟɧɶ 
/ɷɤɫi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɞɢɮɮɭɡɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɡɟɪɤɚɥɶɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ 
/ɪɚɫɱi ɞȻ 

Ɋɚɫɱɟɬɧɵɟ�ɭɪɨɜɧɢ�ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɦɨɞɟɥɢ 

ɨɬɪɚɠɟɧɢɹ�ȟ=0,8  
/ɪɚɫɱi ɞȻ 

/ɷɤɫi Lɷɤɫ�ɡi 

ǻL
=

Lɷ
ɤɫ

i- 
Lɷ
ɤɫ

 ɡ i
 

/ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i /ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i /ɪɚɫɱi Lɪɚɫɱ�ɡi 

ǻL
=

Lɪ
ɚɫ
ɱ i

- L
ɪɚ
ɫɱ

 
ɡ i 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ1 76.06 74.15 1.91 78.41 78.46 -0.05 77.70 77.48 0.22 78.20 78.35 -0.15 
Ɍ2 75.91 73.71 2.20 78.90 78.94 -0.04 77.29 76.73 0.56 78.42 78.73 -0.31 
Ɍ3 79.25 77.75 1.50 80.71 80.76 -0.05 80.50 80.12 0.38 80.65 80.71 -0.06 
Ɍ4 77.50 77.71 -0.21 81.63 81.67 -0.04 79.50 78.66 0.84 80.99 81.09 -0.10 
Ɍ5 82.56 81.95 0.61 83.49 83.53 -0.04 83.12 83.27 -0.15 83.38 83.39 -0.01 
Ɍ6 81.40 81.15 0.25 83.86 83.90 -0.04 82.70 82.22 0.48 83.51 83.15 0.36 
Ɍ7 82.70 82.31 0.39 85.19 85.23 -0.04 85.04 85.34 -0.30 85.15 84.80 0.35 
Ɍ8 82.25 82.58 -0.33 85.41 85.45 -0.04 84.98 84.96 0.02 85.28 84.90 0.38 
Ɍ9 76.72 74.82 1.90 78.53 78.57 -0.04 78.60 78.79 -0.19 78.55 79.61 -1.06 
Ɍ10 76.14 74.40 1.74 79.10 79.15 -0.05 79.07 78.91 0.16 79.09 78.83 0.26 
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ɉɪɨɞɨɥɠɟɧɢɟ�ɬɚɛɥ. ɉ.2.4 

1 2 3 4 5 6 7 8 9 10 11 12 13 
Ɍ11 80.61 79.98 0.63 81.29 81.34 -0.05 81.38 81.67 -0.29 81.32 81.11 0.21 
Ɍ12 79.59 78.89 0.70 82.51 82.55 -0.04 81.17 81.11 0.06 82.11 81.81 0.30 
Ɍ13 83.84 80.99 2.85 85.26 85.31 -0.05 85.01 85.05 -0.04 85.19 84.91 0.28 
Ɍ14 84.00 82.42 1.58 85.93 85.97 -0.04 84.47 84.54 -0.07 85.49 85.21 0.28 
Ɍ15 87.65 89.52 -1.87 89.02 90.67 -1.65 90.09 91.32 -1.23 89.34 90.46 -1.12 
Ɍ16 88.37 88.81 -0.44 89.41 91.06 -1.65 90.16 91.51 -1.35 89.63 90.73 -1.10 
ȼ1 75.76 72.75 3.01 78.42 78.47 -0.05 78.23 77.04 1.19 78.36 78.30 0.06 
ȼ2 77.00 74.16 2.84 79.13 79.17 -0.04 78.52 77.39 1.13 78.95 79.07 -0.12 
ȼ3 78.18 76.67 1.51 80.59 80.64 -0.05 80.19 79.38 0.81 80.47 80.30 0.17 
ȼ4 78.96 77.84 1.12 81.86 81.90 -0.04 80.95 80.50 0.45 81.58 81.50 0.08 
ȼ5 81.80 81.11 0.69 83.29 83.33 -0.04 83.00 82.82 0.18 83.20 83.06 0.14 
ȼ6 81.96 82.43 -0.47 84.19 84.23 -0.04 83.32 83.17 0.15 83.93 83.67 0.26 
ȼ7 82.49 83.01 -0.52 85.13 85.17 -0.04 85.23 85.40 -0.17 85.16 84.92 0.24 
ȼ8 83.58 82.43 1.15 85.47 85.51 -0.04 85.50 85.24 0.26 85.48 85.18 0.30 
ȼ9 76.45 74.86 1.59 78.54 78.59 -0.05 78.87 78.89 -0.02 78.64 78.68 -0.04 
ȼ10 76.79 75.75 1.04 79.37 79.42 -0.05 78.99 79.05 -0.06 79.26 79.46 -0.20 
ȼ11 79.59 79.45 0.14 81.14 81.19 -0.05 81.54 81.37 0.17 81.26 80.96 0.30 
ȼ12 80.63 79.36 1.27 82.82 82.87 -0.05 82.61 82.15 0.46 82.76 82.50 0.26 
ȼ13 83.43 83.50 -0.07 84.96 85.01 -0.05 85.31 84.72 0.59 85.07 84.58 0.49 
ȼ14 85.32 85.09 0.23 86.55 86.60 -0.05 86.52 86.30 0.22 86.54 86.13 0.41 
ȼ15 89.39 85.84 3.55 88.42 89.13 -0.71 89.21 89.65 -0.44 88.66 88.82 -0.16 
ȼ16 87.81 87.02 0.79 89.04 89.68 -0.64 89.61 90.10 -0.49 89.21 89.28 -0.07 
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