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ȼȼȿȾȿɇɂȿ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ƚɟɨɥɨɝɢɱɟɫɤɢɟ ɢɡɵɫɤɚɧɢɹ, ɩɪɨɜɟɞёɧɧɵɟ 

ɪɹɞɨɦ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɫɫɢɜɚ ɩɨ ɬɪɚɫɫɟ ɩɨɞɡɟɦɧɵɯ ɥɢɧɟɣɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ. Ɂɚɮɢɤɫɢɪɨɜɚɧɧɚɹ ɧɚɪɭɲɟɧɧɨɫɬɶ ɢɦɟɟɬ ɪɚɡɥɢɱɧɨɟ 

ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɢ ɹɜɥɹɟɬɫɹ ɤɚɤ ɫɥɟɞɫɬɜɢɟɦ ɛɢɨɯɢɦɢɱɟɫɤɨɝɨ ɜɵɜɟɬɪɢɜɚɧɢɹ ɢ 

ɚɤɬɢɜɧɨɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɢɪɨɞɧɨɣ ɢ ɩɪɢɜɧɟɫɟɧɧɨɣ ɦɢɤɪɨɛɢɨɬɵ, ɬɚɤ ɢ 

ɩɪɢɱɢɧɨɣ ɪɚɡɭɩɥɨɬɧɟɧɢɹ, ɪɚɡɦɹɝɱɟɧɢɹ ɝɥɢɧ ɩɪɢ ɭɜɟɥɢɱɢɜɚɸɳɟɣɫɹ ɜɥɚɠɧɨɫɬɢ. 

Ⱥɧɚɥɢɡ ɜɨɡɧɢɤɲɢɯ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɡɚɱɚɫɬɭɸ ɩɪɢɱɢɧɚɦɢ 

ɧɟɤɨɪɪɟɤɬɧɨɣ ɩɪɨɝɧɨɡɧɨɣ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɹɜɥɹɥɫɹ 

ɧɟɞɨɫɬɚɬɨɤ ɢɧɮɨɪɦɚɰɢɢ ɨ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜɩɟɪɟɞɢ ɥɛɚ ɡɚɛɨɹ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɤɨɫɜɟɧɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ ɜɩɟɪɟɞɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɥɹɬɶ ɝɢɩɨɬɟɬɢɱɟɫɤɢɟ ɡɨɧɵ 

ɧɚɪɭɲɟɧɧɨɫɬɢ, ɱɬɨ ɜɵɞɜɢɝɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɟɬɨɞɢɤɚɦ ɢɯ ɭɱɟɬɚ ɩɪɢ ɩɪɨɝɧɨɡɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ.  

ȼ ɤɚɱɟɫɬɜɟ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 

ɝɨɪɧɨɣ ɩɨɪɨɞɵ ɜɪɭɱɧɭɸ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɩɨɜɵɲɟɧɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. ɋɩɟɤɬɪ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɤɪɟɩɥɟɧɢɹ ɩɨɪɨɞ ɩɪɢɡɚɛɨɣɧɨɣ 

ɡɨɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɋ.-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, 

ɜɤɥɸɱɚɟɬ ɚɧɤɟɪɧɨɟ ɤɪɟɩɥɟɧɢɟ, ɨɩɟɪɟɠɚɸɳɢɟ ɩɪɨɯɨɞɤɭ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɬɪɭɛ, 

ɯɢɦɢɱɟɫɤɨɟ ɡɚɤɪɟɩɥɟɧɢɟ ɝɪɭɧɬɨɜ, ɤɪɟɩɥɟɧɢɟ ɩɨɪɨɞ ɡɚɛɨɹ ɪɚɫɩɨɪɧɵɦɢ 

ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɢ ɞɪ. ɉɨɞɛɨɪ ɫɩɨɫɨɛɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ: ɥɢɛɨ ɩɨ 

ɫɨɩɨɫɬɚɜɢɦɨɦɭ ɨɩɵɬɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɥɢɛɨ – ɪɚɫɱɟɬɨɦ ɤɨɧɫɬɪɭɤɰɢɣ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɢɥɢ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɋɭɳɟɫɬɜɭɸɳɟɟ ɪɚɡɧɨɨɛɪɚɡɢɟ 

ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɢɦɟɟɬ ɨɛɳɢɣ ɧɟɞɨɫɬɚɬɨɤ – ɭɩɪɨɳɟɧɧɵɣ ɩɨɞɯɨɞ ɤ 

ɭɱɟɬɭ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɬɪɨɟɧɢɹ ɫɥɚɝɚɸɳɟɝɨ ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ ɢ ɢɫɬɨɪɢɢ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɜɟɞɟɧɢɟ ɬɨɧɧɟɥɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɢ ɫɨɜɦɟɫɬɧɨ ɭɱɢɬɵɜɚɬɶ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɨɟɧɢɹ 

ɜɦɟɳɚɸɳɟɝɨ ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ, ɢɫɬɨɪɢɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨɝɨ 
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ɫɨɫɬɨɹɧɢɹ, ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɟɠɢɦ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɜɦɟɫɬɧɨɝɨ ɭɱɟɬɚ 

ɜɵɞɟɥɟɧɧɵɯ ɚɜɬɨɪɨɦ ɮɚɤɬɨɪɨɜ ɜɥɢɹɧɢɹ ɩɪɟɞɨɩɪɟɞɟɥɢɥɚ ɜɵɛɨɪ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɟ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 

ɦɟɬɨɞɢɤɢ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ, ɩɪɨɣɞɟɧɧɵɯ ɜ ɡɨɧɟ 

ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɫɢɫɬɟɦɟ «ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ – ɬɨɧɧɟɥɶ». 

ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ: ɢɡɭɱɟɧɢɸ 

ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜɩɟɪɟɞɢ ɥɛɚ ɡɚɛɨɹ ɬɨɧɧɟɥɹ ɦɟɬɪɨɩɨɥɢɬɟɧɚ 

ɋ. - ɉɟɬɟɪɛɭɪɝɚ ɤɨɫɜɟɧɧɵɦɢ ɝɟɨɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɨɫɜɹɳɟɧɚ ɪɚɛɨɬɚ 

Ʉ.ɉ. Ȼɟɡɪɨɞɧɨɝɨ, Ɇ.Ɉ. Ʌɟɛɟɞɟɜɚ. ȼ ɪɚɛɨɬɚɯ Ȼ.Ƚ. Ⱦɜɟɪɧɢɰɤɨɝɨ, Ʌ.Ƚ. Ʉɚɛɚɤɨɜɚ, 

ȿ.Ƚ. Ʉɨɡɢɧɚ, Ⱥ.Ⱥ. Ʉɨɪɨɛɤɨ, ȿ.Ʉ. Ɇɟɥɶɧɢɤɨɜɚ, ɚ ɬɚɤɠɟ ɜ ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɚɬɥɚɫɟ 

ɋ. - ɉɟɬɟɪɛɭɪɝɚ ɨɬɪɚɠɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɧɚɥɢɱɢɢ ɭɱɚɫɬɤɨɜ 

ɪɚɡɥɨɦɨɜ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɮɭɧɞɚɦɟɧɬɟ, ɤɨɬɨɪɵɟ ɩɪɨɥɨɧɝɢɪɭɸɬɫɹ ɜ ɩɨɪɨɞɚɯ 

ɨɫɚɞɨɱɧɨɣ ɞɨɱɟɬɜɟɪɬɢɱɧɨɣ ɬɨɥɳɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ Ɋ.ɗ. Ⱦɚɲɤɨ, 

ɨɬɪɚɠɚɸɬ ɫɧɢɠɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɢɫɩɵɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ, ɨɬɨɛɪɚɧɧɵɯ ɫ ɭɱɚɫɬɤɨɜ ɪɚɡɥɨɦɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɮɭɧɞɚɦɟɧɬɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ, ɨɬɨɛɪɚɧɧɵɯ ɜɧɟ ɡɨɧ ɪɚɡɥɨɦɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɹ 

Ɇ.Ⱥ. Ʉɚɪɚɫɟɜɚ ɩɨɤɚɡɵɜɚɸɬ ɜɵɪɚɠɟɧɧɭɸ ɚɧɢɡɨɬɪɨɩɢɸ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɢ 

ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ. 

ȼɨɩɪɨɫɚɦ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɪɢɡɚɛɨɣɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ, ɚ ɬɚɤɠɟ ɪɚɫɱɟɬɭ ɧɚɝɪɭɡɨɤ ɧɚ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɟɩɥɟɧɢɹ ɩɨɫɜɹɳɟɧɵ 

ɪɚɛɨɬɵ ɉ.Ⱥ. Ⱦɟɦɟɧɤɨɜɚ, Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɢ, Ⱥ.ɋ. ɋɚɦɦɚɥɹ, ɘ.Ⱥ. Ɏɢɥɨɧɨɜɚ, 

ɇ.ɇ. Ɏɨɬɢɟɜɨɣ, Ⱥ.ɇ. ɒɨɤɨɜɚ, ȿ.ȼ. ɓɟɤɭɞɨɜɚ, W. Broere, D. Dias, S. Domínguez, 

L. Dormieux, J.-P. Janin, M. Kavvadas, E. Leca, P. Lunardi, G. Mollon, D. Piela, 

G. Prountzopoulos, C. Shi, P.A. Vermeer ɢ ɞɪ. ɉɪɢ ɷɬɨɦ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɵɯ ɢ ɧɟɨɞɧɨɪɨɞɧɵɯ ɝɪɭɧɬɨɜ ɩɨɫɜɹɳɟɧɵ 

ɟɞɢɧɢɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Ɉ.ȼ. Ⱥɮɚɧɚɫɨɜɨɣ, G. Anagnostou, D. Dias, A. Eshraghi, 

M. Huang, ɢ ɞɪ. Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 
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ɥɨɛ ɡɚɛɨɹ. Ɍɚɤɨɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɛɨɬɚɯ ɇ.Ⱥ. Ȼɟɥɹɤɨɜɚ, P. Oreste ɢ ɞɪ., ɚ 

ɬɚɤɠɟ ɜ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

Ⱦɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɪɚɡɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɢ 

ɪɚɡɪɚɛɨɬɤɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ ɩɪɨɜɨɞɹɬɫɹ ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, 

ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɦɟɬɨɞɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɂɧɚɱɢɦɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɚɯ Ⱥ.ɇ. Ʉɨɧɶɤɨɜɚ, Ɏ.ɋ. Ɏɪɨɥɨɜɚ, M. Ahmed, M. Hisatake, 

A. Kirsch, W. Liu ɢ ɞɪ. ɇɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɢ ɨɩɢɫɚɧɢɹ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ ɤɪɟɩɥɟɧɢɣ ɩɪɢɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ 

ɇ.ɂ. Ʉɭɥɚɝɢɧɚ, Ⱥ.ɉ. Ʌɟɞɹɟɜɚ, ȼ.Ⱥ. Ɇɚɫɥɚɤɚ, P. Lunardi ɢ ɞɪ. Ɋɚɡɪɚɛɨɬɤɟ ɤɪɢɬɟɪɢɟɜ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ Ɉ.ȼ. Ɍɪɨɮɢɦɨɜɚ, 

B.B. Broms & H. Bennermark, G. Prountzopoulos, P.A. Vermeer ɢ ɞɪ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɬɟɨɪɢɢ ɩɪɟɞɟɥɶɧɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ ɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɪɚɛɨɬɚɯ L. Dormieux, M. Horn, E. Leca, 

R.L. Michalowski, G. Mollon, J. Zhang ɢ ɞɪ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɫɬɟɩɟɧɢ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɧɚɪɭɲɟɧɧɨɦ ɧɟɨɞɧɨɪɨɞɧɨɦ ɦɚɫɫɢɜɟ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɟɣ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ 

ɨɛɧɚɠɟɧɢɣ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɬɨɧɧɟɥɹ, ɩɪɨɜɨɞɢɦɨɝɨ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. 

ɂɞɟɹ ɪɚɛɨɬɵ. ɉɨɞɛɨɪ ɫɩɨɫɨɛɚ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ 

ɨɛɧɚɠɟɧɢɣ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ ɞɨɥɠɟɧ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɨɰɟɧɤɟ 

ɧɟɨɛɯɨɞɢɦɨɣ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɵ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ. 
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Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. ȼɵɩɨɥɧɟɧɢɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜɟɞɟɧɢɹ ɩɨɞɡɟɦɧɵɯ 

ɝɨɪɧɵɯ ɪɚɛɨɬ ɧɚ ɨɛɴɟɤɬɚɯ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ; 

2. ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ, ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɜɟɪɢɮɢɤɚɰɢɹ ɦɨɞɟɥɢ ɱɟɪɟɡ ɜɢɪɬɭɚɥɶɧɵɣ 

ɷɤɫɩɟɪɢɦɟɧɬ; 

3. ɉɨɫɬɪɨɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɷɥɟɦɟɧɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ – 

ɧɚɪɭɲɟɧɧɨɫɬɶ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɨɯɨɞɤɨɣ ɬɨɧɧɟɥɹ; 

4. ȼɵɹɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɥɢɧ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ ɨɬ 

ɡɚɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɩɨɞ ɧɚɝɪɭɡɤɨɣ – ɞɪɟɧɢɪɨɜɚɧɧɨɦ 

ɢ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɦ; 

5. Ɋɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ 

ɩɨɞɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɧɚɪɭɲɟɧɧɨɫɬɶ 

ɦɚɫɫɢɜɚ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɝɪɭɧɬɨɜɵɣ 

ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚɳɢɣ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ – ɧɚɪɭɲɟɧɧɨɫɬɶ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɢɯ ɡɚɛɨɟɜ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ. 

Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɨɦɩɥɟɤɫɧɵɣ ɩɨɞɯɨɞ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ: ɚɧɚɥɢɡ ɪɚɛɨɬ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɚɜɬɨɪɨɜ ɜ ɜɨɩɪɨɫɚɯ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ; ɚɧɚɥɢɡ 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɚɝɚɸɳɟɝɨ ɦɚɫɫɢɜɚ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ: ɪɟɡɭɥɶɬɚɬɨɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɪɚɡɜɟɞɤɢ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ; ɱɢɫɥɟɧɧɨɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɩɪɨɰɟɫɫɨɜ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɟɟ ɜ ɹɜɧɨɦ ɜɢɞɟ ɭɱɟɫɬɶ ɧɚɪɭɲɟɧɧɨɫɬɶ 
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ɦɚɫɫɢɜɚ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ, ɚɧɢɡɨɬɪɨɩɢɸ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɪɟɠɢɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɩɨɞ ɧɚɝɪɭɡɤɨɣ.  

Ɂɚɳɢɳɚɟɦɵɟ ɧɚɭɱɧɵɟ ɩɨɥɨɠɟɧɢɹ 

1. ɉɪɨɝɧɨɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

ɬɨɧɧɟɥɹ, ɩɪɨɜɨɞɢɦɨɝɨ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ, ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɹɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, 

ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɜɟɪɢɮɢɤɚɰɢɟɣ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ. 

2. ɇɚɢɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɬɨɧɧɟɥɹ, ɩɪɨɜɨɞɢɦɨɝɨ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ, 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɜɟɥɢɱɢɧɟ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ (0,3…0,6)·γH ɢ ɡɚɜɢɫɢɬ ɨɬ: 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɟɠɢɦɚ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 

3. ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ 

ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɧɭɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɨɜɨɟ ɨɛɧɚɠɟɧɢɟ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɦɨɞɟɥɢ «ɝɪɭɧɬɨɜɵɣ 

ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ – ɩɪɨɜɨɞɢɦɵɣ ɬɨɧɧɟɥɶ» ɢ ɭɱɢɬɵɜɚɸɳɟɣ ɪɟɠɢɦ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɪɨɜɟɞɟɧɧɨɝɨ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

ɩɪɢ ɜɯɨɠɞɟɧɢɢ ɜ ɡɨɧɭ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɡɚɤɥɸɱɚɸɳɟɣɫɹ ɜ ɭɜɟɥɢɱɟɧɢɢ 

ɜɟɥɢɱɢɧɵ ɞɟɮɨɪɦɚɰɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ;  

2. ɉɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ 

ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɨɜɨɟ ɨɛɧɚɠɟɧɢɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɜɚɪɢɚɧɬɚɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɧɚɪɭɲɟɧɢɹ ɢ ɪɟɠɢɦɚɯ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ: 
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ɭɫɬɚɧɨɜɥɟɧ ɮɚɤɬ ɧɚɥɢɱɢɹ ɦɚɤɫɢɦɭɦɚ ɮɭɧɤɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɨɬ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ; 

3. ȼɵɹɜɥɟɧɚ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɡɨɧɵ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɧɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ – ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɜɚɪɢɚɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨɣ. 

ɉɨɥɭɱɟɧɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɚɫɩɨɪɬɭ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

25.00.20 – Ƚɟɨɦɟɯɚɧɢɤɚ, ɪɚɡɪɭɲɟɧɢɟ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɪɭɞɧɢɱɧɚɹ ɚɷɪɨɝɚɡɨɞɢɧɚɦɢɤɚ ɢ 

ɝɨɪɧɚɹ ɬɟɩɥɨɮɢɡɢɤɚ (ɩɩ. 1, 2, 4, 5, 11, 13).  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
1. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɡɨɧɭ 

ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɤɚɤ ɫɭɯɨɣ ɢ ɜɥɚɝɨɧɚɫɵɳɟɧɧɵɣ ɪɚɫɱɟɬɧɵɣ ɷɥɟɦɟɧɬ. 

2. Ɋɚɡɪɚɛɨɬɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɝɪɭɧɬɨɜɨɟ ɨɛɧɚɠɟɧɢɟ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɧɚɭɱɧɵɯ ɜɵɜɨɞɨɜ, ɩɨɥɨɠɟɧɢɣ ɢ 
ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɫɯɨɞɢɦɨɫɬɶɸ ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɤɪɢɜɵɯ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɜɢɪɬɭɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ; 

ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɨɜ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɪɨɝɧɨɡɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɚɧɨɜɤɟ 

ɰɟɥɟɣ ɢ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɢɢ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 

ɝɪɭɧɬɚ, ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ, ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɟɣ ɢ ɩɪɨɜɟɞɟɧɢɢ ɱɢɫɥɟɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɵɩɨɥɧɟɧɢɢ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱥɜɬɨɪɨɦ ɜɵɹɜɥɟɧɚ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ 
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ɮɚɤɬɨɪɨɜ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɭɱɟɬɚ ɤɨɬɨɪɵɯ 

ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɪɨɞɧɵɯ 

ɨɛɧɚɠɟɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɧɚɪɭɲɟɧɧɨɦ ɦɚɫɫɢɜɟ; ɩɨɥɭɱɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɫɨɱɟɬɚɧɢɣ ɮɚɤɬɨɪɨɜ ɜɥɢɹɧɢɹ; ɪɚɡɪɚɛɨɬɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɨɞɛɨɪɭ 

ɫɩɨɫɨɛɚ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ ɥɛɚ ɡɚɛɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ⱥɩɪɨɛɚɰɢɹ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ 

ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ ɜ 2015-

2019 ɝɝ.: ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ 

ɩɪɨɛɥɟɦɵ ɝɟɨɦɟɯɚɧɢɤɢ ɩɪɢ ɨɫɜɨɟɧɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɢ 

ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɝɚɩɨɥɢɫɨɜ» (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2017 ɝ.), ɫɢɦɩɨɡɢɭɦ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ 68th Berg- 

und Hüttenmännischer TAG «12 Freiberg – St. Petersburg Colloquium of young 

scientists» (Ɏɪɚɣɛɟɪɝɫɤɚɹ ɝɨɪɧɚɹ ɚɤɚɞɟɦɢɹ, ɝ. Ɏɪɚɣɛɟɪɝ, Ƚɟɪɦɚɧɢɹ, 2017 ɝ.), XXVII 

Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɧɚɭɱɧɵɣ ɫɢɦɩɨɡɢɭɦ «ɇɟɞɟɥɹ ɝɨɪɧɹɤɚ - 2019» (ɇɚɰɢɨɧɚɥɶɧɵɣ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ Ɇɂɋɢɋ, ɝ. Ɇɨɫɤɜɚ, 2019 ɝ.). 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɨ 7 ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɜ ɢɡɞɚɧɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ - 3 ɫɬɚɬɶɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ 2 – ɜ ɢɡɞɚɧɢɹɯ, ɢɧɞɟɤɫɢɪɭɟɦɵɯ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɟ Scopus. 

Ɉɛɴɟɦ ɢ ɫɬɪɭɤɬɭɪɚ ɞɢɫɫɟɪɬɚɰɢɢ.  

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 155 ɫɬɪɚɧɢɰɚɯ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ 

ɢ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɱɟɬɵɪɟɯ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ ɢɡ 142 

ɢɫɬɨɱɧɢɤɨɜ, ɫɨɞɟɪɠɢɬ 87 ɪɢɫɭɧɤɨɜ, 6 ɬɚɛɥɢɰ, 3 ɩɪɢɥɨɠɟɧɢɹ ɧɚ 18 ɫɬɪɚɧɢɰɚɯ. 
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ȽɅȺȼȺ 1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɩɪɢɱɢɧɵ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ 

1.1 Ɉɩɢɫɚɧɢɟ ɢ ɚɧɚɥɢɡ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɹɜɥɹɟɬɫɹ ɝɪɭɧɬɨɜɵɣ 

ɦɚɫɫɢɜ, ɫɨɞɟɪɠɚɳɢɣ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ – ɧɚɪɭɲɟɧɧɨɫɬɶ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɢɯ ɡɚɛɨɟɜ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɩɪɨɣɞɟɧɧɵɯ ɝɨɪɧɵɦ ɫɩɨɫɨɛɨɦ ɢ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɨɧɟ 

ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ. 

ȼ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɪɭɧɬɨɜ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɦɢɫɫɢɟɣ ɩɨ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɬɟɯɧɢɱɟɫɤɨɦɭ ɧɨɪɦɢɪɨɜɚɧɢɸ ɢ ɨɰɟɧɤɟ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ [14] ɩɨɞ ɝɪɭɧɬɚɦɢ ɩɨɧɢɦɚɸɬɫɹ «ɥɸɛɵɟ ɝɨɪɧɵɟ 

ɩɨɪɨɞɵ, ɩɨɱɜɵ, ɨɫɚɞɤɢ ɢ ɬɟɯɧɨɝɟɧɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɤɚɤ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɞɢɧɚɦɢɱɧɵɟ ɫɢɫɬɟɦɵ ɢ ɤɚɤ ɱɚɫɬɶ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ ɢ 

ɢɡɭɱɚɟɦɵɟ ɜ ɫɜɹɡɢ ɫ ɢɧɠɟɧɟɪɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɱɟɥɨɜɟɤɚ». Ƚɪɭɧɬɵ 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɤɚɥɶɧɵɟ, ɞɢɫɩɟɪɫɧɵɟ ɢ ɦɟɪɡɥɵɟ. ɉɨ ɦɧɟɧɢɸ ȼ.ɇ. ɋɨɤɨɥɨɜɚ 

[66] «ɝɥɢɧɵ – ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɥɨɠɧɵɦ 

ɩɪɢɪɨɞɧɵɦ ɦɢɧɟɪɚɥɶɧɵɦ ɫɢɫɬɟɦɚɦ. Ɉɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɨɣ 

ɞɢɫɩɟɪɫɧɨɫɬɶɸ ɦɢɧɟɪɚɥɶɧɵɯ ɱɚɫɬɢɰ ɢ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɩɨɜɟɞɟɧɢɟɦ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɜɨɞɟ». ɉɨ ɛóɥɶɲɟɣ ɱɚɫɬɢ, ɝɥɢɧɢɫɬɵɟ ɝɪɭɧɬɵ ɜ ɧɟɜɨɞɨɧɚɫɵɳɟɧɧɨɦ ɜɢɞɟ, 

ɹɜɥɹɸɳɢɟɫɹ ɫɪɟɞɨɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɥɢɧɟɣɧɵɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɋ.-ɉɟɬɟɪɛɭɪɝɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ 

[14], ɨɬɧɨɫɹɬɫɹ ɤ ɩɨɥɭɫɤɚɥɶɧɵɦ ɨɫɚɞɨɱɧɵɦ. Ⱦɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɧɨɪɦɚɦɢ ISO [17, 84], ɜ ɤɨɬɨɪɵɯ ɝɪɭɧɬ ɫ ɩɪɨɱɧɨɫɬɶɸ ɧɚ ɫɞɜɢɝ ܿ௨ (ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ 

ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ) ɛɨɥɟɟ 300 ɤɉɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɥɚɛɵɣ ɫɤɚɥɶɧɵɣ 

ɝɪɭɧɬ. ɉɪɢ ɬɨɦ, ɱɬɨ ɩɨ ɫɠɢɦɚɟɦɨɫɬɢ ɫɤɚɥɶɧɵɣ ɦɚɫɫɢɜ, ɫ ɦɨɞɭɥɟɦ ɞɟɮɨɪɦɚɰɢɢ ܧ 

ɦɟɧɶɲɢɦ, ɱɟɦ 2000 Ɇɉɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɚɤ ɨɱɟɧɶ ɫɢɥɶɧɨ ɫɠɢɦɚɟɦɵɣ [14]. 

Ɉɞɧɚɤɨ, ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɣ ɫɞɜɢɝ, ɩɪɨɹɜɥɹɟɬɫɹ 

ɯɚɪɚɤɬɟɪɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ – ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɢɡ ɤɚɬɟɝɨɪɢɢ 

ɩɨɥɭɫɤɚɥɶɧɵɯ ɜ ɤɚɬɟɝɨɪɢɸ ɞɢɫɩɟɪɫɧɵɯ ɫɜɹɡɧɵɯ. ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɱɧɨɫɬɢ 

ɝɪɭɧɬɨɜ ɢɝɪɚɟɬ ɫɬɪɭɤɬɭɪɚ, ɩɨɞ ɤɨɬɨɪɨɣ ɩɪɟɞɥɨɠɟɧɨ ɩɨɧɢɦɚɬɶ «ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ 
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ɨɪɝɚɧɢɡɚɰɢɸ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɪɚɡɦɟɪɨɦ, ɮɨɪɦɨɣ, ɯɚɪɚɤɬɟɪɨɦ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɝɪɭɧɬɚ ɢ ɯɚɪɚɤɬɟɪɨɦ ɫɜɹɡɢ 

ɦɟɠɞɭ ɧɢɦɢ» [14]. 

Ƚɪɭɧɬɵ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɫɜɹɡɹɦɢ ɜɵɞɟɥɹɸɬ ɜ ɩɨɞɤɥɚɫɫ 

ɧɟɫɜɹɡɧɵɯ (ɫɵɩɭɱɢɯ) ɝɪɭɧɬɨɜ, ɚ ɝɪɭɧɬɵ ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 

ɫɬɪɭɤɬɭɪɧɵɦɢ ɫɜɹɡɹɦɢ - ɜ ɩɨɞɤɥɚɫɫ ɫɜɹɡɧɵɯ ɝɪɭɧɬɨɜ. ɋɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ݌௦௧௥ 

ɧɚɡɵɜɚɟɬɫɹ «ɩɪɨɱɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɧɚɥɢɱɢɟɦ ɫɬɪɭɤɬɭɪɧɵɯ ɫɜɹɡɟɣ ɢ 

ɯɚɪɚɤɬɟɪɢɡɭɟɦɚɹ ɧɚɩɪɹɠɟɧɢɟɦ, ɞɨ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɟɰ ɝɪɭɧɬɚ ɩɪɢ ɟɝɨ ɧɚɝɪɭɠɟɧɢɢ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɞɟɮɨɪɦɢɪɭɟɬɫɹ» [12]. ɋɬɪɭɤɬɭɪɧɚɹ 

ɩɪɨɱɧɨɫɬɶ ɩɨ ȽɈɋɌ 30416-2012 [16] ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɜɟɥɢɱɢɧɚ «ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ ɝɪɭɧɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɚɱɚɥɭ ɩɟɪɟɯɨɞɚ ɨɬ ɭɩɪɭɝɢɯ ɤ 

ɩɥɚɫɬɢɱɟɫɤɢɦ ɞɟɮɨɪɦɚɰɢɹɦ ɫɠɚɬɢɹ». ɇɟɧɚɪɭɲɟɧɧɵɟ ɝɥɢɧɢɫɬɵɟ ɝɪɭɧɬɵ ɨɬɧɨɫɹɬɫɹ 

ɤ ɫɜɹɡɧɵɦ ɝɪɭɧɬɚɦ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɧɚɪɭɲɟɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ 

ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɤɨɧɬɚɤɬɭ ɧɚɪɭɲɟɧɢɹ – ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɨɧɵ ɩɟɪɟɦɹɬɵɯ ɝɥɢɧ, ɢɦɟɸɳɢɯ ɦɟɧɶɲɭɸ ɫɬɪɭɤɬɭɪɧɭɸ ɩɪɨɱɧɨɫɬɶ, 

ɱɟɦ ɜ ɛɥɨɤɟ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɨɣ 

ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɡɚɥɟɝɚɧɢɢ, ɷɥɟɦɟɧɬ, ɢɦɟɸɳɢɣ ɦɟɧɶɲɭɸ 

ɫɬɪɭɤɬɭɪɧɭɸ ɩɪɨɱɧɨɫɬɶ ɦɨɠɟɬ ɧɚɯɨɞɢɬɫɹ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

ȼɵɫɨɤɢɟ ɭɪɨɜɧɢ ɧɚɩɪɹɠɟɧɢɣ ɫɨɩɪɨɜɨɠɞɚɸɬ ɩɪɨɰɟɫɫɵ ɧɚɪɭɲɟɧɢɹ 

ɫɬɪɭɤɬɭɪɵ. Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɵ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɩɨɥɹ 

ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɚɫɫɢɜɟ ɹɜɥɹɟɬɫɹ ɮɚɤɬɨɪ ɬɟɤɬɨɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɇɟɤɨɬɨɪɵɟ 

ɮɨɪɦɵ ɬɟɤɬɨɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵ ɡɚ ɞɨɫɬɚɬɨɱɧɨ ɫɬɨɣɤɭɸ ɬɟɧɞɟɧɰɢɸ 

ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦɭ ɤɨɦɩɨɧɟɧɬɭ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɰɟɥɨɦ ɪɟɝɢɨɧɟ, 

ɧɟɤɨɬɨɪɵɟ – ɥɢɲɶ ɡɚ ɜɟɥɢɱɢɧɵ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ 

ɥɢɬɨɥɨɝɢɱɟɫɤɨɣ ɪɚɡɧɨɫɬɢ. Ɂɧɚɱɢɦɵɦɢ ɮɚɤɬɨɪɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 

ɩɨɥɹ ɧɚɩɪɹɠɟɧɢɣ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ [32, 59, 72, 102] ɜɵɞɟɥɹɟɬɫɹ ɥɨɤɚɥɶɧɚɹ ɝɨɪɧɚɹ 

ɚɧɢɡɨɬɪɨɩɢɹ ɫɜɨɣɫɬɜ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɦɚɫɫɢɜɚ. 

ɉɨ ɦɧɟɧɢɸ Ʉ. Ɍɟɪɰɚɝɢ [75] ɝɥɢɧɚ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɤɨɥɥɨɢɞɧɵɯ ɜɟɳɟɫɬɜ – 

ɩɟɪɟɦɢɧɚɧɢɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɵɡɵɜɚɟɬ ɟɟ ɪɚɡɦɹɝɱɟɧɢɟ. Ƚɥɢɧɚ, 

ɢɫɩɵɬɚɜɲɚɹ ɩɟɪɟɦɢɧɚɧɢɟ ɢɥɢ ɩɟɪɟɪɚɛɨɬɤɭ ɧɚɡɵɜɚɟɬɫɹ ɧɚɪɭɲɟɧɧɨɣ. Ɋɚɡɦɹɝɱɟɧɢɟ 
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(ɧɚɪɭɲɟɧɢɟ) ɝɥɢɧ ɫɜɹɡɵɜɚɸɬ ɫ ɧɚɪɭɲɟɧɢɟɦ ɩɨɪɹɞɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥ ɜ 

ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɫɥɨɹɯ, ɚ ɬɚɤɠɟ ɪɚɡɪɭɲɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɭɸ ɝɥɢɧɚ 

ɩɪɢɨɛɪɟɥɚ ɜ ɩɪɨɰɟɫɫɟ ɫɟɞɢɦɟɧɬɚɰɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɜɟɞɟɧɨ ɩɨɧɹɬɢɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɨɛɨɡɧɚɱɚɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɧɚ ɩɪɨɱɧɨɫɬɶ. 

Ɍɚɤɠɟ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɫɬɟɩɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɞɢɧɚɤɨɜɚ ɧɟ 

ɬɨɥɶɤɨ ɭ ɪɚɡɧɵɯ ɝɥɢɧ, ɧɨ ɢ ɭ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɝɥɢɧɵ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ 

ɜɥɚɠɧɨɫɬɢ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɟɫɥɢ ɜɥɚɠɧɨɫɬɶ ɝɥɢɧ ɜ ɭɫɥɨɜɢɹɯ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɡɚɥɟɝɚɧɢɹ 

ɜɵɲɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ, ɬɨ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɪɨɰɟɫɫ ɧɚɪɭɲɟɧɢɹ ɩɪɟɜɪɚɳɚɟɬ ɝɪɭɧɬ ɜ 

ɝɭɫɬɭɸ ɜɹɡɤɭɸ ɠɢɞɤɨɫɬɶ. ȿɫɥɢ ɟɫɬɟɫɬɜɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ ɧɢɠɟ ɩɪɟɞɟɥɚ 

ɩɥɚɫɬɢɱɧɨɫɬɢ, ɬɨ ɩɟɪɟɦɢɧɚɧɢɟ ɝɪɭɧɬɚ ɧɟ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ [75].  

Ʉ ɨɞɧɨɪɨɞɧɵɦ ɦɚɫɫɢɜɚɦ ɨɬɧɨɫɹɬ ɬɚɤɢɟ ɦɚɫɫɢɜɵ, ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ 

ɤɨɬɨɪɨɝɨ ɜ ɪɚɡɧɵɯ ɟɝɨ ɬɨɱɤɚɯ ɨɞɢɧɚɤɨɜɵ. ɉɪɢ ɷɬɨɦ ɫɥɨɢɫɬɵɟ ɦɚɫɫɢɜɵ ɩɨɪɨɞ ɱɚɳɟ 

ɜɫɟɝɨ ɧɟɨɞɧɨɪɨɞɧɵ ɢ ɚɧɢɡɨɬɪɨɩɧɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɞ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ 

ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɨ ɤɚɤɨɦɭ-ɥɢɛɨ ɩɚɪɚɦɟɬɪɭ ɜ ɩɪɟɞɟɥɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɨɛɴɟɦɚ ɩɨɧɢɦɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɬ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ 

ɨɩɪɨɛɨɜɚɧɢɹ [62]. 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɫ ɬɟɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ, ɚ ɦɨɠɟɬ ɛɵɬɶ ɭɠɟ ɨɩɪɟɞɟɥɟɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɦɢɧɟɪɚɥɚ, 

ɫɥɚɝɚɸɳɟɝɨ ɨɛɴɟɦ. Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨ ɩɪɨɢɫɯɨɠɞɟɧɢɸ ɦɨɠɧɨ 

ɧɚ ɩɟɪɜɢɱɧɭɸ ɢ ɜɬɨɪɢɱɧɭɸ. ɉɟɪɜɢɱɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɩɪɢ 

ɝɟɧɟɡɢɫɟ ɝɪɭɧɬɨɜɵɯ ɩɨɪɨɞ ɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ ɭɪɨɜɧɟ: ɡɞɟɫɶ 

ɢɦɟɸɬ ɡɧɚɱɟɧɢɟ ɪɚɡɥɢɱɢɹ ɮɨɪɦɵ, ɨɪɢɟɧɬɚɰɢɢ ɢ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ, ɫɨɫɬɚɜɚ 

ɦɢɧɟɪɚɥɶɧɵɯ ɱɚɫɬɢɰ ɜ ɨɛɴɟɦɟ. ȼɬɨɪɢɱɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɝɪɭɧɬɨɜɵɯ ɩɨɪɨɞ ɢ ɝɪɭɩɩɢɪɭɟɬɫɹ ɩɨ ɩɪɢɡɧɚɤɚɦ ɩɪɨɢɫɯɨɠɞɟɧɢɹ: 

ɟɫɬɟɫɬɜɟɧɧɚɹ (ɜɨɡɧɢɤɲɚɹ ɨɬ ɜɵɜɟɬɪɢɜɚɧɢɹ) – ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɯɚɨɬɢɱɧɨɫɬɶɸ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɪɨɞɵ ɢ ɢɫɤɭɫɫɬɜɟɧɧɚɹ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ), 

ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɝɨɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ ɝɪɭɧɬɨɜɵɣ 

ɦɚɫɫɢɜ – ɜɵɪɚɠɚɸɳɚɹɫɹ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɜɨɡɞɟɣɫɬɜɢɹ ɨɬ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ ɨɩɪɨɛɨɜɚɧɢɹ [44]. 



14 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɝɪɭɧɬɚ ɨɰɟɧɢɜɚɸɬ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɭɧɬɚ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨ ɪɚɡɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ. ȽɈɋɌ 20522-2012 [13] 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜɵɞɟɥɹɟɬ ɪɚɫɱɟɬɧɵɣ 

ɝɪɭɧɬɨɜɵɣ ɷɥɟɦɟɧɬ (ɊȽɗ) ɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ (ɂȽɗ). Ɂɚ ɂȽɗ 

ɩɪɢɧɢɦɚɸɬ «ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɦ ɝɪɭɧɬɚ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɩɨɞɜɢɞɚ 

ɢɥɢ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɭɧɬɚ ɢɡɦɟɧɹɸɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ɷɥɟɦɟɧɬɚ ɫɥɭɱɚɣɧɨ (ɧɟɡɚɤɨɧɨɦɟɪɧɨ), ɥɢɛɨ ɧɚɛɥɸɞɚɸɳɚɹɫɹ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɬɚɤɨɜɚ, ɱɬɨ ɟɸ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. ɂȽɗ ɧɚɞɟɥɹɸɬ ɩɨɫɬɨɹɧɧɵɦɢ 

ɧɨɪɦɚɬɢɜɧɵɦɢ ɢ ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ʉɨɦɩɥɟɤɫ ɂȽɗ 

ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɫɨɡɞɚɧɢɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ.» [13]. Ɂɚ ɊȽɗ 

ɩɪɢɧɢɦɚɸɬ «ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɦ ɝɪɭɧɬɚ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɩɨɞɜɢɞɚ ɢɥɢ ɪɚɡɧɨɜɢɞɧɨɫɬɢ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɝɨ ɧɨɪɦɚɬɢɜɧɵɟ ɢ 

ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɢɦɟɧɹɟɦɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɢɥɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɫɬɨɹɧɧɵɦɢ ɢɥɢ 

ɡɚɤɨɧɨɦɟɪɧɨ ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ (ɱɚɳɟ ɜɫɟɝɨ ɩɨ ɝɥɭɛɢɧɟ). ɊȽɗ ɦɨɠɟɬ 

ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɂȽɗ. Ʉɨɦɩɥɟɤɫ ɊȽɗ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɫɨɡɞɚɧɢɢ 

ɪɚɫɱɟɬɧɨɣ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ.» [13]. 

ɉɨɞ ɬɟɪɦɢɧɨɦ «ɷɥɟɦɟɧɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ» ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɧɚɢɛɨɥɶɲɢɣ 

ɨɛɴɟɦ ɨɞɧɨɪɨɞɧɨɣ ɩɨɪɨɞɵ, ɨɬɥɢɱɚɸɳɟɣɫɹ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɨɬ ɫɨɫɟɞɧɟɝɨ. ɉɨ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɨɬɪɚɠɟɧɧɨɣ ɜ ɦɨɧɨɝɪɚɮɢɢ Ɇ.ȼ. Ɋɚɰɚ [64] ɪɚɡɥɢɱɚɸɬ 4 ɩɨɪɹɞɤɚ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ – ɩɨ ɪɚɡɦɟɪɭ ɷɥɟɦɟɧɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 

ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɭɫɥɨɜɧɨ, ɜ ɰɟɥɹɯ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɦɚɫɲɬɚɛɨɜ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɪɚɫɫɦɨɬɪɢɦ ɩɨɪɹɞɤɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɷɥɟɦɟɧɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ: 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ IV ɩɨɪɹɞɤɚ (ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɪɚɡɦɟɪɨɦ ɷɥɟɦɟɧɬɚ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 10 ɦɤ – 10 ɦɦ) – ɷɬɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɯɢɦɢɱɟɫɤɢɦ 

ɫɨɫɬɚɜɨɦ ɨɛɴɟɦɚ ɢ ɞɟɮɟɤɬɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫɨɞɟɪɠɚɳɢɯɫɹ ɦɢɧɟɪɚɥɨɜ. 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ III ɩɨɪɹɞɤɚ (ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɪɚɡɦɟɪɨɦ ɷɥɟɦɟɧɬɚ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 10 ɦɦ – 1 ɦ) – ɷɬɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɧɚɥɢɱɢɟɦ 
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ɦɢɤɪɨɬɪɟɳɢɧ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɡɚɩɨɥɧɹɸɳɟɝɨ ɟɟ ɜɟɳɟɫɬɜɚ, ɪɚɡɥɢɱɢɟɦ ɜ 

ɦɢɧɟɪɚɥɶɧɨɦ ɫɨɫɬɚɜɟ, ɮɨɪɦɟ ɢ ɪɚɡɦɟɪɚɯ ɡɟɪɟɧ. ɋ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɞɚɧɧɨɝɨ 

ɩɨɪɹɞɤɚ ɢɦɟɸɬ ɞɟɥɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ 

ɫɬɪɨɟɧɢɟ ɢ ɫɨɫɬɚɜ ɩɨɪɨɞ ɞɚɠɟ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɩɪɨɛɵ ɧɟɨɞɧɨɪɨɞɧɵ, ɟё ɫɜɨɣɫɬɜɚ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟ ɩɨɫɬɨɹɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɚ ɭɱɢɬɵɜɚɟɬɫɹ ɢɯ ɢɡɦɟɧɱɢɜɨɫɬɶ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɞɥɹ ɩɪɨɛɵ ɡɧɚɱɟɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɩɨɤɚɡɚɬɟɥɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɟɝɨ ɜɚɪɢɚɰɢɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢ ɢɫɩɵɬɵɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɨɛɪɚɡɰɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɜɵɛɨɪɤɭ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɷɬɢɦ ɜɵɛɨɪɨɱɧɵɦ ɦɟɬɨɞɨɦ, 

ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɪɨɞɵ (ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɩɨɤɚɡɚɬɟɥɹ), 

ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ (ɱɢɫɥɚ ɨɛɪɚɡɰɨɜ) ɢ ɬɪɟɛɭɟɦɨɣ ɧɚɞɟɠɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ. ɉɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢɥɢ ɧɚɞɟɠɧɨɫɬɢ ɜɵɛɨɪɨɱɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɱɢɫɥɚ ɨɛɪɚɡɰɨɜ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɪɢɚɰɢɢ 

ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɸɬ: ɞɥɹ ɜɟɫɶɦɚ ɨɞɧɨɪɨɞɧɵɯ ɩɨ ɫɬɪɨɟɧɢɸ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ 

ɫɜɨɣɫɬɜɚɦ ɩɨɪɨɞ – ɨɤɨɥɨ 10 %; ɞɥɹ ɜɟɫɶɦɚ ɧɟɨɞɧɨɪɨɞɧɵɯ ɩɨɪɨɞ – ɞɨ 50 % [62]. 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ II ɩɨɪɹɞɤɚ (ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɪɚɡɦɟɪɨɦ ɷɥɟɦɟɧɬɚ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 1 ɦ – 100 ɦ) – ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɢɯ 

ɫɨɫɬɚɜɚ. Ɍɚɤɨɣ ɩɨɪɹɞɨɤ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɧɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɥɢɬɨɥɨɝɢɱɟɫɤɨɣ ɪɚɡɧɨɫɬɢ ɢ ɜɥɢɹɟɬ ɧɚ ɜɵɞɟɥɟɧɢɟ ɂȽɗ ɜ 

ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ.  

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ I ɩɨɪɹɞɤɚ – ɧɚɥɢɱɢɟ ɥɢɬɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɧɨɫɬɟɣ, ɡɨɧ 

ɪɚɡɝɪɭɡɤɢ ɢ ɜɵɜɟɬɪɢɜɚɧɢɹ (ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 100 ɦ ɢ ɛɨɥɟɟ) [62]. ɋ 

ɞɚɧɧɵɦ ɬɢɩɨɦ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɬɚɥɤɢɜɚɸɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɫɱɟɬɧɨɝɨ 

ɝɪɭɧɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɩɨɫɬɪɨɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ.  

ɉɪɢɜɟɞɟɧɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ, ɢɡɭɱɢɜ ɩɨɜɟɞɟɧɢɟ ɨɛɪɚɡɰɚ 

ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɢ ɩɪɢɫɬɭɩɢɜ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɢɧɠɟɧɟɪ ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨɪɹɞɤɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. 

ɂɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɦɚɫɫɢɜɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɚ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ 

ɩɪɚɤɬɢɤɟ ɭɱɢɬɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ. Ɉɞɧɚɤɨ, 

ɪɟɚɥɶɧɵɣ ɦɚɫɫɢɜ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɞɧɨɪɨɞɟɧ ɧɟ ɬɨɥɶɤɨ ɩɨ ɩɚɪɚɦɟɬɪɚɦ, ɢɡɭɱɚɟɦɵɦ ɜ 

ɪɚɦɤɚɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɚ, ɧɨ ɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ, ɧɟ ɜɯɨɞɹɳɢɦ ɜ ɩɪɨɝɪɚɦɦɭ 
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ɢɫɩɵɬɚɧɢɣ. Ɍɚɤ, ɩɪɢɥɨɠɢɜ ɧɚɝɪɭɡɤɭ ɧɚ ɨɛɪɚɡɟɰ ɜ ɨɬɥɢɱɧɨɦ ɨɬ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɨɣ ɢɫɩɵɬɚɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɱɧɨɫɬɢ. Ⱦɚɧɧɨɟ ɹɜɥɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɚɧɢɡɨɬɪɨɩɢɟɣ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. ȼ ɨɛɳɟɦ, 

ɩɨɞ ɚɧɢɡɨɬɪɨɩɧɨɫɬɶɸ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɨ ɩɚɪɚɦɟɬɪɭ ɜ ɩɪɟɞɟɥɚɯ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɦɚ ɩɨɧɢɦɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ 

ɨɩɪɨɛɨɜɚɧɢɹ. Ⱥɧɢɡɨɬɪɨɩɢɹ, ɬɚɤɠɟ, ɤɚɤ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɡɚɜɢɫɢɬ ɨɬ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɦɚ. ɉɨ ɚɧɚɥɨɝɢɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, Ɇ.ȼ. Ɋɚɰ [64] 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɥ ɚɧɢɡɨɬɪɨɩɢɸ ɧɚ 4 ɭɫɥɨɜɧɵɯ ɩɨɪɹɞɤɚ. Ɋɚɫɫɦɨɬɪɢɦ ɢɯ ɩɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɯɚɪɚɤɬɟɪɧɨɝɨ ɨɛɴɟɦɚ: IV – ɚɧɢɡɨɬɪɨɩɢɹ ɤɪɢɫɬɚɥɥɨɜ; III – 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɟɥɤɨɣ ɜɧɭɬɪɟɧɧɟɣ ɫɥɨɢɫɬɨɫɬɶɸ, ɨɪɢɟɧɬɚɰɢɟɣ ɡɟɪɟɧ ɢ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɬɪɟɳɢɧɨɜɚɬɨɫɬɶɸ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɩɨɪɨɞ; II – ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɨɢɫɬɨɫɬɶɸ ɢ 

ɦɚɤɪɨɬɪɟɳɢɧɨɜɚɬɨɫɬɶɸ ɨɛɴɟɦɚ; I – ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɦɚɫɲɬɚɛɚɯ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ 

ɪɚɡɪɟɡɚ ɢ ɫɜɹɡɚɧɚ ɫ ɡɚɥɟɝɚɧɢɟɦ ɩɨɪɨɞ ɢ ɪɚɡɞɟɥɟɧɢɢ ɦɚɫɫɢɜɚ ɧɚ ɫɟɪɢɸ ɛɥɨɤɨɜ, 

ɪɚɡɞɟɥɟɧɧɵɯ ɬɟɤɬɨɧɢɱɟɫɤɢɦɢ ɪɚɡɪɵɜɚɦɢ. 

ɋɪɟɞɢ ɜɨɡɦɨɠɧɵɯ ɩɪɢɱɢɧ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɫɫɢɜɚ ɝɥɢɧ ɋ.-ɉɟɬɟɪɛɭɪɝɚ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ: ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɡɨɧɵ ɪɚɡɭɩɥɨɬɧɟɧɢɹ ɢ 

ɨɛɜɨɞɧɟɧɧɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [27], 

ɡɨɧɵ ɛɢɨɯɢɦɢɱɟɫɤɨɝɨ ɜɵɜɟɬɪɢɜɚɧɢɹ ɢ ɚɤɬɢɜɧɨɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɢɪɨɞɧɨɣ ɢ 

ɩɪɢɜɧɟɫɟɧɧɨɣ ɦɢɤɪɨɛɢɨɬɵ [38], ɡɨɧɵ ɩɟɪɟɦɹɬɢɹ, ɧɚɛɥɸɞɚɸɳɢɟɫɹ ɩɪɢ ɩɪɨɯɨɞɤɟ ɢ 

ɬ.ɞ. ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ ɪɚɛɨɬɚɦɢ Ɋ.ɗ. Ⱦɚɲɤɨ ɢ ɟɟ ɭɱɟɧɢɤɨɜ [38 – 40] ɭɛɟɞɢɬɟɥɶɧɨ 

ɞɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɞɡɟɦɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɝɨɪɨɞɨɜ ɧɚ 

ɫɨɫɬɨɹɧɢɟ ɢ ɫɜɨɣɫɬɜɚ ɜɦɟɳɚɸɳɢɯ ɝɪɭɧɬɨɜ. Ⱥɤɬɢɜɧɚɹ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɶ 

ɩɪɢɪɨɞɧɨɣ ɢ ɩɪɢɜɧɟɫɟɧɧɨɣ ɦɢɤɪɨɛɢɨɬɵ ɫɧɢɠɚɟɬ ɦɨɞɭɥɶ ɨɛɳɟɣ ɞɟɮɨɪɦɚɰɢɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɡɚɝɪɹɡɧɟɧɧɵɯ ɝɪɭɧɬɨɜ ɜ ɞɟɫɹɬɤɢ ɪɚɡ [61]. 

ȼɫɟ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɬɚɤɢɟ ɮɚɤɬɨɪɵ, ɤɚɤ ɧɚɥɢɱɢɟ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɧɚɪɭɲɟɧɢɹ ɜ ɦɚɫɫɢɜɟ ɝɥɢɧ, ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɢɡɦɟɧɟɧɢɹ 

ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ, ɭɜɟɥɢɱɢɜɚɸɳɟɣɫɹ ɜɥɚɠɧɨɫɬɢ, 

ɮɨɪɦɢɪɭɸɬ ɜ ɦɚɫɫɢɜɟ ɡɨɧɭ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɢ, ɫɜɨɣɫɬɜɚ ɬɚɤɨɝɨ ɨɛɴɟɦɚ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɧɟɧɚɪɭɲɟɧɧɨɦɭ ɫɭɯɨɦɭ ɦɚɫɫɢɜɭ ɢɡɦɟɧɱɢɜɵ, ɚ ɡɧɚɱɢɬ, ɬɚɤɨɣ ɦɚɫɫɢɜ 
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ɞɨɥɠɟɧ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɧɟɨɞɧɨɪɨɞɧɵɣ. ɉɨɪɹɞɤɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, 

ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ, ɜɜɨɞɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢɡɦɟɧɱɢɜɨɫɬɢ 

ɫɜɨɣɫɬɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɬɨɛɪɚɧɧɨɣ ɩɪɨɛɵ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɬɚɤɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ 

ɨ ɧɚɪɭɲɟɧɧɨɫɬɢ.  ɉɪɢ ɷɬɨɦ ɞɥɹ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɱɟɜɢɞɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɝɨɪɧɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜɩɟɪɟɞɢ ɥɛɚ ɡɚɛɨɹ ɬɨɧɧɟɥɹ, ɨɞɧɚɤɨ, 

ɡɚɱɚɫɬɭɸ, ɢɦɟɸɳɚɹɫɹ ɢɧɮɨɪɦɚɰɢɹ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɚ ɢ ɩɨɫɬɪɨɟɧɢɟ ɪɚɫɱɟɬɧɨɣ 

ɦɨɞɟɥɢ ɧɨɫɢɬ ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɯɚɪɚɤɬɟɪ. 

1.2 Ɉɛɡɨɪ ɞɟɣɫɬɜɭɸɳɟɣ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɜ ɜɨɩɪɨɫɟ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

Ɉɫɧɨɜɨɣ ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɨɪɦɚɬɢɜɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɞɡɟɦɧɨɝɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ Ɋɨɫɫɢɢ ɩɪɢɧɹɬɵ ɫɨɜɟɬɫɤɢɟ ɢ ɟɜɪɨɩɟɣɫɤɢɟ ɧɨɪɦɚɬɢɜɧɵɟ 

ɞɨɤɭɦɟɧɬɵ. ȼ ɋɨɜɟɬɫɤɨɦ ɫɨɸɡɟ, ɧɚɱɢɧɚɹ ɫ 1954 ɝ. ɜ ɤɚɱɟɫɬɜɟ ɧɨɪɦɚɬɢɜɧɵɯ 

ɞɨɤɭɦɟɧɬɨɜ ɜɵɩɭɳɟɧɵ, ɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɛɧɨɜɥɹɥɢɫɶ, ɱɟɬɵɪɟ ɞɨɤɭɦɟɧɬɚ ɩɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɟɣ: ɞɜɚ – ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɢ ɞɜɚ – ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɩɪɨɢɡɜɨɞɫɬɜɭ ɢ ɩɪɢɟɦɤɟ ɪɚɛɨɬ. Ɉɬɞɟɥɶɧɵɟ 

ɜɢɞɵ ɪɚɛɨɬ ɪɟɝɭɥɢɪɨɜɚɥɢɫɶ ɜɟɞɨɦɫɬɜɟɧɧɵɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ 

(ɢɧɫɬɪɭɤɰɢɹɦɢ, ɩɪɚɜɢɥɚɦɢ, ɬɟɯɧɢɱɟɫɤɢɦɢ ɭɤɚɡɚɧɢɹɦɢ). ɉɨɦɢɦɨ ɷɬɨɝɨ, 

ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɟ ɞɨɤɭɦɟɧɬɵ (ɪɭɤɨɜɨɞɫɬɜɚ, 

ɩɨɫɨɛɢɹ, ɦɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɢ ɞɪ.). ɋɦɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ Ɋɨɫɫɢɢ ɩɨɜɥɟɤɥɨ ɢɡɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɨɪɦ, ɩɪɚɜɢɥ 

ɢ ɫɬɚɧɞɚɪɬɨɜ. «ɋɨɝɥɚɫɧɨ ɧɨɜɨɣ ɫɢɫɬɟɦɟ, ɧɨɪɦɵ ɢ ɫɬɚɧɞɚɪɬɵ, ɪɚɧɟɟ ɫɤɥɨɧɧɵɟ ɤ 

ɨɝɪɚɧɢɱɟɧɢɹɦ ɢ ɩɪɟɞɩɢɫɚɧɢɹɦ, ɞɨɥɠɧɵ ɫɬɚɬɶ ɛɨɥɟɟ ɝɢɛɤɢɦɢ, ɩɨɡɜɨɥɹɹ 

ɢɫɩɨɥɧɢɬɟɥɹɦ ɜɵɛɢɪɚɬɶ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɫɩɨɫɨɛɵ 

ɪɟɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɞɚɱ» [57].  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɤɥɸɱɟɜɵɦ ɞɨɤɭɦɟɧɬɨɦ, ɪɟɝɭɥɢɪɭɸɳɢɦ 

ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ, ɹɜɥɹɟɬɫɹ Ƚɪɚɞɨɫɬɪɨɢɬɟɥɶɧɵɣ ɤɨɞɟɤɫ ɊɎ [1], ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ, ɦɟɬɪɨɩɨɥɢɬɟɧ ɨɬɧɨɫɢɬɫɹ ɤ ɨɫɨɛɨ ɨɩɚɫɧɵɦ, ɬɟɯɧɢɱɟɫɤɢ 

ɫɥɨɠɧɵɦ ɢ ɭɧɢɤɚɥɶɧɵɦ ɨɛɴɟɤɬɚɦ ɬɪɚɧɫɩɨɪɬɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɪɟɝɢɨɧɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ. ɇɚ ɭɪɨɜɧɟ ɮɟɞɟɪɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɨɫɧɨɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ: 
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ɮɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ "Ɉ ɬɟɯɧɢɱɟɫɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ" [2], ɚ ɬɚɤɠɟ ɮɟɞɟɪɚɥɶɧɵɣ 

ɡɚɤɨɧ "Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɝɥɚɦɟɧɬ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ" [3]: 

ɞɚɥɶɧɟɣɲɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, 

ɩɪɢɦɟɧɹɟɦɵɯ ɧɚ ɨɛɹɡɚɬɟɥɶɧɨɣ ɢ ɞɨɛɪɨɜɨɥɶɧɨɣ ɨɫɧɨɜɟ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

(ɜɤɥɸɱɚɹ ɢɡɵɫɤɚɧɢɹ), ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɥɢɤɜɢɞɚɰɢɢ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ, ɛɭɞɟɬ ɨɛɴɟɞɢɧɟɧɚ ɨɛɳɢɦɢ ɰɟɥɹɦɢ ɢ ɡɚɞɚɱɚɦɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 

ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɦɟɬɪɨɩɨɥɢɬɟɧɚ 

(ɩɟɪɟɝɨɧɧɵɟ ɬɨɧɧɟɥɢ, ɩɨɞɯɨɞɧɵɟ ɜɵɪɚɛɨɬɤɢ) ɹɜɥɹɸɬɫɹ ɥɢɧɟɣɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 

ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɱɟɧɶ ɧɚɰɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ɢ 

ɫɜɨɞɨɜ ɩɪɚɜɢɥ, ɨɛɹɡɚɬɟɥɶɧɵɯ ɤ ɢɫɩɨɥɧɟɧɢɸ, ɨɬɪɚɠɟɧ ɜ ɩɨɫɬɚɧɨɜɥɟɧɢɢ 

ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ № 1521 "Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɩɟɪɟɱɧɹ …" [4]. «ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɱɚɫɬɶ 

ɞɨɤɭɦɟɧɬɨɜ, ɪɚɧɟɟ ɞɟɣɫɬɜɨɜɚɜɲɢɯ ɜ ɤɚɱɟɫɬɜɟ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɟ ɜɯɨɞɢɬ ɜ ɞɨɤɚɡɚɬɟɥɶɧɭɸ ɛɚɡɭ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɚ ɹɜɥɹɸɬɫɹ 

ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɦɢ. Ⱦɥɹ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɚɤɢɟ ɞɨɤɭɦɟɧɬɵ ɫɨɞɟɪɠɚɬ 

ɨɛɲɢɪɧɵɟ ɫɜɟɞɟɧɢɹ ɩɨ ɜɫɟɦ ɜɨɩɪɨɫɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɵɯ 

ɨɛɴɟɤɬɨɜ» [57], ɨɞɧɚɤɨ ɩɨ ɪɚɫɱɟɬɭ ɜɪɟɦɟɧɧɵɯ ɤɪɟɩɥɟɧɢɣ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɨɜ 

ɫɭɳɟɫɬɜɭɟɬ ɥɢɲɶ ɟɞɢɧɫɬɜɟɧɧɵɟ ɜɟɞɨɦɫɬɜɟɧɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɧɨɪɦɵ (ȼɋɇ) [6]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɹɡɚɬɟɥɶɧɵɟ ɧɨɪɦɵ ɧɚ ɩɨɞɛɨɪ ɬɢɩɚ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ, 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɬɨɪɵɦ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɪɚɧɟɟ ɜ ȼɋɇ ɢ ɞɪɭɝɢɯ ɞɨɤɭɦɟɧɬɚɯ, ɧɚ 

ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɢɥɶɧɨ ɭɩɪɨɳɟɧɵ, ɥɢɛɨ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɪɢ ɷɬɨɦ ɜɫɟ ɟɳɟ ɫɭɳɟɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɡɧɚɧɢɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɞɥɹ ɢɫɩɨɥɧɟɧɢɹ ɩɨɞɪɹɞɱɢɤɨɦ ɞɨɤɭɦɟɧɬɚ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɝɪɚɠɞɚɧɫɤɨ-ɩɪɚɜɨɜɵɯ ɨɬɧɨɲɟɧɢɣ, ɩɪɢ ɧɚɥɢɱɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɬɪɟɛɨɜɚɧɢɹ, ɨɬɪɚɠɟɧɧɨɝɨ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɡɚɞɚɧɢɢ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

(ɫɬɪɨɢɬɟɥɶɫɬɜɨ), ɟɫɥɢ ɞɚɠɟ ɞɨɤɭɦɟɧɬ (ɢɥɢ ɟɝɨ ɱɚɫɬɶ) ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɩɟɪɟɱɧɟ [4].  

ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

ɞɨɥɠɟɧ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ. Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɢɜɟɞёɧɧɵɟ ɜ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢ ɧɨɪɦɚɬɢɜɧɵɯ 

ɞɨɤɭɦɟɧɬɚɯ. ɍɫɥɨɜɧɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜ ɢ 

ɤɨɧɫɬɪɭɤɰɢɣ. ɇ.ɋ. Ȼɭɥɵɱɟɜ ɩɨɞ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɨɧɢɦɚɟɬ 



19 

«ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɯɪɚɧɢɬɶ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪɵ ɨɛɧɚɠɟɧɢɣ, ɨɛɪɚɡɭɟɦɵɯ ɩɪɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ ɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ» [31]. ɉɨ ɦɧɟɧɢɸ 

Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɢ ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ ɨɝɪɚɧɢɱɟɧɨ ɞɨɩɭɫɬɢɦɵɦɢ ɩɪɟɞɟɥɚɦɢ 

ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɜɵɪɚɛɨɬɤɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɩɨɞ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɨɛɧɚɠɟɧɢɣ ɩɨɪɨɞ 

ɩɨɧɢɦɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɪɨɜɧɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɢ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɧɟ 

ɩɪɢɜɨɞɹɬ ɤ ɜɵɜɚɥɚɦ, ɪɚɡɪɭɲɟɧɢɹɦ ɢ ɫɦɟɳɟɧɢɹɦ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɦ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɝɨɪɧɨɣ ɜɵɪɚɛɨɬɤɢ [62].  

ȼ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɡɦɟɧɹɟɬɫɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɥɚɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ: ɋɉ 120.13330.2012 Ɇɟɬɪɨɩɨɥɢɬɟɧɵ 

ɨɩɪɟɞɟɥɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɚɤ «ɫɩɨɫɨɛɧɨɫɬɶ ɝɪɭɧɬɨɜ ɫɨɯɪɚɧɹɬɶ ɜ ɡɚɛɨɟ (ɜ ɞɚɧɧɵɯ 

ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɩɪɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɝɨɪɧɨ-ɩɪɨɯɨɞɱɟɫɤɢɯ 

ɪɚɛɨɬ ɢ ɤɨɧɤɪɟɬɧɨɣ ɩɥɨɳɚɞɢ ɡɚɛɨɹ) ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɹɜɧɵɯ 

ɞɟɮɨɪɦɚɰɢɣ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɤɪɟɩɥɟɧɢɹ» [8]; ɋɉ 

91.13330.2012 ɉɨɞɡɟɦɧɵɟ ɝɨɪɧɵɟ ɜɵɪɚɛɨɬɤɢ ɪɚɡɞɟɥɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɨɪɧɨɣ 

ɜɵɪɚɛɨɬɤɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɤɪɭɠɚɸɳɟɝɨ ɜɵɪɚɛɨɬɤɭ ɦɚɫɫɢɜɚ. ɉɨɞ ɭɫɬɨɣɱɢɜɨɫɬɶɸ 

ɝɨɪɧɨɣ ɜɵɪɚɛɨɬɤɢ ɩɨɧɢɦɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɪɚɛɨɬɤɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜ ɬɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɨɬɪɟɡɤɚ 

ɜɪɟɦɟɧɢ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɨɤɪɭɠɚɸɳɟɝɨ ɜɵɪɚɛɨɬɤɭ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ – 

ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɫɫɢɜɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨɯɪɚɧɹɬɶ ɪɚɜɧɨɜɟɫɢɟ [11]; ɋɉ 

248.1325800.2016 ɋɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɟ. ɉɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɜɨɞɢɬ 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɬɨɣɱɢɜɨɫɬɢ 𝛾௦௧, ɤɨɬɨɪɵɣ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ «ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɞɜɢɝɨɜɨɣ ɩɪɨɱɧɨɫɬɢ ɝɪɭɧɬɚ ɤ ɤɚɫɚɬɟɥɶɧɵɦ 

ɧɚɩɪɹɠɟɧɢɹɦ, ɞɟɣɫɬɜɭɸɳɢɦ ɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ» [9].  

Ⱦɪɭɝɢɦ ɮɚɤɬɨɪɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɤɚɬɟɝɨɪɢɹ 

ɫɥɨɠɧɨɫɬɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. ȼ ɋɉ 47.13330.2012 ɩɪɟɞɥɨɠɟɧɚ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɚɹ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 

ɝɟɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ, ɨɩɚɫɧɵɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɢɪɨɞɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ [10]. ɉɪɢ ɷɬɨɦ ɋɉ 
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248.1325800.2016 ɨɩɪɟɞɟɥɹɟɬ ɤɚɬɟɝɨɪɢɸ ɫɥɨɠɧɨɫɬɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ 

ɭɫɥɨɜɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢɫɯɨɞɹ ɢɡ ɭɪɨɜɧɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ [9]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɬɟɝɨɪɢɹ 

ɫɥɨɠɧɨɫɬɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɨɜɧɟɦ 

ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɜɨɡɜɨɞɢɦɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɭɪɨɜɧɟɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ 

ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɚɛɨɪɨɦ ɝɟɨ- ɢ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ, ɜɦɟɳɚɸɳɟɝɨ ɩɪɨɟɤɬɢɪɭɟɦɨɟ ɩɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ. 

Ⱦɨɤɭɦɟɧɬɨɦ ɢɡ ɩɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ, ɹɜɥɹɟɬɫɹ «ɋɉ 120.13330.2012. Ɇɟɬɪɨɩɨɥɢɬɟɧɵ» [8], 

ɫɨɞɟɪɠɚɳɢɣ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɩɪɢɟɦɤɟ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɨɜɵɯ ɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɵɯ ɥɢɧɢɣ, ɨɛɴɟɤɬɨɜ ɢ ɭɫɬɪɨɣɫɬɜ 

ɦɟɬɪɨɩɨɥɢɬɟɧɚ. Ɍɚɤ, ɞɚɧɧɵɣ ɫɜɨɞ ɩɪɚɜɢɥ ɜ ɩ. 6.4.2.2, ɡɚɤɪɟɩɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɨɬɪɚɠɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬ 

ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɨɫɦɨɬɪɚ ɡɚɛɨɟɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɧɟɨɛɯɨɞɢɦɭɸ ɫɬɟɩɟɧɶ 

ɞɟɬɚɥɶɧɨɫɬɢ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɨ ɜɵɪɚɛɨɬɤɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɱɢɜɨɫɬɢ ɢ 

ɫɥɨɠɧɨɫɬɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɨɩɪɟɞɟɥɹɟɬ ɩɨɪɹɞɨɤ ɞɟɣɫɬɜɢɣ ɩɪɢ 

ɩɨɞɯɨɞɟ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ ɤ ɡɨɧɚɦ ɪɚɡɥɨɦɨɜ, ɩɨɞɪɟɱɧɵɯ ɭɱɚɫɬɤɨɜ, ɩɨɝɪɟɛɟɧɧɵɯ 

ɪɚɡɦɵɜɨɜ ɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɯɨɞɤɢ ɷɬɢɯ ɭɱɚɫɬɤɨɜ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɩɨɞɯɨɞɟ ɡɚɛɨɹ 

ɜɵɪɚɛɨɬɤɢ ɤ ɩɨɞɨɛɧɵɦ ɡɨɧɚɦ, ɧɟɭɱɬɟɧɧɵɦ ɩɪɨɟɤɬɨɦ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 

ɩɪɨɢɡɜɨɞɹɳɟɣ ɪɚɛɨɬɵ ɨɪɝɚɧɢɡɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɞɨɦɢɬɶ ɩɪɨɟɤɬɧɭɸ 

ɨɪɝɚɧɢɡɚɰɢɸ ɢ ɡɚɤɚɡɱɢɤɚ. 

ɉɭɧɤɬɚɦɢ 6.4.2.3-6.4.2.8, ɧɟ ɜɤɥɸɱɟɧɧɵɦɢ ɜ ɩɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ 

ɊɎ, ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɩɨ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɝɪɭɧɬɨɜ ɡɚɛɨɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 1.1, ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɚɤɬɨɪɨɜ 

ɢ ɩɪɟɞɥɨɠɟɧɵ 4 ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɜ ɡɚɛɨɟ. Ⱦɨɤɭɦɟɧɬɨɦ ɝɪɭɧɬɵ 

ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɧɚ ɫɤɚɥɶɧɵɟ, ɝɥɢɧɢɫɬɵɟ ɢ ɩɟɫɱɚɧɵɟ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɢ ɝɪɭɧɬɨɜ ɤɚɤ ɩɨɥɭɫɤɚɥɶɧɵɟ ɬɚɤɨɣ ɦɟɬɨɞɢɤɨɣ ɧɟ 

ɩɪɟɞɭɫɦɨɬɪɟɧɨ. 
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Ɍɚɛɥɢɰɚ 1.1 – ɋɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɜ ɡɚɛɨɟ [8] 

 

Ⱦɨɤɭɦɟɧɬɨɦ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɦ ɨɫɧɨɜɧɵɟ ɝɟɨɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɦɫɹ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɵɯ ɩɨɞɡɟɦɧɵɯ 

ɫɨɨɪɭɠɟɧɢɣ ɢ ɡɚɝɥɭɛɥɟɧɧɵɯ ɱɚɫɬɟɣ ɡɞɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɫɜɨɞ ɩɪɚɜɢɥ «ɋɉ 

248.1325800.2016 ɋɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɟ. ɉɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ» [9]. Ⱦɚɧɧɵɣ 

ɫɜɨɞ ɩɪɚɜɢɥ ɧɢɤɚɤ ɧɟ ɨɬɪɚɠɟɧ ɜ ɩɨɫɬɚɧɨɜɥɟɧɢɢ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ, ɨɞɧɚɤɨ ɧɨɪɦɨɣ 

ɡɚɤɪɟɩɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɵ ɛɵɬɶ 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɟɲɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɚɞɟɠɧɨɫɬɶ, ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ 
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ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ; ɪɟɲɟɧɢɹ, ɧɟ 

ɞɨɩɭɫɤɚɸɳɢɟ ɭɯɭɞɲɟɧɢɹ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ, 

ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɠɟɧɟɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɨɬɪɚɠɟɧ ɮɚɤɬ ɬɨɝɨ, ɱɬɨ 

ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɧɟ ɞɨɥɠɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɞɟɮɨɪɦɚɰɢɹɦɢ 

ɦɚɫɫɢɜɚ, ɩɚɝɭɛɧɨ ɜɥɢɹɸɳɢɦ ɧɚ ɫɭɳɟɫɬɜɭɸɳɭɸ ɡɚɫɬɪɨɣɤɭ ɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ, ɩɪɢ 

ɨɛɟɫɩɟɱɟɧɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɜɨɡɜɨɞɢɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 

Ɍɚɤ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [9], ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶɫɹ ɪɟɚɥɶɧɚɹ 

ɫɬɚɞɢɣɧɨɫɬɶ ɢ ɨɱɟɪɟɞɧɨɫɬɶ ɜɨɡɜɟɞɟɧɢɹ ɫɨɨɪɭɠɟɧɢɹ, ɜɥɢɹɸɳɚɹ ɧɚ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. Ɂɚɤɪɟɩɥɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ 

«ɫɨɩɨɫɬɚɜɢɦɨɝɨ ɨɩɵɬɚ» — «ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɧɚɹ ɥɢɛɨ ɢɧɚɹ ɱɟɬɤɨ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ, ɨɬɧɨɫɹɳɚɹɫɹ ɤ ɫɜɨɣɫɬɜɚɦ ɞɢɫɩɟɪɫɧɵɯ ɢ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ, 

ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɜ ɩɪɨɟɤɬɟ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɫɯɨɞɧɨɝɨ 

ɩɨɜɟɞɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ, ɚɧɚɥɨɝɢɱɧɵɯ ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɩɪɨɟɤɬɟ» [9]. 

ȼ ɫɬɪɚɧɚɯ ȿɜɪɨɩɟɣɫɤɨɝɨ ɫɨɸɡɚ, ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɞɡɟɦɧɵɯ 

ɫɨɨɪɭɠɟɧɢɣ ɡɚɤɪɟɩɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ȿɜɪɨɤɨɞɚɯ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ 

ɝɟɨɬɟɯɧɢɱɟɫɤɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɞɟɣɫɬɜɭɸɳɢɯ ɫ 1997 ɝɨɞɚ. ȼ ɰɟɥɨɦ, 

ɟɜɪɨɩɟɣɫɤɢɣ ɩɨɞɯɨɞ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɨɩɪɟɞɟɥɟɧɢɢ ɯɚɪɚɤɬɟɪɧɵɯ ɡɧɚɱɟɧɢɣ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɧɹɬɵɯ ɦɨɞɟɥɟɣ 

ɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɫɢɬɭɚɰɢɢ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɫɨɧɚɥɭ, ɩɪɨɜɨɞɹɳɟɦɭ ɝɟɨɬɟɯɧɢɱɟɫɤɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, 

ɮɨɪɦɚɥɢɡɭɸɬɫɹ ɜɦɟɫɬɟ ɫ ɬɪɟɛɨɜɚɧɢɟɦ ɤ ɨɬɱɟɬɭ ɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ. 

ɗɬɨɬ ɨɬɱɟɬ ɞɨɥɠɟɧ ɨɩɪɟɞɟɥɹɬɶ ɢ ɨɛɨɫɧɨɜɵɜɚɬɶ ɞɨɩɭɳɟɧɢɹ, ɩɪɢɧɹɬɵɟ ɩɪɢ ɪɚɫɱɟɬɟ, 

ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬɶ ɞɚɧɧɵɟ ɨ ɢɫɩɵɬɚɧɢɹɯ ɦɚɬɟɪɢɚɥɚ. Ɉɬɱɟɬ ɬɚɤɠɟ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ 

ɩɥɚɧ ɦɨɧɢɬɨɪɢɧɝɚ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ 

ɤɚɬɟɝɨɪɢɢ ɩɪɨɟɤɬɚ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɪɢɫɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɧɠɟɧɟɪɧɨ-

ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ. ɉɨɞɝɨɬɨɜɤɚ ɪɟɟɫɬɪɚ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɢɫɤɨɜ ɜɜɨɞɢɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɞɥɹ ɩɪɨɟɤɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 

ɡɞɨɪɨɜɶɟ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɱɢɯ, ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɡɚɬɪɚɬɵ ɢ 

ɫɦɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ⱥɫɩɟɤɬɵ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɪɟɲɟɧɢɣ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɫɦɨɬɪɟɧɵ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɉɪɟɞɟɥɶɧɨɟ 
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ɫɨɫɬɨɹɧɢɟ ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɜɫɟɝɨ ɨɛɴɟɤɬɚ ɨɩɢɫɵɜɚɸɬɫɹ ɫɪɟɞɫɬɜɚɦɢ 

ɜɟɪɢɮɢɤɚɰɢɢ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɦɨɞɟɥɢ, ɢɫɩɵɬɚɧɢɟ ɨɛɪɚɡɰɨɜ, ɚ 

ɬɚɤɠɟ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɩɪɢɧɹɬɢɟ ɦɟɬɨɞɚ ɧɚɛɥɸɞɟɧɢɣ).  

1.3 Ⱥɧɚɥɢɡ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ 

Ȼɨɥɶɲɢɧɫɬɜɨ ɫɬɚɧɰɢɣ ɢ ɩɟɪɟɝɨɧɧɵɯ ɬɨɧɧɟɥɟɣ ɝɥɭɛɨɤɨɝɨ ɡɚɥɨɠɟɧɢɹ ɋ. -

ɉɟɬɟɪɛɭɪɝɚ ɩɪɨɣɞɟɧɵ ɜ ɱɟɬɜɟɪɬɢɱɧɵɯ ɨɬɥɨɠɟɧɢɹɯ, ɤɟɦɛɪɢɣɫɤɢɯ ɢ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ 

ɝɥɢɧɚɯ. ɂɫɫɥɟɞɨɜɚɬɟɥɶ Ⱥ.ɂ. ɂɫɚɟɜ [42], ɚɧɚɥɢɡɢɪɭɹ ɭɫɥɨɜɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɨɬɦɟɱɚɟɬ ɫɥɨɢɫɬɨɫɬɶ ɤɟɦɛɪɢɣɫɤɢɯ ɝɥɢɧ: «ɬɨɥɳɚ 

ɤɟɦɛɪɢɣɫɤɢɯ ɝɥɢɧ ɫɥɨɠɟɧɚ ɫɥɨɢɫɬɵɦɢ ɪɚɡɧɨɫɬɹɦɢ - ɨɬ ɬɨɧɤɨɫɥɨɢɫɬɵɯ ɢ ɩɨɱɬɢ 

ɫɥɚɧɰɟɜɚɬɵɯ ɞɨ ɬɨɥɫɬɨɫɥɨɢɫɬɵɯ, ɦɟɫɬɚɦɢ ɦɚɫɫɢɜɧɵɯ. ɋɥɨɢɫɬɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ 

ɱɟɪɟɞɨɜɚɧɢɟɦ ɩɪɨɫɥɨɣɤɨɜ ɝɥɢɧɵ: ɡɟɥɟɧɨɜɚɬɵɯ ɢ ɫɟɪɵɯ ɨɬɬɟɧɤɨɜ ɬɨɥɳɢɧɨɣ 2 - 3 ɦɦ 

ɫ ɬɨɧɤɢɦɢ, ɦɟɧɟɟ 1 ɦɦ, ɩɪɨɫɥɨɣɤɚɦɢ ɛɟɥɟɫɨɜɚɬɨ - ɫɟɪɨɣ ɩɵɥɢ. ȼ ɬɨɥɳɟ ɝɥɢɧɵ 

ɜɫɬɪɟɱɚɸɬɫɹ ɩɪɨɫɥɨɣɤɢ ɛɭɪɨɝɨ ɦɟɪɝɟɥɹ ɢ ɩɟɫɱɚɧɢɤɚ ɦɨɳɧɨɫɬɶɸ 1 - 5 ɫɦ. 

ɋɥɨɢɫɬɨɫɬɶ ɨɛɵɱɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɚ, ɜɛɥɢɡɢ ɤɨɧɬɚɤɬɚ ɫ ɱɟɬɜɟɪɬɢɱɧɵɦɢ 

ɨɬɥɨɠɟɧɢɹɦɢ ɢɫɤɚɠɟɧɚ, ɧɚɪɭɲɟɧɚ, ɤɚɤ ɛɵ ɩɟɪɟɦɹɬɚ, ɱɬɨ ɨɛɵɱɧɨ ɨɛɴɹɫɧɹɸɬ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɥɟɞɧɢɤɚ.» ɋɥɨɢɫɬɨɫɬɶ ɜɥɢɹɟɬ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɭɧɬɚ ɢ ɩɨɪɹɞɨɤ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [33, 52] 

ɨɬɦɟɱɟɧɨ, ɱɬɨ «ɝɥɢɧɵ ɢɦɟɸɬ ɬɪɟɳɢɧɨɜɚɬɨɫɬɶ, ɪɚɡɧɭɸ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ 

ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ» [52]. «Ɉɬɦɟɱɚɟɬɫɹ ɦɢɤɪɨɬɪɟɳɢɧɨɜɚɬɨɫɬɶ, ɢɧɨɝɞɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɢɜɚɠɚ, ɡɟɪɤɚɥɚ ɫɤɨɥɶɠɟɧɢɹ» [52], ɩɪɢɜɨɞɹɬɫɹ ɦɧɨɠɟɫɬɜɨ ɤɚɪɬ, ɧɚ 

ɤɨɬɨɪɵɯ ɨɛɨɡɧɚɱɟɧɵ ɥɨɤɚɥɶɧɵɟ ɢ ɪɟɝɢɨɧɚɥɶɧɵɟ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ [36, 38, 

45, 58]. ɋɤɚɥɶɧɵɟ ɝɪɭɧɬɵ ɩɪɢ ɭɫɥɨɜɢɹɯ ɧɚɥɢɱɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ ɢ 

ɤɥɢɜɚɠɚ ɢɦɟɸɬ ɫɪɟɞɧɸɸ ɢ ɫɥɚɛɭɸ ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɜ ɡɚɛɨɟ. ɉɪɢ ɷɬɨɦ 

ɦɚɫɫɢɜ ɩɥɨɬɧɵɯ ɝɥɢɧ, ɨɬɧɟɫёɧɧɵɣ ɤ ɩɨɥɭɫɤɚɥɶɧɵɦ, ɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɬɟɩɟɧɟɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɜ ɡɚɛɨɟ (ɬɚɛɥ. ) ɩɨ ɩɨɞɨɛɧɵɦ ɤɪɢɬɟɪɢɹɦ ɧɟ ɨɬɪɚɠɟɧ.  

Ɋ.ɗ. Ⱦɚɲɤɨ, ɢɫɫɥɟɞɭɹ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɋ.-ɉɟɬɟɪɛɭɪɝɚ, ɪɚɫɫɦɚɬɪɢɜɚɟɬ 

ɢɯ ɧɚ ɮɨɧɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ɉɩɢɪɚɹɫɶ ɧɚ ɞɚɧɧɵɟ 

ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɚɬɥɚɫɚ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ [36] ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɮɭɧɞɚɦɟɧɬ ɜ ɝɪɚɧɢɰɚɯ ɝɨɪɨɞɚ ɢ ɨɛɥɚɫɬɢ ɪɚɡɛɢɬ ɫɢɫɬɟɦɨɣ 

ɪɟɝɢɨɧɚɥɶɧɵɯ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɪɚɡɥɨɦɨɜ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [45, 58] ɨɬɪɚɠɟɧɚ ɫɟɬɶ 
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ɛɨɥɟɟ ɦɟɥɤɢɯ ɪɚɡɪɵɜɧɵɯ ɧɚɪɭɲɟɧɢɣ ɧɚ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ. ɇɚ ɪɢɫɭɧɤɟ 1.1 ɩɪɢɜɟɞɟɧ 

ɮɪɚɝɦɟɧɬ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɚɬɥɚɫɚ, ɧɚ ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧɵ ɧɚɪɭɲɟɧɢɹ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɮɭɧɞɚɦɟɧɬɟ ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ. ȼ ɩɪɟɞɟɥɚɯ ɡɨɧɵ ɧɚɪɭɲɟɧɢɹ 

ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɞɜɢɠɟɧɢɟ ɛɥɨɤɨɜ ɮɭɧɞɚɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɫ ɪɚɡɧɨɣ 

ɫɤɨɪɨɫɬɶɸ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ [38, 46]. ȼ ɪɚɦɤɚɯ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɛɥɨɤɨɜ ɮɭɧɞɚɦɟɧɬɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɨɞɧɢɦ ɢɡ 

ɮɚɤɬɨɪɨɜ, ɩɪɨɜɨɰɢɪɭɸɳɢɦ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 

ɧɚɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ - ɩɟɪɟɦɹɬɢɟ ɝɥɢɧɵ ɢ 

ɪɚɡɭɩɥɨɬɧɟɧɢɟ ɦɚɫɫɢɜɚ ɝɥɢɧ, ɢɡɦɟɧɟɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɢ ɦɨɳɧɨɫɬɢ ɩɪɨɫɥɨɟɤ 

ɩɟɫɱɚɧɢɤɨɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɝɥɢɧɢɫɬɨɦ ɦɚɫɫɢɜɟ, ɫɥɟɞɫɬɜɢɟɦ ɱɟɦɭ ɹɜɥɹɟɬɫɹ 

ɚɧɢɡɨɬɪɨɩɢɹ ɢ ɩɨɹɜɥɟɧɢɟ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɤɚɧɚɥɨɜ ɜ ɦɟɫɬɚɯ ɪɚɡɭɩɥɨɬɧɟɧɢɹ.  

Ɇɧɨɝɨɥɟɬɧɢɦ ɨɩɵɬɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɟɪɟɝɨɧɧɵɯ ɬɨɧɧɟɥɟɣ ɢ ɫɬɚɧɰɢɣ ɋ.-

ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɬɪɚɫɫɵ ɬɨɧɧɟɥɟɣ ɩɟɪɟɫɟɤɚɸɬ 

ɪɚɡɥɢɱɧɵɟ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ. ɉɨɞɪɨɛɧɵɟ ɫɯɟɦɵ ɧɚɪɭɲɟɧɢɣ, ɫɨɜɦɟɳɟɧɧɵɟ 

ɫɨ ɫɯɟɦɨɣ ɩɪɨɜɟɞёɧɧɵɯ ɩɟɪɟɝɨɧɧɵɯ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ (ɪɢɫ. 1.2, ɪɢɫ. 1.3, 

ɪɢɫ. 1.4) ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ [58] ɢ ɫɜɹɡɵɜɚɸɬ ɨɫɥɨɠɧɟɧɢɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɫ ɦɟɫɬɚɦɢ 

ɩɪɨɹɜɥɟɧɢɹ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɢɣ 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ 

ɩɥɨɫɤɨɫɬɢ ɢɡɨɬɪɨɩɢɢ, ɧɚɩɪɚɜɥɟɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ, ɧɚɩɪɚɜɥɟɧɢɹ ɝɥɚɜɧɵɯ 

ɧɚɩɪɹɠɟɧɢɣ. Ⱦɚɧɧɵɟ ɹɜɥɟɧɢɹ ɫɩɪɨɜɨɰɢɪɨɜɚɧɵ ɢɡɦɟɧɢɜɲɢɦɫɹ ɡɧɚɱɟɧɢɟɦ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɡɜɚɧɵ ɪɹɞɨɦ ɩɪɢɱɢɧ: ɪɚɡɝɪɭɡɤɚ 

ɦɚɫɫɢɜɚ ɨɬ ɧɚɩɪɹɠɟɧɢɣ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɡɚɥɟɝɚɧɢɹ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 

ɜ ɦɚɫɫɢɜɟ, ɝɨɪɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɡɨɧɵ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ. Ɉɰɟɧɤɟ ɜɥɢɹɧɢɹ 

ɞɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɛɭɞɟɬ ɩɨɫɜɹɳɟɧɚ 3 ɝɥɚɜɚ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

 Ʉɨɧɬɪɚɫɬɧɵɟ ɥɢɧɟɣɧɵɟ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɮɭɧɞɚɦɟɧɬɚ 

 
Ⱥɤɬɢɜɢɡɢɪɨɜɚɧɧɵɟ ɥɨɤɚɥɶɧɵɟ ɪɚɡɪɵɜɧɵɟ ɧɚɪɭɲɟɧɢɹ ɜ ɮɭɧɞɚɦɟɧɬɟ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɨ ɝɟɨɮɢɡɢɱɟɫɤɢɦ ɞɚɧɧɵɦ, ɢ ɨɛɥɚɫɬɢ ɢɯ ɜɥɢɹɧɢɹ 

 
Ⱥɤɬɢɜɢɡɢɪɨɜɚɧɧɵɟ ɪɟɝɢɨɧɚɥɶɧɵɟ ɪɚɡɪɵɜɧɵɟ ɧɚɪɭɲɟɧɢɹ ɜ ɮɭɧɞɚɦɟɧɬɟ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ 

ɩɨ ɝɟɨɮɢɡɢɱɟɫɤɢɦ ɞɚɧɧɵɦ 

Ɋɢɫɭɧɨɤ 1.1 – Ɏɪɚɝɦɟɧɬ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɚɬɥɚɫɚ ɋ.-ɉɟɬɟɪɛɭɪɝɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɣ ɫɯɟɦɭ 

ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɤɬɨɧɢɱɟɫɤɨɣ ɚɤɬɢɜɢɡɚɰɢɢ [36] 

ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɩɪɢɜɟɞɟɧɚ ɭɬɜɟɪɠɞɟɧɧɚɹ ɨɬɪɚɫɥɟɜɚɹ ɫɯɟɦɚ ɪɚɡɜɢɬɢɹ 

ɦɟɬɪɨɩɨɥɢɬɟɧɚ [5], ɧɚ ɤɨɬɨɪɨɣ ɨɬɦɟɱɟɧɵ ɫɫɵɥɤɢ ɧɚ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɵɟ ɭɱɚɫɬɤɢ 

ɫɯɟɦ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ. ɋɨɜɦɟɫɬɢɜ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɤɬɨɧɢɱɟɫɤɭɸ ɫɯɟɦɭ 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ (ɩɨ Ʌ.Ƚ. Ʉɚɛɚɤɨɜɭ, ȿ.Ʉ. Ɇɟɥɶɧɢɤɨɜɭ, Ȼ.Ƚ. Ⱦɜɟɪɧɢɰɤɨɦɭ) [38] ɫ 

ɤɚɪɬɨɣ ɨɬɪɚɫɥɟɜɨɝɨ ɪɚɡɜɢɬɢɹ ɦɟɬɪɨɩɨɥɢɬɟɧɚ (ɪɢɫ. 1.4), ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɥɢɧɢɢ ɦɨɝɭɬ ɢɦɟɬɶ ɨɫɥɨɠɧɟɧɢɹ, ɫɯɨɠɢɟ ɫ ɭɠɟ ɜɨɡɜɟɞɟɧɧɵɦɢ 

ɥɢɧɢɹɦɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɥɢɛɨ ɡɧɚɱɢɬɟɥɶɧɟɟ: ɤɚɤ ɩɨ ɩɪɢɱɢɧɟ ɭɫɥɨɠɧɟɧɢɹ 
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ɩɨɞɡɟɦɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɩɪɢɜɧɟɫɟɧɧɨɣ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɫɫɢɜɚ, 

ɬɚɤ ɢ ɩɪɢɱɢɧɟ ɧɚɥɢɱɢɹ ɜ ɦɚɫɫɢɜɟ ɡɨɧ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. 

ɉɨ ɦɧɟɧɢɸ ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɩɪɢɱɢɧ ɨɫɥɨɠɧɟɧɢɣ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɟɪɟɝɨɧɨɜ 

ɦɟɬɪɨɩɨɥɢɬɟɧɚ ȿ.Ƚ. Ʉɨɡɢɧɚ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹɯ ɬɨɧɧɟɥɟɣ ɧɚ ɪɚɡɥɢɱɧɵɯ 

ɭɱɚɫɬɤɚɯ ɬɪɚɫɫ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɝɪɚɧɢɰɚɯ ɩɟɪɟɝɨɧɚ «ɇɟɜɫɤɢɣ ɩɪɨɫɩɟɤɬ - 

Ƚɨɪɶɤɨɜɫɤɚɹ», ɫɜɹɡɚɧɵ ɫ ɧɟɨɬɟɤɬɨɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɩɪɢɜɨɞɹɬɫɹ ɞɚɧɧɵɟ ɨ ɚɧɨɦɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɹɯ ɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɬɟɱɚɯ, 

ɹɜɥɹɸɳɢɯɫɹ ɫɥɟɞɫɬɜɢɟɦ «ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɧɧɟɥɹ ɩɨɞ ɦɨɳɧɨɣ ɩɚɥɟɨɞɨɥɢɧɨɣ ɪɟɤɢ 

ɇɟɜɵ, ɡɚɥɨɠɟɧɧɨɣ ɩɨ ɤɪɭɩɧɨɦɭ ɞɨɥɝɨɠɢɜɭɳɟɦɭ ɚɤɬɢɜɧɨɦɭ ɪɚɡɥɨɦɭ». ɋɨɱɟɬɚɧɢɟ 

ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢɜɟɥɨ ɜɟɫɶɦɚ ɧɟɭɫɬɨɣɱɢɜɵɣ ɜ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ 

ɬɟɤɬɨɧɢɱɟɫɤɢɣ ɛɥɨɤ ɜ ɚɤɬɢɜɢɡɚɰɢɸ. Ɉɩɚɫɧɨɫɬɶ ɟɝɨ ɩɪɨɹɜɥɟɧɢɹ ɜ ɢɧɠɟɧɟɪɧɨɦ 

ɨɬɧɨɲɟɧɢɢ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɹɯ ɬɨɧɧɟɥɟɣ ɜ ɩɪɨɰɟɫɫɟ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɍɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ ɜɵɞɟɥɟɧɵ ɚɧɨɦɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɦɟɠɞɭ 

ɫɬɚɧɰɢɹɦɢ «ɉɪɨɫɩɟɤɬ ȼɟɬɟɪɚɧɨɜ» - «Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ» - «Ⱥɜɬɨɜɨ» ɢ ɞɪ. [45]. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɢɜɨɞɹɬɫɹ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɵɟ ɫɯɟɦɵ 

ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɥɢɧɢɣ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ (ɩɨ ɞɚɧɧɵɦ Ƚɉ «ɋɟɜɡɚɩɝɟɨɥɨɝɢɹ», 

Ȼ.Ƚ. Ⱦɜɟɪɧɢɰɤɨɝɨ ɢ ɞɪ.) [58]: ɇɚɪɜɫɤɨɝɨ ɭɱɚɫɬɤɚ (ɪɢɫ. 1.2) ɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ 

(ɪɢɫ. 1.3). ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɝɨɪɨɞɚ ɢɦɟɸɬɫɹ ɨɛɥɚɫɬɢ ɪɚɡɜɢɬɢɹ ɞɪɟɜɧɢɯ 

ɪɚɡɦɵɜɨɜ ɫ ɦɨɳɧɨɣ ɬɨɥɳɟɣ ɧɟɭɫɬɨɣɱɢɜɵɯ ɝɪɭɧɬɨɜ ɢ ɪɚɡɜɢɬɵɦɢ ɜɨɞɨɧɨɫɧɵɦɢ 

ɝɨɪɢɡɨɧɬɚɦɢ [58, 48, 52].  

ɇɚ ɫɯɟɦɚɯ ɨɬɦɟɱɚɟɬɫɹ ɛɥɨɤɨɜɨɟ ɫɬɪɨɟɧɢɟ ɫɥɚɝɚɸɳɟɝɨ ɦɚɫɫɢɜɚ, ɨɬɦɟɱɚɟɬɫɹ 

ɧɚɥɢɱɢɟ ɩɪɢɩɨɞɧɹɬɵɯ ɢ ɨɩɭɳɟɧɧɵɯ ɛɥɨɤɨɜɵɯ ɫɬɪɭɤɬɭɪ. ȼɵɞɟɥɹɸɬɫɹ ɡɨɧɵ 

ɪɚɡɥɨɦɨɜ, ɭɧɚɫɥɟɞɨɜɚɧɧɵɟ ɨɬ ɫɬɪɭɤɬɭɪ ɮɭɧɞɚɦɟɧɬɚ ɢ ɨɫɚɞɨɱɧɨɝɨ ɱɟɯɥɚ.  
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Ɋɢɫɭɧɨɤ 1.2 – ɋɯɟɦɚ ɧɨɜɟɣɲɟɣ ɬɟɤɬɨɧɢɤɢ ɇɚɪɜɫɤɨɝɨ ɭɱɚɫɬɤɚ (ɩɨ ɞɚɧɧɵɦ Ƚɉ «ɋɟɜɡɚɩɝɟɨɥɨɝɢɹ», 
Ȼ.Ƚ. Ⱦɜɟɪɧɢɰɤɨɝɨ ɢ ɞɪ.) [58] 

ȼɦɟɫɬɟ ɫ ɷɬɢɦ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɰɟɧɤɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɝɨɪɧɨɝɨ 

ɦɚɫɫɢɜɚ, ɩɪɨɜɟɞɟɧɧɵɟ ȼ.Ⱥ. Ɇɚɫɥɚɤɨɦ ɩɭɬɟɦ ɪɟɝɢɫɬɪɚɰɢɢ ɜɚɪɢɚɰɢɢ ɩɨɥɹ 

ɟɫɬɟɫɬɜɟɧɧɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɷɦɢɫɫɢɢ (ɦɟɬɨɞ ȿɗɆɂ) ɜ ɡɚɛɨɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ «ɜ 

ɰɟɥɨɦ ɝɟɨɞɢɧɚɦɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ ɩɨ ɬɨɧɧɟɥɸ ɜɨ ɜɪɟɦɹ ɩɪɨɯɨɞɤɢ ɢ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɨɩɚɫɟɧɢɣ ɧɟ ɜɵɡɵɜɚɟɬ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɝɢɫɬɪɚɰɢɢ ɜɚɪɢɚɰɢɣ ɩɨɥɹ ȿɗɆɂ ɜ 

ɡɚɛɨɟ ɜɨ ɜɪɟɦɹ ɩɪɨɯɨɞɤɢ ɨɩɚɫɧɵɯ ɭɪɨɜɧɟɣ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɟ 

ɧɚɛɥɸɞɚɥɨɫɶ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ ɩɨɥɹ ȿɗɆɂ ɩɨ ɩɪɨɣɞɟɧɧɨɣ ɱɚɫɬɢ 

ɬɨɧɧɟɥɹ ɨɩɚɫɧɵɯ ɩɨ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɦ ɩɪɨɹɜɥɟɧɢɹɦ ɭɱɚɫɬɤɨɜ ɧɟ ɜɵɹɜɥɟɧɨ.» [54]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɡɨɧɚɯ ɧɚɪɭɲɟɧɧɨɫɬɢ, 

ɨɛɥɚɞɚɸɳɢɯ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɝɟɨɞɢɧɚɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ.  
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Ɋɢɫɭɧɨɤ 1.3 – ɋɯɟɦɚ ɧɨɜɟɣɲɟɣ ɬɟɤɬɨɧɢɤɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ (ɩɨ ɞɚɧɧɵɦ Ƚɉ 
«ɋɟɜɡɚɩɝɟɨɥɨɝɢɹ», Ȼ.Ƚ. Ⱦɜɟɪɧɢɰɤɨɝɨ ɢ ɞɪ.) [58]  

Ɇɟɬɨɞɨɦ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ [38] ɜɵɹɜɥɟɧɨ, 

ɱɬɨ ɜ ɡɨɧɚɯ ɪɚɡɥɨɦɨɜ (ɧɚ ɪɢɫ. 1.4) ɩɚɪɚɦɟɬɪɵ ɩɪɨɱɧɨɫɬɢ ɝɥɢɧ ɫɧɢɠɚɸɬɫɹ ɜ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ. Ⱥɜɬɨɪɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤɠɟ ɨɬɦɟɱɟɧɨ, ɱɬɨ «ɫɬɪɭɤɬɭɪɧɚɹ 

ɦɢɤɪɨɬɪɟɳɢɧɨɜɚɬɨɫɬɶ ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ, ɢɝɪɚɟɬ ɡɚɦɟɬɧɭɸ ɪɨɥɶ ɜ ɩɪɨɱɧɨɫɬɢ ɝɥɢɧ» 

[38]. 
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ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 

 ɉɨɝɪɟɛɟɧɧɵɟ ɞɨɥɢɧɵ 

 Ɍɟɤɬɨɧɢɱɟɫɤɢɟ ɪɚɡɥɨɦɵ 

 ɋɬɪɨɹɳɢɟɫɹ / ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɜɟɬɤɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ 

Ɋɢɫɭɧɨɤ 1.4 – ɋɬɪɭɤɬɭɪɧɨ-ɬɟɤɬɨɧɢɱɟɫɤɚɹ ɫɯɟɦɚ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ (ɩɨ Ʌ.Ƚ. Ʉɚɛɚɤɨɜɭ, ȿ.Ʉ. 
Ɇɟɥɶɧɢɤɨɜɭ, Ȼ.Ƚ. Ⱦɜɟɪɧɢɰɤɨɦɭ) [38], ɫɨɜɦɟɳɟɧɧɚɹ ɫ ɤɚɪɬɨɣ ɨɬɪɚɫɥɟɜɨɝɨ ɪɚɡɜɢɬɢɹ 

ɦɟɬɪɨɩɨɥɢɬɟɧɚ [5] 

Ɋɟɡɭɥɶɬɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.5 ɢ 

ɪɢɫɭɧɤɟ 1.6. ɉɨɞɨɛɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ, ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ 
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ɧɚɥɢɱɢɟɦ ɡɨɧ ɧɚɪɭɲɟɧɧɨɫɬɢ ɧɚ ɩɭɬɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, 

ɩɪɟɞɨɩɪɟɞɟɥɢɥɨ ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɞɧɨɣ ɢɡ ɡɚɞɚɱ ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɹɜɥɹɥɨɫɶ 

ɢɡɭɱɟɧɢɟ ɭɫɥɨɜɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɢɯ ɡɚɛɨɟɜ ɧɟɡɚɤɪɟɩɥɟɧɧɵɯ 

ɜɵɪɚɛɨɬɨɤ, ɩɪɨɣɞɟɧɧɵɯ ɜ ɦɚɫɫɢɜɟ, ɫɨɞɟɪɠɚɳɟɦ ɧɚɪɭɲɟɧɧɨɫɬɶ, ɜɵɪɚɠɟɧɧɭɸ ɜ 

ɩɨɧɢɠɟɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ.  

  

Ɋɢɫɭɧɨɤ 1.5 – Ɂɧɚɱɟɧɢɟ ɫɰɟɩɥɟɧɢɹ ɤɨɪɟɧɧɵɯ 
ɝɥɢɧ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨ ɝɥɭɛɢɧɟ ɡɨɧɚɯ ɫ ɭɱɟɬɨɦ 

ɢɯ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ 

Ɋɢɫɭɧɨɤ 1.6 – Ɂɧɚɱɟɧɢɟ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ 
ɬɪɟɧɢɹ ɤɨɪɟɧɧɵɯ ɝɥɢɧ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨ 

ɝɥɭɛɢɧɟ ɡɨɧɚɯ ɫ ɭɱɟɬɨɦ ɢɯ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ 

ɉ ɪɢ ɦ ɟ ɱ ɚɧɢ ɟ :   

1 – ɞɥɹ ɨɛɥɚɫɬɟɣ ɩɟɪɟɦɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜɧɟ ɡɨɧ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ;  
2 – ɞɥɹ ɨɛɥɚɫɬɟɣ ɩɟɪɟɦɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜ ɡɨɧɚɯ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ;  
1* - ɞɥɹ ɨɛɥɚɫɬɟɣ ɤɜɚɡɢɩɨɫɬɨɹɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜɧɟ ɡɨɧ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ;  
2* - ɞɥɹ ɨɛɥɚɫɬɟɣ ɤɜɚɡɢɩɨɫɬɨɹɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜ ɡɨɧɚɯ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ. 

Ɇɚɫɫɢɜ ɜɞɨɥɶ ɬɪɚɫɫɵ ɬɨɧɧɟɥɹ ɋ.-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɢɫɫɥɟɞɭɟɬɫɹ 

ɢ ɤɨɫɜɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɪɨɝɧɨɡɚ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜɩɟɪɟɞɢ ɥɛɚ ɡɚɛɨɹ 

[27]. Ʉɚɤ ɨɬɦɟɱɚɸɬ ɚɜɬɨɪɵ: «ɜɨ ɜɪɟɦɹ ɩɪɨɯɨɞɤɢ ɬɨɧɧɟɥɟɣ ɳɢɬɨɦ ɫ 

ɝɪɭɧɬɨɩɪɢɝɪɭɡɨɦ, ɜ ɝ. ɋ-ɉɟɬɟɪɛɭɪɝɟ, ɩɪɢ ɩɪɨɝɧɨɡɟ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 

ɜɩɟɪɟɞɢ ɥɛɚ ɡɚɛɨɹ ɧɚ ɬɪɚɫɫɟ ɬɨɧɧɟɥɹ, ɞɥɢɧɨɣ 1872 ɦ. ɛɵɥɢ ɜɵɹɜɥɟɧɵ 

ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ ɪɚɡɭɩɥɨɬɧɟɧɧɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɚ ɬɚɤɠɟ 

ɭɱɚɫɬɤɢ ɫɨ ɫɤɨɩɥɟɧɢɟɦ ɝɪɚɜɢɣɧɨ-ɝɚɥɟɱɧɢɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɚɥɭɧɨɜ» [27]. 

0

200

400

600

800

1 000

1 200

10 20 30 40 60

ɋɰ
ɟɩ

ɥɟ
ɧɢ

ɟ,
 ɤ

ɉ
ɚ

ɝɥɭɛɢɧɚ ɨɬɛɨɪɚ ɩɪɨɛ, ɦ

1

1

1

1

1*

2

2

2

2 2*

10-20 20-30 30-40 40-600-10
0

5

10

15

20

25

10 20 30 40 60ɭɝ
ɨɥ

 ɜ
ɧɭ

ɬɪ
ɟɧ

ɧɟ
ɝɨ

 ɬ
ɪɟ

ɧɢ
ɹ,

 ɝɪ
ɚɞ

ɝɥɭɛɢɧɚ ɨɬɛɨɪɚ ɩɪɨɛ, ɦ

1

1

1
1 1*

2

2

2

2 2*

10-20 20-30 30-40 40-600-10



31 

ɏɚɪɚɤɬɟɪɧɵɣ ɪɚɡɪɟɡ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.7. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɭɫɥɨɜɢɹɯ 

ɋ.-ɉɟɬɟɪɛɭɪɝɚ ɧɚɛɥɸɞɚɸɬɫɹ ɡɨɧɵ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ - ɧɚɪɭɲɟɧɧɨɫɬɢ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɪɚɡɥɢɱɧɨɣ ɝɥɭɛɢɧɟ, ɢ, ɢɦɟɸɳɢɟ ɪɚɡɥɢɱɧɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ. 
ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ 

№ 

ɤɨɥɶɰɚ  

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

 ɉɪɨɝɧɨɡɧɵɟ ɡɨɧɵ ɫɪɟɞɧɟɝɨ ɪɚɡɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ; 
 ɍɱɚɫɬɤɢ ɝɪɭɧɬɚ ɫ ɩɨɜɵɲɟɧɧɨɣ ɨɛɜɨɞɧɟɧɧɨɫɬɶɸ; 

 ɍɱɚɫɬɤɢ ɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧɬɚ; 
 ɋɭɝɥɢɧɤɢ ɢ ɫɭɩɟɫɢ ɫ ɝɪɚɜɢɟɦ ɢ ɝɚɥɶɤɨɣ. 

Ɋɢɫɭɧɨɤ 1.7 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɚ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 
ɜɩɟɪɟɞɢ ɡɚɛɨɹ ɬɨɧɧɟɥɹ [27]  

Ⱦɥɹ ɚɧɚɥɢɡɚ ɯɚɪɚɤɬɟɪɚ ɪɚɡɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɛɭɞɟɬ 

ɩɨɥɟɡɧɨ ɩɪɢɜɟɫɬɢ ɜɵɞɟɪɠɤɢ ɢɡ ɢɫɫɥɟɞɨɜɚɧɢɹ [33]: «ȼ ɨɤɬɹɛɪɟ 1989 ɝ. ɩɪɨɢɡɨɲɥɨ 

ɨɛɪɭɲɟɧɢɟ ɝɪɭɧɬɚ ɜ ɡɚɛɨɟ ɩɟɪɟɯɨɞɧɨɝɨ ɤɨɪɢɞɨɪɚ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ ɫɬɪɨɹɳɟɣɫɹ 

ɫɬɚɧɰɢɢ «ȼɥɚɞɢɦɢɪɫɤɚɹ – 2» ɧɚ ɞɟɣɫɬɜɭɸɳɭɸ ɫɬɚɧɰɢɸ «ȼɥɚɞɢɦɢɪɫɤɚɹ». 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɜɟɪɯɧɟɝɨ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ ɜɟɥɨɫɶ ɜ ɬɨɥɳɟ ɤɨɬɥɢɧɫɤɢɯ ɫɥɨɢɫɬɵɯ 

ɩɥɨɬɧɵɯ ɬɜɟɪɞɵɯ ɫɭɯɢɯ ɚɪɝɢɥɢɬɨɩɨɞɨɛɧɵɯ ɝɥɢɧ. Ʉɪɨɜɥɟɣ ɫɥɭɠɢɥɚ ɬɨɥɳɚ 5-6 ɦ 

ɩɟɪɟɦɹɬɵɯ ɝɥɢɧ. Ɉɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɜ ɪɚɡɪɟɡɟ ɧɚɛɥɸɞɚɥɚɫɶ ɬɨɥɳɚ ɱɟɬɜɟɪɬɢɱɧɵɯ 

ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɨɬɥɨɠɟɧɢɣ, ɦɨɳɧɨɫɬɶɸ 36 ɦ.  ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ ɦɟɫɬɚɯ 

ɩɪɨɜɟɞɟɧɢɹ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɨɬɦɟɱɚɥɨɫɶ ɧɚɥɢɱɢɟ 

ɨɬɞɟɥɶɧɵɯ ɬɪɟɳɢɧ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɛɥɢɡɤɨ ɤ ɜɟɪɬɢɤɚɥɢ. ȼ ɦɟɫɬɚɯ ɩɟɪɟɫɟɱɟɧɢɣ 

ɬɪɟɳɢɧ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɨɬɞɟɥɶɧɵɟ ɜɵɜɚɥɵ ɛɥɨɤɨɜ ɨɬ 0,05 ɞɨ 0,1 ɦ3, ɨɝɪɚɧɢɱɟɧɧɵɯ 
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ɩɥɨɫɤɨɫɬɹɦɢ ɫɞɜɢɝɚ. ȼ ɬɚɤɢɯ ɦɟɫɬɚɯ ɩɪɨɹɜɥɹɥɨɫɶ ɫɧɢɠɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɪɨɞ ɜ 

ɪɚɣɨɧɟ ɥɛɚ ɢ ɫɜɨɞɚ ɡɚɛɨɹ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɫɨɨɪɭɠɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɡɥɚ ɫɬɚɧɰɢɢ 

«ȼɥɚɞɢɦɢɪɫɤɚɹ-2» ɜɟɥɨɫɶ ɜ ɪɚɣɨɧɟ ɩɥɨɬɧɨɣ ɡɚɫɬɪɨɣɤɢ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɚ, ɩɪɨɟɤɬɨɦ ɛɵɥɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɢ ɜɵɩɨɥɧɟɧɵ ɜ ɧɚɬɭɪɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 

ɫɨɯɪɚɧɟɧɢɸ ɡɞɚɧɢɣ (ɭɫɬɪɨɟɧɵ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɩɥɢɬɵ ɜ ɩɨɞɜɚɥɚɯ, ɭɫɢɥɟɧɵ 

ɩɪɨɟɡɞɧɵɟ ɚɪɤɢ ɢ ɨɬɞɟɥɶɧɵɟ ɩɪɨёɦɵ).  

Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬ ɩɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ ɛɵɥɚ ɡɚɥɨɠɟɧɚ ɫɢɫɬɟɦɚ 

ɪɟɩɟɪɨɜ, ɩɨ ɤɨɬɨɪɨɣ ɦɚɪɤɲɟɣɞɟɪɫɤɨɣ ɤɨɦɚɧɞɨɣ Ʌɟɧɦɟɬɪɨɫɬɪɨɹ ɜɟɥɢɫɶ ɧɚɛɥɸɞɟɧɢɹ 

ɡɚ ɨɫɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɫɬɚɜɥɹɥɢ 120 ɦɦ ɢɡ 

ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɧɚ ɤɨɧɟɰ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 260 ɦɦ. 

ɋɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ 

Ʌɟɧɦɟɬɪɨɝɢɩɪɨɬɪɚɧɫɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: ɩɪɨɜɟɞɟɧɢɟ ɮɭɪɧɟɥɢ ɢɡ ɞɟɦɨɧɬɚɠɧɨɣ ɤɚɦɟɪɵ, ɜɨɡɜɟɞɟɧɢɟ 

ɜɟɪɯɧɟɝɨ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɜɟɫɬɢɛɸɥɹ, ɪɚɫɤɪɵɬɢɟ ɬɪɟɯ ɛɨɤɨɜɵɯ ɩɪɨɟɦɨɜ, ɭɫɬɪɨɣɫɬɜɨ 

ɛɨɤɨɜɵɯ ɨɩɨɪ ɩɟɪɟɯɨɞɧɨɝɨ ɤɨɪɢɞɨɪɚ ɜ ɲɬɨɥɶɧɹɯ, ɜɨɡɜɟɞɟɧɢɟ ɜɟɪɯɧɟɝɨ ɫɜɨɞɚ, 

ɪɚɡɪɚɛɨɬɤɚ ɹɞɪɚ ɢ ɩɨɞɜɟɞɟɧɢɟ ɨɛɪɚɬɧɨɝɨ ɫɜɨɞɚ. 

Ɋɚɡɪɚɛɨɬɤɭ ɩɨɪɨɞɵ ɩɪɨɜɨɞɢɥɢ ɨɬɛɨɣɧɵɦɢ ɦɨɥɨɬɤɚɦɢ ɩɨ ɹɪɭɫɚɦ ɫ ɨɬɝɪɭɡɤɨɣ 

ɩɨɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɨɣ. Ɉɛɞɟɥɤɭ ɦɨɧɬɢɪɨɜɚɥɢ ɭɤɥɚɞɱɢɤɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ 

ɬɪɭɛɱɚɬɵɟ ɩɪɨɝɨɧɵ, ɤɨɬɨɪɵɟ ɩɟɪɟɦɟɳɚɥɢ ɩɨ ɦɟɪɟ ɩɪɨɞɜɢɠɟɧɢɹ ɡɚɛɨɹ. ɉɟɪɜɢɱɧɨɟ 

ɧɚɝɧɟɬɚɧɢɟ ɪɚɫɬɜɨɪɚ ɩɪɨɢɡɜɨɞɢɥɢ ɡɚ ɩɟɪɜɨɟ ɭɥɨɠɟɧɧɨɟ ɩɨɥɭɤɨɥɶɰɨ. 

21 ɨɤɬɹɛɪɹ 1989 ɝ. ɧɟɨɠɢɞɚɧɧɨ ɩɪɨɝɧɭɥɫɹ ɢ ɛɵɥ ɜɵɞɚɜɥɟɧ 4 ɪɚɫɫɬɪɟɥ, 

ɩɪɨɢɡɨɲɟɥ ɜɵɜɚɥ ɩɨɪɨɞɵ ɢɡ ɡɚɛɨɹ ɨɛɴɟɦɨɦ 10-15 ɦ3 ɜ ɡɨɧɟ ɪɹɞɚ ɪɚɫɫɬɪɟɥɨɜ.» ɇɚ 

ɪɢɫɭɧɤɟ 1.8 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɨɛɪɭɲɟɧɢɹ ɤɪɟɩɥɟɧɢɹ ɡɚɛɨɹ. «ɑɟɪɟɡ ɱɚɫ ɜɧɨɜɶ 

ɩɪɨɢɡɨɲɟɥ ɜɵɜɚɥ ɢɡ ɥɛɚ ɢ ɤɪɨɜɥɢ ɡɚɛɨɹ ɨɛɴёɦɨɦ ɨɤɨɥɨ 2 ɦ3, ɩɪɢ ɷɬɨɦ ɛɵɥɢ ɫɧɟɫɟɧɵ 

ɬɪɢ ɪɚɫɫɬɪɟɥɚ. ɍɫɢɥɢɹ ɩɪɨɯɨɞɱɢɤɨɜ ɩɨ ɩɨɞɤɪɟɩɥɟɧɢɸ ɡɚɛɨɹ ɭɫɩɟɯɚ ɧɟ ɢɦɟɥɢ, ɢ 

ɨɱɟɪɟɞɧɵɦ ɜɵɜɚɥɨɦ ɩɨɪɨɞɵ ɫɧɟɫɥɨ ɜɫɟ ɤɪɟɩɥɟɧɢɟ ɤɪɨɜɥɢ, ɥɛɚ ɡɚɛɨɹ ɢ ɡɚɛɭɬɨɜɤɭ. ȼ 

ɤɪɨɜɥɟ ɧɚɞ 6-ɦ ɤɨɥɶɰɨɦ ɨɛɞɟɥɤɢ ɨɛɪɚɡɨɜɚɥɫɹ ɤɭɩɨɥ ɜɵɫɨɬɨɣ ɞɨ 7 ɦ ɫ ɨɛɴɟɦɨɦ 

ɜɵɜɚɥɚ 170 ɦ3» [33, 137]. ɋɯɟɦɚ ɨɛɪɭɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1.8.  
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ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɩɪɢɱɢɧ ɚɜɚɪɢɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɵɞɟɥɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 

ɦɨɦɟɧɬɨɜ: ɩɪɨɯɨɞɤɚ ɪɹɞɚ ɜɵɪɚɛɨɬɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɛɥɢɡɤɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɜɥɢɹɥɚ 

ɧɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜɧɭɬɪɢ ɝɨɪɧɨɝɨ ɦɚɫɫɢɜɚ, ɱɬɨ ɨɛɵɱɧɨ ɩɪɢɜɨɞɢɬ 

ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɤɪɵɬɨɣ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ ɢ ɩɪɨɹɜɥɟɧɢɸ ɟɟ ɧɚ ɡɚɛɨɟ ɜɧɨɜɶ 

ɩɪɨɯɨɞɢɦɨɣ ɝɨɪɧɨɣ ɜɵɪɚɛɨɬɤɢ. Ɉɬɫɭɬɫɬɜɢɟ ɭɱɟɬɚ ɧɚɪɭɲɟɧɧɨɫɬɢ, 

ɨɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɧɧɨɣ ɩɪɢ ɜɢɡɭɚɥɶɧɨɦ ɨɫɦɨɬɪɟ, ɩɪɢ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢɜɟɥɨ 

ɤ ɩɨɞɛɨɪɭ ɨɝɪɚɠɞɚɸɳɟɝɨ ɬɢɩɚ ɤɪɟɩɥɟɧɢɹ, ɚ ɧɟ ɭɩɪɨɱɧɹɸɳɟɝɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ 

ɫɥɭɱɚɣ ɤɨɫɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɥɢɱɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ - 

ɧɚɪɭɲɟɧɧɨɫɬɢ, ɩɪɢɜɧɟɫɟɧɧɨɣ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɚ ɬɨɬ ɦɨɦɟɧɬ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. Ɉ ɬɚɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɝɨɜɨɪɢɬ Ȼ.Ⱥ. Ʉɚɪɬɨɡɢɹ [44] ɢ 

Ⱥ.ɋ. ɋɚɦɦɚɥɶ [65]. 

 

Ɋɢɫɭɧɨɤ 1.8 – ɋɯɟɦɚ ɨɛɪɭɲɟɧɢɹ ɤɪɟɩɥɟɧɢɹ ɡɚɛɨɹ: 1 – ɩɟɪɜɵɣ ɜɵɜɚɥ; 2 – ɜɬɨɪɨɣ ɜɵɜɚɥ [33] 

Ⱦɪɭɝɢɦ ɫɜɢɞɟɬɟɥɶɫɬɜɨɦ ɪɚɡɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ ɨɬ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ ɝɥɢɧ 

ɹɜɥɹɟɬɫɹ ɩɭɛɥɢɤɚɰɢɹ Selmer-Olsen R., Palmstrom A., Stromme B [125], ɜ ɤɨɬɨɪɨɣ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɢɱɢɧɵ ɨɫɥɚɛɥɟɧɢɹ ɢ ɧɚɛɭɯɚɧɢɹ ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ. ȼ ɫɬɚɬɶɟ 

ɝɨɜɨɪɢɬɫɹ ɨ ɬɨɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɧɚɛɭɯɚɧɢɹ, ɝɥɢɧɵ, ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɦɚɫɫɢɜ, ɫɨɡɞɚɜɚɥɢ 

ɜ ɧɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. ɍɱɟɫɬɶ ɬɚɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨɡɜɨɥɢɬ ɦɟɬɨɞɢɤɚ, 

ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɢ ɦɚɫɫɢɜɚ ɝɥɢɧ ɤɚɤ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ [18, 27, 36 – 40, 45, 58, 61], 

ɩɨɫɜɹɳɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, 

ɹɜɥɹɸɳɟɝɨɫɹ ɫɪɟɞɨɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɨɛɴɟɤɬɨɜ 
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ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɋ.-ɉɟɬɟɪɛɭɪɝɚ ɦɟɬɨɞɚɦɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɜɢɡɭɚɥɶɧɨɝɨ 

ɨɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɤɨɫɜɟɧɧɵɦɢ ɝɟɨɮɢɡɢɱɟɫɤɢɦɢ 

ɦɟɬɨɞɚɦɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɦɚɫɫɢɜɟ ɝɥɢɧ ɧɚɛɥɸɞɚɸɬɫɹ ɭɱɚɫɬɤɢ ɥɨɤɚɥɶɧɵɯ 

ɧɚɪɭɲɟɧɢɣ. ȼ ɭɱɚɫɬɤɚɯ ɧɚɪɭɲɟɧɢɣ ɮɢɤɫɢɪɭɟɬɫɹ ɩɨɧɢɠɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɦɚɫɫɢɜɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɫɫɢɜ ɝɥɢɧ, ɫɥɭɠɚɳɢɣ ɫɪɟɞɨɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɵɯ 

ɨɛɴɟɤɬɨɜ ɋ.-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɹɜɥɹɟɬɫɹ ɚɧɢɡɨɬɪɨɩɧɵɦ, ɥɨɤɚɥɶɧɨ 

ɧɚɪɭɲɟɧɧɵɦ ɢ ɜ ɧɟɦ ɧɚɛɥɸɞɚɸɬɫɹ ɡɨɧɵ ɥɨɤɚɥɶɧɨɝɨ ɨɛɜɨɞɧɟɧɢɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ, ɜ 

ɧɚɫɬɨɹɳɟɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɦ ɨɰɟɧɤɭ ɜɵɞɟɥɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɢ 

ɫɮɨɪɦɭɥɢɪɭɟɦ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɯ ɭɱɟɬɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɢɯ ɡɚɛɨɟɜ.  ȼ ɫɜɹɡɢ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɩɪɨɫɬɢɪɚɧɢɹ ɡɨɧ 

ɧɚɪɭɲɟɧɧɨɫɬɢ, ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɨɥɢ ɜɨɡɞɟɣɫɬɜɢɹ ɭɝɥɚ ɩɚɞɟɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɧɚ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ.  

1.4 Ɉɛɡɨɪ ɩɪɢɦɟɧɹɟɦɵɯ ɫɩɨɫɨɛɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ 
ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ  

ɋɩɨɫɨɛɵ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɝɥɢɧɢɫɬɵɯ 

ɝɪɭɧɬɚɯ ɩɪɢɜɟɞɟɧɵ ɜ ɩɭɛɥɢɤɚɰɢɹɯ [19, 50, 51, 53, 56, 60, 68 – 71, 77, 81, 83].  

Ɉɩɵɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɚ ɩɨɡɜɨɥɢɥ ɜɵɪɚɛɨɬɚɬɶ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɣ 

ɦɟɬɨɞɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɪɢɦɟɧɹɟɦɵɣ ɫɩɨɫɨɛ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɨɧɧɟɥɹ ɡɚɜɢɫɢɬ ɨɬ 

ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɪɚɡɦɟɪɚ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 

Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɢɦɟɧɹɟɦɵɟ ɫɩɨɫɨɛɵ ɦɨɠɧɨ ɧɚ ɳɢɬɨɜɨɣ; ɫɩɨɫɨɛ ɫɩɥɨɲɧɨɝɨ 

ɡɚɛɨɹ; ɝɨɪɧɵɣ ɫɩɨɫɨɛ; ɫɩɟɰɢɚɥɶɧɵɟ ɫɩɨɫɨɛɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, «ɩɪɢɦɟɧɹɟɦɵɟ ɜ 

ɫɥɨɠɧɵɯ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: ɨɛɜɨɞɧɟɧɧɵɟ 

ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɝɪɭɧɬɵ, ɩɥɵɜɭɧɵ ɢ ɞɪ. ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 

ɭɤɪɟɩɥɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɵɯ ɝɪɭɧɬɨɜ ɫɬɚɧɨɜɢɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɜɨɞɨɩɨɧɢɠɟɧɢɹ, ɡɚɦɨɪɚɠɢɜɚɧɢɹ, ɰɟɦɟɧɬɚɰɢɢ, ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ, 

ɩɪɢɦɟɧɟɧɢɹ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢ ɞɪ.» [48].  
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ɗɮɮɟɤɬɢɜɟɧ ɳɢɬɨɜɨɣ ɫɩɨɫɨɛ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɟɣ. Ɉɞɧɚɤɨ ɪɚɰɢɨɧɚɥɶɧɨɫɬɶ 

ɩɪɢɦɟɧɟɧɢɹ ɳɢɬɨɜɨɝɨ ɫɩɨɫɨɛɚ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɛɨɥɶɲɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ (ɛɨɥɶɲɟ 

300-400 ɦ) ɬɨɧɧɟɥɟɣ. ɉɪɢ ɞɥɢɧɟ ɬɨɧɧɟɥɟɣ ɦɟɧɟɟ 500 ɦ ɫɬɚɧɨɜɢɬɫɹ ɧɟ ɪɚɰɢɨɧɚɥɶɧɵɦ 

ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɨɩɪɚɜɞɚɧɧɵɦ, ɚ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɧɚɯɨɞɹɬ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɟ ɫɟɛɹ ɝɨɞɚɦɢ ɫɩɨɫɨɛɵ. Ɉɛɳɢɦ ɞɥɹ ɬɚɤɢɯ ɫɩɨɫɨɛɨɜ ɹɜɥɹɟɬɫɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɪɚɫɤɪɵɬɢɟ ɬɨɧɧɟɥɹ ɧɚ ɩɨɥɧɨɟ ɫɟɱɟɧɢɟ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɟ 

ɛɪɢɝɚɞɚɦɢ ɩɪɨɯɨɞɱɢɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɛɨɣɧɵɯ ɦɨɥɨɬɤɨɜ (ɪɢɫ. ) ɢ ɜɪɟɦɟɧɧɨɝɨ 

ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɜɢɞɟ ɞɨɫɨɤ ɢ ɬɪɭɛ (ɪɢɫ. ). 

Ɍɚɤɢɟ ɫɩɨɫɨɛɵ ɹɜɥɹɸɬɫɹ ɧɟɛɟɡɨɩɚɫɧɵɦɢ, ɬɚɤ ɤɚɤ «ɩɪɨɯɨɞɱɢɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɡɨɧɟ 

ɩɨɜɵɲɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɧɢɡɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤɟɦɛɪɢɣɫɤɢɯ ɝɥɢɧ» 

[48]. 

  

ɚ ɛ 

 

  
 

ɚ ɛ 

 

ɉɪɢɦɟɪɚɦɢ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫɩɟɰɢɚɥɶɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɩɚɬɟɧɬɵ, ɜ ɩɨɥɟɡɧɨɣ ɮɨɪɦɭɥɟ ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ 

ɫɨɡɞɚɧɢɹ ɥɟɞɨɝɪɭɧɬɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ, ɤɚɤ ɧɚɩɪɢɦɟɪ, «ɫɩɨɫɨɛ ɫɨɨɪɭɠɟɧɢɹ ɬɨɧɧɟɥɟɣ 
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ɜ ɫɥɚɛɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɚɯ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɨɡɞɚɧɢɢ ɥɟɞɨɝɪɭɧɬɨɜɨɝɨ 

ɨɝɪɚɠɞɟɧɢɹ, ɚɪɦɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɬɪɭɛɚɦɢ, ɤɨɬɨɪɨɟ ɨɩɢɪɚɸɬ ɧɚ 

ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɹɞɪɨ ɜɵɪɚɛɨɬɤɢ ɢ ɭɥɨɠɟɧɧɨɟ ɬɸɛɢɧɝɨɜɨɟ ɤɨɥɶɰɨ ɨɛɞɟɥɤɢ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɫɩɨɫɨɛɚ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɚɹ ɞɟɮɨɪɦɚɰɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɪɚɡɧɢɰɟɣ ɜ ɨɛɴɟɦɚɯ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ.»  ɋ 

ɰɟɥɶɸ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɥɟɞɨɝɪɭɧɬɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ 

ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ 

ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɵɪɚɛɨɬɨɤ ɜ ɧɟɭɫɬɨɣɱɢɜɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɚɯ [71], 

ɩɨɡɜɨɥɹɸɳɢɣ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɪɚɡɦɨɪɨɡɤɢ ɥɟɞɨɝɪɭɧɬɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ ɩɨ 

ɦɟɪɟ ɭɫɬɚɧɨɜɤɢ ɩɨɫɬɨɹɧɧɨɣ ɨɛɞɟɥɤɢ. Ʉɪɨɦɟ ɫɨɡɞɚɧɢɹ ɥɟɞɨɝɪɭɧɬɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ 

ɫɭɳɟɫɬɜɭɟɬ ɫɩɨɫɨɛ ɫɨɨɪɭɠɟɧɢɹ ɧɚɤɥɨɧɧɵɯ ɬɨɧɧɟɥɟɣ ɜ ɫɥɚɛɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ 

ɝɪɭɧɬɚɯ [68], ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɡɚɦɟɧɟ ɩɨ ɧɚɪɭɠɧɨɦɭ ɤɨɧɬɭɪɭ ɬɨɧɧɟɥɹ ɫɥɚɛɨɝɨ ɝɪɭɧɬɚ 

ɩɪɨɱɧɵɦ.  

Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɫɩɟɰɢɚɥɶɧɵɦ ɫɩɨɫɨɛɚɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɨɡɞɚɧɢɟ ɡɚɳɢɬɧɵɯ 

ɷɤɪɚɧɨɜ ɢɯ ɬɪɭɛ: ɫɩɨɫɨɛ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɦɟɥɤɨɝɨ ɡɚɥɨɠɟɧɢɹ ɧɚ ɡɚɫɬɪɨɟɧɧɨɣ 

ɝɨɪɨɞɫɤɨɣ ɬɟɪɪɢɬɨɪɢɢ. «Ɉɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɵɦ ɷɬɨɬ ɫɩɨɫɨɛ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɬɨɧɧɟɥɟɣ ɩɨɞ ɭɥɢɰɚɦɢ ɢ ɞɨɪɨɝɚɦɢ, ɩɨɞ ɧɚɫɵɩɹɦɢ ɢ ɮɭɧɞɚɦɟɧɬɚɦɢ 

ɫɨɨɪɭɠɟɧɢɣ ɜ ɫɥɚɛɵɯ, ɧɟɭɫɬɨɣɱɢɜɵɯ ɢ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɚɯ. ɉɪɢ ɷɬɨɦ ɜ ɪɹɞɟ 

ɫɥɭɱɚɟɜ ɨɬɩɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɪɢɦɟɧɟɧɢɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɡɚɦɨɪɚɠɢɜɚɧɢɹ ɢ 

ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ» [51]. ɗɤɪɚɧ ɢɡ ɬɪɭɛ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɧɟ ɬɨɥɶɤɨ ɜ 

ɤɚɱɟɫɬɜɟ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ, ɧɨ ɢ ɜɯɨɞɢɬɶ ɜ ɫɨɫɬɚɜ ɩɨɫɬɨɹɧɧɨɣ ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

[19, 34, 51]. Ɋɚɡɪɚɛɨɬɤɭ ɝɪɭɧɬɚ ɩɨɞ ɡɚɳɢɬɨɣ ɷɤɪɚɧɚ ɩɪɨɢɡɜɨɞɹɬ (ɪɢɫ. 1.11) 

ɡɚɯɨɞɤɚɦɢ l ɩɨ 5 – 10 ɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɧɟ ɞɨɯɨɞɹ ɞɨ ɤɨɧɰɚ ɷɤɪɚɧɚ 

ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɧɚ l0 = 1 ɦ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ 

ɬɪɟɛɨɜɚɧɢɟ ɤ ɧɚɥɢɱɢɸ ɞɜɭɯ ɤɨɬɥɨɜɚɧɨɜ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɚɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨ 

ɡɚɞɚɜɥɢɜɚɧɢɸ ɬɪɭɛ. Ɍɚɤɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɥɢɲɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫɨɡɞɚɧɢɹ ɨɩɟɪɟɠɚɸɳɢɯ 

ɷɤɪɚɧɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɡɚɛɨɹ ɩɨɞɡɟɦɧɨɣ ɜɵɪɚɛɨɬɤɢ ɩɭɬɟɦ ɛɭɪɟɧɢɹ ɧɚɤɥɨɧɧɵɯ 

ɫɤɜɚɠɢɧ ɢ ɩɪɨɬɚɥɤɢɜɚɧɢɹ ɜ ɧɢɯ ɫɬɚɥɶɧɵɯ ɬɪɭɛ (ɪɢɫ. 1.12). 
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Ⱦɥɹ ɬɨɧɧɟɥɟɣ ɛɨɥɶɲɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜ ɨɱɟɧɶ ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ, 

ɢɫɩɨɥɶɡɭɸɬ ɡɚɳɢɬɧɵɣ ɡɨɧɬ ɩɟɪɟɞ ɡɚɛɨɟɦ ɜɵɪɚɛɨɬɤɢ: ɫɬɚɥɶɧɵɟ ɬɪɭɛɵ, ɱɟɪɟɡ 

ɤɨɬɨɪɵɟ ɜɜɨɞɢɬɫɹ ɰɟɦɟɧɬɚɰɢɨɧɧɵɣ ɪɚɫɬɜɨɪ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɨɛɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ 

ɭɫɥɨɜɢɹɯ ɋ.-ɉɟɬɟɪɛɭɪɝɚ ɨɛɫɭɠɞɚɥɨɫɶ ɜ ɪɚɛɨɬɟ [77]. Ⱥɜɬɨɪɨɦ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ «ɞɥɹ 

ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɡɚɳɢɬɧɨɝɨ ɡɨɧɬɚ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ ɞɨɥɠɟɧ ɛɵɬɶ ɬɪɟɳɢɧɨɜɚɬ 

ɧɚɫɬɨɥɶɤɨ, ɱɬɨɛɵ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɬɪɭɛɚɦɢ ɮɨɪɦɢɪɨɜɚɥɚɫɶ ɚɪɤɚ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ 

ɧɟ ɷɮɮɟɤɬɢɜɧɚ ɜ ɬɪɟɳɢɧɨɜɚɬɨɦ ɦɚɫɫɢɜɟ, ɬɪɟɳɢɧɵ ɤɨɬɨɪɨɝɨ ɡɚɩɨɥɧɟɧɵ 

ɡɧɚɱɢɬɟɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɝɥɢɧɵ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɭɱɚɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɬɪɭɛɵ 

ɪɚɫɩɨɥɨɠɟɧɵ ɨɱɟɧɶ ɛɥɢɡɤɨ» [77].  

Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɟɪɟɠɚɸɳɢɯ ɤɪɟɩɟɣ, ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ 

«ɪɟɛɪɢɫɬɨɝɨ ɚɪɨɱɧɨɝɨ ɫɜɨɞɚ» (ɪɢɫ. 1.13).  
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Ɋɢɫɭɧɨɤ 1.13 – Ɍɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɨɩɟɪɟɠɚɸɳɟɝɨ ɤɪɟɩɥɟɧɢɹ ɪɟɛɪɢɫɬɵɦ ɚɪɨɱɧɵɦ 

ɫɜɨɞɨɦ [112] 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ, ɫ ɰɟɥɶɸ ɩɨɢɫɤɚ ɝɪɚɧɢɰ ɞɥɹ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɬɚɤɨɣ ɫɩɨɫɨɛ ɦɨɠɟɬ ɛɵɬɶ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɧɟɝɥɭɛɨɤɢɯ ɬɨɧɧɟɥɟɣ, ɩɪɨɣɞɟɧɧɵɯ ɫ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ ɛɨɥɟɟ ɱɟɦ 60 ɦ, ɞɚɠɟ ɜ 

ɪɵɯɥɵɯ ɝɪɭɧɬɚɯ, ɧɢɠɟ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɧɟ ɜɵɡɵɜɚɹ ɤɚɤɢɯ-ɥɢɛɨ ɡɚɦɟɬɧɵɯ 

ɨɫɟɞɚɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɷɬɨɝɨ ɦɟɬɨɞɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɧɚɱɚɥɶɧɨɝɨ 

ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɟɳɟ ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɝɪɭɧɬɚ ɞɨ ɤɨɧɟɱɧɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɩɪɨɣɞɟɧɧɨɝɨ ɬɭɧɧɟɥɹ, ɞɟɮɨɪɦɚɰɢɢ ɦɚɫɫɢɜɚ ɧɚɯɨɞɢɬɫɹ ɩɨɞ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɦ ɤɨɧɬɪɨɥɟɦ [112]. 

Ɍɚɤɠɟ ɩɨɩɭɥɹɪɧɵɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɟɪɟɠɚɸɳɟɣ ɤɪɟɩɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 1.14, ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɚɪɦɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɥɨɛ ɡɚɛɨɹ – ɫɬɟɤɥɨɜɨɥɨɤɨɧɧɵɟ ɚɧɤɟɪɚ, 

[99]. Ɍɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɭɩɪɨɱɧɟɧɢɹ ɝɪɭɧɬɨɜ ɫ ɩɨɦɨɳɶɸ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 

ɚɪɦɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɢɦɚ ɞɥɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜɵɲɟ ɭɪɨɜɧɹ 
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ɝɪɭɧɬɨɜɵɯ ɜɨɞ. «ȿɫɥɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜɫɬɪɟɱɚɸɬɫɹ 

ɜɨɞɨɧɚɫɵɳɟɧɢɟ ɝɪɭɧɬɵ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 

ɩɨɧɢɠɟɧɢɸ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ ɡɚɦɨɪɚɠɢɜɚɧɢɸ 

ɝɪɭɧɬɨɜ» [47]. 

 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɜ 4 ɤɪɭɩɧɵɟ ɝɪɭɩɩɵ: (1) ɨɝɪɚɞɢɬɟɥɶɧɵɟ ɤɪɟɩɥɟɧɢɹ – 

ɜɨɡɜɨɞɢɦɵɟ ɫ ɰɟɥɶɸ ɡɚɳɢɬɨɣ ɪɚɛɨɱɢɯ ɨɬ ɥɨɤɚɥɶɧɨɝɨ ɨɛɪɭɲɟɧɢɹ ɤɭɫɤɨɜ ɩɨɪɨɞɵ, 

ɜɵɡɜɚɧɧɨɝɨ ɯɢɦɢɱɟɫɤɢɦ ɜɵɜɟɬɪɢɜɚɧɢɟɦ ɢ ɥɨɤɚɥɶɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ; (2) 

ɭɩɪɨɱɧɹɸɳɢɟ ɫɩɨɫɨɛɵ ɤɪɟɩɥɟɧɢɹ – ɜɨɡɜɨɞɢɦɵɟ ɫ ɰɟɥɶɸ ɩɪɹɦɨ ɢɥɢ ɤɨɫɜɟɧɧɨ 

ɩɨɜɵɫɢɬɶ ɠɟɫɬɤɨɫɬɶ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ; (3) ɫɩɟɰɢɚɥɶɧɵɟ ɫɩɨɫɨɛɵ; (4) 

ɫɩɨɫɨɛɵ ɜɨɡɜɟɞɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɬɨɧɧɟɥɹ ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɯ 

ɩɪɨɯɨɞɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɩɪɢɝɪɭɡɨɦ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ.  

1.5 Ɉɛɨɫɧɨɜɚɧɢɟ ɢ ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ ɰɟɥɟɣ ɢ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɏɚɤɬɨɪɚɦɢ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɦɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɡɚɛɨɹ ɝɨɪɧɨɣ ɜɵɪɚɛɨɬɤɢ 

ɜɛɥɢɡɢ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ, ɹɜɥɹɸɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɯɨɞɤɢ, ɝɨɪɧɨ-

ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ, ɝɢɞɪɨɝɟɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ ɡɨɧɵ 

ɟɝɨ ɜɥɢɹɧɢɹ [20]. ɋɬɪɭɤɬɭɪɧɵɟ ɧɚɪɭɲɟɧɢɹ, ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɜɨɞɨɧɨɫɧɵɯ 
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ɝɨɪɢɡɨɧɬɨɜ ɢɡɦɟɧɹɸɬ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɟɠɢɦ ɜ ɦɚɫɫɢɜɟ. ɉɪɨɛɥɟɦɚɦɢ ɩɪɢ 

ɩɟɪɟɫɟɱɟɧɢɢ ɡɨɧ ɧɚɪɭɲɟɧɧɨɫɬɢ ɫɬɚɧɨɜɹɬɫɹ:  

1. Ɂɚɤɨɥɵ ɤɪɨɜɥɢ ɢ ɤɪɭɩɧɨɛɥɨɱɧɵɟ ɨɛɪɭɲɟɧɢɹ. ɇɚɥɢɱɢɟ ɜ ɜɦɟɳɚɸɳɟɦ 

ɦɚɫɫɢɜɟ ɩɥɚɫɬɨɜ, ɧɟ ɫɨɜɩɚɞɚɸɳɢɯ ɥɢɧɢɟɣ ɬɪɚɫɫɢɪɨɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ 

ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ ɤɚɤ ɧɚ ɜɪɟɦɟɧɧɭɸ ɤɪɟɩɶ ɥɛɚ ɡɚɛɨɹ, ɬɚɤ ɢ ɧɚ 

ɩɨɫɬɨɹɧɧɭɸ ɨɛɞɟɥɤɭ ɬɨɧɧɟɥɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɢ ɩɪɨɯɨɞɤɟ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ 

ɨɛɪɭɲɟɧɢɹ ɩɨɪɨɞɵ ɜ ɦɟɫɬɚɯ ɩɨɞɪɟɡɚɧɢɹ ɬɨɧɧɟɥɟɦ ɫɥɨɟɜ ɧɟɭɫɬɨɣɱɢɜɵɯ ɝɪɭɧɬɨɜ 

[33]. Ⱦɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɜɨɡɧɢɤɚɟɬ ɤɚɤ ɪɟɚɤɰɢɹ ɧɚ ɨɛɧɚɠɟɧɢɟ ɭɱɚɫɬɤɚ ɦɚɫɫɢɜɚ, 

ɢɧɬɟɧɫɢɜɧɨ ɬɟɪɹɸɳɟɝɨ ɫɰɟɩɥɟɧɢɟ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɚɡɝɪɭɠɟɧɢɹ ɨɬ ɨɛɴёɦɧɨ 

ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɉɛɴɟɦ ɜɵɜɚɥɚ, ɚ ɡɧɚɱɢɬ ɢ ɧɚɝɪɭɡɤɚ ɧɚ ɤɪɟɩɥɟɧɢɟ, ɡɚɜɢɫɢɬ 

ɨɬ ɫɨɱɟɬɚɧɢɹ ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ. 

2. ɉɪɢ ɜɯɨɞɟ ɩɨɞɡɟɦɧɵɯ ɪɚɛɨɬ ɜ ɡɨɧɭ ɧɚɪɭɲɟɧɧɨɫɬɢ ɜ ɤɪɨɜɥɟ ɜɨɡɦɨɠɧɨ 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɤɭɩɨɥɟɧɢɹ – ɬɪɭɞɧɨɭɫɬɪɚɧɢɦɵɣ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɣɫɹ ɜɞɨɥɶ ɤɨɥɟɰ ɨɛɞɟɥɤɢ ɩɨ ɦɟɪɟ ɢɯ ɜɯɨɞɚ ɜ ɡɨɧɭ ɧɚɪɭɲɟɧɧɨɫɬɢ. 

ɂɡɦɟɧɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɭɱɚɫɬɤɨɜ ɨɛɞɟɥɤɢ, ɩɨɫɤɨɥɶɤɭ ɧɚɪɭɲɚɟɬɫɹ ɤɨɧɬɚɤɬɧɚɹ 

ɫɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɚɫɫɢɜɨɦ. ɉɪɟɨɞɨɥɟɧɢɟ ɬɨɧɧɟɥɹɦɢ ɛɥɨɤɨɜɵɯ ɫɬɪɭɤɬɭɪ, 

ɫɨɜɩɚɞɚɸɳɢɯ ɫ ɩɪɨɫɬɢɪɚɧɢɟɦ ɩɥɚɫɬɨɜ, ɫɨɩɪɹɠɟɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ 

ɜɨɞɨɩɪɨɬɨɤɚɦɢ ɢ ɡɧɚɱɢɬɟɥɶɧɵɦ ɝɨɪɧɵɦ ɞɚɜɥɟɧɢɟɦ [33]. ɇɟɭɫɬɨɣɱɢɜɨɫɬɶ ɤɪɟɩɢ 

ɡɚɛɨɹ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɨɛɭɫɥɨɜɥɟɧɚ ɢɧɬɟɧɫɢɜɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɩɨɬɟɪɹɜɲɢɯ 

ɫɩɥɨɲɧɨɫɬɶ ɩɨɪɨɞ. ɉɪɢ ɩɨɞɯɨɞɟ ɤ ɧɚɪɭɲɟɧɢɸ, ɢɡ-ɡɚ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɢ, 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬɠɢɦ ɩɨɪɨɞ ɨɬ ɡɚɛɨɹ ɢ ɜɨɡɪɚɫɬɚɟɬ ɝɨɪɧɨɟ ɞɚɜɥɟɧɢɟ.  

3. ɂɡɜɥɟɱɟɧɢɟ ɢɡ ɡɚɛɨɹ ɜɚɥɭɧɨɜ, ɪɨɜɧɨ, ɤɚɤ ɢ ɩɨɧɢɠɟɧɢɟ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɦɨɠɟɬ 

ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɨɛɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ ɡɚɛɨɹ [33]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɪɨɯɨɞɤɟ ɬɨɧɧɟɥɟɣ ɜ ɡɨɧɚɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɧɚɪɭɲɟɧɢɣ 

ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɞɚɜɥɟɧɢɟ ɧɚ ɜɪɟɦɟɧɧɨɟ ɤɪɟɩɥɟɧɢɟ, ɭɯɭɞɲɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ ɩɨɪɨɞ 

ɤɪɨɜɥɢ ɢɡ-ɡɚ ɪɚɡɜɢɬɨɣ ɜɛɥɢɡɢ ɧɚɪɭɲɟɧɢɣ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ, ɡɚɱɚɫɬɭɸ ɧɚɛɥɸɞɚɟɬɫɹ 

ɢɡɦɟɧɟɧɢɟ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ.  Ⱦɚɧɧɵɣ ɧɚɛɨɪ ɮɚɤɬɨɪɨɜ ɩɨɜɵɲɚɟɬ ɪɢɫɤ 

ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ ɫ ɪɚɡɜɢɬɢɟɦ ɞɟɮɨɪɦɚɰɢɣ ɡɟɦɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ.  
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɝɨɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜɟɞɟɧɢɹ 

ɩɨɞɡɟɦɧɵɯ ɝɨɪɧɵɯ ɪɚɛɨɬ ɧɚ ɨɛɴɟɤɬɚɯ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɰɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ 

ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɬɨɧɧɟɥɹ, 

ɩɪɨɜɨɞɢɦɨɝɨ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. Ⱦɨɫɬɢɠɟɧɢɟ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

 Ⱥɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ 

ɨɛɧɚɠɟɧɢɣ; 

 ɉɨɫɬɪɨɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɷɥɟɦɟɧɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ – 

ɧɚɪɭɲɟɧɧɨɫɬɶ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɨɯɨɞɤɨɣ ɬɨɧɧɟɥɹ; 

 Ⱥɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ 

ɧɚɝɪɭɡɤɨɣ; 

 ȼɵɹɜɥɟɧɢɟ ɡɨɧɵ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɝɥɢɧ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɩɨɞ 

ɧɚɝɪɭɡɤɨɣ – ɞɪɟɧɢɪɨɜɚɧɧɨɦ ɢ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɦ.  

 Ɋɚɡɪɚɛɨɬɤɟ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ 

ɩɨɞɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɧɚɪɭɲɟɧɧɨɫɬɶ 

ɦɚɫɫɢɜɚ. 

1.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɸ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɹɜɥɹɸɳɟɝɨɫɹ ɫɪɟɞɨɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɨɛɴɟɤɬɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɋ.-ɉɟɬɟɪɛɭɪɝɚ ɞɚɟɬ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɜ ɦɚɫɫɢɜɟ ɝɥɢɧ ɧɚɛɥɸɞɚɸɬɫɹ ɭɱɚɫɬɤɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢ 

ɥɨɤɚɥɶɧɵɯ ɧɚɪɭɲɟɧɢɣ, ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ. ɇɚɪɭɲɟɧɢɟ 

ɫɬɪɭɤɬɭɪɵ, ɜɥɚɠɧɨɫɬɶ ɢ ɚɧɢɡɨɬɪɨɩɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 

ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ ɦɚɫɫɢɜɟ ɡɨɧ ɥɨɤɚɥɶɧɨɝɨ ɧɚɪɭɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɹɫɚ ɟɝɨ 

ɜɥɢɹɧɢɹ. ɇɚɥɢɱɢɟ ɬɚɤɢɯ ɡɨɧ ɧɚɪɭɲɟɧɢɹ ɦɚɫɫɢɜɚ ɩɨɞɬɜɟɪɠɞɟɧɨ ɤɚɤ ɩɪɹɦɵɦɢ 
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ɥɚɛɨɪɚɬɨɪɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɨɛɪɚɡɰɨɜ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɬɚɤ ɢ ɤɨɫɜɟɧɧɵɦɢ 

(ɝɟɨɮɢɡɢɱɟɫɤɢɦɢ) ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. ȼ ɡɨɧɚɯ ɥɨɤɚɥɶɧɨɝɨ ɧɚɪɭɲɟɧɢɹ ɦɚɫɫɢɜɚ 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɤɪɭɠɚɸɳɟɝɨ ɬɚɤɭɸ ɡɨɧɭ ɦɚɫɫɢɜɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɚɜɬɨɪɨɜ [27, 38, 45] ɩɪɹɦɨ ɢɥɢ 

ɤɨɫɜɟɧɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɥɢɱɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɫɫɢɜɚ – 

ɫɮɨɪɦɢɪɨɜɚɜɲɟɣɫɹ ɡɨɧɵ ɥɨɤɚɥɶɧɨɣ ɧɚɪɭɲɟɧɧɨɫɬɢ ɜɛɥɢɡɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 

ɉɪɨɛɥɟɦɚ ɭɱɟɬɚ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ ɤɚɤ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ ɨɫɬɪɨ 

ɫɬɚɧɨɜɢɬɫɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɍɚɤ ɤɚɤ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ 

ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɞɨɩɭɫɤɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɪɨɜɟɧɶ ɜɚɪɢɚɰɢɢ 

ɬɨɝɨ, ɢɥɢ ɢɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɩɨɧɢɠɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɨɠɟɬ ɧɟ 

ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ. Ɉɞɧɚɤɨ, ɩɨɧɢɠɟɧɢɟ 

ɜɟɥɢɱɢɧɵ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɢ ɫɬɪɚɬɢɝɪɚɮɢɢ ɪɚɫɱɟɬɧɵɯ ɝɪɭɧɬɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 

ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɚɬɟɧɬɨɜ ɢ ɩɪɢɦɟɧɹɟɦɵɯ ɫɩɨɫɨɛɨɜ 

ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɢɡɚɛɨɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɋ.-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɦɨɠɧɨ ɭɫɥɨɜɧɨ 

ɜɵɞɟɥɢɬɶ 3 ɤɚɬɟɝɨɪɢɢ ɫɩɨɫɨɛɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ: ɨɝɪɚɠɞɚɸɳɢɟ, 

ɭɩɪɨɱɧɹɸɳɢɟ ɢ ɫɩɟɰɢɚɥɶɧɵɟ. Ɉɞɧɚɤɨ, ɹɫɧɵɦɢ ɨɫɬɚɸɬɫɹ ɬɨɥɶɤɨ ɝɪɚɧɢɰɵ 

ɩɪɢɦɟɧɢɦɨɫɬɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ. Ƚɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ ɭɩɪɨɱɧɹɸɳɢɯ ɢ 

ɨɝɪɚɠɞɚɸɳɢɯ ɤɪɟɩɥɟɧɢɣ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɨɫɬɚɸɬɫɹ ɪɚɡɦɵɬɵɦɢ. ȼ 

ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ 

ɨɛɧɚɠɟɧɢɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ. 
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ȽɅȺȼȺ 2 Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ 
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

ȼ ɰɟɥɹɯ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ 

ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɤɚɬɟɝɨɪɢɢ: ɫɨɩɨɫɬɚɜɢɦɵɣ 

ɨɩɵɬ ɢɥɢ ɦɟɬɨɞ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɚ, ɱɢɫɥɟɧɧɵɟ 

ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɚ. ɉɪɢ ɷɬɨɦ, ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɚ ɞɟɮɨɪɦɚɰɢɣ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ 

[139].  

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɛɭɞɟɬ ɭɞɟɥɟɧɨ 

ɫɨɜɪɟɦɟɧɧɵɦ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɢɤɚɦ, ɤɪɚɬɤɨɦɭ ɨɩɢɫɚɧɢɸ ɢɯ ɩɪɢɧɰɢɩɨɜ. Ⱦɥɹ 

ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɢɧɹɬɵɯ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɨɞɟɥɟɣ ɦɚɬɟɪɢɚɥɨɜ, ɛɭɞɟɬ ɢɯ ɩɪɢɜɟɞɟɧ 

ɨɛɡɨɪ. 

2.1 Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ  

Ɋɚɡɪɚɛɨɬɤɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ [25, 52, 58, 91, 

100, 114]. Ɇɟɬɨɞɢɱɟɫɤɢɦɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ ɪɚɫɱɟɬɭ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ 

ɬɨɧɧɟɥɶɧɵɯ ɜɵɪɚɛɨɬɨɤ [6] ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɤɪɟɩɥɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɬɨɧɧɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɢ. Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɫɧɨɜɚɧɚ ɧɚ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɠɟɫɬɤɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɚ ɬɚɤɠɟ ɩɥɨɫɤɨɦ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɚɫɫɢɜɚ ɜɞɨɥɶ ɨɫɢ ɬɨɧɧɟɥɹ. Ɇɟɬɨɞɢɤɚ, ɨɬɪɚɠɟɧɧɚɹ ɜ 

ɪɟɤɨɦɟɧɞɚɰɢɹɯ, ɢɫɩɨɥɶɡɭɹ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ Ʉɭɥɨɧɚ-Ɇɨɪɚ, ɧɟ ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɧɚ 

ɞɟɮɨɪɦɚɰɢɢ, ɚ ɨɫɧɨɜɚɧɚ ɥɢɲɶ ɧɚ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. 

ȼ ɨɛɳɟɦ, ɞɥɹ ɠɟɫɬɤɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ 

ɩɪɨɱɧɨɫɬɢ (2.1), ɭɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɢɫɯɨɞɹ ɢɡ ɧɟɪɚɜɟɧɫɬɜɚ 

(2.2): (𝜎௬ − 𝜎௭)ଶ + Ͷ߬ଶ = Ͷ݇ଶ, (2.1) 

ɝɞɟ 𝜎௬ – ɧɚɩɪɹɠɟɧɢɹ ɜɞɨɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ, ɉɚ; 𝜎௭ – ɧɚɩɪɹɠɟɧɢɹ ɜɞɨɥɶ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, ɉɚ; ߬ – ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɚɤɥɨɧɧɨɣ ɩɥɨɳɚɞɤɟ, ɉɚ; ݇ 

– ɤɨɷɮɮɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢɹ, ɉɚ. 
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௙ݍ + ݇ሺʹ + 𝜋ሻ + ݇͵ ln (ʹ ∙ sinଶ ௙ݍ) + Ͷ݇݌ )) ൒ 𝛾(2.2) ,ܪ 

ɝɞɟ ݍ௙ – ɨɬɩɨɪ ɨɛɞɟɥɤɢ, ɉɚ; ݌ – ɨɬɩɨɪ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ ɥɛɚ ɡɚɛɨɹ, ɉɚ; ܪ – ɝɥɭɛɢɧɚ 

ɡɚɥɨɠɟɧɢɹ ɜɵɪɚɛɨɬɤɢ, ɦ.  

ɋɨɤɨɥɨɜɫɤɢɣ ȼ.ȼ. ɜ ɦɨɧɨɝɪɚɮɢɢ «Ɍɟɨɪɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ» [67] ɨɩɪɟɞɟɥɹɟɬ 

ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɠɟɫɬɤɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

ɤɚɤ: ሺ𝜎௫ − 𝜎௭ሻଶ + Ͷ߬௫௭ଶ = ሺ𝜎௫ + 𝜎௭ + ܥʹ cot߮ሻଶ sinଶ ߮, (2.3) 

ɝɞɟ ߬௫௭ – ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɚɤɥɨɧɧɨɣ ɩɥɨɳɚɞɤɟ, ɉɚ; ߮ – ɭɝɨɥ 

ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɝɪɚɞ; ܥ – ɫɰɟɩɥɟɧɢɟ, ɉɚ. 

ɉɪɨɜɟɞɹ ɧɟɤɨɬɨɪɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɢɦɟɟɦ: Ͷ݇ଶ = (𝜎௬ + 𝜎௭ + ܥʹ cot߮)ଶ sinଶ ߮ (2.4) 

݇ = (𝜎௬ + 𝜎௭ + ܥʹ cot߮) sin߮ʹ  (2.5) 

Ɍɚɤ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ k ɧɟ ɩɨɫɬɨɹɧɟɧ, ɢ, ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɭɪɨɜɧɹ 

ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɚɫɫɢɜɟ, ɬɚɤ ɢ ɨɬ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: ɫɰɟɩɥɟɧɢɹ 

ɢ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ. əɫɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ ɧɚɩɪɹɠɟɧɢɣ, ɩɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɢ ɫɰɟɩɥɟɧɢɹ, k ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  Ʉɪɨɦɟ ɬɨɝɨ, 

ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɩɪɢɯɨɞɢɬɫɹ ɧɟ ɧɚ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɧɚ ɧɚɩɪɹɠɟɧɢɹ ɜɞɨɥɶ 

ɞɟɤɚɪɬɨɜɵɯ ɨɫɟɣ. ɇɚɩɪɹɠɟɧɢɹ ɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ ɜɞɨɥɶ ɨɫɢ x (ɪɢɫ. 2.1) ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɦɢ, ɫɬɚɧɨɜɹɫɶ ɫɠɢɦɚɸɳɢɦɢ ɢ 

ɢɡɦɟɧɹɹ ɬɪɚɟɤɬɨɪɢɸ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɥɛɚ ɡɚɛɨɹ.  ɉɪɢɫɭɬɫɬɜɭɟɬ 

ɧɟɤɨɬɨɪɚɹ ɫɥɨɠɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɧɚɩɪɹɠɟɧɢɣ ɜɞɨɥɶ ɨɫɢ z, ɬɚɤ ɧɚɩɪɹɠɟɧɢɹ ɜɞɨɥɶ 

ɨɫɢ z ɩɪɢɨɛɪɟɬɭɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ 

ɝɟɨɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɱɜɟ ɜɵɪɚɛɨɬɤɢ.  
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Ɋɢɫɭɧɨɤ 2.1 – Ʉ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ:  
1 – ɝɪɚɧɢɰɚ ɜɵɪɚɛɨɬɤɢ; 2 – ɡɚɛɨɣ. 

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [6] ɫɥɭɱɚɸ, ɤɨɝɞɚ «ɩɪɨɯɨɞɤɚ ɜɟɞɟɬɫɹ ɧɚ ɩɨɥɧɨɟ ɫɟɱɟɧɢɟ ɛɟɡ 

ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɤɪɟɩɥɟɧɢɸ ɥɛɚ ɡɚɛɨɹ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɪɟɩɥɟɧɢɹ ɤɪɨɜɥɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɚɤɨɟ ɫɨɫɬɨɹɧɢɟ (2.6), ɩɪɢ ɤɨɬɨɪɨɦ: ݇ሺʹ + 𝜋ሻ ൒  𝛾(2.6) ,ܪ 

ɝɞɟ 𝛾 – ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴɟɦɧɵɣ ɜɟɫ ɝɪɭɧɬɚ, ɤɇ/ɦ3. 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɟɪɚɜɟɧɫɬɜɨ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɱёɬɧɵɦ ɢɥɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɢɬɶ ɪɟɚɤɰɢɸ ɤɪɨɜɥɢ ݍ௙∗ ɢ ɩɪɨɜɟɪɢɬɶ 

ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ: 

∗௙ݍ + ݇ሺʹ + 𝜋ሻ + ݇͵ ln ቆʹ ∙ sinଶ ቆݍ௙∗Ͷ݇ቇቇ ൒ 𝛾(2.7) ܪ 

«ȼɵɩɨɥɧɟɧɢɟ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɫɬɚɜɥɟɧɢɹ 

ɥɛɚ ɡɚɛɨɹ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɪɟɩɥɟɧɢɹ. ɉɪɢ ɧɟɜɵɩɨɥɧɟɧɢɢ ɷɬɨɝɨ (2.7) ɭɫɥɨɜɢɹ, 

ɥɨɛ ɡɚɛɨɹ ɧɭɠɞɚɟɬɫɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɪɟɩɥɟɧɢɢ, ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɚ 

ɨɛɟɫɩɟɱɢɬɶ ɪɟɚɤɰɢɸ ݌∗, ɨɩɪɟɞɟɥɹɟɦɭɸ ɢɡ ɭɪɚɜɧɟɧɢɹ» [6] (2.8): 

∗݌ = Ͷ݇ ∙ arcsin ( ͵ʹ݇ ݁𝛾𝐻−𝑘ሺଶ+𝜋ሻ−௤𝑓∗ −  ௙∗) (2.8)ݍ

ȼ ɫɥɭɱɚɟ «ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜɵɩɨɥɧɢɬɶ ɭɫɥɨɜɢɹ, 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɟɪɟɣɬɢ ɧɚ ɭɦɟɧɶɲɟɧɧɭɸ ɜɵɫɨɬɭ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ ɞɨ 

ɭɪɨɜɧɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɩɨ ɭɫɥɨɜɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ» [6]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞɢɤɚ 
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ɩɨɞɛɨɪɚ ɤɪɟɩɥɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ [6] ɭɱɢɬɵɜɚɟɬ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɟɟ ɧɚɩɪɹɠɟɧɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɦɚɫɫɢɜɚ, ɝɥɭɛɢɧɭ ɡɚɥɨɠɟɧɢɹ, ɜɟɥɢɱɢɧɭ ɨɬɩɨɪɚ ɩɨɫɬɨɹɧɧɨɣ ɨɛɞɟɥɤɢ, ɬɚɤ 

ɢ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ, ɜɵɪɚɠɟɧɧɵɣ ɜ ɧɚɩɪɹɠɟɧɢɹɯ ɜɞɨɥɶ ɞɟɤɚɪɬɨɜɵɯ ɨɫɟɣ.  

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɢɤɢ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 

ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɫɜɨɞɚ ɨɛɪɭɲɟɧɢɹ. Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɟɣ ɪɚɛɨɬɨɣ ɞɥɹ ɬɚɤɢɯ ɝɢɩɨɬɟɡ 

ɩɨɫɥɭɠɢɥɚ ɦɟɬɨɞɢɤɚ N. Horn [100], ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɫɜɨɞ ɱɟɪɟɡ ɞɜɟ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɮɢɝɭɪɵ – ɩɪɢɡɦɭ ɢ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ (ɪɢɫ. 2.2). Ⱥ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ ɩɪɢɥɨɠɟɧɧɵɦ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ 

ɞɚɜɥɟɧɢɟɦ ɢ ɫɬɚɛɢɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɜɨɞɚ ɨɛɪɭɲɟɧɢɹ.  

 

Ɋɢɫɭɧɨɤ 2.2 – Ʉ ɪɚɫɱɟɬɧɨɣ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ N. Horn [100] 

Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ ɥɛɚ ɡɚɛɨɹ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɚɬɟɝɨɪɢɢ ɩɨɪɨɞ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɤɪɢɬɟɪɢɟɜ (ɤɪɢɬɟɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ ɩɨ ɫɠɢɦɚɸɳɢɦ 

ɧɚɩɪɹɠɟɧɢɹɦ; ɤɪɢɬɟɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɡɚɛɨɹ ɩɨ ɫɞɜɢɝɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢɹɦ) 

[58]. Ⱥ ɨɬɬɚɥɤɢɜɚɹɫɶ ɨɬ ɤɚɬɟɝɨɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞɛɨɪ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɪɟɩɥɟɧɢɹ.  
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Кɪɢɬɟɪɢɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ ɩɨ ɫɠɢɦɚɸщɢɦ ɧɚɩɪɹɠɟɧɢɹɦ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɤɪɢɬɟɪɢɣ (2.9) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɸ «ɪɚɡɞɚɜɥɢɜɚɧɢɹ» 

ɩɨɪɨɞ ɥɛɚ ɡɚɛɨɹ ɫɠɢɦɚɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. ɋ ɰɟɥɶɸ ɭɱɟɬɚ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ 

ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɛɚ ɡɚɛɨɹ ɪɚɡɞɚɜɥɢɜɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢɹɦ, ɩɨ O.B. Ɍɢɦɨɮɟɟɜɭ 

[100]: 

П = 𝛾ܭܪଵܭଶܭଷ𝜎˔ˉܭ௖ߟଵߟଶ  (2.9) 

ɝɞɟ ܭଵ ɢ ܭଶ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɱɢɬɵɜɚɸɳɢɟ ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɩɪɨɯɨɞɤɢ 

ɬɨɧɧɟɥɹ ɢ ɨɬ ɜɥɢɹɧɢɹ ɞɪɭɝɢɯ ɜɵɪɚɛɨɬɨɤ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ܭଷ – ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɫɬɚɜɚɧɢɟ ɬɚɦɩɨɧɚɠɚ ɡɚɤɪɟɩɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɬ ɡɚɛɨɹ; 𝜎˔ˉ – 

ɩɪɨɱɧɨɫɬɶ ɝɥɢɧ ɩɪɢ ɫɠɚɬɢɢ, ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɨɛɪɚɡɰɚɯ; ܭ௖ –  ɤɨɷɮɮɢɰɢɟɧɬ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɱɧɨɫɬɢ ɝɥɢɧ ɨɬ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ; ߟଵ – ɨɬ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɬɫɬɨɹ ɡɚɛɨɹ ɩɪɢ ɨɫɬɚɧɨɜɤɟ ɩɪɨɯɨɞɤɢ; ߟଶ – ɨɬ ɬɢɩɚ ɢ ɠɟɫɬɤɨɫɬɢ 

ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɥɛɚ ɡɚɛɨɹ. 

Кɪɢɬɟɪɢɣ ɭɫɬɨɣчɢɜɨɫɬɢ ɨɛɧɚɠɟɧɢɣ ɩɨ ɫɞɜɢɝɚɸщɢɦ ɧɚɩɪɹɠɟɧɢɹɦ  

ȼ ɩɪɚɤɬɢɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ [33, 100] ɮɢɤɫɢɪɭɸɬɫɹ 

ɜɵɜɚɥɵ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɨɛɧɚɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɬɨɧɧɟɥɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɫɞɜɢɝɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɫɤɨɥɶɠɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɬɟɪɹɸɬ ɫɰɟɩɥɟɧɢɟ ɫ 

ɦɚɫɫɢɜɨɦ ɢ ɨɛɪɚɡɭɸɬ ɩɨɥɨɫɬɢ ɥɢɧɡɨɜɢɞɧɨɣ ɮɨɪɦɵ. ɉɪɨɰɟɫɫɵ ɨɬɫɥɨɟɧɢɹ 

ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɧɚ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜɪɟɦɟɧɧɨɝɨ 

ɤɪɟɩɥɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɝɥɢɧ ɫɞɜɢɝɭ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɫɥɨɜɢɟɦ Ʉɭɥɨɧɚ-Ɇɨɪɚ: ߬ = 𝜎 tan߮ + ܿ, (2.10) 

Ʉɪɢɬɟɪɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɥɭɱɟɧ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 

ɫɞɜɢɝɚɸɳɢɯ ɭɫɢɥɢɣ ɜ ɩɥɨɫɤɨɦ ɫɟɱɟɧɢɢ (ɪɢɫ. 2.3). «ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɬɫɥɨɟɧɢɟ 

ɝɥɢɧ ɨɬ ɦɚɫɫɢɜɚ ɩɪɨɢɡɨɣɞɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɞɜɢɝɚ ɩɨ ɩɥɨɫɤɨɫɬɢ ȺȻ, ɧɚɤɥɨɧɟɧɧɨɣ ɤ 

ɝɨɪɢɡɨɧɬɭ ɩɨɞ ɭɝɥɨɦ α. Ɋɚɡɦɟɪɵ ɜɵɜɚɥɚ, ɜɵɪɚɠɟɧɧɵɟ ɱɟɪɟɡ ɞɢɚɦɟɬɪ ɬɨɧɧɟɥɹ D, 

ɫɨɫɬɚɜɥɹɸɬ ɩɨ ɜɵɫɨɬɟ mD, ɜɞɨɥɶ ɨɫɢ ɜɵɪɚɛɨɬɤɢ nD (ɡɞɟɫɶ m ɢ n — ɧɟɢɡɜɟɫɬɧɵɟ 

ɱɢɫɥɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ).» [100] 
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Ɋɢɫɭɧɨɤ 2.3 – ɋɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɫɞɜɢɝɚ ɜ ɝɥɢɧɚɯ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɬɨɧɧɟɥɹ [100] 

ɋɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɬɪɟɧɢɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɤɨɥɶɠɟɧɢɹ; ɫɞɜɢɝɚ 𝑖ܹ cos 𝛼 tan߮; ɫɰɟɩɥɟɧɢɹ ܿ/ cos 𝛼; ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ‚ 

ɫɨɡɞɚɜɚɟɦɨɝɨ ɨɬɩɨɪɨɦ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ ݌ cos𝛼 ɫɞɜɢɝɚɸɳɟɣ ɫɢɥɟ 𝑖ܹ sin 𝛼.  

ɉɨɤɚɡɚɬɟɥɶ ɭɫɬɨɣɱɢɜɨɫɬɢ (2.11) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɭɫɢɥɢɣ ɩɨ 

ɨɬɫɟɤɚɦ: 

ଵܨ = tan߮tan𝛼 + ʹܿ𝑖ܹ sin ʹ𝛼 + 𝑖ܹ݌ tan𝛼 (2.11) 

ɝɞɟ: 𝑖ܹ – ɜɟɫ ɨɬɫɟɤɚ; ߮, ܿ - ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɢ ɫɰɟɩɥɟɧɢɟ ɝɥɢɧ ɩɨ ɩɥɨɫɤɨɫɬɢ 

ɫɞɜɢɝɚ; ݌ - ɨɬɩɨɪ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ ɥɛɚ ɡɚɛɨɹ; 𝛼 – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ ɤ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

Ʉɨɥɥɟɤɬɢɜɨɦ ɚɜɬɨɪɨɜ [52, 58] ɩɪɨɜɟɞɟɧɚ ɬɢɩɢɡɚɰɢɹ (ɪɢɫ. 2.4) ɢ 

ɤɥɚɫɫɢɮɢɤɚɰɢɹ (ɬɚɛɥ. 2.1) ɫɯɟɦ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɞɚɥɶɧɟɣɲɟɦ, ɩɨɩɪɨɛɭɟɦ 

ɪɚɫɲɢɪɢɬɶ ɜɨɡɦɨɠɧɵɟ ɮɨɪɦɵ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ.  
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ɚ ɛ ɜ ɝ ɞ 

Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɵ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɬɥɢɧɫɤɢɯ ɝɥɢɧ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ: 

ɚ – ɨɛɧɚɠɟɧɢɟ ɫɪɟɞɧɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ; ɛ – ɫɥɚɛɨɭɫɬɨɣɱɢɜɨɟ; ɜ – ɧɟɭɫɬɨɣɱɢɜɨɟ; ɝ – ɜɟɫɶɦɚ 
ɧɟɭɫɬɨɣɱɢɜɨɟ [52] 

Ɍɚɛɥɢɰɚ 2.1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨɪɨɞɧɵɯ ɨɛɧɚɠɟɧɢɣ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ [58]  

 

ɂɧɨɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɚɯ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 

ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɬɟɨɪɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ [100, 110, 114, 141]. Ɉɩɢɫɚɧɢɟ 

ɬɟɨɪɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢɜɟɞɟɧɨ ɜ [26, 35]. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɚ ɫɰɟɧɚɪɢɹ 

ɪɚɡɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ ɜ ɡɚɛɨɟ: ɥɨɤɚɥɶɧɵɣ ɜɵɜɚɥ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɬɨɧɧɟɥɹ ɢ ɩɨɞɧɹɬɢɟ 

ɬɨɥɳɢ ɜɵɲɟɥɟɠɚɳɢɯ ɝɪɭɧɬɨɜ ɨɬ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɨɜɨɟ ɨɛɧɚɠɟɧɢɟ 

(ɪɢɫ. 2.5). Ɋɟɡɭɥɶɬɚɬɨɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɟɨɪɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɩɨɦɨɳɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɨɜ ɹɜɥɹɟɬɫɹ 

ɜɟɥɢɱɢɧɚ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ. ɉɨɡɞɧɟɟ ɚɜɬɨɪɵ 

[134] ɜɵɜɟɥɢ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɧɚ 

ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɣ ɝɪɭɧɬ ɩɪɢɡɚɛɨɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɬɨɧɧɟɥɹ. 
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Ɋɢɫɭɧɨɤ 2.5 – Ɍɪɟɯɦɟɪɧɵɣ ɚɧɚɥɢɡ ɦɟɯɚɧɢɡɦɚ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢɝɪɭɠɟɧɧɨɝɨ ɡɚɛɨɹ [114, 141]  

Ɇɟɬɨɞ, ɩɪɟɞɥɨɠɟɧɧɵɣ Davis [93] ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ ɫ ɭɱɟɬɨɦ ɧɚɡɧɚɱɟɧɢɹ ɫɨɨɪɭɠɟɧɢɹ: ɨɰɟɧɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ 

ɩɪɨɬɹɠɟɧɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ (2.12) ɢɥɢ ɜ 

ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ ɩɨɫɬɚɧɨɜɤɟ (2.13) – ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 

ɫɢɦɦɟɬɪɢɢ (ɧɚɩɪɢɦɟɪ, ɤɚɦɟɪɚ) ɫɨɨɪɭɠɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɫɬɨɹɧɢɟ ɨɬɫɬɚɜɚɧɢɹ ɨɛɞɟɥɤɢ ݈଴, ɨɛɥɚɞɚɸɳɟɣ ɛɟɫɤɨɧɟɱɧɨɣ 

ɠɟɫɬɤɨɫɬɶɸ ɩɪɢ ɭɱɟɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɜɫɟɣ 



51 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ. ɂɡɦɟɪɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɟɞɢɧɢɰɚɯ 

ɩɚɪɚɦɟɬɪɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ B.B. Broms & H. Bennermark [91], 

ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɞɚɥɟɟ. ܰ = ʹ + ʹ ln ܥܴ) + ͳ) (2.12) 

ܰ = Ͷ ln ܥܴ) + ͳ) (2.13) 

ɂɫɫɥɟɞɨɜɚɬɟɥɢ Romo & Diaz [122] ɜɵɹɜɢɥɢ ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ܰ  ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɧɨ ɚɜɬɨɪɵ 

ɫɜɹɡɚɥɢ ɩɨɧɹɬɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɨɫɟɞɚɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɧɟ ɫ 

ɞɟɮɨɪɦɚɰɢɹɦɢ ɥɛɚ ɡɚɛɨɹ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɩɪɨɜɨɞɢɦɨɝɨ 

ɳɢɬɨɜɵɦ ɫɩɨɫɨɛɨɦ, ɝɞɟ ɞɚɜɥɟɧɢɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɩɟɪɚɬɨɪɨɦ, ɩɨɹɜɢɥɢɫɶ ɦɟɬɨɞɵ, 

ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɩɪɨɯɨɞɱɟɫɤɢɣ ɡɚɛɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɪɢɫ. 2.6) 

[107]. 

  

ɚ ɛ 

Ɋɢɫɭɧɨɤ 2.6 ɚ – ɩɪɨɯɨɞɱɟɫɤɢɣ ɡɚɛɨɣ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ ɩɨɥɭɫɮɟɪɨɣ; ɛ – ɫɯɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɬɩɨɪɚ ɤɪɟɩɢ ɥɛɚ ɡɚɛɨɹ [107] 

ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɧɟɤɨɬɨɪɨɣ ɩɪɢɤɨɧɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɩɪɨɱɧɨɫɬɶ 

ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɨɛɪɚɡɭɟɬɫɹ ɡɨɧɚ ɩɥɚɫɬɢɱɧɨɫɬɢ (ɪɢɫ. 

2.6, ɛ).  Ɍɚɤ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɡɚɛɨɣ ݌௙ ɮɨɪɦɢɪɭɟɬɫɹ ɨɬ ɧɚɝɪɭɡɤɢ, 

ɜɵɡɜɚɧɧɨɣ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ ɝɪɭɧɬɚ: 
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௙݌ = ܪ ∙ 𝛾 − ௙ݎܿ ∙ cos߮ͳ − sin߮ͳ + ௙ݎܪ ∙ ʹ sin߮ͳ − sin߮, (2.14) 

ɝɞɟ 𝛾 – ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɝɪɭɧɬɚ, ɤɇ/ɦ3; ݎ௙ – ɪɚɞɢɭɫ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜɵɪɚɛɨɬɤɢ, ɦ. 

ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 2.7 ɜɢɞɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɜɟɥɢɱɢɧɵ 

ɫɰɟɩɥɟɧɢɹ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɨɬɩɨɪɚ ɤɪɟɩɢ ɫɨ ɫɬɨɪɨɧɵ ɡɚɛɨɹ ɭɯɨɞɢɬ ɜ 

ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɨɛɥɚɫɬɶ.  

 

Ɋɢɫɭɧɨɤ 2.7 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɨɬɩɨɪɚ ɡɚɛɨɹ ɨɬ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɩɨ ɦɟɪɟ 
ɭɜɟɥɢɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɰɟɩɥɟɧɢɹ 

Ɍɚɤ, ɡɚɛɨɣ ɫɱɢɬɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ, ɤɨɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ (2.10): 

ܿ ൒ 𝛾ݎ௙ ͳ − sin߮cos߮  (2.15) 

ȼ 1977 ɝɨɞɭ, Atkinson & Potts [86], ɢɫɩɨɥɶɡɭɹ ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, 

ɜɵɜɟɥɢ ɧɟ ɡɚɜɢɫɹɳɟɟ ɨɬ ɝɥɭɛɢɧɵ ɡɚɥɨɠɟɧɢɹ ɬɨɧɧɟɥɹ ɫɨɨɬɧɨɲɟɧɢɟ:  

௠𝑖௡݌ = ଴ଶܭ଴ܭʹ − ͳ𝛾ܴ (2.16) 

ɝɞɟ ܭ଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɭɱɢɬɵɜɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ 

ɫɞɜɢɝɨɜɨɦɭ ɪɚɡɪɭɲɟɧɢɸ, ɬɚɤ ɤɚɤ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɭɯɨɣ ɧɟɫɜɹɡɧɨɣ ɫɪɟɞɟ.  

ɂɡ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ FE-ɤɨɞɚ PLAXIS 

P.A. Vermeer ɢ N. Ruse [136] ɩɨɥɭɱɢɥɢ ɮɨɪɦɭɥɭ (2.11) ɞɥɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ 

ɜɟɥɢɱɢɧɵ ɨɬɩɨɪɚ ɤɪɟɩɢ ɫɨ ɫɬɨɪɨɧɵ ɡɚɛɨɹ ɜ ɫɥɭɱɚɟ ߮ ൒ ʹͲ°: 

𝑝 𝑐, ˍʞ˃ φ, ˆ˓˃ˇ.
𝛾ܪˊ
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݌ ≈ − ܿtan߮ + ʹ𝛾ݎ ( ͳͻ tan߮ − Ͳ,Ͳͷ) (2.17) 

Ⱦɚɧɧɚɹ ɮɨɪɦɭɥɚ ɭɬɨɧɹɟɬ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɧɟɟ, ɢ, ɬɚɤɠɟ, 

ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɩɪɢɝɪɭɡɚ ɡɚɛɨɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɰɟɩɥɟɧɢɹ 

(ɪɢɫ. 2.8). 

 

Ɋɢɫɭɧɨɤ 2.8 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɩɪɢɝɪɭɡɚ ɡɚɛɨɹ ɨɬ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɩɨ 
ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɰɟɩɥɟɧɢɹ 

ɉ ɪɢ ɦ ɟ ɱ ɚɧɢ ɟ : ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɨɛɨɡɧɚɱɟɧɚ ɜɟɥɢɱɢɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 

(2.17), ɫɩɥɨɲɧɨɣ ɥɢɧɢɟɣ – ɩɨ ɮɨɪɦɭɥɟ (2.14). 

 Ɉɛɳɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɩɨɞɯɨɞɨɜ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɬɨ, ɱɬɨ ɨɧɢ ɢɫɤɥɸɱɚɸɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɤɪɢɬɟɪɢɹ ɩɪɨɱɧɨɫɬɢ ɜ ɦɚɫɫɢɜɟ. Ⱥ ɤɚɤ ɪɚɡ ɬɚɤɢɟ 

ɫɨɫɬɨɹɧɢɹ ɢ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɨɫɬɢ. 

Ɇɟɬɨɞ, ɩɪɟɞɥɨɠɟɧɧɵɣ P. Oreste [117], ɬɚɤɠɟ, ɤɚɤ ɢ ɦɟɬɨɞ, ɨɩɢɫɚɧɧɵɣ 

D. Kolymbas [107] ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɬɨɦ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ, 

ɪɚɡɝɪɚɧɢɱɢɜɚɸɳɭɸ ɡɨɧɭ ɭɩɪɭɝɢɯ ɢ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫ 

ɩɨɦɨɳɶɸ ɫɮɟɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ (ɪɢɫ. 2.9, ɪɢɫ. 2.10). ȼ ɝɪɚɧɢɰɚɯ ɡɨɧɵ 

ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ ɢɫɩɵɬɵɜɚɬɶ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɢ, ɜ ɷɬɨɣ ɡɨɧɟ, 

ɩɪɟɞɥɨɠɟɧɨ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɢ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚ ɡɚɩɪɟɞɟɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɪɢɜɨɣ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɜ 

ɬɨ ɜɪɟɦɹ, ɤɚɤ ɡɚ ɬɚɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɟɞɥɨɠɧɨ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɱɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɨɩɪɟɞɟɥɶɧɨɦɭ ɭɱɚɫɬɤɭ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ. ȼɚɠɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɢ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜ 

ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɦɟɬɨɞɢɤɭ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɢ.  
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Ʉɪɢɬɟɪɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɯɨɞɢɬ ɢɡ ɤɪɢɬɟɪɢɹ ɩɪɨɱɧɨɫɬɢ Ʉɭɥɨɧɚ-Ɇɨɪɚ, 

ɨɩɢɫɵɜɚɟɦɵɦ ɮɨɪɦɭɥɨɣ (2.18):  [𝜎ଵ] = 𝜎ଷ ∙ ͳ + sin߮ͳ − sin߮ + ʹܿ cos߮ͳ − sin߮ (2.18) 

ɢ ɧɚ ɭɱɚɫɬɤɟ ɡɚɩɪɟɞɟɥɶɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ (2.19): [𝜎ଵˑ ˔˕] = 𝜎ଷ ∙ ͳ + sin߮ˑ˔˕ͳ − sin߮ˑ˔˕ + ʹܿˑ˔˕ cos߮ˑ˔˕ͳ − sin߮ˑ˔˕  (2.19) 

ɝɞɟ ܿˑ˔˕, ߮ˑ˔˕– ɨɫɬɚɬɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɱɧɨɫɬɢ: ɫɰɟɩɥɟɧɢɟ (Ɇɉɚ) ɢ ɭɝɨɥ 

ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ (ɝɪɚɞ.) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɋɚɦ ɪɚɞɢɭɫ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɭɬɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɞɪɨɛɧɨ 

ɨɩɢɫɚɧɧɵɯ ɜ [116] ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

௙ݎ = ܴ ∙ [ͳ + sin߮ˑ˔˕ [͵ʹ 𝛾ܪሺͳ − sin߮ሻ − ʹܿ cos߮]ܿˑ˔˕ ∙ cos߮ˑ˔˕ ∙ [ʹ ∙ sin ߮ˑ˔˕ + ͵ʹ ሺͳ − sin߮ሻ]]
ଵ−sin𝜑ˑ˔˕ସsin𝜑ˑ˔˕

 (2.20) 

ɝɞɟ ܴ – ɪɚɞɢɭɫ ɫɮɟɪɵ, ɦ. 

Ɋɚɞɢɭɫ ɩɥɚɫɬɢɱɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ 

ɬɪɟɧɢɹ ɢ ɫɰɟɩɥɟɧɢɹ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɫɬɚɬɨɱɧɨɣ 

ɩɪɨɱɧɨɫɬɢ. Ⱦɥɹ ɫɥɭɱɚɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɭɫɥɨɜɢɹɦ ɋ.-ɉɟɬɟɪɛɭɪɝɚ, ɪɚɞɢɭɫ 

ɩɥɚɫɬɢɱɧɨɫɬɢ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɫɚɧɬɢɦɟɬɪɨɜ ɞɨ ɞɟɫɹɬɤɚ ɦɟɬɪɨɜ. 

  

Ɋɢɫɭɧɨɤ 2.9 – Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɥɛɚ ɡɚɛɨɹ ɫ ɩɨɦɨɳɶɸ 
ɩɨɥɭɫɮɟɪɵ, ɫ ɪɚɞɢɭɫɨɦ, ɪɚɜɧɵɦ ɪɚɞɢɭɫɭ ɬɨɧɧɟɥɹ. 

ɐɟɧɬɪ ɩɨɥɭɫɮɟɪɵ ɨɬɞɚɥɟɧ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ ɧɚ ʹ/͵ ܴ 

Ɋɢɫɭɧɨɤ 2.10 – ɋɢɦɦɟɬɪɢɱɧɵɣ ɫɟɝɦɟɧɬ 
ɫɮɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɚɩɪɹɠɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɜɩɟɪɟɞɢ ɡɚɛɨɹ ɜɵɪɚɛɨɬɤɢ 
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ȼɫɟ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ ɨɰɟɧɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɭɸ ɜɟɥɢɱɢɧɭ ɨɬɩɨɪɚ 

ɤɪɟɩɢ ɥɛɚ ɡɚɛɨɹ ɜ ɷɮɮɟɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɱɧɨɫɬɢ. ɇɚ ɨɫɧɨɜɟ ɧɚɬɭɪɧɵɯ 

ɧɚɛɥɸɞɟɧɢɣ ɢ ɮɢɡɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ B.B. Broms & H. Bennermark [91] ɜɵɜɟɥɢ 

ɤɪɢɬɟɪɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɚɪɚɦɟɬɪɚ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɣ ɩɪɨɱɧɨɫɬɢ 

ɝɥɢɧ:   

௙ܰ = 𝜎௩ + 𝛾ሺܪ + ܴሻ − ௨ܿ݌  (2.21) 

ɝɞɟ 𝜎௩ – ɧɚɝɪɭɡɤɚ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɧɚ ɝɪɭɧɬ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ, Ɇɉɚ; ܿ ௨ –ɩɪɨɱɧɨɫɬɶ 

ɧɚ ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɣ ɫɞɜɢɝ, Ɇɉɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɟɩɢ ɥɛɚ ɡɚɛɨɹ ɞɨɥɠɧɵ ɝɚɪɚɧɬɢɪɨɜɚɬɶ 

ɜɟɥɢɱɢɧɭ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ p, ɫ ɬɟɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɤɪɢɬɟɪɢɣ Nf < 6, ɫ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɡɚɩɚɫɨɦ ɩɪɨɱɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɩɨɞɨɛɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɯɨɬɶ ɢ ɩɪɨɫɬ, ɧɨ ɧɟ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɢɦ ɜ 

ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɡɜɟɫɬɟɧ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɦ ɫɞɜɢɝɟ. 

ɂɡ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚ ɪɢɫɭɧɤɟ 2.11 ɜɢɞɧɨ, ɱɬɨ ɧɚ ɨɞɧɨɣ ɝɥɭɛɢɧɟ, ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ܿݑ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ⱦɚɧɧɵɣ ɤɪɢɬɟɪɢɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɫɧɨɜɚɧɧɵɣ ɥɢɲɶ ɧɚ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜɚɯ ɝɪɭɧɬɨɜ ɢ ɧɟ ɢɦɟɸɳɢɣ 

ɩɚɪɚɦɟɬɪɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɤ ɨɞɧɨɝɨ ɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɮɨɪɦɭɥɭ W. 

Broere ɫɜɹɡɵɜɚɟɬ ɫ ɞɟɮɨɪɦɚɰɢɹɦɢ. ȼ ɬɪɭɞɟ [90] ɩɪɢɜɟɞɟɧɚ ɫɬɪɚɬɢɮɢɤɚɰɢɹ 

ɜɟɥɢɱɢɧɵ ɤɪɢɬɟɪɢɹ ௙ܰ (ɬɚɛɥ. 2.2) ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɪɚɡɪɭɲɟɧɢɟ ɝɥɢɧɢɫɬɵɯ 

ɝɪɭɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨ: ɱɟɪɟɡ ɪɟɚɥɢɡɚɰɢɸ ɭɩɪɭɝɢɯ ɢ ɩɥɚɫɬɢɱɟɫɤɢɯ 

ɞɟɮɨɪɦɚɰɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɤɪɢɬɟɪɢɹ ௙ܰ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ 6 

ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɝɪɭɧɬɨɜ ɥɛɚ ɡɚɛɨɹ.  

Ɍɚɛɥɢɰɚ 2.2 – Ʉɪɢɬɟɪɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɛɨɹ 𝑵𝒇 Ⱦɟɮɨɪɦɚɰɢɢ 

1 ɇɟɡɧɚɱɢɬɟɥɶɧɵɟ 

1-2 ɍɩɪɭɝɢɟ 

2-4 ɍɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɟ 

4-6 ɉɥɚɫɬɢɱɟɫɤɢɟ 

>6 Ɋɚɡɪɭɲɟɧɢɟ 
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Ɋɢɫɭɧɨɤ 2.11 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɪɢɬɟɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɩɪɨɱɧɨɫɬɢ ɧɚ ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɣ 

ɫɞɜɢɝ. ɐɢɮɪɚɦɢ ɧɚ ɝɪɚɮɢɤɟ ɨɛɨɡɧɚɱɟɧɨ: 
 1 – H/D =1; 2 – H/D =1.5; 3 – H/D =2; 4 – H/D =3; 5 – H/D =4; 6 – H/D =5; 7 – H/D =7; 8 – H/D =8. 

Ɉɩɢɫɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɥɛɚ ɡɚɛɨɹ ɩɪɢɜɟɞɟɧɨ ɜ [112], ɝɞɟ 

ɨɩɢɫɵɜɚɟɬɫɹ ɝɢɩɨɬɟɡɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɧɧɟɥɹ 

ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. Ɍɚɤ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɨɣ ɝɢɩɨɬɟɡɨɣ, 

ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɞɢɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɧɚɯɨɞɹɬɫɹ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɥɛɚ 

ɡɚɛɨɹ, ɢ ɡɚɬɭɯɚɸɬ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɥɛɚ ɡɚɛɨɹ ɜ ɝɥɭɛɶ ɦɚɫɫɢɜɚ (ɪɢɫ. 2.12). ȼɦɟɫɬɟ 

ɫ ɷɬɢɦ, ɨɫɟɜɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɹɞɪɟ ɡɚɛɨɹ ɢ 

ɡɚɬɭɯɚɸɬ ɛɥɢɠɟ ɤ ɫɜɨɞɭ ɢ ɩɨɱɜɟ ɬɨɧɧɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɞɜɢɧɭɬɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ «ɜɵɞɚɜɥɢɜɚɧɢɢ» ɝɪɭɧɬɨɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɵ ɜ ɨɛɴɟɦ ɬɨɧɧɟɥɹ.  

 

Ɋɢɫɭɧɨɤ 2.12 – ɋɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɩɟɪɟɞɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 
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ɇɟɤɨɬɨɪɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɬɚɤɨɣ ɩɨɞɯɨɞ ɧɚɲɟɥ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚ, 

ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ ɡɚɛɨɟ ɬɨɧɧɟɥɹ San Vitale [112]. ɉɪɨɝɪɚɦɦɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɩɨɝɪɭɠɟɧɢɟ ɞɚɬɱɢɤɨɜ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜɝɥɭɛɶ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɬɢɩɢɡɢɪɨɜɚɧɵ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ 

ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ. ɇɚ ɪɢɫɭɧɤɟ 2.13 ɩɪɢɜɟɞɟɧɵ 3 ɫɯɟɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɥɛɚ ɡɚɛɨɹ. Ⱦɚɧɧɵɟ ɫɯɟɦɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫɨ ɫɯɟɦɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɧɚ 

ɪɢɫɭɧɤɟ 2.4 ɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ, ɨɩɢɫɚɧɧɵɦ ɜ [50]. 

 

Ɋɢɫɭɧɨɤ 2.13 – Ɋɚɫɱɟɬ ɞɟɮɨɪɦɚɰɢɣ ɡɚɛɨɹ ɬɨɧɧɟɥɹ San Vitale [112] 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɨɧɧɟɥɹ ɝɨɪɧɵɦ ɫɩɨɫɨɛɨɦ ɨɰɟɧɤɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚɯɨɞɢɬ ɜ ɩɨɞɛɨɪɟ ɬɢɩɚ ɤɪɟɩɥɟɧɢɹ, ɤɨɥɢɱɟɫɬɜɚ ɢ ɧɟɨɛɯɨɞɢɦɨɣ 

ɠɟɫɬɤɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ. ɂɧɠɟɧɟɪɭ ɩɪɟɞɥɚɝɚɸɬ, ɨɩɢɪɚɹɫɶ ɧɚ ɜɟɥɢɱɢɧɭ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ 

ɭɩɪɨɱɧɹɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ – ɚɧɤɟɪɧɨɝɨ ɤɪɟɩɥɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ 

ɦɧɨɠɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɩɚɪɚɦɟɬɪɵ ɤɪɟɩɥɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɮɚɤɬɨɪɚɦɢ: ɜɟɥɢɱɢɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɤɪɟɩɶ [29], ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ [118] ɢ ɞɪ. 

P. Oreste [116, ɋ.62] ɩɪɟɞɥɚɝɚɟɬ ɨɩɪɟɞɟɥɹɬɶ ɤɨɥɢɱɟɫɬɜɨ ɚɧɤɟɪɨɜ ɢɫɯɨɞɹ ɢɡ 

ɭɫɥɨɜɢɹ ɫɥɟɞɭɸɳɢɯ ɧɟɪɚɜɟɧɫɬɜ:  



݊݌ 58 ൑ [𝜎ܽ] ∙ 𝐴௔ (2.22) 

ɝɞɟ ݊ – ɤɨɥɢɱɟɫɬɜɨ ɚɧɤɟɪɨɜ; [𝜎௔] – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɬɹɝɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ 

ɚɧɤɟɪɟ, Ɇɉɚ; 𝐴௔ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɞɧɨɝɨ ɚɧɤɟɪɚ, ɦ2. ݊݌ ൑ ݎݐ߬ ∙ 𝜋 ∙ ݀ܽ ∙  (2.23) ܽܮ

ɝɞɟ ߬௧௥ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɤɚɫɚɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɤɪɭɠɚɸɳɟɦ ɚɧɤɟɪ 

ɝɪɭɧɬɟ, Ɇɉɚ; ݀௔ – ɞɢɚɦɟɬɪ ɨɞɧɨɝɨ ɚɧɤɟɪɚ, ɦ2; ܮ௔ – ɞɥɢɧɚ ɚɧɤɟɪɚ ɜ ɩɪɢɡɦɟ 

ɨɛɪɭɲɟɧɢɹ, ɦ. ݊݌ ൑ ݎݐ߬ ∙ 𝜋 ∙ ݀ܽ ∙  (2.24) ݌ܮ

ɝɞɟ ܮ௣ – ɞɥɢɧɚ ɚɧɤɟɪɚ, ɡɚɝɥɭɛɥɟɧɧɚɹ ɜ ɭɫɬɨɣɱɢɜɵɟ ɝɪɭɧɬɵ ɦ. 

 ɇ.Ⱥ. Ȼɟɥɹɤɨɜ ɩɪɟɞɥɚɝɚɟɬ ɨɩɪɟɞɟɥɹɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɧɤɟɪɨɜ ɢɫɯɨɞɹ 

«ɢɡ ɭɫɥɨɜɢɹ ɨɬɫɭɬɫɬɜɢɹ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɫɬɟɪɠɧɹ ɚɧɤɟɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɪɨɞɧɨɝɨ 

ɦɚɫɫɢɜɚ», ɩɨ «ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɪɚɫɱɟɬɧɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɫɬɟɪɠɧɹ 

ɚɧɤɟɪɚ» [29, ɋ. 197] ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ:  

݊ = ݌ ∙ 𝐴[𝜎௔] ∙ ݇ (2.25) 

ɝɞɟ 𝐴 – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɦ2; ݇ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɭɩɪɨɳɟɧɧɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɜɫɟ ɦɟɬɨɞɢɤɚɦɢ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ 

ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɦɚɫɫɢɜɚ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɰɟɫɫɵ ɭɩɪɨɱɧɟɧɢɹ 

ɢ ɪɚɡɭɩɪɨɱɧɟɧɢɹ, ɢɫɬɨɪɢɢ ɧɚɝɪɭɠɟɧɢɹ ɢ ɪɚɡɝɪɭɠɟɧɢɹ, ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɟɠɢɦ. 

ɉɪɢ ɷɬɨɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɜɵɪɚɛɨɬɚɧ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɣ ɫɟɛɹ ɩɨɞɯɨɞ, 

ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɟɧ ɧɚɣɬɢ ɪɚɡɜɢɬɢɟ ɜ ɫɢɦɛɢɨɡɟ ɫ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

2.2 ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɜ ɨɰɟɧɤɟ 

ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɦɚɫɫɢɜɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ, 

ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɚ 

ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢ ɫɩɨɫɨɛ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɦɚ 

ɧɚ ɨɬɞɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ – ɫ ɞɪɭɝɨɣ, ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɦɟɯɚɧɢɤɟ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ. 
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ɋɨɝɥɚɫɨɜɚɧɧɨɣ ɰɟɥɶɸ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ ɤɚɤ ɦɚɬɟɪɢɚɥɚ. 

ɇɚɢɛɨɥɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɫɪɟɞɫɬɜɨɦ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɣ ɧɚɲɟɥ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɝɨɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ [21, 22, 24, 29, 32, 76, 79, 80, 91, 97, 98, 105, 104, 106, 120, 121, 

124, 115, 130, 135, 140, 127, 132]. ɍɱɟɬ ɨɬɞɟɥɶɧɵɯ ɧɚɪɭɲɟɧɢɣ ɱɢɫɥɟɧɧɵɦɢ 

ɦɟɬɨɞɚɦɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɨɡɦɨɠɟɧ ɱɟɪɟɡ ɜɵɞɟɥɟɧɢɟ ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 

ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ, ɨɛɥɚɞɚɸɳɟɣ ɩɨɧɢɠɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ – ɪɚɫɱɟɬɧɨɝɨ 

ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ [79, 94, 96, 103, 142]. Ʉɪɨɦɟ ɬɨɝɨ, ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɵɯ 

ɦɟɬɨɞɨɜ, ɫ ɩɨɦɨɳɶɸ ɡɚɞɚɧɢɹ ɭɫɥɨɜɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜɨɡɦɨɠɧɨ ɨɩɢɫɚɧɢɟ 

ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ ɤɚɤ ɞɢɫɤɪɟɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ [32]. ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɚɪɭɲɟɧɧɨɝɨ ɝɨɪɧɨɝɨ ɦɚɫɫɢɜɚ ɜ 

ɟɫɬɟɫɬɜɟɧɧɨɦ ɡɚɥɟɝɚɧɢɢ, ɦɚɫɫɢɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɪɢɧɹɬɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɛɥɨɱɧɭɸ 

ɫɬɪɭɤɬɭɪɭ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɪɚɡɪɵɜɧɵɦɢ ɧɚɪɭɲɟɧɢɹɦɢ. ɑɚɫɬɨ ɫɚɦɢ ɛɥɨɤɢ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɭɩɪɭɝɢɟ ɢ ɫɱɢɬɚɸɬ, ɱɬɨ ɜɫɟ ɧɟɨɛɪɚɬɢɦɵɟ ɩɥɚɫɬɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɵ ɧɚ ɤɨɧɬɚɤɬɚɯ ɛɥɨɤɨɜ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 

ɧɚɪɭɲɟɧɢɹ (ɫɞɜɢɝ, ɫɛɪɨɫ, ɜɡɛɪɨɫ, ɪɚɡɪɵɜ ɢ ɬ.ɩ.) ɧɚ ɤɨɧɬɚɤɬɚɯ ɛɥɨɤɨɜ ɡɚɞɚɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ - ɨɬ ɩɨɥɧɨɝɨ ɫɰɟɩɥɟɧɢɹ, ɞɨ ɩɨɥɧɨɝɨ 

ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ [7]. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɧɚɩɪɹɠɟɧɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɛɥɨɱɧɨɝɨ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ ɨɤɚɡɵɜɚɸɬ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ 

ɤɨɧɬɚɤɬɚɯ ɛɥɨɤɨɜ. ɉɨɷɬɨɦɭ ɩɪɢ ɡɚɞɚɧɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɜɥɟɤɚɬɶ ɞɚɧɧɵɟ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɩɨɞɜɢɠɤɚɦɢ ɩɨ ɧɚɪɭɲɟɧɢɹɦ. ɂɫɯɨɞɹ 

ɢɡ ɜɵɩɨɥɧɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɛɥɨɤɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ 

ɜɵɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: ɩɨɥɧɨɝɨ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ, ɱɚɫɬɢɱɧɨɝɨ 

ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɢ ɩɨɥɧɨɝɨ ɫɰɟɩɥɟɧɢɹ. Ɉɞɧɚɤɨ, ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɢɧɮɨɪɦɚɰɢɢ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɝɧɨɡɧɨɣ ɨɰɟɧɤɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ ɤɨɧɬɚɤɬɚɦ ɛɥɨɤɨɜɵɯ ɫɬɪɭɤɬɭɪ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɦɚɫɫɢɜɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɡɨɧɭ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ ɫɯɨɠɭɸ ɫ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ Ɇ.ȼ. Ƚɡɨɜɫɤɨɝɨ [37] ɤɚɪɬɢɧɭ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɩɨɜɵɲɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ ɧɚɪɭɲɟɧɢɹ, 
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ɨɞɧɚɤɨ ɪɚɡɥɢɱɧɵɟ ɩɨ ɡɧɚɤɭ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɧɟ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɤɪɵɥɚ, ɚ 

ɩɨ ɪɚɡɧɵɦ ɝɪɚɧɢɰɚɦ ɧɚɪɭɲɟɧɢɹ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɚɬɭɪɧɵɯ 

ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɩɪɨɜɨɞɢɦɵɦ ɦɚɫɫɢɜɨɦ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɤɨɪɪɟɤɰɢɢ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 

ȼ ɨɛɳɟɦ, ɩɨɞɯɨɞ ɤ ɨɰɟɧɤɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɬɚɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɚɤ: ɝɟɨɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɜɤɥɸɱɚɸɳɚɹ ɜ 

ɫɟɛɹ ɝɟɨɥɨɝɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɦɨɞɟɥɶ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɢ 

ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɟɠɢɦ (ɪɢɫ. 2.14).  

 

Ɋɢɫɭɧɨɤ 2.14 – ɋɯɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ 

ɉɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ ɜɨɡɧɢɤɚɸɬ 

ɩɪɨɛɥɟɦɵ ɫɯɟɦɚɬɢɡɚɰɢɢ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɩɨ ɩɪɢɱɢɧɟ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 

ɥɢɬɨɥɨɝɢɱɟɫɤɨɣ ɫɬɪɚɬɢɮɢɤɚɰɢɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɢɧɮɨɪɦɚɰɢɢ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ 

ɢɡɭɱɟɧɢɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɚɛɨɪɚ ɫɤɜɚɠɢɧ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɡɚɛɨɹ 
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ɫɬɪɨɹɳɢɯɫɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜɢɡɭɚɥɶɧɨ ɮɢɤɫɢɪɭɸɬɫɹ ɩɟɪɟɦɹɬɵɟ ɝɥɢɧɵ ɢ 

ɩɪɨɫɥɨɣɤɢ ɩɟɫɱɚɧɢɤɨɜ ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɢ [20]. ɏɚɪɚɤɬɟɪ ɧɚɪɭɲɟɧɧɨɫɬɢ ɝɥɢɧ 

ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɡɚɞɚɱɭ ɜ ɪɚɦɤɚɯ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ, ɩɨɷɬɨɦɭ 

ɡɨɧɚ ɧɚɪɭɲɟɧɧɨɫɬɢ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɥɢɹɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ ɦɨɞɟɥɢɪɭɟɬɫɹ ɤɚɤ ɧɚɛɨɪ 

ɷɥɟɦɟɧɬɨɜ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ, ɨɛɥɚɞɚɸɳɢɣ ɢɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ 

ɮɢɡɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɫɩɥɨɲɧɨɣ ɫɱɢɬɚɸɬ ɱɚɫɬɶ ɦɚɫɫɢɜɚ, ɜ ɤɨɬɨɪɨɣ ɨɬɫɭɬɫɬɜɭɸɬ 

ɞɟɮɟɤɬɵ (ɬɪɟɳɢɧɵ, ɩɭɫɬɨɬɵ ɢ ɬ.ɩ.). ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɦɚɫɫɢɜ ɫɱɢɬɚɸɬ 

ɫɩɥɨɲɧɵɦ, ɟɫɥɢ ɜ ɧɟɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɫɥɨɜɢɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɢ 

ɞɟɮɨɪɦɚɰɢɣ ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɤɨɬɨɪɵɯ ɞɟɮɟɤɬɨɜ [62]. 

2.2.1 Ɏɚɤɬɨɪ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɟɞɥɨɠɟɧɧɵɣ G. Prountzopoulos 

ȼ ɩɨɩɵɬɤɟ ɜɵɜɟɫɬɢ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɧɟɡɚɤɪɟɩɥɟɧɧɵɯ 

ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɢ ɨɫɟɜɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɥɛɚ ɡɚɛɨɹ, G. Prountzopoulos 

[121,129] ɩɪɨɜɟɥ ɨɛɲɢɪɧɨɟ ɜɚɪɢɚɬɢɜɧɨɟ ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɜɤɥɸɱɚɸɳɟɟ 

ɚɧɚɥɢɡ ɛɨɥɟɟ ɱɟɬɵɪɟɯɫɨɬ ɬɪɟɯɦɟɪɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ (ɞɢɚɦɟɬɪ ɬɭɧɧɟɥɹ D, ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ H) ɢ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ 

(ɫɰɟɩɥɟɧɢɟ c, ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ φ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ Ε) ɩɚɪɚɦɟɬɪɚɯ. 

Ⱥɜɬɨɪɨɦ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ABAQUS ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɭɩɪɭɝɨɣ 

ɢɞɟɚɥɶɧɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ Ʉɭɥɨɧɚ-Ɇɨɪɚ. ɇɚ ɪɢɫɭɧɤɟ 2.15 ɩɨɤɚɡɚɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ ɨɛɲɢɪɧɨɝɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ 3D-ɢɫɫɥɟɞɨɜɚɧɢɹ, ɝɞɟ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ 

ɫɨɨɬɧɨɲɟɧɢɹ: 

Ω𝐹,௔௥௘௔ = ܷℎ,௔௥௘௔ ∙ ܦܧ ∙ ݌ , (2.26) 

ɝɞɟ ܷℎ,௔௥௘௔ – ɫɪɟɞɧɢɣ ɩɭɬɶ «ɜɵɞɚɜɥɟɧɧɨɣ» ɢɡ ɡɚɛɨɹ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɦ; ܧ – 

ɦɨɞɭɥɶ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ, Ɇɉɚ; ݌ – ɫɪɟɞɧɟɟ ɞɚɜɥɟɧɢɟ ɜɞɨɥɶ ɨɫɢ ɬɨɧɧɟɥɹ, 

ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (2.27), Ɇɉɚ. 

݌ = 𝛾ܪ (ͳ + ʹ଴ܭ ), (2.27) 

ɡɞɟɫɶ ܭ଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ. 
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Ƚɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɶɸ ɧɚ ɪɢɫɭɧɤɟ 2.15 ɹɜɥɹɟɬɫɹ ɧɚɡɜɚɧɧɵɣ ɚɜɬɨɪɨɦ 

«ɩɚɪɚɦɟɬɪ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ»: 

Λ𝐹 = ͷ,ʹͷ ∙ ܿ ∙ ቀtanଶ ቀͶͷ − ߮ʹቁቁ𝛼𝛾ܪଵ−௕ ∙ ௕ܦ  (2.28) 

Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɨɱɧɨɫɬɶ ɝɪɭɧɬɚ (ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɫɰɟɩɥɟɧɢɹ c ɢ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ φ), ɚ ɬɚɤɠɟ ɝɥɭɛɢɧɭ ɡɚɥɨɠɟɧɢɹ ɬɭɧɧɟɥɹ H ɢ 

ɞɢɚɦɟɬɪ D ɤɚɤ ɹɜɧɨ, ɬɚɤ ɢ ɧɟɹɜɧɨ, ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬɵ α ɢ b, ɡɚɞɚɜɚɟɦɵɟ 

ɫɥɟɞɭɸɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ: 

𝛼 = Ͳ,ͳ͸ܦܪ + Ͳ,ͷͻ (2.29) 

ܾ =  ଴,ଷ7 (2.30)−(ܦܪ)

Ⱥɜɬɨɪɨɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɦɨɞɟɥɢ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ ɩɨɫɥɟ ɷɬɚɩɚ ɜɵɟɦɤɢ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɢɬɶ «ɜɵɞɚɜɥɟɧɧɭɸ» 

ɜ ɬɨɧɧɟɥɶ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ. ɋɪɟɞɧɢɣ ɩɭɬɶ 

«ɜɵɞɚɜɥɟɧɧɨɣ» ɩɥɨɳɚɞɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɦɨɞɭɥɟ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɞɢɚɦɟɬɪɟ ɢ 

ɫɪɟɞɧɟɦ ɞɚɜɥɟɧɢɢ ɜɞɨɥɶ ɨɫɢ ɬɨɧɧɟɥɹ ɩɪɟɞɥɨɠɟɧɨ ɫɨɩɨɫɬɚɜɥɹɬɶ ɫ «ɩɚɪɚɦɟɬɪɨɦ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ», ɡɚɜɢɫɹɳɢɦ ɨɬ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ 

ɫɨɨɬɧɨɲɟɧɢɹ ɝɥɭɛɢɧɵ ɡɚɥɨɠɟɧɢɹ ɢ ɞɢɚɦɟɬɪɚ ɬɨɧɧɟɥɹ.  Ɇɟɬɨɞɢɤɚ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ 

ɡɚɛɨɣ ɫɬɚɧɨɜɢɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ ɬɨɝɞɚ, ɤɨɝɞɚ ɭɝɨɥ ɧɚɤɥɨɧɚ ɤɪɢɜɨɣ «ɜɵɞɚɜɥɢɜɚɧɢɹ» 

ɡɚɛɨɹ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ⱦɚɧɧɨɦɭ ɹɜɥɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɛɨɹ Λ𝐹 ɦɟɧɶɲɟɟ ɟɞɢɧɢɰɵ ሺΛ𝐹 < ͳሻ. Ɂɚɦɟɱɟɧɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɟ 

ɜɵɪɚɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɭɧɢɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɫɜɨɣɫɬɜ 

ɝɪɭɧɬɚ, ɞɢɚɦɟɬɪɨɜ ɬɨɧɧɟɥɟɣ ɢ ɝɥɭɛɢɧ. 
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Ɋɢɫɭɧɨɤ 2.15 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɧɨɪɦɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɨɬ ɩɚɪɚɦɟɬɪɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɛɨɹ ΛF ɞɥɹ ɫɨɨɬɧɨɲɟɧɢɹ ɝɥɭɛɢɧɵ ɡɚɥɨɠɟɧɢɹ ɤ ɞɢɚɦɟɬɪɭ ≤5 [121]  

Ⱥɜɬɨɪ ɪɚɡɪɚɛɨɬɚɥ ɩɚɪɚɦɟɬɪ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɚɤ ɞɥɹ ɨɛɴɟɦɧɨɝɨ ɫɥɭɱɚɹ, ɬɚɤ ɢ ɞɥɹ 

ɫɥɭɱɚɹ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɫɬɚɧɨɜɤɢ. ɋɯɟɦɚ ɞɥɹ ɨɛɴɟɦɧɨɝɨ ɫɥɭɱɚɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.16.  

 

Ɋɢɫɭɧɨɤ 2.16 – ɋɯɟɦɚ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɟɬɨɞɚ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ G.Prountzopoulos 

ɜ ɨɛɴɟɦɧɨɣ ɩɨɫɬɚɧɨɜɤɟ [121] 

ܷℎ,௔௥௘௔ = ௘ܸ௫௧𝐴 = ʹ∑ 𝑖ܸ𝑖=ଵ𝑘𝐴 = ʹ∑ 𝐴𝑖ݑℎ,𝑖𝑖=ଵ𝑘 𝐴  (2.31) 
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ɝɞɟ ௘ܸ௫௧ – ɜɵɞɚɜɥɟɧɧɵɣ ɨɛɴɟɦ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɟɱɟɧɢɢ ɡɚɛɨɹ, ɦ3; 𝑖ܸ 
– ɜɵɞɚɜɥɟɧɧɵɣ ɨɛɴɟɦ i-ɝɨ ɷɥɟɦɟɧɬɚ, ɦ3; ݑℎ,𝑖 – ɫɪɟɞɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ 

ɩɟɪɟɦɟɳɟɧɢɹ ɭɡɥɨɜ ɷɥɟɦɟɧɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɟɱɟɧɢɢ ɬɨɧɧɟɥɹ, ɦ; 𝐴𝑖 – ɩɥɨɳɚɞɶ 

ɷɥɟɦɟɧɬɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɬɨɧɧɟɥɹ, ɦ2. 

 ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ: ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɤ 

ɪɚɡɦɟɪɭ ɷɥɟɦɟɧɬɚ ɩɪɢ ɤɪɭɩɧɨɣ ɫɟɬɤɟ ɷɥɟɦɟɧɬɨɜ; ɩɪɢɜɹɡɤɚ ɦɟɬɨɞɢɤɢ ɤ 

ɜɨɫɶɦɢɭɡɥɨɜɵɦ ɷɥɟɦɟɧɬɚɦ; ɩɨɞɯɨɞɹɳɢɣ ɞɥɹ ɨɰɟɧɤɢ ɞɟɮɨɪɦɚɰɢɣ ɥɢɲɶ ɜ ɩɟɪɜɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɬɢɩ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɫɪɟɞɵ; ɜɵɫɨɤɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɩɨɞɯɨɞɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɦɟɪɨɦ ɷɥɟɦɟɧɬɚ ɢ 

ɨɛɪɚɛɨɬɤɨɣ ɪɟɡɭɥɶɬɚɬɨɜ ɜɨɡɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ ɛɥɚɝɨɞɚɪɹ ɨɩɬɢɦɢɡɚɰɢɢ ɧɚɛɨɪɚ 

ɩɪɨɰɟɫɫɨɜ, ɚ ɬɢɩ ɩɨɜɟɞɟɧɢɹ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɛɥɚɝɨɞɚɪɹ 

ɝɢɛɤɨɦɭ ɩɨɞɯɨɞɭ, ɩɨɡɜɨɥɹɸɳɟɦɭ ɜɧɟɞɪɹɬɶ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ Abaqus 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɨɜ.  

2.2.2 Ɋɚɫɱɟɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɨɞɨɦ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɫɧɢɠɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɨɛɧɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɩɪɨɝɧɨɡɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɨɛɫɭɠɞɚɟɬɫɹ ɜ [118]. ȼ ɪɚɫɱɟɬɟ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɞɜɢɝɨɜɵɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɚ, ɬɚɤɢɟ ɤɚɤ tan߮′ ɢ ܿ′, ɚ ɬɚɤɠɟ 

ɧɟɞɪɟɧɢɪɨɜɚɧɧɚɹ ɫɞɜɢɝɨɜɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɫɨɜɦɟɫɬɧɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɦɟɧɶɲɚɸɬɫɹ, ɩɨɤɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ [89].  

ɉɨɥɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ∑ܯ𝑆𝐹 ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ ɝɪɭɧɬɚ ɧɚ ɬɟɤɭɳɟɦ ɷɬɚɩɟ ɪɚɫɱɟɬɚ [88]: 

𝑆𝐹ܯ∑ = ߬߬к˓ = tan߮′tan߮′к˓ = ܿ′ܿ′к˓ = ˓кݏ௨ݏ = [𝜎˓ ][𝜎к˓˓] (2.32) 

 Ɍɚɤ, ɜɵɞɟɥɢɜ ɤɨɧɬɪɨɥɶɧɭɸ ɬɨɱɤɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ, ɫ ɡɚɞɚɧɧɵɦ ɲɚɝɨɦ 

ɫɧɢɠɚɹ ɡɧɚɱɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɦɨɞɟɥɶ ɜɜɨɞɹɬɫɹ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɵɟ 

ɫɢɥɵ. Ⱦɢɫɛɚɥɚɧɫ ɫɢɥ ɩɪɢɜɨɞɢɬ ɤ ɞɟɮɨɪɦɚɰɢɹɦ. ɋɬɚɛɢɥɢɡɚɰɢɹ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ∑ܯ𝑆𝐹 ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɩɨɫɥɟɞɭɸɳɟɟ 

ɢɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɜɟɥɢɱɢɧɭ ɢɯ ɩɪɢɪɚɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ 
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ɞɢɫɛɚɥɚɧɫɭ ɫɢɥ, ɩɪɨɜɨɰɢɪɭɸɳɟɦɭ ɩɥɚɫɬɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɪɬɢɧɚ ɩɪɢɪɚɳɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɤɚɱɟɫɬɜɟɧɧɨ ɩɪɨɝɧɨɡɢɪɭɟɬ 

ɜɟɪɨɹɬɧɭɸ ɮɨɪɦɭ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɤɪɢɬɟɪɢɹ ɩɪɨɱɧɨɫɬɢ 

Ʉɭɥɨɧɚ-Ɇɨɪɚ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: ܵܨ = ˇˑ˔˕˖˒ːая ˒˓ˑ˚ːˑ˔˕ь ˒˓ˑ˚ːˑ˔˕ь ˒˓ˋ ˓аˊ˓˖˛ˈːˋˋ (2.33) 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɢ, 

ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɟɬɨɞɚ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, 

ɹɜɥɹɟɬɫɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɷɮɮɟɤɬ ɭɩɪɨɱɧɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɝɧɨɪɢɪɭɟɬɫɹ, ɚ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ ɨɛɥɚɞɚɟɬ 

ɩɨɜɟɞɟɧɢɟɦ ɦɚɬɟɪɢɚɥɚ, ɨɩɢɫɵɜɚɟɦɨɝɨ ɦɨɞɟɥɶɸ Ʉɭɥɨɧɚ – Ɇɨɪɚ, ɫ ɧɚɱɚɥɶɧɵɦ 

ɧɚɛɨɪɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ɉɞɧɚɤɨ, ɬɚɤɨɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɞɨɛɟɧ ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, 

ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɬɚɤɢɟ ɮɚɤɬɨɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ, ɤɚɤ ɢɫɬɨɪɢɹ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɮɚɡɚɯ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫ ɤɨɧɫɨɥɢɞɚɰɢɢ, 

ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɡɜɨɥɹɟɬ ɤɨɫɜɟɧɧɨ ɭɱɟɫɬɶ ɜɪɟɦɹ ɨɫɬɚɧɨɜɤɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ ɜɛɥɢɡɢ ɷɥɟɦɟɧɬɚ ɧɚɪɭɲɟɧɢɹ.   

2.3 ɉɪɢɧɰɢɩɵ ɪɟɚɥɢɡɚɰɢɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɢɤ 

ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɭ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɩɥɨɲɧɚɹ ɫɪɟɞɚ ɞɟɥɢɬɫɹ ɧɚ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɱɢɫɥɨ ɨɛɴɟɦɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɫɨɞɟɪɠɢɬ ɭɡɥɵ, 

ɢɦɟɸɳɢɟ ɧɟɫɤɨɥɶɤɨ ɫɬɟɩɟɧɟɣ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ. ȼ ɩɪɨɝɪɚɦɦɟ PLAXIS ɫɬɟɩɟɧɢ 

ɫɜɨɛɨɞɵ – ɷɬɨ ɤɨɦɩɨɧɟɧɬɵ ɩɟɪɟɦɟɳɟɧɢɣ. ȼ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨɥɟ 

ɩɟɪɟɦɟɳɟɧɢɣ ⃗ݑ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɡɧɚɱɟɧɢɣ ɭɡɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ݒ  
ɷɥɟɦɟɧɬɚ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɧɬɟɪɩɨɥɢɪɭɸɳɢɯ ɮɭɧɤɰɢɣ. 

ȼ ɩɪɨɝɪɚɦɦɟ PLAXIS 3D ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɟɫɹɬɢɭɡɥɨɜɵɟ ɷɥɟɦɟɧɬɵ-ɬɟɬɪɚɷɞɷɪɵ 

(ɪɢɫ. 2.17), ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ (2.34) ɡɚɜɢɫɢɬ ɨɬ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɝɪɚɧɢɰɵ 

ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɷɥɟɦɟɧɬɚ ݎ௘ [88]. 



66 

݈௘ = ௠௔௫ݔ௘ʹͲ√ሺݎ − ௠𝑖௡ሻଶݔ + ሺݕ௠௔௫ − ௠𝑖௡ሻଶݕ + ሺݖ௠௔௫ −  ௠𝑖௡ሻଶ (2.34)ݖ

 

Ɋɢɫɭɧɨɤ 2.17 – Ⱦɟɫɹɬɢɭɡɥɨɜɨɣ ɬɟɬɪɚɷɞɚɥɶɧɵɣ ɷɥɟɦɟɧɬ ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ: ɤɪɚɫɧɵɟ 
ɬɨɱɤɢ – ɭɡɥɵ (nodes); ɱɟɪɧɵɟ – ɬɨɱɤɢ ɧɚɩɪɹɠɟɧɢɣ (stress points) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɬɪɚɷɞɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 3 ɥɨɤɚɥɶɧɵɟ 

ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ ሺ𝜉, ,ߟ  ሻ, ɫ ɜɟɪɲɢɧɨɣ ɬɟɬɪɚɷɞɷɪɚ ɜ ɬɨɱɤɟ ɢɯ ɩɟɪɟɫɟɱɟɧɢɹ. Ʉɚɠɞɵɣߞ

ɭɡɟɥ ɢɦɟɟɬ 3 ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɥɨɛɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ. 

ɗɥɟɦɟɧɬɵ ɫɨɡɞɚɸɬɫɹ ɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ, 

ɫ ɭɱɟɬɨɦ ɡɚɞɚɧɧɨɝɨ ɮɚɤɬɨɪɚ ɫɝɭɳɟɧɢɹ ɫɟɬɤɢ (coarseness factor). 

ȼ ɩɪɟɞɟɥɚɯ ɬɟɬɪɚɷɞɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɨɝɪɚɦɦɚ PLAXIS ɩɪɢɦɟɧɹɟɬ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ Ƚɚɭɫɫɚ. ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 4 ɬɨɱɤɚɦ ɧɚɩɪɹɠɟɧɢɣ 

(stress point) ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. Ⱦɚɧɧɵɣ ɬɢɩ ɷɥɟɦɟɧɬɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɢɧɬɟɪɩɨɥɹɰɢɸ ɩɟɪɟɦɟɳɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. ɂɧɬɟɪɩɨɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ ɮɨɪɦɵ 𝑖ܰ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦ ɫɜɨɣɫɬɜɨɦ: ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɨɧɚ ɪɚɜɧɚ ɟɞɢɧɢɰɟ ɜ ɭɡɥɟ 𝑖, ɨɧɚ 

ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɧɭɥɸ ɜ ɨɫɬɚɥɶɧɵɯ 9 ɭɡɥɚɯ. ȼ ɩɪɟɞɟɥɚɯ ɷɥɟɦɟɧɬɚ ɩɪɨɢɡɜɨɞɧɵɟ 

ɜɵɱɢɫɥɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɚ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ 

ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɢɫɩɨɥɶɡɭɟɬɫɹ əɤɨɛɢɚɧ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɞɟɤɚɪɬɨɜɵɯ 
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ɤɨɦɩɨɧɟɧɬ ɞɟɮɨɪɦɚɰɢɣ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɩɟɪɟɦɟɳɟɧɢɣ, ɛɟɪɭɬɫɹ ɩɪɨɢɡɜɨɞɧɵɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ሺݔ, ,ݕ  .ሻݖ
Ⱦɚɥɟɟ, ɩɨɞɫɬɚɜɥɹɹ ɜ ɩɪɢɧɹɬɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ 

ɩɪɢɪɚɳɟɧɢɹɦɢ ɞɟɮɨɪɦɚɰɢɣ, ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɛɥɸɞɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɢ 

ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ, ɦɟɬɨɞɨɦ ɢɬɟɪɚɰɢɨɧɧɵɯ ɩɪɨɰɟɞɭɪ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɫɨɫɬɨɹɧɢɹ ɦɨɞɟɥɢ ɞɥɹ ɬɟɤɭɳɟɝɨ ɩɪɢɪɚɳɟɧɢɹ.  ∆𝜎 = 𝑫௘(∆ߝ −  ௣⃗⃗⃗⃗ ), (2.35)ߝ∆

ɝɞɟ 𝑫௘ – ɦɚɬɪɢɰɚ ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɬɟɤɭɳɟɝɨ ɩɪɢɪɚɳɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ. 

Ⱦɥɹ ɭɩɪɭɝɨɝɨ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɩɪɢɪɚɳɟɧɢɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ∆ߝ௣⃗⃗⃗⃗  ɪɚɜɧɵ ɧɭɥɸ. Ⱦɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯ ɡɨɧɭ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, 

ɩɪɢɪɚɳɟɧɢɟ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɮɭɧɤɰɢɟɣ 

ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ, ɩɪɢɧɹɬɨɣ ɞɥɹ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɪɚɫɱɟɬɚ 

ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɝɪɚɦɦɟ PLAXIS ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ.  

2.4 Ɇɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɫɪɟɞɵ ɩɨɞ ɧɚɝɪɭɡɤɨɣ 

ȼɵɛɪɚɧɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɞɨɥɠɟɧ 

ɨɛɟɫɩɟɱɢɬɶ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨɫɬɶ (ɩɨ ɨɯɜɚɬɭ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɱɢɫɥɭ ɨɛɪɚɡɰɨɜ) 

ɞɨɫɬɨɜɟɪɧɨɫɬɶ (ɩɪɢɟɦɥɟɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɧɚɞɟɠɧɨɫɬɶ ɦɟɬɨɞɚ), 

ɞɨɫɬɭɩɧɨɫɬɶ (ɩɪɚɤɬɢɱɟɫɤɚɹ ɪɟɚɥɢɡɭɟɦɨɫɬɶ) [62]. 

ȼ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɨɩɢɫɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɨɞ 

ɧɚɝɪɭɡɤɨɣ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɦɨɞɟɥɟɣ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɟɤɨɦɭ 

ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɫɪɟɞɵ. ȼɦɟɫɬɟ ɫ ɷɬɢɦ, ɢɞɟɚɥɢɡɢɪɨɜɚɧɢɟ ɫɪɟɞɵ 

ɜɜɨɞɢɬ ɪɹɞ ɞɨɩɭɳɟɧɢɣ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬ ɝɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ. ɉɨɷɬɨɦɭ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɫɬɨɹɬ ɩɟɪɟɞ 

ɢɧɠɟɧɟɪɨɦ, ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɱɟɬɧɵɟ ɦɨɞɟɥɢ ɝɪɭɧɬɚ ɪɚɡɧɨɣ ɫɥɨɠɧɨɫɬɢ, 

ɨɝɪɚɧɢɱɟɧɢɹ ɢ ɞɨɩɭɳɟɧɢɹ ɤɨɬɨɪɵɯ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɜɥɢɹɸɬ ɧɚ ɪɟɡɭɥɶɬɚɬ 

ɪɚɫɱɟɬɚ ɪɟɚɥɶɧɨɣ ɫɪɟɞɵ.  

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɝɪɭɧɬɚ ɭɫɥɨɜɢɟɦ ɩɪɢɦɟɧɢɦɨɫɬɢ 

ɦɨɞɟɥɢ ɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɬɨ, ɱɬɨ ɝɪɭɧɬ ɢɫɩɵɬɵɜɚɟɬ ɨɞɧɨɤɪɚɬɧɨɟ 
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ɧɚɝɪɭɠɟɧɢɟ (ɢɥɢ ɪɚɡɝɪɭɡɤɭ), ɚ ɫɚɦɢ ɞɟɮɨɪɦɚɰɢɢ ɧɟ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɭɩɪɭɝɢɟ ɢ 

ɩɥɚɫɬɢɱɟɫɤɢɟ. Ƚɪɚɧɢɰɚ ɩɪɢɦɟɧɢɦɨɫɬɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɡɧɚɱɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ, 

ɞɨ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɞɚɜɥɟɧɢɟɦ ɢ ɞɟɮɨɪɦɚɰɢɟɣ ɛɭɞɟɬ ɛɥɢɡɤɚ ɤ 

ɥɢɧɟɣɧɨɣ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɬ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɝɪɭɧɬ ɧɚɝɪɭɡɨɤ ɮɨɪɦɢɪɭɸɬɫɹ 

ɡɚɦɤɧɭɬɵɟ ɨɛɥɚɫɬɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɩɪɟɞɟɥɶɧɨ ɪɚɜɧɨɜɟɫɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 

ɤɚɠɞɨɣ ɬɨɱɤɢ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɬɨ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɟɥɶ 

ɬɟɨɪɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɚ. ɇɨ ɞɚɧɧɚɹ ɦɨɞɟɥɶ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɶɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 

ɨɰɟɧɤɢ ɞɟɮɨɪɦɚɰɢɣ, ɬ.ɤ. ɞɨɩɭɫɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ. 

ɉɪɢ ɧɚɥɢɱɢɢ ɜɵɪɚɠɟɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ 

ɞɟɮɨɪɦɚɰɢɹɦɢ ɞɥɹ ɪɚɫɱɟɬɨɜ ɤɚɤ ɞɟɮɨɪɦɚɰɢɣ, ɬɚɤ ɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɢɫɩɨɥɶɡɭɸɬ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ (ɦɨɞɟɥɢ ɩɥɚɫɬɢɱɧɨɫɬɢ 

ɝɪɭɧɬɨɜ). Ɋɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɬɟɨɪɢɣ ɧɟɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɚɯ Ⱥ.ɇ. ɋɬɚɜɪɨɝɢɧɚ, Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɢ [72], Ⱥ.Ƚ. ɒɚɲɤɢɧɚ [82], 

D. Mašίn [113], K.H. Roscoe [123], T. Benz [87], J.M. Duncan [95] ɢ ɞɪ. 

Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɛɥɢɠɚɣɲɟɦ ɪɚɫɫɦɨɬɪɟɧɢɢ, ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ 

ɹɜɥɹɟɬɫɹ ɞɢɫɤɪɟɬɧɨɣ ɫɪɟɞɨɣ, ɫɨɫɬɨɹɳɟɣ ɤɚɤ ɢɡ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ, ɬɚɤ ɢ ɨɬɞɟɥɶɧɵɯ 

ɛɥɨɤɨɜ, ɩɨɷɬɨɦɭ ɨɱɟɧɶ ɛɥɢɡɤɨɣ ɤ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɤɚɡɵɜɚɟɬɫɹ ɦɨɞɟɥɶ 

ɞɢɫɤɪɟɬɧɨɣ ɫɪɟɞɵ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɫ ɭɱёɬɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ. Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ, ɚ ɦɨɞɟɥɶ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɤɚɤ ɦɨɞɟɥɶ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɸɳɢɟ ɝɪɭɧɬɚ ɡɚɩɨɥɧɹɸɬ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɱɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟɩɪɟɪɵɜɧɨ. ɋɩɥɨɲɧɨɫɬɶ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɫɬɪɨɟɧɢɹ ɬɚɤɨɣ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɜ ɩɪɨɰɟɫɫɟ ɟё 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɡɚɞɚɱ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɨɧɧɟɥɟɣ ɧɟɨɛɯɨɞɢɦ ɭɱɟɬ 

ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɯɨɞɤɢ, ɩɨɷɬɨɦɭ ɦɨɞɟɥɶ ɞɨɥɠɧɚ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɬɶ ɩɨɜɟɞɟɧɢɟ 

ɝɪɭɧɬɚ ɤɚɤ ɩɨɞ ɧɚɝɪɭɡɤɨɣ, ɬɚɤ ɢ ɩɪɢ ɪɚɡɝɪɭɠɟɧɢɢ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
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ɞɟɮɨɪɦɚɰɢɢ - ɷɬɨ ɬɪɟɯɦɟɪɧɨɟ ɹɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬ ɭɱɟɬɚ ɜɫɟɯ ɬɪɟɯ ɞɟɤɚɪɬɨɜɵɯ 

ɤɨɨɪɞɢɧɚɬ. 

ɉɪɨɜɟɞɟɧɢɟ ɬɨɧɧɟɥɹ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɫɧɢɦɚɟɦɵɯ ɧɚɩɪɹɠɟɧɢɣ. Ⱦɥɹ ɨɪɢɟɧɬɚɰɢɢ ɜ ɯɚɪɚɤɬɟɪɟ ɪɚɡɪɭɲɟɧɢɹ 

ɝɪɭɧɬɚ ɩɪɢ ɩɨɞɨɛɧɵɯ ɫɰɟɧɚɪɢɹɯ ɧɚɝɪɭɠɟɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɭɟɦ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ 

ɨɛɪɚɡɰɨɜ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɫɠɚɬɢɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɧɚ 

ɤɨɧɬɚɤɬɚɯ ɨɛɪɚɡɰɚ ɫ ɩɥɢɬɚɦɢ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɵ: ɩɨɥɧɨɟ ɫɰɟɩɥɟɧɢɟ 

ɮɨɪɦɢɪɭɟɬ ɧɚ ɤɨɧɬɚɤɬɟ ɢ ɜ ɩɪɢɬɨɪɰɟɜɵɯ ɨɛɥɚɫɬɹɯ ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɛɥɢɡɤɨɟ 

ɤ ɨɛɴɟɦɧɨɦɭ ɫɠɚɬɢɸ, ɚ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɤɨɧɭɫɨɜ (ɪɢɫ. 

2.18, ɚ) ɢɥɢ ɩɨ ɧɚɤɥɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. 2.18, ɛ), ɢɧɨɝɞɚ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɚɡɪɭɲɟɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɜɢɞɚ (ɪɢɫ. 2.18, ɝ); ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɰɟɩɥɟɧɢɹ ɧɚ ɤɨɧɬɚɤɬɚɯ 

ɜ ɧɟɨɞɧɨɪɨɞɧɨɣ ɩɨ ɫɬɪɭɤɬɭɪɟ ɩɨɪɨɞɟ ɜɨɡɧɢɤɚɸɬ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɢ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ, 

ɩɚɪɚɥɥɟɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɸ ɜɧɟɲɧɟɣ ɫɠɢɦɚɸɳɟɣ ɧɚɝɪɭɡɤɢ (ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɫɤɚɥɵɜɚɧɢɟ ɨɛɪɚɡɰɚ, ɪɢɫ. 2.18, ɜ). Ʉɪɨɦɟ ɬɨɝɨ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɧɚɥɢɱɢɢ ɫɰɟɩɥɟɧɢɹ ɧɚ ɬɨɪɰɚɯ ɛɨɥɶɲɟ ɩɪɢɦɟɪɧɨ ɧɚ 30-50 %, ɚ 

ɷɤɫɩɟɪɢɦɟɧɬ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɫɰɟɩɥɟɧɢɹ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɪɟɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ ɧɚɝɪɭɠɟɧɢɹ ɝɨɪɧɨɣ ɩɨɪɨɞɵ ɤɚɤ ɦɚɬɟɪɢɚɥɚ ɢ ɫɬɨɥɛɱɚɬɵɣ ɯɚɪɚɤɬɟɪ 

ɪɚɡɪɭɲɟɧɢɹ ɟɟ ɨɛɪɚɡɰɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɭɫɥɨɜɢɹɯ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɨɤ 

[62].  

    
ɚ ɛ ɜ ɝ 

Ɋɢɫɭɧɨɤ 2.18 – ȼɢɞɵ ɪɚɡɪɭɲɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɬɚɤɬɧɵɯ ɭɫɥɨɜɢɹɯ: 

ɚ – ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɤɨɧɭɫɨɜ; ɛ – ɩɨ ɧɚɤɥɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; ɜ - ɪɚɫɤɚɥɵɜɚɧɢɟ ɨɛɪɚɡɰɚ; ɝ – 

ɫɦɟɲɚɧɧɵɣ ɜɢɞ 
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Ⱦɚɧɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɩɨɦɨɠɟɬ ɧɚɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɯɚɪɚɤɬɟɪ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɪɚɡɪɭɲɟɧɢɹ ɧɟɡɚɤɪɟɩɥɟɧɧɨɝɨ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ. Ʉɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.19 (ɢɡ ɜɵɪɚɠɟɧɢɣ), ɧɚ ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧɨ, ɱɬɨ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɧɚɩɪɹɠɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ ɞɥɹ 

ɨɪɬɨɬɪɨɩɧɨɝɨ ɫɥɭɱɚɹ. Ɍɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɵɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɯɨɪɨɲɨ 

ɨɩɢɫɵɜɚɬɶ ɭɫɥɨɜɧɨ ɧɟɧɚɪɭɲɟɧɧɵɟ ɨɫɚɞɨɱɧɵɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɬɨɝɞɚ ɤɚɤ, 

ɨɪɬɨɬɪɨɩɧɚɹ ɦɨɠɟɬ ɞɚɬɶ ɯɨɪɨɲɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɥɹ ɩɨɪɨɞ, ɫɨɞɟɪɠɚɳɢɟ ɜɡɚɢɦɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɧɚɛɨɪɵ ɬɪɟɳɢɧ.  

ȼ ɦɟɯɚɧɢɤɟ ɝɨɪɧɵɯ ɩɨɪɨɞ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɪɢ ɬɢɩɚ ɢɡɨɬɪɨɩɢɢ, ɚ 

ɢɦɟɧɧɨ: ɩɨɥɧɚɹ ɢɡɨɬɪɨɩɧɨɫɬɶ, ɩɨɩɟɪɟɱɧɚɹ ɢɡɨɬɪɨɩɢɹ ɢ ɨɪɬɨɬɪɨɩɢɹ.  

 
   

 ɂɡɨɬɪɨɩɧɵɣ 
Ɍɪɚɧɫɜɟɪɫɚɥɶɧɨ-

ɢɡɨɬɪɨɩɧɵɣ 
Ɉɪɬɨɬɪɨɩɧɵɣ 

 𝜎௫ = 𝜎௬ = ቀ ͳݒ − ቁݒ 𝜎௭ ݒ = ௫௬ݒ = ௫௭ݒ = ௬௭ 𝜎௫ݒ = 𝜎௬ = ቀ ௫௭ͳݒ − ௫௬ݒ ቁ𝜎௭ݒ = ௬௫ݒ =  ݒ

𝜎௫ = ቆݒ௫௭ + ௫௬ͳݒ௬௭ݒ − ௬௫ݒ௫௬ݒ ቇ𝜎௭ 

𝜎௬ = ቆݒ௬௭ + ௫௭ͳݒ௬௫ݒ − ௬௫ݒ௫௬ݒ ቇ𝜎௭ 
Ɋɢɫɭɧɨɤ 2.19 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɚɦɢ ɧɚɩɪɹɠɟɧɢɹ 

ɜ ɭɩɪɭɝɨɣ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɢɫɥɟɧɧɵɯ 

ɦɟɬɨɞɨɜ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɶɸ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 

Ⱦɥɹ ɭɱɟɬɚ ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ ɩɨɞɯɨɞɢɬ ɨɪɬɨɬɪɨɩɧɚɹ ɦɨɞɟɥɶ. ɉɨɞɪɨɛɧɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɢ ɢ ɥɚɛɨɪɚɬɨɪɧɨɟ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɨɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ Ɇ.Ⱥ. 

Ʉɚɪɚɫɟɜɚ [43]. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɝɪɚɧɢɱɢɦɫɹ ɨɰɟɧɤɨɣ ɜɥɢɹɧɢɹ 

ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ ɧɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ.  

ȼ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɉ.Ⱥ. Ⱦɟɦɟɧɤɨɜɚ [41] ɩɪɢɜɨɞɹɬɫɹ ɪɟɤɨɦɟɧɞɚɰɢɢ 

ɩɨ ɜɵɛɨɪɭ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ, ɤɨɪɪɟɤɬɧɨ ɨɩɢɫɵɜɚɸɳɟɣ 
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ɝɪɭɧɬɨɜɵɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ 

ɥɢɬɢɮɢɤɚɰɢɢ ɝɥɢɧ: 

a. «ɜ ɫɪɟɞɧɟ ɥɢɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɢ ɜɵɫɨɤɨ ɥɢɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɫɚɞɨɱɧɵɯ 

ɩɨɪɨɞɚɯ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɫɪɟɞɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ 

ɢɡɨɬɪɨɩɧɭɸ ɦɨɞɟɥɶ; 

b. ɜ ɧɨɪɦɚɥɶɧɨ ɭɩɥɨɬɧɟɧɧɵɯ ɝɪɭɧɬɚɯ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɫɪɟɞɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɟ ɭɩɪɨɱɧɹɸɳɢɟɫɹ ɦɨɞɟɥɢ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ 

ɭɱɢɬɵɜɚɸɬ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ 

ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ». 

2.4.1 Ɍɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɨ ɭɩɪɭɝɚɹ ɦɨɞɟɥɶ 

Ɇɚɬɪɢɰɚ ɠɟɫɬɤɨɫɬɢ ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɨɣ ɭɩɪɭɝɨɣ ɫɪɟɞɵ ɨɩɢɫɚɧɚ 

ɭɪɚɜɧɟɧɢɟɦ (2.36). Ɍɚɤ, ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɚɪɚɦɟɬɪɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɬɨ 7 ɧɟɡɚɜɢɫɢɦɵɯ 

ɤɨɧɫɬɚɧɬ.  

{  
  {ଷଷ𝛾ଵଶ𝛾ଵଷ𝛾ଶଷߝଶଶߝଵଵߝ  

  =
[  
   
   
 ܽଵଵ ܽଵଶ ܽଵଷ Ͳ Ͳ Ͳܽଶଵ ܽଶଶ ܽଶଷ Ͳ Ͳ Ͳܽଷଵ ܽଷଶ ܽଷଷ Ͳ Ͳ ͲͲ Ͳ Ͳ ͳܩ∥ Ͳ ͲͲ Ͳ Ͳ Ͳ ͳܩ⊥ ͲͲ Ͳ Ͳ Ͳ Ͳ ͳܩ⊥]  

   
   
 

{  
  𝜎ଵଵ𝜎ଶଶ𝜎ଷଷ𝜎ଵଶ𝜎ଵଷ𝜎ଶଷ}  

  , (2.36) 

ɝɞɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɤɚɤ: 

ܽଵଵ = ௩ℎଶݒ∥ܧሺ∥ܧ − ℎℎݒ⊥ܧሻሺ⊥ܧ − ⊥ܧ + ℎℎଶݒ∥ܧʹ ሻሺͳ + ℎℎሻݒ ; (2.37) 

ܽଵଶ = − ௩ℎଶݒ∥ܧሺ∥ܧ + ℎℎݒ⊥ܧℎℎሻሺݒ⊥ܧ − ⊥ܧ + ℎℎଶݒ∥ܧʹ ሻሺͳ + ℎℎሻݒ ; (2.38) 

ܽଵଷ = ℎℎݒ⊥ܧ௩ℎݒ⊥ܧ∥ܧ − ⊥ܧ + ℎℎଶݒ∥ܧʹ ; (2.39) 
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ܽଶଵ = − ℎℎݒ⊥ܧሺ∥ܧ + ℎℎଶݒ ℎℎݒ∥ܧሻሺ∥ܧ − ⊥ܧ + ௩ℎଶݒ∥ܧʹ ሻሺͳ + ℎℎሻݒ ; (2.40) 

ܽଶଶ = ⊥ܧ−ሺ∥ܧ + ௩ℎଶݒ ℎℎݒ⊥ܧሻሺ∥ܧ − ⊥ܧ + ௩ℎଶݒ∥ܧʹ ሻሺͳ + ℎℎሻݒ ; (2.41) 

ܽଶଷ = − ℎℎݒ⊥ܧ௩ℎݒ⊥ܧ∥ܧ − ⊥ܧ + ௩ℎଶݒ∥ܧʹ ; (2.42) 

ܽଷଵ = − ℎℎݒ⊥ܧ௩ℎݒ⊥ܧ∥ܧ − ⊥ܧ + ௩ℎଶݒ∥ܧʹ ; (2.43) 

ܽଷଶ = − ℎℎݒ⊥ܧ௩ℎݒ⊥ܧ∥ܧ − ⊥ܧ + ௩ℎଶݒ∥ܧʹ ; (2.44) 

ܽଷଷ = ሺݒℎℎ − ͳሻܧ⊥ଶݒ⊥ܧℎℎ − ⊥ܧ + ௩ℎଶݒ∥ܧʹ ; (2.45) 

∥ܩ = ሺͳʹ∥ܧ + ℎℎሻݒ ; (2.46) 

⊥ܩ ൑ ሺͳʹ⊥ܧ +  ௩ℎሻ, (2.47)ݒ

ɝɞɟ ݒ௩ℎ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɟɪɟɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɜɚɧɧɵɟ ɩɪɨɞɨɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ; ݒℎℎ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɟɪɟɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ 

ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɜɚɧɧɵɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ; ܧ⊥ – ɦɨɞɭɥɶ 

ɞɟɮɨɪɦɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɥɨɢɫɬɨɫɬɢ; ܧ∥ – ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ 

ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɚɪɚɥɥɟɥɶɧɨ ɫɥɨɢɫɬɨɫɬɢ; ܩ⊥ – ɦɨɞɭɥɶ ɫɞɜɢɝɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɢɡɨɬɪɨɩɢɢ); ܩ∥ – ɦɨɞɭɥɶ ɫɞɜɢɝɚ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɜ ɩɥɨɫɤɨɫɬɢ ɢɡɨɬɪɨɩɢɢ). 
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Ɉɫɨɛɵɦ ɩɨɞɤɥɚɫɫɨɦ ɨɪɬɨɬɪɨɩɢɢ ɹɜɥɹɟɬɫɹ 

ɩɨɩɟɪɟɱɧɚɹ ɢɡɨɬɪɨɩɢɹ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɩɥɨɫɤɨɫɬɶɸ ɢɡɨɬɪɨɩɢɢ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɥɨɫɤɨɫɬɶ 1-2 ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɨɫɬɶɸ 

ɢɡɨɬɪɨɩɢɢ (ɪɢɫ. 2.20) ɢ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɥɨɫɤɨɫɬɢ 

ଵܧ  = ଶܧ = ଷଵݒ ,∥ܧ = ଷଶݒ = ଵଷݒ ,ℎ௩ݒ = ଶଷݒ = ଵଷܩ  ௩ℎ ɢݒ = ଶଷܩ =  ɝɞɟ ∥ ɢ ⊥ ɨɡɧɚɱɚɸɬ «ɩɚɪɚɥɥɟɥɶɧɨ» ɢ ,⊥ܩ

«ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ», ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ 

ɨɛɳɟɦ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ 

ɭɫɥɨɜɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɬɚɤ, ɜɟɥɢɱɢɧɵ ݒℎ௩ ɢ ݒ௩ℎ ɧɟ ɪɚɜɧɵ, ɢ 

ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ ݒℎ௩ ⁄⊥ܧ = ௩ℎݒ ⁄∥ܧ . 

2.4.2 Ɇɨɞɟɥɶ Ʉɭɥɨɧɚ-Ɇɨɪɚ  
ɏɨɪɨɲɨ ɢɡɜɟɫɬɧɚɹ ɥɢɧɟɣɧɨ-ɭɩɪɭɝɚɹ ɢɞɟɚɥɶɧɨ-ɩɥɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. Ɇɨɞɟɥɶ 

Ʉɭɥɨɧɚ-Ɇɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ 5 ɨɛɳɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦ: ɩɚɪɚɦɟɬɪɚɦɢ ɭɩɪɭɝɨɫɬɢ 

ɝɪɭɧɬɚ ܧ ɢ 𝜇, ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɝɪɭɧɬɚ: ɫɰɟɩɥɟɧɢɟ ܿ, ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ߮ ɢ ɭɝɨɥ ɞɢɥɚɬɚɧɫɢɢ 𝜓. Ⱥɜɬɨɪɚɦɢ 

[43, 88] ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ ɪɚɫɱɟɬɚ ɡɚɞɚɱɢ 

ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɞɨɩɭɳɟɧɢɟ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɫɜɨɞɢɬɫɹ ɤ 

ɬɨɦɭ, ɱɬɨ ɠɟɫɬɤɨɫɬɶ ɝɪɭɧɬɚ ɩɨɫɬɨɹɧɧɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

ɩɨ ɦɨɞɟɥɢ Ʉɭɥɨɧɚ-Ɇɨɪɚ ɥɢɲɶ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬɚɤ ɤɚɤ ɜ ɪɟɚɥɶɧɨɫɬɢ 

ɠɟɫɬɤɨɫɬɶ ɝɪɭɧɬɚ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ.  

2.4.3 ɍɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫ ɭɩɪɨɱɧɟɧɢɟɦ ɝɪɭɧɬɚ  
(ɦɨɞɟɥɶ Hardening Soil) 

ɉɨɞɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɨɞɟɥɢ ɩɨɫɜɹɳɟɧɵ ɩɭɛɥɢɤɚɰɢɢ [23, 30, 73, 74, 101, 

131, 138]. Ɍɟɨɪɟɬɢɱɟɫɤɢɦ ɩɪɟɞɟɥɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɦɨɞɟɥɢ HS ɹɜɥɹɟɬɫɹ ɧɟ 

ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ qa, ɤ ɤɨɬɨɪɨɦɭ ɫɬɪɟɦɢɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 

ɧɚɩɪɹɠɟɧɢɹɦɢ ɢ ɞɟɮɨɪɦɚɰɢɹɦɢ, ɚ ɩɪɟɞɟɥɶɧɨɟ ɞɟɜɢɚɬɨɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ qf, 

ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɡɚɤɨɧɭ Ʉɭɥɨɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɨɞɟɥɢ Ʉɭɥɨɧɚ-Ɇɨɪɚ, ɩɨɜɟɪɯɧɨɫɬɶ 

ɬɟɤɭɱɟɫɬɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɭɩɪɨɱɧɟɧɢɟɦ ɝɪɭɧɬɚ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɦɨɠɟɬ ɪɚɫɲɢɪɹɬɶɫɹ, ɛɥɚɝɨɞɚɪɹ ɭɩɪɨɱɧɟɧɢɸ. 

Ɋɢɫɭɧɨɤ 2.20 ɉɨɥɨɠɟɧɢɟ 
ɩɥɨɫɤɨɫɬɢ ɨɪɬɨɬɪɨɩɢɢ 
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Ɋɚɡɥɢɱɚɸɬ ɞɜɚ ɬɢɩɚ ɭɩɪɨɱɧɟɧɢɹ: ɭɩɪɨɱɧɟɧɢɟ ɩɪɢ ɫɞɜɢɝɟ ɢ ɭɩɪɨɱɧɟɧɢɟ ɩɪɢ ɫɠɚɬɢɢ. 

ɍɩɪɨɱɧɟɧɢɟ ɩɪɢ ɫɞɜɢɝɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɥɚɫɬɢɱɟɫɤɢɯ 

ɞɟɮɨɪɦɚɰɢɣ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɢɱɧɨɝɨ ɞɟɜɢɚɬɨɪɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ; 

ɭɩɪɨɱɧɟɧɢɟ ɩɪɢ ɫɠɚɬɢɢ – ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɟɪɜɢɱɧɵɦ 

ɭɩɥɨɬɧɟɧɢɟɦ ɩɪɢ ɤɨɦɩɪɟɫɫɢɨɧɧɨɦ ɧɚɝɪɭɠɟɧɢɢ. Ɍɚɤɨɟ ɫɜɨɣɫɬɜɨ ɦɨɞɟɥɢ ɩɨɦɨɠɟɬ 

ɧɚɦ ɤɨɪɪɟɤɬɧɨ ɨɩɢɫɚɬɶ ɡɨɧɭ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ.  

ɗɬɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɭɸ 

ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɝɪɭɧɬɨɜ 

ɩɪɢ ɢɯ ɭɩɪɨɱɧɟɧɢɢ ɩɪɢ ɫɞɜɢɝɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɭɩɪɨɱɧɟɧɢɟ ɝɪɭɧɬɚ 

ɩɪɢ ɫɠɚɬɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɧɟɨɛɪɚɬɢɦɨɟ ɭɩɥɨɬɧɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ 

ɩɟɪɜɢɱɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. Ɋɚɡɪɚɛɨɬɱɢɤɚɦɢ ɩɪɨɝɪɚɦɦɵ PLAXIS ɞɚɧɧɭɸ ɦɨɞɟɥɶ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɩɟɫɤɨɜ, ɝɪɚɜɢɹ, ɚ ɬɚɤɠɟ 

ɛɨɥɟɟ ɦɹɝɤɢɯ ɝɪɭɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɝɥɢɧɵ. 

Ɍɚɤ, ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɨɩɟɪɢɪɭɟɬ ɬɪɟɦɹ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɠёɫɬɤɨɫɬɢ: 

ɠɟɫɬɤɨɫɬɶɸ ɩɪɢ ɬɪɟɯɨɫɧɨɦ ɧɚɝɪɭɠɟɧɢɢ ܧହ଴, ɠɟɫɬɤɨɫɬɶɸ ɩɪɢ ɪɚɡɝɪɭɡɤɟ  ܧ௨௥ ɢ 

ɠɟɫɬɤɨɫɬɶɸ ɩɪɢ ɨɞɨɟɦɟɬɪɢɱɟɫɤɨɦ ɫɠɚɬɢɢ ܧ௢௘ௗ.  

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɞɪɟɧɢɪɨɜɚɧɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɧɚ 

ɬɪɟɯɨɫɧɨɟ ɫɠɚɬɢɟ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɢ ɞɟɜɢɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɣ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ ɫ ɩɨɦɨɳɶɸ ɝɢɩɟɪɛɨɥɵ. Ɍɚɤɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɜɩɟɪɜɵɟ ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ [108] ɢ ɩɨɡɠɟ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɜ 

ɦɨɞɟɥɢ [95]. 

ଵߝ− = ͳܧ଴ ∙ ͳݍ −  ௔ (2.48)ݍݍ

ɞɥɹ ݍ <  :௙ ɢɦɟɟɦݍ

଴ܧ = ʹହ଴ܧʹ − ௙ܴ (2.49) 

ɝɞɟ ܧ𝑖 – ɧɚɱɚɥɶɧɚɹ ɠɟɫɬɤɨɫɬɶ; ௙ܴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɭɲɟɧɢɹ. 
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ȽɈɋɌ 12248-2010. «Ƚɪɭɧɬɵ. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ 

ɢ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ» [12] ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɫɟɤɭɳɟɝɨ ɦɨɞɭɥɹ 

ɞɟɮɨɪɦɚɰɢɢ ܧହ଴ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.50):  

ହ଴ܧ = 𝜎ହ଴ଵ − 𝜎௖ଵߝହ଴ଵ  (2.50) 

ɝɞɟ 𝜎ହ଴ଵ  – ɧɚɩɪɹɠɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 50% ɩɪɨɱɧɨɫɬɢ ɨɛɪɚɡɰɚ, Ɇɉɚ; 𝜎௖ଵ – 

ɧɚɩɪɹɠɟɧɢɟ ɜ ɤɨɧɰɟ ɷɬɚɩɚ ɭɩɥɨɬɧɟɧɢɹ, Ɇɉɚ. 

𝜎ହ଴ଵ = 𝜎ଵ˓ + 𝜎௖ଵʹ  (2.51) 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɦɨɞɟɥɢ HS ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɡɚɜɢɫɢɦɨɫɬɶ ɠɟɫɬɤɨɫɬɢ ɝɪɭɧɬɚ ɨɬ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ. ɉɨɷɬɨɦɭ ɠɟɫɬɤɨɫɬɶ ɝɪɭɧɬɚ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɹɬɶ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɩɪɨɝɪɚɦɦɟ 

PLAXIS ɫɜɨɣɫɬɜɨ ɢɡɦɟɧɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɝɪɭɧɬɚ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɜɜɨɞɟ ɜ ɦɨɞɟɥɶ 

ɦɨɞɭɥɹ ɠɟɫɬɤɨɫɬɢ ܧହ଴௥௘௙ ɞɥɹ ɧɚɢɦɟɧɶɲɟɝɨ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɦɚɫɫɢɜɟ, ɪɚɜɧɨɝɨ −𝜎ଷ′ =  ௥௘௙. ɉɨ ɭɦɨɥɱɚɧɢɸ ɩɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɟɬ ɨɩɨɪɧɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨɟ݌

ɚɬɦɨɫɮɟɪɧɨɦɭ ɞɚɜɥɟɧɢɸ: ݌௥௘௙ = ͳͲͲ кПа. ɉɪɢɦɟɪ ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ  

ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫ. 2.21 

ହ଴ܧ = ݂݁ݎͷͲܧ ቆ ܿ′ cos ߮′ − 𝜎͵ sin ߮′ܿ′ cos ߮′ + ݂݁ݎ݌ sin ߮′ቇ݉ (2.52) 

 

Ɋɢɫɭɧɨɤ 2.21 – Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɞɭɥɟɣ ɠɟɫɬɤɨɫɬɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɪɟɯɨɫɧɵɯ ɞɪɟɧɢɪɨɜɚɧɧɵɯ 
ɢɫɩɵɬɚɧɢɣ 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɞɭɥɹ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɤɨɦɩɪɟɫɫɢɨɧɧɨɦ ɫɠɚɬɢɢ 

(oedometric compression) ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɛɨɤɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 

ɨɛɪɚɡɰɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ, ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ܧହ଴௥௘௙ = ݂݁ݎ݀݁݋ܧ  [49]. 

ɇɟɞɨɫɬɚɬɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɨɱɧɨɫɬɢ ܿ′ ɢ ߮′ ɜ 

ɤɨɦɛɢɧɚɰɢɢ ɫ ɬɢɩɨɦ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ Undrained (A) ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɩɨɥɭɱɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɦɭ ɫɞɜɢɝɭ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɜɨɟɝɨ 

ɪɟɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ-ɡɚ ɪɚɡɥɢɱɢɹ ɮɚɤɬɢɱɟɫɤɨɣ ɢ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ 

ɧɚɩɪɹɠɟɧɢɣ, ɩɨɷɬɨɦɭ [88] ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɪɚɜɧɢɜɚɬɶ ɩɨɥɭɱɟɧɧɨɟ ɧɚɩɪɹɠɟɧɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɫ ɧɚɫɬɨɹɳɢɦ ɪɟɚɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ |𝜎ଵ − 𝜎ଷ| ൑   .௨ݏʹ

2.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɵɯ ɩɪɨɝɧɨɡɨɜ, ɩɨɡɜɨɥɹɬ 

ɨɰɟɧɢɬɶ ɝɪɚɧɢɰɵ ɡɨɧɵ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɨɩɪɟɞɟɥɢɬɶ ɨɩɚɫɧɵɟ ɭɱɚɫɬɤɢ 

ɩɪɢɡɚɛɨɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, 

ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ.  

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ 

ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ:  

1. Ɇɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ ɨɫɧɨɜɚɧɵ ɧɚ 

ɨɩɪɟɞɟɥɟɧɢɢ ɪɟɚɤɰɢɢ ɝɪɭɧɬɚ ɧɚ ɫɢɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɬɨɦɭ 

ɜɨɡɞɟɣɫɬɜɢɸ. Ɋɟɚɤɰɢɸ ɧɚ ɫɢɥɨɜɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɩɪɟɞɟɥɹɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɚ ɢ ɫɨɫɬɨɹɧɢɟ, ɤɨɬɨɪɨɟ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ, 

ɩɪɨɱɧɨɫɬɢ ɝɪɭɧɬɨɜɵɯ ɦɚɫɫɢɜɨɜ ɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɫɢɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

2. ɋɭɳɟɫɬɜɭɸɳɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟ ɦɨɝɭɬ 

ɞɚɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ 

ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ, ɤɨɧɤɪɟɬɧɵɯ, ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ 

ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɯ ɭɫɥɨɜɢɣ.  

3. ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɟɥɚ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɡɜɨɥɹɸɬ ɝɢɛɤɨ 
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ɚɞɚɩɬɢɪɨɜɚɬɶ ɝɟɨɦɟɯɚɧɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɤ ɪɚɡɥɢɱɧɵɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ, 

ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɜ ɦɨɞɟɥɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ 

ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɢ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ.  

4. Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɢɦɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ 

ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɚɯ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɪɢɮɢɤɚɰɢɟɣ ɢɥɢ ɜɚɥɢɞɚɰɢɟɣ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ. ȼɟɪɢɮɢɤɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 

ɚɥɝɨɪɢɬɦɚɦɢ, ɡɚɥɨɠɟɧɧɵɦɢ ɜ ɦɨɞɟɥɶ, ɚ ɜɚɥɢɞɚɰɢɹ – ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ ɫ ɧɚɬɭɪɧɵɦɢ. ɍɞɨɛɫɬɜɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Plaxis ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɭɞɨɛɧɨɣ ɜɟɪɢɮɢɤɚɰɢɢ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨ ɫɪɟɞɫɬɜɚɦ ɩɪɨɝɪɚɦɦɵ Plaxis 

Soil Test.  

5. ɍɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɛɭɫɥɨɜɥɟɧɚ ɜɧɟɞɪɟɧɢɟɦ ɦɧɨɠɟɫɬɜɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɫɬɚɜɢɬ ɩɟɪɟɞ ɢɧɠɟɧɟɪɨɦ 

ɜɨɩɪɨɫ ɨ ɩɪɢɦɟɧɢɦɨɫɬɢ ɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɛɨɪɟ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɢɦ ɫɪɟɞɵ. ɂɡ ɚɧɚɥɢɡɚ ɩɭɛɥɢɤɚɰɢɣ ɧɚ ɬɟɦɭ 

ɩɪɢɦɟɧɢɦɨɫɬɢ ɦɨɞɟɥɟɣ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɡɝɪɭɡɤɢ ɦɚɫɫɢɜɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, 

ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɦɚɥɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ 

ɦɨɞɟɥɢ, ɨɬɪɚɠɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɦɟɬɨɞɚ 

ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɤɪɢɬɟɪɢɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ – ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɢɫɱɢɫɥɹɟɦɨɝɨ ɦɟɬɨɞɨɦ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ. Ⱦɚɥɶɧɟɣɲɢɦɢ ɰɟɥɹɦɢ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ:  

 ɉɨɫɬɪɨɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɷɥɟɦɟɧɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ – 

ɧɚɪɭɲɟɧɧɨɫɬɶ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɩɪɨɯɨɞɤɨɣ ɬɨɧɧɟɥɹ; 

 ȼɵɹɜɥɟɧɢɟ ɡɨɧɵ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɝɥɢɧ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɩɨɞ 

ɧɚɝɪɭɡɤɨɣ – ɞɪɟɧɢɪɨɜɚɧɧɨɦ ɢ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɦ.  

Ʉɨɧɟɱɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɨɰɟɧɤɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
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ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɩɨɞɛɨɪɭ ɩɚɪɚɦɟɬɪɨɜ ɜɪɟɦɟɧɧɨɝɨ 

ɤɪɟɩɥɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɧɚɪɭɲɟɧɧɨɫɬɶ ɦɚɫɫɢɜɚ.  
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ȽɅȺȼȺ 3 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɝɧɨɡɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ  
«ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ – ɬɨɧɧɟɥɶ» 

3.1 ɉɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ 

ɉɪɨɜɟɞɟɧɧɨɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ 

ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

ɬɨɧɧɟɥɹ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɱɚɫɬɤɚ 

ɦɚɫɫɢɜɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɧɚɪɭɲɟɧɧɨɫɬɶ, ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɨɬɪɟɬɶ ɦɟɯɚɧɢɡɦ 

ɪɚɡɪɭɲɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɢɡɚɛɨɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɪɚɦɤɚɯ ɡɚɞɚɧɧɨɣ 

ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɜɵɱɢɫɥɢɬɶ ɡɨɧɭ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɨɰɟɧɢɬɶ 

ɜɥɢɹɧɢɟ ɮɚɤɬɨɪɨɜ: ɚɧɢɡɨɬɪɨɩɢɢ, ɝɥɭɛɢɧɵ ɡɚɥɨɠɟɧɢɹ ɬɨɧɧɟɥɹ, ɪɚɡɥɢɱɢɹ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ, ɭɱɟɫɬɶ ɩɨɪɨɜɨɟ 

ɞɚɜɥɟɧɢɟ. ɂɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɞɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɛɭɞɟɬ ɩɨɫɜɹɳɟɧɚ ɬɟɤɭɳɚɹ ɝɥɚɜɚ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ ɫɜɨɣɫɬɜ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɱɢɫɥɟɧɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ ɱɟɪɟɡ ɡɨɧɭ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɫ ɩɨɦɨɳɶɸ 

ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ SIMULIA Abaqus. 

ɗɥɟɦɟɧɬɚɦ ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ ɡɚɞɚɜɚɥɢɫɶ ɫɜɨɣɫɬɜɚ ɨɪɬɨɬɪɨɩɧɨɣ ɭɩɪɭɝɨɣ 

ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɡɨɧɚ ɧɚɪɭɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 

ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ. Ɉɪɬɨɬɪɨɩɧɚɹ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ 

ɪɚɡɥɢɱɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜɨ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, 

ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧ [43].  

Abaqus/Standard ɢɫɩɨɥɶɡɭɟɬ ɪɟɲɚɬɟɥɶ, ɩɨɞɯɨɞɹɳɢɣ ɞɥɹ ɪɟɲɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ 

ɢ ɧɢɡɤɨɫɤɨɪɨɫɬɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɩɪɢ ɬɨɦ, ɱɬɨ ɡɚ ɨɫɧɨɜɭ ɫɬɚɬɢɱɟɫɤɨɝɨ 

ɪɚɫɱёɬɚ ɩɨɥɨɠɟɧ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ. ɍɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɩɨɥɭɱɚɸɬɫɹ ɩɭɬɟɦ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɭɪɚɜɧɟɧɢɹ ɜɢɪɬɭɚɥɶɧɵɯ ɪɚɛɨɬ. Ⱥ, ɭɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɚ ɡɚɜɢɫɢɬ ɨɬ ɢɫɬɨɪɢɢ ɧɚɝɪɭɠɟɧɢɹ – ɜ ɩɪɨɰɟɫɫɟ 

ɪɟɲɟɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɦɚɥɵɟ ɩɪɢɪɚɳɟɧɢɹ ɧɚɝɪɭɡɤɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɪɚɜɧɨɜɟɫɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ [28].  
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Ⱦɪɭɝɨɣ ɮɚɤɬɨɪ ɜɥɢɹɧɢɹ – ɩɨɪɨɜɨɟ ɞɚɜɥɟɧɢɟ, ɨɰɟɧɢɜɚɥɫɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɤɨɦɩɥɟɤɫɟ Plaxis ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɬɟɨɪɢɢ ɮɢɥɶɬɪɚɰɢɢ ɝɪɭɧɬɨɜɵɯ 

ɜɨɞ ɧɟɹɜɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɦɨɞɟɥɢ ɩɥɚɫɬɢɱɧɨɫɬɢ.  

ɉɨɫɬɪɨɟɧɢɟ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɦɚɫɫɢɜɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɷɥɟɦɟɧɬ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ – ɧɚɪɭɲɟɧɢɟ, ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚɪɭɲɟɧɧɨɝɨ ɢ ɧɟɧɚɪɭɲɟɧɧɨɝɨ 

ɦɚɫɫɢɜɚ ɩɨɫɬɪɨɟɧɚ ɝɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ; ɜɵɞɟɥɟɧɵ ɝɢɩɨɬɟɬɢɱɟɫɤɢɟ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɪɢɟɧɬɚɰɢɢ ɷɥɟɦɟɧɬɚ ɧɚɪɭɲɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɵ ɜɨɡɦɨɠɧɵɟ 

ɝɪɚɧɢɱɧɵɟ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɷɥɟɦɟɧɬɚ ɨɫɥɚɛɥɟɧɢɹ; ɩɪɨɜɟɞɟɧɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɢ ɚɧɢɡɨɬɪɨɩɢɢ ɧɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ; 

ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɭɩɪɨɱɧɹɸɳɟɝɨɫɹ ɝɪɭɧɬɚ, ɤɚɤ ɦɨɞɟɥɢ, ɩɨɞɯɨɞɹɳɟɣ 

ɞɥɹ ɨɰɟɧɤɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɝɪɭɧɬɨɜɨɦ ɦɚɫɫɢɜɟ, ɩɪɢɱɟɦ ɪɟɡɭɥɶɬɚɬ ɩɨɞɛɨɪɚ 

ɩɚɪɚɦɟɬɪɨɜ – ɤɪɢɜɚɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɢɦɟɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɭɸ ɫɯɨɞɢɦɨɫɬɶ ɫ 

ɜɢɪɬɭɚɥɶɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɫɟɫɬɨɪɨɧɧɟɟ ɫɠɚɬɢɟ 

ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɜɟɥɢɱɢɧɟ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɢɪɬɭɚɥɶɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɝɪɚɦɦɚ PLAXIS Soil 

Test.  ɋɯɨɞɢɦɨɫɬɶ ɤɪɢɜɵɯ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɤɨɪɪɟɤɬɧɨɦ ɨɩɢɫɚɧɢɢ 

ɩɨɞɨɛɪɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 

ɞɢɚɩɚɡɨɧɟ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɨɬɟɪɨɡɨɣɫɤɨɣ ɝɥɢɧɵ, ɨɛɪɚɡɰɵ ɤɨɬɨɪɨɣ ɛɵɥɢ 

ɨɬɨɛɪɚɧɵ ɢɡ ɡɚɛɨɹ ɫɬɚɧɰɢɢ «Ȼɭɯɚɪɟɫɬɫɤɚɹ», ɚ ɬɚɤɠɟ ɡɚɛɨɹ ɫɬɚɧɰɢɢ «ɉɪɨɫɩɟɤɬ 

ɋɥɚɜɵ» ɩɨɤɚɡɚɥɢ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɜɟɥɢɱɢɧɨɣ ɦɨɞɭɥɹ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ɢ 

ɜɟɥɢɱɢɧɨɣ ɫɪɟɞɧɢɯ ɷɮɮɟɤɬɢɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ (ɪɢɫ. 3.1) [63]. Ⱦɚɧɧɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ 

ɨɬɨɛɪɚɧɵ ɫ ɝɥɭɛɢɧɵ 60 - 65 ɦ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɭɱɚɫɬɤɚ ɨɬɛɨɪɚ ɦɨɧɨɥɢɬɚ ɹɜɥɹɥɨɫɶ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɤɥɸɱɟɧɢɟ ɫɥɨɟɜ ɩɟɫɱɚɧɢɤɚ ɜ ɩɪɨɬɟɪɨɡɨɣɫɤɭɸ ɝɥɢɧɭ. 

Ⱦɟɮɨɪɦɚɰɢɨɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ (ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɟɪɟɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ) ɨɩɪɟɞɟɥɹɥɢɫɶ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 28985-91 «ɉɨɪɨɞɵ ɝɨɪɧɵɟ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɫɠɚɬɢɢ» [15] ɨɞɧɨɜɪɟɦɟɧɧɨ c 
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ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɫɠɚɬɢɢ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 

ɦɨɞɭɥɟɣ ɞɟɮɨɪɦɚɰɢɢ ɫɜɟɞɟɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɶ, ɨɬɪɚɠɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

Ɉɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɤɪɵɬɵ ɜ ɫɬɚɬɶɟ [23]. Ɍɚɤ, ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɧɟɥɶɡɹ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɞɨɫɬɨɜɟɪɧɨɝɨ 

ɨɩɢɫɚɧɢɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ, ɨɞɧɚɤɨ ɧɚ ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ 

ɬɨɦ, ɱɬɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɢɡɦɟɧɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɦɨɞɭɥɹ 

ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ܧ଴ ɨɬ ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɤɨɪɪɟɥɹɰɢɢ ɛɨɥɶɲɟ 0,75. 

 

Ɋɢɫɭɧɨɤ 3.1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɦɨɞɭɥɟɦ ɞɟɮɨɪɦɚɰɢɢ ɧɚ 50% ɩɪɨɱɧɨɫɬɢ ɢ ɜɟɥɢɱɢɧɨɣ 
ɛɨɤɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɟɥɢɱɢɧɵ ɦɨɞɭɥɹ ɧɚɱɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ 

ɞɚɜɥɟɧɢɹ ɞɥɹ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧ [63] 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɵɪɚɡɢɬɶ ɦɨɞɭɥɶ ɧɚɱɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ܧ଴ 

ɱɟɪɟɡ ɫɟɤɭɳɢɣ ɦɨɞɭɥɶ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ܧହ଴ (3.1) ɢ, ɫɨɜɦɟɫɬɧɨ ɜɵɪɚɠɚɹ 

ɧɚɱɚɥɶɧɵɣ ɢ ɫɟɤɭɳɢɣ ɦɨɞɭɥɶ ܧହ଴, ɩɨɞɛɢɪɚɬɶ ɷɮɮɟɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɱɧɨɫɬɢ, 

ɩɚɪɚɦɟɬɪɵ ɧɟɥɢɧɟɣɧɨɫɬɢ ݉ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɭɲɟɧɢɹ ௙ܴ: 

଴ܧ = ହ଴ܧʹ ( ܿ′ cos߮ ′ + 𝜎ଷ sin߮′ܿ′ cos߮′ + ௥௘௙݌ sin߮′)௠ʹ − ௙ܴ  
(3.1) 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɭɞɨɛɟɧ ɬɟɦ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɢ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ 

ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɨɛɪɚɬɶ ɚɭɬɟɧɬɢɱɧɵɟ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɚɥɶɧɵɯ 
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ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɜɢɪɬɭɚɥɶɧɵɯ, ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ 

PLAXIS [23]. 

Ɇɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ ܧହ଴ ɢ ܧ଴, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ 2.53 ɢ 3.1  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɮɭɧɤɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɧɚ ɜɟɥɢɱɢɧɵ, ɨɬɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 3.2, 

ɩɪɢɧɢɦɚɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɜ ɝɪɚɧɢɱɧɵɯ ɭɪɨɜɧɹɯ ɛɨɤɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

ȼɦɟɫɬɟ ɫ ɷɬɢɦ, ɡɚɞɚɱɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɝɪɭɡɤɨɣ ɦɚɫɫɢɜɚ ɨɬ ɧɚɩɪɹɠɟɧɢɣ (ɧɚɩɪɢɦɟɪ, 

ɩɪɨɯɨɞɤɚ ɬɨɧɧɟɥɹ) ɬɚɤɠɟ ɦɨɝɭɬ ɧɟɫɤɨɥɶɤɨ ɡɚɧɢɡɢɬɶ ɡɧɚɱɟɧɢɟ ɫɟɤɭɳɟɝɨ ɦɨɞɭɥɹ 

ɞɟɮɨɪɦɚɰɢɢ ɧɚ 22,5 %, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ, ɧɨ ɢɞɟɬ «ɜ ɡɚɩɚɫ». ɇɚɢɛɨɥɟɟ 

ɪɚɰɢɨɧɚɥɶɧɵɦ, ɜ ɪɚɦɤɚɯ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ, ɜɢɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ 

ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɭɪɨɜɟɧɶ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ ɜɟɥɢɱɢɧɭ 

ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɠɞɭ ɪɚɫɫɱɢɬɵɜɚɟɦɵɦ ɩɪɨɝɪɚɦɦɨɣ ɢ ɨɩɪɟɞɟɥɟɧɧɵɦ ɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫɟɤɭɳɢɦ ɦɨɞɭɥɟɦ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ɧɚ 50% ɩɪɨɱɧɨɫɬɢ.  

 

Ɋɢɫɭɧɨɤ 3.2 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚɱɚɥɶɧɨɝɨ ɢ ɫɟɤɭɳɟɝɨ ɦɨɞɭɥɹ 
ɠɟɫɬɤɨɫɬɢ:  

(1) - ɤɪɢɜɚɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɵɪɚɠɟɧɧɵɣ ɧɚɱɚɥɶɧɵɣ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɣ, ɩɪɢɛɥɢɠɟɧɧɵɣ ɤ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɢɡɦɟɧɟɧɢɹ E0 ɨɬ σ3 (3);  

(2) - ɤɪɢɜɚɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɵɪɚɠɟɧɧɵɣ ɫɟɤɭɳɢɣ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɣ E50, ɩɪɢɛɥɢɠɟɧɧɵɣ ɤ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɢɡɦɟɧɟɧɢɹ E50 ɨɬ σ3 (4).  

ɉ ɪɢ ɦ ɟ ɱ ɚɧɢ ɟ : ɰɢɮɪɚɦɢ ɧɚ ɝɪɚɮɢɤɟ ɩɨɤɚɡɚɧɨ ɨɬɤɥɨɧɟɧɢɟ ɜɵɪɚɠɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ 
ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɛɨɪɚ ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɡɪɭɲɟɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɹ ɧɟɥɢɧɟɣɧɨɫɬɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɨɪɦɵ 

ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɜɢɚɬɨɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, 
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ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɨɪɦɟ ɤɪɢɜɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ 

ɩɪɨɬɟɪɨɡɨɣɫɤɨɣ ɝɥɢɧɵ ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ ɩɪɢ ɢɡɦɟɧɹɟɦɨɦ ɛɨɤɨɜɨɦ ɞɚɜɥɟɧɢɢ. 

 

Ɋɢɫɭɧɨɤ 3.3 – ɋɨɜɦɟɳɟɧɧɵɣ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɨɪɦɚɰɢɣ, ɩɨɥɭɱɟɧɧɵɣ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɜɢɪɬɭɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫ ɝɪɚɮɢɤɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɛɨɤɨɜɨɦ ɞɚɜɥɟɧɢɢ 100 ɤɉɚ 

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɨɜɦɟɳɟɧɧɵɣ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɨɪɦɚɰɢɣ, ɩɨɥɭɱɟɧɧɵɣ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɜɢɪɬɭɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫ ɝɪɚɮɢɤɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɛɨɤɨɜɨɦ ɞɚɜɥɟɧɢɢ 250 ɤɉɚ 

 

Ɋɢɫɭɧɨɤ 3.5 – ɋɨɜɦɟɳɟɧɧɵɣ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɨɪɦɚɰɢɣ, ɩɨɥɭɱɟɧɧɵɣ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɜɢɪɬɭɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫ ɝɪɚɮɢɤɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢ ɛɨɤɨɜɨɦ ɞɚɜɥɟɧɢɢ 5000 ɤɉɚ 
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Ɍɚɤ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɪɨɬɟɪɨɡɨɣɫɤɨɣ ɝɥɢɧɵ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɡɚɛɨɹ, ɜ ɞɢɚɩɚɡɨɧɟ ɛɨɤɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɭɪɨɜɧɟ ɨɬ 0,5 ɞɨ 5 Ɇɉɚ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɧɹɬɵ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ Hardening Soil, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 3.1. 

Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ Hardening Soil ɞɥɹ ɩɪɨɬɟɪɨɡɨɣɫɤɨɣ ɝɥɢɧɵ 

 

Ɍɚɤɢɟ ɫɜɨɣɫɬɜɚ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɝɥɭɛɢɧ ɩɨɪɹɞɤɚ 60-65 ɦ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɞɥɹ ɝɪɭɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɦɟɧɶɲɟɣ ɝɥɭɛɢɧɟ, ɯɚɪɚɤɬɟɪɧɵ 

ɩɚɪɚɦɟɬɪɵ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ [38] ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2, ɜ ɤɨɬɨɪɨɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ ɤɨɪɟɧɧɵɯ ɝɥɢɧ ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ 

ɩɨ ɝɥɭɛɢɧɟ ɫ ɭɱɟɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɯ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ [38].  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 3.2  

 

ɋ ɰɟɥɶɸ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɚɤ: ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɢ 

ɢɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɥɛɚ ɡɚɛɨɹ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɷɥɟɦɟɧɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 

(ɪɢɫ. 3.6) ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜɚɪɢɚɬɢɜɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɯɨɞɤɢ ɬɨɧɧɟɥɹ.  

ɚ ɛ ɜ 

Ɋɢɫɭɧɨɤ 3.6 – Ƚɢɩɨɬɟɬɢɱɟɫɤɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɪɢɟɧɬɚɰɢɢ ɥɨɤɚɥɶɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ ɜ ɦɚɫɫɢɜɟ:  

ɚ – ɜɟɪɬɢɤɚɥɶɧɨɟ; ɛ – ɩɨɞ ɭɝɥɨɦ 70 ɝɪɚɞ. ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ; ɜ – 110 ɝɪɚɞ. ɤ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ ɩɪɨɝɪɚɦɦɟ PLAXIS 3D ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɟɫɹɬɢɭɡɥɨɜɵɟ 

ɷɥɟɦɟɧɬɵ-ɬɟɬɪɚɷɞɷɪɵ (ɪɢɫ. 2.17), ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ (2.34) ɡɚɜɢɫɢɬ ɨɬ 

ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɝɪɚɧɢɰɵ ɦɨɞɟɥɢ [88], ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɡɨɧɭ ɜɥɢɹɧɢɹ 

ɩɪɨɜɟɞɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɜ ɦɚɫɫɢɜɟ. ɂ, ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɟ ɝɪɚɧɢɰɵ ɦɨɞɟɥɢ, ɱɬɨɛɵ ɨɧɢ 

ɧɟ ɜɥɢɹɥɢ ɧɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɵɪɚɛɨɬɤɢ, ɚ ɡɧɚɱɢɬ 

ɩɪɟɜɵɲɚɥɢ ɪɚɞɢɭɫ ɜɥɢɹɧɢɹ ɜɵɪɚɛɨɬɤɢ. 
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Ɏɨɪɦɭɥɚ (3.2), ɩɪɟɞɥɨɠɟɧɧɚɹ Ȼɭɥɵɱɟɜɵɦ ɇ.ɋ. [31] ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɡɨɧɭ 

ɜɥɢɹɧɢɹ ɨɞɢɧɨɱɧɨɣ ɜɵɪɚɛɨɬɤɢ ɜ ɧɟɪɚɜɧɨɤɨɦɩɨɧɟɧɬɧɨɦ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ ɫ 

ɡɚɞɚɧɧɨɣ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ: 

ܴ∆ = ଴√ͳݎ + √ͳ − ͸ሺͳ − ∆଴ሻܭ cos ∆ʹߠʹ , (3.2) 

ɝɞɟ ܭ଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ; ∆ – ɞɨɩɭɫɬɢɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, %; ߠ – ɭɝɨɥ 

ɧɚɤɥɨɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ, ɝɪɚɞ; ݎ଴ – ɪɚɞɢɭɫ ɜɵɪɚɛɨɬɤɢ, ɦ. Ɍɚɤ, ɩɪɢ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ܭ଴ = ͳ, ɪɚɞɢɭɫɟ ɜɵɪɚɛɨɬɤɢ ݎ଴ = Ͷ ˏ ɢ 

ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ∆= ͷ % ɪɚɞɢɭɫ ɜɥɢɹɧɢɹ ɜɵɪɚɛɨɬɤɢ ɛɭɞɟɬ ܴ∆ ≈ ͳͺ ˏ.  

3.2 ȼɥɢɹɧɢɟ ɪɚɡɦɟɪɚ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ 

Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɪɚɡɦɟɪɚ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɤɚɤ ɜɧɟ ɡɨɧɵ 

ɜɥɢɹɧɢɹ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɬɚɤ ɢ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɢɹ.  

 

Ɋɢɫɭɧɨɤ 3.7 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɚ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɢɹ 

ɂɫɯɨɞɹ ɢɡ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ 

ɪɚɡɦɟɪɚ ɷɥɟɦɟɧɬɚ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɚ ɷɥɟɦɟɧɬɚ ɫ 6 ɞɨ 1 ɦ 

ɜɟɥɢɱɢɧɚ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɛɨɥɶɲɟ 

5%. Ɂɚɧɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɢ ɪɚɡɦɟɪɟ ɷɥɟɦɟɧɬɚ 16 ɦ ɨɛɴɹɫɧɹɟɬɫɹ 

ɬɟɦ, ɱɬɨ ɫɟɬɤɚ ɷɥɟɦɟɧɬɨɜ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɨɞɟɪɠɢɬ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ, 

ɩɪɟɜɵɲɚɸɳɢɣ ɞɢɚɦɟɬɪ ɬɨɧɧɟɥɹ ɜ 2 ɪɚɡɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɦɨɞɟɥɢ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ 

ɭɫɥɨɜɢɟ ɤɨɪɪɟɤɬɧɨɫɬɢ ɫɟɬɤɢ (ɪɢɫ. 3.8), ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɧɟɱɧɵɣ ɷɥɟɦɟɧɬ ɦɨɠɧɨ 
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ɨɩɢɫɚɬɶ ɨɤɪɭɠɧɨɫɬɶɸ, ɫɨɨɬɧɨɫɹɳɟɣɫɹ ɫ ɨɤɪɭɠɧɨɫɬɶɸ, ɜɩɢɫɚɧɧɨɣ ɜ ɷɥɟɦɟɧɬ. 

ɉɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.9. 

 

Ɋɢɫɭɧɨɤ 3.8 – ɋɯɟɦɚ, ɩɨɹɫɧɹɸɳɚɹ ɩɪɚɜɢɥɶɧɨɫɬɶ ɫɟɬɤɢ ɷɥɟɦɟɧɬɨɜ 

 

Ɋɢɫɭɧɨɤ 3.9 – ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ 
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3.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 

ɑɢɫɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɜɥɢɹɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɜ 

ɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɢɯ ɨɰɟɧɤɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɩɪɨɜɨɞɢɥɫɹ ɜ 

ɞɜɚ ɷɬɚɩɚ: ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ ɩɚɪɚɦɟɬɪɵ ɨɪɬɨɬɪɨɩɧɨɣ ɦɨɞɟɥɢ 

ɦɚɫɫɢɜɚ ɜ ɢɧɠɟɧɟɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɧɚ ɨɫɧɨɜɚɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ, 

ɩɪɨɜɟɞɟɧɧɵɯ ɞɥɹ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧ [43, 63]. Ƚɟɨɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɢ ɷɬɨɦ 

ɫɨɫɬɨɹɥɚ ɢɡ ɞɜɭɯ ɦɨɞɟɥɟɣ ɦɚɬɟɪɢɚɥɚ: ɩɟɪɜɚɹ – ɨɪɬɨɬɪɨɩɧɚɹ, ɨɩɢɫɵɜɚɥɚ ɩɨɜɟɞɟɧɢɟ 

ɨɞɧɨɪɨɞɧɨɝɨ ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ, ɜɬɨɪɚɹ – ɦɨɞɟɥɶ Ʉɭɥɨɧɚ-Ɇɨɪɚ, 

ɨɩɢɫɵɜɚɸɳɚɹ ɩɨɜɟɞɟɧɢɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. ɉɪɢ ɷɬɨɦ, ɩɨɞɛɨɪ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɨɞɢɥɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɹɦɢ ɱɢɫɥɟɧɧɨɣ ɫɯɨɞɢɦɨɫɬɢ 

ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɟɦ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ [84]; ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɛɵɥɨ 

ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɯɨɞɤɢ ɬɨɧɧɟɥɹ ɜ ɦɚɫɫɢɜɟ ɝɥɢɧ, ɢɦɟɸɳɟɦ 

ɞɟɮɨɪɦɚɰɢɨɧɧɭɸ ɚɧɢɡɨɬɪɨɩɢɸ ɢ ɡɨɧɭ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ.  

ɍɱɚɫɬɨɤ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɨɞɟɥɢɪɭɟɬɫɹ ɤɚɤ ɷɥɟɦɟɧɬ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɡɤɭɸ ɩɪɹɦɨɥɢɧɟɣɧɭɸ ɨɛɥɚɫɬɶ ɫ 

ɡɚɩɨɥɧɢɬɟɥɟɦ, ɢɦɟɸɳɢɦ ɩɨɧɢɠɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ 

ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɩɥɚɫɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɧɵɣ ɫ ɦɚɫɫɢɜɨɦ. 

Ɍɚɤɨɣ ɫɩɨɫɨɛ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɛɚɜɢɬ ɨɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɚɞɚɜɚɬɶ ɤɨɧɬɚɤɬɧɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɨɞɧɨɪɨɞɧɵɦ ɦɚɫɫɢɜɨɦ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ.  

ɉɨ ɩɪɢɱɢɧɟ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɚɡɧɨɫɬɢ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɧɚɪɭɲɟɧɧɨɝɨ ɢ 

ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɹɦɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɪɟɲɚɸɳɚɹ 

ɩɪɨɝɪɚɦɦɚ (direct sparse). Ⱥ ɜ ɜɢɞɭ ɧɟɥɢɧɟɣɧɨɫɬɢ ɢ ɧɚɥɢɱɢɹ ɤɭɥɨɧɨɜɫɤɨɝɨ ɬɪɟɧɢɹ ɜ 

ɦɨɞɟɥɢ – ɧɟɫɢɦɦɟɬɪɢɱɧɚɹ ɫɯɟɦɚ ɯɪɚɧɟɧɢɹ ɢ ɪɟɲɟɧɢɹ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ. 

3.3.1 Ɉɩɢɫɚɧɢɟ ɩɨɫɬɪɨɟɧɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ 

ɇɚ ɪɢɫɭɧɤɟ 3.10 ɢ ɪɢɫɭɧɤɟ 3.11 ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ. 

ɒɢɪɢɧɚ ɤɨɥɶɰɚ ɨɛɞɟɥɤɢ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ ɜɟɥɢɱɢɧɟ ɡɚɯɨɞɤɢ ݈௘௫௖ ɢ ɪɚɜɧɚ 1 ɦ. 

Ɉɬɫɬɚɜɚɧɢɟ ɤɪɟɩɢ ɨɬ ɡɚɛɨɹ ݈଴ ɪɚɜɧɨ ɜɟɥɢɱɢɧɟ ɡɚɯɨɞɤɢ. Ⱦɢɚɦɟɬɪ ɬɨɧɧɟɥɹ ܦ ɪɚɜɟɧ 8 

ɦ. ɒɢɪɢɧɚ ɦɨɞɟɥɢ Б ɪɚɜɧɚ 3D ɩɪɨɜɨɞɢɦɨɝɨ ɬɨɧɧɟɥɹ. ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɛɨɹ ɫɨɜɩɚɞɟɬ ɫ ɡɨɧɨɣ ɧɚɪɭɲɟɧɧɨɫɬɢ ɱɟɪɟɡ 30 

ɡɚɯɨɞɨɤ. Ɇɨɞɟɥɶ ɦɚɫɫɢɜɚ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥ. 3.3 ɤɚɤ ɩɨɤɚɡɚɧɨ 
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ɧɚ ɪɢɫɭɧɤɟ 2.19 (ɢɡ ɜɵɪɚɠɟɧɢɣ), ɧɚ ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧɨ, ɱɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɧɚɩɪɹɠɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ ɞɥɹ ɨɪɬɨɬɪɨɩɧɨɝɨ ɫɥɭɱɚɹ. 

ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɵɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɬɶ ɭɫɥɨɜɧɨ 

ɧɟɧɚɪɭɲɟɧɧɵɟ ɨɫɚɞɨɱɧɵɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɬɨɝɞɚ ɤɚɤ, ɨɪɬɨɬɪɨɩɧɚɹ ɦɨɠɟɬ ɞɚɬɶ 

ɯɨɪɨɲɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɥɹ ɩɨɪɨɞ, ɫɨɞɟɪɠɚɳɢɟ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ 

ɧɚɛɨɪɵ ɬɪɟɳɢɧ. ɧɚɯɨɞɢɥɚɫɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɢ. ɉɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɧɚɪɭɲɟɧɢɹ ɡɚɞɚɜɚɥɢɫɶ ɢɫɯɨɞɹ ɢɡ ɨɞɧɨɨɫɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɠɚɬɢɟ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ 

ɝɥɢɧ [63]. 

 
 

Ɋɢɫɭɧɨɤ 3.10 – Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ Ɋɢɫɭɧɨɤ 3.11 – Ʉɢɧɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɚɹ ɫɬɟɤɚ ɤɨɧɟɱɧɵɯ 

ɷɥɟɦɟɧɬɨɜ (ɪɢɫ. 3.12, ɚ). ɋɟɬɤɚ ɢɦɟɥɚ ɫɝɭɳɟɧɢɟ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɢɹ. ȼ ɦɨɞɟɥɢ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ ɬɢɩɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɤɨɧɬɪɨɥɟɦ ɡɚ ɞɟɮɨɪɦɚɰɢɹɦɢ ɮɨɪɦɵ 

ɫ ɧɭɥɟɜɨɣ ɷɧɟɪɝɢɟɣ: ɬɪɟɯɦɟɪɧɵɟ ɜɨɫɶɦɢɭɡɥɨɜɵɟ C3D8R ɷɥɟɦɟɧɬɵ ɫ 

ɪɟɞɭɰɢɪɨɜɚɧɧɨɣ ɫɯɟɦɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ – ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, 

ɚ ɬɚɤɠɟ ɱɟɬɵɪɟɯɭɡɥɨɜɵɟ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɷɥɟɦɟɧɬɵ S4R ɫ ɪɟɞɭɰɢɪɨɜɚɧɧɨɣ ɫɯɟɦɨɣ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (ɪɢɫ. 3.12, ɛ), ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɛɞɟɥɤɢ. Ɉɛɚ ɜɢɞɚ 

ɷɥɟɦɟɧɬɚ ɞɥɹ ɪɚɫɱɟɬɚ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɨɞɧɭ ɬɨɱɤɭ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, 

ɚ ɪɟɡɭɥɶɬɚɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢɧɬɟɪɩɨɥɢɪɭɟɬɫɹ ɧɚ ɭɡɥɨɜɵɟ ɬɨɱɤɢ. Ɉɞɧɨɪɨɞɧɵɣ 

ɦɚɫɫɢɜ ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɨɬɧɨɣ ɫɥɨɢɫɬɨɣ ɫɪɟɞɨɣ (ɪɢɫ. 3.12, ɜ).  
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Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ 

 

Ɉɛɴɟɦɧɵɣ 

ɜɟɫ 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɉɭɚɫɫɨɧɚ 
Ɇɨɞɭɥɶ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ 𝛾,ʛʜ/ˏଷ ߭௩ℎ ߭ℎ௩ ߭ℎℎ ܧ଴, ʛПа ܧ∥, ʛПа ܧ⊥, ʛПа 

ɇɟɧɚɪɭɲɟɧɧɵɣ  0,0235 0,28 - - 280 - - 

ɇɚɪɭɲɟɧɧɵɣ 0,0200 0,28 - - 50 - - 

ɇɟɧɚɪɭɲɟɧɧɵɣ  0,0235 0,28 0,17 0,065 - 470 280 

ɇɚɪɭɲɟɧɧɵɣ 0,0200 0,28 0,14 0,025 - 100 50 

 

(ɚ) 

 

 

(ɛ) 

 

(ɜ) 

 

Ɋɢɫɭɧɨɤ 3.12 (ɚ) ɫɟɬɤɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ; (ɛ) ɬɢɩɵ ɷɥɟɦɟɧɬɨɜ; (ɜ) ɧɚɩɪɚɜɥɟɧɢɟ ɨɪɬɨɬɪɨɩɢɢ 
ɦɚɬɟɪɢɚɥɚ 

3.3.2 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɯɚɪɚɤɬɟɪ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ 

ɢɡɨɬɪɨɩɧɨɦ ɦɚɫɫɢɜɟ, ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɧɚɪɭɲɟɧɢɹ, ɪɚɜɧɨɦ ɞɢɚɦɟɬɪɭ ɬɨɧɧɟɥɹ (ɪɢɫ. 

3.15) ɚɛɫɨɥɸɬɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɥɛɚ ɡɚɛɨɹ ɜɞɨɥɶ ɨɫɢ ɬɨɧɧɟɥɹ ɩɪɟɜɨɫɯɨɞɹɬ 

ɞɟɮɨɪɦɚɰɢɢ ɜ ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɨɦ ɦɚɫɫɢɜɟ ɜ 2,45 ɪɚɡɚ.  

ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɛɨɹ ɤ ɧɚɪɭɲɟɧɢɸ ɧɚ ɪɚɫɫɬɨɹɧɢɟ, ɪɚɜɧɨɟ 0,375D –  

ɪɢɫ. 3.13 (2) ɨɬɧɨɲɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɩɪɨɞɨɥɠɚɟɬ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɋɨɤɪɚɳɟɧɢɟ 

ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɥɛɚ ɡɚɛɨɹ ɬɨɧɧɟɥɹ ɞɨ ɧɚɪɭɲɟɧɢɹ ɞɨ ɜɟɥɢɱɢɧɵ 0,125D – ɪɢɫ. 3.13 (3) 

ɩɪɨɜɨɰɢɪɭɟɬ ɞɟɮɨɪɦɚɰɢɢ, ɫɨɨɬɧɨɫɹɳɢɟɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 2,68, ɚ 
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ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɡɚɞɚɱɢ ɧɟ 

ɩɪɢɜɨɞɢɬ ɫɢɫɬɟɦɭ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɚ ɡɧɚɱɢɬ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɢɦɚɬɶ 

ɦɟɪɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɜɜɨɞɨɦ ɜ ɦɨɞɟɥɶ ɭɩɪɨɱɧɹɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

 a b 

(1) 

 

(2) 

 

(3) 

 

Ɋɢɫɭɧɨɤ 3.13 (a) ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɚɹ ɦɨɞɟɥɶ; (b) ɢɡɨɬɪɨɩɧɚɹ ɦɨɞɟɥɶ;  
(1) ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɧɚɪɭɲɟɧɢɹ – D; (2) ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɧɚɪɭɲɟɧɢɹ – 0.375D 

(3) ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɧɚɪɭɲɟɧɢɹ – 0.125D 
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Ɋɢɫɭɧɨɤ 3.14 – ɍɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ ɜɛɥɢɡɢ ɧɚɪɭɲɟɧɧɨɫɬɢ 

 

Ɋɢɫɭɧɨɤ 3.15 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ ɦɚɫɫɢɜɚ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɬɨɱɤɢ ɜ ɦɚɫɫɢɜɟ 

ɉ ɪɢ ɦ ɟ ɱ ɚɧɢ ɟ : ɫɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɨɛɨɡɧɚɱɟɧɵ ɞɟɮɨɪɦɚɰɢɢ ɢɡɨɬɪɨɩɧɨɝɨ ɦɚɫɫɢɜɚ,  
ɩɭɧɤɬɢɪɧɨɣ – ɬɪɚɧɫɜɟɪɫɚɥɶɧɨ-ɢɡɨɬɪɨɩɧɨɝɨ ɦɚɫɫɢɜɚ 
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ɉɟɪɟɣɞɹ ɨɬ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɤ ɞɟɤɚɪɬɨɜɨɣ, ɜ ɨɫɹɯ ݖߠ ɢ 

ɫɨɩɨɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɫ ɭɫɥɨɜɢɟɦ ɩɪɨɱɧɨɫɬɢ ɠɟɫɬɤɨɩɥɚɫɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ [67]: ሺ𝜎𝜃 − 𝜎௭ሻଶ + Ͷ߬𝜃௭ଶ = sinଶ ߮ ሺ𝜎𝜃 + 𝜎௭ + ܥʹ cot߮ሻଶ (3.3) 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ, ɫɥɟɞɭɹ [6] ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɜɪɟɦɟɧɧɨɟ ɤɪɟɩɥɟɧɢɟ ɥɛɚ ɡɚɛɨɹ ɧɚɱɢɧɚɹ ɫ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɧɚɪɭɲɟɧɢɹ, 

ɪɚɜɧɨɝɨ D. 

Ɍɚɤ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ 

ɩɨɪɨɞ ɫ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ, ɜɦɟɳɚɸɳɚɹ ɜɵɪɚɛɨɬɤɭ ɢ ɧɚɪɭɲɟɧɢɟ, 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɜɵɪɚɛɨɬɤɢ 

ɧɚɪɭɲɟɧɢɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɜ 

ɨɤɪɭɠɚɸɳɟɦ ɦɚɫɫɢɜɟ ɤɚɤ ɢɡɨɬɪɨɩɧɨɦ, ɬɚɤ ɢ ɚɧɢɡɨɬɪɨɩɧɨɦ. Ɉɞɧɚɤɨ, ɜɜɢɞɭ 

ɫɥɨɠɧɨɫɬɢ ɭɱɟɬɚ ɚɧɢɡɨɬɪɨɩɢɢ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɞɟɥɹɯ, ɩɪɢɧɹɬɵɯ ɜ ɪɚɦɤɚɯ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Abaqus, ɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɞɟɮɨɪɦɚɰɢɢ 

ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɦɚɫɫɢɜɚ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɞɟɮɨɪɦɚɰɢɨɧɧɭɸ ɚɧɢɡɨɬɪɨɩɢɸ ɦɚɫɫɢɜɚ, 

ɩɨɤɚɡɵɜɚɸɬ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ, ɱɟɦ ɢɡɨɬɪɨɩɧɨɝɨ, ɜɥɢɹɧɢɟɦ ɚɧɢɡɨɬɪɨɩɢɢ ɜɨɡɦɨɠɧɨ 

ɩɪɟɧɟɛɪɟɱɶ «ɜ ɡɚɩɚɫ», ɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɨɫɟɞɚɧɢɹ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɢɡɜɟɫɬɧɵɯ 

ɜɟɥɢɱɢɧɚɯ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɥɛɚ ɡɚɛɨɹ, ɬ.ɟ. ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɜɨɡɦɨɠɧɨ ɪɟɲɟɧɢɟ 

ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ.  

3.4 ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɜɥɢɹɧɢɹ ɩɪɢ ɨɛɜɨɞɧɟɧɧɨɦ ɷɥɟɦɟɧɬɟ 
ɧɚɪɭɲɟɧɧɨɫɬɢ 

ɋɥɟɞɭɸɳɢɦ ɮɚɤɬɨɪɨɦ ɪɚɫɫɦɨɬɪɢɦ ɮɚɤɬɨɪ ɨɛɜɨɞɧɟɧɧɨɫɬɢ ɡɨɧɵ 

ɧɚɪɭɲɟɧɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɮɚɤɬɨɪ ɥɟɝɱɟ ɭɱɟɫɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ PLAXIS.  

3.4.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

ɋɢɫɬɟɦɚ «ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ» ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɜ 4 ɷɬɚɩɚ. ɇɚ 

ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɨɫɬɪɨɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ «ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – 

ɧɚɪɭɲɟɧɧɨɫɬɶ». ȼ ɤɚɱɟɫɬɜɟ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ ɜɧɟɞɪɹɥɢɫɶ 2 ɊȽɗ: ɨɞɢɧ ɨɩɢɫɵɜɚɥɫɹ 
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ɫɜɨɣɫɬɜɚɦɢ ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ; ɞɪɭɝɨɣ – ɫɜɨɣɫɬɜɚɦɢ ɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ ɝɪɚɧɢɰɵ ɦɨɞɟɥɢ ɡɚɤɪɟɩɥɟɧɵ ɨɬ ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɧɨɪɦɚɥɶɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ ɢ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜ ɝɥɚɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɩɥɨɫɤɨɫɬɢ 

ɡɚɤɪɟɩɥɟɧɢɹ. ɇɢɠɧɹɹ ɝɪɚɧɢɰɚ ɦɨɞɟɥɢ ɡɚɤɪɟɩɥɟɧɚ ɨɬ ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɥɸɛɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɶ ɝɪɭɧɬɚ ɫɜɨɛɨɞɧɚ ɨɬ ɡɚɤɪɟɩɥɟɧɢɹ. 

Ɍɚɤ ɤɚɤ ɧɚɪɭɲɟɧɧɵɟ ɡɨɧɵ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɶɸ, ɚ ɢɧɨɝɞɚ 

ɹɜɥɹɸɬɫɹ ɜɨɞɨɩɪɨɜɨɞɹɳɢɦɢ ɤɚɧɚɥɚɦɢ, ɤɨɧɰɟɩɬɭɚɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 3 ɫɥɭɱɚɹ: ɜ 

ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɨɫɬɪɨɟɧɧɚɹ ɝɟɨɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɥɚɫɶ ɫɭɯɢɦɢ 

ɤɥɚɫɬɟɪɚɦɢ (ɫɦ. ɪɢɫ. 3.16, 1); ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ – ɪɟɠɢɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɤɚɤ ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɣ (Undrained A), ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɮɮɟɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ (ɫɦ. ɪɢɫ. 3.16, 2); ɜ ɬɪɟɬɶɟɦ 

ɫɥɭɱɚɟ – ɪɟɠɢɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɤɚɤ 

ɞɪɟɧɢɪɭɸɳɢɣ ɷɥɟɦɟɧɬ (ɫɦ. ɪɢɫ. 3.16, 3). ȼ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɫɥɭɱɚɹɯ ɭɪɨɜɟɧɶ 

ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɡɚɞɚɜɚɥɫɹ ɧɚ ɨɬɦɟɬɤɟ 2 ɦɟɬɪɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. 

 

Ɋɢɫɭɧɨɤ 3.16 – ɋɯɟɦɚ, ɨɛɨɛɳɚɸɳɚɹ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɨɟɤɬɧɵɟ ɫɰɟɧɚɪɢɢ 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜɧɟɞɪɟɧɢɟ ɜ ɫɯɟɦɭ «ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – 

ɧɚɪɭɲɟɧɧɨɫɬɶ» ɬɨɧɧɟɥɹ ɢ ɨɩɪɟɞɟɥɹɥɚɫɶ ɡɨɧɚ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɧɚ 

ɞɟɮɨɪɦɚɰɢɢ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɟɩɟɧɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɤ ɊȽɗ, ɨɩɢɫɵɜɚɸɳɟɦɭ ɧɚɪɭɲɟɧɧɵɣ ɦɚɫɫɢɜ, ɩɪɢ ɷɬɨɦ ɭɝɨɥ 

ɜɯɨɠɞɟɧɢɹ ɬɨɧɧɟɥɹ ɜ ɧɚɪɭɲɟɧɧɵɟ ɝɪɭɧɬɵ ɜɚɪɶɢɪɨɜɚɥɫɹ: ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ 3 

ɝɢɩɨɬɟɬɢɱɟɫɤɢɟ ɫɢɬɭɚɰɢɢ ɜɯɨɠɞɟɧɢɹ ɬɨɧɧɟɥɹ ɜ ɡɨɧɭ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɧɚ ɞɚɧɧɨɣ ɮɚɡɟ ɪɚɫɱɟɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɨɰɟɧɤɚ ɱɢɫɥɟɧɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɪɟɲɟɧɢɹ. ȼ 
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ɫɥɭɱɚɟ, ɟɫɥɢ ɤɚɤɚɹ-ɥɢɛɨ ɮɚɡɚ ɪɚɫɱɟɬɚ ɜ ɞɟɪɟɜɟ ɦɨɞɟɥɢ ɧɟ ɫɯɨɞɢɥɚɫɶ, ɧɚɱɢɧɚɹ ɫ ɷɬɨɣ 

ɮɚɡɵ ɪɚɫɱɟɬɚ ɜ ɦɨɞɟɥɶ ɜɧɟɞɪɹɥɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɝɪɭɧɬɵ ɥɛɚ ɡɚɛɨɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɟɪɟɯɨɞɢɦ ɤ ɬɪɟɬɶɟɦɭ ɷɬɚɩɭ.  ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɤ ɫɢɫɬɟɦɟ 

«ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ – ɬɨɧɧɟɥɶ», ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ 

ɝɪɭɧɬɨɜ, ɞɨɛɚɜɥɹɥɨɫɶ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɞɚɜɥɟɧɢɟ ɫ ɲɚɝɨɦ 0,1γH ɢ ɨɩɪɟɞɟɥɹɥɢɫɶ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ.  

ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜɧɟɞɪɟɧɢɟ ɜ ɦɨɞɟɥɶ ɤɨɧɫɬɪɭɤɰɢɣ 

ɤɪɟɩɥɟɧɢɹ ɢ ɨɩɪɟɞɟɥɹɥɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ. ȼ 

ɞɚɥɶɧɟɣɲɟɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɨɞɟɥɟɣ, ɩɨɥɭɱɟɧɚ ɦɟɬɨɞɢɤɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ 

ɷɥɟɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɰɟɧɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ 

ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɚɤ ɫɭɯɢɯ ɝɪɭɧɬɨɜ, ɬɚɤ ɢ ɨɛɜɨɞɧɟɧɧɵɯ ɝɪɭɧɬɨɜ (ɞɪɟɧɢɪɨɜɚɧɧɵɯ ɢ 

ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɯ). 

Мɨɞɟɥɶ ɢ ɝɪɚɧɢчɧɵɟ ɭɫɥɨɜɢя 

ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɟ PLAXIS 3D 2017, ɩɨɡɜɨɥɹɸɳɢɣ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɪɨɜɨɟ 

ɞɚɜɥɟɧɢɟ. ɋɟɬɤɚ 10 ɭɡɥɨɜɵɯ ɬɟɬɪɚɷɞɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɦɟɟɬ ɫɝɭɳɟɧɢɟ ɜ 

ɢɡɜɥɟɤɚɟɦɵɯ ɨɛɴɟɦɚɯ ɬɨɧɧɟɥɹ ɢ ɜ ɷɥɟɦɟɧɬɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ɉɪɨɯɨɞɤɚ ɬɨɧɧɟɥɹ 

ɞɢɚɦɟɬɪɨɦ D = 8 ɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚ ɝɥɭɛɢɧɟ С = D, 6D. ɍɪɨɜɟɧɶ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ܪ௪ ɡɚɞɚɟɬɫɹ ɪɚɜɧɵɦ 2 ɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ (ɪɢɫ. 3.18, ɛ). ɋɜɨɣɫɬɜɚ ɨɞɧɨɪɨɞɧɨɝɨ 

ɦɚɫɫɢɜɚ (1) ɢ ɧɚɪɭɲɟɧɧɨɫɬɢ (2), ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 

Ȼ.1 ɫ ɤɥɸɱɨɦ H = 4D; – 2 – 4 – 12 – 19. Ɇɨɳɧɨɫɬɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɚɹ 

1 ɢ 4 ɦ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɥɛɚ ɡɚɛɨɹ ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ ɝɪɭɧɬɚ 

ɭɱɢɬɵɜɚɸɳɚɹ ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ [88].  

Ƚɟɧɟɪɚɰɢɹ ɧɚɱɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɰɟɞɭɪɵ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɢ, ɪɚɜɧɨɣ 1g ɢ 

ɜɨɡɞɟɣɫɬɜɭɸɳɟɣ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. ȼ ɢɦɟɸɳɭɸɫɹ ɫɢɫɬɟɦɭ «ɝɪɭɧɬɨɜɵɣ 

ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ» ɜɧɟɞɪɹɥɫɹ ɬɨɧɧɟɥɶ. ɉɨ ɩɪɢɱɢɧɟ ɧɟɛɨɥɶɲɨɝɨ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɪɚɫɱɟɬɚ, ɜ ɰɟɥɹɯ 
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ɨɩɬɢɦɢɡɚɰɢɢ ɜɪɟɦɟɧɢ ɪɚɫɱɟɬɚ ɢ ɥɭɱɲɟɣ ɫɯɨɞɢɦɨɫɬɢ, ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɱɢɫɥɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ: ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɪɯɪɟɥɚɤɫɚɰɢɢ 

ɡɚɞɚɜɚɥɫɹ ɪɚɜɧɵɦ 1.5, ɬɪɟɛɭɟɦɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɢɬɟɪɚɰɢɣ – 3 ɢ 7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɤɚɱɟɫɬɜɟ ɬɢɩɚ ɪɟɲɚɬɟɥɹ ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ 

ɞɟɮɨɪɦɚɰɢɣ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ 

ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ (Picos), ɜ ɤɚɱɟɫɬɜɟ ɬɢɩɚ ɪɟɲɚɬɟɥɹ ɧɚ ɮɚɡɟ 

ɪɚɫɱɟɬɚ ɤɨɧɫɨɥɢɞɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɪɹɦɨɣ ɪɟɲɚɬɟɥɶ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ 

(Paradisco). Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɹɞɟɪ – 12. Ⱦɨɩɭɫɬɢɦɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ ɧɚ ɜɫɟɯ ɮɚɡɚɯ ɪɚɫɱɟɬɚ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɨɣ 0,005. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 

ɲɚɝɨɜ ɪɚɫɱɟɬɚ ɞɥɹ ɮɚɡ ɪɚɫɱɟɬɚ ɞɟɮɨɪɦɚɰɢɣ ɢ ɤɨɧɫɨɥɢɞɚɰɢɢ ɡɚɞɚɜɚɥɨɫɶ ɪɚɜɧɵɦ 

1000, ɞɥɹ ɲɚɝɨɜ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ – 300, ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɢɬɟɪɚɰɢɣ ɞɥɹ ɜɫɟɯ ɮɚɡ, ɪɚɜɧɨɦ 60. Ɇɚɤɫɢɦɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɝɪɭɡɤɢ ɡɚ ɨɞɢɧ ɲɚɝ ɩɪɢɧɢɦɚɥɫɹ ɪɚɜɧɵɦ 0.5, ɪɟɠɟ, ɜ ɫɥɭɱɚɹɯ 

ɪɚɫɯɨɞɢɦɨɫɬɢ ɱɢɫɥɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ – ɦɟɧɶɲɢɦ (ɞɨ 0.02). Ɍɚɤɚɹ ɦɟɪɚ, ɜ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɨɯɪɚɧɟɧɧɵɯ ɲɚɝɨɜ, 

ɢ ɫɧɢɠɟɧɢɟɦ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɩɪɟɞɩɪɢɧɢɦɚɥɨɫɶ ɞɥɹ ɬɨɝɨ, ɱɬɨɛ ɩɪɨɫɥɟɞɢɬɶ 

ɤɢɧɟɦɚɬɢɤɭ ɞɟɮɨɪɦɚɰɢɣ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɯɨɞɢɦɨɫɬɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɜ ɫɥɭɱɚɟ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

ɇɚ ɮɚɡɚɯ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɝɪɭɧɬɨɜ ɥɛɚ ɡɚɛɨɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɩɚɪɚɦɟɬɪ ɤɨɧɬɪɨɥɹ ɞɥɢɧɵ ɞɭɝɢ, ɬ.ɤ. ɪɚɫɱɟɬ ɫɬɚɧɨɜɢɥɫɹ ɡɚɜɢɫɢɦɵɦ ɨɬ ɧɚɝɪɭɠɟɧɢɹ, 

ɹɜɥɹɸɳɟɝɨɫɹ ɨɞɧɢɦ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. Ⱥ, ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɩɪɨɯɨɞɤɢ 

ɬɨɧɧɟɥɹ (ɞɟɚɤɬɢɜɚɰɢɢ ɤɥɚɫɬɟɪɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɞɚɧɢɹ ɧɭɥɟɜɨɣ ɠɟɫɬɤɨɫɬɢ) ɧɨɫɢɬ 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɩɟɪɟɦɟɳɟɧɢɣ ɫ 

ɩɪɟɞɵɞɭɳɟɝɨ ɲɚɝɚ.  

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɤɪɟɩɥɟɧɧɵɯ 

ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɫɹɬɢɭɡɥɨɜɵɯ ɬɟɬɪɚɷɞɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɞɥɹ 

ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɵ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ ɢ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɹɬɧɚɞɰɚɬɢɭɡɥɨɜɵɯ ɬɟɬɪɚɷɞɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 
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3.4.2 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɫɥɭɱɚɹ ɨɛɧɚɠɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɧɚ ɩɟɪɢɨɞ ɨɞɧɨɣ 

ɪɚɛɨɱɟɣ ɫɦɟɧɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-

ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɱёɬɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɪɭɲɟɧɧɨɫɬɢ 

ɫɨɫɬɚɜɥɹɥɨ 8 ɱ. ȼ ɰɟɥɹɯ ɫɬɚɛɢɥɢɡɚɰɢɢ ɞɟɮɨɪɦɚɰɢɣ, ɩɨɫɥɟ ɧɚɱɚɥɶɧɨɝɨ ɲɚɝɚ ɪɚɫɱɟɬɚ 

ɡɚɞɚɜɚɥɫɹ ɲɚɝ ɪɚɫɱɟɬɚ (Plastic), ɧɚ ɤɨɬɨɪɨɦ ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ ɧɢɤɚɤɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɨɛɴɟɦɚ ɦɨɞɟɥɢ, ɚ ɬɨɥɶɤɨ ɭɪɚɜɧɨɜɟɲɢɜɚɥɢɫɶ ɜɟɤɬɨɪɚ ɩɟɪɟɦɟɳɟɧɢɣ.  

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɝɨ ɪɟɠɢɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɞ 

ɧɚɝɪɭɡɤɨɣ ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɜ ɝɪɭɧɬɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɮɢɥɶɬɪɚɰɢɢ 

ɜɨɞɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɢɡɛɵɬɨɱɧɨɟ ɩɨɪɨɜɨɟ ɞɚɜɥɟɧɢɟ (ɪɢɫ. 3.17). 

Ɋɟɡɭɥɶɬɚɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɹɜɥɹɸɬɫɹ ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ ɜ ɦɚɫɫɢɜɟ 

ɡɨɧɭ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ. ɉɨ ɦɟɪɟ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ ɢɡɦɟɧɹɸɬɫɹ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: ɜɧɭɬɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ 

ɫɬɚɧɨɜɹɬɫɹ ɜɧɟɲɧɢɦɢ ɝɪɚɧɢɰɚɦɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɞɟɚɤɬɢɜɚɰɢɢ ɤɥɚɫɬɟɪɨɜ ɝɪɭɧɬɚ, 

ɫɱɢɬɚɸɬɫɹ ɜɧɟɲɧɢɦɢ ɝɪɚɧɢɰɚɦɢ ɦɨɞɟɥɢ ɢ ɧɚɞɟɥɹɸɬɫɹ ɬɟɦɢ ɠɟ ɝɪɚɧɢɱɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɩɨɬɨɤɚ, ɱɬɨ ɢ ɜɧɟɲɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɡ ɤɨɬɨɪɵɯ ɩɨɥɭɱɢɥɢɫɶ ɷɬɢ 

ɜɧɭɬɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɛɳɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɢ ɫɟɬɤɚ ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 3.18. 

 

Ɋɢɫɭɧɨɤ 3.17 – ɋɯɟɦɚ, ɩɨɹɫɧɹɸɳɚɹ ɩɨɥɨɠɟɧɢɟ ɡɚɛɨɹ ɜ ɦɚɫɫɢɜɟ 
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ɚ 

 

 

ɜ 

 

ɛ 

 

Ɋɢɫɭɧɨɤ 3.18 (ɚ) – ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ «ɫɭɯɨɝɨ» ɦɚɫɫɢɜɚ; (ɛ) – ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɚɹ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɤɚɤ ɜɨɞɨɩɪɨɜɨɞɹɳɢɣ ɤɚɧɚɥ; (ɜ) – ɫɟɬɤɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ȼ ɫɥɭɱɚɟ ɭɱɟɬɚ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ (ɪɢɫ. 3.16, 2) ɷɥɟɦɟɧɬ ɧɚɪɭɲɟɧɧɨɫɬɢ 

ɫɥɭɠɢɬ ɨɛɜɨɞɧɟɧɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. Ȼ.1. 

ɉɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɤ ɡɨɧɟ ɧɚɪɭɲɟɧɧɨɫɬɢ (ɪɢɫ. 3.17, 

ɷɬɚɩɵ ɩɪɨɯɨɞɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɥɨɠɟɧɢɸ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɩɨɥɨɠɟɧɢɢ 

exc-25 – exc-28) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɞɟɮɨɪɦɚɰɢɣ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, 

ɩɪɨɯɨɞɢɦɨɝɨ ɟɳɟ ɜ ɧɟɧɚɪɭɲɟɧɧɨɦ ɦɚɫɫɢɜɟ (ɪɢɫ. 3.19). ɗɬɨ ɫɜɹɡɚɧɨ ɤɚɤ ɫ 

ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɢɡɛɵɬɨɱɧɨɝɨ ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɧɚɪɭɲɟɧɧɨɫɬɢ, 

ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɚ ɪɚɡɝɪɭɠɚɟɦɵɣ ɩɪɨɯɨɞɤɨɣ ɨɞɧɨɪɨɞɧɵɣ ɦɚɫɫɢɜ, 

ɬɚɤ ɢ ɫ ɨɬɥɢɱɢɟɦ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɪɚɫɱɟɬɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɂɧɬɟɪɟɫɧɵɦ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɮɚɤɬ ɭɦɟɧɶɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɫɥɟ ɩɪɟɨɞɨɥɟɧɢɹ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ɗɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɚɤɬɢɜɧɨɟ ɩɨɪɨɜɨɟ ɞɚɜɥɟɧɢɟ, 

ɜɨɡɞɟɣɫɬɜɭɸɳɟɟ ɫɨ ɫɬɨɪɨɧɵ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɜɵɡɵɜɚɥɨ ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɧɨɣ 

ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɢɡɦɟɧɹɹ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ 

ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ. 
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Ɋɢɫɭɧɨɤ 3.19 – Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɥɛɚ ɡɚɛɨɹ ɧɚ ɯɚɪɚɤɬɟɪɧɵɯ ɷɬɚɩɚɯ ɩɪɨɯɨɞɤɢ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɤɥɸɱ H = 4D; – 2 – 4 – 12 – 19 ɢ ɦɨɳɧɨɫɬɶɸ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 1 ɦ 

ȼ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɪɭɲɟɧɧɨɫɬɢ ɞɨ ɪɚɡɦɟɪɚ 4 ɦɟɬɪɨɜ, 

ɞɟɮɨɪɦɚɰɢɹ ɨɞɧɨɪɨɞɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɧɚ 60%, 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɨɹɜɲɢɯɫɹ ɮɚɡɨɜɵɯ ɫɦɟɳɟɧɢɣ. Ɂɧɚɱɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɥɛɚ 

ɡɚɛɨɹ ɭɦɟɧɶɲɚɸɬɫɹ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ (ɪɢɫ. 3.17, ɷɬɚɩɵ 

ɩɪɨɯɨɞɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɥɨɠɟɧɢɸ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɩɨɥɨɠɟɧɢɢ exc-10 

– exc-25, ɚ ɬɚɤɠɟ exc-37) ɜ ɜɢɞɭ ɫɨɜɩɚɞɟɧɢɹ ɨɫɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɧɚɩɪɚɜɥɟɧɢɹ 

ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ (ɪɢɫ. 3.20). 

 …  

Ɋɢɫɭɧɨɤ 3.20 – Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɥɛɚ ɡɚɛɨɹ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɩɪɨɯɨɞɤɢ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫ ɤɥɸɱɨɦ H = 4D; – 2 – 4 – 12 – 19 ɢ ɦɨɳɧɨɫɬɶɸ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 4 ɦ  
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ɉɪɢ ɭɱɟɬɟ ɷɥɟɦɟɧɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ ɞɪɟɧɢɪɨɜɚɧɧɨɝɨ ɨɛɴɟɦɚ, 

ɹɜɥɹɸɳɟɝɨɫɹ ɜɨɞɨɩɪɨɜɨɞɹɳɢɦ ɤɚɧɚɥɨɦ (ɪɢɫ. 3.16, 3) ɩɪɨɢɫɯɨɞɢɬ ɞɪɚɦɚɬɢɱɟɫɤɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɩɨɞɯɨɞɟ ɤ ɡɨɧɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ.  

 

Ɋɢɫɭɧɨɤ 3.21 – Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɥɛɚ ɡɚɛɨɹ ɜɞɨɥɶ ɨɫɢ x ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 
ɩɪɨɯɨɞɤɢ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɤɚɤ ɞɪɟɧɢɪɨɜɚɧɧɨɝɨ ɨɛɴɟɦɚ ɢ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ 

ɝɪɭɧɬɨɜɵɯ ɜɨɞ 

3.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ, ɩɪɨɜɨɞɢɦɨɟ ɤɚɤ ɜ 

ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ Abaqus, ɬɚɤ ɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ Plaxis, ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ ɢ ɢɦɟɸɳɢɟ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 

Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɩɪɢ ɨɰɟɧɤɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɹɜɥɹɸɬɫɹ: ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɪɢɟɧɬɚɰɢɹ 

ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ; ɜɟɥɢɱɢɧɚ ɡɨɧɵ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɢɹ; ɫɬɟɩɟɧɶ ɨɛɜɨɞɧёɧɧɨɫɬɢ 

ɢ ɜɪɟɦɹ ɤɨɧɫɨɥɢɞɚɰɢɢ; ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɬɨɧɧɟɥɹ; ɩɚɪɚɦɟɬɪɵ ɩɪɨɱɧɨɫɬɢ ɢ 

ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ, ɚɧɢɡɨɬɪɨɩɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ.  

Ɉɰɟɧɤɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɧɟɞɪɟɧɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ 

ɩɪɢ ɦɚɥɨɣ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ 
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ɪɟɚɤɰɢɢ ɝɪɭɧɬɚ.  Ⱦɪɟɧɢɪɨɜɚɧɧɵɣ ɬɢɩ ɩɨɜɟɞɟɧɢɹ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɫɭɯɢɯ ɝɪɭɧɬɨɜ, ɚ 

ɬɚɤɠɟ ɞɥɹ ɝɪɭɧɬɨɜ ɫ ɜɵɫɨɤɨɣ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɶɸ. Ɉɰɟɧɤɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ 

ɞɪɟɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɞɨɥɝɨɫɪɨɱɧɨɣ ɪɟɚɤɰɢɢ 

ɝɪɭɧɬɚ.  Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɭɱɟɬɨɦ 

ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɨɜɨɤɭɩɧɨɫɬɢ ɜɥɢɹɸɳɢɯ ɮɚɤɬɨɪɨɜ.  
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ȽɅȺȼȺ 4 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 
ɭɫɬɨɣɱɢɜɨɫɬɢ  

ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɞɨɥɠɟɧ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ 

ɦɚɫɫɢɜɚ ɩɨ ɫɯɟɦɟ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɵ “ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – 

ɧɚɪɭɲɟɧɧɨɫɬɶ – ɤɪɟɩɶ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ”. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɪɟɩɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɵ 

ɩɪɢɦɟɧɹɬɶɫɹ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ: ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɦɟɬɨɞ 

ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ. 

ɉɪɢ ɜɵɛɨɪɟ ɪɚɫɱɟɬɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫɥɟɞɭɟɬ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɪɟɤɨɦɟɧɞɚɰɢɢ 

ɉ.Ⱥ. Ⱦɟɦɟɧɤɨɜɚ: «Ɋɚɫɱɟɬ ɤɪɟɩɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɛɨɥɶɲɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɨɛɴɟɦɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. Ⱦɥɹ ɩɪɨɫɬɨɣ ɝɟɨɦɟɬɪɢɢ 

ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɢ ɞɨɥɠɧɨɦ ɨɛɨɫɧɨɜɚɧɢɢ, ɞɨɩɭɫɤɚɟɬɫɹ ɪɚɫɱɟɬ ɜ ɩɥɨɫɤɨɣ 

ɩɨɫɬɚɧɨɜɤɟ». [41] 

4.1 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ 

Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɥɛɚ ɡɚɛɨɹ ɫɜɨɞɢɬɫɹ ɤ 

ɱɢɫɥɟɧɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɩɪɨɯɨɞɤɢ ɬɨɧɧɟɥɹ ɢ ɨɩɪɟɞɟɥɟɧɢɸ ɤɪɢɬɟɪɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ – ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ. 

Ɉɰɟɧɤɚ ɡɨɧɵ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɫɜɨɞɢɬɫɹ ɤ ɨɰɟɧɤɟ ɞɟɮɨɪɦɚɰɢɣ, ɨɬɥɢɱɧɵɯ ɨɬ 

ɪɚɜɧɨɜɟɫɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɟɮɨɪɦɚɰɢɹɦ, ɪɟɚɥɢɡɭɸɳɢɦɫɹ ɜ 

ɧɟɧɚɪɭɲɟɧɧɨɦ ɦɚɫɫɢɜɟ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱёɬɨɜ 5%. ɇɚ ɨɫɧɨɜɚɧɢɢ 

ɩɪɟɜɵɲɟɧɢɹ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ ɞɟɮɨɪɦɚɰɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɨɧɚ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ 

ɝɪɭɧɬɨɜ, ɢ, ɞɚɥɟɟ, ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɫɥɭɱɚɹ ɨɛɧɚɠɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɧɚ 

ɩɟɪɢɨɞ ɨɞɧɨɣ ɪɚɛɨɱɟɣ ɫɦɟɧɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-

ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɱёɬɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɪɭɲɟɧɧɨɫɬɢ ɤɚɤ 

ɨɛɜɨɞɧɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɫɨɫɬɚɜɥɹɥɨ 8 ɱ. ȼ ɰɟɥɹɯ ɫɬɚɛɢɥɢɡɚɰɢɢ ɞɟɮɨɪɦɚɰɢɣ, ɩɨɫɥɟ 

ɧɚɱɚɥɶɧɨɝɨ ɲɚɝɚ ɪɚɫɱɟɬɚ ɡɚɞɚɜɚɥɫɹ ɲɚɝ ɪɚɫɱɟɬɚ (Plastic), ɧɚ ɤɨɬɨɪɨɦ ɧɟ 

ɩɪɨɢɫɯɨɞɢɥɨ ɧɢɤɚɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɦɨɞɟɥɢ, ɚ ɬɨɥɶɤɨ ɭɪɚɜɧɨɜɟɲɢɜɚɥɢɫɶ 

ɜɟɤɬɨɪɚ ɩɟɪɟɦɟɳɟɧɢɣ. Ȼɥɨɤ-ɫɯɟɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɥɝɨɪɢɬɦɚɦ ɨɰɟɧɤɢ 
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ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɵ ɥɛɚ ɡɚɛɨɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɪɢɫɭɧɤɚɯ (ɪɢɫ. 4.1 – ɪɢɫ. 4.3). 

 

Ɋɢɫɭɧɨɤ 4.1 – Ȼɥɨɤ-ɫɯɟɦɚ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɭɯɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚɪɭɲɟɧɧɨɫɬɢ 
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Ɋɢɫɭɧɨɤ 4.2 – Ȼɥɨɤ-ɫɯɟɦɚ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɛɜɨɞɧɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚɪɭɲɟɧɧɨɫɬɢ 
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Ɋɢɫɭɧɨɤ 4.3 – Ȼɥɨɤ-ɫɯɟɦɚ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɪɟɧɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 
ɧɚɪɭɲɟɧɧɨɫɬɢ 
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ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɯɟɦɚ 

ɤɨɧɬɪɨɥɹ ɩɪɢɪɚɳɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 4.4. Ʉɨɧɬɪɨɥɶɧɚɹ 

ɬɨɱɤɚ ɜɵɛɢɪɚɥɚɫɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ ɜ ɰɟɧɬɪɟ ɜɵɪɚɛɨɬɤɢ.  

 

Ɋɢɫɭɧɨɤ 4.4 – ɋɯɟɦɚ ɤɨɧɬɪɨɥɹ ɩɪɢɪɚɳɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ 

ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 

ɫɩɨɫɨɛɵ, ɩɨɜɵɲɚɸɳɢɟ ɠɟɫɬɤɨɫɬɶ ɩɨɪɨɞ ɜɩɟɪɟɞɢ ɥɛɚ ɡɚɛɨɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ 

ɪɢɫɭɧɤɟ 4.5. 

a 

 

ɛ 

 

Ɋɢɫɭɧɨɤ 4.5 – ɋɪɟɞɫɬɜɚ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɝ. ɋ.-ɉɟɬɟɪɛɭɪɝɟ:  
ɚ – ɫɢɫɬɟɦɚ ɪɚɫɫɬɪɟɥɶɧɨɝɨ ɤɪɟɩɥɟɧɢɹ; ɛ – ɤɪɟɩɥɟɧɢɟ ɡɚɛɨɹ ɫɢɫɬɟɦɨɣ ɚɧɤɟɪɨɜ 

Ʉɨɧɬɪɨɥɶɧɚɹ ɬɨɱɤɚ 
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ȼ ɧɟɡɚɤɪɟɩɥɟɧɧɨɦ ɦɚɫɫɢɜɟ, ɩɪɢ ɭɱɟɬɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɬɚɩɨɜ ɪɚɡɪɚɛɨɬɤɢ 

ɫɟɱɟɧɢɹ ɬɨɧɧɟɥɹ, ɮɨɪɦɢɪɭɸɬɫɹ ɧɚɩɪɹɠɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɩɪɨɜɨɰɢɪɭɸɳɢɟ 

ɫɨɨɬɧɨɲɟɧɢɹ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɤ ɤɪɢɬɢɱɟɫɤɢɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 

ɩɪɢɥɨɠɟɧɢɢ ȼ (ɪɢɫ. ȼ1).  

Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɩɭɥɹɪɧɵɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɩɪɨɱɧɹɸɳɟɝɨ 

ɤɪɟɩɥɟɧɢɹ, ɫɨɜɦɟɫɬɧɨ ɫ ɨɩɟɪɟɠɚɸɳɢɦ ɤɪɟɩɥɟɧɢɟɦ ɢɡ ɬɪɭɛ, ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɳɢɣɫɹ 

ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. Ɉɩɵɬ ɢɡɦɟɪɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɬɚɤɨɟ ɤɪɟɩɥɟɧɢɟ ɨɩɢɫɚɧ ɜ 

ɪɚɛɨɬɟ ȼ.Ⱥ. Ɇɚɫɥɚɤɚ: «ɧɚɝɪɭɡɤɚ ɧɚ ɤɪɟɩɶ ɨɬ ɝɨɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 60 ɫɭɬɤɢ 

ɫɨɫɬɚɜɥɹɥɚ 110 ɤɉɚ» [53].  

4.2 Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ 

Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɝɥɭɛɢɧɵ ɡɚɥɨɠɟɧɢɹ ɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɱɧɨɫɬɢ ɩɪɨɜɨɞɢɬɫɹ ɩɨ 

ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 4.6: ɩɨ ɦɟɪɟ ɜɯɨɠɞɟɧɢɹ ɜ ɡɨɧɭ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ 

ɢɡɦɟɧɹɟɬɫɹ ɩɪɨɰɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɜ ɫɟɱɟɧɢɢ ɡɚɛɨɹ. ȼ 

ɨɛɳɟɦ ɫɥɭɱɚɟ, ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 

ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɚɯ 4.7, 4.9 – 4.11 ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵ ɧɚɢɛɨɥɟɟ 

ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɟ ɢɡ ɧɢɯ.  

ɉɨ ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ ɧɨɪɦɚɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɚɡɢɪɨɜɚɥɚɫɶ ɧɚ ɩɨɢɫɤɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɡɚɩɚɫɚ, ɪɚɜɧɨɝɨ ɟɞɢɧɢɰɟ. ɉɨɷɬɨɦɭ, ɜ ɫɥɭɱɚɟ, ɟɫɥɢ 

ɧɚ ɤɚɤɨɦ-ɥɢɛɨ ɷɬɚɩɟ ɩɪɨɯɨɞɤɢ ɬɨɧɧɟɥɹ ɧɟ ɞɨɫɬɢɝɚɥɨɫɶ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ ɩɪɢɤɥɚɞɵɜɚɥɚɫɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɢɡɦɟɪɹɟɦɚɹ ɜ 

ɞɨɥɹɯ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ γH. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɤɥɚɞɵɜɚɟɦɨɝɨ 

ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɥɛɚ ɡɚɛɨɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɫɬɢɠɟɧɢɸ 

ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɢɬɶ ɥɢɛɨ ɨɬɫɬɚɜɚɧɢɟ ɩɨɫɬɨɹɧɧɨɣ 

ɤɪɟɩɢ, ɥɢɛɨ ɜɪɟɦɹ ɤɨɧɫɨɥɢɞɚɰɢɢ ɢ ɩɪɨɜɟɫɬɢ ɩɨɞɨɛɧɵɣ ɪɚɫɱɟɬ ɡɚɧɨɜɨ. ɉɨɫɥɟ 

ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨɟ ɫɧɢɠɟɧɢɟ 

ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ ɜɵɫɱɢɬɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ 

ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɰɟɥɹɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 
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ɞɚɜɥɟɧɢɹ, ɧɚɝɪɭɡɤɚ ɩɪɢɤɥɚɞɵɜɚɥɚɫɶ ɢ ɩɪɢ ɜɯɨɠɞɟɧɢɢ ɡɚɛɨɹ ɜ ɡɨɧɭ ɜɥɢɹɧɢɹ 

ɧɚɪɭɲɟɧɧɨɫɬɢ.  

Ƚɟɨɦɟɯɚɧɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜ ɞɚɧɧɨɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɦ 

ɢɫɫɥɟɞɨɜɚɧɢɢ, ɢɦɟɥɢ ɩɚɪɚɦɟɬɪɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ Ȼ.1. ɉɪɢɦɟɪɵ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɜɨɡɦɨɠɧɨɝɨ ɨɛɪɭɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ (ɪɢɫ. 

ȼ1 – ɪɢɫ. ȼ16). 

I 

 

II 

 

III 

 

Ɋɢɫɭɧɨɤ 4.6 – ɋɯɟɦɚ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ 
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Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɜ ɫɟɱɟɧɢɢ ɡɚɛɨɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.7. ɇɚ ɪɢɫ. 4.8 

ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɨɫɢ ɡɚɛɨɹ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 4.7 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 
ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɧɚɪɭɲɟɧɧɵɯ 

ɝɪɭɧɬɨɜ ɜ ɫɟɱɟɧɢɢ ɡɚɛɨɹ ɞɥɹ ɤɥɸɱɚ H = 3D  – 5 – 13 – 1 – 3 

 

Ɋɢɫɭɧɨɤ 4.8 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɨɫɢ ɡɚɛɨɹ ɩɪɢ ɭɞɚɥɟɧɢɢ ɜɝɥɭɛɶ ɦɚɫɫɢɜɚ ɨɬ 
ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ȼ ɰɟɥɹɯ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɯɨɞɹɳɢɯ ɜ ɬɨɧɧɟɥɹɯ, ɢɦɟɸɳɢɯ 

ɧɟɡɚɤɪɟɩɥɟɧɧɵɣ ɥɨɛ ɡɚɛɨɹ.  ɇɟɧɚɪɭɲɟɧɧɵɣ ɦɚɫɫɢɜ ɢ ɷɥɟɦɟɧɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 

ɡɚɞɚɜɚɥɢɫɶ ɤɚɤ ɪɚɡɧɵɟ ɪɚɫɱɟɬɧɵɟ ɷɥɟɦɟɧɬɵ. 

ɍɝɨɥ ɩɚɞɚɟɧɢɹ ɧɚɪɭɲɟɧɧɨɫɢ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɤɨɷɮɢɰɢɟɧɬɟ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.9. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɥɭɱɚɟɜ ɫɭɳɟɫɬɜɭɟɬ ɦɚɤɫɢɦɭɦ 
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ɮɭɧɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 

ɞɚɜɥɟɧɢɹ. 

  

ɚ. ȼɥɢɹɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɧɚ 
ɮɭɧɤɰɢɸ SF = f (pf): 

 ɚ – ɭɝɨɥ ɧɚɤɥɨɧɚ 70 ɝɪɚɞ.;  
ɛ – ɭɝɨɥ ɧɚɤɥɨɧɚ 110 ɝɪɚɞ. 

ɛ. ɂɡɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ SF = f (pf) ɩɨ ɦɟɪɟ 
ɜɯɨɠɞɟɧɢɹ ɬɨɧɧɟɥɹ ɜ ɡɨɧɭ ɜɥɢɹɧɢɹ 

ɧɚɪɭɲɟɧɧɨɫɬɢ 

Ɋɢɫɭɧɨɤ 4.9 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 
ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɜɚɪɢɚɬɢɜɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɛɵɥɨ 

ɜɵɹɜɥɟɧɨ, ɱɬɨ ɡɧɚɱɢɦɟɟ ɭɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɨɬɪɚɠɚɟɬɫɹ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɝɥɭɛɢɧɚɯ ɡɚɥɨɠɟɧɢɹ ɬɨɧɧɟɥɹ.  

 ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɫɟɱɟɧɢɢ ɬɨɧɟɥɹ ɨɫɥɚɛɥɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ 

ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɨɞɱɢɧɹɟɬɫɹ ɪɚɫɫɩɪɟɞɟɥɟɧɢɸ Ƚɚɭɫɫɚ, ɧɚɯɨɞɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢɧɟ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɩɪɟɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɮɚɤɬɨɪɚɦɢ: 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɬɨɱɟɤ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɵɲɟɧɢɟ ɩɪɟɞɟɥɚ 

ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɜ ɡɨɧɟ, ɫɜɨɛɨɞɧɨɣ ɨɬ ɨɛɞɟɥɤɢ, ɚ ɬɚɤ ɠɟ ɫ ɢɫɬɨɪɢɟɣ 

ɧɚɝɪɭɠɟɧɢɹ. ȼ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ, ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɟɬɫɹ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ Ʉɭɥɨɧɚ-

Ɇɨɪɚ.  

ɉɪɢ ɭɱɟɬɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɜɨɞɨɩɪɨɜɨɞɹɳɟɝɨ ɤɚɧɚɥɚ 

ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ ɩɪɢ ɜɟɥɢɱɢɧɚɯ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ 

ɭɪɨɜɧɟ 0,1 … 0,3 γH (ɪɢɫ. 4.10).  ȼɦɟɫɬɟ ɫ ɷɬɢɦ, ɨɩɬɢɦɚɥɶɧɨɟ (ɫ ɧɚɢɛɨɥɶɲɦ 
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ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɧɚɱɟɧɢɟ) ɩɪɢ ɭɫɥɨɜɢɢ ɫɧɢɠɟɧɢɹ ɜɪɦɟɧɢ 

ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɱɟɬɚ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ, ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ 0,4 γH. 

Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɜɨɰɢɪɭɟɬ ɫɧɢɠɟɧɢɟ ɤɨɷɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɢɜɨɫɬɢ.  

 

Ɋɢɫɭɧɨɤ 4.10 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ ɩɪɢ ɭɱɟɬɟ ɧɚɪɭɲɟɧɧɨɫɬɢ ɜ ɤɚɱɟɫɬɜɟ 

ɜɨɞɨɩɪɨɜɨɞɹɳɟɝɨ ɷɥɟɦɟɧɬɚ 

ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɤɨɷɮɮɢɰɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ ɫɥɭɱɚɟɜ ɭɱɟɬɚ ɡɨɧɵ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɤɚɤ ɜɨɞɨɩɪɨɜɨɞɹɳɟɝɨ ɤɚɧɚɥɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɩɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɜɪɟɦɟɧɢ ɫɨɜɦɟɫɬɧɨɝɨ ɮɢɥɶɬɪɚɰɢɨɧɧɨ-ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɪɚɫɱɟɬɚ ɧɢɠɟ 

ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɢ ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜɚɪɢɚɧɬɚ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ ɫɩɟɰɢɚɥɶɧɵɦɢ 

ɫɩɨɫɨɛɚɦɢ ɢɥɢ ɳɢɬɨɜɨɣ ɩɪɨɯɨɞɤɨɣ.  

ɚ 

 

ɛ 

 

ɜ 

 

ɝ 

 

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 

0 % 25 % 75 % 100 % 

ɚ – ɞɥɹ ɦɚɫɫɢɜɚ ɫ ɤɥɸɱɨɦ 1 – 3 - 7 – 15 (III); ɛ – ɞɥɹ ɦɚɫɫɢɜɚ ɫ ɤɥɸɱɨɦ 1 – 10 - 18 – 15 (III);  ɜ – 

ɞɥɹ ɦɚɫɫɢɜɚ ɫ ɤɥɸɱɨɦ 1 – 9 - 17 – 15 (II);  ɝ – ɞɥɹ ɦɚɫɫɢɜɚ ɫ ɤɥɸɱɨɦ 1 – 3 - 7 – 15 (II) 

Ɋɢɫɭɧɨɤ 4.11 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 
ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ ɡɚɛɨɹ ɩɪɢ ɭɱɟɬɟ ɧɚɪɭɲɟɧɧɨɫɬɢ 
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Ɋɟɡɭɥɶɬɚɬɨɦ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɨɝɧɨɡɧɚɹ ɮɨɪɦɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɩɪɟɞɟɥёɧɧɨɣ ɜɟɥɢɱɢɧɟ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ. Ɏɨɪɦɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɧɚɯɨɠɞɟɧɢɢ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜɟɪɨɹɬɧɨɝɨ ɨɛɪɭɲɟɧɢɹ, ɫɨɜɩɚɞɚɸɳɟɣ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɤɨɥɶɠɟɧɢɹ, 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɪɟɩɥɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɢ ɨɩɪɟɞɟɥɟɧɢɢ 

ɨɛɴɟɦɚ ɝɪɭɧɬɚ, ɤɨɬɨɪɵɣ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɤɪɟɩɥɟɧɢɟ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɨɪɦɵ 

ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɫɥɭɱɚɟɜ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ ɜ ɬɨɥɳɟ 

ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɝɪɭɧɬɚ (ɪɢɫ. ȼ.1 - ȼ.5), ɬɚɤ ɢ ɩɪɢ ɩɪɨɯɨɞɤɟ ɬɨɧɧɟɥɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 

ɧɚɪɭɲɟɧɧɨɫɬɢ (ɪɢɫ.ȼ.6 - ȼ.9). Ɏɨɪɦɢɪɨɜɚɧɢɟ ɡɨɧɵ ɜɨɡɦɨɠɧɨɝɨ ɨɛɪɭɲɟɧɢɹ ɫɜɹɡɚɧɨ 

ɫ ɩɪɟɜɵɲɟɧɢɟɦ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ: ɧɚ ɪɢɫɭɧɤɚɯ ɢɡɨɛɪɚɠɟɧɵ ɬɨɱɤɢ, 

ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɵɲɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ. ȼɢɞɧɨ, ɱɬɨ 

ɩɨ ɦɟɪɟ ɢɡɦɟɧɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɷɥɟɦɟɧɬɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢɡɦɟɧɹɸɬɫɹ ɢ 

ɦɟɯɚɧɢɡɦɵ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɟ ɜ ɪɚɡɪɭɲɟɧɢɢ (ɪɢɫ. ȼ.10 – ɪɢɫ. ȼ.16). 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɰɢɣ ɤɪɟɩɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 4.12. Ɉɰɟɧɤɚ 

ɜɥɢɹɧɢɹ ɫɩɨɫɨɛɚ ɤɪɟɩɥɟɧɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɤɚɤ ɩɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ, 

ɬɚɤ ɩɪɨɱɧɨɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.   

 
 

 

ɚ ɛ ɜ 

Ɋɢɫɭɧɨɤ 4.12 – ɂɡɨɩɨɥɹ ɩɪɢɪɚɳɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ SF ɫ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɜɚɪɢɚɧɬɚɯ ɤɪɟɩɥɟɧɢɹ ɥɛɚ ɡɚɛɨɹ: ɚ – ɤɪɟɩɥɟɧɢɟ ɚɧɤɟɪɚɦɢ ɜɟɪɯɧɟɝɨ ɫɟɤɬɨɪɚ ɢ ɧɢɠɧɟɝɨ ɫɟɤɬɨɪɚ;  
ɛ – ɜɫɟɝɨ ɫɟɱɟɧɢɹ ɫ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɫɬɚɧɨɜɤɢ ɚɧɤɟɪɨɜ; ɜ – ɨɝɪɚɠɞɚɸɳɟɟ ɤɪɟɩɥɟɧɢɟ 
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ɍɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɪɚɫɫɬɪɟɥɶɧɨɦ ɷɥɟɦɟɧɬɟ, ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɜɨɡɞɟɣɫɬɜɢɹ ɦɚɫɫɢɜɚ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɤɚɤ ɢɡ ɪɚɫɫɬɪɟɥɨɜ, ɬɚɤ ɢ 

ɞɟɪɟɜɹɧɧɨɣ ɡɚɬɹɠɤɢ, ɩɟɪɟɞɚɸɳɟɣ ɧɚ ɪɚɫɫɬɪɟɥ ɪɟɚɥɢɡɭɸɳɢɟɫɹ ɞɟɮɨɪɦɚɰɢɢ.  

4.3 Ɋɚɡɪɚɛɨɬɤɚ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɩɪɨɝɧɨɡɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 

 ɜɥɢɹɧɢɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɪɚɫɱёɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɢɯ ɢɡɦɟɧɟɧɢɟ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɬɨɧɧɟɥɹ; ɪɚɡɦɟɪɵ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ; 

 ɦɟɬɨɞ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ: ɧɚɱɚɥɶɧɨɟ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ; ɫɦɟɳɟɧɢɹ ɦɚɫɫɢɜɚ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɟɫɹ ɨɬ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ; 

ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ 

ɨɬ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɫɦɟɳɟɧɢɣ ɢ ɞɨɫɬɢɝɧɭɬɨɝɨ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ; 

 ɫɩɟɰɢɚɥɶɧɵɟ ɢɧɬɟɪɮɟɣɫɧɵɟ ɷɥɟɦɟɧɬɵ, ɨɬɪɚɠɚɸɳɢɟ ɩɨɧɢɠɟɧɢɟ ɫɜɨɣɫɬɜ ɧɚ 

ɤɨɧɬɚɤɬɟ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ;  

 ɪɟɠɢɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ; 

 ɜɪɟɦɹ ɤɨɧɫɨɥɢɞɚɰɢɢ ɢɥɢ ɫɨɜɦɟɫɬɧɨɝɨ ɮɢɥɶɬɪɚɰɢɨɧɧɨ-ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 

ɪɚɫɱɟɬɚ; 

 ɬɢɩ ɜɵɛɪɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɫɥɚɝɚɸɳɟɝɨ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɭɸ ɫɟɬɤɭ.  

ɋɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ, 

ɞɨɥɠɧɵ ɛɵɬɶ ɭɱɬɟɧɵ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɪɚɦɤɚɯ ɫɢɫɬɟɦɵ 

«ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – ɧɚɪɭɲɟɧɧɨɫɬɶ – ɬɨɧɧɟɥɶ»: ɭɞɚɥɟɧɢɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɦɨɞɟɥɢ ɨɬ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ; ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɦɚɫɫɢɜɚ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɦɟɪ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ. ȼɟɪɬɢɤɚɥɶɧɨɟ ɡɚɥɟɝɚɧɢɟ 

ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɜ ɦɚɫɫɢɜɟ ɧɟ ɡɚɬɭɯɚɸɳɢɟ ɤ ɝɪɚɧɢɰɟ ɦɨɞɟɥɢ ɩɟɪɟɦɟɳɟɧɢɹ ɭɡɥɨɜ. ȼ 

ɬɚɤɨɦ ɫɥɭɱɚɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɭɩɪɨɱɟɧɢɟ ɢ 

ɮɨɪɦɨɢɡɦɟɧɟɧɢɟ, ɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɱɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɜɨɞɢɬɶ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɰɟɞɭɪɵ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. 

ɋ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɣ ɩɟɪɟɦɟɳɟɧɢɣ, 

ɜɵɡɜɚɧɧɵɯ ɫɨɜɦɟɫɬɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɨɧɫɨɥɢɞɚɰɢɨɧɧɨ-ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ 



114 

ɩɪɨɰɟɫɫɨɜ ɢ ɪɚɡɝɪɭɡɤɢ ɦɚɫɫɢɜɚ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɨ ɧɚɱɚɥɚ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ 

ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɤɨɧɫɨɥɢɞɚɰɢɢ ɫ ɭɫɥɨɜɢɟɦ ɪɚɫɫɟɢɜɚɧɢɹ 90% ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. 

Ɍɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɦɨɞɟɥɢ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɢɪɨɞɧɨɦɭ ɪɚɜɧɨɜɟɫɢɸ ɡɨɧɵ 

ɧɚɪɭɲɟɧɧɨɫɬɢ. Ⱥ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 

ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɯɪɚɧɟɧɢɹ ɟɝɨ ɫɭɯɢɦ ɤɥɚɫɬɟɪɨɦ.  

ɉɚɪɚɦɟɬɪɵ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɦɚɬɟɪɢɚɥɨɜ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɫɹ ɩɨ 

ɞɚɧɧɵɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɠɢɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɞ ɧɚɝɪɭɡɤɨɣ ɭɫɥɨɜɢɹɯ. ɋɨɨɬɜɟɬɫɬɜɢɟ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɞ 

ɧɚɝɪɭɡɤɨɣ ɪɟɚɥɶɧɨɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ ɞɨɥɠɧɨ ɜɟɪɢɮɢɰɢɪɨɜɚɬɶɫɹ ɩɭɬɟɦ 

ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɞɚɧɧɵɯ ɢ ɜɢɪɬɭɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ 

ɫɯɨɞɢɦɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɦɨɞɟɥɢ ɢ ɧɚɬɭɪɧɵɯ ɢɡɦɟɪɟɧɢɣ.  

ɉɨɫɬɨɹɧɧɭɸ ɨɛɞɟɥɤɭ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɬɶ ɤɚɤ ɨɛɨɥɨɱɤɭ, ɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ – ɤɚɤ ɩɨɝɪɭɠɟɧɧɵɟ ɫɬɟɪɠɧɢ.  

ȼɚɠɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɱɟɬɚ. ȼ ɫɥɭɱɚɟ ɧɟɛɨɥɶɲɢɯ 

ɡɧɚɱɟɧɢɣ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɜ ɰɟɥɹɯ ɨɩɬɢɦɢɡɚɰɢɢ ɜɪɟɦɟɧɢ 

ɪɚɫɱɟɬɚ ɢ ɥɭɱɲɟɣ ɫɯɨɞɢɦɨɫɬɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɱɢɫɥɟɧɧɨɝɨ 

ɤɨɧɬɪɨɥɹ: ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɟɪɯɪɟɥɚɤɫɚɰɢɢ ɪɚɜɧɵɣ 1.5, ɩɪɢ ɬɪɟɛɭɟɦɨɦ ɦɢɧɢɦɚɥɶɧɨɦ 

ɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ – 3 ɢ 7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɤɚɱɟɫɬɜɟ ɬɢɩɚ 

ɪɟɲɚɬɟɥɹ ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ ɞɟɮɨɪɦɚɰɢɣ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ 

(Picos), ɜ ɤɚɱɟɫɬɜɟ ɬɢɩɚ ɪɟɲɚɬɟɥɹ ɧɚ ɮɚɡɟ ɮɢɥɶɬɪɚɰɢɨɧɧɨ-ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 

ɪɚɫɱɟɬɨɜ ɢ ɤɨɧɫɨɥɢɞɚɰɢɢ – ɩɪɹɦɨɣ ɪɟɲɚɬɟɥɶ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ (Paradisco).  

Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɱɢɫɥɟ ɲɚɝɨɜ ɪɚɫɱɟɬɚ 300, ɫ ɭɱɟɬɨɦ ɤɨɧɬɪɨɥɹ ɩɪɨɰɟɫɫɚ ɪɚɡɪɭɲɟɧɢɹ 

ɧɚ ɡɚɪɚɧɟɟ ɨɛɨɡɧɚɱɟɧɧɨɦ ɭɡɥɟ ɦɨɞɟɥɢ, ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɨɛɴɟɦɟ ɜɟɪɨɹɬɧɨɝɨ 

ɨɛɪɭɲɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɪɚɫɯɨɞɢɦɨɫɬɢ ɱɢɫɥɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ – ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɝɪɭɡɤɢ (ɜɩɥɨɬɶ ɞɨ 0.02). Ɍɚɤɚɹ ɦɟɪɚ 

ɩɨɡɜɨɥɢɬ ɢɧɠɟɧɟɪɭ ɜɵɹɜɢɬɶ ɤɢɧɟɦɚɬɢɤɭ ɞɟɮɨɪɦɚɰɢɣ ɢ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 

ɪɚɫɯɨɞɢɦɨɫɬɶ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɫɥɭɱɚɟ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  
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ɇɚ ɮɚɡɚɯ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɝɪɭɧɬɨɜ ɥɛɚ ɡɚɛɨɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɦɟɬɪ ɤɨɧɬɪɨɥɹ ɞɥɢɧɵ ɞɭɝɢ, ɬ.ɤ. ɪɚɫɱɟɬ ɫɬɚɧɨɜɢɬɫɹ ɡɚɜɢɫɢɦɵɦ ɨɬ 

ɧɚɝɪɭɠɟɧɢɹ, ɹɜɥɹɸɳɟɝɨɫɹ ɨɞɧɢɦ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. Ⱥ, ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ 

ɩɪɨɰɟɫɫ ɩɪɨɯɨɞɤɢ ɬɨɧɧɟɥɹ (ɞɟɚɤɬɢɜɚɰɢɢ ɤɥɚɫɬɟɪɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɞɚɧɢɹ ɧɭɥɟɜɨɣ 

ɠɟɫɬɤɨɫɬɢ) ɧɨɫɢɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɷɤɫɬɪɚɩɨɥɹɰɢɢ 

ɩɟɪɟɦɟɳɟɧɢɣ ɫ ɩɪɟɞɵɞɭɳɟɝɨ ɲɚɝɚ.  

Пɨɫɬɨяɧɧɚя ɨɛɞɟɥɤɚ ɢ ɜɪɟɦɟɧɧɚя ɤɪɟɩɶ ɥɛɚ ɡɚɛɨя 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɨɛɞɟɥɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɫɨɡɞɚɧɢɟ ɷɥɟɦɟɧɬɚ 

ɨɛɨɥɨɱɤɢ ɡɚɞɚɧɧɨɣ ɬɨɥɳɢɧɵ ɢ ɠɟɫɬɤɨɫɬɢ. 

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜ ɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ ɝɪɭɧɬɨɜɵɯ ɨɛɧɚɠɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ 

ɨɝɪɚɠɞɚɸɳɟɟ ɢɥɢ ɭɩɪɨɱɧɹɸɳɟɟ ɤɪɟɩɥɟɧɢɟ. ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɭɩɪɨɱɧɹɸɳɢɯ 

ɤɪɟɩɟɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɦɟɪɟ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ ɫɧɢɠɟɧɢɟ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɧɢɠɟ ɩɪɨɟɤɬɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

4.4 Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɉɪɢ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ ɨ ɫɩɨɫɨɛɟ ɨɛɟɫɩɟɱɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ 

ɨɛɧɚɠɟɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɢɬɶ 

ɧɟɨɛɯɨɞɢɦɨɟ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɢɪɨɜɚɧɧɵɣ 

ɩɪɨɟɤɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɢ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ, 

ɩɪɟɞɥɨɠɟɧɧɭɸ ɇ.Ⱥ. Ȼɟɥɹɤɨɜɵɦ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ. ɉɨ 

ɦɧɟɧɢɸ ɇ.ɇ. Ɇɚɫɥɨɜɚ [55], ɞɚɜɥɟɧɢɟ ɧɚ ɜɪɟɦɟɧɧɭɸ ɤɪɟɩɶ ɫɨ ɫɬɨɪɨɧɵ ɦɚɫɫɢɜɚ 

ɫɨɡɞɚɟɬɫɹ ɨɬɫɥɨɢɜɲɟɣɫɹ ɨɬ ɦɚɫɫɢɜɚ ɩɨɪɨɞɨɣ. ɉɨɷɬɨɦɭ ɩɪɨɟɤɬɢɪɭɹ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɢɧɠɟɧɟɪɭ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɮɨɪɦɵ ɩɨɬɟɪɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɨɥɭɱɚɟɦɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɬɨɱɟɤ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɟɬɫɹ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ Ʉɭɥɨɧɚ, ɥɢɛɨ ɩɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ. 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜɨɝɨ 

ɨɛɧɚɠɟɧɢɹ ɩɪɢ ɜɯɨɠɞɟɧɢɢ ɬɨɧɧɟɥɹ ɜ ɡɨɧɭ ɜɥɢɹɧɢɹ ɢ ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ 
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ɧɚɪɭɲɟɧɧɨɫɬɢ ɫɜɹɡɚɧ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɟɥɢɱɢɧɵ ɞɟɮɨɪɦɚɰɢɣ ɝɪɭɧɬɨɜɨɝɨ ɨɛɧɚɠɟɧɢɹ, 

ɩɨɷɬɨɦɭ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɧɟɨɛɯɨɞɢɦɨ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɤɪɟɩɥɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɢɫɯɨɞɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɋɉ 120.13330.2012, ɫ ɨɝɨɜɨɪɤɨɣ ɨ ɬɨɦ, ɱɬɨ ɹɜɧɵɦɢ 

ɞɟɮɨɪɦɚɰɢɹɦɢ ɦɨɝɭɬ ɫɱɢɬɚɬɶɫɹ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɟɜɵɲɚɸɳɢɟ (ɩɪɢ ɩɪɢɧɹɬɨɣ 

ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɯɨɞɤɢ ɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ) ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɟ 

ɞɟɮɨɪɦɚɰɢɢ. ɉɨɞ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɬɚɤɨɣ 

ɭɪɨɜɟɧɶ ɞɟɮɨɪɦɚɰɢɣ ɥɛɚ ɡɚɛɨɹ, ɤɨɬɨɪɵɣ ɩɨ ɨɩɵɬɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɟ ɩɪɢɜɨɞɢɥ ɤ 

ɧɟɞɨɩɭɫɬɢɦɵɦ ɞɟɮɨɪɦɚɰɢɹɦ ɤɚɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤ ɢ ɜ ɭɪɨɜɧɟ ɩɪɨɜɨɞɢɦɨɝɨ 

ɬɨɧɧɟɥɹ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ 

ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɢɡɦɟɧɱɢɜ, ɢ ɜ ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɡɚɤɨɧɨɦɟɪɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɢ ɫɥɭɱɚɣɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɮɚɤɬɨɪɨɜ 

ɜɥɢɹɧɢɹ. ɉɨɷɬɨɦɭ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɜɵɱɢɫɥɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚ ɤɨɧɫɬɪɭɤɰɢɢ 

ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɦ. ɂɡɦɟɧɟɧɢɟ ɨɛɥɚɫɬɢ ɜɨɡɦɨɠɧɨɝɨ 

ɨɛɪɭɲɟɧɢɹ ɩɨ ɦɟɪɟ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 4.13. 

 

Ɋɢɫɭɧɨɤ 4.13 – ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɜɟɪɨɹɬɧɨɝɨ ɨɛɪɭɲɟɧɢɹ ɨɬ ɩɪɟɜɵɲɟɧɢɹ ɩɪɟɞɟɥɚ 
ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɜ ɦɚɫɫɢɜɟ ɩɨ ɦɟɪɟ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ 

ɉɪɢɧɹɬɚɹ ɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɢɤɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɤɪɢɬɟɪɢɢ 

ɩɪɨɱɧɨɫɬɢ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ ɝɪɭɧɬɨɜ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜɞɨɥɶ ɨɫɢ ɬɨɧɧɟɥɹ.   

Ɉɰɟɧɤɭ ɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɤɪɟɩɥɟɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɩɭɬɟɦ 

ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɞɨɫɬɢɝɧɭɬɵɯ ɭɪɨɜɧɟɣ ɧɚɩɪɹɠɟɧɢɣ ɫ ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɟɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɨɫɧɨɦɭ ɪɚɫɬɹɠɟɧɢɸ ܴ௧ ɢ ɨɞɧɨɨɫɧɨɦɭ ɫɠɚɬɢɸ ܴ௖. 
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ܴ௖ ൒ 𝜎ଵ; (4.1) 

ܴ௧ ൒ 𝜎ଷ, (4.2) 

ɝɞɟ 𝜎ଵ – ɝɥɚɜɧɵɟ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ; 𝜎ଷ – ɝɥɚɜɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ 

ɧɚɩɪɹɠɟɧɢɹ; ܴ௧, ܴ௖ – ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɞɧɨɨɫɧɨɦɭ 

ɪɚɫɬɹɠɟɧɢɸ ɢ ɨɞɧɨɨɫɧɨɦɭ ɫɠɚɬɢɸ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

4.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 4 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 

ɦɟɬɨɞɢɤɚ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɬɨɱɤɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, 

ɜ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɟɜɵɲɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɢɧɹɬɨɝɨ ɤɪɢɬɟɪɢɹ ɩɪɨɱɧɨɫɬɢ ɢ 

ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ. Ɍɚɤɢɟ ɬɨɱɤɢ ɦɨɝɭɬ ɹɜɥɹɸɬɫɹ ɩɨɥɟɡɧɵɦɢ ɞɥɹ 

ɢɧɠɟɧɟɪɚ ɜ ɜɨɩɪɨɫɟ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɨɞɛɨɪɚ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ.  

Ⱦɟɬɚɥɢɡɢɪɨɜɚɧɧɚɹ ɝɟɨɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɬɨɧɧɟɥɹ ɱɟɪɟɡ ɡɨɧɭ 

ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ, ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ, 

ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɜɟɥɢɱɢɧɭ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɞɥɹ ɰɟɥɟɣ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɢɛɨ ɭɩɪɨɱɧɹɸɳɢɯ, 

ɥɢɛɨ ɨɝɪɚɠɞɚɸɳɢɯ ɤɪɟɩɥɟɧɢɣ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɢɥɢ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɹ ɜ ɩɨɥɶɡɭ ɫɩɟɰɢɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɩɪɨɯɨɞɤɢ. Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɩɨɞɯɨɞ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɩɨɡɜɨɥɹɟɬ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɨɰɟɫɫ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɟɞɟɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɫɥɨɠɧɵɯ ɝɨɪɧɨ-

ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɭɱɟɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɧɚɪɭɲɟɧɧɵɯ 

ɝɪɭɧɬɨɜ, ɚ ɡɧɚɱɢɬ – ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɢɦ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫ ɩɨɜɵɲɟɧɧɵɦɢ 

ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɉɞɧɚɤɨ ɫɬɨɢɬ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɪɢ ɪɚɫɱɟɬɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ Ʉɭɥɨɧɚ-Ɇɨɪɚ, ɚ ɧɟ 

ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ, ɨɬɪɚɠɚɸɳɚɹ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɟɥɢ 
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ɭɩɪɨɱɧɹɸɳɟɝɨɫɹ ɝɪɭɧɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɷɬɚɩɟ ɪɚɫɱɟɬɚ ɧɚɱɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɤɨɝɞɚ ɮɨɪɦɢɪɭɟɬɫɹ ɡɨɧɚ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɚɯ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ.  

ȼɦɟɫɬɟ ɫ ɷɬɢɦ, ɜ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɩɚɪɚɦɟɬɪɚɯ ɦɨɞɟɥɢ ɭɱɟɬ ɨɪɢɟɧɬɚɰɢɢ ɷɥɟɦɟɧɬɚ 

ɧɚɪɭɲɟɧɧɨɫɬɢ ɩɨɡɜɨɥɢɬ ɪɚɰɢɨɧɚɥɶɧɨ ɪɚɫɩɨɥɚɝɚɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 

ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ. 
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ɁȺɄɅɘɑȿɇɂȿ 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɡɚɤɨɧɱɟɧɧɭɸ ɧɚɭɱɧɨ-

ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ, ɜ ɤɨɬɨɪɨɣ ɞɚɧɨ ɪɟɲɟɧɢɟ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɢ - 

ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɢɯ ɡɚɛɨɟɜ, 

ɩɪɨɣɞɟɧɧɵɯ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. 

Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

ȼɵɩɨɥɧɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɜɹɳɟɧɵ 

ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɥɨɛ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɢ ɜɵɛɨɪɚ ɬɢɩɚ ɜɪɟɦɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ 

ɫɨɨɪɭɠɟɧɢɹ, ɩɪɨɣɞɟɧɧɨɝɨ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ 

ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɮɚɤɬɨɪɚ ɨɛɜɨɞɧɟɧɢɹ ɡɨɧɵ ɧɚɪɭɲɟɧɧɨɫɬɢ, ɩɨɧɢɠɟɧɢɹ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚɪɭɲɟɧɧɨɝɨ ɦɚɫɫɢɜɚ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɨɪɢɟɧɬɚɰɢɢ ɧɚɪɭɲɟɧɧɨɫɬɢ ɦɚɫɫɢɜɚ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ:  
1. Ɋɚɫɫɦɨɬɪɟɧɨ ɫɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ 

ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɨɬɫɭɬɫɬɜɭɸɬ ɨɛɨɫɧɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, 

ɩɪɨɜɨɞɢɦɨɝɨ ɱɟɪɟɡ ɡɨɧɭ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɦɚɫɫɢɜɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. ɉɨɥɭɱɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɩɚɪɚɦɟɬɪɨɜ ɡɨɧɵ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ. ɉɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɡɨɧɵ ɜɥɢɹɧɢɹ 

ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ - ɧɚɪɭɲɟɧɧɨɫɬɢ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɝɪɭɧɬɨɜ ɥɛɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ. 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɵ ɩɪɨɝɧɨɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ 

ɡɚɛɨɹ ɢ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ, ɛɚɡɢɪɭɸɳɚɹɫɹ ɧɚ ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɪɢɮɢɤɚɰɢɢ ɦɨɞɟɥɢ ɩɨ ɞɚɧɧɵɦ ɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ, ɩɨɥɭɱɟɧɧɵɦ ɜ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɹɯ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, 

ɨɬɪɚɠɚɸɳɟɣ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɫɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
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ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ, ɧɚɛɥɸɞɚɟɬɫɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ ɫɯɨɞɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 

ɜɢɪɬɭɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɧɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɨɫɬɢ 

ɹɜɥɹɸɬɫɹ: ɚɧɢɡɨɬɪɨɩɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ; ɩɪɢɧɹɬɵɣ ɪɟɠɢɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 

ɦɚɬɟɪɢɚɥɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ; ɜɪɟɦɹ ɤɨɧɫɨɥɢɞɚɰɢɢ; ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɡɨɧɵ 

ɧɚɪɭɲɟɧɧɨɫɬɢ; ɷɮɮɟɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɱɧɨɫɬɢ ɢ ɜɟɥɢɱɢɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɧɚ ɝɪɭɧɬɵ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ. 

4. ɑɢɫɥɟɧɧɚɹ ɝɟɨɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɚɪɭɲɟɧɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɫɩɥɨɲɧɨɣ ɫɪɟɞɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɷɥɟɦɟɧɬɵ, ɨɩɢɫɵɜɚɸɳɢɟ 

ɦɟɯɚɧɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ 

ɩɪɨɜɟɞɟɧɢɟ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɦɚɫɫɢɜɟ ɱɟɪɟɡ ɡɨɧɭ 

ɧɚɪɭɲɟɧɧɵɯ ɩɟɪɟɦɹɬɵɯ ɝɥɢɧ ɢ ɩɨɥɭɱɚɬɶ ɢɡɨɩɨɥɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɚ 

ɡɧɚɱɢɬ – ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɡɨɧɭ ɜɨɡɦɨɠɧɨɝɨ ɨɛɪɭɲɟɧɢɹ. 

5. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ 

ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɡɨɧɭ 

ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɤɚɤ ɫɭɯɨɣ, ɨɛɜɨɞɧɟɧɧɵɣ ɢ ɜɨɞɨɩɪɨɜɨɞɹɳɢɣ ɪɚɫɱɟɬɧɵɣ 

ɷɥɟɦɟɧɬ. 

6. Ɋɚɡɪɚɛɨɬɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɥɨɛ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɜɪɟɦɟɧɢ ɤɨɧɫɨɥɢɞɚɰɢɢ ɢ ɩɨɡɜɨɥɹɸɳɢɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɫɩɨɫɨɛɵ ɤɪɟɩɥɟɧɢɹ 

ɝɪɭɧɬɨɜ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɧɚ ɨɝɪɚɠɞɚɸɳɢɟ, ɭɩɪɨɱɧɹɸɳɢɟ ɢ ɫɩɟɰɢɚɥɶɧɵɟ. 

7. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɨɡɦɨɠɧɨ ɜɵɹɜɥɟɧɢɟ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɩɨ ɦɟɪɟ ɟɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɡɨɧɟ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ.  

8. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜɵɹɜɥɟɧɚ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ 

ɨɪɢɟɧɬɚɰɢɢ ɡɨɧɵ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ – ɩɪɢ 

ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɜɚɪɢɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɚ, ɚ ɭɱɟɬ ɟɟ 

ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 



121 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊЫ 

1. Ƚɪɚɞɨɫɬɪɨɢɬɟɥɶɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 29 ɞɟɤɚɛɪɹ 2004 №190-

ɎɁ (ɪɟɞ. ɨɬ 03 ɚɜɝɭɫɬɚ 2018). 

2. Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɉ ɬɟɯɧɢɱɟɫɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ» ɨɬ 27 ɞɟɤɚɛɪɹ 2002 № 

184-ɎɁ (ɪɟɞ. ɨɬ 29 ɢɸɥɹ 2017) – ɋɨɜɟɬ Ɏɟɞɟɪɚɰɢɢ, 2002. 

3. Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ «Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɝɥɚɦɟɧɬ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ» ɨɬ 30.12.2009 № 384-ɎɁ (ɩɨɫɥɟɞɧɹɹ ɪɟɞɚɤɰɢɹ). – ɋɨɜɟɬ Ɏɟɞɟɪɚɰɢɢ, 

2009. 

4. ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ ɨɬ 26 ɞɟɤɚɛɪɹ 2014 ɝ. №1521  

«Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɩɟɪɟɱɧɹ ɧɚɰɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ɢ ɫɜɨɞɨɜ ɩɪɚɜɢɥ (ɱɚɫɬɟɣ ɬɚɤɢɯ 

ɫɬɚɧɞɚɪɬɨɜ ɢ ɫɜɨɞɨɜ ɩɪɚɜɢɥ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɤɨɬɨɪɵɯ ɧɚ ɨɛɹɡɚɬɟɥɶɧɨɣ 

ɨɫɧɨɜɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ 

«Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɝɥɚɦɟɧɬ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ»  

(ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ 7 ɞɟɤɚɛɪɹ 2016 ɝɨɞɚ). – 2014. 

5. ɉɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ №921 ɨɬ 04 ɞɟɤɚɛɪɹ 2018 

«Ɉ ɜɧɟɫɟɧɢɢ ɢɡɦɟɧɟɧɢɣ ɜ ɩɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ ɨɬ 

28 ɢɸɥɹ 2011 №836» – ɉɪɚɜɢɬɟɥɶɫɬɜɨ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ, 2018. 

6. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɚɫɱɟɬɭ ɜɪɟɦɟɧɧɨɣ ɤɪɟɩɢ ɬɨɧɧɟɥɶɧɵɯ 

ɜɵɪɚɛɨɬɨɤ / ȼ.ȿ. Ɇɟɪɤɢɧ, Ⱦ.ɂ. Ʉɨɥɢɧ, ȼ.Ɏ. ɋɚɪɚɛɟɟɜ, Ʌ.Ʌ. ɋɬɚɪɱɟɜɫɤɚɹ, 

ɋ.ɘ. ɏɚɡɚɧɨɜ, Ʌ.Ⱥ. ȼɨɪɨɛɶёɜ, Ɇ.ȿ. Ɋɵɠɟɜɫɤɢɣ, ɋ.ɇ. ȼɥɚɫɨɜ, ȼ.ȼ. ɑɟɛɨɬɚɟɜ, 

Ɋ.ɂ. Ʉɚɫɚɩɨɜ, ɇ.ɋ. Ȼɭɥɵɱɟɜ, ɇ.ɇ. Ɏɨɬɢɟɜɚ, Ⱦ.Ɇ. Ƚɨɥɢɰɢɧɫɤɢɣ, Ȼ.Ɂ. Ⱥɦɭɫɢɧ, 

Ȼ.ɋ. Ʉɭɡɧɟɰɨɜ – Ɇɨɫɤɜɚ: Ɇɢɧɢɫɬɟɪɫɬɜɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɋɋɊ, 1984. 

7. ɉɪɢɤɚɡ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɵ ɩɨ ɷɤɨɥɨɝɢɱɟɫɤɨɦɭ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɢ 

ɚɬɨɦɧɨɦɭ ɧɚɞɡɨɪɭ ɨɬ 23 ɦɚɹ 2013 № 216 «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ "Ɇɟɬɨɞɢɱɟɫɤɢɯ 

ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɨɰɟɧɤɟ ɫɤɥɨɧɧɨɫɬɢ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɤ ɝɨɪɧɵɦ 

ɭɞɚɪɚɦ» – Ɏɟɞɟɪɚɥɶɧɚɹ ɫɥɭɠɛɚ ɩɨ ɷɤɨɥɨɝɢɱɟɫɤɨɦɭ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɢ ɚɬɨɦɧɨɦɭ 

ɧɚɞɡɨɪɭ, 2013. 

8. ɋɉ 120.13330.2012. Ɇɟɬɪɨɩɨɥɢɬɟɧɵ. – Ɇɢɧɢɫɬɟɪɫɬɜɨ ɪɟɝɢɨɧɚɥɶɧɨɝɨ 

ɪɚɡɜɢɬɢɹ ɊɎ, 2012. 



122 

9. ɋɉ 248.1325800.2016. ɋɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɟ. ɉɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. – 

Ɇɢɧɢɫɬɟɪɫɬɜɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ, 2016. – 174 ɫ. 

10. ɋɉ 47.13330.2012. ɂɧɠɟɧɟɪɧɵɟ ɢɡɵɫɤɚɧɢɹ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ɉɫɧɨɜɧɵɟ 

ɩɨɥɨɠɟɧɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 11-02-96. – 2012. 

11. ɋɉ 91.13330.2012. ɉɨɞɡɟɦɧɵɟ ɝɨɪɧɵɟ ɜɵɪɚɛɨɬɤɢ. – Ɇɢɧɢɫɬɟɪɫɬɜɨ 

ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɊɎ, 2013. 

12. ȽɈɋɌ 12248-2010. Ƚɪɭɧɬɵ. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɱɧɨɫɬɢ ɢ 

ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ. – Ɇɟɠɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɤɨɦɢɫɫɢɹ ɩɨ 

ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɬɟɯɧɢɱɟɫɤɨɦɭ ɧɨɪɦɢɪɨɜɚɧɢɸ ɢ ɫɟɪɬɢɮɢɤɚɰɢɢ ɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ, 2012. 

13. ȽɈɋɌ 20522-2012. Ƚɪɭɧɬɵ. Ɇɟɬɨɞɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɢɫɩɵɬɚɧɢɣ. – 2012. 

14. ȽɈɋɌ 25100-2011. Ƚɪɭɧɬɵ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ. – 2011. 

15. ȽɈɋɌ 28985-91. ɉɨɪɨɞɵ ɝɨɪɧɵɟ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɫɠɚɬɢɢ. – Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɤɨɦɢɬɟɬ ɋɋɋɊ ɩɨ 

ɭɩɪɚɜɥɟɧɢɸ ɤɚɱɟɫɬɜɨɦ ɩɪɨɞɭɤɰɢɢ ɢ ɫɬɚɧɞɚɪɬɚɦ, 1992. 

16. ȽɈɋɌ 30416-2012. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ. Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ. – 2013. 

17. ȽɈɋɌ Ɋ ɂɋɈ 14688-2-2017. Ƚɟɨɬɟɯɧɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɫɩɵɬɚɧɢɹ. 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɝɪɭɧɬɨɜ. – 2017. 

18. Ⱥɝɢɹɧ, ȼ.Ⱥ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɝɨɪɨɞɫɤɢɯ ɩɨɞɡɟɦɧɵɯ 

ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ / ȼ.Ⱥ. Ⱥɝɢɹɧ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 

ɚɤɚɞɟɦɢɹ ɧɚɭɤ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɩɪɢɪɨɞɵ (ɆȺɇɗȻ), 2009. – 224 ɫ. 

19. Ⱥɥɟɤɫɟɟɜ, Ⱥ.ȼ. ɉɪɢɦɟɧɟɧɢɟ ɡɚɳɢɬɧɵɯ ɷɤɪɚɧɨɜ ɜ ɩɨɞɡɟɦɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ / 

Ⱥ.ȼ. Ⱥɥɟɤɫɟɟɜ, Ⱦ.Ɍ. Ƚɨɥɨɜɢɧ // Academy. – ɂɜɚɧɨɜɨ: Ɉɥɢɦɩ, 2016. – C. 2–6. 

20. Ⱥɥɟɤɫɟɟɜ, Ⱥ.ȼ. ȼɥɢɹɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɚɫɫɢɜɚ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɡɚɛɨɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɦɟɬɪɨɩɨɥɢɬɟɧɚ / Ⱥ.ȼ. Ⱥɥɟɤɫɟɟɜ, 

Ƚ.Ⱥ. ɂɨɜɥɟɜ // Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɠɭɪɧɚɥ. – 2017. – Ɍ. 62 

– № 8 – ɋ. 6–14 – doi:10.23670/IRJ.2017.62.007. 



123 

21. Ⱥɥɟɤɫɟɟɜ, Ⱥ.ȼ. Ⱦɟɮɨɪɦɚɰɢɢ ɥɛɚ ɡɚɛɨɹ ɩɪɢ ɩɪɨɯɨɞɤɟ ɬɨɧɧɟɥɹ ɜ ɡɨɧɟ 

ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ / Ⱥ.ȼ. Ⱥɥɟɤɫɟɟɜ // Ƚɨɪɧɵɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɛɸɥɥɟɬɟɧɶ. – Ɇɨɫɤɜɚ: Ƚɨɪɧɚɹ ɤɧɢɝɚ, 2018. – № 12 

– ɋ. 48–56 – doi:10.25018/0236-1493-2018-12-0-48-56. 

22. Ⱥɥɟɤɫɟɟɜ, Ⱥ.ȼ. ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɛɚ ɡɚɛɨɹ ɜ ɡɨɧɟ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɪɢ ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ ɦɚɫɫɢɜɚ / Ⱥ.ȼ. Ⱥɥɟɤɫɟɟɜ, 

ɉ.ɗ. ȼɟɪɛɢɥɨ // ɂɡɜɟɫɬɢɹ ɍɪɚɥɶɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɝɨɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 

ȿɤɚɬɟɪɢɧɛɭɪɝ: ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɝɨɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2019. – Ɍ. 53 – № 

1 – ɋ. 80–87. – doi:10.21440/2307-2091-2019-1-80-87. 

23. Ⱥɥɟɤɫɟɟɜ, Ⱥ.ȼ. Ⱥɞɚɩɬɚɰɢɹ ɦɨɞɟɥɢ ɭɩɪɨɱɧɹɸɳɟɝɨɫɹ ɝɪɭɧɬɚ (Hardening Soil) 

ɞɥɹ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ / Ⱥ.ȼ. Ⱥɥɟɤɫɟɟɜ, 

Ƚ.Ⱥ. ɂɨɜɥɟɜ // Ƚɨɪɧɵɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɛɸɥɥɟɬɟɧɶ. – 

Ɇɨɫɤɜɚ: Ƚɨɪɧɚɹ ɤɧɢɝɚ, 2019. – № 4 – ɋ. 75–87. – doi:10.25018/0236-1493-2019-04-0-

75-87. 

24. Ⱥɦɭɫɢɧ, Ȼ.Ɂ. Ɇɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɝɨɪɧɨɣ 

ɝɟɨɦɟɯɚɧɢɤɢ / Ȼ.Ɂ. Ⱥɦɭɫɢɧ, Ⱥ.Ȼ. Ɏɚɞɟɟɜ. – Ɇɨɫɤɜɚ: ɇɟɞɪɚ, 1975. – 144 ɫ. 

25. Ⱥɮɚɧɚɫɨɜɚ, Ɉ.ȼ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɦɚɫɫɢɜɚ ɜɨɤɪɭɝ ɜɵɪɚɛɨɬɨɤ ɢ ɪɚɫɱɟɬɚ ɨɛɞɟɥɨɤ ɬɨɧɧɟɥɟɣ, ɩɟɪɟɫɟɤɚɟɦɵɯ ɩɨ ɞɢɚɦɟɬɪɭ 

ɝɪɚɧɢɰɟɣ ɪɚɡɞɟɥɚ ɩɨɪɨɞ ɫ ɪɚɡɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɚɜɬɨɪɟɮ. 

ɞɢɫ. ... ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.23.18 / Ⱥɮɚɧɚɫɨɜɚ Ɉɥɶɝɚ ȼɢɤɬɨɪɨɜɧɚ. – Ɍɭɥɚ, 1991. – 

18 ɫ. 

26. Ⱥɯɜɥɟɞɢɚɧɢ, Ⱥ.ɇ. Ⱥɧɚɥɢɡ ɧɟɤɨɬɨɪɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ 

ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ / Ⱥ.ɇ. Ⱥɯɜɥɟɞɢɚɧɢ. – Ʉɚɪɦɢɷɥɶ, 2011. 

– ɋ. 1–17. 

27. Ȼɟɡɪɨɞɧɵɣ, Ʉ.ɉ. Ƚɟɨɬɟɯɧɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɞɜɭɯɩɭɬɧɨɝɨ ɩɟɪɟɝɨɧɧɨɝɨ ɬɨɧɧɟɥɹ ɫ ɩɨɦɨɳɶɸ ɌɉɆɄ / Ʉ.ɉ. Ȼɟɡɪɨɞɧɵɣ, 

Ɇ.Ɉ. Ʌɟɛɟɞɟɜ, ȼ.Ⱥ. Ɇɚɪɤɨɜ, Ⱥ.ɘ. ɋɬɚɪɤɨɜ // Ɇɟɬɪɨ ɢ ɬɨɧɧɟɥɢ. – 2015. – № 5. – ɋ. 

16–18. 

28. Ȼɟɥɨɫɬɨɰɤɢɣ, Ⱥ.Ɇ. Ɋɚɡɪɚɛɨɬɤɚ ɜɟɪɢɮɢɤɚɰɢɨɧɧɨɝɨ ɨɬɱɟɬɚ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Abaqus ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɮɢɥɹ / 



124 

Ⱥ.Ɇ. Ȼɟɥɨɫɬɨɰɤɢɣ. – Ɇɨɫɤɜɚ: Ɇɨɫɤɨɜɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɋɬɪɨɢɬɟɥɶɧɵɣ 

ɍɧɢɜɟɪɫɢɬɟɬ, 2013. – 268 ɫ. 

29. Ȼɟɥɹɤɨɜ, ɇ.Ⱥ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɪɨɝɧɨɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɨɛɞɟɥɨɤ ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɟɣ ɜ ɧɚɪɭɲɟɧɧɨɦ ɦɚɫɫɢɜɟ: ɞɢɫ. ... ɤɚɧɞ. 

ɬɟɯɧ. ɧɚɭɤ: 25.00.20 / Ȼɟɥɹɤɨɜ ɇɢɤɢɬɚ Ⱥɧɞɪɟɟɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2012. – 221 ɫ. 

30. Ȼɨɥɞɵɪɟɜ, Ƚ.Ƚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ ɝɪɭɧɬɨɜ / Ƚ.Ƚ. Ȼɨɥɞɵɪɟɜ, 

ɂ.ɏ. ɂɞɪɢɫɨɜ, Ⱦ.ɇ. ȼɚɥɟɟɜ // Ɉɫɧɨɜɚɧɢɹ, ɮɭɧɞɚɦɟɧɬɵ ɢ ɦɟɯɚɧɢɤɚ ɝɪɭɧɬɨɜ. – 2006. 

– № 3 – ɋ. 1–14. 

31. Ȼɭɥɵɱɟɜ, ɇ.ɋ. Ɇɟɯɚɧɢɤɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɩɪɢɦɟɪɚɯ ɢ ɡɚɞɚɱɚɯ / ɇ.ɋ. 

Ȼɭɥɵɱɟɜ. – Ɇɨɫɤɜɚ: ɇɟɞɪɚ, 1989. – 270 ɫ. 

32. ȼɟɪɛɢɥɨ, ɉ.ɗ. Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɠɞɭɤɚɦɟɪɧɵɯ 

ɰɟɥɢɤɨɜ ɜ ɛɥɨɱɧɨɦ ɝɨɪɧɨɦ ɦɚɫɫɢɜɟ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 25.00.20 / ȼɟɪɛɢɥɨ 

ɉɚɜɟɥ ɗɞɭɚɪɞɨɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2018. – 150 ɫ. 

33. ȼɥɚɫɨɜ, ɋ.ɇ. Ⱥɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɟɣ ɢ ɦɟɬɪɨɩɨɥɢɬɟɧɨɜ / ɋ.ɇ. ȼɥɚɫɨɜ, Ʌ.ȼ. Ɇɚɤɨɜɫɤɢɣ, 

ȼ.ȿ. Ɇɟɪɤɢɧ ɩɪɢ ɭɱɚɫɬɢɢ Ⱥ.ɗ. Ʉɭɩɥɢɫɚ, ȼ.Ɏ. ɋɚɪɚɛɟɟɜɚ, ȼ.ȼ Ɍɨɪɝɚɥɨɜɚ – 2-ɟ ɢɡɞ., 

ɞɨɩ. – Ɇɨɫɤɜɚ: ɌɂɆɊ, 2000. – 201 ɫ. 

34. ȼɨɥɤɨɜ, ȼ.ɉ. Ɍɨɧɧɟɥɢ ɢ ɦɟɬɪɨɩɨɥɢɬɟɧɵ / ȼ.ɉ. ȼɨɥɤɨɜ, ɋ.ɇ. ɇɚɭɦɨɜ. – 

Ɇɨɫɤɜɚ: Ɍɪɚɧɫɩɨɪɬ, 1975. – 337–340 ɫ. 

35. Ƚɜɨɡɞɟɜ, Ⱥ.Ⱥ. Ɋɚɫɱɟɬ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ / Ⱥ.Ⱥ. Ƚɜɨɡɞɟɜ – Ɇɨɫɤɜɚ: ɋɬɪɨɣɢɡɞɚɬ, 1949. – 280 ɫ. 

36. Ƚɟɨɥɨɝɢɱɟɫɤɢɣ ɚɬɥɚɫ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ / ɩɨɞ ɪɟɞ. ɇ.Ȼ. Ɏɢɥɢɩɩɨɜ, 

Ɇ.Ⱥ. ɋɩɢɪɢɞɨɧɨɜ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: Ʉɨɦɢɥɶɮɨ, 2009. – 57 ɫ. 

37. Ƚɡɨɜɫɤɢɣ, Ɇ.ȼ. ɋɨɜɪɟɦɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɰɟɧɤɢ ɬɟɤɬɨɧɢɱɟɫɤɢɯ 

ɧɚɩɪɹɠɟɧɢɣ ɜ ɡɟɦɧɨɣ ɤɨɪɟ / Ɇ.ȼ. Ƚɡɨɜɫɤɢɣ // Ɍɟɤɬɨɧɨɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ. – 1971. – ɋ. 5–37. 

38. Ⱦɚɲɤɨ, Ɋ.ɗ. Ɉɫɨɛɟɧɧɨɫɬɢ ɢɧɠɟɧɟɪɧɨ - ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɚ / Ɋ.ɗ. Ⱦɚɲɤɨ, Ɉ.ɘ. Ⱥɥɟɤɫɚɧɞɪɨɜɚ, ɉ.ȼ. Ʉɨɬɸɤɨɜ, Ⱥ.ȼ. ɒɢɞɥɨɜɫɤɚɹ // 

Ɋɚɡɜɢɬɢɟ ɝɨɪɨɞɨɜ ɢ ɝɟɨɬɟɯɧɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. – 2011. – № 1 – ɋ. 1–47. 



125 

39. Ⱦɚɲɤɨ, Ɋ.ɗ. Ɍɟɯɧɨɝɟɧɧɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɝɚɩɨɥɢɫɨɜ ɢ ɟɟ ɭɱɟɬ ɜ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ (ɧɚ ɩɪɢɦɟɪɟ 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ) / Ɋ.ɗ. Ⱦɚɲɤɨ, Ⱥ.ȼ. ɒɢɞɥɨɜɫɤɚɹ, Ʉ.ȼ. ɉɚɧɤɪɚɬɨɜɚ, Ⱥ.Ɇ. ɀɭɤɨɜɚ 

// Ɂɚɩɢɫɤɢ Ƚɨɪɧɨɝɨ ɢɧɫɬɢɬɭɬɚ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ, 2011. – № 190 – ɋ. 65–70. 

40. Ⱦɚɲɤɨ, Ɋ.ɗ. Ƚɟɨɬɟɯɧɢɤɚ ɢ ɩɨɞɡɟɦɧɚɹ ɦɢɤɪɨɛɢɨɬɚ / Ɋ.ɗ. Ⱦɚɲɤɨ, Ⱦ.ɘ. ȼɥɚɫɨɜ, 

Ⱥ.ȼ. ɒɢɞɥɨɜɫɤɚɹ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɂɧɫɬɢɬɭɬ “ɉɂ Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ,” 2014. – 

280 ɫ. 

41. Ⱦɟɦɟɧɤɨɜ, ɉ.Ⱥ. Ɇɟɬɨɞɨɥɨɝɢɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɧɰɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɝɥɭɛɨɤɨɝɨ 

ɡɚɥɨɠɟɧɢɹ ɫ ɭɱɟɬɨɦ ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: ɞɢɫ. … ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ: 25.00.20 / 

Ⱦɟɦɟɧɤɨɜ ɉɟɬɪ Ⱥɥɟɤɫɟɟɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2015. – 304 ɫ. 

42. ɂɫɚɟɜ, Ⱥ.ɂ. Ɉɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɞɜɨɟɧɧɨɝɨ ɭɞɚɪɧɨɝɨ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɨɪɝɚɧɚ ɩɪɨɯɨɞɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɜɵɪɚɛɨɬɨɤ ɜ 

ɤɟɦɛɪɢɣɫɤɢɯ ɝɥɢɧɚɯ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.05.06 / ɂɫɚɟɜ Ⱥɥɟɤɫɟɣ ɂɝɨɪɟɜɢɱ. 

– ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2015. – 141 ɫ. 

43. Ʉɚɪɚɫɟɜ, Ɇ.Ⱥ. ɉɪɨɝɧɨɡ ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɥɨɢɫɬɵɯ ɩɨɪɨɞɧɵɯ 

ɦɚɫɫɢɜɚɯ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ: ɞɢɫ. … ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ: 

25.00.20 / Ʉɚɪɚɫɟɜ Ɇɚɤɫɢɦ Ⱥɧɚɬɨɥɶɟɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2017. – 307 ɫ. 

44. Ʉɚɪɬɨɡɢɹ, Ȼ.Ⱥ. Ɇɟɯɚɧɢɤɚ ɩɨɪɨɞɧɵɯ ɦɚɫɫɢɜɨɜ ɫ ɢɫɤɭɫɫɬɜɟɧɧɨɣ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ - ɨɫɧɨɜɚ ɝɨɪɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɨɜɨɝɨ ɭɪɨɜɧɹ / 

Ȼ.Ⱥ. Ʉɚɪɬɨɡɢɹ // Ƚɨɪɧɵɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɛɸɥɥɟɬɟɧɶ (ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɢɣ ɠɭɪɧɚɥ). – 1999. – № 1 – ɋ. 5–8. 

45. Ʉɨɡɢɧ, ȿ.Ƚ. Ƚɟɨɦɟɯɚɧɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɩɨɫɨɛɨɜ ɩɨɞɞɟɪɠɚɧɢɹ 

ɩɟɪɟɝɨɧɧɵɯ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ: ɚɜɬɨɪɟɮ. ɞɢɫ. ... ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 25.00.20 / 

Ʉɨɡɢɧ ȿɜɝɟɧɢɣ Ƚɟɪɦɚɧɨɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2004. – 20 ɫ. 

46. Ʉɨɪɨɛɤɨ, Ⱥ.Ⱥ. ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɭɫɥɨɜɢɣ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɪɭɠɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ 

ɩɪɟɞɝɥɢɧɬɨɜɨɣ ɧɢɡɦɟɧɧɨɫɬɢ (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɪɟɝɢɨɧ): ɞɢɫ. … ɤɚɧɞ. ɝɟɨɥ.-



126 

ɦɢɧɟɪ. ɧɚɭɤ: 25.00.08 / Ʉɨɪɨɛɤɨ Ⱥɧɚɫɬɚɫɢɹ Ⱥɧɞɪɟɟɜɧɚ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2015. – 

224 ɫ. 

47. Ʉɭɡɧɟɰɨɜ, Ⱥ.Ɉ. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɨɬɤɨɫɨɜ, ɚɪɦɢɪɨɜɚɧɧɵɯ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɣ ɬɟɨɪɢɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.23.02 / Ʉɭɡɧɟɰɨɜ Ⱥɧɚɬɨɥɢɣ 

Ɉɥɟɝɨɜɢɱ. – ɇɨɜɨɫɢɛɢɪɫɤ, 2017. – 150 ɫ. 

48. Ʌɚɜɪɟɧɤɨ, ɋ.Ⱥ. Ɉɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɤɨɦɩɥɟɤɫɚ 

ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɜɵɪɚɛɨɬɨɤ ɜ ɭɫɥɨɜɢɹɯ ɤɟɦɛɪɢɣɫɤɢɯ ɝɥɢɧ: ɞɢɫ. … 

ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.05.06 / Ʌɚɜɪɟɧɤɨ ɋɟɪɝɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 

2014. – 181 ɫ. 

49. Ʌɚɥɢɧ, ȼ.ȼ. ɉɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɝɪɭɧɬɨɜ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɭɩɪɨɱɧɟɧɢɟɦ 

GRAN ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ SOFiSTiK ɞɥɹ ɫɥɨɠɧɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ 

ɋɚɧɤɬ - ɉɟɬɟɪɛɭɪɝɚ / ȼ.ȼ. Ʌɚɥɢɧ, Ⱥ.ȼ. əɜɚɪɨɜ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2012. – 20 ɫ. 

50. Ʌɟɛɟɞɟɜ, Ɇ.Ɉ. ȼɥɢɹɧɢɟ ɤɪɟɩɥɟɧɢɹ ɥɛɚ ɡɚɛɨɹ ɬɨɧɧɟɥɹ ɧɚ ɪɚɡɜɢɬɢɟ 

ɝɟɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɪɨɞɧɨɦ ɦɚɫɫɢɜɟ / Ɇ.Ɉ. Ʌɟɛɟɞɟɜ, Ɇ.Ⱥ. Ʉɚɪɚɫɟɜ, 

ɇ.Ⱥ. Ȼɟɥɹɤɨɜ // ɂɡɜɟɫɬɢɹ ɜɭɡɨɜ. Ƚɨɪɧɵɣ ɠɭɪɧɚɥ. – 2016. – № 3 – ɋ. 24–32. 

51. Ɇɚɤɨɜɫɤɢɣ, Ʌ.ȼ. Ƚɨɪɨɞɫɤɢɟ ɩɨɞɡɟɦɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ / 

Ʌ.ȼ. Ɇɚɤɨɜɫɤɢɣ. – 2-ɟ ɢɡɞ. – Ɇɨɫɤɜɚ: ɋɬɪɨɣɢɡɞɚɬ, 1985. – ɋ. 339–343. 

52. Ɇɚɪɬɢɪɨɫɹɧɰ, ȿ.ɗ. Ƚɟɨɦɟɯɚɧɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ ɩɪɨɝɧɨɡɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɪɨɞɧɵɯ ɨɛɧɚɠɟɧɢɣ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ 

ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧɚɯ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 25.00.20 / Ɇɚɪɬɢɪɨɫɹɧɰ ȿɜɝɟɧɢɣ 

ɗɞɭɚɪɞɨɜɢɱ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2002. – 147 ɫ. 

53. Ɇɚɫɥɚɤ, ȼ.Ⱥ. Ɉɩɵɬ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɛɨɹ ɢ ɤɪɨɜɥɢ ɩɪɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜɵɪɚɛɨɬɨɤ ɜ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧɚɯ / ȼ.Ⱥ. Ɇɚɫɥɚɤ // Ɂɚɩɢɫɤɢ 

Ƚɨɪɧɨɝɨ ɢɧɫɬɢɬɭɬɚ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɮɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ, 2009. – Ɍ. 183 – ɋ. 297–299. 

54. Ɇɚɫɥɚɤ, ȼ.Ⱥ. Ƚɟɨɦɟɯɚɧɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɣ 

ɩɢɥɨɧɧɨɣ ɫɬɚɧɰɢɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɫ ɦɚɥɨɨɫɚɞɨɱɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 



127 

ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 25.00.20 / Ɇɚɫɥɚɤ ȼɥɚɞɢɦɢɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ. – ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ, 2011. – 135 ɫ. 

55. Ɇɚɫɥɨɜ, ɇ.ɇ. Ɉɫɧɨɜɵ ɦɟɯɚɧɢɤɢ ɝɪɭɧɬɨɜ ɢ ɢɧɠɟɧɟɪɧɨɣ ɝɟɨɥɨɝɢɢ / 

ɇ.ɇ. Ɇɚɫɥɨɜ. – 2-ɟ ɢɡɞ. – Ɇɨɫɤɜɚ: ȼɵɫɲɚɹ ɲɤɨɥɚ, 1968. – 630 ɫ. 

56. Ɇɟɪɤɢɧ, ȼ.ȿ. Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɨɩɟɪɟɠɚɸɳɢɯ ɷɤɪɚɧɨɜ ɢɡ ɬɪɭɛ 

ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɟɣ / ȼ.ȿ. Ɇɟɪɤɢɧ, Ⱦ.ɂ. Ʉɨɥɢɧ, 

Ʉ.ɉ. Ȼɟɡɪɨɞɧɵɣ, ȼ.Ɏ. ɋɚɪɚɛɟɟɜ, ɋ.ɇ. ȼɥɚɫɨɜ, Ʌ.ȼ. Ɇɚɤɨɜɫɤɢɣ, ȼ.Ⱥ. Ȼɟɫɫɨɥɨɜ, 

Ɋ.ɂ. Ʉɚɫɚɩɨɜ, Ⱥ.Ȼ. ɏɚɜɢɧ, ɘ.Ɏ. ɋɢɦɨɧɨɜ, ɋ.ȼ. ɑɟɛɨɬɚɪɟɜ. – Ɇɨɫɤɜɚ: ȼɫɟɫɨɸɡɧɵɣ 

ɨɪɞɟɧɚ Ɉɤɬɹɛɪɶɫɤɨɣ Ɋɟɜɨɥɸɰɢɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 1988. 

57. Ɇɟɪɤɢɧ, ȼ.ȿ. ɇɨɪɦɚɬɢɜɧɚɹ ɛɚɡɚ ɊɎ ɞɥɹ ɨɫɜɨɟɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ: 

ɷɬɚɩɵ ɪɚɡɜɢɬɢɹ ɢ ɫɨɫɬɨɹɧɢɟ / ȼ.ȿ. Ɇɟɪɤɢɧ, ȿ.ɇ. ɉɟɬɪɨɜɚ, Ⱦ.Ⱦ. ɉɚɜɥɨɜɚ // 

ɂɧɠɟɧɟɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ. – 2014. – Ɍ. 4 – № 2 – ɋ. 58–71. 

58. Ɇɟɯɚɧɢɤɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɦɨɞɟɥɢ ɢ ɦɨɧɢɬɨɪɢɧɝ 

/ Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɹ, ɘ.ɇ. Ɉɝɨɪɨɞɧɢɤɨɜ, ɉ.Ⱥ. Ⱦɟɦɟɧɤɨɜ, Ɇ.Ⱥ. Ʉɚɪɚɫɟɜ, Ɇ.Ɉ. Ʌɟɛɟɞɟɜ, 

Ⱦ.Ⱥ. ɉɨɬɟɦɤɢɧ, ȿ.Ƚ. Ʉɨɡɢɧ; ɩɨɞ ɪɟɞ. Ʌ.Ʉ. Ƚɨɪɲɤɨɜɚ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɆȺɇɗȻ, 

2011. – 355 ɫ. 

59. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɥɟɣ ɧɚɩɪɹɠɟɧɢɣ ɜ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɦɚɫɫɢɜɚɯ / 

ɗ.ȼ. Ʉɚɥɢɧɢɧ, Ʌ.Ʌ. ɉɚɧɚɫɶɹɧ, ȼ.ɇ. ɒɢɪɨɤɨɜ, ɇ.Ȼ. Ⱥɪɬɚɦɨɧɨɜɚ, ɂ.Ʉ. Ɏɨɦɟɧɤɨ; ɩɨɞ 

ɪɟɞ. ɗ.ȼ. Ʉɚɥɢɧɢɧ. – Ɇɨɫɤɜɚ: ɂɡɞɚɬɟɥɶɫɬɜɨ ɆȽɍ, 2003. – 262 ɫ. 

60. Ɇɨɪɨɡɨɜ, Ⱥ.ȼ. ȼɧɟɞɪɟɧɢɟ ɨɩɟɪɟɠɚɸɳɟɣ ɤɪɟɩɢ ɩɪɢ ɩɪɨɯɨɞɤɟ ɜɵɪɚɛɨɬɨɤ ɜ 

ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧɚɯ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ / Ⱥ.ȼ. Ɇɨɪɨɡɨɜ, Ⱥ.ȼ. ɍɯɚɧɨɜ, 

ɘ.ɋ. Ɏɪɨɥɨɜ, Ⱥ.ɉ. Ʌɟɞɹɟɜ, Ⱥ.Ⱥ. Ʌɚɪɢɨɧɨɜ // Ɇɟɬɪɨ ɢ ɬɨɧɧɟɥɢ. – 2009. – ɋ. 27–29. 

61. ɉɢɨɪɨ, ȿ.ȼ. Ⱦɟɮɨɪɦɚɰɢɨɧɧɵɟ ɢ ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 25.00.08 / ɉɢɨɪɨ ȿɤɚɬɟɪɢɧɚ ȼɥɚɞɢɦɢɪɨɜɧɚ. 

– Ɇɨɫɤɜɚ, 2014. – 220 ɫ. 

62. ɉɪɨɬɨɫɟɧɹ, Ⱥ.Ƚ. Ƚɟɨɦɟɯɚɧɢɤɚ: ɭɱɟɛ. ɩɨɫɨɛɢɟ / Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɹ, 

Ɉ.ȼ. Ɍɢɦɨɮɟɟɜ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɪɧɵɣ ɢɧɫɬɢɬɭɬ ɢɦ. 

Ƚ.ȼ.ɉɥɟɯɚɧɨɜɚ, 2008. – 117 ɫ. 



128 

63. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɝɥɢɧ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɪɚɛɨɱɟɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɨ 

ɨɛɴɟɤɬɭ: «ɋɬɪɨɢɬɟɥɶɫɬɜɨ Ɏɪɭɧɡɟɧɫɤɨɝɨ ɪɚɞɢɭɫɚ ɡɚ ɫɬɚɧɰɢɸ «Ɇɟɠɞɭɧɚɪɨɞɧɚɹ» ɞɨ 

ɫɬɚɧɰɢɢ «ɘɠɧɚɹ», ɜɤɥɸɱɚɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ (ɫɬɚɞɢɹ ɊȾ) / Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɹ, 

Ɇ.Ⱥ. Ʉɚɪɚɫɟɜ, Ⱦ.ɇ. ɉɟɬɪɨɜ, Ƚ.Ȼ. ɉɨɫɩɟɯɨɜ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2015. – 175 ɫ. 

64. Ɋɚɰ, Ɇ.ȼ. ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ / Ɇ.ȼ. Ɋɚɰ. 

– Ɇɨɫɤɜɚ: «ɇɚɭɤɚ», 1968. – 108 ɫ. 

65. ɋɚɦɦɚɥɶ, Ⱥ.ɋ Ɉɰɟɧɤɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɪɨɞ ɜɨɤɪɭɝ ɝɨɪɧɵɯ ɜɵɪɚɛɨɬɨɤ ɩɪɢ 

ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɢ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ / Ⱥ.ɋ. ɋɚɦɦɚɥɶ, ɇ.ɇ. Ɏɨɬɢɟɜɚ, 

ɉ.ȼ. Ⱦɟɟɜ [ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // ȽɂȺȻ. – 2003. – №5 – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: URL: https://cyberleninka.ru/article/n/otsenka-ustoychivosti-porod-vokrug-

gornyh-vyrabotok-pri-tektonicheskih-i-seysmicheskih-vozdeystviyah. 

66. ɋɨɤɨɥɨɜ, ȼ.ɇ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ / 

ȼ.ɇ. ɋɨɤɨɥɨɜ // ɋɨɪɨɫɨɜɫɤɢɣ Ɉɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɀɭɪɧɚɥ. – 1998. – ɋ. 83–88. 

67. ɋɨɤɨɥɨɜɫɤɢɣ, ȼ.ȼ. Ɍɟɨɪɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ / ȼ.ȼ. ɋɨɤɨɥɨɜɫɤɢɣ. – Ɇɨɫɤɜɚ: 

ȼɵɫɲɚɹ ɲɤɨɥɚ, 1969. – 608 ɫ. 

68. ɋɩɨɫɨɛ ɫɨɨɪɭɠɟɧɢɹ ɧɚɤɥɨɧɧɵɯ ɬɨɧɧɟɥɟɣ ɜ ɫɥɚɛɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɚɯ: 

ɩɚɬ. 2006583 C1 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ: ɆɉɄ5 E21 D 9/00 / ȼ.ɂ. Ⱥɤɚɬɨɜ, 

ȼ.Ⱥ. Ɇɚɪɤɨɜ, ɋ.ɉ. ɓɭɤɢɧ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ʌɟɧɢɧɝɪɚɞɫɤɢɣ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ «Ʌɟɧɦɟɬɪɨɝɢɩɪɨɬɪɚɧɫ». – № 

4950433/03; ɡɚɹɜɥ. 27.06.1991; ɨɩɭɛɥ. 30.01.1994. – 5 ɫ. 

69. ɋɩɨɫɨɛ ɡɚɤɪɟɩɥɟɧɢɹ ɩɨɞɡɟɦɧɨɣ ɜɵɪɚɛɨɬɤɢ ɜ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ 

ɡɚɦɨɪɨɠɟɧɧɵɯ ɝɪɭɧɬɚɯ: ɩɚɬ. 2 099 534 C1 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ: 

ɆɉɄ E 21 D 1/08, 11/00 / ȼ.Ⱥ. Ɇɚɫɥɚɤ, Ⱥ.ɂ. ɋɚɥɚɧ, Ʉ.ɉ. Ȼɟɡɪɨɞɧɵɣ, ɇ.ɂ. Ʉɭɥɚɝɢɧ, 

ɘ.Ⱥ. Ɏɢɥɨɧɨɜ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ ɨɬɤɪɵɬɨɝɨ 

ɬɢɩɚ «ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ «Ʌɟɧɦɟɬɪɨɝɢɩɪɨɬɪɚɧɫ». – № 95109821/03; ɡɚɹɜɥ. 

13.06.1995; ɨɩɭɛɥ. 20.12.1997. – 5 ɫ. 

70. ɋɩɨɫɨɛ ɫɨɨɪɭɠɟɧɢɹ ɬɨɧɧɟɥɟɣ ɜ ɫɥɚɛɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɝɪɭɧɬɚɯ: ɩɚɬ. 

110093029409 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ: ɆɉɄ7 E21D 9/04 / Ⱥ.ȼ. Ⱥɥɟɤɫɟɟɜ, 



129 

ɇ.ɂ. Ʉɭɥɚɝɢɧ, Ⱥ.ɂ. ɋɚɥɚɧ, ɂ.Ʉ. ɋɚɯɢɧɢɞɢ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ 

Ʌɟɧɢɧɝɪɚɞɫɤɢɣ ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ «Ʌɟɧɦɟɬɪɨɝɢɩɪɨɬɪɚɧɫ»; ɡɚɹɜɥ. 

27.10.1996. – 1 ɫ. 

71. ɋɩɨɫɨɛ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɵɪɚɛɨɬɨɤ ɜ ɧɟɭɫɬɨɣɱɢɜɵɯ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ 

ɝɪɭɧɬɚɯ: ɩɚɬ. 2111361 C1 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ: E 21 D 9/00, 11/00 / 

Ʉ.ɉ. Ȼɟɡɪɨɞɧɵɣ, ɋ.ȿ. Ⱦɭɤɚɪɟɜɢɱ, ɇ.ɂ. Ʉɭɥɚɝɢɧ, ȼ.Ⱥ. Ɇɚɫɥɚɤ, Ⱥ.ɂ. ɋɚɥɚɧ, 

ɘ.Ⱥ. Ɏɢɥɨɧɨɜ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ ɨɬɤɪɵɬɨɝɨ 

ɬɢɩɚ «ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ «Ʌɟɧɦɟɬɪɨɝɢɩɪɨɬɪɚɧɫ». – № 95109732/03; ɡɚɹɜɥ. 

13.06.1995; ɨɩɭɛɥ. 20.05.1998. – 5 ɫ. 

72. ɋɬɚɜɪɨɝɢɧ, Ⱥ.ɇ. ɉɥɚɫɬɢɱɧɨɫɬɶ ɝɨɪɧɵɯ ɩɨɪɨɞ / Ⱥ.ɇ. ɋɬɚɜɪɨɝɢɧ, 

Ⱥ.Ƚ. ɉɪɨɬɨɫɟɧɹ. – Ɇɨɫɤɜɚ: ɇɟɞɪɚ, 1979. – 301 ɫ. 

73. ɋɬɪɨɤɨɜɚ, Ʌ.Ⱥ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɨɜ / Ʌ.Ⱥ. ɋɬɪɨɤɨɜɚ // ɂɡɜɟɫɬɢɹ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2008. – Ɍ. 313 – № 1 – ɋ. 69–74. 

74. ɋɬɪɨɤɨɜɚ, Ʌ.Ⱥ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɝɪɭɧɬɨɜ ɞɥɹ 

ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ / Ʌ.Ⱥ. ɋɬɪɨɤɨɜɚ // ȼɟɫɬɧɢɤ Ɍɨɦɫɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. – 2013. – № 367 – ɋ. 190–194. 

75. Ɍɟɪɰɚɝɢ, Ʉ. Ɇɟɯɚɧɢɤɚ ɝɪɭɧɬɨɜ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ / Ʉ. Ɍɟɪɰɚɝɢ, Ɋ.Ȼ. ɉɟɤ; 

ɩɨɞ ɪɟɞ. Ɇ.ɇ. Ƚɨɥɶɞɲɬɟɣɧɚ. – Ɇɨɫɤɜɚ: Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɢɡɞɚɬɟɥɶɫɬɜɨ ɥɢɬɟɪɚɬɭɪɵ 

ɩɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ, ɚɪɯɢɬɟɤɬɭɪɟ ɢ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, 1958. – 607 ɫ. 

76. Ɏɚɞɟɟɜ, Ⱥ.Ȼ. Ɇɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɝɟɨɦɟɯɚɧɢɤɟ / Ⱥ.Ȼ. Ɏɚɞɟɟɜ. – 

Ɇɨɫɤɜɚ: ɇɟɞɪɚ, 1987. – 221 ɫ. 

77. Ɏɢɥɨɧɨɜ, ɘ.Ⱥ. Ɉɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɨɩɟɪɟɠɚɸɳɟɣ ɛɟɬɨɧɧɨɣ ɤɪɟɩɢ ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ ɫɬɚɧɰɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɜ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɟ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.23.11 / Ɏɢɥɨɧɨɜ ɘɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ. – 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 2004. – 134 ɫ. 

78. Ɏɨɬɢɟɜɚ, ɇ.ɇ. Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɨɛɞɟɥɤɢ ɬɨɧɧɟɥɹ ɦɟɥɤɨɝɨ ɡɚɥɨɠɟɧɢɹ ɩɪɢ 

ɜɨɡɜɟɞɟɧɢɢ ɜɛɥɢɡɢ ɧɟɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ / ɇ.ɇ. Ɏɨɬɢɟɜɚ, Ⱥ.ɋ. ɋɚɦɦɚɥɶ, 



130 

ɋ.ȼ. Ⱥɧɰɢɮɟɪɨɜ // Ƚɨɪɧɵɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɛɸɥɥɟɬɟɧɶ. – 2001. – № 

11 – ɋ. 136–138. 

79. ɑɟɪɞɚɧɰɟɜ, ɇ.ȼ. Ƚɟɨɦɟɯɚɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜɨɤɪɭɝ 

ɜɵɪɚɛɨɬɤɢ ɢ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɪɭɲɟɧɢɹ / ɇ.ȼ. ɑɟɪɞɚɧɰɟɜ // Ƚɨɪɧɵɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɛɸɥɥɟɬɟɧɶ (ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɠɭɪɧɚɥ) ȽɂȺȻ. – 

2015. – № 12 – ɋ. 52–58. 

80. ɑɟɪɞɚɧɰɟɜ, ɇ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɨɫɬɨɹɧɢɹ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɦɚɫɫɢɜɚ ɝɨɪɧɵɯ 

ɩɨɪɨɞ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɜɵɪɚɛɨɬɤɢ, ɩɪɨɣɞɟɧɧɨɣ ɜɛɥɢɡɢ ɞɢɡɴɸɧɤɬɢɜɧɨɝɨ ɧɚɪɭɲɟɧɢɹ / 

ɇ.ȼ. ɑɟɪɞɚɧɰɟɜ // ɉɪɨɦɵɲɥɟɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɝɟɨɦɟɯɚɧɢɤɚ. – 2017. – № 2 – ɋ. 

34–40. 

81. ɒɚɩɨɲɧɢɤɨɜ, ȿ.Ⱥ. Ʉ ɜɨɩɪɨɫɭ ɩɪɢɦɟɧɟɧɢɹ ɨɩɟɪɟɠɚɸɳɟɣ ɤɪɟɩɢ ɩɪɢ 

ɫɨɨɪɭɠɟɧɢɢ ɫɬɚɧɰɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɛɟɡ ɛɨɤɨɜɵɯ ɩɨɫɚɞɨɱɧɵɯ ɩɥɚɬɮɨɪɦ / 

ȿ.Ⱥ. ɒɚɩɨɲɧɢɤɨɜ, ɘ.ɋ. Ɏɪɨɥɨɜ // LXXVII ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ: «Ɍɪɚɧɫɩɨɪɬ: ɩɪɨɛɥɟɦɵ, 

ɢɞɟɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ» – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ ɂɦɩɟɪɚɬɨɪɚ Ⱥɥɟɤɫɚɧɞɪɚ I, 2017. – ɋ. 138–142. 

82. ɒɚɲɤɢɧ, Ⱥ.Ƚ. ȼɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɜɟɞɟɧɢɹ ɝɥɢɧɢɫɬɨɝɨ 

ɝɪɭɧɬɚ / Ⱥ.Ƚ. ɒɚɲɤɢɧ // Ɋɚɡɜɢɬɢɟ ɝɨɪɨɞɨɜ ɢ ɝɟɨɬɟɯɧɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. – 2011. 

– № 2 – ɋ. 1–32. 

83. ɓɟɤɭɞɨɜ, ȿ.ȼ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɳɢɬɧɵɯ ɷɤɪɚɧɨɜ ɢɡ ɬɪɭɛ ɫ ɝɪɭɧɬɨɜɵɦ 

ɦɚɫɫɢɜɨɦ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɬɨɧɧɟɥɟɣ ɦɟɥɤɨɝɨ ɡɚɥɨɠɟɧɢɹ: ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 

05.23.11 / ɓɟɤɭɞɨɜ ȿɜɝɟɧɢɣ ȼɥɚɞɢɦɢɪɨɜɢɱ. – Ɇɨɫɤɜɚ, 2003. – 181 ɫ. 

84. BS EN ISO 14688-2:2004. Geotechnical investigation and testing. Identification 

and classification of soil. Principles for a classification. – 2006. – P. 20. 

85. Dassault Systèmes. Abaqus 6.10 Analysis User’s Manual. Volume II: Analysis 

[ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] / Dassault Systèmes – 2016. – 1241 p. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://www.sharcnet.ca/Software/Abaqus610/Documentation/docs/v6.10/pdf_books/A

NALYSIS_2.pdf 



131 

86. Atkinson, J.H. Stability of a shallow circular tunnel in cohesionless soil / 

J.H. Atkinson, D.M. Potts // Geotechnique. – Institution of Civil Engineers, 1977. – Vol. 

27 – № 2 – P. 203–215. 

87. Benz, T. Small-strain stiffness of soils and its numerical consequences: PhD thesis 

/ Benz Thomas. – Stuttgart, 2007. – 193 p. 

88. Brinkgreve, R.B.J. PLAXIS 3D. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨɥɶɡɨɜɚɬɟɥɹ / R.B.J. Brinkgreve, 

S. Kumarswamy, W.M. Swolfs, F. Foria. – ɈɈɈ «ɇɂɉ-ɂɧɮɨɪɦɚɬɢɤɚ», 2017. – 816 p. 

89. Brinkgreve, R.B.J. Nonlinear finite element analysis of safety factors / R.B.J. 

Brinkgreve, H.L. Bakker // 7th International Conference on Computer Methods and 

Advances in Geomechanics / ed. by G. Beer, J.R. Brooker, J.P. Carter. – Rotterdam: 

Balkema, 1991. – P. 1117–1122. 

90. Broere, W. Tunnel face stability & new CPT applications: Doctoral thesis / Broere 

Wouter. – Delft, 2001. – 208 p. 

91. Broms, B.B. Stability of clay at vertical openings / B.B. Broms, H. Bennermark // 

Journal of Soil Mechanics & Foundations Division. – 1967. – Vol. 93 – № 1 – P. 71–94. 

92. Cheng, Y.M. Stability of geotechnical structures. Theoretical and numerical 

analysis / Y.M. Cheng, H. Wong, C.J. Leo, C.K. Lau // Frontiers in Civil Engineering. – 

Bentham Science publishers, 2016. – 395 p. 

93. Davis, E.H. The stability of shallow tunnels and underground openings in cohesive 

material / E.H. Davis, M.J. Gunn, R.J. Mair, H.N. Seneviratine // Géotechnique. – 1980. 

– Vol. 30 – № 4 – P. 397–416 – doi:10.1680/geot.1980.30.4.397. 

94. Domínguez, S.S. La estabilidad del frente de excavación de un túnel en terrenos 

heterogéneos o con un criterio de rotura no-lineal: Thesis Doctoral / Domínguez Salvador 

Senent. – Madrid, 2015. – 327 p. 

95. Duncan, J.M. Nonlinear analysis of stress and strain in soil / J.M. Duncan, 

C.Y. Chang // Proceedings of American Society of Civil Engineers. – 1970. – P. 1629–

1653. 

96. Eshraghi, A. Face Stability Evaluation of a TBM-Driven Tunnel in Heterogeneous 

Soil Using a Probabilistic Approach / A. Eshraghi, S. Zare // International Journal of 

Geomechanics. – 2014. – doi:10.1061/(asce)gm.1943-5622.0000452. 



132 

97. Guidelines for the use of advanced numerical analysis / D. Potts, K. Axelsson, 

L. Grande, H.F. Schweiger, M. Long. – London: Thomas Telford, 2002. – 177 p. – 

doi:10.1680/gftuoana.31258. 

98. Helwany, S. Applied soil mechanics: with ABAQUS applications / S. Helwany // 

Applied Soil Mechanics: With ABAQUS Applications. – John Wiley & Sons, Inc., 2007. 

– 398 p. – doi:10.1002/9780470168097. 

99. Hoek, E. Tunnels in weak rock / E. Hoek // Rock engineering. – North Vancouver. 

– P. 220–221. 

100. Horn, N. Horizontaler erddruck auf senkrechte abschlussflächen von tunnelröhren 

/ N. Horn // Landeskonferenz der ungarischen tiefbauindustrie. – Düsseldorf, 1961. – P. 

7–16. 

101. Hsieh, P.G. Analysis of nonlinear stress and strain in clay under the undrained 

condition / P.G. Hsieh, C.Y. Ou // Journal of Mechanics. – 2011. – Vol. 27 – № 2 – P. 

201–213. – doi:10.1071/EA9900557. 

102. Hudson, J.A. Rock Engineering Risk / J.A. Hudson, X.-T. Feng // Journal of Rock 

Mechanics and Geotechnical Engineering. – London: CRC Press/Balkema, 2015. – 572 

p. – doi:10.1016/j.jrmge.2015.06.001. 

103. Jancsecz, S. Face support for a large Mix-Shield in heterogeneous ground 

conditions / S. Jancsecz, W. Steiner // Tunnelling ’94. – Springer, Boston, MA, 1994. – 

P. 531–550 – doi:10.1007/978-1-4615-2646-9_32. 

104. Janin, J.-P. Tunnels en milieu urbain : Prévisions des tassements avec prise en 

compte des effets des pré-soutènements (renforcement du front de taille et voûte-

parapluie): Doctoral thesis / Jean-Pierre Janin. – Lyon, 2012. – 267 p. 

105. Kavvadas, M. Prediction of Face Stability in Unsupported Tunnels using 3D Finite 

Element Analyses / M. Kavvadas, G. Prountzopoulos, K. Tzivakos // EURO:TUN 2009. 

– Bochum: Aedificatio Publishers, 2009. – № September – P. 1–4. 

106. Kirsch, A. Experimental and numerical investigation of the face stability of shallow 

tunnels in sand / A. Kirsch // ITA-AITES World Tunnel Congress. – Budapest, 2009. – 

P. 1–8. 



133 

107. Kolymbas, D. Tunnelling and tunnel mechanics: a rational approach to tunnelling 

/ D. Kolymbas. – Springer-Verlag Berlin Heidelberg, 2005. – 331–336 p. 

108. Kondner, R.L. A hyperbolic stress strain formulation for sands / R.L. Kondner, 

J.S. Zelasko // 2nd Pan-American Conference on Soil Mechanics and Foundations 

Engineering. – 1963. – P. 289–324. 

109. Krause, T. Schildvortrieb mit flüssigkeits- und erdgestützter Ortsbrust / T. Krause. 

– Braunschweig, 1987. 

110. Leca, E. Upper and lower bound solutions for the face stability of shallow circular 

tunnels in frictional material / E. Leca, L. Dormieux // Géotechnique. – 1990. – Vol. 40 

– № 4 – P. 581–606 – doi:10.1680/geot.1990.40.4.581. 

111. Lunardi, P. The evolution of reinforcement of the advance core using fibre-glass 

elements / P. Lunardi, R. Bindi // Felsbau. – 2004. – Vol. 22 – № 4 – P. 8–19. 

112. Lunardi, P. Design and construction of tunnels: Analysis of controlled deformation 

in rocks and soils (ADECO-RS) / P. Lunardi // Design and Construction of Tunnels: 

Analysis of Controlled Deformation in Rocks and Soils (ADECO-RS). – 2008. – 577 p. 

– doi:10.1007/978-3-540-73875-6. 

113. Mašín, D. Clay hypoplasticity model including stiffness anisotropy / D. Mašín // 

Géotechnique. – 2014. – Vol. 64 – № 3 – P. 232–238. – doi:10.1680/geot.13.P.065. 

114. Michalowski, R.L. Three-dimensional stability of slopes and excavations / 

R.L. Michalowski, A. Drescher // Geotechnique. – 2009. – № 10 – P. 839–850. – 

doi:10.1680/geot.8.P.136. 

115. Mollon, G. Probabilistic Analysis of Circular Tunnels in Homogeneous Soil Using 

Response Surface Methodology / G. Mollon, D. Dias, A. Soubra // Journal of geotechnical 

and geoenvironmental engineering. – ASCE, 2009. – Vol. 135 – № 9 – P. 1314–1325. 

116. Oreste, P. The stability of the excavation face of shallow civil and mining tunnels 

/ P. Oreste // Acta Geotechnica Slovenica. – 2011. – Vol. 8 – № 2 – P. 57–65. 

117. Oreste, P. Evaluation of the tunnel face stability through a ground stress analysis 

with a hemispherical geometry approximation / P. Oreste // American Journal of Applied 

Sciences. – Science Publications Group, 2014. – Vol. 12 – № 11 – P. 1995–2003 – 

doi:10.3844/ajassp.2014.1995.2003. 



134 

118. Pan, Q. Safety factor assessment of a tunnel face reinforced by horizontal dowels / 

Q. Pan, D. Dias // Engineering Structures. – 2017. – Vol. 142 – P. 56–66. – 

doi:10.1016/j.engstruct.2017.03.056. 

119. Peila, D. A theoretical study of reinforcement influence on the stability of a tunnel 

face / D. Peila // Geotechnical and Geological Engineering. – 1994. – Vol. 12 – № 3 – P. 

145–168 – doi:10.1007/BF00426984. 

120. Protosenya, A.G. The method of determining the rational tunnel face pressure 

based on prediction of stress-strain state of «soil-lining» system in the bottomhole zone 

of the tunnel during the tunneling operation using TBMC / A.G. Protosenya, 

N.A. Belyakov, P.A. Demenkov // International Journal of Civil Engineering and 

Technology. – 2017. – Vol. 11 – № 8 – P. 1181–1191. 

121. Prountzopoulos, G. Investigation of the excavation face stability in shallow 

tunnels: Doctoral thesis / Prountzopoulos George. – Athens, 2012. – 452 p. 

122. Romo, M.P. Face stability and ground settlement in shield tunneling / M.P. Romo, 

C.M. Diaz // The 10th International Conference on Soil Mechanics and Foundation 

Engineering. – Stockholm: Balkema, 1981. – P. 357–360. 

123. Roscoe, K.H. On the generalized stress-strain behavior of wet clay / K.H. Roscoe, 

J.B. Burland // Engineering plasticity / ed. by J. Heyman, F.A. Leckie. – Cambridge: The 

University press, 1968. – P. 535–609. 

124. Schreter, M. On the importance of advanced constitutive models in finite element 

simulations of deep tunnel advance / M. Schreter, M. Neuner, D. Unteregger, 

G. Hofstetter // Tunnelling and Underground Space Technology. – Pergamon, 2018. – 

Vol. 80 – P. 103–113 – doi:10.1016/j.tust.2018.06.008. 

125. Selmer-Olsen, R. Tunnel collapses in swelling clay zones / R. Selmer-Olsen, 

A. Palmstrom, B. Stromme // Tunnels and Tunnelling International. – 1989. – Vol. 21 – 

№ 11 – P. 49–51. 

126. Senent, S. A tunnel face failure mechanism for layered ground, considering the 

possibility of partial collapse / S. Senent, R. Jimenez // Tunnelling and Underground 

Space Technology. – Pergamon, 2015. – Vol. 47 – P. 182–192. – 

doi:10.1016/J.TUST.2014.12.014. 



135 

127. Shi, C. Face stability analysis of shallow underwater tunnels in fractured zones / 

C. Shi, C. Cao, M. Lei, W. Yang // Arabian Journal of Geosciences. – 2016. – Vol. 9 – 

№ 1 – P. 1–11. – doi:10.1007/s12517-015-2040-z. 

128. Shin, Y.J. Ground reaction due to tunneling below groundwater table / Y.J. Shin, 

J.H. Shin, I.M. Lee // Geotechnical aspects of underground construction in soft ground / 

ed. by C. Ng, H. Huang, G. Liu. – Shanghai: CRC Press/Balkema, 2008. – P. 823–828. 

129. Sitarenios, P. Investigation of tunnel face stability and deformation using critical 

state plasticity / P. Sitarenios, G. Kallivokas, G. Prountzopoulos, A. Kalos, M. Kavvadas 

// Tunnelling in a challenging environement: Proceedings of the 2nd Eastern European 

Tunnelling Conference. – 2014. – P. 1–9. 

130. Sołowski, W. Numerical Methods in Geotechnics (Geo-E2020) / W. Sołowski. – 

2017. – № April. 

131. Surarak, C. Stiffness and strength parameters for hardening soil model of soft and 

stiff Bangkok clays / C. Surarak, S. Likitlersuang, D. Wanatowski, A. Balasubramaniam, 

E. Oh, H. Guan // Soils and Foundations. – Tokyo, 2012. – Vol. 52 – № 4 – P. 682–697. 

– doi:10.1016/j.sandf.2012.07.009. 

132. Tang, X.W. Upper bound analysis of tunnel face stability in layered soils / 

X.W. Tang, W. Liu, B. Albers, S. Savidis // Acta Geotechnica. – 2014. – Vol. 9 – № 4 – 

doi:10.1007/s11440-013-0256-1. 

133. Tunnel face stability and tunnelling induced settlements under transient conditions: 

Technical report / G. Anagnostou, R. Schuerch. – Zurich, 2016. – 181 p. 

134. Ukritchon, B. Three-dimensional undrained tunnel face stability in clay with a 

linearly increasing shear strength with depth / B. Ukritchon, K. Yingchaloenkitkhajorn, 

S. Keawsawasvong // Computers and Geotechnics. – Elsevier, 2017. – Vol. 88 – P. 146–

151 – doi:10.1016/J.COMPGEO.2017.03.013. 

135. Unlu, T. Effect of Poisson’s ratio on the normalized radial displacements occurring 

around the face of a circular tunnel / T. Unlu, H. Gercek // Tunnelling and Underground 

Space Technology. – Elsevier, 2003. – Vol. 18 – № 03 – P. 547–553. – 

doi:10.1016/S0886-7798(03)00086-5. 



136 

136. Vermeer, P.A. Die stabilitat der tunnelortsbrust im homogenen baugrund / 

P.A. Vermeer, N. Ruse // Geotechnik. – 2001. – Vol. 24 – № 3 – P. 186–193. 

137. Vlasov, S.N. Accidents in transportation and subway tunnels - construction and 

operation / S.N. Vlasov, L.V. Makovskij, V.E. Merkin. – Moscow: Elex-KM Publishers, 

2001. – 200 p. 

138. Wang, W.D. Determination of parameters for hardening soil small strain model of 

Shanghai clay and its application in deep excavations / W.D. Wang, Q. Li, Z.H. Xu // 

Proceedings of the 19th International Conference on Soil Mechanics and Geotechnical 

Engineering. – Seoul, 2017. – P. 2065–2068. 

139. Wattel, S. Using AI to predict excavation behaviour without calculations / 

S. Wattel, S. Commend, J. Hennebert, P. Kuonen, L. Vulliet // Numerics in geotechnics 

& structures 33 years Zsoil.PC. – Lausanne, 2018. – P. 15. 

140. Yoo, C. Finite-element analysis of tunnel face reinforced by longitudinal pipes / 

C. Yoo // Computers and Geotechnics. – Elsevier Science Ltd, 2002. – Vol. 29 – № 1 – 

P. 73–94. – doi:10.1016/S0266-352X(01)00020-9. 

141. Zhang, J. Safe range of retaining pressure for three-dimensional face of pressurized 

tunnels based on limit analysis and reliability method / J. Zhang, W. Wang, D. Zhang, B. 

Zhang, F. Meng // KSCE Journal of Civil Engineering. – Korean Society of Civil 

Engineers, 2018. – Vol. 22 – № 11 – P. 4645–4656. – doi:10.1007/s12205-017-0619-5. 

142. Zingg, S. Tunnel face stability and the effectiveness of advance drainage measures 

in water-bearing ground of non-uniform permeability / S. Zingg, G. Anagnostou // Rock 

Mechanics and Rock Engineering. – Springer Vienna, 2018. – Vol. 51 – № 1 – P. 187–

202. – doi:10.1007/s00603-017-1312-1. 



137 

ɉɊɂɅɈɀȿɇɂə 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ 

 

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 

 ɋɬɪɨɹɳɢɟɫɹ / ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɜɟɬɤɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ 

 ɗɤɫɩɥɭɚɬɢɪɭɟɦɵɟ ɜɟɬɤɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ 

Ɋɢɫɭɧɨɤ Ⱥ.1 – Ɉɬɪɚɫɥɟɜɚɹ ɫɯɟɦɚ ɪɚɡɜɢɬɢɹ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɜ ɋ.-ɉɟɬɟɪɛɭɪɝɟ [5] 

ɪɢɫ.1.2 

ɪɢɫ. 1.3 
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ɉɪɢɥɨɠɟɧɢɟ Ȼ 

Ɍɚɛɥɢɰɚ Ȼ.1 – ɉɚɪɚɦɟɬɪɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
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кʜˏଷ  ʝ˄˝ˈˏː˞ˌ ˅ˈ˔ ˅ˑˇˑː˃˔˞˜ˈːːˑˆˑ ˆ˓˖ː˕˃ 
𝛾௦௔௧ 22 21 

кʜˏଷ  

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɭɲɟɧɢɹ ௙ܴ 0.45 0.45 - 

ɇɚɱɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɪɢɫɬɨɫɬɢ 

݁𝑖௡௧ 0.5 0.80 - Кˑˠ˗˗ˋ˙ˋˈː˕ ˗ˋˎ˟˕˓˃˙ˋˋ, ˔ˑ˅˒˃ˇ˃ˡ˜ˋˌ ˔ ˆˎ˃˅ːˑˌ ˑ˔˟ˡ x 
݇௫ ʹ ∙ ͳͲ−ଷ ͸,ͳͷ ∙ ͳͲ−ଷ 

ˏ˔˖˕ 
Кˑˠ˗˗ˋ˙ˋˈː˕ ˗ˋˎ˟˕˓˃˙ˋˋ, ˔ˑ˅˒˃ˇ˃ˡ˜ˋˌ ˔ ˆˎ˃˅ːˑˌ ˑ˔˟ˡ y 

݇௬ Кˑˠ˗˗ˋ˙ˋˈː˕ ˗ˋˎ˟˕˓˃˙ˋˋ, ˔ˑ˅˒˃ˇ˃ˡ˜ˋˌ ˔ ˆˎ˃˅ːˑˌ ˑ˔˟ˡ z 
݇௭ 

ɉɚɪɚɦɟɬɪ ɧɟɥɢɧɟɣɧɨɫɬɢ ݉ 0.8 0.8 - 

Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɩɪɢ 
ɪɚɡɝɪɭɡɤɟ 

 - ˟ˎˈˇ௨௥ 0.2 0.2 - К˓ˋ˕ˈ˓ˋˌ ˒˓ˑ˚ːˑ˔˕ˋ  - Ʉɭɥɨɧ-Ɇɨɪ Ʉɭɥɨɧ-Ɇɨɪ - Гˋˇ˓ˑˏˈ˘˃ːˋ˚ˈ˔ˍ˃ˢ ˏˑݒ
ȼɚɧ 

Ƚɟɧɭɯɬɟɧ 

ȼɚɧ 

Ƚɟɧɭɯɬɟɧ 
- 

ȼɚ
ɪɶ

ɢɪ
ɭɟ

ɦɵ
ɟ 

ɩɚ
ɪɚ

ɦɟ
ɬɪ

ɵ
 

ȼɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɣ ɧɚ 
50% ɩɪɨɱɧɨɫɬɢ 

 ହ଴௥௘௙ܧ
1 180 50 Ɇɉɚ 
2 350 150 

ȼɟɥɢɱɢɧɚ ɨɞɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɣ 

 ௢௘ௗ௥௘௙ * * Ɇɉɚܧ

ȼɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɣ 
ɩɪɢ ɪɚɡɝɪɭɡɤɟ 

 ௨௥௥௘௙ܧ
3 540 150 Ɇɉɚ 
4 900 715 

ȼɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɫɰɟɩɥɟɧɢɹ 

ܿ′ 
5 130 50 

ɤɉɚ 

6 150 50 

7 430 220 

8 120 20 

9 600 330 

10 820 560 

11 1200 620 

12 1000 1000 

ɗɮɮɟɤɬɢɜɧɵɣ ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ 
ɬɪɟɧɢɹ 

߮′ 
13 5 2 

ɝɪɚɞ. 

14 6 6 

15 3 18 

16 24 18 

17 22 11 

18 23 18 

19 23 19 

 ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ 

𝜎௧ 400 0 ɤɉɚ 

* Ɉɩɪɟɞɟɥɟɧɢɟ ɨɞɨɦɟɬɪɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɱɢɫɥɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɡɚɥɨɠɟɧɧɵɯ ɜ ɭɫɥɨɜɢɹ ɦɨɞɟɥɢ ɭɩɪɨɱɧɹɸɳɟɝɨɫɹ ɝɪɭɧɬɚ 
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Ɋɢɫɭɧɨɤ ȼ.1 – Ɏɨɪɦɢɪɨɜɚɧɢɟ ɡɨɧɵ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɨɬɟɪɢ ɩɪɨɱɧɨɫɬɢ ɩɨ ɤɪɢɬɟɪɢɸ Ʉɭɥɨɧɚ-Ɇɨɪɚ: ɫɢɧɢɣ ɰɜɟɬ – ɩɪɨɱɧɨɫɬɶ ɫɨɛɥɸɞɟɧɚ, 

ɤɪɚɫɧɵɣ – ɩɪɟɞɟɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ 

1
3
9
 



 

Ɋɢɫɭɧɨɤ ȼ.1 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɧɟ ɡɨɧɵ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 

140 



141 

  

Ɋɢɫɭɧɨɤ ȼ.2 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɧɟ ɡɨɧɵ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.3 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɧɟ ɡɨɧɵ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.4 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɧɟ ɡɨɧɵ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.5 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɧɟ ɡɨɧɵ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.6 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɨɧɟ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.7 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɨɧɟ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.8 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɨɧɟ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.9 – Ɋɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɮɨɪɦɵ ɜɨɡɦɨɠɧɨɣ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɡɨɧɟ 
ɧɚɪɭɲɟɧɧɨɫɬɢ (ɝɥɭɛɢɧɚ 60 ɦ) 
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Ɋɢɫɭɧɨɤ ȼ.10 – ɉɪɢɪɚɳɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ, ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ SF ɫ 
ɤɥɸɱɨɦ H=3D – 19 – 5 – 13 – 1 – 3 ɩɪɢ 0%  
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Ɋɢɫɭɧɨɤ ȼ.11 – ɉɪɢɪɚɳɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ, ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ SF ɫ 
ɤɥɸɱɨɦ H=3D – 19 – 5 – 13 – 1 – 3 ɩɪɢ 0% 
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Ɋɢɫɭɧɨɤ ȼ.12 – Ɍɨɱɤɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ Ʉɭɥɨɧɚ-

Ɇɨɪɚ ɢ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɟɧ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɞɥɹ ɭɫɥɨɜɢɣ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɥɸɱɭ H=3D – 19 – 5 – 13 – 1 – 3 ɢ ɦɨɦɟɧɬɭ ɩɪɢɝɪɭɡɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɛɨɹ 

ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɨɞɧɨɪɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɳɚɞɢ ɡɚɛɨɹ 
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Ɋɢɫɭɧɨɤ ȼ.13 – ȼɟɥɢɱɢɧɚ ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɫɥɭɱɚɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɥɸɱɭ  
H=3D – 19 – 5 – 13 – 1 – 3 ɩɪɢ 0% 
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Ɋɢɫɭɧɨɤ ȼ.14 – ɉɪɢɪɚɳɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ, ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ SF ɫ 
ɤɥɸɱɨɦ H=3D – 19 – 5 – 13 – 1 – 3 ɩɪɢ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɤ 

ɧɟɧɚɪɭɲɟɧɧɵɦ ɜ 75% 
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Ɋɢɫɭɧɨɤ ȼ.15 – Ɍɨɱɤɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ Ʉɭɥɨɧɚ-

Ɇɨɪɚ ɢ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɟɧ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɨɫɥɟ ɷɬɚɩɚ ɤɨɧɫɨɥɢɞɚɰɢɢ 
ɞɥɹ ɦɚɫɫɢɜɚ ɫ ɤɥɸɱɨɦ H=3D – 19 – 5 – 13 – 1 – 3 ɩɪɢ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɧɚɪɭɲɟɧɧɵɯ 

ɝɪɭɧɬɨɜ ɤ ɧɟɧɚɪɭɲɟɧɧɵɦ ɜ 75% 
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Ɋɢɫɭɧɨɤ ȼ.16 – ɉɪɢɪɚɳɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ, ɧɚ ɮɚɡɟ ɪɚɫɱɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ SF ɩɪɢ 
ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɧɚɪɭɲɟɧɧɵɯ ɝɪɭɧɬɨɜ ɤ ɧɟɧɚɪɭɲɟɧɧɵɦ ɜ 75% 

 


