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ȺɇȺɅɂɁ ɊȺȻɈɌɕ ɍȽɈɅɄɈȼɈɃ ɉɈȾɉɈɊɇɈɃ ɋɌȿɇɄɂ ɉɊɂ 

ȼɁȺɂɆɈȾȿɃɋɌȼɂɂ ȿȿ ɋ ȽɊɍɇɌɈɆ 
 

Ʉɨɠɭɲɤɨ ȼ. ɉ., Ʉɪɚɫɧɨɜ ɋ. ɇ. 

ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
 

Аɧɧɨɬаɰиɹ. Ɋɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɨɛ ɢɡɦɟɧɟɧɢɢ ɛɨɤɨɜɨɝɨ ɢ ɪɟɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɩɨ 

ɩɨɞɨɲɜɟ ɮɭɧɞɚɦɟɧɬɚ ɩɪɢ ɧɚɥɢɱɢɢ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɫɵɩɤɢ. ɉɪɢ ɪɚɫɱɟɬɟ 
ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɫ ɭɱɟɬɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟɟ ɫ ɝɪɭɧɬɨɦ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɤɨɣ-ɥɢɛɨ ɦɨɞɟɥɢ 

ɝɪɭɧɬɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɩɪɨɢɫɯɨɞɢɬ ɨɬɥɢɩɚɧɢɟ ɟɟ ɨɬ ɝɪɭɧɬɚ ɡɚɫɵɩɤɢ, ɜ 
ɫɜɹɡɢ ɫ ɱɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɜɧɢɡɭ ɫɬɟɧɤɢ. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɨɤɚ-

ɡɚɥ, ɱɬɨ ɩɪɢ ɭɱɟɬɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫɬɟɧɤɢ ɢ ɝɪɭɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɫɬɨɪɨɠɧɨ ɢ ɨɛɨɫɧɨɜɚɧɨ 

ɩɨɞɯɨɞɢɬɶ ɤ ɧɚɡɧɚɱɟɧɢɸ ɦɨɞɟɥɢ ɝɪɭɧɬɚ. 

Клɸɱевые ɫлɨва: ɭɝɨɥɤɨɜɚɹ ɩɨɞɩɨɪɧɚɹ ɫɬɟɧɤɚ, ɫɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɫɬɟɧɤɢ ɫ ɝɪɭɧɬɨɦ, ɷɩɸɪɚ 

ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ, ɷɩɸɪɚ ɪɟɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ, ɜɥɢɹɧɢɟ ɩɪɢɝɪɭɡɤɢ, ɦɨɞɟɥɶ 
ȼɢɧɤɥɟɪɚ, ɦɨɞɟɥɶ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ, ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ, ɩɨɩɟɪɟɱɧɵɟ 
ɫɢɥɵ. 

 
ȼɜɟɞɟɧɢɟ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɭɝɨɥ-

ɤɨɜɵɯ ɩɨɞɩɨɪɧɵɯ ɫɬɟɧɨɤ ɫ ɝɪɭɧɬɨɦ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɢɡɭɱɟɧɢɢ 

ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɨɝɪɚɠɞɚɸɳɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɪɟɲɟɧɢɹɦ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɬɪɚɬ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɢɡɝɨɬɨɜ-

ɥɟɧɢɟ ɫɬɟɧɨɤ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

ȼɩɟɪɜɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɩɪɨɫ ɨ ɛɨɤɨɜɨɦ 

ɞɚɜɥɟɧɢɢ ɝɪɭɧɬɚ ɧɚ ɩɨɞɩɨɪɧɵɟ ɫɬɟɧɤɢ ɛɵɥ 

ɪɟɲɟɧ ɟɳɟ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ XVIII ɜɟɤɚ 
ɒ. Ʉɭɥɨɧɨɦ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɛɨɥɟɟ ɞɜɭɯɫɨɬ ɥɟɬ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɨɛɲɢɪ-

ɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɛɨɤɨɜɨɝɨ ɞɚɜ-

ɥɟɧɢɹ ɧɚ ɩɨɞɩɨɪɧɵɟ ɫɬɟɧɤɢ, ɨɞɧɚɤɨ ɞɨ ɫɢɯ 

ɩɨɪ ɨɫɬɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɧɟɪɟɲɟɧɧɵɟ ɩɪɨ-

ɛɥɟɦɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɷɬɨɝɨ ɞɚɜɥɟɧɢɹ. Ɉɞ-

ɧɨɣ ɢɡ ɬɚɤɢɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɵɣ 

ɷɥɟɦɟɧɬ ɝɢɛɤɨɣ ɭɝɨɥɤɨɜɨɣ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ 

ɢ ɪɟɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ ɩɨɞɨɲɜɭ 

ɮɭɧɞɚɦɟɧɬɚ ɫ ɭɱɟɬɨɦ ɟɟ ɠɟɫɬɤɨɫɬɢ, ɞɟɮɨɪ-

ɦɚɰɢɣ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤ ɝɪɭɧɬɚ ɡɚɫɵɩɤɢ  ɢ ɨɫɧɨɜɚɧɢɹ. ɉɨɫɤɨɥɶɤɭ 

ɩɨ ɜɨɩɪɨɫɭ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 
ɩɨɞɩɨɪɧɵɟ ɫɬɟɧɤɢ ɢɦɟɟɬɫɹ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟ-
ɫɬɜɨ  ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜ ɞɚɧɧɨɣ 

ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɵɟ ɢɡ 
ɧɢɯ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨ ɤɚɫɚɸ-

ɳɢɟɫɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɪɨɛɥɟɦɵ. 

ȼ. Ʉ. ɐɜɟɬɤɨɜ [1] ɩɪɢɜɨɞɢɬ ɫɟɪɶɟɡɧɵɟ ɪɚɫ-
ɱɟɬɵ ɫɢɫɬɟɦɵ «ɝɪɭɧɬ – ɩɨɞɩɨɪɧɚɹ ɫɬɟɧɤɚ» ɢ 

ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟ-
ɬɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɨɥɭ-

ɱɟɧɧɵɦɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜ ɧɚɬɭɪɟ.  
Ɉɞɧɚɤɨ ɪɚɛɨɬɚ ɭɝɨɥɤɨɜɵɯ ɩɨɞɩɨɪɧɵɯ ɫɬɟ-

ɧɨɤ ɢɦ ɧɟ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ. Yuan-Shan 

Wang [2] ɜɦɟɫɬɟ ɫ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ ɩɪɢɜɨ-

ɞɢɬ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɟɥɢɱɢɧ ɛɨ-

ɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɧɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ, Jun 

Zhanq [3] ɩɪɟɞɥɚɝɚɟɬ ɢɧɬɟɪɟɫɧɵɟ ɪɟɲɟɧɢɹ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɨɜ 

ɦɟɬɨɞɨɦ ɬɨɧɤɨɝɨ ɫɥɨɹ, Ci Gong [4] ɩɪɢɦɟɧɢɥ 

ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 
ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ, ɨɞɧɚɤɨ ɢɦ ɧɟ ɭɱɬɟɧɚ 
ɫɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɫɬɟɧɤɢ ɢ ɝɪɭɧɬɚ. Ⱦɚɧɧɵɟ ɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɨɞɩɨɪɧɵɯ ɫɬɟɧɨɤ ɢ ɝɪɭɧɬɚ 
(ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɭɝɨɥɤɨɜɵɯ ɫɬɟɧɨɤ) ɩɪɢɜɟɞɟɧɵ 

ɜ ɪɚɛɨɬɚɯ [5–13]. ȼ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ [6, 7] 

ɭɱɬɟɧɵ ɞɟɮɨɪɦɚɰɢɢ, ɩɨɜɨɪɨɬ, ɠɟɫɬɤɨɫɬɶ 

ɦɚɫɫɢɜɧɨɣ ɫɬɟɧɤɢ ɜɨɤɪɭɝ ɧɢɠɧɟɣ ɬɨɱɤɢ, ɩɟ-
ɪɟɦɟɳɟɧɢɟ ɟɟ ɜ ɫɬɨɪɨɧɭ ɨɬ ɝɪɭɧɬɚ ɢ ɨɫɚɞɤɚ.  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ  ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɦɨɞɟɥɢ ɭɩɪɭɝɨɣ ɱɟɬɜɟɪɬɶ- ɢ ɩɨɥɭɩɥɨɫɤɨɫɬɢ. 

Ⱥ. Ⱦ. ɋɨɤɨɥɨɜ [8] ɢɫɫɥɟɞɨɜɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɩɨɞɩɨɪɧɵɯ ɫɬɟɧɨɤ ɫ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭ-

ɟɦɨɣ ɝɪɭɧɬɨɜɨɣ ɫɪɟɞɨɣ, Ɍ. Ⱥ. Ɇɚɥɢɤɨɜɚ [11] 

ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 
ɧɚ ɠɟɫɬɤɢɟ ɫɬɟɧɵ ɩɪɢɦɟɧɢɥɚ ɦɨɞɟɥɶ ɱɟɬ-
ɜɟɪɬɶɩɥɨɫɤɨɫɬɢ, Ɍɚɧɤɨ Ƚɚɥɟɜ [12] ɢ  

ɂ. Ʉɪɴɫɬɢɥɨɜ [13] ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɶ ȼɢɧ-

ɤɥɟɪɚ, ɇ. ə. ɐɢɦɛɟɥɶɦɚɧ [9] ɩɪɢ ɜɵɹɜɥɟɧɢɢ 

ɞɚɜɥɟɧɢɹ ɫɵɩɭɱɟɝɨ ɬɟɥɚ ɧɚ ɭɝɨɥɤɨɜɵɟ ɩɨɞ-

ɩɨɪɧɵɟ ɫɬɟɧɤɢ ɨɫɧɨɜɵɜɚɥɫɹ ɧɚ ɢɡɜɟɫɬɧɵɟ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨɫɵɥɤɢ ɒ. Ʉɭɥɨɧɚ ɢ 

ȼ. ȼ. ɋɨɤɨɥɨɜɫɤɨɝɨ. ȼ ɤɧɢɝɚɯ [5, 10] ɩɪɢɜɟ-
ɞɟɧɵ ɨɛɲɢɪɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨ-

ɬɟ ɩɨɞɩɨɪɧɵɯ ɫɬɟɧɨɤ ɫ ɝɪɭɧɬɨɦ, ɨɞɧɚɤɨ ɢ ɜ 
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ɧɢɯ ɨɬɫɭɬɫɬɜɭɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨ ɜɥɢɹɧɢɢ 

ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɝɪɭɧɬɚ ɧɚ ɜɟɥɢɱɢɧɭ ɟɝɨ 

ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɜɥɢɹɧɢɹ ɪɟɚɤɬɢɜɧɵɯ 

ɞɚɜɥɟɧɢɣ ɧɚ ɩɨɞɨɲɜɭ ɮɭɧɞɚɦɟɧɬɚ. ɂɧɬɟɪɟɫ-
ɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɫɱɟɬɭ ɝɢɛɤɢɯ ɩɨɞ-

ɩɨɪɧɵɯ ɫɬɟɧɨɤ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ [14–16], 

ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɱɬɟɧɵ ɞɟɮɨɪɦɚɰɢɢ ɬɨɥɶɤɨ 

ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɬɟɧɨɤ.  

ȼɟɥɢɱɢɧɚ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɭɝɨɥɤɨ-

ɜɵɟ ɩɨɞɩɨɪɧɵɟ ɫɬɟɧɤɢ ɡɚɜɢɫɢɬ ɢ ɨɬ ɞɟɮɨɪ-

ɦɚɰɢɢ ɮɭɧɞɚɦɟɧɬɚ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɚɯ 

[17, 18].  ɂ. Ⱥ. ɋɢɦɜɭɥɢɞɢ [17] ɪɚɫɫɦɚɬɪɢɜɚ-
ɟɬ ɝɢɛɤɭɸ ɩɨɞɩɨɪɧɭɸ ɫɬɟɧɤɭ ɤɚɤ ɫɢɫɬɟɦɭ, 

ɤɨɬɨɪɚɹ ɩɨɥɧɨɫɬɶɸ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɝɪɭɧ-

ɬɨɦ, ɬ.ɟ. ɢ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɟɧɤɚ, ɢ ɮɭɧɞɚ-
ɦɟɧɬɧɚɹ ɩɥɢɬɚ ɫɨɜɦɟɫɬɧɨ ɪɚɛɨɬɚɸɬ ɫ ɝɪɭɧ-

ɬɨɦ, ɨɞɧɚɤɨ ɨɧ ɩɪɢɦɟɧɢɥ ɦɨɞɟɥɶ ɭɩɪɭɝɨɣ 

ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɤɚɤ ɩɪɢ ɪɚɫɱɟɬɟ ɜɟɪɬɢɤɚɥɶɧɨ-

ɝɨ ɷɥɟɦɟɧɬɚ ɫɬɟɧɤɢ, ɬɚɤ ɢ ɩɪɢ ɪɚɫɱɟɬɟ ɮɭɧ-

ɞɚɦɟɧɬɚ, ɱɬɨ ɧɟ ɫɨɜɫɟɦ ɤɨɪɪɟɤɬɧɨ. ȼ ɪɚɛɨɬɟ 
[18] ɜ ɪɚɣɨɧɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɩɪɢɦɟɧɟ-
ɧɚ ɦɨɞɟɥɶ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɱɟɬ-
ɜɟɪɬɶɩɥɨɫɤɨɫɬɢ, ɚ ɜ ɪɚɣɨɧɟ ɮɭɧɞɚɦɟɧɬɚ – ɦɨ-

ɞɟɥɶ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ, 

ɱɬɨ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɨ ɩɪɢ ɪɚɫɱɟɬɟ ɬɚɤɢɯ ɫɢ-

ɫɬɟɦ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟ ɢɫɫɥɟɞɨɜɚɧ ɜɨɩɪɨɫ ɨ 

ɜɥɢɹɧɢɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɝɪɭɧɬɚ ɧɚ ɯɚɪɚɤ-

ɬɟɪ ɷɩɸɪ ɛɨɤɨɜɨɝɨ ɢ ɪɟɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɣ ɢ 

ɧɚ ɧɚ ɜɟɥɢɱɢɧɭ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɬɟɪɟɫɧɵɦ ɢɫɫɥɟɞɨɜɚ-
ɧɢɟɦ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɨɪɟɬɢɱɟ-
ɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɚɜɥɟɧɢɣ 

ɝɪɭɧɬɚ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ 

ɦɨɞɟɥɢ ɝɪɭɧɬɚ, ɤɨɧɬɚɤɬɢɪɭɸɳɟɝɨ ɫ ɜɟɪɬɢ-

ɤɚɥɶɧɨɣ ɫɬɟɧɤɨɣ  ɢ ɮɭɧɞɚɦɟɧɬɨɦ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ȼ ɫɬɚɬɶɟ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɩɪɨɚɧɚɥɢɡɢ-

ɪɨɜɚɬɶ ɪɚɛɨɬɭ ɝɢɛɤɨɣ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɞɥɹ 

ɬɪɟɯ ɫɥɭɱɚɟɜ ɟɟ ɪɚɫɱɟɬɚ: ɩɪɢ ɢɝɧɨɪɢɪɨɜɚɧɢɢ 

ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫɬɟɧɤɢ ɢ ɝɪɭɧɬɚ, ɬ.ɟ. ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ; ɩɪɢ ɩɪɢ-

ɦɟɧɟɧɢɢ ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ, ɢɫɩɨɥɶɡɭɟɦɨɣ  

ɞɥɹ ɝɪɭɧɬɨɜ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɤɚɤ ɫ ɜɟɪɬɢ-

ɤɚɥɶɧɨɣ ɫɬɟɧɤɨɣ, ɬɚɤ ɢ ɫ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢ-

ɬɨɣ; ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɫ ɝɪɭɧɬɨɦ,  ɤɨɬɨɪɚɹ 

ɨɩɢɫɚɧɚ ɦɨɞɟɥɶɸ ȼɢɧɤɥɟɪɚ, ɢ ɫɨɜɦɟɫɬɧɨɣ 

ɪɚɛɨɬɵ ɮɭɧɞɚɦɟɧɬɚ ɫ ɝɪɭɧɬɨɦ, ɱɬɨ ɨɩɢɫɚɧɚ ɜ 

ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ. 

 

Ɋɟɚɥɢɡɚɰɢɹ ɡɚɞɚɱɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 

ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɢ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ  

ɜ ɷɥɟɦɟɧɬɚɯ ɫɬɟɧɤɢ 

ɉɪɢ ɪɚɫɱɟɬɟ ɭɝɨɥɤɨɜɨɣ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ 

ɛɟɡ ɭɱɟɬɚ ɟɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫ ɝɪɭɧɬɨɦ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ, ɬ.ɟ. 
ɪɚɫɫɦɨɬɪɢɦ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ ɫ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɤɚɤ ɤɨɧɫɨɥɶ-
ɧɭɸ ɛɚɥɤɭ, ɞɥɢɧɨɣ h, ɡɚɳɟɦɥɟɧɧɭɸ ɜ ɮɭɧɞɚ-
ɦɟɧɬɟ (h – ɜɵɫɨɬɚ ɫɬɟɧɤɢ). Ȼɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ 
ɝɪɭɧɬɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ ɨɩɪɟɞɟɥɹɸɬ 
ɩɨ Ʉɭɥɨɧɭ, ɬ.ɟ. ɷɩɸɪɚ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬ 
ɜɟɫɚ ɝɪɭɧɬɚ ɡɚɫɵɩɤɢ ɢɦɟɟɬ ɬɪɟɭɝɨɥɶɧɭɸ 

ɮɨɪɦɭ ɫ ɨɪɞɢɧɚɬɨɣ ɜɧɢɡɭ qɝɪ, ɚ ɷɩɸɪɚ ɞɚɜɥɟ-
ɧɢɹ ɨɬ ɩɪɢɝɪɭɡɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɩɪɟɞɟɥɚɯ 

ɲɢɪɢɧɵ ɩɪɢɡɦɵ ɨɛɪɭɲɟɧɢɹ bɩɪ, – ɩɪɹɦɨ-

ɭɝɨɥɶɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ qɜɪ (ɪɢɫ. 1). 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɧɚɝɪɭɡɨɤ ɧɚ ɫɬɟɧɤɭ ɛɟɡ ɭɱɟɬɚ ɟɟ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫ ɝɪɭɧɬɨɦ 

 

Ɍɵɥɶɧɭɸ ɫɬɨɪɨɧɭ ɮɭɧɞɚɦɟɧɬɚ ɪɚɫɫɱɢ-

ɬɵɜɚɸɬ ɤɚɤ ɤɨɧɫɨɥɶɧɭɸ ɛɚɥɤɭ ɫ ɩɪɨɥɟɬɨɦ 

(bɬ+0,5δɧ), ɝɞɟ bɬ – ɲɢɪɢɧɚ ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɵ 

ɮɭɧɞɚɦɟɧɬɚ (ɫɦ. ɪɢɫ. 1); δɧ – ɬɨɥɳɢɧɚ ɜɟɪɬɢ-

ɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɜ ɦɟɫɬɟ ɟɟ ɩɪɢɦɵɤɚɧɢɹ ɤ 

ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɟ. ɉɟɪɟɞɧɢɣ ɜɵɫɬɭɩ ɮɭɧ-

ɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ ɜ ɪɚɫɱɟɬɧɨɦ ɩɥɚɧɟ ɬɨɠɟ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɤɨɧɫɨɥɶɧɭɸ ɛɚɥɤɭ ɫ ɩɪɨ-

ɥɟɬɨɦ (bɩ+0,5δɧ), ɝɞɟ bɩ – ɲɢɪɢɧɚ ɩɟɪɟɞɧɟɣ 

ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ. ɉɟɪɟɞɧɹɹ ɢ 

ɬɵɥɶɧɚɹ ɤɨɧɫɨɥɶɧɵɟ ɛɚɥɤɢ ɡɚɳɟɦɥɟɧɵ ɜ ɜɟɪ-

ɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɟ, ɬ.ɟ. ɭɝɨɥɤɨɜɚɹ ɩɨɞɩɨɪɧɚɹ 

ɫɬɟɧɤɚ ɢɦɟɟɬ ɠɟɫɬɤɢɣ ɭɡɟɥ ɋ. ɇɚɝɪɭɡɤɢ, ɤɨ-

ɬɨɪɵɟ ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɮɭɧɞɚɦɟɧɬ, – ɷɬɨ 

ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ, ɜɟɫ 
ɝɪɭɧɬɚ ɡɚɫɵɩɤɢ ɧɚɞ ɬɵɥɶɧɨɣ ɢ ɩɟɪɟɞɧɟɣ ɜɵ-

ɫɬɭɩɚɦɢ ɮɭɧɞɚɦɟɧɬɚ, ɜɟɫ ɜɪɟɦɟɧɧɨɣ ɧɚɝɪɭɡ-
ɤɢ, ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɪ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɩɪɟ-
ɞɟɥɚɯ ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɵ ɮɭɧɞɚɦɟɧɬɚ, ɢ ɪɟɚɤ-

ɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɮɨɪ-

ɦɭ ɬɪɚɩɟɰɢɢ ɫ ɨɪɞɢɧɚɬɚɦɢ ɪmin ɢ ɪmax (ɪɢɫ. 1). 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɧɚ ɨɞɢɧ ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ 

ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ, ɬ.ɟ. ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ ɢ 

ɜɧɭɬɪɟɧɧɢɟ ɭɫɢɥɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɞɥɢɧɟ 
ɫɬɟɧɤɢ ɜ ɨɞɢɧ ɦɟɬɪ.  
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ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɫ ɭɱɟɬɨɦ 
ɟɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫ ɝɪɭɧɬɨɦ ɩɪɟɞɥɚɝɚ-
ɟɬɫɹ ɪɚɡɪɟɡɚɬɶ ɫɬɟɧɤɭ ɢ ɮɭɧɞɚɦɟɧɬ. Ɂɚɞɚɱɚ 
ɪɟɲɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɬ.ɟ. 
ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɟɧɤɚ ɢ ɮɭɧɞɚɦɟɧɬ ɪɚɫɫɦɚɬɪɢ-
ɜɚɸɬɫɹ ɤɚɤ ɩɨɥɨɫɵ, ɲɢɪɢɧɨɣ b' =1 ɦ, ɧɚ 
ɝɪɭɧɬɨɜɨɦ ɨɫɧɨɜɚɧɢɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɷɬɢɯ  
ɩɨɥɨɫ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɦɟɬɨɞ  
Ȼ. ɇ. ɀɟɦɨɱɤɢɧɚ [19], ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɨɤ ɢɫɬɨɱɧɢɤɨɜ [20, 
21], ɝɞɟ ɩɪɢɜɟɞɟɧɵ ɬɚɛɥɢɰɵ ɪɟɚɤɬɢɜɧɵɯ ɭɫɢ-
ɥɢɣ ɜ ɫɬɟɪɠɟɧɶɤɚɯ, ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɢ ɨɫɚɞɤɢ 
ɮɢɤɬɢɜɧɨɝɨ ɡɚɳɟɦɥɟɧɢɹ ɩɨɥɨɫɵ ɨɬ ɟɞɢɧɢɱ-
ɧɵɯ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ ɢ ɩɪɢɝɪɭɡɨɤ. Ɏɢɤɬɢɜ-
ɧɵɟ ɡɚɳɟɦɥɟɧɢɹ ɩɨɥɨɫ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɜɧɢɡɭ 
(ɜ ɬɨɱɤɟ ɋ) ɩɪɢ ɪɚɫɱɟɬɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɥɨɫɵ 
ɢ ɧɚ ɥɟɜɨɦ ɤɨɧɰɟ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ (ɜ 
ɬɨɱɤɟ ȼ, ɪɢɫ. 1). 

ȼɟɪɬɢɤɚɥɶɧɚɹ ɩɨɥɨɫɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɫ-
ɫɱɢɬɵɜɚɟɬɫɹ ɩɨɞ ɧɚɝɪɭɡɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ 
Ʉɭɥɨɧɭ (ɪɢɫ. 2), ɚ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɚɤ-
ɬɢɜɧɵɯ ɢ ɫɭɦɦɚɪɧɵɯ ɞɚɜɥɟɧɢɣ – ɤɚɤ ɩɪɨɫɬɚɹ 
ɤɨɧɫɨɥɶɧɚɹ ɛɚɥɤɚ, ɧɚɝɪɭɠɟɧɧɚɹ ɫɭɦɦɚɪɧɵɦ 
ɛɨɤɨɜɵɦ ɞɚɜɥɟɧɢɟɦ ɢ ɤɨɧɰɟɜɵɦɢ ɭɫɢɥɢɹɦɢ 
Qɫ ɢ Mɫ . 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɡɚɝɪɭɠɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ 

 

ɉɪɢ ɪɚɫɱɟɬɟ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ ɭɱɢ-

ɬɵɜɚɟɬɫɹ ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɜ ɜɢɞɟ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɪɫɜ, ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚɞ ɬɵɥɶɧɨɣ ɱɚɫɬɶɸ 

ɮɭɧɞɚɦɟɧɬɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ (ɪɝɪ+ɪ) ɨɬ ɜɟɫɚ 
ɝɪɭɧɬɚ ɡɚɫɵɩɤɢ ɪɝɪ ɢ ɧɚɝɪɭɡɤɢ ɪ, ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚɞ ɩɟɪɟɞɧɟɣ ɱɚɫɬɶɸ ɮɭɧ-

ɞɚɦɟɧɬɚ, ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɪɝɪ' ɨɬ ɜɟɫɚ ɝɪɭɧɬɚ 
ɧɚɞ ɜɵɫɬɭɩɚɸɳɟɣ ɩɟɪɟɞɧɟɣ ɝɪɚɧɶɸ ɮɭɧɞɚ-
ɦɟɧɬɚ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɫɢɥɨɣ Gɫɬ ɨɬ ɜɟɫɚ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɢ ɦɨɦɟɧɬɨɦ Ɇɫ  (ɪɢɫ. 3). 

Ȼ. Ɇ. ɀɟɦɨɱɤɢɧ [19] ɫɱɢɬɚɟɬ ɞɨɫɬɚɬɨɱɧɵɦ 

ɩɪɨɢɡɜɟɫɬɢ ɪɚɡɛɢɜɤɭ ɩɨɥɨɫɵ, ɥɟɠɚɳɟɣ ɧɚ 
ɝɪɭɧɬɟ, ɧɚ ɩɹɬɶ ɭɱɚɫɬɤɨɜ, ɱɬɨ ɢ ɛɵɥɨ ɭɱɬɟɧɨ 

ɩɪɢ ɪɚɫɱɟɬɟ ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɨɫɧɨɜɚɧɢɢ [20] ɢ ɧɚ ɥɢ-

ɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɥɨɟ ɤɨɧɟɱɧɨɣ 

ɬɨɥɳɢɧɵ [21]. ɉɪɢ ɪɚɡɛɢɜɤɟ ɩɨɥɨɫ ɧɚ ɩɹɬɶ 

ɪɚɜɧɵɯ ɩɨ ɞɥɢɧɟ ɭɱɚɫɬɤɨɜ ɞɥɢɧɚ ɭɱɚɫɬɤɚ 
ɫɨɫɬɚɜɢɬ ɜ ɩɪɟɞɟɥɚɯ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɫ1 = 

h/5 (ɫɦ. ɪɢɫ. 2),   ɜ ɩɪɟɞɟɥɚɯ ɮɭɧɞɚɦɟɧɬɧɨɣ 

ɩɨɥɨɫɵ ɫ2 = b/5. Ɋɚɫɱɟɬ ɩɨɥɨɫ ɜɟɞɟɬɫɹ ɩɪɢ 

ɩɨɤɚɡɚɬɟɥɟ ɠɟɫɬɤɨɫɬɢ ɫɢɫɬɟɦɵ «ɩɨɥɨɫɚ – 

ɝɪɭɧɬ», ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

' 2

0

2

0

(1 )
,

6 (1 )

E b C

E I

      
 

   
             

(1) 

 

ɝɞɟ ȿ0 – ɦɨɞɭɥɶ ɨɛɳɟɣ ɞɟɮɨɪɦɚɰɢɢ ɝɪɭɧɬɚ;  
b' – ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɧɚ ɝɪɭɧɬɨɜɨɦ ɨɫɧɨɜɚɧɢɢ, 

ɪɚɜɧɚɹ 1 ɦ; ɫ – ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɪɚɡɛɢɜɤɢ ɩɨɥɨ-

ɫɵ ( ɷɬɨ ɫ1   ɩɪɢ ɪɚɫɱɟɬɚɯ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧ-

ɤɢ ɢɥɢ ɫ2 ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɮɭɧɞɚɦɟɧɬɧɨɣ 

ɩɨɥɨɫɵ);  ν – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɦɚɬɟɪɢ-

ɚɥɚ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ; νɨ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɛɨɤɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɝɪɭɧɬɚ;  
E I – ɢɡɝɢɛɧɚɹ ɠɟɫɬɤɨɫɬɶ ɩɨɥɨɫɵ, ɲɢɪɢɧɨɣ  

b' = 1 ɦ.  

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɚ Ȼ. ɇ. ɀɟɦɨɱɤɢɧɚ 
ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɭɸ ɦɨɞɟɥɶ ɝɪɭɧɬɚ. 

 

 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɡɚɝɪɭɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚ 
 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ ɞɥɹ 

ɝɪɭɧɬɨɜ ɡɚɫɵɩɤɢ ɢ ɨɫɧɨɜɚɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 

ɪɚɛɨɬɨɣ [21], ɝɞɟ ɩɪɢɜɟɞɟɧɵ ɬɚɛɥɢɰɵ ɟɞɢ-

ɧɢɱɧɵɯ ɭɫɢɥɢɣ iY  ɜ ɫɬɟɪɠɧɹɯ, ɤɨɬɨɪɵɟ ɩɨ 

ɦɟɬɨɞɭ Ȼ. ɇ. ɀɟɦɨɱɤɢɧɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɦɟɠɞɭ ɩɨɥɨɫɨɣ ɢ ɝɪɭɧɬɨɦ, ɟɞɢɧɢɱɧɵɯ ɭɝɥɨɜ  
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ɩɨɜɨɪɨɬɚ 0φ  
ɢ ɟɞɢɧɢɱɧɵɯ ɨɫɚɞɨɤ 0y  ɨɬ 

ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ ( 0φ  ɢ 0y  – ɷɬɨ ɟɞɢɧɢɱɧɵɣ 

ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɢ ɟɞɢɧɢɱɧɚɹ ɨɫɚɞɤɚ ɜ ɬɨɱɤɟ ɋ, 

ɬ.ɟ. ɜ ɬɨɱɤɟ ɮɢɤɬɢɜɧɨɝɨ ɡɚɳɟɦɥɟɧɢɹ ɜɟɪɬɢ-

ɤɚɥɶɧɨɣ ɫɬɟɧɤɢ, ɢɥɢ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɢ ɨɫɚɞɤɚ ɜ 

ɬɨɱɤɟ ȼ, ɬ.ɟ. ɜ ɬɨɱɤɟ ɮɢɤɬɢɜɧɨɝɨ ɡɚɳɟɦɥɟɧɢɹ 

ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ). 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɤɚɤ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ 

ɪɚɧɟɟ, ɜ ɪɚɣɨɧɟ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ ɩɪɢ-

ɧɹɬɚ ɦɨɞɟɥɶ ɜ ɜɢɞɟ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ 

ɩɨɥɭɩɥɨɫɤɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɭɱɟɫɬɶ ɜɥɢɹ-

ɧɢɟ ɧɚ ɫɢɫɬɟɦɭ ɩɪɢɝɪɭɡɨɤ ɨɬ ɜɟɫɚ ɝɪɭɧɬɚ ɫɥɟ-
ɜɚ ɨɬ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ, ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɪɩɪ', ɢ ɫɩɪɚɜɚ ɨɬ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ, ɢɧ-

ɬɟɧɫɢɜɧɨɫɬɶɸ ɪɝɪ'' (ɪɢɫ. 4).  Ⱦɥɢɧɚ ɥɟɜɨɣ ɢ 

ɩɪɚɜɨɣ ɩɪɢɝɪɭɡɨɤ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 12ɋ2. 

 

 
 

Ɋɢɫ. 4. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɝɪɭɡɨɤ 

 

ȿɞɢɧɢɱɧɵɟ ɭɫɢɥɢɹ ɜ ɫɬɟɪɠɟɧɶɤɚɯ, ɟɞɢ-

ɧɢɱɧɵɟ ɩɨɜɨɪɨɬɵ ɢ ɨɫɚɞɤɢ ɜ ɬɨɱɤɟ ȼ ɨɬ ɩɪɢ-

ɝɪɭɡɨɤ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɟ [20].  

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɧɰɟɜɵɯ ɭɫɢɥɢɣ Qɫ ɢ 

Ɇɫ  (ɫɦ. ɪɢɫ. 2) ɜɜɟɞɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɫɥɨ-

ɜɢɹ:  
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ɝɞɟ (ɫɫɬ
ɫ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɥɨ-

ɫɵ ɜ ɬɨɱɤɟ ɟɟ ɮɢɤɬɢɜɧɨɝɨ ɡɚɳɟɦɥɟɧɢɹ; 
)(ɮ

ɫ  

– ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ ɜ 

ɬɨɱɤɟ ɋ; 
(ɫɫɬ
ɫɭ  – ɩɪɨɝɢɛ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɥɨɫɵ 

ɜ ɬɨɱɤɟ ɋ. 

ɍɝɨɥ ɩɨɜɨɪɨɬɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɥɨɫɵ 
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          (3) 

ɝɞɟ ɫɬ
oi – ɟɞɢɧɢɱɧɵɟ ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɨɬ ɛɨɤɨ-

ɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ (ɨɬ qɝɪ ɢ qɜɪ, ɪɢɫ.2);

  'A  – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɞɟɣɫɬɜɢ-

ɬɟɥɶɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 

ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɝɪɭɧɬɚ  qɝɪ ɢ ɜɪɟɦɟɧɧɨɣ 

ɧɚɝɪɭɡɤɢ qɜɪ; 
ɫɬ
1o

 

– ɟɞɢɧɢɱɧɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ
 ɜ ɬɨɱɤɟ ɋ ɨɬ ɫɢɥɵ Qɫ=1; B ' ɢ C ' – ɤɨɷɮɮɢɰɢ-

ɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɢɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ 

Qɫ  ɢ Ɇɫ.

 

ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 
(ɮ)

ɫ  ɜ ɬɨɱɤɟ ɋ ɨɬ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ, ɩɪɢɜɟ-
ɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3, ɢ ɩɪɢɝɪɭɡɨɤ, ɩɪɢɜɟɞɟɧɧɵɯ 

ɧɚ ɪɢɫ. 4, ɫɥɟɞɭɟɬ ɫɧɚɱɚɥɚ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟ-

ɧɢɟ ɭɝɥɚ ɩɨɜɨɪɨɬɚ (ɮ)
ɜφ ɜ ɬɨɱɤɟ ȼ ɮɭɧɞɚ-

ɦɟɧɬɧɨɣ ɩɨɥɨɫɵ:   
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         (4)

 

ɝɞɟ 
(ɮ)

φoi  – ɟɞɢɧɢɱɧɵɟ ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɨɬ ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɵɯ ɧɚɝɪɭɡɨɤ ɪ'ɝɪ, (ɪɝɪ+ɪ)  ɢ ɪɫɜ (ɫɦ. 

ɪɢɫ. 3); iA  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɢɫɬɢɧɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 

ɧɚɝɪɭɡɨɤ ɪ'ɝɪ ≠ 1, (ɪɝɪ+ɪ) ≠1 ɢ ɪɫɜ ≠ 1; 
(ɮ)

0φ j  – 

ɟɞɢɧɢɱɧɵɟ ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɨɬ ɩɪɢɝɪɭɡɨɤ 
'
ɩɪ 1p   ɢ ''

ɩɪ 1p  ; ''D  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵ-

ɜɚɸɳɢɣ
 

ɢɫɬɢɧɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪ'ɩɪ ≠ 1 ɢ
 ɪ''ɩɪ ≠ 1;

  

(ɮ)
01φ – ɟɞɢɧɢɱɧɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɬɨɱɤɢ ȼ ɨɬ Qɫ = 1;
(ɮ)
02φ

 

– ɟɞɢɧɢɱɧɵɣ ɭɝɨɥ ɩɨ-

ɜɨɪɨɬɚ ɬɨɱɤɢ ȼ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ ɨɬ 
ɟɞɢɧɢɱɧɨɝɨ ɦɨɦɟɧɬɚ Ɇɫ = 1; ''B  ɢ ''C – ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɢɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ
 ɜɟɥɢɱɢɧ  Qɫ≠1 ɢ Ɇɫ≠1. 

Ɂɧɚɹ ɜɟɥɢɱɢɧɭ ɭɝɥɚ ɩɨɜɨɪɨɬɚ (ɮ)
ɜφ , ɩɨ ɦɟ-

ɬɨɞɭ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ [22] ɨɩɪɟɞɟɥɹɟɦ 

ɭɝɨɥ ɩɨɜɨɪɨɬɚ (ɮ)
ɫφ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ ɜ 

ɬɨɱɤɟ ȼ:

 2 3 3
(ɮ) (ɮ) 0
ɫ ɜ c c

1 ( ) ( )φ φ
3! 3!

z c z d
q q

E I

    
   

   
  , 

(5) 

ɝɞɟ qc– ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ; z – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɥɟɜɨɝɨ 
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ɤɨɧɰɚ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɨɥɨɫɵ ɞɨ ɬɨɱɤɢ ɋ; ɫ ɢ 

d – ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɥɟɜɨɝɨ ɤɨɧɰɚ ɮɭɧɞɚɦɟɧɬ-
ɧɨɣ ɩɨɥɨɫɵ ɞɨ ɧɚɱɚɥɚ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 

ɧɚɝɪɭɡɤɢ. 

ȼ ɮɨɪɦɭɥɟ (5) ɜɫɟ ɛɭɤɜɟɧɧɵɟ ɨɛɨɡɧɚɱɟ-
ɧɢɹ, ɤɪɨɦɟ (ɮ)

ɜφ ,  ɨɫɬɚɜɥɟɧɵ ɬɚɤɢɦɢ, ɤɚɤɢɦɢ 

ɨɧɢ ɞɚɧɵ ɜ ɪɚɛɨɬɟ [22]. 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɜ ɮɨɪɦɭɥɭ (5) ɫɥɟɞɭɟɬ 
ɜɜɨɞɢɬɶ ɬɨɥɶɤɨ ɬɟ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɪɚɫɩɨ-

ɥɨɠɟɧɵ ɫɥɟɜɚ ɨɬ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ 

(ɫɥɟɜɚ ɨɬ ɬɨɱɤɢ ɋ). 

ɉɟɪɟɦɟɳɟɧɢɟ ɬɨɱɤɢ ɋ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧ-

ɤɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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       (6) 

ɝɞɟ 
ɫɬ
0iy   – ɟɞɢɧɢɱɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɬɨɱɤɢ ɋ 

ɨɬ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ; '''A  – ɤɨɷɮɮɢ-

ɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɶ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ; 
ɫɬ
01y  – ɟɞɢɧɢɱ-

ɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɬɨɱɤɢ ɋ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɫɬɟɧɤɢ ɨɬ ɫɢɥɵ Qɫɬ; 
ɫɬ
02y  – ɟɞɢɧɢɱɧɨɟ ɩɟɪɟ-

ɦɟɳɟɧɢɟ ɬɨɱɤɢ ɋ ɨɬ ɤɨɧɰɟɜɨɝɨ ɦɨɦɟɧɬɚ Ɇɫ;
'''B  ɢ '''C – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ 

ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧ Qɫ ɢ Ɇɫ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɩɨɪɧɭɸ ɫɬɟɧɤɭ, ɪɚɡɦɟɪɵ 

ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. 

 

 
 

Ɋɢɫ. 5. ɇɚɝɪɭɡɤɢ ɧɚ ɩɨɞɩɨɪɧɭɸ ɫɬɟɧɤɭ: ɚ – ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ; ɛ – ɧɚ ɮɭɧɞɚɦɟɧɬ 
 

Ƚɪɭɧɬ ɡɚɫɵɩɤɢ ɢ ɨɫɧɨɜɚɧɢɹ – ɫɪɟɞɧɟɡɟɪ-

ɧɢɫɬɵɣ ɩɟɫɨɤ, ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɭɞɟɥɶɧɵɣ 

ɜɟɫ ɤɨɬɨɪɨɝɨ γn = 19 ɤɇ/ɦ3, ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ 

ɬɪɟɧɢɹ φn = 30º, ɦɨɞɭɥɶ ɨɛɳɟɣ ɞɟɮɨɪɦɚɰɢɢ 

ȿ0 = 39,24·103 ɤɉɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ ν0 = 0,30, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɛɟ-
ɬɨɧɚ ɫɬɟɧɤɢ ɤɥɚɫɫɚ ȼ 30 ȿ = 32,5·106ɤɉɚ, ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɛɟɬɨɧɚ ν = 0,2. Ɋɚɡɛɢɜɤɭ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɢ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ 

ɩɪɨɢɡɜɟɞɟɦ ɧɚ 5 ɭɱɚɫɬɤɨɜ. Ɍɨɝɞɚ ɞɥɢɧɚ 
ɭɱɚɫɬɤɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɫ1 = 6/5 = 1,2 ɦ, 

ɮɭɧɞɚɦɟɧɬɚ ɫ2 = 5/5 = 1 ɦ. ɋɪɟɞɧɹɹ ɬɨɥɳɢɧɚ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɢ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 45 ɫɦ, 

ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ – 38,75 ɫɦ. ɉɨ ɮɨɪɦɭɥɟ 
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(1) ɨɩɪɟɞɟɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɝɢɛɤɨɫɬɢ ɫɢɫɬɟɦɵ 

«ɩɨɥɨɫɚ – ɝɪɭɧɬ» Ⱦɥɹ ɫɢɫɬɟɦɵ «ɜɟɪɬɢɤɚɥɶɧɚɹ 

ɫɬɟɧɤɚ – ɝɪɭɧɬ» α1 = 0,120, ɞɥɹ ɫɢɫɬɟɦɵ 

«ɮɭɧɞɚɦɟɧɬ – ɝɪɭɧɬ»  α2 = 0,132. ɉɪɢɦɟɦ ɩɪɢ 

ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ  α1 = α2 = 0,128, ɩɨ-

ɫɤɨɥɶɤɭ ɩɪɢ ɷɬɨɦ ɩɨɤɚɡɚɬɟɥɟ ɜ ɪɚɛɨɬɚɯ [20, 

21] ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɟɞɢɧɢɱɧɵɯ ɭɫɢɥɢɣ, 

ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɢ ɨɫɚɞɨɤ ɨɬ ɜɧɟɲɧɢɯ ɭɫɢɥɢɣ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ 

ɛɟɡ ɭɱɟɬɚ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫ ɝɪɭɧɬɨɦ ɩɨ-

ɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɛɨɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɫɬɟɧ-

ɤɭ, ɪɟɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɮɭɧɞɚɦɟɧɬ  ɜɟ-
ɥɢɱɢɧɵ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɜɧɢɡɭ ɫɬɟɧɤɢ 

Ɇɫ=716, 28 ɤɇɦ (ɫɦ. ɪɢɫ. 5). ɉɨ ɷɬɢɦ ɞɚɧɧɵɦ 

ɩɨɫɬɪɨɟɧɵ ɷɩɸɪɵ ɞɚɜɥɟɧɢɣ, ɢɡɝɢɛɚɸɳɢɯ 

ɦɨɦɟɧɬɨɜ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ (ɫɦ. ɪɢɫ. 6, 7, 8, 

ɫɩɥɨɲɧɵɟ ɥɢɧɢɢ). 

Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɫ ɭɱɟ-
ɬɨɦ ɟɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫ ɝɪɭɧɬɨɦ ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɜɢɞɟ ɷɩɸɪ ɞɚɜɥɟɧɢɣ, ɢɡɝɢɛɚɸɳɢɯ 

ɦɨɦɟɧɬɨɜ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ (ɫɦ. ɪɢɫ. 6–8). 

ɋɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɪɢɫɭɧɤɚɯ ɩɨɤɚɡɚɧɵ 

ɷɩɸɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɛɟɡ ɭɱɟɬɚ ɫɨɜɦɟɫɬɧɨɣ 

ɪɚɛɨɬɵ ɫɬɟɧɤɢ ɫ ɝɪɭɧɬɨɦ, ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢ-

ɟɣ – ɷɩɸɪɵ ɩɪɢ ɪɚɫɱɟɬɟ ɫɬɟɧɤɢ ɧɚ ɜɢɧɤɥɟ-
ɪɨɜɫɤɨɦ ɨɫɧɨɜɚɧɢɢ, ɲɬɪɢɯ-ɩɭɧɤɬɢɪɧɵɦɢ  – 

ɷɩɸɪɵ ɩɪɢ ɪɚɫɱɟɬɟ ɫɬɟɧɤɢ ɫ  ɩɪɢɦɟɧɟɧɢɟɦ 

ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ ɢ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ 

ɩɨɥɭɩɥɨɫɤɨɫɬɢ. 

 
 

Ɋɢɫ. 6. ɗɩɸɪɵ ɞɚɜɥɟɧɢɣ ɝɪɭɧɬɚ: 1 – ɛɟɡ ɭɱɟɬɚ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ; 2 – ɧɚ ɜɢɧɤɥɟɪɨɜɫɤɨɦ 

ɨɫɧɨɜɚɧɢɢ; 3 – ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ ɢ ɩɨɥɭ-

ɩɥɨɫɤɨɫɬɢ 

 

 

ɚ ɛ 

 

 

Ɋɢɫ. 7 – ɗɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ: ɚ – ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɬɟɧɤɚ; ɛ – ɮɭɧɞɚɦɟɧɬ; 1 – ɛɟɡ ɭɱɟɬɚ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ; 2 – ɧɚ ɜɢɧɤɥɟɪɨɜɫɤɨɦ ɨɫɧɨɜɚɧɢɢ; 3 – ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ ɢ ɩɨɥɭɩɥɨɫɤɨɫɬɢ 
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Ɋɢɫ. 8. ɗɩɸɪɵ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɦɨɦɟɧɬɨɜ: 1 – 

ɛɟɡ ɭɱɟɬɚ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ; 2 – ɧɚ ɜɢɧ-

ɤɥɟɪɨɜɫɤɨɦ ɨɫɧɨɜɚɧɢɢ; 3 – ɦɨɞɟɥɢ ȼɢɧ-

ɤɥɟɪɚ ɢ ɩɨɥɭɩɥɨɫɤɨɫɬɢ 

 

ȼ ɩɟɪɜɵɯ ɫɤɨɛɤɚɯ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ, ɜɨ 

ɜɬɨɪɵɯ – ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ ɢ 

ɩɨɥɭɩɥɨɫɤɨɫɬɢ.  

ɂɡ ɚɧɚɥɢɡɚ ɷɩɸɪ ɞɚɜɥɟɧɢɣ ɝɪɭɧɬɚ (ɫɦ. 

ɪɢɫ. 6) ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɱɟɬɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚ-
ɛɨɬɵ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɫ ɝɪɭɧɬɨɦ ɷɩɸɪɵ ɟɝɨ 

ɞɚɜɥɟɧɢɹ ɢɦɟɸɬ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɮɨɪɦɭ.  

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɜɢɧɤɥɟɪɨɜɫɤɨɣ ɦɨɞɟɥɢ 

ɞɥɹ ɝɪɭɧɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɭ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɫɬɟɧɤɢ ɢ ɮɭɧɞɚɦɟɧɬɚ (ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɪɟɲɟ-
ɧɢɹ ɡɚɞɚɱɢ), ɤɚɪɞɢɧɚɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɛɨɤɨ-

ɜɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɫɬɟɧɤɭ ɢ ɪɟɚɤ-

ɬɢɜɧɵɟ ɞɚɜɥɟɧɢɹ ɧɚ ɮɭɧɞɚɦɟɧɬ, ɚ ɷɬɨ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ (ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɢ 

ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ). ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɫ ɩɪɢ-

ɦɟɧɟɧɢɟɦ ɦɨɞɟɥɢ ɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɣ 

ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɜɧɭɬɪɟɧɧɢɟ ɭɫɢɥɢɹ ɭɦɟɧɶɲɚ-
ɸɬɫɹ ɧɟ ɬɚɤ ɪɟɡɤɨ, ɤɚɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɨɞɟɥɢ ȼɢɧɤɥɟɪɚ, ɨɞɧɚɤɨ ɨɧɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɦɟɧɶɲɚɸɬɫɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɢ, ɱɬɨ ɪɚɫ-
ɫɱɢɬɚɧɵ ɩɪɢ ɢɝɧɨɪɢɪɨɜɚɧɢɢ ɫɨɜɦɟɫɬɧɨɣ ɪɚ-
ɛɨɬɵ ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɢ ɝɪɭɧɬɚ. 

ɉɪɢ ɭɱɟɬɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɩɨɞɩɨɪɧɨɣ 

ɫɬɟɧɤɢ ɢ ɝɪɭɧɬɚ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɜɟɪɬɢɤɚɥɶ-
ɧɨɣ ɫɬɟɧɤɢ ɩɪɨɢɫɯɨɞɢɬ ɨɬɥɢɩɚɧɢɟ ɟɟ ɨɬ 
ɝɪɭɧɬɚ ɡɚɫɵɩɤɢ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɜɧɢɡɭ ɫɬɟɧɤɢ. 

 

ȼɵɜɨɞɵ 

1. ɍɱɟɬ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɩɨɞɩɨɪɧɨɣ 

ɫɬɟɧɤɢ ɫ ɝɪɭɧɬɨɦ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɹɡɚɬɟɥɶɧɵɦ. 

2. ɉɪɢ ɭɱɟɬɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫɬɟɧɤɢ ɢ 

ɝɪɭɧɬɚ ɫɥɟɞɭɟɬ ɨɫɬɨɪɨɠɧɨ ɢ ɨɛɨɫɧɨɜɚɧɨ ɩɨɞ-

ɯɨɞɢɬɶ ɤ ɜɵɛɨɪɭ ɦɨɞɟɥɢ ɝɪɭɧɬɚ, ɩɨɫɤɨɥɶɤɭ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡ-
ɧɵɯ ɦɨɞɟɥɟɣ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ɐɜɟɬɤɨɜ ȼ. Ʉ. Ɋɚɫɱɟɬɵ ɫɢɫɬɟɦɵ «ɝɪɭɧɬ – ɩɨɞ-

ɩɨɪɧɚɹ ɫɬɟɧɤɚ» ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɯ ɧɚɩɪɹ-

ɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ȼɟɫɬɧɢɤ ȼɨɥɝɨɝɪɚɞɫɤɨɝɨ 
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Analyzing the function of counterfort wall 

when it interacts with the ground 

Abstract. The issue of changing side pressure of soil 

and soil reactive pressure on the bottom of the foun-

dation if there is any temporary load on the surface 

of the backfill is considered. Various soil models are 

used in the area of the vertical wall and foundation. 

The studies were conducted for three variants of 

solution: when the joint action of soil and retaining 

wall is ignored; when the Winkler model for soils 

located both near the vertical wall and in foundation 

base is applied; when the Winkler model is applied 

for soils near the vertical wall and for linearly de-

formable half-plane model for soil base. When calcu-

lating the counterfort wall using the model linear 

deformable half-plane the effect of ground loading 

backfill both over the back of the foundation and over 

the front face foundation slab were taken into ac-

count. It is shown that when applying the Winkler 

model for the soils located near the vertical wall and 

the base of the foundation (second solution), the 

lateral pressure on vertical wall and reactive pres-

sure on the foundation increase, and this, in turn, 

causes a significant reduction in internal effort 

(bending moments and shear forces). When solving a 

problem with using the model of linearly deformable 

half-planes the internal efforts are not reduced as 

sharply as when using the Winkler model, however, 

they are significantly reduced compared to those 

calculated while ignoring the joint action of the 

counterfort wall and the soil. When calculating the 

counterfort wall, taking into account its interaction 

with the soil and using any soil model it sticks off the 

backfill soil at the top of the vertical wall, in connec-

tion with which the lateral pressure at the bottom of 

the wall increases. The diagrams of lateral and reac-

tive pressures are curved. Analysis of the calculation 

results showed that taking into account the joint 

action of walls and soil, the soil models should be 

carefully and reasonably chosen. 

Key words: counterfort wall, joint action of walls and 

soil, diagram of lateral pressure of the soil, diagram 

of reactive soil pressure, loading effect, Winkler 

model, linear model deformable half-planes, bending 

moments, transverse forces. 
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Ⱥɧɚɥɿɡ ɪɨɛɨɬɢ ɤɭɬɧɢɤɨɜɨʀ ɩɿɞɩɿɪɧɨʀ ɫɬɿɧɤɢ ɭ  

ɜɡɚєɦɨɞɿʀ ʀʀ ɡ ґɪɭɧɬɨɦ 

Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɩɢɬɚɧɧɹ ɩɪɨ ɡɦɿɧɭ ɛɿɱɧɨɝɨ 

ɬɢɫɤɭ ґɪɭɧɬɭ ɣ ɪɟɚɤɬɢɜɧɨɝɨ ɬɢɫɤɭ ґɪɭɧɬɭ ɧɚ 

ɩɿɞɨɲɜɭ ɮɭɧɞɚɦɟɧɬɭ ɡɚ ɧɚɹɜɧɨɫɬɿ ɬɢɦɱɚɫɨɜɨɝɨ 

ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɩɨɜɟɪɯɧɿ ɡɚɫɢɩɤɢ. ɍ ɰɶɨɦɭ ɜɢ-

ɩɚɞɤɭ ɜɢɤɨɪɢɫɬɚɧɨ ɪɿɡɧɿ ɦɨɞɟɥɿ ґɪɭɧɬɭ ɜ ɪɚɣɨɧɿ 
ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ ɿ ɮɭɧɞɚɦɟɧɬɭ. Ⱦɨɫɥɿɞɠɟɧɧɹ 
ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɬɪɶɨɯ ɜɚɪɿɚɧɬɿɜ: ɭ ɜɢɩɚɞɤɭ  ɿɝɧɨɪɭ-
ɜɚɧɧɹ ɫɩɿɥɶɧɨʀ ɪɨɛɨɬɢ ґɪɭɧɬɭ ɿ ɩɿɞɩɿɪɧɨʀ ɫɬɿɧɤɢ; ɭ 
ɜɢɩɚɞɤɭ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɨɞɟɥɿ ȼɿɧɤɥɟɪɚ ɞɥɹ ґɪɭɧ-

ɬɿɜ, ɪɨɡɬɚɲɨɜɚɧɢɯ ɹɤ ɛɿɥɹ ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ, 

ɬɚɤ ɿ ɜ ɨɫɧɨɜɿ ɮɭɧɞɚɦɟɧɬɭ; ɭ ɜɢɩɚɞɤɭ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹ  ɦɨɞɟɥɿ ȼɿɧɤɥɟɪɚ ɞɥɹ ґɪɭɧɬɿɜ ɛɿɥɹ ɜɟɪɬɢɤɚ-

ɥɶɧɨʀ ɫɬɿɧɤɢ ɣ ɦɨɞɟɥɿ ɥɿɧɿɣɧɨ-ɞɟɮɨɪɦɨɜɚɧɨʀ ɩɿɜɩ-

ɥɨɳɢɧɢ ɞɥɹ ґɪɭɧɬɿɜ ɨɫɧɨɜɢ. ɉɿɞ ɱɚɫ ɜɢɪɚɯɭɜɚɧɧɹ 
ɩɿɞɩɿɪɧɨʀ ɫɬɿɧɤɢ ɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɦɨɞɟɥɿ ɥɿɧɿɣɧɨ-

ɞɟɮɨɪɦɨɜɚɧɨʀ ɩɿɜɩɥɨɳɢɧɢ ɜɪɚɯɨɜɚɧɨ ɜɩɥɢɜ ɩɪɢɜɚ-

ɧɬɚɠɟɧɧɹ ɜɿɞ ґɪɭɧɬɭ ɡɚɫɢɩɤɢ ɹɤ ɧɚɞ ɬɢɥɶɧɨɸ 

ɱɚɫɬɢɧɨɸ ɮɭɧɞɚɦɟɧɬɭ, ɬɚɤ ɿ ɧɚɞ ɩɟɪɟɞɧɶɨɸ 

ɦɟɠɟɸ ɮɭɧɞɚɦɟɧɬɧɨʀ ɩɥɢɬɢ. ȼɢɡɧɚɱɟɧɨ, ɳɨ ɜ 
ɪɚɡɿ  ɡɚɫɬɨɫɭɜɚɧɧɹ ɜɿɧɤɥɟɪɿɜɫɶɤɨʀ ɦɨɞɟɥɿ ɞɥɹ ґɪɭ-
ɧɬɿɜ, ɪɨɡɬɚɲɨɜɚɧɢɯ ɛɿɥɹ ɜɟɪɬɢɤɚɥɶɧɿɣ ɫɬɿɧɤɢ ɣ 

ɨɫɧɨɜɢ ɮɭɧɞɚɦɟɧɬɭ (ɞɪɭɝɢɣ ɜɚɪɿɚɧɬ ɜɢɪɿɲɟɧɧɹ), 
ɤɚɪɞɢɧɚɥɶɧɨ ɡɦɿɧɸɸɬɶɫɹ ɛɿɱɧɢɣ ɬɢɫɤ ɧɚ ɜɟɪɬɢ-

ɤɚɥɶɧɭ ɫɬɿɧɤɭ ɿ ɪɟɚɤɬɢɜɧɢɣ ɬɢɫɤɭ ɧɚ ɮɭɧɞɚɦɟɧɬ, 

ɚ ɰɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɚɱɧɨɝɨ ɡɦɟɧɲɟɧɧɹ ɜɧɭɬɪɿɲ-

ɧɿɯ ɡɭɫɢɥɶ (ɡɝɢɧɚɥɶɧɢɯ ɦɨɦɟɧɬɿɜ ɿ ɩɨɩɟɪɟɱɧɢɯ ɫɢɥ). 
ɉɿɞ ɱɚɫ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɦɨ-

ɞɟɥɿ ɥɿɧɿɣɧɨ-ɞɟɮɨɪɦɨɜɚɧɨʀ ɩɿɜɩɥɨɳɢɧɢ ɜɧɭɬɪɿɲɧɿ 
ɡɭɫɢɥɥɹ ɡɦɟɧɲɭɸɬɶɫɹ ɧɟ ɬɚɤ ɪɿɡɤɨ, ɹɤ  ɪɚɡɿ ɜɢɤɨ-

ɪɢɫɬɚɧɧɹ ɦɨɞɟɥɿ ȼɿɧɤɥɟɪɚ, ɚɥɟ ɜɨɧɢ ɡɧɚɱɧɨ ɡɦɟɧ-

ɲɭɸɬɶɫɹ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɬɢɯ, ɳɨ  ɛɭɥɢ ɪɨɡɪɚɯɨɜɚɧɿ 
ɭ ɜɢɩɚɞɤɭ ɿɝɧɨɪɭɜɚɧɧɹ ɫɩɿɥɶɧɨʀ ɪɨɛɨɬɢ ɩɿɞɩɿɪɧɨʀ 
ɫɬɿɧɤɢ ɿ ґɪɭɧɬɭ. ɉɿɞ ɱɚɫ ɜɢɪɚɯɨɜɭɜɚɧɧɹ ɩɿɞɩɿɪɧɨʀ 
ɫɬɿɧɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɡɚєɦɨɞɿʀ ʀʀ ɡ ґɪɭɧɬɨɦ ɿ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɛɭɞɶ-ɹɤɨʀ ɦɨɞɟɥɿ ґɪɭɧɬɭ ɛɿɥɹ ɜɟɪɯ-
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ɧɶɨʀ ɱɚɫɬɢɧɢ ɜɟɪɬɢɤɚɥɶɧɨʀ ɫɬɿɧɤɢ ɜɿɞɛɭɜɚєɬɶɫɹ 
ɜɢɞɥɢɩɚɧɧɹ ʀʀ ɜɿɞ ґɪɭɧɬɭ ɡɚɫɢɩɤɢ, ɭ ɡɜ'ɹɡɤɭ ɡ ɱɢɦ 

ɡɛɿɥɶɲɭєɬɶɫɹ ɛɿɱɧɢɣ ɬɢɫɤ ɭɧɢɡɭ ɫɬɿɧɤɢ. ȿɩɸɪɢ 

ɛɿɱɧɨɝɨ ɣ ɪɟɚɤɬɢɜɧɨɝɨ ɬɢɫɤɭ  ɤɪɢɜɨɥɿɧɿɣɧɿ. 
Ⱥɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ ɨɛɱɢɫɥɟɧɧɹ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɜ, 
ɳɨ, ɜɪɚɯɨɜɭɸɱɢ ɫɩɿɥɶɧɭ ɪɨɛɨɬɭ ɫɬɿɧɤɢ ɣ ґɪɭɧɬɭ, 
ɧɟɨɛɯɿɞɧɨ ɨɛɟɪɟɠɧɨ ɣ ɨɛґɪɭɧɬɨɜɚɧɨ ɜɢɛɢɪɚɬɢ 

ɬɢɩ ɜɢɡɧɚɱɟɧɧɹ ɦɨɞɟɥɿ ґɪɭɧɬɭ. 
Клɸɱɨві ɫлɨва: ɤɭɬɢɤɨɜɚ ɩɿɞɩɿɪɧɚ ɫɬɿɧɤɚ, ɫɭɦɿɫ-
ɧɚ ɪɨɛɨɬɚ ɫɬɿɧɤɢ ɡ ґɪɭɧɬɨɦ, ɟɩɸɪɚ ɛɿɱɧɨɝɨ ɬɢɫɤɭ 
ґɪɭɧɬɭ, ɟɩɸɪɚ ɪɟɚɤɬɢɜɧɨɝɨ ɬɢɫɤɭ ґɪɭɧɬɭ, ɜɩɥɢɜ 
ɩɪɢɜɚɧɬɚɠɟɧɧɹ, ɦɨɞɟɥɶ ȼɿɧɤɥɟɪɚ, ɦɨɞɟɥɶ ɥɿɧɿɣɧɨ-

ɞɟɮɨɪɦɨɜɚɧɨʀ ɩɿɜɩɥɨɳɢɧɢ, ɡɝɢɧɚɥɶɧɿ ɦɨɦɟɧɬɢ, 

ɩɨɩɟɪɟɱɧɿ ɫɢɥɢ. 
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