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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟ-
ɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɢɫɬɟɦɚɦɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 
ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɜɢɛɪɨɤɚɬɤɚɦɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɨɩɢɫɵ-
ɜɚɸɳɚɹ ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ. ɋ ɟё ɩɨɦɨɳɶɸ ɢɡɭɱɟɧ ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɨ-
ɜɚɥɶɰɚ, ɪɚɫɫɱɢɬɚɧɵ ɩɨɤɚɡɚɬɟɥɢ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 
ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɢ ɜɵɛɪɚɧ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɪɟɤɨɦɟɧɞɭɟ-
ɦɵɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɜɢɛɪɨɤɚɬɤɚɯ.  
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ȼɜɟɞɟɧɢɟ 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɞɨɪɨɠɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɯ-

ɧɢɤɢ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɞɨɪɨɠɧɨɝɨ ɩɨɥɨɬɧɚ, ɛɵɫɬ-

ɪɨ ɪɚɡɜɢɜɚɸɬɫɹ ɢ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɨɜɟɪɲɟɧɫɬɜɭɸɬɫɹ. Ɉɞɧɚɤɨ ɫɬɨɢɬ ɭɞɟɥɢɬɶ 

ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɤɨɧɬɪɨɥɸ ɤɚɱɟɫɬɜɚ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɭɩɥɨɬɧɟɧɢɸ 

ɫɬɪɨɢɬɟɥɶɧɨ-ɞɨɪɨɠɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɇɟɞɨɭɩɥɨɬɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫ-

ɧɨɜɧɵɯ ɩɪɢɱɢɧ ɧɚɪɭɲɟɧɢɹ ɪɨɜɧɨɫɬɢ ɢ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɚɜɬɨ-

ɞɨɪɨɝ. 

 Ƚɥɚɜɧɚɹ ɩɪɨɛɥɟɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨ-

ɞɨɥɠɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ ɜɫɟ ɦɨɞɟɥɢ ɤɚɬɤɨɜ ɫɨɡɞɚɜɚɥɢɫɶ ɢ ɩɪɨɞɨɥɠɚ-

ɸɬ ɫɨɡɞɚɜɚɬɶɫɹ ɧɟ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɫɦɵɫɥɟɧɢɹ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩ-

ɥɨɬɧɟɧɢɹ, ɚ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɭɬɟɦ, ɦɟɬɨɞɨɦ ɩɪɨɛ ɢ ɨɲɢɛɨɤ ɱɟɪɟɡ ɩɪɚɤɬɢɱɟɫɤɢɣ 

ɷɤɫɩɟɪɢɦɟɧɬ. Ɏɭɧɤɰɢɨɧɚɥɶɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɜɢɛɪɨɤɚɬɤɨɜ ɩɪɨɢɡɜɨ-

ɞɢɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɢ ɢɧɬɭɢɬɢɜɧɨ ɩɨ ɡɧɚɱɟɧɢɹɦ ɨɬɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ 

ɩɚɪɚɦɟɬɪɨɜ (ɨɛɳɢɣ ɜɟɫ, ɚɦɩɥɢɬɭɞɚ ɢ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ, ɰɟɧɬɪɨɛɟɠɧɚɹ 

ɫɢɥɚ). ɇɨ ɱɚɳɟ ɜɫɟɝɨ ɬɚɤɚɹ ɨɰɟɧɤɚ ɫɬɪɨɢɬɫɹ ɧɚ ɞɨɜɟɪɢɢ ɤ ɮɢɪɦɟ-

ɩɪɨɢɡɜɨɞɢɬɟɥɸ ɜɢɛɪɨɤɚɬɤɚ. 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɩɪɨɜɟɪɤɚ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɋɉ 78.13330.2012 «ɋɜɨɞ ɩɪɚɜɢɥ. Ⱥɜɬɨɦɨɛɢɥɶɧɵɟ ɞɨɪɨɝɢ» ɢ 

ɩɪɨɜɟɪɤɚ ɩɪɨɜɨɞɢɬɫɹ ɥɢɲɶ ɜɵɛɨɪɨɱɧɨ, ɡɚɬɪɚɝɢɜɚɹ ɦɟɧɟɟ 1% ɨɬ ɜɫɟɣ ɩɥɨɳɚɞɢ 

ɭɩɥɨɬɧɟɧɧɨɝɨ ɭɱɚɫɬɤɚ. ɍ ɨɩɟɪɚɬɨɪɨɜ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɫɭɬɫɬɜɭɟɬ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨ 

ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɫɜɨɟɜɪɟɦɟɧɧɨ ɨɛ-

ɧɚɪɭɠɢɜɚɬɶ ɢ ɭɫɬɪɚɧɹɬɶ ɧɟɞɨɭɩɥɨɬɧёɧɧɵɟ ɭɱɚɫɬɤɢ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɥɢɬɟɥɶɧɭɸ 

ɩɪɨɱɧɨɫɬɶ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɫ ɭɱёɬɨɦ ɢɡɦɟɧɹɸɳɢɯɫɹ ɩɨɝɨɞɧɨ-

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ.  

Ⱦɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɧɚ ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬ-

ɤɢ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ. ȼ ɡɚɪɭɛɟɠɧɨɣ ɩɪɚɤɬɢɤɟ ɞɚɧɧɵɟ 
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ɫɢɫɬɟɦɵ ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ ɜɤɥɸɱɚɸɬɫɹ ɜ ɛɚɡɨɜɭɸ ɤɨɦɩɥɟɤɬɚɰɢɸ ɛɨɥɶɲɢɧ-

ɫɬɜɚ ɦɨɞɟɥɟɣ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɪɚɡ-

ɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɞɥɹ ɜɢɛ-

ɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɪɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ 

ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɥɨɬɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 

ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɚɯ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɭɧɢɜɟɪɫɚɥɶ-

ɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɚɜɬɨ-

ɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚ-

ɛɨɬɟ ɪɟɲɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɚɧɚɥɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɩɪɢɦɟɧɢɦɨɫɬɢ ɜ ɨɬɟɱɟɫɬɜɟɧ-

ɧɨɣ ɩɪɚɤɬɢɤɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɚɪɭɛɟɠɧɵɯ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩ-

ɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ; 

- ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ -

ɭɩɥɨɬɧɹɟɦɵɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ», ɩɪɢɦɟɧɢɦɭɸ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ; 

- ɩɪɨɜɟɞɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ;  

- ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ (ɩɨɤɚɡɚ-

ɬɟɥɹ) ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɨɬɟ-

ɱɟɫɬɜɟɧɧɵɯ ɜɢɛɪɨɤɚɬɤɚɯ. 
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1. Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ 

 ȼ ɨɫɧɨɜɭ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ 

ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜ Ɋɨɫɫɢɢ‚ ɤɚɤ ɢɡɜɟɫɬɧɨ‚ ɩɨɥɨɠɟɧ 

ɩɪɢɧɰɢɩ ɫɪɚɜɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ‚ ɩɨɥɭɱɟɧɧɨɣ ɜ ɧɚɫɵɩɢ ɢɥɢ ɜɵɟɦɤɟ‚ ɫ ɩɥɨɬɧɨɫɬɶɸ 

ɬɨɝɨ ɠɟ ɦɚɬɟɪɢɚɥɚ ɜ ɥɚɛɨɪɚɬɨɪɧɨɦ ɩɪɢɛɨɪɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ, ɤɨɬɨɪɚɹ 

ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɤ 100% ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ. 

ɋɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɟɞɭ-

ɫɦɚɬɪɢɜɚɟɬ ɜɡɹɬɢɟ ɩɪɨɛ ɢ ɜɵɪɭɛɨɤ (ɤɟɪɧɨɜ) ɢ ɢɯ ɩɪɨɜɟɪɤɭ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫ-

ɥɨɜɢɹɯ. ȼ ɢɬɨɝɟ ɢɧɬɟɪɟɫɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ, ɜɥɚɠɧɨɫɬɶ ɦɚɬɟ-

ɪɢɚɥɚ ɢ ɞɪɭɝɢɟ ɩɨɤɚɡɚɬɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɩɪɨɢɡɜɨɞɢɬɟɥɸ ɞɨɪɨɠ-

ɧɵɯ ɪɚɛɨɬ ɦɢɧɢɦɭɦ ɱɟɪɟɡ ɞɜɨɟ ɫɭɬɨɤ‚ ɤɨɝɞɚ ɩɨɩɪɚɜɢɬɶ ɤɚɱɟɫɬɜɨ ɭɩɥɨɬɧɟɧɢɹ 

ɛɵɜɚɟɬ ɫɥɨɠɧɨ‚ ɚ ɜ ɫɥɭɱɚɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɟɜɨɡɦɨɠɧɨ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɧɟ ɫɚɦɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨ-

ɤɪɵɬɢɹ‚ ɚ ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɭɩɥɨɬɧɟɧɢɹ ɜɵɛɪɚɧɧɵɦ ɫɪɟɞɫɬɜɨɦ‚ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɩɪɢ ɩɪɨɛɧɨɦ ɭɩɥɨɬɧɟɧɢɢ. Ɍɨɱɧɨɟ ɫɨɛɥɸɞɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɜɵ-

ɩɨɥɧɟɧɢɹ ɷɬɨɣ ɨɩɟɪɚɰɢɢ‚ ɤɚɤ ɩɪɚɜɢɥɨ‚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɜɟɪɨɹɬɧɨɫɬɶ 

ɩɨɥɭɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɩɨ ɤɚɱɟɫɬɜɭ. ɉɨɷɬɨɦɭ ɨɛɹɡɚɬɟɥɶɧɵɣ ɨɬɛɨɪ 

ɩɪɨɛɵ ɢɥɢ ɜɵɟɦɤɢ ɜɦɟɫɬɟ ɫ ɥɚɛɨɪɚɬɨɪɧɵɦɢ ɩɪɨɰɟɞɭɪɚɦɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢ-

ɜɚɬɶ ɤɚɤ ɩɪɨɜɟɪɨɱɧɵɣ, ɛɟɡ ɨɫɬɪɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɞɚɱɢ ɪɟɡɭɥɶɬɚɬɚ. Ɉɞɧɚɤɨ 

ɩɪɢ ɜɨɡɦɨɠɧɨɦ ɢɡɦɟɧɟɧɢɢ ɬɢɩɚ ɢ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢɥɢ 

ɟɝɨ ɫɨɫɬɨɹɧɢɹ ɬɚɤɨɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɦɨɠɟɬ ɞɚɜɚɬɶ ɫɛɨɢ. 

ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɞɨɪɨɠɧɢɤɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɚɜɨ ɩɪɨɜɨɞɢɬɶ ɤɨɧ-

ɬɪɨɥɶ ɩɥɨɬɧɨɫɬɢ ɫ ɨɛɹɡɚɬɟɥɶɧɵɦ ɨɬɛɨɪɨɦ ɩɪɨɛ ɦɚɬɟɪɢɚɥɚ ɜ ɨɛɴɟɦɟ‚ ɫɨɫɬɚɜ-

ɥɹɸɳɟɦ ɧɟ ɦɟɧɟɟ 10% ɨɬ ɜɫɟɯ ɩɨɥɨɠɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ. ȼ ɨɫɬɚɥɶɧɵɯ 90% ɞɨ-

ɩɭɫɤɚɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɤɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ ɢ ɷɤɫɩɪɟɫɫ-ɩɪɢɛɨɪɵ‚ ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɭɩɪɨɳɟɧɧɵɟ‚ ɧɨ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚ-
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ɬɨɜ. ɉɨɞɨɛɧɵɟ ɩɪɢɛɨɪɵ ɢ ɭɫɬɪɨɣɫɬɜɚ‚ ɩɨɪɨɣ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵɟ ɢ ɥɟɝɤɢɟ‚ 

ɭɞɨɛɧɵɟ ɢ ɞɚɸɳɢɟ ɛɵɫɬɪɵɣ ɪɟɡɭɥɶɬɚɬ. 

Ɉɩɟɪɚɬɢɜɧɵɣ ɤɨɧɬɪɨɥɶ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɜɢɞɨɦ ɤɨɧɬɪɨɥɹ, ɬɚɤ ɤɚɤ ɞɚ-

ёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɨɪɪɟɤɰɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɫɨɛɟɧ-

ɧɨ ɷɬɨ ɜɚɠɧɨ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɥɨёɜ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɭɩɥɨɬɧɟ-

ɧɢɹ. 

ɂɡ ɢɦɟɸɳɟɝɨɫɹ ɦɧɨɝɨɨɛɪɚɡɢɹ ɩɪɢɛɨɪɨɜ ɢ ɦɟɬɨɞɨɜ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨ-

ɫɬɪɚɧɟɧɧɵɦɢ ɢ ɩɪɢɦɟɧɹɟɦɵɦɢ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ ɨɤɚɡɚɥɢɫɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 

ɩɥɨɬɧɨɦɟɪɵ-ɩɟɧɟɬɪɨɦɟɬɪɵ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɢɩɚ (Ɋɢɫɭɧɨɤ 1.1). 

 

Ɋɢɫɭɧɨɤ 1.1 – Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɩɥɨɬɧɨɦɟɪ-ɩɟɧɟɬɪɨɦɟɬɪ ȾɉȺ 

Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɩɨɞɨɛɧɵɯ ɩɥɨɬɧɨɦɟɪɨɜ-ɩɟɧɟɬɪɨɦɟɬɪɨɜ‚ ɢɫɩɨɥɶɡɨ-

ɜɚɜɲɢɯɫɹ ɩɪɨɮ. Ɂɟɥɟɧɢɧɵɦ Ⱥ. ɇ., ɛɵɥ ɩɥɨɬɧɨɦɟɪ Ⱦɨɪɇɂɂ‚ ɛɨɥɟɟ ɢɡɜɟɫɬɧɵɣ 

ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɭɞɚɪɧɢɤ Ⱦɨɪɇɂɂ». ɉɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɟɝɨ ɫɨɫɬɨɹɥɚ ɜ ɩɪɨ-

ɫɬɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ‚ ɭɞɨɛɫɬɜɟ ɩɪɢɦɟɧɟɧɢɹ ɢ ɛɵɫɬɪɨɬɟ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ. 
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Ⱦɚ ɢ ɫɚɦ ɤɪɢɬɟɪɢɣ ɨɰɟɧɤɢ ɩɥɨɬɧɨɫɬɢ ɛɵɥ ɩɪɨɫɬ ɢ ɩɨɧɹɬɟɧ: ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɪɨɜ 

ɝɪɭɡɚ 2‚5 ɤɝɫ‚ ɩɚɞɚɸɳɟɝɨ ɫ ɜɵɫɨɬɵ 40 ɫɦ‚ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɝɪɭɠɟɧɢɹ ɧɚ 

ɝɥɭɛɢɧɭ 10 ɫɦ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɫɬɟɪɠɧɹ ɫ ɩɥɨɳɚɞɶɸ ɨɫɧɨɜɚɧɢɹ ɩɥɨɫɤɨɝɨ ɧɚ-

ɤɨɧɟɱɧɢɤɚ 1 ɫɦ2 (ɞɥɹ ɫɥɚɛɵɯ ɢ ɪɵɯɥɵɯ ɝɪɭɧɬɨɜ ɛɵɥ ɜɬɨɪɨɣ ɧɚɤɨɧɟɱɧɢɤ ɫ 

ɩɥɨɳɚɞɶɸ 2 ɫɦ2). 

ɉɨ ɤɨɥɢɱɟɫɬɜɭ ɬɚɤɢɯ ɭɞɚɪɨɜ ɢ ɡɚɪɚɧɟɟ ɩɨɫɬɪɨɟɧɧɨɦɭ ɬɚɪɢɪɨɜɨɱɧɨɦɭ 

ɝɪɚɮɢɤɭ ɫ ɭɱɟɬɨɦ ɬɢɩɚ ɦɚɬɟɪɢɚɥɚ ɢ ɟɝɨ ɜɥɚɠɧɨɫɬɢ ɦɨɠɧɨ ɛɵɥɨ ɛɵɫɬɪɨ ɧɚɣɬɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ ɢ ɪɟɲɚɬɶ ɜɨɩɪɨɫ ɨ ɤɚɱɟɫɬɜɟ ɭɩɥɨɬɧɟɧɢɹ ɡɟɦɥɹɧɨɝɨ 

ɩɨɥɨɬɧɚ.  

ɋɨɜɪɟɦɟɧɧɵɟ ɩɥɨɬɧɨɦɟɪɵ-ɩɟɧɟɬɪɨɦɟɬɪɵ‚ ɧɟɫɦɨɬɪɹ ɧɚ ɫɨɥɢɞɧɨɫɬɶ ɩɨɞ-

ɜɟɞɟɧɧɨɣ ɧɚɭɱɧɨɣ ɛɚɡɵ‚ ɭɫɥɨɠɧɟɧɢɟ ɦɟɬɨɞɨɥɨɝɢɢ ɢɡɦɟɪɟɧɢɣ ɨɬɞɟɥɶɧɵɦɢ ɢɯ 

ɨɛɪɚɡɰɚɦɢ (ɞɜɨɣɧɚɹ ɩɟɧɟɬɪɚɰɢɹ‚ ɫɨɜɦɟɳɟɧɢɟ ɬɚɪɢɪɨɜɤɢ ɩɨ Ʉ ɭ ɢ ɜɥɚɠɧɨɫɬɢ ɢ 

ɞɪ.) ɢ ɧɚɤɨɩɥɟɧɧɵɣ ɩɪɚɤɬɢɱɟɫɤɢɣ ɨɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ‚ ɦɚɥɨ ɨɬɥɢɱɚɸɬɫɹ ɩɨ 

ɫɜɨɟɣ ɫɭɬɢ ɨɬ «ɭɞɚɪɧɢɤɚ Ⱦɨɪɇɂɂ» ɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɗɬɨ ɨɬɥɢɱɢɟ ɫɨɫɬɨɢɬ ɜ ɨɫ-

ɧɨɜɧɨɦ ɜ ɮɨɪɦɟ ɢ ɪɚɡɦɟɪɚɯ ɧɚɤɨɧɟɱɧɢɤɚ (ɱɚɳɟ ɜɫɟɝɨ ɤɨɧɭɫ ɫ ɭɝɥɨɦ ɩɪɢ ɜɟɪ-

ɲɢɧɟ 30‚ 45 ɢɥɢ 60°), ɫɩɨɫɨɛɟ ɩɨɝɪɭɠɟɧɢɹ ɧɚɤɨɧɟɱɧɢɤɚ (ɫɬɚɬɢɱɟɫɤɨɟ ɡɚɞɚɜɥɢ-

ɜɚɧɢɟ ɢɥɢ ɫɟɪɢɹ ɭɞɚɪɨɜ) ɢ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɟ‚ ɫɥɭɠɚɳɟɣ ɤɪɢɬɟɪɢɟɦ ɨɰɟɧ-

ɤɢ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ. 

ȼ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɪɚɡɪɚɛɨɬɚɧ ɩɪɢ-

ɛɨɪ-ɩɨɪɢɫɬɨɦɟɪ (Ɋɢɫɭɧɨɤ 1.2) ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɪɢɛɨɪɚ ɨɫɧɨɜɚɧ ɧɚ ɩɪɨɞɭɜɚɧɢɢ ɜɨɡɞɭɯɚ ɱɟ-

ɪɟɡ ɫɥɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. 

ɉɪɢ ɪɚɛɨɬɟ ɩɪɢɛɨɪ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɨ-

ɤɪɵɬɢɹ. Ɋɟɡɢɧɨɜɵɟ ɤɨɥɶɰɚ ɝɢɞɪɨɡɚɬɜɨɪɚ ɫɨɡɞɚɸɬ ɦɟɠɞɭ ɤɨɪɩɭɫɨɦ ɩɪɢɛɨɪɚ ɢ 

ɩɨɤɪɵɬɢɟɦ ɡɚɦɤɧɭɬɵɣ ɨɛɴёɦ, ɤɨɬɨɪɵɣ ɜɦɟɫɬɟ ɫ ɪɟɫɢɜɟɪɨɦ ɨɛɪɚɡɭɟɬ ɪɚɛɨɱɭɸ 

ɤɚɦɟɪɭ. Ⱦɥɹ ɩɨɥɧɨɣ ɝɟɪɦɟɬɢɡɚɰɢɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɨɬ ɨɤɪɭɠɚɸɳɟɣ ɚɬɦɨɫɮɟɪɵ 

ɜ ɡɚɡɨɪ ɦɟɠɞɭ ɪɟɡɢɧɨɜɵɦɢ ɤɨɥɶɰɚɦɢ ɜɵɞɚɜɥɢɜɚɟɬɫɹ ɤɨɧɫɢɫɬɟɧɬɧɚɹ ɫɦɚɡɤɚ ɩɭ-

ɬёɦ ɜɪɚɳɟɧɢɹ ɝɚɣɤɢ-ɩɨɪɲɧɹ. 
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ɋ ɩɨɦɨɳɶɸ ɪɭɱɧɨɝɨ ɧɚɫɨɫɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɫɨɡɞɚёɬɫɹ ɪɚɡɪɟɠɟɧɢɟ, ɤɨɬɨ-

ɪɨɟ ɮɢɤɫɢɪɭɟɬɫɹ ɜɚɤɭɭɦɟɬɪɨɦ. ȼɨɡɞɭɯ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɩɨɪɵ ɜ ɞɨɪɨɠɧɨɦ ɩɨɤɪɵ-

ɬɢɢ, ɩɨɩɚɞɚɟɬ ɜ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɫɨɡɞɚɧɧɨɟ ɜ ɧɟɣ ɪɚɡɪɟɠɟɧɢɟ 

ɩɚɞɚɟɬ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɪɢɫɬɨɫɬɢ ɩɨɤɪɵɬɢɹ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ 

ɱɟɪɟɡ ɧɟɝɨ ɜ ɤɚɦɟɪɭ, ɛɭɞɟɬ ɪɚɡɥɢɱɧɵɦ. ɉɨ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɜ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɫɭɞɹɬ ɨ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɪɢɫɬɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

ɂɦɟɸɬɫɹ ɧɚɭɱɧɵɟ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɩɪɨɪɚɛɨɬɤɢ ɩɨ ɭɫɬɚɧɨɜɤɟ ɩɨɞɨɛɧɨɝɨ ɚɜ-

ɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɞɨɪɨɠɧɵɯ ɤɚɬɤɚɯ [9]. 

 

Ɋɢɫɭɧɨɤ 1.2 – ɋɯɟɦɚ ɩɪɢɛɨɪɚ-ɩɨɪɢɫɬɨɦɟɪɚ [10] 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚ ɪɭɛɟɠɨɦ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɪɚ-

ɞɢɨɦɟɬɪɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɥɨɬɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ. Ɇɟɬɨɞ ɨɫ-

ɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɡɨɬɨɩɨɜ, ɢɡɥɭɱɚɸɳɢɯ ɩɪɢ ɪɚɫɩɚɞɟ -

ɥɭɱɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɧɭ ɢɡ ɮɨɪɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 

ɉɪɨɯɨɞɹ ɱɟɪɟɡ ɫɥɨɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ, ɩɨɫɥɟɞɧɢɣ ɨɫɥɚɛɥɹɟɬ (ɮɨɬɨɚɞɫɨɪɛɰɢɹ) ɢɥɢ 

ɪɚɫɫɟɢɜɚɟɬ (ɷɮɮɟɤɬ Ʉɨɦɢɬɨɧɚ) ɩɨɬɨɤ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɗɬɨ ɹɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɨɩɪɟɞɟɥɹɬɶ ɢɡɦɟɧɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɗɬɨɬ ɦɟɬɨɞ ɢɡɦɟɪɟ-

ɧɢɹ ɩɥɨɬɧɨɫɬɢ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɦɟɬɨɞɨɦ ɜɬɨɪɢɱɧɨɝɨ ɪɚɫɫɟɹɧɢɹ. 
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Ɇɟɬɨɞ ɜɬɨɪɢɱɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɤɨɧɬɪɨɥɟ ɚɫ-

ɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ. ɉɪɢ ɢɡɦɟɪɟɧɢɹɯ ɩɨ ɷɬɨɦɭ ɦɟɬɨɞɭ ɢɫɬɨɱ-

ɧɢɤ ɢɡɥɭɱɟɧɢɹ ɢ ɞɟɬɟɤɬɨɪ ɧɚɯɨɞɹɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨɡɢɰɢɹɯ ɜɛɥɢɡɢ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɫɥɨɹ. ɉɪɨɧɢɤɚɸɳɢɟ ɜ ɢɫɩɵɬɭɟɦɭɸ ɫɪɟɞɭ -ɤɜɚɧɬɵ ɪɚɫ-

ɫɟɢɜɚɸɬɫɹ ɢ ɜɨɡɜɪɚɳɚɸɬɫɹ ɤ ɞɟɬɟɤɬɨɪɭ, ɤɨɬɨɪɵɣ ɜɨɫɩɪɢɧɢɦɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ -ɤɜɚɧɬɨɜ. 

ɗɬɢ ɤɜɚɧɬɵ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢɦɩɭɥɶɫɵ, ɩɨɫɬɭɩɚɸɳɢɟ ɜ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɢɛɨɪ (Ɋɢɫɭɧɨɤ 1.3). ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɟɞɢɧɢɱɧɵɯ 

ɢɡɦɟɪɟɧɢɣ ɜɨɡɪɚɫɬɚɟɬ ɢ ɱɢɫɥɨ ɩɨɞɫɱɢɬɚɧɧɵɯ ɢɦɩɭɥɶɫɨɜ. ɉɨɷɬɨɦɭ ɬɨɱɧɨɫɬɶ ɢɡ-

ɦɟɪɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɩɨɞ-

ɫɱɢɬɵɜɚɟɦɵɯ ɢɦɩɭɥɶɫɨɜ ɢ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɪɟɦɟɧɢ ɢɡɦɟɪɟɧɢɹ, ɬɨɥ-

ɳɢɧɵ ɫɥɨɹ, ɩɥɨɬɧɨɫɬɢ ɩɪɢɥɟɝɚɧɢɹ ɩɪɢɛɨɪɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɨ-

ɤɪɵɬɢɹ ɢ ɬ.ɩ. ɂɦɟɸɬɫɹ ɪɚɡɪɚɛɨɬɤɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɟ ɭɫɬɚɧɨɜɤɭ ɬɚɤɢɯ ɪɚ-

ɞɢɨɢɡɨɬɨɩɧɵɯ ɩɪɢɛɨɪɨɜ ɧɚ ɤɚɬɤɟ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɥɨɬɧɨɫɬɢ ɜ ɩɪɨ-

ɰɟɫɫɟ ɭɤɚɬɤɢ. 

 

Ɋɢɫɭɧɨɤ 1.3 – ɉɪɢɛɨɪ ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶ-

ɬɨɛɟɬɨɧɚ 
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Ɉɫɨɛɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɢɡɨɬɨɩɧɵɯ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɣ ɹɜɥɹɟɬɫɹ ɢɯ ɧɟ-

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɜɵɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ, ɫ ɤɨɬɨɪɵɦɢ ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢ-

ɜɚɬɶɫɹ ɩɪɢ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɚ. ɗɬɨ ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɡɚɦɟɪɵ ɧɚ ɝɨ-

ɪɹɱɟɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨɡɥɟ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ ɢɥɢ ɤɚɬɤɚ. 

Ⱦɚɧɧɵɟ ɩɪɢɛɨɪɵ ɦɟɧɟɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɝɪɭɧɬɨɜ, ɬɚɤ ɤɚɤ ɧɭɠɞɚɸɬɫɹ ɜ ɬɚ-

ɪɢɪɨɜɤɟ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɦɚɬɟɪɢɚɥɚ ɢ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɧɚ ɜɤɥɸɱɟɧɢɹ ɜ 

ɝɪɭɧɬɟ ɤɚɦɧɟɣ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɫɤɚɥɶɧɨ-

ɤɪɭɩɧɨɨɛɥɨɦɨɱɧɵɯ ɧɚɫɵɩɟɣ ɜɨɡɦɨɠɟɧ ɞɪɭɝɨɣ ɤɨɫɜɟɧɧɵɣ ɫɩɨɫɨɛ – ɝɟɨɞɟɡɢɱɟ-

ɫɤɢɣ. ɂɯ ɤɚɱɟɫɬɜɨ ɛɭɞɟɬ ɩɪɢɟɦɥɟɦɵɦ‚ ɟɫɥɢ ɨɛɳɚɹ ɨɫɚɞɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɥɨɬ-

ɧɟɧɢɹ‚ ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɭɩɥɨɬɧɹɸɳɟɣ ɦɚɲɢɧɵ‚ ɫɨɫɬɚɜɢɬ 

8–10% (Ку=0,95) ɢ 11–12% (Ку=0,98) ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɥɳɢɧɵ ɨɬɫɵɩɚɧɧɨɝɨ ɫɥɨɹ 

ɢɥɢ ɜɫɟɣ ɧɚɫɵɩɢ. 

ɉɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɞɨɪɨɠɧɵɯ ɪɚɛɨɬɚɯ ɩɪɢɛɨɪ ɉȺȻ 

(ɢɡɦɟɪɢɬɟɥɶ ɩɥɨɬɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ). ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɩɪɢɛɨɪɚ ɛɚɡɢɪɭ-

ɟɬɫɹ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟ-

ɬɨɧɚ ɨɬ ɟɝɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ. Ⱦɚɬɱɢɤ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤ-

ɰɢɢ ɜɵɞɚёɬ ɫɢɝɧɚɥ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɤɨɧ-

ɬɪɨɥɢɪɭɟɦɨɝɨ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

ɇɚ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 

• ɬɨɥɳɢɧɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ; 

• ɧɚɥɢɱɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɢ ɫɬɪɭɤɬɭɪɧɨɣ ɜɥɚɝɢ; 

• ɝɟɨɦɟɬɪɢɹ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɹ. 

ȼɥɢɹɧɢɟ ɬɨɥɳɢɧɵ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ ɭɱɢɬɵɜɚɟɬɫɹ ɜɜɟɞɟɧɢɟɦ 

ɟɟ ɡɧɚɱɟɧɢɹ ɜ ɩɚɦɹɬɶ ɩɪɢɛɨɪɚ. Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɜɥɢɹɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɧɚ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɟё ɩɥɨɬɧɨɫɬɢ, 

ɩɪɢɛɨɪ ɨɫɧɚɳɟɧ ɛɟɫɤɨɧɬɚɤɬɧɵɦ ɩɢɪɨɦɟɬɪɨɦ. ȼ ɩɪɢɛɨɪɟ ɩɪɢɦɟɧɟɧɵ ɦɟɬɨɞɵ 

ɤɨɦɩɟɧɫɚɰɢɢ ɜɥɢɹɧɢɹ ɜɥɚɠɧɨɫɬɢ ɩɨɤɪɵɬɢɹ, ɨɞɧɚɤɨ, ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɜɟɪɯɧɨɫɬ-

ɧɨɣ ɜɥɚɝɢ, ɟɟ ɧɟɨɛɯɨɞɢɦɨ ɭɞɚɥɹɬɶ ɩɟɪɟɞ ɢɡɦɟɪɟɧɢɹɦɢ. 
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Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɩɪɢɛɨɪ (Ɋɢɫɭɧɨɤ 1.4) ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ 1 ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 2, ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɤɪɨɧɲɬɟɣɧɚ 3, ɢ 

ɪɭɱɤɢ 4. ɇɚ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ 1 ɪɚɫɩɨɥɨɠɟɧɚ ɤɥɚɜɢɚɬɭɪɚ ɢ 

ɝɪɚɮɢɱɟɫɤɢɣ ɞɢɫɩɥɟɣ, ɜ ɩɪɚɜɨɣ ɛɨɤɨɜɨɣ ɱɚɫɬɢ ɟɝɨ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧ ɪɚɡɴёɦ 

5 ɞɥɹ ɫɜɹɡɢ ɫ ɤɨɦɩɶɸɬɟɪɨɦ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɪɚɫɩɨɥɨɠɟɧ ɞɚɬɱɢɤ ɫ ɢɡ-

ɦɟɪɢɬɟɥɶɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. ɉɨɞ ɤɨɪɩɭɫɨɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ 1 ɜ ɤɪɨɧ-

ɲɬɟɣɧɟ 3 ɪɚɫɩɨɥɨɠɟɧ ɩɢɪɨɦɟɬɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭ-

ɪɵ ɩɨɤɪɵɬɢɹ ɢ ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɤɪɵɲɤɚ 6 ɛɚɬɚ-

ɪɟɣɧɨɝɨ ɨɬɫɟɤɚ ɫ ɥɢɬɢɟɜɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ (ɢɡɜɥɟɱɟɧɢɟ ɢ ɡɚɦɟɧɚ ɥɢɬɢɟ-

ɜɨɣ ɛɚɬɚɪɟɢ ɩɨɬɪɟɛɢɬɟɥɟɦ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ). ɇɚ ɛɨɤɨɜɨɦ ɬɨɪɰɟ ɤɨɪɩɭɫɚ ɷɥɟɤ-

ɬɪɨɧɧɨɝɨ ɛɥɨɤɚ ɪɚɫɩɨɥɨɠɟɧɚ ɤɧɨɩɤɚ ɫɛɪɨɫɚ ɩɢɬɚɧɢɹ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ 7. 

 

Ɋɢɫɭɧɨɤ 1.4 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɢɛɨɪɚ ɉȺȻ [29] 

ɉɨɢɫɤ ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬ-

ɧɟɧɢɹ ɝɪɭɧɬɚ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜɟɥɢɫɶ ɜɫɟɝɞɚ ɢ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ [34, 47]. 

Ɉɫɨɛɟɧɧɨ ɡɚɦɚɧɱɢɜɵɦɢ ɢ ɦɧɨɝɨɨɛɟɳɚɸɳɢɦɢ ɛɵɥɢ ɢɞɟɢ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 

ɭɫɬɚɧɨɜɤɟ ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɤɚɬɤɚɯ ɫ ɩɟɪɫɩɟɤ-
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ɬɢɜɨɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɟɩɪɟɪɵɜɧɵɣ‚ ɚ ɦɨɠɟɬ ɛɵɬɶ‚ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɤɨɧ-

ɬɪɨɥɶ. 

ȼ ɨɫɧɨɜɟ ɜɫɟɯ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɪɚɡɪɚɛɨɬɨɤ ɥɟɠɚɥ ɨɞɢɧ ɩɪɢɧɰɢɩ – ɡɚ-

ɜɢɫɢɦɨɫɬɶ ɥɢɛɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɜɚɥɶɰɚ ɢɥɢ ɲɢɧɵ (ɩɨ ɢɡɦɟɧɟɧɢɸ 

ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ), ɥɢɛɨ ɨɫɚɞɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɱɟɧɢɹ (ɩɨ ɤɨɩɢɪɧɨɦɭ ɭɫɬ-

ɪɨɣɫɬɜɭ), ɥɢɛɨ ɟɟ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɢɥɢ ɭɩɪɭɝɨɫɬɢ, ɥɢɛɨ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟ-

ɛɚɧɢɣ ɪɚɦɵ ɢɥɢ ɜɚɥɶɰɚ ɜɢɛɪɨɤɚɬɤɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬɚ ɢɥɢ ɞɪɭɝɨɝɨ ɭɩɥɨɬ-

ɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɟɟ 80% ɤɚɬɤɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨ-

ɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɹɜɥɹɸɬɫɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ. ɉɪɢɦɟɧɟɧɢɟ ɜɢɛ-

ɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɟɩɪɟɪɵɜɧɵɣ 

ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ. ȼ ɫɨɫɬɚɜ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɯɨɞɹɬ ɢɡɦɟɪɢɬɟɥɶ 

ɭɫɤɨɪɟɧɢɹ (ɚɤɫɟɥɟɪɨɦɟɬɪ), ɫɦɨɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɜɢɛɪɢɪɭɸɳɟɦ ɜɚɥɶɰɟ ɤɚɬɤɚ; 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ, ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɭɫɤɨɪɟɧɢɹ; ɢɧɞɢɤɚ-

ɬɨɪ; ɩɟɱɚɬɚɸɳɟɟ ɢɥɢ ɡɚɩɢɫɵɜɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɥɢɛɨ ɷɤɪɚɧ ɞɥɹ ɜɵɜɨɞɚ ɨɛɪɚ-

ɛɨɬɚɧɧɵɯ ɞɚɧɧɵɯ.  

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɡɚɤɥɸɱɟɧ ɜ ɡɚɦɟɪɟ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɡɧɚ-

ɱɟɧɢɣ ɜɟɥɢɱɢɧ ɷɧɟɪɝɢɢ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɜɢɛɪɨɤɚɬɤɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɭɩɥɨɬɧɹɟ-

ɦɨɝɨ ɫɥɨɹ ɢ ɨɬɪɚɠɟɧɧɨɣ ɨɬ ɧɟɝɨ ɧɚ ɤɨɪɩɭɫ ɜɚɥɶɰɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ 

ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜɟɥɢɱɢɧɚ ɩɨɝɥɨɳɚɟɦɨɣ ɢɦ ɷɧɟɪɝɢɢ ɛɭɞɟɬ ɪɚɡɥɢɱɧɨɣ. ɋ 

ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜɟɥɢɱɢɧɚ ɩɨɝɥɨɳɚɟɦɨɣ ɢɦ ɷɧɟɪɝɢɢ ɫɧɢɠɚɟɬ-

ɫɹ, ɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɟё ɛɭɞɟɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɧɚ ɤɨɪɩɭɫ ɜɚɥɶɰɚ. ɑɢɫɥɨ ɩɪɨɯɨɞɨɜ 

ɜɢɛɪɨɤɚɬɤɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ, ɟё ɩɪɢɪɚɳɟɧɢɹ ɡɚ 

ɤɚɠɞɵɣ ɩɪɨɯɨɞ ɤɚɬɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɩɵɬɧɨɦ ɭɱɚɫɬɤɟ. 
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2. Ɉɛɡɨɪ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢɨɧ-
ɧɵɦɢ ɤɚɬɤɚɦɢ 

2.1. ɉɨɤɚɡɚɬɟɥɢ ɭɩɥɨɬɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɢɫɬɟɦɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɇɟɩɪɟɪɵɜɧɨɟ ɢɡɦɟɪɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨ-

ɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɟɝɨ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɡɚ ɪɭɛɟɠɨɦ ɩɨɥɭɱɢɥɨ ɨɩɪɟɞɟɥɟɧɢɟ 

«ɧɟɩɪɟɪɵɜɧɵɣ ɤɨɧɬɪɨɥɶ ɭɩɥɨɬɧɟɧɢɹ» (Continues Compaction Control). ȼɟɞɭɳɢɟ 

ɡɚɪɭɛɟɠɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ (CAT, AMMANN, BOMAG, 

DYNAPAC, SAKAI) ɭɠɟ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ ɜɤɥɸɱɚɸɬ ɜ ɛɚɡɨɜɭɸ ɤɨɦɩɥɟɤɬɚɰɢɸ 

ɫɜɨɢɯ ɦɚɲɢɧ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɧɟɩɪɟɪɵɜɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɥɨɬɧɨɫɬɶ 

ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨ ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. ȼ Ɋɨɫɫɢɢ ɠɟ 

ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɧɟ ɩɪɨɢɡɜɨɞɹɬɫɹ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚ ɞɨɥɠɧɨɦ ɭɪɨɜɧɟ ɤɨɧɤɭɪɢ-

ɪɨɜɚɬɶ ɨɬɟɱɟɫɬɜɟɧɧɨɦɭ ɩɪɨɢɡɜɨɞɢɬɟɥɸ ɧɚ ɪɵɧɤɟ ɭɩɥɨɬɧɹɸɳɟɣ ɬɟɯɧɢɤɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ.  

ɉɪɢ ɭɩɥɨɬɧɟɧɢɢ ɜɢɛɪɨɤɚɬɤɚɦɢ ɜ ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ 

ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɬɟɦɩɟɪɚɬɭɪɚ, ɩɥɨɬɧɨɫɬɶ, ɜɥɚɠɧɨɫɬɶ, ɠɟɫɬ-

ɤɨɫɬɶ, ɜɹɡɤɨɫɬɶ ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɤɚɬɤɚ (ɱɚɫɬɨɬɚ ɢ ɯɚɪɚɤɬɟɪ   ɤɨɥɟ-

ɛɚɧɢɣ, ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɫɤɨɪɨɫɬɶ ɤɚɬɤɚ). ɇɚ ɪɚɛɨɬɭ 

ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɟɪɚɜɧɨɦɟɪ-

ɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɧɚɥɢɱɢɟ ɩɟɪɟ-

ɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɤɚɬɤɚ.  

ɂɫɫɥɟɞɨɜɚɬɟɥɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɜɢɛɪɨɤɚɬɤɨɜ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɪɟ-

ɠɢɦɵ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ [30]: ɛɟɡɨɬɪɵɜɧɵɣ ɪɟɠɢɦ ɤɨɥɟ-

ɛɚɧɢɣ («Continuouscontact»), ɪɟɠɢɦ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ («Partialuplift»), «ɞɜɨɣ-

ɧɨɣ ɩɪɵɠɨɤ» («Doublejump»), ɪɚɫɤɚɱɢɜɚɧɢɟ ɜɢɛɪɨɜɚɥɶɰɚ («Rockingmotion») ɢ 

ɯɚɨɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ («Chaoticmotion»)  (Ɋɢɫɭɧɨɤ 2.1.1).  
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ɉɪɢ ɪɚɛɨɬɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɜ ɪɟɠɢɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫ ɩɨ-

ɜɟɪɯɧɨɫɬɶɸ, ɤɨɥɟɛɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢɦɟɸɬ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 

ɫ ɪɚɜɧɵɦɢ ɚɦɩɥɢɬɭɞɚɦɢ ɤɨɥɟɛɚɧɢɣ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ.  

Ɋɟɠɢɦ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ ɜɚɥɶɰɚ ɨɬ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɨɫɧɨɜɧɨɣ 

ɪɚɛɨɱɢɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɜɢɛɪɨɤɚɬɤɚ. ȼ ɤɚɠɞɨɦ ɰɢɤɥɟ ɤɨɥɟɛɚɧɢɣ ɪɚɛɨɱɢɣ ɨɪɝɚɧ 

ɨɬɪɵɜɚɟɬɫɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 

ɤɨɥɟɛɚɧɢɣ ɢ ɪɚɜɟɧɫɬɜɨ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ.  

 

Ɋɢɫɭɧɨɤ 2.1.1 – ȼɥɢɹɧɢɟ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɧɚ ɪɟɚɥɢɡɭɟɦɵɣ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ [23] 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɪɟɠɢɦɚ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ ɜ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ» 

ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɫɭɛɝɚɪɦɨɧɢɱɟɫɤɢɣ. 

Ⱥɦɩɥɢɬɭɞɵ ɫɦɟɠɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ ɧɟ ɨɞɢɧɚɤɨɜɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ 

ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɩɨɜɪɟɠɞɟɧɢɸ ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɭɡɥɨɜ ɢ 

ɤɪɟɩɥɟɧɢɣ ɜɚɥɶɰɚ ɤ ɪɚɦɟ, ɚ ɬɚɤɠɟ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ. ɉɨɷɬɨɦɭ, ɜɚɠɧɨ ɨɬɫɥɟɠɢɜɚɬɶ ɩɟɪɟɯɨɞ ɜ ɧɟɠɟɥɚɬɟɥɶɧɵɣ 

ɪɟɠɢɦ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ (ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ»).  
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ɉɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɞɚɬɢɪɭɟɬɫɹ 1974 ɝɨɞɨɦ, ɤɨɝɞɚ ɞɨɤɬɨɪ Heinz Thurner ɢɡ 

ɲɜɟɞɫɤɨɣ ɞɨɪɨɠɧɨɣ ɚɞɦɢɧɢɫɬɪɚɰɢɢ ɜɵɩɨɥɧɹɥ ɩɨɥɟɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɹɬɢ-

ɬɨɧɧɵɦ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ DYNAPAC ɫ ɬɪɚɤɬɨɪɧɵɦ ɩɪɢɜɨɞɨɦ [38]. ɇɚ 

ɝɪɭɧɬɨɜɵɣ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɚɤɫɟɥɟɪɨɦɟɬɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜɨ ɜɪɟɦɹ ɭɩɥɨɬ-

ɧɟɧɢɹ ɝɪɭɧɬɚ. ȼ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɞɚɧɧɵɟ ɫ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɡɚɩɢɫɵɜɚɥɢɫɶ, 

ɡɚɬɟɦ ɩɨ ɷɬɢɦ ɞɚɧɧɵɦ ɫɨɫɬɚɜɥɹɥɫɹ ɫɩɟɤɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧ-

ɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ. ɂɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ ɨɬɧɨɲɟɧɢɟ 

ɚɦɩɥɢɬɭɞɵ ɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɧɚ ɭɞɜɨɟɧɧɨɣ 

ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ ɢ ɚɦɩɥɢɬɭɞɵ ɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɜɚɥɶɰɚ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɫɨɫɬɨɹɧɢɟɦ ɭɩɥɨɬɧɹɟɦɨɝɨ 

ɝɪɭɧɬɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɪɢ ɩɨɥɟɜɵɯ ɬɟɫɬɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɬɢɱɟɫɤɢ ɧɚ-

ɝɪɭɠɟɧɧɨɣ ɩɥɚɫɬɢɧɵ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɢɡ-

ɦɟɧɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɩɟɤɬɪ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨ-

ɝɨ ɜɚɥɶɰɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɚɦɩɥɢɬɭ-

ɞɚ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɜ ɫɩɟɤɬɪɟ ɭɫɤɨɪɟɧɢɹ ɩɨɹɜɥɹɸɬɫɹ ɞɨɩɨɥ-

ɧɢɬɟɥɶɧɵɟ ɝɚɪɦɨɧɢɤɢ ɢ ɫɭɛɝɚɪɦɨɧɢɤɢ. ȼ 1975 ɝɨɞɭ Heinz Thurner ɨɫɧɨɜɚɥ ɮɢɪ-

ɦɭ GEODYNAMIK ɫ ɩɚɪɬɧɟɪɨɦ Åke Sandström, ɱɬɨɛɵ ɩɪɨɞɨɥɠɢɬɶ ɪɚɡɜɢɬɢɟ ɭɫ-

ɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬ-

ɧɟɧɢɹ ɝɪɭɧɬɚ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ. ȼ ɫɨɬɪɭɞɧɢɱɟɫɬɜɟ ɫ 

ɞɨɤɬɨɪɨɦ Lars Forssblad ɢɡ ɮɢɪɦɵ DYNAPAC, ɮɢɪɦɚ GEODYNAMIK ɪɚɡɪɚɛɨ-

ɬɚɥɚ ɢ ɜɧɟɞɪɢɥɚ ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ «Compaction Meter Value» (CMV) ɜ 

1978 ɝɨɞɭ.  

Ɉɩɪɟɞɟɥɟɧɢɟ CMV ɨɫɧɨɜɚɧɨ ɧɚ ɚɧɚɥɢɡɟ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ 

(ɞɚɧɧɵɟ ɫ ɚɤɫɟɥɟɪɨɦɟɬɪɚ) ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ ɡɚ ɞɜɚ ɰɢɤɥɚ ɜɢɛɪɚɰɢɢ. 

ɉɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ CMV ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [34]                  
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ɝɞɟ    – ɚɦɩɥɢɬɭɞɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɱɚɫɬɨɬɨɣ 

ɢɡɦɟɧɟɧɢɹ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ f (ɧɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶ-

ɰɚ), ɦ/ɫ2;     – ɚɦɩɥɢɬɭɞɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɧɚ 

ɭɞɜɨɟɧɧɨɣ ɱɚɫɬɨɬɟ 2f (ɚɦɩɥɢɬɭɞɚ ɜɬɨɪɨɣ ɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚ-

ɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ), ɦ/ɫ2; С – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɥɢɛɪɨɜɤɢ (ɩɨ [39] ɱɚɳɟ ɜɫɟɝɨ ɪɚɜ-

ɧɵɣ 300). ɂɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ 

ɩɨ ɦɟɪɟ ɭɩɥɨɬɧɟɧɢɹ ɩɨɤɚɡɚɧɨ ɧɚ Ɋɢɫɭɧɤɟ 2.1.2. 

 

Ɋɢɫɭɧɨɤ 2.1.2 – ɂɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧ-

ɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ ɫ ɪɨɫɬɨɦ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ [21] 

ɇɨɜɵɣ ɦɟɬɨɞ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɨɛɳɟɫɬɜɭ ɧɚ ɩɟɪɜɨɣ Ɇɟɠ-

ɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɭɩɥɨɬɧɟɧɢɸ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɹɥɚɫɶ ɜ ɉɚɪɢɠɟ ɜɨ 

Ɏɪɚɧɰɢɢ ɜ 1980 (Thurner ɢ Sandström 1980, Forssblad 1980). Ʉɨɦɩɚɧɢɹ 

DYNAPAC ɧɚɱɚɥɚ ɤɨɦɦɟɪɰɢɚɥɢɡɚɰɢɸ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬ-

ɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ CMV ɜ 1980 ɝɨɞɭ. ȼɟɥɢɱɢɧɚ ɩɨɤɚɡɚɬɟɥɹ 

CMV ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɦɨɞɟɥɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɡɧɚɱɟɧɢɹ 

ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ, ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɚɬɤɚ ɢ 

ɞɪ. ɉɨɷɬɨɦɭ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɤɚɡɚɬɟɥɹ CMV ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɬɚɪɢ-

ɪɨɜɤɭ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ.  

Ɍɚɪɢɪɨɜɨɱɧɚɹ ɜɟɥɢɱɢɧɚ CMV ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɚɬɤɚ ɩɨ ɫɩɟ-

ɰɢɚɥɶɧɨɣ ɨɛɪɚɡɰɨɜɨɣ ɩɨɥɨɫɟ ɦɚɬɟɪɢɚɥɚ, ɭɠɟ ɭɩɥɨɬɧɟɧɧɨɣ ɞɨ ɡɚɞɚɧɧɨɣ ɜ ɩɪɨ-
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ɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɥɨɬɧɨɫɬɢ ɢ ɢɡɦɟɪɟɧɧɨɣ ɞɪɭɝɢɦɢ ɫɪɟɞɫɬɜɚɦɢ. Ɍɚɪɢɪɨ-

ɜɨɱɧɭɸ ɜɟɥɢɱɢɧɭ CMV ɨɩɟɪɚɬɨɪ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɨɛɪɚɡɰɨɜɨɣ ɩɪɢ 

ɭɩɥɨɬɧɟɧɢɢ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɚɜɢɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɤɚɡɚɬɟɥɶ 

CMV, ɨɩɟɪɚɬɨɪ ɞɨɥɠɟɧ ɩɨɞɞɟɪɠɢɜɚɬɶ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ, ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɢɟ ɤ 

ɬɟɦ, ɩɪɢ ɤɨɬɨɪɵɯ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɬɚɪɢɪɨɜɨɱɧɚɹ ɜɟɥɢɱɢɧɚ. Ʉɨɦɩɚɧɢɹɦ, ɢɫɩɨɥɶ-

ɡɭɸɳɢɦ ɤɚɬɤɢ ɫ ɷɥɟɤɬɪɨɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɢ ɭɤɥɚɞɤɟ ɚɫɮɚɥɶɬɚ, ɫɥɟɞɭɟɬ ɧɚ-

ɩɨɦɧɢɬɶ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɟ CMV ɢ ɩɥɨɬɧɨɫɬɢ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɪɢ ɨɞɢɧɚ-

ɤɨɜɵɯ ɭɫɥɨɜɢɹɯ: ɬɨɥɳɢɧɟ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ ɢ ɩɨɫɬɨɹɧɧɨɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɟ, ɧɢɠɧɢɣ ɩɨɞɫɬɢɥɚɸɳɢɣ ɫɥɨɣ ɬɚɤɠɟ ɞɨɥɠɟɧ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦ. ȿɫɥɢ 

ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɢɡɦɟɧɢɬɫɹ, ɢɡɦɟɧɹɬɫɹ ɢ ɜɫɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ, ɤɨɬɨ-

ɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɡɚɞɚɧɧɭɸ ɜɟɥɢɱɢɧɭ CMV, ɬ.ɟ. ɨɛɪɚɡɰɨɜɚɹ ɜɟɥɢɱɢɧɚ ɛɭɞɟɬ ɭɠɟ 

ɧɟɤɨɪɪɟɤɬɧɨɣ. 

Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɩɨɥɨɠɟɧ 

ɬɚɤɠɟ ɜ ɨɫɧɨɜɭ ɪɚɫɱёɬɚ ɪɟɡɨɧɚɧɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ RMV, ɧɚɡɵɜɚɟɦɨ-

ɝɨ ɟɳё ɬɚɤɠɟ «BouncingValue» (BV) [34]                    
ɝɞɟ       – ɚɦɩɥɢɬɭɞɚ ɫɭɛɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɫ ɱɚɫɬɨɬɨɣ ɢɡɦɟɧɟɧɢɹ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ 0.5 ɦ/ɫ2 (ɫɦ. 

Ɋɢɫɭɧɨɤ 2.1.2).    

ɉɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ RMV ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɨɬɫɥɟɠɢɜɚɧɢɢ ɩɟɪɟɯɨɞɚ 

ɜɚɥɶɰɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɢɡ ɪɟɠɢɦɚ «ɱɚɫɬɢɱɧɵɣ ɨɬɪɵɜ» («partialuplift») ɜ 

ɪɟɠɢɦ «ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ» («doublejump»). Ɋɟɠɢɦ «ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ» ɯɚɪɚɤɬɟ-

ɪɢɡɭɟɬɫɹ ɫɭɛɝɚɪɦɨɧɢɱɟɫɤɢɦ ɪɟɠɢɦɨɦ ɤɨɥɟɛɚɧɢɣ ɫ ɤɪɚɬɧɨɫɬɶɸ ɤɨɥɟɛɚɧɢɣ ɜɢɛ-

ɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɪɚɜɧɨɣ 2.  

ȼ 2004 ɝɨɞɭ ɹɩɨɧɫɤɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ SAKAI ɩɪɟɞ-

ɥɨɠɢɥ ɫɜɨɣ ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɫɜɨɢɯ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ - 

«Compaction Control Value» (CCV) [40]. Ⱦɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɧɚ-

ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɫɢɫɬɟɦɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ SAKAI. ɉɨɤɚ-
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ɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ CCV ɬɚɤɠɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɚɧɚɥɢɡɟ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ CCV ɩɨɦɢɦɨ ɚɦɩɥɢ-

ɬɭɞ ɝɚɪɦɨɧɢɤ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɱɚɫɬɨɬɚɦɢ ɢɡɦɟɧɟɧɢɹ 

ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ   ɢ 2  (ɫɦ. Ɋɢɫɭɧɨɤ 2.1.2), ɭɱɢɬɵɜɚɸɬɫɹ ɟɳɟ ɢ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɫɭɛɝɚɪɦɨɧɢɤɢ:                                               
ɝɞɟ       – ɚɦɩɥɢɬɭɞɚ ɫɭɛɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ 

ɱɚɫɬɨɬɨɣ ɢɡɦɟɧɟɧɢɹ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ 1.5 , ɦ/ɫ2;       – ɚɦɩɥɢɬɭɞɚ ɫɭɛ-

ɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɱɚɫɬɨɬɨɣ 2.5 , ɦ/ɫ2;     - 

ɚɦɩɥɢɬɭɞɚ ɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɱɚɫɬɨɬɨɣ ɢɡ-

ɦɟɧɟɧɢɹ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ 3 , ɦ/ɫ2.  

Ⱦɥɹ ɨɫɰɢɥɥɹɬɨɪɧɵɯ ɤɚɬɤɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 

ɭɩɥɨɬɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɤɚɡɚɬɟɥɹ OMV (Oscillo Meter Value), ɹɜɥɹɸɳɢɦɫɹ ɚɧɚ-

ɥɨɝɨɦ CMV. ɉɨɤɚɡɚɬɟɥɶ OMV ɚɧɚɥɢɡɢɪɭɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɨɫɢ ɜɢɛ-

ɪɨɜɚɥɶɰɚ. ɉɪɢɱɟɦ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ OMV ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɢɱɢɹ 

ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɦɟɠɞɭ ɜɢɛɪɨɜɚɥɶɰɨɦ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɋɨɛɫɬɜɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɜɟɥɢɱɢɧɵ ɭɩɥɨɬɧɟɧɢɹ HMV (ɚɧɚɥɨɝ CMV) ɞɥɹ 

ɫɜɨɢɯ ɨɫɰɢɥɥɹɬɨɪɧɵɯ ɤɚɬɤɨɜ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɥɚ ɤɨɦɩɚɧɢɹ Hamm. 

Ɉɞɧɢɦɢ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚ-

ɧɚ ɧɚ ɪɚɫɱёɬɟ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ CMV ɢ RMV. Ɉɞɧɚɤɨ ɫɢɫɬɟɦɵ ɧɚ ɛɚɡɟ 

ɩɨɤɚɡɚɬɟɥɟɣ CMV ɢ RMV ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ: ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬ-

ɤɢ ɫɩɟɤɬɪɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ ɤɚɬɤɚ ɨɧɢ ɢɡɦɟɪɹɸɬ ɧɟ ɩɪɨɱ-

ɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ, ɚ ɤɨɫɜɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɝɥɚɜɧɨɣ 

ɡɚɞɚɱɟɣ ɭɩɥɨɬɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨ-

ɩɪɨɬɢɜɥɹɬɶɫɹ ɞɟɣɫɬɜɢɸ ɧɚɝɪɭɡɨɤ ɨɬ ɬɪɚɧɫɩɨɪɬɚ ɢ ɜɵɲɟɥɟɠɚɳɢɯ ɫɥɨɟɜ ɞɨɪɨɝɢ. 

ɉɨɷɬɨɦɭ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ CMV ɢ RMV ɩɪɚɤɬɢɱɟɫɤɢ ɫɪɚɡɭ ɧɚɱɚɥɫɹ 
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ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɪɟɚɥɢɡɚɰɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ 

ɭɩɥɨɬɧɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɧɟ ɢɫɩɨɥɶ-

ɡɭɟɬɫɹ ɚɤɫɟɥɟɪɨɦɟɬɪ, ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ «Machine Drive Power» 

(ɞɚɥɟɟ MDP), ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɫɢɫɬɟɦɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩ-

ɥɨɬɧɟɧɢɹ ɧɚ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɚɯ ɮɢɪɦɵ CATERPILLAR. Ⱦɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɭɩɥɨɬɧɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɚɧɚɥɢɡɟ ɢɡɦɟɧɟɧɢɹ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɤɚɬɤɨɦ ɩɪɢ 

ɭɩɥɨɬɧɟɧɢɢ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ MDP ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɪɨɰɟɫɫɚ 

ɭɩɥɨɬɧɟɧɢɹ ɨɫɧɨɜɚɧɨ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɝɥɭɛɢɧɵ ɩɨɝɪɭɠɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɜɚɥɶɰɚ ɜ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ ɢ ɫɧɢɠɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɞɜɢɠɟɧɢɸ 

ɤɚɬɤɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɩɨɤɪɵɬɢɹ [34]                                   
ɝɞɟ    – ɦɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ȼɬ;        – 

ɜɟɫ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɇ;   – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɦ/ɫ; 

Q – ɩɪɨɞɨɥɶɧɵɣ ɭɤɥɨɧ, ɪɚɞ;   – ɭɫɤɨɪɟɧɢɟ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɦ/ɫ2;   – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2;   ,     – ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɧɭɬɪɟɧɧɢɯ 

ɩɨɬɟɪɶ (ɭ ɤɚɠɞɨɝɨ ɤɚɬɤɚ ɪɚɡɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ);           – 

ɫɥɚɝɚɟɦɨɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɩɨ-

ɬɟɪɹɦɢ;               – ɫɥɚɝɚɟɦɨɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɞɨɥɶɧɵɦ ɭɤɥɨɧɨɦ.  

ȼ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɭɱɚɫɬɤɚ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɡɧɚɱɟɧɢɟ MDP 

ɫɪɚɜɧɢɜɚɟɬɫɹ ɫɨ ɡɧɚɱɟɧɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɚɬɤɚ ɩɨ ɬɟɫɬɨɜɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ (ɭɩɥɨɬɧɟɧɧɨɣ ɞɨ ɬɪɟɛɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ). ɉɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ 

MDP ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɜɢɛɪɚɰɢ-

ɨɧɧɵɯ ɤɚɬɤɨɜ CATERPILLAR ɫɨɜɦɟɫɬɧɨ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɭɩɥɨɬɧɟɧɢɹ CMV ɢ 

RMV.  
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Ʉɪɭɩɧɵɣ ɧɟɦɟɰɤɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɭɩɥɨɬɧɹɸɳɟɣ ɬɟɯɧɢɤɢ BOMAG ɜ 1982 

ɝɨɞɭ ɪɚɡɪɚɛɨɬɚɥ ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ       ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɫɢɫɬɟ-

ɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ Terrameter. Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬ-

ɧɟɧɢɹ       ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɧɟɪɝɢɸ, ɩɟɪɟɞɚɜɚɟɦɭɸ ɜ ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ 

ɩɪɢ ɪɚɛɨɬɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɧɚ ɭɩɥɨɬɧɹɟɦɨɦ ɭɱɚɫɬɤɟ (ɧɚ ɦɨɦɟɧɬ ɩɨɹɜɥɟɧɢɹ 

ɩɟɪɜɵɯ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɛɵɥ ɟɞɢɧɫɬɜɟɧɧɨɣ ɚɥɶɬɟɪ-

ɧɚɬɢɜɨɣ ɩɨɤɚɡɚɬɟɥɸ CMV). ɋɢɥɚ ɪɟɚɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ   , ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ, ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ 

ɩɨɝɪɭɠɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜ ɦɚɬɟɪɢɚɥ (ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ   ), ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɟɛɚɥɚɧɫɧɨɝɨ ɭɡɥɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɬɟɪɢɚɥɚ (Ɋɢɫɭɧɨɤ 2.1.3). 

 

Ɋɢɫɭɧɨɤ 2.1.3 – ɋɯɟɦɚ ɞɥɹ ɪɚɫɱёɬɚ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ       [22] 

ȼ ɤɨɧɰɟ 1990-ɯ ɝɨɞɨɜ ɤɨɦɩɚɧɢɹ BOMAG ɩɪɟɞɫɬɚɜɢɥɚ ɧɨɜɵɣ ɩɨɤɚɡɚɬɟɥɶ 

ɭɩɥɨɬɧɟɧɢɹ «ɜɢɛɪɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ     », ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɧɟɩɪɟɪɵɜɧɨ ɤɨɧ-

ɬɪɨɥɢɪɨɜɚɬɶ ɤɚɱɟɫɬɜɨ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɜɟɥɢɱɢɧɚɯ ɫɢɥɵ ɧɚ ɟɞɢɧɢɰɭ 

ɩɥɨɳɚɞɢ (Ɇɇ/ɦ2). ɉɨɫɤɨɥɶɤɭ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɢ ɤɚɬɤɨɜ Bomag ɢɫɩɨɥɶɡɭɸɬ ɧɚ-

ɩɪɚɜɥɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ ɜɟɤɬɨɪɚ ɜɵɧɭ-

ɠɞɚɸɳɟɣ ɫɢɥɵ ɤ ɜɟɪɬɢɤɚɥɢ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0° ɞɨ 90°, ɬɨ ɢɡɦɟɪɟɧɢɟ ɭɫɤɨɪɟɧɢɣ 
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ɜɚɥɶɰɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɩɨɞ ɭɝɥɨɦ 

±45° ɤ ɜɟɪɬɢɤɚɥɢ. ɉɨɫɥɟ ɪɚɫɱёɬɚ ɩɟɪɟɦɟɳɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ    ɫɨɫɬɚɜ-

ɥɹɸɬɫɹ ɞɢɚɝɪɚɦɦɵ    – zd ɞɥɹ ɤɚɠɞɨɝɨ ɰɢɤɥɚ ɤɨɥɟɛɚɧɢɣ ɢ ɢɡɦɟɪɹɟɬɫɹ ɬɚɧɝɟɧɫ 

ɭɝɥɚ ɧɚɤɥɨɧɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɤɪɢɜɨɣ    –    ɤ ɨɫɢ    (Ɋɢɫɭɧɨɤ 2.1.4). 

 

Ɋɢɫɭɧɨɤ 2.1.4 – ɋɯɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɦɨɞɭɥɹ      [22] 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ «ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɦɨɞɭɥɹ»      
ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɨɦɨɝɪɚɦɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ (Ɋɢɫɭɧɨɤ 2.1.6). 

 

Ɋɢɫɭɧɨɤ 2.1.5 – ɇɨɦɨɝɪɚɦɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɦɨɞɭɥɹ      (E) [38] 

ɇɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɦɨɞɭɥɹ      ɪɚɛɨɬɚɸɬ ɫɨɜɪɟɦɟɧ-

ɧɵɟ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ Terrameter BTM ɢ     -meter 
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(ɪɚɡɥɢɱɚɸɬɫɹ ɫɨɫɬɚɜɨɦ ɢɫɩɨɥɶɡɭɸɳɟɝɨɫɹ ɨɛɨɪɭɞɨɜɚɧɢɹ), ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟɫɹ 

ɧɚ ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ ɮɢɪɦɵ BOMAG ɢ ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚ-

ɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ 

Variocontrol [44]. ɋɢɫɬɟɦɚ Variocontrol ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɵɧɭɠɞɚɸɳɟɟ 

ɭɫɢɥɢɟ ɫ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɭɩɥɨɬɧɟɧɢɹ ɭɱɚɫɬɤɚ ɢ ɩɟɪɟɯɨɞɚ ɜ ɪɟɠɢɦ 

ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ.  

Caterpillar Paving Products ɜɵɩɭɫɬɢɥɚ ɫɢɫɬɟɦɭ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩ-

ɥɨɬɧɟɧɢɹ Auto Ajustable Compaction (AAC) ɞɥɹ ɬɚɧɞɟɦɧɵɯ ɚɫɮɚɥɶɬɨɜɵɯ ɤɚɬɤɨɜ 

Caterpillar ɫɟɪɢɢ ȼ. ɋɢɫɬɟɦɚ ɢɡɦɟɪɹɟɬ ɜɟɥɢɱɢɧɭ ɭɩɥɨɬɧɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɭ ɜɟɪɯ-

ɧɟɝɨ ɫɥɨɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɢ ɪɟɝɭɥɢɪɭɟɬ ɚɦɩɥɢɬɭɞɭ ɜɢɛɪɚɰɢɢ, ɨɩɬɢɦɢ-

ɡɢɪɭɹ ɜɟɥɢɱɢɧɭ ɷɧɟɪɝɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɨɤɪɵɬɢɟ, ɩɨ ɦɟɪɟ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶ-

ɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɚɦɩɥɢɬɭɞɚ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɚ ɤɚɬɤɚɯ Caterpillar ɬɚɤɠɟ ɢɫɩɨɥɶ-

ɡɭɸɬɫɹ ɫɢɫɬɟɦɵ Cat Compaction Control ɢ Accu Grade Compaction. ȼ ɫɜɨɢɯ ɫɢɫ-

ɬɟɦɚɯ Caterpillar ɢɫɩɨɥɶɡɭɟɬ ɬɪɢ ɩɨɤɚɡɚɬɟɥɹ – CMV, RMV ɢ MDP. ɂɫɩɨɥɶɡɨɜɚ-

ɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɪɚɛɨɬɵ ɤɚɬɤɨɜ. 

Ʉɨɦɩɚɧɢɹ Volvo CE ɪɚɡɪɚɛɨɬɚɥɚ ɷɥɟɤɬɪɨɧɧɭɸ ɫɢɫɬɟɦɭ Density Direct, ɤɨ-

ɬɨɪɚɹ ɦɨɠɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɟ ɚɫɮɚɥɶɬɨɜɵɟ ɤɚɬɤɢ Volvo. ȿɟ 

ɩɨɤɚɡɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢɦɟɸɬ ɬɨɱɧɨɫɬɶ ɜ ɩɪɟɞɟɥɚɯ 1,5% ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɱɟɧɢɣ, 

ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɜɡɹɬɢɹ ɩɪɨɛ-ɤɟɪɧɨɜ. Ʉɨɦɩɚɧɢɹ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɟɟ ɫɢɫɬɟɦɚ 

ɨɩɪɟɞɟɥɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɬɨɝɞɚ ɤɚɤ ɤɨɧɤɭ-

ɪɢɪɭɸɳɢɟ ɫɢɫɬɟɦɵ ɪɚɛɨɬɚɸɬ ɧɚ ɨɫɧɨɜɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɩɨɞɨɛɢɟ 

CMV. Ɉɞɧɚɤɨ ɩɨɞɪɨɛɧɵɯ ɞɚɧɧɵɯ ɨɛ ɷɬɨɣ ɫɢɫɬɟɦɟ ɧɟ ɛɵɥɨ ɧɚɣɞɟɧɨ. 

Ɋɨɫɫɢɣɫɤɢɣ Ɂɚɜɨɞ «Ⱦɨɪɨɠɧɵɯ ɦɚɲɢɧ» (ɝ.Ɋɵɛɢɧɫɤ), ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɢɣɫɹ 

ɧɚ ɜɵɩɭɫɤɟ ɞɨɪɨɠɧɵɯ ɤɚɬɤɨɜ, ɜɟɞɟɬ ɪɚɡɪɚɛɨɬɤɭ ɫɨɛɫɬɜɟɧɧɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ DMɋontrol. ɉɥɚɧɢɪɭɟɬɫɹ, ɱɬɨ ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɫɱɢ-

ɬɵɜɚɬɶ ɞɚɧɧɵɟ, ɩɨɫɬɭɩɚɸɳɢɟ ɨɬ ɞɚɬɱɢɤɨɜ ɭɫɤɨɪɟɧɢɹ ɜɚɥɶɰɚ ɢ ɜɵɞɚɜɚɬɶ ɨɬɧɨɫɢ-

ɬɟɥɶɧɭɸ ɜɟɥɢɱɢɧɭ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɬɟɤɭɳɟɟ ɭɩɥɨɬɧɟɧɢɟ ɫɥɨɹ. ɇɚ ɨɫɧɨɜɟ ɩɨ-

ɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɚɦɩɥɢɬɭɞɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɛɭɞɭɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɭɩɥɨɬɧɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜɚɥɶɰɚ 
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ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. Ⱦɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ Ɇɨɪɟɜɵɦ Ⱥ.ɋ. [11] ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɧɨɜɵɣ ɩɨɤɚɡɚɬɟɥɶ «Compaction Value» (  )                                                                                           
ɝɞɟ    – ɨɛɳɢɣ ɬɚɪɢɪɨɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ;      ,      ,      ,      ,      ,       

– ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɧɚɱɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞ ɝɚɪɦɨɧɢɤ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢ-

ɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɱɚɫɬɨɬɚɦɢ ɢɡɦɟɧɟɧɢɹ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ 0.5 , 1.0 , 1.5 , 

2.0 , 2.5 , 3.0  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɧɚɱɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞ ɝɚɪɦɨɧɢɤ ɫɩɟɤɬɪɚ 

ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɩɪɢ ɪɚɫɱёɬɟ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ    ɩɨɡɜɨɥɹ-

ɟɬ ɛɨɥɟɟ ɬɨɧɤɨ ɧɚɫɬɪɚɢɜɚɬɶ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɧɚ ɨɩ-

ɪɟɞɟɥɟɧɧɵɣ ɜɢɞ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤɠɟ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɤ ɢɡɦɟɧɟɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɉɞ-

ɧɚɤɨ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɚɪɢɪɨɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɫɥɨɠɧɹɟɬ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ. 

Ʉɪɨɦɟ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɤɚɬɤɨɜ ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟ-

ɧɢɹ ɜɵɩɭɫɤɚɸɬ ɢ ɤɨɦɩɚɧɢɢ, ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɢɟɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɛɨɪɭɞɨɜɚ-

ɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. Ʉɨɦɩɚ-

ɧɢɹ Geodinamik ɩɪɟɞɥɚɝɚɟɬ ɰɟɥɵɣ ɫɩɟɤɬɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɞɨɨɫɧɚɳɟɧɢɹ ɜɢɛ-

ɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ. ɋɢɫɬɟɦɚ Geodinamik (Ɋɢɫɭɧɨɤ 2.1.6) ɢɡɦɟɧɹɟɬ ɚɦɩɥɢɬɭɞɭ ɢ 

ɱɚɫɬɨɬɭ ɜɢɛɪɚɰɢɣ ɜɚɥɶɰɚ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ ɩɨ ɦɟɪɟ ɩɨɜɵɲɟ-

ɧɢɹ ɠɟɫɬɤɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɦɟɹ ɭɧɢɮɢɰɢɪɨɜɚɧɧɭɸ ɢɡɦɟɪɢɬɟɥɶ-

ɧɭɸ ɱɚɫɬɶ, ɫɨɞɟɪɠɚɳɭɸ ɚɤɫɟɥɟɪɨɦɟɬɪ 2, ɞɚɬɱɢɤ ɱɚɫɬɨɬɵ ɜɢɛɪɚɰɢɢ (ɧɚ ɪɢɫɭɧɤɟ 

ɧɟ ɭɤɚɡɚɧ) ɢ ɩɪɨɰɟɫɫɨɪ 1, ɢɧɮɨɪɦɚɰɢɹ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɭɩɥɨɬɧɟɧɢɹ ɜɵɜɨɞɢɬɫɹ ɧɚ 

ɭɤɚɡɚɬɟɥɢ ɫɬɪɟɥɨɱɧɨɝɨ ɬɢɩɚ 3-5 (ɥɢɛɨ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɩɚɧɟɥɶ). ɉɨ ɤɚ-

ɛɟɥɹɦ 6 ɩɨɫɵɥɚɟɬɫɹ ɫɢɝɧɚɥ ɜ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɜɢɛɪɨɜɚɥɶɰɟɦ. 
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Ɋɢɫɭɧɨɤ 2.1.6 – ɋɢɫɬɟɦɚ ɞɨɨɫɧɚɳɟɧɢɹ Geodinamik (Compactometer ALFA-022R) 

[49] 

ɇɚ ɜɬɨɪɢɱɧɨɦ ɪɵɧɤɟ ɩɪɟɞɥɚɝɚɸɬɫɹ ɬɚɤɠɟ ɞɥɹ ɞɨɨɫɧɚɳɟɧɢɹ ɨɛɵɱɧɵɯ ɤɚɬ-

ɤɨɜ ɷɥɟɤɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ Topcon C-63 Compaction Management 

Sysytem ɢ Trimble CCS900 Compaction Control Sysytem ɢ CCSFlex, ɮɭɧɤɰɢɨɧɢ-

ɪɭɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɩɨɤɚɡɚɬɟɥɹ CMV. 

ɗɥɟɤɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɭɩɥɨɬɧɟɧɢɟɦ, ɬɚɤɢɟ ɤɚɤ Topcon C-63, 

ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ. ɋɢɫɬɟɦɚ Topcon ɋ-63 ɦɨɠɟɬ ɪɚɛɨ-

ɬɚɬɶ ɤɚɤ ɜ ɫɜɹɡɤɟ ɫ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɤɚɬɤɨɜ, 

ɬɚɤ ɢ ɤɚɤ ɩɨɥɧɨɫɬɶɸ ɧɟɡɚɜɢɫɢɦɚɹ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ. ȼ ɩɟɪɜɨɦ ɫɥɭ-

ɱɚɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɚɹ ɢɧɬɟɝɪɚɰɢɹ ɞɚɧɧɵɯ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɜɨɞ ɢɧɮɨɪɦɚ-

ɰɢɢ ɨɩɟɪɚɬɨɪɭ ɧɚ ɞɢɫɩɥɟɣ ɫɢɫɬɟɦɵ Topcon GX-60 ɩɨ ɜɫɟɦ ɩɚɪɚɦɟɬɪɚɦ ɫ ɩɪɢ-

ɜɹɡɤɨɣ ɤ ɩɥɚɧɨɜɨɣ ɩɨɡɢɰɢɢ ɦɚɲɢɧɵ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɰɟɧɢɬɶ ɧɟ ɬɨɥɶɤɨ ɦɨɦɟɧ-
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ɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɩɥɨɬɧɟɧɢɹ, ɧɨ ɢ ɩɨɥɭɱɢɬɶ ɜɫɸ ɜɚɠɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɫ ɩɪɢ-

ɜɹɡɤɨɣ ɤ ɩɥɚɧɨɜɨɦɭ ɩɨɥɨɠɟɧɢɸ.  

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ Topcon C-63 ɦɨɠɟɬ ɛɵɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɫɤɨɧ-

ɮɢɝɭɪɢɪɨɜɚɧɚ ɩɨɞ ɥɸɛɨɣ ɝɪɭɧɬɨɜɵɣ ɢɥɢ ɚɫɮɚɥɶɬɨɜɵɣ ɤɚɬɨɤ. ɇɟɡɚɜɢɫɢɦɨ ɨɬ 

ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɟɪ-

ɜɢɫ Topcon SiteLink, ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɟɪɚɬɨɪɚɦ ɤɚɬɤɨɜ ɜɢɞɟɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɪɚɛɨɬɟ ɜɫɟɯ ɤɚɬɤɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚ ɭɱɚɫɬɤɟ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɚɪɬɭ ɨɛɳɟɝɨ 

ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɹ ɩɨ ɭɩɥɨɬɧɟɧɢɸ. ȼɫɹ ɷɬɚ ɠɟ ɢɧɮɨɪɦɚɰɢɹ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɪɚɡ-

ɥɢɱɧɨɣ ɨɬɱɟɬɧɨɫɬɶɸ ɦɨɠɟɬ ɛɵɬɶ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɞɨɫɬɭɩɧɚ ɜɫɟɦ ɥɢɰɚɦ, ɨɬɜɟɬ-

ɫɬɜɟɧɧɵɦ ɡɚ ɨɛɳɟɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ.  

2.2. ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧ-
ɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɡɨɪɚ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɛɵɥɚ 

ɫɨɫɬɚɜɥɟɧɚ ɫɜɨɞɧɚɹ ɬɚɛɥɢɰɚ 1, ɜ ɤɨɬɨɪɨɣ ɭɤɚɡɚɧɵ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɫɢɫɬɟɦ ɢ ɩɨɤɚ-

ɡɚɬɟɥɢ ɭɩɥɨɬɧɟɧɢɹ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɨɧɢ ɪɚɛɨɬɚɸɬ. 

ȼ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɨɬ ɪɵɯɥɨɝɨ 

ɞɨ ɩɥɨɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɛɭɞɟɬ ɢɡɦɟ-

ɧɹɬɶɫɹ. ɋɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɨɥɠɧɵ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ 

ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ 

(ɪɟɠɢɦɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɢ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ) ɢ ɫɢɝɧɚɥɢɡɢɪɨɜɚɬɶ ɨ ɞɨɫ-

ɬɢɠɟɧɢɢ ɨɩɚɫɧɵɯ ɪɟɠɢɦɨɜ (ɪɟɠɢɦɚ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ», ɪɚɫɤɚɱɢɜɚɧɢɹ ɜɢɛɪɚ-

ɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɯɚɨɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ).  
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Ɍɚɛɥɢɰɚ 1 - ɋɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɪɚɡɥɢɱ-

ɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ 
ɋɢɫɬɟɦɚ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɤɨɧɬɪɨɥɹ 
ɉɨɤɚɡɚɬɟɥɶ 
ɭɩɥɨɬɧɟɧɢɹ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɜɢɛɪɚ-

ɰɢɟɣ 
GPS 

AMMANN/Case 
ACE (Ammann Compaction 

Expert) 
ks + + 

Bomag 
Terrameter Omega – – 

VarioControl Evib 
+  

(VarioControl) 
+ 

Caterpillar AccuGrade Compaction 
CMV, RMV, 

MDP 
– + 

Atlas Copco 
DCA (Dynapac Compaction 

Analyzer) 
CMV, RMV 

+  
(Dynapac 

Compaction 
Optimizator) 

+ 

Hamm Wirtgen 
HCQ (Hamm Compaction 

Quality) 
HMV (ɚɧɚɥɨɝ 

CMV) 
– + 

JCB COMPATRONIC ɧ. ɞ. + + 

Sakai Sakai CCV – + 

Volvo CE 
CompAnalyzer, CompGauge CMV, RMV – + 

Density Direct ɧ. ɞ. + + 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬ-

ɧɟɧɢɹ ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɫɱёɬɟ ɪɚɡɥɢɱ-

ɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ M. Mooney ɢ D. Adam [38]. Ⱦɚɧ-

ɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɸ ɩɥɨɬɧɨɫɬɢ 

ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡ-

ɥɢɱɧɚ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɤɨɥɟɛɚɧɢɣ  (Ɋɢɫɭɧɨɤ 2.2.1). 
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Ɋɢɫɭɧɨɤ 2.2.1 – ɂɡɦɟɧɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ [39] 

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɝɪɚɮɢɤɟ (Ɋɢɫɭɧɨɤ 2.2.1), ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ CMV ɜ ɪɟ-

ɠɢɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɢɦɟɧɟɟ 

ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ, ɩɪɢ ɪɟɠɢɦɟ 

ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ, ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ CMV ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦ ɭɩɥɨɬɧɟɧɢɹ. 

ɉɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ       ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɩɨ ɦɟɪɟ ɪɨɫɬɚ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɜ ɪɟɠɢɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɉɪɢ ɪɚɛɨɬɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜ 

ɪɟɠɢɦɟ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ ɩɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬɧɟɧɢɹ       ɢɡɦɟɧɹɟɬɫɹ ɧɟɥɢ-

ɧɟɣɧɨ ɢ ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ 

ɩɨɤɚɡɚɬɟɥɹɦɢ. ɉɨ ɜɫɟɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɤɨɦɩɚɧɢɹ BOMAG ɨɬɤɚɡɚɥɚɫɶ ɨɬ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ       ɢɦɟɧɧɨ ɩɨ ɩɪɢɱɢɧɟ ɦɢɧɢɦɚɥɶɧɨɣ ɱɭɜɫɬ-

ɜɢɬɟɥɶɧɨɫɬɢ ɟɝɨ ɜ ɪɟɠɢɦɟ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɨɤɚɡɚɬɟɥɶ 

«ɜɢɛɪɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ»     , ɤɨɬɨɪɵɣ ɩɪɢɲɟɥ ɧɚ ɡɚɦɟɧɭ ɩɨɤɚɡɚɬɟɥɸ ɭɩɥɨɬɧɟ-
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ɧɢɹ       ɢ ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɤɚɬɤɚɯ ɮɢɪɦɵ BOMAG, 

ɢɡɦɟɧɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨ ɩɪɢ ɪɚɛɨɬɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜ ɪɟɠɢɦɚɯ 

ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɢ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɱɭɜɫɬɜɢ-

ɬɟɥɶɧɨɫɬɶɸ ɤ ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨɤɚɡɚɬɟɥɶ ɭɩɥɨɬ-

ɧɟɧɢɹ   , ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɫɢɫɬɟɦɚɯ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɧɚ ɜɢɛ-

ɪɚɰɢɨɧɧɵɯ ɤɚɬɤɚɯ AMMANN, ɜɟɞɟɬ ɫɟɛɹ ɚɧɚɥɨɝɢɱɧɨ ɩɨɤɚɡɚɬɟɥɸ     .  
ɉɨɤɚɡɚɬɟɥɢ CMV ɢ       ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨ ɪɟɚɝɢɪɭɸɬ ɧɚ ɩɟɪɟ-

ɯɨɞ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜ ɧɟɠɟɥɚɬɟɥɶɧɵɣ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ». 

ɂɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ      ɩɪɢ ɩɟɪɟɯɨɞɟ ɜ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠ-

ɤɚ» ɦɟɧɟɟ ɡɧɚɱɢɦɨ, ɱɬɨ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɦɟ-

ɧɵ ɪɟɠɢɦɚ ɤɨɥɟɛɚɧɢɣ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ. Ɂɧɚɱɟɧɢɟ ɩɨɤɚ-

ɡɚɬɟɥɹ ɭɩɥɨɬɧɟɧɢɹ    ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɜ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ», 

ɩɪɢ ɷɬɨɦ ɦɟɧɹɟɬɫɹ ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɤɪɢɜɨɣ    ɤ ɨɫɢ ɚɛɫɰɢɫɫ, ɱɬɨ ɦɨɠɟɬ ɹɜ-

ɥɹɬɶɫɹ ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɦ ɩɪɢɡɧɚɤɨɦ ɞɥɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɨɦ ɪɚ-

ɛɨɬɵ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ [23].  

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ «ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ» («Intelligent 

compaction»), ɩɨɡɜɨɥɹɸɳɚɹ ɢɡɛɟɠɚɬɶ ɩɟɪɟɯɨɞ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɜ 

ɨɩɚɫɧɵɣ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɨɛ-

ɪɚɬɧɨɣ ɫɜɹɡɶɸ ɚɦɩɥɢɬɭɞɨɣ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ (AMMANN, BOMAG, 

DYNAPAC) ɢ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɱɚɫɬɨɬɨɣ ɪɚɛɨɬɵ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ 

(AMMANN). 

2.3. ɋɨɫɬɚɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 

   ɋɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɭɩɪɚɜɥɟɧɢɹ 

ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ ɫɨɫɬɨɹɬ ɢɡ ɫɢɥɨɜɨɣ (ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ) ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɱɚɫɬɟɣ. 

Ɉɛɴɟɦɧɵɣ ɝɢɞɪɨɩɪɢɜɨɞ ɩɪɢɜɨɞɢɬ ɜ ɞɟɣɫɬɜɢɟ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɢ ɤɚɬɤɚ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɬɪɨɣɫɬɜɚ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɧɵɟ ɢɫɯɨɞɧɵɟ 

ɞɚɧɧɵɟ ɦɨɝɭɬ ɩɨɫɬɭɩɚɬɶ ɨɬ ɛɥɨɤɚ, ɪɚɫɫɱɢɬɵɜɚɸɳɟɝɨ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ (ɫɢɫ-

ɬɟɦɵ ɧɚ ɛɚɡɟ ɩɨɤɚɡɚɬɟɥɹ MDP), ɚ ɜ ɤɚɬɤɚɯ ɫ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɟɦ ɧɚ ɜɢɛɪɨɜɚɥɶɰɟ 
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ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɚɤɫɟɥɟɪɨɦɟɬɪ, ɢɡɦɟɪɹɸɳɢɣ ɭɫɤɨɪɟɧɢɟ ɜɢɛɪɢɪɭɸɳɟɝɨ ɜɚɥɶɰɚ. 

Ɉɬ ɧɟɝɨ ɫɢɝɧɚɥɵ ɩɨɫɬɭɩɚɸɬ ɩɨ ɤɚɛɟɥɸ ɜ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɬɬɭɞɚ ɩɨɞɚɸɬɫɹ ɜ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɨɪɝɚɧɵ. Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɤɨɪɪɟɤɬɢɪɭɟɬ ɪɚɛɨɬɭ ɜɢɛɪɨɜɨɡɛɭɞɢ-

ɬɟɥɟɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɫ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢ-

ɟɦ ɩɚɪɚɦɟɬɪɨɜ ɭɩɥɨɬɧɟɧɢɹ. Ɉɛɪɚɛɨɬɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɜɵɜɨɞɢɬɫɹ ɧɚ ɩɪɢɛɨɪɵ 

ɨɩɟɪɚɬɨɪɚ ɤɚɬɤɚ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɟɞɥɚɝɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ (Ɋɢɫɭɧɨɤ 2.3.1): ɧɚ ɭɤɚɡɚɬɟɥɢ ɫɬɪɟɥɨɱɧɨɝɨ ɬɢɩɚ, ɜɵ-

ɜɨɞ ɧɚ ɩɟɱɚɬɶ, ɧɚ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɩɚɧɟɥɶ, ɚ ɬɚɤɠɟ ɜ ɫɢɫɬɟɦɭ ɞɨɤɭɦɟɧɬɢ-

ɪɨɜɚɧɢɹ ɭɩɥɨɬɧɟɧɢɹ ɫ ɩɨɞɞɟɪɠɤɨɣ GPS.  ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɚɤɠɟ ɜɯɨɞɹɬ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɬɱɢɤ ɱɚɫɬɨɬɵ ɜɢɛ-

ɪɚɰɢɢ ɢ ɬ.ɞ. ɉɪɢ ɷɬɨɦ ɜɫɹ ɚɩɩɚɪɚɬɭɪɚ ɧɚɞɟɠɧɨ ɡɚɳɢɳɟɧɚ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɜɢɛɪɚ-

ɰɢɢ, ɩɟɪɟɩɚɞɨɜ ɬɟɦɩɟɪɚɬɭɪ, ɩɵɥɢ ɢ ɜɥɚɝɢ. 

ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɭɟɬ ɡɚɬɪɚɱɢɜɚɟɦɭɸ ɷɧɟɪɝɢɸ ɭɩɥɨɬɧɟɧɢɹ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɩɨɧɢɠɚɹ ɟё ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɩɥɨɬɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɭɤɚɬɤɢ. Ɇɟɫɬɚ ɫ ɩɨɧɢɠɟɧ-

ɧɵɦ ɡɧɚɱɟɧɢɟɦ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɭɩɥɨɬɧɹɸɬɫɹ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ, ɚ ɨɱɟɧɶ 

ɬɜɟɪɞɵɟ (ɠɟɫɬɤɢɟ) ɩɨɜɟɪɯɧɨɫɬɢ – ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɪɚɛɨɱɟɣ ɚɦɩɥɢɬɭɞɨɣ. ȼɢɛɪɚ-

ɰɢɹ ɧɚ ɡɚɞɧɟɦ ɜɚɥɶɰɟ ɦɨɠɟɬ ɜɤɥɸɱɚɬɶɫɹ ɫ ɡɚɞɟɪɠɤɨɣ ɧɚ 2–3 ɫɟɤ ɩɨɫɥɟ ɜɤɥɸɱɟ-

ɧɢɹ ɟɟ ɧɚ ɩɟɪɟɞɧɟɦ ɜɚɥɶɰɟ, ɱɬɨɛɵ ɡɚɞɧɢɣ ɜɚɥɟɰ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɛɨɥɟɟ ɨɫɬɵɜ-

ɲɟɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ, ɧɟ ɩɨɜɪɟɞɢɥ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɫɥɟɞɧɟɝɨ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟ-

ɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɩɥɵɜɨɜ ɝɪɭɧɬɚ, ɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ, ɩɪɢ ɢɡɦɟ-

ɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢɥɢ ɩɪɢ ɨɫɬɚɧɨɜɤɟ ɤɚɬɤɚ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɢ ɚɜɬɨ-

ɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɸɬɫɹ (ɜ ɫɜɹɡɢ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɤɚɬɤɚ ɧɢɠɟ ɞɨɩɭɫɬɢ-

ɦɨɣ), ɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɧɢ ɜɧɨɜɶ ɜɤɥɸɱɚɸɬɫɹ ɜ ɪɚɛɨɬɭ. 

ȼɨɡɦɨɠɧɨ ɬɚɤɠɟ ɩɟɪɟɤɥɸɱɟɧɢɟ ɧɚ ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ.  



 

 

 

32 
 

 

Ɋɢɫɭɧɨɤ 2.3.1 – ɋɩɨɫɨɛɵ ɜɵɜɨɞɚ ɞɚɧɧɵɯ ɨ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ (ɚ –ɫɬɪɟɥɨɱɧɨɝɨ 

ɬɢɩɚ, ɛ – ɩɟɱɚɬɶ ɧɚ ɛɭɦɚɠɧɵɣ ɧɨɫɢɬɟɥɶ, ɜ – ɩɨɥɧɚɹ ɫɢɫɬɟɦɚ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ) 

2.4. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ  

  ɋɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɤɚɬɤɨɜ ɩɪɟɠɞɟ ɜɫɟɝɨ ɡɚ ɫɱɟɬ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɟɪɚɬɨɪɭ ɩɨɫɬɨɹɧɧɨ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɤɨɧ-

ɬɪɨɥɢɪɨɜɚɬɶ ɯɨɞ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɢ ɜɫɟ ɜɚɠɧɟɣɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɤɚɬ-

ɤɚ. Ɉɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɩɥɨɲɧɨɣ, ɚ ɧɟ ɜɵɛɨɪɨɱɧɵɣ ɤɨɧɬɪɨɥɶ ɪɟɡɭɥɶɬɚɬɨɜ ɭɩɥɨɬɧɟ-

ɧɢɹ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɭɱɚɫɬɤɚ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɩɪɨɰɟɫɫɨɦ 

ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɷɬɨɬ ɩɪɨɰɟɫɫ ɫ ɭɱɟɬɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɨɩɟɪɚɬɨɪɚ – ɨɲɢɛ-

ɤɢ ɨɩɟɪɚɬɨɪɚ ɢɫɤɥɸɱɚɸɬɫɹ, ɬɚɤ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɭɤɚɬɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɚɜɬɨɦɚɬɢ-

ɤɚ. ɂɫɤɥɸɱɚɸɬɫɹ ɥɢɲɧɢɟ ɩɪɨɯɨɞɵ ɤɚɬɤɚ, ɱɬɨ ɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɪɟɦɟɧɢ ɭɩ-

ɥɨɬɧɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. ɍɩɥɨɬɧɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɢ ɩɨɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨ, ɨɬɫɭɬɫɬɜɭɸɬ ɦɟɫɬɚ ɫ ɢɡɛɵɬɨɱɧɵɦ ɢ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɭɩɥɨɬɧɟɧɢɟɦ, ɩɨ-

ɬɨɦɭ ɱɬɨ ɷɧɟɪɝɢɹ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɨɤɚɬɤɚ ɜɫɟɝɞɚ ɩɪɢɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ 

ɩɨɬɪɟɛɧɨɫɬɹɦɢ ɦɚɬɟɪɢɚɥɚ, ɚ ɦɟɫɬɚ ɫɨ ɫɥɚɛɵɦ ɝɪɭɧɬɨɦ ɜɫɥɟɞɫɬɜɢɟ ɧɟɤɚɱɟɫɬɜɟɧ-

ɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɢɥɢ ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɚɫɮɚɥɶɬɨ-

ɜɨɣ ɫɦɟɫɢ ɫɜɨɟɜɪɟɦɟɧɧɨ ɜɵɹɜɥɹɸɬɫɹ, ɢ ɬɚɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɨɥɠɧɨɟ ɤɚɱɟɫɬɜɨ 
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ɭɩɥɨɬɧɟɧɢɹ, ɞɨɪɨɠɧɨɟ ɩɨɤɪɵɬɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ ɩɨɥɭɱɚɟɬɫɹ ɝɥɚɞɤɢɦ, ɜɵɫɨɤɨ-

ɤɚɱɟɫɬɜɟɧɧɵɦ ɢ ɞɨɥɝɨɜɟɱɧɵɦ. 

Ɍɚɤɠɟ, ɩɨɜɵɲɚɟɬɫɹ ɫɪɨɤ ɫɥɭɠɛɵ ɦɚɲɢɧ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨɦ 

ɭɩɪɚɜɥɟɧɢɢ ɚɝɪɟɝɚɬɵ ɪɚɛɨɬɚɸɬ ɜ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɚ ɨɩɟɪɚɬɨɪ ɫɜɨɟɜɪɟɦɟɧ-

ɧɨ ɩɪɟɞɭɩɪɟɠɞɚɟɬɫɹ ɨ ɜɯɨɠɞɟɧɢɢ ɜɢɛɪɨɜɚɥɶɰɚ ɤɚɬɤɚ ɜ ɨɩɚɫɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ. 

Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɧɟ ɢɦɟɸɬ ɜ ɫɜɨɟɦ 

ɪɚɫɩɨɪɹɠɟɧɢɢ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ, ɱɬɨ ɩɪɢ-

ɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɜɟɪɨɹɬɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɞɨɭɩɥɨɬɧёɧɧɵɯ ɭɱɚɫɬɤɨɜ ɜ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɥɨɹɯ ɚɜɬɨɞɨɪɨɝ; ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɧɟɫɭ-

ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ; ɩɨɜɵɲɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɪɟɦɨɧɬ ɢ ɫɨɞɟɪɠɚɧɢɟ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 

ɞɨɪɨɝ ɜ ɊɎ ɢ ɢɡɧɨɫ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɜɟɞɭɳɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ 

(DYNAPAC, CATERPILLAR, HAMM, SAKAI, VOLVO) ɜ ɫɜɨɢɯ ɫɢɫɬɟɦɚɯ ɧɟ-

ɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɭɸɬ ɩɨɤɚɡɚɬɟɥɢ ɭɩɥɨɬɧɟɧɢɹ, ɪɚɫɱɟɬ ɤɨɬɨɪɵɯ ɨɫ-

ɧɨɜɚɧ ɧɚ ɚɧɚɥɢɡɟ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ. Ⱦɚɧɧɵɟ ɩɨɤɚ-

ɡɚɬɟɥɢ ɭɩɥɨɬɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɤɨɫɜɟɧɧɵɦɢ, ɩɨɫɤɨɥɶɤɭ ɧɟ ɨɬɨɛɪɚɠɚɸɬ ɧɚɩɪɹɦɭɸ 

ɢɡɦɟɧɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɨ ɜ ɬɨ ɠɟ 

ɜɪɟɦɹ ɨɛɥɚɞɚɸɬ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ ɨɩɪɟɞɟɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɥɚ-

ɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɵɣ ɷɤɫɩɪɟɫɫ-ɤɨɧɬɪɨɥɶ, ɤɨ-

ɬɨɪɵɣ ɧɟ ɡɚɦɟɧɹɟɬ ɫɭɳɟɫɬɜɭɸɳɢɣ ɜɵɛɨɪɨɱɧɵɣ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ 

ɩɨ ɦɟɬɨɞɭ ɜɵɪɭɛɨɤ, ɧɨ ɩɨɡɜɨɥɹɟɬ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɨɧɢɬɨ-

ɪɢɧɝ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɩɨɤɪɵɬɢɹ. 

3. Ⱥɧɚɥɢɡ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɚɰɢ-

ɨɧɧɨɝɨ ɤɚɬɤɚ ɫ ɭɩɥɨɬɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ 

Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɚɧɚɥɢɡɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ «ɜɢɛ-

ɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ – ɭɩɥɨɬɧɹɟɦɵɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ» ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɭɸ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɢɡɦɟɧɹɸɳɢɯɫɹ ɜ ɩɪɨ-

ɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɫɜɨɣɫɬɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚ-
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ɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɪɟɝɢɫɬɪɢɪɭɟɦɵɟ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ. Ⱥ.Ⱥ. Ʌɹɩɭɧɨɜ ɞɚɜɚɥ ɫɥɟ-

ɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ: «Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ – ɷɬɨ 

ɨɩɨɫɪɟɞɨɜɚɧɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɥɢ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɴɟɤɬɚ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡɭɱɚɟɬɫɹ ɧɟ ɫɚɦ ɢɧɬɟɪɟɫɭɸɳɢɣ ɧɚɫ ɨɛɴɟɤɬ, ɚ ɧɟɤɨ-

ɬɨɪɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɢɥɢ ɟɫɬɟɫɬɜɟɧɧɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɜ ɩɪɨ-

ɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɚɦɨɦ ɦɨɞɟɥɢɪɭɟɦɨɦ ɨɛɴɟɤɬɟ, ɡɚɦɟɳɚ-

ɟɬ ɨɛɴɟɤɬ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɬɧɨɲɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɤɨɬɨɪɨɦ ɨɛɴɟɤ-

ɬɢɜɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɡɧɚɜɚɟɦɵɦ ɨɛɴɟɤɬɨɦ» [5].  

ɇɟɨɰɟɧɢɦɵɣ ɜɤɥɚɞ ɜ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɢɛ-

ɪɚɰɢɢ ɜɧёɫ ɇ.ə. ɏɚɪɯɭɬɚ [25, 26, 27]. ȼ ɫɜɨɢɯ ɪɚɛɨɬɚɯ ɇ.ə. ɏɚɪɯɭɬɚ ɪɚɫɫɦɚɬɪɢ-

ɜɚɥ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɪɭɧɬɚɯ ɩɪɢ ɜɨɡɞɟɣɫɬ-

ɜɢɢ ɜɢɛɪɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɚɪɚɦɟɬ-

ɪɨɜ ɭɩɥɨɬɧɹɸɳɟɣ ɬɟɯɧɢɤɢ ɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ȼɨɩɪɨɫɵ ɩɨ ɤɨɧɬɪɨɥɸ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɢ ɩɪɚɤɬɢɤɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚ-

ɧɢɹ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɢ ɚɫɮɚɥɶɬɨɛɟ-

ɬɨɧɚ ɨɫɜɟɳɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɭɱɟɧɵɯ: Ɇ.ɉ. Ʉɨɫɬɟɥɶɨɜɚ [6], Ƚ.ȼ. 

Ʉɭɫɬɚɪɟɜɚ [8], Ⱥ.ȼ. Ɍɟɥɭɲɤɢɧɚ [20], ɂ.ɋ. Ɍɸɪɟɦɧɨɜɚ [21, 22, 23, 24], Ⱥ.Ⱥ. ɒɟɫ-

ɬɨɩɚɥɨɜɚ [28], ȼ.ɉ. Ʌɨɠɟɱɤɨ [9, 10], ȼ.Ȼ. ɉɟɪɦɹɤɨɜɚ [15, 16], ɋ.ȼ. ɇɨɫɨɜɚ [12, 

13], ɋ.ȼ. ɋɚɜɟɥɶɟɜɚ [17, 18],  ɚ ɬɚɤɠɟ ɢɧɨɫɬɪɚɧɧɵɯ ɭɱɟɧɵɯ: J.L. Briaud [32], G. 

Chang [33], B. Horan [36], T. Scullion [41], P.R. Vennapusa [45], D. J. White [47, 

48].  

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫ ɭɩɥɨɬ-

ɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ. ɉɟɪɜɵɣ ɦɟɬɨɞ ɨɫ-

ɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ ɦɚɬɟ-

ɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-

ɧɟɧɢɣ.  

ȼɬɨɪɨɣ ɦɟɬɨɞ – ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɧɚɲɟɥ ɲɢ-

ɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ Ɋɨɫɫɢɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɬɪɟɛɭɟɬɫɹ ɡɧɚɧɢɟ 
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ɬɨɱɧɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ. Ȼɨɥɟɟ ɲɢɪɨɤɨ ɦɟɬɨɞ ɤɨɧɟɱ-

ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢɦɟɧɹɟɬɫɹ ɡɚ ɪɭɛɟɠɨɦ.  

Ɍɪɟɬɢɣ ɦɟɬɨɞ – ɩɪɢɦɟɧɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɨɬɤɚɡ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ ɤ 

ɧɟɢɡɛɟɠɧɵɦ ɩɨɬɟɪɹɦ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɚ ɬɚɤɠɟ ɤ ɩɨɬɟɪɹɦ ɜɪɟɦɟɧɢ. Ɇɟ-

ɬɨɞ ɩɪɨɛ ɢ ɨɲɢɛɨɤ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɨɛɴɟɤɬɨɜ (ɦɚɲɢɧ, ɦɟɯɚɧɢɡɦɨɜ, ɫɢɫɬɟɦ ɢ ɬ.ɞ.) 

ɭɯɨɞɢɬ ɜ ɩɪɨɲɥɨɟ, ɬɚɤ ɤɚɤ ɫɱɢɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɡɚɬɪɚɬɧɵɦ. ɐɟɥɟɫɨɨɛɪɚɡɧɟɟ 

ɢɫɩɵɬɵɜɚɬɶ ɨɛɴɟɤɬɵ ɧɚ ɦɨɞɟɥɹɯ, ɬɚɤ ɤɚɤ ɷɬɨɬ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢ 

ɩɨɡɜɨɥɹɟɬ ɨɬɪɚɡɢɬɶ ɛɨɥɶɲɢɧɫɬɜɨ ɜɥɢɹɸɳɢɯ ɧɚ ɨɛɴɟɤɬ ɮɚɤɬɨɪɨɜ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ 

ɢɫɩɵɬɚɧɢɹɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɴɟɤɬɚ ɢɥɢ ɩɪɢ ɟɝɨ ɪɚɡɪɚɛɨɬɤɟ, 

ɧɚɱɚɥɶɧɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ.  

ɍɩɥɨɬɧɟɧɢɟ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ – ɫɥɨɠɧɵɣ ɞɥɹ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫ, ɬɚɤ ɤɚɤ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɤɚɬɤɚ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ, ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɟɧɧɨɝɨ ɚɫɮɚɥɶɬɚ ɫɢɥɶɧɨ ɦɟɧɹɸɬɫɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɧɟɭɩɥɨɬɧɟɧɧɵɦ.  

ɋ.Ⱥ. Ɉɫɦɚɤɨɜ ɢ Ɉ.Ⱥ. ɋɚɜɢɧɨɜ ɜ ɪɚɛɨɬɟ [14] ɢɫɫɥɟɞɨɜɚɥɢ ɞɜɢɠɟɧɢɟ ɜɢɛɪɚ-

ɬɨɪɚ, ɫɜɨɛɨɞɧɨ ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɭɩɪɭɝɢɣ ɨɝɪɚɧɢɱɢɬɟɥɶ. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞ-

ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ (Ɋɢɫɭɧɨɤ 3.1). Ⱥɜɬɨɪɵ ɨɬɦɟɱɚɥɢ, ɱɬɨ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚ-

ɦɟɬɪɚɯ ɫɢɫɬɟɦɵ ɜɢɛɪɚɬɨɪ ɦɨɠɟɬ ɫɨɜɟɪɲɚɬɶ ɛɟɡɨɬɪɵɜɧɵɟ ɞɜɢɠɟɧɢɹ ɢ ɫ ɨɬɪɵɜɨɦ 

ɨɬ ɩɪɭɠɢɧɵ, ɚ ɬɚɤɠɟ ɫɨɫɬɚɜɢɥɢ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ ɞɥɹ ɨɛɨɢɯ ɪɟ-

ɠɢɦɨɜ.  

Ⱦɥɹ ɛɟɡɨɬɪɵɜɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜ-

ɧɟɧɢɟ ɢɦɟɟɬ ɜɢɞ                         
ɝɞɟ   – ɩɨɫɬɨɹɧɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɜɢɛɪɚɬɨɪ ɦɚɫɫɵ  ;   – ɠɟɫɬɤɨɫɬɶ 

ɩɪɭɠɢɧɵ;    – ɧɚɱɚɥɶɧɵɣ ɮɚɡɨɜɵɣ ɭɝɨɥ.  

Ⱥɜɬɨɪɵ ɩɪɢɧɢɦɚɥɢ ɧɨɜɵɟ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ:                     . 
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ɉɪɢ ɷɬɢɯ ɩɪɢɧɹɬɵɯ ɩɟɪɟɦɟɧɧɵɯ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 

ɤɨɧɬɚɤɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢɧɹɥɨ ɜɢɞ                       ɩɪɢ                   

 

Ɋɢɫɭɧɨɤ 3.1 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɢɛɪɚɬɨɪɚ, ɫɜɨɛɨɞɧɨ ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɭɩ-

ɪɭɝɢɣ ɨɝɪɚɧɢɱɢɬɟɥɶ [3] 

Ⱥɜɬɨɪɵ, ɬɚɤɠɟ, ɩɪɟɞɫɬɚɜɢɥɢ ɜ ɪɚɛɨɬɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟ-

ɠɢɦɚ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ ɜ ɫɨɫɬɨɹɧɢɢ ɨɬɪɵɜɚ                   ɩɪɢ            
ɝɞɟ    – «ɦɨɦɟɧɬ ɧɚɪɭɲɟɧɢɹ ɤɨɧɬɚɤɬɚ ɜɢɛɪɚɬɨɪɚ ɫ ɩɪɭɠɢɧɨɣ,     – «ɦɨɦɟɧɬ» 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɨɧɬɚɤɬɚ ɜɢɛɪɚɬɨɪɚ ɫ ɩɪɭɠɢɧɨɣ.  

ȼ ɩɪɟɞɥɨɠɟɧɧɨɣ ɋ.Ⱥ. Ɉɫɦɚɤɨɜɵɦ ɢ Ɉ.Ⱥ. ɋɚɜɢɧɨɜɵɦ ɫɯɟɦɟ ɧɟ ɭɱɢɬɵɜɚɟɬ-

ɫɹ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ, ɩɪɢɦɟɧɟ-

ɧɢɟ ɬɚɤɨɣ ɫɯɟɦɵ ɨɝɪɚɧɢɱɟɧɨ. 

ȼ ɪɚɛɨɬɟ [4] ȼ.Ɇ. Ⱦɭɞɢɧ ɢ ɇ.ɇ. ɉɨɩɨɜɚ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɧɚ 

ɩɨɜɟɞɟɧɢɟ ɤɨɥɟɛɥɸɳɟɣɫɹ ɦɚɫɫɵ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɜɹɡɤɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɨɝɪɚ-

ɧɢɱɢɬɟɥɹ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɜɹɡɤɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɨɝɪɚɧɢɱɢɬɟɥɹ ɚɜɬɨɪɵ ɩɪɢ-

ɜɨɞɹɬ ɫɯɟɦɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ (Ɋɢɫɭɧɨɤ 3.2). ɇɚ ɜɢɛɪɚɬɨɪ ɦɚɫɫɵ   

ɞɟɣɫɬɜɭɟɬ ɩɨɫɬɨɹɧɧɚɹ ɫɢɥɚ   ɢ ɝɚɪɦɨɧɢɱɟɫɤɨɟ ɜɨɡɦɭɳɚɸɳɟɟ ɭɫɢɥɢɟ, ɢɡɦɟɧɹɸ-
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ɳɟɟɫɹ ɩɨ ɫɢɧɭɫɨɢɞɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɀɟɫɬɤɨɫɬɶ   ɢ ɜɹɡɤɨɫɬɶ   ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɫɯɟɦɟ ɩɪɭɠɢɧɧɵɦ ɷɥɟɦɟɧɬɨɦ ɢ ɞɟɦɩɮɟɪɨɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ, ɜɢɛɪɚɬɨɪ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɜ 

ɪɟɠɢɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫ ɭɩɪɭɝɨ-ɜɹɡɤɢɦ ɨɝɪɚɧɢɱɢɬɟɥɟɦ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ 

ɨɬɪɵɜɚ ɨɬ ɨɝɪɚɧɢɱɢɬɟɥɹ. 

 

Ɋɢɫɭɧɨɤ 3.2 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɢɛɪɚɬɨɪɚ, ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɭɩɪɭɝɨ-

ɜɹɡɤɢɣ ɨɝɪɚɧɢɱɢɬɟɥɶ [4] 

Ⱥɜɬɨɪɵ ɩɪɟɞɫɬɚɜɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬ 

ɞɜɢɠɟɧɢɟ ɜɢɛɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫ ɨɝɪɚɧɢɱɢɬɟɥɟɦ                                                              
ɝɞɟ   – ɦɚɫɫɚ ɜɢɛɪɚɬɨɪɚ;   – ɩɨɫɬɨɹɧɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɜɢɛɪɚɬɨɪ;   – 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɝɪɚɧɢɱɢɬɟɥɹ;   – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɝɪɚɧɢɱɢɬɟɥɹ;    – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢ-

ɥɢɹ;   – ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ.  

ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ ɨɬɪɵɜɚ ɨɬ ɨɝɪɚɧɢɱɢɬɟɥɹ                                               
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɨɛɥɚɫɬɟɣ ɭɫɬɨɣ-

ɱɢɜɵɯ ɨɞɧɨɭɞɚɪɧɵɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɫ ɩɟɪɢɨɞɨɦ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢ-
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ɥɢɹ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɷɥɟɤɬɪɨɧɧɨɣ ɚɧɚɥɨɝɨɜɨɣ ɦɚɲɢɧɟ Ɇɇ-7. 

ɉɪɢ ɷɬɨɦ ɩɪɢɜɨɞɢɥɨɫɶ ɩɨɧɹɬɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ          
ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɝɨ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɦɟɧɹɟɬɫɹ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɡɧɚɱɟɧɢɢ    ɜɢɛɪɚɬɨɪ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧ-

ɬɚɤɬɚ ɫ ɨɝɪɚɧɢɱɢɬɟɥɟɦ (ɛɟɡɨɬɪɵɜɧɵɣ ɪɟɠɢɦ). ɉɪɢ ɪɨɫɬɟ    ɜɢɛɪɚɬɨɪ ɩɟɪɟɯɨɞɢɬ 

ɜ ɭɞɚɪɧɵɣ ɪɟɠɢɦ ɫ ɩɟɪɢɨɞɨɦ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ  . ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟ-

ɥɢɱɟɧɢɢ    ɧɚɛɥɸɞɚɸɬɫɹ ɫɭɛɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ ɜɢɛɪɚɬɨɪɚ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɚɜɬɨɪɵ ɞɟɥɚɸɬ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ:  

– ɜɜɟɞɟɧɢɟ ɞɢɫɫɢɩɚɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɢɡɦɟɧɹɟɬ 

ɨɛɥɚɫɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɵɯ ɨɞɧɨɭɞɚɪɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɬɨɪɚ ɫ ɩɟ-

ɪɢɨɞɨɦ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ, ɭɜɟɥɢɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ 

ɪɚɫɲɢɪɟɧɢɸ ɨɛɥɚɫɬɢ ɨɞɧɨɭɞɚɪɧɵɯ ɤɨɥɟɛɚɧɢɣ; 

– ɩɨɜɵɲɟɧɢɟ ɞɢɫɫɢɩɚɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɝɪɚɧɢɱɢɬɟɥɹ ɫɧɢɠɚɟɬ ɫɤɨ-

ɪɨɫɬɶ ɜ ɦɨɦɟɧɬ ɭɞɚɪɚ ɜɢɛɪɚɬɨɪɚ ɨɛ ɨɝɪɚɧɢɱɢɬɟɥɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɜɵɧɭɠɞɚɸ-

ɳɟɦ ɭɫɢɥɢɢ. Ɉɞɧɚɤɨ, ɜɫɥɟɞɫɬɜɢɟ ɪɚɫɲɢɪɟɧɢɹ ɝɪɚɧɢɰ ɨɛɥɚɫɬɢ ɨɞɧɨɭɞɚɪɧɵɯ ɤɨ-

ɥɟɛɚɧɢɣ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɡɧɚɱɟɧɢɹ ɟɟ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɜɵɧɭɠ-

ɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɞɨ ɝɪɚɧɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ.  

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɫɯɟɦɚ ɜɢɛɪɚɬɨɪɚ, ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɭɩɪɭɝɨ-ɜɹɡɤɢɣ ɨɝɪɚ-

ɧɢɱɢɬɟɥɶ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɥɭɱɲɟ ɨɬɪɚɠɚɟɬ ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢ-

ɨɧɧɵɦɢ ɦɚɲɢɧɚɦɢ (ɭɞɚɪ ɨɛ ɭɩɪɭɝɨ-ɜɹɡɤɢɣ ɨɝɪɚɧɢɱɢɬɟɥɶ), ɱɟɦ ɫɯɟɦɚ, ɩɪɟɞɫɬɚɜ-

ɥɟɧɧɚɹ ɜ ɩɪɟɞɵɞɭɳɟɣ ɪɚɛɨɬɟ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɪɚ-

ɛɨɬɭ ɜɢɛɪɚɬɨɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, ɢɦɟɸɬ ɩɪɨɫɬɨɣ ɢ ɩɨɧɹɬɧɵɣ 

ɜɢɞ. Ɉɞɧɚɤɨ ɜ ɫɜɨɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɚɜɬɨɪɵ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜɥɢɹɧɢɟ ɪɟɠɢɦɨɜ 

ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɬɨɪɚ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɨɥɟɟ ɝɥɭɛɨɤɢɟ ɫɥɨɢ, 

ɢɫɫɥɟɞɭɹ ɥɢɲɶ ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ.  
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ȼ ɪɚɛɨɬɟ [31] ɚɜɬɨɪɵ Anderegg, Von Felten ɢ Kaufmann ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɨɞ-

ɧɨɦɚɫɫɧɭɸ ɧɟɥɢɧɟɣɧɭɸ ɞɢɧɚɦɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

«ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ – ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ» ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɢ 

ɩɥɢɬ (Ɋɢɫɭɧɨɤ 3.3).  

ɉɨ ɞɚɧɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɵɱɢɫɥɹɟɬɫɹ ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ                                   
ɝɞɟ    – ɦɚɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɤɝ;    – ɦɚɫɫɚ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɜɚɥɶɰɚ, ɤɝ; ɯ – ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɦ;      – ɦɨ-

ɦɟɧɬ ɷɤɫɰɟɧɬɪɢɤɨɜɵɯ ɦɚɫɫ, ɤɝ·ɦ;   – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, Ƚɰ.  

Ɍɚɤɠɟ ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɤɚɤ                 
ɝɞɟ    – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɇ/ɦ;    – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɇ·ɫ/ɦ.  

ɉɟɪɟɦɟɳɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ ɭɪɚɜɧɟ-

ɧɢɹ                       

ɝɞɟ    – ɮɚɡɨɜɨɟ ɨɬɫɬɚɜɚɧɢɟ ɦɟɠɞɭ ɡɚɪɨɠɞɚɸɳɟɣɫɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɥɨɣ ɢ ɱɚ-

ɫɬɶɸ ɜɚɥɶɰɚ, ɫɦɟɳɟɧɧɨɣ ɧɚ ɱɚɫɬɨɬɭ   , ɝɪɚɞ. 
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Ɋɢɫɭɧɨɤ 3.3 – Ɉɞɧɨɦɚɫɫɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

«ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ - ɭɩɥɨɬɧɹɟɦɵɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ» [31] 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɚɜɬɨɪɚɦɢ ɦɨɞɟɥɶ ɞɟɣɫɬɜɭɟɬ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɱɚɫɬɨɬɚ 

ɜɨɡɛɭɠɞɟɧɢɹ ɧɚɦɧɨɝɨ ɜɵɲɟ, ɱɟɦ ɪɟɡɨɧɚɧɫɧɚɹ ɱɚɫɬɨɬɚ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɟɫɤɢ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɫɬɚɬɢɱɟɫɤɢɣ ɜɟɫ ɪɚɦɵ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɫɢɥɚ, ɞɟɣɫɬɜɭɸ-

ɳɚɹ ɫɬɚɬɢɱɟɫɤɢ ɧɚ ɜɢɛɪɢɪɭɸɳɭɸ ɦɚɫɫɭ. Ȼɨɥɟɟ ɩɪɨɞɜɢɧɭɬɵɟ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɬ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢ ɩɨɜɨɪɨɬɧɵɟ ɭɫɤɨɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɢɛɪɚɰɢɢ ɪɚɦɵ ɞɥɹ ɜɢɛɪɚɰɢ-

ɨɧɧɵɯ ɤɚɬɤɨɜ, ɨɫɰɢɥɥɹɬɨɪɧɵɯ ɤɚɬɤɨɜ ɢ ɤɚɬɤɨɜ ɫ ɧɚɩɪɚɜɥɟɧɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ. 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɪɨɲɥɚ ɦɧɨɠɟɫɬɜɨ ɩɪɨɜɟɪɨɤ ɧɚ ɩɪɚɤɬɢɤɟ, ɧɟ ɬɨɥɶɤɨ ɧɚ ɬɚɧɞɟɦ-

ɧɨɦ ɤɚɬɤɟ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɚɫɮɚɥɶɬɚ, ɧɨ ɬɚɤɠɟ ɢ ɧɚ ɨɞɧɨɜɚɥɶɰɨɜɨɦ ɜɢɛɪɚɰɢɨɧ-

ɧɨɦ ɝɪɭɧɬɨɜɨɦ ɤɚɬɤɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɫɬɨɣ ɩɪɭɠɢɧɧɨ-ɚɦɨɪɬɢɡɚɰɢɨɧɧɨɣ ɦɨ-

ɞɟɥɢ ɚɞɟɤɜɚɬɧɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɜɢɛɪɢɪɭɸɳɟɣ ɦɚɫɫɨɣ ɢ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɦ.  

ȼ ɪɚɛɨɬɟ [6] Ƚ.Ƚ. Ɂɚɤɢɪɡɚɤɨɜ ɢ Ɇ.ɂ. Ʉɚɩɭɫɬɢɧ ɜɜɨɞɹɬ ɩɨɧɹɬɢɟ «ɩɪɢɫɨɟɞɢ-

ɧёɧɧɨɣ ɦɚɫɫɵ», ɤɨɬɨɪɚɹ ɤɚɤ ɛɵ ɠɟɫɬɤɨ ɩɪɢɫɨɟɞɢɧɟɧɚ ɤ ɪɚɛɨɱɟɦɭ ɨɪɝɚɧɭ ɢ ɤɨ-

ɥɟɛɥɟɬɫɹ ɫ ɟɝɨ ɚɦɩɥɢɬɭɞɨɣ. Ⱥɜɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɜɭɯɦɚɫɫɧɭɸ 

ɤɨɥɟɛɚɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ (Ɋɢɫɭɧɨɤ 3.4), ɤɨɬɨɪɚɹ ɢɦɟ-

Ⱥɫɮɚɥɶɬɨɛɟɬɨɧ 

ȼɚɥɟɰ 

Ɋɚɦɚ 
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ɟɬ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɪɚɫɱёɬɟ ɜɢɛɪɚɰɢɨɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɨ-

ɪɨɠɧɵɯ ɦɚɲɢɧ, ɱɟɦ ɨɞɧɨɦɚɫɫɧɚɹ ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ. 

 

Ɋɢɫɭɧɨɤ 3.4 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ [2] 

ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɦɚɫɫ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɞɜɭɯɦɚɫɫɧɨɣ ɦɨɞɟɥɢ ɩɪɢ 

ɢɧɟɪɰɢɨɧɧɨɦ ɜɢɛɪɨɜɨɡɛɭɠɞɟɧɢɢ ɢɦɟɸɬ ɜɢɞ:                                                                                                                                  
ɝɞɟ    – ɦɚɫɫɵ ɞɟɛɚɥɚɧɫɧɵɯ ɱɚɫɬɟɣ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɟɣ, ɤɝ;    – ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ 

ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɵɯ ɦɚɫɫ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɦ;   – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɵɧɭɠɞɟɧ-

ɧɵɯ ɤɨɥɟɛɚɧɢɣ, 1/ɫ.  

ɋɨɛɫɬɜɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫɢɫɬɟɦɵ ɡɚɜɢɫɹɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢ ɫ ɬɟɱɟ-

ɧɢɟɦ ɜɪɟɦɟɧɢ ɛɵɫɬɪɨ ɡɚɬɭɯɚɸɬ, ɩɨɷɬɨɦɭ ɚɜɬɨɪɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɬɨɥɶɤɨ ɭɫɬɚɧɨ-

ɜɢɜɲɢɟɫɹ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ. Ɉɧɢ ɬɚɤɠɟ ɭɱɢɬɵɜɚɸɬ, ɱɬɨ ɜɨ ɜɫɟɯ ɜɢɛɪɚ-

ɰɢɨɧɧɵɯ ɦɚɲɢɧɚɯ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɨɞɧɨ ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ.  
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ɑɚɫɬɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɦɚɫɫ ɫɥɟɞɭɟɬ ɢɫɤɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ:                                                                        
ɝɞɟ    – ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɦɚɫɫ, ɦ;    – ɭɝɥɵ ɫɞɜɢɝɚ ɮɚɡ ɩɟɪɟɦɟɳɟɧɢɣ ɨɬɧɨ-

ɫɢɬɟɥɶɧɨ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ, ɪɚɞ.  

Ⱦɚɥɟɟ, ɚɜɬɨɪɵ ɜɡɹɥɢ ɩɟɪɜɵɟ ɢ ɜɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɨɬ  1 ɢ  2 ɩɨ ɜɪɟɦɟɧɢ, 

ɩɨɞɫɬɚɜɢɥɢ ɢɯ ɜ ɭɪɚɜɧɟɧɢɹ (3.1) ɢ (3.2), ɩɪɢɧɹɥɢ ɫɧɚɱɚɥɚ     , ɚ ɡɚɬɟɦ             . ȼ ɢɬɨɝɟ ɚɜɬɨɪɵ ɩɨɥɭɱɢɥɢ ɫɢɫɬɟɦɭ ɢɡ ɜɨɫɶɦɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟ-

ɧɢɣ ɞɥɹ ɞɜɭɯ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ  1 ɢ  2. Ɋɟɲɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟ-

ɧɢɣ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɭɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɢɧɬɟɪɜɚɥɨɦ ɱɚɫɬɨɬ  1 −  2. Ⱥɜɬɨɪɵ ɩɪɨɜɟɥɢ ɩɪɨɜɟɪɤɭ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

ɇɟɫɨɦɧɟɧɧɨ, ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɫɬɨɪɨɧɨɣ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɟɟ ɭɧɢ-

ɜɟɪɫɚɥɶɧɨɫɬɶ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɤ ɪɚɡɥɢɱɧɵɦ ɜɢɛɪɚɰɢɨɧɧɵɦ ɫɬɪɨɢɬɟɥɶɧɵɦ ɢ ɞɨ-

ɪɨɠɧɵɦ ɦɚɲɢɧɚɦ. Ɉɞɧɚɤɨ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɚɜɬɨɪɚɦɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟ-

ɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɨɫɰɢɥɥɨɝɪɚɦɦɭ ɡɚɩɢɫɢ ɤɨɥɟɛɚɧɢɣ ɧɚ ɞɜɭɯ ɱɚɫɬɨɬɚɯ, ɱɬɨ 

ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɢɫɤɥɸɱɢɬɟɥɶ-

ɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

ȼ ɪɚɛɨɬɟ [42] ɚɜɬɨɪɵ D. Siminiati ɢ D. Hren ɩɪɟɞɥɨɠɢɥɢ ɞɥɹ ɨɩɢɫɚɧɢɹ 

ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɦɨɞɟɥɶ ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ (Ɋɢɫɭɧɨɤ 3.5).  

Ⱦɜɢɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɟɪɟɦɟɳɟɧɢɟɦ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɜɚɥɶɰɚ    ɢ ɩɟɪɟɦɟɳɟɧɢɟɦ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ   . Ƚɥɚɜɧɵɦɢ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɚɦɢ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ - ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ» ɹɜɥɹɸɬɫɹ: 

ɦɚɫɫɚ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ   , ɦɚɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ   , ɦɚɫɫɚ 

ɞɟɛɚɥɚɧɫɧɨɝɨ ɭɡɥɚ   . Ⱦɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜɵɞɟɥɹɸɬɫɹ ɞɜɚ ɩɚɪɚɦɟɬɪɚ: ɱɚɫɬɨɬɚ 

ɤɨɥɟɛɚɧɢɣ f ɢ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ e. Ⱦɥɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɩɨɞɜɟɲɟɧɧɨɝɨ ɧɚ 

ɪɚɦɟ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ    ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨ-
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ɬɢɜɥɟɧɢɹ   , ɞɥɹ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ    ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ   . ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɞɨɥɠɧɵ ɛɵɬɶ 

ɢɡɜɟɫɬɧɵ ɞɥɹ ɫɨɡɞɚɧɧɨɣ ɦɨɞɟɥɢ. 

 

Ɋɢɫɭɧɨɤ 3.5 – Ⱦɜɭɯɦɚɫɫɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

«ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ - ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ» [42] 

ȼɢɛɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫɨɡɞɚɟɬ ɞɢɧɚɦɢɱɟɫɤɨɟ ɭɫɢɥɢɟ                    
ɝɞɟ       – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ.  

ɉɪɟɧɟɛɪɟɝɚɹ ɩɥɚɫɬɢɱɟɫɤɢɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɜ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ, ɤɨɧ-

ɬɚɤɬɧɚɹ ɫɢɥɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ                 
Ⱥɜɬɨɪɵ ɩɨɥɭɱɢɥɢ ɞɜɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ. Ⱦɥɹ ɜɢɛ-

ɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ                                                    
Ⱦɥɹ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ                                 
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ȿɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɞɜɟɲɟɧɧɨɣ ɫɢɫɬɟɦɵ, ɬɨ 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ    ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ    ɦɨɝɭɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɟɧɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɭɩɪɨɳɟɧɚ, ɡɚ ɫɱɟɬ ɩɪɟɧɟɛɪɟɠɟɧɢɹ ɷɬɢɦɢ ɞɜɭɦɹ ɩɚɪɚɦɟɬɪɚ-

ɦɢ.  

Ƚɥɚɜɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ 

ɫɜɨɛɨɞɵ                         
ɝɞɟ             – ɨɛɳɚɹ ɦɚɫɫɚ ɭɩɥɨɬɧɹɸɳɟɣ ɦɚɲɢɧɵ.  

ɉɟɪɟɦɟɳɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ                   
ɝɞɟ Z – ɚɦɩɥɢɬɭɞɚ ɩɟɪɟɦɟɳɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ. 

ɋɤɨɪɨɫɬɶ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ                    
ɍɫɤɨɪɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ                      

Ⱥɜɬɨɪɚɦɢ ɛɵɥ ɫɦɨɞɟɥɢɪɨɜɚɧ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚ-

ɬɟɪɢɚɥɚ ɢ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɢ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɟɪɟɦɟɳɟ-

ɧɢɣ ɜɚɥɶɰɚ, ɪɚɦɵ ɢ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɚɤɠɟ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɟɪɟɦɟɳɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɩɨɤɪɵɬɢɹ, ɜɚɥɶɰɚ ɢ ɪɚɦɵ ɜ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɢ ɡɧɚɱɟɧɢɣ ɚɦɩɥɢɬɭɞɵ. Ɉɞɧɚɤɨ ɧɟɞɨɫɬɚɬɤɨɦ ɪɚɛɨɬɵ 

[42] ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɚɜɬɨɪɵ ɭɱɢɬɵɜɚɸɬ ɬɨɥɶɤɨ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɢ 

ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɫɨɜɫɟɦ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɛɨɥɟɟ 

ɝɥɭɛɨɤɢɯ ɫɥɨɹɯ.  

ȼ ɪɚɛɨɬɟ [43] ɜ 2008 ɝɨɞɭ Paul van Susante ɢ Michael Mooney ɩɪɟɞɥɚɝɚɸɬ 

ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɟɯɦɚɫɫɧɭɸ ɫɢɫɬɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ 

ɫ ɭɩɥɨɬɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ (Ɋɢɫɭɧɨɤ 3.6).  
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ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɪɨɜɟɞёɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɦɨ-

ɞɟɥɢ, ɚɜɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɫɢɥɵ, ɜɟɪ-

ɬɢɤɚɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ ɪɚɦɵ ɤɚɬɤɚ, ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɥɨɬ-

ɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

Ɋɢɫɭɧɨɤ 3.6 – Ɍɪёɯɦɚɫɫɧɚɹ ɦɨɞɟɥɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ «ɪɚɦɚ -

ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ – ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ» [43] 

Ʉɨɧɬɚɤɬɧɚɹ ɫɢɥɚ    ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ                                                               
ɋɢɫɬɟɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɞɥɹ ɛɟɡɨɬɪɵɜ-

ɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 

   
                                                                                                                  

                                
ɚ ɞɥɹ ɪɟɠɢɦɚ ɫ ɨɬɪɵɜɨɦ 
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ɝɞɟ    – ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, м;    – 

ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɪɚɦɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, м;     – ɜɟɪɬɢɤɚɥɶɧɚɹ 

ɤɨɨɪɞɢɧɚɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, м;             – ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɪɚɦɵ, 

ɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, м/ɫ;              – ɭɫɤɨɪɟɧɢɹ 

ɪɚɦɵ, ɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, м/ɫ2;     – ɦɚɫɫɚ ɪɚɦɵ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, кɝ;    – ɦɚɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, кɝ;    – ɦɚɫɫɚ 

ɩɪɢɫɨɟɞɢɧёɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, кɝ;    – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɇ·ɫ/м2;    – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩɥɨɬɧɹɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɇ·ɫ/м2;    – ɤɨɷɮɮɢɰɢɟɧɬ ɠёɫɬɤɨɫɬɢ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɇ/м;    – ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɠёɫɬɤɨɫɬɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɇ/м;   – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ 

ɩɚɞɟɧɢɹ, м/ɫ2;   – ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ, ɇ;   – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 

ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɪаɞ/ɫ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɚɜɬɨɪɚɦɢ ɦɨɞɟɥɶ ɨɬɪɚɠɚɟɬ ɪɟɚɥɶɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨ-

ɞɹɳɢɟ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ. Ⱥɜɬɨɪɚɦɢ ɩɪɨɜɟɞɟɧɚ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɩɟɫɱɚɧɨɣ ɧɚ-

ɫɵɩɢ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ INGERSOLL RAND DD138. Ɉɞɧɚɤɨ ɞɥɹ ɪɟɲɟɧɢɹ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɚɜɬɨɪɚɦɢ ɭɪɚɜɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɭɩɪɭɝɨɝɨ ɢ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɚɦɨɪɬɢɡɚ-

ɬɨɪɨɜ ɧɚ ɪɚɦɟ.  

ȼ ɪɚɛɨɬɟ [13] ɇɨɫɨɜ ɋ.ȼ. ɩɪɨɜɨɞɢɥ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ ɯɨɞɨɜɵɯ ɫɢɫɬɟɦ ɤɨɥɟɫɧɵɯ, ɝɭɫɟɧɢɱɧɵɯ ɢ ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ ɫ ɨɩɨɪɧɵɦ 

ɨɫɧɨɜɚɧɢɟɦ (ɞɚɥɟɟ ɄȽȾɆ).  

ɇɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɮɨɪɦɚɥɢɡɚɰɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɚɜɬɨɪɨɦ ɛɵɥɢ 

ɪɚɡɪɚɛɨɬɚɧɵ ɨɛɨɛɳɟɧɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɄȽȾɆ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ 

ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɚɲɢɧɵ-ɭɩɥɨɬɧɢɬɟɥɹ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɩɨɪɧɨ-
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ɝɨ ɨɫɧɨɜɚɧɢɹ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɤɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ ɞɢɧɚɦɢɤɢ ɫɢɫ-

ɬɟɦɵ. ɉɚɪɚɦɟɬɪɵ ɨɩɨɪɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɜ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɨɦ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɹɜɥɹɸɳɢɦɫɹ ɨɬɨɛɪɚɠɟɧɢɟɦ 

ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɟɞɢɧɢɰɭ ɬɨɥɳɢɧɵ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ (Ɋɢɫɭɧɨɤ 3.7).  

 

Ɋɢɫɭɧɨɤ 3.7 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɄȽȾɆ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶ-

ɧɵɯ ɤɨɥɟɛɚɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ [13] 

 ɉɪɢɧɢɦɚɹ ɧɟɤɨɬɨɪɵɟ ɞɨɩɭɳɟɧɢɹ ( 2= = 1= 3=0), ɚɜɬɨɪ ɨɩɢɫɵɜɚɟɬ ɪɚɫ-

ɱɟɬɧɭɸ ɫɯɟɦɭ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɫ ɫɢɫɬɟɦɨɣ ɢɡ ɞɜɭɯ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢ-

ɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

                                              
                            

ɝɞɟ  1 ɢ  2 – ɦɚɫɫɚ ɱɚɫɬɢ ɪɚɦɵ ɤɚɬɤɚ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɨɞɢɧ ɜɚɥɟɰ, ɢ 

ɦɚɫɫɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɝ;  1 ɢ  2 – ɥɢɧɟɣɧɵɟ ɩɟɪɟɦɟɳɟ-

ɧɢɹ ɦɚɫɫ  1 ɢ  2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ;    – ɫɢɥɚ ɜɨɡɞɟɣɫɬɜɢɹ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ, 

ɤɨɬɨɪɚɹ ɪɚɜɧɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɸ ɟɟ ɪɚɛɨɱɟɣ ɩɥɨɳɚɞɢ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɡɪɹɠɟɧɢɹ, 
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ɇ;  2 – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢɥɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɢɛɪɚɬɨɪɚ 

ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ, ɇ;   – ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, ɫ-1;   – ɭɝɨɥ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠ-

ɞɭ ɩɟɪɟɦɟɳɟɧɢɟɦ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɵɧɭɠɞɚɸɳɟɝɨ ɭɫɢ-

ɥɢɹ, ɪɚɞ;  1 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɇ·ɦ-1;  ′ - 

ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɇ·ɦ-1.  

ɍɱɢɬɵɜɚɹ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɚɜɬɨɪ ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɬ ɩɚɪɚɦɟɬɪ  ′ ɤɚɤ ɫɥɨɠɧɭɸ ɮɭɧɤɰɢɸ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɢ ɭɱɢɬɵɜɚɸɳɭɸ ɧɟɥɢɧɟɣ-

ɧɵɟ ɫɜɨɣɫɬɜɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬɫɹ ɜɨ ɜɪɟɦɟɧɢ                 
ɝɞɟ   – ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ, ɉɚ;    – ɩɥɨɳɚɞɶ ɲɬɚɦɩɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ ɫɥɨɹ ɬɨɥɳɢɧɨɣ  ɫɥ, ɦ2;  ( ) – ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɞɟɮɨɪɦɚɰɢɹ.  

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɚɛɨɬɚ, ɧɟɫɨɦɧɟɧɧɨ, ɜɵɡɵɜɚɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ, ɬɚɤ ɤɚɤ 

ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɚɜɬɨɪɨɦ ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ 

ɦɚɬɟɪɢɚɥɚ ɢ ɭɫɤɨɪɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɱɟɪɟɡ ɚɦ-

ɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ. 

ȼ ɪɚɛɨɬɟ [35] P. Erdmann ɢ D. Adam ɩɪɢɦɟɧɹɥɢ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ.  

Ȼɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɩɨɫɨɛɟɧ ɪɟɲɢɬɶ ɩɪɨɛɥɟ-

ɦɭ ɪɚɫɱёɬɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɬɨɥɤɧɨɜɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ 

ɜɚɥɶɰɚ ɫ ɞɨɪɨɠɧɵɦ ɩɨɤɪɵɬɢɟɦ, ɞɟɮɨɪɦɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ, ɬɪɟɧɢɟ ɢ 

ɩɨɜɟɞɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ - ɭɩɥɨɬ-

ɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ». Ɇɨɞɟɥɶ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɟɮɨɪɦɚɰɢɢ ɷɥɚɫɬɢɱɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɫɬɢɱɧɨ ɨɬɪɚɡɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧ-

ɬɚ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. ȼɟɪɬɢɤɚɥɶɧɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɦɨɞɟ-

ɥɢɪɨɜɚɥɚɫɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɫɢɥɨɣ ɜ ɰɟɧɬɪɟ, ɫɪɚɜɧɢɦɨɣ ɫ ɧɚɩɪɚɜ-

ɥɟɧɧɵɦ ɜɢɛɪɚɰɢɨɧɧɵɦ ɜɨɡɛɭɞɢɬɟɥɟɦ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ⱥɜɬɨɪɚɦɢ 
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ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɬɚɤɬɧɨɣ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɫɬɚɬɢɱɟ-

ɫɤɨɣ ɧɚɝɪɭɡɤɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɦɩɥɢɬɭɞɵ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɦɟɳɟɧɢɹ. ɉɪɟɞ-

ɫɬɚɜɥɟɧɧɚɹ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɭɜɟɥɢɱɟɧɢɟ 

ɩɥɨɬɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɢɡ-ɡɚ ɩɪɢ-

ɦɟɧɹɟɦɨɣ ɦɨɞɟɥɢ ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜ ɤɨɬɨɪɨɦ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɥɚɫɬɢɱɟɫɤɚɹ 

ɞɟɮɨɪɦɚɰɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɡɦɟɧɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɚɫɮɚɥɶɬɚ ɩɨ-

ɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɜ ɩɪɨ-

ɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ 

ɜɢɛɪɚɰɢɨɧɧɵɦ ɜɚɥɶɰɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ (Ɋɢɫɭɧɨɤ 3.8).  

 

Ɋɢɫɭɧɨɤ 3.8 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ ɜɢɛ-

ɪɚɰɢɨɧɧɵɦ ɜɚɥɶɰɨɦ [35] 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɚɜɬɨɪɚɦɢ ɦɨɞɟɥɶ ɫ ɭɩɪɭɝɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɚ, ɩɨ-

ɫɬɪɨɟɧɧɚɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɬɥɢɱɧɨ ɩɨɞɯɨɞɢɬ 

ɞɥɹ ɨɩɢɫɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ - ɭɩɥɨɬɧɹɟɦɵɣ ɦɚ-

ɬɟɪɢɚɥ» ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɨɣ 
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ɦɨɞɟɥɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ ɭɩɥɨɬɧɟɧɢɹ ɢ ɩɨɤɚɡɚɬɶ ɷɮɮɟɤɬɵ, ɩɨ-

ɹɜɥɹɸɳɢɟɫɹ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɟɝɨ ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ. Ⱦɥɹ ɦɨ-

ɞɟɥɢɪɨɜɚɧɢɹ ɭɩɥɨɬɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɤɨɧɵ, 

ɭɱɢɬɵɜɚɸɳɢɟ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɰɢɤɥɢɱɟɫɤɢɟ ɧɚɝɪɭɡ-

ɤɢ.  

ȼ ɪɚɛɨɬɟ [37] H.M. Hugel, S. Henke ɢ S. Kinzler ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɤɨ-

ɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɜɢɛɪɚɰɢɨɧ-

ɧɵɦ ɤɚɬɤɨɦ. Ⱥɜɬɨɪɵ ɦɨɞɟɥɢɪɨɜɚɥɢ ɝɪɭɧɬ ɤɚɤ ɨɞɧɨɮɚɡɧɵɣ ɦɚɬɟɪɢɚɥ. Ɍɪɟɯɦɟɪ-

ɧɚɹ ABAQUS ɦɨɞɟɥɶ ɫɨɫɬɨɹɥɚ ɢɡ 222600 ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (Ɋɢɫɭɧɨɤ 3.9). 

ɇɟɞɪɚ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɥɢɫɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɦɟɧɬɨɜ (C3D8R), ɞɚɥɶɧɟɟ ɩɨɥɟ 

ɦɨɞɟɥɢɪɨɜɚɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɟɫɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (CIN3D8). 

 

Ɋɢɫɭɧɨɤ 3.9 – ABAQUS ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵ-

ɬɢɹ ɜɢɛɪɚɰɢɨɧɧɵɦ ɤɚɬɤɨɦ [37] 

ȼɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ ɦɨɞɟɥɢɪɨɜɚɥɫɹ ɤɚɤ ɠɟɫɬɤɚɹ ɧɟɞɟɮɨɪɦɢɪɭɟɦɚɹ ɩɨ-

ɜɟɪɯɧɨɫɬɶ. ɇɚ Ɋɢɫɭɧɤɟ 3.10 ɩɨɤɚɡɚɧɨ ɩɨɥɭɱɟɧɧɨɟ ɚɜɬɨɪɚɦɢ ɪɚɫɱɟɬɧɨɟ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɪɢɫɬɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɨɞɧɨɝɨ ɩɪɨɯɨɞɚ ɜɢɛɪɚɰɢɨɧ-

ɧɨɝɨ ɤɚɬɤɚ. Ⱥɜɬɨɪɵ ɨɬɦɟɱɚɸɬ, ɱɬɨ ABAQUS ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɦɨɝɚɟɬ ɨɩɬɢɦɢ-

ɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɭɩɥɨɬɧɟɧɢɹ ɢ ɝɨɦɨɝɟɧɢɡɚɰɢɸ ɧɟɫɜɹɡɧɵɯ ɝɪɭɧɬɨɜ. Ɉɞɧɚɤɨ 
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ɤɪɚɣɧɟ ɜɚɠɧɨ ɟɳɟ ɭɞɟɥɹɬɶ ɜɧɢɦɚɧɢɟ ɜɵɛɨɪɭ ɬɢɩɚ ɢ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ 

ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɜ ɪɚɛɨɬɟ ɭɤɚɡɚɧɨ ɧɟ ɛɵɥɨ. 

 

Ɋɢɫɭɧɨɤ 3.10 – Ɋɚɫɱɟɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɜ ɭɩɥɨɬɧɹɟɦɨɦ ɦɚɬɟɪɢɚɥɟ 

ɩɨɫɥɟ ɨɞɧɨɝɨ ɩɪɨɯɨɞɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ [37] 

4. Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɵɣ 

ɜɚɥɟɰ - ɭɩɥɨɬɧɹɟɦɵɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ» 

4.1. Ɉɩɢɫɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  

ɉɪɨɜɟɞёɧɧɵɣ ɜ ɝɥɚɜɟ 3 ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɨɬɪɚɠɚɟɬ ɯɚ-

ɪɚɤɬɟɪ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɬɪёɯɦɚɫɫɧɚɹ ɪɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɹ «ɪɚɦɚ-ɜɢɛɪɨɜɚɥɟɰ-ɭɩɥɨɬɧɹɟɦɵɣ ɦɚɬɟɪɢɚɥ» (Ɋɢɫɭɧɨɤ 3.6). Ʉ ɫɨɠɚɥɟ-

ɧɢɸ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟ ɭɞɚёɬɫɹ ɟё ɪɟɚɥɢɡɨɜɚɬɶ ɩɨɥɧɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɫɢɫɬɟ-

ɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɪɟɠɢɦɚ ɫ ɨɬɪɵɜɨɦ (3.4) ɹɜɥɹɟɬɫɹ ɧɟɪɚɡɪɟɲɢɦɨɣ. ȼɫɥɟɞɫɬɜɢɟ 

ɷɬɨɝɨ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɪɟɨɥɨɝɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɚɧɚɥɨɝɢɱɧɭɸ ɩɨɤɚɡɚɧɧɨɣ ɧɚ Ɋɢɫɭɧɤɟ 3.3. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɛɟɡɨɬɪɵɜɧɨɟ ɞɜɢɠɟɧɢɟ ɜɢɛ-

ɪɨɜɚɥɶɰɚ ɜ ɞɚɧɧɨɣ ɦɨɞɟɥɢ (ɩɪɢ      ;           ) ɢɦɟɟɬ ɜɢɞ [24] 

                                                                                                     
ɝɞɟ   – ɦɚɫɫɚ ɜɢɛɪɨɜɚɥɶɰɚ, ɤɝ;   –ɱɚɫɬɶ ɜɟɫɚ ɜɢɛɪɨɤɚɬɤɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɫɶ 

ɫ ɜɢɛɪɨɜɚɥɶɰɨɦ, ɇ;   – ɤɨɷɮɮɢɰɢɟɧɬ ɠɟɫɬɤɨɫɬɢ, ɇ/м;   – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ 
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ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɇ·ɫ/м;   – ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ ɜɢɛɪɨ-

ɜɚɥɶɰɚ, ɇ;   – ɱɚɫɬɨɬɚ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ, ɪаɞ/ɫ. 

ȼ ɨɬɪɵɜɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ (ɬ.ɟ. ɩɪɢ      ) ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɜɢɛɪɨ-

ɜɚɥɶɰɚ ɩɪɢɦɟɬ ɜɢɞ 

                                                                                   
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɚ ɞɜɢɠɟɧɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɢ ɞɟɮɨɪɦɚɰɢɢ ɚɫ-

ɮɚɥɶɬɨɛɟɬɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɪɟɯɨɞ ɦɟɠɞɭ ɭɪɚɜɧɟɧɢɹɦɢ (4.1) ɢ 

(4.2) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɢɱɢɹ ɤɨɧɬɚɤɬɚ ɜɢɛɪɨɜɚɥɶɰɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɉɨɷɬɨɦɭ 

ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɜ ɫɪɟɞɟ 

MatLab (ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ ɛɥɨɤɨɜ-ɞɢɚɝɪɚɦɦ Simulink), ɤɨɬɨɪɚɹ ɩɨ-

ɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɟɪɟɦɟɳɟɧɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɫ-

ɮɚɥɶɬɨɛɟɬɨɧɚ. 

ɍɪɚɜɧɟɧɢɹ (4.1) ɢ (4.2) ɛɵɥɢ ɩɪɢɜɟɞɟɧɵ ɤ ɜɢɞɭ, ɭɞɨɛɧɨɦɭ ɞɥɹ ɦɨɞɟɥɢɪɨ-

ɜɚɧɢɹ ɜ ɫɪɟɞɟ MatLab, ɚ ɢɦɟɧɧɨ 

   
                                                                                                                               

  
ɝɞɟ    – ɫɤɨɪɨɫɬɶ ɜɢɛɪɨɜɚɥɶɰɚ, м/ɫ;    – ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɜɢɛɪɚɬɨɪɚ 

(           );    – ɭɫɥɨɜɢɟ ɧɚɥɢɱɢɹ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩɥɨɬɧɹɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ                                          – ɭɫɥɨɜɢɟ ɧɚɥɢɱɢɹ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɜɢɛɪɨɜɚɥɶɰɨɦ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ                                   
ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɦ 

ɜɨɡɦɨɠɧɵ ɞɜɚ ɪɟɠɢɦɚ ɤɨɥɟɛɚɧɢɣ: ɫ ɨɬɪɵɜɨɦ ɢ ɛɟɡ ɨɬɪɵɜɚ. Ȼɟɡɨɬɪɵɜɧɵɣ ɪɟɠɢɦ 
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ɤɨɥɟɛɚɧɢɣ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɣ      ɢ     . ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (4.3) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

   
                                                                                                                 

                                                                                                             
ȿɫɥɢ ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ ɭɫɥɨɜɢɣ   ,    ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 0, ɬɨ ɫɢɫɬɟɦɚ 

ɩɟɪɟɯɨɞɢɬ ɜ ɪɟɠɢɦ ɤɨɥɟɛɚɧɢɣ ɫ ɨɬɪɵɜɨɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 

(4.3) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

   
                                            

  
Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (4.3) ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɫɪɟɞɟ MatLab ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ Simulink. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟ-

ɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ Ɋɢɫɭɧɤɟ 4.1.1. 

ɇɚ ɷɬɨɣ ɫɯɟɦɟ ɛɥɨɤ Differential Equation Editor ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (4.3). Ɉɧ ɢɦɟɟɬ 3 ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɚ: U1 – ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ 

ɜɢɛɪɚɬɨɪɚ, U2 – ɭɫɥɨɜɢɟ ɧɚɥɢɱɢɹ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, U3 – ɭɫɥɨ-

ɜɢɟ ɧɚɥɢɱɢɹ ɤɨɧɬɚɤɬɚ ɜɚɥɶɰɚ ɫ ɭɩɥɨɬɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ. ɍɫɥɨɜɢɹ U2, U3 ɨɩ-

ɪɟɞɟɥɹɸɬɫɹ ɦɚɫɫɢɜɚɦɢ ɛɥɨɤɨɜ 2 ɢ 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɚɫɫɢɜ ɛɥɨɤɨɜ 1 ɩɪɟɞɧɚ-

ɡɧɚɱɟɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. Ƚɪɚɮɢɤɢ ɩɟɪɟɦɟɳɟɧɢɣ, ɫɤɨɪɨ-

ɫɬɟɣ ɢ ɭɫɤɨɪɟɧɢɣ ɜɵɜɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɥɨɤɨɜ Scope. 
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Ɋɢɫɭɧɨɤ 4.1.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɫɪɟɞɟ MatLab   

Ɇɚɫɫɢɜ 1 

Ɇɚɫɫɢɜ 3 

Ɇɚɫɫɢɜ 2 
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4.2. Ɉɛɨɫɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɢ ɩɪɨɜɟɞɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɩɚɪɚɦɟɬɪɵ 

ɤɚɬɤɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ.  

Ⱦɥɹ ɪɚɫɱёɬɚ ɛɵɥɢ ɜɵɛɪɚɧɵ ɜɢɛɪɚɰɢɨɧɧɵɟ ɤɚɬɤɢ Ⱦɍ-82, Ⱦɍ-96, Ⱦɍ-98 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ «ɊȺɋɄȺɌ» (ɝ. Ɋɵɛɢɧɫɤ), ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 – ɉɚɪɚɦɟɬɪɵ ɤɚɬɤɨɜ Ⱦɍ-82, Ⱦɍ-96, Ⱦɍ-98 

Ʉɚɬɨɤ Ɇɚɫɫɚ 
ɤɚɬɤɚ, 

кɝ 

Ɇɚɫɫɚ 
ɜɚɥɶɰɚ, 

кɝ 

Ⱦɢɚɦɟɬɪ 
ɜɚɥɶɰɚ, м 

ɒɢɪɢɧɚ 
ɜɚɥɶɰɚ, м 

Ʌɢɧɟɣɧɨɟ 
ɞɚɜɥɟɧɢɟ, 

ɇ/м 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɜɚɥɚ ɜɢɛɪɨɜɨɡɛɭ-

ɞɢɬɟɥɹ, Гɰ 

ȼɵɧɭɠɞɚɸɳɚɹ 
ɫɢɥɚ, ɇ 

Ⱦɍ-82 3500 900 0,8 1,3 11900 
50 

60 

34000 

26000 

Ⱦɍ-96 7800 1650 1,07 1,5 28000 
40 

50 

57000 

44000 

Ⱦɍ-98 11500 2850 1,2 1,7 34000 40 
75000 

42000 

ɉɨɞɪɨɛɧɨɟ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɨɫɥɨɠɧɹɟɬɫɹ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ 

ɬɨɱɧɵɯ ɞɚɧɧɵɯ ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɫɜɨɣɫɬɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɜɨ ɜɪɟɦɹ ɭɤɚɬɤɢ. ɋɭɳɟ-

ɫɬɜɭɸɬ ɧɟɤɨɬɨɪɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɟɨɪɟ-

ɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɭɤɚɡɵɜɚɸɳɢɟ ɥɢɲɶ ɧɚ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɯ ɢɥɢ 

ɢɧɵɯ ɫɜɨɣɫɬɜ. Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɤɚɤ ɬɟ ɢɥɢ ɢɧɵɟ ɮɚɤɬɨɪɵ ɜɥɢɹɸɬ ɧɚ ɩɨɤɚ-

ɡɚɬɟɥɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɭɤɚɬɤɢ. 

1. Ɍɨɥɳɢɧɚ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɥɳɢɧɵ ɭɩɥɨɬɧɹɟɦɨɝɨ ɫɥɨɹ h ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ 

ɠёɫɬɤɨɫɬɶ c (ɫɦ. ɡɚɜɢɫɢɦɨɫɬɶ (5.5) ɢ Ку  ɩɪɢ ɩɨɫɬɨɹɧɫɬɜɟ ɩɪɨɱɢɯ ɭɫɥɨɜɢɣ, ɱɬɨ 

ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɷɧɟɪɝɢɢ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɬɚɞɢɢ ɛɟɡɨɬɪɵɜɧɨɝɨ ɪɟɠɢɦɚ (ɧɚ ɩɪɚɤɬɢɤɟ – ɭɜɟɥɢɱɟɧɢɟ 

ɱɢɫɥɚ ɩɪɨɯɨɞɨɜ). ɂɡ ɝɪɚɮɢɤɨɜ ɧɚ Ɋɢɫɭɧɤɟ 4.2.1 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
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ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ Ку ɧɚ ɬɨɧɤɨɦ ɫɥɨɟ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɟ ɫɢɥɨɜɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ, ɱɟɦ ɧɚ ɬɨɥɫɬɨɦ ɫɥɨɟ. 

 

Ɋɢɫɭɧɨɤ 4.2.1 – Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɞɚɜɥɟɧɢɣ ɤɚɬɤɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɥɳɢɧɵ ɫɥɨɹ ɢ ɩɥɨɬɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ [7] 

2. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ ɢ ɫɤɨɪɨɫɬɶ ɤɚɬɤɚ 

ȼ ɪɚɛɨɬɟ [19] ɋɟɪɟɛɪɟɧɧɢɤɨɜɵɦ ȼ.ɋ. ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɯɨɞɨɜ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɮɢɪɦɵ Hamm ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ 

(Ɋɢɫɭɧɨɤ 4.2.2). 
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Ɋɢɫɭɧɨɤ 4.2.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ Hamm HD110 

ȼ ɪɚɛɨɬɟ ɚɦɟɪɢɤɚɧɫɤɢɯ ɭɱɟɧɵɯ [34] ɬɚɤɠɟ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ, ɧɨ ɩɪɢ ɷɬɨɦ ɟɳɟ ɢ 

ɩɪɨɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɯ 

ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɚɯ (Ɋɢɫɭɧɨɤ 4.2.3) 

 

Ɋɢɫɭɧɨɤ 4.2.3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ ɤɚɬɤɨɦ [34] 
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3. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ 

ɉɨ ɝɪɚɮɢɤɚɦ ɧɚ Ɋɢɫɭɧɤɟ 4.2.3, ɫɨɩɨɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ ɩɨɫɥɟ ɤɚɠɞɨɝɨ 

ɩɪɨɯɨɞɚ, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɣ ɝɪɚɮɢɤ. 

 

Ɋɢɫɭɧɨɤ 4.2.4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 

ɭɩɥɨɬɧɟɧɢɢ ɤɚɬɤɨɦ ɮɢɪɦɵ Hamm 

ȼ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨ 

130°ɋ ɜ ɧɚɱɚɥɟ ɭɤɚɬɤɢ ɞɨ 70°ɋ ɜ ɤɨɧɰɟ. ɉɪɢ ɷɬɨɦ ɫɢɥɶɧɨ ɦɟɧɹɸɬɫɹ ɫɜɨɣɫɬɜɚ 

ɦɚɬɟɪɢɚɥɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɠɟɫɬɤɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. 

ɇɚ Ɋɢɫɭɧɤɟ 4.2.5 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɛɢɬɭɦɚ ɨɬ ɬɟɦɩɟɪɚɬɭ-

ɪɵ. Ɍɚɤ ɤɚɤ ɛɢɬɭɦ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɯɚ-

ɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɞɟɬ ɫɯɨɠɢɦ ɫ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ. 
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Ɋɢɫɭɧɨɤ 4.2.5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɛɢɬɭɦɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [1] 

Ɉɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɢ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ   ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. 

ɉɨ ɞɚɧɧɵɦ ȼ.ɉ. Ʌɨɠɟɱɤɨ [9] ɜ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ ɛɭɞɟɬ 

ɢɡɦɟɧɹɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɆПа ɜ ɧɚɱɚɥɟ ɭɤɚɬɤɢ ɞɨ 50 ɆПа ɧɚ ɦɨɦɟɧɬ ɨɤɨɧ-

ɱɚɧɢɹ ɭɤɚɬɤɢ (Ɋɢɫɭɧɨɤ 4.2.6).  

 

Ɋɢɫɭɧɨɤ 4.2.6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɩɥɨɬɧɹɟɦɨɣ ɫɪɟɞɵ   ɢ   ɧɚɯɨɞɹɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪ-

ɦɭɥɚɦ [17]:                                          
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ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, H·ɫ/м;   – 

ɜɹɡɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, ɇ·ɫ/м2;   – ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ, м2;            – 

ɬɨɥɳɢɧɚ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɥɨɹ, м;                                         
ɝɞɟ   – ɠёɫɬɤɨɫɬɶ ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɫɪɟɞɵ, H/м;   – ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɞɟ-

ɮɨɪɦɚɰɢɢ, Па. 

ɉɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ   ɧɚɯɨɞɢɬɫɹ ɤɚɤ                  (4.6) 

ɝɞɟ   – ɞɥɢɧɚ ɡɨɧɵ ɤɨɧɬɚɤɬɚ (ɪɚɜɧɚ ɲɢɪɢɧɟ ɜɚɥɶɰɚ), м;   – ɲɢɪɢɧɚ ɡɨɧɵ ɤɨɧ-

ɬɚɤɬɚ, м.  

ɉɨ ɮɨɪɦɭɥɟ Ȼɟɥɹɟɜɚ-Ƚɟɪɰɚ [26]    ɧɚɯɨɞɢɬɫɹ ɤɚɤ 

                                          
ɝɞɟ   – ɥɢɧɟɣɧɨɟ ɞɚɜɥɟɧɢɟ ɜɚɥɶɰɚ, H/м;   – ɞɢɚɦɟɬɪ ɜɚɥɶɰɚ, м;   – ɦɨɞɭɥɶ ɞɟ-

ɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ, Па. 

Ɍɨɥɳɢɧɭ ɫɥɨɹ   ɩɪɢɦɟɦ 5 ɫɦ.  

Ɍɚɤ ɤɚɤ ɧɚ ɪɚɡɧɵɯ ɤɚɬɤɚɯ ɛɭɞɟɬ ɪɚɡɧɚɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ, ɬɨ ɜɵɩɨɥɧɢɦ 

ɪɚɫɱёɬ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɵɛɪɚɧɧɵɯ ɤɚɬɤɨɜ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɭɤɚɬɤɢ. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱёɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ ɪɚɡ-

ɧɵɯ ɷɬɚɩɚɯ ɭɩɥɨɬɧɟɧɢɹ 

Ʉɚɬɨɤ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɤɚ Ɇɨɞɭɥɶ ɞɟ-
ɮɨɪɦɚɰɢɢ, 

ɆПа 

ɉɥɨɳɚɞɶ 
ɤɨɧɬɚɤɬɚ, 

м2 

ɀёɫɬɤɨɫɬɶ, 
ɆH/м 

Ʉɨɷɮ. ɜɹɡɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 

кɇ·ɫ/м 

Ⱦɍ-82 

ɒɢɪɢɧɚ ɜɚɥɶɰɚ L = 1,3 ɦ 

Ⱦɢɚɦɟɬɪ ɜɚɥɶɰɚ D = 0,8 ɦ 

Ʌɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ           

5 

10 

25 

50 

0,160 

0,113 

0,072 

0,051 

16,0 

22,7 

35,9 

50,7 

115,5 

88,5 

77,5 

115,7 

Ⱦɍ-96 ɒɢɪɢɧɚ ɜɚɥɶɰɚ L = 1,5 ɦ 5 0,328 32,8 236,5 
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Ⱦɢɚɦɟɬɪ ɜɚɥɶɰɚ D = 1,07 ɦ 

Ʌɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ           

10 

25 

50 

0,232 

0,147 

0,104 

46,4 

73,4 

103,9 

181,1 

158,6 

236,8 

Ⱦɍ-98 

ɒɢɪɢɧɚ ɜɚɥɶɰɚ L = 1,7 ɦ 

Ⱦɢɚɦɟɬɪ ɜɚɥɶɰɚ D = 1,2 ɦ 

Ʌɢɧɟɣɧɚɹ ɧɚɝɪɭɡɤɚ           

5 

10 

25 

50 

0,434 

0,307 

0,194 

0,137 

43,4 

61,4 

97,1 

137,4 

312,7 

239,6 

209,8 

313,2 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɬɚɛɥɢɰɟ 3 ɜɵɛɟɪɟɦ ɞɢɚɩɚɡɨɧ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɠɟɫɬɤɨ-

ɫɬɢ 15…130 Ɇɇ/ɦ, ɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ 

Matlab. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɞɥɹ ɤɚɬɤɚ Ⱦɍ-96 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɩɟɪɟ-

ɦɟɳɟɧɢɣ (Ɋɢɫɭɧɨɤ 4.2.7) ɢ ɫɤɨɪɨɫɬɟɣ (Ɋɢɫɭɧɨɤ 4.2.8) ɜɢɛɪɨɜɚɥɶɰɚ ɢ ɭɩɥɨɬɧɹɟ-

ɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɭɫɤɨɪɟɧɢɣ (Ɋɢɫɭɧɨɤ 4.2.9) ɜɚɥɶɰɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬ-

ɤɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɞɫɬɚɜɥɟɧ ɫɩɟɤɬɪ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ (Ɋɢɫɭɧɨɤ 4.2.10). 

 

Ɋɢɫɭɧɨɤ 4.2.7 – Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ ɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 

 

Ɋɢɫɭɧɨɤ 4.2.8 – Ƚɪɚɮɢɤ ɫɤɨɪɨɫɬɟɣ ɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 
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Ɋɢɫɭɧɨɤ 4.2.9 – Ƚɪɚɮɢɤ ɭɫɤɨɪɟɧɢɣ ɜɚɥɶɰɚ 

 

Ɋɢɫɭɧɨɤ 4.2.10 – ɋɩɟɤɬɪ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ (ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɨɫɶ 

– ɨɫɶ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɜɟɪɬɢɤɚɥɶɧɚɹ – ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɜɚɥɶɰɚ) 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɹɬɶ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ 

ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɨ ɢ ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɤɚɬɤɚ. ɂɡɦɟɧɹɹ ɜɵɧɭɠɞɚɸɳɟɟ ɭɫɢɥɢɟ ɢ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ, ɩɨ 

ɝɪɚɮɢɤɚɦ ɩɟɪɟɦɟɳɟɧɢɹ (Ɋɢɫɭɧɨɤ 4.2.7) ɦɨɠɧɨ ɭɡɧɚɬɶ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɣ ɢ 

ɜɟɥɢɱɢɧɭ ɨɬɪɵɜɚ ɜɚɥɶɰɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɨɡɶɦɟɦ ɩɚɪɚɦɟɬɪɵ ɤɚɬɤɚ Ⱦɍ-96 (ɬɚɛɥɢɰɚ 2) ɢ ɫɜɨɣɫɬɜɚ ɚɫ-

ɮɚɥɶɬɨɛɟɬɨɧɚ ɩɪɢ Ку=0,96 (                  ).  
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ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɢ ɜɟɥɢɱɢɧɵ ɨɬɪɵɜɚ ɨɬ ɜɵɧɭ-

ɠɞɚɸɳɟɣ ɫɢɥɵ ɜ ɞɢɚɩɚɡɨɧɟ           (Ɋɢɫɭɧɨɤ 4.2.11). ɑɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ 

ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɩɪɢɦɟɦ ɩɨɫɬɨɹɧɧɨɣ (        ɞɥɹ ɤɚɬɤɚ Ⱦɍ-96). 

 

Ɋɢɫɭɧɨɤ 4.2.11 – Ɂɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɢ ɜɟɥɢɱɢɧɵ ɨɬɪɵɜɚ ɨɬ ɜɵɧɭɠɞɚɸɳɟɣ 

ɫɢɥɵ 

ɂɡ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ ɨɬ ɜɵɧɭɠ-

ɞɚɸɳɟɝɨ ɭɫɢɥɢɹ, ɧɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɞɨ-

ɜɨɥɶɧɨ ɪɟɡɤɚɹ ɫɦɟɧɚ ɪɟɠɢɦɚ ɧɚ «ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ», ɫɨɩɪɨɜɨɠɞɚɸɳɚɹɫɹ ɡɧɚɱɢ-

ɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ. 

Ɍɚɤɠɟ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɢ ɜɟɥɢɱɢɧɵ ɨɬɪɵɜɚ ɨɬ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. ɉɪɢ ɩɨɫɬɨɹɧɧɨɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɟ        ɛɭɞɟɦ ɦɟ-

ɧɹɬɶ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ ɜ ɞɢɚɩɚɡɨɧɟ          , ɫɱɢɬɵɜɚɹ 

ɡɧɚɱɟɧɢɹ ɫ ɝɪɚɮɢɤɨɜ ɩɟɪɟɦɟɳɟɧɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢ-

ɫɭɧɤɟ 4.2.12.  
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Ɋɢɫɭɧɨɤ 4.2.12 – Ɂɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɢ ɜɟɥɢɱɢɧɵ ɨɬɪɵɜɚ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚ-

ɳɟɧɢɹ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɹ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɡɧɵɟ ɬɢɩɵ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɥɭɱɲɟ ɭɩɥɨɬɧɹɸɬɫɹ 

ɩɪɢ ɬɟɯ ɢɥɢ ɢɧɵɯ ɚɦɩɥɢɬɭɞɚɯ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ. ȼɵɱɢɫɥɢɦ ɚɦɩɥɢɬɭɞɭ 

ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɚ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɤɚɬɤɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ      (Ɍɚɛɥɢɰɚ 4). ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɛɵɥ ɩɨɫɬɪɨɟɧ 

ɝɪɚɮɢɤ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ Ɋɢɫɭɧɤɟ 4.2.13. 

Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɜɚɥɶɰɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɬɤɨɜ ɨɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ 

Ʉɚɬɨɤ ȼɟɫ ɜɚɥɶɰɚ, ɇ ȼɵɧɭɠɞɚɸɳɟɟ 
ɭɫɢɥɢɟ, ɇ 

    Ⱥɦɩɥɢɬɭɞɚ, мм 

Ⱦɍ-82 8829 38000 4,3 1,1 

Ⱦɍ-96 16187 57000 3,52 0,69 

Ⱦɍ-98 27959 
75000 2,68 0,58 

42000 1,5 0,33 
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Ɋɢɫɭɧɨɤ 4.2.13 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ ɨɬ ɨɬ-

ɧɨɫɢɬɟɥɶɧɨɣ ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ Ɋɢɫɭɧɤɚɯ 4.2.11-4.2.13 ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɜɨɫ-

ɬɪɟɛɨɜɚɧɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɞɥɹ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ. 
 

4.3. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ «ɜɢɛ-

ɪɚɰɢɨɧɧɵɣ ɜɚɥɟɰ – ɭɩɥɨɬɧɹɟɦɵɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ» ɪɟɚɝɢɪɭɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɪɟ-

ɠɢɦɨɜ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɩɪɢ ɭɩɥɨɬɧɟɧɢɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ. ɉɨ ɝɪɚ-

ɮɢɤɚɦ ɩɟɪɟɦɟɳɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɩɨɞ-

ɬɜɟɪɞɢɥɨɫɶ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ ɫ ɩɨ-

ɫɬɨɹɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɧɚ ɪɟɠɢɦ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɢ ɞɚɥɟɟ 

ɩɟɪɟɯɨɞ ɜ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ». 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɠɟɫɬɤɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɬɚɤ-

ɠɟ ɦɟɧɹɸɬɫɹ ɫɩɟɤɬɪɵ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ. ɉɪɢ ɪɚɛɨɬɟ ɜɢɛɪɚɰɢ-

, мм 
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ɨɧɧɨɝɨ ɤɚɬɤɚ ɜ ɩɨɫɬɨɹɧɧɨɦ ɤɨɧɬɚɤɬɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚ ɫɩɟɤɬɪɟ ɭɫɤɨɪɟɧɢɣ ɜɢɞ-

ɧɚ ɥɢɲɶ ɝɚɪɦɨɧɢɤɚ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɤɚɬɤɚ, ɛɟɡ ɩɪɨɹɜɥɟɧɢɹ 

ɞɪɭɝɢɯ ɝɚɪɦɨɧɢɤ ɢ ɫɭɛɝɚɪɦɨɧɢɤ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɪɟɠɢɦ ɪɚɛɨɬɵ ɜɢɛɪɚɰɢɨɧɧɨ-

ɝɨ ɤɚɬɤɚ ɫ ɱɚɫɬɢɱɧɵɦ ɨɬɪɵɜɨɦ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɧɚ ɫɩɟɤɬɪɟ ɭɫɤɨɪɟɧɢɹ ɩɨ-

ɦɢɦɨ ɝɚɪɦɨɧɢɤɢ ɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ ɩɪɨɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɝɚɪɦɨɧɢɤɢ ɧɚ ɱɚɫɬɨɬɚɯ 

ɜ 2 ɢ 3 ɪɚɡɚ ɛɨɥɶɲɟ ɪɚɛɨɱɟɣ. Ʉɚɤ ɬɨɥɶɤɨ ɜɢɛɪɚɰɢɨɧɧɵɣ ɤɚɬɨɤ ɩɟɪɟɯɨɞɢɬ ɧɚ ɪɟ-

ɠɢɦ ɪɚɛɨɬɵ «ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ», ɧɚ ɫɩɟɤɬɪɟ ɭɫɤɨɪɟɧɢɹ  ɩɨɹɜɥɹɸɬɫɹ ɩɨɦɢɦɨ 

ɝɚɪɦɨɧɢɤ ɟɳɟ ɢ ɫɭɛɝɚɪɦɨɧɢɤɢ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɜɚɥɶɰɚ ɧɚ ɱɚɫ-

ɬɨɬɚɯ            . 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɹɬɶ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚ-

ɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ, ɚ ɬɚɤɠɟ ɜɟɥɢɱɢɧɭ ɟɝɨ ɨɬɪɵɜɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɟɠɢɦɟ ɱɚɫ-

ɬɢɱɧɨɝɨ ɨɬɪɵɜɚ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-

ɜɚɧɚ ɩɪɢ ɪɚɫɱɟɬɟ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɨɜɵɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɜɢɛɪɚɰɢ-

ɨɧɧɵɯ ɤɚɬɤɨɜ.  

Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɭɟɦɚɹ ɦɨɞɟɥɶ ɧɟ ɦɨɠɟɬ ɞɨɫɬɨɜɟɪɧɨ ɨɩɢɫɵɜɚɬɶ ɩɪɨɰɟɫɫ 

ɭɩɥɨɬɧɟɧɢɹ, ɬɚɤ ɤɚɤ ɜ ɧɟɣ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɪɚɦɵ ɤɚɬɤɚ. Ⱥ ɬɚɤɠɟ, ɜɵɡɵ-

ɜɚɟɬ ɬɪɭɞɧɨɫɬɢ ɧɚɡɧɚɱɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɠɟɫɬɤɨɫɬɢ ɢ 

ɜɹɡɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɚɫɮɚɥɶɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɥɨɬɧɨɫɬɢ 

ɜɫɥɟɞɫɬɜɢɟ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɡɭɱɟɧɧɨɫɬɢ ɷɬɢɯ ɜɡɚɢɦɨɫɜɹɡɟɣ. ɍɬɨɱɧɟɧɢɟ ɱɢɫɥɟɧ-

ɧɵɯ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

5. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɞɥɹ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ 

ɂɫɩɨɥɶɡɭɹ ɫɩɟɤɬɪɵ ɭɫɤɨɪɟɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɦɨɞɟɥɢɪɨ-

ɜɚɧɢɢ ɜ ɫɪɟɞɟ Matlab (Ɋɢɫɭɧɨɤ 4.2.10), ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɧɟɤɨɬɨɪɵɟ ɢɡ ɩɨɤɚɡɚ-

ɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ, ɨ ɤɨɬɨɪɵɯ ɝɨɜɨɪɢɥɨɫɶ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ, ɚ ɢɦɟɧɧɨ:                                                        
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ɂɡɦɟɧɹɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɠёɫɬɤɨɫɬɢ ɫ ɜ ɞɢɚɩɚɡɨɧɟ 15…130 Ɇɇ/ɦ, 

ɩɨɥɭɱɚɟɦ ɫɩɟɤɬɪɵ ɭɫɤɨɪɟɧɢɣ ɞɥɹ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɭɩɥɨɬɧɟɧɢɹ. ɉɨ ɫɩɟɤɬɪɭ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɦɩɥɢɬɭɞɵ ɝɚɪɦɨɧɢɤ ɢ ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɜ ɮɨɪɦɭɥɵ (5.1–5.3). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɯɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ 

ɭɤɚɬɤɢ. ɉɨɫɥɟ ɱɟɝɨ, ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ CCV, RMV, CMV ɨɬ ɠɟɫɬɤɨɫɬɢ. ɇɨ, ɬɚɤ ɤɚɤ ɧɚɫ 

ɢɧɬɟɪɟɫɭɟɬ ɩɥɨɬɧɨɫɬɶ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ, ɩɟɪɟɣɞёɦ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɠёɫɬɤɨɫɬɢ ɤ 

ɤɨɷɮɮɢɰɢɟɧɬɭ ɭɩɥɨɬɧɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɜɟɞёɦ ɬɚɪɢɪɨɜɤɭ, ɢɫɩɨɥɶɡɭɹ ɡɚɜɢɫɢ-

ɦɨɫɬɶ, ɚɧɚɥɨɝɢɱɧɭɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɟ [11]            
ɨɬɤɭɞɚ            
ɝɞɟ    - ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ,   – ɤɨɷɮɮɢɰɢɟɧɬ ɠёɫɬɤɨɫɬɢ,   – ɬɚɪɢɪɨɜɨɱ-

ɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɦɚɬɟɪɢɚɥɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ   ɜɵɛɟɪɟɦ, ɩɪɢɧɹɜ, ɱɬɨ ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ           ɪɚɜɧɨ ɧɨɪɦɚɬɢɜɧɨɦɭ        .  ɉɨɥɭɱɢɦ            , ɬɨɝɞɚ ɧɚɱɚɥɨ ɭɩɥɨɬɧɟɧɢɹ ɛɭɞɟɬ ɩɪɢ                           , ɱɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɦɭ    ɩɨɫɥɟ 

ɪɚɛɨɬɵ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ.  

Ⱦɚɥɟɟ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱёɬɵ ɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɩɨɤɚɡɚɬɟɥɟɣ CCV, RMV, CMV ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɤɚɬɤɚ Ⱦɍ-96 

(Ɋɢɫɭɧɨɤ 5.1). 
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Ɋɢɫɭɧɨɤ 5.1 – ɉɨɤɚɡɚɬɟɥɢ CCV, RMV, CMV ɞɥɹ ɤɚɬɤɚ Ⱦɍ-96 

ɇɚ ɝɪɚɮɢɤɟ ɩɪɢɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ CCV, RMV, CMV ɩɨ ɯɨɞɭ 

ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɤɚɬɤɨɦ Ⱦɍ-96 (ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɤɚ ɜ ɬɚɛɥɢɰɟ 2). 

ɉɨ ɨɫɢ ɚɛɫɰɢɫɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚ-

ɬɟɥɟɣ. Ⱦɚɧɧɵɣ ɝɪɚɮɢɤ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ 3 ɷɬɚɩɚ: ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɚɤɬ ɦɟɠɞɭ 

ɜɚɥɶɰɨɦ ɢ ɭɩɥɨɬɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɱɚɫɬɢɱɧɵɣ ɨɬɪɵɜ ɜɚɥɶɰɚ ɢ «ɞɜɨɣɧɨɣ 

ɩɪɵɠɨɤ» (ɩɨɞɪɨɛɧɟɟ ɨ ɧɢɯ ɝɨɜɨɪɢɬɫɹ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ). ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɢ ɞɚɧɧɨɝɨ ɤɚɬɤɚ ɪɟɠɢɦ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɵɜɚ ɧɚɱɢɧɚɟɬɫɹ, ɤɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɩɥɨɬɧɟɧɢɹ ɞɨɫɬɢɝɚɟɬ        ; ɚ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ» ɩɪɢ        , 

ɩɨɫɥɟ ɱɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɤɚ ɩɚɞɚɟɬ. ɋɭɞɹ ɩɨ ɝɪɚɮɢɤɭ, ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɭɩɥɨɬɧɟɧɢɹ ɢɦɟɟɬ ɫɦɵɫɥ ɫɦɟɧɢɬɶ ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɚ ɞɚɧɧɨɦ ɤɚɬɤɟ, 

ɥɢɛɨ ɡɚɦɟɧɢɬɶ ɤɚɬɨɤ ɧɚ ɛɨɥɟɟ ɬɹɠɟɥɵɣ, ɱɬɨɛɵ ɞɨɫɬɢɱɶ ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɭɩɥɨɬɧɟɧɢɹ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɪɚɛɨɬɟ [10] (Ɋɢɫɭɧɨɤ 5.2).   
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Ɋɢɫɭɧɨɤ 5.2 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɡɜɟɧɚ ɤɚɬɤɨɜ ɮɢɪɦɵ «Ɋɚɫɤɚɬ» [10] 

ɇɚ ɝɪɚɮɢɤɟ ɜɢɞɧɨ, ɱɬɨ ɤɚɬɨɤ Ⱦɍ-96 ɫ ɜɤɥɸɱɟɧɧɵɦ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɟɦ   

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɢɧɬɟɪɜɚɥɟ ɩɥɨɬɧɨɫɬɢ ɫ             , ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɵɦ, ɜɵɱɢɫɥɟɧɧɵɦ ɩɪɨɝɪɚɦɦɨɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɤɚɠɞɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢ ɫɪɚɜɧɢɦ ɢɯ ɦɟɠɞɭ 

ɫɨɛɨɣ, ɜɵɞɟɥɢɜ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ.  

5.1. ɉɨɤɚɡɚɬɟɥɶ CCV (Compaction Control Value) 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱёɬɨɜ ɩɨɫɬɪɨɟɧ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫɭɧɤɟ 5.1.1 ɝɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɤɚɡɚɬɟɥɹ CCV ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɩɥɨɬɧɟɧɢɹ Ку ɞɥɹ ɬɪёɯ ɤɚɬɤɨɜ, 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.  

ɉɨɤɚɡɚɬɟɥɶ CCV ɢɦɟɟɬ ɧɚɢɛɨɥɟɟ ɤɪɭɬɨɣ ɩɨɞɴёɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɭɱɲɟ 

ɜɫɟɝɨ ɨɬɫɥɟɠɢɜɚɸɬɫɹ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɠɟɫɬɤɨɫɬɢ ɢ ɭɩɥɨɬɧɟɧɢɹ (ɜɵ-

ɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ). Ⱦɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɨ 

(5.1), ɱɟɦ ɨɫɬɚɥɶɧɵɟ, ɬɚɤ ɤɚɤ ɧɟ ɜɫɟɝɞɚ ɢɡɜɟɫɬɧɵ ɚɦɩɥɢɬɭɞɵ ɧɚ 1.5f ɢ 2.5f, ɱɬɨ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɟɝɨ ɩɪɢɦɟɧɢɦɨɫɬɶ. ɂɡ ɝɪɚɮɢɤɚ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɟɟ ɜɵɫɨ-

ɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɥɟɝɤɢɯ ɤɚɬɤɚɯ. Ɍɚɤɠɟ ɨɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ 

ɬɹɠɟɥɵɯ ɤɚɬɤɨɜ ɫɬɚɞɢɹ ɛɟɡɨɬɪɵɜɧɨɝɨ ɪɟɠɢɦɚ ɞɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɥёɝɤɢɯ. 
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Ɋɢɫɭɧɨɤ 5.1.1 – ɉɨɤɚɡɚɬɟɥɶ CCV ɞɥɹ ɤɚɬɤɨɜ Ⱦɍ-82, Ⱦɍ-96, Ⱦɍ-98 

5.2. ɉɨɤɚɡɚɬɟɥɶ RMV (Resonance Meter Value) 

ȿɳё ɨɞɢɧ ɩɨɤɚɡɚɬɟɥɶ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɦɩɥɢɬɭɞ ɝɚɪ-

ɦɨɧɢɤ ɫɩɟɤɬɪɚ ɭɫɤɨɪɟɧɢɣ (5.2), ɷɬɨ ɩɨɤɚɡɚɬɟɥɶ RMV (Resonance Meter Value). 

Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ RMV ɨɬ Ку ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫɭɧɤɟ 5.2.1.  

ɉɨɤɚɡɚɬɟɥɶ RMV – ɧɚɢɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɢɡ ɢɫɫɥɟɞɭɟɦɵɯ. 

ɇɚɱɢɧɚɟɬ ɪɟɡɤɨ ɪɚɫɬɢ, ɤɨɝɞɚ ɩɨɹɜɥɹɟɬɫɹ «ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ», ɧɨ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɬɤɚ ɩɚɞɚɟɬ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɫɨɦɧɢɬɟɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧ-

ɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ. ȼɨɡɦɨɠɧɨ ɟɝɨ ɫɨɜɦɟɫɬɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫ ɩɨɤɚɡɚɬɟɥɟɦ CCV, ɤɚɤ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɯɨɞɚ ɜ ɪɟɠɢɦ «ɞɜɨɣɧɨɝɨ 

ɩɪɵɠɤɚ». 

ССV 
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Ɋɢɫɭɧɨɤ 5.2.1 – ɉɨɤɚɡɚɬɟɥɶ RMV ɞɥɹ ɤɚɬɤɨɜ Ⱦɍ-82, Ⱦɍ-96, Ⱦɍ-98 

5.3. ɉɨɤɚɡɚɬɟɥɶ ɋMV (Compaction Meter Value) 

Ɍɚɤɠɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɩɨɤɚɡɚɬɟɥɶ ɋMV, ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɬɨɪɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫɭɧɤɟ 5.3.1. 

 ɉɨɤɚɡɚɬɟɥɶ ɋMV – ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɬɚɤ ɤɚɤ ɥɟɝɤɨ 

ɜɵɱɢɫɥɹɟɬɫɹ, ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɧɚ ɷɬɚɩɟ «ɱɚɫɬɢɱɧɨ-

ɝɨ ɨɬɪɵɜɚ», ɚ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ «ɞɜɨɣɧɨɝɨ ɩɪɵɠɤɚ» ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɭɛɵ-

ɜɚɬɶ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɬɤɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ 

ɤɚɤ ɞɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ, ɬɚɤ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɫɦɟɧɵ ɤɚɬ-

ɤɚ ɧɚ ɛɨɥɟɟ ɬɹɠɟɥɵɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɝɪɚɮɢɤɭ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɤɚɬɨɤ 

Ⱦɍ-82 ɷɮɮɟɤɬɢɜɧɟɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨ Ку=0,93, ɚ ɤɚɬɨɤ Ⱦɍ-96 ɞɨ Ку=0,97, 

ɩɨɫɥɟ ɱɟɝɨ ɫɦɟɧɹɬɶ ɧɚ ɛɨɥɟɟ ɬɹɠɟɥɵɣ. Ʉɚɬɨɤ Ⱦɍ-98 ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɢɫɩɨɥɶɡɨ-

ɜɚɬɶ ɫ ɜɤɥɸɱɟɧɧɵɦ ɜɢɛɪɨɜɨɡɛɭɞɢɬɟɥɟɦ, ɧɚɱɢɧɚɹ ɫ Ку=0,95. 

RMV 
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Ɋɢɫɭɧɨɤ 5.3.1 – ɉɨɤɚɡɚɬɟɥɶ ɋMV ɞɥɹ ɤɚɬɤɨɜ Ⱦɍ-82, Ⱦɍ-96, Ⱦɍ-98 

5.4. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɫɪɚɜ-

ɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ 5, ɨɬɨɛɪɚɠɚɸɳɚɹ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɤɚɠɞɨɝɨ ɢɡ 

ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɫɦɟɫɢ.  

Ɍɚɛɥɢɰɚ 5 – ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ 

ɉɨɤɚɡɚɬɟɥɶ  
ɤɨɧɬɪɨɥɹ 

 ɭɩɥɨɬɧɟɧɢɹ 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɉɪɨɫɬɨɬɚ 
 ɜɵɱɢɫɥɟɧɢɹ 

Ʉɨɧɬɪɨɥɶ ɫɦɟɧɵ 
ɪɟɠɢɦɨɜ 

ɉɪɢɦɟɧɢɦɨɫɬɶ 
ɞɥɹ ɛɟɡɨɬɪɵɜɧɨɝɨ 

ɪɟɠɢɦɚ 

ɋɋV + – – – 

RMV – + + – 

ɋMV + + + – 

ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ ɋMV ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɨɬ-

ɧɨɫɢɬɟɥɶɧɨ ɨɫɬɚɥɶɧɵɯ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɟɝɨ ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɤ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɸ ɮɢɪɦɚɦ-ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ ɤɚɬɤɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ ɜɫɩɨɦɨɝɚɬɟɥɶ-

СMV 
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ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɚɬɤɨɜ. ɉɨɤɚɡɚɬɟɥɢ ɋɋV ɢ RMV ɢɦɟɸɬ ɫɜɨɢ ɦɢɧɭɫɵ, ɧɨ 

ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɢɯ ɩɪɢɦɟɧɟɧɢɢ ɨɧɢ ɦɨɝɭɬ ɞɚɬɶ ɛɨɥɟɟ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɨɞɧɚɤɨ 

ɞɥɹ ɷɬɨɝɨ ɩɨɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɨɟ ɢ ɞɨɪɨɝɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

  ȼɫɟ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢɦɟɸɬ ɨɞɢɧ ɨɛɳɢɣ ɧɟɞɨɫɬɚɬɨɤ – ɧɟɜɨɡ-

ɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɛɟɡɨɬɪɵɜɧɨɦ ɪɟɠɢɦɟ ɭɩɥɨɬɧɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɢɫɬɟɦɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤ-

ɬɢɜɧɨ ɩɪɢɦɟɧɹɬɶ ɧɚ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

ɨɛɴɟɤɬɨɜ ɫ ɜɵɫɨɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɥɨɬɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

Ⱦɥɹ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ (ɧɚɩɪɢɦɟɪ ɢɡ ɯɨɥɨɞɧɵɯ 

ɫɦɟɫɟɣ ɫ        ) ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɫɬɚɧɨɜɹɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɵɦɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɞɪɭɝɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ, 

ɨɩɢɫɚɧɧɵɟ ɜɨ ɜɬɨɪɨɣ ɝɥɚɜɟ, ɧɨ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɜɵɱɢɫɥɹɸɬɫɹ ɥɢɲɶ ɩɪɚɤɬɢ-

ɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. ɗɬɨ ɨɫɥɨɠɧɹɟɬ ɩɨɥɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɩɨɞɨɛɧɵɯ ɫɢɫ-

ɬɟɦ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1. ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɨɛɡɨɪɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ 

ɤɚɱɟɫɬɜɚ ɭɩɥɨɬɧɟɧɢɹ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦ ɧɟ-

ɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɩɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɢ ɨɩɟɪɚɬɢɜɧɨ ɞɚɸɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɟɩɟɧɢ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ, ɨɞɧɚɤɨ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɦ ɫɦɟɫɹɦ ɧɭɠ-

ɞɚɸɬɫɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ.  

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ «ɜɢɛɪɚɰɢɨɧɧɵɣ ɜɚ-

ɥɟɰ-ɭɩɥɨɬɧɹɟɦɵɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ» ɢ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɫɪɟɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ MatLab 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ ɛɥɨɤɨɜ-ɞɢɚɝɪɚɦɦ Simulink. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨ-

ɡɜɨɥɹɟɬ ɜɵɱɢɫɥɹɬɶ ɩɟɪɟɦɟɳɟɧɢɹ, ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ ɜɢɛɪɨɜɚɥɶɰɚ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɤɚɬɤɚ ɢ ɭɩɥɨɬɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɚɬɶ ɫɩɟɤɬɪ 

ɭɫɤɨɪɟɧɢɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɥɨɬɧɟɧɢɹ.  

3. ɂɫɫɥɟɞɨɜɚɧ ɯɚɪɚɤɬɟɪ ɤɨɥɟɛɚɧɢɣ ɜɢɛɪɨɜɚɥɶɰɚ ɜ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟ-

ɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɞɥɹ ɬɪёɯ ɤɚɬɤɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɨɫɫɢɣɫɤɨɣ ɮɢɪɦɵ 

ɈɈɈ «Ɋɚɫɤɚɬ». ȼɵɹɜɥɟɧɵ ɪɚɡɥɢɱɧɵɟ ɪɟɠɢɦɵ ɤɨɥɟɛɚɧɢɣ (ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɚɤɬ, 

ɱɚɫɬɢɱɧɵɣ ɨɬɪɵɜ, «ɞɜɨɣɧɨɣ ɩɪɵɠɨɤ») ɢ ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɩɥɨɬɧɟ-

ɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɤɚɬɤɨɜ. ɗɬɢ 

ɞɚɧɧɵɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɪɚ-

ɛɨɬɵ ɡɜɟɧɚ ɤɚɬɤɨɜ.  

4. ȼɵɱɢɫɥɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɨɤɚɡɚɬɟɥɢ ɭɩɥɨɬɧɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦ 

ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ (ɋɋV, RMV, ɋMV). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɥɟɧɚ 

ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɚ ɨɬɟɱɟɫɬ-

ɜɟɧɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɤɚɬɤɚɯ ɫɢɫɬɟɦɭ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ 

ɩɨɤɚɡɚɬɟɥɟ ɋMV, ɤɚɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ. 
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