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ɩɨ ɩɪɨɛɥɟɦɚɦ ɯɢɦɢɢ ɢ ɮɢɡɢɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ; ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ 
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The properties of gypsum composites obtained on the basis of the natural gypsum stone 

of the Novomoskovsk field located in the Tula region are investigated. When molding them, 

mixtures of gypsum powders with a particle size distribution optimized from the conditions for 

obtaining maximum strength were used. The structure of the composite is formed under the 

conditions of the convergence of gypsum grains over distances of short-range forces due to the 

application of external pressure. Its use allows to provide high performance characteristics of 

the material: strength, density, water resistance. 

 

Keywords: gypsum, phase contacts, interaction forces, structure of a gypsum stone, 

molding, hardening, properties 

 

ȼɜɟɞɟɧɢɟ. ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɚ-

ɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɫɜɨɞɹɬ ɨɛɨɛɳɺɧɧɨ ɩɪɨɰɟɫɫ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟ-

ɦɟ ɞɜɭɜɨɞɧɵɣ ɝɢɩɫ – ɜɨɞɚ ɤ ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ ɠɢɞɤɨɣ ɮɚɡɟ 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɩɟɪɟɫɵɳɟɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɫɛɥɢɠɟɧɢɸ ɡɟɪɟɧ ɢɫ-

ɯɨɞɧɨɝɨ ɞɜɭɜɨɞɧɨɝɨ ɝɢɩɫɚ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɠɞɭ ɧɢɦɢ ɮɚɡɨɜɵɯ ɤɨɧɬɚɤɬɨɜ, 

ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜ ɞɚɥɶɧɟɣɲɟɦ – ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ Д1Ж.  

ɂɫɫɥɟɞɨɜɚɬɟɥɹɦɢ Д2, 3Ж ɩɪɟɞɥɚɝɚɸɬɫɹ ɢ ɢɧɵɟ ɩɨɞɯɨɞɵ ɤ ɬɟɨɪɟɬɢɱɟ-

ɫɤɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɬɨɥɳɢɧɵ ɩɥɟɧɨɤ ɪɚɫɬɜɨɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɞɪɨɮɢɥɶɧɵɯ ɱɚɫɬɢɰ. ɉɪɢ ɦɟ-

ɯɚɧɢɱɟɫɤɨɦ ɩɨɞɠɢɦɟ, ɩɨ ɦɧɟɧɢɸ Д3, 4, 5Ж, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɩɪɟɨɛɥɚ-
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ɞɚɧɢɸ ɫɢɥ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɩɪɢɬɹɠɟɧɢɸ ɱɚɫɬɢɰ ɞɪɭɝ ɤ ɞɪɭɝɭ ɢ ɩɨɹɜɥɟɧɢɸ 

ɭ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ. ɇɨ ɩɪɢ ɷɬɨɦ ɨɬɦɟɱɚɟɬɫɹ ɜɥɢɹɧɢɟ 

ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɚɤɬɨɜ ɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɢ ɝɪɚɧɭɥɨ-

ɦɟɬɪɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɨɱɧɨɫɬɶ ɞɢɫɩɟɪɫɧɵɯ ɝɢɩɫɨɜɵɯ ɫɬɪɭɤɬɭɪ ɡɚɜɢɫɢɬ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬ ɱɢɫɥɚ ɤɨɧɬɚɤɬɨɜ ɧɚ ɟɞɢɧɢɱɧɨɣ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ. ɉɪɢ 

ɷɬɨɦ ɱɢɫɥɨ ɤɨɧɬɚɤɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɢ ɫɩɨɫɨɛɚ ɢɯ ɭɩɚɤɨɜɤɢ 

[4, 6, 7].  

Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟ 

ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɞɢɝɢɞɪɚɬɚ, ɹɜɥɹɟɬɫɹ ɢ ɞɚɜɥɟɧɢɟ ɩɪɟɫɫɨɜɚɧɢɹ. ȼ ɫɥɭɱɚɟ 

ɤɨɧɬɚɤɬɧɨ-ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɜɟɪɞɟɧɢɹ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɞɜɭɜɨɞɧɨɝɨ ɝɢɩɫɚ 

ɜɟɥɢɱɢɧɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɫɛɥɢɠɟɧɢɟ ɱɚɫɬɢɰ ɧɚ ɪɚɫɫɬɨɹɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɮɚɡɨɜɵɯ  

ɤɨɧɬɚɤɬɨɜ, ɫ ɭɱɟɬɨɦ ɫɢɥ ɬɪɟɧɢɹ  ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɟɪɟɧ ɝɢɩɫɚ ɞɪɭɝ ɨɛ ɞɪɭɝɚ 

ɢ ɨ ɫɬɟɧɤɢ ɮɨɪɦɭɸɳɟɣ ɦɚɲɢɧɵ (ɩɪɟɫɫ-ɮɨɪɦɵ) Д1Ж. ɗɬɢɦ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 

ɨɛɨɫɧɨɜɵɜɚɸɬ ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɱɧɨɫɬɢ Д8Ж. ɂɡ-

ɜɟɫɬɧɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɝɢɩɫɨɜɵɯ ɢɡɞɟɥɢɣ ɩɭɬɟɦ ɩɪɟɫɫɨɜɚɧɢɹ ɫɦɟɫɢ ɩɨɥɭɜɨɞ-

ɧɨɝɨ ɝɢɩɫɚ ɢ ɜɨɞɵ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 120 Ɇɉɚ. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ 

ɦɚɫɫɵ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɟɟ ɫ ɜɨɞɨɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜɢɛɪɚɰɢɟɣ. ɉɪɨɱɧɨɫɬɶ 

ɝɢɩɫɨɜɨɝɨ ɤɚɦɧɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɞɚɧɧɵɦ ɫɩɨɫɨɛɨɦ, ɫɨɫɬɚɜɢɥɚ 60-80 Ɇɉɚ. 

Ɉɞɧɚɤɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɫɩɨɫɨɛ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɟɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ Д8Ж. ɂɡ-

ɜɟɫɬɟɧ ɬɚɤɠɟ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɦɟɬɨɞɨɦ ɩɪɟɫɫɨɜɚɧɢɹ ɩɨɥɭɫɭɯɢɯ 

ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɝɢɩɫɨɜɨɝɨ ɜɹɠɭɳɟɝɨ. ɇɨ ɩɨɥɭɱɚɟɦɵɟ ɷɬɢɦ ɫɩɨɫɨɛɨɦ ɢɡ-

ɞɟɥɢɹ ɧɟɞɨɥɝɨɜɟɱɧɵ ɢ ɪɚɡɪɭɲɚɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ 

ɧɚɩɪɹɠɟɧɢɣ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɮɨɪɦ ɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɞɨɥ-

ɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɢɡɞɟɥɢɣ, ɩɪɢ ɮɨɪɦɨɜɚɧɢɢ ɜɨɡɧɢɤɚɸɳɢɟ ɧɚɩɪɹɠɟ-

ɧɢɹ ɧɟ ɬɨɥɶɤɨ ɧɟ ɪɚɡɪɭɲɚɸɬ ɩɨɥɭɱɚɟɦɭɸ ɫɬɪɭɤɬɭɪɭ, ɧɨ ɢ ɭɩɥɨɬɧɹɸɬ ɟɟ Д8Ж. 

ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɨɥɭɫɭɯɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜ-

ɥɟɧɢɹ ɢɡɞɟɥɢɣ ɧɚ ɨɫɧɨɜɟ ɞɜɭɜɨɞɧɨɝɨ ɝɢɩɫɚ, ɤɚɤ ɩɪɢɪɨɞɧɨɝɨ, ɬɚɤ ɢ ɬɟɯɧɨ-

ɝɟɧɧɨɝɨ. ȼɟɥɢɱɢɧɚ ɩɪɟɫɫɭɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
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ɧɚ ɩɪɨɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɩɨɥɭɫɭɯɢɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɞɜɭ-

ɜɨɞɧɨɝɨ ɮɨɫɮɨɝɢɩɫɚ ɫ ɞɨɛɚɜɤɨɣ ɩɨɥɭɜɨɞɧɨɝɨ ɝɢɩɫɚ Д8Ж. ȼɜɟɞɟɧɢɟ ɞɨɛɚɜɤɢ 

ɩɨɥɭɝɢɞɪɚɬɚ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɞɚɜɥɟɧɢɟ ɩɪɟɫɫɨɜɚɧɢɹ ɞɨ 

10…20 Ɇɉɚ, ɧɨ ɭɫɥɨɠɧɹɟɬ ɬɟɯɧɨɥɨɝɢ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ. 

Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɜɨɞɧɨɝɨ ɩɪɢ-

ɪɨɞɧɨɝɨ ɢɥɢ ɬɟɯɧɨɝɟɧɧɨɝɨ ɝɢɩɫɚ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɩɪɟɫɫɨɜɚɧɧɨɝɨ ɦɚɬɟ-

ɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɫɭɯɨɣ ɫɵɪɶɟɜɨɣ ɫɦɟɫɢ ɛɟɡ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɢɯ ɞɨ-

ɛɚɜɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɩɟɪɩɪɟɫɫɨɜɚɧɢɹ. 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɚɜɥɟɧɢɹ ɩɪɟɫ-

ɫɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɟɡɨɛɠɢɝɨɜɵɯ ɝɢɩɫɨ-

ɜɵɯ ɢɡɞɟɥɢɣ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɪɨɞɧɨɝɨ ɝɢɩɫɨɜɨɝɨ 

ɤɚɦɧɹ ɇɨɜɨɦɨɫɤɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɍɭɥɶɫɤɨɣ ɨɛɥɚɫɬɢ. ɋɨɝɥɚɫɧɨ ɩɚɫ-

ɩɨɪɬɧɵɦ ɞɚɧɧɵɦ ɜ ɫɨɫɬɚɜɟ ɩɪɢɪɨɞɧɨɝɨ ɝɢɩɫɨɜɨɝɨ ɤɚɦɧɹ 3 ɫɨɪɬɚ ɩɪɢɫɭɬɫɬ-

ɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɨɤɫɢɞɵ ɢ ɜɨɞɚ (ɦɚɫɫ., %): CКO – 30,84…32,69; SO3 – 

38…44,79; SiO2 – 0,84…5,78; Al2O3 – 0,21…1,48; Fe2O3 – 0,16…0,45; MgO – 

0,47…2,39, ɜɨɞɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɚɹ – 17,7…19,8.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɧɚɪɧɨɣ ɫɵɪɶɟɜɨɣ ɫɦɟɫɢ  ɧɚ ɨɫɧɨɜɟ ɩɨɪɨɲɤɨɜ, ɫɨɨɬ-

ɜɟɬɫɬɜɭɸɳɢɯ ɩɨ ɬɨɧɤɨɫɬɢ ɩɨɦɨɥɚ ɝɢɩɫɨɜɵɦ ɜɹɠɭɳɢɦ ɝɪɭɛɨɝɨ ɢ ɬɨɧɤɨɝɨ 

ɩɨɦɨɥɚ, ɩɪɨɢɡɜɨɞɢɥɢ ɩɨɦɨɥ, ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 

ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ ɞɨ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɫɦɟɫɢ. 

Ɏɨɪɦɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢɡ ɩɨɥɭɫɭɯɨɣ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɩɨɪɨɲɤɨɜ ɩɪɨ-

ɢɡɜɨɞɢɥɨɫɶ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ. Ⱦɚɜɥɟɧɢɟ ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɨɬ 30 ɞɨ 

300 Ɇɉɚ. ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨɫɥɟ 7 ɫɭɬɨɤ 

ɬɜɟɪɞɟɧɢɹ ɜɨ ɜɥɚɠɧɵɯ ɭɫɥɨɜɢɹɯ. Ɉɛɪɚɡɰɵ ɢɫɩɵɬɵɜɚɥɢɫɶ ɤɚɤ ɜ ɟɫɬɟɫɬɜɟɧ-

ɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɢ ɜ ɫɭɯɨɦ (ɜɵɫɭɲɟɧɧɨɦ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ). ɋɪɟɞɧɹɹ 

ɩɥɨɬɧɨɫɬɶ ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɝɢɩɫɨɜɵɯ ɤɨɦɩɨɡɢɬɨɜ ɨɰɟɧɢɜɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɨɞɢɤ ɢ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ ɩɨ ȽɈɋɌ 23789. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɬ ɜɟɥɢɱɢ-

ɧɵ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. Ɋɚɫɯɨɠɞɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨ-

ɫɬɢ ɤɨɦɩɨɡɢɬɚ ɜ ɫɭɯɨɦ ɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ  ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 

40 %.  ɉɪɢ ɩɨɜɵɲɟɧɢɢ  ɩɪɟɫɫɭɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɬ 30 ɞɨ 200 Ɇɉɚ ɩɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ ɤɨɦɩɨɡɢɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɞɨɫɬɢɝɚɹ ɦɚɤɫɢɦɭɦɚ – 58 Ɇɉɚ. ɉɨ-

ɜɵɲɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɤ ɪɨɫɬɨɦ ɩɥɨɬɧɨ-

ɫɬɢ ɦɚɬɟɪɢɚɥɚ ɡɚ ɫɱɟɬ ɩɪɢɥɨɠɟɧɧɨɝɨ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɭɜɟɥɢɱɟɧɢɟɦ 

ɱɢɫɥɚ ɤɨɧɬɚɤɬɨɜ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɫɜɵɲɟ 200 Ɇɉɚ ɧɚɛɥɸɞɚɟɬɫɹ 

ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɨɥɭɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟ ɫɧɹɬɢɹ ɧɚ-

ɝɪɭɡɤɢ ɩɪɨɢɫɯɨɞɢɬ ɭɩɪɭɝɨɟ ɪɚɫɲɢɪɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɫ ɪɚɡɪɭɲɟɧɢɟɦ ɱɚɫɬɢ 

ɤɨɧɞɟɧɫɚɰɢɨɧɧɨ-ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɤɨɧɬɚɤɬɨɜ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɩ-

ɬɢɦɚɥɶɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟ ɜ ɞɢɚɩɚɡɨɧɟ 

150…200 Ɇɉɚ.  
 

 
 

Ɋɢɫ. 1. ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɢɹ ɧɚ ɩɪɨɱɧɨɫɬɶ ɛɟɡɨɛɠɢɝɨɜɨɝɨ  
ɦɚɬɟɪɢɚɥɚ, ɢɫɩɵɬɚɧɧɨɝɨ: 1 – ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ, 2 – ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 



8 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɧɟɷɮɮɟɤɬɢɜɧɨ ɜɫɥɟɞɫɬɜɢɟ 

ɪɚɡɭɩɥɨɬɧɟɧɢɹ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ. ȼ ɬɚɛɥ. ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɡɨɛɠɢɝɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ (ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɨɱɧɨɫɬɢ) ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚ-

ɧɢɹ – 200 Ɇɉɚ. 

 

Ɉɫɧɨɜɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɦɩɨɡɢɬɚ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ  
ɞɜɭɜɨɞɧɨɝɨ ɝɢɩɫɚ 

ɉɨɤɚɡɚɬɟɥɢ ɫɜɨɣɫɬɜ ɢɡɞɟ-
ɥɢɣ 

ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɣ Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɫɜɨɣɫɬɜ 

ɋɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɫɠɚɬɢɢ 

ȼɨɞɨɫɬɨɣɤɨɫɬɶ 

ɤɝ/ɦ3 

Ɇɉɚ 

 

 

2200 

58,16 

 

0,48 

 

ɉɪɢɦɟɧɟɧɢɟ ɝɢɩɟɪɩɪɟɫɫɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɥɨɬɧɨɫɬɶ ɢ ɜɨ-

ɞɨɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ ɱɚɫɬɢɰ ɢ ɫɧɢɠɟɧɢɹ 

ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɭɱɚɟɦɨɣ ɫɬɪɭɤɬɭɪɵ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢ-

ɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɪɟɫɫɨɜɚɧɧɨɝɨ ɝɢɩɫɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞ-

ɧɨɝɨ ɞɜɭɜɨɞɧɨɝɨ ɝɢɩɫɚ ɇɨɜɨɦɨɫɤɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ 

ɧɚ ɪɢɫ. 2.  

 

 

Ɋɢɫ. 2. ɋɬɪɭɤɬɭɪɚ ɛɟɡɨɛɠɢɝɨɜɨɝɨ ɩɪɟɫɫɨɜɚɧɧɨɝɨ ɤɚɦɧɹ 
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ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɫɬɪɭɤɬɭɪɵ ɜɢɞɧɨ, ɱɬɨ ɤ ɛɨɥɟɟ 

ɤɪɭɩɧɵɦ ɝɢɩɫɨɜɵɦ ɡɟɪɧɚɦ ɫɦɨɝɥɢ ɩɪɢɪɚɫɬɢ ɬɨɥɶɤɨ ɬɚɤɢɟ ɡɟɪɧɚ ɞɢɝɢɞɪɚɬɚ,  

ɤɨɬɨɪɵɟ ɩɨ ɫɜɨɟɣ ɨɪɢɟɧɬɚɰɢɢ, ɚ ɝɥɚɜɧɨɟ – ɪɚɡɦɟɪɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɟɫɬɭ 

ɥɨɤɚɥɢɡɚɰɢɢ ɦɟɠɞɭ ɤɪɭɩɧɵɦɢ ɤɪɢɫɬɚɥɥɚɦɢ. 

Ⱥɧɚɥɢɡ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɛɟɡɨɛɠɢɝɨɜɨɝɨ ɤɨɦɩɨɡɢɬɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫ. 3, ɩɨɞɬɜɟɪɞɢɥ ɩɪɟɜɚɥɢɪɨɜɚɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɤɪɢ-

ɫɬɚɥɥɨɜ ɞɜɭɜɨɞɧɨɝɨ ɝɢɩɫɚ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɧɝɢɞɪɢɬɚ ɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɬɜɟɪ-

ɞɟɸɳɟɣ ɩɪɟɫɫɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɨɥɭɜɨɞɧɨɝɨ ɝɢɩɫɚ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ 

ɩɨɞɬɜɟɪɠɞɚɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜ ɫɢɫɬɟɦɟ ɞɢ-

ɝɢɞɪɚɬɚ ɫɭɥɶɮɚɬɚ ɤɚɥɶɰɢɹ ɜ ɭɫɥɨɜɢɹɯ ɝɢɩɟɪɩɪɟɫɫɨɜɚɧɢɹ. 

 

 

Ɋɢɫ. 3. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɚ ɝɢɩɫɨɜɨɝɨ ɩɪɟɫɫɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ, ɫɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɵɦ ɢɫɫɥɟɞɨ-

ɜɚɧɢɹɦ, ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɨɜɵɲɚɟɬɫɹ ɫ 1195 ɞɨ 2200 ɤɝ/ɦ3 
 ɩɪɢ ɨɞɧɨ-

ɜɪɟɦɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɩɨɤɚɡɚɬɟɥɟɣ ɜɨɞɨɫɬɨɣɤɨɫɬɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɦɹɝ-

ɱɟɧɢɹ ɪɚɫɬɟɬ ɨɬ 0,28 ɞɨ 0,58 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɨɬ 30 ɞɨ 200 Ɇɉɚ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɫɫɨɜɚɧɧɵɣ ɜɵɫɨɤɨɩɪɨɱɧɵɣ ɝɢɩɫɨɜɵɣ ɦɚɬɟɪɢɚɥ, ɩɨ ɫɜɨ-
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ɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɨ-

ɨɬɜɟɬɫɬɜɭɟɬ ɦɟɥɤɨɲɬɭɱɧɵɦ ɫɬɟɧɨɜɵɦ ɢɡɞɟɥɢɹɦ, ɩɪɟɜɨɫɯɨɞɹ ɦɧɨɝɢɟ ɢɡ ɧɢɯ 

ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɟɬɨɞ ɩɨɥɭɫɭɯɨɝɨ ɝɢɩɟɪɩɪɟɫɫɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨ-

ɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɫɢɧɬɟɡɚ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɝɢɩɫɨɜɵɯ ɢɡɞɟɥɢɣ. 

ɉɪɨɱɧɨɫɬɶ ɛɟɡɨɛɠɢɝɨɜɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ ɝɢɩɫɨɜɨɝɨ ɤɚɦ-

ɧɹ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɟɯɧɨɝɟɧɧɨɝɨ ɞɢɝɢɞɪɚɬɚ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟɦ, ɧɚ ɤɨɬɨɪɨɟ ɫɛɥɢɠɚɸɬɫɹ ɡɟɪɧɚ ɞɢɝɢɞɪɚɬɚ ɩɭɬɟɦ 

ɩɪɢɥɨɠɟɧɢɹ ɩɪɟɫɫɭɸɳɟɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɜɧɭɬɪɢɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɥ. ɉɨɥɭɱɟɧɢɟ ɤɨɦɩɨɡɢɬɨɜ ɤɨɧɬɚɤɬɧɨ-ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ 

ɬɜɟɪɞɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɚɤ ɩɪɢɪɨɞɧɨɝɨ, ɬɚɤ ɢ ɬɟɯɧɨɝɟɧɧɨɝɨ ɫɵɪɶɹ ɩɨ ɷɧɟɪɝɨ-

ɫɛɟɪɟɝɚɸɳɟɣ ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɟɬ ɢɫɤɥɸɱɚɬɶ ɧɟ ɬɨɥɶɤɨ ɩɪɨɰɟɫɫ ɨɛɠɢɝɚ ɝɢɩɫɨ-

ɜɨɝɨ ɤɚɦɧɹ ɢ ɫɢɧɬɟɡɚ ɩɨɥɭɜɨɞɧɨɝɨ ɝɢɩɫɚ, ɧɨ ɫɭɲɤɢ ɝɨɬɨɜɵɯ ɢɡɞɟɥɢɣ, ɩɨ-

ɫɤɨɥɶɤɭ ɞɥɢɬɟɥɶɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɛɭɞɟɬ ɨɛɟɫ-

ɩɟɱɢɜɚɬɶ ɩɨɜɵɲɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɢɡɞɟɥɢɣ.  

 

Ɂɚɤɥɸɱɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɩɟɪɩɪɟɫɫɨɜɚɧɢɹ ɞɥɹ 

ɫɢɧɬɟɡɚ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɞɢɝɢɞɪɚɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɧɵɟ ɷɤɫ-

ɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɡɨɛɠɢɝɨɜɨɦɭ ɤɚɦɧɸ. ɍɠɟ ɩɪɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɢ ɜɟɥɢɱɢɧɵ ɩɪɟɫɫɭɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɨɪɹɞɤɚ 30 Ɇɉɚ ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ 

ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɤɨɧɬɚɤɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɞɢɝɢɞɪɚɬɚ. ɂɫɩɨɥɶɡɨɜɚ-

ɧɢɟ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɥɢɲɶ ɜ 

ɨɛɨɫɧɨɜɚɧɧɵɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɦɚɬɟɪɢɚɥɭ (ɢɥɢ ɩɨ-

ɥɭɩɪɨɞɭɤɬɭ) ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

Ɍɟɯɧɨɥɨɝɢɹ ɛɟɡɨɛɠɢɝɨɜɵɯ ɝɢɩɫɨɜɵɯ ɢɡɞɟɥɢɣ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚ-

ɧɚ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɡɚɜɨɞɚɯ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɦɟɥɤɨɲɬɭɱɧɵɯ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɟɫɫɨɜɨɟ ɨɛɨɪɭɞɨ-

ɜɚɧɢɟ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɞɧɨɜɪɟɦɟɧ-

ɧɨ ɪɚɫɲɢɪɢɬɶ ɧɨɦɟɧɤɥɚɬɭɪɭ ɜɵɩɭɫɤɚɟɦɵɯ ɢɡɞɟɥɢɣ. 
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The needs of the construction complex of the Russian Federation require the develop-

ment of technologies of gas-filled concrete. Critical analysis of the performance properties of 

aerated concrete and fibropenobetonov showed that the latter is better, but have limitations on 

the type of equipment used. From the consideration of the performance characteristics of foam 

concrete mixers it follows that suitable for the manufacture of mixtures of dispersion-

reinforced fibers are only tuprbulentnye. The measure of the effectiveness of their use in the 

construction industry is regulated by the volume of the mixing flask. 

 

Keywords: concrete mix, fibropenobetona mixture, one-step technology, a turbulent mixer 

 

ȼɜɟɞɟɧɢɟ. Ɋɚɡɜɢɬɢɟ ɢ ɫɬɢɦɭɥɢɪɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɢɥɭɱɲɢɯ ɞɨɫɬɭɩɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɩɨɞɞɟɪɠɤɚ 

ɦɚɥɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɛɢɡɧɟɫɚ, ɧɟɞɨɩɭɳɟɧɢɟ ɦɨɧɨɩɨɥɢɡɚɰɢɢ ɨɬɞɟɥɶɧɵɯ ɪɵɧ-

ɤɨɜ ɢ ɪɚɡɜɢɬɢɟ ɜɧɭɬɪɢɨɬɪɚɫɥɟɜɨɣ ɤɨɧɤɭɪɟɧɰɢɢ – ɜɨɬ ɜɚɠɧɟɣɲɢɟ ɫɬɪɚɬɟɝɢ-

ɱɟɫɤɢɟ ɩɪɢɨɪɢɬɟɬɵ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ Ɋɨɫɫɢɢ Д1Ж. ɉɪɨɢɡɜɨɞɫɬɜɨ 

ɛɟɬɨɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɨɞɧɨɝɨ ɢɡ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɜɢɞɨɜ 

ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ, ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɬɪɟɦɢɬɟɥɶɧɨ ɫɨɜɟɪɲɟɧɫɬɜɭɟɬɫɹ 

[2, 3Ж. ɋɭɳɟɫɬɜɭɸɳɢɟ ɜ ɊɎ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ ɷɧɟɪ-

ɝɨɫɛɟɪɟɝɚɸɳɢɣ ɩɨɞɯɨɞ ɤ ɜɵɛɨɪɭ ɫɬɟɧɨɜɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 

ɜɫɟɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Д3Ж. 

ɋɚɦɵɦɢ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɫ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ Д4, 5Ж ɹɜɥɹɸɬɫɹ ɝɚɡɨ-

ɧɚɩɨɥɧɟɧɧɵɟ ɛɟɬɨɧɵ (ɝɚɡɨ- ɢ ɩɟɧɨɛɟɬɨɧɵ). Ɍɟɯɧɨɥɨɝɢɹ ɝɚɡɨɫɢɥɢɤɚɬɚ ɫ ɫɟ-

ɪɟɞɢɧɵ ɏɏ ɜɟɤɚ ɩɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɜɫɟɣ ɬɟɪɪɢ-

ɬɨɪɢɢ ɩɥɚɧɟɬɵ ɩɨɬɨɦɭ, ɱɬɨ ɞɥɹ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɦɟɟɬɫɹ ɞɨɫɬɭɩɧɨɟ ɫɵɪɶɟ ɢ 
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ɩɪɨɢɡɜɨɞɢɬɫɹ ɷɮɮɟɤɬɢɜɧɨɟ ɢ ɧɚɞɟɠɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Д6, 7Ж. Ɉɞɧɚɤɨ, ɤɥɢɦɚ-

ɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɊɎ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɠɟɫɬɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɸ ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɟɛɭɸɬ ɨɬ ɷɧɟɪɝɨɫɛɟɪɟ-

ɝɚɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ  ɩɨɜɵɲɟɧɧɨɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɜɬɨɤɥɚɜɧɵɦɢ ɝɚɡɨɫɢɥɢ-

ɤɚɬɚɦɢ, ɩɪɨɱɧɨɫɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɢɡɝɢɛ Д8,9Ж. 

ɉɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɚɤɢɦ ɦɚɬɟɪɢɚɥɨɦ, ɤɨɬɨɪɵɣ ɨɩ-

ɬɢɦɚɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ: 

- ɫɨɜɪɟɦɟɧɧɵɦ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ; 

- ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɪɟɝɢɨɧɨɜ 

Ɋɨɫɫɢɢ; 

- ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦ ɪɟɫɭɪɫɨ- ɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɮɢɛɪɨɩɟ-

ɧɨɛɟɬɨɧ (ɎɉȻ) ɛɟɡɚɜɬɨɤɥɚɜɧɨɝɨ ɬɜɟɪɞɟɧɢɹ Д10Ж. 

 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɚɧɚɥɢɡ 

 

Ɏɢɛɪɨɩɟɧɨɛɟɬɨɧ, ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɬɟɯɧɨɥɨɝɢɢ ɩɟɧɨɛɟɬɨɧɚ 

ɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɨɫɥɟɞɧɟɝɨ ɧɚɥɢɱɢɟɦ ɜɨɥɨɤɧɢɫɬɨɣ ɞɢɫɩɟɪɫɧɨɣ ɚɪɦɚɬɭɪɵ ɜ 

ɫɬɪɭɤɬɭɪɟ ɦɟɠɩɨɪɨɜɵɯ ɩɟɪɟɝɨɪɨɞɨɤ. ɇɚɥɢɱɢɟ ɮɢɛɪɵ ɜ ɪɟɰɟɩɬɭɪɟ ɩɟɧɨɛɟ-

ɬɨɧɧɵɯ ɫɦɟɫɟɣ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɪɟ-

ɲɚɬɶ, ɤɚɤ ɪɹɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ (ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɚɹ ɢ ɚɝɪɟɝɚɬɢɜɧɚɹ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɦɟɫɟɣ), ɬɚɤ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ: 

- ɩɨɜɵɲɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɢɡɝɢɛ Д9Ж; 

- ɩɨɧɢɠɟɧɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Д11Ж; 

- ɪɟɝɭɥɢɪɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɨ- ɢ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ Д7Ж; 

- ɩɨɧɢɠɟɧɧɚɹ ɫɨɪɛɰɢɨɧɧɚɹ ɜɥɚɠɧɨɫɬɶ Д10Ж; 

- ɩɨɜɵɲɟɧɧɚɹ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ Д12Ж. 

Ⱦɢɫɩɟɪɫɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɩɟɧɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɜɨɥɨɤɧɚɦɢ ɜ ɪɚɡɵ ɩɨ-

ɜɵɲɚɟɬ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɧɨɛɟɬɨɧɚ ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɤɚ-

ɱɟɫɬɜɟɧɧɵɟ ɢɡɞɟɥɢɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ, ɤɨɬɨɪɵɟ ɞɨɫɬɨɣɧɨ ɤɨɧɤɭɪɢɪɭɸɬ ɫ ɚɜɬɨ-

ɤɥɚɜɧɵɦ ɝɚɡɨɛɟɬɨɧɨɦ Д9-12Ж. ɇɨ ɷɬɨ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤɨ ɦɧɨɝɢɦ ɬɪɭɞɧɨɫɬɹɦ 
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ɜ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɪɚɞɢ-

ɰɢɨɧɧɨɣ ɞɜɭɯ ɫɬɚɞɢɣɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɩɪɢɦɟɧɟ-

ɧɢɟɦ ɩɟɧɨɝɟɧɟɪɚɬɨɪɨɜ. ȼ ɬɚɤɢɯ ɫɦɟɫɢɬɟɥɹɯ ɮɢɛɪɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɵ-

ɪɶɹ ɧɚɥɢɩɚɟɬ ɧɚ ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ ɫɦɟɫɢɬɟɥɹ (ɤɨɦɤɭɟɬɫɹ) ɢ ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢ-

ɚɥ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɫɵɪɶɹ ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ, 

ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. 

ɉɨɷɬɨɦɭ ɫ ɤɨɧɰɚ ɏɏ ɜɟɤɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɢɫɩɟɪɫɧɨ ɚɪɦɢɪɨɜɚɧɧɵɯ 

ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɩɪɢɦɟɧɹɸɬ ɬɭɪɛɭɥɟɧɬɧɵɟ ɫɦɟɫɢɬɟɥɢ Д13Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨ-

ɬɟ ɩɪɨɜɟɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɵɧɤɟ ɤɨɧɫɬɪɭɤɰɢɣ 

ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɢɯ ɷɧɟɪɝɨɟɦɤɨɫɬɢ. 

ɗɧɟɪɝɨɟɦɤɨɫɬɶ – ɷɬɨ ɨɛɴɟɦ ɬɪɚɬ ɷɧɟɪɝɢɢ ɢɥɢ ɬɨɩɥɢɜɚ ɧɚ ɜɵɩɨɥɧɹɟ-

ɦɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɡɚɩɚɫ ɫɢɫɬɟɦɵ ɜɵɱɢɫɥɹɟɬɫɹ 

ɤɚɤ ɩɨɤɚɡɚɬɟɥɶ ɫɨɨɬɧɨɲɟɧɢɹ ɢɫɩɨɥɶɡɭɟɦɨɣ ɷɧɟɪɝɢɢ ɤ ɜɟɥɢɱɢɧɟ, ɜɵɪɚɠɚɸ-

ɳɟɣ ɢɬɨɝ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ Д14Ж. ɗɧɟɪɝɨɟɦɤɨɫɬɶ – ɷɬɨ ɩɨɤɚɡɚɬɟɥɶ, ɤɨɬɨɪɵɣ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɭɪɨɜɟɧɶ ɢ ɩɥɨɞɨɬɜɨɪɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɟɫɭɪɫɨɜ (ɷɥɟɤɬɪɨ-

ɷɧɟɪɝɢɢ ɢɥɢ ɬɨɩɥɢɜɚ) ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ⱦɚɧɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧ-

ɤɪɟɬɧɨɝɨ ɜɢɞɚ ɩɪɨɢɡɜɨɞɢɦɵɯ ɢɡɞɟɥɢɣ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɢ: 

- ɈɈɈ «ɋɬɪɨɣɆɟɯɚɧɢɤɚ», ɝ. Ɍɭɥɚ, ɋɤɨɪɨɫɬɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɫɦɟɫɢ-

ɬɟɥɶ ȼȿɄɌɈɊ 1000 ɫ ɩɧɟɜɦɨɡɚɳɢɬɨɣɚɤɬɢɜɚɬɨɪɧɨɝɨ ɜɚɥɚ. Ɉɛɴɟɦ ɩɨɥɭɱɚɟ-

ɦɨɝɨ ɛɟɬɨɧɚ – 1000 ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 15 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 

10 ɤɭɛ. ɦ/ɱ; 

- ɈɈɈ «ɗɤɨɫɬɪɨɣɦɚɬɟɪɢɚɥɵ», ɝ. Ȼɟɥɝɨɪɨɞ, ɉɟɧɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ 

ɋɉȻɍ-1000-Ɇ Ʌɸɤɫ-ɗɤɫɩɨɪɬ. Ɉɛɴɟɦ ɩɨɥɭɱɚɟɦɨɝɨ ɛɟɬɨɧɚ – 1000 ɥ, ɷɧɟɪɝɨ-

ɩɨɬɪɟɛɥɟɧɢɟ – 15 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 7 ɤɭɛ. ɦ/ɱ; 

- ɈɈɈ «ɋɬɪɨɣɆɟɯɚɧɢɤɚ», ɝ. Ɍɭɥɚ, ɋɦɟɫɢɬɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɢɩɚ 

ɇȺȼɂȽȺɌɈɊ V3 ɫ ɩɧɟɜɦɨɡɚɳɢɬɨɣ ɚɤɬɢɜɚɬɨɪɧɨɝɨ ɜɚɥɚ. Ɉɛɴɟɦ ɩɨɥɭɱɚɟɦɨ-
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ɝɨ ɛɟɬɨɧɚ – 750 ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 11 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 

6 ɤɭɛ. ɦ/ɱ; 

- ɈɈɈ «ɋɬɪɨɣɆɟɯɚɧɢɤɚ», ɝ. Ɍɭɥɚ, ɋɤɨɪɨɫɬɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɫɦɟɫɢ-

ɬɟɥɶ ȼȿɄɌɈɊ 500 ɫ ɩɧɟɜɦɨɡɚɳɢɬɨɣ ɚɤɬɢɜɚɬɨɪɧɨɝɨ ɜɚɥɚ. Ɉɛɴɟɦ ɩɨɥɭɱɚɟɦɨ-

ɝɨ ɛɟɬɨɧɚ – 500ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 11 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 

4 ɤɭɛ. ɦ/ɱ; 

- ɈɈɈ «ȻȺɁȺ ɋɆ», ɝ. Ȼɚɬɚɣɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., ɋɦɟɫɢɬɟɥɶ ɬɭɪɛɭ-

ɥɟɧɬɧɨɝɨ ɬɢɩɚ ɎɉȻ-1500 ɫ ɩɧɟɜɦɨɡɚɳɢɬɨɣ ɚɤɬɢɜɚɬɨɪɧɨɝɨ ɜɚɥɚ.Ɉɛɴɟɦ ɩɨ-

ɥɭɱɚɟɦɨɝɨ ɛɟɬɨɧɚ – 1500 ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 30 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ-

ɧɨɫɬɶ – 11,25 ɤɭɛ.ɦ/ɱ; 

- ɈɈɈ «ɋȺɊɆȺɌ-ɌɈɊɇȺȾɈ», ɝ. Ȼɚɬɚɣɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ. Ɍɨɪɧɚɞɨ 

ɎɉȻ-500Ɇ – ɦɨɛɢɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɨɛɨɪɭɞɨɜɚɧɧɚɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɞɨɡɚɬɨ-

ɪɨɦ ɜɨɞɵ ɢ ɫɤɢɩɨɜɵɦ ɡɚɝɪɭɡɨɱɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɉɛɴɟɦ ɩɨɥɭɱɚɟɦɨɝɨ ɛɟɬɨɧɚ – 500 ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 22 ɤȼɬ, ɩɪɨɢɡɜɨ-

ɞɢɬɟɥɶɧɨɫɬɶ – 7,2 ɤɭɛ. ɦ/ɱ; 

- ɉɪɟɞɩɪɢɹɬɢɟ «ɆȿɌȿɆ», ɝ. ɉɟɪɦɶ, ɉɟɧɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ ɆȿɌȿɆ-

1000 + ɩɟɧɨɝɟɧɟɪɚɬɨɪ ɉȽ-Ⱥȼ-02, ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ. Ɉɛɴɟɦ 

ɩɨɥɭɱɚɟɦɨɝɨ ɛɟɬɨɧɚ – 1000 ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 5,5 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ-

ɧɨɫɬɶ – 7 ɤɭɛ. ɦ/ɱ; 

- ɈɈɈ «ɉɉ «Ɋɨɛɭɫ», ɝ. ɉɟɪɦɶ, ɋɦɟɫɢɬɟɥɶ ɞɥɹ ɝɚɡɨɛɟɬɨɧɚ 

«750GB».Ɉɛɴɟɦ ɩɨɥɭɱɚɟɦɨɝɨ ɛɟɬɨɧɚ – 750 ɥ, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ – 7,5 ɤȼɬ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 6 ɤɭɛ. ɦ/ɱ. 

Ⱦɚɧɧɵɟ ɨ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ ɜɡɹɬɵ ɢɡ 

ɨɮɢɰɢɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɦɢ. Ⱥɧɚɥɢɡ ɩɚɪɚ-

ɦɟɬɪɨɜ ɦɨɳɧɨɫɬɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɚɫ-

ɩɨɪɬɧɵɯ ɞɚɧɧɵɯ ɫɭɞɢɬɶ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɟɬɨɧɚ ɞɨɜɨɥɶɧɨ 

ɬɪɭɞɧɨ (ɬɚɛɥ.). 

Ɋɚɫɱɟɬɧɨɟ ɜɪɟɦɹ ɰɢɤɥɚ (ɬɚɛɥ.) ɦɟɧɶɲɟɟ 8 ɦɢɧɭɬ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸ-

ɱɢɬɶ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɨɫɬɨɜɟɪɧɵ. Ɉɫɧɨɜɚɧɢɟɦ 

ɞɥɹ ɬɚɤɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɫɥɭɠɚɬ ɪɟɡɭɥɶɬɚɬɵ ɤɨɧɬɪɨɥɹ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɜɬɨ-
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ɪɚɦɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ, ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ, 

ɱɬɨ ɨɫɭɳɟɫɬɜɢɬɶ ɡɚɝɪɭɡɤɭ ɫɵɪɶɹ ɜ ɪɚɛɨɬɚɸɳɢɣ ɫɦɟɫɢɬɟɥɶ ɛɵɫɬɪɟɟ, ɱɟɦ ɡɚ 

1 ɦɢɧɭɬɭ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. ɉɪɨɰɟɫɫ ɝɚɡɨɜɨɜɥɟɱɟɧɢɹ ɩɨ ɞɚɧ-

ɧɵɦ Д15Ж ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɟɟ 6 ɦɢɧɭɬ, ɬɚɤ ɤɚɤ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɝɪɟɝɚɬɢɜ-

ɧɨ ɢ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨ-ɭɫɬɨɣɱɢɜɨɣ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɟɧɨɛɟɬɨɧɧɵɯ 

ɫɦɟɫɟɣ ɢɦɟɟɬ 2 ɷɬɚɩɚ. ɂ ɟɫɥɢ ɡɚɜɟɪɲɢɬɶ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ, 

ɬɨ ɫɨɯɪɚɧɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɜɨɜɥɟɱɟɧɧɨɣ ɞɢɫɩɟɪɫɧɨɣ ɝɚɡɨɜɨɣ ɮɚɡɵ 

ɧɟɜɨɡɦɨɠɧɨ. ɉɟɧɨɛɟɬɨɧ, ɫɯɜɚɬɵɜɚɧɢɟ ɰɟɦɟɧɬɚ ɜ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 

ɜ ɭɫɥɨɜɢɹɯ ɤɨɚɥɟɫɰɟɧɰɢɢ ɩɟɧɧɵɯ ɩɥɟɧɨɤ, ɛɭɞɟɬ ɧɟɨɞɧɨɪɨɞɧɵɦ ɩɨ ɨɛɴɟɦɭ 

ɢ ɨɛɥɚɞɚɬɶ ɧɢɡɤɨɣ ɩɪɨɱɧɨɫɬɶɸ. 
 

ȼɚɠɧɟɣɲɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɧɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ 
Ɇɚɪɤɚ ɦɨɞɟɥɢ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ V ɗ ɉ N Tɰ 

ɎɉȻ-1500, Ȼɚɡɚ ɋɆ, Ȼɚɬɚɣɫɤ 1,5 30 11,25 7,5 8,00 

ȼɟɤɬɨɪ - 1000, ɋɬɪɨɣɦɟɯɚɧɢɤɚ 1 15 10 10 6,00 

ɋɉȻɍ-1000Ɇ, ɗɤɨɫɬɪɨɣɦɚɬɟɪɢɚɥɵ 1 15 7 7 8,57 

ɇɚɜɢɝɚɬɨɪ V3, ɋɬɪɨɣɦɟɯɚɧɢɤɚ 0,75 11 6 8 7,50 

ȼɟɤɬɨɪ - 500, ɋɬɪɨɣɦɟɯɚɧɢɤɚ 0,5 11 4 8 7,50 

ɎɉȻ - 500Ɇ, ɋɚɪɦɚɬ-Ɍɨɪɧɚɞɨ 0,5 22 7,2 14,4 4,17 

Robus 750GB 0,75 7,5 6 8 7,50 

ɆȿɌȿɆ-1000, Ɇɟɬɟɦ 1 5,5 7 7 8,57 

 

ɉɪɢɦɟɱɚɧɢɹ: 

V – ɟɦɤɨɫɬɶ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ, ɦ3
; 

ɗ – ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ, ɤȼɬ; 
ɉ – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɦ3/ɱɚɫ; 
N – ɱɢɫɥɨ ɡɚɦɟɫɨɜ ɡɚ 1 ɱɚɫ ɪɚɛɨɬɵ ɫɦɟɫɢɬɟɥɹ; 
Tɰ – ɪɚɫɱɟɬɧɨɟ ɜɪɟɦɹ (ɦɢɧɭɬɵ) ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɰɢɤɥɚ (ɞɨɡɢɪɨɜɚɧɢɟ ɫɵɪɶɹ, 

ɝɨɦɨɝɟɧɢɡɚɰɢɹ ɢ ɜɵɝɪɭɡɤɚ ɜ ɮɨɪɦɵ). 
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɬɚɤɢɯ ɫɦɟɫɢɬɟɥɟɣ ɞɨɫɬɢɱɶ ɡɚɹɜɥɟɧ-

ɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟɜɨɡɦɨɠɧɨ. ɇɨ ɨɛɜɢɧɹɬɶ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ ɧɟ ɫɥɟɞɭɟɬ. Ɉɧɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɨɛ-

ɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɵɦ ɨɛɴɟɦɨɦ ɡɧɚɧɢɣ ɜ ɬɟɯɧɨɥɨɝɢɢ ɩɟɧɨɛɟɬɨɧɨɜ ɢ ɨɛ ɨɛɴɟ-

ɦɟ ɩɨɥɭɱɚɟɦɵɯ ɜ ɫɦɟɫɢɬɟɥɹɯ ɦɚɬɟɪɢɚɥɨɜ ɫɭɞɹɬ ɩɨ ɩɟɪɜɨɦɭ ɷɬɚɩɭ ɜɨɡɞɭɯɨ-

ɜɨɜɥɟɱɟɧɢɹ. 

ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɩɟɧɨɛɟɬɨɧɚ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɫɦɟɫɢɬɟɥɟ ɜɨɡɞɭɯɨɜɨɜɥɟ-
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ɱɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ. ɋɤɨ-

ɪɨɫɬɶ ɩɨɬɨɤɚ ɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɨɣ ɫɭɫɩɟɧɡɢɢ ɧɚɫɬɨɥɶɤɨ ɜɟɥɢɤɚ, ɱɬɨ ɡɚɯɜɚ-

ɱɟɧɧɵɣ ɜ ɩɪɨɰɟɫɫɟ ɟɺ ɜɪɚɳɟɧɢɹ ɜɨɡɞɭɯ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɢ 

ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜ ɧɟɣ ɦɨɥɟɤɭɥɚɦɢ ɉȺȼ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɧɨɨɛɪɚɡɨɜɚɧɢɸ 

ɢ ɫɨɡɞɚɧɢɸ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɟɧɨɛɟɬɨɧɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɛɨɬɚ ɩɨ 

ɫɨɡɞɚɧɢɸ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɢ ɫɜɹɡɵɜɚɧɢɟ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ ɜ ɩɟɧɭ ɬɪɟɛɭ-

ɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɩɨɷɬɨɦɭ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɬɭɪɛɭ-

ɥɟɧɬɧɵɯ ɫɦɟɫɢɬɟɥɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ, ɱɟɦ ɭ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫ ɩɟɧɨɝɟɧɟ-

ɪɚɬɨɪɨɦ. ɉɪɢ ɜɜɟɞɟɧɢɢ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɜ ɩɪɨɰɟɫɫɟ ɬɭɪɛɭɥɟɧɬɧɨɝɨ 

ɫɦɟɲɢɜɚɧɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɫɢɥɵ ɦɟɧɶɲɟ ɫɞɜɢɝɨɜɵɯ ɫɢɥ ɩɨɬɨɤɚ ɩɪɢ 

ɬɭɪɛɭɥɟɧɬɧɨɦ ɫɦɟɲɢɜɚɧɢɢ, ɩɨɷɬɨɦɭ ɞɢɫɩɟɪɫɧɚɹ ɚɪɦɚɬɭɪɚ, ɯɨɬɶ ɢ ɫɤɥɨɧɧɚ ɤ 

ɤɨɦɤɨɜɚɧɢɸ, ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɛɴɟɦɟ ɩɟɧɨɫɦɟɫɢ.   

ɍɱɢɬɵɜɚɹ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ, ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɥɟ-

ɞɭɟɬ ɩɪɢɡɧɚɬɶ ɬɪɭɞɨɴɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɟɞɢɧɢɰɵ ɨɛɴɟɦɚ ɛɟɬɨɧɚ (ɪɢɫ.).  

ɇɚ ɝɪɚɮɢɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɱɟɥɨɜɟɤɨ-ɫɦɟɧɚɯ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ 1000 ɦ3. ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣ-

ɲɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ ɜ ɬɟɯɧɨɥɨ-

ɝɢɢ ɩɟɧɨɛɟɬɨɧɨɜ ɹɜɥɹɟɬɫɹ ɨɛɴɟɦ ɡɚɦɟɫɚ. 
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Ɂɚɤɥɸɱɟɧɢɟ. Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɩɟɧɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɢɡɝɨ-

ɬɨɜɥɟɧɢɹ ɩɟɧɨ- ɢ ɮɢɛɪɨɩɟɧɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɨɛɥɚɞɚɸɬ ɬɭɪɛɭɥɟɧɬɧɵɟ. 

ɉɪɢɱɟɦ, ɱɟɦ ɛɨɥɶɲɟ ɨɛɴɟɦ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɨɥɛɵ, ɬɟɦ ɧɢɠɟ ɬɪɭɞɨɟɦɤɨɫɬɶ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɟɬɨɧɚ.  
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ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɞɨɛɚɜɨɤ-ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɰɟ-

ɦɟɧɬɧɵɯ ɫɦɟɫɟɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɨɣ 3D ɩɟɱɚɬɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɹɡɤɨ-ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɢɫɫɥɟɞɭɟɦɵɯ ɫɦɟɫɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɩɪɟɞɟɥɵ ɩɨɥɡɭɱɟɫɬɢ ɢ ɬɟɤɭɱɟɫɬɢ, 

ɤɪɢɬɟɪɢɣ ɷɥɚɫɬɢɱɧɨɫɬɢ, ɚ ɞɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɰɟɦɟɧɬɧɵɯ ɫɦɟɫɟɣ ɤ ɞɟɣɫɬɜɢɸ ɧɚ-

ɝɪɭɡɤɢ – ɫɬɪɭɤɬɭɪɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɛɚɜɤɢ-

ɷɥɟɤɬɪɨɥɢɬɵ – ɩɢɪɨɮɨɫɮɚɬ ɤɚɥɢɹ ɢ ɧɚɬɪɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ – ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟ-

ɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ ɰɟɦɟɧɬɧɵɯ ɫɢɫɬɟɦ, ɧɨ ɫɧɢɠɚɸɬ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɞɟɣɫɬɜɢɸ ɧɚɝɪɭɡ-

ɤɢ. ɉɪɢ ɷɬɨɦ ɩɢɪɨɮɨɫɮɚɬ ɤɚɥɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɨɞɢɮɢɤɚɬɨɪɨɦ ɰɟ-

ɦɟɧɬɧɵɯ ɫɦɟɫɟɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɨɣ 3D ɩɟɱɚɬɢ, ɩɨɫɤɨɥɶɤɭ ɫɩɨɫɨɛɟɧ ɩɪɢɞɚɜɚɬɶ ɢɦ ɩɥɚ-

ɫɬɢɱɧɨɫɬɶ ɛɟɡ ɫɧɢɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɜ ɫɨ-

ɫɬɚɜɟ ɬɚɤɢɯ ɫɦɟɫɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢɡ-ɡɚ ɟɝɨ ɧɟɨɞɧɨɡɧɚɱɧɨɝɨ ɜɥɢɹɧɢɹ 

ɧɚ ɢɯ ɫɬɪɭɤɬɭɪɧɭɸ ɩɪɨɱɧɨɫɬɶ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɪɨɢɬɟɥɶɧɵɟ ɫɦɟɫɢ ɞɥɹ 3D ɩɟɱɚɬɢ, ɞɨɛɚɜɤɢ-ɷɥɟɤɬɪɨɥɢɬɵ, ɪɟɨ-
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The article considered information about influence of additives-electrolytes on the 

rheological properties of cement mixtures for building 3D printing. To estimate the visco-

plastic properties of investigated mixtures experimentally determined creep and fluidity limits, 

the criterion of elasticity, and to assess the resistance of cement mixtures to load – structural 

strength and plastic deformation. It is established that additives-electrolytes – potassium pyro-

phosphate and liquid glass – contribute to increase the plasticity of cement systems, but reduce 

their resistance to load. Herewith, potassium pyrophosphate is the most effective modifier of 

cement mixes for building 3D printing, so far as it is capable of imparting plasticity to a mix-

ture without reducing its structural strength. The use of liquid glass in the composition of that 

mixtures seems to be inexpedient due to its uncertain influence on the structural strength of the 

mixtures. 

 

Keywords: building mixtures for 3D printing, additives-electrolytes, rheological cha-

racteristics, plastic strength, yield strength 

 

ȼɜɟɞɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɞɞɢɬɢɜɧɵɟ 3D ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɢɥɢ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ. Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ 3D ɬɟɯɧɨɥɨɝɢɹɦ ɜ ɫɬɪɨɢɬɟɥɶɫɬ-

ɜɟ ɨɛɭɫɥɨɜɥɟɧ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɥɢɱɧɨɣ 

ɝɟɨɦɟɬɪɢɢ, ɱɬɨ ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɷɫɬɟɬɢɱɟɫɤɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠ-

ɧɨɫɬɢ Д1, 2Ж.  
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ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɚɞɞɢɬɢɜɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɪɚɡɜɢɜɚɸɬ-

ɫɹ ɜ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ Д1Ж:  

1. Slipforming – ɮɨɪɦɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɨɦɟɧɬ ɫɯɜɚ-

ɬɵɜɚɧɢɹ ɛɟɬɨɧɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɢɧɚɦɢɱɟɫɤɢ ɫɨɡɞɚɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɤɨɧɫɬɪɭɤ-

ɰɢɢ ɩɨ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɛɟɡ ɨɩɚɥɭɛɤɢ; 

2. D-shape – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɧɚɧɟɫɟɧɢɟ ɫɥɨɟɜ ɧɚɩɨɥɧɢɬɟɥɹ ɢ 

ɫɜɹɡɭɸɳɟɝɨ, ɢɯ ɨɬɜɟɪɠɞɟɧɢɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɛɴɟɤɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɝɨ 3D 

ɦɨɞɟɥɶɸ; 

3. 3D-ɩɟɱɚɬɶ – ɢɡɝɨɬɨɜɥɟɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɫ ɬɪɟɛɭɟɦɵɦɢ 

ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɟɟ ɩɨɫɥɨɣɧɨɟ ɧɚɧɟɫɟɧɢɟ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɨɛɴɟɤɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɝɨ 3D ɦɨɞɟɥɶɸ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɫɪɟɞɢ ɩɟɪɟɱɢɫɥɟɧ-

ɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɥɶɡɭɟɬɫɹ 3D ɩɟɱɚɬɶ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɥɭɱɢɬɶ ɨɛɴɟɤɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ, ɛɟɡ ɞɟɮɟɤɬɨɜ, ɨɛɥɚɞɚɸɳɢɣ ɜɵɫɨɤɢ-

ɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨɱɧɨɫɬɢ. ɉɨɥɭɱɟɧɢɟ ɬɚɤɨɝɨ ɢɡɞɟɥɢɹ ɫɜɹɡɚɧɨ ɧɟ ɬɨɥɶɤɨ ɫ 

ɩɪɨɰɟɫɫɨɦ ɩɟɱɚɬɢ, ɧɨ ɢ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɫɦɟɫɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜɚɠɧɨɣ ɹɜɥɹ-

ɟɬɫɹ ɩɪɨɛɥɟɦɚ ɩɨɞɛɨɪɚ ɫɨɫɬɚɜɨɜ ɫɦɟɫɟɣ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɟ ɢɯ ɫɜɨɣɫɬɜ ɢ ɩɨ-

ɜɟɞɟɧɢɹ ɜɨ ɜɪɟɦɹ ɢ ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɩɟɱɚɬɢ. 

Ⱥɧɚɥɢɡ ɩɪɨɰɟɫɫɚ 3D ɩɟɱɚɬɢ Д3Ж ɩɨɡɜɨɥɹɟɬ ɫɬɪɭɤɬɭɪɢɪɨɜɚɬɶ ɩɪɨɛɥɟɦɭ 

ɫɨɡɞɚɧɢɹ ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɞɚɧɧɨɦɭ ɩɪɨɰɟɫɫɭ ɫɦɟɫɟɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɫɥɟɞɭɸɳɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ: 

 ɩɪɨɛɥɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɹɡɤɨ-ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɦɟɫɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɩɨɞɚɱɢ ɤ ɫɨɩɥɭ ɩɪɢɧɬɟɪɚ ɢ ɷɤɫɬɪɭɡɢɢ (ɷɤɫɬɪɭɞɢɪɭɟɦɨɫɬɶ); 

 ɩɪɨɛɥɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɫɦɟɫɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ ɩɨɫɥɨɣɧɨɣ ɭɤɥɚɞɤɢ ɛɟɡ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ (ɮɨɪɦɨɭɫɬɨɣɱɢ-

ɜɨɫɬɶ); 

 ɩɪɨɛɥɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɬɜɟɪɞɟɧɢɹ ɤɨɦɩɨɡɢɬɚ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫɤɨɪɨɫɬɢ ɧɚɛɨɪɚ ɩɪɨɱɧɨɫɬɢ ɫɨ 

ɫɤɨɪɨɫɬɶɸ ɩɟɱɚɬɢ ɡɞɚɧɢɹ; 

 ɩɪɨɛɥɟɦɚ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɨɜ ɫɦɟɫɟɣ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
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ɜɹɡɤɨɫɬɢ, ɩɥɚɫɬɢɱɧɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɬɜɟɪɞɟɧɢɹ ɢ ɩɪɨɱɧɨɫɬɢ ɞɥɹ ɤɨɦɩɨɡɢɬɨɜ 

ɪɚɡɥɢɱɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɬɪɨɢ-

ɬɟɥɶɫɬɜɟ.  

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɦɟɫɢ ɧɚ ɤɚɠɞɨɦ ɢɡ ɷɬɚ-

ɩɨɜ ɩɪɨɰɟɫɫɚ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ 3D ɩɟɱɚɬɢ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨ-

ɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɢɡɞɟɥɢɹ, ɜɚɠɧɨ ɪɚɫɩɨɥɚɝɚɬɶ ɢɧɮɨɪɦɚɰɢɟɣ ɨ 

ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɫɢɫɬɟɦɵ.  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ N. RШЮЬЬОХ’К ɢ A. PОЫЫШЭ’ɚ 4-6 ɭɫɬɚɧɨɜɥɟɧɨ, ɚ ɜ ɧɚ-

ɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɜɟɪɢɮɢɰɢɪɨɜɚɧɨ 7, ɱɬɨ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɰɟɧɤɢ 

ɷɤɫɬɪɭɞɢɪɭɟɦɨɫɬɢ ɢ ɮɨɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ ɹɜɥɹɸɬɫɹ ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɞɚɜɥɢɜɚ-

ɧɢɟ ɜɹɡɤɨ-ɩɥɚɫɬɢɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ 

ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɬɪɭɡɢɢ ɢ ɩɪɢ ɩɟɱɚɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɪɢ 

ɷɬɨɦ ɧɚɦɢ ɨɛɨɫɧɨɜɚɧɨ, ɱɬɨ ɷɤɫɬɪɭɞɢɪɭɟɦɨɫɬɶ ɫɦɟɫɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɢɦɢ 

ɢɯ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɤɚɤ ɨɰɟɧɤɢ ɩɪɟɞɟɥɨɜ 

ɩɨɥɡɭɱɟɫɬɢ Ki(I) ɢ ɬɟɤɭɱɟɫɬɢ Ki(II), ɤɪɢɬɟɪɢɣ ɷɥɚɫɬɢɱɧɨɫɬɢ λ. Ʉ ɤɨɥɢɱɟɫɬ-

ɜɟɧɧɵɦ ɤɪɢɬɟɪɢɹɦ ɮɨɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɧɟɫɟɧɵ: ɜɟɥɢɱɢɧɚ ɫɬɪɭɤɬɭɪɧɨɣ 

ɩɪɨɱɧɨɫɬɢ σ0, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ ɞɟ-

ɮɨɪɦɢɪɨɜɚɧɢɸ, ɜɟɥɢɱɢɧɵ ɩɥɚɫɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ σɩɥ ɢ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟ-

ɮɨɪɦɚɰɢɣ ∆ɩɥ, ɨɬɪɚɠɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɥɚɫɬɢɱɟɫɤɢ ɞɟɮɨɪɦɢɪɨ-

ɜɚɬɶɫɹ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɚɦɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ɞɥɹ 3D ɩɟɱɚɬɢ ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɜ 

ɢɫɯɨɞɧɭɸ ɫɵɪɶɟɜɭɸ ɫɦɟɫɶ ɞɨɛɚɜɨɤ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɧɹɬɶ ɫɜɨɣɫɬɜɚ 

ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɟ «ɰɟɦɟɧɬ + ɜɨɞɚ», 

ɬɟɦ ɫɚɦɵɦ ɜɥɢɹɹ ɧɚ ɟɟ ɜɹɡɤɨ-ɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɚɝɪɟɝɚɬɢɜɧɭɸ ɭɫɬɨɣ-

ɱɢɜɨɫɬɶ 8, 9. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ 

ɞɨɛɚɜɨɤ-ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɰɟɦɟɧɬɧɨɣ ɫɦɟɫɢ ɞɥɹ 3D 

ɩɟɱɚɬɢ. 
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɰɟɦɟɧɬɧɨɣ ɫɦɟɫɢ ɞɥɹ 3D ɩɟɱɚɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɪɬ-

ɥɚɧɞɰɟɦɟɧɬ CEM I 42.5 (ȽɈɋɌ 30515-2016), ɬɟɯɧɢɱɟɫɤɭɸ ɜɨɞɭ – ȼ, ɫɭɩɟɪ-

ɩɥɚɫɬɢɮɢɤɚɬɨɪ – ɋɉ (ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɤɚɪɛɨɤɫɢɥɚɬɧɵɯ ɷɮɢɪɨɜ), ɞɨɛɚɜɤɢ-

ɷɥɟɤɬɪɨɥɢɬɵ ɩɢɪɨɮɨɫɮɚɬ ɤɚɥɢɹ – ɉɎɄ (Ʉ4Ɋ2Ɉ7, «ɬɟɯ.», Ɍɍ 6-09-3539-74) ɢ 

ɧɚɬɪɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ – ɀɋ (NК2SiO3, «ɬɟɯ.», ȽɈɋɌ 13078-81).  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɢɫɬɟɦɵ, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜ-

ɥɟɧ ɜ ɬɚɛɥ. 1.  

 

Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

№ 

ɫɢɫɬɟɦɵ 

Ɉɛɨɡɧɚɱɟɧɢɟ 

ɫɢɫɬɟɦɵ 

ɂɫɯɨɞɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ 

ɫɢɫɬɟɦɵ 

ȼɚɪɶɢɪɭɟɦɵɟ ɪɟɰɟɩɬɭɪɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 

ɮɚɤɬɨɪɵ 

ωɋɉ, % ωɆȼ, % ȼ/ɐ 

1 ɐ – ȼ 
ɐɟɦɟɧɬ, 

ɇ2Ɉ 
- - 

0,28 

0,27 

0,26 

0,25 

0,24 

2 ɐ – ȼ – ɋɉ 

ɐɟɦɟɧɬ, 
ɇ2Ɉ, 
ɋɉ 

0,2 - 

0,26 

0,25 

0,24 

0,23 

0,22 

3 ɐ – ȼ – ɋɉ – ɉɎɄ 

ɐɟɦɟɧɬ, 
ɇ2Ɉ, 
ɋɉ, 

Ʉ4Ɋ2Ɉ7 

0,2 0,2 

0,26 

0,25 

0,24 

0,23 

0,22 

4 ɐ – ȼ – ɋɉ – ɀɋ 

ɐɟɦɟɧɬ, 
ɇ2Ɉ, 
ɋɉ, 

Na2SiO3 

0,2 0,2 

0,25 

0,24 

0,23 

0,22 

 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɜɟɠɟɨɬɮɨɪɦɨɜɚɧɧɵɟ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɰɟɦɟɧɬɧɨɝɨ ɬɟɫɬɚ ɪɚɡɦɟɪɨɦ R = h0 = 25 ɦɦ. ɂɡɝɨ-

ɬɚɜɥɢɜɚɥɨɫɶ 5 ɨɛɪɚɡɰɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɧɚɱɚɥɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɜɢɡɭɚɥɶɧɚɹ 

ɨɰɟɧɤɚ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɯɪɚɧɹɬɶ ɮɨɪɦɭ ɩɪɢ ɭɤɥɚɞɤɟ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. Ɂɚɬɟɦ 
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ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɞɚɜɥɢɜɚɸɳɢɯ ɬɟɫɬɨɜ ɤɚɠɞɵɣ ɨɬɞɟɥɶɧɵɣ ɨɛɪɚɡɟɰ ɩɨɦɟ-

ɳɚɥɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɝɥɚɞɤɢɦɢ ɩɥɚɫɬɢɧɚɦɢ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɨ-

ɜɚɥ ɪɚɡɦɟɪɭ ɨɛɪɚɡɰɚ (ɪɢɫ. 1), ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɢɫɬɟɦɵ INSTRON 5982. 

 

 
 

Ɋɢɫ. 1. ɗɬɚɩɵ ɩɪɨɜɟɞɟɧɢɹ ɫɞɚɜɥɢɜɚɸɳɟɝɨ ɬɟɫɬɚ 

ɚ) ɧɚɱɚɥɨ ɢɫɩɵɬɚɧɢɹ; ɛ) ɧɚɱɚɥɨ ɫɞɚɜɥɢɜɚɧɢɹ; ɜ) ɩɨɥɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 

 

ɋɞɚɜɥɢɜɚɸɳɢɣ ɬɟɫɬ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ N. Roussel'ɚ ɩɪɨɢɡɜɨɞɢɥɫɹ ɞɥɹ 

ɫɜɟɠɟɨɬɮɨɪɦɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜɫɟɯ ɫɟɪɢɣ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɟɮɨɪ-

ɦɢɪɨɜɚɧɢɹ 5 ɦɦ/ɫ, ɬɚɤ ɤɚɤ ɩɪɢ ɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚɢ-

ɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɬɪɭɡɢɢ 4-

6. ɉɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ɤɪɢɜɵɟ «ɧɚɝɪɭɡɤɚ P  ɩɟɪɟɦɟɳɟɧɢɟ 

Δ» ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɥɢɫɶ ɜ ɜɢɞɟ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢɜɟɞɟɧɧɨɣ ɧɚɝɪɭɡɤɢ 

F* ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɜɵɫɨɬɵ ɨɛɪɚɡɰɚ hi/R (ɫɨɨɬɧɨɲɟɧɢɟ 1): 
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Ⱦɥɹ ɬɨɱɟɤ ɩɟɪɟɝɢɛɚ ɧɚ ɞɚɧɧɨɣ ɤɪɢɜɨɣ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɜɟɥɢɱɢɧɚ Ki ɫɨ-

ɝɥɚɫɧɨ ɫɨɨɬɧɨɲɟɧɢɸ (2): 
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R
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K i  .                                              (2) 

 

ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɰɟɧɤɢ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɫɢɫɬɟɦ ɩɪɢɦɟɧɹɥɢ ɤɪɢɬɟɪɢɣ ɷɥɚɫɬɢɱɧɨɫɬɢ λ (ɫɨɨɬɧɨɲɟɧɢɟ 3) ɝɟɬɟɪɨɝɟɧɧɨɣ 

ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ, ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɧɵɣ ɇ.ɇ. Ʉɪɭɝɥɢɰɤɢɦ 10 

 

21

1

EE

E


 ,                                                    (3) 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɨɬɧɨɲɟɧɢɟ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ȿ1 ɢ ȿ2, ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɯ ɩɪɨɹɜɥɟɧɢɸ ɞɟɮɨɪɦɚɰɢɣ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɨɝɨ 

ɬɟɱɟɧɢɹ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ. Ɋɚɫɱɟɬ ɢɯ ɜɟɥɢɱɢɧ ɩɪɨɢɡɜɟɞɟɧ ɫɨɝɥɚɫɧɨ ɫɨ-

ɨɬɧɨɲɟɧɢɹɦ 4 ɢ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
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hIK
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                                                   (4) 
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                                                  (5) 

ɝɞɟ h0 – ɬɨɥɳɢɧɚ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɥɨɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɚɱɚɥɶɧɨɣ ɜɵɫɨɬɟ 

ɨɛɪɚɡɰɚ, 0 – ɛɵɫɬɪɚɹ ɷɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɜ ɩɟɪɜɨɣ ɬɨɱɤɟ ɩɟɪɟɝɢɛɚ 

ɤɪɢɜɨɣ F* = f(hi/R), 2 – ɦɟɞɥɟɧɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɪɢ ɞɨɫɬɢɠɟ-

ɧɢɢ ɜɬɨɪɨɣ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ ɤɪɢɜɨɣ F*= f(hi/R). 

Ⱦɥɹ ɫɟɪɢɣ ɨɛɪɚɡɰɨɜ, ɤɨɬɨɪɵɟ ɜɢɡɭɚɥɶɧɨ ɫɨɯɪɚɧɹɥɢ ɮɨɪɦɭ, ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɝɪɭɠɟɧɢɹ 0,5 ɇ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬ-
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ɫɬɜɭɟɬ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɨɡɪɚɫɬɚɧɢɹ ɧɚɝɪɭɡɤɢ ɩɪɢ ɩɟɱɚɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɨɛɴɟɤɬɨɜ ɩɪɨɦɵɲɥɟɧɧɨ ɩɪɨɢɡɜɨɞɢɦɵɦɢ ɩɪɢɧɬɟɪɚɦɢ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɱɟɪɟɡ 10, 30 ɢ 60 ɦɢɧɭɬ ɩɨɫɥɟ ɮɨɪɦɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ. ɗɤɫɩɟɪɢɦɟɧɬ 

ɩɪɨɜɨɞɢɥɫɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɹ ɮɢɤɫɢɪɨɜɚɥɢɫɶ 

ɤɪɢɜɵɟ «ɩɟɪɟɦɟɳɟɧɢɟ ∆ – ɜɪɟɦɹ Э». Ɂɧɚɱɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢɫ-

ɫɥɟɞɭɟɦɵɯ ɫɢɫɬɟɦ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ (6): 

 

2
R

P


  .                                                      (6) 

 

ȼ ɬɨɱɤɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɱɚɥɭ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɪɚɫɫɱɢɬɵɜɚɥɢ 

ɫɬɪɭɤɬɭɪɧɭɸ ɩɪɨɱɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɱɚɥɭ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ, ɚ 

ɬɚɤɠɟ ɩɥɚɫɬɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɜɹɡɤɨ-

ɩɥɚɫɬɢɱɧɵɯ ɨɛɪɚɡɰɨɜ. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ 

ɫɢɫɬɟɦ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɨɥɡɭɱɟɫɬɢ Ki(I) ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ 

ȼ/ɐ-ɨɬɧɨɲɟɧɢɹ, ɬ. ɤ. ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɩɟɪɫɧɨɣ 

ɮɚɡɵ ɜ ɫɢɫɬɟɦɟ (ɬɚɛɥ. 2, ɪɢɫ. 2, 3). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɫɢɫɬɟ-

ɦɵ ɹɜɥɹɸɬɫɹ ɩɥɚɫɬɢɱɧɵɦɢ ɢ ɧɟ ɬɟɪɹɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɡɧɚɱɟɧɢɹɯ  

λ = 0,5-0,6, ɷɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɇ.ɇ. Ʉɪɭɝɥɢɰɤɢɦ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ λ < 0,5 ɫɢɫɬɟɦɵ ɬɟɪɹɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɩɪɚɤɬɢ-

ɱɟɫɤɢ ɫɪɚɡɭ ɩɨɫɥɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚɱɢɧɚɟɬɫɹ ɢɯ ɬɟɱɟɧɢɟ, ɚ ɩɪɢ λ > 

0,6 ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɭɫɬɨɣɱɢɜɵɦɢ, ɧɨ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ. Ɍɚɤɢɟ 

ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɠɟɫɬɤɢɟ, ɱɬɨ ɦɨɠɟɬ ɡɚɬɪɭɞɧɢɬɶ ɢɯ 

ɷɤɫɬɪɭɡɢɸ. 

Ɍɚɤ, ɞɥɹ ɫɢɫɬɟɦɵ «ɐ – ȼ» ɡɧɚɱɟɧɢɹ Ki(I) ɫɨɫɬɚɜɥɹɸɬ 0,24-3,98 ɤɉɚ, 

ɩɪɢ ɷɬɨɦ ɞɥɹ ɭɫɬɨɣɱɢɜɵɯ ɫɢɫɬɟɦ ɡɧɚɱɟɧɢɹ λ = 0,51-0,59. 
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Ɍɚɛɥɢɰɚ 2 

ɂɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɰɟɦɟɧɬɧɵɯ ɫɢɫɬɟɦ 

№ 

ɫɢɫɬɟ-
ɦɵ 

ȼ/ɐ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ 

Ki(I), 

ɤɉɚ 
Ki(II), ɤɉɚ λ 

0, 

ɤɉɚ 

ɩɥ, 
ɤɉɚ 

Δɩɥ, 

ɦɦ 

1 

0,28 0,24 ɋɢɫɬɟɦɚ ɬɟɪɹɟɬ ɭɩɪɭɝɨ-

ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɭɫ-
ɬɨɣɱɢɜɨɫɬɶ, ɩɪɢɨɛɪɟɬɚɟɬ ɬɟɤɭɱɟɫɬɶ 
ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚɝɪɭɠɟɧɢɹ 

ɩɪɢ F*< 0.3 ɤɉɚ 

- - - 

0,27 0,26 0,22 57,41 5,05 

0,26 2,06 4,39 0,51 - - - 

0,25 3,38 5,96 0,55 0,28 36,84 3,32 

0,24 3,98 7,49 0,59 0,87 45,22 1,85 

2 

0,26 0,24 ɋɢɫɬɟɦɚ ɬɟɪɹɟɬ ɭɩɪɭɝɨ-

ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɭɫ-
ɬɨɣɱɢɜɨɫɬɶ, ɩɪɢɨɛɪɟɬɚɟɬ ɬɟɤɭɱɟɫɬɶ 
ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚɝɪɭɠɟɧɢɹ 

ɩɪɢ F*< 0,3 ɤɉɚ 

0,49 46,34 2,98 

0,25 0,43 - - - 

0,24 1,06 2,79 0,49 1,10 45,01 1,50 

0,23 2,08 3,22 0,59 2,86 38,84 0,93 

0,22 4,07 4,23 0,78 - - - 

3 

0,26 0,56 0,77 0,68    

0,25 0,72 1,38 0,62    

0,24 0,82 1,60 0,55 0,29 53,66 4,60 

0,23 0,95 3,69 0,50 1,59 45,50 3,05 

0,22 1,78 5,79 0,52 - - - 

4 

0,25 0,45 

ɋɢɫɬɟɦɚ ɬɟɪɹɟɬ ɭɩɪɭɝɨ-

ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɭɫ-
ɬɨɣɱɢɜɨɫɬɶ, ɩɪɢɨɛɪɟɬɚɟɬ ɬɟɤɭɱɟɫɬɶ 
ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚɝɪɭɠɟɧɢɹ 

ɩɪɢ F*< 0,3 ɤɉɚ 

- - - 

0,24 0,61 0,88 0,63 0,45 46,80 3,38 

0,23 1,33 2,24 0,60 0,48 52,52 5,42 

0,22 1,44 3,36 0,55 - - - 

 

ȼ ɫɢɫɬɟɦɟ «ɐ – ȼ – ɋɉ» ɡɧɚɱɟɧɢɹ Ki(I) ɢɡɦɟɧɹɸɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0,24-

4,07 ɤɉɚ, ɩɪɢ ɷɬɨɦ ɭɫɬɨɣɱɢɜɵɦɢ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɫɨ ɡɧɚɱɟɧɢɹɦɢ λ = 0,49-

0,78. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɨɣ ɢ ɩɟɪɟɯɨɞɢɬ ɜ ɫɨɫɬɨɹɧɢɟ 

ɬɟɤɭɱɟɫɬɢ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ȼ/ɐ, ɬɚɤ Ki(I) = 0,24 ɤɉɚ ɞɨɫɬɢɝɚɟɬɫɹ 

ɩɪɢ ȼ/ɐ = 0,26, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɫɢɫɬɟɦɟ «ɐ – ȼ» ɬɚɤɨɟ ɠɟ ɡɧɚɱɟɧɢɟ Ki(I) 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ȼ/ɐ = 0,28 (ɪɢɫ. 3). 
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Ɋɢɫ. 2. Ʉɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢɜɟɞɟɧɧɨɣ ɧɚɝɪɭɡɤɢ F* ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɜɵɫɨɬɵ ɨɛɪɚɡɰɚ Сi/R (ȼ/ɐ = 0,24) 
Ɉɛɨɡɧɚɱɟɧɨ: ◊ -ɐ – ȼ; □ – ɐ – ȼ – ɋɉ; ∆ – ɐ – ȼ – ɋɉ – ɉɎɄ; ○ – ɐ – ȼ – ɋɉ – ɀɋ 

 

Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ «ɐ – ȼ – ɋɉ» ɫɜɹɡɚɧɨ ɫ ɞɟɣɫɬɜɢɟɦ ɋɉ, ɤɨ-

ɬɨɪɵɣ ɚɞɫɨɪɛɢɪɭɹɫɶ ɧɚ ɡɟɪɧɚɯ ɰɟɦɟɧɬɚ, ɫɨɡɞɚɟɬ «ɫɬɟɪɢɱɟɫɤɢɣ» ɷɮɮɟɤɬ ɨɬ-

ɬɚɥɤɢɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɜɜɟɞɟɧɢɢ ɋɉ ɜ ɰɟɦɟɧɬɧɵɟ ɫɢɫɬɟɦɵ ɢɡɦɟɧɹɟɬɫɹ 

ɫɨɫɬɨɹɧɢɟ ɫɨɥɶɜɚɬɧɵɯ ɨɛɨɥɨɱɟɤ ɜɨɞɵ ɱɚɫɬɢɰ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ ɰɟɦɟɧɬɚ. 

ɉɪɢ ɚɞɫɨɪɛɰɢɢ ɋɉ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɣ ɮɚɡɵ ɡɟɪɧɚ ɰɟɦɟɧɬɧɨɝɨ ɤɥɢɧɤɟ-

ɪɚ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɫɨɥɶɜɚɬɧɵɯ ɨɛɨɥɨɱɟɤ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɫɜɨ-

ɛɨɞɧɨɣ ɜɨɞɵ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤ ɫɦɟɫɢ. 

ȼ ɫɢɫɬɟɦɟ «ɐ – ȼ – ɋɉ – ɉɎɄ» ɡɧɚɱɟɧɢɹ Ki(I) ɫɨɫɬɚɜɥɹɸɬ 0,56 – 1,78 

ɤɉɚ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ λ = 0,68 – 0,52. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɨɣ, ɱɟɦ ɫɢɫɬɟɦɚ «ɐ – ȼ – ɋɉ» 

(ɪɢɫ. 2) ɢ ɢɦɟɟɬ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ λ (ɪɢɫ. 3) ɜɨ ɜɫɟɦ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚ-

ɩɚɡɨɧɟ ȼ/ɐ.  

ȼ ɫɢɫɬɟɦɟ «ɐ – ȼ – ɋɉ – ɀɋ» Ki(I) ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 0,45 – 1,44 
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ɤɉɚ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ λ = 0,62 – 0,55 (ɪɢɫ. 2, 3). Ⱦɚɧɧɚɹ ɫɢɫ-

ɬɟɦɚ ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɚ, ɱɟɦ ɫɢɫɬɟɦɵ «ɐ – ȼ – ɋɉ» ɢ «ɐ – ȼ – ɋɉ – ɉɎɄ» ɢ 

ɢɦɟɟɬ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ λ ɜ ɞɢɚɩɚɡɨɧɟ ȼ/ɐ 0,22 – 0,24 (ɬɚɛɥ. 2). 

 

 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ Ki(I) ɨɬ ȼ/ɐ 

Ɉɛɨɡɧɚɱɟɧɨ: ◊ -ɐ – ȼ; □ – ɐ – ȼ – ɋɉ; ∆ – ɐ – ȼ – ɋɉ – ɉɎɄ; ○ – ɐ – ȼ – ɋɉ – ɀɋ 

 

ɉɥɚɫɬɢɱɧɨɫɬɶ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɫɢɫɬɟɦ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɫɨɜɦɟ-

ɫɬɧɵɦ ɞɟɣɫɬɜɢɟɦ ɫɭɩɟɪɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɢ ɞɨɛɚɜɤɢ-ɷɥɟɤɬɪɨɥɢɬɚ.  

ɋɨɝɥɚɫɧɨ ȼ.Ȼ. Ɋɚɬɢɧɨɜɭ ɩɢɪɨɮɨɫɮɚɬ ɤɚɥɢɹ ɢ ɧɚɬɪɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤ-

ɥɨ ɨɬɧɨɫɹɬɫɹ ɤ ɞɨɛɚɜɤɚɦ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ (ɞɨɛɚɜɤɢ-ɷɥɟɤɬɪɨɥɢɬɵ, ɜɫɬɭɩɚɸ-

ɳɢɟ ɫ ɜɹɠɭɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɜ ɨɛɦɟɧɧɵɟ ɪɟɚɤɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɭɞɧɨ-

ɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ) Д11Ж. 

Ⱦɚɧɧɵɟ ɞɨɛɚɜɤɢ-ɷɥɟɤɬɪɨɥɢɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɹɥɢ ɜ ɜɨɞɟ ɡɚ-

ɬɜɨɪɟɧɢɹ, ɝɞɟ ɨɧɢ ɩɨɞɜɟɪɝɚɥɢɫɶ ɩɪɨɰɟɫɫɭ ɝɢɞɪɨɥɢɡɚ.  

Ɋɟɚɤɰɢɹ ɝɢɞɪɨɥɢɡɚ ɫɢɥɢɤɚɬ-ɢɨɧɨɜ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɩɪɨɬɟɤɚɟɬ ɩɨ 

ɫɯɟɦɟ Д12Ж: 

 

SiO3
2‾ + H2O  ɇSТO3‾ + Ɉɇ‾, 

ɇSТO3‾ + H2O  ɇ2SiO3 + Ɉɇ‾. 
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ȼɵɞɟɥɹɸɳɚɹɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɢɞɪɨɥɢɡɚ ɤɪɟɦɧɢɟɜɚɹ ɤɢɫɥɨɬɚ ɫɨɞɟɪɠɢɬ 

ɜ ɫɜɨɺɦ ɫɨɫɬɚɜɟ ɫɢɥɚɧɨɥɶɧɵɟ ɝɪɭɩɩɵ (≡ SТ − OH), ɫɩɨɫɨɛɧɵɟ ɤ ɪɟɚɤɰɢɢ ɩɨ-

ɥɢɤɨɧɞɟɧɫɚɰɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɢɥɨɤɫɚɧɨɜɵɯ ɫɜɹɡɟɣ (≡ SТ − O −SТ ≡). ȼ 

ɩɪɨɰɟɫɫɟ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɨɛɪɚɡɭɸɬɫɹ ɡɚɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɟ ɤɪɟɦɧɢɟɜɵɟ 

ɤɢɫɥɨɬɵ: 
 

(HO)3 ≡ SТ − OH + HO − SТ − (OH)3 ļ (HO)3 ≡ SТ − O − SТ ≡ (OH)3 + H2O. 

 

ɉɢɪɨɮɨɫɮɚɬ-ɢɨɧɵ ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɢɪɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ 

H4P2O7, ɤɨɬɨɪɚɹ ɢɦɟɟɬ P – O – P ɫɜɹɡɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɟɟ 

ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɥɢɧɟɣɧɵɯ ɩɨɥɢɮɨɫɮɨɪɧɵɯ ɤɢɫɥɨɬ ɫɨɫɬɚɜɚ 

Hn+2PnO3n+1 [13]:  

 

P2O7
4-

 + H2O  ɇP2O7
3‾ + Ɉɇ‾, 

ɇP2O7
3‾ + H2O  ɇ2P2O7

2‾ + Ɉɇ‾, 

ɇ2P2O7
2‾ + H2O  ɇ3P2O7‾ + Ɉɇ‾, 

ɇ3P2O7‾ + H2O  ɇ4P2O7 + Ɉɇ‾, 

 

Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɡɚɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, ɞɟɣ-

ɫɬɜɭɸɬ ɩɨɞɨɛɧɨ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɦ ɜɟɳɟɫɬɜɚɦ – ɜɫɬɪɚɢɜɚɹɫɶ ɦɟɠɞɭ 

ɡɟɪɧɚɦɢ ɰɟɦɟɧɬɚ ɩɪɟɩɹɬɫɬɜɭɸɬ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɚɝɭɥɹɰɢɨɧɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜ 

ɫɬɪɭɤɬɭɪɟ ɤɨɦɩɨɡɢɬɚ. ɂ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɡɚɦɟɞɥɹɸɬ ɩɪɨɰɟɫɫɵ ɫɯɜɚɬɵɜɚɧɢɹ 

ɰɟɦɟɧɬɧɨɝɨ ɬɟɫɬɚ, ɨɤɚɡɵɜɚɹ ɩɥɚɫɬɢɮɢɰɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɚ ɢɫɫɥɟɞɭɟɦɵɟ 

ɰɟɦɟɧɬɧɵɟ ɫɦɟɫɢ. ɉɨɫɤɨɥɶɤɭ ɫɢɥɢɤɚɬ-ɢɨɧɵ ɢɦɟɸɬ ɦɟɧɶɲɢɣ ɪɚɡɦɟɪ, ɱɟɦ 

ɩɢɪɨɮɨɫɮɚɬ-ɢɨɧɵ, ɰɟɩɨɱɤɚɦ ɧɚ ɢɯ ɨɫɧɨɜɟ ɝɨɪɚɡɞɨ ɥɟɝɱɟ ɜɫɬɪɨɢɬɶɫɹ ɦɟɠɞɭ 

ɡɟɪɧɚɦɢ ɰɟɦɟɧɬɚ ɢ ɨɛɟɫɩɟɱɢɬɶ ɷɮɮɟɤɬ ɫɤɨɥɶɠɟɧɢɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɦɟɧɬɧɚɹ ɫɦɟɫɶ ɫ ɞɨɛɚɜɤɨɣ ɧɚɬɪɢɟɜɨɝɨ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɹɜ-

ɥɹɟɬɫɹ ɛɨɥɟɟ ɩɥɚɫɬɢɱɧɨɣ, ɱɟɦ ɫ ɞɨɛɚɜɤɨɣ ɩɢɪɨɮɨɫɮɚɬɚ ɤɚɥɢɹ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɞɨɛɚɜɤɢ ɧɟɨɞɧɨɡɧɚɱɧɨ ɜɥɢɹɸɬ ɧɚ 

ɫɬɪɭɤɬɭɪɧɭɸ ɩɪɨɱɧɨɫɬɶ ɰɟɦɟɧɬɧɵɯ ɫɦɟɫɟɣ (ɫɦ. ɬɚɛɥ. 2, ɪɢɫ. 4).  
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɨɬ ɜɪɟɦɟɧɢ (ȼ/ɐ = 0,24, Э = 10 ɦɢɧ) 
Ɉɛɨɡɧɚɱɟɧɨ: 1 – ɐ – ȼ; 2 – ɐ – ȼ – ɋɉ; 3 – ɐ – ȼ – ɋɉ – ɉɎɄ; 4 – ɐ – ȼ – ɋɉ – ɀɋ 

 

ȼ ɫɢɫɬɟɦɟ «ɐ – ȼ» ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ 

ɫɨɫɬɚɜɥɹɟɬ 0,87 ɤɉɚ, ɜ ɫɢɫɬɟɦɟ «ɐ – ȼ – ɋɉ» – 2,86 ɤɉɚ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ 1,85 ɦɦ ɢ 0,93 ɦɦ. ȼɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɨɜ 

ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɰɟɦɟɧɬɧɨɝɨ ɬɟɫɬɚ ɤ ɞɟɣɫɬɜɢɸ ɧɚɝɪɭɡɤɢ. 

ɋɨɝɥɚɫɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɜ ɫɢɫɬɟɦɟ ɫ ɞɨɛɚɜɤɨɣ ɩɢɪɨɮɨɫɮɚɬɚ 

ɤɚɥɢɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 1,59 ɤɉɚ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɧɚɱɟɧɢɟɦ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 3,05 ɦɦ. ȼ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɫɢɫɬɟɦɚ ɫ ɠɢɞɤɢɦ ɫɬɟɤɥɨɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦɢ ɜɟɥɢ-

ɱɢɧɚɦɢ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ 0 (0,48 ɤɉɚ) ɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɩɥɚɫɬɢɱɟ-

ɫɤɢɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ Δɩɥ (5,42 ɦɦ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɢɫɬɟɦɚɯ ɫ ɞɨɛɚɜɤɚ-

ɦɢ-ɷɥɟɤɬɪɨɥɢɬɨɜ ɡɧɚɱɟɧɢɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɜ 1,3 – 1,5 ɪɚɡɚ, ɚ ɩɥɚ-

ɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ – ɜ 3 – 4 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɜ ɫɢɫɬɟɦɟ «ɐ – ȼ – ɋɉ». 

 

Ɂɚɤɥɸɱɟɧɢɟ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫɭɩɟɪɩɥɚɫɬɢɮɤɚɬɨɪ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɤɚɪ-

ɛɨɤɫɢɥɚɬɧɵɯ ɷɮɢɪɨɜ ɫɩɨɫɨɛɟɧ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɜɵɲɚɬɶ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ, ɢ 

ɮɨɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶ ɰɟɦɟɧɬɧɵɯ ɫɦɟɫɟɣ.  
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɛɚɜɤɢ-ɷɥɟɤɬɪɨɥɢɬɵ – ɩɢɪɨɮɨɫɮɚɬ ɤɚɥɢɹ ɢ ɧɚ-

ɬɪɢɟɜɨɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ – ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ ɰɟɦɟɧɬ-

ɧɵɯ ɫɢɫɬɟɦ, ɧɨ ɫɧɢɠɚɸɬ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɞɟɣɫɬɜɢɸ ɧɚɝɪɭɡɤɢ, ɨɰɟɧɟɧɧɭɸ 

ɩɨ ɜɟɥɢɱɢɧɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɜ 3 – 5 ɪɚɡ. ȼ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɨɜ ɞɥɹ 

3D-ɩɟɱɚɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɢɪɨɮɨɫɮɚɬɚ ɤɚ-

ɥɢɹ (ɩɪɢ ɟɝɨ ɞɨɡɢɪɨɜɤɟ  0,2 % ɨɬ ɦɚɫɫɵ ɰɟɦɟɧɬɚ) ɢɡ-ɡɚ ɯɨɪɨɲɟɝɨ ɷɮɮɟɤɬɚ 

ɩɥɚɫɬɢɮɢɰɢɪɨɜɚɧɢɹ ɫɦɟɫɟɣ. ȼɜɟɞɟɧɢɟ ɞɨɛɚɜɨɤ ɧɚ ɨɫɧɨɜɟ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ ɧɟ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡ-ɡɚ ɪɟɡɤɨɝɨ ɫɧɢɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɦɟɫɟɣ. 
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ɋɥɚɜɱɟɜɚ Ƚɚɥɢɧɚ ɋɬɚɧɢɫɥɚɜɨɜɧɚ – ɞ-ɪ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɬɟɯɧɨɥɨɝɢɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  

Ⱥɪɬɚɦɨɧɨɜɚ Ɉɥɶɝɚ ȼɥɚɞɢɦɢɪɨɜɧɚ – ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɯɢɦɢɢ ɢ ɯɢɦɢ-
ɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ  
ɭɧɢɜɟɪɫɢɬɟɬɚ  

ɒɜɟɞɨɜɚ Ɇɚɪɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ – ɢɧɠɟɧɟɪ ɤɚɮɟɞɪɵ ɯɢɦɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ  
ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  

ɉɨɥɨɫɢɧɚ Ⱥɧɚɫɬɚɫɢɹ Ⱥɥɟɤɫɟɟɜɧɚ – ɦɚɝɢɫɬɪ 2-ɝɨ ɝɨɞɚ ɨɛɭɱɟɧɢɹ, ɝɪ. Ɇ 052,  

ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

 

 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ 7.10781.2018/11.12 ɩɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦɭ 
ɡɚɞɚɧɢɸ «ȼɵɩɨɥɧɟɧɢɟ ɩɪɨɟɤɬɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɪɜɢɱɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɟɫɩɟ-
ɱɢɜɚɸɳɢɯ ɪɚɫɲɢɪɟɧɢɟ ɭɱɚɫɬɢɹ ɩɨɞɜɟɞɨɦɫɬɜɟɧɧɵɯ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɜ ɪɟɚ-
ɥɢɡɚɰɢɢ ɇɚɰɢɨɧɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢɧɢɰɢɚɬɢɜɵ». 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɭɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɟɧɬɪɚ ɤɨɥ-
ɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɢɦ. ɩɪɨɮ. ɘ.Ɇ. Ȼɨɪɢɫɨɜɚ ȼȽɌɍ 
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɦɚɤɪɨ- ɢ ɦɢɤɪɨ-

ɭɪɨɜɧɟ, ɨɩɪɟɞɟɥɟɧɵ ɮɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɱɟɪɟɩɤɚ. ɏɢɦɢ-

ɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɝɥɢɧ, ɚ ɬɚɤɠɟ ɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɜɥɢɹɸɬ ɧɚ ɯɨɞ ɮɚɡɨ-

ɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɪɢɪɨɞɭ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɢ ɫɬɪɨɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɮɚɡɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɪɹɞɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɡ ɨɤɚɡɵ-

ɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. ɋɨɫɬɚɜɥɟɧɚ 

ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɢɧɟɪɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɝɥɢɧɵ. Ɉɛɨɛɳɟɧɵ  

ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ ɨɞɧɨɪɨɞɧɵɦ ɪɚɫɩɨ-

ɥɨɠɟɧɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ, ɫɬɟɤɥɨɜɢɞɧɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɪɨɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɬɪɭɤɬɭɪɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ 

ɱɟɪɟɩɤɚ, ɦɚɤɪɨɭɪɨɜɟɧɶ, ɦɢɤɪɨɭɪɨɜɟɧɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ 
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The article describes the structure of ceramic materials at the macro and micro levels, 

identifies factors and parameters that influence the formation of the shard. A scheme for the 

formation of ceramic minerals, depending on the type of clay. The chemical and mineralogical 

composition of clays, as well as their ratio, influence the course of phase transformations, the 

nature of the crystalline phases and the structure of the ceramic shard. It is established that the 

nature of phase transformations, the order of phase formation affect the physicomechanical 

properties of ceramic products. The methods for obtaining high-quality ceramic bricks with a 

uniform arrangement of the crystalline, vitreous and gas phases are indicating. 

 

Keywords: structure of ceramic materials, structure of a ceramic shard, macro level, 

micro level, mechanical strength 

 

ȼɜɟɞɟɧɢɟ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ, ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɤɟɪɚɦɢɤɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɬ ɨɛɥɚɫɬɶ ɟɟ ɩɪɢɦɟɧɟ-

ɧɢɹ. ɉɪɨɫɥɟɠɢɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟ-

ɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɵɪɶɹ, ɫɬɪɨɟɧɢɹ ɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɯɨɞɟ ɬɟɯɧɨɥɨɝɢɱɟ-

ɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɟɪɟɪɚɛɨɬɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɬɫɹ ɱɟɬɤɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɜ 

ɰɟɩɨɱɤɟ ɫɵɪɶɟ – ɬɟɯɧɨɥɨɝɢɹ - ɫɬɪɭɤɬɭɪɚ - ɫɜɨɣɫɬɜɚ - ɩɪɢɦɟɧɟɧɢɟ [1]. 

ɋɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢɚɥɚ ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɚɡ, ɤɨɬɨɪɵɟ 

ɜɥɢɹɸɬ ɧɚ ɟɝɨ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Д2Ж. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɤɟɪɚɦɢɤɢ 

ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 1: 

- ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ, 

- ɚɦɨɪɮɧɚɹ (ɩɪɨɫɥɨɣɤɢ ɦɟɠɞɭ ɡɟɪɧɚɦɢ), 

- ɝɚɡɨɜɚɹ. 

 

 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ Д3Ж 
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Ɉɛɵɱɧɨ ɪɚɡɥɢɱɚɸɬ ɦɚɤɪɨɫɬɪɭɤɬɭɪɭ, ɧɚɡɵɜɚɟɦɭɸ ɬɚɤɠɟ ɬɟɤɫɬɭɪɨɣ, ɢ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɜ ɩɪɢɧɰɢɩɟ ɧɟɬ ɱɟɬɤɨɣ ɝɪɚɧɢɰɵ [1]. Ʉɟ-

ɪɚɦɢɤɚ, ɤɚɤ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɬɟɥɨ ɢɦɟɟɬ ɡɟɪɧɢɫɬɨɟ ɫɬɪɨɟɧɢɟ. ȼɟɥɢɱɢ-

ɧɚ, ɬɢɩ ɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɡɟɪɟɧ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɚɤ-

ɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɧɚɩɪɢɦɟɪ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ. ȼ ɛɨɥɶɲɢɧɫɬ-

ɜɟ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɨɥɟɟ ɨɞɧɨɣ ɮɚɡɵ, ɩɪɢɱɟɦ ɤɚɠɞɚɹ 

ɮɚɡɚ ɢɦɟɟɬ ɫɜɨɸ ɫɨɛɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ. Ʉɨɧɬɪɨɥɶ ɬɢɩɚ, 

ɪɚɡɦɟɪɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɚ ɷɬɢɯ ɮɚɡ ɜ ɦɚɬɟɪɢɚɥɟ ɩɨɡɜɨɥɹɟɬ ɤɨɧ-

ɬɪɨɥɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ Д4Ж.  

Ƚɥɚɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɦɟɠɞɭ ɬɟɯɧɨɥɨɝɢɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɬɪɭɤɬɭɪɨɣ ɢ ɫɜɨɣɫɬɜɚɦɢ ɢɡɞɟɥɢɣ 

ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɜɢɞɨɜ ɤɟɪɚɦɢɤɢ ɫ ɩɪɨɝɧɨɡɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ɋɟɲɟɧɢɸ ɷɬɢɯ ɩɪɨɛɥɟɦ ɩɨɫɜɹɳɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɪɚɛɨɬɵ ɡɚɪɭɛɟɠɧɵɯ (ɍ.Ⱦ. Ʉɢɧɝɟɪɢ, Ɋ.Ʌ. Ʉɨɛɥɚ, Ⱦ.ȿ. Ȼɭɪɤɟ ɢ ɞɪ.) ɢ ɨɬɟɱɟɫɬ-

ɜɟɧɧɵɯ (ɉ.ɉ. Ȼɭɞɧɢɤɨɜ, Ⱥ.ɋ. Ȼɟɪɟɠɧɨɣ, Ⱦ.ɇ. ɉɨɥɭɛɨɹɪɢɧɨɜ, Ɋ.ə. ɉɨɩɢɥɶ-

ɫɤɢɣ, ȼ.Ʌ. Ȼɚɥɤɟɜɢɱ, ɂ.ɋ. Ʉɚɣɧɚɪɫɤɢɣ, ɂ.ɇ. Ɏɪɚɧɰɟɜɢɱ, Ƚ.ȼ. ɋɚɦɫɨɧɨɜ, 

Ʉ.Ʉ. ɋɬɪɟɥɨɜ, ə.ɂ. Ɏɪɟɧɤɟɥɶ, Ȼ.ə. ɉɢɧɟɫ, ə.ȿ. Ƚɟɝɭɡɢɧ, Ⱥ.ɋ. ȼɥɚɫɨɜ, 

ɂ.ə. Ƚɭɡɦɚɧ, ȿ.ɋ. Ʌɭɤɢɧ, Ⱥ.ȼ. Ȼɟɥɹɤɨɜ ɢ ɞɪ.) ɭɱɟɧɵɯ. 

Ɇɚɤɪɨɫɬɪɭɤɬɭɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɨɟɧɢɟ, ɜɢɞɢɦɨɟ ɧɟɜɨɨɪɭɠɟɧ-

ɧɵɦ ɝɥɚɡɨɦ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɥɭɩɵ ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɞɨ 25 ɪɚɡ. ȼɨɡɦɨɠɧɨ 

ɪɚɡɥɢɱɢɬɶ ɡɟɪɧɚ ɡɚɩɨɥɧɢɬɟɥɹ, ɤɪɭɩɧɵɟ ɩɨɪɵ, ɪɚɡɪɵɜɵ ɢ ɬɪɟɳɢɧɵ, ɭɪɨɜɟɧɶ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɲɢɯɬɵ, ɤɚɱɟɫɬɜɨ ɩɪɟɫɫɨɜɚɧɢɹ, ɞɟɮɟɤɬɵ ɫɵɪɰɚ 

ɢ ɱɟɪɟɩɤɚ [1, 4]. Ɏɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɧɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɭ ɤɟɪɚ-

ɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. 

 

Ɍɚɛɥɢɰɚ 1 

Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɦɚɤɪɨɫɬɪɭɤɬɭɪɭ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 

Ɇɚɤɪɨɭɪɨɜɟɧɶ 

Ʉɚɱɟɫɬɜɨ ɩɨɞɝɨɬɨɜɤɢ ɲɢɯɬɵ 

Ɋɚɡɦɟɪ ɮɪɚɤɰɢɣ ɡɚɩɨɥɧɢɬɟɥɹ, ɢɫɯɨɞɧɵɯ ɩɨɪɨɲɤɨɜ  
ȼɥɢɹɧɢɟ ɞɨɛɚɜɨɤ 

Ʉɚɱɟɫɬɜɨ ɩɪɟɫɫɨɜɚɧɢɹ 

Ɋɟɠɢɦ ɨɛɠɢɝɚ 

ȼɥɢɹɧɢɟ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɪɢɫɬɨɫɬɢ 
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Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɜɨɡɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨɦ ɭɜɟɥɢɱɟ-

ɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɫɤɨɩɚ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ ɞɢɚɝ-

ɧɨɫɬɢɤɢ. Ƚɥɭɛɢɧɚ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɡɚɜɢɫɢɬ ɨɬ ɨɫɧɚɳɟɧɧɨɫɬɢ ɥɚɛɨɪɚɬɨ-

ɪɢɢ ɢ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɧɚ ɬɪɟɯ ɭɪɨɜɧɹɯ (ɬɚɛɥ. 2). 

 

Ɍɚɛɥɢɰɚ 2 

Ʉɪɚɬɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɨɪɹɞɤɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

ɇɨɦɟɪ ɩɨɪɹɞɤɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ Ʉɪɚɬɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ 

1 25 - 40 

2 70 - 400 

3 500 - 1000 

 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɜɫɟ ɯɢɦɢɱɟɫɤɢɟ, ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ. Ɉɩɪɟɞɟɥɢɜ ɜɢɞ ɢ ɩɨɥɢ-

ɦɨɪɮɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ, ɮɨɪɦɭ ɢ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥ-

ɥɨɜ ɦɨɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɪɨɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɢɡɞɟɥɢɣ. Ɂɧɚɱɢɬɟɥɶɧɨɟ 

ɜɥɢɹɧɢɟ ɧɚ ɜɧɟɲɧɢɣ ɜɢɞ, ɰɜɟɬ ɤɟɪɚɦɢɤɢ ɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɫɬɟɤɥɨɜɢɞɧɨɣ ɮɚɡɵ ɢ ɟɟ ɫɨɫɬɚɜ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜɤɥɸɱɚɟɬ ɯɚɪɚɤɬɟɪ ɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ, ɫɬɪɨɟɧɢɟ ɢ ɫɨɫɬɚɜ ɫɬɟɤɥɨɜɢɞɧɨɣ ɮɚɡɵ, ɪɚɡɦɟɪ ɢ ɜɡɚɢɦɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɪ ɜ ɦɚɬɟɪɢɚɥɟ.  

Ƚɥɚɜɧɟɣɲɢɟ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɪɨɱɧɨɫɬɶ, ɩɥɨɬ-

ɧɨɫɬɶ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ, ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɤɢɫɥɨɬɨɫɬɨɣɤɨɫɬɶ ɢ ɧɟɤɨɬɨɪɵɟ ɞɪɭ-

ɝɢɟ) ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɛɭɫɥɨɜɥɟɧɵ ɢɯ ɮɚɡɨɜɵɦ ɫɨɫɬɚɜɨɦ Д2, 4, 5Ж. 

ɏɚɪɚɤɬɟɪ ɮɚɡɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɪɹɞɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɢɯ ɮɚɡ ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. Ƚɥɢ-

ɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɱɚɳɟ ɜɫɟɝɨ ɩɪɟɞɫɬɚɜ-

ɥɹɸɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɟɫɤɨɥɶɤɢɯ ɝɥɢɧɢɫɬɵɯ ɦɢɧɟɪɚɥɨɜ. ɏɚɪɚɤɬɟɪ ɫɦɟɫɢ ɷɬɢɯ 

ɦɢɧɟɪɚɥɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɜɥɢɹɸɬ ɧɚ ɯɨɞ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, 

ɩɪɢɪɨɞɭ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɢ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ (ɪɢɫ. 2).  

ȼ ɤɚɨɥɢɧɨɜɵɯ ɝɥɢɧɚɯ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɩɥɚɜɧɟɣ (ɩɨɥɟɜɵɯ 

ɲɩɚɬɨɜ, ɫɥɸɞ, ɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɬ. ɩ.) ɜ ɝɥɢɧɢɫɬɨɦ ɫɵɪɶɟ ɬɟɦ-
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ɩɟɪɚɬɭɪɚ ɨɛɪɚɡɨɜɚɧɢɹ ɦɭɥɥɢɬɚ ɫɧɢɠɚɟɬɫɹ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɴɟɦɧɚɹ ɦɚɫɫɚ, 

ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɣ ɮɚɡɵ Д5Ж. ȼ ɢɡɞɟɥɢɹɯ ɧɟ ɨɛɪɚɡɭ-

ɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɨɧɢɰɚɟɦɵɟ ɩɨɪɵ, ɟɫɥɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɤɪɢɫɬɨɛɚɥɢɬɚ ɢɡ ɚɦɨɪɮɧɨɝɨ ɤɪɟɦɧɟɡɟɦɚ, ɱɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ 

R2O. ȼɵɲɟ 1100-1200⁰ɋ ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɤɪɢɫɬɚɥɥɨɜ ɦɭɥɥɢɬɚ. 

 

 

 

Ɋɢɫ. 2. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɢɧɟɪɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɝɥɢɧɵ 
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ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ SiO2cɜ/Ʃɩɥ  (ɝɞɟ Ʃɩɥ  – ɫɨɞɟɪɠɚɧɢɟ ɩɥɚɜ-

ɧɟɣ ɜ ɝɥɢɧɢɫɬɨɦ ɫɵɪɶɟ, %) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟ-

ɪɢɚɥɨɜ ɢ ɫɧɢɠɚɟɬɫɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ. ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1050-1250⁰ɋ 

ɩɪɨɱɧɨɫɬɶ ɧɟ ɪɚɫɬɟɬ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1250⁰ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢ-

ɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟ-

ɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɢ ɩɪɟɤɪɚɳɟɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɨ-

ɨɛɪɚɡɨɜɚɧɢɹ. ɉɨɜɵɲɟɧɢɟ ɜ ɫɬɟɤɥɨɜɢɞɧɨɣ ɮɚɡɟ ɫɨɞɟɪɠɚɧɢɹ SТɈ2 ɢ Ⱥ12Ɉ3 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ. ȼɫɥɟɞɫɬɜɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪ-

ɠɚɧɢɹ ɩɥɚɜɧɟɣ ɜ ɷɬɢɯ ɝɥɢɧɚɯ ɤɪɭɩɧɵɟ ɩɨɪɵ ɧɟ ɡɚɩɨɥɧɹɸɬɫɹ ɪɚɫɩɥɚɜɨɦ, ɩɨ-

ɷɬɨɦɭ ɨɛɨɠɠɟɧɧɵɟ ɩɪɢ 1300°ɋ ɨɛɪɚɡɰɵ ɢɦɟɸɬ ɨɛɴɟɦɧɭɸ ɦɚɫɫɭ 1,9-

2,0 ɝ/ɫɦ3
 [5].  

ȼ ɤɚɨɥɢɧɢɬɨ-ɝɢɞɪɨɫɥɸɞɢɫɬɵɯ ɝɥɢɧɚɯ ɚɦɨɪɮɧɵɣ ɤɪɟɦɧɟɡɟɦ, ɜɵɞɟ-

ɥɢɜɲɢɣɫɹ ɜ ɩɪɨɰɟɫɫɟ ɦɭɥɥɢɬɢɡɚɰɢɢ, ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɪɚɫɩɥɚɜɟ ɛɟɡ ɩɟɪɟɯɨɞɚ ɜ 

ɤɪɢɫɬɨɛɚɥɢɬ. Ⱦɨ 1300°ɋ ɨɛɪɚɡɭɟɬɫɹ ɦɟɥɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɦɭɥɥɢɬ ɫ ɧɚɢ-

ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭ-

ɪɚɯ (ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɝɢɞɪɨɫɥɸɞɵ), ɱɟɦ ɩɪɢ ɨɛɠɢɝɟ ɦɚɥɨɳɟɥɨɱɧɵɯ ɤɚɨ-

ɥɢɧɢɬɨɜɵɯ ɝɥɢɧɚɯ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɜ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢɧɬɟɧɫɢɜɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɭɥɥɢɬɚ. ɉɪɢ ɨɛɠɢɝɟ 

ɦɚɫɫ ɧɚ ɨɫɧɨɜɟ ɡɚɩɟɫɨɱɟɧɧɵɯ ɤɚɨɥɢɧɢɬɨ-ɝɢɞɪɨɫɥɸɞɢɫɬɵɯ ɝɥɢɧ ɜ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ 1200-1250°ɋ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɨɛɚɥɢɬɚ ɢɡ ɤɜɚɪɰɚ.  

ȼ ɤɚɨɥɢɧɢɬɨ-ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɨɜɵɯ ɝɥɢɧɚɯ ɭɜɟɥɢɱɟɧɢɟ ɦɨɧɬɦɨɪɢɥɥɨ-

ɧɢɬɚ (ɞɨ 20 %) ɢ ɭɦɟɧɶɲɟɧɢɟ Al2O3 ɫɧɢɠɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢ-

ɫɬɨɛɚɥɢɬɚ. ɉɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɨɛɪɚɡɨɜɚɧɢɢ ɤɪɢɫɬɨɛɚɥɢɬɚ 1050-1100⁰ɋ ɨɛɴ-

ɟɦɧɚɹ ɦɚɫɫɚ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɷɬɨɦ ɠɟ ɢɧɬɟɪɜɚɥɟ ɨɛɪɚɡɭɟɬɫɹ ɦɭɥɥɢɬ, ɬ.ɟ. ɜɟɫɶ 

ɜɵɞɟɥɢɜɲɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɭɥɥɢɬɢɡɚɰɢɢ ɤɪɟɦɧɟɡɟɦ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɤɪɢ-

ɫɬɨɛɚɥɢɬ. ɉɪɢ ɷɬɨɦ ɩɪɨɱɧɨɫɬɶ ɢɡɞɟɥɢɣ ɫɧɢɠɚɟɬɫɹ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɫɵɪɶɟɜɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɦɚɫɫɵ, ɫɩɨɫɨɛɨɜ ɮɨɪɦɨɜɚɧɢɹ, ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɠɢɝɚ. Ɏɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢɹ-

ɧɢɟ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. 
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Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 

Ɇɢɤɪɨɭɪɨɜɟɧɶ 

ɉɥɨɬɧɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ 

ɉɨɪɢɫɬɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ 

Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ, ɢɯ ɫɨɞɟɪɠɚɧɢɟ, ɪɚɡɦɟɪɵ ɢ ɮɨɪɦɚ 
ɤɪɢɫɬɚɥɥɨɜ 

ɋɨɨɬɧɨɲɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɢ ɫɬɟɤɥɚ 

ɋɨɫɬɚɜ ɢ ɫɬɪɨɟɧɢɟ ɫɬɟɤɥɨɜɢɞɧɨɣ ɮɚɡɵ 

ȼɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢ ɤɚɱɟɫɬɜɚ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɪɚɫɩɥɚɜɚ 

 

ɉɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ: ɫɨɞɟɪ-

ɠɚɧɢɟ ɫɬɟɤɥɨɦɭɥɥɢɬɨɜɨɣ ɦɚɫɫɵ ɜ ɱɟɪɟɩɤɟ; ɨɬɫɭɬɫɬɜɢɟ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ; ɦɚɤɫɢɦɚɥɶɧɚɹ ɡɚɜɟɪɲɟɧɧɨɫɬɶ ɮɚɡɨɜɵɯ (ɨɛɴɟɦɧɵɯ) ɩɪɟ-

ɜɪɚɳɟɧɢɣ ɤɜɚɪɰɚ; ɞɨɥɠɧɨ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɦɢɧɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɟɥɤɢɯ 

ɪɚɡɨɛɳɟɧɧɵɯ ɩɨɪ; ɜɟɬɜɢɫɬɵɟ ɢ ɰɟɩɨɱɟɱɧɵɟ ɩɨɪɵ ɧɟɠɟɥɚɬɟɥɶɧɵ. 

Ɇɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɫ 

ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 

- ɤɚɱɟɫɬɜɟɧɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɲɢɯɬɵ (ɬɨɱɧɨɟ ɞɨɡɢɪɨɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɬɨɧɤɨɟ ɢɡɦɟɥɶɱɟɧɢɟ, ɪɚɜɧɨɦɟɪɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ ɬ. ɩ.); 

- ɜɜɨɞ ɥɟɝɤɨɩɥɚɜɤɢɯ ɞɨɛɚɜɨɤ (ɩɨɥɟɜɨɣ ɲɩɚɬ ɢɥɢ ɩɥɚɜɧɢ) ɞɥɹ ɩɨɜɵɲɟ-

ɧɢɹ ɫɩɟɤɚɧɢɹ ɢɡɞɟɥɢɣ ɢ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ ɢɯ ɫɬɪɨɟɧɢɹ ɢ ɫɜɨɣɫɬɜ; ɪɚɜɧɨɦɟɪ-

ɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɨɛɚɜɨɤ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɪɨɲɤɨɜ ɲɚɪɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ ɫ ɡɟɪɧɨɜɵɦ ɫɨɫɬɚ-

ɜɨɦ ɩɨ ɩɪɢɧɰɢɩɭ ɩɥɨɬɧɟɣɲɟɣ ɭɩɚɤɨɜɤɢ ɡɚ ɫɱɟɬ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɦɟɠɞɭ ɤɪɭɩɧɵɦɢ ɡɟɪɧɚɦɢ ɱɚɫɬɢɰɚɦɢ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭ-

ɱɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɣ ɱɟɪɟɩɨɤ ɫ ɤɪɢɫɬɚɥɥɚɦɢ ɨɞɧɨɝɨ ɪɚɡɦɟɪɚ ɢ ɭɡɤɢɦɢ ɩɪɨ-

ɫɥɨɣɤɚɦɢ ɫɬɟɤɥɨɮɚɡɵ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɢɡɞɟɥɢɹ ɜɵ-

ɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ; 

- ɪɚɰɢɨɧɚɥɶɧɵɣ ɜɵɛɨɪ ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢɥɨɠɟ-

ɧɢɹ ɫɢɥɵ ɢ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɭɠɟ ɜ 

ɯɨɞɟ ɩɪɟɫɫɨɜɚɧɢɹ ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɨɛɨɠɠɟɧɧɵɯ ɢɡɞɟɥɢɣ Д6Ж; 

- ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɯɨɞɟ ɨɛɠɢɝɚ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɣ ɮɚɡɵ 
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ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɨɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɧɢɡɤɢɦ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟɦ ɢ ɩɨɪɢɫɬɨ-

ɫɬɶɸ; ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɨɛɠɢɝɚ. 

ɋɩɟɤɚɧɢɟ ɫɬɪɨɢɬɟɥɶɧɨɣ ɤɟɪɚɦɢɤɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɭɱɚɫɬɢɟɦ ɠɢɞɤɨɣ ɮɚ-

ɡɵ. ɉɨɫɬɨɪɨɧɧɢɟ ɩɪɢɦɟɫɢ ɜ ɝɥɢɧɚɯ ɤɜɚɪɰɚ, ɩɨɥɟɜɵɯ ɲɩɚɬɨɜ, ɫɥɸɞɵ, ɨɤɫɢ-

ɞɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɤɚɪɛɨɧɚɬɵ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ ɨɛɪɚɡɭɸɬ ɧɚ ɩɟɪɜɨɧɚ-

ɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɨɛɠɢɝɚ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɩɥɚɜɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɟ 

ɫɩɟɤɚɧɢɸ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɱɟɪɟɩɤɚ. ȼ ɞɪɭɝɢɯ ɫɥɭɱɚɹɯ ɥɟɝɤɨɩɥɚɜɤɢɟ ɦɢɧɟɪɚ-

ɥɵ, ɧɚɩɪɢɦɟɪ, ɩɨɥɟɜɨɣ ɲɩɚɬ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɨɥɭɱɟɧɧɵɟ ɩɥɚɜɧɢ ɜ ɜɢɞɟ 

ɫɬɟɤɨɥ, ɜɜɨɞɹɬ ɜ ɫɨɫɬɚɜ ɦɚɫɫ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɫɩɟɤɚɧɢɹ ɢɡɞɟɥɢɣ ɢ ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɹ ɢɯ ɫɬɪɨɟɧɢɹ ɢ ɫɜɨɣɫɬɜ [1, 2, 5].  

ɉɨɪɢɫɬɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɢɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ - 

ɫɩɨɫɨɛɚ ɩɨɞɝɨɬɨɜɤɢ ɫɵɪɶɹ, ɜɢɞɚ ɮɨɪɦɨɜɚɧɢɹ, ɧɚɥɢɱɢɹ, ɪɚɡɦɟɪɚ ɢ ɫɨɫɬɚɜɚ 

ɩɪɢɦɟɫɟɣ, ɪɟɠɢɦɨɜ ɫɭɲɤɢ ɢ ɨɛɠɢɝɚ. ɇɚɢɛɨɥɟɟ ɜɟɫɨɦɵɦɢ ɹɜɥɹɸɬɫɹ ɝɪɚɧɭ-

ɥɨɦɟɬɪɢɱɟɫɤɢɣ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɝɥɢɧ, ɨɬ ɤɨɬɨɪɵɯ ɧɚɩɪɹɦɭɸ ɡɚ-

ɜɢɫɢɬ ɜɥɚɠɧɨɫɬɶ ɫɵɪɰɚ, ɜɨɡɞɭɲɧɚɹ ɢ ɨɝɧɟɜɚɹ ɭɫɚɞɤɢ. ɇɟ ɜɫɟɝɞɚ ɪɚɰɢɨɧɚɥɶ-

ɧɨɣ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ ɜɥɚɠɧɨɫɬɶ, ɫɵɪɟɰ ɦɨɠɟɬ ɧɟ ɞɚɬɶ ɤɨɦɩɚɤɬɧɨɣ ɭɩɚɤɨɜɤɢ 

ɡɟɪɟɧ ɩɪɢ ɩɪɢɧɹɬɵɯ ɩɚɪɚɦɟɬɪɚɯ ɮɨɪɦɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩ-

ɬɢɦɢɡɢɪɨɜɚɬɶ ɜɥɚɠɧɨɫɬɶ ɫ ɰɟɥɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨɣ ɩɥɨɬɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɫɵɪɰɚ Д7Ж.  

 

Ɂɚɤɥɸɱɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɚɦɟɬɪɵ ɫɬɪɨɟɧɢɹ ɦɚɤɪɨ- ɢ ɦɢɤɪɨ-

ɭɪɨɜɧɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɞ-

ɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɏɚɪɚɤɬɟɪ ɮɚɡɨɜɵɯ ɩɪɟɨɛɪɚ-

ɡɨɜɚɧɢɣ, ɩɨɪɹɞɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬ-

ɜɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. Ɇɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬ-

ɜɟɧɧɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɤɚɱɟɫɬɜɟɧɧɭɸ ɩɨɞɝɨɬɨɜɤɭ 

ɲɢɯɬɵ, ɜɜɨɞ ɥɟɝɤɨɩɥɚɜɤɢɯ ɞɨɛɚɜɨɤ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɪɨɲɤɨɜ ɲɚɪɨɨɛɪɚɡ-

ɧɨɣ ɮɨɪɦɵ ɫ ɡɟɪɧɨɜɵɦ ɫɨɫɬɚɜɨɦ ɩɨ ɩɪɢɧɰɢɩɭ ɩɥɨɬɧɟɣɲɟɣ ɭɩɚɤɨɜɤɢ, ɪɚ-

ɰɢɨɧɚɥɶɧɵɣ ɜɵɛɨɪ ɞɚɜɥɟɧɢɹ ɩɪɟɫɫɨɜɚɧɢɹ, ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ 

ɫɭɲɤɢ ɢ ɨɛɠɢɝɚ. 
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ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ɏɨɪɢɧɚ Ⱥɥɥɚ ȼɥɚɞɢɦɢɪɨɜɧɚ – ɚɫɩɢɪɚɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɒɟɥɤɨɜɧɢɤɨɜɚ Ɍɚɬɶɹɧɚ ɂɧɧɨɤɟɧɬɶɟɜɧɚ – ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɨɥɨ-
ɝɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

Ȼɚɪɚɧɨɜ ȿɜɝɟɧɢɣ ȼɥɚɞɢɦɢɪɨɜɢɱ – ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɬɟɯɧɨɥɨɝɢɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 
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Ʉɚɱɟɫɬɜɨ ɛɟɬɨɧɧɵɯ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚ-

ɜɢɫɢɬ ɨɬ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɤɨɧɬɪɨɥɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ 

ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɪɚɡɪɭɲɚɸɳɢɦɢ ɦɟɬɨɞɚɦɢ, ȽɈɋɌ 10180 «Ȼɟɬɨɧɵ. 

Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɩɨ ɤɨɧɬɪɨɥɶɧɵɦ ɨɛɪɚɡɰɚɦ», ɩɭɬɟɦ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɢɫ-

ɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ-ɤɭɛɨɜ. Ɉɞɧɚɤɨ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɟɝɨ ɩɪɨɱɧɨɫɬɢ ɢ ɨɞɧɨɪɨɞɧɨ-

ɫɬɢ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɰɚɦ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɜ ɫɢɥɭ ɪɹɞɚ ɩɪɢɱɢɧ: ɨɛɴɟɦ ɢɫɩɵ-

ɬɚɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,01 % ɭɥɨɠɟɧɧɨɝɨ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɛɟɬɨɧɚ, 

ɭɫɥɨɜɢɹ ɜɢɛɪɨɮɨɪɦɨɜɚɧɢɹ ɢ ɪɟɠɢɦɵ ɬɜɟɪɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɥɢɱɧɵ, 

ɫɬɚɧɞɚɪɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɧɟɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɞɧɨɪɨɞɧɨɫɬɶ ɛɟɬɨɧɚ ɜ ɢɡɞɟɥɢɢ ɢ 

ɩɪɨɱɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɭɱɚɫɬɤɨɜ. ɉɪɢ ɨɛɫɥɟɞɨɜɚɧɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɬɚɧɞɚɪɬ-

ɧɵɟ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɹ ɛɟɬɨɧɚ ɜɨɨɛɳɟ ɧɟɩɪɢɦɟɧɢɦɵ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɫɬɚɧ-

ɞɚɪɬɧɵɯ ɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɨɛɭɫɥɨɜɢɥɢ ɪɚɡɜɢɬɢɟ ɧɟ-

ɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɢ ɦɟɬɨɞɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɫɩɵɬɚɧɢɹɦɢ ɨɛɪɚɡɰɨɜ ɛɟɬɨɧɚ, 

ɢɡɜɥɟɤɚɟɦɵɯ ɢɡ ɤɨɧɫɬɪɭɤɰɢɢ. ɇɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ ɨɬɩɭɫɤɧɨɣ ɢ ɩɟɪɟɞɚɬɨɱɧɨɣ 

ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ ɜɥɢɹɬɶ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ. Ⱦɥɹ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɢɫ-

ɩɨɥɶɡɭɸɬɫɹ ɩɪɢɛɨɪɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɦɟɬɨɞɚɯ ɦɟɫɬɧɵɯ ɪɚɡɪɭɲɟɧɢɣ (ɨɬɪɵɜ ɫɨ ɫɤɚɥɵɜɚ-

ɧɢɟɦ, ɫɤɚɥɵɜɚɧɢɟ ɪɟɛɪɚ, ɨɬɪɵɜ ɫɬɚɥɶɧɵɯ ɞɢɫɤɨɜ), ɭɞɚɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɟɬɨɧ (ɭɞɚɪ- 
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ɧɵɣ ɢɦɩɭɥɶɫ, ɭɩɪɭɝɢɣ ɨɬɫɤɨɤ, ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ) ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɪɨɡɜɭɱɢ-

ɜɚɧɢɹ. Ɉɫɧɨɜɧɵɟ ɨɛɴɟɦɵ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɜɵɩɨɥɧɹɸɬɫɹ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɨɪɪɟɥɹɰɢɢ ɢɯ 

ɤɨɫɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɛɚɡɨɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ) ɫ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɤɨɧɬɪɨɥɢ-

ɪɭɟɦɨɝɨ ɛɟɬɨɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɟɬɨɞɨɜ ɦɟɫɬɧɵɯ ɪɚɡɪɭɲɟɧɢɣ ɩɪɢɛɨɪɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɭɞɚɪɧɨ-ɢɦɩɭɥɶɫɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɛɟɬɨɧ, ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɭɸ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶ, ɨɞɧɚɤɨ ɤɨɧɬɪɨɥɶ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɜɟɞɟɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɬɨɥɳɢɧɨɣ 

25...30 ɦɦ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ ɩɪɢɦɟɧɟɧɢɟ. ȼ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɚ 

ɡɚɱɢɫɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɱɚɫɬɤɨɜ ɛɟɬɨɧɚ ɢɥɢ ɭɞɚɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɧɨɝɨ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ. ɉɪɢɦɟɧɟɧɢɟ ɭɞɚɪɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɧɚ 

ɨɛɴɟɤɬɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɢ ɨɛɫɥɟɞɨɜɚɧɢɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɨɝɞɚ ɧɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɭɬɨɱɧɢɬɶ ɝɪɚɞɭɢɪɨɜɨɱɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɢɫɩɵɬɚɧɢɟɦ ɤɭɛɨɜ ɜ ɩɪɟɫɫɟ, ɫɨ-

ɩɪɹɠɟɧɨ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɨɲɢɛɤɚɦɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ. ȼ ɫɬɚɬɶɟ ɩɪɢ-

ɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɨɰɟɧɤɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢ ɨɩɪɟɞɟ-

ɥɟɧɢɢ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɧɟɪɚɡɪɭɲɚɸɳɢɦɢ ɦɟɬɨɞɚɦɢ. Ɉɰɟɧɢɜɚɟɬɫɹ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɩɪɟ-

ɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɦɟɬɨɞɨɦ ɢ ɦɟɬɨɞɨɦ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɩɪɢ-

ɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɡɧɵɦ ɤɥɚɫɫɚɦ ɛɟɬɨɧɚ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɹɠɟɥɵɣ ɛɟɬɨɧ, ɩɪɨɱɧɨɫɬɶ, ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ, ɝɪɚɞɭɢ-

ɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ, ɦɟɬɨɞ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ 
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bility of concrete strength control. Determination of the strength of concrete can be made by 

standard methods (GOST 10180 Concrete. Methods for determining the strength of the control 

samples) by manufacturing and testing samples, but the reliability of the control of its strength 

and homogeneity of the standard samples is insufficient for a number of reasons: the volume 

of testing of standard samples does not exceed 0.01 % laid in the concrete structure, the condi-

tions of vibration formation and hardening modes of samples and structures are different, stan-

dard methods can not determine the homogeneity of concrete in the product and the strength of 

its individual sections. When inspecting buildings and structures, standard concrete testing me-

thods are not applicable at all. These disadvantages of the standard methods of testing the 

strength of concrete led to the development of non-destructive testing methods and methods 

associated with the testing of concrete in non-standard samples extracted from the structure. 

Nondestructive control of concrete tempering and transfer strength allows to influence quickly 

the technological process of production of reinforced concrete products. For non-destructive 

testing of concrete strength, devices based on the methods of local destruction (separation with 

chipping, chipping ribs, separation of steel discs), impact on the concrete (shock impulse, elas-

tic rebound, plastic deformation) and ultrasonic sounding are used. The main volumes of non-

destructive testing of concrete strength are usually performed by high-performance devices 

after establishing the correlation of their indirect characteristics (basic dependence) with the 

actual strength of the controlled concrete. In contrast to the methods of local destruction devic-

es based on the impact-pulse impact on the concrete, have a much greater performance, but the 

control of the strength of concrete is carried out in the surface layer thickness 25...30 mm, 

which limits their use. In the cases mentioned above, it is necessary to clean the surface of the 

controlled areas of concrete or remove the damaged surface layer. The use of shock-pulse and 

ultrasonic devices at the construction sites and during the inspection of the operated structures, 

when it is not possible to clarify the calibration dependence by testing the cubes in the press, is 

associated with significant errors in determining the strength of concrete. The article presents 

the results of studies to assess the calibration dependences in determining the strength of con-

crete by non-destructive methods. The reliability of concrete strength determination by ultra-

sonic method and shock pulse method applied to different concrete classes is estimated. 

 

Keywords: heavy concrete, strength, nondestructive testing, calibration dependence, ul-

trasonic method, shock pulse method 

 

ȼɜɟɞɟɧɢɟ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɹɠɟɥɵɣ ɛɟɬɨɧ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɜɫɟɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɂɡ ɛɟɬɨɧɚ ɢɡ-
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ɝɨɬɨɜɥɹɸɬ ɦɨɧɨɥɢɬɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɨɪɭɠɚɟɦɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 

ɦɟɫɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɚ ɬɚɤɠɟ ɫɛɨɪɧɵɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ Д1Ж.  

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɛɟɬɨɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɦɚ-

ɬɟɪɢɚɥɚɦɢ ɹɜɥɹɸɬɫɹ: ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɫɬɧɨɝɨ ɫɵɪɶɹ (ɡɚɩɨɥɧɢɬɟ-

ɥɟɣ); ɦɟɯɚɧɢɡɚɰɢɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ; ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɢɡɞɟɥɢɣ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ; ɨɝɧɟɫɬɨɣɤɨɫɬɶ, ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɤɨɧ-

ɫɬɪɭɤɰɢɣ Д1, 2Ж. 

 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 

ȼɚɠɧɟɣɲɢɦ ɫɜɨɣɫɬɜɨɦ ɛɟɬɨɧɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɩɪɨɱɧɨɫɬɶ, ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɳɚɹɫɹ ɦɚɪɤɨɣ ɢ ɤɥɚɫɫɨɦ. ɋɨɝɥɚɫɧɨ ȽɈɋɌ 18105 Д3Ж ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ 

ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɚɡɪɭɲɚɸɳɢɦɢ ɢ ɧɟɪɚɡɪɭɲɚɸɳɢɦɢ ɦɟɬɨɞɚɦɢ (ɪɢɫ. 1). 

 

 

 

Ɋɢɫ. 1. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ 
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ɋɚɦɵɦɢ ɞɨɫɬɨɜɟɪɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɛɟɡɭɫɥɨɜɧɨ, ɹɜɥɹɸɬɫɹ ɪɚɡɪɭ-

ɲɚɸɳɢɟ ɦɟɬɨɞɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɛɟɬɨɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɩɪɟɫɫɟ 

Д4Ж. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ, ɧɟɞɨɫɬɚɬɤɚɦɢ ɬɚɤɢɯ 

ɫɩɨɫɨɛɨɜ ɹɜɥɹɸɬɫɹ: ɪɚɡɥɢɱɧɵɟ ɭɫɥɨɜɢɹ ɬɜɟɪɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɜɵɫɨɤɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɪɚɛɨɬ, ɱɚɫɬɢɱɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ, ɡɚɬɪɭɞ-

ɧɢɬɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɵɬɚɧɢɣ.  

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ ɹɜɥɹɸɬ-

ɫɹ: ɧɢɡɤɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ, ɫɨɤɪɚɳɟɧɢɟ ɫɪɨɤɨɜ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ, ɩɨɥ-

ɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɢɥɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɜɵɩɨɥɧɢɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɵɬɚɧɢɣ. ɋ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɨɜ 

ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɜɨɡɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɩɪɨɱɧɨɫɬɢ ɢɡɞɟɥɢɣ 

ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫɛɨɪɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ, ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɩɥɨɳɚɞɤɚɯ, ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɛɫɥɟɞɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟ-

ɧɢɣ Д5, 6Ж. ɇɟɞɨɫɬɚɬɤɨɦ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜ 

ɯɨɞɟ ɢɫɩɵɬɚɧɢɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɟ ɩɪɨɱɧɨɫɬɶ, ɚ ɤɨɫɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ. ɗɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɛɹɡɚɬɟɥɶɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɞɭɢɪɨ-

ɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɣ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɤɨɫɜɟɧɧɨɣ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɛɟɬɨɧɚ.  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨɣ 

ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɛɟɬɨɧɚ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɪɭɲɚɸɳɢɦɢ 

(ɩɪɹɦɵɦɢ) ɢ ɧɟɪɚɡɪɭɲɚɸɳɢɦɢ (ɤɨɫɜɟɧɧɵɦɢ) ɦɟɬɨɞɚɦɢ. Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɹɠɟɥɵɣ ɛɟɬɨɧ ɤɥɚɫɫɨɜ ɩɨ ɩɪɨɱɧɨɫɬɢ ȼ15, ȼ20, ȼ25 ɢ 

ȼ35. Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɪɢɦɟɧɹɥɚɫɶ ɭɧɢɜɟɪɫɚɥɶɧɚɹ 

4-ɯ ɤɨɥɨɧɧɚɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ Instron 1500HDX, ɪɚɫ-

ɩɨɥɨɠɟɧɧɚɹ ɜ ɐɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɢɦɟɧɢ ɩɪɨɮ. ɘ.Ɇ. Ȼɨɪɢ-

ɫɨɜɚ ȼȽɌɍ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɛɵɥɢ ɪɚɫɫɦɨɬ-

ɪɟɧɵ ɭɞɚɪɧɨ-ɢɦɩɭɥɶɫɧɵɣ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɫɩɨɫɨɛɵ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɛɨɪɨɜ 

ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɦɟɪɢɬɟɥɶ 

ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɂɉɋ-ɆȽ 4.03 ɢ ɢɡɦɟɪɢɬɟɥɶ ɜɪɟɦɟɧɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɭɥɶɬɪɚɡɜɭɤɚ ɉɭɥɶɫɚɪ-1.1.  
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ɍɞɚɪɧɨ-ɢɦɩɭɥɶɫɧɵɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɫɜɹɡɢ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɫ 

ɮɨɪɦɨɣ ɝɪɚɮɢɤɚ ɤɨɥɟɛɚɧɢɣ ɭɞɚɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɪɢ ɫɨɭɞɚɪɟɧɢɢ ɫ ɩɨɜɟɪɯ-

ɧɨɫɬɶɸ ɛɟɬɨɧɚ. ɉɪɢ ɫɨɭɞɚɪɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɬɨɧɚ ɩɨɹɜɥɹɸɬɫɹ ɩɥɚɫɬɢ-

ɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ (ɨɬɩɟɱɚɬɨɤ), ɚ ɛɨɟɤ ɨɬɫɤɚɤɢɜɚɟɬ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ-ɡɚ 

ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɛɟɬɨɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟ-

ɫɤɢɦ (ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ + ɭɩɪɭɝɢɣ ɨɬɫɤɨɤ), ɬɨ ɞɟɥɚɟɬ ɭɞɚɪɧɨ-

ɢɦɩɭɥɶɫɧɵɣ ɦɟɬɨɞ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɯ ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ 

ɤɨɧɬɪɨɥɹ. 

ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɫɜɹɡɢ ɫɤɨɪɨɫɬɢ (ɜɪɟɦɟɧɢ) ɩɪɨɯɨɠ-

ɞɟɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɱɟɪɟɡ ɛɟɬɨɧ ɫ ɟɝɨ ɩɪɨɱɧɨɫɬɶɸ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨ-

ɫɬɟɣ ɢɡɝɨɬɚɜɥɢɜɚɥɢɫɶ ɛɟɬɨɧɧɵɟ ɨɛɪɚɡɰɵ-ɤɭɛɵ ɪɚɡɦɟɪɨɦ 101010 ɫɦ ɜ ɫɨ-

ɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 10180. Ʉɨɥɢɱɟɫɬɜɨ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɨɛɪɚɡ-

ɰɨɜ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ – 30 ɲɬ. ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɟɪɚɡɪɭɲɚɸɳɢɯ (ɭɞɚɪɧɨ-ɢɦɩɭɥɶɫɧɵɯ ɢ 

ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ) ɢɫɩɵɬɚɧɢɣ ɢ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱ-

ɧɨɫɬɢ ɛɟɬɨɧɚ ɬɟɯ ɠɟ ɨɛɪɚɡɰɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɢɫɩɵɬɚɧɢɣ ɛɟɬɨɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɪɟɡɭɥɶ-

ɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 ɢ 2. 

 

Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɢ ɪɟɡɭɥɶɬɚɬɵ  
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɪɢɛɨɪɨɦ ɂɉɋ-ɆȽ 4.03 

№ 
ɨɛɪɚɡ-

ɰɚ 

Ʉɥɚɫɫ ɛɟɬɨɧɚ ȼ15 Ʉɥɚɫɫ ɛɟɬɨɧɚ ȼ20 Ʉɥɚɫɫ ɛɟɬɨɧɚ ȼ25 

ɮɚɤɬɢɱɟɫɤɚɹ  
ɩɪɨɱɧɨɫɬɶ 

ɩɨɤɚɡɚɧɢɹ 
ɩɪɢɛɨɪɚ 

ɮɚɤɬɢɱɟɫɤɚɹ  
ɩɪɨɱɧɨɫɬɶ 

ɩɨɤɚɡɚɧɢɹ 
ɩɪɢɛɨɪɚ 

ɮɚɤɬɢɱɟɫɤɚɹ  
ɩɪɨɱɧɨɫɬɶ 

ɩɨɤɚɡɚɧɢɹ 
ɩɪɢɛɨɪɚ 

1 2 3 4 5 6 7 

1 34,6 25,3 32,8 30,9 39,9 38,9 

2 33,3 25,1 33,2 29,5 44,8 36,8 

3 30,9 24,1 31,1 25,8 30,9 34,6 

4 23,5 22,3 23,9 27,3 29,5 30,0 

5 22,9 22,3 27,6 28,3 30,1 32,7 

6 23,5 20,0 30,1 27,2 32,3 30,1 

7 18,5 24,5 32,0 28,2 40,9 47,1 

8 29,3 24,8 23,2 28,1 37,0 47,4 

9 21,6 21,2 29,3 26,4 38,1 53,2 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 1 

1 2 3 4 5 6 7 

10 20,3 20,2 30,2 26,4 41,7 52,0 

11 28,5 24,3 22,5 26,9 48,1 46,5 

12 28,0 21,3 22,4 26,7 41,6 43,1 

13 25,4 21,7 24,0 28,1 40,9 37,8 

14 32,1 25,5 23,1 28,0 39,4 39,0 

15 29,2 23,9 33,1 29,3 39,9 47,1 

16 28,8 22,8 27,0 31,8 46,2 47,7 

17 29,9 23,9 29,0 26,1 35,9 31,3 

18 32,5 23,9 23,0 28,7 35,3 41,8 

19 25,7 20,1 23,0 29,9 35,7 27,6 

20 23,2 24,9 27,2 31,2 38,7 32,0 

21 25,7 24,2 23,6 28,5 42,0 46,5 

22 23,3 23,2 22,0 26,3 38,2 38,6 

23 24,1 24,2 22,5 26,7 41,0 40,6 

24 25,1 22,1 23,0 27,2 33,4 41,3 

25 23,5 25,4 25,0 29,9 33,3 43,2 

26 29,3 24,5 23,3 29,6 33,2 48,0 

27 29,5 22,4 22,5 26,9 38,1 48,7 

28 29,8 24,6 22.5 27,5 36,2 48,3 

29 31,6 25,1 23,7 27,6 34,6 50,1 

30 30,6 24,8 23,9 27,9 35,2 46,7 

 

Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɢ ɪɟɡɭɥɶɬɚɬɵ  
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɪɢɛɨɪɨɦ ɉɭɥɶɫɚɪ-1.1 

№ 
ɨɛɪɚɡ-

ɰɚ 

Ʉɥɚɫɫ ɛɟɬɨɧɚ ȼ15 Ʉɥɚɫɫ ɛɟɬɨɧɚ ȼ25 Ʉɥɚɫɫ ɛɟɬɨɧɚ ȼ35 

ɮɚɤɬɢɱɟɫɤɚɹ  
ɩɪɨɱɧɨɫɬɶ 

ɩɨɤɚɡɚɧɢɹ 
ɩɪɢɛɨɪɚ 

ɮɚɤɬɢɱɟɫɤɚɹ  
ɩɪɨɱɧɨɫɬɶ 

ɩɨɤɚɡɚɧɢɹ 
ɩɪɢɛɨɪɚ 

ɮɚɤɬɢɱɟɫɤɚɹ  
ɩɪɨɱɧɨɫɬɶ 

ɩɨɤɚɡɚɧɢɹ 
ɩɪɢɛɨɪɚ 

1 2 3 4 5 6 7 

1 19,2 36.6 23.4 39.5 53.4 51.9 

2 17,9 34.8 22.6 38.6 46.4 52.2 

3 16,5 36.8 23.7 38.7 63.3 49.0 

4 19.9 39.8 22.3 40.9 71.2 47.5 

5 20.0 37.2 24.5 40.8 71.0 46.5 

6 17.8 34.9 22.8 39.7 60.5 46.5 

7 19.6 33.3 24.4 36.4 65.3 46.2 

8 16.8 32.3 27.1 40.5 63.2 46.9 

9 18.2 28.8 25.6 38.3 50.3 50.2 

10 18.3 28.0 25.2 36.0 47.3 47.4 

11 19.9 30.8 19.9 36.0 48.2 47.6 

12 20.6 31.9 24.5 34.9 44.2 51.0 

13 20.6 30.9 16.5 35.7 47.4 52.8 

14 16.8 28.8 19.6 34.0 41.0 44.8 

15 10.9 23.8 23.8 33.9 43.7 43.0 

16 11.2 29.6 21.8 33.9 44.1 43.3 

17 11.6 29.3 25.6 41.4 41.4 43.9 

18 12.8 28.9 30.6 41.0 43.7 42.9 

19 12.1 26.2 22.8 39.1 44.1 43.3 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2 

1 2 3 4 5 6 7 

20 10.9 23.8 28.5 40.6 42.0 34.9 

21 22.1 36.8 25.7 40.2 40.2 33.7 

22 19.4 35.6 29.0 40.5 41.4 43.9 

23 23.5 38.4 18.2 30.4 40.6 46.7 

24 22.2 35.4 18.3 30.8 39.5 51.3 

25 23.9 38.4 25.1 34.0 39.9 52.3 

26 23.0 39.3 26.3 30.9 39.8 52.8 

27 18.1 37.9 22.4 31.0 47.1 54.7 

28 17.9 36.8 21.3 31.0 31.8 48.7 

29 17.6 37.3 23.5 35.4 32.0 51.0 

30 19.5 39.5 21.1 40.2 31.4 49.4 

 

Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɝɪɚɮɢɱɟɫɤɚɹ ɢɥɢ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢ-

ɫɢɦɨɫɬɶ ɦɟɠɞɭ ɤɨɫɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɮɚɤɬɢɱɟɫɤɨɣ 

ɩɪɨɱɧɨɫɬɶɸ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ, ɭɫɬɚɧɚɜɥɢɜɚɥɚɫɶ ɥɢɧɟɣɧɨɝɨ ɜɢɞɚ ɫ ɩɪɨɜɟɞɟ-

ɧɢɟɦ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɬɛɪɚɤɨɜɤɢ ɨɬɞɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬ-

ɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 17624 ɢ ȽɈɋɌ 22690 Д5, 6Ж. ɉɪɢɦɟɧɟɧɢɟ ɝɪɚɞɭɢ-

ɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɨɩɭɫɤɚɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɡɧɚɱɟɧɢɹ ɤɨɫɜɟɧɧɨɣ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɢ, ɩɨɩɚɞɚɸɳɟɣ ɜ ɞɢɚɩɚɡɨɧ ɨɬ max ɞɨ min.  

ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2-7.  
 

 
 

Ɋɢɫ. 2. Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ15 (ɂɉɋ-ɆȽ 4.03) 
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Ɋɢɫ. 3. Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ20 (ɂɉɋ-ɆȽ 4.03) 

 

 

 

Ɋɢɫ. 4. Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ25 (ɂɉɋ-ɆȽ 4.03) 
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Ɋɢɫ. 5. Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ15 (ɉɭɥɶɫɚɪ-1.1) 

 

 
 

Ɋɢɫ. 6. Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ25 (ɉɭɥɶɫɚɪ-1.1) 
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Ɋɢɫ. 7. Ƚɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ35 (ɉɭɥɶɫɚɪ-1.1) 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ ɩɪɢɦɟɧɢɦɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɞɭɢɪɨ-

ɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɢ ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡɭɱɚɟɦɨɝɨ ɫɥɭɱɚɹ (ɬɚɛɥ. 3).  
 

Ɍɚɛɥɢɰɚ 3 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ ɢ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ 

ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɜɚɪɢɚɰɢɢ, % 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɤɨɪɪɟɥɹɰɢɢ, r Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɜɚɪɢɚɰɢɢ, % 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɤɨɪɪɟɥɹɰɢɢ, r 
ɂɉɋ-ɆȽ 4.03 ɉɭɥɶɫɚɪ-1.1 

ȼ15 7,15 0,49 ȼ15 14,2 0,76 

ȼ20 5,6 0,18 ȼ25 9,5 0,48 

ȼ25 17,3 0,38 ȼ35 10,3 0,04 

 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɟɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ (ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɨɤɚ-

ɡɚɬɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɞɜɭɯ ɢ ɛɨɥɟɟ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ) ɦɟɧɶɲɟ 0,7 ɢɥɢ ɡɧɚ-

ɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ ɛɨɥɶɲɟ 15 %, ɬɨ ɩɪɨɜɟɞɟɧɢɟ ɤɨɧɬɪɨɥɹ ɢ 

ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɨ ɩɨɥɭɱɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ.  
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ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɛɟɡ 

ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɪɢɦɟɧɹɬɶ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 22690-2015 «Ȼɟɬɨɧɵ. Ɉɩ-

ɪɟɞɟɥɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨ-

ɥɹ» ɢ ȽɈɋɌ 17624-2012 «Ȼɟɬɨɧɵ. ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɪɨɱɧɨɫɬɢ» ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɢ ɨɰɟɧɤɚ ɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɫɜɹɡɚɧɚ ɫ ɨɬɛɪɚɤɨɜ-

ɤɨɣ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ 

 ܴ�н − ܴ�фܵ ≤ 2, 

 

ɝɞɟ Riɧ – ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɜ i-ɦ ɭɱɚɫɬɤɟ (ɨɛɪɚɡɰɟ), ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɪɚɫ-

ɫɦɚɬɪɢɜɚɟɦɨɣ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ; Riɮ – ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɜ i-ɦ 

ɭɱɚɫɬɤɟ (ɨɛɪɚɡɰɟ), ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɭɬɟɦ ɢɫɩɵɬɚɧɢɹ ɩɪɹɦɵɦ ɪɚɡɪɭɲɚɸɳɢɦ 

ɦɟɬɨɞɨɦ ɨɛɪɚɡɰɨɜ-ɤɭɛɨɜ; S – ɨɫɬɚɬɨɱɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɨɛɳɟɟ ɱɢɫɥɨ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɟ ɩɪɟɜɵɲɚɟɬ 20.  

ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɫɥɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɪɢ-

ɜɟɞɟɧɵ ɧɚ ɪɢɫ. 8-13, ɚ ɢɯ ɩɚɪɚɦɟɬɪɵ ɜ ɬɚɛɥ. 4.  
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Ɋɢɫ. 13. Ɉɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɚɹ ɝɪɚɞɭɢɪɨɜɨɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɥɚɫɫɚ ȼ35 (ɉɭɥɶɫɚɪ-1.1) 

 

Ɍɚɛɥɢɰɚ 4 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ ɢ ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɯ 
ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɜɚɪɢɚɰɢɢ, % 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɤɨɪɪɟɥɹɰɢɢ, r Ʉɥɚɫɫ 
ɛɟɬɨɧɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɜɚɪɢɚɰɢɢ, % 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɤɨɪɪɟɥɹɰɢɢ, r 

ɂɉɋ-ɆȽ 4.03 ɉɭɥɶɫɚɪ-1.1 

ȼ15 2,0 0,47 ȼ15 9,3 0,95 

ȼ20 3,2 0,82 ȼ25 7,9 0,95 

ȼ25 16,0 0,87 ȼ35 9,8 0,63 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɦɨɠɧɨ ɫɞɟ-

ɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ ɨ ɫɢɥɟ ɫɜɹɡɢ ɦɟɠɞɭ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɛɟɬɨɧɚ ɢ 

ɤɨɫɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ:  

- ɟɫɥɢ 0 < Ы < 0,2, ɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬ ɫɜɹɡɢ;  

- ɟɫɥɢ 0,2 < Ы < 0,5, ɬɨ ɢɦɟɟɬɫɹ ɫɥɚɛɚɹ ɫɜɹɡɶ;  

- ɟɫɥɢ 0,5 < Ы < 0,75, ɬɨ ɢɦɟɟɬɫɹ ɫɪɟɞɧɹɹ ɫɜɹɡɶ; 

- ɟɫɥɢ 0,75 < Ы < 0,95, ɬɨ ɢɦɟɟɬɫɹ ɫɢɥɶɧɚɹ ɫɜɹɡɶ;  

- ɟɫɥɢ 0,95 < Ы < 1, ɬɨ ɢɦɟɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɜɹɡɶ. 
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ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɦɟɬɨɞɚ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ: 

ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ15 – ɫɥɚɛɚɹ ɫɜɹɡɶ; 

ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ20 ɢ ȼ25 – ɫɢɥɶɧɚɹ ɫɜɹɡɶ. 

Ⱦɥɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɦɟɬɨɞɚ: 

ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ15 ɢ ȼ25 – ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɜɹɡɶ. 

ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ35 – ɫɪɟɞɧɹɹ ɫɜɹɡɶ. 

 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫɩɨɫɨɛɨɜ 

ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɨɜ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ 

ɩɪɹɦɵɯ ɢ ɤɨɫɜɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ. ɉɨɫɬɪɨɟɧɵ ɢ ɨɬɤɨɪɪɟɤɬɢ-

ɪɨɜɚɧɵ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɜɹɡɵɜɚɸɳɢɟ ɮɚɤɬɢɱɟɫɤɭɸ ɩɪɨɱ-

ɧɨɫɬɶ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ɤɥɚɫɫɨɜ ȼ15-ȼ35 ɢ ɤɨɫɜɟɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 

ɩɪɨɱɧɨɫɬɢ ɧɟɪɚɡɪɭɲɚɸɳɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɢɫɩɨɥɶɡɭɸɳɢɦɢ ɜ ɤɚɱɟɫɬɜɟ ɤɨɫ-

ɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɧɟɪɝɢɸ ɭɞɚɪɚ ɢ ɫɤɨɪɨɫɬɶ ɭɥɶɬɪɚɡɜɭɤɚ.  

Ȼɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦɢ (ɬɨɱɧɵɦɢ) ɪɟɡɭɥɶɬɚɬɚɦɢ ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɩɨ-

ɥɭɱɟɧɧɵɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɧɟɪɚɡɪɭɲɚɸɳɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ 

ɉɭɥɶɫɚɪ-1.1. Ⱦɥɹ ɢɡɭɱɚɟɦɵɯ ɤɥɚɫɫɨɜ ɛɟɬɨɧɚ ȼ15, ȼ25 ɢ ȼ35 ɢɦɟɟɬɫɹ ɫɪɟɞ-

ɧɹɹ ɢɥɢ ɫɢɥɶɧɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɜɹɡɶ.  

Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ (ɩɪɢɛɨɪ ɂɉɋ-ɆȽ 

4.03) ɢɦɟɸɬ ɛɨɥɶɲɟɟ ɪɚɫɯɨɠɞɟɧɢɟ ɨɬ ɮɚɤɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ. ɇɚ 

ɧɚɲ ɜɡɝɥɹɞ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢɛɨɪɵ ɞɥɹ ɚɧɚɥɢɡɚ ɢɦɟɸɬ ɛɨɥɶɲɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɤɚɱɟɫɬɜɭ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɬɨɧɚ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɞɥɹ ɛɟɬɨɧɨɜ ɜɵɫɨɤɢɯ ɤɥɚɫɫɨɜ ɩɨ ɩɪɨɱɧɨɫɬɢ (ȼ20 ɢ ȼ25) ɬɚɤ 

ɤɚɤ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɢɦɟɟɬ ɦɟɫɬɨ ɫɢɥɶɧɚɹ ɫɜɹɡɶ. Ɇɟɬɨɞ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɧɟ 

ɩɪɢɦɟɧɢɦ ɤ ɛɟɬɨɧɚɦ ɧɢɡɤɢɯ ɤɥɚɫɫɨɜ ɩɨ ɩɪɨɱɧɨɫɬɢ (ȼ15 ɢ ɧɢɠɟ), ɬɚɤ ɤɚɤ 

ɢɦɟɟɬ ɦɟɫɬɨ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 
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13. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɧɟɪɚɡɪɭɲɚɸɳɢɦɢ 
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ɬɚɧɢɣ ɛɟɬɨɧɚ 2010. 148 ɫ.  

16. ɇɟɪɚɡɪɭɲɚɸɳɚɹ ɨɰɟɧɤɚ ɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ: ɧɚɞɟɠɧɨɫɬɶ ɢ 
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ɢɫɤɭɫɫɬɜɨ ɞɨɤɥɚɞ ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɦɢɬɟɬɚ RILEM 207-ɆɇɈ Ɋɟɞɚɤɬɨɪɵ: 

Breysse, Denys (Ed.). 

17. ɇɟɜɢɥɥ, Ⱥ. Ɇ. ɫɜɨɣɫɬɜɚ ɛɟɬɨɧɚ: ɭɱɟɛɧɢɤ/ Ⱥ. Ɇ. ɇɟɜɢɥɥ. Ɇ.: ɂɡɞɚ-

ɬɟɥɶɫɬɜɨ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ, 1972. 344 ɫ. 
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ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɫɧɨɫɟ ɡɞɚɧɢɣ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɚɪɤɚɫɚ ɫ ɰɟɥɶɸ ɢɯ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɩɨɞɩɨɪɧɵɯ ɫɬɟɧ ɩɪɢ ɧɨɜɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɦɚɥɨɷɬɚɠɧɵɯ 

ɡɞɚɧɢɣ. Ɋɟɲɚɸɬɫɹ ɩɪɨɛɥɟɦɵ ɭɬɢɥɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɭɫɨɪɚ ɛɟɡ ɜɵɜɨɡɚ ɟɝɨ ɧɚ ɫɜɚɥɤɢ 

ɌȻɈ. Ɋɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɮɭɧɞɚɦɟɧɬɨɜ. 
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ɡɞɚɧɢɹ, ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ 
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The article is devoted to the possibility of reuse of reinforced concrete structures 

formed during the demolition of buildings. The analysis of the strength parameters of rein-

forced concrete elements of the frame in order to reuse them as a construction of foundations 

and retaining walls in the new construction of low-rise buildings. Solved the problem of dis-

posing construction debris without taking it to the dumps of solid waste. Sharply reduced the 

cost of foundations. 

 

Keywords: reuse of structures, demolition of buildings, building elements, reinforced 

concrete foundation structures 

 

Ɉɩɢɫɚɧɢɟ ɩɪɨɛɥɟɦɵ. ɋɧɨɫ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɮɢɡɢɱɟɫɤɢɦ ɢɡɧɨɫɨɦ ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɦɨ-

ɪɚɥɶɧɵɦ ɫɬɚɪɟɧɢɟɦ ɡɞɚɧɢɣ, ɞɨɪɨɝɨɜɢɡɧɨɣ ɡɟɦɥɢ ɜ ɰɟɧɬɪɟ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ 

ɢ ɬ.ɩ. ɂɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɫɧɨɫɚ ɡɞɚɧɢɣ. ɉɟɪɜɵɣ, ɧɚɢɛɨɥɟɟ ɪɚɫ-

ɩɪɨɫɬɪɚɧɟɧɧɵɣ, ɤɨɝɞɚ ɡɞɚɧɢɟ ɩɨɞɜɟɪɝɚɸɬ ɜɚɪɜɚɪɫɤɨɦɭ ɨɛɪɭɲɟɧɢɸ ɛɟɡ ɫɨ-

ɯɪɚɧɟɧɢɹ ɰɟɥɨɫɬɧɨɫɬɢ ɤɚɤ ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɬɚɤ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢɡ-

ɞɟɥɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɪɟɜɪɚɳɟɧɢɟɦ ɢɯ ɜ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɭɫɨɪ (ɪɢɫ. 1).  

 

 

Ɋɢɫ. 1. ȼɚɪɜɚɪɫɤɢɣ ɫɧɨɫ ɡɞɚɧɢɹ ɦɟɬɨɞɨɦ ɨɛɪɭɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
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ɉɨɥɭɱɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɭɫɨɪ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɜɵɜɨɡɢɬɫɹ ɧɚ ɫɜɚɥ-

ɤɢ ɌȻɈ, ɡɚɝɪɹɡɧɹɹ ɩɪɢ ɷɬɨɦ ɬɟɪɪɢɬɨɪɢɸ. ȿɳɟ ɨɞɧɢɦ ɧɟɝɚɬɢɜɧɵɦ ɮɚɤɬɨɪɨɦ 

ɬɚɤɨɝɨ ɫɩɨɫɨɛɚ ɫɧɨɫɚ ɡɞɚɧɢɣ ɹɜɥɹɟɬɫɹ ɫɬɪɨɢɬɟɥɶɧɚɹ ɩɵɥɶ, ɡɚɝɪɹɡɧɹɸɳɚɹ ɜɫɟ 

ɜɨɤɪɭɝ, ɧɟ ɬɨɥɶɤɨ ɜ ɦɨɦɟɧɬ ɫɧɨɫɚ, ɧɨ ɢ ɩɪɢ ɩɟɪɟɜɨɡɤɟ ɢ ɜ ɩɪɨɰɟɫɫɟ ɯɪɚɧɟɧɢɹ 

ɧɚ ɫɜɚɥɤɚɯ ɌȻɈ. ɗɬɨɬ ɦɟɬɨɞ ɫɧɨɫɚ ɢɡ-ɡɚ ɨɝɪɨɦɧɵɯ ɨɛɴɟɦɨɜ ɜɵɜɨɡɚ ɫɬɪɨɢ-

ɬɟɥɶɧɨɝɨ ɦɭɫɨɪɚ ɧɚ ɫɜɚɥɤɢ ɌȻɈ ɢɡɠɢɥ ɫɟɛɹ.  

ȼɬɨɪɨɣ ɫɩɨɫɨɛ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɭɦɧɵɣ ɫɧɨɫ», ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɞɟɥɟ-

ɧɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɫɬɚɞɢɢ ɪɚɡɛɨɪɤɢ ɩɨ 

ɜɢɞɚɦ ɦɚɬɟɪɢɚɥɨɜ, ɮɪɚɤɰɢɹɦ ɢ ɬ.ɩ. ɉɨɫɥɟ ɫɨɪɬɢɪɨɜɤɢ ɤɚɦɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, 

ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɫɬɚɜɲɢɟɫɹ ɩɨɫɥɟ ɫɧɨɫɚ, ɩɨɞ-

ɜɟɪɝɚɸɬɫɹ ɞɪɨɛɥɟɧɢɸ ɫ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɤɚɦɟɧɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ (ɪɢɫ. 2). ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɹɜɥɹɟɬɫɹ ɞɨɪɨɝɨɜɢɡɧɚ ɩɨɥɭɱɚɟ-

ɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɯ ɧɢɡɤɚɹ ɨɞɧɨɪɨɞɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ. ɉɨɫɥɟɞɭɸɳɟɟ ɢɯ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦ ɩɨɬɪɟ-

ɛɢɬɟɥɟɦ ɬɚɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɬɚɧɨɜɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɨɪɨɠɧɚɹ ɨɬɪɚɫɥɶ, ɝɞɟ ɷɬɢ 

ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɧɚɫɵɩɟɣ, ɨɬɫɵɩɤɢ ɨɬɤɨɫɨɜ ɢ ɬ.ɩ. 

 

 

 

Ɋɢɫ. 2. ɉɟɪɟɪɚɛɨɬɤɚ ɛɟɬɨɧɚ ɜ ɳɟɛɟɧɶ ɫ ɟɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ  
ɤɨɦɩɥɟɤɫɟ ɩɨ ɞɪɨɛɥɟɧɢɸ («ɍɦɧɵɣ ɫɧɨɫ») 
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Ɍɪɟɬɶɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɧɨɫɚ (ɦɟɬɨɞ ɩɨɷɥɟɦɟɧɬɧɨɣ ɪɚɡɛɨɪɤɢ) ɨɩɪɟɞɟɥɹ-

ɟɬɫɹ ɞɨɤɭɦɟɧɬɚɦɢ Д1,2Ж, ɝɞɟ ɪɚɡɪɚɛɨɬɚɧɵ ɨɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ ɞɟɦɨɧɬɚɠɚ ɠɟ-

ɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɨɦɨɧɨɥɢɱɟɧɧɵɯ ɭɡɥɨɜ 

ɩɪɢ ɞɟɦɨɧɬɚɠɟ ɤɚɪɤɚɫɧɵɯ ɡɞɚɧɢɣ ɜ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɜɨɡɧɢ-

ɤɚɸɬ ɩɨɜɪɟɠɞɟɧɢɹ ɜ ɜɢɞɟ ɫɤɨɥɨɜ, ɬɪɟɳɢɧ, ɭɱɚɫɬɤɨɜ ɨɝɨɥɟɧɢɹ ɢ ɥɨɤɚɥɶɧɨɝɨ 

ɩɨɜɪɟɠɞɟɧɢɹ ɚɪɦɚɬɭɪɵ, ɤɨɬɨɪɵɟ ɧɟ ɩɨɡɜɨɥɹɸɬ ɢɯ ɩɨɜɬɨɪɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨ 

ɫɜɨɟɦɭ ɩɪɹɦɨɦɭ ɧɚɡɧɚɱɟɧɢɸ (ɪɢɫ. 3, 4). 

 

 

 
Ɋɢɫ. 3. Ⱦɟɦɨɧɬɚɠ ɡɞɚɧɢɹ ɦɟɬɨɞɨɦ ɩɨɷɥɟɦɟɧɬɧɨɣ ɪɚɡɛɨɪɤɢ 

 

 
 

Ɋɢɫ. 4. Ɋɚɰɢɨɧɚɥɶɧɵɣ ɫɧɨɫ ɡɞɚɧɢɹ 
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ȼ ɯɨɞɟ ɩɨɫɬɨɹɧɧɨ ɩɪɨɜɨɞɹɳɢɯɫɹ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ Д3-

10, 14-18Ж, ɚ ɬɚɤɠɟ ɜ ɪɚɦɤɚɯ ɪɚɛɨɬ ɩɨ ɧɚɰɢɨɧɚɥɶɧɵɦ ɩɪɨɟɤɬɚɦ «ɗɤɨɥɨɝɢɹ» 

ɢ «Ⱦɨɫɬɭɩɧɨɟ ɠɢɥɶɺ», ɪɟɚɥɢɡɭɟɦɵɯ ɫɨɬɪɭɞɧɢɤɚɦɢ ɢɧɠɟɧɟɪɧɵɯ ɫɩɟɰɢɚɥɶ-

ɧɨɫɬɟɣ ȼȽɌɍ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɩɪɚɤɬɢɱɟ-

ɫɤɢ ɜɫɟɯ ɞɟɦɨɧɬɢɪɨɜɚɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɯɨɞɢɬɫɹ ɧɚ ɞɨɫɬɚ-

ɬɨɱɧɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɤɥɚɫɫɵ ɛɟɬɨɧɨɜ, ɢɫɩɨɥɶ-

ɡɭɟɦɵɯ ɜ ɧɨɜɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɬɨɥɶɤɨ ɱɬɨ ɜɵɩɭɳɟɧɧɵɯ ɫ ɡɚ-

ɜɨɞɨɜ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ. ɗɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɢɥ ɩɪɟɞɩɨɥɨɠɢɬɶ ɢ ɨɛɨɫ-

ɧɨɜɚɬɶ ɪɚɰɢɨɧɚɥɶɧɨɫɬɶ ɩɨɜɬɨɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɠɟ-

ɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɧɟɫɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɜ ɤɚɱɟɫɬɜɟ 

ɤɨɧɫɬɪɭɤɰɢɣ ɮɭɧɞɚɦɟɧɬɨɜ, ɫɬɟɧ ɩɨɞɜɚɥɨɜ, ɰɨɤɨɥɶɧɵɯ ɱɚɫɬɟɣ ɫɬɟɧ ɡɞɚɧɢɣ. 

 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɩɨɤɚɡɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢ ɷɮɮɟɤ-

ɬɢɜɧɨɝɨ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ ɫɬɚɪɨɣ ɩɨɫɬɪɨɣɤɢ ɩɨɫɥɟ ɢɯ ɞɟɦɨɧɬɚɠɚ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɫɬɪɭɤɬɢɜ-

ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɮɭɧɞɚɦɟɧɬɨɜ, ɤɨɧɫɬɪɭɤɰɢɣ ɰɨɤɨɥɶɧɨɣ ɱɚɫɬɢ ɫɬɟɧ ɦɚɥɨɷɬɚɠ-

ɧɵɯ ɡɞɚɧɢɣ. 

 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɧɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ ɩɨɤɚɡɚɬɶ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤ-

ɰɢɣ ɩɨɜɬɨɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɦɚɥɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ, ɜ ɤɚ-

ɱɟɫɬɜɟ ɮɭɧɞɚɦɟɧɬɨɜ, ɫɬɟɧ ɩɨɞɜɚɥɨɜ, ɰɨɤɨɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɬɟɧ. 

 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ. ɉɪɢ ɪɟɝɭɥɹɪɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬ ɩɨ ɨɛɫɥɟɞɨɜɚ-

ɧɢɸ ɢ ɨɰɟɧɤɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟɞɨɫɬɪɨɟɧɧɵɯ ɢ ɡɚɛɪɨɲɟɧɧɵɯ ɡɞɚ-

ɧɢɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɝɨɪɨɞɟ ȼɨɪɨɧɟɠɟ ɢ ɟɝɨ ɛɥɢɠɚɣɲɢɯ ɩɪɢɝɨɪɨɞɚɯ, ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɤɨɬɨɪɵɯ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɩɨɞɜɟɪɝɚɥɢɫɶ ɜɨɡɞɟɣɫɬɜɢɸ ɚɬɦɨɫɮɟɪ-

ɧɵɯ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɛɵɜɚɸɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɟ ɨ ɞɟɦɨɧɬɚɠɟ ɤɨɧɫɬɪɭɤɰɢɣ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
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ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɩɪɢɦɟɪ, ɩɨɫɥɟ ɞɟɦɨɧɬɚɠɚ ɤɨɧɫɬɪɭɤɰɢɣ 

ɤɚɪɤɚɫɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɦɧɨɝɨɷɬɚɠɧɨɝɨ ɡɞɚɧɢɹ ɫɨɬɪɭɞɧɢɤɚɦɢ ɤɚɮɟɞɪɵ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɨɫɧɨɜɚɧɢɣ ɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢɦ. ɩɪɨɮ. ɘ.Ɇ. Ȼɨ-

ɪɢɫɨɜɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨ-

ɤɚɡɚɬɟɥɟɣ ɛɟɬɨɧɚ. 

ɉɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɜ ɧɟɫɭɳɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɨɩɪɟɞɟ-

ɥɹɥɚɫɶ ɦɟɬɨɞɨɦ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ. ɂɫɩɵɬɚɧɢɹɦ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɠɟɥɟ-

ɡɨɛɟɬɨɧɧɵɟ ɤɨɥɨɧɧɵ, ɪɢɝɟɥɢ, ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ ɢ ɩɨɤɪɵɬɢɹ. ɍɱɚɫɬɤɢ ɢɫ-

ɩɵɬɚɧɢɹ ɛɟɬɨɧɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɨɱɧɨɫɬɢ ɪɚɫɩɨɥɚɝɚɥɢɫɶ: 

- ɜ ɦɟɫɬɚɯ ɧɚɢɦɟɧɶɲɟɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟ-

ɥɟɧɧɨɣ ɜɢɡɭɚɥɶɧɵɦ ɦɟɬɨɞɨɦ; 

- ɜ ɡɨɧɚɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɢɯ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ; 

- ɜ ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ ɞɟɮɟɤɬɵ ɢ ɩɨɜɪɟɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɜɢɞɟ-

ɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɩɨɧɢɠɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɭɞɚɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɧɚ ɤɚɠɞɨɦ ɨɛɫɥɟɞɭɟ-

ɦɨɦ ɷɥɟɦɟɧɬɟ ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɩɨ ɞɜɚ ɭɱɚɫɬɤɚ. ɇɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɩɪɨɢɡ-

ɜɨɞɢɥɨɫɶ ɧɟ ɦɟɧɟɟ 10-ɢ ɢɡɦɟɪɟɧɢɣ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ ɭɞɚɪɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦɟɫɬɚɯ, ɝɞɟ ɜɛɥɢɡɢ ɧɟɬ ɚɪɦɚɬɭɪɵ ɞɢɚɦɟɬɪɨɦ ɛɨɥɶ-

ɲɟ 12 ɦɦ. Ɇɟɫɬɚ ɞɥɹ ɢɡɦɟɪɟɧɢɣ, ɫɜɨɛɨɞɧɵɟ ɨɬ ɚɪɦɚɬɭɪɵ, ɜɵɛɢɪɚɥɢɫɶ ɫ ɩɨ-

ɦɨɳɶɸ ɩɪɢɛɨɪɚ ɂɉȺ-ɆȽ4. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɤɨɧɬɪɨɥɹ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ 

ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶ-

ɬɚɬɨɜ. ȼ ɯɨɞɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɤɥɚɫɫɚ ɛɟɬɨɧɚ 

ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ. Ɋɚɫɱɟɬ ɤɥɚɫɫɚ ɛɟɬɨɧɚ ɛɵɥ ɜɵɩɨɥɧɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟɦ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɢɤ.  

Ɇɟɬɨɞɢɤɚ 1 Д11Ж. Ɋɚɫɱɟɬ ɤɥɚɫɫɚ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɜɵ-

ɩɨɥɧɟɧ ɩɨ ɮɨɪɦɭɥɟ: 
 

B=Rm*(1-t1*V). 
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ȼɫɟ ɨɛɨɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɟ ɩɪɢɧɹɬɵ ɩɨ ɩ. 3.2 Д11Ж. 

Ɇɟɬɨɞɢɤɚ 2 Д12Ж. Ɋɚɫɱɟɬ ɤɥɚɫɫɚ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɜɵ-

ɩɨɥɧɟɧ ɩɨ ɮɨɪɦɭɥɟ: 

 

B=Rm/Kt. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɛɭɟɦɨɣ ɩɪɨɱɧɨɫɬɢ KЭ ɩɪɢɧɢɦɚɥɫɹ ɩɨ ɬɚɛɥɢɰɟ 4 Д12Ж. 

Ɇɟɬɨɞɢɤɚ 3 Д13Ж. Ɋɚɫɱɟɬ ɤɥɚɫɫɚ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ ɜɵ-

ɩɨɥɧɟɧ ɩɨ ɮɨɪɦɭɥɟ  

 

B=Rm*0.8. 

 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɢ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɣ ɫɬɚɬɢɫɬɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɟɧɢɣ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɛɟɬɨɧɚ ɫɬɪɨɢɬɟɥɶ-

ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɨɫɥɟ ɢɯ ɞɟɦɨɧɬɚɠɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. Ɂɚ ɨɤɨɧɱɚ-

ɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ ɛɟɬɨɧɚ ɩɪɢɧɢɦɚɥɨɫɶ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɡ 

ɬɪɟɯ ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɦ ɮɨɪɦɭɥɚɦ, ɨɤɪɭɝɥɟɧɧɨɟ ɞɨ ɰɟɥɨɝɨ.  

 

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɥɚɫɫɚ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ 

№ 

ɩ.ɩ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ  
ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ-

ɷɥɟɦɟɧɬɚ 

R[i] 

Ɇɉɚ 

M 

ɤɝ/ɫɦ2 

Rm Ɇɉɚ 

Sm V% ta 

d 

Ɇɉɚ 

(d%) 

B1 

B2 

B3 

B 

1 2 3 4 5 6 7 8 9 10 

1 

 

ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɤɨɥɨɧɧɚ (n=20) 

37.1    37.7  

38.6    42.8  

38.2    35.6 

36.6    32.6  

38.8    38.7  

37.7    32.3 

34.7    38.7 

40.2    35.9 

37.8    38.8 

35.9    35.3 

375 

37.5 
3.02 8.5 1.72 

0.47 

(5%) 

25.8 

25.64 

25.73 

26 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

1 2 3 4 5 6 7 8 9 10 

2 
ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɤɨɥɨɧɧɚ (n=20) 

36.1    37.4 

38.2    30.7 

37.2    37.3 

37.9    30.8 

39.3    35.1 

39.5    38.8 

34.7    39.5 

32.7    35.7 

36.6    33.7 

31.2    36.2 

361 

36.1 
3.20 9.4 1.73 

0.42 

(5%) 

25.3 

24.74 

24.83 

25 

3 
ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɤɨɥɨɧɧɚ (n=20) 

31.4    33.4  

36.1    33.5 

32.2    35.8 

38.8    31.8 

35.8    37.7 

38.3    37.6 

34.7    35.2  

32.4    30.7 

31.8    32.6 

33.2    34.0 

354 

35.4 
2.53 7.8 1.71 

0.37 

(4%) 

26.6 

27.4 

26.5 

27 

4 

ɀɟɥɟɡɨɛɟɬɨɧɧɵɣ 
ɪɢɝɟɥɶ ɩɨɤɪɵɬɢɹ 

(n=20) 

41.2   47.9 

46.2   42.6 

46.9   43.1 

48.0   46.9 

42.2   49.0 

48.0   42.0 

43.0   47.1 

48.0   44.2 

41.8   42.4 

44,6   44,1 

461 

46.1 
3.11 7.2 1.73 

0.31 

(3%) 

35.9 

35.8 

36.7 

36 

5 

ɀɟɥɟɡɨɛɟɬɨɧɧɵɣ 
ɪɢɝɟɥɶ ɩɟɪɟɤɪɵɬɢɹ 

(n=20) 

45.9   45.6 

44.3   51.7 

44.9   49.3 

43.6   54.0 

50.9   45.9 

49.8   44.6 

43.7   47.8 

42.1   44.8 

45.8   43.8 

46.9    47.0 

463 

46.3 
3.54 7.5 1.71 

0.34 

(3%) 

34.8 

35.2 

34.9 

35 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

1 2 3 4 5 6 7 8 9 10 

6 

Ɋɟɛɪɢɫɬɚɹ ɠɟɥɟɡɨ-
ɛɟɬɨɧɧɚɹ ɩɥɢɬɚ ɩɟ-
ɪɟɤɪɵɬɢɹ (n=20) 

20.4    

 19.4 

19.4    

 23.5 

21.2    

 21.9 

22.9    

 20.2 

23.2     

23.3 

23.9     

23.0 

20.3   

  19.2 

19.1     

17.4 

18.1     

20.5 

17.3     

18.4 

206 

20.6 
2.131 10.3 1.73 

0.82 

(4%) 

16.96 

16.71 

17.15 

17 

7 

Ɋɟɛɪɢɫɬɚɹ ɠɟɥɟɡɨ-
ɛɟɬɨɧɧɚɹ ɩɥɢɬɚ 

(n=20) 

21.1    22.1 

24.7    21.7 

22.6    19.4 

21.2    21.6 

23.0    19.7 

24.2    17.4 

23.8    18.9 

18.9    19.8 

24.3    23.2 

23.6    20.6 

216 

21.60 
2.31 9.7 1.73 

0.89 

(4%) 

17.60 

17.31 

17.83 

17 

8 
ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɤɨɥɨɧɧɚ (n=10) 

36,4   35,5 

34,5   37,5 

37,1   37,5 

36,2   39,5 

36,0   39,7 

364 

36,489 
1,649 4,5 1,83 

1,01 

(3%) 

33,48 

29,19 

33,8 

29 

9 
ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɤɨɥɨɧɧɚ (n=10) 

36,9   35,7 

28,4   34,5 

30   35,9 

33,2   37,4 

28,3   34,6 

340 

34 
3,267 9,6 1,86 

2,15 

(6%) 

27,93 

27,2 

28,65 

27 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 

1 2 3 4 5 6 7 8 9 10 

10 

ɀɟɥɟɡɨɛɟɬɨɧɧɵɣ 
ɪɢɝɟɥɶ ɩɨɤɪɵɬɢɹ 

(n=15) 

36   34.2 

34.3   36.3 

36.7   34.9 

35.2   35.6 

35.7   36.3 

34.5   35.6 

36.3   34.8 

35.6 

354 

35.467 
0.79 2.2 1.75 

0.36 

(1%) 

34.1 

28.37 

34.19 

28 

11 

ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɩɥɢɬɚ ɩɨɤɪɵɬɢɹ 

(n=10) 

33,1   25,9 

36,7   34,4 

28,5   31,1 

34,4   33,8 

35,4   31,8 

322 

32,237 
3,543 11 1,86 

2,33 

(7%) 

25,64 

25,79 

26,42 

25 

12 

ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɩɥɢɬɚ ɩɨɤɪɵɬɢɹ 

(n=10) 

37,6   44,6 

33,5   36,8 

36,2   36,8 

34,1   40 

35,1   39 

374 

37,45 
4,461 11,9 1,86 

2,93 

(8%) 

29,16 

29,96 

30,14 

29 

13 

ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɩɥɢɬɚ ɩɟɪɟɤɪɵɬɢɹ 

(n=8) 

36,9   35,7 

28,4   34,5 

30,0   35,9 

33,2   37,4 

340 

34 
3,267 9,6 1,86 

2,15 

(6%) 

27,93 

27,2 

28,65 

27 

14 

ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ 
ɩɥɢɬɚ ɩɟɪɟɤɪɵɬɢɹ 

(n=10) 

33.7     

30.6 

27.2     

36.6 

25.9     

36.2 

28.4     

32.2 

30.9     

35.6 

344 

34,4 
3.419 10.8 1.73 

1.32 

(4%) 

25.76 

25.34 

26.06 

25 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ ɢɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɤɥɚɫɫɨɜ ɛɟɬɨɧɚ ɤɨɧɫɬɪɭɤ-

ɰɢɣ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɜɪɟɠ-

ɞɟɧɢɣ ɚɪɦɚɬɭɪɵ ɜ ɷɬɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɨɧɢ ɦɨɝɭɬ ɩɨɜɬɨɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɚɥɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ. 

 

Ɋɟɲɟɧɢɟ ɨɩɢɫɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɢ ɢɧɧɨɜɚɰɢɨɧɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ. 

ɉɪɨɟɤɬ ɩɨɫɜɹɳɟɧ ɪɚɡɪɚɛɨɬɤɟ ɛɟɡɨɬɯɨɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɧɨɫɚ ɡɞɚɧɢɣ (ɪɢɫ.3-
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4), ɫɨɨɪɭɠɟɧɢɣ ɢ ɭɫɬɪɨɣɫɬɜɚ ɮɭɧɞɚɦɟɧɬɨɜ ɦɚɥɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟ-

ɧɢɣ, ɜɤɥɸɱɚɸɳɟɣ ɩɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

(ɪɢɫ. 5-9). ɉɨ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ Д3-9Ж, ɜ 2018 

ɝɨɞɭ ɩɨɥɭɱɟɧ ɩɚɬɟɧɬ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ Д10Ж. ȼ ɨɩɢɫɚɧɢɢ ɢɡɨɛɪɟɬɟɧɢɹ ɤ ɩɚɬɟɧ-

ɬɭ ɞɨɤɚɡɚɧɚ ɧɨɜɢɡɧɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɚɝɚɟɦɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ,  

ɩɪɢɜɟɞɟɧɵ ɞɟɬɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɹ ɜɨɡɜɟɞɟɧɢɹ ɢ ɱɟɪɬɟɠɢ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɫɛɨɪɧɨ-ɦɨɧɨɥɢɬɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ. 

Ɍɟɯɧɨɥɨɝɢɹ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɚɩɪɨɛɢɪɨɜɚɧɚ ɧɚɦɢ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɦɚɥɨ-

ɷɬɚɠɧɵɯ ɨɛɴɟɤɬɨɜ ɝ. ȼɨɪɨɧɟɠɚ ɢ ɨɛɥɚɫɬɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨ ɷɬɨɣ ɬɟɯ-

ɧɨɥɨɝɢɢ ɩɨɫɬɪɨɟɧɵ ɞɟɫɹɬɤɢ ɡɞɚɧɢɣ (ɧɟɛɨɥɶɲɨɣ ɮɢɡɤɭɥɶɬɭɪɧɵɣ ɰɟɧɬɪ, ɱɚ-

ɫɬɧɵɟ ɦɚɝɚɡɢɧɵ, ɠɢɥɵɟ ɞɨɦɚ ɦɚɥɨɣ ɷɬɚɠɧɨɫɬɢ, ɱɚɫɬɧɵɟ ɝɨɫɬɢɧɢɰɵ ɜɵɫɨ-

ɬɨɣ ɞɨ 3-ɯ ɷɬɚɠɟɣ, ɧɚɞɜɨɪɧɵɟ ɩɨɫɬɪɨɣɤɢ). Ɏɨɬɨɝɪɚɮɢɢ ɩɪɨɰɟɫɫɚ ɜɨɡɜɟɞɟɧɢɹ 

ɮɭɧɞɚɦɟɧɬɨɜ ɨɬɞɟɥɶɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5-9. 

ɋɬɨɢɦɨɫɬɶ 1 ɦ3 ɮɭɧɞɚɦɟɧɬɚ ɩɨɫɬɪɨɟɧɧɵɯ ɡɞɚɧɢɣ ɤɨɥɟɛɥɟɬɫɹ ɜ ɪɚɣɨɧɟ 

3,5 ɬɵɫ. ɪɭɛɥɟɣ, ɱɬɨ ɜ 3-5 ɪɚɡ ɧɢɠɟ ɰɟɧ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨ ɨɛɵɱɧɵɦ ɬɟɯ-

ɧɨɥɨɝɢɹɦ. 

 

 

 

Ɋɢɫ. 5. ɍɫɬɪɨɣɫɬɜɨ ɡɞɚɧɢɹ ɢɡ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɥɨɧɧ 

 



ɏɢɦɢɹ, ɮɢɡɢɤɚ ɢ ɦɟɯɚɧɢɤɚ ɦɚɬɟɪɢɚɥɨɜ № 1 (20), 2019 

83 

 

 

Ɋɢɫ. 6. ɍɫɬɪɨɣɫɬɜɨ ɩɥɢɬɧɨɝɨ ɮɭɧɞɚɦɟɧɬɚ ɢɡ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ  
ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɦɟɫɬɧɨɫɬɢ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɝɪɭɧɬɨɜɵɯ ɜɨɞ 

 

 

 

Ɋɢɫ. 7. ɍɫɬɪɨɣɫɬɜɨ ɫɬɟɧɱɚɬɨɝɨ ɮɭɧɞɚɦɟɧɬɚ ɢɡ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɪɟɛɪɢɫɬɵɯ ɩɥɢɬ 

 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɨɬɞɟɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 

ɦɨɝɭɬ ɛɵɬɶ ɨɛɪɟɡɚɧɵ ɞɨ ɧɭɠɧɵɯ ɪɚɡɦɟɪɨɜ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ (ɪɢɫ. 9). 
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Ɋɢɫ. 8. ɍɫɬɪɨɣɫɬɜɨ ɫɬɟɧ ɩɨɞɜɚɥɚ ɢɡ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɥɢɬ 

 

 

 

Ɋɢɫ. 9. Ɋɚɡɪɟɡɤɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɥɢɬ ɩɨɞ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɡɦɟɪɵ 

 

Ɉɩɢɫɚɧɢɟ ɛɚɡɨɜɨɣ ɬɟɯɧɨɥɨɝɢ 

Ɍɟɯɧɨɥɨɝɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

- ɨɫɦɨɬɪ ɡɞɚɧɢɣ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɧɚ ɩɪɟɞɦɟɬ ɨɰɟɧɤɢ ɫɩɨɫɨɛɨɜ ɢɯ ɪɚ-

ɰɢɨɧɚɥɶɧɨɝɨ ɫɧɨɫɚ ɫ ɜɵɞɚɱɟɣ ɪɟɤɨɦɟɧɞɚɰɢɣ; 
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- ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɪɟɫɫ ɚɧɚɥɢɡɚ ɨɫɬɚɬɨɱɧɵɯ ɫɪɨɤɨɜ ɫɥɭɠɛɵ ɨɞɧɨɬɢɩ-

ɧɵɯ ɝɪɭɩɩ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ «ɷɤɫɩɟɪɬɧɵɯ ɦɟɬɨ-

ɞɨɜ» ɩɪɨɝɧɨɡɚ Д9, 14-18]; 

- ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬ-

ɞɟɥɶɧɵɯ ɝɪɭɩɩ ɨɞɧɨɬɢɩɧɵɯ ɞɟɦɨɧɬɢɪɭɟɦɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 

- ɢɧɠɟɧɟɪɧɵɣ ɧɚɞɡɨɪ ɡɚ ɫɧɨɫɨɦ ɢ ɫɨɪɬɢɪɨɜɤɨɣ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɬɪɨɢ-

ɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ; 

- ɨɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɬɟɪɢɚɥɨɜ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɛɨɪɤɢ ɡɞɚɧɢɣ; 

- ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɤɨɧɫɬɪɭɤɰɢɣ ɮɭɧɞɚɦɟɧɬɨɜ ɦɚɥɨ-

ɷɬɚɠɧɵɯ ɡɞɚɧɢɣ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ. 

 

Ɂɚɤɥɸɱɟɧɢɟ. ɋɧɨɫ ɡɞɚɧɢɣ ɩɨ ɬɟɯɧɨɥɨɝɢɹɦ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜ ɧɚ-

ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɟɧ. ȼ 

ɨɬɥɢɱɢɟ ɨɬ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɞɥɚɝɚɟɦɚɹ ɧɚɦɢ ɪɚɡɪɚɛɨɬɤɚ ɩɨ 

ɞɟɦɨɧɬɚɠɭ ɡɞɚɧɢɣ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɚɥɨɷɬɚɠɧɵɯ ɞɨɦɨɜ ɹɜɥɹɟɬɫɹ ɛɟɡɨɬɯɨɞ-

ɧɨɣ ɢ ɩɨɡɜɨɥɹɟɬ: 

- ɪɟɲɢɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɭɬɢɥɢɡɚɰɢɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨ-

ɥɨɧɧ, ɪɢɝɟɥɟɣ, ɪɟɛɪɢɫɬɵɯ ɩɥɢɬ, ɢɦɟɸɳɢɟ ɞɟɮɟɤɬɵ, ɬɪɟɳɢɧɵ, ɫɤɨɥɵ, ɧɚ-

ɱɚɜɲɭɸɫɹ ɤɨɪɪɨɡɢɸ ɚɪɦɚɬɭɪɵ, ɡɚ ɫɱɟɬ ɢɯ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɨɧ-

ɫɬɪɭɤɰɢɹɯ ɮɭɧɞɚɦɟɧɬɨɜ ɛɟɡ ɜɵɜɨɡɚ ɢɯ ɧɚ ɫɜɚɥɤɢ ɌȻɈ; 

- ɫɧɢɡɢɬɶ ɫɪɨɤɢ ɭɫɬɪɨɣɫɬɜɚ ɮɭɧɞɚɦɟɧɬɨɜ; 

- ɪɟɡɤɨ ɫɧɢɡɢɬɶ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɮɭɧɞɚɦɟɧ-

ɬɨɜ ɦɚɥɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 

- ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɢɡ-ɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɥɢɬ ɡɚ-

ɜɨɞɫɤɨɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɭɫɬɚɧɨɜɤɟ ɞɨɪɨɝɨɫɬɨɹ-

ɳɟɣ ɨɩɚɥɭɛɤɢ ɢ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚ ɫɬɪɨɢɬɟɥɶɧɨɣ 

ɩɥɨɳɚɞɤɟ. 
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394018, ɝ. ȼɨɪɨɧɟɠ, ɍɧɢɜɟɪɫɢɬɟɬɫɤɚɹ ɩɥɨɳɚɞɶ, 1 
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɲɥɚɦ-ɥɢɝɧɢɧɚ Ȼɚɣɤɚɥɶɫɤɨɝɨ ɰɟɥɥɸɥɨɡɧɨ-

ɛɭɦɚɠɧɨɝɨ ɤɨɦɛɢɧɚɬɚ ɫ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɶɸ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɟɝɨ ɞɟɡɨɞɨɪɚɰɢɢ 

ɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ. ɇɟɝɚɲɟɧɚɹ ɢɡɜɟɫɬɶ, ɜɜɟɞɟɧɧɚɹ ɜ ɲɥɚɦ-ɥɢɝɧɢɧ  ɜ ɤɨɥɢɱɟɫɬɜɟ 15-20%, 

ɧɟɣɬɪɚɥɢɡɭɟɬ ɟɝɨ ɜ ɬɟɱɟɧɢɟ 8-15 ɞɧɟɣ. ɋɚɈ ɫɜɹɡɵɜɚɟɬ ɥɟɬɭɱɢɟ ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ  ɤɨɦɩɨ-

ɧɟɧɬɵ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ  ɢ ɜɨɞɭ. Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ 

ɷɮɮɟɤɬɢɜɧɨ ɫɧɢɡɢɬɶ ɧɟɩɪɢɹɬɧɵɣ ɡɚɩɚɯ ɞɨ ɭɪɨɜɧɹ 2-3 ɛɚɥɥɚ ɩɨ 5-ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ ɢ ɧɚ 

45-50 % ɜɥɚɠɧɨɫɬɶ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɪɨɞɭɤɬɚ, ɩɪɢɞɚɜɚɹ ɟɦɭ ɜɢɞ ɫɵɩɭɱɟɝɨ ɩɨɪɨɲɤɚ, 

ɭɞɨɛɧɨɝɨ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ.  Ɍɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɭɬɢɥɢ-

ɡɚɰɢɢ ɨɬɥɢɱɚɟɬɫɹ ɩɪɨɫɬɵɦ ɚɩɩɚɪɚɬɭɪɧɵɦ ɨɫɧɚɳɟɧɢɟɦ ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɞɨɪɨɝɨɝɨ ɯɢ-

ɦɢɱɟɫɤɨɝɨ ɪɟɚɝɟɧɬɚ. ȼɵɫɨɤɚɹ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɩɨɫɨɛɚ ɞɟɥɚɟɬ ɟɝɨ ɩɟɪ-

ɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɪɟɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ Ȼɚɣɤɚɥɶɫɤɨɝɨ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɝɨ 

ɤɨɦɛɢɧɚɬɚ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɡɟɪɨ Ȼɚɣɤɚɥ, Ȼɚɣɤɚɥɶɫɤɢɣ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɵɣ ɤɨɦɛɢɧɚɬ, 

ɲɥɚɦ-ɥɢɝɧɢɧ, ɭɬɢɥɢɡɚɰɢɹ ɨɬɯɨɞɨɜ, ɧɟɝɚɲɟɧɚɹ ɢɡɜɟɫɬɶ, ɷɤɨɥɨɝɢɹ 
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The article describes the method of deodorization and dehydration of the sludge-lignin 

of the Baikal Pulp and Paper Combine by its interaction with quicklime. The addition of 

quicklime to sludge-lignin in the amount of 15-20% neutralizes it within 8-15 days. CaO binds 

volatile sulfur-containing components, organic functional groups and water. The considered 

method allows to effectively reduce unpleasant odor to the level of 2-3 points (on a 5-point 

scale) and decrease the moisture content of the resulting product by 45-50%.  Such processing 

turns the product into a free-flowing powder, which is convenient to transport and further use. 

This recycling technology is characterized by simple instrumentation and the use of an inex-

pensive chemical reagent. The high economic efficiency of the method makes it promising for 

solving environmental problems of the Baikal Pulp and Paper Combine. 

 

Keywords: Lake Baikal, Baikal Pulp and Paper Combine, sludge-lignin, waste disposal, 

quick lime, ecology 

 

ȼɜɟɞɟɧɢɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɦɟɪɵ, ɩɪɟɞɩɪɢɧɢɦɚɟɦɵɟ ɩɨ ɫɩɚɫɟɧɢɸ Ȼɚɣɤɚ-

ɥɚ, ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɫɢɬɭɚɰɢɹ ɧɚ ɷɬɨɦ ɭɧɢɤɚɥɶɧɨɦ ɩɪɢɪɨɞɧɨɦ ɨɛɴɟɤɬɟ ɡɚ ɩɨ-

ɫɥɟɞɧɢɟ 2-3 ɝɨɞɚ ɭɯɭɞɲɢɥɚɫɶ. Ɉɛ ɷɬɨɦ ɝɨɜɨɪɢɬɫɹ ɜ ɦɚɬɟɪɢɚɥɚɯ ɋɱɟɬɧɨɣ ɩɚ-

ɥɚɬɵ (ɋɉ) ɩɨ ɢɬɨɝɚɦ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɟɧɢɹ Ɏɟɞɟɪɚɥɶɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦ-

ɦɵ (Ɏɐɉ), ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɤɨɬɨɪɨɣ ɜ 2015-2018 ɝɨɞɚɯ ɛɵɥɨ ɜɵɞɟɥɟɧɨ 8,4 
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ɦɥɪɞ. ɪɭɛ. Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜ ɞɨɤɥɚɞɟ ɋɉ, ɜ ɪɟɝɢɨɧɟ ɧɟ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɭɬɢ-

ɥɢɡɚɰɢɢ ɦɭɫɨɪɚ ɢ ɟɝɨ ɜɵɜɨɡɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɪɚɣɨɧɚ ɨɡɟɪɚ. Ɉɬɤɪɵɬɵ 3 

ɧɨɜɵɯ ɩɨɥɢɝɨɧɨɜ, ɧɨ ɨɧɢ ɞɨ ɫɢɯ ɩɨɪ ɛɟɡɞɟɣɫɬɜɭɸɬ. ɇɚ ɢɯ ɫɨɡɞɚɧɢɟ ɢɡ ɮɟ-

ɞɟɪɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ ɛɵɥɨ ɩɨɬɪɚɱɟɧɨ ɛɨɥɟɟ 232 ɦɥɧ. ɪɭɛ. ȼ ɂɪɤɭɬɫɤɨɣ ɨɛ-

ɥɚɫɬɢ ɢ Ȼɭɪɹɬɢɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɬɜɟɪɞɵɯ ɤɨɦɦɭɧɚɥɶɧɵɯ ɨɬɯɨ-

ɞɨɜ. ɇɨ ɛɨɥɟɟ ɜɫɟɝɨ ɜɵɡɵɜɚɟɬ ɨɡɚɛɨɱɟɧɧɨɫɬɶ ɬɨ, ɱɬɨ, ɫɨɝɥɚɫɧɨ ɜɵɜɨɞɚɦ ɋɉ, 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɦɟɫɬɧɵɯ ɜɥɚɫɬɟɣ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ 

ɨɬɯɨɞɨɜ ɫ Ȼɚɣɤɚɥɶɫɤɨɝɨ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɝɨ ɤɨɦɛɢɧɚɬɚ (ȻɐȻɄ) ɧɟɭɞɨɜ-

ɥɟɬɜɨɪɢɬɟɥɶɧɵ. ȼ ɩɟɪɢɨɞ ɫ 2013 ɩɨ 2016 ɝɝ. ɧɚ ɷɬɢ ɰɟɥɢ ɢɡ ɛɸɞɠɟɬɚ ɛɵɥɨ 

ɜɵɞɟɥɟɧɨ ɨɤɨɥɨ 3 ɦɥɪɞ. ɪɭɛ., ɜɩɨɫɥɟɞɫɬɜɢɢ ɷɬɚ ɫɭɦɦɚ ɛɵɥɚ ɜɨɡɜɪɚɳɟɧɚ ɜ 

ɤɚɡɧɚɱɟɣɫɬɜɨ. Ȼɵɥɨ ɢɫɬɪɚɱɟɧɨ ɬɨɥɶɤɨ 131 ɦɥɧ. ɪɭɛ. ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɥɚɧɚ ɩɨ 

ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɪɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ȻɐȻɄ. ɗɬɨɬ ɩɥɚɧ ɦɟ-

ɪɨɩɪɢɹɬɢɣ ɧɟ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɟɢɫ-

ɩɨɥɧɟɧɢɹ Ɏɐɉ ɜ ɱɚɫɬɢ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ȻɐȻɄ ɫɬɚɥɨ ɨɲɢɛɨɱɧɨɟ ɩɪɨ-

ɟɤɬɧɨɟ ɪɟɲɟɧɢɹ ɪɟɤɭɥɶɬɢɜɚɰɢɢ. «ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɡɚ 2015-2017 ɝɝ. ɢ 9 

ɦɟɫɹɰɟɜ 2018 ɝ. ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɡɚɤɚɡɱɢɤɢ ɉɪɨɝɪɚɦɦɵ ɢɡɪɚɫɯɨɞɨɜɚɥɢ ɧɚ 

ɟɟ ɪɟɚɥɢɡɚɰɢɸ 8,4 ɦɥɪɞ. ɪɭɛɥɟɣ, ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ ɜ ɪɚɣɨɧɟ ɨɡɟɪɚ 

Ȼɚɣɤɚɥ ɧɟ ɬɨɥɶɤɨ ɧɟ ɭɥɭɱɲɢɥɚɫɶ, ɧɨ ɩɪɨɞɨɥɠɚɟɬ ɭɯɭɞɲɚɬɶɫɹ, ɱɬɨ ɫɨɡɞɚɟɬ 

ɪɢɫɤɢ ɧɟɞɨɫɬɢɠɟɧɢɹ ɰɟɥɟɣ Ɏɐɉ», – ɝɨɜɨɪɢɬɫɹ ɜ ɨɮɢɰɢɚɥɶɧɨɦ ɫɨɨɛɳɟɧɢɢ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɋɉ ɨɛɪɚɬɢɥɢ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɢɡ 9 ɩɨɤɚɡɚɬɟɥɟɣ Ɏɐɉ ɜ 

2015 ɝ. ɧɟ ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ 6, ɚ ɜ 2017 ɝ. – 4. ɉɪɢɱɢɧɨɣ ɫɥɨɠɢɜɲɟɝɨɫɹ ɩɨ-

ɥɨɠɟɧɢɹ ɞɟɥ ɜ ɋɉ ɧɚɡɜɚɥɢ ɧɟɫɨɛɥɸɞɟɧɢɟ ɫɪɨɤɨɜ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɨɛɴɟɤɬɨɜ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ Ɏɐɉ. ȼ ɚɩɪɟɥɟ 2018 ɝ. ɪɭɤɨɜɨɞɫɬɜɨɦ ɫɬɪɚɧɵ 

ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ, ɱɬɨ Ɏɐɉ «Ɉɯɪɚɧɚ ɨɡɟɪɚ Ȼɚɣɤɚɥ ɢ ɫɨɰɢɚɥɶɧɨ-

ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɪɚɡɜɢɬɢɟ Ȼɚɣɤɚɥɶɫɤɨɣ ɩɪɢɪɨɞɧɨɣ ɬɟɪɪɢɬɨɪɢɢ» ɛɭɞɟɬ ɩɪɨ-

ɞɥɟɧɚ ɞɨ 2026 ɝ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɚɦɚɹ ɛɨɥɶɲɚɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɩɪɨɛɥɟɦɚ, ɞɨɫɬɚɜɲɚɹɫɹ 

ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ ɜ ɧɚɫɥɟɞɫɬɜɨ ɨɬ ɡɚɤɪɵɬɨɝɨ ɜ 2013 ɝ. ȻɐȻɄ ɹɜɥɹɟɬɫɹ ɦɢ-

ɥɢɨɧɧɨɬɨɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ ɜ ɫɩɟɰɢɚɥɶɧɨ ɩɨɫɬɪɨɟɧɧɵɯ ɞɥɹ ɢɯ ɯɪɚ-

ɧɟɧɢɹ ɤɚɪɬɚɯ-ɧɚɤɨɩɢɬɟɥɹɯ, ɚ ɬɚɤɠɟ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ ɜɨɤɪɭɝ ɤɨɦɛɢɧɚɬɚ. 
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Ɉɫɧɨɜɧɵɟ ɨɬɯɨɞɵ ɤɨɦɛɢɧɚɬɚ – ɷɬɨ ɲɥɚɦ-ɥɢɝɧɢɧ (ɒɅ). Ɉɧ ɨɛɪɚɡɭɟɬɫɹ ɜ 

ɩɪɨɰɟɫɫɟ ɫɭɥɶɮɚɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɰɟɥɥɸɥɨɡɵ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɹɡ-

ɤɭɸ ɛɭɪɭɸ ɦɚɫɫɭ. ȼɵɫɭɲɟɧɧɵɣ ɫɭɥɶɮɚɬɧɵɣ ɥɢɝɧɢɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɨɪɨɲɨɤ ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɥɢɝɧɢɧɚ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 10 ɦɤɦ 

ɞɨ 5 ɦɦ.  ɒɅ ɫɨɫɬɨɢɬ ɢɡ ɩɨɪɢɫɬɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɢ ɢɯ ɤɨɦɩɥɟɤɫɨɜ ɫ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɨ 20 ɦ2/ɝ. ɋɭɥɶɮɚɬɧɵɣ ɥɢɝɧɢɧ ɢɦɟɟɬ ɩɥɨɬɧɨɫɬɶ 

1300 ɤɝ/ɦ3. Ɉɧ ɪɚɫɬɜɨɪɢɦ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ NH3 ɢ ɳɟɥɨɱɚɯ. ȼ ɫɭɥɶɮɚɬ-

ɧɨɦ ɥɢɝɧɢɧɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɜɵɪɚɛɨɬɤɢ ɜ ɫɪɟɞɧɟɦ ɫɨɞɟɪɠɢɬɫɹ (%): ɡɨɥɵ – 

1,0÷2,5, ɤɢɫɥɨɬɵ ɜ ɪɚɫɱɟɬɟ ɧɚ ɫɟɪɧɭɸ ɤɢɫɥɨɬɭ – 0,1÷0,3, ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ 

ɜɟɳɟɫɬɜ – 9, ɫɦɨɥɢɫɬɵɯ ɜɟɳɟɫɬɜ – 0,3÷0,4, ɢ ɫɨɛɫɬɜɟɧɧɨ ɥɢɝɧɢɧɚ (ɥɢɝɧɢɧ 

Ʉɥɚɫɨɧɚ) – ɨɤɨɥɨ 85%. ȼ ɫɭɥɶɮɚɬɧɨɦ ɥɢɝɧɢɧɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɟɪɚ, ɦɚɫɫɨɜɨɟ 

ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɟɬ – 2,0÷2,5%. Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, ɧɚɱɢ-

ɧɚɹ ɫ ɬɟɦɩɟɪɚɬɭɪɵ 190 ɨɋ, ɫɭɥɶɮɚɬɧɨɝɨ ɥɢɝɧɢɧɚ ɜɵɡɵɜɚɟɬ ɟɝɨ ɪɚɡɥɨɠɟɧɢɟ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɥɟɬɭɱɢɟ ɜɟɳɟɫɬɜɚ. ɋɭɥɶɮɚɬɧɵɣ ɥɢɝɧɢɧ ɧɟ 

ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ, ɨɞɧɚɤɨ ɩɪɢ ɟɝɨ ɯɪɚɧɟɧɢɢ ɜ ɤɚɪɬɚɯ-

ɧɚɤɨɩɢɬɟɥɹɯ ɨɛɪɚɡɭɟɬɫɹ ɰɟɥɵɣ ɛɭɤɟɬ ɞɭɪɧɨɩɚɯɧɭɳɢɯ ɥɟɬɭɱɢɯ ɩɪɨɞɭɤɬɨɜ.  

ɒɅ – ɷɬɨ ɨɫɚɞɨɤ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ ɜɨɞ ɤɨɦɛɢɧɚɬɚ, ɜ ɤɨ-

ɬɨɪɨɦ ɧɚɪɹɞɭ ɫ «ɱɢɫɬɵɦ» ɥɢɝɧɢɧɨɦ ɧɚɯɨɞɢɬɫɹ ɦɧɨɝɨ ɩɪɢɦɟɫɧɵɯ ɤɨɦɩɨ-

ɧɟɧɬɨɜ. ɉɨ ɫɨɫɬɚɜɭ ɒɅ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɢɝɧɨɢɞɧɵɟ ɜɟɳɟɫɬɜɚ – 50-53 

%; ɚɤɬɢɜɧɵɣ ɢɥ – 15-25 %; ɝɥɢɧɨɡɟɦ – 5-10 %;  ɩɨɥɢɚɤɪɢɥɚɦɢɞ – 5 %; ɰɟɥ-

ɥɸɥɨɡɧɨɟ ɜɨɥɨɤɧɨ – 5 %  [6]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨ ɨɰɟɧɤɚɦ ɷɤɫɩɟɪɬɨɜ ɜ 

ɤɚɪɬɚɯ-ɧɚɤɨɩɢɬɟɥɹɯ ɲɥɚɦ-ɥɢɝɧɢɧɚ ȻɐȻɄ ɯɪɚɧɢɬɫɹ ɨɬ 6 ɞɨ 8 ɦɥɧ. ɦ3
. 

Ʌɢɝɧɢɧ ɜ ɯɢɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɪɟɚɤɰɢɨɧɧɨɫɩɨ-

ɫɨɛɧɵɦ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɥɢɝɧɢɧɚ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢ-

ɬɟɥɶɧɚɹ ɪɨɥɶ ɪɟɚɤɰɢɣ ɫɲɢɜɚɧɢɹ ɰɟɩɟɣ. ȼɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨ-

ɫɬɶɸ ɥɢɝɧɢɧɚ ɨɛɴɹɫɧɹɸɬɫɹ ɥɟɝɤɨ ɩɪɨɬɟɤɚɸɳɢɟ ɪɟɚɤɰɢɢ ɤɨɧɞɟɧɫɚɰɢɢ ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɧɨɜɵɯ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɯ ɫɜɹɡɟɣ ɢ ɜɨɡɪɚɫɬɚɧɢɟɦ ɦɨɥɟɤɭɥɹɪ-

ɧɨɣ ɦɚɫɫɵ. ɍ ɥɢɝɧɢɧɚ ɨɫɨɛɟɧɧɨ ɹɪɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɧɨɟ ɫɜɨɣɫɬɜɨ ɝɟ-

ɬɟɪɨɩɨɥɢɦɟɪɨɜ – ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɣ ɧɟɫɤɨɥɶɤɢɯ ɬɢɩɨɜ. 

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɟɦɥɟɦɵɯ ɪɟɲɟɧɢɣ ɭɬɢɥɢɡɚɰɢɢ ɫɭɥɶɮɚɬɧɨɝɨ ɥɢɝɧɢɧɚ ɨɩɪɟɞɟ-
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ɥɹɟɬɫɹ ɨɫɨɛɟɧɧɨɫɬɶɸ ɟɝɨ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ, ɧɚɥɢɱɢɟɦ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ 

ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɡɜɟɧɶɟɜ, ɫɥɨɠɧɵɦ ɫɨɫɬɚɜɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɝɪɭɩɩ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤ-

ɬɢɜɧɨɝɨ ɢ ɷɤɨɧɨɦɢɱɧɨɝɨ ɫɩɨɫɨɛɚ ɞɟɡɨɞɨɪɚɰɢɢ ɢ ɩɟɪɟɜɨɞɚ ɜ ɫɵɩɭɱɟɟ ɫɨ-

ɫɬɨɹɧɢɟ ɒɅ – ɨɬɯɨɞɚ ȻɐȻɄ.  

ȿɟ ɚɤɬɭɚɥɶɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɷɤɨɧɨ-

ɦɢɱɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɞɟɡɨɞɨɪɢɪɨɜɚɬɶ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɟɪɟɜɨ-

ɞɢɬɶ ɜ ɬɜɟɪɞɭɸ ɮɚɡɭ ɲɥɚɦ-ɥɢɝɧɢɧ – ɨɬɯɨɞ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɣ ɩɪɨɞɭɤ-

ɰɢɢ ȻɐȻɄ ɜɛɥɢɡɢ ɨɡɟɪɚ Ȼɚɣɤɚɥ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɟɝɨ ɭɬɢɥɢɡɚɰɢɢ. ɗɬɨ ɩɨ-

ɡɜɨɥɢɬ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɭɬɢɥɢɡɚɰɢɢ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɩɪɨɦɵɲ-

ɥɟɧɧɵɯ ɨɬɯɨɞɨɜ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ȻɐȻɄ ɧɚɯɨɞɢɬɫɹ ɜ ɡɨɧɟ 

ɩɨɜɵɲɟɧɧɨɣ ɫɟɣɫɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɢ ɥɸɛɚɹ ɬɟɯɧɨɝɟɧɧɚɹ ɚɜɚɪɢɹ ɢɥɢ 

ɩɪɢɪɨɞɧɚɹ ɤɚɬɚɫɬɪɨɮɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɪɭɲɟɧɢɸ ɤɚɪɬ‐ɧɚɤɨɩɢɬɟɥɟɣ. 

ɉɪɢ ɩɪɨɪɵɜɟ ɞɚɦɛ ɢ ɩɨɩɚɞɚɧɢɢ ɤɨɥɨɫɫɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɤɫɢɱɧɵɯ ɨɬɯɨ-

ɞɨɜ ɜ ɨɡɟɪɨ Ȼɚɣɤɚɥ ɩɪɨɢɡɨɣɞɟɬ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɤɚɬɚɫɬɪɨɮɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɚ ɬɚɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɨɫɬɭɩɧɨɝɨ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɞɟɲɟɜɨɝɨ ɧɟɣɬɪɚɥɢɡɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ – ɧɟ-

ɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɛɵ ɢɫɤɥɸɱɢɬɶ ɫɥɨɠɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɒɅ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɛɥɢɡɢ ɤɚɪɬ-

ɧɚɤɨɩɢɬɟɥɟɣ. 

ȼ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢ ɢɧɬɟɪɧɟɬ-

ɢɫɬɨɱɧɢɤɚɯ ɞɚɧɧɵɟ ɨ ɩɟɪɟɪɚɛɨɬɤɟ ɨɬɯɨɞɨɜ, ɩɨɞɨɛɧɵɯ ɲɥɚɦ – ɥɢɝɧɢɧɭ ɧɟ-

ɦɧɨɝɨɱɢɫɥɟɧɧɵ Д1-10Ж. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɟɝɨ ɫɨɫɬɚɜ ɜɚɪɢɚɬɢɜɟɧ, ɜ 

ɧɟɝɨ ɜɯɨɞɢɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ, ɢ ɜ ɟɝɨ ɝɟɬɟɪɨɝɟɧɧɨɣ ɦɚɬɪɢɰɟ  ɩɪɨɬɟɤɚɸɬ ɫɥɨɠɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɢ 

ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. 

Ɉɞɧɨɣ ɢɡ ɨɫɬɪɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɝ. Ȼɚɣɤɚɥɶɫɤɚ ɢ ȻɐȻɄ ɹɜɥɹ-

ɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɡɚ ɩɪɢɦɟɪɧɨ 40 ɥɟɬ ɧɚ ȻɐȻɄ ɧɚɤɨɩɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɦɥɧ. ɬ 

ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɬɨɪɵɟ ɡɚɯɨɪɨɧɟɧɵ ɜ 14 ɤɚɪɬɚɯ 2 ɩɨɥɢɝɨɧɨɜ ɨɛɳɟɣ 
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ɩɥɨɳɚɞɶɸ 154 ɝɚ (ɋɨɥɡɚɧɫɤɢɣ ɢ Ȼɚɛɯɢɧɫɤɢɣ), ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɧɚ ɪɚɫ-

ɫɬɨɹɧɢɢ 350-750 ɦ ɨɬ ɛɟɪɟɝɚ ɨ. Ȼɚɣɤɚɥ. Ɉɬɯɨɞɵ ɜɤɥɸɱɚɸɬ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 

ɒɅ, ɡɨɥɭ ɨɬ ɫɠɢɝɚɧɢɹ ɒɅ, ɡɨɥɭ ɢ ɲɥɚɤɢ ɨɬ ɫɠɢɝɚɧɢɹ ɭɝɥɹ, ɡɨɥɭ ɤɨɪɶɟɜɵɯ 

ɤɨɬɥɨɜ, ɜ ɫɨɫɬɚɜɟ ɤɨɬɨɪɵɯ ɧɚɯɨɞɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɧɟɨɪ-

ɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ȻɐȻɄ ɜ ɝ. Ȼɚɣɤɚɥɶɫɤɟ ɛɵɥ ɨɫɬɚɧɨɜɥɟɧ 

ɜ ɧɨɹɛɪɟ 2013 ɝ.  

ȼ ɤɚɪɬɚɯ-ɧɚɤɨɩɢɬɟɥɹɯ (Ʉɇ) ɩɪɨɬɟɤɚɸɬ ɫɥɨɠɧɵɟ ɮɢɡɢɱɟɫɤɢɟ, ɯɢɦɢɱɟ-

ɫɤɢɟ, ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɩɨɥɥɸɬɚɧɬɵ ɩɨɩɚɞɚ-

ɸɬ ɜ ɨ. Ȼɚɣɤɚɥ ɫ ɩɨɞɡɟɦɧɵɦɢ ɢ ɩɚɜɨɞɤɨɜɵɦɢ ɜɨɞɚɦɢ. ɋɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬ-

ɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɤɚɪɬ-ɧɚɤɨɩɢɬɟɥɟɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɢ ɫɯɨɞɚ 

ɫɟɥɟɜɵɯ ɩɨɬɨɤɨɜ. ɉɨɩɚɞɚɧɢɟ ɧɚɤɨɩɥɟɧɧɨɣ ɦɚɫɫɵ ɨɬɯɨɞɨɜ ɜ ɨ. Ȼɚɣɤɚɥ ɛɭɞɟɬ, 

ɛɟɡɭɫɥɨɜɧɨ, ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɤɚɬɚɫɬɪɨɮɨɣ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɥɢɤɜɢɞɚɰɢɢ ɯɪɚɧɢɥɢɳ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ȻɐȻɄД4Ж, ɜ ɬɨɦ ɱɢɫɥɟ ɩɟɪɟɪɚ-

ɛɨɬɤɨɣ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
 

Ɍɚɛɥɢɰɚ 1 

Ɂɚɩɨɥɧɟɧɢɟ ɤɚɪɬ Ȼɚɣɤɚɥɶɫɤɨɝɨ ɐȻɄ (ɧɚ 01.01.2017 ɝ.) [4] 
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ɬɵɫ. ɦ3

 

Ɏɚɤɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɡɚɩɨɥɧɟɧɢɹ, 
ɬɵɫ. ɦ3

 Ɉɛɳɢɣ V  

ɡɚɩɨɥɧɟɧɢɹ 
ɤɚɪɬ ɬɵɫ. 

ɦ3
 

% 

Ɂɚɩɨɥ-
ɧɟɧɢɹ 

ɇɚɞɲɥɚ-
ɦɨɜɚɹ ɜɨ-
ɞɚ ɬɵɫ. ɦ3

 

Ɂɨɥɨ-

ɲɥɚɤɨɜɵɟ 

ɨɬɯɨɞɵ 
ɬɵɫ. ɦ3

 

ɒɅ 

ɬɵɫ. ɦ3
 

1 107 350 64 - 261 326 93 

2 89 240 1,6 - 233 235 98 

3 91 240 2,7 - 232 235 98 

4 124 392 5 91,1 288 384 98 

5 106 488 3,2 77,9 397 478 98 

6 105 328 31 77,9 213 321 98 

7 144 542 172,5 105,6 253 531 98 

8 146 662 648,8 - 44 693 105 

9 153 546 535,1 - 60 595 109 

10 85 276 270,5 - 60 331 120 

11 80 500 87,9 402,1 - 490 98 

13 116 750 23,2 711,8 - 735 98 

14 115 750 241,1 478,4 - 720 96 

ɢɬɨɝɨ 1461 6064 2088,1 1944 2043 6075 100 
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ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ȻɐȻɄ. Ȼɚɛɯɢɧɫɤɢɣ ɩɨɥɢ-

ɝɨɧ ɨɬɯɨɞɨɜ ɩɥɨɳɚɞɶɸ 30 ɝɚ (Ʉɇ № 12, 13, 14). Ɂɨɥɚ ɢ ɲɥɚɦ ɡɟɥɟɧɨɝɨ ɳɟ-

ɥɨɤɚ. ɉɨɥɢɝɨɧ ɧɟ ɪɟɤɭɥɶɬɢɜɢɪɨɜɚɧ. Ʉɚɪɬɚ №12 ɫɟɣɱɚɫ – ɩɨɥɢɝɨɧ ɌɄɈ. (ɫɦ. 

ɪɢɫ. 1).Д6Ж. Ʉɇ № 11 ɧɚ ɩɪɨɦɩɥɨɳɚɞɤɟ: ɡɨɥɚ ɢ ɲɥɚɦ ɡɟɥɟɧɨɝɨ ɳɟɥɨɤɚ. ɇɟ 

ɪɟɤɭɥɶɬɢɜɢɪɨɜɚɧɚ. (ɪɢɫ. 1). Д6Ж. ɋɨɥɡɚɧɫɤɢɣ ɩɨɥɢɝɨɧ ɨɬɯɨɞɨɜ (Ʉɇ № 1-10), 

ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ 124 ɝɚ. ɇɟ ɪɟɤɭɥɶɬɢɜɢɪɨɜɚɧɵ (Ʉɇ № 2, 3, 6, 7, 8, 9, 10) 

(ɪɢɫ. 3) Д6Ж. Ʉɇ № 4, 5 – ɪɟɤɭɥɶɬɢɜɚɰɢɹ ɩɨɫɥɨɣɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɡɨɥɨɣ Ɍɗɐ 

ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ (ɪɢɫ.1) Д6Ж. Ʉɇ № 1 – ɩɪɨɜɟɞɟɧɚ ɪɟɤɭɥɶɬɢɜɚɰɢɹ ɫɬɪɨɢɬɟɥɶ-

ɧɵɦɢ ɨɬɯɨɞɚɦɢ (ɪɢɫ. 1) Д6Ж. 
 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ȻɐȻɄ Д6Ж 
 

Ʉ ɦɨɦɟɧɬɭ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ȻɐȻɄ ɜ 1969 ɝ. ɧɟ ɫɭɳɟɫɬɜɨɜɚɥɨ 
ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɒɅ. Ⱦɥɹ ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɒɅ ɜ 1966-1969 ɝɝ. ɛɵɥɢ 
ɜɜɟɞɟɧɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɟɫɤɨɥɶɤɨ Ʉɇ. Ʉ 1975-79 ɝɝ. Ʉɇ ɛɵɥɢ ɩɨɥɧɨɫɬɶɸ 
ɡɚɩɨɥɧɟɧɵ ɢ ɜɵɜɟɞɟɧɵ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɡɚɬɟɦ ɧɚɯɨɞɢɥɢɫɶ ɜ ɧɟɬɪɨɧɭɬɨɦ 
ɜɢɞɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 30 ɥɟɬ. ȼ 1978 ɝ. ɛɵɥ ɨɪɝɚɧɢɡɨɜɚɧ ɰɟɯ ɩɟɪɟɪɚɛɨɬɤɢ 
ɨɫɚɞɤɨɜ ɩɭɬɟɦ ɢɯ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɢ ɫɠɢɝɚɧɢɹ ɢ ɧɚ Ʉɇ ɫɬɚɥ ɜɵɜɨɡɢɬɶɫɹ ɭɠɟ 
ɬɨɥɶɤɨ ɡɨɥɶɧɵɣ ɨɫɬɚɬɨɤ ɜ ɨɛɴɟɦɟ 5 ɬ ɜ ɧɟɞɟɥɸ Д6Ж. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɨɬɥɨ-
ɜɚɧɚ ɤɚɪɬɵ – 5-6 ɦ ɝɥɭɛɢɧɚ, 1 ɤɦ ɞɥɢɧɚ ɢ 100-150 ɦ ɲɢɪɢɧɚ. ɇɚ ɪɢɫ. 2 ɩɪɟɞ-
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ɫɬɚɜɥɟɧɨ ɮɨɬɨ Ʉɇ Д6Ж. Ⱦɧɨ Ʉɇ ɩɨɤɪɵɬɨ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɦ ɷɤɪɚɧɨɦ, 
ɫɬɟɧɤɢ ɢɡɨɥɢɪɨɜɚɧɵ ɫɥɨɟɦ ɚɫɮɚɥɶɬɚ, ɧɚɧɟɫɺɧɧɨɝɨ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɷɤɪɚɧ. 
ɋɟɣɫɦɨɭɫɬɨɣɱɢɜɨɫɬɶ Ʉɇ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚ 9 ɛɚɥɥɨɜ. ɉɪɚɤɬɢɤɚ ɫɨɜɦɟɫɬ-
ɧɨɝɨ ɡɚɯɨɪɨɧɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɜɢɞɨɜ ɨɬɯɨɞɨɜ ɧɟ ɬɢɩɢɱɧɚ ɞɥɹ ɰɟɥɥɸɥɨɡɧɨ-

ɛɭɦɚɠɧɨɣ ɨɬɪɚɫɥɢ ɢ ɧɢɝɞɟ ɜ ɦɢɪɟ ɜ ɬɚɤɢɯ ɦɚɫɲɬɚɛɚɯ ɧɟ ɩɪɢɦɟɧɹɟɬɫɹ Д6Ж. 
 

 
 

Ɋɢɫ. 2. ȼɢɞ ɤɚɪɬ–ɧɚɤɨɩɢɬɟɥɟɣ ɒɅ Д6Ж 
 

 
 

Ɋɢɫ. 3. Ʉɚɪɬɵ-ɧɚɤɨɩɢɬɟɥɢ ɋɨɥɡɚɧɫɤɨɝɨ ɩɨɥɢɝɨɧɚ ɨɬɯɨɞɨɜ Д6Ж 
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ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɯɨɞɨɜ ȻɐȻɄ. ȼ ɬɚɛɥ. 2 ɢ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧ-

ɧɵɟ ɨ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɒɅ ɜ ɧɟɤɨɬɨɪɵɯ Ʉɇ. 

 

Ɍɚɛɥɢɰɚ 2 
ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɬɯɨɞɨɜ ȻɐȻɄ (% ɦɚɫɫ. ɧɚ ɫɭɯɨɟ ɜɟɳɟɫɬɜɨ) [6] 

ɏɢɦɢɤɚɬ 

Ʉɇ №1 Ʉɇ №4 

4,0 ɦ (ɒɅ) 4,7 ɦ 
(ɒɅ) 

0,5 ɦ 
(ɡɨɥɚ) 

1,4 ɦ 
(ɡɨɥɚ) 

2,8 ɦ 
(ɒɅ) 

3,2 ɦ 
(ɒɅ) 

3,7 ɦ 

(ɒɅ) 
SiO2 1,51 1,37 51,79 38,50 3,69 11,17 3,09 

TiO2 0,04 0,04 0,78 0,58 0,07 0,17 0,04 

Al2O3 12,31 12,59 27,36 24,84 12,38 13,25 11,33 

Fe2O3+FeO 0,24 0,24 7,03 5,02 0,72 1,57 0,60 

MnO 0,01 0,01 0,11 0,19 0,01 0,04 0,01 

MgO 0,14 0,12 1,51 1,63 0,24 0,50 0,21 

CaO 0,15 0,21 6,43 9,15 0,62 2,00 0,49 

Na2O 0,06 0,20 0,18 0,26 0,29 0,34 0,25 

K2O 0,03 0,66 0,63 0,55 0,11 0,21 0,08 

P2O5 1,50 1,44 0,23 0,39 1,34 1,16 0,49 

ɋɟɪɚ 2,68 3,21 0,36 0,73 3,48 2,77 3,27 

ȼɨɞɚ-
 10,5 7,93 0,10 1,63 5,65 4,72 4,98 

ɉɨɬɟɪɢ ɩɪɢ ɩɪɨ-
ɤɚɥɢɜɚɧɢɢ 

72,75 74,55 3,25 16,99 73,49 63,98 77,24 

ɋɭɦɦɚ 100,14 99,83 99,52 99,68 99,77 99,99 99,90 

 

Ɍɚɛɥɢɰɚ 3 

Ʉɚɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɒɅ ȻɐȻɄ (% ɦɚɫɫ.) [6] 

ɋɨɟɞɢɧɟɧɢɹ 
Ʉɇ №6; 2,5 ɦ 

(ɒɅ) 
Ʉɇ №4; 1,5 ɦ  
(ɒɅ + ɡɨɥɚ). 

Ʉɇ №5; 3,5 ɦ 

(ɒɅ + ɡɨɥɚ). 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɇɟɰɢɤɥɢɱɟɫɤɢɟ: 
ɋ

9
 – ɋ

19
  

ɋ
20

 – ɋ
40

  

Ʉɢɫɥɨɬɵ 

ɋɩɢɪɬɵ 

ɐɢɤɥɢɱɟɫɤɢɟ: 
Ⱥɪɟɧɵ 

Ɏɟɧɨɥɵ 

Ȼɟɧɡɨɮɭɪɚɧɵ  
ɏɥɨɪɨɪɝɚɧɢɤɚ 

53 

55,7 

33,3 

13,1 

6,5 

2,8 

44,3 

2,0 

13,5 

13,5 

20,3 

44 

46,4 

14,85 

- 

31,5 

- 

53,6 

- 

- 

- 

- 

41 

42,7 

27,9 

- 

14,6 

- 

57,3 

- 

- 

- 

- 

 

ȼ ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ, ɤɚɤ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɧɟɬ ɞɨɫɬɨɜɟɪɧɵɯ ɫɜɟɞɟɧɢɣ ɨ 

ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɯɨɞɨɜ, ɩɨɞɨɛɧɵɯ ɒɅ ȻɐȻɄ. Ⱦɨ ɧɚɫɬɨɹ-
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ɳɟɝɨ ɜɪɟɦɟɧɢ ɢɦɟɟɬ ɦɟɫɬɨ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɣ ɩɪɨɞɭɤɰɢɢ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ. Ⱦɟɣɫɬɜɭɟɬ ɨɝ-

ɪɚɧɢɱɟɧɢɟ ɜɢɞɨɜ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɪɚɡɪɟɲɟɧɧɵɯ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 

ɡɨɧɟ Ȼɚɣɤɚɥɶɫɤɨɣ ɩɪɢɪɨɞɧɨɣ ɬɟɪɪɢɬɨɪɢɢ (ɩɨɫɬɚɧɨɜɥɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ 

ɊɎ № 643 ɨɬ 30.08.2001 ɝ. ɢ № 186 ɨɬ 2.03.2015 ɝ.), ɚ ɬɚɤɠɟ ɢɧɮɪɚɫɬɪɭɤɬɭɪ-

ɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ (ɡɚɤɪɵɬɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ȻɐȻɄ). 

ȼ ɡɨɥɟ, ɢ ɜ ɒɅ ɧɚɣɞɟɧɨ ɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ ɜ ɮɨɪɦɟ ɝɥɢ-

ɧɨɡɟɦɚ (SТO2 + Al2O3) 11-27 % ɫɭɯɨɝɨ ɜɟɳɟɫɬɜɚ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚ-

ɧɢɟ ɨɛɳɟɣ ɫɟɪɵ (2,7-3,5 % ɜ ɒɅ). Ɉɬɦɟɱɚɟɬɫɹ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɯɥɨɪɨɪ-

ɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɬɚɛɥ. 3). ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɬɹɠɟɥɵɯ 

ɷɥɟɦɟɧɬɨɜ ɢɡ ɡɨɥɵ ɪɚɫɬɜɨɪɵ Ʉɇ ɫɨɞɟɪɠɚɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ (ɢɨɧɨɜ ɧɚɬɪɢɹ, ɤɚɥɶɰɢɹ, ɝɢɞɪɨɤɚɪɛɨɧɚɬɨɜ, ɫɭɥɶɮɚɬɨɜ, ɯɥɨɪɢɞɨɜ), ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɥɟɟ 50 ɦɝ/ɥ.  

Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɵɟ ɩɭɬɢ ɪɟɲɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ. Ɍɟɯ-

ɧɨɥɨɝɢɹ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɞɨɥɠɧɚ ɨɛɟɡɨɩɚɫɢɬɶ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɷɤɨɫɢ-

ɫɬɟɦɭ ɨ. Ȼɚɣɤɚɥ ɨɬ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɪɚɡɨɜɚɧɧɵɯ ɨɬɯɨɞɨɜ (ɡɚɝɪɹɡ-

ɧɟɧɢɟ ɡɟɦɟɥɶ, ɩɪɨɥɢɜɵ ɧɚɞɲɥɚɦɨɜɨɣ ɜɨɞɵ, ɜɵɛɪɨɫɵ ɝɚɡɨɜɵɯ ɩɪɨɞɭɤɬɨɜ 

ɪɚɡɥɨɠɟɧɢɹ ɨɬɯɨɞɨɜ ɜ ɚɬɦɨɫɮɟɪɭ, ɪɢɫɤ ɭɳɟɪɛɚ ɩɪɢ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɯ ɝɟɨ-

ɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ – ɫɟɥɹɯ, ɡɟɦɥɟɬɪɹɫɟɧɢɹɯ). Ɍɟɯɧɨɥɨɝɢɹ ɪɟɤɭɥɶɬɢɜɚɰɢɢ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɵɯ ɨɬɯɨɞɨɜ ɜ Ʉɇ ɞɨɥɠɧɚ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ 

ɤɚɤ ɦɨɠɧɨ ɛɵɫɬɪɟɟ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɧɚ ɨɫɧɨɜɟ ɨɫɬɚɜɲɟɣɫɹ ɡɚɜɨɞɫɤɨɣ ɢɧ-

ɮɪɚɫɬɪɭɤɬɭɪɵ, ɞɨɫɬɭɩɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɪɟɲɟɧɢɣ, ɫɵɪɶɹ ɢ ɪɟɚɝɟɧɬɨɜ. 

ɑɚɫɬɶ Ʉɇ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɟɣɫɬɜɭɸɳɟɝɨ 

ɝɨɪɨɞɫɤɨɝɨ ɩɨɥɢɝɨɧɚ ɌȻɈ ɢ ɡɨɥɨɨɬɜɚɥɚ ɞɟɣɫɬɜɭɸɳɟɣ Ɍɗɐ, ɩɟɪɟɞɚɧɧɨɣ ɧɚ 

ɛɚɥɚɧɫ ɦɭɧɢɰɢɩɚɥɢɬɟɬɚ. ɉɪɢ ɪɟɤɭɥɶɬɢɜɚɰɢɢ ɷɬɢɯ Ʉɇ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɜɟ-

ɞɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɧɨɜɵɯ 

ɨɛɴɟɤɬɨɜ ɪɚɡɦɟɳɟɧɢɹ ɨɬɯɨɞɨɜ ɜ ɐɟɧɬɪɚɥɶɧɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɡɨɧɟ Ȼɚɣɤɚɥɶ-

ɫɤɨɣ ɩɪɢɪɨɞɧɨɣ ɬɟɪɪɢɬɨɪɢɢ. ȼɨɩɪɨɫ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɯɨɞɨɜ 

ȻɐȻɄ ɜ ɬɨɜɚɪɧɭɸ ɩɪɨɞɭɤɰɢɸ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼɵ-

ɫɭɲɟɧɧɵɣ ɒɅ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ. Ⱦɥɹ 
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ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɟɝɨ ɜɵɫɭɲɢɜɚɧɢɹ. Ɋɚɧɟɟ 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ȻɐȻɄ ɒɅ ɭɠɟ ɫɠɢɝɚɥɫɹ ɞɨ ɨɫ-

ɬɚɧɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɒɅ ɢɡ Ʉɇ ɜ ɩɪɨɰɟɫɫɟ ɯɪɚɧɟɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɩɪɨ-

ɞɭɤɬɵ ɚɧɚɷɪɨɛɧɨɝɨ ɪɚɫɩɚɞɚ. ȿɝɨ ɫɠɢɝɚɧɢɟ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɧɟɰɟɥɟɫɨɨɛ-

ɪɚɡɧɨ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɜɵɞɟɥɹɸɬɫɹ ɜɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ Д5Ж. 

ȼɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɒɅ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɭɞɨɛɪɟɧɢɣ. ɇɚɫɟɥɟɧɢɟ ɝ. Ȼɚɣɤɚɥɶɫɤɚ ɢɫɩɨɥɶɡɭɟɬ ɟɝɨ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɤɨɥɢ-

ɱɟɫɬɜɟ ɜ ɤɚɱɟɫɬɜɟ ɭɞɨɛɪɟɧɢɹ ɞɥɹ ɩɨɞɫɨɛɧɵɯ ɯɨɡɹɣɫɬɜ, ɧɚ ɋɟɥɟɧɝɢɧɫɤɨɦ 

ɰɟɥɥɸɥɨɡɧɨ-ɤɚɪɬɨɧɧɨɦ ɤɨɦɛɢɧɚɬɟ (ɋɐɄɄ) ɒɅ ɩɟɪɟɪɚɛɚɬɵɜɚɥɫɹ ɧɚ ɤɨɦ-

ɩɨɫɬ Д6Ж; 

ȼɵɫɭɲɟɧɧɵɣ ɨɫɚɞɨɤ ɒɅ ɨɝɪɚɧɢɱɟɧɨ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɬɚɤɠɟ ɞɥɹ ɩɪɢɝɨ-

ɬɨɜɥɟɧɢɹ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɜ 1988-

1991 ɝɝ. ɉɪɢ ɚɤɬɢɜɧɨɣ ɪɚɡɪɚɛɨɬɤɟ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ Ʉɨ-

ɜɵɤɬɢɧɫɤɨɝɨ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɜɨɡɦɨɠɧɨ ɜɨɡɨɛɧɨɜɥɟɧɢɟ 

ɩɨɫɬɚɜɨɤ ɜɵɫɭɲɟɧɧɨɝɨ ɒɅ ɜ ɨɛɴɟɦɟ ɞɨ 1500 ɬ ɜ ɝɨɞ Д5Ж. ɒɅ ɦɨɠɟɬ ɢɫɩɨɥɶ-

ɡɨɜɚɬɶɫɹ ɜ ɯɢɦɢɱɟɫɤɨɣ, ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɫɨɪɛɟɧɬɨɜ.  

ɂɡɜɟɫɬɟɧ ɩɪɨɟɤɬ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɟɫɫɨɜɚɧɧɵɯ ɚɪɦɢɪɨɜɚɧɧɵɯ ɠɟɥɟɡɧɨ-

ɞɨɪɨɠɧɵɯ ɲɩɚɥ ɢɡ ɒɅ ɢ ɡɨɥɵ ɭɝɥɟɣ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɛɟɡɜɨɠɢɜɚ-

ɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ Д5Ж. 

Ɂɨɥɚ ɨɬ ɫɠɢɝɚɧɢɹ ɒɅ, ɡɨɥɚ ɤɨɪɶɟɜɵɯ ɤɨɬɥɨɜ, ɡɨɥɚ ɨɬ ɫɠɢɝɚɧɢɹ ɭɝɥɟɣ 

ɦɨɠɟɬ ɬɚɤɠɟ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ. Ɍɚɤ 

ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɡɨɥɚ ɭɧɨɫɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɦɢɧɟɪɚɥɶɧɚɹ ɞɨɛɚɜɤɚ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɛɟɬɨɧɚ ɢ ɞɪɭɝɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɡɨɥɭ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɤɚɤ ɭɞɨɛɪɟɧɢɟ, ɫɨɞɟɪ-

ɠɚɳɟɟ ɤɚɥɢɣ ɜ ɮɨɪɦɟ ɩɨɬɚɲɚ (K2CO3), ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɝɨ ɜ ɜɨɞɟ ɢ ɞɨɫɬɭɩ-

ɧɨɝɨ ɪɚɫɬɟɧɢɹɦ ɫɨɟɞɢɧɟɧɢɹ. ȼ ɡɨɥɟ ɧɚɯɨɞɹɬɫɹ ɢ ɞɪɭɝɢɟ ɦɢɧɟɪɚɥɶɧɵɟ ɜɟɳɟ-

ɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɬɟɧɢɹɦ, – ɮɨɫɮɨɪ, ɤɚɥɶɰɢɣ, ɦɚɝɧɢɣ, ɫɟɪɚ, ɛɨɪ, ɦɚɪɝɚ-

ɧɟɰ ɢ ɞɪɭɝɢɟ ɦɚɤɪɨ- ɢ ɦɢɤɪɨɷɥɟɦɟɧɬɵ. Ɉɞɧɚɤɨ, ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɧɚ-

ɩɪɚɜɥɟɧɢɹ ɧɟ ɩɨɥɭɱɢɥɢ ɢ ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ ɧɟ ɩɨɥɭɱɚɬ ɲɢɪɨɤɨɝɨ ɩɪɨɦɵɲ-
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ɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɣɨɧɟ ɨ. Ȼɚɣɤɚɥ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɟɝɚɲɟɧɭɸ ɩɨɪɨɲ-

ɤɨɨɛɪɚɡɧɭɸ ɢɡɜɟɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «ɉɪɢɞɨɧɯɢɦɫɬɪɨɣ ɢɡɜɟɫɬɶ» ɫɨ ɫɥɟ-

ɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɬɚɛɥ. 4). 

 

Ɍɚɛɥɢɰɚ 4 

ɉɨɤɚɡɚɬɟɥɢ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɉɨɪɨɲɤɨɨɛɪɚɡɧɚɹ,  ɧɟɝɚɲɟɧɚɹ ɢɡɜɟɫɬɶ 

Ⱥɤɬɢɜɧɵɟ ɋɚɈ + ɆРɈ, % 87-88 

ȼɪɟɦɹ ɝɚɲɟɧɢɹ, ɦɢɧ 5-9 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɲɟɧɢɹ, ɨɋ 80-90 

Ʉɨɥɢɱɟɫɬɜɨ ɧɟɩɨɝɚɫɢɜɲɢɯɫɹ ɡɟɪɟɧ, ɧɟ ɛɨɥɟɟ % 5 

Ɉɫɬɚɬɨɤ ɧɚ ɫɢɬɟ № 02, ɧɟ ɛɨɥɟɟ % 0,05-0,5 

Ɉɫɬɚɬɨɤ ɧɚ ɫɢɬɟ №008, ɧɟ ɛɨɥɟɟ%  3,0-6,0 

ȼɥɚɠɧɨɫɬɶ, ɧɟ ɛɨɥɟɟ, % 0 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ 2 ɩɚɪɬɢɢ ɒɅ ɢɡ ɪɚɡɧɵɯ Ʉɇ Ȼɚɣɤɚɥɶ-

ɫɤɨɝɨ ɐȻɄ. ɉɟɪɜɚɹ ɩɚɪɬɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɤɝ – ɝɭɫɬɚɹ ɬɟɦɧɨ-ɫɟɪɚɹ ɫ ɤɨɪɢɱ-

ɧɟɜɵɦ ɨɬɬɟɧɤɨɦ ɜɹɡɤɚɹ ɦɚɫɫɚ (ɤɚɪɬɚ-ɧɚɤɨɩɢɬɟɥɶ №2). ȼɬɨɪɚɹ ɩɚɪɬɢɹ ɜ ɤɨ-

ɥɢɱɟɫɬɜɟ 2 ɤɝ (ɤɚɪɬɚ-ɧɚɤɨɩɢɬɟɥɶ №3) – ɦɟɧɟɟ ɝɭɫɬɚɹ ɢɥɢɫɬɚɹ ɬɟɦɧɨ-ɫɟɪɚɹ ɫ 

ɤɨɪɢɱɧɟɜɵɦ ɨɬɬɟɧɤɨɦ ɦɚɫɫɚ (ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɟɪɜɨɣ  ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɜɥɚɝɢ). Ɉɛɪɚɡɰɵ ɒɅ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɈɈɈ «ȼɗȻ ɂɧɠɢɧɢɪɢɧɝ». 

 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɞɟɡɨɞɨɪɚɰɢɢ ɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɒɅ ɫ ɩɨ-

ɦɨɳɶɸ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɜɟɪɠɞɟɧɢɢ ɒɅ ɫ ɩɨɦɨɳɶɸ ɧɟɝɚɲɟɧɨɣ ɢɡ-

ɜɟɫɬɢ. ɗɬɨɬ ɦɟɬɨɞ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɨɟ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɟ ɢ ɧɟɞɨɪɨ-

ɝɨɟ ɪɟɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɣ ɫɜɹ-

ɡɭɸɳɟɣ ɫɦɟɫɢ ɞɥɹ ɨɬɜɟɪɠɞɟɧɢɹ ɨɫɧɨɜɚɧɨ ɧɚ ɬɨɦ, ɱɬɨ ɧɚɤɨɩɥɟɧɧɵɟ ɨɬɯɨɞɵ 

(ɒɅ ɢ ɢɡɜɟɫɬɶ) ɢɝɪɚɸɬ ɪɨɥɶ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ 
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ɦɨɧɨɥɢɬɚ, ɜ ɫɬɪɭɤɬɭɪɟ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɧɚɞѐɠɧɨ ɭɞɟɪɠɢɜɚɬɶɫɹ ɜɪɟɞɧɵɟ ɨɪ-

ɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɢ ɩɪɢɦɟɫɢ ɬɹɠѐɥɵɯ ɦɟɬɚɥɥɨɜ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɨɬɯɨɞɨɜ ɒɅ. Ɍɟɯɧɢ-

ɱɟɫɤɢ ɦɟɬɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɦɟɯɚɧɢɱɟɫɤɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɨɬɯɨɞɨɜ ɫ ɪɟɚɝɟɧ-

ɬɨɦ – ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɶɸ.  

ɉɪɢ ɝɚɲɟɧɢɢ ɢɡɜɟɫɬɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɵ ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɩɪɨɢɫ-

ɯɨɞɢɬ ɩɨɤɪɵɬɢɟ ɒɅ ɝɢɞɪɨɮɨɛɧɨɣ ɨɛɨɥɨɱɤɨɣ ɢɡ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɩɨ ɪɟ-

ɚɤɰɢɹɦ:  

 

CaO+H2O = Ca(OH)2+61,5ɤȾɠ; 

Ca(OH)2+CO2 = CaCO3Ļ+H2O. 

 

Ɋɟɚɤɰɢɹ ɝɚɲɟɧɢɹ ɢɡɜɟɫɬɢ – ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɩɨ-

ɜɵɲɚɟɬɫɹ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɢɫɩɚɪɟɧɢɟ ɢɡɥɢɲɧɟɣ ɜɥɚɝɢ ɢ ɝɢɛɟɥɶ ɦɢɤɪɨɨɪɝɚ-

ɧɢɡɦɨɜ ɢ ɬɟɦ ɫɚɦɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɛɟɡɜɪɟɠɢɜɚɟɬ ɲɥɚɦ – ɥɢɝɧɢɧ. 

ɂɡ-ɡɚ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɜ ɒɅ ɨɛɪɚɡɭɟɬɫɹ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, 

ɪɚɫɬɜɨɪɺɧɧɵɣ ɜ ɠɢɞɤɨɣ ɮɚɡɟ. ɗɬɨɬ ɝɚɡ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɋɚɈ: 

 

CaO+CO2=Ca2CO3. 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ Д5,6Ж ɒɅ ɫɢɥɶɧɨ ɡɚɝɪɹɡɧɟɧ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɦɟ-

ɫɹɦɢ ɢ ɜɚɪɢɚɬɢɜɟɧ ɩɨ ɫɜɨɟɦɭ ɯɢɦɢɱɟɫɤɨɦɭ ɫɬɪɨɟɧɢɸ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚ-

ɬɪɭɞɧɹɟɬ ɟɝɨ ɰɟɥɟɜɭɸ ɩɟɪɟɪɚɛɨɬɤɭ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ. ȼ ɪɟ-

ɡɭɥɶɬɚɬɟ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɭɥɶɮɚɬɧɨɦ ɥɢɝɧɢɧɟ ɢ ɲɥɚɦɟ ɧɚ ɟɝɨ 

ɨɫɧɨɜɟ ɢɞɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɞɪɭɝɢɯ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟ-

ɧɢɣ ɢɦɟɸɳɢɯ ɫɢɥɶɧɵɣ ɧɟɩɪɢɹɬɧɵɣ ɡɚɩɚɯ. 

ɉɪɢ ɜɧɟɫɟɧɢɢ ɜ ɒɅ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ ɢɞɭɬ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɰɢɢ 

[13]: 

 

CaO+H2S=CaS+H2O; 
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CaO+H2SO4=CaSO4+ H2O; 

CaO+CO2=CaCO3; 

CaO+SO2=CaSO3; 

CaO+SO3=CaSO4; 

CaO+2R-COOH=(R-COO)2Ca+H2O 

Ca(OH)2+SO2=CaSO3+H2O; 

Ca(OH)2+H2SO3=CaSO4+2H2O; 

Ca(OH)2+2H2S=Ca(HS)2+2H2O; 

Ca(OH)2+H2SO4=CaSO4+2H2O; 

Ca(OH)2+2C6H5SO3H=(C6H5SO3)2Ca+2H2O; 

Ca(OH)2+2R-COOH=(R-COO)2Ca+2H2O; 

Ca(OH)2+2C6H5OH=(C6H5O)2Ca+2H2O. 

 

ȼɫɟ ɷɬɢ ɪɟɚɤɰɢɢ ɜɧɨɫɹɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɭɸɳɟ-

ɝɨɫɹ ɩɪɨɞɭɤɬɚ, ɦɟɧɹɹ ɟɝɨ ɮɚɡɨɜɵɣ ɢ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ. ɉɪɢ ɷɬɨɦ 

ɥɟɬɭɱɢɟ ɤɨɦɩɨɧɟɧɬɵ ɫɟɪɵ ɩɟɪɟɯɨɞɹɬ ɜ ɧɟɥɟɬɭɱɢɟ, ɤɨɬɨɪɵɟ ɟɳɟ ɢ ɦɚɥɨɪɚɫ-

ɬɜɨɪɢɦɵ ɜ ɜɨɞɟ. ɋɤɨɪɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɒɅ ɞɪɭɝɢɯ ɡɚɝɪɹɡ-

ɧɹɸɳɢɯ ɜɟɳɟɫɬɜ (ɨɪɝɚɧɢɤɢ, ɯɥɨɪɨɪɝɚɧɢɤɢ, ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ) ɜ ɨɤɪɭɠɚɸ-

ɳɭɸ ɫɪɟɞɭ ɫɧɢɠɚɟɬɫɹ ɜ ɫɨɬɧɢ ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɲɥɚɦɨɦ.  

 

ɂɡɭɱɟɧɢɟ ɩɨɜɟɞɟɧɢɹ ɒɅ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ ɞɥɹ ɟɟ ɜɧɟɫɟɧɢɹ ɜ 

ɒɅ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɥɶɮɚɤɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ – ɷɤɫɩɟɪɬɧɨɟ ɨɩɪɟɞɟɥɟ-

ɧɢɟ   ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚɩɚɯɚ ɩɨ 5-ɨɣ ɲɤɚɥɟ (ɬɚɛɥ. 5) ɞɜɭɯ ɩɚɪɬɢɣ ɒɅ, ɜɡɹɬɵɯ 

ɢɡ ɪɚɡɧɵɯ ɤɚɪɬ-ɧɚɤɨɩɢɬɟɥɟɣ ɫ 6.09.2018 ɝ. ɩɨ 17.09.2018 ɝ. ɩɨ ɦɟɬɨɞɢɤɟ 

ɨɰɟɧɤɢ ɡɚɩɚɯɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ «ɋɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɚɹ ɨɰɟɧ-

ɤɚ ɩɨɥɢɦɟɪɧɵɯ ɢ ɩɨɥɢɦɟɪɫɨɞɟɪɠɚɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɧɫɬ-

ɪɭɤɰɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɠɢɥɵɯ, ɨɛɳɟɫɬ-

ɜɟɧɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ. Ɇɍ 2.1.2.182904» Д11, 12Ж. ɉɪɢ ɢɫɫɥɟɞɨ-

ɜɚɧɢɢ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɒɅ ɤ ɨɥɶɮɚɤɬɨɦɟɬɪɢɱɟɫɤɢɦ ɧɚɛɥɸɞɟɧɢɹɦ  ɩɪɢɜɥɟ-
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ɤɚɥɢ 7 ɷɤɫɩɟɪɬɨɜ (ɩɪɚɤɬɢɱɟɫɤɢ ɡɞɨɪɨɜɵɯ ɥɢɰ, ɧɟ ɢɦɟɸɳɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɨ-

ɫɬɨɹɧɢɢ ɨɪɝɚɧɨɜ ɨɛɨɧɹɧɢɹ). Ʉɚɠɞɨɦɭ ɢɫɩɵɬɭɟɦɨɦɭ ɩɪɟɞɥɚɝɚɥɢ ɜɞɵɯɚɬɶ 

ɱɟɪɟɡ ɧɨɫ ɜɨɡɞɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡ ɞɜɭɯ ɞɵɯɚɬɟɥɶɧɵɯ ɤɨɥɩɚɤɨɜ, ɜ ɨɞɢɧ ɢɡ 

ɤɨɬɨɪɵɯ («ɨɩɵɬɧɵɣ») ɩɨ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɪɭɛɤɟ ɩɨɞɚɟɬɫɹ ɜɨɡɞɭɯ ɢɡ ɤɥɢɦɚ-

ɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ, ɫɨɞɟɪɠɚɳɟɣ ɢɡɭɱɚɟɦɵɣ ɨɛɪɚɡɟɰ ɒɅ, ɚ ɜ ɞɪɭɝɨɣ («ɤɨɧ-

ɬɪɨɥɶɧɵɣ») – ɢɡ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɛɟɡ ɦɚɬɟɪɢɚɥɚ. Ʉɚɤ ɭɤɚɡɚɧɨ ɜ Ɇɍ 

2.1.2.1829-04 ɨɰɟɧɤɚ ɫɢɥɵ ɡɚɩɚɯɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɹɬɢɛɚɥɥɶɧɨɣ ɲɤɚɥɟ 

(ɬɚɛɥ. 5). 
 

Ɍɚɛɥɢɰɚ 5 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɤɪɢɬɟɪɢɢ ɨɩɢɫɚɧɢɹ ɡɚɩɚɯɚ ɒɅ 

Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɨɰɟɧɤɚ ɜ ɛɚɥɥɚɯ 

Ɉɩɢɫɚɧɢɟ ɡɚɩɚɯɚ 

0 Ɉɬɫɭɬɫɬɜɭɟɬ 

1 ȿɞɜɚ ɡɚɦɟɬɧɵɣ 

2 ɋɥɚɛɵɣ; ɧɟ ɩɪɢɜɥɟɤɚɟɬ ɜɧɢɦɚɧɢɹ 

3 Ɉɬɱɟɬɥɢɜɵɣ; ɥɟɝɤɨ ɨɳɭɬɢɦɵɣ 

4 ɋɢɥɶɧɵɣ; ɨɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ 

5 ɇɟɜɵɧɨɫɢɦɵɣ 
 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɦɧɟɧɢɣ ɝɪɭɩɩɵ ɷɤɫɩɟɪɬɨɜ ɜ ɧɚɫɬɨɹɳɟɦ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɢ ɷɧɬɪɨɩɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɤɨɧɤɨɪɞɚɰɢɢ Д12Ж. Ⱦɢɫɩɟɪɫɢɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɤɨɪɞɚɰɢɢ ɜɵɪɚɠɚɟɬɫɹ 

ɨɬɧɨɲɟɧɢɟɦ ɨɰɟɧɤɢ ɞɢɫɩɟɪɫɢɢ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɷɬɨɣ ɨɰɟɧɤɢ 

 

max
D

D
W  .                                                      (1) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɧɤɨɪɞɚɰɢɢ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0 ɞɨ 1, ɩɨɫɤɨɥɶɤɭ  
 

max
0 DD  . 

 

ɗɧɬɪɨɩɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɤɨɪɞɚɰɢɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

 эܹ = 1 − ����� ,                                                 (2) 

 

ɝɞɟ ɇ – ɷɧɬɪɨɩɢɹ ɢ 
max

H  ‒ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɬɪɨɩɢɢ.  
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ɗɧɬɪɨɩɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɤɨɪɞɚɰɢɢ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0 ɞɨ 1. 

ɉɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɟ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɢ ɷɧɬɪɨɩɢɣɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɚɥɢ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɭɸ ɨɰɟɧɤɭ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ 

ɷɤɫɩɟɪɬɨɜ.  

ȼ ɬɚɛɥ. 6 ɢ 7 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɹ ɡɚɩɚɯɚ ɒɅ ɞɨ ɢ 

ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ ɋɚɈ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɭɬɨɤ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɧɤɨɪɞɚ-

ɰɢɢ W≥Wɷ≥0.75, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɵɫɨɤɭɸ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɨɰɟɧɨɤ 7 ɷɤɫ-

ɩɟɪɬɨɜ, ɩɪɢɜɥɟɱɟɧɧɵɯ ɤ ɩɪɨɜɟɞɟɧɢɸ ɨɥɶɮɚɤɬɨɦɟɬɪɢɱɟɫɤɢɯ (ɨɞɨɪɨɦɟɬɪɢɱɟ-

ɫɤɢɯ) ɢɡɦɟɪɟɧɢɣ. 
 

Ɍɚɛɥɢɰɚ 6 

ɂɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚɩɚɯɚ ɒɅ ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ ɋɚɈ ɩɨ 5-ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ 1-ɨɣ (1) 
ɩɚɪɬɢɢ ɫ 6.09.2018ɝ. ɩɨ 14.09.2018ɝ. 

Ⱦɚɬɚ 0%(1) 5%(1) 10%(1) 15%(1) 20%(1) 

06.09.2018 5 5 5 5 4 

07.09.2018 5 5 5 5 4 

10.09.2018 5 5 4 4 3 

11.09.2018 5 5 4 4 3 

12.09.2018 5 5 4 4 3 

13.09.2018 5 5 4 3 3 

14.09.2018 5 5 4 3 3 
 

Ɍɚɛɥɢɰɚ 7 

ɂɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚɩɚɯɚ ɒɅ ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ ɋɚɈ ɩɨ 5-ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ 2-ɨɣ 
ɩɚɪɬɢɢ ɫ 6.09.2018ɝ. ɩɨ 14.09.2018ɝ. 

Ⱦɚɬɚ 0%(2) 5%(2) 10%(2) 15%(2) 20%(2) 

06.09.2018 5 5 5 5 4 

07.09.2018 5 5 5 5 4 

10.09.2018 5 5 4 4 3 

11.09.2018 5 5 4 4 3 

12.09.2018 5 5 4 4 3 

13.09.2018 5 5 4 3 2 

14.09.2018 5 5 4 3 2 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ ɫ 

ɒɅ, ɥɟɬɭɱɢɟ ɞɭɪɧɨɩɚɯɧɭɸɳɢɟ ɜɟɳɟɫɬɜɚ ɜ ɬɟɱɟɧɢɟ 1-2 ɧɟɞɟɥɶ ɞɨɫɬɚɬɨɱɧɨ 

ɷɮɮɟɤɬɢɜɧɨ ɫɜɹɡɵɜɚɸɬɫɹ. ɇɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɥɢ ɩɪɢ ɜɧɟɫɟɧɢɢ 

20% ɦɚɫɫ. ɋaO ɜ ɒɅ. ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɧɚɛɥɸɞɚɥɢ ɩɪɢɟɦɥɟɦɵɟ ɡɧɚɱɟ-

ɧɢɹ (2 ɛɚɥɥɚ) ɩɨ ɫɚɧɢɬɚɪɧɵɦ ɧɨɪɦɚɦ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɪɢɫ. 
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4,5) Д12Ж. Ⱦɥɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɞɟɡɨɞɨɪɢɪɨɜɚɧɢɹ ɧɭɠɧɵ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɟ ɦɟɪɵ – ɧɚɩɪɢɦɟɪ, ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɚɹ ɜɵɞɟɪɠɤɚ, ɩɪɢɦɟɧɟɧɢɟ ɫɨɪɛɢɪɭɸ-

ɳɢɯ ɞɨɛɚɜɨɤ. 

 

 

 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚɩɚɯɚ ɩɨ 5-ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ 2-ɯ ɩɚɪɬɢɣ ɒɅ ɫ 
6.09.2018 ɝ. ɩɨ 14.09.2018 ɝ. 

 

 
 

Ɋɢɫ. 5. ɂɡɦɟɧɟɧɢɟ ɡɚɩɚɯɚ ɫɦɟɫɢ ɒɅ ɫ ɋɚɈ (80:20) ɫ 6.09.2018 ɝ ɩɨ 14.09.2018ɝ.  
4 ɨɛɪɚɡɰɚ, 2-ɹ ɩɚɪɬɢɹ 
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ɉɪɢ ɫɦɟɲɢɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɒɅ ɫ ɪɚɡɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ  ɧɟɝɚɲɟɧɨɣ ɢɡ-

ɜɟɫɬɢ ɧɚɛɥɸɞɚɥɢ ɬɚɤɠɟ ɡɚ ɢɡɦɟɧɟɧɢɹɦɢ, ɩɪɨɬɟɤɚɸɳɢɦɢ ɫ ɨɛɪɚɡɰɨɦ. ɋɪɚɜ-

ɧɢɜɚɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɒɆ ɞɨ ɢ ɜɨɜɪɟɦɹ ɫɦɟɲɢɜɚɧɢɹ ɫ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɶɸ 

(ɬɚɛɥ. 8, 9, ɪɢɫ. 6, 7). 

 

Ɍɚɛɥɢɰɚ 8 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɟɣ ɒɅ ɫ ɋɚɈ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɪɟɚɤɰɢɢ (10 ɦɢɧ), 1-ɹ ɩɚɪɬɢɹ ɒɅ 

1 ɨɛɪɚɡɟɰ 2 ɨɛɪɚɡɟɰ 3ɨɛɪɚɡɟɰ 4 ɨɛɪɚɡɟɰ 

95:5 90:10 85:15 80:20 

t ɞɨ  
ɜɧɟɫɟɧɢɹ 
ɋɚɈ, ºɋ 

t ɜɨ ɜɪɟɦɹ 
ɪɟɚɤɰɢɢ, 

ºɋ 

t ɞɨ  
ɜɧɟɫɟ-

ɧɢɹ 
ɋɚɈ, ºɋ 

t ɜɨ 
ɜɪɟɦɹ 
ɪɟɚɤ-

ɰɢɢ, ºɋ 

t ɞɨ ɜɧɟ-
ɫɟɧɢɹ 

ɋɚɈ, ºɋ 

t ɜɨ ɜɪɟ-
ɦɹ ɪɟɚɤ-
ɰɢɢ, ºɋ 

t ɞɨ ɜɧɟ-
ɫɟɧɢɹ 

ɋɚɈ, ºɋ 

t ɜɨ 
ɜɪɟɦɹ 
ɪɟɚɤ-

ɰɢɢ, ºɋ 

28 30 28 35 28 41 28 55 

 

 

 

Ɋɢɫ. 6. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɒɅ (1-ɹ ɩɚɪɬɢɹ) ɜ ɩɪɨɰɟɫɫɟ ɫɦɟɲɢɜɚɧɢɹ ɟɝɨ 

ɫ ɢɡɜɟɫɬɶɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɚɈ 

 

Ɍɚɛɥɢɰɚ 9 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɟɣ ɒɅ ɫ ɋɚɈ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɪɟɚɤɰɢɢ (10 ɦɢɧ), 2-ɹ ɩɚɪɬɢɹ ɒɅ 

1 ɨɛɪɚɡɟɰ 2 ɨɛɪɚɡɟɰ 3 ɨɛɪɚɡɟɰ 4 ɨɛɪɚɡɟɰ 

95:5 90:10 80:85 80:20 

t ɞɨ ɜɧɟ-
ɫɟɧɢɹ 

ɋɚɈ, ºɋ 

t ɜɨ ɜɪɟɦɹ 
ɪɟɚɤɰɢɢ, 

ºɋ 

t ɞɨ ɜɧɟɫɟ-
ɧɢɹ ɋɚɈ, 

ºɋ 

t ɜɨ ɜɪɟɦɹ 
ɪɟɚɤɰɢɢ, ºɋ 

t ɞɨ ɜɧɟɫɟɧɢɹ 
ɋɚɈ, ºɋ 

t ɜɨ ɜɪɟɦɹ 
ɪɟɚɤɰɢɢ, ºɋ 

t ɞɨ ɜɧɟɫɟ-
ɧɢɹ ɋɚɈ, 

ºɋ 

t ɜɨ ɜɪɟ-
ɦɹ ɪɟɚɤ-
ɰɢɢ, ºɋ 

27 33  27  37  27  44  27  66 
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Ɋɢɫ. 7. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɒɅ (2-ɹ ɩɚɪɬɢɹ) ɜ ɩɪɨɰɟɫɫɟ ɫɦɟɲɢɜɚɧɢɹ ɟɝɨ  
ɫ ɢɡɜɟɫɬɶɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɚɈ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɛɚɜɥɟɧɢɟ ɋɚɈ ɤ ɒɅ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɤɪɢɬɢɱɟɫɤɢɦ 

ɬɟɦɩɟɪɚɬɭɪɚɦ ɧɚɝɪɟɜɚɧɢɹ ɫɦɟɫɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɝɪɟɜɚɧɢɟ ɞɨ 66 ɨɋ ɧɚ-

ɛɥɸɞɚɥɢ ɩɪɢ ɜɧɟɫɟɧɢɢ 20 ɝ ɋɚɈ ɤ 80 ɝ ɒɅ (ɛɨɥɟɟ ɨɛɜɨɞɧɟɧɧɚɹ 2-ɹ ɩɚɪɬɢɹ). 

ɉɪɢ ɜɢɡɭɚɥɶɧɨɦ ɧɚɛɥɸɞɟɧɢɢ ɡɚ ɤɨɧɫɢɫɬɟɧɰɢɟɣ ɢ ɨɤɪɚɫɤɨɣ ɫɦɟɫɟɣ 

ɒɅ ɫ ɋɚɈ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɜɨɡɪɚɫɬɚɧɢɟ ɜɹɡɤɨɫɬɢ ɢ ɤɨɦɤɨɜɚɧɢɟ ɞɥɹ 1-ɣ ɩɚɪ-

ɬɢɢ ɒɅ, ɢ ɜɹɡɤɨɫɬɢ – ɞɥɹ 2-ɣ ɩɚɪɬɢɢ ɒɅ (ɪɢɫ. 9-13) Ɉɱɟɜɢɞɧɨ, ɞɥɹ ɫɥɢɲ-

ɤɨɦ ɨɛɜɨɞɧɟɧɧɵɯ ɩɚɪɬɢɣ ɩɟɪɟɞ ɜɧɟɫɟɧɢɟɦ ɜ ɒɅ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ ɧɟɨɛ-

ɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɜɵɫɭɲɢɜɚɧɢɟ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢɥɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɫɭɲɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɯɪɚɧɟɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɩɨɞ ɜɵ-

ɬɹɠɤɨɣ ɨɛɪɚɛɨɬɚɧɧɵɯ ɋɚɈ ɒɅ (ɨɛɟ ɩɚɪɬɢɢ – 1 ɢ 2) ɜɵɫɵɯɚɸɬ ɢ ɤɨɦɤɭɸɬ-

ɫɹ, ɜ ɢɫɯɨɞɧɨɦ ɒɅ (ɩɚɪɬɢɹ 1-ɹ) ɡɚ ɷɬɨɬ ɩɟɪɢɨɞ ɩɨɹɜɢɥɚɫɶ ɩɥɟɫɟɧɶ. 
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Ɋɢɫ. 8. ɂɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɨɤɪɚɫɤɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɒɅ ɢ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ 
(ɨɛɪɚɡɟɰ 1, ɩɚɪɬɢɹ 2) 

 

 

 

Ɋɢɫ. 9. ɂɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɨɤɪɚɫɤɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɒɅ ɢ ɋɚɈ 

(ɨɛɪɚɡɟɰ 2, ɩɚɪɬɢɹ 1) 
 

 

Ɋɢɫ. 10. ɂɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɨɤɪɚɫɤɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɒɅ ɢ ɋɚɈ  
(ɨɛɪɚɡɟɰ 3, ɩɚɪɬɢɹ 1) 
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Ɋɢɫ. 11. ɂɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɨɤɪɚɫɤɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɒɅ ɢ ɋɚɈ  
(ɨɛɪɚɡɟɰ 4, ɩɚɪɬɢɹ 1) 

 

 
 

Ɋɢɫ. 12. ɂɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɨɤɪɚɫɤɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɥɢɝɧɢɧɚ ɢ CaO  

(ɨɛɪɚɡɟɰ 3, ɩɚɪɬɢɹ 2) 
 

 
 

Ɋɢɫ. 13. ɂɡɦɟɧɟɧɢɟ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɨɤɪɚɫɤɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɥɢɝɧɢɧɚ ɢ ɋɚɈ  
(ɨɛɪɚɡɟɰ 4, ɩɚɪɬɢɹ 2) 
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ȿɳɟ ɨɞɢɧ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɒɅ - 

ɢɡɦɟɧɟɧɢɟ pH ɨɛɪɚɡɰɨɜ (ɪɢɫ. 14, 15, ɬɚɛɥ. 10). 

 

Ɍɚɛɥɢɰɚ 10 
ɂɡɦɟɪɟɧɢɹ pH ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɒɅ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɶɸ 

H2Ɉ ɒɅ (1-ɹ ɩɚɪɬɢɹ) 1 ɨɛɪɚɡɟɰ 2 ɨɛɪɚɡɟɰ 3 ɨɛɪɚɡɟɰ 4 ɨɛɪɚɡɟɰ 

7,0 

8,57 9,75 11,90 12,51 12,66 

ɒɅ (2-ɹ ɩɚɪɬɢɹ) 1 ɨɛɪɚɡɟɰ 2 ɨɛɪɚɡɟɰ 3 ɨɛɪɚɡɟɰ 4 ɨɛɪɚɡɟɰ 

8,24 11,54 11,56 12,54 12,68 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɧɟɫɟɧɢɢ ɋɚɈ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɞɳɟɥɚɱɢɜɚɧɢɟ 

ɩɪɨɞɭɤɬɚ ɢɡ ɒɆ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 

ɨɫɜɟɬɥɟɧɢɟ ɦɚɫɫɵ, ɨɫɨɛɟɧɧɨ ɜɵɪɚɠɟɧɧɨɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɨɥɢ ɋɚɈ ɞɨ 20% 

ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ ɜ ɫɦɟɫɢ. ɉɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɩɟɪɟ-

ɦɟɲɢɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɫ ɞɨɥɟɣ ɋɚɈ ɞɨ 10% ɨɬɦɟɱɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɢ ɡɚɩɚɯɚ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɩɨɥɧɨɬɭ ɪɟɚɤɰɢɢ ɋɚɈ ɫ ɫɟɪɨɫɨɞɟɪɠɚ-

ɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɒɅ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɪɚɛɨɬɚɧɧɵɟ ɋɚɈ ɩɚɪɬɢɢ 

ɒɅ ɨɛɥɚɞɚɸɬ ɡɚɩɚɯɨɦ ɜ 2 ɢɥɢ 3 ɛɚɥɥɚ, ɫɬɚɧɨɜɹɬɫɹ ɫɵɩɭɱɢɦɢ ɢ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɭɬɢɥɢɡɚɰɢɢ (ɪɢɫ. 16 ɢ 17). 

 

 

 

Ɋɢɫ. 14. Ɂɚɜɢɫɢɦɨɫɬɶ pH ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɋɚɈ ɤ ɒɅ (ɩɟɪɜɚɹ ɩɚɪɬɢɹ) 
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Ɋɢɫ. 15. Ɂɚɜɢɫɢɦɨɫɬɶ pH ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɋɚɈ ɤ ɒɅ (ɜɬɨɪɚɹ ɩɚɪɬɢɹ) 
 

 
 

Ɋɢɫ. 16. ɒɅ+ɋɚɈ, ɨɛɪɚɡɟɰ 4, ɩɚɪɬɢɹ 2 (ɦɚɫɫɚ ɡɚɬɜɟɪɞɟɥɚ, ɧɟ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ,  
ɜɢɞɧɨ ɡɚɤɚɦɟɧɟɜɲɭɸ ɦɚɫɫɭ) 

 

 
 

Ɋɢɫ.17. ɒɅ+ɋɚɈ, ɨɛɪɚɡɟɰ 3, ɩɚɪɬɢɹ 2 

(ɦɚɫɫɚ ɡɚɬɜɟɪɞɟɥɚ, ɧɟ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ, ɜɢɞɧɨ ɡɚɤɚɦɟɧɟɜɲɭɸ ɦɚɫɫɭ) 
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Ʉɨɧɬɪɨɥɶ ɜɥɚɠɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɒɅ ɢ ɢɯ ɫɦɟɫɟɣ ɫ ɋɚɈ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɨɧɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ 17-20% (ɬɚɛɥ. 11). 

 

Ɍɚɛɥɢɰɚ 11 

ȼɥɚɠɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɒɅ ɫ ɞɨɛɚɜɤɨɣ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ ɧɚ 10 ɞɟɧɶ ɯɪɚɧɟɧɢɹ  
ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ȼɥɚɠɧɨɫɬɶ (%) ɨɛɪɚɡɰɨɜ 1-ɨɣ ɩɚɪɬɢɢ ȼɥɚɠɧɨɫɬɶ (%) ɨɛɪɚɡɰɨɜ 2-ɨɣ ɩɚɪɬɢɢ 

ɂɫɯ. 
ɒɅ 

5% 

ɋɚɈ 
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Ɂɚɤɥɸɱɟɧɢɟ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɭɞɚɥɟɧɢɹ ɥɟɬɭɱɢɯ ɤɨɦɩɨ-

ɧɟɧɬɨɜ ɫ ɧɟɩɪɢɹɬɧɵɦ ɡɚɩɚɯɨɦ (ɞɟɡɨɞɨɪɚɰɢɢ) ɢ ɩɟɪɟɜɨɞɚ ɜ ɫɵɩɭɱɟɟ ɫɨ-

ɫɬɨɹɧɢɟ ɲɥɚɦ-ɥɢɝɧɢɧɚ – ɨɬɯɨɞɚ ȻɐȻɄ ɡɚ ɫɱɟɬ ɩɪɨɬɟɤɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟ-

ɚɤɰɢɣ, ɢɞɭɳɢɯ ɩɪɢ ɝɚɲɟɧɢɢ ɋɚɈ ɜ ɨɛɪɚɡɰɚɯ ɲɥɚɦ – ɥɢɝɧɢɧɚ ɈȺɈ 

«ȻɐȻɄ». ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɲɥɚɦ-ɥɢɝɧɢɧɚ ɫ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɶɸ (15-20 % ɋɚɈ) ɨɛɪɚɡɭɟɬɫɹ ɬɜɟɪɞɵɣ 

ɦɚɬɟɪɢɚɥ, ɫɩɨɫɨɛɧɵɣ ɤ ɟɝɨ ɝɭɦɢɮɢɤɚɰɢɢ ɢ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɩɪɢ ɷɬɨɦ ɧɟ-

ɨɛɯɨɞɢɦɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɶɸ ɫɨɫɬɚɜ-

ɥɹɟɬ 10-15 ɞɧɟɣ ɢ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɲɥɚɦɟ. Ɍɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɧɟɝɚ-

ɲɟɧɨɣ ɢɡɜɟɫɬɶɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɩɪɨɫɬɨɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɟɪɟ-

ɦɟɲɢɜɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɧɟɝɚɲɟɧɚɹ ɢɡɜɟɫɬɶ ɧɟ ɬɨɥɶɤɨ ɧɟɣɬɪɚɥɢɡɭɟɬ ɧɟɩɪɢ-

ɹɬɧɵɟ ɡɚɩɚɯɢ, ɧɨ ɢ ɩɪɢɞɚɟɬ ɝɨɬɨɜɨɦɭ ɩɪɨɞɭɤɬɭ ɤɨɧɫɢɫɬɟɧɰɢɸ ɫɵɩɭɱɟɝɨ 

ɩɨɪɨɲɤɚ, ɭɞɨɛɧɨɝɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɬɟɯɧɨɥɨɝɢɱɧɵɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ 

ɫɩɨɫɨɛ ɭɬɢɥɢɡɚɰɢɢ ɲɥɚɦ-ɥɢɝɧɢɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɲɟɜɨɝɨ ɫɵɪɶɟɜɨɝɨ 

ɩɪɨɞɭɤɬɚ – ɧɟɝɚɲɟɧɨɣ ɢɡɜɟɫɬɢ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɝɨ ɤɨɦɛɢɧɚɬɚ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢ ɩɭɬɢ ɭɫɬɨɣɱɢɜɨɝɨ 
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ɋɬɪɭɧɤɢɧɚ Ʉɪɢɫɬɢɧɚ ɇɢɤɨɥɚɟɜɧɚ – ɫɬɭɞɟɧɬ ɏɢɦɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ȼɨɪɨɧɟɠɫɤɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 
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Ɋɚɡɪɚɛɨɬɚɧɚ ɧɚɭɱɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɡɚɧɹɬɢɣ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɝɟɨɥɨɝɢɢ. ȼ ɧɟɣ ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪ-

ɦɚɰɢɹ ɩɨ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɸ ɢ ɝɟɨɥɨɝɢɱɟɫɤɨɦɭ ɫɬɪɨɟɧɢɸ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɞɚɧɚ ɦɢɧɟɪɚ-

ɥɨɝɨ-ɝɟɨɯɢɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɪɨɞ. Ⱦɥɹ ɨɩɢɫɚ-

ɧɢɹ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɦɢɧɟɪɚɥɨɜ ɢɫɩɨɥɶɡɨɜɚɧɚ ɨɩɭɛɥɢɤɨɜɚɧɧɚɹ ɥɢɬɟɪɚɬɭ-

ɪɚ ɢ ɢɧɬɟɪɧɟɬ-ɪɟɫɭɪɫɵ. Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
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In the course of our research, we have developed a specific database of rocks, which 

now serves as the background material for conducting the interactive course on engineering 

geology. It also provides information on the location and geological structure of the deposits 

and gives the mineralogical and geochemical characteristics and physicomechanical properties 

of rocks. The set of specific publications on the subject and open Internet resources were used 

to describe the deposits of rocks and minerals. The parameters of the conducted physical and 

mechanical tests correspond to the Interstate Standard (GOST) No. 30629-2011 – «Materials 

and facing products made of rocks». 

 

Keywords: collection, rocks, database, interactive course 

 

ȼɜɟɞɟɧɢɟ. Ȼɥɚɝɨɞɚɪɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜ ɩɨɫɥɟɞɧɢɟ ɞɟ-

ɫɹɬɢɥɟɬɢɹ ɫɨɡɞɚɧɵ ɜɫɟɜɨɡɦɨɠɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ, ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɤɨɬɨɪɵɯ 

ɩɨɪɨɣ ɦɵ ɞɚɠɟ ɧɟ ɞɨɝɚɞɵɜɚɟɦɫɹ. Ȼɟɫɫɩɨɪɧɨ, ɝɨɪɚɡɞɨ ɩɪɨɳɟ ɢ ɧɚɦɧɨɝɨ 

ɭɞɨɛɧɟɣ ɪɚɛɨɬɚɬɶ ɫ ɷɥɟɤɬɪɨɧɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɢɧɮɨɪɦɚɰɢɢ, ɱɟɦ ɫ ɛɭɦɚɠ-

ɧɵɦɢ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɢɸ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɚɬɟ-

ɪɢɚɥɚ, ɤɨɬɨɪɵɣ ɧɭɠɧɨ ɛɵɫɬɪɨ ɧɚɣɬɢ ɢ ɩɨɫɬɨɹɧɧɨ ɞɨɩɨɥɧɹɬɶ ɢɥɢ ɨɛɧɨɜɥɹɬɶ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɧɮɨɪɦɚɰɢɹ ɫɬɚɥɚ ɥɟɝɤɨ ɞɨɫɬɭɩɧɨɣ ɢ ɧɚɝɥɹɞɧɨɣ, ɟɺ 

ɧɭɠɧɨ ɩɟɪɟɜɟɫɬɢ ɜ ɰɢɮɪɨɜɨɣ ɜɚɪɢɚɧɬ ɢ ɫɞɟɥɚɬɶ ɢɧɬɟɪɚɤɬɢɜɧɨɣ. ɋɨɡɞɚɧɢɟ 

ɛɚɡ ɞɚɧɧɵɯ ɩɪɟɫɥɟɞɭɸɬ ɪɚɡɧɵɟ ɰɟɥɢ. ȼ ɨɞɧɨɦ ɫɥɭɱɚɟ – ɷɬɨ ɷɥɟɤɬɪɨɧɧɵɣ ɤɚ-

ɬɚɥɨɝ, ɤ ɤɨɬɨɪɨɦɭ ɨɛɪɚɳɚɸɬɫɹ ɡɚ ɩɨɥɭɱɟɧɢɟɦ ɤɚɤɨɣ-ɧɢɛɭɞɶ ɫɩɪɚɜɤɢ, ɜ ɞɪɭ-

ɝɨɦ – ɞɟɣɫɬɜɭɸɳɢɣ ɦɚɫɫɢɜ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɧɚɭɱɧɵɯ 

ɰɟɥɟɣ. 

Ȼɥɚɝɨɞɚɪɹ ɛɚɡɚɦ ɞɚɧɧɵɯ ɧɟɤɨɬɨɪɵɟ ɦɭɡɟɢ ɢɦɟɸɬ ɷɥɟɤɬɪɨɧɧɵɟ ɤɚɬɚ-

ɥɨɝɢ, ɩɨɞɪɨɛɧɵɟ ɩɭɬɟɜɨɞɢɬɟɥɢ ɢ ɞɚɠɟ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɷɤɫɩɨ-

ɡɢɰɢɢ. ɉɨɫɟɬɢɬɟɥɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɛɟɡ ɩɨɦɨɳɢ ɷɤɫɤɭɪɫɨɜɨɞɚ, ɦɨɝɭɬ ɡɧɚ-

ɤɨɦɢɬɶɫɹ ɫ ɦɭɡɟɣɧɵɦɢ ɷɤɫɩɨɧɚɬɚɦɢ, ɚ ɢɧɨɝɞɚ ɢ ɫ ɰɟɥɵɦɢ ɜɵɫɬɚɜɤɚɦɢ. 

ɉɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɷɤɫɩɨɡɢɰɢɢ ɧɚɦɢ ɪɚɡɪɚɛɨɬɚɧɚ 

ɧɚɭɱɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ, ɰɟɥɶɸ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɜɫɟɨɛɴɟɦɥɸɳɟɣ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɝɨɪɧɵɯ ɩɨɪɨɞɚɯ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɭɧɢɜɟɪɫɢɬɟɬɫɤɨɣ ɤɨɥɥɟɤɰɢɢ. 
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Ʉɨɥɥɟɤɰɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɤɚɤ ɥɸɛɚɹ ɤɨɥɥɟɤɰɢɹ, ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɚɬɢɱɟɫɤɨɦ 

ɫɨɫɬɨɹɧɢɢ ɢ ɫɚɦɚ ɩɨ ɫɟɛɟ ɢɧɮɨɪɦɚɰɢɢ ɧɟ ɧɟɫɟɬ, ɩɨɷɬɨɦɭ  ɩɟɪɟɜɨɞ ɜ ɢɧɬɟ-

ɪɚɤɬɢɜɧɨɟ ɩɨɥɟ ɞɟɥɚɟɬ ɟɟ ɞɨɫɬɭɩɧɨɣ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɥɢɰ ɢ ɞɚɟɬ ɜɨɡ-

ɦɨɠɧɨɫɬɶ ɩɨɩɭɥɹɪɢɡɢɪɨɜɚɬɶ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɡɧɚɧɢɹ. ɐɟɥɶɸ ɛɚɡɚ ɞɚɧɧɵɯ ɹɜ-

ɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɨɫɧɨɜɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɡɚɧɹɬɢɣ ɩɨ ɤɭɪɫɭ «ɂɧɠɟɧɟɪɧɚɹ 

ɝɟɨɥɨɝɢɹ», ɱɢɬɚɟɦɨɝɨ ɫɬɭɞɟɧɬɚɦ ɜɭɡɚ. Ɂɚɞɚɱɢ ɫɜɨɞɢɥɢɫɶ ɤ ɫɛɨɪɭ ɢɧɮɨɪɦɚ-

ɰɢɢ ɨ ɝɨɪɧɵɯ ɩɨɪɨɞɚɯ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɥɥɟɤɰɢɸ, ɢ ɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ; 

ɩɪɨɜɟɞɟɧɢɸ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ; ɫɨɡɞɚɧɢɸ ɧɚɭɱɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ.     

Ʉɨɥɥɟɤɰɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟ-

ɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɭɱɟɛɧɭɸ ɢ ɧɚɭɱɧɭɸ ɤɨɥɥɟɤɰɢɢ. ɍɱɟɛ-

ɧɭɸ ɤɨɥɥɟɤɰɢɸ ɫɨɫɬɚɜɥɹɸɬ ɨɛɪɚɡɰɵ ɩɨɪɨɞ, ɢɡɭɱɚɟɦɵɟ ɩɨ ɩɪɨɝɪɚɦɦɟ ɢɧ-

ɠɟɧɟɪɧɨɣ ɝɟɨɥɨɝɢɢ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɹɯ. Ƚɨɪɧɵɟ ɩɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɟ-

ɧɵ ɬɪɟɦɹ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɤɥɚɫɫɚɦɢ: ɦɚɝɦɚɬɢɱɟɫɤɢɦ, ɨɫɚɞɨɱɧɵɦ ɢ ɦɟɬɚɦɨɪ-

ɮɢɱɟɫɤɢɦ. ɋɪɟɞɢ ɦɚɝɦɚɬɢɱɟɫɤɢɯ ɩɨɪɨɞ – ɢɧɬɪɭɡɢɜɧɵɟ ɢ ɷɮɮɭɡɢɜɧɵɟ: ɤɢɫ-

ɥɵɟ, ɫɪɟɞɧɢɟ ɢ ɭɥɶɬɪɚɨɫɧɨɜɧɵɟ. ɗɬɨ ɝɪɚɧɢɬɵ, ɫɢɟɧɢɬɵ, ɞɢɨɪɢɬɵ, ɝɚɛɛɪɨ, 

ɛɚɡɚɥɶɬɵ, ɩɟɪɢɞɨɬɢɬɵ ɢ ɞɪ. Ɉɫɚɞɨɱɧɵɟ ɩɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɥɨɦɨɱɧɵ-

ɦɢ, ɯɟɦɨɝɟɧɧɵɦɢ, ɨɪɝɚɧɨɝɟɧɧɵɦɢ ɢ ɜɭɥɤɚɧɨɝɟɧɧɵɦɢ (ɩɢɪɨɤɥɚɫɬɢɱɟɫɤɢɦɢ). 

ɋɪɟɞɢ ɦɟɬɚɦɨɪɮɢɱɟɫɤɢɯ ɩɨɪɨɞ ɜ ɤɨɥɥɟɤɰɢɢ ɧɚɯɨɞɹɬɫɹ ɪɚɡɧɵɟ ɫɥɚɧɰɵ, 

ɝɧɟɣɫɵ, ɤɜɚɪɰɢɬɵ, ɦɪɚɦɨɪɵ ɢ ɞɪ. 

ɇɚɭɱɧɚɹ ɤɨɥɥɟɤɰɢɢ ɛɨɥɟɟ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɚ: ɜ ɧɟɣ ɫɨɛɪɚɧɵ ɨɛɪɚɡɰɵ 

ɝɨɪɧɵɯ ɩɨɪɨɞ ɢɡ ɪɚɡɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɛɵɜɲɟɝɨ ɋɨɜɟɬɫɤɨɝɨ ɋɨɸɡɚ. Ƚɟɨ-

ɝɪɚɮɢɹ - ɍɪɚɥ, ɍɤɪɚɢɧɚ, Ʉɚɜɤɚɡ, ɋɚɹɧɵ ɢ ɞɪ.  Ʉɨɥɥɟɤɰɢɹ ɧɚɫɱɢɬɵɜɚɟɬ ɛɨɥɟɟ 

150 ɨɛɪɚɡɰɨɜ ɜɫɟɯ ɧɚɡɜɚɧɧɵɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɤɥɚɫɫɨɜ ɪɚɡɦɟɪɨɦ ɧɟ ɦɟɧɟɟ 

12ɯ12 ɫɦ. ɇɟɤɨɬɨɪɵɟ ɨɛɪɚɡɰɵ ɩɨɪɨɞ ɞɭɛɥɢɪɭɸɬ ɭɱɟɛɧɭɸ ɤɨɥɥɟɤɰɢɸ, ɢ ɢɯ 

ɫɨɯɪɚɧɧɨɫɬɶ ɥɭɱɲɟ. ȼɜɢɞɭ  ɜɵɲɟɨɬɦɟɱɟɧɧɨɝɨ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɛɚɡɵ ɞɚɧɧɵɯ 

ɛɵɥɚ ɩɪɢɧɹɬɚ ɧɚɭɱɧɚɹ ɤɨɥɥɟɤɰɢɹ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɪɹɞɚ ɞɭɛɥɢɤɚɬɨɜ ɩɨɪɨɞ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ). 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

Ɇɟɬɨɞɢɤɭ ɪɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ ɧɚɭɱɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ 
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ɦɭɡɟɣɧɨɣ ɤɨɥɥɟɤɰɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ: 

1. Ɉɬɛɨɪ ɢ ɩɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɨɜ ɩɨɪɨɞ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ; 

2. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ; 

3. ɂɡɭɱɟɧɢɟ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ; 

4. ɋɨɫɬɚɜɥɟɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ; 

5. Ɋɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ  ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɤɭɪɫɚ. 

ɉɟɪɜɨɨɱɟɪɟɞɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɹɜɥɹɥɫɹ 

ɫɛɨɪ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦ ɝɨɪɧɵɯ ɩɨɪɨɞ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨ-

ɜɚɥɚɫɶ ɨɩɭɛɥɢɤɨɜɚɧɧɚɹ ɥɢɬɟɪɚɬɭɪɚ ɢ ɢɧɬɟɪɧɟɬ-ɪɟɫɭɪɫɵ. ɋɪɟɞɢ ɥɢɬɟɪɚɬɭɪɵ 

ɦɨɧɨɝɪɚɮɢɢ ɢ ɧɚɭɱɧɵɟ ɫɬɚɬɶɢ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢɡɞɚɧɢɹɯ Д1-3, 9, 11Ж. Ɉɩɢ-

ɫɚɧɢɟ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɟɞɢɧɨɦɭ ɩɥɚɧɭ, ɜɤɥɸɱɚɜɲɟɦɭ ɫɥɟ-

ɞɭɸɳɢɟ ɪɚɡɞɟɥɵ: 

1. Ʉɪɚɬɤɢɣ ɮɢɡɢɤɨ-ɝɟɨɝɪɚɮɢɱɟɫɤɢɣ ɨɱɟɪɤ ɫ ɩɨɞɪɨɛɧɨɣ ɩɪɢɜɹɡɤɨɣ ɦɟ-

ɫɬɨɪɨɠɞɟɧɢɹ. 

2. Ƚɟɨɥɨɝɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɪɚɣɨɧɚ ɢ ɫɚɦɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

3. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɨɪɧɨɣ ɩɨɪɨɞɵ: ɦɢɧɟɪɚɥɨɝɨ-ɩɟɬɪɨɝɪɚɮɢɱɟɫɤɨɟ 

ɨɩɢɫɚɧɢɟ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

4. ɉɪɢɦɟɧɟɧɢɟ ɩɨɪɨɞɵ. 

ɉɪɢ ɨɩɢɫɚɧɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɪɚɡɧɵɣ ɢɥɥɸɫɬɪɚɬɢɜ-

ɧɵɣ ɦɚɬɟɪɢɚɥ – ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɤɚɪɬɵ, ɫɯɟɦɵ, ɪɚɡɪɟɡɵ, ɮɨɬɨɝɪɚɮɢɢ, ɪɢɫɭɧ-

ɤɢ. ȼɫɟ ɫɨɛɪɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɨɩɨɥɧɹɥɢɫɶ ɢ  ɬɳɚɬɟɥɶɧɨ ɪɟɞɚɤɬɢɪɨɜɚɥɢɫɶ. 

ȼ ɢɬɨɝɟ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɪɚɬɤɭɸ ɫɜɨɞɤɭ, ɫɨ-

ɞɟɪɠɚɳɭɸ ɦɚɬɟɪɢɚɥɵ ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɪɚɡɞɟɥɨɜ. ɍɤɚɡɵɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɪɨɞ ɞɥɹ ɞɟɤɨɪɚɬɢɜɧɨ-ɨɛɥɢɰɨɜɨɱɧɵɯ ɢɥɢ ɞɪɭɝɢɯ ɰɟɥɟɣ Д5Ж. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡ ɨɬɨɛɪɚɧɧɵɯ ɨɛɪɚɡɰɨɜ 

ɩɨɪɨɞ ɛɵɥɢ ɨɬɩɢɥɟɧɵ ɩɥɚɫɬɢɧɵ ɬɨɥɳɢɧɨɣ ɞɨ 2 ɫɦ, ɚ ɢɡ ɧɟɤɨɬɨɪɵɯ (ɞɭɛɥɢ-

ɤɚɬɵ ɢ ɨɛɪɚɡɰɵ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ) ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɩɢɥɟɧɵ ɩɥɚɫɬɢɧɵ 

ɬɨɥɳɢɧɨɣ 4-5 ɫɦ. ɂɡ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ ɢɡɝɨɬɨɜɥɟɧɵ ɩɪɨɡɪɚɱɧɵɟ ɲɥɢɮɵ, ɢɡ 

ɬɨɥɫɬɵɯ ɩɥɚɫɬɢɧ ɫɞɟɥɚɧɵ ɛɪɭɫɤɢ ɫ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ 4ɯ4 ɫɦ ɢ ɢɡ ɧɢɯ 
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ɩɨɥɭɱɟɧɵ ɤɭɛɢɤɢ ɪɚɡɦɟɪɨɦ 40ɯ40ɯ40 ɦɦ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɥɢɫɶ ɞɥɹ ɩɪɨɜɟ-

ɞɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɝɨɪɧɨɣ ɩɨɪɨɞɵ.  

Ɉɛɪɚɡɰɵ ɩɨɪɨɞ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɞɥɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚ-

ɧɢɣ, ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ȽɈɋɌ 30629-2011 «Ɇɚɬɟɪɢɚɥɵ ɢ ɢɡɞɟ-

ɥɢɹ ɨɛɥɢɰɨɜɨɱɧɵɟ ɢɡ ɝɨɪɧɵɯ ɩɨɪɨɞ» Д4Ж. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟ-

ɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ ɝɨɪɧɵɯ ɩɨɪɨɞ: ɩɥɨɬɧɨɫɬɶ, ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ, ɩɪɟɞɟɥ 

ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɢ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɩɨɪɨɞɵ ɜ ɜɨɞɨɧɚ-

ɫɵɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɉɟɬɪɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜɤɥɸɱɚɥɢ ɢɡɝɨɬɨɜɥɟ-

ɧɢɟ ɲɥɢɮɨɜ, ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɢ ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɟ [6,7,8]. 

Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɦɢɧɟɪɚɥɨɝɢɱɟ-

ɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɪɨɞɨɨɛɪɚɡɭɸɳɢɯ ɦɢɧɟɪɚɥɨɜ, 

ɫɬɪɭɤɬɭɪɵ, ɧɚɥɢɱɢɹ ɚɤɰɟɫɫɨɪɧɵɯ ɦɢɧɟɪɚɥɨɜ ɢ ɞɪ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɜɵɫɭɲɟɧɧɵɟ ɨɛɪɚɡɰɵ ɜɡɜɟɲɢɜɚɥɢɫɶ ɢ 

ɢɡɦɟɪɹɥɢɫɶ, ɩɨɫɥɟ ɷɬɨɝɨ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɢɯ ɨɛɴɟɦ ɩɨ ɮɨɪɦɭɥɟ:  
 

ρ = �ܸ , 

 

ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ ɜ ɝ/cɦ3
; m – ɦɚɫɫɚ ɩɨɪɨɞɵ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨ-

ɫɬɶɸ  ɢ ɫɥɨɠɟɧɢɟɦ; V – ɨɛɴɟɦ ɡɚɧɢɦɚɟɦɨɣ ɩɨɪɨɞɵ, ɜ cɦ3
. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ-ɤɭɛɵ ɩɨ-

ɝɪɭɠɚɥɢɫɶ ɜ ɫɨɫɭɞ ɫ ɜɨɞɨɣ ɢ ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ 48 ɱɚɫɨɜ. ȼɨɞɨɩɨ-

ɝɥɨɳɟɧɢɟ W ɩɨɝɥ., % ɩɨ ɦɚɫɫɟ, ɜɵɱɢɫɥɹɥɨɫɶ ɩɨ ɮɨɪɦɭɥɟ: 
 

W ɩɨɝɥ. = �1−��  100, 

 

ɝɞɟ, m1- ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɜ ɜɨɞɨɧɚɫɵɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɝ; m - ɦɚɫɫɚ ɨɛɪɚɡɰɚ 

ɜ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ, ɤɝ. 

ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɡɚɤɥɸ-

ɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɪɭɲɚɸɳɟɣ ɧɚɝɪɭɡɤɢ, ɩɪɢɥɨɠɟɧɧɨɣ ɤ 

ɬɨɪɰɚɦ ɨɛɪɚɡɰɚ-ɤɭɛɚ ɜ ɫɭɯɨɦ ɢ ɜ ɜɨɞɨɧɚɫɵɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ. Ⱦɥɹ ɷɬɨɝɨ 
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ɩɪɢɦɟɧɹɥɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɟɫɫ ɫ ɭɫɢɥɢɟɦ ɨɬ 100 ɞɨ 500 ɤɇ ɩɨ ȽɈɋɌ 

22840. ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ Rɫɠ, Ɇɉɚ (ɤɝɫ/ɫɦ2
), 

ɜɵɱɢɫɥɹɸɬ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 1 Ɇɉɚ ɩɨ ɮɨɪɦɭɥɟ: 
 

Rɫɠ = Ɋ
 �, 

  

ɝɞɟ Ɋ - ɪɚɡɪɭɲɚɸɳɚɹ ɧɚɝɪɭɡɤɚ, ɇ (ɤɝɫ); F - ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɨɛɪɚɡɰɚ, ɫɦ2
. 

ɋɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ ɝɨɪɧɨɣ ɩɨɪɨɞɵ ɜ ɜɨɞɨɧɚɫɵɳɟɧɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ΔR, % ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 

ΔR = 
ܴɫɠ− ܴ1ɫɠܴɫɠ

 100, 

 

ɝɞɟ Rɫɠ – ɫɪɟɞɧɹɹ  ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɜɵɫɭɲɟɧɧɵɯ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ, 

Ɇɉɚ; R1ɫɠ – ɫɪɟɞɧɹɹ ɩɪɨɱɧɨɫɬɶ ɜɨɞɨɧɚɫɵɳɟɧɧɵɯ ɨɛɪɚɡɰɨɜ, Ɇɉɚ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɛɚɡɵ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɨɫɬɚɬɨɱɧɚ ɩɪɨɫɬɚɹ ɩɪɨ-

ɝɪɚɦɦɚ MyVisual DataBase Д10Ж. ȼ ɛɚɡɟ ɞɚɧɧɵɯ ɜɵɞɟɥɟɧɵ ɞɜɟ ɱɚɫɬɢ – ɷɬɨ 

ɦɢɧɟɪɚɥɵ ɢ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɚ ɬɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɩɨɞɝɪɭɩɩɵ 

(ɪɢɫ. 1):  
 

 
 

Ɋɢɫ. 1. Ƚɥɚɜɧɚɹ ɫɬɪɚɧɢɰɚ ɛɚɡɵ ɞɚɧɧɵɯ 
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Ɋɢɫ. 2. ɋɬɪɚɧɢɰɚ ɫ ɦɚɝɦɚɬɢɱɟɫɤɢɦɢ ɩɨɪɨɞɚɦɢ (ɝɪɚɧɢɬɵ) 
 

1. ɦɢɧɟɪɚɥɵ, ɦɢɧɟɪɚɥɵ ɢ ɩɨɪɨɞɵ – ɸɜɟɥɢɪɧɵɟ ɤɚɦɧɢ;  
2. ɦɚɝɦɚɬɢɱɟɫɤɢɟ, ɨɫɚɞɨɱɧɵɟ ɢ ɦɟɬɚɦɨɪɮɢɱɟɫɤɢɟ ɩɨɪɨɞɵ. 
Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɦɨɠɧɨ ɜɨɣɬɢ ɜ ɬɨɬ ɢɥɢ ɢɧɨɣ ɪɚɡɞɟɥ ɢ ɞɚɥɟɟ – ɧɚ 

ɧɭɠɧɭɸ ɫɬɪɚɧɢɰɭ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɧɮɨɪɦɚɰɢɟɣ (ɪɢɫ. 2).  
ȼɵɛɪɚɜ ɢɧɬɟɪɟɫɭɸɳɭɸ ɩɨɪɨɞɭ, ɩɪɢ ɟɟ ɜɵɡɨɜɟ, ɦɵ ɩɨɩɚɞɚɟɦ ɧɚ ɫɬɪɚ-

ɧɢɰɭ ɫ ɮɨɬɨɝɪɚɮɢɟɣ ɨɛɪɚɡɰɚ ɢɡ ɤɨɥɥɟɤɰɢɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɨɪɨɞɵ ɢ 
ɤɪɚɬɤɢɦ ɨɩɢɫɚɧɢɟɦ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ȿɫɥɢ ɧɟɨɛɯɨ-
ɞɢɦɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ, ɬɨ ɤɥɢɤɧɭɜ ɜ ɫɬɪɨɤɟ ɬɟɤɫɬɚ «ɩɨɞɪɨɛɧɟɟ», 
ɨɬɤɪɵɜɚɟɬɫɹ ɞɪɭɝɚɹ ɫɬɪɚɧɢɰɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɧɮɨɪɦɚɰɢɟɣ (ɪɢɫ. 3). 

 

 
 

Ɋɢɫ. 3. ɋɬɪɚɧɢɰɚ ɫ ɝɪɚɧɢɬɨɦ ɪɚɩɚɤɢɜɢ ɢɡ ɤɨɥɥɟɤɰɢɢ ɢ ɫɬɪɨɤɚ ɫ ɜɵɡɨɜɨɦ ɩɨɞɪɨɛɧɨɣ  
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɜɜɟɪɯɭ) 



126 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɡɟɧɬɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ Microsoft Po-

werPoint. Ɇɚɬɟɪɢɚɥ ɛɚɡɵ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɥɹɬɶ ɤɚɤ ɧɚ ɦɨɧɢɬɨɪɟ, ɬɚɤ 

ɱɟɪɟɡ ɩɪɨɟɤɬɨɪ ɧɚ ɛɨɥɶɲɨɦ ɷɤɪɚɧɟ. 
 

Ɂɚɤɥɸɱɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ My Visual Da-

taBase ɪɚɡɪɚɛɨɬɚɧɚ ɧɚɝɥɹɞɧɚɹ ɢ ɨɱɟɧɶ ɩɪɨɫɬɚɹ ɜ ɩɪɢɦɟɧɟɧɢɢ ɧɚɭɱɧɚɹ ɛɚɡɚ 

ɞɚɧɧɵɯ ɤɨɥɥɟɤɰɢɢ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɞɨɫɬɭɩɧɚɹ ɞɚɠɟ ɧɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɦɭ ɱɟ-

ɥɨɜɟɤɭ. Ƚɥɚɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɸ ɦɨɠɧɨ ɢɫɩɨɥɶ-

ɡɨɜɚɬɶ ɧɚ ɡɚɧɹɬɢɹɯ ɩɪɢ ɢɡɭɱɟɧɢɢ ɤɭɪɫɚ ɢɧɠɟɧɟɪɧɨɣ ɝɟɨɥɨɝɢɢ. ɗɬɨ ɩɨɡɜɨɥɹ-

ɟɬ ɩɟɪɟɣɬɢ ɧɚ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɣ ɭɪɨɜɟɧɶ ɩɨɞɝɨɬɨɜɤɢ ɫɬɭɞɟɧɬɨɜ. 
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Ƚɚɞɢɹɬɨɜ ȼɢɬɚɥɢɣ Ƚɚɥɢɚɫɤɚɪɨɜɢɱ – ɞ-ɪ ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɫɬɪɨɢ-
ɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɫɧɨɜɚɧɢɣ ɢ ɮɭɧɞɚɦɟɧɬɨɜ ȼɨɪɨɧɟɠɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
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ɂɫɚɣɛɟɥɢ ɇɭɪɥɚɧ – ɦɚɝɢɫɬɪɚɧɬ, ɝɪɭɩɩɚ Ɇ182, ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ȼɨɪɨɧɟɠɫɤɨ-
ɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 
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