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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɢ ɡɧɚɧɢɣ ɨ ɞɢɧɚɦɢɤɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɧɚ ɩɪɢɦɟɪɟ ɂɥɶɢɧɫɤɨɝɨ ɜɨɞɨɡɚɛɨɪɚ. ɉɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ 
ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɬɤɚɱɢɜɚɟɦɨɣ ɜɨɞɵ, ɢɡɦɟɧɟɧɢɟ 
ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɜ ɫɨɫɟɞɧɢɯ ɫɤɜɚɠɢɧɚɯ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɨɬɤɚɱɢɜɚɟɦɨɣ 
ɜɨɞɵ. ɋɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɡɚɛɨɪɚ ɜɨɞɵ ɜ ɨɞɧɨɣ ɢɡ ɫɤɜɚɠɢɧ ɜɨɞɨɡɚɛɨɪɚ ɩɪɢɜɨɞɢɬ 
ɤ ɨɫɭɲɟɧɢɸ ɫɤɜɚɠɢɧ ɜɨɞɨɡɚɛɨɪɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɬɟɱɟɧɢɹ ɜɨɞɵ. 
Ɋɚɫɫɦɨɬɪɟɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɞɪɟɧɚɠɧɵɯ ɫɢɫɬɟɦ ȽɈɄɨɜ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɩɭɥɶɩɵ ɜ 
ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ, ɨɛɴɟɦ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɢɡ ȽɈɄɨɜ ɧɚ ɧɭɠɞɵ ɝɨɪɨɞɫɤɢɯ ɨɤɪɭɝɨɜ. ɂɡ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɬɨɥɳɢɧɵ ɡɚɳɢɬɧɨɣ ɫɬɟɧɤɢ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɨɥɹɰɢɢ ɯɜɨɫɬɨɜ, ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ ɨɛɴɟɦ 
ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɸɳɟɣ ɫɤɜɨɡɶ ɡɚɳɢɬɧɭɸ ɫɬɟɧɤɭ ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ. Ɇɨɞɟɥɶ ɨɬɪɚɠɚɟɬ 
ɫɟɡɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. ɇɚɥɢɱɢɟ ɜɫɬɪɨɟɧɧɨɝɨ ɹɡɵɤɚ ɨɩɢɫɚɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɞɟɥɚɟɬ ɦɨɞɟɥɶ ɨɱɟɧɶ ɝɢɛɤɨɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɨɠɧɨ ɢɦɢɬɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ; ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ; ɭɪɨɜɟɧɶ ɩɨɞɡɟɦɧɵɯ ɜɨɞ; 
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Ⱥbstract 
The article discusses the application of the model of knowledge about the dynamics of 

groundwater distribution on the example of Ilyinsky water intake. The change in the groundwater 

level depending on the increase in the amount of pumped water, the change in the level of 

groundwater in neighboring wells with an increase in the amount of pumped water. It is 

concluded that the increase of water intake in one of the wells of water intake leads to drainage of 

wells of water intake, located in the direction of water flow. Deals with the functioning of 

drainage systems, processing plants and transportation of the pulp to the tailing, the volume of 
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water withdrawn from GOK to the needs of urban districts. The experiment shows that the change 

in the thickness of the protective wall of the tailings storage facility, as well as the use of effective 

materials for the isolation of tails, directly affects the volume and speed of contaminated water 

flowing through the protective wall. The model reflects seasonal fluctuations in groundwater 

levels. The presence of built-in language description of functional nodes makes the model very 

flexible to use. During the experiments, it is possible to simulate different technogenic conditions 

by changing the appropriate methods, as well as the values of the parameters of nodal objects. 

Keywords: simulation model; groundwater; groundwater level; water intake. 

 

ȼȼȿȾȿɇɂȿ 
Ɋɚɡɪɚɛɨɬɤɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɝɨɪɧɨ-

ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɩɪɢɜɨɞɢɬ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɨɛɪɚɡɨɜɚɧɢɸ 
ɬɟɯɧɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɪɚɣɨɧ ɋɬɚɪɨɨɫɤɨɥɶɫɤɨ-Ƚɭɛɤɢɧɫɤɨɝɨ 
ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɝɨ ɭɡɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɬɟɯɧɨɝɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ 
ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɬɚɤ ɤɚɤ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɬɟɪɪɢɬɨɪɢɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɚ 
ɝɨɪɨɞɚ (Ƚɭɛɤɢɧ ɢ ɋɬɚɪɵɣ Ɉɫɤɨɥ), ɚ ɬɚɤɠɟ ɩɨɫɟɥɨɤ ɝɨɪɨɞɫɤɨɝɨ ɬɢɩɚ ɑɟɪɧɹɧɤɚ. ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɱɢɫɥɨ ɠɢɬɟɥɟɣ ɧɚ ɨɛɨɡɧɚɱɟɧɧɨɣ ɩɥɨɳɚɞɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 400 ɬɵɫɹɱ ɱɟɥɨɜɟɤ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 30% 
ɨɬ ɜɫɟɝɨ ɧɚɫɟɥɟɧɢɹ Ȼɟɥɝɨɪɨɞɫɤɨɣ ɨɛɥɚɫɬɢ. ȼ ɋɬɚɪɨɨɫɤɨɥɶɫɤɨ-Ƚɭɛɤɢɧɫɤɨɦ ɪɚɣɨɧɟ ɜɵɹɜɥɟɧɨ 11 
ɤɪɭɩɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɠɟɥɟɡɧɵɯ ɪɭɞ, 4 ɢɡ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɱɬɨ 
ɩɪɢɜɟɥɨ ɤ ɢɧɬɟɧɫɢɜɧɨɦɭ ɪɚɡɜɢɬɢɸ ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɇɚ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɧɚɯɨɞɹɬɫɹ ɬɚɤɠɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɦɟɥɚ ɢ ɝɥɢɧ, ɦɧɨɝɢɟ ɢɡ ɧɢɯ 
ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɣɨɧɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɲɚɯɬɚ ɢɦ. Ƚɭɛɤɢɧɚ ɢ ɞɜɚ ɤɚɪɶɟɪɚ 
(Ʌɟɛɟɞɢɧɫɤɢɣ ɢ ɋɬɨɣɥɟɧɫɤɢɣ), ɞɜɚ ɝɢɞɪɨɨɬɜɚɥɚ (Ȼɟɪɟɡɨɜɵɣ Ʌɨɝ ɢ Ƚɪɚɱɟɜ Ʌɨɝ), ɞɜɚ 
ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ (Ʌɟɛɟɞɢɧɫɤɨɝɨ ɢ ɋɬɨɣɥɟɧɫɤɨɝɨ ȽɈɄɨɜ), ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɨɬɜɚɥɵ ɜɫɤɪɵɲɧɵɯ ɢ 
ɫɤɚɥɶɧɵɯ ɩɨɪɨɞ. ɉɟɪɟɪɚɛɨɬɤɚ ɞɨɛɵɬɵɯ ɪɭɞ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɞɜɭɯ ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ 
ɤɨɦɛɢɧɚɬɚɯ Ʌɟɛɟɞɢɧɫɤɨɦ ɢ ɋɬɨɣɥɟɧɫɤɨɦ, ɢ ɧɚ Ɉɫɤɨɥɶɫɤɨɦ ɷɥɟɤɬɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɤɨɦɛɢɧɚɬɟ 
(ɈɗɆɄ). Ɉɛɨɡɧɚɱɟɧɧɵɟ ɮɚɤɬɨɪɵ ɨɤɚɡɵɜɚɸɬ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɚɣɨɧɚ. Ⱦɪɟɧɚɠɧɵɟ ɪɚɛɨɬɵ ɢ ɜɨɞɨɨɬɛɨɪ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɧɚ ɜɨɞɨɡɚɛɨɪɚɯ ɬɚɤɠɟ 
ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟɠɢɦ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. 

 
ɈɋɇɈȼɇȺə ɑȺɋɌɖ 
Ɋɚɡɪɚɛɨɬɤɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɝɨɪɧɨ-

ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɩɪɢɜɨɞɢɬ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɨɛɪɚɡɨɜɚɧɢɸ 
ɬɟɯɧɨɝɟɧɧɵɯ ɥɚɧɞɲɚɮɬɨɜ. ɉɪɢ ɪɚɛɨɬɟ ȽɈɄɨɜ ɞɨɛɵɜɚɟɬɫɹ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɭɞɵ, ɤɨɬɨɪɚɹ 
ɩɨɫɥɟ ɨɛɨɝɚɳɟɧɢɹ ɩɨɦɟɳɚɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɯɪɚɧɢɥɢɳɚ – ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ. ɏɜɨɫɬɨɯɪɚɧɢɥɢɳɚ 
ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɭɪɨɜɟɧɧɵɣ ɪɟɠɢɦ ɢ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞ [1]. ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ ɛɵɥ 
ɩɪɢɦɟɧɟɧ ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɡɧɚɧɢɣ ɨ ɞɢɧɚɦɢɤɟ 
ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ [2]. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɨɞɟɥɢ ɡɧɚɧɢɣ ɨ ɞɢɧɚɦɢɤɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ 
ɋɬɚɪɨɨɫɤɨɥɶɫɤɨɝɨ ɢ Ƚɭɛɫɤɢɧɫɤɨɝɨ ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɤɨɦɛɢɧɚɬɨɜ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ [3, 4, 5], 
ɜ ɤɚɱɟɫɬɜɟ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɬɟɯɧɨɝɟɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ: 

1. ȼɨɞɨɡɚɛɨɪɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɬɚɪɨɨɫɤɨɥɶɫɤɨɝɨ ɢ Ƚɭɛɤɢɧɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ 
ɨɤɪɭɝɚ: 

1) ɂɥɶɢɧɫɤɢɣ ɜɨɞɨɡɚɛɨɪ. 
2) ȼɨɪɨɬɧɢɤɨɜɫɤɢɣ ɜɨɞɨɡɚɛɨɪ. 
3) ɇɟɡɧɚɦɨɜɫɤɢɣ ɜɨɞɨɡɚɛɨɪ. 
4) Ȼɨɪ-Ⱥɧɩɢɥɨɜɫɤɢɣ ɜɨɞɨɡɚɛɨɪ. 
5) Ƚɭɦɟɧɫɤɢɣ ɜɨɞɨɡɚɛɨɪ. 
6) ȼɨɞɨɡɚɛɨɪ ɫɟɜɟɪɧɨɣɩɪɨɦɤɨɦɡɨɧɵ. 
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7) ȼɨɞɨɡɚɛɨɪ Ɇɍɉ «ɈɀɄɏ». 
8) ȼɨɞɨɡɚɛɨɪ «Ʌɟɛɟɞɢ». 
9) ȼɨɞɨɡɚɛɨɪ ɩ. Ɍɪɨɢɰɤɢɣ. 
10) ȼɨɞɨɡɚɛɨɪ «Ɍɟɩɥɵɣ ɤɨɥɨɞɟɡɶ». 
11) ȼɨɞɨɡɚɛɨɪ «ɉɚɪɤɨɜɵɣ». 
12) ȼɨɞɨɡɚɛɨɪ «Ƚɨɪɨɞɫɤɨɣ ɩɚɪɤ». 
13) ȼɨɞɨɡɚɛɨɪ «əɪ-Ʉɭɱɭɝɭɪɵ». 
2. Ɍɟɯɧɨɝɟɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɋɬɨɣɥɟɧɫɤɨɝɨ ɢ Ʌɟɛɟɞɢɧɫɤɨɝɨ 

ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɤɨɦɛɢɧɚɬɨɜ: 
1) ɋȽɈɄ. 
2) ɅȽɈɄ. 
3) ɏɜɨɫɬɨɯɪɚɧɢɥɢɳɟ ɋȽɈɄɚ. 
4) ɏɜɨɫɬɨɯɪɚɧɢɥɢɳɟ ɅȽɈɄɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɸɳɢɯ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ: 
1) Ʉɥɢɦɚɬɢɱɟɫɤɢɣ ɮɚɤɬɨɪ.  
2) Ɂɚɛɨɪ ɜɨɞɵ. 
ȼɨɞɨɡɚɛɨɪɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɦɨɞɟɥɢ, ɨɛɥɚɞɚɸɬ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 

ɚɥɝɨɪɢɬɦɨɦ. Ɋɚɫɫɦɨɬɪɢɦ ɢɯ ɪɚɛɨɬɭ ɧɚ ɩɪɢɦɟɪɟ ɂɥɶɢɧɫɤɨɝɨ ɜɨɞɨɡɚɛɨɪɚ. 
ɍɜɟɥɢɱɢɦ ɜɨɞɨɡɚɛɨɪ ɢɡ ɫɤɜɚɠɢɧɵ № 5 ɂɥɶɢɧɫɤɨɝɨ ɜɨɞɨɡɚɛɨɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɢɡɦɟɧɢɦ ɡɧɚɱɟɧɢɟ 

ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ, ɨɬɤɚɱɟɧɧɨɟ ɡɚ ɬɟɤɭɳɢɟ ɫɭɬɤɢ ɫ 1ɜ50 ɦ3/ɫɭɬ (ɬɨ ɟɫɬɶ ɫɪɟɞɧɟɫɭɬɨɱɧɵɣ ɨɬɛɨɪ) ɞɨ 
ɜ3330 ɦ3/ɫɭɬ (ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɨɫɭɲɟɧɢɟ). Ɋɚɫɫɦɨɬɪɢɦ ɢɡɦɟɧɟɧɢɹ ɝɪɚɮɢɤɨɜ ɤɨɥɢɱɟɫɬɜɚ ɢ 
ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɡɚɛɨɪɚ ɜɨɞɵ.  
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ɨɬɤɚɱɢɜɚɟɦɨɣ ɜɨɞɵ 

Fig. 1. Schedule of changes in the volume of groundwater depending on the amount of pumped water 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 1, ɧɚ ɜɟɪɯɧɟɦ ɝɪɚɮɢɤɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɜ ɫɤɜɚɠɢɧɟ ɭɩɚɥɨ ɞɨ 
ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ, ɩɪɢ ɷɬɨɦ ɧɚ ɧɢɠɧɟɦ ɝɪɚɮɢɤɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɜɨɞɵ ɭɩɚɥ (ɬɨ ɟɫɬɶ 
ɪɚɫɫɬɨɹɧɢɟ ɭɪɨɜɧɹ ɜɨɞɵ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɫɬɚɥɨ ɛɨɥɶɲɟ). 

Ɍɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɬɤɚɱɢɜɚɟɦɨɣ ɜɨɞɵ ɢɡ ɫɤɜɚɠɢɧɵ №5 ɩɨɜɥɢɹɥɨ ɧɚ ɭɪɨɜɟɧɶ 
ɜɨɞɵ ɜ ɫɨɫɟɞɧɢɯ ɫɤɜɚɠɢɧɚɯ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɬɟɱɟɧɢɹ ɜɨɞɵ. ɇɚ ɪɢɫɭɧɤɟ 2 ɨɬɪɚɠɟɧɨ ɩɨɧɢɠɟɧɢɟ 
ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɫɨɫɟɞɧɢɯ ɫɤɜɚɠɢɧɚɯ ɜɨɞɨɡɚɛɨɪɚ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɢɧɞɢɤɚɬɨɪɵ ɛɥɨɤɨɜ, 
ɧɚɱɢɧɚɹ ɫɨ ɫɤɜɚɠɢɧɵ №6. 

 

 
Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɜ ɫɨɫɟɞɧɢɯ ɫɤɜɚɠɢɧɚɯ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 

ɨɬɤɚɱɢɜɚɟɦɨɣ ɜɨɞɵ 

Fig. 2. The change of groundwater level in neighboring wells by increasing the amount of pumped water 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɜɟɥɢɱɟɧɢɟ ɡɚɛɨɪɚ ɜɨɞɵ ɜ ɨɞɧɨɣ ɢɡ ɫɤɜɚɠɢɧ ɜɨɞɨɡɚɛɨɪɚ ɩɪɢɜɨɞɢɬ ɤ 
ɨɫɭɲɟɧɢɸ ɫɤɜɚɠɢɧ ɜɨɞɨɡɚɛɨɪɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɬɟɱɟɧɢɹ ɜɨɞɵ [6, 7, 8]. 

Ɋɚɫɫɦɨɬɪɢɦ ɢɦɢɬɚɰɢɸ ɩɪɨɰɟɫɫɚ ɜɨɞɨɡɚɛɨɪɚ ɱɟɪɟɡ ɞɪɟɧɚɠɧɭɸ ɫɢɫɬɟɦɭ ȽɈɄɨɜ. Ⱦɥɹ ɷɬɨɝɨ 
ɡɚɩɭɫɬɢɦ ɦɨɞɟɥɶ ɫ ɦɚɫɲɬɚɛɨɦ ɜɪɟɦɟɧɢ: 1 ɫɟɤɭɧɞɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɪɚɜɧɚ 1 ɫɭɬɤɚɦ ɦɨɞɟɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ. 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧ ɩɪɨɰɟɫɫ ɡɚɛɨɪɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢɡ ɜɫɟɯ ɜɨɞɨɧɨɫɧɵɯ ɫɥɨɟɜ, ɡɚɬɪɨɧɭɬɵɯ 
ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ȽɈɄɨɜ. ɉɪɹɦɨɭɝɨɥɶɧɵɟ ɢɧɞɢɤɚɬɨɪɵ ɧɚ ɛɥɨɤɚɯ ȽɈɄɨɜ ɩɨɤɚɡɵɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ 
ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɝɨɪɨɞɚ, ɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ȽɈɄɚɦɢ ɜ ɩɪɨɰɟɫɫɟ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɜ ɫɭɬɤɢ ɨɬɪɚɠɟɧɨ ɱɟɪɟɡ ɫɜɹɡɢ «ɡɚɛоɪ9» ɢ 
«ɡɚɛоɪ10» ɢ ɩɚɪɚɦɟɬɪ «Q» (ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɫɭɬɨɱɧɵɣ ɨɛɴɟɦ ɜɨɞɵ, ɨɬɤɚɱɢɜɚɟɦɵɣ ɢɡ 
ɫɤɜɚɠɢɧɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɪɚɯ), ɩɪɢ ɷɬɨɦ ɨɛɳɢɣ ɡɚɛɨɪ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɋɬɚɪɨɨɫɤɨɥɶɫɤɨɝɨ ɢ 
Ƚɭɛɤɢɧɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɭɡɥɨɜɨɦ ɨɛɴɟɤɬɟ «ɡɚɛоɪ ɜоды». ɉɪɹɦɨɭɝɨɥɶɧɵɣ 
ɢɧɞɢɤɚɬɨɪ ɛɥɨɤɚ «ɡɚɛоɪ ɜоды» ɨɬɪɚɠɚɟɬ ɞɨɥɸ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ ɡɚɛɨɪɚ ɜɨɞɵ ɜ ɫɭɬɤɢ. 
Ɍɚɤɠɟ ɧɚ ɪɢɫɭɧɤɟ 3 ɨɬɪɚɠɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ȽɈɄɨɜ ɫɨ ɫɦɟɠɧɵɦɢ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚɦɢ. ɑɟɪɟɡ 
ɫɜɹɡɶ «Q» ɢ ɩɚɪɚɦɟɬɪ «ɤоɥɜо» ɢɦɢɬɢɪɭɟɬɫɹ ɩɨɞɚɱɚ ɩɭɥɶɩɵ ɜ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ. 

ɇɚ ɪɢɫɭɧɤɟ 4 ɨɬɪɚɠɟɧɵ ɝɪɚɮɢɤɢ ɤɨɥɢɱɟɫɬɜɚ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɧɚ ɝɨɪɨɞɫɤɢɟ ɧɭɠɞɵ ɜ ɫɭɬɤɢ. 
ȼɟɪɯɧɢɣ ɝɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɢɡ ɋȽɈɄɚ, ɧɢɠɧɢɣ – ɢɡ ɅȽɈɄɚ. 
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Ɋɢɫ. 3. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɞɪɟɧɚɠɧɵɯ ɫɢɫɬɟɦ ȽɈɄɨɜ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɩɭɥɶɩɵ  

ɜ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ 

Fig. 3. Functioning of the drainage system of mining and transportation of the pulp to the tailing 

 
Ɋɢɫ. 4. Ɉɛɴɟɦ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɢɡ ȽɈɄɨɜ ɧɚ ɧɭɠɞɵ ɝɨɪɨɞɫɤɢɯ ɨɤɪɭɝɨɜ 

Fig. 4. The volume of water withdrawn from mining to the needs of urban districts 
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ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɝɪɚɮɢɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɱɟɪɟɡ ɞɪɟɧɚɠɧɭɸ 
ɫɢɫɬɟɦɭ ɋȽɈɄɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 90000 ɦ/ɫɭɬ, ɚ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɅȽɈɄɚ – ɩɪɢɦɟɪɧɨ 
140000 ɦ/ɫɭɬ. 

ɇɚ ɪɢɫɭɧɤɟ 5 ɞɟɦɨɧɫɬɪɢɪɭɟɬɫɹ ɫɨɜɨɤɭɩɧɵɣ ɡɚɛɨɪ ɜɨɞɵ ɜ ɫɭɬɤɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɋɬɚɪɨɨɫɤɨɥɶɫɤɨɝɨ ɢ Ƚɭɛɤɢɧɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ. 
 

 
Ɋɢɫ. 5. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɧɚ ɧɭɠɞɵ ɝɨɪɨɞɫɤɢɯ ɨɤɪɭɝɨɜ 

Fig. 5. The total water withdrawal for the needs of urban districts 

 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɝɪɚɮɢɤɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɡɚɛɢɪɚɟɦɨɣ ɜɨɞɵ ɧɚ ɧɭɠɞɵ 
ɋɬɚɪɨɨɫɤɨɥɶɫɤɨɝɨ ɢ Ƚɭɛɤɢɧɫɤɨɝɨ ɝɨɪɨɞɫɤɨɝɨ ɨɤɪɭɝɚ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɦɟɪɧɨ 360000 ɦ/ɫɭɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɧɟɧɢɟ ɬɨɥɳɢɧɵ ɡɚɳɢɬɧɨɣ ɫɬɟɧɤɢ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɨɥɹɰɢɢ ɯɜɨɫɬɨɜ, ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ ɨɛɴɟɦ ɢ 
ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɸɳɟɣ ɫɤɜɨɡɶ ɡɚɳɢɬɧɭɸ ɫɬɟɧɤɭ ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ [9, 10]. 

 

ɁȺɄɅɘɑȿɇɂȿ 
Ɇɨɞɟɥɶ ɨɬɪɚɠɚɟɬ ɫɟɡɨɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ. ɇɚɥɢɱɢɟ ɜɫɬɪɨɟɧɧɨɝɨ ɹɡɵɤɚ 

ɨɩɢɫɚɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɞɟɥɚɟɬ ɦɨɞɟɥɶ ɨɱɟɧɶ ɝɢɛɤɨɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɦɨɠɧɨ ɢɦɢɬɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɨɝɟɧɧɵɟ ɭɫɥɨɜɢɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ. 

 

ȻɅȺȽɈȾȺɊɇɈɋɌɂ  
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ  
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ɫɬɚɬɟɣ ɏ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ (10 ɢɸɧɹ 2017 ɝ.). ɑ.3 – ɉɟɧɡɚ: Ɇɐɇɋ "ɇɚɭɤɚ 
ɢ ɩɪɨɫɜɟɳɟɧɢɟ", 2017. – ɋ. 60-62. 

10. Ɂɚɣɰɟɜɚ ɇ.Ɉ. Ɉ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɚ ɦɟɬɨɞɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɜ ɬɟɪɦɢɧɚɯ ɹɡɵɤɚ ɨɩɢɫɚɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ / ɇ.Ɉ. Ɂɚɣɰɟɜɚ, Ⱥ.Ⱥ. ɑɟɪɧɨɦɨɪɟɰ, Ⱥ.Ƚ. ɀɢɯɚɪɟɜ // OPEN INNOVATION: 

ɫɛɨɪɧɢɤ ɫɬɚɬɟɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ. ȼ 2 ɱ. ɑ.1 – ɉɟɧɡɚ: Ɇɐɇɋ «ɇɚɭɤɚ ɢ 

ɉɪɨɫɜɟɳɟɧɢɟ», 2017. – ɋ.91-95. 
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ɉɟɬɢɧɚ Ɇɚɪɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɩɪɢɤɥɚɞɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɤɚɧɞɢɞɚɬ 
ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɧɚɭɤ 

ȿɝɨɪɨɜ ɂɥɶɹ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ɚɫɩɢɪɚɧɬ ɤɚɮɟɞɪɵ ɩɪɢɤɥɚɞɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɨɜɚɥɟɧɤɨ Ⱥɧɚɫɬɚɫɢɹ ɇɢɤɨɥɚɟɜɧɚ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ ɩɪɢɤɥɚɞɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ 

Ɋɟɲɟɬɧɢɤɨɜɚ Ʌɢɞɢɹ Ʉɨɧɫɬɚɧɬɢɧɨɜɧɚ, ɧɚɱɚɥɶɧɢɤ Ȼɟɥɝɨɪɨɞɫɤɨɝɨ ɰɟɧɬɪɚ ɩɨ ɝɢɞɪɨɦɟɬɟɨɪɨɥɨɝɢɢ ɢ ɦɨɧɢɬɨɪɢɧɝɭ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
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