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ɦɨɞɟɥь Ɍɚɲɬɚɝɨɥьɫɤɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢя, ɨɩɢɫɵɜɚɸщɚя ɷɜɨɥɸɰɢɸ 
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Developed and implemented with the finite element method, the detailed 3D geomechanical 

model of Tashtagol iron ore deposit describes evolution of stress–strain state of rocks in the course 

of mining from 1978 to 2014. The modeling accounts for the following factors: interaction of local 

and regional stress fields; geological, structural and tectonic features of the deposit; terrain relief 

and change in geometry of mined-out voids. The results are intended for geomechanical evaluation 

of a geotechnology to be used further and for finding quantitative relationship between stress state 

parameters and seismic activity in the area.  
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Гɟɨɦɟɯɚɧɢɱɟɫɤɚя ɦɨɞɟɥь яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ ɩɪɢ 
ɨɛɨɫɧɨɜɚɧɢɢ ɫɯɟɦɵ ɜɫɤɪɵɬɢя ɢ ɬɟɯɧɨɥɨɝɢɢ ɨɬɪɚɛɨɬɤɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. Оɧɚ 
ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɚ ɞɥя ɨɰɟɧɤɢ ɬɟɤɭщɟɝɨ ɫɨɫɬɨяɧɢя ɩɨɪɨɞɧɨɝɨ ɦɚɫɫɢɜɚ  
ɢ ɩɪɨɝɧɨɡɚ ɟɝɨ ɢɡɦɟɧɟɧɢя ɜ ɯɨɞɟ ɜɟɞɟɧɢя ɝɨɪɧɵɯ ɪɚɛɨɬ. ɉɪɨɦɵɲɥɟɧɧɚя 
ɷɤɫɩɥɭɚɬɚɰɢя Ɍɚɲɬɚɝɨɥьɫɤɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢя (ɌɀɆ) ɧɚɱɚɥɚɫь 
ɜ 1λ40-ɯ ɝɝ. ɇɟɫɦɨɬɪя ɧɚ ɷɬɨ, ɛɵɥɚ ɩɪɟɞɩɪɢɧяɬɚ ɟɞɢɧɫɬɜɟɧɧɚя ɩɨɩɵɬɤɚ ɫɨɡɞɚɧɢя 
ɟɝɨ ɨɛɴɟɦɧɨɣ ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Д1Ж, ɝɞɟ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
(ɫɨɫɬɚɜɥяɜɲɢɣ ɜ ɫɪɟɞɧɟɦ 100 ɦ) ɧɟ ɩɨɡɜɨɥяɥ ɞɟɬɚɥьɧɨ ɨɩɢɫɚɬь ɩɪɨɰɟɫɫ 
ɨɬɪɚɛɨɬɤɢ. К ɧɚɫɬɨящɟɦɭ ɦɨɦɟɧɬɭ ɝɨɪɧɵɟ ɪɚɛɨɬɵ ɜɟɞɭɬɫя ɭɠɟ ɧɚ ɛɨɥɟɟ 
ɝɥɭɛɨɤɢɯ ɝɨɪɢɡɨɧɬɚɯ, ɪɟɡɤɨ ɜɨɡɪɨɫɥɚ ɧɚɜɟɞɟɧɧɚя ɫɟɣɫɦɢɱɧɨɫɬь ɪɟɝɢɨɧɚ, ɜɩɥɨɬь 
ɞɨ ɜɨɡɧɢɤɧɨɜɟɧɢя ɬɟɯɧɨɝɟɧɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ Д2Ж, ɦɚɝɧɢɬɭɞɚ ɤɨɬɨɪɵɯ 
ɫɪɚɜɧɢɦɚ ɫ ɬɚɤɨɜɨɣ ɞɥя ɭɦɟɪɟɧɧɵɯ ɩɪɢɪɨɞɧɵɯ ɡɟɦɥɟɬɪяɫɟɧɢɣ. Уɤɚɡɚɧɧɵɟ 
ɨɛɫɬɨяɬɟɥьɫɬɜɚ ɢ ɫɬɚɥɢ ɩɨɛɭɞɢɬɟɥьɧɨɣ ɩɪɢɱɢɧɨɣ ɫɨɡɞɚɧɢя ɢ ɢɫɫɥɟɞɨɜɚɧɢя 
ɞɟɬɚɥьɧɨɣ ɦɨɞɟɥɢ ɌɀɆ, яɜɥяɸщɟɣɫя ɩɪɟɞɦɟɬɨɦ ɧɚɫɬɨящɟɣ ɫɬɚɬьɢ. 

ɇɚ ɌɀɆ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɛɥɢɠɟɧɧɵɟ ɪɭɞɧɵɟ ɬɟɥɚ ɥɢɧɡɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ 
ɫɭɛɜɟɪɬɢɤɚɥьɧɨɝɨ ɩɚɞɟɧɢя. Ɇɨщɧɨɫɬь ɪɭɞɧɨɣ ɡɨɧɵ ɢɡɦɟɧяɟɬɫя ɨɬ 4 ɞɨ 100 ɦ, 
ɞɥɢɧɚ ɩɨ ɩɪɨɫɬɢɪɚɧɢɸ – ɞɨ 600 ɦ, ɩɨ ɩɚɞɟɧɢɸ ɨɧɢ ɩɪɨɫɥɟɠɢɜɚɸɬɫя ɧɚ ɝɥɭɛɢɧɭ 
ɞɨ 1500 ɦ. ȼɦɟщɚɸщɢɣ ɦɚɫɫɢɜ ɩɪɟɞɫɬɚɜɥɟɧ ɫɢɟɧɢɬɚɦɢ, ɫɤɚɪɧɚɦɢ, ɞɢɨɪɢɬɚɦɢ, 
ɫɥɚɧɰɚɦɢ, ɝɪɚɧɨɞɢɨɪɢɬɚɦɢ, ɩɨɪɮɢɪɢɬɚɦɢ ɢ ɢɡɜɟɫɬɧяɤɚɦɢ. Ɋɭɞɧɵɟ ɬɟɥɚ ɫɟɤɭɬɫя 
ɞɚɣɤɚɦɢ ɦɢɤɪɨɫɢɟɧɢɬɩɨɪɮɢɪɚ ɢ ɞɢɚɛɚɡɚ ɦɨщɧɨɫɬьɸ ɨɬ ɧɟɫɤɨɥьɤɢɯ 
ɫɚɧɬɢɦɟɬɪɨɜ ɞɨ 12 ɦ ɢ ɪɚɡɪɵɜɧɵɦɢ ɧɚɪɭɲɟɧɢяɦɢ ɦɨщɧɨɫɬьɸ ɨɬ 5 ɞɨ 30 ɦ, ɩɨ 
ɤɨɬɨɪɵɦ ɧɚɛɥɸɞɚɟɬɫя ɫɦɟщɟɧɢɟ ɤɪɵɥьɟɜ ɞɨ 120 ɦ Д3Ж. Ɋɚɡɪɚɛɨɬɤɚ ɡɚɩɚɫɨɜ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɡɞɟɥɟɧɢɟ ɪɭɞɧɨɝɨ ɬɟɥɚ ɧɚ ɷɬɚɠɢ ɜɵɫɨɬɨɣ 70 ɦ, ɤɨɬɨɪɵɟ 
ɞɟɥяɬɫя ɧɚ ɩɚɧɟɥɢ ɲɢɪɢɧɨɣ 13.5÷27 ɦ ɢ ɞɥɢɧɨɣ, ɪɚɜɧɨɣ ɦɨщɧɨɫɬɢ ɪɭɞɧɨɝɨ 
ɬɟɥɚ. Оɫɧɨɜɧɚя ɬɟɯɧɨɥɨɝɢя ɨɬɪɚɛɨɬɤɢ – ɜɡɪɵɜɚɧɢɟ ɫɛɥɢɠɟɧɧɵɯ ɡɚɪяɞɨɜ ȼȼ.  
ȼ ɧɚɫɬɨящɟɟ ɜɪɟɦя ɨɱɢɫɬɧɵɟ ɪɚɛɨɬ ɞɨɫɬɢɝɥɢ ɨɬɦɟɬɤɢ 760 ɦ, ɜɫɤɪɵɬɢɟ 
ɨɫɭщɟɫɬɜɥяɟɬɫя ɧɚ ɝɥɭɛɢɧɟ ɫɜɵɲɟ λ00 ɦ (ɝɨɪ. –350 ɦ). 
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Ⱦɥя ɩɨɫɬɪɨɟɧɢя 3D ɝɟɨɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɟɫɬɨɪɨɠɞɟɧɢя 
ɨɬɫɤɚɧɢɪɨɜɚɧɵ ɤɨɩɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɚɧɨɜ ɝɨɪɧɵɯ ɪɚɛɨɬ ɧɚ ɝɨɪɢɡɨɧɬɚɯ 
+70, 0, –70,..., –4λ0 ɦ, ɚ ɡɚɬɟɦ ɩɪɨɢɡɜɟɞɟɧɚ ɢɯ ɨɰɢɮɪɨɜɤɚ ɜ ɥɨɤɚɥьɧɨɣ 
ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɫ ɲɚɝɨɦ ɨɤɨɥɨ 25 ɦ. ȼɨ ɜɜɟɞɟɧɧɨɣ ɥɨɤɚɥьɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɧɚɯɨɞɢɬɫя ɧɚ ɧɭɥɟɜɨɦ ɝɨɪɢɡɨɧɬɟ, ɨɫь Оx 

ɧɚɩɪɚɜɥɟɧɚ ɜɤɪɟɫɬ ɩɪɨɫɬɢɪɚɧɢя ɪɭɞɧɵɯ ɬɟɥ, ɨɫь Оy – ɩɨ ɩɪɨɫɬɢɪɚɧɢɸ (ɚɡɢɦɭɬ 
140), ɨɫь Оz – ɜɟɪɬɢɤɚɥьɧɨ ɜɧɢɡ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɚɫь ɩɪɢɜяɡɤɚ ɞɚɧɧɵɯ 
ɨɰɢɮɪɨɜɤɢ ɤ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɤɨɨɪɞɢɧɚɬɚɦ ɞɥя ɭɱɟɬɚ ɜ ɦɨɞɟɥɢ ɪɟɥьɟɮɚ 
ɦɟɫɬɧɨɫɬɢ. Ɋɟɥьɟɮ ɫɧɢɦɚɥɫя ɫ ɤɚɪɬɵ Ɇ 1μ50000; ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɪɢɦɟɧяɥɚɫь ɥɢɧɟɣɧɚя ɢɧɬɟɪɩɨɥяɰɢя. 

Ɇɨɞɟɥɢɪɭɟɦɚя ɨɛɥɚɫɬь ɢɦɟɟɬ ɪɚɡɦɟɪɵ 2.541 ɤɦ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦ 
ɨɫяɦ ɤɨɨɪɞɢɧɚɬ ɢ ɩɨɥɧɨɫɬьɸ ɫɨɞɟɪɠɢɬ Ɍɚɲɬɚɝɨɥьɫɤɢɣ ɪɭɞɧɢɤ. ȼɟɪɯɧяя 
ɝɪɚɧɢɰɚ ɨɛɥɚɫɬɢ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɨɬɦɟɬɤɟ +70 ɦ, ɧɢɠɟ ɦɢɧɢɦɚɥьɧɨɣ ɨɬɦɟɬɤɢ 
ɪɟɥьɟɮɚ +120 ɦ. ȼ ɩɪɟɞɟɥɚɯ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɭɱɬɟɧɵ ɞɚɧɧɵɟ ɨ ɧɚɪɭɲɟɧɢяɯ 
ɫɩɥɨɲɧɨɫɬɢ; ɜɫɟ ɨɧɢ – ɤɪɭɬɨɩɚɞɚɸщɢɟ, ɫ ɭɝɥɨɦ ɧɚɤɥɨɧɚ 80-90. 

Ⱦɢɫɤɪɟɬɢɡɚɰɢя ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɚɫɫɨɰɢɢɪɨɜɚɥɚɫь 
ɫ ɝɟɨɥɨɝɨ-ɫɬɪɭɤɬɭɪɧɵɦɢ ɢ ɬɟɤɬɨɧɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ ɡɚɥɟɠɢ.  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɞɯɨɞɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɦ ɜ Д4Ж, ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
ɨɫɭщɟɫɬɜɥяɥɨɫь ɪɚɡɛɢɟɧɢɟ ɧɚ ɱɟɬɵɪɟɯɭɝɨɥьɧɢɤɢ ɝɨɪɢɡɨɧɬɚɥьɧɵɯ ɫɟɱɟɧɢɣ 
ɨɛɥɚɫɬɢ ɫ ɲɚɝɨɦ ɩɨ ɜɟɪɬɢɤɚɥьɧɨɣ ɨɫɢ 35 ɦ (ɩɨɥɨɜɢɧɚ ɷɬɚɠɚ ɨɬɪɚɛɨɬɤɢ), ɚ ɡɚɬɟɦ 
ɢɡ 2D-ɷɥɟɦɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɚɫь ɤɨɦɩɨɧɨɜɤɚ 3D-ɫɟɬɤɢ ɷɥɟɦɟɧɬɨɜ-ɝɟɤɫɚɷɞɪɨɜ. 
Ɋɚɡɥɨɦɧɵɟ ɧɚɪɭɲɟɧɢя ɦɨɞɟɥɢɪɨɜɚɥɢɫь ɤɨɧɬɚɤɬ-ɷɥɟɦɟɧɬɚɦɢ. ɇɚ ɜɧɭɬɪɟɧɧɢɯ 
ɝɪɚɧɢɰɚɯ – ɤɨɧɬɭɪɚɯ ɪɭɞɧɵɯ ɬɟɥ ɢ ɜɞɨɥь ɥɢɧɢɣ ɪɚɡɥɨɦɨɜ – ɫɟɬɤɚ ɫɝɭщɚɥɚɫь.  
ȼ ɰɟɥɨɦ ɪɚɫɱɟɬɧɚя ɨɛɥɚɫɬь ɫɨɞɟɪɠɢɬ λ5 ɬɵɫ. ɷɥɟɦɟɧɬɨɜ, ɫɪɟɞɧɢɟ ɪɚɡɦɟɪɵ 
ɤɨɬɨɪɵɯ – 252535 ɦ (ɪɢɫ. 1). 

 
 

Ɋɢɫ. 1. Ɏɪɚɝɦɟɧɬ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ 3D-ɦɨɞɟɥɢ Ɍɚɲɬɚɝɨɥьɫɤɨɝɨ 
ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢя (ɜɟɪɯɧяя ɩɥɨɫɤɨɫɬь – ɝɨɪɢɡɨɧɬ –210 ɦ) 
 

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɪɨɞ ɫ ɭɱɟɬɨɦ ɤɨɧɮɢɝɭɪɚɰɢɢ ɜɵɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨ-

ɫɬɪɚɧɫɬɜɚ ɩɨ ɫɨɫɬɨяɧɢɸ ɧɚ 1λ78, 1λ8λ, 1λλ8, 200λ ɢ 2014 ɝɝ. ɡɚɞɚɜɚɥɢɫь ɚɧɚɥɨ-
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ɝɢɱɧɨ Д1Ж, ɚ ɝɨɪɢɡɨɧɬɚɥьɧɵɟ ɧɚɩɪяɠɟɧɢя ɜ ɧɟɬɪɨɧɭɬɨɦ ɦɚɫɫɢɜɟ – ɩɨ Д5Ж. Ɋɟɚɥɢ-

ɡɚɰɢя ɦɨɞɟɥɢ ɨɫɭщɟɫɬɜɥяɥɚɫь ɫ ɢɫɩɨɥьɡɨɜɚɧɢɟɦ ɨɪɢɝɢɧɚɥьɧɨɝɨ ɤɨɞɚ Д1, 4]. 

Ȼɵɥɨ ɪɚɫɫɱɢɬɚɧɨ ɧɚɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɌɀɆ ɧɚ ɜɫɟɯ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɷɬɚɩɚɯ ɨɬɪɚɛɨɬɤɢ, ɧɨ ɜɫɥɟɞɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɟɦɚ 
ɫɬɚɬьɢ ɩɪɢɜɨɞɢɬɫя ɥɢɲь ɨɞɢɧ ɩɪɢɦɟɪ, ɢɥɥɸɫɬɪɢɪɭɸщɢɣ ɷɜɨɥɸɰɢɸ ɩɨɥя ɧɚɩɪя-

ɠɟɧɢɣμ ɪɢɫ. 2 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɵ yy (ɩɨ ɩɪɨɫɬɢɪɚɧɢɸ 
ɪɭɞɧɵɯ ɬɟɥ) ɧɚ ɝɨɪɢɡɨɧɬɚɯ –140 ɦ ɢ –210 ɦ. 

 

 

Ɋɢɫ. 2. ɂɡɨɥɢɧɢɢ ɧɚɩɪяɠɟɧɢя yy ɧɚ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɨɬɪɚɛɨɬɤɢ  
(ɫɬɨɥɛɟɰ ɫɥɟɜɚ – ɝɨɪɢɡɨɧɬ –140 ɦ, ɫɩɪɚɜɚ –210 ɦ) 



91 

Ɂɞɟɫь ɨɬɱɟɬɥɢɜɨ ɜɢɞɟɧ ɩɪɨɰɟɫɫ ɦɢɝɪɚɰɢɢ ɡɨɧ ɩɨɜɵɲɟɧɧɵɯ ɧɚɩɪяɠɟɧɢɣμ ɧɚ 
ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɨɬɪɚɛɨɬɤɢ ɨɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫя ɩɟɪɟɞ ɮɪɨɧɬɨɦ ɝɨɪɧɵɯ ɪɚɛɨɬ, 
ɡɚɬɟɦ ɩɟɪɟɦɟщɚɸɬɫя ɧɚ ɮɥɚɧɝɢ ɜɵɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ȼɵɫɨɤɢɣ ɭɪɨɜɟɧь 
ɧɚɩɪяɠɟɧɢɣ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɬɨɫɬɚɬɢɱɟɫɤɢɦɢ, ɫɨɫɬɚɜɥяɸщɢɦɢ ɧɚ ɝɨɪɢɡɨɧɬɟ 
–210 ɦ ɨɤɨɥɨ 20 Ɇɉɚ) ɨɛɭɫɥɨɜɥɟɧ ɜɡɛɪɨɫɨɜɵɦ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɦ ɪɟɠɢɦɨɦ 
ɩɪɢɪɨɞɧɨɝɨ ɩɨɥя ɧɚɩɪяɠɟɧɢɣ (ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɨɬɩɨɪɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ y 

ɩɪɢɧяɬ, ɫɨɝɥɚɫɧɨ Д3, 5, 6Ж, ɪɚɜɧɵɦ 2.5). 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥьɬɚɬɵ ɫɥɭɠɚɬ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥя ɫɨɜɦɟɫɬɧɨɝɨ 

ɚɧɚɥɢɡɚ ɷɜɨɥɸɰɢɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɩɨɥɟɣ ɧɚɩɪяɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ  
ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɯɧɨɝɟɧɧɨɣ ɫɟɣɫɦɢɱɧɨɫɬɢ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ 
ɩɨɞɯɨɞɚɯ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ Д7Ж ɞɥя ɩɪɢɪɨɞɧɵɯ ɢ ɜ Д8Ж ɞɥя ɚɧɬɪɨɩɨɝɟɧɧɵɯ 
ɨɛɴɟɤɬɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ 
Ɏɨɧɞɚ Ɏɭɧɞɚɦɟɧɬɚɥьɧɵɯ ɂɫɫɥɟɞɨɜɚɧɢɣ (ɩɪɨɟɤɬ № 15-05-06977). 
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