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FORECAST OF DISPLACEMENT AND DEFORMATIONS OF ROCK MASS  
AT TISHINSKIY DEPOSIT BY FINAL AND DISCRETESELEMENTS 

D.V. Shustov, A.O. Ermashov 

Perm National Research Polytechnic University, Russian Federation 

Problems associated with the deformation of the rock fractured array based accounting full diagram of deformation 
of rocks by contact. Calculations of displacement and deformation of fractured rock arrays produced by the method of 
discrete modeling and finite element analysis. The work performed forecast of displacement and deformation of rock 
mass Tishinsky lead-zinc deposits and describes their impact on mining. 

Intensive development of numerical methods for modeling the stress-strain state (SSS) mountain led to the devel-
opment of a new method of modeling VAT array block and cracked structure - the discrete element method. In contrast 
to methods that describe a continuous medium, the method of discrete element models of deformation are given both 
for the blocks, and the surfaces they contact. In this case, the determining factor in the calculation of displacement 
array, cracked shift is being implemented by the fracture. 

In this work, to use a software complex 3-DEC, is available at the Department of Surveying, Geodesy and GIS PNIPU. 
To describe the strength of the contact rocks to use a nonlinear failure criterion Jagger. 
On the basis of the implemented in the software package 3DEC algorithm accounting for deformation fracture sys-

tem was a forecast of displacement and deformation of rock mass and the earth's surface at working Tishinsky field. 
Tishinsky field calibrated model based on instrumental observations carried out with the direct participation of the 

author of this article. 
In the results of the calculations were made conclusions about the possibility of further development of the field of 

operation and capital developments. 
Key-words: discrete element method, discrete/distinct element method, finite element method, fracture, bedding, 

a rock, fracture criterion Jagger.  
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-%'$+"+./%*&0

/0.01$2&3 $'014&'&-4012&'&3 ,3$%&-

+&563103 7+36$%-'831& 9&:-%;,0, 7&<%0

'3+%02-8=1& >-83:-?@0,0 (75–85°) +#6-

1;,0 %38-,0, $&$%-'8A?@0,0 &$1&'1#?

0 $3'3+&->-7-61#? >-8350. )$1&'1;3 >--

7-$; +#6; $&$+36&%&<31; ' &$1&'1&B

>-8350, - 7+3&98-6-?@33 +-$7+&$%+-13103

' 13B 0,3?% 7+&5082&'&-'2+-78311;3

+#6;. C&@1&$%= +#61&B >&1; 7& ,3$%&-

+&56310? 6&$%0:-3% 200 ,, +->,3+; 7&

7+&$%0+-10? – 6& 2 2,. /&8@- ',3@-?-

@0D 7&+&6 0,33% $&:8-$1&3 $ +#61;, %38&,

7-63103 0 $&$%&0% 0> 2-+9&1-%&-$3+040%&-

2'-+43';D, 2-+9&1-%&-$3+040%&';D, D8&-

+0%&-$3+040%&-2'-+43';D 0 6+#:0D $8-1-

43'. E:8; 7-6310A 78&$2&$%3B +-$$8-143-

'-10A 2+#%;3 (70–85°), ->0,#% 7-6310A

2&83983%$A &% 320–330 6& 20–30°, %.3.

$8-143'-%&$%= 7&+&6 '0$A<3:& 9&2- 0,33%

7-63103 ' ';+-9&%-11&3 7+&$%+-1$%'&

0 ' >1-<0%38=1&B $%37310 &7+3638A3% +->-

'0%03 7+&43$$&' $6'05310A. F- ,3$%&+&-

563100 ';63831& '&$3,= $0$%3, %+3@01,

&D'-%;'-?@0D '3$= 60-7->&1 #:8&'

0 ->0,#%&' 7-6310A. F-09&833 %+3@01&-

'-%;,0 7&+&6-,0 A'8A?%$A -83'+&80%;.

/+3@01; ' 10D &9+->#?% %+0 D&+&.& ';-

+-5311;3 $0$%3,;: 7&8&:03 $ ->0,#%&,

7-6310A &% 130 6& 250°, 2+#%&7-6-?@03

(60–80°) $ ->0,#%-,0 150–185°, 2+#%&7--

6-?@03 1- $3'3+&->-7-6 $ ->0,#%-,0

300–320° 0 #:8-,0 7-6310A 67–75°. /-20,

&9+->&,, ',3@-?@03 7&+&6; ,3$%&+&5-

6310A A'8A?%$A ';+-5311;,0 $%+#2%#+1&

13&61&+&61;,0.

 8A &43120 1-7+A5311&:& $&$%&A10A

10510D :&+0>&1%&' ' 2002–2003 ::. 01-

$%0%#%-,0 !FGGH!*/C*/ 0 IJ/E 1-

/0.01$2&, +#61023 9;8 ';7&8131 2&,-

7832$ +-9&% 7& &7+3638310? 7-+-,3%+&'

3$%3$%'311&:& 7&8A 1-7+A5310B 1- #+&'-

13 11-:&, 14-:& 0 16-:& :&+0>&1%&'. K2$73-

+0,31%; 7&2->-80, <%& 1- #+&'13 11–16-:&

:&+0>&1%&' 1-7+A5310A 7+0,3+1& +-'1;

7& '$3, 1-7+-'8310A, 0 $&$%-'8A?%

12–14 CI-, %.3. 0$D&61&3 1-7+A5311&3

$&$%&A103 :&+1&:& ,-$$0'- /0.01$2&:&

+#6102- 1- #+&'13 11–16-:& :&+0>&1%&'

980>2& 2 :06+&$%-%0<3$2&,#.

)9@0B D-+-2%3+ +->'0%0A 7+&43$$&'

$6'05310A ?51&:& L8-1:- ,3$%&+&563-

10A 2&1%+&80+#3%$A $ 7&,&@=? 1-98?-

6-%38=1&B $%-1400, >-8&5311&B ' 1987 :.,

2&%&+-A $&$%&0% 0> 7&'3+D1&$%1&B 80100

+373+&' 0 5 7&6>3,1;D 7+&L08=1;D 80-

10B (+0$. 1). I&6>3,1;3 7+&L08=1;3

80100 +-$7&8&531; ' 2'3+.8-:-D 2 .-D-

%3 /0.01$2-A 1- 6-,, 7-, 0 10-, :&+0-

>&1%-D, ' 2'3+.8-:3 2 '31%08A40&11&,#

$%'&8# 1- 11-, :&+0>&1%3 0 ' ';+-9&%23

1-28&11&:& $M3>6-.

123+" & "%!4&5!6&0 -+/%4&

/%7+"-&"+8!*&0 #+*$!#$+8 '#!49*2:

;+"+/ & #"&$%"&0 "!5"<)%*&0

! +-,2-D 6-11&B +-9&%; 0$7&8=>&-

'-8$A 7+&:+-,,1;B 2&,7832$ ,3%&6-

60$2+3%1;D N83,31%&' 3DEC, 0,3?@0B-

$A ' IFGIE [1, 2]. O'&B$%'- 2&1%-2%-

' #7+#:&B >&13 >-6-?%$A 2&NLL04031%--

,0 1&+,-8=1&B 0 2-$-%38=1&B 53$%2&$%0.

 8A &70$-10A 7&'36310A 2&1%-2%- ,356#

%+3@01-,0 9;8- +3-80>&'-1- 0 '136+31-

' 7+&:+-,,1;B 7+&6#2% ,&638=, #<0%;-

'-?@-A 7&81#? 60-:+-,,# 63L&+,0+&-

'-10A (+0$. 2) [3–8]. 

! 1-$%&A@33 '+3,A +->+-9&%-1& 6&$%--

%&<1& ,1&:& +->80<1;D 2+0%3+03' +->+#-

.310A :&+1;D 7&+&6. F-09&833 7+&$%;,

0> 10D ' 78-13 7-+-,3%+0<3$2&:& &93$73-

<310A 0 ',3$%3 $ %3, 6&$%-%&<1& %&<1&

&70$;'-?@0, 7+&<1&$%= 2&1%-2%- :&+1;D

7&+&6 A'8A3%$A 2+0%3+0B  5-:3+- [4, 5]: 

τres = σn ⋅ tan(ϕG) + cG [1 – exp(–b σn)],

:63 σn – 1&+,-8=1&3 2 78&$2&$%0 2&1%-2%-

1-7+A53103; ϕG, cG – #:&8 '1#%+3113:&

%+310A 0 $43783103 7&+&6;; b = [tan (ϕs + 

+ ι0) – tan (ϕG)] / cG; ϕs – #:&8 '1#%+3113:&

%+310A 7&'3+D1&$%0 +->638-; ι0 – #:&8 60-

8-%-1$00 7+0 σn = 0.
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I+0 σn = 0 2+0%3+0B  5-:3+- 0,33%

'06 τres = σn ⋅ tan (ϕG), - 7+0 σn→ ∞ 73+3-

D&60% ' τres = σn ⋅ tan (ϕG) + cG, %.3. 7+36-

7&8-:-3%$A, <%& 7+0 ';$&20D 1&+,-8=1;D

1-7+A5310AD 7+&0$D&60% 7&81&3 $,;2-103

$%31&2 0 7+&<1&$%= 7&'3+D1&$%0 +->638-

$&&%'3%$%'#3% 7+&<1&$%0 131-+#.311&B

7&+&6;. /-20, &9+->&,, 68A +-$<3%- $6'0-

5310B $2-8=1&:& ,-$$0'- +3-80>&'-1- #7-

+#:&'A>2&78-$%0<3$2-A ,&638= 63L&+,0-

+&'-10A 2&1%-2%&' 7& $0$%3,-, %+3@01

1- 6&7+3638=1&B 0 >-7+3638=1&B $%-60-

AD $ 7+0,313103, 2+0%3+0A +->+#.310A

 5-:3+- ' 7+&:+-,,1&, 2&,7832$3 ,3%&6-

+->638=1&-98&<1;D N83,31%&' 3DEC. 

C&638= 9;8- +3-80>&'-1- ' 7+&:+-,,3

7#%3, $&>6-10A 7&8=>&'-%38=$2&B 909-

80&%320 (*.dll). 

P0$. 1. F-98?6-%38=1-A $%-140A >- $6'053103, :&+1;D 7&+&6 F(: ?51&, L8-1:3

/0.01$2&:& ,3$%&+&56310A
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P0$. 2. I&81-A 60-:+-,,- 63L&+,0+&'-10A

7& 2&1%-2%# $2-8=1;D 7&+&6

=+/%4&"+8!*&% *!;"0.%**+-

/%7+"-&"+8!**+,+ '+'$+0*&0

,+"*+,+ -!''&8!

 8A -1-80>- 1-7+A5311&-63L&+,0+&-

'-11&:& $&$%&A10A ,-$$0'- 9;80 +->+--

9&%-1; 2&13<1&-N83,31%1-A 0 60$2+3%1&-

N83,31%1-A ,&6380 [1]. )$1&'1&3 1->1--

<3103 ';7&81311;D +-$<3%&' $&$%&0%

' 2-809+&'23 7-+-,3%+&' +3-80>&'-11&B

,&6380 63L&+,0+&'-10A :&+1;D 7&+&6

0 &9@3, -1-80>3 1-7+A5311&:& $&$%&A-

10A ,-$$0'-.

O%3731= 7+0:&61&$%0 8?9;D ,&638=-

1;D 7+36$%-'8310B 68A 7+-2%0<3$2&:&

7+0,31310A &7+3638A3%$A $&&%'3%$%'03,

+-$<3%1;D 7-+-,3%+&' >-,3+311;, ' 1--

%#+3 '380<01-,.

I+0,310%38=1& 2 ?51&,# L8-1:#

/0.01$2&:& ,3$%&+&56310A ' 2-<3$%'3

>-,3+311;D '380<01 ';$%#7-?% >1-<3-

10A &$36-10B 0 :&+0>&1%-8=1;D $6'053-

10B +373+&', >-,3+311;D 1- 2&,7832$-

1&B 1-98?6-%38=1&B $%-1400 ' +-B&13

$%'&8- !31%08A40&11;B (7+&L08=1-A

8010A «"D. PK"»), 1- 6-,, 7-, 0 10-,

:&+0>&1%-D /0.01$2&:& +#6102-.  8A

2-809+&'20 ,&6380 0$7&8=>&'-80$= +3-

>#8=%-%; 1-98?6310B 2008 0 2009 ::.

! +-$<3%-D 9;8& 7&8#<31& 7+30,#@3-

$%'311&3 +->'0%03 :&+0>&1%-8=1;D $6'0-

5310B 7& $+-'1310? $ &$36-10A,0, <%&

A'8A3%$A 7+A,;, $836$%'03, ';$&20D

:&+0>&1%-8=1;D 1-7+A5310B, 63B$%'#?-

@0D ' ,-$$0'3 /0.01$2&:& ,3$%&+&563-

10A. I+0 N%&, ' +-$<3%-D 0$7&8=>&'-80$=

7-+-,3%+; 3$%3$%'311&:& 7&8A 1-7+A53-

10B, &7+3638311;3 7+A,;,0 .-D%1;,0

N2$73+0,31%-,0, <%& 7&';.-3% 6&$%&-

'3+1&$%= 7&8#<311;D ';'&6&' 0 +32&-

,316-40B.

E$%-1&'831&, <%& 0$7&8=>&'-11-A ,&-

638= 63L&+,0+&'-10A $2-8=1&:& ,-$$0'-

$ #<3%&, 6&7+3638=1&B 0 >-7+3638=1&B

$%-60B 63L&+,0+&'-10A 7& $0$%3,-,

%+3@01, +3-80>&'-11-A ' ,3%&63 2&13<1;D

N83,31%&' (CQK), D&+&.& +-9&%-3% ' %&B

<-$%0 ,#8=6; $6'05310A, 2&%&+-A D-+-2%3-

+0>#3%$A :&+0>&1%-8=1;,0 0 '3+%02-8=-

1;,0 $6'05310A,0 &% 0 6& 200–300 ,,.

! <-$%0 ,#8=6;, &7+3638A3,&B #:8&,

$6'05310A 0 #:8&, &9+#.310A, %.3. %-,,

:63 $&$+36&%&<31; 1-09&833 &7-$1;3

68A 7&6+-9-%;'-3,;D &9M32%&' 63L&+-

,-400, &1- 6-3% 0$28?<0%38=1& >-10-

5311;3 >1-<310A &$36-10B 0 :&+0>&1-

%-8=1;D $6'05310B 0, $&&%'3%$%'311&,

:&+0>&1%-8=1;D 0 '3+%02-8=1;D 63L&+-

,-40B (+0$. 3) [9–15]. 

! $'A>0 $ N%0, 68A 7+&:1&>- $6'053-

10B ' N%&B <-$%0 ,#8=6; $6'05310A +3-

2&,316#3%$A 0$7&8=>&'-%= ,3%&6 60$2+3%-

1;D N83,31%&' (C K). ! 438&, 3:& 7+0-

,313103 $ 0$7&8=>&'-103, +3-80>&'-11&B

:3&,3D-10<3$2&B ,&6380 $+36; $ 608--

%-1$03B 6-3% +3>#8=%-%; ' 2–5 +-> 9&833

6&$%&'3+1;3 7& $+-'1310? $ 0>,3+311;-

,0 '380<01-,0 $6'05310B ' ,#8=63, <3,

,3%&6 2&13<1;D N83,31%&' $ -1-8&:0<1&B

:3&,3D-10<3$2&B ,&638=? (%-9804-).

H38=? 7&$836#?@0D +-$<3%&' A'8A-

8&$= &7+36383103 7+0+&$%- $6'05310B

0 63L&+,-40B &%1&$0%38=1& $#@3$%'#?-

@3:& #+&'1A 7+0 6-8=13B.3B &%+-9&%23

>-7-$&' /0.01$2&:& +#6102-. ! N%&B

$'A>0 1- &$1&'3 +->+-9&%-11&B ,&6380

7+&0>'&608$A +-$<3% 6&7&810%38=1;D

$6'05310B 0 63L&+,-40B 7+0 ';3,23

+#6; 6& 20-:& :&+0>&1%-. G$7&8=>&'-8$A

2-2 CQK, %-2 0 C K. P3>#8=%-%; +-$<3%-

7&2->-80 7+-2%0<3$20 +-'1;3 '380<01;

7+0+&$%- &$36-10B 7& &9&0, ,3%&6-,,

&61-2& C K 6-8 $#@3$%'311& 9&8=.03

'380<01; 7+0+&$%- :&+0>&1%-8=1;D

$6'05310B, &$&9311& ';.3 9-:& :&+0>&1%-
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P0$. 3. O+-'13103 +-$<3%1;D 0 >-,3+311;D $6'05310B 1- 7+&L08=1;D 8010AD «"D. PK"» ( );

1- 6-, :&+0>&1%3 /0.01$2&:& +#6102- (!)

O+36132'-6+-%0<3$203 &%28&1310A (OQ)) +-$$<0%-11;D '380<01

$6'05310B &% >-,3+311;D

OQ) C K, ,,/% OQ) CQK, ,,/% I+&L08=1-A

8010A :&+0>&1%-8=1;3 $6'05310A &$36-10A :&+0>&1%-8=1;3 $6'05310A &$36-10A

I&'3+D1&$%= 135/25 92/20 610/114 379/84 

6-B :&+0>&1% 59/22 89/46 157/58 250/129 

7-B :&+0>&1% 72/45 42/84 152/94 66/134 

10-B :&+0>&1% 23/20 19/362 76/66 24/466 

P0$. 4. I+0+&$% :&+0>&1%-8=1;D $6'05310B ( ) 0 &$36-10B (!) 7& &$0 $%'&8- «!31%08A40&11;B»

7+0 &%+-9&%23 +#6; 6& 20-:& :&+0>&1%-
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(+0$. 4). O'A>-1& N%& $ 13>-%#D-?@0, 63-

L&+,0+&'-103, 9&+%- 2-+=3+- 7+0 +-$<3-

%3 ,3%&6&, 60$2+3%1;D N83,31%&'

P3>#8=%-%; +-$<3%&' 7&2->;'-?% 13-

$#@3$%'311;B 7+0+&$% $6'05310B ' +-B&13

$%'&8- «!31%08A40&11;B». /-2, 7+0 &%-

+-9&%23 +#6; 6& 20-:& :&+0>&1%- 7+0+&$%

&$36-10B >3,1&B 7&'3+D1&$%0 ' +-B&13

$%'&8- $&$%-'0%: 7+0 +-$<3%3 ,3%&6&,

60$2+3%1;D N83,31%&' ∆η = 240 ,,, :&+0-

>&1%-8=1;D $6'05310B – ∆ξ = 670 , 0 7+0

+-$<3%3 ,3%&6&, 2&13<1;D N83,31%&'
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