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NUMERICAL SIMULATION OF STABILITY LOSS ROCKS SOIL IN MINES 

DEEP FOUNDATION
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A new approach to the numerical simulation of the process of loss of stability of 

rocks in the workings of the soil deep coal mines. It is based on the theory of bifurca-

tion of the state of empirical over the rock mass state in the vicinity of mine working 

deep foundations. Established regularities of geomechanical processes in the vicinity 

of mine working. In the numerical model laid geological conditions PSP "Mine 

"Almaznaya" and mine" Dobropilska "SHU" Dobropilskiy "of DTEK.

Key words: numerical model, the stability of rock soil, bifurcation, the laws of de-

formation of the contour.
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3ABC<=D<% EA8=@^& G@3AMLA& DF:JMH4Q& 53C3:K5LA& DF:JMH4Q& 5J@BH@DWXH8&
B5JZH2A:KQ&FJJ25J9A5HA J@2JEJ53:K5JF2H=

 !"#$%&#($F)!**,%( F**+/%0%$+*' F1*+/ &#(&'/G*3'/%
!)! !*"F0%5F&*+1+/% '6+*  

07%07%0898:H8=>%I. I7%3?:@
.@ABA5CDIKGH8&53I7J53:K5H8&D57MA@FH2A2&7BA57 NHO38:3&'F2@JE@36FKGJEJ
MD:=&1A@9J2@3M5AM3 20, B=&.@ABA5CDGQ&RS;PPQ&!G@3\53=
E-mail: vvv@kdu.edu.ua
$3MA6A53& FOAB3& @JT67:A554& TB755HO& M& J65JMHB7@5JBD& OMH:KJMJBD& @7M54557Q&

4G3&6JTMJ:4_&J6A@Z32H&2JC5H8&@JTM`4TJG&T363C7&U@J&UJUA@AC57&GJ:HM3554&GJ5MA_V
@5J\& F2@7CGHQ& @AB755J\& UA@A63C7Q& 9:35E7M& 7& 2@DYJU@JMJ67M& T& @DOJBJW& @76H5JWQ&
F2@7CGJMHO&&UH:JGQ&G35327M&U7678B3:K5HO&U@HF2@J\M=
3ABC8=I%EA8=@^&G@38JM7&DBJMH, UJC32GJM7 DBJMH, 5J@BDWCH8&B5JZ5HGQ&FU7MV

M765J9A554&J@2JEJ53:K5JF27=

#.a!#)b$' ab&,#('ac. ]&@3YJ2A&def&U@HMA6A5J&F2@JEJA&6JG3T32A:KF2MJ&
6MDOMJ:5JMJ8&U@H@J6L&GJ:AY35H8&GJ5MA8A@5J8&:A52L&=&*MDOMJ:5JM34&F2@DG2D@3&
GJ:AY35H8&O3@3G2A@53&23GZA&H 6@DEHB&g:ABA523B&B39H5&6:4&J2G@L2LO&EJ@5LO&H&
TAB:45LO&@3YJ2 [2].

hA:KW& @JYJ2L& 4M:4A2F4 HT:JZA5HA& FOABL& @3T6A:A5H4& UA@ABA55LO& M& J65JV
BA@5JB& MJ:5JMJB& D@3M5A5HH& F& FJJ2MA2F2MDWXHBH& G@3AMLBH& H& 53C3:K5LBH&
DF:JMH4BH&6:4&UJ:DCA5H4&2JC5JEJ&@A9A5H4&DUJB45D2LO&ML9A&T363CQ&HFOJ64&HT&
6MDOMJ:5JMLO U@JIAFFJM& M& 5AGJ2J@LO& BAO35HCAFGHO& & FHF2AB3O=& 1@A6:3E3AB34
FOAB3&53TM353&JYJYXA55LB&BA2J6JB&@3T6A:A5H4&UA@ABA55LO&dRf=

1@H5IHUH3:K5LO T32@D65A5H8&53&UD2H&@3FU@JF2@35A5H4 g2J8&FOABL&53&YJV
:AA& F:JZ5LA& B32AB32HCAFGHA& BJ6A:H& DUJB45D2JEJ& 2HU3& 5A& HBAA2F4=& ]& JF5JMD&
UJ:JZA53&H6A4&6MDOMJ:5JMJEJ&U@A6F23M:A5H4&FJYF2MA55LO&GJ:AY35H8&5AGJ2J@LO&
DU@DEHO FHF2AB&dRf. 

N#a%,/#)& /& ,%-!)ba#ac& /  )%*']#$/i. .3G& HTMAF25JQ& BA2J6&
jD@KA&U@H536:AZH2&G&J65JBD&HT&5AB5JEHO&BA2J6JM&B32AB32HCAFGJ8&kHTHGHQ&GJV
2J@L8& 63A2& MJTBJZ5JF2K& UJ:DCH2K& @A9A5HA& M& 4M5J8& kJ@BA& 5AGJ2J@JEJ& G:3FF3&
6HkkA@A5IH3:K5LO& D@3M5A5H8& F& C3F25LBH& U@JHTMJ65LBH=& $AFBJ2@4& 53& B3:JV
CHF:A55JF2K&23GHO&D@3M5A5H8Q&F@A6H&5HO&53OJ642F4&2AQ&C2J&HBAW2&M3Z5JA&2AJ@A-
2HCAFGJA& H& U@HG:365JA& T53CA5H4=& *JF232JC5J& :H9K& DUJB45D2K& D@3M5A5H4&
GJ:AY35H8&F2@D5LQ&BABY@35LQ&2AU:JU@JMJ65JF2HQ&)3U:3F3&H&6@=

'653GJQ& :H9K& M& F@3M5H2A:K5J&U@JF2LO& F:DC34O&UJF2@JA5HA& 4M5LO& @A9A5H8&
D@3M5A5H8& M& C3F25LO& U@JHTMJ65LO& JG3TLM3A2F4& MJTBJZ5LB& UJ& G:3FFHCAFGJ8&
FOABA&@3T6A:A5H4&UA@ABA55LO&UD2AB&l53E@JBJZ6A5H4m&C3F25LO&@A9A5H8&M&MH6A&
U@JHTMA6A5H4&@3T6A:A55LO&kD5GIH8=

NL&@3FFBJ2@HB& T6AFK&J65J&6HkkA@A5IH3:K5JA&D@3M5A5HAQ& 6:4&@A9A5H4&GJV
2J@JEJ& U@HBA5H2K& G:3FFHCAFGDW& FOABD& @3T6A:A5H4& UA@ABA55LO& MMH6D& 53:HCH4&
FBA9355J8&U@JHTMJ65J8&5A&U@A6F23M:4A2F4&MJTBJZ5LB=& &UJBJXKW&g2JEJ&D@3MV
5A5H4Q&G&U@HBA@DQ&HFF:A6DW2F4&GJ:AY32A:K5LA&U@JIAFFL&M&J65JBA@5LO&DU@DEHO&
JY[AG23OQ&5AFDXHO&@3FU@A6A:A55DW&UJ6MHZ5DW&H5A@IHJ55DW&53E@DTGD&[3].
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1DF2K&2@AYDA2F4&5382H&@A9A5HA&D@3M5A5H4&F&UJF2J455LBH&GJgkkHIHA523BH

                             ,                    (1) 

D6JM:A2MJ@4WXAA&G@3AMLB&DF:JMH4B

                                                                                                       (2) 

H&53C3:K5LB&DF:JMH4B

                                                                                 (3) 

(D6AB&53OJ6H2K&C3F25LA&@A9A5H4&D@3M5A5H4&neo&M&MH6A

                                                                                    (4) 

H:H&M&B32@HC5J8&kJ@BA

                                                ,                                                        (5)

E6A

                                                                     (6) 

1J6F23M:44&npo&M&D@3M5A5HA&neoQ&UJ:DCHB

         (7)

]MH6D& 2JEJQ& C2J& T363C3& neo–nRo&U@A6F23M:4A2& FJYJW&B32AB32HCAFGDW&BJ6A:K&
5AGJ2J@JEJ&GJ:AY32A:K5JEJ&U@JIAFF3Q&UJ2@AYDABQ&C2JYL&kD5GIH4&T(t) D6JM:A2MJV
@4:3&D@3M5A5HW

                                                     ,(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((8) 

E6A&  - 5AGJ2J@34&HFGJB34&UJF2J45534&n6:4&YJ:K9A8&U@JT@3C5JF2H&MLG:36JG&M&UJV
F:A6DWXAB&UJ:JZHB& o=& :A6F2MH4BH&D@3M5A5H4&nqo&YD6D2&FJJ25J9A5H4

                                                     (((((((((((((((                     ((9) 

E6A&B32@HI3&L HBAA2&MH6&

                                                                   .                                              (10)

 &DCA2JB&FJJ25J9A5H8&npoQnSo&@3T6A:A5HA&UA@ABA55LO&M&D@3M5A5HH&n?o&H&E@3V
5HC5LO&DF:JMH4O&n<o&@A3:HTDA2F4Q&C2J&U@HMJ6H2&G&T363CA&53&FJYF2MA55LA&T53CAV
5H4

                                                                                             (11)
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                                                            ,                                       (12)

E6A

(13)

.

#:EJ@H2B& @A9A5H4& T363CH& neeoQ& ne<o& HTMAF2A5=& '6H5& HT& MJTBJZ5LO& UJ6OJ6JM&
U@A6F23M:A5&M&@3YJ2A&[3]=&1J:3E34Q&C2J&FJYF2MA55LA&kD5GIHH& H&FJYF2MA55LA&
T53CA5H4& T363CH&neeoQ&ne<o&JU@A6A:A5LQ&AA&JYXAA&@A9A5HA&T3UH9AB&M&MH6A

                                  (14)

E6A - UJ6:AZ3XHA&JU@A6A:A5HW&HT&DF:JMH8&nRo&UJF2J455LA=
'2:HCH2A:K5J8&JFJYA55JF2KW&@3FFB32@HM3ABJ8&T363CH&4M:4A2F4&2JQ&C2J&E@3V

5HC5LA& DF:JMH4& n<o& UJ@JZ63W2& 53YJ@& FJYF2MA55LO& kD5GIH8& n6MDOGJBUJ5A52V

5LOoQ& GJ2J@LA&D6JM:A2MJ@4W2&D@3M5A5HW& neeoQ& FJ6A@Z3XABD&U3@3BA2@& G3G&M&
:H5A85JBQ&23G&H&M&5A:H5A85JB&MH6AQ&HT-T3&CAEJ&MJT5HG3W2&JU@A6A:A55LA&2@D65JV
F2H& M& UJF2@JA5HH& FJJ25J9A5H8& J@2JEJ53:K5JF2H& H:H& 6@DEHOQ& T3BA54WXHO UJV
F:A65HAQ&FJJ25J9A5H8=&

1@HMA6AB&T6AFK&AXA&J6H5&AF2AF2MA55J&FM4T355L8&F&6MDOMJ:5JMLB&U@A6F23MV
:A5HAB&FJYF2MA55LO&GJ:AY35H8&F2@D5L&F&UJ6MHZ5J8&53E@DTGJ8&U@HAB&JU@A6A:AV
5H4& GJgkkHIHA52JM& jD@KA& M& @3T:JZA5HH& 53C3:K5LO& 6355LO& UJ& GJBUJ5A523O&
FJYF2MA55LO&kD5GIH8= r2J2&U@HAB&UJGJH2F4&53&MLMJ6A&J&2JBQ&C2J&@3FFB32@HM3AV
B34&BAO35HCAFG34&BJ6A:K& U@H536:AZH2& G& G:3FFD& GJ5FA@M32HM5LO& EH@JFGJUHCAV
FGHOQ&UJg2JBD&MF:A6F2MHA&FJO@35A5H4&g5A@EHH&BJZ5J&U@A6UJ:JZH2K&J@2JEJ53:K-
5JF2K& FJYF2MA55LO& kD5GIH8Q& MA@5AAQ& FABA8F2M3& HO& GJBUJ5A52Q& M& 5AGJ2J@JB&
FG3:4@5JB&U@JHTMA6A5HHQ& FM4T355JB&F&GM36@32HC5J8&kJ@BJ8&g5A@EHH=&.J@@AG2V
5JF2K&UJ:DCA55JEJ& T6AFK&JYJYXA55JEJ& FJJ25J9A5H4& J@2JEJ53:K5JF2H& ML2AG3A2&
HT& F3BJFJU@4ZA55JF2H& 6HkkA@A5IH3:K5JEJ& JUA@32J@3& D@3M5A5H4& neo& U@H& DF:JV
MHH&FJY:W6A5H4&n<oQ&3&23GZA&U@JMA@4A2F4&U@A6A:K5LB&UA@AOJ6JB&G&FJJ25J9A5HW&
J@2JEJ53:K5JF2H&FJYF2MA55LO&kD5GIH8&G:3FFHCAFGJEJ&D@3M5A5H4&F2@D5L=

]MA6AB& M& @3FFBJ2@A5HA& MFUJBJE32A:K5DW& kD5GIHW& HQ& UJ5HV
Z34&UJ@46JG&D@3M5A5H4&neeoQ&U@HOJ6HB&G&D@3M5A5HW

                                                                                        (15)

E6A
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,3FFB32@HM34&6M3&C3F25LO&@A9A5H4&D@3M5A5H4&nepo& H& Q&&UJ:DCHB

                                                                                  (16)

E6A&&GsP - UJ6:AZ3XH8&MLCHF:A5HW&GJBU:AGF5L8&5J@BH@DWXH8&B5JZH2A:K=
'26A:44& 6A8F2MH2A:K5DW& H& B5HBDW& C3F2H& M& FJJ25J9A5HH& ne;oQ& MLUH9AB&

F:A6DWXHA&JYJYXA55LA&FJJ25J9A5H4&J@2JEJ53:K5JF2H

                                                   (17)

                                                   (18)

-6AFK& MA:HCH5L n5J@BH@DWXHA& B5JZH2A:Ho& MLCHF:4W2F4& 5AUJV
F@A6F2MA55LB& H52AE@H@JM35HAB& UJF:A& JU@A6A:A5H4& GJBUJ5A52JM& FJYF2MA55LO&
kD5GIH8& T363CH&neeoQne<o=&1@H&g2JB&:AEGJ&DYA6H2KF4Q&C2J&M&U@A6A:K5JB&UAV

@AOJ6A&nG:3FFHCAFGJA&D@3M5A5HA&F2@D5Lo&

D 6 Q

.3G& YL:J& UJG3T35J& ML9AQ& @A9A5HA& 539A8& T363CHQ& J2MAC3WXAA& 53C3:K5LB&
6355LB& nRoQ& BJZA2& YL2K& U@A6F23M:A5J& @3M5JBA@5J& FOJ64XHBF4& @46JB& ne>o=& ]&
C3F25JF2HQ& @3M5JBA@5J& FOJ64XH8F4& @46 U@A6F23M:4WXH8& 53C3:K5LA& 6355LAQ& M&
B32@HC5J8&T3UHFH&HBAA2&MH6

                                                                                (19)

E6A&   

!B5JZ34&D@3M5A5HA&neSo&53&B32@HID&– F2@JGD& FU@3M3Q&UJ:DCHB
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!B5JZ34&UA@MJA&HT&D@3M5A5H8&n<<o&53& Q&FG:36LM34&HO&H&H52AE@H@D4&J2&&P&6J&
6 c DCA2JB&ne?oQ&neqoQUJ:DC3AB

                                           (23)

/TM:ACAB&HT&n<<o&AXA&J65D&FHF2ABD

                                                                      (24)                        

                                                    

!B5JZ34&UA@MJA&HT&D@3M5A5H8&n<>o&53& Q&MLCH234&T32AB&M2J@JA&H&H52AE@HV
@D4&J2&0 6J&6 F&DCA2JB&ne?oQ&neqoQ&UJ:DC3AB

                                            (25)

a3GHB&JY@3TJBQ&6:4&JU@A6A:A5H4&UJF2J455LO&&UJ:DC3AB&FHF2ABD&D@3M5A5H8

                                  (26)(

1@HMA6A5534&FOAB3&4M:4A2F4&5AUJF@A6F2MA55LB&JYJYXA5HAB&G:3FFHCAFGJ8&
FOABL&@3T6A:A5H4&UA@ABA55LO&H&5A&5DZ63A2F4&M&6JUJ:5H2A:K5LO&JYJF5JM35HV
4OQ&G@JBA&HTMAF25LO&M&G:3FFHCAFGJ8&2AJ@HH&MJ:5JMJEJ&D@3M5A5H4=&d>f

]LMJ6L=&1@A6:3E3AB34&FOAB3, 4M:4WX34F4 FH52ATJB&5AGJ2J@LO&G:3FFHCAV
FGHO&H6A8Q&UJTMJ:4A2&UJ:DCH2K&2JC5JA&@A9A5HA&D@3M5A5H4&GJ:AY35H8Q&D6JM:AV
2MJ@4WXAEJ& 6JF232JC5J& E:36GHB& 53C3:K5LB& DF:JMH4BQ& FJE:3FJM355LBH& F&
J65J@J65LBH&E@35HC5LBH&DF:JMH4BH=&

)/a%,#a!,#
1. aJC5JA&JU@A6A:A5HA&FJYF2MA55LO&kJ@B&UJUA@AC5LO&GJ:AY35H8&GJ5MA8A@V

5J8&:A52L&t&]=]=&]J@JYKAMQ&/=/=&.HY3 u& DC3F57&@AFD@FJA5A@EJTYA@7E3WC7&2AO5JV
:JE7\&E7@5HCJEJ&MH@JY5HI2M3&53DGJMJ&- MH@JY5HCH8&ZD@53:=&– .@ABA5CDG=– 2013. 

– ]HU=&et<013 (11) –  =&eeP&– 117

2.*H53BHG3&B39H5&6:4&J2G@L2LO&EJ@5LO&H&TAB:45LO&@3YJ2& t& =#=&135G@3V
2JM&u&N=^&N39H5JF2@JA5HAQ&eS;?=&u&>>q&F=

3.*MJOMH:KJM7&U@JIAFH&M&BAO357C5HO&FHF2AB3O&t&'=#=&vJ@J9GJQ&#=v=&*AB`45A5GJQ
 =1=&.HY3&&u&.=^&)HY76KQ&eSSe=&u&eqq&F=

4.!@3M5A5H4&B32AB32HCAFGJ8&kHTHGH&t&#=$=&aHOJ5JMQ&#=#=& 3B3@FGH8&u&N=^&
$3DG3Q&eS;q=&u&?<>&F=
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METHOD OF DIVISION VARIABLE IN DYNAMIC CALCULATION

OF MINING MACHINES ELEMENTS  
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It is given a scheme of separation of variables in the one-dimensional wave equa-

tion to obtain an accurate solution of the problem of transverse vibrations of a convey-
or belt, belting, hoses and pipes with flowing liquid, band saws, ropes, lifting devices.

Key words: boundary conditions, initial conditions, the normalizing factor, corre-
lated orthogonality.
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