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#.b!#)f$' bf&,'('bg.  &CEF:KYF5KFZ& M:C\K5G&D3`D3\A2QK& CMA:L5GX&
ZFB2ADAW6F5K8&CBK:KE3[2B4&ODA4E:F5K4&MAD5AMA&63E:F5K4=& DF6K&KX&Z5AMAA\_
D3`K4&53K\A:FF&ODA\:FZ5GZK&4E:4[2B4&E5F`3O5GF&EG\DABG&CM:4R&OADA6GR&M3`3R&
K:K& M3`A6K53ZKYFBQKF& 4E:F5K4R& K& OCYF5KF& OADA6& OAYEG& E& MAD5GX& EGD3\A2Q3X=&
@3`A6K53ZKYFBQKF&4E:F5K4&Y3B2A&BAODAEAW63[2B4&5F&2A:LQA&Z32FDK3:L5GZK&`3_
2D323ZKR&5A&K&YF:AEFYFBQKZK&OA2FD4ZK=&1CYF5KF&OADA6&OAYEG&E&EGD3\A2Q3X&5F&
BE4`35A& B& MK\F:L[& :[6F8R& 5A BDF6B2E3R& 53OD3E:4FZGF& 53& :KQEK63JK[& FMA& OA_
B:F6B2EK8R&FWFMA65A&BAB23E:4[2&BA25K&ZK::KA5AE&MDKEF5=&H&^2A8&BE4`K&K`CYF5KF&
]K`KYFBQA8&BC2K&^2AMA&ODA4E:F5K4&MAD5AMA&63E:F5K4R&OAB:F6C[hFMA&FMA&Z32FZ3_
2KYFBQAMA& ZA6F:KDAE35K4R& 4E:4F2B4& B:AW5A8& 53CY5A-2FX5KYFBQA8& ODA\:FZA8R&
KZF[hF8&E3W5AF&53DA65AXA`48B2EF55AF&`53YF5KF=

iF:L&D3\A2G–OAB2DAF5KF&YKB:F55A8&ZA6F:K&OA2FDK&CB2A8YKEAB2K&OADA6&OA_
6A9EG&A6K5AY5A8&EGD3\A2QK&M:C\AQAMA&`3:AWF5K4&6:4&OAB:F6C[hFMA&ODAM5A`3&
O3D3ZF2DAE&ODAJFBB3&6F]ADZKDAE35K4&QA52CD3=

P#b%,/#)&/&,%-!)fb#bg&/  )%*'H#$/j=
/`CYF5KF& 4E:F5K4& EBOCYKE35K4& OADA6& OAYEG& E& MAD5GX& EGD3\A2Q3X& EF6F2B4&

CWF&\A:FF&B23&:F2=&@:C\AQAF&A\A\hF5KF&53CY5GX&D3\A2&E&^2AZ&53OD3E:F5KK&EG_
OA:5F5A&E&ZA5AMD3]KK&k?l=&#53:K`&^2KX&KBB:F6AE35K8&OAQ3`3:R&Y2A&EBF&MKOA2F`GR&
A\m4B54[hKF&ODKYK5C&OCYF5K4&MAD5GX&OADA6&E&OA6`FZ5GX&EGD3\A2Q3XR&ZAW5A&
BEFB2K&Q&B:F6C[hFZC&OFDFY5[n

– 53\CX35KF&OADA6&OA6&6F8B2EKFZ&E:3MKo
– CEF:KYF5KF& A\mFZ3& OADA6& E& `A5F& 5FCODCMKX& 6F]ADZ3JK8& EB:F6B2EKF& KX&
O:3B2KYFBQAMA&D3`DC9F5K4o
– EGOKD35KF&OADA6&OA6&E:K45KFZ&AOAD5AMA&63E:F5K4&E&\AQ3X&EGD3\A2QKo
– E4`QAF& 2FYF5KF& OADA6& E& DF`C:L232F& 5FD3E5AEFB5AMA& BAB2A45K4& Z3BBKE3& E&
OAYEF&EGD3\A2QKo
– BAD\JKA55AF&53\CX35KF&M3`A53BGhF55GX&OADKB2GX&BDF6o
– OA2FD4&CODCMAO:3B2KYFBQA8&CB2A8YKEAB2K&OADA6&E&ODKQA52CD5A8&A\:3B2K=
H&`3EKBKZAB2K A2&KBOA:L`CFZGX&]K`KYFBQKX&ZA6F:F8&EBF&ZF2A6G&AJF5QK&4E_

:F5K4& EG63E:KE35K4& OADA6& E& MAD5GX& EGD3\A2Q3X& ZAW5A& D3`6F:K2L& 53& YF2GDF&
MDCOOG&k<ln

1) AB5AE355GF& 53& ODKZF5F5KK& CD3E5F5K8& B232KQK& BGOCYF8& BDF6G&
p1=P= iGZ\3DFEKYR&H=*=  :FB3DFE&K&6D=qo

2) AB5AE355GF& 53& KBOA:L`AE35KK& DFA:AMKYFBQKX& CD3E5F5K8& pH=#= )G2QK5R&
#=1= P3QBKZAE&K&6D=qo

3) AB5AE355GF& 53& ^ZOKDKYFBQKX& `3EKBKZAB24X& pr=-= -3B:3EBQK8R&
/=)= "FD54Q&K&6D=qo

4) AB5AE355GF& 53& CD3E5F5K4X& 2FADKK& CODCMAO:3B2KYFBQA8& CB2A8YKEAB2K&
p#=$= a39F5QAR&#=H=  A:A645QK5q=

$3K\A:FF&A\AB5AE355A8&]K`KYFBQK&K&Z32FZ32KYFBQK&4E:4F2B4&\K]CDQ3JKA5_
534& 2FADK4& OCYF5K4& MAD5GX& OADA6R& D3BBZ32DKE3[h34& ^2A& 4E:F5KFR& Q3Q& OA2FD[&
CODCMAO:3B2KYFBQA8& CB2A8YKEAB2K& ODKQA52CD5AMA& OADA65AMA& Z3BBKE3R& AB:3\_
:F55AMA& EGD3\A2QA8& k?–Tl=&  & KBOA:L`AE35KFZ& FF& OA:AWF5K8& EGOA:5F5A& K`:A_
WF55AF&5KWF&Z32FZ32KYFBQAF&ZA6F:KDAE35KF&^2AMA&ODAJFBB3=
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H&Q3YFB2EF&K5B2DCZF523&KBB:F6AE35K8&KBOA:L`AE3:B4&ODAMD3ZZ5G8&ODA6CQ2&
Phase–<&QAZO35KK&Rocksiense=&H&BAA2EF2B2EKK&B&\K]CDQ3JKA55A8&2FADKF8&EBOC_
YKE35K4&OADA6&OAYEG&E&MAD5GX&EGD3\A2Q3X&OA&ZFDF&CEF:KYF5K4&M:C\K5G&Z3BBKE&
E& `A5F& 5FCODCMKX& 6F]ADZ3JK8& D3`DGX:4F2B4=& 1AB:F& 6AB2KWF5K4& O:3B2KYFBQA8&
A\:3B2L[&5FQA2ADAMA&QDK2KYFBQAMA&E5F95FMA&D36KCB3&EGD3\A2Q3&6AEA:L53&\GB2_
DA& 2FD4F2& ]ADZC=& 1DKQA52CD5GX& Z3BBKE& OFDFXA6K2& E& 5AEAF& 53OD4WF55A-

6F]ADZKDAE355AF& BAB2A45KF& B& \A:FF& 5K`QKZ& CDAE5FZ& OA2F5JK3:L5A8& ^5FDMKKR&
QA2ADAF& E& `3EKBKZAB2K&A2& MAD5AMFA:AMKYFBQKX&CB:AEK8&ZAWF2&\G2L&K:K&D3E5A_
EFB5GZR&QAM63&ODAJFBB&OCYF5K4&BA&EDFZF5FZ&ODFQD3h3F2B4R&K:K&QE3`KD3E5AEFB_
5GZR& QA2ADAF& BAODAEAW63F2B4& 5FODFDGE5GZ& 2FYF5KFZ& D3`DGX:F55GX& OADA6& BA&
B2ADA5G&OAYEG=&1DK&^2AZR&B:F6C4&:AMKQF&D3BBCW6F5K8R&MFAZFX35KYFBQKF&ODAJFB_
BG&E&QDAE:F&EGD3\A2QK&B23\K:K`KDC[2B4R&3&BA&B2ADA5G&OAYEG&A5K&Y3hF&EBFMA&3Q_
2KEK`KDC[2B4=

!B:AEKFR&ODK&QA2ADAZ&ODAK`A86F2&\K]CDQ3JK4&MFAZFX35KYFBQAMA&BAB2A45K4R&
OA:CYF5A&E&k?l=&%MA&Z32FZ32KYFBQAF&EGD3WF5KF&E&B:CY3F&MK6DAB232KYFBQAMA&OA:4&
53Y3:L5GX&53OD4WF5K8&KZFF2&B:F6C[hK8&EK6n

,02ln
*2*

=−** ;;ε υ
     (1) 

M6F& ε υ
 – BDF6544& EF:KYK53& QA^]]KJKF523& A\mFZ5AMA& D3`DGX:F5K4& OADA6& E&

ODKQA52CD5A8& A\:3B2K& kVlo& *;

*
 - QDK2KYFBQK8& A25ABK2F:L5G8& D36KCB& `A5G& 5F_

CODCMKX& 6F]ADZ3JK8& p-$*q=& HGD3\A2Q3& \C6F2& CB2A8YKEA8R& FB:K& BA\:[63F2B4&
CB:AEKFn

*;
<*;

*
.      (2) 

-6FBL&
<

<
*

;
;

0

=
– 2FQChK8&A25ABK2F:L5G8&D36KCB&-$*o& <0

 – D36KCB&pOA:CODA_

:F2q&EGD3\A2QKR&Zo&<;
 – D36KCB&-$*R&Z=

-3EKBKZAB2L& )(
**

ε υ** ;;
= OAQ3`353&53&DKB= 1.

,KBC5AQ&1 – -3EKBKZAB2L&QDK2KYFBQAMA&D36KCB3&-$*&A2&EF:KYK5G&
QA^]]KJKF523&D3`DGX:F5K4&OADA6
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,36KCB& -$*& 6:4& QA5QDF25GX& MAD5AMFA:AMKYFBQKX& CB:AEK8& AODF6F:4F2B4& 53&
AB5AEF&2D35BJF56F525AMA&CD3E5F5K4n

2<*
**

"";

;; =

21

ln
2

2

γ
=

−

,      (3) 

M6F& =  – M:C\K53& D3BOA:AWF5K4& EGD3\A2QKR& Zo& γ  – A\mFZ534&Z3BB3& MAD5GX&
OADA6R 2sZ3

; <"
 – ODF6F:& ODAY5AB2K& MAD5GX& OADA6& 53& A65AAB5AF& BW32KFR&P13o&&&

2 "
 – QA^]]KJKF52&B2DCQ2CD5AMA&AB:3\:F5K4R&AODF6F:4FZG8&K`&EGD3WF5K8n

)25,0exp(5,01 ηη −⋅−=2 "
,     (4) 

1)1(
2

0

0
−+

+
= ηη

&
&&

>

> ,                      (5) 

M6F η  – QA^]]KJKF52&E3DK3JKK&ODF6F:3&ODAY5AB2K&53&A65AAB5AF&BW32KF&Z3B_
BKE3o&η

0

 – QA^]]KJKF52& E3DK3JKK&ODF6F:3&ODAY5AB2K&53&A65AAB5AF& BW32KF&OA_

DA65GX&A\D3`JAEo& &>
 – BDF65FF&D3BB2A45KF&ZFW6C&2DFhK53ZKo& &0

 – X3D3Q2FD5G8&

D3`ZFD&B23563D25AMA&A\D3`J3&MAD5A8&OADA6G=

-3EKBKZAB2L& )(
=

2<
**

""

;;
γ

= OAQ3`35&53&DKB=&<=

,KBC5AQ&<&– -3EKBKZAB2L&D36KCB3&-$*&A2&MFAZFX35KYFBQAMA&OAQ3`32F:4&*; >*;

*

%B:K&E& DF`C:L232F&D3BYF23&AQ3WF2B4R& Y2A& *; >*;

* R& 2A& B:F6CF2&6AOCB2K2LR& Y2A&

ODAK`A9:3&CODCMAO:3B2KYFBQ34&OA2FD4&CB2A8YKEAB2K&D3BBZ32DKE3FZA8&MFAZFX3_
5KYFBQA8&BKB2FZG&IOADA65G8&Z3BBKE&– EGD3\A2Q3N&K&6:4&FF&63:L5F89FMA&AOKB3_
5K4&ODKZF54FZG8&Z32FZ32KYFBQK8&3OO3D32&5FODKMA6F5=

*:4&353:K`3&4E:F5K4&EBOCYKE35K4&OADA6&OAYEG&OAB2COKZ&B:F6C[hKZ&A\D3_
`AZ=&/BOA:L`C4&`3EKBKZAB2K&p?q&K&ptqR&OA:CYKZ&EGD3WF5KFR&K`&QA2ADAMA&AODF6F_
:KZ& ODF6F:L5C[& M:C\K5C& = ?@

R& 53YK534& B& QA2ADA8& E& EGD3\A2QF& ODAK`A86F2&

OA2FD4&CODCMAO:3B2KYFBQA8&CB2A8YKEAB2Kn
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2<
=

*
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""

?@

;

;;

21

ln
*

**
γ

=
−

.       (6) 

*:4&ODF6F:L5A8&M:C\K5G&= ?@
53&QA5FY5A-^:FZF525A8&ZA6F:K&AODF6F:KZ&O3_

D3ZF2DG&ODF6F:L5AMA&CODCMAO:3B2KYFBQAMA&BAB2A45K4n&ODF6F:L5G8&D36KCB&-$*&&

*; =*;

* K&BZFhF5K4&53&QA52CDF&EGD3\A2QK&E&QDAE:F&K&OAYEF& AA ?B@
= =&*:4&MAD5A_

MFA:AMKYFBQKX&CB:AEK8&1 1&Ia3X23&I#:Z3`534N&K&93X23&I*A\DAOA:LBQ34N&a!&
I*A\DAOA:LBQAFN& ^2K& O3D3ZF2DG& BAB23E:4[2& 450== ?@

Z, *; =*;

*
=3,3 Z,

29,0==AA ?B@
Z=&,3BYF2534&BXFZ3&K&QA5FY5A-^:FZF52534&ZA6F:L&6:4&D3BBZ32DKE3_

FZGX&CB:AEK8&ODKEF6F53&53&DKB= t=&bAYQ3ZK&OAQ3`353&A\:3B2L&OADA6R&D3`DC9F5_
5GX&A2&D3B24MKE3[hKX&53OD4WF5K8=

1AB:F& ^2AMA& ABChFB2E:4FZ& KZK23JK[& ODAJFBB3& EBOCYKE35K4& OC2FZ& KBQCB_
B2EF55AMA& OA6mFZ3& C`:3& QA5FY5A-^:FZF525A8& BF2QKR& D3BOA:AWF55AMA& E& JF52DF&
OAYEGR&53&URU? Z=&.A5]KMCD3JK4&-$*&BA&B2ADA5G&OAYEG&ODK&^2AZ&BChFB2EF55A&
K`ZF54F2B4& pDKB= Tq=& '\:3B2L& OADA6R& D3`DC9F55GX& A2& D3B24MKE3[hKX& 53OD4WF_
5K8R&D3BODAB2D354[2B4&EM:C\L&OADA6 OAYEG&53&;R< Z=&,3`ZFD&WF&-$*R&OFDFZFhF_
5K4& E& QDAE:F& K& \AQ3X& EGD3\A2QK& 5F& ZF54[2B4& OA& A25A9F5K[& Q& ODF6G6ChF8&
BK2C3JKK& pDKB= tq=& c23& WF& BK2C3JK4& BAXD354F2B4& OA& ZFDF& CEF:KYF5K4& M:C\K5G&
D3BOA:AWF5K4& EGD3\A2QK=& '2:KYKF& BAB2AK2& :K9L& E& 2AZR& Y2A& OA6542KF& OAYEG&
CEF:KYKE3F2B4R&3&^2A&ODKEA6K2&Q&DAB2C&A\:3B2K&D3`DC9F55GX&OADA6&E&OAYEF&EG_
D3\A2QK=&

   

   3q       \q

,KBC5AQ&t&– ,3BYF2534&BXFZ3&K&QA5FY5A-^:FZF52534&ZA6F:L&
6:4&D3BBZ32DKE3FZGX&CB:AEK8
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,KBC5AQ&T&– .A5]KMCD3JK4&-$*&ODK&OA6mFZ3&C`:3&QA5FY5A-^:FZF525A8&
BF2QKR&D3BOA:AWF55AMA&E&JF52DF&OAYEGR&53&URU? Z

-3QA5R& OA& QA2ADAZC& ODAKBXA6K2& D3`EK2KF& MFAZFX35KYFBQKX& ODAJFBBAE& E&
AQDFB25AB2K&EGD3\A2QKR&ZAWF2&5ABK2L&`32CX3[hK8&X3D3Q2FD&:K\A&5F`32CX3[hK8&
X3D3Q2FDR& Y2A& B:F6CF2& K`& MD3]KQAE&532CD5GX&K`ZFDF5K8& pDKB= 5). 1DK& ^2AZ&K5_
2F5BKE5AB2L&ODAJFBBAE&E&OADA63X&QDAE:K&K&OAYEG&OAB:F&2AYQK&\K]CDQ3JKK&5A_
BK2&D3`:KY5G8&X3D3Q2FD=

,KBC5AQ&V&– ,3`EK2KF&MFAZFX35KYFBQKX&ODAJFBBAE&E&AQDFB25AB2K&EGD3\A2QKn
1 – 5F`32CX3[hK8&ODAJFBB&E&OAYEGo&?' – 5F`32CX3[hK8&ODAJFBB&E&QDAE:Fo&

2 – `32CX3[hK8&ODAJFBB&E&OAYEGo&<' – `32CX3[hK8&ODAJFBB&E&QDAE:Fo&
H&– 2AYQ3&\K]CDQ3JKK

$3&DKB=&;&OAQ3`353&2AYQ3&\K]CDQ3JKK&H K&63:L5F89FF&D3`EK2KF&OFDFZFhF5K8&
E& QDAE:F& K& OAYEF& EGD3\A2QFR& ODF2FDOFE3[hF8& OA2FD[& CODCMAO:3B2KYFBQA8&
CB2A8YKEAB2K=& /`& 5FMA& B:F6CF2R& Y2A& OAB:F& 5FQA2ADAMA& QDK2KYFBQAMA& ZAZF523&

 CY3B57&DFBCDBAF5FDMA`\FD7M3[Y7&2FX5A:AM7d&M7D5KYAMA&EKDA\5KJ2E3=&HKOCBQ&2/2013(12).
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MFAZFX35KYFBQKF&ODAJFBBG&E&QDAE:F&EGD3\A2QK&`32CX3[2=&$3&OD3Q2KQF&^2A&A\GY_
5A&ODKEA6K2&63WF&Q&5FQA2ADGZ&CZF5L9F5K[&A\W32K4&QDFOK&K&B5KWF5K[&53MDC`_
QK&53&5FF=&H&OAYEF&WF&EGD3\A2QK&A\:3B2L&D3`DC9F55GX&OADA6&CEF:KYKE3F2B4&6A&

, K&^2A2&ODAJFBBR&Q3Q&CWF&A2ZFY3:ABL&D35FFR&ZAWF2&5ABK2L&:K\A&`32CX3_
[hK8R&:K\A&5F`32CX3[hK8&X3D3Q2FD&(DKB=&Vq=

,KBC5AQ&;&– *3:L5F89FF&D3`EK2KF&OFDFZFhF5K8&E&QDAE:F&K&OAYEF&EGD3\A2QF&
OAB:F&6AB2KWF5K4&2AYQK&\K]CDQ3JKK H

HgH'*g=
1.1DF6:AWF53& 5AE34& Z32FZ32KYFBQ34& ZA6F:L& 4E:F5K4& EBOCYKE35K4& OADA6&

OAYEG& E& OA6`FZ5GX& EGD3\A2Q3XR& 4E:4[h34B4& 63:L5F89KZ& D3`EK2KFZ& \K]CDQ3_
JKA55A8&2FADKK=

2.*AQ3`35AR& Y2A& BChFB2ECF2& 5FQA2AD34& BAEAQCO5AB2L& E:K4[hKX& ]3Q2ADAER&
AB5AE5GZK&K`&QA2ADGX&4E:4[2B4&M:C\K53&D3BOA:AWF5K4&EGD3\A2QK&K&ODAY5AB2L&
EZFh3[hKX&OADA6R&ODK&6AB2KWF5KK&QA2ADGX&ODAKBXA6K2&\K]CDQ3JK4&^5FDMF2K_
YFBQAMA& BAB2A45K4& ODKQA52CD5AMA& Z3BBKE3R& BAODAEAW63[h34B4& EBOCYKE35KFZ&
OADA6&OAYEG=

3.1AB:F& 6AB2KWF5K4& 2AYQK& \K]DCQ3JKK& MFAZFX35KYFBQKF& ODAJFBBG& BChF_
B2EF55A&`3ZF6:4[2B4&E&OADA63X&QDAE:K&K&53YK53[2&3Q2KE5A&D3`EKE32LB4&E&OAYEFR&
D3`EKE34BL&6A&M:C\K5G&>–?U&OA:CODA:F2AE&EGD3\A2QK=

)/b%,#b!,#
1.a39F5QA #=$=R& A:A645QK5 #=H=R&P3D2AEKJQK8 #=H=&!OD3E:F5KF&CB2A8YK_

EAB2L[&ODA24WF55GX&EGD3\A2AQ&M:C\AQKX&93X2n&ZA5AMD3]K4=&– *5FODAOF2DAEBQn&
)K`C5AE&1DFBBR&<U?<=&– 384 B=

2.a39F5QA&#=$=R&1CB2AEA82F5QA&H=1=&PFX35KQ3&MAD5GX&OADA6=&– .=n&$AEG8&
6DCQR&<UUt=&– TUU&B=

3.a39F5QA&#=$=&!B2A8YKEAB2L&EGD3\A2AQ&E&5FA65ADA65AZ&OADA65AZ&Z3BBK_
EFn&6KBB=&6AQ2=&2FX5=&53CQ=&– *5FODAOF2DAEBQR&?S>S=&– 415 B=

4.a39F5QA #=$=R&bC:C\  =(=R& 6EKWQAE3 %=#=&$FQA2ADGF&`363YK&B232KB2KYF_
BQA8&MFAZFX35KQK=&– .=n&/`6-EA&I1C:LB3D3NR&<UU?&– tUT&B=

5.a39F5QA #=$=R&  6EKWQAE3 %=#=R& @3OFFE  =$=& 1DAY5AB2L& K& 6F]ADZKDCF_
ZAB2L&Z3BBKEAE&MAD5GX&OADA6=&– *5FODAOF2DAEBQn&/`6-EA&$@!R&<UU>&– <?V&B=
 CY3B57&DFBCDBAF5FDMA`\FD7M3[Y7&2FX5A:AM7d&M7D5KYAMA&EKDA\5KJ2E3=&HKOCBQ&2/2013(12).
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NUMERICAL SIMULATION OF STABILITY LOSS ROCKS SOIL IN MINES 

DEEP FOUNDATION

A. Shashenko, K. Kravchenko, A. Korol

State HEE «National minning university»

prosp. K. Marksa, 19, Dnepropetrovsk, 49005, Ukraine. 

%-mail: shashenkoa@nmu.org.ua, kravchenko_k_v@i.ua

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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