
������� � ����	
	��� 
���	������� ��������� �	��� �� ������
�	������ � � ���
����� ��	���

������� ����������� �!"��� �#�� $�%��&� �'  ���(�� � )(��"�(*$)�. �(+��, 2/2014(14). 

84 

// ���$�%����� 2�%���,�: ���$($�$  ��$�%�����' 2�%���,( �2. �.�. ��&1,�)� ���
�,��'�(. – 2014. – B 115. – �. 170–175. 

2. ��%��(,�  ���.% +���-: ���"�(, / �.�. =�4��,�, �.�. ���$�)�/$��,�. – 
�.: ��)(/ -��,, 2004. – 400 �.  

ESTIMATION VALUE OF DEGREE OF FRAGMENTATION MARGINAL 

AREA ROCKS IN MINE WORKING WITH SOIL HEAVING 

A. Smirnov
Donbass Fuel-Energy Company 
vul. Chelyuskincev, 161, Donetsk, 83001, Ukraine. �-mail: smirnovav@dtek.com 
Large deformations of rocks soil are one of the main reasons that reduce the 

stability of underground workings. This increases the cost of exploitation and the cost 
of extracting minerals. This problem is particularly acute indicated in the coal mines, 
which are working at great depths. The main factor that contributes to soil heaving 
rocks, is the level of stress that operate in the marginal rock mass. Under their action 
rocks are plastically loosened and moved into excavation with the formation of plastic 
range of stress. To estimate the parameters of elastoplastic state of rock mass 
accommodating excavation, knowledge of the coefficient of dilatation, or coefficient 
of the plastic loosening are needed. Terms of reference for its definition and a 
quantitative value are given.  

Key words: heaving rocks, excavation, plasticity, coefficient of dilatancy, plastic 
loosening. 
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������&(!(��)�� �+.$ +�(2����(1 �+���3�#6(% �,)�3(�, +�,�!��. (%
-��$�(��$)� ( ��-��$�$,(. ���-�$�)&��. ��!�&0$�$. ).+�&���(1  ����-

5,�+��(2��$�&0�.% ��"�$ �� 4�%$�% �$���&( +� �-�+$�*(( �+���"� ,��$��&1
+��*���� "����(1 �,)�3(� ( �*��,( (% 588�,$()���$( +�( +��)�-��((  ���.%
).��"�$�,. �&1 ��&�)(/ 4�%$. "��2��2�&�* ���"����" ��$���)&��. �+$(2�&0-

�.� +���2�$�. �,)�3(�. ����2�$�. "����(1 �+���3�#6(% �,)�3(� (+1$0
�,)�3(� -&(��/ 20 2 � ����(3��2.2 �+���3��(�2 10 2) 1)&1#$�1 �+$(2�&0-

�.2( ( �"��+��()�#$ ��! ��!,� 10-2�$��)�/ !��. )+���-( !�"��) +��)�-(2.%
).��"�$�, -&1 -���.%  ����- ��&� (���,(% ��&�)(/. 	+��-�&��. ,�($��((
�"��+����(1 "�!�+�����$( "����(1 ( �*��,( 588�,$()���$( �,)�3(� +� +���-

2�$��2 �,��$(���,� � �( ��&�. 

�%&#'�(' )% �!:  �!�-(��2(���,�� 1)&��(�, �+���3�#6(� �,)�3(�., +��-

 ��!, � �&0�./ +&��$. 
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)�&. 
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������&�!�)��� -��)�- !��$���)���1 )(+���-3�#�(% �)��-&�)(�, +�,�!��� '%
+���)� ( � ��-�&�,(. ��)�-��� ��!�&0$�$( )(,�����1  ���(��-�,�+��(2��$�&0�(%
��"�$ �� 4�%$�% ! �-�+$�*�' �+���"� ,��$��&# +��*��� "�����1 �)��-&�)(� � �*�-
�,( '% �8�,$()���$� +�( +��)�-����  ���(�(% )(��"�,. �&1 �2�) 4�%$( "��2��-

2�&�*0 ���"���" )�$���)&��� �+$(2�&0�� +���2�$�( �)��-&�)(�. ����2�$�( "�-

����1 )(+���-3�#�(% �)��-&�)(� (+'1$0 �)��-&�)(� -�)3(��# 20 2 �! ��!�(3�-

)��(2 )(+���-3���12 10 2) 9 �+$(2�&0�(2( � !�"�!+���#$0 ��!)��$�3���1 10-

2�$��)�' !��( +�+���-� )("�') +��)�-��(% )(��"�, -&1 -��(%  ���(��-

 ��&� ���(% �2�). �(!������ ,�($���' !�"�!+�����1 "�!+�,( "�����1 $� �*��,(
�8�,$()���$� �)��-&�)(� !� +���2�$��2( �,��$(��� � �( ��&�. 

�%&# �0 )% �!:  �!�-(��2���� 1)(6�, )(+���-3�#�� �)��-&�)(�(, +�� ��!, 
)� �&0�(/ +&��$. 

�����
:�	��: ���	�;. � ���$�16�� )��21 �-�(2 (! 8�,$���), ��&�3-

�1#6(% )�-��(�  ���.% ��"�$ �� 4�%$�% ���"����, 1)&1#$�1  ��&� (���,(� ��-

��4��(1 ��!&(��� � %���,$���. �� �+.$� �$��"�$,( +�&� (% � �&0�.% +&��$�), 

�,&���.% ,  �!�-(��2(���,(2 1)&��(12 (���), �,�&� 70 % )��% +��(!�4�-4(%
�� �(% )��!�+�.% )."����) � &1 (  �!� +�(������. , +&(,�$()�.2 ( -(!@#�,-

$()�.2 (��!�.)�.2)  ��&� (���,(2 ����4��(12 ��"�&04�/ �2+&($�-. [1].  



������� � ����	
	��� 
���	������� ��������� �	��� �� ������
�	������ � � ���
����� ��	���

������� ����������� �!"��� �#�� $�%��&� �'  ���(�� � )(��"�(*$)�. �(+��, 2/2014(14). 

86 

�� &���� ���2�$()��/ -�,�2��$�*(( +� "�!�+�����$( )�-��(1  ���.% ��"�$
�� �,&���.% , ��� � �&0�.% +&��$�% [1–3], +��������(� +�- �$�)($�&0�.2(
).��"�$,�2( !��  ��&� (���,(% ����4��(/ -�&3�� ���6��$)&1$0�1 � +�(2���-

�(�2 &�,�&0�.% +��$()�)."����.% 2���+�(1$(/ &("� "���)!�.)�.2 �+���"�2
) ��3(2� ��$�1��$�&0�� � )!�.)��(1 (��). �! )��% +�(2��1�2.% +�( +��)�-�-

�(( +�- �$�)($�&0�.% ).��"�$�, �� 4�%$�% ���"���� &�,�&0�.% �+���"�) +��-

-�$)��6��(1 ��� ) 2013  �-� ��("�&�� 4(��,� +�(2��1&��0  (-���.%&��(�
� �&0�.% +&��$�) () 59 % +�- �$�)($�&0�.% !�"��) �$ �"6� � (% �(�&� � &�-

,�&0�.2( 2���+�(1$(12() ( "����(� �+���3�#6(% (��! ��!���.%) �,)�3(� ()
41 % !�"��)). ��, �+���" �"��+����(1 "�!�+�����$( ��"�$�#6(% – +��)�-��(�
+�- �$�)($�&0�.% ).��"�$�, "���)!�.)�.2 �+���"�2 ) ��3(2� �� +�(2��1-

&��0 ) 21 % !�"��) �$ �"6� � (% �(�&� �� �+���.% +� ��� +&��$�%. 

��(2����(�  (-���.%&��(1 � �&0�.% +&��$�) �+��)-��� +�( +���%�-� ��$�-

��)&���.% $�,�6(2 +�� ��!�2 )."�����+���.% !�� ( +��������((  ��&� (���,(%
����4��(/, )-����)��2, ����!�.)�� � %���,$���. ����&�-�)��(� �1-� �)��(/, +��-

(!�4�-4(% ) +��&�-�(�  �-. �� 4�%$�% ���"����, +�,�!�&�, �$� +�( +��������((
+�- �$�)($�&0�.2( ).��"�$,�2( -(!@#�,$()�.%  ��&� (���,(% ����4��(/ +�(-

2����(�  (-���.%&��(1 � �&0�.% +&��$�) !����$�# 1)&1�$�1 ��588�,$()�.2, +�-

�,�&0,� �� �"��+��()��$ -��$�$����# ��! ��!,� ( -� �!�*(# +�(!�"�/��/ ���$(
����4���.% +&��$�), $�2 ��2.2 ��%���11 �+�����$0 +��1)&��(1 ��� [4]. ��(2�-

���(� ��� ) ��3(2� �� +�( +��������(( !��  ��&� (���,(% ����4��(/ $�,3� ��
)�� -� +�(�2&�2�, +��,�&0,� -���./ �+���" ���1-� � �"��+����(�2 "�!�+�����$(
��"�$�#6(% -�+�&�($�&0�� ����4��$ ��$�/�()��$0 +���- ,��)&(, �)�&(�()�1
�,&�����$0 �? , �"��4��(12 ) +�(!�"�/��/ ���$( ).��"�$�,. 

� 5$�/ �)1!( "����(� �+���3�#6(% (��! ��!���.%) �,)�3(� +�( +��)�-��((
+�- �$�)($�&0�.% ).��"�$�,, ) $�2 �(�&� ) !���%  ��&� (���,(% ����4��(/, 

1)&1�$�1 "�&�� +��(2�6��$)���.2 &�,�&0�.2 �+���"�2 +��-�$)��6��(1 ���. 

��5$�2�, (��&�-�)��(� )�!2�3���$( +�(2����(1 �+���3�#6(% �,)�3(� ) ,�-

���$)� �+���"� +��-�$)��6��(1 ��� +�( +��)�-��(( +�- �$�)($�&0�.% ).��-

"�$�, ) ��&�)(1% ��	 "��>� 4�%$� ��2��2�&�* ���"����" 1)&1�$�1 �,$��&0-

�.2, �$� ( 1)&1�$�1 *�&0# ��"�$.. 

�������
 � ��
�
:���; ���
��	�����. �����(� �+���3�#6(%
�,)�3(� 1)&1�$�1 �-�(2 (! +��).% �+���"�) +��-�$)��6��(1 )��!�+�.% )."����)
� &1 (  �!�, +�(2��1)4(2�1 +��,$(���,( )� )��% � �&0�.% "����/��% ( 2��$���3-

-��(1% 2(��, ) ,�$��.% ��!��"�$.)�&(�0 +&��$., �+���.2 +� ���. 
� +��(�- 2��-

��)� � +�(2����(1 �+���3�#6(% �,)�3(� ) ���"���� (1953– 

1977   .) ) +��*���� (% "����(1 +��(!�4&� 155 )��!�+�.% )."����) � &1 (  �!�, (!
�(% +��$( 80 % – +�( "����(( �,)�3(� -(�2�$��2 150-300 22, �,�&� 17 % – +�(
-(�2�$�� 100–120 22 ( 2���� 4 % – +�( -(�2�$�� "����(1 60–80 22. ���-�11 (�-

$���()���$0 )."����) � �)�&(���(�2 -(�2�$�� �,)�3(� )�!���$��$: �$ 4 $ +�(
-(�2�$�� 2���� 100 22 -� 45 $ +�( -(�2�$�� 100–150 22 ( -� 170 $ +�( -(�2�$��
�,)�3(� 250–300 22. ���-�11  &�"(�� )�!�(,��)��(1 )."����) +�( "����((
�,)�3(� ���$�)&1�$ 5–6 2, � 2�,�(2�&0��1 – 14 2. ����-,� +��(�%�-(&( $�, ��!.-
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)��2.� ")��$����(�" )."���. ) �,)�3(�. "�! ).���� � &1 ) ).��"�$,� ( ��!��-

4��(1 +�(!�"�/��/ ���$( +&��$� [1]. �� &���� [5], (!-!� ��-��$�$����/ -&(�.
�,)�3(�, �,�!�)4�/�1 2��04�  &�"(�. +�&��$�/ +��(!�4�-4(% )."����) (4,0-9,0 

2), ��( �� 2� &( (!2��($0 ��+�13����� ���$�1�(� ) � �&0��2 2���()�. 

�! ���&(!� �$�$(�$(,( )."����) ) +��*���� "����(1 �+���3�#6(% �,)�3(�
�&�-��$, �$� +�( �2��04��(( -(�2�$�� �,)�3(�, ��+�(2��, � 250–300 22 -�
100–120 22, )���1$���$0 )."����) ( (% (�$���()���$0 ��(3�#$�1 +��$( ) ��-

$.�� ��!�. � �)�&(���(�2  &�"(�. "����(1 �,)�3(� -� 6 2 )���1$���$0 )."��-

��) )�!���$��$, -��$( �1 "�&�� 60 % �$ �"6�/ (% ��)�,�+���$( ) +��*���� "���-

�(1, � +�( -�&0��/4�2 �)�&(���((  &�"(�. �,)�3(� �".)��$ +��$( ) -)� ��!� (
���$�)&1�$ �,�&� 30 %. ��$���()���$0 3� )."����) � �)�&(���(�2  &�"(�. "�-

���(1 -� 10 2 )�!���$��$, � !�$�2 ��(3��$�1. ��(  &�"(�� "����(1 "�&�� 14 2 ��
!��� (�$�(��)��� �( �-�� � )."���� ) ).��"�$,� [5]. 

� +��*���� ).�2,( � &1 ) ��(�$�.% ( +�- �$�)($�&0�.% !�"�1% +��&� "���-

�(1 �+���3�#6(% �,)�3(� !� )��0 +��(�- (% 2����)� � +�(2����(1 +��(!�4&�
��("�&04�� ,�&(���$)� )��!�+�.% )."����) � &1 (  �!�. 	���)��/ +�(�(��/
��588�,$()���$( �,)�3(� �,�!�&�1 ��!���($�&0�./ ��-(�� (% ��! ��3�#6� � (
-� �!(��#6� � )&(1�(1. ���2� $� �, ���"����)����/ �,�!�&��0 ( )�&(�(�� ��-

��(3��2� � �+���3��(1 �,)�3(�. ��,, -&1 +��-�$)��6��(1 )��!�+�.% )."����)
��� ".&� +�(�1$� ��)��/ 5 2, +��,�&0,� ) 83 % �&����)  &�"(�� +�&��$( )."��-

�� +� +���$(���(# �� +��).4�&� 4 2 [6]. �� � -�� �/ �$����., -����� ����(-

3��2�� �+���3��(� �,)�3(� ��+�(�2&�2� -&1 +��-�$)��6��(1 )��!�+�.% ).-

-�)&()��(/ � &1, +��,�&0,�  &�"(�� +�&��$�/ +�( ).-�)&()��(1% ���$�)&1�$
0,6–12 2 ( ��!)1!.)��(� +��*���� )��!�+�� � ).-�)&()��(1 � &1 +��(�%�-($ )
 &�"(�� 2���()�, ) !��� 2�,�(2�2� �+���� � -�)&��(1. 

��).2 5$�+�2 +�(2����(1 �+���3�#6(% �,)�3(� ) ,����$)� +��$()�-

)."����� � 2���+�(1$(1 1)(&(�0 (��&�-�)��(1, +��)�-���.� ) ���2��(( )
1983–1990   . ��,, +�( +�(2����(( �+���3�#6(% �,)�3(� +�( +��)�-��(( +�--

 �$�)($�&0�.% ).��"�$�, ) ��&�)(1% �	 ���/�� ��$��*($ �2"� ) �""��"#-

���� [7], ��!��"�$.)�#6�/ ��$��*($�).� +&��$., )�-��(�  ���.% ��"�$ ��&�3-

�1&��0 +��������(�2 2�� ��(�&���.% !��  ��&� (���,(% ����4��(/, �"&�-�#-

6(% +�).4����/ )."�����+�����$0#. �&1 ).1)&��(1 !��  ��&� (���,(% ����-

4��(/ ( ,�, ����)��� ���-�$)� "��0". � )��!�+�.2( )."����2( � &1 (  �!� ��
4�%$� ���6��$)&1&( "����(� ��!)�-���.% ( �+���3�#6(% �,)�3(�. � !�"��
+�- �$�)($�&0��/ ).��"�$,( +� *��$�� "��(&( �-�� ��!)�-����# �,)�3(��
-(�2�$��2 95 22 ( -&(��/ 50–60 2, �+��)� ( �&�)� �$ ��!)�-����/ �,)�3(�.
"��(&( +� 2–3 �+���3�#6(� �,)�3(�. ()���) -(�2�$��2 95 22 ( -&(��/ 40 2. 

	"6�� ,�&(���$)� �,)�3(� ) !�"�� -��$( �&� 5–7 ) !�)(�(2��$( �$ ,��,��$��/
 ����- ��&� (���,�/ �"�$���),(. ���-�11 -&(�� �+���3�#6(% �,)�3(� ���$�)-

&1&� 40 2, ����(3��2�� (% �+���3��(� 5,0 2, !�"�( ,��/�(% �,)�3(� ).%�-(&(
!� ,��$�� ).��"�$,( �� 2���� ��2 �� 5 2. �&1 �"��+����(1 "�!�+�����$( ��"�$
+�( "����(( �,)�3(� +�(2��1&(�0 �&�-�#6(� 2��.: -(�$��*(����� �+��)&�-

�(� "���).2 �$��,�2 � ����$�1�(1 40 2, � ��3-��(� !�"�1 +�( "����(( �,)�3(�
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( �$,&#���(� 5&�,$���"���-�)��(1. 	+.$ )�-��(1  ���.% ��"�$ ) ���2��(( +�
+�(2����(# �+���3�#6(% �,)�3(� +�!)�&(& �8��2�&(��)�$0, �$� -&1 ��+�4-

�� � +�(2����(1 �+���3�#6(% ��! ��!���.% �,)�3(� ) ,����$)� +��$()�)."-

����� � 2���+�(1$(1 4�%$. -�&3�. ".$0 ����6��. ��)��2����/ "���)�/ $�%-

�(,�/ � -(�$��*(���.2 �+��)&��(�2 +�( +��)(&0��2 +�-"��� +���2�$��) �+�-

��3�#6(% �,)�3(� -&1 ,��,��$�.%  ����- ��&� (���,(% ��&�)(/. ��( 5$�2
,��$��&0 "�!�+�����$( "����(1 �+���3�#6(% �,)�3(� ���"%�-(2. 

� 2004–2005   . -&1 ��&�)(/ �� "=�%$� (2. �.C. 
��1-0,�" �+�*(�&(�$�2(
��,��� ".& ��!��"�$�� �+���" ,��$��&1 "�!�+�����$( "����(1 ( �*��,( 58-

8�,$()���$( �+���3�#6(% �,)�3(� +� +���2�$��2 �,��$(���,� � �( ��&�.. 

�+���" +�(2��1&�1 ) +�- �$�)($�&0�.% !�"�1% +&��$�) l1 ( m3, +�( 5$�2 ) �"-

6�/ �&�3���$( ".&� +��"����� "�&�� 500 �+���3�#6(% �,)�3(� ( +��/-���
�).4� 3 ,2 ).��"�$�,. ��$������ �$2�$($0, �$� +�( +��)�-��(( 18- � !�+�-��-

 � ,��)�/���� � 4$��,� +&��$� m3 +�(2����(� �+���3�#6(% �,)�3(� +�!)�&(-

&� "�! ).+�&���(1 �� +������0 2 �,$()�.% +� ���  ��&� (���,(% ����4��(1. 

� 2010–2012   . �+���3�#6(� �,)�3(�. � ,��$��&�2 "�!�+�����$( ( �*��-

,�/ (% 588�,$()���$( +� +���2�$��2 �,��$(���,� � �( ��&� "��(&( )  ���.%
).��"�$,�%, +��)�-(2.% +� � �&0��2� +&��$� i3' �� 4�%$��+��)&��(( "��%�-

-�&0�,��-���$�����". �.&� +��/-��� "�&�� 2 ,2 ).��"�$�, � "����(�2 �+���-

3�#6(% �,)�3(� ( +��"����� �).4� 300 �,)�3(�. � +��&�-��� )��21 )�� +&�-

�$�).� +�- �$�)($�&0�.� ).��"�$,( �� 4�%$��+��)&��(( +��)�-1$�1 ,�2"�/-

��).2 �+���"�2 � "����(�2 �+���3�#6(% �,)�3(�.   

��&�3($�&0�.� ��!�&0$�$. +�(2����(1 �+���3�#6(% �,)�3(� �� 4�%$� (2. 

�.C. 
��1-0,� ( 4�%$��+��)&��(( "��%�-�&0�,��-���$�����" � ,��$��&�2 "���-

�(1 +� +���2�$��2 �,��$(���,� � �( ��&� +��&�3(&( ����)��(�2 -&1 +��)�-��(1
 ����-5,�+��(2��$�&0�.% ��"�$ +� �-�+$�*(( �+���"� ,��$��&1 "�!�+�����$(
"����(1 ( �*��,( 588�,$()���$( �+���3�#6(% �,)�3(� +�( +��)�-��(( +�- �-

$�)($�&0�.% ).��"�$�, �� ��	 "��>� =�%$� ��2��2�&�* ���"����".  

� ��&�)(1% 4�%$. "��2��2�&�* ���"����"  ����-5,�+��(2��$�&0�.� ��-

"�$. ".&( ).+�&���. ) ,��)�/����/ ).��"�$,� 4 !�+�-��/ &�). +&��$� l7

"&�,� 5 ( ,��)�/����/ ).��"�$,� 13 !�+�-��/ &�). +&��$� l7 "&�,� 3 ""(�" 

 ��. 810 2. ���)�/����1 ).��"�$,� (��) 4 !�+�-��/ &�). +&��$� l7 "&�,� 5 (
�� 13 !�+�-��/ &�). +&��$� l7 "&�,� 3 ""(�"  ��. 810 2 +��)�-(&(�0 ,�2"�/-

��2 ���-32 � +�-�.),�/ "�,�).% +���-, +�(��2 +��)�1 ).��"�$,� +��)�-(-

&��0 +� +���$(���(# � �&0�� � +&��$�, )$���1 – +� � � +�-��(#. � �&0�./
+&��$ l7 "��).-�)�,(/" �� ����$,�% +��)�-��(1 ).��"�$�, �$����� , � ��-

3��2�2� +� )��!�+�.2 )."����2 � &1 (  �!�. �&��$ +���$� � �$����(1 �  ��-

&� (���,�/ 2�6���$0# 0,99-1,29 2. � � &� +�(��$�$)�#$ +�(2��( $���( ��-

�.% ( ,��"���$�.% +���-, &(�!. +������ � 2�$��(�&� � �"(&0�.2 �����1�-

�.2 +(�($�2. � �& +�-��(1 +&��$� 6–10˚, +�(��-��1  �!�������$0 22,9–27,2 

23
/ $ �.".2., ).%�- &�$��(% )�6��$) 6,9–8,5 %, 2��,� � &1 – �, ,��+��$0 � &1  f

= 1,0–1,2. 
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��+����-�$)����1 ,��)&1 +&��$� +��-�$�)&��� �&��*�2( ��!&(��.% &($�$(-

+�):  &(�(�$.2, +�����.2 ( +������- &(�(�$.2. �&��*.  ��(!��$�&0���&�(-

�$.�, $��,�- ( 2�&,�!���(�$.�, +� ��$�/�()��$( – �$ ���-��- -� 2�&���$�/�(-

).% (�"��!�#$ "&�3��#" ,��)&# 2�6���$0# 0,1–0,5 2). 	���)��1 ,��)&1 +&��$�
+��-�$�)&��� ���-���"��4��2.2 +�����.2 �&��*�2 2�6���$0# -� 13,50 2, 

,��+��$0# f = 6-8, ( 2�&,�- ( ���-��!���(�$.2, ���-���"��4��2.2 +�����(,�2
2�6���$0# -� 10,50 2, ,��+��$0# f = 8-10. 

���)� +&��$� ) +��)�/ ).��"�$,� +��-�$�)&���: +�����(,�2 2�6���$0#
 3,7–6,1 2, ,��+��$0# f = 10–12; +�����.2 �&��*�2 2�6���$0# 8,7 2, ,��+��$0#
f = 6–7, � )� )$���/ ).��"�$,� – �&��*�2( ��!&(��.% &($�$(+�): ���-����$�/-

�().2  &(�(�$.2 �&��*�2 2�6���$0# 0,10–1,50 2, ,��+��$0# f = 4, ��$�/�().2
+�����.2 �&��*�2 2�6���$0# 1,50–4,16 2, ,��+��$0# f = 6, ( ���-����$�/�(-

).2, �2������ �,&���.2 , +����(# +������- &(�(�$.2 �&��*�2 2�6���$0#
3,0 2, ,��+��$0# f = 5–6. 

��,$��(���,�� �$����(� ����$,�) +��)�-��(1  ����-5,�+��(2��$�&0�.% ��-

"�$ !�,&#���$�1 ) �&�-�#6�2. ��( +��)�-��(( �� 4 !�+�-��/ &�). +&��$� l7 

"&�,� 5 �3(-��$�1 +��������(� �1-� !�� +�).4����/ $��6(��)�$��$( � �&0�� �
+&��$� ( )2�6�#6(% +���- +��$13�����$0# 55–300 2, �� (�$��)�&� �� 5+10 2
– �� 9 +�� ��!(���$�1 +��������(� !��. $�,$��(���,� � ����4��(1, +��-�$�)-

&���� � ���(�/ -(!@#�,$()�) ��-)( �)� � ( �"����)� � %���,$��� � �2+&($�-

-�2( �2�6��(1 +&��$� 0,4–1,2 2.  

�� ����$,� +��)�-��(1 �� 13 !�+�-��/ &�). +&��$� l7 "&�,� 3 ""(�"  ��. 

810 2 �3(-��$�1 )�$����  ��&� (���,(% ����4��(/ ��!&(��� � %���,$���: $�,-

$��(���,(% ����4��(/ -(!@#�,$()�� � $(+� ) (�$��)�&� � �� 60+8,0 2 +� ��
63 ( � �� 39 +� �� 42+5,0 2, � $�,3�  ��&� (���,� � ����4��(1 +&(,�$()�� �
$(+� ) (�$��)�&� � �� 7+2,5 2 +� �� 13+2,5 2. 
��.  ��&� (���,(% ����4��(/
%���,$��(!�#$�1 �+�����$0# +��1)&��(1 ���, +�).4���� �  �!�).-�&��(1 (
�"��4��(/ +���- ,��)&(. 

�&1 +��)�-��(1  ����-5,�+��(2��$�&0�.% ��"�$ +� �-�+$�*(( �+���"� ,��-

$��&1 "�!�+�����$( "����(1 ( �*��,( 588�,$()���$( �+���3�#6(% �,)�3(� +�(
+��)�-��(( +�- �$�)($�&0�.% ).��"�$�, ) ��&�)(1% 4�%$. "��2��2�&�* ���-

"����" ".&� ��!��"�$��� ( �$)��3-��� ) ��$���)&����2 +��1-,� "��$�-(,�…". 

�� &���� "��$�-(,� +��)�-��(1  ����-5,�+��(2��$�&0�.% ��"�$…" ".&( +�(-

�1$. �&�-�#6(� +���2�$�. �+���3�#6(% �,)�3(�: -&(�� �,)�3(� ) +��).% 5 

*(,&�% "����(1 – 20 2, ) -�&0��/4�2 ��� ".&� �)�&(���� -� 25 2, -(�2�$� �,)�-

3(� 76 22, ,�&(���$)� �,)�3(� 5, ����(3��2�� (% �+���3��(� 10 2. 

��( +�&����(( ���"%�-(2� � �"@�2� (�8��2�*(( ,�&(���$)� �,)�3(� -&(-

��/ 30 2 +��-��2�$�()�&��0 �2��04($0 -� $��% ) ���+���.% +� +�� ��!� !���%, 

� +��,�&0,� ����2�$�()��2.2( ).��"�$,�2( +�����,�&(�0 !��.  ��&� (���,(%
����4��(/, ,�&(���$)� �,)�3(� �2��04��� �� ".&�. 

�%�2� ���+�&�3��(1 �,)�3(� -&(��/ 20 2 ( 30 2, � $�,3� +���2�$�. "���-

�(1 �,)�3(� +�()�-��. �� �(�. 1. 
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�(����, 1 – �%�2� ���+�&�3��(1 ( +���2�$�. "����(1 �+���3�#6(%  

�,)�3(� +�( (% -&(�� 20 2


�"�/ ,��/�(% �,)�3(� -�&3�� ).%�-($0 !� +���,*(( ,��$��� ).��"�$,( ��
����$�1�(� �� 2���� 4 2. ��2���*(1 �,)�3(� (-�$ �&�)� ��+��)� +� !�"�#, +�(
5$�2 �����-���$0 "����(1 �,)�3(� �&�-�#6�1: B 3 (*��$��&0��1), B 2, B1, 

B 4, B 5. �����(� �,)�3(� ���6��$)&1&��0 �$��,�2 ���-1�, ����6()��2.�
4$�� ( (�+�&0!�)�&(�0 -&(��/ 1 2. 

���$��&0 +��*���� "����(1 ���6��$)&1&�1 +� +���2�$��2 �,��$(���,� �
�( ��&� ( !�,&#��&�1 ) �&�-�#6�2. ���8�� �++���$��. ���� 1 !�,��+&1&�1 ��
����$�1�(( -� 3 2 �$ !�"�1 ) �$��,�, +��$()�+�&�3��/ �$ ��$0�) "��(2.% �,)�-

3(�. ��( "����(( �,)�3(�.  ���./ 2��$�� +� +��� �)����2� ��$��/�$)� ��-

�"6�& �+���$��� +�� ��!� � ����&� ( �,�����(( "����(1 �����-�� � (�$��)�&�. 

�&(�� (�$��)�&�) �"��"�$,( +�(�(2�&��0 ��)��/ -&(�� ����6()��2.% 4$�� 
(1 2). 	"��"�$,� �,��$(���,� � �( ��&� ���6��$)&1&��0 � (�+�&0!�)��(�2 +��-

 ��22�� � �"��+����(1 PROGNOZ 4.0 "�����(�  &�"�,(% �,)�3(�". ��8��2�-

$()�.2 +���2�$��2 �&�3(& ,�588(*(��$ �r (�$��4��(� 2�,�(2�&0��/ 5��� ((
�� (�$��)�&�% "����(1 -� 3 2 , 5��� (( �,��$(���,� � �( ��&� $�,�6� � (�$��-

)�&�). ��&( )�&(�(�� ,�588(*(��$� �r +��).�($ 2,5 +� -&(�� �,)�3(�. -� 20 2, 

$� "����(� �,)�3(�. ���"%�-(2� +��,��$($0, $.,. !�"�/ �,)�3(�. )%�-($ ) ).-

"�����+����# !���. ���"%�-(2� +�(�$�+($0 , "����(# ����-��/ +� +��+��$�
�,)�3(�.. ��&( ����-�11 �,)�3(�� "�-�$ +��"����� �� +���,$��#  &�"(��, $�
!�$�2 ���"%�-(2� )����$0�1 , -�"��()��(# +��-.-�6�/ �,)�3(�., ) +��$()-

��2 �&���� ���"%�-(2� "��($0 -�+�&�($�&0��# �,)�3(�� 2�3-� �(2(. ��&( ��
�-��$�1 +��"��($0 -� +���,$��/ -&(�. &#"�# (! �,)�3(�, $� )�$������ �+����1
!���, +���%�-($0 ,�$���# ���"%�-(2� ��� ) ��3(2� ��. 

��&( ,�588(*(��$ +�( ��!,( "�&�� 3,0 +�&���� +�( -&(�� �,)�3(�. "�&��
20 2, $� +�� ��22� ).-��$ ���"6��(� �" �+�����$( !�3�$(1 "���)� � (��$��-

2��$�, ) 5$�2 �&���� ���"%�-(2� �2��04($0 +�-��� (��$��2��$� �� !�"�/ (
�)�&(�($0 -&($�&0���$0 ���4$."�),(. 
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��� � ) %�-� +��)�-��(1  ����-5,�+��(2��$�&0�.% ��"�$ ) �� 4 !�+�-��/ &�-

). +&��$� l7 "&�,� 5 ".&� ).+�&���� 8 *(,&�) "����(1 �+���3�#6(% �,)�3(�
-&(��/ 20 2, +�( 5$�2 2�,�(2�&0�.� !�����(1 ,�588(*(��$� +�( ��!,( �r  +�( "�-

���(( �,)�3(� ��%�-(&(�0 ) -(�+�!��� 1,33–2,01, ���-�(� (! 2�,�(2�&0�.% !����-

�(/ ) *(,&� "����(1 ���$�)&1&( 1,18–1,53. � +��*���� "����(1 �,)�3(� �$��$�$)�-

)�&( +�(!��,( )."�����+�����$(, �� ".&� ���"6��(/ "	+����1 �($��*(1". ���21
"����(1 +�-�)&1#6� � ,�&(���$)� �,)�3(� ���$�)(&� ) ���-��2 58 2(�. 

	$��$�$)(� !�����(/ ,�588(*(��$� +�( ��!,(, +��).4�#6(% ,�($(���,��
!�����(� +�( -&(�� �,)�3(�. 2���� 20 2, ���-�(� �(!,(� !�����(1 +���2�$��
Pr, ��"&#-��(� +��+��$�.% -���.% +� ,�&(���$)� �,)�3(� +�!)�&(&( �-�&�$0
!�,&#���(� �" 588�,$()���$( "����(1 �,)�3(� -&1 +��-�$)��6��(1 )��!�+�.%
)."����) � &1 (  �!� [3]. 

� �� 13 !�+�-��/ &�). +&��$� l7 "&�,� 3 ""(�"  ��. 810 2 �� 01.06.2014  . 
".&� ).+�&���� 28 *(,&�) "����(1 �+���3�#6(% �,)�3(�. ��,�(2�&0�.� !��-

���(1 ,�588(*(��$� +�( ��!,( �r +�( "����(( �,)�3(� (!2��1&(�0 �$ 1,25 -�
5,65, ���-�(� (! 2�,�(2�&0�.% !�����(/ ) *(,&� "����(1 – 1,2–3,5. ��("�&��
).��,�� !�����(� ,�588(*(��$� Pr (5,65) !�8(,�(��)��� +� �,)�3(�� B 1, +��-

"������/ �� �� 11+16,5 2 ) ��/���  &�"(�. 9 2. ��� ��! "	+����1 �($��*(1" 

+� )."����2 � &1 (  �!� ".& !�8(,�(��)�� ) �-(�(��.% *(,&�% "����(1 �,)�-

3(�, +�( 5$�2 "����(� ���$)�$�$)�#6(% �,)�3(� ��$���)&()�&��0 ( "��(&��0
����-�11 �,)�3(��, !�$�2 -�"��()�&��0 +��-.-�6�1. �.��,(� 2�,�(2�&0�.�
!�����(1 ,�588(*(��$� +�( ��!,( Pr �"��&�)&��. ���(�/  ��&� (���,(% ����-

4��(/, %���,$��(!�)�)4(%�1 ��!2.)�2( � �&0�� � +&��$�, (!2����(�2 � �
2�6���$( ( � &� +�-��(1, +�).4����/ $��6(��)�$��$0# � &1. 

�� �$�-((  ����-5,�+��(2��$�&0�.% ��"�$ �*��,� 588�,$()���$( "����(1
�+���3�#6(% �,)�3(� $�,3� ).+�&�1&��0 +�$�2 �+��-�&��(1 ����! ,�3-.� 5 2
+�-)( ��(1 !�"��) ).��"�$�, )�&(�(�. !��. ��! ��!,( +�(!�"�/��/ ���$( +&�-

�$� +� -(��2(,� ����&0��/ �,����$(  �!�).-�&��(1 (! 4+���) �� &���� +. 6.3.6 

[1]. �� ��!�&0$�$�2 �+��-�&��(/ )�&(�(�� !��. ��! ��!,(, �+��-�&1�2�1 +�  �-

!�-(��2(,� (! 4+���), -&1 �"�(% ).��"�$�, ���$�)(&� 1,5–4,0 2. ��( 5$�2, 2�,-

�(2�&0�.� !�����(1 ����&0��/ �,����$(  �!�).-�&��(1 ) �� 4 !�+�-��/ &�).
���$�)(&(: +� 4+��� B 1 – 1,16 &/2(�; +� 4+��� B 2 – 3,26&/2(�; � ) �� 13 !�-

+�-��/ &�). – 3,31 &/2(� +� 4+���2 B 1 ( B 2. ��&�����.� )�&(�(�. !��.
��! ��!,( +�(!�"�/��/ ���$( +&��$� l7 �)(-�$�&0�$)�#$, +�-)(-(2�2�, � ��+�(-

�2&�2��$( -���� � �+���"� �*��,( 588�,$()���$( �,)�3(� +� ���)���(# �
(�.2( �+���"�2(. 

�!)��$��, �$� ���"*(����1 �,$()���$0 2�3�$ ".$0 +�,�!�$�&�2  �!�-(��2(-

���,�/ �,$()���$( � �&0�� � +&��$� [8], +�5$�2� 588�,$()���$0 "����(1 �+�-

��3�#6(% �,)�3(� $�,3� -�+�&�($�&0�� �*��()�&��0 +�$�2 +��(�-(���,� �
(!2����(1 ���"*(���.% +�,�!�$�&�/ � &1, +�� ���$(���,(2 +���2�$��2 ,�$�-

�.% �&�3($ �∆  – +�(��6��(� -�)&��(1 -����"(��)���� �  �!� () 22.�$.�$.). 

�!2����(1 +��)�-(&(�0 � +�2�60# +�("��� �=–1 +� +��"�2 � &1, �$�"����.2
�  &�"(�. 2 2 ( 3 2 ,��$��&0�.% 4+���) B 1 ( B 2 ) &�)�2 ( +��)�2 ,�$,�% ��
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13 !�+�-��/ &�). +&��$� l7. 	+��-�&��(1 +�,�!�$�&1 �∆ ���6��$)&1&(�0 +� 2�-

$�-(,� �� &���� [8, 9], +�( 5$�2 +�&�����.� ��!���($�&0�.� +��).4��(1 !��-

���(/ -�)&��(1 -����"(��)���� �  �!� +� �-(�(��.2 +��"�2 � &1 2� �$ �"@1�-

�1$0�1 ��$��$)���.2 ��!"����2 ) ��2,�% �$�$(�$(���,�/ )."��,(. �� �(�. 2 

+��-�$�)&��  ��8(, (!2����(1 !�����(/ �∆ +� +��/-����/ ���$( �� 13 !�+�--

��/ &�). +&��$� l7. 

�(����, 2 – ���8(, (!2����(1 !�����(/ �∆ +� +��/-����/ ���$( �� 13 

!�+�-��/ &�). +&��$� l7 "&�,� 3 ""(�"  ��. 810 2

��($.)�1, �$� �$�+��0 )."�����+�����$( +&��$� �+��-�&1�$�1 +� 2�,�(-
2�&0��2� (! )��% !�2�����.% ) !�"�� !�����(/ +���2�$�� �∆ , $� �&�-��$ �$2�-
$($0, �$� 2�,�(2�&0�.� !�����(1 �∆ *�&����"��!�� +�(2��1$0 -&1 �*��,( 58-
8�,$()���$( "����(1 �+���3�#6(% �,)�3(�. 

��2(2� ).4��,�!���.% �+���"�) �*��,( 588�,$()���$( �+���3�#6(%
�,)�3(� +�( ).+�&���((  ����-5,�+��(2��$�&0�.% ��"�$ ���6��$)&1&�1 (
)��4�(/ ��!�)(�(2./ �)$�2�$(!(��)���./ ,��$��&0 588�,$()���$( "����(1
�,)�3(� ( "�!�+�����$( +��)�-��(1 ).��"�$�, ,�2"�/��2 ) ,�3-�2 *(,&� ).-
�2,( � &1 +�$�2 )�-��(1 +�� ��!� ��� +� +���2�$��2 �,��$(���,� � �( ��&�. 

� )��0 +��(�- +��)�-��(1 �� 4 !�+�-��/ &�). � "����(�2 �+���3�#6(% �,)�-
3(� (� �� 50+7 2 +� �� 55+7,5 2) +�� ��!� "	+����1 �($��*(1" !�8(,�(��)���
�� ".&�, +���%�-�) �� +��)�-��(� ) ��3(2� �� $�,3� �� ".&�, ���"6��(1
"��� ��!(���$�1 )%�- ) !���  ��&� (���,� � ����4��(1" �$��$�$)�)�&(. �� �(�. 
3 +��-�$�)&��  ��8(, (!2����(1 !�����(/ ,�588(*(��$� )."�����+�����$( (�)) 
+� -&(�� ).��"�$,( �� ����$,� +�(2����(1 �+���3�#6(% �,)�3(�. �!  ��8(,�
�&�-��$, �$� "����(� �+���3�#6(% �,)�3(� �"��+��()��$ ��)��2����� ��!)(-
$(� ����&���(/ +���- ,��)&(, $�2 ��2.2 �$��$�$)�#$ ��&�)(1 -&1 !�-��3,( -�-
8��2�*(/ ,��)&( ( �"��+��()��$�1 +&�)��1 ��! ��!,� ( -� �!�*(1 +�(!�"�/��/
���$( +&��$� ) +��-�&�% !��. �"��"�$,( �,)�3(��2(. ��! ��3�#6�� )&(1�(�
�,)�3(� �$��3��$�1 ( �� -(��2(,� (!2����(1 !�����(/ ,�588(*(��$� )."����-
�+�����$( �) ) ).��"�$,�, ,�$���1 �� &���� �(�. 3 ���($ ��)��2���./ %���,$��
"�! ��&(�(1 ���2�&0�.% !��. 
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�(����, 3 – 
�����(1 ,�588(*(��$� )."�����+�����$( �) +� -&(�� �� 4 

!�+�-��/ &�). +&��$� l7 "&�,� 5 �� ����$,� "����(1 �+���3�#6(% �,)�3(�
� �� 50+7 2 +� �� 55+7,5 2

7$� ,����$�1 +��)�-��(1 �� 13 !�+�-��/ &�). +&��$� l7 � "����(�2 �,)�3(�, $�
�&�-��$ �$2�$($0, �$� ,�, ( ) +��)�2 �&���� !� )��0 +��(�- ��"&#-��(/ +���%�-�)
�� ��3(2 �� �� ".&�, $.�. ��!�&0$�$. )�-��(1 +�� ��!� )."�����+�����$( +� +�-

��2�$��2 �,��$(���,� � �( ��&� �)(-�$�&0�$)�)�&( �" 588�,$()���$( +��)�-��(1
����2�$�()��2.% ).��"�$�, ,�2"�/��2 � "����(�2 �+���3�#6(% �,)�3(�. 

� ��!�&0$�$� ).+�&����.%  ����-5,�+��(2��$�&0�.% ��"�$ ) �� 4 !�+�-��/
&�). +&��$� l7 "&�,� 5 (8 *(,&�) "����(1 �,)�3(�) ( �� 13 !�+�-��/ &�). +&��$�
l7 "&�,� 3 ""(�"  ��. 810 2 (28 *(,&�)) ".&� +��"����� ) �"6�/ �&�3���$( 165 

�,)�3(� -&(��/ �$ 20 -� 25 2. ���/-��� 404,5 2 ).��"�$�,. ��( +��)�-��((
).��"�$�, $�,�6(2 +�� ��!�2 �+�����$( ��� +� +���2�$��2 �,��$(���,� �
�( ��&� �+���.% !�� ��$���)&��� �� ".&�, +�(��2 ,�, +�( "����(( �,)�3(�, $�,
( +�( +��)�-��(( +��-�+��-($�&0�.� +�(!��,( ��� �� ��"&#-�&(�0. 
�"�12(
).��"�$�, ".&( +��������. !��.  ��&� (���,(% ����4��(/ �"6�/ +��$13��-

���$0# 300 2 $�,3� "�! +��1)&��(1 +�(!��,�) ���. 

���-�$�)&1�$ (�$���� ���&(! ���+��-�&��(1 2�,�(2�&0�.% !�����(/ ,�58-

8(*(��$� Pr +� -&(�� "����(1 �,)�3(� ) �� 13 !�+�-��/ &�). +&��$� l7 (�(�. 4). 

�! �(�. 4 �&�-��$, �$� 2�,�(2�&0�.� !�����(1 ,�588(*(��$� Pr ���$)�$�$-

)�#$ 18, 19, 20 2 (�$��)�&� "����(1 �,)�3(� ("�&�� 60 % �"6� � ,�&(���$)�), �
+��).� 10 2 "����(1 �,)�3(� +�(%�-1$�1 �� ��6��$)���� ��! ��3����# !���, 

�$� �"@1��1�$�1 ��&(�(�2 10-$( 2�$��)� � ����(3��2� � �+���3��(1 �,)�3(�
(!��� -)�/��/ �"��"�$,(). 
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�(����, 4 – �(� ��22� ���+��-�&��(1 2�,�(2�&0�.% !�����(/ ,�588(*(��$�
+�( ��!,( Pr +� -&(�� �,)�3(� ) �� 13 !�+�-��/ &�). +&��$� l7  

��,(2 �"��!�2, +���2�$�. "����(1 �+���3�#6(% (��! ��!���.%) �,)�3(� (+1$0
�,)�3(� -&(��/ 20 2 � ����(3��2.2 �+���3��(�2 10 2) 1)&1#$�1 �+$(2�&0�.2(
-&1 -���.%  ����- ��&� (���,(% ��&�)(/, +�( 5$�2 �"��+��()��$�1 ��! ��!,� 10-

2�$��)�/ !��. )+���-( !�"��) +��)�-(2.% ).��"�$�,, � 2�,�(2�&0�.� ��+�13��(1
"�$�-)(��$." �� 2�,�(2�&0�� )�!2�3��� �-�&��(� �$ !�"�1 ).��"�$,(.  

�;�	�;.  

1. ��&�����.� ��!�&0$�$. +��)�-���.% (��&�-�)��(/ +�!)�&(&( �+��-�-

&($0 �+$(2�&0�.� +���2�$�. �+���3�#6(% �,)�3(� -&1 +��-�$)��6��(1 ���
+�( +��)�-��(( +�- �$�)($�&0�.% ).��"�$�, ) ��&�)(1% ��	 "��>� =�%$�
��2��2�&�* ���"����": -&(�� �,)�3(� – �� 2���� 20 2, ����(3��2�� (% �+���-

3��(� – �� 2���� 10 2, ,�&(���$)� �,)�3(� – 5. 

2. �&1 ,��$��&1 +��*���� "�!�+���� � "����(1 �+���3�#6(% �,)�3(� (
�*��,( (% 588�,$()���$( +� +���2�$��2 �,��$(���,� � �( ��&� +��-&�3�� +��-

 ���$(���,(/ +���2�$� Pr – ,�588(*(��$ +�( ��!,(, �+��-�&��. ,�($(���,(�
!�����(1 -���� � +���2�$��. 

3. ���2� )��$����� � ,��$��&1 588�,$()���$( "����(1 �+���3�#6(% �,)�-

3(� �� ����)� +���2�$�� Pr ���"%�-(2 )��4�(/ ��!�)(�(2./ �)$�2�$(!(��-

)���./ ,��$��&0 588�,$()���$( �,)�3(� +�$�2 ).+�&���(1 +�� ��!� ��� +�
+���2�$��2 �,��$(���,� � �( ��&� ) ,�3-�2 *(,&� +�-)( ��(1 ).��"�$,(. �
���"� �&�3�.% ��&�)(1% – !���%  ��&� (���,(% ����4��(/, !���% ���, -�+�&-

�($�&0�� ���"%�-(2� ����! ,�3-.� 5 2 +�-)( ��(1 !�"�1 ).��"�$,( +�(2��1$0
+�� ��! )."�����+�����$( +� ���"*(���.2 +�,�!�$�&12 � &1. 
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A. Nikiforov, R. Bogoudinov, M. Ryzhkov, A. Chernigovtseva 

Makeevsky Research Institute 

vul. Likhacheva, 60, Makeevka, Donetsk region, Ukraine. 

The article analyzes the experience of the application of advance boreholes, show-

ing their advantages and disadvantages. The results of the mining and experimental 

work in the mines of the industry on adaptation a method of controlling the process of 

drilling and evaluation of their effectiveness in driving of mining workings are pre-

sented. The optimum parameters of boreholes for the conditions of mine "Komso-

molets Donbass" are determined. Drilling parameters of advance boreholes (five bore-



������� � ����	
	��� 
���	������� ��������� �	��� �� ������
�	������ � � ���
����� ��	���

������� ����������� �!"��� �#�� $�%��&� �'  ���(�� � )(��"�(*$)�. �(+��, 2/2014(14). 

96 

holes, 20 m long with a minimum advance of 10 m) are optimal and provide unloading 

of 10-meter area in front of faces of conducted workings for these mining and geologi-

cal conditions. The criteria of the safety of drilling and assessing the effectiveness of 

boreholes in the parameters of the acoustic signal are determined. The criteria of the 

safety of drilling and assessing the effectiveness boreholes in the parameters of the 

acoustic signal are determined. 

Key words: gas-dynamic phenomena, advance boreholes, forecast, coal seam. 
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