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��&04(� -�8��2�*(( +���- +��). 1)&1#$�1 �-��/ (! ����)�.% +�(�(�, 

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

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

	��"���� ��$�� 5$� +��"&�2� �"�!������ ) � �&0�.% 4�%$�%, )�-�6(% ��"�$.
�� "�&04(%  &�"(��%. �&�)�.2 8�,$���2, �+���"�$)�#6(2 )�!�(,��)��(# +�-

���(1 +���- +��)., 1)&1�$�1 ���)��0 ��+�13��(/ -�/�$)�#6(% ) +�(,��$����2
+���-��2 2���()�. ��- (% -�/�$)(�2 +���-. +&��$(���,( ��!�.%&1#$�1 ( +�-

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

�&1 �*��,( +���2�$��) �+�� �+&��$(���,� � ���$�1�(1 +���-�� � 2���()�, 

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

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

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

588(*(��$ -(&�$���((, +&��$(���,�� ��!�.%&��(�. 
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��$$9)� -�8��2�*�' +���- +�-�4)( 9 �-��9# ! ����)�(% +�(�(�, 1,� !�(3�9
�$�/,��$0 +�-!�2�(% )(��"�,, 6� !"�&04�#$0 �,�+&��$�*�/�� )($��$( �, 1, ���&�-
-�,, ��"�)��$��$0 )(-�"�$,� ,��(��(% ,�+�&(�. 	��"&()�  ��$�� *1 +��"&�2�
+�!������ � )� �&0�(% 4�%$�%, 6� )�-�$0 ��"�$( �� )�&(,(%  &("(��%. ��&�)-

�(2 �(��(,�2, 6� �+�(19 )(�(,����# !-(2���1 +���- +�-�4)(, 9 ��)��0 ��+��-

3��0, 6� -�#$0 ) +�(,��$����2� +���-��2� 2��()�. ��- '% -�9# +���-( +&�-

�$(��� ��!�(%&##$0�1 � +���2�6�#$0�1 )����-(�� )(��",( ! �$)�����12 !��(
��+��3�(% -�8��2�*�/. �&1 �*��,( +���2�$��) +��3��-+&��$(��� � �$��� +�-

��-�� � 2��()�, 6� )2�6�9 )(��",�, +�$��"�� !����1 ,��8�*�9�$� -�&�$����', �"�
+&��$(��� � ��!+�4���1. ��)�-��� +��$���),� !�-��� -&1 /� � )(!������1 $�
�$�(2��� ,�&0,���� !������1. 

�%&# �0 )% �!: !-(2���1 +���-, +�-!�2�� )(��",�, +&��$(����$0, ,��8�*�9�$
-�&�$����', +&��$(��� ��!+�4���1. 
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:�	��: ���	�;. �  &�"�,(% ).��"�$,�% � �&0�.% 4�%$ ��("�-

&�� ���$� )�$����#6(2�1 +��1)&��(�2  ���� � -�)&��(1 1)&1�$�1 +����(� +�-

��- +��).. � � (��&�-�)��(� )�� -� ��+�13��� � �+��-�&���.2( $��-���$12(.  

��( 5$�2 � +��,$(���,�/ $��,( !���(1 )�3�� !��$0, ,� -� ( ,�,�/ �"@�2 +���-
+�(-�$�1 �"(��$0 � *�&0# )���$���)&��(1 8��,*(���&0�� � ��!�����(1 ).��-

"�$,(. 7��$��/ !�-���/ 1)&1�$�1 �+��-�&��(� ,�588(*(��$� +&��$(���,� � ��!-
�.%&��(1  ���.% +���-, )�)&�����.% ) +��*��� -�8��2(��)��(1. 

<�&0 ��"�$. – ��4($0 !�-��� � )�&(�(�� ,�588(*(��$� +&��$(���,� � ��!-
�.%&��(1 +���- ) +�(,��$����/ !��� ).��"�$,( � +���6�/ +��)�/. 

�������
 � ���
:���; ���
��	�����. ���*��� +����(1 +���-
+��). )  ���.% ).��"�$,�% +��$�,��$ )� )��2��( �$ ��&1 -� ��,�$���/ ,����-

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

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

&��(1  ���� � -�)&��(1. >$� �"�$�1$�&0�$)� �$��3��� �� �(�. 1,  -� )�&(�(��
∗
nU  – +��-�& (+��� ) +����(1. 

�(����, – 1 ���*��� +����(1 ( +�-�.),( +���- +��).

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

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

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

� ���$)�$�$)(( � �(�. 2 )�&(�(�� +�-�.),( +���- +��). ����h !� )�� )��21

�&�3". ).��"�$,( ���$�)($: 

����� hnh ×= ,     (1) 

 -� n  – �(�&� +�-�.)�,; 

      �h  – ).��$� +�-�.)��2� � �&�1 +���-. 
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�(����, – 2 �����$��1 �%�2� , �+��-�&��(# ,�588(*(��$�
+&��$(���,� � ��!�.%&��(1

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

)�-��(1 ).��"�$�,  ( �$��"�$,( &�), 2�3�� +�(�1$0, �$� 1=n , $� -� n���� hh = .  

��-1 +� ��$���.2 ��"&#-��(12 !� ���$�1�(�2 +���- ) +�(,��$����/ �"-

&��$( ).��"�$�, ) �,$()��2 +��*���� -�8��2(��)��(1 ( +���2�6��(1 ),&#��-

�. +���-., ��%�-16(��1 ) �(3��/ ���$( !��. ���+�� (% -�8��2�*(/ 1S , ( +�-

��-., ,�$��.� )�)&����. ) +��*��� +����(1 – 2S . ��&(�(�� 1S ��)��  

( )2

0

2

1
2

1
RRS i −= π ,     (2) 

 -� 1R  – ��-(��  !��. ���+�� (% -�8��2�*(/; 

      0R – +�&�+��&�$ ).��"�$,(. 

��&(�(�� 2S � ��!���($�&0��/ +� ��4���$0# 2�3�� +��-�$�)($0 ,�, +&�-

6�-0 $��� �&0�(,� 	�
: 

( ) ( )iniini RRRRRRRRS −+=−+= 002 2
2

1
,   (3) 

 -� nR  –  &�"(�� +���- �� �$����. +��)., )�)&�����.% ) +��*��� +����(1. 

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

00 22 RnhhRS ��n == .     (4) 

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

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

�.2( )�&(�(�� 05,1 RRL ≈′ , � )�&(�(�� 0RRn ≈′ . �� -� ).��3��(� (6) 2�3�$ +�-

�&� +���"��!�)��(/ ".$0 +��-�$�)&��� ) �&�-�#6�2 )(-�: 

0

1
R

nhn+=β .      (7) 

��,, +�( 1=n , 12,1=β , �$� ��)+�-��$ � +��-+�&�3��(12( �. 
�"���� [2] (
-�� (% (��&�-�)�$�&�/.  

���*��� +����(1 ���($ 1�,� ).��3���./ )��2����/ %���,$��, $.�. ( )Tββ = , 

 -� T  – )��21. >$� ��%�-($ �)�� �$��3��(� ) ,�&(���$)� +�-�.)�,, ���+��-�-

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

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

�;�	�;.  

1. ���$�)&��� ( ��4��� !�-��� � )�&(�(�� ,�588(*(��$� +&��$(���,� � ��!-
�.%&��(1 +���- ) +�(,��$����/ !��� ).��"�$,( � +���6�/ +��)�/. 

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

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