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sic reason for deterioration of the mining equipment parts is processes of plastic bear-

ing stress, fragile chipping and micro- and macro-scratching. Reserves of increase 

parts wear resistance hardened by explosion are connected with optimization of pa-

rameters of the hardening process and development of the combined technologies of 

treatment. A method of combined hardening of excavator bucket teeth is offered. The 

method includes hardening by a contact charge and shock waves from collision with 

the plate being thrown. Schemes of processes ensuring high efficiency of hardening of 

excavator bucket schemes are developed. 

Key words: wear resistance, excavator bucket teeth, Gadfil'd steel, explosiveth-

ermal treatment, combined technologies. 
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4�0�%*)�1 4)��1)���- 0 ��!��"-)  % 1�6)� )  # ��4 *��)5. � 4��� 1 - �%�--

�%� , '���� % �� � ���')%)���- � ��6��)� "�4��)  *3��74���3& - '�#��)5&
#��- ���� 0 * ,'��� ,')%3, � ���, ' 7��� 0 * �E +��%�� % ���� 0 1��� 0, ��
�,��! 1 �)�-'�� *�- 1  �� *��)). .'5 , '����)5 ��6��)5 )�, '2" *�'��2
%�&�)-� )�%�!��'2�3& ,�� #��" *��)0 �����'5. ��%�� *'�� , �% �� : �13 - -

'�#��)0 ,')%3 ��9��%*��� � *')5�)�  -�"3*�$% �� % '9)��, ,' %� �%2, ���% -

%� )"1����)5 * *��1��) ,�)' 7��� 0 - ,')%� *��6��0 ��!��"-) ) 7��%- �%�3�
�* 0�%*�  �� *��)5. 

'()"�*" �'���: *3��74���3� �%�+) ����3� - '�#��)5, :��4�1��%3 , 4
1�6)�3 )  # ��4 *��)�, ��,�57��� -4�: �1)� *��� � � �% 5�)� #��- ���� 0
,')%3. 
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.��,� ,�%� *�2-)0 ��+� ��'2�)0 ���*���)%�% "�'�"�)�� ! %����, �%�  

�1��� �-�4�1�-� �. ��"��5��  

*�'. ��"��5��, 2, 1. .��,� ,�%� *�2-, 49000, �-��(��. 

�)- ��� ���'�" %� 1�%�1�%)��� 1 4�'$*���5 "�4���, ,�)�*5��� ( *)"�����-

�$ �1,'�%�4 *)1�6��)& - ')*��2 ,')%�)& :��4�1��%�* ,�4 *,')* 1 4)��1��-

� ! ��*��%�7���5 *�4 1�6)� %�  #'�4����5. � 4�� 1� - �%�-�%�  %�)1�� 
% ��� ���'�%)��� ��6���5 "�4��� ,� *)1�6��� - ')*���5 ���-������ ( * ,'���
,')%), " � "%�6 *�� $ * (( +��%�� % �- * $ 1�� $, �� ���-'�� *�2-�0 ,��7��0
 �� *�. .'5  %�)1���5 � "*’5"-�  *)- �)�% *�*�'��2 %�&��-� ��%�!��'2�)& ,���-
%* ���2 ����'5. ��%�� *'�� , 9 �� : �1� - ')*��2 ,')%) ��%%;* *,')*�$%2 ((
% *9)��, 9�'2���%2, ���% %� "1��) * ���� " *��6�2 ! ��*��%�7���5 %� 7 ��%-�-
��� *'��%)* �%�  �� *). 

'()��1 �'���: *)1�6��� �%�+� ����� - ')*���5, :��4�1��%) ,�4 1�6)�)
%�  #'�4����5, ��,��7�� -4�: �1 *��)0 �%�� ���-������ ( ,')%). 

������<��
�< 	����=. /�) ��6��)) ,��-%)���-)& "�4�� ,� �-%)� -

*��)5 "4��)0 ) �  ��7��)0, * "*�4���3& �� �,' 6� 1 ,')%� 1 :��4�1��%�, 
 ���2 ���% * "�)-��% �� #& 4)1 �%2 ���%� 4)��1)���- ! * "4�0�%*)5 ���, -

' 7��� ! �� ��1  # ��4 *��)5 �� )& ����9)� - ��%��-+)) [1–3]. /�) 8% 1
%�-7� ��9��%*��% ,� #'�1� ���%� *"�)1� ! *')5�)5 ���, ' 7���3& * ��"')�-

�3& 1��%�& �� ,')%� 1 :��4�1��%� 1�6)� )  # ��4 *��)5 � 4)��1)���-)1)
��!��"-�1) (* 4��� 1 �'���� )1�$% 1��% %�&� ' !)���-)� ) 8- ' !)���-)�
,� #'�13). 
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� 8% 0 �*5") ,� #'�1�  ,��4�'��)5 �1,')%�4 ) : �1 *3��74���3& - '�#�-

�)0,  #��' *'���3& 4)��1)���-)1) * "4�0�%*)51) �� ,')%�3� :��4�1��%3
���, ' 7���3& �� �)& 1�6)� )  # ��4 *��)5, 5*'5�%�5 �-%��'2� 0 ) %��#��%
�* �! ��6��)5. 

��4��� )��'�4 *��)0 �: �1�')� *��� %�-. �,��!)� �* 0�%*� !���% * !  �-

� *��)5  ,)�3*�$%�5 � )�, '2" *��)�1 - 8::)+)��%� , �%�') zC . /')%� �� !-
���)����3& ��"1�� * )1��% % '9)�� h , � ,' %� �%2 �� 1�%��)�'� ��*�� ρ . �
+��%�� ,')%3 ,�)' 7��� *��%)-�'2��5 � ���4 % �����5 �)'� P, � *��6�$9�5
!��1 �)���-)� - '�#��)5 � ���% % 0 ω , ) 1���� �. ���#��%�5  ,��4�')%2 "�*)-

�)1 �%2 �1,')%�43 *3��74���3& - '�#��)0 ,')%3 W * % �-� � -  �4)��% 0 r

 % *��1��) t . 

/ ,3%-� ��6��)5 #')"- 0 , �13�'� "�4��) ,��4,�)�)1�'��2 �*% � 1 ��-

# % [4, 5]. /�) 8% 1 * , '�����3� )1 ��"�'2%�%3 "�-��')�2 %�-)�  6)#-) ) ��-

% �� �%): 

1.� ���*���)) )"!)#� ,')%3 (3.122) �� �%���)+� 114 *1��%  ,���% ��
2

2

1d d
D

r drdt

� �
⋅ + ⋅� �
� �
� �

�'�4��% ,)��%2
2

2

1d d
D

r drdr

� �
⋅ + ⋅� �
� �
� �

, !4� D  – +)')�4�)���-�5 7�-

�%- �%2 ,')%3; r  – -  �4)��%�; t  – *��15. 

2./�) , 4�%�� *-� , '����� ! �*% � 1 ��6��)5 * *)4�
( ) ( )1W r K kei r= ⋅ α ⋅ * ���*���)� 4'5  ,��4�'��)5 �1,')%�4 - '�#��)0 ,')%3

*)4�  

( ) ( ) ( )
( ) ( )

2
2

2 2
12

1

2
z

rd d
D W r C h W r Q m C

r dr rdr

� � δ
⋅ + ⋅ ⋅ + − ρ ⋅ ⋅ ω ⋅ = ⋅ + ⋅ ω −� �
� � ⋅ π ⋅� �

)1��% 1��% ����*���%* *)4�
( ) ( )2

10
2

r
Q m C

r

δ
≠ ⋅ + ⋅ ω −

⋅ π ⋅
, %.�. 4��� � ��6��)�

�� 5*'5�%�5 *���31. 

�4��2 ( )kei x  – 1 4):)+)� *����5 :��-+)5 ��-4 ��'24� � ��'�*31 )�4�--

� 1 [6]; ( )rδ  – 4�'2%� – :��-+)5 .)��-�; 
2

4
1

zC h

D

− ρ ⋅ ⋅ ω
α = ; K  – - 8::)+)-

��% ,� , �+) ��'2� �%); m ) 1C  – �  %*�%�%*��� ���, ' 7���3� * +��%��
,')%3 � ���4 % ����3� 1���� ) 7��%- �%2. 

� 8% 0 �*5"), **)4� ,��-%)���- 0 ) %� ��%)���- 0 "���)1 �%) ����1�%�)-

*��1 0 "�4��), +�'��  #��"� , '��)%2 �� ,��*)'2� � (* ��1-�& ,�)�5%3& 4 -

,�9��)0) ��6��)�. �� 4 �%)7��)� 8% 0 +�') ) ��,��*'��3 1�%��)�'3
)"' 7���3& �)7� )��'�4 *��)0. 

��'2$ ��# %3 5*'5�%�5  ,��4�'��)� �1,')%�4 *3��74���3& - '�#��)0
!'�4- 0 #��- ���� 0 * ,'��� ,')%3, � ���, ' 7��� 0 * �E +��%�� % ���� 0 1��-

� 0, ��  �� *��)) �)�-'��� -�- :��-+)0 -  �4)��% ) *��1��). 
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����	��� � 	����<���= �

��.������. 
 !'���  [6, 8, 9] "�*)-

�)1 �%2 ,���1�9��)5 !'�4- 0 ,')%3, � ���, ' 7��� 0 * �� +��%�� 1��� 0 �,  

 % *��1��) t * % �-� � -  �4)��% 0 r * , '5�� 0 �)�%�1� -  �4)��% )1��% *)4: 
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�4��2, ( )rδ  – 4�'2%�-:��-+)5 .)��-� [3]. 

	�6��)� 4)::����+)�'2� ! ���*���)5 (1), 4'5 ��& 74��)5 ,� !)#� ,')%3
W, )9�1 * *)4�: 
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0 ααααω drJAeW ti ⋅⋅⋅⋅= �
∞

         (2) 

!4� ( )A α  – , 4'�7�9�5  ,��4�'��)$ :��-+)5 ,���1�%�� α , � ( )0J rα ⋅  – 

:��-+)5 �����'5 ,��* ! � 4� � ��'�*31 )�4�-� 1 [3]. 
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�3��7��)� (19) ,��4�%�*'5�% � # 0 )�- 1�$ "�*)�)1 �%2 ,� !)#� ,')%3  %
-  �4)��%3 ) *��1��), % !4� -�- *3��7��)� (21) ��%2 "�*)�)1 �%2  %� �)%�'2-
� ! ,� !)#�  % ,���1�%�� �, !4� �  ,��4�'5�%�5 *3��7��)�1 (14). 

�=��.=. 1. / '���� ���')%)���- � ��6��)� "�4��)  *3��74���3& - -
'�#��)5& #��- ���� 0 ,')%3, � ���, ' 7��� 0 * �E +��%�� % ���� 0 1��� 0, ��
 �� *��)) �)�-'���. 
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V. Andreev 
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V.  Lazaryan 
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The analysis and mathematical modeling of the problem concerning the definition 

of forced vibrations amplitude of slab foundation under dynamic load of machinery 
and equipment are performed. In this context, an exact analytical solution of forced 
vibrations in terms of an infinite slab with a point mass located in its center is ob-
tained, assuming the plate is resting on an elastic Winkler footing. To obtain the solu-
tion it is integral Bessel transformation technique that was used. 

Findings show that waveforms of the plate are significantly influenced by thick-
ness and density of the plate, as well as by frequency changes of the external load ap-
plied to the plate and by stiffness properties of the base. 

Key words: forced stationary vibrations, foundations for machinery and equip-
ment, the stress-strain state of an infinite slab. 
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