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��..*�+!�1�,+.4 .6&.&0 /�/75,#�4 +,8#�7,.)�8 6&)�$�+,�,( 21/.+&!&##,( &0!�0&+)� +&!%&1 )&�:%,1'8
$�"&+&1&)  

Discloses a method for improving technical performance two-way end processing ring blanks 

�&1'5,#�, @��,)+�1#&.+� 6!&�$1&2.+1� � )�7,.+1� 1'6/.)�,*'8 �$2,��(  – &2#� �$
&.#&1#'8 $�2�7, 6&.+�1�,##'8 1 *�5�#&.+!&,#��. �&1,!5,#.+1&1�#�, &6,!�%�� 6�&.)&"&
5���&1�#�4 1 )!/6#&.,!�(#&* 6!&�$1&2.+1, 6!�1,�& ) .&$2�#�9 #&1'8 .+�#)&1 – 21/.+&!&#-
#�8 +&!%,5���&1��:#'8 �1+&*�+&1. 

�1/.+&!&##,, 5���&1�#�, 41�4,+.4 !�$#&1�2#&.+:9 +&!%&1&"& 5���&1�#�4 � 6&1'-
5�,+ ,"& 6!&�$1&2�+,�:#&.+: $� .7,+ &2#&1!,*,##&( &0!�0&+)� 21/8 6!&+�1&6&�&3#'8 6�-
!���,�:#'8 +&!%&1. �!� 21/.+&!&##,* 5���&1�#�� #, +!,0/,+.4 6!,21�!�+,�:#&( 6&2"&+&1-
)� 0�$', )�) 6!� &0!�0&+), #� 6�&.)&5���&1��:#'8 .+�#)�8. 

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

;,�: !�0&+': /�/75,#�, �*,9A�(.4 +,8#&�&"�� &0!�0&+)� )&�,% 6&25�6#�)� 6!�
21/.+&!&##,* +&!%,5���&1�#��. 

�1/.+&!&##,, 5���&1�#�, &0,.6,7�1�,+ *��', &+)�&#,#�4 &+ 6�!���,�:#&.+� � 6�&-
.)&.+#&.+� 0&)&1'8 .+&!&# 6!� &7,#: 1'.&)&( 6!&�$1&2�+,�:#&.+� &0!�0&+)�. 	.#&1#'* #,-
2&.+�+)&* 21/.+&!&##�8 +&!%,5���&1��:#'8 .+�#)&1 41�49+.4 0&�:5�, 6&1,!8#&.+� )&#+�)-
+� !,3/A,"& �#.+!/*,#+� . 2,+��:9, 1'$'1�9A�, �#+,#.�1#&, 1'2,�,#�, +,6�&+'. �&@+&*/
#� +�)�8 .+�#)�8 6!�*,#49+ *4")�, )!/6#&$,!#�.+', )!/"� #� 0�),��+&1&( .14$),, !�0&+�9-
A�, 1 !,3�*, .�*&$�+�7�1�#�4. [2] 

�/A,.+1/9+ !�$��7#', *,+&2' 2�4 &0!�0&+)� +&!%&1 )&�,% 6&25�6#�)�, #& .�*'(
6!&�$1&2�+,�:#'( @+& 5���&1�#�, #� 6!&8&2 )&!&+)�8 %���#2!�7,.)�8 2,+��,( +�6� )&�,% �
2�.)&1. 	0!�0�+'1�,*', 2,+��� .1&0&2#& 0,$ $�)!,6�,#�4 6&2�9+ 1 $&#/ 5���&1�#�4, 6!�#/-
2�+,�:#& 6!&+��)�1�4 2!/" 2!/"� *,32/ 21/*4 5���&1��:#'*� )!/"�*�. � $&#, 5���&1�#�4
2,+��� .�*&/.+�#�1��1�9+.4 6& !,3/A,( 6&1,!8#&.+� )!/"&1 � 21�"�9+.4 *,32/ 1,!8#,( �
#�3#,( ��#,()�*�.  

�,2&.+�+&) 2�##&"& .6&.&0� .&.+&�+ 1 +&*, 7+& &# #, &0,.6,7�1�,+ 1'.&)&"& )�7,.+1�
&0!�0&+�##&( 6&1,!8#&.+�. -+& &0B4.#4,+.4 +,*, 7+& !,3/A�, 1'.+/6' )�32&"& 5���&1��:-
#&"& )!/"� �*,9+ .1&9 6&.+&4##/9 5�!�#/. �!� @+&* #�"!/$)�, &6!,2,�4,*�4 &0B,*&* .#4-
+&"& *,+����, #� )�32'( !,3/A�( 1'.+/6 0/2,+ !�$��7#�4. �!� 21�3,#�� $�"&+&1&) . 6&.+&-
4##&( .)&!&.+:9 6!&2&�:#&( 6&2�7� #��*,#:5/9 #�"!/$)/ 0/2/+ �.6'+'1�+: !,3/A�, 1'-
.+/6', #�8&24A�,.4 0��3, ) 6,!��,!�� )!/"�, � #��0&�:5/9 - 0��3, ) %,#+!/ )!/"�. ��) )�)
!,3/A�, 1'.+/6' 1'6&�#,#' )&#%,#+!�7#&, +& #��0&�:5,, )&��7,.+1& �0!�$�1#'8 $,!,# #�-
8&2�+.4 #� #��0&�:5,* !,3/A,* 1'.+/6,, � #��*,#:5,, - #� #��*,#:5,* !,3/A,* 1'.+/6,. 
��,2&1�+,�:#&, #� 2&�9 �0!�$�1#'8 $,!,#, #�8&24A�8.4 #� #��0&�:5,* � #��*,#:5,* !,3/-
A�8 1'.+/6�8, 6!�8&24+.4 !�$��7#', *�)!&&0B,*' /2��4,*&"& *,+����. ��$��7#�4 #�"!/$)�
#� )�32'( !,3/A�( 1'.+/6 6!�1&2�+ ) #,!�1#&*,!#&*/ �8 �$#&./. ���0&�:5,*/ �$#&./ 0/-
2,+ 6&21,!3,# #��*,#:5�( !,3/A�( 1'.+/6. � !,$/�:+�+, &0!�0&+�##�4 6&1,!8#&.+: 2,+���
�*,,+ 6&1'5,##', 6&)�$�+,�� 6& #,6�&.)&.+#&.+� � #,6�!���,�:#&.+� +&!%&1. 

��)�* &0!�$&*, 6!�*,#,#�, �#.+!/*,#+� . 6&.+&4##&( 5�!�#&( !,3/A�8 1'.+/6&1 1
.6&.&0, 21/.+&!&##,( &0!�0&+)� +&!%&1 2,+��,( #, &0,.6,7�1�,+ 1'.&)&"& )�7,.+1� &0!�0&-
+�##&( 6&1,!8#&.+�. 
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�,8#�7,.)�( !,$/�:+�+ 2&.+�"�,+.4 +,*, 7+& 1 .6&.&0, 21/.+&!&##,"& +&!%&1&"& 5��-
�&1�#�4 $�"&+&1&) . %,#+!��:#'* &+1,!.+�,*, 1)�97�9A,* �8 6!&2&�:#/9 6&2�7/ 1 2��*,+-
!��:#&* #�6!�1�,#�� *,32/ 21/*4 1!�A�9A�*�.4 �0!�$�1#'*� )!/"�*� . )&#%,#+!�7#&
!�.6&�&3,##'*� �0!�$�1#'*� � 0,$�0!�$�1#'*� $&#�*� #� �8 +&!%�8, �.6&�:$/9+ �0!�$�1-
#', )!/"� . �0!�$�1#'*� $&#�*� 6,!,*,##&( 5�!�#'. 

�.6&�:$&1�#�, 6!,2��"�,*&"& +,8#�7,.)&"& !,5,#�4 6&$1&�4,+ . /7,+&* !,3�*#'8 6�-
!�*,+!&1 &0!�0&+)� 2&0�+:.4 !�1#&*,!#&( #�"!/$)� #� )�32/9 �0!�$�1#/9 $&#/ 5���&1��:-
#&"& )!/"�, 6!� @+&* &0B,* *,+����, 6!�8&24A�(.4 #� )�32&, $,!#&, 7+& &6!,2,�4,+ #�"!/$)/
#� #,"&, &.+�,+.4 1,��7�#&( 6&.+&4##&( � #, $�1�.�+ &+ 6&�&3,#�4 $,!#� 1 !�0&7,( $&#, )!/-
"�. � !,$/�:+�+, 6!&�.8&2�+ .�#8!&##'( (!�1#&*,!#'() �$#&. )�32&( �0!�$�1#&( $&#' 5��-
�&1��:#&"& )!/"�, 7+& &0,.6,7�1�,+ .+�0��:#&, 1'.&)oe )�7,.+1& &0!�0&+)�. 

�,$/�:+�+' �.6'+�#�( 6&)�$���, 7+& #� !�0&7,( 6&1,!8#&.+� )!/"� 6!&�.8&2�+ .�#-
8!&##'( (!�1#&*,!#'() �$#&. )�32&( �0!�$�1#&( $&#'. �� .7,+ @+&"& 6&1'.��&.: )�7,.+1&
&0!�0&+)� 6& 6�!�*,+!�* #,6�&.)&.+#&.+� � #,6�!���,�:#&.+� +&!%&1. 

�
���� �����	����
1 �/!:, �.
. « ���&1��:#', .+�#)� � �8 #���2)�». – �7,0#�). - �.: �'.5. 5)&��, 

1972. - 279 .. 
2 ���:.)�( �.�. «�6!�1&7#�) +,8#&�&"�-*�5�#&.+!&�+,�4 �2». – �.: ��5�#&.+!&,-

#�,-1, 2003 "., 627 c. 
3 ������� �.�., �����	� �.�. �����	�	����  ���	�����. ����, "���-

�I��"1977 
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��..*�+!�1�9+.4 �.6,)+' &6,!�%�� +&!%,5���&1�#�4 )&�,% )&#�7,.)�8 6&25�6#�)&1. 
Considers aspects of grinding operation ends rings of tapered roller bearings. 

�&25�6#�)� 6& .1&,( �/#)%�� 1'.&)&+,8#&�&"�7#', �$2,��4 (1!�A,#�, 21/8 @�,*,#-
+&1 &+#&.�+,�:#& 2!/" 2!/"�), #,./A�, 1'.&)�, #�"!/$)�, +&7#&.+: � *�#�*��:#&, .&6!&+�1-
�,#�,. ��32&*/ +�6/ 6&25�6#�)� .&&+1,+.+1/,+ .1&4 +,8#&�&"�4 �$"&+&1�,#�4, #& 1 &0A,*
.&.+�1�49A�, +,8#&�&"�7,.)&"& 6!&%,..� &2�#�)&1': 

- 6&2"&+&1�+,�:#', &6,!�%��, 
- +,!*�7,.)�4 &0!�0&+)�, 
- 5���&1�#�,, 
- .0&!)�. 
 ���&1�#�, 41�4,+.4 &2#�* �$ &.#&1#'8 *,+&2&1 &0!�0&+)�, &6!,2,�49A�* ",&*,+-

!�7,.)/9 +&7#&.+: 2,+��,( 6&25�6#�)&1. 
 ���&1�#�, +&!%&* )!/"� &./A,.+1�49+ #� .+�#)�8 . 6!4*&/"&�:#'* � )!/"�'* .+&-

�&*, � +�)3, #� 21/.+&!&##�8 .+�#)�8, #� )&+&!'8 &2#&1!,*,##& &0!�0�+'1�9+.4 21, 6�!��-
�,�:#', 6�&.)�, 6&1,!8#&.+� 2,+���. 

�&!%,5���&1��:#', .+�#)� . 6!4*&/"&�:#'* .+&�&* �*,9+ #��0&�:5,, 6!�*,#,#�,
2�4 5���&1�#�4 #�6!�1�49A�8 6&1,!8#&.+,(, 6�$&1, /2��#,##'8 6�&.)�8 6&1,!8#&.+,( �
!�$��7#'8 +!/2#&2&.+/6#'8 #�)�&##'8 6&1,!8#&.+,(.  

�& �$0,3�#�, #�"!,1� � 2,�&!*�%�� &0!�0�+'1�,*&( 6&1,!8#&.+� 6!� 5���&1�#�� .
0&�:5�* .B,*&*, 6!�*,#49+ .,"*,#+#'( 5���&1��:#'( )!/" #� 0�),��+&1&( .14$), �
/*,#:5�9+ 6&1,!8#&.+: !,$�#�4 #�)�&#&* 5���&1��:#&"& )!/"�. �� 7,!#&1'8 &6,!�%�48 #�-
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)�&# )!/"� 2&6/.)�,+.4 2& 2 **, #� 7�.+&1'8 &6,!�%�48 . 1'.&)�*� +!,0&1�#�4*� ) &+)�&#,-
#�9 &+ 6�&.)&.+� #�)�&# )!/"� #, 2&�3,# 6!,1'5�+: 0,05 **. 

���0&�,, 6!&�$1&2�+,�:#�4 &0!�0&+)� 2&.+�"�,+.4 #� .+�#), . )!/"�'* 1!�A�9A�*.4
.+&�&*. 	0!�0&+)� 1,2,+.4 21/*4 *,+&2�*�: *#&"&6!&8&2#'* � &2#&6!&8&2#'* ("�/0�##'*). 
�!� *#&"&6!&8&2#&* 5���&1�#�� .+&� .+�#)� 6&�/7�,+ 0'.+!&, 1!�A,#�, (1 .!,2#,* . &)-
!/3#&( .)&!&.+:9 15 - 20 */*�#); 1,!+�)��:#�4 6&2�7� 5���&1��:#&"& )!/"� (#� 1!,$�#�,) 
&./A,.+1�4,+.4 6,!�&2�7,.)� $� &2�# ��� #,.)&�:)& &0&!&+&1 .+&��. �!� &2#&6!&8&2#&*
5���&1�#�� .+&� .+�#)� *,2�,##& 1!�A�,+.4 (1 .!,2#,* . &)!/3#&( .)&!&.+:9 0,5-3,0 
*/*�#), � $� &2�# &0&!&+ .+&�� .#�*�,+.4 1,.: 6!�6/.). �#&"&6!&8&2#&, 5���&1�#�,, &./A,-
.+1�4,*&, #� *��'8 "�/0�#�8 !,$�#�4, .&6!&1&32�,+.4 $#�7�+,�:#& *,#:5�*� .���*� !,$�-
#�4 � +,6�&1'2,�,#�,* 6& .!�1#,#�9 . &2#&6!&8&2#'* 5���&1�#�,*. 	0!�0�+'1�,*', 2,-
+���, #, +!,0/9A�, .+&�: .��:#&"& $�3�*�, )�) 6!� "�/0�##&* 5���&1�#��, *,#:5, 2,�&!-
*�!/9+.4. �&@+&*/ *#&"&6!&8&2#'* 5���&1�#�,* &0,.6,7�1�,+.4 0&�,, +&7#�4 &0!�0&+)� .
2&.+�3,#�,* 6�!�*,+!� 5,!&8&1�+&.+� 6&1,!8#&.+� Ra - 0,4 ÷ 0,8 *)*. 

�!� 5���&1�#�� )&�,% 6&25�6#�)&1 #,&08&2�*& /7�+'1�+: /6!/"�, 2,�&!*�%��, 
1&$#�)�9A�, &+ 2,(.+1�4 *�"#�+#&"& 6&�4 .+&�� � .��' !,$�#�4. �6!�1�,#�, 1,��7�#&( /6-
!/"�8 2,�&!*�%�( 6&$1&��+ /*,#:5�+: 1!,*4 � .+&�*&.+: &6,!�%�� 6!� "�!�#+�!&1�##&*
&0,.6,7,#�� ",&*,+!�7,.)&( +&7#&.+� 2,+���. 

	.&0,##&.+� 6!&%,..� 5���&1�#�4: *���4 +&�A�#� &+2,�4,*&( .+!/3)� (2&�� *�)!&-
#�), 1'.&)�4 +1=!2&.+: !,3/A�8 @�,*,#+&1, 6!&�$1&�:#', !,3/A, /"�' �0!�$�1#'8 $=!,#
(7�A, &+!�%�+,�:#'( 6,!,2#�( /"&�). 

��) 6&)�$�� &0$&! ��+,!�+/!', @��,)+�1#&, /2��,#�, 6!�6/.)� 6!� 5���&1�#�� 6&-
1,!8#&.+,( 2,+��,( $�1�.�+ &+ !42� ��)+&!&1, 1�3#,(5�*� �$ )&+&!'8 41�49+.4 &)!/3#�4
.)&!&.+: 5���&1��:#&"& )!/"�, .)&!&.+: 6&6,!,7#&( 6&2�7�, .)&!&.+: 1!�A,#�4 5���/,*&(
6&1,!8#&.+� 2,+���, 3=.+)&.+: 5���&1��:#&"& .+�#)�, )�7,.+1& �0!�$�1#&"& �#.+!/*,#+�, 
@��,)+�1#&.+: .*�$&7#&-&8��32�9A,( 3�2)&.+�. 

�!� 6&1'5,#�� .)&!&.+� )!/"� #� )�32&, �0!�$�1#&, $,!#& 6!�8&2�+.4 *,#:5�( &0B-
=* .#�*�,*&"& *,+����, � &#& �$#�5�1�,+.4 *,#:5,. �!� @+&* /1,��7�1�,+.4 )&��7,.+1& !,-
$&1 � /*,#:5�,+.4 "�/0�#� !�.&), 6&@+&*/ 5���/,*�4 6&1,!8#&.+: 6&�/7�,+.4 7�A,. 

�
���� �����	����
1. 	!�&1 �. �. �&1'5,#�, @��,)+�1#&.+� 5���&1�#�4 +&!%&1 )&�,% )!/6#&"�0�!�+-

#'8 6&25�6#�)&1 6/+=* /6!�1�,#�� &.,1&( /6!/"&( 2,�&!*�%�,( / �.�. 	!�&1. – ��6&"!���4
���� �&�"&"!�2.)&"& "&./2�!.+1,##&"& +,8#�7,.)&"& /#�1,!.�+,+�, 2014.  

2. �&�+/#&1 �. �. �&1'5,#�, @��,)+�1#&.+� 6!&%,..� 5���&1�#�4 1#/+!,##�8 )!�-
1&��#,(#'8 6&1,!8#&.+,( )&�,% .�*&/.+�#�1��1�9A�8.4 6&25�6#�)&1 / �. �. �&�/+#&1. – 
�.: ��5�#&.+!&,#�,, 2007. – 453 c. 

3. �&.��&1� �. �. �6!�1&7#�) +,8#&�&"�-*�5�#&.+!&�+,�4/ �. �. �&.��&1�, �. �. �,-
A,!4)&1� – �.: ��5�#&.+!&,#�,, 1986. – 656 c. 
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��..*�+!�1�,+.4 .6&.&0' 1&..+�#&1�,#�4 6&1,!8#&.+� 1��&1. 
The methods of reconstructing the surface shafts. 

��4 2,+��,( +�6� 1��&1 #��0&�,, !�.6!&.+!�#,##'*� +,8#&�&"�7,.)�*� *,+&2�*� 1&.-
.+�#&1�,#�4 41�49+.4: 5���&1�#�,, #�6��1)�, *,+����$�%�4, &.+���1�#�,, 8!&*�!&1�#�,, "�-
$&+,!*�7,.)&, #�#,.,#�, 6&!&5)&1'8 *�+,!���&1 6&1'5,##&( �$#&.&.+&()&.+� (2�4 6&1,!8-
#&.+,( 1��&1); 5���&1�#�,, 1�0!&2/"&1�4 #�6��1)�, #�6��1)� . 6&.�,2/9A�* �!,$,!&1�#�,*
(2�4 56&#&7#'8 .&,2�#,#�(). 

	.#&1#'* &+��7�+,�:#'* 6!�$#�)&* *,+&2� #�#,.,#�4 41�4,+.4 +&�A�#� 6&)!'+�4: 
2�4 6!&%,..&1 #�6��1)� – @+& 0&�,, 1 **, 2�4 #�6'�,#�4 – *,#,, 1 **, 2�4 &.�32,#�4 – *,#,,
10 *)*. � 2�##&( !�$2,�, 6!�1,2,#' .!�1#�+,�:#', 8�!�)+,!�.+�)� #��0&�,, 7�.+& �.6&�:-
$/,*'8 "�$&+,!*�7,.)�8 *,+&2&1, 6!&1&2�*'8 6!� �+*&.�,!#&* 2�1�,#��, 2�#& &6!,2,�,#�,
@+�8 *,+&2&1, !�..*&+!,#� �8 )��..���)�%�4, 6!,�*/A,.+1� � #,2&.+�+)�. 

� !�..*�+!�1�,*&( 2�6�&*#&( !�0&+, 1�� 0/2,+ 1&..+�#�1��1�+:.4 6/+,* #�6��1�,#�4, 
+�) )�) @+&+ 1�2 1&..+�#&1�,#�4 6&1,!8#&.+� 2�4 2�##&( 2,+��� 41�4,+.4 #��0&�,, &6+�*��:-
#'* )�) 6& +,8#&�&"�7,.)�*, +�) � 6& @)&#&*�7,.)�* 6�!�*,+!�*. 

��6��1)�, )�) 1�2 .1�!)�, 6&$1&�4,+ 6&�/7�+: #� 6&1,!8#&.+� 2,+��� .�&( *�+,!����
#,&08&2�*&( +&�A�#' � #/3#&"& 8�*�7,.)&"& .&.+�1�, . $�2�##'*� 6�!�*,+!�*� +1=!2&.+�, 
�$#&.&.+&()&.+�, 6��.+�7#&.+�. 	.#&1#&( &0B=*, &)&�& 1/3 1.,8 1&..+�#&1�+,�:#'8 &6,!�-
%�(, .14$�##'8 . #�6��1)&(, 1'6&�#49+ #�6��1)&( 6&2 .�&,* ��9.�.  

1/5 1.,8 #�6��1&7#'8 &6,!�%�( 6!�8&2�+.4 #� #�6��1)/ 1 .!,2, /"�,)�.�&"& "�$�. -+&+
1�2 #�6��1)� �*,,+ %,�'( !42 6!,�*/A,.+1 – &+./+.+1/9+ 1!,2#', 1'2,�,#�4 � 5��)&1',
)&!)�, #�6��1�4+: *&3#& 1 �90&* 6!&.+!�#.+1,##&* 6&�&3,#�� 1&..+�#�1��1�,*&( 6&1,!8-
#&.+�, 6!�7=* &+)!'+�4 2/"� 6&$1&�4,+ #�0�92�+: � )&!!,)+�!&1�+: 6!&%,.. #�6��1)�. �)&-
!&.+: #�6��1)� 6!4*& $�1�.�+ &+ +&�A�#' #�6��1�4,*&"& .�&4 � +!,0/,*&"& )�7,.+1� 6&1,!8-
#&.+�. �1=!2&.+: #�6��1�,##&"& *,+���� .14$�#� . 1'0&!&* @�,)+!&2#&( 6!&1&�&)� � .&.+�1-
�4,+ 200-300 HB. 

� *,#:5,( .+,6,#� 6!�*,#49+.4, 1 &.#&1#&* 2�4 !�$��7#'8 .6,%!�0&+, 1�0!&2/"&1�4
#�6��1)�, #�6��1)� 6&!&5)&1&( 6!&1&�&)&( 0,$ ��9.�, @�,)+!&)&#+�)+#&, #�6,)�#�,, 6��$-
*,##�4 #�6��1)�.  

�&.+&�#.+1� *,+&2� #�6��1)�: 
− &+./+.+1�, &"!�#�7,#�( 6& !�$*,!�* #�6��1�4,*'8 $&#; 
− 1&$*&3#&.+: #�#,.,#�4 6&)!'+�( !�$��7#'8 +&�A�#; 
− 1&$*&3#&.+: 6&�/7,#�4 +!,0/,*'8 !�$*,!&1 1&..+�#�1��1�,*'8 2,+��,( 6/+,*

#�#,.,#�4 *�+,!���� +&"& 3, .&.+�1�, 7+& � &.#&1#&( *,+���; 
− �.6&�:$&1�#�, #, +&�:)& 2�4 1&..+�#&1�,#�4 !�$*,!&1 �$#&5,##'8 2,+��,(, #&

� 2�4 !,*&#+� �$2,��( $� .7,+ ��)1�2�%�� �&)��:#'8 +!,A�#, 6&! � 2!/"�8 2,�,)+&1; 
− 1&$*&3#&.+: (6!�*,#�+,�:#& ) 6��$*,##&( #�6��1),) 1,2,#�4 6!&%,..� #� 6&-

.+&4##&* +&), &0!�+#&( 6&�4!#&.+�, 6&1'5�9A�* )�7,.+1& � .+�0��:#&.+: .1&(.+1 0�*,+��-
��7,.)�8 .&,2�#,#�( $� .7,+ @��,)+� )�+&2#&( &7�.+)�, 6!&41�49A,*.4 1 /2��,#�� &)�.#'8
� �2.&!0�!&1�##'8 6�,#&) � /�/75,#�� .*�7�1�#�4 3�2)�* *,+���&* &0!�0�+'1�,*&( 6&-
1,!8#&.+�; 0&�,, #�$)&"& +,6�&1�&3,#�4 6& .!�1#,#�9 . #�6��1)&( #� +&), 6!4*&( 6&�4!#&-
.+� �, )�) .�,2.+1�,, &+./+.+1�, ��� *�#�*��:#&, !�.6��1�,#�, 6&2�&3)�; 

− 1&$*&3#&.+: *#&"&)!�+#&"& 6!&1,2,#�4 6!&%,..� �, .�,2&1�+,�:#&, 1'.&)�4 !,-
*&#+&.6&.&0#&.+: #�6��1�4,*'8 2,+��,(; 

− 1'.&)�4 6!&�$1&2�+,�:#&.+: � �,")&.+: �1+&*�+�$�%�� 6!&%,..�; 
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− &+#&.�+,�:#�4 6!&.+&+� � *&0��:#&.+: &0&!/2&1�#�4. 
�,2&.+�+)� *,+&2� #�6��1)�: 
− 1&$*&3#&.+: �$*,#,#�4 .1&(.+1 #�6��1�,##&"& 6&)!'+�4 �$$� 6,!,8&2� 1 #,"&

@�,*,#+&1 &.#&1#&"& *,+����; 
− �$*,#,#�, 8�*�7,.)&"& .&.+�1� &.#&1#&"& � #�6��1�,##&"& *,+���� 1.�,2.+1�,

&)�.�,#�4 �,"�!/9A�8 @�,*,#+&1 � &.#&1' *,+����; 
− 1&$*&3#&.+: .+!/)+/!#'8 6!,1!�A,#�( 1 &.#&1#&* *,+���,, 1 7�.+#&.+�, &0!�-

$&1�#�, )!/6#&$,!#�.+&( .+!/)+/!', #&1'8 8!/6)�8 ��$; 
− 1&$#�)#&1,#�, 2,�&!*�%�( 1 #�6��1�,##'8 �$2,��48 $� .7,+ $#�7�+,�:#&"&

+,!*�7,.)&"& 1&$2,(.+1�4; 
− &0!�$&1�#�, 0&�:5�8 !�.+4"�1�9A�8 #�6!43,#�( 1 6&1,!8#&.+#&* .�&, 2,+���, 

2&.+�"�9A�8 500 ���; 
− .#�3,#�, 8�!�)+,!�.+�) .&6!&+�1�,#�4 /.+��&.+� #�6��1�,##'8 �$2,��(; 
− 1&$*&3#&.+: 1&$#�)#&1,#�4 +!,A�# 1 #�6��1�,##&* *,+���, � $&#, +,!*�7,.)&-

"& 1��4#�4, �, )�) .�,2.+1�,, 0&�,, &"!�#�7,##'(, 7,*, #�6!�*,!, 6!� #�6'�,#��, 1'0&! .&-
7,+�#�( &.#&1#&"& � #�6��1�,##&"& *,+���&1; 

− &04$�+,�:#&, �.6&�:$&1�#�, 1 &+2,�:#'8 .�/7�48 6!,21�!�+,�:#&"& #�"!,1� �
*,2�,##&"& &.+'1�#�4 #�6��1�4,*&"& �$2,��4, 7+& /1,��7�1�,+ 2��+,�:#&.+: 6!&%,..�; 

− #���7�, 0&�:5�8 6!�6/.)&1 #� *,8�#�7,.)/9 &0!�0&+)/ �, )�) .�,2.+1�,, ./A,-
.+1,##', 6&+,!� *,+���� #�6��1)�; 

− +!/2&,*)&.+: *,8�#�7,.)&( &0!�0&+)� #�6��1�,##&"& .�&4 0&�:5&( +&�A�#'; 
− +!,0&1�#�4 6!,�*/A,.+1,##&"& !�.6&�&3,#�4 #�6��1�4,*&( 6&1,!8#&.+� 1 "&-

!�$&#+��:#&* 6&�&3,#�� (#,&08&2�*&.+: 6!�*,#,#�4 #�6��1)� 1 #�3#,* 6&�&3,#�� 6!� �.-
6&�:$&1�#�� 6&!&5)&1'8 *,+���&1); 

− +!/2#&.+: #�6��1)� *,�)�8 �$2,��( .�&3#&( �&!*'. 
� "'�) !"$���$(��

1. �&�&2'), �.�. �&..+�#&1�,#�, 2,+��,( *�5�#. �6!�1&7#�). / �.�. �&�&2'), �.�. �,#-
)�# – �.: ��5�#&.+!&,#�,, 1989. – 480 .. 
2. �!&"!,..�1#', +,8#&�&"�� #�#,.,#�4 6&)!'+�( – #�6��1)�, #�6'�,#�,, &.�32,#�, / 
�&6&�4#.)�( �.�., �&6&�4#.)�( �.�. – ��0"� 1�'$( �: http://mirprom.ru/public/progressivnye-
tehnologii-naneseniya-pokrytiy-naplavka-napylenie-osazhdenie.html 
3. �,*&#+ +,8#&�&"�7,.)�8 *�5�# � &0&!/2&1�#�4: /7,0#&, 6&.&0�,. – �,#$� : �#�&!*�-
%�&##&-�$2�+,�:.)�( %,#+! �,#$��, 2009. – 328 .. 

�	,�	-���	 ���������� ������	 
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���� �����	 ��,�����������
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	0,.6,7,#�, )�7,.+1� !,*&#+� 6,!:,1 � 5,,) !&+&!� !,$�#&.*,.�+,�4. 
Ensuring quality of repair of feathers and necks of a rotor of a internal mixer. 

�,$�#&.*,.�+,�� 6!,2#�$#�7,#' 2�4 6!�"&+&1�,#�4 !,$�#&1'8 .*,.,(, 1 #�8 !,���$/-
,+.4 6!&%,.. .*,5,#�4 )�/7/)� . #�6&�#�+,�4*�, .,!&( � 2!/"�*� )&*6&#,#+�*�. �& 6!�#%�-
6/ 2,(.+1�4 !,$�#&.*,.�+,�� 6&2!�$2,�49+.4 #� .*,.�+,�� 6,!�&2�7,.)&"& 2,(.+1�4 � .*,-
.�+,�� #,6!,!'1#&"& 2,(.+1�4. ���0&�:5,, !�.6!&.+!�#,#�, 6&�/7��� !,$�#&.*,.�+,�� 6,-
!�&2�7,.)&"& 2,(.+1�4. ��0&7�*� &!"�#�*� +�)�8 .*,.�+,�,( 41�49+.4 21� !&+&!�, 6&*,A,#-
#', 1 )�*,!/ � 1!�A�9A�,.4 #�1.+!,7/ 2!/" 2!/"/. ��*,!� �*,,+ &)#� 2�4 $�"!/$)� )&*6&-
#,#+&1 � 1'"!/$)� "&+&1&( !,$�#&1&( .*,.�. �& 1!,*4 6!�"&+&1�,#�4 !,$�#&1&( .*,.� &)#�
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$�)!'1�9+.4 .6,%���:#'*� *,8�#�$*�*�. �& @+&( 6!�7�#, +�)�, .*,.�+,�� #�$'1�9+.4 !,-
$�#&.*,.�+,�4*� $�)!'+&"& +�6�. 

��
��� ����
������
���� !�0&+�9+ 1 +43,�'8 /.�&1�48 � 6&21,!3,#' .��:#&*/ �$-
#&./. �8 .&.+&4#�, 2&�3#& .�.+,*�+�7,.)� )&#+!&��!&1�+:.4, � �$#&5,##', 6&1,!8#&.+�
2&�3#' 1&..+�#�1��1�+:.4 #�6��1)&(. �,&08&2�*& 6&.+&4##& #�0�92�+: $� /6�&+#�+,�:#'*�
/.+!&(.+1�*� #� /$��8 6!&8&2� 5,()� !&+&!� 7,!,$ .+,#)/ )�*,!' .*,5,#�4, +�) )�) �!�)%�-
&##', ��� .��:#�)&1', /6�&+#,#�4 6�&8& 6,!,#&.4+ 1'.&)�, 2�1�,#�4 1 )�*,!,, �$#�5�1�-
9+.4 � #/32�9+.4 1 7�.+&( 7�.+), � 1&..+�#&1�,#��. �$#&. 6!&�.8&2�+ 1 .�,2.+1�� �0!�$�1-
#&"& �$#&.� 1 6,!:48 !,$�#&.*,.�+,�4, +.) !,$�#&1�4 .*,.: 1)�97�,+ �0!�$�1 5/#"�+. ��.-
.+&4#�, *,32/ 6,!:4*� !&+&!� /1,��7�1�,+.4, 7+& 1'$'1�,+ «$�1�!'». � .1&9 &7,!,2: �$#&. 1
&0��.+� 5,,) 6!&�.8&2�+ 11�2/ /*,#:5,#�4 !�$*,!� &+ 6&.+&4##&"& 1&$2,(.+1�4 /2�!#'8 #�-
"!/$&) 6&25�6#�)&1.  

�2�#.+1,##'( *,+&2, )&+&!'* 1&..+�#�1��1�9+ 6,!:4 � 5,()� !&+&!� !,$�#&.*,.�+,-
�4 – @+& *,+&2 #�6��1)�. �,!:4 !,*&#+�!/9+.4 . 6&*&A:9 .+���#�+�.  ,()� 1&..+�#�1��1�-
9+ 6!� 6&*&A� @�,)!&2&1 �	��13/55, �� � ��	-21. 

� "'�) !"$���$(��
1 �,*&#+ 2,+��,( *,+&2&* @�,)+!&2/"&1&( #�6��1)� (.�(+) URL: 

http://kranecs.com/page.php?id=166 
2  �&+&! !,$�#&.*,.�+,�4. (.�(+) URL: http://www.ngpedia.ru/id404997p1.html 
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��..*�+!�1�9+.4 �.6,)+' &6,!�%�� 5+�*6&1)� )&�,% )&#�7,.)�8 6&25�6#�)&1. 
This article considers aspects of the stamping operation rings of tapered roller bearings. 

�6&.&0 6&�/7,#�4 $�"&+&1)� 2&�3,# 0'+: #��0&�,, @)&#&*�7#'* 6!� $�2�##&* &0B,*,
1'6/.)� 2,+��,(. �� 1'0&! �&!*', !�$*,!&1 � .6&.&0&1 6&�/7,#�4 $�"&+&1)� 0&�:5&, $#�7,-
#�, �*,,+ )&#.+!/)%�4, � *�+,!��� 2,+���. ��2 $�"&+&1)� &)�$'1�,+ $#�7�+,�:#&, 1��4#�, #�
8�!�)+,! +,8#&�&"�7,.)&"& 6!&%,..�, +!/2&,*)&.+: � @)&#&*�7#&.+: &0!�0&+)�. 

 �!&)& !�.6!&.+!�#=##&( � )&#.+!/)+�1#& .�&3#&( "!/66&( 6&25�6#�)&1 41�49+.4
)&#�7,.)�, !&��)&6&25�6#�)�. �& *,+���&=*)&.+� )&�:%� @+�8 6&25�6#�)&1, �$"&+&1�4,-
*', �$ $�"&+&1&), 6&�/7,##'8 *,+&2&* &0!�0&+)� 2�1�,#�,*, $�#�*�9+ 6,!1&, *,.+&, .&.+�1-
�44 &)&�& 35 % 1.,"& &0B=*� *,+���� )&�,% 6&25�6#�)&1 )�7,#�4, �$"&+&1�4,*'8 1 )/$#,7#&-
5+�*6&1&7#'8 %,8�8. �$ 7�.�� &.1&,##'8 #�5,( 6!&*'5�,##&.+:9 6!&%,..&1 $#�7�+,�:#'(
�#+,!,. 6!,2.+�1�49+ "&!47,)�+�#�4 )���0!&1)� �  8&�&2#�4 &0B=*#�4 5+�*6&1)�, 6&.)&�:)/
$2,.: �.6&�:$&1�# 6!&"!,..�1#'( 6!�#%�6 �$"&+&1�,#�4 +&7#'8 )&�:%,1'8 $�"&+&1&). -+&
6!�#%�6 6!,2/.*�+!�1�,+ �$"&+&1�,#�, $�"&+&1&) 1 21, .+�2��. �� 6,!1&( .+�2�� �$"&+�1��-
1�9+ )&�:%,1/9 6&)&1)/-6&�/��0!�)�+ . 6!&.+&( 6!4*&/"&�:#&( �&!*&( .,7,#�4, #� 1+&!&(
.+�2��

)&�:%,1&*/ 6&�/��0!�)�+/ 6!�2�=+.4 �&!*�, *�).�*��:#& 6!�0��3�9A�4.4 ) "&+&1&(
)&�:%,1&( 2,+���. 

�!� +�)&* 6!�#%�6, 6&.+!&,#�4 +,8#&�&"�7,.)&"& 6!&%,..� .6,%���7,.)�, &.&0,##&-
.+� 6!&*,3/+&7#'8 )&�:%,1'8 6&)&1&)- 6&�/��0!�)�+&1 &6!,2,�49+.4 ./**&( .�,2/9A�8
+!,0&1�#�(: 

- *�#�*��:#&, &0B=*#&, &+)�&#,#�4; 
1. *�#�*��:#�4 !�$#&.+,##&.+:; 
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2. *�#�*��:#'( &0,$/"�,!&3,##'( � &0,2,##'( .�&( (1 .�/7�, �$"&+&1�,#�4 )&-
�,% �$ +1=!2&)��4A�8.4 .+��,(); 

3. &+./+.+1�, $�5+�*6&1&), $�3�*&1 � $�/.,#%,1; 
4. #�2�,3�A�4 &!�,#+�!&1)� 1&�&)&# *�)!&.+!/)+/!'. 
�& 1+&!&( $�1,!5�9A,( .+�2�� 6!,2B41�49+.4 +!,0&1�#�4, &0,.6,7�1�9A�, 0��"&-

6!�4+#', /.�&1�4 �&!*&�$*,#,#�4 )&�:%,1&"& 6&�/��0!�)�+� . 6!�2�#�,* ,*/ &)&#7�+,�:-
#&( )&#��"/!�%��, +&7#'8 !�$*,!&1, 8&!&5,"& )�7,.+1� 6&1,!8#&.+� � 0��"&6!�4+#&"& &!�-
,#+�!&1�#�4 1&�&)&# *�)!&.+!/)+/!', .6&.&0.+1/9A,"& 1'.&)&( #�2=3#&.+� � 2&�"&1,7#&-
.+� 6&25�6#�)&1 1 /.�&1�48 @).6�/�+�%��. 

��4 �$"&+&1�,#�4 !&��)&6&25�6#�)� . %���#2!�7,.)�*� !&��)�*� 1'0�!�,* $�"&+&1-
)� �$ )!/"�&"& 6!&)�+�. ��"&+&1)� �$ )!/"�&"& 6!&)�+� 6!�*,#49+.4 2�4 2,+��,(, 6& )&#��"/-
!�%��, 6!�0��3�9A�, ) 1�2/ 2�##&"& 6!&)�+�, )&"2� #,+ $#�7�+,�:#&( !�$#�%' 1 6&6,!,7#'8
.,7,#�48 2,+��� � )&"2� *&3#& 6!� 6&�/7,#�� &)&#7�+,�:#&( ,, �&!*' �$0,3�+: .#4+�4
0&�:5&"& )&��7,.+1� *,+����. �$"&+&1�,#�, �$ 6!&)�+� 2,+���, $� �.)�97,#�,* 1��&1, �*,9+
.!�1#�+,�:#& #,0&�:5�, !�$*,!'. 

�,+&2 �$"&+&1�,#�4 $�"&+&1)� )&�:%�. 
�.8&2#'( Me => �!/0�  �15 => ��$!,$)� +!/0 #� &+!,$)�. 
�.8&2#�4 $�"&+&1)� - 8&�&2#&)�+�##�4 +!/0�. �!� 2��#, +!/0' 1600..3100 ** )&��7,-

.+1& 2,+��,( �$ $�"&+&1)� #, *,#,, 40 5+., )&#%,1&( &+8&2 #, 2&�3,# .&.+�1�+: 165 **. �&-
6/.)�,+.4 $�/.,#,% .& .+&!&#' &+!,$�#�4 1'.&+&( #, 0&�,, 0,5 **. �!/0' #� &6,!�%�9 6&2�-
9+.4 . )�!+�*� )�7,.+1� 1#,5#,( 6!�,*)�. 

�
���� �����	����
1. �.�. �6!�5,1.)�(. �&25�6#�)� )�7,#�4. �., «��5�#&.+!&,#�,», 1998 
2. �.�. 
�0,#)& � �.�.  �6&5#�)&1.  +�*6&1)� #� )!�1&5�6#'8 "&!47,-

5+�*6&1&7#'8 6!,..�8. �,8#&�&"�7,.)�( .6!�1&7#�) 6& )&1), �  &0B=*#&( 5+�*6&1),. �., 
��5"�$, 1999 

3. �&15&1, �.�. �,8#&�&"�4 *�5�#&.+!&,#�4: �7,0#�) 2�4 .+/2,#+&1 *�5�#&.+!&�-
+,�:#'8 .6,%���:#&.+,( 1/$&1. - �.: ��5�#&.+!&,#�,, 1987. 
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	0,.6,7,#�, )�7,.+1� &0!�0&+)� 2&!&3,) )�7,#�4 6&25�6#�)�. 
Quality assurance processing bearing raceways. 

�&25�6#�)� )�7,#�4 .&.+&4+ �$ +!,8 )&�,%, +,� )�7,#�4 (!�$��7#&( �&!*') � .,6�!�-
+&!� (#,)&+&!', +�6' 6&25�6#�)&1 *&"/+ 0'+: 0,$ .,6�!�+&!�), &+2,�49A,"& +,�� )�7,#�4
2!/" &+ 2!/"�, /2,!3�1�9A,"& #� !�1#&* !�..+&4#�� � #�6!�1�49A,"& �8 21�3,#�,. �& #�-
!/3#&( 6&1,!8#&.+� 1#/+!,##,"& )&�:%� � 1#/+!,##,( 6&1,!8#&.+� #�!/3#&"& )&�:%� (#�
+&!%,1'8 6&1,!8#&.+48 )&�,% /6&!#'8 6&25�6#�)&1 )�7,#�4) 1'6&�#49+ 3,�&0� – 2&!&3)�
)�7,#�4, 6& )&+&!'* 6!� !�0&+, 6&25�6#�)� )�+4+.4 +,�� )�7,#�4. 

� #,)&+&!'8 /$��8 *�5�# 1 %,�48 /*,#:5,#�4 "�0�!�+&1, � +�)3, 6&1'5,#�4 +&7#&.+�
� 3=.+)&.+� 6!�*,#49+ +�) #�$'1�,*', .&1*,A=##', &6&!': 2&!&3)� )�7,#�4 6!� @+&* 1'-
6&�#49+ #,6&.!,2.+1,##& #� 1��/ ��� #� 6&1,!8#&.+� )&!6/.#&( 2,+���. 

�*,9+.4 6&25�6#�)� )�7,#�4, �$"&+&1�,##', 0,$ .,6�!�+&!�. ��)�, 6&25�6#�)�
�*,9+ 0&�:5,, 7�.�& +,� )�7,#�4 � 0&�:5/9 "!/$&6&2B=*#&.+:. 	2#�)& 6!,2,�:#', 7�.+&+'
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1!�A,#�4 0,..,6�!�+&!#'8 6&25�6#�)&1 $#�7�+,�:#& #�3, 1.�,2.+1�, 6&1'5,##'8 *&*,#-
+&1 .&6!&+�1�,#�4 1!�A,#�9. 

� 6&25�6#�)�8 )�7,#�4 1&$#�)�,+ 6!,�*/A,.+1,##& +!,#�, )�7,#�4 (�*,9+.4 +&�:)&
#,0&�:5�, 6&+,!� #� +!,#�, .)&�:3,#�4 *,32/ .,6�!�+&!&* � +,��*� )�7,#�4), 6&@+&*/ 6&
.!�1#,#�9 . 6&25�6#�)�*� .)&�:3,#�4 .#�3�9+.4 6&+,!� @#,!"�� #� +!,#�,, � /*,#:5�,+.4
�$#&.. ��)!'+', 6&25�6#�)� )�7,#�4 (�*,9A�, $�A�+#', )!'5)�) 6!�)+�7,.)� #, +!,0/9+
&0.�/3�1�#�4 ($�*,#' .*�$)�), &+)!'+', – 7/1.+1�+,�:#' ) 6&6�2�#�9 �#&!&2#'8 +,�, 7+&
*&3,+ 6!�1,.+� ) 0'.+!&*/ !�$!/5,#�9 6&25�6#�)�. 

;,�: !�0&+': )�7,.+1,##�4 &0!�0&+)� 2&!&3,) )�7,#�4 1 6&25�6#�),. �/A,.+1/,+
*#&3,.+1& .6&.&0&1 &0!�0&+)� 2&!&3,) )�7,#�4. ��6!�*,! .6&.&0 $�)�97�,+.4 1 +&*, 7+&
)&�:%& 0�$�!/9+ 6& &0!�0&+�##&( #�!/3#&( 6&1,!8#&.+� #� 1!�A�9A�,.4 &6&!' � /.+�#�1-
��1�9+ . 1&$*&3#&.+:9 &.,1&"& 6,!,*,A,#�4. �#.+!/*,#+ $�6!�1�49+ 6& �&!*, 2&!&3)� )�-
7,#�4 � 6!�3�*�9+ ) &0!�0�+'1�,*&( 6&1,!8#&.+�. �&&0A�9+ �#.+!/*,#+/ )&�,0�+,�:#&,
21�3,#�, 2& .&1*,A,#�4 &.� 2&!&3)� )�7,#�4 . &.:9 &.%���4%�� �#.+!/*,#+�. ��)�, 2,(.+-
1�4 &0,.6,7�1�9+ )�7,.+1,##/9 &0!�0&+)/ 2&!&3,) )�7,#�4 #�!/3#'8 )&�,% 6&25�6#�)&1. 

��)3, �$1,.+,# .6&.&0, .&"��.#& )&+&!&*/ )&�:%& 6&25�6#�)� )�7,#�4, 6&1,!8#&.+:
)&+&!&"& 6&2�,3�+ &0!�0&+),, $�!�#,, &0!�0&+�##&( #�!/3#&( 6&1,!8#&.+:9 /.+�#�1��1�9+
#� #,6&21�3#', &6&!'-0�5*�)� � 6!�3�*�9+ 6&.!,2.+1&* @�,)+!&*�"#�+� ) +&!%/ 1,2/A,"&
56�#2,�4. �!� +�)&( /.+�#&1), %,#+! �$2,��4 .*,A�9+ &+#&.�+,�:#& %,#+!� 56�#2,�4 #�
#,)&+&!/9 1,��7�#/ 1 1,!+�)��:#&* � 6&6,!,7#&* #�6!�1�,#�48. ��6!�1�,#�, !�0&7,( 6&2�-
7� 5���&1��:#&"& )!/"� 6!� &0!�0&+), 1'0�!�9+ 6& &.� .�**,+!�� !�.6&�&3,#�4 &6&!-
0�5*�)&1. � #,2&.+�+)�* .6&.&0� &+#&.�+.4 +&, 7+& &# #, 6&$1&�4,+ &0,.6,7�+: 2&.+�+&7#/9
+&7#&.+: /.+�#&1)� )&�,% 6&25�6#�)&1 6!� &0!�0&+), 2&!&3,) )�7,#�4 1 .�/7�48 .*,A,#�4
&.� � 1 %,�&* +&7#&.+: &0!�0&+)� .#�3�,+.4. 

�!� 5���&1�#�� 2&!&3)� )�7,#�4 #�!/3#&, )&�:%& 6&25�6#�)� /.+�#�1��1�9+ #�-
!/3#'* 2��*,+!&* #� &6&!#', %���#2!�7,.)�, !&��)� , )&+&!', $�)!,6�49+ #,6&21�3#& #�
.+�#�#,. �& +&!%/ )&�:%& $�3�*�9+ *,32/ 1!�A�9A�*.4 +&!%,1'* 6!�3�*&*  � +&!%,1'*
6!�3�*&*, /.+�#&1�,##'*� #� .+�#�#,  . 1&$*&3#&.+:9 &.,1&"& 6,!,*,A,#�4 � &0,.6,7�-
1�9A�*� 1 6!&%,.., &0!�0&+)� )&�:%/ 6&25�6#�)� 6,!,*,A,#�, +�)3, 1 &.,1&* #�6!�1�,-
#�� #� #,)&+&!/9 *�#�*��:#/9 1,��7�#/. ��+,* &0!�0�+'1�9A�( �#.+!/*,#+  $�6!�1�49+
6& �&!*, 2&!&3)� )�7,#�4 � 6!�3�*�9+ ) &0!�0�+'1�,*&( 6&1,!8#&.+� . 6&*&A:9 2,!3�1-
)�. � .1&9 &7,!,2: 2,!3�1)� )!,6�+.4 #,6&21�3#& #� .+�#�#, � $�2�,+ �#.+!/*,#+/ )&�,0�-
+,�:#&, 21�3,#�,  1&)!/" 0�$&1&"& %,#+!� 1!�A,#�4. �1&�*� 21�3,#�4*� �#.+!/*,#+ 6!�-
#/32�,+ )&�:%& 6&25�6#�)� /.+�#&1�+:.4 #� &6&!#'8 !&��)�8  +�), 7+&0' &.: 2&!&3)� )�7,-
#�4 .&16��� . &.:9 &.%���4%�� �#.+!/*,#+�. �!� @+&* )�7,.+1& &0!�0&+)� 6&1'5�,+.4. 

�6&.&0 &0!�0&+)� 2&!&3)� )�7,#�4 #�!/3#'8 )&�,% 6&25�6#�)&1, 6!� )&+&!&* )&�:-
%& 0�$�!/9+ 6& !�#,, &0!�0&+�##&( 6&1,!8#&.+� #� 1!�A�9A�,.4 &6&!', +&!,% $�"&+&1)�
��).�!/9+ &+#&.�+,�:#& 56�#2,�4 � .&&0A�9+ $�"&+&1), .& 56�#2,�,* &.,1&, 6,!,*,A,#�,
2& .&1*,A,#�4 &.� 2&!&3)� )�7,#�4 . &.:9 &0!�0�+'1�,*&"& �#.+!/*,#+�, &+��7�9A�(.4
+,*, 7+& �#.+!/*,#+ 6!�3�*�9+ ) &0!�0�+'1�,*&( 6&1,!8#&.+� � $�2�9+ )&�,0�+,�:#&, 21�-
3,#�,, 6!� @+&* &.: 2&!&3)� )�7,#�4 .&16�2�,+ . &.:9 &.%���4%�� �#.+!/*,#+�. 

�'0&! +&"& ��� �#&"& .6&.&0� $�1�.�+ &+ )�7,.+1� *�+,!���� $�"&+&1)�, &+ &0&!/2&1�-
#�4, � +�)3, �#.+!/*,#+�. ��)3, $�1�.�+ &+ �#+,!1��� .+&�*&.+� &0!�0&+)� � $�+!�7�1�,*&"&
1!,*,#�. 

� "'�) !"$���$(��
1. �,!*,#.)�(, 	.� �,2&+&1 �.�. �&25�6#�)� )�7,#�4 - .6!�1&7#�) - )�+��&" / 	.�

�,!*,#.)�( - �.: ��5�#&.+!&,#�, - 1, 2003 ". - 531 .. 
2. �6!�5,1.)�(, �.�. �&25�6#�)� )�7,#�4 / �.�. �6!�5,1.)�(; - �.: ��5�#&.+!&,-

#�,, 1968 ". - 632 .. 
3. ��!'5)�#, �.�. �&!&.+�5,1.)�(, �.�. �&25�6#�)� )�7,#�4 - .6!�1&7#�) - )�+��&" / 

�.�. ��!'5)�#; - �.: ��5�#&.+!&,#�,, 1984 ". - 280 .. 
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��..*�+!�1�,+.4 �#���$ +,8#&�&"�7,.)&"& 6!&%,..� 6!� �$"&+&1�,#�� $�"&+&1)� 0�5#4 1 !42 )&�,% 6&2-
5�6#�)�    

We consider the analysis of the process in the manufacture of the blank tower in a series of rings bearing 

�&�:%� 6&25�6#�)&1 �$"&+�1��1�9+ �$ .+��,(, &0��2�9A�8 1'.&)�* .&6!&+�1�,#�,*
6��.+�7,.)&( 2,�&!*�%��, 1'.&)&( )&#+�)+#&( �$#&.&.+&()&.+:9 � 1'#&.��1&.+:9. -+�*
+!,0&1�#�4* /2&1�,+1&!49+ 1'.&)&/"�,!&2�.+', 8!&*�.+', 5�!�)&6&25�6#�)&1', .+���.  

� *&,( !�0&+, &0B,)+&* 6!&�$1&2.+1� 41�49+.4 !&��)&1', )&#�7,.)�, &2#&!42#',
6&25�6#�)� 7304�. 

;,�: !�0&+': �#���$ +,8#&�&"�7,.)&"& 6!&%,..� 6!� �$"&+&1�,#�� $�"&+&1)� 0�5#4 1
!42 )&�,% 6&25�6#�)� . %,�:9 6&1'5,#�4 +,8#�)&-@)&#&*�7,.)�8 6&)�$�+,�,( � )�7,.+1�
�$2,��(. 

�&#.+!/)+�1#', 2&6/.)� � +,8#�7,.)�, +!,0&1�#�4 #� �$"&+&1�,#�, 2,+��,( #�$#�7�9+
. /7=+&* /.�&1�( !�0&+' 2,+��,( 1 *�5�#,. �&#.+!/)%�4 2,+��� &&0,.6,7�1�,+ .1&0&2#'(
2&.+/6 !,3/A,"& �#.+!/*,#+� ) &0!�0�+'1�,*'* 6&1,!8#&.+4*. 
&�:5�#.+1& 6&1,!8#&.+,(
6&$1&�49+ &0!�0&+)/ 6!&8&2#'*� !,$%�*�, 7+& 6&$1&�4,+ )�7,.+1,##,, &0!�0�+'1�+: 2,+��:. 
�&#.+!/)%�4 2,+��� 2�=+ 1&$*&3#&.+: �.6&�:$&1�#�4 +�)�8 *,+&2&1 6&�/7,#�4 $�"&+&1&), 6!�
)&+&!'8 &0,.6,7�+.4 6&�/7,#�, !42� 6&1,!8#&.+,(, #, +!,0/9A�8 2��:#,(5,( &0!�0&+)� ���
&0!�0&+)� . *��,#:)�*� 6!�6/.)�*�, 7+& 6&$1&�4,+ .&)!�+�+: &0B=* � +!/2&=*)&.+: *,8�#�-
7,.)&( &0!�0&+)� [4]. 

��) )�) 1., +�6' 6&25�6#�)&1, !�..*�+!�1�,*', 1 2�##&( !�0&+,, �*,9+ *�../ 2& 1 
)", � "&2&1�4 6!&"!�**� 1'6/.)� .&.+�1�4,+ #, *,#,, 500000 5+., +& 2,��,* 1'1&2, 7+& 6!&�$-
1&2.+1& – *�..&1&,. -+&+ +�6 6!&�$1&2.+1� @)&#&*�7,.)� %,�,.&&0!�$,# 6!� 2&.+�+&7#&
0&�:5&* &0B,*, 1'6/.)� 6!&2/)%��, 6&@+&*/ #,&08&2�*'* /.�&1�,* *�..&1&"& 6!&�$1&2.+-
1� 41�4,+.4 #���7�, /.+&(7�1&"& � $#�7�+,�:#&"& .6!&.� #� 6!&2/)%�9, 7+& /2&1�,+1&!4,+
6&.+�1�,##&( $�2�7,. 

� .&1!,*,##&* 6!&�$1&2.+1, &2#�* �$ &.#&1#'8 #�6!�1�,#�( !�$1�+�4 +,8#&�&"�� *,-
8�#�7,.)&( &0!�0&+)� 41�4,+.4 �.6&�:$&1�#�, 7,!#&1'8 $�"&+&1&) . @)&#&*�7#'*� )&#.+-
!/)+�1#'*� �&!*�*�, &0,.6,7�1�9A�*� 1&$*&3#&.+: 6!�*,#,#�4 #��0&�,, &6+�*��:#'8
.6&.&0&1 �8 &0!�0&+)�, +. ,. &0!�0&+)� . #��0&�:5,( 6!&�$1&2�+,�:#&.+:9 � #��*,#:5�*�
&+8&2�*�. -+& #�6!�1�,#�, +!,0/,+ #,6!,!'1#&"& 6&1'5,#�4 +&7#&.+� $�"&+&1&) � 6!�0��-
3,#�4 �8 )&#.+!/)+�1#'8 �&!* � !�$*,!&1 ) "&+&1'* 2,+��4*, 7+& 6&$1&�4,+ .&&+1,+.+1,##&
.&)!�+�+: &0B,* &0!�0&+)� !,$�#�,*, &"!�#�7�1�4 ,, 1 !42, .�/7�,1 7�.+&1'*�, &+2,�&7#'*�
&6,!�%�4*�. 

�,8#�)&-@)&#&*�7,.)&, &0&.#&1�#�, 1'0&!� $�"&+&1)� 2�4 &0!�0�+'1�,*&( 2,+���
6!&�$1&24+ 6& #,.)&�:)�* #�6!�1�,#�4*: *,+���&,*)&.+�, +!/2&=*)&.+� � .,0,.+&�*&.+�, 
/7�+'1�4 6!� @+&* )&#)!,+#', 6!&�$1&2.+1,##', /.�&1�4. �,8#�)&-@)&#&*�7,.)&, &0&.#&1�-
#�, 1,2=+.4 6& 21/* ��� #,.)&�:)�* 1'0!�##'* 1�!��#+�*. �!� @)&#&*�7,.)&( &%,#), &6!,-
2,�49+ *,+���&=*)&.+:, .,0,.+&�*&.+: ��� +!/2&=*)&.+: )�32&"& 1'0!�##&"& 1�!��#+� �$"&-
+&1�,#�4 $�"&+&1)�, � $�+,* �8 .&6&.+�1�49+. 

	2#& �$ #�6!�1�,#�( .#�3,#�4 .,0,.+&�*&.+� 6&25�6#�)&1 - /8&2 &+ +!/0#&( $�"&-
+&1)� � 6,!,8&2 #� #&1/9 +,8#&�&"�9 �$"&+&1�,#�4 )&�,% �$ %,�:#&*,+����7,.)&"& )!/"�. 
-+� +,8#&�&"�4 �$"&+&1�,#�4 )&�,% *,+&2&* "&!47,( 5+�*6&1)� 0&�,, !�%�&#��:#�, �*,,+
"&!�$2& *,#:5/9 .,0,.+&�*&.+:. 
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�!�1#�+,�:#'( �#���$ �$"&+&1�,#�4 $�"&+&1&) �$ +!/0' � )!/"� 6&)�$��, 7+& �.6&�:$&-
1�#�, 6&.�,2#,"& 1 6!&�$1&2.+1, $#�7�+,�:#& 1'"&2#,,, � 6&+&*/ 0'�� $�6/A,#' &7,!,2#',
+�6&!�$*,!' � 2�4 2!/"�8 .0&!&7#'8 6&2!�$2,�,#�( - #�7��&.: �$"&+&1�,#�, 6&)&1&) 2�4
6&25�6#�)&1 7807. �, 7112, 7307 [1]. 

�,2&.+�+)�*� �$"&+&1�,#�4 )&�,% �$ +!/0#&( $�"&+&1)� 41�49+.4 !�$#&.+,##&.+:
+!/0#&"& 6&�/��0!�)�+�, &+./+.+1�, +!/0 . &6+�*��:#&( +&�A�#&(, 0&�:5�4 .+&�*&.+: +!/0'
6& .!�1#,#�9 . 6!/+)&*, &+8&2' 6!� !�$2,�,#�� +!/0 #� $�"&+&1)�. ��.)&1', &+8&2' (���
"1'2!�") #� �-309 2&�"&, 1!,*4 /8&2��� 1 *,+���&�&*. � #�.+&4A,, 1!,*4 !�$!�0&+�#� +,8#&-
�&"�4 �$"&+&1�,#�4 �$ &+8&2&1 )&�,%. ��4 @+�8 %,�,( 0'� .*&#+�!&1�# /7�.+&) 6& 6,!,!�0&+-
), "1'2!'" [2]. 

	./A,.+1�4,+.4 6!,21�!�+,�:#�4 &%,#)� 1�!��#+&1, )&+&!�4 6&$1&�4,+ 6& 1#,5#�*
6!�$#�)�* @��,)+�1#&.+� (.#�3,#�, *�+,!���&,*)&.+� � +!/2&,*)&.+� &0!�0&+)�) &+&0!�+:
#��0&�,, 6!�,*�,*'( 1�!��#+. � #�* &+#&.�+.4 6&�/7,#�, $�"&+&1)� 2�4 1#/+!,##,"& )&�:%�  
�$ +!/0' � )!/"� +&"& 3, 2��*,+!�. 

�#�3,#�, +!/2&=*)&.+� *,8�#�7,.)&( &0!�0&+)� $�"&+&1&), 2&.+�"�,*&, !�%�&#��:-
#'* 1'0&!&* .6&.&0� �8 �$"&+&1�,#�4, &0,.6,7�1�,+ !&.+ 6!&�$1&2.+1� #� +,8 3, 6!&�$1&2-
.+1,##'8 6�&A�248 0,$ ./A,.+1,##&"& /1,��7,#�4 &0&!/2&1�#�4 � +,8#&�&"�7,.)&( &.#�.+)�. 

�,8#&�&"�4 �$"&+&1�,#�4 $�"&+&1&) )&�,% 1)�97�,+ 1 .,04 [3]: 
1. ��"!,1 "&!47,)�+�#'8 6!/+)&1 2& +,*6,!�+/!' (1100+50) °� 1 �#2�1�2/��:#&( #�-

"!,1�+,�:#&( /.+�#&1), 6!&8&2#&"& +�6�. 
2.  +�*6&1)� )&�:%,1'8 6&)&1&) #� 7,+'!,86&$�%�&##&* "&!47,5+�*6&1&7#&* �1+&-

*�+,, 1)�97�4 .�,2/9A�, 6,!,8&2': 
1) &+!,$)/ *,!#&( $�"&+&1)� &+ #�"!,+&( 7�.+� �.8&2#&"& 6!/+)� &+!,$#'* 5+�*6&*, 

/.+�#&1�,##'* #� #/�,1&( 6&$�%�� 6!,..�; 
2) &.�2)/ &+!,$�##&( $�"&+&1)� #� 6,!1&( 6&$�%�� 5+�*6�, /.+�#&1�,##&"& #� 6!,..,; 
3) 6!,21�!�+,�:#/9 �&!*&1)/ 6&�/��0!�)�+� #� 1+&!&( 6&$�%�� 5+�*6�; 
4) &)&#7�+,�:#/9 �&!*&1)/ 6&�/��0!�)�+� #� +!,+:,( 6&$�%�� 5+�*6�; 
5) 6!&0�1)/ &+1,!.+�4 2&##&( 7�.+� 6&)&1)� � !�$2,�,#�, 6&)&1)� #� $�"&+&1)� )&�,%

6!� 5+�*6&1), «0�5,##&(» 6&)&1)�. 
�1+&*�+ "&!47,5+�*6&1&7#'( *#&"&6&$�%�&##'( 6!,2#�$#�7,# 2�4 �$"&+&1�,#�4 &2-

#&1!,*,##& 21/8 !�$��7#'8 )&�,% 6&25�6#�)&1 *,+&2&* "&!47,( &0B,*#&( 5+�*6&1)� �$
)!/"�&( .+���, .&!+�*,#+ 6& �	�� 2590 6&1'5,##&( +&7#&.+�, �$"&+&1�4,*&( 1 6!/+)�8 2��-
#&( 2& 16 *,+!&1, )!�1�$#� 6!/+)� #, 2&�3#� 6!,1'5�+: 2 ** #� 1 *,+!. 	.#&1#�4 *�!)� .+�-
�� -  �15 6& �	�� 801. 

�
���� �����	����
1 �/07,#)& �.�. ��!&7#�) .+��,( � .6��1&1. 2-, �$2. �.: ��5�#&.+!&,#�,. 2003. 784 .. 
2 �!�1&��6&1 �.�. �..�,2&1�#�, !�.6!,2,�,#�4 1&�&)&# *�)!&.+!/)+/!' 6!� 5+�*-

6&1), 6&)&1&) )&�,% 6&25�6#�)&1. �/!#�� «��/)� � &0!�$&1�#�,», C9, .,#+40!: 2008. �.: 
���� �*. 
�/*�#�. http://technomag.edu.ru/doc/104014.html 

3 	*,�:7,#)& �.�. �,8#&�&"�7,.)�, 6!&%,..' )&1)�, 5+�*6&1)�. �/!.&1&, 6!&,)+�!&-
1�#�, / �.�. 	*,�:7,#)&, 
.�. ��!"�#, �.�. ��!�%,1, �.�. 	�,(#�7,#)&, 	.�. �45)&. �.; �&-
#,%): ��A� 5)&��. �&�&1#&, �$2-1&. 1986. – 151 .. 

4 ��*,#�7#'( �.�. �!�+)�( .6!�1&7#�) +,8#&�&"�-+,!*�.+�. – �.; �.: ��5"�$, 1993. – 
287 .. 
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��..*�+!�1�,+.4 .6&.&0 6&�/7,#�4 0&�,, +&7#&( &0!�0&+)� 6!,!'1�.+'8 6&1,!8#&.+,( 6!� 6&*&A� !�$-
!�0&+�##&( 6&�,$#&( *&2,�� *,+���&!,3/A,"& .+�#)�. 

This article considers the way of obtaining more accurate processing discontinuous surfaces using a utility model 
developed by the machine tool. 

	0!�0&+)� .&&.#'8 &+1,!.+�( 41�4,+.4 &0'7#& +!/2&,*)�* � &+1,+.+1,##'* @+�6&*
+,8#&�&"�7,.)&"& 6!&%,..� �$"&+&1�,#�4 )&!6/.#'8 2,+��,(, #� )&+&!&* &0,.6,7�1�,+.4 2&.-
+�3,#�, )&*6�,).� #��0&�,, 3,.+)�8 +,8#�7,.)�8 +!,0&1�#�(, &6!,2,�49A�8 1 %,�&* 6�!�-
*,+!' ",&*,+!�7,.)&( +&7#&.+� &+1,!.+�( � +&7#&.+: �8 6&�&3,#�4 &+#&.�+,�:#& 6�&.)�8
6&1,!8#&.+,( ��� 2!/"�8 &+1,!.+�( 2,+���. �!� 1'6&�#,#�� +,8#&�&"�7,.)&"& 6!&%,..� +!,-
0/,*', 6�!�*,+!' +&7#&.+� .&&.#'8 &+1,!.+�( 2&.+�"�9+.4 6/+,* 6&.�,2&1�+,�:#&"& /+&7-
#,#�4 6& )�32&*/ �$ 6&)�$�+,�,(. -+& &$#�7�,+ 1'!�0&+�##&, 6!�)+�)&( !�$2,�,#�, 6!&%,..�
&0!�0&+)� .&&.#'8 &+1,!.+�( #� @+�6' 7,!#&1&(, 7�.+&1&( � &+2,�&7#&( &0!�0&+)�.  

�!� 7,!#&1&( &0!�0&+), .#�*�9+ &.#&1#&( 6!�6/.) *,+����, &0,.6,7�1�4 6!� @+&*
+&7#&.+: 6&�&3,#�4 &+1,!.+�( &+#&.�+,�:#& 0�$' � !�1#&*,!#&.+: 6!�6/.)� 6&2 7�.+&1/9
&0!�0&+)/.  

��.+&1�4 &0!�0&+)� &0,.6,7�1�,+ +&7#&.+: !�$*,!&1, ",&*,+!�7,.)&( �&!*' � &+#&.�-
+,�:#&"& 6&�&3,#�4 &+1,!.+�(. 	.&0,##& 1�3#'* 41�4,+.4 &0,.6,7,#�, +!,0/,*&( 6!4*&��-
#,(#&.+� &.� &+1,!.+�( � +&7#&.+� �8 &+#&.�+,�:#&"& 6&�&3,#�4.  

��4 6&�/7,#�4 1 )&!6/.#'8 2,+��48 &+1,!.+�( 1'.&)&( +&7#&.+� (6-"&, 7-"& )1���+,-
+&1) #� $�)�97�+,�:#&* @+�6, +,8#&�&"�7,.)&"& 6!&%,..� 11&24+ &+2,�&7#', &6,!�%��. �,+&-
2�*� &+2,�)� .&&.#'8 &+1,!.+�( 41�49+.4 !�$1,!+'1�#�,, +&#)&, !�.+�7�1�#�,, 6��#,+�!#&,
5���&1�#�,, 8&#�#"&1�#�,, !�.)�+)� !&��)�*�, � 1 &+2,�:#'8 .�/7�48 6!�+�!)� � 5�0!,#�,. 
�'0&! #,&08&2�*&"& *,+&2� &0!�0&+)� $�1�.�+ &+ +!,0/,*&( +&7#&.+�, &6!,2,�4,*&( .�/-
3,0#'* #�$#�7,#�,* 2,+���. 

��$!�0&+�#� 6&�,$#�4 *&2,�: *,+���&!,3/A,"& .+�#)� 2�4 *,8�#�7,.)&( &0!�0&+)�
"�/0&)�8 &+1,!.+�( 1 +!/0#'8 $�"&+&1)�8, )&+&!�4 *&3,+ �.6&�:$&1�+:.4 6!� &./A,.+1�,#��
.&1*,A,#�4 6!&%,..&1 !�.+�7�1�#�4, 6!&5�1�#�4, 2&!#&1�#�4 � 1#/+!,##,"& 5���&1�#�4
+!/0 &.&0&1'.&)&( +&7#&.+�, #�6!�*,!, 2�4 &0,.6,7,#�4 +!,0&1�#�( ) +&7#&.+� &+1,!.+�( 6&
��14-3-/941/-94 ($�41)� #� 6&�,$#/9 *&2,�: C 2014100127) .  

�&1�4 )&#.+!/)%�4 *,+���&!,3/A,"& .+�#)�, &0��2�,+ !�.5�!,##'*� +,8#&�&"�7,-
.)�*� 1&$*&3#&.+4*�, 6&$1&�49A�*� &0!�0�+'1�+: 0&�,, 5�!&)�( 2��6�$&# &+1,!.+�( 1
+!/0#'8 $�"&+&1)�8 � )&!6/.�8 2,+��,( $� .7,+ 11,2,#�4 1 )&#.+!/)%�9 6!�1&2� 6!&*,3/+&7-
#&( 1+/�)� � 1'6&�#4+: *,8�#�7,.)/9 &0!�0&+)� 6/+,* 2&.+�3,#�4 6��#,+�!#&"& 1�8!,�!,-
$,!&1�#�4, 1#/+!,##,"& 5���&1�#�4, .&1*,A,##&"& . !,3/A,-2,�&!*�!/9A�*& 6!&5�1�#�-
,* �!� @+&* +�)3, 2&.+�"�,+.4 .&1*,A,#�, 7,!#&1&( � 7�.+&1&( &0!�0&+)� #,&0!�0&+�##&(
6&1,!8#&.+�, +. ,. 1 /.�&1�48 &+./+.+1�4 6,!,2#,"& #�6!�1�,#�4 � 6&1'5,#�4 +&7#&.+� &0!�-
0&+)� #� &.#&1, 0,$$�$&!#&"& 0�$�!&1�#�4 6�#&�� 6& &0!�0&+�##&( 6&1,!8#&.+�.  

��4 2&.+�3,#�4 +�)&"& +,8#�7,.)&"& !,$/�:+�+� 1 )&!&0), .)&!&.+,( /.+�#&1�,# 2&-
6&�#�+,�:#'( 56�#2,�:, !�.6&�&3,##'( 1 !�2���:#&* #�6!�1�,#�� *,32/ +&�)�9A,( +!/-
0&( � 6!�1&2#'* 1��&* � )&#+�)+�!/,+ . #�*� 7,!,$ .&&.#', !�2���:#&-/6&!#', 6&25�6#�-
)� . 1&$*&3#&.+:9 6,!,2�7� #� 6!&*,3/+&7#/9 1+/�)/ 6�#&�� &+ )!/+4A,"& *&*,#+� � .&$-
2�#�4 7,!,$ 6!&*,3/+&7#/9 1+/�)/ � 0&!5+�#", 6��#,+�!#&"& 21�3,#�4 .& .)&!&.+:9, *,#:-
5,( .)&!&.+� 1!�A,#�4 6!�1&2#&"& 1��� 0&!5+�#"� 6�#&��.  
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�!&*, +&"&, 6&25�6#�)� /.+�#&1�,#' #� 0&!5+�#", +�), 7+& 1,)+&!' �8 @).%,#+!�.�-
+,+&1 )&��,#��!#' � &2#&#�6!�1�,#', � 1,��7�#� ./**�!#&"& @).%,#+!�.�+,+� 6!,1'5�,+
1,��7�#/ ./**�!#&"& 6!�6/.)� #� &0!�0&+)/ &+1,!.+�4, � 6&1,!8#&.+� )&#+�)+� @).%,#+!�7-
#'8 6&25�6#�)&1, 0&!5+�#"� � 6!&*,3/+&7#&"& 1��� 1'6&�#,#' 1�2, @)1�2�.+�#+#'8 )!�-
1&��#,(#'8 6&1,!8#&.+,(.  

��6!�*,!, 2&!#&1�#�, +!/0#'8 $�"&+&1&) (d × D × l = 69,6-0,2 × 90,4+0,2 × 2500…4000 
**), 5,!&8&1�+&.+: 1#/+!,##,"& 2��*,+!� Ra 1,25; *�+,!��� — .+��:  �15��- ) 6!&�$1&-
24+ . .��&( � = 285 - 300 )�; #�+4" i = 0,9 - 1,4 **, .)&!&.+: 2&!#&1�#�4v = 12-15 */*�#, .*�-
$&7#'( *�+,!��� — *�5�##&, *�.�& . 2�./�:��2&* *&��02,#�. ����, �, 6!� 2&!#&1�#��: 

P = Pl D B,  
"2, Pl – .��� #� 1 ** 2��#' 2&!#�, �, $�1�.4A�4 &+ &0!�0�+'1�,*&"& *�+,!���� � #�+4"� [1, 
..300, +. 54]; 

D B – 6,!�*,+! !,$�#�4, **. 
� = 71·174000…278400 = 285…300 )�. 

��)�* &0!�$&*, 2&.+�"�,+.4 %,�: - 6&1'5,#�, 6!&�$1&2�+,�:#&.+� 6!� &0!�0&+), "�/-
0&)�8 &+1,!.+�( 1 .+��:#'8 $�"&+&1)�8, 6!,21�!�+,�:#& #, &0!�0&+�##'8 � �*,9A�8 )!�1�$-
#/, 7+& #, 6&$1&�4,+ 6!�*,#�+: 6,!,2#,, #�6!�1�,#�, 2�4 6�#&��, %,�,.&&0!�$#& .&1*,A�+:
&6,!�%�� 1�8!,�!,$,!&1�#�4, &0,.6,7�1�9A,"& 8&!&5,, 2,�,#�, .+!/3)�. �.�,2 $� 1�8!,�-
!,$,!&1�#�,* +&"2� 1&$*&3#'* .+�#&1�+.4, 6!&5�1�#�, � 2&!#&1�#�,. �&$*&3#&.+: &./A,-
.+1�,#�4 +�)&"& .&1*,A,#�4 2&)�$�#� 6!�)+�)&( �#��&"�7#&"& .&1*,A,#�4 6!&%,..&1 #� "&-
�&1)�8 . 6,!,2#�* � $�2#�* #�6!�1�,#�,*. (.*. �#.+!/*,#+ 2�4 &0!�0&+)� &+1,!.+�( 2��*,+-
!&* 40...380 ** � "�/0�#&( 2& 4000 ** 1 "��:$�8 6#,1*& � "�2!&%���#2!&1 6!,2.+�1�4,+.4
��!*&( SandvikCoromant ( 1,%�4). 

�&.+&�#.+1&* .6&.&0� � )&#.+!/)%�� *,+���&!,3/A,"& .+�#)�, &0��2�9A,"& !�.5�-
!,##'*� +,8#&�&"�7,.)�*� 1&$*&3#&.+4*�, $�)�97�9A�*�.4 1 0&�,, @��,)+�1#&*.+!/3)&-
2,�,#�� � .+!/3)&&+1&2,, $� .7,+ &./A,.+1�,#�4 0&�,, 6!&�$1&2�+,�:#&"& 1�8!,�!,$,!&1�-
#�4 � 0&�,, +&7#&"& 5���&1�#�4, &0,.6,7�1�9A,"& 6&1'5,#�, +&7#&.+� *,8�#�7,.)&( &0!�-
0&+)�. 

� "'�) !"$���$(��
1. �6,%���:#', .+�#)� 2�4 !�.+�7�1�#�4 "�/0&)�8 6!,!'1�.+'8 &+1,!.+�( 56�#-

2,�4*� #� 1'#&.#'8 &6&!�8 �*&�:#�)&1 �.
. ��#�#.)�( �.�. - �&�"&"!�2 ��� «�&��+,8-
#�)», 2004., 

2. ��41)� C 201410127 &+ 09. 01. 2014 ". #� 6&�,$#/9 *&2,�: "�,+���&!,3/A�(
.+�#&)». 
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��..*�+!�1�,+.4 1#,2!,#�, .�.+,*' )�7,.+1� 2�4 )&!*&1'8 2&0�1&) � 6!,*�).&1 FAMI QS
This article considers introduction of the quality system for feed additives and FAMI QS premixes 

	�	 «�&�3.)�( 	!".�#+,$» – .&1!,*,##�4 8�*�7,.)�4 )&*6�#�4, 6!&�$1&24A�4 6!&-
2/)+' 0�$&1&( 8�*�� . 1964 "&2�. 

� �1"/.+, 2004 "&2� .�.+,*� *,#,23*,#+� )�7,.+1� 6!,26!�4+�4 .,!+���%�!&1�#� &!-
"�#&* 6& .,!+���)�%�� «TÜV CERT» #� .&&+1,+.+1�, +!,0&1�#�4* *,32/#�!&2#&"& .+�#2�!+�
��	 9001:2000. 
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� #&40!, 2007 "&2� 6!&�$1&2.+1& *,+�&#�#� .,!+���%�!&1�#& #� .&&+1,+.+1�, +!,0&-
1�#�4* �1!&6,(.)&"& )&2,).� 6& 6!�*,#,#�9 )&!*&1'8 2&0�1&) � 6!,*�).&1 FAMI-QS &!"�-
#&* 6& .,!+���)�%�� «TÜV SÜD» (�,!*�#�4). 

� *�, 2010 "&2� .�.+,*� *,#,23*,#+� )�7,.+1� .,!+���%�!&1�#� #� .&&+1,+.+1�, +!,-
0&1�#�4* *,32/#�!&2#&"& .+�#2�!+� ��	 9001:2008. 

� .,#+40!, 2010 "&2� 6!&�$1&2.+1& *,+�&#�#� .,!+���%�!&1�#& #� .&&+1,+.+1�, +!,-
0&1�#�4* 5 1,!.�� �1!&6,(.)&"& )&2,).� 6& 6!�*,#,#�9 )&!*&1'8 2&0�1&) � 6!,*�).&1
FAMI-QS [1]. 

��.+,*� *,#,23*,#+� )�7,.+1� 	�	 «�&�3.)�( 	!".�#+,$» !�$!�0&+�#� � 1#,2!,#� 1
.&&+1,+.+1�� . +!,0&1�#�4*� *,32/#�!&2#&"& .+�#2�!+� ��	 9001:2008 . 6!�*,#,#�,* 6!&-
%,..#&"& 6&28&2�, )&+&!'( &0,.6,7�1�,+ #,6!,!'1#&.+: /6!�1�,#�4 6!&%,..�*� 1 !�*)�8 .�-
.+,*' 6!� �8 1$��*&2,(.+1��. 

���$"3")�4"#  � FAMI-QS
� %,�:9 &0,.6,7,#�4 0,$1!,2#&.+� )&!*&1'8 2&0�1&), 1,2,#�4 )&**,!7,.)&( 2,4+,�:-

#&.+� 1 .&&+1,+.+1�� . ,1!&6,(.)�*� +!,0&1�#�4*� 6& "�"�,#, )&!*&1 � /�/75,#�4 6!&.�,-
3�1�#�4 6!,26!�4+�, 1#,2!��& )&2,). FAMI-QS (��.+,*� )&!*&1'8 2&0�1&) � 6!,*�).&1). 

«FAMI QS» �00!,1��+/!� &+ �#"��(.)&"& .�&1&.&7,+�#�4 “Feed Additives and PreMix-
tures Quality Systems”. («��.+,*� ��7,.+1� 2�4 )&!*&1'8 2&0�1&) � 6!,*�).&1»). 

�1!&6,(.)�* �&9$&* !�$!�0&+�#& *#&3,.+1& #&!*�+�1&1 2�4 6�A,1&( �#2/.+!��, #�-
%,�,##'8 #� $�A�+/ $2&!&1:4 6&+!,0�+,�4. � 6&.�,2#�, "&2' #&!*�+�1' �� /.�&3#���.: 1
.14$� . *#&"&7�.�,##'*� 6!&0�,*�*�, .14$�##'*� . 6�A,1&( 0,$&6�.#&.+:9 )&!*&1 2�4 3�-
1&+#'8. ��4 .&&+1,+.+1�4 @+�* $�)&#�* � 6&1'5,#�4 0,$&6�.#&.+� � )�7,.+1� )&!*&1 �1!&-
6,(.)�4 �..&%��%�4 6!&�$1&2�+,�,( )&!*&1'8 2&0�1&) �$2��� 2&)/*,#+, )&+&!'( 41�4,+.4
&.#&1&( 2�4 .,!+���)�%��: FAMI-QS (��.+,*� )&!*&1'8 2&0�1&) � 6!,*�).&1). � 6!&2�1%�*
� 6!&�$1&2�+,�4* )&!*&1'8 2&0�1&) ��� 6!,*�).&1 )!�(#, 1�3#& 6&2+1,!2�+: )�7,.+1&, 0,$-
&6�.#&.+: � .&&+1,+.+1�, 6!&2/)%�� [3]. 

��,2/4 6!�#%�6�* �&��+�)� 1 &0��.+� )�7,.+1� 	�	 "�&�3.)�( 	!".�#+,$" � 1'6&�-
#44 6&3,��#�4 6&+!,0�+,�,(, !/)&1&2.+1&* 6!,26!�4+�4 0'�& 6!�#4+& !,5,#�, 6!&1,.+�
.,!+���)�%�9 6!&�$1&2.+1� *,+�&#�#� )&!*&1&"& #� .&&+1,+.+1�, +!,0&1�#�4* .+�#2�!+�
FAMI-QS. ��4 @+&"& 0'�� 6!&1,2,#' .&&+1,+.+1/9A�, *,!&6!�4+�4 6& 1#,2!,#�9 �1!&6,(-
.)&"& )&2,).� 6& 6!�*,#,#�9 )&!*&1'8 2&0�1&) � 6!,*�).&1 #� 6!,26!�4+��.  

�,!+���)�%�&##'( �/2�+ 6&)�$�� 6&�#&, .&&+1,+.+1�, .�.+,*' *,#,23*,#+� 6!&�$-
1&2.+1� *,+�&#�#� +!,0&1�#�4* .+�#2�!+� FAMI-QS. 15 #&40!4 2007 ". 	�	 "�&�3.)�( 	!"-
.�#+,$" 6&�/7�� .,!+���)�+ .&&+1,+.+1�4 FAMI-QS. �,!+���)�+ 41�4,+.4 2,(.+1�+,�:#'* 1
+,7,#�, +!,8 �,+, 6!� /.�&1�� 6&�/7,#�4 6&�&3�+,�:#'8 !,$/�:+�+&1 6!� 6!&1,2,#�� "&2&-
1'8 #�0�92�+,�:#'8 �/2�+&1 #� 6!,26!�4+��, #�7�#�4 . 2�+' 1'2�7� .,!+���)�+�. ��2$&!-
#', �/2�+' 2�4 6!&1,!)� 6&.+&4##&"& /�/75,#�4 $�1&2 /.6,5#& 6!&8&2�+ ,3,"&2#&, � )�3-
2', 3 "&2� 6&.!,2.+1&* 6!&1,2,#�4 6&�#&"& �/2�+� .�.+,*' 6!&8&2�+ !,-.,!+���)�%�4 [1]. 

FAMI-QS !�$!�0&+�# 2�4 .&"��.&1�##&"& 6!�*,#,#�4 . 2!/"�*� .+�#2�!+�*�: ISO 9001, 
ISO 14001, OHSAS 18001, ISO 22000. �!,0&1�#�4 1.+!&,#' 1 �#+,"!�!&1�##/9 .�.+,*/ *,-
#,23*,#+� 6!,26!�4+�4 (.�.+,* *,#,23*,#+� )�7,.+1�, 6!&�,..�&#��:#&"& $2&!&1:4 � 0,$&-
6�.#&.+�, @)&�&"�� � .&%���:#&( &+1,+.+1,##&.+�, /6!�1�,#�4 !�.)�*�). ��)&( 6&28&2 6&$1&-
�4,+ 2&0�+:.4 .&"��.&1�##&.+�, &6+�*�$�%�� � !,$/�:+�+�1#&.+� 2,4+,�:#&.+�. 

�&!*�+�1 FAMI-QS 2&6/.)�,+ "�0)&, .&7,+�#�, 6!�#%�6&1 HACCP � 6!�)+�7,.)�8
)!�+,!�,1 2!/"�8 6!&"!�** 6!,21�!�+,�:#'8 +!,0&1�#�( (PRP), &0,.6,7�1�4 /6!�1�,#�, !�.-
)�*� 0��"&2�!4 6!�*,#,#�9 )&*0�#�!&1�##'8 *,! /6!�1�,#�4 [3]. 

��.+,*� ����� - @+& �#.+!/*,#+ /6!�1�,#�4, )&+&!'( .�.+,*�+�7,.)� �2,#+���%�!/-
,+ )&#)!,+#', !�.)� � *,!' )&#+!&�4 2�4 &0,.6,7,#�4 0,$&6�.#&.+� 6�A,1'8 6!&2/)+&1. ��-
.+,*� 6!�$#�#� 1& 1.,* *�!, � .7�+�,+.4 @��,)+�1#&( .�.+,*&( 0,$&6�.#&.+� 6�A,1'8 6!&-
2/)+&1. 
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�!,0&1�#�4 .�.+,*' 41�49+.4 /#�1,!.��:#'*� � 6!�*,#�*' )& 1.,* &!"�#�$�%�4*, 
�*,9A�* &+#&5,#�, ) 6�A,1&( %,6&7),, — &+ 6&2"&+&1)�, &0!�0&+)�, /6�)&1)�, 8!�#,#�4 �
!�.6!&.+!�#,#�4 2& *&*,#+� 6&+!,0�,#�4 [2]. 

	!"�#�$�%�4 2&�3#� .&&+1,+.+1&1�+: +!,0&1�#�4* 2,(.+1/9A,"& $�)&#&2�+,�:.+1� �
#&!*�+�1#'8 2&)/*,#+&1. 

	!"�#�$�%�4 2&�3#�, 6!,32, 1.,"&, &+1,7�+: &0A�* .�#�+�!#&-"�"�,#�7,.)�* 	!"�#�-
$�%�4 2&�3#� &6!,2,��+: � 1#,2!�+: $�2&)/*,#+�!&1�##', .+�#2�!+#', .�#�+�!#', 6!&%,2/-
!'. -+� 6!&%,2/!' 1)�97�9+, #& #, &"!�#�7�1�9+.4 .�,2/9A�*: 

– 
,$&6�.#&.+: 1&2'
– �!,2&+1!�A,#�, 1$��*#&"& $�"!4$#,#�4
– �!�1��:#�4 *�!)�!&1)�, 8!�#,#�, � �.6&�:$&1�#�, +&).�7#'8 .&,2�#,#�(  
– �&#+!&�: $� .�#�+�!#&-"�"�,#�7,.)�*� /.�&1�4*� 6,!.&#���  
– �,8#&�&"�7,.)�4 .8,*� .+!&�+,�:.+1�, 6!&�$1&2.+1,##&"& 6!&%,..� � $�1&2�
– 	0,$1!,3�1�#�, &+8&2&1
�., 6&+,#%���:#', !�.)� (0�&�&"�7,.)�(, 8�*�7,.)�( ��� ��$�7,.)�(), )&+&!', *&-

"/+ /"!&3�+: 6!&2/)+/ ��� 6!&%,../ #� �90&* @+�6, &+ 6&2"&+&1)� *�+,!���&1, &0!�0&+)�, 
8!�#,#�4 � !�.6!&.+!�#,#�4 2& )&#,7#&"& 6&+!,0�,#�4 2&�3#' 0'+: &6!,2,�,#' � $�2&)/-
*,#+�!&1�#' [2]. 

�#,2!,#�, «�1!&6,(.)&"& )&2,).� 6& 6!�*,#,#�9 )&!*&1'8 2&0�1&) � 6!,*�).&1» 
�*,,+ %,�:9 &0,.6,7,#�, 0,$1!,2#&.+� )&!*&1'8 2&0�1&) � 6!,*�).&1, 1,2,#�, )&**,!7,-
.)&( 2,4+,�:#&.+� 1 .&&+1,+.+1�� . ,1!&6,(.)�*� +!,0&1�#�4*� 6& "�"�,#, )&!*&1 � /�/75,-
#�, 6!&.�,3�1�#�4 1.,"& %�)�� 6!&�$1&2.+1�.  

��4 1#,2!,#�4 )&2,).� �.6&�:$/,+.4 .�.+,*� /6!�1�,#�4 )�7,.+1� ��	 9001:2000, �
+�)3, ����� 6!�#%�6'. ����� (�#���$ !�.)&1 � )!�+�7,.)�, )&#+!&�:#', +&7)�) - .�.+,-
*� &0,.6,7,#�4 0,$&6�.#&.+� 6�A,1'8 6!&2/)+&1. �&#%,6%�4 ����� 6!,2/.*�+!�1�,+ .�.-
+,*�+�7,.)/9 �2,#+���)�%�9, &%,#)/ � /6!�1�,#�, &6�.#'*� ��)+&!�*�, )&+&!', ./A,.+-
1,##& 1��49+ #� 0,$&6�.#&.+: )&!*�. 	.&0,##&.+:9 .�.+,*' ����� 41�4,+.4 +&, 7+& 6!� ,,
6&*&A� 2,+��:#& �$/7�,+.4 )�32'( @+�6 1 6!&�$1&2.+1,, 8!�#,#�� � 2&.+�1), 6!&2/)%��, 1'-
41�49+.4 .6,%���7,.)�, !�.)� � &6�.#&.+�, 1#,2!49+.4 @��,)+�1#', *,+&2' )&#+!&�4 � *&-
#�+&!�#"�. �#,2!�1 � 6&22,!3�1�4 .�.+,*/ �����, 6!,26!�4+�, &0��2�,+ /1,!,##&.+:9 1
+&*, 7+& 0,$&6�.#&.+: )&!*&1 .&0�92�,+.4.  

��4 6&�/7,#�4 .,!+���)�+� 6& FAMI-QS 6!,26!�4+�, 2&�3#& /.+�#&1�+:, $�2&)/*,#-
+�!&1�+:, 1#,2!�+: � 6&22,!3�1�+: .�.+,*/ /6!�1�,#�4 1 .&&+1,+.+1�� . +!,0&1�#�4*� �1!&-
6,(.)&"& )&2,).� 6& 6!�*,#,#�9 )&!*&1'8 2&0�1&) � 6!,*�).&1. 
� "'�) !"$���$(��
1. �/)&1&2.+1& 6& )�7,.+1/ #� 	�	 «�&�3.)�( 	!".�#+,$» 
2. �!,0&1�#�4 &6,!�%�&##&( .�.+,*' HACCP (UKAS) 
3. FAMI-QS: )�7,.+1& � 0,$&6�.#&.+: )&!*&1
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��..*�+!�1�,+.4 .6&.&0 /�/75,#�4 .0&!� .+�+�.+�7,.)&( �#�&!*�%�� 2�4 )&#+!&�4 )�7,.+1� �$"&+&1�,-
#�4 6#,1*�+�7,.)&( 5�#'. 

Discloses a method for improving the collection of statistical information for quality control of manufacturing a 
pneumatic tire 
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�,8#&�&"�7,.)�( %�)� 6!&�$1&2.+1� 5�# 1 &!"�#�$�%�� 1,2,+.4 &+ 6&�/7,#�4 � &0!�-
0&+)� .'!:4 2& �$"&+&1�,#�4 � 6!�,*)� "&+&1&( 6!&2/)%��. 

��4 &0,.6,7,#�4 � 6&22,!3�#�4 +,8#&�&"�7,.)�8 6!&%,..&1 #� 6!�,*�,*&* � .+�0��:-
#&* /!&1#,, "�!�#+�!/4 6!� @+&* .&&+1,+.+1�, 6!&2/)%�� /.+�#&1�,##'* +!,0&1�#�4*, �.-
6&�:$/9+  *,+&2' .+�+�.+�7,.)&"& /6!�1�,#�4 )�7,.+1&* – SP�.  

	04$�+,�:#'* 2�4 .+�+�.+�7,.)&"& )&#+!&�4 � �#���$� 41�49+.4 .�,2/9A�, 6!&%,..': 
- 18&2#&( )&#+!&�:; 
- �$"&+&1�,#�, !,$�#&1'8 .*,.,(; 
- &0!,$�#)�  +,).+��:#&"& �  *,+����7,.)&"& )&!2�; 
- )���#2!�!&1�#�,  !,$�#&1'8 6!&.�&,), ",!*&.�&4; 
- @).+!/$�4 6!&����!&1�##'8 2,+��,(; 
- !�.)!&( *�+,!���&1; 
- .0&!&7#', 6!&%,..'; 
- ��#��:#', &6,!�%�� (*�..�, 2�.0���#. � 2!.), . 6,!�&2�7,.)�* )&#+!&�,*. 
��7,.+1& 6!&2/)%�� #� 1'8&2, +,86!&%,..� $�1�.�+ &+: 
- �$*,#7�1&.+� 6!&%,..�; 
- .+�0��:#&.+� 6!&%,..�; 
- #�.+!&()� 6!&%,..�; 
- .1&,1!,*,##&.+� !,"/��!&1&) 6!&%,..�; 
- �$��5#,"& 1*,5�+,�:.+1� 1 6!&%,... 
�..�,2&1�#�, 6!&1&2��&.: . %,�:9 &6!,2,�,#�4 .&0.+1,##&( �$*,#7�1&.+� 6!&%,..�, 

)&+&!�4 2&�3#� /2&1�,+1&!4+: +,8#�7,.)�* +!,0&1�#�4* �$2,��(. 
�!� �..�,2&1�#�� 6!&%,..� 6!&1&2���.: 6!&1,!)� 1.,8 ��)+&!&1 1��49A�8 #� #,"&, �

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

�.�)�1'

��./#&) 1 
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��4 &%,#)� 6!&%,..� +�)3, 6!&1&2��.4 .0&! 2�##'8  � !�..7�+'1���.: .�,2/9A�, 8�-
!�)+,!�.+�)�: 

- 6!�"&2#&.+: .!,2.+1 �$*,!,#�4/�.6'+�+,�:#&"& &0&!/2&1�#�4 �$*,!�+,�:#&( .�.+,-
*' (��� 5-8.1-��); 

- �#2,).' 6!�"&2#&.+� &0&!/2&1�#�4  (�m, �m)); 
- 8�!�)+,!�.+�)� 6�!�*,+!&1 6!&2/)+&1 #� 18&2, � 1'8&2, 6!&%,..� (�!, �!)). 
��!�)+,!�.+�)� 6�!�*,+!&1 6!&2/)%�� #� 18&2, � 1'8&2, 6!&%,..� !�..7�+'1�9+.4 #�

&.#&1�#�� $#�7,#�(, $�#,.,##'8 1 )&#+!&�:#', )�!+' (�.�.). 
�.�� 0!�+: 6&�/��0!�)�+', +& 1 )�32&* 6!&%,.., 1&$*&3#' 2,�,)+'. ��6!�*,! #�

6!&+,)+&!#'( �"!,"�+ 6&2�,+.4 #,)�7,.+1,##�4 !,$�#�, 1 !,$/�:+�+, 7,"& $�"&+&1)� +&�.+',
��� #�&0&!&+ . $�#�3,##&( +&�A�#&(. ��4 !�.)!&4 *&3,+ 0'+: #,6!�1��:#'( $�$&! *,32/
1��)�*�, 1 !,$/�:+�+, 7,"& +&�A�#� !,$�#&1&( 6!&.�&()� #, .&&+1,+.+1/,+ $�2�##'* 6�!�-
*,+!�*. �� .0&!), 1&$*&3#& #,6!�1��:#&, #��&3,#�, .�&,1, #,6!�1��:#�4 5�!�#� .�&,1 )�!-
)�.�, � )�) .�,2.+1�, 2,�,)+#�4 .'!�4 6&)!'5)�  �.�� 0!�+: 1��4#�, .+�+�.+�)�, +& +�)3,
*&3,+ 0'+: #,.)&�:)& 6!�7�#, +�)�8 )�) #,6!�1��:#&, $�6&�#,#�, �.�., &5�0)� )&#+!&�,!&1
6!� $�#,.,#�� 2�##'8 1 �	, &5�0)� !�0&7�8, #, )�7,.+1,##'( )&#+!&�:.  

�+&0' /.+!�#�+: /)�$�##', 6!�7�#', .�,2/,+ .+!,*�+:.4 ) �1+&*�+�$�!&1�##&*/ .B,-
*/ �#�&!*�%�� #� 1.,8 .+�2�48 6!&�$1&2.+1�. 

� "'�) !"$���$(��
1. ���  6-8.1-	�� - 2012 «�+�+�.+�7,.)&,  /6!�1�,#�, +,8#&�&"�7,.)�*� 6!&%,..�*�». 
2. �	�� � 51814.3-2001 «��.+,*' )�7,.+1� 1 �1+&*&0��,.+!&,#�� *,+&2' .+�+�.+�7,.)&-
"& /6!�1�,#�4 6!&%,..�*�». 
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��..*�+!�1�9+.4 6!,�*/A,.+1� -��� &+#&.�+,�:#& +!�2�%�&##&"& ��. 
The author considers the advantages of EMAT relatively traditional UC.  

-�,)+!&*�"#�+#&-�)/.+�7,.)�, 6!,&0!�$&1�+,�� (-���) – @+& &+#&.�+,�:#& #&1&,
#�6!�1�,#�, 1 �� )&#+!&�,. 	.#&1#&, &+��7�, @+&( +,8#&�&"�� .&.+&�+ 1 +&*, 7+&
/�:+!�$1/)&1�4 1&�#� ",#,!�!/,+.4 #,6&.!,2.+1,##& 1 �..�,2/,*&* &0B,)+,. � &.#&1,
6!�#%�6� 2,(.+1�4 -�� 6!,&0!�$&1�+,�,( �,3�+ 1&$0/32,#�, � 6!�,* /�:+!�$1/)&1'8 1&�#
6/+,* 1&$2,(.+1�4 #� 6&1,!8#&.+: @�,)+!&6!&1&24A,"& &0B,)+� 6,!,*,##&"& � 6&.+&4##&"&
*�"#�+#'8 6&�,(. �#2/)+&! -���, 7,!,$ )&+&!'( 6!&+,)�,+ �*6/�:. 1'.&)&7�.+&+#&"& +&)�, 
.&$2�,+ 1 6&1,!8#&.+#&* .�&, *,+���� 1�8!,1&( +&). � !,$/�:+�+, .&1*,.+#&"& 2,(.+1�4
1�8!,1&"& +&)� � 6&�4!�$/9A,"& 6&�4 1&$#�)�9+ .��' �&!,#%�, &0,.6,7�1�9A�,
1&$0/32,#�, /�:+!�$1/)&1'8 )&�,0�#�( .&&+1,+.+1/9A,"& +�6�. � $�1�.�*&.+� &+
)&#.+!/)+�1#'8 6�!�*,+!&1 �#2/)+&!� � &!�,#+�%�� 6&�4!�$/9A,"& 6&�4, 1 6!&%,..,
)&#+!&�4 1&$0/32�9+.4 .21�"&1', SH-1&�#' !�2���:#&( ��� ��#,(#&( 6&�4!�$�%��
(�#2/)+&! &1��:#&( ��� 6!4*&/"&�:#&( �&!*'). 

� 6&*&A:9 -���, �,")& 1&$0/2�+:, #�6!�*,! 6&6,!,7#', 1&�#', 
!�.6!&.+!�#49A�,.4 6& #&!*��� � 6&2 /"�&* ) 6&1,!8#&.+�, � +�) 3, 6&6,!,7#',
#&!*��:#', 1&�#'. -��� #, #�"!/3�9+ 6&1,!8#&.+: &0B,)+� )&#+!&�4, 7+& 6&$1&�4,+
/.+!�#�+: 6!&0�,*' .14$�##', . !,1,!0,!�%�&##'*� 6!&%,..�*� – 41�,#�4*� #� "!�#�%,
!�$2,�� .!,2 1 .�&, )&#+�)+#&( ��� �**,!.�&##&( 3�2)&.+�. �)/.+�7,.)�( +!�)+ -��
2,�,)+&.)&6� 1,.:*� 6!&.+, 6&.)&�:)/ /�:+!�$1/)&1', 1&�#' 1&$0/32�9+.4 �
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!�.6!&.+!�#49+.4, )�) 6!�1��&, +&�:)& 1 .�*&* &0B,)+, )&#+!&�4. �&�:)& .�* &0B,)+
)&#+!&�4 � .&2,!3�A�,.4 1 #,* #,&2#&!&2#&.+�, .6&.&0#' �$*,#�+: )�!+�#/ 1&�#&1&"& 6&�4. 

�*,9+.4 &.#&1�#�4 .7�+�+:, 7+& 6&6,!,7#', 1&�#' !�.6!&.+!�#49A�,.4 6& #&!*��� )
6&1,!8#&.+�, 0&�,, 7/1.+1�+,�:#' ) #,)&+&!'* 2,�,)+�*. 	#� !�.6!&.+!�#49+.4 121&,
«*,2�,##,,» 6!&2&�:#'8, 7+& .&$2�,+ 0��"&6!�4+#', /.�&1�4 2�4 +&�A�#&*,+!�� �
6&1'5,#�4 !�$!,5�9A,( .6&.&0#&.+� 6!� )&#+!&�, @8&-*,+&2&*. �!�*,#,#�, 6&6,!,7#'8
1&�# &6!,2,�,##&( 6&�4!�$�%�� 6&$1&�4,+ . 1'.&)&( 7/1.+1�+,�:#&.+:9 &0#�!/3�1�+:
#,/2&0#', 2�4 &+!�3,#�4 +!,A�#', 2�3, ,.�� �8 6�&.)&.+: 6�!���,�:#� #�6!�1�,#�9
6!&$1/7�1�#�4. 

-�,)+!&*�"#�+#'( )&#+�)+ -��� . 6&1,!8#&.+:9 &0B,)+� )&#+!&�4, 1 0&�:5�#.+1,
.�/7�,1 41�4,+.4 "&!�$2& 0&�,, /.+&(7�1'*, 7,* �)/.+�7,.)�( )&#+�)+ 2�4
6:,$&@�,)+!�7,.)�8 6!,&0!�$&1�+,�,(. �&�,0�#�4 &6&!#&"& «2&##&"& .�"#��� #�
0,$2,�,)+#'8 /7�.+)�8, )�) 6!�1��&, #, 6!,1'5�9+ 4-6 2
. �)/.+�7,.)�4 &.: #, &+)�&#4,+.4
6!� �$*,#,#�� 6&�&3,#�4 -��� &+#&.�+,�:#& 6&1,!8#&.+� &0B,)+� )&#+!&�4. 

�&#+�)+#�4 3�2)&.+: 41�4,+.4 &2#�* �$ .��0'8 *,.+ +!�2�%�&##'8 *,+&2&1 ��� �
0&�:5�#.+1� !,���$/9A�8 �8 .�.+,*. �,&08&2�*&.+: 6!�*,#,#�4 3�2)&.+� 1., 7�A,
1.+/6�,+ 1 )&#���)+ . .&1!,*,##'*� *,+���/!"�7,.)�*� +,8#&�&"�4*�. �., +!/2#,,
&0,.6,7�1�+: #,&08&2�*', +!,0&1�#�4 6& .)&!&.+� 6,!,*,A,#�4, +,*6,!�+/!, � .&.+&4#�9
6&1,!8#&.+� &0B,)+&1 )&#+!&�4. �.6&�:$&1�#�, 1&2', 2�3, . 2&0�1�,#�,* 6!�.�2&), 7�.+&
6!�1&2�+ ) )&!!&$�� � )�) .�,2.+1�, ) /8/25,#�9 +&1�!#&"& 1�2� 6!&2/)%��. �!�*,#,#�,
@�,)+!&*�"#�+#&-�)/.+�7,.)�8 6!,&0!�$&1�+,�,( #, +!,0/,+ 6!�*,#,#�4 )&#+�)+#&(
3�2)&.+� � .�,2&1�+,�:#& ��5,#& 1.,8 .14$�##'8 . #,( #,2&.+�+)&1. 


,.)&#+�)+#', *,+&2' 1&$0/32,#�4 �)/.+�7,.)�8 1&�# 6& .!,2.+1�* -���
./A,.+1,##& !�.5�!49+ 1&$*&3#&.+� /�:+!�$1/)&1&"& )&#+!&�4 6!� 1'.&)�8 � #�$)�8
+,*6,!�+/!�8, 5,!&8&1�+&( � $�"!4$#,##&( 6&1,!8#&.+� &0B,)+&1, � +�)3, 1 .�/7�48 )&"2� 6&
6!�*,#4,*&( +,8#&�&"�� )&#+�)+#', 3�2)&.+� 6!�*,#4+: #,2&6/.+�*&. 

	.#&1#', 6!,�*/A,.+1� +,8#&�&"�� )&#+!&�4 . 6!�*,#,#�,* -��� 6& .!�1#,#�9 .
+!�2�%�&##'* /�:+!�$1/)&1'* )&#+!&�,*: 

- -��� *&3,+ 1&$0/32�+: 6&6,!,7#', 1&�#' 1 5�!&)&* 2��6�$&#, 7�.+&+, 7+&
6&$1&�4,+ /1,��7�+: �$*,!4,*'( 2��6�$&# � /1,��7�+: +&7#&.+: �$*,!,#�( 6& .!�1#,#�9 .&
.+�#2�!+#'* �-�; 

- &+./+.+1�, #,6&.!,2.+1,##&"& )&#+�)+� -��� . *,+���&* ./A,.+1,##& .#�3�,+
+!,0&1�#�4 ) 6&2"&+&1), 6&1,!8#&.+� � #, +!,0/,+ �.6&�:$&1�#�4 )&#+�)+#&( 3�2)&.+�; 

- /�:+!�$1/)&1', )&�,0�#�4 1&$0/32�,*', @�,)+!&*�"#�+#'* 6&�,* #, 7/1.+1�+,�:#'
) 6,!,)&.�* 6!� /.+�#&1), -��� #� �$2,��,, /.+!�#44 &5�0)� �$*,!,#�4, 1'$1�##',
6!,�&*�,#�,* $1/)� #� "!�#�%, «6!,&0!�$&1�+,�: – &0B,)+ )&#+!&�4»; 

- !�0&7�4 6&1,!8#&.+: *&3,+ �*,+: 5�!&)�( +,*6,!�+/!#'( 2��6�$&# 0,$ !�.)�
6&1!,32,#�4 2�+7�)�; 

- #� )&#+!&�: #, 1��4,+ /"&� 11&2� �*6/�:.�, 6&@+&*/ 6!,&0!�$&1�+,�� #, 2,�4+.4 #�
#�)�&##', � 6!4*',; 

- 0,.)&#+�)+#'( 6!,&0!�$&1�+,�: #, 6&21,!3,# +!,#�9 � )�) .�,2.+1�, #,
�$#�5�1�,+.4; 

- 6!�0&!' �.6&�:$/9A�, @�,)+!&*�"#�+#&-�)/.+�7,.)�, 6!,&0!�$&1�+,�� *&"/+
!�0&+�+: #� &0B,)+�8 .�&3#&( �&!*' � +!/0�8 *��&"& 2��*,+!�

� #,2&.+�+)�* -��� &+#&.4+ �8 .!�1#�+,�:#& #�$)/9 7/1.+1�+,�:#&.+: �
6&*,8&$�A�A,##&.+:. 	2#�* �$ 1&$*&3#'8 *,+&2&1 6&1'5,#�4 7/1.+1�+,�:#&.+� -��-
.�7+)*' 41�4,+.4 6!�*,#,#�, )&",!,#+#&( &0!�0&+)� 6!�#�*�,*'8 .�"#��&1. 

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

��*&)!/+&1, �.�.  ,1��2')�#, �.�. 
&0!&1, �.�. ��,8�#, �.�. �&$�&1 C2 (40) �9#: 2008. 
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2. «�,+&2' � .!,2.+1� /�:+!�$1/)&1&"& )&#+!&�4 6!&)�+� . 6!�*,#,#�,*
@�,)+!&*�"#�+#&-�)/.+�7,.)�8 6!,&0!�$&1�+,�,(» ��!�)&1 �.�. C 3 *�!+ 1999. 

�������������	��� �������
 ���������������� 
��/���	

���,��+���	 �	�-�+	 ������
  

�	 �	� �������� 	-�	,����� ,	��+

�.�,1� �.�., ��8�#)�# �.�. 
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��
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�
�
�
 (������)  

�������������� ��������
��

��� 
��
�������� �
������
�
�, www.volpi.ru

��..*�+!�1�9+.4 �#.+!/*,#+' )&#+!&�4 +,8#&�&"�7,.)&"& 6!&%,..� 6!&�$1&2.+1� )�!0�2� )!,*#�4
This article considers instruments of control of technological process of production of carbide  silicon 

	�	 «�&�3.)�( �0!�$�1#'( ��1&2», &.#&1�##'( 1 1961 "., 41�4,+.4 ,2�#.+1,##'*
6!&�$1&2�+,�,* )�!0�2� )!,*#�4 1 �&..��, .�*'* )!/6#'* 6!&�$1&2�+,�,* )�!0�2� )!,*#�4
1 �1!&6, � )!/6#,(5�* 6!&�$1&2�+,�,* �0!�$�1#&"& �#.+!/*,#+� #� ),!�*�7,.)&( .14$), 1
�&..�� � ��� [1]. 

�)+/��:#&.+: 2�##&( +,*' $�)�97�,+.4 1 +&*, 7+& �#���$ .�+/�%�� 6& 1��&1&*/ 1'8&-
2/ )�!0�2� )!,*#�4 $� ./+)�, #,2,�9 � 2!/"&( 6,!�&2 1!,*,#� � 6!,2.+�1�,#�, ,= 1 #�"�42-
#&* 1�2,, 1,2=+ ) 6&�.)/ !,5,#�( 6& /1,��7,#�9 1��&1&"& 1'8&2� � .&&+1,+.+1,##&, /�/75,-
#�9 2�##&"& +,8#&�&"�7,.)&"& 6!&%,..�. 

� &!"�#�$�%�� ./A,.+1/,+ *,+&2&�&"�7,.)�4 �#.+!/)%�4 ��-	��-34[2]. 
��4 6&�/7,#�4 )�7,.+1,##&"& )�!0�2� )!,*#�4, )!&*, +,8#�7,.)�8 6&)�$�+,�,(, $��&-

3,##'8 1 #&!*�+�1#&-+,8#�7,.)&( 2&)/*,#+�%��, #,&08&2�*& /7�+'1�+: %,�'( .6,)+! !�$-
��7#'8 ��)+&!&1, 1��49A�8 #� 2�##'( +,8#&�&"�7,.)�( 6!&%,...

�#���$�!/4 .�+/�%�9 6& 1��&1&*/ 1'8&2/ $� ./+)�, #,2,�9, %,�,.&&0!�$#& �.6&�:$&-
1�+: 2�4 #�"�42#&"& 6!,2.+�1�,#�4 )&#+!&�:#', )�!+'  /8�!+�. �,8#&�&"�7,.)�4 "!/66� &!-
"�#�$�%�� 1 .1&,( !�0&+, 6!�*,#4,+ )&#+!&�:#', )�!+'  /8�!+� +�6� )�!+' �#2�1�2/��:#'8
$#�7,#�( � .)&�:$4A�8 !�$*�8&1. 

�� 6!&1,2,#�, �#���$� +�)&"& *�.5+�0� &)�$'1�,+ 1��4#�, � 1!,*,##&( �#+,!1��, +�)
)�) &+ *&*,#+� 6&2"&+&1)� *�+,!���&1 2�4 $�"!/$)� 6,7� 2& 6&�/7,#�4 )�!0�2� )!,*#�4 6!&-
8&2�+ 5 ./+&). ��4 �#���$� �.6&�:$&1�#' 2�##', $� 2,)�0!: 2013 "&2�. 

�� &.#&1�#�� 6&�/7,##'8 2�##'8 #�*� 6!,2.+�1�,#� )&#+!&�:#�4 )�!+�  /8�!+� (!�-
./#&) 1). 

�� "!���), 7,+)& 6!&.*�+!�1�9+.4 2#�, )&"2� 1��&1'( 1'8&2 )/.)� )�!0�2� )!,*#�4 .
6,7,( 0'� #�3, !�..7�+�##&( )&#+!&�:#&( "!�#�%'. � @+&( .�+/�%��, 6& 6,7�*, )&+&!',
08.12.13 � 28.12.13 "&2� 2��� #�$)�( 1��&1'( 1'8&2, #,&08&2�*& 1 )&!&+)�( .!&) 6!&1,.+�
1.,.+&!&##�( �#���$ 6& 1.,( +,8#&�&"�7,.)&( %,6� 2�4 1'41�,#�4 6!�7�#, )&+&!'*� *&"/+
0'+:: 8�*�7,.)�( .&.+�1 1&$1!�+#'8 .'!:,1'8 *�+,!���&1, .&0�92,#�, @�,)+!&!,3�*� 6��1-
)�, 7,�&1,7,.)�( ��)+&! � +.2.  
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     1 2 3 4 5 6 7 8 9  10  11  12 13 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 
��+�

��./#&) 1– ��##', 6& 1��&1&*/ 1'8&2/ )�!0�2� )!,*#�4

��./#&) 14 - ���"!�**��.�)�1'2�4 6!&�$1&2.+1� )/.)� )�!0�2� )!,*#�4 7,!#&"&

��)�* &0!�$&*, �.6&�:$&1�#�, )�!+  /8�!+� 2�4 �#���$� +,8#&�&"�7,.)&"& 6!&%,..�
6&$1&���& 1'41�+: ,"& &+)�&#,#�4 (#�$)�( 1'8&2). 
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�� !�$!�0&+�##&( #�*� 2��"!�**, �.�)�1' 1.4 0�$� �#�&!*�%�&##'8 2�##'8 !�$2,-
�,#� #� 64+: &.#&1#'8 0�&)&1: 7,�&1,7,.)�( ��)+&!, &0&!/2&1�#�,, *�+,!���', +,8#&�&"�4, 
)&#+!&�:#', $�*,!'. ��32'( 6&)�$�+,�: �*,,+ .1&, $#�7,#�,, � 2�4 !�.7,+� !,%,6+� *&#&-
5�8+', 1'0&!� @�,)+!&!,3�*� 6��1)� 6,7,( � +.2. &7,#: 1�3#& @+& /7�+'1�+: [3]. 

��"�42#& 1�2#&, 7+& �#�&!*�%�&##�4 0�$� .&.+�1�4,+ 0&�:5&( &0B,* 2�##'8. �� 6!�)+�), 1.,
@+� 2�##', ��).�!/9+.4 1 !�$��7#'8 �.+&7#�)�8: 3/!#���8, &+7,+�8, .1&2)�8, 1 )�!+, &0&!�7�1�,*&-
.+� 6,7,(. � #, 1.,"2� 6!� 6!&1,2,#�� �#���$� 6!&%,..� /7�+'1�9+.4 1., 2�##', 1 .&1&)/6#&.+�, %,-
�&.+#&( )�!+�#'#, 1�2#&. 

���:#,(5�( �#���$ .+,6,#� $#�7�*&.+� 6!�7�#, 1��49A�8 #� .+�0��:#&.+: 6!&%,..�, *&3#&
&./A,.+1�+: . 6&*&A:92��"!�**'��!,+& � "�.+&"!�**'. 

�
���� �����	����
1. 	$#�)&*�+,�:#'( 0/)�,+ 6& 6!&2/)%�� 	�	 «���»: �7,0. 6&.&0�,. – �.: �&�3.)�(, 
2013. 
2. ��-	��-34 �!�*,#,#�, .+�+�.+�7,.)�8 *,+&2&1 2�4 �#���$� )�7,.+1� 6!&2/)%�� �
/6!�1�,#�, 6!&%,..�*�. 
3. ��	 00220931-019-2012 «���6"1 )����"# *����7».

����������� ���+���	�������
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��..*�+!�1�,+.4 6!�*,#,#�, .&1!,*,##&"& �$*,!�+,�:#&"& &0&!/2&1�#�4 6!� �$"&+&1�,#�� 6&25�6#�-
)�. 

The application of modern measuring equipment in the manufacture of bearings. 

�,!�$B,*#'( 21/8!42#'( !�2���:#&-/6&!#'( 6&25�6#�) +�6� 256000 �*,,+ 1 )&�:%�8
. &2#&( .+&!&#' )�#�1)/ 2�4 11&2� 5�!�)&1. �&3,+ 1&.6!�#�*�+: *&*,#+ 1 &.,1&( 6�&.)&.+�
� 21/8.+&!&##�, &.,1', #�"!/$)�. �!�*,#49+.4 1 /$��8, "2, #, +!,0/,+.4 1'.&)�4 3,.+)&.+:
&6&!'. ��$B,*#&, )&�:%& 6&$1&�4,+ !�$*,.+�+: 1 6&25�6#�), 0&�:5,, 7�.�& 5�!�)&1 � +,*
.�*'* &0,.6,7�+: 1'.&)/9 "!/$&6&2B,*#&.+:. 	6+�*��:#'* /.�&1�,* @).6�/�+�%�� +�)�8
6&25�6#�)&1 41�4,+.4 6!,1���!&1�#�, &.,1&( #�"!/$)� #�2 !�2���:#&(. 

�&25�6#�) 6-256707��12 5�!�)&1'( !�2���:#&-/6&!#'( 6!�*,#4,+.4 1 �"!,"�+�8
.+/6�%' 6,!,2#�8 )&�,. �1+&*&0��,(: ��2� ����#�, ��2� �!�#+�, ��2� �!�&!�. 

��6!"4�  1 – ��8����  �1&" �")�
�.�&1#&, &0&$#�7,#�, �,+��: d, ** D, ** ��..�, )"

6- 256707��12 ��!/3#&, )&�:%& 53,8 68,015 0,23 )"
6- 256707��12 �&�:%& 1#/+!,##,, 35 48,150 74,6 "

	+1,+.+1,##&( 6&1,!8#&.+:9 1 2�##&* 6&25�6#�), 41�4,+.4 #�!/3#'( � 1#/+!,##�(
2��*,+!'. � .14$� . 7,* %,�:9 2�##&( !�0&+' 41�4,+.4 �$/7,#�, .8,*' )&#+!&�4 2�##'8 6&-
1,!8#&.+,( 1 6!&%,.., 6!&�$1&2.+1� � 6!�*,#,#�, .&1!,*,##'8 .!,2.+1 �$*,!,#�4. 

� #�.+&4A�, 1!,*4 #� 6!,26!�4+�� 	�	 «��� �&�3.)�(» &./A,.+1�4,+.4 )&#+!&�:
2�##'8 6&1,!8#&.+,( #� 6!�0&!, Talyrond 73PC. 

�!/"�&*,!, 6!,2#�$#�7,##'( 2�4 6!,%�$�&##&"& �$*,!,#�4 1&�#�.+&.+� � &+)�&#,#�4
&+ )!/"�&.+� 1 1,��7�#�8 )&�,0�#�4 !�2�/.� &+ &.� 1!�A,#�4, $�2�1�,*&( 6!�0&!&*. 

Talyrond .,!�� R[1]– !42 6!&2/)%�� 2�4 �$*,!,#�4, )!/"�&.+� &0,.6,7�1�,+ 2&.+�+&7-
#/9 #�2,3#&.+: 2�4 6!�*,#,#�4 1 $�1&2.)�8 /.�&1�48 � +&7#&.+: 2�4 �90&"& /7�.+)� )&#+!&-
�4.�&1', 6!�0&!' Talyrond .,!�� R 6!,2.+�1�49+ .&0&( "�0)&, !,5,#�,, .&&+1,+.+1/9A,,
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+!,0&1�#�4* �$*,!,#�4 )!/"�&.+� � &+)�&#,#�( �&!*'. 
�)&!&.+: �$*,!,#�4, 2&.+�"�,*&, )1�����%�!&1�##'* &6,!�+&!&*,.&.+�1�4,+ – 3 (+!�) 

2,+���/*�#/+/, 1)�97�4 1!,*4 6&2"&+&1)� ) !�0&+,. 
��6!"4�  2– ��%�"*�')"� %���)$��"'$")"  �"6����

 Talyrond 73 Talyrond R-125 

��).�*��:#'( 2��*,+!, ** 355 300 

��).�*��:#�4 1'.&+� #�2 .+&�&*, ** 406 300 

�)&!&.+: 1!�A,#�4 56�#2,�4, &0/*�# 6  20 

�!,2,� 6&"!,5#&.+�, +/- *)* 0,025  0,025 

���6�$&# �$*,!,#�4, ** 0,4 2 

���0&�,, ./A,.+1,##'* 6!,�*/A,.+1&* 2�##'8 6!�0&!&1 41�4,+.4 .)&!&.+:. � +&7-
#&* *�5�#&.+!&,#�� 6!� /1,��7,#�� &0B,*� 6!&�$1&2.+1� 7�A, 1.,"& )�*#,* 6!,+)#&1,#�4
.+�#&1�+.4 *,+!&�&"�4. �!�0&!' . 1'.&)&( 6!&6/.)#&( .6&.&0#&.+:9 �$*,!,#�(, &0,.6,7�-
1�9+ 0&�,, 1'.&)/9 2&�9 )&#+!&��!/,*&( 1'0&!)� #�!42/ . /1,��7,#�,* &0B,*&1 6!&�$1&2-
.+1�. 

�&7#&.+: (!�2���:#�4 +&7#&.+: 2�4 56�#2,�4 .&.+�1�4,+ ±25 #*). 
�,.*&+!4 #� +&, 7+& .)&!&.+: �$*,!,#�(, &0,.6,7�1�,*�4 .�.+,*&(, 1 #,.)&�:)& !�$

6!,1'5�,+ .)&!&.+:,"�!�#+�!/,*/9 +!�2�%�&##'*� #�.+&�:#'*� .�.+,*�*�, 6&+,!� )�7,.+-
1� +&7#&.+� #, 6!&�.8&2�+. 

�!&.+&+� �.6&�:$&1�#�4 (6!&"!�**#&, &0,.6,7,#�, 2�4 .,#.&!#&"& @)!�#�) 

��"&2�!4 6!&"!�**#&( 6��+�&!*, 2�4 .,#.&!#&"& @)!�#� X-sight . �#+/�+�1#&( #�1�-

"�%�,( 6!�0&! 2�4 �$*,!,#�4 )!/"�&.+�Talyrond, +�) 3, 6!&.+ 1 �.6&�:$&1�#��, )�) � SatNav 
��� SmartPhone, � �,")& /6!�1�4,+.4 )�.�#�,* @)!�#� )&#7�)�*� 6��:%,1. 

��.+,*� �$*,!,#�4 )!/"�&.+�6!�0&!� Talyrond R-125 . .�*&( 1'.&)&( 6!&6/.)#&(
.6&.&0#&.+:9 �$*,!,#�(: 

- /1,��7�1�,+ 6!&�$1&2�+,�:#&.+:; 
- 1.,.+&!&##�( )&#+!&�: 2,+���; 
- .#�3�,+ &+0!�)&1)/ 2,+��,(; 
- /�/75�,+ «6&)�$�+,�: /!&1#4 0!�)�». 

� "'�) !"$���$(��
1. TaylorHobson [-�,)+!&##'( !,./!.] http://taylor-hobson.ru/katalog-

produktcii/talyrond-seriya-r.html (2�+� &0!�A,#�4 23.04.2014) 

�/���	 ��	����������� 
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 �	�����	 �	������� ���2/	  
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��..*�+!�1�,+.4 .+�+�.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� &0!�0�+'1�,*&( 6&1,!8#&.+� #�!/3#&"&
)&�:%� 6&25�6#�)� �-807813�

The statistical analysis of parameters of quality of a processed surface of an external ring of the U-807813A 
bearing is considered 

�!�*,#,#�, .+�+�.+�7,.)�8 *,+&2&1 #� .&1!,*,##&* @+�6, 6!&�$1&2.+1� 41�4,+.4 #,-
&08&2�*'* *#&"&�/#)%�&#��:#'* �#.+!/*,#+&*, )&+&!'( 8�!�)+,!�$/,+ )&#%,6%�9 )�7,.+-
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1� 6!&2/)%��, .&&+1,+.+1/9A,"& +!,0&1�#�4* .+�#2�!+� 6!� &6!,2,�,##&( .+�0��:#&.+� 6!&-
�$1&2.+1,##'8 6!&%,..&1. 

�+�+�.+�7,.)�( �#���$ +&7#&.+� � .+�0��:#&.+� 6!&%,..� *,8�#�7,.)&( &0!�0&+)�
6!&1&24+ +!,*4 &.#&1#'*� *,+&2�*�: *,+&2&* 0&�:5�8 1'0&!&), *,+&2&* *��'8 1'0&!&) �
*,+&2&* +&7,7#'8 2��"!�**. �� 6!�)+�), #��0&�,, 6!,26&7+�+,�:#'* 41�4,+.4 *,+&2 *��'8
1'0&!&). 	.#&1#'*� ,"& 6!,�*/A,.+1�*� 6,!,2 2!/"�*� *,+&2�*� 41�49+.4, 1&-6,!1'8, *�-
#�*��:#'( &0B,* $�*,!&1 � 1'7�.��+,�:#'8 !�0&+, 1&-1+&!'8, 1&$*&3#&.+: .�,2�+: $� 2�#�-
*�)&( �$*,#,#�4 +&7#&.+� 6!&%,..� 1& 1!,*,#�. 

� %,�48 &%,#)� ./A,.+1/9A,"& 6&�&3,#�4 +,8#&�&"�� &0!�0&+)�, 6!&1&2��.4 .+�+�-
.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� #� &6,!�%�� 5���&1�#�4 #�!/3#&"& )&�:%� !&��)&1&-
"& &2#&!42#&"& )&#�7,.)&"& 6&25�6#�)� �–807813�. 

��*,!' 6!&1&2���.: 1 +,7,#�� +!,8 *,.4%,1, 7�.�& $�*,!&1 2�4 )�32&( &6,!�%�� .&-
.+�1�4,+ 25. �+�+�.+�7,.)�( �#���$ 0/2,* 6!&1&2�+: 1 /7,+&* *��'8 1'0&!&). 

��##', 1'0&!&) 6&�/7,#' 6!� )&#+!&�, &+)�&#,#�4 &+ 6!4*&��#,(#&.+� (L) � )&#+!&-
�4 5,!&8&1�+&.+� (Ra) #� 6!�0&!, 2�4 �$*,!,#�4 !�$*,!&1, �&!*' � +,).+/!' 6&1,!8#&.+�
2,+��,( 6&25�6#�)&1 Form Talysurf. ��*,!' 6!&1&2���.: #� !&��)&1&( 2&!&3), 6&.�, &6,!�-
%�� +&#)&"& (�) 5���&1�#�4 2& +!�1�,#�4, 2 +&#)&"& (2�) 5���&1�#�4 6&.�, +!�1�,#�4 � 2&-
6&�#�+,�:#&( 1'0&!)� &)&#7�+,�:#&"& )&#+!&�4 (	�); #� #�!/3#&* 2��*,+!, – &)&#7�+,�:-
#'( )&#+!&�:. 

�,!1&#�7��:#& 6!&1,!�* #�5/ 1'0&!)/ #� #&!*��:#'( $�)&# !�.6!,2,�,#�4. �!�+,-
!�( �

2 *&3#& �.6&�:$&1�+: 2�4 6!&1,!)� �90&"& !�.6!,2,�,#�4, 1 +&* 7�.�, #&!*��:#&"& �
@).6&#,#%���:#&"&. � .14$� . +,* 7+& / #�. 1'0&!)� *��&"& &0B,*� )!�+,!�( �

2 #, 6!�*,#�*. 
�&"��.#& �	�� � ��	 5479-2002 [1] 2�4 1'0&!&) *��&"& &0B,*� �.6&�:$/9+ )!�+,!�(  �-
6�!&-���)� (W) 2�4 6!&1,!)� #� #&!*��:#'( $�)&# !�.6!,2,�,#�4. 

�!&1,!)� 6& )!�+,!�9 W &+1,!"�� "�6&+,$/ & 6!�#�2�,3#&.+� 1.,8 1'0&!&) )  #&!-
*��:#&*/ $�)&#/ !�.6!,2,�,#�4.   

��,2&1�+,�:#&, 2�4 &6!,2,�,#�4 ) )�)&*/ $�)&#/ !�.6!,2,�,#�4 0/2/+ &+#&.�+:.4 2�#-
#', 1'0&!)�, 6&.+!&�* "�.+&"!�**' !�.6!,2,�,#�4. 

�& 2�##'* "�.+&"!�**� *&3#& .2,��+: 6!,26&�&3,#�,, 7+& 1'0&!)� !�.6!,2,�49+.4
6& $�)&#/ �,(0/���.  

��)&# !�.6!,2,�,#�4 �,(0/��� $�#�*�,+ &2#& �$ #��0&�,, 7�.+& 6!�*,#4,*'8 1 &%,#),
#�2,3#&.+� +,8#�7,.)�8 .�.+,*. ��.6!,2,�,#�, �,(0/��� +!,86�!�*,+!�7,.)&,: � – 6�!�*,+!
*�.5+�0�, ß – 6�!�*,+! �&!*', Vt – )&@���%�,#+ 1�!��%��. ��4 &%,#)� #�5,"& 6!,26&�&3,-
#�, & !�.6!,2,�,#�� $�)&#� �,(0/��� 1&.6&�:$/,*.4 )!�+,!�,* ��##� (S) [2]. �!�*,#4,+.4
@+&+ )!�+,!�� 2�4 .�/7�4, )&"2� 6&2 #�0�92,#�,* #�8&2�+.4 #, 0&�,, 25 &2#&+�6#'8 ,2�#�%
&0&!/2&1�#�4 (nE25), 7+& 6&28&2�+ 2�4 #�5� /.�&1�( �..�,2&1�#�(. 


&�:5�#.+1& #�5�8 )!�+,!�,1 6&27�#4,+.4 $�)&#/ !�.6!,2,�,#�4, +&�:)& 1 &2#&* .�/-
7�, $�)&# !�.6!,2,�,#�4 #,*#&"& 6!,1'5�,+ )!�+�7,.)&, $#�7,#�,, #& *&3#& .)�$�+: & +,#-
2,#%��. 

�'1&2:  
� 6&*&A:9 .+�+�.+�7,.)&"& �#���$� /.+�#&1�,#&, 7+& 6�!�*,+!' !�.6!,2,�,#�4 1'-

0&!)� 6!� ,= �&!*�!&1�#�� #� 6!&+43,#�� 1!,*,#� 1 !,$/�:+�+, 6��#&1&"& )&#+!&�4 +,8#&-
�&"�7,.)&"& 6!&%,..� 6&27�#49+.4 $�)&#/ !�.6!,2,�,#�4 �,(0/���.  

� "'�) !"$���$(��: 

1. �	�� � ��	 5479-2002. �+�+�.+�7,.)�, *,+&2'. �!&1,!)� &+)�&#,#�4 !�.6!,2,�,-
#�4 1,!&4+#&.+,( &+ #&!*��:#&"& !�.6!,2,�,#�4 [�,).+]. – �.: �&..+�#2�!+ �&..��: �$2. .+�#-
2�!+&1, 2002. 

2. ��#/! �., ��*0,!.&# �. ��2,3#&.+: � 6!&,)+�!&1�#�, .�.+,*. – �., ��!, 1980. – 
604 .. 

3. �&0$�!: �. �. �!�)��2#�4 *�+,*�+�7,.)�4 .+�+�.+�)�. ��4 �#3,#,!&1 � #�/7#'8 !�-
0&+#�)&1. – �.: ���������, 2006. 



30

4. ��# �.,  �6�!& �. �+�+�.+�7,.)�, *&2,�� 1 �#3,#,!#'8 $�2�7�8. ��!, 1969.-395 .. 

��	����������� 	�	��, 
��/���	���.��	��
  

����������� ���2/	  
�+��
���	

��1�&1� �.�. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�  

��..*�+!�1�,+.4 .+�+�.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� &+1,!.+�4 1#/+!,##,"& )&�:%� 6&25�6#�)�
�-807813�

The statistical analysis of parameters of quality of a hole of an inside ring of the U-807813A bearing is consid-
ered 

�+�+�.+�7,.)�( �#���$ #,&08&2�* 2�4 &6!,2,�,#�4 1 )�)&* .&.+&4#�� #�8&2�+.4 6!&-
�$1&2�*�4 6!&2/)%�4 ��� 6!&�$1&2.+1,##'( 6!&%,..; )�)&1 0/2,+ 6!&%,#+ 0!�)� 1& 1.,( 6!&-
2/)%�� $� &6!,2,�,##'( 6,!�&2 6!&�$1&2.+1�; 41�4,+.4 �� 6!&�$1&2.+1,##'( 6!&%,.. .+�-
0��:#'* � 0/2,+ �� &# .+�0��:#'* 1 0��3�(5,* 0/2/A,*. 

� %,�48 &%,#)� ./A,.+1/9A,"& 6&�&3,#�4 +,8#&�&"�� &0!�0&+)�, 6!&1&2��.4 .+�+�-
.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� #� &6,!�%�� 5���&1�#�4 1#/+!,##,"& )&�:%� 6&25�6-
#�)� �–807813�. �#/+!,##, )&�:%& 6&25�6#�)� �-807813� �*,,+ !42 &+1,+.+1,##'8 6&-
1,!8#&.+,(. �#/+!,##�( 2��*,+! )&�:%� . !�$*,!&* 65 2&�3,# �*,+: #�3#,, &+)�&#,#�, -
0,015 � 5 )1���+,+. 	)�&#,#�, &+ )!/"�&.+� 2&�3#& 0'+: 1'.&)�* 0,009 � 0,012. 

��*,!' 6!&1&2���.: 1 +,7,#�� +!,8 *,.4%,1, 7�.�& $�*,!&1 .&.+�1�4,+ 50. 
� 6!&1&2�*&* �#���$, 6!&%,..� 5���&1�#�4  0'�� !�..*&+!,#' .&0!�##', 2�##',

�$*,!,#�( +��8 6�!�*,+!&1 )�): #,��#,(#&.+: � 5#!&8&1�+&.+: &+1,!.+�4.  
�,��#,(#&.+: �$*,!4�� 6!�0&!&* «TALYROND» - @+� �$*,!�+,�:#�4 .�.+,*� &.#�A,-

#� @�,)+!&##'* 0�&)&* � 6,!.&#��:#'* )&*6:9+,!&* .& .6,%����$�!&1�##'* 6!&"!�**#'*
&0,.6,7,#�,*. ��!42/ . +!�2�%�&##'*� 6�!�*,+!�*� &+)�&#,#�4 &+ )!/"�&.+� .�.+,*� �*,,+
2&6&�#�+,�:#', 1&$*&3#&.+� – 6!&1,2,#�, "�!*&#�7,.)&"& �#���$�, 1&$*&3#&.+: �1+&*�+�-
7,.)&"& /2��,#�4 2,�,)+&1, 6,!,.7,+ �$*,!,##&"& 6!&���4 . !�$��7#'*� !,3�*�*� ���:+!�-
%��. �., 6!�0&!' @+&( *&2,�� *&"/+ 0'+: &0#&1�,#' 2& /!&1#4 6&.�,2#,( *&2���)�%��. �!�
#,&08&2�*&.+� 6!&1&2�+.4 � !,*&#+ 56�#2,�4 6!�0&!�. �6,%���:#�4 *&2���)�%�4 6!�0&!� .
6!&"!�**&( )&!!,)%�� 6&"!,5#&.+� 56�#2,�4, 6&$1&�4,+ 6!&1&2�+: �$*,!,#�4 . 6&"!,5#&-
.+:9 #, 0&�,, 0,025 *)*. 

 ,!&8&1�+&.+: �$*,!4�� #� 6!�0&!, «SURTRONIC» – 6&!+�+�1#'( A/6&1&( 6!�0&!
2�4 6!�*,#,#�4 1 %,8&1'8 � ��0&!�+&!#'8 /.�&1�48. �$*,!4,*�4 6&1,!8#&.+: &7�A�,+.4 &+
�0!�$�1�, .*�$)�, "!4$� � +.6. ���,, /.+�#�1��1�,+.4 � $�)!,6�4,+.4 2,+��: . �$*,!4,*&( 6&-
1,!8#&.+:9 1 6!�.6&.&0�,#�, � !,"/��!/,+.4 1,!+�)��:#&, � "&!�$&#+��:#&, 6&�&3,#�, +!�-
1,!.#&"& 0�&)� � 2�+7�)� 2�4 1'6&�#,#�4 /.�&1�( �$*,!,#�(. �.6&�:$/4 6&1&!&+#'( 2,!3�-
+,�: 2�+7�)� #� +!�1,!.#&* 0�&),, 6��1#& 11,2,+.4 #�)&#,7#�) A/6� 2�+7�)� 1 )&#+�)+ . �$-
*,!4,*&( 6&1,!8#&.+:9, #, 2&6/.)�4 /2�!#'8 1&$2,(.+1�( #� 2�+7�). �&.�, &)&#7�#�4 +!�-
1,!.�!&1�#�4 #� @)!�#, 6&41�49+.4 !,$/�:+�+', � 2�+7�) 1&$1!�A�,+.4 1 ,"& )!�(#99 �,1/9
6&$�%�9. �&.�, �$*,!,#�4 � !,1,!.�1#&"& 21�3,#�4 2�+7�)� #� �.8&2#/9 6&$�%�9, 2�+7�)
6��1#& 1'1&2�+.4 �$ )&#+�)+� . �$*,!4,*&( 6&1,!8#&.+:9, #, 2&6/.)�4 /2�!#'8 1&$2,(.+1�(
#� 2�+7�). 	%,#)/ 5,!&8&1�+&.+� �$*,!,##'8 6&1,!8#&.+,( 6!&1&2��� 6& .!,2#,*/ $#�7,-
#�9 6�!�*,+!� Ra. 

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

2 *&3#& �.6&�:$&1�+: 2�4 6!&1,!)� �90&"& !�.6!,2,�,#�4, 1 +&* 7�.�, #&!*��:#&"& �
@).6&#,#%���:#&"&. 
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�!&1,!)� 6& )!�+,!�9 �
2 &+1,!"�� "�6&+,$/ & 6!�#�2�,3#&.+� 1.,8 1'0&!&) )  #&!-

*��:#&*/ $�)&#/ !�.6!,2,�,#�4.   
��,2&1�+,�:#&, !�..*&+!�* 6!�#�2�,3#&.+: 1'0&!)� ) 2!/"�* $8�)&#�* !�.6!,2,�,-

#�4: !�.6!,2�,#�, �@�,4 � "�**�-!�.6!,2,�,#�,. 
� !,$/�:+�+, 6&�/7��&.:, 7+& #,��#,(#&.+: 2��*,+!� � 5,!&8&1�+&.+: &+1,!.+�4 6&2-

8&24+ ) !�.6!,2,�,#�9 �@�,4. 	+)�&#,#�, !�$*,!&1 &+ .+�#2�!+� 1'$'1�,+.4 !�$��7#'*�
6!�7�#�*�: #,!�1#&*,!#'( !,3�* &0!�0&+)� 2,+���; #,&2#&!&2#&.+: &0!�0�+'1�,*&"& *�+,-
!����; #,+&7#&.+: /.+�#&1)� $�"&+&1)� 1 .+�#),; �$#&. !,3/A,"& �#.+!/*,#+� � 2,+��,( .+�#-
)&1; .&.+&4#�, *�)!&)��*�+� 1 %,8,; )&�,0�#�, #�6!43,#�4 1 @�,)+!&.,+� � +.2. 

�����+��	��� � �/���	 5..���������� � ��,��2�	�������� 
��-

/����� ��� �	� «����	��-
���» 

�)�7=1� �.�., �+,6/!& �.�. 
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� 2�##&( .+�+:, 6!&1&2�+.4 �#���$ � 6!,2��"�9+.4 .6&.&0' 6& /�/75,#�9 6!&%,..�
The article deals with the analysis and suggests ways to improve the process 

	�	 «�&�+�(!-�!&*» .6,%����$�!/,+.4 #� 1'6/.), .,�:.)&8&$4(.+1,##'8 � �#2/.+-
!���:#'8, 1 +&* 7�.�, 5�!&)&6!&���:#'8 5�#. 

��.+,*� *,#,23*,#+� )�7,.+1� 	�	 «�&�+�(!-�!&*»!�$!�0&+�#� #� &.#&1�#�� +!,0&-
1�#�( � 1 .&&+1,+.+1�� . ��	 9001:2008 � ��	/�� 16949:2009. 	.#&1/ ��� &0A,.+1� .&-
.+�1�49+ 6!&%,..'. 

� .1&,( !�0&+, &%,#)/ .�.+,*' /6!�1�,#�4 )�7,.+1&* 	�	 «�&�+�(!-�!&*» *' 0/2,*
!�..*�+!�1�+: 6!�*,#�+,�:#& ) 6!&%,..�* ���.  

�!,26!�4+�, &6!,2,���& � �2,#+���%�!&1��& 9 6!&%,..&1 ��� � 5 6&26!&%,..&1: 
– �1 – «�6!�1�,#�, ���»; 
– �2 – «�&.+�#&1)� #&1&( � *&2,!#�$�!&1�##&( 6!&2/)%�� #� .,!�(#&, 6!&�$1&2.+-

1&»; 
– 	4 – «�!&�$1&2.+1& 6!&2/)%��»; 
– 	4.3 – «�!�,*)� .'!:4 � *�+,!���&1, �$"&+&1�,#�, � 6!&����!&1�#�, !,$�#&1'8

.*,.,(»; 
– 	4.4 – «	0!,$�#�1�#�, )&!2&1 � +)�#,(, �$"&+&1�,#�, 2,+��,( 6&)!'5,)»; 
– 	4.5 – «�$"&+&1�,#�, 2,+��,( � .0&!)� 6&)!'5,)»; 
– 	4.6 – «�/�)�#�$�%�4 6&)!'5,)»; 
– 	4.7 – «�$"&+&1�,#�, )�*,! � &0&2#'8 �,#+»; 
– �1 – «�6!�1�,#�, �#�!�.+!/)+/!&(»; 
– �3 – «�6!�1�,#�, *,+!&�&"�7,.)�* &0,.6,7,#�,* 6!&�$1&2.+1�»; 
– �4 – «��0&+� . 6,!.&#��&*»; 
– �7 – «�6!�1�,#�, 6!&�$1&2.+1,##&( .!,2&(»; 
– �8 – «���#�!&1�#�, 6!&�$1&2.+1,##&( 2,4+,�:#&.+�»; 
– �9 – «	0.�/3�1�#�, &.#&1#&( &.#�.+)�». 
	%,#)� !,$/�:+�+�1#&.+� 6!&%,..&1 ��� 1)�97�,+ �#���$ 2&.+�3,#�4 6��#&1'8 $#�-

7,#�( 6&)�$�+,�,( 6!&%,..�. ��4 @+&"& !�$!�0&+�#� )&��7,.+1,##�4 *,+&2�)� &%,#)�, )&+&!�4
1)�97�,+: 

– &%,#)/ !,$/�:+�+�1#&.+� 1'6&�#,#�4 6��#� !�0&+ 6& )�7,.+1/; 
– &%,#)/ !,$/�:+�+�1#&.+� 2&.+�3,#�4 %,�,( 6!&%,..�. 
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	%,#)� !,$/�:+�+�1#&.+� 2&.+�3,#�4 %,�,( 6!&%,..� 6&$1&�4,+ &6!,2,��+: 2,(.+1�4, 
#,&08&2�*', 2�4 6��#�!&1�#�4 /�/75,#�(, )&!!,)+�!/9A�8 ��0& 6!,2/6!,32�9A�8 2,(.+-
1�( .+!/)+/!#'8 6&2!�$2,�,#�( � 6!,26!�4+�4 1 %,�&* 2�4 6&1'5,#�4 )�7,.+1� 6!&2/)%��. 

	%,#)� 6!&%,..&1 ��� #� 	�	 «�&�+�(!-�!&*» &./A,.+1�4,+.4 1 .&&+1,+.+1�� .
«�,+&2�)&( &%,#)� 6!&%,..&1 ���» � 6!&1&24+ ,3,)1�!+��:#&. 

�!� &6!,2,�,#�� 6!&%,#+� 1'6&�#,#�4 )!�+,!�4 6& *,+&2�), /7�+'1�9+, 7+&: 
– ,.�� )!�+,!�( 1'6&�#,# 1 .&&+1,+.+1�� . #&!*&( .+�14+ 100%; 
– ,.�� )!�+,!�( #, 2&.+�"#/+: 
�) ��)+�7,.)&, $#�7,#�, 1'5, #&!*', +&"2� ,"& !�..7�+'1�9+ 6& �&!*/�,:   

;      (1) 
0) ��)+�7,.)&, $#�7,#�, #�3, #&!*', +&"2� ,"& !�..7�+'1�9+ 6& �&!*/�,:  

;      (2) 
– ,.�� )!�+,!�( 2&.+�"#/+ ��� /�/75,# – .+�14+ 1'6&�#,#�, 100%. 
�� &.#&1�#�� 6&�/7,##'8 2�##'8 .+!&4+.4 "!���)� &%,#)� 6!&%,..� � ,"& )!�+,!�,1. 
	0A�, &%,#)� 6!&%,..&1 ��� 	�	 «�&�+�(!-�!&*» $� 2013 6!�1,2,* 1 +�0��%, 1. 

��6!"4�  3 – �69"� �4��)"  ��4�''��
�&*,! 6!&%,..� 	%,#)� !,$/�:+�+�1#&.+� 6!&%,..&1, % 

�1 67 

�2 100 

	4 90,25 

	4.3 94,20 

	4.4 96,50 

	4.5 89,58 

	4.6 97,37 

	4.7 87,10 

�1 98,57 

�3 99,25 

�4 99,81 

�7 99,23 

�8 93 

�9 98,11 

��) )�) 6!&%,.. �1 &%,#�1�,+.4 6& )&#.&��2�!&1�##'* 2�##'* !,$/�:+�+�1#&.+� 1.,8
6!&%,..&1, +& 2�4 6&1'5,#�4 ,"& &%,#)� #,&08&2�*& /�/75�+: 6&)�$�+,�� 6!&0�,*#'8 6!&-
%,..&1. �� &.#&1�#�� 2�##'8 6& &%,#), !,$/�:+�+�1#&.+� 6!&%,..&1 	�	 «�&�+�(!-�!&*» 
.�*�4 #�$)�4 &%,#)� #�0�92�,+.4 / 6!&%,..� 	4.7 «�$"&+&1�,#�, )�*,! � &0&2#'8 �,#+», 6&-
@+&*/ 2��:#,(5�( �#���$ 0/2,* 6!&1&2�+: &+#&.�+,�:#& 2�##&"& 6!&%,..�.  

�!&%,.. 	4.7 &%,#�1�,+.4 6& 1'6&�#,#�9 .�,2/9A�8 )!�+,!�,1: «�'6/.) 6!&2/)%��
1 .&&+1,+.+1�� . 6��#&* 1 &0B,*, 6!&�$1&2.+1�» – 100%, «	0,.6,7�+: /!&1,#: ppm 6& )&*-
6�,)+�%��» – 60%, «�.6!�1�*'( 0!�) )�*,!» –100%, «	)&#7�+,�:#'( 0!�) )�*,!» – 100%, 
«�&0�92,#�,  #&!*�+�1�  &0!�$&1�#�4 &+8&2&1  !,$�#&1'8 .*,.,(» – 25,5%, «�!&1,#: .&&+-
1,+.+1�4 6!&2/)%�� �&2,) �» – 100%, «	0,.6,7,#�, +!,0/,*&"& /!&1#4 )/�:+/!' 6!&�$1&2-
.+1�» – 100%. 

�#���$�!/4 6!&%,#+' 1'6&�#,#�4 )!�+,!�,1 6!&%,..� 	4.7 #�0�92�,*, 7+& &.#&1#',
6!&1��' #�0�92�9+.4 6& /!&1#9 ppm � &+8&2�* !,$�#&1&( .*,.�. 

��##', )!�+,!�� #�6!4*/9 $�1�.4+ &+ )&��7,.+1� 0!�)&1�##&( 6!&2/)%��, 1 .14$� .
@+�*� 0'�� �$/7,#' 2,�,)+' �$2,��(, 6!�1,25�, ) &)&#7�+,�:#&*/ 0!�)/ 6!&2/)%��. ��4
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1'41�,#�4 #��0&�,, 7�.+'8 � /0'+&7#'8 2,�,)+&1 �.6&�:$/,* 2��"!�**' ��!,+& 6& )&��7,-
.+1/ 2,�,)+#'8 �$2,��( � 6& $�+!�+�* #� 0!�). 

���0&�,, 1,.&*'*� 2,�,)+�*� �1+&)�*,!#&"& %,8� 6& )&��7,.+1/ 0!�)&1�##&( 6!&-
2/)%�� 41�49+.4: «��,2 &+ 6&.+&!&##,"& 1)�97,#�4», «�)��2)� 6!&2&�:#�4», «��.8&32,#�,
.+')�», «�)��2)� 6&6,!,7#�4», «�)��2)� / 64+)� 1,#+��4», «�,2&1/�)�#�$�%�4» 

���0&�,, 1,.&*'*� 2,�,)+�*� �1+&)�*,!#&"& %,8� 6& $�+!�+�* 41�49+.4: «��,2 &+ 6&-
.+&!&##,"& 1)�97,#�4», �)��2)� 6!&2&�:#�4», «��.8&32,#�, .+')�», «�,2&1/�)�#�$�%�4», 
«�)��2)� 6&6,!,7#�4», «�)��2)� / 64+)� 1,#+��4». 

� )�7,.+1, *,!&6!�4+�( 6& /�/75,#�9 6!&%,..� 6& )!�+,!�9 «	0,.6,7�+: /!&1,#:
ppm 6& )&*6�,)+�%��», 6!,2��"�,* .+�+�.+�7,.)&, !,"/��!&1�#�, 6!&%,..� . 6&*&A:9 )&#-
+!&�:#'8 )�!+, � 6& )!�+,!�9 «�&0�92,#�, #&!*�+�1� &0!�$&1�#�4 &+8&2&1 !,$�#&1'8 .*,-
.,(» !�$!�0&+)� )&!!,)+�!/9A�8 *,!&6!�4+�( . 6!�*,#,#�,* *,+&2�)� 8D. 

� "'�) "' �!:8������7 !"$���$(��
1. �	�� � ��	 9001-2008 ��.+,*' *,#,23*,#+� )�7,.+1�. �!,0&1�#�4 [�,).+]. – 

�$�*,# �	�� � ��	 9001-2001; 11,2. 2008-12-18. – �.: �+�#2�!+�#�&!*, 2009. 
2. �	�� 7.1-2003 ��
�� 
�0��&"!���7,.)�4 $�6�.:. 
�0��&"!���7,.)&, &6�.�-

#�,. 	0A�, +!,0&1�#�4 � 6!�1��� .&.+�1�,#�4 [�,).+]. – �$�*,# �	�� 7.1-84, �	�� 7.16-79, 
�	�� 7.18-79, �	�� 7.34-81, �	�� 7.40-82; 11,2. 2004-07-01. 

3. �/2!45&1�, �.�. 	.&0,##&.+� )&#+!&�4 5�##&( 6!&2/)%�� #� 6!,26!�4+��
«�&�3.)�( 5�##'( $�1&2» / �/2!45&1� �.�., �)�7,1� �.�., �1��&1 �.�. // �,.+#�) *�"�.+!�-
+/!'. - 2013. - C 7. - C. 45-47. 

4. ��.+,*� *,#,23*,#+� )�7,.+1� 1 �&..�� [-�,)+!&##'( !,./!.]. – �,3�* 2&.+/-
6�: http://rotest.ru/sertifikaciya-smk/ 


�������� �������� �,������� �	���+	 ������� ��+�  

�	 ��� «������-�������	+5�����» 

�,!,5#,1� �.�., �+,6/!& �.�. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�  

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

This paper describes a method of measuring the flow of network water by the method of variable pressure drop. 

	.#&1#'*� 1�2�*� 2,4+,�:#&.+� 			 «���	��-�&�"&"!�2@#,!"&» 41�49+.4 6!&�$-
1&2.+1& @�,)+!�7,.)&( � +,6�&1&( @#,!"�� +,6�&1'*� @�,)+!&.+�#%�4*�, !,���$�%�4 (6!&2�-
3�) +,6�&1&( @#,!"�� #� &6+&1&*  !'#), @�,)+!&@#,!"��. 

��..*&+!�* �$*,!,#�, !�.8&2� @#,!"&#&.�+,�,( *,+&2&* 6,!,*,##&"& 6,!,6�2� 2�1�,-
#�4. �&��7,.+1& 1,A,.+1�, 6!&8&24A,, 1 ,2�#�%/ 1!,*,#� 6& +!/0&6!&1&2/, )�#��/ #�$'1�,+-
.4 !�.8&2&* 1,A,.+1�.  

;,�: !�0&+': �
���
�� ��
������������ 	�
��� �� ���
 �
���
� 	����!
��
� ��-
����
��, /2&1�,+1&!,#�, �#2�1�2/��:#'8 +!,0&1�#�( 6&+!,0�+,�4, /*,#:5,#�, @)&#&*�7,-
.)�8 !�.)&1 / 6&+!,0�+,�4. 

�,+&2 6,!,*,##&"& 6,!,6�2� 2�1�,#�4 &2�# �$ #��0&�,, .+�!'8 � �$/7,##'8 *,+&2&1
�$*,!,#�4 !�.8&2�. -+&  +�)3, 1&$*&3#&.+: )&.1,##&( "!�2/�!&1)� � 6&1,!)� .+�#2�!+�$&-
1�##'8 6,!1�7#'8 6!,&0!�$&1�+,�,( - ./3�9A�8 /.+!&(.+1. �,+&2 6!�*,#4,+.4 2�4 �$*,!,-
#�4 !�.8&2� 3�2)�8 � "�$&&0!�$#'8 .!,2, 6!&+,)�9A�8 6& +!/0&6!&1&2/ )!/"�&"& .,7,#�4
2��*,+!&* &+ 50 ** 2& 1000 ** 6!� /.�&1�� 6&�#&"& $�6&�#,#�4 .,7,#�4 �$*,!4,*&( .!,2&(
6&.+&4##&( 14$)&.+� � 6�&+#&.+�. ��.8&2&*,!' - @+& 6!,&0!�$&1�+,��, )&+&!', �.6&�:$/9+.4
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2�4 �$*,!,#�4 6&+&)�, 2�4 !,"�.+!�%�� .)&!&.+� � !�.8&2� 3�2)&"& ��� "�$&&0!�$#&"& 1,A,-
.+1� $� $�2�##'( 6,!�&2 1!,*,#�. � $�1�.�*&.+� &+ !&2� �$*,!4,*&"& 1,A,.+1� &#� 2,�4+.4
#� !�.8&2&*,!' 1&2', "�$�, 6�!� � 6!&7,"& [2]. 

��..*&+!�* �$*,!�+,�:#'( )&*6�,). «��.8&2 .,+,1&( 1&2' #� ��� Ø700 (6!4*�4)» .
�&�3.)&( �-;-1, )&+&!'( 6!,2#�$#�7,# 2�4 �1+&*�+�$�!&1�##&"& /7,+� � &6,!�+�1#&"& )&#-
+!&�4 6�!�*,+!&1, 6&2�1�,*'8 6& +!/0&6!&1&2/ 6!4*&( 1&2' #� ��� . �&�3.)&( �-;-1, +,6-
�&1&( @#,!"�� � +,6�&#&.�+,�4, 6,!,2�7� +,)/A�8 6�!�*,+!&1 +,6�&#&.�+,�4 � �!8�1#'8
2�##'8. 

�!�0&!', /.+�#&1�,##', #� /$�, /7,+� 6!4*&( 1&2' #� &0,.6,7�1�9+ &6!,2,�,#�, .�,-
2/9A�8 1,��7�#: 1!,*4 !�0&+' 6!�0&!&1 /$�� /7,+�; &+6/A,##/9 +,6�&1/9 @#,!"�9; *�../
+,6�&#&.�+,�4, &+6/A,##/9 6& 6!4*&*/ (6&2�9A,*/) +!/0&6!&1&2/; .!,2#,7�.&1',, .!,2#,-
./+&7#', � .!,2#,*,.47#', $#�7,#�4 +,*6,!�+/!', 2�1�,#�4 � !�.8&2� .,+,1&( 1&2' #� &.#&-
1�#�� 6&)�$�#�( 6!�0&!&1, !,"�.+!�!/9A�8 @+� 6�!�*,+!' [1].

� )�7,.+1, .!,2.+1 �$*,!,#�4 (��) !�.8&2� .,+,1&( 1&2' *,+&2&* 6,!,*,##&"& 6,!,-
6�2� 2�1�,#�4 6!�*,#49+: 

1. ��+7�) 2�1�,#�4 �-� 22364 )��..� +&7#&.+� 1,0 (�� 1) 1 )&*6�,)+, .& 1+&!�7#'*
6!�0&!&* ���-2 )��..� +&7#&.+� 1,5 (�� 1,5). � 2�+7�)�8, �$*,!4,*&, �$0'+&7#&, 2�1�,#�,
6!,&0!�$&1'1�,+.4 1 /#���%�!&1�##'( 6#,1*�+�7,.)�( � @�,)+!�7,.)�( .�"#��' ��� 1 %��-
!&1&( )&2, )&+&!'( *&3,+ 0'+: &.#&1�# #� �$*,#,#�� 1$��*#&( �#2/)+�1#&.+�. 

2.  ��+7�) 6,!,6�2� 2�1�,#�4 (*�#&*,+! 2���,!,#%���:#'() ��3583-�  )��..� +&7#&-
.+� (�� 1,5) � 1+&!�7#'( 6!�0&! ���-2 )��..� +&7#&.+�  (��1,5). �8���"$�!:���  ���6��-

8���$�!" 6!�*,#49+.4 1 .�.+,*�8 )&#+!&�4, �1+&*�+�$�!&1�##&"& !,"/��!&1�#�4 � /6!�1�,-
#�4 +,8#&�&"�7,.)�*� 6!&%,..�*� 6!� �$*,!,#��: ��'%�1� 0"1)�'$", ��8� "!"  ��� 6& !�$-
#&.+� �8 2�1�,#�( #� ./3�9A�8 /.+!&(.+1�8 ()�) 2��*�#&*,+!-!�.8&2&*,!).  

3. ��+7�) +,*6,!�+/!' ���  )��..� +&7#&.+� (�� �) - 6!,2#�$#�7,# 2�4 #,6!,!'1#&"&
�$*,!,#�4 +,*6,!�+/!' !�$��7#'8 !�0&7�8 .!,2 (6�!, "�$, 1&2�, .'6/7�, *�+,!���', 8�*�7,-
.)�, !,�",#+'), #, �"!,..�1#'8 ) *�+,!���/ )&!6/.� 2�+7�)�. 

�!,2�&3,#�4 6& !,)&#.+!/)%�� �$*,!�+,�:#&"& )&*6�,).� . %,�:9 6&1'5,#�4 +&7#&-
.+� �$*,!,#�4. ��4 6!�1,2,#�4 �$*,!�+,�:#&"& )&*6�,).� 1 .&&+1,+.+1�� . +!,0&1�#�4*�
«�!�1�� /7,+� +,6�&1&( @#,!"�� � +,6�&#&.�+,�4» (6!�1,2,#�, 6&"!,5#&.+� �$*,!,#�() #,-
&08&2�*& 1'6&�#�+:  !,)&#.+!/)%�9 /$�� /7,+� [4]. ��4 @+&"& /.+�#&1��� .�,2/9A�, ��: 
1. ��+7�) �$0'+&7#&"& 2�1�,#�4 «Yokogawa» EJ�530A )��..� +&7#&.+� (�� 0,065) - 
6!,2#�$#�7,# 2�4 �$*,!,#�4 �$0'+&7#&"& 2�1�,#�4 !�$��7#'8 .!,2: 3�2)&.+�, "�$� � 6�!�.   
2. ��+7�) 6,!,6�2� 2�1�,#�4 «Yokogawa» EJ�110A )��..� +&7#&.+�  (�� 0,065) - 2�+7�)
2���,!,#%���:#&"& 2�1�,#�4 6!,2#�$#�7,# 2�4 �$*,!,#�4 !�.8&2� 3�2)&.+� "�$� ��� 6�!�, 
2�4 �$*,!,#�4 /!&1#4, 6�&+#&.+� � 2�1�,#�4. 
3. ��+7�) +,*6,!�+/!'  ��� )��..� +&7#&.+� (�� �) 
4. �,6�&1'7�.��+,�: ��� 961.2 - 6!,2#�$#�7,# 2�4 �$*,!,#�4 @�,)+!�7,.)�8 .�"#��&1, 
.&&+1,+.+1/9A�8 6�!�*,+!�* +,6�&#&.�+,�4, . 6&.�,2/9A�* !�.7,+&* +,6�&1&( @#,!"�� �
)&��7,.+1� +,6�&#&.�+,�4. 

�!&1,2,* !�.7,+ !�.8&2� .,+,1&( 1&2' 6!&"!�**#'* )&*6�,).&* ��.8&2&*,! ��	
1,!.�� 2.1 
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��0��%� 1 – ��.7=+ #,&6!,2,�,##&.+,( �$*,!,#�4 !�.8&2� 6!� $�2�##'8 &+)�&#,#�48
+,*6,!�+/!' � 2�1�,#�4 .!,2' � $�2�##'8 $#�7,#�48 6,!,6�2� 2�1�,#�4

�,*6,!�+/!', º� 70 70 105 145 145 

�0.. 2�1�,#�,, ��� 1,0015 1,2015 1,1015 1,0015 1,2015 

�,!,6�2 2�1�,#�4, )��
(%) 

��..&1'( !�.8&2, +/7
	+#&.�+,�:#�4 !�.5�!,##�4 #,&6!,2,�,##&.+: !�.8&2�, 

(%) 

250   (100) 1540,82 
1,18 

1540,89 
1,18 

1524,31 
1,18 

1499,6 
1,18 

1499,69 
1,18 

10       (4) 308,38 
26,52 

308,394 
26,52 

305,031 
26,52 

300,059 
26,52 

300,077 
26,52 

��).�*��:#&-2&6/.+�*�4 !�.5�!,##�4 #,&6!,2,�,##&.+: &6!,2,�,#�4 !�.8&2� 30 % 

��0��%� 2 – ��.7=+ #,&6!,2,�,##&.+,( �$*,!,#�4 !�.8&2� 6!� $�2�##'8 &+)�&#,#�48
+,*6,!�+/!' � 2�1�,#�4 .!,2' � $�2�##'8 $#�7,#�48 6,!,6�2� 2�1�,#�4 6&.�, !,)&#.+!/)%��

/$�� /7=+�
�,*6,!�+/!', º� 70 70 105 145 145 

�0.. 2�1�,#�,, ��� 1,0015 1,2015 1,1015 1,0015 1,2015 

�,!,6�2 2�1�,#�4, )��
(%) 

��..&1'( !�.8&2, +/7
	+#&.�+,�:#�4 !�.5�!,##�4 #,&6!,2,�,##&.+: !�.8&2�, 

(%) 

250           (100) 1540,79 
0,52 

1540,86 
0,52 

1524,27 
0,52 

1499,56 
0,53 

1499,65 
0,53 

0,8534   (0,3413717) 90,1977 
2 

90,2018 
2 

89,1938 
2 

87,7243 
2 

87,7295 
2 

��).�*��:#&-2&6/.+�*�4 !�.5�!,##�4 #,&6!,2,�,##&.+: &6!,2,�,#�4 !�.8&2� 2 %.  
�&+!,0�+,�: (	�	 «���») 6& .&"��.&1�#�9 . 			 «���	��-�&�"&"!�2@#,!"&» �*,-

,+ 6!�1& 2�4 .1&�8 +,8#&�&"�7,.)�8 %,�,( 2&6&�#�+,�:#& /.+�#�1��1�+: #� /$�, /7,+� 6!�0&-
!' 2�4 &6!,2,�,#�4 )&��7,.+1� +,6�&1&( @#,!"�� � +,6�&#&.�+,�4, � +�)3, 2�4 )&#+!&�4 6�-
!�*,+!&1 +,6�&#&.�+,�4, #, #�!/5�4 6!� @+&* +,8#&�&"�9 )&**,!7,.)&"& /7,+� [3].  

�!� !,)&#.+!/)%�� /$�� /7,+� .,+,1&( 1&2' #� 	�	 «���» �.6&�:$&1��� #&1', ����-
�
�� ������
� . "���# $
�� ����	�� 
��  �� �
�  - �
���
�� ��
������������ 	�
��� ��

���
 �
���
�� 	����!
��
� ������
��. �#�3,#�, 6&"!,5#&.+� �$*,!,#�( 8&+4 0' #� 1 % 
*&3,+ &0,.6,7�+: *#&"&*����&##'( @)&#&*�7,.)�( @��,)+. �2&1�,+1&!,#�, �#2�1�2/��:-
#'8 +!,0&1�#�( 6&+!,0�+,�4, 6!,2B41�4,*'8 ) 6!�0&!�* 2�4 �$*,!,#�4 !�.8&2� � )&��7,.+1�: 
1'.&)�4 +&7#&.+:, #�2,3#&.+:, #,$�1�.�*&.+: !,$/�:+�+&1 �$*,!,#�4 &+ �$*,#,#�4-6�&+#&.+�
1,A,.+1�, 0'.+!&2,(.+1�, � $#�7�+,�:#'( 2��6�$&# �$*,!,#�4. 

� "'�) !"$���$(��
1. �/��)&1  �.�.  �,8#&�&"�7,.)�, �$*,!,#�4 �.-�.:��5�#&.+!&,#�,.-1983. 
2. �� 34.09.102 «�!�1��� /7,+� +,6�&1&( @#,!"�� � +,6�&#&.�+,�4» 
3. �&�&3,#�, � *,+!&�&"�7,.)&( .�/30, 			 «���	��-�&�"&"!�2@#,!"&» 
4. �,8#�7,.)�4 2&)/*,#+�%�4 			 «���	��-�&�"&"!�2@#,!"&» 
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�/8�#� �.�., �&.+�# �.�.  
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��..*�+!�1�,+.4 #,&08&2�*&.+: .,!+���)�%�� +&6��1#'8 "!�#/� �$ +!&.+#�)� &+,7,.+1,##'8 6!&�$1&-
2�+,�,(, . %,�:9 6&1'5,#�4 �8 )&#)/!,#+&.6&.&0#&.+�.  

This article considers the need for certification of fuel pellets from cane domestic producers to increase their 
competitiveness. 

� #�.+&4A,, 1!,*4 $#�7�+,�:#& 1&$!&. �#+,!,. ) �.6&�:$&1�#�9 1 )�7,.+1, +&6��1� 1&-
$&0#&1�4,*'8 @#,!",+�7,.)�8 !,./!.&1. ���0&�,, @��,)+�1#&, �.6&�:$&1�#�, 1&$&0#&1�4,-
*'8 6!�!&2#'8 !,./!.&1 2�4 %,�,( @#,!"&&0,.6,7,#�4 !�(&#&1, /2��=##'8 &+ .,+,( %,#+!�-
��$&1�##&"& @#,!"&.#�03,#�4, 1&$*&3#& . 6!�*,#,#�,* .!,2.+1 *��&( ",#,!�%��. �&2 *��&(
",#,#,!�%�,( &0'7#& 6&#�*�,+.4 6!&�$1&2.+1& �90&"& 1�2� @#,!"�� #� +,6�&",#,!�%�&##'8
/.+�#&1)�8 *&A#&.+:9 2& 25 ��+. � )�7,.+1, +&6��1� 1 +�)�8 /.+�#&1)�8 *&"/+ �.6&�:$&-
1�+:.4 +&6��1#', "!�#/�'. �'!:=* 2�4 �8 6!&�$1&2.+1� *&"/+ .�/3�+: !�$��7#', *�+,!���': 
&+8&2' �,.&$�"&+�1��1�9A�8 � �,.&6,!,!�0�+'1�9A�8 6!,26!�4+�( (A,6�, &6��)�, #,)&#-
2�%�&##�4 2!,1,.�#�), &+8&2' .,�:.)&"& 8&$4(.+1� � 6,!,!�0�+'1�9A�8 6!&�$1&2.+1 (.&�&*�, 
�/$"� 6&2.&�#,7#�)�, !�.�, "!,7�8�), 0'.+!& 1&$&0#&1�4,*', 0�&�&"�7,.)�, !,./!.', #�6!�-
*,! +!&.+#�), 5�!&)& !�.6!&.+!�#,##'( 6& 1.,( +,!!�+&!�� �&..��. 

�!� �.6&�:$&1�#�� +&6��1#'8 "!�#/� 1 )�7,.+1, +&6��1�, 6!�*,#4,+.4 .�&3#&, � 2&-
!&"&.+&4A,, &0&!/2&1�#�, - �1+&*�+�$�!&1�##', 6,��,+#', )&+�'. �&@+&*/ 6!&�$1&2�+,�4-
*� &0&!/2&1�#�4 ) )�7,.+1/ +&6��1#'8 "!�#/� 6!,2B41�49+.4 &6!,2,�=##', +!,0&1�#�4, 6!�
#,.&0�92,#�� )&+&!'8 @).6�/�+�!/9A,( 2�##&, &0&!/2&1�#�, &!"�#�$�%�� *&3,+ 0'+: &+-
)�$�#& 1 &)�$�#�� "�!�#+�(#&"& &0.�/3�1�#�4 � !,*&#+�. �&@+&*/ 6&+!,0�+,�� +&6��1#'8
"!�#/�, @#,!"&",#,!,!/9A�, )&*6�#��, +�)3, $��#+,!,.&1�#' 1 1'.&)&* )�7,.+1, +&6��1#'8
"!�#/�, )&+&!&, "�!�#+�!/,+ 0,.6,!,0&(#&, 6!&�$1&2.+1& @#,!"�� . #��*,#:5�*� $�+!�+�*�
#� &0.�/3�1�#�, � !,*&#+ &0&!/2&1�#�4. 

��)�* &0!�$&*, #���7�, .,!+���)�+� .&&+1,+.+1�4 / 6&.+�1�4,*'8 #� !'#&) +&6��1-
#'8 "!�#/�, 2,��,+ �8 0&�,, )&#)/!,#+&.6&.&0#&( 6!&2/)%�,(, 6&$1&�4,+ !�.5�!�+: !'#)�
.0'+�, �, .�,2&1�+,�:#&, � 6!�0'�: )&*6�#��. 

� !�$1�+'8 ,1!&6,(.)�8 .+!�#�8 )�7,.+1& +&6��1#'8 "!�#/� !,"��*,#+�!/,+.4 ��0&
1#/+!�"&./2�!.+1,##'*�, ��0& &0A,,1!&6,(.)�*� .+�#2�!+�*�. ��) 1 . 2010 "&2� 1 �1!&6, .
11,2=# ,2�#'( .+�#2�!+ ENplus 2�4 +&6��1#'8 "!�#/� 0'+&1&"& #�$#�7,#�4 � .,!+���)�+ EN-
� 2�4 «�#2/.+!���:#'8» +&6��1#'8 "!�#/�, �.6&�:$/,*'8 1 6!&*'5�,##'8 6!,26!�4+�48 �
)&**/#��:#'8 )&+,�:#'8. ����7�, !�$��7#'8 .+�#2�!+&1 )�7,.+1� 2�4 0'+&1'8 � 6!&*'5-
�,##'8 +&6��1#'8 "!�#/� 6&$1&�4,+ 1,.+� 7,+)�( /7,+ 6&+!,0�,#�4 � )&#+!&��!&1�+: )�7,.+-
1& 6!&2/)%��. 

�,(.+1/9A�, .+�#2�!+' /.+�#�1��1�9+ +!,0&1�#�4 ) "!�#/��* �$"&+&1�,##'* �$ &+-
8&2&1 2,!,1&6,!,!�0&+)�, &2#�)& +!&.+#�) 6& .1&�* .1&(.+1�* $#�7�+,�:#& &+��7�,+.4 &+
2!,1,.�#', � .&2,!3�#�, 1 #,* *�)!& � *�)!&@�,*,#+&1 1& *#&"&* $�1�.�+ &+ !,"�&#� � )&#-
)!,+#&"& *,.+� 6!&�$!�.+�#�4. 

�&@+&*/ &.#&1#'*� +!,0&1�#�4*� ) +&6��1#'* "!�#/��* �$ +!&.+#�)�, $�1�.4A�*� &+
,"& .1&(.+1, .�,2/,+ #�$1�+: $&�:#&.+: � +,6�&+1&!#/9 .6&.&0#&.+:. 

� 8&2, 1'6&�#,#�4 �..�,2&1�#�( /.+�#&1�,#&, 7+& "!�#/�', �$"&+&1�,##', �$ +!&.+-
#�)�, �*,9+ *,#:5/9, 6& .!�1#,#�9 . 2!,1,.#'*� "!�#/��*�, +,6�&+1&!#/9 .6&.&0#&.+: �
6&1'5,##/9 $&�:#&.+:. �& 6&1'5,##�4 $&�:#&.+: #, 6!,2.+�1�4,+ 6!&0�,*' 2�4 6!&*'5-
�,##&"& &0&!/2&1�#�4, .6&.&0#&"& !�0&+�+: #� +�)�8 +!�2�%�&##'8 1�2�8 +&6��1�, )�) /"&�:
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��� +&!�. � 2!/"&( .+&!&#' 1 +!&.+#�)&1'8 "!�#/��8 .&2,!3�+.4 $#�7�+,�:#& *,#:5, .,!' �
.*&��.+'8 1,A,.+1, 7+& 0��"&6!�4+#& 1��4,+ #� !,./!. !�0&+' )&+,�:#&"& &0&!/2&1�#�4. 

�#���$' #� &6!,2,�,#�, $&�:#&.+� � +,6�&+1&!#&( .6&.&0#&.+� +&6��1#'8 "!�#/� �$
+!&.+#�)�, )�) #��0&�,, $#�7�*'* 6&)�$�+,�4* )�7,.+1� 6!&1&2��.4 6& �	�� 147-95 (��	
1928-76) «�&6��1& +1,!2&, *�#,!��:#&, &6!,2,�,#�, 1'.5,( +,6�&+' ."&!�#�4 � 1'7�.�,#�,
#�$5,( +,6�&+' ."&!�#�4» 1 .,!+���%�!&1�##&( ��0&!�+&!�� 			 ���	��-
�&�"&"!�2@#,!"& �&�"&"!�2.)�4 ��-� � 1 �.6'+�+,�:#&* %,#+!, «����	������» 	�	
«���». �,$/�:+�+' &6!,2,�,#�4 +,6�&+1&!#&( .6&.&0#&.+� +!&.+#�)� 6!,2.+�1�,#' 1 +�0��-
%, 1. 

�#���$ 6&�/7,##'8 !,$/�:+�+&1 6&)�$'1�,+, 7+& +&6��1#', "!�#/�' �$ +!&.+#�)� *&-
"/+ 0'+: .,!+���%�!&1�#' � �.6&�:$&1�+:.4 #� 6!&*'5�,##'8 +,6�&",#,!�%�&##'8 /.+�-
#&1)�8. ����7�, .,!+���)�+� 6&$1&��+ 6!,26!�4+�9 – �$"&+&1�+,�9 !,���$&1'1�+: .1&9
6!&2/)%�9 )�) #� !,"�&#��:#&*, +�) � #� �&..�(.)&*, ��� 2�3, *,32/#�!&2#&* !'#), +&6-
��1#'8 "!�#/�. � /7,+&* 6&.+&4##&"& !&.+� %,# #� +&6��1#', "!�#/�' 1 �1!&6, ($� 6&.�,2#�,
+!� "&2� !&.+ %,# 1 .&.+�1�� 0&�,, 30%), +!&.+#�)&1', "!�#/�', �*,9A�, *,#:5/9 .,0,-
.+&�*&.+: *&"/+ 0'+: 16&�#, 1&.+!,0&1�##'*� � )&#)/!,#+&.6&.&0#'*�. 

��0��%� 1 – �&2,!3�#�, $&�:#&"& &.+�+)� 1 +!&.+#�),

�.+&7#�) 2�##'8
��$5�4 +,6�&-
+� ."&!�#�4, 
)�3/)"

�&�:#&.+:, % 

��0&!�+&!#', �..�,2&1�#�4 ��� (������) �&�"���
(2013) 

– 7,3 

��*�7,.)�4 ��0&!�+&!�4 �&�"&"!�2.)&( ��-� 			
«���	��-�&�"&"!�2@#,!"&» (2013) 

10100 – 

«����	������» 	�	 «���» (2013) 14200 8,0 

Eder, G., Haslinger, W.&M. Wörgetter (2004) 17500 5,12 

Barz, M., Wichtmann, W. & T. Ahlhaus (2006) – 3,2 

� "'�) "' �!:8(���7 !"$���$(��

1. Eder, G., Haslinger, W.&M. Wörgetter (2004): Gutachten energetishe Nutzung von 
Schifpellets. Im Auftrag des Amtes der Burgenländischen Landesregierung, Abt. 9, Wasser- und 
Abfalwirtschaft, 53 p. 

2. Barz, M., Wichtmann, W. & T. Ahlhaus: Energetic Utilisation of Common Reed for 
Combined Heat and Power Generation, Proceedings of the 2nd International Baltic Bioenergy Con-
ference, Stralsund, 02.-04. Nov 2006. 
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��..*�+!�1�,+.4 1&$*&3#&.+: 6!�*,#,#�4 !�$��7#'8 +�6&1 2�+7�)&1 #� @+�6, )&#+!&�4 )�7,.+1� !&��-
)&1. 

This article of application of various types of sensors at a stage of quality control rollers is considered. 
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	.&0&, *,.+& 1 /6!�1�,#�� )�7,.+1&* 6!&2/)%�� $�#�*�,+ )&#+!&�: )�7,.+1�. �*,##&
)&#+!&�: )�) &2#& �$ @��,)+�1#'8 .!,2.+1 2&.+�3,#�4 #�*,7,##'8 %,�,( � 1�3#,(5�4
�/#)%�4 /6!�1�,#�4 .6&.&0.+1/,+ 6!�1��:#&*/ �.6&�:$&1�#�9 &0B,)+�1#& ./A,.+1/9A�8, �
+�)3, .&$2�##'8 7,�&1,)&* 6!,26&.'�&) � /.�&1�( 1'6/.)� 6!&2/)%�� 1'.&)&"& )�7,.+1�. 
	+ .+,6,#� .&1,!5,#.+1� )&#+!&�4 )�7,.+1�, ,"& +,8#�7,.)&"& &.#�A,#�4 � &!"�#�$�%�� 1&
*#&"&* $�1�.�+ @��,)+�1#&.+: 6!&�$1&2.+1� 1 %,�&*. 

�*,##& 1 6!&%,.., )&#+!&�4 &./A,.+1�4,+.4 .&6&.+�1�,#�, ��)+�7,.)� 2&.+�"#/+'8
!,$/�:+�+&1 �/#)%�&#�!&1�#�4 .�.+,*' . $�6��#�!&1�##'*�. �&1!,*,##', *,+&2' )&#+!&�4
)�7,.+1� 6!&2/)%��, 6&$1&�49A�, 6!� *�#�*��:#'8 $�+!�+�8 2&.+�7: 1'.&)&( .+�0��:#&.+�
6&)�$�+,�,( )�7,.+1�, 6!�&0!,+�9+ 1., 0&�:5,, $#�7,#�,. 

�&7#&.+: �$*,!�+,�:#&"& � �.6'+�+,�:#&"& &0&!/2&1�#�4 1��4,+ #� 2&.+&1,!#&.+:
&%,#)� )�7,.+1�, 6&@+&*/ &0,.6,7,#�, ,"& )�7,.+1� &.&0,##& 1�3#&. 

�$ #&!*�+�1#'8 2&)/*,#+&1, !,"��*,#+�!/9A�8 *,+!&�&"�7,.)/9 2,4+,�:#&.+:, 1'-
2,�49+: ��)&# �� & ,2�#.+1, �$*,!,#�( � *,32/#�!&2#'( .+�#2�!+ ��	 10012-1:1992 & 6&2-
+1,!32,#�� *,+!&�&"�7,.)&( 6!�"&2#&.+� �$*,!�+,�:#&"& &0&!/2&1�#�4. 

� #�.+&4A,* �..�,2&1�#�� 1'6&�#,# �#���$ 1&$*&3#'8 6!�*,#4,*'8 6!�0&!&1 )&#-
+!&�4 %���#2!�7,.)�8 !&��)&1 6&25�6#�)� � 1'0&! 2�+7�)�. 

�/A,.+1/9+ !�$��7#', 2�+7�)�, 6!�*,#4,*', 2�4 )&#+!&�4 )�7,.+1� %���#2!�7,.)�8
!&��)&1.  

��*� 1'6&�#,# �#���$ 2&.+&�#.+1 � #,2&.+�+)&1 2�+7�)&1 21/8 +�6&1 : �&+&@�,)+!�7,-
.)&"& 2�+7�)� 05��� � �#2/)+�1#&"& 2�+7�)� *&2,�� 75511. 

��!�)+,!�.+�)� �&+&@�,)+!�7,.)&"& 2�+7�)� 05���. 
���.. +&7#&.+� : 2 
���6�$&# �$*,!,#�(, **: ±2 
�!,2,� 2&6/.)�,*&( 6&"!,5#&.+� #� /7�.+)�8 2��6�$&#� �$*,!,#�(, *)*: 
±20 *)*  0,2 
±200 *)*   2,0 
±1000 *)*   6,0 
��..�, )"   0,2 
�&+&@�,)+!�7,.)�, 2�+7�)� �.6&�:$/9+.4 1& *#&"�8 &+!�.�48 6!&*'5�,##&.+� 2�4

&0,.6,7,#�4 +&7#&"& &0#�!/3,#�4 &0B,)+&1 0,$ ��$�7,.)&"& )&#+�)+�. 
� 0&�:5�#.+1, &.#&1#'8 �&!* �&+&@�,)+!�7,.)�( 2�+7�) *&3,+ !�..*�+!�1�+:.4 )�)

/.+!&(.+1& +�6� )&#%,1&"& 6,!,)�97�+,�4, 1 )&+&!&* �/#)%�9 *,8�#�7,.)&"& 6!�1&2� ���
6�,7� !'7�"� 1'6&�#4,+ �/7 ��� .1,+. �&+&@�,)+!�7,.)�, 2�+7�)� !�0&+�9+, &0#�!/3�1�4
�$*,#,#�4 1 �#+,#.�1#&.+� .1,+�, )&+&!'( ��0& &+!�3�,+.4, ��0& $�2,!3�1�,+.4 &0#�!/3�-
1�,*'* &0B,)+&* (*�5,#:9). �$*,#,#�4 1 �#+,#.�1#&.+� .1,+� *&"/+ 0'+: !,$/�:+�+&* 6!�-
./+.+1�4 ��� &+./+.+1�4 *�5,#� ��� !,$/�:+�+&* �$*,#,#�4 !�$*,!�, �&!*', )&@���%�,#+�
&+!�3,#�4 ��� %1,+� *�5,#�. 

	+!�3�9A�, 6&1,!8#&.+�, �.6&�:$/,*', 1 �&+&@�,)+!�7,.)�8 .�.+,*�8, 0'1�9+ +!,8
+�6&1: !�..,�1�9A�,, $,!)��:#', � &0!�+#&"& &+!�3,#�4. ��*'* 2,5,1'* � !�.6!&.+!�#,#-
#'* 1�2&* &+!�3�9A�8 6&1,!8#&.+,( 41�49+.4 !�..,�1�9A�, 6&1,!8#&.+�. 

	2#�)&, / �&+&@�,)+!�7,.)�8 2�+7�)&1 ,.+: !42 ./A,.+1,##'8 #,2&.+�+)&1. 
� #�* *&3#& &+#,.+� : 
- 7/1.+1�+,�:#&.+: ) 1�0!�%�4*, /2�!�*,  
- 6�&8�4 !�0&+� 1 $�6'�,##&(, $�"�$&1�##&( � 1��3#&( .!,2,,  
- 6&*,8� &+ &.1,+�+,�:#'8 6!�0&!&1 &0A,"& &.1,A,#�4. 
�A, &2�# +�6 2�+7�)&1, 6!�*,#4,*'8 2�4 )&#+!&�4 %���#2!�7,.)�8 !&��)&1 – @+& �#-

2/)+�1#', 2�+7�)�. 
��6!�*,!, 6!,&0!�$&1�+,�: �#2/)+�1#'( *&2,�� 75511. 
	# 6!,2#�$#�7,# 2�4 6!,&0!�$&1�#�4 ��#,(#'8 6,!,*,A,#�( 1 @�,)+!�7,.)�( .�"#��. 


1�4,+.4 @�,*,#+&* 1 .8,*�8 6!,&0!�$&1�#�4 ��#,(#'8 6,!,*,A,#�( 1 @�,)+!�7,.)�, .�"#�-
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�'. 
	0A�, +,8#�7,.)�, 2�##',. 
���.. +&7#&.+� : 1 
���6�$&# �$*,!,#�(, **: ±1 
�!,2,� 2&6/.)�,*&( 6&"!,5#&.+� #� /7�.+)�8 2��6�$&#� �$*,!,#�(, *)*: 
±20 *)*  0,12 
±200 *)*   1,2 
±1000 *)*   4,0 
��$*�8 1'8&2#&"& .�"#���, *)*  0,02 
��0&7�( +&), *�, #, 0&�,,    5 
��..�, )"   0,11 
	0A�, +,8#�7,.)�, 8�!�)+,!�.+�)� �#2/)+�1#'8 2�+7�)&1. 
- ���6�$&# .!�0�+'1�#�4: &+ 0,6 2& 60 **
- ��0&7�4 +,*6,!�+/!�: &+ -25 … 70 °�
- ���.. $�A�+': IP 67, IP 68, IP 69K 
- ��A�+� &+ )&!&+)&"& $�*')�#�4
- �!� 2��6�$&#� .!�0�+'1�#�4
- ��+,!��� )&!6/.� �#2/)%�&##'8 2�+7�)&1: 6��.+�), #,!3�1,9A�4 .+��:, #�),��!&-

1�##�4 *,2:
�!�#%�6 !�0&+' 2�+7�)&1 &.#&1�# #� �$*,#,#�� �#2/)+�1#&"& .&6!&+�1�,#�4 )�+/5)�

.& .+��:9. ��+7�)� �#2/)+�1#&.+� 5�!&)& 6!�*,#49+ 0��"&2�!4 �8 ./A,.+1,##'* 2&.+&�#-

.+1�*: 6!&.+&+,, #�2,3#&.+� � &+./+.+1�9 .)&�:$4A�8 )&#+�)+&1; 1&$*&3#&.+� #,6&.!,2.+-
1,##&"& �.6&�:$&1�#�4 6&)�$'1�9A�8 6!�0&!&1 $� .7,+ &+#&.�+,�:#& 0&�:5&( 1,��7�#' &+-
2�1�,*&( @�,)+!�7,.)&( *&A#&.+�; 1&$*&3#&.+� !�0&+' #� 6,!,*,##&* +&), 6!&*'5�,##&(
7�.+&+'. 

�#2/)+�1#', 2�+7�)� 6!�*,#49+ +&�:)& #� &+#&.�+,�:#& #�$)�8 7�.+&+�8 (2& 3000–
5000 �%), +�) )�) #� 1'.&)�8 7�.+&+�8 !,$)& 1&$!�.+�9+ 6&+,!� 1 .+��� #� 6,!,*�"#�7�1�#�, �
!,�)+�1#&, .&6!&+�1�,#�, &0*&+)�. 

�&.+&�#.+1� �#2/)+�1#'8 2�+7�)&1: 
- 6!&.+&+� � 6!&7#&.+: )&#.+!/)%��, &+./+.+1�, .)&�:$4A�8 )&#+�)+&1; 
- 1&$*&3#&.+: 6&2)�97,#�4 ) �.+&7#�)�* 6!&*'5�,##&( 7�.+&+'; 
- &+#&.�+,�:#& 0&�:5�4 1'8&2#�4 *&A#&.+: (2& 2,.4+)&1 ��++); 
- $#�7�+,�:#�4 7/1.+1�+,�:#&.+:. 
��)�* &0!�$&*, #� &.#&1�#�� 6&2!&0#&"& �#���$� 6!�#%�6&1 !�0&+' 21/8 !�$��7#'8

+�6&1 2�+7�)&1, �$/7,#�4 &.&0,##&.+� �8 .+!&,#�4, @).6�/�+�%��, � +�)3, 2&.+&�#.+1 � #,-
2&.+�+)&1, #��0&�,, @��,)+�1#'* . @).6�/�+�%�&##&( � @)&#&*�7,.)&( +&7)� $!,#�4, 6& #�-
5,*/ *#,#�9, 41�4,+.4 2�+7�) �#2/)+�1#'( *&2,�� 75511. 

	# �*,,+ *,#:5�( 6!,2,� 2&6/.)�,*&( 6&"!,5#&.+�, *,#,, +!,0&1�+,�,# ) /.�&1�4*
&)!/3�9A,( .!,2', )!&*, +&"& #� /6!�1�49A,* 0�&), 2�+7�)� ,.+: 1&$*&3#&.+: 0&�,, +&#-
)&( #�.+!&()� �#+,!1��� .&!+�!&1)� !&��)&1.  

�
���� �����	����
1. �/)&1&2.+1& 6& )�7,.+1/ �� �� ��� 001 – 2013. ". �&�3.)�(
2. �&2,!#�$�%�4 )&#.+!/)%�( �&+&@�,)+!�7,.)�8 �#2�)�+&!&1 ��#,(#'8 6,!,*,A,#�(. 
�0�)5�#� 	.�., �"&!&1 �.�., ��+',1 �.�., ��+!&��#&1 �.�. 
�$1,.+�4 1'.5�8 /7,0#'8 $�1,2,#�(. �!�0&!&.+!&,#�,. 2011. �. 54. C 11. �. 65-69. 
3. �'.&)&7�.+&+#', ,*)&.+#', � �#2/)+�1#', 2�+7�)�. 
.�.��8��#, �&.@#,!"&�$2�+, 
1960.
4. �,8#&�&"�4 !�2�&@�,)+!&##'8 /.+!&(.+1 � �1+&*�+�$�%�4 6!&�$1&2.+1�: �7,0#�)/ 
�.�. �&.+�#)&, �.�. ��#�#, �.�. �*'�:, �.�. �#/�!�,1; �&2 &0A. !,2. �.�. �&.+�#)&. – �#.: 
�'5. 5)., 2005 
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��..*�+!�1�9+.4 &.#&1#', @+�6' � *,!&6!�4+�4 6& !�$!�0&+), .�.+,*' *,#,23*,#+� )�7,.+1�. 
The article describes the main steps and activities to develop a quality management system. 

� .&1!,*,##'8 !'#&7#'8 /.�&1�48 )&#)/!,#+&.6&.&0#&.+: �90&( &!"�#�$�%��, #,$�-
1�.�*& &+ �&!*' ,, .&0.+1,##&.+�, !�$*,!&1 � 1�2� 2,4+,�:#&.+� $�1�.�+, 6!,32, 1.,"&, &+
)�7,.+1� ,, 6!&2/)%�� ��� /.�/". 

�!,0&1�#�, !�$!�0&+)� � 1#,2!,#�4 .�.+,*' *,#,23*,#+� )�7,.+1� �.8&2�+ &+ 6&+!,-
0�+,�,(, .&0.+1,##�)&1 � +.2., )&+&!'* #/3#' "�!�#+�� .+�0��:#&( (6!�*,#�+,�:#& ) )�7,.+-
1/ 6!&2/)%��) !�0&+' &!"�#�$�%��. �,!+���)�%�4 ��� .+��� &04$�+,�:#'* /.�&1�,* 2�4
/7�.+�4 1 0&�:5�#.+1, +,#2,!&1. � 7�.+#&.+�, #���7�, / 6!,26!�4+�4 .,!+���%�!&1�##&( .�-
.+,*' *,#,23*,#+� )�7,.+1�, .&&+1,+.+1/9A,( +!,0&1�#�4* .+�#2�!+� �	�� ISO 9001–2011, 
6&$1&�4,+ 6&+!,0�+,�4* 0'+: /1,!,##'*� 1 +&*, 7+& /.�/"�, )&+&!', 6!,26!�4+�, &)�$'1�,+, 
.+!&"& &+1,7�9+ 2,)��!�!/,*'* �* /.�&1�4* � +!,0&1�#�4* $�)&#� � 7+& 6&�&3,#�, )&*6�-
#�� .+�0��:#& 1 2&�"&.!&7#&* 6,!�&2,. 

����7�, 1#,2!,##&( � .,!+���%�!&1�##&( .�.+,*' *,#,23*,#+� )�7,.+1� 1��4,+ )�)
#� )&#)/!,#+&.6&.&0#&.+: &!"�#�$�%��, +�) � #� .,0,.+&�*&.+: 6!&2/)%��, .�,2&1�+,�:#&
1&$#�)�,+ #,&08&2�*&.+: 6!&1,2,#�4 !�0&+ 6& !�$!�0&+), ��� #� 6!,26!�4+��. 

;,�: 2�6�&*#&"& 6!&,)+�: !�$!�0&+)� 6!&,)+� 6!&"!�**' 1#,2!,#�4 .�.+,*' *,#,23-
*,#+� )�7,.+1� #� 6!,26!�4+��. 

�#,2!,#�, .�.+,*' *,#,23*,#+� )�7,.+1� 6!,2.+�1�4,+ .&0&( )&*6�,). !�0&+, )&+&-
!'( $�+!�"�1�,+ !�$��7#', �.6,)+' 2,4+,�:#&.+� &!"�#�$�%�� � ,, 6&2.�.+,*' – 6&2.�.+,*/
.+!�+,"�7,.)&"& /6!�1�,#�4, 6!&�$1&2.+1,##/9 6&2.�.+,*/, 6&2.�.+,*/ �&"�.+�)�, /6!�1�,-
#�, 6,!.&#��&*, 1#/+!,##�, )&**/#�)�%��, 2&)/*,#+&&0&!&+ � 2!. � .14$� . @+�*, 1#,2!,#�,
.�.+,*' )�7,.+1� 41�4,+.4 2&.+�+&7#& 2��+,�:#&( � +!/2&,*)&( $�2�7,(. �,5,#�, @+&( $�2�-
7�, )�) 6!�1��&, 6!&�.8&2�+ 1 #,.)&�:)& @+�6&1. 

�!�*,!#�4 6!&"!�**� 1#,2!,#�4 ��� .&.+&�+ �$ 7 @+�6&1. 
-��� 1. �,5,#�, !/)&1&2.+1�. �/)&1&2�+,�: 2&�3,# 6!�#4+: !,5,#�, & #�7��, 6!&,)-

+�, �$1,.+�+: .&+!/2#�)&1 )&*6�#��. ��)3, .�,2/,+ .�&!*/��!&1�+: %,�� 6&.+!&,#�4 .�.+,-
*' *,#,23*,#+� )�7,.+1�, 1'2,��+: #� 1,!8#,* /!&1#, 6!&%,..', )&+&!', #/3#& )&#+!&��-
!&1�+:, � )!�+,!�� &%,#)� �8 )�7,.+1�. �6&.�,2.+1�� %,�� .�.+,*' #,&08&2�*& $���).�!&-
1�+: 1 2&)/*,#+, 6&2 #�$1�#�,* «�&��+�)� 1 &0��.+� )�7,.+1�», 1 )&+&!&* +�)3, &6�.'1�9+-
.4 6!�#%�6' �8 2&.+�3,#�4.  

-��� 2. 	%,#&7#'( �/2�+. ;,�: &%,#&7#&"& �/2�+�: 6&.!,2.+1&* 1'0&!&7#&( 6!&1,!-
)� 2&)/*,#+�%�� � 2,4+,�:#&.+� &%,#�+: .&"��.#& �	�� ISO 9001–2011 2,(.+1/9A/9 .�.+,-
*/ /6!�1�,#�4 )�7,.+1&*, 1'41�+: ,, «.��0', *,.+�», &6!,2,��+: &0B,*' 2&!�0&+)�, 2�+: !,-
)&*,#2�%�� 6& .&1,!5,#.+1&1�#�9 ./A,.+1/9A,( .�.+,*' 2�4 6&.�,2/9A,( ,, .,!+���)�-
%��. 

-��� 3. 	0/7,#�, 6,!.&#���. �,!.&#�� )&*6�#�� 2&�3,# �$/7�+: +,&!�9 *,#,23*,#-
+� )�7,.+1�, .+�#2�!+' ISO .,!�� 9000, &.1&�+: +,&!�9 6!&%,..#&"& 6&28&2�, � +�)3, &.#&1-
#', +!,0&1�#�4 ) 1#,2!,#�9 ���.  

-��� 4. ��$!�0&+)� 6&2!&0#&"& 6��#�-"!���)� 1'6&�#,#�4 !�0&+. �#,2!,#�, .�.+,*'
*,#,23*,#+� )�7,.+1� .�,2/,+ !�..*�+!�1�+: )�) .�&3#'( � 2��+,�:#'( 6!&,)+ (.!&)&* 2&
6&�/+&!�-21/8 �,+). �&@+&*/ #,&08&2�*& .&.+�1�+: 6!&"!�**/, )&+&!�4 2&�3#� 1)�97�+:: 
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&6�.�#�, @+�6&1 1#,2!,#�4, .6�.&) &+1,+.+1,##'8 $� )�32'( @+�6 6!&,)+�, 0923,+ 1#,2!,#�4
.�.+,*' *,#,23*,#+� )�7,.+1�, 6!&%,2/!/ &%,#)� 1#,2!,#�4 ���.  

-��� 5. ��$!�0&+)� #&!*�+�1#&( 2&)/*,#+�%��. �� @+&* @+�6, �&!*�!/9+.4 #&!*�-
+�1#', 2&)/*,#+', !,"��*,#+' � 6!&%,2/!', &0,.6,7�1�9A�, !�0&+/ .�.+,*' *,#,23*,#+�
)�7,.+1�. 	.#&1&( 2�4 #�8 &0'7#& 41�4,+.4 /3, ./A,.+1/9A�( #� 6!,26!�4+�� #�0&! 2&)/-
*,#+&1, )&+&!'( *&2���%�!/,+.4 � 2&6&�#4,+.4 1 .&&+1,+.+1�� . +!,0&1�#�4*� .+�#2�!+�.  

-��� 6. �,.+�!&1�#�, .�.+,*' *,#,23*,#+� )�7,.+1� � 1#/+!,##�( �/2�+. �&.�, !�$-
!�0&+)� 1.,8 #&!*�+�1#'8 2&)/*,#+&1 #�7�#�,+.4 &6'+#�4 @).6�/�+�%�4 .�.+,*'. ��6/.)�+:
6!&%,..' 1 !�*)�8 #&1&( .�.+,*' *&3#& 6&.+,6,##&. 	6'+#�4 @).6�/�+�%�4 .&6!&1&32�,+.4
6!&1,2,#�,* 1#/+!,##,"& �/2�+�, .6,%���:#'8 6!&%,2/! 6& 6!&1,!), !�0&+' .�.+,*' *,-
#,23*,#+� )�7,.+1�.  

-��� 7. �,!+���)�%�4 .�.+,*' *,#,23*,#+� )�7,.+1�. ��4 +&"& 7+&0' .,!+���%�!&-
1�+: ���, #,&08&2�*& 6&2�+: $�41�,#�, 1 .,!+���)�%�&##'( &!"�#.  

�!,2��"�,*', *,!&6!�4+�4 6& !�$!�0&+), � 1#,2!,#�9 .�.+,*' *,#,23*,#+� )�7,.+1�
2�9+ 1&$*&3#&.+: 1'41�+: /$)�, *,.+� 1 6!&�$1&2.+1,, 6&1'.�+: @��,)+�1#&.+: �.6&�:$&1�-
#�4 !,./!.&1, �$0,3�+: )�) 2/0��!&1�#�4 !�0&+, +�) � &"&�,#�4 &+2,�:#'8 /7�.+)&1, 2&)/*,#-
+�!&1�+: 1., 6!&�$1&2.+1,##', &6,!�%��, /.+�#&1�+: &+1,+.+1,##&.+: $� )�32/9 �$ #�8, 6!&-
1,.+� .+!/)+/!�$�%�9 6!&�$1&2.+1,##'8 6!&%,..&1 � 1'.+!&�+: 7,+)�, +,8#&�&"�7,.)�, .8,-
*'. 

�,���$�%�4 /)�$�##'8 *,!&6!�4+�( 6&$1&��+ 6&�/7�+: .�,2/9A�, @��,)+': 
– 6&1'.�+: 6!�0'�: 6!,26!�4+�4, $� .7,+ !�.5�!,#�4 !'#)� .0'+� 6!&2/)%��; 
– .2,��+: !�0&+/ )&*6�#�� 6!&$!�7#&( 2�4 ,, !/)&1&2.+1�, &0�,"7�+: &6,!�+�1#&,

/6!�1�,#�, � 6&1'.�+: ,"& @��,)+�1#&.+:; 
– .1&,1!,*,##& 1'6&�#4+: .1&� &04$�+,�:.+1� 6,!,2 $�)�$7�)�*�; 
– 2&.+�7: +!,0/,*&"& )�7,.+1� 6!&2/)%�� � 6&.+&4##& 6&22,!3�1�+: ,"& #� /!&1#,, .&-

&+1,+.+1/9A,* +!,0&1�#�4* $�)�$7�)&1, )&+&!', /.+�#�1��1�9+.4 1 +,8#�7,.)&* $�2�#��, 
2&"&1&!�8 � 2!/"�8 2&)/*,#+�8; 

– &0,.6,7�+: .#�3,#�, 6!&�$1&2.+1,##'8 $�+!�+ $� .7,+ .#�3,#�4 )&��7,.+1� 0!�)�, 
1&$*&3#& .#�3,#�, .,0,.+&�*&.+� 6!&2/)%��. 

� !,$/�:+�+, 2�6�&*#&"& 6!&,)+� 0'�� .2,��#� &%,#)� @��,)+�1#&.+� !�0&+' 6!,2-
6!�4+�4, &6!,2,�,#' @+�6' � 2�#' !,)&*,#2�%�� 6& 1#,2!,#�9 ���. �'41�,#' 6!&0�,*' �
6,!.6,)+�1' !�$1�+�4 &!"�#�$�%�� 1 2�##&* �.6,)+, #� 0��3�(5�( 6,!�&2. 

� "'�) !"$���$(��
1. �&#&*�!,1 �.�.  �6!�1�,#�, )�7,.+1&* 6!&%,..&1 � 6!&2/)%��. � 3-8 )#. �#. 1 : 

�1,2,#�, 1 .�.+,*' *,#,23*,#+� )�7,.+1� 6!&%,..&1 1 6!&�$1&2.+1,##&(, )&**,!7,.)&( �
&0!�$&1�+,�:#&( .�,!�8 : /7,0#&, 6&.&0�, / �.�. �&#&*�!,1, �.�. ��A,#)&, �.�. ��A,#)& �
2!.; 6&2 !,2. 2-!� +,8#. #�/), 6!&�. �.�. �&#&*�!,1�. – ��*0&1 : �$2-1& ��
	� ��	 «����», 
2012. – 240 .. 

2. �	�� ISO 9001-2011. ��.+,*' *,#,23*,#+� )�7,.+1�. �!,0&1�#�4 [�,).+]. – �1,2. 
2013–01–01. – �: �+�#2�!+�#�&!*, 2012.– 36 .. 

3. �#,2!,#�, .�.+,*' *,#,23*,#+� )�7,.+1� #� 6!,26!�4+��: [-�,)+!&##'( !,./!.] – 
URL: http://fd.ru/articles/6752. (��+� &0!�A,#�4: 22.04.2014). 
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������	����+�����	 �	�����	 �	 �	� «�
�», ��� /���, 

,	+	�� � .���/�� �,	���+������
 +�������	/��

�,"+4!,1� �. �., �+,6/!& �. �. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�  

� !�0&+, �$�&3,# �#���$ .�.+,*' *,#,23*,#+� )�7,.+1� #� 	�	 «���», ,"& %,��, $�2�7�, !&�: #� 6!,2-
6!�4+��. ��) 3, 6!,2.+�1�,#� @)&#&*�7,.)�4 7�.+:, 1 )&+&!&( !�..*&+!,# 6&)�$�+,�: 0!�)� 1 2011 � 2012 "". 
�!�1#,#�, � *,!&6!�4+�4 6& /*,#:5,#�9 #,.&&+1,+.+1�(.  

The paper presents the analysis of the quality management system of JSC "VBF", its goals and objectives, the 
role of the enterprise. Just shows the economic part, which is considered outside of marriage in 2011 and 2012. Compare 
and measures to reduce inconsistencies. 

;,�: !�0&+': !�..*&+!,+: ��� 6!,26!�4+�4, 6!&1,.+� .!�1#�+,�:#'( �#���$ 0!�)� 1
2011 � 2012""., 1'41�+: 6!�7�#' #, .&&+1,+.+1�(. 

��� – @+& .�.+,*�, .&$2�1�,*�4 1 &!"�#�$�%�� 2�4 �&!*�!&1�#�4 6&��+�)� � %,�,( 1
&0��.+� )�7,.+1�, � +�)3, 2�4 2&.+�3,#�4 @+�8 %,�,(. ���, )�) � �90�4 .�.+,*�, 8�!�)+,!�-
$/,+.4 .1&�* #�$#�7,#�,*, .+!/)+/!&(, .&.+�1&* @�,*,#+&1 � .14$4*� *,32/ #�*�. 

�&��+�)� 1 &0��.+� )�7,.+1� 41�4,+.4 &.#&1#'* 2&)/*,#+&* .�.+,*'. 	#� &6!,2,�4,+
%,�: 6&.+!&,#�4 � �/#)%�&#�!&1�#�4 ���, � +�)3, &04$�+,�:.+1� 1'.5,"& !/)&1&2.+1� 6&
2&.+�3,#�9 6&.+�1�,##'8 %,�,(. 

�/#)%�&#�!&1�#�, ��� &./A,.+1�4,+.4 $� .7,+ 1&1�,7,##&.+� 1.,"& 6,!.&#���, 6!�
@+&* 1'.5,, !/)&1&2.+1& 0,!,+ #� .,04 6&�#/9 &+1,+.+1,##&.+: $� 2&.+�3,#�, %,�,( 1 &0��.-
+� )�7,.+1�. 

�2*�#�.+!�+�1#&, 1��4#�, #� ��� 0�$�!/,+.4 #� /6!�1�,#�� 6!&%,..�*� 6& ��)+�7,-
.)�* 6&)�$�+,�4*. �"& &.#&1#&( %,�:9 41�4,+.4 .&$2�#�, /.�&1�( .6&.&0#'8 &0,.6,7�+: #,-
6!,!'1#&, /�/75,#�, 6!&%,..�. �!� @+&* &%,#)� �$*,#,#�( )�7,.+1� 6!&%,..� &./A,.+1�4,+-
.4 #� &.#&1, )!�+,!�,1. 

�!&%,.. !�$!�0&+)� � 1#,2!,#�, .�.+,*' *,#,23*,#+� )�7,.+1� 1)�97�,+ .�,2/9A�,
@+�6': 

1) 1'0&!� .+�#2�!+� ���; 

2) .!�1#,#�4 2,4+,�:#&.+� 6!,26!�4+�4 . +!,0&1�#�4*� 1'0!�##&"& .+�#2�!+�; 
3) 6,!,.+!&,#�4 2,4+,�:#&.+� 6!,26!�4+�4 +�*, "2, @+& #,&08&2�*&; 
4) !�$!�0&+)� � 1#,2!,#�4 2&)/*,#+�%�� ���, 6&2+1,!32�9A,( .&&+1,+.+1�, 2,4+,�:-
#&.+� 6!,26!�4+�4 +!,0&1�#�4* .+�#2�!+�; 
5) .,!+���)�%�� ���, . %,�:9 6&1'5,#�4 @��,)+�1#&.+� 6!&%,..&1 2,4+,�:#&.+�; 
6) /�/75,#�4 2,4+,�:#&.+� #� &.#&1, #,6!,!'1#&"& .&1,!5,#.+1&1�#�4 6!&%,..&1. 

��+!�+' #� #,.&&+1,+.+1�, 6!&2/)+� (&)&#7�+,�:#'( 0!�)) 1 2011 "&2/ .&.+�1��� 35 
299,835 +'.. !/0., 7+& .&.+�1�4,+ 1,78 % ) +&1�!#&( 6!&2/)%��. 	�	 «���» 6��#�!&1��& .&-
)!�A,#�, $�+!�+ 1 2012 "&2/ #� #,.&&+1,+.+1�, 6!&2/)%�� � &#� .&.+�1��� 18 530,33 +'.. !/0. 
��)&( @)&#&*�� /2��&.: 2&.+�7: 6/+,* "!�*&+#&( !�$!�0&+)� «�!&"!�**' ��7,.+1� #� 2012 
"&2». 

�!�7�#' #,.&&+1,+.+1�4
� 6!&%,.., 6!&1,2,#�4 6��#&1'8 �/2�+&1 #� 	�	 «���» 6& 6&2!�$2,�,#�4*, 0'�� 1'-

41�,#' .�,2/9A�, #,.&&+1,+.+1�4: 
1 – #,.1&,1!,*,##&, 1'6&�#,#�, )&!!,)+�!/9A�8 2,(.+1�(; 
2 – #, 1'6&�#,#�, 6!,2/6!,32�9A�8 2,(.+1�(; 
3 – #,)&!!,)+#&, �&!*/��!&1�#�, 1'41�,##'8 6!�7�# � )�) .�,2.+1�, #,6!�1��:#&,

6!�#4+�, *,! 6& �8 /.+!�#,#�9; 
4 – #,2&.+�+&7#&, 1#�*�#�, !/)&1&2.+1� ) .�.+,*, 1 %,�&*; 
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5 – «-��+#', 6&2!�$2,�,#�4». 
�,!&6!�4+�4 6& /�/75,#�9 �/#)%�&#�!&1�#�4 6&2!�$2,�,#�( � ��� 1%,�&*: 
- .1&,1!,*,##&, 1'6&�#,#�, 6!,2/6!,32�9A�8 2,(.+1�(. -+& $#�7�+ 1&1!,*4 /1�2,+:

� &%,#�+: !�.) 6&41�,#�4 0!�)�. 
- )&#)!,+#& �&!*/��!&1�+: 1'41�,##', 1 8&2, 1#/+!,##,"& �/2�+� #�!/5,#�4 � 1&-

1!,*4 /.+!�#4+: 6!�7�#' �8 6&41�,#�4; 
- �)+�1#&, /7�.+�, !/)&1&2.+1� 1 �&!*�!&1�#�� 6&��+�)� 1 &0��.+� )�7,.+1� 	�	

«���»; 
- /.+!�#,#�, «@��+#'8 6&2!�$2,�,#�(». 

�
���� �����	����
1. �� 5.6.1-01 «	%,#)� ��� 	�	 «���» 
2. ��	 9001:2008 «��.+,*' *,#,23*,#+� )�7,.+1�. �!,0&1�#�4» 
3. �!&"!�**� )�7,.+1� 	�	 «���» 2012-2013 "&2
4. 
�$#,.-6��# 	�	 «���» #� 2012 "&2
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��..*�+!�1�9+.4 *,+&2' � .!,2.+1� �$*,!,#�( ��$�)&-*,8�#�7,.)�8 .1&(.+1 )1�!%,1'8 6��.+�#  
The author considers the methods of measurement of physical-mechanical properties of quartz plates 

�$1,.+#&, 7+& )1�!% - .�*&, !�.6!&.+!�#,##&, #� $,*�, .&,2�#,#�,. �,2)& 1.+!,7�9-
A�,.4 1 6!�!&2, 6!&$!�7#', )!�.+���' )1�!%� - %,##&, +,8#�7,.)&, .'!:,, 5�!&)& �.6&�:-
$/,*&, 1 +,8#�),. � )1�!%, .&7,+�9+.4 1'.&)�4 *,8�#�7,.)�4 6!&7#&.+:, 8�*�7,.)�4 .+&(-
)&.+: � 2�@�,)+!�7,.)�, .1&(.+1� . 4!)& 1'!�3,##'*� 6:,$&@�,)+!�7,.)�*� .1&(.+1�*�, 7+&
6&$1&�4,+ )&#.+!/�!&1�+: 6:,$&@�,)+!�7,.)�, /.+!&(.+1� . 1'.&)&( .+�0��:#&.+:9 8�!�)+,-
!�.+�). �1�!% – 8&!&5�( �$&�4+&!, ,"& /2,�:#&, .&6!&+�1�,#�, 6!� )&*#�+#&( +,*6,!�+/!,
1014-1015	*..*. �1,!2&.+: 7; 6�&+#&.+: 2,65 "/.*3. ��) )�) )1�!%,1', 6��.+�#' &0��2�9+ !4-
2&* .1&(.+1 �8 �)+�1#& �.6&�:$/9+ 2�4 .&$2�#�4 )1�!%,1'8 !,$&#�+&!&1 � ���:+!&1, �.6&�:-
$/,*'8 1 .&1!,*,##'8 �&..�(.)�8 .�.+,*�8 !�2�&.14$�, #�1�"�%��, �1�&#�)� � !�2�&�&)�-
%��. ��4 )&#+!&�4 ��$�)&-*,8�#�7,.)�8 .1&(.+1 )1�!%,1'8 6��.+�# #/3#' 6&28&24A�, *,-
+&2' � .!,2.+1�, 6&@+&*/ +,*� 2�##&( !�0&+' 41�4,+.4 �)+/��:#&([1]. 

� !�0&+, 0'�� !�..*&+!,#' .&1!,*,##', *,+&2' � 6!�0&!' 2�4 �$*,!,#�4 ��$�)&-
*,8�#�7,.)�8 .1&(.+1 )1�!%,1'8 6��.+�#. 

�,+&2' �$*,!,#�( ��$�)&-*,8�#�7,.)�8 .1&(.+1 )1�!%,1'8 6��.+�#. 
�,+&2 #,6!,!'1#&"& �$*,!�+,�:#&"& �#2,#+�!&1�#�4. � 6&.�,2#�, "&2' 2�4 &6!,2,-

�,#�4 +1,!2&.+� � *&2/�4 /6!/"&.+� 6&1,!8#&.+#'8 .�&,1 1., 5�!, �.6&�:$/,+.4 *,+&2 #,-
6!,!'1#&"& �$*,!�+,�:#&"& �#2,#+�!&1�#�4. �$*,!�+,�:#&, �#2,#+�!&1�#�, - �.6'+�#�,
12�1��1�#�,*, 6!� )&+&!&* .���, 6!��&3,##�4 ) �#2,#+&!/ � 6&�/7�9A,,.4 1 !,$/�:+�+, @+&-
"& 6,!,*,A,#�, �#2,#+&!� 1"�/0: &0!�$%�, $�6�.'1�9+.4 1 6!&%,.., #�"!/3,#�4 � !�$"!/3,-
#�4 � .�/3�+ 2�4 6&.�,2/9A�8 1'7�.�,#�( $#�7,#�( +1,!2&.+� 6& 12�1��1�#�9 � *&2/�4 /6-
!/"&.+� 6& 1'2�1��1�#�9[2].

��$�1 "8���"$�!:���� 4��� ��"#. �8���"$�!:��� 4��� ��"�-<$� %�!�6�#�, �$/-
7�,*&( 6&1,!8#&.+� ��*�$#'* )&#/.#'* �#2,#+&!&* +�6� �&)1,��� 6!� 6&.+&4##&(, .+/6,#-
7�+& ��� #,6!,!'1#& #�!�.+�9A,( #�"!/$),. � 8&2, 6,!,*,A,#�4 �#2,#+&!� . $�2�##&( .)&-
!&.+:9 � . /1,��7�1�9A,(.4 #�"!/$)&(, 6!&8&2�+ $�6�.: #� )&*6:9+,! 6&)�$�#�( #,.)&�:)�8
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2�+7�)&1, � �*,##&: .��' #�"!/3,#�4, �#+,#.�1#&.+� �)/.+�7,.)&( @*�..��, .��' +!,#�4, )&-
@���%�,#+� +!,#�4, "�/0�#' %�!�6�#'. 

�!,2.+1� �$*,!,#�( ��$�)&-*,8�#�7,.)�8 .1&(.+1 )1�!%,1'8 6��.+�#
��#&+1,!2&*,! Nano-Hardness Tester. �$*,!4,+ +1,!2&.+: � *&2/�: �#"�. �&$1&�4,+

6!&1&2�+: �#2,#+�!&1�#�, +&( &0��.+�, )&+&!�4 0'�� 1'0!�#� 6!� #�0�92,#�� 1 &6+�7,.)�(
*�)!&.)&6, 6!� +&7#&.+� 6&$�%�&#�!&1�#�4 $#�7�+,�:#& *,#:5, *�)!&#�. �&#.+!/)+�1#&
NHT &0B,2�#4,+ 6!,%�$�&##'( +1,!2&*,! � &6+�7,.)�( *�)!&.)&6, )&+&!', �.6&�:$/9+
&2�# 6!,2*,+#'( .+&��) . *,8�#�7,.)�* 6!�1&2&*. �$*,!,#�4 6!&1&24+ #� &0!�$%�8 *�+,-
!���&1 . 6�&.)&-6�!���,�:#'*� 6&1,!8#&.+4*� – &6&!#&( � �$/7�,*&(, !�$*,!&* #, *,#,, 6  
�* 6& *,#:5,( .+&!&#,.  	0!�$,% 6&*,A�9+ #� 6!,2*,+#'( .+&��) � 6!� #�0�92,#�� 1 &6-
+�7,.)�( *�)!&.)&6 1'0�!�9+ *,.+& 2�4 �#2,#+�!&1�#�4. �!&%,.. 6,!,*,A,#�4 1 "&!�$&#-
+��:#&( 6�&.)&.+� (6&$�%�&#�!&1�#�,) � 1 1,!+�)��:#&( 6�&.)&.+� (�$*,!,#�,)/6!�1�49+.4
6,!.&#��:#'* )&*6:9+,!&* . �.6&�:$&1�#�,* 6!&"!�**#&"& &0,.6,7,#�4 ��!*' CSM .
1,.:*� 1'.&)&( +&7#&.+:9.� 6!&%,.., �$*,!,#�4 #� 6&1,!8#&.+: &0!�$%� &6/.)�,+.4 .�6��-
!&1&, )&�:%& 1#/+!,##�* 2��*,+!&* 5 **, � /3, $�+,* 12�1��1�,+.4 �#2,#+&!. 

Scratch-tester REVETEST. �$*,!4,+  �2",$�&##/9 6!&7#&.+:, .+&()&.+: ) %�!�6�#:9 �
�$#&.&.+&()&.+:. -+&+ *,+&2 &.#&1�# #� )&#+!&��!/,*&* %�!�6�#�� ��*�$#'* �#2,#+&!&* #�
1'0!�##&* /7�.+), &0!�$%�/�$2,��4. ��)&#,7#�) �#2,#+&!� (&0'7#& ��*�$ ��� )�!0�2 1&�:�-
!�*�) 6,!,*,A�,+.4 6& 6&1,!8#&.+� &0!�$%� . 6&.+&4##&(, 1&$!�.+�9A,( ��� 6!&"!,..�1#&(
#�"!/$)&(. �!� &6!,2,�,##&( )!�+�7,.)&( #�"!/$), 6&)!'+�, #�7#,+ !�$!/5�+:.4. �!�+�7,-
.)�, #�"!/$)� &7,#: +&7#& !,"�.+!�!/9+.4 �)/.+�7,.)�* .,#.&!&* (MST&RST) $�)!,6�,##&*
#� #�"!/3�9A,* 6�,7,, #& +�)3, *&"/+ 0'+: $�!,"�.+!�!&1�#' 7,!,$ 1.+!&,##'( &6+�7,.)�(
*�)!&.)&6. 

�'1&2: 1#,2!,#�, .&1!,*,##'8 .!,2.+1, +�)�8 )�) ��#&+1,!2&*,! Nano-Hardness Tester 
� Scratch-tester REVETEST 2�4 �$*,!,#�4 ��$�)&-*,8�#�7,.)�8 .1&(.+1 )1�!%,1'8 6��.+�# 1
6!&�$1&2.+1&[3]. 

�
���� �����	����
1. ��9)*�#, �.�. �:,$&@�,)+!�7,.)�, )1�!%,1', !,$&#�+&!' / �.�. ��9)*�# – 3-, �$2., 6,-
!,!�0. � 2&6. – �.: ��2�& � .14$: – 1981. – �. 3-98. 
2. 
/�'7,1 �.�., ��,8�# �.�. �.6'+�#�, *�+,!���&1 #,6!,!'1#'* 12�1��1�#�,*
�#2,#+&!� / �.�. 
/�'7,1, �.�. ��,8�#//�.: ��5�#&.+!&,#�,, 1990. -  224 ..�&!&#�#, �.�., 
�/0%&1, �.�. �&#+!&�: �$*,!�+,�:#'8 6!�0&!&1 � .6,%���:#&"& �#.+!/*,#+�. �7,0#&, 6&.&-
0�, 2�4 +,8#�7,.)�8 /7���A / �.�. �&!&#�#, �.�. �/0%&1 – �. – 1981. – �. 73-88. 
3. �.,�#&1 �.�. �$*,!,#�, *&2/�4 .1,!8+1=!2'8 *�+,!���&1 . 6&*&A:9 .)�#�!/9A,"&
$&#2&1&"& *�)!&.)&6� “��#&�)�#” // �!�0&!' � +,8#�)� @).6,!�*,#+�. – 2003. – No 6. – �. 1–
5. 
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�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�  

��..*�+!�1�9+.4 &.#&1#', 2&)/*,#+' .�.+,*' *,#,23*,#+� )�7,.+1�, 6!&0�,*' $�1&2� 1 &0��.+� 2&-
)/*,#+&&0&!&+�, #,&08&2�*&.+: /.&1,!5,#.+1&1�#�4 .�.+,*' *,#,23*,#+� )�7,.+1� 6/+,* �1+&*�+�$�%�� 2&-
)/*,#+&&0&!&+�, 1#,2!,#�, .�.+,*' @�,)+!&##&"& 2&)/*,#+&&0&!&+�

The basic documents of the quality management system, the problems in the field of document factory, the need 
to improve the quality management system by automating workflow, electronic document management 
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�+&0' 1., &2�#�)&1& 6!�1��:#& 6&#�*��� � 1'6&�#4�� .1&9 !�0&+/, .�.+,*� *,#,23-
*,#+� )�7,.+1� 2&)/*,#+�!/,+.4. �&)/*,#+�%�4 .�.+,*' *,#,23*,#+� )�7,.+1� 1)�97�,+ 1
.,04: 6&��+�)/ 6!,26!�4+�4 1 &0��.+� )�7,.+1�, .+�#2�!+' 6!,26!�4+�4,+,8#�7,.)�, /.�&1�4, 
$�)&#', !�0&7/9 2&)/*,#+�%�9 (�#.+!/)%��, 6!�)�$', !�.6&!43,#�4, 6!&+&)&�', .�/3,0#',
$�6�.)� )�!+' )&#+!&�4, 7,!+,3�) � +.2. 

��$#,##'( %�)� 6!&2/)%�� .7�+�,+.4 &2#�* �$ 1�3#,(5�8 ��)+&!&1, !�..*�+!�1�9-
A�8 2�#�*�)/ ,, )&#)/!,#+&.6&.&0#&"& 6!,0'1�#�4 #� !'#),.��32'( @+�6 %�)�� 2&�3,# .&-
6!&1&32�+:.4 &6!,2,�,##&( 2&)/*,#+�%�,(. 

��) )�) #� 6!,26!�4+�� 2&)/*,#+�%�� &7,#: *#&"&, � �1+&*�+�$�!&1�##&"& 6!&%,..�
#,+, +& *&3#& 1'2,��+: !42 6!&0�,*: 

- 2&)/*,#+' +,!49+.4, 
- #�)�6��1�,+.4 *#&3,.+1& 2&)/*,#+&1, #�$#�7,#�, � �.+&7#�) )&+&!'8 #, 4.#', 
- 2&)/*,#+' � �#�&!*�%�4, .&2,!3�A�4.4 1 #�8, 6&6�2�,+ 1 7/3�, !/)�, 
- +!�+�+.4 *�..� !�0&7,"& 1!,*,#� #� 6&�.) #/3#&"& 2&)/*,#+� � �&!*�!&1�#�, +,*�-

+�7,.)&( 6&20&!)� 2&)/*,#+&1, 
- .&$2�,+.4 #,.)&�:)& )&6�( &2#&"& � +&"& 3, 2&)/*,#+� - #� 0/*�"/ � )&6�!&1�#�, 2&-

)/*,#+&1 +!�+�+.4 #,*��& .!,2.+1, 
- #� 6&2"&+&1)/ � .&"��.&1�#�, 2&)/*,#+&1 +!�+�+.4 *#&"& 1!,*,#�. 
��.+,*� @�,)+!&##&"& 2&)/*,#+&&0&!&+� (�-�) — &!"�#�$�%�&##&-+,8#�7,.)�4 .�.-

+,*�, &0,.6,7�1�9A�4 6!&%,.. .&$2�#�4, /6!�1�,#�4 2&.+/6&* � !�.6!&.+!�#,#�4 @�,)+!&#-
#'8 2&)/*,#+&1 1 )&*6:9+,!#'8 .,+48, � +�)3, &0,.6,7�1�9A�4 )&#+!&�: #�2 6&+&)�*� 2&-
)/*,#+&1 1 &!"�#�$�%��. 

�� !'#), 6!&"!�**#&"& &0,.6,7,#�4 6!,2.+�1�,#& *#&3,.+1& 6!&2/)+&1 2�##&"& )��.-
.�, )�) $�!/0,3#'8, +�) � &+,7,.+1,##'8 6!&�$1&2�+,�,(.	.#&1'1�4.: #� 6&�/7,##'8 2�##'8
�..�,2&1�#�4, /7�+'1�4 1., 2&.+&�#.+1� � #,2&.+�+)� )�32&( �$ !�..*&+!,##'8 .�.+,* (�
�*,##&,DIRECTUM, DocsVision, OPTIMA-WorkFlow), 6!�8&2�* ) 1'1&2/, 7+& .�.+,*� DI-
RECTUM #��0&�,, 6&28&2�+ 2�4 6!�*,#,#�4 #� 	�	 «���» 6& .1&,*/ �/#)%�&#��/ � .&&+-
1,+.+1/,+ .&&+#&5,#�9 %,#�-)�7,.+1&. 

�,$/�:+�+&* 6!�1��:#&.+� 6!&1,2,##&"& �#���$� 6& 1'0&!/ �-� 41�4,+.4 ��)+ +&"&, 
7+& #� 	�	 «���» 1 #&40!, 2013". .+�!+&1�� 6!&,)+, "2, .6,%����.+�*�%,#+!� �#�&!*�%�&#-
#'8 +,8#&�&"�( 	�	 «���» 6!� 6&22,!3), 6!,2.+�1�+,�,( 1&�"&"!�2.)&( )&*6�#�� «���-
	�», 0'�� &0.�,2&1�#' /6!�1�,#7,.)�, 0�$#,.-6!&%,..' 6!,26!�4+�4, &6!,2,�,# 6,!,7,#:
)�97,1'8 6&�:$&1�+,�,( .�.+,*'- 2�!,)+&!&1 6& #�6!�1�,#�4* � !,)&*,#2&1�##'8 �*� .6,-
%����.+&1, 6!�#4+& +,8#�7,.)&, !,5,#�, 6& �1+&*�+�$�%��- #� 0�$, .�.+,*' @�,)+!&##&"&
2&)/*,#+&&0&!&+�DIRECTUM. 

�#,2!,#�, �-� – 1�3#'( 5�" #� 6/+� 6&1'5,#�4 @��,)+�1#&.+� !�0&+' $�1&2�. ��.-
+,*� !,5�,+ %,�'( !42 6!�)+�7,.)�8 $�2�7: 

- .&)!�A,#�, 1!,*,#� #� 6!�#4+�, /6!�1�,#7,.)�8 !,5,#�(; 
- /1,��7,#�, 6!&�$1&2�+,�:#&.+� +!/2� $� .7,+ /.)&!,##&( &0!�0&+)� � .&"��.&1�#�4

2&)/*,#+&1; 
- 6&1'5,#�, �.6&�#�+,�:.)&( 2�.%�6��#' (�.6&�:$/4 1&$*&3#&.+� .�.+,*', !/)&1&-

2�+,�: *&3,+ 0'+: /1,!,# 1 +&*, 7+& 6&.+�1�,##', 6,!,2 .&+!/2#�)�*� $�2�7� #, 0/2/+ $�0'-
+' ��� #, 1'6&�#,#'.�., 2,(.+1�4, 6!&�$1&2�*', 6&�:$&1�+,�,* . 2&)/*,#+&* – 7+,#�,, �$-
*,#,#�,, 6&26�.�#�, –1 &04$�+,�:#&* 6&!42), 0/2/+ )&#+!&��!&1�+:.4);

- .&)!�A,#�, «0/*�3#&"&» 2&)/*,#+&&0&!&+� 1 1,5 !�$�; 
-&0,.6,7,#�, 2&.+/6� ) 2&)/*,#+�* 1 .+!&"&* .&&+1,+.+1�� . #�$#�7,##'*� 6!�1�*�

6&�:$&1�+,�,(, 7+& 6!�)+�7,.)� �.)�97�,+ 6&+,!9 ��� /+,7)/ �#�&!*�%�� (+,).+' *&"/+
0'+: 2&6&�#�+,�:#& $�5��!&1�#' . 6&*&A:9 6�!&�,( ��� %��!&1'8 .,!+���)�+&1); 

-6!,2&.+�1�,#�, 1&$*&3#&.+� 2�4 .&$2�#�4 @�,)+!&##&"& �!8�1� 2&)/*,#+&1. 
�.�&1#& *&3#& 1'2,��+: 64+: @+�6&1 6!&%,..� 1#,2!,#�4 �-�:  
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1. 	0.�,2&1�#�, ./A,.+1/9A,( .�.+,*' 2&)/*,#+&&0&!&+� � 6&2"&+&1)� &+7=+� &0 &0-
.�,2&1�#��; 
2. ��$!�0&+)�, .&"��.&1�#�, � /+1,!32,#�, +,8#�7,.)&"& $�2�#�4 #� �1+&*�+�$�%�9 2&-
)/*,#+&&0&!&+�; 
3. ��.+!&()� � �2�6+�%�4 �-� 6&2 +!,0&1�#�4 +,8#�7,.)&"& $�2�#�4, �/#)%�&#��:#&,
+,.+�!&1�#�,; 
4. 	0/7,#�, 6&�:$&1�+,�,(; 
5. �1,2,#�, .�.+,*' 1 &6'+#/9 @).6�/�+�%�9, )&!!,)+�!&1)� 6�!�*,+!&1 .�.+,*'; 
6. �!�=*&7#', �.6'+�#�4 � 11&2 �-� 1 6!&*'5�,##/9 @).6�/�+�%�9; 
7. �,8#�7,.)&, .&6!&1&32,#�,. 

�!&*'5�,##�4 @).6�/�+�%�4 .�.+,*' @�,)+!&##&"& 2&)/*,#+&&0&!&+� #� 	�	 «���» 
2&�3#� #�7�+:.4 1 2,)�0!, 2014". � &81�+�+: #, *,#,, 78 )�97,1'8 6&2!�$2,�,#�( 6!,26!�-
4+�4, 6!� @+&* )&��7,.+1& �1+&*�+�$�!&1�##'8 *,.+ 6&�:$&1�+,�, #� 6,!1&* @+�6, .&.+�1�+
&)&�& 300. 

� "'�) !"$���$(��
1. �/2!4,1 �.�. 	!"�#�$�%�4 !�0&+' . 2&)/*,#+�*�. - �.: �#�!�-�. - 2008.  
2. ��()� �3.�. ��++&#. �&!6&!�+�1#'( 2&)/*,#+&&0&!&+. �!�#%�6', +,8#&�&"��, *,+&-
2&�&"�4 1#,2!,#�4. -�$2�+,�:.+1&: 
��)!&, �$0/)� ISBN 5-267-00509-6; 2002 ". 
3. ���#�.:,1 �. �. «	0 @��,)+�1#&.+� @�,)+!&##&"& 2&)/*,#+&&0&!&+� � "&./2�!.+1,#-
#&* !,"/��!&1�#�� 1 .�,!, 2&)/*,#+�%�&##&"& &0,.6,7,#�4 /6!�1�,#�4». [-�,)+!&##'( !,-
./!.] http://www.government.nnov.ru/_data/objects/29367/afanasiev.doc 
4. �!�1&1&, !,"/��!&1�#�, @�,)+!&##&"& 2&)/*,#+&&0&!&+�. [-�,)+!&##'( !,./!.] 
http://revolution.allbest.ru/law/00002838_0.html 
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	./A,.+1�4,+.4 !�$!�0&+)� �+��.� #,&6!,2,�,##'8 #,.&&+1,+.+1�( . %,�:9 *&2,!#�$�%�� .�.+,*' /6!�1�,#�4
#,6&2+1,!32,##'*� !,)��*�%�4*� #� 6!,26!�4+��. 

Under development satin uncertain inconsistencies with the aim of upgrading the control system unsubstantiated claims 
for the enterprise. 

�&25�6#�) – +,8#�7,.)&, /.+!&(.+1&, 41�49A,,.4 7�.+:9 &6&!', )&+&!&, 6&22,!3�-
1�,+ 1��, &.: ��� �#/9 )&#.+!/)%�9, ��).�!/,+ 6&�&3,#�, 1 6!&.+!�#.+1,, &0,.6,7�1�,+
1!�A,#�,, )�7�#�, ��� ��#,(#&, 6,!,*,A,#�, (2�4 ��#,(#'8 6&25�6#�)&1) . #��*,#:5�*
.&6!&+�1�,#�,*, 1&.6!�#�*�,+ � 6,!,2�=+ #�"!/$)/ #� 2!/"�, 7�.+� )&#.+!/)%��. [1]. 

�!� 6&.+/6�,#�� "&+&1'8 6&25�6#�)&1 ) 6&+!,0�+,�9, 6!&�$1&2�+.4 18&2#&( )&#-
+!&�: �$2,��(. �!� 1'41�,#�� 2,�,)+&1, #� $�1&2 �$"&+&1�+,�: #�6!�1�4,+.4 !,)��*�%�4
(6!,+,#$�4). 

�!� 6&�/7,#�� 6!,+,#$�� $�1&2 �$"&+&1�+,�: #�7�#�,+ 6!&1,!4+: &0&.#&1�##&.+:  !,)-
��*�%��. ��7�.+/9 6&.+/6�15�4 !,)��*�%�4 &+ 6&+!,0�+,�4 41�4,+.4 #,6&2+1,!32,##&(. 

�,6&2+1,!32,##�4 !,)��*�%�4 – #,&0&.#&1�##�4 6!,+,#$�4 &+ 6&+!,0�+,�4 ) 6&.+�1-
A�)/ 6& 6&1&2/ #,#�2�,3�A,"& )�7,.+1� 1'6/.)�,*&"& �$2,��4. 

��4 +&"&, 7+&0' .#�$�+: )&��7,.+1& #,6&2+1,!32,##'8 !,)��*�%�( 6!&�$1&2�+.4 !�$-
!�0&+)� �+��.� #,&6!,2,�,##'8 #,.&&+1,+.+1�(. 
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�,&6!,2,�,##',  #,.&&+1,+.+1�4 – @+& 2,�,)+', )&+&!', #, 1��49+ #� ",&*,+!�7,.)�,
� �/#)%�&#��:#', 6�!�*,+!' �$2,��4

� �+��., &6�.�#' 1�2' #,&6!,2,�,##'8 #,.&&+1,+.+1�( 2,+��,( 6&25�6#�)� +�)�,
)�): 

-�&6,!,7#', (1 &.,1&* #�6!�1�,#��) !�.)� 6& #�!/3#&( (6&.�2&7#&() %���#2!�7,.)&(
6&1,!8#&.+� #�!/3#&"& )&�:%�; 

- �&�:%,1', !�.)� 6& #�!/3#&( (6&.�2&7#&() %���#2!�7,.)&( 6&1,!8#&.+� #�!/3#&"&
)&�:%�; 

- ��$��7#�4 &+!�3�9A�4 .6&.&0#&.+: (6&.�2&7#&() %���#2!�7,.)&( 6&1,!8#&.+� #�-
!/3#&"& )&�:%�; 

- �.+.2. 
��)3, /.+�#&1�,#� .+,6,#: 1��4#�42,�,)+&1 #� 6�!�*,+!' 2,+��,( 6&25�6#�)�, !,"-

��*,#+�!&1�##', #&!*�+�1#&-+,8#�7,.)&( 2&)/*,#+�%�,( (���). 
��!�*,+!' 2,+��,( 6&25�6#�)�: 
1. 	+)�&#,#�, &+ )!/"�&.+� – #��0&�:5,, !�..+&4#�, &+ +&7,) !,��:#&"& 6!&���4

2& 6!��,"�9A,( &)!/3#&.+�. 
2. �&�#�.+&.+: – .&1&)/6#&.+: 6,!�&2�7,.)� 6&1+&!49A�8.4 #,!&1#&.+,(, / )&+&-

!'8 !�..+&4#�, *,32/ .*,3#'*� #,!&1#&.+4*� ��� 16�2�#�*� 6!,1'5�9+ 0�$&1/9 2��#/
2�4 �*,9A,(.4 5,!&8&1�+&.+�. 

3.  ,!&8&1�+&.+: 6&1,!8#&.+� – .&1&)/6#&.+: #,!&1#&.+,( 6&1,!8#&.+� . &+#&.�-
+,�:#& *��'*� 5�"�*�, 1'2,�,##�4, . 6&*&A:9 0�$&1&( 2��#'.

� "'�) !"$���$(��
1 �&25�6#�)� )�7,#�4 / �6�%�# �.�. — �.: �&./2�!.+1,##&, #�/7#&-+,8#�7,.)&, �$-

2�+,�:.+1&, 1972. — 285 ..�

���.��	��� 
�+��
����� �����������������  
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��:0,)&1 �.�., �&*�)�# �.�., 
,�/8�# �.�. 
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��..*&+!,#� 1&$*&3#&.+: $�*,#' �#.+!/*,#+� .!,2#�8 .+!/)+/! #� 5���&1��:#', )!/"� 1'.&)�8
.+!/)+/!. 

The possibility of changing the tools secondary structures on wheels tall structures. 

�+!,*�+,�:#&, !�$1�+�, 6!&�$1&2.+1� 1 &+!�.�� *�5�#&.+!&,#�4 6!�1&2�+ ) *&2,!#�-
$�%�� � .&1,!5,#.+1&1�#�9 6!�*,#4,*'8 �#.+!/*,#+&1. 

-��,)+�1#&.+: 5���&1�#�4 1 $#�7�+,�:#&( .+,6,#� &6!,2,�4,+.4 @).6�/�+�%�&##'*�
1&$*&3#&.+4*� 6!�*,#4,*&"& �#.+!/*,#+� (5���&1��:#&"& )!/"�), )&+&!'( �"!�,+ &6!,2,-
�49A/9 !&�: 1 �&!*�!&1�#�� )�7,.+1� &0!�0�+'1�,*'8 6&1,!8#&.+,( 2,+��,( � 6!&�$1&2�-
+,�:#&.+� 5���&1�#�4. 

�#���$ !,$/�:+�+&1 �..�,2&1�#�( 6!&%,..� �0!�$�1#&( &0!�0&+)� 6!�1&2�+ ) 1'1&2/ &
+&*, 7+& &2#�* �$ .6&.&0&1 6&1'5,#�4 @��,)+�1#&.+� �0!�$�1#&( &0!�0&+)� .+���  �15 
41�4,+.4 6!�*,#,#�, �0!�$�1#&"& �#.+!/*,#+� 1'.&)�8 .+!/)+/! [1]. 

 ���&1�#�, 1'.&)&.+!/)+/!#'* )!/"&* 25AF90K10V 1 .!�1#,#�� . )!/"�*� &+)!'-
+'8 .+!/)+/! 25AF90K7V � 25AF90L7V 2�,+ *,#:5�, $#�7,#�4 .!,2#�8 �!��*,+�7,.)�8 6�-
!�*,+!&1 5,!&8&1�+&.+� #� "�/0�#, 10 � 15 *)*/8&2. 

	0'7#', �0!�$�1#', )!/"� #, 6&$1&�49+ @��,)+�1#& 5���&1�+: �$-$� 2&.+�+&7#&
6�&+#&( .+!/)+/!' )!/"�, *��&"& &0B,*� � *��'8 !�$*,!&1 6&! 1 +�)�8 )!/"�8. �&@+&*/ &.-
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#&1#'* #�6!�1�,#�,* 6&1'5,#�4 @��,)+�1#&.+� 5���&1��:#'8 )!/"&1 41��&.: .&$2�#�,
)!/"&1 .& $#�7�+,�:#& 0&�,, &+)!'+&( .+!/)+/!&( 6/+,* /1,��7,#�4, )�) !�$*,!&1 6&!, +�) �
.&2,!3�#�4 6&! 1 )!/",. 

�&�: 6&! 1 )!/", $�)�97�,+.4 1 .&$2�#�� 6!&.+!�#.+1� 2�4 !�$*,A,#�4 .!,$�,*'8 $,!-
#�*� *�)!&.+!/3,). 	2#�)& 1.�,2.+1�, *��'8 !�$*,!&1 «,.+,.+1,##'8» 6&!, &#� /2&1�,+1&-
!�+,�:#& 1'6&�#49+ .1&9 �/#)%�9, )&"2� *�)!&.+!/3)� &7,#: *��'. �!� 5���&1�#�� .+�-
�,(, )&"2� !�$*,!' � )&��7,.+1& .+!/3,) 1&$!�.+�9+, «,.+,.+1,##'8» 6&! #,2&.+�+&7#& 2�4
!�$*,A,#�4 .+!/3)�, )&+&!�4 #�6!,..&1'1�,+.4 («#���6�,+») #� 6&1,!8#&.+: )!/"�, 6!�1&24 )
,, $�.���1�#�9, � )�) .�,2.+1�,, ) .#�3,#�9 !,3/A,( .6&.&0#&.+� � .+&()&.+� )!/"�. 

�!� 6!&�$1&2.+1, 6&25�6#�)� 6-7218� 6!&%,.. 5���&1�#�4 #�!/3#&"& 2��*,+!� #�-
!/3#&"& )&�:%� .&.+&�+ �$ +!,8 &6,!�%��: 6!,21�!�+,�:#&,, 7�.+&1&, � &)&#7�+,�:#&, 5��-
�&1�#�,. 

�., &6,!�%�� 6!&�$1&24+.4 #� .+�#), SASL 200×500 . 6!�*,#,#�,* 5���&1��:#&"&
)!/"� 25AF60K7V.  ���&1�#�, 6!&�.8&2�+ .& .�,2/9A�*� !,3�*�*� S – 230 � 230 **/*�#.  

�!&%,.. 5���&1�#�4 2&!&3)� )�7,#�4 #�!/3#&"& )&�:%� 6&25�6#�)� 6-7217� .&.+&�+
�$ +!,8 &6,!�%��: 6!,21�!�+,�:#&,, 7�.+&1&, � &)&#7�+,�:#&, 5���&1�#�,.  

�!�*,#,#�, 1'.&)&.+!/)+/!#&"& )!/"� 6&$1&��+ &0B,2�#�+: 6!,21�!�+,�:#&, � 7�.+&-
1&, 5���1�#�,, � 6&�/7�+: +!,0/,*/9 5,!&8&1�+&.+: &0!�0&+�##&( 6&1,!8#&.+� Ra = 1,25 
*)*, 7+& 6&$1&��+ .&)!�+�+: )&��7,.+1& &6,!�%�( 5���&1�#�4

��.7,+ 6&+!,0#&.+� �0!�$�1#&"& �#.+!/*,#+� 6&)�$'1�,+, 7+& 6!� .&)!�A,#�� 7�.��
&6,!�%�(, )&��7,.+1& �0!�$�1#&"& �#.+!/*,#+� 6!�)+�7,.)� #, *,#4,+.4 $� .7,+ /1,��7,#�4
&.#&1#&"& 1!,*,#� &0!�0&+)� � &0B,*� .#�*�,*&"& *,+����. �& $� .7,+ @+&"& 6&41�4,+.4 1&$-
*&3#&.+: /*,#:5�+: )&��7,.+1& &0&!/2&1�#�4, 7+& 0,$/.�&1#& 6!�1,2,+ ) .#�3,#�9 .,0,-
.+&�*&.+� 6&25�6#�)�. 

� "'�) !"$���$(��: 

1. �&.,#)& �.�. �..�,2&1�#�, 5���&1�#�4 $�)��=##'8 � #,!3�1,9A,( .+��� )!/-
"�*� #&!*��:#'8 � 1'.&)�8 .+!/)+/!. ��+,!���&1,2,#�, � +,!*�7,.)�4 &0!�0&+)� *,+���&1 : 
*,31/$. .0. #�/7. +!. / ��"#�+&"&!.)�( "&.. +,8#. /#-+ �* �.�. �&.&1�. - ��"#�+&"&!.), 2012. - 
C. 104-107. 
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� .+�+:, !�..*&+!,#' 6!&0�,*' 6&1'5,#�4 +&7#&.+� 6!� +&)�!#&( &0!�0&+)� )&�,% 6&25�6#�)&1 #�
.+�#)�8-�1+&*�+�8

The article considers the problem of increasing the accuracy in turning bearing rings on the lathe 

� $�1�.�*&.+� &+ +�6&!�$*,!&1 )&�,% #��0&�,, 6!&"!,..�1#', +,8#&�&"�7,.)�, 6!&-
%,..' +&)�!#&( &0!�0&+)� 6!� )!/6#&.,!�(#&* 1'6/.), )&�,% !�$��7#'. 

�&�:%� �$ 8&�&2#&)�+�#'8 6!/+)&1 2��*,+!&* 2& 30 ** &0!�0�+'1�9+ #� +&)�!#&-
!,1&�:1,!#'8 ��� *#&"&56�#2,�:#'8 �1+&*�+�8 . 6&.�,2/9A�* 5���&1�#�,* (2& $�)��)�) 
&2#&"& +&!%� � .#4+�,* ��.)� .& .+&!&#' &+!,$)�. 
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�&�:%�, �&!*� )&+&!'8 0��$)� ) %���#2!�7,.)&(, 1 2��6�$&#, 2��*,+!&1 &+ 30 2& 120 
** #��0&�,, %,�,.&&0!�$#& 6&�#&.+:9 &0!�0�+'1�+: �$ +!/0 #� *#&"&56�#2,�:#'8 �1+&*�-
+�8. 

��4 )&�,% 2��*,+!&* 2& 90 ** 6!�*,#49+ 8&�&2#&)�+�#',, � 2�4 )&�,% 2��*,+!&* 70 - 
200 ** "&!47,)�+�#', &0+&7,##', +!/0'. �&�:%� 6!&.+&( )&#��"/!�%�� !,)&*,#2/,+.4 &0!�-
0�+'1�+: #� 5,.+�- � 1&.:*�56�#2,�:#'8 �1+&*�+�8 6& 25+. $� %�)�. 

��4 &0!�0&+)� )&�,% �$ +!/0 2��*,+!&* 0&�,, 50 ** #� *#&"&56�#2,�:#'8 �1+&*�+�8
.�,2/,+ 6!�*,#4+: 6&�#'( )&*6�,)+ +1,!2&.6��1#'8 �#.+!/*,#+&1 6!� .)&!&.+� !,$�#�4 50 - 
70 */*�#. 

�&�:%� )&#�7,.)�8 !&��)&6&25�6#�)&1 2��*,+!&* &+ 60 2& 200 **, � +�) 3, )&�:%�
6!&7�8 +�6&1 2��*,+!&* &+ 120 2& 200 ** �$"&+�1��1�9+ �$ 5+/7#'8 $�"&+&1&) #� *#&"&-
56�#2,�:#'8 6�+!&##'8 �1+&*�+�8 1 21, &6,!�%��. 

��4 )&�,% )&#�7,.)�8 !&��)&6&25�6#�)&1 1 @+�8 2��6�$&#�8 !�$*,!&1 #��0&�,, !�-
%�&#��:#', $�"&+&1)� 6&�/7�9+ 6&�/"&!47,( )���0!&1)&(, � 2�4 )&�,% 5�!�)&1'8 6&25�6-
#�)&1 - 6!&���:#&( !�.)�+)&(. 

�&�:%� 1.,8 +�6&1 2��*,+!&* &+ 200 2& 500 ** &0!�0�+'1�9+ #� 5+/7#'8 $�"&+&1&) 1
21,-7,+'!, &6,!�%�� #� *#&"&!,$%&1'8 6�+!&##'8 ��� "�2!&)&6�!&1��:#'8 .+�#)�8, � 6!�
2��*,+!�8 0&�,, 500 ** - #� �&0&+&)�!#'8 ��� )�!/.,�:#'8 .+�#)�8. 

�,��7�#� *�#�*��:#&"& 6!�6/.)�, &.+�1�4,*&"& #� )&�:%�8 6&2 5���&1�#�,, $�1�.�+
&+ 6&"!,5#&.+� �&!*', 1$��*#&"& !�.6&�&3,#�4 � 5,!&8&1�+&.+� &0!�0&+�##&( 6&1,!8#&-
.+�, &+ 1,��7�#' 2,�,)+&1 6&1,!8#&.+#&"& .�&4, &+ �$*,#,#�4 !�$*,!&1 � �&!*' 1 !,$/�:+�+,
+,!*�7,.)&( &0!�0&+)�, � +�) 3, &+ 6&"!,5#&.+� 0�$�!&1�#�4 )&�,% 6!� 5���&1�#��. ��.+&-
+� &0!�0&+�##&( +&7,#�,* 6&1,!8#&.+� )&�,% �$ .+���  �15 .&&+1,+.+1/,+ 4 - 5-*/ )��..�*
(�	��2789-59). 

��#�*��:#', 6!�6/.)� #� 5���&1�#�, 2�4 )&�,% 6&25�6#�)&1 !,"��*,#+�!&1�#'
&+!�.�,1&( #&!*��:#& � /.+�#&1�,#' #� &.#&1, &6'+#&-.+�+�7,.)�8 2�##'8. �0.&�9+#�4 1,-
��7�#� *�#�*��:#&"& 6!�6/.)� #� 5���&1�#�, $�1�.�+ &+ +�6&!�$*,!&1 )&�,%, &0!�0�+'1�,-
*&( 6&1,!8#&.+� � &+ #,3=.+)&.+� )&�,%, +. ,. &+#&5,#�4 2��*,+!� ) +&�A�#, .+,#)� (!�2�-
��:#�4 #,3=.+)&.+:), � +�) 3, &+ &+#&5,#�4 2��*,+!� ) +&�A�#, .+,#)� )&�:%� (6�&.)�4 #,3=-
.+)&.+:). 

�*,#:5,#�, ��)+�7,.)�8 6!�6/.)&1 #� 5���&1�#�, 1,2=+ ) ,3,"&2#&( @)&#&*�� 2&
500 +'.. !/0. -+& *&3,+ 0'+: 2&.+�"#/+& .#�3,#�,* 2&6/.)&1 6!� +&)�!#&( &0!�0&+),, 
/*,#:5,#�,* 6&"!,5#&.+� �&!*/, "��1#'* &0!�$&* &1��:#&.+�, � +�) 3, 6&"!,5#&.+� &+#&-
.�+,�:#&"& !�.6&�&3,#�4 6&1,!8#&.+,( 1!�A,#�4, +. ,. !�$#&.+,##&.+� )&�,%. 

	.#&1#'*� *,!&6!�4+�4*�, #�6!�1�,##'*� #� !,5,#�, 6!&0�,*' 6&1'5,#�4 +&7#&-
.+� 6!� +&)�!#&( &0!�0&+)� )&�,% #� �1+&*�+�8, 41�49+.4: 

- /1,��7,#�, +&7#&.+� � 3,.+)&.+� .+�#)&1, $�3�*#'8 6!�.6&.&0�,#�(, +,8#&�&"�7,-
.)&( &.#�.+)� � !,3/A�8 �#.+!/*,#+&1; 

- 6&1'5,#�, !�$*,!#&( � ",&*,+!�7,.)&( +&7#&.+� �.8&2#'8 $�"&+&1&) (6!/+)&1, +!/0, 
5+/7#'8 $�"&+&1&)) . %,�:9 6&�/7,#�4 !�$#&!�$*,!#'8 � *�#�*��:#'8 6!�6/.)&1 #� *,8�-
#�7,.)/9 &0!�0&+)/; 

- 6!�*,#,#�, #&1'8 6!&"!,..�1#'8 .8,* !,$�#�4, 1 +&* 7�.�, +&7,#�4 . )!/"&1&( +�#-
",#.��:#&( 6&2�7,(, +&7,#�, .�*&/.+�#�1��1�9A�*�.4 �#.+!/*,#+�*� � 2!.; 

- /1,��7,#�, +&7#&.+� 0�$�!&1�#�4 � /*,#:5,#�, /6!/"�8 2,�&!*�%�( 5+/7#'8 $�"&-
+&1&) &+ 2,(.+1�4 .�� $�3�*� 6!� &0!�0&+),; 

- 1.,*,!#&, !�.5�!,#�, )&*6�,).#&( &0!�0&+)� 6&1,!8#&.+,( �$2,��( . &2#&"& /.+�-
#&1�, )�)-+&: )&#%,#+!�!&1�##&( &0!�0&+)� )&�,% �$ 6!/+)&1 � +!/0 #� *#&"&56�#2,�:#'8
�1+&*�+�8. 
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� .+�+:, !�..*�+!�1�9+.4 6!&"!,..�1#'( 6!&%,.. 6!&�$1&2.+1� 6!&���,( — 6!&)�+)�. 
The article discusses the progressive process of production profiles - rolling. 

�!� &0!�0&+), *,+���&1 2�1�,#�,* 6&�/��0!�)�+' � �$2,��4 6&�/7�9+ 6��.+�7,.)�*
2,�&!*�!&1�#�,* �.8&2#&( $�"&+&1)� 0,$ .#4+�4 .+!/3)�. -+&+ 6!&%,.. &+��7�,+.4 $#�7�-
+,�:#&( @)&#&*�7#&.+:9, 1'.&)�* 1'8&2&* "&2#&"& � 0&�:5&( 6!&�$1&2�+,�:#&.+:9. 	0!�-
0&+)� 2�1�,#�,* *&3#& �$"&+&1�+: 2,+��� .�*'8 !�$��7#'8 !�$*,!&1 (&+ *����*,+!� 2& #,-
.)&�:)�8 *,+!&1) � �&!*'.  

	0!�0&+)� *,+���&1 2�1�,#�,* &0'7#& 6!,.�,2/,+ 21, &.#&1#', %,��: 6&�/7,#�, �$-
2,��( .�&3#&( �&!*' �$ $�"&+&1&) 6!&.+&( �&!*' � /�/75,#�, )!�.+����7,.)&( .+!/)+/!'
�.8&2#&"& ��+&"& *,+���� . 6&1'5,#�,* ,"& ��$�)&-*,8�#�7,.)�8 .1&(.+1. ��1�,#�,* &0!�-
0�+'1�9+ 6!�*,!#& 90 % 1.,( 1'6��1�4,*&( .+���, � +�)3, 0&�:5&, )&��7,.+1& %1,+#'8 *,-
+���&1 � �8 .6��1&1.  

� &0!�0&+), *,+���&1 2�1�,#�,* &+#&.4+ 6!&)�+)/, 1&�&7,#�,, 6!,..&1�#�,, )&1)/, 
5+�*6&1)/, � #,)&+&!', .6,%���:#', 6!&%,..', #�6!�*,!, &+2,�&7#/9 � /6!&7#49A/9 &0-
!�0&+)/ 6��.+�7,.)�* 2,�&!*�!&1�#�,* � +.2. �,+&2' &0!�0&+)� *,+���&1 2�1�,#�,* )��.-
.���%�!/9+ 6& .8,*�* +,8#&�&"�7,.)&"& 6!&%,..�.  

�!&)�+)� 6!&�.8&2�+ .�,2/9A�* &0!�$&*: 
$�"&+&1)�, �$1�,7,##�4 �$ 6,7� � &7�A,##�4 &+ &)���#', 6&.+/6�,+ #� !&�:"�#", #�

18&2 ��� � 11&2�+.4 1#/+!: � – &0!�$#&( #�6!�1�49A,(. �/#)%�4 � – &0!�$#&( #�6!�1-
�49A,( – 1'!�1#�1�+: $�"&+&1)/ 6& &.� 6!&)�+)� *�5�#'. 

�&�)�+,�: +&�)�,+ $�"&+&1)/ 6& !&��)&1&( #�6!�1�49A,(, 7:4 �/#)%�4 $�)�97�,+.4 1
+&*, 7+&0' #�6!�1�4+: 2,+��: 16�&+: 2& 18&2� ,, 1 $�$&! *,32/ 6!&)�+#'*� 1��)�*�. 

	0B,2�#,##&, 2,(.+1�, +&�)�+,�4 � 1��)&1 6!&21�"�,+ 0�9* 16,!,2. � *&*,#+, )&"2�
$�"&+&1)� 6!�8&2�+ 1 )&#+�)+ . #�)&#,7#�)&*, #�7�#�,+.4 ��$� 1'6&�#,#�4 &+1,!.+�4 � 6!,-
1!�A,#�4 6!&���4 0�9*� �$ )1�2!�+#&( 1 )!/"�/9 "��:$/. 

��.5�!,#�, *�+,!���� 1 ��$, 1'6&�#,#�4 &+1,!.+�4 6&$1&�4,+ $�6&�#�+: $�$&! *,32/
1��)�*�. 

	.+�#&1 8&2� +&�)�+,�4 2& +&"&, )�) &# 6!�2,+ 1 .&6!�)&.#&1,#�, . #�)&#,7#�)&*, 
6!,2/6!,32�,+ 6&�#&, 1'6&�#,#�, .)1&$#&"& &+1,!.+�4 1 2,+���. 

	.,1', /.���4 +&�7)� � !�2���:#', /.���4 6!&)�+)� .&$2�9+ #�"!/$)/ 6& .3�+�9, )&-
+&!�4 1 .1&9 &7,!,2: 1'$'1�,+ /6�&+#,#�, 1#�7��, 1 %,#+!��:#&( 7�.+� 2,+���, 6,!,2 #�)&-
#,7#�)&*, 6& )!/"&1&*/ .,7,#�9 *�+,!���� *,32/ 1��)�*� � #�)&#,7#�)&*. 

�6�&+#,#�, 6& 1#/+!,##,( 6&1,!8#&.+� 1'$'1�,+ 6&�#&, $�)!'+�, 1.,8 6&�&.+,(, )&-
+&!', *&"/+ �*,+:.4 12&�: &.� $�"&+&1)�, 6&�/7,##&( .6&.&0&* #,6!,!'1#&( !�$��1)�. 

� &.#&1, &0!�0&+)� *,+���&1 2�1�,#�,* �,3�+ 6!&%,.. 6��.+�7,.)&( 2,�&!*�%��, 6!�
)&+&!&* �$*,#4,+.4 �&!*� 0,$ �$*,#,#�4 *�..'. �., !�.7,+' !�$*,!&1 � �&!*' +,�� 6!� &0-
!�0&+), 2�1�,#�,* &.#&1�#' #� $�)&#, 6&.+&4#.+1� &0B,*�, ./+: )&+&!&"& $�)�97�,+.4 1 +&*, 
7+& &0B,* +,�� 2& � 6&.�, 6��.+�7,.)&( 2,�&!*�%�� 6!�#�*�,+.4 #,�$*,##'*. 

�$*,#,#�4 �&!*' +,�� *&3,+ 6!&�.8&2�+: 1 #�6!�1�,#�� +!,8 "��1#'8 &.,(; 6!� @+&*
)�32�4 +&7)� .+!,*�+.4 6,!,*,A�+:.4 1 +&* #�6!�1�,#��, 1 )&+&!&* .&$2�,+.4 #��*,#:5,,
.&6!&+�1�,#�, ,, 6,!,*,A,#�9. -+& 6&�&3,#�, 1 +,&!�� &0!�0&+)� *,+���&1 2�1�,#�,* #&-
.�+ #�$1�#�, $�)&#� #��*,#:5,"& .&6!&+�1�,#�4. 

�!� .1&0&2#&* �&!*&�$*,#,#�� +,�� 1 !�$��7#'8 #�6!�1�,#�48 #��0&�:5�4 2,�&!*�-
%�4 6!&�.8&2�+ 1 +&* #�6!�1�,#��, 1 )&+&!&* 0&�:5�#.+1& 6,!,*,A�9A�8.4 +&7,) 1.+!,7�,+
#��*,#:5,, .&6!&+�1�,#�, .1&,*/ 6,!,*,A,#�9. 
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��)&#' 6&.+&4#.+1� &0B,*� � #��*,#:5,"& .&6!&+�1�,#�4 !�.6!&.+!�#49+.4 #� 1.,
.6&.&0' &0!�0&+)� *,+���&1 2�1�,#�,*. �!� @+&* $�)&# 6&.+&4#.+1� &0B,*� �.6&�:$/9+ 2�4
&6!,2,�,#�4 !�$*,!&1 $�"&+&1&), � $�)&# #��*,#:5,"& .&6!&+�1�,#�4 6&$1&�4,+ &6!,2,��+:, 
)�)�, !�$*,!' � �&!*/ 6&6,!,7#&"& .,7,#�4 6&�/7�+ $�"&+&1)� . +,* ��� �#'* .,7,#�,* 1
6!&%,.., &0!�0&+)� 2�1�,#�,*. �90&( 6!&%,.. &0!�0&+)� *,+���&1 2�1�,#�,* 8�!�)+,!�$/,+-
.4 &7�"&* 2,�&!*�%�� � )&@���%�,#+&* 2,�&!*�%��. 

�& .!�1#,#�9 . 6!,..&1�#�,*, 6!&)�+)� +!/0, 6!/+)&1 � 6!&���,(  �*,,+ .1&� 6!,-
�*/A,.+1� � #,2&.+�+)�. � 6!,�*/A,.+1�* .�,2/,+ &+#,.+�: 0&�,, #�$)�, 6&+,!� #� &+8&2'; 
*,#:5�4 #,!�1#&*,!#&.+: *,8�#�7,.)�8 .1&(.+1 6& 2��#, � 6&6,!,7#&*/ .,7,#�9 �$2,��4, 
.!�1#�+,�:#& 0&�:5�, .)&!&.+� �.+,7,#�4, � .�,2&1�+,�:#&, � 6!&�$1&2�+,�:#&.+:. 

� #,2&.+�+)�* .�,2/,+ &+#,.+�: *,2�,##'( 6,!,8&2 . �$"&+&1�,#�4 &2#&"& !�$*,!� �$-
2,��( � �&!* #� 2!/"�,; #,1&$*&3#&.+: 6&�/7,#�4 .6�&5#'8 � 6&�'8 6!&���,( .�&3#'8
&7,!+�#�(. 

�����������.��	�2��� ��	��� 
�� 
���,��+����  
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��(2/7,#)& �.�., �,21,2,1 �.�., 
,�/8�# �.�. 
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��..*&+!,#' .&1!,*,##', .+�#)� 2�4 !�$��7#'8 &6,!�%�( 5���&1�#�4 6&25�6#�)&1. 
The modern machines for various grinding operations bearings. 

� )�32'* 2#,* 1., .+!,*�+,�:#,, !�$1�1�,+.4 6!&�$1&2.+1& 1 &+!�.�� *�5�#&.+!&,-
#�4, � 1*,.+, . #�* 6!&�.8&2�+ 6!&%,.. *&2,!#�$�%�� � .&1,!5,#.+1&1�#�4 6!�*,#4,*&"&
&0&!/2&1�#�4. 

� 6&25�6#�)&1&* 6!&�$1&2.+1, �.6&�:$/9+.4 1 &.#&1#&* +&)�!#', � 5���&1��:#',
.+�#)�. �&.�,2#�,, 1 .1&9 &7,!,2: 6&2!�$2,�49+.4 #� 6�&.)&, 1#/+!�, +&!%, � 0,.%,#+!&1&5-
���&1��:#', � $�#�*�9+ &.#&1#&( 6�!) 6&25�6#�)&1'8 $�1&2&1.  


,.%,#+!&1&-5���&1��:#', .+�#)� 6!,2#�$#�7,#' 2�4 5���&1�#�4 6&1,!8#&.+,( +�6�
+,� 1!�A,#�4 #, �*,9A�8 %,#+!&1'8 &+1,!.+�(, 6&@+&*/ +!,0/9+ &.&0&( +&7#&.+� �$"&+&1-
�,#�4. 

�!� 6!&�$1&2.+1, 6&25�6#�)� 6-7611� #� $�1&2, �.6&�:$/9+ 0,.%,#!&1&5���&1��:-
#'( .+�#&) *&2,�� SASL2008500 – 1980 "&2� 1'6/.)�. ��.+&+� 1!�A,#�4 1,2/A,"& )!/"� .&-
.+�1�4,+ 12 &0/*�#. �&1!,*,##'( 0,.%,#+!&1&-5���&1��:#'( .+�#&) PARAGON RHC-650 [1] 
�*,,+ !,"/��!/,*'( 2��6�$&# 7�.+&+ 1!�A,#�4 1,2/A,"& )!/"� &+ 10 2& 200 &0/*�#, $� .7,+
7,"& 1 .1&9 &7,!,2: *&3#& .&)!�+�+: 1!,*4 #� &0!�0&+)/.  

��4 6!&1,2,#�4 .!�1#�+,�:#&"& �#���$� �.6&�:$/,*&"& � #&1&"& &0&!/2&1�#�4 .&.+�-
1�* +�0��%/ 1 &.#&1#'8 8�!�)+,!�.+�) 1'0!�##'8 .+�#)&1. 

��0��%� 1 – ��!�)+,!�.+�)� .+�#)&1
%����
����
��� �
�
�� PARAGON  

RHC-650 
SASL200�500 

���0&�:5�( 2��*,+! &0!�0�+'1�,*&( 2,+���, ** 125 200 

���*,+! 5���&1��:#&"& )!/"� #��0&�:5�(, ** 610 500 

��.+&+� 1!�A,#�4 !�0&7,"& )!/"�, &0/*�# 1800 1530 

��.+&+� 1!�A,#�4 1,2/A,"& )!/"�, &0/*�# 10-200 12 

�&A#&.+: @�,)+!&21�"�+,�4, )�+ 54 70 
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�� .7,+ /1,��7,#�4 7�.+&+' 1!�A,#�4 1,2/A,"& )!/"� 2& 48 &0/*�#, 1,��7�#� 6&2�7�
$�"&+&1)� /,��7�+.4 2& 1000 **/*�#, 7+& 6!�1,2,+ ) .&)!�A,#�9 1!,*,#� &0!�0&+)� &2#&"&
)&�:%� .&)!�A�,+.4 1 4 !�$�. 

 ���&1�#�, &+1,!.+�4 1#/+!,##,"& )&�:%� 6&25�6#�)� 7909�1 &./A,.+1�4,+.4 #�
&2#&56�#2,�:#&* .+�#), *�!)� 3484.  

� .&1!,*,##&* .+�#), Studer CT550 [2] 1 .!�1#,#�� . 3484 �*,,+ #,.)&�:)& 56�#2,�,(
2�4 /.+�#&1)� 5���&1��:#'8 )!/"&1, 7+& 6&$1&�4,+ &2#&1!,*,##& 6!&�$1&2�+: 7,!#&1/9 �
7�.+&1/9 &0!�0&+)/ 2,+��,( #� &2#&* .+�#), 0,$ +!�+' 1!,*,#� #� .*,#/ �#.+!/*,#+&1.  

�� .7,+ 6!�*,#,#�4 .&1!,*,##&"& &0&!/2&1�#�4 1&$*&3#& .#�3,#�, +!/2&$�+!�+ #� �$-
"&+&1�,#�, 6&25�6#�)&1 � )�) .�,2.+1�, .#�3,#�, .,0,.+&�*&.+� "&+&1&( 6!&2/)%��. 

� "'�) !"$���$(��
1. 
,.%,#+!&1&-5���&1��:#', .+�#)� URL: 

http://www.paragoncnc.com/en_us/products/ProID/32/ (2�+� &0!�A,#�4: 23.04.2014). 
2. �!,%�$�&##'( 5���&1��:#'( &0!�0�+'1�9A�( %,#+! 2�4 2,+��,( .!,2#�8

!�$*,!&1 *&2,�� VM 110 URL: http://www.studer.com/ru/products/internal/ct550.html (2�+� &0-
!�A,#�4: 23.04.2014). 

�,���������� ���- 
������	����

�,#�.&1 	.�., ����66&1 �.�., 
,�/8�# �.�.  
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�  
�
� .+�+:, !�..*�+!�1�9+.4 6!&"!,..�1#'( 6!&%,.. 6!&�$1&2.+1� 6!&���,( – 6!,..&1�#�,. 
The article discusses the progressive process of production profiles - pressing. 

��$1�+�, 1.,8 &+!�.�,( *�5�#&.+!&,#�4 1'$'1�,+ #,&08&2�*&.+: /�/75�+: )�7,.+1& �
!�.5�!�+: .&!+�*,#+ *,+���&6!&2/)%��, &.1&�+: 6!&�$1&2.+1& #&1'8 @)&#&*�7,.)�8 6!&��-
�,( 6!&)�+� *,+���&1. ���0&�,, 6!&"!,..�1#'( 6!&%,.. 6!&�$1&2.+1� 6!&���,( – 6!,..&1�-
#�, (@).+!/2�!&1�#�,). -+& &0B4.#4,+.4 +,*, 7+& 6!,..&1�#�,* *&3#& 6&�/7�+: $�"&+&1)�
0&�:5&( 2��#' . 6!�)+�7,.)� �90&( �&!*&( � 2&.+�+&7#& +&7#'*� !�$*,!�*� 6&6,!,7#&"&
.,7,#�4, � +�)3, . 6&1,!8#&.+:9 1'.&)&"& )�7,.+1�. 

�!� 6!,..&1�#�� *,+��� 1'2�1��1�9+ �$ $�*)#/+&( 6&�&.+� 7,!,$  
&+1,!.+�,, 6&�/7�4 6!/+&) ��� +!/0/ . 6!&���,*, .&&+1,+.+1/9A�* .,7,#�9 &+1,!.+�4 �#.+-
!/*,#+�. �.8&2#'( *�+,!��� 2�4 6!,..&1�#�4 - .��+)� ��� &+2,�:#', $�"&+&1)�. �/A,.+1/9+
21� *,+&2� 6!,..&1�#�4 - 6!4*&( � &0!�+#'(. �!� 6!4*&* 6!,..&1�#�� 21�3,#�, 6/�#.&#�
6!,..� � �.+,7,#�, *,+���� 7,!,$ &+1,!.+�, *�+!�%' 6!&�.8&24+ 1 &2#&* #�6!�1�,#��. �!�
&0!�+#&* 6!,..&1�#�� $�"&+&1)/ $�)��2'1�9+ 1 "�/8&( )&#+,(#,!, � &#� 6!� 6!,..&1�#�� &.-
+�,+.4 #,6&21�3#&(, � �.+,7,#�, *�+,!���� �$ &+1,!.+�4 *�+!�%', )&+&!�4 )!,6�+.4 #� )&#%,
6&�&"& 6/�#.&#, 6!&�.8&2�+ 1 #�6!�1�,#��, &0!�+#&* 21�3,#�9 6/�#.&#� . *�+!�%,(.  

	0!�+#&, 6!,..&1�#�, 6& .!�1#,#�9 . 6!4*'* +!,0/,+ *,#:5�8 /.���( � 6!,..&.+�+&)
1 @+&* .�/7�, *,#:5,, &2#�)& *,#:5�4 2,�&!*�%�4 6!� &0!�+#&* 6!,..&1�#�� 6!�1&2�+ )
+&*/, 7+& 6!,..&1�##'( 6!/+&) .&8!�#4,+ .�,2' .+!/)+/!' ��+&"& *,+����. 	.#&1#&, 6!,-
�*/A,.+1& 6!,..&1�##'8 �$2,��( - +&7#&.+: �8 !�$*,!&1. �!&*, +&"&, �..&!+�*,#+ �$2,��(, 
6&�/7�,*'( 6!,..&1�#�,*, 1,.:*� !�$#&&0!�$,#, � @+�* *,+&2&* *&3#& 6&�/7�+: &7,#:
.�&3#', 6!&����.  

�!� 6!,..&1�#�� +!/0 2�4 6!&5�1)� &+1,!.+�4 1 $�"&+&1), 6!�*,#49+ �"�', )&+&!',
/.+�#�1��1�9+ 1 �"�&2,!3�+,�,. �#/+!,##�( 2��*,+! +!/0' &6!,2,�4,+.4 2��*,+!&* �"�'. 
�!&%,.. 6!,..&1�#�4 +!/0' 6!&8&2�+ 1 .�,2/9A,( 6&.�,2&1�+,�:#&.+�. � #�7��, 6!,..&1�-
#�4 $�"&+&1)� !�.6!,..&1'1�,+.4 +�), 7+& $�6&�#4,+ )&#+,(#,!, $�+,* .��+&) 6!&5�1�,+.4 �"-
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�&(, 6!�7,* 1'2�1�,##�4 7�.+: *,+���� 1 *&*,#+ !�.6!,..&1)� � 6!&5�1)� � 6!&5�1)� 1'-
8&2�+ �$ *�+!�%' 1 1�2, 6!/+)�-6!&0)�. ��$*,! 6!&0)� $�1�.�+ &+ !�$*,!&1 +!/0. ��), #�6!�-
*,!, 6!� 6!,..&1�#�� +!/0 2��*,+!&* 0&�,, 250 ** *�..� 6!&0)� *&3,+ 2&.+�"�+: 40 % *�.-
.' $�"&+&1)�. ��4 /*,#:5,#�4 !�$*,!&1 6!&0)� �.6&�:$/9+ .�,2/9A�( +,8#&�&"�7,.)�(
6!�,*. �*,.+& *�+!�%' /.+�#�1��1�9+ "�/8/9 6!&0)/, . )&+&!&( 6!&5�1�,+.4 .��+&). �!�
@+&* 1'+,.#4,*'( �"�&( *,+��� �2,+ #� /1,��7,#�, 2��#' .��+)�. � )&#%, 8&2� 6!&0)/ /0�-
!�9+ � 1 *�+!�%, &./A,.+1�4,+.4 &)&#7�+,�:#�4 2&6!&5�1)� .��+)�. � )&#%, &6,!�%�� 6!,.-
.&1�#�4 1 )&#+,(#,!, &.+�,+.4 7�.+: *,+����, #�$'1�,*�4 6!,..&.+�+)&*, 1,��7�#� )&+&!&"&
&6!,2,�4,+.4 !�$*,!&* �$2,��(, .1&(.+1�*� 6!,../,*&"& *,+���� ��� .6��1�, � +�)3, )&#.+-
!/)%�,( 6!,..�.  

�+��:#', +!/0' !,)&*,#2/,+.4 6!,..&1�+: 6!� *�).�*��:#& 1'.&)�8 +,*6,!�+/!�8 �
.)&!&.+48, +�) )�) 1 @+&* .�/7�, *,#:5, 1,!&4+#&.+: &0!�$&1�#�4 +!,A�# � !�..�&,#�(. �&-
@+&*/ .)&!&.+� 6!,..&1�#�4 .+��:#'8 +!/0 2&.+�"�,+ 5 */. � 0&�,,. �+��:#', +!/0' 6!,../9+
.& .*�$)&(, +�) )�) 6!� &+./+.+1�� .*�$)� "&!47�( *,+��� $�"&+&1)� #���6�,+ #� �#.+!/*,#+, 
� 1 *,.+�8 6&1'5,##&"& !�$&"!,1� 2�3, 6!�1�!�1�,+.4 ) #,*/. � )�7,.+1, .*�$)� !,)&*,#2/-
,+.4 6!�*,#4+: "!���+&1/9 6�.+/. �!� 6!,..&1�#�� +!/0 �$ #�$)&6��.+�7#&( .+��� �.6&�:-
$/9+ *,+����7,.)/9 .*�$)/ 1 1�2, +&#)&"& .�&4 *,2� *,32/ 1'+,)�9A�* *,+���&* � �#.+-
!/*,#+&*.  

�!� 6!,..&1�#�� +!/0 �$ )&!!&$�&##&-.+&()&(, 3�!&6!&7#&(, 3�!&.+&()&( � 2!/"�8
1'.&)&�,"�!&1�##'8 .+��,( � .6,%���:#'8 .6��1&1 1 )�7,.+1, .*�$)� 6!�*,#49+ .+,)�&. 
�!�*,#,#�, .+,)�� 1 21�-+!� !�$� /*,#:5�,+ )&@���%�,#+ +!,#�4 6& .!�1#,#�9 . "!���+&1&(
.*�$)&(. �!� @+&* .+,)�& 41�4,+.4 ,A, � +,6�&�$&��!/9A�* *�+,!���&*.  

�*�$)/, /*,#:5�9A/9 1#,5#,, +!,#�,, .�,2/,+ #�#&.�+: #� �#.+!/*,#+ ()&#+,(#,!, 
*�+!�%/) !�1#&*,!#'* .�&,*, 7+&0' 6!,2&+1!�+�+: +,.#&, .&6!�)&.#&1,#�, +!/A�8.4 6&-
1,!8#&.+,( � ."��2�+: 5,!&8&1�+&.+� #� 6&1,!8#&.+� �#.+!/*,#+�. �!&*, @+&"&, &#� 2&�3#�
1'2,!3�1�+: 1'.&)�, +,*6,!�+/!/ � /.���4 6!,..&1�#�4, 7+&0' #�2,3#& !�$B,2�#4+: +!/-
A�,.4 6&1,!8#&.+�. �)�$�##'* +!,0&1�#�4* 6&�#&.+:9 /2&1�,+1&!49+ ��5: +1,!2', .*�$)�. 
	2#�)& �*� +!/2#& 6&)!'+: 6&1,!8#&.+� )&#+,(#,!� � *�+!�%', 6&@+&*/ 6&!&5)&&0!�$#/9
+1,!2/9 .*�$)/ .14$'1�9+ �,")&1&.6��*,#49A�*�.4 � 0'.+!& ."&!�9A�*� 3�2)�*� 1,A,-
.+1�*�.  

�!,..&1�#�,* #�$'1�9+ 6!&%,..' &0!�0&+)� *,+���&1 2�1�,#�,*, 6!� )&+&!'8 2,-
�&!*�%�4 6!&�.8&2�+ 6&2 2,(.+1�,* .3�*�9A�8 .��. �., 6!&%,..' 6!,..&1�#�4 *&3#& /.-
�&1#& !�$0�+: #� +!� "!/66'. � 6,!1&( "!/66, &+#&.4+.4 6!&%,..', 6!� )&+&!'8 1,.: &0B,*
$�"&+&1)� 2,�&!*�!/,+.4 &2#&1!,*,##&; #�6!�*,! 5+�*6&1)� � )&1)� 1.,"& �$2,��4.  

�& 1+&!&( "!/66, &+#&.4+.4 6!&%,..', 6!� )&+&!'8 2,�&!*�%�� 6&21,!"�,+.4 ��5:
7�.+: &0B,*� $�"&+&1)�, 6!� @+&* *,+��� 6&.+/6�,+ 1 &7�" 2,�&!*�%�� 6,!�&2�7,.)�. � @+&(
"!/66, +�)3, &+#&.�+.4 )&1)� � 5+�*6&1)�, #& . &2#&"& )&#%� $�"&+&1)�. � +!,+:,( "!/66, &+-
#&.4+.4 6!&%,..' 2,�&!*�%�� 7�.+� &0B,*� $�"&+&1)� . #,6!,!'1#'* 6&.+/6�,#�,* *,+����
1 &7�" 2,�&!*�%�� - 6!&%,..' 1'2�1��1�#�4 *,+���� 1 A,�� !�$#&"& 6!&���4, +. ,. 6!,..&1�-
#�, � 1&�&7,#�,.  

�!&�$1&2.+1& 6!,..&1�#�,* 6!&���,( .�&3#&( �&!*' � .,7,#�( 7�.+& &)�$'1�,+.4
0&�,, @)&#&*�7#'* 6!&%,..&*, 7,* 5+�*6&1)� �8 . 6&.�,2/9A,( *,8�#�7,.)&( &0!�0&+)&(. 
-+& &0B4.#4,+.4 +,*, 7+& 6!,..&1�#�,* *&3#& 6&�/7�+: �$2,��4 +!,0/,*'8 !�$*,!&1 . *��'-
*� 2&6/.)�*� � +,* .�*'* .&)!�+�+: 2& *�#�*/*� 6&.�,2/9A/9 8&�&2#/9 &0!�0&+)/ $�"&-
+&1)�. �!&*, @+&"&, 1'.&)�4 6��.+�7#&.+: 2,�&!*�!/,*'8 *,+���&1 6!� 6!,..&1�#�� 0��"&-
2�!4 1.,.+&!&##,*/ .3�+�9 6&$1&�4,+ �.6&�:$&1�+: @+&+ 6!&%,.. )�) &.#&1#&( .6&.&0 6!&�$-
1&2.+1� �$2,��( �$ %1,+#'8 *,+���&1 � .6��1&1 - +!/0, 6!/+)&1 � 6!&���,(, &+��7�9A�8.4
&7,#: 0&�:5�* .&!+�*,#+&* � *��'*� .,!�4*�. � 6&.�,2#,, 1!,*4 1 .14$� . 1&$#�)#&1,#�,*
6&+!,0#&.+� 1 5�!&)&* .&!+�*,#+, 6!&���,( �$ *��&6��.+�7#'8 �,"�!&1�##'8 .+��,(, �
+�)3, �$ +�+�#� � ,"& .6��1&1 6!�*,#,#�, 6!,..&1�#�4 $#�7�+,�:#& !�.5�!��&.:.  
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�& .!�1#,#�9 . 6!&)�+)&( +!/0, 6!/+)&1 � 6!&���,( 6!,..&1�#�, �*,,+ .1&� 6!,�*/-
A,.+1� � #,2&.+�+)�. � 6!,�*/A,.+1�* .�,2/,+ &+#,.+�: +!,8&.#&, .3�+�,, 0��"&2�!4 )&+&!&-
*/ 6&1'5�,+.4 6��.+�7#&.+: *,+���� �, .�,2&1�+,�:#&, 2,�&!*�!&1�#�, *&3#& 6!&1&2�+: .
0&�:5�*� .+,6,#4*� 2,�&!*�%��; 0'.+!'( 6,!,8&2 . �$"&+&1�,#�4 &2#&"& !�$*,!� �$2,��( �
�&!* #� 2!/"�,; 1&$*&3#&.+: 6&�/7,#�4 .6�&5#'8 � 6&�'8 6!&���,( .�*'8 .�&3#'8 &7,!-
+�#�(.  

� #,2&.+�+)�* 6!,..&1�#�4 &+#&.4+.4: 0&�,, 1'.&)�, 6&+,!� #� &+8&2'; 0&�:5�4 #,-
!�1#&*,!#&.+: *,8�#�7,.)�8 .1&(.+1 6& 2��#, � 6&6,!,7#&*/ .,7,#�9 �$2,��4, .!�1#�+,�:#&
*,#:5�, .)&!&.+� �.+,7,#�4, � .�,2&1�+,�:#&, � 6!&�$1&2�+,�:#&.+:. 

����+� ������	 �	���

���*&1 �. �., ��#��,#)& �. �. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
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��..*�+!�1�9+.4 *,+&2' 1&..+�#&1�,#�4 !�0&7,( 6&1,!8#&.+� 1���
Discusses methods of recovery of the working surface of the shaft 

� !,*&#+#&( 6!�)+�), 6!�*,#49+.4 .�,2/9A�, &.#&1#', .6&.&0' 1&..+�#&1�,#�4 �$-
#&5,##'8 1��&1: *,8�#�7,.)�4 � .�,.�!#�4 &0!�0&+)�, .1�!)�, #�6��1)�, 8!&*�!&1�#�,, #�),-
��!&1�#�,, &.+���1�#�,, /6!&7#,#�, 6&1,!8#&.+� 2,+��,(. ��) 6!�1��&, 6&.�, 1&..+�#&1�,#�4
2,+��� &2#�* �$ .6&.&0&1 ,, 6&21,!"�9+ *,8�#�7,.)&( ��� .�,.�!#&( &0!�0&+),, 7+& #,&08&-
2�*& 2�4 1&..+�#&1�,#�4 6&.�2&) .&6!43,##'8 2,+��,(, /.+!�#,#�4 &1��:#&.+� ��� )&#/.#&-
.+� �8 6&1,!8#&.+,(, &0,.6,7,#�4 +!,0/,*&( 7�.+&+' &0!�0&+)�. 

�!� !,*&#+, 1��&1 1 6,!1/9 &7,!,2: 6!&1,!49+ � 1&..+�#�1��1�9+ %,#+!&1', &+1,!-
.+�4. �&.�, @+&"& 6&1,!8#&.+�, �*,9A�, #,$#�7�+,�:#'( �$#&. (%�!�6�#', !�.)�, &1��:#&.+:
2& 0,02 **), 5���/9+, � 6!� 0&�,, $#�7�+,�:#'8 �$#&.�8 #�!�A�1�9+, &0+�7�1�9+ � 5���/-
9+ 2& !,*&#+#&"& !�$*,!�. 

�!� !,*&#+, �$#&5,##'8 2,+��,( #,!,2)& 1&$#�)�9+ +!/2#&.+� 6!� 1'0&!, .6&.&0�
0�$�!&1�#�4 2,+��� 2�4 &0!�0&+)� 1 .14$� . �$*,#,#�,* &.#&1#&( /.+�#&1&7#&( 0�$' �$#&-
5,##&( 2,+���. � +�)�8 .�/7�48 &!�,#+�!/9+.4 #, #� &.#&1#', /.+�#&1&7#',, � #� 1.6&*&"�-
+,�:#', 0�$', � &+ #�8 1,2/+ &0!�0&+)/ !�0&7�8 6&1,!8#&.+,(. ��!42/ . 1&..+�#&1�,#�,* 2,-
+��,( *,8�#�7,.)&( &0!�0&+)&( 6!� !,*&#+, #,"&2#/9 7�.+: 2,+��� �#&"2� $�*,#49+ #&1&(. 

�!�*,#,#�, )&*6,#.�+&!&1 �$#&.�. �+&0' 1&..+�#&1�+: 6,!1&#�7��:#', 6&.�2)� .&-
6!43,##'8 2,+��,(, 6!� �8 $#�7�+,�:#&* �$#&., 6!�*,#49+ 2,+���-)&*6,#.�+&!'. 	2#/ �$
.&6!4"�,*'8 2,+��,( &0!�0�+'1�9+ 2& 0��3�(5,"& !,*&#+#&"& !�$*,!� � 1& 1+&!/9 1.+�1�4-
9+ 6!&*,3/+&7#/9 2,+��:-)&*6,#.�+&!. �,+���-)&*6,#.�+&!' *&"/+ 0'+: .*,##'*� � 6&2-
1�3#'*�. �*,##', )&*6,#.�+&!' /.+�#�1��1�9+ 1 .&6!43,#��, 1 )&+&!&* �$#&. 6&41��.4 )
*&*,#+/ !,*&#+�. �&21�3#', )&*6,#.�+&!' /.+�#�1��1�9+ +&"2�, )&"2� *&3#&, #, 6!&�$1&24
!,*&#+�, .&&+1,+.+1/9A�* 6,!,*,A,#�,* )&*6,#.�+&!� &+#&.�+,�:#& &.#&1#'8 2,+��,( /.+-
!�#�+: $�$&!, &0!�$/9A�(.4 1.�,2.+1�, �$#&.� 2,+��,(. �*,##'*� )&*6,#.�+&!�*� 2�4 %�-
��#2!�7,.)�8 2,+��,( .�/3�+ 1+/�)� � )&�:%�.  

�1+&*�+�$�!&1�##', 6!&%,..' .1�!)� � #�6��1)� 41�49+.4 0&�,, .&1,!5,##'*� �
@)&#&*�7,.)� @��,)+�1#'*� 6& .!�1#,#�9 . !/7#'*� .6&.&0�*�. ���0&�:5,, !�.6!&.+!�-
#,#�, 1 !,*&#+#&( 6!�)+�), 6&�/7��� �1+&*�+�7,.)�4 � 6&�/�1+&*�+�7,.)�4 2/"&1�4 .1�!)� �
#�6��1)� 6&2 .�&,* ��9.�. �/7#', .6&.&0' .1�!)� � #�6��1)� *,#,, .&1,!5,##', #& 41�49+-
.4 #,$�*,#�*'*� 6!� !,*&#+, 2,+��,( *�5�# 1 #,.6,%����$�!&1�##'8 !,*&#+#'8 6!,26!�-
4+�48 0��"&2�!4 *�#,1!,##&.+�, /#�1,!.��:#&.+� � 6!&.+&+, 6!&%,..�. 

�� !��)� 41�4,+.4 &2#�* �$ &.#&1#'8 *,+&2&1 1&..+�#&1�,#�4 2,+��,(. 	#� 5�!&)&
6!�*,#4,+.4 1 +,8 .�/7�48, )&"2� +!/A�*.4 6&1,!8#&.+4* #,&08&2�*& 6!�2�+: 0&�:5/9 �$-
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#&.&/.+&(7�1&.+:. ��6��1�49+ 21�, +!� � 0&�,, .�&,1 7�.+& +1,!2'*� .6��1�*�, 6&$1&�49-
A�*� /1,��7�+: .!&) .�/30' 2,+��,( 1 #,.)&�:)& !�$. ��7,.+1& #�6��1)� 1 $#�7�+,�:#&( .+,-
6,#� $�1�.�+ &+ .&.+&4#�4 1&..+�#�1��1�,*&( 6&1,!8#&.+�. ��4 @+&"& 6&1,!8#&.+: 1��� &03�-
"�9+ "�$&1&( "&!,�)&(, 6�4�:#&( ��*6&( ��� 1 #�"!,1�+,�:#'8 6,7�8. �&6&+: #��,+ &)�.�&1
6&.�, &03�"� /2��49+ . 6&1,!8#&.+� 2,+��� #�32�7#'* 6&�&+#&* ��� 1,+&5:9, .*&7,##&(
),!&.�#&* ��� 0,#$�#&*. �7�.+&) 2,+��� 6&2 #�6��1)/ &0!�0�+'1�9+ .+��:#'*� A,+)�*�
��� �0!�$�1#'*� )!/"�*�. 

��4 6&1'5,#�4 6&1,!8#&.+#&( +1,!2&.+� 2,+��,( � /1,��7,#�4 �8 .&6!&+�1�,#�4 *,-
8�#�7,.)&*/ �$#&./, � +�)3, 2�4 1&..+�#&1�,#�4 !�$*,!&1 2,+��,( �8 6&)!'1�9+ .�&,* 8!&*�
(8!&*�!/9+) +&�A�#&( 0,25 � 0,3 **. 

��''$����!��"� 1�$�!�7  ($�� ��!:���"*�')��� ����9"���"# '!�# '$�-

!" (&.+���1�#�,, ��� 3,�,$#,#�,) — &2�# �$ @��,)+�1#'8 *,+&2&1 .&1!,*,##&( +,8#&�&"��
!,*&#+�. 	.+���1�#�, 1 &+��7�, &+ 8!&*�!&1�#�4 6&$1&�4,+ #�#&.�+: .�&( *,+���� $#�7�-
+,�:#& 0&�:5,( +&�A�#' (2—3 ** � 0&�,,). -+�* .6&.&0&* %,�,.&&0!�$#& 1&..+�#�1��1�+:; 
2,+��� . #,6&21�3#'*� 6&.�2)�*� ��� 2,+��� . #,1'.&)&( 6&1,!8#&.+#&( +1,!2&.+:9

�#�)��:#�4 +,8#&�&"�4 �,+���(# (MetaLine): 
�.6&�:$/,* 2�4 1&..+�#&1�,#�4 1��&1, !&+&!&1, %�6� � 6&.�2&7#'8 *,.+ 6&25�6#�)&1

6!&*'5�,##', 6&��*,!' � )&*6&$�+'. 
�!,�*/A,.+1� +,8#&�&"��:  
- 1�� 1 0&�:5�#.+1, .�/7�,1 *&3#& #, 2,*&#+�!&1�+:.  
- +,8#&�&"�4 !�0&+�,+ 2�4 1��&1 � !&+&!&1 �90'8 !�$*,!&1.  
- !,./!. 1&..+�#&1�,##&"& 1��� 90 - 95% &+ !,./!.� #&1&"&.  
- .+&�*&.+: 1&..+�#&1�,##&"& 1��� 10 - 30% &+ %,#' #&1&"&. 
- 1&$*&3#&.+: *#&"&)!�+#& 1&..+�#�1��1�+: &2�# � +&+ 3, 1��.  
- *�).�*��:#'( .!&) !,*&#+� 1��� - 1-3 2#4. 
-  "�!�#+�4 #� 1&..+�#&1�,##'( !,./!. 1��� #, *,#,, 1 "&2�. 
�.+!�#,#�, 6!&"�0� 1��� &./A,.+1�4,+.4 6/+=* #�#,.,#�4 6&��*,!� � 6&.�,2/9A,(

6!&+&7)� 5,()� 1���. 
�!� �&)��:#&* �$#&., 6!�*,#4,+.4 .6,%���:#&, 6!�.6&.&0�,#�, 2�4 1&..+�#&1�,#�4

5,,) 1���, %,#+!�!/9A,, ,"& &+#&.�+,�:#& &.�. �!&�$1&2�+.4 #�#,.,#�, 6&��*,!&1 #� �$#&-
5,##/9 7�.+: 1���. �&.�, 6&��*,!�$�%��, 6!&+&7)� 1��� 2& 7�.+&1'8 !�$*,!&1. �+&�*&.+:
!�0&+ .&.+�1�4,+ -20% &+ %,#' #&1&"& 1���. 

�$ 1.,"& 1'5, 6,!,7�.�,##&"& *' 1�2�*, 7+& 1&..+�#&1�,#�, 1��&1 .6&.&0&* 6&��*,-
!�$�%�� 41�4,+.4 #��0&�,, @)&#&*�7,.)� @��,)+�1#'* .6&.&0&*. 

� "'�) !"$���$(��
1. �+�0,)&1 �. 
.: «�,*&#+ @�,)+!&&0&!/2&1�#�4 6!&*'5�,##'8 6!,26!�4+�(»: �7,0. ��4
.!,2. ���—5-, �$2., �.6!. �.: �'.5.  )., 1985.—175.., ��.— (�!&�+,8&0!�$&1�#�,) 
2. ;,(+��# �. �.: «-�,)+!&6!�1&2, @�,)+!&&0&!/2&1�#�, � &.#&1' /6!�1�,#�4»: �7,0#�) 2�4
/7-.4 @�,)+!&*,8�#�7. �,8#.—�.: �'.5.5)., 1985.—192 .., ��. 
3. ��&+!&1.)�( �.�.: «-�,)+!�7,.)�, *�5�#'». �7,0#�) 2�4 +,8#�)/*&1. �$2. 7-,, .+,!,&-
+�6#&,. �., «-#,!"�4», 1974, 504 .. . ��. 
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� .+�+:, !�..*&+!,#' 6!,�*/A,.+1� 6!�*,#,#�4 0&�,, .&1!,*,##&"& &0&!/2&1�#�4 6!� &0!�0&+), )&�,%
6&25�6#�)� 27613�. 

The article considers the advantages of using more modern equipment in the processing of the rings of 27613A. 

�&1!,*,##�4 *,+���&&0!�0�+'1�9A�4 6!&*'5�,##&.+: 2�)+/,+ 1'.&)�, +!,0&1�#�4 )
)�7,.+1/ 6&1,!8#&.+,( *,+����7,.)�8 �$2,��(. 
,$ ��#�5#&( &0!�0&+)� #, &08&2�+.4 6!�)-
+�7,.)� #� &2#� *,+���&&0!�0�+'1�9A�4 &6,!�%�4. ��) 6!�1��&, 7�.+&1�4 &0!�0&+)�  

1'6&�#4,+.4 5���&1�#�,*. �!,�*/A,.+1& 5���&1��:#&( &6,!�%�� – 1&$*&3#&.+: 2&-
.+�7: $�2�##&( +&7#&.+� � "��2)&.+� 6&1,!8#&.+� *,+����7,.)�8 �$2,��(. �!&*, +&"&, 5��-
�&1�#�, &+��7�,+.4 1'.&)&( 6!&�$1&2�+,�:#&.+:9, 6&@+&*/ � $�.�/3,##& $�#�*�,+ 6,!1',
6&$�%�� .!,2� 1.,8 .6&.&0&1 ��#�5#&( &0!�0&+)� *,+����. 

�� .,"&2#45#�( 2,#: �.6&�:$&1�#�, +&"& ��� �#&"& 1�2� +,8#�)� &0/.��1��1�,+ 2&.-
+�3,#�, 8&!&5�8 6&)�$�+,�,( @��,)+�1#&.+� � !,#+�0,�:#&.+� 6!&�$1&2.+1�, � 6&+&*/ *&-
2,!#�$�%�4 +,8#�)�, @+& ,21� �� #, "��1#�4 .+�+:4 1 6��#, !�$1�+�4 6!,26!�4+�4. �*,##& 6&-
@+&*/ 6!&�$1&2�+,�� .+!,*4+.4 6&.+&4##& !�0&+�+: #�2 /.&1,!5,#.+1&1�#�,* 6!&�$1&2�*&"&
&0&!/2&1�#�4 � �.6&�:$/,*'8 +,8#&�&"�(.  

� .&1!,*,##'8 /.�&1�48 5���&1��:#', .+�#)� 6!�*,#49+.4 2�4 7�.+&1&( &0!�0&+)�
!�$��7#'8 2,+��,(, )&+&!�4 1'6&�#4,+.4 . 6&*&A:9 5���&1��:#'8 �0!�$�1#'8 )!/"&1. �6,-
%���:#�4 )&#.+!/)%�4 2�##&( +,8#�)� 6&$1&�4,+ .#�*�+: . 6&1,!8#&.+� &0!�0�+'1�,*&"& *�-
+,!���� +&#)�( .�&(, 5���/4 � 2,��4 6&1,!8#&.+: �2,��:#& "��2)&(. 

��##'( +�6 &0&!/2&1�#�4 5�!&)& �.6&�:$/,+.4 1 !�$��7#'8 &+!�.�48 6!&*'5�,##&-
.+�: *,+���/!"��, *�5�#&.+!&,#��, 2,!,1&&0!�0&+),, � 6&$1&�4,+ 1'6&�#4+: &0!�0&+)/ 1#/+-
!,##�8 � #�!/3#'8 6�&.)�8 6&1,!8#&.+,(, � +�)3,  .�&3#&( � %���#2!�7,.)&( �&!*', &./-
A,.+1�4+: 5���&1)/ 6&1,!8#&.+� $/0:,1 5,.+,!,# � 6!&�$1&2�+: $�+&7)/ !�$��7#'8 �#.+!/-
*,#+&1 �$ 7,!#'8 � %1,+#'8 *,+���&1, � +�)3, 2,!,1�, 6��.+�)� � .+,)�� 1 $�1�.�*&.+� &+ +�-
6� .+�#)�. 

� 6&25�6#�)&1&* 6!&�$1&2.+1, �.6&�:$/9+.4 1 &.#&1#&* +&)�!#', � 5���&1��:#',
.+�#)�. �&.�,2#�,, 1 .1&9 &7,!,2: 6&2!�$2,�49+.4 #�  6�&.)&-, 1#/+!�-, +&!%,- � 0,.%,#+!&-
1&-5���&1��:#',, � $�#�*�9+ &.#&1#&( 6�!) 6&25�6#�)&1'8 $�1&2&1. 

�!� 6!&�$1&2.+1, )&�,% 6&25�6#�)� 27613� �.6&�:$/,+.4 0&�:5&, )&��7,.+1& .+�#-
)&1. � #�.+&4A,, 1!,*4 1 .&1!,*,##&* .+�#)&.+!&,#�� 5�!&)& 6!�*,#4,+.4 )&*6�,).#�4 &0-
!�0&+)� 2,+��,(, )&+&!�4 6&$1&�4,+ .&)!�+�+: )&��7,.+1& 6!�*,#4,*&"& &0&!/2&1�#�4 � 1!,-
*4 #� &0!�0&+)/. �$1,.+#'*� 41�49+.4 .+�#)� DVS Gruppe: &6,!�%�� +&7,#�4 $�)��=##'8 2,-
+��,( � 5���&1�#�4 1'6&�#49+.4 #� &2#&* � +&* 3, .+�#),.  

�2,4 +�)&1�: ,.�� 2,+��: 6&6�2�,+ 1 .+�#&), +& &#� 2&�3#� 1'(+� �$ #,"& 6&�#&.+:9
&0!�0&+�##&(. 

�+�), 6,!1&, 1'+,)�9A,, �$ @+&"& 6!,�*/A,.+1& &7,1�2#&. �, +!,0/,+.4 6&2.&0#&,
1!,*4 2�4 $�"!/$)� � !�$"!/$)� #,.)&�:)�8 .+�#)&1, #, #/3,# 0/�,! $�"&+&1&) *,32/ .+�#)�-
*�. -+& &.&0,##& 1'"&2#& 1 .�/7�, &0!�0&+)� )!/6#'8 2,+��,(, 2�4 )&+&!'8 6&2.&0#&, 1!,*4
&+7�.+� .&6&.+�1�*& . &.#&1#'* +,8#&�&"�7,.)�* 1!,*,#,*. 

��$/*,,+.4, .�*&, $#�7�+,�:#&, 6!,�*/A,.+1& )&*6�,).#&( &0!�0&+)� $�)�97�,+.4 1
&+./+.+1�� #,&08&2�*&.+� 6,!,$�3�*� &0!�0�+'1�,*&"& �$2,��4. �!� 6,!,$�3�*�8 2,+��� ,=
%,#+! #�)&"2� #, &6!,2,�4,+.4 &2�#�)&1&, � 6!� )&*6�,).#&( &0!�0&+), *&"/+ 0'+: 2&.+�"#/-
+' ./A,.+1,##& 0&�,, #�$)�, 2&6/.)�, 1 7�.+#&.+� 2�4 6!�"&#)� &0!�0�+'1�,*'8 6&1,!8#&-
.+,( 2!/" ) 2!/"/. 
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��..*�+!�1�,+.4 .6&.&0 .#�3,#�4 +!/2&1'8 $�+!�+ $� .7,+ 1#,2!,#�4 /#�1,!.��:#& .0&!&7#&"& 6!�.6&-
.&0�,#�4. 

The authors consider a method of reducing labour costs through the introduction of universal Assembly fixtures. 

�.+�1)� )!,6�,#�4 6,!,2#,( &.� 6!,2#�$#�7,#� 2�4 6,!,2�7� #�"!/$)� &+ 6,!,2#,(
6&21,.)� ) @�,*,#+�* )�!)�.� )/$&1�. 
1�4,+.4 .&.+�1#&( 7�.+:9 )�!)�.� &.#&1�#�4, &+1,-
7�9A,, $� 6,!,2�7/ 6��.+�7#&( .+�0���$�%�� � 6&6,!,7#&( /.+&(7�1&.+� �1+&0/.�. 

�.+�1)� )!,6�,#�4 6,!,2#,( &.� &+#&.�+.4 ) .0&!&7#&*/ /$�/ .�.+,*' 6&1'5,##&(
&6�.#&.+�, +.,., 2,+��� 6&2�,3�+ 100 % 18&2#&*/ )&#+!&�9 )�7,.+1�. 

�,8#&�&"�7,.)�( 6!&%,.. – @+& 7�.+: 6!&�$1&2.+1,##&"& 6!&%,..�, .&2,!3�A�4 %,�,-
#�6!�1�,##', 2,(.+1�4 6& �$*,#,#�9 � (���) &6!,2,�,#�9 .&.+&4#�4 6!,2*,+� +!/2�. �
6!,2*,+�* +!/2� 1 2�##&* 6!&,)+, &+#&.�+.4 .0&!)� .1�!)� 1.+�1)� )!,6�,#�4 6,!,2#,( &.�. 

��32�4 2,+��: 2&�3#� �$"&+�1��1�+:.4 . *�#�*��:#'*� +!/2&1'*� � *�+,!���:#'*�
$�+!�+�*�. -+� $�+!�+' *&3#& .&)!�+�+: 1 $#�7�+,�:#&( .+,6,#� 6!�1��:#'* 1'0&!&* 1�!�-
�#+� +,8#&�&"�7,.)&"& 6!&%,..�, ,"& &.#�A,#�4, *,8�#�$�%�� � �1+&*�+�$�%��, 6!�*,#,#�4
&6+�*��:#'8 !,3�*&1 .0&!)� � 6!�1��:#&( 6&2"&+&1), 6!&�$1&2.+1�. �� +!/2&,*)&.+: �$"&-
+&1�,#�4 1.+�1)� &)�$'1�,+ &.&0&, 1��4#�, ,, )&#.+!/)%�4 � +,8#&�&"�7,.)�, +!,0&1�#�4 #�
�$"&+&1�,#�,. �,8#&�&"�7#&.+: 1�3#,(5�4 +,8#�7,.)�4 &.#&1�, &0,.6,7�1�9A�4 �.6&�:$&1�-
#�, )&#.+!/)+&!.)�8 +,8#&�&"�7,.)�8 !,$,!1&1. 

-)&#&*�7,.)�( @��,)+ 6!,2��"�9 6&�/7�+: $� .7,+ 6&1'5,#�4 )�7,.+1�, !&.+� 6!&�$-
1&2�+,�:#&.+� +!/2�, &0B,*&1 6!&�$1&2.+1�, 6&1'5,#�4 +,8#�)&-@)&#&*�7,.)�8 6&)�$�+,�,(
8&$4(.+1,##&( 2,4+,�:#&.+� 6!,26!�4+�4 6/+,* 1#,2!,#�4 /#�1,!.��:#& .0&!&7#&"& 6!�.6&-
.&0�,#�4 (���) 2�4 /.+�#&1)� )!&#5+,(#&1 !,�)+�1#'8 5+�#", /.&1,!5,#.+1&1�#�, )!&#-
5+,(#&1 !,�)+�1#'8 5+�#" . %,�:9 .#�3,#�4 +!/2&,*)&.+� �$"&+&1�,#�4 � /.&1,!5,#.+1&-
1�#�, +,8#&�&"�7,.)&"& 6!&%,..� .0&!)� 1.+�1)� )!,6�,#�4 6,!,2#,( &.�. 

�.6&�:$&1�#�, ,2�#&( +,8#&�&"�7,.)&( 0�$' &+ &.� )&#.+!/)%�� 6&$1&�4,+ 6!�*,#�+:
/#���%�!&1�##', 6!�.6&.&0�,#�4 6!� .0&!), 1.+�1)� )!,6�,#�4 6,!,2#,( &.�, 7+& 6&$1&�4,+
2&.+�7: +!,0/,*/9 +&7#&.+: 2�##&"& .0&!&7#&"& &0B,)+�. 

	.#&1#'*� "�0�!�+#'*� !�$*,!�*� 41�49+.4 – 5�!�#� 2428 **., � 2��#� 1.+�1)�
1440 **. �&0�92,#�, +&7#&.+� @+�8 !�$*,!&1, 6&$1&�4,+ 6!&�$1&2�+: 0,$0&�,$#,##/9 .0&!)/
�1+&0/.� ()�!)�. )/$&1�). ��$*,!' *,32/ )!&#5+,(#�*� 6#,1*&6&2/5,) (1245±1) ** � )!&#-
5+,(#&1 �*&!+�$�+&!&1 (1021±1) **, 1 2��:#,(5,* 1��49+ #� 6�!���,�:#&.+: &+#&.�+,�:#&
"&!�$&#+�, )�7,.+1& !�0&+' �"!,"�+&1 1& 1!,*4 @).6�/�+�%��  �1+&0/.� � /.�&1�( !,"/��!&1)�
/!&1#4 6&��. �!&#5+,(#' !,�)+�1#'8 5+�#" .�/3�+ 2�4 )!,6�,#�4 !,�)+�1#'8 5+�#", )&+&-
!', 1 .1&9 &7,!,2: 6!,2#�$#�7,#' 2�4 !,"/��!&1)� 6&�&3,#�4 6,!,2#,( &.� (*&.+�) &+#&.�-
+,�:#& &.� �1+&0/.�. ��4 /.+�#&1)� 2�##'8 )!&#5+,(#&1 !,�)+�1#'8 5+�#" "��1#'*� /.+�-
#&1&7#'*� !�$*,!�*� 41�49+.4 !�..+&4#�, &+ &.�  (595±1) **, !�..+&4#�, *,32/ )!&#5+,(-
#�*� (495±0,5) ** � /"&� 54° &+#&.�+,�:#& &.� �1+&0/.�. �+&0' &0,.6,7�+: +&7#&.+: /.+�#&1-
)� � )&#+!&�4 )!&#5+,(#&1 #,&08&2�*& �.6&�:$&1�+: /#�1,!.��:#& .0&!&7#&, 6!�.6&.&0�,-
#�, ()&#2/)+&!), )&+&!&, &0,.6,7�1�,+ /"&� � *,3&.,1&, !�..+&4#�, *,32/ )!&#5+,(#�*�. 

�0&)/ 1.+�1)� )!,6�,#�4 6,!,2#,( &.�, 6!&�$1&24+ 6/+,* .&6!43,#�4 #,.)&�:)�8 .0&-
!&7#'8 ,2�#�%, 6!,21�!�+,�:#& .&0!�##'8 #� 6&2"&+&1�+,�:#'8 @+�6�8. 
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�+&0' .&6&.+�1�+: 1,.: 6!&%,.. .0&!)� 1.+�1)� )!,6�,#�4 6,!,2#,( &.� 1 ,2�#'( /$,�, 
.0&!)/ 1.6&*&"�+,�:#'8 /$�&1 6!&�$1&2�* 1 7,+'!, @+�6�, +.,. )�32/9 .0&!&7#/9 ,2�#�%/ 6&
&+2,�:#&.+�: 

- @+�6 .0&!)� 6271 – 5110220�
 - ��*� 1 .0&!,
- @+�6 .0&!)� 6271 – 5110250�
 – ��!)�. �!)� )&�,.#&(
- @+�6 .0&!)� (&.#&1#&() 6271 – 5110200�
 �.+�1)� )!,6�,#�4 6,!,2#,( &.�. 
- @+�6 .0&!)� 6271 – 5110290�
 �!�1�!#', @�,*,#+' *&2/�4 6,!,2#,"&. 
��) 3, 2�4 @��,)+�1#&.+� .0&!)� .1�!)� � )�7,.+1� �$"&+&1�4,*&( 6!&2/)%�� 1 2�#-

#'( +,8#&�&"�7,.)�( 6!&%,.. 1#,2!4,+.4 +,8#&�&"�4 .0&!)� .1�!)� .�*�8 )!&#5+,(#&1 !,�)-
+�1#'8 5+�#"

� 6!,2'2/A,* 1�!��#+, �$"&+&1�,#�, )!&#5+,(#&1 .&.+�1�4,+ .�&3#'( +,8#&�&"�7,-
.)�( 6!&%,... �!&#5+,(#' �$"&+�1��1���.: *,+&2&* .0&!)� .1�!)� �$ &+2,�:#'8 @�,*,#+&1, 
.&.+�1�49A�8 2�##&( )&#.+!/)%��, +.,., �*,�� 0&�:5&, )&��7,.+1& .1�!#'8 .&,2�#,#�(, 7+&
#,"�+�1#& 1��4,+ #� 1!,*4 .0&!)� � )�7,.+1� �$"&+&1�,#�4 6!� 2��:#,(5,( ,"& &0!�0&+),. 

�+&0' �.)�97�+: @+� 6&+,!� 1 2�##&* 6!&%,.., � 6&1'.�+: )�7,.+1& "&+&1&( 6!&2/)-
%��, �$"&+&1�,#�, )!&#5+,(#&1 !,�)+�1#'8 5+�#" 6!&�$1&2�* . 6!�*,#,#�,* ��+:,1&( �&!-
*' )!&#5+,(#�, 7+& 6&$1&��+ $#�7�+,�:#& .&)!�+�+: 1!,*4 .0&!)�. 

�,$#�7�+,�:#', $�+!�+' #� #�)��2#', !�.8&2', 6!� 1#,2!,#�� #&1&( +,8#&�&"��
.0&!)� .1�!)� «1.+�1)� )!,6�,#�4 6,!,2#,( &.�», /#�1,!.��:#& .0&!&7#&"& 6!�.6&.&0�,#�4, 
/.&1,!5,#.+1&1�#�, )!&#5+,(#&1 !,�)+�1#'8 5+�#" �1+&0/.� «�&�3�#�#» 62716&$1&��+
/1,��7�+: "&2&1&( 1'6/.) 6!&2/)%��, 6!�*,!#& #� 20 %, 7+& .&.+�1�4,+ &)&�& 60 ,2�#�% "&-
+&1&( 6!&2/)%��. 

�'0&! +,8#�7,.)�8 !,5,#�( 6& 6!&,)+/ &./A,.+1�,# #� &.#&1, �#���$�, &6'+� &+,7,-
.+1,##'8 � $�!/0,3#'8 �1+&!&1, � 6!&�$1&2.+1 2�4 2&.+�3,#�4 %,�� 6!&,)+�. 

� "'�) !"$���$(��
1. �&0!'2#,1 �.�. �/!.&1&, 6!&,)+�!&1�#�, 6& 6!,2*,+/ «�,8#&�&"�4 *�5�#&.+!&,-
#�4». – �.: ��5�#&.+!&,#�,, 1985. 184 .. 
2. �	�� 26645-85. 	+��1)� �$ *,+���&1 � .6��1&1. �&6/.)� !�$*,!&1, *�..' � 6!�6/.)�
#� *,8�#�7,.)/9 &0!�0&+)/. 
3. �#���$ +,8#&�&"�7,.)&"& 6!&%,..� *,8�#�7,.)&( &0!�0&+)� $�"&+&1&). �,+&2�7,.)�,
/)�$�#�4 6& 1'6&�#,#�9 �++,.+�%�&##&( !�0&+' 0�)���1!� 6& #�6!�1�,#�9 552900 / .&.+�1�-
+,��: �.�. �,!#'5,1, �.�. �&!&#%&1�. – �&�"���, �&�"&"!�2, 1997. – 40.. 
4. ���!&#&1� �. �., -)&#&*�)� 6!,26!�4+�4: �7,0#�) - �.: «�#&.+:», 2001. -584.. 
5. http://www.economica.ru/isapi/redir.dll?prd=ie&pver=6&ar=msnhome
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�!�1#�1�9+.4 .*,##', *#&"&"!�##', 6��.+�#' 2�4 $,#),!�, �.6&�:$/,*&"& 1 +!/0#&* 6!&�$1&2.+1,. 
Compared replaceable cutting inserts for countersink used in tube production. 

�!�+)& 6!&%,.. !,$�#�4 *&3#& &8�!�)+,!�$&1�+: +�) – @+& .#4+�, .+!/3)� . $�"&+&1)�
�#.+!/*,#+&*, �*,9A�* !,3/A/9 )!&*)/ � 6!&7#&.+: 1'5, 6!&7#&.+� &0!�0�+'1�,*&"&
*�+,!����. �!�7,* *�+,!��� $�"&+&1)� &0��2�,+ .&1&)/6#&.+:9 !�$��7#'8 .1&(.+1, )&+&!',
1��49+ #� &0!�0&+)/ !,$�#�,* � #�$'1�9+.4 &0!�0�+'1�,*&.+:9. 	#� $�1�.�+ &+: 6!&7#&.+�, 
+1,!2&.+�, 14$)&.+� � 2!/"�8 6&)�$�+,�,(. �+&0' &0,.6,7�+: @��,)+�1#&.+: $,#)&1�#�4 1�3-
#& 6!�1��:#& 6&2&0!�+: 6��.+�#/. 

	.#&1#'*� 8�!�)+,!�.+�)�*� .*,##&( *#&"&"!�##&( 6��.+�#' (���) 41�49+.4: *�-
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+,!���, +�6, ",&*,+!�4, !�$*,!'. � )&!6/. )&#�7,.)&"& $,#),!� /.+�#�1��1�9+.4 64+: ��� – 
TCMW-16T308. 

� #�.+&4A,, 1!,*4 #� !'#), !,3/A,"& �#.+!/*,#+� 6!,2.+�1�,#' 6��.+�#' !�$��7#'8
6!&�$1&2�+,�,( (SANDVIK, ISCAR, KENNAMETAL � 2!.), "&+&1'8 6!,2&.+�1�+: 6&)/6�+,�9
&"!&*#'( 1'0&! .1&,( 6!&2/)%�� 1 /2&0#'8 )�+��&"�8, � #,)&+&!', 2�3, !�$!�0&+�##&, 6!&-
"!�**#&, &0,.6,7,#�,, 6&$1&�49A,,, @��,)+�1#& 6&2&0!�+: ��� . #��*,#:5�*� $�+!�+�*�, 
#���/75�*� !,3�*�*� !,$�#�4 � �$#&.&.+&()&.+:9. 

��4 &0!�0&+)� �,"�!&1�##'8 .+��,( (18���, 08�2�2�, 09�2� � +.6) 6!&�$1&2�+,��
!,)&*,#2/9+ .�,2/9A�, *�!)� .6��1&1: 

Sandvik: ICO TNMM 16 04 08-PR 4035, TNMM 16 04 08-QR 235, TNMG 16 04 04-QM 
4225 

Kennametal: ICO TCMT16T30411, TCMT16T30811, TCMT16T304MP Iscar: ICO TCMW-
16T308 

�!&�#���$�!&1�1 #,.)&�:)& )�+��&"&1 6!&�$1&2�+,�,( !,3/A,"& �#.+!/*,#+� 0'�
.2,��# 1'1&2 & +&*, 7+& 1., �$ #�8 *&"/+ 6!,2&.+�1�+: +!/0#&*/ 6!&�$1&2.+1/ 6��.+�#' #,
/.+/6�9A�, 2!/" 2!/"/ 6& !,3/A�* .1&(.+1�*, #& 6!� @+&* ./A,.+1,##& !�$��7�9A�,.4 6&
.+&�*&.+�. ���.+�#' . #/3#'*� 8�!�)+,!�.+�)�*� 6!,2&.+�1�4,*', )&*6�#�,( SANDVIK
&)�$���.: .�*'*� 2&!&"�*�, 7/+: 2,5,1�, �8 �#��&" 6!,2&.+�1�4,+ )&!6&!�%�4 KENNA-
METAL, � .�*', 2,5,1', 6��.+�#' 2�4 2�##&"& $,#),!� "&+&1� 6!,2&.+�1�+: )&*6�#�4 ISCAR. 

�
���� �����	����
1. �'0&! 6��.+�#'.// et-rus.ru:[.�(+]. http://et-rus.ru/vybor_plastiny(2�+� &0!�A,#�4
1.04.2014). 
2. Iscar// iscar.com:[.�(+]. http://www.iscar.com/index.aspx/CountryId/1 (2�+� &0!�A,#�4
1.04.2014). 
3. Sandvik Coromant // Sandvik.coromant.com: [.�(+]. 2000. – 
URL:http://www.sandvik.coromant.com/sandvik.nsf (2�+� &0!�A,#�4 1.04.2014). 
4. Kennametal//kennametal.com:[.�(+] URL:http://www.kennametal.com/en/home.html (2�+�
&0!�A,#�4 1.04.2014). 
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��..*�+!�1�9+.4 &.&0,##&.+� +&)�!#&( &0!�0&+)� $�)��,##'8 )&�,% 6&25�6#�)�
This article considers the peculiarities of turning for hardened bearing rings 

�&1!,*,##&, &+,7,.+1,##&, 6!&�$1&2.+1& 6&25�6#�)&1 1 /.�&1�48 )&#)/!,#%�� #�
*,32/#�!&2#'8 !'#)�8 +!,0/,+ .�.+,*�+�7,.)�8 &!"�#�$�%�&##&-+,8#�7,.)�8 *,!&6!�4+�(
6& 6&1'5,#�9 )�7,.+1� � .#�3,#�9 +!/2&$�+!�+ #� ,, 6!&�$1&2.+1&. 

�,#2,#%�� !�$1�+�4 *,8�#&&0!�0&+)� 2,+��,( 6&25�6#�)&1 1 !�$1�+'8 .+!�#�8 /)�$'-
1�9+ #� #,&08&2�*&.+: $�*,#' &6,!�%�( 6!,21�!�+,�:#&"& 7,!#&1&"& 5���&1�#�4 +,!*�7,-
.)� &0!�0&+�##'8 )&�,% – +&)�!#'*� &6,!�%�4*�[1]. 

�1,!2&, +&7,#�, $�)��,##'8 .+��,( �*,,+ .�,2/9A�, 6!,�*/A,.+1� 6& .!�1#,#�9 .&
5���&1�#�,*: 

1) /1,��7,#�, 6!&�$1&2�+,�:#&.+� $� .7,+ /*,#:5,#�4 &.#&1#&"& � 1.6&*&"�+,�:#&"&
1!,*,#� &0!�0&+)�; 

2) 6&1'5,#�, )�7,.+1� &0!�0&+)� 1 !,$/�:+�+, �&!*�!&1�#�4 1 6&1,!8#&.+#&* .�&,
.3�*�9A�8 &.+�+&7#'8 #�6!43,#�( � &+./+.+1�4 5�!3�!&1�#�4 6&1,!8#&.+� $�"&+&1)� 6!&-
2/)+�*� �$#&.� 5���&1��:#'8 )!/"&1; 
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3) 0&F�:5�4 @)&�&"�7#&.+:, +�) )�) &0!�0&+)/ *&3#& 6!&�$1&2�+: 0,$ 6!�*,#,#�4 .*�-
$&7#&-&8��32�9A�8 3�2)&.+,(; 

4) 0&F�:5�4 /#�1,!.��:#&.+: � �/#)%�&#��:#&.+: +&)�!#&"& .+�#)�; 
5) 0&�,, 2,5,1'( 6!&%,.. /+���$�%�� .+!/3)� 6& .!�1#,#�9 . &+8&2�*� 6&.�, 5���&-

1�#�4 [2]. 
� $�1�.�*&.+� &+ +!,0&1�#�( 6!&%,..� !�$��7�9+ 7,!#&1&, +1,!2&, +&7,#�,, +&7#&,

+1,!2&, +&7,#�, � &.&0& +&7#&, +1,!2&, +&7,#�,. �,!#&1&, +1,!2&, +&7,#�, !,���$/,+.4 6!�
"�/0�#�8 &0!�0&+)� &+ 0,5 2&3 ** #� .)&!&.+48 !,$�#�4 50 – 150 */*�# � 6&2�7�8 0,1 – 0,3 
**/&0 � +!,0/,+ &+ .+�#)� *�).�*��:#&( 3,.+)&.+� � *&A#&.+� 6!�1&2�, +�) )�) /.���4 !,$�-
#�4 2&.+�+&7#& 1,��)�. �!� 6&2&0#&( &0!�0&+), 5,!&8&1�+&.+: 6&1,!8#&.+� &+8&2�+ #� $�2-
#�( 6��#. �!� +&7#&* +1,!2&* +&7,#�� "�/0�#� !,$�#�4 #, 6!,1'5�,+ 0,1 – 0,5 **6!� .)&!&-
.+� !,$�#�4 100 – 200 */*�# � 6&2�7, 0,05 – 0,15 **/&0. �&7#&.+: &0!�0&+)� .&&+1,+.+1/,+ 5 – 
6 )1���+,+/ (.+�+�.+�7,.)� "�!�#+�!&1�##'( !�$0!&. 6& 2��*,+!/ #, 6!,1'5�,+ 10 *)*) 6!�
5,!&8&1�+&.+� 6&1,!8#&.+� 6&.�, &0!�0&+)� Rz 2,4 – 4 *)*. 	.&0& +&7#&, +1,!2&, +&7,#�,
&0,.6,7�1�,+ +&7#&.+: &0!�0&+)� 1 6!,2,��8 3 – 4 )1���+,+� 6!� 5,!&8&1�+&.+� 2& Rz1 *)*. 
��/0�#� !,$�#�4 #�8&2�+.4 1 6!,2,��8 0,02 –0,3 ** 6!� .)&!&.+� !,$�#�4 150 – 220 */*�# �
6&2�7, 0,01 – 1 **/&0. 

	2#�)& .+&�+ &+*,+�+:, 7+& 6!&%,.. +1,!2&"& +&7,#�4 �*,,+ !42 &.&0,##&.+,(, )&+&!',
&"!�#�7�1�9+ 6!�*,#,#�, 2�##&"& 6!&%,..� #� &0'7#'8 +&)�!#'8 .+�#)�8, #�6!�*,! *&2. 
1�756, 5�!&)& �.6&�:$/,*'8 1 6!&�$1&2.+1, 6&25�6#�)&1.  

	.#&1#'*� )!�+,!�4*�, �.6&�:$/,*'*� 6!� 1'0&!, &0&!/2&1�#�4, 41�49+.4: 
1) 1'.&)�4 ",&*,+!�7,.)�4 +&7#&.+:. �'6&�#,#�, @+&"& +!,0&1�#�4 #,&08&2�*&, +�)

)�) 6!� +&7,#�� �90�4 #,+&7#&.+: #�6!�1�49A�8, 6!� &+./+.+1�� #,&08&2�*'8 )&*6,#.�-
%�(, &+!�3�,+.4 #� +&7#&.+� &0!�0&+�##'8 2,+��,(; 

2) 1'.&)�4 .+�+�7,.)�4 3,.+)&.+:. �.���4 !,$�#�4 6!� +1,!2&* +&7,#�� ./A,.+1,##&
1'5,, 7,* 6!� &0'7#&* +&7,#�� � 6!� 2!/"�8 *,+&2�8 ��#�5#&( &0!�0&+)�, #�6!�*,!, 5��-
�&1�#��. �&$#�)�9A,, /.���, 6!�1&2�+ ) 1$��*#&*/ .*,A,#�9 $�"&+&1)� � �#.+!/*,#+� �, 1
)&#,7#&* �+&",, ) &5�0)�* �&!*' � !�$*,!�; 

3) 1'.&)�4 2�#�*�7,.)�4 3,.+)&.+:. �= 1,��7�#� 1& *#&"�8 .�/7�48 &0/.��1��1�,+
1&$#�)#&1,#�, 1�0!�%�( 6!� +1,!2&* +&7,#��. � !,$/�:+�+, 6!�8&2�+.4 �$*,#4+: !,3�*' &0-
!�0&+)�, 7+&, 1 .1&9 &7,!,2:, 6!�1&2�+ ) 6�2,#�9 6!&�$1&2�+,�:#&.+�. 

4) +,*6,!�+/!#�4 .+�0��:#&.+:. �,&08&2�*& +&7#& $#�+: !�.6!,2,�,#�, +,6�&1'8 6&-
+&)&1 � 6!�1��:#& 1'0�!�+: *�+,!���' 2�4 &+2,�:#'8 @�,*,#+&1 .+�#)� . +,*, 7+&0' /*,#:-
5�+: 1��4#�, +,*6,!�+/!#'8 2,�&!*�%�(. 

5) &0,.6,7,#�, .1&0&2#&"& .8&2� .+!/3)�. �!� +1,!2&* +&7,#�� .+!/3)� �*,,+ 2&.+�-
+&7#& 1'.&)/9 +,*6,!�+/!/, 6&@+&*/ #,&08&2�*& )�) *&3#& 0'.+!,, 1'1,.+� ,, �$ $&#' !,-
$�#�4, #, 6,!,2�1 6!� @+&* +,6�� @�,*,#+�* )&#.+!/)%�� .+�#)�. 

� #�.+&4A,, 1!,*4 6!&�$1&2�+,�� *,+���&&0!�0�+'1�9A�8 .+�#)&1 /.6,5#& .6!�1�4-
9+.4 . 6,!,7�.�,##'*� +!/2#&.+4*� � 1'6/.)�9+ .&1!,*,##&, &0&!/2&1�#�, .6&.&0#&, !,-
5�+: 6!�)+�7,.)� �90/9 $�2�7/ +&)�!#&( &0!�0&+)�, 1 +&* 7�.�, &0!�0�+'1�+: *�+,!���' .
6&1'5,##&( +1,!2&.+:9. 

�� &.#&1, 1'6&�#,##&"& �#���$� *&3#& .2,��+: 1'1&2 & +&*, 7+& +1,!2&, +&7,#�, 41-
�4,+.4 !,��:#&( ��:+,!#�+�1&( 6!&%,../ 5���&1�#�4 )&�,% 6&25�6#�)�. �#,2!,#�, .&1!,-
*,##'8 +&)�!#'8 .+�#)&1 #� 6&25�6#�)&1&* 6!&�$1&2.+1, 6&$1&�4,+ 6&1'.�+: 6!&�$1&2�-
+,�:#&.+: � .&)!�+�+: �$2,!3)� #� .&2,!3�#�, 6�&A�2,( � !�0&7,( .��' 6/+,* $�*,#' &2#�*
&0!�0�+'1�9A�* %,#+!&* #,.)&�:)�8 .+�#)&1. ��)3, 0��"&2�!4 $�*,#, #,.)&�:)�8 /.+�#&1&)
$�"&+&1)� &2#&(, 6&1'5�,+.4 +&7#&.+: 0�$�!&1�#�4 � &0!�0&+)� 1 %,�&*. 

� "'�) !"$���$(��
1. �,$1�(#�4 &0!�0&+)� $�)��,##&( .+���  �-15, )�) ��:+,!#�+�1#�4 &6,!�%�� 5���&-

1�#�4 / �&�4#7�)&1�.�., 
�!9)&1 �.�., �/!7,#)& �.�., 
�##�)&1 �.�. // �!&"!,..�1#',
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+,8#&�&"�� 1 &0/7,#�� � 6!&�$1&2.+1,: ��+,!.II�.,!&.. )&#�.,".��*'5�#, 20-23 *�4 2003 ". / 
��*'5�#. +,8#&�. �#-+ (������) �&�"��� � 2!. - ��*'5�#, 2003. - �.1. - C. 59-61. 

2. �/#2!�), 
#&5. �1,!2&, +&7,#�,: +,8#&�&"�7,.)�, 1&$*&3#&.+� � @)&#&*�7,.)�4
@��,)+�1#&.+: / 
. �/#2!�) // 	0&!/2&1�#�, � �#.+!/*,#+. �,+���&&0!�0&+)�. – 2009. – C2. – 
�. 65–68. 
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� .+�+:, 6!,2.+�1�,#' 6!,�*/A,.+1� &6,!�%�� +1,!2&"& +&7,#�4, � +�)3, !�..*&+!,#' ./A,.+1/9A�,
.&1!,*,##', *�+,!���' 2�4 !,3/A�8 6��.+�#. 

The advantages of hard turning operations are presented in this article, also existing modern materials for inserts 
are considered. 

�,3/A�( �#.+!/*,#+ 41�4,+.4 !,5�9A�* ��)+&!&* 1 2,�, 2&.+�3,#�4 1'.&)&@��,)-
+�1#&( � @)&#&*�7#&( *,8�#�7,.)&( &0!�0&+)�.  

�!&2/)+' 1 &0��.+� &0!�0�+'1�9A,"& �#.+!/*,#+� *&3#& /.�&1#& !�$2,��+: #� 7,+'-
!, "�&0��:#', 6!&2/)+&1', "!/66': �,$1�(#'8 !,3/A�( �#.+!/*,#+, 5���&1��:#'( �#.+-
!/*,#+, 2,�&!*�!/9A�( �#.+!/*,#+, �#.+!/*,#+ 2�4 #&1'8 *,+&2&1 &0!�0&+)�. 

� 6&2�1�49A,* 7�.�, .�/7�,1 6!&�$1&2�+,�:#&.+: �,$1�(#&( &0!�0&+)� 1'5,, � ,, .,-
0,.+&�*&.+: #�3,, 7,* �0!�$�1#&(. �!,2� #&1'8 +,8#&�&"�( &0!�0&+)� *�+,!���&1 .�,2/,+
&+*,+�+: +1,!2&, +&7,#�,. 	0��.+: 6!�*,#,#�4 @+&"& +,8#&�&"�7,.)&"& 6!&%,..� – $�*,#� +&-
7,#�,* &6,!�%�( 5���&1�#�( $�)��,##'8 2,+��,(.  

;,�:9 $�*,#' 5���&1�#�4 +1,!2'* +&7,#�,* 41�4,+.4 /*,#:5,#�, +!/2&,*)&.+� �$-
"&+&1�,#�4 2,+��,( �, )�) .�,2.+1�,, /1,��7,#�, @)&#&*�7#&.+� 6!&%,..� &0!�0&+)�. ��) $�-
*,#� 5���&1�#�4 +&7,#�,* 6&1'5�,+ 6!&�$1&2�+,�:#&.+: &0!�0&+)� 1 #,.)&�:)& !�$ 6!�
$#�7�+,�:#&* /�/75,#�� )�7,.+1,##'8 � 6!&7#&.+#'8 8�!�)+,!�.+�) 6&�/7,##'8 .&6!43,-
#�(. 

�1,��7,#�, @)&#&*�7#&.+� &6!,2,�4,+.4 .�,2/9A�*� ��)+&!�*�: 
− .B,* *�+,!���� 6!� +1,!2&* +&7,#�� 1 +!� !�$� *,#:5, 7,* 6!� 5���&1�#��; 
− +&7#&.+: &0!�0&+)� �2,#+�7#� )�) 6!� +1,!2&* +&7,#��, +�) � 6!� 5���&1�#��; 
− 1!,*4 &0!�0&+)� 6!� +1,!2&* +&7,#�� 1 #,.)&�:)& !�$ *,#:5, 7,* 6!� 5���&1�#��; 
− �	� #,6!�*,#4,+.4; 
− +1,!2&, +&7,#�, �*,,+ #�*#&"& 0&�,, 1'.&)/9 "�0)&.+: - 1&$*&3#� &0!�0&+)� .�&3#&-
6!&���:#'8 2,+��,(, 1 +& 1!,*4 )�) #� 5���&1��:#&* .+�#), +�)�4 &0!�0&+)� +!,0/,+ $�*,#'
)!/"&1 � 6&2#���2)� .+�#)�; 
− 6!&%,.. +1,!2&"& +&7,#�4 6!&�.8&2�+ #� +&* 3, .+�#),, #� )&+&!&* &./A,.+1�4,+.4 �
&0'7#�4 +&)�!#�4 &0!�0&+)� #,$�)��,##'8 2,+��,(, 7+& +&3, 6&1'5�,+ "�0)&.+: � /#�1,!-
.��:#&.+: 6!&%,..�; 
− 0&�,, 2,5,1'( 6!&%,.. /+���$�%�� .+!/3)� 6& .!�1#,#�9 . &+8&2�*� 6&.�, 5���&1�-
#�4. 

�., 1'5,6,!,7�.�,##&, 6&$1&�4,+ "&1&!�+: & +&*, 7+& +1,!2&, +&7,#�, 6!�)+�7,.)�
1.,"2� #� 30-50 % @)&#&*�7#,, 5���&1�#�4. 

�/A,.+1/9A�, .&1!,*,##', !,3/A�, 6��.+�#'
- 6��.+�#' �$ ),!�*�7,.)�8 *�+,!���&1: !,3/A�, ),!�*�7,.)�, *�+,!���' *&3#& !�$-

2,��+: #� 7,+'!, "!/66': 1) &).�2#�4 (0,��4 ),!�*�)�) #� &.#&1, Al2O3, 2) &).�)�!0�2#�4
(7,!#�4 ),!�*�)�) #� &.#&1, )&*6&$�%�� Al2O3-TiC, 3) &).�2#&#�+!�2#�4 ()&!+�#�+) #� &.#&-
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1, Al2O3-TiN,4) #�+!�2#�4 ),!�*�)� #� &.#&1, Si3N4. ��!�)+,!#� 6��.+�7,.)�4 6!&7#&.+: �
1'.&)�4 .)&!&.+: !,$�#�4, #�*#&"& (2& 2 !�$) 6!,1&.8&24A�4 �#.+!/*,#+ �$ +1,!2&"& .6��1�. 
�*,#:5,#�, !�$*,!� $,!#� � 6&!�.+&.+� *�#,!��&),!�*�)� 6!�1&2�+ ) !&.+/ �$#&.&.+&()&-
.+�, 6!&7#&.+� � +1,!2&.+� *�+,!����. 

- 6��.+�#' �$ 6&��)!�.+����7,.)&"& ��*�$� (���): ��� - @+& *&2���)�%�4 /"�,!&2�
)!�.+����7,.)&"& .+!&,#�4. �!&�$1&24+ .�#+,+�7,.)�, ��*�$' �$ "!���+� 6!� 0&�:5�8 2�1-
�,#�48 � 1'.&)�8 +,*6,!�+/!�8. �.6&�:$&1�#�, !,3/A�8 6��.+�# �$ ��� 6&$1&�4,+ 6&1'-
.�+: .+&()&.+: 1 15-20 !�$ 6& .!�1#,#�9 . �#.+!/*,#+&* �$ +1,!2&"& .6��1�. �,2&.+�+&) ��-
*�$� 1 )�7,.+1, !,3/A,"& *�+,!���� –#,1&$*&3#&.+: ,"& �.6&�:$&1�#�4 2�4 !,$)� *�+,!��-
�&1, .&2,!3�A�8 /"�,!&2. � %,�:9 6&1'5,#�4 @��,)+�1#&.+� !�0&+' ��*�$#&"& �0!�$�1#&"&
�#.+!/*,#+� 6!�*,#49+ ��*�$#', $,!#�, 6&)!'+', +&#)&( *,+����7,.)&( 6�,#)&( . 8&!&5�-
*� �2",$�&##'*� � )�6���4!#'*� .1&(.+1�*� 6& &+#&5,#�9 ) ��*�$/–*,2:, #�),�:, .,!,0!&, 
+�+�# � �8 .6��1'

- 6��.+�#' �$ )/0�7,.)&"& #�+!�2� 0&!� (��
) 6&�/7�9+ 6/+,* )&*6�)+�!&1�#�4#�#&-
6&!&5)&1 ��
. ��
 #,$#�7�+,�:#& /.+/6�,+ ��*�$/ 6& +1,!2&.+�, &+��7�9+.4 1'.&)&( +,!-
*&.+&()&.+:9 (2& 1570 �), .+&()&.+:9 ) %�)��7,.)&*/ 1&$2,(.+1�9 1'.&)�8 +,*6,!�+/! �
.��0'* 8�*�7,.)�* 1$��*&2,(.+1�,* . 3,�,$&*. �)&!&.+: !,$�#�4 �#.+!/*,#+&* �$ ��
 *&-
3,+ 6!,1'5�+: .)&!&.+: !,$�#�4 +1,!2&.6��1#'* �#.+!/*,#+&* 1 5 � 0&�,, !�$. �!� 6!�*,-
#,#�� ��
 6!&�$1&2�+,�:#&.+: &0!�0&+)� 6&1'5�,+.4 1 1,5-3 !�$� 6& .!�1#,#�9 . +1,!2&-
.6��1#'* �#.+!/*,#+&*, /�/75�,+.4 )�7,.+1& &0!�0&+�##'8 6&1,!8#&.+,(, �.)�97�,+.4 #,-
&08&2�*&.+: 6&.�,2/9A,( �0!�$�1#&( &0!�0&+)�. 
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�&+#�)&1 �.�., ��#��,#)& �. �. 
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��

��� 
��
�������� �
������
�
�

��..*�+!�1�9+.4 �#.+!/*,#+��:#', *�+,!���', !,)&*,#2/,*', 2�4 &0!�0&+)� $�)��,##'8 )&�,% 6&2-
5�6#�)�

This article considers the tool materialsfor turning ofhardened bearing rings 

�,8#&�&"�7,.)�, 6!&%,..' *,8�#�7,.)&( &0!�0&+)� 2,+��,( 6&25�6#�)&1 1/.�&1�48
!'#&7#&( @)&#&*�)� +!,0/9+ .,!:,$#'8 �$*,#,#�( 1 2,(.+1/9A,*&+,7,.+1,##&* 6!&�$1&2-
.+1,, .&$2�##&* 1 /.�&1�48 .&1,+.)&( @)&#&*�)�: 6!�*,#,#�4 .&1!,*,##&"& 0&�,, 6!&�$1&2�-
+,�:#&"&, 1'.&)&+&7#&"& � #�2,3#&"&&0&!/2&1�#�4; �$#&.&.+&()&"& �#.+!/*,#+� � #&1'8 *,-
#,, @#,!"&,*)�8 *,+&2&1&0!�0&+)�[1]. 

� 6&25�6#�)&1&* 6!&�$1&2.+1, +&7,#�, 1#,2!,#& 6�!���,�:#& 7,!#&1&*/ 5���&1�-
#�9 6!� 7�.+&1&( &0!�0&+), )&�,% �$ .+���  �15��- �	�� 801, $�)��,##'8 #� +1,!2&.+:
HRC60…63. � !,$/�:+�+, +,!*�7,.)&( &0!�0&+)� 6!&�.8&2�+ ./A,.+1,##&, �.)�3,#�, 2��-
*,+!��:#'8 !�$*,!&1 )&�,%. �& �$0,3�#�, 0!�)� #� )&�:%�8 &.+�1�49+ 0&�:5�, 6!�6/.)� #�
&+2,�)/ 6&.�, $�)��)�. �!,21�!�+,�:#&, 5���&1�#�, @+�8 )&�,% 41�4,+.4 1,.:*� +!/2&,*)&(
&6,!�%�,(, .14$�##&( . $�"!/$)&( 0&�:5&"& )&��7,.+1� 5���&1��:#'8 .+�#)&1 � 0&�:5�*
!�.8&2&* 5���&1��:#'8 )!/"&1.�.6&�:$&1�#�, +1,!2&"& +&7,#�4 2�4 &0!�0&+)� )&�,% 6&2-
5�6#�)&1, 6&$1&�4,+ $#�7�+,�:#& .&)!�+�+: 1!,*4 &0!�0&+)� )&�,% � /1,��7�+: 6!&�$1&2�-
+,�:#&.+:. 

	2#�* �$ &.#&1#'8 ��)+&!&1, &6!,2,�49A�8 @��,)+�1#&.+: +&)�!#&( &0!�0&+)�, 41-
�4,+.4 !,3/A�( �#.+!/*,#+. 
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���0&�,, 6,!.6,)+�1#'*� �#.+!/*,#+��:#'*� *�+,!����*� 2�4 +&7,#�4 $�)��,##'8
.+��,( 41�49+.4 *�#,!��&),!�*�)� � .1,!8+1,!2', *�+,!���' #� &.#&1, )/0�7,.)&"& #�+!�2�
0&!� � ��*�$�.  

	.#&1#&( &.&0,##&.+:9 *�#,!��&),!�*�)� 41�4,+.4 &+./+.+1�, .14$)�, 7+& 1 $#�7�-
+,�:#&( .+,6,#� .#�3�,+ ,, !�$/6!&7#,#�, 6!� #�"!,1, � 6!,2&6!,2,�4,+ 1&$*&3#&.+: 6!�-
*,#,#�4 1'.&)�8 .)&!&.+,( !,$�#�4. � +& 3, 1!,*4, &+./+.+1�, .14$/9A,( ��$' &6!,2,�4,+
#�$)/9 +!,A�#&.+&()&.+:, 6!&7#&.+: � .&6!&+�1�4,*&.+: %�)��7,.)�* +,6�&1'* #�"!/$)�*, 
6&@+&*/ &.#&1#�4 &0��.+: �.6&�:$&1�#�4 *�#,!��&),!�*�)�– 7�.+&1�4 &0!�0&+)� 1 /.�&1�48
3,.+)&( +,8#&�&"�7,.)&( .�.+,*'.  

��4 &0!�0&+)� $�)��,##&( .+���  �15��- &+,7,.+1,##�4 6!&*'5�,##&.+: 1'6/.)�-
,+ #,.)&�:)& "!/66 !,3/A,( ),!�*�)�: 

�) &).�2#&-#�+!�2#�4 (	��-20); 
0) &).�2#&-)�!0�2#�4 (�	�-200, �3, �	�-60, �	�-63, �	�-71); 
1) .�&�.+'( ),!�*�7,.)�( *�+,!��� #� +1,!2&.6��1#&( 6&2�&3), (�	��-300,�	�-

95�, �	�-95�).  
�� !/0,3&* ),!�*�7,.)�, �,$1�(#', �#.+!/*,#+' 1'6/.)�9+ ��!*' ToshibaTungalloy, 

Kyocera, NTKCuttingTools, Kennametal, Widia,� 2!. ��6!�*,!, SandvikCoromant, 1'6/.)�,+
.�,2/9A�, *�!)� !,3/A,( ),!�*�)�: 

�) CC650. ��4 1'.&)&.)&!&.+#&( 7�.+&1&( &0!�0&+)� 1 .+�0��:#'8 /.�&1�48. �&3#&
+�)3, �.6&�:$&1�+: 2�4 6&�/7�.+&1&( &0!�0&+)� 3�!&6!&7#'8 .6��1&1 +�*, "2, �*,,+ *,.+&
#,)&+&!�4 #,/.+&(7�1&.+:; 

0) CC670. �,!�*�)� #� &.#&1, )�!0�2� )!,*#�4, /.��,##�4 1&�&)#�*� &).�2�
��9*�#�4, &0��2�,+ 7!,$1'7�(#& 1'.&)&( �$"�0#&( 6!&7#&.+:9. �,)&*,#2/,+.4 2�4
&0!�0&+)� $�)��,##'8 2,+��,( 1 #,0��"&6!�4+#'8 /.�&1�48; 

1) CC6050. �*,5�##�4 ),!�*�)� #� &.#&1, Al2O3. �'.&)�, +,6�&6!&1&2#&.+: �
�$#&.&.+&()&.+:. �,)&*,#2/,+.4 6!,�*/A,.+1,##& 2�4 #,6!,!'1#&( 1'.&)&.)&!&.+#&(
7�.+&1&( &0!�0&+)�. 

�#���$ +,#2,#%�( !�$1�+�4 ),!�*�7,.)&"& !,3/A,"& �#.+!/*,#+� .1�2,+,�:.+1/,+ &
!�.5�!,#�� &0��.+,( ,"& �.6&�:$&1�#�4. 

�1,!8+1,!2'*� 6!�#4+& .7�+�+: �#.+!/*,#+��:#', *�+,!���', �*,9A�, +1,!2&.+: 6&
��)),!./ 6!� )&*#�+#&( +,*6,!�+/!, .1'5, 35���. � @+&( "!/66, &+#&.4+.4 �#.+!/*,#+��:-
#', *�+,!���' #� &.#&1, ��*�$� � *�+,!���' #� &.#&1, )/0�7,.)&"& #�+!�2� 0&!�, �*,9A�,
6,!�&2 .+&()&.+� 1 50...200!�$ 0&�:5�( 6& .!�1#,#�9 . +1,!2'* .6��1&*. ��*�$, )�) �#.+!/-
*,#+��:#'( *�+,!��� �*,,+ 21� ./A,.+1,##'8 #,2&.+�+)� – &+#&.�+,�:#& #�$)/9 +,6�&.+&(-
)&.+: � 2���/$�&##&, !�.+1&!,#�, 1 3,�,$, 6!� 1'.&)�8 +,*6,!�+/!�8, 7+& 6!�)+�7,.)� �.-
)�97�,+ �.6&�:$&1�#�, ��*�$#&"& �#.+!/*,#+� 6!� &0!�0&+), .+��,( � .6��1&1, .6&.&0#'8
&0!�$&1'1�+: )�!0�2'. � +& 3, 1!,*4, 0��"&2�!4 &7,#: 1'.&)&( +,6�&6!&1&2#&.+�, !,3/A�4
)!&*)� �,$1�4 �#+,#.�1#& &8��32�,+.4, 6&@+&*/ ��*�$#'( �#.+!/*,#+ 6!�"&2,# 2�4 !�0&+' .
1'.&)�*� .)&!&.+4*� !,$�#�4. 

�1,!8+1,!2', *�+,!���' #� &.#&1, 6&��)!�.+����7,.)&"& )/0�7,.)&"& #�+!�2� 0&!�
(���
 1 �&..�� �PCBN $� "!�#�%,(), #,$#�7�+,�:#& /.+/6�4 ��*�$/ 6& +1,!2&.+�, &+��7�9+.4
1'.&)&( +,6�&.+&()&.+:9, .+&()&.+:9 ) %�)��7,.)&*/ 1&$2,(.+1�9 1'.&)�8 +,*6,!�+/! �, 
7+& &.&0,##& 1�3#&, 0&�,, .��0'* 8�*�7,.)�* 1$��*&2,(.+1�,* . 3,�,$&*, 6&@+&*/ #��-
0&�:5�4 @��,)+�1#&.+: 6!�*,#,#�4 �#.+!/*,#+&1 #� &.#&1, #�+!�2� 0&!� �*,,+ *,.+& 6!�
&0!�0&+), 7/"/#&1 � .+��,(, 1 +&* 7�.�, 1'.&)&+1,!2'8 [2]. 

�$1,.+#' .�,2/9A�, &+,7,.+1,##', *�!)� *�+,!���&1 #� &.#&1, ���
: �&*6&$�+ 01 
(-�:0&! �), �&*6&$�+ 02 (
,�:0&! �); �&*6&$�+ 03 (�.*�+) �&*6&$�+ 05, �&*6&$�+ 06, �&*6&-
$�+ 10 (�,).�#�+ �), �&*�� 10, �&*6&$�+ 10�, �&*6&$�+ 11 (K�0&!�+). �!&�$1&2.+1& 0&�:-
5�#.+1� �$ 6,!,7�.�,##'8 *�!&) 1 #�.+&4A,, 1!,*4 1 #�5,( .+!�#, 6!,)!�A,#&.  

�� !/0,3&* �,$1�(#', �#.+!/*,#+' #� &.#&1, PCBN 1'6/.)�9+ ��!-
*'ElementSix,DiamondInnovations, SumitomoElectricIndustries,ToshibaTungalloy � 2!. 
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�� &.#&1, .2,��##&"& �#���$� *&3#& .2,��+: .�,2/9A�( 1'1&2: #��0&�,, 6&28&24A�*
*�+,!���&* 2�4 +&)�!#&( &0!�0&+)� $�)��,##'8 )&�,% 6&25�6#�)� ( �15��- , HRC
60…63) 1 /.�&1�48 �1+&*�+�$�!&1�##&"& 6!&�$1&2.+1� #� 0�$, .+�#)&1 . ��� 41�4,+.4 .1,!8-
+1,!2'( *�+,!��� #� &.#&1, PCBN, #�6!�*,!, .6��1 CB7015 (SandvikCoromant). 

�!�*,#,#�, �#.+!/*,#+�, &.#�A,##&"& 2�##&( *�!)&(, 6&$1&�4,+ /1,��7�+: 6!&�$1&-
2�+,�:#&.+: &0!�0&+)�, 6!� @+&* /�/75�,+.4 )�7,.+1& &0!�0&+�##'8 6&1,!8#&.+,( � �.)�9-
7�,+.4 #,&08&2�*&.+: 6&.�,2/9A,( �0!�$�1#&( &0!�0&+)�. �'0&! &6+�*��:#&( .)&!&.+� !,-
$�#�4 &6!,2,�4,+.4 1,��7�#&( .#�*�,*&"& 6!�6/.)�, 1&$*&3#&.+4*� &0&!/2&1�#�4, 6&2�7,(, 
#���7�,* /2�!#'8 #�"!/$&) 1 6!&%,.., !,$�#�4 � *#&"�*� 2!/"�*� ��)+&!�*�. 

� "'�) !"$���$(��
1. �!�*,#,#�, .&1!,*,##'8 *�!&) �#.+!/*,#+� #� &6,!�%�48 +&)�!#&( &0!�0&+)� )&-

�,% 6&25�6#�)� / �&�4#7�)&1�.�., �'+&1�.�., �/!7,#)& �.�., 
�##�)&1 �.�. // �!&"!,..�1-
#', +,8#&�&"�� 1 &0/7,#�� � 6!&�$1&2.+1,: ��+,!.II�.,!&.. )&#�., ". ��*'5�#, 20-23 *�4
2003 ". / ��*'5�#. +,8#&�. �#-+ (������) �&�"��� � 2!. - ��*'5�#, 2003. - �.1. - C. 62-63. 

2. �#2!,,1 �.�., 
&!&1.)�( �.�., 
&!&1.)�( �.�., �!�"&!:,1 �.�. �#.+!/*,#+ 2�4 1'.&-
)&6!&�$1&2�+,�:#&"& � @)&�&"�7,.)� 7�.+&"& !,$�#�4. �.: ��5�#&.+!&,#�,, 2010. 480 .. 
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� .+�+:, !�..*&+!,#& 6!�*,#,#�, �1+&*�+�$�!&1�##&( .�.+,*' 6!&,)+�!&1�#�4 +,8#&�&"�7,.)�8 6!&-
%,..&1 �	���� – �,!+�)��:.

The paper considers the use of automated system design process COMPAS - Vertical. 

� &.#&1/ !�0&+' ���� �� «�	���� – �,!+�)��:» 6&�&3,# 6!�#%�6 $��*.+1&1�#�4
!�#,, 6!�#4+'8 +,8#&�&"�7,.)�8 !,5,#�(. � 6!&%,.., @).6�/�+�%�� .�.+,*' #�)�6��1�9+.4
+�6&1',, "!/66&1',, ,2�#�7#', +,8#&�&"��, /#���%�!&1�##', &6,!�%��, 6��#' &0!�0&+)�
)&#.+!/)+�1#'8 @�,*,#+&1 � 6&1,!8#&.+,(. �!� �&!*�!&1�#�� +,8#&�&"�7,.)&"& 6!&%,..�
6&�:$&1�+,�9 6!,2&.+�1�4,+.4 2&.+/6 ) �!8�1�* � 0�0��&+,)�*, 8!�#4A�* #�)&6�,##', !,-
5,#�4. 

��$!�0&+)� +,8#&�&"�7,.)�8 6!&%,..&1 1 �	���� – �,!+�)��: &./A,.+1�4,+.4 1 !,-
3�*�8: 

- 6!&,)+�!&1�#�, #� &.#&1, +,8#&�&"�7,.)&"& 6!&%,..�-�#��&"� (�1+&*�+�7,.)�( 1'0&!
.&&+1,+.+1/9A,"& �� �$ 0�$' 2�##'8 . 6&.�,2/9A,( ,"& 2&!�0&+)&( 1 2���&"&1&* !,3�*,); 

- �&!*�!&1�#�, �� �$ &+2,�:#'8 0�&)&1, 8!�#4A�8.4 1 0�0��&+,), +�6&1'8 +,8#&�&-
"�7,.)�8 &6,!�%�( � 6,!,8&2&1; 

- &0B,2�#,#�, &+2,�:#'8 &6,!�%�( �!8�1#'8 +,8#&�&"�(; 
- �1+&*�+�7,.)�4 2&!�0&+)� +�6&1&( +,8#&�&"�� #� &.#&1, 2�##'8, 6,!,2�##'8 . 6�!�-

*,+!�$�!&1�##&"& 7,!+,3� �	����–������ (7,!+,3#&-)&#.+!/)+&!.)&"& !,2�)+&!�); 
- !�$!�0&+)� �� 1 !,3�*, 6!4*&"& 2&)/*,#+�!&1�#�4 1 2���&"&1&* !,3�*, . 6&*&A:9

.6,%���:#'8 6!&%,2/! ) .6!�1&7#'* 0�$�* 2�##'8. 
� .�.+,*, !,���$&1�#� 6!&%,2/!�, 6&$1&�49A�4 6!&,)+�!&1�+: .)1&$#', +,8#&�&"��, 

1)�97�9A�, &2#&1!,*,##& &6,!�%�� *,8�#&&0!�0&+)�, 5+�*6&1)�, +,!*&&0!�0&+)�, .0&!)�, 
.1�!)� � +.2. 

� )&*6�,)+ !�$!�0�+'1�,*&( 2&)/*,#+�%�� 18&24+: +�+/�:#'( ��.+, )�!+� @.)�$&1, 
*�!5!/+#�4, *�!5!/+#&-&6,!�%�&##�4, &6,!�%�&##�4 )�!+' ��, 1,2&*&.+: &.#�.+)�, *�+,-
!���&1 � 2!/"�, 2&)/*,#+' 1 .&&+1,+.+1�� . �	��. � 0�$&1/9 6&.+�1)/ .�.+,*' 1)�97,#'
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0&�,, 60 1�2&1 +,8#&�&"�7,.)�8 )�!+. 	#� 1'6&�#,#' 1 .!,2, MS Excel.. -.)�$' � "!���7,-
.)�4 7�.+: +,8#&�&"�7,.)�8 )�!+ 1'6&�#49+.4 1 .!,2, �	����–������ � 1.+�1�49+.4 1
��.+' MS Excel )�) OLE – &0B,)+'. 

��4 !�$!�0&+)� 2&)/*,#+&1 6!&�$1&�:#&( �&!*' �.6&�:$/,+.4 .6,%���:#'( ",#,!�+&!
&+7,+&1, +�)3, �&!*�!/9A�( +,8#&�&"�7,.)�, )�!+' 1 .!,2, MS Excel. 

�,8#&�&"�7,.)�, 6!&%,..', !�$!�0&+�##', 1 �	���� – �,!+�)��:, 6&*,A�9+.4 1 �!-
8�1 .�.+,*' 1 .3�+&* 1�2,. 	"��1�,#�, +�)&"& �!8�1� 2&.+/6#& 2�4 !/7#&"& 6!&.*&+!� � )&!-
!,)+�!&1)�. �1+&*�+�7,.)�( 6&�.) �� 1 �!8�1, 6!&�$1&2�+.4 ��0& 6& )&2/ ",&*,+!�7,.)&(
�&!*' 2,+���, ��0& 6& &+2,�:#'* 8�!�)+,!�.+�)�*: +�6 2,+���, 6!�#�2�,3#&.+: ) �$2,��9, 
1�2 $�"&+&1)�, "�0�!�+#', !�$*,!' � +.2. �& $�2�##'* )!�+,!�4* 6&�.)� .�.+,*� #�8&2�+ #,-
.)&�:)& ��, &.+�1�44 &)&#7�+,�:#'( 1'0&! $� +,8#&�&"&*. 

	"��1�,#�,* �!8�1� !�$!�0&+�##'8 +,8#&�&"�7,.)�8 6!&%,..&1 .�/3�+ 0�$� 2�##'8
)&#.+!/)+&!.)&-+,8#&�&"�7,.)�8 .6,%���)�%�( (���), 1)�97�9A�8 1 .,04 /!&1#� �$2,��(, 
/$�&1 � 2,+��,(. ��.+,*� &0,.6,7�1�,+ .1&0&2#&, 6,!,*,A,#�, &+ &2#&"& /!&1#4 ) 2!/"&*/, 
6&$1&�44 6!� @+&* 6!&.*�+!�1�+: � !,2�)+�!&1�+: .&.+�1 �$2,��(, /$�&1 � 2,+��,(. ��32'(
/!&1,#: �*,,+ 6&27�#,##/9 +�0��%/ «�&)/*,#+'», $�6�.� )&+&!&( .&2,!3�+ ..'�)� #� 2&-
)/*,#+', .&$2�##', 1 !�$��7#'8 6!��&3,#�48: "!���7,.)�,, +,).+&1', ��(�', �!8�1#', +,8-
#&�&"� � +.2. 

�'0&! �� &./A,.+1�4,+.4 6!&%,2/!&( !�$�!8�1�%��, )&+&!�4 �$1�,)�,+ +,8#&�&"�7,.)�(
6!&%,.. �$ �!8�1� � 6&*,A�,+ ,"& 1 !�0&7,, 6&�, �	���� – �,!+�)��:, 2&.+/6#&, 2�4 1#,.,#�4
�$*,#,#�(. �#�&!*�%�4 & +,)/A,* +,8#&�&"�7,.)&* 6!&%,.., !�.6!,2,�4,+.4 6& /!&1#4*: 2,+��: – 
&6,!�%�4 – 6,!,8&2. 

�&�:$&1�+,�9 6!,2&.+�1�,#� 1&$*&3#&.+: 6,!,*,A�+:.4 6& /!&1#4*, &+.�,3�1�+: .&-
.+�1 6,!,8&2&1 6& )�32&( +,8#&�&"�7,.)&( &6,!�%��, &./A,.+1�4+: #,&08&2�*/9 )&!!,)+�-
!&1)/. �!� @+&* +,8#&�&"�7,.)�( 6!&%,.., #�8&24A�(.4 1 �!8�1,, #, *,#4,+.4. �&2���%�!&-
1�##�4 +,8#&�&"�4 *&3,+ 0'+: 6&*,A,#� &0!�+#& 1 �!8�1 6&2 6!,3#�* ��� #&1'* �*,#,*. 

�!&%,2/!' &0!�0&+)� ��� 6&$1&�49+ 6!&�$1&2�+: 1'0&!)/ 2,+��,( 6& 6!�#�2�,3#&-
.+� ) �$2,��4*, .0&!&7#'* ,2�#�%�*, %,8�* �$"&+&1�,#�4 � +.2. �� �8 &.#&1, �&!*�!/9+.4
.1&2#', #&!*', $�41)� #� *�+,!���, )&*6�,)+/9A�, )�!+' � 2!/"�, +,8#&�&"�7,.)�, 2&)/-
*,#+'. 

� .�.+,*, !,���$&1�#' 6!&%,2/!', 6&$1&�49A�, "�&0��:#& )&!!,)+�!&1�+: �90/9
�#�&!*�%�9 1 �!8�1, +,8#&�&"�7,.)�8 6!&%,..&1 (#�6!�*,!, $�*,#� /.+�!,15�8 �	��&1
+,8#&�&"�7,.)&( &.#�.+)�), !�..7�+'1�+: ./**�!#/9 +!/2&,*)&.+: �$"&+&1�,#�4 2,+��,( �
.0&!&7#'8 ,2�#�%, &6!,2,�4+: *�+,!���&,*)&.+: � .,0,.+&�*&.+: �$2,��4 1 %,�&*. 

��.+,*� &0,.6,7�1�,+ /2&0#/9 &!"�#�$�%�9 0�$ 2�##'8 � 0'.+!'( 2&.+/6 ) +!,0/,-
*&( �#�&!*�%��. 	#� &0��2�,+ 8&!&5& &!"�#�$&1�##'* 2���&"&1'* �#+,!�,(.&*, &0,.6,7�-
1�9A�* �,")&, � #�"�42#&, 6,!,*,A,#�, 6& 1.,* 0�$�* 2�##'8. �!�,*' !�0&+' . 0�$�*�
2�##'8 �2,#+�7#', 7+& /6!&A�,+ �8 .&6!&1&32,#�,. �!&"!�**� 6&22,!3�1�,+ 2���&"&1'(
2&.+/6 ) .1,2,#�4* &0 &0&!/2&1�#��, �#.+!/*,#+�8, *�+,!����8 � +.2. � �90&( *&*,#+ @+�
2�##', *&"/+ 0'+: 1'1,2,#' #� @)!�#, .)&!!,)+�!&1�#' ��� 6&6&�#,#'. � �#�&!*�%�&##&*
6!&.+!�#.+1, �	���� – �,!+�)��: *&3#& .&$2�1�+: #&1', �#�&!*�%�&##', *�..�1', )&!-
!,)+�!&1�+: .&.+�1 � !�$*,!#&.+: �8 6&�,(. �$��*&2,(.+1�, *,32/ +�0��%�*� 2�##'8 1
�	���� – �,!+�)��: 6&.+!&,#& #� 2�#�*�7,.)� �&!*�!/,*'8 SQL-$�6!&.�8. 	6,!�+&!'
SQL ",#,!�!/9+.4 ��0& �1+&*�+�7,.)�, ��0& 6& 5�0�&#/, $�2�##&*/ 6&�:$&1�+,�,*. � 0�$&-
1/9 6&.+�1)/ .�.+,*' 18&2�+ &)&�& 3000 !,�4%�&##'8 +�0��% !�$��7#&( .+!/)+/!' � 6&27�-
#,##&.+�. 

��0&+� . 0�$�*� 2�##'8 &!"�#�$&1�#� 1 �!8�+,)+/!, )��,#+-.,!1,!, 7+& �.)�97�,+ 2/0-
��!&1�#�, � &0,.6,7�1�,+ $�A�+/ �#�&!*�%��. � )�7,.+1, SQL – .,!1,!&1 1 �	���� – �,!-
+�)��: *&"/+ 0'+: �.6&�:$&1�#' InterBase, MS SQL, Oracle. ��##', *&"/+ !�.6&��"�+:.4 )�)
#� �&)��:#&( .+�#%��, +�) � #� 1'2,�,##&* .,!1,!,. �*,9A�,.4 / 6&�:$&1�+,�4 �#�&!*�%�-
&##', *�..�1' �,")& 1)�97�9+.4 1 .&.+�1 0�$ 2�##'8 .�.+,*' �	���� – �,!+�)��:. 
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	2#�* �$ &.#&1#'8 6!,�*/A,.+1 �	���� – �,!+�)��: 41�4,+.4 1&$*&3#&.+: *&2,!#�-
$�%�� .�.+,*' 0,$ /7�.+�4 !�$!�0&+7�)� .�*�*� 6&�:$&1�+,�4*�. �&!!,)+�!/9+.4 .&.+�1 �
.+!/)+/!� 1.,8 0�$ 2�##'8, #�.+!��1�9+.4 �&!*' +,8#&�&"�7,.)�8 2&)/*,#+&1, 6&2)�97�9+.4
#&1', 6!&"!�**#', *&2/��. 

���� �	���� – �,!+�)��: 6&$1&�4,+ 6&1'.�+: 6!&�$1&2�+,�:#&.+: +!/2� +,8#&�&"�, 
.&)!�+�+: .!&)� � +!/2&,*)&.+: +,8#&�&"�7,.)&( 6&2"&+&1)� 6!&�$1&2.+1�. � .&.+�1 2�##&"&
�#+,"!�!&1�##&"& 6!&"!�**#&"& )&*6�,).� 18&24+ 6&2.�.+,*' 6!&,)+�!&1�#�4 +,8#&�&"�(: 
*,8�#&&0!�0&+)�, 5+�*6&1)�, .0&!)�, .1�!)�, +,!*&&0!�0&+)�, 6&)!'+�(, "��:1�#�)�. 
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��$!�0&+�# *,+&2 � 6!&"!�**� !�.7,+� /6!�1�,#�4 21/.+&!&##�* 5���&1�#�,* 6&$1&�49A�, 6!&"#&$�-
!&1�+: 6�!�*,+!' 5,!&8&1�+&.+� 1 $�1�.�*&.+� &+ !,3�*&1 &0!�0&+)� � 8�!�)+,!�.+�)� )!/"�. 
 A method and calculation program management allowing to predict bilateral grinding roughness parameters de-
pending on the processing conditions and the characteristics of the circle. 

�6!�1�,#�, 6!&%,..&* 5���&1�#�4, . %,�:9 &0,.6,7,#�4 $�2�##&"& )�7,.+1�
&0!�0�+'1�,*&( 6&1,!8#&.+� 41�4,+.4 1�3#&( $�2�7,(. 

��4 ,, !,5,#�4 .&$2�#& *#&"& !�$��7#'8 *&2,�,(, 6&$1&�49A�8 6!&"#&$�!&1�+:
6�!�*,+!' 5,!&8&1�+&.+� 6&1,!8#&.+� � .��' !,$�#�4. 	2#�)& 2�##�4 6!&0�,*� #,
/+!�7�1�,+ .1&,( �)+/��:#&.+�. �14$�#& @+& . *#&"&&0!�$�,* ��)+&!&1, 1��49A�8 #�
�&!*�!&1�#�, 5,!&8&1�+&.+�, /7,.+: )&+&!', 1 6&�#&( *,!, #, 6!,2.+�1�4,+.4 1&$*&3#'*
11�2/ .�/7�(#&"& 8�!�)+,!� 1��4#�4 *#&"�8 �$ #�8, � +�)3, 6& 6!�7�#, !�$#&&0!�$�4
6&.�,2.+1�( &+ �8 !�$��7#&"& .&7,+�#�4. ��), #�6!�*,!, �0!�$�1#'( �#.+!/*,#+ *&3,+
!�0&+�+: )�) 1 !,3�*, $�+/6�,#�4, +�) � 1 !,3�*�8 7�.+�7#&"& � 6&�#&"& .�*&$�+�7�1�#�4. 
��)�, ��)+&!', )�) 1�2 &0!�0�+'1�,*&"& *�+,!����, !,3�*' 6!�1)�, 8�!�)+,!�.+�)�
�0!�$�1#&"& �#.+!/*,#+�:  +1,!2&.+:, $,!#�.+&.+: � 2!.  &)�$'1�9+ 1��4#�, #� 6�!�*,+!'
)�7,.+1� 6&1,!8#&.+�. �& 1.,8 .�/7�48 �0!�$�1#&( &0!�0&+)� 5,!&8&1�+&.+: 6&1,!8#&.+�
�$*,#4,+.4 1& 1!,*,#�. -+& .14$�#& . !�$��7#'*� 6!&%,..�*� �$#�5�1�#�4, 1 !,$/�:+�+,
2,(.+1�4 )&+&!'8, �$*,#4,+.4 � !,�:,� 6&1,!8#&.+� �0!�$�1#&"& �#.+!/*,#+� � ,"& !,3/A�,
.1&(.+1�. �7�+'1�4 1., 1'5,.)�$�##&,, #/3#& &+*,+�+:, 7+& 2�4 .&$2�#�4 +,&!,+�7,.)&( 0�$'
�..�,2&1�#�4 � /6!�1�,#�4 6!&%,..&* 5���&1�#�4, �)+/��:#'* 41�4,+.4 !�$!�0&+)�
2�#�*�7,.)�8 *&2,�,(, &+&0!�3�9A�8 1$��*&.14$: *,32/ 6�!�*,+!�*� )�7,.+1�
&0!�0�+'1�,*'8 6&1,!8#&.+,( � 6!&%,..�*�, 6!&+,)�9A�*� 1& 1!,*4 5���&1�#�4. 	7,#:
7�.+& 6!&+,)�#�, *#&"�8 6!&%,..&1 � 1��4#�, !�$��7#'8 ��)+&!&1 &6�.'1�9+.4  
@*6�!�7,.)�*� $�1�.�*&.+4*�, 6&�/7,##'*� 1 !,$/�:+�+, .+�+�.+�7,.)&( &0!�0&+)�
@).6,!�*,#+��:#'8 2�##'8. �!� *&2,��!&1�#�� 1$��*&2,(.+1�4 �#.+!/*,#+� .
6&1,!8#&.+:9 &0!�0�+'1�,*&"& *�+,!���� #,1&$*&3#& +�)3, &0&(+�.: 0,$ +,&!,+�)&-
1,!&4+#&.+#'8 *,+&2&1. -+& .14$�#& . +,*, 7+& !�0&7�4 6&1,!8#&.+: �0!�$�1#&"& �#.+!/*,#+�
6!,2.+�1�4,+ .&0&( 8�&+�7,.)&, !�.6!,2,�,#�, !,3/A�8 )!&*&), � &0!�0�+'1�,*�4
6&1,!8#&.+: 41�4,+.4 !,$/�:+�+&* )&6�!&1�#�4 6&1,!8#&.+� �#.+!/*,#+� � +�)3,
6!,2.+�1�4,+ .&0&( .�/7�(#&, !�.6!,2,�,#�, #,!&1#&.+,(, 1'.+/6&1, 16�2�#. � �+&", *&3#&
.2,��+: 1'1&2,  7+& !,5,#�, $�2�7� 6& .&$2�#�9 2�#�*�7,.)�8 *&2,�,(  +&�:)& 1
�#���+�7,.)&( �&!*, $�+!/2#,#&, "&!�$2& @��,)+�1#,, 6!�*,#,#�, 1 @+&* #�6!�1�,#��
1,!&4+#&.+#& .+�+�.+�7,.)�8 *,+&2&1. 
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� +,8#&�&"�7,.)&* 6!&%,.., �$"&+&1�,#�4 )&�,% 6&25�6#�)&1 �*,,+.4 &6,!�%�4
+&!%,1&"& 5���&1�#�4, 1& 1!,*4 )&+&!&"& 6!&�.8&2�+ .#4+�, 6!�6/.)� 6&.�, +,!*&&0!�0&+)�
� �&!*�!&1�#�, 6&1,!8#&.+,( +&!%&1 )&�,% . 1'.&)�*� +!,0&1�#�4*� ) 5,!&8&1�+&.+� �
+&7#&.+� 6& #,6�!���,�:#&.+� � #,6�&.)&.+#&.+�. �!� )!/6#&.,!�(#&* � *�..&1&*
6!&�$1&2.+1, )&�,% 6&25�6#�)&1 5�!&)& 6!�*,#4,+.4 1'.&)&6!&�$1&2�+,�:#'( *,+&2
21/.+&!&##,"& +&!%,1&"& 5���&1�#�4. -+&+ *,+&2 �*,,+ !42 6!,�*/A,.+1 6& .!�1#,#�9 .
6�&.)�* 5���&1�#�,* #� *�"#�+#&* .+&�,, .!,2� )&+&!'8 *&3#& 1'2,��+: &+./+.+1�,
!/7#&( /)��2)� #� $�"!/$&7#'( .+&�, &2#&1!,*,##/9 &0!�0&+)/ .+!�$/ 21/8 +&!%&1 )&�:%�, 
&+./+.+1�, #�*�"#�7�1�#�4 � !�$*�"#�7�1�#�4 2,+��,(, 1'.&)/9 *,8�#�$�%�9 �
�1+&*�+�$�%�9 6!&%,..�. �!&*, +&"&, 6!� &0'7#&* 6�&.)&* 5���&1�#�� 6!�./+.+1/,+ #�"!,1
@�,)+!&*�"#�+#&( 6��+', )&+&!'( #�!42/ . #,2&.+�+&7#'* #�*�"#�7�1�#�,* *&3,+ 6!�1,.+�
) .!'1/ 2,+��,(. 

�&!%' )&�,% )&#�7,.)�8 !&��)&1'8 6&25�6#�)&1 �*,9+ #,&2�#�)&1', 6�&A�2� �$-$�
!�$��7�4 2��*,+!&1 .& .+&!&#' 2&!&3)� )�7,#�4. � !,$/�:+�+, @+&"& 6!� 5���&1�#��
!,3/A�, @�,*,#+' �0!�$�1#&"& �#.+!/*,#+� �*,9+ !�$��7#/9 2��#/ 6/+� !,$�#�4, &.&0,##&
6!� 6!&8&32,#�� 6& /7�.+)�* 1 1�2, .,"*,#+&1. �&1'5,#�, 2��#' 6/+� !,$�#�4 6!�1&2�+ )
/1,��7,#�9 +,*6,!�+/!', � )�) .�,2.+1�,, ) 1&$#�)#&1,#�9 6!�3&"&1.  ��)3, .�,2/,+
&+*,+�+:, 7+& @+& 41�4,+.4 6!�7�#&( #,!�1#&*,!#&"& �$#�5�1�#�4 )!/"&1, 7+& 6!�1&2�+ )
!�$��7�9 1 )�7,.+1, &0!�0&+)� +&!%&1. ��4 /.+!�#,#�4 @+�8 ��)+&!&1 6!� &0!�0&+), �,1&"& �
6!�1&"& +&!%� 6!�*,#49+.4 �0!�$�1#', )!/"� !�$��7#&( +1,!2&.+� � $,!#�.+&.+�. �,3�*'
5���&1�#�4 1 @+&* .�/7�, #,&08&2�*& 6&2&0!�+: +�)�* &0!�$&*, 7+&0' &0,.6,7�+:
&2�#�)&1&, )�7,.+1& &0!�0&+)� &0&�8 +&!%&1.  

;,�: !�0&+': .&$2�#�, *,+&2� /6!�1�,#�4 6!&%,..&* 21/.+&!&##,"& +&!%,1&"&
5���&1�#�4, 6&$1&�49A,"& 6!&"#&$�!&1�+: )�7,.+1& &0!�0&+)� 6!� !�$��7#'8 !,3�*�8. 

	%,#�+: !�.6!,2,�,#�, #,/2��,##&"& *�+,!���� 1 .,7,#�48 &0!�0�+'1�,*&(
6&1,!8#&.+� 6& !�$��7#'* /!&1#4* 1 6!,2,��8 Rmax *&3#& . 6&*&A:9 6�!�*,+!�
&+#&.�+,�:#&( &6&!#&( 2��#&( 6!&���4 tp .&"��.#& �	�� 25142-82. � /1,��7,#�,* 2��#'
6!&���&"!�**' 5,!&8&1�+&.+� &0!�0&+�##&( 6&1,!8#&.+� $#�7,#�,  tp .+!,*�+.4 )
1,!&4+#&.+� #,/2��,#�4 *�+,!���� W(p) #� $�2�##&* /!&1#, .,7,#�4 6!&���4 p, � 6�!�*,+!
Rmax G H, "2, H - .�&( 1 )&+&!&* !�.6!,2,�,#� 5,!&8&1�+&.+: &0!�0&+�##&( 6&1,!8#&.+�. 
�&2,�: 1,!&4+#&.+� #,/2��,#�4 *�+,!���� !�$!�0&+�#� �&1&.,�&1'* �.�. [1].  

��##�4 *&2,�: 6&$1&�4,+ &6!,2,��+: 1,!&4+#&.+: #,/2��,#�4 *�+,!���� 2�4 $�2�##&"&
/!&1#4 .,7,#�4 6!&���4 6!� �90&* ,"& 6&�&3,#�� 1 $&#, !,$�#�4. 

��4 �2�6+�%�� @+&( *&2,�� ) 21/.+&!&##,*/ +&!%,1&*/ 5���&1�#�9 #,&08&2�*&
/7,.+: �$*,#,#�, .)&!&.+� !,$�#�4 6!� 21�3,#�� .,7,#�4 &0!�0�+'1�,*&( 6&1,!8#&.+� 7,!,$
$&#/ &0!�0&+)�, �&!*/ $&#' )&#+�)+�, �$*,#,#�, *�).�*��:#&( 1,��7�#' $�"�/0�,#�4
�0!�$�1#'8 $,!,# � +!�,)+&!�9 21�3,#�4 .,7,#�4. �)&!&.+: !,$�#�4 .#�3�,+.4 6!�
/*,#:5,#�� !�..+&4#�4 .,7,#�4 2& %,#+!� �0!�$�1#&"& )!/"�. ��).�*��:#�4 "�/0�#� !,$�#�4
.&&+1,+.+1/,+ #�7��/ 18&2� .,7,#�4 1 $&#/ &0!�0&+)�. �!� 2��:#,(5,* 21�3,#�� &#� 1.,
1!,*4 /*,#:5�,+.4 2& *�#�*��:#&"& $#�7,#�4, .&&+1,+.+1/9A,"& *&*,#+/ 1'8&2� .,7,#�4 �$
$&#' !,$�#�4. �,&*,+!�7,.)� �&!*/ $&#' )&#+�)+� *&3#& 6!,2.+�1�+: 1 1�2, /.,7,##&"&
+!,/"&�:#�)�.  ��,2/,+ &+*,+�+:, 7+& 6!� &0!�0&+), )&�,% 6&25�6#�)&1 #� .+�#)�8 *&2,��
3344 �8 6&2�7� 1 $&#/ !,$�#�4 &./A,.+1�4,+.4 . 6&*&A:9 1!�A�9A,(.4 $1,$2&7)�. � @+&*
.�/7�, 21�3,#�, )&�,%  6!,2.+�1�4,+ 21�3,#�, )�7,#�4 . 6!&.)��:$'1�#�,*, 7+& $�+!/2#4,+
*&2,��!&1�#�, +!�,)+&!�� 21�3,#�4 &0!�0�+'1�,*&"& .,7,#�4. ��4 /.+!�#,#�4 @+&"&
#,2&.+�+)� )&�:%�* *&3#& 6!�2�+: 2&6&�#�+,�:#&, 1!�A,#�, 6&.!,2.+1&* 0,.)&#,7#&(
�,#+', 6!�3�*�,*&( 6��#)&( . /6!/"�*� @�,*,#+�*� ) 2&!&3), )�7,#�4. ��##'( .6&.&0
$�A�A,# 6�+,#+&* �� C2463150 [2]. -+&+ .6&.&0 �*,,+ +�)3, +,8#&�&"�7,.)�,
6!,�*/A,.+1� 1 1�2, 6&1'5,#�4 +&7#&.+� &0!�0&+)�. ��)�* &0!�$&*, 6!� 21�3,#�� )&�,% 1
$&#, !,$�#�4 0,$ 6!&.)��:$'1�#�4 *&2,�: +!�,)+&!�� .,7,#�4 &0!�0�+'1�,*&( 6&1,!8#&.+�
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*&3,+ 0'+: &6�.�#� /!�1#,#�,* %�)�&�2'. ��32&( +&7), %�)�&�2' 0/2,+ .&&+1,+.+1&1�+:
&6!,2,�,##&, !�..+&4#�, 2& %,#+!� )!/"�, �, .�,2&1�+,�:#&, � .)&!&.+: !,$�#�4. 

�& !�$!�0&+�##&( *&2,�� .&$2�#� 6!&"!�**�, !,$/�:+�+' !�0&+' )&+&!&( 6&$1&�4,+
6!&"#&$�!&1�+: 6�!�*,+!' tp � Rmax  1 $�1�.�*&.+� &+ !,3�*&1 &0!�0&+)� � 8�!�)+,!�.+�)�
)!/"�. 

� "'�) !"$���$(��
1. �&1&.,�&1, �. �. ��#�*�)� �&!*&&0!�$&1�#�4 6&1,!8#&.+,( 6!� �0!�$�1#&( &0!�0&+-
),. – �,1�.+&6&�:: �$2-1& �,1.���, 2012. – 304 .. 
2. �6&.&0 21/.+&!&##,"& +&!%,1&"& 5���&1�#�4 %���#2!�7,.)�8 2,+��,( : 6�+. ��, 
���5 B24B7/17 / ��(#,! �. �.; $�41�+,�: � 6�+,#+&&0��2�+,�: ��8&&),�#.)�( "&./2�!.+1,#-
#'( /#�1,!.�+,+. – C 2463150; $�41�. 27.12.2010; &6/0�. 10.10.2012. 
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��..*�+!�1�9+.4 *,+&2' 6&1'5,#�4 )�7,.+1� 6!� 6!&�$1&2.+1, 6&25�6#�)� 6/+,* $�*,#' &0&!/2&1�-
#�4, �#.+!/*,#+�, &.#�.+)� � 6!&,)+�!&1�#�4 #&1&"& +,8#&�&"�7,.)&"& 6!&%,..�. 

Considered methods to improve the quality of production bearing by replacing the equipment, tools, accessories 
and design new process. 

��7,.+1& 6!&2/)%�� 41�4,+.4 1�3#,(5�* 6&)�$�+,�,* 2,4+,�:#&.+� 6!,26!�4+�4. �9-
0�4 6!&2/)%�4, �90&, �$2,��, &0��2�,+ )&*6�,).&* &0B,)+�1#'8 &.&0,##&.+,(, 6!&41�49-
A�8.4 6!� @).6�/�+�%�� ��� 6&+!,0�,#�� @+&"& �$2,��4. -+� &.&0,##&.+� #�$'1�9+ .1&(.+-
1�*� 6!&2/)%��. �&2 )�7,.+1&* 6!&2/)%�� 6&#�*�9+ )&*6�,). .1&(.+1, &0/.�&1��1�9A�8
6!�"&2#&.+: 6!&2/)%�� 2�4 /2&1�,+1&!,#�4 &6!,2,�,##'8 6&+!,0#&.+,( 1 .&&+1,+.+1�� . ,,
#�$#�7,#�,*. ��7,.+1& *�5�# $�1�.�+ &+ *#&"�8 ��)+&!&1: +,8#�7,.)�8, &6!,2,�49A�8 /!&-
1,#: )&#.+!/)%��, #�2,3#&.+: � 2!/"�, 6&)�$�+,�� )�7,.+1� )&#.+!/)%�� 1'6/.)�,*&"& &0&-
!/2&1�#�4, +,8#&�&"�7,.)�, � )&#+!&�:#', 6!&%,..' ,"& �$"&+&1�,#�4; 6!&�$1&2.+1,##'8, 
&6!,2,�49A�8 +,8#�7,.)�( /!&1,#: +,8#&�&"�7,.)&"& &0&!/2&1�#�4 (6!,32, 1.,"& ,"& .6&-
.&0#&.+: &0,.6,7�1�+: $�2�##', +&7#&.+: � 5,!&8&1�+&.+: &0!�0�+'1�,*&( 6&1,!8#&.+�); 
)1�����)�%�&##'8, &6!,2,�4,*'8 )1�����)�%�,( !�0&+�9A�8; &!"�#�$�%�&##'8, 8�!�)+,!�-
$/9A�8 .&.+&4#�, +,8#&�&"�7,.)&( 2�.%�6��#', /!&1,#: #�/7#&( &!"�#�$�%�� +!/2�; @)&#&-
*�7,.)�8 (/!&1,#: %,# #� 6!&2/)%�9 *�5�#&.+!&,#�4 � 6&+!,0�4,*', *�+,!���', � )&*-
6�,)+/9A�, �$2,��4, 6&!42&) ��#�#.�!&1�#�4 *,!&6!�4+�( 6& 6&1'5,#�9 )�7,.+1� 6!&2/)-
%�� � 2!.). 

;,�:9 !�0&+' 41�4,+.4 6&�.) #&1'8 +,8#�7,.)�8 !,5,#�( 2�4 6&�/7,#�4 #��0&�,, )�-
7,.+1,##&"& �$2,��4.  

�/A,.+1/9+ !�$��7#', *,+&2' 6&1'5,#�4 )�7,.+1� 6!� 6!&�$1&2.+1, 6&25�6#�)&1. 
�&$*&3#� $�*,#� &0&!/2&1�#�4 #� #&1&,, 0&�,, +&7#&, � *#&"&�/#)%�&#��:#&,. �'0&! .+�-
#&7#&"& &0&!/2&1�#�4 41�4,+.4 &2#&( �$ 1�3#,(5�8 $�2�7 6!� !�$!�0&+), +,8#&�&"�7,.)&"&
6!&%,..� *,8�#�7,.)&( &0!�0&+)� $�"&+&1)�. 	+ 6!�1��:#&"& ,"& 1'0&!� $�1�.�+ 6!&�$1&2�-
+,�:#&.+: �$"&+&1�,#�4 2,+���, @)&#&*#&, �.6&�:$&1�#�, 6!&�$1&2.+1,##'8 6�&A�2,(, *,8�-
#�$�%�� � �1+&*�+�$�%�� !/7#&"& +!/2�, @�,)+!&@#,!"�� � 1 �+&", .,0,.+&�*&.+: �$2,��4. 

�&$*&3#� $�*,#� �#.+!/*,#+�. 	6+�*��:#&.+: !,3/A,"& �#.+!/*,#+� &6!,2,�4,+.4, 
6!,32, 1.,"&, 1'0&!&* &6+�*��:#&( 2�4 2�##'8 /.�&1�( &0!�0&+)� *�!)� !,3/A,"& *�+,-
!���� � &6+�*��:#&( ",&*,+!�,( ()&#.+!/)%�,() !,3/A,( 7�.+�. �,(7�. ./A,.+1/9+ +&)�!-
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#', �#.+!/*,#+' . ),!�*�7,.)�*� 6��.+�#�*�, )&+&!', &0,.6,7�1�9+ 6&1'5,##/9 /#�1,!-
.��:#&.+:, #�2,3#&.+:, � +�)3, /1,��7,#�, 6!&�$1&2�+,�:#&.+� 2& 30%. �/A,.+1/,+ +�) 3,
�0!�$�1#'( �#.+!/*,#+ . 6&1'5,##&( 6&!�.+&.+:9, #� &!"�#�7,.)&( .14$),, .&.+�1#&( �#.+-
!/*,#+ . !�$��7#'*� 8�!�)+,!�.+�)�*�, �*6!,"#�!&1�##'( �0!�$�1#'( �#.+!/*,#+. �., @+�
�#.+!/*,#+' &0��2�9+ 1'.&)&( 6!&�$1&2�+,�:#&.+:9 � 6&$1&�49+ 2&.+�7: 1'.&)&( .+,6,#�
+&7#&.+� &0!�0&+)�. 

��*,#� 6!�.6&.&0�,#�( +�)3, *&3,+ 6&1'.�+: )�7,.+1& &0!�0&+)�. �+�#&7#', 6!�-
.6&.&0�,#�4 !�.5�!49+ +,8#&�&"�7,.)�, 1&$*&3#&.+� *,+���&!,3/A,"& &0&!/2&1�#�4. 
	0&.#&1�##&, 6!�*,#,#�, .+�#&7#'8 6!�.6&.&0�,#�( 6&$1&�4,+ 6&�/7�+: 1'.&)�, +,8#�)&-
@)&#&*�7,.)�, 6&)�$�+,��.�'0&! 6!�.6&.&0�,#�4 1 &.#&1#&* .1&2�+.4 ) !,5,#�9 .�,2/9-
A�8 1&6!&.&1: %,�,.&&0!�$#&.+� 6!�*,#,#�4 6!�.6&.&0�,#�4 1&&0A,, 6!�*,#,#�4 +&"& ���
�#&"& 6!�.6&.&0�,#�4 . /7,+&* @)&#&*�7#&.+�, +!/2&,*)&.+� � 2��+,�:#&.+� %�)�� +,8#&�&-
"�7,.)&( 6&2"&+&1)� 6!&�$1&2.+1�, &0,.6,7,#�4 +&7#&.+� �$"&+&1�,#�4 2,+���, � +�)3, � #�-
2,3#&.+� ,, )!,6�,#�4 #� .+�#),. 

��) 3, *&3#& .6!&,)+�!&1�+: #&1'( +,8#&�&"�7,.)�( 6!&%,.. �$"&+&1�,#�4. ��:+,!-
#�+�1#'( +,8#&�&"�7,.)�( 6!&%,.. 2&�3,# &+��7�+:.4 &+ 0�$&1&"& #��0&�,, 6!&"!,..�1#'*�
*,+&2�*� &0!�0&+)�, � 0'+: #�6!�1�,# #� 6&1'5,#�, )�7,.+1� 6!&2/)%��, ��0& 6&1'5,#�,
6!&�$1&2�+,�:#&.+�, ��0& #� .#�3,#�, $�+!�+ .14$�##'8 . &0!�0&+)&( 2,+���. 

�'0&! +&"& ��� �#&"& *,+&2� $�1�.�+ &+ )&#)!,+#&"& .�/7�4, +�) )�) )�32'( �$ #�8
�*,,+ !�$#',*�+,!���:#', $�+!�+' � 6,!�&2 1#,2!,#�4.  

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

�!*�)&1, �+,6�#&1 �. �. (��5�#.+!. �!-1&. �,!. �,8#&�&"�4 � &0&!/2. &0!�¬0&+)� *,+���&1
!,$�#�,*: 	0$&!. �#�&!*./�����-��. �'6. 3) �., 2001. �. 24-26. 

2. �,2:, �.�. �,3/A�( �#.+!/*,#+ &.#�A,##'( .1,!8+1,!2'*� � ),!�*�7,.)�*�
*�+,!����*� � �8 6!�*,#,#�,. / �.�. �,2:, �.�. 
&!&1.)�(. – �.: ��5�#&.+!&,#�,, 2007. – 
243 .. 

3. ��8�6,+4#, �.�. �,!.6,)+�1' � 6/+� !�$1�+�4 #�/7#&"& � 6!&�$1&2.+1,##&"& 6&-
+,#%���� 1 *�5�#&.+!&,#�� � .+�#)&.+!&,#�� �&..��. / �.�. ��8�6,+4#, �.�. �,&��#&1, 
.�. 
�,!6�)&1. // ���� – 2005. – C5. – �. 5 – 7. 

�	,�	-���	 ���������� �����	�������2���� ������	 +��	��
«����» ������	 -��������	���

�!&5,1 �.�., �!/+�)&1� �. �. 
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�!,2��"�,+.4 .6&.&0 1&..+�#&1�,#�4 2,+��� «��#+» *�).,!� 0,+&#&*,5��)�. 
Offered a way to restore the detail of "Screw" concrete mixer. 

��$&0,+&# (�1+&)��1#'( 47,�.+'( 0,+&#), )�) � 6,#&0,+&#, &+#&.�+.4 ) "!/66, 47,�-
.+'8 0,+&#&1, 6!,2.+�1�4,+ .&0&(, �.)/..+1,##& .&$2�##'( 6&!�.+'( )�*,#:. �&!�.+�4
.+!/)+/!� 6!�2�,+ "�$&0,+&#/ 6,!1&)��..#', +,6�&�$&�4%�&##', � @#,!"&.0,!,"�9A�, .1&(-
.+1�, � +�)3, #,$#�7�+,�:#'( 1,., 7+& 1'"&2#& &+��7�,+ ,"& &+ 2!/"�8, 5�!&)& 6!�*,#4,*'8 1
.+!&�+,�:.+1, *�+,!���&1, #�6!�*,!, 5��)&0�&)&1, )�!6�7�, 0,+&#�. 

�., @+� .1&(.+1�  "�$&0,+&#�, 2,��9+ ,"& &2#�* �$ .�*'8 6&6/�4!#'8 *�+,!���&1 6!�
.+!&�+,�:.+1,. �&)�$�+,�:.+1&* +&*/ .�/3�+ #,/)�&##'( !&.+ &0B,*&1 6!&�$1&2.+1� "�$&0,-
+&#�. 
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��4 #,0&�:5�8 ��!*, $�#�*�9A�8.4 6!&�$1&2.+1&* "�$&0,+&#�, �*,9+.4 !�$��7#',
1�!��#+' �.6&�#,#�4 &0&!/2&1�#�4: &+ 2&.+/6#'8 6&�/�1+&*�+�7,.)�8 ��#�( 2& %,��)&* �1-
+&*�+�$�!&1�##'8 6!&�$1&2.+1,##'8 ��#�(. 	2#&( �$ &.#&1#'8 /.+�#&1&) �90&( ��#�� 2�4
6!&�$1&2.+1� "�$&0,+&#� 41�4,+.4 0,+&#&*,5��)�, � +&7#,, ,, *�).,!. 

�.8&2#'*� *�+,!����*� 2�4 �$"&+&1�,#�4 "�$&0,+&#� 41�49+.4 1&2�, �$1,.+:, %,*,#+ �
)1�!%,1'( 6,.&). �!� !�0&+, . +�)�*� *�+,!����*� 1�#+ *�).,!� 6&21,!"�,+.4 .��:#&*/ �0-
!�$�1#&*/ �$#&./. � 1���, )&+&!'( 1!�A�,+ 1�#+, 6!� 1&$2,(.+1�� 0&�:5�8 #�"!/$&) 6!&�.-
8&2�+ �$#&. 56&#&7#&"& 6�$�. �7�+'1�4 +&, 7+& 6&)/6)� #&1'8 2,+��,( 2�4 $�*,#' �$#&5,#-
#'8 &7,#: 2&!&"&.+&4A�4, 6!,2��"�,+.4 6!&1&2�+: #� 6!,26!�4+�� 1&..+�#&1�+,�:#'( !,*&#+
2,+��� «��#+». 

�,8#&�&"�4 !,*&#+� 0/2,+ 1)�97�+: 1 .,04 .�,2/9A�, &6,!�%��: 
1) #�6��1)� � &0!�0&+)� 56&#&7#&"& 6�$� 1���; 
2) �$"&+&1�,#�, 1�#+� � $�6!,..&1)� ,"& #� 1��. 
�,8#&�&"�7,.)�( 6!&%,.. �$"&+&1�,#�4 1�#+� .&.+&�+ 1 �$"&+&1�,#�� 1+/�)�, ) )&+&-

!&( 6!�1�!�1�9+.4 6��.+�#', 2��,, �$2,��, 6&21,!"�,+.4 $�)��),, 6&.�, 7,"& &)&#7�+,�:#&
&0!�0�+'1�,+.4 .&"��.#& +!,0&1�#�4* 7,!+,3�. 

� "'�) !"$���$(��
1. �!&�$1&2.+1& "�$&0,+&#� [-�,)+!&##'( !,./!.] / �,3�* 2&.+/6�: 

http://www.ideibiznesa.org/proizvodstvo-gazobetona.html .1&0&2#'(. – ��+� &0!�A,#�4
(21.04.2014 ".) 
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�1.,,1 �.�., �,2&+&1 �.�.  
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�
� .+�+:, !�..*�+!�1�9+.4 1&6!&.' 6!�*,#,#�4 .�.+,* 6!�.6&.&0�,#�( /#�1,!.��:#&-.0&!#&( 6,!,#�-

��3�1�,*&( &.#�.+)�. 
The article examines the use of systems devices universal modular reconfigurable tooling. 

�&*6�,)+' )!,6,3#&( &.#�.+)� !&0&+�$�!&1�##'8 +,8#&�&"�7,.)�8 *&2/�,( � ���
2�4 *,8�#&&0!�0&+)� 1)�97�9+ 1 .,04 /#���%�!&1�##', 1.6&*&"�+,�:#', .!,2.+1� 2�4 0�$�-
!&1�#�4 � $�)!,6�,#�4 $�"&+&1&). � $�1�.�*&.+� &+ +�6� &0!�0�+'1�,*'8 $�"&+&1&) (+,� 1!�-
A,#�4, 6!�$*�+�7,.)�8, 6�&.)�8 ��� ��"/!#'8) )!,6,3#�4 &.#�.+)� *&3,+ 0'+: !�$2,�,#� 6&
1�2�* &0!�0&+)� 2�4 +&)�!#'8, .1,!���:#&-�!,$,!#&-!�.+&7#'8, $/0&!,$#'8, 5���&1��:#'8
� 2!/"�8 .+�#)&1. 

��4 )!,6�,#�4 $�"&+&1&) #� .+&��8 .+�#)&1 .1,!���:#&-�!,$,!#&-!�.+&7#&( "!/66', 
6&1&!&+#'8 .+&��8 � 6��#5�(0�8 +&)�!#'8 � *#&"&%,�,1'8 .+�#)&1 . ��� 6!�*,#49+.4 !�$-
��7#', +�6' /#�1,!.��:#&( � .6,%���:#&( +,8#&�&"�7,.)&( &.#�.+)�. 

	.&0,##&.+:9 +,8#&�&"�7,.)&( 6&2"&+&1)� 6!&�$1&2.+1� . 6!�*,#,#�,* /#�1,!.��:-
#&-.0&!#&( 6,!,#���3�1�,*&( &.#�.+)� ���	 41�4,+.4 $�*,#� .6,%���:#'8 6!�.6&.&0�,#�(
/#�1,!.��:#'* #�0&!&* 1$��*&$�*,#4,*'8 2,+��,( � /$�&1 2�4 �$"&+&1�,#�4 !�$#&&0!�$#&(
6,!,#���3�1�,*&( &.#�.+)�, 6!,2#�$#�7,##&( 2�4 1'6&�#,#�4 )&#)!,+#'8 *,8�#&.0&!&7#'8
&6,!�%�(. 

�& )&#.+!/)+�1#&*/ �.6&�#,#�9 2,+��� � .0&!&7#', ,2�#�%' ���	 �$"&+&1�49+.4
+!,8 1�2&1 (.,!�(). �&#.+!/)+�1#', @�,*,#+' 2,+��,( � .0&!&7#'8 ,2�#�% ���	, �8 &.#&1-
#', 6�!�*,+!' � #&!*' +&7#&.+� 1'6&�#49+.4 6& �	�� 31.121.41-84, � +,8#�7,.)�, +!,0&1�-
#�4 — 6& �	�� 31.121.42-84. 
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�,+���, .0&!&7#', ,2�#�%' � .!,2.+1� *,8�#�$�%�� ���	 )��..���%�!&1�#' 6&
�/#)%�&#��:#&*/ 6!�$#�)/ #� "!/66': 0�$&1',, )&!6/.#',, /.+�#&1&7#',, #�6!�1�49A�,, 
$�3�*#',, )!,6,3#',, 6#,1*&"�2!�1��7,.)�, 6!�1&2', @�,*,#+' 0�&)�!&1)� � �!*�+/!', 
1.6&*&"�+,�:#',. 

�2�#.+1&* )&#.+!/)+�1#&"& �.6&�#,#�4 2,+��,( � .0&-
!&7#'8 ,2�#�% ���	 &0,.6,7�1�,+.4 �8 �/#)%�&#��:#�4
1$��*&$�*,#4,*&.+: 1 )�32&( .,!��, � 6&.!,2.+1&* 6,!,8&2-
#'8 /.+�#&1&7#'8 2,+��,( — 1$��*&$�*,#4,*&.+: *,32/
.*,3#'*� .,!�4*�. �&,2�#,#�, � ��).�!&1�#�, 2,+��,( �
.0&!&7#'8 ,2�#�% 6!� �"!,"�+�!&1�#�� 6!�.6&.&0�,#�(. �,-
+��� � .0&!&7#', ,2�#�%' ���	 .6,%���:#& 6!,2#�$#�7,#'
2�4 �"!,"�+�!&1�#�4 6!�.6&.&0�,#�( 6!� &0!�0&+), #� .+�#-
)�8 . ���, 1.+!��1�,*'8 1 ���.  

��$!�0&+�#& 6!�.6&.&0�,#�4 #� &.#&1, ���	 2�4 +&-
)�!#&( &6,!�%��. �!�.6&.&0�,#�, +&)�!#&, 6!,2#�$#�7,#&
2�4 &0!�0&+)� .)1&$#&"& &+1,!.+�4 2��*,+!&* 15.8 **. (��./-
#&) 1)  

�!�.6&.&0�,#�, $� "!/$&6&2B=*#'* .!,2.+1&* 6&2#�-
*�,+.4 �$ )/$&1� 1#/+!�%,8&1&"& +!�#.6&!+� � 6,!,*,A�,+.4 )
)&#%/ 56�#2,�4 .+�#)�, #� )&+&!&* $�)!,6�,#� 6��#5�(0�. 

�!�.6&.&0�,#�, . $�$&!&* &2,1�,+.4 &+1,!.+�,* H100 #� %,#+!�!/9A/9 5,()/ 6��#5�(0' �
6!�)!/7�1�,+.4 ) #,( 7,+'!:*4 0&�+�*�. 

��+,* 6!�.6&.&0�,#�, &0)�+'1�,+.4 #� 56�#2,�, � 6!&�$1&2�+.4 $�*,! !�2���:#&"&
0�,#�4 %,#+!�!/9A,( 5,()� 6!�.6&.&0�,#�4 . 6&*&A:9 �#2�)�+&!� 7�.&1&"& +�6� � �#2�-
)�+&!#&( .+&()�. �,��7�#� !�2���:#&"& 0�,#�4 %,#+!�!/9A,( 5,()� 6!�.6&.&0�,#�4 &+#&-
.�+,�:#& 56�#2,�4 #, 2&�3#� 6!,1'5�+: 0.01 **. 

�!�.6&.&0�,#�, #, .&2,!3�+ *,8�#�$�!&1�##&"& 6!�1&2�, 6&@+&*/ #, #/32�,+.4 1 2&-
!&"�8 /.+!&(.+1�8 6&21&2� .3�+&"& 1&$2/8� � *�.�� ) 1!�A�9A�*.4 6!�.6&.&0�,#�4*. 	+-
./+.+1�, *,8�#�$�!&1�##&"& 6!�1&2� /8/25�,+ @!"&#&*�)/ 6!�.6&.&0�,#�4, +�) )�) 6&.�,
&)&#7�#�4 %�)�� &0!�0&+)� $�"&+&1)� 56�#2,�: *&3,+ &.+�#&1�+:.4 1 �90&* 6&�&3,#��, 7+&
6&+!,0/,+ &+ &6,!�+&!� ��0& 2&6&�#�+,�:#'8 /.���( 2�4 /.+�#&1)� � $�)!,6�,#�4 2,+���, ��-
0& 2&6&�#�+,�:#&"& 1!,*,#� #� .*,#/ .)&!&.+� 1!�A,#�4 56�#2,�4 � 6&1&!&+ 6!�.6&.&0�,-
#�4 1 /2&0#&, 6&�&3,#�,. 

���	 6!�*,#4,+.4 1 *,�)&.,!�(#&* .!,2#,.,!�(#&* � .,!�(#&* *,8�#&&0!�0�+'-
1�9A,* 6!&�$1&2.+1,  #� .+�#)�8 . 6&1'5,##'*� !,3�*�*� !,$�#�4, 6!� #,&08&2�*&.+�
0&�:5,( 1 .!�1#,#�� . ��� (����) 3,.+)&.+:9 )&#.+!/)%�( � .+�0��:#&.+:9 6�!�*,+!&1
6!�.6&.&0�,#�(. 
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� .+�+:, !�..*�+!�1�9+.4 1&6!&.' 6!�*,#,#�4 6&)!'+�( #� .&1!,*,##', !,3/A�, �#.+!/*,#+'. 
The article examines the use of modern coatings on cutting tools. 

�&�: 6&)!'+�( 2�4 .&1!,*,##&"& �#.+!/*,#+� +!/2#& 6,!,&%,#�+:. �� .&1!,*,##',
1'.&)&6!&�$1&2�+,�:#', !,3/A�, �#.+!/*,#+' 1., 7�A, #�#&.�+.4 6&)!'+�, #� &.#&1, +�-
+�#� � ��9*�#�4. ��$#', .+�+�.+�7,.)�, �.+&7#�)� 6!�1&24+ !�$#', %��!', #& 1& 1.,8 &+7,-

��./#&) 1
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+�8 2&�4 @+&"& 6&)!'+�4 #, &6/.)�,+.4 #�3, 25%, � 6& #,)&+&!'* 2�##'* 2&8&2�+ 2& 55 % &+
&0A,( 2&�� 6&)!'1�,*&"& �#.+!/*,#+�. �!�7�#� +�)�8 &%,#&) – 1 /#�)��:#'8 .1&(.+1�8 .�-
*&"& 6&)!'+�4 #� &.#&1, Ti � Al: 

- 1'.&)�4 +1,!2&.+: (6!�*,!#& 25-38 ���) 6!� &+#&.�+,�:#& #,0&�:5�8 &.+�+&7#'8
#�6!43,#�48 (3-5 ���); 

- 1'.&)�4 +1,!2&.+: 6!� #�"!,1, («"&!47�4 +1,!2&.+:»), &6!,2,�49A�4 #,$#�7�+,�:#',
6&+,!� +1,!2&.+� (&)&�& 30-40 %) 6!� +,*6,!�+/!�8 2& 800 °�; 

- 1'.&)�4 .+&()&.+: ) &)�.�,#�9 – +� 3, .)&!&.+: &)�.�,#�4 (&)&�& 15-20 *)"/.*2) 6!�
+,*6,!�+/!, 800 °�, 7+& 2�4 6&)!'+�4 TiCN 6!� 400 °� ��� 2�4 6&)!'+�4 TiN 6!� 550 °�; 

- #�$)�4 +,6�&6!&1&2#&.+: ()&@���%�,#+ &+#&.�+,�:#&"& +,*6,!�+/!#&"& !�.5�!,#�4
#� 30 % #�3,, 7,* / 6&)!'+�4 TiN). 

�,8#&�&"�4 #�#,.,#�4 6&)!'+�( #� &.#&1, +�+�#� � ��9*�#�4 41�4,+.4 &2#&( �$ #��-
0&�,, 0'.+!& !�$1�1�9A�8.4. ��3, $� +&+ &+#&.�+,�:#& #,0&�:5&( 6,!�&2 1!,*,#� ./A,.+-
1&1�#�4 6&)!'+�4 6!,2�&3,#& 2&.+�+&7#& 0&�:5&, )&��7,.+1& !,5,#�( 6& /�/75,#�9 ,"&
.1&(.+1, &6�.�##'8 1'5,. 	+*,+�* +&�:)& #,)&+&!', �$ #�8: 

- )&*0�#�%�4 2/"&1&"& *,+&2� � *,+&2� *�"#,+!&##&"& &.�32,#�4; 
- ���:+!�%�4 *�)!&)�6,�: 6!� 2/"&1&* *,+&2,; 
- &6+�*�$�%�4 6�!�*,+!&1 6!&%,..�, +�)�8 )�) +&) 2/"�, #�6!43,#�, .*,A,#�4, 2�1�,-

#�4 �$&+� � +.2.; 
- &6+�*�$�%�4 )!�.+����7,.)&( .+!/)+/!' 2�4 /�/75,#�4 .+&()&.+� ) )&!!&$��; 
- #�#,.,#�, *#&"&.�&(#'8 6&)!'+�( 2�4 /1,��7,#�4 14$)&.+� � +&�A�#' 6&)!'+�4; 
- 2&0�1�,#�, �,"�!/9A�8 )&*6&#,#+&1, +�)�8 )�): 
1) 8!&* � �++!�( 2�4 /1,��7,#�4 &)�.��+,�:#&( .+&()&.+�; 
2) %�!)&#�(, 1�#�2�(, 0&! � "��#�( 2�4 /1,��7,#�4 �$#&.&.+&()&.+�; 
3) )!,*#�( 2�4 /1,��7,#�4 +1,!2&.+� � .+&()&.+� ) 8�*�7,.)�* !,�)%�4*. 
���0&�,, 1�3#'*� #�6!�1�,#�4*� .&1,!5,#.+1&1�#�4 #� &.#&1, +�+�#� � ��9*�#�4

6!,2.+�1�49+.4 !�0&+' 6& #�#,.,#�9 #�#&.�&(#'8 6&)!'+�( � /1,��7,#�9 2&�� ��9*�#�4. 
�,2/A�, �$"&+&1�+,�� /.+�#&1&) 2�4 #�#,.,#�4 6&)!'+�( 6&.+&4##& /�/75�9+ �8, 2�-

1�4 1&$*&3#&.+: 6!&�$1&2�+,�4* �#.+!/*,#+� /1,��7�1�+: .&2,!3�#�, ��9*�#�4 1 6&)!'-
+��. �1,��7,#�, 2&�� ��9*�#�4 /1,��7�1�,+ +1,!2&.+:, �$#&.&- � +,6�&.+&()&.+:. �&)!'+�4, 
1 )&+&!'8 2&�4 ��9*�#�4 #, 6!,1'5�,+ 50%, &0&$#�7�9+.4 )�) TiAN. �.�� 2&�4 ��9*�#�4
.&.+�1�4,+ 0&�,, 50%, +& �.6&�:$/,+.4 &0&$#�7,#�, AlTiN.&2#�)& ./A,.+1/,+ 6!,2,� .&2,!-
3�#�4 ��9*�#�4, 6&.�, )&+&!&"& 2��:#,(5,, /1,��7,#�, #, 2�,+ #�)�)&"& 2&6&�#�+,�:#&"&
6!,�*/A,.+1� � #, �*,,+ &.&0&"& .*'.��. ��)�* 6!,2,�&* .7�+�9+ 67%, 75%, � 1 #,)&+&!'8
�.+&7#�)�8 – 80% ��9*�#�4. 

�&$*&3#&.+: #�#&.�+: #�#&.�&(#', 6&)!'+�4 .+��� .�,2.+1�,* !�$1�+�4 +,8#�)� (/.-
+�#&1&)) 2�4 #�#,.,#�4 6&)!'+�(. �!� &6!,2,�,##&( 7�.+&+, 7,!,2&1�#�4 .�&,1, +.,. 6!� &6-
!,2,�,##&( +&�A�#, #�#&.�&,1, *&3,+ 0'+: 6&�/7,#& $#�7�+,�:#&, /1,��7,#�, +1,!2&.+�. 

�'.&)�4 +1,!2&.+: 41�4,+.4 .�,2.+1�,* ./A,.+1,##&"& !�$��7�4 *&2/�4 �#"� (*&2/�4
/6!/"&.+�) *�+,!���&1 ./0.�&,1. �#�3,#�, +1,!2&.+� 6!� *��'8 +&�A�#�8 .�&,1 (&)&�& 6-7 
�*) &0B4.#4,+.4 «"!/0&.+:9» "!�#�% *,32/ .�&4*�. �.�� /.+�#&1)� � +,8#&�&"�4 #�#,.,#�4
6&)!'+�4 6&$1&�4,+ 6&�/7�+: «7,+)�,» "!�#�%', +& .#�3,#�4 +1,!2&.+� #, #�0�92�,+.4. 

��4 #�#,.,#�4 #�#&.�&(#'8 6&)!'+�( #,&08&2�*& .�#8!&#�$�!&1�+: /6!�1�,#�, )�-
+&2&* � 1!�A,#�, *�+,!����, #� )&+&!'( #�#&.�+.4 6&)!'+�,. -+& &+#&.�+,�:#& 6!&.+&, ,.��
6&)!'1�9+.4 &2�#�)&1', �#.+!/*,#+' 0&�:5�*� 6�!+�4*�. �& 6!&%,.. .+�#&1�+.4 $#�7�-
+,�:#& .�&3#,,, ,.�� 6&)!'1�9+.4 !�$��7#', �#.+!/*,#+' 1 &2#&( 6�!+��. ��)�* &0!�$&*, 
6&�/7,#�, #�#&.�&(#&"& 6&)!'+�4 . 6&.+&4##&( 6,!�&2�7#&.+:9 7,!,2&1�#�4 .�&,1 #,1&$-
*&3#&, ,.�� 1 &2#&( 6�!+�� 1 )�*,!, #�8&24+.4 &2#&1!,*,##& *��,#:)�, � 0&�:5�, �#.+!/-
*,#+', 6��.+�#', 5+�*6', 6!,..-�&!*' � 2,+��� *�5�# (� 1., @+� @�,*,#+' #/32�9+.4 1 .&-
1!,*,##'8 6&)!'+�48). �!&*, +&"&, !�..+&4#�, *,32/ #�#&.�&4*� �$*,#4,+.4 1 6!&%,..,
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@).6�/�+�%�� �#.+!/*,#+� �$-$� �$*,#,#�4 +,*6,!�+/!', 7+& +�)3, .#�3�,+ @��,)+�1#&.+:
+�)&"& 6&)!'+�4. 

� .&.+�1, #�#&)&*6&$�+#'8 6&)!'+�( #�#&.4+.4 !�$��7#', *�+,!���' (#�6!�*,!, +�-
+�#, ��9*�#�( � )!,*#�(). 	#� #, *&"/+ 0'+: .*,5�#'. �1, !�$��7#', ��$' 6!�./+.+1/9+ 1
6��$*, �, 1 !,$/�:+�+,, #�#&)!�.+����7,.)�( TiAlN &)�$'1�,+.4 1#,2!,##'* 1 �*&!�#/9
*�+!�%/ Si3N4 ()�) �!*�+/!� 1 0,+&#). 

��)�4 .+!/)+/!� &0,.6,7�1�,+ )!�(#, 1'.&)/9 +1,!2&.+: (40-50 ���), )&+&!�4 .&8!�#4-
,+.4 � 6!� 1'.&)�8 +,*6,!�+/!�8 (2& 1000°�) 2�3, 6!� #,0&�:5&* .&2,!3�#�� ��9*�#�4
(50%). ��)�, 8�!�)+,!�.+�)� )!�(#, 1�3#' 6!� 1'.&)&6!&�$1&2�+,�:#&( &0!�0&+), 0,$ �	�. 
���:#,(5,, /�/75,#�, .1&(.+1 +�)&"& 6&)!'+�4 1&$*&3#&, ,.�� #�#&)&*6&$�+#&, 6&)!'+�,
#�#&.�+.4 ,A, � 6& #�#&.�&(#&*/ *,+&2/. �,!�&2�7#&.+: .�&,1 1 @+&* .�/7�, .&.+�1�4,+
&)&�& 35 �#".+!,*. 

���-������� 
���������	��
 ���������������  


��/����� +�
 ��	���� � �
�

�&+&1 �.�., ��!�.&1� �.�.  
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� .+�+:, !�..*�+!�1�9+.4 1&6!&.' 6!&,)+�!&1�#�4 +,8#&�&"�7,.)�8 6!&%,..&1 &0!�0&+)� 2,+��,( 2�4
.+�#)&1 . ���. 

The article examines the design process machining for CNC machine tools. 

	0B,* *,8�#�7,.)&( &0!�0&+)� 2,+��,(, �$"&+&1�4,*'8 1 *,�)&.,!�(#&* � .!,2#,.,-
!�(#&* 6!&�$1&2.+1�8, .&.+�1�4,+ 6!�*,!#& 75...80 % &0A,"& &0B,*� *,8�#�7,.)&( &0!�0&+-
)� 1 *�5�#&.+!&,#��. ���:#,(5,, !�$1�+�, �1+&*�+�$�%�� 6!&�$1&2.+1 @+�8 +�6&1 0�$�!/,+-
.4 "��1#'* &0!�$&* #� 5�!&)&* 6!�*,#,#�� .+�#)&1 . ���. ��3#&( &.&0,##&.+:9 �1+&*�+�-
$�%�� 6!&%,..� &0!�0&+)� 2,+��,( *�5�# #� *,+���&!,3/A�8 .+�#)�8 . 6!&"!�**#'* /6!�1-
�,#�,* 41�4,+.4 .&8!�#,#�, 5�!&)&( /#�1,!.��:#&.+� .+�#)&1, 7+& 2,��,+ 1&$*&3#&( &0!�-
0&+)/ #� #�8 �90'8 2,+��,(, )&+&!', *&"/+ 0'+: 6&�/7,#' #� /#�1,!.��:#'8 .+�#)�8 .&&+-
1,+.+1/9A�8 +�6&1. 

��2' � 8�!�)+,! !�0&+ 6& 6!&,)+�!&1�#�9 +,8#&�&"�7,.)�8 6!&%,..&1 &0!�0&+)� 2,-
+��,( #� .+�#)�8 . ��� ./A,.+1,##& &+��7�9+.4 &+ !�0&+, 6!&1&2�*'8 6!� �.6&�:$&1�#��
&0'7#&"& /#�1,!.��:#&"& � .6,%���:#&"& &0&!/2&1�#�4. �!,32, 1.,"& $#�7�+,�:#& 1&$!�.+�-
,+ .�&3#&.+: +,8#&�&"�7,.)�8 $�2�7 � +!/2&,*)&.+: 6!&,)+�!&1�#�4 +,8#&�&"�7,.)&"& 6!&-
%,..�. ��4 &0!�0&+)� #� .+�#)�8 . ��� #,&08&2�* 2,+��:#& !�$!�0&+�##'( 6&#,!,8&2#'(
+,8#&�&"�7,.)�( 6!&%,... 
&�,, +&"&, 6!� �.6&�:$&1�#�� ��� 6&41�4,+.4 6!�#%�6���:#& #&-
1'( @�,*,#+ +,8#&�&"�7,.)&"& 6!&%,..� – /6!�1�49A�4 6!&"!�**�, 2�4 !�$!�0&+)� � &+��2)�
)&+&!&( +!,0/9+.4 2&6&�#�+,�:#', $�+!�+' .!,2.+1 � 1!,*,#�. 

�/A,.+1,##&( &.&0,##&.+:9 +,8#&�&"�7,.)&"& 6!&,)+�!&1�#�4 2�4 .+�#)&1 . ��� 41-
�4,+.4 +�)3, #,&08&2�*&.+: +&7#&( /14$)� +!�,)+&!�� �1+&*�+�7,.)&"& 21�3,#�4 !,3/A,"&
�#.+!/*,#+� . .�.+,*&( )&&!2�#�+ .+�#)�, �.8&2#&( +&7)&( � 6&�&3,#�,* $�"&+&1)�. -+& #�-
��"�,+ 2&6&�#�+,�:#', +!,0&1�#�4 ) 6!�.6&.&0�,#�4* 2�4 $�3�*� � &!�,#+�%�� $�"&+&1)�, )
!,3/A,*/ �#.+!/*,#+/. 

��.5�!,##', +,8#&�&"�7,.)�, 1&$*&3#&.+� .+�#)&1 . ��� &0/.�&1��1�9+ #,)&+&!/9
.6,%���)/ !,5,#�4 +�)�8 +!�2�%�&##'8 $�2�7 +,8#&�&"�7,.)&( 6&2"&+&1)�, )�) 6!&,)+�!&-
1�#�, &6,!�%�&##&"& +,8#&�&"�7,.)&"& 6!&%,..�, 0�$�!&1�#�, 2,+���, 1'0&! �#.+!/*,#+� � +. 
2. 
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�!&,)+�!&1�#�, +,8#&�&"�7,.)�8 6!&%,..&1 2�4 .+�#)&1 . ��� 2,��+.4 #� 64+: @+�6&1: 
&0,.6,7,#�, +,8#&�&"�7#&.+� )&#.+!/)%�� 2,+��,(; /6!�1�,#�, 6!&%,..&* 6&2"&+&1)� ��; 
!�$!�0&+)� +,8#&�&"�7,.)&"& 6!&%,..� � 1'0&! .!,2.+1 +,8#&�&"�7,.)&"& &.#�A,#�4 2,+��,(; 
6!&"!�**�!&1�#�, +,8#&�&"�7,.)�8 &6,!�%�(; 1#,2!,#�, ��. 

�� )�32&* �$ @+�6&1 6!&,)+�!&1�#�4 1'6&�#49+.4 &6!,2,�,##', 1�2' !�0&+. 
�� 6,!1&* @+�6, 6!&�$1&2�+.4 1'0&! #&*,#)��+/!' 2,+��,( #� &.#&1, )&#B9#)+/!#&"&

(&%,#�1�,+.4 1&$*&3#&.+: 6,!,1&2� &0!�0&+)� 2,+��� #� .+�#)� . ��� 6& ,, )&#.+!/)+�1#&-
+,8#&�&"�7,.)�* 6!�$#�)�* � 6!&�$1&2.+1,##'* /.�&1�4*) � +,8#�)&-@)&#&*�7,.)&"& (!�.-
.7�+'1�,+.4 .#�3,#�, +!/2&,*)&.+� &0!�0&+)� � &)/6�,*&.+: $�+!�+) �#���$�. �&.+�1�4,+.4
6,!,7,#: 2,+��,(, &0!�0�+'1�,*'8 #� &0&!/2&1�#�� . ���. �!&�$1&2�+.4 /#���)�%�4 �8
)&#.+!/)+�1#'8 @�,*,#+&1. �+&7#49+.4 !�$*,!' #� 7,!+,3�8. 

�+&!&( @+�6 1)�97�,+ !�$!�0&+)/ 6��#�-"!���)� 6&2"&+&1)� ��, &./A,.+1�,#�, )&#-
+!&�4 ,"& 1'6&�#,#�4. 

�� +!,+:,* @+�6, &0!�0�+'1�,*', #� .+�#)�8 . ��� 6&1,!8#&.+� "!/66�!/9+.4 6& 1�-
2�* &0!�0&+)�. �&20�!�,+.4 &0&!/2&1�#�, . ��� 2�4 �8 &0!�0&+)�, �&!*�!/,+.4 *�!5!/+#�4
)�!+�. ��$!�0�+'1�9+.4 &6,!�%�&##', )�!+', )�!+' @.)�$&1 � )�!+' #���2)� �#.+!/*,#+&1. 
�!&�$1&2�+.4 �&!*�!&1�#�, )�!+' $�)�$� #� !�$!�0&+)/ ��, !�$!�0�+'1�9+.4 $�)�$' #� 6!�-
.6&.&0�,#�4 � �#.+!/*,#+. 	6!,2,�4,+.4 +!�,)+&!�4 21�3,#�4 �#.+!/*,#+�, #�$#�7�9+.4 !,-
3�*' &0!�0&+)�, �&!*�!/9+.4 �.8&2#', 2�##', 2�4 6!&"!�**�!&1�#�4 � &�&!*�,#�4 #,&0-
8&2�*&( 2&)/*,#+�%��. 

�&2,!3�#�, !�0&+ #� 7,+1,!+&* @+�6, $�1�.�+ &+ *,+&2� 6&2"&+&1)� ��. �!� !/7#&(
6&2"&+&1), 6!&�$1&2�+.4 .&.+�1�,#�, 6!&"!�**' 1 )&2, ��	-7 0�+, $�6�.: �� #� 6!&"!�*-
*&#&.�+,�:, ,, )&#+!&�: � !,2�)+�!&1�#�,. �!� �1+&*�+�$�!&1�##&* 6!&"!�**�!&1�#�� &6�-
.'1�9+.4 �.8&2#', 2�##', & 2,+��� #� 18&2#&* 4$'), .�.+,*' �1+&*�+�$�!&1�##&"& 6!&-
"!�**�!&1�#�4 (���). �!&�$1&2�+.4 !�.7,+ +!�,)+&!�� 21�3,#�4 �#.+!/*,#+� � ,, 6!,&0!�-
$&1�#�, . /7,+&* )&#)!,+#&"& +,8#&�&"�7,.)&"& &0&!/2&1�#�4, 1'1&2 2��"#&.+�7,.)�8 .&&0-
A,#�( � 6!&*,3/+&7#&( �#�&!*�%��, 1'1&2 /6!�1�49A,( 6!&"!�**' � .&6!&1&2�+,�:#&(
+,8#&�&"�7,.)&( 2&)/*,#+�%��, �#���$ 2��"#&.+�7,.)�8 .&&0A,#�(, &0#�!/3,#�,, �&)���$�-
%�4 � �.6!�1�,#�, &5�0&). 

�4+'( @+�6 1)�97�,+ &+��2)/ � )&!!,)+�!&1)/ �� #� /.+!&(.+1�8 )&#+!&�4, &+��2)/
�� #� &0&!/2&1�#�� . ���, )&!!,)+�!&1)/ +,8#&�&"�7,.)&( 2&)/*,#+�%��, &�&!*�,#�, �)+�
1#,2!,#�4. 

���-������� �-�	-���� ���
����� +��	���


&0!�)&1 �.�., ��$�!&1 �.�., �&#.+�#+�#&1 �.�., �,*,#&1 �.�.  
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�
� .+�+:, !�..*�+!�1�9+.4 &.&0,##&.+� &0!�0&+)� )&!6/.#'8 2,+��,( #� *#&"&%,�,1'8 .+�#)�8. 
The article discusses the features of processing of body parts to multi-task machines. 

�� *#&"&%,�,1'8 (.1,!���:#&-�!,$,!#&-!�.+&7#'8) .+�#)�8 . ��� #��0&�,, 7�.+& &0!�-
0�+'1�9+ )&!6/.#',, 6�&.)�, � 2,+��� .�&3#&( )&#��"/!�%��. ��)�, 2,+��� *&3#& !�..*�+!�-
1�+: )�) .&7,+�#�, @�,*,#+�!#'8 6&1,!8#&.+,(, 7+& &0�,"7�,+ �&!*���$�%�9 !�$!�0&+)� �� �
6!&"!�**�!&1�#�, �8 &0!�0&+)�.  

�$ @�,*,#+�!#'8 6&1,!8#&.+,( #� )&!6/.#'8 2,+��48 7�A, 1.,"& 1'2,�49+ &+1,!.+�4, 
6�&.)&.+�, 6�$', )�!*�#', &)#� � +.6.  

	0!�0�+'1�,*', 6�&.)&.+�, 6�$', &)#� � 2!/"�, @�,*,#+' )&!6/.#'8 2,+��,( !�.6&��"�-
9+.4 6,!6,#2�)/�4!#&, 6�!���,�:#& ��� 6&2 /"�&* ) &.� 56�#2,�4. �#&"&%,�,1', .+�#)� (��) 
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$�*,#49+ �!,$,!#',, .1,!���:#',, !�.+&7#', � 1 &+2,�:#'8 .�/7�48 – +&)�!#', .+�#)� +�) )�)
&#� 6&$1&�49+ .&1*,.+�+: &6,!�%�� �!,$,!&1�#�4 6!4*&��#,(#'8 � )!�1&��#,(#'8 6&1,!8#&-
.+,(, %,#+!&1�#�4, .1,!�,#�4, !�..1,!��1�#�4, $,#),!&1�#�4, !�$1,!+'1�#�4, %,)&1�#�4, !�.+�-
7�1�#�4,  !�.)�+'1�#�4  �  #�)�+'1�#�4  &+1,!.+�(, #�!,$�#�4  !,$:0' (*,+7�)�*�, 6��5)�*�, 
!,$%&1'*� "&�&1)�*�, !,$%�*�), )!/"&1&, �!,$,!&1�#�, #�!/3#'8 � 1#/+!,##�8 %���#2!�7,-
.)�8, )&#�7,.)�8 � ��.&##'8 6&1,!8#&.+,( � )!/"&1'8 6�$&1 )&#%,1'*� � 2�.)&1'*� �!,$�*�.  

�!/"&1&, �!,$,!&1�#�, - #&1�4 &6,!�%�4 &0!�0&+)� &+1,!.+�(, )&+&!�4 6!�*,#4,+.4 #�
�!,$,!#'8 � �� . )&#+/!#'* � )&*0�#�!&1�##'* /.+!&(.+1&* ���. � @+&* .�/7�, &+1,!-
.+�4 1*,.+& !�.+�7�1�#�4 *&3#& &0!�0&+�+: �!,$,!&1�#�,*, 2�4 7,"& �!,$, .&&0A�9+ )!/"&-
1/9 6&2�7/. �!/"&1&, �!,$,!&1�#�, !,)&*,#2/,+.4 �.6&�:$&1�+: 2�4 6!,21�!�+,�:#&( &0!�-
0&+)� &+1,!.+�( 2��#&( 2& 60-80 ** 1 ��+'8 $�"&+&1)�8 (2�4 .#4+�4 7,!#&1&"& 6!�6/.)�).  

�!,2� +,8#&�&"�7,.)�8 6,!,8&2&1, 1'6&�#4,*'8 #� ��, &+*,7�9+ .1,!�,#�, � #�!,$�#�,
!,$:0' 1 )!,6,3#'8 &+1,!.+�48 6&2 0&�+', 1�#+' � 56��:)�; .1,!�,#�,, $,#),!&1�#�,, !�$1,!-
+'1�#�,, !�.+�7�1�#�, +&7#'8 6&.�2&7#'8 &+1,!.+�( – "��2)�8 � .+/6,#7�+'8; &0!�0&+)/ &+1,!-
.+�( 1 ��+'8 2,+��48.  

�&&.#', &+1,!.+�4 1 6!&+�1&�,3�A�8 .+,#)�8 )&!6/.#'8 2,+��,( &0!�0�+'1�9+ #� ��
)&#.&�:#& $�)!,6�,##'*� �#.+!/*,#+�*�, 6&.�,2&1�+,�:#&, . 6&1&!&+&* $�"&+&1)� 1*,.+, .&
.+&�&* .+�#)� #� 1800. 

�&.+�"�,*�4 +&7#&.+: $�1�.�+ &+ +&7#&.+� 6&1&!&+� 2,��+,�:#&"& .+&��; 6&"!,5#&.+:
2,�,#�4 #, 2&�3#� 6!,1'5�+: 6&�&1�#' 6&�4 2&6/.)� #� &+)�&#,#�4 1$��*#&"& !�.6&�&3,#�4
&+1,!.+�( 6& 7,!+,3/ 2,+���.  

�!� &0!�0&+), &+1,!.+�( &.,1'* �#.+!/*,#+&*, ,.�� +!,0&1�#�4 ) +&7#&.+� #,1'.&)�, 
&6,!�%�9 1'6&�#49+ 1 .�,2/9A,( 6&.�,2&1�+,�:#&.+�: .#�7��� &0!�0�+'1�9+ 1., &+1,!.+�4
&2#�* �#.+!/*,#+&*, $�+,* .�,2/9A�* � +.2. �.�� +!,0&1�#�4 ) +&7#&.+� !�$*,!� 6& 2��*,+!/
� �&!*, 1'.&)�,, �8 .+!,*4+.4 &0!�0�+'1�+: 6&�#&.+:9 6& &+2,�:#&.+�, .& .*,#&( �#.+!/*,#+�
/ )�32&"& &+1,!.+�4 � . 6,!,*,A,#�,* 56�#2,�4 6& &.� Z. � 6!&+�1#&* .�/7�, 6&"!,5#&.+: &0-
!�0&+)� 0/2,+ /1,��7�1�+:.4 $� .7,+ 6&"!,5#&.+� 6&$�%�&#�!&1�#�4 6&21�3#'8 /$�&1 .+�#)�.  

�!� &0!�0&+), .�.+,*' )&&!2�#�!&1�##'8 &+1,!.+�( 5�!&)& 6!�*,#49+ $�.1,!��1�#�,
&+1,!.+�( )&!&+)�*� 3,.+)�*� .1,!��*� – .1&,&0!�$#/9 !�$*,+)/ !�.6&�&3,#�4 &.,( 0/2/A�8
&+1,!.+�(. �!� !�0&+, 6& ��+,(#&( )&!), @+& 6&$1&�4,+ !,5�+: � 2!/"�, $�2�7�: &0�,"7�+: 1!,$�-
#�, � 6&1'.�+: .+&()&.+: .1,!� #, 0&�:5&"& 2��*,+!� � 1*,.+, . +,* .#4+: ��.)/ #� 18&2, 1
&+1,!.+�,, ,.�� &#� 6!,2/.*&+!,#� 7,!+,3&*. ��.1,!��1�#�, %,�,.&&0!�$#& 6!�*,#4+: 2�4 &0-
!�0&+)� &+1,!.+�( 2��*,+!&* 2& 15 ** 1 2,+��48 �$ 7,!#'8 *,+���&1.  

�� �� 6!� $,#),!&1�#�� ��� !�$1,!+'1�#�� &+1,!.+�( #�6!�1�49A�, /.+!&(.+1� +�6�
)&#2/)+&!&1, )�) 6!�1��&, #, 6!�*,#49+.4. 	2#�)&, 1 &+2,�:#'8 .�/7�48 2�4 &0,.6,7,#�4 6&-
1'5,##'8 +!,0&1�#�( ) 6�!�*,+!�* +&7#&.+� &+1,!.+�(, &.&0,##& 6& !�.6&�&3,#�9 &.�, %,�,-
.&&0!�$#& �.6&�:$&1�+: 6,!,#���3�1�,*', /.+!&(.+1� 2�4 #�6!�1�,#�4 )&#%,1'8 *,!#'8 �#-
.+!/*,#+&1.  

�.�� !�..*�+!�1�+: 6&�#/9 &0!�0&+)/ 2,+��� #� ��, +& 2�4 2&.+�3,#�4 1'.&)&( @�-
�,)+�1#&.+� 1.9 &0!�0&+)/ $�"&+&1)� .+!,*4+.4 1'6&�#�+: #� &2#&* .+�#), $� &2�#-21� /.+�-
#&1�. 	2#�)& 1 &+2,�:#'8 .�/7�48 �$-$� &6�.#&.+� �.)�3,#�4 �&!*' 2,+��,( 1.�,2.+1�, 6,!,-
!�.6!,2,�,#�4 &.+�+&7#'8 #�6!43,#�(, �*,9A�8.4 1 �.8&2#&( $�"&+&1),, �� !�$2,�49+ #�
&6,!�%�� 7,!#&1&( (&02�!&7#&() � 6&.�,2/9A,( &0!�0&+)�. �,!#&1/9 &0!�0&+)/ 1'6&�#49+ #�
*&A#'8, 3,.+)�8 .+�#)�8 (. ��� ��� /#�1,!.��:#'8); $�+,* 2,+��� #�6!�1�49+ #� +,!*&&0!�-
0&+)/ 2�4 .#4+�4 1#/+!,##�8 #�6!43,#�(. ���:#,(5/9 *,8�#�7,.)/9 &0!�0&+)/ 1'6&�#49+ #�
*#&"&%,�,1&* .+�#),.  
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� .+�+:, �#���$�!/9+.4 ��)+&!' 1��49A�, #� +&7#&.+: 5���&1��:#&( &0!�0&+)� )&�,% 6&25�6#�)&1. 
The article analyzes the factors affecting the accuracy of the grinding work of bearing rings. 

�'.&)�4 +&7#&.+: !�$*,!&1 � �&!*' )&�,% 6&25�6#�)&1 2&.+�"�,+.4 5���&1�#�,*. 
	2#&1!,*,##& . /1,��7,#�,* 6!&�$1&2�+,�:#&.+� 2&�3#& 0'+: 2&.+�"#/+& 6&1'5,#�, +&7-
#&.+� � )�7,.+1� 2,+���. 

�&7#&.+: 1'6&�#,#�4 !�$*,!&1 � �&!*' 6!� 5���&1�#�� $�1�.�+ &+: �) .6&.&0� 6&�/-
7,#�4 $�2�##'8 !�$*,!&1; 0) �$#&.� )!/"�; 1) /.+�#&1)� 2,+��� 6!� &0!�0&+),; ") 6&.+&4#.+1�
6&�&3,#�4 &.� 1!�A,#�4 .+�#&7#&"& 56�#2,�4; 2) 6��1#&.+� *��'8 6,!,*,A,#�(; ,) .��&1'8
2,�&!*�%�( � 3,.+)&.+� .�.+,*'; 3) +,6�&1'8 2,�&!*�%��; $) 6&"!,5#&.+,( 6!,21�!�+,�:-
#&( &0!�0&+)�; �) +&7#&.+� .+�#)�. �.,*� @+�*� ��)+&!�*�, )!&*, ",&*,+!�7,.)&( +&7#&.+�
.+�#)�, *&3#& 7�.+�7#& /6!�1�4+: $� .7,+ �$*,#,#�4 !,3�*&1 &0!�0&+)�. 

�,��7�#�  5,!&8&1�+&.+� 6!� 5���&1�#�� $�1�.�+ &+ .�,2/9A�8 ��)+&!&1: 
- 1,��7�#' 6&2�7, . /1,��7,#�,* )&+&!'8 1'.&+� 5,!&8&1�+&.+,( 1&$!�.+�,+
- &)!/3#&( .)&!&.+� )!/"�; . /1,��7,#�,* ,, 1&$!�.+�,+ )&��7,.+1& �0!�$�1#'8 $,!,#, 

/7�.+1/9A�8 1 6!&%,.., 5���&1�#�4 1 ,2�#�%/ 1!,*,#�, � @+& 6!�1&2�+ ) /*,#:5,#�9 "�/-
0�#' 1!,$�#�4 &+2,�:#'8 $,!,#, 7+& &0,.6,7�1�,+ /�/75,#�, 5,!&8&1�+&.+� 6&1,!8#&.+�; 

- 1!,*,#� 1'8�3�1�#�4; 6!� 1'8�3�1�#�� /6!/"�4 .�.+,*� 1&$1!�A�,+.4 1 �.8&2#&,
6&�&3,#�,, 6!� @+&* #�+4" 1 .�.+,*, /*,#:5�,+.4, � 1*,.+, . #�* � "�/0�#� 1#,2!,#�4 �0!�-
$�1#'8 $,!,# 1 &0!�0�+'1�,*/9 6&1,!8#&.+:. �*,#:5,#�, "�/0�#' 1#,2!,#�4 &0,.6,7�1�,+
/�/75,#�, 5,!&8&1�+&.+� #� 2–3 !�$!42�. �!,*4 1'8�3�1�#�4 1&$!�.+�,+ . /1,��7,#�,* 6&-
1,!8#&.+� &0!�0&+)�, . /1,��7,#�,* .&&+#&5,#�4 #�+4"&1 .�.+,*' 1 #�7��, � )&#%, 1'8�3�-
1�#�4, . /*,#:5,#�,* 3,.+)&.+� .�.+,*' � !,3/A,( .6&.&0#&.+� )!/"�. �#�3,#�, #�+4"� �
/�/75,#�, 5,!&8&1�+&.+� 6!&�.8&2�+ �#+,#.�1#& 1 #�7��, 1'8�3�1�#�4, $�+,* $�*,2�4,+.4, 
6&@+&*/ 1!,*4 1'8�3�1�#�4 &0'7#& &"!�#�7�1�9+; 

- $,!#�.+&.+� )!/"�; . /*,#:5,#�,* !�$*,!&1 �0!�$�1#'8 $,!,# 5,!&8&1�+&.+: 6&-
1,!8#&.+� /�/75�,+.4; 

- !,3�*� 6!�1)� )!/"�; . /*,#:5,#�,* 6!&2&�:#&( 6&2�7� ��*�$� #� &2�# &0&!&+ )!/"�
.#�3�,+.4 1'.&+� 5,!&8&1�+&.+�. �!�*,#44 &7,#: *��/9 6&2�7/ ��*�$#&"& �#.+!/*,#+� 6!�
6!�1), )!/"� (0,01–0,02 **/&0), *&3#& 6&�/7�+: 5,!&8&1�+&.+: 9-11 )��..&1 )!/"�*� $,!#�-
.+&.+:9 40–25. 	2#�)& . /*,#:5,#�,* 6&2�7� #� &0&!&+ )!/"� 6!� 6!�1), .#�3�,+.4 ,"& !,-
3/A�4 .6&.&0#&.+:; 

- +1,!2&.+� )!/"�; 1'.&+� #,!&1#&.+,( 1 �$1,.+#&* 2��6�$&#, +1,!2&.+,( .#�3�,+.4 .
/1,��7,#�,* +1,!2&.+� )!/"�. �#�7�+,�:#�4 � #,!�1#&*,!#�4 +1,!2&.+: )!/"� *&3,+ 0'+: �.-
+&7#�)&* 1�0!�%�( � /1,��7,#�4 5,!&8&1�+&.+� &0!�0&+�##&( 6&1,!8#&.+�; 

- *�+,!��� .14$)� )!/"�; 6!� !�0&+, )!/"�*� #� 1/�)�#�+&1&( � 0�),��+&1&( .14$)�8 .
6&1'5,##'*� /6!/"�*� .1&(.+1�*� 1'.&+� 5,!&8&1�+&.+� .#�3�,+.4, &.&0,##& 6!� .6,%�-
��:#'8 )!/"�8 #� 0�),��+&1&( .14$), . "!���+&1'* #�6&�#�+,�,*. -+& 1 �$1,.+#&( .+,6,#�
$�1�.�+ &+ .*�$'1�9A,"& 2,(.+1�4 "!���+�; 

- 1!,*,#� !�0&+' )!/"� 6&.�, 6!�1)�; . /1,��7,#�,* @+&"& 1!,*,#� 1'.&+� 5,!&8&1�-
+&.+� /1,��7�1�,+.4, 7+& &0B4.#4,+.4 /8/25,#�,* *�)!&!,�:,�� &0!�$/9A,( )!/"� �$-$� #,-
&2#&!&2#&.+� ,"& �$#&.�, � +�)3, 1&$!�.+�#�,* �*6��+/2' �1+&)&�,0�#�( 6!� 6!�+/6�,#��
)!/"�; 



77

- .1&(.+1 &0!�0�+'1�,*&"& *,+����; . /*,#:5,#�,* *�)!&+1,!2&.+� 1'.&+� "!,0,5)&1
#� 6&1,!8#&.+� 7,!#'8 *,+���&1 1&$!�.+�,+; +�)3, 1 +,8 .�/7�48, )&"2� �0!�$�1#'( *�+,!���
#, 41�4,+.4 &6+�*��:#'* 2�4 &0!�0�+'1�,*&"& *,+����; 

- .*�$&7#&-&8��32�9A,( 3�2)&.+�; 6!�*,#,#�, *�.�� � *�.�4#'8 @*/�:.�( 1$�*,#
1&2#&-8�*�7,.)#8 !�.+1&!&1 /*,#:5�,+ 1'.&+/ 5,!&8&1�+&.+�. ��"!4$#,#�, .*�$&7#&-
&8��32�9A,( 3�2)&.+� 6!�1&2�+ ) /8/25,#�9 7�.+&+' 6&1,!8#&.+�; 

- .&.+&4#�, .+�#)�; 6!� 6&1'5,##'8 $�$&!�8 1& 1)��2'5�8 &6&! #� 2,+��48 6&41�49+-
.4 7�.+& !�.6&�&3,##', .�,2' 1�0!�%�(, � �#&"2� � %�!�6�#'. �!� 0�,#�� 56�#2,�4 #� 6&-
1,!8#&.+� 2,+��� 6&41�49+.4 2��##', � !,2)& !�.6&�&3,##', .�,2' 1�0!�%��. �!� 1�0!�%�-
48 .+�#)� 1.�,2.+1�, #,6&�#&"& )!,6�,#�4 � #,2&.+�+&7#&( 0���#.�!&1)�  @�,)+!&21�"�+,��
��� 56�#2,�4 #� 6&1,!8#&.+� 6&41�49+.4 6!�1��:#& !�.6&�&3,##', .�,2'. 

��4 /*,#:5,#�4 5,!&8&1�+&.+� 0&�:5&, $#�7,#�, �*,,+ &.#�A,#�, 5���&1��:#'8
.+�#)&1 /.+!&(.+1�*� 2�4 &7�.+)� &8��32�9A,( 3�2)&.+�. �!�*,#,#�, &6+�*��:#'8 !,3�-
*&1 !,$�#�4. �&!!,)+#'( 1'0&! 6!�1)� 5���&1��:#&"& )!/"�. 
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� .+�+:, !�..*&+!,#' 6!&0�,*' +,8#&�&"�� 5���&1��:#&( &0!�0&+)� )&�,% 6&25�6#�)&1.
The problems of grinding processing technology bearing rings. 

� +,8#&�&"�7,.)&* 6!&%,.., �$"&+&1�,#�4 2,+��,( 6&25�6#�)&1 6!�0��$�+,�:#& 60 % 
./**�!#&( +!/2&=*)&.+� 6!�8&2�+.4 #� 5���&1�#�,. �'.&)�4 +&7#&.+: !�$*,!&1 � �&!*'
$�)��,##'8 2,+��,( 2&.+�"�,+.4 5���&1�#�,*. �&@+&*/ &.&0&, $#�7,#�, 1 6!&�$1&2.+1, 6&2-
5�6#�)&1 )�7,#�4 �*,,+ /.&1,!5,#.+1&1�#�, 6!&%,..&1 5���&1�#�4. 	2#&1!,*,##& . /1,-
��7,#�,* 6!&�$1&2�+,�:#&.+� 2&�3#& 0'+: 2&.+�"#/+& 6&1'5,#�, +&7#&.+� � )�7,.+1� 2,+�-
��. 

��) 6&)�$��� +,&!,+�7,.)�, � @).6,!�*,#+��:#', �..�,2&1�#�4, @��,)+�1#&, /2��,-
#�, 6!�6/.)� 6!� 5���&1�#�� 6&1,!8#&.+,( 2,+��,( $�1�.�+ &+ !42� ��)+&!&1, 1�3#,(5�*�
�$ )&+&!'8 41�49+.4 &)!/3#�4 .)&!&.+: 5���&1��:#&"& )!/"�, .)&!&.+: 6&6,!,7#&( 6&2�7�, 
.)&!&.+: 1!�A,#�4 5���/,*&( 6&1,!8#&.+� 2,+���, 3=.+)&.+: 5���&1��:#&"& .+�#)�, )�7,-
.+1& �0!�$�1#&"& �#.+!/*,#+�, @��,)+�1#&.+: .*�$&7#&-&8��32�9A,( 3�2)&.+�. 

�&�:%� 5���/9+ 6,!��,!�(#&( � +&!%&1&( 6&1,!8#&.+:9 )!/"� 6!� .)&!&.+48 !,$�#�4
15-50 */.,), 6!� 1'.&)�8 /2,�:#'8 2�1�,#�48. �!&%,.. 5���&1�#�4 .&6!&1&32�,+.4 �#+,#-
.�1#'* +,6�&1'2,�,#�,*, +,*6,!�+/!� #� /7�.+), !,$�#�4 6&1'5�,+.4 2& 800 – 1200 °�, � 1
&+2,�:#'8 .�/7�48 .1'5, 1500 °�. 

� 6&25�6#�)&1&( 6!&*'5�,##&.+� 6!�*,#49+ +,8#&�&"�7,.)�, 6!&%,..' 1 &2�# �
21� %�)��, . 6�+!&##'* � 0,.%,#+!&1'* $�3�*&* &0!�0�+'1�,*&"& �$2,��4.  

�,8#&�&"�4 &0!�0&+)� )&�,% !&��)&1'8 6&25�6#�)&1 &+��7�,+.4 +,*, 7+& 6&1,!8#&.+�
)�7,#�4 #�!/3#'8 � 1#/+!,##�8 )&�,% 5���/9+ 1 21, &6,!�%��, � / 1#/+!,##�8 )&�,% 6&.�,
5���&1�#�4 6&1,!8#&.+� )�7,#�4 &0!�0�+'1�9+ +&!%' 0&!+�)&1  

�&!%' #�!/3#'8 � 1#/+!,##�8 )&�,% 5���/9+ #� 21/856�#2,�:#'8 6�&.)&5���&-
1��:#'8 .+�#)�8 3772-
, 41�49A�,.4 /.+�!,15�*�, !,)&*,#21�#' 0&�,, .&1!,*,##,, .+�#)�

��#5�!2 16�. 

�!� 5���&1�#�� 6&.�2&7#&"& &+1,!.+�4 6!,2B41�49+.4 1'.&)�, +!,0&1�#�4 ) +&7#&-
.+� ,"& !�$*,!� � �&!*'. �&�:%� . 2��*,+!&* &+1,!.+�4 &+ 8 2& 150 ** !,)&*,#2/,+.4 &0!�-
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0�+'1�+: #� 6&�/�1+&*�+�8 ��� �1+&*�+�8 . )���0!&1'* 6!&*,!&*. 	+1,!.+�4 )&�,% 0&�:5�8
!�$*,!&1 #,&08&2�*& 5���&1�+: #� 1#/+!�5���&1��:#'8 .+�#)�8 . 1�$/��:#'* 6!&*,!&*. 

�&1,!8#&.+� )�7,#�4 #�!/3#'8 )&�,% !&��)&6&25�6#�)&1 !,)&*,#2/,+.4 5���&1�+:
#� 0,.%,#+!&1&-5���&1��:#'8 �1+&*�+�8, � 1#/+!,##�8 )&�,% - #� .+�#)�8 6&�/�1+&*�+�8
���-3486 . *,*0!�##'*� $�3�*�*�, &.#�A=##'8 �1+&&6,!�+&!�*�. 

�!&"!,..�1#'* #�6!�1�,#�,* 1 &0!�0&+), &+1,!.+�( � 2&!&3,) )�7�#�4 )&�,% 41�4,+-
.4 0,.6�+!&##'( *,+&2 5���&1�#�4 #� 3=.+)�8 &6&!�8. � @+&* .�/7�, !�$#&.+,##&.+: )&�,%
0��$)� ) #/�9. -+&+ *,+&2 6&$1&�4,+ . 1'.&)&( 6!&�$1&2�+,�:#&.+:9 1,.+� 5���&1�#�, .+�-
0��:#& . $�2�##&( +&7#&.+:9. �!� @+&* )&#.+!/)+�1#& /2&0#& �1+&*�+�$�!&1�+: $�"!/$)/-
1'"!/$)/ �$2,��( � 6&2#���2)/ 6& *,!, �$#&.� )!/"�. 

�,&08&2�*& 5�!&)& 1#,2!4+: &2#&1!,*,##&, 5���&1�#�, 21/8 +&!%&1 )&�,% #� 21/8-
56�#2,�:#'8 �1+&*�+�8 . "&!�$&#+��:#'* !�.6&�&3,#�,* &.,( 56�#2,�4. 

����+�� ������� – 	�2����	���	 ����������.��	��;

�!&)/2�# �.�., �40�)�# �.�., �!,"/0&1 �.�. 
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��..*�+!�1�,+.4 +&)�!#�4 &0!�0&+)�, 6&$1&�49A�4 $�*,#�+: ��#�5#&, 5���&1�#�, 2,+���
Considered turning, grinding, finishing allowing to replace parts  

 ���&1�#�, – #��0&�,, !�.6!&.+!�#,##'( .6&.&0 ��#�5#&( &0!�0&+)� +1,!2'8 �
+&7#'8 6&1,!8#&.+,( 1!�A,#�4 2,+��� *�5�#. � /.�&1�48 .,!�(#&"& � *�..&1&"& +�6&1 6!&-
�$1&2.+1� @)&#&*�7,.)�4 +&7#&.+: 7�.+&1&"& )!/"�&"& 5���&1�#�4 ()�) #�!/3#&"&, +�) �
1#/+!,##,"&) .&&+1,+.+1/,+ IT6 )1���+,+ 6!� 5,!&8&1�+&.+� &0!�0&+)� $�)��,##'8 .+��:#'8
6&1,!8#&.+,( Ra 3,2...0,2 *)* [1]. 	6,!�%�� ./6,!��#�5�!&1�#�, � 8&#�#"&1�#�4, #�6!�*,!, 
2&!&3,) )�7,#�4 #�!/3#'8 � 1#/+!,##�8 6&25�6#�)&1'8 )&�,% .#�3�9+ 5,!&8&1�+&.+: 6&-
1,!8#&.+,(, 6!,21�!�+,�:#& &0!�0&+�##'8 5���&1�#�,* 2& $,!)��:#&"& 0�,.)�, Ra 1,6…0,1 
*)* � &0,.6,7�1�,+ 6&7+� 6&�#&, &+./+.+1�, 2,�,)+&1 (h 5…3 *)*) 1 &0!�0&+�##&* +1,!2&*
(HRC 60…64) 6&1,!8#&.+#&* .�&, [1]. 

�#/+!,##,*/ 5���&1�#�9, )�) �$1,.+#&, 6!�./A� #,2&.+�+)� .14$�##', . &"!�#�7,-
#�4*� 6& .)&!&.+� !,$�#�4, .#�3,##&( 6!&�$1&2�+,�:#&.+:9 � +&7#&.+:9 6!&%,..� 11�2/ &"-
!�#�7,#�( !�$*,!&1 �#.+!/*,#+� 2��*,+!�*� &0!�0�+'1�,*'8 &+1,!.+�(. 

�,5,#�, "��1#&( $�2�7� 6&1'5,#�, @��,)+�1#&.+� 6!&*'5�,##&"& 6!&�$1&2.+1�, �
@+&, 0,..6&!#&, .#�3,#�, ,"& +!/2&,*)&.+� � .,0,.+&�*&.+�, +!,0/,+ #&1'8 6&28&2&1 ) +,8-
#&�&"�7,.)�* 6!&%,..�* �$"&+&1�,#�4 2,+��,(. 	2#�* �$ #��0&�,, 6,!.6,)+�1#'8 . /)�$�#-
#'8 6&$�%�( 41�4,+.4 6!&%,.. +�) #�$'1�,*&"& « +1,!2&"& +&7,#�4».  

	0��.+: �.6&�:$&1�#�4 +1,!2&"& +&7,#�4 $�)�97�,+.4 1 $�*,#, 5���&1�#�4 +&)�!#&(
&0!�0&+)&( $�)��,##'8 2& HRC 50…70 6&1,!8#&.+,( 1!�A,#�4 $�"&+&1&) 2,+��,(. 

�/+: 6!&%,..� &0!�0&+)� .&.+&�+ 1 .6,%���:#& 6&2&0!�##'8 !,3�*�8 !,$�#�4, *�+,-
!����8 �#.+!/*,#+� � ,"& ",&*,+!�7,.)�8 6�!�*,+!�8, � +�)3, 1 8�!�)+,!�.+�)�8 6!�*,#4,-
*&"& &0&!/2&1�#�4, &0,.6,7�1�9A�8 1 $&#, )&#+�)+� $�"&+&1)� . �,$1�,* �#.+!/*,#+� 1&
1!,*4 +&7,#�4 ��� !�.+�7�1�#�4 6&1'5,#�, +,*6,!�+/!' 2& 1500 º�, 7+& .&6&.+�1�*& . +,*-
6,!�+/!&( 6��1�,#�4 .+��� 1300–1500 º�/ 

	2#�)&, 11�2/ $#�7�+,�:#'8 .)&!&.+,( !,$�#�4 1'.&)&+,*6,!�+/!#�4 $&#� )&#+�)+�, 
6,!,*,A�4.: 6& 1�#+&1&( ��#�� . 1'.&)&( .)&!&.+:9, #, 6&$1&�4,+, 6!&"!,,+.4 $�"&+&1), 2&
1'.&)�8 +,*6,!�+/!, � +,6�& /#&.�+.4 !�.)��,##&( .+!/,( .+,)�9A,( .+!/3)�. �!�*,#,#�,
�	�� 6!� &0!�0&+), �.)�97�,+.4. 
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�.8&2#�4 +1,!2&.+: 2,+��� 6&.�, &0!�0&+)� /*,#:5�,+.4 #� 2…3 HRC, � 2&.+�"#/+�4
+&7#&.+: .&&+1,+.+1/,+ IT5 )1���+,+ 6!� $,!)��:#&( 7�.+&+, &0!�0&+�##&( 6&1,!8#&.+� - 5,-
!&8&1�+&.+: Ra 0,2 *)*. 

�& .1,2,#�4* [2,3], 7,!#&1&, +1,!2&, +&7,#�, !,���$/,+.4 6!� "�/0�#�8 !,$�#�4 0,5…3 
** #� .)&!&.+� !,$�#�4 2& 150 */*�# � 6&2�7, 0,1…0,3 **/&0. �!,%�$�&##&, +1,!2&, +&7,#�,
6!&�$1&24+ 6!� "�/0�#, !,$�#�4 0,02…0,05 ** #� .)&!&.+� 2& 300 */*�# � 1'5, 6!� 6&2�7,
0,05…0,15 **/&0 2�4 #,6!,!'1#'8 6&1,!8#&.+,( $�"&+&1&) 6!� HRC 58…65. �!� @+&* +&7-
#&.+: &0!�0&+)� .&&+1,+.+1/,+ IT 4…5 )1���+,+ 6!� 5,!&8&1�+&.+� Rz 1 *)*. 

�2�#.+1,##'( �$ �$1,.+#'8 �#.+!/*,#+��:#'( *�+,!���, �*,9A�( +!,0/,*', +1,!-
2&.+: � )!�.#&.+&()&.+: – @+& )/0�7,.)�( #�+!�2 0&!�. �'6/.)�,+.4 1 !�$��7#'8 *&2���)�-
%�48 1 .*,##'8 +&)�!#'8 6��.+�#�8, � 2�4 �/75,"& +,6�&&+1&2� 6��.+�#' /.+�#�1��1�9+.4 1
&7,#: *�..�1#'8 !,$%,2,!3�+,�48 �$ .6��1&1 . /1,��7,##&( +,6�&6!&1&2#&.+:9. 

�'.&)�4 +1,!2&.+: $�)��,##&( $�"&+&1)�, &+!�%�+,�:#'( 6,!,2#�( /"&� �,$1�4 6!,2-
6&��"�9+ 6&1'5,##', .��' !,$�#�4, )&+&!',, $�*')�4.: 1 +&)�!#&( +,8#&�&"�7,.)&( .�.+,-
*,, +!,0/9+ 2�4 &0,.6,7,#�4 1'.&)&( +&7#&.+� &0!�0&+)� 6!�*,#,#�4 &0&!/2&1�#�4 6&1'-
5,##&( 3,.+)&.+�. �2&1�,+1&!�+,�:#'*� 8�!�)+,!�.+�)�*� 6& 3,.+)&.+� &0��2�9+ +&)�!-
#', &2#&- � *#&"&56�#2,�:#', &0!�0�+'1�9A�, %,#+!' %,�&"& !42� ��!*. �!,2� #�8 &+-
2,�:#& &+*,+�* 6�+,#+&1�##/9 "�2!&.+�+�7,.)/9 6!&2&�:#/9 #�6!�1�49A/9 ./66&!+�
��!*' Monforts (�,!*�#�4), &0,.6,7�1�9A/9 *�)!&##/9 +&7#&.+: 6,!,*,A,#�( 6!� *�).�-
*��:#&( #�"!/$), � 3,.+)&.+: #, 8/3, 10000 �/*)* 1 )!�(#�8 6&�&3,#�48 ./66&!+�. � .!,2-
#,( $&#, 21�3,#�4 ./66&!+� 3,.+)&.+: #�6!�1�49A,( $#�7�+,�:#& 1'5,. 

�'2,��* 2&6&�#�+,�:#', 6!,�*/A,.+1� +,8#&�&"�7,.)&"& 6!&%,..� +1,!2&"& +&7,#�4
1 )�7,.+1, ��:+,!#�+�1' +&7#&*/ 5���&1�#�9: 
1. �#�1,!.��:#&.+: 6!&%,..�: #� &2#&* +&)�!#&* &0!�0�+'1�9A,* %,#+!, 1&$*&3#� &0!�-
0&+)� )�) #�!/3#'8, +�) � 1#/+!,##�8 6&1,!8#&.+,( $�"&+&1&) . &2�#�)&1& 1'.&)&( .)&!&-
.+:9 !,$�#�4. 
2. 	0!�0&+)� 1,2,+.4 0,$ �.6&�:$&1�#�4 .*�$'1�9A,-&8��32�9A�8 +,8#&�&"�7,.)�8
.!,2.+1. 
3. �#�7�+,�:#& 0&�:5�, /2,�:#', .B,*' *�+,!����, 0&�,, 1'.&)�4 6!&�$1&2�+,�:#&.+:
6!&%,..�. 
4. �,#:5�, /2,�:#', $�+!�+' #� &0!�0&+)/, 6& .!�1#,#�9 .& 5���&1�#�,* – #� 70 %, �
1!,*4 &0!�0&+)� /*,#:5�,+.4 1 2,6…4 !�$�. 
5. �#�3,#�, +!/2&,*)&.+� � !�.8&2&1 #� &6��+/ +!/2�, +�) )�) #� &6,!�%�48 +1,!2&"& +&-
7,#�4 1&$*&3#& *#&"&.+�#&7#&, &0.�/3�1�#�, &0&!/2&1�#�4.  

� $�)�97,#�� &+*,+�*, 7+& +1,!2&, +&7,#�, 41�4,+.4 !,��:#&( ��:+,!#�+�1&( 5���&-
1�#�9. 

�� !'#), /3, �*,,+.4 .6,%����$�!&1�##&, &0&!/2&1�#�, � �#.+!/*,#+ 2�4 +1,!2&"&
+&7,#�4 �, 7+& &.&0,##& 1�3#&, !&..�(.)�, )&*6�#��, !�$!�0�+'1�9A�, � 1#,2!49A�, 1 6!&-
�$1&2.+1& +,8#&�&"��  +&)�!#&( &0!�0&+)� $�)��,##'8 .+��,(, 1 +&* 7�.�, +,8#&�&"�� &0!�-
0&+)� )&�,% 6&25�6#�)&1 )�7,#�4. 

�!�1&2�* @+� .1,2,#�4 2�4 .6!�1)�: 
1. �&*6�#�4 "��!&1 - �+�#)&*�5", ". ��#)+-�,+,!0/!". 
2. �+�#&) . ��� *�!)� RNC-500 ��!*' Monforts Wekzengmaschinen GmbH&Co.KG, �,!-
*�#�4. 
3. �*,##', +&)�!#', 6��.+�#' .& 1.+�1)�*� )/0�7,.)&"& #�+!�2� 0&!�, +&!"&1'8 #�$1�-
#�( ��
, -�:0&!, 
&!�$&#, CBN, PCBN !�$��7#'8 !,3/A�8 ",&*,+!�( � %,#, 6!&�$1&2�+,�,(
�$ ���, 
6&#��, ��(1�#4, �. �&!,�, !&..�(.)&"& $�1&2� " �&*6&$�+" � 2!. 

�
���� �����	����
1. �6!�1&7#�) +,8#&�&"� – *�5�#&.+!&�+,�4. � 2-8 +. �.1/ �&2 !,2. �.�. �&.��&1&( � �.�. 
�,A,!4)&1�. – 4-, �$2., 6,!,!�0. � 2&6. – �.: ��5�#&.+!&,#�,, 1985. 656 .., ��. 
2. http://prep-surina. narod. ru/news/ tverdoe_tochenie/2014-02-08-1. 
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3. http://k-sm. ru/about/articles/obrabotka-tvyordyim-tocheniem. 
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� .+�+:, !�..*�+!�1�9+.4 1��4#�, +,*6,!�+/!' !,$�#�4 6!� 5���&1�#�� #� )�7,.+1& &0!�0&+�##&( 6&-

1,!8#&.+�. 
The article discusses the effect of temperature on the cutting when grinding surface quality. 

	2#�* �$ 6/+,( 6&1'5,#�4 @��,)+�1#&.+� 6!&�$1&2.+1� � )�7,.+1� �$2,��( 41�4,+-
.4 5�!&)&, 6!�*,#,#�, &0!�0&+)� 2,+��,( �0!�$�1#'*� �#.+!/*,#+�*�. �0!�$�1#�4 &0!�-
0&+)� 6&$1&�4,+ &0,.6,7�+: +!,0/,*', +&7#&.+: � )�7,.+1& 2,+��,( 6!� 1'.&)&( 6!&�$1&-
2�+,�:#&.+�, � $#�7�+ &0,.6,7�+: 1'.&)/9 #�2,3#&.+: � 2&�"&1,7#&.+: *�5�#&.+!&�+,�:-
#&( 6!&2/)%�� 1 6!&%,.., @).6�/�+�%��, 6&@+&*/ &0B,* � !&�: 2�##&"& 1�2� &6,!�%�( 1 *�-
5�#&.+!&,#�� #,6!,!'1#& 1&$!�.+�9+. 

�/A,.+1/9+ !�$��7#', ��)+&!', 1��49A�, #� �$*,#,#�, +,*6,!�+/!' 1 $&#, !,$�#�4: 
1) /1,��7,#�, .)&!&.+� 2,+��� /*,#:5�,+ "�/0�#/ !�.6!&.+!�#,#�4 +,*6,!�+/!' 6&

.,7,#�9,  #& &2#&1!,*,##& .&)!�A�,+.4 6!&2&�3�+,�:#&.+: 1&$2,(.+1�4 �.+&7#�)� +,6��.  
2) /1,��7,#�, "�/0�#' 5���&1�#�4 � /"�� )&#+�)+� 2,+��� . )!/"&* #,$#�7�+,�:#& �$-

*,#49+ 8�!�)+,! !�.6!,2,�,#�4 +,*6,!�+/!' 6& .,7,#�9, 2,��4 .&&+1,+.+1/9A/9 )!�1/9
0&�,, 6&�&"&(. 

3) /1,��7,#�, 6&6,!,7#&( 6&2�7� 1& 1.,8 .�/7�48 1,2,+ ) !&.+/ +,*6,!�+/!' 5���&1�-
#�4 � 6!&2&�3�+,�:#&.+� ,, 1&$2,(.+1�4. �,*6,!�+/!� 5���&1�#�4 1&$!�.+�,+ .��:#,, . /1,-
��7,#�,* "�/0�#' !,$�#�4, /1,��7,#�, .)&!&.+� 2,+��� � 6!&2&�:#&( 6&2�7� 1��4,+ 1 *,#:-
5,( *,!,. -+& &0B4.#4,+.4 +,*, 7+& . /1,��7,#�,* "�/0�#' !,$�#�4 1&$!�.+�,+ 1!,*4 1&$-
2,(.+1�4 �.+&7#�)� +,6��, � . /1,��7,#�,* .)&!&.+� 2,+��� � 6!&2&�:#&( 6&2�7� 1!,*4 1&$-
2,(.+1�4 .#�3�,+.4.  

4) 1��4#�, .)&!&.+� )!/"�. �,*6,!�+/!� 5���&1�#�4 1&$!�.+�,+ . /1,��7,#�,* .)&!&-
.+� )!/"�, 6!�7,* 6&)�$�+,�: .+,6,#� ~ 0,25 - 0,35. 

5) 1��4#�, 2��*,+!� )!/"�. �,*6,!�+/!� 5���&1�#�4 .#�3�,+.4 . /1,��7,#�,* 2��-
*,+!� )!/"�, 6&)�$�+,�: .+,6,#� ~ 0,25.  

6) 1��4#�, $,!#�.+&.+� )!/"�.  �,*6,!�+/!� 5���&1�#�4 .#�3�,+.4 . /*,#:5,#�,*
$,!#�.+&.+� �0!�$�1#'8 )!/"&1 . C 40 2& C 25, 7+& &0B4.#4,+.4 *,#:5�* !�2�/.&* .)!/"�,-
#�4 / 1,!5�# �0!�$�1#'8 $,!,#. �!� 2��:#,(5,* /*,#:5,#�� !�$*,!&1 $,!,# 2& $,!#�.+&.+�
C 16 � 12 #�0�92�,+.4 #,0&�:5&, /1,��7,#�, +,*6,!�+/!', 7+& &0B4.#4,+.4 0&�:5,( .)�&#-
#&.+:9 )!/"� ) 6!�+/6�,#�9 � $�.���1�#�9. 

7) 1��4#�, *�+,!���� .14$)�. �!�*,#,#�, )!/"&1 #� 0�),��+&1&( � .���)�+#&( .14$)�8
.#�3�,+ �#+,#.�1#&.+: +,6�&&0!�$&1�#�4 1 $&#, !,$�#�4 6& .!�1#,#�9 . )!/"�*� #� ),!�*�-
7,.)&( .14$),. 

8) 1��4#�, 6&!�.+&.+�. � 6&1'5,#�,* 6&!�.+&.+� )!/"� /*,#:5�,+.4 6&41�,#�, &3&-
"&1 #� 5���/,*&( 6&1,!8#&.+�.  

9) 1��4#�, 2��*,+!� &0!�0�+'1�,*&( 6&1,!8#&.+�. �,*6,!�+/!� 5���&1�#�4 .#�3�,+-
.4 . /1,��7,#�,* 2��*,+!� &0!�0�+'1�,*&( 6&1,!8#&.+�. 

10) 1��4#�, +,6�&6!&1&2#&.+� &0!�0�+'1�,*&"& *,+����. �,*6,!�+/!� 5���&1�#�4
6&1'5�,+.4 .& .#�3,#�,* +,6�&6!&1&2#&.+� &0!�0�+'1�,*&"& *,+����. ���0&�:5,( +,6�&-
6!&1&2#&.+:9 &0��2�,+ 7�.+&, 3,�,$&. �"�,!&2  6&#�3�,+ +,6�&6!&1&2#&.+:. �1,2,#�, 1



81

.+��: �,"�!/9A�8 @�,*,#+&1, +�)3, 6&#�3�,+ +,6�&6!&1&2#&.+:. �,#:5,, 1��4#�, &)�$'1�,+
��, .��:#,, 6&#�3�,+ +,6�&6!&1&2#&.+: C", Ni, $�+,* �l, Si, Mn. 

11) 1��4#�, +1,!2&.+� )!/"� #� +,*6,!�+/!/. �,*6,!�+/!� 5���&1�#�4 1&$!�.+�,+ 6!�
5���&1�#�� .��5)&* +1,!2'*� )!/"�*�, +�) )�) 1 @+&* .�/7�, $�+/6�15�,.4 $,!#� #,.1&,-
1!,*,##& /2��49+.4 . 6&1,!8#&.+� )!/"� � 6&1'5�9+ )&@���%�,#+ +!,#�4. 

12) 1��4#�, .��' !,$�#�4 6!� 5���&1�#�� #� +,*6,!�+/!/ 1 $&#, !,$�#�4. � /1,��7,-
#�, .��' /1,��7�1�,+.4 � +,*6,!�+/!�, .&&+1,+.+1,##& #� +,*6,!�+/!/ 1��49+ � )&@���%�,#-
+' /1,��7�1�9A�, .��/ !,$�#�4. 

��4 /.+!�#,#�4 1&$*&3#&.+� 1&$#�)#&1,#�4 &3&"&1 #,&08&2�*& /*,#:5�+: +,6�&1&(
@��,)+ 6!� 5���&1�#��. 	6'+ 6&)�$'1�,+, 7+& #� )&��7,.+1& 1'2,�4,*&"& 6!� 5���&1�#��
+,6��, � .�,2&1�+,�:#&, � #� 1&$*&3#&.+: 6&41�,#�4 &3&"&1 *&3#& 1��4+: .&&+1,+.+1/9A�*
6&20&!&* !,3�*&1 !,$�#�4, 8�!�)+,!�.+�) 5���&1��:#'8 )!/"&1 � .&&+1,+.+1/9A,( #���2-
)&( .+�#)�. �&.)&�:)/ #��0&�:5,, )&��7,.+1& +,6�� 1'2,�4,+.4 $� .7,+ +!,#�4 )!/"� & 5��-
�/,*/9 6&1,!8#&.+:, +& &.#&1#',, *,!&6!�4+�4, #�6!�1�,##', #� .#�3,#�, +,*6,!�+/!'
5���&1�#�4, $�)�97�9+.4 1 .#�3,#�� )&@���%�,#+� +!,#�4 *,32/ )!/"&* � 2,+��:9. 

�!,32, 1.,"&, #,&08&2�*& &0,.6,7�+: 2&.+�+&7#& &0��:#/9 6&2�7/ &8��32�9A,(
3�2)&.+� 1 $&#/ !,$�#�4 � /�/75,#�, ,, )�7,.+1�, +�) )�) &8��32�9A�4 3�2)&.+: /*,#:5�,+
)&@���%�,#+ +!,#�4 *,32/ )!/"&* � 2,+��:9. 

�!� /1,��7,#�� .)&!&.+� 1!�A,#�4 5���&1��:#&"& )!/"� )&��7,.+1& 1'2,�4,*&"& +,-
6�� 1&$!�.+�,+. � /1,��7,#�,* .)&!&.+� 1!�A,#�4 2,+��� +�)3, 1&$!�.+�,+ 1'2,�,#�, +,6��, 
#& &2#&1!,*,##& .&)!�A�,+.4 6!&2&�3�+,�:#&.+: 1&$2,(.+1�4 �.+&7#�)� +,6��. �&)!�A,#�,
1!,*,#� 1&$2,(.+1�4 �.+&7#�)� +,6�� #� &0!�0�+'1�,*/9 6&1,!8#&.+: .#�3�,+ +,*6,!�+/!/
5���&1�#�4. 

�1,��7,#�, 6&6,!,7#&( 6&2�7� 1& 1.,8 .�/7�48 1,2,+ ) !&.+/ +,*6,!�+/!' 5���&1�-
#�4 � 6!&2&�3�+,�:#&.+� ,, 1&$2,(.+1�4. �&@+&*/ 6!� 5���&1�#�� &.&0,##& 1�3#& 6!�*,-
#,#�, *��'8 7�.+&1'8 6&2�7 � 1'8�3�1�#�4 1 )&#%, %�)��, 7+& 6&$1&�4,+ 6&�/7�+: 6&1,!8-
#&.+: 0,$ &3&"&1. 

�#�3,#�, +,*6,!�+/!' 5���&1�#�4 *&3,+ 0'+: 2&.+�"#/+& 5���&1�#�,* 6&!�.+'*�
� 1'.&)&6&!�.+'*� )!/"�*�. � /1,��7,#�,* 6&!�.+&.+�, +. ,. . 6&1'5,#�,* #&*,!� .+!/)+/-
!', /*,#:5�,+.4 1&$*&3#&.+: 6&41�,#�4 &3&"&1, +�) )�) +!,#�, 6!� @+&* *,#:5,, �/75, !�$-
*,A�,+.4 .#�*�,*�4 .+!/3)�, $,!#� )!/"� �,")& &0#&1�49+.4.  

��4 /*,#:5,#�4 1&$*&3#&.+� 1&$#�)#&1,#�4 6!�3&"&1 � +!,A�# .�,2/,+: 
1) 6&21&2�+: &0��:#&, )&��7,.+1& .*�$&7#&-&8��32�9A,( 3�2)&.+�, /*,#:5�9A,(

)&@���%�,#+ +!,#�4 *,32/ 5���/,*&( 2,+��:9 � )!/"&*. 
2) /*,#:5�+: "�/0�#/ 5���&1�#�4 � !�0&+�+: 0,$ 6&2�7� #� "�/0�#/ 1 )&#%, 5���&1�-

#�4. 
3) 6!�*,#4+: 0&�,, *4")�, )!/"�. �.�� #,�:$4 !�0&+�+: *4")�*� )!/"�*�, #,&08&2�*&

/1,��7�+: .)&!&.+: 21�3,#�4 2,+���. � !,$/�:+�+, @+&"& /*,#:5�+.4 1!,*4 #�"!,1�#�4 )�3-
2&"& /7�.+)� � /1,��7�+.4 /.���, 5���&1�#�4, 7+& 0/2,+ .6&.&0.+1&1�+: .�*&$�+�7�1�#�9
)!/"�. 

4) 6!�*,#4+: )!/"� �$ @�,)+!&)&!/#2� 8!&*�.+&"&, %�!)&#�,1&"&, @�,)+!&)&!/#2� 0,-
�&"&, @�:0&!� 1*,.+& )!/"&1 �$ @�,)+!&)&!/#2� #&!*��:#&"&. 

5) 6!�*,#4+: .,"*,#+#', )!/"�, 1*,.+& )&�:%,1'8, 6!� +&!%,1&* 5���&1�#��. 
6) /1,��7�+: #�)�&# &.� 5���&1��:#&( 0�0)� 6!� +&!%,1&* 5���&1�#��, 7+&0' .&)!�-

+�+: 2��#/ )&#+�)+� )!/"� . 2,+��:9. 

'�& /.+�#&1�,#&, 7+& 6!� 0&�:5&( +,*6,!�+/!, 1 $&#, !,$�#�4, 6&41�4,+.4 &"!&*#&,

)&��7,.+1& 2,�,)+&1, )&+&!', 1 .1&9 &7,!,2: 1��49+ #� )�7,.+1& 6&1,!8#&.+�. �&@+&*/ #,-
&08&2�*& 6!�1��:#& 6&20�!�+: &6+�*��:#', 2�4 $�2�##'8 /.�&1�( &0!�0&+)� !,3�*' !,$�-
#�4, /7�+'1�4 .)&!&.+: !,$�#�4, "�/0�#/, 6�!�*,+!' )!/"�, 8�!�)+,!�.+�)� �	� � 6!�1��:-
#/9 ,, 6&2�7/. �, .&0�92,#�, .+&�: *#&"�8 ��)+&!&1 1,2,+ ) 0!�)/ 6!&2/)%��. 
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��..*�+!�1�9+.4 .6&.&0' 6&1'5,#�4 @).6�/�+�%�&##'8 8�!�)+,!�.+�) 6&25�6#�)�
This article considers the way of improve the operational characteristics of the bearing 

� $#�7�+,�:#&( .+,6,#� #�2,3#&.+: 6&25�6#�)&1 &6!,2,�4,+.4 )�7,.+1&* �8 !�0&7,(
6&1,!8#&.+�, .1&(.+1� )&+&!&( �&!*�!/9+.4 6!� ��#�5#&( &0!�0&+), � &6!,2,�49+ 1�2 �$-
#&.� 1 @).6�/�+�%��. �, $#�7,#�, &.&0,##& 1,��)& 2�4 #�7��:#&"& @+�6� !�0&+' 6&25�6#�)&-
1'8 /$�&1 (6,!�&2� 6!�!�0&+)�) � 2��:#,(5,"& .&8!�#,#�4 � 1&.6!&�$1&2.+1� $�A�+#'8
.+!/)+/! 1 6!&%,.., @).6�/�+�%��. 

	2#�* �$ .6&.&0&1 6&1'5,#�4 @).6�/�+�%�&##'8 8�!�)+,!�.+�) 2,+��,( 6&25�6#�)&1
41�4,+.4 �&.��+�!&1�#�,. 

�&.��+�!&1�#�, �.6&�:$/9+ 2�4 $�A�+' &+ )&!!&$��, /�/75,#�4 +1,!2&.+�, �$#&.&-
.+&()&.+�, 6&1'5,#�4 @�,)+!&�$&�4%�&##'8 .1&(.+1. �/A#&.+: 8�*�7,.)&"& �&.��+�!&1�-
#�4 .&.+&�+ 1 &0!�0&+), *,+���&1 � .6��1&1 1 6&2)�.�,##'8 !�.+1&!�8 &2#&$�*,A,##'8 �&.-
��+&1 ��� *&#&�&.��+&1 3,�,$�, *�!"�#%�, %�#)� � 2!. 	0!�$/9A�(.4 �&.��+ 3,�,$� #,
&)�.�4,+.4 )�.�&!&2&* 1&$2/8�, 6&@+&*/ �&.��+#', 6�,#)� &0��2�9+ 1'.&)�*� $�A�+#'*�
.1&(.+1�*�. 

�!&*�.��1�#�, �&.��+�!&1�##'8 2,+��,( &0'7#& 6!&�$1&2�+.4 1,!,+,##'* ��� �1��-
%�&##'* *�.�&*, #�"!,+'* 2& 100 – 110 °�. �.6&�:$/,+.4 2�4 6!&*�.��1�#�4 +�)3, !�.+1&!'
*�.,� 1 &!"�#�7,.)�8 !�.+1&!�+,�48 ��� @*/�:.�4 6!� )&*#�+#&( +,*6,!�+/!,. 

�&.��+#&, 6&)!'+�, &0��2�,+ 1'.&)�*� @�,)+!&�$&�4%�&##'*� .1&(.+1�*� 6!� +,*-
6,!�+/!, 2& 500 °�; 6!&0�1#&, #�6!43,#�, – 300 – 1000 �. �&)!'+�, #, 1��4,+ #� +1,!2&.+:, 
6!&7#&.+: � *�"#�+#', 8�!�)+,!�.+�)� .+��,( [1]. 

� 6&.�,2#,, 1!,*4 6&41��&.: *#&"& 6/0��)�%�( & 6!�*,#,#�� !�$��7#'8 .6&.&0&1
��#�5#&( &0!�0&+)� )&�,% 6&25�6#�)�, 6&$1&�49A�8 ./A,.+1,##& /1,��7�+: @).6�/�+�%�-
&##', 8�!�)+,!�.+�)� 2,+��,(. 

� !�0&+, [2] 6!,2.+�1�,# .6&.&0 6&1,!8#&.+#&( +,!*�7,.)&( &0!�0&+)� 2&!&3,) )�7,-
#�4 )&�,% 6&25�6#�)� . �.6&�:$&1�#�,* ��$,!#'8 � @�,)+!&##'8 6/7)&1. �#/+!,##�, �
1#,5#,, )&�:%� 6&25�6#�)� &2#&1!,*,##& +,!*�7,.)� &0!�0�+'1�9+ ��0& 6&+&)&* ��$,!#&-
"& �$�/7,#�4, ��0& 6&+&)&* @�,)+!&#&1 . $�2�##&( 5�!�#&( $�)��,##&"& .�&4 6!� &2#&1!,-
*,##&* &+6/.), $&# 6,!,8&2� 6!&���4 2&!&3)� )�7,#�4 )&�,% 6&25�6#�)�. �/**�!#�4 5�-
!�#� $&# &+6/.)� � $�)��,##&"& .�&4 )�32&"& )&�:%� 0&�:5, ��� !�1#� 5�!�#, 2&!&3)� )�7,-
#�4 @+&"& )&�:%�. 	0!�0&+)/ 1&$*&3#& 6!&�$1&2�+: )�) &2#�* 6&+&)&* �$�/7,#�4, +�) � 21/-
*4. �&$*&3#� &0!�0&+)� 1#,5#,"& )&�:%� 6&+&)&* ��$,!#&"& �$�/7,#�4, � 1#/+!,##,"& – 6&-
+&)&* @�,)+!&#&1. 

��4 &0,.6,7,#�4 1'.&)&( 2&�"&1,7#&.+� � #�2,3#&.+� )&�,% 6&25�6#�)� )�7,#�4, 
@).6�/�+�!/,*'8 #� 3,�,$#&2&!&3#&*+!�#.6&!+, 1 !�0&+, [3] 6!,2��"�,+.4 .6&.&0 +,!*�7,-
.)&( &0!�0&+)� )&�,%. �!� $�)��), +&#)&.+,##'8 )&�,% !&��)&1&"& 6&25�6#�)�, .&"��.#&
.6&.&0/, /2�,+.4 6&�/7�+: /)!,6�,##'( #� #/3#/9 "�/0�#/ 6&1,!8#&.+#'( .�&( #,&08&2�-
*&( +1,!2&.+�, 6!� &2#&1!,*,##&* .&8!�#,#�� #,&08&2�*'8 .1&(.+1 +1,!2&.+� � 14$)&.+�
.,!2%,1�#', � #,2&6/A,#�� 1&$#�)#&1,#�4 1 #,( &7�"&1 &0!�$&1�#�4 *�)!&+!,A�#. 

�6&.&0 $�)��)� 6&25�6#�)� )�7,#�4 1)�97�,+ 6!,21�!�+,�:#/9 &0B,*#/9 $�)��)/
*�+,!���� )&�,% � 6&.�,2/9A/9 �#2/)%�&##/9 $�)��)/ . #�"!,1&* 6& *,#:5,( *,!, 7�.+�
*�+,!���� )&�,% � �8 &8��32,#�,*. 
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�6&.&0 #�#,.,#�4 +&#)&6�,#&7#&"& 6&)!'+�4 #� *,+����7,.)�, �$2,��4 6!,2�&3,# 1
!�0&+, [4]. �&)!'+�, #�#&.4+ 6/+,* 6,!,*,A,#�4 .+!/� #�$)&+,*6,!�+/!#&( 6��$*', .&2,!-
3�A,( /"�,!&2, )!,*#�(, 1&2&!&2, �$&+, )�.�&!&2 � �!"&#, 12&�: 6&1,!8#&.+� �$2,��4. �$2,-
��4 6!,21�!�+,�:#& 6&2&"!,1�9+ 2& +,*6,!�+/!' 50 – 100 °�. �,!,*,A,#�, .+!/� #�$)&+,*-
6,!�+/!#&( 6��$*' &./A,.+1�49+ .& .)&!&.+:9 3 – 150 **/.. 	0A,, 1!,*4 #�#,.,#�4 6&)!'-
+�4 #�$#�7�9+ 1 $�1�.�*&.+� &+ 6�&A�2� &0!�0�+'1�,*&( 6&1,!8#&.+� � +&�A�#' 6&)!'+�4. 
�� .7,+ #�#,.,#�4 +&#)&6�,#&7#&"& �$#&.&.+&()&"& 6&)!'+�4, $�2�1�,*&( +&�A�#' . 1'.&)&(
�2",$�,( ) &.#&1,, 2&.+�"�,+.4 $#�7�+,�:#&, /1,��7,#�, @).6�/�+�%�&##&( .+&()&.+� �$2,��(
. 6&1'5,##&( 1&.6!&�$1&2�*&.+:9. 

�� &.#&1, 1'6&�#,##&"& �#���$� *&3#& .2,��+: 1'1&2, 7+& ./A,.+1/,+ *#&"& !�$#'8
.6&.&0&1 6&1'5,#�4 @).6�/�+�%�&##'8 8�!�)+,!�.+�) 6&25�6#�)&1 )�7,#�4. �!,2� #�8 &2-
#�* �$ #��0&�,, 6,!.6,)+�1#'8, &.&0,##& 2�4 6&25�6#�)&1 @).6�/�+�!/,*'8 #� 3,�,$#&2&-
!&3#&* +!�#.6&!+,, 41�4,+.4 *,+&2 ��#�5#&"& 6��$*,##&"& /6!&7#,#�4 [5]. ��..*&+!,##'(
*,+&2 1'0!�# #�*� 2�4 /.&1,!5,#.+1&1�#�4 +,8#&�&"�7,.)&"& 6!&%,..� �$"&+&1�,#�4 )&�,%
6&25�6#�)� � /�/75,#�4 �8 @).6�/�+�%�&##'8 8�!�)+,!�.+�). 
� "'�) !"$���$(��
1. �!&�,..�&#��:#�4 *,+���&&0!�0&+)� // galvanica54.ru: [.�(+]. 2005. – URL: 
http://www.galvanica54.ru/galvanic_coat17.html (2�+� &0!�A,#�4 13.03.2014). 
2. ��+,#+ RU 2089622 C1 �21D1/09. C6&.&0 6&1,!8#&.+#&( +,!*�7,.)&( &0!�0&+)� )&�,%
6&25�6#�)� / �.�. �*�!#&1 (RU). C 94017267/02; ��41�. 16.05.1994, &6/0�. 10.09.1997, 
9�. 
C13. 
3. ��+,#+ RU 2493269 C2 �21D9/40. �6&.&0 $�)��)� )&�,% 6&25�6#�)� )�7,#�4 � 6&2-
5�6#�) )�7,#�4 / �.�. ��!5�,�:2 (U�), -.�. ��*.&# (U�), �.�. �!,1& (UA), �.�. �!&%,#)&
(UA). C 2011150610/02; ��41�. 13.12.2011, &6/0�. 20.06.2013. 
4. ��+,#+ RU 2354743 C2 �23C8/38. C6&.&0 #�#,.,#�4 +&#)&6�,#&7#&"& 6&)!'+�4 #� *,-
+����7,.)�, �$2,��4 / �.�. �&6&�4#.)�( (RU), �.�. �&.#�# (RU), C.�. �!*�)&1 (RU). C
2007119859/02; ��41�. 28.05.2007, &6/0�. 10.05.2010. 
5. ��/7#&-6!&�$1&2.+1,##�4 ��!*� «���$*�%,#+!» // plasmacentre.ru: [.�(+]. 2013. – URL: 
http://www.plasmacentre.ru/process/4.php (2�+� &0!�A,#�4 14.03.2014). 
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� .+�+:, !�..*&+!,#� &6+�*�$�%�4 !,3�*&1 +&7,#�4 #� .+�#), . ���. 
The article describes the optimization of turning on a CNC machine. 

;,�: &6+�*�$�%�� .&.+&�+ 1 &6!,2,�,#�� &6+�*��:#'8 !,3�*&1 +&7,#�4 #� .+�#), *&-
2,�� ��200� . 6&*&A:9 -��, 7+& 6&$1&�4,+ .&)!�+�+: $�+!�+' 1!,*,#� #� 1'6&�#,#�, !�.-
7,+&1, � +�) 3, 1,.+� &0!�0&+)/ . #��*,#:5�*� $�+!�+�*� 6!� $�2�##'8 +!,0&1�#�48 ) +&7#&-
.+� � )�7,.+1/ &0!�0�+'1�,*'8 6&1,!8#&.+,(. 

��.7,+ � &6+�*�$�%�4 !,3�*&1 !,$�#�4 1'6&�#4,+.4 . �.6&�:$&1�#�,* *�+,*�+�7,.)&(
*&2,�� 6!&%,..� &0!�0&+)�, .&.+&4A,( �$ %,�,1&( �/#)%�� � &"!�#�7,#�(, &+!�3�9A�8 %,��
&6+�*�$�%�� � $�)&#&*,!#&.+� !,$�#�4 *,+���&1. 

�&.+�1�* *�+,*�+�7,.)/9 *&2,�: &6+�*�$�%�� !,3�*&1 +&7,#�4 #� .+�#), *&2,��
��200�. 
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;,�,1�4 �/#)%�4: . .
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L
t i min

S
= ⋅ →

"2, t� – &.#&1#&, 1!,*4 &0!�0&+)�, *�#; 
L�.�. – 2��#� !,$�#�4, **; 
S�i – 6&2�7� #� i-&* !�0&7,* 8&2, �#.+!/*,#+� 1 **/*�#; 
i – )&��7,.+1& !�0&7�8 8&2&1 �#.+!/*,#+�. 
�� 1+&!&* @+�6,  6&.+�#&1)�  $�2�7�  6�!�*,+!�7,.)&(  &6+�*�$�%��  #,&08&2�*& &6-

!,2,��+: .&.+�1  &"!�#�7,#�(, )&+&!',  &6!,2,�49+.4  8�!�)+,!�.+�)�*� @�,*,#+&1 +,8#&�&-
"�7,.)&(  .�.+,*'  �  +,8#�7,.)�*�  +!,0&1�#�4*�, 6!,2B41�4,*'*� ) &0!�0&+�##&( 6&1,!8-
#&.+�. 

�&.�,2&1�+,�:#&  !�..*&+!�* $�2�#�,  &"!�#�7,#�(  &0/.�&1�,##'8 +,8#�7,.)�* 8�-
!�)+,!�.+�)�* @�,*,#+&1 +,8#&�&"�7,.)&( .�.+,*' � +,8#�7,.)�* +!,0&1�#�4*�, 6!,2B41-
�4,*'*� ) &0!�0&+�##&( 6&1,!8#&.+�. 

- &"!�#�7,#�4  6&  2��6�$&#/  !,"/��!&1�#�4  .)&!&.+,(  1!�A,#�4 56�#2,�4.  
- &"!�#�7,#�, 6& *&A#&.+� 6!�1&2� 56�#2,�4 .+�#)�: 
- &"!�#�7,#�, 6& 6,!�&2/ .+&()&.+� �#.+!/*,#+�: 
- &"!�#�7,#�4 .14$�##', . 6!&7#&.+:9 !,3/A,"& �#.+!/*,#+�.  
- &"!�#�7,#�4,  .14$�##',  .  2,+��:9. 
- &"!�#�7,#�, 6& 6!,2,�:#&*/ $#�7,#�9 5,!&8&1�+&.+� &0!�0&+�##&( 6&1,!8#&.+�: 
��4 !,5,#�4 $�2�7� 1&.6&�:$/,*.4 *,+&2&* &08&2� /$�&1 6!&.+!�#.+1,##&( .,+)�, &0-

!�$&1�##&( $#�7,#�4*� .+/6,#7�+'8 7�.+&+ 1!�A,#�4 56�#2,�4 � 6&2�7 .+�#)�. 
�!� !,���$�%�� @+&"& *,+&2� 1 )�32&* /$�, .,+)� #,$�1�.�*'8 6,!,*,##'8 n � S

1'7�.�4,+.4 $#�7,#�, %,�,1&( �/#)%�� � �/#)%�( &"!�#�7,#�(. �$ 1.,8 1&$*&3#'8
.&7,+�#�( ni � Si, /2&1�,+1&!49A�8 #��&3,##'* &"!�#�7,#�4*, 1'0�!�,+.4 +&, )&+&!&,
&0,.6,7�1�,+ *�).�*/* %,�,1&( �/#)%��. 

��./#&) 1 – �8,*�  ��"&!�+*� &6+�*�$�%�� !,3�*� 7�.+&1&"& 6!&2&�:#&"& +&7,#�4  #�  .+�#), ��200� .  
0,..+/6,#7�+'* !,"/��!&1�#�,*  7�.+&+'  1!�A,#�4  56�#2,�4  � 0,..+/6,#7�+'* !,"/��!&1�#�,* 6&2�7�

./66&!+�. 
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�!�1#�1�4 2�##',, 6&�/7,##', �1+&*�+�$�!&1�##'* 6/+,* � 2�##',, 6&�/7,##',
6!� #,�1+&*�+�$�!&1�##&* !�.7,+,, 2,��,* 1'1&2, 7+& !,3�*' !,$�#�4, 6&�/7,##', 1 !,-
$/�:+�+, �1+&*�+�$�!&1�##&"& !�.7,+�, &./A,.+1�49+.4 . 0&�,, 1'.&)�*� 1,��7�#�*� .)&-
!&.+� !,$�#�4 �, .�,2&1�+,�:#&, 1 !,$/�:+�+, &6+�*�$�%�� 6!&�.8&2�+ /*,#:5,#�, &.#&1-
#&"& 1!,*,#�, � +�)3, 1!,*,#� #� �#���+�7,.)�( !�.7,+ !,3�*&1 !,$�#�4, 7+& 1�,7,+ $� .&-
0&( 6&1'5,#�, 6!&�$1&2�+,�:#&.+� 6!� 6!&,)+�!&1�#�� � *,8�#�7,.)&( &0!�0&+)� 2,+�-
�,(. 

�&)!�A,#�, $�+!�+ 1!,*,#� #� *,8�#�7,.)/9 &0!�0&+)/ 6& &6+�*�$�!&1�##'* !,-
3�*�* &+#&.�+,�:#& !,3�*&1 !,$�#�4 !�..7�+�##'8 #, �1+&*�+�$�!&1�##'* .6&.&0&* .&-
.+�1�+ 1 .&&+1,+.+1�� . !�.7,+�*� 6!&"!�**' 82,97 %. 
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��..*�+!�1�9+.4 .6&.&0' /�/75,#�4 &6,!�%�� +&!%&1&"& 5���&1�#�4 )&�,% 6&25�6#�)�
This article considers the way of improve characteristicsof the face grinding of the bearing rings 

�&1'5,#�, @��,)+�1#&.+� 6!&�$1&2.+1� � )�7,.+1� 1'6/.)�,*'8 �$2,��( &2#� �$ &.-
#&1#'8 $�2�7 .&1!,*,##&"& 6!&�$1&2.+1�. �,5,#�, @+&( $�2�7� 1& *#&"&* $�1�.�+ &+ +,8#�-
7,.)&"& 6!&"!,..� 1 *�5�#&.+!&,#��, #,&08&2�*'* /.�&1�,* )&+&!&"& 41�4,+.4 !�$!�0&+)� �
.�.+,*�+�7,.)&, .&1,!5,#.+1&1�#�, +,8#&�&"�7,.)�8 &6,!�%�(, .+�0��:#& &0,.6,7�1�9A�8
6&1'5,#�, +&7#&.+� � 6!&�$1&2�+,�:#&.+� &0!�0&+)�. 

��&.)&, 5���&1�#�, +&!%&* )!/"� 41�4,+.4 #��0&�,, !�.6!&.+!�#=##'* *,+&2&* 7�.-
+&1&( &0!�0&+)� 6�&.)&.+,( 2,+��,( . 1'.&)�*� +!,0&1�#�4*� 6& +&7#&.+� � 5,!&8&1�+&.+�
6&1,!8#&.+�. �!&%,.. 8�!�)+,!�$/,+.4 &+#&.�+,�:#& 0&�:5&( 1,��7�#&( 2/"� )&#+�)+� � 6&-
1,!8#&.+� .&6!�)&.#&1,#�4 )!/"� . 2,+��:9, 7+& 2,��,+ @+&+ .6&.&0 1'.&)&6!&�$1&2�+,�:-
#'*. ��4 /�/75,#�4 /.�&1�( /2��,#�4 .+!/3)� � .#�3,#�4 +,*6,!�+/!' 1 $&#, 5���&1�#�4
.�,2/,+: 

�) �.)/..+1,##& .&)!�A�+: $&#/ .&6!�)&.#&1,#�4 )!/"� . 2,+��:9; 
0) 6!�*,#4+: &0��:#&, &8��32,#�,; 
1) 6!�*,#4+: *,#,, +1,!2', � 0&�,, )!/6#&$,!#�.+', )!/"� #� .14$)�8, .&$2�9A�8

*,#:5�( #�"!,1 6!� 5���&1�#�� (0�),��+&1&(); 
") .&$2�1�+: 6!,!'1�.+/9 $&#/ !,$�#�4 $� .7,+ 6!�*,#,#�4 .,"*,#+#'8 )!/"&1. 
�,"*,#+#', 5���&1��:#', )!/"� 6!,2.+�1�49+ .&0&( "&�&1)/, 6& &)!/3#&.+� )&+&!&(

/.+�#�1��1�9+.4 �0!�$�1#', .,"*,#+'. � 6!,�*/A,.+1�* +�)�8 )!/"&1 &+#&.�+.4 �,")�4 $�-
*,#�  �8 1 .�/7�, 6&�&*)� � 1&$*&3#&.+: !�0&+' 2& �8 6&�#&"& �$#&.�. 

	2#� �$ )&#.+!/)%�( .0&!#&"& +&!%&1&"& �0!�$�1#&"& )!/"�, 6!,2�&3,#� 1 !�0&+, [1]. 
�!/" .&2,!3�+ *,+����7,.)�( )&!6/. � .*,##', .,"*,#+', #,./A�, !�0&7�, .�&� �$ �0!�$�1-
#&"& *�+,!���� � 1'6&�#,##', 1 1�2, 7�.+,( )!/"&1&"& )&�:%�. �!,2/.*&+!,# *,8�#�$* )!,-
6�,#�4 .*,##'8 .,"*,#+&1. �,+����7,.)�( )&!6/. 1'6&�#,# . !�2���:#'*� 6�$�*� #� +&!%,, 
1 )&+&!'8 !�$*,A,#' .*,##', .,"*,#+' . 1&$*&3#&.+:9 6,!,*,A,#�4 12&�: 6�$&1 � !,"/��-
!&1�#�4 !�..+&4#�4 *,32/ #�*�. ��##'( �0!�$�1#'( )!/" �*,,+ 6!&.+/9 )&#.+!/)%�9, )&-
+&!�4 6&$1&�4,+ .#�$�+: +,6�&#�6!43,##&.+: 6!&%,..� 5���&1�#�4 $�"&+&1&) �$ !�$��7#'8
*�+,!���&1 1 $�1�.�*&.+� &+ 6!,2B41�4,*'8 ) )�7,.+1/ 6&1,!8#&.+#'8 .�&,1 2,+��,( +!,0&-
1�#�(. 
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�0!�$�1#'( �#.+!/*,#+, 6!,2�&3,##'( 1 !�0&+, [2], .&2,!3�+ )&!6/. . #�#,.,##'* #�
&2�# ,"& +&!,% .�&,* �0!�$�1#&"& *�+,!����. �� 2!/"&* )&#%, )&!6/.� !�$*,A,#� 1+/�)� .
&+1,!.+�4*� 2�4 6&21&2� �	�� � 1�#+&1'*� �&6�.+4*�. � )&!6/., .& .+&!&#' �0!�$�1#&"&
.�&4 1'6&�#,#� 1#/+!,##44 )&�:%,1�4 )�#�1)�. �,32/ )&�:%,1&( )�#�1)&( � �0!�$�1#'* .�&-
,* /.+�#&1�,#& 6!&*,3/+&7#&, )&�:%& .& .)1&$#'*� )&#/.&&0!�$#'*� &+1,!.+�4*�. �&.�,2-
#�, .&&0A�9+.4 . 1�#+&1'*� )�#�1)�*�, 1'6&�#,##'*� 1 �0!�$�1#&* .�&, 6& �!8�*,2&1&(
.6�!��� � 6&2 /"�&* 7-10° ) &.� 1!�A,#�4 �#.+!/*,#+� . 2��*,+!&* 2-2,5 **. �� +&!%, )&!-
6/.� .& .+&!&#' �0!�$�1#&"& .�&4 $�)!,6�,#� 6��.+�#�. ��)�4 )&#.+!/)%�4 .#�3�,+ +,6�&#�-
6!43,##&.+: 6!&%,..� !,$�#�4 $� .7,+ .&$2�#�4 "�2!&2�#�*�7,.)&"& @��,)+� � /�/75�,+ )�-
7,.+1& &0!�0�+'1�,*&( 6&1,!8#&.+�.  

�&1,!5,#.+1&1�#�, &6,!�%�( 6�&.)&"& +&!%&1&"& 5���&1�#�4 6!�1,�& ) .&$2�#�9
.6&.&0� 21/.+&!&##,"& 5���&1�#�4. �!,2��"�,*'( .6&.&0 6&1'5�,+ 6!&�$1&2�+,�:#&.+: &0-
!�0&+)� $� .7,+ &2#&1!,*,##&( &0!�0&+)� 21/8 6!&+�1&6&�&3#'8 6�!���,�:#'8 +&!%&1. �!�
21/.+&!&##,* 5���&1�#�� #, +!,0/,+.4 6!,21�!�+,�:#&( 6&2"&+&1)� 0�$', )�) 6!� &0!�0&+),
#� 6�&.)&5���&1��:#'8 .+�#)�8. 

� ��*�!.)&* "&./2�!.+1,##&* +,8#�7,.)&* /#�1,!.�+,+, 0'� 6!,2�&3,# .6&.&0 &2#&-
1!,*,##&"& 21/.+&!&##,"& 5���&1�#�4 +&!%&1 2,+��,( [3], )&+&!'( *&3,+ 0'+: �.6&�:$&1�#
6!� &2#&1!,*,##&* 5���&1�#�� +&!%&1 )&�,% 6&25�6#�)&1. �/A#&.+:: 2,+��� 6,!,*,A�9+-
.4 . 6&.+&4##&( 6&2�7,( *,32/ 5���&1��:#'*� )!/"�*�. �,!,2 18&2&* 1 $&#/ 5���&1�#�4
�* .&&0A�9+ 6!�#/2�+,�:#&, 1!�A�+,�:#&, 21�3,#�,. ��.+&+� 1!�A,#�4 2,+��� 6!4*& 6!&-
6&!%�&#��:#� 5�!�#, &0!�0�+'1�,*&( 6&1,!8#&.+� � &0!�+#& 6!&6&!%�&#��:#� 6!&�$1,2,-
#�9 1,��7�#' 6&2�7� #� &2�# &0&!&+ 2,+��� � 1!,*,#� 6!&8&32,#�4 2,+��:9 .&0.+1,##&(
5�!�#' )&�:%,1&( $&#'. ��.+&+� 1!�A,#�4 2,+��� 6,!,2 18&2&* ,, 1 $&#/ 5���&1�#�4 $�1�-
.�+ &+ 8�!�)+,!�.+�)� 6!�*,#4,*'8 )!/"&1 � !�$*,!&1 )&�:%,1&( $�"&+&1)�.  

���:#,(5,, 6!&8&32,#�, )&�,% 7,!,$ $&#/ 5���&1�#�4 . 6!,21�!�+,�:#& .�&!*�!&-
1�15�*�.4 1'.&)�*� 8�!�)+,!�.+�)�*� )�7,.+1� � +&7#&.+� +&!%,1'8 6&1,!8#&.+,( &./A,-
.+1�4,+.4 0,$ 6!�#/2�+,�:#&"& 1!�A,#�4, �, .+��& 0'+:, . &+#&.�+,�:#& *,#:5�*� *&*,#+�*�
1!�A,#�4, .���*� !,$�#�4 � #�"!/$)�*� #� �0!�$�1#', $,!#�. 

��)�* &0!�$&*, 6!,2��"�,*'( .6&.&0 5���&1�#�4 +&!%&1 2,+��,( $� .7,+ /.&1,!5,#-
.+1&1�#�4 *,8�#�$*� .B,*� 6!�6/.)� ./A,.+1,##& 6&1'5�,+ 6&)�$�+,�� )�7,.+1� � +&7#&.+�
&0!�0�+'1�,*'8 6&1,!8#&.+,(. 

�6&.&0 6&1'5,#�4 +&7#&.+� &0!�0&+)� +&!%&1 )&�,% 6&25�6#�)� $� .7,+ &6+�*�$�%��
21�3,#�( 1 .8,*, �&!*&&0!�$&1�#�4 &0!�0�+'1�,*'8 6&1,!8#&.+,( 6!,2�&3,# 1 !�0&+, [4]. 
��"!/$)/ � 6&2�7/ %���#2!�7,.)�8 2,+��,( #� &0!�0&+)/ &./A,.+1�49+ *,32/ 21/*4 5���&-
1��:#'*� )!/"�*� 12&�: #�3#,( � 1,!8#,( #�6!�1�49A�8 . 6&.�,2/9A�* �8 /2��,#�,* �$
#�6!�1�49A�8. �!/"� 1!�A�9+ 1 6!&+�1&6&�&3#', .+&!&#'. � 6!&%,.., 6&2�7� %���#2!�7,-
.)�8 2,+��,( #� &0!�0&+)/ &2#/ �$ #�6!�1�49A�8 6!�3�*�9+ ) %���#2!�7,.)�* 2,+��4* �
.&&0A�9+ ,( 1&$1!�+#&-6&.+/6�+,�:#&, 21�3,#�, 12&�: +!�,)+&!�� 21�3,#�4 6&2�7�. 

� #�.+&4A,, 1!,*4 1'6/.)�,+.4 0&�:5&, )&��7,.+1& .+�#)&1 2�4 21/.+&!&##,"& 5��-
�&1�#�4 6& 1.,*/ *�!/. � �&..�� 6!&�$1&2.+1& .&1!,*,##'8 .+�#)&1 2�4 21/.+&!&##,"&
5���&1�#�4 &./A,.+1�4,+.4 #� �&.)&1.)&* $�1&2, �1+&*�+�7,.)�8 ��#�( � .6,%���:#'8
.+�#)&1 (	�	 «�&���») [5]. ��4 21/.+&!&##,"& 5���&1�#�4 +&!%&1 .&$2�# +&!%,5���&-
1��:#'( "&!�$&#+��:#'( .+�#&)-�1+&*�+ *&2,�� 3�343. 

�!,2� $�!/0,3#'8 6!&�$1&2�+,�,( 1'2,�4,+.4 ��!*� DISKUS WERKE, )&+&!�4 6!,2-
��"�,+ )�) 1,!+�)��:#',, +�) � "&!�$&#+��:#', +&!%,5���&1��:#', �1+&*�+' [6].  

�,"&2#4 DISKUS WERKE 6!,2��"�,+ 4 1�2� .+�#)&1 . 1,!+�)��:#'* !�.6&�&3,#�,*
56�#2,�4 (DS, DHS, DSR, DDS) � 2 . "&!�$&#+��:#'* (DW, DDW). 

��)�* &0!�$&*, #� &.#&1, .2,��##&"& �#���$�, *&3#& .2,��+: .�,2/9A�, 1'1&2: 6&-
1'5,#�, @��,)+�1#&.+� &6,!�%�� 6�&.)&"& 5���&1�#�4 +&!%&1 )&�,% 6&25�6#�)� 1&$*&3#&
$� .7,+ 6!�*,#,#�4 �#.+!/*,#+� .6,%���:#&( )&#.+!/)%�� � 8�!�)+,!�.+�)�, $�*,#' &6,!�-
%�� 6&.�,2&1�+,�:#&"& 5���&1�#�4 +&!%&1 )&�,% #� &6,!�%�9 &2#&1!,*,##&"& +&!%,5���&-
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1�#�4 � +�)3, 6!�*,#,#�4 .&1!,*,##'8 )&#.+!/)%�( +&!%,5���&1��:#'8 .+�#)&1 &+,7,.+-
1,##'8 � $�!/0,3#'8 6!&�$1&2�+,�,(. 

� "'�) !"$���$(��
1. ��+e#+ RU 2390403 �1 �24 D7/06 // C0&!#'( +&!%&1'( �0!�$�1#'( )!/" / �/2&0�#

�,&#�2 ��)+&!&1�7 (RU), �/.��#� ����#� ������&1#� (RU), �!�1�)&1 �!�( ��8�(�&1�7
(RU), �&6&1 �,!",( ���2�*�!&1�7 (RU). C 2008150516/02; ��41�. 19.12.08; 	6/0�. 27.05.10; 

9�. C 12. 

2. ��+e#+ RU 2228832 �1 �24 �55/02 // �0!�$�1#'( �#.+!/*,#+ 2�4 6�&.)&"& 5���&-
1�#�4 / �1�+)&1.)�( �.�. (RU), �1�#&1� �.�. (RU), 
���)�# �.�. (RU), �96� �.�. (RU). C
 2002125797/02; ��41�. 27.09.02; 	6/0�. 20.05.04; 
9�. C 11. 

3. ��+e#+ RU 2076032 �1 �24 �7/17 // C6&.&0 &2#&1!,*,##&"& 21/.+&!&##,"& 5���&-
1�#�4 +&!%&1 2,+��,( / ����# �.�. (RU), ����66&1 �.�. (RU), ��87,,1 �.�. (RU). C
95101204/08; ��41�. 27.01.95; 	6/0�. 27.03.97; 
9�. C 8. 

4. ��+e#+ RU 2455142 �1 �24 �7/17 // �6&.&0 21/.+&!&##,"& +&!%&1&"& 5���&1�#�4
%���#2!�7,.)�8 2,+��,( / ��(#,! �.�. (RU). C 2010153456/02; ��41�. 27.12.10; 	6/0�. 
10.07.12; 
9�. C 17. 

5. 	�	 «�&$��» // �omail.ru [.�(+]. URL: http://www.comail.ru/~mozal/index.htm (2�+�
&0!�A,#�4 03.03.2014). 

6. DVS portal // Diskus – werke [.�(+]. URL: http://diskus-werke.dvs-gruppe.com/en (2�+�
&0!�A,#�4 03.03.2014). 
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��..7�+�#' )&@���%�,#+' 6�!#&( )&!!,�4%�� ",&*,+!�7,.)�8 6�!�*,+!&1 $,!,# 5���&1��:#&"& 6&-
!&5)� 54�F46: 2��#', 5�!�#', 6,!�*,+!�, 6�&A�2�, 6!�1,2,##&"& 2��*,+!� � )&@���%�,#+� �$&*,+!�7#&.+�. 
��#� .+�+�.+�7,.)�4 &%,#)� $#�7�*&.+� )&@���%�,#+&1.  

For geometrical parameters of grain grinding powder 54CF46 - length, width, perimeter, area, reduced diameter 
ratio and isometry factor, bivariate correlation coefficients were calculated. The statistical evaluation of  significance of 
the coefficients was given. 

�!&�$1&2�+,�:#&.+: 6!&%,..� � )�7,.+1& 6&1,!8#&.+� 2,+��� 6!� �0!�$�1#&( &0!�0&+-
), 1& *#&"&* $�1�.�+ &+ �&!*' � !�$*,!� 6!�*,#4,*'8 5���&1��:#'8 6&!&5)&1. �&@+&*/
�..�,2&1�#�9 ",&*,+!�7,.)�8 6�!�*,+!&1 �0!�$�1#'8 *�+,!���&1 1 �.8&2#&* .&.+&4#�� � 1
6!&%,.., &0!�0&+)� /2,�4,+.4 0&�:5&, 1#�*�#�,. 

;,�: 2�##&( !�0&+' $�)�97���.: 1 �..�,2&1�#�� )&!!,�4%�&##&( .14$� *,32/ ",&-
*,+!�7,.)�*� 6�!�*,+!�*� $,!,# 5���&1��:#&"& 6&!&5)� 54CF46, 6!,21�!�+,�:#& !�..,4#-
#&"& 6& �	�� � 52381 #� 6!&0'. 

�$*,!,#�, ",&*,+!�7,.)�8 6�!�*,+!&1 $,!,# 2��#' l, 5�!�#' b, 6,!�*,+!� P, 6�&A�-
2� S,  6!�1,2,##&"& 2��*,+!� d � )&@���%�,#+� �$&*,+!�7#&.+�, &6!,2,�4,*&"& &+#&5,#�,*
l/b,   1'6&�#,#& 6& *,+&2�), [1] . �.6&�:$&1�#�,* 6!&"!�**#&"& &0,.6,7,#�4 [2].  

���#/ $,!#� #�8&2��� )�) !�..+&4#�, *,32/ 21/*4 *�).�*��:#& /2��,##'*� +&7)�*�
#� 6!&���, $,!#�, 5�!�#/ – )�) ./**/ 1,��7�# 21/8 6,!6,#2�)/�4!&1, 6&.+!&,##'8 &+ 1,)+&-
!� 2��#' $,!#� ) *�).�*��:#& /2��,##'* +&7)�* . )�32&( .+&!&#' 6!&���4.  

�,!�*,+! $,!#� P !�1,# ./**, 1.,8 1,)+&!&1, &0!�$/9A�8 )&#+/! $,!#�.  
��&A�2: $,!#� S !�..7�+'1��� 6& .�,2/9A,( �&!*/�,: 
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"2, [ ]ix � [ ]iy  - )&&!2�#�+' .&&+1,+.+1/9A,( 1,!5�#' 1,)+&!�. 

�!�1,2=##'( 2��*,+! #�8&2��� 6& &)!/3#&.+�, 6�&A�2: )&+&!&( !�1#� 6�&A�2� )&#-
+/!� $,!#� S: 

π

S
d

4
= . 

�,$/�:+�+' 1'7�.�,#�4 1'0&!&7#&"& )&@���%�,#+� )&!!,�4%�� #� 6!�*,!, 6!&0' Q3, 
6&�/7,##&( 6!� !�..,1, 7,!,$ 1,!8#,, � #�3#,, )&#+!&�:#', .�+� . #&*�#��:#'*� !�$*,!�-
*� 47,,) W2=425 *)* � W3=355 *)*, )&+&!�4 6& �	�� 3647 #�$'1���.: &.#&1#&( �!�)%�,(, 
6!�1,2,#' 1 +�0��%,. 

��4 6!&1,!)� r1 #� $#�7�*&.+: 1'7�.�4�� #�0�92�,*&, $#�7,#�, )!�+,!�4 �+:92,#+�
[3]: 

21

2

�

�

�&�

r

nr
T

−

−⋅
=

"2, n – !�$*,! 1'0&!)� (#�8&2��.4 1 2��6�$&#, &+ 600 2& 700). 

��0��%�  – �&@���%�,#+' )&!!,�4%�� r1 ",&*,+!�7,.)�8 6�!�*,+!&1 &.#&1#&( �!�)-
%�� 5���6&!&5)� *�!)� 54CF46 

��!�*,+!' l b P S d l/b 
l 0,07 0,94 0,85 0,84 0,83 

b 0,07  0,27 0,43 0,45 -0,49 

P 0,94 0,27  0,89 0,88 0,66 

S 0,85 0,43 0,89  1,00 0,49 

d 0,84 0,45 0,88 1,00  0,48 

l/b 0,83 -0,49 0,66 0,49 0,48  

�!&1,#: $#�7�*&.+� 6!� &6!,2,�,#�� +�0��7#&"& $#�7,#�4 )!�+,!�4 '+�0� 6!�#�*���
0,05. �.�� 6& !,$/�:+�+�* !�.7,+� '#�0�>'+�0�, r1 .7�+��� $#�7�*'* (1 +�0��%, 3�!#'* 5!��-
+&* 1'2,�,#' $#�7,#�4 r1, )&+&!', 6!�#4+' #,$#�7�*'*�).   

�#��&"�7#', 1'7�.�,#�4 1'6&�#,#' 2�4 &.+��:#'8 6!&0.  
� &0A,* .�/7�, $#�7�*�4 )&!!,�4%�4 #, /.+�#&1�,#� +&�:)& 2�4 6�!�*,+!&1 b � l. �&!-

!,�4%�9 *,32/ &.+��:#'*� 6�!�*,+!�*� .�,2/,+ .7�+�+: $#�7�*&(. �&@���%�,#+ )&!!,�4-
%�� *,32/ 1.,*� 6�!�*,+!�*�, )!&*, b � l/b, 6&�&3�+,�:#'(, 7+& .1�2,+,�:.+1/,+ &0 /1,��-
7,#�� &2#&"& 6�!�*,+!� . /1,��7,#�,* 2!/"&"&.  

� .&&+1,+.+1�� . )��..���)�%�,(, !�..*&+!,##&( 1 [4], 1'.&)�4 .��� .14$� #�0�92�,+-
.4 *,32/ 6�!�*,+!�*� l � P, l � S, l � d.  ��).�*��:#'( )&@���%�,#+ )&!!,�4%�� (*,32/ l �
P) .&.+�1�4� 0,94. ��*,+#�4 .��� .14$� *,32/ 6�!�*,+!�*� b � S; b � d. �.+,.+1,##&, 7+& r1
*,32/ 6�!�*,+!�*� d � S 6!�0��3�,+.4 ) 1, +.). S=Id2/4.  
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��.. ��1�.�*&.+: 2��#' l &+ 5�!�#' b (�) � l/b &+ l (&) 2�4 6!&0' 3 

� )�7,.+1, 6!�*,!� #� !�.. 6&)�$�#� 1$��*&.14$: *,32/ #,)&+&!'*� 6�!�*,+!�*� 6!&-
0' 3, &2#� �$ )&+&!'8 �66!&).�*�!&1�#� 6!4*&( 6!&6&!%�&#��:#&( $�1�.�*&.+:9: 

l/b=2,1*10-3l (l- 1 *)*), R2=0,68. 

� "'�) !"$���$(��
1. �&.,#)& �.�. �+�+�.+�7,.)�, 6�!�*,+!' ",&*,+!�7,.)�8 !�$*,!&1 $,!,# *�)!&-

5���6&!&5)&1 )�!0�2� )!,*#�4 / �.�. �&.,#)&, �.�. ��)/5)�#, �.�.  ,"�(. �$1,.+�4 �&�-
"&"!�2.)&"& "&./2�!.+1,##&"& +,8#�7,.)&"& /#�1,!.�+,+�. 2011. �.13. C7. �. 32-34.  

2. �1�2. & "&.. !,"�.+!�%�� 6!&"!�**' 2�4 -�� C 2011610144 &+ 11.01.11. ��. �!&-
"!�**� 2�4 �1+&*�+�$�!&1�##&"& &6!,2,�,#�4 ",&*,+!�7,.)�8 6�!�*,+!&1 5���&1��:#&"&
$,!#� 6& �&+&"!���� «�,!#& �� ���» / �.�. �&.,#)&, �.�. �'0�#&1, �.�. ��)/5)�#, �.�. 
 ,"�(, �.�. 
/)5+�#&1�7. �&�"���. – 2011. 

3. �*/!*�# �.�. �,&!�4 1,!&4+#&.+,( � *�+,*�+�7,.)�4 .+�+�.+�)� – �.: �'.5. 5)., 
2003. – 479 .. 

4. ��$&1� �.�. �+�+�.+�)�: �7,0#&, 6&.&0�,. – ��0.: ��0 �����	, 2005 – 80 .. 

�����+��	��� �������������� 
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5�����������+	 -����� 25	F60 
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��..*�+!�1�,+.4 .6&.&0 �$*,!,#�4 ",&*,+!�7,.)�8 6�!�*,+!&1 �0!�$�1#'8 $,!,# � 6!,2.+�1�,#' !,-
$/�:+�+' �..�,2&1�#�4 $,!,# 0,�&"& @�,)+!&)&!/#2� 25�F60 

This article considers the way of measuring the geometrical parameters of the abrasive grains and the results of 
research of grains white corundum 25AF60 are presented.  

��32&, $,!#& 8�!�)+,!�$/,+.4 &6!,2,�=##&( �&!*&( � !�$*,!�*�: $#�7,#�4*� !�2�/-
.&1 &)!/"�,#�4 � /"�&1 $�&.+!,#�4 1,!5�#, �8 )&��7,.+1&* � 6!&7�*� ",&*,+!�7,.)�*� 6�-
!�*,+!�*�, � +�)3, 6!&7#&.+:9. ��$*,!' � �&!*� $,!#� 1 .&1&)/6#&.+� . ��$�7,.)�*�, 8�-
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*�7,.)�*� � *,8�#�7,.)�*� .1&(.+1�*� &6!,2,�49+ ,"& !,3/A/9 .6&.&0#&.+:, �$#&.&.+&(-
)&.+:, .��/ !,$�#�4, +,*6,!�+/!/ 1 $&#, )&#+�)+� � )�7,.+1& &0!�0&+�##&( 6&1,!8#&.+�. �&-
@+&*/ 2�4 "�/0&)&"& �..�,2&1�#�4 *,8�#�$*� .+!/3)&&0!�$&1�#�4 � 1.,"& 6!&%,..� �0!�$�1-
#&( &0!�0&+)� #,&08&2�*& $#�+: 2�##', 8�!�)+,!�.+�)� $,!,# &0!�0�+'1�9A,"& *�+,!����. 
��4 �..�,2&1�#�4 0'� 1'0!�# @�,)+!&)&!/#2 0,�'( *�!)� 25�, 41�49A�(.4 &2#�* �$ #��0&-
�,, !�.6!&.+!�#,##'8 �0!�$�1#'8 *�+,!���&1. 

	0'7#& �..�,2&1�#�, �&!*', ��#,(#'8 � ",&*,+!�7,.)�8 !�$*,!&1 $,!,# 6!&�$1&24+
*,+&2�*� �&+&"!���!&1�#�4 ��� #,6&.!,2.+1,##'* �$*,!,#�,* 6&2 *�)!&.)&6&*. ��4 &6!,-
2,�,#�4 ",&*,+!�7,.)�8 !�$*,!&1 $,!,# 1 #�.+&4A,, 1!,*4 5�!&)& �.6&�:$/,+.4 .6,%���:#&,
6!&"!�**#&, &0,.6,7,#�,, )&+&!&, 6&$1&�4,+ 6&�/7�+: � &0!�0�+'1�+: @�,)+!&##', �&+&"!�-
��� &0B,)+&1. � 7�.+#&.+�, 6!&"!�**� «�,!#& �� ���» 6&$1&�4,+ 1 �1+&*�+�$�!&1�##&*
!,3�*, . @�,)+!&##'8 �&+&"!���( $,!#� 6&�/7�+: .�,2/9A�, 2�##',: 2��#� l, 5�!�#� b, 6,-
!�*,+! �, 6�&A�2: S, 6!�1,2=##'( 2��*,+!  d. �&.�, $�"!/$)� @�,)+!&##'8 �&+&"!���( 1
6!&"!�**/, &#� 6!&�$1&2�+ �#���$ �.8&2#&"& �$&0!�3,#�4 � 1'2,�4,+ )&#+/! �0!�$�1#&"&
$,!#�. � �.6&�:$&1�#�,* 2�##&( 6!&"!�**' 0'�� &0!�0&+�#' $,!#� 64+� �!�)%�( @�,)+!&)&-
!/#2� 0,�&"& $,!#�.+&.+� F60 6& 600 $,!,# )�32�4. 

���:#,(5�4 .+�+�.+�7,.)�4 &0!�0&+)� 1.,8 2�##'8 6!&1&2�+.4 1 6!&"!�**, MS Office 
Excel. � !,$/�:+�+, �..�,2&1�#�4 ",&*,+!�7,.)�8 6�!�*,+!&1 0'�� 6&�/7,#' �8 !�.6!,2,�,-
#�4, #� !�./#), 1 6!,2.+�1�,#' !�.6!,2,�,#�4 5�!�#' �0!�$�1#&"& $,!#� @�,)+!&)&!/#2� 0,-
�&"& *�!)� 25� $,!#�.+&.+� F60. �!&1,!)� #� #&!*��:#'( $�)&# 6!&1&2���.: 6& )!�+,!�9
.&"��.�4 ��!.&#� #� /!&1#, $#�7�*&.+� 0,05. �!�#�2�,3#&.+: #&!*��:#&*/ $�)&#/ 6&2+1,!-
2���.: 2�4 1.,8 7,+'!=8 �!�)%�(. 

��./#&) 1 – ��.6!,2,�,#�4 5�!�#' �0!�$�1#&"& $,!#� @�,)+!&)&!/#2� 0,�&"& *�!)� 25�  
$,!#�.+&.+� F60 

�� !�./#), 2 6!,2.+�1�,#' !�.6!,2,�,#�4 +!,8 �!�)%�( @�,)+!&)&!/#2� 0,�&"& *�!)�
25� $,!#�.+&.+� F60. �!&1,!)� 6!&8&2��� 6& +&*/ 3, )!�+,!�9, � 0'�& /.+�#&1�,#&, 7+&
6!&7#&.+: �0!�$�1#&"& $,!#� 6&27�#4,+.4 �&"�!��*�7,.)� #&!*��:#&*/ $�)&#/ !�.6!,2,�,-
#�4. 
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��./#&) 2 – ��.6!,2,�,#�4 �&"�!��*�!&1�##'8 $#�7,#�( 6!&7#&.+� �0!�$�1#'8 $,!,# @�,)+!&)&!/#2�  
0,�&"& *�!)� 25� $,!#�.+&.+� F60 
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�!,2�&3,# *,+&2 &6!,2,�,#�4 !�$*,!� @+��&##&"& &0B,)+�, �*,9A,"& 6&"!,5#&.+�  0�$�!&1�#�� &+#&-
.�+,�:#& 0�$' �&+&�66�!�+�, 6!� �.6&�:$&1�#�� 6�&.)&6�!���,�:#'8 )&#%,1'8 *,! 2��#' 1 �&+&*,+!�� ",&-
*,+!�7,.)�8 6�!�*,+!&1 2,+��,( *�5�#. �,+&2 *&3,+ 6!�*,#4+:.4 1 *,3&6,!�%�&##&* � 6!�,*&7#&* )&#+!&�,
6!� �$*,!,#�� !�.6&�&3,#�4 *,8�#�7,.)� &0!�0&+�##'8 6&1,!8#&.+,( 2,+��,( *�5�#. 

A method for determining the size of the reference object having basing error relative to the base of the camera , 
using a plane-parallel gauge blocks in photometry geometric parameters of machine parts. The method can be applied to 
in-process and acceptance control when measuring location machined surfaces of machine parts. 

�!� �.6&�:$&1�#�� *,+&2� �&+&*,+!�� 2�4 �$*,!,#�4 ",&*,+!�7,.)�8 6�!�*,+!&1 2,-
+��,( *�5�# 1&$#�)�,+ 6!&0�,*� 6&"!,5#&.+� 0�$�!&1�#�4 @+��&##&"& &0B,)+�, 1 .�/7�,, )&-
"2� ��0& @+��&##'( &0B,)+, ��0& 1�� 0/2/+ #, 6�!���,�:#' 0�$&1&( 6�&.)&.+� �&+&�66�!�+�. 

�&"2�, 6!� +�!�!&1�#�� �$*,!�+,�:#&"& /.+!&(.+1�, .&.+&4A,"& �$ �&+&�66�!�+� � @+�-
�&##&"& &0B,)+� 1&$*&3#& 6&41�,#�, 2&6&�#�+,�:#'8 6&"!,5#&.+,( �$*,!,#�4, ,.�� #, /7�-
+'1�+: 6&"!,5#&.+: !�.6&�&3,#�4 !�0&7�8 6&1,!8#&.+,( @+��&##&"& &0B,)+�, . 2,(.+1�+,�:-
#'*� !�$*,!�*� )&+&!&"& .&6&.+�1�49+.4 +�!�!&1&7#'( )&@���%�,#+, 6&)�$'1�9A�( )&��-
7,.+1& 6�).,�,(, 6!�8&24A�8.4 #� &2�# *�)!&*,+! [1]. 

��) 6&)�$'1�,+ &6'+ �$*,!,#�4 !�2���:#'8 0�,#�( 5,,) !�.6!,2,��+,�:#'8 1��&1
21�"�+,�4 ��� [1], ,.�� �.6&�:$&1�+: 1 )�7,.+1, @+��&##&"& &0B,)+� 6�&.)&6�!���,�:#',
)&#%,1', *,!' 2��#' (�����) �	�� 9038-90, +& .�,2/,+ 6!�#�*�+: 1& 1#�*�#�, #, +&�:)&
6&"!,5#&.+: !�$*,!� 20 ±0,0002 (!�./#&) 1), #& � 6&"!,5#&.+: !�.6&�&3,#�4 !�0&7�8 6&-
1,!8#&.+,( @+��&##&"& &0B,)+�.  

�$ .8,*' 6&"!,5#&.+,( ����� .�,2/,+, 7+& +&�:)& 2 6&1,!8#&.+� (1 � 2 #� !�./#),
1) 6��+)� �$ 6 41�49+.4 !�0&7�*� . 2&6/.)�,*'* &+)�&#,#�,* ± 0,2 *)* 2�4 !�$*,!&1 .1'5,
25 ** 2& 50 ** 6!� 0 )��.., +&7#&.+�. � 6&6,!,7#&* 3, .,7,#�� 6��+)� �$ +&"& 3, �#+,!1���
�*,,+ !�$*,!' 35-0,3 (6&1,!8#&.+� 3 � 4) � 05,0

3,09−
−  (6&1,!8#&.+� 5 � 6). 



92

��./#&) 1 – ��$*,!' � 2&6/.)� 6��+)� 6�&.)&6�!���,�:#&( )&#%,1&( *,!' 2��#' !�$*,!&* 20 **

�!&*, +&"&, 2&6/.) 6�&.)&6�!���,�:#&.+� � +!,0&1�#�4 ) 6,!6,#2�)/�4!#&.+� #,!�0&-
7�8 6&1,!8#&.+,( ) !�0&7�* 2�4 ����� !�$*,!&* 0&�,, 10 ** &7,#: 1'.&)�(, 1 +& 1!,*4, 
)�) #� #,!�0&7�, 6&1,!8#&.+� 2�##'( 2&6/.) #, !,"��*,#+�!/9+.4. �&&+1,+.+1,##&, 6!� 1'-
2,�,#�� #� .#�*), "!�#�% @+��&##&"& &0B,)+� #,&08&2�*& /7�+'1�+: +&�:)& !�0&7�, 6&1,!8-
#&.+� � &6!,2,�4+: +�!�!&1&7#'( )&@���%�,#+ #� &.#&1, �8 !�$*,!&1 . /7,+&* !�.7,+#&( 6&-
"!,5#&.+� 1$��*#&"& !�.6&�&3,#�4 �&+&�66�!�+� � @+��&##&"& &0B,)+�. 

��..*&+!�* .8,*/ 6&"!,5#&.+,( /.+�#&1)� @+��&##&"& &0B,)+� 1 )&&!2�#�+�8 �	Y 
.#�*)�. ��)&( *,+&2 &6!,2,�,#�4 6&"!,5#&.+,( /2&0,# 6!� /7=+, +&"& ��)+�, 7+& 6&1,!8-
#&.+: @+��&##&"& &0B,)+� #, 1.,"2� *&3,+ 0'+: .+!&"& "&!�$&#+��:#� &.� 	� .#�*)�. �$-$�
&+)�&#,#�( &+ 6,!6,#2�)/�4!#&.+� !�0&7�8 6&1,!8#&.+,( ) #,!�0&7�*, 6& )&+&!'* #,�$0,3-
#& 0�$�!/,+.4 @+��&##'( &0B,)+, 1&$*&3#' �.)�3,#�4 ",&*,+!�� �&!*' �, )�) .�,2.+1�,, #,
1,!#&, �$*,!,#�, !�$*,!�.  

��4 !,5,#�4 @+&( 6!&0�,*' 6!,2��"�,+.4 1'7�.�4+: /"�' #�)�&#� !�0&7�8 6&1,!8#&-
.+,( � #�8&2�+: !�..+&4#�, *,32/ #�*� �#���+�7,.)�. 

� 6!4*&/"&�:#&( .�.+,*, )&&!2�#�+ &0A,, /!�1#,#�, 6!4*'8 � � b 1'"�42�+ )�)
��+��+�1=0 � ��+��+�2=0 .&&+1,+.+1,##&. ��)�* &0!�$&*, !�..+&4#�, *,32/ 6�!���,�:#'-

*� 6!4*'*� *&3#& 1'7�.��+: 6& 1'1,2,##&( �&!*/�,
22

12

11

��

��
��

+

−
= . [2] 

��./#&) 3 – ��..+&4#�, *,32/ 6�!���,�:#'*� 6!4*'*�
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��)�* &0!�$&*, 6,!,8&24 ) /!�1#,#�9 6!4*&( 1�2� �=k�+b,  !�..+&4#�, *,32/ .+&!&-

#�*� @+��&##&"& &0B,)+� 1'7�.�4,+.4 )�)
12

12

11

+

−
=

k

bb
�� , "2, k=k1=k2 – /"&� #�)�&#� 6!4-

*'8, )&+&!'( *&3#& 1'7�.��+: 1'!�$�1 �$ /!�1#,#�4 6!4*&( �=k�+b: 

)
1

1
(

x

by
tanak

−
= . (1) 

� !,$/�:+�+, !�0&+' ��"&!�+*&1 &6!,2,�,#�4 "!�#�% *' 6&�/7�,* 21, 6!4*',, )�32�4
�$ )&+&!'8 $�2�##� 21/*4 +&7)�*� a11(x11;y11), a12 (x12;y12) � a21(x21;y21), a22 (x22;y22) .&&+1,+.+-
1,##&. �.6&�:$/4 �&!*/�/ (1) *&3#& #�(+� /"&� #�)�&#� k=k1=k2 )�32&( !�0&7,( .+&!&#' �, 
.&&+1,+.+1,##&, !�..+&4#�, *,32/ .+&!&#�*�.

��)�* &0!�$&*, 5�!�#� @+��&##&"& &0B,)+� *&3,+ 0'+: 1'7�.�,#� �#���+�7,.)� 0,$
6&1&!&+� .#�*)�. �'.7�+�1 !�..+&4#�, *,32/ .+&!&#�*� @+��&##&"& &0B,)+� 1 6�).,�48 6&
6!,2�&3,##&*/ 1 .+�+:, ��"&!�+*/, � $#�4 ,"& 2,(.+1�+,�:#'( !�$*,! 1 *����*,+!�8, *&3#&
1'.7�+�+: +�!�!&1&7#'( )&@���%�,#+, )&+&!'( 6!�*,#4,+.4 2�4 6,!,1&2� $#�7,#�4 !�2���:-
#&"& 0�,#�4 5,,) 1���, +�) 3, 6&�/7�,*&"& 1 6�).,�48.  

� "'�) !"$���$(��
1. ��#�#.)�( �.�., �&+,8�# �.�., �&!5,#,1� �.�. 	6'+ �.6&�:$&1�#�4 *,+&2� �&+&�#�-
��$� 6!� �$*,!,#�� 0�,#�4 &6&!#'8 5,,) !�.6!,2,��+,�:#&"& 1��� / ��#�#.)�( �.�., �&+,-
8�# �.�., �&!5,#,1� �.�. // «�.6,8� .&1!,*,##&"& ,.+,.+1&$#�#�4» C 6 2012 – �&.)1�: �)�-
2,*�4 ,.+,.+1&$#�#�4, 2012. – �. 80 – 81.   

2. [@�,)+!&##'( !,./!.] – �1&0&2#'( 2&.+/6 – 
URL: http://www.cleverstudents.ru/line_and_plane/distance_between_parallel_lines.html  (2�+� &0-
!�A,#�4 14:43 15.04.2014) 
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��..*&+!,#& 1��4#�4 �*6!,"#�+&!&1 �$ )��..� "�$&&0!�$&1�+,�,( #� �0!�$�1#'( �#.+!/*,#+. 
Consider the effect of impregnator from of class blowing agent on abrasive tools. 

� .&1!,*,##&* *�5�#&.+!&,#�� 6!,2B41�49+ 2&1&�:#& 1'.&)�, +!,0&1�#�4 ) +&7#&-
.+� � )�7,.+1/ 6&1,!8#&.+� "&+&1&( 2,+���. ��4 +&"& 7+& 0' /�/75�+: )�7,.+1& �0!�$�1#&(
&0!�0&+)� 6!�*,#49+ *,+&2' 6& �$*,#,#�9 @).6�/�+�%�&##'8 .1&(.+1 �0!�$�1#&"& �#.+!/-
*,#+�. 

���0&�,, 2&.+/6#'* � @��,)+�1#'* *,+&2&* 6&1'5,#�4 @).6�/�+�%�&##'8 .1&(.+1
�0!�$�1#&"& �#.+!/*,#+� 41�4,+.4 �*6!,"#�!&1�#�, ,"& .6,%���:#'*� .&.+�1�*�.  

�&1,!5,#.+1&1�#�, �0!�$�1#&"& �#.+!/*,#+� . �.6&�:$&1�#�,* 6!&6�+'1�9A�8 1,-
A,.+1 �$ &0��.+� "�$&&0!�$&1�+,�,( .6&.&0.+1/,+ 6&1'5,#�9 @��,)+�1#&.+� �0!�$�1#&( &0-
!�0&+)�.  

;,�:9 !�0&+' 41�4,+.4 �..�,2&1�+: 6!&%,.. 5���&1�#�4 �*6!,"#�!&1�##'* �0!�$�1-
#'* �#.+!/*,#+&* 1,A,.+1�*� �$ )��..� 6&!&�&!&1. 

�6,!1', 6!&6�+)/ �#.+!/*,#+� 6!�*,#��� #� 6!�)+�), 1 � � ,A= 1 20-8 "&2�8. �,(-
7�. 2�4 6!&6�+)� �.6&�:$/9+ !�$��7#', 1,A,.+1� � .&.+�1' 1., �8 6,!1&#�7��:#& *&3#& !�$-
2,��+: #� .�,2/9A�, &.#&1#', "!/66': &!"�#�7,.)�,, .*,5�##', � #,&!"�#�7,.)�,. 
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�� &.#&1, )��..���)�%�� 	.+!&1.)&"& �.�. [1] 6!,2�&3,#� )��..���)�%�4 "�$&&0!�$&-
1�+,�,(, )&+&!�4 1)�97�,+ 1 .,04 +�) 3, #���7�, &!"�#�7,.)�8 � #, &!"�#�7,.)�8 1,A,.+1. �
6!&%,.., 5���&1�#�4 6!� /1,��7,#�� +,*6,!�+/!' 1 $&#, !,$�#�4 +�)�, 1,A,.+1� !�.6�2�9+-
.4 � &0!�$/9+ "�$, )&+&!'( &)�$'1�,+ 1��4#�, #� 6&1,!8#&.+: &0!�0&+�##&( 2,+���. �!� 1$�-
�*&2,(.+1�� "�$&&0!�$&1�+,�� *&"/+ &0!�$&1'1�+: !�$#', "�$' +�)�, )�): �$&+, /"�,)�.�'(
"�$, �**��), )�.�&!&2 � 2!. ��) 3, 6!� !�$�&3,#�� &2#&"& 1,A,.+1� *&"/+ &0!�$&1'1�+:.4 #,-
.)&�:)& "�$&1'8 1,A,.+1. ��..*�+!�1���.: #, &!"�#�7,.)�, "�$&&0!�$&1�+,�� +�)�, )�) 8�&-
!�.+'( �**&#�(, .,!#&)�.�'( �**&#�(, �$�2 #�+!�4 � &!"�#�7,.)�, .&,2�#,#�4 ",).�8�&!-
6�!�).��&�, �$&2�)�!0&#�*�2 [3]. 

��4 +&"& 7+& 0' &6!,2,��+: 6!&%,.. +,!*&!�.6�2� "�$&&0!�$&1�+,�4 0'� 6!&1,2,# 2,-
!�1&+&"!���7,.)�( �#���$, )&+&!'( 6&)�$'1�,+ �$*,#,#�, *�..' � @#,!"�� 1 6!&%,.., #�"!,-
1�. ��) )�) 1 6!&%,.., 5���&1�#�4 "�$' 1$��*&2,(.+1/9+ . #&1&( +&�:)& 7+& &0!�$&1�15,(.4
6&1,!8#&.+:9, 6!&1,2,#' +,!*&"!���7,.)�, �..�,2&1�#�4 "�$&&0!�$&1�+,�,( . *,+���&*.  

�..�,2&1�#�4 6!&1&2��� *,+&2�*� +,!*&"!�1�*,+!�7,.)&"& � 2���,!,#%���:#&"&
+,!*�7,.)&"& �#���$� #� 2,!�1�+&"!��, .�.+,*' ��/��)--!2,� ��!*' «�	�» (�,#"!�4). 

�,!�1�+&"!���7,.)�( �#���$ – @+& 1�2 .�&3#&"& +,!*�7,.)&"& �#���$�, 6&.!,2.+1&*
)&+&!&"& #� �..�,2/,*&( 6!&0, 1,A,.+1� ��� )&*6&#,#+&1 &2#&1!,*,##& �$*,!49+.4 +,*6,-
!�+/!� (�), �$*,#,#�, *�..' (�G) � .)&!&.+� ,= �$*,#,#�4 (DTG), @#+��:6�� (DTA). �,$/�:+�-
+' �#���$� 1 1�2, 7,+'!=8 .&1*,A=##'8 #� &2#&* "!���), )!�1'8 6&$1&�49+ /.+�#&1�+: #�-
6!�1�,#�, � 1,��7�#/ �$*,#,#�4 1 2�##&( 6!&0, @#+��:6��, .14$�##&( . �$*,#,#�,* �"!,"�+-
#&"& .&.+&4#�4 � 8�*�7,.)�*� !,�)%�4*�, 6!&�.8&24A�*� 1 �.6'+/,*&* *�+,!���, 6&2
1��4#�,* +,6��. �� &.#&1�#�� )!�1&( TG *&3#& 6!&�$1&2�+: .+,8�&*,+!�7,.)�, !�.7=+' ���
1'7�.�,#�, 6!&%,#+#&"& .&2,!3�#�4.  

�,+&2&* 2,!�1�+&"!���� �..�,2&1���.: &!"�#�7,.)�, .&,2�#,#�4 +,+!�*,+��+�/!�*-
2�./�:��2 (����), 2�+�&2�*&!�&��# (����) [2,4]. � 6!&%,.., #�"!,1� ���� &0!�$/9+.4
+�)�, "�$' )�) *&!�&��#, *&#&&).�2 /"�,!&2�, �$&+�.+', "�$', &).�2' .,!'. � .�/7�, +,!*&-
!�.6�2� ���� &0!�$/9+.4 /"�,)�.�'( "�$, �$&+�.+', "�$' � 2!.  

�& !,$/�:+�+�* �..�,2&1�#�( *&3#& .2,��+: 1'1&2, 7+& &0� 1,A,.+1� 1 6!&%,.., #�-
"!,1� 1$��*&2,(.+1/9+ . *,+���&*. �!&%,.. +,!*&!�.6�2� .*,.� 1,A,.+1 . *,+���&* � 7�.-
+'8 1,A,.+1� &+��7�9+.4 @#,!",+�7,.)�*� 1.6�,.)�*� � �$*,#,#�, *�..'. � !,$/�:+�+, #�-
"!,1� "�$&&0!�$&1�+,�,( . *,+���&* *�..� &0!�$%� /*,#:5�,+.4 � $�+,* /1,��7�1�,+.4 6& *,-
!, #�"!,1�, 1 &+��7�� &+ 6&�#&"& ."&!�#�4 6!� #�"!,1, "�$&&0!�$&1�+,�,(. 

� )�7,.+1, �0!�$�1#&"& �#.+!/*,#+� �.6&�:$&1��� 5���&1��:#', )!/"� +�6&!�$*,!� 1 
200×20×76 �$ 21/8 1�2&1 �0!�$�1#'8 *�+,!���&1: @�,)+!&)&!/#2� 0,�&"& (25�) � )�!0�2�
)!,*#�4 $,�=#&"& (64�).  

�!&6�+)� 6!&�$1&2���.: *,+&2&* .1&0&2#&"& )�6���4!#&"& 6&2#4+�4. ��4 +&"& 7+& 0'
+1,!2', 1,A,.+1� 6&6��� 1 6&!' �0!�$�1#&"& )!/"�, 6!,21�!�+,�:#& �*6!,"#�+&!' !�.+1&!�-
�� 1 �%,+&#,.  

�!� 6!&6�+)� �0!�$�1#&"& )!/"� 1 6&!' 2&6&�#�+,�:#& $�6&�#49+.4 +1,!2'* 1,A,.+-
1&*, 7+& *&3,+ &)�$�+: 1��4#�4 #� +1,!2&.+: � 2�.0���#. )!/"�. 

�/A,.+1/,+ 4 )��..� #,/!�1#&1,5,##&.+� 2�4 !�$��7#&"& +�6&!�$*,!� )!/"&1. ��4 &0-
!�0&+)� +&7#'8 2,+��,(, � +�)3, 1 /.�&1�48 *�..&1&"& 6!&�$1&2.+1� 6!�*,#49+ )!/"� 1 � 2-
&"& )��..&1 #,/!�1#&1,5,##&.+�. �&"��.#& �	�� 3060-86 2�4 6,!1&"& )��..� 2&6/.+�*&,
$#�7,#�, #,/!�1#&1,5,##'8 *�.. 2�4 )!/"� .&.+�1�4,+ 6 ", 2�4 1+&!&"&– 10 " [5]. 

�!� 6,!1&* �$*,!,#�� #,/!�1#&1,5,##&.+� )!/"� �$ )�!0�2� )!,*#�4 *�..� "!/$� .&-
.+�1��� 12 ". �&.�, 6!&6�+)� ,"& !�.+1&!&* DTDM *�..� "!/$� .&.+�1�4�� 6", 7+& 1 2 !�$�
*,#:5, 6,!1&#�7��:#&"&, 1.�,2.+1�, @+&"& �0!�$�1#'( )!/" .+�� .&&+1,+.+1&1�+: 6,!1&*/
)��../ #,/!�1#&1,5,##&.+�. 

� .�/7�, 6!&6�+)� �0!�$�1#&"& )!/"� �$ @�,)+!&)&!/#2� 0,�&"& +,* 3, !�.+1&!&* 2�.-
0���#. .#�$��.4 #� 17%. 
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�!/"� �$ )�!0�2� )!,*#�4 � @�,)+!&)&!/#2� )&+&!', 0'�� 6!&6�+�#' !�.+1&!&*
���D .*&"�� /*,#:5�+: 2�.0���#. #� 1 ". 

�!&%,.. �*6!,"#�!&1�#�4 *&3,+, 1��4,+ #, +&�:)& #� 2�.0���#. )!/"�, #& +�), 3, � #�
,"& +1,!2&.+:.  

��4 &6!,2,�,#�4 1��4#�4 #� +1,!2&.+: 0'�� 6!&1,2,#' �..�,2&1�#�4 �)/.+�7,.)�*
*,+&2&* . 6&*&A:9 6!�0&!�  "�1/)-110�". �#�7,#�4 $1/)&1&"& �#2,).� �$*,#��&.: #, $#�7�-
+,�:#&, 1 .�/7�, 6!&6�+)� )!/"� �$ )�!0�2� )!,*#�4 +1,!2&.+: /1,��7���.: . L #� M, 6!&6�+-
)� )!/"� �$ @�,)+!&)&!/#2� #, �$*,#��� $#�7,#�4 +1,!2&.+�. 

�+&�: #, $#�7�+,�:#& 1��4#�, #� +1,!2&.+: )!/"� &)�$'1�,+ *��&, )&��7,.+1& 1,A,.+-
1�.  

�& !,$/�:+�+�* @).6,!�*,#+&1 *&3#& /+1,!32�+:, 7+& �*6!,"#�!&1�#�, �0!�$�1#&"&
�#.+!/*,#+� 6&�&3�+,�:#& .)�$'1�,+.4 #� #,/!�1#&1,5,##&.+�. �*6!,"#�+&!, $�6&�#44 6&!'
)!/"�, .6&.&0.+1/,+ /!�1#&1,5�1�#�9 5���&1��:#&"& )!/"�. �� .7=+ @+&"& /*,#:5�,+.4 2�.-
0���#. )!/"�.  

� !,$/�:+�+, 2,!�1�+&"!���7,.)�8 �..�,2&1�#�( 2&)�$�#& 1$��*&2,(.+1�, 6&!&�&!&1
�  *,+����. � 6&*&A:9 &0!�$/9A�8.4 "�$&1 #� 6&1,!8#&.+� *,+���� *&"/+ 1&$#�)�+: $�A�+-
#', 6�,#)� /�/75�9A�, )�7,.+1& &0!�0&+�##&( 6&1,!8#&.+�.  

�6�.&) ��+,!�+/!'
1. 	.+!&1.)�(,  �. �. �*6!,"#�!&1�##'(  �0!�$�1#'(  �#.+!/*,#+  / �. �.  	.+!&1.)�(. 
	0$&!. – �.: ���*�5, 1983. –37.. 
2. �&.,#)& �.�., �!/+�)&1� �.�., �!�1%&1� �.�. B.�,2&1�#�, 6!&%,..� +,!*�7,.)&"& !�$-
�&3,#�4 /.)&!�+,�,( 1/�)�#�$�%�� 1 .*,.� . 6&!&5)&* 3,�,$� // �&1!,*,##', 6!&0�,*'
#�/)� � &0!�$&1�#�4. – 2014. – C 2 
3. �,!�1�+&"!���7,.)�, �..�,2&1�#�4 "�$&&0!�$&1�+,�,( . %,�:9 6!�*,#,#�4 �8 1 )�7,-
.+1, �*6!,"#�+&!&1 �0!�$�1#'8 �#.+!/*,#+&1 / �&.,#)& �.�., ��+!&��#&1 �.�., �!/+�)&1�
�.�., �!�1%&1� �.�. // �!&0�,*' .&1!,*,##&( #�/)� : .0. #�/7. +!. �'6. 6 / ;,#+! #�/7#&"&
$#�#�4 "�&"&.". - �+�1!&6&�:, 2012. - C. 138-145. 
4. �..�,2&1�#�, +,!*�7,.)&"& !�$�&3,#�4 TMTD � DTDM, �.6&�:$/,*'8 1 )�7,.+1, �*-
6!,"#�+&!&1 �0!�$�1#&"& �#.+!/*,#+� / �&.,#)& �.�., �&1&6&�:%,1� 	.�., �!/+�)&1� �.�., 
�!�1%&1� �.�. // �,8#&�&"�7,.)&, &0,.6,7,#�, *�5�#&.+!&�+,�:#'8 6!&�$1&2.+1 : .0. #�/7. 
+!. I *,32/#�!. $�&7. #�/7.-+,8#. )&#�., 16-17 2,). 2013 ". / �3#&-�!��:.)�( "&.. /#-+, ���,2-
!� +,8#&�&"�� *�5�#&.+!&,#�4. - �,�40�#.), 2014. - C. 319-323. 
5. �	�� 3060-86 �!/"� 5���&1��:#',. �&6/.+�*', #,/!�1#&1,5,##', *�..' � *,+&2 �8
�$*,!,#�4. �.: �$2-1&  .+�#2�!+&1, 1986. - 15 .. 
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� !�0&+, 6!�1,2,#& &6�.�#�, �..�,2&1�+,�:.)&( /.+�#&1)�, �&+&*,+!�7,.)&"& *,+&2� � $#�7,#�4 ",&-
*,+!�7,.)�8 6�!�*,+!&1 1��� #� &.#&1, 1'2,�,#�4 )&#+/!� &0B,)+� . 6&*&A:9 ��"&!�+*&1 �,##� � �����. 

The paper describes the research facility, the photometric method and the values of the geometric parameters of 
the shaft based on edge detection of the object by means of algorithms Kenny and Huff. 

�!�*,#,#�, %��!&1'8 � )&*6:9+,!#'8 +,8#&�&"�( 1 +,8#�7,.)&( .�,!, 41�4,+.4 6,!-
.6,)+�1#'* #�6!�1�,#�,* 1 #�/),. �'7�.�,#�4, 6!&�$1&2�*', . 6&*&A:9 -�� 41�49+.4
&2#�*� �$ #��0&�,, +&7#'8 $� .7=+ +&"&, 7+& .&)!�A�9+.4 1&$*&3#', &5�0)�, .14$�##', .
7,�&1,7,.)�* ��)+&!&*, &5�0)� 6!� &)!/"�,#�� � 6!&7�,. 
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�,+&2 �&+&*,+!�� *&3,+ 0'+: 6!�*,#=# 2�4 �$*,!,#�4 !�2���:#&"& 0�,#�4 "��2)�8
1��&1, 5,,) !�.6!,2,��+,�:#'8 1��&1 � +.2. � &.#&1#'* 6!,�*/A,.+1�* *,+&2� *&3#& &+#,-
.+� +&, 7+& �$*,!,#�, 41�4,+.4 0,.)&#+�)+#'*, ,.+: 1&$*&3#&.+: 11,2,#�4 6&.+&4##&"& )&#-
+!&�4 �$"&+�1��1�,*&( 6!&2/)%�� #� 1.,8 .+�2�48 6!&�$1&2.+1�, � +�)3, 6&41�4,+.4 1&$*&3-
#&.+: 6!&1,2,#�4 �$*,!,#�( 1 �1+&*�+�$�!&1�##&* %,8/, "2, 6!�./+.+1�, 7,�&1,)� #, 1&$-
*&3#&. 

� ��� (������) �&�"��� 6!&1&24+.4 �..�,2&1�#�4 1&$*&3#&.+� 6!�*,#,#�4 *,+&2�
�&+&*,+!�� 6!� �$*,!,#�� !�2���:#'8 0�,#�( 5,,) !�.6!,2,��+,�:#'8 1��&1.  

�.+�#&1)� 2�4 �..�,2&1�#�4 .&.+&�+ �$ %,#+!&1, 1���, @+��&##&"& &0B,)+�, )&+&!'*
.�/3�+ 6�&.)&6�!���,�:#�4 )&#%,1�4 *,!� 2��#' 0 )��..� +&7#&.+� �	�� 9038-90, %��!&1&-
"& �&+&�66�!�+� � )&*6:9+,!� .& .6,%���:#'* 6!&"!�**#'* &0,.6,7,#�,* (!�./#&) 1). 

��� /.+�#�1��1�,+.4 1 %,#+!� .+�#)�, #� ./66&!+, !�$*,A�,+.4 @+��&##'( &0B,)+. �&-
&7,!,2#& &./A,.+1�4,+.4 .,!�4 .#�*)&1 )�32&( 5,()� . 6&1&!&+&* #� 30º 1&)!/" &.� 1���. 
��+,* .#�*)� 6,!,2�9+.4 1 6!&"!�**/, 1 !,$/�:+�+, !�0&+' )&+&!&( �&!*�!/,+.4 +,).+&1'(
��(� &+7=+�, .&2,!3�A�( $#�7,#�4 )&&!2�#�+' 6& &.� &!2�#�+ 6!&.+!�#.+1,##&"& 6&�&3,#�4
5,()� #� )�32&* .#�*),, +�!�!&1&7#'( )&@���%�,#+ � &0A,, 0�,#�, 5,()�. 	6�5,* &.#&1-
#', ��"&!�+*', )&+&!', 6!�*,#49+.4 1 6!&"!�**,. 

� 6,!1/9 &7,!,2: #,&08&2�*& 1'2,��+: "!�#�%' &0B,)+�. ��+,* #,&08&2�*& 1'2,��+:
��5: �#+,!,./9A�, )&#+/!'. ��4 !,5,#�4 @+&( $�2�7� 0'� 6!�*,#=# ��"&!�+* ����. � !,-
$/�:+�+, !�0&+' 6&�/7�,* *�..�1 ��#�(, �$ )&+&!&"& 1'0�!�,+.4 ��5: #,&08&2�*�4 ��#�4, 
6!�#�2�,3�A�4 "!�#�%, &0B,)+�. 

��./#&)  1  –  �8,*� /.+�#&1)� :  1  –  �$*,!4,*�4 5,()� 1��� ;  2  –  %,#+!� ;             
3  –  @+��&##'( &0B,)+ ;  4  –  �&+&�66�!�+ ;  5  –  )&*6:9+,! .  

�!&%,.. �$*,!,#�4 6!&8&2�+ 1 +!� @+�6�.  
�� 6,!1&* @+�6, &0!�0�+'1�,+.4 �.8&2#'( .#�*&), 1'2,�4,+.4 @+��&##'( &0B,)+, &6-

!,2,�49+.4 "!�#�%' @+��&#� � &6!,2,�4,+.4 +�!�!&1&7#'( )&@���%�,#+, )&+&!'( �.6&�:$/-
,+.4 2�4 6,!,1&2� /.�&1#&( ,2�#�%' �$*,!,#�4 «6�).,�:» 1 ,2�#�%/ �$*,!,#�4 2��#' «*�)-
!&*,+!». 

�� 1+&!&* @+�6, 1'2,�4,+.4 &0��.+: 5,()� 1���. �'2,�,#�, &0��.+� .6&.&0.+1/,+ 0&-
�,, +&7#&*/ &0#�!/3,#�9 "!�#�%, &+.,)�#�9 &0��.+,( .#�*)�, #, 6!,2.+�1�49A�8 �#+,!,.�
2�4 �$*,!,#�4, � +�) 3, .&)!�A,#�9 1!,*,#� &0!�0&+)� .#�*)�. -+& 6!&�$1&2�+.4 ��5: 2�4
&2#&"& .#�*)�, +�) )�) 6!,26&��"�,+.4, 7+& 6!� 1!�A,#�� 1��� 1&)!/" .1&,( &.� )�*,!� #, *,-
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#4,+ .1&,"& 6!&.+!�#.+1,##&"& 6&�&3,#�4. �&&!2�#�+' 1'2,�,##&"& /7�.+)� &2#&"& .#�*)�
�.6&�:$/9+.4 2�4 1'2,�,#�4 /7�.+)&1 #� 6&.�,2/9A�8 .#�*)�8 !�..*�+!�1�,*&( 5,()�.  

���,, &6!,2,�49+.4 "!�#�%' 5,()� #� )�32&* 1'2,�,##&* /7�.+),, 1'7�.�49+.4 )&-
&!2�#�+' "!�#�% 5,,) 6& &.� &!2�#�+ �, 1'7�.��1 !�$#�%/ �8 *�).�*��:#&"& � *�#�*��:#&-
"& $#�7,#�4, 6&�/7�,* 1,��7�#/ 0�,#�4 1 6�).,�48. ��+,*, /*#&3�4 6&�/7,##&, $#�7,#�, #�
+�!�!&1&7#'( )&@���%�,#+, 6&�/7�* 1,��7�#/ 0�,#�4 1 *����*,+!�8. 

� !,$/�:+�+, �..�,2&1�#�4 .!,2#,, $#�7,#�, +�!�!&1&7#&"& )&@���%�,#+� .&.+�1��&
25,94 *)*/6�).,�:, 7+& .&&+1,+.+1/,+ 7 .+,6,#� +&7#&.+� 2&6/.)� !�2���:#&"& 0�,#�4 2�4 1�-
�&1 !�$*,!&* 30-50 ** [6]. �#�4 !�$!,5,#�, .#�*)�, )&+&!&, .&.+�1�4,+ 475283168 6�).,�,(, 
*&3#& 1'7�.��+: !�$*,! �&+&"!���!/,*&"& /7�.+)�:  

18,8227,123
1000

94,253168

1000

94,254752

10001000
×=

⋅
×

⋅
=

⋅
×

⋅
= TT KHKW

S (**2), 

"2, S – 6�&A�2: �&+&"!���!/,*&"& /7�.+)�, **2; 
W – 5�!�#� .#�*)�, 6�)..; 
KT – +�!�!&1&7#'( )&@���%�,#+, *)*/6�)..; 
H – 1'.&+� .#�*)�, 6�).. 
�$ 6&�/7,##'8 1 !,$/�:+�+, �..�,2&1�#�4 2�##'8 *&3#& .2,��+: 1'1&2, 7+& *,+&2 �&-

+&*,+!�� *&3,+ 0'+: �.6&�:$&1�# 2�4 �$*,!,#�4 !�2���:#&"& 0�,#�4 1��&1, &2#�)& 1 1�2/
#,2,��*&.+� 6�).,�4, )�) #��*,#:5,( @�,*,#+�!#&( ,2�#�%' .#�*)�, 6!,2.+�1�4,+.4 1&$-
*&3#'* �$*,!4+: 0�,#�, . %,#&( 2,�,#�4, !�1#&( +�!�!&1&7#&*/ )&@���%�,#+/. �&@+&*/ #�
2�##&* @+�6, *&3#& "&1&!�+: & 6!�*,#�*&.+� *,+&2� ��5: 2�4 )&#+!&�4 6!�=*� !�2���:#&"&
0�,#�4 #, 1'5, 8 .+,6,#� +&7#&.+�. � 8&2, �#���$� 6&�/7,##'8 2�##'8 0'�� &0#�!/3,#�
0��$&.+: !,$/�:+�+&1, 6&�/7,##'8 �#2�)�+&!#&( "&�&1)&( 1 ���-0 �	�� 9696-82 6!� �$*,-
!,#�� !�2���:#&"& 0�,#�4 5,,) !�.6!,2,��+,�:#'8 1��&1 . !,$/�:+�+�*�, 6&�/7,##'8 *,+&-
2&* �&+&*,+!��. 

� "'�) "' �!:8(���7 !"$���$(��
1. [@�,)+!&##'( !,./!.] – �1&0&2#'( 2&.+/6 – URL: http://ru.wikipedia.org/wiki/ 	6,!�-
+&!_�@##� (2�+� &0!�A,#�4 16:37 15.04.2014) 
2. [@�,)+!&##'( !,./!.] – �1&0&2#'( 2&.+/6 – URL: http://ru.wikipedia.org/wiki/ �!,&0!�$&-
1�#�,_����  (2�+� &0!�A,#�4 16:40 15.04.2014) 
3. [@�,)+!&##'( !,./!.] – �1&0&2#'( 2&.+/6 – URL: http://locv.ru/wiki/ 

5.7_�&!&"&1&,_6!,&0!�$&1�#�,  (2�+� &0!�A,#�4 16:50 15.04.2014) 
4. [@�,)+!&##'( !,./!.] – �1&0&2#'( 2&.+/6 – URL: http://locv.ru/wiki/
5.7.1_�2�6+�1#&,_6&!&"&1&,_6!,&0!�$&1�#�, (2�+� &0!�A,#�4 16:55 15.04.2014) 
5. [@�,)+!&##'( !,./!.] – �1&0&2#'( 2&.+/6 – 
URL: http://lab18.ipu.ru/projects/conf2006/1/21.htm  (2�+� &0!�A,#�4 14:32 22.04.2014) 
6. �#/!:,1 �.�. �6!�1&7#�) )&#.+!/)+&!�-*�5�#&.+!&�+,�4: 1 3-8 +. �. 1. – 9-, �$2., 6,-
!,!�0. � 2&6./ 6&2 !,2. �.�. �,.+&1&(. – �.: ��5�#&.+!&,#�,, 2006. – 928 .. 
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� @+&( !�0&+, 6&)�$'1�,+.4 6!,�*/A,.+1� +1,!2&"& +&7,#�4 #�2 5���&1�#�,*. 
In this paper shows the advantages of hard turning over grinding. 
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�&3#& #�$#�7�+: +&7,#�, 5,,) � )/��7)&1, +. ). &#� �*,9+ 6�!�*,+!' 7- "& )1���+,+�
+&7#&.+� � 6�!�*,+!' 5,!&8&1�+&.+� #, 6!,1'5�9A�, Ra 0,63. -+& #, +!,0/,+ &04$�+,�:#&"&
6!�*,#,#�4 5���&1�#�4, � 2&.+�+&7#&  +&7,#�4 #� +&)�!#&* .+�#),, #& . 6!�*,#,#�,* ),!�-
*�)�. 	3�2�,*'( @��,)+ 1 +&*, 7+& ,.��  *&3#& #, 5���&1�+:, +& #� /7�.+), *,8�#�7,.)&(
&0!�0&+)� *&3#& #, 6��#�!&1�+:  5���&1��:#'8 .+�#)&1. � @+& &$#�7�,+ 2&.+�3,#�, $#�7�-
+,�:#&( /#���)�%�� *,+���&!,3/A�8 .+�#)&1 � 6!&�,..�( !�0&7�8 .+�#&7#�)&1 1'.&)&(
)1�����)�%��.  ���&1)� @+& 1.,"2� 6!&�,..�&#��:#', 0&�,$#� �,")�8 - � @+& ,A, &2�# .&-
%���:#'( �.6,)+ @��,)+�1#&.+� +&7,#�4 6,!,2 5���&1�#�,*. 

� 7�.+#&.+� &+*,+�*, 7+& 6!&%,.. +1,!2&"& +&7,#�4 *&3#& &+#,.+� ) #&1'* +,8#&�&-
"�4* &0!�0&+)� *�+,!���&1, &0��.+: 6!�*,#,#�4, )&+&!&"& – $�*,#� +&7,#�,* &6,!�%�( 5��-
�&1�#�4 $�)��,##'8 2,+��,( . +1,!2&.+:9 &+ HRC - 47…65. 

��?�1�� $�*��"� - &.#&1� +1,!2&"& +&7,#�4 – &.&0'( .)&!&.+#&( !,3�* &0!�0&+)� �
!,$%' �$ 1'.&)&)�7,.+1,##&"& )/0�7,.)&"& #�+!�2� 0&!�. �� .7,+ .6,%���:#&"& .&7,+�#�4
.)&!&.+� !,$�#�4, ",&*,+!�� !,$%� � !�$*,!� .#�*�,*&( .+!/3)� 6!&�.8&2�+ .��:#&, !�$&-
"!,1�#�, &7,#: *��&( $&#' &0!�0�+'1�,*&"& �$2,��4 (+,*6,!�+/!� 1 +&7), )&#+�)+� 2& 1500 
"!�2/.&1 �). 	0!�$&1�15,,.4 +,6�& #, /.6,1�,+ 6,!,2�+:.4 2,+���, 6&7+� %,��)&* /8&2�+ 1
.+!/3)/, 6!� @+&* � .�*� 2,+��:, � !,$,% &.+�9+.4 8&�&2#'*�. ��)&( &0!�0&+), 6&22�,+.4 )�-
�,#�4 .+��:, +1,!2', .6��1', /6!&7#49A�, #�6��1)�, ),!�*�)�. ��4 2&.+�3,#�4 1'.&)&( 7�-
.+&+' 6&1,!8#&.+� 6!� +1,!2&* +&7,#�� #,&08&2�*' �.)�97�+,�:#& 6��1#&, 6,!,*,A,#�,
!,$%�, 1'.&)�4 3,.+)&.+: .+�#)� � @��,)+�1#&, 2,*6��!&1�#�, 1�0!�%�( &0!�0�+'1�9A,"&
�#.+!/*,#+� 1 5�!&)&* 2��6�$&#, 7�.+&+. ;,�:9 $�*,#' 5���&1�#�4 +1,!2'* +&7,#�,* 41-
�4,+.4 /*,#:5,#�, +!/2&,*)&.+� �$"&+&1�,#�4 2,+��,( �, )�) .�,2.+1�,, /1,��7,#�, @)&#&-
*�7#&.+� 6!&%,..� &0!�0&+)�. 

�#.+!/*,#+��:#'* *�+,!���&* 2�4  +1,!2&"& +&7,#�4 41�4,+.4 !,3/A�4 ),!�*�)� �
)/0�7,.)�( #�+!�2 0&!�. ��32'( �$ *�+,!���&1 �*,,+ .1&� 6!,�*/A,.+1� � #,2&.+�+)�. �,-
!�*�)� ./A,.+1,##& 2,5,1�,, #& 6�&8& 1&.6!�#�*�,+ /2�!#', #�"!/$)�. �/0�7,.)�( #�+!�2
0&!� *,#,, 1&.6!��*7�1 ) /2�!#'* #�"!/$)�*, #& &0��2�,+ 0&�,, 1'.&)&( %,#&(. 

�"6)�'$: " <)����"*�')�# <33�)$"���'$:
	2#& �$ &.#&1#'8 6!,�*/A,.+1 +1,!2&"& +&7,#�4 6!� &0!�0&+), &+1,!.+�(, 6& .!�1#,-

#�9 .& 5���&1�#�,*, — @+& 1'.&)�4 "�0)&.+: � 1&$*&3#&.+: &0!�0&+)� 2,+��,( .& .�&3#&(
",&*,+!�,( $� &2�# 6,!,8&2. -+& 6!,�*/A,.+1& &.&0,##& 1�3#& 6!� &0!�0&+), 2,+��,( .
0&�:5�* )&��7,.+1&* )&!&+)�8 6&1,!8#&.+,( !�$��7#&( �&!*', � +�)3, 6!� #,&08&2�*&.+�
&0!�0&+�+: #�!/3#', � 1#/+!,##�, 6&1,!8#&.+�. � 7�.+#&.+�, 6!� #,&08&2�*&.+� !�.+�7�1�-
#�4 &+1,!.+�(, &0!�0&+)� 6�&.)&.+,( � )&#�7,.)�8 6&1,!8#&.+,(. 

� *&*,#+� 6&41�,#�4 .1,!8+1,!2'8 �#.+!/*,#+��:#'8 *�+,!���&1 &.#&1#'* 6!,64+-
.+1�,* 2�4 �8 5�!&)&"& 6!&*'5�,##&"& 6!�*,#,#�4 0'�� 1'.&)�4 .+&�*&.+:. 	2#�)& .&
1!,*,#,* �8 2,.4+�)!�+#&, 6!,1&.8&2.+1& 1 %,#, +!�2�%�&##'8 �#.+!/*,#+��:#'8 *�+,!��-
�&1 .+��& /.+!��1�+: 6!&�$1&2�+,�,(, 6&.)&�:)/ 0'�� /.&1,!5,#.+1&1�#' )&#.+!/)%�� �#.+-
!/*,#+&1 � 1'!&.�� @��,)+�1#&.+: .�*&( +,8#&�&"�� &0!�0&+)�. 

�,$/�:+�+' !�.7,+� *&3#& 1'!�$�+: 1 6!&%,#+�8 &+ 1!,*,#� 2�4 &6,!�%�� 5���&1�-
#�4: 6&2"&+&1�+,�:#&, 1!,*4 2�4 +1,!2&"& +&7,#�4 .&.+�1�4,+ 8–13 % (1 .!,2#,* 9 %), 1!,*4
#� &0!�0&+)/ — 25–65 % (43 %) � &6,!�%�&##&, 1!,*4 9–43 % (34 %). 

-)&#&*�7#&.+: 6!&%,..� +1,!2&"& +&7,#�4 +�)3, *&3#& !�..*&+!,+: 1 2,#,3#&* 1'-
!�3,#��. �#���$ $�+!�+ &./A,.+1�4�.4 #� &.#&1, 2�##'8 6!,26!�4+�4, #� )&+&!&* /3, 0'�
1#,2!,# 6!&%,.. +1,!2&"& +&7,#�4. � !�.7,+�8 /7�+'1���.: 6&7�.&1�4 &6��+� +!/2� !�0&7,"&, 
$�+!�+' #� �#.+!/*,#+ � 6!&�$1&2.+1,##&, &0&!/2&1�#�,. 

�/A,.+1,##�4 @)&#&*�4 0'�� 2&.+�"#/+� 1 &6��+, +!/2�, 6&.)&�:)/ #� &6,!�%�� +1,!-
2&"& +&7,#�4 !�0&7�( *&3,+ &0.�/3�1�+: 21� .+�#)� &2#&1!,*,##&, 7+& #,1&$*&3#& #� &6,-
!�%�� 5���&1�#�4. 

�A, &2#& 6!,�*/A,.+1& +1,!2&"& +&7,#�4 — @+& &+./+.+1�, !�.8&2&1 #� �	�, 6&-
.)&�:)/ 2�##�4 +,8#&�&"�4 6!,26&��"�,+ ./8&, !,$�#�,. ��)�* &0!�$&* &#� �.)�97�,+ $�"!4$-
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#,#�, &)!/3�9A,( .!,2' � &0!�$&1�#�, 1!,2#'8 &+8&2&1. �!&*, +&"&, .+!/3)�, &0!�$&1�##�4
1 6!&%,.., +1,!2&"& +&7,#�4, *&3,+ 0'+: 6&1+&!#& 6,!,!�0&+�#�. 

���!"*��"� <)����"*��'$" � ��1�!#�$'# '!�1(@9"�" 3�)$����": 
-�B,* *�+,!���� 6!� +1,!2&* +&7,#�� 1 +!� !�$� *,#:5,, 7,* 6!� 5���&1�#��. 
-�&7#&.+: &0!�0&+)� �2,#+�7#� )�) 6!� +1,!2&* +&7,#��, +�) 6!� 5���&1�#��. 
-�!,*4 &0!�0&+)� 6!� +1,!2&* +&7,#�� 1 #,.)&�:)& !�$ *,#:5,, 7,* 6!� 5���&1�#��. 
-�	� #, 6!�*,#4,+.4. 
-�1,!2&, +&7,#�, �*,,+ #�*#&"& 0&�,, 1'.&)/9 "�0)&.+: – 1&$*&3#� &0!�0&+)� .�&3-

#&6!&���:#'8 2,+��,(, 1 +& 1!,*4 )�) #� 5���&1��:#&* .+�#), +�)�4 &0!�0&+)� +!,0/,+ $�-
*,#' )!/"&1 � 6&2#���2)� .+�#)�. 

�., 1'5,6,!,7�.�,##&, 6&$1&�4,+ "&1&!�+: & +&*, 7+& +1,!2&, +&7,#�, 6!�)+�7,.)�
1.,"2� #� 30-50% @)&#&*�7#,, 5���&1�#�4. 

����1. �!�1#�+,�:#'( )�7,.+1,##'( �#���$ 2&)�$'1�,+ #���7�, ./A,.+1,##&"&  +,8-
#�)&-@)&#&*�7,.)&"& @��,)+� 6!� #�$#�7,#�� &6,!�%�( +&7,#�4 5,,) � )/��7)&1 $�)��,##'8
$�"&+&1&) !�.6!,2,��+,�:#'8 1��&1. �1,!2&, +&7,#�, 41�4,+.4 !,��:#&( ��:+,!#�+�1&( 6!&-
%,../ 5���&1�#�4. �!,�*/A,.+1� +1,!2&"& +&7,#�4 6!� &0!�0&+), 6& .!�1#,#�9 .& 5���&-
1�#�,* $�)�97�9+.4 1 .�,2/9A,*. 
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��..*�+!�1�,+.4 �#���$ +,8#&�&"�7,.)&"& 6!&%,..� 6!� �$"&+&1�,#�� !&��)� )&#�7,.)&"& 6&25�6#�)�. 
We consider the analysis of the process in the manufacture of tapered roller bearing roller. 

�&��)� �$"&+�1��1�9+.4 �$ 6&1,!8#&.+#& ��� &0B,*#& /6!&7#,##'8 6& .6,%���:#&(
+,8#&�&"�� 6&25�6#�)&1'8 .+��,(. �A�+,�:#'( )&#+!&�: !�$*,!&1, +,!*&&0!�0&+)� � ��-
#�5#&( &0!�0&+)� 6&1,!8#&.+� .6&.&0.+1/,+ 2��+,�:#&( !�0&+, 6&25�6#�)�. � !42, 6&2-
5�6#�)&1, ) )&+&!'* 6!,2B41�49+.4 $#�7�+,�:#', +!,0&1�#�4 6& #�2,3#&.+� � 2&�"&1,7#&-
.+�, �.6&�:$/9+.4 )&*6&#,#+' �$ .+��� 1'.&)&( 7�.+&+' (premium cleanliness steel). 

� *&,( !�0&+, &0B,)+&* 6!&�$1&2.+1� 41�49+.4 !&��)&1', )&#�7,.)�, &2#&!42#',
6&25�6#�)� 7921�.04-10 � 6-7506.04. 

;,�: !�0&+': �#���$ +,8#&�&"�7,.)&"& 6!&%,..� 6!� �$"&+&1�,#�� !&��)&1 )&#�7,.)�8
6&25�6#�)&1 . %,�:9 6&1'5,#�4 +,8#�)&-@)&#&*�7,.)�8 6&)�$�+,�,( � )�7,.+1� �$2,��(. 

��) )�) 1., +�6' 6&25�6#�)&1, !�..*�+!�1�,*', 1 2�##&( !�0&+,, �*,9+ *�../ 2& 1 
)", � "&2&1�4 6!&"!�**� 1'6/.)� .&.+�1�4,+ #, *,#,, 500000 5+., +& 2,��,* 1'1&2, 7+& 6!&�$-
1&2.+1& – *�..&1&,. -+&+ +�6 6!&�$1&2.+1� @)&#&*�7,.)� %,�,.&&0!�$,# 6!� 2&.+�+&7#&
0&�:5&* &0B,*, 1'6/.)� 6!&2/)%��, 6&@+&*/ #,&08&2�*'* /.�&1�,* *�..&1&"& 6!&�$1&2.+-
1� 41�4,+.4 #���7�, /.+&(7�1&"& � $#�7�+,�:#&"& .6!&.� #� 6!&2/)%�9, 7+& /2&1�,+1&!4,+
6&.+�1�,##&( $�2�7,. 

� .&1!,*,##&* 6!&�$1&2.+1, &2#�* �$ &.#&1#'8 #�6!�1�,#�( !�$1�+�4 +,8#&�&"�� *,-
8�#�7,.)&( &0!�0&+)� 41�4,+.4 �.6&�:$&1�#�, 7,!#&1'8 $�"&+&1&) . @)&#&*�7#'*� )&#.+-
!/)+�1#'*� �&!*�*�, &0,.6,7�1�9A�*� 1&$*&3#&.+: 6!�*,#,#�4 #��0&�,, &6+�*��:#'8
.6&.&0&1 �8 &0!�0&+)�, +. ,. &0!�0&+)� . #��0&�:5,( 6!&�$1&2�+,�:#&.+:9 � #��*,#:5�*�
&+8&2�*�. -+& #�6!�1�,#�, +!,0/,+ #,6!,!'1#&"& 6&1'5,#�4 +&7#&.+� $�"&+&1&) � 6!�0��-
3,#�4 �8 )&#.+!/)+�1#'8 �&!* � !�$*,!&1 ) "&+&1'* 2,+��4*, 7+& 6&$1&�4,+ .&&+1,+.+1,##&
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.&)!�+�+: &0B,* &0!�0&+)� !,$�#�,*, &"!�#�7�1�4 ,, 1 !42, .�/7�,1 7�.+&1'*�, &+2,�&7#'*�
&6,!�%�4*�. 

�,8#�)&-@)&#&*�7,.)&, &0&.#&1�#�, 1'0&!� $�"&+&1)� 2�4 &0!�0�+'1�,*&( 2,+���
6!&�$1&24+ 6& #,.)&�:)�* #�6!�1�,#�4*: *,+���&,*)&.+�, +!/2&=*)&.+� � .,0,.+&�*&.+�, 
/7�+'1�4 6!� @+&* )&#)!,+#', 6!&�$1&2.+1,##', /.�&1�4. �,8#�)&-@)&#&*�7,.)&, &0&.#&1�-
#�, 1,2=+.4 6& 21/* ��� #,.)&�:)�* 1'0!�##'* 1�!��#+�*. �!� @)&#&*�7,.)&( &%,#), &6!,-
2,�49+ *,+���&=*)&.+:, .,0,.+&�*&.+: ��� +!/2&=*)&.+: )�32&"& 1'0!�##&"& 1�!��#+� �$"&-
+&1�,#�4 $�"&+&1)�, � $�+,* �8 .&6&.+�1�49+. 

	./A,.+1�4,+.4 6!,21�!�+,�:#�4 &%,#)� 1�!��#+&1, )&+&!�4 6&$1&�4,+ 6& 1#,5#�*
6!�$#�)�* @��,)+�1#&.+� (.#�3,#�, *�+,!���&,*)&.+� � +!/2&,*)&.+� &0!�0&+)�) &+&0!�+:
#��0&�,, 6!�,*�,*'( 1�!��#+.  

�#�3,#�, +!/2&=*)&.+� *,8�#�7,.)&( &0!�0&+)� $�"&+&1&), 2&.+�"�,*&, !�%�&#��:-
#'* 1'0&!&* .6&.&0� �8 �$"&+&1�,#�4, &0,.6,7�1�,+ !&.+ 6!&�$1&2.+1� #� +,8 3, 6!&�$1&2-
.+1,##'8 6�&A�248 0,$ ./A,.+1,##&"& /1,��7,#�4 &0&!/2&1�#�4 � +,8#&�&"�7,.)&( &.#�.+)�. 

�,8#&�&"�4 5���&1�#�4 !&��)&1 )&#�7,.)�8 6&25�6#�)&1 1)�97�,+ 1 .,04: 
1. 
,$%,#+!&1&5���&1��:#/9 &0!�0&+)/

1)  ���&1�#�, 2& +,!*&&0!�0&+)�
2) �!,21�!�+,�:#&,
3) ��.+&1&, 1 
4) ��.+&1&, 2 
5) 	)&#7�+,�:#&,   

2.  ���&1�#�4 +&!%,1  
1) �,!#&1&,
2) �!,21�!�+,�:#&,

3.  ���&1�#�, .�,!' 0�$&1&"& +&!%�
1) 	)&#7�+,�:#&,

4. �!/"&5���&1��:#�4 &6,!�%�4
1) �&1&2)�

�., 6!&%,..' 5���&1�#�4 6!&�$1&24+.4 #� .+�#)�8  SWaAKM – 25/1� , 334AD , SXK 
– 8Q  , SXM – 2Q 6!,2#�$#�7,##'8 2�4 5���&1�#�4 &0!�$/9A,( )&#�7,.)�8 !&��)&1, &0!�-
0&+)� +&!%&1, 5���&1�#�4 0�$&1&"& +&!%� )&#�7,.)�8 !&��)&1, 5���&1�#�, &0!�$/9A�8 )&-
#�7,.)�8 %���#2!�7,.)�8 !&��)&1 (�!/"&5���&1�#�4 &)&#7�+,�:#�4, 2&1&2&7#�4). 	.#&1#�4
*�!)� .+��� -  �15 6& �	�� 801. 
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��..*�+!�1�9+.4 �.6,)+' &6,!�%�� +,!*&&0!�0&+)� !&��)� 6&25�6#�)�. 
Discusses aspects of heat treatment operations roller bearing. 

�&25�6#�)� 6& .1&,( �/#)%�� 1'.&)&+,8#&�&"�7#', �$2,��4 (1!�A,#�, 21/8 @�,*,#-
+&1 &+#&.�+,�:#& 2!/" 2!/"�), #,./A�, 1'.&)�, #�"!/$)�, +&7#&.+: � *�#�*��:#&, .&6!&+�1-
�,#�,. ��32&*/ +�6/ 6&25�6#�)� .&&+1,+.+1/,+ .1&4 +,8#&�&"�4 �$"&+&1�,#�4, #& 1 &0A,*
.&.+�1�49A�, +,8#&�&"�7,.)&"& 6!&%,..� &2�#�)&1': 

- 6&2"&+&1�+,�:#', &6,!�%��, 
- +,!*�7,.)�4 &0!�0&+)�, 
- 5���&1�#�,, 
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- .0&!)�. 
��!42/ . 1'.&)�*� +&7#&.+:9 &0!�0&+)� � )�7,.+1&* &+2,�)� !�0&7�8 6&1,!8#&.+,(

*,+��� 2�4 2,+��,( 6&25�6#�)&1 )�7,#�4 � +,!*�7,.)�4 &0!�0&+)� �8 41�49+.4 &.#&1#'*�
��)+&!�*�, &6!,2,�49A�*� .!&) .�/30' 6&25�6#�)&1. 

 �!�)&6&25�6#�)&1', .+��� 8�!�)+,!�$/9+.4 1'.&)�* .&2,!3�#�,* /"�,!&2� (&)&�&
1 %) � #���7�,* 8!&*� ( �9,  �15). �'.&)&, .&2,!3�#�, /"�,!&2� � 8!&*� 6&.�, $�)��)�
&0,.6,7�1�,+ .+!/)+/!/ *�!+,#.�+ 6�9. )�!0�2', 1'.&)/9 +1,!2&.+:, �$#&.&.+&()&.+:, #,&0-
8&2�*/9 6!&)���1�,*&.+:. 

�&1'5,#' +!,0&1�#�4 1 &+#&5,#�� 7�.+&+' � !�1#&*,!#&.+� !�.6!,2,�,#�4 )�!0�-
2&1, 1 6!&+�1#&* .�/7�, *&3,+ 6!&�$&(+� 1')!�5�1�#�,. �+��� 6&21,!"�9+.4 .+!&"&*/ *,-
+���/!"�7,.)&*/ )&#+!&�9 #� #���7�, 6&!�.+&.+�, #,*,+����7,.)�8 1)�97,#�(, )�!0�2#&(
.,+)�, )�!0�2#&( ��)1�%��. 

�,!*�7,.)�4 &0!�0&+)� 1)�97�,+ &+3�", $�)��)/ � &+6/.). 	+3�" 6!&1&24+ 6&.�, )&1)�
2�4 .#�3,#�4 +1,!2&.+� � 6&2"&+&1)� .+!/)+/!' ) $�)��),. �,*6,!�+/!� $�)��)� .&.+�1�4,+
790…880  � 1 $�1�.�*&.+� &+ *�..�1#&.+� 2,+��,(. 	8��32,#�, – 1 *�.�, ()&�:%�, !&��)�), 1
1&2#&* !�.+1&!, .&2' ��� .&�� (5�!�)�). 	+6/.) .+��� 6!&1&24+ 6!� +,*6,!�+/!, 150…170 
o� 1 +,7,#�, 1…2 7�.&1. 	0,.6,7�1�,+.4 +1,!2&.+: 62…66 �RC. 

�&.�, )&1)� .+!/)+/!� .+���  �15 – 6��.+�#7�+'( 6,!��+ � +&#)�4 !�$&!1�##�4 )�!-
0�2#�4 .,+)� , +1,!2&.+: �� 255–340, &0!�0�+'1�,*&.+: .+��� . +�)&( .+!/)+/!&( � +1,!2&-
.+:9 $�+!/2#,#�. 

��4 .#�3,#�4 +1,!2&.+� 2& �� 178–207 � 6&�/7,#�4 .+!/)+/!' $,!#�.+&"& 6,!��+�, 
&0,.6,7�1�9A,( 8&!&5/9 &0!�0�+'1�,*&.+:, $�"&+&1)� 6&21,!"�9+ &+3�"/ 6!� 780–800 °� .
6&.�,2/9A�* *,2�,##'* &8��32,#�,* (15–25 °�/7) 1 �#+,!1��, +,*6,!�+/! (5 °�/7) 6!�1&-
2�+ ) &0!�$&1�#�9 )!/6#&$,!#�.+&"& 6,!��+�; +�)�4 .+!/)+/!� &0��2�,+ #�$)&( +1,!2&.+:9, 
#& #,0��"&6!�4+#� 2�4 6&.�,2/9A,( $�)��)�. �&!*��:#&( .+!/)+/!&( 6&.�, &+3�"� 41�4,+.4
.+!/)+/!� *,�)&$,!#�.+&"& 6,!��+�. �!� #,2&"!,1, 6!� &+3�", .&8!�#4,+.4 7�.+: +&#)&6��-
.+�#7�+&"& 6,!��+�, � 6!� 6,!,"!,1, &0!�$/,+.4 .+!/)+/!� )!/6#&6��.+�#7�+&"& � $,!#�.+&"&
6,!��+�. 

�� 6!&%,.. $�)��)� 6&25�6#�)&1'8 2,+��,( 1��4,+ 8!&*. �!&* /1,��7�1�,+ )&��7,.+-
1& �$0'+&7#'8 )�!0�2&1 1 .+!/)+/!, .+��� � /*,#:5�,+ 7/1.+1�+,�:#&.+: ) 6,!,"!,1/. �.�,2-
.+1�, 6!�.�2)� 8!&*� /*,#:5�,+.4 )!�+�7,.)�4 .)&!&.+: $�)��)� � /1,��7�1�,+.4 6!&)���-
1�,*&.+:. �,0&�:5�4 )!�+�7,.)�4 .)&!&.+: $�)��)� #,&08&2�*� 2�4 +&"&, 7+&0' *&3#& 0'�&
2,+��� $�)���1�+: 1 *�.�,. �!� $�)��), 1 *�.�, 6!&�.8&2�+ 7�.+�7#'( &+6/.) *�!+,#.�+�, 7+&
.#�3�,+ #�6!43,#�4. 

� /1,��7,#�,* .&2,!3�#�4 8!&*� )!�+�7,.)�4 .)&!&.+: $�)��)� $#�7�+,�:#& 6&#�3�-
,+.4. ��4 .+���  �15 (1 % � � 1,5 % �") 6& .!�1#,#�9 .& .+��:9 �10 (1 % �) )!�+�7,.)�4
.)&!&.+: $�)��)� /*,#:5�,+.4 . 500 2& 35—40 °�/.. � .14$� . /*,#:5,#�,* )!�+�7,.)&( .)&-
!&.+� $�)��)� 2,+��� �$ .+���  �15 6!&)���1�9+ #� $#�7�+,�:#& 0&�:5/9 "�/0�#/ 6& .!�1-
#,#�9 . 2,+��4*� �$ .+��� V10. 

�,*6,!�+/!� $�)��)� 6&25�6#�)&1'8 .+��,( )&�,0�,+.4 1 6!,2,��8 790–870 °� 1 $�1�-
.�*&.+� &+ *�..' 2,+��,(: 7,* )!/6#,, 2,+��:, +,* 1'5, +,*6,!�+/!� $�)��)�. 	8��32,#�,
6!&1&2�+.4 1 *�.�, ()&�:%�, !&��)�) ��� 1 !�.+1&!, .&2', ��� 6&1�!,##&( .&�� 1 1&2, (5�!�-
)�). �&.�, $�)��)� � &+6/.)� +1,!2&.+: HRC 62–65. 	6+�*��:#&( .+!/)+/!&( $�)��,##&(
6&25�6#�)&1&( .+��� 41�4,+.4 .)!'+&)!�.+����7,.)�( *�!+,#.�+ . !�1#&*,!#& !�.6!,2,-
�,##'*� *,�)�*� �$0'+&7#'*� )�!0�2�*�. �+!/)+/!� �"&�:7�+&"& � )!/6#&�"&�:7�+&"&
*�!+,#.�+� . )�!0�2�*� 41�4,+.4 6!�$#�)&* 6,!,"!,1�. �,+��� 6&25�6#�)&1, $�)��,##', .
6&2&"!,1&*, �*,9+ 6&#�3,##/9 6!&7#&.+:. �+!/)+/!� *�!+,#.�+� . /7�.+)�*� +!&&.+�+� �
)�!0�2�*� 8�!�)+,!�$/,+ #,2&"!,1 ��� $�*,2�,##&, &8��32,#�, 6!� $�)��),. ��)�4 .+!/)+/!�
&0��2�,+ 6&#�3,##&( +1,!2&.+:9 � 6&@+&*/ 41�4,+.4 #,2&6/.+�*&(. ��3#&( 8�!�)+,!�.+�)&(
)�7,.+1� $�)��)� 41�4,+.4 1�2 �$�&*�. ����/75�( �$�&* – 5,�)&1�.+'(, ��!�&!&1�2#'(. 
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�$�&* . $�*,+#&( $,!#�.+&.+:9 41�4,+.4 6!�$#�)&* 6,!,"!,1� .+���. ��#&$�.+'( �$�&* 8�-
!�)+,!�$/,+ #,6&�#/9 $�)��)/ .+���. 

�,!*�7,.)�4 &0!�0&+)� 5�!�)&1 � !&��)&1. �'.&)�, +!,0&1�#�4, 6!,2B41�4,*', )
+1,!2&.+� � &2#&!&2#&.+� .+!/)+/!' #� 6&1,!8#&.+� 5�!�)&1 � !&��)&1, $�.+�1�49+ 1#�*�-
+,�:#& &+#&.�+:.4 ) 1'0&!/ $�)��&7#&"& &0&!/2&1�#�4. ����/75�*� �"!,"�+�*� 2�4 #�"!,1�
6&2 $�)��)/ 5�!�)&1 � !&��)&1 *,�)�8 � .!,2#�8 !�$*,!&1 (5�!�)&1 2��*,+!&* 2& 50 ** �
!&��)&1 2��*,+!&* 2& 30 **) 41�49+.4 0�!�0�##', 6,7� (. 1!�A�9A�*.4 */�,�,*). � #�8
5�!�)� � !&��)� 21�3/+.4 6&.+/6�+,�:#& � 1!�A�9+.4, 7+& &0,.6,7�1�,+ !�1#&*,!#'( #�-
"!,1. 

	8��32�9A�*� .!,2�*� 6!� $�)��), 5�!�)&1 � !&��)&1 41�49+.4 *�.�&, 1&2#', !�.-
+1&!' .&2'. 

�&.�, $�)��)� 5�!�)� � !&��)� 6&21,!"�9+ &+6/.)/ (#, 6&$3, 3 7 6&.�, $�)��)�) 6!�
150–160 °� . 1'2,!3)&( 1 +,7,#�, 2–6 7 (1 $�1�.�*&.+� &+ 2��*,+!�). �1,!2&.+: 6&.�, $�)��-
)� � &+6/.)� HRC 62–65, � *�)!&.+!/)+/!� – .)!'+&)!�.+����7,.)�( *�!+,#.�+ � )�!0�2'. 

� "'�) !"$���$(��
1. �&25�6#�)� )�7,#�4. �6!�1&7#&, 6&.&0�,. �&2 !,2�)%�,( 2-!� +,8#. #�/)
�.�.�6�%'#� � )�#2.+,8#.#�/) �.�.�6!�5,1.)&"&. 
2. �+!/)+/!� � .1&(.+1� 6&25�6#�)&1'8 .+��,( / �6,)+&! �.�., �,�:0,+ 
.�., ��.,�=1� �. 
�.  �.: �,+���/!"�4, 1980. 264 ..
3. ��5�#&.+!&�+,�:#', .+���. �$2. 2-,., 6,!,!�0&+�##&, � 2&6&�#,##&, / �/!�1�,1 �.�., 
��)&��,1� 	.�. �.: "��5�#&.+!&,#�,", 1968. 332 .. 
4. �&1'5,#�, )�7,.+1� � /�/75,#�, .&!+�*,#+� 6&25�6#�)&1&( .+��� 1 .+!�#�8-7�,#�8
�-�–�.: �#-+ «�,!*,+�#�&!*�%�4».1979". 
5. �6!�5,1.)�( �.� �&25�6#�)� )�7,#�4. – �.: ��5�#&.+!&,#�,, 1968. 
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��..*�+!�1�,+.4 .+�+�.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� &+1,!.+�4 1#/+!,##,"& )&�:%� 6&25�6#�)�
�-807813�

The statistical analysis of parameters of quality of a hole of an inside ring of the U-807813A bearing is consid-
ered 

�+�+�.+�7,.)�( �#���$ #,&08&2�* 2�4 &6!,2,�,#�4 1 )�)&* .&.+&4#�� #�8&2�+.4 6!&-
�$1&2�*�4 6!&2/)%�4 ��� 6!&�$1&2.+1,##'( 6!&%,..; )�)&1 0/2,+ 6!&%,#+ 0!�)� 1& 1.,( 6!&-
2/)%�� $� &6!,2,�,##'( 6,!�&2 6!&�$1&2.+1�; 41�4,+.4 �� 6!&�$1&2.+1,##'( 6!&%,.. .+�-
0��:#'* � 0/2,+ �� &# .+�0��:#'* 1 0��3�(5,* 0/2/A,*. 

� %,�48 &%,#)� ./A,.+1/9A,"& 6&�&3,#�4 +,8#&�&"�� &0!�0&+)�, 6!&1&2��.4 .+�+�-
.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� #� &6,!�%�� 5���&1�#�4 1#/+!,##,"& )&�:%� 6&25�6-
#�)� �–807813�. �#/+!,##, )&�:%& 6&25�6#�)� �-807813� �*,,+ !42 &+1,+.+1,##'8 6&-
1,!8#&.+,(. �#/+!,##�( 2��*,+! )&�:%� . !�$*,!&* 65 2&�3,# �*,+: #�3#,, &+)�&#,#�, -
0,015 � 5 )1���+,+. 	)�&#,#�, &+ )!/"�&.+� 2&�3#& 0'+: 1'.&)�* 0,009 � 0,012. 

��*,!' 6!&1&2���.: 1 +,7,#�, +!,8 *,.4%,1, 7�.�& $�*,!&1 .&.+�1�4,+ 50. 
� 6!&1&2�*&* �#���$, 6!&%,..� 5���&1�#�4  0'�� !�..*&+!,#' .&0!�##', 2�##',

�$*,!,#�( +�)�8 6�!�*,+!&1 )�): #,��#,(#&.+: � 5,!&8&1�+&.+: &+1,!.+�4.  
�,��#,(#&.+: �$*,!4�� 6!�0&!&* «TALYROND» - @+� �$*,!�+,�:#�4 .�.+,*� &.#�A,-

#� @�,)+!&##'* 0�&)&* � 6,!.&#��:#'* )&*6:9+,!&* .& .6,%����$�!&1�##'* 6!&"!�**#'*



103

&0,.6,7,#�,*. ��!42/ . +!�2�%�&##'*� 6�!�*,+!�*� &+)�&#,#�4 &+ )!/"�&.+� .�.+,*� �*,,+
2&6&�#�+,�:#', 1&$*&3#&.+� – 6!&1,2,#�, "�!*&#�7,.)&"& �#���$�, 1&$*&3#&.+: �1+&*�+�-
7,.)&"& /2��,#�4 2,�,)+&1, 6,!,.7,+ �$*,!,##&"& 6!&���4 . !�$��7#'*� !,3�*�*� ���:+!�-
%��. �., 6!�0&!' @+&( *&2,�� *&"/+ 0'+: &0#&1�,#' 2& /!&1#4 6&.�,2#,( *&2���)�%��. �!�
#,&08&2�*&.+� 6!&1&2�+.4 � !,*&#+ 56�#2,�4 6!�0&!�. �6,%���:#�4 *&2���)�%�4 6!�0&!� .
6!&"!�**&( )&!!,)%�� 6&"!,5#&.+� 56�#2,�4, 6&$1&�4,+ 6!&1&2�+: �$*,!,#�4 . 6&"!,5#&-
.+:9 #, 0&�,, 0,025 *)*. 

 ,!&8&1�+&.+: �$*,!4�� #� 6!�0&!, «SURTRONIC» – 6&!+�+�1#'( A/6&1&( 6!�0&!
2�4 6!�*,#,#�4 1 %,8&1'8 � ��0&!�+&!#'8 /.�&1�48. �$*,!4,*�4 6&1,!8#&.+: &7�A�,+.4 &+
�0!�$�1�, .*�$)�, "!4$� � +.6. ���,, /.+�#�1��1�,+.4 � $�)!,6�4,+.4 2,+��: . �$*,!4,*&( 6&-
1,!8#&.+:9 1 6!�.6&.&0�,#�, � !,"/��!/,+.4 1,!+�)��:#&, � "&!�$&#+��:#&, 6&�&3,#�, +!�-
1,!.#&"& 0�&)� � 2�+7�)� 2�4 1'6&�#,#�4 /.�&1�( �$*,!,#�(. �.6&�:$/4 6&1&!&+#'( 2,!3�-
+,�: 2�+7�)� #� +!�1,!.#&* 0�&),, 6��1#& 11,2,+.4 #�)&#,7#�) A/6� 2�+7�)� 1 )&#+�)+ . �$-
*,!4,*&( 6&1,!8#&.+:9, #, 2&6/.)�4 /2�!#'8 1&$2,(.+1�( #� 2�+7�). �&.�, &)&#7�#�4 +!�-
1,!.�!&1�#�4 #� @)!�#, 6&41�49+.4 !,$/�:+�+', � 2�+7�) 1&$1!�A�,+.4 1 ,"& )!�(#99 �,1/9
6&$�%�9. �&.�, �$*,!,#�4 � !,1,!.�1#&"& 21�3,#�4 2�+7�)� #� �.8&2#/9 6&$�%�9, 2�+7�)
6��1#& 1'1&2�+.4 �$ )&#+�)+� . �$*,!4,*&( 6&1,!8#&.+:9, #, 2&6/.)�4 /2�!#'8 1&$2,(.+1�(
#� 2�+7�). 	%,#)/ 5,!&8&1�+&.+� �$*,!,##'8 6&1,!8#&.+,( 6!&1&2��� 6& .!,2#,*/ $#�7,-
#�9 6�!�*,+!� Ra. 

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

2 *&3#& �.6&�:$&1�+: 2�4 6!&1,!)� �90&"& !�.6!,2,�,#�4, 1 +&* 7�.�, #&!*��:#&"& �
@).6&#,#%���:#&"&. 

�!&1,!)� 6& )!�+,!�9 �
2 &+1,!"�� "�6&+,$/ & 6!�#�2�,3#&.+� 1.,8 1'0&!&) )  #&!-

*��:#&*/ $�)&#/ !�.6!,2,�,#�4. 
��,2&1�+,�:#&, !�..*&+!�* 6!�#�2�,3#&.+: 1'0&!)� ) 2!/"�* $�)&#�* !�.6!,2,�,#�4: 

!�.6!,2,�,#�, �@�,4 � "�**�-!�.6!,2,�,#�,. 
� !,$/�:+�+, 6&�/7��&.:, 7+& #,��#,(#&.+: 2��*,+!� � 5,!&8&1�+&.+: &+1,!.+�4 6&2-

8&24+ ) !�.6!,2,�,#�9 �@�,4. 	+)�&#,#�, !�$*,!&1 &+ .+�#2�!+� 1'$'1�,+.4 !�$��7#'*�
6!�7�#�*�: #,!�1#&*,!#'( !,3�* &0!�0&+)� 2,+���; #,&2#&!&2#&.+: &0!�0�+'1�,*&"& *�+,-
!����; #,+&7#&.+: /.+�#&1)� $�"&+&1)� 1 .+�#),; �$#&. !,3/A,"& �#.+!/*,#+� � 2,+��,( .+�#-
)&1; .&.+&4#�, *�)!&)��*�+� 1 %,8,; )&�,0�#�, #�6!43,#�4 1 @�,)+!&.,+� � +.2. 

��	����������� 	�	��, 
��/���	���.��	��
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��1�&1� �.�. 
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��..*�+!�1�,+.4 .+�+�.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� &+1,!.+�4 1#/+!,##,"& )&�:%� 6&25�6#�)�
�-807813�

The statistical analysis of parameters of quality of a hole of an inside ring of the U-807813A bearing is consid-
ered 

�+�+�.+�7,.)�( �#���$ #,&08&2�* 2�4 &6!,2,�,#�4 1 )�)&* .&.+&4#�� #�8&2�+.4 6!&-
�$1&2�*�4 6!&2/)%�4 ��� 6!&�$1&2.+1,##'( 6!&%,..; )�)&1 0/2,+ 6!&%,#+ 0!�)� 1& 1.,( 6!&-
2/)%�� $� &6!,2,�,##'( 6,!�&2 6!&�$1&2.+1�; 41�4,+.4 �� 6!&�$1&2.+1,##'( 6!&%,.. .+�-
0��:#'* � 0/2,+ �� &# .+�0��:#'* 1 0��3�(5,* 0/2/A,*. 

� %,�48 &%,#)� ./A,.+1/9A,"& 6&�&3,#�4 +,8#&�&"�� &0!�0&+)�, 6!&1&2��.4 .+�+�-
.+�7,.)�( �#���$ 6�!�*,+!&1 )�7,.+1� #� &6,!�%�� 5���&1�#�4 1#/+!,##,"& )&�:%� 6&25�6-
#�)� �–807813�. �#/+!,##, )&�:%& 6&25�6#�)� �-807813� �*,,+ !42 &+1,+.+1,##'8 6&-
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1,!8#&.+,(. �#/+!,##�( 2��*,+! )&�:%� . !�$*,!&* 65 2&�3,# �*,+: #�3#,, &+)�&#,#�, -
0,015 � 5 )1���+,+. 	)�&#,#�, &+ )!/"�&.+� 2&�3#& 0'+: 1'.&)�* 0,009 � 0,012. 

��*,!' 6!&1&2���.: 1 +,7,#�� +!,8 *,.4%,1, 7�.�& $�*,!&1 .&.+�1�4,+ 50. 
� 6!&1&2�*&* �#���$, 6!&%,..� 5���&1�#�4  0'�� !�..*&+!,#' .&0!�##', 2�##',

�$*,!,#�( +��8 6�!�*,+!&1 )�): #,��#,(#&.+: � 5#!&8&1�+&.+: &+1,!.+�4.  
�,��#,(#&.+: �$*,!4�� 6!�0&!&* «TALYROND» - @+� �$*,!�+,�:#�4 .�.+,*� &.#�A,-

#� @�,)+!&##'* 0�&)&* � 6,!.&#��:#'* )&*6:9+,!&* .& .6,%����$�!&1�##'* 6!&"!�**#'*
&0,.6,7,#�,*. ��!42/ . +!�2�%�&##'*� 6�!�*,+!�*� &+)�&#,#�4 &+ )!/"�&.+� .�.+,*� �*,,+
2&6&�#�+,�:#', 1&$*&3#&.+� – 6!&1,2,#�, "�!*&#�7,.)&"& �#���$�, 1&$*&3#&.+: �1+&*�+�-
7,.)&"& /2��,#�4 2,�,)+&1, 6,!,.7,+ �$*,!,##&"& 6!&���4 . !�$��7#'*� !,3�*�*� ���:+!�-
%��. �., 6!�0&!' @+&( *&2,�� *&"/+ 0'+: &0#&1�,#' 2& /!&1#4 6&.�,2#,( *&2���)�%��. �!�
#,&08&2�*&.+� 6!&1&2�+.4 � !,*&#+ 56�#2,�4 6!�0&!�. �6,%���:#�4 *&2���)�%�4 6!�0&!� .
6!&"!�**&( )&!!,)%�� 6&"!,5#&.+� 56�#2,�4, 6&$1&�4,+ 6!&1&2�+: �$*,!,#�4 . 6&"!,5#&-
.+:9 #, 0&�,, 0,025 *)*. 

 ,!&8&1�+&.+: �$*,!4�� #� 6!�0&!, «SURTRONIC» – 6&!+�+�1#'( A/6&1&( 6!�0&!
2�4 6!�*,#,#�4 1 %,8&1'8 � ��0&!�+&!#'8 /.�&1�48. �$*,!4,*�4 6&1,!8#&.+: &7�A�,+.4 &+
�0!�$�1�, .*�$)�, "!4$� � +.6. ���,, /.+�#�1��1�,+.4 � $�)!,6�4,+.4 2,+��: . �$*,!4,*&( 6&-
1,!8#&.+:9 1 6!�.6&.&0�,#�, � !,"/��!/,+.4 1,!+�)��:#&, � "&!�$&#+��:#&, 6&�&3,#�, +!�-
1,!.#&"& 0�&)� � 2�+7�)� 2�4 1'6&�#,#�4 /.�&1�( �$*,!,#�(. �.6&�:$/4 6&1&!&+#'( 2,!3�-
+,�: 2�+7�)� #� +!�1,!.#&* 0�&),, 6��1#& 11,2,+.4 #�)&#,7#�) A/6� 2�+7�)� 1 )&#+�)+ . �$-
*,!4,*&( 6&1,!8#&.+:9, #, 2&6/.)�4 /2�!#'8 1&$2,(.+1�( #� 2�+7�). �&.�, &)&#7�#�4 +!�-
1,!.�!&1�#�4 #� @)!�#, 6&41�49+.4 !,$/�:+�+', � 2�+7�) 1&$1!�A�,+.4 1 ,"& )!�(#99 �,1/9
6&$�%�9. �&.�, �$*,!,#�4 � !,1,!.�1#&"& 21�3,#�4 2�+7�)� #� �.8&2#/9 6&$�%�9, 2�+7�)
6��1#& 1'1&2�+.4 �$ )&#+�)+� . �$*,!4,*&( 6&1,!8#&.+:9, #, 2&6/.)�4 /2�!#'8 1&$2,(.+1�(
#� 2�+7�). 	%,#)/ 5,!&8&1�+&.+� �$*,!,##'8 6&1,!8#&.+,( 6!&1&2��� 6& .!,2#,*/ $#�7,-
#�9 6�!�*,+!� Ra. 

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

2 *&3#& �.6&�:$&1�+: 2�4 6!&1,!)� �90&"& !�.6!,2,�,#�4, 1 +&* 7�.�, #&!*��:#&"& �
@).6&#,#%���:#&"&. 

�!&1,!)� 6& )!�+,!�9 �
2 &+1,!"�� "�6&+,$/ & 6!�#�2�,3#&.+� 1.,8 1'0&!&) )  #&!-

*��:#&*/ $�)&#/ !�.6!,2,�,#�4.   
��,2&1�+,�:#&, !�..*&+!�* 6!�#�2�,3#&.+: 1'0&!)� ) 2!/"�* $8�)&#�* !�.6!,2,�,-

#�4: !�.6!,2�,#�, �@�,4 � "�**�-!�.6!,2,�,#�,. 
� !,$/�:+�+, 6&�/7��&.:, 7+& #,��#,(#&.+: 2��*,+!� � 5,!&8&1�+&.+: &+1,!.+�4 6&2-

8&24+ ) !�.6!,2,�,#�9 �@�,4. 	+)�&#,#�, !�$*,!&1 &+ .+�#2�!+� 1'$'1�,+.4 !�$��7#'*�
6!�7�#�*�: #,!�1#&*,!#'( !,3�* &0!�0&+)� 2,+���; #,&2#&!&2#&.+: &0!�0�+'1�,*&"& *�+,-
!����; #,+&7#&.+: /.+�#&1)� $�"&+&1)� 1 .+�#),; �$#&. !,3/A,"& �#.+!/*,#+� � 2,+��,( .+�#-
)&1; .&.+&4#�, *�)!&)��*�+� 1 %,8,; )&�,0�#�, #�6!43,#�4 1 @�,)+!&.,+� � +.2. 

	�	��, 
����� +�.����� 	�;�������� �������

�&+�#&1� �. �., �1��&1 �. �. 
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This article discusses the causes of defects of aluminum castings 
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��4 &%,#)� 6!�7�# 2,�,)+&1 #,&08&2�*& 6!�*,#�+: "�.+&"!�**/, &+&0!�3�9A/9
.!�1#�+,�:#'( �#���$ 6& +!,* &.&0&/7�+'1�,*'* 2,+��4* ()&!6/.� #�.&.�, )&�,.
%,#+!&0,3#&"& #�.&.�, )!'5,) )��6�##'8) 1 $�1�.�*&.+� &+ 1�2&1 2,�,)+&1. 
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����
�����
�����
��� �!"�����#�������
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������ �
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�����

��./#&) 1 – �!�1#�+,�:#'( �#���$ 6& 1�2�* 0!�)�

��) 1�2#& �$ 6!,2.+�1�,##&"& .!�1#�+,�:#&"& �#���$� 6& 1�2�* 0!�)� #��0&�,, 1'.&-
)�( 6!&%,#+ 6!�8&2�+.4 #� «6,.7�#/9 !�)&1�#/» 40,0 % � 38,1 % / 2,+��,( )&!6/.� #�.&.� �
)!'5)� )��6�##&(. ��4 2,+��� )&�,.& %,#+!&0,3#&"& #�.&.� 28,3 % 6!�8&2�+.4 #� «"&!47�,
� 8&�&2#', +!,A�#'». 

� /.�&1�48 6!&�$1&2.+1� 2��"!�**/ ��!,+& 7�.+& �.6&�:$/9+ 2�4 �#���$� 6!�7�#  
0!�)�, 6&.)&�:)/  &#� 6&$1&�4,+ 1 /2&0#&( �&!*, 6!,2.+�1�+: /!&1,#: 0!�)� 1 $�1�.�*&.+� &+
6!�7�# 6&41�,#�4 0!�)�. 

�!� 6!&�$1&2.+1, ��.&##'8 )&!6/.#'8 &+��1&) ./A,.+1/9+ .�,2/9A�, 1�2' 0!�)�: 
�&!�0�,#�,, 6,.7�#�4 !�)&1�#�, 6&!�.+&.+:, 5��)&1�4 !�)&1�#�, "&!47�, � 8&�&2#', +!,A�-
#', #,2&��1 � .6�(.  

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

��./#&) 2 – ���"!�**� ��!,+& 6& 1�2�* 0!�)� 2�4
)&#%,1&( 2,+��� )&!6/.� #�.&.�

��./#&) 3 – ���"!�**� ��!,+& 6& 1�2�* 0!�)� 2�4
2,+��� )&�,.& %,#+!&0,3#&"& #�.&.�
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�� &.#&1�#�� 6!,2.+�1�,##'8 2��"!�** ��!,+& 6& 2,+��4* )&!6/. %���#2!�, +!&(#�), 
6&21&2 *&3#& .)�$�+:, 7+& 1 2,)�0!, 2013 ". 6!� 6!&�$1&2.+1, !�..*�+!�1�,*'8 2,+��,( $#�-
7�*'*�  1�2�*�  0!�)� &)�$���.: 6,.7�#�4  !�)&1�#�, "&!47�,  � 8&�&2#', +!,A�#'. �.+!�-
#�1 6,!1'8 21� 1�2� 6!�7�# 0!�)�, *&3#& .#�$�+: /!&1,#: 0!�)� #� 50 %. 

��4 2��:#,(5,"& 1'41�,#�4 ��)+&!&1, 1��49A�8 #� 6!�7�#' 0!�)� #,&08&2�*& 6!�-
*,#�+: 6!�7�##&-.�,2.+1,##/9 2��"!�**/ �.�)�1' (!�./#&) 5). ��##�4 .8,*� 6&$1&�4,+ !�$-
2,��+: 6!&0�,*/, +!,0/9A,"& .1&,"& !,5,#�4, #� &+2,�:#', �!�"*,#+', 1'41�+: � ."!/66�-
!&1�+: /.�&1�4 � ��)+&!', 1��49A�,  #�  6!&0�,*/, � 6!&1,.+� 6!�7�##&-.�,2.+1,##'( �#�-
��$. 

�!&1,2,# �#���$ 6& &.#&1#'* 6 ��)+&!�*. �!� �#���$, 0'�� 1'41�,#' 1+&!�7#', �
+!,+�7#', 6!�7�#'.  

���0&�:5,, 1&$2,(.+1�, #� )�7,.+1& �$"&+&1�,#�4 &+��1&) &)�$�� .&.+�1 �&!*&1&7#'8
*�+,!���&1, �$#&. &.#&1#&"&  &0&!/2&1�#�4 (��+:,1', *�5�#') � 7,�&1,7,.)�(  ��)+&! (.&-
)!�A,#�, 6,!.&#���, #,.&0�92,#�,  !�0&7�8 � +,8#&�&"�7,.)�8 �#.+!/)%�(, .#�3,#�, &6��-
+' +!/2�). 
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��./#&) 4 – ���"!�**� ��!,+& 6& 1�2�* 0!�)� 2�4 2,+��� 6&21&2
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��./#&) 5 – �2�#�4 2��"!�**� �.�)�1'

�'4.#��&.:, 7+& 1 2,)�0!, 2013 ". 2�4 ��+,(#&"& 6!&�$1&2.+1� 			 «���2&!�» 1 .14$�
.& .#�3,#�,* ��#�#.�!&1�#�4 0'�� 6!&�$1,2,#' $�)/6)� )1�!%,1&"& 6,.)� 	!�&1.)&"& *,-
.+&!&32,#�4 6& 0&�,, #�$)&( %,#, . .&2,!3�#�,* "��#�.+'8 7�.+�% 1-2 % (!�#,, .&2,!3�#�,
"��#�.+'8 7�.+�% .&.+�1�4�& 0,3-0,5 %,7+& 6&1��4�& #� .#�3,#�, 6!&7#&.+#'8 .1&(.+1 �&!-
*&1&7#&"& *�+,!����. 

� "'�) !"$���$(��
1. ��##,, �. �+�+�.+�7,.)�, *,+&2' &0,.6,7,#�4 )�7,.+1�: �7,0#�) 2�4 1/$&1 / �.: ��-
5�#&.+!&,#�,, 1995 . – 602 .. 
2. �/)&1&2.+1& 6& )�7,.+1/ 			 «���2&!�» �� 00235246-13.1-2000 �&�"&"!�2, 2012. 
3. 
$/!&1, �.�. ���1)� � ��+:, ��9*�#�,1'8 .6��1&1. �.: «�,+���/!"�4». 1983.– 350 ..  

�	,�	-���	 
�����	 ���+����
 �����������+�����	 �	�����	  

�	 ��+��2�� �,
��� 
��+
��
���

��#23��&1� �.�., �+,6/!& �.�. 
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�
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�������� �
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��..*�+!�1�9+.4 &.#&1#', @+�6' � *,!&6!�4+�4 6& !�$!�0&+), .�.+,*' *,#,23*,#+� )�7,.+1�. 
The article describes the main steps and activities to develop a quality management system. 

� .&1!,*,##'8 !'#&7#'8 /.�&1�48 )&#)/!,#+&.6&.&0#&.+: �90&( &!"�#�$�%��, #,$�-
1�.�*& &+ �&!*' ,, .&0.+1,##&.+�, !�$*,!&1 � 1�2� 2,4+,�:#&.+� $�1�.�+, 6!,32, 1.,"&, &+
)�7,.+1� ,, 6!&2/)%�� ��� /.�/". 

�!,0&1�#�, !�$!�0&+)� � 1#,2!,#�4 .�.+,*' *,#,23*,#+� )�7,.+1� �.8&2�+ &+ 6&+!,-
0�+,�,(, .&0.+1,##�)&1 � +.2., )&+&!'* #/3#' "�!�#+�� .+�0��:#&( (6!�*,#�+,�:#& ) )�7,.+-
1/ 6!&2/)%��) !�0&+' &!"�#�$�%��. �,!+���)�%�4 ��� .+��� &04$�+,�:#'* /.�&1�,* 2�4
/7�.+�4 1 0&�:5�#.+1, +,#2,!&1. � 7�.+#&.+�, #���7�, / 6!,26!�4+�4 .,!+���%�!&1�##&( .�-
.+,*' *,#,23*,#+� )�7,.+1�, .&&+1,+.+1/9A,( +!,0&1�#�4* .+�#2�!+� �	�� ISO 9001–2011, 
6&$1&�4,+ 6&+!,0�+,�4* 0'+: /1,!,##'*� 1 +&*, 7+& /.�/"�, )&+&!', 6!,26!�4+�, &)�$'1�,+, 
.+!&"& &+1,7�9+ 2,)��!�!/,*'* �* /.�&1�4* � +!,0&1�#�4* $�)&#� � 7+& 6&�&3,#�, )&*6�-
#�� .+�0��:#& 1 2&�"&.!&7#&* 6,!�&2,. 

����7�, 1#,2!,##&( � .,!+���%�!&1�##&( .�.+,*' *,#,23*,#+� )�7,.+1� 1��4,+ )�)
#� )&#)/!,#+&.6&.&0#&.+: &!"�#�$�%��, +�) � #� .,0,.+&�*&.+: 6!&2/)%��, .�,2&1�+,�:#&
1&$#�)�,+ #,&08&2�*&.+: 6!&1,2,#�4 !�0&+ 6& !�$!�0&+), ��� #� 6!,26!�4+��. 

;,�: 2�6�&*#&"& 6!&,)+�: !�$!�0&+)� 6!&,)+� 6!&"!�**' 1#,2!,#�4 .�.+,*' *,#,23-
*,#+� )�7,.+1� #� 6!,26!�4+��. 

�#,2!,#�, .�.+,*' *,#,23*,#+� )�7,.+1� 6!,2.+�1�4,+ .&0&( )&*6�,). !�0&+, )&+&-
!'( $�+!�"�1�,+ !�$��7#', �.6,)+' 2,4+,�:#&.+� &!"�#�$�%�� � ,, 6&2.�.+,*' – 6&2.�.+,*/
.+!�+,"�7,.)&"& /6!�1�,#�4, 6!&�$1&2.+1,##/9 6&2.�.+,*/, 6&2.�.+,*/ �&"�.+�)�, /6!�1�,-
#�, 6,!.&#��&*, 1#/+!,##�, )&**/#�)�%��, 2&)/*,#+&&0&!&+ � 2!. � .14$� . @+�*, 1#,2!,#�,
.�.+,*' )�7,.+1� 41�4,+.4 2&.+�+&7#& 2��+,�:#&( � +!/2&,*)&( $�2�7,(. �,5,#�, @+&( $�2�-
7�, )�) 6!�1��&, 6!&�.8&2�+ 1 #,.)&�:)& @+�6&1. 

�!�*,!#�4 6!&"!�**� 1#,2!,#�4 ��� .&.+&�+ �$ 7 @+�6&1. 
-��� 1. �,5,#�, !/)&1&2.+1�. �/)&1&2�+,�: 2&�3,# 6!�#4+: !,5,#�, & #�7��, 6!&,)-

+�, �$1,.+�+: .&+!/2#�)&1 )&*6�#��. ��)3, .�,2/,+ .�&!*/��!&1�+: %,�� 6&.+!&,#�4 .�.+,-
*' *,#,23*,#+� )�7,.+1�, 1'2,��+: #� 1,!8#,* /!&1#, 6!&%,..', )&+&!', #/3#& )&#+!&��-
!&1�+:, � )!�+,!�� &%,#)� �8 )�7,.+1�. �6&.�,2.+1�� %,�� .�.+,*' #,&08&2�*& $���).�!&-
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1�+: 1 2&)/*,#+, 6&2 #�$1�#�,* «�&��+�)� 1 &0��.+� )�7,.+1�», 1 )&+&!&* +�)3, &6�.'1�9+-
.4 6!�#%�6' �8 2&.+�3,#�4.  

-��� 2. 	%,#&7#'( �/2�+. ;,�: &%,#&7#&"& �/2�+�: 6&.!,2.+1&* 1'0&!&7#&( 6!&1,!-
)� 2&)/*,#+�%�� � 2,4+,�:#&.+� &%,#�+: .&"��.#& �	�� ISO 9001–2011 2,(.+1/9A/9 .�.+,-
*/ /6!�1�,#�4 )�7,.+1&*, 1'41�+: ,, «.��0', *,.+�», &6!,2,��+: &0B,*' 2&!�0&+)�, 2�+: !,-
)&*,#2�%�� 6& .&1,!5,#.+1&1�#�9 ./A,.+1/9A,( .�.+,*' 2�4 6&.�,2/9A,( ,, .,!+���)�-
%��. 

-��� 3. 	0/7,#�, 6,!.&#���. �,!.&#�� )&*6�#�� 2&�3,# �$/7�+: +,&!�9 *,#,23*,#-
+� )�7,.+1�, .+�#2�!+' ISO .,!�� 9000, &.1&�+: +,&!�9 6!&%,..#&"& 6&28&2�, � +�)3, &.#&1-
#', +!,0&1�#�4 ) 1#,2!,#�9 ���.  

-��� 4. ��$!�0&+)� 6&2!&0#&"& 6��#�-"!���)� 1'6&�#,#�4 !�0&+. �#,2!,#�, .�.+,*'
*,#,23*,#+� )�7,.+1� .�,2/,+ !�..*�+!�1�+: )�) .�&3#'( � 2��+,�:#'( 6!&,)+ (.!&)&* 2&
6&�/+&!�-21/8 �,+). �&@+&*/ #,&08&2�*& .&.+�1�+: 6!&"!�**/, )&+&!�4 2&�3#� 1)�97�+:: 
&6�.�#�, @+�6&1 1#,2!,#�4, .6�.&) &+1,+.+1,##'8 $� )�32'( @+�6 6!&,)+�, 0923,+ 1#,2!,#�4
.�.+,*' *,#,23*,#+� )�7,.+1�, 6!&%,2/!/ &%,#)� 1#,2!,#�4 ���.  

-��� 5. ��$!�0&+)� #&!*�+�1#&( 2&)/*,#+�%��. �� @+&* @+�6, �&!*�!/9+.4 #&!*�-
+�1#', 2&)/*,#+', !,"��*,#+' � 6!&%,2/!', &0,.6,7�1�9A�, !�0&+/ .�.+,*' *,#,23*,#+�
)�7,.+1�. 	.#&1&( 2�4 #�8 &0'7#& 41�4,+.4 /3, ./A,.+1/9A�( #� 6!,26!�4+�� #�0&! 2&)/-
*,#+&1, )&+&!'( *&2���%�!/,+.4 � 2&6&�#4,+.4 1 .&&+1,+.+1�� . +!,0&1�#�4*� .+�#2�!+�.  

-��� 6. �,.+�!&1�#�, .�.+,*' *,#,23*,#+� )�7,.+1� � 1#/+!,##�( �/2�+. �&.�, !�$-
!�0&+)� 1.,8 #&!*�+�1#'8 2&)/*,#+&1 #�7�#�,+.4 &6'+#�4 @).6�/�+�%�4 .�.+,*'. ��6/.)�+:
6!&%,..' 1 !�*)�8 #&1&( .�.+,*' *&3#& 6&.+,6,##&. 	6'+#�4 @).6�/�+�%�4 .&6!&1&32�,+.4
6!&1,2,#�,* 1#/+!,##,"& �/2�+�, .6,%���:#'8 6!&%,2/! 6& 6!&1,!), !�0&+' .�.+,*' *,-
#,23*,#+� )�7,.+1�.  

-��� 7. �,!+���)�%�4 .�.+,*' *,#,23*,#+� )�7,.+1�. ��4 +&"& 7+&0' .,!+���%�!&-
1�+: ���, #,&08&2�*& 6&2�+: $�41�,#�, 1 .,!+���)�%�&##'( &!"�#.  

�!,2��"�,*', *,!&6!�4+�4 6& !�$!�0&+), � 1#,2!,#�9 .�.+,*' *,#,23*,#+� )�7,.+1�
2�9+ 1&$*&3#&.+: 1'41�+: /$)�, *,.+� 1 6!&�$1&2.+1,, 6&1'.�+: @��,)+�1#&.+: �.6&�:$&1�-
#�4 !,./!.&1, �$0,3�+: )�) 2/0��!&1�#�4 !�0&+, +�) � &"&�,#�4 &+2,�:#'8 /7�.+)&1, 2&)/*,#-
+�!&1�+: 1., 6!&�$1&2.+1,##', &6,!�%��, /.+�#&1�+: &+1,+.+1,##&.+: $� )�32/9 �$ #�8, 6!&-
1,.+� .+!/)+/!�$�%�9 6!&�$1&2.+1,##'8 6!&%,..&1 � 1'.+!&�+: 7,+)�, +,8#&�&"�7,.)�, .8,-
*'. 

�,���$�%�4 /)�$�##'8 *,!&6!�4+�( 6&$1&��+ 6&�/7�+: .�,2/9A�, @��,)+': 
- 6&1'.�+: 6!�0'�: 6!,26!�4+�4, $� .7,+ !�.5�!,#�4 !'#)� .0'+� 6!&2/)%��; 
- .2,��+: !�0&+/ )&*6�#�� 6!&$!�7#&( 2�4 ,, !/)&1&2.+1�, &0�,"7�+: &6,!�+�1#&,

/6!�1�,#�, � 6&1'.�+: ,"& @��,)+�1#&.+:; 
- .1&,1!,*,##& 1'6&�#4+: .1&� &04$�+,�:.+1� 6,!,2 $�)�$7�)�*�; 
- 2&.+�7: +!,0/,*&"& )�7,.+1� 6!&2/)%�� � 6&.+&4##& 6&22,!3�1�+: ,"& #� /!&1#,, .&-

&+1,+.+1/9A,* +!,0&1�#�4* $�)�$7�)&1, )&+&!', /.+�#�1��1�9+.4 1 +,8#�7,.)&* $�2�#��, 
2&"&1&!�8 � 2!/"�8 2&)/*,#+�8; 

- &0,.6,7�+: .#�3,#�, 6!&�$1&2.+1,##'8 $�+!�+ $� .7,+ .#�3,#�4 )&��7,.+1� 0!�)�, 
1&$*&3#& .#�3,#�, .,0,.+&�*&.+� 6!&2/)%��. 

� !,$/�:+�+, 2�6�&*#&"& 6!&,)+� 0'�� .2,��#� &%,#)� @��,)+�1#&.+� !�0&+' 6!,2-
6!�4+�4, &6!,2,�,#' @+�6' � 2�#' !,)&*,#2�%�� 6& 1#,2!,#�9 ���. �'41�,#' 6!&0�,*' �
6,!.6,)+�1' !�$1�+�4 &!"�#�$�%�� 1 2�##&* �.6,)+, #� 0��3�(5�( 6,!�&2. 

� "'�) !"$���$(��
1. �&#&*�!,1 �.�. �6!�1�,#�, )�7,.+1&* 6!&%,..&1 � 6!&2/)%��. � 3-8 )#. �#. 1 : �1,2,-
#�, 1 .�.+,*' *,#,23*,#+� )�7,.+1� 6!&%,..&1 1 6!&�$1&2.+1,##&(, )&**,!7,.)&( � &0!�$&-
1�+,�:#&( .�,!�8 : /7,0#&, 6&.&0�, / �.�. �&#&*�!,1, �.�. ��A,#)&, �.�. ��A,#)& � 2!.; 
6&2 !,2. 2-!� +,8#. #�/), 6!&�. �.�. �&#&*�!,1�. – ��*0&1 : �$2-1& ��
	� ��	 «����», 
2012. – 240 .. 
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2. �	�� ISO 9001-2011. ��.+,*' *,#,23*,#+� )�7,.+1�. �!,0&1�#�4 [�,).+]. – �1,2. 
2013–01–01. – �: �+�#2�!+�#�&!*, 2012.– 36 .. 
3. �#,2!,#�, .�.+,*' *,#,23*,#+� )�7,.+1� #� 6!,26!�4+��: [-�,)+!&##'( !,./!.] – 
URL: http://fd.ru/articles/6752. (��+� &0!�A,#�4: 22.04.2014). 

�,�������2��� ������ 
�� �������� �,���������
  

������� 
�+��
���	

�/2��&1� �.�., ��+!&��#&1 �.�. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

��..*�+!�1�,+.4 1&.6!&�$1&2�*&.+: � .8&2�*&.+: �$*,!�+,�:#'8 .�.+,*, 1��4#�, #� !,$/�:+�+' �$*,-
!,#�( !�$��7#'8 ��)+&!&1. 

We consider the reproducibility and precision measuring systems, the effect on the measurement results of vari-
ous factors. 

	0,.6,7,#�, 2&.+&1,!#&.+� !,5,#�4 $�2�7 /6!�1�,#�4 )�7,.+1&* 1&$*&3#& ��5: 6!�
2&.+�+&7#&* 1'.&)&* )�7,.+1, �$*,!,#�(. ��4 &%,#)� .+,6,#� 2&.+�3,#�4 #,&08&2�*&( +&7-
#&.+� �$*,!,#�( 6!&1&2�+:.4 �#���$ �$*,!�+,�:#&( .�.+,*': R&R-�
���� (Repeatability & 
Reproducibility), ��� �#���$ 6&1+&!4,*&.+� � 1&.6!&�$1&2�*&.+�.  

�#���$ .8&2�*&.+� � 1&.6!&�$1&2�*&.+�, )�) �$*,!�+,�:#'( �#.+!/*,#+, �.6&�:$/,+-
.4 #, 2�4 &6!,2,�,#�4 2&.+&1,!#&.+� .�.+,*', � 2�4 +&"&, 7+&0' 6&#4+:, #�.)&�:)& .�.+,*�
.6&.&0#� 1&.6!&�$1&2�+: 6&.�,2&1�+,�:#', !,$/�:+�+'. �& ,.+:, #, +&�:)& /$#�+:, #�.)&�:)&
+&7#'* 41�4,+.4 �#.+!/*,#+, #& � 6&#4+:, #�.)&�:)& +&7#' &6,!�+&!', �.6&�:$/9A�, @+&+
�#.+!/*,#+. 

;,�: �#���$� .8&2�*&.+� � 1&.6!&�$1&2�*&.+� – &%,#�+: 1�!��%�� �$*,!,#�(, .14$�#-
#', . !�0&+&( �$*,!�+,�:#&"& 6!�0&!�, � &5�0)� 1 !�0&+, &6,!�+&!�, .!�1#�1�4 �8 . 1�!��-
%�4*� �$*,!,#�( +,.+�!/,*'8 2,+��,(. �&*�*& @+&"&, �#���$ *&3,+ 6!,.�,2&1�+: 0&�,, 5�-
!&)�, %,��, 6&$1&�44 .!�1#�+: 1�!��%�� . 6!,2,��*� 2&6/.)&1 ��� . 1�!��%�,( �$*,!,#�(, 
)&+&!�4 &3�2�,+.4 1 8&2, 6!&%,..�. 

	%,#�1�#�, .8&2�*&.+� � 1&�.6!&�$1&2�*&.+� �$*,!�+,�:#&"& 6!&%,..� &./A,.+1�4-
�� *,+&2&* .!,2#�8 � !�$*�8&1 .&"��.#& *,+&2�)� �$�&3,##&( 1 �	�� � 51814.5-2005. 	0B-
,)+&* �..�,2&1�#�4 41�49+.4 )&#+!&�:#&-�$*,!�+,�:#', &6,!�%��, �.6&�:$/,*', 1 6!&%,..,
�$"&+&1�,#�4 !&��)&1 6&25�6#�)�. �#���$/ 6&21,!"��.: !,$/�:+�+' �$*,!,#�( 6& .�,2/9-
A�* 6�!�*,+!�*: !�2�/. .�,!' 0�$&1&"& +&!%� !&��)� (6!�0&! �&!*-�,�,.,!� �#+!�); 5,!&-
8&1�+&.+: 6& &0!�$/9A,( !&��)� (6!�0&! �/!+!&#�) 3+); +1,!2&.+: !&��)� (6!�0&! �1,!2&-
*,! ��-2). 

��4 &%,#)� �$*,!�+,�:#'8 .�.+,* )&#+!&�4 �..�,2/,*'8 6�!�*,+!&1 6!�*,#4��.:
,2�#�4 *,+&2�)� 6!&1,2,#�4 �#���$�. �&��7,.+1& &6,!�+&!&1 N = 3, 6!&1&2��� $�*,!' 10 !&-
��)&1 . +!,8)!�+#'* 6&1+&!,#�,* �$*,!�+,�:#&( 6!&%,2/!' (Q=3). ��4 )�32&"& &6,!�+&!�
6& )�32&*/ �$2,��9 1'7�.�4�� .!,2#,, $#�7,#�, �$*,!,#�4 � !�$*�8. ���,, &6!,2,�4,+.4

.!,2#,, $#�7,#�, �$*,!4,*&"& 6&)�$�+,�4
_

jx � .!,2#�( !�$*�8
_

jR 2�4 )�32&"& &6,!�+&!�, �

+�) 3, &0A�( .!,2#�( !�$*�8
=

R � 1,��7�#/ jjd xxx
___

minmax −= .  

�!� �#���$, 6&1+&!4,*&.+� 6& ./A,.+1/ �#���$�!/,+.4 6&"!,5#&.+: �.6&�:$/,*&"&
6!�0&!� (EV). 

�&.6!&�$1&2�*&.+: �$*,!,#�( &6!,2,�4,+ 6&"!,5#&.+:, .14$�##/9 . !�$��7�,* 1 )1�-
����)�%�� !�$��7#'8 &6,!�+&!&1 )&+&!�4 .&&+1,+.+1/,+ 8�!�)+,!�.+�)� – 1�!��%�� (AV). 
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�8&2�*&.+: � 1&.6!&�$1&2�*&.+: �$*,!�+,�:#'8 .�.+,* !�..7�+'1�,+.4 6& �&!*/�,: 
22& AVEVRR += . 

�$*,#7�1&.+: &0!�$%&1 !�..7�+'1�,+.4 6& �&!*/�,: 3kRPV p ⋅= , 

"2, Rp – !�$*�8 .!,2#�8; k3 = 1,62 2�4 n=10. 
�&�#�4 �$*,#7�1&.+: �$*,!�+,�:#&"& 6!&%,..� !�..7�+'1�,+.4 6& �&!*/�,: 

22& PVRRTV += . 

���,, !�..7�+'1�,+.4 6!�,*�,*&.+: �$*,!�+,�:#&( .�.+,*' 2�4 %,�,( !,"/��!&1�#�4
��� �$*,!,#�4 �$*,#7�1&.+� 6!&%,..�%R&R

��0��%� 1 – �,$/�:+�+' !�.7,+� .8&2�*&.+� � 1&�.6!&�$1&2�*&.+�  
�..�,2/,*'8 �$*,!�+,�:#'8 .�.+,*

��!�*,+! EV AV R&R Rp PV TV %R&R
��2�/. .�,!', ** 0,2599 0,1255 0,2887 9,9 3,1145 3,1278 9,23 

 ,!&8&1�+&.+:, *)* 0,00915 0,011 0,0145 0,06 0,097 0,098 14,94 

�1,!2&.+:, HRC 0,5673 0,530 0,776 3,03 4,91 4,97 15,62 

�&"��.#& �	�� � 51814.5-2005 6!� %R&R < 10 % �$*,!�+,�:#�4 .�.+,*� .7�+�,+.4
6!�,*�,*&(, 6!� 10 % < %R&R < 30 % .�.+,*� *&3,+ 0'+: 6!�#4+� ) 6!�*,#,#�9 1 $�1�.�-
*&.+� &+ 1�3#&.+� !,$/�:+�+&1, .+&�*&.+� 6!�0&!&1 � +.6. �!� %R&R > 30 % �$*,!�+,�:#�4
.�.+,*� #/32�,+.4 1 .&1,!5,#.+1&1�#��. 

���-�1 ���-459 �5�
-4 

�!�#%�6 �$-
*,!,#�4 +1,!-
2&.+�

��:+!�$1/)&1&( ��:+!�$1/)&1&( ��#�*�7,.)�(

��..�, )" 0,5 0,4 0,23 

�!,*4 &2#&"&
�$*,!,#�4, .

�, 0&�,, 5 2 �, 0&�,, 5 

�,$/�:+�+' &%,#�1�#�4 .8&2�*&.+� � 1&�.6!&�$1&2�*&.+� �$*,!�+,�:#&"& 6!&%,..�
�..�,2/,*'8 6�!�*,+!&1 6&)�$'1�9+ (+�0��%� 1), 7+& �$ +!,8 6&�#&.+:9 6!�,*�,*&( *&3#&
.7�+�+: +&�:)& �$*,!�+,�:#/9 .�.+,*/ )&#+!&�4 !�2�/.� .�,!' 0&!+� !&��)�, &.+��:#', .�.-
+,*' 1'8&24+ $� "!�#�%/ 10 %, .�,2&1�+,�:#&, 1&$*&3#&.+: �8 �.6&�:$&1�#�4 0/2,+ &6!,2,-
�4+:.4 +!,0&1�#�4*� ) )�7,.+1/ � 2&.+&1,!#&.+� .�*�8 !,$/�:+�+&1 �$*,!,#�4. 

��4 0&�,, +&7#&"& �#���$� +1,!2&.+� 6!,2��"�,* �.6&�:$&1�+: 0&�,, �,")�, � )&*6�)+-
#', +1,!2&*,!', +�)�, )�) @�,)+!&##'( *��&"�0�!�+#'( 6,!,#&.#&( +1,!2&*,! �-��-4, 
/�:+!�$1/)&1&( +1,!2&*,! ��� �-1, /�:+!�$1/)&1&( +1,!2&*,! ���-459. 
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���6�$&# �$*,!,#�(
�!,2,�' �0.&�9+#&( 6&-

"!,5#&.+�

���-�1 


!�#,��4 75-260 
�&)1,��� 20-70 
��)),!.� 240-940 
 &!� 23-102 

±10 
±1,5 
±12 
±3 

���-459 


!�#,��4 90-450 

�&)1,��� 20-70 
��)),!.� 240-940 

±10 (1 2��6�$&#, 90..150) 
±15 (1 2��6�$&#, 150..300) 
±20 (1 2��6�$&#, 300..450) 
±2  
±15 (1 2��6�$&#, 240..500) 
±20 (1 2��6�$&#, 500..800) 
±25 (1 2��6�$&#, 800..940) 

�-��-4 


!�#,��4 100-450 

�&)1,��� 22-68 
��)),!.� 100-950 

 &!� 22-99 

±25 (1 2��6�$&#, 100..200) 
±50 (1 2��6�$&#, 200..400) 
±50 (1 2��6�$&#, 400..450) 
±5  
±50 (1 2��6�$&#, 100..450) 
±75 (1 2��6�$&#, 450..950) 
±7 

-+& 2�,+ $#�7�+,�:#/9 *�+,!���:#/9 @)&#&*�9 6/+,* )&#+!&�4 18&24A,( 6!&2/)%��. 
�&#+!&�: 8�!�)+,!�.+�) +1,!2&.+� 6&$1&�4,+ 6!� #,$#�7�+,�:#'8 $�+!�+�8 &6!,2,�4+: )�7,-
.+1& *�+,!����, *,8�#�7,.)�, .1&(.+1�, ,"& !,./!.. �&#+!&�: +1,!2&.+� 6&!+�+�1#'*� 6!�0&-
!�*� – @+& #,&+B,*�,*�4 7�.+: 6!&�$1&2.+1,##&"& 6!&%,..� .&1!,*,##'8 6!,26!�4+�(. 

�
���� �����	����
1. ��.6&!+ �-��-4.4271-001 ��/ �&.)1� 2002. 
2. �	�� � 5181.5 – 2005 ��.+,*' *,#,23*,#+� )�7,.+1� 1 �1+&*&0��,.+!&,#��. �#���$ �$*,!�-
+,�:#'8 � )&#+!&�:#'8 6!&%,..&1. 
3. �1,!2&*,!' 6&!+�+�1#', /�:+!�$1/)&1',. �/)&1&2.+1& 6& @).6�/�+�%�� ��� 459. 
4. �&./2�!.+1,##'( !,,.+! .!,2.+1 �$*,!,#�( �1,!2&*,! 6&!+�+�1#'( /�:+!�$1/)&1&(
���-�1. 
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��..*�+!�1�9+.4 &.#&1#', @+�6' � *,!&6!�4+�4 6& 1#,2!,#�9 *,+&2�)� 8D 
The article describes the main steps and activities to implement the methodology 8D 

� 6!&%,.., )&#+!&�4 )�7,.+1� 6!&2/)%�� #� 1.,8 @+�6�8 ,, �$"&+&1�,#�4 *&"/+ 0'+:
1'41�,#' #,.&&+1,+.+1�4 +!,0&1�#�4* #&!*�+�1#&( 2&)/*,#+�%��.  

� �	�� � ��	 9001–2008 !,)&*,#2/,+.4, 7+&0' +�)�4 6!&2/)%�4 0'�� �2,#+���%�!&-
1�#� � /6!�1�4��.: . %,�:9 6!,2&+1!�A,#�4 #,6!,2#�*,!,##&"& �.6&�:$&1�#�4 ��� 6&.+�1)�. 
��4 &6!,2,�,#�4 6!�7�# #,.&&+1,+.+1�( 6!�*,#49+ !�$#', *,+&2'. ��), *,+&2�)� «�4+: 6&-
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7,*/?» !,$/�:+�+�1#� 6!� !,5,#�� &+#&.�+,�:#& 6!&.+'8 $�2�7. 	2#�)& &#� #, &0,.6,7�1�,+
6!&1,!)/ %,6&7)� 6!�7�# 6!&0�,*' 1 #�6!�1�,#�� &+ 6,!1&6!�7�#' ) !,$/�:+�+�*. 	.&0,#-
#&.+: *,+&2�)� FMEA .&.+&�+ 1 #,2&6/A,#�� &+)�$&1 � #,.&&+1,+.+1�(, 7+& .�/3�+ !,5,#�9
$�2�7 6!,2/6!,32�9A,"& 2,(.+1�4.  

� 6!&%,.., 6!&�$1&2.+1� 6&25�6#�)&1&( 6!&2/)%�� #� 	�	 «��� �&�3.)�(» �.-
6&�:$/9+ &2#�* �$ �#.+!/*,#+&1 .�.+,*�+�$�!&1�##&"& 6&�.)� 6!�7�# 6!&0�,* )�7,.+1� �
/.+!�#,#�4 6&1+&!#&"& �8 6&41�,#�4, � �*,##& *,+&2�)/ 8D, 1 .14$� . 7,*. 

;,�:9 2�##&"& *,+&2� 41�4,+.4 0'.+!�4, #,�$*,##�4 � .�.+,*�+�7,.)�4 &0!�0&+)�
1#/+!,##�8 � 1#,5#�8 !,)��*�%�( 6&$1&�49A�4 !�.6&$#�+: � /.+!�#�+: ��)+�7,.)/9 6!�7�-
#/ 2,�,)+� (#,.&&+1,+.+1�4). 

�&1'5,#�, /2&1�,+1&!,##&.+� )&#,7#'8 6&+!,0�+,�,( 6/+,* &0,.6,7,#�4 )�7,.+1�, 
�.6&�:$/,*&"& 6!� 6!&�$1&2.+1, 6&25�6#�)&1 .'!:4 (&.#&1#&"& *,+����) � "&+&1'8 )&*-
6�,)+/9A�8 �$2,��(. 

�&.+�3,#�, /)�$�##&( %,�� &0,.6,7�1�,+.4 !,5,#�,* .�,2/9A�8 $�2�7: 
- 1#,2!,#�,* .& .+&!&#' �&.+�1A�)&1 .2,!3�1�9A�8, .!&7#'8, )&!!,)+�!/9A�8 �

6!,2/6!,32�9A�8 *,!&6!�4+�( 1 /.+�#&1�,##', .!&)�; 
-&%,#)&( @��,)+�1#&.+� 6!&2,��##&( !�0&+', .&.+�1�,#�,* &+7,+� 8D � �#�&!*�!&-

1�#�,* 6&+!,0�+,�4; 
�& 1.,* *�!, 6!&0�,*' 6&.+�1A�)� – @+& 6!&0�,*' 6&.+�1A�)�. � +&�:)& 1 �&..��

&7,#: 7�.+& 6!&0�,*' 6&.+�1A�)� – @+& 6!&0�,*' 6&+!,0�+,�4, )&+&!'( 2&�3,# #,.+� 6&+,!�
�$-$� #,)�7,.+1,##'8 2,+��,( .1&�8 6&.+�1A�)&1. � +& 3, 1!,*4 ,.+: .&1,!5,##& 6!&.+�4 �
6&#4+#�4 *,+&2�)� 6& !,5,#�9 6!&0�,*. �,+&2�)� «8D» 6&$1&�4,+ #, +&�:)& !,5�+: 6!&-
0�,*/, #�(+� )&!#,1', 6!�7�#', #& � 6!,2&+1!�+�+: 6&1+&!#&, 6&41�,#�, 6!&0�,*. 

�,+&2�)� «8D» 6!�*,#4,+.4 1 .�/7�48: #���7�, 6!&0�,*' (2,�,)+�) 6!�7�#' )&+&!&(
#�* #,6&#4+#'; +!,0&1�#�, 6&+!,0�+,�4; +!,0&1�#�, 6!&�$1&2.+1�. �&@+&*/ #,&08&2�*& !�.-
)!'+: 1., 8 5�"&1 2�4 #/3#&"& 6&#�*�#�4: ��7��� 6!&%,..� 6&.+/6�,#�, !,)��*�%��; 6&�/-
7,#�,, !,"�.+!�%�4, 6,!,2�7� #�7��:#�)/ .�/30' )�7,.+1�; !,"�.+!�%�4 !,)��*�%�� #�6!�1-
�,#�, 1 6&2!�$2,�,#�4; .&$2�#�, )&*�#2' #�$#�7,#�, !/)&1&2�+,�4;  

- @+�6 1 « �,+��:#&, &6�.�#�, #,.&&+1,+.+1�(»;  
;,�: @+�6� – /.+�#&1�,#�, &2�#�)&1&"& 6&#�*�#�4 6!&0�,*'  *,32/ 6&.+�1A�)&* �

6&+!,0�+,�,*.  
�#���$ 2&.+�+&7#&.+� 6&.+/6�15�8 &+ 6&+!,0�+,�4 2�##'8 (2�), ,.�� #,+, +& #,&08&-

2�*& 6!&�$1,.+� $�6!&. 2&6&�#�+,�:#&( �#�&!*�%��  
- @+�6 2 «�#���$ �#��&"�7#'8 �$2,��(». 
;,�: @+�6� – &6!,2,�,#�, )&*�#2&( 8D 6,!,7#4 �#��&"�7#'8 �$2,��(, #� )&+&!'8 *&-

3,+ 6!&41�+:.4 6&2&0#�4 6!&0�,*�.  
- @+�6 3 «�!,21�!�+,�:#'( �#���$». 
;,�: @+�6� – /.+�#&1�,#�, 6&+,#%���:#'8 6!�7�# &0#�!/3,#�4 6!&0�,*' 1 +,8#&�&-

"�7,.)&( %,6&7), �$"&+&1�+,�4 16�&+: 2& &+6!�1)� 6!&2/)%�� 1 �2!,. �&+!,0�+,�4.  
- @+�6 4 «���# .!&7#'8, .2,!3�1�9A�8 2,(.+1�(». 
;,�: @+�6� – 1#,2!,#�, #� +,!!�+&!�� �&.+�1A�)� 6��#� #,$�*,2��+,�:#'8 2,(.+1�(

(1 +,7,#�, 24 7�.&1) #�6!�1�,##'8 #� 6!,2&+1!�A,#�, 6&.+�1)� 2,�,)+#'8 �$2,��( 1 �2!,.
�&+!,0�+,�4. 

��6!�1�,#�, &+7,+� 8� 6&+!,0�+,�9.  
�#���$ !,$/�:+�+�1#&.+� .!&7#'8 � .2,!3�1�9A�8 2,(.+1�(  (2�), ,.�� #,+, +& 1&$-

1!�A�,*.4 #� 4 @+�6.  
- @+�6 5 «	)&#7�+,�:#'( �#���$ 6!�7�#». 
;,�: @+�6� – /.+�#&1�,#�, )&!#,1'8 6!�7�# 1&$#�)#&1,#�4 6!&0�,*' 1 +,8#&�&"�7,-

.)&( %,6&7), �$"&+&1�+,�4 16�&+: 2& &+6!�1)� 6!&2/)%�� 1 �2!,. �&+!,0�+,�4.  
- @+�6 6 «���# &)&#7�+,�:#'8 2,(.+1�(». 
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;,�: @+�6� – !�$!�0&+)� � 1#,2!,#�, &)&#7�+,�:#'8 2,(.+1�( #�6!�1�,##'8 #� /.+!�-
#,#�, � 6!,2/6!,32,#�, )&!#,1'8 6!�7�# 1&$#�)#&1,#�4 6!&0�,*' 1 +,8#&�&"�7,.)&( %,-
6&7), �$"&+&1�+,�4 16�&+: 2& &+6!�1)� 6!&2/)%�� 1 �2!,. �&+!,0�+,�4.  

��6!�1�,#�, &+7,+� 8� 6&+!,0�+,�9 (14 )��,#2�!#'8 2#,() 
- @+�6 7 «�#���$ !,$/�:+�+�1#&.+� &)&#7�+,�:#'8 2,(.+1�(». 
;,�: @+�6� – 6&2+1,!32,#�, @��,)+�1#&.+� &)&#7�+,�:#'8 2,(.+1�( #�6!�1�,##'8 #�

/.+!�#,#�, � 6!,2/6!,32,#�, )&!,##'8 6!�7�# 1&$#�)#&1,#�4 6!&0�,*'. 
�� ,.�� #,+, +& 1&$1!�A�,*.4 #� 6 @+�6. 
- @+�6 8 «�&#+!&�: 1'6&�#,#�4 � /7,+ &6'+�». 
;,�: @+�6� – .+�#2�!+�$�%�4 � )�6�+���$�%�4 ($�)!,6�,#�,) &6'+�, 1'6&�#,##&"& 2�4

/.+!�#,#�4  6!�7�# #,.&&+1,+.+1�4, �.)�97,#�, ,"& 6&1+&!,#�4 #� 6&2&0#'8 6!&%,..�8 ���
6!&2/)%�� �&.+�1A�)�. 

��6!�1�,#�, &+7,+� 8� 6&+!,0�+,�9 (28 )��,#2�!#'8 2#,()  
�'5, 6,!,7�.�,##', @+�6' !�.)!'1�9+ )&!,##', 6!�7�#' #,.&&+1,+.+1�( � 1#,2!4-

9+ )&!!,)+�!/9A�, *,!&6!�4+�4. 
�'1&2' 6& !�0&+,: 

- �..�,2&1�#� *,+&2�)� 8D, )&+&!�4 6&$1&�4,+ 0'.+!&, #,�$*,##& � .�.+,*�+�7,.)� &0-
!�0�+'1�+: 1#/+!,##�, � 1#,5#�, !,)��*�%��.  
- �#,2!,#' .& .+&!&#' 6&.+�1A�)� .2,!3�1�9A�,, .!&7#',, )&!!,)+�!/9A�, � 6!,2/-
6!,32�9A�, *,!&6!�4+�4 1 /.+�#&1�,##', .!&)�; 
- �!&�$1,2,#� 2&!�0&+)� )&#.+!/)%�� 0/#),!�, 7+& 6&1�,)�& $� .&0&( .#�3,#�4 0!�)&-
1�##'8 �$2,��(.  
- /�/75,#�, *,3 �/#)%�&#��:#&"& 1$��*&2,(.+1�4 #� 6!,26!�4+�� 6&.!,2.+1&* 1&1�,-
7,#�4 6,!.&#��� 1 6!&%,.. #,6!,!'1#'8 /�/75,#�( (1 +.7.!�0&+� 8D- )&*�#2);  
- 6&$1&��� ./A,.+1,##& .#�$�+: )&��7,.+1& !,)��*�%�&##'8 .�"#��&1 � .�.+,*�+�$�-
!&1�+: 6!&%,.. �8 &0!�0&+)�; 
- 6&1'5,#�, /2&1�,+1&!,##&.+� )&#,7#'8 6&+!,0�+,�,( 6/+,* &0,.6,7,#�4 )�7,.+1�, 
�.6&�:$/,*&"& 6!� 6!&�$1&2.+1, 6&25�6#�)&1 .'!:4 (&.#&1#&"& *,+����) � "&+&1'8 )&*-
6�,)+/9A�8 �$2,��(
- 	%,#)&( @��,)+�1#&.+� 6!&2,��##&( !�0&+', .&.+�1�,#�,* &+7,+� 8D � �#�&!*�!&1�-
#�,* 6&+!,0�+,�4. 
- 1'41�,#' )&!,##', 6!�7�#' 1&$#�)#&1,#�4 2,�,)+�, � �*,##& «�*4+�#� 6& +&!%/ #�-
!/3#&"& )&�:%�» 6&25�6#�)� 6�-537906�. 
- !�$!�0&+�#' � 1#,2!,#' )&!!,)+�!/9A�, *,!&6!�4+�4 . 6&*&A:9 *,+&2�)� 8D. 
- 6&2+1,!32,#� @)&#&*�7,.)�4 @��,)+�1#&.+: 2�##'8 1#,2!,#�( � �$*,#,#�(.  
- �., *,!&6!�4+�4 1#,2!,#' #� 	�	 «��� �&�3.)�(» 

���	��,	/�
 5����������� +���������-����	 �������  

����+�����	 �	�����	 (���) � ������� 5�������������  

����+�����	 (�5�) � ������
� �	� «��,» 

<,!0�)&1� �.�., �+,6/!& �.�. 
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��..*�+!�1�9+.4 &.#&1#', 2&)/*,#+' .�.+,*' *,#,23*,#+� )�7,.+1�, 6!&0�,*' $�1&2� 1 &0��.+� 2&-
)/*,#+&&0&!&+�, #,&08&2�*&.+: /.&1,!5,#.+1&1�#�4 .�.+,*' *,#,23*,#+� )�7,.+1� 6/+,* �1+&*�+�$�%�� 2&-
)/*,#+&&0&!&+�, 1#,2!,#�, .�.+,*' @�,)+!&##&"& 2&)/*,#+&&0&!&+�

The basic documents of the quality management system, the problems in the field of document factory, the need 
to improve the quality management system by automating workflow, electronic document management 
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�+&0' 1., &2�#�)&1& 6!�1��:#& 6&#�*��� � 1'6&�#4�� .1&9 !�0&+/, .�.+,*� *,#,23-
*,#+� )�7,.+1� 2&)/*,#+�!/,+.4. �&)/*,#+�%�4 .�.+,*' *,#,23*,#+� )�7,.+1� 1)�97�,+ 1
.,04: 6&��+�)/ 6!,26!�4+�4 1 &0��.+� )�7,.+1�, .+�#2�!+' 6!,26!�4+�4, +,8#�7,.)�, /.�&1�4, 
$�)&#', !�0&7/9 2&)/*,#+�%�9 (�#.+!/)%��, 6!�)�$', !�.6&!43,#�4, 6!&+&)&�', .�/3,0#',
$�6�.)� )�!+' )&#+!&�4, 7,!+,3�) � +.2. 

��$#,##'( %�)� 6!&2/)%�� .7�+�,+.4 &2#�* �$ 1�3#,(5�8 ��)+&!&1, !�..*�+!�1�9-
A�8 2�#�*�)/ ,, )&#)/!,#+&.6&.&0#&"& 6!,0'1�#�4 #� !'#),.��32'( @+�6 %�)�� 2&�3,# .&-
6!&1&32�+:.4 &6!,2,�,##&( 2&)/*,#+�%�,(. 

��) )�) #� 6!,26!�4+�� 2&)/*,#+�%�� &7,#: *#&"&, � �1+&*�+�$�!&1�##&"& 6!&%,..�
#,+, +& *&3#& 1'2,��+: !42 6!&0�,*: 

- 2&)/*,#+' +,!49+.4, 
- #�)�6��1�,+.4 *#&3,.+1& 2&)/*,#+&1, #�$#�7,#�, � �.+&7#�) )&+&!'8 #, 4.#', 
- 2&)/*,#+' � �#�&!*�%�4, .&2,!3�A�4.4 1 #�8, 6&6�2�,+ 1 7/3�, !/)�, 
- +!�+�+.4 *�..� !�0&7,"& 1!,*,#� #� 6&�.) #/3#&"& 2&)/*,#+� � �&!*�!&1�#�, +,*�-

+�7,.)&( 6&20&!)� 2&)/*,#+&1, 
- .&$2�,+.4 #,.)&�:)& )&6�( &2#&"& � +&"& 3, 2&)/*,#+� - #� 0/*�"/ � )&6�!&1�#�, 2&-

)/*,#+&1 +!�+�+.4 #,*��& .!,2.+1, 
- #� 6&2"&+&1)/ � .&"��.&1�#�, 2&)/*,#+&1 +!�+�+.4 *#&"& 1!,*,#�. 
��.+,*� @�,)+!&##&"& 2&)/*,#+&&0&!&+� (�-�) – &!"�#�$�%�&##&-+,8#�7,.)�4 .�.+,-

*�, &0,.6,7�1�9A�4 6!&%,.. .&$2�#�4, /6!�1�,#�4 2&.+/6&* � !�.6!&.+!�#,#�4 @�,)+!&##'8
2&)/*,#+&1 1 )&*6:9+,!#'8 .,+48, � +�)3, &0,.6,7�1�9A�4 )&#+!&�: #�2 6&+&)�*� 2&)/*,#-
+&1 1 &!"�#�$�%��. 

�� !'#), 6!&"!�**#&"& &0,.6,7,#�4 6!,2.+�1�,#& *#&3,.+1& 6!&2/)+&1 2�##&"& )��.-
.�, )�) $�!/0,3#'8, +�) � &+,7,.+1,##'8 6!&�$1&2�+,�,(. 	.#&1'1�4.: #� 6&�/7,##'8 2�#-
#'8 �..�,2&1�#�4, /7�+'1�4 1., 2&.+&�#.+1� � #,2&.+�+)� )�32&( �$ !�..*&+!,##'8 .�.+,*
(� �*,##&, DIRECTUM, DocsVision, OPTIMA-WorkFlow), 6!�8&2�* ) 1'1&2/, 7+& .�.+,*�
DIRECTUM #��0&�,, 6&28&2�+ 2�4 6!�*,#,#�4 #� 	�	 «���» 6& .1&,*/ �/#)%�&#��/ � .&-
&+1,+.+1/,+ .&&+#&5,#�9 %,#�-)�7,.+1&. 

�,$/�:+�+&* 6!�1��:#&.+� 6!&1,2,##&"& �#���$� 6& 1'0&!/ �-� 41�4,+.4 ��)+ +&"&, 
7+& #� 	�	 «���» 1 #&40!, 2013". .+�!+&1�� 6!&,)+, "2, .6,%����.+�*� %,#+!� �#�&!*�%�-
&##'8 +,8#&�&"�( 	�	 «���» 6!� 6&22,!3), 6!,2.+�1�+,�,( 1&�"&"!�2.)&( )&*6�#��
«���	�», 0'�� &0.�,2&1�#' /6!�1�,#7,.)�, 0�$#,.-6!&%,..' 6!,26!�4+�4, &6!,2,�,# 6,!,-
7,#: )�97,1'8 6&�:$&1�+,�,( .�.+,*'- 2�!,)+&!&1 6& #�6!�1�,#�4* � !,)&*,#2&1�##'8 �*�
.6,%����.+&1, 6!�#4+& +,8#�7,.)&, !,5,#�, 6& �1+&*�+�$�%��- #� 0�$, .�.+,*' @�,)+!&##&"&
2&)/*,#+&&0&!&+� DIRECTUM. 

�#,2!,#�, �-� – 1�3#'( 5�" #� 6/+� 6&1'5,#�4 @��,)+�1#&.+� !�0&+' $�1&2�. ��.-
+,*� !,5�,+ %,�'( !42 6!�)+�7,.)�8 $�2�7: 

- .&)!�A,#�, 1!,*,#� #� 6!�#4+�, /6!�1�,#7,.)�8 !,5,#�(; 
- /1,��7,#�, 6!&�$1&2�+,�:#&.+� +!/2� $� .7,+ /.)&!,##&( &0!�0&+)� � .&"��.&1�#�4

2&)/*,#+&1; 
- 6&1'5,#�, �.6&�#�+,�:.)&( 2�.%�6��#' (�.6&�:$/4 1&$*&3#&.+� .�.+,*', !/)&1&-

2�+,�: *&3,+ 0'+: /1,!,# 1 +&*, 7+& 6&.+�1�,##', 6,!,2 .&+!/2#�)�*� $�2�7� #, 0/2/+ $�0'-
+' ��� #, 1'6&�#,#'.�., 2,(.+1�4, 6!&�$1&2�*', 6&�:$&1�+,�,* . 2&)/*,#+&* – 7+,#�,, �$-
*,#,#�,, 6&26�.�#�, –1 &04$�+,�:#&* 6&!42), 0/2/+ )&#+!&��!&1�+:.4);

- .&)!�A,#�, «0/*�3#&"&» 2&)/*,#+&&0&!&+� 1 1,5 !�$�; 
- &0,.6,7,#�, 2&.+/6� ) 2&)/*,#+�* 1 .+!&"&* .&&+1,+.+1�� . #�$#�7,##'*� 6!�1�*�

6&�:$&1�+,�,(, 7+& 6!�)+�7,.)� �.)�97�,+ 6&+,!9 ��� /+,7)/ �#�&!*�%�� (+,).+' *&"/+
0'+: 2&6&�#�+,�:#& $�5��!&1�#' . 6&*&A:9 6�!&�,( ��� %��!&1'8 .,!+���)�+&1); 

- 6!,2&.+�1�,#�, 1&$*&3#&.+� 2�4 .&$2�#�4 @�,)+!&##&"& �!8�1� 2&)/*,#+&1. 
�.�&1#& *&3#& 1'2,��+: 64+: @+�6&1 6!&%,..� 1#,2!,#�4 �-�:  
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1. &0.�,2&1�#�, ./A,.+1/9A,( .�.+,*' 2&)/*,#+&&0&!&+� � 6&2"&+&1)� &+7=+� &0
&0.�,2&1�#��; 

2. !�$!�0&+)�, .&"��.&1�#�, � /+1,!32,#�, +,8#�7,.)&"& $�2�#�4 #� �1+&*�+�$�-
%�9 2&)/*,#+&&0&!&+�; 

3. #�.+!&()� � �2�6+�%�4 �-� 6&2 +!,0&1�#�4 +,8#�7,.)&"& $�2�#�4, �/#)%�&-
#��:#&, +,.+�!&1�#�,; 

4. &0/7,#�, 6&�:$&1�+,�,(; 
5. 11,2,#�, .�.+,*' 1 &6'+#/9 @).6�/�+�%�9, )&!!,)+�!&1)� 6�!�*,+!&1 .�.+,-

*'; 
6. 6!�=*&7#', �.6'+�#�4 � 11&2 �-� 1 6!&*'5�,##/9 @).6�/�+�%�9; 
7. +,8#�7,.)&, .&6!&1&32,#�,. 
�!&*'5�,##�4 @).6�/�+�%�4 .�.+,*' @�,)+!&##&"& 2&)/*,#+&&0&!&+� #� 	�	 «���» 

2&�3#� #�7�+:.4 1 2,)�0!, 2014". � &81�+�+: #, *,#,, 78 )�97,1'8 6&2!�$2,�,#�( 6!,26!�-
4+�4, 6!� @+&* )&��7,.+1& �1+&*�+�$�!&1�##'8 *,.+ 6&�:$&1�+,�, #� 6,!1&* @+�6, .&.+�1�+
&)&�& 300. 

� "'�) !"$���$(��
1 �/2!4,1 �.�. 	!"�#�$�%�4 !�0&+' . 2&)/*,#+�*�. - �.: �#�!�-�. - 2008. 
2 ��()� �3.�. ��++&#. �&!6&!�+�1#'( 2&)/*,#+&&0&!&+. �!�#%�6', +,8#&�&"��, *,-

+&2&�&"�4 1#,2!,#�4. -�$2�+,�:.+1&: 
��)!&, �$0/)�; 2002 
3 ���#�.:,1 �. �. «	0 @��,)+�1#&.+� @�,)+!&##&"& 2&)/*,#+&&0&!&+� � "&./2�!.+-

1,##&* !,"/��!&1�#�� 1 .�,!, 2&)/*,#+�%�&##&"& &0,.6,7,#�4 /6!�1�,#�4». [-�,)+!&##'(
!,./!.] http://www.government.nnov.ru/_data/objects/29367/afanasiev.doc 

4 �!�1&1&, !,"/��!&1�#�, @�,)+!&##&"& 2&)/*,#+&&0&!&+�. [-�,)+!&##'( !,./!.] 
http://revolution.allbest.ru/law/00002838_0.html 
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��..*�+!�1�9+.4 *,+&2' .&1,!5,#.+1&1�#�4 6!&%,..� &0!�0&+)� )&�,% 6&25�6#�)&1
We consider the organization of production in a repair tire plant. 

	.#&1#'* *,+&2&* &)&#7�+,�:#&( &0!�0&+)� 2&!&3,) )�7,#�4 )&�,% )&#�7,.)�8 6&2-
5�6#�)&1 41�4,+.4 ./6,!��#�5�!&1�#�,. 	2#�)& +!�2�%�&##', .6&.&0' ./6,!��#�5�!&1�-
#�4 )&#�7,.)�8 6&1,!8#&.+,(, (+�)�, )�) ./6,!��#�5�!&1�#�, . 6!&2&�:#'* 6,!,*,A,#�,*
0!/.)�, 1!,$#&, ./6,!��#�5�!&1�#�,) #, *&"/+ &0,.6,7�+: 2&.+�+&7#& 1'.&)&( 6!&�$1&2�-
+,�:#&.+� &0!�0&+)�, +!,0/,*&( +&7#&.+� �&!*' 2&!&3,) )�7,#�4 )&�,% � #,&08&2�*&"& )�-
7,.+1� 6&1,!8#&.+#&"& .�&4. �&1'.�+: @��,)+�1#&.+: @+&"& +,8#&�&"�7,.)&"& 6!&%,..� *&3-
#& $� .7,+ 6!�2�#�4 �0!�$�1#&*/ 0!/.)/ 2&6&�#�+,�:#'8 21�3,#�(, 1 7�.+#&.+� &.%����-
!/9A�8, )&+&!', .6&.&0.+1&1��� 0' 6&1'5,#�9 !,3/A,( .6&.&0#&.+� 0!/.)�, �$*,#,#�9
8�!�)+,!� � 1,��7�#' .B,*� *,+���� . $�"&+&1)� [1]. 

	.%����!/9A,, )&�,0�+,�:#&, 21�3,#�, �#.+!/*,#+� 6&$1&�4,+ $#�7�+,�:#& 6&1'-
.�+: +&7#&.+: �&!*' 6& 6�!�*,+!�* &+)�&#,#�4 &+ )!/"�&.+�, 1&�#�.+&.+� � 5,!&8&1�+&.+�
6&1,!8#&.+� $� .7,+ .�,2/9A�8 ��)+&!&1: 

- 1&-6,!1'8, /1,��7�1�,+.4 2��#� 2/"� )&#+�)+� 0!/.)� . &0!�0�+'1�,*&( 6&1,!8#&-
.+:9 $�"&+&1)�. �!� @+&* !�0&7,( 6&1,!8#&.+:9 0!/.)� 6,!,)!'1�,+.4 "&!�$2& 0&�:5,, 7�.�&
*�)!&- � *�)!&1'.+/6&1 #� &0!�0�+'1�,*&( 6&1,!8#&.+� $�"&+&1)�; 
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- 1&-1+&!'8, �0!�$�1#', $,!#� 0!/.)� !�0&+�9+ 6& .1&�* 7,+'!,* "!�#4*: 6,!,2#,( �
$�2#,( $� .7,+ 6,!,*,A,#�4 �#.+!/*,#+� 12&�: 2��#' $�"&+&1)� � 0&)&1'*� "!�#4*� $� .7,+
&.%����!/9A,"& )&�,0�#�4 �#.+!/*,#+� 1 6�&.)&.+�, 6,!6,#2�)/�4!#&( &.� 1!�A,#�4 $�"&-
+&1)�. -+& 6&$1&�4,+ �0!�$�1#'* $,!#�* @��,)+�1#& 1!,$�+:.4 1 1,!5�#' *�)!&- � *�)!&1'-
.+/6&1, #�8&24A�8.4 #� &0!�0�+'1�,*&( 6&1,!8#&.+�. 

�!&*, +&"&, #���7�, 21/8 21�3,#�( 1& 1$��*#& 6,!6,#2�)/�4!#'8 #�6!�1�,#�48 .&$-
2�,+ #� &0!�0&+�##&( 6&1,!8#&.+� .�**,+!�7#'( *�)!&!,�:,�, 7+& 6&1'5�,+ 2&�"&1,7#&.+:
�$2,��4. 

�!� 1'6&�#,#�� /.�&1�( (6&.+&4#.+1& /2,�:#&"& 2�1�,#�4 0!/.)� � &0!�0�+'1�,*&(
6&1,!8#&.+� $�"&+&1)� � &+#&5,#�4 5�!�#' 0!/.)� � 2��#' &)!/3#&.+� &0!�0�+'1�,*&( 6&-
1,!8#&.+� $�"&+&1)� 1 )�32&* �8 6&6,!,7#&* .,7,#��) 2&.+�"�,+.4 !�1#&*,!#&, /2��,#�,
6!�6/.)� 6& 1.,*/ &0!�0�+'1�,*&*/ 6!&���9 � &0,.6,7�1�,+.4 1'.&)�4 +&7#&.+: �&!*'
6!&���4 1 &.,1&* .,7,#�� 2,+���. 

	.%����!/9A,, )&�,0�#�, �#.+!/*,#+� . 6,!,*,##&( �*6��+/2&(, �$*,#49A,(.4
6!&6&!%�&#��:#& �$*,#,#�9 2��*,+!&1 )&#�7,.)&( 6&1,!8#&.+�, #,&08&2�*& 2�4 .&8!�#,#�4
1'.&)&( +&7#&.+� �&!*' 6!&���4 1 &.,1&* .,7,#�� 2,+���, 2&.+�"#/+/9 $� .7,+ 6!�*,#,#�4
0!/.)� 1 �&!*, +!�6,%��. 	.%����!/9A,, )&�,0�#�, 6&$1&�4,+ +�)3, /1,��7�+: .)&!&.+: !,-
$�#�4. �0!�$�1#', $,!#�, !�0&+�4 6& .1&�* 7,+'!,* "!�#4*, �$#�5�1�9+.4 !�1#&*,!#& � *&-
"/+ 0'+: �.6&�:$&1�#' . 1'.&)&( @��,)+�1#&.+:9. � @+&* .�/7�, &0,.6,7�1�,+.4 !�1#&*,!-
#�4 #�"!/$)� #� $,!#� � &./A,.+1�4,+.4 *�).�*��:#'( .B,* . $�"&+&1)� 6!� *�#�*��:#&* �$-
#&., 0!/.)�. 

� "'�) !"$���$(��
1 ��+. 2270085 �&..�(.)�4 �,2,!�%�4, ��� �24�1/00, �24�19/06. �6&.&0 �0!�$�1#&(

&0!�0&+)� 6&1,!8#&.+� 1!�A,#�4 / ��87,,1 �. �., �/):4#&1 �. �., ����# �. �., ��87,,1� �. �., 
��5,#%,1 �. 
. ; $�41�+,�: � 6�+,#+&&0��2�+,�: �	� ��	 ��*�!.)�( "&./2�!.+1,##'( +,8-
#�7,.)�( /#�1,!.�+,+. – C 2004108454/02 ; $�41�. 23.03.2004 ; &6/0�. 20.02.2006. – 6 .. 
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�#���$�!/9+.4 *,+&2' /1,��7,#�4 .+&()&.+� !,3/A,"& �#.+!/*,#+� � 1&$*&3#&.+: 6!�*,#,#�4 6!�-
.6&.&0�,#�4 2�4 /1,��7,#�4 6!&�$1&2�+,�:#&.+�

We consider the organization of production in a repair tire plant. 

�!&�#���$�!&1�# +,8#&�&"�7,.)�( 6!&%,.. �$"&+&1�,#�4 .,6�!�+&!� 6&25�6#�) 4-
3182120� . %,�:9 .&)!�A,#�4 1!,*,##'8 $�+!�+. 

�,6�!�+&!' 6&25�6#�)&1 2�##&"& 1�2� *&"/+ �$"&+&1�4+:.4 �$: .+���, ��+/#�, 6&��-
�*�2�, +,).+&��+&1, 0!&#$', ��9*�#�,1'8 .6��1&1. 

�&25�6#�) 4-3182120� �*,,+ .,6�!�+&! �$ ��+/#� *�!)� ��59-1. �!� &0!�0&+), .1�#-
%&1&.&2,!3�A�8 ��+/#,( 1.,"2� 1&$#�)�9+ 6!&0�,*' . #�$)&( .+&()&.+:9 !,3/A,"& �#.+!/-
*,#+�, +�) )�) &0!�$/9A�4.4 7!,$1'7�(#& *,�)�4 .+!/3)� &0!�$/,+ #�!&.+ #� !,3/A,* �#.+-
!/*,#+,. 

�/A,.+1/9A�, *,+&2' /1,��7,#�4 .+&()&.+� �#.+!/*,#+�: 
�) �&##�4 8�*�)&-+,!*�7,.)�4 &0!�0&+)� – #�+!&%,*,#+�%�4 1 6��$*, +�,9A,"& !�$!4-

2�. � !,$/�:+�+, �&##&( #�+!&%,*,#+�%�� #� 6&1,!8#&.+� &0!�$%&1 0/2,+ .�&!*�!&1�# /6-
!&7#,##'( .�&( 6&1'5,##&( *�)!&+1,!2&.+� (1000–1050 HV). �&�/7,#�, #�+!&%,*,#+�!&-
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1�##&"& .�&4 "�/0�#&( h = 20–30 *)*, 2&.+�+&7#& 2�4 &0,.6,7,#�4 !�0&+&.6&.&0#&.+� !,3/-
A,"& �#.+!/*,#+�, $�#�*�,+ 10–25 *�#/+; 

0) 6��$*,##&, #�6'�,#�, �$#&.&.+&()�8 6&)!'+�( TiN, (Ti, Zn)N � (Ti, Zn)N – (Ti, Al)N.
��#,.,#�( 6&)!'+�( 1&$*&3#& &./A,.+1�+: *,+&2&* ��
. 	# &.#&1�# #� ",#,!�%�� 1,A,.+-
1� )�+&2#'* 64+#&* 1�)//*#&( 2/"�. �&2�7� 1 1�)//*#&, 6!&.+!�#.+1& !,�"�!/9A�8 "�$&1
(�$&+�, �!"&#�, *,+�#� � 2!.) 1 /.�&1�48 �&##&( 0&*0�!2�!&1)� 6!�1&2�+ ) )&#2,#.�%�� 6&-
)!'+�4 #� !�0&7�8 6&1,!8#&.+48 !,3/A,"& �#.+!/*,#+� 0��"&2�!4 6!&+,)�#�9 6��$*&8�*�-
7,.)�8 !,�)%�(: 

1) 6&)!'+�, TiN: �!,*4 #�#,.,#�4 6&)!'+�4 .&.+�1�+ 10 *�#/+; +&�A�#� 6&)!'+�4 1
.!,2#,* 2&.+�"��� 10 *)*. �,*6,!�+/!� #� 6&1,!8#&.+� &0!�$%&1 #, 6!,1'5�,+ 300–400 "!�-
2/.&1 ;,�:.�4. �1,!2&.+: #� 6&1,!8#&.+� �#.+!/*,#+� 1300 HV; 

2) *#&"&)&*6&#,#+#', 6&)!'+�4 (Ti, Zn)N � (Ti, Zn)N – (Ti, Al)N: +&�A�#� 6&)!'+�4 .&-
.+�1�+ 6-8 *)*; *�)!&+1,!2&.+: 6&1,!8#&.+� 6&.�, #�#,.,#�4 +&#)�8 6&)!'+�( 1&$!�.+,+ 1
$�1�.�*&.+� &+ 6&)!'+�4 . 1600 6!�*,!#& 2& 1700 HV; 

1) /6!&7#,#�, !,3/A,"& �#.+!/*,#+� *,+&2&* ��$,!#&( 6&1,!8#&.+#&( +,!*�7,.)&(
&0!�0&+)�. ��$,!#/9 6&1,!8#&.+#/9 +,!*&/6!&7#49A/9 &0!�0&+)/ *&3#& &./A,.+1�+: 6/-
+,* #�"!,1� &0!�$%� �$ 0'.+!&!,3/A,( .+��� &2�#&7#'* �*6/�:.&* �$�/7,#�4 #,&2�*&1&"&
��$,!�. ��$!�0&+)� +,8#&�&"�� ��$,!#&"& 6&1,!8#&.+#&"& /6!&7#,#�4 +!,0/,+ 6!&1,2,#�4
0&�:5&"& )&*6�,).� 6&2"&+&1�+,�:#'8 !�0&+, 7+& 41�4,+.4 #,2&.+�+)&* 2�##&"& 1�2� /6!&7-
#,#�4 6&1,!8#&.+� !,3/A,"& �#.+!/*,#+�. ��)!&+1,!2&.+: .+��� �6�5 6&.�, ��$,!#&( &0!�-
0&+)� 1&$!�.+�,+ . 720 2& 960 HV; 

") )&*0�#�!&1�##�4 /6!&7#49A�4 &0!�0&+)�. 
�!� !�..*�+!�1�,*'8 1 2�##&( !�0&+, /.�&1�48 &0!�0&+)� – �$"&+&1�,#�� .,6�!�+&!�

�$ .1�#%&1&.&2,!3�A,( ��+/#� *�!)� ��59-1 6!&%,.. #�#,.,#�4 +&#)&6�,#&7#&"& 6&)!'+�4
#��0&�,, !�%�&#��,#. 

� )�7,.+1, �$#&.&.+&()&"& 6&)!'+�4 1'0�!�,+.4 #�+!�2 +�+�#� TiN. 
� !,$/�:+�+, +1,!2&.+: � �$#&.&.+&()&.+: �#.+!/*,#+� /1,��7�1�9+.4 6!�0��$�+,�:#&

1 2 !�$�. 
	)#� 1 .,6�!�+&!, 6&25�6#�)� 6&�/7�9+.4 �!,$,!&1�#�,* &+1,!.+�( #� &0&�8 +&!%�8

$�"&+&1)� 6& 1.,*/ )&#+/!/ #� !�1#&* !�..+&4#�� 2!/" 2!/"�. ��##�4 &6,!�%�4 .+�#&1�+.4
0'.+!& � �,")& 1'6&�#�*&( 6!� �.6&�:$&1�#�� .6,%���:#'8 6!�.6&.&0�,#�( – *#&"&56�#-
2,�:#&( /#�1,!.��:#&( "&�&1)� (#�6!�*,! '10), . 6&*&A:9 )&+&!&( 1&$*&3#& 1'6&�#4+:
�!,$,!&1�#�, #,.)&�:)�8 &)&# .,6�!�+&!� &2#&1!,*,##&. 

�.6&�:$&1�#�, �#.+!/*,#+&1 . #�+!�2+�+�#&1'* 6&)!'+�,* � /#�1,!.��:#&( "&�&1)�
1!,*4 �$"&+&1�,#�4 .,6�!�+&!� .&)!�A�,+.4 1 6 !�$. 
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�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

��..*�+!�1�,+.4 !�.7=+ 6!/3�#' 6!�.6&.&0�,#�4 2�4 6&1'5,#�4 )�7,.+1� 6!� 7�.+&1&* !�.+�7�1�#��
!&��)&1&( 2&!&3)� )&�:%� 6&25�6#�)�. 

We consider the calculation of the spring means for improving the quality in fine boring track roller ring of the 
bearing. 

�.+!&(.+1& 2�4 7�.+&1&"& !�.+�7�1�#�4 !&��)&1&( 2&!&3)� .�/3�+ 2�4 &0+&7)� #�-
!/3#&( )&#�7,.)&( 6&1,!8#&.+� 1#/+!,##�8 )&�,% 6&25�6#�)&1. �!�*,#4,+.4 #� 1&.:*�-
56�#2,�:#'8 6�+!&##'8 6&�/�1+&*�+�8 +�6� 1265��-8�. 
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�.+!&(.+1& 2�4 7�.+&1&"& !�.+�7�1�#�4 !&��)&1&( 2&!&3)� 6!,2.+�1�4,+ �$ .,04 !,$-
%,2,!3�+,�: . !,$%&* (&# 3, 6&�$/#). ��3#,( 7�.+:9 !,$%,2,!3�+,�: 6&21�3#& .&,2�#,# .
#�6!�1�49A,( 2,+��:9. ��6!�1�49A�4 2,+��: 7,!,$ 21� )!,6,3#'8 &+1,!.+�4 3,.+)& )!,6�+-
.4 ) 6&6,!,7#&*/ ./66&!+/ 6&2 #/3#'* /"�&*. �4"� .&,2�#,#� . 6!&2&�:#'* ./66&!+&* 6&-
.!,2.+1&* 5�!#�!� � .+&()�, � .�/3�+ 2�4 6,!,2�7� 6&.+/6�+,�:#&"& 21�3,#�4 6!&2&�:#&"&
./66&!+� !,$%,2,!3�+,�9.  

�&6,!,7#'( ./66&!+ 6&2�,+ 1., /.+!&(.+1& 1 $&#/ &0!�0&+)� � &.+�#�1��1�,+.4. � @+&
1!,*4 6!&�.8&2�+ &.,1&, 6,!,*,A,#�, 6!&2&�:#&"& ./66&!+�, )&+&!'( 7,!,$ .+&()/ � +4"/
6,!,2�,+ 21�3,#�, !,$%,2,!3�+,�9-6&�$/#/ � 6,!,*,A�,+ ,"& 6& #�6!�1�49A,(. 

��4 &0,.6,7,#�4 6��1#&.+� 8&2� !,$%,2,!3�+,�4 6!,2#�$#�7,#� 6!/3�#� .3�+�4, &0,.-
6,7�1�9A�4 #,&08&2�*'( #�+4" � .1&,1!,*,##'( &+1&2 !,$%,2,!3�+,�4. 

�!/3�#' .3�+�4 @+& 6!/3�#', !�0&+�9A�, #� .3�+�, � 1&.6!�#�*�9A�, 6!&2&�:#& - 
&.,1', #�"!/$)�. 	#� .3�*�9+ 6!/3�#/ 1 %,�&*.  	.#&1#&( 1�2 2,�&!*�%�� 1�+)&1 – )!/7,-
#�,.  

�!� 6!&,)+�!&1�#�� 6!/3�#' .3�+�4 1�3#& 6!�1��:#& !�..7�+�+: 1�+)�. 
� /.+!&(.+1, 2�4 7�.+&1&"& 6!&+�7�1�#�4 !&��)&1&( 2&!&3)� �.6&�:$/,+.4 6!/3�#�

7039-9040.  
��!�*,+!' 6!/3�#' 7039-9040: 
do = 15 **, D = 25 **, d = 4 **, t2 = 4,8 **, F2 = 47 )", t = 6,5 **, F3 = 69 )", 1,. 1000 

6&". * = 98,6 )", �2 = 72 **. 

��./#&) 1 – �!/3�#�

��+,!��� – �!&1&�&)� 
-2-4,0 �	�� 9389. 
�&)!'+�, – ��*. 	).. ��� ��*. �&.. �& �	�� 9. 306-85. 
�&��7,.+1& 1�+)&1 6!/3�#':  

���#� 6!/3�#' 1 .1&0&2#&* .&.+&4#��: 
lo = n . t + d, 
l&= 11,8 · 6,5 + 4 = 80,71**. 
�!�#�*�,+.4 l& = 80 **. 
�+&0' «&+.)&)» 6!/3�#' 6!&�.8&2�� 0'.+!,,, 6!&1,2,* $�*,#/ #� 6!/3�#/ . 0&�:-

5�* )&��7,.+1&* 1�+)&1.  

.8,11
8,4

1572

2

o2 =
−

=
−

=
t

dH
n
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�.8&24 �$ $�2�##'8 !�$*,!&1, 2��*,+!� � .+!,*�,#�4 &0,.6,7�+: #��0&�:5/9 )!�+�-
7,.)/9 .)&!&.+:, &.+�#�1��1�,*.4 #� 6!/3�#,                        7039-9046 .& .�,2/9A�*� 2�#-
#'*�: 

d& = 20 **, D = 30 **, d = 4,0 **, t2 = 4,84 **, F2  = 50,4 )", t = 8,3 **,  F3 = 63 )", *�..�
1000 * = 98,7 )", �2 = 90 **. 

��+,!��� – �!&1&�&)� 
-2-4,0 �	�� 9389-75. 
�&)!'+�, – ��*. 	).. ��� ��*. �&.. �& �	�� 9. 306-85. 
�&��7,.+1& 1�+)&1 6!/3�#':  

���#� 6!/3�#' 1 .1&0&2#&* .&.+&4#��:  
l&= n . t + d = 14,5 . 8,3 + 4,0 = 124,04 **. 
�!�#�*�,* l& = 120 **. 
�.6&�:$&1�#�, 2�##&( 6!/3�#' 6&$1&��+ /*,#:5�+: 1!,*4 #� +&)�!#/9 &0!�0&+)/

1#/+!,##,"& )&�:%� 6&25�6#�)�. 
�
���� �����	����

1. �#/!:,1 �. �. �6!�1&7#�) )&#.+!/)+&!�-*�5�#&.+!&�+,�4 1 3 +. � 1 – 8-, �$2., 6,!,-
!�0. � 2&6. �&2 !,2. �. �. �,.+)&1&( – �.: ��5�#&.+!&,#�,, 2001. – 920 .. 

2. �#/!:,1 �. �. �6!�1&7#�) )&#.+!/)+&!�-*�5�#&.+!&�+,�4 1 3 +. � 2 – 8-, �$2., 6,!,-
!�0. � 2&6. �&2 !,2. �. �. �,.+)&1&( – �.: ��5�#&.+!&,#�,, 2001. – 912 .. 

3. �!�+)�( .6!�1&7#�) ) !�.7=+/ 2,+��,( *�5�#. �/$,#)&1 �. �. «�'.5�4 5)&��», 1967 
". 1 – 312 .. 

�	,�	����� ��
��	, ���+
=��� � 
���
���-�����  

+�
 �	��	���	��
 ��������� +������ ���2/	 
�+��
���	

�)�7,#)& �. �., ��!�.&1� �. �. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

��..*�+!�1�,+.4 #�$#�7,#�, )&6�!� 1 6!�.6&.&0�,#�� 2�4 !�.+�7�1�#�4 !&��)&1&( 2&!&3)� � *,+&2�)�
!�.7=+�. �'6&�#,# !�.7=+ )&6�!�. 

We consider the appointment of the copier device for boring roller track and method of calculation. The 
calculation of the copier. 

	.#&1�#�, 6!�.6&.&0�,#�4, 3,.+)& $�)!,6�,##&, ) 6!&2&�:#&*/ 0�&)/ .+�#)�, . 6&-
*&A:9 )��#� � 0&�+&1 6,!,*,A�,+.4 .&1*,.+#& . #�6!�1�49A,(. � &.#&1�#�� �*,,+.4 6�$, 1
)&+&!&* /.+�#�1��1�,+.4 )&6�!, .&1*,.+#& . ��#,()�*�. �!� 21�3,#�� 6!&2&�:#&"& 0�&)� )
$,!)��/ 56�#2,�:#&"& 0�&)� 6,!,*,A�,+.4 1 6!&2&�:#&* #�6!�1�,#�� 1., 6!�.6&.&0�,#�,. 

��4 /2,!3�#�4 6,!,*,A,#�4 )&6�!� 1 6!&2&�:#&* #�6!�1�,#�� �*,,+.4 .�.+,*� +4", 
)&+&!�4 ��).�!/,+.4 $�2#�* +&!%&* .+�#�#' .+�#)�. �!�1��:#'( 1'0&! 1.,8 $�$&!&1 1 +4"�8
6&$1&�4,+ /2,!3�1�+: )&6�!.  

�,$%,2,!3�+,�: . &.:9, )&+&!�4 1!�A�,+.4 1& 1+/�),, $�)!,6�,##&( #,6&21�3#& ) !,$-
%,2,!3�+,�9, 6,!,*,A�4.: 6& #�6!�1�49A,(, .&1,!5�,+ 21�3,#�, 6&2 /"�&*, )&+&!'( 1'-
6&�#,# 1 )&6�!,.  

�"&� )&6�!� !�1,# /"�/ #�)�&#� 2&!&3)� )�7,#�4 )&�:%�. �&@+&*/ &.: 6,!,*,A�,+.4
6&2 /"�&* )&6�!� � !,$%' 1'+�7�1�9+ 2&!&3)/ )�7,#�4 6&2 /"�&*, $�2�##'* 6& )&#.+!/)+&!-
.)&*/ 7,!+,3/.  

�!�1��:#& 1'6&�#,##'( /"&� )&6�!� 41�4,+.4 &6!,2,�49A�* 6�!�*,+!&* )�7,.+1�
&0!�0&+)� !&��)&1&( 2&!&3)�. 

.5,14
84,4

2090
=

−
=n
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��.7,+ /"�� )&6�!�, 18&24A,"& 1 6!�.6&.&0�,#�, 2�4 !�.+�7�1�#�4 !&��)&1&( 2&!&3)�
)&�:%� 6&25�6#�)� 1'6&�#4,+.4 6& .8,*, (!�./#&) 1). 

� – /"&� 2&!&3)� )�7,#�4 2,+���: � = 12°57J10JJ; 
� – 6&�, 2&6/.)� #� +&)�!#/9 &0!�0&+)/ /"�� 2&!&3)� )�7,#�4:  
� = 0,2; 
� – #&*�#��:#�4 1'.&+� 2,+���: � = 25 **;  
( – *�#�*��:#'( 6!�6/.): ( = 0,05 **; 
( + � – *�).�*��:#'( 6!�6/.): ( + � = 0,25 **. 

��./#&) 1 – �8,*� 2�4 &6!,2,�,#�4 /"�� )&6�!�

	6!,2,�,#�, #�3#,( "!�#�%' 6&�4 2&6/.)� #� /"&� )&6�!�:  
- �$ +!,/"&�:#�)� LPM &6!,2,�4,+.4 /"&� ): 

�

�
tg =γ ;                                              (1) 

- �$ +!,/"&�:#�)� APM &6!,2,�4,+.4 /"&� �: 

�

(�
tg

+
=α , 

BBKAKC +=++=+ 25,0 , 

�

B
tg

+
=

25,0
α , 

25,0−⋅= αtgHB .                                         (2) 

�&2.+�1�44 1 �&!*/�/ (1) $#�7,#�, � 6&�/7�*: 

,2196,0
25

25,00175122525,0 &

=
−′′′⋅

=
−⋅

==
tg

�

tg�

�

�
tg

α
γ

) = 12º28J. 
	6!,2,�,#�, 1,!8#,( "!�#�%' 6&�4 2&6/.)� #� /"&� )&6�!�:  
- �$ +!,/"&�:#�)� BMP &6!,2,�4,+.4 /"&� *: 

�

��
tg

+
=β . 

�#�7,#�, � 0,!,* �$ �&!*/�' (2), +&"2�: 
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,
05,025,02,025,0

�

tg�

H

tg�

�

tg��
tg

−⋅
=

−⋅+
=

−⋅+
=

ααα
β         (3) 

,2273,0
25

05,001751225 &

=
−′′′×

=
tg

tgβ

* = 12º48J12. 
�&�, 2&6/.)� #� /"&� )&6�!� &6!,2,�4,+.4:  

+ = * – ),                                            (4) 
+ = 12º48J12JJ – 12º28J = 0º20J12JJ.  

�7�+'1�4, 7+& 6!� �$"&+&1�,#�� )&6�!� 2&6/.) #� ,"& /"&� 2&�3,# $�2�1�+:.4 1 *�#/., 
$� #&*�#�� /"�� #�$#�7�* /"&� * (3), 2&6/.) #� @+&+ /"&� K) = + (�&!*/�� 4). 

��)�* &0!�$&*, !�$*,! /"�� #� )&6�!,: 12º48J12JJ– 20J12JJ. 
�
���� �����	����

1. �,+&2�)� !�.7=+&1 )&6�!&1 	�	 «���». 
2. �&#.+!/)+&!.)&-+,8#&�&"�7,.)�4 2&)/*,#+�%�4: /.+!&(.+1& 158431-97�; !,$%,2,!3�-
+,�: 1-2-158�31-97�; )&6�! ;7054-0011. 

��-�� ��������� ����������	 +�
 ���	����  

�-�	-���� ����/ 
�+��
���	

�#+&#&1 �. �., ��#��,#)& �. �. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

��..*�+!�1�9+.4 &.&0,##&.+� 1'0&!� .*,##&( *#&"&"!�##&( 6��.+�#' 2�4 +&)�!#&( &0!�0&+)� )&�,%
6&25�6#�)�

This article considers the way of selection the parameters of the indexable inserts for turning bearing rings 

�!&%,.. !,$�#�4 1 0&�:5,( .+,6,#� &6!,2,�4,+.4 ",&*,+!�,( �#.+!/*,#+�. 	.#&1#'*
6!,2#�$#�7,#�,* ",&*,+!�� �#.+!/*,#+� 41�4,+.4 &./A,.+1�,#�, !,$�#�4 !�$��7#'8 +�6&1
*�+,!���� . �&!*�!&1�#�,* /2&1�,+1&!�+,�:#&( .+!/3)�, 6!� @+&* &#� 2&�3#� &0,.6,7�1�+:
6!&7#&.+: !,3/A,"& )��#� � 1'6&�#4+: .+!/3)&�&*�9A/9 �/#)%�9. �,&*,+!�� 6��.+�#
�*,9+ 0&�:5&, !�$#&&0!�$�,, 6&@+&*/ 6,!,2 6&+!,0�+,�,* 1.+�,+ 6!&0�,*� 6& 1'0&!/ #��0&-
�,, &6+�*��:#&( �$ #�8 2�4 !�0&+' 1 )&#)!,+#&( &0��.+� !,$�#�4. � .14$� . @+�* %,�: 2�##&(
!�0&+', #�6!�1�,##�4 #� &0�,"7,#�, 6!&%,..� 1'0&!� �#.+!/*,#+� � .&)!�A,#�, .!&)&1 !�$-
!�0&+)� +,8#&�&"�7,.)&"& 6!&%,..� �$"&+&1�,#�4 2,+���, 41�4,+.4 �)+/��:#&(. 

�&.�,2&1�+,�:#&.+: 1'0&!� 6��.+�#' 1)�97�,+ 1 .,04 1'6&�#,#�, .�,2/9A�8 @+�6&1: 
�) &6!,2,�,#�, "!/66' &0!�0�+'1�,*&.+� *�+,!����; 
0) &6!,2,�,#�, 1�2� &0!�0&+)�, #�$#�7,#�, 6&2�7� � "�/0�#' !,$�#�4; 
1) 1'0&! +�6� .+!/3)&�&*�; 
") 1'0&! *�!)� �#.+!/*,#+��:#&"& *�+,!����; 
2) #�$#�7,#�, .)&!&.+� !,$�#�4. 
�.8&2#'*� 2�##'*� 41�49+.4 &0!�0�+'1�,*'( *�+,!���, .&.+&4#�, $�"&+&1)�, #,&0-

8&2�*�4 7�.+&+� &0!�0&+�##&( 6&1,!8#&.+�. 
��!/3#&, )&�:%& 6&25�6#�)� 6-7524���, 1'6&�#,#& �$ .+���  �15��-� �	��801. 

��##�4 .+��: &+#&.�+.4 ) "!/66, &0!�0�+'1�,*&.+� �. 	0!�0&+)� 6&�/7�.+&1�4 (Ra2,5), /.�&-
1�4 &0!�0&+)� – #&!*��:#', ($�"&+&1)�0,$ )&!)�, #,6!,!'1#&, !,$�#�,). �& +�0��%, 1 6!�#�-
*�,* S=0,3 **/&0, t=1 **. 

�$ !�$��7#'8 .&7,+�#�( /"�&1, 6�&.)&.+,( � !�2�/.&1 .)��2'1�,+.4 *#&"&&0!�$�,
�&!* .+!/3)&�&*&1.��4 $�2�##'8 /.�&1�( 6!&�$1&2�+,�� !,)&*,#2/9+ �&!*' .+!/3)&�&-
*&1, 6!,2.+�1�,##', 1 +�0��%, 1. 
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��) 1�2#& �$ +�0��%' 1, 2�4 6&8&3�8 /.�&1�( !,$�#�4 !,)&*,#2/9+.4 .+!/3)&�&*'
!�$��7#'8 )&#.+!/)%�(, 6&@+&*/ &./A,.+1�4+: 1'0&! 6��.+�#' +&�:)& . /7,+&* &0,.6,7,#�4
#,&08&2�*'8 !,3�*&1 !,$�#�4 #,2&.+�+&7#&. �/A,.+1,##&, 1��4#�, #� 6!&%,.. !,$�#�4 &)�-
$'1�,+ $#�7,#�, 6,!,2#,"& /"�� γ, #���7�, 1'.+/6&1 #� 6,!,2#,( 6&1,!8#&.+�, !�2�/. !,3/-
A,( )!&*)� � 2!. 

��0��%� 1 – �,)&*,#2�%�� 6& 1'0&!/ .+!/3)&�&*&1
�,)&*,#2/,*', !,3�*' !,$�#�4

��/0�#�
!,$�#�4, **

�&2�7�, **/&0
�)&!&.+:

!,$�#�4, */*�#
�+!/3)&�&*

�,&*,+!�4  
6,!,2#,(  
6&1,!8#&.+�

0,5 – 1,5 – 3,5 0,12 – 0,25 – 0,45 200 

0,8 – 1,5 – 3,5 0,1 – 0,2 – 0,4 180 

1,0 – 2,5 – 5,0 0,1 – 0,2 – 0,3 180 

�!� !�0&+, 6��.+�#&( . /1,��7,##'* 6,!,2#�* /"�&* /*,#:5�9+.4 .��' !,$�#�4 �
@#,!"&6&+!,0�,#�,. � !,$/�:+�+, .#�3�,+.4 /!&1,#: +,*6,!�+/!' 1 $&#, !,$�#�4 � �$#&. !,-
3/A,( )!&*)�. 	2#&1!,*,##& . /1,��7,#�,* 6,!,2#,"& /"�� /*,#:5�,+.4 6!&7#&.+: 6��.+�-
#', 6&@+&*/ 2�4 &0!�0&+)� "!/0'8 $�"&+&1&) . #,!�1#&*,!#'* 6!�6/.)&*, !,)&*,#2/9+.4
6��.+�#' . #/�,1'* ��� &+!�%�+,�:#'* $#�7,#�,* /"�� γ. 

� $�1�.�*&.+� &+ /.�&1�( !,$�#�4 6!�6/.) 6!,&0!�$/,+.4 1 .+!/3)/ &6!,2,�,##&(
�&!*'. ��$!/5,#�, 1�+)� .+!/3)� 41�4,+.4 .�,2.+1�,* 2&6&�#�+,�:#&"& 1&$2,(.+1�4 .& .+&-
!&#' 6!,64+.+1�(.�!� +&7,#�� .+!/3)�, 2!&0�,##�4 #� )&!&+)�, *#&"&1�+)&1', .6�!���, 41-
�4,+.4 #��0&�,, !�%�&#��:#&( �&!*&( 2�4 2&.+�3,#�4 +!,0/,*&"& )�7,.+1� &0!�0&+�##&( 6&-
1,!8#&.+� � &0,.6,7,#�4 *�).�*��:#&( 6!&�$1&2�+,�:#&.+� � *�#�*��:#&( .,0,.+&�*&.+�
+&)�!#&( &6,!�%��. �!� !�0&+, �#.+!/*,#+&* . 6�&.)&( 6,!,2#,( 6&1,!8#&.+:9 .+!/3)�
�*,,+ �&!*/ 6�&.)&( 1�#+&1&( .6�!���, � ,, 2!&0�,#�, &+./+.+1/,+. 

�..�,2&1�#�, 1��4#�4 �&!*' !,3/A,( )!&*)� #� 5,!&8&1�+&.+: &0!�0&+�##&( 6&-
1,!8#&.+� 6!� +&7,#�� 0'�& 1'6&�#,#& 1 !�0&+, [1]. �$ "!���)�, 6!,2.+�1�,##&"& #� !�./#),
1 1�2#&, 7+& 6!� /1,��7,#�� 6&2�7� 0&�:5, $#�7,#�4, !,)&*,#2&1�##&"& 2�4 2�##&( 6��.+�-
#', @��,)+ &+ 6!�*,#,#�4 .�&3#&( �&!*' 6,!,2#,( 6&1,!8#&.+� &+./+.+1/,+. �& 1.,8 &.-
+��:#'8 .�/7�48 5,!&8&1�+&.+: &0!�0&+�##&( 6&1,!8#&.+� 6!� !�0&+, 6��.+�#&( . 6�&.)&(
�&!*&( 6,!,2#,( 6&1,!8#&.+� 1'5,. 

��./#&) 1 – ���4#�, 6&2�7� #� 5,!&8&1�+&.+: &0!�0&+�##&( 6&1,!8#&.+� 6!� +&7,#�� .*,##&( *#&"&"!�##&(
6��.+�#&( . !,3/A,( )!&*)&(: 1 – .�&3#&6!&���:#&( 2 –.+�#2�!+#&(
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� /7,+&* 1'5,.)�$�##&"& 6!�#�*�,* +�6 .+!/3)&�&*� – VM. ��4 $�2�##'8 /.�&1�(
&0!�0&+)� � +�6� .+!/3)&�&*� 1 .&&+1,+.+1�� . !,)&*,#2�%�4*� 6!&�$1&2�+,�4 [2] 1'0�!�,*
*�!)/ �#.+!/*,#+��:#&"& *�+,!���� NC3220. � .&&+1,+.+1�� . !,)&*,#2�%�4*� +�0��%' 1 
#�$#�7�,* .)&!&.+: !,$�#�4v=180 */*�#. 

�&�#�4 *�!)�!&1)� 6��.+�#' – SNMG120408-VM.
� "'�) !"$���$(��

1. ��/2&1 �,!",( 
)&1�,1�7. �,&!�4 6!&,)+�!&1�#�4 .*,##'8 *#&"&"!�##'8 6��.+�# .
!�%�&#��:#&( ",&*,+!�,( 2�4 7�.+&1&"& +&7,#�4 . 2!&0�,#�,*: �1+&!,�,!�+ #� .&�.). .+. 2-!�
+,8#. #�/): 05.03.01 / �/�:.)�( "&./2�!.+1,##'( /#�1,!.�+,+. - �/��, 2007. – 40 �. - 
�0��-
&"!.:�. 51. 
2. �,+���&!,3/A�( �#.+!/*,#+KORLOY: �/)&1&2.+1&:KORLOY, 2013. – 44 .. 

C�	������2��� 	�	��, �	����	��� ������� 
��.����


&7,!&1 �. �., �1��&1 �. �. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

�!&�$1,2=# �#���$ *�+,!���&1 &)&##'8 6!&���,( � &.&0,##&.+,( �8 6!&�$1&2.+1�. 
The comparative analysis of the materials of window profiles and features of their production. 

�&1!,*,##', .�.+,*' &.+,)�,#�4 *&3#& )��..���%�!&1�+: 6& !�$��7#'* 6!�$#�)�*: 
- 6& #�$#�7,#�9; 
- 6& �!8�+,)+/!#&*/ !�./#)/; 
- 6& 1�!��#+�* $�6&�#,#�4 .1,+&6!&$!�7#&( 7�.+�; 
- 6& 1�!��#+�* )&#.+!/)+�1#&"& �.6&�#,#�4; 
- 6& &.#&1#'* @).6�/�+�%�&##'* 8�!�)+,!�.+�)�*
- 6& *�+,!����* &)&##'8 6!&���,(. 
� $�1�.�*&.+� &+ �.6&�:$/,*&"& *�+,!���� &)&##&"& 6!&���4 .�.+,*' &.+,)�,#�4 0'-

1�9+: 
- 2,!,14##',; 
- *,+���&6��.+�)&1', (���); 
- ��9*�#�,1',; 
- .+,)�&6��.+�)&1',; 
- )&*0�#�!&1�##',. 
���0&�,, !�.6!&.+!�#=##'*� 41�49+.4 &)#� �$ ���, ��9*�#�4 � 2,!,1�. � +�0��%�8 1 

� 2 *' .!�1#��� 2&.+&�#.+1� � #,2&.+�+)� @+�8 &)&##'8 .�.+,*. 
�!�1#�+,�:#'( �#���$ 2&.+&�#.+1 � #,2&.+�+)&1 !�$��7#'8 &)&##'8 .�.+,* 6&$1&�4,+

.2,��+: &6!,2,�,##', 1'1&2': ��3, ,.�� )&#.+!/)%�4 #,3��&"& 6&*,A,#�4 2&6/.)�,+ /.+�-
#&1)/ 2,!,14##'8 ��� *,+���&6��.+�)&1'8 &)&#, ��9*�#�,1', &)&##', .�.+,*' �*,9+ "&-
!�$2& 0&�:5, 6!,�*/A,.+1 6!� *,#:5,* )&��7,.+1, #,2&.+�+)&1. 

�,!,14##', !�*', )&+&!', �.6&�:$/9+.4 1*,.+, .& .+,)�&6�),+�*� – 41�49+.4 )�,,-
#'* 0!/.&*, )&+&!'( 1 &+��7�, &+ &0'7#&"& 2,!,1� &0��2�,+ 6&1'5,##'*� 6!&7#&.+#'*�
8�!�)+,!�.+�)�*�, #, +!,.)�,+.4 � #, 2,�&!*�!/,+.4. 

��7,.+1& 2!,1,.�#', 6!,32, 1.,"&, $�1�.�+ &+ ,, 6&!&2' � .&!+�.  
�$ 81&(#'8 6&!&2 2�4 6!&�$1&2.+1� &)&# #��0&�,, 5�!&)& 6!�*,#49+.4 .&.#�, ,�:, 

��.+1,##�%�, +�) )�) &#� �,")& 6&22�9+.4 &0!�0&+), � ./5),, � �*,9+ #�$)/9 +,6�&6!&1&2-
#&.+:. �&.#� �*,,+ *,#:5, ./7)&1, 7,* ,�: � 6!&A, 1 &0!�0&+),. �!,1,.�#� ,�� .&2,!3�+
$#�7�+,�:#& *,#:5, .*&��.+'8 1,A,.+1 – ,.+,.+1,##'8 �#+�.,6+�)&1. 
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�!,2� *#&"&&0!�$�4 ��.+1,##'8 6&!&2 #��0&�:5,, 6!�*,#,#�, �*,9+: 2/0, *,!�#+� �
2!. �& .!�1#,#�9 . 81&(#'*� 6&!&2�*� 2/0 �*,,+ 0&�,, 1'.&)/9 6!&7#&.+:, #& � 0&�,, 1'-
.&)/9 +,6�&6!&1&2#&.+:. 

��0��%� 1 

+�'$�"�'$�� ��' ��'$�������% �)����% '"'$��
�,!,14##', &)#� ���.+�)&1', &)#� ��9*�#�,1', &)#�

�&�"&1,7#&.+: � #�2=3#&.+:
)&#.+!/)%��.  

�&�"&1,7#&.+: � #�2,3-
#&.+: )&#.+!/)%��. 

�&�"&1,7#&.+: � #�2,3#&.+:
)&#.+!/)%��. 

�!&) @).6�/�+�%�� 50 �,+. �!&) @).6�/�+�%�� 50 
�,+. 

���+,�:#'( .!&) @).-6�/�+�%��
(#, < 80 �,+). 

�'2,!3�1�9+ 6,!,6�2' +,*6,-
!�+/!' &+ -50°� 2& + 50°�. 

�'2,!3�1�9+ 6,!,6�2'
+,*6,!�+/!' &+ -45°� 2&
+ 130°� . 

�'2,!3�1�9+ 6,!,6�2' +,*6,-
!�+/!' &+ -80°� 2& +100°�. 

	+��7#�4 +,6�&�$&�4%�4. �&!&5�4 +,6�&�$&�4%�4. �'.&)�4 /.+&(7�1&.+: 6!&+�1
1&$2,(.+1�4 &)!/3�9A,( .!,2'. 

�&1'5,##�4 $1/)&�$&�4%�4. �&!&5�4 $1/)&�$&�4%�4. �'.&)�4 6!&7#&.+: )&#.+!/)%��
6!� #�$)&* /2,�:#&* 1,.,. 

�&$*&3#&.+: 6&1&!&+#&-
&+)�2#&"& &+)!'1�#�4 &)&#. 

�&$*&3#&.+: 6&1&!&+#&-
&+)�2#&"& &+)!'1�#�4
&)&#. 

-)&#&*�4 6!&.+!�#.+1� $� .7=+
)&#.+!/)%�� !�$21�3#'8 .+1&-
!&) .�.+,*'. 

-)&�&"�7,.)� 7�.+', � 0,$&-
6�.#',, #, 1'2,�49+ 1!,2#'8
1,A,.+1. 

�&!&5�4 ",!*,+�7#&.+:, 
$�A�+� &+ .)1&$#4)&1, 
&.�2)&1. 

�, +!,0/9+ &.&0&"& /8&2�. 

��*' «2'5�+», 6!&6/.)�9+
1&$2/8 7,!,$ *�)!&6&!'. 

�&$*&3#&.+: &)!�.)�
6!&���4 1 �90&( %1,+. 

�&$*&3#&.+: &)!�.)� 6!&���4 1
�90&( %1,+. 

�!� "&!,#�� #, 1'2,�49+  
1!,2#', 1,A,.+1�. 

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

�&!&5�4 !,*&#+&6!�"&2#&.+:.  �'.&)�4 !,*&#+&6!�"&2#&.+:. 
�,")& 1'2,!3�1�9+ *,8�#�7,-
.)�, 6&1!,32,#�4. 

��).�*/* .&�#,7#&"& .1,+� 1
6&*,A,#�� $� .7=+ *��&( 5�!�-
#' 6!&���4. 

  -)&#&*�7#&.+: – #�$)�4 .+&�-
*&.+: &.+,)�,#�4. 

��0��%� 2 

��1�'$�$)" ��' ��'$�������% �)����% '"'$��. 

�,!,14##', &)#� ���.+�)&1', &)#� ��9*�#�,1', &)#�
����7�, 1 2!,1,.�#, 6&-
!&)&1 (./7)&1, +!,A�#, 
.*&�4#'8 )�!*�#&1 � 2!.). 

«��!#�)&1'( @��,)+», &0!�$&-
1�#�, #� 6&1,!8#&.+48 &)&# �
21,!,( )&#2,#.�+�. 

�& +,6�&$�A�+#'* .1&(.+1�*
/.+/6�9+ 2,!,14##'* � 6��-
.+�)&1'* &)#�*. 

�&21,!3,#' "#�,#�9. ��$)�4 !,*&#+&6!�"&2#&.+:. -�,)+!&��+�7,.)�, !,�)%��
6!� )&#+�)+, . 2!/"�*� *,-
+����*�. 

�6�+'1�9+ �+*&.�,!#/9
1��"/ � 6�!'. 

�.6�!,#�, 1!,2#'8 1,A,.+1  
6!� 6&1'5,##&( +,*6,!�+/!,. 

�,&08&2�*&.+: 1 6,!�&-
2�7,.)&* /8&2, (&)!�.), �
+.6.). 

  

�&!97,.+:.   
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�!&���: ��� �$"&+�1��1�9+ *,+&2&* @).+!/$��. -).+!/$�4 – @+& .6&.&0 �$"&+&1�,#�4
6!&���:#'8 �$2,��( 0&�:5&( 2��#' �$ 6��.+*�.. � !,$�#'. �!&%,.. $�)�97�,+.4 1 1'2�1��-
1�#�� !�.6��1� 6&��*,!� 7,!,$ &+1,!.+�, &6!,2,�,##&"& .,7,#�4. 

� $�1�.�*&.+� &+ 7�.�� 1#/+!,##�8 )�*,! 6!&���4 *,#49+.4 +,6�&�$&�4%�&##',
.1&(.+1� &)#�: 7,* 0&�:5, )�*,!, +,* «+,6�,,» &)#&. 

�!� 6!&�$1&2.+1, ��9*�#�,1'8 &)&# �.6&�:$/9+.4 !�$��7#', 6!&���� �$ .6��1&1
��9*�#�4, *�"#�4 � )!,*#�4.  

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

��9*�#�,1'( 6!&���: 2,��+.4 #� 21, "!/66': 
- 8&�&2#'( 6!&���:; 
- +,6�'( 6!&���:. 
�&�&2#'( 6!&���: �.6&�:$/,+.4 1 #,&+�6��1�,*'8 6&*,A,#�48, 6&.)&�:)/ .�* ��9-

*�#�( 6!�)+�7,.)� #, .&8!�#4,+ +,6�&. ��)�, &)#� #, 0/2/+ .&"!,1�+: +�), )�) 6��.+�)&1',
��� 2,!,14##',, $�+& &#� 2&.+�+&7#& #,2&!&"�, 6& .+&�*&.+� � &7,#: 6!&.+' 1 /.+�#&1),. 
�!&*, +&"&, �8 *&3#& .2,��+: .&1,!5,##& �90&( !�.%1,+)�. 

�,6�'( 6!&���: .&$2�,+.4 �$ 21/8 ��9*�#�,1'8 6!&���,(, *,32/ )&+&!'*� #�8&2�+-
.4 +,!*&*&.+ – .6,%���:#�4 6!&)��2)�, )&+&!�4 &0,.6,7�1�,+ .&8!�#,#�, )&#.+!/)%�,( +,6��. 

� "'�) !"$���$(��
1. http://pribregnoe.ru/stati/
2. http://www.diy.ru/kvartira/20_remont_poverhnostei/38_okna/basis/vidyi-ostekleniya-

vyibor-materiala-/
3. http://www.oknarosta.ru/al_okna.php
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��..*�+!�1�9+.4 .6&.&0' #�!,$�#�4 $/0:,1 7,!147#&"& )&�,.�. �&.+&�#.+1� � #,2&.+�+)�. 
The methods of treatment of worm-wheel are examined. Dignities and defects. 

�,!147#', 6,!,2�7� &7,#: 7/1.+1�+,�:#' ) )�7,.+1/ �$"&+&1�,#�4. �,/2&1�,+1&!�-
+,�:#&, 6!��,"�#�, $/0:,1 � 0&�:5�4 5,!&8&1�+&.+: $/0:,1 *&"/+ 6!�1,.+� ) +&*/, 7+& �$-$�
!,$)&"& .#�3,#�4 ).6.2., 6,!,"!,1� � $�,2�#�4 $/0:,1 6,!,2�7� &)�3,+.4 #,.6&.&0#&( !�0&+�+:
2�3, )&!&+)&, 1!,*4. �&@+&*/ 1 8&2, 2�##&( !�0&+' *' 6!&1,�� �#���$ *,+&2&1 #�!,$�#�4
$/0:,1 7,!147#'8 )&�,.. 

��..*&+!�* &.#&1#', *,+&2' $/0&�!,$,!&1�#�4 7,!147#'8 )&�,., �8 #,2&.+�+)� � 2&-
.+&�#.+1�. 

��!,$�#�, $/0:,1 7,!147#'8 )&�,. 2�.)&1&( *&2/�:#&( �!,$&( #� �!,$,!#'8 .+�#)�8
�!,$,!&1�#�, &./A,.+1�4,+.4 *,+&2&* )&6�!&1�#�4. �!&���: )�32&( 6!&!,$�##&( #�

$�"&+&1), 16�2�#' *,32/ $/0:4*� +&7#& .&&+1,+.+1/,+ 6!&���9 !,3/A,"& �#.+!/*,#+�. 
�!,!'1�.+&.+: 6!&%,..� &0!�0&+)� 6!� *,+&2, )&6�!&1�#�4 6&#�3�,+ 6!&�$1&2�+,�:-

#&.+: � +&7#&.+: 5�"� #�!,$�,*&"& )&�,.�. ��$)�4 6!&�$1&2�+,�:#&.+: � #,1'.&)�4 +&7#&.+:
#�!,$�,*'8 )&�,. 41�49+.4 6!�7�#&( +&"&, 7+& *,+&2 )&6�!&1�#�4 6!�*,#4,+.4 1., !,3,. 

�!,�*/A,.+1&* @+&"& *,+&2� 41�4,+.4 ��5: 1&$*&3#&.+: #�!,$�#�, 7,!147#'8 )&�,.
#, #� .6,%���:#&* $/0&!,$#&* .+�#),, � #� &0'7#&* /#�1,!.��:#&* �!,$,!#&* .+�#),. 

��!,$�#�, $/0:,1 7,!147#'8 )&�,. 7,!147#&( �!,$&(
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�,!147#', )&�,.� 6!,�*/A,.+1,##& #�!,$�9+ #� $/0&�!,$,!#'8 .+�#)�8 7,!147#'*�
�!,$�*�.  �!� $/0&#�!,$�#�� 7,!147#&"& )&�,.� #� $/0&�!,$,!#&* .+�#), 1&.6!&�$1&2�+.4
.8,*� 0/2/A,"& 7,!147#&"& $�%,6�,#�4, 6&@+&*/ 6!&%,.. $/0&#�!,$�#�4 #�$'1�9+ .+�#&7#'*
$�%,6�,#�,*. 

��!,$�#�, 7,!147#'8 )&�,. 7,!147#'*� �!,$�*� *&3,+ 6!&�$1&2�+:.4 . !�2���:#&(, 
+�#",#%���:#&( � )&*0�#�!&1�##&( 6&2�7,(.  

1.��!,$�#�, . !�2���:#&( 6&2�7,(
��!,$�#�, . !�2���:#&( 6&2�7,( 8�!�)+,!�$/,+.4 *,2�,##'* /*,#:5,#�,* 1 6!&%,..,

&0!�0&+)� *,3&.,1&"& !�..+&4#�4 �!,$' � $�"&+&1)�. � &.,1&* #�6!�1�,#�� �!,$� #, 6,!,-
*,A�,+.4. �&.�, 2&.+�3,#�4 $�2�##&"& *,3&.,1&"& !�..+&4#�4 �W !�2���:#/9 6&2�7/ 1'-
)�97�9+, � #,.)&�:)& &0&!&+&1 )&�,.& .&1,!5�,+ 0,$ 6&2�7� #� 1!,$�#�,.  

�!� #�!,$�#�� . !�2���:#&( 6&2�7,( �!,$� �*,,+ &0'7#/9 %���#2!�7,.)/9 �&!*/.  
�,2&.+�+&) /)�$�##&"& *,+&2� $�)�97�,+.4 1 +&*, 7+& 7,!147#�4 �!,$� !�0&+�,+ #, 1.,-

*� !,3/A�*� )!&*)�*� � �$#�5�1�9+.4 �,$1�4 +&�:)& .!,2#,( 7�.+� �!,$', 6&.+&4##& #�8&-
24A�,.4 1 )&#+�)+, . $�"&+&1)&(. -+�* *,+&2&* #�!,$�9+ $/0:4 7,!147#&"& )&�,.� #� &0'7-
#&* $/0&�!,$,!#&* .+�#), 0,$ 2&6&�#�+,�:#&"& .6,%���:#&"& ./66&!+�. �/0&�!,$,!&1�#�,
7,!147#'8 )&�,. . !�2���:#&( 6&2�7,( 41�4,+.4 6!&�$1&2�+,�:#'* .6&.&0&* &0!�0&+)�, 6!�
@+&* *,#,, +&7#&, 6&�/7,#�, 6!&���4 0&)&1&( 6&1,!8#&.+� $/0�. 

2. ��!,$�#�, 7,!147#'8 )&�,. . +�#",#%���:#&( (&.,1&() 6&2�7,(
�!� #�!,$�#�� 7,!147#'8 )&�,. . +�#",#%���:#&( (&.,1&() 6&2�7,( *,3&.,1&, !�.-

.+&4#�, �$#�7��:#& /.+�#�1��1�9+ !�1#'* #&*�#��:#&*/. �!,$� !�0&+�,+ 6& 6!�#%�6/
"11�#7�1�#�4" 1 +,�& )&�,.�. ��4 &./A,.+1�,#�4 @+&"& *,+&2� $/0&�!,$,!#'( .+�#&) 2&�3,#
�*,+: )�#,*�+�7,.)/9 %,6: &.,1&( 6&2�7� �#.+!/*,#+� (��� 6!&+43#&( ./66&!+ �!,$,!#&"&
56�#2,�4).  

�+&0' !�1#&*,!#& !�.6!,2,��+: 6!�6/.) #� *�).�*��:#& 1&$*&3#&, 7�.�& $/0:,1, 
�!,$' .#�03�9+ )&#�7,.)&( $�0&!#&( 7�.+:9. �&#.+!/)+�1#', 6�!�*,+!' @+�8 �!,$ +�)�,
3,, )�) � / &0'7#'8 �!,$. � 6!&%,.., �!,$,!&1�#�4 $/0:,1 7,!147#&"& )&�,.� +�#",#%���:#�4
6&2�7� &0,.6,7�1�,+ 0&�:5,, )&��7,.+1& 6!&����!/9A�8 !,$&1 �#.+!/*,#+�, 6!�8&24A�8.4
#� &0!�$&1�#�, 0&)&1&( 6&1,!8#&.+� $/0:,1 7,!147#&"& )&�,.�, 7,* *&3,+ 0'+: 6&�/7,#& 6!�
!�2���:#&( 6&2�7, $�"&+&1)�.  �,* *,#:5, +�#",#%���:#�4 6&2�7�, +,* &+#&.�+,�:#& 0&�:5,
6!&����!/9A�8 !,$&1 �!,$', +,* *,#:5, &"!�#)� 6&1,!8#&.+� $/0� #�!,$�,*&"& 7,!147#&"&
)&�,.�. 

�/0&�!,$,!&1�#�, 7,!147#'8 )&�,. . +�#",#%���:#&( 6&2�7,( 41�4,+.4 *,#,, 6!&�$1&-
2�+,�:#'* .6&.&0&* &0!�0&+)�, 6& .!�1#,#�9 . !�2���:#'* $/0&�!,$,!&1�#�,*, &2#�)& 2�,+
0&�,, +&7#&, 6&�/7,#�, 6!&���4 0&)&1&( 6&1,!8#&.+� $/0�.  

�.+�#&1�,#&, 7+& &0!�0&+)� . +�#",#%���:#&( 6&2�7,( 41�4,+.4 *,#,, #�"!/3,##'*
$/0&�!,$,!&1�#�,* $� .7,+ .&)!�A,#�4 �)+�1#&( !,3/A,( 7�.+� �!,$', � )�) .�,2.+1�, 6&-
$1&���& .#�$�+: 2,�&!*�%�9 +,8#&�&"�7,.)&( .�.+,*', 6&1'.�+: .&.+�1�49A/9 6!&���4
5,!&8&1�+&.+�, &0/.�&1�,##/9 )&�,0�#�4*� �#.+!/*,#+� &+#&.�+,�:#& &0!�0�+'1�,*&( 6&-
1,!8#&.+�. 

3. ��!,$�#�� 7,!147#'8 )&�,. . )&*0�#�!&1�##&( 6&2�7,(
��#,*�+�)� $/0&�!,$,!&1�#�4 7,!147#'8 )&�,. )&*0�#�!&1�##&( 6&2�7,( $�)�97�,+-

.4 1 .�,2/9A,*, 7,!147#�4 �!,$� 1!,$�,+.4 !�2���:#&( 6&2�7,( S! 6& 2��#, $�0&!#&"& )&#/.�
2& $�2�##&"& *,3&.,1&"& !�..+&4#�4, � $�+,* +�#",#%���:#&( 6&2�7,( 6!&�.8&2�+ &)&#7�-
+,�:#&, $/0&�!,$,!&1�#�, 7,!147#&"& )&�,.�

��##'( *,+&2 0&�,, 1'.&)&6!&�$1&2�+,�,#, 7,* *,+&2 . !�2���:#&( 6&2�7,(, � &0,.-
6,7�1�,+ �/75,, �&!*&&0!�$&1�#�, 6!&���4 $/0:,1, 7,* *,+&2 +�#",#%���:#&( 6&2�7�.  

�!,�*/A,.+1&* 6!�*,#,#�4 )&*0�#�!&1�##&( 6&2�7� 7,!147#&( �!,$' 41�4,+.4 !�1-
#&*,!#&, !�.6!,2,�,#�, #�"!/$)� � �$#&.� !,3/A�8 )!&*&) $/0:,1 �!,$'. 
��"&2�!4 @+&*/
/�/75�9+.4 � /.�&1�4 !�0&+' &+2,�:#'8 $/0:,1 �!,$', +�) )�) 6!� #,6!,!'1#&( &.,1&( 6,-
!,21�3), ,, )�32'( 1�+&) #�8&2�+.4 1 !�0&+, &"!�#�7,##&, 1!,*4, 6&1'5�,+.4 .+&()&.+:
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7,!147#&( �!,$'. �!�  @+&* /*,#:5�,+.4 2&�4 .+&�*&.+� $/0&!,$#&"& �#.+!/*,#+�, 6!�8&24-
A�4.4 #� )�32/9 2,+��:. 

�!� #�!,$�#�� . )&*0�#�!&1�##&( 6&2�7,( *&3#& 6!�*,#4+: %���#2!�7,.)�, �!,$'
+&( 3, 2��#', 7+& � 6!� �!,$,!&1�#�� . !�2���:#&( 6&2�7,(. 	2#�)& 6!�*,#,#�, $�0&!#&"&
)&#/.� 1 7,!147#&( �!,$, 2�4 )&*0�#�!&1�##&( 6&2�7� 6&$1&�4,+ $#�7�+,�:#& .@)&#&*�+:
�#.+!/*,#+��:#'( *�+,!���, $#�7�+,�:#& 6&1'.�+: .+&()&.+: �#.+!/*,#+� ()&��7,.+1& 6,!,-
+&7,)), .#�$�1 #�"!/$)/ . &.#&1#'8 6!&����!/9A�8, )���0!/9A�8 $/0:,1. 

��!,$�#�, $/0:,1 7,!147#'8 )&�,. �!,$&(-�,+/7)&(
��!,$�#�, $/0:,1 7,!147#'8 )&�,. �!,$&(-�,+/7)&( 6!�*,#49+ 1 ,2�#�7#&* � *,�)&-

.,!�(#&* 6!&�$1&2.+1,. �!� &0!�0&+), +&7#'8 7,!147#'8 )&�,. � )&�,. )!/6#&"& *&2/�4
1*,.+& &2#&"& !,$%� 1 &6!�1), /.+�#&1�,#& #,.)&�:)& !,$%&1. �,$%' 1.+�1�49+ 1 &6!�1)/ ���
1& 1+/�)/, )&+&!/9 1 .1&9 &7,!,2: /.+�#�1��1�9+ #� &6!�1)/. 

��##'( *,+&2 �.6&�:$/,+.4 2�4 #�!,$�#�4 $/0:,1 7,!147#'8 )&�,. . !,2)& 1.+!,7�9-
A�*�.4 #� 6!�)+�), !�$*,!�*� 6& 5�"/ � 2��*,+!/ 7,!14)�. 

�!� #�!,$�#�� �!,$&(-�,+/7)&( &04$�+,�:#& 6!�*,#,#�, +�#",#%���:#&( 6&2�7�, 11�-
2/ 7,"& &6,!�%�4 2&�3#� 6!&1&2�+:.4 #� $/0&�!,$,!#&* .+�#), . 6!&+43#'* ./66&!+&*. �,-
2&.+�+)&* �$1,.+#&( �!,$' 41�4,+.4 #�$)�4 6!&�$1&2�+,�:#&.+:, 5,!&8&1�+&.+: &0!�0&+�#-
#&( 6&1,!8#&.+�, � #,1'.&)�4 .+&()&.+: �$-$� +&"&, 7+& &#� 1'6&�#,#� *&#&��+#&( � #, 6&-
$1&�4,+ �.6&�:$&1�+: ,= )&!6/. 6&.�, 1.,8 6,!,+&7,) $/0�, � @+& /1,��7�1�,+ $�+!�+' #� �#.+-
!/*,#+. 

�� &.#&1�#�� 1'5,.)�$�##&"& *&3#& .2,��+: 1'1&2, 7+& $/0&�!,$,!&1�#�, 7,!147#&(
�!,$&( . )&*0�#�!&1�##&( 6&2�7,( 6!� �.6&�:$&1�#�� �!,$' . $�0&!#'* )&#/.&* 41�4,+.4
#��0&�,, 6!&�$1&2�+,�:#'* � +&7#'*.  
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�!,2�&3,#& �.6&�:$&1�+: 1 6!&%,.., 6!&�$1&2.+1� 6&25�6#�)� 32326�� +,8#&�&"�� +1,!2&"& +&7,#�4
1$�*,# #,)&+&!'8 &6,!�%�� 1#/+!,##,"& 5���&1�#�4. �!�*,#,#�, 2�##&( +,8#&�&"�� 6&$1&���& ./A,.+1,##&
6&1'.�+: @)&#&*�7,.)/9 @��,)+�1#&.+: �$"&+&1�,#�4 � /1,��7�+: 6!&�$1&2�+,�:#&.+: &0!�0&+)�.  

It is proposed to use in the production process bearing 32326L1 technology hard turning instead of some opera-
tions internal grinding. The application of this technology will significantly improve the economic efficiency of manufac-
ture and increase productivity. 

� 6&2�1�49A,* 7�.�, .�/7�,1 6!&�$1&2�+,�:#&.+: �,$1�(#&( &0!�0&+)� 1'5,, � ,, .,-
0,.+&�*&.+: #�3,, 7,* �0!�$�1#&(. 

	.&0,##& 6,!.6,)+�1#'* 41�4,+.4 $�*,#� 6!&%,..� 5���&1�#�4 �,$1�(#&( &0!�0&+)&(
�#.+!/*,#+�*� �$ .1,!8 +1,!2'8 *�+,!���&1 (���) #� &.#&1, #�+!�2� 0&!� 6!� &0!�0&+),
2,+��,( �$ $�)��,##'8 .+��,( � 7/"/#&1. �&7,#�, 2,+��,( �$ $�)��,##'8 .+��,( !,$%�*� �$
#�+!�2� 0&!� +1,!2&"& #� 6!&�$1&2.+1, �#&"2� #�$'1�9+ «+1,!2'* +&7,#�,*». �2,.: 6!,�*/-
A,.+1� �,$1�(#&( &0!�0&+)� 6!&41�49+.4 #��0&�,, 6&�#&. ��&A�2: )&#+�)+� 5���&1��:#&"&
)!/"� . 2,+��:9 $#�7�+,�:#& 6!,1'5�,+ 6�&A�2: )&#+�)+� !,$%� . 2,+��:9. -+& 6!,1'5,#�,
.&.+�1�4,+ 2,.4+)� ��� 2�3, .&+#� !�$. � .14$� . @+�* !�0&+� !,$�#�4 � +,6�&1'2,�,#�, 6!�
5���&1�#�� $#�7�+,�:#& 0&�:5,, 7,* 6!� +&7,#��. 

��)�* &0!�$&*, �&)��:#&.+: )&#+�)+� �#.+!/*,#+� . 2,+��:9 6!� �,$1�(#&( &0!�0&+),
�, .�,2&1�+,�:#&, �&)��:#&.+: 6!��&3,#�4 1'.&)&( +,*6,!�+/!' ) &0!�0&+�##&( 6&1,!8#&.+�
41�4,+.4 &+��7�+,�:#&( &.&0,##&.+:9 +&7,#�4 � �!,$,!&1�#�4 1 .!�1#,#�� .& 5���&1�#�,*. 
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�)&!&.+: (&)!/3#�4) 2,+��� 6!� 5���&1�#�� *,#:5,, 7,* 6!� +&7,#�� �, .�,2&1�+,�:-
#&, 1!,*4 1&$2,(.+1�4 1'.&)&( +,*6,!�+/!' #� 6&1,!8#&.+: 2,+��� 6!� 5���&1�#�� 0&�:5,, 
7,* 6!� +&7,#��. �&@+&*/ ,A, &2#&( &.&0,##&.+:9 6!&%,..� +&7,#�4 1 .!�1#,#�� .& 5���&-
1�#�,* 41�4,+.4 )!�+)&1!,*,##&.+: 1&$2,(.+1�4 1'.&)&( +,*6,!�+/!' #� &0!�0&+�##/9 6&-
1,!8#&.+:. ��) 1!,*4 1&$2,(.+1�4 1'.&)&( +,*6,!�+/!' 6!� +&7,#�� #� &7,#: *��/9 6&1,!8-
#&.+: 2,+��� *,#,, 0,0001 .,). 

��)�* &0!�$&*, �&)��:#&.+: � )!�+)&1!,*,##&.+: 1&$2,(.+1�4 1'.&)&( +,*6,!�+/!' #�
6&1,!8#&.+: 2,+��� 6!� �,$1�(#&( &0!�0&+), 41�49+.4 "�!�#+�,( +&"&, 7+& 1'.&)�4 +,*6,!�-
+/!� #, 6!&#�)�,+ #� 0&�:5/9 "�/0�#/ � #, /.6,1�,+� 6!&�$1,.+� ./A,.+1,##', ��$&1&-
.+!/)+/!#', �$*,#,#�4 1 6&1,!8#&.+#&* .�&, 2,+���.  

�!� .!�1#,#�� 1#/+!,##,"& 5���&1�#�4 � !�.+�7�1�#�4 6!,�*/A,.+1� �,$1�(#&( &0-
!�0&+)� 6!&41�49+.4 ,A, 4!7,, +�) )�) 1,��7�#� )&#+�)+� 5���&1��:#&"& )!/"� $2,.: 0&�:5,, 
7,* 6!� #�!/3#&* 5���&1�#��. �, .�,2&1�+,�:#&, +,6�&#�6!43,##&.+: 6!&%,..� 1'5,. �!�
1#/+!,##,* 5���&1�#�� �$-$� *��&"& 2��*,+!� )!/"� � *��&( 2��#' ,"& 6&1,!8#&.+� &# �$-
#�5�1�,+.4 0'.+!,,, 7+& +�) 3, 6&1'5�,+ +,6�&#�6!43,##&.+: 6!&%,..� !,$�#�4. 

� /7,+&* !�..*&+!,##'8 6!,�*/A,.+1 +,8#&�&"�� +1,!2&"& +&7,#�4 6!,2�&3,#& $�*,-
#�+: #,)&+&!', &6,!�%�� 1#/+!,##,"& 5���&1�#�4 6!� �$"&+&1�,#�� 6&25�6#�)� )�7,#�4
32326��. ��), 6!,21�!�+,�:#�4 &0!�0&+)� 2&!&3)� )�7,#�4, /6&!#&"& 0&!+� � 2��*,+!� 0&!+�
6!� �.6&�:$&1�#�� 1#/+!,##,"& 5���&1�#�4 !,���$&1'1���.: #� 7,+'!,8 &6,!�%�48, +&"2�
)�) 6!�*,#,#�, +1,!2&"& +&7,#�4 6&$1&��+ .&)!�+�+: &6,!�%�� 2& &2#&(, #� &2#&* +&)�!#&*
.+�#), . ��� HAAS SL-30. �!,2��"�,*&, �$*,#,#�, +,8#&�&"�7,.)&"& 6!&%,..� 6&$1&��+ /1,-
��7�+: 6!&�$1&2�+,�:#&.+: &0!�0&+)� 1 2,5 !�$�, . &0A�* @)&#&*�7,.)�* @��,)+&* 6!� "&2&-
1&( 6!&"!�**, 1'6/.)� 1 2200 5+. 1 569800 !/0. 1 "&2. 
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��..*�+!�1�9+.4 .6&.&0' #�!,$�#�4 $/0:,1 7,!147#&"& )&�,.�. �&.+&�#.+1� � #,2&.+�+)�. 
The methods of treatment of worm-wheel are examined. Dignities and defects. 

�,!147#', 6,!,2�7� &7,#: 7/1.+1�+,�:#' ) )�7,.+1/ �$"&+&1�,#�4. �,/2&1�,+1&!�-
+,�:#&, 6!��,"�#�, $/0:,1 � 0&�:5�4 5,!&8&1�+&.+: $/0:,1 *&"/+ 6!�1,.+� ) +&*/, 7+& �$-$�
!,$)&"& .#�3,#�4 ).6.2., 6,!,"!,1� � $�,2�#�4 $/0:,1 6,!,2�7� &)�3,+.4 #,.6&.&0#&( !�0&+�+:
2�3, )&!&+)&, 1!,*4. �&@+&*/ 1 8&2, 2�##&( !�0&+' *' 6!&1,�� �#���$ *,+&2&1 #�!,$�#�4
$/0:,1 7,!147#'8 )&�,.. 

��..*&+!�* &.#&1#', *,+&2' $/0&�!,$,!&1�#�4 7,!147#'8 )&�,., �8 #,2&.+�+)� � 2&-
.+&�#.+1�. 

��!,$�#�, $/0:,1 7,!147#'8 )&�,. 2�.)&1&( *&2/�:#&( �!,$&( #� �!,$,!#'8 .+�#)�8
�!,$,!&1�#�, &./A,.+1�4,+.4 *,+&2&* )&6�!&1�#�4. �!&���: )�32&( 6!&!,$�##&( #�

$�"&+&1), 16�2�#' *,32/ $/0:4*� +&7#& .&&+1,+.+1/,+ 6!&���9 !,3/A,"& �#.+!/*,#+�. 
�!,!'1�.+&.+: 6!&%,..� &0!�0&+)� 6!� *,+&2, )&6�!&1�#�4 6&#�3�,+ 6!&�$1&2�+,�:-

#&.+: � +&7#&.+: 5�"� #�!,$�,*&"& )&�,.�. ��$)�4 6!&�$1&2�+,�:#&.+: � #,1'.&)�4 +&7#&.+:
#�!,$�,*'8 )&�,. 41�49+.4 6!�7�#&( +&"&, 7+& *,+&2 )&6�!&1�#�4 6!�*,#4,+.4 1., !,3,. 

�!,�*/A,.+1&* @+&"& *,+&2� 41�4,+.4 ��5: 1&$*&3#&.+: #�!,$�#�, 7,!147#'8 )&�,.
#, #� .6,%���:#&* $/0&!,$#&* .+�#),, � #� &0'7#&* /#�1,!.��:#&* �!,$,!#&* .+�#),. 

��!,$�#�, $/0:,1 7,!147#'8 )&�,. 7,!147#&( �!,$&(
�,!147#', )&�,.� 6!,�*/A,.+1,##& #�!,$�9+ #� $/0&�!,$,!#'8 .+�#)�8 7,!147#'*�

�!,$�*�.  �!� $/0&#�!,$�#�� 7,!147#&"& )&�,.� #� $/0&�!,$,!#&* .+�#), 1&.6!&�$1&2�+.4
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.8,*� 0/2/A,"& 7,!147#&"& $�%,6�,#�4, 6&@+&*/ 6!&%,.. $/0&#�!,$�#�4 #�$'1�9+ .+�#&7#'*
$�%,6�,#�,*. 

��!,$�#�, 7,!147#'8 )&�,. 7,!147#'*� �!,$�*� *&3,+ 6!&�$1&2�+:.4 . !�2���:#&(, 
+�#",#%���:#&( � )&*0�#�!&1�##&( 6&2�7,(.  

1.��!,$�#�, . !�2���:#&( 6&2�7,(
��!,$�#�, . !�2���:#&( 6&2�7,( 8�!�)+,!�$/,+.4 *,2�,##'* /*,#:5,#�,* 1 6!&%,..,

&0!�0&+)� *,3&.,1&"& !�..+&4#�4 �!,$' � $�"&+&1)�. � &.,1&* #�6!�1�,#�� �!,$� #, 6,!,-
*,A�,+.4. �&.�, 2&.+�3,#�4 $�2�##&"& *,3&.,1&"& !�..+&4#�4 �W !�2���:#/9 6&2�7/ 1'-
)�97�9+, � #,.)&�:)& &0&!&+&1 )&�,.& .&1,!5�,+ 0,$ 6&2�7� #� 1!,$�#�,.  

�!� #�!,$�#�� . !�2���:#&( 6&2�7,( �!,$� �*,,+ &0'7#/9 %���#2!�7,.)/9 �&!*/.  
�,2&.+�+&) /)�$�##&"& *,+&2� $�)�97�,+.4 1 +&*, 7+& 7,!147#�4 �!,$� !�0&+�,+ #, 1.,-

*� !,3/A�*� )!&*)�*� � �$#�5�1�9+.4 �,$1�4 +&�:)& .!,2#,( 7�.+� �!,$', 6&.+&4##& #�8&-
24A�,.4 1 )&#+�)+, . $�"&+&1)&(. -+�* *,+&2&* #�!,$�9+ $/0:4 7,!147#&"& )&�,.� #� &0'7-
#&* $/0&�!,$,!#&* .+�#), 0,$ 2&6&�#�+,�:#&"& .6,%���:#&"& ./66&!+�. �/0&�!,$,!&1�#�,
7,!147#'8 )&�,. . !�2���:#&( 6&2�7,( 41�4,+.4 6!&�$1&2�+,�:#'* .6&.&0&* &0!�0&+)�, 6!�
@+&* *,#,, +&7#&, 6&�/7,#�, 6!&���4 0&)&1&( 6&1,!8#&.+� $/0�. 

2. ��!,$�#�, 7,!147#'8 )&�,. . +�#",#%���:#&( (&.,1&() 6&2�7,(
�!� #�!,$�#�� 7,!147#'8 )&�,. . +�#",#%���:#&( (&.,1&() 6&2�7,( *,3&.,1&, !�.-

.+&4#�, �$#�7��:#& /.+�#�1��1�9+ !�1#'* #&*�#��:#&*/. �!,$� !�0&+�,+ 6& 6!�#%�6/
"11�#7�1�#�4" 1 +,�& )&�,.�. ��4 &./A,.+1�,#�4 @+&"& *,+&2� $/0&�!,$,!#'( .+�#&) 2&�3,#
�*,+: )�#,*�+�7,.)/9 %,6: &.,1&( 6&2�7� �#.+!/*,#+� (��� 6!&+43#&( ./66&!+ �!,$,!#&"&
56�#2,�4).  

�+&0' !�1#&*,!#& !�.6!,2,��+: 6!�6/.) #� *�).�*��:#& 1&$*&3#&, 7�.�& $/0:,1, 
�!,$' .#�03�9+ )&#�7,.)&( $�0&!#&( 7�.+:9. �&#.+!/)+�1#', 6�!�*,+!' @+�8 �!,$ +�)�,
3,, )�) � / &0'7#'8 �!,$. � 6!&%,.., �!,$,!&1�#�4 $/0:,1 7,!147#&"& )&�,.� +�#",#%���:#�4
6&2�7� &0,.6,7�1�,+ 0&�:5,, )&��7,.+1& 6!&����!/9A�8 !,$&1 �#.+!/*,#+�, 6!�8&24A�8.4
#� &0!�$&1�#�, 0&)&1&( 6&1,!8#&.+� $/0:,1 7,!147#&"& )&�,.�, 7,* *&3,+ 0'+: 6&�/7,#& 6!�
!�2���:#&( 6&2�7, $�"&+&1)�.  �,* *,#:5, +�#",#%���:#�4 6&2�7�, +,* &+#&.�+,�:#& 0&�:5,
6!&����!/9A�8 !,$&1 �!,$', +,* *,#:5, &"!�#)� 6&1,!8#&.+� $/0� #�!,$�,*&"& 7,!147#&"&
)&�,.�. 

�/0&�!,$,!&1�#�, 7,!147#'8 )&�,. . +�#",#%���:#&( 6&2�7,( 41�4,+.4 *,#,, 6!&�$1&-
2�+,�:#'* .6&.&0&* &0!�0&+)�, 6& .!�1#,#�9 . !�2���:#'* $/0&�!,$,!&1�#�,*, &2#�)& 2�,+
0&�,, +&7#&, 6&�/7,#�, 6!&���4 0&)&1&( 6&1,!8#&.+� $/0�.  

�.+�#&1�,#&, 7+& &0!�0&+)� . +�#",#%���:#&( 6&2�7,( 41�4,+.4 *,#,, #�"!/3,##'*
$/0&�!,$,!&1�#�,* $� .7,+ .&)!�A,#�4 �)+�1#&( !,3/A,( 7�.+� �!,$', � )�) .�,2.+1�, 6&-
$1&���& .#�$�+: 2,�&!*�%�9 +,8#&�&"�7,.)&( .�.+,*', 6&1'.�+: .&.+�1�49A/9 6!&���4
5,!&8&1�+&.+�, &0/.�&1�,##/9 )&�,0�#�4*� �#.+!/*,#+� &+#&.�+,�:#& &0!�0�+'1�,*&( 6&-
1,!8#&.+�. 

3. ��!,$�#�� 7,!147#'8 )&�,. . )&*0�#�!&1�##&( 6&2�7,(
��#,*�+�)� $/0&�!,$,!&1�#�4 7,!147#'8 )&�,. )&*0�#�!&1�##&( 6&2�7,( $�)�97�,+-

.4 1 .�,2/9A,*, 7,!147#�4 �!,$� 1!,$�,+.4 !�2���:#&( 6&2�7,( S! 6& 2��#, $�0&!#&"& )&#/.�
2& $�2�##&"& *,3&.,1&"& !�..+&4#�4, � $�+,* +�#",#%���:#&( 6&2�7,( 6!&�.8&2�+ &)&#7�-
+,�:#&, $/0&�!,$,!&1�#�, 7,!147#&"& )&�,.�

��##'( *,+&2 0&�,, 1'.&)&6!&�$1&2�+,�,#, 7,* *,+&2 . !�2���:#&( 6&2�7,(, � &0,.-
6,7�1�,+ �/75,, �&!*&&0!�$&1�#�, 6!&���4 $/0:,1, 7,* *,+&2 +�#",#%���:#&( 6&2�7�.  

�!,�*/A,.+1&* 6!�*,#,#�4 )&*0�#�!&1�##&( 6&2�7� 7,!147#&( �!,$' 41�4,+.4 !�1-
#&*,!#&, !�.6!,2,�,#�, #�"!/$)� � �$#&.� !,3/A�8 )!&*&) $/0:,1 �!,$'. 
��"&2�!4 @+&*/
/�/75�9+.4 � /.�&1�4 !�0&+' &+2,�:#'8 $/0:,1 �!,$', +�) )�) 6!� #,6!,!'1#&( &.,1&( 6,-
!,21�3), ,, )�32'( 1�+&) #�8&2�+.4 1 !�0&+, &"!�#�7,##&, 1!,*4, 6&1'5�,+.4 .+&()&.+:
7,!147#&( �!,$'. �!�  @+&* /*,#:5�,+.4 2&�4 .+&�*&.+� $/0&!,$#&"& �#.+!/*,#+�, 6!�8&24-
A�4.4 #� )�32/9 2,+��:. 
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�!� #�!,$�#�� . )&*0�#�!&1�##&( 6&2�7,( *&3#& 6!�*,#4+: %���#2!�7,.)�, �!,$'
+&( 3, 2��#', 7+& � 6!� �!,$,!&1�#�� . !�2���:#&( 6&2�7,(. 	2#�)& 6!�*,#,#�, $�0&!#&"&
)&#/.� 1 7,!147#&( �!,$, 2�4 )&*0�#�!&1�##&( 6&2�7� 6&$1&�4,+ $#�7�+,�:#& .@)&#&*�+:
�#.+!/*,#+��:#'( *�+,!���, $#�7�+,�:#& 6&1'.�+: .+&()&.+: �#.+!/*,#+� ()&��7,.+1& 6,!,-
+&7,)), .#�$�1 #�"!/$)/ . &.#&1#'8 6!&����!/9A�8, )���0!/9A�8 $/0:,1. 

��!,$�#�, $/0:,1 7,!147#'8 )&�,. �!,$&(-�,+/7)&(
��!,$�#�, $/0:,1 7,!147#'8 )&�,. �!,$&(-�,+/7)&( 6!�*,#49+ 1 ,2�#�7#&* � *,�)&-

.,!�(#&* 6!&�$1&2.+1,. �!� &0!�0&+), +&7#'8 7,!147#'8 )&�,. � )&�,. )!/6#&"& *&2/�4
1*,.+& &2#&"& !,$%� 1 &6!�1), /.+�#&1�,#& #,.)&�:)& !,$%&1. �,$%' 1.+�1�49+ 1 &6!�1)/ ���
1& 1+/�)/, )&+&!/9 1 .1&9 &7,!,2: /.+�#�1��1�9+ #� &6!�1)/. 

��##'( *,+&2 �.6&�:$/,+.4 2�4 #�!,$�#�4 $/0:,1 7,!147#'8 )&�,. . !,2)& 1.+!,7�9-
A�*�.4 #� 6!�)+�), !�$*,!�*� 6& 5�"/ � 2��*,+!/ 7,!14)�. 

�!� #�!,$�#�� �!,$&(-�,+/7)&( &04$�+,�:#& 6!�*,#,#�, +�#",#%���:#&( 6&2�7�, 11�-
2/ 7,"& &6,!�%�4 2&�3#� 6!&1&2�+:.4 #� $/0&�!,$,!#&* .+�#), . 6!&+43#'* ./66&!+&*. �,-
2&.+�+)&* �$1,.+#&( �!,$' 41�4,+.4 #�$)�4 6!&�$1&2�+,�:#&.+:, 5,!&8&1�+&.+: &0!�0&+�#-
#&( 6&1,!8#&.+�, � #,1'.&)�4 .+&()&.+: �$-$� +&"&, 7+& &#� 1'6&�#,#� *&#&��+#&( � #, 6&-
$1&�4,+ �.6&�:$&1�+: ,= )&!6/. 6&.�, 1.,8 6,!,+&7,) $/0�, � @+& /1,��7�1�,+ $�+!�+' #� �#.+-
!/*,#+. 

�� &.#&1�#�� 1'5,.)�$�##&"& *&3#& .2,��+: 1'1&2, 7+& $/0&�!,$,!&1�#�, 7,!147#&(
�!,$&( . )&*0�#�!&1�##&( 6&2�7,( 6!� �.6&�:$&1�#�� �!,$' . $�0&!#'* )&#/.&* 41�4,+.4
#��0&�,, 6!&�$1&2�+,�:#'* � +&7#'*.  
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��..*�+!�1�,+.4 +,8#&�&"�4 1&..+�#&1�,#�4 6&.�2&7#&"& &+1,!.+�4 5�+/#� *,8�#�$*� 6&2B,*� � &6!&-
)�2'1�#�4. 

Considers the technology recovery bore crank mechanism lifting and tilting. 

� #�5,( !�0&+, !�..*&+!,#� +,8#&�&"�4 1&..+�#&1�,#�4 6&.�2&7#&"& &+1,!.+�4 5�+/#�
2��*,+!&* 250�8. �,8#&�&"�*� $�1&2� 			 «�,+�$» 0'� 6!,2�&3,# .6&.&0 – #�6'�,#�4. 

��4 +&"&, 7+&0' 1&..+�#&1�+: �$#&5,##/9 6&1,!8#&.+: #,&08&2�*� &6!,2,�,##�4 6&-
.�,2&1�+,�:#&.+: +,8#&�&"�� #�6'�,#�4 [2]: 

- 6!&*'1)� 6&1,!8#&.+� &.#&1'; 
- 6&2"&+&1)� 6&1,!8#&.+�; 
- #�6'�,#�,; 
- &0!�0&+)� #�6'�,##'8 6&)!'+�(; 
- *,8�#�7,.)�4 &0!�0&+)� 6&1,!8#&.+�. 
�!&*'1)/ 6!�*,#49+ 2�4 /2��,#�4 . 6&1,!8#&.+� 2,+��� 3�!&1 � *�.,�. � )�7,.+1,

6!&*'1&7#&"& 1,A,.+1� 6!�*,#49+  !�.+1&!�+,�:[1].  
�!,21�!�+,�:#�4 &0!�0&+)� 6&1,!8#&.+� &.#&1' &+#&.�+.4 ) 7�.�/ 1�3#,(5�8 ��)+&-

!&1, &6!,2,�49A�8 6!&7#&.+: .%,6�,#�4 #�6'�,##&"& 6&)!'+�4 . &.#&1#'* *,+���&*.  ��4
+&"& 7+&0' #�6'�4,*', 7�.+�7)�, )&+&!', /2�!49+.4 � 2,�&!*�!/9+.4 &0 &.#&1/, 6!&7#&
.%,6�4��.: . #,!&1#&.+4*� 6&1,!8#&.+�, &.#&1� 2&�3#� 0'+: 2&.+�+&7#& 5,!&8&1�+&(. ��4
6!,2�#�4 5,!&8&1�+&.+� 6&1,!8#&.+� &.#&1' �.6&�:$/9+ .�,2/9A�, &.#&1#', .6&.&0' &0-
!�0&+)�: 1)2!&0,.+!/(#/9 &0!�0&+)/; 2)*,8�#�7,.)/9 &0!�0&+)/ 6&1,!8#&.+�; 3)#�#,.,#�,
#� 6&1,!8#&.+: �$2,��4 6&2.�&4 *�+,!����, &0��2�9A,"& 1'.&)&( �2",$�,( ) &.#&1#&*/ *,-
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+���/. ���0&�,, 5�!&)& 6!�*,#49+ 2!&0,.+!/(#/9 &0!�0&+)/, 6!,�*/A,.+1& )&+&!&( .14$�-
#& . 1&$*&3#&.+:9 !�1#&*,!#&( &0!�0&+)� 0&�:5�8 6�&A�2,(. � )�7,.+1, *�+,!���� �.6&�:-
$/9+ .+��:#/9 2!&0:, !,7#&( 6,.&), "!�#�+ � 2!/"�, 1�2' *�+,!���&1 1 �&!*, /"�&1�+'8 7�.-
+�%[1]. 

�/A,.+1/,+ #,.)&�:)& *,+&2' #�6'�,#�4: 
"�$&6��*,##&,; 2,+&#�%�&##&,; 1'.&)&7�.+&+#&, �#2/)%�&##&, #�6'�,#�,; 6��$*,#-

#&, #�6'�,#�,; @�,)+!&2/"&1�4 *,+����$�%�4. 
�� !�./#&) 1 6&)�$�# 6!�#%�6 "�$&6��*,##&"& #�6'�,#�4 6&!&5)&1&"& *�+,!����. 

��./#&)  1  –  ��$&6��*,##&, #�6'�,#�, 6&!&5)&1&"& *�+,!���� :  
1  –  .&6�& ;  2  –  ��),� ;  3  –  6&)!'+�, ;  4  –  6&2�&3)�

�!,�*/A,.+1� *,+&2� "�$&6��*,##&"& #�6'�,#�4 —  #,$a1�.�*o.+: o+ �.+o7#�)a +o)a; 
6!o.+o+a o0.�/3�1a#�4; *&0��:#&.+:. 

�,2&.+�+)� – *a�a4 6!o�$1o2�+,�:#o.+:; 1$!'1&6&3�!&&6�.#&.+:. 
�8,*� 2,+&#�%�&##&"& #�6'�,#�4 6&)�$�#� #� !�./#), 2. 

��./#&) 2 
� – $�6&�#,#�, )�*,!' !�0&7,( .*,.:9; 0 – 6&2�7� 6&!&5)�; 1 – 1$!'1 !�0&7,( .*,.� � !�$"&# 6&!&5)�; 

" – &0!�$&1�#�, 6&)!'+�4

�8,*� 2,+&#�%�&##&"& #�6'�,#�4: 1 – 2,+��: #� )&+&!/9 #�#&.�+.4 6&)!'+�,; 2 – 1&2&&8�&32�,*'(
.+1&�; 3 – )�*,!�; 4 – @�,)+!�7,.)�( $�6��. 

	.#&1#', 2&.+&�#.+1� *,+&2� 2,+&#�%�&##&"& #�6'�,#�4: 
-&+./+.+1�, 2,�&!*�%�� #�6'�4,*&( 6&1,!8#&.+�; 
-1&$*&3#&.+: 6&�/7,#�4 6&)!'+�( . 6&!�.+&.+:9 0,5–1,5 %; 
	.#&1#', #,2&.+�+)� *,+&2� 2,+&#�%�&##&"& #�6'�,#�4: 
-1'.&)�( /!&1,#: 5/*�; 
-#���7�, 1!,2#'8 6!&2/)+&1 ."&!�#�4.  
�!�#%�6���:#�4 .8,*� /.+�#&1)� 2�4 1'.&)&7�.+&+#&"& �#2/)%�&##&"& #�6'�,#�4 6&-

)�$�#� #� !�./#), 3. 
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��./#&) 3 

�&#.+!/)%�4 "&!,�)� 2�4 1'.&)&7�.+&+#&"& �#2/)%�&##&"& #�6'�,#�4: 1 1.+�1)�, )&#-
%,#+!�!/9A�4 @�,)+!&*�"#�+#&, 6&�,; 2 – �#2/)+&!; 3 – #�6'�4,*�4 6!&1&�&)�; 4 – 6&2�9-
A�, !&��)�; 5 – #�6!�1�49A�4 1.+�1)�  

�8,*� 6��$*,##&"& #�6'�,#�4 6!,2.+�1�,#� #� !�./#), 4 

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

�!�#%�6���:#�4 .8,*� @�,)+!&2/"&1&"& *,+����$�+&!� 2�#� #� !�./#), 5. 

1 – +&)&6&21&2; 2 – #�6!�1�49A�, 2�4 #�6'�4,*&( 6!&1&�&)�
��./#&) 5 – �!�#%�6���:#�4 .8,*� @�,)+!&*,+����$�+&!� 2�4 #�6'�,#�4 6&)!'+�( �$ 6!&1&�&)�

�!,�*/A,.+1�: 1'.&)�4 6!&�$1&2�+,�:#&.+: 6!&%,..� � 1&$*&3#&.+: $#�7�+,�:#&"&
.&)!�A,#�4 $�+!�+ 1!,*,#� #� #�6'�,#�,. 

�,2&.+�+)&* !�..*�+!�1�,*&"& *,+&2� 41�4,+.4 6,!,"!,1 � &)�.�,#�, #�6'�4,*&"& *�-
+,!����. 

	6��1�,#�, "�$&1&( "&!,�)&(; &6��1�,#�, 1 6,7� . )&#+!&��!/,*&( �+*&.�,!&(; 1'.&-
)&7�.+&+#'( �#2/)%�&##'( #�"!,1 [1].  

�,8�#�7,.)�4 &0!�0&+)� 6&)!'+�4
� .&.+&4#�� 6&.�, #�6'�,#�4 !�$*,! �$2,��4 .& .�&,* 6&)!'+�4 #, �*,,+ 2&.+�+&7#&(

+&7#&.+�, � .�*� 6&1,!8#&.+: 6&�/7�,+.4 #,!&1#&( � 2&.+�+&7#& 5,!&8&1�+&(. �&@+&*/ 6!�
#�6'�,#�� 2�9+ &0'7#& 6!�6/.) #� 6&.�,2/9A/9 *,8�#�7,.)/9 &0!�0&+)/, )&+&!/9 &./A,-
.+1�49+ !,$�#�,* ��� *&)!'* 5���&1�#�,*. 

�
���� �����	����
1. ��/.� �., �&!�"�)� 	. ��6��1)� � #�6'�,#�,/�,!. . 46. �12  
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�. �. �&6&1�; �&2 !,2. �. �. �+,6�#�, �. �.  ,.+,!)�#�. – �.: ��5�#&.+!&,#�,, 1985. 
– 240.. 

2.  �/�)�#�$�%�&##&, &0&!/2&1�#�, 5�##'8 $�1&2&1. ;'"�#&) �.�. �.: ��5�#&.+!&,-
#�,, 1967. - 324 .. 

�������������	��� �-�������� 
���	����	�	
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�!�1,$,#%,1 �. �., �1��&1 �. �. 
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��..*�+!�1�,+.4 1�!��#+ 6!�*,#,#�4 1�0!&0/#),!� 2�4 6&2�7� !&��)&1 #� .0&!)/
We consider the organization of production in a repair tire plant. 

�� 6!,26!�4+�48 5�!&)& 6!�*,#49+.4 6&�/�1+&*�+' .0&!)� � &6!,.&1)� 0�&)&1 6&2-
5�6#�)&1. 	2#�)& 1 #�8 6!�*,#,#' /.+�!,15�, )&#.+!/)%��, +!,0/9A�, 0&�:5�8 $�+!�+ #�
@).6�/�+�%�9 � 0&�:5�8 @#,!",+�7,.)�8 $�+!�+. 

� 0�$&1&* 1�!��#+, 6&�/�1+&*�+ .0&!)� � &6!,.&1)� 0�&)&1 6&25�6#�)&1 &.#�A��.4
6&2B,*#�)&* !&��)&1. 	# 6!,2#�$#�7,# 2�4 6&5+/7#&( 6&2�7� . &!�,#+�%�,( )&#�7,.)�8 !&-
��)&1 �$ 6!�,*#&"& 0/#),!� ) .0&!&7#&*/ 6&�/�1+&*�+/. 

�&.+�1 6&2B,*#�)� !&��)&1 6&)�$�# #� !�./#), 1. � 0/#),! (1), )&+&!'( �*,,+ #�)�&#
$�.'6�9+ )&#�7,.)�, !&��)�. � &6!,2,�,##&* 6&�&3,#�� !&��) 6�2�,+ 1 !�2���:#& !�.6&�&-
3,##', &+1,!.+�4, 7,!,$ )&+&!', 1 1,!8#,* 6&�&3,#�� 6&6�2�9+ 1 )&15&1/9 %,6: +!�#.6&!-
+,!�. �&15&1&( %,6:9 &#� 6&2#�*�9+.4 #� &+*,+)/ 1'"!/$)�. �!� &6!&)�2'1�#�� )&15,(
!&��)� 6&6�2�9+ #� &!�,#+�+&!. �&!�,#+�!&1�##', !&��)� 6&6�2�9+ 1 /$,� +!/0)�, 6& )&+&-
!&( 6&6�2�9+ ) .0&!&7#&*/ 6&�/�1+&*�+/. 

�&15&1�4 %,6: 6!�1&2�+.4 1 21�3,#�, &+ 6!�1&2� . 6&*&A:9 !&��)&1&( %,6� � $1,$-
2&7)�. ��.) . &+1,!.+�4*� 1!�A�,+.4 &+ &+2,�:#&"& 21�"�+,�4 . 6&*&A:9 !&��)&1&( %,6�. 
��+43,#�, !&��)&1'8 %,6,( &0,.6,7�1�,+.4 .6,%���:#'*� #�+43#'*� /.+!&(.+1�*�. 

�!�*,#,#�, +�)&( )&#.+!/)%�� +!,0/,+ 6&.+&4##&"& )&#+!&�4 1.,8 +!/A�8.4 7�.+,(
0/#),!� � +!�#.6&!+,!�, !&��)&1'8 %,6,( � 0/#),!� – &2#� �$ .�*'8 &.+!'8 6!&0�,* 2�##&"&
*,8�#�$*�. ��.8&2' #� 1&..+�#&1�,#�, *�5�# 1 !,$/�:+�+, �$#&.�, 1& *#&"�8 .�/7�48, !�1#&-
.��:#' 11&2/ #&1'8 6!&�$1&2.+1,##'8 *&A#&.+,(. 

�!&*, @+&"& )&#.+!/)%�4 0/#),!� #, �.)�97�,+ $�A,*�,#�4 !&��)� *,32/ #,6&21�3-
#'* )&!6/.&* 0/#),!� � 1!�A�9A�*.4 2�.)&*. -+& 6!�1&2�+ ) $#�7�+,�:#'* 6&+,!4* !�0&-
7,"& 1!,*,#� 2�4 1&..+�#&1�,#�4 !�0&+&.6&.&0#&.+�. 

�!� !�0&+, +!�#.6&!+,!� +�)3, 1&$*&3#& $�A,*�,#�, !&��)� *,32/ )&15&1&( %,6:9
� !�*&( +!�#.6&!+,!�. -+& 6!�1&2�+ ) #,&08&2�*&.+� &.+�#&1)� !�0&+' 1.,"& 6&�/�1+&*�+�
2& /.+!�#,#�4 $�A,*�,#�4. 
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2 3

4

1

�

��

1 – 0/#),!, 2 – +!�#.6&!+,!, 3 – &!�,#+�+&!, 4 – /$,� +!/0)�, 5 – 2�.)
��./#&) 1 – �&2B,*#�) !&��)&1

��4 6&5+/7#&( 6&2�7� !&��)&1 6!,2��"�,+.4 6!�*,#�+: 1�0!�%�&##&, $�"!/$&7#&,
/.+!&(.+1& (!�./#&) 2). 

1 – @�,)+!&*�"#�+;2 – &.#&1�#�,; 3 – �*&!+�$�+&!'; 4 – 6!/3�#'; 
5 – 7�5�; 6 – 1�#+&1�4 2&!&3)�
��./#&) 2 – ��0!&0/#),!

�&��)�, $�.'6�##', *�..&( 1 #�3#99 7�.+: 7�5� 6,!,*,A�9+.4 6& )&#/./ 2#�. �
6!&%,.., @+&"& 21�3,#�4 !&��)� 6&2"&+�1��1�9+.4 ) $�81�+/, )&+&!'( &./A,.+1�4,+.4 2&-
!&3)&(. 	)�$�15�.: #� 2&!&3), 1 !�$��7#'8 6&�&3,#�48, 1 +&* 7�.�, � 1 #,/.+&(7�1'8, !&-
��)� 21�"�9+.4 11,!8. ��5#�( .�&( /2��4,+.4 /.+�#&1�,##'*� #�2 2&!&3)&( 6��#)�*�, !&-
��)� 1 #,/.+&(7�1'8 6&�&3,#�48 6�2�9+ 1 7�5/. 

� 1�0!�%�&##'8 $�"!/$&7#'8 /.+!&(.+1�8 &+6�2�,+ #,&08&2�*&.+: 1 .6,%���:#'8 /.+-
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!&(.+1�8 2�4 1&..+�#&1�,#�4 !�0&+&.6&.&0#&.+�, +�) )�) 6&.+&4##& 2,(.+1/9A�4 1�0!�%�4
.6&.&0.+1/,+ /.+!�#,#�9 6!,64+.+1�(, 1&$#�)�9A�8 6!� 21�3,#�� !&��)�, � 1&$&0#&1�4,+
,"& 21�3,#�,. 

��0!�%�4 1#&.�+ !42 #&1'8 6&�&3�+,�:#'8 )�7,.+1 1 6!&%,.. 1'2�7� 5+/7#'8 $�"&+&-
1&): /*,#:5�,+ .��' +!,#�4 *,32/ $�"&+&1)�*� �, +�)�* &0!�$&*, .6&.&0.+1/,+ 0&�,, .1&0&2-
#&*/ !�$1&!&+/ � 21�3,#�9 �8 1 0/#),!,; 6!,2&+1!�A�,+ 6&1!,32,#�, 6&1,!8#&.+� 6!� 1'-
0&!),; �.)�97�,+ &0!�$&1�#�, /.+&(7�1'8 .1&2&1 � $�+&!&1 1 0/#),!�8; �8 *�#,1!,##&.+: �
/#�1,!.��:#&.+: 6&$1&�4,+ &2#�* � +,* 3, .6�!��:#'* �&+)&* 6&2�1�+: !�$��7#', 2,+��� 6&
!�$*,!�* � )&#��"/!�%�� (5�(0', *,+7�)�, !&��)�, $/07�+', )&�,.� � &.�, 6&2�&3)� �#+,-
"!��:#'8 .8,* � +.2.) 

�!&*, +&"&, 6!� !�0&+, 1�0!&0/#),!� &+./+.+1/,+ )�)&, ��0& +!,#�, 1 /$��8 *,8�#�$-
*�. -+& �.)�97�,+ #,&08&2�*&.+: 6&.+&4##&( .*�$)� 2,+��,( � 6&$1&�4,+ .1,.+� &0.�/3�1�-
#�, 1�0!&0/#),!� 2& *�#�*/*�. 

��4 &!�,#+�%�� !&��)&1 6!�*,#,# &!�,#+�+&! 0�$&1&"& 1�!��#+�. 	!�,#+�%�4 &./A,-
.+1�4,+.4 #� #�)�&##'8 1!�A�9A�8.4 #�1.+!,7/ 2!/" 2!/"/ 1��)�8. 

�&��) $�1�.�,+ 0&�:5�* 2��*,+!&* #� 1��)�8 � +!�#.6&!+�!/,+.4 1#�$, "2, 1'6�2�,+
*,32/ 1'+&7)�*� 1 6!�,*#/9 +!/0)/. � $�1�.�*&.+� &+ +�6&1 !&��)&1 !�..+&4#�, *,32/
1��)�*� *&3,+ !,"/��!&1�+:.4. 

��##�4 .8,*� 6&5+/7#&( 1'2�7� !&��)&1 6!,26&��"�,+ /*,#:5,#�, @#,!",+�7,.)�8
$�+!�+ #� 2�##/9 &6,!�%�9, /*,#:5,#�, ��#�#.&1'8 1�&3,#�( #� &0.�/3�1�#�, *,8�#�$*&1
� .#�3,#�, $�+!�+ !�0&7,"& 1!,*,#� $� .7,+ �.)�97,#�4 $�)��#�1�#�( *,8�#�$*&1. 

���	��,	/�
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�!&)&�:,1� �.�., �1��&1 �. �. 
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��..*�+!�1�9+.4 &!"�#�$�%�4 !,*&#+#&"& 6!&�$1&2.+1� 1 /.�&1�48 5�##&"& $�1&2�. 
We consider the organization of production in a repair tire plant. 

�� 6!&+43,#�� 1.,"& .!&)� .�/30' &.#&1#', �&#2' 6!,26!�4+�4 6&21,!"�9+.4 �$#&./
� +!,0/9+ 6&.+&4##&"& +,8#�7,.)&"& &0.�/3�1�#�4. ��0&+&.6&.&0#&.+: &0&!/2&1�#�4 1&..+�-
#�1��1�,+.4 6/+,* ,"& !,*&#+�. 

�&"��.#& 	�� 38-04164-78 /.+�#&1�,#' 21� 1�2� +,8#�7,.)&"& &0.�/3�1�#�4: ,3,-
.*,##&, &0.�/3�1�#�, � 6,!�&2�7,.)&, +,8#�7,.)&, &0.�/3�1�#�, � +!� 1�2� !,*&#+&1: +,-
)/A�(, .!,2#�( � )�6�+��:#'(. 

�3,.*,##&, +,8#�7,.)&, &0.�/3�1�#�, 6!&1&2�+.4 1 +,7,#�, !�0&7,( .*,#' +,8#&�&-
"�7,.)�* � %,8&1'* 6,!.&#��&* � 1)�97�,+ 1 .,04 .�,2/9A�, &.#&1#', &6,!�%��: 

- .&2,!3�#�, &0&!/2&1�#�4 1 7�.+&+,; 
- )&#+!&�: +,8#�7,.)&"& .&.+&4#�4 &0&!/2&1�#�4 6/+,* #�!/3#&"& &.*&+!�; 
- 6!&1,!)� 2,(.+1�4 .*�$&7#'8 � &8��32�9A�8 /.+!&(.+1; 
- 6!&1,!)� 2,(.+1�4 )&#+!&�:#&-�$*,!�+,�:#'8 6!�0&!&1 � �1+&*�+�)�; 
-  6!&1,!)� #�+43,#�4 !,*#,(, +!&.&1, %,6,(; 
- 6!&1,!)� #���7�4 � �.6!�1#&.+,( $�A�+#'8 &"!�32,#�(; 
- 6!&1,!)� 2,(.+1�4 +&!*&$&1 � 6!�.6&.&0�,#�( 2�4 �1�!�(#&( &.+�#&1)� &0&!/2&1�-

#�4; 
- 6!&1,!)� .&.+&4#�4 0&�+&1'8, 1�#+&1'8, )��#&1'8 � 56&#&7#'8 .&,2�#,#�(; 
- 1'6&�#,#�, 6!&.+,(5�8 !,"/��!&1&); 
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- 6!&1,!)� !�0&+' .��:#�)&1'8 /6�&+#,#�(. 
�,!�&2�7,.)&, +,8#�7,.)&, &0.�/3�1�#�, 6!&1&2�+.4 !,*&#+#'* 6,!.&#��&* . %,�:9

6!,2/6!,32,#�4 &+)�$&1 ��� #,�.6!�1#&.+,(. -+&+ 1�2 &0.�/3�1�#�4 #, 41�4,+.4 .+!&"& !,"-
��*,#+�!&1�##'*, #& 2&�3,# 6!&1&2�+:.4 #, !,3, &2#&"& !�$� 1 *,.4%, )�) 6!�1��&, 1 !,-
*&#+#', ��� 1'8&2#', 2#� ��� 1& 1!,*4 &.+�#&1&) &0&!/2&1�#�4 �$-$� &+./+.+1�4 @�,)+!&-
@#,!"��, .'!:4, $�"&+&1&) � 6& 6&2&0#'* 6!�7�#�*. � &0B,* 6,!�&2�7,.)&"& +,8#�7,.)&"&
&0.�/3�1�#�4, 6&*�*& &6,!�%�( ,3,.*,##&"& &0.�/3�1�#�4, 18&24+: 

- 6!&1,!)� #���7�4 � )�7,.+1� .*�$)� �, 6!� #,&08&2�*&.+�, ,, $�*,#�; 
- 6!&1,!)� !�$��7#'8 /6�&+#,#�( �, 6!� #,&08&2�*&.+� �8 $�*,#�; 
- 6!&1,2,#�, 6!&.+,(5�8 !,*&#+#'8 !�0&+; 
- )&#+!&�: "�2!�1��7,.)�8, 6#,1*�+�7,.)�8 � @�,)+!�7,.)�8 .�.+,*; 
- !,"/��!&1)� &+2,�:#'8 .0&!&7#'8 ,2�#�% ��� *�5�#' 1 %,�&*. 
�,)/A�( !,*&#+ (*�#�*��:#'( 6& &0B,*/ !,*&#+): $�*,#� ��� 1&..+�#&1�,#�, 0'.+-

!&�$#�5�1�,*'8 2,+��,( � !,"/��!&1)� *,8�#�$*&1; 2�4 #&!*��:#&( !�0&+' &0&!/2&1�#�4 2&
&7,!,2#&"& 6��#&1&"& !,*&#+�; 6!&1&2�+.4 0,$ 6!&.+&4 &0&!/2&1�#�4 (1 #,!�0&7,, 1!,*4); $�-
+!�+' #� +�)&( 1�2 !,*&#+� 1)�97�9+.4 1 .,0,.+&�*&.+: 6!&2/)%��, 1'6/.)�,*&( #� @+&*
&0&!/2&1�#��. 

�!,2#�( !,*&#+: .*,#� ��� �.6!�1�,#�, &+2,�:#'8 /$�&1 ��� 2,+��,( &0&!/2&1�#�4; 
$�*,#� � 1&..+�#&1�,#�, �$#&5,##'8 2,+��,(; &0&!/2&1�#�, 7�.+�7#& !�$0�!�,+.4; 1'6&�#4-
,+.4 0,$ .#4+�4 &0&!/2&1�#�4 . �/#2�*,#+�; 1 +,7,#�, "&2� 6&21,!"�,+.4 &)&�& 20-25 % /.+�-
#&1�,##&"& &0&!/2&1�#�4

��6�+��:#'( !,*&#+ (#��0&�:5�( 6& &0B,*/ � .�&3#&.+�): %,�: - 1&..+�#&1�,#�4 �.-
6!�1#&.+� � !,./!.� &0&!/2&1�#�4; +!,0/,+ 6&�#&( !�$0&!)� � !,*&#+� 1.,8 0�$&1'8 2,+��,(, 
$�*,#' �$#&5,##'8 2,+��,( � /$�&1, 1&..+�#&1�,#�, 7�.+� 2,+��,(, 6!&1,!)� �8 #� +&7#&.+:; 
1'6&�#4,+.4 .& .#4+�,* &0&!/2&1�#�4 . �/#2�*,#+� � . +!�#.6&!+�!&1)&( 1 2!/"&( %,8; .
&7,!,2#'* )�6�+��:#'* !,*&#+&* .&1*,A�9+ *&2,!#�$�%�9 &0&!/2&1�#�4. 

�., 1�2' !�0&+ 6& +,8#�7,.)&*/ &0.�/3�1�#�9 � !,*&#+/ 1'6&�#49+ 1 &6!,2,�,##&(
6&.�,2&1�+,�:#&.+�, &0!�$/4 6&1+&!49A�,.4 %�)�'. �,*&#+#'( %�)� — @+& 6&1+&!49A�4.4
.&1&)/6#&.+: !�$��7#'8 1�2&1 6��#&1&"& !,*&#+�, &./A,.+1�4,*'8 1 $�2�##&( 6&.�,2&1�-
+,�:#&.+� 7,!,$ &6!,2,�,##',, !�1#', *,32/ .&0&( 6!&*,3/+)� 1!,*,#� !�0&+' &0&!/2&1�-
#�4, #�$'1�,*', *,3!,*&#+#'*� 6,!�&2�*� *,32/ 21/*4 6&.�,2&1�+,�:#& 1'6&�#4,*'*�
6��#&1'*� !,*&#+�*�. �,*&#+#'( %�)� &6!,2,�4,+.4 .+!/)+/!&( � 6!&2&�3�+,�:#&.+:9, �
$�)�#7�1�,+.4 )�6�+��:#'* !,*&#+&*. �+!/)+/!� — @+& 6,!,7,#: !,*&#+&1, 18&24A�8 1 ,"&
.&.+�1 � !�.6&�&3,##'8 1 6&.�,2&1�+,�:#&.+� �8 1'6&�#,#�4. 

��./#&) 1 – �+!/)+/!#�4 .8,*� !,*&#+#&"& %�)��

�,*&#+#'( %�)� 2�4 �&!*�+&!�-1/�)�#�$�+&!� ��-410-75-25 .&.+�1�4,+ ; = 48000 7
[2]. 

	6!,2,�,#�, 6&+!,0#&"& )&��7,.+1� )�6�+��:#'8, .!,2#�8 � +,)/A�8 !,*&#+&1 1 "&2
6!� !�0&+, #� 6!,26!�4+�� 100 �&!*�+&!&1-1/�)�#�$�+&!&1 �� 75 (6!� ��)+�7,.)&( !�0&+,
��= 6480 7) [3]. 

;

���8760 ) ⋅⋅⋅
=	 ,                                             (1) 
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"2, 	 – )&��7,.+1& !,*&#+&1; 
8760 – )��,#2�!#'( �&#2 1!,*,#� &0&!/2&1�#�4 $� 1 "&2; 
� – .!,2#,"&2&1&, )&��7,.+1& ,2�#�% &2#&+�6#&"& &0&!/2&1�#�4; 
�) – )&@���%�,#+ �.6&�:$&1�#�4 &0&!/2&1�#�4 6& )��,#2�!#&*/ 1!,*,#� 6!,2.+�1�4,+

.&0&( &+#&5,#�, 1!,*,#� ��)+�7,.)&( !�0&+' &0&!/2&1�#�4 ) )��,#2�!#&*/ �&#2/ 1!,*,#�; 
� – )&��7,.+1& )�6�+��:#'8, .!,2#�8 ��� +,)/A�8 !,*&#+&1 1 !,*&#+#&* %�)�, .&&+-

1,+.+1,##&; 
; – !,*&#+#'( %�)�. 
�&@���%�,#+ �.6&�:$&1�#�4 &0&!/2&1�#�4 6!� +!,8.*,##&* !,3�*, !�0&+' &0&!/2&-

1�#�4, 2�4 6!&�$1&2.+1� . 6!,!'1#'* +,8#&�&"�7,.)�* 6!&%,..&* 6!�#�*�9 6& [1] - �)=0,75. 
�&��7,.+1& )�6�+��:#'8 !,*&#+&1: 

;

;
� ) =                                                          (2) 

�&��7,.+1& .!,2#�8 !,*&#+&1: 

1
;

;
�

.!

.! −= ,                                                  (3) 

"2, ;.! – .!,2#�( !,./!. *,32/ )�6�+��:#'* � .!,2#�* ��� *,32/ .!,2#�*� !,*&#+�-
*�. 

�&��7,.+1& +,)/A�8 !,*&#+&1: 

1�
;

;
� .!

+

+ −−= ,                                           (4) 

"2, ;+ – .!,2#�( !,./!. *,32/ +,)/A�*� !,*&#+�*�. 
��)�* &0!�$&*, 6!� !�0&+, 100 �&!*�+&!&1 – 1/�)�#�$�+&!&1 #,&08&2�*& 6��#�!&1�+:

14 )�6�+��:#'8, 27 .!,2#�8 � 1273 +,)/A�8 !,*&#+&1 1 "&2. 
�6�.&) ��+,!�+/!'
1 �.�. 
,!2�#&1, �.�. �&3�#&1, �.�. ��,).�#2!&1�, �.
. ��5�,1 �&�&3,#�, & 6!&1,-

2,#�� 6��#&1&-6!,2/6!,2�+,�:#&"& !,*&#+� #� 6!,26!�4+�� 11,2,##&, 1 2,(.+1�, . 1 �9�4
1990 "&2� ". �&.)1�. 

2 	�� 38-04164-78 «��.+,*� +,8#�7,.)&"& &0.�/3�1�#�4 � !,*&#+� &0&!/2&1�#�4 2�4
6,!,!�0&+)� !,$�#'». 

3 �!&1�5#�% �. �., �&2"&!#'( �. �., �/$:*,#)& �. �., �&6&1 �. �. �2�#', #&!*'
1!,*,#� #� !,*&#+ !,$�#&.*,.�+,�,( ����-250-40 � �&!*�+&!&1-1/�)�#�$�+&!&1 75 � 55 
29(*&1. – �.: 1977". – 250 .. 

�������������	��� ���������������� 
��/���	 �,���������
  

�-������� �+���/� «��������» 
���� �
����,	/��
,	���������2��� � �-������� �
��	/��

�&�.+4)&1 �. �., ��+!&��#&1 �. �. 
�������� 	���
��
������� �
�
�
�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

��..*�+!�1�,+.4 �$"&+&1�,#�, .0&!&7#&( ,2�#�%' «�&3,*,#+» 2�4 .,!�(#&"& 6!&�$1&2.+1� . 1'.&)�*�
6&)�$�+,�4*� )�7,.+1� � @)&#&*�7,.)&( %,�,.&&0!�$#&.+:9. 

Discusses the production of Assembly units to the cradle «lodgment» for serial production with high quality and 
economic viability. 



138

��./#&) 1 – �0&!&7#�4 ,2�#�%� «�&3,*,#+». 

�� !�./#), 1 6&)�$�#& �$2,��,, .0&!&7#�4 ,2�#�%� «�&3,*,#+». �$2,��, .�/3�+ 2�4
)�7,.+1,##&( #�+43)� !,*#4 ",#,!�+&!�. 

-�,)+!&&0&!/2&1�#�, �90&"& �1+&*&0��4, 1)�97�,+ 1 .,04 ",#,!�+&! - &.#&1#&( �.-
+&7#�) @�,)+!&@#,!"��. �*,.+, . !,"/�4+&!&* #�6!43,#�4 &# #�$'1�,+.4 ",#,!�+&!#&( /.+�-
#&1)&(. �� .&1!,*,##', �1+&*�5�#' /.+�#�1��1�9+ ",#,!�+&!' 6&.+&4##&"& +&)�, +�) )�)
&#� &+1,7�9+ 6!,2B41�,##'* +!,0&1�#�4*. 

��4 0,.6,!,0&(#&( !�0&+' 21�"�+,�4 � ",#,!�+&!� #,&08&2�*' 21� /.�&1�4: �) +&7-
#&.+: !,"/��!&1)� !,*#4 #�+43,#�4 0,$ ��5#�8 +!/2&$�+!�+, 0) #�2,3#&.+: $�)!,6�,#�4 0,$
.*,A,#�(. 

�+&0' 6,!,*,A,#�, �&3,*,#+� 6!&�.8&2��& 0,$ 6,!,)&.&1, #,&08&2�*� +&7#�4 .0&!)�, 
� 1'6&�#,#�, +&7#&( .0&!)� 6!&�$1&2�+.4 6!� .&0�92,#�� +,8#&�&"�7,.)�8 +!,0&1�#�( 7,!-
+,3�, 6!� +&7#&( 1'.&)&)�7,.+1,##&( *,8�#�7,.)&( &0!�0&+)�. 

;,�: !�0&+': �$*,#�+: +,8#&�&"�7,.)�( 6!&%,.., /.&1,!5,#.+1&1�+: .0&!)/ .1�!#'8
2,+��,( . 6&*&A:9 6!�.6&.&0�,#�4, *,8�#�7,.)� &0!�0&+�+: 21, 2,+���  1 &2#&( &6,!�%��
6!� /*,#:5,#�� 6,!,8&2&1 � /.+�#&1&). 

�/A,.+1/9A�( +,8#&�&"�7,.)�( 6!&%,.. �$2,��4 6!,2/.*�+!�1�,+ 2��+,�:#'( %�)�
&0!�0&+)�, #�7�#�4 &+ $�"&+&1)� 2,+��,( .0&!)�, $�)�#7�1�4 /.+�#&1)&( .0&!&7#&( ,2�#�%,(
#� �"!,"�+ (*�5�#/). 

�!�+)&, &6�.�#�, +,8#&�&"�7,.)&"& 6!&%,..�: 
1) 	0,7�()/ 1'!,$�9+ �$ ��.+�; 2) 6!�14+ #� 6!�1��:#'8 *�5�#�8; 3) "#/+, &0,.6,7�1�4

!�2�/. .&&+1,+.+1/9A�( 7,!+,3/; 4) !�$*,7�9+ *,.+� 6!�1�!)� 2,+��,(, .&"��.#& 7,!+,3/ �
&+6!�1�49+ #� .0&!)/, )&"2� .&0�!�9+ 2,+��:, +,8#&�&"�7,.)� 6!,2/.*&+!,#' 6!�$*' «6��-
+�)�» (2�4 +&"&, 7+&0' )&#.+!/)%�4 �*,�� #,&08&2�*/9 3,.+)&.+: 1&1!,*4 +,!*&&0!�0&+)� �
*,8�#�7,.)&( &0!�0&+)�); 5) +,!*&&0!�0&+)�; 6) *,8�#�7,.)�4 &0!�0&+)�: #� "&!�$&#+��:#&
�!,$,!#&* .+�#), (7,!#&1&, �!,$,!&1�#�,), #� *#&"&%,�,1&* ��� .+�#), (&)&#7�+,�:#�4 &0-
!�0&+)�); 7) .�,.�!#�4 &0!�0&+)� (.!,$�#�, 6��+�)&1, $�7�.+)� *,.+ .1�!)� � $�/.,#%,1); 8) 
)&#+!&�:; 9) 6&)!'+�,, .&"��.#& +!,0&1�#�4* 7,!+,3�. 
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��./#&) 2 – �!�.6&.&0�,#�, 2�4 .0&!)�. 

�!,2��"�,+.4: 1) /0!�+: +,8#&�&"�7,.)�, 6��+�)�; 2) &0,7�()/ �$"&+&1�+: �$ &+8&2&1
(&0!,$)&1) +!/0'; 3) �$ &2#&( .0&!&7#&( ,2�#�%' .2,��+: 2 2,+���, .&&+1,+.+1/9A�, +!,0&-
1�#�4* 7,!+,3�. 

1. ��"&+&1�+,�:#�4 &6,!�%�4 (6&2!,$)� +&!%&1, 7,!#&1&, +&7,#�,, 7,!#&1&, !�.+�7�1�-
#�,). 2. �0&!)�, .1�!)� #� 6!�.6&.&0�,#�� «.+�6,�:» !�./#&) 2. 3. �,!*&&0!�0&+)�. 4. �,8�-
#�7,.)�4 &0!�0&+)� #� *#&"&%,�,1&* .+�#), . ��� (7,!#&1�4, 7�.+&1�4, &)&#7�+,�:#�4), . �.-
6&�:$&1�#�,* 6!�1&2#&"& 6&1&!&+#&"& .+&�� � /.+�#&1&7#'8 5+'!,(. 5. ��,.�!#�4 &0!�0&+)�
($�7�.+)� $�/.,#%,1). 6. �&#+!&�:. 7. �&)!'+�, .&"��.#& +!,0&1�#�4* 7,!+,3�. 

��4 !,���$�%�� 6!,2�&3,##&"& +,8#&�&"�7,.)&"& 6!&%,..� !�$!�0&+�#& .6,%���:#&,
6!�.6&.&0�,#�, «.+�6,�:» (!�./#&) 2) 6&$1&�49A�, &0,.6,7�1�+:, 1'.&)/9 +&7#&.+: � )�7,-
.+1& &0!�0&+)�. 

�!,2�&3,##'( �$*,#,##'( +,8#&�&"�7,.)�( 6!&%,.., *,+&2 &0!�0&+)� – %,�,.&&0!�$,#
2�4 .,!�(#&"& 1'6/.)� 2,+��,( � @)&#&*�7,.)� 1'"&2,# 2�4 6!,26!�4+�4. 

�������������	��� �������/�� .��, +�
 ����������
.��,����	��


�&�)&1 �. �., ��#�#.)�( �. �. 
�������� 	���
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�
 (������) 

�������������� ��������
��

��� 
��
�������� �
������
�
�

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

This article considers structural elements of cutters for contour tuft milling deep holes multiple tip tools. 

� !�0&+, &0&.#&1'1�,+.4 �)+/��:#&.+: �..�,2&1�#�( 6& 6&1'5,#�9 @��,)+�1#&.+�
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1�8!,�!,$,!&1�#�4 "�/0&)�8 &+1,!.+�( #� &.#&1, 6!�*,#,#�4 �#.+!/*,#+&1 &.#�A,##'8 !,-
3/A�*� 6��.+�#�*�. �#���$ .&1!,*,##'8 �#.+!/*,#+��:#'8 *�+,!���&1, .8,* !,$�#�4 �
)&#.+!/)%�( *#&"&�,$1�(#'8 !�.+&7#'8 �#.+!/*,#+&1, 6!�*,#4,*'8 6!� !�.+&7), *#&"&�,$-
1�(#'* �#.+!/*,#+&* "�/0&)�8 &+1,!.+�( 1 2��##&*,!#'8 +!/0#'8 $�"&+&1)�8 6&)�$��, 7+&
#��0&�,, 6,!.6,)+�1#&( 41�4,+.4 1�8!,�!,$,!&1�#�, �!,$�*� . 5�8*�+#'* !�.6&�&3,#�,*
.*,##'8 6��.+�# � )&*0�#�!&1�##&( .8,*&( !,$�#�4, .&7,+�9A,( .8,*' 2,�,#�4 6!�6/.)� �
2,�,#�4 6&2�7�. 

�� !�./#), 1 6&)�$�#� )&#.+!/)%�4 �!,$' 2�4 1�8!,�!,$,!&1�#�4  .& 1.+�1#'*� #&-
3�*�, &.#�A,##'*� #�6�(#'*� 6��.+�#�*�: 1-)&!6/. 2,!3�1)�; 2-)&!6/. #&3�; 3- 6!&)��2-
)�; 4-#�6�(#�4 +1,!2&.6��1#�4 6��.+�#�; 5-56&#)�; 6-"�()�; 7-!,3/A�4 )!&*)�; 8- )�#�1)�;9-
6,!,.,)�9A�4.4 )�#�1)�; 10- 6!&2&�:#�4 )�#�1)�; 11-6&6,!,7#�4 )�#�1)�; L-/"&� *,32/ 6!&-
2&�:#&( )�#�1)&( � &.:9 �!,$'; M-/"&� *,32/ !,3/A,( )!&*)&( � &.:9 �!,$'; N- /"&� *,32/
6,!,.,)�9A,(.4 )�#�1)&( � +&!%&1 �!,$'.

�� !�./#), 2 !�..*�+!�1�,+.4 )&#.+!/)%�4 �!,$' .& .*,##'*� +1,!2&.6��1#'*� 6��-
.+�#�*�, 21, 6,!1'8 6�!' )&!&( !�0&+�9+ 1 !,3�*,. 

�!&%,.. 1�8!,�!,$,!&1�#�4 "�/0&)�8 &+1,!.+�( � )&*0�#�!&1�##&( .8,*&( !,$�#�4  
2&.+�+&7#& 6&�#& #, �$/7,#', � 2�4 ,"& @��,)+�1#&"& �.6&�:$&1�#�4 #,&08&2�*& $#�+: )�)
$�)&#' !�%�&#��:#&"& !�.6!,2,�,#�4 #�"!/$)� #� !,3/A�, )!&*)�, &0,.6,7�1�9A�( !�1#/9
��� )!�+#/9 .+&()&.+: 1.,8 6��.+�#, /7�.+1/9A�8 1 !,$�#��, +�) � &6+�*��:#&, 7�.�& $/0:,1
�!,$', !,3�*' !,$�#�4, &0,.6,7�1�9A�, &0!�$&1�#�, *,�)&( .+!/3)�, #,&08&2�*&, 2�4 &!-
"�#�$�%�� #�2,3#&"& .+!/3)&&+1&2� 1 &"!�#�7,##&* 6!&.+!�#.+1, "�/0&)&"& &+1,!.+�4.

��./#&) 1 - ��2 %���#2!�7,.)&( �!,$' . !�$1,!+)&( #�!/3#&( 6&1,!8#&.+�
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��./#&) 2 – �8,*� �!,$' .& .*,##'*� +1,!2&.6��1#'*� 6��.+�#�*�  6!�  1$��*&2,(.+1�� #� #,, �1+&-
)&�,0�#�( 1 6!&%,..,  2,�,#�4 6!�6/.)�

	.#&1#'* 6!,64+.+1�,*, *,5�9A�* 5�!&)&*/ 6!�*,#,#�9 �#.+!/*,#+&1, 
&.#�A,##'8 *#&"&"!�##'*� #,6,!,+�7�1�,*'*� 6��.+�#�*�, 41�49+.4 1�0!�%��. 	#�, )�)
6!�1���, 1&$#�)�9+ 6!� 1'.&)�8 .)&!&.+48 !,$�#�4. 

�7�+'1�4 +&, 7+& 6&1+&!#�4 $�+&7)� !,3/A�8 6��.+�# 41�4,+.4 @)&#&*�7,.)�
#,%,�,.&&0!�$#&( &6,!�%�,(, .&$2�#�, @��,)+�1#'8 *,+&2�) 6!&,)+�!&1�#�4  �!,$ 2�4
1#/+!,##,"& )&#+/!#&"& 1�8!,�!,$,!&1�#�4 1&..+�#&1�,#�, /7�+'1�9A�8 !,3/A�, .1&(.+1�
.*,##'8 +1,!2&.6��1#'8 � 6��.+�# 41�4,+.4 �)+/��:#&( $�2�7,(. 

�!,2�&3,#� )&#.+!/)%�4 *#&"&�,$1�(#&"& .0&!#&"& !�.+&7#&"& �#.+!/*,#+�, 
&.#�A,##&"& .*,##'*� !,3/A�*� 6��.+�#�*� �$ +1,!2&"& .6��1�. �!,�*/A,.+1&*
�#.+!/*,#+� 41�4,+.4 1'.&)�4 .6&.&0#&.+: !�0&+�+: #� 0&�:5�8 6&2�7�8, 0��"&2�!4
$�7�A�9A,( 5�!&)&( !,3/A,( )!&*)� 6&.�,2#,( 6& 8&2/ 6&2�7� 6��.+�#', .
&!�,#+�!&1�##&( 6�!���,�:#& &.� �!,$' !,3/A,( )!&*)&(. ��)�4 �!,$� *&3,+ �*,+:
2&.+�+&7#/9 +,8#&�&"�7#&.+:, 1&$*&3#&.+: !,"/��!&1�+: 2��*,+! &0!�0&+)�, &0,.6,7�+:
!�%�&#��:#/9 $�"!/$)/ 6��.+�#, 6&1'.�+: 1�0!&/.+&(7�1&.+:. �#.+!/*,#+� 1 !,$/�:+�+,
/6!�1�,#�4 6!&%,..&* 1$��*&2,(.+1�4 )&�,0�#�( #� &+2,�:#'8 6��.+�#�8, � +�)3, .&1*,A�+:
7,!#&1', � 6&�/7�.+&1', &6,!�%��. 

�/A,.+1/,+ $�2�7� &6!,2,�,#�4 6,!,2#�8, $�2#�8 /"�&1 � /"�� #�)�&#� !,3/A,(
)!&*)� 1 )�32&( ,, +&7), 1 6&6,!,7#&*, 6!&2&�:#&*, #&!*��:#&* � %���#2!�7,.)&*
.,7,#�48. �,5,#�, +�)&( $�2�7� 1&$*&3#& #� &.#&1, 6!�*,#,#�4 �$1,.+#&( *,+&2�)� .
�.6&�:$&1�#�,* .1&(.+1 .)��4!#&"& � 1,)+&!#&-.)��4!#&"& 6!&�$1,2,#�( 1,)+&!&1, �,3�A�8
1 �#.+!/*,#+��:#'8 6�&.)&.+48.  

�!� !�0&+, 6&.�,2#,( 6��.+�#' )&#+�)+ $�2#,( 6&1,!8#&.+� 6&.�,2#,( 6��.+�#' .
$�"&+&1)&( �"!�,+ !&�: 6&21�3#&"& �9#,+�, 7+& 6!�1&2�+ ) ,A, 0&�:5,*/ .#�3,#�9
1�0!�%��. 

�
���� �����	����
1 �!,6�)  �.�. , 
/�)& �.�. ��#�*�7,.)�, �..�,2&1�#�4 6!&%,..� �!,$,!&1�#�4 . &.,-

1'* 21�3,#�, �#.+!/*,#+�. �0&!#�) #�/7#'8 +!/2&1. �$2. �&�"��, 1985. 
2 �!,6�) �. �., 
/�)& �. �. �6&.&0 �!,$,!&1�#�4 . &.,1'* 21�3,#�,* �#.+!/*,#+�.- 

�+�#)� � #.+!/*,#+', 1075, C5. 
3 �!,6�) �. �. � 2!. �.+�#&1)� 2�4 /6!�1�,#�4 )�#,*�+�7,.)�*� 6�!�*,+!�*� 6!� �!,-

$,!&1�#��.- �0.: �,8#&�&"�4, &!"�#�$�%�4 � *,8�#�$�%�4 *,8�#&.0&!&7#'8 6!&%,..&1. 
;����-� �
��� , 1975, C 12-75-9. 
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��..*�+!�1�9+.4 6/+� .&1,!5,#.+1&1�#�4 *,+&2�)� &6+�*�$�%�� *,+���&,*)&.+� )&#.+!/)%��
This article considers different ways to improve methods of optimization of metal constructions 

�!� 6!&,)+�!&1�#�� *,+���&)&#.+!/)%�� &.#&1#/9 2&�9 $�+!�+ .&.+�1�49+ !�.8&2'
#� *,+���&,*)&.+:, )&+&!',, 1 .1&9 &7,!,2:, $�1�.4+ 1 &.#&1#&* &+ *�..' �$2,��4. �+&�*&.+:
*�+,!���� 2�4 *,+���&)&#.+!/)%�� .&.+�1�4,+ &+ 60 2& 80 % &+ .+&�*&.+� 1.,( )&#.+!/)%��. 

��)�* &0!�$&*, &2#�* �$ @��,)+�1#'8 6/+,( .&1,!5,#.+1&1�#�4 *,+���&)&#.+!/)%��
41�4,+.4 .#�3,#�, ,, *�..'. ���0&�,, @��,)+�1#'* .6&.&0&*,, .#�3,#�4 41�4,+.4/*,#:5,-
#�, !�.8&2� *,+����. �!� .!�1#,#�� #,.)&�:)�8 1�!��#+&1 )&#.+!/)%�(, 1'6&�#,##'8 �$
&2�#�)&1&( .+���, 0&�,, �,")�4 )&#.+!/)%�4 0/2,+ 0&�,, @)&#&*�7#&(.  

� )�7,.+1, %,�,1&( �/#)%�� 6!� &6+�*�$�%�� 6�!�*,+!&1 *,+���&)&#.+!/)%�( 1'.+/-
6�,+ *,+���&,*)&.+:.  

� )�7,.+1, 1�!:�!/,*'8 6�!�*,+!&1 6!� &6+�*�$�%�� 1'.+/6�9+ ",&*,+!�7,.)�, 6�-
!�*,+!' 6&6,!,7#&"& .,7,#�4 @�,*,#+� (#�6!�*,!, +&�A�#� .+,#)�), /$�&1'8 .&6!43,#�(
)&#.+!/)%�� � 2&6&�#�+,�:#'8 2,+��,(. 

� .�/7�, /3, !�$!�0&+�##'8 )&#.+!/)%�(, !�$*,!'2,+��,( #, 6&2�,3�+ �$*,#,#�9, 
6&.)&�:)/ @+& 6!�1,2=+ ) #,&08&2�*&.+� 6&�#&( 6!&!�0&+)� )&#.+!/)%��, . 6!,&0!�$&1�#�,*
)�) ,= "�0�!�+&1, +�) � 1�!��#+&1 .&,2�#,#�4 2,+��,(. � +�)�8 .�/7�48 &6+�*�$�%�9 *,+���&-
=*)&.+� 1&$*&3#& 6!&�$1&2�+: +&�:)& �$*,#44 +&�A�#/ .+,#)� 6!&���4. 

�!� �$"&+&1�,#�� *,+���&)&#.+!/)%�( 6!�*,#49+.4 .�,2/9A�, /#�1,!.��:#', 6!&-
����: 6!4*&/"&�:#', � )1�2!�+#', +!/0', � +�)3, +!/0' )!/"�&"& .,7,#�4. �!�*,#,#�, +�)&-
"& .&!+�*,#+� .,7,#�( &81�+'1�,+ &0��.+� �$"&+&1�,#�4 )�!)�.#'8 $2�#�( � .&&!/3,#�(, �1-
+&0/.&- � �1+&*&0��,.+!&,#�,, �$"&+&1�,#�, .,�:8&$+,8#�)�. 

� .&1!,*,##'8 /.�&1�48 %,#� *�+,!���� *&3,+ �$*,#4+:.4 &+ 6&.+�1)� ) 6&.+�1),, 6&-
@+&*/ )&#.+!/)+&!/ 6!�8&2�+.4 !,5�+: $�2�7/ &6+�*�$�%�� #,.)&�:)& !�$. �,$/�:+�+ +�)�8
!�.7=+&1 – !�$!,5,#�, #� 6!�*,#,#�, *�+,!����. 

� @+&* .�/7�, *&3#& 6!,2�&3�+: .�,2/9A/9 6&.�,2&1�+,�:#&.+: 1'0&!� *�+,!����
[4]: 

1) �� &.#&1�#�� �$1,.+#&"& 2&6/.)�,*&"& #�6!43,#�4 *�+,!���� � .,7,#�4 6!�*,#4,-
*&"& 6!&���4, &6!,2,�4,* 6!,2,�:#', #�"!/$)� 1&.6!�#�*�,*', �*. 

2) ��2�15�.: !�..7�+�##'*� $#�7,#�4*� #�"!/$&), &6!,2,�4,* +!,0/,*&, .,7,#�,
6!&���4 2�4 #&1&"& (#, �.6&�:$/,*&"& 1 )&#.+!/)%��) *�+,!����. 

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

��4 .,7,#�(, �*,9A�8 21, &.� .�**,+!�� � +&7)�, &2#&1!,*,##& #��0&�,, /2��=##',
&+ &0,�8 "��1#'8 &.,(, &6�.#&( 2�4 6!&���4 �$ 6��.+�7#&"& *�+,!���� 41�4,+.4 +� �$ /"�&1'8
+&7,), 1 )&+&!&( $#�)� #�6!43,#�(, .&&+1,+.+1/9A�8 1.,* +!=* .��&1'* ��)+&!�* (6!&2&�:-
#�4 .��� (Nz), 6&6,!,7#�4 .��� (Qy ��� Qx), �$"�0�9A�( *&*,#+ (,y ��� ,x) .&16�2�9+.

��..*�+!�1�,* .&1*,.+#&, 2,(.+1�, �$"�0� � !�.+43,#�4, +& ,.+: Qy = 0 � Qx = 0, +.). 
6&6,!,7#�4 .��� 6!� !�.7=+�8 #� 6!&7#&.+: #, /7�+'1�,+.4 [4]. 

�.�&1�, 6!&7#&.+�: 

Omax = 
A

Nz  + 
x

x

W

M
 + 

y

y

W

M
E [O],           (2) 

"2, � – 6�&A�2: 6&6,!,7#&"& .,7,#�4; 
Wx � Wy – &.,1', *&*,#+' .&6!&+�1�,#�4; 
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[O] – 2&6/.)�,*&, #�6!43,#�,. 
�&.)&�:)/ 1'!�3,#�4 2�4 ",&*,+!�7,.)�8 8�!�)+,!�.+�) 6!�1&24+.4 1 .6!�1&7#�)�8

[5] 2�4 .!,2#,"& 2��*,+!� 6!&���4, +& 2�4 /2&0.+1� 6!,2.+�1�* �8 7,!,$ ",&*,+!�7,.)�, !�$-
*,!' 6!�1&2�*', 1 &0&$#�7,#�� 6!&���4. 

��..*&+!�* /6!&A=##&, 6&6,!,7#&, .,7,#�4 6!4*&/"&�:#&( +!/0' 1 1�2, 6&�&"& +&#-
)&.+,##&"& 6!4*&/"&�:#�)�. �&"2� 6�&A�2: 6&6,!,7#&"& .,7,#�4 &6!,2,��* )�): 

� = 2b · s + 2a · s – 4s2,                                    (3) 
� &.,1', *&*,#+' .&6!&+�1�,#�4 .&&+1,+.+1,##&: 

Wx= 
( )

3

2sbs − ( )
( ) ��

�

�
��
�

�
+

−

−
13

sb

sa
;                                    (4) 

Wy= 
( )

3

2sas − ( )
( ) ��

�

�
��
�

�
+

−

−
13

sa

sb
.                                  (5) 

��..*&+!�* 6&6,!,7#&, .,7,#�4 )!/"�&( +!/0' 1 1�2, +&#)&.+,##&"& )&�:%�. �&"2�
6�&A�2: 6&6,!,7#&"& .,7,#�4 &6!,2,��* )�): 

� = - · s(D – s),                                        (6) 

Wx = Wy= 
4

)( 2sDs −⋅π
.                                (7) 

��2�15�.: #&1'* *�+,!���&*, ,"& *,8�#�7,.)�*� 8�!�)+,!�.+�)�*�, � $#�4 6!,2,�:-
#', #�"!/$)�, 1&.6!�#�*�,*', �.8&2#'* *�+,!���&*, 6& 1'!�3,#�4* (1) – (6) &6!,2,�4,*
!�$*,!' #�$#�7�,*&"& 6!&���4. 

�$ @+&"& 6&�/7�* !�$��7#', .&7,+�#�4 "�0�!�+&1 6!&���4 � ,"& +&�A�#'. 	)&#7�-
+,�:#'( 1�!��#+ 1'0�!�,+ )&#.+!/)+&! 6& )!�+,!�9 *�#�*��:#&( *�..' 1 .&7,+�#�� . /2&0-
.+1&* @).6�/�+�%�� � �$"&+&1�,#�4. 

�!� &6+�*�$�%�� /3, !�$!�0&+�##'8 )&#.+!/)%�(, "2, 1'.&+� � 5�!�#� 6!&���4 $�2�-
#' 1 .�/7�, �.6&�:$&1�#�4 +!/0 6!4*&/"&�:#&"& .,7,#�4, ��� 2��*,+!, 1 .�/7�, )!/"�&"& .,-
7,#�4 (!�./#&) 1), &6!,2,�4,* +&�:)& +&�A�#/ .+,#)� 6!&���4. �!�#�*�,* *�).�*��:#'(
!�$*,! +&�A�#' .+,#)�, &)!/"�44 !�..7�+�##&, $#�7,#�, 2& 0��3�(5,"& 0&�:5,"& �$ !42�
.+�#2�!+#'8 2�##'8 2�4 .&&+1,+.+1/9A,"& 6!&���4 [2]. 

�!�*,#,#�, )&*6:9+,!#'8 +,8#&�&"�( $#�7�+,�:#& !�.5�!4,+ 1&$*&3#&.+� 1'7�.��-
+,�:#&"& @).6,!�*,#+�, 7+&, 1 7�.+#&.+�, 2�,+ 1&$*&3#&.+: �$ *#&3,.+1� 1�!��#+&1 +,8#&�&-
"�� 1'0!�+: #��0&�,, 6&28&24A/9 ��� 6!&"#&$�!&1�+: !,$/�:+�+ [1, 6]. 

�,���$�%�4 6!,2.+�1�,##&( 6&.�,2&1�+,�:#&.+� 1'0&!� *�+,!���� 1 1�2, )��:)/�4+&!�
./A,.+1,##& &0�,"7�,+ !�0&+/ )&#.+!/)+&!�. 

��0&+� . )��:)/�4+&!&* 6!,26&��"�,+ 1#,.,#�, !�$*,!&1 .,7,#�4 6!�*,#4,*'8 6!&��-
�,( � *�!&) .!�1#�1�,*'8 *�+,!���&1. �'8&2#'*� 6�!�*,+!�*� 41�49+.4 +&�A�#� 6!&���4
#&1&"& *�+,!���� 6!� &6+�*�$�%�� /3, !�$!�0&+�##'8 )&#.+!/)%�(, � #�0&! �&!* !�$��7#'8
6!&���,(, . /)�$�#�,* �8 ",&*,+!�7,.)�8 !�$*,!&1 6!� !�$!�0&+), #&1&( )&#.+!/)%��. 

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

1'8 +,8#&�&"�( 1 *�5�#&.+!&�+,�:#&* 6!&�$1&2.+1, / �.�. �1��&1, �.	. ��*�#.)�4, �.�. 
�!/.&1� // �&1!,*,##', 6!&0�,*' #�/)� � &0!�$&1�#�4. – 2013. – C 3; www.science-
education.ru/109-9183 (2�+� &0!�A,#�4: 10.11.2013). 

2 �&�:$,,1 �.�. 	.#&1' *,+����7,.)�8 )&#.+!/)%�(: /7,0. 6&.&0�, / �.�. �&�:$,,1, 
�.�.  ��!�(. – �&1&.�0�!.): �����, 2001. – 80 .. 

3 �,+&2' &6+�*�$�%�� ",&*,+!�7,.)�8 6�!�*,+!&1 @�,*,#+&1 *,+���&)&#.+!/)%�(
)!�#&1. –URL: http://sapianov.narod.ru/(2�+� &0!�A,#�4: 17.01.2014) 

4 �/2!45&1� �. �. �&1,!5,#.+1&1�#�, *,+&2�)� 1'0&!� *�+,!���� / �. �. �/2!45&1�, 
�. �. �/$9+)�#�, �. �. �1��&1 // XVIII �,"�&#��:#�4 )&#�,!,#%�4 *&�&2'8 �..�,2&1�+,�,(
�&�"&"!�2.)&( &0��.+�: +,$�.' 2&)��2&1 (�&�"&"!�2, 5–8 #&40!4 2013 ".). – �&�"&"!�2, 2013. – 
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� 121–122. 
5 �/)&1&2.+1& ) !,5,#�9 $�2�7 6& .&6!&+�1�,#�9 *�+,!���&1: /7,0. 6&.&0�, 2�4 1/$&1

/ 6&2 !,2. �. �. ��#�#�. – 3-, �$2. – �.: �'.5. 5)., 2001. – 592 .. 
6 �!�%�,! �.�. �!�*,#,#�, 6!&"!�**#'8 .!,2.+1 2�4 &!"�#�$�%�� .1�!&7#&"& 6!&�$-

1&2.+1� / �.�. �!�%�,!, �.�. �1��&1, �.	. ��*�#.)�4 // �$��*&2,(.+1�, 6!,26!�4+�( � 1/$&1
6& 6&1'5,#�9 @��,)+�1#&.+� 6!&�$1&2.+1�, /6!�1�,#�4 � �##&1�%�&##&( 2,4+,�:#&.+�: .0. 
2&)�. VIII *,3!,"�&#. #�/7.-6!�)+. )&#�. (�&�3.)�(, 17–18 �6!. 2012 ".). – �&�"&"!�2, 2012. – 
C. 62–65. 
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��..*�+!�1�9+.4 6!&0�,*' .)1&$#&"& 6!&,)+�!&1�#�4 $�"&+&1&) )&�,% 6&25�6#�)&1 � �8  5+�*6&1&7-
#&( &.#�.+)� #� 7,+'!=86&$�%�&##&* "&!47,5+�*6&1&7#&* �1+&*�+, �-324. 

The problems of analysis and design workpieces bearing races and equipment on the four-hot-stamping machine 
L-324. 

�&�:%� 6&25�6#�)&1 �$"&+&1�49+ 1 &.#&1#&* �$ 21/8 1�2&1 �.8&2#'8 6!&���,( *,-
+����: 6!/+)&1 � +!/0. � $�1�.�*&.+� &+ �.8&2#&( $�"&+&1)� � )&#��"/!�%�� )&�,% 6!�*,#4-
9+ .�,2/9A�, *,+&2' �$"&+&1�,#�4 )&�,% 6&25�6#�)&1: 5+�*6&1)� #� "&!�$&#+��:#&-
)&1&7#'8 *�5�#�8 (���), 5+�*6&1)� #� 6!,..�8 6&�/�1+&*�+�7,.)&( ��#�� � #� *#&"&6&$�-
%�&##'8 "&!47,5+�*6&1&7#'8 �1+&*�+�8, .1&0&2#�4 )&1)� � !�.)�+)�, "&!47�4 5+�*6&1)� #�
*&�&+�8, 8&�&2#�4 5+�*6&1)� �$ 6&�&.',  �$"&+&1�,#�, �$ +!/0 � 6!/+)� � 2.!. ��*'*
6!&�$1&2�+,�:#'* .6&.&0&* 6&�/7,#�4 5+�*6&1�##'8 $�"&+&1&) )&�,% 6&25�6#�)&1 41�4,+-
.4 5+�*6&1)� #� "&!47,5+�*6&1&7#'8 �1+&*�+�8 (�1+&*�+�7,.)�8 ��#�48). �� .&1!,*,##'8
6!,26!�4+�48 #���3,#& 6!&�$1&2.+1& 6�!#'8 $�"&+&1&) )&�,% 6&25�6#�)&1 –  +�) #�$'1�,-
*'8 «0�5,##'8» 6&)&1&). «
�5,##&(» #�$'1�,+.4 6&)&1)� 1 .&.+�1,, 6& )!�(#,( *,!,, 21/8
$�"&+&1&) )&�,%, )&+&!', 6&.�, %�)�� 5+�*6&1)� *&"/+ 1'8&2�+: �$ �1+&*�+� 1 !�$2,�,##&*
.&.+&4#��, ��0& 1 1�2, )&*6�,)+�, 6&2�,3�A,"& !�$2,�,#�9 1 6!&%,.., 2��:#,(5,( +&)�!#&(
&0!�0&+)�. «
�5,##�4» $�"&+&1)� 6&�/7�,+.4 $� 4 6,!,8&2�. 

�,!,2 1#,2!,#�,* #&1&"& +�6� 6&25�6#�)� #/3#& 6!&�$1,.+� .�&3#'( !�.7=+ $�"&-
+&1)� 2�4 5+�*6&1)� � 6!&,)+�!&1�#�, 5+�*6&1&7#&( &.#�.+)�. � #�.+&4A,, 1!,*4 @+& 6!&-
�$1&2�+.4 1 !/7#/9, 7+& ./A,.+1,##& &"!�#�7�1�,+ &6,!�+�1#&.+: !�.5�!,#�4 #&*,#)��+/!'
6&25�6#�)&1. 	.#&1#�4 $�2�7�, )&+&!�4 .+&�+ 6,!,2 1.,*� 6!&�$1&2�+,�4*� – .@)&#&*�+:
1!,*4 � &6+�*�$�!&1�+: $�+!�+' #� 1'6&�#,#�, !�0&+. �!� @+&* $�2�##', +,8#�7,.)�, 8�!�)-
+,!�.+�)� � .,0,.+&�*&.+: 6!&2/)+� 2&�3#' &.+�1�+:.4 #,�$*,##'*�. 

	2#�* �$ &.#&1#'8 #�6!�1�,#�( !�$1�+�4 �1+&*�+�$�%�� +,8#&�&"�� *�5�#&.+!&,#�4
41�4,+.4 1#,2!,#�, .�.+,* �1+&*�+�$�!&1�##&"& 6!&,)+�!&1�#�4 (����), )&+&!', &0,.6,7�-
1�9+ .)1&$#&, 6!&,)+�!&1�#�, �$2,��4. 

��#,, 0'� !�$!�0&+�# 6!&"!�**#'( )&*6�,). «��.7,+ 6,!,8&2&1» #� 4$'), 6!&"!�**�-
!&1�#�4 Delphi 7, . 6&*&A:9 )&+&!&"& /2��&.: �1+&*�+�$�!&1�+: !�$!�0&+)/ +,8#&�&"�7,.)&-
"& 6!&%,..� 6&�/7,#�4 .6�!,##'8 $�"&+&1&) *,+&2&* 6��.+�7,.)&"& 2,�&!*�!&1�#�4 #� �1+&-
*�+�7,.)�8 ��#�48. � 6&*&A:9 6!&"!�**#&"& )&*6�,).� «��.7,+ 6,!,8&2&1» *&3#& 6&�/-
7�+: #, +&�:)& !�.7=+#', !�$*,!' $�"&+&1&) 6&25�6#�)�, #& � .!�$/ 6&�/7�+: "&+&1'( 7,!-
+=3 6,!,8&2&1 5+�*6&1)� 2�4 7,+'!,86&$�%�&##&"& "&!47,5+�*6&1&7#&"& �1+&*�+� �-309 1
.�.+,*, �1+&*�+�$�!&1�##&"& 6!&,)+�!&1�#�4 � 7,!7,#�4, !�$!�0&+�##�4 )&*6�#�,( Autodesk
– AutoCAD. 	#� 41�4,+.4 #��0&�,, !�.6!&.+!�#=##&( 1 *�!,, 7+& &0�,"7�,+ �#+,"!�%�9. �#�-
1,!.��:#&.+: .�.+,*' AutoCAD 6&$1&�4,+ "&+&1', 7,!+,3� �*6&!+�!&1�+: 1 2!/"�, .�.+,*', 
#�6!�*,!, 1 5�!&)& !�.6!&.+!�#=##'( 1 �&..��, 6!&2/)+ )&*6�#�� ���	� – �	����-3D. 
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�& 6&�/7,##'* 7,!+,3�* 6,!,8&2&1 5+�*6&1)� 1 2��:#,(5,* �$"&+�1��1�9+.4 5+�*6' 2�4
�1+&*�+�7,.)&( ��#��. 

�� &.#&1�#�� 6!&"!�**#&"& )&*6�,).� «��.7,+ 6,!,8&2&1» 0'� .&$2�# 6!&"!�**#'(
)&*6�,). #� 4$'), 6!&"!�**�!&1�#�4 Delphi 7, . 6&*&A:9 )&+&!&"& /2��&.: �1+&*�+�$�!&-
1�+: !�$!�0&+)/ )&#.+!/)+&!.)&( 2&)/*,#+�%�� �#.+!/*,#+&1 5+�*6&1&7#&( &.#�.+)� �1+&-
*�+�7,.)&( ��#�� �-324 2�4 6!&�$1&2.+1� $�"&+&1&) )&�,% 6&25�6#�)&1. � 6&*&A:9 2�##&"&
6!&"!�**#&"& )&*6�,).� *&3#& 7,!+,3 6,!,8&2&1 5+�*6&1)�, 6&�/7,##'( 1 6!&"!�**#&*
)&*6�,)., «��.7,+ 6,!,8&2&1», 6!,&0!�$&1�+: 1 7,!+,3 "&+&1&"& �#.+!/*,#+� 2�4 5+�*6&1)�. 

�,$/�:+�+&* !�0&+' 6!&"!�**' 41�4,+.4 ��(�, 1 )&+&!&* .&2,!3�+.4 6!&"!�**#'(
)&2, #�6�.�##'( #� 4$'), AutoLISP, 6!&�$1&24A�( 6&.+!&,#�, 7,!+,3,( 2,+��,( 5+�*6&1&7-
#&( &.#�.+)� 2�4 6!&�$1&2.+1� $�"&+&1&) )&�,% 6&25�6#�)&1. -+&+ )&2 �.6&�#4,+.4 1 .�.+,*,
�1+&*�+�$�!&1�##&"& 6!&,)+�!&1�#�4 � 7,!7,#�4, !�$!�0&+�##&( )&*6�#�,( Autodesk – 
AutoCAD.  


��"&2�!4 �1+&*�+�$�!&1�##&*/ .6&.&0/ !�.7=+� 6&.+!&,#�9 7,!+,3,( *&3#& ./A,.+-
1,##& .&)!�+�+: 1!,*4 !�$!�0&+)� #&1'8 1�2&1 6&)&1&) )&�,% 6&25�6#�)&1. ��.7,+ @)&#&*�-
7,.)&( @��,)+�1#&.+� &+ 1#,2!,#�4 )&*6�,).� ���� 2�4 +,8#&�&"�7,.)&( 6&2"&+&1)� 6!&�$-
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6�+��:#'8 1�&3,#�( .&.+�1�+ 2"&2� � 2 *,.4%�. 
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