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THERMAL TREATMENT INFLUENCE WITH STRUCTURE AND PROPERTIES OF STEEL �� 15 (100Cr6) 

AFTER SURFACIAL PLASTIC DEFORMATION 
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�-�0 , �1*+$��0  

 
Abstract: There is studied thermal treatment influence with structural alterations and properties, as a result of burnishing of passage 
opening of steel die from hardened in advance steel �� 15 (100Cr6). Results of carried investigation for pointed out steel are concerned to 
obtained deformation hardening zone (after surfacial plastic deformation) depend on its carried in advance thermal treatment. 
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1. ����  
 
�2�/."$��0($  .1#  -�2�.� -#!)$��,��(!  /"�3/("$  �$  

��/(�&#!�($*��(!  /(�#$�� , �24�*2&"$��  2$ /(&�!��  4*$/(�,��  
�!-��#��$�! , /$: - "�/�.$  ("1���/(  (�!�%)���#$($  #���#$*�$  
("1���/(  !  56-60 HRC); - "�/�.$  0.�/( , &�$��$   �*$"�/(  �  
/14��(�"*!��!  /�!5&  .�!).�  �$2�&'$"$�!  �  &#��$ ; - 
(�4*�&/(�3,�"�/(  "  ��(!�"$*$  400-500� 
  �  4� -"�/�.�  
/14��(�"*!��!  �$  #$(!��$*$  /�!5&  /#$,."$�!  �*�  
�!-��#��$�!  �$  �$%�(��(!  4�"1�)��/(�  [2], [4]. 

�$,!/("�(�  �$  4���2"!�!��(!  ("1���  ��2��$��  
*!.$�/("!��  -��#�  4��  4�!/�"$�!  �$  +�(�"$  +�$�&*�$  /#!/  �$  
($%*!(��  4�!/�  /!  �4�!�!*0  �/��"��  �(  �2��/�&/(�3,�"�/(($ , 
("1���/(($ , (�,��/(($  �  +*$�.�/(($  �$  4��)����0  �("��  �$  
($%*!(�$($  #$(���$ . �2�/."$��0($  .1#  ($%*!(�$($  #$(���$  �(  
*$+!��$  /(�#$�$  �� 15 – ��
  12731-75 (100Cr6 – EN ISO 683-
17) /$, .$.(�  /*!�"$ : ("1���/(  �$  �("��$  58-60 HRC (700-775 
HV1); ��4&/.�  �$  "1(�!'��0  �("��  +0.015/0.020 ## ; 
#$./�#$*�$  /(�3��/(  �$  /�!���(�  $��(#!(�,��  �(.*��!��!  �$  
4��-�*$  �(  /�!��$($  *���0  (+�$4$"�/( ) Ra = 0.16 6m.  

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

7!*($  �$  �$/(�05$($  �$%�($ !  �2/*!�"$�!  "*�0��!(�  �$  
�! �#$  �$  (!�#��%�$%�("$�!  "1�)&  4��#!��(!  �$  /(�&.(&�$($  
�  /"�3/("$($ , �!2&*($(  �(  4�/(�+�$(�(�  �!-��#$������  
&0.,$"$�!  ,�!2  4�"1�)��/(��  4*$/(�,��  �!-��#��$�! , 4��  
.$*�%��"$�!  �$  4��)��!�  �("��  "  ($%*!(�$  #$(���$  �(  
4�!�"$��(!*��  2$.$*!�$  *$+!��$  /(�#$�$  �� 15. 

	!(���.�(!  2$ 4��"! �$�!  �$  �2/*!�"$�!(�  ".*8,"$( : - 
#!($*�+�$-/.�  $�$*�2  �$  /(�&.(&�$($  �$  �2/*!�"$��(!  �%�$2�� ; 
- �24�("$�!  �$  ("1���/( , /�!��$  (,!*�� ) �  4�/(��0"$�!  �$  
4��-�*�  �$  ("1���/(($  /*!�  �%�$%�(.$ �$  �("��$  ((!�#�,��  
�%�$%�("$�!  �  �!-��#$������  4��(!+*0�! ); - �2#!�"$�!  �$  
+�$4$"�/(($  �$  �("���(! , �$2#!�  �$  +�$4$"���(!  �  .*$/  �$  
+�$4$"�/( . 
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�! �#�(!  2$ (!�#��%�$%�("$�!  �$  �2%�$�$($ /(�#$�$  

�%)"$5$( : - ���#$*�2$��0  2$ �(/(�$�0"$�!  �$  �!!��������/(($  
�$  4!�*�($ , .$.(�  �  2$ �$2("$�0�!  �$  .$�%���$($  #�! $  �(  
�2)���$($  /(�&.(&�$  – ".*8,"$5$  �$+�0"$�!  ��  880� 
 , 

2$�1� $�!  �  �)*$ �$�!  �$  /4�.�!�  "12�&)  (2$5�($  �(  
�%!2"1+*!���0"$�! ); - �(+�0"$�!  2$ 4�*&,$"$�!  �$  
��!%��21��!/(  �  /��%�(�4���%!�  4!�*�(  – ".*8,"$5$  
�$+�0"$�!  ��  800� 
 , 2$�1� $�!  �  �)*$ �$�!  /  4!5($  ��  600� 
 , 
/*!�"$5�  �)*$ �$�!  �$  "12�&)  (2$5�($  �(  �%!2"1+*!���0"$�! ); 
- 2$.$*0"$�!  2$ 4�*&,$"$�!  �$  ��!%���+*!/(  �*�  %!2/(�&.(&�!�  
#$�(!�2�(  /  �$"��#!���  �$24�*� !��  +*�%&*$���  .$�%���  – 
".*8,"$5�  �$+�0"$�!  ��  840� 
 , 2$�1� $�!  �  �)*$ �$�!  "  
#��!�$*��  #$/*� ; - ��/.�(!#4!�$(&���  �("�15$�!  2$ 
�("�15$�!  �$  #$�(!�2�($  �  4�*&,$"$�!  �$  �("1��$(  #$�(!�2�( , 
��!%��21��!/(  +*�%&*0�!�  +�$-�(  �  �/($(1,!�  $&/(!��(  (��  
280-300� 
 ) – ".*8,"$5�  �$+�0"$�!  ��  �0.�*.�  �! �#$  (150� 
 , 
200� 
 , 250� 
  �  300� 
 ), 2$�1� $�!  �  �)*$ �$�!  �$  "12�&) . 

��!�"��!��(!  �! �#�  �$  �(�15$�!  /$ �4�!�!*�*�  
/*!��$($  ("1���/(  �$  (�2�  "��  /(�#$�$  [3]: - 4��  150� 
  – 61-62 
HRC (800-840 HV); - 4��  200� 
  – 58-59 HRC (700-750 HV); - 
4��  250� 
  – 54-56.5 HRC (620-660 HV); - 4��  300� 
  – 51-53 
HRC (550-600 HV). �!�#�,�$($  �%�$%�(.$ !  �2"1�'!�$  "  
*$%��$(���$  .$#!��$  !*!.(��4!5  /  4��+�$#��  &4�$"*!��!  
“Naberterm N11/NR”. 

���  �2/*!�"$�!(�  /$ �24�*2&"$��  6 (�4$  4��%�  
(#!)$��,��  �%�$%�(!��  ($%*!(��  #$(���� ), .��(�  /$ 
4��*� !��  �$  /*!��$($  (!�#�,�$  �%�$%�(.$ �  4*$/(�,�$  
�!-��#$��0 : - 4��%$ 9 1 – �2)����  /1/(�0��!  /  ("1���/(  218-
219 HV1, %!2 (!�#��%�$%�("$�!  �  �����"$�! ; - 4��%$ 9 2 – 
�2)���$  /(�&.(&�$  /  ("1���/(  214-219 HV1, �����"$�$  %!2 
(!�#��%�$%�(.$ ; - 4��%$ 9 3 – (!�#��%�$%�(!�$  (���#$*�2$��0 , 
�(+�0"$�! , 2$.$*0"$�! , �("�15$�!  4��  150� 
 ) /  ("1���/(  805-
839 HV1, %!2 �!-��#$������  .$*�%��"$�! ; - 4��%$ 9 4 – 
(!�#��%�$%�(!�$  (���#$*�2$��0 , �(+�0"$�! , 2$.$*0"$�! , 
�("�15$�!  4��  200� 
 ) /  ("1���/(  699-736 HV1, %!2 
�!-��#$������  .$*�%��"$�! ; - 4��%$ 9 5: – 5$ 
(!�#��%�$%�(!�$  (���#$*�2$��0 , �(+�0"$�! , 2$.$*0"$�! , 
�("�15$�!  4��  250� 
 ) /  ("1���/(  636-660 HV1, - 5% �����"$�$  
/*!�  (!�#��%�$%�(.$($ ; - 4��%$ 9 6: – 6$ (!�#��%�$%�(!�$  
(���#$*�2$��0 , �(+�0"$�! , 2$.$*0"$�! , �("�15$�!  4��  300� 
 ) /  
("1���/(  536-567 HV1, - 6% �����"$�$  /*!�  (!�#��%�$%�(.$($ . 

�/�%!��/(�(!  �$  4���!/$  �$  �����"$�! /4��(!+*0�!  
(/(&�!�$  4*$/(�,�$  �!-��#$��0  �$  4��)��!�  �("��  ,�!2  
�!-��#��$5  ��/(�&#!�( ) 4�!�4�*$+$(  �!$*�2��$�!(�  #& /$#�  
4��  ("1���/(  �$  �!-��#��$��0  #$(!��$*  "  �4�!�!*!��  
+�$���� . �2#!�!�$($  ("1���/(  �$  �2)����(!  �%�$2��  �4�!�!*0  
"12#� ��  �����"$�!  /$#�  4��  4��%�  /  (!�#�,�$  �%�$%�(.$ �(  
(�4$  9 2, 9 5 �  9 6, .��(�  /$ �  �2/*!�"$��  "  �$%�($($. 

 
 
 



3. ���
����
���	  
�
�	�  
 
�4(�,��0(  #!($*�+�$-/.�  $�$*�2  �$  �2/*!�"$��(!  

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

 
��+ . 1. ���#$  �  �$2#!��  �$  �4$.�"$��0  '*�- :  
1 – 4�*&"(&*.$ ; 2 – �$"����  �$  �$2�02"$�! ; 3 – �$"���$  �$  

'*�-$ ; 4 – �4$.�"$�  '*�- ; 5 – �$2�!2  �$  �4$.�"$��0  '*�- . 

�$  #!($*�+�$-/.�(!  /��#.�  /$ 4�.$2$��  
#�.��/(�&.(&��(!  �$  �2/*!�"$��(!  �%�$2�� : -�+ . 2 – /(�&.(&�$  
�$  #$(!��$*$  �(  4��%$ 9 2 /*!�  �����"$�! , %!2 (!�#��%�$%�(.$ ; 
-�+ . 3 – /(�&.(&�$  �$  #$(!��$*$  �(  4��%$ 9 5 /*!�  
(!�#��%�$%�(.$  (2$.$*0"$�!  �(  840� 
  "  #$/*� , �("�15$�!  4��  
250� 
 ) �  /*!�"$5�  �����"$�! ; -�+ . 4 – /(�&.(&�$  �$  #$(!��$*$  
�(  4��%$ 9 6 /*!�  (!�#��%�$%�(.$  (2$.$*0"$�!  �(  840� 
 , 
�("�15$�!  4��  300� 
 ) �  �����"$�! . 

	�.��/(�&.(&���0(  $�$*�2  �$  �2)���$($  /(�&.(&�$  (-�+ . 
2.$ – /(�&.(&�$  "  /�!�$($  �$  #$(���$($ ) 4�.$2"$  /#!/  �(  21��!/(  
�  ��!%��4*$/(��,$(  (/��%�(�4���%!� ) 4!�*�( , .$.(�  �  /*$%� 
/*!��  �(  .$�%���$  #�! $ . �  4�"1�)��/(��0  /*�3  �$  (��.�$(��  
�����"$��0  �("��  (-�+ . 2.% – 2��$  /  �1*%�,��$  #! �&  0.2 �  0.3 
##  �(  4�"1�)��/(($  �$  (�"$�$ ) /!  �$%*8�$"$  �2"!/(�$  
�"�,!/(�/(  �$  /(�&.(&�$($ . �13  .$(�  "  �2)����  /1/(�0��!  �$  
/(�#$�$($  �!  !  .��/($(��$�$  .$�%���$  *�."$��0 , "12#� ��  !  
($2�  �"�,!/(�/(  �$  /!  �1* �  �$  *�.$*��(�  4*$/(�,��  
�!-��#��$�!  �$  4�"1�)��/(��0  /*�3  "  �!2&*($(  �$  
.$*�%��"$�!(� . 

 

$) �$  0,1-0,2 mm �(  
4�"1�)��/(($  �$  �("��$  )  1000; 

%) �$  2,5 mm �(  
4�"1�)��/(($  �$  �("��$  )  1000 

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

�  #�.��/(�&.(&�$($  �$  (!�#��%�$%�(!��( e �  
�!�!-��#��$��  2���  (-�+ . 9 3.% �  9 4.%) 4�!�%*$�$"$  
��!%���+*!/(  (%!2/(�&.(&�!� ) #$�(!�2�(  (�("1��$( ), 
-�����/4!�/!�  +*�%&*$�!�  *!+��$�  �!#!�(�(  (Fe,Cr)3C �  /*!��  
�(  �/($(1,!�  $&/(!��( . 
(�&.(&�$($  !  �$"��#!��$  �  %!2 "���#�  
�$2*�.� , .�!(�  4�.$2"$  ,!  !  �!$*�2��$�$  41*�$  4��.$*0!#�/(  �$  
/!,!��!(� . 

	�.��/(�&.(&�$($  �$  (!�#��%�$%�(!��(!  �  4��(!+*!��  
2���  (-�+ . 3.$ �  -�+ . 4.$) "���#�  �!  /!  �$2*�,$"$(  /�*��  �(  
(!�#��%�$%�(!��(!  %!2 �����"$�!  &,$/(1��  (-�+ . 3.% �  
-�+ . 4.%), (13 .$(�  4��$��  �24�*2&"$��(�  4��0"0"$�!  �  
&"!*�,!��!  ��!%���+*!/(�0(  #$�(!�2�(  �!  !  0/��  �$2*�,�#  �(  
�/($(1,��0  $&/(!��( . �!$*��(!  /(�3��/(�  �$  �/($(1,��0  
$&/(!��(  #�+$(  �$  %1�$( &/($��"!��  .�*�,!/("!��  !�"$  /*!�  
4��"! �$�!  �$  �!�+!��/(�&.(&�!�  $�$*�2 . 
(�&.(&�$($  �$  
#$(!��$*$  �%$,!  "���#�  !  �!�$"��#!��$ , .$(�  "  /1��!"��$($  

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

 

$) �$  0,1-0,2 mm �(  
4�"1�)��/(($  �$  �("��$  )  1000; 

%) �$  2,5 mm �(  
4�"1�)��/(($  �$  �("��$  )  1000 

��+ . 3 
(�&.(&�$  /*!�  (!�#��%�$%�(.$  (2$.$*0"$�! , 
�("�15$�!  4��  250� 
 ) �  �����"$�!  

���  �24�*2&"$�$($  #!(���.$  !  "���#$  /$#�  �2"!/(�$  
.$,!/("!�$  �$2*�.$  "  2$/!+�$(�0  �(  /(&�!�$($  4*$/(�,�$  
�!-��#$��0  (1�1.  4�"1�)��/(!�  /*�3  (-�+ . 3.$ �  -�+ . 4.$), 
��.$(�  "  /�!�$($  �$  #$(!��$*$  �#$  41*��  /1"4$�$�!  �$  
/(�&.(&��(!  �$  �!-��#��$��(!  /  (!�#��%�$%�(!��(!  �  
�!4��(!+*!��  4��%� . 

$) �$  0,1-0,2 mm �(  
4�"1�)��/(($  �$  �("��$  )  1000; 

%) �$  2,5 mm �(  
4�"1�)��/(($  �$  �("��$  )  1000 

��+ . 4 
(�&.(&�$  /*!�  (!�#��%�$%�(.$  (2$.$*0"$�! , 
�("�15$�!  4��  300� 
 ) �  �����"$�!  
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��!��  �!-��#��$�!  !  �4�!�!*!�$  /�!��$($  ("1���/(  �$  

4��%$($, $ 4��-�*�(!  �$  ("1���/(($  /!  4�/(��0"$(  /*!�  
�����"$�!  (("1���#!�  „Zwick Materialprufung” Mod. 3212) ,�!2  
�24�("$�!  4�  #!(��$  �$  ��.!�/ . ������4�$($  /)!#$  �$  
�24�("$�!(�  �$  ("1���/(  !  �$�!�$  �$  -�+ .5, $ �$24�*� !��!(�  
�$  �(4!,$(1��(!  2$ 4�/(��0"$�!  �$  4��-�*$  �$  ("1���/(($  – �$  
-�+ . 6. 


�!��$($  ("1���/(  �$  ,!*�$($  4�"1�)��/(  �$  
�!4��(!+*!��(!  ($%*!(��  #$(����  /!  �4�!�!*0  �(  �!2&*($(�(!  
�(  4!(  �2#!�"$��0  /  �(4!,$(1�� , �$24�*� !��  �$  �$"��  
�$2/(�0��0  4�  ���#$*$  .1#  4�"1�)��/(($  �$  �("��$  �$  
#$(���$($ . ���-�*�(!  �$  ("1���/(($  �$  �����"$��(!  �%�$2��  
(4��%�  �(  9 2 ��  9 6) /!  /(��0(  �$  %$2$($ �$  �!2&*($(�  �(  
�2#!�"$�!(�  /1+*$/��  4�!�/($"!��(!  /)!#�  (-�+ . 5 �  -�+ . 6). :$  
"/0.$  �(  4��%�(!  /!  /(��0(  4�  (��  4��-�*$  "  �$"���$($  �$  
�$�*1 ��0  '*�-  – 4��-�*  9 1 – ��  +���$($  4�"1�)��/(  (�$  
�$2/(�0��!  1 ##  �(  �!0 ) - .�$!� ; 4��-�*  9 2 – �$  6 ##  �(  
,!*�(�  (1/4 �(  "�/�,��$($  �$  #$(���$($ ); 4��-�*  9 3 – "  
/�!�$($  �$  �%�$2!�$  (�$  12.5 ##  �(  ,!*�(�  #&) - /�!�!� . 

���(!���(!  �$  +�$4$"�/(($  /!  �4�!�!*0(  2$ 4��%$ 9 2 
(/*!�  �����"$�! ), 4��%�  99 5 �  6 (/*!�  (!�#��%�$%�("$�!  �  
�����"$�! ). 7!*($  !  �$  /!  �4�!�!*�  �$*�  /*!�  4�"1�)��/(��  
4*$/(�,��  �!-��#��$�!  (4�/(�+�$(�  ,�!2  .$*�%��"$�! ) /!  
�/�+&�0"$   !*$�$($  +�$4$"�/( , .$.(�  "  �!(!�#��%�$%�(!�$($ , 
($.$ �  "  (!�#��%�$%�(!��(!  #$(���� . :$  "/0.$  *���0  �$  
�2#!�"$�!  /!  �4�!�!*0  4�  !��$  /(�3��/(  �$  .��(!���(!  �$  
+�$4$"�/( : – /�!���  $��(#!(�,��  �(.*��!��!  Ra �$  4��-�*$  �(  
/�!��$($  *���0 , "�/�,��$($  �$  +�$4$"���(!  Rz �  #$./�#$*�$($  
"�/�,��$  �$  +�$4$"���(!  Rzmax. 
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)!#$  �$  
�24�("$�!(�  �$  
("1���/(  

 
��+ . 6 �$24�*� !��!  �$  (�,.�(!  �$  �24�("$�!  4��  

4�/(��0"$�!  4��-�*�(!  �$  ("1���/(($  

�!2&*($(�(!  �(  �2#!�"$�!(�  �$  4��%$ 9 2 /$ 4�.$2$��  "  
($%*. 1; �$  4��%$ 9 5 – "  ($%*. 3; �$  4��%$ 9  6 – "  ($%*. 4. 
���-�*�(!  �$  ("1���/(($  2$ "/0.$  �(  4��%�(!  /$ 4�/(��!��  �$  
/*!�"$5�(!  +�$-�.� :  2$ 4��%$ 9 2 – �$  -�+ . 7; 2$ 4��%$ 9 5 – 
�$  -�+ . 8; 2$ 4��%$ 9  6 – �$  -�+ . 9. �13  .$(�  4��-�*�  9 2 �  9 3 
4�$.(�,!/.�  /1"4$�$( , (!  �!  /$ 4�.$2$�� . 

4.1. �������� , ��
�
����  	  ����	�	  �
  ���������
  �
  
����
  � 2 ����  ������
�� , ���  ��������
����
  

 
�$%*. 1 �"1���/(  /*!�  �����"$�!  (%!2 (!�#��%�$%�(.$ ) 

��������  � V1 ( !  �!"���# $%  ��  
&����' ����! , mm) 

���($)  *  
 

mm 0.10 0.15 0.20 0.25 0.30 0.5 
1 (.�$!� ) - - 253 - 246 238 
3 (/�!�!� ) 266 257 254 251 248 239 

mm 0.75 1.0 1.5 2.0 3.0 5.0 
1 (.�$!� ) 221 217 218 216 218 218 
3 (/�!�!� ) 228 219 219 219 219 219 
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4.2. �������� , ��
�
����  	  ����	�	  �
  ���������
  �
  

����
  � 5 ����  ��������
����
��  (�
�
���
��  ��  840� �  �  
�
��� , ������
��  ��	  250� � ) 	  �����
��  ������
�� ; 

 
�$%*. 2 �"1���/(  /*!�  (!�#��%�$%�("$�!  �  �����"$�!  

��������  � V1 ( !  �!"���# $%  ��  
&����' ����! , mm) 

���($)  
*  

mm 0.05 0.10 0.15 0.20 0.25 0.30 
1 (.�$!� ) - - - 655 - 655 
3 (/�!�!� ) 628 666 682 695 713 728 

mm 0.5 0.75 1.0 1.5 2.0 3.0 
1 (.�$!� ) 655 - 636 - 636 636 
3 (/�!�!� ) 742 738 698 613 571 551 
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4.3. �������� , ��
�
����  	  ����	�	  �
  ���������
  �
  

����
  � 6 ����  ��������
����
  (�
�
���
��  ��  840� � , 
������
��  ��	  300� � ) 	  �����
��  ������
�� ; 

 
�$%*. 3 �"1���/(  /*!�  (!�#��%�$%�("$�!  �  �����"$�!  

��������  � V1 ( !  �!"���# $%  ��  
&����' ����! , mm) 

���($)  
*  

mm 0.05 0.10 0.15 0.20 0.25 0.30 
1 (.�$!� ) - - - 571 - 571 
3 (/�!�!� ) 522 540 579 613 636 636 

mm 0.5 0.75 1.0 1.5 2.0 3.0 
1 (.�$!� ) 565 - 555 - 536 536 
3 (/�!�!� ) 613 579 540 527 527 527 
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5.  ��!��
�	  ��  ������	����
��
�
  
�
���
  

 
�2)���$($  ("1���/(  �$  �2)���$($  /(�&.(&�$  4��%$ 9 2 

(/#!/  �(  21��!/(  �  ��!%��4*$/(��,$(  4!�*�(  �  /*!��  �(  
.$�%���$  #�! $  – -�+ . 2) !  � V1 = 218 - 219. �  �!2&*($(  �(  
4�"1�)��/(��(�  4*$/(�,��  �!-��#��$�!  ("1���/(($  /!  
4�"�'$"$  /  �.�*�  40-50 � V1, $ �1*%�,��$($  �$  &0.,!��0  
4�"1�)��/(!�  /*�3  !  0.3-0.5 ## . ��$4$"�/(($  !  "  �$#.�(!  �$  
2$�$�!�$($  – Ra = 0.14-0.16 6m, .$(�  !���/("!��  "  +����0  .�$3  
/!  �$%*8�$"$  „�$2%�"$�! ” �$  �("��$  �  4�/*!��$($  �$�$/("$  ��  
0.24 6m. �$(�  �0*� , %!2 �!�%)���#�(�  (!�#��%�$%�("$�!  �!  
#�+$(  �$  %1�$( ��/(�+�$(�  2$�$�!��(!  4$�$#!(�� , �!2$"�/�#�  
�(  %��0 �$  4��(!+*0��0($  ("  /*&,$0  �(  !���  ��  (�� ). 

�"1���/(($  �$  (!�#��%�$%�(!��( e 4��%�  9 3 �  9 4 
(��!%���+*!/(  #$�(!�2�(  -�����/4!�/!�  +*�%&*$�!�  *!+��$�  
�!#!�(�(  �  /*!��  �(  �/($(1,!�  $&/(!��( ) !  ("1��!  "�/�.$  – �$�  
700 � V1. ���$��  "�/�.$  /�  ("1���/(  (�2�  (�4  4��%�  �!  /$ 
�����"$�� . �2#!�!�$($  +�$4$"�/(  �$  �("���(!  4��  (0)  !  
2�$,�(!*�$  (Ra = 0.4-0.7 6m). 

	�.��/(�&.(&�$($  �$  (!�#��%�$%�(!��(!  �  4��(!+*!��  
2���  �$  (!�#��%�$%�(!��( e �  �!-��#��$��  4��%�  9 5 �  9 6 
(-�+ . 3.$ �  -�+ . 4.$) "���#�  �!  /!  �$2*�,$"$(  /�*��  �(  
(!�#��%�$%�(!��(!  &,$/(1�� , �2"1�  2��$($  �$  4�"1�)��/(�$  
4*$/(�,�$  �!-��#$��0  (-�+ . 3.% �  -�+ . 4.%), ��  /(�&.(&�$($  �$  
#$(!��$*$  !  �!�$"��#!��$ . ����#$  !  /$#�  �2"!/(�$  .$,!/("!�$  
�$2*�.$  "  2$/!+�$(�0  �(  /(&�!�$($  4*$/(�,�$  �!-��#$��0  (1�1.  
4�"1�)��/(!�  /*�3 , ��.$(�  "  /�!�$($  �$  #$(!��$*$  �#$  41*��  
/1"4$�$�!  �$  /(�&.(&��(!  /  (!�#��%�$%�(!��(!  �  �!4��(!+*!��  
4��%� . �$2*�.$($  "!��0(��  /!  �1* �  �$  �$24$�$�!(�  �$  
�/($(1,��0  $&/(!��(  4��  "12�!3/("�!  �$  �!$*�2��$�$($  /(&�!�$  
4*$/(�,�$  �!-��#$��0 . 

	$./�#$*�$($  ("1���/(  "  4�"1�)�/(��0  /*�3  �$  �("��$  �$  
4��%$ 9 5 ("  /�!�$($  �$  #$(���$($ , /*!�  �"&.�$(��  �����"$�! ) 
��/(�+$  713-742 � V1 (4��  �2)���$  ("1���/(  �$  ,!*�(�  �$  
(!�#��%�$%�(!�$($  4��%$ �.�*�  650 � V1), �$  �1*%�,��$  �(  0.25 
��  0.75 ## . �"1���/(($  �$  /1��!"��$($  !  550-570 � V1, ( .! . 
�$*��!  !  &0.,$"$�!  /  �.�*�  160-170 � V1. 
�!��$($  +�$4$"�/(  
4��  .$*�%��"$�!(�  �$  2$.$*!��0  #$(!��$*  !  �$#$*!�$  ��  Ra = 
0.05-0.1 6m 4��  Rz = 0.5-0.7 6m. �(  4�/�,!��(!  �!2&*($(�  
/*!�"$ , ,!  �2�/."$��(!  .$,!/("$  �$  4�"1�)��/(($  �$  �("��$  /$ 
��/(�+�$(�  �5!  /*!�  "(���(�  4��(!+*0�! . 

	$./�#$*�$($  ("1���/(  "  4�"1�)�/(��0  /*�3  �$  �("��$  �$  
4��%$ 9 6 ("  /�!�$($  �$  #$(���$($ , /*!�  (��.�$(��  �����"$�! ) 
��/(�+$  613-636 � V1 (4��  �2)���$  ("1���/(  �$  ,!*�(�  �$  
(!�#��%�$%�(!�$($  4��%$ �.�*�  550 � V1), �$  �1*%�,��$  �(  0.20 
��  0.50 ## . �"1���/(($  �$  /1��!"��$($  !  515-527 � V1, ( .! ., 
�$*��!  !  &0.,$"$�!  /  �.�*�  100-110 � V1. 
�!��$($  +�$4$"�/(  
4��  .$*�%��"$�!(�  �$  2$.$*!��0  #$(!��$*  !  �$#$*!�$  ��  
Ra = 0.07-0.14 6m 4��  Rz = 0.6-1.0 6m. �(  4�/�,!��(!  �!2&*($(�  
/*!�"$ , ,!   !*$��(!  .$,!/("$  �$  4�"1�)��/(($  �$  �("��$  
(+�$4$"�/(  �  (�,��/( ) /15�  /$ ��/(�+�$(� , ��  ("1���/(($  �/($"$  
/�$"��(!*��  ��/.$  (�.�*�  100 � V 4��  �2�/."$�$($  /(�3��/( ), 
����  /*!�  (��.�$(��  4��(!+*0�! . 


�$"��(!*��  ��/.�(!  ("1���/(�  (630-680 � V1) �$  
�1*%�,��$  ��  0.15 ##  4��  (!�#��%�$%�(!��(!  �  �����"$��  
4��%�  9 5 �  9 6 /!  �1* $(  "!��0(��  �$  4��(�,$5�(!  4���!/�  
�$  �("�15$�!  (�!/4 . �$  "12"�15$�! ) "/*!�/("�!  �$  *�.$*��(�  
�(�!*0�!  �$  (�4*��$  4��  /(&�!�$($  4*$/(�,�$  �!-��#$��0 . 
��&+�  "12#� ��  �%0/�!��!  �$  (�"$  *�.$*��  4��� $"$�!  �$  
("1���/(($  �$  �1*%�,��$  ��  0.15-0.20 ##  �(  4�"1�)��/(($  �$  
"1(�!'��0  �("��  #� !  �$  /!  (1�/�  "  !"!�(&$*��(�  
�%!2"1+*!���0"$�!  �$  ($2�  4�"1�)��/(  4��  (!�#�,��(�  
�%�$%�("$�! , �!2$"�/�#�  �(  "2!(�(!  #!�.�  (2$41*"$�!  �$  �("��$  
/  4�$)��%�$2!�  +�$-�( ). �(+�"��  �$  (�2�  "14��/  #� !  �$  �$�!  
4��"! �$�!(�  �$  �!�(+!��/4!.(�$*!�  #�.��$�$*�2  /  

!*!.(����$  #�.��/���$ , �  4�/(��0"$�!(�  �$  .���!�(�$������0  
4��-�*  �$  "1+*!���$ . 

 
6. "
��#
��	�  
 
�!2&*($(�(!  �(  4��"!�!��(�  �2/*!�"$�!  2$ 4�"1�)��/(��  

4*$/(�,��  �!-��#��$�!  �$  2$.$*!�$  �  �("1��$($  /(�#$�$  
�� 15 (100Cr6), 4��  "12#� ��(!  2$ �!$*�2��$�!  �$  /(&�!�$  
4*$/(�,�$  �!-��#$��0  �! �#�  2$ (!�#��%�$%�(.$ , #�+$(  �$  /!  
/"!�$(  ��  �0.�*.�  �/��"��  (�,.� : 

���  4��(!+*0�!  /  !��$  �  /15$  /(!+�$(�/(  �  %��3 �4!�$���  
��/(�+�$($($  ("1���/(  "$���$  "  2$"�/�#�/(  �(  4�!�"$��(!*�$($  
(!�#��%�$%�(.$ , .$.(�  /*!�"$ : - 4��  �!(!�#��%�$%�(!�$  
/(�#$�$  /1/  /�!��$  ("1���/(  �(  218-219 � V1 /!  ��/(�+$  257-
266 � V1 – 4�"�'$"$�!  �(  &0.,$"$�!(�  /  40-50 � V1; - 4��  
2$.$*!�$  �  �("1��$($  4��  300� 
  /(�#$�$  /1/  /�!��$  ("1���/(  
�(  515-527 � V1 /!  ��/(�+$  613-636 � V1 – 4�"�'$"$�!  �(  
&0.,$"$�!(�  /  100 - 110 � V1; - 4��  2$.$*!�$  �  �("1��$($  4��  
250� 
  /(�#$�$  /1/  /�!��$  ("1���/(  �(  551-571 � V1 /!  ��/(�+$  
713-742 � V1 – 4�"�'$"$�!  �(  &0.,$"$�!(�  /  160-170 � V1. 

:��$($  /  #$./�#$*��  &0.,$"$�!  (&0.,!��0  /*�3  2$ 
/�!���(!  4��-�*�  �$  #$(!��$*$ ), 4��  !���  �  /15�  &/*�"�0  �$  
.$*�%��"$�!  (/(!+�$(�/(  �  %��3 4��(!+*0��0 ) 2$"�/�  /15�  �(  
"��$  �$  (!�#��%�$%�(.$($  �$  #$(!��$*$ : - �$3 -'���.$  2��$  /!  
��/(�+$  4��  �("�15$�!  4��  250� 
  (/�!��$  ("1���/(  �(  551-571 
� V1) – '����$($  !  0.5-0.75 ##  4��  �1*%�,��$  �(  0.25 ��  1.00 
## ; - 4��  �("�15$�!  4��  300� 
  (4� -��/.$  /�!��$  ("1���/(  �(  
515-527 � V1) ($2�  2��$  !  /  #��+�  4�  (0/�$   - '����$($  !  0.1-0.3 
##  4��  �1*%�,��$  �(  0.2 ��  0.5 ## .  

�$4�$"!��(!  "12 �/��"$  �$  4��-�*�(!  �$  ("1���/(($  
�2"���  2$ 4��#0�$  �$  #!)$��,��(!  /"�3/("$  �$  /(�#$�$($  
/1�("!(/("&"$(  �$  "���#�(!  .$,!/("!��  /(�&.(&���  4��#!��  "  
&0.,!��0  /*!�  4�"1�)��/(��  4*$/(�,��  �!-��#��$�!  /*�3 . 

 

�2"���(!  �(  4��"!�!��(�  �2/*!�"$�!  2$ 4�/�,!�$($  
/(�#$�$  #�+$(  �$  /!  �%�%50( �(  /*!���(!  ("1��!��0 : 

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

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

3. �14�!.�  ,! , 4��  �24�*2&"$��(�  4��0"0"$�!  �  
&"!*�,!��!  ��!%���+*!/(�0(  #$�(!�2�(  �!  !  0/��  �$2*�,�#  �(  
�/($(1,��0  $&/(!��( , /(�&.(&�$($  �$  #$(!��$*$  4��  
�!-��#��$��(!  2���  !  �!�$"��#!��$ , /  "���#$  .$,!/("!�$  
�$2*�.$  "  2$/!+�$(�0  �(  /(&�!�$($  4*$/(�,�$  �!-��#$��0  
4�"1�)��/(!�  /*�3 . 

 
7. $	���
�!�
  
 
1. �$#%&��" , � ., � .�!��" , � .
�#!���" , �$*�%��"$�!  �$  

4��)��!�  �("��  �$  #$(���$  �(  �� 15 (100Cr6), 
	���  2005, 
�&/! , 9-11.11.2005;  

2. 
�2$#$/�"  � ., ���/(�&.�����;!  #$(!��$*; , 

4�$"�,��. , 	�/."$  „	$'���/(��!��! ”, 1990; 

3. �$)(��  < ., �$)'($�(  
 ., �!�#�,!/.$0  �%�$%�(.$ "  
#$'���/(��!��� , 
4�$"�,��. , 	 . „	$'���/(��!��! ”, 1980; 

4. �$)(��  < ., �!��(=!"$  � ., 	$(!��$*�"!�!��! , 	 . 
„ 	$'���/(��!��! ”, 1990 

 

 


