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�&)1.15(78M� (1-,721� )� 0+01,"+'&(1� /#1'72(),32� �(%"+"-"-� �$"70� �7;/-"$#72+'<� 
2��(=+()$#))��6072$9�N�����O��,"3#+� )%"()1.�(1��+0&)15$��(=+()$#))��6072$9��75)"$'<(),)�
�#1,72%,)$9� 2� 51"1'<� >??@A@BBC>�� D+.1� &2)6&1(1� &� ,7;/-"$#726� 1(15)&6� #3=(7#70(+'<�
&1410()$J� )(=+()$#))� 56072$9E� �D$9;721.1� "27#&$()$� ;70$5)� 7D5)'&$()72+'<� 7/1#"+'<�
(1� /70%"121'<� "$7#$"+'&(+'<� ;$'<1(),)� ;1"$#)1.32� )� ,7(%"#-,'9)� 7#1&� &1%"7%721()1� (19: 
(72%&+'<�7%)64()LM�"$'<(7574))�)(H7#;1'+9($9E��1,�%&$#7,)$�/70$98')$�07�#7&2)6&+21(+'<�
/#7D5$;32�/7&275).7�(1�727'(6�/#1'L�(1-,726�)�0+01,"+'&(6E��15$=+�"-�2+;)$()M�-0&)1.�
2� 5)'&(+'<� /#79$,"1'<� D1012'&+'<@�� %&$#$4� /-D5),1'9)� 2� '&1%7/)%;1'<� (1-,72+'<�� /#$: 
&$("1'9L�#$H$#1"32�4$($#15(+'<�)�%$%+9(+'<�(1�,7(H$#$('91'<�(1-,72+'<��1�/7(10"7�7/#1: 
'721()$�/70#L'&(),32�1,10$;)',)'<E���#1;1'<�D101J�#7&2)91(7�2.1%($�7/#74#1;721()$�
)�,7#&+%"1(7�&�,7;$#'+9(+'<�/#74#1;32�7D5)'&$()72+'<E

�$;1"+,1� D101J� (1-,72+'<� 2� ������ ,7('$("#721.1� %)L� 27,3.� 02-� 4#-/� ;$"70�
7D5)'&$()72+'<P�,51%+'&(+'<� NQ"21#0+'<RO� )� D1&-96'+'<�(1� %&"-'&($9� )("$5)4$('9)� NQ;)L,: 
,)'<ROE� �)$#2%&1� 4#-/1� 9$%"� &2)6&1(1� &� 07;)(-96'6� ;$"706� 0+%,#$"+&1'+9(6�� "9E� �$"706�
�5$;$("32� 
,7J'&7(+'<� N��
O� )� 9$9� '7#1&� D1#0&)$9� &1121(%721(+;)� &1%"7%721()1;)� 
2�;$'<1()'$�;1"$#)1.32�)�,7(%"#-,'9)E��#1'$�/#7210&7($�2��������#7&2)9196'$�"L�4#-/L�
;$"70��%6�7/)%1($�2�()()$9%&+;�1#"+,-5$E

�(1'&6'$� 7%)64()L')1� ������ &2)6&1($� &$� 
&"-'&(+;)� 
)$')1;)� �$-#7(72+;)� N

�O� 
)�)'<�&1%"7%721()1;)�2�)(=+()$#))�56072$9�&7%"1.+�7/)%1($�%&'&$43.727�2�S@TUE

�,"-15($�/#7D5$;+�&�0&)$0&)(+�;$'<1(),)� %"1(72)6�'&L%"7�&.7=7($�&101()1�D1012'&$�
5-D� )(=+()$#%,)$E� �7&2)6&+21(7� 9$� (1� 0#70&$� &1121(%721(+'<� "$7#$"+'&(+'<� #7&21=1J��
/#7210&6'+'<� 07� ;70$5)� 7D5)'&$()72+'<�� 07%"7%721(+'<� 07� -=+')1� 7,#$857($9� ;$"70+�
0+%,#$"+&1'+9($9� N&1&2+'&19� ��
O� )� 2+,7(+21()1� &.7=7(+'<� 7D5)'&$J� /#&+� -=+')-� &1: 
121(%721($47�7/#74#1;721()1E

�#&+� #7&2)6&+21()-� %,7;/5),721(+'<� /#7D5$;32� &� ;$'<1(),)� ;1"$#)1.32� )� ,7(: 
%"#-,'9)�2+,7#&+%"+21($�%6�7%)64()L')1�&�(1%"L/-96'+'<�0&)$0&)(P
A� "$7#$"+'&($�/70%"12+�"27#&$()1�;70$5)�7D5)'&$()72+'<���
�051�,7(%"#-,'9)�
A� ;70$5721()$� &.7=7(+'<� 2.18')278')� ;1"$#)1.72+'<� &� -2&45L0()$()$;� &912)%,� &1: 

'<70&6'+'<� 2� &1121(%721(+'<� %"1(1'<� 0$H7#;1'9)� )� 2+"L=$()1� N4.32()$� 2� ,7(: 
%"#-,'91'<�;$"1572+'<��=$5D$"72+'<�)�4#-(')$O�

A� 7/"+;15)&1'91� 1547#+";32� 7D5)'&$()72+'<� ()$&DL0(+'<� 07� 1(15)&+� (-;$#+'&($9� /#&+: 
9L"+'<�;70$5)�

A� /#1'$� )(H7#;1"+'&(7:/#74#1;)%"+'&($�� %,)$#721($� (1� #7&D-072+21()$� 2.1%($47� 5-D�
,7;$#'+9($47� 7/#74#1;721()1�� -5$/%&1()$� /#7'$%-� 4$($#1'9)� 01(+'<� N(/E� %)1"$,� $5$: 
;$("32�%,7J'&7(+'<O�� #7&%&$#&1()$� %/7%7D32�2)&-15)&1'9)�2+(),32� )�7%&1'72+21()$�
07,.10(78')�#7&2)6&1J�(-;$#+'&(+'<E

>� ��#7,-�@BBC�������2#1&�&�
1;70&)$5(+;��1,.10$;��$"70��7;/-"$#72+'<�2��$'<1()'$�&7%"1.+�
/#&$,%&"1.'7($�2��(%"+"-"��$'<(7574))��(H7#;1"+'&(+'<�2��(=+()$#))��6072$9E

@� ��7,#$%)$�>??VA@BBV�/#1'72()'+��(%"+"-"-�,)$#7215)�0&)$%)L')7;1�/#79$,"1;)�D1012'&+;)�����
7� (-;$#1'<� W� �XBX� BCB� BC�� T� �BT�� BVC� >>�� T� �BT�� BWC� >@�� Y� �>>�� B@@� >X�� T� �BT�� BXB� >V�� 
Y��BT��BB@�@B��Y��BT��BW>�@B��Y��BT��BBC�@B��Y��BT��BBC�@>��X��BT��BBY�@Y��1��E��1%&'&+%&+(�
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�� 015%&$9� '&L8')� 1#"+,-.-� &7%"1()$� /701(1� '<1#1,"$#+%"+,1� 2+,7(1(+'<� D101J� /7: 
.6'&7(+'<� 2� 02)$� 4#-/+� "$;1"+'&($�� '<7M� 2� 2)$5-� #7&2)6&+21(+'<� &1410()$()1'<� 2+: 
%"L/-9$�%/#&L=$()$�"$;1"+,)�;$'<1(),)�,7(%"#-,'9)�)�;1"$#)1.32E

2. Zastosowania MES w mechanice konstrukcji

1,7� ,7("+(-1'91� /#1'� &� 2'&$8()$9%&$47� 7,#$%-�� &� ,7J'$;� 51"� ?B:"+'<� /72%"1.+� /-D: 
5),1'9$� &1;+,196'$� ,7;/5$,%726� 1(15)&L� %"1"+,)� )� %"1"$'&(78')� %/$'+I'&(+'<� 7D)$,"32�
)(=+()$#%,)'<�� 91,);)� %6� /72.7,)� '<.70()� ,7;)(72+'<E� �#1'$� 07"+'&+.+� ;70$5-� 7D5): 
'&$()72$47� 051� /72.7,)� =$5D$"72$9�� -9;-96'$47� ()$5)()72$� &2)6&,)� ,)($;1"+'&($�� 7/)%�
2.18')278')� D$"7(-�� %"15)� )� )'<� 2%/3./#1'+�� 07D7#-� /72)$#&'<()72+'<� $5$;$("32� %,7J: 
'&7(+'<�� "27#&$()1� 7D#1&-� (-;$#+'&($47� /72.7,)� <)/$#D757)015($9� N)0$15($9� 5-D� &� );: 
/$#H$,'91;)�4$7;$"#+'&(+;)O��7#1&�#7&D-072+�2.1%($47�%+%"$;-�,7;/-"$#72$47�����E

�70$5$� 7D5)'&$()72$� %.-=6� &1&2+'&19� 07� 2+&(1'&1()1� 7D')6=$()1� 4#1()'&($47�� '<1: 
#1,"$#+&-96'$47� ;1"$#)1.727:%&"+2(78')72$� -%&,70&$()$� ,7(%"#-,'9)� N/72%"1()$� &(1'&: 
(+'<�%"#$H�&1#+%721($47�D$"7(-�)�()$07/-%&'&15(+'<�0$H7#;1'9)��"721#&+%&6'+'<�%/10,72)�
%&"+2(78')�,7(%"#-,'9)� 5-D�-"#1')$�9$9�%"1"$'&(78')O��/7#E�SW>UE��75$9(+;�1%/$,"$;�1(15)&+�
(-;$#+'&($9� 9$%"� #7&2)6&1()$� 154$D#1)'&($47� /#7D5$;-� 2.1%($47� 051� 5)()72$47� &1410: 
()$()1� 2+D7'&$()1�� 07%"1#'&196'$47� 21#"78')� ,#+"+'&(+'<� 7D')6=$J� )� /7%"1')� 2+D7'&$()1�
/72.7,� )0$15(+'<� 5-D� &� );/$#H$,'91;)� 4$7;$"#+'&(+;)� N2+&(1'&7(+;)� 2� 2+(),-� /7: 
;)1#32� 4$70$&+9(+'<� (1� 7D)$,')$� #&$'&+2)%"+;� 15D7� ;70$5721(+;)� ,7;/-"$#727� (1�
/70%"12)$�/7%"1')�2+D7'&$()1�-,.10-� )0$15($47O��/7#E� S@B��TUE��/)%1(1�/72+=$9� "$;1"+,1�
8')85$� 2)6=$� %)L� &� 1,"+2(78')6� (1-,726� 2� &1,#$%)$� "$7#))� %"1"$'&(78')� S@CU�� &1%"7%721J�
;$"70+�$5$;$("32�%,7J'&7(+'<�07�1(15)&+�%"1"+,)�)�%"1"$'&(78')�,7(%"#-,'9)�S@YU�7#1&�07�
1(15)&+� (-;$#+'&($9� &912)%,� ()$5)()72+'<� &1'<70&6'+'<� /70'&1%� 0$H7#;1'9)� ,7(%"#-,'9)�
=$5D$"72+'<E

�#1'$� "$7#$"+'&($� )� )(H7#;1"+'&($� &7%"1.+� %,)$#721($� (1� %"27#&$()$� (72+'<� 2$#%9)�
/#74#1;-� ������ -;7=5)2)196'+'<� ;1"$#)1.727� )� 4$7;$"#+'&()$� ()$5)()726� 1(15)&L� 07: 
275(+'<� ,7(%"#-,'9)� /72)$#&'<()72+'<� =$5D$"72+'<� )� %"1572+'<E� �� 2+(),-� "+'<� /#1'�
/72%"1.� ;E)(E� 1#"+,-.� S>?U�� &12)$#196'+� 7/)%� 02-:� )� "#392+;)1#72+'<� ;70$5)� ��
�� %"#1: 
"$4)$�(-;$#+'&($9�1(15)&+�%/#L=+%"7:/51%"+'&($9�(1�/7&)7;)$�&0+%,#$"+&721($9�,7(%"#-,'9)�
N/7#E�#+%E�>1O�)�7/)%�'1.,721()1�%/#L=+%"7:/51%"+'&(+'<�#32(1J�(1�/7&)7;)$�/-(,"-E��#&+: 
,.10727��(1�#+%E�>D�/#&$0%"12)7(7�(-;$#+'&(6�%+;-51'9L�&1#+%721()1�=$5D$"72$9�/72.7,)�
'<.70()� ,7;)(72$9� /70� 2&#1%"196'+;� 7D')6=$()$;� 2)1"#$;E� 
&'&$43.726� 1(15)&L� "$47�
&1410()$()1�&12)$#1�/#1'1�SW>UE

�7'&62%&+�70�#7,-�>??C�/709L"7�/#1'$�D1012'&$�&�&1,#$%-�%H7#;-.721J�21#)1'+9(+'<�
9$0(7:� )� 2)$57/7572+'<� ;70$5)� ��
� 7#1&� 7/)%-� 1/#7,%+;1'9)� 2$2(6"#&� $5$;$("-� %,7J: 
'&7($47�)�2+/#7210&$()1�&�&1%10�21#)1'+9(+'<�;1')$#&+�'<1#1,"$#+&-96'+'<�01(+�;70$5E�
�7,7(1(7�7/#74#1;721()1�2+D#1(+'<�$5$;$("32�%,7J'&7(+'<�&�-=+')$;�2.1%($47�/#7: 
4#1;-� ��
� ������ )� /1,)$"-� ;1"$;1"+'&($47� ������� N"775D7[� ������OE� �19L"7�
%)L�"$=�4#1I'&(6�/#$&$("1'96�(1�0)14#1;1'<�&15$=(78')�;)L0&+�0$I()721(+;)�/751;)�)�;1: 
')$#&1;)�7/)%-96'+;)�01(+�;70$5���
E��)14#1;+�"$�%.-=6�5$/%&$;-�&#7&-;)$()-�)�%/#12: 
()$9%&$;-�(1-'&1()-���
E��72%"1.+�2� "+;�&1,#$%)$�X�/#1'$�0+/57;72$�7#1&�/-D5),1'9$�
SWV��>T��>YUE
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7D5)'&$()72+;��07%"7%721(+;�07�/#&+9L"$47�%'<$;1"-�-%"#79-�')64.$47��-"27#&7($47�/7�
/#&+9L')-� &1.7=$J� )� <)/7"$&� -/#1%&'&196'+'<�� 2� "1,)� %/7%3D�� 1D+� D+.7� ;7=5)2$� 1(15)"+'&: 
($� #7&2)6&1()$� &1410()$()1E� �#-4)� /7;7%"� 2/#7210&1;+� /#&$'<70&6'� 70� -%"#79-� ')64.$: 
47�07�-,.10-�0+%,#$"($47��2�#1;1'<�)0$)�0+%,#$"+&1'9)�(/E���
E��7(H#7("1'91�#7&2)6&1()1�
1(15)"+'&($47� )� (-;$#+'&($47�� %.-=6'1� 2� 2)$5-� /#&+/10,1'<� 07� 7,#$85$()1� 2.1%(78')�
$5$;$("32� %,7J'&7(+'<�� 9$%"� /#&+01"(1� 07� -2)1#+470()$()1� 2+(),32� &.7=7(+'<� &101J��
,"3#$�%6�;7=5)2$�07�7"#&+;1()1�9$0+()$�(1�0#70&$�7D5)'&$J�,7;/-"$#72+'<E

�19;721(7� %)L� "$=� &1410()$()1;)� ;$'<1(),)� ,7(%"#-,'9)� /#L"72+'<�� 2� "+;� &1%"7: 
%721()$;� "&2E� 8')%.+'<� $5$;$("32� %,7J'&7(+'<� 2� 1(15)&)$� %,7J'&7(+'<� 0$H7#;1'9)� #1;�
S@?U�� 2/#7210&$()$;� "$'<(),)� %-/$#5$;$("-� 07� %+;-51'9)� %/#L=+%"7:/51%"+'&($47� &1'<7: 
21()1�%)L�#1;�SWBU�)�1(15)&6�2+D7'&$()1�,7(%"#-,'9)�')$(,78')$((+'<�S@UE��75$9(+;�/75$;�
&1%"7%721J� D+.+� 2+D#1($� /#7D5$;+� D)7;$'<1(),)E� �� %&'&$435(78')� ;$"70L� �#$HH"&1� &1: 
%"7%721(7�2�&1410()$()-�2+;)1(+�;1"$#)1.-�D$&�#$0+%"#+D-'9)�(1/#L=$J�S>B��>>UE
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�#1'$� (1-,727:D1012'&$� &� &1,#$%-� ;$"70� 7D5)'&$()72+'<� 2� ;$'<1()'$� ;1"$#)1.-�
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