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a)                                         b)

Rys. 3. a) Struktura komórkowa typu plaster miodu (honeycomb) [11], b) reprezen- 
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L, H (L � H) – wymiary elementów belkowych (szkieletu)
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� ����� ����� 	&� �'!��������� ���������� L, H (L � H) – the 
dimensions of beam elements (skeleton)

a)                                          b)

Rys. 4. a) Struktura komórkowa [11], b) reprezentatywna komórka w postaci pryzmy 
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elements (skeleton)
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2. Kryteria energetyczne dla struktur komórkowych
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�!� "$)&/%&� =}� +,"-./!/,� ,4)2!"� 6"!/012/$� +"2�9)#!.0,/$� .� +"!1$� <=k>� l� 12!"/$�
%,/#&"�,"!2�,4)2!"�6"!/012/$�&2$)%!/$�2�,4�012�5�.'!)/$13�l�)2!"!���0+)!;�p,"�&'!���8?1!�&�
+,9)#!.$�"$)&/%&�=}�2,)#!'!�9,%'!9/0��,�-.0,/!�.�+"!1!13�<=Q�=J>;

d;[;� �,"-./!/0��,4�012�5�!/!�0#$12/$13�2�9,:.0!912�/0��
�$%,"2$)#&(?1� 9!/�� 9,:.0!912!�/�� +,9!/�� .� �0�"!#&"2�� o+,";� <=|>Q� <J}>� 0� <J=>mQ� /!�

"$)&/%&� ==� 0� =J� +,%!2!/,Q� (!%� .+0)&(?� )07� +&/%#$� 2� �%)+�"$��/#&� .� +,.0�"213/07� 6"!_ 
/012/?� 2� ,4�012�5� .'!)/$13;� �!� "$)&/%&� ==� +"2�9)#!.0,/,� +,.0�"213/07� 6"!/012/?�&2$)_ 
%!/?��2���/�"6�#$12/�6,��%"$#�"0&���@;��$13��.)%0�6,��o=m��,"!2��9!/���9,:.0!912!�/���o+&/%#$

�$);� ==;� �,"-./!/0��,4�012�5�!/!�0#$12/$13�2�9!/$�0�2��%)+�"$��/#&� 
/!�+"2$%'!920��#�%#&"$

p06;� ==;� 3��1,�+!"0),/�,]�#3��"�)&�#)�,]�!/!�$#01!��1!�1&�!#0,/)�.0#3�#3���`+�"0��/#!��9!#!� 
,/�#3���`!�+���,]�!�1!"94,!"9

�$);� =J;� �,"-./!/0��,4�012�5�!/!�0#$12/$13�2�9!/$�0�2��%)+�"$��/#&� 
/!�+"2$%'!920��#�%#&"$

p06;� =J;� 3��1,�+!"0),/�,]�#3��"�)&�#)�,]�!/!�$#01!��1!�1&�!#0,/)�.0#3�#3���`+�"0��/#!��9!#!� 
,/�#3���`!�+���,]�!�1!"94,!"9
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2� �%)+�"$��/#&m;� �!#,�0!)#� /!� "$)&/%&� =J� +"2�9)#!.0,/,� 9,9!#%,.,� %"$#�"0&�� +",+,_ 
/,.!/��.�+"!1$�<=|>�l�,4)2!"�,6"!/012,/$�+",)#$�0;

��"$)&/%-.�==�0�=J�.09!gQ�8��,4)2!"$�6"!/012/��&2$)%!/��2��/�"6�#$12/�6,�%"$#�"0&��
@;� �$13��.)%0�6,� o=m� 0� 2� %"$#�"0&�� 2!+",+,/,.!/�6,� .� +"!1$� <=|>� .� 9&8$�� )#,+/0&�
+,%"$.!(?� )07� 2�� ),4?;��",4����+,"-./!/0!�9,%'!9/0��9$)%&#,.!/,�.�+"!1$� <J[>;��-._ 
/0�8� 2� "$)&/%-.� #$13� .09!gQ� 8�� +&/%#$� 2� �%)+�"$��/#&� .� 9&8$�� )#,+/0&� .+0)&(?� )07� 
.� ,4)2!"� 6"!/012/$� &2$)%!/$� 2� �/�"6�#$12/�6,� %"$#�"0&�� @;� �$13��.)%0�6,Q� (!%� 0� 2� %"$_ 
#�"0&��2!+",+,/,.!/�6,�.�+"!1$�<=|>;

d;d;� �!)#,),.!/0���,9��&�4��%,.�6,�9�!��!#�"0!'-.�,�)#"&%#&"2��+�!)#"!��0,9&

�� +"!1!13� <J[Q� Jd>Q� +"2�9)#!.0,/,� !/!�0#$12/�� ",2.!8!/0!� 9�!� �!#�"0!'-.� ,� )#"&%_ 
#&"2��+�!)#"!��0,9&;

�,9���.6�<J[Q�Jd>�9�!�+�!)#"!��0,9&�,�+,9)#!.0��%.!9"!#&�o9�!�%.!9"!#&�+"2$(7#,��,9���
,�+,9)#!.0��+",)#,%?#!Q�+"2$(�&(?1�� = � = lQ�#= = �J = �m\

�$);� =[;� �,9���+�!)#"!��0,9&�,�+,9)#!.0��+",)#,%?#!�o� = � = lQ�#= = �J = �)
p06;� =[;� 3���,9���,]�!�3,/�$1,�4�.0#3�!�4!)��,]�"�1#!/6���o� = � = lQ�#= = �J = �)

�-./!/0��+,.0�"213/0�6"!/012/�(�<J[Q�Jd>\
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6920�\�� = � = lQ�#= = �J = �;
�"�2�/#,.!/$�.�/0/0�()2�(�+"!1$��,9���4��%,.$��,8/!�)#,),.!g�9�!�.$4"!/�(�6"&+$�

��������� ����	Q� 2� #$�Q� 8�� /!��8$� +!�07#!g� ,� &.26�79/0�/0&� "�+"�2�/#!#$./�6,� +!)�!;�
�!��8$�"-./0�8�+!�07#!gQ�8��2!)#?+0�/0���,9��&�+'$#,.�6,��,9�����4��%,.$��+,.,9&(��
&#"!#7� %0�%&� �]�%#-.Q� /+;� .)+-'12$//0%!� �,0)),/!� .� %0�"&/%&� +",)#,+!9'$�� 9,� %0�"&/%&�
",210?6!/0!�+'$#$;

�.26�79/0!(?1� "-./!/0�� ohm� 0� o=mQ� ,#"2$�&(��$�+,"-./!/0��+,.0�"213/0�6"!/012/$13� 
/!� "$)&/%&�=d;�
�0+),09!�,9+,.0!9!�%"$#�"0&���$13��.)%0�6,� o=m�2�&.26�79/0�/0���oJmQ�
/!#,�0!)#�+,.0�"213/0��.!�1,.��,9+,.0!9!(?�%"$#�"0&��ohm;

�,� /!"$),.!/0!� +,.0�"213/0� 6"!/012/$13� .$%,"2$)#!/,� 13!"!%#�"$)#$%0� �!#�"0!',.��
)#,+&��&l=���0�E����==j���!Q�G����df���!Q�R���==J���!Q�L���J}}}�μ�Q�����=f}�μ�Q�+!)�,�
,�)2�",%,:10�H���J}}}�μ�;
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� �����$����
+� σ*� . �σ��� 	���� �9�
��������������������#$������3�������������
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���a���b+�t%���t�"
;���� %0�� <4����#�$��=��4�������1����4��1����=�������$���a���b+�t%���t�"
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�.26�79/0!(?1� "-./!/0�� ojm� 0� o=mQ� ,#"2$�&(��$�+,"-./!/0��+,.0�"213/0�6"!/012/$13� 

/!� "$)&/%&�=j;�
�0+),09!�,9+,.0!9!�%"$#�"0&���$13��.)%0�6,� o=m�2�&.26�79/0�/0���o[mQ�
/!#,�0!)#�+,.0�"213/0��.!�1,.��,9+,.0!9!(?�%"$#�"0&��ojm;

�$);� =j;� �,"-./!/0��+,.0�"213/0�6"!/012/$13�.6�"-./!5�ojm�0�o=m
p06;� =j;� 3��1,�+!"0),/�,]��0�0#�)&"]!1�)�!11,"90/6�#,��b&!#0,/)�ojm�!/9�o=m

�,� /!"$),.!/0!� +,.0�"213/0� 6"!/012/$13� .$%,"2$)#!/,� 13!"!%#�"$)#$%0� �!#�"0!_ 
',.��)#,+&��&l=���0�E����==j���!Q�G����df���!Q�R���==J���!Q�L=_J���=}}}�μ�Q��[_d = 
��d}}}�μ�Q�����=J}�μ�Q�+!)�,�,�)2�",%,:10�H���=}}}�μ�;��,.0�"213/0��6"!/012/��&2$)%!/��
2�"-./!5�ojm�0�o=m�.�9&8$��)#,+/0&�+,%"$.!(?�)07;

�,9���<J[Q�Jd>�9�!�+�!)#"!��0,9&�,�+,9)#!.0��)2�:10,%?#!�],"��/�6,;

�$);� =k;� �,9���+�!)#"!��0,9&�,�+,9)#!.0��)2�:10,%?#!�],"��/�6,
p06;� =k;� 3���,9���,]�3,/�$1,�4�.0#3�#3��4!)��,]�#3��4!)��,]�"�6&�!"�3�`!6,/
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Równanie powierzchni granicznej [23, 24]:
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Równanie powierzchni granicznej [23, 24]:
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