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CAPÍTULO 1: INTRODUÇÃO 
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��%2�"�>= 3���2�#-��>= ���<��42��>= ,�

� �<�� .�%� <4.��>�%�  6 ##�.�%� %�� #�"�6� ��� 6 <�  � <M2 . � .�� ��%2�"�>= � . %�

�K4�!�<��2 %3�K4����2�%��#�<�1��2 %��<�%4��<�� #���! #�% �.�%�-���6 "4���.��2#�@�"� �

G	�!�	J����24�"<��2��2��.�<�� �4% �.���<@�#6�>V�%�.��<�� #�64%2 �6 <���42�"�5�>= �.��

6�@ ,�

� %2���"2�#�>= �2#�5��� #<�%����� %�� �64%2 �.��.�%��- "-�<��2 �. �6�<! �@�<�
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 �4% �. �� - �6 �6��2 �.��6 <!��%�. #�!�%%�- 3�6 <�#���.�5��= �"����#,�<�14�>= �.��

6�#�62�#L%2�6�� . � %�%2�<�� !# ! %2 3� 1�5�%�� � � 	�!L24" � X� 4<�� �@ #.���<� ���6��"� � %�

!# @"�<�%��= �"����#�%,�� �	�!L24" �Y�6 �%2#?��%�����K4�>= �K4��#�!#�%��2�� �< .�" �

.�� ��%2�"�>= � �3� ! #� 1�<3�� �	�!L24" �E� 6 �.45�%��4<��%24. �.�� 6�% 3� 6 �%�.�#��. � ��

��%2�"�>= �.��4<�<?.4" �.����
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1.1 O Sistema Submarino de Produção 

� �<���%2�<���4@<�#�� � .�� �# .4>= � .�� ��2#?"� � 2�<� 6 < � !#��6�!�"�  @Q�2�- �

-��@�"�5�#�.��1 #<��2M6��6�����6 �U<�6����!# .4>= �.����.# 6�#@ ��2 %�" 6�"�5�. %��<�

6�<! %� 
��!�
	�,� �%� %�%2�<�%� %4@<�#�� %� %= � 6 <! %2 %� ! #� -R#� %� �"�<��2 %3� 64Q�%�

14�>V�%�%= �-�#��.�%���64Q���%% 6��>= �-��@�"�5����!# .4>= ,�

� �%�!#��6�!��%��"�<��2 %�!#�%��2�%�� %�%�%2�<�%�%4@<�#�� %�.��!# .4>= �%= �ADB/�

- �42 %� �� 	�!�	!/� ��%! �%R-��%� ! #� 6 �.45�#�  %� 1"4�. %� !# .45�. %�  4�

��Q�2�. %3� ��2�#"���<� %��K4�!�<��2 %� %4@<�#�� %�S� 1�6�"�.�.��.��!# .4>= �

G!"�2�1 #<�� 4��<�2�##�J`�

- �<@�"�6��%/� 	 <! ���2�%� #�%! �%R-��%� !�"�� ��2�#"���>= � 1L%�6�� ��2#��  %�

�K4�!�<��2 %� %4@<�#�� %� �� �� 1 �2�� .�� ���#���� G��.#R4"�6��  4� �"M2#�6�J� ���

�%2�>= �.��6 �2# "��6��2#�"����!"�2�1 #<�� 4��<�2�##�`�

- ��%2�<��.��6 �2# "����< ��2 #�<��2 /���%2�<��K4��! %%�@�"�2�� �6 �2# "������

< ��2 #�>= � . %� �K4�!�<��2 %� %4@<�#�� %� #�< 2�<��2�� �� !�#2�#� .�� 4<��

�%2�>= �6��2#�"����%4!�#1L6��`�
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- K4�!�<��2 %�%4@<�#�� %/�	 <! ���2�%�.�-�#% %�K4��! .�<�! %%4�#3���2#��

 42#�%3��%�14�>V�%�.��%��4#��>�3�6 �2# "�����% "�<��2 �. �1"4P �!# .45�. � 4�

��Q�2�. 3� %�!�#�>= � . � 1"4�. � �%6 �. � �<� 1�%�%� �� ��Q�>= � .�� ���#���� � �

�%6 �<��2 ,�

� 	 < �  � 1 6 � .�� .�%%�#2�>= � #�6��� % @#�� �� ��%2�"�>= � .�� <?.4" %� .��

�K4�!�<��2 %� %4@<�#�� %� �<� R�4�%� !# 14�.�%3� � %� �2��%� %��4��2�%� �@ #.��%��  %�

!#��6�!��%��K4�!�<��2 %���6 �2#�. %��<�%�%2�<�%�%4@<�#�� %���%2�%�!# 14�.�.�.�%,�

� �� ���4#�� D,D� �"4%2#�� 4<� %�%2�<�� %4@<�#�� � .�� !# .4>= 3� ��.�6��. � %�4%�

!#��6�!��%�6 <! ���2�%,�

�

���4#��D,D�_���!#�%��2�>= �.��4<�%�%2�<��%4@<�#�� �.��!# .4>=  

1.2 Introdução aos Equipamentos Submarinos 

����� )*+,*-.-	/0/1�,12/./3�	�4

� ��R#- #��.����2�"�< "��.��G��
J�M�4<��K4�!�<��2 �.��%��4#��>��K4����2��#�� �

%�%2�<��.��6 <!"�2�>= �6 <���14�>= �.���% "�#���6 �2# "�#� �1"4P �.��1"4�. %�!# .45�. %�

 4���Q�2�. %�� �! > ,�
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� 'R� @�%�6�<��2�� . �%� 2�! %� .�� %�%2�<�%� ��
� ADB3� -�#2�6�"� �� � #�5 �2�"3� 64Q�%�

!#��6�!��%� .�1�#��>�%� �%2= � #�"�6� ��.�%� �� ! %�>V�%� .�� -R"-4"�%3� 1�6�"�.�.�� !�#��

��2�#-��>= ���2�! %�.���K4�!�<��2 %�!�#2��6��2�%�� �%�%2�<�,�

� ��%��4�#�%�#R��@ #.�. �.��1 #<��%46��2��6�.��4<�. %�%�%2�<�%,�

������� ��!��������=�	������
��)
������
����

� ����%2�<����
�	 �-��6� ��"� M� 6 <! %2 � ! #� 4<� 6 �Q4�2 � .�� �K4�!�<��2 %�

!�#��4% �%4@<�#% �K4�3����1�%��.��!# .4>= 3�! .��! %%4�#� %�%��4��2�%��2��%/�

- ��%���.�!2�. #��.���# .4>= �G���J`�

- �4%!��% #�.��	 "4��� 4�I����-�B��-�	�G�'J`�

- �#- #��.����2�"�!# !#��<��2��.�2��G��
J`�

- 	�!��.���#- #��GI	���)� J`�

- ��#<���>= �.�%�"����%�.��1"4P ���4<@�"�6�"�.��6 �2# "�,�

� ������4#��D,7� %�!#��6�!��%��K4�!�<��2 %�"�%2�. %��6�<��! .�<�%�#�-�%2 %,�

�

���4#��D,7�_�K4�!�<��2 %�. �6 �Q4�2 ���
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�J�����

� ������G���4#��D,XJ�M�4<��K4�!�<��2 �K4��! .�� 4��= �1�5�#�!�#2��. �%�%2�<��

��
�	 �-��6� ��",�)4��. �!#�%��2�3�2�<��%�14�>V�%�.��%4! #2�#��%�"����%�.��1"4P ���

6 �2# "����%�#-�#�.��! �2 �.���! � ���2#�-�<��2 �!�#�� �%4%!��% #�.��6 "4��,�

�

���4#��D,X�_���%���.�!2�. #��.��!# .4>= �

� �24�"<��2�� �� !#��6�!�"� -��2���<���� 42�"�5�>= � .�� @�%�� �.�!2�. #�� �%2R� ��� %4��

6�#�62�#L%2�6�� .�� %�#-�#� 6 < � ! �2 � .�� 6 ��P= � S� 2�#<���>= � .�%� "����%� .�� 1"4P � ��

4<@�"�6�"�.��6 �2# "�,�%2��6�#�62�#L%2�6��!�#<�2��K4��4<����2�#-��>= �K4����6�%%�2��.��

#�64!�#�>= �.����
�! %%��%�#�#��"�5�.��%�<�K4���%�"����%�2����<�.��%�#�#�64!�#�.�%�

 4��@��. ��.�%�� �% " �<�#��� �A7B,�

�

@J��4%!��% #�.��6 "4���

� �� %4%!��% #� .�� 6 "4��� G���4#�� D,YJ� M�  � �K4�!�<��2 �K4�� 1�5� ��2�#1�6�� ��2#�� ��

��
�����6 "4���.��!# .4>= � 4�.�� ��Q�>= ,���<�6 < �14�>V�%�!#��6�!��%�%4! #2�#� �

!�% � .�� 6 "4��3� !# ! #6� ��#� %�4� 2#�-�<��2 � ��� ����  4� 6�@�>�� .�� ! > 3� #��"�5�#� ��

-�.�>= � . � ��4"�#� �� %�#-�#� .�� ��2�#1�6�� !�#�� �� ��2�#"���>= � ��.#R4"�6�� �� �"M2#�6�� .��
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6 <! ���2�%� . � ! > � G!,� �P,� -R"-4"�%� .�� %��4#��>�� .�� %4@�%4!�#1L6��� �� %��% #�%� .��

14�. �.��! > J,�

�

���4#��D,Y�_��4%!��% #�.��6 "4�� 

6J��#- #��.����2�"�!# !#��<��2��.�2��

� ���K4�!�<��2 �K4��.R�� <��� �%�%2�<��1 ��.�%��- "-�. �!�#��4% �%4@<�#% 3�M�

��%2�"�. ����6�@�>��.��! > � 4���������3�@�%�6�<��2�3�M�1 #<�. �! #�4<�6 �Q4�2 �.��

-R"-4"�%3� K4�� 2O<� �� 14�>= � !#��6�!�"� .�� 6 �2# "�#�  � 1"4P � !# .45�. �  4� ��Q�2�. � � �

#�%�#-�2?#� � �%%�<� 6 < � %�#-�#� 6 < � @�##��#�� .�� %��4#��>�� . � ! > ,� �%� !#��6�!��%�

-R"-4"�%�.����
3�< %2#�.�%�������4#��D,E3�%= /�

- �R"-4"��<�%2#��.��!# .4>= �G��!��	�DJ`�

- �R"-4"��"�2�#�"�.��!# .4>= �GJ��-�DJ`�

- �R"-4"��<�%2#��. ���4"�#�G��!��	�7J`�

- �R"-4"��"�2�#�"�. ���4"�#�GJ��-�7J`�

- �R"-4"��.����2�#"���>= ���2#����4"�#�����!# .4>= �G�	
!!
��	J`�

- �R"-4"��.����2�#-��>= �.��!# .4>= �G!J���DJ`�

- �R"-4"��.����2�#-��>= �. ���4"�#�G!J���7J,�

� ��%� -R"-4"�%� 6�2�.�%3� -�"�� ��1 #<�#� K4�� �%� !J��!� 2O<� 6 < � !#��6�!�"� 14�>= �

!�#<�2�#� ��6�%% �� �! > �.4#��2���%���2�#-��>V�%�6 <�% �.�����= �%= �6 �2# "�.�%�!�"��

4��.�.���%2�6� �R#���.��!# .4>= �G��J,�� #�%4��-�53��%�.�<��%�-R"-4"�%3�6 �2# "R-��%�

!�"����3�!�#<�2�<���!# .4>= �.����.# 6�#@ ��2 %�����Q�>= �.��1"4�. %�� �! > ,�
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���4#��D,E�_��R"-4"�%�.����
�	 �-��6� ��"�

.J�	�!��.���#- #��G�#���	�!J�

� [�4<��K4�!�<��2 ���%2�"�. �� �2 ! �.����
�K4��! %%4��6 < �!#��6�!�"�14�>= �

1�5�#�����2�#"���>= ���2#�� %�6 �2# "�%�.��!"�2�1 #<��.��!# .4>= ����%�14�>V�%�.��R#- #�,�

�"M<�.�%2��14�>= ���6�!��%�#-��6 < �%��4�.��@�##��#��.��%��4#��>��K4��. � �! > �%��

��6 �2#���<�!# .4>= `���%2��%�24�>= ��%�-R"-4"�%�!J��!��%2= �1�6��.�%���6 ##�%! �.�<�

S�!#�<��#��@�##��#�,�

�����4#��D,Z�< %2#��4<��6�!��.��R#- #��!�#��"I<���%�.aR�4��%4!�#� #�%���X88�<�2# %,�

�

���4#��D,Z�_�	�!��.��R#- #��
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.J�K4�!�<��2 %�!�#����#<���>= �.�%������%����<@�"�6�"�

� %2�%��K4�!�<��2 %�2O<���14�>= �.��6 ��62�#��%�"����%�.��1"4P ��� �4<@�"�6�"�.��

6 �2# "��� �%�%2�<����
,�<�14�>= �. �<M2 . �.��6 ��P= �42�"�5�. 3�-R#� %�2�! %�.��

2�#<���>= � ! .�<� %�#� 42�"�5�. %� A73X3YB,� �%� <M2 . %� .�� 6 ��P= � %�#= � �@ #.�. %�

%�!�#�.�<��2��� ��2�<�D,X,�

� ��%��4�#��%2= �"�%2�. %� %�!#��6�!��%�2�! %�.��2�#<���>= ��<!#���. %��<���
/�

- 	 ��P= �.�%�"����%�.��1"4P /�1"����3��#�<! �@��!�#2�. 3�
��.#�"�.�%������%�

.���"4P �G
��J���
?.4" �.��	 ��P= ���#2�6�"�G
	�J`�

- 	 ��P= �. �4<@�"�6�"�.��6 �2# "�/�!"�6����.#R4"�6�3�
�����
	�,�

� ������4#��D,9�M�! %%L-�"� @%�#-�#� %�.�-�#% %�2�! %�.��2�#<���>V�%���6 �2#�.�%�

�<�%�%2�<�%���
,�

�

���4#��D,9�_���! %�.��2�#<���>V�%�.��"����%�.��1"4P ���4<@�"�6��%�.��6 �2# "��
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�"����� �#�<! �@��!�#2�. � �"�6����.#R4"�6��
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������� ��!��������B
	�1
�����

� �� %�%2�<�� ��
� � #�5 �2�"� M� 6 <! %2 � @�%�6�<��2�� !�" %� <�%< %�

�K4�!�<��2 %� . � %�%2�<�� 6 �-��6� ��"� 6 <� �P6�>= � .�� ���3� K4�� Q�<��%� �%2�#R�

!#�%��2�,�

� ���#��.��.�1�#��>����2#�� %�. �%� %�%2�<�%��%2R����R#- #����! #��%2��< 2�- ��"��

%�#R� �h��6 ��K4�!�<��2 ��@ #.�. ��K4�,�

�J��#- #��.����2�"�� #�5 �2�"�

� �� �#- #�� .�� ��2�"� 
 "��.�� ' #�5 �2�"� G��
�'J3� 6 < � �� 	 �-��6� ��"3�

2�<@M<� �P�642��  � 6 �2# "�� .�� 1"4P � . � ! > � �� . � ��4"�#3� <�%� �� %4�� 6 �6�!>= � .��

6 �%2#4>= �M�2 2�"<��2��.�1�#��2�,�����
�'�! .��%�#�.�%6#�2�3�.��1 #<��%�<!"�1�6�.�3�

6 < �4<��@�%���.�!2�. #��.��!# .4>= �G���J�6 <�-R"-4"�%�< �2�.�%����%4�� "�2�#�"3�

!�#<�2��. �����2�#-��>= �� �! > �����%4@%2�24�>= �.��6 "4���.��!# .4>= �%�<���#�2�#�.��

.��<�%<��A7B,�

� %2�� R#- #�� M� 6 <! %2�� ! #� %�2�� -R"-4"�%�  !�#�.�%� ! #� �24�. #�%� ��.#R4"�6 %�

G���4#��D,]J/�

- �R"-4"��<�%2#��.��!# .4>= �G��!��	�DJ`�

- �R"-4"��"�2�#�"�.��!# .4>= �GJ��-�DJ`�

- �R"-4"��<�%2#��. ���4"�#�G��!��	�7J`�

- �R"-4"��"�2�#�"�. ���4"�#�GJ��-�7J`�

- �R"-4"��.����2�#"���>= ���2#����4"�#�����!# .4>= �G�	
!!
��	J`�

- �R"-4"��.����2�#-��>= �. ���4"�#�G������!�����	�����
������J`�

- �R"-4"��!�#��!�%%���<�.��!���G �-��	
!!
��	J,�
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�

���4#��D,]�_��R"-4"�%�.����
�' #�5 �2�"�

� <� 14�>= � . � .�%" 6�<��2 � .�%� -R"-4"�%� !�#�� �� "�2�#�"� .����
3�K4�<� 1�5�  �

.�#�6� ��<��2 �. �1"4P �!�#����%�L.��.�%�"����%�.��!# .4>= �M� �%4%!��% #�.��6 "4��3�

K4���� #��M��%%��2�. �� ��" Q�. #�.��R#- #�3����= �<��%�������� 4����6�@�>��.��! > ,�

	 <��%% 3� �%4%!��% #�. �%�%2�<��� #�5 �2�"�! %%4��4<��%�L.��"�2�#�"3� �K4�� �.�1�#��6���

. ��K4�!�<��2 �42�"�5�. �� �%�%2�<��-�#2�6�",�

� ���#��.��-��2���<�.�%2��6 �6�!>= �M���! %%�@�"�.�.��.��#�2�#�.��.��6 "4���.��

!# .4>= � �� %4%!��% #� .�� 6 "4��� %�<� #�2�#�.�� .�� ��
�',� � #�  42# � "�. 3� K4�"K4�#�

�� <�"���K4�� #�K4��#�� �� #�2�#�.�� .�� R#- #�3� #�%4"2�#R� 2�<@M<� ��� ��6�%%�.�.�� .�� 4<��

��2�#-��>= �6 <�#�2�#�.��.��6 "4���.��!# .4>= ,�

����� ���������567/*89,

� ��%2���. %� S� 6 "�2��  4� .�%2#�@4�>= � .�� 1"4�. %3�  %� <���1 ".%� %4@<�#�� %� %= �

�K4�!�<��2 %�42�"�5�. %�� �.�%��- "-�<��2 �.�� 6�<! %�.��!�2#?"� � 6 <� %� @Q�2�- %�

.�/�
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- ��.45�#� ��h<�# �.��	�!�	!�K4��6����<�S�4��.�.���%2�6� �R#���.��!# .4>= �

G��J�<���<�5��. ���6�#����!"�6�.��% @#���"����2�<@M<�%�4��%!�> `�

- ��.45�#� �64%2 �.��.42 %`�

- ��2�6�!�#���!# .4>= `�

- �2�<�5�#� ��##��Q �%4@<�#�� ,�

� ��#�.4>= �.��64%2 �.��.42 %�%��.�-��� �1�2 �.����-�5= �<RP�<���.<�2�.��! #�4<�

.42 � �= � %�#� "����#<��2�� !# ! #6� ��"� � � %�4� .�I<�2# ,� ��%2�� 1 #<�� M� ! %%L-�"3� ! #�

�P�<!" 3�K4�� �2 �.42 %�.��Yi�! %%�<�%�#�%4@%2�24L. %�! #�4<�.��D8i3�2��. ��%2��.42 �

4<�64%2 �! #�<�2# �<�� #�. �K4�� �2 �.42 %�.��Yi,���.�!��.�#�. ��##��Q �%4@<�#�� �

!# ! %2 � !�#��  � 6�<! � �%2�� ! .�#R� %�#�  � 1�2 #� .�2�#<����2�� !�#�� �� 42�"�5�>= � .��

<���1 ".%�AEB,�

� 	 <� #�"�>= � S� .�<��4�>= � . � �h<�# � .�� 	�!�	!�K4�� 6����<� S%� !"�2�1 #<�%3� ��

42�"�5�>= � .�� <���1 ".%� ! .�� %�#� �� �"2�#��2�-�� K4�� -��@�"�5��  � .�%��- "-�<��2 � . �

6�<! ,��%2 �%��.R�6 < �6 �%�KTO�6���.��"�<�2�>= �.���%!�> �!�#��6 ��P= �.��.42 %��<�

4��.�.�%�. �2�! ������6 <���		��3� 4�6 < �#�%4"2�. �.��6�!�6�.�.��.��6�#���%4! #2�.��

! #� 4<�� ��� . � 2�! � %�<��%4@<�#%L-�"� ��6 #�.�� �<� R�4�%� !# 14�.�%�  4�

4"2#�!# 14�.�%,�

� ��-��2���<�.����2�6�!�>= �.��!# .4>= �M�2�.��<��%�6 < �4<��6 �%�KTO�6���. �

�<!#�� �.��<���1 ".%�. �K4��6 < �4<�1�2 #�.�6�%�- �!�#��%4���%6 "��,�%2��-��2���<�

�%2R����! %%�@�"�.�.��.����2�#"���>= �.��2 . %� %�! > %�� �<���1 ".���2�%�.��6����.��.��

��� S� " 6�>= ,� 	 <� �%2 3� � � < <��2 � �<� K4�� �� !"�2�1 #<�� �%2�-�#� .�%! �L-�"� S�

!# .4>= � @�%2�� 1�5�#� �� ��2�#"���>= � . �<���1 ".� �� �"��K4�� ! #� 6 �%�KTO�6��� 2 . %�  %�

! > %� �%2�#= � ��2�#"���. %,� 	�% � �= � 1 %%�� 42�"�5�. �  � <���1 ".3� %�#��<� ��6�%%R#��%�

��2�#"���>V�%� ! > � �� ! > � 6 <� ����3�  �K4�� 6 �%4<�#��� 2�<! �<4�2 �<�� #� �2M�K4��

2 . %��%2�-�%%�<��!2 %�S�!# .4>= ,�
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� 	 <�#�"�>= �S�14�6� ��"�.�.�3� %�<���1 ".%�! .�<�%�#�@�%�6�<��2��.��2#O%�2�! %�

AEB/�

- 
���1 ".%�.��6 "�2�/�.�#�6� ��<� %�1"4P %�!# -�����2�%�.��-R#� %�.42 %�!�#��

4<�h��6 �.42 �.��%�L.�,�	 < ��P�<!" �2O<�%�� %�<���1 ".%�.��!# .4>= `�

- 
���1 ".%� .�� .�%2#�@4�>= /� #�6�@�<�  � 1"4P � .�� 4<� h��6 � .42 � ��  �

#�.�#�6� ��<� !�#�� -R#� %� .42 %� .�� %�L.�,� �%� �K4�!�<��2 %� 2L!�6 %� .��

.�%2#�@4�>= �%= � %�.����Q�>= �.��R�4����-�!�����`�

- 
���1 ".%� <�%2 %/� �!#�%��2�<� %�<4"2����<��2�� �%� 14�>V�%� . %�

�K4�!�<��2 %�.��6 "�2����.�%2#�@4�>= ,�	 < ��P�<!" ��%2= � %��K4�!�<��2 %�

K4���!#�%��2�<��%�14�>V�%�%�<4"2I���%�.��!# .4>= �����Q�>= �.��R�4�,�

� �%� 6 �1��4#�>V�%� 2L!�6�%� . %� <���1 ".%� ! .�<� -�#��#� K4��2 � � � 6 �6��2 � .��

< .4"�#�5�>= � �. 2�. ,� �� < .4"�#�5�>= � -�%�� !�#<�2�#� K4�� %�%2�<�%� �� 6 <! ���2�%�

6 �%�.�#�. %�6#L2�6 %�! %%�<�%�#�#�64!�#�. %,�	 <��%2 3�! .�<�!�%%�#�! #�<��42��>= �

!�#��#�2 #��#�<�S� !�#�>= � 4���2= �%�#�<�%4@%2�24L. %�! #�� - %�<?.4" %,�

� %24. %�.��6 �1��@�"�.�.����.��6�6" �.��-�.��. �<���1 ".���.��%�4%�6 <! ���2�%�

.�1���<� �� ��6�%%�.�.��  4� �= � .�� < .4"�#�5�>= 3� @�<� 6 < � K4��%� !�#2�%� .�-�<� %�#�

#�64!�#R-��%�AZB,�

� ��4% �.��<?.4" %�#�64!�#R-��%��4<��2�� �2�<��� ���!�% �. �<���1 ".3�6 �24. �

�!#�%��2�� �� �#��.��-��2���<�.��!�#<�2�#�K4���� 6 �.�>= � !�#�6� ��"�.�� 6 <! ���2�%�

6#L2�6 %� %�Q�� #�%2�4#�.�� %�<� K4�� %�Q�� ��6�%%R#� � ��2�## <!�#� �� !# .4>= � .�� 2 . %�  %�

! > %�! #�4<�" �� �!�#L . �.��2�<! ,�

� �� 6�#�62�#L%2�6�� .�� < .4"�#�5�>= � � #2� 4�  � .�%��- "-�<��2 � . %� <���1 ".%�

%4@<�#�� %�����	��!!�.����6���.��	�<! %�� ��#�%�",�� @��%2��! �2 �.��-�%2������%2?#���

. � .�%��- "-�<��2 � . %� �K4�!�<��2 %� ! .�� %�#� .�-�.�.�� �<� ��#�>V�%� AXB3� 6 �1 #<��

�P!"�6�. ���%��4�#,�
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� 	 <� �� .�%6 @�#2�� .�� 6�<! %� .�� !�2#?"� � �<� R�4�%� !# 14�.�%3� �� ��2# @#�%�

��6�%%�2 4� #�-�#�  � 6 �6��2 � .�� !# Q�2 � .�� %�4%� �K4�!�<��2 %3� K4�� �2M� ��2= �

6 �%�.�#�-�<���42�"�5�>= �.��<�#�4"� �!�#��-R#��%� !�#�>V�%,�

� �� #�%4"2�. � <�2�#��"�5 4�%�� �<� . �%� <���1 ".%� .�� !# .4>= � K4�� ! %%4��<�

6�!�6�.�.�� !�#�� ��2�#"���>= � ��  �2 � ! > %� �� !�%�-�<� YE8� ��� 6�.�� 4<,� �<@ %� 1 #�<�

��%2�"�. %� �<� R�4�%� �= � �6�%%L-��%� � �<�#�4"� � 6 <�#6��"� � � 6�<! �.���"@�6 #�,���

���4#��D,F�< %2#��4<�.�%2�%��K4�!�<��2 %,�

� ��-�. � S� 1�"2�� .�� .�. %� .�� 6 �1��@�"�.�.�� .�� 6 <! ���2�%� ��%2�"�. %� �<� 2��%�

!# 14�.�.�.�%� �� 2�<@M<��<�14�>= �.��! 46�� �P!�#�O�6���6 <��� !�#�>= �.�%2��� - �

2�! �.��6 �6��2 3� �!# Q�2 �6 �%�.�# 4� ���#4!�<��2 �. %�6 <! ���2�%�<��%�6#L2�6 %��<�

<?.4" %�#�64!�#R-��%,��R"-4"�%3���
H�!���%��% #�%�1 #�<���#4!�. %��<�K4�2# �<?.4" %�

#�64!�#R-��%�G4<�!�#��6�.��. �%�! > %J3�6��<�. %�<?.4" %�.��-R"-4"�%,���%�%2�<��.��

6 �2# "�� %�"�6� ��. � 1 ��. � 2�! ��"�2# ���.#R4"�6 �<4"2�!"�P�. 3�K4���<!#���-��K4�2# �

<?.4" %�.��6 �2# "��G�	
a%J,�� #�1�<3�.�-�. �S��<! %%�@�"�.�.��.���6�%% �� �<�#�4"� �

6 <�#6��"3�  � %�%2�<�� .�� 6 ��P= � . %� .42 %� 1"�PL-��%� �� 4<@�"�6��%� .�� 6 �2# "��

6 �2�<!" 4���42�"�5�>= �.��<?.4" %�.��6 ��P= �-�#2�6�"�G
	�a%J,�
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���1 ".�.��!#�<��#����#�>= �
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� ��%��4�.����#�>= �.��<���1 ".%�1 ��6 <! %2��! #�6��6 �<���1 ".%3�%��. �K4�2# �

!�#��!# .4>= ���4<�!�#�� ��Q�>= �.��R�4�,����#��.�� @Q�2�- ���%2��< <��2 �!�%% 4���

%�#� �� #�.4>= � .�� !�% 3� K4�� 1 �� �"6��>�.�� 6 <� �� 6 �%2#4>= � .�� �K4�!�<��2 %� K4��

!�%�-�<��<�2 #� �.��DZ8���,������4#��D,D8�< %2#��4<�.�%2�%�<���1 ".%,�

� �%�!#��6�!��%��"2�#�>V�%��<�#�"�>= �S�!#�<��#����#�>= �1 #�</�

- "�<���>= � . %� <?.4" %� .�� -R"-4"�%3� 2 #���. � 2 . %� %�4%� 6 <! ���2�%�

#�%�.��2�%`�

- 	#��>= �.��4<�� - �<?.4" �#�64!�#R-�"��<�6�.��<���1 ".,�� %2�#� #<��2��

�%2��<?.4" �-�#������@#���#�4<�<�.�. #�<4"2�1R%�6 �6 <� � @Q�2�- �.��2�%2�#�

��2�6� " ���3��<�#���2��S�M! 6�,�

 

���4#��D,D8�_�
���1 ".�.��%��4�.����#�>= �

������� ����	���	��-�	�%&
���������
��!�����	��!!�

� ���%� �K4�!�<��2 %� ���6��#�<��� 2�#6��#�� ��#�>= � �� 1 #�<� ��%2�"�. %�� %� 6�<! %�

.��
�#"�<���
�#�<@R,���<�� #��"2�#�>= ��<�#�"�>= �S�%��4�.����#�>= �1 ����.�%! %�>= �

. %���
H�!��<�<?.4" %�#�64!�#R-��%3�.��1 #<��K4��6�.��<?.4" ��2��.�����. �%�! > %,�

� )4��. �%���<���� 4�K4���%2���#4! �.��<���1 ".%��%2�-����6�##�. 3�4<�.�%�1� �


?.4" �.��
�.�>= �

4"2�1R%�6��
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%4#��4�� �6�<! �.��� �6�. #,�%24. %��.��2�1�6�#�<�K4����-�#����#��.�� 2�<�5�>= �. �

�##��Q � %4@<�#�� � %�� 1 %%�� .�%��- "-�. � 4<� <���1 ".� !�#�� .�%2#�@4�>= � .�� �R%� !�#��

�"�-�>= � �#2�1�6��",� %2�� �K4�!�<��2 � G���4#�� D,DDJ� 1 �� ��2= � !# Q�2�. � !�#�� "I<����

.aR�4��.��7888�<���6 #! #��. 3��"M<�. %�<?.4" %�.����
H�!3��%�%��4��2�%��� -�>V�%/�

- <�.�. #�%�< � 1R%�6 %�.��-�5= �G��6"4L. %�� %�<?.4" %�.����
H�J`�

- 42�"�5�>= � .�� -R"-4"�%� .�#�6� ��. #�%� G����	��	!J� !�#�� ��-� � .��  �-!� .��

"�<!�5��� %�! > %���!�#2�#�.��%4!�#1L6������2#�-M%�. �<���1 ".`�

- �<!#�� �.��.�2�62 #�%�.�� �-�#�64!�#R-��%,�

� �42# �<�#6 ��<! #2��2��!�#2��6��2�����%2��<���1 ".�.��� �6�. #�1 �� �<M2 . �

.�� ��%2�"�>= 3� ��M.�2 � �� @�%��. � ��� 42�"�5�>= �.�� % �.�� �� @�#6 %� 6 <�! %�6� ��<��2 �

.��I<�6 � A9B,� � � 6 �6��2 � .�%��- "-�. � �� 1�##�<��2�� .�� ��%2�"�>= � . � <���1 ".� 1 ��

6 ��62�.����4<��! "���! #� �.��!�%%�-��4<�6�@ �.���> ,��<���P2#�<�.�.��.�%2��6�@ �

�#�� %4%2��2�.�� !�"�� % �.�� ��K4��2 � ��  42#�� �%2�-�� "���.�� � � �4��6� � .�� 4<� @�#6 � .��

<��4%�� � .�� I�6 #�%,� �� "�@�#�>= � .�� 6�@ � !�" � �4��6� � !�#<�2��� �� .�%6�.�� . �

�K4�!�<��2 `���K4��2 ���6 �1��4#�>= �. �%�%2�<�3��"��.��� �6 <!��%�. #�.��������.��

% �.�3��-�2�-���� 6 ##O�6���. �1��U<�� �.��#�%% �I�6��,�
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� �!?%� �� 2�#6��#�� ��#�>= � 4<� � - � �K4�!�<��2 � 1 �� !# Q�2�. � !�#��  �

.�%��- "-�<��2 �.��!# .4>= �. �6�<! �.��
�#�<@R���%2��G���4#��D,D7J,�

� ��-�. � � � �!#��.�5�. �  @2�. � 6 <�  %� �K4�!�<��2 %� ��2�#� #�%�  !2 4�%��

� -�<��2��!�"��< .4"�#�5�>= �.��2 . %� %�6 <! ���2�%�6 �%�.�#�. %�6#L2�6 %,�

� ���K4�#2����#�>= �.�6�.�4�%��K4���!���%��%�-R"-4"�%�<��4��%�.��@" K4�� ��� %�

%��% #�%�.��!#�%%= ���2�<!�#�24#��.�%�24@4"�>V�%�.��2# �6 �G�����	!J�%�#��<�#�%�.��2�%`�

���.���%%�<��%2�%�%��% #�%�! %%4�#��<�#�.4�.I�6����<�<?.4" %�#�64!�#R-��%,�

� ��%2��6 �6�!>= ��. 2 4�%��6 < �#�64!�#R-��%� %�%��4��2�%�<?.4" %/�

- 
?.4" %�.��6 �2# "��%4@<�#�� �G�	
%J`�

- 
?.4" �. �<�.�. #�<4"2�1R%�6 `�

- 
?.4" � 6 <� �%� -R"-4"�%� ��.#R4"�6�%� K4�� !�#<�2�<� �� !�%%���<� .��  �-� .��

"�<!�5�`�

- ���% #�.��!�%%���<�.�� �-`�

- 
?.4" %�.��!# .4>= ,�

� �%�<?.4" %�.�� <���. %�.���# .4>= ��#�<�6 <! %2 %�! #�-R"-4"�%3�%��% #�%3�

��
H�!3� <�.�. #�%� .�� -�5= � <4"2�1R%�6�� �� < � 1R%�6�,� �4�� 14�>= � !#��6�!�"� �#��

6 �2# "�#���!# .4>= �.��4<�h��6 �! > 3� �K4��<���<�5�-�� %��<!�62 %��<�6�% �.��1�"���

.��6 <! ���2��6 <���6�%%�.�.��.��%4@%2�24�>= �. �<?.4" ,�

� � #� 1�<3� ��%2�� ��#�>= � !# 64# 4�%�� @" K4��#� 2 .�%� �%� .�1�64".�.�%� -�-��6��.�%�

��%���#�>V�%���2�#� #�%� @Q�2�-��. � �!# Q�2 �.��4<��K4�!�<��2 �<��%�6 �1�R-�"���6 <�

<�� #�.�%! ��@�"�.�.�� !�#�6� ��",�
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���1 ".�.��K4�#2����#�>= �

1.3 Métodos de Conexão de Linhas 

� � �" �� �.����%2?#���.��.�%��- "-�<��2 �. %�6�<! %�.��!�2#?"� �
��!�
	��1 #�<�

42�"�5�. %� .�-�#% %� <M2 . %� !�#�� 6 ��P= � . %� .42 %� �� 4<@�"�6��%� � %� �K4�!�<��2 %�

%4@<�#�� %,�

� ���6��"<��2�3�� %��K4�!�<��2 %�!# Q�2�. %�!�#��"I<����.aR�4��G���J���1�#� #���

X88�<�2# %3��%�6 ��PV�%�.��"����%���4<@�"�6�"��#�<��P�642�.�%�! #�<�#�4"��. #�%,�� #�

�%2��< 2�- � �%�%2�<��.���6 !"�<��2 ��� �<M2 . �.��6 ��P= �.�-��<�%�#�%�<!"�%,��%�

"����%� �� 4<@�"�6��%� �#�<� �@��. ��. %� !#?P�< %�� � �K4�!�<��2 � %4@<�#�� � .�� 1 #<��

K4�� �<�#�4"��. #3�6 <� �4% �.��j!R#��K4�.�%i���2�"��%3��%��!# P�<�-�����P�642�-�� �

�6 !"�<��2 ,� �� 6 ��P= � �<� %�� �#�� 1��2�� 6 <� �� 42�"�5�>= � .�� 1"����%3� �#�<! %� @��

!�#2�. %� �� !"�6�%� ��.#R4"�6�%,� �� ���4#�� D,DX� < %2#�� 4<�� ��
�  �.�� �"�4�%� .�%2�%�

6 <! ���2�%��%2= �!#�%��2�%,�


?.4" �.��
�# .4>= �
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���4#��D,DX�_���#<���>V�%�.��"����%�. %�2�! %�1"�������!"�6����.#R4"�6��

� � %2�#� #<��2�3� 6 <� �� ��6�%%�.�.�� .�� %�� .�%��- "-�#� 6�<! %� �<� R�4�%� 6 <�

!# 14�.�.�.�%�6�.��-�5�<�� #�%3�6 <�>�#�<� %��%1 #> %�!�#��%��.�%! ��@�"�5�#�%�%2�<�%�

.��6 ��P= �K4���= ���6�%%�2�%%�<�.��<�#�4"� 3� %�%�%2�<�%�����	��!!,�

� ��!#�<��#�����6��2�-����%2��%��2�. �1 �� �4% �.��6 ��P= �� #�5 �2�"�2�! � ������,�

%2��%�%2�<��1 ��42�"�5�. ��<�4<��R#- #��.����2�"�����2�#<���>= �.�%�"����%��#��!4P�.��

!�#�� �� R#- #�� ! #� 4<�� 1�##�<��2�� .�� <���.��  ���� ��� �

�,� ��-�. � S� 1�"2�� .��

6 �1��@�"�.�.���%2��6 �6��2 � 1 ���@��. ��. ,������4#��D,DY�< %2#��4<��R#- #��. 2�.��

6 <��%2��%�%2�<�,�

�

���4#��D,DY�_���#<���>= �.��"����%�� #�5 �2�"�. �2�! � �������

'1/9:-

�1/;/
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� �!?%� %�!# @"�<�%���1#��2�. %�6 <� �!#�<��# �2�! �.��6 ��P= �����	��!!�!�#2�4�

%�� !�#��  � .�%��- "-�<��2 � .�� 4<� <M2 . � 6��<�. � ��K2�J�K� A]B,� ��%2�� %�%2�<�� ��

2�#<���>= �.�%�"����%���4<@�"�6�"��#��1��2���<�4<��K4�!�<��2 �.�� <���. �<��.#�"�.�%�

"����%�.��1"4P �G
��J,��

� ��<M2 . �6 �%�%2����<�4<�2#�@�"� �6 �Q4�2 ���2#����-� �"��>�. #�.��"����%�����

% �.��.��6 <!"�2�>= ,�����-� �2#��%1�#��� �
���6 ��62�. �S%�"����%���4<@�"�6�"�!�#����

% �.��! #�<�� �.��4<�6�@ �<��%����# ,����% �.�� �
����#��2#�-�. ������
����!?%�

�%2 �%�����6��-����.�%6�.��. �6 �Q4�2 3�6 <� �"��>�<��2 �%�<4"2I�� �.�%�"����%�.��1"4P �

��6 �2# "��!�" ���-� ,������4#��D,DE��"4%2#���%2��!# 6�%% ,�

� 	 < �������!�#���%2��6�% �! %%4L��4<�@�#> �!�#���! ��#���2#�-�#� �
��3�6�% �

1 %%����6�%%R#� �%�#���! %%L-�"�#�64!�#�#�����
�%�<��%�"����%,�
�%< ��%%�<3� �<M2 . �

��K2�J�K� �!#�%��2�-�� 4<�� �#��.�� .�%-��2���<3� ��6�%%�2�-�� ��  !�#�>= � 6 �Q4�2�� .��

. �%�#�64#% %��"2�<��2��6#L2�6 %/���-� �.��"��>�<��2 �.��"����%���% �.��.��6 <!"�2�>= ,�

��%2��< <��2 � �#�� ! %%L-�"� �1�#<�#�K4��QR���-��� 4<�<M2 . �!�#�� 6 ��P= �.�� "����%�

%�<���6�%%�.�.��.��<�#�4"��. #��� �.�%�1� �!�%%�-����%�#���#��"�5�>= �.�%2�� !�#�>= �

%�<�����6�%%�.�.��.��42�"�5�>= �.�%�.4�%��<@�#6�>V�%�%�<4"2����<��2�,�

�

���4#��D,DE�_�
M2 . ���K2�J�K�
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� �� !#�<��#�� % "4>= � ��6 �2#�.�� 6 �%�.�# 4�  � 4% � .�� 4<�� �%2#424#�� %4@<�#����

!�#�� �@��. � � .�%� "����%� 1"�PL-��%� AFB,� �� <M2 . � 1�6 4� 6 ���6�. � 6 < � 	 ��P= �

��#2�6�"���.�#�2��G	��J���6 <!#���.����%�%��4��2�%� !�#�>V�%,�����-� ��@��. ��-��� �

% " � <�#��� � �� �%2#424#�� G2#��?J� 6 <� 4<�� .�%� �P2#�<�.�.�%� .�%� "����%3� �<� %��4�.��

6 �6"4��� � "��>�<��2 �����2#���-����%��4�.���P2#�<�.�.��.�#�2�<��2��!�#����4��.�.��

�%2�6� �R#���.��!# .4>= ,���% �.��.��6 <!"�2�>= ���2= �j!�%6�-�i� �
���. �2#��?���

��%2�"�-�� � ��� ���,� � #� 1�<3� �� R#- #�� �� �� 6�!�� �#�<� ��%2�"�.�%� �� �� 6 <!"�2�>= �

1���"�5�.�,� �� ���4#�� D,DZ� �"4%2#�� �� %�KTO�6��� .��  !�#�>V�%� !#�%��2�%� � � <M2 . � .��

6 ��P= �-�#2�6�"���.�#�2�,�

�

���4#��D,DZ�_�
M2 . �.��6 ��P= �-�#2�6�"���.�#�2��

� 	 <�  �  @Q�2�- � .�� %�� �"�<���#� �� <�� @#�� .�� j!�%6�#��i� . � 
��� 1 ��

.�%��- "-�. �  �<M2 . � .��	 ��P= ���#2�6�"���#�2�� G	��J3� �"4%2#�. � ��� ���4#�� D,D9,�

�K4�� �
���M� ��%2�"�. �.�#�2�<��2��������,���#��!�#<�2�#� �%2 � �!# Q�2 �. �<��.#�"�

�!#�%��2 4�-R#��%�< .�1�6�>V�%��<�#�"�>= �� %�42�"�5�. %����6 ��P= ���K2�J�K���	��,�

��<��%��<! #2��2��.�"�%�1 ������6"4%= �.��4<�!�� ��4���!�#�� #���2�>= �. �
���.4#��2��

%4����%2�"�>= �������3��P�642�.��!�" �@�#6 �.��"��>�<��2 �.��"����%,�

� �� 	��� 2�<� 4<� �#��.�� ��6 �-�����2�� � � ��6�%%�2�#� K4�� �� 6 <!"�2�>= � %�Q��

�P�642�.�� �<� . �%� �%2R�� %,� ���6��"<��2�� ��%2�"��%�� �� ���� ��  � %4%!��% #� .�� 6 "4��3�

�@��. ���. � �! > �2�<! #�#��<��2�,����%�KTO�6��� �
���M���%2�"�. �!�" ���-� �.��

"��>�<��2 �.��"����%,�� #�1�<3���% �.��#�2 #���� �! > �!�#��1���"�5�#���6 <!"�2�>= ,�
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�

���4#��D,D9�_�
M2 . �.��6 ��P= �-�#2�6�"�.�#�2��

� �!?%��%2��!�#L . �����2# @#�%�2 < 4���.�6�%= �.��!# .45�#���R#���. �6�<! �.��

�"@�6 #�3� " 6�"�5�.�� �<� R�4�%� !# 14�.�%,� ��#��  � .�%��- "-�<��2 � .�%2��

�<!#���.�<��2 �6 �%�.�# 4���42�"�5�>= �.��<���1 ".%�%4@<�#�� %,�	 �24. ��= ���-���

2�6� " ����6 <!"�2�<��2��.�%! �L-�"�!�#���%2 ���4<�. %��2��%�6#L2�6 %��#�� �<M2 . �.��

6 ��P= �.�%�"����%,�

� ��� %4!�#�>= �.�%2��.�%�1� ���%6�4� � %�%2�<��.�� 6 ��P= �-�#2�6�"� ! #�<?.4" %�

AD8B,�%2��%�%2�<��.��6 ��P= �M�6 <! %2 �! #�4<�<��.#�"�G" 6�"�5�. �� ��K4�!�<��2 �

%4@<�#�� J���! #�4<�
?.4" �.��	 ��P= ���#2�6�"�G
	�J���2�#"���. �S�"����,���%�%2�<��

! %%4��6 <! ���2�%�K4��!�#<�2�<� ��"����<��2 ���2#�-�<��2 �. �
	���<�#�"�>= �� �

<��.#�",�

� )4��. � 1 �� �!"�6�. � �� %�%2�<�%� ��
� G���4#�� D,D]J3�  � %�%2�<�� .�� 6 ��P= �

-�#2�6�"� 6 <� 
	�� 2# 4P�� �� #<�%� ���� %,� �#�<��#�<��2�� �"�� ! %%�@�"�2 4� 4<��

6 <!"�2�� .�%-��64"�>= � ��2#�� �%�  !�#�>V�%� .�� ��%2�"�>= � .�%� "����%� �� ��%2�"�>= � .��

��
,�� #�1�<3�6�% � 6 ##������6�%%�.�.��.��%��%4@%2�24�#�4<�2#�6� �K4�"K4�#�.��"�����

1"�PL-�"� 4�.�� 6 �2# "�3� �= ��R�<��%� �� @#���>= �.�� %�� ��2�#-�#� � �! > � !�#�� #�2�#�#� ��

��
3� �K4��2 #����%2�� !�#�>= �<4�2 �<��%�@�#�2�,�
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�

���4#��D,D]�_�
M2 . �.��6 ��P= �-�#2�6�"�6 <�
	��

1.4 Instalação de Módulos Submarinos 

����� �*89;8=/8>�?.51,>�567/*89,>

� ��� ��2# .4>= � � %� !#��6�!��%� �K4�!�<��2 %� %4@<�#�� %� 6�2 4�%�� K4�� 2��2 � �%�

R#- #�%� K4��2 �  %� <���1 ".%� ! .�<� ! %%4�#� <?.4" %� 64Q�%� .�<��%V�%� �� !�% %� %= �

-�#��. %,����< . � �� 1�6�"�2�#� �� �@ #.���<� .�%2�%� 6 <! ���2�%� . � ! �2 � .�� -�%2�� .��

��%2�"�>= 3� ������ (������ AYB� !# !U%� %4�� 6"�%%�1�6�>= � �<� 2#O%� �#4! %� @R%�6 %3�

"�%2�. %��@��P /�

- 
?.4" %�.��6 �2# "�`�

- 
?.4" %�.��6 ��P= �.��"����%�1"�PL-��%���4<@�"�6��%`�

- 
?.4" %� 6 <� �%2#424#�� 2�! � ��� "�,� %2�%� <?.4" %� � #<�"<��2�� ! %%4�<�

��2�#1�6�� 6 <� �� 24@4"�>= � . � �K4�!�<��2 � #�%�.��2�� �� %= � ���<�� #��� . %�

6�% %���6 �2#�. %��<�<���1 ".%�%4@<�#�� %,�%2��< .�" ���6"4�� %�<?.4" %�

.����
H�3� %�<?.4" %�.��<�.�>= �<4"2�1R%�6�3� %�<?.4" %�.��!# .4>= ��� %�

<?.4" %�.��-R"-4"�%,�

� ��� ��2# @#�%3� 6 �%�.�#��. � �!���%�  %� <���1 ".%� ����	��!!3� �R� 4<�� �#��.��

K4��2�.�.�� .�� <?.4" %� %4@<�#�� %� ��� ��6��� .�� 	�<! %,� �� ��@�"�� D,D� "�%2�� ��

K4��2�.�.��2 2�"�.��6�.��2�! �.��<?.4" ���%2�"�.����%2�%��K4�!�<��2 %�AYB,�
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��@�"��D,D�_�
?.4" %�%4@<�#�� %���%2�"�. %�� %�.�-�#% %�<���1 ".%�.����2# @#�%�


8=,.-�?.51, @5/908./.-�9>0/1/./


	�a%�.����2�#"���>= ������ EX�


	�a%�.����2�#"���>= ���! > � D79�


?.4" %�.����%2#�@4�>= �"M2#�6��

��'�.#R4"�6��G'�
a%J�
X7�

�	
a%� Z8�


?.4" %�.��
�.�>= �
4"2�1R%�6�� F�


?.4" %�.��)�
H�� 7F�


?.4" %�.���R"-4"�%� ]�


?.4" %�.���# .4>= � E�

����� �A0,.,>.-�9>0/1/BC,

� �%� <?.4" %� �@ #.�. %� �6�<�� ! %%4�<� .�1�#��2�%� <M2 . %� .�� ��%2�"�>= � �<�

14�>= �. �!�% 3�.�%�.�<��%V�%���.�%�6�#��%��P2�#��%��24��2�%,�


?.4" %�6 <�@��P �!�% �G��1�#� #���9���J�%= �� #<�"<��2����%2�"�. %�! #�6�@ %�.���> ,�

��%2�� 6�2�� #��� �%2= �  %� <?.4" %� .�� ��
H�3�  %� �	
a%� ��  %� <?.4" %� .�� <�.�>= �

<4"2�1R%�6�,�

� �%�
	�a%���'�
a%3� 64Q %�!�% %� %= � ��1�#� #�%���DY� ��� ��64Q�� ��1"4O�6���.�%�

6�#��%� �P2�#��%� !�"�� �>= � .�%� "����%� �� 4<@�"�6�"� M� %����1�6�2�-�� ! .�<� %�#� ��%2�"�. %�

2��2 � ! #� 6�@ � .�� �> � K4��2 � ! #�  � �� �
��
J�	� G2�! � .�� "����� 1"�PL-�"� 6 <� �"�-�.��

#�%�%2O�6���S�2#�>= �K4��! .��%�#�42�"�5�.�������%2�"�>= ��<�%4@%2�24�>= �� �6�@ �.���> J,�

� � #� 1�<3�  %� <?.4" %� 6 <� !�% � %4!�#� #� �� DY� ��3� � #<�"<��2��  %� <?.4" %� .��

-R"-4"�%� �� <?.4" %� .�� !# .4>= 3� %= � ��%2�"�. %� ! #� 6 "4��� .�� 	�!�	� �� !�#2�#� .�� 4<��

% �.��.��6 <!"�2�>= ,�
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1.5 A Compensação do Heave na Instalação por Cabo 

����� �,*@5-�,7=-9>/*D

� ��  @Q�2�- � .�� 6 <!��%�>= �.�������� .4#��2�� �� ��%2�"�>= � �� 6�@ � M� #�.45�#�  %�

< -�<��2 %� .�� #�%! %2�� . %� �K4�!�<��2 %� �� <?.4" %� S� �P6�2�>= � ��#�.�� !�" �

< -�<��2 �.���<@�#6�>= �.�� "��>�<��2 ,�� <�. ��� �%2 3� ��42�"�5�>= �.��%�%2�<�%�.��

6 <!��%�>= � !�#<�2�� K4�� �%� 6�#��%� .��I<�6�%� ��#�.�%� !�"��  !�#�>= � .�� ��%2�"�>= �

%�Q�<� #�.45�.�%3� �-�2��. � % @#�6�#��%� ��  6 ##O�6��� .�� �1# 4P�<��2 %� � � 6�@ � .��

"��>�<��2 ,�

����� �8>0-7/>.-�,7=-9>/BC,

� �%� 6 <!��%�. #�%� .�� ������ �24�<� !�#�� �4<��2�#�  � 6 �2# "�� % @#�� 4<�

�K4�!�<��2 �  4� <?.4" � .4#��2�� �%�  !�#�>V�%� .�� ��%2�"�>= � �� #�2�#�.�,� �� %�%2�<�� .��

6 <!��%�>= ��2����� %�4� @Q�2�- ����<�.�.�� �<�K4���"�<���� 4� #�.45� %�< -�<��2 %�

-�#2�6��%���.45�. %�!�" �@�#6 �.����%2�"�>= �% @#�� %�6 <! ���2�%���%�#�<���%2�"�. %,�

� ��4% �.��6 <!��%�. #�%�.��< -�<��2 � 1�5�6 <�K4����Q���"��.�� ��%2�"�>= �. �

�K4�!�<��2 �%�Q���<!"��.�3� �K4��! .��-�#���#�%4"2�#��<��6 � <���.��2�<! ���#�.4>= �

.��#�%6 %�.4#��2���� !�#�>= ,�

� P�%2�<� .�-�#% %� %�%2�<�%� .�� 6 <!��%�>= � .�%! �L-��%� � � <�#6�. 3� 6 �24. �

6 �6��24�"<��2��M�! %%L-�"���#4!R�" %��<�2#O%�6"�%%�%�.�%2��2�%/�

- ��%2�<�%�6 <!"�2�<��2���2�- %`�

- ��%2�<�%�6 <!"�2�<��2��!�%%�- %`�

- ��%2�<�%�<�%2 %��2�- %���!�%%�- %,�
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��'���� )
� ��!�%&
�������

� �� 6 <!��%�. #� �2�- � M� 4<� %�%2�<�� K4�� -�%�� 2 #��#� �4"�� �� ��1"4O�6��� . %�

< -�<��2 %�. �@�#6 �% @#�� �6�@ �.����%2�"�>= �! #�<�� �.��42�"�5�>= �.��6 �2# "���<�

<�"���1�6��.�����24�. #�%�6 <��"�<��2�>= ��P2�#���.�����#����ADDB,�

� [�  � 2�! � .�� %�%2�<�� <��%� < .�#� � ��  !�#�� !�"�� %��4��2�� "?��6�,� ���% #�%� .��

< -�<��2 %�!�#2��6��2�%�� �%�%2�<��"O�<� %�< -�<��2 %�.���<@�#6�>= �.��"��>�<��2 �

��!�%%�<�����1 #<�>= ���4<�%�%2�<��.��6 �2# "�,�%2��%�%2�<��.��6 �2# "��!# 6�%%�� %�

.�. %� �� ��-��� 6 <��. %� �� �24�. #�%� G� #<�"<��2�� 6�"��.# %� �� �R%�  4� < 2 #�%� . �

%�%2�<��.���4��6� J�K4���P�642�<� �#�6 "��<��2 � 4�"��>�<��2 �.��6�@ �!�#����6�#�����

%�#���%2�"�.�,�%2���2�24.��.��#�6 "��#� 4�"��>�#�6�@ � @Q�2�-��6 <!��%�#� �< -�<��2 �

.���<@�#6�>= 3�1�5��. �6 <�K4�� �< -�<��2 �-�#2�6�"�. ��K4�!�<��2 �����P2#�<�.�.��

��1�#� #�. �6�@ �%�Q��!#�2�6�<��2���4" ,�

� �"�4<�%�"�<�2�>V�%���6 �2#�.�%�� %�%�%2�<�%��2�- %��%2= �"�%2�.�%��@��P /�

- �= ��"2�<��2��.�!��.��2�%�. %�%��% #�%�.��< -�<��2 3��%%�<�%��% #�%�6 <�

@��P�� !#�6�%= �  4� �## %� ��%� "��24#�%� ! .�<� "�-�#� �� @��P � .�%�<!��� � . �

6 <!��%�. #`�

- � #<�"<��2�� �= � 6 �%�.�#�<� �<� %4�� "?��6�� .�� !# 6�%%�<��2 �  � -�" #� .��

6�#�����%�#���%2�"�.�`�

- 	 �%�.�#�<�6 < �!#��6�!�"�!�#I<�2# �.����2#�.���!���%� �< -�<��2 ,�

��'���� )
� ��!�%&
���!!����

� %2�%� %�%2�<�%� .�� 6 <!��%�>= � #����<� � %� �%1 #> %� �24��2�%� .4#��2�� ��

��%2�"�>= �.��1 #<��!�%%�-�,���%2��6 �2�P2 �!�%%�-�.�.��2#�5����.M���.��K4����1 #<��6 <�

K4�� �%�%2�<��#�%! �.��S%��P6�2�>V�%��P2�#��%�%��.R��!���%�! #�6�#�62�#L%2�6�%����#��2�%�

S� %4�� 6 �%2#4>= � G#���.�5� �� �< #2�6�<��2 J3� �= � %�� 1�5��. � !#�%��2�%� %�%2�<�%� .��
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6 �2# "���<�<�"���1�6��.�� 4��24�. #�%�6 <�%4!#�<��2 ��P2�#� �.�����#���,�

� �%� %�%2�<�%� !�%%�- %� ! .�<� �%2�#� ! %�6� ��. %� ��� �<@�#6�>= � .�� "��>�<��2 �

 4�� �6�@ �.����%2�"�>= ,������4#��D,DF�< %2#�� ��%K4�<��.��4<�6 <!��%�. #�!�%%�- �

! %�6� ��. �����<@�#6�>= ,�

 
���4#��D,DF�_�%K4�<��.��4<�6 <!��%�. #�!�%%�- �.��������

� ��!#��6L!� �.��14�6� ��<��2 �M�%�<!"�%���! .��%�#�#�%4<�. �.��%��4��2��1 #<�,�

)4��. � �� �<@�#6�>= � %�� < -�� !�#�� 6�<�� �� 2#�>= � � � 6�@ � .�� "��>�<��2 � 2��.�� ��

�4<��2�#3� .�%2�� 1 #<�� � 6�"��.# � ��2�#"���. � �� �%2�� 6�@ � 2��.�� �� %��< -�<��2�#,�%2��

< -�<��2 ��24�� �!�%2= �. �6�"��.# �.��?"� �G�< #2�6�. #J���6 <!#�<�� �6�"��.# �.���R%�

G< "�� !��4<R2�6�J,� 	 < � 6 �%�KTO�6���  � 6 <!#�<��2 � h2�"� . � 6�@ � .�� "��>�<��2 �

�4<��2���� �< -�<��2 �.���<@�#6�>= �M�!�#6��"<��2��6 <!��%�. 3�<��2��. ���6�#���

�%2R-�",�

� �%�"�<�2�>V�%�. %�%�%2�<�%�6 <!"�2�<��2��!�%%�- %�%= /�

- ��%�%2�<��.�-��%�#��Q4%2�. ��<�14�>= �.��6�#�����%�#���%2�"�.�,�%2���Q4%2��M�

1��2 �! #�<�� �. �-�" #�.��!#�%%= ���%�#�42�"�5�.��� �6�"��.# ����R%`�
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CAPÍTULO 2: INSTALAÇÃO POR CABO COM COMPENSADOR 

SUBMARINO COM RIGIDEZ NÃO LINEAR 

2.1 Instalação por Cabo sem Sistema de Compensação 
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!# 14�.�.�.�J,� ��<@#�#� K4�� �%2�� <�%%�� �1�2�-�� M� 6 <! %2�� !�"�� <�%%��

�.�6� ��"� % <�.�� S�<�%%�� . � 6 #! � �� �� 4<��!�#6�"�� .��<�%%�� . � 6�@ � .��

��%2�"�>= `�

Y, ��!�#I<�2# �&�M� �K4��%��! .���"2�#�#�<��%�1�6�"<��2��!�#��K4����#�%! %2��. �

%�%2�<�� %�Q�� �2��4�.�,� 	 < � %�� @4%6��<�� #�%� -�" #�%� !�#�� e3�  �  @Q�2�- �

!�%%����%�#�4<��@��P��#���.�5�!�#�� �%�%2�<�,�
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2.2 O Uso de Mola com Baixa Rigidez Linear 

� �� �@ #.���<� %�� ���6��� !�"�� ��R"�%�� .�� 42�"�5�>= � .��< "�%� "����#�%� 6 <� @��P��

#���.�5�!�#������%2�"�>= �.��4<�<?.4" �.����
H�3�64Q�%�6�#�62�#L%2�6�%��%2= �< %2#�.�%�

�����@�"��7,D,�

��@�"��7,D�_�	�#�62�#L%2�6�%�@R%�6�%�. �<?.4" �.����
H��

�/*/;0-*K>08;/.,�,9L590,�,90/.,  /1,*

�"24#��� 2�"�G'J� 73Y���

��<��%V�%�.����%��G@�@�$J� D37���@�D37���

��% �����4!�#1L6���G:J� Y]E8�H-��

��% �%4@<�#% �G !����	!
N J� Y778�H-��

	 �1�6���2��.��
�%%���.�6� ��"�G	�.J� 83XE�


�%%���.�6� ��"�G ��� J� D7Y8�H-�

	 �1�6���2��.���##�%2 �G	.J� 839E�

�

� �.<�2��. �K4�� .4#��2�� �#��.�� !�#2�� . � �� �  � !�#L . � .�%�  �.�%� ��� ��6��� .��

	�<! %� %�� %�24�� ��2#�� Z� �� F� %��4�. %� AY3DYB3� ! .��%�� �<!#���#� �� K4�>= � 7,Y� !�#��

6R"64" �.��#���.�5�<L��<����6�%%R#���� �%�%2�<��!�#��K4�� �< -�<��2 �. �<?.4" �%�Q��

�2��4�. ��<�#�"�>= �S��P6�2�>= ,�

� 	 < � �6�% �6#L2�6 � 6 ##��!�#�� �<�� #�!�#L . /�

�
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 �.�/�

�<�P�_�!�#L . �%4!�#� #�.���P6�2�>= �. �%�%2�<�`�

e�2��4�>= �_�-�" #�.��#�5= �.��1#�KTO�6���K4��#�%4"2������2��4�>= �.�%�Q�.��G���4#��7,XJ,��

� ���� #�6 �%�#-�. #�%< ��%2��-�" #�!# -M<�.����R"�%��%�<��< #2�6�<��2 �Gg�k�8J,�
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� �� ��@�"�� 7,7� "�%2��  %� -�" #�%� .�� e�2��4�>= � �� .�� #���.�5� <L��<�� ��6�%%R#��� � �

%�%2�<��!�#��-R#� %�1�2 #�%�.���<!"�1�6�>= �. �< -�<��2 �-�#2�6�"�G6 <�!�#L . �.��F%J,�

� 2�#�K4�����2�@�"��4<���<!"�1�6�>= �.��DH��%����1�6���<!"�24.��.��#�%! %2����4�"�S�DH��

.���P6�2�>= ,�� #<�"<��2�3�1�2 #�%�.���<!"�1�6�>= �<�� #�%� 4���4��%��� 7
D �!�#<�2�<�

����%2�"�>= �.���#��.��<�� #���. %�2�! %�.��<?.4" %�%4@<�#�� %,�

��@�"��7,7�_�����.�5���6�%%R#���� �%�%2�<��!�#��-R#��%��2��4�>V�%�

'/0,*.-/7=18G8;/BC,
.,7,+87-90,+-*08;/1

M/0-95/BC, k [N/m] 

E
D � 7,YE� �⋅8]D,8 �

Y
D � 7,7Y� �⋅8F9,8 �

X
D � 7� �⋅D77,8 �

7
D � D,9X� �⋅DZ7,8 �

D� D,YD� �⋅7YY,8 �

� �������������@%,/�
�M���<�%%��2 2�"��<�&�,�

�

� 	�)�����ADYB�< %2# 4�K4���<�%�%2�<�%�.����%2�"�>= ���6�@ ���<�%%��2 2�"�

 4��1�2�-��. �%�%2�<��M�#�!#�%��2�.��!�"��%��4��2���K4�>= ,�
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6 #! �_�<�%%��. �6 #! ���%�#���%2�"�. `�
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d
6 #! �_�<�%%���.�6� ��"�. �6 #! ���%�#���%2�"�. `�


6�@ � _� <�%%�� . � 6�@ 3� K4�� ! .�� %�#� #�!#�%��2�.�� ! #� %4�� <�%%�� "����#� Gρ6�@ J�

<4"2�!"�6�.��! #�%�4�6 <!#�<��2 �G�6�@ J`�

�6�@ �_�R#���.��%�>= �2#��%-�#%�"�. �6�@ `�

�_�<?.4" �.���"�%2�6�.�.��. �6�@ ,�

�6�@ �_�6 <!#�<��2 �2 2�"�. �6�@ ,�

�

� � �%4@%2�24�#��%�K4�>V�%�7,Z���7,9����K4�>= �7,E���1�5�#�<���!4"�>V�%�! .��

%��6����#�S�K4�>= �7,]3�K4��.�2�#<���� �6 <!#�<��2 �.��6�@ ���6�%%R#� �S� @2��>= �
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 �.�� �� M� 4<�� 6 �%2��2�� K4�� .�!��.�� .�� #�5= � .�� �2��4�>= � !#�2��.�.�� �� ! .�� %�#�
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� ���1 #<����!�#<�2�#� �6R"64" �. �6 <!#�<��2 �<L��< �.��6�@ ���6�%%R#� �!�#��

K4����#�%! %2��%�Q���2��4�.��.�%! ��@�"�5��%�������@�"��7,X��%�!# !#��.�.�%�.���"�4�%�.��

6�@ %�.���> ,�

��@�"��7,X�_��# !#��.�.�%�.��6�@ %�.���> �

�8N7-0*,.,
;/6,

�/>>/189-/*
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H	J

�/*:/7K987/
.-*5=05*/

H0,9GJ

D3E���� Z3DF� E3XX,D89� D8X�

7���� DD38� D387,D8]� D]8�

X���� 7Y39� D3]Z,D8]� X]F�

Y���� YY38� X3XX,D8]� ZZE�
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� ��#�� �%� #�5V�%� .�� �2��4�>= � < %2#�.�%� ��� ��@�"�� 7,7� �� 6 �%�.�#��. � K4�� ���

��%2�"�>= �.��4<�<?.4" �.����
H��42�"�5��%��6�@ �.��D3E���� 4�7����M�! %%L-�"�.�2�#<���#�

 %�6 <!#�<��2 %�<L��< %�.��6�@ ���6�%%R#� %�!�#��6�.��%�24�>= ,�

��@�"��7,Y�_�	 <!#�<��2 %�<L��< %���6�%%R#� %�!�#���2��4�>= �.��#�%! %2�����
��%2�"�>= �.��4<�<?.4" �.����
H��

Comprimento mínimo [m] '/0,*.-
/7=18G8;/BC,.,
7,+87-90,+-*08;/1 �/6,.-�P���	 �/6,.-���	

D� ]7YX� F8]8�

7
D � D8XZX� DD7F8�

X
D � D7DD8� DXDD8�

Y
D � DX9D]� DY9]X�

E
D � DEDDF� DZ7XF�

�

� �����@�"��7,Y�-O�%��K4�� � 6 <!#�<��2 �.�� 6�@ ���6�%%R#� �!�#��K4�� 6 ##�� ��

�2��4�>= �M��"�4<�%�-�5�%�%4!�#� #�� �#�6 #.���24�"�.��!# 14�.�.�.��.����%2�"�>= �.��

��
3� �!# P�<�.�<��2�� 79E8� �� ADZB,� ��"�� #�%%�"2�#� K4��  %� -�" #�%�  @2�. %�

6 �%�.�#�#�<� �!���%� K4�%2V�%� .�� #���.�53�  4� %�Q�3� ����4<�� �-�"��>= � .�� #�%�%2O�6���

<�6I��6��1 ���P�642�.�,�� �%��6 �%�.�#�#���6�#���.��#4!24#��. �6�@ 3��<�2 . %� %�6�% %�

"�%2�. %� �1�2 #�.��%��4#��>��.�%2��6 <! ���2��%�#�����1�#� #�� ��6 �%�"�R-�"3�2 <��. �

�!���%� �6�##���<��2 ��%2R2�6 �.��%�4�!�% �!#?!#� ,�

� �<�� % "4>= � !�#�� %�� .�<��4�#�  � 6 <!#�<��2 � .�� 6�@ � ��6�%%R#� � ! .�� %�#� ��

��6"4%= �.���"�4<�6 <! ���2��.��@��P��#���.�5��<�%M#���6 <� �6�@ ,�%2��6 <! ���2��

�24�#���6 < �4<�6 <!��%�. #�!�%%�- �.����������1�#���6 <�K4����#���.�5��K4�-�"��2��

. � %�%2�<�� .�<��4L%%�3� ! %%�@�"�2��. � �� �2��4�>= � . � < -�<��2 � �<� !# 14�.�.�.�%�

1�62L-��%,�
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� ��#2��. �.�%2��6 �6��2 �6 �%�.�#��%�� �6�% ��<�K4��4<��< "��6 <�#���.�5�"����#�

M���%�#�.��� �6�@ �.����%2�"�>= �6 < �< %2#�������4#��7,Y,�

 
���4#��7,Y�_���%2�<��.����%2�"�>= �6 <�6 <! ���2��.��@��P��#���.�5�� �6�@ �

� � #� %�#� "����#3� 4<�� #���.�5� �K4�-�"��2�� ��2#�� �%2��< "�� ��  � 6�@ � .�� ��%2�"�>= �

! .��%�#�1�6�"<��2��6�"64"�.�,�
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� �4@%2�24��. � �%� K4�>V�%� 7,Z� �� 7,F� ��� K4�>= � 7,E� �� 1�5��. � <���!4"�>V�%�

 @2M<�%��4<���P!#�%%= �!�#�� �-�" #�.�� #���.�5�.��< "�� �� %�#� ��%�#�.�� �<� 14�>= �.��

!# 14�.�.�.���<�K4��%��!#�2��.����%2�"�#� �<?.4" ,�
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 �.�� %�!�#I<�2# %� %= � �.O�2�6 %� � %�.��K4�>= �7,]� 6 <��P6�>= �.������K4���K4��

%����1�6����"I<����.aR�4��.����%2�"�>= .�
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� �-�"���. �����%2�"�>= �. �<?.4" �.����
H��6 <� %�6�@ %�.��D3E���7����! .��%��

6����#�� %��#R1�6 %�.�%����4#�%�7,E���7,Z3K4��< %2#�<� %�-�" #�%�<RP�< %�.��#���.�5�

!�#����< "����%�#�.���<�%M#���6 <� �6�@ ,�

�

���4#��7,E�_�����.�5�.��< "��!�#�� �6�% �.����%2�"�>= �. �<?.4" �.����
H��6 <�6�@ �
.��D3E����

�

���4#��7,Z�_�����.�5�.��< "��!�#�� �6�% �.����%2�"�>= �. �<?.4" �.����
H��6 <�6�@ �
.��7����
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� � %�#�%4"2�. %���2�#� #�%3�!�#�� �6�@ �.��7� ���-O�%��K4����%�24�>= �K4���.<�2��

4<��< "��6 <�<�� #�#���.�5�6 ##�%! �.��� �6�% �.��1�2 #�.���<!"�1�6�>= ���4�"���D���

����.��7E88��,���%2��6�% � �-�" #�.�� #���.�5�.��< "��.�-��%�#�� �<RP�< �.��YZE8�

O�,� � 2��%�� K4�� <�%< � !�#�� �%2�� 6�% �  � -�" #� .�� #���.�5� M� <4�2 � @��P � K4��. �

6 <!�#�.��6 <��%�.�<��%V�%����%1 #> %���- "-�. %�� �%�%2�<�,���#��%��2�#�4<���.M��3�

�%2��< "�� % 1#�#���4<��.�1"�P= ��%2R2�6�� �!# P�<�.��.��],F��� �!���%�!�#�� %4! #2�#� �

!�% �%4@<�#% �. �<?.4" �.����
H�,�� � 3�4<��< "��6�!�5�.��%4! #2�#� �6 <! ���2����

6 <�#���.�5�"����#�2= �@��P��#�%4"2�#R��<�4<��"�<��2 �6 <�6 <!#�<��2 �<4�2 ��"�-�. �

!�#��<��4%�� �� �@�#6 ,�

� ��<�%<��6 �6"4%= ��6�<��-�"��!�#�� �6�% �.����%2�"�>= �. �<?.4" �6 <�6�@ �

.��D3E���`� �.�3�!�#��4<�1�2 #�.���<!"�1�6�>= �D�������.��7E88��3���.�1"�P= ��%2R2�6��

.��< "��M�.���!# P�<�.�<��2��DD3F��,�

� )4�"��"2�#��2�-��! .�#�����2= �%�#�42�"�5�.��!�#�� @2��>= �.���2��4�>= l�

2.3 Proposta de Utilização de Componente com Rigidez Não-

Linear 

� � ��2�<���2�#� #�-�%"4<@# 4�%����! %%�@�"�.�.��.��42�"�5�>= �.��6 <! ���2��6 <�

@��P��#���.�5�!�#���2��4�#� �< -�<��2 �.��#�%! %2��.��4<�<?.4" ���%2�"�. �! #�6�@ ,�

	 �24. 3� � � <�%< � 2�<! 3� < %2# 4�%�� �� ��6�%%�.�.�� .�� K4�� �"�� �= � ! %%4�� �#��.��

.�%" 6�<��2 �K4��. �%4@<�2�. �� �6�##���<��2 ��%2R2�6 �. �!�% �. �6 <! ���2�3�! �%�

�%2 � ! .�#��� �<! %%�@�"�2�#� %�4� <��4%�� � ��� �<@�#6�>= ,� �4<� %�%2�<�� 6 <� #���.�5�

"����#��%2�%�.4�%�6�#�62�#L%2�6�%�%�<!#��6 �P�%2�<3� 4�%�Q�3�@��P��#���.�5�%�� 2#�.45��<�

�#��.��.�%" 6�<��2 `�! #��%2��< 2�- �.�-��%��@4%6�#�� -�%��"2�#��2�-�%,�

� �<�� ! %%L-�"� % "4>= � M� �� 42�"�5�>= � .�� 6 <! ���2�%� K4�� ! %%4�<� #���.�5�

-�#�R-�"� .�� 1 #<�� K4�� !�#�� !�K4�� %� .�%" 6�<��2 %� �� #���.�5� %�Q�� �"�-�.�� �� !�#��

.�%" 6�<��2 %�<�� #�%���#���.�5�%�Q��<�� #�AD9B,�
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 "�%���6 <! ���2�%�K4���!#�%��2�<� �6 <! #2�<��2 �.�%6#�2 ��6�<��%= �.�2 %�

#��#�%%�- %� �� �K4�"�%� K4�� �4<��2�<� %4�� #���.�5� 6 <� �� -�#��>= � .�� .�1"�P= �

!# �#�%%�- %,� �� ���4#�� 7,9� < %2#�� �� 64#-�� .�� #�%2�4#�>= � .�� �"�4�%� %�%2�<�%� 6 <�

6�#�62�#L%2�6��#��#�%%�-�,�

�

���4#��7,9�_�	4#-�%�.��1 #>��.��#�%2�4#�>= �!�#��6 <! ���2�%�6 <�6 <! #2�<��2 �
#��#�%%�- �

� 
�%3� K4�"� �� -��2���<� �<� %�� �<!#���#� 6 <! ���2�%� K4�� .O�<� �%2�� 2�! � .��

#�%! %2�l�

� �� -��2���<� �%2R� �<� 42�"�5�#� �� R#��� .�� �"2�� #���.�5� �� !�#2�� .�� #���= � .�� @��P��

#���.�5�!�#��%4! #2�#�<� �6�##���<��2 ��%2R2�6 ��K4�-�"��2��� �!�% �. �<?.4" ,�	 <�

�%2�� �#2�1L6� �  � .�%" 6�<��2 � ��6�%%R#� � !�#�� %4! #2�#� �� 6�#��� �%2R2�6�� M� #�.45�. ,� ��

���4#��7,]��"4%2#�� ����� � @2�. ,�

�

���4#��7,]�_����� � @2�. �6 <�42�"�5�>= �.��6 <! ���2��6 <�#���.�5�#��#�%%�-��
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� �2= 3� �� !�#2�#� .�� ! %�>= � .�� �K4�"L@#� 3�  � %�%2�<�� ! .�#���  %6�"�#�
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�
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6�#�62�#L%2�6�%� �� <M2#�6�%� . � %�%2�<�,� �<�� < �2���<� 6 <�  � �##��Q � �<� jbi� �%2R�

�"4%2#�.��������4#��7,DE,�

�

���4#��7,DE�_�
 "��6 <��##��Q ��<�jbi��-�#2�. �

� ��� %�24�>= � �<� K4��  � %�%2�<�� �!#�%��2�� !�K4���� .�1"�P= 3� �%� < "�%� .��

6 <!#�%%= �! %%4�<��#��.��I��4" �.����6"���>= ��<�#�"�>= �S�� #�5 �2�",��%2 �!�#<�2��
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CAPÍTULO 3: OSCILAÇÕES NÃO-LINEARES: UMA  

ABORDAGEM INICIAL 

3.1 Introdução 

� � %�%�%2�<�%�"����#�%���#�"�>= ���2#��6�4%�����1��2 �M�"����#3�! #��P�<!" 3�� �%��

. @#�#���6�#�����#�%! %2��2�<@M<�%�#R�. @#�.�,�(R��<�%�%2�<�%��= �"����#�%��%2��#�"�>= �

!�#.�� %4�� !# ! #6� ��"�.�.�,� 	 < � 6 �%�KTO�6��3�  � !#��6L!� � .�� %4!�#! %�>= 3�

�<!"�<��2�� 42�"�5�. � ��� �������#��3� �= � !#�-�"�6�� !�#�� �� % "4>= � .�� �K4�>= � �= �

"����#,�� ����.��%�#���h��6��.�1�64".�.�������R"�%���= �"����#3��%2��M��!���%�4<��P�<!" �

.�%�6�#�62�#L%2�6�%����#��2�%����%2�%�%�%2�<�%,�

� 
�%%�3��< #2�6�<��2 ���#���.�5�G< "�J�%= � %�6 <! ���2�%�@R%�6 %�42�"�5�. %����

< .�"���<� .�� %�%2�<�%�  %6�"�2?#� %`� " � 3� �� �= �"����#�.�.�3� K4��. � !#�%��2�� ���

�K4�>= �.�1�#��6��"�K4��� -�#��� �!# @"�<�3�! .��%��<���1�%2�#��<�K4�"K4�#�4<�.�%2�%�

6 <! ���2�%,�	 < �< %2#�. � ��2�#� #<��2�3� �%2�� 2#�@�"� � 6 �%�.�#�� �!���%�  %� 6�% %�

�<�K4���"���%2R��%% 6��.��S�#���.�5�. �%�%2�<�,�

� �<�� .h-�.�� ! .�� ���.�� !�#%�%2�#/� � #� K4�� < .�"�#�  � %�%2�<�� 6 <� �� �= �

"����#�.�.��� ���-M%�.��"����#�5�#� �%�%2�<�l�

� �� #�%! %2�� M� %�<!"�%3� �<� %�%2�<�%� �= �"����#�%� 1��U<�� %� 2 2�"<��2��

���%!�#�. %� ! .�<�  6 ##�#3�  4� %�Q�3� 1��U<�� %� �= � !#�-�%2 %�  4� %�K4�#� �<�����. %�

!�"��2� #���"����#�! .�<�%��1�5�#�!#�%��2�%,�

� ���6���%��  � 6�!L24" � .�%6 ##��. � % @#��  %� 1��U<�� %� � #<�"<��2��  @%�#-�. %�

�<� %�%2�<�%� %�<�"�#�%� � � �%24.�. � �K4�3� 6 <� #���.�5� �= �"����#� �� �< #2�6�<��2 �

! %�2�- � G.�%%�!�. #� .�� ���#���J,� � #� 1�<3� �@ #.��%��  %� <M2 . %� .�� ��R"�%�� .�%2�%�

%�%2�<�%3�2#�2��. �.�%�1�##�<��2�%�K4�"�2�2�-�%���K4��2�2�2�-�%,�



�

E7�

3.2 Fenômenos Inerentes aos Sistemas com Rigidez Não-

Linear 

� ��h<�# %� 1��U<�� %� ! .�<�  6 ##�#� �<� %�%2�<�%� �= �"����#�%,� %2�� �2�<� 2#�2��

. %�K4��%���!"�6�<�� �6�% ��<�K4�� �2�#< ��= �"����#�6 ##�%! �.��S�#���.�5�. �%�%2�<��

�� �<� K4��  � �< #2�6�<��2 � M� ! %�2�- 3�  4� %�Q�3� ��.�!��.��2�<��2�� . � %��2�. � .��

-�" 6�.�.�� ��< #2�6�. #�%�<!#��#�2�#�#R����#����. �%�%2�<�,�

� ��"�� #�%%�"2�#�K4�� %� 1��U<�� %��@ #.�. %��K4���= �%= ��P6"4%�- %�. � 2�! �.��

%�%2�<�� �<� �%24. �<�%� 2�<@M<�! .�<� �%2�#� !#�%��2�%� �<�  42# %� 2�! %� .�� !# @"�<�%�

�= �"����#�%,�

����� �8G5*;/BS->
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� �%� @�14#6�>V�%� %= � 6���2�1�6�<��2�� �<! #2��2�%� ! #� ��#�#�<� < .�" %� .��

2#��%�>= �����%2�@�"�.�.��6 <�#�"�>= �S�<4.��>��.���"�4<�!�#I<�2# �.��6 �2# "��ADFB,�

� �<� �P�<!" � %�<!"�%� K4�� �"4%2#�� �%2�� <4.��>�� 6 ##�%! �.�� S� ��R"�%�� .��

1"�<@���<� .�� 4<�� 6 "4��� G-�#� ���4#�� X,DJ,� � � %�� 6 " 6�#� !�K4�� %� !�% %� % @#�� ��

6 "4��3�-O�%��K4���"��%4! #2����6�#�����!�#<���6�����! %�>= �-�#2�6�",�	 �24. 3�� �%��

�4<��2�#� <4�2 � �� 6�#��� G�6�<�� .�� 4<� -�" #� 6#L2�6 � :6#�2J�  @%�#-��%�� K4�� �� ! %�>= �

-�#2�6�"�2 #���%����%2R-�"�����6 "4���! .�#R�1"�<@�#,�
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� �� 1�##�<��2�� 6 <4<��2�� 42�"�5�.�� !�#�� �-�"��#� �%2�� 2�! � .�� 1��U<�� � M�  �

.���#�<��.��@�14#6�>= 3�K4��%�#R��@ #.�. �� ��2�<�X,X,7,X,�
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� %2�� 1��U<�� � M� 4<� 2�! � .�� @�14#6�>= � K4��  6 ##�� �<� %�%2�<�%� 6 <� �= �

"����#�.�.�����#���.�5����P6�2�. %��P2�#��<��2�,�

� �� 1��U<�� �. �%�"2 � %��6�#�62�#�5��!�" ��4<��2 � 4�.�<��4�>= � #�!��2�� %�.��

�<!"�24.��.��-�@#�>= �.��4<�%�%2�<��6 < � #�%4"2�. �. � �6#M%6�< � 4�.�6#M%6�< �.��

%4��1#�KTO�6���.���P6�2�>= �A7837DB,�

� 	 < ��P�<!" �6 �%�.�#�����K4�>= �.���411���3�< %2#�.�����K4�>= �X,D,�

Coluna 

Peso 

Flambagem 

da Coluna 
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( )φωαω +⋅⋅=⋅+⋅+⋅+ �6111�1 6 %X7
8��� � GX,DJ

 �.�/�

@�_�6 �1�6���2��.���< #2�6�<��2 `�

ω8�_�1#�KTO�6�����24#�"�"����#�. �%�%2�<�`�

α�_�!�#I<�2# ��%% 6��. �� �2�#< ��= �"����#�.���K4�>= `�

��_�1 #>��.���P6�2�>= `�

ω�_�1#�KTO�6���.���P6�2�>= `�

2�_�2�<! `�

φ�_�1�%��.��14�>= �.���P6�2�>= `�

1 3� 1� ��� 1�� �_�.�%" 6�<��2 3�-�" 6�.�.�����6�"�#�>= ,�

�

� ��-�%2����. ��� �<!"�24.��.�� #�%! %2��� 2��%��K4��!�#��4<�� 1 #>��.�� �P6�2�>= �

6 �%2��2�� 2#O%� 2�! %� .�� #�%4"2�. %� ! .�<�  6 ##�#� K4��. � %�� -�#��3� .�� 1 #<�� K4�%��

�%2R2�6�3��� 1#�KTO�6���.���P6�2�>= ��<�2 #� �.��ω8,��%�.�1�#��2�%�6 <! #2�<��2 %�%= �

< %2#�. %�������4#��X,7,�

�

���4#��X,7�_�	4#-�%�.��#�%! %2��!�#�����K4�>= �.���411����

� 	�.��4<��.�%�%�24�>V�%��%2R���2�<�<��2��#�"�6� ��.��� �2�! �.��6 <! #2�<��2 �

.��14�>= �.��#�%2�4#�>= 3� 4�%�Q�3�%���"��M�"����#3�#��#�%%�-��Gαn8J� 4�!# �#�%%�-��Gαo8J,�
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��"����1 #<�#�K4���%�"����%�K4����.�6�<� �-�" #�.��1 #>���4"��6 ##�%! �.�<�� %�6�% %�

.��-�@#�>= � "�-#�3� �K4�� 2#�5��� 2 ��� 42#��6�#�62�#L%2�6��. %� %�%2�<�%�6 <�#���.�5��= �

"����#/���.�!��.O�6���.��1#�KTO�6�����24#�"��<�#�"�>= �S��<!"�24.��. �< -�<��2 ,�

� �����4#��X,X� �"4%2#��6 <�<�� #�%�.�2�"��%��%�64#-�%�. %�%�%2�<�%��= �"����#�%3�

1 6��. �� �1��U<�� �. �%�"2 ,�

�

���4#��X,X�_���1��U<�� �. �%�"2 �GP�� J�

� �O�%��K4�����<!"�24.��.�� %6�"�>= ��4<��2��� �" �� �. %�! �2 %�D3�7���X�% @#����

64#-�� .�� #�%! %2�� K4��. � �� 1#�KTO�6��� .��  %6�"�>= � M� "��2�<��2�� ��6#�<��2�.�,�

�@%�#-��%�����.��K4����2#�� %�! �2 %�X���Y� 6 ##��4<�%�"2 �����<!"�24.��.��#�%! %2�`�� �

6�% � �<�K4�� �� 1 #>�� .�� #�%2�4#�>= � M� #��#�%%�-�� �� �<!"�24.�� M� �4<��2�.�� �� � � 6�% �

#��#�%%�- � .�<��4L.�,� � #� 1�<� � � 6 �2��4�#� 6 <�  � ��6#�<��2 � ��� 1#�KTO�6��� .��

�P6�2�>= ���#�%! %2��2��.����.�<��4�#,�

� ��� 1 #<�� %�<�"�#3� %�� �� 1#�KTO�6��� .�� �P6�2�>= � M� "��2�<��2�� .�<��4L.�� ��

�<!"�24.�����64#-��.��#�%! %2��%��4��!�" %�! �2 %�E3�Y3�Z3�93�7���D���#��"�5��4<�%�"2 �.��

Z�!�#��9,�

� [� �-�.��2�� K4�� �R� #���V�%� . � �#R1�6 � �<� K4�� .4�%� �<!"�24.�%� .�� -�@#�>= �

�P�%2�<� !�#�� 4<�� <�%<�� 1#�KTO�6��� .�� �P6�2�>= 3� 6 < � < %2#�. � ��%� #���V�%�

��6�4#�.�%� .�� ���4#�� X,X,���� -�#.�.�� ��%2�%� #���V�%�  � %�%2�<�� ! %%4�� 2#O%� #�%! %2�%3�

��2#�2��2 �4<��.�"�%�M���%2R-�",�
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� �<�%�%2�<��"����#��P6�2�. �! #�4<��1 #>��6 <�1#�KTO�6���ω��!#�%��2����#�%! %2��

�<�#���<��!�#<����2��6 <���<�%<��1#�KTO�6���.�� %6�"�>= ,�� #�%4��-�5� %�%�%2�<�%�

�= �"����#�%�! .�<��P�@�#�#�%! %2�%�%4@� 4�%4!�#���#<U��6�%�!�#���%2��<�%<��6 �.�>= �

A78B,�

� ��� #�%! %2�� %4@���#<U��6�� �� 1#�KTO�6��� .��  %6�"�>= � .�� #�%! %2�� Gω�J� �%2R�

#�"�6� ��.��S�.���P6�2�>= �!�"��%��4��2���P!#�%%= /�

��

ωω = � GX,7J

 �.����M�4<���2��# �G��k�73�X3�Y3�,,,J,�

� ���1 #<��%�<�"�#3����#�%! %2��%4!�#���#<U��6��2�<@M<��R�4<��#�"�>= ���2#���%�

1#�KTO�6��%�.���P6�2�>= ���#�%! %2�3�%��. /�

ωω ⋅= �� � GX,XJ

6 <���k�73�X3�Y3�,,,�,�

� �%%�<� 6 < � ! .�<� �!#�%��2�#� #�%! %2�%� %4@� �� %4!�#���#<U��6�%3�  %� %�%2�<�%�

�= �"����#�%� ! .�<� 2 #���%�� #�%% ���2�%� ��%2�%� 1#�KTO�6��%3� �<!"�1�6��. � %4�%�

#�%! %2�%,�%2�%�1��U<�� %�%= �.�� <���. %�#�%% �I�6��%�%�64�.R#��%���! .�<� 6 ##�#�

�<�.�-�#% %�2�! %�.��!# @"�<�%,�

� �� �K4�>= � .�� +�����-� ! #� �P�<!" � ! .�� �!#�%��2�#3� �"M<� .�� #�%% �I�6���

!#��6�!�"� G 8ωω = J3� #�%% �I�6��%� %�64�.R#��%� !�#��
X
8ωω = � �� 8X ωω ⋅= 3�  �.�� 8ω � M� ��

1#�KTO�6�����24#�"�"����#�. �%�%2�<��A7DB,�
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� �� 6� %� M� 4<�� .�%� ��h<�#�%� ! %%�@�"�.�.�%� .�� 6 <! #2�<��2 � .�� 4<� %�%2�<��

�= �"����#���! .��%�#�-�%2 �6 < ���.��I<�6��"�@�#2�.��.��!#�-�%�@�"�.�.��A77B,�

� <� 4<�� .�1���>= � 1 #<�"� 6� %� M�  � 6 <! #2�<��2 � �!�#�?.�6 � .�� " �� � !#�5 �

�!#�%��2�. � ! #� 4<� %�%2�<�� .�2�#<��L%2�6 � K4�� �P�@�� %��%L-�"� .�!��.O�6��� % @#�� �%�

6 �.�>V�%����6���%�ADFB,�

� �!�%�#�.���= � %�#�!#�-�%L-�"3�  � 6� %��= �! .�� %�#� 6"�%%�1�6�. �6 < ��"��2?#� ,�

�K4�� 6�@�� �%2�@�"�6�#� �� .�%2��>= � ��2#��  %� . �%� 2�! %� .�� 1��U<�� %,� �%� 1��U<�� %�

�"��2?#� %� �%2= � #�"�6� ��. %� �� %�%2�<�%� �= �.�2�#<��L%2�6 %3�  4� %�Q�3�  � %�%2�<��

�!#�%��2��4<��#�%! %2���"��2?#���6 < �6 �%�KTO�6���.��4<����2#�.���"��2?#��,�� #�%4��

-�53�  %� 1��U<�� %� 6�?2�6 %� %= � .�2�#<��L%2�6 %3� .�� 2�"� 1 #<�� K4�� !�#�� 4<�� ��2#�.��

6 ���6�.����.�2�#<���.��%4#���4<��#�%! %2���!�#��2�<��2���"��2?#��,�

� ��#�� 4<� %�%2�<�� .��I<�6 � �= �"����#� ! .�#� �P�@�#� 6 <! #2�<��2 � 6�?2�6 � �"��

��6�%%�2�� 2�#� � �<L��< � 2#O%� .�<��%V�%� ADFB,� �!"�6��. � �%2�� 6 �%2�2�>= � � � 6�% � . �

< .�" � .�� ��%2�"�>= � 6 <� D� �#�4� .�� "�@�#.�.�3� %����1�6�� K4��  � !# @"�<�� .�-��

��6�%%�#��<��2��! %%4�#��P6�2�>= ��P2�#��,�%2��1 #>���P2�#����K4�-�"����4<��4<��2 �.��

.�<��%= �� �!# @"�<�3�6 �1 #<��%�#R�< %2#�. �� ��2�<�X,X,7,�

� �<��.�%�6�#�62�#L%2�6�%�. %�%�%2�<�%�6�?2�6 %��%2R�#�"�6� ��.��� �2�! �.���2#�2 #�

!�#�� %�K4��%��"�%�6 �-�#��<,�

� �� �2#�2 #� M�  � 6 �Q4�2 � "�<�2�� !�#��  � K4�"� �� #�%! %2�� . � %�%2�<�� 6 �-�#��� S�

<�.�.�� K4��  � 2�<! � �- "4�,� ��� .��I<�6�� �= �"����#� �P�%2�<� �2#�2 #�%� .�� .�-�#%�%�

.�<��%V�%3� 6 < � ! #� �P�<!" �  %� ! �2 %� 1�P %� G.�<��%= � 5�# J3�  %� 6�6" %� "�<�2�%�

G.�<��%= � 4<J� ��  %� �2#�2 #�%� �%2#��� %,� �%� ! �2 %� 1�P %� %�#= � �@ #.�. %� �.���2�� � �

�2�<�X,X,D,D� ��K4��2 �  %� 6�6" %� "�<�2�%� �= � 1�5�<�!�#2�� . � �%6 ! � .�%2�� 2#�@�"� � ! #�
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�= ���-�#�! %%�@�"�.�.��.�� 6 ##�#�<��<�%�%2�<�%�6 <��< #2�6�<��2 ��P6"4%�-�<��2��

! %�2�- �G.�%%�!�. #�.�����#���J�A7XB,�	 < �h"2�< ��P�<!" �2�<�%�� ��2#�2 #��%2#��� 3�

2�! � �%% 6��. � � � #���<�� 6�?2�6 � 64Q�%� !#��6�!��%� 6�#�62�#L%2�6�%� %= � �� .�<��%= � �= �

��2��#������%��%L-�"�.�!��.O�6����<�#�"�>= �S%�6 �.�>V�%����6���%�. �%�%2�<�,������4#��

X,Y�< %2#��4<��P�<!" �.���2#�2 #��%2#��� ,�

�

���4#��X,Y�_�P�<!" �.���2#�2 #��%2#��� /� ��2#�2 #�.��� #��5�

� 	�% �%�Q��.����2�#�%%�� @2�#�<�� #�%���1 #<�>V�%�% @#�� %��2#�2 #�%�#�6 <��.��

%����"��24#��.�%�%��4��2�%�#�1�#O�6��%/�ADFB3�A7DB���A7YB,�

3.3 Fundamentos Teóricos da Análise Qualitativa: Abordagem 

Geométrica 

� ����R"�%��K4�"�2�2�-��42�"�5��<M2 . %�!�#�� ��%24. �.���K4�>V�%�.�1�#��6���%�%�<�

��6�%%�#��<��2��!#�6�%�#�#�% "-O�"�%,�

� <� 6�% %� �= � "����#�%�  �<M2 . �<��%� �!"�6�. � M�  � .�� �@ #.���<� �� <M2#�6�,�

��%2�� �@ #.���<3� �%� 6�#�62�#L%2�6�%� .��I<�6�%� %= � .�%! %2�%� �#�1�6�<��2�3�  � K4��

!�#<�2�� @2�#�6 �6"4%V�%�% @#�� %�!�.#V�%�.��6 <! #2�<��2 ���2��.O�6��%�. �%�%2�<�,�
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����� �>�8>0-7/>-7 86*/BC,�8+*-

� ��6�% �.��-�@#�>= �"�-#��.��4<�%�%2�<��6 <�4<��#�4�.�� "�@�#.�.����64Q���= �

"����#�.�.���%2R�#�"�6� ��.��S�#���.�5�! .��%�#�#�!#�%��2�. �!�"��K4�>= �X,Y,�

( ) 8=+⋅+ 1�1�1 ��� � GX,YJ

 �.�/�

@�_�6 �1�6���2��.���< #2�6�<��2 `�

1 3� 1� ��� 1�� �_�.�%" 6�<��2 3�-�" 6�.�.�����6�"�#�>= `�

�G5J�_�1 #>��.��#�%2�4#�>= 3�14�>= �. �.�%" 6�<��2 ,�

�

� ���"�%��. ���1 #<4"�>= �-O�%��K4���= ��R�2�#< �.���P6�2�>= ��P2�#��,�� #��%2��

< 2�- 3� �%2�� 6�% � ! .�� %�#� 6 �%�.�#�. � 6 < �  � <��%� %�<!"�%3� 2 #���. � � �.��"� !�#��

��L6� �. %��%24. %�% @#����R"�%��K4�"�2�2�-��.��%�%2�<�%��= �"����#�%,�

3.3.1.1 O Plano de Fase 

�J ��1���>= �.��!"�� �.��1�%��

� �� �@ #.���<� �� <M2#�6�� %�� ���6��� !�"�� 2#��%1 #<�>= � .��K4�>= � X,Y� �<� 4<�

%�%2�<��.���K4�>V�%�.�1�#��6���%� #.��R#��%�.��!#�<��#�� #.�<�A7EB,�%2��<���!4"�>= �

��#��4<�%�%2�<��.��1 #<�� ( )1�1
��

�� = 3� �.����%�2����.�6��K4����-�#�R-�"�6 ##�%! �.����4<�

-�2 #3� �K4��%��2#�.45�! #� ( )7D 3 111 ���� = ��� ( ) ( ) ( )( )D77D 33 1�1��1� −==��
3�#�%4"2��. ��</�

7D 11 =� � GX,EJ

( ) 7D7 1�1�1 ⋅−−=� � GX,ZJ

� � <��. ��%�-�#�R-��%�5D���57�6 < ��%�6  #.���.�%�.��4<�%�%2�<��6�#2�%��� 3� �

!"�� � 5D57� .�1���. � ! #� �"�%� M� .�� <���. � !"�� � .�� 1�%�,� ��%2�� !"�� 3� 6�.�� ! �2 �
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6 ##�%! �.����4<��%2�. �. �%�%2�<����S�<�.�.��K4�� ��%2�. �%���"2�#�3� �! �2 �%��< -��

� �!"�� �.��1�%�3���#��. �4<��64#-��6��<�.��.��2#�Q�2?#��,�

�

@J ��#�2#�2 �.��1�%��

� � �%�����"�%�#� �%�%2�<��.��I<�6 �.��4<��1 #<��<��%��<!"��-O�%��K4��!�#��4<��

6 �.�>= ����6��"��%2R��%% 6��.��4<��.�2�#<���.��2#�Q�2?#��,�� �%��.�%����#�� �!"�� �.��

1�%�� ��h<�#�%� 2#�Q�2?#��%3� 6 ##�%! �.��2�%� �� -R#��%� 6 �.�>V�%� ���6���%� ! %%L-��%� � �

%�%2�<�3� 6�����%�� �� 4<�� 1��4#�� 6 ���6�.�� 6 < � #�2#�2 � .�� 1�%�� G. � ���"O%�  ��!��

 
	�	���J,�

� %2�� #�!#�%��2�>= ��!#�%��2���#��.��42�"�.�.����� ��R"�%��. � %�%2�<��! �%� #�.45�

�<�4<��h��6��#�!#�%��2�>= ��#R1�6�� �6 <! #2�<��2 �����6�#�62�#L%2�6��.��%4��#�%! %2��

�� -R#��%� 6 �.�>V�%� ���6���%,��� ���4#�� X,E�< %2#��  � �P�<!" � . � #�2#�2 � .�� 1�%�� .�� 4<�

%�%2�<��.��I<�6 �K4��! %%4��#���.�5��= �"����#,�

�

���4#��X,E�_�P�<!" �.��4<�#�2#�2 �.��1�%��

6J �%�! �2 %�6#L2�6 %�

� � "2��. � S%� 2#�Q�2?#��%� . � !"�� � .�� 1�%��  @%�#-��%�� K4�� !�#�� 2 . � ! �2 � �%2R�

�%% 6��.��4<��.�#�>= �2�����2��.�1���.��! #/�
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7

1

1
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�1
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�1

�1

�1

�

�
== � GX,9J

� 	 �24. 3� 6 < � 6 ##�� 6 <� 42#�%� #��#�%3� �%2�� 2�<@M<��!#�%��2�� %4�� �P6�>= ,�

<�6�% %��%!�6���%�! .�<� 6 ##�#�! �2 %�64Q��2�����2��M�4<����.�2�#<���>= �.��1 #<��

8

8
,� %2�%� 6�% %� �%!�6���%� %= � .�� <���. %� ! �2 %� 1�P %3� 6#L2�6 %�  4� %���4"�#�%� . �

%�%2�<�,�

� �%� ! �2 %� 6#L2�6 %� %= � .�� �P2#�<�� �<! #2I�6��� ! �%� ! .�<� ��.�6�#� ��

6�#�62�#L%2�6�� ��#�"� G6 <! #2�<��2 J� .�� 1�<L"��� .�� 2#�Q�2?#��%� � � ��2 #� � .�� %4��

" 6�"�5�>= ,�

�

.J 	"�%%�1�6�>= �. %�2�! %�.��! �2 %�6#L2�6 %�
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Figura 3.6 – Pontos críticos: (a) nó impróprio, (b) nó próprio, (c) ponto de sela, (d) 
centro e (e) ponto espiral 
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�

ZF�

� � �

� �

���4#��X,D8�_�� �2 %�6#L2�6 %/�G�J�! �2 �.��%�"�3�G@J��?��<!#?!#� ��%2R-�"3�G6J��?�
�<!#?!#� ���%2R-�"3�G.J�! �2 ��%!�#�"��%2R-�"���G�J�! �2 ��%!�#�"���%2R-�"�

�

� � �

� � �

���4#��X,DD�_�� �2 %�6#L2�6 %�. %�6�% %�.��1# �2��#�/�G�J�6��2# 3�G@J��?�!#?!#� ��%2R-�"3�
G6J��?�!#?!#� ���%2R-�"3�G.J��?�.�����#�. ��%2R-�"3�G�J��?�.�����#�. ���%2R-�"���G1J�"�����

.��! �2 %�6#L2�6 %�

�
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1J ��"�.�.��.��"����#�5�>= ����1��2 �. %�2�#< %��= �"����#�%�

� � ��%24.�#���6"�%%�1�6�>= �. %�! �2 %�1�P %�1�5�%��4<��%�<!"�1�6�>= ����K4�>= �

X,DZ�"����#�5��. ���.��1 #<����%��2#�@�"��#�6 <� �%�%2�<��.�%6#�2 �!�"��K4�>= �X,D9,�

� �� .h-�.�� K4�� !�#%�%2�� M/� � � .�%!#�5�#�  %� 2�#< %� �= �"����#�%� 2�<�%�� 4<��

�!# P�<�>= � 6 ##�2�� !�#��  � !"�� � .�� 1�%�� !#?P�< � � � ! �2 � 6#L2�6 l�	 < � �P!"�6 4�

���������ADFB3���#�%! %2��M�%�<�.�%.��K4�� �! �2 �1�P �. �%�%2�<��"����#�5�. ��= �

%�Q��4<�. %�6�% %�.��1# �2��#��< %2#�. %���2�#� #<��2�,�<� 42#�%�!�"�-#�%3�4<�! �2 �

6#L2�6 �� �%�%2�<���= �"����#�%�#R��K4�-�"��2��� � @2�. �!�" �%�%2�<��"����#�5�. �%���"��

1 #�.��4<�. %�%��4��2�%�2�! %/��?��<!#?!#� 3�! �2 �.��%�"�� 4�! �2 ��%!�#�",�

� ��#��  %� 6�% %� .�� 1# �2��#�� G6��2# %3� �?%� .�����#�. %3� �?%� !#?!#� %�  4� ! �2 %�

1�P %��= ��% "�. %J�����R"�%��.���K4�-�"O�6���M�<4�2 �<��%�.�"�6�.�3�! �%� %�! �2 %�1�P %�

! .�<�%�#��"2�#�. %�!�" %�2�#< %��= �"����#�%3� 4�%�Q�3���!#�-�%= � @2�.��!�" �%�%2�<��

"����#�5�. �! .��%�#�.�1�#��2��.��#��"<��2���P�%2��2��� �%�%2�<���= �"����#,�

� ���"�%��. � %�! �2 %�6#L2�6 %�. %�6�% %�.��1# �2��#�3����������ADFB�< %2# 4�

K4�/�

- ��#�� %�6��2# %��%�2#�Q�2?#��%�%= �<4�2 �.�"�6�.�%3�! �%�!#�6�%�<�1 #<�#�4<��

?#@�2�� !�#1��2�<��2�� 1�6��.�� �!?%� 4<� 6�6" ,� �� <�� #� .�%2h#@� � ! .��

2#��%1 #<�#� �%2�� ! �2 � 6#L2�6 � �4<� ! �2 � �%!�#�"3� K4�� ! .�#R� %�#� 2��2 �

��%2R-�"�6 < ��%%��2 2�6�<��2���%2R-�"`�

- �%��?%�!#?!#� %� �� .�����#�. %� 2�<@M<�! .�<� %�#� �"2�#�. %� ! #� !�K4�� %�

.�%2h#@� %3� 2#��%1 #<��. �%���<�! �2 %��%!�#��%,�	 �24. 3�� � 6 �2#R#� �. %�

6��2# %3� �%2�%� 6�% %� .�� 1# �2��#�� <��2O<� %4�� �%2�@�"�.�.�3�  4� %�Q�3� %�� %= �

�%2R-��%�!�#<���6�#= ��%%�<,�

� � 6��. � ��� �%2�@�"�.�.�� �� �= � ��� �� <�2#��� .�2�"��.�� .�%� 2#�Q�2?#��%3� ! .��%��

6"�%%�1�6�#� %�! �2 %�6#L2�6 %�.��4<��<����#��%�<!"�%�6 �1 #<������@�"��X,X,�
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��@�"��X,X�_�	"�%%�1�6�>= �. %�� �2 %�	#L2�6 %��<�	�% %�� @4%2 %����= �� @4%2 %�

�1/>>8G8;/BC, �50,+/1,*-> 
8=,>.-�,90,>�*K08;,>

� �2�%�
�<@ %��42 -�" #�%�
! %%4�<�!�#2��#��"�

! %�2�-��

� �2 ��%!�#�"���%2R-�"3��?�
�<!#?!#� ���%2R-�"3��?�!#?!#� �

��%2R-�"����?�.�����#�. ���%2R-�"�

�2#�2 #�%�
�<@ %��42 -�" #�%�
! %%4�<�!�#2��#��"�

����2�-��

� �2 ��%!�#�"��%2R-�"3��?�
�<!#?!#� ��%2R-�"3��?�!#?!#� �
�%2R-�"����?�.�����#�. ��%2R-�"�

	�����
���������

��"�%�
�<��42 -�" #�! %%4��
!�#2��#��"�! %�2�-���� �

 42# �����2�-��
� �2 �.��%�"��

	��2# %�
�<@ %��42 -�" #�%�
%= �!4#�<��2��
�<����R#� %�

	��2# �
	���������
���������

� �2 %���P %�
�= ��% "�. %�

� �<�� %�4<�
�42 -�" #�M��4" �

� �2 %�1�P %��= ��% "�. %�

�

� �2= 3�. �! �2 �.��-�%2��.���%2�@�"�.�.�3� %�6�% %��= �# @4%2 %�%= ��K4�"�%��<�

K4��� �<�� %�4<�. %��42 -�" #�%�! %%4����!�#2��#��"��4"�,�

� �%%�<3� 4<�� 6�#�62�#L%2�6�� �<! #2��2�� . %� 6�% %� # @4%2 %� M� �� .�� K4�� %�4%�

�42 -�" #�%� �= � ! %%4�<� !�#2�� #��"� �4"�,� � �2 %� 6#L2�6 %� 6 <� �%2�� 6�#�62�#L%2�6�� %= �

6��<�. %� ��!�#@?"�6 %� �� %4�� �%2�@�"�.�.�� �= � M� �1�2�.�� !�" %� !�K4�� %� 2�#< %� �= �

"����#�%,�� #� %4��-�5� %�6�% %��= �# @4%2 %� %= � 2�<@M<�6��<�. %��= ���!�#@?"�6 %� ��

%4��6�#�62�#L%2�6��!#��6�!�"�M���1#���"�.�.��6 <�#�"�>= �� %�2�#< %��= �"����#�%,�

� �<� �<! #2��2�� 2� #�<�� 6 ���6�. �! #��� #�<��.��'�#2<����# @<���! %24"��

K4�� �#�2#�2 �. �!"�� �.��1�%��!#?P�< ���4<�! �2 �6#L2�6 ���!�#@?"�6 �G6�% �# @4%2 J�.��

4<�%�%2�<���= �"����#�M�j2 ! " ��6�<��2���K4�-�"��2�i�� �#�2#�2 �. �!"�� �.��1�%��. �

%�%2�<�� "����#�5�. ,� �4� %�Q�3�  � 2�! � .�� �%2�@�"�.�.�� . � ! �2 � 6#L2�6 � �= �"����#� M�

6 <!"�2�<��2��6�!24#�. �!�"��"����#�5�>= �. �%�%2�<�,�

� %2��2� #�<��M���@�%��2�?#�6��K4��%4%2��2����#�%! %2��.�.��� ���L6� �.�%2���2�<3�
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-�"�.��. � �� "����#�5�>= � !�#��  %� �?%� �<!#?!#� %3� ! �2 %� .�� %�"�� �� ! �2 %� �%!�#��%� ��

%���"�5��. �4<��"�#2��!�#�� %�.�<��%�! �2 %�6#L2�6 %,�

3.3.1.2 Bacias de Atração 

� �<������K4��4<�%�%2�<��.��I<�6 �! %%4��<��%�.��4<�! �2 �6#L2�6 ,����< . ���

1�6�"�2�#� �� �P!"�6�>= 3� 6 �%�.�#�� K4�� %= � 2#O%� ! �2 %� 6#L2�6 %3�  �.�� . �%� %= �

�%%��2 2�6�<��2���%2R-��%���4<�M���%2R-�",�

� � � %��  @2�#� % "4>V�%� !�#�� -R#��%� 6 �.�>V�%� ���6���%3� <4�2 � !# -�-�"<��2�� %��

-�#�1�6�#R�K4���"�4<�%�.�"�%�%�#= ��2#�L.�%�! #�4<�. %�! �2 %��%2R-��%���K4��2 � 42#�%�

2��.�#= � � �  42# ,� � � %�� ��#4!�#� �%� 2#�Q�2?#��%� K4�� 2��.�<� �� 6�.�� 4<� . %� �2#�2 #�%�

! .��%�� 6"�#�<��2�� .�1���#� #���V�%� � � !"�� � .�� 1�%��K4�� 6 �2M<� �%� #�%! %2�%�K4�� %= �

6�!24#�.�%� ! #� 4<� ! �2 � 1�P � �� !�" �  42# ,� %2�%� #���V�%� %= � 6��<�.�%� .�� @�6��%� .��

�2#�>= ����%�2#�Q�2?#��%�K4��.�1���<�%�4%�"�<�2�%�%= �6 ���6�.�%�! #�%�!�#�2#�5�%,�

� ���1 #<��<��%�1 #<�"�.�1����%��@�6���.���2#�>= �6 < � �6 �Q4�2 �.��6 �.�>V�%�

���6���%�K4�� "�-�<��� #�%! %2��.��4<�%�%2�<����4<��2#�2 #�K4��. � � 2�<! � 2��.��!�#��

��1���2 ,�

� � ��2�<�X,7,Y�< %2# 4�%��K4�� �6 �6��2 �.���2#�2 #�M�<��%��<!" �K4�� �.��! �2 �

6#L2�6 ��%2R-�"�����6"4���� <�2#��%�.�� 42#�%�.�<��%V�%,���%2��1 #<�3� �6 �6��2 �.��@�6���

.���2#�>= �2�<@M<�%���%2��.����%�%2�<�%�<��%�6 <!"�P %�K4�� �42�"�5�. �6 < ��P�<!" �

��%2���P!"�6�>= ,�

� �����4#��X,D7��"4%2#��4<��P�<!" �6 <��%�@�6��%�.���2#�>= �.��4<�!# @"�<��K4��

! %%4�� .4�%� #���V�%� �%2R-��%,� � 2�#�K4�� �%� @�6��%� �� %4�%� 1# �2��#�%� G%�!�#�2#�5�%J� 2O<�

�<! #2��2��!�!�"������R"�%��.��%�%2�<�%��= �"����#�%3�! �%�.�-�.�<� ��%!�> �.��1�%���<�

#���V�%�6 <�.�1�#��2�%�6 <! #2�<��2 %�.��" �� �2�#< �ADFB,�
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�

���4#��X,D7�_�P�<!" �.��@�6��%�.���2#�>= �

����� �>�8>0-7/>>,6�V;80/BC,�V0-*9/

� ��%�%2�<���<��%24. �K4��. �%4Q��2 �S��P6�2�>= ��P2�#���! .��%�#� #�!#�%��2�. �

!�"��K4�>= �X,7Y,�

( ) JG�61�1�1 =+⋅+ ��� � GX,7YJ

 �.��6����M���1 #>��.���P6�2�>= 3�14�>= �!�#�?.�6��� �2�<! ,�

� [� ! %%L-�"� 2#��%1 #<�#� �%2�� �K4�>= � .�1�#��6��"�  #.��R#��� .�� %��4�.��  #.�<�

GK4�>= �X,7YJ��<�4<�%�%2�<���42U� < �! #�<�� �.�%�K4�>V�%�X,7E���X,79,�

7D 11 =� � GX,7EJ

( ) ( )X7D7 161�1�1 +⋅−−=� � GX,7ZJ

DX =1� � GX,79J

� 	 < ��.���2�. �� ��2�<�X,7,Y� @%�#-��%��K4��!�#��#��"�5�#���2#��%1 #<�>= �1 ��

��6�%%R#� ��6#�%6��2�#�4<��2�#6��#��.�<��%= �� �%�%2�<�,�

� <�14�>= �.�%2��6�#�62�#L%2�6����!#��6�!�"<��2��!�"��! %%�@�"�.�.��.���P�@�#�<�

6 <! #2�<��2 �6�?2�6 3��.�6� ��"<��2��S%�1�##�<��2�%��P! %2�%�� ��2�<�X,X,D���h<�#�%�
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 42#�%� %= � ��6�%%R#��%� �� .�� 1�2 � �%2= � .�%! �L-��%� !�#�� �%2�%� !# @"�<�%,� �� %��4�#�

�"�4<�%�.�"�%�%�#= �< %2#�.�%,�

3.3.2.1 Espaço de Fase 

� � #<�"<��2��  � �%!�> � .�� 1�%�� .�� 4<� %�%2�<�� .��I<�6 � M� .�1���. � 6 < �  �

�%!�> � 1 #<�. � !�"�%� -�#�R-��%� .�!��.��2�%� .�%2�� %�%2�<�� �� .�� 4<�< . � ��#�"� ! .��

! %%4�#�K4�"K4�#�.�<��%= �G �ℜ J�A7ZB,�

� [��<! #2��2��� 2�#�K4��! #��%2��.�1���>= 3�4<�!"�� �.��1�%��M�4<��%!�> �.��1�%��

!�#��4<�%�%2�<��6 <�.4�%�.�<��%V�%,�

� � "2��. � � � !# @"�<�� �= �"����#� 6 <� 4<� �#�4� .�� "�@�#.�.�� �� �P6�2�. �

�P2�#��<��2�� @%�#-��%��K4��� �2#��%1 #<R�" ��<�4<�%�%2�<���42U� < �2#O%��K4�>V�%�

.�1�#��6���%� #.��R#��%�%= �6#��.�%,���"���!"�6�>= �.��.�1���>= ��P! %2���6�<��6#���%��4<�

�%!�> � .�� 1�%�� 2#�.�<��%� ��"� G Xℜ J3�  4� %�Q�3�  � 6 <! #2�<��2 �K4�� ��2�#� #<��2�� �#��

6 <!"�2�<��2�� �"4%2#�. � !�" � !"�� � .�� 1�%�� G-�@#�>= � "�-#�J� �� #�� ��6�%%�2�� %�#�

-�%4�"�5�. ��4<��%!�> �j.�%" 6�<��2 ��!��-�" 6�.�.���!��2�<! i,�

� %!�6��"<��2�� � � 6�% � �<� �%24. 3� � 2��%�� K4�� !�#�� 4<�� ��R"�%�� K4�"�2�2�-�� ��

2�#6��#��.�<��%= �. ��%!�> �.��1�%��G2�<! J��= �M�6#L2�6��!�#����<�� #���.�%�%�24�>V�%,�

��%2��<����#��M�! %%L-�"�2#�@�"��#�%�<��#��.��!�#.��.����1 #<�>V�%�6 <���!# Q�>= �. �

�%!�> �.��1�%��� �!"�� �.�1���. �!�" �.�%" 6�<��2 ���!�"��-�" 6�.�.�,�

3.3.2.2 Seção de Poincaré 

� �� %�>= � .�� � ��6�#M� M� 4<�� 2M6��6�� 42�"�5�.�� 6 <�  �  @Q�2�- � .�� �"�<���#� 4<��

.�<��%= �. �%�%2�<�,�"��%��@�%�����<�4<��2#��%1 #<�>= �K4���"2�#�� �%�%2�<��6 �2L�4 �

� �2�<! �!�#��4<�<�!��<��2 �.�%6#�2 ,�

� � ��%24. �.��.��I<�6���= �"����#��P�%2�<�@�%�6�<��2��. �%�2�! %�.��< .�" %/��%�
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�K4�>V�%�.�1�#��6���%3� 6 �2L�4�%�� � 2�<! ���� � �%!�> 3� �� %�<�!�%3�K4��.�%6#�-�<���

�- "4>= �� �2�<! �.�%6#�2�<��2�3� 4�%�Q�3� ��%2�. �. ���%2��2���24�"�M�4<��14�>= �. �

�%2�. ���2�#� #,�

� �� !#��6�!�"� �!"�6�>= �. %�<�!�%� M� �4P�"��#� �� ��R"�%�� .�� %�%2�<�%� .�%6#�2 %� ! #�

�K4�>V�%�.�1�#��6���%�����%�>= �.��� ��6�#M�M�4<��.�%�!#��6�!��%�2M6��6�%�K4��!�#<�2�<�

K4���%2 �! %%��%�#��P�642�. ,�

� � � ! �2 � .�� -�%2�� �4<M#�6 3� 4<�� %�>= � .�� � ��6�#M� ! .�� %�#� 6 �%2#4L.��

�� <�2#�6�<��2�3�.�1����. �4<��%4!�#1L6���� ��%!�> �.��1�%�����-�"���. � %�! �2 %��<�

K4�� 4<�� ?#@�2�� ��2�#6�!2�� �%2�� %4!�#1L6��� G-�#� ���4#�� X,DXJ,� 	 " 6�. � .�� 4<��  42#��

1 #<��M�6 < �%��4<��.�.��?#@�2��1 %%�� @%�#-�.��� ��%!�> �.��1�%���!���%��<�! �2 %�

.�%6#�2 %3��%2# @ %6 !�6�<��2��%�"�6� ��. %�A7737ZB,�

�

���4#��X,DX�_�P�<!" �.��%�>= �.��� ��6�#M�

3.3.2.3 Diagrama de Bifurcação 

� �� .���#�<�� .�� @�14#6�>= � �!#�%��2�� .�� 1 #<�� �#R1�6�� �� .�%2#�@4�>= �

�%2# @ %6?!�6��.��#�%! %2��. �%�%2�<����!�#2�#�.��4<��-�#��>= �"��2��GK4�%���%2R2�6�J�.��

4<�.�. �!�#I<�2# �A7737ZB,�	 < �6 �%�KTO�6����%2�� 1�##�<��2��!�#<�2��K4��%��2�����

4<��-�%= ��" @�"�% @#�� %��1��2 %�.��-�#��>= �.�%2��!�#I<�2# ����#�%! %2�,�

� %2�� 1�##�<��2�� 2�<@M<�! .�� %�#� �!"�6�.�� �� %�%2�<�%� �<� -�@#�>= � "�-#�� G.4�%�

.�<��%V�%J� ��2#�2��2 �  !2 4�%�� ! #� �@ #.R�"�� ��%2��< <��2 3�Q4�2 � � %� %�%2�<�%� 6 <�
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�P6�2�>= ��P2�#��3��<�14�>= �.��%�4�4% �%�#�<��%��6��24�. �!�#���%2�%�6�% %,�

� �����4#�� X,DY� �"4%2#�� 4<� �P�<!" � .�� .���#�<��.�� @�14#6�>= ,��@%�#-��%��K4��

!�#��-�" #�%�. �!�#I<�2# � 	� ��2#��8� ��X� � %�%2�<���!#�%��2��4<� 2�! �.�� #�%! %2�� G! #�

�P�<!" �4<��% "4>= �!�#�?.�6�J,���#��	�k�X� 6 ##��4<��@�14#6�>= ���!�#��Xn�	�nX3YE���

% "4>= � �!#�%��2��  42# � 6 <! #2�<��2 � G! #� �P�<!" � 4<� !�#L . � .��  %6�"�>= � 6 <�

-�" #���4�"�� �. @# �. ���2�#� #J,��4<��2��. ����.��<��%� �-�" #�. �!�#I<�2# �	�� 2��

%��K4��%46�%%�-�%�@�14#6�>V�%� 6 ##�<��� �%�%2�<���"2�#��6 <!"�2�<��2����1 #<��.��%4��

#�%! %2�,�

�

���4#��X,DY�_�P�<!" �.��.���#�<��.��@�14#6�>= �

� ���P�<!" � �"4%2#�. �������4#��X,DY�6 ##�%! �.��� �.���#�<��.��@�14#6�>= �.��

4<�
�!�� � �L%2�6 � �� ��1 #<�>V�%� <��%� .�2�"��.�%� ! .�<� %�#�  @2�.�%� �<� �b���

A79B,�

3.4 Fundamentos da Análise Quantitativa 

� �� �#��.�� <�� #��� . %� !# @"�<�%� .�� �������#��� #�K4�#� % "4>= � K4��2�2�2�-�`�

�P����. � �� 42�"�5�>= � .�� �"�4<�� 1 #<�� .�� �!# P�<�>= 3� % "4>= � �4<M#�6��  4� 4<��

6 <@���>= �.���<@ %,�



�

99�

� %2�� �2�<� 1�5� 4<�� �@ #.���<� .�%2�%� <M2 . %� .�� % "4>= 3� K4�� !�#<�2�<� ��

 @2��>= � .�� #�%4"2�. %� K4��2�2�2�- %,� �#�<��#�<��2�� -O�%��  %� <M2 . %� �P�2 %3� 64Q��

�!"�6�>= � !#R2�6�� M� ���P!#�%%L-�",� ��#2��%�� ��2= � !�#�� �� �P!"�6�>= � . %� <M2 . %�

���"L2�6 %� �!# P�<�. %3�  �.�� %�� .�%2�6�<�  %� <M2 . %� .�� !�#24#@�>= ,� � #� 1�<3� %��

.�%642��  %� <M2 . %� �4<M#�6 %3� K4�� !�#<�2�<� �� ��R"�%�� .�� �<!"�� -�#��.�.�� .��

!# @"�<�%3���6"4��. � %�<��%�6 <!"�P %,�

����� �>�A0,.,>�V/0,>

� %2�%� <M2 . %� !�#<�2�<� ��  @2��>= � .�� 4<�� % "4>= � �P�2�� !�#�� �%� �K4�>V�%�

.�1�#��6���%� K4�� #�!#�%��2�<�  � %�%2�<�,� � "4>= � �P�2�� ��%2�� 6 �2�P2 � 6 ##�%! �.��

SK4�"��  @2�.�� �<� 1 #<�� 1�6��.��  4� ��� 1 #<�� .�� �P!#�%%= � K4�� ! .�� %�#� �-�"��.��

�4<�#�6�<��2��6 <���!#�6�%= �.�%�Q�.�,�

� ��% "4>= ��P�2��! .��%�#� @2�.���!���%�!�#���"�4�%�! 46 %�%�%2�<�%��= �"����#�%�

64Q��.��I<�6��M�� -�#��.��! #�2�! %��%!�6L1�6 %�.���K4�>V�%�.�1�#��6���%� #.��R#��%,�� #�

�%2�� < 2�- �  %� <M2 . %� �P�2 %� �!#�%��2�<� ���P!#�%%�-�� 42�"�5�>= � ��� ��R"�%�� .��

%�%2�<�%��= �"����#�%,�

����� �>�A0,.,>�9/1K08;,>�=*,V87/.,>

� ���2#��  %�<M2 . %� ���"L2�6 %� �!# P�<�. %�  %�<M2 . %� .�� !�#24#@�>= � %= 3� ���

!#R2�6�3� %�<��%�42�"�5�. %����% "4>= �.���K4�>V�%�.�1�#��6���%� #.��R#��%��= �"����#�%,�

"�%� %= � �!"�6�. %� S%� �K4�>V�%�  �.�� 4<� !�K4�� � !�#I<�2# � ! .�� %�#� �%% 6��. � � �

2�#< ��= �"����#,��� % "4>= ��!# P�<�.�� M� @2�.�� ��2= �6 < �4<�� %M#���.��! 2O�6��%3�

�<�K4�� %�2�#< %�.��%M#���6 �2O<� �!�K4�� �!�#I<�2# ��"�-�. ���! 2O�6��%�%46�%%�-�%���

6#�%6��2�%,� �%� ! 2O�6��%� . %� !�#I<�2# %� %= � �%% 6��.�%� 6 <� 14�>V�%� .�� -�#�R-�"�

��.�!��.��2�3�� #<�"<��2�� �2�<! ,�
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� � %�!# @"�<�%�.��I<�6 %� %�<M2 . %�.��!�#24#@�>= �!�#<�2�<�K4�� #�%4"2�. %�

%�Q�<� @2�. %�2��2 �� �. <L�� �. �2�<! �K4��2 �.��1#�KTO�6��`�6 �24. 3�! #�%�#�4<��

2M6��6�� .�� �!# P�<�>= 3� %�4%� #�%4"2�. %� %= � <��%� !#�6�% %� K4��2 � <�� #�%� 1 #�<� ��

K4��2�.�.�� .�� 2�#< %� �� �� !# P�<�.�.�� 6 <� #�"�>= � � � ! �2 � � � K4�"� �� % "4>= � �%2R�

%��. � �!# P�<�.�,� <� 14�>= � .�%2 3� �<� �"�4�%� 6�% %3� -R#��%� �!# P�<�>V�%� %= �

��6�%%R#��%� .��< . � �� 6 @#�#� �<!"�� 1��P�� .�� % "4>V�%� ! %%L-��%� � � !# @"�<�,� 	 < �

�P�<!" 3� ! .��%�� 6�2�#�  � 6�% � .�� ��R"�%�� � � . <L�� � .�� 1#�KTO�6��3� �<� K4��

�!# P�<�>V�%�.�1�#��2�%�.�-�<�%�#�1��2�%�!#?P�<�%���6�.��1#�KTO�6���.��#�%% �I�6�����

2�<@M<�.�%2��2�%�.�"�%,�

� 	 < ���%2�� 2#�@�"� � 1�5�%��4<�� ��-�%2���>= � �<!"��. � �%!�> �.�� % "4>V�%�. �

!# @"�<�3��%2��6�#�62�#L%2�6��. %�<M2 . %�.��!�#24#@�>= �M�4<��"�<�2�>= ��<! #2��2����

1�5�6 <�K4��%�� !2��!�" �4% �.��<M2 . ��4<M#�6 �!�#������R"�%��K4��2�2�2�-��. �%�%2�<��

�<��%24. ,�

� ��-�#% %� <M2 . %� .�� !�#24#@�>= � �%2= � .�%! �L-��%� �3� �� .�!��.�#� . � 2�! � .��

!# @"�<�3�! .�<�%�#��!"�6�. %,�

� ����4<��2M6��6�����"L2�6��%�#R��@ #.�.��� �!#�%��2��2#�@�"� 3�6 �24. 3�SK4�"�%�

K4����6�%%�2�#�<�.��<�� #�%� ��1 #<�>V�%3�.��P��%��6 < �#�1�#O�6��%���b�'�A7]B���

��b�'� � 
��;� A7DB3� K4�� �%24.�#�<� -R#� %� <M2 . %� .�� !�#24#@�>= � �� %4�%�

�!"�6�>V�%�S� %6�"�>= �.��%�%2�<�%��= �"����#�%,�

����� �>�A0,.,>	57A*8;,>

� �%�<M2 . %����"L2�6 %��!# P�<�. %�! .�<�!# -�#��#��.��6 ���6�<��2 �% @#����

.��I<�6��.��%�%2�<�%��= �"����#�%�6 �24. 3�6 < �1�##�<��2��.���������#��3��!#�%��2�<�

�#��.��"�<�2�>= �� �K4��.�5�#�%!��2 �� %�2�! %�.��< .�" �6 <� %�K4��%�! .�<�2#�@�"��#�

A7XB,� <�  42#�%� !�"�-#�%3� M� �P2#�<�<��2�� 6 <!"�6�. �  � �%24. � .�� < .�" %� <��%�
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6 <!"�P %�6 <��%2�%�2M6��6�%,�

� ��"�5<��2�� %�<M2 . %��4<M#�6 %�6 @#�<��%2��"�64�����! %%�@�"�2�<�����R"�%��.��

��h<�# %� 2�! %�.��!# @"�<�%3� ��6"4��. � %�6 <!"�P %,�	 �24. 3� �%2 �! %%4��4<�64%2 ,�

�#�<��# 3�  %� #�%4"2�. %�  @2�. %� �4<�#�6�<��2�� � #<�"<��2�� �= � !�#<�2�<� K4��

6 �6"4%V�%� �� �1�#<�>V�%� ��#��%� % @#��  � %�%2�<�� ! %%�<� %�#� 1��2�%,� �"M<� .�%2 3� �%2�%�

#�%4"2�. %�����#��.��<�� #���. %�6�% %��= �6 �%2�24�<�!# -��1 #<�"�.��1�2 %3� 4�%�Q�3�

%= �4%�. %��!���%�!�#��%4��#�#� 4�#�1 #>�#��#�4<��2 %,�

� 	 < �-�%2 ���2�#� #<��2�����K4�>= �7,D3� �!# @"�<��.����%2�"�>= �.��<?.4" %�

%4@<�#�� %�! #�6�@ �M�@�<�< .�"�. �! #�4<���K4�>= �.�1�#��6��"� #.��R#���G��J�.��

%��4�.�� #.�<,�K4�>V�%�6 < ��%2����2�<@M<��%�.�� #.�<�%4!�#� #�%�<!#��! .�<�%�#�

#�.45�.�%���4<�%�%2�<��.���K4�>V�%�.��!#�<��#�� #.�<,�

� %2��<4.��>��!�#<�2����42�"�5�>= �. %�<M2 . %��4<M#�6 %��!"�6R-��%�S�#�% "4>= �

.����a%�.��!#�<��#�� #.�<�2�<@M<�S%��K4�>V�%�.�� #.�<�%4!�#� #�A7EB,�

3.4.3.1 Métodos Numéricos para Resolução de EDO’s de 1ª Ordem 

� ��-�#% %�<M2 . %��%2= �.�%! �L-��%�!�#���� #�% "4>= �.��4<�����.��!#�<��#��

 #.�<,� ��#��  � 6�% � . %� !# @"�<�%� .�� -�" #� ���6��"� G �.�� %�� ��K4�.#��  � %�%2�<�� �<�

�%24. J� %�<M2 . %�! .�<�%�#���#4!�. %��<�.4�%�6"�%%�%/�

- 
M2 . %�.����2�#-�" �h��6 `�

- 
M2 . %�6 <�6 �2# "���.�!2�2�- �. �2�<��� �. ���2�#-�" ,�

� ��!#�<��#��6"�%%��M�6 <! %2��K4�%���<�%4��2 2�"�.�.��!�" %�<M2 . %�.���4����

;422�� G�;J3� K4�� ��6"4�<�  %� <M2 . %� .�� 4"�#� G�;� .�� Dp�  #.�<J3� '�4�� G�;� .�� 7p�

 #.�<J���<M2 . %�.���4����;422��.�� #.�<�%4!�#� #�A7FB,�

� %2�� 6"�%%�3� 6 < �  � !#?!#� � � <�� ��1 #<�3� ! %%4�� ��2�#-�" � .�� #�% "4>= � .��

�K4�>= � .�1�#��6��"� h��6 � �� 6 �%2��2�,� <� 6 �2#�%2�3� �R� �� 6"�%%�� .�� <M2 . %� 6 <�
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6 �2# "���.�!2�2�- �. �2�<��� �. ���2�#-�" ,�%2�%��"� #�2< %��42 <�2�6�<��2���Q4%2�<�

 ���2�#-�" �.��#�% "4>= ��<�14�>= �. ��## �6 <!42�6� ��",��%2 �M�1��2 �.��.4�%�1 #<�%,�

�#�<��# 3�! #�<�� �.���.�!2�>= �. %�<M2 . %�.����2�#-�" �h��6 3�K4��!�%%�<�����6"4�#�

�%2#�2M���� !�#�� 6 �2# "�� . � ��2�#-�" ,� ���4�. 3� !�"�� 42�"�5�>= � .�� <M2 . %� .�� <4"2��

��2�#-�" %3� K4�� 6 <!#���.�<� �"� #�2< %� K4�� #�2O<� ��1 #<�>V�%� % @#�� ��2�#-�" %�

��2�#� #�%� 6 <� � @Q�2�- �.�� 6�!24#�#�.�� 1 #<��<��%� �1�6���2�� �� 2#�Q�2?#���.�� % "4>= ,�

�%%�<�6 < � %�<M2 . %��.�!2�2�- %3��%2�%�2�<@M<�6 �%�.�#�<� ��## �6 <!42�6� ��"����

.�2�#<���>= �. �<�"� #�2�<��� �!�#�� ���2�#-�" �.��% "4>= �.���K4�>= �.�1�#��6��",�

� � #� �= � %�#� �%6 ! � .�%2�� 2#�@�"� � �= � %�#R� 1��2�� �@ #.���<�.�2�"��.�� .�� 6�.��

<M2 . ��4<M#�6 3�� ���-M%�.�%2 �%�#R�.�%642�. ���K4��2�! �.��!# @"�<��6�.��6�2�� #���.��

<M2 . � ! .�� %�#�<�"� #� �!"�6�.�,� ��2�"��%� % @#��  %�<M2 . %� ! .�<� %�#�  @2�. %� �<�

;�b�����A7EB���	'������	�����A7FB,�

3.4.3.2 Aplicação dos Métodos 

� �%�2M6��6�%�<��%�%�<!"�%3�6 < � %�<M2 . %�.��4"�#���'�4�3�%= �� #<�"<��2��

4%�.�%� �<� !# @"�<�%� K4�� #�K4�#�<� ��2��#�>= � % @#�� 4<� 64#2 � ��2�#-�" � .�� -�#�R-�"�

��.�!��.��2�,���%2��6�% ���!#�6�%= �! .��%�#� @2�.��!�" �4% �.��!�K4�� %���2�#-�" %�.��

��2��#�>= � .�� < . � �� �-�2�#� �#��.�%� �## %� .�� 2#4�6�<��2 � ��  @2�#� �## %� .��

�##�. �.�<��2 ��6��2R-��%,��42#���!"�6�>= �.�%2�%�<M2 . %�! .��%�#���!# @"�<�%�64Q �

< .�" �<�2�<R2�6 � �!#�%��2�� �"2 � �L-�"� .�� ��6�#2�5��  4� �## � ���#��2�,���%2�%� 6�% %� ��

!#�6�%= �. %�#�%4"2�. %�!�%%�����= �%�#���.�%!��%R-�"�! �%� �!#?!#� �< .�" �. �%�%2�<��

�= � Q4%2�1�6�� �%2�� 6�#�62�#L%2�6�,� � #� 1�<3�  %� <M2 . %� .�� 4"�#� �� '�4�� ! .�<� %�#� ��

<�"� #� �"2�#��2�-�� � %� 6�% %� �<� K4��  � !# @"�<��  4� %�<4"�>= � !#�6�%�<� %�#� 1��2 %�

! 46�%� -�5�%,���%2�%� �!"�6�>V�%� !# -�-�"<��2��Q4%2�1�6��%��  � 4% � .��<M2 . %� %�<!"�%�

K4��%= �<��%� 1R6��%�.��%��!# �#�<�#���6 <!#���.�#3�<�%< �6 �%�.�#��. � %� 1�2 %�.��
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%�#�<� 6 <!42�6� ��"<��2�� ���1�6���2�%� �� 6 �%4<�#�<�<�� #� 2�<! � ��� #�% "4>= � .�%�

�K4�>V�%,�

� ��� ���2�#-�" �.����2��#�>= �. �!# @"�<��M��#��.�� �%41�6���2��!�#��#�%4"2�#��4<�

�h<�# � �P6�%%�- � .�� !�%% %� G<�� #�K4�� D888J3� 2 #���%�� ��6�%%R#� � �� #�6 <��.R-�"�  �

4% �.��<M2 . %��4<M#�6 %�<��%�!#�6�% %,��%�<M2 . %�.���4����;422��.��Yp� #.�<���

�.�<%�.��Yp� #.�<�%= �<4�2 �! !4"�#�%���6 �1�R-��%�!�#����<�� #���. %�!# @"�<�%�.��

�������#���A7FB,�

� ��%2�%�6�% %�! .��2�<@M<�%�#�#�6 <��.R-�"��%2�<�#� ��## �.��2#4�6�<��2 ��<�

6�.��!�%% �6 < �4<��4���!�#��%�"�6� ��#� �<�"� #���2�#-�" �.����2��#�>= ,��%2 �! .��%�#�

�P�642�. � 6 <�  %�<M2 . %� .�� �4����;422�� �.�!2�2�- � .�� Yp�  #.�<�  4��.�<%� .�� Yp�

 #.�<,� ���  %� �## %� .�� 2#4�6�<��2 � %= � �P2#�<�<��2�� !�K4�� %� ! .�� %�#� !#4.��2��

�4<��2�#� ���2�#-�" �.����2��#�>= �!�#��! 4!�#�2�<! �6 <!42�6� ��",���� 42#��1 #<�3�

%�� ��## �.��2#4�6�<��2 �1 #��#��.�3� ���2�#-�" �.�-��%�#�#�.45�. �!�#���-�2�#��6h<4" �

.���## %,���<M2 . �.��
�"���.�-��%�#��-�2�. ��<�6�% %� �.��!# @"�<�%�.���%2�@�"�.�.��

%= ��%!�#�. %,���<M2 . �.���4����;422��M�.��1R6�"�!# �#�<�>= ���! .��%�#�4%�. ��<�

�#��.���h<�# �.��%�24�>V�%�6 �24. �%4���1�6�O�6���2��.����%�#�<�� #�K4����. %�<M2 . %�

.��<4"2����2�#-�" %,�

� ��� #�%! %2�%��P2#�<�<��2��!#�6�%�%� 1 #�<���6�%%R#��%� 4�%�� ���K4�>= �! %%4�#�

.�#�-�.�%�.�� #.�<��"�-�.�3� �<M2 . �.���4����;422���426��#�.��Ep� #.�<�M�<4�2�%�

-�5�%���.�6�. ,�

� � #�1�<3�!�#�� %�!# @"�<�%��<�K4�� �#�����.����2��#�>= � 4���!#�6�%= �#�K4�#�.��

%= ���2�#<�.�R#��%�#�6 <��.��%��K4�� %�<M2 . %�.���4����;422��.��7p� #.�<� 4�'�4��

%�<��42 ����6��"�5�>= �%�Q�<�42�"�5�. %,�%2�%��"� #�2< %�%= �%�<!"�%���! %%4�<�#�"�2�-��

!#�6�%= ����1�6�O�6��,�

� ����@�"��X,Y3�@�%��.�������R"�%��1��2��! #�	'������	�����A7FB3�#�%4<����



�

]7�

6 <!�#�>= � ��2#��  %� .�-�#% %� <M2 . %� �4<M#�6 %� .�%! �L-��%� !�#�� �� % "4>= � .��

�K4�>V�%�.�1�#��6���%� #.��R#��%,�

��@�"��X,Y�_�	 <!�#�>= �. %�<M2 . %��!"�6R-��%�S�#�% "4>= �.����a%�.��Dp� #.�<�

�A0,., 
8=,
�**,

�1,6/1

'/;818./.-=/*/

/10-*/BC,.,890-*+�

.-890-:*/BC,

�>G,*B,.-

=*,:*/7/BC,
�6>-*+/BS->

4"�#�
��2�#-�" �

h��6 �
�G�J� �R6�"� ���P �

� <�!�#��

�%2�<�2�-�%�#R!�.�%�

'�4��
��2�#-�" �

h��6 �
�G��J� �R6�"� 
 .�#�. �

� <�!�#��

�%2�<�2�-�%�#R!�.�%�

� "L� � %�


�"� #�. %�

��2�#-�" �

h��6 �
�G��J� �R6�"� 
 .�#�. �

� <�!�#��

�%2�<�2�-�%�#R!�.�%�

��"%2 ��

7p� #.�<�

��2�#-�" �

h��6 �
�G��J� �R6�"� 
 .�#�. �


M2 . �.���;�.��7p�

 #.�<�K4��<���<�5��

 ��## �.��

2#4�6�<��2 �

�4����;422��

Yp� #.�<�

��2�#-�" �

h��6 �
�G��J� �R6�"� 
 .�#�. �

�<!"�<��2��

42�"�5�. �

�4����;422��

�.�!2�2�- �.��

Yp� #.�<� 4�

�;����"@�#��

��2�#-�" �

h��6 �

�.�!2�2�- �

�G�'Jq� �R6�"�

 .�#�. ���

.�1L6�"r�

%2�<�2�-��. ��## �

!�#<�2���Q4%2��. �

��2�#-�" �.��

��2��#�>= �

'�4��

%�<��42 �

���6��"�5�>= �


4"2��

��2�#-�" %�
�G��Jq� ��1L6�"�


 .�#�. ���

.�1L6�"r�


M2 . �<4"2��

��2�#-�" %�%�<!"�%�


�"���

4"2��

��2�#-�" %�
�G�'Jq� ��1L6�"�


 .�#�. ���

.�1L6�"r�

�"�4<�%�-�5�%�! .��

%��2 #��#���%2R-�"�

�.�<%�

Yp� #.�<�


4"2��

��2�#-�" %�
�G�'Jq� ��1L6�"�


 .�#�. ���

.�1L6�"r�
�

q� 
M2 . %�K4��42�"�5�<����%2�<�2�-��. ��## �6 <!42�6� ��"�!�#��< .�1�6�#���% "4>= �
r� 
M2 . %�6 <���2�#-�" �.��% "4>= �-�#�R-�"�
�

� ��%2��2#�@�"� � �<M2 . ��<!#���. �M� �.���4����;422�����"@�#��G�;�YEJ,�%2��

<M2 . �M�. � 2�! � �.�!2�2�- � ��! %%4�� # 2����!�#��.�2�#<���#� %�� � 6 ##�2 � ��2�#-�" �.��

��2��#�>= � �%2R� %��. � 4%�. ,�<�6�.�� !�%% � . � 6R"64" � .4�%� �!# P�<�>V�%� .�1�#��2�%�

!�#����% "4>= �%= ��<!#���.�%���6 <!�#�.�%,����"@�#��!# !U%�6 < ��!# P�<�>V�%� %�



�

]X�

<M2 . %�.���4����;422��.��Yp���Ep� #.��%,�����%�#�%! %2�%� @2�.�%�%= �%41�6���2�<��2��

!#?P�<�%����!# P�<�>= �M��6��2�,���� 42#��1 #<�3�%���%�#�%! %2�%�.�1�#�<�.��4<�-�" #�

%4!�#� #�S�!#�6�%= �#�K4�#�.�3� �2�<��� �. ���2�#-�" �.����2��#�>= �M�#�.45�. ,�� #�1�<3�

6�% � �%� #�%! %2�%� %�Q�<�<4�2 � <��%� !#?P�<�%� K4�� �� !#�6�%= � !#�2��.�.��  � �"� #�2< �

�4<��2�� ���2�#-�" �.��#�% "4>= �.���K4�>= �AX8B,�

� ��<M2 . ��;�YE�2 #� 4�%��<4�2 �! !4"�#���%�4��"� #�2< ��%2R��<!"�<��2�. ����

<�� #��� . %� !# �#�<�%� 6 <!42�6� ���%� .�� ��R"�%��<�2�<R2�6�3� 2��%� 6 < �
���s� ��


�2��<�2�6�s,�



�

]Y�

CAPÍTULO 4: MÉTODO PASSIVO DE COMPENSAÇÃO COM 
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���"L2�6�� �P�2�� !�#�� .�2�#<���>= � .�� 1 #>�� .�� #�%2�4#�>= � . � 6 �Q4�2 � �<� 14�>= � . �

.�%" 6�<��2 � 2 2�"� �P�@�. � ! #� �"�,� �%2 � .�-�� ��2= � %�#� 1��2 � ! #� <�� � .�� 6R"64" �

�4<M#�6 � 4��!# P�<�>= ,�

� ��%2��%��2�. �!# !V��%����%��4��2��% "4>= �!�#�� �6R"64" �.�%2��6�#�62�#L%2�6��. �

%�%2�<�/�

�/>>,�� ��2�#<���>= �.��1 #>��.��#�%2�4#�>= �. �6 <!��%�. #�%4@<�#�� �!�#��

-R#� %�-�" #�%�.��.�%" 6�<��2 `�

�

�/>>,�� ��2�#<���>= � . � .�%" 6�<��2 � . � 6�@ � !�#�� �%� -R#��%� 1 #>�%� .��

#�%2�4#�>= �6�"64"�.�%��6�<��G"�<@#�#�K4����%2�� 2�! �.���%% 6��>= ���

1 #>���P��"�M���4�"���2#�� %�6 <! ���2�%J`�

�

�/>>,�� ��.�%" 6�<��2 � 2 2�"� . � %�%2�<�3�!�#��-R#��%� 1 #>�%3� ! .�� %�#� @2�. �

!�"��% <��.��.�1"�P= �. �6�@ �S�. �6 <!��%�. #�%4@<�#�� `�6 <��%2 �

.�2�#<����%����1 #<��.��64#-��.��#�%2�4#�>= `�

�

�/>>,�� � #�1�<3�6 <���1 #<��.��64#-��.�1���.�3�! .��%���!# P�<R�"��! #�4<�

! "��U<� 3�6 < �< %2#�. ����K4�>= �Y,],�

�
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� 	 <� �� �P�64>= � . %� !�%% %� D� �� X� M� ! %%L-�"�  @2�#� 4<� �#R1�6 � 6 �1 #<��

< %2#�. �������4#��Y,E3�#�%2��. ��!���%����!# P�<�>= �.��4<��14�>= �!�#��.�%6#�-�#���

64#-��.��#�%! %2�,�

�

���4#��Y,E�_�	4#-��.��#�%2�4#�>= �!�#�� �%�%2�<�/��%% 6��>= �. �6 <!��%�. #�
%4@<�#�� �� �6�@ �.����%2�"�>= �

� ���"�%��. ����4#��Y,E���2��. �6 < � @Q�2�- �<��2�#��%�!#��6�!��%�6�#�62�#L%2�6�%�

.�� #�%! %2����� #���= �.�� ��2�#�%%��. � �#R1�6 3� M� �L2�.�� ��!# ! %2��.��42�"�5�>= �.��4<�

! "��U<� � .�� 2�#6��# � �#�4� !�#�� �!# P�<�>= � .�� 64#-�� .�� #�%! %2�� . � %�%2�<�,� �%�

!�#I<�2# %�.�%2��! "��U<� �%= ���2= �.�2�#<���. %�!�"�%�%��4��2�%�6 �.�>V�%/�

- ��#���.�5�.��64#-����� #���<�.�-��%�#���4�"�SK4�"��.���%% 6��>= ��<�%M#���.��

#���.�5�. �6�@ �6 <���!�#6�"��"����#�.��#���.�5�. �6 <!��%�. #`�

- ��-�" #� . � !�6 � .��<RP�< �.�� 14�>= �.�� #�%2�4#�>= �. � %�%2�<��.�-�� %�#�

�.O�2�6 � � � . � 6 <!��%�. #� %4@<�#�� ,� ��<@#�#� K4�3� ��� �%% 6��>= � �<�

%M#��3���1 #>���24��2��% @#�� %�6 <! ���2�%�. �%�%2�<��M���<�%<�`�6 <��%2 3�

�� 1 #>��<RP�<��. � 6 <!��%�. #� M� �� 1 #>��<RP�<��K4��  � 6 �Q4�2 � ! .�#R�

�!#�%��2�#`�

- �� -�" #� <L��< � . � -�"�� .�� 14�>= � .�� #�%2�4#�>= � . � %�%2�<�� .�-�#R� %�#�

�.O�2�6 �� �. �6 <!��%�. #�%4@<�#�� ,�

��k�.�1 #<�>= �. �6�@ �!�#��4<��.�2�#<���.��1 #>��

��k�.�1 #<�>= �. �6 <!��%�. #�!�#����<�%<��1 #>��
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� 	 <��%�2#O%� #�%2#�>V�%�M�! %%L-�"�.�1���#�4<��14�>= ����"L2�6���!# P�<�.��!�#��

#�!#�%��2�#� �%�%2�<�,�

( ) ( ) ( ) ( )XX
7

7D TGHTGHTGHTGI −⋅+−⋅+−⋅=− � GY,]J

 �.�� GG� U� TJ� 6 ##�%! �.�� � � .�%" 6�<��2 � #�"�2�- � �<! %2 � � � 6 �Q4�2 � ��  %�

6 �1�6���2�%�&D3�&7���&X�%= � %�!�#I<�2# %�K4��.�-�<�%�#�.�2�#<���. %�!�"�%�6 �.�>V�%�

��2�#� #�%,�

����� ��,.-1,.,�8>0-7/

� 	 <���.�1���>= �.�%�1 #>�%�#�"�2�-�%�� ��< #2�6�<��2 ���S�#���.�5�! .��%��- "2�#�

S�K4�>= �Y,7�!�#��6 �% "�.�#� �< .�" �. �%�%2�<�,�

( ) ( ) ( ) 8
7

D X
X

7
7D =−⋅+−⋅+−⋅+⋅⋅⋅⋅⋅+⋅ TGHTGHTGHGG�)G� ��

���� ρ � GY,FJ

� �@%�#-��%�� ��� K4�>= � Y,F� K4��  � .�%" 6�<��2 � �<! %2 � !�" � < -�<��2 � .��

�<@�#6�>= � .�� ��%2�"�>= � �!�#�6�� �P!"�6�2�<��2�,� �.<�2��. � K4�� �"�� ! .�� %�#�

#�!#�%��2�. �! #�4<��14�>= ���#<U��6��. �2�! �%�� �6 < ����K4�>= �Y,D8,�

( )�!��KT ⋅⋅= ω8 � GY,D8J

 �.��K��M����<!"�24.��.���P6�2�>= 3�V���1#�KTO�6������� �2�<! ,�

� ��%2��1 #<�3� �< .�" �. �%�%2�<��! .��%�#�.�1���. �!�"��K4�>= �Y,DD,�

( )[ ]

( )[ ] ( )[ ] 8

7

D

X
8X

7
87

8D

=⋅⋅−⋅+⋅⋅−⋅+

+⋅⋅−⋅+⋅⋅⋅⋅⋅+⋅

�!��KGH�!��KGH

�!��KGHGG�)G� ��

ωω

ωρ ����

� GY,DDJ

� %2���K4�>= �%�#R����"�%�.�����%�KTO�6���. �2#�@�"� ,�
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CAPÍTULO 5: ESTUDO DE CASO: INSTALAÇÃO DE UM 

MÓDULO DE CHOKE 

� 	 <� � @Q�2�- �.��2�%2�#� �6 �6��2 �.��6 <!��%�. #�.��������6 <�#���.�5��= �

"����#� #��"�5��%����%2��6�!L24" �4<��%24. �.��6�% �6 <��� ��%2�"�>= �.��4<�<?.4" �.��

��
H�,� �� ���4#�� E,D� < %2#�� 4<� <?.4" � !�#2��6��2�� �� 4<� . %� <���1 ".%� .�� 2�#6��#��

��#�>= �G�2�<�D,7,7,XJ3�64Q�%�6�#�62�#L%2�6�%�%= �%�<�"�#�%�S%�6 �%�.�#�.�%�� ��%24. �.��

6�% ,�

�

���4#��E,D�_�
?.4" �.����
H��

� ��� 1 #<�� �� -�#�1�6�#�  � .�%�<!��� � . � 6 <!��%�. #� !�%%�- 3� #��"�5�<�%�� �%�

��R"�%�%��<��2�!�%3���6#�<��2��. ��#�.4�"<��2����6 <!"�P�.�.��. �%�%2�<�,��@��P �%��

#�%4<����1 #<��.�� #����5�>= �6 �%�.�#�.��!�#���%���R"�%�%/�

�J ��R"�%��. �%�%2�<����%2�"�. ���6�@ �%�<�6 <!��%�. #�%4@<�#�� `�

��J ��R"�%��. �%�%2�<����%2�"�. ���6�@ �6 <� �6 <!��%�. #�%4@<�#�� `�

�, �-�"��>= �. �%�%2�<���<�-�@#�>= �"�-#�/�

- ��%2�<���= ��< #2�6�. `�
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- ��%2�<���< #2�6�. `�

@, �-�"��>= �. �%�%2�<���<�-�@#�>= �1 #>�.�,�

5.1 Instalação do Módulo por Cabo sem o Compensador 

Passivo 

� ����%2�"�>= ���6�@ �%�<�6 <!��%�. #�%4@<�#�� �1 ���@ #.�.����2�#� #<��2��� �

�2�<� 7,D,� ��%2�� < <��2 � #�2 #���%�� � � �%%4�2 � !�#��  � �%24. � �%!�6L1�6 � . � 6�% � .��

��%2�"�>= �.��4<�<?.4" �.����
H�,�

� 	 �1 #<�� 	�)����� ADYB� �� 	�)����� ��� ���� ADEB� < %2#�#�<� �<� %�4%�

2#�@�"� %3�  � < .�" � "����#�5�. � .�� ��%2�"�>= � �� 6�@ � .�� �K4�!�<��2 %� ! .�� %�#�

#�!#�%��2�. �!�"��K4�>= �7,D3�2#��%6#�2���@��P ,�

( )�!��KHGHG�)GG� ��� � ⋅⋅⋅=⋅+⋅⋅⋅⋅⋅
⋅
⋅+⋅ ωρ
π
ω

8X

Y ��� � G7,DJ

 �.��H�G#���.�5�. �%�%2�<�J�#�!#�%��2����6�#�62�#L%2�6��. �6�@ ,�

� ��#�� !# 6�.�#� 6 <� �� ��R"�%�� .�-�<� %�#� .�1���.�%� �%� 6�#�62�#L%2�6�%� 1L%�6�%� . �

%�%2�<�,� ��%2�� %��2�. � 6 �%�.�#��%�� �� ��%2�"�>= � 6 <� 6�@ � .�� .�I<�2# � D3E� ��� G-�#�

��@�"��7,XJ3�%��. ��%�!# !#��.�.�%�.����@�"��7,D��<!#���.�%�!�#�� �<?.4" �.����
H�,�

�%� 6 �.�>V�%� .�� <�#� %�"�6� ��.�%� !�#�� �� �-�"��>= � . � %�%2�<�� %= � �.O�2�6�%� S%�

6 �%�.�#�.�%�! #�	�)�����ADYB��<�%�4�2#�@�"� 3���6 ##�%! �.�<���4<�!�#L . �.��

�P6�2�>= � -�#���. � ��2#�� Z� �� F� !� �� 4<�� �<!"�24.�� .�� �P6�2�>= �<RP�<�� .�� 738��,� ��

"I<����.aR�4��<RP�<��.����%2�"�>= �M�.�1���.��6 < �7E88��,�

����� �9<18>-9,�,7K98,./'*-FYZ9;8/

� ��"�6� � 4�%�� �� ��R"�%�� @�%��.�� � � . <L�� � .�� 1#�KTO�6��� �<� -�#24.�� .�%2��

<M2 . � !�#<�2�#� �� % "4>= � ���"L2�6�� !�#��  � !# @"�<�� .�� ��%2�"�>= � �� 6�@ � %�<�
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6 <!��%�. #,���"��#�%%�"2�#�K4�� �<M2 . ��%6 "��. �%?�M�! %%L-�"�!�"��"����#�5�>= �.��

1 #>��.���##�%2 ,�

� �� #�% "4>= � .�� K4�>= � 7,D� � � . <L�� � .�� 1#�KTO�6��� !�#<�2��  @2��>= � .��

#�%! %2�%�!�#�� %�%��4��2�%�!�#I<�2# %�ADYB/�

- ��2 #�.���<!"�1�6�>= �. �< -�<��2 �-�#2�6�"�. �6 #! `�

- �#�>V�%� � � 6�@ � !�#�� �%� ! %�>V�%� .�� 6 ��P= � 6 <� �� �<@�#6�>= � G2 ! J� ��

6 <� �<?.4" �%4@<�#�� �G14�. J`�

- ��1 #<�>= ��P��"�. �6�@ `�

- ��2 #�.���<!"�1�6�>= �.��6�#���� �2 ! ���� �14�. ,�

� �%����4#�%�E,7���E,E��"4%2#�<��%�#�%! %2�%�. �%�%2�<�,�

�

���4#��E,7�_���%4"2�. �!�#�� �1�2 #�.���<!"�1�6�>= �. �< -�<��2 �

�

���4#��E,X�_���%4"2�. �!�#����.�1 #<�>= ��P��"�G�<!"�24.��.���P6�2�>= �7�<J�
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�

���4#��E,Y�_���%4"2�. �!�#���%�2#�>V�%�� �6�@ �G�<!"�24.��.���P6�2�>= �7�<J�

�

���4#��E,E�_���%4"2�. �!�#�� �1�2 #�.���<!"�1�6�>= �.��6�#���G�<!"�24.��.���P6�2�>= �7�<J�

� �� ��%2�"�>= � .��<?.4" %� %4@<�#�� %� �P���� .�1���>= � .�� 6#�2M#� %� .�� �6��2�>= �

!�#���%�-R#��%�! %�>V�%�K4�� ��K4�!�<��2 ��%%4<��.4#��2���� !�#�>= �G!,�P,��#3���2#�.��

���R�4�3�#���= �.����1"4O�6���.�%� �.�%3��26,J�AXDB,�	 �%�.�#��. ��%�! %�>V�%����"�%�.�%�

��%2��2#�@�"� �2�<�%��K4�� %�!#��6�!��%�6#�2M#� %���%�#�<�%�2�%1��2 %�%= /�

D, <� 2 .�%� �%� 6 �.�>V�%� �� 1 #>�� 2 2�"� � � 6�@ � .�-�� %�#� <�� #� K4�� %4��

6�#��� <L��<�� .�� #4!24#�� G
��J� .�-�.�.�� ! #� 4<� 1�2 #� .�� %��4#��>��

G�%%4<�. �XJ`�

7, <�����4<��6�#64�%2I�6��� � 6�@ �.�� ��%2�"�>= �! .��!�#.�#� 2#�>= 3� 4�

%�Q�3�%�4��1# 4P�<��2 ��= �M�!�#<�2�. `�
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X, ���!# 14�.�.�.��.��6 ��P= �6 <� ��K4�!�<��2 �#�%�.��2�3� �<?.4" ��= �

! .��! %%4�#�< -�<��2 � %6�"�2?#� �6 <��#��.�����#����! �%3� 6�% ��%2��

���#����%�Q��"�@�#�.���4<��<!�62 �.4#��2�� �< <��2 �.��6 ��P= 3�.�� %�

! .�<�%�#���#�. %�� %��K4�!�<��2 ���- "-�. %�AYB,�

� ��K4��2�1�6�>= �.��4<�-�" #�K4�� 2#�.45�� � 2�#6��# �6#�2M#� ��= �M� %�<!"�%,�<�

<4�2�%� !�#�>V�%�4<��#��#��!#R2�6��6 �%�%2���<�.�1���#�4<�-�" #�"�<�2��!�#�����<!"�24.��

.�� %6�"�>= �. �6 #! �� �< <��2 �.��6 ��P= ,�� �6�% �.��4<�
	��! #��P�<!" 3� �

-�" #�.���<!"�24.��"�<�2��%��%�24�����1��P��.��D�����D3E��,���%���R"�%�%�.�%2��2#�@�"� �

�%2��#�1�#O�6���%�#R�42�"�5�.��2�<@M<�!�#�� �<?.4" �.����
H�,�

� ��#�1�6��. �  %� �#R1�6 %� .�� #�%! %2�� !�#�� �� ��%2�"�>= � . � <?.4" � �� 6�@ � %�<�

6 <!��%�. #� .�� ������ ! .��%�� �-�#��4�#� K4��  � h��6 � 6#�2M#� � %�2�%1��2 � M� #�"�2�- � S�

6�!�6�.�.��.��6�#���. �6�@ ,�����<!"�1�6�>= �. �< -�<��2 3�� 2��%��%4��2��.O�6���.��

6#�%6�<��2 �6 <� ��4<��2 �.��"I<����.aR�4�3�.��< . �K4���<�4<��!# 14�.�.�.��.��

7E88��3����<!"�24.��.��#�%! %2��2 #���%��.4�%�-�5�%���<����S�.���P6�2�>= ,�� #�1�<3�. %�

�#R1�6 %�.�� 2#�>= �� � 6�@ ��� 1�2 #�.�� �<!"�1�6�>= �.�� 6�#��3� � 2��%��K4��! #�- "2��.��

DF88���!�#�� �!�#L . ���1�#� #�.���P6�2�>= �GZ�!J� 6 ##�� ��1# 4P�<��2 �. �6�@ ,�

� %2�%�#�%4"2�. %�6�4%�<��#��.��#�%2#�>= ����Q���"��.����%2�"�>= �. �6 <! ���2��

�� �"4%2#�<� 4<� 6�% � �<� K4�� �� 42�"�5�>= � .�� %�%2�<�� .�� 6 <!��%�>= � M� �"2�<��2��

.�%�Q�.�,�

5.2 Instalação do Módulo por Cabo com Compensador Passivo 

� � � ��%�#�#� �6 <!��%�. #�� �%�%2�<��.�� ��%2�"�>= �@4%6��%��.�<��4�#��� #���.�5�

. �6 �Q4�2 �.��1 #<��K4�� �< -�<��2 �.��#�%! %2��. �<?.4" �%�Q���2��4�. ��<�#�"�>= �

S��P6�2�>= �!# ! #6� ��.��!�"���<@�#6�>= �.����%2�"�>= ,�
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����� �87-9>8,9/7-90,.,�,7=-9>/.,*	C,��89-/*

'������ +�����%&
����)	��#	�
!�

� ��#�� .�<��%� ��#� �� < "�� �= �"����#� . � 6 <!��%�. #� !�%%�- � !# !V��%��  %�

%��4��2�%�6#�2M#� %/�

�J 8D >α /�� �%�� ���2 #� �.�� #���<���#���.�5�.�-��%�#�! %�2�-�,���.�1���>= �

. �-�" #�!�#���%2��!�#I<�2# � %�#R� 1��2���!?%���R"�%��!#�"�<���#�.��64#-��.��

#�%! %2��.��4<�%�%2�<��%�<�"�#�� ��%24.�. �G�2�<�E,7,D,7J`�

@J 87 <α ���
( )

D

7
7

X X
8

α
αα
⋅

<< /����< . �����#��2�#�K4��� ���2 #� �.�� #���<� �
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���4#��E,XD�_��<!"�24.��.��#�%! %2��!�#����h<�#�%�6 �.�>V�%�.���P6�2�>= /�-�#��>= �
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� ������4#��E,X8�� 2��%��K4��� �%���!# P�<�#�.��#�%% �I�6���!#��6�!�"� �%�%2�<��

6 <�>�� �� �<!"�1�6�#� %4�� #�%! %2�3�  �K4�� 1�5� 6 <�K4�� �"�� %�Q�� �2#�L. �!�#�� �� %��4�.��

#���= � .�� �%2�@�"�.�.�� G)J,� <� 2 #� � .�� � -�� ! %�>= � .�� �K4�"L@#� � �"�� 6 �2��4�� %�4�

< -�<��2 � %6�"�2?#� ���!�%%��!�"�%�#�%% �I�6��%�!#��6�!�"���%4@���#<U��6��.�� #.�<�7,�

��<@#�#�K4�����%��4�.��#���= �.���%2�@�"�.�.����#���.�5�"����#�M�<�� #�K4�����!#�<��#�3�

 �K4���"2�#���%�1#�KTO�6��%�.��#�%% �I�6���2�<@M<�!�#��-�" #�%�<�� #�%,�

� �����4#��E,XD�< %2#��K4�3�!�#���<!"�24.��.���P6�2�>= �<�� #� 4���4�"���73E��3� �

%�%2�<�� %�� 6 <! #2�� .�� <����#�� �� �2��4�#� %4�� #�%! %2�� �2M� !#?P�< � .�� 6 �.�>= � .��

#�%% �I�6��� %4@���#<U��6�,� � � 6����#� �� �%2�� ! �2 � �%� �<!"�24.�%� .��  %6�"�>= �

�4<��2�<��� �%�%2�<��!�%%���� %6�"�#��<�2 #� �.��%4��%��4�.��#���= ��%2R-�"�G)J,���#��

�<!"�24.��.���P6�2�>= �.��X��� �%�%2�<��2��.����.�%6#�-�#�%�4�< -�<��2 �% <��2�����

%��4�.��#���= �.���%2�@�"�.�.�3�64Q��@�6���.���2#�>= �M�<4�2 �<�� #�K4����!#�<��#��G�J,�

� %2�%�#�%! %2�%��"4%2#�<����"�-�.��.�!��.O�6���.��< "���= �"����#�S%�6 �.�>V�%�

���6���%3�#�1 #>��. �����6�%%�.�.��.��.�1���>= �.��4<����- "2?#���.��.�<��%� ��<��2 �

# @4%2�,�

�

@J %24. �.��%��%�@�"�.�.��. �%�%2�<���<�#�"�>= �� �6 �1�6���2��.���##�%2 �

� �%���R"�%�%�.�%2���2�<�!# ! #6� ��<����-�"��>= �.����1"4O�6���. ��< #2�6�<��2 �

% @#�� �� �<!"�24.�� .�� #�%! %2�� . � %�%2�<�� .�� ��%2�"�>= � 6 <� 6 <!��%�. #� �= �"����#,�

��#�1�6�<�%��  %� #�%4"2�. %� !�#�� 6 �1�6���2�%� .�� �##�%2 � -�#���. � .�� 83Y� �� D3Z3� �<�

6 �.�>V�%�.���P6�2�>= �6 <��<!"�24.��1�P��7�<���1#�KTO�6���-�#���. �.��8���7�	��O!,��%�

�#R1�6 %���%��4�#�6 �.��%�<� %�#�%4"2�. %�.���<!"�24.��. �< -�<��2 �.��#�%! %2��. �

<?.4" 3� �.�������4#��E,X7�%��#�1�#��S�-�#��>= �6#�%6��2��.��1#�KTO�6����������4#��E,XX�

S�.�6#�%6��2�,�
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�

���4#��E,XX�_��<!"�24.��.��#�%! %2��!�#����h<�# %�6 �1�6���2�%�.���##�%2 /�-�#��>= �
.�6#�%6��2��.��1#�KTO�6���
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� �%� �#R1�6 %� �6�<�� < %2#�<� K4��  � 6 �1�6���2�� .�� �##�%2 � ! 46 � ��1"4��6��� �%�

6�#�62�#L%2�6�%�. �%�%2�<��K4��. ��<� %6�"�>= ����.��%4��!#�<��#��#���= �.���K4�"L@#� �

G#���= � � � ��2 #� � .�� %4��  #���<J,� � 2��%�� 6 �24. � K4�� 4<� <�� #� �< #2�6�<��2 �

!# ! #6� ���.�<��4�>= �.���<!"�24.��.�� %6�"�>= �� %�6�% %�.��#�%% �I�6���!#��6�!�"���

%�64�.R#������%��4�.��#���= �.���%2�@�"�.�.��. �%�%2�<�,�

� 	 < � �%!�#�. 3� �� ���4#�� E,XY�< %2#�� �<�.�2�"���K4��  � 6 �1�6���2�� .�� �##�%2 �

!#�2�6�<��2���= ���1"4��6������<!"�24.��.��#�%! %2��. �%�%2�<��K4��. ��%2�� !�#��% @�

%4�%�6 �.�>V�%�.��!# Q�2 ,���%2����R"�%��6 �%�.�# 4�%���P6�2�>= �6 <��<!"�24.��1�P��.��

7�����!�#L . �-�#���. ���2#��Z���F�!,�

�

���4#��E,XY�_���1"4O�6���. �6 �1�6���2��.���##�%2 �% @#�� �%�%2�<���<�%4����- "2?#���.��
!# Q�2 �

5.3 Dimensionamento de um Compensador Tipo Rhombus 

� ��%2���2�<�@4%6��%��.�<��%� ��#�4<�.�%! %�2�- ��<�K4����< "���= �"����#�M�4<��

< "�� �� <@4%,� ��#�� �%2 � 6 �%�.�#��%��  %� -�" #�%� . %� !�#I<�2# %� αD3� α7� �� αX� 6 < �
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#�1�#O�6��3� -�%2 � K4�� 4<�� < "�� K4�� �!#�%��2�� �%2�%� 6�#�62�#L%2�6�%� ! %%4�� @ <�

.�%�<!��� ������%2�"�>= �.��4<�<?.4" �.����
H�,�

� � #�<�� �.�%��K4�>V�%�K4���!# P�<�<���1 #>��.��#�%2�4#�>= �.���� <@4%�! #�

4<� ! "��U<� � .�� 2�#6��# � �#�4� G-�#� ��*���	� �J� M� ! %%L-�"� #�"�6� ��#� �%�

6�#�62�#L%2�6�%� 6 �%2#42�-�%� . � <�6���%< � 6 <�  %� -�" #�%� .�� αD3� α7� �� αX,� ��%2�%�

#�"�>V�%���#��%��4<�%�%2�<��.���K4�>V�%��= �"����#�%3�64Q��#�%! %2�� 2#�5� %�-�" #�%�. �

6 <!#�<��2 �.�%�@�##�%� G�J3� #���.�5�.��< "�� "����#� G&J���I��4" �.��< �2���<�Gθ8J�.��

< "�� �� <@4%,� �� #�% "4>= � .�%2�� %�%2�<�� M� 64%2 %�� <�%< � 6 <� �� �!"�6�>= � .��

<M2 . %��4<M#�6 %3�6 �24. �.��1 #<���!# P�<�.�� @2M<�%���%�%��4��2�%�6�#�62�#L%2�6�%�

!�#�� �.�%! %�2�- /�

- ��k�7937��`�

- &�k�FDX8�O�`�

- θ8�k�YZ3Et,�

� ��� 1 #<�� �� �-�#��4�#� .���<�6�<��2�� �� �1�2�-�.�.�� .�� �!# P�<�>= � .�� < "��

�� <@4%� ! #� 4<� ! "��U<� � .�� 2�#6��# � �#�4� �P�642 4�%�� ��R"�%�%� 6 <�  %6�"�>= �

1 #>�.�,��� 2�#< �.���P6�2�>= �2�-��%�4%�!�#I<�2# %� G�<!"�24.���� 1#�KTO�6��J�-�#��. %�

.��2# � .�� ��- "2?#��� .�� !# Q�2 � ��  � #�%4"2�. �  @2�. � 1 ��  � 1�2 #� .�� �<!"�1�6�>= � . �

< -�<��2 �-�#2�6�",�

� �� 6 <!�#�>= � 1 �� �P�642�.�� !�#�� ���� .�� 8� �� �� 6 <!# - 4� �� -�"�.�.�� .��

�!# P�<�>= 3�6 < �< %2#�. �������4#��E,XE,�
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���4#��E,XE�_�	 <!�#�>= ���2#�� %�1�2 #�%�.���<!"�1�6�>= �.��< -�<��2 �!�#����R"�%�%�
.��I<�6�%�6 <�14�>V�%�.��#�%2�4#�>= ��P�2�����!# P�<�.��!�#������ <@4%�

� �!�%�#� .�� 2�#� 6 <!��%�. �  �< -�<��2 � . �<?.4" � .�� ��
H�3� �� �!"�6�>= � .��

< "�� �� <@4%� 6 <� �%� .�<��%V�%�  @2�.�%� .�1�64"2�#��� ��  !�#�>= � .�� ��%2�"�>= ,� %2��

6 �6"4%= ��= �6 �.�������!"�6�>= �-�%2 �K4������R"�%���P�642�.����%2��2#�@�"� �1 ��4<��

!#�<��#���@ #.���<�S�.��I<�6��.����%2�"�>= �6 <�6 <!��%�. #�%��= �"����#�%,�

� ��!#��6�!�"�6�#�62�#L%2�6��K4��"�- 4� �%�%2�<����2�#��%2���"�-�.��.�<��%= �1 ����

!#�%��>��.��#�%% �I�6���%4@���#<U��6�3�K4���P���4�4<��@��PL%%�<��#���.�5�� �%�%2�<�,�

�� ���4#�� E,XZ� �"4%2#�� �%� 1 #>�%� .�� #�%2�4#�>= � .�� �� <@4%� �� !�#2�#� .�� %4�� !#?!#���

! %�>= �.���K4�"L@#� ����<�#�"�>= �S�! %�>= �K4���"���%%4<��� �%4%2��2�#� �<?.4" �.��

��
H�,�
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���4#��E,XZ�_�� #>��.��#�%2�4#�>= �.��< "���� <@4%�

� � �2 ��<! #2��2���%2R�#�"�6� ��. �� �1�2 �.���= �%��2�#�6 �%�.�#�. ���<�%%��. �

.�%! %�2�- �.��6 <!��%�>= ����.��I<�6��. �%�%2�<�,�%2��%�<!"�1�6�>= �2�<�2��.O�6���

.�� �P���#� #���.�5�%� <�� #�%� !�#�� K4�� �� �2��4�>= � %�Q�� �"6��>�.�3� .�� 1 #<�� K4�� �<�

�%24. %�1424# %��%2����1"4O�6���.�-��%�#�6 �%�.�#�.�,�

� � #� 1�<�-�"�� #�%%�"2�#�K4�� ��< "���� <@4%� M� �!���%� 4<�. %� .�%! %�2�- %�K4��

�!#�%��2�<�6�#�62�#L%2�6�%��= �"����#�%3�%��. �K4�� 42#�%�< "�%�! .�<�-�#����!#�%��2�#�

.�<��%V�%�<�� #�%�K4��. �42�"�5�.�%�6 < �6 <!��%�. #�%�!�%%�- %�.�������,�
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CAPÍTULO 6: CONCLUSÕES E RECOMENDAÇÕES 

6.1 Discussão 

� �� ��%2�"�>= � .�� �K4�!�<��2 %� %4@<�#�� %� ! #� 6�@ � 2�<� �4<��2�. �

6 �%�.�#�-�"<��2��� %�h"2�< %��� %,�%2��<M2 . ����� 4��%!�> �� �< <��2 ��<�K4��

%�� 2 #� 4�4<���"2�#��2�-�� � %�<M2 . %� 2#�.�6� ���%3�K4��42�"�5�-�<�% �.�%� �� 1�5��<���

.�%6�.��. ��K4�!�<��2 �! #�6 "4���.��2#�@�"� �G	�!�	J,�

� �� ��%2�"�>= � ! #� 6�@ � 2#�5� �� #<�%� ���� %� .�� 64%2 � �� 2�<! � .��  !�#�>= 3�

��2#�2��2 �! .���!#�%��2�#�� -�%�.�1�64".�.�%�� �!# 6�%% 3� 2��%�6 < /��<!"�1�6�>= �.��

< -�<��2 � . � �K4�!�<��2 � �� %�#� ��%2�"�. � �� �<!"�1�6�>= � .�� 6�##���<��2 � % @#��  �

�"�<��2 �.����%2�"�>= 3���%2��6�% � �6�@ ,�

� ���< . ����2��4�#� %� �1��2 %�.�%2�%�!# @"�<�%�.�%! %�2�- %�6 <!��%�. #�%�.��

< -�<��2 � %= � 42�"�5�. %,� ��1�#��2�%� 6 �6�!>V�%� �P�%2�<3� -�#���. � .�� %�%2�<�%�

6 <!"�2�<��2���2�- %��2M� %�2 2�"<��2��!�%%�- %,�

� �%�%�%2�<�%�!�%%�- %3�1 6 �.�%2��2#�@�"� 3�@4%6�<����2��4�>= �. �< -�<��2 �. �

�K4�!�<��2 � �!���%� 6 <� �%� 6�#�62�#L%2�6�%� ���#��2�%� S� %4�� 6 �%2#4>= � G#���.�5� ��

�< #2�6�<��2 J3�  4� %�Q�3� �= � 42�"�5�<� %�%2�<�%� .�� 6 �2# "�� �<� <�"��� 1�6��.��  4�

�24�. #�%�6 <�%4!#�<��2 ��P2�#� �.�����#���3�6 < �1�5�<� %�6 <!��%�. #�%��2�- %,�

� ��  @Q�2�- � !#��6�!�"� .�%2�� �%24. � 1 �� �-�"��#�  � 4% � .�� 4<� � - � 6 �6��2 � .��

%�%2�<�� !�%%�- � .�� 6 <!��%�>= 3� 6 <! %2 � @�%�6�<��2�� ! #� 4<� 6 <! ���2�� 6 <�

#���.�5��= �"����#,���6 �6��2 � 1L%�6 �!�#�� � 14�6� ��<��2 �. �.�%! %�2�- �%��@�%�������

�"2�#�>= � .�� 1#�KTO�6��� ��24#�"� . � %�%2�<�� .�� ��%2�"�>= � .��< . �K4�� �"�� 1�K4�� 6 <�

-�" #� ��1�#� #� S� .�� �P6�2�>= � �P2�#��,� �%6�"��. � �<� 1#�KTO�6��%� %4!�#� #�%� S� ��24#�"3�

�%!�#��%�� K4��  � 6 #! � �� %�#� ��%2�"�. � ! %%4�� �<!"�24.�� .�� #�%! %2�� �2��4�.�,� ��
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<4.��>�����1#�KTO�6�����24#�"�%��.R�!�"����2# .4>= �.��4<��@��P��#���.�5�� �6 �Q4�2 3�

 � 6 <!��%�. #� %4@<�#�� ,� �� 6�#�62�#L%2�6�� �= �"����#� -�%�� % "46� ��#� 4<� �<!�%%��

�P�%2��2����%�< "�%�"����#�%��<�K4��4<��@��P��#���.�5�#�%4"2���<��"�-�.��.�1"�P= ,�%2��

6�#�62�#L%2�6�3�.�%�QR-�"� � � %�%2�<���<� %6�"�>= 3�! .��6#��#�.�1�64".�.�%�.��<��4%�� �

����<@�#6�>= 3�-�%2 �K4�� �.�%" 6�<��2 �.��< "��� �%4! #2�#� �!�% �. ��K4�!�<��2 ���

%�#���%2�"�. �! .�#���%�#�<4�2 ��"�-�. ,�

� ��1���. �4<�6�% �@�%��!�#���%24. �. �6 <! #2�<��2 �.�%2��6 <!��%�. #��= �

"����#3� .�-�#%�%� ��R"�%�%� 1 #�<� #��"�5�.�%� !�#�� �-�#��4�#� �� #�%! %2�� . � %�%2�<�� 6 <� ��

%�<��%2��.�%! %�2�- ,����2�<���%��4�#��!#�%��2���%�6 �6"4%V�%� @2�.�%�6 <��%2�%���R"�%�%,�

6.2 Conclusões 

� � �	�!L24" �7���R"�%�%�!#�"�<���#�%�< %2#�#�<�K4��!�#��%�� @2�#��2��4�>= �. �

< -�<��2 � .�� #�%! %2�� .4#��2�� �� ��%2�"�>= � .�� 4<� <?.4" � .�� ��
H�� G6�% � @�%�J�

6 <!#�<��2 %��"�-�. %����= �1�62L-��%�.��6�@ ��#�<���6�%%R#� %,�� #��P�<!" 3�!�#��4<�

6�@ �.��D3E� ���.��.�I<�2# �%= ���6�%%R#� %�<��%�K4��]7Y8���.��6 <!#�<��2 �!�#��%��

���6��#� �� �2��4�>= ,���%2��<�%< � 6�!L24" � 6 �6"4�4�%��K4�� �� 42�"�5�>= � .�� 4<��< "��

"����#� �<� %M#��� 6 <�  � 6�@ � .�� ��%2�"�>= � M� �<!#�2�6R-�"3� �<� 14�>= � .�� %4�� �"�-�.��

.�1"�P= ��!���%�!�#��%4! #2�#��%2�2�6�<��2�� �!�% �. ��K4�!�<��2 ���%�#���%2�"�. ,�

� 	 <� �� !# ! %�>= � .�� 42�"�5�>= � .�� < "�%� �= �"����#�%3� ��R"�%�%� 1 #�<�

�P�642�.�%�� �	�!L24" �E3�6 �%�.�#��. �K4����14�>= �.��#�%2�4#�>= �. �%�%2�<��!4.�%%��

%�#��P!#�%%��! #�4<�! "��U<� �.��2�#6��# ��#�4,�	 <��%2�%���R"�%�%�-�#�1�6 4�%��K4�/�

- �� < -�<��2 � .�� #�%! %2�� . � .�%! %�2�- � M� �"2�<��2�� .�!��.��2�� .�%�

6 �.�>V�%� ���6���%� .�� ��R"�%�,�<� 14�>= �.�%� 6�#�62�#L%2�6�%� .�� �P6�2�>= � �

%�%2�<��! .��.�%��- "-�#� %6�"�>V�%��<�2 #� �.��.4�%�#���V�%��%2R-��%/�4<��
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APÊNDICE A: A MOLA RHOMBUS 
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A.1. A Função de Restauração da Mola Rhombus 

� ��%6 �%�.�#��. �  � !�% � !#?!#� � . � %�%2�<�� �� �.<�2��. � K4��  � I��4" � .��

< �2���<� . � 6 �Q4�2 � M� θ8,3� ! .��%�� .�1���#� K4��  � .�%" 6�<��2 � .�� < "�� M� @�<�

#�!#�%��2�. �!�"��K4�>= ��,D,�

( ) J6 %G6 %7 8 θθθ −= 3@ � G�,DJ

�

'

_

O

V1



�

DYX�

�

���4#���,7�_���1"�P= �.��< "���� <@4%�% @��>= �.��4<��1 #>���P2�#���

� 	 �%2#4��. � %�.���#�<�%�.��6 #! �"�-#��G�	�a%J�. �%�%2�<��.�����4#���,73�6 <�

1 6 ��<�%4�%��#2�64"�>V�%�2�<�%�������4#���,X,�

�

���4#���,X�_�����#�<�%�.��6 #! �"�-#��.��< "���� <@4%�

_

'

�W'

'7,1/

�	����%��#2�64"�>V�%�
�.���� <@4%�

��

'7,1/

	�

��

'6/**/

'6/**/'6/**/

'6/**/

'6/**/'6/**/

'6/**/
'6/**/

��

_

'

�W'

'7,1/

��

��

	�

��

�	��. �	 �Q4�2 �

	 �.�>= ����6��"�
.��< �2���<�

_U

O

V

'

_

V3θθθθ4

��1"�P= �!�"���>= �.��
4<��1 #>��j�i�

��

��

	�

��



�

DYY�

� � %�.���#�<�%�M�! %%L-�"�#�2�#�#��%�#�"�>V�%�.�%�K4�>V�%��,7����,X/�

( ) θθ 6 %7 ⋅⋅= ��		�66 � G�,7J

θ!��

6
6 �
��
��		� ⋅

=
7

� G�,XJ

� ���##��Q��. 3� @2M<�%�� 4<�� 14�>= �!�#�� �� 1 #>��.�� #�%2�4#�>= ��<� 14�>= �. �

I��4" �.��< "���� <@4%3�6 < �< %2#�. ����K4�>= ��,Y,�

( )
θ

θ
�-

6
6 �
��= � G�,YJ

� �.<�2��. �K4�� �6 <! #2�<��2 �.��< "��42�"�5�.�����< �2���<�.���� <@4%�M�

"����#3�6�����%��S�K4�>= ��,E,�

( )87, θθ !��!��3H3H6 �
���
�� −⋅⋅⋅=∆= � G�,EJ

� ��<�%����2= �K4�/�

( )
θ

θθθ
�-

!��!��3H
6

JG,7 8−⋅⋅
= � G�,ZJ

� 	 " 6��. ��� 1 #>��6 < �4<��14�>= �.��.�1"�P= �.���� <@4%�� ���-M%�.��%�4�

I��4" 3��!?%�<���!4"�>V�%�<�2�<R2�6�%�6�����%��S�K4�>= ��,93�K4���P!#�%%����1 #>��

.��#�%2�4#�>= ,�

( ) ( )







�

�

�
�
�
�
�

�

�

�
�

�
�
�

� −−

−⋅−⋅⋅⋅=
7

8

8
8

7
6 %D

D6 %7

3

@

!��
@3H@6

θ

θθ � G�,9J

� �%%4<��. � �"�4�%� -�" #�%� !�#��  %� !�#I<�2# %� 6 �%2#42�- %� . � %�%2�<�� G&3� �� ��

8θ J� ! .��%�� 6 �%2#4�#� 4<� �#R1�6 � !�#�� �� 1 #>�� .�� #�%2�4#�>= � !# ! #6� ��.�� !�"��

�� <@4%,������4#���,Y��"4%2#��4<�6�% �!�#�� 8θ �k�XEt3����k�7,E�����&�k�Z8888�O�,�



�

DYE�

�

���4#���,Y�_�P�<!" �.��1 #>��.��#�%2�4#�>= �.��4<��< "���� <@4%�G��k�7937��3�&�k�
FDX8�O����θ8�k�YZ3EtJ�

� �����4#���,Y�< %2#��K4��!�#��.�%" 6�<��2 %�! %�2�- %�� ���2 #� �.�� #���<���

< "���� <@4%�! %%4�� 6 <! #2�<��2 � #��#�%%�- 3� ��K4��2 �.�%" 6�<��2 %�� � %��2�. �

 ! %2 �#�%4"2�<��<�1 #>�%�.��#�%2�4#�>= �6 <�6�#�62�#L%2�6��!# �#�%%�-�,�

������ �,9>8.-*/BS->>,6*-/�8:8.-E.,�8>0-7/

� ��. �K4���� #���.�5�! .��%�#��P!#�%%��6 < ���.�#�-�.��.��1 #>��.��#�%2�4#�>= �

�<�#�"�>= �� �.�%" 6�<��2 3�! .��%�� @2�#�4<��14�>= �!�#���%2��6�#�62�#L%2�6��.��< "��

�� <@4%,�

� ��@��. �K4����.�#�-�.��.��14�>= �.�� #�%2�4#�>= �.���� <@4%�M��P!#�%%��!�"��

K4�>= ��,],�

( ) ( )

��
�
�
�
�

�

�

��
�
�
�
�

�

�







�

�

�
�
�
�
�

�

�

�
�

�
�
�

� −−

−⋅−⋅⋅⋅==
7

8

8
8� <

7
6 %D

D6 %7

3

@

!��
@3H

�@

�

�@

@�6
H ��!,

θ

θθ � G�,]J

� ��#���.�5�! .��%�#�.�1���.��!�"��K4�>= ��,F,�



�

DYZ�









�

�

�
�
�
�
�
�
�

�

�

�
�

�

�

�
�

�

�
�
�

�
�
�

� −−

−⋅−=
X

7

8

8
� <

7
6 %D

D

3

@

!��
HH ��!,

θ

θ
� G�,FJ

� �����4#���,E��!#�%��2�� ��#R1�6 �.��#���.�5�!�#��4<��< "���� <@4%�6 �%2#4L.��

6 <��%�6�#�62�#L%2�6�%�. ��P�<!" ���2�#� #,�

�

���4#���,E�_�P�<!" �.��64#-��.��#���.�5�.��4<��< "���� <@4%�G��k�7937��3�&�k�
FDX8�O����θ8�k�YZ3EtJ�

������ �,9>8.-*/BS->>,6*-,�,90,.-�<V87/',*B/.,�8>0-7/

� 	 < � %�� 2�<� 4<�� 14�>= � �P!"L6�2�� !�#�� �� 1 #>�� .�� #�%2�4#�>= � .�� < "��

�� <@4%3�  � 6R"64" � . � -�" #�<RP�< �.�%2�� 14�>= � M� 1��2 � � � %�� ��4�"�#� %4�� !#�<��#��

.�#�-�.�� ��5�# 3�6 " 6��. �6 < �6 �.�>= ��.�6� ��"�K4����.�#�-�.��%��4�.��.�-��%�#�

����2�-�,�

� ��@��. �K4����.�#�-�.��.��14�>= �.��1 #>��.��#�%2�4#�>= �M���!#?!#���#���.�5�. �

%�%2�<�3�� ���4�"�#�%4���P!#�%%= ���5�# �! .��%��6����#�S�K4�>= ��,D8,�



�

DY9�

( ) 
�

�
�
�

�
−±⋅⋅= X

7

88<��<�P3 D6 %7 θθ !��3@ � G�,D8J

� �<! �. � �� 6 �.�>= � .�� .�#�-�.�� %��4�.�� %�#� ����2�-�3� .�1����%�� K4��  �

.�%" 6�<��2 �K4��"�-��S�<RP�<��1 #>��.��#�%2�4#�>= �! .��%�#�6�"64"�. �!�"��K4�>= �

�,DD,�

( ) 
�

�
�
�

�
−−⋅⋅= X

7

88<�P D6 %7 θθ !��3@ � G�,DDJ

� �� K4�>= � �,DD� < %2#�� K4��  � -�" #� .�� .�%" 6�<��2 � K4�� "�-�� 4<�� < "��

�� <@4%� S� %4��<�� #� 1 #>��.�� #�%2�4#�>= � ��.�!��.��.�� #���.�5�.��< "��42�"�5�.�����

6 �%2#4>= �. �.�%! %�2�- `�6 �24. 3�6 < �%�#R�< %2#�. ��@��P 3� �-�" #�.��1 #>����%2��

! �2 �M��"2�<��2��.�!��.��2��.�%2��!�#I<�2# ,�

� �4@%2�24��. � �� �P!#�%%= � .�� P<�P� ��� �K4�>= � .�� 1 #>�� .�� #�%2�4#�>= � 2�<�%�� ��

1 #>��<RP�<��6 < �< %2#�. ����K4�>= ��,D7,�

( ) 7

X

X

7

8<�P D7 �

�
��

� −⋅⋅⋅⋅= θ!��3H6 � G�,D7J

�

A.2. A Função de Restauração a Partir do Equilíbrio para a 

Rhombus Sustentando um Corpo de Massa “M” 

� � �%��6 " 6�#�4<��< "���= �"����#3�6 < ����� <@4%3�%4! #2��. �4<�6 #! �.��

<�%%��j
i3�-�#�1�6��%��K4���<�2 #� �. �! �2 �.���K4�"L@#� ���#���.�5�. �%�%2�<���= �M�

�.O�2�6�� SK4�"�� .�� < "�� �% "�.�,� %2�� 6�#�62�#L%2�6�� �= � ! .�� %�#� .�%!#�5�.�� � � %��

���"�%�#�4<�%�%2�<��<�%%��< "���< #2�6�. #� 6 <� #���.�5��= �"����#,�� #� �%2��< 2�- �

%�#R�.�%��- "-�.���@��P ���1 #<4"�>= �.��1 #>��.��#�%2�4#�>= �.��4<��< "���� <@4%���

!�#2�#�.��! %�>= �.���K4�"L@#� �K4���"���%%4<��� �%4! #2�#�4<�6 #! ,�



�

DY]�

� ��.�2�#<���>= �. �.�%" 6�<��2 �% 1#�. �!�"��< "��� �%�#�6 ��62�.��� �6 #! �%��

.R�!�"��#�% "4>= �.��K4�>= ��,DX/�

( ) �
	 
N

3

@

!��
@3H =







�

�

�
�
�
�
�

�

�

�
�

�
�
�

� −−

−⋅−⋅⋅⋅
7

8

8
8

7
6 %D

D6 %7

θ

θθ � G�,DXJ

 �.�3�:6 #! �6 ##�%! �.��� �!�% �. �6 #! ���δ�K, �.�%" 6�<��2 �.��< "��!�#���2����#� �

�K4�"L@#� ,�

� ��"�� #�%%�"2�#� K4�� �<� 14�>= � . � -�" #� . � !�% � . � 6 #! � 4<�3� .4�%�  4� 2#O%�

! %�>V�%�.���K4�"L@#� ��%2R2�6 �! .�<��P�%2�#,�	 < �%�� @Q�2�-��4<�2#�@�"��#��<�#���= �

6 <�@��P��#���.�5����<�2 #� �.��4<��! %�>= �K4��2������%2�@�"�.�.��.��I<�6�� �! �2 �

%�"�6� ��. � 6 ##�%! �.�� SK4�"��K4�� ! %%4�� .�%" 6�<��2 �<�� #�K4�� P<�P� G-�#� ���4#��

�,ZJ,�

�

���4#���,Z�_�	 <! #2�<��2 �.��< "���� <@4%�� �%4! #2�#�4<�6 #! �

� �#��%"�.��. ��� #���<�. �%�%2�<��.��6  #.���.�%�!�#���%2��! �2 3�! #�<�� �.�%�

K4�>V�%��,DY����,DE,�

`;,*=,

δδδδ-FU

U

� #>��.��#�%2�4#�>= ��<�#�"�>= �� �
%�%2�<��.��< "���% "�.��

� #>��.��#�%2�4#�>= ��<�#�"�>= �� �
! �2 �.���K4�"L@#� �.��< "��6 <� �6 #! �



�

DYF�

�C@@ δ−= � G�,DYJ

( ) �
	 
N6@6 −= � G�,DEJ

� �4@%2�24��. � �%2�%� #�"�>V�%� ��� K4�>= � �,9� 2�<�%�� �� K4�>= � �,DZ3� K4��

.�%6#�-����1 #>��.��#�%2�4#�>= ��<�#�"�>= �S�! %�>= �.���K4�"L@#� ,�

( ) ( ) �
	 


�C

�C N

3

@

!��
@3H@6 −








�

�

�
�
�
�
�
�

�

�

��
�

�
��
�

� +
−−

−⋅−−⋅⋅⋅=
7

8

8
8

7
6 %D

D6 %7
δ

θ

θδθ � G�,DZJ

� �!�#���%2��� -��%�24�>= ���#���.�5�M��P!#�%%��!�"��K4�>= ��,D9,�

( )

�
�
�

�

�
�
�

�

	

�
�
�




�
�
�

�

�




�

�

�
�

�

�

��
�

�
��
�

� +
−−

−⋅−=
X

7

8

8
� <

7
6 %D

D

3

@

!��
H@H

�C

��!,

δ
θ

θ
� G�,D9J

� � #� 1�<3� � � ! �2 � .�� <RP�< �  � -�" #� .�� .�%" 6�<��2 � �� 1 #>�� %= � .�1���. %�

!�"�%�K4�>V�%��,D]����,DF,�

( ) �C!��3@ δθθ −
�

�
�
�

�
−−⋅⋅= X

7

88<�P D6 %7 � G�,D]J

( ) �
	 
N!��3H6 −�

�
��

� −⋅⋅⋅⋅=
7

X

X

7

8<�P D7 θ � G�,DFJ

� � � ���"�%�#� �� 64#-�� .�� 1 #>�� .�� #�%2�4#�>= �  @%�#-��%�� K4�� �%� !#��6�!��%�

6�#�62�#L%2�6�%�.��%4���� <�2#���! .�<�%�#�#�!#�%��2�.�%�.��1 #<���!# P�<�.��! #�4<�

! "��U<� � .�� 2�#6��# � �#�4,� � � �2�<� �� %��4�#� %= � 6�"64"�. %�  %� 6 �1�6���2�%� !�#��  �

! "��U<� �K4���!# P�<����14�>= �.��1 #>��.��#�%2�4#�>= �. �%�%2�<�,�



�

DE8�

A.3. Aproximação da Função de Restauração por um 

Polinômio de Terceiro Grau 
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