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Apêndice 1 

Coeficientes vi , wi  e i  de Galerkin para  ...,2,1i , dados nas 

Equações (2.153), (2.154) e (2.155): 
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“Conhecendo o homem qual é sua posição dentro do meio em 
que vive, saberá conduzir-se conforme a conduta que lhe deter-
mina essa posição, evitando os saltos que fazem a estabilidade 
correr perigo.” 

Carlos Bernardo González Pecotche. 
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 










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  ,2
1

0

9 dsFFFJ vww     (A1.24) 

 
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0

1

0

1
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2
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s
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s
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



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







 








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






 




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 

,)(
0

1

0

1

0

2

0
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v

s

wvw

vwww

s

vvww
























 
















 





 (A1.26) 

    ,
1

0

2
12 dsFFFJJ www 


   (A1.27) 
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    ,
1

0

13 dsFFFJJ vww     (A1.28) 

   ,
1

0

3
714 


 wwww FFJ  (A1.29) 

,
1 1

0

22
1 dsFF

J v
y  


 





  (A1.30) 

,
1 1

0

22
2 dsFF

J w
y  


 





  (A1.31) 

,
1 1

0

3 dsFFF
J vw

y 


  





  (A1.32) 

,
1

0 0
4 dsdsFFF

s

wv     (A1.33) 

,
1

0

5 dsFFF wv    (A1.34) 

,
1

0

22
6 dsFF

J

JJ
v 


 




  (A1.35) 

 
,

1

0

22
7 dsFF

J

JJ
w 


 




  (A1.36) 

 
.

1

0

8 dsFFF
J

JJ
wv 


 




  (A1.37) 
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Apêndice 2 

Coeficientes vi , wi  e i  de Galerkin, para  ...,2,1i , dados nas 

Equações (2.156), (2.157) e (2.158): 

      ,1
1

0

1

0

1 dsFFFdsFFF wvywvv      (A2.1) 

    ,1
1

0

2
2 dsFFF vvyv 

   (A2.2) 

   

      ,2cos

1

1

0

1

0

2

1

0

2
1

0 0

3

 

 
















dsFFFFFFFtqPdsFFFF

dsFFFdsdsFFFF

wwvvvwvuuSwwvv

wvvy

s

wvwvyv 
 (A2.3) 

     ,cos
1

0

2
1

0

4 dsFFFtqPdsFFFF vvvuuSvvvvyv  






    (A2.4) 

,
2

1 1

0 1 0

2
5 dsdsdsFFF

s s

vvvv   

















  (A2.5) 

,
2

1 1

0 1 0

2
6 dsdsdsFFF

s s

wvvv   

















  (A2.6) 

  ,
1

0

3
7 dsFFJ vvv 


   (A2.7) 

    ,
1

0 0

1

0

2
8 dsdsFFFFJJdsFFFJ w

s

vwvwvvv  













   (A2.8) 

“Os seres tem, pois, diante de si, dois caminhos a seguir: o do 
aperfeiçoamento individual ou o da inconsciência, no qual se 
vive a vida porque sim. A inteligência de cada um é sufi-
cientemente capaz para decidir entre um ou outro caminho.” 

Carlos Bernardo González Pecotche. 
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  ,2
1

0

9 dsFFFJ wvv     (A2.9) 

,2
1

0 0

10 dsdsFFFFJ w

s

vwvv  










   (A2.10) 

  ,2
1

0

2
1

0 0

11 dsFFFJdsdsFFFFJ wvvw

s

vwvv  













   (A2.11) 

    ,
1

0

2
12 dsFFFJJ vvv 


   (A2.12) 

    ,
1

0

13 dsFFFJJ wvv     (A2.13) 

  ,
1

0

3
714 


 vvvv FFJ   (A2.14) 

        ,0

1

0

0

1

0

15 wdsFFFwdsFFF wvywvv      (A2.15) 

   

       

 

       ,42cos

1

0
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0

1
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0

0

1
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16

wdsFFFFFFFtqP
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wdsFFFwdsFFFF

wdsdsFFFF

wwvvwvvuuS

s

vwwvy

wvvywvwv

s

wvwvyv



 



 























 




















 (A2.16) 
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   

   

       ,2cos

1
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1
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0

1
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0
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vdsFFFFFFFtqP

vdsFFFF

vdsdsFFFF

wwvvwvvuuS
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s

wvwvyv





 

















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 (A2.17) 

 

      ,

2

0
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0
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0

1
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wdsFFFJJ

wdsdsFFFFJ
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
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 (A2.18) 

      ,22 0
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2
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2
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wdsdsdsFFFwdsdsFFFFJJ

wdsFFFJJ

s s

wvv

s

wvwv

wvvv

   










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
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 (A2.20) 
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0

1
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2
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



















 (A2.21) 

   

       
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2
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2
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
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













 (A2.22) 
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   

         

     

       ,42cos

1
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2
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
 








 









 (A2.23) 

    ,
2

1
1 0

1

0

2
24 vdsFFF vvyv 















   (A2.24) 

       ,66 0

1

0

25   dsFFFF vvyv    (A2.25) 
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26 vdsdsdsFFF
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vvvv   




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


  (A2.26) 
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2

1
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1
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2
27 vdsdsdsFFF

s s

wvvv   

















  (A2.27) 
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2
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1
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2
28 vdsdsdsFFF

s s

vvvv   

















  (A2.28) 
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2
29 wvdsdsdsFFF
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wvvv   










  (A2.29) 

    ,
1

0

30 dsFFFcJ wvv     (A2.30) 

      ,1
1

0

1

0

1 dsFFFdsFFF vwyvww      (A2.31) 
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    ,1
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0
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2 dsFFF wwyw 

   (A2.32) 

   
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 (A2.33) 
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2
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 

,)(
1

0 0

1

0

2
1

0 0

10

dsdsFFFFJJ

dsFFFJdsdsFFFFJ

v

s

wvw

vwww

s

vvww

 

 
































 (A2.40) 

DBD
PUC-Rio - Certificação Digital Nº 0912757/CA



225 
 

 

,)(
1

0 0

1

0

2
1

0 0

11

dsdsFFFFJJ

dsFFFJdsdsFFFFJ

v

s

wvw

vwww

s

vvww

 

 
































 (A2.41) 

    ,
1

0

2
12 dsFFFJJ www 


   (A2.42) 

    ,
1

0

13 dsFFFJJ vww     (A2.43) 

  ,
1

0

3
714 


 wwww FFJ  (A2.44) 

        ,0

1

0

0

1

0

15 vdsFFFvdsFFF vwvww     (A2.45) 

   

       

 

       ,42cos

1

0

1

0

2

0

1

0 0

0

1

0

0

1

0

0

1

0 0

16

vdsFFFFFFFtqP

vdsdsFFFF

vdsFFFFvdsFFFF

vdsdsFFFF

vvwwvwwuuS

s

vwvw

wvwwywvvw

s

vwvwyw



 



 























 







 


















 (A2.46) 

   

   

       ,2cos

1

0

1

0

2

0

1

0

0

1

0 0

17

wdsFFFFFFFtqP

wdsFFFF

wdsdsFFFF

vvwwvwwuuS

vvwwy

s

vwvwyw





 










 


















 (A2.47) 

DBD
PUC-Rio - Certificação Digital Nº 0912757/CA



226 
 

     

    ,0

1

0 0

0

1

0 0

0

1

0

2
18

vdsdsFFFFJJ

vdsdsFFFFJvdsFFFJ

s

vwvw

s

wvvwvwww

 

 































 (A2.48) 

 

    ,0

1

0 0

0

1

0 0

19

wdsdsFFFFJJ

wdsdsFFFFJ

s

vwvw

s

wvvww

 

 





























 (A2.49) 

   

  ,0

1

0 1 0

2

0

1

0 0

20

vdsdsdsFFF

vdsdsFFFFJJ

s s

vww

s

wvvww

  

 























 

 (A2.50) 

    ,0

1

0 0

21 wdsdsFFFFJJ
s

vwvww  










   (A2.51) 

   

       

             ,9cos2

2

1

0

1

0

2
0

1

0

2

0

1

0

2
0

1

0

2

0

1

0

2
22

wdsFFFtqPwdsFFF

wdsFFFwdsFFF

wdsFFF

wwwuuSwww

wwwwww

wwww

















 












 (A2.52) 

   

       

       ,42cos

1

00

1

0

2

0

1

0

00

1

0 0

00

1

0

23

vwdsFFFFFFFtqP

dsFFFwvdsdsFFFF

wvdsFFFF

vvwwvwwuuS

vwy

s

vwvw

vvwwyw



 

























 





  (A2.53) 

DBD
PUC-Rio - Certificação Digital Nº 0912757/CA



227 
 

    ,
2

1
0

1

0

2
24 wdsFFF wwyw 
















   (A2.54) 

       ,66 0

1

0

25   dsFFFF wwyw    (A2.55) 

  ,0

1

0 1 0

2
26 wdsdsdsFFF

s s

wwww   










  (A2.56) 

  ,
2

1
0

1

0 1 0

2
27 wdsdsdsFFF

s s

vwww   

















  (A2.57) 

  ,
2

1
0

1

0 1 0

2
28 wdsdsdsFFF

s s

wwwv   

















  (A2.58) 

  ,00

1

0 1 0

2
29 wvdsdsdsFFF

s s

vwww   










  (A2.59) 

 
,

1 1

0

22
1 dsFF

J v
y  


 





  (A2.60) 

 
,

1 1

0

22
2 dsFF

J w
y  


 





  (A2.61) 

 
,

1 1

0

3 dsFFF
J vw

y 


  





  (A2.62) 

,
1

0 0

4 dsdsFFF
s

wv     (A2.63) 

.
1

0

5 dsFFF wv    (A2.64) 

DBD
PUC-Rio - Certificação Digital Nº 0912757/CA



228 
 

 
,

1

0

22
6 dsFF

J

JJ
v 


 




  (A2.65) 

 
,

1

0

22
7 dsFF

J

JJ
w 


 




  (A2.66) 

 
.

1

0

8 dsFFF
J

JJ
wv 


 




  (A2.67) 

    .
2

0

1

0

22
9 vdsFF

J v
y  


 





  (A2.68) 

    .
21

0

1

0

22
10 wdsFF

J w
y  


 





  (A2.69) 

    .
1

0

1

0

22
11 


 


 dsFF

J v
y  


  (A2.70) 

    .
1

0

1

0

22
12 


 


 dsFF

J w
y  


  (A2.71) 

       

    .

1

0

1

0

1

0

0

1

0

00

1

0

22
13

wdsFFFdsFFF
J

wdsFFF
J

vdsFF
J

wvwv

wv
y

v
y





 



































 (A2.72) 

       

    .

11

0

1

0

1

0

0

1

0

00

1

0

22
14

vdsFFFdsFFF
J

vdsFFF
J

wdsFF
J

wvwv

wvw
y





 



































 (A2.73) 

  .0

1

0 015 wdsdsFFF
s

wv     (A2.74) 

 0

1

0 0

1

016 vdsdsFFFdsFFF
s

wvwv 




      (A2.75) 

 

DBD
PUC-Rio - Certificação Digital Nº 0912757/CA




