
L

p1 p2 p1 > p2

R −R = p2−p1

L R > 0
−→u = (0, 0, u3(x, y))

−−−−−→
grad(p) = µ∆(−→u )

−→z−−−−−→
u3(x, y)p1 p2

x1 x2

P (x) ¯P (x)

P (x) ¯P (x)

u3(x) =
N∑

i=0

qiΦi(x)

K
−→
F



V (x)

∫ l

0

ε(x)
∂Φi

∂x

∂Φj(x)

∂x
dx −

∫ l

0

ρ(x)Φj(x)dx + D0Φj(L) = 0

V (x) =
∑

i qiΦi(x)

V (x) Velt(x)
[0, L]

Ke

Fc

Fxe Fx f(x) =
∑

i fiΦi(x)

K
F

V (x)



v(x)

[0, L]






∂T
∂x + p(x) = 0
∂Mf

∂x + T (x) = 0

Mf(x) = EI ∂2v(x)
∂x2






T (L) = F

Mf(L) = M

v(0) = 0
∂v
∂x(0) = 0

v(x) p = 0

[0, L] EI
∂2v(x)

∂x2
= F (L − x)

{
v(0) = 0
∂v
∂x(0) = 0

v(x) v
Ep

Ep(v) =
1

2

∫ L

0

EI

(
∂2v(x)

∂x2

)2

dx − Fv(L) − M
∂v

∂x
(L)

v(x) =
∑

i qiΦi(x)

v(x) = v1Φ1(x)+w1Ψ1(x)+v2Φ2(x)+w2Ψ2(x)






Φ1(x) = 1 − 3
(

x
l

)2
+ 2

(
x
l

)3

Ψ1(x) = x
(
1 − x

l

)2

Φ2(x) =
(

x
l

)2 (
3 − 2x

l

)

Ψ2(x) = l
(

x
l

)2 (
x
l − 1

)

Ke

Fe

K F
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2e

2e

L

L

x = cte

∆T = 0 Ω






∂T
∂y = −h

λ(T − T0) Γe

∂T
∂y = 0 Γ−e

T (x = 0) = Tc Γ0

T (x = L) = Tc ΓL

x

y

Tc
Tc

h
e

−e
0 L



P

T

∫

Ω

λ∆T ∆P +

∫

y=e

hTP =

∫

y=e

hT0P ∀P

a(T, P ) L(P )

T a(T, P ) = L(P ) ∀P

T (x, y) =
∑n

i=1 Ni(x, y)qi P
n
Ni(x, y) ieme

qi T (x, y)

Ni(ξ, η) = a + bξ + cη + dξη
Ni(ξ, η)

2

43

ξ

η

1

1

1

−1

−1

2

ξ1

1

−1

Mi(η)

2a 2b
Ce

∫
! λ∆T ∆P d!

2a
Ee

∫
− hTPd−

C
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