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6 ( )h f
EI

− νθ = ⋅ π ⋅ ⋅ ⋅ γ ⋅ γ (2)

gdzie:
γ = a/h,
h G $+*���CF
)���&
ν G $*/�?� +����
7��**���&

2 3

4 5 6

7 8

( ) 0,6294 1,047 4,6021 9,9751

20, 2948 32,9933 47,0408

40,6933 19,6 .

f γ = − ⋅ γ + ⋅ γ − ⋅ γ +

+ ⋅ γ − ⋅ γ + ⋅ γ −

− ⋅ γ + ⋅ γ
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(4) 4 ( ) ( , ) / ( , )p p fX X X x x x F EI x x′′ ′′− λ = θ⋅ ⋅δ − ⋅δ (3)
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3

( ) ( ) ( ) [sh ( )
2

sin ( )] ( , )
2

[sh ( ) sin ( )] ( , )

p p

p p

f f f

X x X x X x x x

F
x x H x x

EI
x x x x H x x

θ ′′= + ⋅ λ − +
λ

+ λ − − ×
⋅ ⋅ λ

× λ − + λ −

(4)

gdzie:
δ(x, xp) – funkcja delta Diraca w punkcie x = xp,
H(x, xp) – funkcja Heaviside’a (skoku jednostkowe-

go) w punkcie x = xp,
λ = ω2

w  ρA/EI,
ρ G .A*#�CF
��#����?"
)���&
A – pole przekroju poprzecznego,

X0 = Pchλx + Qshλx + Rcosλx + S sinλx,
P, Q, R, S G *#�?�
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3

( ) ( ) [sh ( )
2

sin ( )] ( , )
2

[sh ( ) sin ( )] ( , )

p

p p

f f f

X c X c c x

F
c x H c x

EI
c x c x H c x

θ= + ⋅ λ − +
⋅λ

+ λ − − ×
⋅ ⋅ λ

× λ − − λ −

(5)

gdzie X0(c) = Pchλc + Qshλc + Rcosλc + S sinλc.
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Warunki brzegowe dla belki pokazane,
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 (0) 0, (0) 0, ( ) 0X X X l′ ′′= = =  oraz ( ) 0.X l′′′ =
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MU�
V
� (6)

gdzie:

35

45

1 0 1 0 0

0 1 0 1 0

ch sh cos sin ,

sh ch sin cos

ch sh cos sin 1p p p p

l l l l a

l l l l a

x x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥λ λ − λ − λ=
⎢ ⎥λ λ λ − λ⎢ ⎥
⎢ ⎥λ λ λ λ −⎣ ⎦
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Wariant 
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modelowane  
w analizie MES 
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identyfikowane �������	
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xp = 10 xp = 9,37 6,3% 
,,1” 

a = 0,2h a = 0,177h 11,5% 

xp = 10 xp = 9,68 3,2% 
,,2” 

a = 0,3h a = 0,278h 7,3% 

xp = 30 xp = 28,4 5,3% 
,,3” 

a = 0,2h a = 0,173h 13,5% 

xp = 30 xp = 28,3 5,7% 
,,4” 

a = 0,3h a = 0,273h 9,0% 

xp = 50 xp = 50,1 0,2% 
,,5” 

a = 0,2h a = 0,202h 1,0% 

xp = 50 xp = 52,7 5,4% 
,,6” 

a = 0,3h a = 0,341h 13,7% 

xp = 70 xp = 75,6 8,0% 
,,7” 

a = 0,2h a = 0,172h 14,0% 

xp = 70 xp = 78,8 12,6% 
,,8” 

a = 0,3h a = 0,337h 12,3% 
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