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p
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p
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p
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lü
h
em

a
k
ü
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jäikad
ek
s.
M
etsaveere

4
p
õh
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p
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õtm

isel
on

p
alju

sk
i
sarn

an
e
tala
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p
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õ
isted

ja
h
ü
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õju

ta
see

lih
tsu

stu
s
olu

liselt
lah

en
d
it.

5.
K
o
orm

u
s
m
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(
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p
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p
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∫
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=
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=
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p
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p
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p
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a
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u
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t
A
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d
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aal
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p
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p
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con
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p
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u
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õrra.

S
am

a
n
u
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v
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p
öörd

u
b
ka
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A
B
.

–
S
eega

p
u
n
k
ti
B

siire
x
telje

sih
is
u
=

−
z
sin

α
.

–
K
u
n
a
n
u
rk

α
on

v
äike,

siis

α
≈

sin
α
≈

tan
α
=

∂
w∂
x
.

(6.3)

•
A
n
alo

ogiliselt
saam

e
sid

u
d
a
ka

siird
ekom

p
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en
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id

v
ja

w
.
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k
u
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õttes

olem
e
saan

u
d
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u
=

−
z
∂
w∂
x
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v
=

−
z
∂
w∂
y
.

(6.4)

C
au

ch
y
seoste

(3.6)
ja

valem
ite

(6.4)
p
õh

jal

ε
x
=

∂
u

∂
x
=

−
z
∂
2w

∂
x
2
,

ε
y
=

∂
v

∂
y
=

−
z
∂
2w

∂
y
2
,

γ
x
y
=

∂
u

∂
y
+
∂
v

∂
x
=

−
2z

∂
2w

∂
x
∂
y
.
(6.5)
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p
in
n
a
v
õ
r
r
a
n
d

L
äh

tu
m
e
tasakaalu

d
iferen

tsiaalv
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∂
σ
x

∂
x

+
∂
τ
y
x

∂
y

+
∂
τ
z
x

∂
z

+
X

=
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∂
τ
x
y

∂
x

+
∂
σ
y

∂
y

+
∂
τ
z
y

∂
z

+
Y

=
0,

∂
τ
x
z

∂
x

+
∂
τ
y
z

∂
y

+
∂
σ
z

∂
z

+
Z

=
0.

•
D
iferen

tseerim
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x
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y
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kolm

an
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d
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z
järgi.

•
A
rvestad
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n
ih
kep

in
gete

p
aarsu

ssead
u
st

saam
e
ellim

in
eerid

a
τ
y
z
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τ
x
z .

•
A
rvestad
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et

σ
z
=

X
=

Y
=

0
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Z
on

an
tu
d
avald

isega
(6.1)

saam
e

lõp
u
k
s
v
õrran

d
i

∂
2σ

x

∂
x
2
+
2
∂
2τ

x
y

∂
x
∂
y
+

∂
2σ

y

∂
y
2
=

−
zp(x

,y
)

i
,

(6.6)
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=
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(6.7)
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u
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p
laad

i
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in
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en
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p
ik
k
u
sü
h
ik
u
koh
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st.,

in
ertsi-
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en
d
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siiv
su
st.
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a
p
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gete
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läb
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ete
vah

elised
seosed

kasu
tam

e
H
o
oke’i

sead
u
st

k
u
ju
l

σ
x
=

E

1−
ν
2
(ε

x
+
ν
ε
y )
,

σ
y
=

E

1−
ν
2
(ε

y
+
ν
ε
x )
,

τ
x
y
=

E

2(1
+
ν
) γ

x
y
(6.8)

n
in
g
asen

d
am

e
v
iim

asesse
seosed

(6.5).
T
u
lem

u
s
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järgm
in
e:



σ
x
=
−

E
z

1−
ν
2
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=
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jõ
u
d

6
-
1
4

gim
u
stel

τ
x
z |z

=
±
0,5h

=
τ
y
z |z

=
±
0,5h

=
0
saam

e



τ
x
z
=
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∂
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∂
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ü
rid

!



σ
x
=

M
x

i
z,

σ
y
=
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=
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jõu
ga

to
e
k
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öörd

eid
.
A
r-

vestad
es
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ü
m
m
eetriatelge

en
n
ast

aga
vaad

eld
a
k
u
i
tin

glik
k
u
(v
irtu

aalset)
serva,

k
u
s
ra-

jatin
gim

u
sed

ju
h
u
l
k
u
i
sü
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ü
lik

u
lin

e
p
laat

on
” p
ika

ristk
ü
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ü
lik

u
lin

e
p
laat.



6
.6
.1
.
S
ilin

d
rilin

e
p
a
in
e

6
-
2
7

L
äb
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(6.43)

K
ok

k
u
olem

e
saan

u
d
p
laad

i
elastse

p
in
n
a
jaok

s
avald

ise

w
(x
,y
)
=

1

π
4D

∞∑m
=
1

∞∑n
=
1

B
m
n

[(m
/a

)
2
+
(n
/b)

2] 2
sin

m
π
x

a
sin

n
π
y

b
.

(6.44)
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Ü
h
tlaselt

ko
orm

atu
d
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laat.

Ü
h
tla

se
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ja
o
ta
tu

d
k
o
o
r
m
u
se

ju
h
t.

E
lastse

p
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n
a
avald

ise
(6.44)

raken
d
a-

m
ise

n
äiten

a
vaatlem

e
ü
h
tlaselt

ko
orm

atu
d
p
laati.

S
ellisel

ju
h
u
l
kord

a
jad

B
m
n
=

4pa
b

∫

a

0

∫

b

0

sin
m
π
x

a
sin

n
π
y

b
d
x
d
y
.

(6.45)

K
u
n
a
in
tegraal

∫

a

0

sin
m
π
x

a
d
x
=

{

2a
/m

π
,

k
u
i

m
=

1,3,5,...

0,
k
u
i

m
=

2,4,6,...
(6.46)

6
.7
.1
.
N
a
v
ie
r’

m
ee
to
d
—

la
h
e
n
d
u
s
k
a
h
e
k
o
rd
se
te
s
trig

o
n
o
m
ee
triliste

s
rid

a
d
e
s

6
-
3
8

siis

B
m
n
=

4pa
b

2a

m
π

2b

n
π
=

16p

π
2m

n
,

m
,n

,=
1,3,5,....

(6.47)

E
lastse

p
in
n
a
avald

is
saab
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tu
d
ju
h
u
l
k
u
ju

w
(x
,y
)
=

16p

π
6D

∞∑

m
=
1,3,5

∞∑

n
=
1,3,5

1

m
n
[(m

/a
)
2
+
(n
/b)

2] 2
sin

m
π
x

a
sin

n
π
y

b
.
(6.48)

K
u
i
täh
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lged

e
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e
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β
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e
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a
β
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d
a
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u
ju
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,y
)
=

16pa
4

π
6D

∞∑

m
=
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∞∑

n
=
1,3,5

1

m
n
[m
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+
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/β

)
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m
π
x

a
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n
π
y

a
β
.

(6.49)
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õtta

p
iisaval
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u
l
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letisi
n
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g
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a
valem

eid
(6.13)
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∞∑
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ν
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+
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2

m
n
[m

2
+
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β
,

T
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=
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ν
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2

π
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m
=
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∞∑

n
=
1,3,5
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2
+
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/β

)
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π
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π
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=

16pa

π
3

∞∑
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∞∑
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[m
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+
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/β

)
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m
π
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n
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y
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=

16pa

π
3β

∞∑

m
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∞∑
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1

m
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+
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)
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ü
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v
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d
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jõu

d
on

jaotu
n
u
d
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p
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ab
il.

S
iin

esin
eva

kah
ekord

se
in
tegraali

ar-
v
u
tam

isel
tu
leb

arvestad
a,

et
see

in
tegraal

on
n
u
ll
k
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p
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∫

b

0

p(x
,y
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π
x
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π
y

b
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x
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=
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π
x
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∞∑
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=
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=
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=
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valem
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V
a
ja

on
leid

a
järgm

ised
su
u
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sed

:

•
sin

(m
π
x
/a

),...

•
1/

{

m
n
[m

2
+
(n
/β

)
2
]

2
}

,
m
,n

=
1,3

•
w

avald
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arvestad

es,
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D
=

E
h
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ν
2)].

T
u
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u
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a
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e

w
=
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4/E

h
3.

(6.54)

P
a
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d
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m
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a
d
i
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e
p
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u
u
r
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n
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lem

u
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s

M
x
=

M
y
=

0,0470pa
2.

(6.55)
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b
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=
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=
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=
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.
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=
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kü
lje

keskel

Q
y
=

k
5 pa

;
R

y
=

k
7 pa

;
(6.60)

koo
n
d
a
tu
d
rea

ktsioo
n
jõ
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õistlik

ko
on

d
ad

a
n
eed

kon
stan

tid
e
v
äärtu
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läb
ip
ain

d
e
ja

p
ain

d
e-

m
om

en
tid

e
leid

m
isel

p
iisab

k
i
vaid

n
eljast

esim
esest

rea
liik

m
est

(v
iga

jääb
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õrgu

,
m
ille

i−
n
d
as

p
u
n
k
tis

x
=

x
i
ja

f
(x

i )
=

f
i .

•
T
u
letised

p
u
n
k
tis

x
i
leitak

se
valem

ite
ab

il,
m
is

p
õh
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äitek

s
täh

istan
u
d
i−

n
d
ale

tu
letisele

vastava
graafi

lise
op

eraatori
T
i ,

saam
e
fu
n
k
tsio

on
i
f
tu
letiste

leid
m
isek

s
valem

id

f
′i
=

T
1 f

2∆
,

f
′′i
=

T
2 f

∆
2
,

f
′′′i
=

T
3 f

2∆
3 ,

f
′′′′
i

=
T
4 f

∆
4
.

(6.64)

•
N
im

etatu
d

graafi
lised

op
eraartorid

on
k
u
i
trafaretid

,
m
illega

liigu
tak

se
m
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õrran

d
i
liik

m
etele

vastavad
graafi

lised
op

eraatorid
n
in
g
tu
u
a
sisse

täh
istu

s

α
=

∆
x

∆
y

⇒
1∆
y
=

α∆
x
.

(6.68)

•
S
eejärel
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õrran
d
,
k
u
ju

B
W

=
p∆

4x .
(6.69)

6
.7
.2
.
V
õ
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lõ
p
lik

e
v
a
h
ed
e
m
ee
to
d

6
-
5
9

•
V
õ
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õrran

d
i

ab
il
ellim

in
eerid

a
n
n
.
teise

rea
v
älisp

u
n
k
tid

.
K
asu

tad
es

graafi
lisi

op
eraa-

toreid
R

x
ja

R
y
(v
t.

jo
on

.
(6.17)–(6.20))

saab
vastavad

avald
ised

esitad
a

k
u
ju
lR

x
=

R
x W

2∆
3x

−
p∆

x

2
,

R
y
=

1α

R
y W

2∆
3x

−
p∆

x

2
.

(6.72)

6
.7
.2
.
V
õ
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õh

ju
stel

p
ole

jo
on

istel
kasu

tatu
d
sam

u
fon

te,
m
is
tek

stis.)



6
.7
.2
.
V
õ
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õ
rg
u
m
ee
to
d
e
h
k
lõ
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õrran

d
ist

ko
osn

ev
kah

ek
sa

tu
n
d
m
atu

ga
v
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õrreld

a
saad

u
d

siird
e
W

1
v
äärtu
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õrgu

p
u
n
k
tid

e
arv

u
le

n
=

4
vastavad

k
∗2
=

0,0246
ja

k
∗4
=

0,0386,
tab

elis
k
2
=

0,0231
ja

k
4
=

0,0513.
V
äärtu
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sõltu

van
a
v
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lõ
p
lik

e
v
a
h
ed
e
m
ee
to
d

6
-
7
5

V
a
ba

toetu
se

korral
saam

e
lisak

s
ra
jatin

gim
u
sed

W
7
=

−
W

2
ja

W
8
=

−
W

3
n
in
g

v
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äärtu

st
tab

elites
an

tu
d

kon
stan

d
iga

k
1
tu
leb

W
1
jällegi

jagad
a

su
u
ru
sega

n
4/[12(1

−
ν
2)].

T
u
lem

u
sek

s
on

k
∗1

=
0.0440,

m
is

erin
eb

tab
elist

saad
u
d

v
äärtu
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äärtu

sed
on

an
tu
d
ju
h
u
l
p
are-

m
as

ko
osk
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