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ü
k
s

m
ateriaaln

e
p
u
n
k
t
1.

Iga
m

ateriaaln
e

p
u
n
k
t

om
ab

m
assi.

1A
n
alo

ogiliselt
reaalarv

u
d
e

p
id

ev
u
sega

4
.1

.
D

efo
rm

a
tsioo

n
id

e
liigid

ja
m

õ
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õ
d
u
d

L
ihtdeform

atsioon
id

J
o
on

is
4.1:

L
ih

td
eform

atsio
on

id
:

(a)
–

p
ik

id
eform

atsio
on

(p
ike),

(b
)

–
p
ain

e,
(c)

–
v
ään

e,
(d

)
–

n
ih

e.



4
.1

.
D

efo
rm

a
tsioo

n
id

e
liigid

ja
m

õ
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õ
õ
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=
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=
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=
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=

∫
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=
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=
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=
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=
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=
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=

δl
+

12

δ
2

l 2
eh

k
ε
E

A
=

12

(

1−
1λ
2

)

(4.5)
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d
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d
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eetõttu

lõik
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∂
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∂
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∂
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︸
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∂
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∂
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õ
d
u
d

4
-

1
5

A
n
alo

ogiliselt
saab

leid
a

su
h
telised

p
iken

em
ised

(n
orm

aaid
eform

atsio
on

id
)
ja

n
ih

-
ked

teistel
ko

ord
in

aattasan
d
itel.

K
ok

k
u

saam
e

k
u
u
s

seost
d
eform

atsio
on

ikom
p
o-

n
en

tid
e

ε
x ,ε

y ,ε
z ,γ

x
y ,γ

y
z ,γ

x
z

ja
siird

ekom
p
on

en
tid

e
u
,v

,w
vah

el:


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võrran

diteks
v
õi
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täisn

u
rga

v
äh

en
em

isele
vastav

n
ih

e
on

p
ositiiv

n
e.

J
ä
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äärtu

si.
E

t
sellist

olu
kord

a
ad

ek
vaatselt

k
irjeld

ad
a

on
otstarb

ekas
kasu

tad
a

liik
u
m

ise
k
irjeld

am
isel

kah
te

liik
i
ko

ord
in

aate:
E
u
leri

–
ja

L
agran

ge’i
koordin

aate.
E

sm
alt

d
efi

n
eerim

e
n
ad

ü
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steem
i
n
im

etatak
se

E
u
leri

koordin
aatsü
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õn

ed
n
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õn

ed
n
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Ẋ
=

(V
1 ,V

2 ,V
3 )

•
p
u
n
k
ti

k
iiren

d
u
s

E
K

s:
A

=
V̇

=
P̈

≡
Ẍ
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õik
i
su

u
ru

si,
m

is
on

esitatu
d

L
K

s
täh

istam
e

su
u
rte

täh
ted

ega

4
.5

.
L
iiku

m
ise

kirjeld
a
m

in
e

4
-

2
2

4
.5

L
iik

u
m

ise
k
irje

ld
a
m

in
e

J
o
on

is
4.10:

D
eform

atsio
on

,
algolek

ja
d
eform

ee-
ru

n
u
d

olek
.

Ü
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ü
m

b
ritseb

(ru
u
m

i)p
in

d
s).

1
4I.

k
.
referen

ce
co

n
fi
gu

ra
tio

n
1
5I.

k
.
d
efo

rm
ed

co
n
fi
gu

ra
tio

n
,
a
ctu

a
l
co

n
fi
gu

ra
tio

n
1
6I.

k
.
m

a
teria

l
vo

lu
m

e
1
7I.

k
.
m

a
teria

l
su

rfa
ce



4
.5

.
L
iiku

m
ise

kirjeld
a
m

in
e

4
-

2
3

M
ateriaalse

p
u
n
k
ti

P
koh

avek
tor

18

P
≡

X
=

X
K
I
K

,
(4.15)

ru
u
m

ip
u
n
k
ti

koh
avek

tor
p
≡

x
=

x
k ik

(4.16)

ja
siird

evek
tor

u
=

u
k ik

=
U

K
I
K

.
(4.17)

L
iiku

m
isseadu

seks
n
im

etatak
se

ü
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äga
sageli

esitatak
se

liik
u
m

issead
u
s

(4.18)
k
u
ju

l
x

=
χ

(X
).

T
eisen

d
u
sed

(4.18)
ja

(4.19)
p
eavad

olem
a

tein
eteise

ü
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õi/ja

p
in

d
ad

ele,
k
u
s

tin
-

gim
u
s

(4.20)
p
ole

täid
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ü
d
ro

d
ü
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∂
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∂
F

K

∂
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√
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=
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∂
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∂
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∂
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∂
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∂
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∂
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∂
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=
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=

ṗ
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=
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=
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∂
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∂
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=
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ü
d

v
=

u̇
=

∂
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∂
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∂
t

.

(4.60)

V
iim

ased
avald

ised
esitavad

k
i
kiiru

se
(kiiru

svektori)
L
agran

ge’i
koordin

aatides.



4
.7

.
K

iiru
s

ja
kiiren

d
u
s

4
-

3
9

E
u
le

ri
k
o
o
rd

in
a
a
d
id

.
K

u
i
siird

evek
tor

on
esitatu

d
läb
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eiselt

p
o
olt,

k
u
i
on

tead
a

m
ateriaalse

p
u
n
k
ti

k
iiru

s
L
K

s,
siis

kasu
tad

es
liik

u
m

is-
sead

u
st

X
=
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=
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tü

k
k

5

D
e
fo

rm
e
e
ru

v
a

k
e
sk

k
o
n
n
a

d
ü
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õ
h
ia

k
sio

o
m

—
m

a
ssi

jä
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jä
ä
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ü
m

b
ru

ses.
V

alem
ite

(5.3)
p
õh
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õrran
d
i
(E

u
leri

k
irjeld

u
s)

saam
e

k
u
i
esitam

e
glob

aalse
m

assi
jääv
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d
u
d
e

töö
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õ
rra

n
d
id

6
.1

.
Ü
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Ü
ld

ista
tu

d
H

o
o
k
e
’i

se
a
d
u
s

6
.1

.1
D

e
fo

rm
a
tsio

o
n
id

e
a
v
a
ld

a
m

in
e

p
in

g
e
te

k
a
u
d
u

K
lassikalises

(lin
eaarses)

elastsu
steo

orias
keh

tib
ü
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+
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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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=
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=
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=
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p
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=
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+
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=
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=
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−
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+
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=
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+

ν
)(1−
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=
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+

ν
)

=
G

,
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+
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p
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︷
︷

︸
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︷

︸
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+
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=
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=
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=
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võrran

d
(v
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+
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+
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äp
sem

alt
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ü
ljatu

d
,
n
im

etatak
se

ideaalseks
vedeliku

ks.

6
.1

.
Ü
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=
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−
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

∂
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x

∂
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∂
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y
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∂
τ
z
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∂
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∂
τ
z
y

∂
z

+
Y

=
0,

∂
τ
x
z

∂
x

+
∂
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∂
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∂
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∂
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∂
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∂
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∂
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pöördku

ju
l



σ
x

=
λ
θ

+
2µ

ε
x ,

τ
x
y

=
µ
γ

x
y ,

σ
y

=
λ
θ

+
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õi

p
in

ged
,
siis

on
tarv

is
arves-

tad
a

ka
p
id

ev
u
stin

gim
u
si:
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∂
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∂
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∂
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∂
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