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tõm
b
ekatset,

m
ille

korral
katseke-

h
a

algp
ik

k
u
sega

l0
p
iken

eb
su

u
ru

se
δ

v
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õib

kasu
tad

a
erin

evaid
deform

atsioon
i
m
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=
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=
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=
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(4.2)

2I.
k
.
stra

in
m

ea
su

res
3I.

k
.
stretch

,
stretch

ra
tio

,
4I.

k
.
en

gin
eerin

g
stra

in
,
C

a
u
ch

y
stra

in

4
.1

.
D

efo
rm

a
tsioo

n
id

e
liigid

ja
m

õ
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=
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=
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=
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=
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õ
d
u
d

—
tu

g
e
v
u
sõ
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lä
h
e
n
e
m

in
e

K
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õ
d
u
d

4
-

1
0

4
.1

.3
S
iire

ja
d
e
fo

rm
a
tsio

o
n

—
lin

e
a
a
rse

st
e
la

stsu
ste

o
o
ria

st
p
ä
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d
u
d
e

toim
el

liigu
b

ta
asen

d
isse

A
′ko

ord
in

aatid
ega

x
′,y ′,z ′.

V
ek

torit
A

A
′
n
im

etatak
se

p
u
n
k
ti

A
siirdeks

ehk
siirdevektoriks. 8

E
ristam

e
kah

te
liik

i
siird

ed
:

•
keh

a
k
u
i

terv
ik

u
siird

ed
(toim

u
vad

ilm
a

d
eform

atsio
on

id
eta)

—
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äitek
s

ε
x
≪

1).
S
am

a
eeld

u
s

on
kasu

tu
sel

ka
p
aragrah

v
id

es
4.2

ja
4.3.

4
.1

.
D

efo
rm

a
tsioo

n
id

e
liigid

ja
m

õ
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õverjo

on
eliste

ko
ord

in
aatid

en
a.

J
o
on

is
4.8:

E
u
leri

ko
ord

in
aa-

d
id

E
u
le

ri
k
o
o
rd

in
a
a
d
id

T
o
om

e
sisse

a
jas

m
u
u
tu

m
atu

k
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õrran

d
it

x
i
=

f
i(t),

i
=

1,2,3.
(4.14)



4
.4

.
E
u
leri

ja
L
a
gra

n
ge’i

koo
rd

in
a
a
d
id

4
-

1
9

J
o
on

is
4.9:

L
agran

ge’i
ko

ord
in

aad
id

L
a
g
ra

n
g
e
’i

k
o
o
rd

in
a
a
d
id

F
ik

seerim
e

a
jah

etkel
t

=
t
0

kesk
kon

n
a

m
ateriaalsete

p
u
n
k
tid

e
asen

d
i

ja
seom

e
n
en

d
ega

k
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ü
lem

isi
in

d
ek

seid
.
S
eetõttu
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täid
etu

d
ru

u
m

ip
u
n
k
ti

p
ü
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lõp
lik

ain
e

m
ah

t
ei

saa
d
eform

eeru
d
a

n
u
llm

ah
u
k
s

ega
lõp
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õi/ja

p
in

d
ad

ele,
k
u
s

tin
-

gim
u
s

(4.20)
p
ole

täid
etu

d
.

F
u
n
ktsioon

ide
(4.18)

ja
(4.19),

st.,
liiku

m
isseadu

ste
leidm

in
e

on
gi

ü
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lesan
deid.

1
9ik

.
in

d
estru

ctibility
o
f
m

a
tter

2
0ik

.
im

pen
etra

bility
o
f
m

a
tter

4
.5

.
L
iiku

m
ise

kirjeld
a
m

in
e

4
-

2
6

K
u
i

liik
u
m

in
e

on
k
irjeld

atu
d

avald
istega

(4.18),
siis
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li

ja
d
efo

rm
a
tsioo

n
igra

d
ien

t
4

-
3
3

M
ä
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√
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=
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∂
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∂
t

)

ik ,
(4.51)

sest
x

on
läb
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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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ẋ
k ≡

∂
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∂
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ṗ
=
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ü
d

v
=

u̇
=

∂
U

K

∂
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ü
d

saam
e

kiiru
se

avaldised
E
u
leri

koordin
aatides:

v
=

u̇|
X

=
co

n
s
t
=

D
u

k

D
t
ik ≡

[
∂
u

k

∂
t

+
u

k
,l v

l ]

ik ,

eh
k

v
=

v
k ik ,

k
u
s

v
k

=
D

u
k

D
t

≡
∂
u

k

∂
t

+
u

k
,l v

l .

(4.61)

S
eega,

ü
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=
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m
b
ol

ja
ta

v
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õh

jal
avald

u
b

lokaaln
e

m
assi

jääv
u
se

ak
sio

om
k
u
ju

l

∂
ρ∂
t

+
(ρ

v
k )

,k
=

0,
(5.6)

m
is

k
u
ju

tab
k
i
en

d
ast

ru
u
m

ilist
pidevu
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õju

vate
jõu
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õp

ik
u
tes

R
.

E
ek

,
L
.

P
ov

eru
s,

E
h
itu

sm
eh

aan
ika

II,
T
allin

n
,

V
algu

s,
1967

ja
V

.
I.

S
am

u
l,

O
sn

ov
õ
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osti
/E

lastsu
s-

ja
p
lastsu

steo
oria

alu
sed

/,
M

osk
va,

V
õša
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õh

ju
stab

p
iken

em
ist

x−
telje

sih
is

ja
lü
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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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(6.4)
1
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(6.4)

1
p
arem
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o
olest

su
u
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se
1E
ν
σ

x :

ε
x

=
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[σ
x

+
ν
σ

x −
ν
σ

x −
ν
(σ

y
+

σ
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=
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ν
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ν
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(6.9)
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=
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e
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x

=
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ν
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−
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σ
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=
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ν
θ
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+
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)(1−
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)

+
E

ε
x

1
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ν
(6.10)
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=

E
ν

(1
+
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=
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+
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=
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(6.11)
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σ
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=
λ
θ

+
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τ
x
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=
µ
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+
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y
z
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+
2µ

ε
z ,

τ
z
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p
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︷

︸
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︸
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+
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=

θ3
,

(6.14)

siis
saam

e
seose

kesk
m

ise
p
in

ge
ja

kesk
m

ise
n
orm

aald
eform

atsio
on

i
vah

el

σ
0

=
(3λ

+
2µ

)ε
0 .

(6.15)

6
.1

.
Ü
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=
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n
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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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Ü

ld
ista

tu
d

H
oo

ke’i
sea

d
u
s

6
-

6
1

6
.1

.4
S
to

k
e
si

v
e
d
e
lik

ja
N

e
w

to
n
i
v
e
d
e
lik

E
elm

istes
ala

jaotu
stes

vaatlesim
e

elastseid
m

aterjale,
st.

m
aterjale,

k
u
s

p
in

ge
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õh

ju
statu

d
d
issip

atiiv
n
e

p
in

ge.
K

u
i
d
eform

atsio
on

ik
iiru

s
on

n
u
ll,

on
n
u
ll

ka
vastav

d
issip

atiiv
n
e

p
in

ge.

A
p
rok

sim
atsio

on
id

—
lin

eaarn
e

ja
m

ittelin
eaarn

e.

1)
K

u
i
kok

k
u
su

ru
m

atu
ved

elik
u

olek
u
v
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p
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=

−
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∂
σ

x

∂
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∂
τ
y
x

∂
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∂
τ
z
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+
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x
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∂
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∂
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∂
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∂
τ
z
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∂
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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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∂
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∂
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∂
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∂
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∂
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∂
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∂
w∂
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=
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=
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õi

p
in

ged
,
siis

on
tarv

is
arves-

tad
a

ka
p
id

ev
u
stin

gim
u
si:



∂
2ε

x

∂
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