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tü

k
k
3

D
e
fo
rm

e
e
ru

v
a
k
e
sk

k
o
n
n
a
k
in
e
m
a
a
tik

a

3
.1
.

E
u
leri

ja
L
a
gra

n
ge’i

koo
rd
in
a
a
d
id

3
-
2

3
.1

E
u
le
ri

ja
L
a
g
ra

n
g
e
’i

k
o
o
rd

in
a
a
d
id

P
id
eva

kesk
kon

n
a
m
eh
aan

ikas
on

liik
u
m
ise

k
irjeld

am
isel

kasu
tu
sel

kah
te

lii-
k
i
ko

ord
in
aad

id
:
E
u
leri

–
ja

L
agran

ge’i
koordin

aadid.
E
sm

alt
d
efi
n
eerim

e
n
ad

ü
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õi/ja

p
in
d
ad

ele,
k
u
s
tin

gim
u
s
(3.7)

p
ole

täid
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ü
n
aam

ika
ü
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ä
li
ja

d
e
fo
rm

a
tsio

o
n
ig
ra

d
ie
n
t

3
.3
.1

S
iire

V
astavalt

jo
on

isele
3.3

on
pu

n
kti

P
siire

u
=

p
−
P

≡
x
−
X
.

(3.11)

S
iirdevektor

on
liik

u
m
issead

u
ste

(3.5)
ja

(3.6)
ab

il
avald

atav
n
ii
L
K
s
k
u
i
E
K
s:

u
(X

,t)
=

x
(X

,t)−
X

=
U
K
I
K
,

U
K
=

x
k (X

1 ,X
2 ,X

3 ,t)−
X

K
,

k
u
s
k
=

K

(3.12)
ja

u
(x
,t)

=
x
−
X
(x
,t)

=
u
k ik ,

u
k
=

x
k −

X
K
(x

1 ,x
2 ,x

3 ,t),
k
u
s
k
=

K
.

(3.13)
V
alem

(3.12)
esitab

siiret,
m
ille

on
h
etkek

s
t
saan

u
d
m
ateriaaln

e
p
u
n
k
t
X

ja
valem

(3.13)
m
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sü
m
m
eetrilised

ja
p
ositiiv

selt
m
ääratu

d
. 10

Ü
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vä
ikesed

d
efo

rm
a
tsioo

n
id

ja
p
ö
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m
m
etrilisi

osi
n
in
g

U
K
,L
=

∼E
K
L
+

∼R
K
L

ja
u
k
,l
=

∼e
k
l +

∼r
k
l .

(3.61)

S
aged

asti
kasu

tatak
se

selles
kon

tek
stis

täh
istu

si

∼E
K
L
=

U
(K

,L
) ,

∼e
k
l
=

u
(k
,l) ,

∼R
K
L
=

U
[K

,L
] ,

∼r
k
l
=

u
[k
,l] .

(3.62)

S
iin

täh
istavad

U
(K

,L
)

ja
u
(k
,l)

vastavalt
siird

egrad
ien

tid
e

U
K
,L

ja
u
k
,l

sü
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väikese
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õh

jal
on

tu
letatu

d
m
itm

eid
ligikau

d
-

seid
teo

oriaid
,
eriti

p
laatid

ele
ja

ko
orik

u
tele.

•
K
u
i
∼e
k
l ≪

1
(k
u
id

∼r
k
l
on

lõp
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fü
ü
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õõtu

d
e
v
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äesoleva

ala
jao-

tu
se

lõp
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ä
ä
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õh

jal

Λ
2(
N
)
=

C
K
L
N

K
N

L
,

(3.101)

k
u
s
N

K
=

d
X

K
/d
S
.
P
easu

u
n
d
ad

e
leid

m
isek

s
tu
leb

m
in
im

eerid
a
fu
n
k
tsio

on
(3.101)

N
su
h
tes

lisatin
gim

u
sel,

et
N

on
ü
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õh

jal
C

K
L
=

δ
K
L
+

2E
K
L
saab

v
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ü
d
igale

p
eav

äärtu
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ära
d
eform

atsio
on

iellip
soid

i
p
eateljed

L
K
-s

X
,
st.,

ru
u
m
ilise

d
eform

atsio
on

iellip
soid

i
v
õrran

d
saab

n
ü
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vä
ä
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äärtu

s.
P
iken

em
isko

efi
tsen

d
id

λ
α
=

d
s

d
S

=
1

√
c
k
l n

k n
l

=
1

√
c
α

=
a
mα

d
S

(3.117)



3
.9
.

D
efo

rm
a
tsioo

n
iten

so
ri

in
va
ria

n
d
id
,
pea

vä
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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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+
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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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õetu

d
arvesse,

et

C
α
=

−
1c
α
ja

vastu
p
id
i,
c
α
=

−
1

C
α .



3
.9
.

D
efo

rm
a
tsioo

n
iten

so
ri

in
va
ria

n
d
id
,
pea

vä
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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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ö
ö
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tõlgen

d
u
se

(jo
on

is
3.12).

3
3T

u
n
tu
d
ka

k
u
i
p
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äik
on

esitatav
ka

d
eform

atsio
on

iellip
soid

id
e

kau
d
u

—

1.
...

2.
...

3.
...



3
.1
0
.

D
efo

rm
a
tsioo

n
i
d
eko

m
po
sitsioo

n
3
-
6
5

3
.1
0
.4

D
e
fo
rm

a
tsio

o
n
ig
ra

d
ie
n
d
i
p
o
la
a
rd

e
k
o
m
p
o
sitsio

o
n

T
ein

e
v
äga

lev
in
u
d
läh

en
em

isv
iis

eelm
ises

ala
jaotu

ses
k
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õrran

d
it.

N
eist

aga
ei

p
iisa.

S
ellek

s,
et

saad
a
veel

kolm
v
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äitek

s
L
agran

ge’i
D
T
,
on

p
id
e-

v
u
stin

gim
u
si
leid

a
so
otu

k
s
keeru

kam
.

M
ä
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äitek

s
v
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äikeste

d
eform

atsio
on

id
e
teo

oria.

4
1I.k

.
sm

a
ll
d
isp

la
cem

en
t
th
eo
ry

3
.1
2
.

L
ih
tsu

sta
tu
d
d
efo

rm
a
tsioo

n
iteoo

ria
d

3
-
7
6

E
t

saad
a

p
arem

aid
(täp
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äärata

n
u
rga

√

tan
ϑ
=

S
/2

+
√

1
+
S
2/4.

(3.180)

K
a
O
A

ja
N

1
vah

elin
e
n
u
rk

on
ϑ
,
sest

tan
(
̂O
A
N

1 )
=

tan
ϑ
.
S
eega

p
o
olitab

p
easu

u
n
d
N

1
n
u
rga

̂O
A
X

1 ,
p
easu

u
n
d
N

2
on

tem
aga

risti
tasan

d
il
X

3
=

0
n
in
g

N
3
on

su
u
n
atu

d
p
ik
i
telge

X
3 .

T
a
sa
p
in
n
a
lin

e
d
e
fo
rm

a
tsio

o
n
.
E
rin

evalt
kolm

est
v
iim

asest
n
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öisest
liik

lu
sest.

†

M
illisel

ju
h
u
l
lan

gevad
vo

olu
jo
on

ed
ja

tra
jek

to
orid

kok
k
u
?

‡

...

V
oolu

pin
n
ad

63
ja

voolu
toru

d
64

on
vo

olu
jo
on

te
h
u
lgad

,
m
is

lõik
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lõp

p
-p
u
n
k
tid

m
o
o
d
u
stavad

p
u
n
k
tist

(0,0)
v
älju

va
em

issio
on

ijo
on

e.

0
0.3

0.6
0.9

1.2
1.5

1.8
2.1

2.4
2.7

3
0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

2.4

2.7 3

J
o
on

is
3.20:

V
o
olu

jo
on

ed
,
k
iiru

ste
v
äli,

em
issio

on
ijo

on
ed

ja
a
ja
jo
on

ed

V
t.
lisak

s
n
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õi

d
x
(1)

=
d
x
(1)
l
il
ja

d
x
(2)

=
d
x
(2)
m
im

E
K
-s)

m
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äitam

e,
et

elem
en
taarp

in
n
a
vek

tori
kom

p
on

en
d
i
d
a
k
m
u
u
tu
m
ise

k
iiru

s
avald

u
b

k
u
ju
l:

DD
t
(d
a
k )

=
v
m
,m
d
a
k −

v
m
,k d

a
m
.

(3.225)

T
õ
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õh

jal

d
A

L
M

=
2d
X

(1)
L

d
X

(2)
M

ja
d
a
lm

=
2d
x
(1)
l
d
x
(2)
m

(3.231)

K
u
n
a
d
x
(1)
k

=
x
k
,K
d
X

(1)
K

ja
d
x
(2)
l

=
x
l,L
d
X

(2)
L

,
siis

d
a
lm

=
...

...
=

x
l,L
x
m
,M
d
A

L
M

(3.232)

(3.230)
p
õh
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ü
h
tib

m
ateriaalse

m
ah

u
ga

V
.
S
eega,

m
in
gi

fü
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õh

jal
D
(d
s
2)/D

t
=

2d
k
l d
x
k d
x
l .

†
S
eega

—

d
(
n
)
d
ef
=

1d
s

D
(d
s)

D
t

=
d
k
l n

k n
l ,

k
u
s
n
k ≡

d
x
k

d
s
.

(3.251)

7
0I.k

.
S
tretch

in
g,

rela
tive

ra
te

o
f
stretch

,
ra
te

o
f
ex
ten

sio
n

3
.1
6
.

K
eeriselisu

s
ja

d
efo

rm
a
tsioo

n
i
kiiru

s
3
-
1
2
0

K
u
i
ortogon

aalse
ko

ord
in
aad

istik
u
,
n
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Ċ

K
L
,

v
t.
valem

(3.220).
V
iim

ase
p
õh
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Ċ

K
L
=

2Ė
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õõd

u
st

d
s
2−

d
S
2

DD
t (d

s
2)

=
DD
t (d

s
2−

d
S
2)

(3.43)
=

2
DD
t (e

k
l d
x
k d
x
l )

(3.215)
=

2
(ė
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äid

an
u
d
,
et

keeriselisu
se

ten
sori

kom
pon

en
t
w

k
l
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öörd

teoreem
i
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