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steem
i

X
1,X

2,X
3.

K
u
i
n
ü
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õh

jal
on

sel-
ge,

et

I
K
=

∂
X

∂
X

K

ja
ik

=
∂
x

∂
x
k

C
K
=

∂
x

∂
X

K

ja
c
k
=

∂
X

∂
x
k

(3.31)

3
.4
.

D
efo

rm
a
tsioo

n
iten

so
rid

3
-
1
8

D
efi
n
itsio

on
id
est

(3.30)
saam

e
om

akord
a
avald

ad
a
D
R
K

b
aasivek

torid

I
K
=

x
k
,K
c
k (x

,t)
ja

ik
=

X
K
,k C

K
(X

,t).
(3.32)

P
ärast

u
u
te

b
aasivek

torite
c
k
ja

C
K

sisseto
om

ist
saam

e
koh

avek
torite

X
≡

P
ja

x
≡

p
d
iferen

tsiaalid
avald

ad
a
n
eljal

(2+
2)

erin
eval

m
o
el:

d
X

=
I
K
d
X

K
︸

︷
︷

︸

i

=
c
k d
x
k

︸
︷
︷
︸

ii

ja
d
x
=

ik d
x
k

︸
︷
︷
︸

iii

=
C

K
d
X

K
︸

︷
︷

︸

iv

;
(3.33)

i
m
äärab

m
u
u
tu
va

su
u
ru
se

d
X

algh
etkel

(k
u
i
t
=

t
0 ),

ii
m
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õh

jal
siire

u
=

x
−
X

=
x
i ii −

X
I I

I .
(3.47)

S
iird

evek
tor

avald
u
b
om

a
kom

p
on

en
tid

e
kau

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

u
=

U
K
I
K
=

u
k ik .

(3.48)

K
om

p
on

en
tid

e
U
K
ja

u
k
avald

am
isek

s
korru

tam
e
avald

ist(3.47)
b
aasivek

toritega
ik

v
õi
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ä
ik
e
ste

d
e
fo
rm

a
tsio

o
n
id
e
te
n
so

rid

L
agran

ge’i
ja

E
u
leri

d
eform

atsio
on

iten
sorid

olid
d
efi
n
eeritu

d
avald

istega
(3.53)

k
u
ju
l

{

2E
K
L
=

C
K
L −

δ
K
L
=

U
K
,L
+
U
L
,K

+
U
M

,K
U
M

,L
,

2e
k
l
=

δ
K
L −

c
k
l
=

u
k
,l +

u
l,k −

u
m
,k u

m
,l .

K
u
i
siird

egrad
ien

d
id

on
v
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läb
i
siird

egrad
ien

tid
e
k
u
ju
l

d
U
K
=

U
K
,L
d
X

L
ja

d
u
k
=

u
k
,l d
x
l .

(3.58)

S
iird

egrad
ien

d
i
saab

lah
u
tad

a
sü
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ö
re
te

te
n
so

rite
v
a
h
e
lise

d
se
o
se
d
.

A
sen

d
ad

es
siird

egrad
ien

d
id

(3.61)
d
eform

atsio
on

iten
sorite

avald
istesse

(3.53)
saam

e
p
ärast

m
õn
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lõp
lik

),
siis

h
ü
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ü
sika

lin
e
sisu

3
-
3
3

K
u
i
valim

e
N

=
I
1
ja

n
=

i1
n
in
g
täh

istam
e
Λ
(
N
)
=

Λ
(1)

ja
λ
(
n
)
=

λ
(1)

,
siis

N
1
=

n
1
=

1
ja

N
2
=

N
3
=

n
2
=

n
3
=

0
n
in
g

Λ
(1)

=
√

C
11

ja
λ
(1)

=
1

√
c
11 .

(3.73)

K
ok

k
u
v
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fü
ü
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võttes:

2E
K

K
=

(1
+
E
(K

) )
2−

1
=

Λ
2(K

) −
1
=

d
s
2−

d
S
2

d
S
2

.
(3.78)

K
u
i
E
(K

) ≪
1,

siis
saam

e
avald

isest
(3.78)

k
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väikeste
deform

atsioon
ide

ten
sorite

kom
pon

en
did

∼E
K
L
ja

∼e
k
l

(K
6=

L
ja

k
6=

l)
on

(ligikau
du

)
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õõd

u
otsen

e
v
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lõp
m
ata

v
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sü
m
m
eetrilisele

teist
järk

u
ten

sorile.

V
ek
tor

d
X

L
K
-s

m
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õttek
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ä
rtu

se
d

ja

p
e
a
su

u
n
a
d

A
la
jaotu

ses
3.8

n
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ü
tiliselt,

st.,
leiam

e
kolm

ristu
vat

su
u
n
d
a,

m
illest

kah
e
p
u
h
u
l
p
iken

em
is-

ko
efi
tsen

d
id

om
avad

ek
strem

aalseid
v
äärtu
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äärab

peasu
u
n
a.

S
aab
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äärtu
se

n
u
m
b
rile.

K
ok

k
u
v
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õrd

elised
vastavad

p
ea-

eh
k
om

av
äärtu
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läb
i
p
eav

äärtu
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ä
rtu

sed
ja

pea
su
u
n
a
d

3
-
5
7

In
v
a
ria

n
tid

e
III

C
ja

III
c
g
e
o
m
e
e
trilin

e
tõ
lg
e
n
d
u
s

V
aatlem

e
p
eatelged

e
sih

ilisi
jo
on

elem
en
te

d
s
α

ja
d
S
α .

E
lem

en
taarru

u
m
alad

dV
=

d
S
1 d
S
2 d
S
3
ja

d
υ
=

d
s
1 d
s
2 d
s
3 .
K
u
n
a

d
s
α

d
S
α

=
Λ
α
=

λ
α ,

siis
d
υ

dV
=

d
s
1 d
s
2 d
s
3

d
S
1 d
S
2 d
S
3
=

λ
1 λ

2 λ
3
(3.119)
=

√

III
C

(3.119)
=

1
√
III

c .

S
eega

d
υ
=

√

III
C
dV

ja
dV

=
√

III
c d
υ
.

(3.125)

K
ok

k
u
v
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ö
rd

e
-
ja

d
e
fo
rm

a
tsio

o
n
ite

n
so

rite
v
a
h
e
lise

d
se
o
se
d
.

T
ou

p
in

(1956)
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ü
ld
ju
h
u
l
v
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äikeste

d
eform

atsio
on

id
e
ten

sorile

2
∼E
K
L
=

U
K
,L
+
U
L
,K
.

(3.144)

K
irju

tam
e
ü
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õik
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eejärel

v
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ä
rk

u
s:

V
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tõm
m
e
—

p
iken

em
ised

su
u
red

,p
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õivad

olla
ap

rok
sim

atsio
on

id
e
p
u
h
u
l
kasu

tu
sel

kolm
p
eap

iken
em

ist
v
õi
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õi

p
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äikeste

siirete
teo

oria
41

p
u
h
u
l
lo
etak

se
v
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ü
ljatak

se
k
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äiritu

ste
rea

k
u
ju
l
—

u
=

∞∑n
=
0

ǫ
nu

n ,
(3.150)

k
u
s
su
u
ru
sed

u
n
h
oitak

se
fi
k
seeritu

d
n
in
g
ǫ
on

h
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õrreld

es
v
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äike,

v
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ü
ljatu

d
k
õik

m
ittelin

eaarsed
liik

m
ed
.
K
eh
tib

su
p
erp

ositsio
on

i
p
rin

tsiip
:
M
itm

est
siirdest
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põhju

statu
d
deform

atsioon
ide

su
m
m
an

a
—



E
≈

∼E
≈

∼E
1
+

∼E
2
=

∼E
2
+

∼E
1

R
≈

∼R
≈

∼R
1
+

∼R
2
=

∼R
2
+

∼R
1

(3.154)

4
3I.k

.
sm

a
ll
ex
ten

tio
n
s
a
n
d
sm

a
ll
ro
ta
tio

n
s



3
.1
3
.

D
efo

rm
a
tsioo

n
id
e
eriju

h
u
d

3
-
7
9

3
.1
3

D
e
fo
rm

a
tsio

o
n
id
e
e
riju

h
u
d

V
aatlem

e
kah

te
tü
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öörd

ed
v
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õik

i-
(X

2

v
õi
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ü
m
b
er

n
en
-

d
e
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ẋ
m
.

(3.193)

M
ä
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ü
d
saam

e
kiiru

se
avaldised

E
u
leri

koordi-
n
aatides:

v
=

u̇
=

D
u
k

D
t
ik ≡


∂
u
k

∂
t
+
u
k
,l

v
l

︸
︷
︷
︸

ẋ
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sõltu
b
seeju

u
res

vaid
vastavast

ru
u
m
iko

ord
in
aad

ist
n
im

etatak
se

ü
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ööd

a
liigu

b
vaad

eld
av

m
ateriaaln

e
p
u
n
k
t
—

√

x
k
=

x
k (X

,t)|
X
=
co
n
s
t .

(3.208)

T
eisisõn
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ü
h
tib

m
ateriaalse

m
ah

u
ga

V
.
S
eega,

m
in
gi

fü
ü
sikalise

su
u
ru
se

φ
m
ateriaalses

m
ah

u
sV

m
u
u
tu
m
ise

k
iiru

s
v
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ü
ü
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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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õib

kok
k
u

v
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õh

jal
Ċ
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õh

jal
on

ju
st

keerisvek
tor

w
ro
otor

k
iiru

se
vek

torist
v
,
siis

saam
e

Γ
=

∮

c

v
·d

x
=

∫

s

w
·d

a
=

eh
k

Γ
=

∮

c

v
k d
x
k
=

∫

s

w
k d
a
k ,

(3.261)

k
u
s
s
on

orien
teeritu

d
p
in
d
,
m
is
on

ü
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ü
h
ik
vek

tor
ja

ϕ
vek

torite
d
x
ja

ν
vah

elin
e
n
u
rk
.
K
u
i
täh

istad
a
n
=

d
x
/d
s,

siis
√

cos
ϕ
=

n
·
ν
=

n
k ik ν

l il
=

δ
k
l ν

l d
x
k

d
s

=
ν
k

d
x
k

d
s
.

(3.262)

V
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äitab

siin
m
illin

e
telg

p
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õib

n
im

etad
a
ka

poten
tsiaalseks.

P
oten

tsiaalse
liik

u
m
ise

p
u
h
u
l

jo
on

in
tegraal

∫
x
2

x
1

v
k d
x
k
=

−
∫

x
2

x
1

d
φ
=

φ
(x

1 )−
φ
(x

2 )

Γ
=

∮

c

v
k d
x
k
=

−
∮

c

d
φ
=

0.

(3.271)

7
2I.k

.
la
m
ella

r
o
r
la
m
in
a
r

3
.1
6
.

K
eeriselisu

s
ja

d
efo

rm
a
tsioo

n
i
kiiru

s
3
-
1
2
8

V
iim

asele
vastab

K
e
lv
in
i
te
o
re
e
m
:
L
iiku

m
in
e
on

poten
tsiaaln

e
siis

ja
ai-

n
u
lt
siis

ku
i
kiiru

svektori
tsirku

latsioon
m
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