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p
in

n
al.

K
ald

p
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p
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S
ellek

s,
et

u
u
rid

a
p
in

geseisu
n
d
it

su
valises

keh
a

p
u
n
k
tis

on
va

ja
osata

leid
a

p
in

-
geid

m
eelevald

se
orien

tatsio
on

iga
kald

p
in

n
al.

J
o
on

isel
4.1

k
u
ju

tatu
d

kald
p
in

n
a

a
bc

orien
tatsio

on
ko

ord
in

aattelged
e

su
h
tes

on
m

ääratu
d

p
in

n
an

orm
aali

ν
su

u
n
a-

ko
osin

u
stega

l
=

cos(
ν
,x

),
m

=
cos(

ν
,y

),
n

=
cos(

ν
,z).

(4.1)

K
o
os

ko
ord

in
aatp

in
d
ad

ega
m

o
o
d
u
stu

b
lõp

m
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v
äike

tetraeed
er

O
a
bc.

T
äh

istam
e

kald
p
in

n
a

a
bc

p
in

d
ala

d
A

.
T
etraeed

ri
teiste

k
ü
lged

e
p
in

d
alad

avald
u
vad

n
ü
ü
d

läb
i

vek
tori

ν
su

u
n
ako

osin
u
ste

1:

A
O

a
b
=

d
A
·l,

A
O

bc
=

d
A
·m

,
A

O
a
c
=

d
A
·n

.
(4.2)

K
o
ostam

e
tetraeed

ri
jaok

s
tasakaalu

v
õrran

d
id

.
P
eale

jo
on

isel
4.1

n
äid

atu
d

p
in

-
gete

m
õju

vad
tetraeed

rile
veel

m
ah

u
jõu

d
X

,Y
,Z

,
m

id
a

p
ole

jo
on

isel
n
äid

atu
d
.

P
ro

jek
teerim

e
tetraeed

rile
m

õju
vad

jõu
d

x
-teljele:

p
ν
x d

A
−

σ
x A

O
a
b
−

τ
y
x A

O
bc
−

τ
z
x A

O
a
c
−

X
d
V

=

p
ν
x d

A
−

σ
x d

A
·l

−
τ
y
x d

A
·m

−
τ
z
x d

A
·
n
−

X
d
V

=
0.

(4.3)
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aalid
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p
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p
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ja

saam
e
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ise

p
ν
x

=
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x l
+

τ
y
x m
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τ
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x n

.
(4.4)

K
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p
in
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d

kah
e
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ro

jek
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leid
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isek

s.
K

ok
k
u

saam
e



p
ν
x

=
σ

x l
+

τ
y
x m

+
τ
z
x n

,

p
ν
y

=
τ
x
y l

+
σ

y m
+

τ
z
y n

,

p
ν
z

=
τ
x
z l

+
τ
y
z m

+
σ

z n
.

(4.5)

V
alem
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(4.5)
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ald
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m
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kald

p
in

n
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õju
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p
in

gevek
tori

p
ν
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p
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u
i
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p
in
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an
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aal

ν
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p
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d
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x
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p
in

geten
sori

kom
p
on
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d
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.

K
u
i
p
in

n
an
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aal

ν
=
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1 )
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n
n
.
reavek

tor
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p
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d

S
,
siis
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e
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(4.5)
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a
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u
ju
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p
=

ν
·
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(4.6)

2lim
d
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→

0 (d
V

/d
A

)
=

0
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eisisõn
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p
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p
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äike,

siis
tegelik

u
lt

v
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läb
ival

m
is

tah
es

kald
p
in

n
al

k
u
i
on

tead
a

p
in

n
an

orm
aal

ν
ja

p
in

ged
(p

in
gekom

p
on

en
d
id

σ
x ,σ

y ,σ
z ,τ

x
y ,τ

y
z ,τ

x
z )

sed
a

p
u
n
k
ti

läb
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p
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p
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p
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p
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p
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p
in

n
a

orien
tatsio

on
ist.

S
aab

n
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p
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p
in

d
a,

m
illel

n
ih

kep
in

ge
τ

ν
=

0
ja

n
orm

aalp
in

ge
σ

ν
=

p
ν .

S
elliseid

p
in

d
asid

n
im

etatak
se

p
ea

p
in

d
a
d
e
k
s,

n
eil

p
in

d
ad

el
m
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p
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p
in
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n
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.

•
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d
e

n
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n
d
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sü

steem


(σ
x
−

σ
)l

+
τ
y
x m

+
τ
z
x n

=
0,

τ
x
y l

+
(σ

y
−

σ
)m

+
τ
z
y n

=
0,

τ
x
z l

+
τ
y
z m

+
(σ

z
−

σ
)n

=
0

(4.9)
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+

m
2
+

n
2

=
1.

(4.10)

•
M

eid
h
u
v
itab

selle
V

S
-i

m
ittetriv

iaaln
e

lah
en

d
(l,m

,n
p
ole

korraga
n
u
llid

).
S
ee

tin
gim

u
s

on
täid

etu
d

k
u
i
karak

teristlik
d
eterm

in
an

t
∣∣∣∣∣∣ σ

x
−

σ
τ
y
x

τ
z
x

τ
x
y

σ
y
−

σ
τ
z
y

τ
x
z

τ
y
z

σ
z
−

σ

∣∣∣∣∣∣

=
0.

(4.11)

•
V

iim
asest

saad
ak
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akord
a

karak
teristlik

v
õrran

d

σ
3
−

I
σ1
σ

2
+

I
σ2
σ
−

I
σ3

=
0,

(4.12)

k
u
s

su
u
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sed


I
σ1

=
σ

x
+

σ
y
+

σ
z ,

I
σ2

=

∣∣∣∣ σ
x

τ
x
y

τ
x
y

σ
y

∣∣∣∣

+

∣∣∣∣ σ
y

τ
y
z

τ
y
z

σ
z

∣∣∣∣

+

∣∣∣∣ σ
x

τ
x
z

τ
x
z

σ
z

∣∣∣∣ ,

I
σ3

=

∣∣∣∣∣∣ σ
x

τ
y
x

τ
z
x

τ
x
y

σ
y

τ
z
y

τ
x
z

τ
y
z

σ
z

∣∣∣∣∣∣

(4.13)
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p
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õrran

d
il
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kolm
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u
list

lah
en

d
it,

m
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järjestatak
se

kah
an

evas
järjekorras

σ
1
≥

σ
2
≥

σ
3 .

•
N
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e

p
easu

u
n
a

m
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s

asen
d
atak

se
saad

u
d

kolm
p
ea-

p
in
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kord
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ööd

a
v
õrran

d
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steem
i
(4.9)

3
,
(4.10).

T
u
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u
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a
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e
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p
eap
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gele

σ
i
vastava

p
easu

u
n
a

su
u
n
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u
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li ,m
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=

1,2,3.
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p
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u
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e
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n
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u
u
p
v
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d
i
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h
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:
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u
i
k
õik
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p
eap
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get
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evad
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v
õrran

d
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i
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p
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p
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p
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v
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p
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p
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Ü
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u
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u
n
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m
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vate

su
u
n
ad

e
p
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p
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K
asu

tad
es

p
eap

in
geid

saam
e

p
in

ge
in

varian
d
id

k
u
ju

l


I
σ1

=
σ

1
+

σ
2
+

σ
3 ,

I
σ2

=
σ

1 σ
2
+

σ
2 σ

3
+

σ
1 σ

3 ,

I
σ3

=
σ

1 σ
2 σ

3 .

(4.14)
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p
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p
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p
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n
u
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p
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•
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p
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p
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p
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p
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;
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p
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p
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p
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p
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d
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leb
kasu
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a
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eid

(4.5),
(4.7)

ja
(4.8).
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õrran

d
it,

m
illest

p
eab

v
älja

valim
a

su
-

valised
kak

s.
N

eisse
tu

leb
asen

d
ad

a
n
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