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n
d
ig
e
r
w
ird

d
a
s
B
ild

,
w
e
n
n
w
ir
d
ie

z
w
e
i-

d
im

e
n
sio

n
a
le

W
irk

u
n
g

lin
e
a
re
r

A
b
b
ild

u
n
g
e
n

b
e
sc

h
re
ib
e
n
:
Q
u
a
d
ra

te
w
e
rd

e
n

a
u
f
P
a
ra

lle
lo
-

g
ra

m
m
e
a
b
g
e
b
ild

e
t.

G
e
n
a
u
e
r:

Z
u
e
in
a
n
d
e
r

p
a
ra

lle
le

Q
u
a
d
ra

te
w
e
rd

e
n

a
u
f

u
n
te

re
in
a
n
d
e
r
p
a
ra

lle
le

u
n
d

ä
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rü
c
k
e
n
,
w
e
rd

e
n

a
u
s
K
re
ise

n
sc

h
ie
f
a
n
g
e
g
u
c
k
-

te
K
re
ise

;
u
n
d

d
a
s
sin

d
b
e
k
a
n
n
tlic

h
E
llip

se
n
!

D
u
rc
h

e
in
e
lin

e
a
re

A
b
b
ild

u
n
g

w
e
rd

e
n

K
re
ise

a
u
f
E
llip

se
n

a
b
g
e
b
ild

e
t.

S
in
d
~a

u
n
d
~b
z
w
e
i
z
u
e
in
a
n
d
e
r
se

n
k
re
c
h
te

R
a
-

d
iu
sv

e
k
to

re
n

e
in
e
s
K
re
ise

s
u
m

~0
,
ist

co
s
t
·
~a
′
+

sin
t
·
~b
′

(0
≤

t
≤

2
π
)

d
ie

z
u
g
e
h
ö
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rü

h
ra

c
h
se

n
d
e
r

E
llip

se
b
z
g
l.

d
e
s
P
a
ra

lle
lo
g
ra

m
m
s,

z
w
e
i
so

g
.

k
o
n
ju
g
ie
rte

D
u
rc
h
m
e
sse

r
d
e
r
E
llip

se
,
a
b
g
e
b
il-

d
e
t:

7→

Ü
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ö
rig

e
n

B
e
rü
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lä
c
h
e
n
in
h
a
lt.

A
lso

h
a
b
e
n
a
u
c
h

d
ie

z
u
k
o
n
ju
g
ie
rte

n
D
u
rc
h
m
e
sse

rn
e
in
e
r
E
llip

-

se
g
e
h
ö
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b
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r
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se
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d
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r
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c
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r
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m
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re
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B
e
is
p
ie
l:

L
in
e
a
re

A
b
b
ild

u
n
g
d
u
rc
h
d
ie

M
a
trix

(

0
.4

0
.6

0
.8

0
.2

)

D
e
r
K
re
is

c
o
s
t·

~u
1
+

sin
t·

~u
2

(0
≤

t
≤

2
π
)

m
it

~u
1
=

(

0
.8
5
0
6
5
0
8

0
.5
2
5
7
3
1
1

)

,
~u
2
=

(−
0
.5
2
5
7
3
1
1

0
.8
5
0
6
5
0
8

)

w
ird

a
b
g
e
b
ild

e
t
a
u
f
d
ie

E
llip

se

c
o
s
t·

~u ′1
+

sin
t·

~u ′2
(0

≤
t≤

2
π
)

m
it

σ
1
=

1
.0
2
3
3
3
4
6
,
σ
2
=

0
.3
9
0
8
7
9
0
3

u
n
d

~u ′1
=

σ
1

(

0
.6
4
0
7
4
7
4

0
.7
6
7
7
5
1
7

)

,
~u ′2

=
σ
2

(

0
.7
6
7
7
5
1
7

−
0
.6
4
0
7
4
7
4

)

.

S
e
lb
st

in
d
ie
se

m
e
in
fa
c
h
e
n

F
a
ll

e
rfo

rd
e
rt

e
i-

n
e

e
x
a
k
te

D
a
rste

llu
n
g

d
e
r

V
e
k
to

re
n

in
g
e
-

sc
h
lo
sse

n
e
r
F
o
rm

sc
h
o
n

e
tw

a
s

u
n
ü
b
e
rsic

h
t-

lic
h
e
W

u
rz
e
la
u
sd

rü
c
k
e
.
(
S
ie
h
e
n
ä
c
h
ste

S
e
ite

.)

N
a
tü

rlic
h

k
a
n
n

m
a
n

d
a
s

lin
e
a
re

B
ild

d
e
s

E
in
h
e
itsk

re
ise

s
im

R
2

a
u
c
h

g
a
n
z
e
le
m
e
n
ta

r
a
n
a
ly
tisc

h
d
isk

u
tie

re
n
:
M

it
f
(t)

:=
|~x
(t)| 2

,

~x
(t)

:=

(
a

b
c

d

)
(
c
o
s
t

sin
t

)

,
f
(t)

=
(a

c
o
s
t+

b
sin

t)
2
+

(c
c
o
s
t+

d
sin

t)
2
,

g
ilt

f
′(t)

=
(b

2+
d
2−

a
2−

c
2
)
sin

2
t
+

2
(a

b+
cd

)
c
o
s
2
t.

A
lso

f
′(t)

=
0

⇔
ta

n
2
t
=

2
(a

b+
cd
)

a
2+

c
2−
b
2−
d
2 ∨

c
o
t
2
t
=

a
2+

c
2−
b
2−
d
2

2
(a

b+
cd
)
∨
a
2+

c
2
=

b
2+

d
2,a

b+
cd

=
0
.

D
a
ta

n
u
n
d
c
o
t
π
-p

e
rio

d
isc

h
,
g
ib
t’s

4
N
u
llste

lle
n
,
a
u
ß
e
r
im

d
ritte

n

F
a
ll
(
B
ild

e
in

K
re
is
)
.
F
e
rn

e
r:

f
′(t

1
)
=

0
⇒

~x
(t

1
+

π
/
2
)
⊥

~x
(t

1
)
.
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A
lg
e
b
ra

isc
h
e

B
e
stim

m
u
n
g

v
o
n

σ
1 ,

σ
2 ,

~u
1 ,

~u
2
fü

r
e
in
e

in
v
e
rtie

rb
a
re

M
a
trix

A
∈

R
2×

2
:

M
it

A
=

(
a

b
c

d

)

,
A

−
1
=

1∆

(
d

−
b

−
c

a

)

,
∆

=
a
d
−

bc
=

d
e
t
A

6=
0

g
ilt

(
uv

)

=
A

(
xy

)

=

(
a
x
+

by
cx

+
d
y

)

,

(
xy

)

=
A

−
1

(
uv

)

=
1∆

(
d
u
−

bv
−
cu

+
a
v

)

,

a
lso

x
2
+

y
2
=

1∆
2

(

(c
2
+

d
2
)u

2−
2
(bd

+
a
c)u

v
+

(a
2
+

b
2
)v

2
)

u
n
d

x
2
+

y
2
=

1
⇔

(c
2
+

d
2
)u

2−
2
(bd

+
a
c)u

v
+

(a
2
+

b
2
)v

2
=

∆
2
,
w
o
b
e
i

a
2
+

b
2
>

0
,
c
2
+

d
2
>

0
w
e
g
e
n

∆
6=

0
.

D
ie

M
a
trix

(
c
2
+

d
2

−
a
c−

bd
−
a
c−

bd
a
2
+

b
2

)

d
e
r
q
u
a
d
ra

tisc
h
e
n

F
o
rm

in
u

u
n
d

v
ist

p
o
sitiv

d
e
fi
n
it,

d
a

(a
2
+

b
2
)
(c

2
+

d
2)−

(a
c
+

bd
)
2
=

∆
2.

A
lso

ist
d
a
s
B
ild

d
e
s
E
in
h
e
itsk

re
ise

s
x
2
+

y
2
=

1
e
in
e
E
llip

se
u
m

d
e
n

N
u
llp

u
n
k
t.

M
it

q
:=

a
2
+

b
2
+

c
2
+

d
2,

q
−
:=

a
2
+

b
2−

c
2−

d
2

u
n
d
q
δ
:=
√

((a
−

d
)
2
+

(b
+

c)
2)((a

+
d
)
2
+

(b−
c)

2)
g
ilt

q
2
−

4
∆

2
=

q
2−
+

4
(a

c
+

b
d
)
2

=
q
2δ
,

u
n
d

d
ie

E
ig
e
n
w
e
rte

λ
1
,2

d
e
r
F
o
rm

-M
a
trix

,
d
.h
.
d
ie

W
u
rz
e
ln

v
o
n

λ
2−

q
λ
+

∆
2
=

0
,
e
rg

e
b
e
n

σ
1
=

|∆
|

√
λ
2

=
√

λ
1 ,

σ
2
=

|∆
|

√
λ
1

=
√

λ
2

λ
1
,2
=

12

(
q±
√

q
2−

4
∆

2
)
=

12

(
q±
√

q
2−
+

4
(a

c
+

bd
)
2
)
=

12
(q±

q
δ )
.

K
la
r:

q
δ
=

0
⇔

(a
=

d∧
b
=

−
c)∨

(a
=

−
d
∧
b
=

c)

(
A
n
sc

h
a
u
lic

h
:
A
~e
1
⊥

A
~e
2

∧
|A

~e
1 |

=
|A

~e
2 |.)

N
u
r
in

d
ie
se

m
F
a
ll
sin

d
d
ie

E
ig
e
n
w
e
rte

g
le
ic
h
,
λ
1
=

λ
2
=

a
2
+

b
2
;

d
ie

B
ild

e
llip

se
ist

e
in

K
re
is

m
it

R
a
d
iu
s
√
a
2
+

b
2
=

σ
1
=

σ
2 ;

d
ie

E
in
h
e
itsv

e
k
to

re
n

~u
1
⊥

~u
2
sin

d
b
e
lie

b
ig

w
ä
h
lb
a
r,

d
a

a
u
s
~x
1
⊥

~x
2

ste
ts

A
~x
1
⊥

A
~x
2
fo

lg
t
(

1
√
a
2
+
b
2 A

ist
o
rth

o
g
o
n
a
l)
.

N
u
n

d
e
r
F
a
ll

q
δ
>

0
:

~v
:=

(
12
(q

δ
+

q−
),a

c
+

bd
)
T
,
im

S
o
n
d
e
rfa

ll

a
c
+

bd
=

0
∧

q−
<

0
sta

ttd
e
sse

n
~v
:=

(
0
,2

q
δ )

T
,
ist

u
n
n
o
rm

ie
rte

r

E
ig
e
n
v
e
k
to

r
d
e
r
F
o
rm

-M
a
trix

z
u

λ
2
=

12
(q

−
q
δ )
;
e
s

e
rg

ib
t
sic

h

~u
1
=

A
−
1
σ
1

|~v| ~v
m
it

|~v| 2
=

12
q
δ (q

δ
+

q−
)

b
z
w
.
|~v| 2

=
4
q
2δ
,
u
n
d

~u
2

fo
lg
t
p
e
r
O
rth

o
g
o
n
a
litä

t.
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D
ie

T
a
tsa

c
h
e
,
d
a
ss

K
re
ise

a
u
f
E
llip

se
n

a
b
g
e
-

b
ild

e
t
w
e
rd

e
n
,
fü

h
rte

d
u
rc
h

D
isk

u
ssio

n
u
m
-

b
e
sc

h
rie

b
e
n
e
r
Q
u
a
d
ra

te
g
a
n
z
a
n
sc

h
a
u
lic

h
z
u
r

E
x
iste

n
z
o
rth

o
g
o
n
a
le
r
”
H
a
u
p
ta

c
h
se

n
“
.

H
ie
r

n
u
n

e
in
e

v
o
m

B
ish

e
rig

e
n

u
n
a
b
h
ä
n
g
ig
e

g
a
n
z
e
in
fa
c
h
e
e
x
a
k
te

B
e
g
rü

n
d
u
n
g
.

D
e
r
w
e
se

n
tlic

h
e

a
n
a
ly
tisc

h
e
A
sp

e
k
t:

|~u
+

t
~v|−

|~u|
=

|~u
+

t
~v| 2−

|~u| 2
|~u
+

t
~v|+

|~u|
≈



t
(~v

,~u
)

|~u|
,

~v
6⊥

~u
,

t 2
|~v| 2
2|~u| ,

~v
⊥

~u

fü
r
~u
6=

~0
u
n
d

k
le
in
e
|t|

( |~x|
:=

‖
~x‖

2
).

D
a
h
e
r:

|~u
1 |

=
1
,
|A

~u
1 |

=
m
a
x

|~u
|=

1
|A

~u
|,

~u
2
⊥

~u
1

⇒
A
~u
2
⊥

A
~u
1
.

K
u
rz
:
A
(~u

⊥1
)
⊆

(A
~u
1 ) ⊥

.
A
n
d
e
re
n
fa
lls

w
ä
re

|A
~u
1
+
t
A
~u
2 |

|~u
1
+
t
~u
2 |

≈
|A

~u
1 |+

t
(A

~u
2
,A

~u
1
)

|A
~u
1 |

|~u
1 |+

t 2 |~u
2 | 2

2|~u
1 |

>
|A

~u
1 |

|~u
1 |

fü
r
k
le
in
e

|t|
m
it

t
(A

~u
2
,A

~u
1
)
>

0
.
(Im

k
o
m
p
le
x
e
n

F
a
ll

t
e
iϕ

sta
tt

t
m
it

ϕ
=

a
rg

(A
~u
1
,A

~u
2
).)

G
ilt

a
u
ß
e
rd

e
m

|~u
2 |

=
1
,
so

d
u
rc
h
lä
u
ft

c
o
s
t·

~u
1
+

sin
t·

~u
2
d
e
n

E
in
h
e
itsk

re
is

u
n
d

c
o
s
t·

A
~u
1
+

sin
t·

A
~u
2

e
in
e

E
llip

se
m
it

d
e
n

H
a
u
p
t(h

a
lb
)a

c
h
se

n
A
~u
1
u
n
d

A
~u
2
.

N
e
b
e
n
b
e
i
fo

lg
t
:
c
o
s
t·

~a
+

sin
t· ~b

d
u
rc
h
lä
u
ft

a
u
c
h

im
F
a
lle

~a
6⊥

~b
e
in
e
E
llip

se
:
A

=
(~a

, ~b),...
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2
.
S
in
g
u
lä
rw

e
rte

u
n
d

S
in
g
u
lä
r-

v
e
k
to

re
n

e
in
e
r
M

a
trix

S
e
i
A

∈
R
m
×
n
g
e
g
e
b
e
n
.

D
a
n
n

g
ib
t

e
s

m
in
d
e
ste

n
s

e
in

~u
1

∈
R
n

m
it

|~u
1 |

=
1

u
n
d

|A
~u
1 |

=
m
a
x

|~u
|=

1
|A

~u
|
.

(~u
1
ist

a
b
so

lu
te

M
a
x
im

u
m
sste

lle
d
e
r
ste

tig
e
n

F
u
n
k
tio

n
~u
7→

|A
~u|

a
u
f
d
e
r
k
o
m
p
a
k
te

n
M

e
n
g
e

|~u|
=

1
.)

W
ir

se
tz
e
n

σ
1
:=

|A
~u
1 |,

~v
1
:=

1σ
1
A
~u
1
,

fa
lls

σ
1
>

0
.

In
sb

e
so

n
d
e
re

n
a
tü

rlic
h
~v
1
∈
R
m
.

F
a
lls

σ
1
=

0
,
ist

A
d
ie

m
×

n
-N

u
llm

a
trix

,
e
in

T
riv

ia
lfa

ll.
S
e
i
a
lso

σ
1
>

0
a
n
g
e
n
o
m
m
e
n
.

W
ir

b
e
tra

c
h
te

n
n
u
n

–
im

F
a
lle

n
≥

2
–

ir-

g
e
n
d
e
in

~u
∈

R
n
m
it

~u
⊥

~u
1
,

|~u
|
=

1
.
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ü
rn

b
e
rg

V
III/

2
0
2
3

D
ie

S
in
g
u
lä
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0

B
ild

d
e
s
K
re
ise

s
c
o
s
t·~u

1
+

sin
t·~u

(0
≤

t≤
2
π
)

u
n
te

r
A

ist
d
ie

E
llip

se

c
o
s
t·

σ
1
~v
1
+

sin
t·

A
~u

(0
≤

t≤
2
π
).

N
a
c
h
D
e
fi
n
itio

n
ist

σ
1
~v
1
e
in
e
g
ro

ß
e
H
a
lb
a
c
h
-

se
d
ie
se

r
E
llip

se
,
u
n
d

A
~u
,
d
e
r
z
u

σ
1
~v
1

k
o
n
-

ju
g
ie
rte

H
a
lb
m
e
sse

r,
d
e
m
e
n
tsp

re
c
h
e
n
d

e
in
e

k
le
in
e

H
a
lb
a
c
h
se

d
ie
se

r
E
llip

se
:
A
~u

⊥
A
~u
1
.

A
u
c
h

im
E
n
ta

rtu
n
g
sfa

ll
A
~u
=

~0
b
le
ib
t
d
ie
s
–

a
u
f
triv

ia
le

W
e
ise

–
ric

h
tig

.
K
u
rz
:

A
(~u

⊥1
)
⊆

(A
~u
1 ) ⊥

.

(
A
n
d
e
re

B
e
g
rü

n
d
u
n
g

a
u
f
S
.
8
.)

W
ir

w
ä
h
le
n

n
u
n

e
in

~u
2
∈
R
n
m
it

~u
2
⊥

~u
1
,|~u

2 |
=

1
u
n
d

|A
~u
2 |

=
m
a
x

|~u
|=

1
,~u
⊥
~u
1

|A
~u
|

u
n
d

se
tz
e
n

σ
2
:=

|A
~u
2 |,

~v
2
:=

1σ
2
A
~u
2
,

fa
lls

σ
2
>

0
.

In
sb

e
so

n
d
e
re

~v
2
⊥

~v
1
.
N
u
n

~u
3
⊥

~u
1
,~u

2
,
u
sw

.

S
c
h
rittw

e
ise

e
rh

a
lte

n
w
ir

S
in
g
u
lä
rw

e
rte

σ
1
≥

σ
2
≥

σ
3
≥

···
≥

σ
r
>

0

v
o
n

A
u
n
d

z
u
g
e
h
ö
rig

e
S
in
g
u
lä
rv
e
k
to

re
n

~u
1
,
.
.
.
,
~u
r
∈

R
n
,
~v
1
,
.
.
.
,
~v
r
∈

R
m
,

b
is

A
~u
=

~0
fü

r
~u
⊥

~u
1
,...,~u

r
e
in
tritt.
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S
in
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lä
rw
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rt
z
e
rle

g
u
n
g

1
1

D
a
b
e
i
o
ff
e
n
b
a
r
r
≤

m
in
(m

,n
).

M
a
n

k
a
n
n

n
u
n

d
ie

S
in
g
u
lä
rv
e
k
to

re
n
d
u
rc
h
V
e
k
to

re
n
~u
r
+
1
,...,

~u
n

so
w
ie

~v
r
+
1
,...,~v

m
z
u
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ü
rn

b
e
rg

V
III/

2
0
2
3

D
ie

S
in
g
u
lä
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ä
tz
u
n
g
:

S
a
t
z

P
ro

d
u
k
t-S

in
g
u
lä
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Ã
=

(ã
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|ã
ii −

s
i | 2

=
∑i,k |ã
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llt,
a
b
e
r
n
u
r
n
o
c
h
E
le
m
e
n
te

0
u
n
d
1

e
n
th

ä
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fü
r

U
:=

(~u
1
,...,~u

k
),

V
:=

(~v
1
,...,~v

k
)
u
n
d

N
:=

V
∗M

U

σ
i (M

)
≥

σ
i (N

)
(1

≤
i≤

k
).

D
e
r
B
e
w
e
is

d
e
s
H
ilfssa

tz
e
s
fo

lg
t
w
e
ite

r
u
n
te

n
.

Ist
n
u
n

U
∆
U
∗
e
in
e

S
c
h
u
r-Z

e
rle

g
u
n
g

d
e
r
g
e
-

g
e
b
e
n
e
n

M
a
trix

A
∈

C
n×

n
,
n
e
n
n
e
n

w
ir

U
k

d
ie

a
u
s

d
e
n

e
rste

n
k

S
p
a
lte

n
v
o
n

U
g
e
b
il-

d
e
te

M
a
trix

u
n
d

w
e
n
d
e
n

a
u
f
d
ie

k
×

k
-M

a
trix

∆
k
:=

U
∗k
A
U
k
d
e
n

H
ilfssa

tz
a
n
.
E
s
fo

lg
t

σ
i (∆

k
)
≤

σ
i

(1
≤

i≤
k
);

u
n
d
d
a
d
ie

D
e
te

rm
in
a
n
te

d
e
r
(q

u
a
d
ra

tisc
h
e
n
)

o
b
e
re
n

D
re
ie
c
k
sm

a
trix

∆
k

e
in
e
rse

its
g
le
ic
h

λ
1 ···λ

k
b
e
trä

g
t,

a
n
d
e
re
rse

its
a
u
fg

ru
n
d

d
e
r

S
V
D

|d
e
t
∆

k |
=

σ
1
(∆

k
)···σ

k
(∆

k
)

g
ilt,

fo
l-

g
e
n
d
ie

U
n
g
le
ic
h
u
n
g
e
n
(∗∗

).
D
e
r
G
le
ic
h
h
e
its-

fa
ll
k
=

n
e
rg

ib
t
sic

h
d
u
rc
h

B
e
tra

c
h
tu

n
g

v
o
n

d
e
t
A

u
n
d

d
e
r
S
V
D

v
o
n

A
.

�

©
E
M

E
W

e
rm

u
th

T
H

N
ü
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ü
b
e
re
in
stim

m
e
n
.
S
te

llt
m
a
n

A
in

d
e
r

z
u

B
g
e
h
ö
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lä
rw

e
rt
z
e
rle

g
u
n
g

4
5

F
ü
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u
m
e
,

h
e
iß
t

e
in

lin
e
a
re
r

O
p
e
ra

to
r

T
:
H

1
→

H
2

k
o
m
p
a
k
t,

w
e
n
n

fü
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ü
b
e
r
R

(
C
)

e
in
e
n

re
e
lle

n
(
k
o
m
p
le
x
e
n
)

H
ilb

e
rt-

ra
u
m
,
w
e
n
n

se
in
e

N
o
rm

d
u
rc
h

e
in

S
k
a
la
rp

ro
d
u
k
t
b
e
-

stim
m
t
ist,

‖
x‖

=
√
x
·
x
,
u
n
d

je
d
e

C
a
u
c
h
y
fo

lg
e

b
z
g
l.

d
ie
se

r
N
o
rm

g
e
g
e
n

e
in

E
le
m
e
n
t
d
e
s
R
a
u
m
e
s
k
o
n
v
e
r-

g
ie
rt;

le
tz
te

re
s
ist

d
ie

V
o
llstä
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fü
r
d
ie

B
ild

fo
lg
e

|T
x
n |→

∞
g
ilt.

D
a
s

a
b
e
r

sc
h
lö
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lä
n
g
s
d
ie
se

r
R
ic
h
tu

n
g
d
e
n
A
b
sta

n
d

z
u
x
0
n
o
c
h

v
e
rk

le
in
e
rn

.)

D
a

n
u
n

o
ff
e
n
b
a
r
x
−

f
(x

)
f
(x

1 ) x
1
∈

H
0
fü
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t
c
h
a
ra

k
te

ristisc
h

ist
fü
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Ü
b
e
rle

g
u
n
g
.)

W
ir

g
e
h
e
n
a
u
s
v
o
n
e
in
e
r
F
o
lg
e
(y

n

)

in
S
2
m
it

T
∗y

n
→

x
1

m
it

|x
1 |

=
|T|.

D
a

T
∗

k
o
m
p
a
k
t

u
n
d

|T
∗|

=
|T|,

g
ib
t
e
s
e
in
e
so

lc
h
e
F
o
lg
e
.

A
u
s

(T
∗y

n
,T

∗y
n
)

=
(T

T
∗y

n
,y

n
)

≤
|T

T
∗y

n |
fo

lg
t
fü
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fü

r
a
lle

k
.
Z
u

ε
>

0
g
ib
t’s

e
in

n
0

m
it

|T
−

T
n |

<
ε
(n

≥
n
0
)
,
u
n
d

m
it

g
e
ig
n
e
t
g
e
w
ä
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+
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+
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e
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b
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h
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u
ta

tio
n
e
n
,
a
lso

B
ije

k
tio

n
e
n
π
:{

1
,2

,...,n}
→

{
1
,2

,...,n}
,

b
e
n
u
tz
e
n

w
ir

d
ie

S
c
h
re
ib
w
e
ise

π
(x

1 ,,...,x
n
)
=

(x
π
(1

) ,...,x
π
(n

) )
.

S
A
T
Z

1
:
E
s
g
ilt

(x
′1 ,...,x
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∑
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=
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e
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=

(c,c),
(x

′1 ,x
′2
)
=
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e
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+
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+
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b
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b
e
id
e
T
u
p
e
l
fa
lle

n
d
d
u
rc
h
-

n
u
m
e
rie

rt.

E
rste

r
F
a
ll:

x
′1
=
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+
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c
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+
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+

···
+

x
′n
+
1
=
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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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c
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≥
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+
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ü
rn

b
e
rg

V
III/

2
0
2
3

D
ie

S
in
g
u
lä
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≤
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sä
m
tlic

h
e
B
ild

p
u
n
k
te

d
e
r
G
e
ra

d
e
n

d
u
rc
h

z
w
e
i
E
c
k
p
u
n
k
te

,
d
a
m
it

le
tz
tlic

h
a
lle

B
ild

e
r
a
u
f
e
in
e
r
e
in
z
i-

g
e
n

G
e
ra

d
e
n
;
f

w
ä
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ü
rn

b
e
rg

V
III/

2
0
2
3

D
ie

S
in
g
u
lä
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ü
rn

b
e
rg

V
III/

2
0
2
3



D
ie

S
in
g
u
lä
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ö
g
lic

h
st

e
le
m
e
n
ta

r
u
n
d
d
ire

k
t
u
n
d

a
u
c
h

m
ö
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ä
u
m
e

so
w
ie

d
ie

H
a
u
p
ta

c
h
se

n
-

tra
n
sfo

rm
a
tio

n
b
e
h
a
n
d
e
lt

w
e
rd

e
n
,
n
ic
h
t
w
e
n
ig
ste

n
s
a
u
f
e
in
,
z
w
e
i

S
e
ite

n
d
ie

S
V
D

d
a
rg

e
ste

llt?

D
a
s
B
u
c
h

g
le
ic
h
e
n

T
ite

ls
v
o
n

M
a
x
K
o
e
c
h
e
r
(
2
.
A
u
fl
.
1
9
8
5
)
,
d
a
s

B
rö
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