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ka

ch
, 

pr
ze

ks
zt

a∏
ca

ni
e 

w
yr

a˝
eƒ

z
po

t´
ga

m
i i

pi
er

w
ia

st
ka

m
i.

P
rz

yp
om

in
a 

w
zo

ry
 s

kr
óc

on
eg

o 
m

no
˝e

-
ni

a:
 (

a 
!

b
)2

ia
2

- 
b

2
(z

na
ne

 u
cz

ni
om

z
le

kc
ji 

m
at

em
at

yk
i w

g
im

na
zj

um
);

 r
oz

-
sz

er
za

 z
na

jo
m

oÊ
ç 

w
zo

ró
w

 s
kr

óc
on

eg
o

m
no

˝e
ni

a 
o

w
zo

ry
: 

(a
 !

b
)3

, 
a3

!
b

3

(s
ta

ra
 s

i´
 s

to
so

w
aç

 te
 w

zo
ry

 d
o

 ta
ki

ch
p

rz
yk

∏a
d

ó
w

 d
zi

a∏
aƒ

 n
a 

lic
zb

ac
h 

iw
yr

a-
˝e

ni
ac

h,
 a

b
y 

p
o

zn
an

e 
w

zo
ry

 r
ze

cz
yw

i-
Êc

ie
 u

p
ra

sz
cz

a∏
y 

ra
ch

un
ki

).

H
as

∏o
R

ea
liz

ow
an

e 
tr

eÊ
ci

C
el

e 
ks

zt
a∏

ce
ni

a 
i o

si
àg

ni
´c

ia
 u

cz
ni

a
U

C
ZE

¡
:

P
ro

ce
d

ur
y 

os
ià

g
an

ia
 c

el
ów

N
A

U
C

ZY
C

IE
L:

1.
Li

cz
by

 n
at

ur
al

ne
 i

ca
∏k

ow
ite

2.
Zb

ió
r l

ic
zb

 w
ym

ie
rn

yc
h

W
∏a

sn
oÊ

ci
 

zb
io

ru
 

lic
zb

 
na

tu
ra

ln
yc

h
iz

bi
or

u 
lic

zb
 c

a∏
ko

w
ity

ch
, 

o
po

dz
ie

ln
o-

Êc
i w

zb
io

rz
e 

lic
zb

 c
a∏

ko
w

ity
ch

.

Po
j´

ci
e 

lic
zb

y 
w

ym
ie

rn
ej

, d
zi

a∏
an

ia
 n

a 
lic

z-
ba

ch
 w

ym
ie

rn
yc

h,
 ró

w
no

Êç
 li

cz
b 

w
ym

ie
r-

ny
ch

, l
ic

zb
y 

w
ym

ie
rn

e 
na

 o
si

 li
cz

bo
w

ej
.

W
ia

do
m

oÊ
ci

:
–

w
yj

aÊ
ni

a 
po

j´
ci

e 
lic

zb
y 

na
tu

ra
ln

ej
 i

 l
ic

zb
y

ca
∏k

ow
ite

j (
W

P
);

–
om

aw
ia

 p
od

st
aw

ow
e 

w
ia

do
m

oÊ
ci

 z
te

or
ii 

po
-

dz
ie

ln
oÊ

ci
 w

zb
io

rz
e 

lic
zb

 c
a∏

ko
w

ity
ch

 (W
P)

.

W
ia

do
m

oÊ
ci

:
–

w
sk

az
uj

e 
lic

zb
y 

w
ym

ie
rn

e 
(W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
po

ró
w

nu
je

 li
cz

by
 w

ym
ie

rn
e 

(U
P

);

N
aw

ià
zu

je
 

do
 

w
ie

dz
y 

z
g

im
na

zj
um

,
a

na
st

´p
ni

e 
po

sz
er

za
 jà

 o
no

w
e 

w
ia

do
-

m
oÊ

ci
.

W
yb

ie
ra

 s
po

Êr
ód

 ró
˝n

yc
h 

lic
zb

 te
, k

tó
re

sà
 w

ym
ie

rn
e;

 k
on

st
ru

uj
e 

ni
ek

tó
re

 li
cz

by
w

ym
ie

rn
e 

(z
za

st
os

ow
an

ie
m

 t
w

ie
rd

ze
-

ni
a 

Ta
le

sa
) i

za
zn

ac
za

 n
a 

os
i –

 ç
w

ic
ze

ni
a
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3.
Zb

ió
r l

ic
zb

 n
ie

w
ym

ie
rn

yc
h

4.
R

oz
w

in
i´

ci
a 

dz
ie

si
´t

ne
 

lic
zb

rz
ec

zy
w

is
ty

ch

5.
 U

po
rz

àd
ko

w
an

ie
 z

bi
or

u 
lic

zb
rz

ec
zy

w
is

ty
ch

6.
W

ar
to

Êç
 

be
zw

zg
l´

dn
a 

(m
o-

du
∏) 

lic
zb

y 
rz

ec
zy

w
is

te
j

P
oj

´c
ie

 li
cz

by
 n

ie
w

ym
ie

rn
ej

, w
yk

on
yw

a-
ni

e 
dz

ia
∏a

ƒ 
na

 li
cz

ba
ch

 n
ie

w
ym

ie
rn

yc
h,

ko
ns

tr
uo

w
an

ie
 n

ie
kt

ór
yc

h 
lic

zb
 n

ie
w

y-
m

ie
rn

yc
h 

iz
az

na
cz

an
ie

 ic
h 

na
 o

si
 li

cz
-

bo
w

ej
, u

su
w

an
ie

 n
ie

w
ym

ie
rn

oÊ
ci

 z
m

ia
-

no
w

ni
ka

 u
∏a

m
ka

.

R
oz

w
in

i´
ci

a 
dz

ie
si

´t
ne

 
lic

zb
 

w
ym

ie
r-

ny
ch

 i
ni

ew
ym

ie
rn

yc
h.

P
or

ów
ny

w
an

ie
 li

cz
b 

rz
ec

zy
w

is
ty

ch
, w

∏a
-

sn
oÊ

ci
 ró

w
no

Êc
i i

ni
er

ów
no

Êc
i w

zb
io

rz
e

lic
zb

 rz
ec

zy
w

is
ty

ch
.

D
ef

in
ic

ja
 w

ar
to

Êc
i b

ez
w

zg
l´

dn
ej

, 
w

ni
o-

sk
i w

yn
ik

aj
àc

e 
z

de
fin

ic
ji,

 p
od

st
aw

ow
e

w
∏a

sn
oÊ

ci
 w

ar
to

Êc
i b

ez
w

zg
l´

dn
ej

 i
je

j i
n-

te
rp

re
ta

cj
a 

g
eo

m
et

ry
cz

na
, 

pr
os

te
 r

ów
-

na
ni

a 
i

ni
er

ów
no

Êc
i 

z
w

ar
to

Êc
ià

 b
ez

-
w

zg
l´

dn
à.

–
za

zn
ac

za
 n

a 
os

i l
ic

zb
ow

ej
 li

cz
by

 w
ym

ie
rn

e
(U

P
);

–
w

yk
on

uj
e 

dz
ia

∏a
ni

a 
na

 l
ic

zb
ac

h 
w

ym
ie

r-
ny

ch
 (U

P
).

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

lic
zb

´ 
ni

ew
ym

ie
rn

à 
(W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
w

sk
az

uj
e 

lic
zb

´ 
ni

ew
ym

ie
rn

à 
w

Êr
ód

 p
od

a-
ny

ch
 li

cz
b 

(U
P

);
–

w
yk

az
uj

e 
ni

ew
ym

ie
rn

oÊ
ç 

ni
ek

tó
ry

ch
 l

ic
zb

(n
p.

 :
2,

 :
3)

  (
U

P
P

);
–

us
uw

a 
ni

ew
ym

ie
rn

oÊ
ç 

z
m

ia
no

w
ni

ka
 u

∏a
m

-
ka

 (U
P

);
–

za
zn

ac
za

 li
cz

b´
 n

ie
w

ym
ie

rn
à 

na
 o

si
 li

cz
bo

-
w

ej
 (U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
za

m
ie

ni
a 

u∏
am

ek
 d

zi
es

i´
tn

y 
sk

oƒ
cz

on
y 

lu
b

ni
es

ko
ƒc

zo
ny

 o
kr

es
ow

y 
na

 u
∏a

m
ek

 z
w

yk
∏y

(U
P

);
–

po
da

je
 p

rz
yb

li˝
on

e 
ro

zw
in

i´
ci

e 
dz

ie
si

´t
ne

lic
zb

 n
ie

w
ym

ie
rn

yc
h 

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
po

ró
w

nu
je

 d
w

ie
 li

cz
by

 r
ze

cz
yw

is
te

, 
lic

zb
´

w
ym

ie
rn

à 
z

lic
zb

à 
ni

ew
ym

ie
rn

à,
 d

w
ie

 li
cz

by
ni

ew
ym

ie
rn

e 
 (U

P
).

W
ia

do
m

oÊ
ci

:
–

po
s∏

ug
uj

e 
si

´ 
w

ar
to

Êc
ià

 b
ez

w
zg

l´
dn

à 
(W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
om

aw
ia

 je
j w

∏a
sn

oÊ
ci

 i
in

te
rp

re
ta

cj
´ 

ge
om

e-
tr

yc
zn

à 
(U

P
);

–
st

os
uj

e 
jà

 d
o 

ro
zw

ià
zy

w
an

ia
 r

ów
na

ƒ 
ty

pu
| 

ax
 +

 b
| 

=
 c

in
ie

ró
w

no
Êc

i t
yp

u
| 

ax
 +

 b
| 

<
 (#

)c
, 

| 
ax

 +
 b

| 
>

 ($
)c

 (U
P

P
).

sp
ra

w
no

Êc
i 

ra
ch

un
ko

w
ej

 
na

 
lic

zb
ac

h
w

ym
ie

rn
yc

h.

W
yb

ie
ra

, p
op

rz
ez

 r
ó˝

ne
 ç

w
ic

ze
ni

a,
 li

cz
-

by
 

ni
ew

ym
ie

rn
e 

sp
oÊ

ró
d 

po
da

ny
ch

lic
zb

; 
do

w
od

zi
 n

ie
w

ym
ie

rn
oÊ

ci
 :

2,
 :

3,
:

5
or

az
 p

od
aj

e 
ic

h 
ko

ns
tr

uk
cj

´ 
(z

za
st

o-
so

w
an

ie
m

 tw
ie

rd
ze

ni
a 

P
ita

go
ra

sa
);

 u
su

-
w

a 
ni

ew
ym

ie
rn

oÊ
ç 

z
m

ia
no

w
ni

kó
w

u∏
am

kó
w

 (
ak

ce
nt

uj
àc

 t
ut

aj
 z

as
to

so
w

a-
ni

e 
po

zn
an

yc
h 

w
zo

ró
w

 
sk

ró
co

ne
g

o
m

no
˝e

ni
a)

. 

P
od

aj
e 

(b
ez

 d
ow

od
u)

 tw
ie

rd
ze

ni
e 

o
ro

z-
w

in
i´

ci
ac

h 
dz

ie
si

´t
ny

ch
 li

cz
b 

rz
ec

zy
w

i-
st

yc
h;

 ç
w

ic
zy

 p
rz

ed
st

aw
ia

ni
e 

lic
zb

y 
w

y-
m

ie
rn

ej
 

w
po

st
ac

i 
u∏

am
kó

w
 

dz
ie

si
´t

-
ny

ch
, 

za
m

ie
ni

a 
u∏

am
ki

 
dz

ie
si

´t
ne

 
na

u∏
am

ki
 z

w
yk

∏e
 it

p.
 

P
od

aj
e 

w
∏a

sn
oÊ

ci
 re

la
cj

i r
ów

no
Êc

i i
re

la
-

cj
i n

ie
ró

w
no

Êc
i w

zb
io

rz
e 

lic
zb

 rz
ec

zy
w

i-
st

yc
h.

P
od

aj
e 

de
fin

ic
j´

 w
ar

to
Êc

i b
ez

w
zg

l´
dn

ej
lic

zb
y 

rz
ec

zy
w

is
te

j, 
w

yz
na

cz
a 

w
ar

to
Êç

be
zw

zg
l´

dn
à 

da
ny

ch
 li

cz
b,

 in
te

rp
re

tu
je

w
ar

to
Êç

 b
ez

w
zg

l´
dn

à 
na

 o
si

 l
ic

zb
ow

ej
or

az
 r

oz
w

ià
zu

je
 r

ów
na

ni
a 

in
ie

ró
w

no
Êc

i
z

w
ar

to
Êc

ià
 b

ez
w

zg
l´

dn
à.
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7.
O

Ê 
lic

zb
ow

a,
 p

rz
ed

zi
a∏

y 
lic

z-
bo

w
e 

id
zi

a∏
an

ia
 n

a 
ni

ch

8.
B

∏à
d 

pr
zy

bl
i˝

en
ia

, s
za

co
w

an
ie

w
ar

to
Êc

i l
ic

zb
ow

yc
h

P
rz

yp
om

ni
en

ie
 w

ia
do

m
oÊ

ci
 o

os
i l

ic
zb

o-
w

ej
 (

zn
an

yc
h 

uc
zn

io
m

 z
g

im
na

zj
um

),
ok

re
Êl

en
ie

 
pr

ze
dz

ia
∏ó

w
 

lic
zb

ow
yc

h
og

ra
ni

cz
on

yc
h 

in
ie

og
ra

ni
cz

on
yc

h,
 d

zi
a-

∏a
ni

a 
na

 p
rz

ed
zi

a∏
ac

h.

P
oj

´c
ie

 b
∏´

du
 p

rz
yb

li˝
en

ia
 l

ic
zb

, 
b∏

àd
be

zw
zg

l´
dn

y 
iw

zg
l´

dn
y,

 re
gu

∏a
 z

ao
kr

à-
gl

an
ia

 p
rz

yb
li˝

eƒ
.

U
m

ie
j´

tn
oÊ

ci
:

–
po

s∏
ug

uj
e 

si
´ 

os
ià

 li
cz

bo
w

à 
(U

P
);

–
za

zn
ac

za
 n

a 
os

i l
ic

zb
y 

ip
rz

ed
zi

a∏
y 

lic
zb

ow
e

or
az

 w
yn

ik
i d

zi
a∏

aƒ
 m

no
go

Êc
io

w
yc

h 
(U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
pr

ze
pr

ow
ad

za
 o

bl
ic

ze
ni

a,
 p

os
∏u

g
uj

àc
 s

i´
pr

zy
bl

i˝
en

ia
m

i l
ic

zb
 (

za
ró

w
no

 w
ym

ie
rn

yc
h,

ja
k 

in
ie

w
ym

ie
rn

yc
h)

 (U
P

).

P
os

∏u
g

uj
e 

si
´ 

os
ià

 
lic

zb
ow

à,
 

po
da

je
op

is
 p

rz
ed

zi
a∏

ów
 i

w
yk

on
uj

e 
na

 n
ic

h
dz

ia
∏a

ni
a:

 k
on

iu
nk

cj
i, 

al
te

rn
at

yw
y,

 r
ó˝

ni
-

cy
 i

do
pe

∏n
ie

ni
e 

pr
ze

dz
ia

∏ó
w

 d
o 

ca
∏e

j o
si

(ja
ko

 p
rz

es
tr

ze
ni

) 
– 

na
w

ià
zu

je
 p

rz
y 

ty
m

do
 w

ie
dz

y 
uc

zn
ia

 z
na

uk
i 

m
at

em
at

yk
i

w
gi

m
na

zj
um

.

P
od

aj
e 

de
fin

ic
j´

 b
∏´

du
 p

rz
yb

li˝
en

ia
, b

∏´
-

du
 b

ez
w

zg
l´

dn
eg

o 
ib

∏´
du

 w
zg

l´
dn

eg
o;

om
aw

ia
 r

eg
u∏

y 
za

ok
rà

g
la

ni
a;

 s
za

co
w

a-
ni

e 
w

ar
to

Êc
i l

ic
zb

ow
yc

h.

VV..
FFuu

nnkk
ccjj

ee H
as

∏o
R

ea
liz

ow
an

e 
tr

eÊ
ci

C
el

e 
ks

zt
a∏

ce
ni

a 
i o

si
àg

ni
´c

ia
 u

cz
ni

a
U

C
ZE

¡
:

P
ro

ce
d

ur
y 

os
ià

g
an

ia
 c

el
ów

N
A

U
C

ZY
C

IE
L:

1.
P

oj
´c

ie
 fu

nk
cj

i, 
fu

nk
cj

a 
lic

zb
o-

w
a 

ij
ej

 w
yk

re
s

2.
S

po
so

by
 

ok
re

Êl
an

ia
 

fu
nk

cj
i

i
ic

h 
za

st
os

ow
an

ie
 d

o 
op

is
u

za
le

˝n
oÊ

ci
 w

pr
zy

ro
dz

ie
, 

g
o-

sp
od

ar
ce

 i
˝y

ci
u 

co
dz

ie
nn

ym

3.
D

zi
ed

zi
na

 fu
nk

cj
i, 

zb
ió

r w
ar

to
-

Êc
i

D
ef

in
ic

ja
 

fu
nk

cj
i 

ja
ko

 
od

w
zo

ro
w

an
ia

zb
io

ru
 w

zb
ió

r, 
ar

g
um

en
t 

fu
nk

cj
i, 

dz
ie

-
dz

in
a 

fu
nk

cj
i, 

w
ar

to
Êç

 fu
nk

cj
i w

pu
nk

ci
e,

w
yk

re
s 

fu
nk

cj
i j

ak
o 

zb
ió

r p
ar

.

O
kr

eÊ
la

ni
e 

na
 r

ó˝
ne

 s
po

so
by

 f
un

kc
ji:

op
is

 s
∏o

w
ny

, 
g

ra
f, 

ta
be

lk
a,

 w
zó

r 
ja

w
ny

,
w

yk
re

s.

W
yz

na
cz

an
ie

 d
zi

ed
zi

ny
 i

zb
io

ru
 w

ar
to

Êc
i

po
da

ny
ch

 p
rz

yk
∏a

dó
w

 f
un

kc
ji,

 w
ty

m
pr

ze
de

 w
sz

ys
tk

im
 fu

nk
cj

i l
ic

zb
ow

yc
h.

W
ia

do
m

oÊ
ci

:
–

ut
rw

al
a 

po
j´

ci
e 

fu
nk

cj
i (

W
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

w
sk

az
uj

e,
 

kt
ór

e 
z

od
w

zo
ro

w
aƒ

 
zb

io
ru

w
zb

ió
r j

es
t f

un
kc

jà
, a

kt
ór

e 
ni

e 
(U

P
);

 
–

po
da

je
po

ds
ta

w
ow

e 
te

rm
in

y 
zw

ià
za

ne
z

fu
nk

cj
à 

(U
P

).

W
ia

do
m

oÊ
ci

:
–

po
zn

aj
e 

ró
˝n

e 
sp

os
ob

y 
ok

re
Êl

an
ia

 f
un

kc
ji

(W
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

op
is

uj
e 

za
 p

om
oc

à 
fu

nk
cj

i z
al

e˝
no

Êc
i w

ys
t́

pu
jà

-
ce

 w
ró

˝n
yc

h 
dz

ie
dz

in
ac

h ̋
yc

ia
.

W
ia

do
m

oÊ
ci

:
–

po
da

je
 d

zi
ed

zi
n´

 i
zb

ió
r 

w
ar
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óc

h 
ró

w
na

ƒ
lin

io
w

yc
h 

z
dw

ie
m

a 
ni

ew
ia

do
m

ym
i.

G
eo

m
et

ry
cz

na
 il

us
tr

ac
ja

 u
k∏

ad
u 

dw
óc
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g∏
oÊ
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od

le
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un
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od
 p
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u 
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ia

 z
w
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oÊ
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Êl
a 

od
le
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Êç
 d
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óc
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pu
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ie
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óc
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Êl
a 
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le
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pu
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 d
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óc

h
ok

r´
gó

w

6.
K

àt
y 

w
ko

le

7.
Tr

ój
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e
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 p
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 d
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oÊ

ci
:

–
ro

zs
tr

zy
g

a,
 k

ie
dy

 o
kr

àg
 i

pr
os

ta
 m
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 d
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z∏
àc

zn
e 

(U
P

P
).

 

W
ia

do
m

oÊ
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 m
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 c
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 c
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ch

ar
ak

te
ry

-
za

cj
e 

ni
ek

tó
ry

ch
 z

ni
ch

 (r
ów
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le

g∏
ob

ok
i,

tr
ap

ez
y 
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w

no
ra

m
ie

nn
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W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

je
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à 
(p

od
st

aw
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à)
 c

ha
ra

kt
er

yz
a-

cj
´ 

w
pi

sy
w

al
no

Êc
i 

cz
w

or
ok

àt
a 

w
ok

rà
g

(W
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

ro
zs

tr
zy

ga
, c

zy
 d

an
y 

cz
w

or
ok

àt
 m

o˝
na

 w
pi

-
sa

ç 
w

da
ny

 o
kr

àg
, c

zy
 n

ie
 (U

P
).

 

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

ch
ar

ak
te

ry
za

cj
´ 

w
pi

sy
w

al
no

Êc
i o

kr
´-

gu
 w

cz
w

or
ok

àt
 (W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
sp

ra
w

dz
a,

 c
zy

 w
da

ny
 c

zw
or

ok
àt

 m
o˝

na
w

pi
sa

ç 
ok

rà
g 

(U
P

).
 

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

w
∏a

sn
oÊ

ci
 c

zw
or

ok
àt

ów
 (W

P
).
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y 
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ój
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t 
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sa
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ok

rà
g.
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pn

ie
 p

rz
ec
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dz

i
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m
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ni
a 
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w

or
ok

àt
ów
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st

aw
ia

jà
c
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 s
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o 

py
ta
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rm

u∏
uj

e 
w

ar
un

ek
 k

o-
ni

ec
zn

y 
iw

ys
ta

rc
za

jà
cy
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w

ar
to

 n
ie
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ez

y-
g

no
w

aç
 z

do
w

od
ze

ni
a 
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g

o 
tw

ie
rd
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-
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a)

. 
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yt

a 
uc

zn
ió

w
, c
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 w

ka
˝d

y 
tr

ój
kà

t m
o˝

-
na

 
w

pi
sa

ç 
ok

rà
g

. 
N

as
t´

pn
ie
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da
,

w
kt

ór
y 

cz
w

or
ok

àt
 m

o˝
na

 w
pi

sa
ç 

ok
rà

g.
Fo

rm
u∏

uj
e 

tw
ie

rd
ze

ni
e 

it
w

ie
rd

ze
ni

e 
do

ƒ
od

w
ro

tn
e 

or
az

 p
ró

bu
je

 p
rz

ep
ro

w
ad

zi
ç

do
w

ód
.

D
ok

on
uj

e 
kl

as
yf

ik
ac

ji 
cz

w
or

ok
àt

ów
 i

po
-

da
je

 c
ha

ra
kt

er
yz

ac
je

 n
ie

kt
ór

yc
h 

z
ni

ch
,

na
 

pr
zy

k∏
ad

 
tr

ap
ez

ów
 

ró
w

no
ra

m
ie

n-
ny

ch
, 

ró
w

no
le

g
∏o

bo
kó

w
 (

w
ar

to
 p

od
jà

ç
pr

ób
y 

ic
h 

do
w

od
ów

).
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i o
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àg
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1.
Fu

nk
cj

e 
try

go
no

m
et

ry
cz

ne
 k

à-
ta

 o
st

re
go

 w
tr

ój
kà

ci
e 

pr
os

to
-

kà
tn

ym

2.
P

oj
´c

ie
 k

àt
a 

ij
eg

o 
uo

gó
ln

ie
ni

e

D
ef

in
ic

je
 

fu
nk

cj
i 

tr
yg

on
om

et
ry

cz
ny

ch
kà

ta
 o

st
re

g
o 

w
tr

ój
kà

ci
e 

pr
os

to
kà

tn
ym

,
w

ar
to

Êc
i t

yc
h 

fu
nk

cj
i d

la
 k

àt
ów

 3
0o

, 4
5o

i6
0o

, 
po

ds
ta

w
ow

e 
to

˝s
am

oÊ
ci

 i
w

zo
ry

re
du

kc
yj

ne
.

K
àt

 ja
ko

 m
ia

ra
 o

br
ot

u.

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

si
nu

s,
 c

os
in

us
, 

ta
ng

en
s 

ic
ot

an
ge

ns
kà

ta
 w

tró
jk

àc
ie

 p
ro

st
ok

àt
ny

m
 (W

P
);

–
us

ta
la

 z
w

ià
zk

i 
m

i´
dz

y 
fu

nk
cj

am
i 

te
g

o 
sa

-
m

eg
o 

kà
ta

(W
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

ob
lic

za
 w

ar
to

Êc
i 

fu
nk

cj
i 

tr
yg

on
om

et
ry

cz
-

ny
ch

 d
la

 k
àt

ów
 3

0o
, 4

5o
 i

60
o 

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ut

o˝
sa

m
ia

 k
àt

 d
ow

ol
ne

j 
m

ia
ry

 s
to

pn
io

w
ej

z
kà

te
m

 o
m

ie
rz

e 
st

op
ni

ow
ej

 z
pr

ze
dz

ia
∏u

(0
o ,

 3
60

o )
(U

P
).

O
kr

eÊ
la

 fu
nk

cj
e 

tr
yg

on
om

et
ry

cz
ne

 k
àt

a
w

tr
ój

kà
ci

e 
pr

os
to

kà
tn

ym
 i

w
yk

or
zy

st
u-

je
 d

o 
w

yz
na

cz
an

ia
 w

ar
to

Êc
i t

yc
h 

fu
nk

cj
i

dl
a 

kà
tó

w
 3

0o
, 

45
o 

i6
0o

 o
ra

z 
us

ta
le

ni
a

zw
ià

zk
ów

 m
i´

dz
y 

fu
nk

cj
am

i t
eg

o 
sa

m
e-

go
 k

àt
a.

 

O
m

aw
ia

 p
oj

´c
ie

 m
ia

ry
 k

àt
a 

ij
eg

o 
uo

gó
l-

ni
en

ie
 (n

aw
ià

zu
je

 d
o 

tw
ie

rd
ze

ni
a 

o
dz

ie
-

le
ni

u 
z

re
sz

tà
 –

 d
ow

ol
ne

 li
cz

by
 s

to
pn

ia
dz

ie
li 

ni
e 

ty
lk

o 
pr

ze
z 

36
0o

, a
le

 te
˝ 

pr
ze

z
18

0o
 i

90
o )

. 
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3.
Fu

nk
cj

e 
try

go
no

m
et

ry
cz

ne
 d

o-
w

ol
ne

go
 k

àt
a

4.
M

ia
ra

 ∏u
ko

w
a 

kà
ta

5.
Fu

nk
cj

e 
try

go
no

m
et

ry
cz

ne
 z

m
ie

-
nn

ej
 rz

ec
zy

w
is

te
j

6.
W

∏a
sn

oÊ
ci

 fu
nk

cj
i t

ry
go

no
m

e-
tr

yc
zn

yc
h 

zm
ie

nn
ej

 r
ze

cz
yw

i-
st

ej

7.
W

zo
ry

 re
du

kc
yj

ne

8.
Z

w
ià

zk
i m

i´
dz

y 
fu

nk
cj

am
i t

ry
-

go
no

m
et

ry
cz

ny
m

i t
eg

o 
sa

m
e-

go
 a

rg
um

en
tu

W
sp

ó∏
rz

´d
ne

 
pu

nk
tó

w
 

na
 

ko
ƒc

ow
ym

ra
m

ie
ni

u 
kà

ta
, 

ok
re

Êl
en

ia
 f

un
kc

ji 
tr

yg
o-

no
m

et
ry

cz
ny

ch
 d

ow
ol

ne
go

 k
àt

a.
 

O
kr

eÊ
le

ni
e 

m
ia

ry
 ∏u

ko
w

ej
 k

àt
a,

 z
am

ia
na

m
ia

ry
 k

àt
a 

w
st

op
ni

ac
h 

na
 m

ia
r´

 ∏u
ko

w
à

io
dw

ro
tn

ie
. 

P
rz

ef
or

m
u∏

ow
an

ie
 d

ef
in

ic
ji 

fu
nk

cj
i t

ry
go

-
no

m
et

ry
cz

ny
ch

 d
ow

ol
ne

go
 k

àt
a 

na
 d

ef
i-

ni
cj

e 
fu

nk
cj

i 
tr

yg
on

om
et

ry
cz

ny
ch

 
do

-
w

ol
ne

j z
m

ie
nn

ej
 rz

ec
zy

w
is

te
j. 

Zn
ak

i f
un

kc
ji 

tr
yg

on
om

et
ry

cz
ny

ch
 w

po
-

sz
cz

eg
ól

ny
ch

 ç
w

ia
rt

ka
ch

 u
k∏

ad
u 

XO
Y,

pa
rz

ys
to

Êç
 i

ni
ep

ar
zy

st
oÊ

ç 
fu

nk
cj

i t
ry

go
-

no
m

et
ry

cz
ny

ch
, o

kr
es

ow
oÊ

ç 
fu

nk
cj

i t
ry

-
go

no
m

et
ry

cz
ny

ch
. 

W
pr

ow
ad

za
m

y 
w

zo
ry

 r
ed

uk
cy

jn
e,

 d
o-

w
od

zà
c 

ni
ek

tó
ry

ch
 i

de
du

ku
jà

c 
po

zo
st

a-
∏e

 ja
ko

 w
ni

os
ek

.

Ta
k 

zw
an

e 
je

dy
nk

i 
tr

yg
on

om
et

ry
cz

ne
i

za
le

˝n
oÊ

ci
 m

i´
dz

y 
ta

ng
en

se
m

, 
si

nu
-

se
m

 i
co

ta
ng

en
se

m
. 

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

fu
nk

cj
e 

tr
yg

on
om

et
ry

cz
ne

 d
ow

ol
-

ne
go

 k
àt

a
(W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e 
fu

nk
cj

e 
try

go
no

m
et

ry
cz

ne
 d

o 
w

yz
na

-
cz

en
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 w
ar

to
Êc

i f
un

kc
ji 
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a 
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∏k
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ch
 w
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-
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ot
no

Êc
i k
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a 
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(U
P

).

W
ia

do
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oÊ
ci
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aw

ia
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oj
´c

ie
 m

ia
ry

 ∏u
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ej
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àt
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(W

P
).

U
m

ie
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oÊ

ci
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–
za

m
ie
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 ∏
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 m
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 o
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). 
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do
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oÊ
ci
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Êl
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e 
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m
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 rz
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te
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W
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).
U

m
ie

j´
tn

oÊ
ci
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–
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za
 w

ar
to

Êc
i f

un
kc
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tó
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m

ie
rz

e
ra
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ow
ej

(U
P

). 

U
m

ie
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tn
oÊ

ci
:
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re
Êl
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w

∏a
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oÊ
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ji 

tr
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et
ry
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-
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–
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kc

yj
ne

(W
P

).
U

m
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oÊ
ci
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–
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e 

w
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ry
 r

ed
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∏c
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om
et

ry
cz

ny
ch
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P
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W
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do
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oÊ
ci
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–

ok
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Êl
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zw
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zk
i 
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dz
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tr
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m

et
ry

cz
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m
i t
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).

U
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ci
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os
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i m
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, 9

0o
, 1

80
o ,

 2
70

o ,
 3

60
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 n
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ze
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W
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zk
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y 
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eg
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te

g
o 

or
az
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je
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do

 
do
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ze
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ch
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tr
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et
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9.
W

yk
re

sy
 

fu
nk

cj
i 

tr
yg

on
om

e-
tr

yc
zn

yc
h

10
.

P
ro

st
e 

ró
w

na
ni

a 
in

ie
ró

w
no

Êc
i

tr
yg

on
om

et
ry

cz
ne

W
yk

re
sy

 
fu

nk
cj

i 
tr

yg
on

om
et

ry
cz

ny
ch

i
od

cz
yt

yw
an

ie
 w

∏a
sn

oÊ
ci

 t
yc

h 
fu

nk
cj

i
z

ic
h 

w
yk

re
só

w
.

W
zo

ry
 n

a 
ro

zw
ià

za
ni

e 
ró

w
na

ƒ 
try

go
no

-
m

et
ry

cz
ny

ch
 

el
em

en
ta

rn
yc

h,
 

ro
zw

ià
zy

-
w

an
ie

 r
ów

na
ƒ 

in
ie

ró
w

no
Êc

i t
ry

go
no

m
e-

try
cz

ny
ch

 z
w

yk
or

zy
st

an
ie

m
 o

trz
ym

an
yc

h
w

zo
ró

w
.

W
ia

do
m

oÊ
ci

:
–

om
aw

ia
 w

yk
re

sy
 s

in
us

a,
 c

os
in

us
a,

 ta
ng

en
-

sa
 i

co
ta

ng
en

sa
(W

P
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

od
cz

yt
uj

e 
z

w
yk

re
su

 w
∏a

sn
oÊ

ci
 f

un
kc

ji 
try

-
go

no
m

et
ry

cz
ny

ch
 (

m
ie

js
ca

 z
er

ow
e,

 w
ar

to
Êç

na
jm

ni
ej

sz
à 

in
aj

w
i´

ks
zà

 it
p.
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U

P
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zw
ià

zu
je

 
pr

os
te

 
ró

w
na

ni
a 

tr
yg
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om

e-
tr

yc
zn
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w
yk

or
zy

st
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an
e 

w
zo

ry
(U

P
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–
po

s∏
ug

uj
e 

si
´ 

w
yk

re
sa

m
i 

fu
nk

cj
i 

tr
yg

on
o-

m
et

ry
cz

ny
ch
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zw
ià

zy
w

an
iu

 n
ie

ró
w

no
Êc

i
tr

yg
on

om
et

ry
cz

ny
ch

(U
P

P
).

S
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rz
àd

za
 w

yk
re

sy
 fu

nk
cj

i t
ry

g
on

om
e-

tr
yc

zn
yc

h,
 p

os
∏u

g
uj

àc
 s

i´
 k

o∏
em

 t
ry

g
o-

no
m

et
ry

cz
ny

m
 o

ra
z 

ni
ek

tó
ry

m
i w

zo
ra

m
i

re
du

kc
yj

ny
m

i, 
z

kt
ór

yc
h 

od
cz

yt
uj

e 
w

∏a
-

sn
oÊ

ci
 w

yk
re

só
w

 i
m

et
od

´ 
ic

h 
ot

rz
ym

a-
ni

a.

R
oz

po
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Êc

i
f

(x
)

>
 g

(x
),

 g
dz

ie
 f

i
g

sà
 f

un
kc

ja
m

i
zm

ie
nn

ej
 r

ze
cz

yw
is

te
j, 

a
na

st
´p
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ój

m
ia

nu
 

kw
ad

ra
to

-
w

eg
o

2.
W

yk
re

s 
fu

nk
cj

i k
w

ad
ra

to
w

ej

D
ef

in
ic

ja
 fu

nk
cj

i k
w

ad
ra

to
w

ej
, d
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ój

m
ia

nu
 k

w
ad

ra
to

-
w

eg
o.

W
yk

re
s 

fu
nk

cj
i k

w
ad

ra
to

w
ej

 f
(x

) 
=

ax
2 ,

f(
x)

=
 a

x2
+

 c
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-

to
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 d
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et
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, o
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pr
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W
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un
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st

ni
en

ia
 p

ie
rw
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st

kó
w

 r
ze
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w
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ty
ch

 tr
ój

m
ia

nu
 k

w
ad

ra
to

w
eg

o 
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-

ry
 n
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te

 p
ie
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ia

st
ki
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pr

ze
dz
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∏y
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w

kt
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ry
ch
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un

kc
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w

ad
ra

to
w

a 
je

st
 s

ta
∏e

g
o

zn
ak

u.

S
um

a 
i

ilo
cz

yn
 p

ie
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st

kó
w

 t
ró
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nu
kw

ad
ra

to
w

eg
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O
kr

eÊ
le

ni
e 

ró
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ad
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no
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ej
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ró
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ie
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Êc
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 i
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ez
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e∏

ne
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Z
ad

an
ia

 t
ek

st
ow

e 
z

ró
˝n

yc
h 

dz
ie

dz
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z

pa
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et
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U
m

ie
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tn
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ci
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yz
na

cz
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ek
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um
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nk
cj
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w
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ej
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 w

ar
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m

ni
ej
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à 
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 p
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w
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P
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 f
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ra
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iè
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 d
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 b
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ra
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ie
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ra
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a 
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w
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po
w
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ie
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óc
on

eg
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no

˝e
ni
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ie
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w
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lo
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no
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zy
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ie
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W
ia
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oz
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je
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ie
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re
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ie
lo
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je

 d
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ie
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ny
(U

P
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m

ie
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tn
oÊ
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:
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w

yk
on
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e 

dz
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∏a
ni
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na
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lo
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ia
na

ch
(U

P
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–
us

ta
la
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al
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 s

to
pn

ia
 s

um
y 

i
ró

˝n
ic
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 c
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in
io
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gu

.

Po
da

je
 d

ef
in
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 c
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gu
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ry
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et
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 c
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ot
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et
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zn

eg
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àg
u 
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o,
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w
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w
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 c
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.
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 c
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 c
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 c
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ià
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et
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 c
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 c
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 c
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 d
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 c
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 c
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Êç
 c
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 d
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ra
ch

un
ko

w
e,

 n
a 

do
w

o-
dz

en
ie

, t
ek

st
ow

e 
z

ró
˝n

yc
h 

dz
ie

dz
in

. 

O
m

aw
ia

 p
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 d
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 d
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ie
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Z
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ie
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 c
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 d
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ta
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Tw
ie

rd
ze
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e 
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nu
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w
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je

go
 

do
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st
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ow
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ie
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 d
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w

 d
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w
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w
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ni
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ry
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ci

, p
ro

st
ok
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ro
zw
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ci
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W
zó
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H

er
on

a 
na

 p
ol

e 
tr

ój
kà

ta
, t

w
ie

rd
ze

-
ni

e 
P
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le

m
eu
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a 

o
cz
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ie
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-
ny

m
 w

ok
rà

g,
 tw

ie
rd

ze
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o

ró
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le

g∏
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ku

.

R
oz

w
ià

zu
je

m
y 

tr
ój

kà
ty

 o
ra

z 
st

os
uj

em
y

tw
ie

rd
ze

ni
e 

co
si

nu
só

w
 d

o 
in

ny
ch

 z
ad

aƒ
ra

ch
un

ko
w

yc
h 

z
ge

om
et

rii
.

U
m

ie
j´

to
Êc

i:
–

ro
zw

ià
zu

je
 k

a˝
dy

 t
ró

jk
àt

 z
za

st
os

ow
an

ie
m

tw
ie

rd
ze

ni
a 

si
nu

só
w

 (U
P

);
–

do
w

od
zi

 z
w

ià
zk

ów
 m

ia
ro

w
yc

h 
w

tr
ój

kà
ci

e
(U

P
P

).

W
ia

do
m

oÊ
ci

:
–
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rm

u∏
uj

e 
tr

eÊ
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ie

rd
ze

ni
a 
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si

nu
só

w
(W

P
).

U
m

ie
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to
Êc

i:
–

do
w

od
zi
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ie

rd
ze

ni
a 

co
si

nu
só

w
 (

je
st

 Ê
w

ia
-

do
m
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e 
je

st
 to

 u
og

ól
ni

en
ie

 tw
ie

rd
ze

ni
a 

P
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ta
go
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sa

) (
U

P
).

W
ia

do
m

oÊ
ci
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–

po
zn

aj
e 

no
w

e 
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kt
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 k
tó

re
 o

trz
ym

uj
e 
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ze

z
za

st
os

ow
an

ie
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ie
rd

ze
ni
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co

si
nu

só
w
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P

P
).

U
m

ie
j´

to
Êc

i:
–

ak
ty

w
ni

e 
uc

ze
st

ni
cz

y 
w

w
yp

ro
w

ad
za

ni
u

do
w

od
ów

 (U
P

P
).

U
m

ie
j´

to
Êc

i:
–

st
os

uj
e 

tw
ie

rd
ze

ni
e 

co
si

nu
só

w
 w

pr
os

ty
ch

za
da

ni
ac

h 
ra

ch
un

ko
w

yc
h 

z
g

eo
m

et
rii

(r
oz

w
ià

zy
w

an
ie

 tr
ój

kà
tó

w
) (

U
P

).

R
oz

w
ià

zu
je

 t
ró

jk
àt

y 
or

az
 d

ow
od
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 r

oz
-

m
ai

ty
ch

 z
w

ià
zk

ów
 m

ia
ro

w
yc

h 
w

tr
ój

kà
-

ci
e.
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rm

u∏
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w
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-
w
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o 
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w
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ze
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a.

P
ok

az
uj

e 
lic
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e 

za
st

os
ow

an
ia

 tw
ie

rd
ze

-
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a 
co

si
nu

só
w

 w
ge

om
et

rii
.

R
oz

w
ià

zu
je

 r
oz

m
ai

te
 z

ad
an

ia
 r
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hu
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o-

w
e 

z
ge

om
et
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, n

a 
pr
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k∏
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d∏
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oÊ

ci
 Ê
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 d
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Êc

i b
ok

ów
.

IIII..
  WW

eekk
ttoo

rryy H
as

∏o
R

ea
liz

ow
an

e 
tr

eÊ
ci

C
el

e 
ks

zt
a∏

ce
ni

a 
i o

si
àg

ni
´c

ia
 u

cz
ni

a
U

C
ZE

¡
:

P
ro

ce
d

ur
y 

os
ià

g
an

ia
 c

el
ów

N
A

U
C

ZY
C

IE
L:

1.
W

ek
to

r, 
w

ek
to

r 
sw

ob
od

ny
id

zi
a∏
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, d
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 d
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ek
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 p
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 d
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 p
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3.
Z
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so
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an
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w

ek
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ró
w

 
do
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et
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cz
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w

ek
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w
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 d
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w

ek
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w
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 r
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oÊ

ci
 w
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o
pr

ze
ci

na
ni

u 
si

´ 
w

ys
ok

o-
Êc

i 
w

tr
ój

kà
ci

e,
 t

w
ie

rd
ze

ni
e 

co
si

nu
só

w
(p

o 
ra

z 
dr

ug
i),

 ro
zw

ià
zy

w
an

ie
 tr

ój
kà

tó
w

.

W
ia

do
m

oÊ
ci

:
–

in
te

rp
re

tu
je

 m
no

˝e
ni

e 
w

ek
to

ra
 p

rz
ez

 li
cz

b´
(W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zp
oz

na
je

 w
ek

to
ry

 d
o 

si
eb

ie
 ró

w
no

le
g∏

e 
(U

P)
;

–
pr

ze
ds

ta
w

ia
 w

ek
to

r w
po

st
ac

i l
in

io
w

ej
 k

om
-

bi
na

cj
i p

ar
y 

w
ek

to
ró

w
(U

PP
).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e 
w

∏a
sn

oÊ
ci

 d
zi

a∏
aƒ

 n
a 

w
ek

to
ra

ch
 d

o
do

w
od

ze
ni

a 
pr

os
ty

ch
 f

ak
tó

w
 z

g
eo

m
et

rii
(U

P
P

).

W
ia

do
m

oÊ
ci

:
–

w
yj

aÊ
ni

a 
po

j´
ci

e 
ilo

cz
yn

u 
sk

al
ar

ne
go

 (W
P

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e
w

∏a
sn

oÊ
ci

 i
lo

cz
yn

u 
sk

al
ar

ne
g

o 
do

pr
ze

ks
zt

a∏
ca

ni
a 

pr
os

ty
ch

 w
yr

a˝
eƒ

(U
PP

).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e 
w

∏a
sn

oÊ
ci

 il
oc

zy
nu

 s
ka

la
rn

eg
o 

do
do

w
od

ze
ni

a 
zn

an
yc

h 
m

u 
ju

˝ 
tw

ie
rd

ze
ƒ

or
az

 d
o 

ro
zw

ià
zy

w
an

ia
 tr

ój
kà

tó
w

(U
PP

).

W
pr

ow
ad

za
 p

oj
´c

ie
 i

lo
cz

yn
u 

w
ek

to
ra

pr
ze

z 
lic

zb
´ 

or
az

 p
ok

az
uj

e 
w

∏a
sn

oÊ
ci

 te
-

go
 il

oc
zy

nu
.

P
ok

az
uj

e,
 w

ja
ki

 s
po

só
b 

w
yk

or
zy

st
yw

aç
w

∏a
sn

oÊ
ci

 il
oc

zy
nu

 w
ek

to
ra

 p
rz

ez
 li

cz
b´

do
 d

ow
od

ze
ni

a 
tw

ie
rd

ze
ƒ 

zn
an

yc
h 

ju
˝

uc
zn

io
w

i, 
z

w
cz

eÊ
ni

ej
sz

ej
 n

au
ki

.

W
pr

ow
ad

za
 il

oc
zy

n 
sk

al
ar

ny
 w

ek
to

ró
w

ij
eg

o 
w

∏a
sn

oÊ
ci

 (
w

ar
to

 d
ow

od
zi

ç 
pr

zy
-

na
jm

ni
ej

 n
ie

kt
ór

yc
h)

, p
ok

az
uj

e 
za

st
os

o-
w

an
ie

 t
eg

o 
ilo

cz
yn

u 
do

 p
ro

st
yc

h 
pr

ze
-

ks
zt

a∏
ce

ƒ.

P
ok

az
uj

e 
za

st
os

ow
an

ia
 il

oc
zy

nu
 s

ka
la

r-
ne

go
 d

o 
ge

om
et

rii
 (

w
ar

to
 p

rz
y 

ty
m

 w
ra

-
ca

ç 
do

 t
w

ie
rd

ze
ƒ 

w
cz

eÊ
ni

ej
 d

ow
od

zo
-

ny
ch

 in
nà

 m
et

od
à)

.

H
as

∏o
R

ea
liz

ow
an

e 
tr

eÊ
ci

C
el

e 
ks

zt
a∏

ce
ni

a 
i o

si
àg

ni
´c

ia
 u

cz
ni

a
U

C
ZE

¡
:

P
ro

ce
d

ur
y 

os
ià

g
an

ia
 c

el
ów

N
A

U
C

ZY
C

IE
L:

1.
O

gó
ln

e 
w

ia
do

m
oÊ

ci
 

o
pr

ze
-

ks
zt

a∏
ce

ni
ac

h 
ge

om
et

ry
cz

ny
ch

P
oj

´c
ie

 p
rz

ek
sz

ta
∏c

en
ia

 g
eo

m
et

ry
cz

ne
-

go
 (

pr
ze

ks
zt

a∏
ce

ni
e 

ge
om

et
ry

cz
ne

 ja
ko

fu
nk

cj
a)

, p
rz

yk
∏a

dy
 p

rz
ek

sz
ta

∏c
eƒ

, s
k∏

a-
da

ni
e 

pr
ze

ks
zt

a∏
ce

ƒ,
 

pr
ze

ks
zt

a∏
ce

ni
e

to
˝s

am
oÊ

ci
ow

e,
 

pr
ze

ks
zt

a∏
ce

ni
e 

od
-

w
ro

tn
e 

do
 d

an
eg

o.

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

pr
ze

ks
zt

a∏
ce

ni
e 

ge
om

et
ry

cz
ne

 (W
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

po
da

je
 

pr
zy

k∏
ad

y 
pr

ze
ks

zt
a∏

ce
ƒ 

g
eo

m
e-

tr
yc

zn
yc

h 
(U

P
);

–
sp

ra
w

dz
a,

 
cz

y 
pr

ze
ks

zt
a∏

ce
ni

e 
g

eo
m

e-
tr

yc
zn

e 
m

a 
pu

nk
ty

 s
ta

∏e
, c

zy
 m

o˝
na

 je
 o

d-
w

ró
ci

ç 
(U

P
P

);
–

sk
∏a

da
 p

rz
ek

sz
ta

∏c
en

ia
 (U

P
P

).
 

N
aw

ià
zu

je
 d

o 
w

ie
dz

y 
uc

zn
ia

 o
fu

nk
cj

ac
h

iw
ty

m
 k

on
te

kÊ
ci

e 
m

ów
i o

pr
ze

ks
zt

a∏
ce

-
ni

ac
h,

 il
us

tr
uj

àc
 p

or
us

zo
ne

 z
ag

ad
ni

en
ia

pr
zy

k∏
ad

am
i.
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2.
P

rz
ek

sz
ta

∏c
en

ia
 iz

om
et

ry
cz

ne
if

ig
ur

y 
pr

zy
st

aj
àc

e

3.
C

ec
hy

 p
rz

ys
ta

w
an

ia
 tr

ój
kà

tó
w

4.
O

br
az

y 
fig

ur
 w

iz
om

et
rii

5.
S

ym
et

ria
 o

si
ow

a

6.
O

Ê 
sy

m
et

rii
 fi

gu
ry

, f
ig

ur
y 

os
io

-
w

o 
sy

m
et

ry
cz

ne

7.
S

ym
et

ria
 Ê

ro
dk

ow
a 

i
je

j 
w

∏a
-

sn
oÊ

ci

D
ef

in
ic

ja
 p

rz
ek

sz
ta

∏c
en

ia
 iz

om
et

ry
cz

ne
-

go
, p

un
kt

y 
st

a∏
e 

iz
om

et
rii

, p
rz

yk
∏a

dy
 iz

o-
m

et
rii

, p
rz

ys
ta

w
an

ie
 fi

gu
r.

S
fo

rm
u∏

ow
an

ie
 c

ec
h 

pr
zy

st
aw

an
ia

 t
ró

j-
kà

tó
w

, z
as

to
so

w
an

ie
 ty

ch
 c

ec
h 

do
 p

ro
-

st
yc

h 
za

da
ƒ 

na
 d

ow
od

ze
ni

e.

O
br

az
 o

dc
in

ka
, p

ro
st

ej
 i

pó
∏p

ro
st

ej
, o

kr
´-

gu
 (k

o∏
a)

, f
ig

ur
y 

w
yp

uk
∏e

j, 
kà

ta
, w

ie
lo

kà
ta

.

B
ad

an
ie

 p
rz

ek
sz

ta
∏c

en
ia

, k
tó

re
 m

a 
dw

a
pu

nk
ty

 s
ta

∏e
, o

br
az

u 
pu

nk
tu

 w
ty

m
 p

rz
e-

ks
zt

a∏
ce

ni
u,

 d
ef

in
ic

ja
 s

ym
et

rii
 o

si
ow

ej
,

ob
ra

z 
fig

ur
y 

w
sy

m
et

rii
 o

si
ow

ej
.

D
ef

in
ic

ja
 o

si
 s

ym
et

rii
 fi

gu
ry

 i
fig

ur
y 

os
io

-
w

o 
sy

m
et

ry
cz

ne
j, 

pr
zy

k∏
ad

y 
ta

ki
ch

 fi
gu

r.

O
kr

eÊ
le

ni
e 

sy
m

et
rii

 w
zg

l´
de

m
 p

un
kt

u,
w

∏a
sn

oÊ
ci

 s
ym

et
rii

 Ê
ro

dk
ow

ej
, 

ob
ra

z 
fi-

gu
ry

 w
sy

m
et

rii
 Ê

ro
dk

ow
ej

.

U
m

ie
j´

tn
oÊ

ci
:

–
w

sk
az

uj
e 

w
Êr

ód
 p

rz
yk

∏a
dó

w
 p

rz
ek

sz
ta

∏c
eƒ

ge
om

et
ry

cz
ny

ch
 te

, k
tó

re
 z

ac
ho

w
uj

à 
od

le
-

g∏
oÊ

ç 
(U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e
ce

ch
y 

pr
zy

st
aw

an
ia

 t
ró

jk
àt

ów
 d

o
pr

os
ty

ch
 z

ad
aƒ

 n
a 

do
w

od
ze

ni
e 

(U
P

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
ot

rz
ym

uj
e

ob
ra

zy
 ty

po
w

yc
h 

fig
ur

 g
eo

m
et

ry
cz

-
ny

ch
 w

iz
om

et
rii

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ry

su
je

 o
br

az
 fi

gu
ry

 w
sy

m
et

rii
 o

si
ow

ej
 (U

P
);

–
ko

ns
tr

uu
je

 o
br

az
 p

un
kt

u,
 o

br
az

 o
kr

´g
u,

w
ie

lo
kà

ta
 w

sy
m

et
rii

 o
si

ow
ej

 (U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
w

sk
az

uj
e 

fig
ur

´ 
m

aj
àc

à 
oÊ

 s
ym

et
rii

 (U
P

);
–

po
da

je
pr

zy
k∏

ad
y 

fig
ur

 o
si

ow
o 

sy
m

et
ry

cz
-

ny
ch

 (U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zp
oz

na
je

 s
ym

et
ri´

 Ê
ro

dk
ow

à 
(U

P
);

–
pr

ze
ks

zt
a∏

ca
 fi

gu
r´

 p
rz

ez
 s

ym
et

ri´
 Ê

ro
dk

o-
w

à 
ir

ys
uj

e 
ob

ra
z 

te
j f

ig
ur

y 
(U

P
P

).

B
ad

a,
 c

zy
m

 je
st

 iz
om

et
ria

 m
aj

àc
a 

dw
a

pu
nk

ty
 

st
a∏

e 
(p

od
aj

e 
m

od
el

 
ta

ki
eg

o
pr

ze
ks

zt
a∏

ce
ni

a)
 i

cz
ym

 je
st

, g
dy

 m
a 

tr
zy

ni
ew

sp
ó∏

lin
io

w
e 

pu
nk

ty
 

st
a∏

e;
 

sk
∏a

da
i

od
w

ra
ca

 i
zo

m
et

rie
, 

de
fin

iu
je

 p
rz

ys
ta

-
w

an
ie

 fi
gu

r i
ba

da
, j

ak
ie

 w
∏a

sn
oÊ

ci
 m

a 
ta

re
la

cj
a.

Fo
rm

u∏
uj

e 
ce

ch
y 

pr
zy

st
aw

an
ia

 t
ró

jk
à-

tó
w

, n
aw

ià
zu

jà
c 

do
 tw

ie
rd

ze
ni

a 
o

st
ru

k-
tu

rz
e 

iz
om

et
rii

 (
w

ar
to

 o
ty

m
 tw

ie
rd

ze
ni

u
ch

oc
ia

˝ 
w

sp
om

ni
eç

),
 d

ow
od

zi
 i

nn
yc

h
tw

ie
rd

ze
ƒ 

z
za

st
os

ow
an

ie
m

 c
ec

h 
pr

zy
-

st
aw

an
ia

 tr
ój

kà
tó

w
.

B
ad

a 
ob

ra
zy

 t
yp

ow
yc

h 
fig

ur
 g

eo
m

e-
tr

yc
zn

yc
h 

w
iz

om
et

rii
.

O
m

aw
ia

 w
∏a

sn
oÊ

ci
 s

ym
et

rii
 o

si
ow

ej
; b

a-
da

jà
c 

jà
, 

zw
ra

ca
 u

w
ag

´ 
na

 r
ys

ow
an

ie
ob

ra
zó

w
 fi

g
ur

 w
sy

m
et

rii
; 

na
w

ià
zu

je
 d

o
„o

db
ic

ia
 l

us
tr

za
ne

g
o”

 (
w

ar
to

 t
e˝

 o
m

ó-
w

iç
 

sy
m

et
ri´

 
w

zg
l´

de
m

 
os

i 
uk

∏a
du

w
sp

ó∏
rz

´d
ny

ch
).

P
od

aj
e 

pr
zy

k∏
ad

y 
fig

ur
 m

aj
àc

yc
h 

oÊ
 s

y-
m

et
rii

 (
z

ró
˝n

yc
h 

dz
ie

dz
in

, 
ta

k˝
e 

w
ar

-
ch

ite
kt

ur
ze

, s
zt

uc
e 

m
al

ar
sk

ie
j).

D
ef

in
iu

je
 s

ym
et

ri´
 Ê

ro
dk

ow
à 

i
ba

da
 j

ej
w

∏a
sn

oÊ
ci

, 
zw

ra
ca

 u
w

ag
´ 

na
 r

ys
ow

an
ie

ob
ra

zó
w

 fi
gu

r w
sy

m
et

rii
 Ê

ro
dk

ow
ej

, o
m

a-
w

ia
 t

ak
˝e

 s
ym

et
ri´

 w
zg

l´
de

m
 p

oc
zà

tk
u

uk
∏a

du
 

w
sp

ó∏
rz

´d
ny

ch
 

or
az

 
w

zg
l´

de
m

do
w

ol
ne

go
 p

un
kt

u 
w

ty
m

 u
k∏

ad
zi

e.
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8.
Â

ro
de

k 
sy

m
et

rii
 f

ig
ur

y,
 f

ig
ur

y
Êr

od
ko

w
o 

sy
m

et
ry

cz
ne

9.
O

br
ót

 p
∏a

sz
cz

yz
ny

10
.

Tr
an

sl
ac

ja
 p

∏a
sz

cz
yz

ny

11
.

S
k∏

ad
an

ie
 s

ym
et

rii
 o

si
ow

yc
h

12
.

M
et

od
a 

pr
ze

ks
zt

a∏
ce

ƒ 
ge

om
e-

tr
yc

zn
yc

h 
w

za
da

ni
ac

h

13
.

Je
dn

ok
∏a

dn
oÊ

ç 
p∏

as
zc

zy
zn

y

D
ef

in
ic

ja
 Ê

ro
dk

a 
sy

m
et

rii
 f

ig
ur

y,
 f

ig
ur

y
Êr

od
ko

w
o 

sy
m

et
ry

cz
ne

j, 
pr

zy
k∏

ad
y 

fig
ur

Êr
od

ko
w

o 
sy

m
et

ry
cz

ny
ch

.

K
àt

 s
ki

er
ow

an
y,

 o
br

ót
 p

∏a
sz

cz
yz

ny
 w

o-
kó

∏ u
st

al
on

eg
o 

je
j p

un
kt

u,
 s

k∏
ad

an
ie

 o
b-

ro
tó

w
 w

ok
ó∏

 te
go

 s
am

eg
o 

pu
nk

tu
.

D
ef

in
ic

ja
 tr

an
sl

ac
ji,

 w
∏a

sn
oÊ

ci
 tr

an
sl

ac
ji,

w
zó

r a
na

lit
yc

zn
y 

na
 tr

an
sl

ac
j´

.

S
k∏

ad
an

ie
 

dw
óc

h 
sy

m
et

rii
 

os
io

w
yc

h
ib

ad
an

ie
, c

zy
m

 je
st

 to
 z

∏o
˝e

ni
e.

Za
st

os
ow

an
ie

 s
ym

et
rii

 o
si

ow
ej

, s
ym

et
rii

Êr
od

ko
w

ej
 o

br
ot

u 
it

ra
ns

la
cj

i d
o 

za
da

ƒ
ko

ns
tr

uk
cy

jn
yc

h 
in

a 
do

w
od

ze
ni

e.

D
ef

in
ic

ja
 j

ed
no

k∏
ad

no
Êc

i, 
ob

ra
zy

 f
ig

ur
w

je
dn

ok
∏a

dn
oÊ

ci
, s

k∏
ad

an
ie

 je
dn

ok
∏a

d-
no

Êc
i 

o
w

sp
ól

ny
m

 Ê
ro

dk
u,

 j
ed

no
k∏

ad
-

no
Êç

 w
e 

w
sp

ó∏
rz

´d
ny

ch
 k

ar
te

zj
aƒ

sk
ic

h.

U
m

ie
j´

tn
oÊ

ci
:

–
w

sk
az

uj
e 

fig
ur

´ 
m

aj
àc

à 
Êr

od
ek

 s
ym

et
rii

 (U
P

);
–

po
da

je
 p

rz
yk

∏a
dy

 f
ig

ur
 Ê

ro
dk

ow
o 

sy
m

e-
tr

yc
zn

yc
h 

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
om

aw
ia

 o
br

ót
 i

je
go

 w
∏a

sn
oÊ

ci
(U

P
);

–
w

yj
aÊ

ni
a 

po
j´

ci
e 

kà
ta

 s
ki

er
ow

an
eg

o
(U

P
);

–
sk

∏a
da

 o
br

ot
y 

w
ok

ó∏
 t

eg
o 

sa
m

eg
o 

pu
nk

tu
(U

P
P

);
–

ba
da

 o
br

az
y 

fig
ur

 w
ob

ro
ci

e
(U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
zn

aj
du

je
 o

br
az

 fi
gu

ry
 w

tra
ns

la
cj

i(
U

P
);

–
po

da
je

 w
sp

ó∏
rz

´d
ne

 o
br

az
u 

pu
nk

tu
 w

tra
ns

-
la

cj
i (

U
P

);
–

po
da

je
 w

sp
ó∏

rz
´d

ne
 w

ek
to

ra
 tr

an
sl

ac
ji,

 m
a-

jà
c 

w
sp

ó∏
rz

´d
ne

 
pu

nk
tu

 
i

je
g

o 
ob

ra
zu

w
tr

an
sl

ac
ji 

(U
P

).

W
ia

do
m

oÊ
ci

:
–

w
yj

aÊ
ni

a,
 c

zy
m

 je
st

 z
∏o

˝e
ni

e 
dw

óc
h 

sy
m

e-
tr

ii 
os

io
w

yc
h 

w
za

le
˝n

oÊ
ci

 o
d 

ko
nf

ig
ur

ac
ji

os
i (

W
P

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e 
w

∏a
sn

oÊ
ci

 p
rz

ek
sz

ta
∏c

eƒ
 iz

om
et

ry
cz

-
ny

ch
 w

za
da

ni
ac

h 
ko

ns
tru

kc
yj

ny
ch

 (U
P

)i
na

do
w

od
ze

ni
e 

(U
P

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
ry

su
je

 o
br

az
 f

ig
ur

y 
w

je
dn

ok
∏a

dn
oÊ

ci
 (

od
-

ci
nk

a,
 k

àt
a,

 w
ie

lo
kà

ta
, o

kr
´g

u)
 (U

P
);

–
od

na
jd

uj
e 

ni
ez

m
ie

nn
ik

i je
dn

ok
∏a

dn
oÊ

ci
(U

P
P

);
–

zn
aj

du
je

 w
sp

ó∏
rz

´d
ne

 o
br

az
u 

pu
nk

tu
, m

a-
jà

c 
w

sp
ó∏

rz
´d

ne
 p

un
kt

u 
i

Êr
od

ka
 j

ed
no

-
k∏

ad
no

Êc
i (

U
P

).

P
od

aj
e 

pr
zy

k∏
ad

y 
fig

ur
 m

aj
àc

yc
h 

Êr
od

ek
sy

m
et

rii
 (p

oc
ho

dz
àc

yc
h 

z
ró

˝n
yc

h 
dz

ie
-

dz
in

, n
p.

 w
ar

ch
ite

kt
ur

ze
, s

zt
uc

e 
m

al
ar

-
sk

ie
j).

O
m

aw
ia

 
po

j´
ci

e 
kà

ta
 

sk
ie

ro
w

an
eg

o
or

az
 d

zi
a∏

an
ia

 n
a 

kà
ta

ch
 s

ki
er

ow
an

yc
h

(n
aw

ià
zu

jà
c 

do
 p

oj
´c

ia
 w

ek
to

ra
 i

dz
ia

∏a
ƒ

do
da

w
an

ia
 i

od
ej

m
ow

an
ia

 w
ek

to
ró

w
 –

w
ar

to
 p

od
kr

eÊ
liç

 p
ew

ne
 a

na
lo

gi
e)

, d
ef

i-
ni

uj
e 

ob
ró

t p
∏a

sz
cz

yz
ny

 i
ba

da
 je

go
 w

∏a
-

sn
oÊ

ci
.

N
aw

ià
zu

je
 d

o 
po

j´
ci

a 
w

ek
to

ra
 i

w
ek

to
ra

sw
ob

od
ne

g
o,

 o
kr

eÊ
la

 t
ra

ns
la

cj
´ 

p∏
as

z-
cz

yz
ny

 o
ra

z 
ba

da
 je

j w
∏a

sn
oÊ

ci
, 

ry
su

je
ob

ra
zy

 fi
gu

r w
tr

an
sl

ac
ji.

B
ad

a 
z∏

o˝
en

ie
 d

w
óc

h 
sy

m
et

rii
 o

si
ow

yc
h

na
jp

ie
rw

 g
ra

fic
zn

ie
, 

po
 c

zy
m

 p
rz

ec
ho

dz
i

do
 f

or
m

al
ny

ch
 d

ow
od

ów
 i

fa
kt

ów
 o

trz
y-

m
an

yc
h 

na
 d

ro
dz

e 
em

pi
ry

cz
ne

j.

R
oz

w
ià

zu
je

 
ro

zm
ai

te
 

za
da

ni
a,

 
w

ty
m

o
ch

ar
ak

te
rz

e 
pr

ak
ty

cz
ny

m
 (

np
. 

w
yb

ór
m

ie
js

ca
 p

od
 b

ud
ow

´ 
m

os
tu

 p
rz

ez
 rz

ek
´,

ta
k 

ab
y 

ot
rz

ym
aç

 n
aj

kr
ót

sz
à 

dr
og

´ 
z

je
d-

ne
go

 m
ia

st
a 

do
 d

ru
gi

eg
o)

.

W
pr

ow
ad

za
jà

c 
po

j´
ci

e 
je

dn
ok

∏a
dn

oÊ
ci

,
po

da
je

 je
 ja

ko
 p

rz
yk

∏a
d 

pr
ze

ks
zt

a∏
ce

ni
a,

kt
ór

e 
ni

e 
je

st
 iz

om
et

rià
. 

Z
w

ra
ca

 u
w

ag
´

na
 p

od
st

aw
ow

y 
ni

ez
m

ie
nn

ik
, j

ak
im

 je
st

w
sp

ó∏
lin

io
w

oÊ
ç 

pu
nk

tó
w

 i
st

os
un

ek
 d

∏u
-

go
Êc

i o
dc

in
kó

w
. 



41

14
.

Fi
gu

ry
 je

dn
ok

∏a
dn

e

15
.

P
od

ob
ie

ƒs
tw

o

16
.

P
od

ob
ie

ƒs
tw

o 
fig

ur
, c

ec
hy

 p
o-

do
bi

eƒ
st

w
a 

tr
ój

kà
tó

w
 

17
.

Za
st

os
ow

an
ie

 je
dn

ok
∏a

dn
oÊ

ci
ip

od
ob

ie
ƒs

tw
a

D
ef

in
ic

ja
 je

dn
ok

∏a
dn

oÊ
ci

 fi
gu

r i
w

∏a
sn

oÊ
ci

te
j r

el
ac

ji,
 p

rz
yk

∏a
dy

 fi
gu

r j
ed

no
k∏

ad
ny

ch
.

D
ef

in
ic

ja
 i

w
∏a

sn
oÊ

ci
 p

od
ob

ie
ƒs

tw
a.

P
od

ob
ie

ƒs
tw

o 
fig

ur
 i

je
g

o 
w

∏a
sn

oÊ
ci

.
P

od
ob

ie
ƒs

tw
o 

tr
ój

kà
tó

w
. P

od
ob

ie
ƒs

tw
a

w
ie

lo
kà

tó
w

. 
S

to
su

ne
k 

pó
l f

ig
ur

 p
od

ob
-

ny
ch

. T
w

ie
rd

ze
ni

e 
Ta

le
sa

 i
je

go
 z

w
ià

ze
k

z
po

do
bi

eƒ
st

w
em

.

Z
as

to
so

w
an

ie
 j

ed
no

k∏
ad

no
Êc

i 
i

po
do

-
bi

eƒ
st

w
a 

do
: 

za
da

ƒ 
ko

ns
tr

uk
cy

jn
yc

h,
za

da
ƒ 

na
 d

ow
od

ze
ni

e,
 z

ad
aƒ

 n
a 

ob
li-

cz
an

ie
 w

ie
lk

oÊ
ci

 g
eo

m
et

ry
cz

ny
ch

.

U
m

ie
j´

tn
oÊ

ci
:

–
po

da
je

 p
rz

yk
∏a

dy
 fi

gu
r j

ed
no

k∏
ad

ny
ch

(U
P

);
–

ko
ns

tr
uu

je
 

Êr
od

ki
 

je
dn

ok
∏a

dn
oÊ

ci
 

pa
ry

ok
r´

gó
w

 (U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zp
oz

na
je

 fi
gu

ry
 p

od
ob

ne
 (U

P
);

–
ry

su
je

 fi
gu

ry
 p

od
ob

ne
 (U

P
);

–
ok

re
Êl

a 
w

∏a
sn

oÊ
ci

 fi
gu

r p
od

ob
ny

ch
 (U

P
);

–
po

da
je

 p
rz

yk
∏a

dy
 p

od
ob

ie
ƒs

tw
 (U

P
).

W
ia

do
m

oÊ
ci

:
–

ok
re

Êl
a 

po
do

bi
eƒ

st
w

o 
tró

jk
àt

ów
 i 

w
ie

lo
kà

tó
w

(W
P

).
U

m
ie

j´
tn

oÊ
ci

:
–

w
sk

az
uj

e 
fig

ur
y 

po
do

bn
e 

(U
P

);
–

ob
lic

za
 p

ol
a 

ob
ra

zó
w

 w
ie

lo
kà

tó
w

 w
po

do
-

bi
eƒ

st
w

ie
 (U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
st

os
uj

e 
zd

ob
yt

e 
w

ia
do

m
oÊ

ci
 

(w
∏a

sn
oÊ

ci
je

dn
ok

∏a
dn

oÊ
ci

 i
po

do
bi

eƒ
st

w
a,

 a
ta

k˝
e 

ce
-

ch
y 

po
do

bi
eƒ

st
w

a 
tr

ój
kà

tó
w

) 
ni

e 
ty

lk
o 

do
za

ga
dn

ie
ƒ 

te
or

et
yc

zn
yc

h 
(U

P
P

),
 a

le
 i

pr
ak

-
ty

cz
ny

ch
 (U

P
).

Z
w

ra
ca

 u
w

ag
´ 

na
 k

on
st

ru
kc

j´
 Ê

ro
dk

ów
je

dn
ok

∏a
dn

oÊ
ci

 
fig

ur
 

je
dn

ok
∏a

dn
yc

h
(o

dc
in

kó
w

, w
ie

lo
kà

tó
w

, o
kr

´g
ów

).

Zw
ra

ca
 u

w
ag

´ 
na

 t
o,

 ˝
e 

po
do

bi
eƒ

st
w

o
je

st
 

uo
gó

ln
ie

ni
em

 
zn

an
yc

h 
ju

˝ 
pr

ze
-

ks
zt

a∏
ce

ƒ:
 iz

om
et

rii
 i

je
dn

ok
∏a

dn
oÊ

ci
.

S
ta

ra
 

si
´,

 
ab

y 
uc

zn
io

w
ie

 
na

by
li 

do
-

Êw
ia

dc
ze

ni
a 

w
za

kr
es

ie
 

st
os

ow
an

ia
zd

ob
yt

ej
 w

ie
dz

y 
i

um
ie

j´
tn

oÊ
ci

 t
ak

˝e
w

sy
tu

ac
ja

ch
 p

ra
kt

yc
zn

yc
h 

(p
ow

i´
ks

za
-

ni
e,

 z
m

ni
ej

sz
an

ie
 fi

gu
r)

.

R
oz

w
ià

zu
je

 ja
k 

na
jw

i´
ce

j r
oz

m
ai

ty
ch

 z
a-

da
ƒ,

 p
ok

az
uj

àc
 p

rz
yd

at
no

Êç
 z

do
by

te
j

w
ie

dz
y 

iu
m

ie
j´

tn
oÊ

ci
.

KK
llaa

ssaa
  IIII

II

A
L

G
E

B
R

A H
as

∏o
R

ea
liz

ow
an

e 
tr

eÊ
ci

C
el

e 
ks

zt
a∏

ce
ni

a 
i o

si
àg

ni
´c

ia
 u

cz
ni

a
U

C
ZE

¡
:

P
ro

ce
d

ur
y 

os
ià

g
an

ia
 c

el
ów

N
A

U
C

ZY
C

IE
L:

1.
P

ot
´g

a 
o

w
yk

∏a
dn

ik
u 

ca
∏k

ow
i-

ty
m

P
rz

yp
om

ni
en

ie
 w

ia
do

m
oÊ

ci
 o

po
t´

dz
e

o
w

yk
∏a

dn
ik

u 
ca

∏k
ow

ity
m

: 
de

fin
ic

ja
 p

o-
t´

gi
 o

w
yk

∏a
dn

ik
u 

na
tu

ra
ln

ym
 i

ca
∏k

ow
i-

ty
m

, d
zi

a∏
an

ia
 n

a 
po

t´
ga

ch
. 

W
ia

do
m

oÊ
ci

;
–

po
da

je
 p

oj
´c

ie
 p

ot
´g

i 
lic

zb
y 

rz
ec

zy
w

is
te

j
o

w
yk

∏a
dn

ik
u 

ca
∏k

ow
ity

m
 (W

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
w

yk
on

uj
e 

dz
ia

∏a
ni

a 
na

 ty
ch

 p
ot

´g
ac

h 
(U

P
).

P
rz

yp
om

in
a 

w
ia

do
m

oÊ
ci

 
o

po
t´

dz
e

z
kl

as
y 

pi
er

w
sz

ej
, w

yk
on

uj
e 

ja
k 

na
jw

i´
-

ce
j ç

w
ic

ze
ƒ 

w
dz

ia
∏a

ni
ac

h 
na

 p
ot

´g
ac

h.
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2.
P

ot
´g

a 
o

w
yk

∏a
dn

ik
u 

w
ym

ie
r-

ny
m

3.
D

zi
a∏

an
ia

 n
a 

po
t´

g
ac

h 
o

w
y-

k∏
ad

ni
ku

 w
ym

ie
rn

ym

4.
Fu

nk
cj

a 
po

t´
g

ow
a 

o
w

yk
∏a

d-
ni

ku
 w

ym
ie

rn
ym

5.
R

ów
na

ni
a 

in
ie

ró
w

no
Êc

i p
ot

´-
go

w
e 

6.
Fu

nk
cj

a 
w

yk
∏a

dn
ic

za
, 

je
j 

w
∏a

-
sn

oÊ
ci

 i
w

yk
re

s

7.
R

ów
na

ni
a 

i
ni

er
ów

no
Êc

i 
w

y-
k∏

ad
ni

cz
e

8.
Lo

ga
ry

tm
y 

ii
ch

 w
∏a

sn
oÊ

ci

P
rz

yp
om

ni
en

ie
 w

ia
do

m
oÊ

ci
 o

pi
er

w
ia

st
-

ko
w

an
iu

 l
ic

zb
 r

ze
cz

yw
is

ty
ch

 i
dz

ia
∏a

-
ni

ac
h 

na
 p

ie
rw

ia
st

ka
ch

; 
po

t´
g

a 
lic

zb
y

rz
ec

zy
w

is
te

j 
o

w
yk

∏a
dn

ik
u 

w
ym

ie
rn

ym
id

zi
a∏

an
ia

 n
a 

ty
ch

 p
ot

´g
ac

h.

D
zi

a∏
an

ia
 ∏à

cz
ne

 n
a 

po
t´

ga
ch

, p
or

ów
ny

-
w

an
ie

 p
ot

´g
.

P
rz

yk
∏a

dy
 fu

nk
cj

i p
ot

´g
ow

yc
h 

o
w

yk
∏a

d-
ni

ku
: n

at
ur

al
ny

m
, c

a∏
ko

w
ity

m
, u

je
m

ny
m

,
w

ym
ie

rn
ym

 p
os

ta
ci

 1
/n

, 
ic

h 
w

∏a
sn

oÊ
ci

iw
yk

re
s.

O
kr

eÊ
la

ni
e 

ró
w

na
ni

a 
po

t´
go

w
eg

o 
in

ie
-

ró
w

no
Êc

i 
po

t´
g

ow
ej

, 
pr

os
te

 p
rz

yk
∏a

dy
ta

ki
ch

 ró
w

na
ƒ 

in
ie

ró
w

no
Êc

i.

D
ef

in
ic

ja
 f

un
kc

ji 
w

yk
∏a

dn
ic

ze
j, 

je
j 

dz
ie

-
dz

in
a,

 w
yk

re
s 

iw
∏a

sn
oÊ

ci
.

O
kr

eÊ
le

ni
e 

ró
w

na
ni

a 
w

yk
∏a

dn
ic

ze
g

o
in

ie
ró

w
no

Êc
i w

yk
∏a

dn
ic

ze
j, 

ro
zw

ià
zy

w
a-

ni
e 

ró
w

na
ƒ 

i
ni

er
ów

no
Êc

i 
w

yk
∏a

dn
i-

cz
yc

h.

D
ef

in
ic

ja
 lo

g
ar

yt
m

u,
 w

∏a
sn

oÊ
ci

 lo
g

ar
yt

-
m

ów
, l

og
ar

yt
m

ow
an

ie
 w

yr
a˝

eƒ
.

U
m

ie
j´

tn
oÊ

ci
:

–
po

dn
os

i d
o 

po
t´

gi
 w

ym
ie

rn
ej

 li
cz

b´
 rz

ec
zy

-
w

is
tà

 (U
P

);
–

w
yk

on
uj

e 
dz

ia
∏a

ni
a 

na
 p

ot
´g

ac
h 

o
w

yk
∏a

d-
ni

ku
 w

ym
ie

rn
ym

 (U
P

);
–

po
ró

w
nu

je
 p

ot
´g

i o
w

yk
∏a

dn
ik

u 
w

ym
ie

rn
ym

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
os

ià
ga

 w
pr

aw
´ 

w
dz

ia
∏a

ni
ac

h 
na

 p
ot

´g
ac

h
ii

ch
 p

or
ów

ny
w

an
iu

 (U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
sp

or
zà

dz
a 

w
yk

re
sy

 p
ro

st
yc

h 
fu

nk
cj

i 
po

t´
-

go
w

yc
h 

(U
P

);
–

od
cz

yt
uj

e 
w

∏a
sn

oÊ
ci

 f
un

kc
ji 

 p
ot

´g
ow

yc
h

z
w

yk
re

só
w

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zw
ià

zu
je

 p
ro

st
e 

ró
w

na
ni

a 
i

ni
er

ów
no

Êc
i

po
t´

go
w

e 
(U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
sp

or
zà

dz
a 

w
yk

re
sy

 f
un

kc
ji 

w
yk

∏a
dn

ic
zy

ch
(U

P
);

–
od

cz
yt

uj
e 

z 
vw

yk
re

só
w

 w
∏a

sn
oÊ

ci
 fu

nk
cj

i w
y-

k∏
ad

ni
cz

yc
h 

(m
ie

js
ca

 z
er

ow
e,

 ró
˝n

ow
ar

to
Êc

io
-

w
oÊ

ç,
 m

on
ot

on
ic

zn
oÊ

ç,
 z

bi
ór

 w
ar

to
Êc

i) 
(U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zw
ià

zu
je

 p
ro

st
e 

ró
w

na
ni

a 
i

ni
er

ów
no

Êc
i

w
yk

∏a
dn

ic
ze

 (U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
w

yk
on

uj
e 

po
ds

ta
w

ow
e 

ob
lic

ze
ni

a 
pr

zy
 u

˝y
-

ci
u 

lo
ga

ry
tm

ów
 (U

P
).

P
rz

yp
om

in
a 

po
j´

ci
e 

pi
er

w
ia

st
ka

 a
ry

tm
e-

ty
cz

ne
g

o 
lic

zb
y 

ni
eu

je
m

ne
j 

or
az

 j
eg

o
w

∏a
sn

oÊ
ci

, 
a

na
st

´p
ni

e 
ro

zs
ze

rz
a 

po
j´

-
ci

e 
po

t´
g

i o
ra

z 
ba

da
 w

∏a
sn

oÊ
ci

 d
zi

a∏
aƒ

na
 p

ot
´g

ac
h 

o
w

yk
∏a

dn
ik
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∏a
sn

oÊ
ci

 fu
nk

cj
i l

o-
ga

ry
tm

ic
zn

yc
h 

(U
P

).

U
m

ie
j´

tn
oÊ
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 c
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o∏
a)

ip
ro

m
ie

ƒ
(U

P
);

–
za

pi
su

je
 

ró
w

na
ni

e 
(n

ie
ró

w
no

Êç
) 

ok
r´

g
u

(k
o∏

a)
, 

m
aj

àc
 w

sp
ó∏

rz
´d

ne
 Ê

ro
dk

a 
i

pr
o-

m
ie

ƒ
(U

P
);

–
ro

zs
tr

zy
g

a,
 c

zy
 d

an
y 

pu
nk

t l
e˝

y 
w

ew
nà

tr
z,

na
 b

rz
eg

u 
cz

y 
na

 z
ew

nà
tr

z 
ko

∏a
(U

P
).

W
yp

ro
w

ad
za

 w
zó

r 
na

 o
dl

eg
∏o

Êç
 d

w
óc

h
pu

nk
tó

w
, k

or
zy

st
aj

àc
 z

tw
ie

rd
ze

ni
a 

P
ita

-
g

or
as

a,
 r

oz
w

ià
zu

je
 ja

k 
na

jw
i´

ce
j z

ad
aƒ

iç
w

ic
ze

ƒ 
z

za
st

os
ow

an
ie

m
 te

go
 w

zo
ru

.

W
yp

ro
w

ad
za

 
ró

w
na

ni
e 

(n
ie

ró
w

no
Êç

)
ok

r´
g

u 
(k

o∏
a)

 o
ra

z 
ro

zw
ià

zu
je

 j
ak

 n
aj

-
w

i´
ce

j z
ad

aƒ
 z

ty
m

 z
w

ià
za

ny
ch

.



44

ST
E

R
E

O
M

E
T

R
IA

3.
P

ro
st

a 
na

 p
∏a

sz
cz

yê
ni

e 
ka

rt
e-

zj
aƒ

sk
ie

j

4.
P

ro
st

op
ad

∏o
Êç

 i
ró

w
no

le
g∏

oÊ
ç

dw
óc

h 
pr

os
ty

ch
 n

a 
p∏

as
zc

zy
ê-

ni
e 

ka
rt

ez
ja

ƒs
ki

ej

5.
O

dl
eg

∏o
Êç

 p
un

kt
u 

od
 p

ro
st

ej

6.
P

ro
st

a 
io

kr
àg

 n
a 

p∏
as

zc
zy

ên
ie

ka
rt

ez
ja

ƒs
ki

ej

7.
N

ie
ró

w
no

Êç
 

op
is

uj
àc

a 
pó

∏-
p∏

as
zc

zy
zn

´

R
ó˝

ne
 p

os
ta

ci
 ró

w
na

ni
a 

pr
os

te
j: 

og
ól

na
,

ki
er

un
ko

w
a,

 o
dc

in
ko

w
a.

W
ar

un
ki

 p
ro

st
op

ad
∏o

Êc
i i

ró
w

no
le

g∏
oÊ

ci
pr

os
ty

ch
 o

ró
w

na
ni

ac
h:

 o
g

ól
ny

ch
, 

ki
e-

ru
nk

ow
yc

h.

W
zó

r 
na

 o
dl

eg
∏o

Êç
 p

un
kt

u 
od

 p
ro

st
ej

o
ró

w
na

ni
u 

og
ól

ny
m

.

Za
da

ni
a 

z
ge

om
et

rii
 a

na
lit

yc
zn

ej
 z

w
ià

za
-

ne
 z

pr
os

tà
 i

ok
r´

gi
em

.

Ilu
st

ra
cj

a 
g

eo
m

et
ry

cz
na

 n
ie

ró
w

no
Êc

i l
i-

ni
ow

ej
 z

dw
ie

m
a 

ni
ew

ia
do

m
ym

i.

U
m

ie
j´

tn
oÊ

ci
:

–
za

pi
su

je
 r

ów
na

ni
e 

pr
os

te
j, 

m
aj

àc
 d
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 d
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 d

o 
si

eb
ie

,
pr

os
to

pa
d∏

yc
h,

 r
ów

no
le

g∏
yc

h 
lu

b 
po

kr
yw

a-
jà

cy
ch

 s
i´

(U
P

).

U
m

ie
j´

tn
oÊ
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Êç

.

K
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y 
na

ch
yl

en
ia

: Ê
ci

an
y 

bo
cz

ne
j; 

kr
aw

´-
dz

i b
oc

zn
ej

 d
o 

p∏
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zc
zy

zn
y 

po
ds

ta
w
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kà

t 
m

i´
dz

y 
w

ys
ok

oÊ
ci
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Êc
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bo
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-
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ra

w
´d

zi
e 

sk
oÊ

ne
 c

zw
or

oÊ
ci

an
u,

pr
ze

kà
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e 
sk

oÊ
ne

.

Po
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ci
e 

br
y∏

y 
ob

ro
to

w
ej
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pr

zy
k∏

ad
y 

ta
ki

ch
br

y∏
: 

w
al
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, 

st
o˝

ek
, 
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la
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w
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ry

 n
a 

ic
h

ob
j´

to
Êç

 i
po

le
 p

ow
ie

rz
ch

ni
 c
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ko

w
ite

j.

S
ia

tk
i 

g
ra

ni
as

to
s∏

up
ów
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os

tr
os

∏u
pó

w
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br
y∏

 o
br

ot
ow

yc
h.

Za
da

ni
a 

na
: o

bl
ic

za
ni

e 
ob

j´
to

Êc
i i

pó
l p
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w

ie
rz

ch
ni
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∏k
ow
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ch
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ch

 
br
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w
yz

na
cz

an
ie

 m
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r 
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tó
w
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hy
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tó
w

 d
w

uÊ
ci

en
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ch
 it
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; d

ow
od

ze
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e 
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st

yc
h 
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le
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oÊ

ci
 m
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dz

y 
el

em
en

ta
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i b
ry
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W
ia

do
m

oÊ
ci

:
–

de
fin

iu
je

 p
oj

´c
ie
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st

ro
s∏

up
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P
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U
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ie
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tn

oÊ
ci

:
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ro
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oz
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je
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ro
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∏o
w
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P
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ob

lic
za

 o
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oÊ

ç 
ip

ol
e 

po
w

ie
rz

ch
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 c
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-
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j o
st

ro
s∏

up
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(U
P
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–
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lic

za
 o
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ç 
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s∏
up
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go
(U

P
P

).

U
m

ie
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ci
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i
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i; 
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ty

 d
w

uÊ
ci
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ne

 Ê
ci

an
y 

bo
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-
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j i
po
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ta

w
y 

or
az

 Ê
ci
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P
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).

W
ia

do
m

oÊ
ci

:
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ro
zp

oz
na

je
 b

ry
∏y

 o
br

ot
ow

e 
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P
).

U
m

ie
j´

tn
oÊ

ci
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–
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lic
za

 o
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´t
oÊ

ç 
ip

ol
e 

po
w

ie
rz

ch
ni

 c
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ko
-
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ite

j b
ry

∏ o
br

ot
ow

yc
h 

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
w

yk
on

uj
e 
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at
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 b

ry
∏ (
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P
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–

ro
zp

oz
na

je
 b

ry
∏´
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a 

po
ds

ta
w

ie
 j

ej
 s

ia
tk

i
(U

P
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zw
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ó˝

ne
 p

ro
st

e 
za

da
ni
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ze
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te
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o-

m
et

rii
, 

po
s∏

ug
uj
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ie
dz
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z
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eo
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et

rii
p∏
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zc

zy
zn

y 
it

ry
go

no
m

et
rià

 (U
P

).
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oz

w
a˝
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ró

˝n
e 

ro
dz
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e 

os
tro

s∏
up

ów
; 

ry
-

su
je

 ic
h 

m
od

el
e;

 o
m

aw
ia

 w
ys

ok
oÊ

ç 
os
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-

s∏
up
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ad
aj

àc
, 
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zi

e 
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je
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i´
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eg
o
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od

ek
; 

w
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ro
w

ad
za

 w
zó

r 
na

 o
bj

´t
oÊ

ç
os

tro
s∏

up
a 

Êc
i´

te
go

, k
or

zy
st

aj
àc

 z
e 

w
zo

ru
na

 o
bj

´t
oÊ

ç 
os

tro
s∏

up
a.

B
ad

a 
po

∏o
˝e

ni
e 

kr
aw

´d
zi

 i
Êc
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n 
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an
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-
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os

∏u
pó

w
 o

ra
z 

os
tr
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∏u

pó
w

 n
a 

m
od

e-
la

ch
 ty

ch
 b

ry
∏, 

a
ta

k˝
e 

na
 ic

h 
ry

su
nk
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h.

D
à˝

y 
do

 te
go

, a
by

 p
rz

y 
ob

lic
za

ni
u 

ob
j´

-
to

Êc
i 

i
pó

l 
po

w
ie

rz
ch

ni
 c

a∏
ko

w
ite

j 
br

y∏
uc

zn
io

w
ie

 s
to

so
w

al
i f

un
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je
 t

ry
go

no
m

e-
try

cz
ne

 i
el

em
en

ty
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eo
m

et
rii

 p
∏a

sz
cz

yz
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.

W
yk

on
uj

e 
çw

ic
ze

ni
a,

 k
tó

re
 p

ow
in

ny
 d

o-
pr

ow
ad

zi
ç 

do
 te

go
, a

by
 u

cz
ni

ow
ie

 p
ot

ra
fil

i
na

ry
so

w
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 s
ia
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´ 

od
po

w
ie
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ie

go
 m

od
el

u
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y∏
y 
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a 

po
ds

ta
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ie
 p

rz
ed
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aw
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ne

j s
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i

um
ie

li 
ro

zp
oz

na
ç 

br
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´ 
bà

dê
 s

tw
ie

rd
zi

ç,
 ̋

e
ni

e 
od

po
w
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da

 ̋
ad

ne
j z

po
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an
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br

y∏
.

W
ro

zw
ià

zy
w

an
iu

 z
ad
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 z

e 
st

er
eo
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et

rii
od

no
si

 s
i´

 d
o 
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k∏
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ów
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-
dz

ie
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eg
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 n
p.

 k
ub

at
ur

y 
bu

dy
nk

ów
, p
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je

m
no

Êc
i b

as
en

ów
 it
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d
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y 

os
ià

g
an

ia
 c
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A
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C
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L:

1.
P

oj
´c

ie
 s
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i, 
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rm

ut
ac

ji 
zb

io
ru

2.
S

ym
bo

l N
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to
na

3.
K

om
bi

na
cj

e 
iw

ar
ia

cj
e

4.
P

ro
st

e 
za

da
ni

a 
ko

m
bi

na
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-
ry

cz
ne

5.
Z

da
rz

en
ie

 e
le

m
en

ta
rn

e,
 z

da
-

rz
en

ie
 i

dz
ia

∏a
ni

a 
na

 z
da

rz
e-

ni
ac

h

6.
P

oj
´c

ie
 p

ra
w

do
po

do
bi

eƒ
st

w
a

ij
eg

o 
w

∏a
sn

oÊ
ci

D
ef

in
ic

ja
 s

iln
i, 

pe
rm

ut
ac

ji 
zb

io
ru

, l
ic

zb
a

pe
rm

ut
ac

ji 
zb

io
ru

.

O
kr

eÊ
le

ni
e 

sy
m

bo
lu

 N
ew

to
na

 o
ra

z 
do

w
o-

dz
en

ie
 je

go
 p

od
st

aw
ow

yc
h 

w
∏a

sn
oÊ

ci
. 

O
kr

eÊ
le

ni
e 

ko
m

bi
na

cj
i 

zb
io

ru
 o

ra
z 

w
a-

ria
cj

i z
po

w
tó

rz
en

ia
m

i i
be

z 
po

w
tó

rz
eƒ

.

R
oz

w
ià

zy
w

an
ie

 z
ad

aƒ
 z

w
ià

za
ny

ch
 z

po
-

j´
ci

am
i k

om
bi

na
to

ry
cz

ny
m

i.

J´
zy

k 
ra

ch
un

ku
 p

ra
w

do
po

do
bi

eƒ
st

w
a;

po
j´

ci
e 

zd
ar

ze
ni

a 
id

zi
a∏

an
ia

 n
a 

zd
ar
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-

ni
ac

h:
 k

on
iu

nk
cj
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lte
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at
yw
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ó˝
ni
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ar

ze
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e 
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ze
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w
ne
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o 
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.

P
oj

´c
ie

 c
z´

st
oÊ

ci
 z

da
rz

en
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je

j z
w

ià
ze

k
z

pr
aw

do
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do
bi

eƒ
st

w
em
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de

fin
ic

ja
pr

aw
do

po
do

bi
eƒ

st
w
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ij

eg
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w
∏a

sn
oÊ

ci
. 

U
m

ie
j´

tn
oÊ

ci
:

–
ob

lic
za

 i
pr

ze
ks

zt
a∏

ca
 w

yr
a˝

en
ia

 z
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ln
ià

 (U
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w
yz

na
cz

a 
pe

rm
ut

ac
je
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or
ów
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ic

h 
lic

zb
y

(U
P

).

U
m

ie
j´

tn
oÊ

ci
:

–
po

s∏
ug

uj
e 

si
´ 
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m

bo
le

m
 N

ew
to

na
(U
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.

W
ia

do
m

oÊ
ci

:
–

od
ró

˝n
ia

 w
ar

ia
cj

e 
z

po
w

tó
rz

en
ia

m
i i
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z 
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-

w
tó

rz
eƒ

 e
le

m
en

tó
w

 d
an
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o 
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io

ru
 (W

P)
;

–
od

ró
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om
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na
cj

e 
od
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cj
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W
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U
m

ie
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tn
oÊ

ci
:

–
w
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na

cz
a 
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m
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e 
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 s
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P
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w
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a 
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m
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i i
w
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U
m

ie
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tn
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ci
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ro
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W
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´z

yk
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ac
hu
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u 

pr
aw

do
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eƒ
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w
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).

U
m
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–
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je
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∏a
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 z
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.
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oÊ
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:
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de
fin
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 p
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eƒ
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–
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en
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oÊ

ci
 o

ra
z 

w
yk

on
uj

e 
çw

i-
cz

en
ia

 ra
ch

un
ko

w
e.

S
ta

ra
 s

i´
, 

ab
y 

uc
ze

ƒ 
zr

oz
um

ia
∏ 

no
w

e
po

j´
ci

a,
 u

m
ia
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.
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, d
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do
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9.
E

le
m
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so
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ze
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ro
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∏a
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eƒ
st

w
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 d

ef
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eƒ
st
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ch

pr
ob

ab
ili

st
yc

zn
yc

h.
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er
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je

, k
om
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z
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w
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be
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ne
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st
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ry
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 Ê
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do
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e.

U
m

ie
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tn
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ci
:
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az
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go
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.

U
m

ie
j´

tn
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:
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ro

zw
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zu
je
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aj
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ze
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an
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em
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st
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, d
w

ie
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st
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et
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 d
w
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m

a
m
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et
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i, 
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 i

m
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et
à)
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za

st
os

ow
a-

ni
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 k
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sy
cz

ne
j d

ef
in

ic
ji 

pr
aw

do
po

do
bi

eƒ
-

st
w
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 (U

P
).

U
m

ie
j´

tn
oÊ

ci
:

–
ro

zw
ià

zu
je

 z
ad

an
ia
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ra

ch
un
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 p

ra
w

do
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-
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bi
eƒ

st
w

a 
z

za
st

os
ow

an
ie
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m
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ry
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ic
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-
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ie
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oÊ
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e 

da
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z
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w
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 (U
P
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w
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 d
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e 
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 w
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m
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w
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 (U
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–
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ow
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Êc
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à 
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w
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P
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 Ê
re
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 d
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