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Vēsture

Iedomu vienı̄ba

Kompleksais skaitlis

Darbı̄bas ar kompleksiem skaitļiem
Saskaitı̄šana
Atņemšana
Reizināšana
Dalı̄šana

Algebras pamatteorēma

Komplekso skaitļu ǧeometriskā interpretācija



Kardano un Tartalja

Kardano un Tartalja risinot trešās un ceturtās kārtas
vienādojumus, ieguva izteiksmes, kur jārēķina kvadrātsakne no
negatı̄va skaitļa.



Grāmata Artis Magne



Iedomu vienı̄ba

x2 + 1 = 0

x2 = −1

i2 = −1

i =
√
−1 iedomātā vienı̄ba

Imaginaruss - iedomātais (latı̄ņu val.)

Imaginary unit - (angļu val.)



Iedomu vienı̄ba

x2 − 2x + 2 = 0

D = 4− 4 · 2 = −4

x1 =
−(−2) +

√
−4

2
=

2 +
√

4 · i2
2

=
2 + 2i

2
= 1 + i

x1 =
−(−2)−

√
−4

2
=

2−
√

4 · i2
2

=
2− 2i

2
= 1− i



Komlpeksais skaitlis

z = a + bi

Re(z) = a kompleksā skaitļa z reālā daļa
Im(z) = b kompleksā skaitļa z imaginārās daļas koeficients

z = Re(z) + Im(z)i

Ja b = 0, tad z = a ir reāls skaitlis.
Ja a = 0, tad z = bi ir ”tı̄ri” imaginārs skaitlis.



Saskaitı̄šana

z1 = 1 + 2i

z2 = 3 + 4i

z1 + z2 =

= (1 + 2i) + (3 + 4i) =

= 1 + 2i + 3 + 4i =

= 1 + 3 + (2 + 4)i =

= 4 + 6i



Saskaitı̄šana

z1 = a1 + b1i

z2 = a2 + b2i

z1 + z2 = (a1 + a2) + (b1 + b2)i



Saskaitı̄šana

Saskaitı̄t kompleksos skaitļus

(1 + 2i) + (1 + 2i) =

(1 + 2i) + (1− 2i) =

(2 + 4i) + (1− 3i) =



Saskaitı̄šana

(1 + 2i) + (1 + 2i) = 2 + 4i

(1 + 2i) + (1− 2i) = 2

(2 + 4i) + (1− 3i) = 3− i



Atņemšana

z1 = 1 + 2i

z2 = 3 + 4i

z1 − z2 =

= (1 + 2i)− (3 + 4i) =

= 1 + 2i − 3− 4i =

= 1− 3 + (2− 4)i =

= −2− 2i



Atņemšana

z1 = a1 + b1i

z2 = a2 + b2i

z1 − z2 = (a1 − a2) + (b1 − b2)i



Atņemšana

Atņemt kompleksos skaitļus

(1 + 2i)− (1 + 2i) =

(1 + 2i)− (1− 2i) =

(2 + 4i)− (1− 3i) =



Atņemšana

Atņemt kompleksos skaitļus

(1 + 2i)− (1 + 2i) = 0

(1 + 2i)− (1− 2i) = 4i

(2 + 4i)− (1− 3i) = 1 + 7i



Reizināšana

z1 = 1 + 2i

z2 = 3 + 4i

z1 · z2 =

= (1 + 2i) · (3 + 4i) =

= 1 · 3 + 1 · 4i + 2i · 3 + 2i · 4i =

= 1 · 3 + 2 · 4 · i2 + (1 ·+2 · 3)i =

= 3− 8 + (4 + 6)i =

= −5 + 10i



Reizināšana

z1 = a1 + b1i

z2 = a2 + b2i

z1 · z2 = (a1a2 − b1b2) + (a1b2 + b1a2)i



Reizināšana

(1 + 2i) · (1 + 2i) =

(1 + 2i) · (1− 2i) =

(2 + 4i) · (1− 3i) =



Reizināšana

(1 + 2i) · (1 + 2i) = (1 + 2i)2 = −3 + 4i

(1 + 2i) · (1− 2i) = 5

(2 + 4i) · (1− 3i) = 14− 2i



Imaginārās vienı̄bas naturālās pakāpes

i2 = −1

i3 = i2 · i = −1 · i = −i

i4 = (i2)2 = (−1)2 = 1

i5 = (i2)2 · i = (−1)2 · i = i

i6 = (i2)3 = (−1)3 = −1

i7 = (i2)3 · i = (−1)3 · i = −i



Imaginārās vienı̄bas naturālās pakāpes

i100 =

i2013 =

i2014 =



Imaginārās vienı̄bas naturālās pakāpes

i100 = (i2)50 = (−1)50 = 1

i2013 = (i2)1006 · i = (−1)1006 · i = i

i2014 = (i2)1007 = (−1)1007 = −1



Dalı̄šana

z1 = 1 + 2i

z2 = 3 + 4i

z1

z2
=

1 + 2i
3 + 4i

=
(1 + 2i)(3− 4i)
(3 + 4i)(3− 4i)

=

=
(1 + 2i)(3− 4i)

32 − (4i)2 =
3− 8i2 + 6i − 8i

9− 42i2
=

=
11− 2i

25
=

11
25
− 2

25
i



Dalı̄šana

z1 = a1 + b1i

z2 = a2 + b2i

a1 + b1i
a2 + b2i

=
(a1 + b1i)(a2 − b2i)
(a2 + b2i)(a2 − b2i)

a1 + b1i
a2 + b2i

=
(a1a2 + b1b2) + (a2b1 − a1b2)i

(a2)2 + (b2)2



Dalı̄šana

Izdalı̄t kompleksos skaitļus

2 + i
1 + 2i

=

1 + 2i
i

=

1 + i
1− i

=

1 + i
2 + 2i

=



Dalı̄šana

Izdalı̄t kompleksos skaitļus

2 + i
1 + 2i

= −5
3

i

1 + 2i
i

= 2− i

1 + i
1− 1

= i

1 + i
2 + 2i

=
1
2



Otrās kārtas polinoma saknes

x2 − 2x + 2 = 0

x1 = 1 + i

(x1)
2 − 2x1 + 2 = 0

(1 + i)2 − 2(1 + i) + 2 = 0
1 + 2i − 1− 2− 2i + 2 = 0

x2 = 1− i

(x2)
2 − 2x2 + 2 = 0

(1− i)2 − 2(1− i) + 2 = 0
1− 2i − 1− 2 + 2i + 2 = 0



Otrās kārtas polinoma sadalı̄šana reizinātājos

Ax2 + Bx + C = 0 saknes ir x1 un x2

Ax2 + Bx + C = A(x − x1)(x − x2)

x2 − 2x + 2 = 0 saknes ir x1 = 1 + i un x2 = 1− i

(x − (1 + i))(x + (1− i)) = ((x − 1) + i)((x − 1)− i) =

= (x − 1)2 − i2 = x2 − 2x + 1 + 1 =

= x2 − 2x + 2



Trešās kārtas polinoma saknes

x3 − 8 = 0

(x − 2)(x2 + 2x + 4) = 0

x − 2 = 0 vai x2 + 2x + 4 = 0

x1 = 2

x2 + 2x + 4 = 0
D = 4− 4 · 4 = −12
x2 = −2+

√
−12

2 = −2+
√

3·4i2
2 = −2+2

√
3i

2 = −1 +
√

3i
x3 = −1−

√
3i



Trešās kārtas polinoma saknes

x3 − 8 = 0

(x − 2)(x − (−1 +
√

3i))(x − (−1−
√

3i)) = 0



Trešās kārtas sadalı̄šana reizinātājos

Ax3 + Bx2 + Cx2 + D = 0 saknes ir x1, x2 un x3

Ax3 + Bx2 + Cx2 + D = A(x − x1)(x − x2)(x − x3) = 0



Algebras pamatteorēma

Katram n-tās kārtas polinomam ir tieši n saknes.

Polinomam var būt vairākas vienādas reālas saknes.
Ja polinomam sakne ir kompleksais sakitlis, tad tā kompleksi
saistı̄tais skaitlis arı̄ būs šı̄ polinoma sakne.



Algebras pamatteorēma

(x + 1)2 = 0

(x + 1)(x + 1) = 0
Polimomam ir divas vienādas reālas saknes x1 = −1 un
x2 = −1.



Algebras pamatteorēma

(x − 1)2(x2 + 2x + 2) = 0

(x − 1)(x − 1)(x − (1 + 2i))(x − (1− 2i)) = 0

Ceturtās kārtas polimomam ir tieši četras saknes.
Divas no tām ir vienādas reālas saknes x1 = −1 un x2 = −1,
bet divas - kompleksi saistı̄tas x3 = 1 + 2i un x4 = 1− 2i .



Algebras pamatteorēma

Atrast doto polinomu saknes

x4 − 1 = 0

x4 + 1 = 0



Kompleksā skaitļa ǧeometriskā interpretācija



Summas ǧeometriskā interpretācija



Reizinājuma ǧeometriskā interpretācija



Mandelbrota kopa

Konstruēja fraktāļa veida komplekso skaitļu kopu, par pamatu
ņemot otrās kārtas vienādojumu

z2 + c = 0, kur c komplekss skaitlis.

(z2 + c)2 + c = 0

((z2 + c)2 + c)2 + c = 0



Mandelbrota kopa



Paldies par uzmanı̄bu!
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