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Komplexni koreny redlnych polynomi

M,: tfida polynomil stupné nejvyse n s realnymi koeficienty.
Pell,:

P(x) = a,x" + an_ X" 4 arx + ag.

1,8, ..., &, kofeny (realné i komplexni) polynomu P.
Zobecnené Hornerovo schema

Polynom P délime kvadratickym trojclenem
D(x) = x*> + px + q:

P(x) = D(x)- Q(x) + Ax + B

pro Q(X) = bn_2Xn72 + .-+ le + bo.
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Plati:

bn—2 = ap
bnf3 = dp-1— pbn72
bn—4 = dap-2— an—s - qbn—2

bk = a2 — pbry1 — gbiyo

A = a;— pby— qbs

B = a—qbo
ap an—1 dn—2 dn—3 s di ao
-p| O —pby,> —pb3 —pbrs ... —pby O
-q| 0 0 —qb,2 —qgb,—3 ... —qbi —qgby
bp_» by_3 bp_4 b,_3 . A B
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Hodnota polynomu v komplexnim cisle:

z € C, polynom P délime
D(x) = (x— 2)(x — 2) = X’ + px + G, p= —2R(2), g = |2
Pak P(z) = Az + B.

Bairstowova metoda

Podstatou Bairstowovy metody je myslenka nalezeni
kvadratického trojclenu, ktery je délitelem daného polynomu
P.

Ozname z, z, z = u+ i v, dvojici komplexné sdruzenych
kofenti polynomu P. Cisla z, Z jsou koteny kvadratického
trojclenu D(x) = x>+ px+q, p = —2u, g = u? + v2. Chceme
najit Cisla p, g tak, aby polynom D délil polynom P beze
zbytku.
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P(x) = D(x)Q(x) + Ax + B,
kde

D(x) = x*+px+aq,

Q(x) = Q(x,p,q)  je polynom st. n — 2,
A = Alpa)
B = B(p,q)

Je treba urcit p, g tak, aby

A(p,q)=0,  B(p,q) =0.

Jedna se o systém nelinearnich rovnic a budeme ho resit
Newtonovou metodou pro systémy nelinearnich rovnic.
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Povazujeme-li kvadraticky trojclen Dy(x) = x2 + prx + g za
aproximaci délitele, dostaneme dalsi aproximaci
Dii1(X) = X* 4 prs1X + Qus1, Pror1 = P+ h, Qo1 = Qe+ &

0A 0A
dp Iq h\_ [ Alpaq)
B 0B g B(p,q)
op 0q
. 0A , 0A , OB , OB ,
Oznacme a_p = A, 8_q = A, a_p = B,, 8_q = B, pak

A(p, q) + A,(p, q)h + A(p, q)g = 0,
B(p,q) + B,(p,q)h + B(p,q)g = 0.
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Derivujme vztah P(x) = D(x)Q(x) + Ax + B podle p a g:

0 = xQ(x) + Q;,(X)D(X) + A x+ B,
0= Q(x)+ Q,(x)D(x)+ A, x + B,
Odtud

(a)  xQ(x) = —@,(x)D(x) — A,x — B,
(b) Q(x) = —Q;(X)D(X) — A x — By,
—A,, —B, resp. —A,, —B, jsou koeficienty linearnich zbytka

pfi déleni polynomu xQ(x) polynomem D(x), resp. Q(x)
polynomem D(x). Polozme

a=-A, b=-B.

Tato Cisla |ze opét ziskat zobecnénym Hornerovym algoritmem
pro déleni polynomi Q(x)/D(x).
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Vypocet A;,, B[’J:
xQ(x) = —xQ.(x)D(x) + ax® + bx
xQ(x) = a(x* + px + q) + bx — xQ.,(x)D(x) — apx — aq,
a tedy
xQ(x) = (a — xQy(x)) D(x) + (b — ap)x — aq.

xQ(x) = —xQ,(x)D(x) + ax® + bx
a po Gpravé miizeme tento vztah zapsat ve tvaru
xQ(x) = a(x* + px + q) + bx — xQ.,(x)D(x) — apx — q,
a tedy
xQ(x) = (a — xQ,(x)) D(x) + (b — ap)x — aq.
Porovnanim rovnosti dostaneme
A, =ap— b, B, = aq.
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Soustavu pro h a g miizeme nyni zapsat takto:

(ap— b)h—ag+A =0,
agh—bg +B = 0.

Vyresenim této soustavy ziskame Cisla h, g a kvadraticky
trojclen Dy 1(x).
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