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F(y) = c0yn + c1yn-1 + … +cn-1y + cn = 0 (1)

 yi  ( ) ci.
0=1, . , 

 (1) 0.
1) ,  n = 2

Y2 + c1y + c2 = 0

Y1,2 = -c1/2 + [(c1/2)2 – c2]1/2

,  (
).

,  (
) :

(a+ib)n = Mn
*{cos[n*arccos(a/M)] + i*sin[n*arcsin(b/M)]}; (2)

=(a2+b2)1/2; n – .

2)  n=3
 y3 + 1 y2 + 2 y + 3 = 0 (3)
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 [2], .146.
 (3) :

3 + k1  + k2 = 0 , (4)

1/3, k1=c2-c1
2/3, k2=2c1

3/27-c1c2/3+c3
, -

:

 = -a/3 + (a3/27 – k2)1/3 ,

 a 

a3 = 27k2/2 + (272k2
2/4 + 27k1

3)1/2

 x1 ):

X1 = -[k2/2 + (k2
2/4 +k1

3/27)1/2]1/3 + [-k2/2 + (k2
2/4 +k1

3/27)1/2]1/3

X1 = u + v,

 u=[-k2/2+D1/2]1/3, v=[-k2/2-D1/2]1/3,
D=(k1/3)3+(k2/2)2

.
-

, -
, .

, -
, -

.
-
-

 3- :

(X + B1/X + B2)*(X + B3/X + B4) = 0 (5)

,  (  (4))

B2 = - 3k2/2k1 + 3/k1 (k2
2/4 + k1

3/27)1/2

B1 = 2k1/3 + (k2B2
3 + k1k2B2 – k2

2 – 8k1
3/27)1/3

X = - B2/2 + (B2
2/4 - B1)1/2 (6)

-
:

y3 + (a1+iv1)y2 + (a2+iv2)y + a3+iv3 = 0

 t:

y = t + n + im
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 n=  -a1/3  ;  m=  -v1/3 
:

t3 + t [3n2-3m2+2a1n-2v1m+a2+i(6nm+2a1m+2v1n+v2)] +
+n3-3nm2+a1(n2-m2)-2v1nm+a2n-v2m+a3+i[3n2m-m3+v1(n2-m2)+

-2a1nm+a2m+v2n+v3] = 0,

 (5).
, , 

 A  D:

A = n1+im1 ; D = n2+im2

 ( -
 - ):

(A3
*D)1/3  A*(D)1/3

 W1  W2:

A3
*D = W1+iW2

-
 (2).

 (
),  -

 (2)  n > 0 
,   0<n<1  

,
,   n  =  1/3   3-

. :

1,084215+i*0,2905145
(1+i*1)1/3 = -0,7937005+i*0,7937005

-0,2905145-i*1,084215

, 
 –  (6), -

 y=r+u , 
 (  r+u ,  r-u) 

.
-

 - , 
,  Wikipedia.com). 

 – -
 -  (

).

 3-
Wikipedia.com  2 .

 2  4
, -

-
,  3 

 ( ) -
-

.
, -

 (3):

c1=8+i*8 ; c2=1+i*1 ; c3=1+i*1

:
1) 7,22…-i*1,85… (u+v)
2) -3,914…+i*0,753…
3) -3,306…+i*1,1… ,

,  (6) -
:
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X1=2,60945…+i*3,013…

 (3) :

Y=-0,057215222+i*0,346426936

 4*10-14.
 (6) 

, -
-

.

3)  4-
 3-

).
,  [2],

.147-148, -
 –  3- .

x4 + p*x2 + q*x + r = 0 ,

 p, q, r –  ai ;

x = y + a1/4.

:

 Z3 + 2pz2 + (p2 – 4r)z – q2 = 0 (7)

 4-
:

(x2+k1x+k2)(x2+k3x+k4)=0

 z=k3
2 , k4=(-q+pk3+k3

3)/(2k3) , k1=-k3 , k2=p-k4+k3
2

 xi:

2
2
3

3

32
4

2
33

2,1 422242
kp

k
qkkkkx

2

3

2
332

2

2
11

4,3 224242 k
qpkkkkkx

 Y. 
 (  q)  (7): z1,z2,z3 , -

. , , , 
.

, ,  c1=c2=c3=c4 = 1+i*1

z1=-0,00866…+i*0,4106…
z2=1,080679…+i*0,17293…
z3=-0,248884…+i*1,741…

 q=0,75+i*0,25

z1 z2 z3 )/2 =0,411567…+i*1,162…
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z1 z2 z3 =-q

,  ,  
z2  (

), -
.

-
 4- -

,
-

,  C:

(x2 + c)2 + (p – 2c) * [x + q / (2p – 4c)]2 – q2 / (4p – 8c) + r – c2 = 0  (8)

, 

c3 – r*c – (p / 2) c2 = q2 / 8 – r*p / 2,

 (8) ,  x:

x2 + c = + (2c – p)1/2 [x + q / (2p – 4c)]

, , 
 3- -

,  4-

-
 (7), -

.

4)  5- .
 5-

, ,  (1)
1=0, 3=0, 2 4 :

c4 = 2
2/5

:

y = -k/5 + (k5/55 – c5)1/5

k = [55c5/2 + (510c5
2/4 + 55c2

5)1/2]1/5

, , -
.
 (1) -

, 
,   -

 + , 
) 

5.  
 Y  =  0   (1)  -
5. , -

5
 Y, 5 -

 Y.
, 

 5-  c 

 (n=5) -
.

,
-

, -
-

, 
 2  -  4   -  

.

-
:
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V1=|c1|; V2=|c2|1/2; V3=|c3|1/3; V4=|c4|1/4; V5=|c5|1/5

 |c|=abs(c) -
.

 Vi (i –  1  5). -
,  Y  (1)

 k  Vi 
 (1),  

:

k5=k4+k3+k2+k+1 (9)

,  k -
 2  (  5-  – -

 1,96  1,97).
 Y 

 k*Vi , 
 c5 (  Y=0).

,  Y

k*Vi ,  -
 ci , -

, 

. 
Vmax=V1 1,   c1  c5,

 –sgn(c5)*|c5/c1|1/4. 
sgn(c5) –  c5.

, -
 g1  g2, 

g1 = 0,
g2 = -sgn(c5)*Vmax*k ,
Vmax – 

 Vi.
K –  5-
 = 1,97.

, 
 Y, -

. -
-

, , -
 ( )

-
 ( -

), 
, , 

F(y) 
, . -

-
, 

-
.

, -
 F(y) 

 [g1,g2], 
F(g1)=c5, F(g2)=-sgn(c5)*W  ,   W  –  -

, -
,  F 

 g2.  ,   W
,

.

 3-
:

1) g3=(g1+g2)/2,  log(W)>10
: sgn(g2)*[|g2|]1/2

2) ,  log(F(g3))>5 -
: sgn(g2)*[|g2|1/u]/100

3)  2- , , -
.
 u 

.
-

 ( -
 F(y) 

, -
 F(y)).

 5- -

: n=2*m+1,  m -
-

.  ci
.

: cn. 
-

: Vi=|ci|1/i,  i=1,2,..n
-

 Vmax, 2-
k*Vmax co , 
cn.  k=2.

-
:
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: 
 n -

,  Y  0 
G=Zn*k*Vmax,  Zn=sgn(-cn) – -

-
,  k=2,  Vmax – 

 Vi=|ci|1/i , i=1,2,..n , 
.

-
, -

 g1  g2.
5) 

,  n>=6 -
.
, 

 cn, 

, , 
, -

, , -
, -

.
-
-

 cn. , 
, 

-

Vmax  Vk, -

.  « -
» - 

, 
 Y  –Y.

-
:

Y = r1 + i*r2

 (1) ,  n=2m; m=3,4,5,..

0

)(

2
12

2
122

1

2
2

22
1

12

]

[

0

0 0

)!12()!122(

)!2(
)1(

)!2()!22(

)!2(
)1(

m
bbkmb

bbkm
m

k

crri

rrcyF

e

b

k

w

b

b

bbkm

km

bbkm

km

(10)

 w=Int[(2m-k)/2]; e=Int[(2m-k-1)/2]; Int[…] – …
, : -

Re(F(y)) = F1(r1
k, r2

2e, ak)=0
Inf(F(y)) = r2*F2(r1

k-1, r2
2b, ak-1)=0 ,

 k=1,2,..n ; e=1,2,..w ; w=n/2 ; b=1,2,..q ; q=w-1
:

02
2

2
22

1

12

1 ][
)!2()!22(

)!2(
)1(

0 0
m

bbkm
m

k crrcF
bbkm

km

k

w

b

b

0][ 2
2

122
1

12

2
00 )!12()!122(

)!2(
)1( bbkmb

m

k rrcF
e

bk bbkm

km

 F1  F2
 r1  r2, -

 r2 -
,  r2,

-
 r1.

 n=6  17-
-

.
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: r1, :
r2,  Y.

, -
 n -

 r1  r2,  
-

 r1  r2 -
 (10).

, -
 n>6 -

 cn , 
.  n=2m, 

m=3,4,5,..
,  n=5, -

-
:

V1=c1; V2=(c2)1/2; V3=(c3)1/3; … V2m-1=(c2m-1)1/(2m-1); V2m=(c2m)1/2m

, 
 Y ,

 ck
, 

 Vk,  (
 i). ,  Vmax

, -

, , -
 n=5. 

-
 (9),   n.

 k=2.
-

G2=-k*(Vmax+i*Vmax)

,  n=2m, m>3 -
 0  

g2.
, -

-
 n>=5. . 

m ,  (v1 + iv2)m ,
 Y   0   –

k*(v1+iv2) .

.  (
-

) 
, -

.
-

:

X = x0 – F(x0)/F’(x0)

:

X = x0 + [F(x) – F(x0)]/F’(x0)

» - -
.

, 

.

:
1. ., .

. .: ,
1986
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ABOUT THE DECISION OF POLYNOMS WITH COMPLEX FACTORS AND
POLYNOMS OF THE MAXIMUM DEGREES

Sanzhak V.L.
Institute of Cybernetics

The way of the decision of a polynom of 3-rd degree with the factors, being complex
numbers is  offered.  Known decisions of  a  polynom of  3-rd degree assume all,  that  factors  are
material, and only in small areas of complex values of factors can lead to decisions.

The polynom of 4-th degree solved through cubic resolvent’s, after the decision of the cu-
bic equation with complex factors, now also can be solved with complex factors.

Only in case of the known decision of a square polynom it is supposed that factors can be
complex.

For  polynoms  with  degrees  >=  5  the  way  of  definition  of  Area  of  numerical  values  in
which one root settles down even is resulted.

All decisions have been checked up by the made computer program with the control and
the instruction of accuracy of the found roots.

Keywords: polynomial, root, complex number, discovering roots, solution of equations.


