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CeMepAJKHeB Xp. P5 - 12485 
HeTOA~ OAHOBpeMeHHoro npH6nH*eHHoro HaXO*AeHHR 
acex KOpHeH AaHHoro anre6paH4ecKoro ypaaHeHHR 

naeTCR KpaTKHH 0630p H3BeCTH~X MeTOAOB AnR OAHOBpe
MeHHOro HaXO*AeHHR BCeX KOpHeH AaHHOro anre6paH4eCKOrO 
ypaaHeHHR. B~BOAHTCR TaK*e HOBaR HTepa~HOHHaR $opMyna, 
RBnR~aRCR aHanorOM MeTOAa 4e6~WeBa. noKa3aH0 1 4TO nony-
4eHH~H HTepa~HOHH~H npo~ecc CXOAHTCR K KOPHRM ypaBHeHHR 
H 4TO CKOpOCTb CXOAHMOCTH Ky6H4eCKaR. npHBOAHTCR 4HCneHH~H 
npHMep. 

Pa6oTa B~nonHeHa B Jla6opaTOPHH B~4HCnHTenbHOH 
TeXHHKH H aBTOMaTH3a~HH OH~H. 

Coo6weHM8 06•e~MH8HHOrO HHCTMTYT4 RA&pHWX RCCn&~OBaHMio ay6Ha 1979 

Semerdzhiev Kh. . P5 - 12485 
Methods of Simultaneous Deriving All Roots 
of a Given Algebraic Equation 

The known methods are briefly reviewed for simulta
neous deriving all roots of a given algebraic equation. 
A new iterational formula is also derived analogous to 
Chebyshev's method. It proved that the obtained iterational 
process converges to equation roots and the convergence 
velocity is cubical. A numerical example is given. 

The investigation has been performed at the 
Laboratory of Comp~ting Techniques and Automation, JINR. 
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PaccMoTpHM ypaBHeHHe 

f'(Z)=O, /1/ 

rAe f'(z)- anre6paH4eCKHH nonHHOM CTeneHH m C AeHCTBHTenb
H~MH K03$$H~HeHTaMH /cTapWHH K03$$H~HeHT C4HTaeM eAHHH~eH/. 
npeAnOnaraeM, 4TO KOPHH z1. Zj!o•••• Zm ypaBHeHHR /1 I pa3-
nH4H~e IAeHCTBHTenbH~e HnH KOMnneKCH~e/. TorAa HMeeT MecTo 
npeAcTaaneHHe 

m 
f'(z) = n (z-zl ). 

1=1 
121 

nycTb Z(~) 1 Z ~O), ... , Z ~) - 3aAaHH~e Ha4anbHble npH6nH*eHHR 
K KOpHRM Z 1, z2 , ... , Zm • PaCCMOTPHM nonHHOM 

m (0) 
Q0 (z ) = ll ( z - z I . ) 

1=1 
/3/ 

H OAHOnapaMeTpH4eCKOe MHO*eCTBO nonHHOMOB 

P(z)=f'( z) + (1-:-t)Q0 (z), /4/ 

rAe t ~ ( 0 ,1). 04eBHAHO 1 4TO HynH P ( Z) RBnRIOTCR $YHK~HRMH 
OTt - z 1(t). npH t =0 HMeeM 

z 1 (0) = z )0) , i = 1,2 , ... , m , /5/ 

a npH t =1 - Z I (1) = Z j. nH~epeH~HpyR TO*AeCTBa p ( Z 1 (t )) = 0, 
i = 1 ,2, ... , m, nony4aeM cneAY~YIO CHCTeMy AH~epeH~HanbH~X 
ypaBHeHHH: 

, Qo(zl)-f'(zl) 
Z I = --=---.!.--~-

tf''(zl )-(1-t)Q'0 (z1 ) 
i =1,2, ... ,m. /6/ 

CHcTeMy /6/ HaAO pewaTb npH Ha4anbH~X ycnoBHRX /5/. EcnH 
HaHAeM npH6nH*eHHO Z 

1
(1) , i =1,2, ... , m, AenaR OAHH war 

no MeTOAY 3Hnepa, H o6o3Ha4HM z p) 4epea z)O, nony4aeM 
$QpMyny 

(1) (0) ( (Oh fJ ro) (0) . z
1

=z1 -f'z
1
·j/J=

1
(z- 1 -zj ), I=1,2, ... ,m. 

j~l 3 



TaKHM o6pa30M, MOmHO COCTaBHTb HTepa4HOHHY~ ¢OpMyny An~ 
OAHOBpeMCHHOrO YT04HCHH~ BCCX KOpHeH ypaBHCHH~ /11: 

z(.k+ 1)= z(.k)_f(z ~k) )In (z ~k)_z(k) ). 
1 1 1 j=1 1 J 

. . ~~ I=1,2,. .. ,m, k =0,1,2, .... 
171 

w / 1 2 / HTepa4HOHH~H MeTOA 171 npHHaAnemHT K.~o4eey · · 3ToT 
MCTOA ~Bn~eTC~ MOAH¢HKa4HCH MCTOAa Hb~TOHa, TaK KaK ero 
MOmHO 3anHCaTb B BHAC Z ~k+ 1 )=z~k)_f(z(k) )/Q'k(z(

1
k) ). ~OKa-

1 1 1 
3aHO, 4TO CKOpOCTb CXOAHMOCTH KBaApaTH4Ha~. 8~4HCnHTenbH~H 
npo4ecc 17 I np~-1 BeAeH e 13 1 . 

~~ cny4a~, KOrAaf(z)~det(A-zi), T.e. f(z) ~en~eTcR 
xapaKTepHCTH4eCKHM ypaeHeHHeM MaTPH4bl A, B 1 4 1 npeAnomeHa 
MOAH¢HKa4H~ MCTOAa 171. 

HcxoA~ H3 APYrHx coo6pameHHH, e 1 51 npeAnaraeTc~ cneAy~
~HH MeTOA C Ky6H4CCKOH CKOpOCTb~ CXOAHMOCTH: 

Z~k+ 1 )=Z~k)_f(z~k)) l (f'(z~k) )-f(z?)) •f (/k)_Z(k) )- 1] 
j= 1 I J 
j;ti i 

i=1,2,. .. ,m; k=0,1,2, . ... 

MomHo npoAonmHTb HccneAOBaHH~ ~o4eea cneAY~~HM o6pa30M. 
npOHHTerpHpyeM CHCTCMY 161, npHMCHR~ MCTOA TeHnOpa: 

z. (1) = z . (0) +Z: (O) + .!.... z :' (0). 
1 1 1 2 1 181 

EcTeCTBCHHO nony4HTb MCTOA C YCKOpeHHOH CXOAHMOCTb~, KOTOp~H 
6YACT aHanoroM MCTOAa 4e6~weea. npHMCH~~ /81 K CHCTCMe 161 
H 0603Ha4a~ Z i (1) 4Cpe3 Z \ 1), HaXOAHM 

z<1
1L z ~ 0L f(z (O))L4Q '0

2(z (O >)-2f' (z <0 )Q
0
' (z .<0 ~ +Q '

0
' (z < 0 ~. f (z (O))]I2Q '

0
3(z ~1 ). 

1 1 I 1 1 1 1 

161 191 
3Ta ¢OpMyna npHBOAHTC~ H e 141 . npeo6pa3yeM 3Ty ¢OpMyny 

K BHAY, YA06HOMY An~ KOHKPCTH~X B~4HcneHHH H An~ AOKa3aTenh
CTBa TeOpCMbl 0 CXOAHMOCTH MCTOAa. Hcnonb3y~ 131 nocne He-
KOTOpbJX npeo6pa30BaHHH, ¢0pMyny 191 MOmHO 3anHCaTb B BHAC 

(k+1~ (k)_f( (k))[2 (k) -f '( (kl f( (k)) (k) ]I( (k) ) 2 
zi -Zi zi Yt ZiJ+ zi xi Yt • 1101 

i=1,2, ...• m; k=0,1,2, ...• 

rAe (k) m (k~ z (k) ) -1. 
x. =l(zi j 

1 j= 1 

(k) m (k) 
y.=fl(z. 

1 j= 1 1 
- z ~k) ) . 

J 

4 j=/i 

\ 

" 

' 

~~ npHMCHeHH~ 3TOrO MCTOAa He06XOAHMO, 4T06bJ Z ~k) J Z 1k) 
np~-1 i ;£ j , k = 0 ,1 • 2 .... 

HMeeT MCCTO cneAY~~a~ 

. TeopeMa. nyCTb q - HCKOTOpoe ¢HKCHpoeaHHOe 4HCnO, 0< q < 1 
H d =.min I z i- z J·l . nycT b c - AOCTaT04HO Manoe' TaK 4TO 

II" j 2 3m 2 2 
BbJnonHel-tbJ HepaeeHCTea d- c > 0 1-1 2 c / (d-2c) < 1. 

EcnH Ha4anbH~e npH6nHmeHH~ z~> K KOPH~M z 1 ypaeHeHH~ 111 
1 

YAOBneTeop~~T HepaeeHCTBaM 

I z\o>- 7. t I < c q • i = 1, 2 .. .. . m 1111 

TO B~nOnH~~TC~ HepaBeHCTBa 

(k) _ak 
lzi -zi l:;;c q i=1,2, ... ,m 1121 

An~ KamAoro k =1 ,2 •.... 

~oKa3aTenbcTeo. HepaeeHcTea 1121 AOKameM MeTOAOM MaTeMa-
TH4ecKoH HHAYK4HH. Ecn~-1 H3 o6e1-1x 4acTeH 1101 e~4eCTb z 1 
H BOCnOnb30BaTbC~ npeACTaeneHHeM 121, TO HaXOAHM 

m (k) m 
Z(_k+ 1)-Z.=(Z(.k)_z.)j1-2 fl_!__i_ -Zj + fl 

(k) z . z. - J X 

1 1 1 1 j=1 (k) (k) j =1 
j;ltzi- zj j~i 

___ ! ------2 

(z(~) - z~k)) 1131 

m (k) m 1 m 1 
rr (z. -z )[ l ---- l ·:-:-----:-ll. 

F= 1 I v j=1 z(k) -z j= 1 z(k)- z ~k) 
i j j ~I 1 J i:J.,2, •.. ,m. 

nocne HeKOTOPbJX npeo6pa3oeaHHH H3 I 131 nony4aeM 

(k+1) (k) m z(_k)_ z j 
z 1 - z 1 = c z . - z . ) l r 1 - rr (1 + -) J + 

. 1 1 j=1 (k) - (k) 

m (k) 
j ;£ i z i z j 

(k) (k) 1141 
~~i ) ( Zv- Zv_) __ l. 
(z<~>-zv)<z?> -z~k)) 

+ .rr (1 + z i - ~L- f ! 
J =1 z(k)- z(k) v =1 
jf i i j v;t! i 

np~-1 k=O HepaeeHcTea 1121 coenaAa~T c 1111. 
~onycTHM, 4TO I 121 BblnOnHeHbJ An~ k = s, 1-1 noKameM, 4TO 

OHH BblnOnH~~TC~ H npH k = S + 1. Hcnonb3y~ HepaBCHCTBa 

I <s> <s> I I I <s> I I <s> I z 1 - z i ~ z 1- zj - I z 1 - z 1 - z i - z j > d -2 c, 

I z~s)_zi I~ I z 1-zj 1-1 z~s)_z 1 1> d-cq38 > d-e > d-2c. 
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m m 
11- n (1+a1)1 ~ 11- n (l+laJI)I. 

J~ 1 j=1 
m 2 m 2 

(1 - n (1 + 1 a 1 1 )) :s n (1 + I a J I). 
j=1 j=1 

2m 2 m 2 
(1 + I a J I) ~ (1 + I a J I ) > 1 + m a J , 

H3 /14/ HaXOAHM 

m I z<rL z J I 
l z(s+1Lz I ~lz<sLztll[1- n (1 + (s) (s)l 1 1 1 J ,1 1 z 

1 
- z 

1 

)]2 + 

m 
n (1 + 

.1=;1 

I z(s)- z I 2 m 
l J ) I. 

J~l (s) 
1 z<fLztll zv-zv I 

1 
< 

j~ l I (s) (s)l V=11 z 1 - zJ v, 1 lz\s)_Zvllz~s)_z~s)l -

I 
z(s) z 1 m 

I z<~L z 
1 

1 n (1 + J - J )2 
(1 + I. 

j=J lz(s)_z(s)l v'71 
j~l l j VJEl 

8 38 38 
cq3 (1+~fm[1+m( cq )2]::;; 

cq38 

d-2c d -2c 

38 
• 22m [ 1 + ( c q f ] m ,. 

d -2c 

m 3 8 

c 93 s • 2 2m I. ( m ) ( c q fn ~ 
n=O n d- 2c 

s 38 
c q 3 • 2 2m ~ ( ~ ) ( c q )2 = 

n=O d -2c 

I z<s>-z II z -Z(
8)1 

l l v v )< 
lz(s)_z llz(8Lz(8)1 -

l v l v 

a
s 3m 3 8 3m +1 c q • 2 ( C q 2 2 c 2 3

8 
8+1 d~) $. ( 2cq ~ cq3 

d-2c) 

3THM AOKa3aHa Ky6H4eCKa~ CXOAHMOCTb MeTOAa /10/. 

npHMep. PaccMOTPHM ypaBHeHHe 

r(z) = z 3 -8z! -23z +30=0. 

6. 

KopHH 3Toro ypaaHeHH~ z1 =-3 , z2 = 1 , z g=.10. B Ta6nH~e 
npHaeAeH~ 3Ha4eHH~ Tpex nocneAoaaTellbH~X npH611H*eHHH, nony-
4eHH~x MeTOAOM 4e6~weaa"" MeTOAOM /10/. B Ka4ecTae Ha4anb
HbiX npH611H*eHHH a~paHO z<f>=-4 , z~0)=0 .z.~0>=9. EcnH l4H4lpa 
k nocneAoaaTenbHO noaTop~eTc~ a sanHcH AaHHoro 4Hcna n pas, 
TO a Ta611H14e 3TO sanHc~aaeTCJ'I KaK (n * k) .Bee B~4HC11eHH~ s~non
HeH~ Ha 3BH EC-1020 c AaOHHOH T04HOCTbC. 

Ta611H14a 

z<r> HeTOA 4e6~wesa HeTOA /10/ 

(1) 
z1 -3,07 -3,01 

z~l) 0. 71 1. 03 
z 1) 9,86 9,98 

zF -3./4•0/7 -3./5•0/2 
z (2) 0,997 1./5*0/2 2 
z<J.> 9,9998 9./6*9/7 

z (3) -3./13*9/7 -3./17*0/ 1 
z(S) 0./9•9/3 1./17*0/ 
z'1s> 9./1h9/6 10/16*0/ 
~ 

4HcneHH~e 3KcnepHMeHT~, nposeAeHH~e AJ1R APYrHx npHMepos, 
OOKa3~BaCT, 4TO MeTOA /10/ CXOAHTC~ H TOrAa, KOrAa Ha4allb
H~e npH611H*eHH~ B~6paH~ AalleKO OT KOpHeH ypaaHeHHR /1/. 

npH nporpaMMHpoaaHHH MeT9¥f /10/ He06XOAHMO nOJlb30BaTbC~ 
o6o6~eHH~MH cxeMaMH ropHepa All~ OAHOBpeMeHHOro B~4HCJleHH~ 
3Ha4eHHH nOilHHOMa H ero npOH3BOAH~X. 

HO*HO 0011Y4HTb MHOrowaroa~e HTepa1.4HOHH~e MeTOA~ AJ1R 
OAHOBpeMeHHOrO YT04HeHH~ acex KOpHeH ypaBHeHHH nyTeM H3Me
HeHH~ BCnOMOraTellbHOrO OAHOnapaMeTpH4eCKOrO MHO*eCTBa 
nOilHHOMOB THna /4/, a n011y4eHHYC npH 3TOM AH4>4lepeHI.4HallbHYC 
CHCTeMy, COOTBeTCTBYC~C CHCTeMe /6/, HHTerpHpOBaTb MeTO
AOM AAaMca. 
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