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Ponb pacxoasawmxca cTeneHHbIX pAaoB
B HEKOTOPbIX a/IFOPUTMaXx
NPUBAMKEHHOIro aHa/IMTUYECKOro peLleHns
anrebpanyeckmx ypaBHeHUM

10.B. Tpy6HuKkos, M.M. YepHasckuit, A.M. BopoHoB
YypexcdeHue obpazosaHua «Bumebckuli 2ocydapcmeeHHsbili yHusepcumem
umeHu N.M. Maweposa»

B Hacmosuwee epemA cywecmeyem He3HayumesnbHoOe 4Yucao a120pUMMOo8 MpubauHeHHO020 aHAAUMUYECKO20 peweHus
aneebpauveckux ypasHeHuli Yepes ux KoagguyueHmol. Euje meHee uzeecmHol npubauXeHHbsle aHaaumuyeckue gopmysel 01
HAaxX0X0eHUs peweHUs Yyepe3 Ko3gh@duyueHmol ypasHeHUs.

Llens cmamosu — paspabomame Hosbil npAmMol aA20pUMM HAXOHOEHUA KOPHA an2ebpauvecKkoeo ypasHeHUs 4yepe3 e20
KoaghgpuyueHmel.

Mamepuan u memodel. Mamepuanamu uccaedo8aHus 6biau MPAMbIE G120pUMMbI MPUBAUNEHHO20 HAXOHOeHUs KopHeli
asnzebpauyveckux ypasHeHul. Mcnonb3osaHsl memoosbl Mamemamu4yecko2o aHaAU3a U CUCmemMa KoMeiomepHol mamemamuku
Maple 2015.

Pe3yabmameol u ux obcyxcoeHue. OCHOBHbIM UCMOYHUKOM O MOAYYEHUA GOPMYa APUBAUNEHHO20 GHAAUMUYECKO20
HaxoMO0eHUsa peweHua anzebpaudveckux ypasHeHuli sendemca meopema 1. [JaHHAA meopema packpvieaem ceA3b Mexoy
MUHUMGA/6HBIM 10 MOOY/0 peuwleHUeM an2ebpauvecKko2o ypasHeHUs U OMHOWEHUEM COCeOHUX Caaz2aeMblXx cmerneHHo20 pAada,
cocmasneHHo20 01 yHkyuu 1/f(x).

MonyueH A8HbIU aHaAUMuUYecKuli 8UO HEKOMOPbIX PoPMY NPUBAUHEHHO20 HaXOHOEeHUA MUHUMAbHO20 0 MOOY0 peweHus
as2ebpauyeckozo ypasHeHuUs mpemoeli cmeneHu.

3aknroveHue. [pednoxceH HOBbIl an2o0pumm 044 NoayvyeHus hopmyn NpubaAUHeHHO020 HOXOHOEHUA HaUMeHbWe20 M0 MOOYH0
KOpHA anzebpauvecko2o ypasHeHUs mpemeseli cmerneHu Yepe3 e2o KoagguyueHmsi. [TonydeHHble hopmyssl umerom npocmol sud
U yO0bHbI 07 UCMOML30BAHUA HA NPAKMUKe. [TpumeHAA npednoxceHHbIl 8 cmamee an20pUMM, MOMCHO MOay4uUms opmyssl
npubnuxeHHo20 HaOXOHOeHUA peweHus anzebpaudeckux ypasHeHuli 6osee sbicokux cmeneHed.

Knroueesie cnoea: anzebpauyeckue ypasHeHUs, npubsauxeHHoe peweHue, pacxodawulica pAad.
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Currently there is an insignificant quantity of algorithms of the approached analytical solution of the algebraic equations
through their coefficients. The approached analytical formulas for solution determination through equation coefficients are even
less known.

The purpose of the article is to receive new direct algorithm of determination of the solution of the algebraic equation through
its coefficients.

Material and methods. Direct algorithms of the approached determination of solutions of the algebraic equations were
research materials. Methods of the mathematical analysis and System of computer mathematics Maple 2015 were used in the
research.

Findings and their discussion. The basic source for deriving of formulas of the approached analytical determination of a solution
of the algebraic equations is the theorem 1. The given theorem open relation between minimum modulo a solution of the algebraic
equation and the ration of the next items of the ascending power series made for function 1/f (x).

The explicit analytical form of some formulas of the approached determination minimum modulo solutions of the algebraic
equation of the third degree is received.
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Conclusion. The new algorithm for deriving of formulas of the approached determination of the least modulo the radical of the
algebraic equation of the third degree through its coefficients is offered. The formulas obtained have a simple form and are
convenient for use in practice. Using the algorithm offered in article, it is possible to receive formulas of the approached
determination of a solution of the algebraic equations of higher degrees.

Key words: algebraic equations, approximate solution, divergent series.

Bonpocu nosyyeHus ¢Gopmyn nNpUOBAMMKEHHOTO HaXOMAEHUA peleHuli anrebpanyeckux ypaBHEHWN uvepes
K03PPUUMEHTbI AaHHbIX YPaBHEHWN BO3HMKAIOT YXKe He ofHO crosneTtve. OAHOW M3 MPUYMH TOMY SBNAETCS
HEBO3MOHOCTb MOJYYEHUA TOYHOIO AHANIUTUYECKOTO BbIPAXKEHUsA KopHer anrebpanyeckoro ypaBHeHWA NATON M
bonee BbICOKMX CTeneHen yepes ero KoapouumeHTsl (Teopema Abens) [1, c. 103]. Tem He mMeHee A0 HaCTOALWErO
BpeMeHM MaTeMaTUKamu Bbla10 NOYYEHO HE3HAUUTEIbHOE YMC/IO NPAMbIX aITOPUTMOB HAXOXKAEHMA NPUBIUKEHHOTO
pelweHna anrebpanyecknx ypaBHEHUIN, BbIPA*KEHHOIO Yepe3 KoapdULMEHTbI UCXOLHOrO ypaBHeHUA. Cpean AaHHbIX
aNropuTMOB C/iegyeT OTMETUTb, HaNnpUMep, anropuTm BepHyANu HaxoXpeHusa Havbonblero No MoAylo pelleHus
anrebpanyeckoro ypasHeHus W «r/d-anroputm», npegnaraemoiit B.W. LUmoinosbim [2]. MocnegHuii anroputm
No3BO/ISET NOJyYaTb NPUBAUKEHHOE peLleHne B BUAE LLenHOW apobu, 4To He Bceraa yaobHo Aaa UCnoab30BaHUA Ha
npakTMke. Anroputm BepHyanu [2,c.33] Takxe He pJaeT roToBblXx GOPMYSN ANA  HaXOXKAEHWS MCKOMOro
NPUBANMKEHHOTO pEeEeHNA YPaBHEHUS U MPUMEHMM HE KO BCEM MPOU3BOJIbHBIM aNrebpanyeckum ypaBHEHUAM.
Taknum obpasom, nonyyeHne 6Honee npoctbix GOPMyN NPUBAUMKEHHOrO HAXOXAEHUA PelleHWUi anrebpanyeckux
ypaBHeHUI Yepes3 Ko3pPUUMEHTbI aHHbIX YPAaBHEHWUI ABAAETCA aKTyalbHOM 3a4adei.

Llenb ctaTbu — pa3paboTaTb HOBbI NPAMOI aIFOPUTM HaXOXKAEHUA KOPHA anrebpanyeckoro ypaBHeHUA Yepes ero
KOapPULUMEHTBI.

Matepuan u metoabl. MaTeprManom UCCAeL0BAHNA ABAAIOTCA NPSMbIE aArOPUTMbl NTPUBANKEHHOTO HAXOXAEHMUA
KOPHEM AaHHbIX ypaBHeHWN. MeToabl UCCNefoBaHWUA: MeToAbl MaTeMaTUYeCcKoro aHaaM3a € WMCMo/b30BaHMEM
CUCTeMbl KOMNbOTEPHOM MaTemaTnku Maple 2015.

Pe3ynbTaTtbhl U UX obcykpaeHUe. B Teopum pasnokeHns GyHKUMIA KOMMNAEKCHOrO aprymeHTa B CTeneHHble paabl
BO3HWMKaeT clefyowan Teopema, KOTOpas MUrpaeT BaXHyl po/ib B TMOCTPOEHUM HEKOTOPbIX anropuTmMoB
NPUBANKEHHOTO HAXOXAEHUA PELLEHUA anrebpanyeckmnx ypaBHeHUN.

Teopema 1. Tycmo f (X)D— MHO0204/1eH KOMIIEKCHO20 apaymeHma cmeneru N, u nycme pasnoxerue gyHKUUU

: ( ) 8 pA0 Telinopa [3, c. 177] umeem sud (1):
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Toeda ecnau f(X)U uMeem mMOAbKO O0UH  MUHUMGAAbHGLIG N0  MOOYyA  KOpeHs,  Hanpumep,

%] <] %,| <[%s] <. <%,

, MO 8 MUHUMANbLHOU o modyato mouke X, pacxomdeHus pada (1) npeden omHoweHuA

cocedHux cnazaembix pada (1) cmpemumca K eOuHuuye c yseaudyeHUeM UX MOPAOKOBO20 HOMepd, Mo ecmb
cnpasednuso sovipaxceHue (2):
m
. C_X
||mm—m+1=l. (2)
m—ee Cm+1X

LJoKkasarTtennbcTs o. CHadyana paccMoOTPMM NPOCTEMWMIA Caydai, Koraa f(X) ABNAETCA KBaApaTHbIM

NOSIMHOMOM, UMEIOLIMM KOPHU X, U X,, Npudem |X1| <|X2|. Mocne pa3noXeHua Ha MHOMKUTENN f(X) npuHUMaeT
Bua (3):
F(x)=(x=%)(x=x,). 3)

Pasnoxum

1 1 . X
= B paa Teinopa suaa (1) u, BBeaa sameHy X, =—X, =tX,, BbluMCIUM
F(x) (x=x)(x=x,) X,
OTHOLLIEHWe TPeTbero ciaraemoro paga (1) k yeTeepTomy B TouKe X;:
3 2
C3X1 _ C3 _ (t+1)(t +1) '
X cx t+C+tP+t+1
Ona 6onblweit HarnagHOCTM nNpeAacTaBMM  MociaedHlol Apobb B BMAe pasnoxeHua B pag  Telnopa
no nepemeHHom t:
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G O Y S Pt 1P (4)
C %
MpoBeaem aHaNOrMYHblE BbIMMCNEHWUA AN OTHOLEHMA 4YeTBepToro cnaraemoro paga (1) K natomy, NATOro K
LIecTomMy U BOCEMHAALLATOro K AeBATHAALATOMY:

c, (t4+t3+t2+t+l)

_ e S L T ] ] e 5
CX  (t+1)(+t+1)(t —t+1) ;
¢, (t+D)(+t+1)(t*—t+1)

5 = 6 15 14 13 12 =1ttt ettt - (6)
CeX, U+t +t"+t7+t"+t+1

18
Ce¥i _ Ce _q_goq2 g3 g0 ) )

19 —
CoXi™  CoX
MoCcKoIbRY |t| <1, 1o u3 BbiparkeHuii (4)—(7) OTYETIMBO BUAHO, YTO NpeAen OTHOLIEHWUA COCeHMX cnaraembix paga (1)

CTPEMUTCA K eJMHULLE C YBE/IMYEHMEM UX NOPAAKOBOrO HOMepa, YTO B CBOKO OYepepb AOKa3blBaeT CnpaBe/INBOCTb
Teopembl 1.

To ecTb AOKa3aTeNIbCTBO HOCUT BbIYUC/INTE/IbHBIN XapaKTep.

OTTaNKMBAACb OT BblllEeyKa3aHHbIX PACCYKAEHUN, OCYLLECTBUM [0Ka3aTe/IbCTBO CNpaBe/IMBOCTM Teopembl 1 ana

cny4van, Korga f(X) ABNAETCA KyOUYECKMM MOSMHOMOM, MMEIOLWMM KOPHU X, X5, X3, npuyem |X1|<|X2|S|X3|.
Mocne pasnoxeHus Ha MHoxuTenn f (X) npuHUmaet Bug, (8):
f(X)=(x=%)(X=%,)(X=X,). (8)
1 = 1 B pag Teinopa Buga (1) v, BBeaa 3ameHy Xlzﬁxsztix,
(00 (%) (x—%)(xx) xg
X

X, =—2X3 =1,X;, BbIYMCANM OTHOLIEHWE TPeTbero cnaraemoro paga (1) k yeteepTomy B TOUKe X, M NPeACTaBUM ero

Pasnoxxmum

B BUAeE pasnoxenns B pag Tennopa no nepemeHHou t, :

CX _ G :1_t§+t23+t22+t2+1t14+(t§+t§+t22+t2+1)(t2+1)t15_

X X t; t;
Pt at, 11, (B+8 8+t +1)(8 +t, +1)(8 —t, +1)
_ ” tf — 5 t+.. (9)
2 2

MpoBeaem aHaNOTUYHbIE BbIYMCNEHUA O/1A OTHOLUEHMA YeTBepToro cnaraemoro psaga (1) K natomy, wecToro K
ceilbMOMY M BOCEMHaALATOro K AeBATHAALATOMY:

c,x* :1_(t22 +t,+1)(t) —t, +1)(t, +1)tls N (t,+2)° () +t, +1)(8 —t, +1)

>, g :
(L +1)(8 +t2t:1)(t22 -t +1)t17 .y (10)
2
it GoUE ), (o,
Cs %, E .
R Che) (e (R S R i i e PO (12
CioX; "

MocKobKy |t1| <1l |t1| <|t2|, TO M3 BblparkeHui (9)—(12) oTyeTAnMBO BMAHO, YTO Npenes OTHOLIEHMA COCeaHMUX

cnaraembix paga (1) ctpemuTca K eanHAULLE C YBEAMYEHMEM MX NOPALKOBOrO HOMEpPA, YTO B CBOKO oYepesb AOKasbiBaeT
CnpaBeaMBoOCTb Teopembl 1 Ans cnydas Kybuyeckoro nosanHoma.

AHaNOrMYHbIM BbIYUCAUTENbHBIM 06PAa30OM MOXKHO [O0Ka3aTb CnpaBesMBOCTb Teopembl 1 ans anrebpanyeckoro
NoAMHOMA YeTBepPTOM CTeNeHM.

31



MATO3MATbIKA

Cama no cebe Teopema 1 MMeeT BbICOKOE MPUKAALHOE 3HAYEHME W ABAAETCA MCTOYHMKOM AN MNOCTPOEHMS
LENoYKN GOPMYA, MO3BOMAOWMX NPUBAUNKEHHO HAXOAUTb MWHMMAJbHbIA MO MOAY/IO KOpeHb anrebpanmyeckoro
ypaBHeHua yepes ero KoadduumeHTbl. Huxe byaet npuseaeH anroputm noayyeHuUsa AaHHbix GopMya U npeactasieH
ABHbIN BUA HEKOTOPbIX U3 HUX ANA Cayyaa Ky6MqECKOI'O YpaBHEHNA U ypaBHEHUA l'IeTBepTOI‘;i cTeneHun, a TaKXe Ha
KOHKPETHbIX Npumepax 6yaeT nokasaHa Ux 3GPeKTUBHOCTb.

Myctb

f(x)=x>+ax’ +bx+c.

B pag Telnopa:

2 ac—b*)b
C%x+£b aj 2y u ba_1 X+

Pasnoxum pyHKLMIO

1 1 N
c ¢ c? c* cd c?

f(x)

2 3 )
N (c* —2abc+b )b+(ac b)a3+C£3 .

c® c*

2 3 K2 20 2.2 2 R
N (c 2a(ic+b)a+(acc4b)+(3abc acce 2bc’ —b* )b o

(c2 —2abc + b3) (3abzc —a%c? - 2bc? - b“)a

+ = + = +
(Saszc2 - 4ab3c)b (3b2c2 —2ac® +b° )b ]
+ - + 7 X7 +..0 (13)
c

Nycte X, [ aBnaeTca eAMHCTBEHHBIM MUHUMaNbHBIM O MOAYI0 KOPHEM anrebpanyeckoro ypasHeHua f (X) =0.
Torpa gna Hekotoporo M -ro cnaraemoro psaga (1) cornacHo BbipaXKeHMUo (2) MOXKHO NPUBAMKEHHO cYUTaTb
m
Co X c

— m ~
m+l ~1,

Cm+lx* Cm+1xk
cneposaTenbHoO,
C
X, ~ —n (14)
Cm+1

CpaBHuBas BbipaykeHus (14) u (13), HaxoamMm
3 2
c, (2abc—b*-c*)c

X ~r—= y 15
" ¢, a’c®-3ab’c+2bc®+b* (1)
o (a’c® —3ab’c+2bc” +b* )c
X, ~—= : (16)
c; 2ac(2b®+c?)-3bc’(a’ +b)-b°
c (30c?(a? +b)—2ac(2b3+c2)+b5)c
X, %=y 2 3.2 2 PR (17)
c; ac’+5ab‘c—4b’c* —6abc®(ab—c)—c* b
c (4b°c? —a%c® —5ab‘c +6abc’ (ab—c)+c' +b°)c

c, (Zazbcz(2ac—5b2)+6abzc(b3 n 202)—30“ (a2 +b)—5b“c2 —b’
Takum o6pasom, ¢opmynbl (15)—(18) NO3BONAT HANTU NPUBAUNKEHHOE 3HAYEHUE HaUMEHbLLEro KOpPHA

anrebpanyeckoro ypaBHeHUA TPETbeN CTEMNEHMU.
PaccMmoTpym NpUMeHeHMe AaHHbIX GOPMYN Ha KOHKPETHOM YnucnoBom npumepe. MNyctb

f(X)=x>+(-9-9i)x* +(14+81i)x —126i =(x—2)(x—7)(x—9i).
Torpa noactaHoBKa Ko3ddUMUMEHTOB MHorouyneHa B ¢opmyabl ¢ (15) no (18) cooTBeTcTBEHHO AaeT
cnepytowme NPUBANKEHHbIE 3HAaYEHUA KOPHSA:
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X574 ~1,99209+0,00132i ;
X.4y5 ~1,99757 +0,00115i;
X516 ~1,99948 +0,00037i ;
X417 ~1,99986 +0,00007i .

3aKkntoueHue. B ctaTbe NpensiodKeH HOBbIM AaNropuTM OaA nosayvyeHus Gopmya MPUBAUMKEHHOTO HaXOXKAEHUA
HaMMeHbLUero No MOAYNI0 KOpHA anrebpanyeckoro ypaBHeHUA TpeTbeW cTeneHun yepe3 ero KosdouumeHTb.
Hanbonee npocTble U3 HUX ABHO MpeacTaBieHbl nog Homepamu (15)—(18). PaccmoTpeHue KOHKpEeTHbIX NpUMepoB
noarsepauno 3¢PpeKTMBHOCTb NPUMEHEHUA AaHHbIX GopmyAa. MNaBHbIMW UX AOCTOMHCTBAMU ABAAIOTCA OblCTpOTa
BbIYMCNEHUIA M yAoOCTBO WCNONb30BaHMA Ha npakTUKe. [lonyyeHHble $opmy/bl BKAOYaAOT B cebA TOMbKO
4 apndmeTtnyeckme onepauum Hag KosbdurumeHTaMn ypaBHEHUA.

OCHOBHbIM OrpaHMyeHnem Ha npumeHeHne dopmyn (15)—(18) aBnsercs HaanuMe TONbKO OAHOTO MUHUMALHOTO
Nno MOZAY/H0 KOPHA YpaBHEHUA.

Mcnonb3ya npensioXKeHHbI B CTaTbe ajropuTM, MOMHO MNOAYYUTb GOpPMYy/bl NPUBAUNKEHHOTO HAXOXAEHMUA
HauMeHbLLEro No MOAY/I0 peLleHna anrebpanyeckmnx ypaBHeHU bonee BbICOKUX cTENEHEN.
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