YAK 512.622:519.615.4
MOAUDUKALNA GOPMY/ IUTKEHA
N AITOPUTMbl AHATUTUYECKOIO HAXOXKAEHUA
KPATHbIX KOPHEA NO/IMHOMOB

M.M. YepHasckuii, H0.B. TpybHUKOB
YupexcdeHue obpaszosaHusa «Bumebckuli 2ocydapcmeeHHsbili yHUsepcumem
umeHu N.M. Maweposa»

Pa3BuTMe BO3MOXKHOCTEN KOMMBIOTEPHOW TEXHUMKU BO3POAMAO MHTEPEC K UCCAEAO0BAHWUIO CBA3EM
MeXay KOPHAMM MOJIMHOMOB U KO3ddULMEHTAMWN CTENEHHbIX PAAoB Ana GYHKUMIA OT HUX. TaKke
aKTyanbHbIM ABAAETCA BONPOC O NOSYYEHUM TOUHbIX GOPMY A1A BbIYNCAEHMA 3HAYEHNIN KPATHbIX KOPHE
MHOTO4Y/IEHOB NMPOM3BOJIbHOM CTENEHM.

Llenb ctaTbM — NOAYyYMTb aHanorm popmyn IMTKEHA B TepMUHAX KoapoduumeHTOB paaa Tennopa gna
byHKummn 1/ f (z), rae f (z) — noAMHOM NPON3BONLHON CTEMEHW, U PACCMOTPETL aIFOPUTMbI NOSTYyYEeHUA
TOYHbIX GOPMY, BblparKatoLwMx 3HAYEHNA KPATHbIX KOPHEN NOIMHOMOB Yepe3 KO3PPULMNEHTbI.

Marepuan n metogbl. Matepnan uccnefoBaHus — anrebpanyeckme MNOJMHOMbI KOMMJIEKCHORO
aprymeHTta npoussosibHon cteneHn f (z) n pasnoxernue ¢yHkumii 1 / f (z) B pan Tennopa, a Takke
OVNCKPUMMHAHTbI U pPe3y/IbTaHTbl 3TUX NOAMHOMOB. Mcnosib30BaHbl METOAbI MaTEMaTUYECKOro aHan3a u
cucTema KOMNbIOTEPHOM MaTemaTukm Maple 2019.

PesynbTatbl M ux obcypaeHue. [loKasaHa cnpaBeanvMBocTb Gopmyn aaa nNpubANKEHHOro
BbIYMCNEHMA 3HAYEHUI NPOCTbIX KOPHEN NOAMHOMOB, B KOTOPbIX MCNOAb3YtOTCA Ko3dpduumneHTbl paaa
Tennopa ana ¢yHkuum 1 / f (z). Takme dopmynbl ABAAOTCA aHanoramu dopmyn DATKEHa M Nerko
pPeannsyoTca B CMCTEMaX KOMIMbIOTEPHON MATEMATUKM.

Bo BTOpOW 4acTM CTaTbM MOKA3aHO, KaK, Uccneaya AUCKPUMWMHAHTbI U pes3y/bTaHTbl NOJIMHOMOB,
MOKHO NOCTPOUTL pAL GOPMYA ANA TOYHOTO HaXOXKAEHMA KPATHbIX KOPHEN. B cayyanx, Korga HeCKONbKO
KOPHEN WMET OAMHAKOBYK KPATHOCTb, MNOJYYAlOTCA COOTHOLUEHWS CBA3W MEXAY KOPHAMWU U
KO3pPULMEHTAMM NOSIMHOMA, CYLLECTBEHHO YTOUHAIOWME COOTHOLWEHMA BueTa.

3aKkaueHue. Ha KOHKPETHbIX YMCAOBbLIX MPUMepPax anredbpanyeckmx ypaBHEHWUN ¢ 4ENCTBUTE/IbHbIMM
M KOMMAEKCHbIMU KO3PPULMEHTAMM B CMCTEME KOMMbIOTEPHOM MaTemaTUKM Oblna noaTBeprKAeHa
3 PEKTMBHOCTb MOJIYY4EHHbIX aHanoros ¢opmyn IiiTKeHa. Kpome Toro, B cTaTbe MPOaHaNAN3UPOBAHbLI
pa3/iMyHble anropuUTMbl A1A MOJYYEHUS TOYHbIX GOPMY/, BbiparKaloWMX 3HAYEHMA KPATHbIX KOPHEM
NoJIMHOMOB Yepes Ko3pPULMEHTLI.

KnioueBble cnoBa: nosvHOM, anrebpavyeckue ypasHeHuda, pag Teinnopa, dopmynbl INTKEH],
pe3yNbTaHT, UCKPUMUHAHT, KPaTHbIE KOPHU, aHAZIMTUYECKOE peLueHme.
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The development of the capabilities of computer technology has revived interest in the study of
relationships between the roots of polynomials and the coefficients of power series for functions of them.
Also current is the isssue of obtaining exact formulas for calculating the values of multiple roots of
polynomials of arbitrary degree.

The purpose of the article is to obtain analogs of Aitken’s formulas in terms of the coefficients of the
Taylor series for the function 1 / f (z), where f (z) is a polynomial of arbitrary degree, and to consider
algorithms for obtaining exact formulas expressing the values of multiple roots of polynomials in terms of
coefficients.

Material and methods. The research material is the algebraic polynomials of a complex argument of
arbitrary degree f (z) and the expansion of the functions 1 / f (z) in a Taylor series, as well as the



discriminants and resultants of these polynomials. Methods of the mathematical analysis and Maple 2019
system of computer mathematics were used in the research.

Findings and their discussion. The validity of formulas for approximate calculation of the values of
simple polynomial roots has been proved. These formulas use Taylor’s series for 1/ f (z). Such formulas
are analogous to Aitken’s formulas and are quickly applied in systems of computer mathematics.

In the second part of the article, it is shown how, while studying the discriminants and resultants of
polynomials, one can obtain many formulas for the exact finding of multiple roots. In cases where several
roots have the same multiplicity, it is possible to obtain the relationships between the roots and the
coefficients of the polynomial. Such relationships essentially refine Vieta’s formulas.

Conclusion. On specific numerical examples of algebraic equations with real and complex coefficients
in the system of computer mathematics, the effectiveness of the obtained analogues of Aitken’s formulas
was confirmed. In addition, the article analyzes various algorithms to obtain exact formulas expressing
the values of multiple roots of polynomials in terms of coefficients.
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