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BBE/IEHUE

DyHIaAMEHTAJIBHBIMY UCCJCIOBAHUSIMU B O0JIACTU aJreOpandecKux To-
JINHOMOB Pa3JNIHbIX CTeleHell yueHble-MaTeMaTUKN HelTPEPBIBHO 3aHUMAIOTCS
Ha MPOTSKEHUN MHOTMX BEKOB. OCHOBHOU NMPUYMHON STOTO SABJIACTCA ITHPO-
KOE IIPUMEHEHNE IOJIMHOMOB 1PaKTUYECKH BO BCEX €CTECTBEHHbIX HAyKaX U BO
MHOTHX pazjiesiaXx pyHJaMeHTaIbHON U NPUKJIaHONH MaremaTuku. Ecjiu rmo-
NBITATHCS KPATKO PACCMOTPETh OCHOBHBIE TPY/Ibl 10 TEOPUU aJreOpaniecKux
ypaBHenuit 3a nocsennue 200 jier U JlaThb UM OIEHKY, TO HOJYYUTCS MHOI'O-
TOMHOE HUCTOPHWYECKOe W3jaHue. JHAUNUTEJbHAas JacTh BayKHBIX PE3YJIbTATOR
TEOPUU U [PUJOKEHUH IOJIMHOMOB CKOHIIEHTPUPOBaHA B HEKOTOPHIX KPYIIHbBIX
moHorpadusax, nanpumep, B kaurax B. B. Ilpacososal u JI. M. Makneiivmn
(J. M. McNamee)?, cliuckn MCTOUHUKOB B KOTOPBIX COCTABJIAIOT COTHU HaUMe-
HOBAHUM.

Ienbio HacTodIel TUCCepTalMOHHON PabOTHI SABJIAETC Pa3padOTKa, AB-
HBIX ¥ TPUOJIMKEHHBIX METOJIOB BbIYMCJICHNs U aHAJIN3a KOPHEH MHOIOYJIEHOB.

Metojibl IpubJIMKEHHOTO TI0JICUeTa KOPHEH MOJMHOMOB B TOM HallpaB-
JIEHUU, O KOTOPOM WJIET Pedb B HACTOSIIEH jrccepTalii, UMET JOJTYI0 U
cojleprKaTeIbHYI0 neropuio (00630p mpuBejieH B pasjese 1.1 quccepramun).

B 1728 rony . BepHyjum Jujisl OJMHOMOB ¢ JIEACTBUTEIbHBIMU KO-

durmenTamMu
P(z) = apz" + a2 '+ -+ ap1z +a,, a; €ER, ag,a, #0 (1)

(1. e. P(x) — mosmuHOM crernenu 1, Jyist Koroporo () He siBJISIeTCsT KOPHEM ) OITHCAJ
MeTOJT (HA3BaHHBIH MOC/IEIOBATESIMUA B €I0 YeCTh) HAXOXKJIeHUsT HaubO IhIIIero

10 MOAYJIIO ﬂeﬁCTBHTeﬂbHOFO KOpHA € ITOMOIIILIO BhIYUCJICHUA ITpeJesia ITOCJIe-

1 . o
OTHOIIEHNN COCECJHUX IO HOMEpaM pEeIICeHNN Pa3SHOCTHOT'O

JA0BaTEJIbHOCTHU

ypaBHCHUA

aotyy + a1tp—1+ -+ aptypn =0 m=nn+1,..., (2)

OCTPOEHHOro 0 Ko dunuenram nosmHoma P(x).

Ananusy u passuruio Mmerona Bepuysiu nocsaruim cson paborn! JI. Dii-
aep (1748), 7K. JI. Jlarpamx (1798) u A. K. Diitken (1927). Ilocnennuii 0606-
U MeTOZ, BepHysn 11 noacdeTa Npou3BeeHuil yIIopsI0UeHHbIX 10 abco-

JIOTHOM BeJIMUKHe JIeHCTBUTEIbHBIX KOpHeil nosuaoMa P(x). O ucnob3oBadl

1. Ilpacosos, B. B. Muozousens / B. B. IIpacosos. — M. : MITHMO, 2014. — 336 c.
2. McNamee, J. M. Numerical —methods for roots of polynomials, part I, part II /
J. M. McNamee. — Amsterdam ; Oxford : Elsevier, 2007; 2013.
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IPU TOM TPEJIEIbl OTHOIIEHUI OmpeiesIuTes e, COCTaBICHHBIX U3 TOCIET0-
BATEJHHBIX [0 HOMEpaM pelleHnii pasHocTHoro ypasuenust (2). lambueiinme
pe3yJIbTaThl B 9TOM HallPpaBJIEHUU, BILIOTH JIO HACTOSAIIEI'O BPEMEHHU, 1IPEJICTAB-
senbl B MoHorpadun® u B o630pe B pazseie 1.1 quccepraim.

B rmaBe 2 jgmccepramuu MbI pa3BuBaeM Mmeton Jitnepa — Jlarpamxka u
BBIYMCJISIEM BCE KOPHU IPOU3BOJILHOTO HMOJIMHOMa P(2) ¢ KOMIIEKCHBIMU KO-
s dunnentamu, Ha 6aze mMoJCUETA IPEIETIOB OTHOIIEHNUIT OTpeienTeeil (Kak
1 B MeTojiaXx Beprysin — DiiTKeHa), MOCTPOEHHbBIX MO Ko hUIUEHTAM PA3JIo-
x)enuii B psiyibl Teiisiopa u Jlopana ¢yukuuu P'(z)/P(2).

B konme XX — nagajsie XXI BEKOB, 10CJIE OTHOCUTEJILHO JIOJIOTO Tepe-
PBIBa, HAYAJOCH CTPEMHUTEILHOE Pa3BUTHE aHAJIU3a TOUHDLIX AHAJUTHIECKUX
METOJIOB TIOJIyUeHUs KOpHel ajredpandeckux ypapHenuit. B wactnoctu, 6016
1oe BHUMAHUE YJEJseTcsl HAXOXKJIEHUIO SBHBIX (DOPMYJT Jist KOpHeil (00630p
JaH B pasjede 1.2 guccepraimu).

M3BecTHbIM MaTeMaTHIeCKUM WHCTPYMEHTOM Jijisi OOHApy»KeHus obImux
KOpHE# map MOJMHOMOB U KpaTHBIX KOpHEeW TTOJIMHOMOB SABJISIOTCS PE3YIbTAHTDI
M JUCKpUMUHAHTBL [Ijist mapel nosmuoMoB f u g ux pesyiabrant R(f,g) —
dbyukimsa or ux kKodpdunuentos. Hymm pesynasranta R(f,g) coorBercTBytoT
Habopam ko duiueHToB f u g Takum, 9T0 [ U g UMEIOT 00muii KopeHb. [Ipu
9TOM BbIYKCJIEHHE 3TOI0 ODIEro KOPHS SABJSETC OTJ/IEJIbHOM MpodIeMOii.

OcHoBormosraraioIme pe3yabTaThl 0 BhIIUCICHUIO eUHCTBEHHOTO 00IIe-
ro MPOCTOTO KOPHSA JIBYX MOJMHOMOB, & TaKKe eJIMHCTBEHHOTO KOPHS TOJIHU-
HOMa KPATHOCTH 2 B TepMHHAX YaCTHBIX MPOU3BOJIHLIX TEPBOIO MOPsJIKA OT
pe3yJIbTaHTOB U JIMCKPUMUHAHTOB, 1ipejicTaBienbl B Monorpadguu M. M. T'ejib-
danga, M. M. Kanpanosa n A. B. 3enesunckoro®. Cylecrsennoe pa3surue
uJieit 3Toil KHUI'M B HaAlpABJIEHUU TIOUCKA (DOPMYJI JIJIsST KPATHBIX KOPHEH MHO-
rouieHoB npejcrasieno B crarbe M. A. Anrtunosoit, E. H. Muxankuna u
A. K. Iuxa*. KioueBoit B 9T0ii paboTe sIBJISETCS TEOPEMA, TJIe 01y IEeHO BbIPa-
YKEHUE €JIMHCTBEHHOIO0 KOPHs KPATHOCTU S > 3 4Yepe3 4YacTHbIe 11POU3BO/IHbIE
HEPBOI'O MOPSAJIKA OT PE3YJIbTAHTa MHOTOUJIEHA U €ro IPOU3BOJIHON MOPsJIKa,
s — 1.

B TpeTbeit rnaBe nacrodineit guccepTaluy IOCTPOEHO TeHJIOPOBCKOe pas-

JIOZKeHue IJid pe3yJIbTaHTOB IIap IIOJIMHOMOB, O6JI&,IL&IOH_[I/IX O6H_[I/IMI/I KOpHAMN.

3. Gelfand, I. M. Discriminants, Resultants, and Multidimensional Determinants |/
I. M. Gelfand, M. M. Kapranov, A. V. Zelevinsky. — Boston : Birkh&user, 1994. — 528 p.

4. Anrunosa, U. A. Payuonasvhvie 6upasicenus Oas KPpAMHuE KOPHET aA2e0pauyeckus
ypasnenuds [ U. A. Aatunosa, E. H. Muxankun, A. K. Hux // Maremarudeckuii c6opauk. — 2018. —
T. 209, Ne 10. — C. 3-30.



Ha sroii 6aze 1moJiyueHbl cepuu HOBBIX sIBHBIX (DOPMYJI JIJIsi OOIMUX KpaTHBIX
KOpHeii 1ap MOJUHOMOB M CepUM HOBBIX (DOPMYJI JIJIsl KPATHBIX KOPHEil MHOTO-
YJIEHOB.

OrnenbubiM 00bEKTOM HUCCIEI0BAHUN B JaHHON TUCCEPTALNN SIBJISIIOTCS
TPUHOMUAJIbHBIE (TPeXUIeHHbIE) ajaredparnieckue ypaBHEHNUs, T. €. YPaBHEHHsI

BI1A,
" +pr"+q=0 (n>m>0,p#£0, ¢#0).

Takune ypaBHeHUs SIBJISIIOTCS IOIYJISIDHBIM OOBEKTOM HCCJIeIOBAHUIA.
Tosibko ¢ Hauasia XX Beka omyOJIUKOBaHbI IECITKH CTaTel, OCBSIEHHbBIX Pa3-
HBIM aCIIEKTaM aHAJIM3a TPUHOMHUAJLHBIX ypaBHeHuil (0630p gan B passese 1.3
JICCEPTALIHT ).

B macrosieit puccepraiuy B 1yiaBe 4 TPOBEAEH TOJIHBI aHAJIU3 BCEX
JEeACTBUTEJbHBIX KOPHEA MPOU3BOJLHLIX TPUHOMUAJIBHLIX YPaBHEHUN C Jeil-
CTBUTEJIbHBIMU KO3 MUITUEHTAMU: SIBHO OIKMCAHA JIOKAJM3alldsl U KPaTHOCTU

TaKUX KOPHE.
OBIITAYA XAPAKTEPUCTUKA PABOTHI

Cesa3b paboTbl ¢ HaydYHbIMEU OporpaMmamu (IpPoeKTamu),
TeMaMu

Tema jucceprai COOTBETCTBYET NPUOPUTETHOMY HAIPABJIEHUIO HAy -
HOi, HAY YHO-TEXHUIECKO 1 MHHOBAIIMOHHOI JlesaTesibHOCTH Pecnybsimku Besa-
pych Ha 2021-2025 roabr Ne 1 «Iludpopbie nHMOPMAIIMOHHO-KOMMY HUKAIITOH-
Hble U MEeXKIMCIATIMHAPHBIE TEXHOJIOTUN, OCHOBAHHBIE Ha HUX TTPOU3BO/ICTBAY
(MaTeMaTHKa U MOJEJUPOBAHUE CJIOXKHBIX (DYHKIMOHAJIBHBIX CHCTEM (TeXHO-
Jorudeckux, Ouosornveckux, conuagnbubix)) (Ykas [Ipesugenrta Pecuny6iu-
ku Besapych or 07.05.2020 Ne 156), a Taxke MPUOPUTETHOMY HAITPABJICHWIO
HAy4YHO#, HAYYHO-TEXHUIECKO U MHHOBAIMOHHOM JlesiTesibHOCTH PeciyOnuku
Benapych Ha 2026-2030 rognr Nt 1 «Iludpopbie TeXHOJIOIMH U UCKYCCTBEHHbIM
WHTEJITIEKT> (MaTeMaTuvIecKue TEOPUH U METOJIbl, BBICOKOIPOU3BOIUTEIbHBIE
BBIYUCIUTESbHBIC CHCTEMBI, TIMhPOBBIC MOjesu 1 JBofinukn) (Yka3 [Ipesusien-
ta Pecriybsnmkn Besnapyces or 01.04.2025 Ne 135).

Jucceprannontast paboTa BhITIOJHEHA Ha Kadeipe WHKeHePHOI (pU3nkn
yupexxjieHus: obpaszopanus «Burebckuii rocyiapcTBeHHbIN YHUBEPCUTET UMEHH
[I.M. MamepoBa» B pamkax ['ocyrapcTBenHoM IporpaMMbl HayUHBIX UCCIEI0-
Banuii «Konsepreuiusi — 2025» (noganporpamma «Maremaruieckue Mojesn u

meTogbiy, Ne I'P 20210494, 2021-2025 rr.) B coorBeTcTBIM € 3aanuem «Pa3pu-
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THE aHAJUTUICCKUX W AITPOKCUMAIIMOHHBIX METOJIOB JIJIA aHAJIN3a U PelieHus
3a/1a91 CUCTEMBI TPABUTHPYIOIINX TET».

ABTOpOM jiEccepTaly OCYIIECTBIIAIOCH PYKOBOJACTBO 1poekTaMu ['paH-
toB BPODOU «Hayka — M»: B 2021-2023 rr. «Pa3paborka HOBBIX MeTO-
JIOB HaXOXKJIEHWsT KOpHEH ajreOpandecknx ypaBHEHWH B CHUMBOJBHOM BHJIE»
(Ne T'P 20213304); B 2023-2025 rr. «PasBurne Teopuu KOHCTPYHUPOBAHUS IKC-
TpeMaJbHBIX MOJTUHOMOB B KOMILJIEKCHBIX OOJIACTSX W CUMBOJILHOTO DPElieHus
anrebpanueckux ypasuenniis (Ne TP 20231184).

B 2025-2027 rr. jguccepraHT  pykoBojuT  1npoektom bBPDOOU
«Hayka — M» «Pa3Burtue wmerTojioB CUMBOJILHOIO HaXOXKJEHUs KOpPHeil
aJireOpamvIecKnX ypaBHEHUN M MOCTPOEHUS SKCTPEMAJBHLIX MOJUHOMOB Ha,
KOMILIEKCHOI tiockoctuy (Ne T'P 20251037).

Hean, 3amaqmu, oObEKT U MIPEeIMET MCCJIeI0BAHNS

[eJibio juccepralinoHHO pabOThl sBJIsieTCs Pa3pabOTKa ABHBIX U IIPHU-
OJIMPKEHHBIX METOJIOB BBIMHUCJICHNUST M AHAJI3a KOPHEH MHOTOYJIEHOB.

OcHOBHbBIE 3aJIa9M JIUCCEPTAIUN COCTOAT B CJIETYTOIIEM:

1. Pazpaborarh Meroj Tuia Merona Bepuysin — Dityiepa — Jlarpan:xa —
DiiTKeHa BBIYUCIEHHST BCEX KOPHEH MpoM3BOJILHOrO nojmuHoma P(z) ¢ KoM-
IJIEKCHBIMU KO3 pulmenTamu Ha 0ase 1ojicuera 1mpeJiesioB OTHOIIEHUR orpe-
JlesiuTesieil, MoCTPOEHHBIX 110 Ko puineHTaM pa3JjioXKeHunit B psijibl Teitjopa u
Jopana dbyukunu P'(2)/P(z).

2. IlonyunTh sBHBIE (DOPMYJBLI JIJisT OOIUX KOpHEH map MOJMHOMOB U
KPaTHBIX KOpHEil oJIMHOMOB Ha 0a3e jauddepeHnnpoBanns pe3yJbTaHTOB.

3. Jljist TpuHOMUAJILHBIX ypaBHEHU C JieficTBUTE/IbHbIMU KO3 DuUIineH-
TAMU TTPOBECTH aHAJN3 BCEX JCHCTBUTEIBHBIX KOPHEH: OMucaTh NX JOKAJIN3a-
[TUIO W KPATHOCTH.

OObeKT nceae0BaHus — MPOU3BOJILHBIE TOJTUHOMBI ¢ KOMITJIEKCHBIME KO-
s dunmenTaMu 1 TPUHOMUAJbHBIE TOJHHOMBI ¢ JIEHCTBUTEIbHBIMU KO3 DU-
[UCHTAMH.

IIpemer nccseoBannst — KOPHU MOJMHOMOB, METO/bI TTPUOJINKEHHOTO 1
ABHOT'O BBIYUCJICHUST KOPHEN, aHaJIN3 JIOKAJU3AIINA 1 KPATHOCTEN KOPHEIL.

Hay4ynasga HOBU3HA

[lonyuennnle B iUCCEPTAIIMH PE3YIBTATHI ABJISIIOTCS HOBBIMHU. HoBuzna u
OCHOBHOE COJICPXKAHWE STUX PE3YJIbTATOB 3aKJIOUAIOTCA B CJIETYIOIICM:

— pazpaboTaH HOBBI MeTO/] THITa MeToa Bbeprysm — Ditnepa — Jlarpan-
Ka — DTKeHA BEIUUCIEHHsI BCEX KOPHEH TPOU3BOJILHOTO nojiuHoma P(2) ¢ kom-

IJIEKCHBIMHU KO3 puimenTaM Ha 0as3e II0JIcUeTa IIPEeJIeJIOB OTHOIIEHNH olIpe-
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JleJInTeNeil, IOCTPOEHHBIX 110 Koad bulimeHTaM pas3JioxKeHuit B psjibl Teitgopa u
Jlopana Gynkuuu P'(z)/P(2);

— st pesyabranra R(f, g)(a,b) napel noaunomos f u g, obuajaronmx
OOIIUMU KOPHSIMU, TTOCTPOEHO TEHJIOPOBCKOE PA3JIOYKEHUE 110 MePEMEHHBIM @
(koadpdunmenram f) u 1o nepemenubiM b (koadduimentam g); Ha 31oil Oa-
3e TOJIyUeHbI CepUU HOBBIX SBHDLIX (POPMYJI JIJisd OOIMUX KPATHBIX KOpHEH map
MOJINHOMOB U CEPHH HOBBIX (POPMYJT JIJIsT KPATHBIX KOPHEH MHOTOUYJIEHOB;

— TIPOBEJICH TIOJHDBIA aHaJn3 BCeX JCUCTBUTEHLHLIX KOPHEW MTPOU3BOJIH-
HBIX TPUHOMHUAIBHBIX YPABHEHUH C JCHCTBATEILHBIMI KOIDDUITMEHTAMNA: SIBHO
OIMCAHA JIOKAJIM3aIs U KPATHOCTU TaKUX KOPHEH.

IlonoxkeHnsi, BBIHOCUMbI€ Ha 3aIIUTY:

1. HoBblit MeToj1 TiIta, MeToja bepuysum — Ditnepa — Jlarpan:xka — QiT-
KeHa BBIYUCJIEHUsT BCEX KOPHE TIPON3BOJILHOTO mojruHoMa P(2) ¢ KoMILIeKCHbI-
My KoadduimenTamMu Ha 6a3e 1ojcuera, IPeaesioB OTHOIICHUN OlpeiesuTesie,
MOCTPOEHHBIX 110 KO3 duimenTaM pazJjioxkeHnuii B psijibl Teitsiopa u Jlopana
byukiuu P'(2)/P(z).

2. TeitmopoBckoe pasJyioKenue Jijisi pe3yabTaAaHTOB Map MOJUHOMOB 00JTa-
JIAIOTIUX OOIIUMY KOPHSIMH.

3. Cepun HOBBIX SIBHBIX (DOPMYJI JIJisi OOIIUX KPATHBIX KOPHE ap 1moJIu-
HOMOB U CEPUN HOBBIX (POPMYJI JJIsT KPATHBIX KOPHEH MOJMHOMOB.

4. TTonublit anayn3 Beex JEHCTBUTEILHBIX KOPHEH TPOU3BOIbHBIX TPUHO-
MUAJIBHBIX YPABHEHUM ¢ JIEHCTBUTEILHBIME KOI(PDUITUECHTAME: IBHOE OTTUCAHHIE
JIOKQJIN3aIUA U KPATHOCTEN TaKUX KOPHEil.

JInaHbI BKJ1aa COMCKATE A YUE€HOM CTEeIeHn B Pe3yJIbTaThl JANC-
cepTanum ¢ OTTPAHUYEHUEM WX OT COABTOPOB COBMECTHBIX WMCCJIEJI0-
BaHUI 1 MyOJamKaITmii

OcHOBHBIE PE3yJIbTATHI JUCCEPTAITMH TOJYIEeHBI aBTOPOM JUIHO. CTaThu
[1-A—3-A; 6-A| onybJMKOBAHBI B COABTOPCTBE € HAYYHBIMU PYKOBOJUTEJISI-
MU — JIOKTOPOM (PHU3UKO-MaTeMaTndeckux Hayk, npodeccopom FO. B. TpyOuu-
KOBbIM (yMep B anpese 2025 1.) u JOKTOPOM (DU3MKO-MATEMATHICCKUX HAYK,
npodeccopom A. B. Jlebenenbim.

B nepeunciieHHBIX paboTax HAyIHBIM PYKOBOJUTEISAM MPUHAJIIEKAT MTO-
CTAHOBKH 33181 ¥ O0ITFe PEKOMEH/ 1AM OTHOCUTEIHLHO METOJIOB UX PeIIeHUs,
a aBTOPY JIMCCEPTAINN — PEAJU3AIUS STUX PEKOMEH Al 1 JI0Ka3aTebCTBa,
COOTBETCTBYIOIIUX PE3YJILTATOB.

Bes coasropos onybuikoBato 2 crarbu [4-A; 5-A] B HaydHBIX U31aHWUIX

B cooTBeTCcTBUU ¢ MyHKTOM 19 [lonokenuns o nmpucyzkieHnn y4eHbIX CTerneneit



W NIPUCBOEHUH yUeHbIX 3Banuil B Pecnybsnke Benapych.

Marucrpant . A. Kurapos, ¢ KOTOPBIM UMEIOTCsT 00IIHe aKThl BHEIpe-
HUsl, 3aHUMAJICH TEXHUYECKON peaJin3alipeil pa3zpaboTaHHbiX aBTOPOM JIUCCEP-
TAIUK AJTOPUTMOB.

Anpobaiiusa guccepranun u nHdopmaiusg 00 NCIOJIb30BAHUU €€
pe3yJIbTaTOB

PesynbTarsl uccepTallioOHHON PabOTHl JIOKIA/IbIBAINCH Ha PsAJjie Hayd-
HBIX CEMUHApPOB M KOoH(EpPEHINii, B TOM uucyae: Ha ceMuHape «JleficTBuTeh-
HBIH, KOMIUIEKCHBIT 1 (byHKIMOHABHBIN aHaimsy B BI'Y (pykoBogurenn —
npodeccopst A. B. Antoneswu, B. N. Baxtun, B. I'. Kporos, A. B. Jle-
oenen; 10 ampesst 2023 1., 6 mas 2024 r.); MexyHapoHom OHJAfH cemu-
nape «International biweekly Seminar on Analysis, Differential Equations
and Mathematical Physics» (pykosomurens — mpodeccop A. H. Kapamnersr,
22 dbepasis 2024 1.); HayuHOM ceMuHape aKyIbTeTa MaTeMaTHKI U HHPOPMa-
tuku [pIl'yY um. duku Kynaner (pykosogurenu — npodeccop U. I1. Maprbitos,
nipocpeccop E. A. Poba, 8 mas 2024 r. u 18 ampens 2025 1.); [ u I Pecy6uu-
KaHCKOM (bOpYMe MOJIOJIBIX YUEHBIX YUpexkJeHuil Bbiciiero obpasoBanust (Bu-
TeOCK, 25-27 mast 2022 r., Morunen, 17-19 mast 2023 1.); 75 u 76 peruoHaIbHBIX
Hay4YHO-TIpaKTUYecKux Kondepeniusx «Hayka — obpazoBanuio, npou3Bo/CTBY,
skonomukey (Burebek, 3 mapra 2023 r.; 1 mapra 2024 1.); X Mex qynapoaHoit
Hay4dHOU KOH]epeHrn «MaremaTnieckoe 1 KOMITbIOTEDHOE MOJICJIMPOBAHIES
(Omck, 10 derpass 2023 r.); Mexnynapognoit koudepennnu «XIV Benopyc-
CKasl MaTeMaThuieckas KOHMepeHus, mocssmennas 65-teruto Uncrturyra ma-
remarukn HAH Benapycu» (Munck, 28 okrsabpst — 1 HosiOpst 2024 1.); Mexy-
HApPOJHOW MaTeMaTn4deckoit KoHdepennnu «BocbMblie BorjaHoBckue dTeHus .
Huddepenipanbhbie ypasaenusi» (Munck, 2-5 gekabps 2025 r.).

Pesynbrarsl guccepTallmoHHON pabOThI BHEJPEHBI B YUEOHBINH ITPOIECC
dbaxyapTeTa MaTeMaTUK 1 WH(MDOPMAITMOHHBIX TEXHOJOTHH yUpesKIeHus oopa-
3oBanust «Burebckuii rocyapersennbiii ynusepcurer umenu [1.M. Maieposay
(akrbr BHEApeHust oT: 30.01.2025 (2 akTa), 28.11.2025).

Ony6/1MKOBAaHHOCTH PE3yJIbTATOB JUCCEPTAIIAN

OcHOBHBIE PE3yIBTATHI JUCCEPTAIUN ONMYOJUKOBAHbI B 14 HaydHBIX pa-
oorax (0Ommm obbemoM 4,78 apt. s1.), B ToM uucse 6 craTeil B HayTHBIX U3-
JIAHUSAX, COOTBETCTBYIONUX 1. 19 [TosoKeHnss 0 MpUCyKJICHUN YUEHbIX CTerle-
Heli U mpucBoeHnK yueHbix 3Banuii B Pecniybsmke Bemapycs (3,83 aBr. u1.), u
8 mybsmKalmit B cG0pHUKaxX MaTeprasoB HayIHbIX KoHbepenmit (0,95 aBr. J1.).

Ony06/MKoBaHHbIE PAOOTHI IOJHOCTBIO OTPAXKAIOT COJIePXKAHUE JIMCCePTAIIN.



CrpykTypa m 00beM AnccepTaIn

Hucceprannontast paboTa COCTOUT U3 BBeJIeHUsI, 0DIIell XapaKTepucTH-
KU PabOThI, YeTbIpeX 1VI1aB, 3aKJII0UEHUs, CIIMCKA UCIIOJIb30BAHHBIX UCTOYHUKOB,
cojiepkaliero 237 HauMeHoBaHUil, BKJOYas 14 nyOjukanuii conckaressi yde-
HOUI crernenn, u npujioKennst. [lojHblit 06beM mauccepranuu cocrapisier 125
crpanutl; 97 cTpaHull — TEKCT JUCCePTAIUU; 22 CTPAHUILI — CIUCOK HCIOIb30-

BaHHBIX UCTOUHUKOB; 6 CTPAHUIL — MIPUJIOKEHHE.
OCHOBHAZ4A YACTD

IlepBasi riaBa coep:KUT aHAJIUTUIECCKUN 0030D Pe3yIbTaTOB, IIOCBSIIIEH-
HBIX TPEM HAIIPABJICHUsIM aHAJN3a KOPHEHl MOJMHOMOB:

— BBIUHCJICHUIO KOPHEH MOJMHOMOB METO/IaMU, BOCXOJISIIMMHI K METOJLY
Bepuymin — Diisiepa — Jlarpanxka — Diirkena (pasgen 1.1);

— SIBHBIM (DOPMYyJIaM JIJIs KOpHEil [TOJIMHOMOB, IIOJIydaeMbIM Ha Daze nud-
bepeHInpOBaHus Pe3yIbTAHTOB U JIUCKPUMUHAHTOB (pasjen 1.2);

— aHaJIM3y KOPHEH TPUHOMHUAJILHBIX HOJMHOMOB (passes 1.3).

B rnaBe 2 pazpaboTaH HOBBI METOJ THUIA METOja bepHym — diiie-
pa — Jlarpamka — DiiTKeHa BBIUNCIECHUS BCEX KOPHEH TTPOM3BOJIHLHOTO TIOJIH-
Homa P(z) ¢ KoMIuiekCcHbIMU Koddduipentamu, Ha 6ase mHojcuera npejesion

OTHOIIIEHNH oIpejie/uTes e, IOCTPOEHHBIX 110 KO3 UIlneHTaM pa3JioKeHui B
P'(z)
P(z)

B pazaene 2.2 onucan MeToN BBITUCICHHA BeeX KOpHEH MPOU3BOJILHOIO

psanbl Teitnopa u Jlopana dyHKIUN

noauaoMa. IIpomeaypa BEIUNCIEHNST UIET 110 BO3PACTAHUIO ADCOTIOTHLIX BEJIH-
YUH KOPHEN.

B pazpaborannoM MeTojie IPUHIUITHAILHYIO TEXHUYECKYIO POJIb UTPAIOT
onpegenuTenyu Anamapa.

[Iycrs P(z2) = apz" + a1zt + ... + ap_12 + a,, ag,ai,....,a, € C;
ag, @, # 0 — IPOU3BOJILHBIN TOJUHOM CTEIEeHH 11, JIJIst KOTOporo () He sIBJISIeTCsI

KOPHEM, T. €.
P(z) =ap(z —21)™ - ...- (2 — )",

e my+ms+...+m, = n — cyMMa KpaTHOCTel KOpHell 2j U z; 7# 2; IPU T # ]
nz; #0, j=1,...,p. Buecre ¢ nonunomom P(2) paccMOTPUM paliOHAJIBHYIO
pyHKIUTO

P'(z " m; -
o =Y = et &)



3ech npaBast yacTb — pazjoxkenne Gynkuuu P'(z2)/P(z) B psa Teiinopa
B OKPECTHOCTHU HYJISL.

[To koapdunmenram ¢ psiia (3) crposres oupejesaurenu Ajgamapa. A
MMEHHO, Jijist KayKJI0# napbl HaTypasbhbix uuces (k,7), k > 0,7 > 0 oupeje-

mareneM Apamapa Hj, , Ha3bIBaeTCA ONPEJICINTEIhb

Ck; Ck+1 ++-  Ckir—1
Ck+1 Cp42 - - Ch+tr
}Jkﬂ‘-::
Chtr—1 Cktr - Cky2(r—1)

Teopema 2.1 [1-A; 2-A] onucbiBaer cBsi3b Mex 1y onpejeanressimu Aja-

Mapa n Banmepmona. 3/1eChb, B 9aCTHOCTH, YCTAHOBJICHO, ITO

Hip, =0 gnma r>p;, u1 ——=21..." 2.

A jyist 7 < p crpaBeINBa, CIeIyoTIasi
Teopema 2.3 [1-A; 2—A]. Tycmov 0 < |z1| < |20 < ... <z <|2zpn1] <
<|zr1o| <...<|2p|. To2da

. }Qfgr
lim —— =2 -...- 2.
k—o0 }]k4—lﬁ
LIpu smom
Hj,
| < CfF,
}ik+—Lr
2de 2]
z
0<qg=—-<1.
‘Zr+1’

Yeaosue |2.| < |z.41| B Teopeme 2.3 siBiisiercsi HE TOJBKO J0CTATOY-
HBIM, HO U HEOOXOIMMBIM YCJIOBHEM CYIIECTBOBaHUs 0OCYXKIAEMbIX MTPEJIEJIOB.
A uMmeHHO, cripaBeIiBa CIIelyolas

Teopema 2.4 [1-A; 2—-A]. ITyemo 0< |21 <|z2| <...< |z =|2r41| <

. k,r
< |zpy2] < ... <|2p|. To2da me cywecmsyem npedeaa lim

k—o00 f{k+4ﬂr
BbHH@HpHBGﬂGHHbK}p€SYHbTaTH INO3BOJIAIOT BBIYUCJIATL KOPHHW MHOI'O-

wiena P(z), HauuHasi ¢ HAUMEHDBIIErO O MOJYJI0. AHajJoruaHasi MPOLE/LY-

pa BBIYMCJICHUST KOPHEl MMOJIMHOMA, HauYMHast ¢ HAUOOJLINEro 1Mo MO/IYJII0 OCY-
P'(z)
P(z)

IecTBIIgeTC pasjesie 2.3 Ha ba3e passioxKeHus: (PYyHKIUK B paj Jlopana

B OKpecTHOCTH GeckoneanocTn (T. e. it |z| > max |z;])
1<j<p



P'(z a
P((z)) B Z z — zj N Z 2k+17 (4)

j=1

C TIOMOIIIBIO COOTBETCTBYIOIINX OIPEIeIuTeIei A,zLaMapa.

B passene 2.5 npejicTaBieH KOHKPETHBIA IPpUMED BBIUUCIEHUS BCEX KOP-
Heil mosmHoOMa, Ha 0ase pa3paboTaHHBIX METOJIOB.

B Tperbeil ryiaBe MOCTPOEHO TEHIOPOBCKOE pas3soxKeHue JJisl pe3yJibTaH-
TOB IIap IOJKHOMOB, 0bJagaoux odmmumu Kopasimu. Ha aToit 6ase 1oy deHbl
Cepur HOBBIX SIBHBIX (DOPMYJI JJIsT OOIMINX KPATHBIX KOPHEH map MOJUHOMOB 1
cepuu HOBBIX (POPMYJI JiJIsd KPATHBIX KOPHEHl MHOI'OUJICHOB.

Hanmomumm ompejiesienne pesyabTaHTa.
n

Iycrs f(2) == > a;2"" (ag #0) u g(2) := >, b;2™ 7 (by #0) — usa
i=0 =0
MHOIOYJIEHA. !

Nx PESYABINAHINOM HA3bIBACTCA OIIPEICIINTECIID

ap aq N )
apy aip ... Qp
agp a ... Qp
R(f,g) = bo by ... by, - (5)
by b b,
by b b,

B nanHOM ompejiesinTesie m cTpoK ¢ KoddduimenTaMu nojnHoma f (2)
1 n CTPOK ¢ KoadduipenTaMu nojuHoma g (z). B aueiikax onpejenureis, rje
OCTaBJIEHbBI [IYCTbIE 110JI51, 10PA3yMEBAIOTCs HYJIU.

Pesymnbrant — 910 hyHKIHSS 0T KO3MMDUIIMEHTOB MHOTOWIEHOB f 1 ¢, T. €.
R(f,q) = R(f,9)(ag, ..., an, bo, ..., bp).

B monorpadun . M. Teandanmga, M. M. Kanpanosa n A. B. Senesnn-
CKOTO® JIOKa3aHo CJe/yIolee yTBep:K IeHHIe.

IIpeanoxkenne 3.1. Ecau noaunomot

f(:c):aosr:”+a1:z:” + a0z 4 ..+ ap_1x + ay,

g (x) = box™ + b1 + byx™ P + L+ b1 + by

UMENM PO6HO 00UH NPOCMOT 00U KOpeHd W, Mo mo2da W MONCHO HATMU



ABHO U3 COOMHOWEHUL:

aR 9 aR 9 8R )
(w":w"‘lzw”_Q:---:wzl):< 6(;;9): a(jlg):---:#>, (6)

o OR(f,g) OR(f, OR (f,
(wm:wmlzw 2:---:w:l):< a(g;g): 8(bflg) a(b{ng)), (7)

2de R(f,g) — peayavmanm nosunomos f(x) u g(x).

B monorpadun® Gopmyint (6), (7) nojsyuaiorest U3 HHTEpPIPETA JIIC-
KPUMUHAHTA B TEOPUU JBOMCTBEHHOCTH ajredpandecKux MHOroobpasmii. Ak-
IEeHTUPYs] BHUMAHNE Ha NPUHIUINAIBHON BasKHOCTH STUX (POPMYJ, aBTOPHI®
nopuepkupator, uro «The general proof given there (reduction via the Cayley
trick, to the biduality theorem for projective dual varieties), is probably the
most transparents |c. 400].

Host oimostnenus  coornomenuit (6) w (7) TPUHIUIHAILHO BaxK-
HO, 4TOOBI OOIIMII KOpEeHb OBbLI TOJBKO OJMH, W YTOObI OH He sIBJISLICS
KPaTHbIM JIJIsi KAKOIO-TO M3 IOJMHOMOB. 3JI€Ch MOXKHO HPUBECTH IHPUMEP

f(x) = (z—1)7° g(x) = (z—1)% e Bce YacTHBIE NPOU3BOIHDIE EPBO-

R(f,9) . COR(f,9)
9, ,1=20,1,2,3; o,

Crenyiomuil pe3yiabTaT QUCCEPTANNE OMUCHLIBAET 3(PMEKTHI, BOZHUKAIO-

r'o MOPSIKa, , 7 =0,1,2; paBHnI HYJIO.

M€ B TaKUX CUTYallHAX.
Teopema 3.1 [3—-A; 6-A]. [Iycmo
f(x)=apz" +a2" '+ +a, (a#0, a, #0),

g(;p):b02m+blzm—1+...+bm’ (bo#o, bm?éO)

Ecau mmozounenvr | u g umerom posro odur obwutdl xopensv W Kpammocmu S
ona [ u wpamuocmu p das g, mo daa pesyavmanma R = R (f,g) umerom

MECTIO medymuwe pbaserHCcmMEBa:

1) dan 1 <r<s

JO"R

= o =0,1,....m):

o, b, " U =0.1,.om); (8)

2) dan 1 <r<p

O"R

= i =0.1,....n);

da;_ ...0a; 0 (i =0,1,...,m); )
O°R O°R

3) Ob;. ...0b;, by, ...0by

s "

10



= bt R0t (G = 0,1, m); (10)

R PR
é?aip ce 8&2'1 . (‘3% .. .8@11 N

_ Ul l) = (ip+ i) (ip, 1, = 0,1,...,n). (11)

IIpu p = s = 1 umerom mecmo coommowenus (6) u (7).

Teopema 3.1 mosydena ¢ MOMOIIBIO TEHIOPOBCKOTO PA3IOKEHNS PE3YIh-
TaHTa, KOTOPOE NPKM HAJMYAU OOIIMX KOpDHEH y mnap HOJMHOMOB IIPUHUMAET
JOBOJIBHO CIEIUAJIbLHBIN BU/I.

Hanomuunm, uro just dyuxign F: CP — C (p = 1,2,...) ee npousBoji-
Has nopsnka § F() (s =1,2,...) — 310 s—uHeliHas HyHKIMsI, 3aaBacMast
CEMeHCTBOM YaCTHBIX NPOU3BOJIHBIX

’F _q
827;5...(9,27;1] A
Ecim F(a,b), a = (ag,...,a,), b= (by,...,by) — dbynkust ot (n+ 1)+

S
+(m+1) nepeMeHHbIX, TO YEPE3 FCS ) b 0Bo3HATACM 66 YaCTHYIO IPOU3BOJIHY IO

F© [

[OPsIJIKa S 10 IIEPEMEHHBIM @ M, COOTBETCTBEHHO, depes Fb(s) obo3HavYaeM ee
YaCTHYIO MPOU3BOJHYIO TOpsijiKa S 1o mepeMeHHbIM b. ITooxkumM TakxKe, Kax
oGm0, FO = Y = F — F

Teopema 3.3 [3—A; 6—A]. IIycmo

f(z) =apz" + a2+ +a, (ap # 0),

g(2) =bp2™ + b1z -+ by, (b #0);

zi, i =1,n —xopru f, y;, j=1,m — xopnu g.

Ecau [ uw g uwmerom obwuti xkopewv w u, NPU  IMOM,
W=z = 29 = ... = zg — kopenv xpamuocmu s (1 < s < n) das f,
UW =1y =Y2 = ... =Yy — Kopenv xpamuocmu p (1 < p <m) daa g, mo dan
pesyavmanma R := R(f,g)(a,b) a= (ag,...,a,), b= (by,...,bn) umerom
MECTNO CACOYIOULUE PAGEHCTNEA!

1) daa 0 <r<s

Ry =0; (12)
ona 0 <r<p
R = 0. (13)
O°R o B '
2) —(96- 0. — ag‘ sl ws™ (Js+.Fi1). Q(Zz) (]k — 07 1’ o ,m) : (14)
Jorrr i=s+1

11



apR mn in n—(t,+...+11 u .
m:(_1) npl P (bt >..H fly)) (ix=0,1,...,n). (15)
P J=p+1
Ecau s =mn, m. e. f(z) =ap(z —w)", mo emecmo (14) umeem
"R : :
Tl Ut L =0,1,... 16
b, .o, 0 Ue=01,..om), (16)
ecau p=m, m. e. g(z) = by(z — w)™, mo emecmo (15) umeem
0"R n nm—(1 {51 :
Jar . dar — b " ) (r, =0,1,...,n). (17)

VubivMy cjioBaMu, NPy HAJWIWH Y TMOJWHOMOB f 1w g o0Iero KOpHst w
KPaTHOCTA S Juist [ W KPATHOCTH P JJIs § pasjiokeHue B psij Teiyopa s
pesynbranta R (f, g) (a,b) no nepemennbim b (koadpuiimentam ¢) HaTuHACTCST
CO CJIAraeMoro TOpAJIKa S, a pasjoxkenune B psiyt Teitiopa mist R (f, g) (a,b) no
nepeMentbiM @ (Koadduipentam f) HaunHaeTcs co CJAaracMoro nopsijika p u
COOTBETCTBYIOIIHE CJaraeMbie psijia Teiliopa OMuChIBAIOTCSA SIBHO.

B pazjiesie 3.1.5 npuBejieHbl IPUMEPHI cepuii HOBBIX (DOPMYJI JIJist OOIINX
KPaTHBIX KOpHEeH Iap II0JMHOMOB, IIOJyd4aeMbIX Ha 0a3e pe3yJibTaToB pas/ie-
qos 3.1.2, 3.1.3.

ParmonajibHbIe BhIpaXkKeHUd JJid KPATHBIX KOPHeil ITOJIMHOMOB.
[TockosibKy KpaTHBIIT KOPEHDb MOJMHOMA SIBJISIETCST KOPHEM €TI0 TTPOU3BOIHOM, TO
coorrorenns (10) u (11) MOXKHO HCIIOJIB30BATE JIJist TTOCTPOEHUsT (DOPMYJT J1JIst
BBIUKCJIEHHSI STOI'0 KPATHOI'O KOPHSI, MOJy4das cepru (POPMYJI, CBSI3bIBAIOIIUX
KOPHHU U KO3 PHUIMEHTHI TOJTUHOMA.

B kxadecTBe NpUIOXKEHUH MOJYUYEHHBIX PE3YJIbTaTOB MBI B pazjese 3.2
MOJIyIaeM CEPUHU HOBBIX sABHBIX (DOPMYJI JIjIsT KPATHBIX KOPHEH TOJMHOMOB.

AJropuTMbl TIOJIyY€HUS TOYHBIX PAIMOHAJBHBIX BbIPAXKEHUI
/171 KPATHBIX KOPHeil MOJMHOMOB (M3BECTHbIE pe3yJbTaThi). B mo-
norpadun 1. M. Teapdanma, M. M. Kampanosa u A. B. 3enesunckoro® B
ryiaBe 12 B KauecTBe MPUIOXKEHUsI IpeJJioxKeHns 3.1 moJiyueHbl hOpMYIIbl JIJIsd
KOPHSI W TTOJIMHOMA, f B CUTyaIlK, KOTJIa W — €JIMHCTBEHHBI KOPEHb KPATHOCTH
2. PazButuio mjeit u3 310l KHUTH 1O PAIMOHAIBHOMY BBIDAKEHUIO KPATHBIX
KOpHe# mosmuoma nocssitena crarthst V. A. Anrunosoit, E. H. Muxanknna u
A. K. Inxa?. Kimouesoit B Heil siBistercst cJieTyonas

Teopema 3.5%. ITycmv w — nenyaesoti kopens Kpammuocmu s > 3 04
NOAUHOMG

f(z)=2"+ a2 a4 a1z 4 ay

12



U 0CMaAdbHBIE KOPHU NPOCIBLE.

OR
Kopenv w ewpasicaemcesa uepes wacmuvie npou3sodnbie 8_’ 2de
a;

R = R(f, f(s_l)) — PE3YALMAHM MHO20MAEHA U €20 NPou3sodHotl nopadka
s — 1 no gopmyram

OR OR OR OR OR  OR

- .:8an_1 a_an

w = ; = .
aan—(s—2) 8an—(s—3) aan—(s—?)) 8an—(s—4)

B pasgene 3.2 nuccepraiiuu JoKa3aH psiji WIEHHO OTJUIHBIX OT TEope-
MbI 3.5 pe3yJbTAaTOB, CBSI3BIBAIOIINX BBICIINE MPOU3BOIAHBIE OT PE3YIbTaHTOB
1 KpaTHBbIE KOPHU M TIOJIyUYEHBI CEPUU HOBBIX SIBHBIX (DOPMYJI JjIsT KpaTHBIX
KOpHeli 1oJimHOMOB. Kpome Toro, aru pesyJibTarhl IPUMEHSIFOTCS JiJjisi HOBOI'O
IPO3PAYHOr0 JI0KA3aTEJbCTBA YTOUHEHUS TEOPEMBbI 3.9.

Cuestytorriee yTBepXK IeHHE SIBJISIETCA HEKOTOPO# aJIbTepHATHBON Teope-
Me 3.9. .

Teopema 3.8 [5—A; 6-A]. Hoaunom f(2) = > a;z"" (a9 # 0,

i=0
a, # 0) npedcmasasemes 6 eude
f (Z) = aO(Z - w)s (Z - Zs+1) (Z - Zs+2) ce (Z - Zn—l) (Z - Zn) )

ede 2<s<n, zF#z, 1F#] u WFz; moada u mosvko mozda, K020
00H0BPEMEHIO BYNONHAIOMCA CACIYIOULUE COOMHOULEHUA

1) R(f.f*V) =0,

2) R(f,f9) #0,

S
3) % # 0, 2de b; (7=0,1,...,n—1) — Koappuyuermos no-
n—1

aurnoma g (z) = f'(2).

IIpu smom das KopHA W BLINOANAIOMCEA COOMHOULEHUS

asR(fa f/) . 0°R (fa f/) w(ks+---+k1)—(js+-.-+j1)

b, ...0b; Obg. ... 0by !

B pazzese 3.2.4 upejacrapieHbl IPUMEDPhI, MILIIOCTPUPYIOIIUE IOy YeHHAE

Gr by =0,1,...,n—1).

KOHKPETHBIX PAllMOHAIBLHBIX BBIPAYKEHUN [JIsT BBIYUCIEHUsT KPATHBIX KOpHEId
HarOOJIbIIENl KPpaTHOCTH Ha 0a3e mojydeHHbIX TeopeM. OHU JIEMOHCTPUPYIOT
KauecTBeHHYI0 pa3HuIly B (POPMYJIaX, BBIBOIAMMBIX Ha OCHOBE TeOpeMbl 3.5 u
Teopembl J.8.

B sakimounTenbaoii riaase 4 00beKTOM MCCIeI0BAHNS SIBJISIIOTCST TPHHO-

MHUaJIbHbIE (TPEXUJIeHHbIE) aJredbpanieckue ypaBHEHWsI, T. €. yDABHEHUsT BUJIA

2" +pr"+q=0 (n>m>0,p#0, ¢#0).
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3yiech paszpaboTaH IPOCTON U eJMHOOODPA3HBIN METOJ, IO3BOJISIOU
YCTaHABJIMBATH UUCTO W JIOKAJUBANUIO JIEHCTBUTEILHBIX PENIeHuil TpextIeH-
HBbIX aJreOpanvecKux ypaBHEHWUH MPOU3BOJIbHBIX CTENEHEH ¢ JIefCTBUTE/IbHbI-
Mu kKoddpunrentamu. Meroj; ocHoBaH Ha TOM (paKTe, YTO IMPU MTOMOIIYU Olpe-
JIEJIEHHBIX TTOACTAHOBOK TPEXUJIEHHOE ypaBHEHUE MPUBOJNTCS K YPABHEHHUIO C
OJTHUM TIApaMETPOM, MPEJICTABUMBIM B BHU/Ie ABHON (DYHKITUU OT KOIPPUIIeH-
TOB TIEPBOHAYAJILHOTO YPABHEHUS, U CBONCTBA PENIeHUI NCXOHOTO ypaBHEeHUS
3aBUCAT TOJBKO OT 3HAYCHUI STOTO TTapaMeTpa.

B mpormecce anajin3a TPUHOMHAJBHBIX YPABHEHUH MBI HCIOJH3YEM WX
CJEYIONIYIO KJIAaCCU(PUKAIMIO: B 3aBUCUMOCTH OT YETHOCTHU CTEleHeil n u
m TpexuieHHble ajredpandecKue ypaBHEHWsd TOJpas3Jiendiorcd na 4 Tuma:
HedeTHO-HeYeTHbIe, YeTHO-HeUeTHbIe, HeUeTHO-UeTHbIE U YeTHO-IeTHDIC.

Ananus mpoBejieH 715 BceX THIIOB ypaBHenuil. [IpuBenem ogux u3 mosy-
YEHHBIX PE3YIhTATOB.

TpunoMuajbHbIE HEYETHO-HEUYETHBIE ypaBHeHHud. Vmeer mecTo
CJIeTy 10T

Teopema 4.1 [4-A]. Ilycmov 6 ypasnernuu

2" +pr"+q=0 (n>m>0,p#£0, ¢#0) (18)

N, M — HEUEMHBIE YUCAQ.
Ypasnenue (18) umeem eduncmeennvit sewecmeennuit koperns mozda u

monavko moeda, K020a 6BINoANEHO HEPABEHCM B0

» n/m n—m n n/m
—q|( = < : (19)
q m n—m
Hpu 6UINOAHEHUU HEPABEHCTNEA
n/m n/m
n—m n
—q £ > : (20)
q m n—m

ypasnenue (18) umeem mpu paswox sewecmeennvr kopus. Ipu smom, ecau

q <0, p<0, mo dsa uz amux Kopred ompuyamesvhovl, a4 00UN — NOAOAHCUME-

aen; ecar, @ >0, p < 0, mo dea kKophs boavwe Hysa u 00UH MEHBULE HYAA.
Ecau umeem mecmo pasencmeo

n/m n/m
n—m n D
= —q| = : (21)
m \n—m q

mo y ypasuenua (18) odun xopenv x, xpamuocmu 2, ydosaemeoparouwuil pa-

GEHCTNGAM
m
n n—m p .
:C* — ) .T* — — 9 (22)
n—m n



1/n
qm
m. e. (MaK KaK N — HEYEMHOE YUCAO) Ty = ).
n—m

~~

Bo scex cayuaar xopru 3adaromcea pewenuamu onpedesrou,ezo ypace-

" _q(ﬂ) n/m) )

t"m+1 q

x:t<g>1/m (t#£0).

P
tn
Ovyakmuo f (t) :=
yukwmo f (1) := -2 1
a ypaBHEHHE (23) — onpedeasrowum ypasnernuem. Hampumep, na pucynke 1
t3
t+1

HUA

u nodemanosroli

IPUHSATO HA3BIBATH onpedesdtouseti pynryued,

uzobpaxken rpaduk onpegessioniein pyuxiun f (t) =

1 fit)

| L I L I L I

-4 -3 -2 -

0307 1 (150 21230 3 3507 4 [M50[ 3 5507 6
t

—104

— 16
— 18-

—20-

t3
t+1

Pucynok 1 — I'pacduk dbyskmuu f (t) =

CxemaTuiano Tpadukn Beex onpejessionux GyHnkuuit f(¢) npn mpous-
BOJIbHBIX HEUETHDLIX 1 ¥ M OYIYT BBITVISIIETH IIOXOXKUAMHE JPYT Ha apyra. Ananns
onpejessioneil GyHKIMY U3 J1eBoil yacTu ypapHeHus (23) NPUBOAUT K JIOKa-

3aTeJILCTBY TeopeMbr 4.1.
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SAKJIIOYEHUE

OcHoBHBIE HAyYHBbIE PE3YJIbTATHI JUCCEPTAINN

1. Paspaboran Mmeron tumna merona Bepnyman — Ditnepa — Jlarpamxka —
DiiTkeHa BbIUUC/EHUsI BCEX KOPHEH MPOU3BOJILHOIO mojuHoma  P(z) ¢ koM-
MJIEKCHBIMU KO3 puImeHTaM Ha 0ase 1ojicueTa mpeJiesioB OTHOIIEHU orpe-
JleJInTeNeil, IOCTPOEHHBIX 110 Koad DulimeHTaM pa3JioxKeHuit B psasibl Teitgopa u
P'(z)
P(z)

[Tonydena oreHKa CKOPOCTU CXOJUMOCTH pa3padOTaHHOI'O METO/A.

Jlopana ¢ynkiuu

Ha nmpumepax mpoJieMOHCTPUPOBAHO, ITO TOJYIEHHBIH METOT OJITNHAKOBO
apdekTrBEH JiJIsI TOUCKA KaK IIPOCTHIX KOPHE, TaK U KPATHbIX KOPHEN JiI000i
crenenu kparnocru [1-A; 2-A; 7T-A; 13-A; 14-A].

2. Must pesyawranta R(f, g)(a,b) napsl nosunomos f u g, obsajatonmx
OOIMUMU KOPHSAMH, TOCTPOEHO TEUJIOPOBCKOE pa3IoKeHWe IO MepeMeHHbIM a
(koacbdburmentam f) u mo nepementbim b (kosdbdunnentam g) [3-A; 6-Al.

3. Ha 0ase jiudppepenniypoBatus pe3yibTaHTOB 1HOJIyYeHbl CEPUM HOBbBIX
SABHBIX (DOPMYJI JiJist ODIIMX KPATHBIX KOPHEH nap 1mojinHOMOB. B kadecTBe nx
MTPUJIOYKEHWH TTOJIYIEeHbI CEPUU HOBBIX (POPMYJT JIJIsT KPATHBIX KOPHEH MHOTO-
wiena [3-A; 5-A; 6-A; 8-A—12-A|.

4. Pazpaboran mpocToit u eJuHO0DPa3HbI MeTOI, MO3BOJISIONINI yeTa-
HABJIWBATH YUCJIO W JIOKAJU3AIUIO JIEHCTBUTEIBHBIX PENICHUN TPeXuJeHHbIX
(TpI/IHOMI/IaJIbeIX) aJiredpanvecKnx ypaBHEHU I ITPOU3BOJILHBIX CTElEHE ¢ Jieii-
CTBUTEJIbHbIMU KO3 punmentamu. Meros ocHoBan Ha TOM akTe, 4TO NpH
TIOMOITIH OIpe/JIeJIEHHBIX TOJICTAHOBOK TPEXUJIEHHOe ypaBHEHUE MPUBOJUTCA K
OIIPEJIEJISIONIEMY YPABHEHHUIO ¢ OJIHAM MTapaMeTpOM, TPEJICTAaBUMBIM B BH/JIE sIB-
HOU (DYHKIUU OT KOI(PDUIMEHTOR [TepBOHAYAJILHOTO YpaBHEHUsI, 1 CBOWCTBA,
peIeHnii MCXOHOTO YPAaBHEHHUsI 3aBUCAT TOJHKO OT 3HAYCHWI 3TOro mnapa-
MeTpa.

Knaccudukaiysa TpuHOMHAJIBLHBIX YPABHEHUNH CTPOUTCS IO TOBEJJIEHUIO
onpejiesioniefl (pyHKIuM U HaCUUTLIBAET 4YeThIpe TUIA ypPaBHEHWH B 3aBHU-
CUMOCTH OT BXOJAIINX CTeNeHeil IepeMeHHoi: HeueTHO-HeUeTHbIe YPABHeHUS,
YeTHO-HEYETHDBIE, HEUETHO-YEeTHbIC U YeTHO-4eTHbie. Ha 3710l ocHOBe npoBejieH

OJIHBIH AHAJIM3 TAKUX YyPaBHEHUI B JaHHOM Hanpasjexun [4-Al.
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Pekomennanum no mpakKTUYeCKOMY HMCIOJIb30BAHUIO Pe3yJibTa-
TOB

Pesyiibrarsl jiuccepraiun HOCAT TEOPETUYECKUI U HPUKJIAJIHON XapaK-
tep. OHM MOTYT MPUMEHSITHCS TTPU KOMITHIOTEPHOM BBIUNCJICHUN KOPHEH MHO-
rowsieHoB (ryiaBa 2, riaBa 4), TeOpun PAIMOHAJBLHBIX AlIPOKCUMAIIN, a TaKKe
MOTYT OBITH MCIOJB30BAHbl IPH JIaJbHEHIIIeM Pa3sBUTHN aHaJTUTUIECKON Teo-
pPUHU pPE3YJILTAHTOB M JUCKPUMHUHAHTOB, U B y9eOHOM Mpollecce MPU UTCHUH
CTIETIKYPCOB TI0 COBPEMEHHOMY aHAJU3Y.

Pesysibrarhl juccepraiyi MCIOJb3YIOTCS PU OpraHu3alud  yieOHOTO
nporiecca B yupexxjaeHun obpazopanust « BuredbcKuit rocyiapcTBEHHbBIN YHUBED-

curer wmenu [1.M. Mameposay (axrtol BHespenust or: 30.01.2025 (2 akra),
28.11.2025).
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PE3IOME
Yepuapckuit Muxana MuxaiiioBud
Ananmrudyeckre MeToAbl IIPUOJINXKEHHOTO U SBHOT'O BbIYNCJIEHUA

KOPHEN TTOJIMHOMOB

KoaroueBbie caoBa: KopHU 1ojimHoMa, psij| Teisiopa, psj Jlopana, onpejesnu-
tesn Anamapa, nudepeHupoBanne pe3yabTaHTOB, OIPEIE/IIONne ypaBHe-
HUSI

ILless mnccaegoBaHus: pa3spabOTKa sIBHBIX U HPUOJIUXKEHHBIX METOJI0B
BBIUKUCJIEHNS] U aHAJIM3a KOPHEN MHOT'OUYJIEHOB.

MeToapl ucCCJIeIOBAHUA: METO/bI JIEHCTBUTEIHLHOIO U KOMILJIEKCHOI'O
aHaJIn3a, B TOM 4YHCJe pasjoKeHus B psjbl Teitiopa u JlopaHa, anaius pyHK-
Uil ¢ IOMOIIBIO IIPOU3BOJIHBIX, IIPEJIeJIbHbIE IIePeX0odbl U JPyrue MeTOJIbl Ma-
TeMaTUIeCKOr0 aHAJIN3a.

Ilory4venHbie pe3yabTaTbl U X HOBU3HA. Paszpaboran HOBBI Me-
ToJ THIA MeTojaa Bepnymmm — Diinepa — Jlarpamka — DWTKeHA BBIYUCICHUSI
BCEX KOpHeil Mpon3BosibHOTO ToJmHOMa P(2) ¢ KomriekcHbiMu Koadhduinen-

TaMU Ha Oase 1ojIcueTa IpejiesioB OTHOIIEHU olIpeieuTe e, IOCTPOEHHBIX 110
P'(z)
P(z)
st pesynbranra R(f, g) napbl nouaoMoB f 1 g, 00Ja aomux obmuMu

KoadbunrenTaM passoxkeHuil B psijbl Teitiopa u Jlopana dpyHKIUN

KOPHSIMH, IIOCTPOEHO TeHJIOPOBCKOe pasjioxKeHue 10 KO3 UIMeHTaM IOJINHO-
ma f u koadpduumenram nojaunoMa ¢g. Ha 91oit 6ase 1mo/ydennbl cepun HOBLIX
SABHBIX (DOPMYJI JIJIst OOINKUX KPATHBIX KOPHEN Map MOJMHOMOB M CEPUU HOBBIX
GopMyIT JIIsT KpaTHBIX KOPHEH MHOINOYJICHOB.

[IpoBejien moiHbIH aHa n3 BeeX AeHCTBATEIBHBIX KOPHEH MPON3BOILHBIX
TPUHOMUAJIBHBIX YPaBHEHUI ¢ IeiCTBUTEIbHBIMU KOADDUIIUEHTAMU: SIBHO OIIU-
CaHBI JIOKAJU3AIN U KPATHOCTU TaKUX KOPHEI.

Pekomenganmmm 1m0 mcnoJib30BaHUIO. Pesyibrarh juccepraiun HO-
CAT TEOPETUIECKUH 1 MPUKIa HOMH XapakTep. OHM MOTYT ObITH NCIOJIH30BAHBI
IpHU JaJibHeiIIeM pa3sBUTUN aHAJUTHUECKON TeOPUHU pe3yJIbTaHTOB U JTUCKPU-
MUHAHTOB, a Tak:Ke B y4eOHOM IIpoliecce IIPU YTEHHH CIELNKYPCOB II0 COBpe-
MEHHOMY aHAJU3y.

Ob6macTu mpumenenus. KoMmIiibioTepHOE BblUKCJIEHUE KOPHEHl MHOTO-
YJIEHOB, TEOPUS PAIMOHAJBHBIX AIlllIPOKCUMAITUI, TI0JI'OTOBKA CIEIUAJIUCTOB B

obJiacTu (pyHIaMeHTaJbHON U IPUKJIAHON MaTeMaTUKHU.
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P23OMD>D
YHapugaycki Mixain MixaitaaBia
ABaJIiThIYHBISE METaJIbI IIPbIOJIIDKaHara i ayHara

BbLIIY9HHS KapaHEY majriHoMay

KoarouaBbig cJioBbI: KapaHi najinoma, paj Tsitnapa, paj Jlapana, Beisna-
JaJbHIKI AjaMapa, npidepIHnblpaBaHHe pI3yabTaHTay, BbI3HAYAJIBHBIS Ypay-
HEHHI

Mb»aTa macjemaBaHHS: paclpaloyKa siyHbIX 1 TPBIOJIXKAHBIX MeTaay
BBUTIYIHHS 1 aHAMI3Y KapaHey MHaradsenay.

Meraap! gacjiefaBaHHS: METa bl PYUaicHara 1 KaMIlJIeKCHAra, aHAJIi3Y,
y ThIM JIKYy packjiajanHe ¥ pajbl Toittapa 1 Jlapana, aHauiz pyHKIbIA 3 ja-
maMorail BRITBOPHBIX, JIMITaBbISA IE€PaxXoJIbl 1 IHIIBIA MeTa bl MaTIMaThIdHAara,
aHaJII3Yy.

ArpbiManbig BbIHIKI i 1X HaBi3Ha. PacipanaBanbl HOBbI METAT THIITY
metajty Bepryni — Ditnepa — Jlarpan:ka — DiTKeHa BBUIUIHHS YCiX KapaHey
aJIBoJIbHArA MHOTausIeHa P(2) 3 KaMIieKcHbIMI KaadilbleHTaMi Ha acHOBE MaJl-

JIKY JMITay aJHOCIH BbI3HAYAJIBHIKAY, CKIAJI3eHBIX 3 KaddilbIeHTay pacK/ia-
P'(z)
P(z)

st pasyabranra R(f, g) napsl naginomay f i g, sikist Maiolb ary/abHbIs

JaHHsY v pajgbl Tairapa 1 Jlapana ¢pyHKIbI

KapaHi, madyaBana TiIapajckae packaajianie mna KadpirbleHTax MHOTaYIeHa,
f 1 kasdinpienrax MHoradsiena ¢g. Ha rorail acHoBe aTpbIMaHbl Cepbli HOBBIX
AYHBIX (POPMYJT JIJIst aryJibHbIX KPATHBIX KapaHEy map MHaradjeHay i cephbi
HOBBIX (DOPMYJI JIJIsi KPATHBIX KapaHey MHaradjeHay.

[IpaBe3ennsl TOYHBI aHaJ i3 yCiX pavaicHbIX KapaHey alBOJbHBIX TPbIHa-
MiSITBHBIX ypayHeHHAY 3 pIUaicHBIMI Kad@ilbleHTaMi: syHa amicanbl JaKai3a-
bl 1 KpATHACI] TaKiX KapaHey.

Pskamengaribli 1ma BeIKapbIiCTaHHi. BoiHiki gbicepralibli HOCSIL TIap-
THIYHBI 1 MPBIKJIAJHBI XapaKTap. AHbI MOTYIlh ObII[b BHIKAPBLICTAHBI TIPHI Jia-
JIEUITIBIM Pa3BIIlIl aHAJITBIYHAN TIOPHIl PI3YJAbTAHTAY 1 JICKPbIMIHAHTAY, 1 ¥
HaByYaJbHBIM IIpalldce MPbl YbITAHHI CIENKYypcay Ma cydacHbIM aHaJl3e.

Bob6aacii npeimaHeHHd. KaMmi'iorapHae BbLIIUIHHE KapaHEy MHa-
ravjienay, ToOPbis PAIBITHAILHBIX alpaKCIMallblii, MaJPhIXTOYKA CHEIbISIIICTaY

y BobJsiacii (pyH1aMeHTAJIbHAN 1 TPBIKIATHON MATIMATHIKI.
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SUMMARY
Mikhail Charniauski
Analytical methods for approximate and explicit
calculation of roots of polynomials

Keywords: roots of a polynomial, Taylor series, Laurent series, Hadamard
determinants, differentiation of resultants, defining equations

The purpose of the study is the development of explicit and
approximate methods for the computation and analysis of polynomial roots.

Research methods: methods of real and complex analysis, including
Taylor and Laurent series expansions, function analysis using derivatives, limit
processes, and other methods of mathematical analysis.

A new method of the Bernoulli-Euler-Lagrange-Aitken type for
computing all roots of an arbitrary polynomial P(z) with complex coefficients
has been developed. The method is based on calculating the limits of ratios
of determinants constructed from the coefficients of Taylor and Laurent series
P'(z)

P(z)

For the resultant R(f,g) of a pair of polynomials f and g that have
common roots, a Taylor expansion is constructed in terms of the coefficients of
the polynomial f and the coefficients of the polynomial g. On this basis, a series
of new explicit formulas for common multiple roots of pairs of polynomials and
a series of new formulas for multiple roots are obtained polynomials.

A complete analysis of all real roots of arbitrary trinomial equations with

expansions of the function

real coefficients is carried out: the localization and multiplicities of such roots
are explicitly described.

Recommendations for use. The results of the dissertation are
theoretical and applied in nature. the further development of the analytical
theory of resultants and discriminants, and in the educational process when
teaching special courses on modern analysis.

Areas of application. Computer calculation of the roots of
polynomials, the theory of rational approximations, training of specialists in
fundamental and applied mathematics.

MY,
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