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OBLIASI XAPAKTEPUCTHUKA PABOTBI

AKTyaibHOCTL _Tembl. Heo6XOOMMOCTh BCAKMX HCCIEIOBAHUH 10
MIOMCKY pelIeHHs aireOpanyeckux YpaBHEHMH B pafMKalaxX oTaja
nocne smnoxanbHeIX pabor AbGens u lamya. C mosiBlIeHHEM TEOpHH
JUCKPETHBIX TpyNM Hayajgach dpa abCTpakTHOM  anreOpel, WU
NPUHLUIHANBHBIN HHTEpEC K MpobiemMe HaXOXKAEHUS TOUHbBIX 3HAYEHHH
YHCIJIOBBIX KOpHEH anre0panyeckix MHOTOYJIEHOB HCUe3 OKOHYATENbHO.
[To-BupuMOMy, TIJIaBHOH MPUYMHOM TAaKOro pa3BUTHS HAYYHBIX
“coOBITHI” ABNAETCS TPAJULMOHHOE BOCIPHUATHE TMOHATUS KOPHS
anrebpanyeckoro ypaBHEHUs BOOOLIE M HANpsAMYIO CBS3aHHOE C HHUM
NOHATHE HYNA B CaMOM OOLIeM CMbicie 3Toro TepmuHa. DakT
CYIIECTBOBAHHMS HEUMCIIOBBIX KOpHEH y anreOpauyeckuX ypaBHEHHi B
npefenax CamblX passIMYHBIX anreOpavyeckuX CHUCTeM Orepalui
CJIOXKEHHUA W YMHOXEHHSA, OYEBHUIHO, MPUBOAUT K TMEPECMOTPY caMmom
MOCTaHOBKM OOLIEH 3ahauu TMoHMCcKka KOpHeH anreOpandecKuX MHOTro-
4JICHOB, TOYHEEe IICEeBOOMHOrO4wIeHOB. OCHOBHBIM apryMeHTOM B
T0JIb3Y AKTyaJIbHOCTH JaHHOH paboThl SBISETCH HE TOJNBKO cama Mies
HEYHCIIOBBIX ~ KOpHEif ¥  MporpaMMa  CO3JaHWsl  HEYHCIIOBOTO
ajireOpanyeckoro s3blka B CaMOW TEOpHH alireOpanvyeckux ypaBHEHMH
JFOOBIX CTeHeHeﬁ, a €me TO, YTO BBISABJIEHA TMNpsiMas CBA3b MEXOY
YHCJIOBBIMM M HEYUCJIOBBIMH (JIMAHUTOBBIMH) KOPHAMH 3aJaHHOTO
MHOT0YJIEHa U COOTBETCTBYIOLIETO MCEBAOMHOro4seHa. IMeHHO B 3TOM
acrekTe Kiaccuyeckas npoGlieMa HaXOXKAEHHs YHCIIOBBIX KOpHEi
anreOpanyeckuX ypaBHEHHH MpeBpaliaercs B MpodaeMy MoKCKa Ioaxo-
AAmux anredp. OTa 3agaya JOCTAaTOYHO OOOCHOBAaHA M OJHO3HAUHO
peleHa B HacTosLei pabore.

Ileab paGorbl. OCHOBHO LENBIO JaHHOM AMCCEPTALMOHHON paboThl

SBIISETCS

a) 0000IIEeHHe MOHATHA KOpHS aireOpanyeckuX ypaBHEHHH Haj
MHOXECTBOM OCOOBIX MaTeMaTHYeCKHX OOBEKTOB HEUMCIOBOTO
MIPOHUCXOXKIEHH,

6) wraccudukalMs HEYUCIOBBIX KOpPHEH MHOTOYJIEHOB  JTHOOBIX
CTEMNeHeMn,

B) YCTAQHOBJIEHHE HEMOCPEACTBEHHON CBA3M MEXIy YHMCIOBBIMH U
HEYHUCJIOBBIMHU (HHaHHTOBHMH) KOpHAMH TICEBAOMHOIOYJIEHOB, a
TaKoKe HaXoXKAeHHe OOLIMX METOIOB /Ul MEepeXo/a OT HEYUCIOBOTO
A3BIKA K YHCJIOBOMY,



r) TNoJlyyeHHe KOHKPETHBIX Ba)KHBIX KaK y>K€ M3BECTHBIX, TAK U HOBBIX
pe3yJibTaToB.

MeTOgbl HCCICIOBAHHS. B AUCCEpTAllMH BBOLATCA CIICLHUAJIBHBIC
00BEeKTBl  HEYHMCIIOBOro [POUCXOXINECHHA, KOTOpPBIE HaA3bIBAKOTCA
nuaHdTaMd. Hax MHOXecTBOM 3THX 00BEKTOB H3y4aroTCsid BOIPOCHI
CYHUIECTBOBAHUA HEYUCJIOBBIX (nnauu‘roaux) KOpHeﬁ NNCEBAOMHOIO4J1e-
HOB, a TaKX€ B Ipe€aejax CaMbIX pa3sHOBHUIAHBIX a.nreﬁp BBIACIIAOTCA
KOHKpPETHBIE Q)OprI JIMAHHUTOBBIX KOpHCﬁ KakK B KJIACCUYECKOM, TaK U B
0000111eHHOM TOHMMAHMHU 3TOTO MOHATHS.

Hayunas noBu3Ha. B pmuccepraiuoHHON paboTe BBOOHUTCS MOHATHE
HEYHCJIOBOrO KOpPHS MCeBAOAIre0panyeckoro MHOrO4JIeHa B IBYX
pa3sHbIX acMeKTax:

a) Kiaccuyeckoe mNOHHMaHWe TMOHATHA KOpHs, T.e. €CIH JIMAHWUT
O'(x,,xz,...,x") ABJIETCA KOPHEM IICEBIOMHOTOYJIEHOB [ (x),

G"(x), 1o f(e)=0, G"(O')=O.

6) INoHsTHEe 00OOILIEHHOrO JIMAHUTOBOTO KOPHS ICEBIOMHOIOYJIEHOB
HaJl MHOXXECTBOM JIMaHUTOB C HEKOMMYTATHBHBIM aJITOPUTMOM CJIO-
KEHUS.

CdopmynupoBaHbl U J0Ka3aHbl TEOPEMBbl CBA3BIBAIOILME YHUCJIOBBIE U

HEYHCJIOBbIE KOPHU anrebpanvyeckux INceBIOMHOrousieHoB. Ha ocHose

3TUX TeopeMm MpobsieMa MOMCKAa YHCIIOBBIX KOpHEH anreOpanyeckux

ypaBHeHUH mnepedopMyHpOBaHa KakK Mpobiema HaxOXIeHHs Tak

Ha3bIBaeMbIX MOOOYHBIX JIMAHUTOBBIX KOpPHEH COOTBETCTBYIOLIMX

TMICEBIOMHOrOWIeHOB. IMEHHO B 3TOM OTHOILEHWHM LIeJIb U Hay4yHas HO-

BH3Ha OCHOBHBIX pe3yJIbTaTOB 3TOi paboThl 03HAYAIOT OJHO U TOXe. B

YaCTHOCTH, M3BECTHbIE KiacCHueckue pe3ynbTaThl (popmyna KapaaHo,

@eppapu, pelleHHe YpaBHEHHs [eJIeHUs Kpyra M T.J1.) MOJy4YeHbI

UCKJIIOUYMTENIbHO Ha ©a3e He4uclIoBbIX KOpHedH. B onpenenenHom

cMbiciie 00001EeHbI U3BECTHBIE KJIaCCMYeCKHe COOTHOIIeHUs Buera Ha

cilyyail JIMQaHUTOBBIX KOpHEH anreOpauyecKuX MHOTOYJIEHOB JIFOOBIX

CTENEeHEH.

Teoperuyeckass M _npakKTHYecKasi 3HAa4YHMOcTb. PaGora HocuT B
OCHOBHOM Teopeanecxm‘i XapakTep, OJHAKO OTIAECJIbHBIE TEOPEMbI
AMEIOT TAKXE€ U MNPAKTUYECKYIO LEHHOCTD. HanpuMep, TE€OpeEMa 00
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OCHOBHBIX MaTPHYHBIX KOpHSX airebpauvyecknX ypaBHEHHil 1aeT BO3-
MOXHOCTh BBIYUCIIUTH KOJIMYECTBO OOLUMX YHCIIOBBIX KOpHEH JIHOOBIX
JBYX MHOTOUJIeHOB. B paGoTe MEIOTCs MHOrO MPUMEPOB NMPHKIIAJHOTO
xapakrepa. [lo Bceit BHOMMOCTH HEYHCIOBOH mMoaxol K mpobieme
anreGpanyecKux ypaBHEHHIl MOXeET ObITh MPOMYKTHBHBIM H B 00J1aCTH
TEOpeTHYeCKOH QU3UKH.

Anpo0auusi _MoJyYeHHbIX pe3yabTaToB. OCHOBHBIE pe3yJIbTaThl
QUCCepTalMU JOKIAABIBAIMCh Ha HAayYHBIX CEMHHapaX JenapTaMeHTa
MaTeMaTHKU APMSAHCKOTO TOCYJapCTBEHHOIO WH)XXEHEPHOIro YHHBEp-
CHTETa, a TAK)Ke Ha CeMUHapax Kadeapsl BbICIIeH anredpbl U TeOMETpUH
EpeBaHCKOro rocy1apCTBEHHOI0 YHHBEPCHUTETA.

Iy6aukauuu. OCHOBHBIE Pe3y/IbTaThl AUCCEPTALIMU OITyOIIMKOBAHbI B 5
CTaThsAX, CIMCOK KOTOPBIX MPUBOAMTCS B KOHLE aBTOpedepara.

Ctpykrypa H o0bem auccepranuu. Jlucceprauus usnoxeHa Ha 87
CTpaHHLAX, COCTOMT M3 BBEIEHHMA, [BYX [J1aB COOCTBEHHBIX

ucclieoBaHui, coaepxaliux S mnaparpadoB, 3akiOYEHHs M CITMCKa
JIUTEpaTyphl, BKIOYalowmero 20 HaMMeHOBaHHU.

COJEPXAHUE PABOTbI

Bo BBemeHHHM yKazaHbl OOILLME HanpaBfieHWs WCCIEOBAaHUA U TPHBO-
JUTCS MOAPOOHBIM 00630p coaep)kaHUs TUCCEPTALUH.

[lepeiineM Temepb K KpPaTKOMY H3JIOKEHHIO pe3yJbTaTOB MO TeMe
JCCEepTaLUK.

B §1.1 rnaBbl | BBOAMTCSA MOHATHE MHOXKECTBA JIMAHUTOB, KaK
MHOJXECTBa MaTeMaTH4YeCKUX OOBEKTOB HEYHCIIOBOTO MPOUCXOXKAEHHS,
CYLIECTBYIOLIETO B Mpe/enax onpeieneHHoi anredpol. TepmuH anrebpa
03Ha4aeT OJHOBPEMEHHOE M COBEpLIEHHO He3aBHCHMOE APYr OT Apyra
onpeneneHde anreOpanyeckux AEHCTBHI CIOXKEHHS W YMHOXKEHHS
OTHOCHUTEJIBHO JII000M Mapbl 371eMEHTOB MHOXKECTBA JINAHUTOB, MPHYEM
MOJTy4eHHbIEe 0OBEKTHI TAKXKe ABIAIOTCS JTHAHUTAMH.

Onpenenenne 0.1. MHOXECTBO MaTeMaTH4YeCKMX OOBEKTOB HEYMCIIO-
BOrO IMPOMCXOXKAEHHUsI HA3bIBAETCS MHOXKECTBOM JIMAHUTOB, €CIH Ul
JIFOOBIX ABYX 3JIEMEHTOB 3TOTO MHOYKECTBA CyLIECTBYET eluHas anredpa



Takas, KoTopas oOecrnedyMBaeT CyIIEeCTBOBaHHE MpaBoOil (JIEBOIN)
€IMHHULBI ¥ TpaBoro (JIEeBOro) HyJis.

CoriacHO OmNpeeNeHuio, eclii O,, 0,, ..., O,, ... MHOXECTBO JIMaHH-
108 O, = (x,’, Koy x;,) , TO TpaBas €MHHUIA U HOJIb ONPENEISIOTCS
KaK JIMAHUTBI CO CBOMCTBAMU: /

i i i i ( ) i i i i

ST S AR | ST £ BB S
0.1)

i i ¥

o ety i e Mol o 8, ) = (0000, 0

JIvanut BUOa k-e = (kgl, 7 I kaN) Ha3bIBAETCA JIMAHUTOBLIM aHa-

noroM yucnia K .

-1
Onpenenenne 0.2. Muorouned Buga f"(x)=x"+ax" +---+
+a, X+ a, Ha3bIBAETCs NCeBIOANreGpanyeckuM, ecii KodhpuuneHTs!

a, (i=1,2,...,n) CyTh JIMAaHWTOBBIE AHAJOTH COOTBETCTBYIOIIMX

qHCell.

Janee nmpUBOAATCS ONpEAENIeHUs U PUMEphl Pa3HBIX MHOXECTB
JIMAHUTOB, a TAKKe TMPABUIO YMHOXEHHMS HECKOJIBKMX JIMaHHTOB
CYLIECTBYIOIIUX B mpenenax oaHoi anredpel. Tak kak B oOiieMm ciydae
CIO)KEHHEe ¥ YMHOXXEHHE JIMAaHUTOB HE TMOMYMHSAETCA >KECTKUM
TpeGOBaHHUSIM YHCIIOBOH anrebpsl (KOMMYTaTHBHOCTb, CCOLMATHBHOCTD
U T.J.), TO ofliee onpeneseHue HEYUCIOBOro (JIMAaHUTOBOIO) KOPHS
JaeTcs cIeaylouM oopa3om:

Onpenenenne 0.3. Jluanur a(xl,xz,...,xN) Ha3bIBAETCA HEYUCIIO-

n
BBIM KOpDHEM TiceBHoairebpandeckoro ypaBHeHus [ (X)=X +
-1 ~

+ax" +--+a, x+a,=0, ecniu B npeaenax 3afaHHOH anreOpbl U
npyu BHIOPAHHOM MOCNENOBATEIBHOCTH CIIOXKEHHs YIEHOB MHOrOWIEHa
1 x) uMeer MECTO crenyiolee yCIOBHE:!

n g ey n-1 ! -
fl(o)=c"+0"" -a,+:::+06-a,,+a,=0, rne 0 Hynepoit
JIMAHWUT 3aJaHHOTO MHOYKECTBA JINAHHTOB.

O6o6waercs Teopema Buera B ciyyae JIMAHUTOBBIX KOpHEM
CYLIECTBYIOLIMX B MpeAenax caMblX pasHbiXx anre6bp. Ham pasnuuHbMU

6
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MHOJXECTBAMH JIMAHWUTOB BBIAEJIAIOTCS JMAHUTOBBIE KOPHH MHOTOYJIEHA
BTOPOW W TPEThEH CTeneHw, s oOLero anrebpanyeckoro Mceso-
MHOTO4YJIeHa CTENEeHH K NPUBOAUTCA JIMAHUTOBOE pELIEHHE Hal
MHO>XECTBOM JINAHUTOB CYIIECTBYIOILETO B Ipe/esiax ajire6psl

g, '1-0'2 =(x|,xz,...,xn)+(y|,y2,...,yn)=

=(x,+ Y, %+ Y, X, +3.)
(0.2)
9,0, = (x5, Py e

=(x 0, + 2 5+ %) x0,).
Jina (0.2) npaBoit equHHMUE ¥ MpaBbIM HYyJeM SBAAIOTCS COOTBET-
creenro ymannuts: e=(1,0,...,0), 0=(0,0,...,0). Torna, ecru Bce

ko3pduumentel f"(x)=x"+ax" +--+a_x+a, OTIMYHBI OT HyJ,
OOLIMM JIHAHUTOBBIM KOPHEM SIBJISETCS JIMAHUT:

&g a
O'(xl,xz,...,x")z dog s =dyds vt (0.3)
al aZ an-l
[IpuBOnMTCA Takke ONMH W3 BO3MOXKHBIX MATPHYHBIX KOpHEH
IICEB0ANre6panyeckoro ypaBHeHusl CTENEHH 7.
3aBepuiaercs §1.1 BBeneHHEM MHOXECTBA JIMAHMTOB C

HEKOMMYTATUBHBIM QJITOPUTMOM CJIOKEHHSI U BBIACJIEHUEM JIHAHMTO-
2

BOrO KODHA YpaBHeHHs f (x)=x"+px+g=0. ITycts MHOXeCTBO

JIMAHWTOB 3aJ1aHO B IpeJenax airedpsl

O-I +01 =(xl’x2)+(yl’y2)=(xl +2y]’x1+2y2)’ e=(]’ O)

(0.4)
0,0, =(x, %) (3. %) =(x0 + )% xy); 0=(0,0)
! 2 3
Torna ans ypaBHeHHA X + px+ g =0, npu BeIOpaHHON mnocieaoBa-

<8
TEJIBHOCTH  CJIOKEHHS 1+(2+3), JIMAHUT o-(x,,xz)z -2p,—=—

ABJIAETCS JIMAHUTOBBIM KOPHEM.

B §1.2 npusonurcs aHanM3 KIacCHYECKOro MOHATHS KOpPHS
BOOOLIE U IEMOHCTPUPYETCH, YTO CYIIECTBOBAHHE HEYUCIOBBIX KOPHE#
nceBroanrebpaneckuX ypaBHEHHi NMPUBOLUT K HEOOXOAMMOCTH nepe-
CMOTpa MOHATHA KOpHA B uenoM. Ha 6asze pasziuuHbIX MHOXeECTB
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JIMAHUTOB BBIACITAIOTCA JIMAHUTOBBIC KOpHH a.nre6pauqecxnx
ypaBHeHl/lﬁ, H, UCXOOs M3 KOHKPETHBIX CBOMCTB 3THUX KOpHeﬁ, BBOAUTCA
BOXHOE T[IOHATHE OCHOBHBIX W TMNOOOYHBIX JIMAHUTOBBIX KOpHeﬁ
NCEBAOMHOIO4JICHOB.

Onpenenenne 0.4. Jluanut o-(xl,xz', ...,xt) Ha3bIBA€TCS OCHOBHBIM
JINAHUTOBBIM KOPHEM [UIi MHOTOYJIEHAa CTENeHH #, €CIM He TOJBKO
YIOBJIETBOPSET 3TOMY MHOro4YIeHy, T.e. f (o) =0, HO U OZHO3HAYHO

Oonpeneys€T TOJbKO €ro Cpeau MHOXXECTBA BCEX BO3MOXXHBIX MHOTo4Jie-
HOB CTE€IEHU 1.

Onpenenenne 0.5. Jluauur o(x,x,,...,x,) HasbiBaeTCs MOGOUHBIM
KOPHEM JUIA MHOTOYJIEHa CTEeNeHH 7, €CH ITOT MHOTOYJIeH He
eIMHCTBEHHBIH CPeIM MHOXECTBA BCEX MHOTOYIEHOB CTENEHH 71, JUIA
kotopeix [ (0)=0.

TTonpo6HO PaccMOTPeHbl MHOXECTBA JIMAHHTOB C KOMMYTa-
THBHBIM aJTOPHTMOM CNOXKEHHSA ¥ HEKOMMYTATHBHBIM. B OCHOBHOM,
omepauMs  YMHOXEHHs Oepercs B  JMCTPHOYTHBHOH  (opMme.

CdopmynupoBaHa W [OKa3aHa Teopema, KOTopas JaeT HeoOXoaumoe
YCJIOBHE TOT0, YTOOBI JIHAHUT O ObUI OCHOBHBIM KOPHEM.

Teopema 0.1. Jlna ofwero mnceBaoanreOpandeckoro ypaBHEHHS
CTENEHH 1 YHCJIO 3JIEMEHTOB OCHOBHOIO JINAHUTOBOTO KOPHS HE MOXET
OBITH HUKE MOPSAKA YpPaBHEHHUS.

[TycTh MHOXECTBO JIMAHWTOB 3aJaHO B Mpejenax anareOpsi:

(%) (P 2)=(xO +y) 5y); e=(10);  0=(0,0)
(cnoxkeHne KOMMYTATHBHO). JInaHUT 0'(2, - 3) HE MOXeT ObITh OCHOB-

HBIM KOPHEM HH 1JI1 KaKOro MHOro4Ji€Ha CTCIICHH 3, 4, oev s Cymecrayer
0eCKOHEYHOE KOJIMYECTBO MHOTOUYJIEHOB Tpe’l’beﬁ CTEINEHHU, I KOTOPBIX

o (2, = 3) ABJIAETCS KOpHEM. JleficTBUTENBHO:
I & (x) =x"+ax’ +a,x+a,;

f(o)=c-0c'+oc-0a,+0-a,+e-a, =

=(-16,6)+(-2a,, - 6a,) +(2a,, - 3a,) +(a,,0) = (0,0).
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3 3 2
Crenosarensio [ (x)=x" +ax* +(2-2a,)x+(12+6a,), rze g,
mo6oe uncno. Onuako, muanut o (2, —3) ABISETCH OCHOBHBIM KOPHEM
s fi(x)=x>-2x+6=0.
[TepedopmynupoBana Teopema I"amuibToHa-Kenu, mockoiasky B
KJIaCCHMYECKOM BapHaHTE HE YKa3aHO OCHOBHBIM WJIH ke MOGOYHBIM

KOpHEM 4ABJIAETCA MaTpula JId CBOEro JXE€ XapaKTepUCTHYECKOro
MHOI'O4JICHA.

CornacHO K/IacCHYeCKOMY MpEICTaBICHHIO KOPHS, €CIH YHCIIO

n m n m
x, ectb kopeHb ana f'(x) u f"(x), To f (x0)=f (x0)=0.
OnHako B cilyyae JIMAaHHTOBBIX KOpHEl TaKoe Mpe/CcTaBlieHHe

OKa3bIBAa€TCs COBEPLIEHHO MHBIM. [1ycTh MHOXECTBO JIMAHHTOB 3a1aHO
B npegenax anrebpel  (0.4). Torma mwoboe ypaBHeHue Buaa

2 2 ~ ~
S (x)=x"+px+g=0 nomyckaeT OCHOBHOW JIHAHWUTOBBLI KOPEHb

2g
o(xl,x2)= —2p,— |. UHave, ecnu cloKeHHE BECTH MO LIETNOYKE
P

1+(2 +3), B (cr) = (O, 0). [TycTs 3anan KyOuueckuii MHOro4JieH
Y KOTOPOTO /1Ba OOIIMX YHCIOBBIX KOPHA ¢ f(X), T.e.
(x)= (x—xo)(x2 + px+ g) =
1 2 3 4
=x3+ ([7 s XO)X2 o (g - /7,"“)X— £x,

Ecnu cnokeHue BeCTH Mo uUErouke l+[2 +(3 +4)] , TO MOoJIy4qaercs

(0.5)

3 ~
ik (o‘)=(0, 0), WHaYe O JEHUCTBUTENBbHO, SABIAACH MOOOUYHBIM
3 ~
KopHeM Juis  f(X), COXpaHAeT KJIacCH4YeCKOe CBOWCTBO KOPHS.
OpnHako, eciu CJI0KEHHE BECTH [0 LIENOYKe 2+[(3+4)+l], TO

MnoJy4yaeM:

f’(o)= Tx;! %+x2 ,7x2|x1 (x|+x2) #(0,0). 0.6)

3
Hrak, f”(0), 0ueBHIHO, HE 3aBUCHT OT TPETBErO YHCIOBOrO KOPHS X, ,

Ho Bee taku £~ (o) #(0,0).
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