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1 Teopema Be3y. PazjioxkeHne Ha MHOXKHUTEJIN

JIr060ii MHOrOYJIEH CTEleHN N MOYKHO Pa3J/IeIUTh ¢ OCTATKOM HA MHOTOYJIEH crereHn k < n (Hampu-
Mep, B CTOJIONK ). B 4acTHOM MOJIyIUTCS MHOIOUJIEH CTENeHN N — k, & B OCTATKE — MHOIOWIEH CTEIIeHN
MeHbIle k. B qacTHOCTH, €cii pa3/ie/inTh IPOU3BOJIbHBIN MHOTOUIEH Ha MHOTOYJIEH IIEPBOI CTElIeHN
T — @, TO B OCTATKE TMOJIYyIUTCA MHOTOUYJIEH HYJIEBOI CTEeHU, TO €CTh “UCAO.

Teopema Besy. Ocratok or mesenns Muorowiena p(z) na  — a paset p(a).

1.1. /loxkaxkure Teopemy be3sy. BoiBejure B KadecTBe CJICJCTBUSA YTBEPXKICHUE: YUCAO A ABAACNCA
Koprem mHozousera p(x) moeda u moavko moezda, kozda p(x) deaumcsa wa T — a.

1.2. (MMO, 1947, 7-8) Kaxoii octatoxk maér x + 3 + 2% + 2°7 + 2% + 223 npu nenenun na v — 17

100500 + Cl.1777

1.3. Ilpu kaKoM 3HAYEHUU ¢ MHOTOUJIEH X + 7 nenmres Ha x + 17

1.4. Haitnmure octaTok or gejenus muorowieHa r20® + x 4+ 2 ma 22 — 1.

g+

1.5. Hexkoropslit MHOrOW/IEH JaéT OCTATOK 2 IPHU JeJeHuH Ha T — 1 1 ocTaToK 1 Ipu JeJeHnn Ha
x — 2. Kakoii ocraTok naér sror MHOro4IeH npu jejtennu Ha (x — 1)(z — 2)7

1.6. (MMO, 1940, 7-8) Paznoxuts na muokuten: (b —c)® + (¢ — a)3 + (a — b)3.

1.7. (Mock. mamem. peeama, 2015, 11) B pasenctse z° + 2z + 3 = p* wncna x u k — HarypasibHbe.
Mozker i 9ucjo p ObITH TPOCTHIM?

1.8. (Typrup 2opodos, 2007, 10-11) Muorounen x3 + pz* + qr + r umeer na unrepsase (0;2) Tpu
KopHs. Jlokaxkure, ato —2 < p+ g+ 1r < 0.
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1.9. (Mocxk. mamem. pezama, 2017, 11) dan muorounen f(z) = x* + az® + bx? + cx. UssectHo, 4o
kaxkjoe u3 ypasaeruil f(x) =1 u f(z) = 2 umeer derbipe KopHs. JloKayKkuTe, 9T0 €Cim JJIsi KOPHel
[IEPBOTO YPABHEHNUS BBIOIHACTCS PABEHCTBO Ty + Lo = T3+ T4, TO U JJIs KOPHEH BTOPOrO yPaBHEHMUS
BBITIOJIHSAETCA aHAJIOIMYHOE PABEHCTBO.

1.10. («Kypuamoss, 2018, 10.2) Ksaxparusie Tpexanenst P(x) = 2° + £ +bu Q(z) = 2>+ cx +d
¢ BemecTBeHHbIME KO duimentamu Takosbl, uto P(x)Q(x) = Q(P(x)) ans Beex x. Haiiaure Bee
BelecTBenHble KopHn ypasuerus P(Q(x)) = 0.

—|

-
1.11. (MMO, 1998, 11.1) Yucna x, y, z YIAOBIETBOPSIOT PABEHCTBY
T4+y+z—2@y+yz+x2) + doyz = %
Hokazkure, 1410 X0Tst O6BI OJTHO U3 HUX paBHO 1/2.
1.12. (Bcepoce., 2001, ¢unan, 9.2) IBa MHOrOUIEHA
Px)=a2"+az’ +bx* +cx+d u Q(x)=2>+pr+q

IPUHUMAIOT OTPHIATEIbHBIC 3HAYCHUS Ha HEKOTOPOM MHTepBase I nmuHbI 6oee 2, a BHe | — HEOT-
puriaresbHbl. JJokazkure, 9T0 HafiIETCa Takasg ToUKa xg, 9T0 P(1z¢) < Q(x0).

1.13. (Bcepoce., 2001, gunan, 10.5) Muorounen P(z) = x3 + az® + br + ¢ uMeer Tpu pasIMIHbIX
JEHCTBATEBHBIX KOpHS, a MHorowien P(Q(z)), tne Q(x) = x? + x + 2001, neficTBUTEILHBIX KOPHEI
ue umeer. JJokaxkure, aro P(2001) > 1/64.

1.14. (MMO, 2018, 11.3) CyiuecTByIOT J1 TAaKOE HATYpaJbHOE N 1 TAKON MHOrO4IeH P(x) crenenu n,
UMEIOMUN 1 PasjMYHBbIX JIeHCTBUTE/]BHBIX KOPHeN, YTO NpU BCeX JeHCTBUTEIBHBIX T BbLIIOJHEHO
pPaBeHCTBO

2 MuorouieHsl ¢ neJjbIMu KoddduimenraMu

2.1. (MMO, 1941, 9-10) Jdoka3arb, 9T0 MHOTOUJIEH C HEAbIMEI KOdbUImeHTaMmI
aor" + a1Tp_1 + ... + Gp_1T + ay,

npuHAMatonyi pu £ = 0 u x = 1 HedEéTHbIE 3HAYEHMsI, HE UMEET IEJIbIX KOPHE.

2.2. (Bcepoce., 2002, O3, 9.2) IlpuseaéHublii KBajpaTHbIii TPEXUIEH € MEJbIME KOO bUImeHTa-
MH B TPEX TOCIEI0BATEIbHBIX IEJIbIX TOYKAX HMPUHUMAET MPOCThle 3HadeHud. Jlokaxkure, 4TO OH
IIPUHUMAET MIPOCTOE 3HAUYEHUE T10 KpaiiHeil Mepe emé B 0JTHO# 11eJ10it TOUKe.

2.3. (Typrup eopodos, 1993, 8-9) Mozxkuo s nogobpars aa MHOrouwieHa P(x) u Q(x) ¢ neabimu
ko3 durentamu Tak, 9o P — @, P u P+ () — KBaJpaThl HEKOTOPHIX MHOIOWIEHOB (Ipudém () He
noJyvyaercss yMHoxKeHneM P Ha auciio)?



2.4. (MMO, 1996, 11.2) Haiisure Kakoii-Huby/[b MHOTOUJIEH C TEIBIMU KO3(hDMUIIMEHTaAME, KOPHEM
KOTOPOT'O ABJISIETCSA YUCTIO0 f/ 2+3+ {/ 2 —4/3.

Teopema o panmoHaJIbHOM KOpPHE. Ecjin MHOTOYIEH ¢ MeJbIMI Koddduimenramu
aox” + a1 Tp_1+ ... + @1 + ay

UMeeT PannoHAJIBHBII KOPeHb p/q (Apobb HeCOKpaTHMA), TO CcTapiiuii KOs UIMEHT g TeJuTCs Ha g,
a CBOOOJIHBIN “JIeH a, JAeJUTCS Ha p.

2.5. J/lokazkure 31y TeopeMy. BoiBenmTe oTciona, uTo /13 — mppalnmonaibHOe YUCIO.

2.6. (Typrup eopodos, 1998, 8-9) Hesmaiika peras ypaBHeHEE, B JICBOW YaCTH KOTOPOTO CTOSLT
MHOTOYWJIEH TPeThell cTeleHn ¢ mesbiMu Kodddunuentamu, a B npasoit — 0. On Hamén koperb 1/7.
Bnaiika, 3aIVIAHYB K HEMY B TeTPa/Ib, YBUIE] TOILKO IIepBbIe /IBa, cJIaraeMbIX MHorodIeHa: 192 +9822
U cpa3y CKazaJl, YTo OTBeT HeBepeH. OOocHyiiTe OTBET 3HANKU.

2.7. (Typnup 2opodos, 1996, 10-11) Jdano n wguces, p — ux npoussejenne. PasHOCTh MeXKIy p U
KazKJIbIM M3 9TUX YUCeJ — He‘{éTHoe YUCJIO0. ILOK&}KI/ITG, YTO BCe JaHHBbIC 7y YuUCeJI nppalluOHaJIbHDBI.

2.8. (MMO, 1995, 10.5) Uenbie uncna a, b u ¢ TAKOBbI, 9TO YHCTA § + % +imt4g —|—§ TOXKE IIeJIbIE.
Hokazxknre, aro |a| = |[b|] = |c|.

IMesouyucnennas treopema Besy. [Iycrs p(x) — muorounen ¢ nensivu Kodddurmenramu. Toraa
JUTst JIFOOBIX PA3JIMYHBIX TebIX ducest a u b aucyo p(a) — p(b) pemurcs na a — b.

2.9. JlokazkuTe 3TO yTBEPKIIEHUE.

2.10. («Pocamom», 2022, 8.4) Muorounen P(z) crenenu n > 2 ¢ 1eibiMu KOI(DOUITMEHTAME TIPH
r = 1 npuHnMaeT 3HadYeHue 3, a Ipu r = n — 3Hadenne 1. Haiitu n.

2.11. («Pocamom», 2020, 11.3) dokazarh, 4To s Jar0boro MHOrodaeHa P(z) ¢ neasivu Koaddu-
rentaMu Boipakenune P(b) — P(a) nemmres Ha b — a npu mobbix nenbix a u b (a # b). V3BectHo,
4ro ypaBuenue P(z) = 8 mmeer 1eblii Kopenb Ha nosyocu x > 8 u P(4) = 17. Haiitu 5T0T KOpEeHb.

2.12. CymiectByet Jin MHOTOWIeH p(x) ¢ niejbiMu Koaddurentamu, Takoii, aro p(3) = 7 u p(8) = 207

2.13. /lan mHOrO4YJIEH C 1ebiMu Koddduimentamu. Ecjii B Hero BMECTO HEM3BECTHOT'O TOJICTABUTH
2 wu 3, TO moJIydaroTcd uucia, KparHble 6. JlokaxkuTe, UTO e€ciM BMECTO HEM3BECTHOT'O B HETO
MTOJICTAaBUTh O, TO TaKzKe MOJIYIUTCS UUC/I0, KpaTHOoe 6.

2.14. (Typnup eopodos, 1987, 9-10) p(x) — mHOrOWIEH C TEeabIME Kodbdurmentamu. 3BecTHO,
YTO JJIsl HEKOTOPBIX MEJbIX @ u b BbImosHseTcss paseHcTBo p(a) — p(b) = 1. Jokaxkure, 9ro a u b
pasnumdarorcd Ha 1.

2.15. (Typrup um. Jlomonocosa, 2001) Bee xospdunuentsr muorousena P(xr) — tenble ducia.
Usgectno, uto P(1) = 1 u uro P(n) = 0 npu HEKOTOPOM HaTypaJsbHOM n. Haitaure n.



2.16. (Mock. mamem. peeama, 2013, 10) lan muorowren P(z) ¢ nenbivu koaddurmentamu. 13-
BectHO, uTo P(1) = 2013, P(2013) =1, P(k) = k, e k — HekoTopoe 1iesoe wncyo. Haiiaure k.

2.17. (Mock. mamem. pezama, 2016, 11) Y muorowienos P(x) u Q(x) ouH 1 TOT Ke HAOOP IEJIbIX
K03 durrenToB (Ux MOpsAIoK pasiauden). Jlokaxkure, uro paznocrs P(2015) —(Q(2015) kparua 1007.

2.18. (Badaunux «Keanwma», 1970, N¢j, M16) Jokaxkure, 4T0 MHOrOWIEH p(x) € mEIBIME KOIPDU-
[UEeHTaMU, KOTOPBIA IIPU TPEX Pa3JIMYHBLIX IEJIbIX 3HAUYCHUSX I HPUHUMAET 3HAYCHHE 1, HEe MOXKET
UMETb HU OJIHOTO IEJIOr0 KOPHS.

2.19. (MMO, 1973, 9.3) Jan mHOrO4JIeH ¢ TejabiMu KO3 durmentamu. B Tpéx mesblx Toukax OH
npuHIMaeT 3Hadenue 2. /lokazarhb, YTO HU B KAKOI IeJION TOYKE OH HE MPUHUMAET 3HAYEHHE J.

2.20. (MMO, 1973, 10.8) Muorouen p(z) ¢ nesbivu KodbdumenTaM Ipu HEKOTOPBIX HEJbIX T
npuHIMaeT 3Hadenns 1, 2 u 3. JlokaszaTh, 4TO CymecTByeT He 60Jjiee OJHOIO HEJIO0ro I, IPU KOTOPOM
3HAYEHHME TOr0 MHOIOYJICHA PABHO 5.

2.21. (MMO, 1955, 10.1) Hokazarh, 9To eciu p/q — HeCOKpaTHMasl PalMOHAJIbHAS JIPOOh, SBJISIO-
masicst KopHeM nosimHoMa f(x) ¢ nesabimu koaddunmentamu, To p — kq ecthb jgenurens ducia f(k)
pu JI0O60M 11eJIoM k.

2.22. (MMO, 2005, 10.2) Ha rpadure MHOrow€wIeHa ¢ MeJbIMI KOI(DMUIMEHTAMI OTMEYEHbI J[Be
TOYKU C TeJTBIMI KoopAaumHaTaMu. JIoKaxKuTe, 9TO ecii PACCTOSTHIE MEYKy HUMH — IIeJI0€ IUCTIO0, TO
COEJIMHSIONINI X OTPE30K MapaJsiiieJieH OCH abCITuCC.

2.23. (MMO, 2008, 10.4) lokaxkure, 9T0 €CIM HEKOTOPBI MHOIOUWIEH C MEJbIMU KOodbduImenTamu
NpUHUMAET B Kk TEJIbIX TOYKaX 3HadYeHud cpeju duces or 1 o k — 1, To npu k > 6 3Tu 3HaYeHUs
pPaBHBI.

2.24. (OMMO, 2020.1) Hau muorounen F(z) = 1+ 2z + 32% + 42® + ... + 1002%°. Moxuo s,
nepectaBuB K03 MOUIMEHTHI B HEM, MOJIyInTh MHorowieH G(x) = go+ g1o + gox? + g3z + . . . + gggx®®
TaKOii, 9TO JIst BCeX HATYPAJIbHBLIX unces k > 2 pasnoctsb F'(k) — G(k) ne kparua 1007

2.25. (Typrup 2opodos, 2014, 10—-11) /Jan MHOrOWIEH JABaIIIATOl CTEIIEHU C IeJIbIMU KO3(hdUImeHTa-
mu. Ha miockocTu oTMeTnim Bce TOUKHU € TEJIbIMI KOOP/IMHATAMU, Y KOTOPBIX OP/IMHATHI He MeHbIIe ()
u He Oosibiie 10. Kakoe HamboJibIliee YUCIO OTMEYEHHBIX TOYEK MOXKET JieXKaTh Ha rpaduKe 3TOro
MHOTOUJIeHA?!

2.26. (Bcepoce., 2005, O3, 11.5) dokaxure, 94To Jyist 106010 MHOTOWIeHa P ¢ mesibivn Koabdurm-
eHTaMu ¥ JII0OOr0 HATypPaIbHOIO k CylecTByeT Takoe HaTypasabHoe n, uro P(1)+ P(2) +...+ P(n)
nennTcda Ha k.

2.27. (Bcepoce., 2017, P52, 10.4, 11.8) Yuureib cobupaercs JaTh JETAM 33Ja9y CIEYIONEro Bu-
Jga. OH cooBmuT uM, 9410 OH 3ajyMaa Muorodaen P(x) cremenn 2017 ¢ nesbivu Kosdbdurmentamu,
crapiinit KoadduimenT KoToporo paseH 1. 3aTeM OH COOOIIUT UM Kk TEJIBIX GUCET Ny, No, ..., N
U OTJEJBHO COOOIUT 3HavdeHue Boipaxkenus P(ny)P(ngy)... P(ng). [lo 9Tum naHHBIM JeTH TOIXKHBI
HATH MHOTOYJIEH, KOTOPBI MOT ObI 3a/lyMaTh yunTe/b. [[pn KakoM HanMeHbIeM k yIUTeTb CMOXKET
COCTABUTH 3aJ1a7y TAKOTO BHJIA TaK, 9TOOBI MHOTOUJIEH, HAWIEHHBIN JeThMHU, 003aTeIbHO COBIIAJ OB
¢ 3aJlyMaHHbIM !



2.28. (MMO, 1977, 9.5, 10.5) Jdaun muorounen P(x) ¢ neabiMu Ko3bhUIITEHTaAME, TPUIEM JIJIsT KAZK-
JIOrO HATYPAJbHOIO T BBINOJIHSIETCsS HepaBeHCTBO P(x) > x. OupesesnM mocyenoBaTebHoCTh {by, }
caemytormum obpazom: by = 1, by = P(by) miaga k > 1. UseectHO, 9TO JyIst JIEOOOTO HATYPATBHOTO d
HafiIeTcs dieH nociaenosaresnbaoctu {b,}, nensamuiica na d. Jokaxkure, ayro P(x) = x + 1.

2.29. (MMO, 1996, 10.6) lokaxxute, aro s 06010 MHOrOWIeHa P () crernenn n ¢ HaTypaJIbHBIME
ko3 durmenTaMI HaliIETCsT Takoe 1enoe qucsio k, aro aucia P(k), P(k+1), ..., P(k+1996) 6yxyT
COCTaBHBIMHU, €CJIn

a)n =1,

6) n — MPOM3BOJILHOE HATYDPAIBHOE TUCJIO.

2.30. (Bcepocc., 2016, ¢unan, 11.5) I[lycts n — narypasnbuoe uncyio. Ha 2n+ 1 kaproukax Hammucano
110 HEHYJIEBOMY II€JIOMY YHUCJIy; CYMMa BCEX YUCes TaKxKe HeHyseBas. Tpebyercd 3TuMu KapTOdKaMu
3aMEHHUTD 3BE3/109KH B BLIparKeHun *x2" + 22"~ 1 4. | 4 %2 + * Tak, 9TOOLI MOy YeHHDIH MHOTOUICH
HEe UMeJT MEJIbIX KopHeh. O6g43aTeIbHO JIH 9TO MOXKHO CJIETIATH !

2.31. (Typrup 2opodos, 2010, 10-11) Bapor MioHXrayseH mompocus 3a/iyMaTh HEIIOCTOSHHBIA MHO-
rouneH P(x) ¢ mesbIMu HEOTPHUIATETbHBIMI KOXDMUIMEHTAMI 1 COOOIIUTL €My TOJBKO 3HAUEHUs
P(2) u P(P(2)). Bapon yTBepK/aet, 9TO OH TOJBKO [0 STHM JIAHHBIM BCET/a MOYKET BOCCTAHOBHUTD
3aJlyMaHHBI MHOTOUIeH. He ommbaercst ju 6apon?

2.32. (MMO, 2001, 11.4) JokaxKure, 970 He CyIIECTBYeT MHOI'OUJIEHA CTEIEHU HE HUXKE JIBYX C I1e-
JIBIMH HEOTPHUIIATE/IbHBIMUA KO3 DuIimenTaMu, 3HadeHne KOTOPOro Ipu JIIOOOM MPOCTOM P ABJIAETCH
MIPOCTBIM YHCJIOM.

2.33. (Bcepocc., 1994, 03, 10.6) Haitaure cBoboaubIil wien Muorowiena P(x) ¢ neabsimu K03 du-
[IMEHTAMH, €CJIM U3BECTHO, YTO OH MO MOJY/IIO MeHbIle Thicsan, u P(19) = P(94) = 1994.

80¢

2.34. (MMO, 2015, 9.6, 10.6) CyuiecTByIOT Jint JIBa MHOIOYJIEHA C TEIbIMEA KOO DUIMEHTAMI TaK1e,
YTO Y KaXKJIO0T0O U3 HUX eCTh KO3 MUIMEHT, MOy b KOTOPOro 60Jbirne 2015, HO y IpOU3BEIeHUS STUX
JIByX MHOIOYJIEHOB MOJY/IN BCeX K0P DUIMEHTOB He MPEeBOCXOAIT 17

2.35. (Bcepocc., 2019, dunan, 10.8, 11.7) Janbl HenocTosHHbINA MHOTOWIeH P(x) ¢ mesbivMu Koadh-
dbunmenramu u HarypasbHoe ducso n. [lomoxum ag = n, a = P(ag_1) Ipu BceX HATYPAJbHBIX k.
Okaszajioch, 9TO JjIsI JIOOOr0 HATYPAJbLHOIO b B IIOC/IEIOBATEILHOCTA dg, (1, (3, ... €CTh UHCJIO,
SIBJISTIONTIEECsT b-i CTEIeHbI0 HATYPAJbHOrO dncia, bosbinero 1. /lokaxkure, aro MHOTOWIeH P(x) —
JIMHEAHBIA.

2.36. (Bcepocc., 1999, 03, 11.8) J1jist HEKOTOPOTO MHOTOUJIEHA CYIIECTBYET OECKOHETHOE MHOYKECTBO
€ro 3HAYEHU, KaK/I0e U3 KOTOPHIX MHOTOUJIEH ITPUHUMAET 110 KPailHell Mepe B JIBYX IEeJIOUNCIEHHBIX
Toukax. JlokaxkuTe, 4TO cyliecTByeT He OoJjiee OJHOTO 3HAYCHHSA, KOTOPOE MHOTOYJIEH ITPUHUMAET
POBHO B OJIHOM I1I€JION TOYKe.

2.37. (Bcepocc., 2003, gunan, 11.3) danbt muoroanens! f(x) u g(x) ¢ megbMu HEOTPHIIATETbHBIMIE
KoaddurmeHTamMu, m — Hanbo bt Koahdumuent maorowrena f. M3BecTHO, 9TO /19 HEKOTOPBIX
HATYDAIbHBIX dnces a < b nmeror mecto pasencrsa f(a) = g(a) u f(b) = g(b). Hokaxwure, 4ro eciu
b > m, To MHOTOWIEeHbl f U ¢ COBIIAJIAIOT.



3 MHoro4jieHbl HEYETHOM CTEIleHU

JI1060it MHOTOYIEH HEUETHO cTeleHn uMmeer JieficTBuTe bbbl Kopenb. [louemy?

3.1. (MMO, 1989, 10.2) Cymectyer jin dbyHKIHUs, TpadUuK KOTOPOil HA KOOPIAMHATHON MJIOCKOCTH
uMeeT OOIIYI0 TOUKY C JTF000# mpsMoii?

3.2. (Bcepocc., 2013, ¢unan, 11.1) Hausl muorowiensl P(x) u Q(x) mecaroii crenenu, crapiime Ko-
3¢ durmenTs KOTOpbiX paBHbl 1. 3BectHo, uTo ypasaenue P(x) = ((x) He umeer JeiCTBATEIbHBIX
kopHeil. Jlokaxkure, uro ypasuenue P(x + 1) = Q(z — 1) umeer XoTs ObI OJMH JICHCTBUTEILHBII
KOPEHb.

3.3. (Bcepocc., 2002, 03, 11.5) Ilycrs P(x) — mHoroduaeH uedérHoii crenenu. JJokaxkure, 9T0
ypasuerune P(P(x)) = 0 uMmeer He MeHbIIE PA3JIMIHBIX JIEHCTBUTETHHBIX KOPHEH, YeM ypaBHEHUE

P(z) =0.

3.4. (Bcepocc., 2003, 09, 11.5) Kpagparubie Tpexunenbl P(z) = 22 +ax +bu Q(z) = 22 + cx +d
takoBbl, 4To ypasHenne P(Q(z)) = Q(P(x)) ne mMeer neficTBUTENbHBIX KopHeil. [lokaxkure, 91O

b+ d.

3.5. (Bcepocce., 2012, dunan, 11.5) Jausl mHorounen P(x) u Takue ducia ay, as, as, by, by, bg, 910
ayasaz # 0. Okazasoch, 9To

P(ayz + b)) + P(agz + by) = P(agz + bs)

JTst JII000TO JieficTBuTebHOro 2. JTokaxkure, uro P(x) uMeer X0Tst ObI OJUH JeHCTBUTEILHBI KOPEHb.

3.6. (Bcepocc., 2004, 03, 11.3) Ilyctb muorounen P(x) = a,z" + a, 12" "' + ... + ag umeer xors
OBl OJINH JIEHCTBUTE/IbHBIN KOpeHb U ag # 0. Jokaxkure, 910, OC/IEI0BATEIHHO BHIYEPKUBAST B HEKO-
TOPOM HOPSAJIKE OJJHOWIEHBI B 3anucu P(x), MOXKHO MOJTyYUTh U3 HETO YUCIIO dg TAK, ITOObI KazKIblii
IPOMEKYTOUYHBII MHOTOUJICH TaKyKe MMeJI XOTs Obl OJUH JIefiCTBUTE/ILHBI KOPEeHb.

4 MHoroujeH n-ii crerieHu uMeeT He O0oJiee N KOpHeit
4.1. /IokaxkuTe, 9TO MHOT'OYJICH CTEIICHU N UMeeT He Dojiee 4eM N KOpHeil.

4.2. (Bcepocc., 2011, ¢unan, 11.5) lanpl 1Ba pasaudHbIX MPUBEIEHHBIX KyOMYIECKUX MHOTOWICHA
F(z) u G(z). Beimmcamm Bce kopuu ypasuennit F(x) = 0, G(z) = 0, F(xz) = G(x). Okazayocs,
YTO BBIUCAHBI 8 Pa3IUIHLIX 4dncesl. JJokazkure, 4To HambOJIbIIEe U HAMMEHbIee U3 HUX HEe MOI'YT
OJIHOBPEMEHHO SIBJISIThCS KOPHSIME MHOTrO4UIeHa F'(x).

4.3. (Bcepoce., 2013, ¢unan, 11.6) Iers u Baca npumgymann JecsiTb MHOIOYJIEHOB MSITOM CTEIEHH.
Barem Bacst 0 ouepesin Ha3bIBaJ TOC/IEI0BATE/bHBIE HATYPaJbHble YUC/a (HAYMHAST ¢ HEKOTOPO-
ro), a llerst kaxk/10e HA3BAHHOE YUCJIO TOJCTABJIAI B OJWH U3 MHOTOWIECHOB MO CBOEMY BBIOODY U
3aAIMMCHIBAJI [TOJIYIeHHBIE 3HAUEHUs Ha, JIOCKY cjieBa HanpaBo. OKa3a/0ch, 9TO YUC/A, 3aIUCAHHbIC HA
JI0CKe, 06pasytorT apudMeTHIeCKyI0 IPOrpeccrio (MMeHHO B 9TOM Topsjke). Kakoe MakcHMaJbHOe
KOJIMIeCTBO 4nces Bacs mMor Ha3BaTh?!

4.4. (Bcepocc., 1995, dunan, 9.3) Nssectno, uro f(x), g(z) u h(x) — KBajpaTHble TPEXUJIEHBI.
Moxer s ypasuenune f(g(h(z))) = 0 umers kopuu 1, 2, 3, 4, 5,6, 7 u 87



4.5. (Bcepoce., 2016, ¢unan, 10.3) lan kybudeckuit muorowien f(x). Hazoém yukaom Tpoiiky
pasamaHbIX quces (a, b, ¢) Takux, aro f(a) = b, f(b) = cu f(c) = a. I3BecTHO, YTO HAIILINCH BOCEMb
MUKJIOB (i, b;, ¢;), 1 = 1,2,...,8, B KOTOPBIX y9aCTBYIOT 24 pasinvHbx dncia. Jokazxkure, 9ro cpean
BOCBMU 9HCeNl BUa a; + b; + ¢; ecTh XOTs ObI TPU PA3TUIHBIX.

4.6. (Typrup 2opodos, 2015, 10-11) I'puma 3anmcan Ha jgocke 100 qucesr. 3aTeM OH yBeJIUIHT KazK-
noe gucyo Ha 1 u 3aMeTnii, 9To npoussenenne Becex 100 dumcesn He m3aMeHI0Ch. OH OISThH YBETMIIII
KaxKJ0€ YMCJIO Ha 1, M CHOBa NPOU3BEJICHUE BCEX YHCE/ He M3MEHUJIOCh, U TakK jaJiee. Beero ['purma
ITOBTOPWJI 3TY MPOLEIypy k pa3, u Bce k pa3 mpousBejieHne duces He MeHs10chk. Haitiure naubosibimnee
BO3MOKHOE 3HaUYeHHe k.

4.7. (Bcepoce., 2015, gunan, 11.4) dano narypanbhoe uucio N > 3. Hazosém nabop uz N Todyek
Ha, KOOPJMHATHOMN ILJIOCKOCTU JONYyCmuMbLM, €CJIA UX aDCIMCChl PA3JIHYIHbI, U KaxKIasd U3 ITUX TOUEK
OKpallleHa JIH00 B KPACHBIi, Jinb0 B cuHUi 11BeT. ByeM roBoputh, 1To MHOTOWIEH P(x) pasdeasem
JIOIyCTUMBIT HaOOp TOUEK, ecy inbo Boiiie rpaduka P(x) HeT KpaCHbIX TOYEK, a HIKe — HeT CHHUX,
160 HAOOOPOT (Ha caMoM TrpaduKe MOTYT JieXKaTh TOUKH 060uX 1BeToB). [Ipu KakoMm HamMeHbIeM k
JI000i#1 JtonycTuMbIit Habop n3 N TOYeK MOYKHO pa3/ie/IuTh MHOIOYJIEHOM cTeleHu He OoJee k7

5 ,ZLGJ'II/IMOCTB MHOI'O4JI1€eHOB
5.1. (MMO, 1954, 9.1) Hokasarh, 4To eciu

xé + alxg + agxg + asxg 4+ aqg = 0, 4908 + 3a1x(2) 4+ 2a9x9 + a3 = 0,
to o' + a123 + ax® + azr + a4 genures Ha (v — x0)>.

5.2. (Typrup 20podos, 1990, 10-11) Jlokaxkure, 4T0 MpH JIEOOOM HATYPAJTLHOM 1 HARIETCST HEHYJIEBO
muorowien P(x) ¢ koaddunumenravu, pasabivu 0, —1, 1, crenenu He 6osibiie 2", KOTOPbIii JI€JIUTCSI
Ha (x — 1)

5.3. (MMO, 2014, 10.6, 11.5) Muorouren P(x) ym1oBaeTBOpsieT yCJIOBUSIM:

PO)=1, (P()*=1+z+2"%Q(z),

9

rie Q(z) — mekuit muorouten. [lokaxure, uro koadduruent npu z%° B muorounene (P(z) + 1)1%

pPaBeH HYJIIO.

5.4. (Bcepocc., 2006, gunan, 11.7) UzBectHo, uro muorouwnen (z + 1)" — 1 geaurcs Ha HEKOTOPBIi
muorownen P(x) = aF + cp 1281 + cp 02" 2 + ... + 17 + ¢ uérHolt crenennu k, y KoToporo Bce
KO3 PUIMeHTsl — 1esble HedéTHble yncia. Jlokaxkure, aro n jgemurcd Ha k + 1.

5.5. (Bcepocc., 2004, ¢unan, 11.3) Jausl muorowienst P(z), Q(x). I3BecTHO, 9TO j1JIs1 HEKOTOPOTO

muorowiena R(x,y) Boimosnsercsa pasenctso P(x) — P(y) = R(z,y)(Q(z) — Q(y)). Hokaxwure, aro
cymectByeT Taxkoit muorowien S(z), uro P(z) = S(Q(z)).

6 CgoiicTBa K03dDUIIMEHTOB MHOTOYJI€HA

6.1. (MMO, 1957, 7.2) Ussectno, uto ax®+ bx? + cx +d, rae a, b, ¢, d — jnannble 1esble YUCIa, TP
JIoboM 1iesioM x JeuTced Ha 5. Jlokazars, uTo BCe uncaa a, b, ¢, d mendrcs Ha 5.



6.2. (MMO, 1957, 8.5) Ussectno, uro azx* + bx® + cx® + dx + e, vae a, b, ¢, d, e — jaHHbIE TE/IbBIE
YHhcIIa, IPU JII00OM IIeJIOM X JieuTcd Ha 7. JlokazaTh, 9To Bce uncia a, b, ¢, d, e pendarcd na 7.

. 2018
6.3. Haiiqure cymmy Beex koadbduiumentos muorouena (3z2 + 7z — 11) [OCJIE PACKPBITUSI CKO-

OOK M IPUBEJIEHNS IOJ00HBIX CJIaraeMbIX.

N . 100
6.4. Haiiyiure cymmy KoabdUIMenToB Ipu Y48THBIX cTeleHax MHorowiena (r3 —x + 1) mocite pac-
KPBITHS CKOOOK W TIPUBE/IEHNST TTOJO0HBIX CIaraeMbIX.

6.5. (Bcepocc., 2015, M3, 10.2) Mokazkute, 4To ecyiu B Bbipazkenun (z2—z+1)%° packpbith ckobku
U TIPUBECTHU T0JIOOHBIE CIaraeMble, TO KaKOH-HUOY b KO MUITMEHT TT0TyIeHHOIO MHOTOYJIeHA Oy/IeT
OTPUIATETHHBIM.

6.6. (MMO, 1947, 7-8) Oupenemuth K03 bUIUEHTHI, KOTOpbIe GyIyT cToaTh npu ' u x'® nocme

5 7720
PaCKpBITHsI CKOOOK U MPUBEJIEHUs MOJ00HBIX YIeHOB B Bbipaykeruu (1 + x° + 7)™,
0 1 0gVE
3
6.7. Boruuciure kosddunuent npu 1% B muorounene (1 + x + 22 + ... + 2'%)” noce packpeitus

CKODOK U IIPUBEJIEHUS TIOI00HBIX CIaraeMbIX.
161G

6.8. (MMO, 1947, 9-10) B xaxom n3 seipaxennit: (1 — 22 4+ 23)'%% (1 + 22 — %) nocae pac-

KPBITHS CKOOOK U IIPUBEJICHUS IIOI0OHBIX UIeHOB 60binuil Koaddunuent mpu 2207

wodoxg og

6.9. (MMO, 2006, 9.4) B soipaxennu (z* + x° — 322 + x + 2 PACKPBLIA CKOOKU U MPUBE/IN
noj06HbIe caaraemble. JIokazkuTe, 9TO IPH HEKOTOPOH CTEIIeHU IePEMEHHON X MOJIYyYn/ICsS OTpUIa-
TeJTbHBINA KOI(DPUITUEHT.

2006
)

6.10. (Typrup 2opodos, 2016, 10-11) Bee koadbduImenTb HEKOTOPOro HEIIOCTOAHHOTO MHOTOUJIEHA
1eJible W 1o MojyJio He mpeBocxoaar 2015. /lokaxkure, 910 JII0OOH MOMTOKHUTEIBHBIE KOPEHb 9TOI0
MHOTOUjIeHa OoJtbine yeM 1/2016.

6.11. (Bcepocc., 2004, 03, 10.5) Ypasuenue x™ + a1, 1 + . ..+ ay_12 + Gy, C NETBIMI HEHYJIEBBIMI
ko3 dpunmenTaMn uMeeT n Pa3IMYHbIX [EJbIX KopHeil. JlokaxkuTe, 9TO ecin KazKJble JBa KOPHH
B3aKMMHO IPOCTBI, TO ¥ YUCJA 1 U (1, B3AUMHO IIPOCTHL.

6.12. (Bcepoce., 2008, 03, 9.4) Jlaubl mojokuTeabHbIe palnoHaIbHbe ducia a, b. Onun u3 KopHeit
Tpéxunena 2 — ax + b — palnmoHaJIbHOE YHCI0, B HECOKPATUMOIi 3amicy umMeroree Buj m/n. JToka-
YKUTE, YTO 3HAMCHATEIb XOTs GBI OJHOr0 U3 4mcesl a U b (B HECOKpATUMOI 3amucy) He Menbiue n/3.

6.13. (Bcepocc., 2009, ¢unan, 10.1) Haitiaure Bce Takue HATypaabHbIE 7, YTO IPU HEKOTOPBIX OTJIHY-
HBIX OT HYJIsl JIfICTBUTEILHBIX YUCIax a, b, ¢, d muorounen (az+b)1%% — (cx+d)'%% nocse packpbitus
CKODOOK U TIPUBEJICHUS BCEX MOJO0HBIX C/IaraeMbIX UMEET POBHO 71 HEHYJIEBBIX KO(MDMUITMEHTOB.



6.14. (Bcepocc., 2007, ¢unan, 10.2) Jan muorowien P(x) = apz™ + a1@p_1 + ... + a4y 1T + ap.
[Tomoxkum m = min{ag, ag + a1, ...,a9 + a1 + ...+ a, }. Hoxkaxwure, uro P(x) > mz"™ npu z > 1.

6.15. (Bcepocc., 2014, P3, 11.7) Jan mHOrOWIEH
P(LL’) = a2nx2n + a2n—1$2n71 + ...+ a1x + ag,

y KOTOpPOro Kaxk bl Koaddurment a; npunajieskut orpesky [100; 101]. [Tpu kKakoM MEHIMATIBLHOM 7
y TAKOT'O MHOT'OYJIEHA MOXKET HAWTHUCH JEeHCTBUTEIbHBIN KOPEHb !

6.16. (MMO, 1939) Haubl aBa MHOTOWIEHA OT IepeMeHHOI = ¢ meabivMu Koaddunuentamu. Ipo-
U3BeJICHUE UX €CTh MHOTOY/IEH OT IePEMEHHON T ¢ YETHBIMEU KO DUIMEeHTaMu, He BCe U3 KOTOPHIX
nenared Ha 4. Jlokazarh, YTO B OJHOM U3 MHOTOYJIEHOB BCe KOI(DMUIUEHTH YETHBIE, & B JIPYTOM —
XOThb OJIUH HEYETHDIH.

6.17. (MMO, 1997, 9.6) llyctb 1 +x + 2® + ... + 2" ! = F(z)G(z), tne F u G — MHOrOYIeHbI,
KO3 PUIMEHTHI KOTOPbIX — HYJIU U eauHuIpl (n > 1). Jokaxkure, 94To ogud u3 MHOrowienos F', G
[IpeJICTaBUM B BHJIE (1 +r+a?4+ .+ xk_l) T(x), vae T'(x) — Takyke MHOTOUWIEH ¢ KObhUIIEeHTaMI
Oul(k>1).

6.18. (MMO, 1994, 10.6) CymecrByer i1 Takoii MHOrOUWIEH P(x), 9T0 y HEro ecTh OTPHUIATEIbHBIIA
ko3 durment, a Bce KosbdurumenTts! o6oit ero crenenn (P(x))", n > 1, MOI0KATETHHBI?

6.19. (Bcepocc., 2006, 03, 11.2) Ilpousse/ieHne KBaIPATHBIX TPEXIIEHOB
22+ ayx + by, x2+a2x+62, cee 2> +a,r+0b,

PaBHO MHOI'OYJIEHY
2 2n—1 2n—2
P(z) =2 + ;2™ + ™ " 4 ...+ cop_1T + Cop,

rjie Ko3hDMUIMEHTDI ¢1, Ca, ..., Cop TOJOKATENbHBI. [JoKazkuTe, uto s Hekoroporo k (1 < k < n)
KO3 DUIUEHTHI a) 1 by, TOJI0KUTEIHLHBI.

6.20. (Bcepoce., 1996, O3, 11.4) Muorowren P(x) creneHn n uMeeT n pa3inIHbIX JefiCTBATEIHHBIX
kopreit. Kakoe HambosibIiee 9ucyio ero K03 uimmeHToB MOXKET PABHATHCS HYJTIO!

6.21. (Typnup 20podos, 1988, 9-10) P(x) — mHOrOWIEH ¢ 1esibiMu Kodddunuentamu. V3BecTHO, 9T0
quca 1 u 2 aBjsiorces ero KopHsMu. JlokazkuTe, YTo HaAETCA KOIMPUIUEHT, KOTOPBII MeHbIe —1.

6.22. (Bcepocc., 2007, dunas, 11.6) CyuecTByloT Jin Takue HeHyJeBble 4ducia a, b, ¢, 4TO TpH
m060M 1 > 3 MOKHO HaifiTi MHOTOWIEH B P, (x) = 2"+ ...+ ax? + bx + ¢, uMeroImii POBHO N (me
06513aTeJIHO PA3IIMIHBIX) [EJIBIX KOPHEi?

6.23. (Bcepocc., 1996, gunan, 11.7) CyimecTByeT Ji TaKOe KOHEIHOE MHOYKeCTBO V| HEHYJIEBbIX J1efi-
CTBUTEJILHBIX YUCEJI, 9TO I JI000r0 HATYPAJbHOrO 7 HAMAETCS MHOTOYJICH CTEIICHU HE MEHBIIE 7
¢ koaddunmentamu 13 MHOXKecTBa M, BCe KOPHH KOTOPOTO JIEHCTBUTENBLHBI M TaKyKe MpUHAIIe-
xar M7

6.24. (Bcepocc., 1995, ¢unan, 10.8, 11.8) daubl HenocrosiHuble MHOrOWIeHbl P(x) u Q(x), y Koro-
puIX crapime KodddunuenTsl paBHbl 1. JokaxkuTe, 9T0 CyMMa KBaApaToB KO3(MPUIMEHTOB MHOIO-
wiena P(z)Q(x) He MeHbIIle CyMMbI KB3IPATOB CBOOOIHLIX wienoB P(z) u Q(x).



7 KyOuveckme MHOTroO4JI€HbI

7.1. Hokaxkure, 94TO {’/2 +5+ {?’/2 —V5=1.

7.2. (3adavwnux «Keanwmas, 1971, N6, M88) Kakomy ycJIOBUIO JIOJIZKHBI YIOBIETBOPATH KODDUIIN-
eHTHl a, b, ¢ ypasnenus x> + ax? + bx + ¢ = 0, 9TOOBI TPH €ro KOPHsS COCTABJISIN apupMeTHIeCKyIO
IPOrpeccuio’?

’qu ) ‘gvz—qmg:ozz\

7.3. (Bcepocc., 2008, dunan, 9.2, 11.1) Yucna a, b, ¢ TakoBbl, 9ro ypasHenue x> + ax? +bx +c =0
nMeeT TPHU JAefCTBUTENbHBIX KOpHA. JlokaxkuTte, ato ecm —2 < a + b+ ¢ < 0, To x0oTs ObI OJUH U3
9TUX KOpHeil npuna exxut orpesky [0;2].

7.4. (Bcepocc., 2014, P9, 10.5) Ha gocke nanucano ypasaenue x> + xx? + xx + % = 0. Ilers u
Bacs mo ouepenu 3aMeHsioT 3BE370UKN Ha pallMOHAIbHBIE dncja: BHadase llers zamenser JoOyio
u3 3BE37104€EK, TOTOM Bacs — 1100y1o u3 JIByX ocTaBImxcd, a 3aTeM lleTss — ocraBinyiocs 3BE3/10UKY.
Bepno i, uTo npu m0661x geiicrBusx Bacu [leTs cmoxker nmosryanTs ypaBHeHne, y KOTOPOIO PA3HOCTD
KaKHIX-TO JIBYX KOpHeil paBua 20147

7.5. (Bcepocc., 1993, 03, 11.5) Ha nocke namucano: 2 + ...2%+ ...z + ... = 0. /Ipa mKoJbHEKA
[0 OYeped BIUCHLIBAIOT BMECTO MHOIOTOYMIl JeficTBUTEIbHBIC ducia. 1leab mepBoro — HOIy4YHUTh
ypaBHEHHUe, UMEIOIIee POBHO OJUH JeHCTBATEILHBIN KOpeHb. CMOXKET JIn BTOPOH eMy HOMEIaTh?

7.6. (Bcepoce., 2002, ¢unan, 10.1, 11.1) Muorowrenst P, Q u R ¢ neiictBureabHbIMI KO3bbUImeH-
TaMU, CPeJI KOTOPBIX €CTh MHOTOYJIEH BTOPOIl CTEIIeHN 1 MHOTOUJIEH TPEThEl CTeIleHN, YI0BIeTBOPSI-
10T pasenctBy P2+ (Q? = R%. JlokaxkuTe, 4TO BCe KOPHU OJHOIO U3 MHOI'OY/IEHOB TPeTheil cTelleHn —
JleficTBUTE TbHBIE.

7.7. (Bcepoce., 2003, ¢unan, 11.5) JJUHBI CTOPOH TPEYTOJbHUKA SBJISIIOTCS KOPHIME KyOHIeCKO-
ro ypaBHEHUs C pAIMOHAJIBHBIMU KOd(ddurmentamu. Jlokaxkure, 9T0 JJIUHBI BBICOT TPEYTOJbHUKA
SIBJIAIOTCS KOPHAMU YpaBHEHUS IIECTON CTEIeHH C PAIMOHAILHBIMU KOI(DPUITMECHTAMMU.

7.8. (MMO, 2000, 11.4) Y Peau ectb Tpu Haj0UKu. Kcam n3 HUX HEJIb3sT CJIOXKUTH TPEYTOJbHIK,
QDej1s1 yKOpaunBaeT caMylo JJIMHHYIO U3 TaJ09eK Ha CyMMY JIJIHH JIBYX JpyruX. Ecaum jummHa najgoukn

He obpaTuIach B HYJIb U TPEYTOJBHUK CHOBA HEJIB34 CJIOXKHUTH, TO DeJisd TOBTOPSAET ONEPAITNIO, U T. JI.
MozkeT Ji 9TOT MPOIECe MPOI0IKATHCSI OECKOHETHO?

8 PazHbIle 3agaun

8.1. (Mock. mamem. pezama, 2014, 10) CymecrByer ju Takoii MHOTO4UIeH f(z) crenenu 6, 9To s
7060T0 X BBINOJHEHO paBeHCTBO f(sinz) + f(cosx) = 17

8.2. (Mock. mamem. pezama, 2012, 10) CyiecTBYIOT i1 TaKue 3HAYEHUS ¢ ¥ b, TPH KOTOPBIX ypaB-
merne ot — 423 + 622 4 ax 4+ b = 0 UMeeT UeThIpe PA3IMIHBIX JeHCTBUTEILHBIX KOPHs?

8.3. (Bcepocc., 1994, 03, 9.5) Nzsectno, uto ypasuenue az’® + bx! 4+ ¢ = 0 umeeT Tpu pasimaHbIX
kopu#. Jlokaxkure, uTo ypasHeHne cx’ + bx + a = 0 TakyKe IMeeT TPU Pa3INIHLIX KOPHSI.

8.4. (MMO, 2001, 10.3) llpuseaure npumep muorowiena P(z) cremenu 2001, 115t KOTOPOro BBIOJI-
Hgercst ToxaecrBo P(z) + P(1 —x) = 1.
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8.5. (MMO, 2011, 11.2) CpaBuutre Mexk 1y OO0l HANMEHBIINE MOJIOXKUTE/IbHbIE KODHI MHOTOY/JICHOB
2201 12011z — 1 m 2201 — 20112 + 1.

’ amIgaHa oJogdon N ‘

8.6. (Bcepoce., 2019, P3, 10.4, 11.4) BeckoHeuHast MOC/I€I0BATEILHOCTD HEHYJIEBBIX YHUCEIT 41, g,
as, ...TaKOBa, UYTO NPHU BceX HATypaJbHBIX N = 2018 uncio a,,; ABJIAETCSI HaAUMEHBIINM KOPHEM
MHOTOUJIeHA

Po(z) = 2*" + a12®" 2 + apx®™ ...+ ay.

Jokaxkute, uro cymiecTByeT Takoe N, 4TO B OECKOHEYHOMN MOCIEI0BATEILHOCTH AN, AN+1, AN+2, - - -
KaKJIbI 9JIeH MEHbIIe TPeIbIIYIIErO.

8.7. (Bcepocc., 2018, dunan, 11.1) Muorownen P(x) rakos, aro muorowtenbl P(P(z)) u P(P(P(x)))
CTPOr0 MOHOTOHHBI Ha Beeii BemecTBeHHOi ocu. Jlokaxkure, uro P(x) TOXKE CTPOro MOHOTOHEH HA
Bcell BelleCTBEHHOI OCH.

8.8. (Bcepocce., 2000, 05, 11.1) Jokazxkure, 4T0 MOKHO BbIOPATH TAKKME PA3JIUIHBIE JIEHCTBUTEIbHBIE
YUCIa a1, Ao, - .., 19, 9TO YPABHEHUE

(x—a1)(x —ag)...(x —ap) = (r+a)(x+as)...(x+a)
OyJieT UMeThb POBHO 5 Pa3IMYHBIX JeHCTBUTEILHBIX KOPHEIl.

8.9. (Bcepocc., 2017, ¢unan, 10.6, 11.5) Illycrs P(x) — MHOTOYWIEH CTENEHN N 2> 2 ¢ HEOTPHUIATE b
HbIMI KO3 duienramu, a a, b 1 ¢ — JUIMHBI CTOPOH HEKOTOPOI'O OCTPOYTOJBHOIO TPEYTOJIbHUKA.
Joxaxure, uro uucaa {/P(a), {/P(b) n {/P(c) Tak:Ke ABIAIOTCA JJIMHAMU CTOPOH HEKOTOPOIO
OCTPOYTOJHHOTO TPEYTOJIbHIKA.

8.10. (Bcepocc., 2014, ¢unan, 11.7) VicxomHo Ha JIOCKe HAITMCAHBI MHOTOUJIEHBI 22 — 322 +5 n 2% — 4.
Eciin va jiocke yrke Hanmcaubl MHOTOWIEHB! f(2) u g(x), pa3periaercs JOMICATH HA HEé MHOTOUJIEHBI
flz) £g(x), f(x)g(x), f(g(x)) n cf(z), rne ¢ — npomsBosbHas (He 00s3aTEIBHO TI€/1as1) KOHCTAHTA.
Mozker Jin Ha JOCKe IOC/Ie HECKOJBbKUX Ol€pAaIiil OsIBUTHCSA HEHYJIeBOi MHOro4wIeH Buga x' — 17

8.11. (MMO, 1953, 9.5, 10.3) lokaxure, uro muorouien suja w2%0y?% + 1 Hesbss npejcraBuTh
B BUJIE IIPOU3BEICHUST MHOTOYJIEHOB OT OJIHOI'O TOJIBKO & U OJHOT'O TOJIBKO /.

8.12. (MMO, 2003, 10.3) Illycts P(x) — MmHOTOUWIEH O crapimmM KodhduimenTom 1, a mociienosa-
TEJILHOCTD IEJIBIX THCEIT 1, dg, . ..TakoBa, 9t0 P(a;) = 0, P(a2) = a1, P(a3) = ag u T. 1. Yncsa B
HOCJIEIOBATEILHOCTH He TTOBTOpsiioTcst. Kakyto crernenb moxkeT umers P(x)?

8.13. (MMO, 2003, 10.6) Jana GeckonedHast MOCIEIOBATEILHOCT MHOTOWICHOB Py (z), Py(x), .. ..
Beerna sm cymectByer Koneunblii Habop dbyukimit fi(z), fa(x), ..., fy(z), KoMIO3UIEIME KOTOPBIX
MOZKHO 3aIucarh Jiioboit u3 nux (Hanpumep, Pi(z) = fo( f1(f2(x))))?

8.14. (MMO, 2003, 11.2) Haun muorowien P(z) cremenu 2003 ¢ geficTrBUTEILHBIME KO(DDUITHECH-
TaM#, npudeM ctapinuii koadgduruent pasen 1. MMeercss 6ecKoHeUHAas 1TOC/IEI0BATEIBHOCTD EJThIX
quces aj, dg, . .., Takad, 910 P(a;) = 0, P(ay) = a1, P(a3) = ay u T. 1. JJokazkure, 910 He BCe 9UCIA
B IIOCJIEJIOBATEJILHOCTH a1, (g, . . . PA3JINYHBI.
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8.15. (MMO, 1995, 11.4) Paspesarsb orpe3ok |—1; 1] Ha uépHble u 6esible OTPE3KN Tak, 9TOObI HHTe-
rpaJsibl oT Ji00oit a) JmHeitHoN QyHKINI; 6) KBAIPATHOIO TPEXUIECHA 110 OEIBIM U IEPHBIM OTPE3KAM
OBLTN PABHBI.

8.16. (MMO, 2016, 11.5) Ilpo npuseaéuubtii Mmuorowten P(z) = 2" +a, 12" ' +.. . +a;x+ag ¢ neii-
CTBUTEJIbHBIME KO3(hMUIMEHTAME U3BECTHO, YTO IPU HEKOTOPOM HATYPAJIbHOM 1 2> 2 MHOTOYJIEH
P(P(...P(x)...)) umeer JeiicTBUTEIbHBIE KOPHH, PHYEM TOJBKO MOJOKHUTETbHBIE, O6sa3aTe/IbHO
N——

m pa3

i caM MHOrowieH P(z) uMeer JedcTBUTEIbHBIE KOPHE, MIPUIEM TOJBKO TIOJIOKUTEIbHBIE?

8.17. (Typnup 20podos, 2014, 10-11) Haiture Bce n, [t KOTOPBIX BEPHO YTBEPIKICHUE: JIJIsT JTIOOBIX
nByx muoroutenos P(z) u Q(x) crenenu n naityTtes takue oanounens azx® u br', rae 0 < k < n,
0 < [ < n, aro rpadukn muorounenos P(z) + ax® u Q(x) + br! ne GymyT umMeTh 06MUX TOUEK.

8.18. (Typrup 20podos, 2007, 10-11) Ilycrs f(x) — HEKOTOPBI MHOTOUJIEH HeHYIeBOIT cTenenu. Mo-
JKET JIM OKA3aThCs, YT0 ypasHeHue f(r) = a npu JoOOM 3HAYEHUN @ UMEET YETHOE YUCJIO PEelleHuii?

8.19. (Typrup 2opodos, 2008, 10-11) Muorowien crerenu n > 1 uMeer n pasHbIX KOpHE Ty, T,
..., Tp. ETO IpOM3BO/IHAS UMeeT KOPHU Y1, Yo, - - ., Yn_1- JlOKAZKHUTE HEPABEHCTBO

24 .. a2 >y%+...+yﬁ,1
n n '

8.20. (Bcepoce., 2012, ¢unan, 10.4) NzHagaapHO Ha JOCKE ObLIM HAMCAHBI OJHOWIEHBI 1, T, 12,

..., ™. JloroBopuBIIHCH 3apanee, k MaJIbIMKOB KaXK/yI0 MUHYTY OJIHOBPEMEHHO BBIMUC/ISLIIN KayK b
CYyMMY KaKUX-TO JIBYX MHOT'OYJICHOB, HAITMCAHHBIX HA JIOCKE, W PE3YJIbLTAT JOMUCHIBAIN HA JOCKY.
Yepes m MUHYT Ha JTOCKe OBLIU HAIMCAHBI, CPEIN MPOINX, MHOTOWIeHb S| = 1+, So = 14+ o+ xQ,
Ss=14+x+a>+2% ...,8, =1+x+22+...+2" Jokaxknre, 9TO0 m > k2—+"1
8.21. (MMO, 1965, 11.1) Bce xoaddurnmentst Mmuorowiena pasabl 1, 0 wm —1. Jlokaxkure, 94To Bee
ero JIefiCTBUTE IbHBIE KOPHH (€CJIM OHU CYTIECTBYIOT) 3aK/IFOUEHBI B OTpe3Ke [—2; 2.

8.22. (Bcepoce., 1996, ¢gunran, 10.4, 11.4) Jokaxure, 9T0 €CJIU TUCTA (1, A2, - - ., Ay, OTIHIHBI OT
HyJist 1 jist Jio6oro nenoro k= 0,1,...,n (n < m — 1) BBIIOJHAETCS PABEHCTBO

a1+a2~2k+a3~3k+...+ammk:0,

TO B TIOC/IEJIOBATETLHOCTH @1, A3, - . . , Ay, €CTH TIO KpaiiHeil Mepe n+ 1 mapa coceIHuX Yuce 1, MeIOITIX
pas3Hble 3HAKMU.
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8.23. (Bcepoce., 2010, ¢unan, 11.4) ano narypasibraoe uucyio n > 3. Ilpu kakom Hanmenbiinem k

BepHO ciefytoree yreepxkaenne? st mobbix n Touek A; = (z;,y;) Ha IIOCKOCTH, HUKAKHE TPH U3

KOTOPBIX HE JIeJKAT Ha OJHOI mpsiMoii,  JIH0OBIX BelecTBeHHbIX unces ¢; (1 < i < n) cymecrByer

takoit Mmoorowien P(z,y), crenens kotoporo He 6osbie k, aro P(x;,y;) = ¢; upu Bcex i = 1,...,n.
(MHOro4/JIeHOM OT JIBYX HEPEMEHHBIX HA3BbIBAETCs (DYHKITHs BUJIA

P(x,y) = apo + a10r + ap1y + C12,0$2 + a1y + 0l0,2y2 +... .+ 6lk,0$1~C + ak—mxk_ly +.. .+ ao,kyk-

CreleHbI0 HEHYJIEBOI'O OJHOWIEHA @;,;x'y’ HA3bIBAETCS HHUCIIO { + j; cTeleHbio MHorowrena P(z,y)
HA3BIBAETCsI HANOOJIBINASI CTENEHb BXOJIAIIErO B HEIO OJHOUJICHA. )

8.24. («Iloxopu Bopobvéswi zopu!ls, 2013, 8.7) Yuureib HammcaJg HA JOCKE MHOTOUJIEHBI C IEJIBIMU
KO3 purmeHTamu:

P(x) = ap2" +ap 2" '+ Fartay m Q(x) = bypa™ 4 by ™+ by + by

U JIaJ 3a/1aHie HATH 1eJioe 3HadYeHne &, Takoe, uro P(x) nemurca (waneno) va Q(x). [lers Baceukun
B3sJICA 3a JIe]0 W, B3AB i Hadanma r = 0, moayumwn P(0) = 4, Q(0) = 3. «He nemurcsa», —
noxymad Ilers, n pemumr nogcrasuts © = 1. [omyuamnocs P(1) = —137, Q(1) = 0. «Ha nosis nenmtn
Hesb3s», — nogyman llers. Ou mompoboBas B34Th £ = 2, HO TaM IOJIYyYaJIUCh OOJIBIINE YHUC/Ia U
[lerst 3amyrascs B BeIMHCIeHHSX. HaocaeoK OH Pt monpoboBaTh B3ATh & = —1 U MOy 9HI
P(—1) =137, Q(—1) = —6. «/la Taknx 3HaveHnii x mpocTo He cyrmecTByer!y — BoCcKauKHyI [lers.
[Ipas s on?

Ed

8.25. («IToxopu Bopobwésu 2opui!», 2013, 9.7) Haiture a u b takue, uro muorodien 2203 +1%+axr+b
nesuTes Hareno na r2 — x + 1.

t=q‘0="

8.26. («/Tomonocos», 2014, 8.6, 9.4) Muorodnen asy 4221 +as91302°3 +a, 2+ ap npu Beex 3navennsax

x coBHajaer ¢ pyHKIUe

(x —1)(x —2)...(z—2014)
20141

y:

Haitmure cymmy umcen as + ag + . .. + ao014.

(<9001 ]

8.27. («Buicwasn npobar, 2013, 9.3) Tpunomom crenenn p HasbiBaeTCs (DYHKIHS BUIA
flz) =2aP + az? + 1,

rje p, ¢ — HaTypaJbHbIe YHCIa, ¢ < P, U 4 — IPOU3BOJBHOE BEIECTBEHHOE YUCI0 (OBITH MOXKET,
pasroe Hyso). Haiijure Bee passioxenus Muorousiena 2 + 1 B npousse/ieHne Hapbl TPHHOMOB.

(I R %A 93“") (I g% — gx) (42— g2) (1442)
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8.28. («Iloxopu Bopobwésu, zopuils, 2019, 10-11.5) Oupenenure 3Hadenue dyHKIUHI
f(z) = 2° + agx* + as2® + ax2® + arx + ag

B Touke z = 2018, ecam f(2019) = £(2023) = 0, £(2020) = f(2022) = 3, f(2021) = 4.

8.29. («Bucwasn npobas, 2013, 11.2) Tpunomom crenenn p HasbiBaeTCs (DYHKIHs BUJIA
f(x) =2 +az? +1,

rje p, ¢ — HaTypaJbHbIe YHCJa, ¢ < P, U 4 — IPOU3BOJBLHOE BEIECTBEHHOE YUCI0 (OBITH MOXKET,
pasroe Hys0). Haiiure Bce mapbl TPUHOMOB, KOTOPBIE Jal0T B IIPOU3BEJIEHUN TPUHOM CTeneHu 15.

’(9“"‘2‘”"‘1) (67 + o= —1) (o= + ¢ +1) (¢ + g7 —1) ‘(0% + e~ 1) (gx'*‘I)‘

8.30. («Kypuamos», 2015, 10.2) f(x) = 2® — 4z, g(x) = 2* — 42% + 1. JTokaxkuTe, 9T0 NpH JIHOGOM
a > 0 MHOTOWIEH af + ¢ UMeeT He MeHee TPEX PasiImdHbIX KOpHeil.

8.31. («Kypuamos», 2015, 11.2) f(x) = 23 — 9z, g(x) = 2 — bx? + 1. lokaxure, uto ecau b > 0,
TO y MHOro4wIeHa f + bg ecTb He MeHee TPEX PasIMIHbIX JIeHCTBUTEIHLHBIX KOPHENl.

14



	Теорема Безу. Разложение на множители
	Многочлены с целыми коэффициентами
	Многочлены нечётной степени
	Многочлен n-й степени имеет не более n корней
	Делимость многочленов
	Свойства коэффициентов многочлена
	Кубические многочлены
	Разные задачи

