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I. RomnierkcHble yucaa.
§1. OnpeneneHuve U cBoiicTBa KOMILIEKCHBIX 4YMCeJ.

Oﬂpe,ZIEHEHMe. KRoMmniercHLIMI 4YnciaMU Ha3LIBaIOTCA BbIpameHusa Bujga

a + bi, (1)

ruge a,b JellcTBUTEIbLHLIE qHuciaa, a CMHMBOJI 1 omnpenendeTcAa paBeHCTBOM i2 = —1 u Ha3bIBa-

eTcA MHUMOHN eJUHUILIEH.
UYnrarento, KOTOpHII JO CHUX TIOp He BCTpedalcd C 3TUM IOHATHEM, cpa3y coolbllaeM:
no6oe KBagpaTHOe YpaBHeHHe HMeeT KOpHH! JelllnM, HallpuMep, YpaBHeHne Z4x4+1=0.

—1+yT—4 —1+v3-i
2 a 2

JIBa ROMIIIEKCHBIX YHclIa z; = a; + byl 1 2y = ap + byl cunTatloTcA paBHBIMM Torja u

X1,2 =

TONBKO TOrJa, Korja a; = ag U by = b,.
ApudmeTnuecrre onepaluil Haj KOMILUIEKCHBIMU UYKCIAMU BBIMOTHAIOTCA MO OOLIYHBIM
IpaBuIaM IpeoGpa3oBaHusd airebGpauiuyeckiX BhIpaskeHnii:

71+ z9 = (a1 + az) + (b1 + bz)i;

z1 - 2o = (ajag — byby) + (bjay 4 a;by)i;

Z_1 _ aq + b11 _ (a1 + bli)(ag — bgl)
Z9 ag + b21 (ELQ + bzi)(ag — bgl)

_ (ajag + biba) + (braz —arby)i
N a2 + b3 '

Bripasenne (1) HazbiBaeTCH aazefpauyeckoll ¢iopmori 3amici ROMIIEKCHOTO 4HCia, a Be-
[MIeCTBeHHbIe YMCia a U b HA3LIBAIOTCS COOTBETCTBEHHO ero delicmeumeibHol U MHUMOILL
YacTblO.

Rommnexcusie yncia a+bin a—bi HaswiBatoTes conpsaxscernnvimu. [ TaHHOIO KOMILIEKC-
HOT'O YHClIa z CONpSIMEeHHOe YNCI0 00bIYHO 0603HauaeTcs Z. Jerko mpoBepuTh IS YuCell
71 = a; + byl, z9 = ay + byl CIpaBeIIUBOCTL CIEAVIOMNUX PABEHCTB: 2z & 7y = 7y T+ Zo,
Zy - Zy =7y Zy, Zy:Zy =171 7.

'y
J0JO6HO TOMY, Kak JeHCTBUTEILHbLIE YKcia U300paika-

Aa,b) I0TCA TOYKAMM YUCIOBOM NPAMOI, KOMIIEKCHOMY YUCTY
7z = a + bi MOMKHO COMOCTaBUTH TOURY A TJIOCKOCTH, Ha
r KOTOpOIl BBeJleHa TekapToBa CHCTeMa KOOpAMHAT.  a -
g nepBag KOOpIMHATA TOUYKHU, b - BTopad. B TpeyroabHIKe
B " OAB naxogum a =rcosp, b =rsing
0]

W TIONy9aeM mpuzoHoMempuyeckyio gopmy 3annuch uncia z = r(cosy + ising).
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Bemmamna r = vVa? + b? nasbiBaeTcA modyiem , a BeTUIuHa o - apeymexmom. Monymb
W apryMeHT 4dHcia z 0603HA9aloTCA COOTBETCTBEHHO |z| 1 argz .

Ncnonb3ysa U3BeCTHbIE U3 MIKOILHOIO Kypca (GOpMYIbl Il CUHYyca U KOCHHYCA CYyMMbl
ABYX YTIOB, JIeFKO NPOBEPUTHL CpaBeNIMBOCThL PABEHCTB

r1(cos 1 + isin 1) - r2(cos g + isin g) = rira(cos(pr + ¢2) + isin(er + ¢2))

r1(cos 1 + isin ) T o
rg(cos @y +1sin 992) - r2(608(991 992) + 1sm(apl c,oz)).

N3 hopmyiibl 1id yMHOMEHUA METOJOM MaTeMaTUYeCKol UHIYKIUU BEIBOAUTCA diopmyaa
Myasepa Bo3BeleHUA B 1IENYIO CTeleHb:

r(cos ¢ + ising)" = r(cosnp + isinngp).

Eciau n HaTypaibHOe 4MClIo, TO KOPHEM CTelleHU n U3 KOMIUIEKCHOI'O YHcjla u Ha3bIBaeTcH
n1oboe KOMIJIEKCHOe YUCI0 X, YIOBIeTBopAlollee ypaBHeHulo x° = u. Cefiuac nmoamydum
GopMyITy 114 HaXO/TeHUA BCeX ROpHell CTeNeHn n M3 3agaHHOro uncaa u = r(cos ¢ +sin ).
dpeanonokumM, 9to x = p(cos + sine). Torma, ucnoabaysa dopmyry Myaspa, morydaem
paBeHcTBO X = p"(cosne + sinney) = r(cos p + sin ) u, gaiee, p = Ir, np = p + 27k, k -
nenoe. Mrak,

n — . e+2rk . . p+27k
r(cose +ising) = \/F(COS T Fisin T—).
n n
Tak Kak mepuoj CUHyca U KOCHHYcA paBeH 27, TO BCe BO3MOMKHLIC 3HAUCHIA KOPHA MOKHO

nonyuuth npu k =0,1,..,n — 1.
II. MHoOrouneHbl.
§1. Onepanuu HaJ MHOro4jJeHaMU.

Onpesenenne. Buipasenne f(x) = aox" + a;x" ! 4 ... + a, Ha3bIBAETCH MHOTOWIEHOM OT
X ¢ KOIpPUIUEHTAMU ag, a1, ..., &y.

Ecin ag # 0, To n naspiBaeTcsA CTeNEHLIO MHOrOUY/IeHa, apX' Ha3bIBaeTCfl CTapIINM
unenoM. Yncio a, HasbBaeTcs cBOGOAHBIM uieHoM. (TeneHb oGosnaudaercs degf(x). Je-
3yIbLTATHI CHOKEHUA U yMHOM€HNf MHOTOYIEHOB HAXOAATCA MO OGBIYHBIM IpaBHIaM Ipe-
oGpasoBanns anre6pandeckux Bblpakenuil. C geleHneM MHOrouleHa Ha MHOTOUY/IeHa [0
0GCTOUT HeMHOro cloxHee. ['oBopaT, yTo mHorowren f(x) genntes na muorounen d(x), ec-
W CyIIecTBYeT MHOTOUTeH g(x) Takoif, uto f(x) = d(x)g(x). Muorounen d(x) HasbiBaeTcd
deaumeaen f(x). daupumep, MHorounen x4+ 1 ABAgETCH fenuTeneM MHOrOWIeHa X+ 1, Tar
rak x°+1 = (x+1)(x> —x+1), Ho He ABAAETCA AeauTeneM MHOroUneHa x°+1. B mocreanem
clydae, OIHAKO, BO3MOMKHO JlelleHre ¢ ocTaTkoM. Janpumep, x° + 1 = (x+ 1)(x — 1) + 2.
OGocHoBaHue 3TOIl omepaniy COIEPRUTCA B CIelyIONeM YTBep:eHIN.

Ymeepoucdenue 1. [lna mo6eix MHoTOumeHOB f(x),g(x) CyNIECTBYIOT MHOTOYIEHBI
d(x),r(x) Tarue, 9to f(x) = d(x)g(x) + r(x), mpuyeM cTeneHsb r(x) MeHbIIe CTeNEHN g(X).
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Muorounen d(x) HaswpiBaeTcA yacmublm, a r(x) - ocmamixom. OctaTor oT nenenns f Ha g
oGozHavaetca res(f,g).

Hdoraszameavcmso. [lorasaTenncTBO NpoBegeM HHAYKIHe(T 0 cTermenn MHorodnena f(x),
noraras (pUKCHPOBAHHOIl cTemeHL m MHoOroureHa g(x). Ecan degf(x) < m yTBep:k-
JeHNne cupaBeqMnBo, Tak Kak f(x) = 0 - g(x) + f(x). IpeamoroskuM, 4TO yTBep:kIeHUe
N0Ka3aHo [ BCeX MHOIOWIEHOB CTeleHN MeHblneil k 1 JokaskeM ero Aif MHOTOYIeHa
f(x) = aox* + a;x*7' + ... + a cremenn k. dyerb g(x) = box™ + bix™' + .. + by,
JaccMOTPUM MHOTOYIeH
fu(x) = f(x) — (a0/bo )" ™g(x)

= (a1 — aobl/bo)Xk_l + (ELQ — ELObQ/bo)Xk_2 + ...

Tar rar degf; <k, To, no mpeanonoxennio NHAYKIUN, CYIeCTBYeT MpeicTaBleHne

fi(x) = di(x)g(x) + 11(x), degr; < degg.

CregopaTenbho, f(x) = [(ag/bo)x* ™ 4 dy(x)])g(x) + r1(x) w.r.10.
JpHBe/ieHHOE T0KAa3aTeIbCTBO COIEPRUT CNOCO6 HAXOMKIEHIA YaCTHOTO U OcTaTRa, KOTO-
phIit HABBIBAETCSA dedenue yeoarkom. JPUMEHIM 5TOT cnocod Kk MHorownenam f(x) = x*+x+1

" g(X):X2+X+12

(1) x* +x +1 ‘XQ—I-X—I-l

(2) x'4x4x* |x? —x - uacrHoe
(3) —x?—x?4x+1

(4) —x*—x*—x

(5) 2x 4+ 1 - ocTaTor

KomwmenTapum: B cTpore (1) 3ammcanbl MHOTOUIeHB f(X), g(xX);

~ OTHOIIeHUEe WX CTapliiX WIeHOB, paBHOe X, 3alllchiBaeTcd B cTpoke (2) cmpapa oT
BEPTURANLHON YepThl, clleBa OT BepTUKAILHOM YepThl 3alicao npousBenenue x° Ha g(x);

— B cTpore (3) sanucana pasnocth fi(x) = f(x) — x’g(x);

— OTHOIIEHNE CTaplInX YIeHOB MHOrouneHoB fi(x), g(x), paBHOe —X, 3aliChIBaeTcd B B
CTpoRe (2) crpaBa OT BepTHRAILHOI UepThl, B CTpoke (4) 3amncaH MHOTOUYTEH —Xg(X);

— B cTpoke (5) 3anucana pa3HocTh fj(x)— (—x)g(x), cTeneHb 3TOro MHOTOUIEHA MeHbIIe
CTeNneHu JeJUTeNs, I03TOMY Mpolece HeJeHns 3aKOHYeH.

Henenne mponsBorbHOro MHOrOUNeHa f(x) = agx" + ...+ a, HAa MHOTOUJIEH X — ¢ CTeNeH:
1 yo6Hee BBINOMHATE 10 cxeme [oprepa, onucanHoi naiee.

Ayerh d(x) = dox" ' +..4+d,_1 - YACTHOE, @ T OCTATOR OT JIeeHHA. JacKpbIBasA CKOOKH B
paBeHcTBe f(x) = d(x)(x—c)+r, 1 npupaBHUBag KOI(P(OUINEHTHI TPU OJHHAKOBLIX CTENeHAX,
noay4daeM ag = do, a; = d1 — Cdo7 P P dn—l — Cdn_g7 anp =T — Cdn_l.

U3 5THUX paBeHCcTB MOMKHO BbIpa3uTh KO3(D(GUIHUEHTHI YACTHOI'O 1 OCTATOK, a Pe3ylbTaT
VI0GHO PACHONOMUTHL B BUIEe TaGIUI[bI

‘ ag ‘ aq ‘ ‘ ap_1 ‘ adp ‘

C‘dozao‘dlsz0+a1‘....‘dn_lszn_2+an_1‘r:Cdn_1+an‘

JdepBhie KoshGUIMeHTH MHOTOYTeHOB f(x) 1 d(x) paBHBI, a 1ajnee cleayeM TpaBumy:
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o1epednoll dieMeHIm 61MOPOLl CIMPOKU PAGEH CYMME 6ePIHE20 AeMEeHMA U Npoussedenus
npedoidyiieco saemenma Ha 4UcA0 C.

Ymeepocdenue 2. OctaTok oT nenenus f(x) Ha x — ¢ paBen f(c).

Hdoraszameavcmeso. IycTh d(x),r COOTBETCTBEHHO YaCTHOE U OCTATOK OT AeleHud. Jo-
narag x = c¢ B paBeHcTBe f(x) =d(x)(x —c)+ 1, noryunm f(c) =r, 9To 1 TpeGoBaIOCh.

Tar rar mociegnuil snreMeHT BTOpoil cTporn Tabnunel pasen f(c), To cxemy lopuepa
MO3RHO UCIOIL30BAThL JIfl GBICTPOrO BLIUICIEHNUS 3HAUeHNsl MHOTOUIEHA B TOUKe.

§2. PaubGoabimuii o6muii nenuTeib.

Onpesenerne. 3 anGoNLIIIM OGIIUM JleUTeleM ABYX UK 6olee MHOT0YIeHOB Ha3LIBaeTCH
TOT W3 UX OOLIUX fejuTeseld, KOTOPbIA JeJUTCA Ha JIOG0N APYyroil obIui 1enuTelsb.

Ymeepocdenue 3. [lns Toro, uToobl d(x) Ob11 o6muM genutenem fi(x) n fy(x) Heo6-
XOIUMO U JI0CTAaTOYHO, 4T06bl d(x) Gbu1 o0mmM gequtenem fs = fi(x) — g(x)f2(x) n f2(x),
rae g(x) 1000t MHOTOUTEH.

Hdorasameavcmeo. Jeotxoqumocthb. Ecnn fi(x) = d(x)hi(x) 1 fa(x) = d(x)ha(x) nma
HeKOTOPBIX hy(x), ha(x), To f5 = d(x)[h1(x) — g(x)ha(x)]. CremoBaTenpro, d(x) gemut f3(x)
n fy(x).

HocTaTouHocTh 0Ka3LIBaeTCA aHaTOrHYHO.

Caedcmeue 3.1.

HOD(f,(x), f2(x)) = HOD(fy(x), f1(x) — g(x)f2(x)).

Horaszameavbcmeo. Tark Kak MHOMKeCTBa 0OIINUX JelUTeleil y 5TUX Hap MHOTOYIeHOB COB-
majaioT, TO COBIAfaloT W HanGOILIIIe o0IIne IeTUTeNH.
Aunzopumm Eerauda naxodxcdenus POD. [laubl mHorounens fy,f; Takue, 4To
degﬁ S degf2 nu fl 7£ 0.
Ecmn f, =0, Torna HOD(fy,f;) = f;. Ecin f; # 0, Torna nmocienoBaTenbHo BeIYHCIAEM
fs = res(fy, f2), f4 = res(fy, f3)... 10 Tex mop, Moka Ha HEROTOPOM IIaTe He TMOTYYUM PaBeHCTBO
fi = res(fx_2,fx—1) = 0. HUcnonb3ya crenctrue 3.1, mMeem

HOD(fl,fQ) - HOD(fQ,fg) — ... = HOD(fk_l,fk) - fk—l-

§3. KopHu MHorouneHoB. Pa3zioxeHre HAa MHOMUTENU.

Onpegenenne. Yicno ¢ nasuiBaeTcs kopteM Muorodnena f(x), ecan f(c) = 0.

Ymeepocdenue 4. (Teopema Jesy) Uncno c ABngerca kopHeMm MHorounena f(x) Torna
W TONbRO Torja, korja f(x) menmuTcA HA X — c.

Horasameavcmeo. CM. Ymeepocdenue 2.

dycTh ¢ KopeHb f(x). JaubGonbinee HaTypaibHoe k, mpu KoTopoM f(x) meantes Ha
(x —¢)* HaswiBaercs wpamuocmvio Kopus. Ecmu k > 2, To ropopart, uto f(x) uMeer RpaTHbIf
KOpeHb.

Ymeepocdenue 5. (OcHoBHag Teopema anre6phl) J06oi MHOTOUIEH ¢ KOMIUIERCHBIMI
KoadppunenTaM UMeeT X0TH 6kl OIUH KOpEHb.
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Cuaedcmeue 5.1. Jllo60ii MHOTOU/IEH ¢ KOMIIEKCHBIMM KO3 (pUIHMEHTaMU pacKia/biBa-
eTcsl B MpoU3BejieHne MHOTOUJIEHOB cTenen 1.

Horazameavcmeo. JlokazaTelbcTBO MPOBEIEM MeTOJOM MaTeMaTHUYeCKOl HHIYKIIH.
[lnsi MHOrOYIeHOB cTeneHn 1 yTBep#jeHne 09eBUIHO. IPENoJoMIUM, YTO YTBepHIeHne
CTpaBeJIUBO /Il BCeX MHOTOU/IEHOB cTeneHn n— 1. JaccMOTpUM NPOU3BOILHBIH MHOTOUYIEH
f(x) cTemenn n. JycTh x; ero kopedb . W3 Teopembl Jezy cienyer, uTo f(x) = (x —
x1)f1(x). Tar rar ctenens fi(x) paBHa n— 1, To, MO MPETONOKEHNIO HHIYRINN, BOSMOMKHO
paznosenne fi(x) = (x —x2)...(x — x). OTciona

f(x) = (x = x1)(X — X2).ee (X — Xp), (1)

4TO U TPeOOBAIOCH.

Cotupas B paBeHcTBe (1) 0inHAKOBLIE COMHOMKUTEIN, TOTYYNM

Caedcmeue 5.2. Jlio6oit MHOroUTeH f(x) ¢ ROMIIERCHBIMU RO3(D(QUINEHTAMI MOMKHO
NpeJCTaBUTh B B BUJIe

flx)=(x— ozl)kl(x — Oéz)k2...(X — ozs)ks, (2)

rae ai,..., 0 - pazandnasie Ropan f(x).

Caedcmeue 5.3. MHOTOUNEH cTelleHN 1 ¢ KOMIIERCHBIMH RO3(h GUINEHTaMU FIMeeT, ¢
YUeTOM KPaTHOCTH, N KOMILIEKCHBIX KOpPHEIt.

Onpesenexne. MHorounen crenenn f(x) HazblBaeTCA NPUBOJNMBIM, €CIH OH HMeeT JIelh-
Terb d(x) Taroil, 4TO
1 < degd(x) < degf(x) — 1. B mpoTuBHOM cilydae MHOTOUJEH Ha3bIBAETCHA HEMPHUBOANMBIM.

Hnsa mHorounena f{(x) = agx" 4+ ...+ a, ¢ BelleCTBeHHBIMN K03 (HHUINEHTaMI, HCTONb3YH
pasiokenre (1) MOMHO NOTYYUTh pa3iokeHNe B IPON3BeJieHIIe HeTPIBOANMBIX MHOTOUIEHOB
cTemeHN | W 2 ¢ BellleCTBEHHBIMU K03 (hHIHIEHTaMU.

JleficTBUTENLHO, eclll BCce KOPHH BellleCTBeHHBI, To (1) yike ABIAETCA NCROMBIM pasiio-

meHneM. JycTh x; = a + (1 koMmiekcHblil kopenb. Tar rak 0 = f(x) = {(X;) , T0 X
Takie Kopenb f(x). dpouseegenne (x —x;)(x —X;) = x° — 2ax + o® + 3% - MHOrOUIEH
C BellleCTBEHHBIMH KO3 GUIHEHTaMU. JepeMHOKafg ocTalbHble CKOGKH, COOTBETCTBYIOIINE
napaM ROMIIEKCHO COTpPHKEHHBIX ROPHEHl, NOIYYNM HCROMOe pa3loKkeHNe.

XoTfi OCHOBHaf TeopeMa anreGpbl U ycTaHaBIHBaeT (pakT CyIIeCTBOBAHHA KOpHeM if
MPON3BOIBHOTO MHOTOUIEHa, OHa He COfep:RUT yKasaHUil HA TO, Kak UX HCRaTh. ITO He
ciryuaiiHO, ORa3bIBaeTCH, YTO HEBO3MOMKHO yRa3aTh (POPMYJIbl MPUTOAHbBIE AT HaXOMJeHNA
KOpHeiT BceX MHOTOU/IEHOB. Ja MpakTHKe 06BIYHO HAaX0AAT NPUGIUM#eHHbIe 3HaUeHNA ROpHed,
JUIA 3TOTO FIMeeTcs HeMalo MeTOJIOB.

CrasaHHOe He HCKIIOYaeT BO3MOMHOCTH TOYHOTO BLIUNCIEHN A RKOPHEH MHOTOUIEeHOB KaKkoTo-
60 crennanbHoro Buja. OMH U3 TPHMepOB TAKOTO POjia OCHOBAH Ha CleYIONIeM Y TBepHi-
JIeHIH.

Ymeepocdenue 6. [[1a Toro, 4ToGbl HecoKpaTHMaf palloHalbHag IPOGH % Obla

KopHeM MHoroureHa f(x) = fox" + ... + f, ¢ HeabIMu KoappUIHEHTaMU, HEOGXOAUMO YTOGHI
BBITIONHANIUCE YCIOBUA:
— p gemnt fy;
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— q peaut fo;
— p—mgq geaut f(m) ang BeAkoro m € Z.
Horasameavemeo. Tar Kak f(B) =0, 10 q“f(B) = (. dacnuuieM NogpoGHO NocileHee
paBeHcTBO: b b
fop" + Hp"tq + ... F fuq™ = 0.

Bce caraemble KpoMe TepBoro felXfiTcs Ha ¢, cleJoBaTelnbHo, feantcea Ha q 1 fop". Ognakro
p 1 ¢ He UMeIOT OGUINX JennTerneil, moatomy fy nemntes na . AHaJIOrMYHO J0KAa3LIBaeTcCH,
yro f, meaurcd Ha p.

JogenuB f(x) HAa X — m MOTYYUM paBeHCTBO

flx)=(x— m)(doxn_l + x4 dp—1) + f(m),

p
rae do,...,d,_q - Henble yMcaa. YMHOMUB ero Ha (" U NOJACTaBUB X = —, NONYUYUM
q

0=(p—mq)(dop" " + dip"*q+ ... + due1q™ ) + ¢™f(m).

JepBoe cilaraemMoe JIeIUTCH Ha p — mgq, Clle[JoBaTelbHO, IeJUTcA U BTopoe. Jo " U p —mgq
He UMEFOT 06IINX AennTeneii, moatoMy f(m) nemntes Ha p—mgq. [lorazaTenbcTBO 3aKOHUEHO.

Tak Kark KOJAMYeCTBO jeluTeneii KOHEYHO, TO KOHEUHO KOIMYECTBO palluOHaAlbHBIX YMCell,
B KOTOPBIX Cle[lyeT BbIUMCIUTh 3HaUeHe MHOTOUJleHa ¢ elbIMU KO3 pullienTaMu 1 TOro,
YTOOLI HAITU €ro paluoHalbHble KOPHU WU yOEeIUThCA B UX OTCYTCTBUU.

§4. HHTepnoJAIMOHHbII MHOT'OYJIEH.

I PEANOTOKNM, YTO OTHOCHTENLHO HEKOTOPOiT GYHKINK y(X) M3BECTHA TOMLKO TaGIuia
3HAUYEeHU B Pa3IUUYHBIX TOUKAX YUCIOBOIT OCH

X‘XO X1 ... Xn‘

Y|Yo Y1 o ¥a|

Jajaya MHTEPIONANNN COCTOUT B HaXOMJEeHUM ~MpaBaonoJjo6HOr0” oTBeTa Ha BOIPOC O
3HAUeHNHM (GYHRINKU IpU 3HAUEHUH apr'yMeHTa, He cojiepskalieMca B Tabauie.

On1H 13 cNocoGOB pellleHnd NCIOAb3YeT UHIMepPnoAAULOHHbT MHO201.4eH - MHOTOUTeH f(x)
cTemeHW n Taroii, uto f(x;) =y, mpu i=0,1,...,n.

Memod Hvwmona. 3anncaB UCKOMBII MHOTOUJEH B BUIE

f(x) = ap + a1(x — x0) + az(x — xo)(xX — x1) + ... +

T an(X — XO)(X — Xl)...(X — Xn—l)?

n nojgcraBiifdd 3Ha4YeHUA X U3 TEIGJH/IHBI7 [ocregoBaTe]bHO HAXO0OUM

Y1 —ao
ag = yg, 8y = ——, ...,
X1 — Xp
Vn — a9 — a1 (Xn — X0) — oo — an—1(Xn — X0)(Xn — X1).e-(Xn — Xn—2)

an = (xn — X0)(Xn — X1)..(Xn — Xn—1)
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CymecTBYIOT U ApyTHe cnocoGbl HaXO#/IeHNA HHTEPNOIANHOHHOTO MHOTOY/IeHa, IPUBOJA-
mpe K TOMY ke pe3yabTaTy, NOCROIbRY JUIA 3a1aHHOH TablINIbl CylecTBYyeT B TOYHOCTH
OJVH HHTEpPNOTANHOHHBIIT MHOTOUIeH. [leffcTBUTENBHO, el Obl 1A Pa3MMIHBIX MHOTOY/E-
noB f(x) n g(x) npu Becex i€ {0,..,n} Goutn Bepuel paBencTBa f(x;) = g(x;), ToO MHOrO4NIEH
d(x) = f(x) — g(x), cTeneHb KOTOPOTO He TIpeBLIAaeT n, UMel 66 n + 1 KopeHb, HO 3TO
HEBO3MOHMHO.

3Haf MHTepHONANUOHHbIA MHOTOUMeH f(x) 118 GyHRONKM y(X), MOMHO IPETONOMUTE,
qTO 3HAUYeHNe GYHKIUM Mpu X = « paBHO f(a).

§5. Uucao BemecTBeHHbIX KOpPHeil MHOrouleHa.

B atom naparpade Gy1eT MokasaHo Kak ONpeJelUTh YUCIO BelleCTBEHHLIX KOPHEil MHO-
rouneHa Ha 3aJaHHOM HHTepBale.

Brauane paccMaTpiBaeM TOIBKO MHOTOUIEHb], He HMEIOIINe KPaTHBIX KOpHEil.

Jadop mHorouneHoB fo(x),fi(x),...,fk(x) Has3piBaeTcA cucmenmori Hlmypma eciy BLITOTHA-
OTCA clIelylolie cBoifcTBa:

1. CocelHie MHOTOUIEHBI He HMEIOT OGIINX BelleCTBEHHBIX KOPHEIT;

2. Ecin o BemecTBennslil kopenb fi(x), mpu i € {1,...k—1}, o fi_i(a)fiti(a) < 0;

3. Ecin o BemecTBennslit kopent f(x), To fo(x)f;(x) Menser 3nar ¢ mmoca Ha MUHYC
pu nepexofie X depes a.

4. fi(x) He nMeeT BelleCTBEHHBIX ROPHET.

JocTpouM cucteMy MHorouneHoB fo(x),fi(x),.... Jomaraem fo(x) = f(x), B RavyecTBe
f1(x) BeIGUpaeM mpousBogHyIo 0T f(x). OcTanbHble MHOTOUIEHBI HAXOAATCA 1O (QopMyJe

fi(x) = —res(fi_2(x), fic1(x)), 1 > 2.

Brrumcnennsa 3araHYMBalOTCH, KOTAa NOMTYyUNTCA MHOTOYIEH, He IMEIONNil BellleCTBeHHLIX
ropueit. To, 4To 5To Npon30iifeT, JOKA3LIBAET ClelyIollee paccyHienie.

Tar kar crenenn muorounenos fo(x),fi(x),.... yMeHbmaloTcs, To Ha HEKOTOPOM IIare
NoIy4nM HyleBoil octaTok: res(fy_;(x),fx(x))=0. Kar u B §2, aT0 o3nauaer, uro fi(x) =
IO/ (fo(x),fi(x)). Tar rar f(x) He WMeeT KpaTHBIX KOpHEil, To MHOTOUNeHbl fo(x) 1 fi(x)
B3alIMHO IPOCTLI, clefoBaTennto, fi(x) ABIgeTcA KOHCTAHTON U He NMeeT BelleCTBEHHLIX
KOpHeil.

HorasmemM, 4To mocTpoena cuctema lTypma.

1. U3 paBenctBa f, = d(x)fi11 — fs42 clemyer, uTo 06N KOpeHb « MHOTOUYNEHOB fs 1
fo41 ABamerca ropueM fi,. AHalornvHo JokasbiBaeTcs, 9TO « €CTh KOpeHb MHOIOYIEHOB
fots,e., fic , Ho fy ne mmeet ropueit! Taknm o6pasoM, cocene MHOTOUIEHBl He HMEIOT OGIIIX
KOpHeil.

2. U3 paBenctBa fi_1(x) = d(x)fi(x) — fiq1(x) mpu x = o nonyuaem fi_i(a) = —fipi(a),
caefoBatenbto, fi_i(a)fipi(a) <O.

3. Ecmm f(x) B okpecTHOCTH KOpHf MeHfeT 3HAK C ILUIOca Ha MHUHYC, TO IPOM3BOAHAL
noroskutenbna. Ecmm f(x) B okpecTHOCTH KOpHA MeHfeT 3HaR C III0ca Ha MUHYC, TO IPO-
M3BOHAA oTpunatenbna. B oGonx cryuaax fy(x)fi(x) MeHser 3Har ¢ niioca Ha MUHYC IpU
nepexoge X 4epes c.
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Jycete o € R, f(a) # 0, BorueprueM nyau u3 nocregosatensnoct fy(a), fi(a), ..., fi(a)
1 o6o3naunM W () 4mcio epeMeH 3HaKka B ocTaBlIeficsl NOATOCIeJ0BaTelLHOCTH.

Ymeepocdenue 7.(Teopema lllTypma.) Ecin f(a) # 0,f(5) # 0, To uncno kopHeii Ha
nnrepsare (o, 3) paBno W(a) — W(3).

JlorasaTenbcTBO. JpocieduM Kark usMengerca W(x) Ipu n3MeHeHHH X 0T a K .

1. Oa mobGom uHTepBale, He cofepskalleM KopHeil MHOrouwreHos cucteMsl [lTypma W(x)
He MeHfleTcH.

2. Ja unTepBale, cofepalleM IUIL KOpeHb Xy MHorourena fj, mpn 1 <j <k —1,
nepeMena 3Hara npoucxoant mumb y f;. C yderom cBoiicTBa 2 moxyvaeM , 4To IpH Nepexose
depe3 xo 3Haru Ha ¢parmente f;_y,fj, fj;; MOTyT MeHATELCA AL OJHUM U3 CIEIYIOMUX
CI0COOO0B:

tt— ot - ot o ——, =+ > —+ 4

B ramgoM n3 mpuBejennbix caydaeB W(x) He MeHseTcH.

3. 9pu nepexofe yepe3 Kopenb f(x), Kak cieqyeT u3 cBoiicTBa 3, TepseTcs 0Ha IepeMena
3Hara. /lorasaTerbcTBO 3aKOHUEHO.

3amevanue. Ecin mo6oit 13 MHOrOUIeHOB cucTeMbl [ITypMa yMHOMKITE Ha TONOHHI-
TelbHOe UHCIo, TO ONyunTed Takske cucteMa lITypma, Tak Rak BHIOTHAIOTCA NepedncieH-
Hble BbIIIE CBOIfCTBA.

daccMOTpUM Teleph MHOTOWIeH f(x) obrajalomii KpaTHEIMU ROpHAMH. OG03HAYNM
d(x) HauGonbIwit o6umit geaurens f(x) u ero npoussoanoit f'(x). Ipencrasus f(x) B Buge
(2), HaxoauM
f'(x) = (x — ozl)kl_l(x — ozg)kz’_l(x — ag)kS_l...(X — ozs)ks_1 X
X[ki(x —a2)(x — ag)...(x — ag) F ka(x — o) (x — a3)...(x — ag)+
+ka(x — ar)(x —ag)e (X — as) + oo + ko(x — 01 ) (X — @2). (X — a5-1)].

MHorouneH, cofepsraliuiici BHYTPH KBaJpaTHLIX CKOGOK He MMeeT OGIINX JernTeneil ¢
f(x) Tar Kar He TemNTCA HY HA OJUH M3 MHOTOUYIEHOB X — o, X — Org, ..., X — o. 13 aTOTO

clIegyer, 4To
d(x) = (x — ozl)kl_l(x — ozg)kz’_l...(x — ozs)ks_l.

Onpenenum MHOrounen g(x) = f(x)/d(x) = (x — a1)(x — a2)...(x — a5). OH UMeeT Te e
KOpHH, 9T0 1 f(X), HO He UMeeT KpaTHBIX KOpHEH, MOITOMY /Ui TOTO YTOGLI OMpeenuTh
91CI0 BellleCTBEHHLIX KOpHeil MHOToUYTeHa f(X) MO#HO IPUMEHUTH ONHCAHHbIT BHITITE METOJ
K MHOTOUlEHy g(X).

MeTomom IlITypma MO#HO pelInTh Takske 3aj7a9y OT/eleHNA BellleCTBEHHBIX ROpHET, T.e.
HafiTH Takue HHTEePBAIbl, Ra#/Ibli 13 ROTOPLIX CONEPRUT POBHO O1NH KOpeHb. COOTBETCTRY-
FOTIN I TpUMep TIpHUBe/IeH B clieqyioleM naparpade, a cefidac ycTaHOBUM T'paHUIILI HHTepBAana,
coJlepsRalllero BCe BellleCTBeHHbIe KOPH.

Ymeepocdenue 8. Fciu x( BelleCTBEHHBIN KopeHb MHoTOouneHa f(x) = agx™ +a;x" 4
..t an, a A - HaWOGOIBIINI MO MOAYIIO RO3GGUIHEHT, TO |Xo| < A/]ag| + 1.

Horasameavcmeo. JlocTaToUHO 10KA3aTh, YTO MPOU3BOILHOE YHCIO 1, YIOBIETBOPAIO-
mee HepaBeHCTBY [t| > A/|ag| + 1, He ABaAeTca kopueMm, T.e. f(t) # 0.

I£(6)] > [aot”| — Jart™™" 4 ... + an| >
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t"—1

> faollt" = A 4+ 1) = ot —~ AT =

A

= |a0|(|t|n - |a0|(|t| _ 1)

(t]* = 1) > Jao | (t[* = ([t[* = 1)) > Jao| # 0.

§6. PellieHue npuMepoB.

Ppuwmep 1. dpencTaBuTh B TPUTOHOMETPUYECKOI (hOpMe KOMIUIEKCHOE YUCI0 7z = 4441,
Pewenue. BrruucigeM MoayJb yucia

2| = VA2 + 42 = 4/2.

BriHocd HaiileHHOe YHCTI0 3a CKOORY, MolydaeM

YUuuTbLIBasg paBeHcTBa
. T 1 T 1
sin— = —, CoS— = ——,
4 /2 4 2
BLINKCLIBAEM TPUTOHOMETPUUECKYIO (OPMY

7 = 4\/§(sin% + icos%).

Ppumep 2. Boruncauts 7z = (4 +41)%°.
Pewenue. Vcnonbsyem popmyny MyaBpa Bo3BeneHUs B CTENEHb.

20 20
7 = (4\/§(sin% + icos%))zo = 250(simT7T + icosTﬁ) = —2°0;,

Ppuwmep 3. Boiuuciuth z = V4 + 4.
Pewenue. lcnonb3yeM pe3yinbTaT npeablayliero npumMepa u dopmyiny Myaspa i
U3BIEeYEHUH KOPHA.

V4 + 47 = 74\/5(811&% + icos%) =

m/44 27k . /4 + 27k
< 4icos—m

= \6/3_2(sin 3

).k=0,1,2.

TpI/I JHaydyeHnfd KOpHA TaKOBLI:

Zo = \6/32(sinl7r—2 + icos%),

7 = \6/32(simi%7T + icos%),
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6 . 177 . 177
Zo = V 32(s1n§ + ICOSE).

Ppumep 4. UsBieus kopens /1 + 2v/2i.

Pewenue. 38,[{0 HaliTH BellleCTBeHHbIe YlCia X, Yy, IJd ROTOPLIX ClIpaBedJnBO paBeHCT-

Bo \/1 4 2v/2i = x+iy. BosBenem o6e yacti pasencTsa B kBagpar 1+2v/2i = x2—y? 4 2xyi.
JpupaBHUBaeM JlelicTBUTeNbHbIE U MHUMbIE YacTU

x?—yi=1
{ xy = V2
JelIeHeM CHCTeMbl ABIAIOTCA HaGophl (+v/2, 1), N05TOMY ROpeHb HMeeT [Ba 3HAUCHMUA:
V24+inm —V/2 -1

Ppuwmep 5. Beipasuth sin by 4epes cos @, sin @.

Pewenue. Cornacro dpopmyine Myaspa (cos + isinp)® = cos 5¢ + isin 5.

C ApyToii cTOPOHbL, HCNOAL3YH GOpMYTy BHHOMa JbIOTOHA 1, nonyuaeM (cos p+ising)’ =
cos® ¢ + 5icospsin p — 10cos®p sin®e — 10i cos*p sin®p + Hcose sintp + isin’p.
JpuUpaBHUBaA MHUMbIe YaCTU 3TUX IBYX BbIpakeHWil, oOIydaem

sin 5y = Heos’ @ sin @ — 10cos® @ sin®p + sin®p.

Ppumep 6. BripasuTh sin’ p dyepes TpuroHoMeTpudeckie GyHRIHIT KpaTHOTO apry MeH-
Ta.

Pewenue. JaccMOTPUM YHUCIO e = cosy + 1sing. Jo Gopmyte MyaBpa Haxoanum
e™! = cosp — ising. [laree umeem
e—e ! e® —he’ 4+ 10e — 10e—1 + He™2 —e™®

5_ p—
21) N 32i

sinp = (

(coshy + isinbe) — 5(cos3p + isin3¢) + 10(cose + ising) N
321

N —10(cosp — ising) + 5(cos3p — isin3gp) — (cosHp — isindyp)
321

sindyp — 5sindp + 10sing
16 '

Ppumep 7. Jonenuts ¢ ocratkoM f(x) = x* 4+ 3x” — 4x° — 2x — 3 Ha X — 2 u HaiTH
f(2).
Pewenue. Boinonnum Jeinenue, UCNonb3ys cxeMy l'opHepa.

ol 3 | -4 ] 2 | 3
2(1]2-1+3=5|2-5—-4=6[2-6—-2=10|2-10-3 =17

n
Lu+v)" = Z Clur=ivl rpeCl =

1=0

n!
(n—1i)!i!
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13 BTOpOii CTPOKU HAXOAUM KO3 GUIMeHTH yacTHOrO d(x) 1 ocTaTor Tak, 4To d(x) =
X4 5x2 4+ 6x 4+ 10 1 f(2) = 17.
Ppumep 8. Jaiitu Haubobuinii 061mui geaurens MHOrodwneHoB f;(x) = x°+3x? +4x +2
n fy(x) = X0 4+ 2x% 4+ 2x + 1.
Pewenue. 3puMensas geneHie YroaKkoM, HAXOIIM
f3(x) = res(f;(x), f2(x)) = x> + 2x + 1,
fi(x) = res(fa(x), f3(x)) = x + 1,
f5(x) = res(f3(x), f4(x)) = 0.
JanboIbIIuM O6IINM JeliTeneM ABIAeTCd HoCIefHUN HeHylIeBoii 0CTaTOR, TO eCTh X+ 1.

Ppu./nep 9. Ja3NoMmUThL X4 + 1 Ha HellpuBOAMMbBIe MHOMUTEIN B I0J/Je KOMILIEKCHBIX
Huce.

Pewenue. Jaiinem ropun v —1 = vcosm 4 isin,

2k 2k
Xk:COSHTﬂ-—I-SiHHTﬂ-,k:O,l,Q,g.

Jacrmonaras KOpPHH Ha KOMILIEKCHON IIIOCKROCTH, 3aMeYa-

X1 Xo0

//\\ eM, UTO CUMMEeTPUYHBIMU OTHOCUTEIbHO BelleCTBEeHHON
> OCH, 8 3HAYUT CONpPAMEHHbIMHU, ABIAIOTCA Taphl Xg, X3

\\// n X, Xg. Jaxoqum HEeIpUBOJUMBIE MHOMUTENN C Be-

X2 X3

[[eCTBEHHBIMU KO3 PUITUEHTAMU.

(x — (cos % + isin i))(x — (cos T_ isin E)) =

4 4 4
:X2—2COS%X+(COSQZ—|—SiH2%) =x? —V2x 4+ 1.

(x — (cos %TW +isin %T))(X — (cos %TW —1sin 3_7T)) =

4

3 3
%—I—sinzf):XQ—l—\/éX—l—l.

= x? — 2cos —WX + (cos2
4
Urag x*4+1= (X2 4% + 1)(X2 —V2x + 1).
Ppumep 10. JaiiT KopHU MHOrOYIeHa
f(x) = x* + 9x° + 22x* + 28x + 24.
Peuwenue. Tak kak MHOTOWIEH MMeeT Lelble KO3PHOUIUEHTHI, TO MOHHO MONLITATHCA
HaifiTV pauuoHalbHbIT KOpeHb P Bnavenarers q ABnAeTCA JeluTeleM cTapliero Koadg-

dunuenra, nostomy ¢ = 1. Yucaurenb p, ABIAACH JleJUTe]leM CBOOOJHOIO YlleHa, MOMET
NpUHUMATH 3HAUEHUA u3 crmucka S = {+1,+2, +3,+4,+6, 12, +24}.
Jdaitnem f(—1) mo cxeme [opHepa
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CornacHo Ymeepocdernuro 6 KOpHAMU MOI'YT ObITh TOIBKO Takue 4yucia p, AJIA KOTO-
peIX p —+ 1 mennt f(—l) = 10, To U3 cHOMcKa S HaJ0 yJaluTh Bce uuciaa, He oblagaomie
TAaKUM CBOCTBOM. Joiayuum HoBbiil ciucor S’ = {1, -2, —3,4}. JockonbKy KO3 (UINEH-
Thl MHOIOYJIEHA MOJOMUTEIbHBI, TO €r0 KOPHAMMU MOT'YT ObITh JHUIIbL OTpHUIaTelbHbIe YHCa,
MO3TOMY OCTal0Ch MPOBEPUTE TONLKO Yucaa —2, —3.

92228 24
2178 2] 0 = f(—2)
—3[1l4a]=a]0 [=1£(-3)

B nocnenneii crpoke TaGIMIL! 3amiical pe3yabTaT JeleHU 4acTHOTO OT IepBOTo AeleHns
Ha x + 3. Takum o6pasom, cupaBernBo paBeHcTBO f(x) = (x 4+ 2)(x + 3)(x* +4x —4) u
MUl HAXOHIeHUA OCTATLHBIX KOPHEll Halo PeluTh KBaipaTHoe ypaBHeHne x° + 4x — 4 = 0.
OTBeT: x1 = —2,%x9 = —3, X3 = —2 — \/g, X3 = —2+ V8.

Ppuwmep 11. JaiiTi HHTEPIONATNOHHLII MHOTOU/IEH, 3Had TabINUIy 3HaUeHil (yHKIIN

38XOIII/IM MHOI'O4JIeH B BHU e

flx) =ao+ar(x+1)+ag(x+ 1)x+as(x+ I)x(x — 1)
JoJcTaBidsa 3HAYEHUA X U3 TAaGIUILI, HOCIeJ0BATeILHO HAXOJIUM

1-0 4—-0—-1-(1+1
a0:0,a1: :1,EL2: (—I_)_

0+ 1 (14+1)-1 -

15—1-(241)—1-2-(2+1)
2.2-1)(2+1)
38CprIB8€M CKOOKU U noay4daeM OTBET:

asz =

= 1.

f(X):(X—I—l)—I—(X—I—l)X—I—(X—I—l)X(X—l):X3+X2+X+1.

Ppumep 12. Otpenuts Kopuu MuEOrounena f(x) = x* +4x° + 2x* — 3.
Pewenue. Jaiigem cucrtemy lllTypma.

1
fo(x) = f(x), fi(x) = Zf’(x) = x>+ 3x? + x.
Jaxomum octaTor ot genennd fo(x) Ha fi(x).
x* 4% +2x%2 =3 X34+ 3x? + x
xt43x% 4x2 x+1
x> 4x?-3

X0 43x% +x
—2x% —x—3
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Donaraem fy(x) = —res(fy, f;) = 2x* +x+3. Jlaa naxomnenusn fa(x) Hajgo HAfiTH OCTATOK OT
nenenus fi(x)Ha f(x). dpu JeneHnn NoABIAIOTCA IpOGHBIE KOS (HUINEHTHI, YTO YCIOHHAET
BBIUMCIEHNA. ITOT0 MOMHO H306eKaTh, €ClN 3aMeTHTh, YTO MHOTOUIeHb! crcTeMbl [ITypma
MOMHO YMHOMKATh Ha NOTOMITeNbHbIe Uncia, Noxydas NpH 5ToM Takme cuctemy lITypwma.
CrefoBaTenbHO, IPH IeIeHUH YTOMKOM 060§ H3 TPOMeKY TOUHBIX MHOTOYIEHOB MOKHO YM-
HOMATH WIN JeIUTh Ha NONOKUTeNbHbIe Yicia. MHOTOYNeH, MOTydeHHbIH YMHOMEHNeM Ha
qicio, OT/enfAeM ABOHHOM niHMedt. Tar, HanpuMep, Ipy NepBoM JleleHHN yMHo#aeM fi(x)
Ha 2, 3aliChIBaeM M0J TBOHHOI TUHNeH 1 1eIUM NOTydYeHHBIT MHOTouUleH Ha f5(x).

X2 43x2 +x ‘ 2% +x+ 3 2x? +3x +3 ‘ x4+ 15
2° +6x+2x  [x+5 14x? +21x+21 |2x — 3
2% +x?4+3x 14x2 4+30x
5x? —x —9x +21
10x? —2x —21x+49
10x2 +5x+15 —21x—45
—T7x—15 94
B pesyawTaTe mepBoro nenenud Haxogum f3(x) = 7x + 15, B pesyabTaTe BTOpOTO -
fi(x) = —1. Kopum f(x) ynoBIeTBOpAIOT HepaBeHCTBY |x| < 1 + 1 = 5. CocraBnfem

TaGnuIly, Kamaad CTPOKa KOTOPOH Kpome 3HaUeHUA « [epeMeHHO X COJep:UT 3HAKU
mHorounenoB lltypma mpu x = a 1 uncio W(«) nepeMeH 3Haka.

alfo i fo f3 f4|W
5|+ - + = =3

S+ + 4+ + 4|1

oj— 0 + + —1]2

Ja unrepsaine (—5,5) cogepurca W(—5) — W(5) = 2 ropua muorounena. BriGupaem
cepeIHYy WHTepBaa I cCUUTaeM Yncio epeMeH 3Harka npu x = 0. Tar kark W(—5)—W(0) =
1, To oiMH KOpeHb pacrofoeH Ha nHTepBane (—5,0), a Apyroii Ha naTepBare (0,5).

38)18"11/1 JIA CaMOCTOATEJbHOI'O pelieHuA.

1. BLIiumuceanTs:

1)v3 + 4i; 2)V/8 + 6i;

5) V3 — 4i; 6)v8 — 6i;
2. BLIuncanTh:

D (V3+1)"; 20 (1+iv3)"; 3) (VB=1)'"; 4) (=1 +i1v3)",;

5) (=V34+D)'% 6) (1 —iv3)™; 7) (=V3 =) 8) (=1 —iv3)¥.

3. Beipa3uth depe3 cosx U sinx:

=
[
o
1
oy
=
|
o0
1
=

—_

1) cos 3x; 2) sin 3x; 3) sin4x; 4) cos 4x; 5) sin 5x; 6) cos Hx;
4. BoipasuTh yepes CUHYCHI 1 KOCHHYCHI KpaTHBIX YTJIOB.

1) cos®x; 2) sin’x; 3) sin*x; 4) cos’x; 5) sin’x; 6) cos’x;



5.JafiTu Bce KOPHU MHOIOUJIEHOB:

1)><4—I—5X3—|—9X2 + 8x + 4;

3)xt +4x + 7x% + 12x + 12;

5)xt —4x” + 9x% — 10x + 4;
)

7)x° 4 5x* 4 6x° — 2x* — 10x — 12;

5)

y

Becenor C.H.

2)x* + 6x° + 11x* + 12x + 18;
4)x* + 9x° 4 18x* — 18x + 40;
6) x* — 5x” + 11x* — 16x + 12;
8)x* + 11x° + 37x* + 31x — 20.

6. dalfiTu UHTEePNOJALUOHHBIN MHOI'OUJEH, 3Had Tabaully 3HaueHUil QyHKIUN:

1 1 2

0 ‘; 3)X
—2 —1 2 13 y
~-1 0 1 2| x
-2 1 2 7] 9y

-1 0 1 2|
0 -1 —2 1]
-1 0 1 2|
—5 —4 -1 10]

7.9a3T0MUTEL B nponsBenenre HEIIpUBOOUMbBIX MHOI'OY/IEHOB C BellleCTBeHHLIMHA ROBCpCpI/IHI/I—

)X 1 0 1 2\;
yv|—4 —1 0 5
g XL 01 2\;
y[—3 —2 1 12
eHTaMMU:
1)X6—|—1;

4) x* + 4x* + 5;

2)X5—|—1;
5)X6—|—X3—|—1;

8. I/IBOJH/IpOBaTb KROpHHW MHOI'OYJI€HOB:

1)X3—X2—|-X—4;
3)X4—4X3—|-2X2—8X—|-4;
5)X4—2X3—|-X2—2X—|-1;

9. Ja3J0MmUTL IO cTeleHaM

1)X5—|-3X4—X3—|-X2—|-X—4
3)X4—2X3—|-X2—3X—|-4;

Jderomenjyembie yaeonnru: 1. Kypom A.I. 7 Kypc Bhiciieil anreGphi.
2. ®anpeen [I.K. 7 Jlernun mo anreGpe.

?

2)X3—|—3X—|—1;

3)X4—2X2—|-3;
6)X6—X3—|—1;

4) 4x” + 18x% + 24x + 9;

6) x> — 3x + 1.

x— 1:

2)X6—|-X4—4X3—|-2X2—X—|-1;

4)X4—|-X3—|-X2—|-X—|-1.

”

”



