MHO20YS1eHbI.
PeweHue onuMmnuaodHbIx 3aday
no meme «MHo20451eHbI»
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[ToHATNEe MHorovneHa. MHoro4neH n-on CTENeHM.
Pa3noXxeHna MHoro4ysieHa Ha MHOXUTENM.

Cxema ['opHepa
YMHOXEHUA MHOIo4S1IEHOB
[leneHne MHOro4s1eHoB
AnroputMm EBKNnaa
OcHoBHasl Teopema Arnredpsi. % _
KopHu MHorouneHa. Teopema beasy
Cnencteue n3s Teopembl besy
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Teopema 0 KOpHAX MHOI'OL-IJ'IeHa/._‘
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MHorouneH ax + b, rae a #0, a, b —u4ucna, X —
nepeMeHHas, Ha3blBaeTCs MHOITO4YNEHOM MEPBON CTEMNEHMN.
MHorouneH ax?+bx+c, roe a 20, a, b, ¢ — umcna, x —
nepeMeHHas, Ha3blBaeTCs MHOIMOYNIEHOM BTOPOW CTEMNEHM
(KBagpaTHbIM TPEXUYIIEHOM, KBadpaTUYHON (PYHKLINEN).

® Muorounen ax3+bx2+cx+d, rne a 20, a, b, ¢, d - uncna, x -

®nepemeHHas1, Ha3bIBaeTCS MHOMOUNEHOM TPETLEN CTEMNeHMU.
»

. — n
® MHorouneH: P (x) =a x"+a__|
pt..tax+a,rmea 70, a,=0,1,2,..,n-4ncna, x-

.nepemeHHaﬂ, Ha3blBaeTCA MHOMO4YSIEHOM N-HOW CTEMEHMN.

b a_-CTapLumnii KO3hPULMEHT, a,-CBODOAHBIV YreH.
. ®




[lenctBuTENLHOE YNCIMO a Ha3blBAETCHA KOPHEM
MHorouneHa P _(x), ecnn P _(a) = 0.

Uncno a-k-kpaTHbI KOpeHb MHOro4vneHa f(x), ecnu
f(x)=(x-0)"@(x), ¢(a)#0.

Heobxodumble meopemu4eckue 8bi0epXKKU Oris
pPa3noXeHUs MHO204/1eHa Ha MHOXUMenu.

Teopema. Jltobon MHorouneH cteneHn n Buaa P (x) =a x"
x""T+a X"+ . +ax+a, I'Ipe,EI,CTaBJ'IFIeTCFI
np0|/|3BeueHmeM HOCTOSIHHOMO MHOXWTENS npu CTapLLIeI/I
CTEMEeHW a_ U1 N NINHENHBIX MHOXUTENen (x-x.), i=1, 2, ...,
n, TO ectb P_(x ((x)=a (X=X )(X-X_,)...(X-X,), npnu4em x, i=1,
2, ..., N ABMISAOTCS KOpHFIMl/I MHOrourera.

- ‘
— ‘
- .




Cxema [opHepa.

Ecnu f(x)=ax"+a x™'+...+a__x+a_, g(x)=x-c,

TO Npwu genenun f(x) Ha g(x) YyacTHoe q(Xx) nmeeT BUA
g(x)=bx""+b x"%+...+b__x+b__, rae b =0, b =cb, _
+a , k=1,2...,n-1. OcTatok r HaxoamTcsi No opmyne

@
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=ch ,+a,

- .
- ‘
- ‘
- ‘
- .
. .




YMHOXEeHUe MHO204/1eHO8.

P.X)Q,.(X)

llyctb P _(x) n Q_(x) ABa MHOro4nieHa cTeneHn n m m
COTBETCTBEHHO.

‘ — n n-1
e P (x)=a x"+ta x"'+...+a,
o Q,(x)=b xM+b_ x™'+  +b,
I'Ipennono>|<|/|M ‘—ITO n= m.

o P.0Q, (x)=(a x"+a_ x™ +...+a)(b_xM+b__x™'+. . +b )=
a x"(b_ xm+b xm1+ .+b)+a  x"(b xM+
+bm_1xm'1+...+b0)+.. +a,(b_ xm+b xm1+ .+b,).




JlerieHUe MHO204/1eHO8.

=20 +x =50 +12¢° +10x-2, g()=x"-2x+7.

I aat S 12y 1 105=2 | X =207

® Y -4 +14Y 12 +x-1=g(x)
xt- x* - 2xX +10x-2
R ol T b
2 i g
S 4 s
X+5=r()

LenuTtenb mMHorouvneHa f(x) - MHoro4snieH g(x), Takowu,
yT0 f(X) = g(X)q(X)+r(x).

POPOPOPOEOLEIPDS



Vicmopuyeckas cripaska. Arncopumm Eekriuoa.

LlpesHeepeyeckue MamemMamuKku Ha3blgeasiu 3mom
anaopumm «83auMHOe 8blHUMaHuUe». 3mom anz2opumm
He bb151 omKpbim EeKriudom, mak KaK yrnoMuHaHue o
HEM umeemcs yxe 8 Toriuke

® Apucmomerns. B «Hayanax Eekriuda» OH onucaH

0saxx0bl — 8 VIl kHuze 0nsi Haxox0eHuss Hauborbuwieao
obweao denumernsa 08yx HamyparibHbix Yucesn u 8 X
KHU2e 0risi Haxoxx0eHusi Haubornbweu obwel mepbl

08yx OOHOPOOHbIX 8eslu4UH. B oboux criydasx 0aHo
2eoMempuyeckoe ornucaHue asezopumma, 05s
Haxox0eHus1 «obwel mepbi» 08yxX 0mpe3Koa.

Vcmopukamu mamemamuku 6b110 8b1I08UHYMO
rpeornoroxeHue, 4Ymo UMEHHO C MOMOWbIO anaopumma
Eeknuda (npouedypbl rnocredogameribHo20 83aUMHO20
8bl4UMAaHUs) 8 OpesHezpevYeckol Mamemamuke
griepeble bbIlI0 OMKPbLIMO CyuwecmeosaHue
Hecou3MepuMbIX 8e/IUHUH (CMOPOHbI U Oua2oHarsu
Keadpama, usiu cmopoHbl U Oua2oHarsiu rnpasusibHo20
namuyaoribHuUkKa). Bripoyem, amo ripedrnonoxeHue He
umeem 0ocmamoYHbIX OOKyMeHmMarbHbIX

rnoomeep)xoeHud. Abhchenb |



® Anzopumm Eeknuoda (anzopumm riocriedoeameribHO20
#0c/ieHus) Haxoxo0eHus Hauborbuwie2o obweao denumers

MHo204s51eHos f(x) u g(x)

F )= glag )+ 4 (),
gx) = n0g, 0O+ r, o),
R0 = r00g; o)+ r (),

Pz (0 = 1 (0, 00+ 1, (),
g 00 = 11 (0G0 + 1, (0),
P Q0 = 1 0O, (X0

Torpa r (x)- HanbonbLKn obwwmn genutens f(x) n g(x).

POPOPOPOPOPOLEOPOLOLOEOEOEOYNY
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OcHoeHass meopema aricebpei.
Bcskuu mMHoz20451eH cmerieHu n uMeem o KpauHeu
Mepe 00UH KOPEHb (KOMIMIIEKCHbIU Unu
deucmeumersibHbIU).

Teopema be3y. KopHu MHo204r1eHa.

[Tpu oeneHnn P(x) Ha (X-a) B ocTaTke MOXET MOosy4YnTCcH
NULb HeKoTopoe vncno r (ecnu r=0, To geneHue
BbINoONHAeTca 6e3 octatka). Tak Kak cTerneHb gBy4drieHa
(x-a) paBHa 1, TO cTeneHb ocTaTka OOMMKHaA ObITb
meHbLue 1. P(x)= (x-a) Q(x)+r (1)

UToObl HANTK 3HaYeHKeE I, NONOXUM B ToXaecTse (1) x=

a. INpn aTom gBy4reH x-a obpaliaeTca B Hyfb,
nony4aem, 4to P(a)=r.
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Cnedcmeue u3 meopemsi beay.
Ecnu qucno a sensgemcs KopHeM MHoz2o4rieHa P(x), mo
3Mom MHO204/1eH oermumcs Ha X-a 6e3 ocmamka.

[To Teopeme besdy octaTok oT gaeneHus P(x) Ha x-a
paBseH P(a), a no ycrnosuto P(a)=0. Otctoga BUAHO, 4TO
3agava peweHus ypasHeHuns P(x)=0 paBHOCUIIbHa
3agaJe BblaeneHus genutenen MHoroyneHa P,
NMeIoLMX NePBYIO CTENEHb (JIMHEWHbIX OeNnnUTenen).



Ecnu mHozo4neH P(x) umeem rornapHoO pasriuyHbie

KOpHU Q,, d,, ..., d_, MO OH oderiumcs 6e3 ocmamka Ha

npouseeoeHue (x-a.)...(x- a )

[MpoBegeEM OOKa3aTenbCTBO C MOMOLLBID MaTteMaTU4eCKoU
NHAOYKUUM MO Ynucny KopHew. [lpn n=1 yTBep)XaeHne goKa3aHo B
cnencTtemn U3 Teopembl beay. [ycTb OHO yXXe [oKasaHOo ans
cny4asi, Korga 4Yncro KopHeun paBHoO K, 1 nycTtb P(x) nmeet k+1
nonapHoO pasnunyHbIX KopHen: a1, a2,..., ak, ak+1. lo
NpeanonoXeHU0 MHOYKUUM MHOFOUSIEH OENNTCA Ha
npoussegeHnn (x- al)...(x- ak): P(x)=(x- a1)...( x- ak)Q(x). Mpwn
aTOM ak+1 - KOpeHb MHoro4srieHa P(x), T.e. P(ak+1) =0. 3Hauur,
nogcraensas ak+1 BMecCTO X, nofly4yaemM BepHOEe pPaBEHCTBO.
P(ak+1)= (ak+1 —a1)...( ak+1 —ak)Q(ak+1)=0. Ho ak+1 no
YCIT0BUIO OTIINYHO OT Yucen al,..., ak, u => HKM O4HO N3 Yucern
ak+1 —a1,..., ak+1 —ak #0. 3Hauut Q(ak+1)=0, T.e. ak+1 —
kopeHb MHoro4dneHa Q(x). No cneacteuio n3 Teopemsbl besy Q(x)
oenutcsa Ha x-ak+1 6e3 octatka, Q(x)= (x- ak+1) Q1(x), n
noatomy P(x)= (x- a1)...(x- ak) Q(x)= (x- a1)...(x- ak)(x-ak+1)
Q1(x). 310 1 3HaAuuT, 4YTo P(X)aenutcsa Ha (x- al)...(x- ak+1).
NTak, gokasaHo, 4To TeopemMa BepHa npu k=1, a n3 ee
cnpaBeanMBOCTU Npu n=K BbITEKAET, YTO OHa BEpHa 1 Npu
n=k+1. Teopema BepHa npu fodom criy4ae KOpHeWN.



N O O WODN -
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3agada Ne1 (Ha HaxoxaoeHne KOpHeEW)

3agada Ne2

3agada Ne3 (HaxoxaeHue KOpHeW 3x4neHa)

3apada N4

3agada Ne5 (HaxoxaeHwe napameTpa)

3agada Ne6
3apada Neo7




Hauoume kakue-HUbyOb Yemsipe rnornapHo pasnu4vHbIX
HamyparsibHbiX Yucna a, b, ¢, d, 0519 KomophbIx Yucra

a’+2cd+b? u c?+2ab+d? aensaomes nofHbIMU Keadpamamu.

[Mpeononoxum, 4to ab=cd. Torga
a’+2cd+b?=a’+2ab+b?=(a+b)?,
c’+2ab+d?=c?+2cd+d?=(c+d)?. Takum obpasom,
OOCTaTO4YHO HaUTU YETbIPE PasfMYHbIX HaTypanbHbIX
yucna a, b, c n d, gna kotopbix ab=cd. [1lna atoro
Hamgem 4Y1Mcno n, pasnararoLleecs B NpomsseaeHne
OBYX MHOXUTENEN pasnuyHbIMn criocodbamu.
Hanpumep, Takum Yncnom aBnsieTcsa N=6; B 9TOM

crydyae MOXHo B35Tb a=1, b=6, c=2, d=3.

OTBeT: 1,2,3,6




Haumu ece uernblie HeompuuamersibHble 3Ha4eHUs n U K,
yoosremeopstrowue ypasHeHuro 5n*+k°=81k

| o 5n*+k°=81k, neZ, keZ, k=0, n=0.*
Y 5n*=81k-k°
" @ 5n*= k(3-k)(3+k)(9+k?)

® Tk 5020 10 K(3-K)(3+k)(9+k2)=0

0=<k<3
-3 0 3

= ® Ecnu k=0, 5n*=0, n=0.
= ® Ecniv k=1, 5n*=80, n*=16, n=2; n=-2(He yaoB. yCnosuio*)
® Ecnu k=2, 5n*=162-32, 5n*=130, n*=26 @

® Ecnn k=3, 5n*=0, n=0.|0T1BeT:k=0,n=0:k=1,n=2:k=3,n=3.
.




KeadpamHbili mpéxyrneH f(x)=x?+px=q umeem 2 pasiudHbIX UesibixX
KopHs. OOUH U3 KopHel mpéxyrieHa u e2o 3HaqdeHue rpu x=11
B® sensgromces ripocmsiMu Yucriamu. Haumu KopHU mpéxyrieHa.

-9
" @ !1yCTb X, 1 X,- KOPHN MHOTo4eHa, f(X)=(x-X, )(X-X,)

" @a) NyCTb X,=2-NPOCTON KOPEHb
= #f(11)=(11-x,)(11-x,)-npocTor no ycnoeuto(npoTmeope4ne)
= #f(11)= g(11-x,) - cocTaBHoe
= ®0) nycTb x1-HEYETHOE
= ®f(11)=(11-x,)(11-x,)-npocToe, (11-x,)(11-x,)=2
11-x,=1 11-x,=-1 1-x,=2 1-x,=-2
- q11-x2=2 {11-x2=-2 {1‘1-x2=1 G1-x2=-1
= ®" x.=10 X, =12 X, =9 x,=13
F® x-=0 x,=13 x,=10 x,=12
| :OTBGTZ x1=13,x2=12.




"t Haungute uenble 4yncna X n'y, yaoBrneTsopatoLme
= J

® ypaBHEHMIO X*-2y?=1.

® 3HaKN X U ¥ MOXHO BblOMpaThb NMPOn3BOSIbHO, MO3TOMY
; byoem nckatb TONbKO HeEOTpULATESIbHbIE PELLEHNS.
® HcHo, 4To X - He4YéTHoe uncno, x=2t+1. MNepenuiiem
® YpaBHeHue B BUAe
e X*-1=(x-1)(x+1)(x2+1)=2t(2t+2) (42 +41+2)=2y~.
Tenepb BUOHO, YTO Yy - YETHOE YunCno, y=2u. [Nony4yaem

® ypaBHeHne Ha HeoTpuLaTEnbHbIE ¢, U:

® 2) t(t+1)(2t(t+1)+1)=u.

~ #Yucna t, t+1 n 2¢(t+1)+1 nonapHO B3aMMHO MPOCThHI, a
X NPon3BeaeHnE - NOMHbIN KBagpaT. 3HA4YUT, Kaxaoe
N3 HUX TaKKe ABMAETCS NOSHbIM KBagpaToM. OTO

® Bo3MOXHO TONbKO Npu =0 (egnHCTBEHHas napa
. @ nocriegoBaTterbHbIX MNOSHbIX KBagpaToB - 310 0 1 1).

Torga v u=0. 3HauuT, x=+1, y=0.

Lo




- .
- .
. .

Hauoume ece 3Ha4yeHuUs napamempa a,
rpuU Ka>XOoOM U3 KOmMOPkIX 8Ce KOPHU ypasHEeHUS
3ax?(3a’ -12a*1)x- a(a- 4)= 0
yooesriemeopsitom HepaseHcmay X |x|<1.
1) Myctb 3a =0, T.e. a =0, Torga
nonyyaem nuHenHoe ypaBHeHne —x= 0, KOTopoe
UMeEeT eANHCTBEHHbIU KOpeHb X = 0, npuyem
O€[-1;1]. 3HaueHune a = 0 ygoBneTBoOpsiET
YCMNOBMIO 3agaum.
2)"pn a#0 nony4vyaem KBagpaTHOe ypaBHEHME,
OVNCKPUMWHAHT KOTOPOro paBeH
D=(3a°-12a%-1)?+ 12a%(a- 4)=(3t-1)?-12t=(3t-1)? , roe t= a°- 4a2.
a)Toraa HaWaeéM KOpHW 6)Tenepb NOCTaBUM YCIIOBUS
-(3t-1)-(3t+1) -t horoe? ANs KOpHew
_ = = 4a-a*,
X 6a : 1<4a-a%<1
_-(Bt1)-(3t+1) _ —t _ 1 { e

X= 6a a 3a 1=3a =1

PeLwwinm cuctemy

OTBeT{0} _ [2+V3;2+V5]




9
Cywecmsyrom 5u payuoHarsbHble Yucrna X, y, U, V, KOmophblé

#4 ydoeremeopsom ypasHeHuto (x+yN2)%+(u-v\2)=7+52 ?

-9

=B (x+yV2)P=x8+6x3(yV2)+15x*(yV2)2+20x3(yV2)*+15x%(y\2)*

| ® +6x(yV2)5+(yV2)°=A+BV?2.

" @ (U-vV2)8=uB-6ud(vV2)+15u*(vV2)?-20u3(vV2)3+15u?(vV2)*-
@ 6u(V2)%+(vV2)8=A-B~2, To BhINONHSAETCS

| & (X-yV2)5+(u-v\2)8= 7-512
. @ Ho 7-5N2<0, a neeasi YacTb NONOXUTENbHA.

® [MpoTuBopeune. CnegoBaTeribHO, UCXOQHOro paBeHCTBaA
ObITb HE MOXET.

OTBET: TaKMUX YNCET HET.




MNpu Kakux yernbix n yucnao n? - 7n + 10 npocmoe?

Pasnoxmm MHOrousnieH x2 - 7x + 10 Ha MHOXUTEeNu: x?
-7x+10 (x 5)(x - 2). OTcroga npu ntobom LEeNOM
nuucno n®-7n+ 10 genutcs Han-5unHan - 2.
OHO MOXET ObITb NPOCTbIM TONLKO B TOM CIiyyae,
ecrnm ogHo s ymcen n-sun-2 pasHo 1 unm -1, a
Opyroe — rnpocToe:
ecnin-5=1T0Nn=6,n-2=4,n°-7Tn+10=4 —
COCTaBHOE;
ecrtn-5=-1,1T0Nn=4,n-2=2,n°-7Tn+10=-2
— MNPOCTOE;
ecrtmn-2=1,Ton=3,n-5=-2,n°-7n+ 10 = -2
— MPOCTOE;
ecrtn-2=-1,1T0Nn=1,n-5=-4,n?-7n+10=4
— COCTaBHOEe.

OtBeT:nNnpun=3unn=4,




Py [aHbl mpu ypasHeHus ¢ deticmeumesibHbIMU KoaghghuuyueHmamu. 1) x?-(a+b)x+8=0;
2) x2-x(b+1)+c=0; 3) x*-b(b+1)x*+c=0.Kaxdoe u3 HUX uMeem o KpaliHel Mmepe

# o0uH OeticmeumeribHbil KOpeHb. KopHu 120 ypasHeHuUs b6ornblwe eOuHUUb!. Takxe,
KOpHU 120 ypasHeHUs A6r15110mcsi KOPHSIMU 320 U xomsi 6b1 00UH KOpeHb 120

ypasHeHus yooeriemeopsiem 20My ypasHeHuto. Haumu 4ucna a,b,c, ecru u3gecmHo,
ymo-b=>3.

Obo3Ha4YMM KOpHU NepBOro ypaBHEHUs X, U X,,. [pruyem nycTb 3a X,
00603Ha4YeH TOT, KOTOPbIN ABNSETCS KOpHeM ypaBHeva 2.

3aMeTnM, YTO ecru X, SIBNSIETCS KOPHEM YpaBHEHUS 3, TO U -X,
SIBMSIETCSH KOPHEM YpaBHEHUS 3. -X, HE MOXET PaBHATLCS X, I'IOCKOJ'Ibe
M X,, N X, NONOXUTENbHbI. 3HAYUT, Y ypaBHEHUS 3 Mbl HaLusin yxe 4
KOpHFI x X5 X, U -X,. Y MHOrouneHa 4 cteneHu 0onblue KOPHEN U He
MOeT BbiTb.

3aMeTuM, YTO X, - KOPEHb YPaABHEHMUs 2. A 3HAYNT, OH ABIISIETCA
KBap,paTOM p,Byx N3 KOPHEN ypaBHeHUS 3. I'IoaTomy X, =X, 2 nn6o X, —x
3 nepBoro ypaBHeHus crnegyer, 4to X,=0 nnn 1. Ho SToro BbiTh He
MOXET, T.K. X, 6onbLue 1. 3HauuT, X, =X, 2

A3 TEOPEM) Buerta ans nepBoro ypaBHeHUs! criegyer, YTo X, X,=8.
MoaTomy X, 3=8. OTKyna nony4aem, 4to X,=4; X,=2.

OTcroga NoOHATHO, YTO a+b=6.

KopHu ypaBHeHUS 3 - 3TO £2 N £4. [109TOMY KOPHU ypaBHEHUSA 2 3TO 4 n
16. [NoaTomy c=64; a b(b+1)=20. lNonyyaem b=4 nnun b=-5 (He
NoaxoauT, Tak Kak b>3).

OTtBeT: a=2;b=4;c=64.
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