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AEAKI OCHOBHI PIBHAHHA BULW X CTEINEHIB

Y CcTaTTIi PO3rNAHYTO TUHM PIBHAHb BULLMUX CTENEHIB, @ TakKo>K
MeTOAM 1XP03B H3aHHS.

AnrebpaiyHUM  pIBHAHHAM  BULLOTO  CTeMeHd  Ha3WMBaETbCA
PIBHAHHA BUAY

axn+axm{+... +anix +an=0 (1),
pe a0* 0, x - Hesigome, a0,4,,..., an - AiNCHI uncna, N> 2 -
HaTypasbHe uncno. Akwo a0=1 TO PIBHAHHA HAa3MBAETLCA 3BEAEHUM.
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KopeHem pIBHAHHA Ha3MBaETLCA Take 3HAYEHHS X, MPU AKOMY PIBHAHHSA
MepeTBOPIOETLCA Y  TOTOXHICTb (BIPHY pIBHICTb). JliBa 4acTuHa

piBHAHHA (i) - Ue MHoro4neH /2O cTeneHa BIAHOCHO X

MeToan po3B’A3aHHA anrebpalyHnX PIBHAHb BULMX CTEMNEHIB
6a3ytoTbCA B OCHOBHOMY Ha ABOX MpUHLMNax:

1) po3knagaHHi NiBOT 4YaCTUHWM PIBHAHHA, NpaBa 4YacTUHa HAKOro
p,OpiBH}OC Hynw, Ha MHOXHWUKWU 3 HaACTYMNHOIO 3aMIHOK NO4YaTKOBOro
PIBHAHHA eKBiBa/IeGHTHUM WOMYy O006’€AJHAHHAM pPIBHAHb MEHLLOrO
CTerneHs;

2) NOCNiJOBHUM 3HMXKEHHAM CTeneHsA Mo4yaTKOBOro PiBHAHHA abo
3BeAleHHAM WMOro A0 KBaApaTHOro PIiBHAHHA 3a [O0MOMOroK  BAAM0
nigiépaHoi 3aMiHN 3MIHHUX.

Mpn [7=3 Ta /fi=4 IicHylOTb QopMynn [Ana 3HAXOL4XKEeHHS
KOpeHiB anrebpaiyHuMX pPiBHAHb TPETbOro Ta YETBEPTOro CTereHis,
MpoTe B CUY TX FPOMI3AKOCTI BOHW 3aCTOCOBYHOTLCA PiaKo.

Y 3aranbHOMY BUNAagKy He ICHye (opMyn ANna 3HaXO[4KeHHS
KOpeHIB a/irebpaivyHmx PiBHAHb OifibLl BMCOKUX CTEMeHiB, HXK YOTUPMW.
TM He MeHLWe [OCTaTHbO 4acTo MNPUXOAUTLCA  PO3B’A3yBaTU
anrebpaiyHi piBHAHHA CTeneHs 6INbLIOro HiX ABa.

Po3rnsaHemMmo po3kiagaHHAa MiBOT YaCTUHU PIBHAHHA Ha MHOXHUKU
MeTOA0M BUHECEHHSA CMiIbHOTO MHOXHMKaA 3a AY>XKWN. byaemo BBaXkaTtu,
Lo NniBa 4yacTuHa piBHFIHHFI - ue MHOro4seH /-To cTeneHs Bi,EI,HOCHO
HeBi4OMOI, a NpaBa YacTMHa AOPIBHIOE HYIO.

1. Po3knagaHHA NiBOT YaCTUHWN PIBHAHHSA, AK KBagpaTHOro
TpU4neHa, Ha MHOXHUKU

Mpuknag 1. Po3B’a3aTN PIBHAHHSA

(x+2)(x+4))2-5(x +2)(x +4)+6=0.
Pase 'asaHHs.  [Moknagatoun (X +2)(* +4) =/,  3anuwemo

MnoyYyaTKoBe PIBHAHHSA Yy BuUrnaai /2- 5/+6 =0, 3Bigkn 3Haxoanumo /=2
abo /=3.

[MoBepTarounch Ao X, gictaHemo ((x +2)(x +4)-2)x

X((x+2)(x+4)-3) =0. 3anuwemo (X +2)(x +4) y Burnagi
(X+2)(x+4) =x2+6x48=(x+3)" - 1 T1oA41 |(X +3)2- 3|X
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X|(x+3)"-4|=0, ab0 (x +3-73)(x +3+%/3)(x +i)(x +5) =0;

3BigKN X, =1/3- 3, Xx2=—A/3 -3, x3=-1, x4=-5.
Mpuknag 2. PO3B’A3aTN PIBHAHHA
(X2+3x+1)(x2+3x+2)- 6=0.

Po3Bh3aHHA. 3anucasLumn PiBHAHHA Y BUTNALI 2+ 33X+ 1)X
XAX2+3x+1)+i|-6 =0, a60(x2+3x +i) +(X' +3x+i)-6 =0,
noknagemo x2+3x+1=/. bygemo matn r +/-6=0, abo
(*+3)(r-2) =0.

[MoBepHYBLUMCH Bif T A0 X, AicTaemo (X2+ 3x +4)X
X(X2+3x-1) =0. Ockinbkn x2+3x+4*0 (E>=-7<0), 10

x2+ 3x-1=8 3BifKM xl— --------- X, = ==m-mmmme- :

2 2 2

Mpuknag 3. Po3B’A3aTK PIBHAHHA

(x+1D(x+3)(x+5)(x+7)+15=0.

Po3B A3aHHA. Ockifbkn (X +1)(x +3)(Xx +5)(x +7) =
=(X+DX+7N)]((x +3)(x+5)) =(x2+8x + 7)(x2+8x +15),T0
noknagaroum x2+ 8x+ 7 =1, PIBHAHHA MOXHa 3anucaTn y BUrMA4i
[(/ +8)+15 =0, abo r +8/ +15 =0-. KopeHi UbOro piBHSAHHSA € / =-5
abo ?=-3. Tomy (/ +3)(/ +5) =0. NosepTatounch Big t A0 X, MAEMO
(x2+8x +10](x2+8x + 12) =0, 3Bigkn abo x2+8x +10=0, abo
X2+ 8x+12 =0, ToO6TO X, 2=-4 +76, X3- -2, X4=-6.

Mpuknag 4. Po3B’A3aTn PIBHAHHA

4(X+5)(x +6)(x +10)(x +12)-3x2-0.

Po3B#3aHHA. Ockifbky (X +5)(x +6)(x + 10)(x + 12) =

=((x+5)(x+12)) ((x +6)(x +10)) = (x2+17x + 60) (x2+16x + 60), TO

MoYaTKOBe PIBHAHHS, NOKNaBWKM X2+ 16x + 60 =r, MOXHa 3anucatny
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Burnagi 4(/ +x)/ - 3x2=0. 3ayBaxunmo, L0
A(] +X)1 -3.X2=4T +4x/ - 3x2=4T +4/17+x2-40r2=(2/ +X)" -
-(2x)“=(2/ - x)(2/ +x). MoBepTarouncb Big / [0 X, OTPUMAEMO

PIBHAHHA "2(X2+ 16X +60)-x"2(x2+\6x +60) +3.x) =0 abo

(2x2+ 3ixy 120)(2x2+ 35x +120) =0, WO eKBiBa/IEHTHE CYKYMHOCTI

2x2+31x +120 =0 abo 2x2+35x + 120 =0, 3BiAKM 3HaNAEMO

0 15 -35 +7265
X - 8,x2- N’} 4— N

Mpuknag 5. Po3B’A3aTK PIBHAHHSA

3X6- 4X5+ 2x4- 8x3+ 2x2- 4x+3=0.
Po3B A3aHHA. OcKinbkn X =0 He € KOpeHem [JaHOro PiBHSAHHSA, TO
MepeTBOPMMO Oro NiBY YaCTMHY TaKUM YMHOM:

3X6- 4X5+ 2x4- 8x3+ 2%x2- 4X +3=x313x3-4x2+2Xx-8 +- -

3I-X' 3 * 1n+2(x+i 3ayBaXkMmo,
R+My vy Xy Vo ox Vo«
1 (o, 1V roo
wo X +—="XH— -3l x+—y x2+?: X+—I - 2. Y398lIMK
X Xy X) X

X+—=/, PIBHAHHA MOXHa NPeACTaBUTU Y

X
Burnapix3”3(/' -3/)-4 (/12-2) +2/-8"=0,
x3(3/3-9/-4/2+8 +2r-8) =0, x3(3/3-9/-4/2+8 +2r-8) =0,

x3-/(3/2-41-7) =0, abo 3x2r(/f|-i)(//—3 =0. lMosepTatoumcsy Bia |
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(X2+1)(*2+x+1)(3x2-7x +1) =0. Tyt x1+1 70 i x2+x +1*0; oTxe,

+ -
3x2- 1x + 1=0, 3BiAKN 3HAXOAUMO X. = 73T X2 (L

MNpuknag 6. Po3B’A3aTK PiBHAHHS
(X +x+4) +8x(x2+x+4)+15x2—0.
Possh3aHHA. lNMoknagemo y - X: -i-x+4. Topfi 3afaHe PiBHAHHA

Habepe Burnagy y2+ 8xy + 15x2=0.
P0O3B’XeMO0 Lie PIBHAHHA AK KBajpaTHe BiJHOCHOY:

Y, 2=-AX £ n/i6x2-15x2. OTXKe, Y, =-3X, y2=-5X. TakuM YMHOM,
3a/la4a 3B0ANTLCA [0 PO3B’A3yBaHHA TaKOT CYKYMHOCTI PiBHSHb:

X2+ X+ 4 =-3Xx, 260 X2+4x+4 =0,
X2+X+4=-5X _X2+6x+4=0,
3 LJET CYKYNHOCTI 3HaXoAMMo: X, , =- 2, x34- 3£ \I5.
2. Po3knagaHHA NiBOT YaCTUHM PIBHAHHA Ha MHOXHUKU

METOA0M BWHECEHHS! CMiSIbHOro MHOXHMKa 3a JYXXKW Ta Croco6oM
rpynyBaHHS

AKWO BCi 4YneHW NIiBOT YaCTUHWM PIBHSAHHA MatoTb  CriNlbHWIA
MHOXHUK, TO TI MOXHa PO3KNacTu Ha MHOXXHWKW, BUHOCAYM CriNbHWIA

MHOXHUWK 32 OY>XXM | OfepXXyrouu Nicnd LpOro eKBiBaIEHTHY CYKYM-
HICTb PIBHSAHb.

Y 6aratbOx BuMagkax AOLiIbHO 3aMiHUTW [esiKi YneHu Ha cymy
(pi3HMLIIO) NOAIGHNX A0AAHKIB ab0 BBECTU B3aEMHO 3HULLLYBaHI Y1EHN.

Mpuknag 7. Po3B’A3aT PIBHAHHA X2- X’ 34 - 4x =0.

Po03BH3aHHSA. 3rpynyemMo rnonapHo MepLli 1 oCTaHHI ABa YNeHn i3
KOXXHOT nNapu BWMHECEMO 3a [Y)XKKM CMifIbHUA MHOXHUK. [licTaHeMO
x2(i- x)+4(1 - x) =0.

[ani cnifibHAUA MHOXHWMK 1-X BMHECEMO 3a AY>XKW. OaepXmMmo
PiIBHAHHA (i-X)(x2+4) =0. BoOHO ekBiBa/ieHTHe 006’€HAHHIO [BOX

PiBHAHb: 1-X =0 i x2+4=0. 3 nepworo piBHAHHA 3HaxoAMMo X =1.
[pyre piBHAHHA PO3B’A3KIB He MaE.
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Mpuknag 8. Po3B’a3aTn piBHAHHA X3+ 5x3- 6T2=0.
Po3B'a3aHHsA. CroyaTKy BWHECEMO CMifIbHUA MHOXHUK X~ 3a
AVKKU: ar (x3 5x- 6) =0. Jani 3annwieMo ue piBHAHHA Y BUTAAI

T2(T3- X2+Xx2- Xx+6T7- 6) =0, abo

T2(Xx2(x - D+x(x- D+6(x-1))=0, 12(T-1)(T2+T7+6)=0.

OCTaHHE  pPIBHAHHA  eKBiBa/JIEHTHE  CYKYMHOCTI  PiBHSAHb
T2=0, T-1 =01 12+Xx+6=0. 3 nepworo PpiBHAHHA 3Haxo4AMMO
X,=x2=0, 3 gpyroro - T =1 a TPeTe PIBHAHHA PO3B’A3KIB HE Mae
(»<0).

Mpuknag 9. Po3B’a3atu piBHAHHA 3T6+1274-96T12=0.

P03B #3aHHA. 3anuLLIeMo NaHLOXOK MepeTBOpPeHb NiBOT YaCTUHU
3a[1aHOM0 PIBHAHHS:

316+1274- 96T2=312(T4+4712- 32) =312(T4- 472+812- 32) =

=312(72(72-4) +8(712-4)) =312(72- 4)(72+8) =

=312(T7- 2)(x +2)(x2+8).

TakuMm  YMHOM, picTaHemo  piBHAHHA  3T2(T-2)(T +2)X
X(12+8) =0, ekBiBa/ieHTHe BMXigHOMY. 3BiAcM Maemo abo T12=0, abo
T-2~0,a60 T+2- 0, abo T2+ 8§,

3BiAKM

T,=72=0,73=2,74=-2,72* - 8.

3. BukopucTtaHHA opmyn CKOPOHEHOro MHOXXEeHHS

IHKONM [OBOAMTBLCA BUHOCUTM MHOXHUKW 32 AY)XKKW, TPynyBaTtu
UfeHW, BUAIMATU MOBHWIA KBagpar i TiNbKK MNICAsS UbOro cymy Kyois,
PI3HMUIO KBagpaTtiB abo pi3HUUI0 Ky6iB MpeacTaBnATM Yy BUrnsAAi
LOBYTKY.

Mpuknag 10. Po3B’a3aty piBHAHHA X3- 3712- 31+ 1=0.

P03B H3aHHSA. 3anuLemMo PIBHAHHA Y BUMNALII

(x3+1) - (3x2+3T1) =0. Aani BApa3 y NepLUin OyXLUi po3KnageMo sK
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cyMy Ky6iB, a 3 4pyroi Ay>Ku BUHECEMO CMiJIbHUI MHOXHUK 3a .
Byaemo matn (a+i)(a2- a+i)-3a(a+1 =0,

abo (a+i)(a2-4a+i)=0,

(a+i)(a2-4a+4-3)=0,(a+i)|(a-2)2~(>/3] | =0. HacamkiHeLp,

BUKOPUCTOBYOUYN HOPMY/Y Pi3HULI KBagparie, fAiCTaHEMO
(a+i)(a- 2- y/3|(a- 2+n/3] =0. 3BigKM
a--1a =2+\/3, a3=2- 73.
MNMpuknag 11. Po3B’s13aTn piBHAHHSA
(a- 1)3+(2a+3)3=27a3+8.

P03B 'A3aHHA. Po3knagemMo NiBy i nNpaBy 4YacTMHU PIBHAHHS Ha
MHOXXHUKWM 32 hopMysiol0 cymn Kyb6iB, gani nepeHecemo rnpaBy YacTUHY
B niBy I BUHECEMO CnifibHUN MHOXXHUK 32  [OYXKKU:

(a-1 +2a+3)((a—)" - (a- i)(2a+3)+(2a+3)2)=(3a+2)x
x(9a2- 6a+4), (3a+2)(3a2+9a+13) - (3a+2)(9a2- 6a+4) =0,
(3a+2)(3a2+9a+13- 9a2+6a- 4) =0, (3a+2)(-6a2+ 15a+9) =0,
(3a+2)(2a2- 5a- 3)=0.

OcTaHHE PIBHAHHA eKBiBasleHTHe 06’ €4HaHHIO ABOX PIBHAHb:
3a+230,

2a2- 5a-3 =0.

R [ ]
' nmepLioro pIBHAHHA 3HAX0AMMO a,=—2, a 3 [pyroro -

lNMpunknag 12. Po3B’si3aTn pPiBHSAHHS a4 - 2a3+ 2a-1 =0.
Po3B H3aHHA. lMpeactaBUMO  3afiaHe  PIBHSAHHS Y BUMNSAgi

M- 2a2eA+A2-A2+2a-1=0 abo (a2-a) -(a2-2a+1)=0,

*2(*-i1)2-(a-1)2=0. fani BMHeceMO CNiNIbHUA MHOXXHUK (a- 1)2 3a
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aykkn:  (a- 1)2(a2- 1) =0. OcTtatouHo maemo (a-i)3(a+i)=0,

BNA =A- Xi=1M=-1
Mpuknag 13. Po3B’A3aT PiIBHAHHSA

ad+ 2a3+ 15a2+ 14a+ 24 = 0.
Po3B'sizaHast. 3anuLIeMo PiBHAHHA Y BUrNAI

ad+2Xx2ea+a2+14a2+ 14a+24 =0, (a2+a) +14(a2+a)+24=0,

(a2+x)2+2(a2+a)-7+ 49-49 +24 =0, (a2+a+7)2-52=0,
(a2+a+12)(a2+Aa 2) =0.

OTpuMmaHe PIBHAHHS eKBiBa/IEHTHe 006°€4HaHHIO ABOX PIBHSAHb:
(a+1)2=0,

(x2+4)2=0.

3Bigcu gictaHeMo a+1=0, a=-1; a2+ 4 ®0.
Mpuknag 14. Po3B’a3aTy PIBHAHHA

A +A +A +A +A +A +A+1=0.
P03B 'A3aHHA. 3anuLLeMOo Halle PIBHAHHA Y BUrIAL

(a7+ ab)+ (ab+ad)+(a3+a)+(a+i)=0
| BUHECEMO CMifIbHI MHOXHWKM 338 AYXXKU:
a’(ati)tad(ati)+ta2(ati)+t(ati)=0, (at+i)(abtad+a2+i)=0.

AHa0riyHo
(a+i)(ad(a2+i)+(a2+1)) =0, (at+i)(a2+i)(ad+i)=0.

3BifacK, ocKinbkn a2+1*0ia2+1* 0, Maemo a+1 =0, 3BiaKu
A=—1

3ayBaXXMmMo, WO NiBY YacTUH} 3a4aHOro pPIiBHAHHA MOXHa
PO3KMAacTUM Ha MHOXHUKWU @ iHWKUM cnoco6oM. OcKinbkn a=1 He e

KOPEeHEM MOYaTKOBOr0 PIiBHAHHA, TO WOro MOXHa nMoainnuTn i
NMOMHOXWUTN Ha a —1;, 6yaeMo matu

(a- i)(a7+A6+A5+AL+A3+A2+ A+
A-1

o,A'_lzo
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(ard-i)(x4+i) o
A--1
(nr-1)(xr+)a:4d4+i) =0 (x-1)(ae+t1)(nr+i)(ad+i) =0
A1l ’ A-1

(a+i)(a2+i)(ad+i)=0, 3BIgKM a=-1 (a2+ 1* 0, a4 +1 * 0).

NMpuknag 15. Po3e’a3atu piBHsHHA 1 - aR=0.

Po3BH3aHHA. Po3knageMo 1- a'2 Ha MHOXHMKM SIK Pi3HULIO
kBagparTiB: (i- a6)(i+a°) =0.

AHaorivyHo (i- al)(i+a3)(i+a2)(i- a2+ad]=0. 3Biacun
MaemMo  abo 1- a3=0, abo 1+ a3=0, 3BigKM a=1 abo
A=-1 (i+ A27 0, 1- A2+ A4 ® 0).

4. BuaineHHA MoBHOro Keajpara abo Kyba ABo4neHa

IHOZI NiBY YacTUHY PIBHAHHA MOXHa PO3K/IaCcTU Ha MHOXHUKMU,
nonepeaHb0 BUAINMBLUM KBagpar abo Ky6 ABoY/ieHa 3 nojanbLinm
3aCTOCYyBaHHAM BiAMOBIAHUX (POPMYJ/T CKOPOUYEHOTO MHOXEHHS.

Mpuknag 16. Po3B’si3aTh PiBHAHHA a4+ 16a-12 =0.
Po3BA3aHHA. Buginumo B niBili 4acTUHI 3aAaHOro PiBHAHHSA
NOBHI KBagpaTun. [Ana uboro gogamo i BigHIMeMO B NiBiW 4acTUHI

PiBHSAAHHA BUpa3 4a2+4:

(a4 +4a+4)—4a2+16a-16 =0, (a2+2) -(4a2-16a+ 16) =0,

(a2-i-2) —(2a-4)2=0. [ani po3knagemo NiBy 4acTUHY OTPMMAaHOro

PIBHAHHA SK PI3HULKO KBagpaTtiB Ha MHOXXHUKW:
(a2+2-2a+p)(a2+2+2a-4 =0), (a2-2a+6](a: +2a-2) =0.

3Bigcu maemo abo a2-2a+6=0, abo a2+2a-4=0. [epuwe

PiBHAHHA po3B'sisky He Mae (1) <0), a 3 pgpyroro 3HaxoAUMO

A 2=-11% >/3.
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Mpuknag 17. Po3B'A3aTN PiBHAHHA 2x4+4x +1 =0.
Po3B H3aHHA.  3anuwemMo  3afaHe  PiBHAHHA Yy  BUrs4i

m+2p0+ =0 1 BALINMMO Y HLOMY TMOBHI KBagpartu, [odaBLUn i

BigHABWM BMpa3 2xr+1. bygemo wmatn @mi+202+1- 2n2-1 +

- 2 1 : . :

+2X+—0, (r+i) -2 g~-x+-" =o, (*Yi anl 11 =0. Oani
4; ( )'ﬂ\/q&/u4))

PO3KNaAeMO NiBY YaCTUHY PIBHAHHA Ha MHOXHUKM AK  PI3HULIO

: ( nl( re
KBagpatie.  OTpuMmMaemo *2+1- 72 'x— X7 +1+72° — =3
1 21y v 1Y)
r Y ( /3Ti _
X2-72* + 1+n *+71*+ 1- — 0, 3BigKM abo
VvV 1 2iN 1 2
n2- \[2x +1+ , =0, (1)
abo
X + +1 72 =0. (2)

PiBHAHHA (1) po3B’askiB He Mae (£><0); 3 (2) 3HaxoauMo

~42+\b/1~2
Ju2~

Mpuknag 18. Po3B’sa3aTy PiBHAHHS

Xi - 6X24-12/i—10=0.
Po3B h3aHHA.  [MepenuiiemMo 3afaHe PIBHAHHA Yy BUMNALI

(r -3*2-2+3n-22~27)-2 =0 a6o (ar-2)3-~72| =0 i posknage-
MO /liBY MOro YaCTMHY Ha MHOXHWKW K PI3HULIO Ky6iB. Byaemo matu
(x-2->FHA)((T-2)2+72(n-2)+74]-0,

(*-02-72)(*2-(4 +72)* +4-274 +2T2)=0, 3Bigkn *=2+72,

*2-(4+72)* +4-272+74*0 (£<0).

87



3ayBa)keHHA. IHoai ans Toro, wo6b BUAINUTU Ky [BOYNEHa,
NOBOAMTLCS BBOAUTM OAHY abo HaBiTb MOCNIAOBHO | [ABi 3aMiHW

3MIHHUX 13 AOAATKOBUMM TOTOXHUMMW MNEPETBOPEHHAMU KOoeqilieHTIB
PIBHAHHS.

Mpuknag 19. Po3B’a3aTn PiBHAHHA T 3-X 2- 3*-3 =0,

Po3Bh3aHHA. NMoknagemo x =— (i), 2~ 0. bygemo matu
2

113 420 M2:022B2b o 5 35uly . Phuof

2 2 2
32i +321 +2-1 =0 (2). NMomMHOXMBLUM MiBY | NpaBy YacTUHK (2) Ha 9,

aictaHemo 212i +212i +92- 9=0 (3). Hexan 3r - i, 3BigKu

r- —(4). MNigcTaBmBLUN Lig 3Ha4YeHHA 2 B (3), OTPUMAEMO

P P
27— +27—+9— 9=0, +3i2+3i-9 =0, i2+3i2+3i +
27 "9 3

+1-10 =0, ("+1)3=10./+1="10, 3Bigku i =n/l0-1.

MoBepHYBLIWCH Bif i A0 2 B (4), oTpumaemo 2 - '

HacamkiHeub, nigctaBmBlIM 3HalgeHe 3HadeHHs 2 B (D).

OCTaTOYHO 3HalNAeEMO X =— —
L O-I
5. Po3B’A3aHHA anrebpaiyHUX pPiBHAHb 3 UIIMMU  Koei-
LiEHTamu

Mpn  po3B’A3aHHI  anrebpalyHMX  PiBHAHb i3 LiMMK
KoeiLieHTaMN BUKOPUCTOBYETbLCA

Teopema 1.A4na Toro, wob HeckopoTHWin api6 —(u +0) 6yB
y

KOpeHeM PiBHAHHA
amxn+anx/x+...+a0=0, anp0 (D

3 LinMmmn - KoedpilieHTamu, HeobxigHo, w06 uyucno p  6yno
AINbHUKOM BifbHOro uneHa a0, a uucno LU - [AINbHUKOM CTapLuoro

KoediuieHTa an.
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Hacnigok. Akwo piBHAHHA (1) Mae il KoeilieHTK, a cTapLumnia
KoediiLEHT AopiBHIOE oauHMLUi (TOO6TO an=1), To payioHaIbHUMK
KOPEHSAMW LIbOrO PIBHAHHA MOXYTb OYTW TiflbKW UiNI 4yncna, AKi €
Ai/IbHYKaMK BifIbHOTO Y/eHa a,,.

Po3rnsiHemo piBHAHHA 2a4+ 7a3-\2x2-38a+ 21 =0. BinbHWI
WieH LUbOr0 PIiBHAHHA Mae AiNbHUKKM +1; £3; £7; £21. Crapwumi
KOe(ILIEHT PIBHAHHA Mae AiNbHUKM £1; £ 2. CKnafemo BCi MOX/MBI

Apobn —; micTaHeMo Taki umcna:
A

L3721 8 T - S 2. 2,2
2 32 2 27 20 2" 2
Yci pauioHanbHi KOpeHi Mo4aTKOBOro PiBHAHHA Hanexatb Ll
MHOXVHI uumcen.
[Ons  3HaXOMKeHHA  pauioHabHUX  KOPEHIB  anrebpaiyHoro
PIBHAHHA (TOYHIWe AN opradisayii 6ifbll eKOHOMHOro nepeodopy) 3

LimM1 KoeiLlieHTaMn BUKOPUCTOBYETLCH

Teopema 2. AKWO HECKOPOTHUA Api6 — (</*0) € KopeHem
A

piBHAHHA P(Xx) =amxn+an xn1+..+a0=0 3 yinmmmn KoediuieHTamu,

TO Ans 6yab-AKOro uinoro ymicna T uicno P(M) AMIMTLCA Ha 4nMcno
p- TU

Mpuknag 20. 3HaWTM BCi  pauioHasbHi  KOPeHi  PIBHAHHSA
P(x) = 21+ 7a3- 12x2~38a+21 =0.

Po3Bh3aHHA. HAK MokKasaHO BULLE, PpaLioHa/IbBHUMKW KOPEHAMM
[NAHOro PIBHAHHA MOXYTb OYTU TiIbKK Ymcna

il;13;17;121;11-;i4;1z-;12-1.
2 2 2 2

[MigcTaBMBWN B NiBY YaCTUHYPIBHAHHS a=1, pictaHemo
P(i) =-20 . O™Ke, a—1 He € KOPEHEM pIiBHSAHHS. 3aTeopemol 2,

AKWO — - KOPiHb PiBHAHHA P (a)=0, to uncno P(i) Ainntbca Ha
A

p-u. Yumcno (-20) pinmteca Ha 3-1=2, 1 TOMYy umcno 3
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3a/IMWLIAETLCA ANS NoAanbLUOT nepeBipku, ane uncno (-20) He finntbea

Ha 7-1 =6, TOMYy 4mucfo 7 He MOXe OyTU KOpPEHEM PIBHAHHS.

: 21 7 12
AHaNoOriyHo oAepPXXyemo, Lo yucna -21;-—--2-;—7;—2 ;—2 ;? He €
KOPEHAMU PIBHAHHS.

[Ana nepeBipkn 3anMwaroTbCA Tinbkn uucna  3; 21; —4; —3;

13 7 3 : :
. 4neno x =3 He € KOpeHeM pIBHSAHHS, OCKIIbKM

P(3) =150*0.

CKOpUCTAaEMOCS 3HOBY Teopemo 2. HAKWO — -  KOpiHb
PIBHAHHA, TO P (3) noBWHHe AinmMtucAa Ha p —3u Ymcno 150 He
AinnTbCca Ha 21-3 =18; ToMmy X =21 He € KopeHeM. OCKiNbKWN 4KUCO
150 He ginnTbCca Ha 4 i Ha 9, TO uncna -1; 3 TaKOX He MOXYTb 6yTu
KOPEHSIMWA.

: 1. 3.7
Taknum YnHOM, ANs MepeBIPKW 3a/MWNANCL Yncna -3; ? ??

3Haxogumo P(-3) =0,P —=0,P — *0, P _7 1
\2) \2) y2)

OTxe, pauioHa/IbHAMWN KOPEeHAMW BUXIAHOMO PIBHAHHA € 4ucia

(-3).1
6. Po3knagaHHA NiBOI YaCTUHWU PIBHAHHA Ha MHOXHUKW 34
AONOMOroto TeopeMn Besy i fiNIeHHAM «y CTOBMYUK»
[Mpy po3B’A3yBaHHI asirebpaiyHNX PiBHAHb
P(x)=amxn+anfm]+...+a0=0, ang0
MOXXHa BMKOPUCTOBYBaTW METOJ 3HU>XKEHHSI CTEMNeHss PIBHAHHA, SKWI
6a3yeTbCA Ha Teopemi besy i aineHHs mMHorouvneHa P(T) Ha oAHOusEH

0.

X - a,[fe a- KopiHb piBHAHHA P(x) =0.

Teopema Be3y [03Bonse CHOPMY/OBaTM MPAKTUYHE MPABUIIO

PO3KNMafaHHA Ha MHOXHUKM MIIBOT YaCTMHW PIBHAHHA 3 LiAMMK
KoeqiLieHTamu:
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1) aKkwo 3BeAeHe piBHAHHA .P(a) =xn+anAxm +..+a0=0 3

LiMMK - KoeiuieHTaMMU Mae Uifli KOpPeHi, TO BOHW MICTATLCA cepef
AINbHYKIB BIfIbHOrO Y/ieHa, TOMY BUMUCYEMO AiNIbHUKWN BINIbHOTO Y/ieHa

4>
2) NepeBipsSEMO, UM He MEPETBOPHOE SAKMINCH AiNIbHUK a niBy
YaCTMHY PIBHAHHA B HY/b; AKLLO JliBa YaCTUHA [JOPIBHIOE HY/IO, TO LW

[iNMbHUK € KOpeHeMm, TOOTO MHorouneH P(X) [innMTbcAa Ha [ABOuY/IEH
X-a;

3) ainmo mMHorouneH P(a) Ha x-a 1 MojaemMo Moro y BuUrnsagi
P(a)=(a-<2)2(a), ge <2(T) - MHOrouseH, CTeniHb AKOro AOPIBHIOE
[2-1;

4) aHasIo0riyHO AIEMO 3 MHOMO4Y/IEHOM <2(a) .

Mpuknag 21. Po3B’A3aTN PIBHSAHHA

Py(a) =a3- 4a2+a+6=0.

Pase H3aHHA. 1) BWUMNWUCYEMO AiNbHUK BifIbHOrO uyfieHa 6:

; £2; £3; *6;

2) ockinbkn T7/(-i)=(-1)3-4(-i)2-1+6=-1-4-1+6=0, TO

a=-1 - KOpiHb PIBHAHHS;
3) 4INMMO NiBY YaCTUHY PIBHAHHA Ha a+ 1.
a3- 4a2+a+6 X+,

A3+ A2 A2- 5A+6

~5a2+A

-5a2-5a

6a+ 6

6a+ 6

0

Omke, A3-4 a2+A+6=(a+i)(a2-5a+6) =0, 3B A+1- 0,
a0 a2- 5a+6 =0, TOOTO a - -1, ab0 x2=2, a3=3.

Mpuknag 22. Po3B’A3aTn PiBHAHHSA
PA(a) =5a4+9a3- 2a2- 4a- 8=0.
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Pos3gh3aHHA. Ockinbkn Pi(i))=5+9-2-4-8 =0, 10 P4(N)
AiNUTLCS Ha X - 1 [iNeHHAM «y CTOBMYMK» 3HANLEMO YacTKYy.
ond+9n3-2n2-4n-8 11
5e4-5n3 on3+14n2+12n+38
14nc3- Tx 2
14n3-14n2
\2x2-4n
~ 12n2- 12n
8n-8
~ 8n-8
0
Omxe, P4(n) =(n- 1)(5n3+14n2+12n+8]=(n- HP3(n).

Ockinbkn P, (-2) - -40 +56- 24 +8=0, TO MHOroueH

Pn(n) =5n3+ 14n2+ 120+ 8 AinnTbLCS Ha N+ 2 . 3HANAEMO YacTKy

AINEHHAM «y CTOBMYUK:
5n3+14n2+120+8 42

~ 5n3+10n2 on" +4n+4
4n2+12n
4n2+ 8n
4n+8
4n+8
0
Omxke, P.(n)=(n+2)(5n2+4n+4).
TaknM YMHOM, BMXiAHE PIBHAHHS MOXHA 3anucaTi y BUrnagi
(n-i)(n+2)(5n24 4n+4) =0,
fKe eKBiBaJIeHTHe 06 €JHAHHIO TPbOX PiBHAHL: N-1 =0.
3BigkN N, =1, n42=0, 3BigKn n2=-2, 15n244n 44 =0,
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3BigM x34€ 0 (£)< 0).
Mpuknag 23. Po3B’A3aTV PIBHAHHA
P3(x) =x3+4x2- 24 =0.

P03B 'A3aHHs. Bunuwemo  AiNbHUKK BifIbHOr0 YsieHa:
H;+2,+£3 +4; £6; +8;, £12; + 24,

OcKinbKu (2)=23+4-22- 24=0, 10 P3(x) AinnTteca Ha
X-2:
X3+4x2+0ex-24 x 2
X3-2Xx2 x"+6x+12
6x2+0 x
6x2-\2Xx
12*-24
~ 129--24
0
Takum 4ymHOM, Xi +4x2-24 =(x-2)(x2+6x+12), a omxke,

BUXi[He PIBHAHHA Habupae BUrNagy:
(a- 2)(X2+6a+ 12) = 0.

Lle piBHAHHA pPIBHOCW/IbHE CYKYMHOCTI PiBHAHb X -2-0 i
X +6xX+12=0. 3 nepworo piBHAHHA 3Haxogumo X =2. [pyre
PIBHAHHA PO3B’A3KiB He Mae [O <0).

3ayBaXXeHHs.  [MOKaKeMO  CXeMaTU4yHO  IHWKMIA  croci6
PO3K/TaHAHHA MHOrQY/IeHa Ha MHOXHWKM 3 ypaxyBaHHAM 3HainAeHOoro
LI/SIOro KopeHs 6e3 Ai/IeHHS «y CTOBMUUK:

P3(a) = X3+ 4a2- 24
~P3(2) =23+4-22-24
P3(x)-P 3(2) = (x3-2 3) +4(x2-2 2)
P3(x) - P,(X) =(x- 2)(x2+2x+4) +4(x - 2) =(X - 2) X
X(X2+2X+4+4x +8) = (X - 2)(X2+6X + 12).
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Ane (2) =0, suxoantb, /Ll a) =(a-2)(a2+ 6a+ 12).

3ayBaXKMMO TaKOX, LU0 AKLLO He3BedeHI PIBHAHHSA, niBa YacTuMHa
AKX ABNSE COBOK MHOrOY/eH 3 UINMMMKU KoedilieHTaMu | BiflbHUM
Y/leHOM, WO AO0piBHIOE 1 abo - 1, Nerko NepeTBOPHOOTLCS Y 3BefeHi
PIBHAHHA 3a AOMOMOrOK MOY/IEHHOrO [AIJIEHHA Ha a Yy CTapliomy
CTeneHi (HeBaXXKO no6GayunTKn, WO Take AiNeHHS He MPUMBOAUTL A0
BTpaTU KOPEHIB, OCKiNbKN X =0 HEe € KOPEHEM PIBHSIHHS, BiflbHWIA YrieH

AKOro BIAMIHHWIA Bif HyNs) | NOLabLLIOK 3aMiHOMO X Ha HOBY 3MiHHY,

Hanpuknag,y.
Mpuknag 24. Po3B’a3aT PiBHAHHA 27X +n12-5a-1 =0.
Po3Bh3aHHA. ModinmelumM 06wnaBi YaCTUHU PIBHAHHA Ha a3* 0,

_ , 1 5 1 la ) 1
nictaHemo 2H---—-----— - =0. 'Tloknaswm —=Y, NPUXOAUMO [0
X

A X X
PiBHAHHA 21 +y -5y 2-y3=0, abo y3+5y2-y - 21 =0.
MeTofoM npo6 3HaWAEMO UINMA KOPiHb PIBHAHHA Y, - -3 i
nodiiMmo  MHorouneH y3+b5y2-y-21 Ha y+3. [icTtaHemo
KBagpaTHWA TpUUnieH y2+2y-7 i3 KopeHaMU y23=-1 + 2nl2.

OCKiNbKM X :i, TO XX= ———1, x2’3: _}_i__?_)fi_g'

y
Mpuknag 25. Po3B’A3aTV PIBHAHHS
4a3- 10a2+ 14x-5=0.

Po3Bh3aHHsA. TyT My 3aCTOCYEMO LUe OAWMH Crocib MepeTBOPEeHHS
He3BeleHOro pPiBHAHHA Yy 3BedeHe (MeTa TaKOro MepeTBOPEHHA
3po3yMina: 3BefileHe PIBHAHHA Mae CBOIMW pauiOHa/IbHUMKU KOPeHAMMU
TINbKKW Ui YyMcna, a cnocib BiAWwyKaHHA LiN0YMCeNIbHUX KOPEHIB Y Hac
€). NMOMHOXMMO 06MABI YAaCTUHW 33[aHOr0 PIBHSAHHS Ha TaKe 4umCno,
W06 KoedhilieHT Mpyn a3 CTaB KyOoOM AesiKOro Lifioro yncna. Y Hawomy
BUNAAKY TakMM MHOXHWUKOM MOXe CnyryBaTv y4mcio 2. NOMHOXMMO
06MABI YaCTMHM PIBHAHHSA Ha 2. [licTaHemo:

8a3- 20a2+ 28a-10 = 0.
[Moknagemo Tenep 2a=Yy; TOAI PIBHAHHA Habepe BUTNALY:

y3- 5y2+14y-10 =0.
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Ak | B nonepegHix npuknagax, 3HaXOAMMO KOpeHi 3BefeHOro
PIBHAHHA. TyT Tifnbkn ogvH KopiHb Y] =1 (nepeBipte!). OCKinbKM

x:%, TO X, =|é-—- €AMHUN KOPIHb 3a1aHOr0 PIBHAHHS.

1. Po3knagaHHsa /iBOT YaCTMHW PIBHAHHA Ha MHOXHWKW 3a
[0MOMOIrOK0 METOAY HeBU3HAYEHUX KOEeMILIEHTIB

FAKWO NiBY 4YaCcTMHY PO3KNACTN Ha MHOXHWKMK, TO PO3B’A3aHHA
PIBHAHHA 3BOAUTLCA [0 PO3B’A3aHHSA CYKYMHOCTI asirebpaiyHuX piBHAHb
HKYOro cTeneHs. [na posknagaHHsA /iBOT 4YaCTMHWM PIBHAHHA Ha
MHOXKHUKL  IHKOM ~ BUKOPUCTOBYETLCA  METOL  HEBM3HAYEHMX
KoedpiLliEHTIB.

CyTb UbOro MeToA4y nondrae B TOMY, WO BWUINSA MHOXHUKIB
MHOTOY/IEHIB, Ha fAKI  PO3KMafaeTbCa fiBa 4YacTUHA  PIBHAHHS,
3a3fa/erifp BiIOMUIA.

Lleir MeTOA, CNMpPaeTbCs Ha Taki TBEPIKEHHS:

1) ABa MHOTO4YM1eHW, NpPeAcTaB/ieHi B KAHOHIYHOMY BWUAI, TOTOXHO
PiBHI TOAI 1 TINbKWU TOAI, KOMM PIBHI X CTEMeHi | piBHI KOegiLieHTn npu
O[IHAKOBUX CTEMEHAX HeBILAOMOrO X;

2) 6yAb-SKWUiA MHOTO4YNeH TPETLOMO CTEMEHS

P3(X) = axi +bx2+cx +d po3KnagaeTbCA Ha AOOYTOK [ABOU/eHa i
KBagpaTtHoro TpuyneHa: /M(x) =a(x-a)(n2+/3x+vy);

3) 6y/1b-IKUIA MHOTOU/IEH YETBEPTOrO CTEMEHS
PAX) =ax4+bx' 3-Cx2+dx+/  po3KnafacTbCAd Ha [O0OYTOK [BOX

KBafpaTHUX TpuuneHis: PA(X) = +ax +/?)(x* +yx +<, ge ogHo-
4acHO MOXMBI piBHOCTI a =y Ta (3-5 .

MNpuknag 26. Po3s’a3aTn PiBHAHHA Xi - 3X: +4x - 2=0.
Po3B'A3aHHA. Byaemo LykaTt MHOTO4YneHn x- a i ar +/3x +y
TaKi, 06 BMKOHYBa/acb TOTOXHICTb

(1)
PO3KpMBLUN AY>XXKKM B MpaBiil YaCTUHI TOTOXHOCTI (1) Ta 3BiBLUK
MogibHI YneHn, OAePXKMMO:
X'-3a +4x-2 =x*+{(3-a)x2+(y-a{3)x-ay (2)
MpupiBHIOOUN KOEILIEHTN NPU OAHAKOBUX CTEMEHAX X Y MBI |
MpaBii YacTMHaxX PIBHOCTI (2), OAEPXXYEMO CUCTEMY PIBHSHb /1
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3HaXOMKeHHs a, /?,y, TOOGTO BBEAEHWX HEBW3HAYEHUX KOeqilieHTIB,
AKi BBaXKatOTbCA LINMMU YMCNAMU:

[3-a =-3
my - ap =4,
6 = 2.

P0O3B'A3yt0UMN CUCTEMY B LIIIUX YMCNax, OLEPKMMO:
a=\\P=-2,y-2
MpeacTaBuBLUN Ui 3HaYeHHA a, P i1y B (1), AicTaHemMO PIBHAHHA
X3- 3X2+4x —2 —X —)(X2+2x + 2) =0,

3BiKM 3HaxX0A4MMO PO3B'A30K X = 1.

Mpuknag 27. P03B’a3aTN PIBHAHHA X* - X2+ 2x - 1=0.
Po3B H3aHHN. [logamo PiBHAHHA Yy  BUrNa4i  AO6GYTKY  [ABOX
KBafpaTHMUX TPUYNEHIB i3 LWiMMK KoedilieHTaMu:

X4- x2+2x-1 =(x2+ax +6)(*2+ CX + 6/).

[MepeMHOXMBLUM TPUYIEHM MNPaBOi YaCTMHM Ta 3BIBLUM MOAIGHI
Y/IeHN, AicTaHeMo:

X4-X2+2x-1 =x4H<a+e)x3-(ac +b+ci)x2+
+ (6icl +bc)x + bl (2).

NiBa yactnHa (1) TOTOXKHO AOPIBHIOE MpPaBiil, AKWO KoeilieHTH
Npn 0HaKOBMX CTENEHAX X PiBHI. O4ep>KYEMO CUCTEMY:
a+c=0,
~ac+b+ci=-1, ,
" aui +be =2, @)
l‘IM = - 1.
3 OCTaHHLOr0 PIBHAHHS CUCTEMU BUXOAMTb, WO Ana b (9K 1 and
(1 ) MOXNMBI TINIbKYK LiNi 3HaYeHHs 1.
Hexahi b=1, Togi d =-1. Y uboMmy BUMaAKy Apyre i TPETE PiBHs-
ac = -3, _ :
HHS B (2) AaloTb CUCTEMY re. 2 3BIAKM O/ a OfleP>KYEMO PiBHSA-
-a +Cc- 2,

HHA a2+ 2a +3=0, AKe He MaE LifnMX KOpeHiB. TOMY LiN0YN-CeNIbHUX
pO3B’A3KIB Npn b=1cucrema He Mae.
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Hexan 6=-1, Togi (1-\. Y ubOomy BWMagKy pgpyre i TpeTr

: (ac=-1 .
PIBHAHHA B (2) Jal0Tb CUCTEMY <( 5 Buknoyaroun c, gictaHem™
a-Cc-~2Z.

oA a piBHAHHA a" -2a +1=0, ake Mae KopiHb a -1 Togi r=- 1
[Meplle piBHAHHA cUCTEMW (2) TaKOX 3a0BO/ILHAETLCA Mpy a-1 Ta
C--1

Omke, MaeMo X* -X 2+2x-\-[x2+Xx-\}{x2-x +\\ i BuxigHe
piBHAHHA Habepe BuUrnagy (V+a— 1)(x2- X+1)=0. OcKinbKu

X-X+1*0 (1) <0), TO 3a1MwaeTbcA X2+X-1=0, 3BIgKMU

- 1+n/5
3HaXOANMO X! 9 = -----9----
Mpuknag 28. Po3B'a3aTn piBHSAHHSA

- 4a3-10x2+ 37n--14 = 0.
Po3BA3aHHA. JliBa yacTUHA PIBHAHHA € MHOrOY/IEHOM YeTBEPTOro
cTeneHsi. Lleii MHorousnieH po3KnafaeTbes y A06YTOK ABOX KBagpaTHUX

TpuuneHie: X2+px +4 Ta X2+bXx+C 3agaya nonsrae y BiAllyKaHHI
KoecpinjieHTiB /?, <, 6 1C.
Maemo a4d-4 a3-10a2+37a-14 =(a2+px+0"X2+6a+c).

MHOrouneHy, Wo CTOATb B MBI | NpaBii YacTUHaX L€l PIBHOCTI,
TOTOXXHO PiBHI. TMpupiBHIOOYM TX KOe(IuieHTM npu OAHAKOBUX
CTerneHsX a, AICTAHEMO CUCTEMY PiBHAHb

p+b=-4,

c+a +pb =- 10,
1pc+<76:37, (0
Ac=~14.

MonpobyemMo 3HAWTU [EAKUIA  LiNoYnCeNIbHUA  PO3B’A30K  LIIET
CUCTEMM. 3 OCTaHHbLOrO PIBHAHHA CUCTEMWU BMXOAUTL, WO A9 G (AK |
QN9 C) MOXMBI TaKi LI 3HaYeHHA: 1, £2; +7; £ 14,

Hexan <=1 Ttoai c=-14. Y ubOoMy BuMagKy Apyre i TpeTe

pb—3

iBHAHHA B (1) pawoTb cuUcTeMy 3BIAKN Ond b
P -14/? + 6 = 37, A A
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OLEPXKYEMO PIBHAHHA 62-376 -42 =0, sAKe He Mae LiIMX KOPeHiB.
Tomy uinouncenbHMX po3e’askiB npu = 1 cuctema (1) He Mae.

Hexail U4 =2, ToAi C=-7. Y UbOMY BWMagKy pnpyre i TpeTe
pb =-5,
-7/? + 26 = 37.
AicTaHeMOo Ana 6 PiBHAHHA 262- 376 +35=0, AKe Mae KopiHb 6=1,
Toal p =-5. lMepwe PiBHAHHA cucTeMmn (1) TaKOX 3a0BO/IbHAETHCA
npu 6=1T1a p =-5.

OTXe, Maemo

n4-4n3-10n2+37n-14 =(n2-5n +2)(n2+n-7) =0.

BuxoguTtb, faHe PIBHAHHA eKBIBa/IEHTHE CYKYMHOCTI KBagpaTHMX

piBHAHHA B (1) Jaw0Tb cuctemy Bukntoyaroum p,

PIBHAHb x1—ox+2=0 PO3B A3yHouK AKY
3HaxoAnmMo
F2+x-7=0, A
5 +\I7 -1 £ n/29
T, 9= ----oo-—- , X = - :
18 2 34 2
8. BukopuctaHHA Teopemn Be3sy Ta METOAY HEBU3HAUYEHUX

Koe(iLIeHTIB
Mpuknag 29. Po3B’a3aTh PiBHAHHA
P3(n) =n3+4n2+5n+2.
Po3shsaHHA. Ockinbkn P3(-1)=0, 10 MHorouneH Py(X)

OinUTbC Ha N+1. MeTolOM HEeBU3HAYEHUX KOe(ilieHTIB 3HaOemMO
4yacTKy Bif fAineHHA MHoroyneHa Pi(n) =n3+4n2+ 5n+2 Ha gBoYnieH

n+1.
Hexai yacTka € MHorouneH n2+ax +y3 OCKi/ibKu

n3+4n2+5n+2=(n+1)(n2+ax +/?)=n3+{a +1)n2+

+(a +/?)n+p, TO 3piBHABLUM KOeiLiEHTN NpY OAHAKOBMX CTEMneHaX

a +1=4,
n, gicTaHemo cuctemy as- p - 5, 3Bigkm a - 3, p = 2. OTxe,
1/? =2,
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[>(X)=(x +1)(x2+ 3x +2) iBUXigHe PiBHAHHA 3aMULLETLCA Y BUTNAAI

(x+1)(x2+3x+ 2] =0. 3Bigcn Maemo X, =X, =-1, X, =-2.

Mpuknag 30. Po3B’A3aTU PIBHAHHSA
PA(X) = 2x4- 3*3- 7x2+6x +8=0.

PosghsaHHA. Ockinbkn P4(2) =32-24-28 +12+8=0, 71O
MHOrouneH P4(x) Aainntbcs Ha X- 2. MeTogom  HeBU3HaYeHUX

KoedhiLyieHTIB 3HANAEMO YacTKy Yy BUrNsAAI 2X: +ax1+/3x +y.
3 orngaay Ha Te, LWO

2X4- 3x3- 1x2+6x+8=(x- 2){ixi +tax2+/3x+y) =
=2x4+ («-4)x3+[/3-2a)x2+(y-2{3)x-2y,

(a- 4=-3,
: [?-2a =-7, .
AICTaHEMO CUCTEMY Ay 5 6 3BigKN a -1 ?=-5 y=-4
~ p - \
-2r =8,

Omke, P4(X) = (X -2)"2x3+x2- 5X - 4™ Po3knafgeMo Ha MHOXHWUKU
MHOIO4/1IEH NPaBOl YaCTUHM:
2X3+X2- 5X- 4 =2X3+2X2- X2- X- 4x- 4 =2x2(x +1)-
X(X+1)-4(X +1)=(x+1)(2x2-x-4).
TaknuM YMHOM, BUXIi[HE PIBHAHHA Habyne BUrnaay
(X-2)(x +1)(2x2-x-4) =0. BoHO ekBiBasieHTHe 06’€JHaHHIO TPbOX

piBHAHb X -2 =0, x+1 =01 2x2-x-4 =0,

3BIOKM X, =2,X2="- 1, x34:'—i 733 .

Q. Po3knagaHHA NiBOI YaCTMHW PIBHAHHA Ha MHOXHUKW 3
BMKOPUCTaHHAM TeopeMn Besy i cxemu [TopHepa

Y pagi BNadKiB ANa  3HWKEHHA CTereHs PIBHAHHA 1 A5
pO3K/afaHHs Moro NiBoT YaCTMHM Ha MHOXHWKW AOUISIbHO CrovaTky
3acTocysaTy Teopemy Besy, a gani ckopuctatucs cxemoro "opHepa.

[MpoAeMOHCTPYEMO Lie Ha MpuKnadax.
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Mpuknag 31. Po3B’A3aTK PIBHAHHS
P2(x) =xi -x2- 32x +60 =0.

P03B 'A3aHHA. KOpeHAMN LbOro PiBHAHHA MOXYTb OYTU LAiINbHUKK
BINbHOFO  YfeHa - ysncna 60. Bunmcyemo Ui uucna:
+1;+2; £3;,+4; £ 5 £6; +10; £12; +15; + 20; + 30, + 60.

besnocepeAHbLOO NigcTaHOBKOK 3Haxoaumo P (2) = 0.

Ockinbkn P:{2) =0, T0 X =2 € KOpeHemM BUXIiQHOI0 PiBHAHHS.

[ani 3HangemMo 3a cxeMoro opHepa KoegilieHTW YacTKW Bif AiNEHHS
P}(x) Ha x-2.

1 -1 -32 60

+2 +2 +60
2 1 1 -30 0
Takum  ymHoM, P3(X) =(*-2)(x2+pac-30) =0 i BuxifHe

PIBHAHHA eKBiBaJIeHTHE CYKYMHOCTI ABOX PiBHAHb X- 2=0 abo
x2+x- 30 =0, 3BigKn 3Haxogumo X, =2, x2=5, x} =6.
Mpuknag 32. P03B’A3aTN PIBHAHHA
P3(x) = x3- Xi- 8*+12 =0.
Po3BH3aHHA. KoeilieHT npu cTaplomMy CTereHeBi AOPIBHIOE 1;
TOMY LN ynucna, AKi MOXYTb OYyTU KOpeHAMM MHorouneHa [ (x), €

AINMbHAKaMM  BIIbHOrO 4neHa - uyucna 120 Bunuwemo Ui yucna:
+1; +2; £3;, £4; £ 6; £ 12. be3nocepeaHbO0 MiACTAaHOBKOK 3HAX0AMMO

B(1)=4,P,(-1) =18,/>3(2) =0.
Ockinbkn P3(2) =0, To Xx-2 € KopeHem MmHoroudneHa P3(n),
TOMY MHorouneH /[B(n:) A[iNUTbCA Ha X~2. 3HaWAEMO 3a CXEMOHO

[fOpHepa KoemiyieHTM YacTku Bif AineHHA P3(x) Ha x-2. (Tyr
Tabnuud 3i cxemu MopHeHa HaBOAUTLCS 31 CKOPOUYEHHAM):
1-1 -8 12

21 1-6 0
Takum 4MHOM, MaeMo X?-x2-8x+12=(x-2)(x2+4:-6)=0 i

BUXiQHE  PIBHAHHA  eKBIBa/leHTHE  CYKYMHOCTI  ABOX  PIBHSHb
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X-2-0 i x24a- 6-0, po3B’A3aBLLU SKi, 3HaxXoAnMO
a,=X2=2, X3=3.
MNpuknag 33. Po3B’a3aTu PIBHAHHA
P (X) =2x3- 5x2- x+1=0.

P03B 'A3aHHA. AKLO MHOrovneH P3(X) Mae pauioHanbHWIA KOPiHb
—TO p e [ibHUKOM BinbHOro uneHa (+1), (¢ € AiNbHUMKOM

Koe(iLjieHTa 2, TOMY cepef YCIX pauioHa/lbHUX 4uCen KOpPeHAMM

MOXyTb OYyTW TifIbKM uncna il;i? Be3nocepegHbO0 MiACTaHOBKOO

. i

3Haxoaumo Pu(1)=-3, P3(-1) =-5,P3 J=-- 0.

Vb):

Ockinbkn P3*~-"1 =0, 170 X=~\ € KOPeHemM MHOrouneHa

P3(X) 1 mMHorouneH P}(X) AinnTbcA Ha x+? 3a cxemoro [opHepa

3HageMo KoeqiljieHTM 4YacTKM Bif [ineHHs MHorouneHa P3(x) Ha

1
X+-:

2 -5-1 1
+1 +3 '-1
2 -6 0

TakMM  4YMHOM,  BUXigHE  PIiBHSHHS  Habepe  BUrNaay

2X3~5X2—X+1= *+i |"2x2~65+2)=2]| -3x +1) =0,
3BIIKW 3HAXO4MMO X, -1 X, = 3+76
2°°2 2
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Mpuknag 34. Po3B’A3aT PIBHAHHS
P}(x) =2a3- 5x2-196x +99 =0.

P03B H3aHHA. AKLWO JaHe PIBHAHHA Mae pauioHasibHi KOpeHi, To
BOHU MOXYTb OYTU TiNIbKN Cepes Yncen

J_r-l;il;w_tg-;ifz’»;19-;11-1;19;13E :+33; J_rgg : +99; +11.
2 2 2 2 2

[ns 3HAXOMXKEHHN KOPEHS LibOro PiBHSHHS CKOPUCTAEMOCh TaKM
TBEPIKEHHSAM:

AKWO Ha KIHUAX fedakoro Bigpiska [a; /;] 3HayeHHs MHOrouneHa

Mat0Tb Pi3HI 3HaKK, TO Ha iHTepBani (4; b) icHye xo4a 6 OAMH KOPiHb
LLbOr0 MHOrou4/eHa.

Ona 3agaHoro piBHAHHA  P}(0) =99, Py(1) =-100. Omxe, Ha
iHTepsani (0; i) € MPUMHaANMHI OAWH KOPiHb [aHOro PIBHSAHHA. Tomy
cepef BMMUCaHMX BULLE 24 uymcen AOLINbHO Cro4vaTtky Mepesiputy Ti
yucna, AKi Hanexartb iHTepsasy (0; 1] . I3 uMx ymucen TifbKK ymucno

HaNeXWTb LbOMY iHTEpBasy.

3HaueHHa P3(x) npu X :E MOXXHA 3HaxoAUTU He Ti/bKK
6e3nocepeAHbOIO MiICTAHOBKOD, afie i IHWMMK cnocobamu, Hanpuknag,
3a cxemoto [opHepa, ocKinbkn P(a) [AOPIBHIOE 3a/MLLKY Bif AlEHHS

MHOrouYneHa P(a) Ha X -a. binbwe TOro, y 6aratb0X MpPUKNaaax

LUbOMY  Cnocoby  BiAAAaeTbCA  MepeBara, OCKi/IbKM  OAHOYACHO
3HaX04ATLCA | KOeMILIEHTN YaCTKM,

3a cxemoto opHepa y Halomy BUNagKy AictaHemo

2 -5 -196 99
+1 +-2 +99

1 2 -4 198 0
2
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(1\
=0, TO X =-" € KopeHem MHorouneHa [La), i

Ockinbkn P
n
MHOIOYNIeH />(a) [OINNTbCA HAa a— , TOOTO 2a3-5a2-196a+99=
/  *\
=|x - —112x2-4 a- 198), i Hallle BUXigHe PiBHSHHA Habepe BUrNsALY

A——-gA(2X3-4a- 198) =0. BOHO ekBiBaJIeHTHE CYKYIMHOCTL paBoOX

X =0, i
PiBHAHb 2 3 NepLIoro PiBHAHHS 3HaX0AMMO a, = —,

2a2-4a-198 =0.

3Apyroro - x2=-9, a3=11.
Mpuknag 35. Po3B’A3aTK PiBHAHHSA
P4(a) = A4 +4a3- 2a2- 4x +1 =0.

Po3BH3aHHA. AKWO cepef KOPEeHiB [aHOro pPiBHAHHA € Uini
umcna, TO uUe umcna 1 abo -1. 3Hanpgemo PA(i):  PA(i) =1+

+4-2-4 +1=0. Ockinbkn P4(1)=0, T0 a=1 € KOpPiHb MHOro4neHa
P4(a), i MmHorouneH P4(a) pinntbcs Ha a- 1. 3a cxemor [opHepa

3HaMOEMO KOegiLieHTU 4YacTKM BifA [iNeHHs MHoroyneHa P4d(a) Ha

1 4 -2 -4 1
+1 +5 +3 +-1
1 1 5 3 - O
TakuM YnHOM, ad-4 a3-2 a2-4 a+1=(x-1)(x3+5a2+3x-1) =0.
MHorouneH 7 (a)=a3+5a2+3a-1 npu a=-1 nepeTBOpIO-

€TbCA B HY/b; TOMY BiH 4INNTbCA Ha X + 1.
3HOBY 3a CXeMOK [opHepa 3HarMaemMo KoedillieHTM 4acTKM Bif

AiNeHHA MHoro4neHa P3(a) Ha a+ 1:
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1 5 3 -1
+1 +-4 +1
1 1 4 -1 0
3sigcu gictaHemo Pr(x) =x3+5x2+3x-1 = (X +i) (x2+4x- 1] i
micnd  UbOro BUXiAHE PIBHAHHA MOXHa 3anucatu Yy  BUI/AA|
(x-1)(x +1)(x2+4x-1) =0.
[MPUpPIBHABLUN NO Yep3i KOXKEH CMIBMHOXHUK A0 HYNA, MaTUMEMO
X, =1, X2- -1,x34=-2 % vib.
Mpunknag 36. Po3B’a3aTN PiBHAHHS
P6(Xx) =x6+ 3x5+ 7x4+9Xi +x2- 3x-18 =0.

Po3shsaHHa. Ockinbkn /LLi) =0, TO 3rigHO cxemi [opHepa
OTPUMYEMO
1 3 7 9 1 -3 -18

+1 44 +11 +=2O +21 +18
11 4 11 20 2 18 0
3Bigcy P6(x) = (x - 1) (x3+4x4+ 1ix3+ 20x2+ 2ix + 18) = 0.
3acTocoBylOUM e pa3 cxemy [OpHepa, MepeKoHYyeMocs, LD
MHorouneH  Pi(X) =xJ+4x4+11x3-r 20x2+ 21X +18  pinntbca  Ha
X+2:
1 4 n 20 21 18
+-2 +4 +-14 +-12 +-18
2 1 2 7 6 9 0
3Bigcn P5(X) = (X +2) (x4+ 2x3+ 7x2+ 6x + 9).
"pynytoun | BMAOINAKYM  MOBHWUIA KBagpaT,  Maemo
X4+ 2X3+TX2+6X +9=X4+2X2eX + X2+ 6X2+6X +9=(X2+X)" +

+6(X2+X) +9=(x2+x+3) .
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Micns UbOro BUXiAHE PIBHAHHA MOXHa 3anuMcaTu y BUrsAAi
(x-1)(x +2)(x2+x+3) =0, 3Bigkm abo x-1 =0 abo x+2=0,
TO6TO X, =1, x2=-2;x2+x+3*0 (O <0).

Mpuknag 37. Po3B’a3aTu PiBHAHHSA

Pn(x) =x4+IXi- ix1- 6x+5=0.

Po3B'azaHHA. OCKiNbKN KOeMILiEHTU AaHOro PiBHAHHA -  LiNi
uncna, To NMONPoO6YEMO 3HaNTK Xo4a 6 OAWH LI/INIA KOPiHb.

OinbHMKaMK BINbHOro 4neHa € umicna 1, -1; 5; -5. 3Hanigemo
3HaueHHS MHorouneHa P4(X) y UMX TouKax:

/[>(1)=1+2-2-6 +5=0;P4(-1)=1-2-2 +6+5=8~* (;
PA(5) =625 + 250 - 50 - 30+5=2800 * 0;
P(-5) =625-250-50 +30+5=360 *0.
MHorouneH P4(X) Mae Uinuii KopiHb X, =1, a unucna 5; -5; -1 He
€ I0r0 KOPEHAMMU.

3rigHo Teopemi besy MoOxHa CTBepAXyBaTu, WO 3HANLETHCH
MHorouneH P3(x) Takuid, wo P4(x) =(x--i)P3(x), ae

P3(X) =X 3+ax2+4,x +a0 - AesiKnil MHOroY/IEH TPETbOro CTENeHs.

KoediuieHTn a3, a2, a,, a0 LbOro MHOro4/IeHa MOXKHa 3HalTW, BUKOPW-
CTOBYHOUW, HaNpuKnag, cxemy ropHepa.

OpepXumo x4+ 2x3-2x2- 6x+5=(x-1)(x3+3x2+x-5).

3HanMgemMo  KOpeHi  PiBHSHHA P3(x) =x3+3x2+x-5 =0.

[iNbHNKM  Moro  BifIbHOTO 4neHa € umcna 1, -1; 5; -5. Hemae
HeOOXIJHOCTI LUyKaTU 3HAaYeHHA MHOro4yneHa B Touykax -1; 5; -5,

OCKI/IbKM LI 4ucna He € KOpeHAMW piBHAHHA P4(x) =0, a oTxe, |
piBHAHHA P3(x) =0. Tomy nepeBipyumo nuwe uyucno 1 Maemo
P3(i) =1+ 3+1 - 5=0; 3acTOCOBYOUM CXemy ["OpHepa, AiCTaHEMO
P3(x) = (x —1)(x2+4x +5).
Takum 4MHOM, BUXigHe PIBHAHHA MOXKHA 3anucatv y BUrAsAAi
(x- D2(x2+4x +5) =0.
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OCKINbKM  ANCKPUMIHAHT KBafgpaTtHOro TpuuyneHa n2+4nu-5
[AOpiBHIOE -4<0, TO KBagpaTHe PiBHAHHA x2+4n+5=0 KOpeHiB He
Mae.

OTXe, BuMXigHe PIBHAHHA Mae p[Ba CniBNajalymx KopeHi
X, =x2=1, abo iHWUMM cnoBamn, KOpiHb [ =1 KpaTHOCTI ABa.

BUCHOBOK. TakuMM 4YMHOM, Yy CTaTTi PO3rNSHYTO anrebpaiyHi
PIBHAHHS BULLMX CTEMNeHiB Ta METOAM X PO3B’A3aHHS, a came:

1 PosknagaHHs 7iBOI  YaCTUHW  PIBHAHHA, $AK  KBaApaTHOro
TpUYNeHa, Ha MHOXHUKW.

2. Po3knagaHHs NiBOT YaCTUHWU PIBHAHHA HAa MHOXHWUKW METOLOM
BUHECEHHSA CMiNIbHOr0 MHOXHMKA 32 AY>KKW Ta Coco60M rpynyBaHHS.

3. BwuKopucTaHHS (hOpMYyN CKOPOYEHOTO MHOXEHHS.

4. BwuaineHHA NOBHOro Keajapara abo Kyba [Bo4/ieHa.

5. Po3B'a3aHHA anredbpaiyHuX piBHAHbL I3 LiAMMK1 KoeilieHTaMu.

6. Po3knagaHHA fiBOI YaCTMHW PIBHAHHA Ha MHOXHUKM 33
[0MOMOror Teopemun besy i fineHHAM «y CTOBMYMK».

7. Po3knagaHHA NiBOI 4YaCTMHW PIBHAHHSA Ha MHOXHWKK 34
[IOMOMOroK MeTody HeBM3HAUYEeHUX Koe(iLieHTiB.

8. BukopuctaHHA Teopemn bBesy Ta MeTOAY HEBM3HAYEHMUX
KOeiLieHTIB.

9. PosknagaHHs niBOI  4aCTUHW PIBHAHHA HA MHOXHUKK 3
BUKOpPUCTaHHAM Teopemu besy i cxemu "opHepa.
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