Becepa. O6cyxpaeM NOHATHE KOPHA MHOroujieHa

x(x+y+2):97 x3:4_11y27
15 x+y+z) =21,
) y( Yy ) 16) y3 _ 42.’)6,
z(x+y+z) =45 5
2° =4xy.
3. Pemmure ypasmenue x* + (1 — x)? = 17, cBesa ero K CUMMeTpPUUHOM
x+y=1,
cucreMe, 3aMeHUB 1 — x dyepes y: 44
x*+y* =17

Becega. O6cy)kaaeM NOHATHE KOPHSA MHOroujieHa

Pemrasi kBajgpaTHoe ypaBHeHHe X2 + px + ¢ = 0, MBI HIIeM KOpeHb
muorounena P(x) = x2 + px + q.

KopHem MHOzOUJleHA HA3bIBA€TCA UMCJO, IIPU IOACTAHOBKE KOTOPOIO
MHOTOUJIEH o0pallaeTrcs B HYJIb.

Tak, 4HcI0 X = 2 ABJIAETCA KOPHEM MHOTOUIeHA X° — X — 6, IOTOMY UTO,
TMOACTABJIAA X = 2, MBI TOJYYUM YHCJO (3HAUEHWE MHOTOUYJEHa mpu X = 2)
28— 2—6=0, paBHOe HYIIO.

IlogBemeM uTOrM TOrO, YTO HAM HM3BECTHO O KOPHAX KBAAPATHOTO TPEX-
yjieHa, TO €CTh MHOTOYJIeHa BTOPOIl CTEHeHH.

1. KopeHb U pasiioskeHHMe Ha MHOKUTEJH.
Ecau x1 m X9 — KOpHU MHOTrOUJIeHA x2 + px + ¢, TO MHOI'OYJIEH pPackJa-
IbIBAaeTCA HA 1BA JUHEHHBIX MHOMKUTENA: x2 + px +q = (x — x1)(x — x3).

2. Teopema Buera.
Eciu a u b — KOPHE MHOTOWJIEHA X2+pXxX+(q, TO X CyMMY ¥ IIPOM3BefeHIe
MOJKHO BBIPDA3UTh depe3 Kod((PUIIMeHTHI MHOTOUJIEHA: X1+ Xg = —p, X1X2 = (.

3. Ilexple KOpHU MHOTOYJIeHa C WEJBIMU K03 (PUIHeHTaAMMU.

Ecuu xos(uiimeHTs p 1 ¢ MHOTOUJIEHA x2 +px+Qq — LeJible UYNCJA U IIejoe
YUCJIO X1 ABJSETCS ero KOPHEM, TO CBOOOAHBIA UJIEH ¢ OEeJUTCA Ha X1, TaK
KaKk 1o TeopeMe Bmera mpousBefeHMe KOPHEH PaBHO ¢, W BTOPOHl KOPEHb
X9 = —p — X1 TaKKe OyIeT IeJIbIM.

4. dopmyna AaAA BBIYMCICHUS KOPHEN.

Mpzw1 3HaeM (QopMyny [/ BBIUMCJIEHUA KOPHEN KBaAPATHOTO TpexujeHa
C TPOU3BOJBHBIMU KO3(p(duiimeHTamMu. ITa (QOpMyJa COAEP:KUT KBalpPaTHBII
KOpeHb M3 AUCKpuMMUHaHTa D, BhIpaskarolieroca uyepes Koo(pOUIMEeHTHI p U ¢
(D = p* - 4q).

O6GcyguM Temmepb, KakK B3TH CBOMCTBA 0000IIAIOTCA MOJIS IIPOU3BOJIHHOIO
mHOTOuNeHa P(x) = x" +a,_1x" 1 +a, 2x" 2+ ...+ a;x + a,.

Kopens u pasinoxenue Ha MHo:xkuTeau. Eciu x; — Kopens MHOrousena P,
TO MHOrouYJeH P neautcs Ha AByYJIeH X —Xi, TO ectb P(x) = (x —x;) Q(x).
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9To mPOCTOE YTBEPKAEHNE YaCTO CBA3LIBAIOT
¢ uMeHeM (PAHIy3CKOTO MaTeMaTuira o.Besy
(1739-1783).

s mokasaresibcTBa TeopeMbl Bedy MOYKHO
mocTynuTh Tak. [logcTaBuM X = X1 B MHOTOYJIEH,
IIOJIYYUM YIICJIO, paBHOE HYJIIO: x’f—|—an_1x’f—1—|—
+...+a,_1x1+ao =0, u BEIUTEM 5TOT HY/JIb U3
MHOTrouJieHa (KOTOPBIA IIPU 9TOM, pasyMeeTcs,
He M3MEHUTCS):

P(x)=(x"+a,1x" '+ .. . +aix+ag)—

— (X Fap X . an1x1 + ag).

OrbenH Besy (1739-1783) Ter[epb Crpynmnupyem cJjgaraemMble ¢ YBHU-
AUM, UYTO KaiXJasd I'PYIIIa ABJIAEeTCA Pa3dHOCTBIO
OOMHAKOBBIX CTeHeHefI, KOTOopad, KaK Mbl 3HaeM,
IeJUTCs HAa PasHOCTh OCHOBAHUIA:

P(x) = (2" = 2§) + @ua (" = %)) . ay(x - 21) = (x— %) - Q).

Paszymeercs, BepHO 1 oOpaTHOe yTBep:kAeHUe. Eciu MmHOrOounen P meaurcs
Ha ABYWIEH X — Xy, TO X = X; ABJIeTCA KOPHEeM MHOro4jleHa P:

P(x)=(x—2x1) Q(x) = P(x;) = (21 — x1) - Q(x1) = 0.

Wrax, ecim x = Xx;— OOWH U3BECTHBI HAM KOPEeHbL MHOrouJeHa P
cTemeHu 1, To P MOKHO Pa3joKuTh Ha gBa MHOkuTess P(x) = (x—x1) - Q(x).
Ilpu sTomM MHOKUTENb @Q(X) ABIAETCA MHOTOUIEHOM CTEIEHU HA EJUHUILY
MeHbIIei, 1 MOKHO MPOJOJIKATh MOUCK APYTUX KOpHeil MHOTOUNIeHA P, perras
ypasuenne Q(x) = 0.

Ecim HamM 5TO ymaJioch [0 KOHIA, TO MBI IOJYYHM PA3JIOXKEHMEe MHOI'O-
ujeHa P Ha n JUHEWHBIX MHOMKUTEJIEeH:

Px)=(x—x1)(x—2xy) ...  (x—x,).

3aMeTHM, UTO Cpelu JWHEWHBIX MHOKUTeJell MOTYyT OKa3aThCsA pPaBHBIE
¥ MBI CMOXKEM 3amucaTh P KakK IpPOM3BeIeHHe CTelleHell pPasjnYHBIX [IBY-
ujieHOB. Ecim MHOMHTETH X — X; BCTpedaeTCA B PABJIOMKEHWU MHOTOYJIeHA
k pas, TO KOpeHb X = X; Ha3bIBAIOT KPAMHbLLY KOPHEM, a IIOKasaTeslb kB —
KpammHocmyvio 3TOT0 KOPHH.

Tak, eciaum MHOrouseH P 1lecToll CTelleHN pAa3JIOKWICA CJeLYIOIUM
obpazom: P(x) = (x—1)3(x+2)%(x—38), To uncyo 1 ABAAETCA KOPHEM KPATHOCTU
3, umMcJa0 —2 — KOpHEM KpPaTHOCTH 2, a YHCJI0 3 — KOPHEeM KpaTHOCTH 1
(unu npocmuviym KOPHEM).
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Ecin a — KpaTHBI KOpeHb MHOTouJeHa (), TO MHOTOUJIEH @ [IeIUTCS
Ha cremeHb AByuiena (x — a)®, (k > 1), npu sToM umcio k — HauGOIBIIMI
IIOKa3aTeJib CTEIleH! ABYUYJIEeHa X — @, HA KOTOPYIO HEJIUTCS MHOIOUYWIeH @.
B ciyuae KBampaTHOTO TpexXdwieHa x2+px+q mpu D = 0 MOKHO CKasaThb, UTO
gmeno x = — L apasercs KpPaTHBIM KOPHEM TPEeX4jIeHa, IIPUYEeM ero KPaTHOCTh
paBHA IBYM.

Oo6o0menHas teopema Bmuera. Eciim MBI cyMesn TOJHOCTBIO Pa3JOKUTH
MHOrowreH P Ha snuHeinble MHOKUTENIH P(x) = (x—21)-(x—25)-...- (x—2,),
TO TEePEeMHO}KasdA 71 CKOOOK U cpaBHMBASA KOI(M@OUIIMEHTHI TPU OAWHAKOBBIX
CTeIleHsIX, MBI ITOJIYUYUM CBS3b MEKAY HEKOTOPBIMH CHUMMETPUUYHLIMU BbIpa-
JKeHUAMM OT KOpHell MHoOrouieHa U Ko3(OUIUeHTaMU.

IIpyu yMHOMKeHHM CKOGOK MBI IOJYUMM 71 CJIaraeMbIX, comepsKammx x" !,
B3AB B OIHOM CKOOKe CBOOOAHBIN ujeH (B i-0ifi CKOOKe OH paBeH —X;),
a B OCTaJbHBIX X, T. €. KO3(P(PUIIUEeHT IpU xn—1 pPaBeH cyMMe —X1—Xg3—...—Xp.
CpaBHEBad ¢ KOI(M(UINEHTOM MHOTOWIEHA NPX X" 1, MBI IOJIYUHUM IIEPBOE
paBeHCTBO TeopeMmbl Bmera: x1+ X2+ ...+ X, = —Qp_1.

Amanornyso Haxons Koa(durumeHT TpH X" 2, MBI BO3BMEM X B 1 — 2
CKOOKaX, a B ABYX OCTaBIINXCS IIEPEMHOKUM CBOOOLHBIe ujeHbl. CKIamgbIBas
BCe TaKWe TMOAO0HbIe YJIEHBI, MBI IOJYYUM CYMMY BCEBO3MOKHBIX ITPOU3BE-
JIeHU KOpHeH, B3ATHIX MO ABa (CO 3HAKOM ILIIOC, TaK KaK MHOJKUTeEJIeH IBa).
ITonyumm BTOpOE pPaBEHCTBO: X1X2+X1X3+ ...+ X, 1X, = G,_9 (3aMeTuM, 4TO
n(n—1)

2
Jajbllle W JOUTH 0O CBOOOLHOrO WjIeHA: X1Xg - ... X, = (—1)"a,, To ecTb
IIpousBefleHre BCeX KOPHEH paBHO CBOOOAHOMY UJIeHY MHOTOYJIEHA CO 3HAKOM
(—1)" (Bemp MBI n pa3 MEPEMHOXKAIN KOPHU C MUHYCOM, UTOOBI HOJIYYUTDH
CBOOOOHBIN UJIEH).

Hanpumep, He BBIYHCIAA KOPHEH MHOTOWIeHA x° — 8x24 5x+ 2, MBI MOKeM
HamMcaTh PaBEHCTBA:

cJeBa CTOUT Cfl = cjaaraeMbIX). DTOT OPOIECC MOXKHO MPOHOJIMKATH

X1+ x2+x3=3
X1Xg + X1X3 + X3x3 = 5
X1X2X3 = -2

ITenpie KOpHM MHOTOWJIEHA ¢ IeJabIMu Kod(gduumenramu. Ecaum m —
LeJblii KOpeHb MHOIOWIEHA C IEeJbIMM KOI(P(UIIMEeHTAMM, TO CBOOOILHBIA
yjJeH MHOTOUJeHA [OeJUTCsI Ha m. OTO 0000IeHne CcBoOWcTBa 3 KopHei
KBaIPaTHOIO TPEXUJeHa JIENKO JOKAa3bIBAETCs, IIPUUYEM MOYKHO 00oiTHCH 6e3
Teopembl Buera. IlogcTaBuM KOpeHb X = /M B MHOTOWIEH, IIOJIYYNM PABEHCTBO
m+a,_1m" 4. +aijm-+ay = 0, oTryna ag = —m(m”‘l—l—an,lm”_z—i-. ..+ay).
Bce umcia B CKOOKe — IleJible, IIO9TOMY ¢ AEJUTCS Ha M.
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dopmysa oA BBIUMCIEHUS KOPHEIl MHOTro4JieHa uepe3 ero kKoadduiu-
eHThl. Eciu [Jyid TepBBIX TpexX YTBEeP:KIeHWIH A KBaApPaTHOTO TpeXuJieHa
MBI JIETKO HAIILUIM KX OOOOINEHMs Ha CJaydall TPOM3BOJIBHOTO MHOT'OYJIEHA,
TO 3Iech HAC JKAEeT cepbe3Has ocTaHOBKa. [lia mepexoma oOT (DOPMYJIBI
KOpHell KBaJApaTHOTO ypaBHEHHS K aHAJOTMUYHOIN (opmyse AJd KyOuuecKoro
ypPaBHEHUSA YeJIOBEUECTBY IIOHAZOOMJIOCH 0ojiee MOIyTOpa ThICSY JeT. TouHyo
OIIEHKY [IaTh TPYAHO, TaK KaK JAaTy OTKPHITUA cIlocoba pellleHUsA KBaJpPaTHBIX
ypaBHEHUI Ha3BaTh HEBO3MOKHO, HO, CKa’KeM, 3aBEJOMO 9TO YMeJIN [IeJaThb
ele 0 HACTYILUICEHUS HOBOM 9PBbI, a BOT BPEeMsI OTKPBITUS (DOPMYJIBI KOPHEH
KyOUUYeCKOro ypaBHEHHUs MOXKHO OIPENeJIUTh JOCTATOUHO TOYHO — OHA ObLiIa
omybauKoBaHa uTanbaHcKuM MmarematukoM [l. Kapmamo B 1545 rony.

I:xepomamo Kapmamo (1501-1576) Hunbse AGenn (1802—-1829)

Ilepexon K cTemenu 4 majcs JeTKO — Te JKe UTAJbAHITEI (Cpeau HUX MOKHO
YIOMAHYTh UMsS YyueHuUKa HKappamo — @eppapu) OBICTPO CBeJM peIlleHue
YpPaBHEHUS UYETBEPTOU CTEeleHUW K PEeIIeHHI0 KyOMUeCKOTro ypaBHEHHUSA. 3aTeM
HaACTyIMJIa HOBas OCTAHOBKA, XOTs M HE TaKas AJUHHAs, HO ropasmo 0oJee
apamaruuHas. [Iocje TOUTH TPEXCOT JIeT ITIOUCKOB (DOPMYJIbI KOPHEHN ypaBHEeHU
MATON cTemeHu OBLIO JOKa3aHO, UTO TAKOIi (pOPMYJIbI IPOCTO HE CYIIeCTBYET.
9To 3aMeuaTeJIbHOE OTKPBITHE CBA3aHO C MMEHAMU TPeX MATeMaTUKOB, KaiK-
OBl 13 KOTOPBIX IIPOMKUJI KOPOTKYIO, HO OUEHb SIPDKYIO JKU3Hb, — HODPBEIKIIA
Abena (1802-1829), ¢panmysa Iamya (1811-1832) m wuranbpsuna Pyddurn
(1765—-1822).

Kak moHumaTh 9Tu cjaoBa «(OPMYJILI He CYIIECTBYEeT», IIOUeMy J0KAa3aTesIb-
CTBO OTCYTCTBUS, HECYIIIECTBOBAHUSA UEro-TO OBLIO AeHCTBUTEIHHO 3aMeua-
TeJILHBIM OTKPBITHEM — 9TH BOIPOCHI TPeOyoT 0ojiee IIOLPOOHOr0 pasroBopa,
KOTOPBIA MOYKHO HAUTHU B MOIMYJISPHBIX KHUrAX IO MaT€MATHUKE, ITOCBAIIEHHBIX
ee HCTOPHUU.
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IBapuct anya (1811-1832) ITayno Pydpdunau (1765—1822)

lpumepsi

1. Pemmurs ypaBHenme x° — x2— Tx+3=0.

IIpoBepuM, HET JM y LAHHOTO YPAaBHEHUS IIeJbIX KOpHeH. JIJId 2TOoro Hamo
TIOACTABUTL B €ro JEeBYIO UYacTh OeJUTEeJU CBOOOAZHOTO ujgeHa (He 3abbIBas
OpaTh WX C [OBYyMsS 3HaKaMmu), TO ecTh umciaa +1, +3. VbOemxmaemcs, UTO
X = 3 — IleJIbIli KOPEeHb STOr'0 MHOT'OYJIEHA:

3 _-32_-7.3+3=27-9-21+3=0.

ITo Teopeme Besdy MHOTOYJIeH JOJYKEH AEJUThbCSA HA X — 3 (MbI, KOHEUHO,
¥ paHbIIe MCIIOJb30BAJIM STOT (PAaKT, HEe 3HAS, UTO OH TaK HasbiBaeTcA). MOIKHO
TIOfeIUTh MHOTOUJIEH Ha X—3 CTOJOUKOM (YTOJIKOM), & MOXKHO BOCIIOJIb30BATHCSA
rpynnupoBKoit: x3—x2—Tx+3 = x3—8x2+2x2—6x—x+3 = (x—3)(x2+2x—1).
KBagparHoe ypaBHeHme x2+2x—1 = 0 meJsbIx KOpHeil He UMeeT, U Mbl HAXOLUM
ero KopHM o ofmieit gopmyne: x = —1 + /2.

Omeem: x1 =3, x33=—1=% V2.

2. Haiitu cymMMy KBaaparoB KopHeil MHorowreHa x° — x2 — Tx + 3.

i peltleHusa STO¥M 3afadyu HaM 3HATh KOPHU He 00A3aTENILHO (XOTS MBI
cymenu ux Haitm). Bocmonbsyemcs Teopemoii Buera.

S = x2+ x5+ x% = (1 + x2+ x3)% — 2(x122 + x1x3 + x2x3). IIo Teopeme
Buera, x1+x2+x3 =1, x1x9+x1x3+x9x3 = —7. Ilonyuaem S = 14+2-7=15.

Pangu smroGombITCTBaA cHejlaeM ITPOBEPKY, MCHOJB3Ys OTBET NpeNbIAyINeit
samaum: x1 =8, x23 = —14+v2: xf +x3+x2 =32+ (-1-v2)2+(-1+2)%=
9+14+2+2v/2+1+2-2/2=9+3+3=15.

Omeem: x3 + x5+ x% = 15.




