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lpumep:
x>-5x°+8x-4=0
X}3-2x2-3x*+8x-4=0
X2 (x—-2)-(3x2—-8x+4)=0
3x?-8x+4=0
x=2 x=2/3
X2 (x-2)—-(3(x-2)(x—-2/3))=0
X2 (x-2)-((x-2)(3x-2))=0
(X-2)(x*-3x+2)=0
XxX-2=0 x2-3x+2=0
XxX=2 x=2 x=1

OtBeT: X=2; X = 12.



Lenb pabomsi: BeiaBUTb cnocobbl pelleHnst ypaBHEHUS
TPETLEN CTEMEHM.
3adayu pabomai:
1) [lo3HakOMUTBLCA C  UCTOPUYECKMMU  dhaKTamu,
CBA3aHHbIMU C JaHHbLIM BOMPOCOM.
2) Onuncatb TexXHOMOrMMU pasfinyHbIX CYLLECTBYHOLLMX
CcnocoboB peLleHnst ypaBHEHUN TPETbEW CTEMEHM.
3) NpoBecTn aHanM3 aTnx cnocoboB, CPaBHUTL UX.
4) TlpuBectn npumMepbl MPaAKTUYECKOro MNPUMEHEHUS
Pa3nNn4YHbIX CNOCOBOB peLlEHNsI NPAKTUYECKNX YPaBHEHUN.

O6bekm uccrie0o8aHUsI: YyPpaBHEHUSI TPETbLEN CTEMNEHWN.

[lpeOmem uccniedoeaHusi: Crnocodbl peLleHUs
ypaBHEHUN TPETbEU CTENEHMN.



. Ha py6exe XV un XVI BeKOB ObIf1 noabITOXeH
ONbIT peleHUss ypaBHEHUN TpPeTben CTerneHn B
OAHOM U3 MepBbIX NMeYaTHbIX KHUF MO MaTeMaTuke
«Cymma 3HaHuM no apudpmeTnke, reomeTpum,
OTHOLUEHUSAM n NPONnopLUNOHANbHOCTUY,
Hane4yataHHou B BeHeuuu B 1494 roay. Ee aBTOp-
MoHax Jlyka Mavonu, apyr Benukoro JleoHapao aa
BuHun.

xX*+ax=b (1) x’=ax+b(2)

. B koHue 1534 roga yyeHuk dPeppo AHTOHMO Mapuo Puope,
3HaBLWUMA 3TO pelleHue, Bbi3Bayl Ha NOeAMHOK MaTemMaTuKa U3
BeHeuuun Hukkono Taptanblo.

. TapTanbsa npunaraet TMATaHUM4YeCKUe yCuUnusa, U 3a 8 aoHeu 0o
Ha3Ha4YeHHoro cpoka (cpok ucrtekan 12 despansa 1535 roga) cyactbe
ynbibaeTca eMy: UCKOMbIU cnocob HaupaeH. NMocne atoro TapTtanbsa
3a 2 yaca pewusn Bce 3a4a4vv NPOTUBHUKA, B TO BpeMsA Kak Puope He
peLwnn K CpoKy He oaHOM 3aaaum TapTanbmu.



. KapoaHo poguncsa 24 ceHta6pa 1501 roga
B MlaBuu, B cembe pucTa.

. K 1539 rogy KappaHo 3akaH4yuBaet
CBOKO MNEepBYH KHUTY LLeSIMKOM MNOCBSILWEHHYI
maTemaTuke « lpakTuka obwen apudpmMmeTUKu
». [lo ero 3ambicrnly, OHa AOMKHaA Obina
3aMeHUTb KHury Ma4vonwu.

. B auBape 1539 ropa KappaHo obpawiaetcsa Kk TapTanbe €
npocbbon nepepatb emMy npaBuna pelweHus ypaBHeHus (1) vnwu
Ans onyoriukoBaHUA B CBOEU KHUre, Unum nopg obdeliaHue gepxartb
coobOweHHOe B ceKkpeTe. TapTtanbs oTKa3biBaetcAa. 12 deBpans
KappoaHo noBTopsieT cBow npocbOy. Taptanba Heymonum. 13
mapTa KapgaHo npernawaet Taptanbio K cebe B MunaH, obewasn
npeacraButb ero rybepHartopy JlomGapgouu. lMo-Bnaumomy, ata
nepcneKkTnea npenbcTuna TapTanbio: OH npUHUMaeT
npurnaweHuve. 25 mapta B gome KapgaHo coctosinacb peliarouias
Oecepa. MWTtak, TapTanbs gan yroBoputhb ceosi.



B 1543 roay KappaHo u ®eppapu
noexanm B bonoHbw, roe pena HaBe
NO3BOSIUZT UM MO3HAKOMUTBLCA C Oymaramm
NMOKOMHoro penb @®eppo. TamMm  OHM
ybeannucb, 4TO nocriegHemMy YyXxe Oblno
U3BeCTHO npaBuno TapTtanbMm.

K 1543 rogpy KapaaHo Hayyuncsa pelwaTtb He
Tonbko ypaBHeHus (1) n (2), Ho n ypaBHeHuUA
x> + b = ax (3) , a Takke «nonHoe»
KyOnyeckoe ypaBHeHMue, T.e. YypaBHEHMe,
copepxaiume 4neH c x2. K Tomy xxe BpeMeHM

Peppapyu npugyman, Kak pewiatb ypaBHeHUS
YyeTBepPTOU CTEMEHM.



«Bennkoe UCKycCcTBO»
o x*=ax+b (2)

* YpaBHeHUe (2) MOXXHO peLlunTb NpY NOMOLLK
noactaHoekn x = ¢+ f3

e X’+b=ax (3)

. KapgaHo pewunn ypaBHeHue (3), AaB O4YEeHb
CMENioe no TeM BPEMEHaAM  paccCyXgeHue,
oObIrpbiBatoLLee OTPULIATENBHOCTb KOPHA.



« KapoaHo nornHocTLH pasobpancs
n c odWMM Kybnyecknm ypaBHEHNEM
x3 + ax? + bx +¢ = 0, 3ameTuB,
YTO MNOACTAHOBKA X =Yy — a/3 YHUYTOXaEeT
UreH c x2.

« B 1545 rogy KapoaHo Bce n3BeCTHoOe emy
O KyOUYEeCKMX YpaBHEHUAX BKITHOYMI B
BblLLEALLYIO KHUTY « Bennkoe NckyccTBO Unu
O NpaBunax anredpbl».

»  Ecnu ypaBHeHue x3 + ax? + bx +¢c = 0
MMEET TPU BELLUECTBEHHbIX KOPHH, TO WX
cyMMa paBHa —a.



X +axt +bx+c=0

a

xzy—g
a.; a’ a 2,
¥ tax’ +bx+c= ta(y-—) +b(y-—)+c ay +—y-—+ay —=a'y+
(y3)(3)(3)yy3y27y3y
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lepebiu npumep:

30ecb p = 6 n q =-2.Hawa dopmyna

naeT ALY Yoy

B wkone Hac npmqunm, YTO BCE KOPHMW OOSMKHbI
N3BNEKATbLCH, N MOMYYEHHbIN OTBET MOXET NOKa3aTbCH
HaM HeOoCTaTOYHO KpacuBbiM. HO cormacurtecb, 4TO
HUKakon nogbop He nomor Obl HaM y3HaTb, YTO 3Ta
Pa3HOCTb  OBYX KyOWYeCKMX  KOpHen SABNSETCH
pelleHNeM TaKkoro NpPoCcToro ypaBHeHUA. Tak YTo 3TOT
pe3ynerat MOXHO 3anucaTtb Hawlen oopmMyre B akTUB.

xP+6x-2=0
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Bmopou npumep:

x> +3x—4=0 . Popmyna (3) naert:

x:3\/2+\/§+3\/2—\/§

OTBeT Oonee rpomMo3goK. OTO YMCIO MOXHO HAUTU
NPUONMKEHHO C MOMOLLbIO Tabnuu, n Yem TouHee oyayT
Tabnuubl, TeMm 6nuxe OyaeT pesynbraT K eavHuue.
[lpynHa npocTa:. 3TO YUCNo paBHO eauHuue. Ho um3
doopMynbl 3TOro He BUAHO, N 3TO, NOXanyn, He4oCTaToK
dopmynbl:  Beab NpU  peleHun  keadpamHo20
ypaBHEHNA C UenbiMKU KoadhduuueHtamm, Mbl cpasy
BUONM, ABMSIETCS NN OHO payuUoHarslbHbIM.
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Tpemuu npumep:
(X + 1)(x + 2)(x - 3) = 0.

Cpasy BUOHO, YTO 3TO YpaBHEHNE UMEET TPU
peweHus: -1, -2, 3. Ho nonpobyem pelunTb
ero no gopmyne. PackpbiBaem CKOOKU

x> =7x—6=0
n npumeHsiem cpopmyny (3):

Jg /_@+3J3_ 100
27 27
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IJKCmpeMyMbl MHO204YJ1IeHa mpembeu
cmereHu

y = PaccMoTpum, Kak HaxoOsaTCs TOYKM MakCUMyma u MUHUMYMa
yHKUMKU  ax> + bx? + cx + d.

» y=ax*+bx+c (1) () a=0

B nepBomM 1 BTOpPOM cry4asix roBOPAT, UTO (hyHKUUS MOHOMOHHa

8 MOYKE X &
(B NnepBoM cnydae OHa BO3pacTaeT, BO BTOPOM — yObiBaeT). B

TpETbEM N HETBEPTOM CllyHadX TOBOPAT, HTO d)yHKL{UFI umeem

HEMPGMIEG MPHARBE =~ MuHUMYM, B YeTBepToM —
MaKCUMYM ).
Y +y +y

0//= 0?\\= 0\/= 0/«\=
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* KopeHb Kk8aOpamHoa20o
mpex4rieHa s8/11emcs e20
moyYyKou aKcmpemMyma
moada U moJibKO moaoa,
Ko20a 3mom KOpeHb —
d8yKpamHabIU.
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* Teopema 1.

Ilrnsg moeo, ymobbl moyka x= o
Oblna TOYKOM 3IKCTpeMyMma
DYHKLUMM ¥ = ax?+bx +c,
Heobxo0umMo U 0ocmamoyHo,
4mobsbl cyuecmeosasio makoe
Yyucsio m, rnpu_Komopom
MHO204sIeH ax*+ bx + c— m umeem
08yKpamHbIU KOPEHb X = q .
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e lemma. 'lycmb OaH MHO20451eH
mpembell cmeneHu y = ax® + bx? + cx
+d. (a#0), unycme x =0- eao
delicmeumersibHbIU KOPEHb.

Toeday =ax>+bx? +cx +d =

=a(x-o )(x" + px+q), (3) raepn
g — HeKkomopbie delicmaumesibHbIE
Yyucria.
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 Teopema 2.

[lrng moeo ymobbl moyka x = o bbina
MOoYKoUu  3KcmpemMyma QQyHKUUU

y = ax® + bx? + cx + d, Heo6xo00uMoO U
docmamo4Ho, YmobhkI cyuwiecmaeosarsio
makoe 4ucsio m, ripu KoOmopom
MHozou4sieH P(x) = ax®> + bx? +cx +d—m
uMeem 08yKpamHhbIU KOPEHb X =0, MO
ecmb P(x)=a (x —a)’(x — ) (4)
rnea # 3.
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* Teopema 3.(gocTaTo4Hble YCIOBUA
MakCcMMymMa 1 MUHUMYMA).

MycTb dyHKUMA Yy = ax® + bx? + cx + d
uMeem 3KcmpemMyM 8 moyke X = oL U m
— 3Ha4YeHue QYHKUUU 8 mMo4YKe X = . O
[pedcmasum MHoz2o4eH P(x) = ax® +
bx?+ cx + d — m e sude (4). Tozda,
ecnu a( —oa)>0, mo x =a - moyka
makcumyma; ecru a(f —a)<0, mo

X = o - mo4yka MUHUMYMaA.
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UccnepnoBaTtb Ha 3KCTpeMyMbl PYHKLMUIO
y=x3-3x2-9x+5 (5) U NOCTPOUTL ee rpaduk.
Tak,  YTOObI BbIMOMHAMNOCh
Monpo6yem nogo6pats uncna nék p TOXIECTBO
X3-3x2-9x+5-m= (x—a)’ (x=P) (npuuem *# B ). Otciopa

X3-3x%-9x+5-m=(p +2 Xyx2e 2 FP 4 x - &£ B

Ans oTbiCKaHWA 3HaYeHUs o, p Mbl TIOMYHMM CHCTEMY

m, ypaBHEHUN
~(B+2a)=-3
2af +a° =9
—a’B=5-m

OTa cuctema wuMeeT  creaywowme a, =-1,B,=5 M7~ 10

peLueHuns:
a, =3 B,=-3 m,=-22

y \ A y

e N
0/\/8;: Xy

P(x)
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BbiBOAObI

B npouecce paboTbl Mbl NO3HAKOMUITUCL C UCTOPUEN
Pa3BUTUS NPOBNeMbl peLlEHNsa YpaBHEHNS TPETbEN
CTEMeHMn.

TeopeTnyeckasa 3Ha4YMMOCTb NOJSTyYEHHbIX
pPe3ynbLTaToB 3aKn4aeTca B TOM, YTO OCO3HAaHO MECTO
doopmynbl KapgaHo B pelleHUn HEKOTOPLIX YpaBHEHUM
TPETbLEN CTEMNEHMN.

Mbl yOeamnuch B TOM, YTO hopMyna peLleHus
ypaBHEHU TPETbEN CTEMNEHU CYLLIECTBYET, HO OHa He
nonynspHa n3-3a ee rPOMoO3aKOCTN N HE OYEHb HaAEXHa,
T.K. He Bcerga AoCTUraeT KOHeYHoro peaynbsrara.

T.K. 0MeHb 4YacTo NpuxXoauTbCAa nccnenoBaTb Ha
9KCTpEeMYMbI OYHKLMM B NpaBOMN YaCTU KOTOPOU
MHOIOYNEH TPETLEN CTEMEHN, TO DONbLLLIOE NpPakTU4eckoe
3Ha4YeHNe MMeET anropmTM HaXOXOEeHNS SKCTPEMYMOB
MHOro4neHa TPETbEN CTEMNEHN, KOTOPLIN PACCMOTPEH B
paborTe.
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HanpaBneHuna ganbHeuLWero
nccrnegoBaHUS

B oanbHeuweM MOXHO paccMaTpuBaTth Takme
BOMNPOCHI:

KaK y3HaTb 3apaHee, Kakme KOPHN MMeeT
ypaBHEHWNE TPETbEN CTEMNEHMN,

MOXHO I KyOun4eckoe ypaBHEHNE peLlnTb
rpadomM4eckmm crnocobom, ecrim MOXHO, TO Kak;

KaK OLIEHUTb NPUBNMKEHHO KOPHU KyON4YecKoro
YPaBHEHUS;

KaK MOCTPOUTb rpaduk Kyobnyeckoro
YeTbIpEXYIIEHHA.
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