Marepnai Kk ypokam
anreOpel B 8 KJIacce Mo
TEME:

KBagpaTHble ypaBHEHUA.

X pelwleHne no doopmyne.
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Bceryrienue.

[aHHaa paboTta MOXET ObITb MCMOSIb30BaHa
Ha obobuatouiem ypoke no teme «PelueHne
KBadpaTHbIX YpaBHEHUN»C LENbIO
NOBTOPEHUA N 000OLLIEHNA N3YHEHHOTO
mMaTtepuana

OTtoenbHble YacTu pabdboTbl MOryT ObITb
MCNOSb30BaHbl U Ha 0By4YalLLMX YPOKax Unu
BO BHEKIiaccHon paboTe ¢ Lerbio
O3HAKOMJTEHUS C OOMONHUTENBbHBbIMU
cBeeHUAMM.



ComepxaHue:

TeopeTudecknn marepuan
[Tpumepbl pellieHna KBaapaTHbIX YPaBHEHUN NO

@OQMMJ‘IG

[IpoBEPUM 3HAHUA (TECT)

Kpocceopa

OTO UHTEPECHO (A0NONHUTENbHbIE CBEAEHUA O
peLleHnn KBaapaTHbIX YPaBHEHWN)

13 nctopumn pelleHna KeaapaTtHblX YPpaBHEHUN

[TpoBepb cebs (pelleHne KBaapaTHOro ypaBHEHUS
NPy NOMOLLM A3blKa NPOrpaMMmMpoBaHn)

icnonb3oBaHHag nuteparypa
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TeopeTndeckue cBeCHUA

OnpeneneHve KBagpaTHOro ypaBHeEHUA

[Ipumepbl KBaapaTHLIX YPaBHEHUN.
ANropunTM peLleHnsa KBaapaTHOro ypaBHEHUS

No dpopmyrne




OnpeneneHue KBaapaTrHoro
yPaBHECHMUSI.

KeadpamHbiM ypagHeHUEeM Ha3blBAETCA YpaBHEHME
Buaa ax*+Bx+c=0, rge x — nepemMmeHHas, a,B,Cc —
HEeKoTopble Yncna, npudem az0.

Yucna a, B, ¢ — KOI(PDULMEHTBI KBaApaTHOro

ypaBHeHUA. Yncno a — nepsbiu KoaghpuyueHm, B —
emopol KoaghgbuyueHm, ¢ — c8060OHbIU YI1EH.

Ecnn B kBagpaTtHOM ypaBHeHUM ax*+Bx+c=0 XoTs Obl
OOWH U3 KOIPMDULIMEHTOB B UNKU C PpaBeEH HYIO, TO
Takoe ypaBHeHWNe Ha3blBaeTCSH HEMNOSIHbIM
KeadpamHhbIM ypasHeHUEeM.

KBagpaTHoe ypaBHEHME, B KOTOPOM KO3 (PULIMEHT
a=1 Ha3bIBaeTCA rpusedeHHbIM K8adpamHbIM
ypasHeHuUeM.



IIpuMepbl KBaJIpaTHBIX YPABHEHUN :

Hanpumep: a) —x*+6x+1,2=0, raoe a=-1, B=6,
c=1,2;

6) 5x2-2=0 — HenonHoe KBagpaTHoe
ypaBHeHUe, rae a=5, B=0, c=-2;

B) -3x%+7x=0 - HenosnHoe KBagparHoe
ypaBHeHue, roe a=-3, B=/, c=0;

r) 7x*=0 - HenonHoe KBagpaTHOE ypaBHEHNE,
roe a=7, B=0, c=0;

0) x*+4x-12=0 — npnBegeHHoOe KBagpaTHoOe
ypaBHeHue, rae a=1, =4, c=-12.



AJNTOPUTM PEIICHUS KBAAPATHOTO

ax?+Bx+c=0
Onpegenntb
KO3 PULMEHTBI
a.B.C
Bbl‘-I‘I;ICJ'II/ITb
ONCKPUMUHAHT
Ecnun D<0, Ecnun D=0, Ecnu D>0,
TO TO TO
YpaBHeHMe
He
1 KOpeHb 2 KOpHSA
NMEET
KOpHem
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[IpuMepsl peleHus KBaIpaTHBIX
ypaBHEHHUH 110 (POPMYIIC

[Mpnmep1: 3x*+11x+6=0 a=3; B=11;c=6.
D=112%-4"3"6=121-72=49>0 — ypaBHeHUNe
NMeEET 2 KOPH4
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[IpuMepsl peleHus KBaIpaTHBIX
ypaBHEHHUH 110 (POPMYIIE:

[Tpumep2. 9x*-6x+1=0
a=9; B=-11;c=1.
D=(-6)?-4*9*1=36-36=0=0 —
ypaBHeHMe UMeeT 1 KOpEHb.
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[IpuMepsl peleHus KBaIpaTHBIX
ypaBHEHHUH 110 (POPMYIIE:

[Mpumep 3: -2x*+3x-5=0
a=-2; B=3;c=-5.
D=3%-4%(-2)*5=9-40=-31<0 —
YpaBHEHNE HE UMEET KOPHEMN.



Tect

Tect 1. YCTAHOBUTb, UCTUHHbBI U JTOXKHbI
yTBepXaeHus.

TecT 2. YCTaHOBUTL BEPHbLIN OTBET U3 YKCha
npeanoXXeHHbIX.
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Tect 1. YcTanoBuTe, HICTUHHBI WU
JIOKHBI CIEAYIOIINE YTBEPKICHUS

OTBeThl gaBaTb . Aa unn Het. Bpema ans
BbiNONHeHUA — 10 MUHYT.

YKa3aHune: He BbINOofHATb 3agaHuna 8 n 9.
TekcT TecTa:




Tect 2. BeiOpaTh IIpaBUIbHBIA OTBET
13 IIPEIIOKECHHBIX BAPUAHTOB:

Bpema ona BeiNONHEHUA — 15 MUHYT.
YKasaHue: He BbINOMNHATbL 3agaHna 6 u 7.
TekcT Tecra:




KpoccBopz

1. YpaBHeHUe BMaa ax*+Bx+c=0
2.KBagpaTtHble ypaBHEHUS, Y KOTOPbIX NePBbIn

KO9(ppuumeHT paseH 1.

3 YpaBHERVT C UOROM TTEPEMERHON, MVERMe

OOHWN N Te XXe KOPHMN.

4. Yucna a,B U C B KBagpaTHOM ypaBHEHUN.

5. 3HayeHne nepemMeHHOn, NP KOTOPOM
ypaBHeHune obpallaeTcs B BEpHOE paBEHCTBO.

6. PaBeHCTBO, cofepalliee HEN3BECTHOE.

7. HeoTpuuatenbHoOe 3Ha4YeHne KBagpaTHOro
KOPHS.

8. [ipeBHerpeyecknn mateMaTuk, KOTOpbIN
HaLLen Nnpuembl peLleHns KBagpaTHbIX
ypaBHeHM 6e3 06paLleHnst K reOMETPUMN.

9. KBagpaTtHoe ypaBHEHME, B KOTOPOM XOTS Obl
OOMH 13 KO3hUUMEHTOB B unn ¢ paseH 0.

10. «ANCKPUMUHAHT» - NO-NaTbIHW.

11. KoadbpnumeHT ¢ kBagpaTHOro ypaBHEHUS.
12. ®dpaHuy3ckui MaTtemaTuK, KOTOPbI BbiBEN

dopmMyrbl, BblpaXkatoLne 3aBUCUMMOCTb KOPHEN
ypaBHEHMUSA OT ero KoadhPULNEHTOB.

Ecnu Bbl pasragaeTte 3TOT KPOCCBOP/ BEPHO, TO
CMOXETE B BblENEeHHOM BepTMKarnbHOM
cTonbue nNpo4YnTaTh TEPMUH, OTHOCALLIMIACA K

Teme.
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DTO UHTEPECHO (IOMOIHUTEIbHBIE CBEIEHUS O
HAXOXKICHUU KOPHEN KBAaJPaTHOIO YPABHECHUS B
OCOOBIX CIIy4asx):

1 cnyyan. Ecnun a+b+c=0, To x1=1; x2= c/a
2 cnyyvan. Ecnum a-b+c=0, To x1=-1; x2= -c/a

HaxoxaeHne KopHen npmBegeHHoOro
KBagpaTHoro ypaBHeHusa: x*+px+q=0. 3aecb
Norie3HoO BOCMONb30BaTLCA (POPMYIION:

X, =-p/24(p/2)

dopmyna 3anoMmnHaeTcs Hagorsnro, ecnu
Bbly4YUTb €€ B CTUXOTBOPHOWU dDOpME:




CTHUXOTBOPEHHUE IJIS 3aIIOMAHAHUS
QOPMYIBI %2 =-P/244(p/2)

«[1a», co 3HaKoOM B35sIB 0OpaTHbIM,
Ha gBa Mbl ero pasgenum.

I OT KOpPHA akKypaTHO

3HaKOM MUHYT-MNMOC OTAENUM.

A noa KopHeM, O4YeHb KCTaTy,
[lonoBuHa «Na» B KBagpare,
MuHyc «ky». VI BOT pelueHbe
HebonbLoro ypaBHEHbS.



W3 ucropun penieHus KBaJparHbix
YpPaBHEHUU.

YpaBHEHUNA 2-01 CTENEHU YMENN peLllaThb eLle
B [lpeBHeM BaBunoHe Bo Il TbicayeneTum go
H.9. MaTtemaTtuku [lpeBHen [peunn pewianu
KBadpaTHble YpaBHEHNA TFeOMETPUYECKU;
Hanpumep, EBKNuaYpaBHEHUA 2-0U CTENEHU
yMenu pellaTth ewle B [JpeBHeM BaBurnoHe BO
Il TbiIcAYyeneTun oo H.3. MatemaTtuku dpeBHen
[ peunun pellanu KkBagpaTtHble ypaBHEHUS
reoMeTpuvecku; Hanpumep, EBknua — npu
NOMOLLWN OeneHna oTpeska B cpegHeM u
KpauHEM OTHOLUEHUSAX. 3adayu, npmBoadLLne
K KBagpaTHbIM ypaBHEHUAM,
paccMaTpuBaloTCs BO MHOIMMX APEBHUX > J

RAQOTAMNNATIALIQONUVIAY MDM\N\/rAaniacacay 14 TNAOAVYYTAYTAYVY




W3 ucropun penieHus KBaJparHbIX
YPaBHEHUU.

dopmyrna KopHen KBagpaTHOro ypaBHeHUS
«rnepeoTKkpbiBanacb» HeogHokpaTtHO. OanH n3
nepBbIX goweaLwunx Ao Halmx AHEW BbIBOOOB 3TOU
doopmMynbl NPUHAANEXUT UHOUUCKOMY MaTeMaTuKy
bpaxmarynte (okono 598 r.).

CpenHeasnaTtckum y4eHbln an-
XopeamunCpenHeasmaTckun yd4eHbin an-Xopeamum (I1X
B.) B TpakTate «Kntab anb-gxebp Banb -mykabana»
nony4unn 3Ty popmysny MeToaom BblAeneHUst NOMMHOro
KBagpara C NOMOLL b0 reoMeTpU4eCcKou
nHTepnpetaumn. Cm.nogpobHee.
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BriBog (hopMysibl KOpHEH KBaAPATHOTO
YpaBHEHUSA aJI-XOPE3MU:

CyTb ero paccyxaeHuu sugHa mn3
pUCyHKa (paccmaTpuBaeTcs
pelleHne ypaBHeHUs x*+10x=39.
[Mnowaab 6onbLIOro KBagpara
paBHa (x+5)%. OHa cknagblBaeTcs
n3 nnowagun x*+10x dourypeol,
3aKpalLleHHOU roflyobIiM LIBETOM,
pPaBHOM NEBON YacTu
paccMaTpuBaeMoro ypaBHeEHUS, Ex/2
N nnowaan YeTblpex KsagpaTos

CO CTOPOHOW 5/2, paBHON 25.

Takum obpasom, (x+5)*=39+25;

x1=3; x2=-13.

5x/2




3ajaya U3 KATAaMCKOIO TpakTara
«Maremaruka B JI€BITH KHUTaX)

— (@mpumepao I B 10 HS.)
uo/_l‘\l LL.\I./

«VmeeTca ropog c rpaHuuen B Buae Kesagpara co
CTOPOHON HEN3BECTHOIO pa3Mepa, B LIEHTPE KaXaou
CTOPOHbI HaxoaaTcs BopoTta. Ha pacctosaHun 20 oy(1
6y=1,6 M) OT ceBepHbIX BOPOT (BHE ropoga) ctouT
cton6. Ecnu nponTun OT OXKHbLIX BOPOT NpsiMo 14 Oy,
3aTeM NoBepHyYTb Ha 3anag u npouTtun ewe 1775 oy,
TO MOXHO yBMAEeTb cToNo. CnpalwmBaeTca: KakoBa
CTOPOHA rpaHunLbl ropoga?»

PelwleHne cMoTpu 30ecCh:




Pemienue 3a1aun 0 rpaHuiiax ropoaa.

O603Ha4yMM CTOPOHY KBadpaTa
yepes X. 13 nogobus
TpeyronbHukoB BED n ABC (cm. B

puc.) nonyyum: k/0.5x=(k+x+l)/d.

[ToaTomy, 4TOGBLI ONpenennTb i | E
HEeMU3BECTHYO CTOPOHY KBaapara,

nofiydaem KBagpaTHoe ypaBHEHNE X
x2+(k+1)-2kd=0.

B naHHOM cny4yae ypaBHEHUE nMeeT

Bna x2+34x-71000=0, oTkyga

x=25000 6y.

OTpuuaTternbHbIX KOPHEN (B 4aHHOM

cnyyae x=-284) kntanckue

MaTeMaTUKn He paccMaTpusany,

XOTS B 9TOM XXe TpakTarte C
cogepxatca onepauum c d
oTpuuaTesisHbIM1 YUCnamu.



IIpoBeps cels ( pelICHUE 3a1a49d IIPU
[IOMOIIY SI3bIKa IPOTPAMMHUPOBAHMS ):

[lporpamma, nossongawLllas pewaTb
KBagpaTHble ypaBHeHUs (A3blk Turbo Pascal)



M criosp30BaHHasA quTeparypa:

AnTtbiHoB [1.A. TecTbl. Anrebpa.7-9 — Mocksa,
«[dpoda», 2002 roa

Makapbiyes HO.H. Anrebpa, 8 knacc — Mockaa,
«[TpocBelyeHney, 2000 roa

TkavyeBa M.B. JlomawHaa matemaTtuka, 8 Knacc-
MockBa, «[l1pocBelyeHne», 1996 roa

XynapatoBa C.C. Matemartuka B pebycax,
kpoccBopaax — Mocksa, «llkonbHasg [Tpecca», 2003
roq

QHUMKNoONeaN4YecKknin croBapb FOHOMO MaTeMaTuka —
MockBa, «[legaroruka», 1985 roa

QHumMknoneans «A nosHaro mup. MatemaTtumkay -
MockBa, ACT, 1996 rog.



bpaxmarynt(okono 598-660 r.r.)

NHannckum matematuk n actpoHom. OCHOBHOE
COYMHEHNE «YCOBEPLLUEHCTBOBAHHOE Y4YeHMe
bpaxmbl» («bpaxmacnxytacugoxaHTta», 628 r.),
3Ha4YUTENbHada YaCcTb KOTOPOro NocesiLeHa
apupmeTuke n anredbpe. bpaxmarynrta , U3NoXur
oOLlee npaBuIo pelleHUs KBagpaTHbIX YpaBHEHUM,
npuBeaeHHbIX K eAUMHOU KaHOHUYECKON

doopme:
ax2+bx=c,a>0. (1)
B ypaBHeHUN (1) KOO PULMEHTBI, KpOME a, MOTyT

ObITb U OTpMUATENBHBLIMMW. MpaBuno
BpaxmarynTbl No CyLlecTBy COBMagaeT C HaLLUM.



JlnoanT AnekcaHIPUNCKUI
(0k0JI0 3 B.).

[1peBHerpeyeckmn matemaTtmk. B ocHoOBHOM
Tpyae «ApndmeTmnka» (COXpPaHUNUCh 6 KHUT
n3 13), oan peweHue 3agad, NnpuBogALLNXCS K
T.H. ANOJAHTOBbLIM YpaBHEHUAM, U BMepBbIe
BBes1 OyKBEHHYIO CMMBOSUKY B anreopy.



EBknun
(3 B. /Io H.3.)

[1peBHerpeyecknn matemMmaTtuk,
pabotan B AnekcaHgpun. J1aBHbIN
Tpya «Havyana»(15 KHur),
COAEPXKUT OCHOBbI aHTUYHOW
MaTeMaTuKu, arieMeHTapHoOu
reoMeTpun, TeEopuUn Yncer, obLuen
TEeopUnN OTHOLLUEHUU U METOA
onpegenexHns nnowanen u
0ObeMOB, BKIOYaBLUEro
3N1eMEeHTbI TEOPUN NPEAENoB,
OoKa3sas1 orpoMHOE BIUSHUE Ha
pa3BUTUE MATEMATUKMN.




Ab-XO0pE3MU.

Haunbonblwunx ycnexos B matematuke goctur coramel Myxammen nbH Myca anb-Xopesamu (To eCTb, pOAOM
n3 Xopeama - ¢ 6epero Coip-fapbu). OH paboTtan B nepeon nonosuHe 9 Beka n 6bin nodumuem
yyeHenwero 13 xanugos - MaamyHa (cbiHa 3HameHuToro MapyHa ap-Pawuga). MnaBHasa kHura Xopesmu
Ha3BaHa CKPOMHO: "YUYeHuMe O NepeHocax N CokpaleHusx", TO eCTb TEXHUKA peLleHns anrebpanyecknx
ypaBHeHui. Mo-apabckun a1o 3BYUnT "MnbM anb-gxebp Ba"nb-mykabana"; otctoga npon3oLwuno Halle CroBo
"anrebpa".

[pyroe n3BecTHoe CroBo - "anroputm”, To €CTb YETKOE MPaBWUIo pelleHus 3a4ay onpeaerneHHoro Tuna -
NPOMn30LLNOo OT NPo3BaHuA "anb-Xopesmn". TpeTnin N3BECTHLIN TEPMUH, BBEAEHHbIA B MaremaTuky
3HAMEHUTbIM COrgMnLEM - aTO "CUMHYC", XOTA B 3TOM Aene He obolwnock 6e3 Kypbesa.

B anrebpanyeckom Tpaktate an-Xopeamu gaetcs Knaccuumkaums IMHENHbIX U KBaAPaTHbIX YPaBHEHUN.
ABTOp HacuMTbIBaeT 6 BUOOB YpaBHEHUN, Bbipaxasi ux cnegytowmm obpasom:

«KBagpatbl paBHbI KOPHAMY, T. €. ax2 = bx.

«KBagpatbl paBHbl YACHY», T. €. ax2 = C.

«KopHu paBHbI Yncny», T. €. ax = C.

«KBagpatbl 1 Yncna paBHbl KOPHAM», T. €. ax2 + ¢ = bx.

«KBagpatbl 1 KOPHU paBHbl YNCY», T. €. ax2 + bx =c.

«KopHu 1 yncna paBHbl KBagpaTtam», T. €. bx + ¢ == ax2.

Ansa an-Xopeamu, nsberasLiero ynotpebneHnsa otpmuaTtenbHbIX YNCeS, YneHbl KaXkoro n3 aTux
ypaBHEHWU criaraemble, a He BblinTaeMble. [1pn aTomM 3aBeaoMo He 6epyTcsa BO BHUMAHUE YpaBHEHWS, Y
KOTOPbIX HET MOMNOXUTENbHbIX peLleHnn. ABTop nsnaraeT cnocobbl peLleHnst yKadaHHbIX YpaBHEHUN,
nonb3yscb Npuemamm an-gpxabp n an-mykabana. Ero peweHune, KOHe4YHO,He coBnagaeT NOMHOCTbLIO C
HaLINM. Y>Ke He roBops O TOM, YTO OHO YNCTO PUTOPUYECKOE, crieayeT OTMETUTb, HanNpuMep, YTo Npu
peLleHn HEMOHOMo KBagpaTHOro ypaBHEHUS NepBOro Buaa an-Xopesmu, kak n sce marematukm o XVIl
B., HE YYUTbIBAET HYNEBOTO PELLEHNS, BEPOSITHO, MOTOMY, YTO B KOHKPETHbIX MPAKTUYECKUX 3aa4ax OHO He
nmeet 3HadeHus. Mpu peLueHNN NOMHbIX KBagpaTHbIX YpaBHEHUN an-Xope3Mmn Ha YaCTHbIX YMCIOBbIX
npumMepax uarnaraeT npasusa peLleHuns, a 3aTeM Nx reoMeTpuyeckme gokasaTenbcTBa.
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OTBETHI K KPOCCBOPAY:

KBagpaTHoe.
[lpuBeaeHHoe.
PaBHOCUIbLHOE.
KoadppuuymeHT.
KopeHb.

. YpaBHeHue.

. ApudpmeTnyeckumn.
. AnodaHT.

9. HenonHoe.

10. Pasnununrtens.
11. CBOOOOHBIN.

12. Buer.

B BbiaeneHHom ctonbue : AMCKPUMUWHAHT

ONOOA N =




OTBETHI K TECTY 1.

BapuanT 1. 1,2,3,4,10-0a; 5,6,7 — HeT.
BapwuaHnTt 2. 1,3,4,10 — pa; 2,5,6,7 - HeT
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OTBET K TECTy 2.

Bapnant1.1-r,2-r,3-r,4-6,5-r.
Bapnant 2.1-B,2-6,3-B,4-06,5-06.
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