lNMpoekT

10 cnoco6oB peLueHus
ReanpaTHRIX YoaaHeHIY

TBOpYeCKOe Ha3BaHMe NPOEeKTa

ManeHbie XHTHOCTH DeLICHNA KBAANATHRIX YaBHEHHI

OEBW3: B matematuke 60nbLIy0 posib UrpatoT MasrieHbKMe XUTPOCTN.

ABTOp npoekTta: Pbinosa Buktopud
ydeHuua 8 knacca MOY COLL Ne1

C yrnyobrneHHbIM N3y4yeHnem
oTAenbHbIX npeameTtoB «llonudopym»



OcHoBononarawwWwmn BONPOC NPOEKTa:

«Hackonbko pa3HoOoOOpa3HbI CNOCOObLI peLleHus
KBagpaTHbIX ypaBHEHUN?»

'mnorte3sa:

ﬂpennonaram, YTO KBaApaTHblIe YpaBHEHUA MOXHO PEeLUnNTb
HEeCKOJIbKUMU PA3HBIMU crnocob6amwm

Lenb:

N3yyeHune TeopeTnyecKnx oCHOB U MPUMEHEeHUe Ha
NpakKTUKe pasfiM4HbIX CNOCOOOB peleHnsa KBagpaTHbIX
ypaBHEHUM



3apauun:
1. NogobpaTb NHPopMaymo No TEME U3 MUCbMEHHbIX
NCTOYHUKOB U ceTu IHTepHeT
2. CnHTesnposartb MHoOpMaLMIO Mo nriaHy
3. N3yuunTb pasnuyHbie cnocobbl pelleHnst KBagpaTHbIX
yYpaBHEHUI N anpobunpoBaTb MaTepman Ha nNpakTUKe

NnaH paboThl:

OnpeneneHne TeMbl U LIEMNN MPOEKTA,
dopmynmpoBaHne TEMbI UCCrea0BaHUS

OnpegeneHne NCTodHMKa MHAOopMaunm

Onpepgenenne crnocoba cbopa n aHanmaa
NHopmMaunm

Onpepgenenue crnocoba npeacTaBneHns
pPEe3ynbLTaToB




AHHOTaUuuNA

[MpoekT "Cnocobbl peweHunst KBagpaTHbIX
ypaBHEHUN" OTpakaeT pesynbraTbl UCCriefoBaHnA,
NpoBegeHHOr0O MHOW O TOM, Kakue CyLLeCTBYHOT
crnocobbl peLeHnsa KBagpaTHbIX YPaBHEHUN N YTO U3
9TOro MOXHO B3ATb NONE3HOro Ansa ceba n Mmounx

apy3en.

Tema npoekTa cBs3aHa C TeM, YTOObI, NICNOSb3Y4
cnocoObl peleHnst KBagpaTHbIX YpaBHEHUA MOXHO
HaWTU HEM3BeCTHOe 06 N3BECTHOM.

B LWKOMbHOM Kypce MatemMaTuKn U3y4yaroTcd
doopMyrbl KOpPHEW KBaApaTHbIX YpaBHEHUN, C
NOMOLLbK KOTOPbIX MOXHO peluaTb Nobble
KBagpaTHble ypaBHEHUS.

OpnHako “meloTcsa 1 apyrve NpuémMbl peLleHns
YypaBHEHWI, KOTOPbIE NO3BONSAOT O4EHb ObLICTPO U
pauMoHanbHO pellaTh KBaapaTHble ypaBHEHMS.




N3 nctopuun KBagpaTtHbIX
YpaBHEHUN

KBagpaTHble ypaBHeHUA ymenu pewatb okosno 2000 net
00 H. 9. BaBUITOHSHE. [TpMeHAa COBPEMEHHYIO
anrebpanyeckyto 3anmcb, MOXHO CKa3aTb, YTO B UX
KITMHOMUCHBbIX TEKCTax BCTPEYalTCs, KOOME HEMOSHbIX, U
Takune, Hanpumep, NosHble KBagpaTHble YpaBHEHUSA:

2 gy sy A4
Xt 4 x ‘.x X 142.

[ToyTn BCe HanaeHHble A0 CUX NOP KITMHOMUCHbIE
TEKCTbl NPUBOAAT TONbLKO 3a4a4vn C peLlEeEHUsIMN,
N3NOXEHHbLIMU B BUAE peuenToB, 6e3 ykazaHum
OTHOCUTESIbHO TOro, Kakmm obpa3om OHU ObINK
HangeHbl.




NHpunckmin yaeHoin bpaxmarynta (VI B.),
N3NoXxun obLee NpaBuo peLleHns
KBagpaTHbIX ypaBHEHUN, NPUBEAEHHbIX K
eaVNHOW KaHOHNYeCKOon bopMe:

ax’+bx=c, a>0
B ypaBHeHUN KO3 PULMEHTHI, KpOME a,
MOryT ObITb oTpuuatensHbiMu. [NpaBuno

BpaxmarynTa rno cyllecTBy coBnagaet
HaLUM.
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L) etsetinrs

bpaxmarynra
dopMyrbl peLleHns KBagpaTHbIX YpaBHEHUN
ObInKn BrNepBble U3NOXeEHbI B KHUTE,
HanMCaHHOW UTAlNbSHCKUM MaTeEMaTUKOM
JleoHapgo ®uboHayum (XllIB.). x2 + bx = c,
MPU BCEBO3MOXHbIX KOMOMHALNAX 3HAKOB

kKoadpdumumeHToB b, ¢ 6bINO
chopmynumpoBaHo B EBpone nuwb B 1544 .

Jleonapao ®udOoHAYYH



JIlnwb B XVII B. 6naropaps tpyaam Xupapa, lekapta, HorotoHa n
APYrnx y4eHbIX cnocob peleHMs1 KBagpaTHbIX YypaBHEHUN

NMPpUHNMaeT COBpeMeHHbIVI BUA.

[ R

A Mmbicnto,
cnepgoBaTesibHo,

CYLLECTBY!IO.

OekapT

[eHnn ectb
TeprneHne Mbicnu,
cocpenoTO4YEHHOM
B M3BECTHOM

HanpaseJiIEHUN.

HbOTOH

Bce ypaBHeHus
anrebpbl UMetroT
CTOSIbKO peLUeHunn,
CKONbKO UX
nokasblBaeT
HanMeHoBaHue
HaumBbICLLEN

BEJIMYUHDI.

Xupap

Bce matemartukmn 3Hanum,
4YTO nog anredpown Obinn
CKpPbITbl HECPaBHEHHbIE
COKpoBMLLA, HO HE
yMernum nx HanTu

Buer
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1. C[1O0COBb: PasnoxeHue nnesou Yyacmu

YpaeHEeHUA Ha MHOXKumersiu

Uenb:
Pewunm ypaBHeHune npuBeCcTU KBagpaTHOe ypaBHEeHUue

5 ) B obOLwero Bmaa K Buay
x“+10x - 24 = 0. A(x)‘B(x)=0,  rae A(x) n B(x) -

Pasnoxnum neByo YacTb Ha MHOXUTENM: MHOroUNeHLl OTHOCHTENLHO X.

X+ 10x - 24 = Cnocoo6bl:

=(x + 12)(x - 2). *BblHeceHue o6Lero MHOXuUTENA 3a
CKOOKMU;

CneposarentHo, *Acnonb3oBaHue hopmyn

(x+12)(x-2)=0 COKpaLLEeHHOro YMHOXEeHUS;

Tak Kak Nnpon3BeaeHne paBHO HYyrto, TO, *Cnocob rpynnupoBkm.

OOWH U3 ero MHOXUTESEN paBeH Hynto. [loaTomy nesas 4acTb
ypaBHeHMA obpallaeTcs Hynb Npu X = 2, a Takke npu x = - 12,
OTO O3HA4YaEeT, YTO YMCNO 2 U - 12 ABNATCS KOPHAMN
ypaBHeHus x? + 10x - 24 = 0.



2. C[1OCOBE: MemoO0 ebiOernieHuUs rnosiHo2o
Keaodpama.

Cymb memoaoa: npusecmu kgadpamHoe ypasHeHuUe obueao suda K
HerlosIHoOMYy KeadpamHOMY YpasHEHU!O.

Pewwnm ypasHeHne x° + 6x - 7 = 0.

Bbliaenum B rneBow YaCcTu NOSMHbIN KBadpar.
[lpeobpasyem Tenepb NEBYO YaCcTb YpaBHEHUS

x°+ 6x -7 =0, npubasnas K Hei v BbiuuTas 9. Umeem:
X2+ 6x-7=

=x°+ 2 x*3+9-9-7=
=(x+3)?-9-7=(x+3)?-16.

Takum obpasom, gaHHOE YpaBHEHNE MOXHO 3anucaTb

Tak.
(x + 3)?- 16 =0,
(x + 3)? = 16.

CnepoBaTtenbHo, X+ 3-4=0, unu x + 3 = -4
X, = 1, X, = -/.



3. CI1IOCOb: PeweHue KeaOpamHbIx
ypasHeHuUU ro gpopmyrie

a =1 D>0" 2kopus
b#0,c#0 D=0 1xopens

2
X +px+g=0 D<0  Her xopseii
Dopmynbl KOPHEN:

1 2
—p »’ . _—bi\/b2—4ac.
xlz—Ti T—g, 1,2 2a ’




4. CI10CObL: PeweHue ypasHeHUU C
ucriofib3o8aHuemM meopembl Buema.

Kak n3sectHo, npuBegeHHOE KBagpaTHOE ypaBHEHNE NMEET BUA
x’+px+c=0.(1)
Ero kopHu yooBneTBopsoT Teopeme Bueta, kotopagda npu a =7 nmeet Bug

X, X,=q,
{ 1 %74 OTcrloga MOXHO caenaTth crieayoume BblBoAb!
Xy +X,=-Pp (Mo KO3 PULIMEHTAM P U  MOXHO NpeackasaTb 3HaKu
KOpHeWN).

Ecnn (g > 0), TO ypaBHEHNE UMEET ABa OQMHAKOBbLIX MO
3HaKy KOPHSA U 3TO 3aBUCTU OT BTOPOro KoadouumeHTa p.

Ecnn p <0, To 06a KOpHS oTpuLaTeNbHBbI.
Ecnn p <0, To 06a KOpHS NOMNOXUTENbHbI.



5. CI[10COBb: PeweHue ypasHeHuUU criocobom
«repebpocKuy.

[Mpn aToM crnocobe KoaPUUNEHT a YMHOXKAETCS Ha CBOOOAHbIN YreH, Kak bbl
«nepebpacbiBaeTCA» K HEMY, MO3TOMY €ro HasblBatoT criocobom «rnepebpockuy.
OTOT crnocod NPMMEHSIOT, Koraa MOXHO NErko HanT KOPHU ypaBHEHUS,
ncnosnb3ys TeopemMy Bueta 1, YTO camoe BaXXHoe, Korga AUCKPUMUHAHT eCTb
TOYHbIW KBagpar

Pewwmnm ypasHeHue 2x% — 11x + 15 = 0.

«lNepebpocm» KOIPPUUMEHT 2 K CBODOQHOMY YIIEHY, B
pes3ynsraTte nosfiyymm ypaBHeHue

y2—11y + 30 = 0.
CornacHo Teopeme Buetay =5,y =6, T0 X, = 5/2, x = 6/2
OTBeT: 2,5; 3.



6. C[10COb: Ceolucmea KoaghpuyueHmos
KeaopamHOo20 ypaeHeHUs

[MycTb AaHO KBagpaTHOe ypaBHEHME 2
ax2+bx+c=0,rp,ea¢0. 1978X _1984x+620

Ecnu,atb+c=0, mo xl :1;
xlzl,x2:£ 6
a Xy = ——=
Ecniu b =a +c, mo 1978
¥ =—lx,=—5 319x° +1988x +1669 =0
x, =—1;
1669
Xy = —



/. C[10COBL: pahuydeckoe peweHue
KeaopamHOo20 ypaeHeHUs

npeobpasyem ypaBHeHMe

xX’+px+q=0

x?=-px-q.

MocTpoum rpadPmkm 3aBUCUMOCTU Y = X2 N Y = = PX - (.
Npachmk nepBon 3aBMCUMOCTHU - Napadbona, npoxoasiias
yepe3 Hayano KoopauHart. 'pacpuk BTOpOMn
3aBMCMMOCTHU - npsimast (puc.1). BoamoxHbI cneayowme
criyyam:

[Mpsmas n
imopintu il oL o mepecaamon
KacatbCs ( TONbKO napaborna He nByX TouKax, abCLMCChl
OoAdHa o6|.|.|,a$| NMMEKT O6LL|,|/|X TO4EK, To4yek nepece4yeHus
TO4Ka), T.e. T.€. KBafparHoe ABNAOTCH KOPHAMMU
ypaBHeHMe nmeet ?(’ggﬁgg””e HE UMEET  kBagpaTHoro

' ypaBHEHUS;

OJHO peLleHune;



8. CI10COb: PeweHue ksadpamHbiX ypasHeHUU C
MMOMOWbIO UUPKYIA U JTUHEUKU.

ya
ax? + bx + ¢ =0
c

NTak: C(O‘ZJ

1) NOCTPOUM TOYKM (LLEHTP OKPY>XXHOCTN)
nA(0; 1),

2) NpoBeAEM OKPY>XHOCTb C pagnycom 405 1)

SA;

3) abcumcebl TOMEK NEpeECEYEHUS ATON |
OKPY>KHOCTU C ocbio Ox ABNAKOTCH b
KOPHAMW UCXOOHOIo KBaapaTHOro
ypaBHEHUA.

[1pn 3TOM BO3MOXHbI TpU Ccry4yasi. 2)OKpY>XHOCTb kacaeTcs ocu Ox B

Touke B(x1; 0), rae x1 - KOpeHb
1)OKpPY>XHOCTb NepecekaeT OCb KBaApaTHOro ypaBHEHUS.
Ox B OBYX TOYKax
B(x1;0) n D(x2; 0), roe x1 n x2 3) OKPY>XHOCTb HE MMEET 0BLLINX
- KOPHW KBagpaTHOro TOYekK ¢ ocbio abecuucce (puc.6,8), B
ypaBHeHus ax?+ bx + ¢ = 0. 9TOM Cny4ae ypaBHEHUE He NMeET

PELLEHMS.



9. CI1OCOBb: PeweHue ksadpamHbiX ypasHeHUU C
TOMOUWbIO HOMO2PaMMbI.

p q

Tabnnua XXII. ¢.83 (cm. bpaguc B.M. YeTbipexsHayHble |
Marematuyeckne Tabnuubl. - M., [llpocselleHune, © = E
1990). - -
Homorpamma ansa peweHnst ypaBHEHUS

z° + pz + g = 0. 3Ta HOMOrpaMmma no3BoriseT, H e

He pellasi KBagpaTHOro ypaBHEHMUS, 7

no ero KoadduLMeHTam onpenennTb KOpHN ypaBHeHns. <}~

KpuBonmHenHaga LwKana HoMmorpammbl NOCTpPOeHa
no goopmynam (puc.11):

Puc. 11

z’+pz+q=0,

npuyem OykBa z o3Ha4yaeT MeTKy nobou OB = - _ =22

TOYKN KPMBONUHENHOW LLKanbI. 1+27 1+2°
P—q a

— . a——  —

p—-AB ~ OB’



10. CI1OCObLb: 'eomempuyeckuu criocob
peweHuUs1 KeaopamHbiX ypasHeHUU.

Kak gpeBHMe rpeku pewianm y
ypaBHeHue y? + 6y — 16 = 0.
PelueHne npeacraBneHo Ha y y
PUCYHKe, rae y? + 6y = 16,
MMMy +6y+9=16+9. 3y 9

BbipakeHnsa y> + 6y + 9n 16 + 9
reomMeTpuYecKkn NpeacTasnsoT 3
cobon oguH 1 TOT Xe KBaapar, a
ncxoaHoe ypaBHeHue y? + 6y — 16
+9—-9=0-o08HO U TO Xe

ypaBHeHne. OTKyaa v nosiyydaem,

YTOYy +3=+35uny+3=-95, unu

y =2,¥,= -8



BbiBOAbI:

MOSA paboTa gaeT BO3MOXHOCTbL No-apyromy
NMOCMOTPETb Ha Te 3aJayn, KOTopble CTaBUT
nepen HaMmm matemMmaTuKa.

OaHHble NPMEMbI PEeLLEHUs 3acy>X1BaroT
BHUMAHUSA,  MOCKOMNbKY OHN HE OTPa)KEHbI B
LLIKOMbHbIX Y4EOHMKaX MaTteMaTUKK;

oBlageHue gaHHbIMW NpUuemMamMmy NoMoraeT MHe
9KOHOMWUTbL BpeMSA U 9PPEKTUBHO peLlaTb
YpaBHEHUS,

NOTPEOHOCTL B BLICTPOM peLLEHUN
obycrnosreHa NPUMEHEHNEM TECTOBOWU CUCTEMBI
BbIMYCKHbIX 9K3aMEHOB;



3akitoyeHumne

«B matemaTtuke cneoyet NOMHUTbL He
doopMynbl, a npouecchbl MbILLEHUA»

\ ﬁ ~ B.NM.Epmakos

b1a200ak) 3a BHUMAHLE



