7 T
y 13 CITOCOBOE
PELUIEHUNA
KBA/LIPATHbIX

YPABHEHWUU




_——

BBeoeHue

[IpakTHYecku Bce, YTO OKPYXKaeT COBPEMEHHOTO
YeJIOBEKa - 3TO BCe TaK UJIM MHAYe CBA3AHO C
MaTeMaTHKOM. A mocienHe TO0CTHXKeHUs B PU3HKe,
TeXHUKe U THPOPMAIITMOHHBIX TEXHOJIOTHSIX HE
OCTABJISTIOT HUKAKOT'O COMHEHUsI, YTO U B OyIyIieM
TOJIOXKEHU e Belller OCTAaHeTCS MPeXXHUM. PellieHue
MHOTHUX MPAKTUYECKUX 3371a4 CBOAUTCS K PEIIeHUIO
Pa3/IUYHBIX BUAOB YPAaBHEHUU, KOTOPBIE JOCTAaTOYHO
YaCTO CBOIATCS K YPAaBHEHUAM BTOPOU CTEIIEHU
(KBaZpaTHbBIM).
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—Axmyanvnocmos paoomoi:

1 cenyac kBagpaTHbIE YPABHECHHWS OYECHb AKTYyaJIbHBI.
OnHa n3 OCHOBHBIX TeM OI'D — 3TO KBajaparHBIC
YPABHECHHUS.

Ha ypokax aiareOpbl, reoMeTpuu, (PM3UKU MBI OUYCHB
4acTO BCTPEYAEMCS C PEIICHUEM KBaJApPaTHBIX
YPABHEHUM, OHU UCHOJIB3YIOTCS IS PEUICHUSA 3a7a4 B
10 m 11 xmacca, 3HaHME JAHHOW TE€MbI IIOMOXET IIPH
caade EI'D o stum npeameram.

[ToaTOMy KaXKabli YYECHHMK JOKEH YMETh BEPHO U
palMOHAJILHO peIIaTh KBaJpaTHBIC YpaBHEHHUS, OTO
TAaK)K€ MOXKET MNPUTOAUTCA TMPH PEIICHUU 0osee
CIOKHBIX 3a]1a4.
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—  Tunomes3a: nm060e KBafi[paTHOE ypaBHEHHUE
MOXKHO PelllMTh BCEMU CYLIEeCTBYIOUIUMU
criocobamu.

O6%sexm uccaedosaHus: KBaZpaTHbBIE
ypaBHEHUS.

IIpedmem uccaedogaHus: criocoObI pelieHrsI
YyPaBHEHUM BTOPOM CTEIeHMU.




Ileab pa6omui: BEISBUTHCIIOCOOBI pEIIEHUS
ypaBHEHHsI BTOPO CTeITleHH U PaCCMOTPETh
IIpUMeHeHUe JaHHbBIX CII0COO0B pellleHHs
KBaJIpaTHBIX YPaBHEHUI Ha KOHKPETHBIX IPUMepax.

3adauu:

1)[IpocienuTh NCTOPHIO PAa3BUTHS TEOPUH U
MPAKTUKU pellleHUsT KBAIPATHBIX YPABHEHUIA.

2)OnrcaTh TEXHOTOTHUH PA3TUYHBIX CYIIECTBYIOIIMX
crioco060B pelleHUsT KBAZ[PAaTHBIX YPAaBHEHUH.

3)[loka3zarh MprMeHeHre JaHHBIX CITIOCOOO0B MTPH
pelIeHUU YPaBHEHUU

4)ITomoOpaTh TPEHUPOBOYHBIE 3aJaHUS 111
OTPAbOTKU M3yYEeHHBIX IPUEMOB.



KBagpaTHble ypaBHEHUA.

KBazparHbIM ypaBHEeHHEM Ha3bIBalOT ypaBHEHHE BU/IA
ax*+bx+c=0, rae koapPuIIHeHTHI a, b, ¢ - MFOObBIE
nerCTBUTEIbHbBIE YUC/IA, MPUYEM, a+0. KoapduiimeHTHI
a, b, ¢, pazmMYaIOT MO HA3BAHUSIM: a - TIePBbIN UIU
cTapinrii koapduinueHnT; b - Bropoit nanu kod3dPuirmeHT
IIPH X; C - CBOOOMHBIN YIeH, CBOOOIEH OT epeMeHHOH X.



, N pa3BUTUS TEOPUNM-APaKTUKIT PELLIEHUS

/ )
KBaApaTHbIX YPaBHEHNA

KBazpaTHbie ypaBHeHUS - 3TO GyHIAMEHT, HA KOTOPOM
MTOKOUTCSI Be/TMYeCTBEHHOE 3/TaHMe a/ireOpbl. YMeHHe pellaTh
YPaBHEHMS He TOJIbKO UMeeT TeopeTU4YeCKoe 3HaYeHue 71
MMO3HAHUS €CTeCTBeHHBIX 3aKOHOB, HO U CJIY)KUT MPAKTUYECKUM
LIeJISIM.

YpaBHEHUS BTOPOU CTEIEeHU YMeJ/IU PellaTh elle B I peBHeM
BaBunone. Maremaruku /IpeBHeit ['penun peuanu
KBa/JpaTHbIe YPAaBHEHUSI TeOMeTPUYeCKU; HallpuMep,
EBKIMZ, - MpU MOMOLLU Je/IeHUs OTPe3Ka B CpeJHEM U
KpavHeM OTHOWIeHUSIX. 3aJja4, IPUBOZSIIHE K
KBa/JPaTHBIM YPAaBHEHUSIM, PAaCCMAaTPUBAIOTCSA BO MHOTUX
IPEeBHUX MAaTE€MAaTUYE€CKUX PYKOITUCAX U TPAKTaX.
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KBaapaTHbIX YpaBHEHUMN.

*Cnocob6 1: PewieHue keadpamHtbix
ypaeHeHuil no ¢popmy.e:

Kopuu ypaBHenus ax’ + bx + c=0,a = o
MOYXHO HalTH o popMyIie

—6++J6*—4ac  , TOE BBIPAKEHUE
2a

X12 =

b*> — 4ac= D- 3TO ITMCKPUMUHAHT.
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Cnoco6 2: PewweHue keadpamuvix ypagHeHUl no
¢popmyne c HemHbIM KOIPPuuueHmoM.

*» Ecmum BTopoii koadduiireHT ypaBHeHHS b = 2k— yeTHOe
Y —6++6"—4
YK C10, TO GOPMYITy KOpHE - 26a ac MOYKHO
3aIlMCaTh B BUJe _ —kEK’—ac

X2 =
a

[IpuBemeHHOE YpaBHEHME  X° + pPX + = O COBITAZAET C
ypaBHeHHeM 00I1Iero BHUia, B KOTOPOM a=1,b=puc=q.

[loaToMy /151 IpUBeEHHOT'O KBaAPATHOT'O YPAaBHEHU S

¢opmyna KOpHe NPUHUMAET BUS, . _ 4. |2 _ 0
1,2 o

b

®opmyiry yIOOHO MCITO/TB30BATh, KOTAA p— YETHOE YHCIIO.



Cnocob 3: Memoo sbideneHust nonHoO20 ksadpama.
*x2 4+ 2px+q =0,
*x2 4+ 2px+p?—p*+q=0,
* (x+p)—p?+q=0,
2
*(X+p) = pZ —

*x+p=+p?—q ,ecmpi—q =0,
*Xz—pi\/pz—q,




% Cnocob 4:PeweHue ypasHeHull ¢ ucnonib308aHuem
meopembl Buema.
[pnBeAeHHbIM KBAAPATHLIM YPAaBHEHMEM HA3bIBAETCS
ypaBHeHue Buaa x> + px + q = 0,
rAe CTapwum KO3PPULNEHT PaBEH efUHMLLE.
{xl + X, = —P,
e
Taknum 06pas3oM: CyMma KOpHeWN NpUBELEHHOIO
KBaApPaTHOIro ypaBHEHUS paBHA BTOPOMY KO3SPPULMEHTY,
B3ATOMY C MPOTUBOMOJ/IOXHbLIM 3HAaKOM, a Npon3BeaeHune

KOpPHeW paBHO CBOBOAHOMY UNEHY.



*tnoc06 5: Csolicmsa ko3gguyueHmos k8adpamHoz20
YPasHeHUs.

[ycTb faHO KBaZApaTHOE YpaBHeHNe ax? + bx + c=0, rae a # o.
1)Ecnn, a+ b + c = o (T.e. cymMMa KO3PPULMEHTOB paBHa HY/HO),
TO X,=1, X, = ¢/a.
2)Ecama—-b + c=0, T0 X, =-1, X, = -¢/a
[ aHHbIN MeToZ, YA06HO NPUMEHSTb K KBAZPaTHbIM YPaBHEHUSM C
6onbwrmn KoapduumeHTamm.
Mpumep: 3x* + 4x — 7 = 0,

a+ b+ c=o,
S+4—7=0,
X1=1,

- -7
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¢ Cnocob 6:Cnocob nepebpocku cmapwezo ko3gppPuyuenma.
aCCMOTPUM KBaZpaTHOE yYpaBHEHMe
ax?+bx+c=0,rae a#o.
YMHOXas obe ero 4acTu Ha a, Noay4yaem ypaBHeHue a*x? + abx + ac = o.
MycTb ax =y, 0TKyAa X = y/a; TOrAa NPUXOAUM K YpPaBHeHUIO y? + by + ac = o,
PaBHOCU/IbHO AAHHOMY.
Ero KopHU y,1 y, Hangem C NOMOLLbIO TeopeMbl BueTa 1 okoH4YaTeIbHO:
X, =y1/a n X, =y2/a
Mpu 3TOM cnocobe kKo3dPULMEHT a yMHOXKAETCS Ha CcBOOOAHBIN YneH, Kak bbl
«nepebpacbiBaeTCcaA» K HEMY, MO3TOMY €ro Ha3blBaloT cnocobom «nepebpocku». 3TOT cnocob
MPVMEHAIOT, KOTAA MOXHO JIErKO HAWUTW KOPHWM YPABHEHMS, UCMob3ys Teopemy Bueta u, 4to
camoe BaxHOe, KOrAa ANCKPUMMHAHT ecTb TOYHbIN KBaZPaT.
Mpumep: 3x* +4x—7=0.
«[Mepebpocrm» Ko3PpdULMeHT 3 K cBOOOAHOMY U/ieHy, B pe3y/ibTaTe NoJlyYnuM YypaBHEeHWe
Y3+4y-21=0
CornacHo Teopeme BueTa:

y1:'7/ X1 = '7/3/ X '7/3
Y.=3; X, =3/3; X, = 1.

2



#9Cnocob 7: PaznoiceHue Ha MHoJdcumenu cnocobom 2pynnuposku.
[pw peleHnn KBagPaTHbIX YPaBHEHUM YACTO NPUMEHSAETCS METOA
Pa3/10KeHNSA HA MHOXUTENM (C MOMOLLbHO BbIHECEHMSA 3a CKObKM obuiero
MHOXUTeNs, OpPMy/1 COKpaLLEHHOrO YMHOXeHUA nam cnocoba rpynnu-
POBKMU).

Mpnmep:

* 3x° +4x—7 =0,

* 3x°+7x—3x—7=0,
* x(3x+7)—(3x+7) =0,
* (3x+7)x—1) =0,

7
* Xq = =% =




P

*

Cnocob 8: lpusedeHue k 8udy (f(x))*=(g(x))>.
MyTem npeobpasoBaHui ypaBHeHME NpUBOANTCA K BUAY (kx)2=(mxn)>2.
MNpumep: 3x%> +4x—7 =0, |:7

3 4

Sxf +-x—1=0,

%xz +§x—1 =0
ERPIPER
gxz =:—9x2 —;x+ : £

& =Cx-1),

A T
Cx ==,
|5x|=|2x-7|,
1)5X=2X-7, 2)5X=7-2X,
5X-2X=-7, 5X+2X=7,
3X=-7, 7X=7,
e
X=—— X=1.

3l



Cnocob 9: YmeHbweHue cmeneHu ypasHeHUs (UCNOAb30B8aHUE meopembl
be3sy).
JlaHHbBIV CNOCOb WKMPOKO NPUMeEHAETCA NpU peLleHnmn anrebpanyeckmx
YPaBHEHUM BbICLLUMX CTEMEHEMN.
Teopema Be3sy. MNpu geneHnn MHOro4vieHa N-1 CTeneHm OTHOCUTENIbHO X Ha
ABYY/1eH X-a OCTAaTOK PaBeH 3HaYeHUIO Ae/IMMOro Npu X=a.
CneactBue ns teopembl besy. Ecin ypaBHeHue a x"+a x"*+... +a, . x+a,
= OI
rae Bce KOIPpPULMEHTBI Liesble, UMEET Lie/ible KOPHW, TO 3TO AeNTeNu
cBobOAHOr0 YneHa.
Mpumep: 3x* +4x—7 =0,

=

I R [ [ o R
x=1,

(3x? +4x—7)+(x—1) =3x+7,
3x+77=0,

N e
3
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Cnocob 10:paguyeckuli cnocob.
Ncnonb3ysa 3HAHUS O KBAZPATUYHOM U IMHENHOWN PYHKLUAX N UX
rpadunKax, MOXHO peLnTb KBaAPaTHOE ypaBHEHMe TaK
Ha3blBaeMbIM PyHKYUOHANbHO-2pagpuyeckum memooom.
[lpryem HeKOTOpble KBaAPATHbIE YPABHEHUA MOXHO PeLnTb
Pa3/IN4yHbIMK CNocobamm, pacCMOTPUM 3TK cNocobbl Ha Npumepe

OoAHOIO KBa%paTHOI’O YPaBHEHUA.

3x -|;4x—77:0,
e e
x+3x 3—0.

7
[MocTponm rpadukn QyHKUUM y=x>u1y = - —
B O4HOU CMCTEME KOOPAMHAT.
Abcumccbl Tovek nepeceyeHns 3TUX AByX rpadpurKoB ABAAIOTCS
KOPHAMMW JJIaHHOI O YpaBHEHMA.

S T 1.

X

W |
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4 Cnocob6 11:Pewwenue npu nomowu YupkKy/isa u AuHelku.

[Ipegnararo cnepyrommi Ccr10Cc00 HaXOXKIEHUS KOpHeU
KBaJpAaTHOTO YpPaBHEHUS ax’ + bx + ¢ = 0 C IIOMOIIBIO LIUPKY/IS
U JIMHEeHNKU.

HUrak:

a+c

1) CTpouM TOYKH -S(“ o ) ( ueHTp OKpyXxHOCTU) U A(0; 1);

2) IIpOBeJIeM OKPY>KHOCTD C PaIMyCOM SA;

3) aOCIIMCChI TOYEK MepecevdeHrsI 3TON OKPYXHOCTHU C OChIO
Ox SABASIIOTCSI KOPHSIMH UCXOJHOT'O KBaPAaTHOTO YPABHEHUS.



IIpr 5TOM BO3MOKHBL TPHU CITy4Yasi.

Pazmyc oKpy>XHOCTH GOJIbIIe OpJAUHATHI IIEHTPa
OKPY)XHOCTbD ItepeceKkaeT och OX B IBYX TOYKax (pHcC. a)

B(x;0)n D(x;0), rae x U X - KODHHU KBaJIPaTHOTO ypPaBHEHUS]

2) Pagunyc OKpy)XHOCTH paBeH OpPAMHATE , TOIIa OKPY>KHOCTD
KacaeTcst ocu Ox (puc.6) B Touke B(x ; 0), e X - KOPEHb
KBaJPaTHOI'O YPaBHEHHMSI.

3) Pagmyc okpy)>XHOCTH MeHbllle OpAMHATHI IIeHTpa
OKPY>KHOCTb He MeeT OOIIIHX TOYEK C OChI0 abCIIHCC

(puc. B), B 9TOM C/ly4ae ypaBHeHUe He UMeeT pelleHus.

of

* 1 :
a+c

: — — a*rc ¥ Wy
a) AS > SB, R > P 6) AS=SB,R= o B) AS <-8B, R < 22

JiBa pelreHrs x, U X,. OzHo pemenue Xx,. Her pemenus.

.



“nocob 12: PeweHue ¢ NOMOW,bI0O HOMO2PAMMbI.

JTO CTapbin 1 B HacTosLee BpeMs 3abbiTbiv CNOCob pelleHns KBaApaTHbIX YPaBHEHUN,
nomMeLLeHHbIW Ha €.83 cbopHuka: Bpaguc B.M. YeTbipex3HayHble MaTeMaTU4eCKme
Tabaunybl. - M., NpoceeweHne, 1990.

Tabanua XXII. Homorpamma ans pelueHns ypaBHeHUS z2 + pz + g = 0. 9Ta HOMOrpamMma

MO3BO/ISIET, He peLlas KBaAPaTHOrO YpaBHEHMS, NO ero Ko3ppuumneH- z ;
TaM onpeAeNnTb KOPHU YPaBHEHUS.
KpvBOAMHeNHas WKana HOMOrpaMMbl MOCTPOEHA @ T -
no ¢opmynam : OB = —*— _AB = el g | 1°
1+2 1+z

Monaras OC=p, ED =g, OE = a (Bce B CM.), U3 i
nogobua tpevronsHukoB CAH n CDF nonyymm ot
nponopuuto 279 a

p AB OB ’ Puc. 11

OTKyZa NOC/1e MOACTAHOBOK M YNPOLEHWW BbITEKAET ypPaBHEHWE Z* + pZ + G = 0,
npuyem 6y|<Ba Z O3HavaeT MeTKy JIt0HOMN TOYKN KPUBOIMHENHOW LLIKAbI.
Mpumep:3x° + 4x — 7 = 0.

Pa3A£e}ﬂVIM 7K03¢¢V|u,weHTb| 3TOro ypaBHEHMSA Ha 3.

X2 +3X7—§_0



@ Cnocob6 13: leomempuueckuli cnocob.

B ApeBHOCTY, korza reomeTpus 6uina 6onee paseuTa, Yem anrebpa, kBazpaTHble ypaBHEHWA peLlanm
He anrebpanyecku, a reOMeTPUYECKH.
Mpumep: 3x% + 4x — 7 = 0,

R T s G e, e |
< +3x = = +3x =
PaccMOTpUM KBaApaT CO CTOPOHOW X, Ha er0 CTOPOHaX CTPOATCA NPAMOYFObHUKM TakK, YTO Apyras

T 1
CTOPOHA KaXAO0ro M3 HWX paBHa , CIe0BaTe/IbHO, M/IOWAAL KaXA0ro pasHa -x. MosyyeHHas
burypa gononHsertcs f0 HoBoro kBagpaTta ABCD, focTpanBasi B yr/iax YeTblpe paBHbIX KBaApaTa,

1 1
CTOPOHa KaXA40ro n3 HUX 3 anaowajib 9"




//\\///

s

[nowagb S kBagpata ABCD MOXHO npeacTaBuTb Kak CyMMy

niowazeu: NepBOHa4asbHOro KBaApaTa X2, YeTblpex

I'IpFIMoyI'O!]bHMKOB (4 == ) U qublpex NPUCTPOEHHbIX
1 , 4
KBaApaToOB (—- 4 = —) T. e S = X2 + =X + =. 3aMeHss
4 37 94 =35

X2 + + X qmcnom3 NO/ly4YnM, YTO S = - > T 5 = 51 OTKyAa cneayer,

5
4YTO CTOpOHa kBagpata ABCD, T.e. OTpe30|< AB = = Ansa vnckomon

CTOpOHbI X nepBOHaqaanoro KBaApaTa I'IOﬂyLIMM

S 3
e e 1
3 3 3 3
Ho yunTbiBad, 4TO B 4PEBHOCTUN HE 3HAJIK OTPULLATEJIbHbIX HNCE,

BTOPOMW KOPEHb YPAaBHEHMUS He HAaXoAMTCA. A, NCNoab3ysa TeopeMy
BueTa, MOry BblUMC/INTL BTOPOU KOPEHb

= = =
X = PpX=—o- 1=



3aknoyeHme

B xome BbITO/THEHMSI CBOEI MCC/IeIOBAaTeTbCKOU PabOTHI 51
CYUTAIO, YUTO C MIOCTABIEHHOM IIe/TbI0 M 3a/Ta9aMHU S
CIIPaBUJICS, MHE yIa10Ch 000OITHUTDH U CHCTEMATH3UPOBATh
M3y4YeHHBIN MaTepHasI 10 BbIllle YKa3aHHOU TeMe.

Crioco00B pellleHHs KBaJpaTHbIX ypaBHEHUI O4Y€Hb MHOTO.
Sl Hamesn 13 cmoco60B pelleHUsT KBaJAPAaTHBIX YPaBHEHU.
Hy)xHO OTMeTHTh, 4TO He BCe OHU YAOOHBI JJIs1 pellleHus],
HO KQOKABINA U3 HUX YHUKaJeH. [l Toro 9To0bl YCBOUTH BCe
MeTOJbI PeLIeHUs YPAaBHEHUM, HY)XHO IIPOpellaTh
HEeCKOJIbKO YPaBHEHHWM N3y4YaeMbIM CITIOCOOOM. A JIJisl 3TOTO
HY)XHBI 3aJIJaHMsI, TO3TOMY B JAHHOI paboTe, sI COCTaBHII
HECKOJTbKO I'PYTIITT TPEHUPOBOYHBIX 33/IAHUM [IJIST KQKJOTO
M3 CITOCOOO0B pellleH!sT KBaZPATHBIX YyPaBHEHH .



[ lpunoxeHne

Kakon cnocob pewenus kBagpaTHbIX ypaBHeHui Bbl npeanoyntaete?

20

10

B w



[loaBoast 'TOru, MOXXHO CAe/1aTh BbIBO/ /

paTHbIE ypaBHeHHHeraiﬁ%eppeMﬁ’yﬁonb B

MaTEMaTI/IKe JTU 3HAHUS MOTYT NIPUTOAUTHCS HaM
Ha MPOTSHKEHUU BCEU XU3HMU, a TAK KaK 3TU METO/ bl
pelIeHUs KBaJPAaTHbIX YPaBHEHUM MTPOCTHI B
IIpUMeHeHHH, TO OHU, 0€3yCI0BHO, AODKHBI
3aUHTEPECOBaTh YBJIEKAOLIUXCA MaTEeMAaTUKOU

INIKOJIbHHUKOB.

Conacu0o 3a
BHUMaHUue!!!




