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KBajipaTHble ypaBHEeHHIsI 1 HEPABEHCTBA C IapaMeTpaMu. 1

MsbI npucTynaeM K U3y4eHHIO ypaBHeHUil Bujia
az® +bx +c=0. (1)

Ecin a # 0, o ypaBuenune (1) sBigercst keadpamnvim. He 3abbiBaeM, oJfHaKO, ITO TapaMeTp a
«HUKOMY HHUYeM He 00s3aH» M MOXKET PaBHATHCsS HYJIO (M TOIJa ypaBHEHHE MepecTaéT ObITh KBa/I-
parabiM). Cirydait ¢ = 0 npu HEOOXOIUMOCTH CJIe/TyeT PacCMaTPUBAThH OTEIHHO.

HanmomuuMm uzBectHble BaM (akThl Teopun. [lycrs ypasHenue (1) sBisgieTcst KBAJPATHBIM, TO €CTh
a # 0. Torga duckpumunarm 3Toro ypasHeHus ecTb sequunna D = b? —4ac. Bo3MOXKHDI TPU CIIy4asd.

1. Eciiu D > 0, 10 ypaBHenue (1) uMeeT pOBHO JiBa Pa3IUIHBIX KODHSI:

—b+ D

T2 =
' 2a

2. Eciim D = 0, to ypaBuenue (1) umMeer eJIMHCTBEHHbII KOPEHb

b

3. Eciim D < 0, To ypaBuenue (1) He umeer KOpHeii.
st KBaJIpaTHOTO ypaBHEHUS BHUA
ax® + 2kr +b =0

YJIOOHO UCIIO/TB30BATD JIMCKPUMUHAHT

=k — ac.

D
Dl:z

Torna dopmysia KOpHeEl BBITJISAIAT TaK:

—k++/D;

T12 =
a

Ecau ypasaenue (1) numeer aBa pasimaHbIX KOPHS T U Tg, TO €T0 JieBas 9aCTh PACKJIaIbIBACTCS
Ha, MHOXKHUTEJIN CJICTYIONUM 00pa30M:

az® +bx +c = a(z — 1) (x — 23).

Ecin ypasuenne (1) mmeeT eJMHCTBEHHBIH KOPEHb Tg, TO €ro JieBasi 9aCTb SIBJISETCS MOJHBIM
KBaJ[PaTOM:

az’® +bx + ¢ = a(z — x)>.
TEOPEMA BUMETA. Ecimu kBasiparHoe ypaphenue ax? + bx + ¢ = 0 uMeeT jiBa pasinuHbIX KOPHS T
U T, TO CIIPAaBEJIUBBI (POPMYJIBI:

ZE1+$2=——,
a

C
T1T9g = —.
a
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D1 ke HOPMyJIbI UMEIOT MECTO U B CJIydae eINHCTBEHHOI'O KOPHSI T, €CJIU IOJIOKUTh Ty = T7.
Bapaua 1. Haiiure Bce 3HavUeHus @, IPU KaxKJIOM U3 KOTOPBIX yYpaBHEHUE
(a—2)2°+2ax+a+3=0

nmMeer e,ILI/IHCTBeHHI)Ifl KOpP€Hb.

Pewenue. Ecnu a = 2, To ypaBHenue npespaiaercd B jguneitnoe: 4x + 5 = 0, KOTopoe UMeeT eJInH-
CTBEHHBII KopeHb. [loaTomy a = 2 rojurcs.
Ecnu a # 2, To ypaBHeHHe ABJISETCS KBAIPATHBIM C JTUCKPUMIHAHTOM

D =a*—(a—2)(a+3)=6—a.

YpaBuenue OyJieT UMETh €IMHCTBEHHBIN KOpeHb B ciaydae D1 = 0, To ectb a = 6.

Omeem: a =2 wm a = 6.

Bamaua 2. [Ipu Bcex a pemutsh ypashenue 2 + ax + 9 = 0.

Pewenue. Haxomum qucKpuMUHAHT:
D=a*—-36=(a—6)(a+6).
MeToaoM MHTEPBAJIOB OIpeIe/IsieM 3HAKHU JTUCKPUMIHAHTA!
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CooTBeTCTBEHHO, paccMaTpuBaeM cjeayoomue ciaydan. Ecan a < —6 wim a > 6, To ypaBHEHUe

UMeeT JIBa KOPHH:
—a++va?—36

= 2
) 2)
Ecim a = —6, TO KOpeHb OJIMH, U OH JIETKO HoJydaercs u3 dopmyisr (2): x = 3. Amasorndno,
ecn a = 6, To x = —3. Hakowner, ecim —6 < a < 6, TO ypaBHEeHUE He UMeET PEIIeHui.
— 2_
Omeem: Ecin a € (—o0; —6) U (6; +00), T0 © = =2EE=30 ey g = —6, 10 2 = 3; ecot a = 6, 10

x = —3; eciin a € (—6;6), To pemennii Her.

MoxkHO JaTh OTBET B OO0Jjiee CXKATOM BHUJIE, €CJIU <«IIPUCTBIKOBATby cjiydam a = +6 K 1mepBomy
clIydaro.

—a£va2-36.
) )

Omsem: Ecmm a € (—o0; —6] U [6; +00), TO * = ecm a € (—6;6), TO perteHuit HeT.

B kaxoMm nMeHHO BH/Ie 3alUCHIBATH OTBET — JIEJI0 BAIero BKyca. Mbl 00bIMHO OyeM MPeIIIOInTaTh
BTOPOII BapUaHT.

Bamaua 3. [Ipu Bcex a pemuts ypasuenue axr’ +x + 1 = 0.

Pewenue. 3nech Toxke X0odeTcd cpa3y HAIMCATH JUCKPUMUHAHT, HO JlaBaiiTe BCE YKe 3aMETHM, UTO
BO3MOKHO @ = (), U TorJja ypaBHeHue He OyJieT KBaJIpaTHBIM (TaK YTO HE O KAKOM JIUCKPUMHHAHTE
FOBOPUTH HE TPUJETCS). DTOT CIIydail HaJ0 PacCMOTPETh OTIETBHO.

[Iycts a = 0. Torna ypaBuenue npumet Bujg - + 1 = 0, otkyma © = —1.

[Iycrs Teneps a # 0. Torga ypaBhenue siBjseTcs KBaJIpATHBIM, U ero jguckpumutant D = 1 — 4a.
[Ipu a < 411 JIMCKPUMHWHAHT HEOTPUIIATENIEH, TIO9TOMY

S1xI—da
a 2a '

T

2



Ecmm xe a > %, 10 D < (0 1 ypaBHEeHHe He UMeeT KOPHEN.

Omeem: Ecm a € (—o0;0) U (O; ﬂ, TO T = % Va174a; ecma=0,T02x=—1;ecaua € (}L; +oo), TO

penienunii Her.

Banaua 4. Haiiure Bce 3HadeHust a, Ipu KaxKJI0M U3 KOTOPBIX OJUH M3 KOPHEH ypaBHEHUsI
2 2 _
= 2a+1xr+a"+2=0

B JiBa pa3a OO0JIbIIe JIPYToro.

Pewenue. Hpemﬂe BCero, ypaBHeHHE JOJIZKHO MMETDH JBa Pa3/JIMYHBLIX KOPHA, IIO3TOMY €Iro JUCKPU-
MHHAHT ITIOJIOZKHUTEJICH:

D=2a+1)*—4(a*+2)=4a—7>0,

OTKY/1a

a> T (3)

IIycth KOpHE Hamero ypaBHenus pasubl t u 2t. [lo Teopeme Buera mmeem:

t+ 2t =2a+ 1, 3t =2a + 1,
2 A 2 2
t-2t =a“+ 2 2t° = a® + 2.

Buipasum ¢ u3 mepBoro ypaBHEHUd, IIOJCTABUM BO BTOPOE M TIOCJIE ITPOCTBHIX ITpeoOpa30BaHMil
TTOJTY UM

a>—8a+16=0 < (a—4)* =0,
TO ecTh @ = 4. DTO 3HAYEHUE @ YJOBJIETBOPSET HEPABEHCTBY (3) 1 IIOTOMY TI'OJJATCSI.

Omeem: a = 4.

3amaua 5. [Ipu Kakux 3HAYEHUAX @ CyMMa KBaJIpATOB JIBYX Pa3/IUYHBIX KOPHEH ypaBHEHUs
22 —dax +5a =0

paBHa 67

P€’LLL6HU6. ypaBHeHI/Ie uMeeT JIBa Pa3/JIMIHBbIX KOPHA, IIO3TOMY AUCKPUMMUHAHT ITOJIOZKHUTEJICH!:
Dy = (2a)* — 5a = a(4a — 5) > 0,

OTKY/Ia
)
a <0 wm a> . (4)

[IycTh KOpHU paBHBI X1 U To. Meem:
6 = a7 + a3 = (2] + 20122 + 33) — 22122 = (21 + 22)° — 22122 = (4a)® — 2 - 5a = 164 — 10a.
[Tosrygaem KBaipaTHOE YpaBHEHHE

84> —5a —3 =0,

KOPHU KOTOPOTO a7 = 1 M ag = —% . BHaUeHNe a1 HE TOIUTCSI, TAK KAK HE YIOBJIETBOPSIET YCIOBHIO (4).
SHadeHune ayp yIOBJICTBOPSET ITOMY YCJOBHUIO U TIOITOMY TTOJIXOIHT.

Omeem: a = —% .



Bagaua 6. [Ipu kakux 3Hadenusx a ypasuenue (a — 3)x? — 2ax + 5a = 0 UMeeT TOJLKO MOJIOKU-
TeJIbHbIE KOPHU?

Pewenue. Ilpn a = 3 nmonygaem ypasuenune —6a + 15 = (0, koperb KoToporo mnojiozkuTesier. [loaromy
3HAYEHNE a4 = 3 TOAUTCH.
[IycTs Temepnb a # 3. YpaBHEHUE SBJISIETCS KBAIPATHBIM C JTUCKPUMUHAHTOM

Dy = a* — 5a(a — 3) = a(15 — 4a).
YcjioBue CyIecTBOBaHUS KOPHE:

15
a(l5—4a)>0®0<a<z. (5)

CaMu KOpHH MOXKHO He MCKaTh — Ha IIOMOIIb CHOBA IPUXOANT TeopeMa Bumera. B camom nene,
SICHO, 9ITO HEOOXOJIMMBIM U JIOCTATOYHBIM YCJIOBUEM IOJIOKUTETHLHOCTA KOPHe#H X1, To KBaJIPATHOTO
yPaBHEHHS CJIYKUT CHCTeMa HEPABEHCTB:

r1 4+ x9 > 0, 6
T1To > 0. ( )
(HeobxomumocTsb odeBuHA: €/ KOPHU 1, Lo HOJOXKUTEJIbHBL, TO 062 HepaBeHCTBa (6) BBINOJI-
HeHbl. Teneph moKazkeM JocTaTo9HOCTh. [TycTh 06a HepasencTBa (6) BBIIOIHAIOTCS. B crty BTOporo
HepaBeHCTBa 00a KOPHS MMEIOT OJIMHAKOBBIN 3HaK. Torja B CU/Iy IepBOTO HEPaBEHCTBa 00a KOPHH
[OJIOZKUTEJIbHBL. )
B namem ciygae cucrema (6) gaér:

OTKY/I& JIETKO HAXOJIUM
a<0 wm a>3. (7)

Hawm ocraércs nepeceds muozkectBa (7) 1 (5) U K MOy I€HHOMY [IEPECEIeHUTO T00aBUTDh HAlICHHOE
paHee 3HaYeHHE a = 3.

. [a.15

Omeem: [3, 1 }

Bagaua 7. IIpn kakux a ypasuenud 22 +ax +1 =0 u 22 + 2 4+ a = 0 uMeror o6t KOpeHn?
Pewenue. Tlpemmnonoxum, 910 x(o — 00T KOPEHb JaHHBIX ypaBHeHuii. Vimeem cucremy:

x3+aa:0+1:0,

x5+ 20+ a = 0.
Borunras u3 mepBoro ypaBHEHUs BTOPOE, ITOJIYIHM:
(a—1)(xg—1)=0.

Orciona ciaeayer, uro a = 1 wiu xg = 1. Hajgo pacemorpers 0ba 9Tux ciiydas.

Eciu a = 1, To oba ypasHenus coplajaior: 2 + z + 1 = 0. Dro ypasHeHue He MMeeT KOPHeii,
mosToMy @ = 1 He ToauTCs.

Ecim ¢y = 1, To u3 J1ob0oro paBeHCTBa CUCTEMBI MojydaeM a = —2. [Ipu manHoM a mcxojHbie
ypaBHEHUSA IPUHUMAIOT BHJI:

2 —204+1=0, 2°4+z2—-2=0.



[Tposepkoii ybexkaemcs, 9To0 £ = 1 B caMOM Jiejie ABJIgeTCs OOIUM KOPHEM JIaHHBIX ypPaBHEHUIA.
Omeem: a = —2.

HepeXOﬂI/IM K paCCMOTpPEHUIO KBa/IpaTHbBIX HEPABEHCTB C IIapaMeTpaMMH. Sﬂer MbI 3aTpPOHEM JINITb
HAJaJI0 JAHHOM TeMbI;, JIpyTrue BOIPOCH Oy/IyT M3JI0KEHBI B CIEAYIOMENH CTaThe.
Banaua 8. IIpu Bcex a pemuTh HepaBeHcTBO T2 — 2ax + 4 > 0.

Pewenuve. Haxomum IUCKPEMHHAHT KBaJpPATHOTO Tpéxwiena r2 — 2ax + 4:
Dy =a"—4.

Bo3MOXKHDI TPH BapUAHTa, PACIIOIOKEHIA apabosnl § = 2 — 2ax +4, n300parkKEHHbIe Ha PUCYHKE
(creBa Hampaso uiayT ciaydan Dy > 0, D1 =0 u Dy < 0).

WEAVENY,

[Iycts Dy > 0, 0 ecth a < —2 wim a > 2. Torja napabosia nepecekaeT ocb X B JIBYX TOYKAX:
r1=a—Va*—4, r3o=a+Va*>—4.

MHOXKeCTBO pellleHuii HepaBeHCTBa COCTOUT U3 TeX T, IPU KOTOPbIX ¢y > 0 (Beb UMEHHO TAKOB
3HAK PeIaeMoro HepaBeHCTBa); TO eCTh U3 TeX X, IPU KOTOPBIX IPapyK MPOXOIUT BhIIIE OCU abOCIHUCC:

r<a—va*—4, x>a+Va*>—4.

[Iycts Teniepsr Dy = 0, 0o ectb a = +2. [lapabosia kacaercsd ocu X B TOUYKE & = a; MHOXKECTBO
peIlleHunii HaIlero HepaBeHCTBa — BCe T 3a UCKJIIOYEHUEM TOYKH .

Hakonen, nycts Dy < 0, 1o ectb —2 < a < 2. Torma mapabojia JIE2KUT 1EJIUKOM BbIle ocu X, U
JIFOOOI T CJIY2KUT pellieHneM Halllero HepaBeHCTBA.

Omsem: Ecmm a € (—o0;—2] U [2;400), T0 # € (—o0;a —Va®> —4) U (a+ va® —4;400); ecn
a € (—2;2), ro x yoboe.

X

Bagaua 9. Haiitu Bce Takue a, uro permenus nepasenctsa r2 + (a—5)z — 2a® +2a+4 < 0 o6pasytor
OTPE30K, JUIMHA KOTOPOro 0oJIbIIe 6.

Pewenue. Haxoaum JMCKPUMUHAHT KBaJpaTHOro Tpéxwiena 2 + (a — 5)x — 2a* + 2a + 4:
D= (a—5)?—4(—2a>+2a+4) =9a*> —18a + 9 = 9(a — 1)
Toryia KOpHU 3TOTO TPEXUIEHA:

—(a—5)x3(a—1)
5 ;

T2 =

TO €CTb
—a+54+3a—3 —a+5—3a+3
T = 5 =a+1, x9= 5 =4 — 2a.




B zaBucumocTu ot Toro, Kakoit u3 KopHeit 60jIbIe, MHO2KECTBOM PENIEHUN JaHHOIO HEPABEHCTBA
sIBJIsieTCs1 b0 OTPe3oK [a+ 154 — 2al, 160 orpe3ok [4 —2a; a+ 1] (mbo TouKa B CIydae COBIAICHMUs
kopHeii). Ho HaM Her Hy Kbl 3aHUMATHCS 9TUM (IIyCTh U HECJIOKHBIM) uccyeoBanneM. Bejib nnHa
OTpe3Ka peleHuil B JII0OOM cIydyae paBHA:

|zy — x| = [(a+ 1) — (4 — 2a)| = [3a — 3|.
B cooTrBercTBUE € ycaoBuEM IoIydaeM HEPaBEHCTBO:

13a — 3| > 6,
TO €CTb

la — 1| > 2,
oTkyja a < —1 wm a > 3.
Omsem: a € (—o0; —1) U (2; +00).
Samenarue. 3a71ay MOKHO OBLITO PEITUTD 1 6€3 IBHOIO HAXOXK IEeHI KOPHE — a UMEHHO, ¢ ITOMOIITHIO
Teopembl Buera. B camom 1ese, HepaBeHCTBO

|$1 - l’2| > 6
9KBHUBAJIEHTHO HEPABEHCTBY

36 < (11 — 29)? = 2] — 2m1m9 + 25 = (21 + 22)* — 41 T0;

a KaK JIefiCTBOBATD JIAJIbIIE, BAM yKe U3BECTHO.

Mp1 xoresm ObI OTMETUTH JIMIIb, YTO €CJIU JUCKPUMUHAHT OKA3bIBAETCs ITOJTHBIM KBaJIPATOM, TO
JIJIsT KOpHell KBaIpaTHOTO TPEXUIeHA MOJIYyvaloTCs BhIpaXKeHUs, He CoJleprKalliie PajInKajgoB, U 3TO
00CTOSITE/IHCTBO YACTO YIpoIaeT perrerne 3agadn. OIHAKO TaKOil «IIOJAPOK CYAbOBI» IIONAIAeTCs
JlasIeko He Bcerjia. B cremytoreit cratbe Oy/IyT PacCMOTPEHBI 33/Ia9H, B KOTOPBIX HCIIOJIHL30BAHUE
sIBHBIX BBIPaKeHUI JIJ1s1 KOpHENl MPUBOJUT K TEXHUYECKUM TPYIHOCTSM W PeIleHNe OTbICKNBAETCs
UHBIMHI METOIAMI.





