YpaBHeHUA v
HepaBeHCTBa C
napamMmeTpamMu




YpaBHeHUEe Bnaga AX=b, rge A, b — BblpaXeHus, Y

3aBucsLMe OT NapamMeTpoB, a X- Heu3BeCTHoe, ces
Ha3bliBaeTCs NIMHEUHbIM YpaBHEHUEM C .
napameTpamm.

PewwnTb YpaBHEHNE C NapaMeTpaMn — 3HAYUT OJ14 BCEX 3HA4YEHUN napamMmeTponB
HaWUTU MHOXXECTBO BCEX KOpHeI7I 3a[laHHOIo ypaBHEHUA.

JlnHenHoe ypaBHeHWE UccnenyeTcs no criegyollen cxeme:

1. Ecrin A=0, To umeem ypaBHeHue 0-x=B. Toraa, ecnu, kpome Toro, B#0, 10
ypaBHEHNE HEe UMeET pelieHun, a ecnu B=0, To ypaBHeHne nmeet Bug 0
X=0 n yooBneTBopseTCA Npu MoboMm X, T. €. peLLIEHUEM YpaBHEHUS ByaeT
MHOXXECTBO BCEX AENCTBUTENBbHbIX YnCen.

2, Ecnin A#0, TO ypaBHEHME NMEET eANHCTBEHHOE peLueHne x=B/A.

3ameyaHue. Ecnu nnHenHoe ypaBHeEHME NN ypaBHEHWE, CBOASILLEECS B
NUHEenHoMmy, He npeacTasneHo B Buae Ax=B, To cHa4dana Hy>XHO npuBecTu
ero K cTaHgapTHOMY BMAY M TONbKO NOCNe 3TOro NpoBoanTb
nccriegoBaHue.

Ecnu onsa kaknx — HUByab 3Ha4YeHUW NapamMeTpoB ypaBHEHNE HE NMEET
CMbICIa, TO ANns 9TUX 3Ha4YEHU NapamMeTpoB OHO HE UMEET PELLEHUN.
Kpome 3Toro, ypaBHeEHME MOXET HE UMETb PELLEHNN N NMPU aPYrnx
3Ha4YeHUAX NapamMmeTpoBs.



[Tpumepl. [nsa ecex 3HadyeHuU napamempa K coe

pewums ypasHeHue (k+4)x:2k+1

YpaBHeHme yXe 3arfnncaHo B CTaHAapTHOM BUAE, NO3TOMY npoBegem
ero unccriegoBsaHue rio yKa3aHHOl7I BblLLE CXEME.

1. Ecnu k+4=0, 1. e. k= -4, T0 ypaBHeHne umeet sBng 0 -x=-7. 310
PaBEHCTBO HW MPU KAKOM X He BbIMOSTHAETCH, MO3ITOMY YpaBHEHME
HEe MMEET peLleHnin: x€J.

2. Ecnn k+4#0, T. e. k#-4, TO 00€e YacTn ypaBHEHNSI MOXHO OENMUTb Ha
k+4.

_ 2k +1
Toeoa X_k+4'
Omeem:ecnu k=-4, mo xeJ;

2k +1

ecnu k#-4,mo X:k+4'
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[pumep2. [ns ecex 3HayeHuU napamempa a oo
pewums ypasHeHuUe ja—1 x+3a—-4=0
3anuwem YypasHeHue 6 cmaHoapmHom eude %a ~1|x+3a-4=0

Cxema uccnedosaHus.

1)§a—1 =0<a :g. Toz0a ypasHeHue umeemsud 0-x=0.

3mo paseHcmeo 8epHO npu nrbom x. CrnedosamesibHO, PelieHUeM YpasHEeHUSs
bydem ece mHoxecmeo delicmeumenbsHbix yucen: xeR.

N3a-120cax?. Tosdax=2"38__4,
4 3 §a—1
4
Omeem:ecnu azg, mo xeR
4

ecnu a;tg, mo x=-4,



lpumep3. [ns ecex 3HayeHul napamempa p o
pewums ypasHeHue (p2—1)x:p3 +1.

)p2-1=0< p==+1.
[lou p=1ypasHeHuUe umeem eud 0-x=2.CnedosamesibHo, X € .
[pu p=-1ypasHeHue umeem eud 0-x=0.CnedosamersbHo, X eR.

2
_p>H_ (p+1)(p _p+1):p2—p+1_
p%-1 (pH)(p-1) p-1
Omeem:ecnu p=1,mo Xe® ecnu p=-1,mo xeR;

2)5020a® < p=+1.

p+1

ecnu p#+1,mo x= pP—p+1
p—1
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lpumep 4. [lpu kakux 3Ha4YeHUSX Napamempa a ypasHeHue eoe
a+l_ 2a o

umeem riosioxKumeribHble peWeHUA.
X—a a—-2

Ecnnua=2,mo xc@.

Ecnu a=2, mo ypasHeHue padHOCUTbHO cucmeme

2::7(x—e.'):(a+1)(a—2),<:> 2ax=3a2—-a-2,
x—a=0 X+ a.

NEcnu a=0,mo umeem 0-x=-2=xc .

3a2—a—2
2a
Halidem 3HayveHuUsI napamempa a, ripu Komopbix x=a. Vimeem:

2 2 _ — 1
3a _3_2:3@{3 —a—20,C{a ,

2)Ecnu a+0 (u a¢2),mo X=

2a a=0 a=2.
Takum obpasom, ecriu ac {—1;0;2},mo LUCXOOHOeypasHeHUe He uMmeem pellieHUs,
3a2—a—2_

2a
3mo peweHue 6ydem rios1oxXumernbHbIM, €C/IU napamemp a yooes1emeopsiem HepaseHemsy

2
2 3(a—1)[a+—}
3a®-a-2_ 4., 3/.0.
2a 2a
Pewium riosly4eHHoe HepaseHCcmeo MemodoM UHMeps8asos:

ecnu a¢ {—1;0;2},mo OHO UMeem eGUHCMBEHHOoe pellieHUe X =
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3 HangeHHOro MHOXeCcTBa 3Ha4YeHUW NnapamMeTpa a Hado eLlle UCKIIYUTb
a=2, Npy KOTOPOM ypaBHEHNE HE UMEET cMblicria. OcTaribHble 3Ha4YEHUS
napamMmeTpa a, Npu KOTOpbIX YpaBHEHNE HE UMEET PELLEHUS MHOXECTBY

(-2/3;0)U(1;+=) He NnpuHaLNEXUT.

Omeem:npu ae{—g;O]u(1;2)u(2;+oo).
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[pumep 5. [lpu Kakux 3Ha4YeHUSX napamempos a u b ypasHeHUe | e

(Zaebl)weea%peWeHuEl

B OaHHOM criy4ae Heobxo0umo u docmamoyHo, Ymobhbi
{28+b=0,¢j{b=—28, Cj{b:—Za,
a+b—1+0 a—2b—1+0 a=—1
unu,4mo pasHoOCUIIbHO,
{a:—bIZ, <3(&1:—1912,
—bl2#-1 |b#2.
Omeem:npu a#—1,b=-2a(unu a=-bl2, b+ 2)



YpaBHeHUA v
HepaBeHCTBa C
napamMmeTpamMu

KBagpaTHble ypaBHEHUS




YpaBHeHUne Buga AX® rbX+LU=U, rge A, o,C —
BblpaXeHusl, 3aBUCSILLiMe OT NapamMeTpoB, a X-
Heu3BecTHOe, Ha3bIiBaeTCH KBagpaTHbIM
ypaBHEeHMEM C napameTpamMum.

B MHOXecTBe OeACTBUTENbHbIX YNCEN 3TO YypaBHEHME

vccnegyeTcs no cnegytoLlen cxeme.

Ecnn A=0, To nmeem NMHENHOE ypaBHEHUE Bx+C=O.

Ecnn A#0 u gUCKpMUHAHT ypaBHeHUs D= B2 -4AC<0,
TO YPaBHEHUE HE UMEET AENCTBUTENBHbIX PELLUEHUN.

Ecnn, A0 n D=0, To ypaBHeHMe UMeEeT eAUHCTBEHHOE
pelleHune x=-B/2A NUNK, Kak eLLle roBopsr,

COBMagaoLme KOpHU X, = X,

=-B/2A.
4. Ecnn A#0 n D>0, TO ypaBHeHME NMEET ABa Pa3nMYHbIX

KOPHS

v -—BxJD
12°  2A
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[lpumep 6. Halimu ece 3Ha4yeHuUs napamempa a, 0711 Komophbix KeaopamHoe | e e ®
2 _ o0
ypasHeHue (a—1)x +2(23+1)x+4a+3_0 ®

a)umeem 0sa pa3/fiuY4HbIXKOPHS;0)He umeem KopHel; s)Jumeem OOUH KOPEHh.

LaHHoe ypasHeHuUe no ycriosuro aes19emcsa KkeadpamHbiM, 1O3mMomy
a-1x0< a#1. Paccmompum QUCKpUMUHaHM ypasHeHUs

D=4(2a+1°~4(a—1)(4a+3)=4(5a-+4]
CoennacHo cxeme UCCﬂeaoeaHU}?, umeem.

D>0, ([4(5a+4)>0, [a>-2
a) = = 5
a#1 a1

Omeem:ecnu a>—ﬁ u a¢1,mo ypasHeHue umeem dsa Pa3NMUYHbIX KOPHA,

S
ecnu a <—g,mo OHO He uMmeem KopHedl,

ecrnu a=—g,mo OHO umeem o00uUH KOPEeHb.



lpumep 7. [lpu Kakux 3Ha4YeHUsIX napamempa a
ypasHeHue (a+6)x2 +2ax+1=0 umeem eduHcmeeHHOe peweHue.

[lo ycriosuro 3a0aqyu ypasHeHUE HEObSA3ameribHO A8/1I9emcs
KkeadpamHheiM, MOaMomy Hado paccMompems 08a Criy4as.
N)a+6=0<a=-6.llpu amom roriy4aem nuHelHOoe ypasHeHuUEe
—12x+1=0, komopoe umeem eOUHCMBEHHOE PelieHUe.

3mo peweHue rno ycriosuto 3adadyu Heobss3ameribHO Haxooume.
2)a=—6. B amom criy4ae ypasHeHUE A8/19emcs KeaOpamHbIM U
umeem eOUHCMBEHHOE pPelieHue,

ecru duckpumuHaHm D=4a2 —4(a+6)=4(a2 —a—6)

paseH Hymio, me.al—-a-6=0<a,=3,a,=-2

1 2

Omeem:npuac {—6;—2;3}
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lpumep 8. [lpu Kakux 3Ha4YeHUsIX napamempa a
ypasHeHue (a2 —a—z)x2 +(a+1)x+1=0 He umeem peweHud.

CHoesa Ha0o paccmompemp 08a criyyas.

1)32—a—2:0<:>a1 =2,a,=-1.
[lpu a=2 nony4yaem nuHelHoe ypasHeHue 3x+1=0,

KOmMopoe umeem peuieHue.

[lpu a=-1ypasHeHue umeem eud 0-x2+0-x+1=0,
[103MOMYy He uMmeem peweHud.

2)a2 —a-2#0<a,#2,a,#=—1. B 0aHHOM criy4ae ypasHeHue

1 2
sen19emcs keadpamHbIM U OHO HE uMeem peweHull,

ecrnu duckpumuranm D=(a+1)2 —4(a2-a—-2)=-3a2 +6a+9=
:—3(a—3)(a+1) ompuyamerseH, m. €.

§)<0<a>—3( —3)(a+1)<£c>( —3)@ +1)>0c> e(—oo;—1)u(3;+oo).
Tenepb ¢ y4emom repsoao Criy4as nosay4yaem

Omeem:npu ac (—oo;—1]u(3;+oo).



[pumep 9. [lpu Kakux 3Ha4YeHUsx napamempos au b o0
ypasHeHue (a2+a—6)x2 +(a—b+4)x+a2+4a+3=0

umeem He MeHee mpex pasfiudyHbIX pelueHud.

Ecrnu keaOpamHoe usu rnuHelHoe ypasHeHue umeem bosiee 08yx
pa3nuYHbIX peweHul, mo OHO 0bsi3ameribHO uMeem beCKOHEYHOEe
MHOXXEecmeo peweHut, cosnadarnujee ¢ R.

3mo 803MOXXHO moada U morsibko moeda, koeda ypasHeHue umeem sud

0-x2 +0-x+0=0,m.e.

a’+a-6=0 [8=2a,=-3
la—b+4=0 < )b-a+4 cz{zi;s
a®+4a+3=0 \33:_1’84 =3 )
émeem:npu a=-3,b=1.
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lpoumep 10. [ns ecex 3HaydyeHuUU napamempa a it
2 o0
pewums ypasHeHue (a—1)x —2ax+a+2=0 o
Na-1=0< a=1.YpaeHeHue umeem eud -2x+3=0< x:%
2)a#1. Halidem duckpumuHaHm ypaeHeHus D= 4a2—4(a—1)(a+2):—4a+8.
B 3aeucumocmu om 3HavyeHus D e03MOXHbI Criyyvall.
D<0 [-4a+8<0 [a>2 .
a) & & & a>2. YpaeHeHue He umeem peuieHui, m.e. Xxe .
a#1 a+1 a+1
6) 00 4480 o o roedax=2 -2 o
;&1 a+1 a-1 2-1
e) D>0<:> —4a+8>0<:> a<?, YpaeHeHu e umeem 0ea pasfuyvHbIX KOPHS X _2aty-4a+8 _aty2 :
a=1  |a#1 a+1 12 2(a-1) a- 1
2

Omeem: ecniu a=1,mo X=§;

ecnua=2,mo x=2.
ecnu a>2,mo xe <
atv2-a

ecnua<2ua#1,mox =
’ a1




YpaBHeHUA v
HepaBeHCTBa C
napamMmeTpamMu

KBagpaTHble ypaBHEHUS.
Teopema Buera.
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KBagpaTHbIMU YpaBHEHUSAMU, cOAepPXKaLLUMMU
napamMmeTpbl, UICNOMb3YIOTCH crieAyloLine TeopeMbil.

Teopema Buema.

Ecnu X, X, —KOpHU K8aOpamHo20 ypasHeHUS Ax2+Bx+C= 0,A=0,mo

1, 2

X1-|—X2=—

v -C
%= A

Teopema.
Lnss moeo, Ymobbl KOPHU KeadpamHo20 mpex4yieHa Ax2+Bx+C

)

>

6bin1u delicmeumeribHbl U UMENU 0OUHaKo8ble 3HaKu, Heobxo0umo

u ocmamoyYHO 8bINnoJIHeHUe credyrowux ycnoeud:
D=B2-4AC>0,x,-x,=%>0

172 A
[pu amom oba KopHs1 6yOym rnonoxumesibHbiMU, €CrU XX, :—% >0,
u oba ompuyamersbHbl, eciu X, +X -_B.o.

172 A



1Ipy peweHnn MHOIrmx 3agad, CBsA3aHHbLIX C PP

KBagpaTHbIMU YPaBHEHNAMU, coaepXKaluMm oo
napameTpbl, MCMONb3YOTCS CneayloLme -4
TeopeMbil. :

Teopewma 2.

[Insi mo2o, 4mobbi KOPHU keadpamHoao mpexdreHa Ax2 +Bx+C
6biriu OelicmseumeribHbl U 06a Heompuuameribi uriu 0ba HernoIoXumeribHal,
Heobxol0umo u 0oCmamoyYHO 8bINOJIHEHUE Credyrowux ycrnosuu:

D=B2_4AC>0,x,-x.=C>0

172 A~
[pou amom oba kopHs 6yOym HeompuyameribHkl, ecriu X+ Xo = —%zo,
u 0ba KopHst 6yOym HerornoxumeribHbl, eCriu X+ X :—/Ej\go.

Teopewma 3.

L5t moeao, Ymobbl KOPHU KeadpamHO20 mpexyrieHa Ax2+Bx+C
Obiniu OelicmeumerbHbl U UMENU pa3Hble 3HaKU,
Heobxo0umo u ocmamoYHO 8bINONTHEHUE YCII08US -

C
X, Xn="2

17%=a<0
[1lpu amom ycrniosue D=B2-4AC >0 ebInosIHIemcss asmomMamu4ecku.



Mpumep 11. [lpu Kakux 3HaYeHUsX napamempa a it
2 2_ - eo0o0
ypasHeHue x4 —2(a+1)x+a2=0 umeem delicmeaumeribHbl€ KOPHU o0
o

cyMmMma Kk8adpamos KomophbiX pasHa 4.

o ycriosuto ypasHeHue 0mKHO uMmems delicmaumerbHbie KOpHU,m.e.

2
Dx0, x £+ %:194x X KoB ypasHeHus
3Hayum,

D=0 2 5
B=4( +§ —-4a¢c=8 +4,
X12+X§ =4 ( a

X2+X§ :(x1 +x2)2—2x X —4(a+1)2 —2a2=2a2 +8a+4

1 172
mak Kak rno meopeme Buema Xy +Xg :2(a+1) XX =a2
( 1 ra>—1
8a+4>0 a>—— -2
2 << 2 Qe a=—4
227 18ar4=4 |5.2 5o L=0

omcroda a=0.
Omeem:npu a=0



lpumep12. [lpu Kakux 3Ha4YeHUax napamempa m ces

ypasHeHue X2 —mx—20m=0 umeem delicmeumersnbHbie KOPHU
omjsu4varouwuecsi opyz om opyea Ha 9.

Mo ycrosuro D=0 u X, —X, =9 unu x2-X,=9,m.e. ‘x1 —xz‘:9<:>(x1—x2):81

IS (x1+x2 )2 —4(X1X2 ):81

Tak kak D=m2 +80m, a no gpopmynam Buema (Xq+Xg)=m, (x4x5)=-20m,
mo umeem
m? +80m=0
m? +80m=81

Omeem: npu me{—8 1;1}.

<:>m2+80m:81<:>m1:—81 m,, =1



YpaBHeHUA v
HepaBeHCTBa C
napamMmeTpamMu

KBagpaTHble HepaBeHCTBA.




HepaBeHcTBa BugoB Ax? +Bx+C>0 (20), Ax? +Bx+C<0 (<0)
roe A, B,C — BbipaxeHus, 3aBucsLme ot napameTtpoB, A¥0? a
X- HEU3BECTHOe, Ha3bIBalOTCHA KBaApaTHbIM HepaBeHCTBaMM

C napamMeTpamu.

HepaseHcTBo Ax? +Bx+C>0 nccrnenyercs rno crieqyloLen

CXeMe.

2. Ecnin A#0 n guckpummnuant D>0, To pasnarag
KBa4paTHbIN TpeaneH Ha MHOXUTENN, NONy4num
HepaBEeHCTBO A(x X, )(X-X,)>0, rae X, X,~KOpHW
ypaBHeHusa Ax? +BX+C= 6 |

MHOXeCTBO AeuctButenbHbiX Yncen R; npu A<O
HepaBEHCTBO pPeLLeHNN He UMEET.

OcTarnbHble HepPpaBEHCTBA UCCJ1IeAyiTCA aHaJ10OTM4YHO

Ecnun A=0, To nmeem nnHemnHoe HepaBeHCcTBO Bx+C>0.

Ecnu, A#0 n D=0, To umeem HepaBeHcTBO A(X-X,)*>0.
Ecrin A#0 n D<0, To npn A>0OpelueHnem byaeT Bce



YacTo npu pelueHnn KBagpaTHbIX HEPaBEHCTB MCNOMb3ytoTCs oo
crneqyoLme cBonucTBa KBa,El,paTHOFO TpexuneHa Ax? +Bx+C: bt

1. Ecriv A>0 n D<0, To Ax? +Bx+C>0 npu Bcex X;

2. Ecnn A<0 n D<0, To Ax? +Bx+C<0 npu Bcex X.

[Tpn PELLEHNM MHOTVX 38[1a4, CBA3AHHLIX C KBagpaTU4HON
dyHKumen f(x)= Ax? +Bx+C, A#0, B 4aCTHOCTU, NpU peLLeHnm
KBagpaTHbIX HEPABEHCTB yno6Ho MCMoSib30BaThb
cxemartunyeckoe nsobpaxeHue rpadumka yHkumm y=f(x)-
napaborsibl, KOTOpad B 3aBUCMMOCTU OT KO3pdumumeHTa A 1
onckpummHaHta D nmeert criegyolimne pacnonoXeHus
OTHOCUTENBHO ocK abcuuce.

A>0 v A>0 A>0
b<0 D=0 D>0

X X1 \/XZ

X X X,
A<0 A<0 A<0
D<0 D=0 D>0
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Mpumep13. [ns ecex 3Ha4yeHul napamempa p aoo’
HepaseHCcmeo x2 4 2(p+1)x+ p?>0. : °
Hatidem duckpumuHaHm
D=4(p+1)2—4p2:8p+4:4(2p+1).
BoamoxxHb! criyqau.
NVoecmp p 2 1< I&%K&?K KoaghpuyueHm rpu x pae?-gbtﬁ 1,
ron10XXUMeseH,mo HepaseHCMeo 8bINOIHAEMCS rpu ecex x,m. e. xe R.
2)D=0= 2p+1=0®p=—%.
2
[pu amom HepaseHcmeo umeem suo x2+x+%>0<:> [x+%} >0< XG{—oo;—%Ju{—%Hoo].
3)DoddexBpaddarupsip wp%aneH pacrnonoxXeHHbll 8 , neeol yacmu

HepaeseHcmea, UMmeem KOpPHU

X4 =—p—1—./2p+1, x2=—p—1+,/2p+1,

npudem X1 < X2. Pasnaesas amom mpexdrier Ha MrRoXXumenu, Umeem .

(X—X1J[X—X2J>O, omkyOa MmemooOom UHmMepsanos Haxooum:



X
1 X2

x €|—o0; X Ju (xz ;+o0)
3amMeTuMm, 4To criydam 2 n 3 MOXXHO OO bEOVHUTD.

Omeem :ecau p < —é,mo XER,

€Cﬂup2—%,m0xe(—OO,'—p—l—JZp-I-l)U

L p=14+2p+1+0)



