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BBepeHue

«Kpynnoe nayunoe omxpoimue daem peuieHue
KPYNHOU Npoobiembl, HO U 8 peuleHuu 1000 3a0a4u
npucymcemeyem Kpynuya omkpvlmus. 3a0ayd, Komopyro 6bl
pewaeme, Modicem Obimb CKPOMHOI, HO, eClu OHA bpocaem
861308 sauLell TI0OO3HAMENLHOCIU U 3ACMABISAem 8dc ObIMb
uz0bpemamenbHbiM, U, €CU 8bl peuiaeme ee
COOCMBEHHBIMU CULAMU, MO Bbl CMOJICEME UCTLIMAND
gedywee K OMKPbIMUIO HANPSJICeHUe YMa U HACIAOUMbCs
paoocmuvio nooeowl. »

(1. ITo#a. Kak permats 3amaqy.)

Pemienne 3amay ¢ mapaMeTpaMu SBJISIETCS OJHUM M3 CaMbIX TPYIHBIX Pa3JeiioB
IIKOJBbHOH MaTeMaTUKU U TpeOyeT OOJIBIIOro KOJIMYECTBa BpEMEHM Ha MX u3ydeHue. [lpu
pELICHUH 3aJad C MapaMeTpaMu TpeOyeTcs, KpOME XOpOIIEro 3HAaHUs CTaHIAPTHBIX METOJIOB
pelIeHnii ypaBHEHUI 1 HEPaBEHCTB, YMEHHE MPOBOJUTH JOBOJLHO Pa3BETBICHHBIC JTOIMYECKHE
MOCTPOCHHS, aKKypaTHOCTh W BHHUMATEILHOCTh JUIsI TOTO, YTOOBI HE MOTEPSTHh PEIICHHE M He
nprobpecty JUITHUX. ITO TpeOyeT OT MKOIbHUKA 00Jiee Pa3BUTOTO JIOTUYECKOTO MBIIUICHUS U
MaTeMaTHYECKOW KYyJIbTYpbl, HO, B CBOIO O4Yepeab, 3TH 3aJa4d CaMH CIIOCOOCTBYIOT HX
pa3BuTHi0. OMBIT BBITYCKHBIX 9K3aMEHOB IMOKA3bIBAET, YTO YYAalllMecs, BJIAJCIONINE METOJaMU
UX pelieHust, 00BIYHO YCIICIIHO CIIPABJISIOTCS U C IPYTUMU 3aa1adamu. Ho B TO ke BpeMs 3a71auu
C mapaMeTpaMmi, BKIIIOUEHHBIE B coaepxanue EI'D mo maremaTnke, O4eHb 4acTO OKa3bIBAIOTCS
HE MO0 CHJIaM y4YalluMcs. JTO, BOOOIIE TOBOPS, HE YAMBHUTEIBHO, MOCKOIBKY Yy OOJIBIIMHCTBA
yYaIuXxcsl HET JOJKHOM CBOOOBI B OOIIEHHUH C MapaMeTpaMHu.

Teopernueckoe m3ydeHHe (PU3MUYECKUX TPOIECCOB, PEIICHWE SKOHOMHUYECKHX 3a/ad
4acTO MPHUBOAMT K PAa3UYHBIM ypPaBHEHUSM WM HEPABEHCTBAM, COJIEPIKAIIUM I1apaMeTpbl, U
HEOOXOMMMOW 4YacThl0O WX pEIIeHHs] SBISIETCS HCCIENIOBaHWE XapakTepa TIporecca B
3aBHCHMOCTH OT 3Ha4YeHUH mapameTpoB. Takum 00pa3oM, 3aa4M ¢ mapaMeTpamMu MPEICTaBISIOT
co0oif HeOoIbIIINE HCCIIeI0BATENbCKHIE 3aJauu.

K coxxanenwuro, B mporpaMmax mo MaTeMaTHKe JJIsl HECTIEIIMATU3UPOBAHHBIX LIKOJI 33]]a4aM C

napaMeTpoM NpaKTUYECKU HE OTBOJUTCSA MecTa. Mexy TeM, popMUpOBaTh YMEHHE ydaluxcs
BUJIETh B BBIPAXKEHUHU YHCII0, 0003HaUEHHOE OYKBOM, HEOOX0AMMO Ha HaYaJIbHBIX CTYIMEHSAX
oOyueHus Matematuke. B 5 kiacce nmpu moBTOpEHNH CBOMCTB YUCEN MOKHO PAaCCMOTPETh
npumepul.

1) Ilpu kakom HamMypanrbHOM 3HAYEHUU A BEPHO PABEHCMEBO!

aa +7=7+15

0)3-a=8-3?

2)I1pu kaxux HamypanvHelx 3Havyenusax b denenue 18 : b evinonneno 6ez ocmamxa?

3) Ilpu kaxux namypanvhvix 3navenusx b npu denenuu 16 : b 6 ocmamxe nonyuumces 1?
4)IIpu kaxux HaMypanbHbIX 3HAYEHUAX € 8epHO Hepagencmeo [2¢ < 100?

5) Ilpu xaxux namypanrbuvix 3HA4eHUsX p 6epHoO HepaseHcmeo 12 <5p <507
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IIpu n3ydenuu TeMbl "PenieHne ypaBHEeHUH" ydanmecs 3HaKOMSTCS C ONPEIeTICHUEM TOHATHS
"KOpeHb YpaBHEHUS'", BBI3BIBACT HHTEPEC U CIIOCOOCTBYET 3aIIOMUHAHUIO ONPEICICHHS KOPHS
YpaBHEHUS CIENYyIOIEE 3a/laHue:

Yxascume snauenue a, npu komopom uucno 5 sansemcs kopuem ypasnenus ax = 20.

B 3akmrouenue nzydyenus temsl "JlelicTBUS ¢ pallOHAIbHBIMU YMCIIAMU' HAa ypOKax MaTeMaTUKU
B 6 KJIacCe MOKHO paccMaTpuBaTh IpUMeEpHI penieHus ypaBuenui Buaa 0x = 5; Ox =0,
npeJiaraTh 3aJaHus pa3BUBAIOIIETO XapaKTepa B YCTHOM paboTe, a 3aTeM U B MHAWBUIyaJIbHOM
nuddepeHnrpoBanHon paboTe cienyromue ypapaenus: 1) Ox = a; 2) bx = 0.

1) Ilpu kaxux 3nauenusx a ypasuenue 0x = a e umeem pewenuii? Ilpu kaxux sHaveHusx a
ypasHenue umeem 6eCKOHeuH0e MHOHCECMBO PeueHUi?

2) I1pu kakux 3navenusix b ypasnenue bx = () umeem beckoneunoe MHONCECMBO peuleHuli?

Ipu xaxux 3nauenusx b ypasuenue bx = () ne umeem pewenui?

Ha BHeypouHBIX 3aHATHUAX IO MaTEMATHKE B 6 KJlacCe pacCMaTpUBAETCs PELICHUE YPaBHEHUM C
napaMeTpaMH BHJA:

)ax=06 2)(a—1)x=283 3)bx=-5

[Tponomxuth paboTy MO PEIICHUIO MPOCTEHIINX JIMHEHHBIX YPaBHEHU ¢ MapaMeTpamMu U
MPUBOJUMBIX K HUIM MOXHO B 7 KJIacce MpY U3Y4eHUU TeMbl: "Pellienne TMHeHHbIX ypaBHEHUN'".

3ajayn ¢ nmapaMerpamMu MOXHO U HYXXHO HCIIOJIb30BaTh, YK€ HAauMHas C JIMHEHHBIX U
KBaJIpaTHbIX ypaBHEHUII M HEPABEHCTB. DTO MOIYT OBITh 3a/laud HAXOXJIEHHS PpELICHUN B
oO1ieM BuUe, ONpeneaeHHs] KOPHEH, yIOBIETBOPSIIONINX KaKUM-THM00 CBOMCTBAM, UCCIIEI0BAaHUS
KOJINYECTBA KOPHEW B 3aBUCHMOCTH OT 3HAYEHUI ITapaMeTpa.

Baxxno, 4TOOBI MIKOJIBHUKHU YK€ HA MEPBBIX MPOCTHIX MPHUMEpPaX YCBOWJIH: BO-TEPBBIX,
HEO0OXOUMOCTh aKKypaTHOT0 oOpallieHus ¢ mapaMeTpoM — (UKCUPOBAHHBIM, HO HEU3BECTHBIM
YHCIIOM, TIOHSUTM, YTO OHO MMEET JBOMCTBEHHYIO MPUPOIY (C OAHON CTOPOHBI ATO HEKOTOPOE
YHUCIO0, C JAPYrod CTOPOHBI CTEHNEHW CBOOOJABI OOIIEHUS C HHUM OTIPaHUYMBAETCS €ro
HEM3BECTHOCTHIO); BO-BTOPBIX, YTO 3alMCh OTBETA CYIECTBEHHO OTIMYAETCS OT 3alHCH OTBETOB
AQHAJIOTMYHBIX YpaBHEHUI U HEpaBeHCTB 0e3 mapaMmerpa.

Metonudecku ObuIO Obl MPaBUIBHO KAXKIBIM MPONACHHBIA THUIl YpaBHEHMH 3aBepLIaTh
3a/layaMM € HCIOJb30BaHUEM IapameTpa. Bo-mepBbIX, MIKOJBHUKY TPYJHO HPHUBBIKHYTH K
napaMeTpy 3a JBa-TpU 3aHATUS — HY)KHO BpeMs; BO-BTOPBIX HCIOJIb30BaHUE MOJIOOHBIX 3a7au
yIy4IllaeT 3aKperuieHue NpoiIeHHOro MaTepuala; B-TpeTbUX, OHO CIIOCOOCTBYET Pa3BUTHIO €T0
MaTE€MaTUYeCKOW W JIOTMYECKON KyIbTYpbl, a TakK€ pPa3BUTHs HMHTEpeca K MAaTEMAaTHKE,
IIOCKOJIBKY OTKDBIBA€T IIEPE] HUM HOBBIE METOJbI M BO3MOKHOCTH JUISl CaMOCTOSITEIIBHOTO
MIOKCKA.

[loaTomMy Hamia Leiab — HAay4duTh ydYalIMXcs METOAAM PELIEHHS 3a1ad C [apaMeTpoM,
IIOMOYb TPEOJIONETh TCHXOJOTHYECKUH Oapbep, KOTOPbI OOYCIOBIEH MPOTUBOPEUUBBIMU
XapaKTEepUCTHUKAMH MTapaMeTpa.



NMoHAaTHe YPaBHEeHUA C napamMmeTpamMu.

UYro Takoe ypaBHEHHUE C MapaMETPOM?

ITycts mano ypaBuenue f(x; a) = 0. Eciu craBuTCs 3371a49a OTHICKATh BCE TAKHE
napsl (X; @), KOTOpbIE yIOBJIETBOPSIOT JaHHOMY YPaBHEHHIO, TO OHO PACCMATPUBAETCS KaK
ypaBHEHHUE C JABYMs paBHONPABHBIMU IMEPEMEHHBIMU X U @. HO MOKHO MOCTaBUTH U JPYTYIO
3aj1a4y, rnoJjaras nepeMeHHble HepaBHOIIPaBHBIMU. J[€710 B TOM, YTO €CIU PUIATh IEPEMEHHON
a Kakoe-mbo pukcupoBaHHoe 3HaUeHUE , TO f(x; a) = 0 npeBpaiaeTcs B ypaBHEHHUE C OJHOM
MEPEMEHHOI X, M pElIeHUs STOT0 YPaBHEHHUS, ECTECTBEHHO, 3aBUCST OT BEIOPAHHOT'O 3HAYCHUS
a. Hanpumep, ypaBuenue ax? — 3ax — 4 = 0. Ilpu a = 0 nonyyaercs ypaBHEHHE
0-x2—0-x—4 =0, koTopoe He uMeeT pemeHuii. [Ipy a = 1 ypaBHeHHEe MPUHUMAET BU]L
x? —3x — 4 = 0 uumeer xopuu — 1 u 4. Ilpu a = —1 ypaBHeHHE NPUHUMAET BUJ

16
x?2+3x—4=0wuumeer kopuu —4u l.Illpua = — ~5 YPaBHEHHE IPUHUMAET BU]L

16 16
— ?xz + S X 4 = 0 u umeet oauH KopeHb X = 1,5. T.k. OyKBYy @ MOXHO 3aMEHUTH JTHOOBIM

YUCJIOM, TO MBI UMEEM JI€JIO C LICJIBIM CEMEHUCTBOM ypaBHeHHfI.

Ecnu ypaBaenue f(x;a) = 0 HYXHO pEHIUTh OTHOCHTEILHO TIEPEMEHHO# X, a TIOJ @
MIOHUMAETCS TPOU3BOJIBLHOE JIEHCTBUTENILHO YHUCIIO, TO YPABHEHUE HA3bIBAIOT YPABHEHUEM C
napameTpoM a. OCHOBHAsi TPYJHOCTb, CBSI3aHHAs C PELICHUEM YPABHEHUH C TapaMETPOM,
COCTOUT B CIEAYIOIIEM: IIPU OJHUX 3HAUCHUSX MMapaMeTpa ypaBHEHHE HE UMEET PElICHUM, KaKk
MBI BUJIUM U3 IPUBEIEHHOTO BBILIE PUMEPA, IPU JPYTUX — UMEET OECKOHEYHO MHOTO
pEeLIeHUH, IPU TPETbUX — OHO pelIaeTcs Mo OJHUM (opMysiaM, IIPU YETBEPTHIX — IO JPYTUM.
Kak Bce 310 yuecTn?

VYpaBHeHHE ¢ TapaMeTpOM — 3TO, 10 CYTH JIeNa, KpaTKas 3alich OECKOHEYHOTO
ceMelicTBa ypaBHeHU. Kaxxioe u3 ypaBHEHHUI ceMeNCTBa MOIYYaeTCsl U3 JAHHOTO YPaBHEHUS C
[IapaMeTpOM IPU KOHKPETHOM 3Ha4YeHUH napaMmerpa. [loaromy 3agauy penieHust ypaBHEHUS C
napaMeTpoM MOKHO cPOPMYTUPOBATH CIEAYIOMINUM 00pa3oM: peuiums ypasHeHnue ¢
napamempom f(x;a) = 0 —omo 3nauum pewiums cemericmeo ypasHeHutl, ROLYUAIOUUXCSL U3
ypasnenus f(x;a) = 0 npu mo6bIx OeticmeumenbHblX 3HAYEHUSX Rapamempa.

SIcHO, 4TO BBIMKCATH KaX/I0€ YpaBHEHHE U3 OECKOHEYHOTO CeMeCTBa ypaBHEHUN
HEBO3MOXKHO, HO, TEM HE MEHEE , Ka)k/10€ ypaBHEHHE U3 OECKOHEYHOTO CEMENCTBA TOMKHO OBITh
pemieHo. Crnenarh 3T0, HAIPUMEP, MOXKHO, €CITH TI0 HEKOTOPOMY Ie1eCO00pa3HOMY MPU3HAKY
p2136I/ITB MHO’KECTBO BCEX 3HAUCHUM nmapamMeTpa — MHOXECTBO HGﬁCTBHTGJ’IBHHX YuCell NiIn
MHOECTBO 3HAYEHUH, 3aJJaHHOE B YCJIOBUU 33J1a4H, - HA IOJMHOKECTBA, a 3aTEM 3aJJaHHOE
YpaBHCHHUEC PCIINUTE HA KAXKAOM U3 3TUX TOJMHOXKCCTB.

st pa3bueHns MHOYKECTBA 3HAYEHUH TTapaMeTpa Ha MOAMHOXKECTBA TOJIE3HO
BOCIIOJIb30BAaThCS TEMU 3HAYEHUSIMU [TAPAMETPA, IIPU KOTOPBIX WM IIPU NEPEXOJIE Uepe3
KOTOpPBIE TPOUCXOIUT KAYECTBEHHOE U3MEHEHNE YPaBHEHUS. TaKue 3HaUEHUs mapameTrpa
MO>KHO Ha3BaTh KOHTPOJIBHBIMH UITH 0COOBIMU. MICKYCCTBO pellieHrs ypaBHEHHS ¢ TTapaMeTpaMu
KaK pa3 U COCTPOUT B TOM, YTOOBI YMETh HAXOAUTh KOHTPOJIbHBIE 3HAUCHUS MTapaMeTpa.

OcHoOBHBIE THIIBI 32/124 € TAPAMETPaMHU.

Tun 1. YpaBHeHus, KoTopble HEOOX0IUMO PELIUTD JIUOO IS JII000T0 3HAYEHUS ITapameTpa
(mapaMeTpoB), MO0 Il 3HAUEHUI MapaMeTpa, MPUHAIeKAIUX 3apaHee OTOBOPEHHOMY
MHOX€ECTBY. DTOT THI 3a]1a4 sBJIsIeTCsl 0a30BBIM IIPU OBJIAIEHUU TeMOM «3aiauu ¢



napaMeTpaMmu», OCKOJIbKY BJIOKEHHBIN TPyl IPEAONPENCIIAET yCIeX U NIPU PELICHUH 3a1a4
BCEX APYI'MX OCHOBHBIX TUIIOB.

Tun 2. YpaBHeHus, 17151 KOTOPBIX TPeOYyeTCsl ONPEAETUTh KOIUYECTBO PEIICHUH B 3aBUCUMOCTH
OT 3HAYCHUS NapameTpa (mapameTpoB).

OOpaiiaeM BHUMaHHE Ha TO, YTO IPU PELIEHUU 3a/1a4 JAaHHOT'O TUIIa HET HEOOXOAUMOCTH HU
pelaTh 3aJaHHbIC YPAaBHEHMsI, HU IPUBOJUTH 3T PELICHUS; TaKasl JUIIHASA B OOJIBIIMHCTBE
cilyyaeB paboTa ABJSETCS TAKTUYECKOM OIMOKON, MPUBOAIIEH K HEONPABJAaHHbBIM 3aTpaTamM
BpeMeHU. OJJHaKO HEe CTOUT aOCOIIOTU3UPOBATh CKA3aHHOE, TAK KaK MHOT/IA IPSMOE PELIeHUE B
COOTBETCTBUH C TUIIOM | SBJIsSIETCA €JUHCTBEHHBIM Pa3yMHBIM IIyTEM IIOJIy4ECHHsI OTBETA IIPU
pElIeHUH 3a]1a4u Thna 2.

Tun 3. YpaBHeHus, 17151 KOTOPBIX TpeOyeTcst HAUTH BCe T€ 3HAYCHUS TapaMeTpa, pU KOTOPBIX
YKa3aHHbIE YPABHEHUSI, UMEIOT 3aJJaHHOE YMCJIO PEIIEHUH (B YACTHOCTH, HE UMEIOT WM UMEIOT
0ECKOHEYHOE MHOKECTBO pelleHUi). JIerko yBUIETh, YTO 3a/1a4M TUIIA 3 B KAKOM-TO CMBbICJIE
oOpaTHble 331a4aM TUMa 2.

Tun 4. YpaBHeHus1, Juist KOTOPBIX IPY HCKOMBIX 3HAYEHUSX IIapaMeTpa MHOXKECTBO PELICHUM
YJIOBJIETBOPSIET 3aJaHHBIM YCJIOBHSIM B 00J1aCTH OIIPECIICHHS.

Hanpumep, HaliTH 3HaYEHMsI IApaMETPa, IPU KOTOPBIX:

1) ypaBHEHHE BBIIOIHSACTCS I JTF000TO 3HAYCHHS IEPEMEHHON U3 3aIaHHOTO TIPOMEXKYTKA;
2) MHOXECTBO PELIEHUH NEPBOr0 ypaBHEHUS SBJISAETCS IOAMHOXKECTBOM MHOKECTBA PELLICHUI

BTOPOT'O YPaBHEHHUS U T.1.

MHoroo0pasue 3aad ¢ mapaMeTpoM OXBaThIBAET BECh KypC IIKOJIBHON MaTeMaTHKH (1
ayreOpbl, U TEOMETPUHN), HO MO/IABJISIONIAs YaCTh U3 HUX HA BBITYCKHBIX M BCTYIUTEIBHBIX
9K3aMEHaX OTHOCHUTCS K OJHOMY M3 YEThIpEX IIEPEUNCICHHBIX TUIIOB, KOTOPHIE 110 3TOW IPUUNHE
Ha3BaHbl OCHOBHBIMH.

HanOonee MaccoBbIif Ki1ace 3aJa4 ¢ MapaMeTpoM — 3ajjauil ¢ OJTHOW HEM3BECTHOM U OJJHUM
apaMeTPOM.

OcHOBHBIE MeTOABI PellICHNUsI 32124 ¢ IAPAMETPOM.

Cnocob I (ananumuueckuir). 3To crocod Tak Ha3bIBAEMOTO MPSIMOTO PELIECHUS, TOBTOPSIOIIETO
CTaHJapTHBIE MPOIEAYPhl HAXO0XKIEHUS OTBETA B 3a7jauax 0e3 napamerpa. MHorzna roBopsr, 4to
3TO CIIOCOO CHUIIOBOTO, B XOPOIIEM CMBICIIE «HATJIOT0» PEILICHUS.

AHaAMTUYECKHUH CTTIOCO0 pelieHus 3a/1au C MapaMeTpOM €CTh CaMbIil TPYAHBIN CI10c00,
TpeOYIOIMN BRICOKOW IPAMOTHOCTH ¥ HAaMOOJBIITNX YCUJIUHN IO OBJIAJICHUIO UM.

Cnocob I (epaghuueckuii). B 3aBucumocty oT 3a/1a4M (C IEPEMEHHOM X U TApaMETPOM @)
paccMaTpuBaroTCs TpadMKH UM B KOOPAWHATHON TIIOCKOCTH OX), WM B KOOPIAWHATHOU
miockocta Oxa.

Cnocob III (pewenue omnocumenvro napamempa). Ilpu penieHun STUM CIIOCOOOM
MEPEMEHHBIE X U @ IPUHUMAIOTCSI pPAaBHOTIPABHBIMH U BEIOMPAETCS Ta IEPEMEHHAs,
OTHOCHUTEINIbHO KOTOPOH aHaJTUTHYECKOe peleHne npu3HaeTcs 0osee nmpocThiM. [locie
€CTECTBEHHBIX YIPOIIECHUN BO3BpAIIaeMCsl K HCXOJHOMY CMBICITY TIEPEMEHHBIX X U a U
3aKaHYMBAEM pellEeHUE.

PaccmoTpum 17151 3HaKOMCTBA HEKOTOPbHIE YPaBHEHUS C ITapamMeTpamH.

3aoaua M 1. B ypasnenuu (a — 1)x = a — 2 onpederume a mak, umodwl 4ucio 3 6uLio e2o
KOpHEM.



Pewenue. Ecnu uncio 3 siBnsieTcss KOpHEM ypaBHEHUS, TO OHO 00paIaeT ero B BEpHOE
paBeHcTBO. [lofcTaBuM x = 3 B ypaBHEHHE M PEIIUM €TI0 OTHOCUTEIILHO
(a—1)-3=a-2

3a—a=3-2

a=0,5

Urak, mpu a = 0,5 gmcio 3 sBasiercst kopHeM ypaBHenus (a — 1)x = a — 2.

Omeem: 0.5.

3aoaua Ne 2. Hatimu éce 3nauenus napamempa a, makue, 4umo ypasHeHue

. . [ o~ «
sin?x — 5sinx + 2 = a umeem xopenv x, = - Haiimu ece xopnu ypasnenus npu naiideHHoM

SHA4YeHuu napavempa a.

Vs
Pewenue. Ecin ypaBHEHHE HMEET KOPEHb Xo = —, TO IIPH MOJICTAHOBKE B YPAaBHEHHE OH

T

oGpalliaeT ero B BepHOE PaBEHCTBO. [T0/ICTABUM X = - B yPABHEHNE 1 PELINM E€TO
OTHOCHUTEJIBHO '

. Vs . T
sin?=—5sin-+2=a

6 6

1 1
ls.lio=4
4 2

1
a=—-
4

. : 1
Pemmm Teneps ypaBHeHue sinx — 5sinx +2 = amnpua = — "
1

sin®x —5sinx + 2 = -

sin’x —5sinx +2,25=0
[pumem sinx = t,rae [t] < 1.
Umeem: t2 — 5t +2,25=0

t=-,

2

t=2,

2

It < 1;
1
T2

sinx ==

x=(CD"Z+mn,nez
6

Omeem: a = —%;x = (—1)”-%+nn,n €Z.

3aoaua Ne3. [lpu xaxux 3Hauenuss m 0OUH U3 KOpHel YPAGHEHUs PAGEH HYIO:!
x2—2x+2m—-3=0?

Pewenue. Ecim x = 0, To nMeeM:

02-2:-0+2m—-3=0

2m =3

m=15

IIpoBepum, He paBHSETCS JIM BTOPOU KOPEHb YPaBHEHUS HYIIIO.
x2=2x=0

[x =0,

x = 2.

Omegem: m = 1,5.



JluHeHbIe ypaBHEHNA U NPUBOAUMbIE K HUM YpaBHEHUs C
napameTpamu.

Jlunelinvim ypaenenuem Ha3bIBaeTCs ypaBHEHHE BUJa ax = b, rae a, b - HeKoTopbie
JNEICTBUTENBHBIE YUCIIA, X — [IEPEMEHHAsI.
B 3aBucumocTH oT K03 GUIMEHTA a, 3aBUCHT U PEILICHHE 3TOr0 YPaBHEHUSI.

Ecmu =0, Bo3HHKaeT qBa BOpOca 3HAYCHUSX b

e Ecnu a=0, b=0, To ypaBHeHHE IPUHUMAET BUJ Jx=b, 3HAYUT ypaBHEHHUE UMEET
OCCKOHEYHO MHOT'O PEIICHUH, PEIICHUEM SBIIACTCS J1I000€ ACHCTBUTEIBHO YUCIIO.

e Ecmm a=0, b # 0, To ypaBHeHHE IpUHUMAET BUJ (x=>b, 3HAUUT ypaBHEHUE HE UMEET
KOPHE, T.K. HET TaKOT'0 YKCiIa, KOTOPOE MPH YMHOKEHUHU Ha HYJIb JJaCT PE3yJIbTarT,
OTJIMYHBIN OT HYJIA.

e Ilpu a#0 mbI MOXeM 00€ YacTH ypaBHEHUS Pa3AeIUTh HA d, UMEEM €IMHCTBEHHbIN

. b
KOpEHb, PaBHBIH X = —

b
Omeem: npu a # 0 eAMHCTBEHHOE PEUICHUE X = o

npu a=0, b=0 x — ;moboe Ynco;
npu a=0, b # 0 HeT pelieHui;

b
npu a # 0 eJMHCTBEHHOE PEUICHUE X = -

Hamm paccyxaeHnust MOXXHO HArJISTHO U300pa3uTh B BUIE CXEMBI:

1l

B mporecce pereHunst 3Toro ypaBHEHUs MbI BEICIIHITN 3HAUSHHS TapameTpa a = 0, mpu
KOTOPOM IPOUCXOUT KAaYeCTBEHHOE N3MEHEHHE YPaBHEHHS, TAKOE 3HAUCHHUE MapaMeTpa MbI
Oyz1eM Ha3bIBaTh «KOHTPOJIBHBIMY HITH «OCOOBIM).

Anzopumm peuwienus TUHEUHBIX YPAGHEHUIL C NAPAMEMPOM AHATUMUYECKUM CROCOOOM:

1. TlpuBecTu ypaBHEHHE K BUIY ax = b

2. HaiiTu KOHTpOJIbHBIE 3HAYEHUSI [TapaMeTpa d.

3. TloacTaBUTh KOHTPOJIBHBIE 3HAYEHUS B YpaBHEHHUE ax = b U BBIICHUTH, CKOJIBKO
pelieHui UMeeT ypaBHEHHE.



4. 3anucaTh, IpU KaKUX 3HAUYECHUSAX NTapaMeTpa a ypaBHEHUE UMEET €AMHCTBEHHOE
pelicHue.

Hanectu Bce penienust Ha OCh HapaMeTPOB.

6. 3amnucarbh IpaBUJIBHO OTBET.

9]

Bamaua Nel. J[na kajcoo2o 3nauenus napamempa a pewiums ypasnenue a’x — 1 = x + a.
Pewenue. a’x—1=x+a

1) IlpuBeeM ypaBHEHHUE K BUAY AX = b, JUIsl 3TOTO YJICHBI, COJIEPIKAIUE X, IEPEHECEM B JIEBYIO
4acTh ypPaBHEHUS.
a’x—x=a+1
(a>-Dx=a+1
(@a—D@a+Dx=a+1

2) Haiinem KOHTpOJIbHBIE 3HAUEHUS MTapaMeTpa, PU KOTOPBIX K03 (UIIMEHT Ipu X oOpalnaeTcs
B HYJIb.

(a—1D(a+1)=0

a=1 wuw a=-1
3) Ecnu a = 1, To ypaBHenue npunumaet Bua 0 - x = 2, T.e. npu a = 1 ypaBHEHUE HE UMEET
peLeHui.
4) Ecnu a = —1, To ypaBHenue npuaumaeT Bug 0 - x = 0,x € R
5) Eciu a # 1; a # —1, T0 ypaBHEHUE UMEET €AMHCTBEHHOE PEIICHUE:

at+1 1

*Ta+D@-1n *Ta-1
3) Ecnu a = 1, To ypaBHeHue npunumaet Bua 0 - x = 2, 1.e. npu a = 1 ypaBHEHUE HE UMEET

pELIEHU.
4) Ecnu a = —1, To ypaBHeHue npuaumaer Bug 0 - x = 0,x € R
5) Eciu a # 1;a # —1, T0 ypaBHEHHE UMEET €AMHCTBEHHOE peIlIeHHE:
¥ = a+1 . X = 1
" (a+1)(a-1)’ T a-1

OtBer: nmpu a = —1, X — m0060€;
npu a = 1, peneHuii HeT;
1
npu a # 1;a # —1, o1MH KOpeHb X = — .

a—-1

Bagaua Ne2. Vikaoicume éce 3nauenus napamempa Q, npu KOMOPOM YPAGHEHUE
ax —2x = 3(x — 1) umeem xopeno.

10



Pewenue.
ax—2x =3(x—1)
1) IpuBenem ypaBHEHHE K BUIYy ax = b, 1Jisl 3TOT0O pacKpoeM CKOOKH U YJICHBI,
coJiepKallie X, IEePEeHECEeM B JIEBYIO YAaCTh YpPaBHEHMS.
ax—2x =3x —3

ax —2x —3x = =3
ax —5x = -3
(a—5x=-3
2) Haiigem KOHTpOJIbHBIE 3HAYEHUS MTapameTpa a.
a—5=0
a=>5

3) Ecmm a = 5, To ypaBHeHue npuHuMaet Bug 0x = -3, T.e. pu a = 5 ypaBHEHHUE HE
MMEET PEIICHU.

4) Ecmu a # 5, To ypaBHEHHE UMEET €IMHCTBEHHOE PEIICHUE

X = —

Omeem: npu a € (—x;5) U (5; +0).

Peienne ypapHeHuii ¢ mapaMmeTpamMu, NPMBOAUMBIX K JIMHEHHBIM. B 8-oMm kiacce, mocie
N3Yy4YCHUSA TEMbI ((JIOHYCTI/IMLIC " HEAOIMYCTUMBIC 3HAYCHUA NMEPEMCHHBIX», MOKEM NPOJOJIKUTH
paccMaTpHBATh JIMHEHHBIX yPAaBHEHUH C IapaMeTpaMH.

3agaua Ne3. [lpu ecex 3nauenusx a pewume ypasHeHue

2(a+ 1x 7
¥=3(x+1)+5

Pewenue. OOpaiiiacM BHUMaHUE HA TO, YTO MTapaMeTp HAXOIUTCS B 3HAMeHarene. A
3HaMeHaTelb IPOOH He JOJDKEH OBITh paBeH HYMIO (T.e. MapaMeTp UMeeT 00IacTh
JIOTTYCTUMBIX 3HaueHui ). KOHTpOIbHBIMY 3HAYEHUS TTapaMeTpa, Py KOTOPOM 3HAMEHATEIb
npobu paseH 0.

O3 xe€R, a=#0

1) IIpu a=0 ypaBHEHHE HE UMEET KOPHEM..

Dllpu a#0
2
A — 3+ 1)+
YMHOXUM 00€ yacTi ypaBHeHUsT Ha a #* 0, TOIyYuM JHHEHHOE ypaBHEHHE C MapaMeTPOM.

2(a+1)x=3a(x+1)+7

11



2(a+1x-3a(x+1)=7
2ax+2x-3ax-3a=7

2x-ax=7+3a

(2-a)x=7+3a

[Tony4ynm ypaBHEHHE BUAA ax=b

KOHTPOJILHBIC 3HAUYCHUS mapamerpa: 2-a=0

a=2

Ecnun a=2,10 0-x=13 ypaBHEHHE HE UMEET KOPHEH.
7+3a

Ecnu a # 2, To ypaBHEeHHE UMEET €IMHCTBEHHOE PEIICHUE X = P

3a+7

Omeem: tipu a + 0 u a # 2, EIMHCTBEHHOE PEIICHUE X= -

npu a = 0w a = 2, HeT KOpHeHn

Jluneiinvle ypagnenus c napamempom npu HaAIU4uUu OONOJTHUMENbHBIX YCA0GUN K KOPHAM
ypagueHus.

3apaua Ned. [lpu xaxux snauenusx napamempa a ypaenenue (a* — 1) -a = a®> —2a — 3
umMeem eQuHCmeeHHoe peuleHue, npunaoiexcawee ayyy [—1;+0).

Pewenue. (a?—1)-x=a*—-2a-3
1) HaiiieM KOHTpPOIbHBIE 3HAUEHKS HApAMETPa, TIPU KOTOPHIX K03 GUIMEHT IpK X 0OpaIaercs

B HYJIb!
a?—-1=0
a’?=1
a=+=1

2) Ecnu a=1, To ypaBHeHue npuHuMaeT Buj 0x= -4, T.e. npu a=1 ypaBHEHHE HE UMEET
pelIeHui, ¥ YCIIOBUE 3374l HE BBIMTOJIHAETCS.

3) Ecnu a=-1, To ypaBHenue npuaumaeT Bua 0x=0, x € R. YcioBue 3a1a4u HE BBITIOJIHSIECTCS.
4)Ecmm a # 1;a # —1, TO ypaBHEHUE UMEET EAMHCTBEHHOE PELICHUE:

a®-2a-3
X=——
a?-1
(a+1)(a—3)
X="————"—"—"—""7
(a+1)(a—1)
a—3
X =
a—1

12



a € (—w;1) U [2; 4]
WckiarounM a = -1, 1pu KOTOPOM ypaBHEHUE HE UMEET €IUHCTBEHHOTO PEILCHUS.
Omeem: nipu a € (—o; —1) U (—1;1) U [2; +o0]
JIpo0HO - panHOHAJIbHbIE YPABHEHH, CBOAAIIMECH K JIMHEHHBIM.

3mx—5 3m—-11 _ 2x+7
(m-1)(x+3) m-1 x+3

3aoaua Nel. Pewwume ypasnenue

Pewenue.

DOA3.:(m—1)(x+3)#0
Orcromam # 1; x = —3

2) Ilpu m=1 ypaBHeHHe HE UMEET KOPHEH.

3)Ipum # 1:

[IpeoOpazyem nCXoqHOE YpaBHEHUE:

3mx-5 3m-11 _ 2x+7
(m-1)(x+3) m—1 x+3

3mx—-5+@Bm—-1D)(x+3)=2x+7)(m—-1)
3mx—54+3mx+9m—-11x —33 =2xm—2x+7m—7
Idmx —9x =31 —2m

|-(m—1)(x+3)#0

[ToryunuMm ypaBHEHUE BUAA ax=b

KonTponbHble 3HaueHns napamerpa: 4m —9 = 0
9
m=-
4
9
Ecnnm=z, T00x=31-45

0-x = 26,5 ypaBHEHHE HE UMEET PEIICHHI.

9 31-2m
Ecnrum # 2 TO X = am_g ~ CAMHCTBEHHOE pellleHHe.

13
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4) Yurem O./1.3.:

Haiinem 3HaueHue napamerpa m, Npu KOTOPOM 3TOT KOPEHb IPUHUMAET 3HAaYEHHE -3.

31-2m
Nmeem: = -3
4m-9
—3(4m—-9) =31 -2m
-12m+ 27 =31—-2m
—-10m =4
2
m=—-
5
I[lpum = — % YpaBHEHHUE HE UMEET PEIICHUI

4m-9
a
2 9 .
Omeem: nipu a = —5a= 1;a = , pelenuit Her;
2 2 9 31-2m
HpI/IaE(—OO;——)U(——;l)U(l;—) = .
5 5 4 4m-9

3agaua Ne2. [Ipu kakux 3HAUCHUAX MapaMeTpa a He UMEET pPelleHU ypaBHEHHE

x—a_ X 1 2

x-2  x+2  x%2-4°

Pewenue.
1)ON3.:a€Rx+2ux+ —2

2) Ha O.J1.3. mpeobpazyem UCXOHOE ypaBHEHHUE:

x—a X 1

x—2  x+2  x2-4

|- (x—=2)(x+2)#0
x—a)x+2)—x(x—2)=1
x2+2x—ax—2a—x*+2x=1
2x—ax+2x=2a+1

4x —ax =2a+1

4—-—a)-x=2a+1

[Toryuum ypaBHeHuUe Buaa ax=b

KonTposbhbie 3HaueHus napamerpa: 4 —a =0

a=4

14



Ecnu a = 4, To ypaBHenue 0 - x = 9 He uMeeT penieHui.
2a+1
Ecnma # 4,10 x = 7 ~ C/WMHCTBEHHOE PEIICHHUE.

3) Bepuemcs k 001acTH T1OMYCTUMBIX 3HAYEHUH.

Haiinem 3HaueHust napameTpa a, Ipyu KOTOPBIX 3TOT KOPEHb MPUHUMAET 3HAUEHUs 2 U -2.

1 2a+1 _ 2) 2041 _ _,
4-a 4-a
2a+1=2(4—-a) 2a+1=-8+42a
2a+1=8-2a 0-a=-9
4a =7 pelIeHH HeT
7
a=-
4
a=1>
4

Omegem: npu a=1,75 n a=4 ypaBHEHHE HE UMEET PEIICHUN.

KBagpaTHble ypaBHeHUs ¢ KO3chpnuneHTaMu, 3aBUCALLUMU
OT NapameTpoB.

CnpaBo4HbIii MaTepual.

Onpesenenne. Ypasaenue suaa ax? + bx + ¢ = 0,a # 0, 20e koagppuyuenmui a, b, c -
Jr00bIC JEUCTBUTEIbHBIC YUCIIA, HA3BIBACTCS KGAOPANHBIM.

Onpenenenue. KBaspaTHoe ypaBHEHUE HAa3bIBACTCS HPUBEOCHHbIM, €CIIM A = 1; KBaapaTHOE
YPaBHEHUE Ha3bIBAIOT HENPUBEOCHHbIM, ecu a # 1.

Onpeaenenue. Ilonnoe kéadpamnoe ypasHenue —310 KBaIpaTHOE YPABHEHUE , B KOTOPOM
a,b,c OTIUYHBI OT HYJIA.

Onpenenenue. Henonnoe kgaopamnoe ypagnenue - 3To ypaBHeHHE, B KOTOPOM OJIMH UJIH 002
ko3 duurenTa b, ¢ paBHbI HYIIIO.

Onpeneaenne. KopHeM KBajpaTHOTo ypaBHeHHs: Buga ax’ + bx + ¢ = 0, Ha3BIBAIOT BCAKOE
3HaYeHUEe TEPEMEHHOM X, I[P KOTOPOM KBaJIpaTHBIN TpexuneH ax’ + bx + ¢ obpaiaercs B
HYJIb.
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Buipascenue b* — 4ac Ha3EBAIOT JUCKPUMHHAHTOM KBAJPATHOTO YPABHEHHS.

KBagparHoe ypaBHEHUE B 3aBUCUMOCTH OT 3HaKa JUCKPUMHUHAHTA D MOXKET UMETh OJMH, JIBA
WJIM HE UMETh KOPHEM.
Ecoiu D < 0, To kBajipaTHOE YypaBHEHHE HE UMEET JEeHCTBUTEIbHBIX KOPHEH.

Ecnu D = 0, To KBagpaTHOE ypaBHEHUE UMEET €AMHCTBEHHBIN J1EMCTBUTENbHBIN KOPEHb X = P

-b
(I/IJII/I TOBOPSIT, YTO OTO YPABHEHUE UMEET [Ba KPATHBIX KOPHA Xq = Xp,= %)
Ecmu D > 0,mo Kea()pamHoe ypasHenue umeem osa PA3IUYHbIX oelicmeumenbHbix KOpHA
X —-b+VD
12=" 54

[Ipu perennn KBaApaTHOTO YPaBHEHUS C TAPAMETPOM KOHMPOIbHbIMU OYAYT T€ 3HAUCHUS
napameTpa, Ipx KOTOpbIX Kod(puuuent npu x? obparmaercs B 0. JIe10 B TOM, YTO €CJIU STOT
K03 (GUIIMEHT paBeH HYJIIO, TO ypaBHEHHUE MPEBPAILASTCs B IMHEHHOE U PEIIaeTcsl o
COOTBETCTBYIOIIEMY alITOPUTMY; €CIIU ke ATOT KOA((UIIMEHT OTINYEH OT HYJS, TO UMEEM
KBaJIpaTHOE ypaBHEHHUE, KOTOPOE PEIIAeTCsl IO MHOMY alroOpuT™My (MEHSIETCS MpoIleaypa
pelIeHUs, B ’TOM U COCTOUT KaueCTBEHHOE U3MEHEHNE ypaBHeHUs ). JlanbHel1ee pemneHue
3aBUCHUT OT D.

PaccMoTpuM HECKOJIBKO KBaIpaTHBIX YPAaBHEHHH C TapaMETPOM.

3amaua Nel. [Ipu Kakux 3HAYEHHUAX APAMETPA @ UMEET J[Ba KOPHS YpaBHEHHUE
x>’ +2ax+a*-3a+1=07?
Pewienue.
JlaHHOE ypaBHeHHe ABIseTca KBaapaTHbIM. OHO MMeeT JBa KopHs, ecru D > 0.
Nmeem:
x?+2ax+a*?-3a+1=0

a=1 b=2a c=a*-3a+1 16



Di=a*-(a*-3a+1)=a*-a*+3a—-1=3a-1;

D, >0
3a-1>0
1

>_
@~3

1
Omeem: ipu a > >

3amaua Ne2. [Ipu kakoM 3HAYEHUH MMapaMeTpa @ UMEET €IMHCTBEHHBIM KOPEHb YPABHEHHUE
2x% —ax +18 =07

Pewenue. JlanHOE ypaBHEHHE SBIISICTCS KBAJIPATHBIM.
OHO MMeeT eIMHCTBEHHBIN KOpeHb, ecinu D=0
Nmeewm:
2x*—ax+18=0
a=2 b=-a c=18
D=a?—-4-2-18=a*— 144
a’? —144 =0
a=-12 wm a=12
Omeem: npua=-12;a=12

3agaua Ne3. [Ipu xkakux 3HaYECHUSAX IapaMeTpa M HE UMEET KOPHEH ypaBHEHUE
x> +mx+m?+1=0 ?
Pewenue.

JlanHoe ypaBHeHHe KBagpaTHoe. OHO He umeeT KopHeil, ecinu D < 0.
x2+mx+m?+1=0
a=l b=m c=m?+1
D=m?—-4(m*+1) =m? —4m® —4 = -=3m* — 4 = —(3m* + 4)

T.k. (3m? 4+ 4) > 0 npu mo6bIx 3Ha4eHUIX m, T0 —(3m? + 4) < 0 npu moboM m.
3HAYUT, ypaBHEHHE HE UMEET KOPHEH MPH JIIOOBIX 3HAUCHUSX /1.
Omeem: ipu m — mo60e.

3apauya Ned. Ilpu kakux 3HaUEHUSIX ApaMeTpa a HE UMEET KOPHEN ypaBHEHHE
x*—QRa+4)x+8a=0 ?
Pewenue.

JlanHoe ypaBHeHue kBagpaTtHoe. OHO He uMeeT KopHeH, ecau D < 0.

3anuiineM ypaBHEHHUE B CIEAYIOLIEM BUJIE:

x> —=2(a+2)x+8a=0
Di=(a+2)?>—-8a=a’+4a+4—-8a=a’—4a+4=(a-2)*

Bripaxenue (a — 2)? He MOxeT ObITh OTPULATENLHEIM. 3HAYUT, TAKMX 3HAYEHHH mapaMmeTpa d,
npu kotopbix D <0, Her.

Omeem: a € @
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3amaua NeS. Ilpu Bcex 3HaueHMsX a pemute ypapHenue (a — 2)x? + 2ax + a + 3 = 0.

Pewenue.
OOpatuM BHMMaHHE Ha PAacCHpPOCTPAHEHHYIO OIIHUOKY: CYMTATh TaKOE YpaBHEHHE KBaJIPaTHbBIM.
T.x. k03 uuueHt nepes x2 MoxkeT ObITh paBeH 0!
Ha camoMm zene 3To ypaBHEHHUE CTEIIEHU HE BBIIIE BTOPOH.
[. Ecnua — 2 = 0,a = 2, To nojiy4aem JIMHEWHOE ypaBHEHUE
4x + 5=0
x=-1 i, KOTOpPO€ UMEET €IMHCTBEHHBI KOPEHb.

II. Ecmu a—2+#0, a # 2, TO ypaBHeHUE sBiIseTcs KBajapaTHbIM. KonndecTBa KopHEM
YpaBHEHUS 3aBUCUT OT TMCKPUMHHAHTA.
(a—2)x*+2ax+a+3=0
a=a-2 b=2a c=at3
Di=a*-(a—-2)a+3)=a*—-(a*+a—-6)=a’—a’—-a+6=6—a

1) EcouDy >0, me. 6—a >0

a<6, 0ea KopHs
_—atvVv6—-a
S A —
2) Echu D; = 0, m.e. 6-a=0

a=6, 00uH KopeHb

4x2 +12x+9=0
(2x+3)2=0
2x+3=0
x=-15

3) Ecmu D; < 0, T.e. 6-a<0
a>6, kopneu Hem

x=1,25 x=-1,5

[1Ba KOpHA T a KopHA HeT KopHeit
[ [

2 6 a

—atvé—a,

Omeem: ipn a<2, 2<a<6, X1, =
1
npua=2,x = —1;;

npu a =6, x =-1,5;
pu a > 6, KOpHEHN HET.

3agaua Ne6. [Ipu kakom 3HAUeHHH TTapaMeTpa b UMeeT eJMHCTBEHHBIN KOPEeHb ypaBHEHUE
(b+6)x>?—(b—2)x+1=0?
Pewenue.

b+6)x2—(b—-2)x+1=0

YpaBHEHHE CTEIIEHH HE BBIIIE BTOPOI
18



[.LEcmu b+ 6 = 0,m.e.b = —6 mnonydaeMm JIMHEHHOE YpaBHEHUE
8x+1=0
1
X=-=,
8

HMCHOIICC OJNH KOPCHb.

II. Ecnu b+ 6 # 0,m.e.b # —6, TO ypaBHeHHE sBIseTCS KBaapaTHeIM. OHO uMeeT
€JIMHCTBEHHBIN KOpeHb, eciii D = 0

D=(b—22—4(b+6)=b2—4b+4—4b—24 = b2 — 8b — 20

Nmeem:
b>—8b—20=0
b=-2; b=10

Omegem: nipu b =—6; b=-2;b = 10.

3amaua Ne7. Ilpu kakux a ypasuenue (a — 2)x2 + (4 — 2a)x + 3 = 0 uMeeT eIMHCTBEHHOE
petieHue?

Pewenue.
(a—2)x*+(4—-2a)x+3=0

I. Ecmua - 2=0, T.e. a = 2, To Ox = -3, KOpHE# HET
II. Ecnua — 2 # 0,m.e.a # 2, ypaBHEHHE SIBISAETCSA KBAJAPATHBIM
[Tepenmiem Haie ypaBHEHHUE B CIICTYIOIIEM BHJIC
(a—2)x>-2(a—-2)x+3=0

OHO UMeeT eIMHCTBEHHBIN KOpeHb, eciau D = 0

Dy=(a—-2)"-3(@—-2)=a*—4a+a—-3a+6=a*—7a+10
Nmeem:

a’?—7a+10=0
a=2;a=5

Ho npu a=2 ypaBHeHUe He IMEET KOPHEH, YTO HE YIOBICTBOPSET YCIOBHIO 3a/1a4H.
Omeem: nipu a = 5

3amaua Ne8. Ilpu xakux a ypasHenue a(a + 3)x? + 2(a + 6)x —3a — 9 = 0 umeer Gonee
OJHOTO KOpHSI?

Pewenue.
a(a+3)x*+2(a+6)x—3a—-9=0

YpaBHEHUE CTENICHN HE BBIIIE BTOPOH, T.€. HEJIB3sI CYNTATh KBAIPATHBIM
I. Ecmu a(a+3)=0, .e.a=0umma=-3
a) npu a=0, 6x—-9=0
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x =1,5 eqMHCTBEHHBIN KOPEHb  (HE yIOBJIETBOPSIET YCIOBHIO 3a/1a4H)

0) npu a = -3, Oa = 0, x — 1r000e uncio.  (3TO 3HAYCHHE MapaMmeTpa YAOBIETBOPSET
YCIIOBHIO 33]1a4H)
II. Ecmua(a+3) #0,1e. a#0,a# —3,T0 ypaBHEHHUE sBIsETCS KBaaApaTHBIM. [lepernuiiem
Hallle YpaBHEHUE B CJIEYIOIIEM BU/IE:

a(a+3)x*+2(a+3)x—3(@+3)=0

U T.x. a + 3 # 0, To 00e yacTu ypaBHeHHs paznenumM Ha a + 3 # 0
[Tonmyunm:

ax’+2x—-3=0

D; =1+ 3a
YpaBHeHue OyieT UMeTh 1Ba KOpHs, eciu Dy > 0

Te. 1+3a>0

1
a>—-
3 eHCTB.
noboe
KOpeHb
wcpo
—~~\~\ . ,¢’
! 71Ba KOPHIty / [1Ba KOPHA
1 J
1
-3 —= 0 a
3

HpI/I a = 0, YpaBHEHHUEC UMECT €IUHCTBEHHBIN KOPCHBb, UYTO HC YAOBJICTBOPACT YCJIIOBUIO 3a1a4U.
1
3H8HI/IT, N3 TIPOMCIKYTKA (—g; +OO) HYXXHO HCKIIOYUTHL TOYKY a = 0 u B oTBeT HE 3a0BITh

BKJIIOYHUTL a = —3.
1
Omegem: ipu a € {—3} U (—5; O) U (0; +o0)

XoTenoch Obl OTMETHTh, YTO €CIU AUCKPUMHMHAHT OKa3bIBAETCS IMOJIHBIM KBaJpaToM, TO JJIS
KOpHEH KBaJpaTHOIO TPEXUJI€Ha IIOJIY4aroTCs BBIPAXKCHUS, HE COAEpIKAIIME PaJAUKAIOB, U 3TO
OOCTOSATENICTBO YAacTO YIPOINAET pemieHue 3aaadr. OJHAKO Takas CUTyallHs IONAJacTcs He
Bcerja. B HEKOTOPBIX 3aJadax, MUCIOJIB30BAHUE SBHBIX BBIPAXKCHUM I KOPHEW NPUBOIUT K
TEXHUYECKUM TPYIHOCTSAM U PEIICHUE HAXOAUTCS IPYTUMH METOJAMU.

3agayu Ha npuMeHeHue TeopeM Buera.

MHorue 3aa4u, CB3aHHBIE C KBaJpaTHBIM TPEXUJIEHOM, U METObI UX PEIICHUS
OCHOBaHbI Ha IPUMEHEHUHU NPSMON U 0OpaTHOI Teopem Buera.

Teopema Buera. Cymma xopueu X1 U X, K86AOPAMHO20 YPAGHEHUSL
ax? + bx + x = 0 pasna omuowenuo 6mopo2o Ko3ghguyuenma Kk nepeomy, 63amomy c
NPOMUBONOJIONCHBIM 3HAKOM, A NPOU3BEOeHUE PABHO OMHOUEHUIO CB0O00HO20 UNeHA K NEPBOMY

K03 puyuenmy:

20



x1 + xz = — a,
Cc
xle = —.
a
I[J]ﬂ NMPUBEACHHOI'0 KBA/IPATHOI'O YpAaBHCHUA.
Ecnu X1 U Xp— KOpHU npuee@eHHOZO KgaapamHOZO YpaeHeHRUA x2 + pXx + q-= 0, mo

{xl + X, = —p,
X1Xy = (.

m.e. CyMma KOpHel npueedenHo20 K8aopamHo20 YPagHeHUs. pasHa 6mopomy Kodgguyuenmy,

834MOMY C NPOMUBONONONACHBIM 3HAKOM, d NPOU38edeHue KOpHell paeHO C80000HOMY UIEeH).

OopaTtHasi Teopema Buera. Eciu cymma 08yx OelicmeumenvpHulX yucenl X, U X, pasHa
b c
—a npouszeedeHue pagHo — 110 MU YUCTA. AGTAIOMCS KOPHAMU K8AOPAmMHO20 YPAGHEHUs.

ax’*+bx+x=0.

JIJ1s1 NpUBEICHHOT 0 KBaJAPATHOI0 YPABHEHHUSI.
Ecnu cywecmeyrom oeticmeumenbrvle Yucia xq U X, makue, 4mo X1 + X, = —p U X1Xo = (, mo
OMU YUCTA X1 U Xy AGTAIOMCA KOPHAMU K6AOPAMHO20 ypaeHenus x> + px + q = 0.

K tumy 3ama4, OCHOBaHHBIX Ha IPUMEHEHME TeopeM Burera, 0OTHOCATCS 3a/1a4u, B KOTOPBIX
TpeOyeTcs ONpeNeNuTh TaKUe 3HaYCHHs TapaMeTpa, Py KOTOPBIX CyMMa WJIM [TPOU3BEIECHNE
KOpHEW KBaJIpaTHOI'O TPEXWIEHA paBHA KAKOMY-JIN0OO YHUCIly; CyMMa KBapaToB WM KyOOB
KOpHEH KBa/IpaTHOTO TPEeX4JeHa NPUHUMAET HauOoJblllee UM HauMeHbllIee 3HaUeHUe U T.[1.
IIpumeneHne TeopeM Buera 3HAUUTEIBHO YIIPOLIAET PEILICHHUE.

Hccneoosanue 3naKkoe Kopheit.

Teopemal

UToOB! KOPHM KBaJIpaTHOIO TpexusieHa ObUIN AEMCTBUTEIbHBIMU U UMEIIU O0OUHAKOBble 3HAKU,

HE00XO0/IMMO U JIOCTaTOYHO BBIIOJHEHHE CIEAYIOIIUX COOTHOLICHHUI:
C
D = b% — 4ac > 0; X1, =—>0,
IIPU OTOM 00a KOPH:A 0Yy0ym NOI0HCUMENbHBIMU, €C/IU OONOTHUMETbHO HAI0HCUMb YCA06UE:
b
X1+XZ: —-_—> 0,
a
u 00a KOopHs OYAYT OTpHUIATENbHBI, €CIIH
b
X1+XZ: ——<0.
a
Teopema 2

Yro0Obl KOPHU KBAJAPATHOIO TPEXUIeHa OBLIHM JCHCTBUTCILHBIMU M UMETU PA3IUYUHbIE 3HAKU,
HEO0OXOIUMO U JOCTATOYHO BEITOIHEHHE COOTHOIIEHUIA:

2 _cC
D = b* —4ac > 0; XX == < 0,

IIPU STOM HOA0HCUMENbHBLI KOPEHb UMEET OOJBITYI0 a0CONIOTHYIO BETUUUHY, €CITU
21



b
x1+x2 = - ; > 0,
b
€CJIU Ke X1tx, === < 0

TO OmpuyamebHvlil KOpeHb UMEET OOJIbIIYIO A0COTIOTHYIO BEJIMUYHHY.

3agaya Nel. IIpu kakux 3Ha4EHMSIX TapaMeTpa g IPOU3BEICHUE KOPHEN YpaBHEHUS

x%2 + (a+ 2)x + a® — 4a = 0 paBHO HymO?

Pewenue. x*+ (a+2)x+a?—4a=0

JlaHHO€ ypaBHEHUs KBAIPATHOE.

Eciu KOpHH KBaJIpaTHOTO ypaBHEHHs CYLIECTBYIOT, TO TI0 TeopeMe Buera x,x, = a® — 4a

[IpousBeneHne KOpHEN paBHO S, €CIIU

a’?—4a=>5
a’?—4a—-5=0
a=-1 a=5

[ToacraBuM HalIeHHBIC 3HAYCHUS TApaMETPa d B UCXOJIHOE YPABHEHHE U BBIACHUM, IPU KaKUX
a KBaJI[paTHOE YpaBHEHHE UMEET KOPHHU.

[Ipu a = —1 nony4um, x24+x+1+4=0
x24+x+5=0
D=1-4-1-5=-19, DO
YPaBHEHHE HE UMEET KOPHEIA.

[Tpu a = 5 momy4nm, x2+7x+25-20=0
x>+ 7x+5=0
D=49—-4-5=29; D>0
yPaBHEHHE MMEET JIBA KOPHSI.

Omegem: nipu a = 5.

3apaua Ne2. Ilpu kakux 3HaYEHUSAX TTApaMeTpa a CyMMa KBaJIpaTOB KOPHEH ypaBHEHUS
x?+ (a—1)x — 2a = 0 pasna 9?
Pewenue.

x>+ (a—1x—-2a=0
JlaHHOE ypaBHEHHE SIBIISIETCS] KBaIPATHBIM.
Haitnem nuckpuMuHaHT:

D=(a—-1%*+4-2a=a*-2a+1+8a=a*+6a+1
Teopema Buera paboTaeT nuiib 11t TeX KBaAPATHBIX YPaBHEHHH, Y KOTOPBIX €CTh KOPHHU.
CyiiecTBoBaHME KOpHEN onpeaenserca ycaosuem D > 0, T.e.
a’?+6a+1=>0
IlycTh X1 4 X, — KOPHHM TaHHOTO YpaBHEHUSI.
ITo ycnosuio x2 +x2 =9
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(xl + xz)z - 2x1x2 == 9
IIpumenssa reopemy Buera, umeem:

{xl +x,=1—a,
X1X, = —2a;

ITomy4yaem ypaBHEHUE:
(1-a)*+2-2a=9
1-2a+a*+4a-9=0
a’+2a—8=0
a,=—4 a,=2
Haiinennsle 3HaueHust a = —4 u a = 2 JAOJKHBI YAOBIETBOPSATh HEPABEHCTBY
a’+6a+ 1= 0. Ilposepum.
Ecima = —4,10 (—4)?—-24+1>0
17 — 24 > 0 (ueBepHO)
3HauuT, Ipu @ = —4 ypaBHEHHE HE UMEET KOPHEN.
Ecrma=2,1704+ 12+ 1> 0 (BepHo)
3HAUUT, IpU @ = 2 ypaBHEHHUE NMEET KOPHHU.
Omeem: nipu a = 2.
3agaua Ne3. Haiinute Bce 3HaueHUS @, IPU KaKJOM U3 KOTOPBIX OJIMH U3 KOpPHEW ypaBHEHUS
x? = (2a+ 1)x + a%? + 2 = 0 B aBa paza GoublIE APYroOro.
Pewenue.
x>—Qa+1Dx+a?+2=0
YpaBHEeHHE JOIKHO UMETH JIBA Pa3IMUHBIX KOPHS, IO3TOMY IUCKPUMUHAHT MOJIOKUTEIIEH:
D=Q2a+1)?—-4(@*+2)=4a’+4a+1—4a*—-8=4a—-7
4a—-7>0

7
-

a>1,75
ITycts KOpHM Hamiero ypaBHeHus ¢ u 2t. [1o Teopeme Buera nmeem:
{t + 2t =2a+1,
t-2t=a*+2;
{Bt =2a+1,
2t* = a® + 2;
. 2a+1
3
g Bt D
9
2(2a+ 1)?> = 9a% + 18
23
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2(4a* +4a+1) =9a% + 18
8a’+8a+2=9a” + 18
92 +18—-8a*?—-8a—-2=0
a’?—8a+16=0
(a—4)?=0
a—4=0
a=4

3nauenue a =4 yAOBIETBOPSET HEPABEHCTBY @ > 1,75, 3HAUUT MOJIXOIUT.
Omeem: a =4.

3agaua Ned. Haiinute Bce neiicTBUTENbHBIE 3HAUEHUS TapaMeTpa a, IPU KOTOPbIX KOPHU
ypaBHenus (a — 3)x? — 2ax + 6a = 0nelCTBUTENBHEI U ONOKHUTEILHEL.

Pewenue.
(a—3)x?>—-2ax+6a=0
JlaHHOE ypaBHEHHE CTEIIEHH HE BBILIE BTOPOM.

1) Ecnua — 3 = 0,a = 3, To nojiy4aem ypaBHEHHE

—6x+18=0
—6x = —18
x=3

3 — MONOXUTENbHBIN KOPEHb, 3HAUUT, 3HAUEHUE @ = 3 YJOBJIETBOPSET YCIOBHIO 3aauu.
2) Eciin a — 3 # 0, a # 3,70 ypaBHEHHUE sBIsETCS KBaJpaTHbIM. Haliiem TucKpuMUHAHT:
D, = a? —6a(a—3) = a? — 6a? + 18a = 18a — 5a?
CymecTBoBaHuE KOpHEN ypaBHEHUS onpenensercs ycnosueM D = 0, T.e.
18a —5a* = 0
5a> —18a <0
a(5a—18) <0

0<a<—
sas =

0<a<36
3) Ilycth x4 u X, — KOPHU JAHHOTO YPaBHEHUS.
Yr1oObl KOPHU ObUTH 1EHCTBUTEIBHBIMU U TMOJIOKUTEIBHBIMU, HEOOXOMMBIM U 1I0CTaTOYHBIM

YCJIOBUCM CIIYKUT CUCTEMA HCPABCHCTB!

{xl +x, >0,
x1x, > 0.
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ITo Teopeme Buera:

4 2a
X1 +x, =—— X Xop = ——=
1 2 a’ 1 2 a—3’
c 6a
xlxz :EJ xlxz = _3,
2a
30 a
[Tonyugaem, (16a T3>O
— >0 a
a-3
O e :
0 3 a

a<0wmwma>3

VYuuteiBas, uro 0 < a < 3,6, noy4um

0: :
— o >
0 36 a

A T.K. IpH @ = 3 ypaBHEHHE UMEET T0JI0KHUTEIbHBII KOPEHb, TO a € [3; 3,6]
Omegem: a € [3; 3,6].

3apauya NeS. Omnpenenute 3HaueHus mapameTpa da, Ipu KOTOPBIX cymMMa S KBaJApaToB KOpHEH
ypasHenus x% + 2ax + 2a® + 4a + 3 = 0 sBaserca Hanbonpneii. YeMy paBHa 5Ta cymma?

Pewenue.
x?+2ax+2a*+4a+3=0
Haitnem nuckpuMuHaHT:
D; =a*—(2a*+4a+3)=0a*-2a*—4a—3=—a*—4a -3
UtoObI KBaipaTHOE YpaBHEHUE UMEIIO KOPHU, TUCKPUMHUHAHT JIOJDKEH OBITh HEOTPUIATEIHHBIM.
—a’?—-4a-320

a’+4a+3<0

1
w

1
[RE
oV

N3 reopemsl Buera cnenyer:
{ x, +x, = —2a,
xX1X, = 2a% + 4a + 3.

S=x2+x2=(x; +x)%2—2x,%, = (—2a)?> — 2(2a* + 4a + 3) = 4a®> —4a®> —8a — 6 =
=—-8a—-6
Cymma Oyzaer HanOonbIIel npu a = —3
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S=-8-(-3)—6=24—6=18

Omeem: npu a = —3;S5 = 18.

3apaua NeS. Ilpu kakux 3HaYEHUSX TApaMeTpa a ypaBHEHHE
x* — (4a — 5)x? + 3a® — 5a = 0 umeer 1Ba KOpH:?
Pewenue.

x*—(4a—5)x*+3a?—-5a=0
Iycts x2 = t, moz0a

t?—(4a—5)t+3a®?—-5a=0
HcxonHoe ypaBHeHUE OyIeT UMETh JIBa KOPHS B CIEAYIONMUX CIydasx:
1) Ecmu ypaBuenue t? — (4a — 5)t + 3a? — 5a = 0 uMeeT eIMHCTBEHHBIH KOPEHb M OH
MOJI0KUTETbHBIN.
Haitnem nuckpuMuHaHT:
D = (4a — 5)? — 4(3a? — 5a) = 16a? — 40a + 25 — 12a? + 20a = 4a? — 20a + 25 =

= (2a — 5)?

Urto0bl ypaBHEHHE UMEIO SMHCTBEHHBIN KOPEHb, IUCKPUMHHAHT JIOJDKEH OBITh PaBEeH HYIIO.

(2a—5)2=0
2a—5=0
a=25
Torna penieHreM ypaBHERUs OyaeT t = ;—Z = 4a2_5 = 4'2'25_5 = 102_5 = 2,5. T.K. KOpPEHb

TIOJIOKUTENBHBIN, TO @ = 2,5 yIOBIETBOPSET YCIOBHIO 3a1a4H.

2) Ecnu ypasrenue t?2 — (4a — 5)t + 3a? — 5a = 0 umeeT /iBa KOPHS Pa3HBIX 3HAKOB.
Vpasrenue OyeT UMETH JBa KOPHS Pa3HbIX 3HAKOB, €CIIM NPOU3BEIEHNE KOPHEH t; * t, Oyaer
orpunarensHbeM. [To Teopeme Buera npoussenenue KopHeii t; - t, = 3a* — 5a.
CnenoBatenbHo, 3a? — 5a < 0

a(3a—5)<0

Q
(@]
v

Omeem: npu a € (0; 1 %) U {2,5}.
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PacnonoxeHue KOpHel KBaapaTHOro Tpex4yrneHa B
3aBUCMMOCTM OT napameTpa.

[Ipu pemieHun MHOTUX 3agad TpeOyeTcs 3HAHHE CIEAYIOLIUX TEOPEM U CIEACTBUN O
PacMoI0KEHUN KOpHEH KBaJpaTHOrO TpeXuwieHa Ha KOOPAUHATHOM MPSMOIA.

IMycts f(x) = ax? + bx +c,a > 0 uMeer NEHCTBUTENbLHBIE KOPHH X;, Xp, KOTOpBIE
MOTYT OBITh KpaTHbIMH, a M, A — kakue-HUOyAb JNEHCTBUTEIBHBIC YHCIa, TpudeM A > M.
Torna:

Teopema 1.

Jist Toro uToOBl 00a KOPHS KBaJpaTHOTO TpexXusieHa ObLIM MEHbINE, yeM 4ucio M (T.e.
JeKaau Ha KOOPAMHATHOM mpsMoil JseBee, 4eM Toduka M), HE0OXOAMMO U JOCTaTOYHO
BBINOJIHEHHUE CIIETYIOLINX YCIOBUIA:

a>0

fM) D = 0;
: : -b
ZQ xz E o= 2a <M

: f(M)>0.
: M

Teopema 2.

Yto06bl 0IMH U3 KOPHEH KBaJpaTHOrO TpexujeHa OblI MEHbILE, YeM Yucio M, a apyroit
Oonbiie, yeM M (T.e. Touka M nexana Obl MeXIy KOpPHSIMH), HEOOXOIMMO M JIOCTaTOYHO
BBINOJIHEHHUE CIEIYIOLINX YCIOBUI:

fM) <0
M [x;

f(M)

Teopema 3.

Uto0Osl 006a KOpHS KBaIPATHOTO TPEXUWiIeHa ObLTH OOJbIle, 4eM Yuciao M (T.e. iexanu Ha
KOOpJMHATHON TpsMOi mpaBee, yeM uucio M), HEOOXOAMMO M JIOCTaTOYHO BBIMOJHEHUE
CIEAYIOIIUX YCIOBUM:

f(M):\ / D=0
2\ 2a

fM) >0
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HpI/IBeI[eM HauboJIee 4yacTo BCTPEHAIOIUECA CIICACTBUA U3 3THUX YTBer(HeHHﬁ.

Cneocmeue 1.
Uto06bl 00a KOpHS KBaJpaTHOIO TpexuseHa ObUIM OoJiblle, 4eM 4Yucio M, HO MEHbIIE,
gem unciio A (M < A), T.e. Jiexkainu Ha UHTEpBajie Mexay M u A, HEOOXOUMO U JOCTATOYHO

BBITIOJIHEHHE CIIEAYIOIIMNX YCIOBHIA:

fim) f(A)

. ! D=0

! ' f (M) >0

y —_b A M < % <A
2a

Cneocmeue 2.

UTo0b! TONBKO OOJIBIINK KOPEHb KBAJPaTHOrO TPEXWJIeHa JIeKal B MHTepBajie Mexay M
u A (M<A), He00XOAMMO U JIOCTATOYHO BBINOJIHEHUE CIIEIYIOIINX YCIOBHM:

a>0
f(A).
X1 X5 E
M " {f(zAW) < g
0 fa >

IIPU 3TOM MEHBIINI KOpeHb BHE O0Tpe3ka |[MA|
Cneocmeue 3.

UToOB! TOLKO MEHBIIHI KOPEHb KBaAPATHOTO TPEXUJICHa JIeKal B MHTepBaje Mexay M
u A (M<A), HeoOX0IUMO U JOCTATOYHO BBHIMTOTHEHUE CIEAYIONIUX YCIOBUM:

fim);
{f(M) >0

v . £(4) <0

f(A

IpU 3TOM OOJIBIINI KOPEHb JISKUT BHE OTpe3Ka [MA|
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Cneocmeue 4.

Uto0Obl OIMH KOpPEHb KBAJPaTHOTO TpexusjeHa ObUT MeHbllle, yeM M, a npyroi Goblie,
gyeM A (M < A), T.e. oTpe3ok MA 1eIuKoM JieKal BHYTPU HHTEpBAIA MEXIY KOPHSIMH,
HEO0OXOAUMO U JOCTATOYHO BBHIMOJIHEHUE CIECIYIOIUX YCIOBUM:

f(M)<O0
X1 M A Xo {f(A) <0

T(A) flA)  fim)

fim

Orta Tpymnmna TeopeM M CJIEACTBUN OYeHb 4YacTO MPUMEHSETCS MpU PEUIeHHH 3a1ad C
napamMeTpamMH U TI03TOMY UMEET OOJIBIIOe 3HAUYCHUE.

AKIIEHTHpPOBAaTh BHHUMAHHE Y4YalllUXCsi HAa TOM, YTO 37ECh KOHTPOJIbHBIMHU SIBJISFOTCS:
HampaBJIeHUE BeTBEH mapaboibl, 3HaKW 3HaYeHUd f(M), f(A), pacmojOXKEHHWE BEPIIUHBI
napaboJibl (2 BCe OCTAIbHOE 3alUCHIBACTCS M0 IPadUIeCKON MILTIOCTPALIUN).

[TpuMeHNM JaHHBIE TEOPEMBI U CIICACTBHUS K PELICHHUIO 3a]1a4.

3apaua Nel. Ilpu kaxux a oba kopus ypasnenus x* + 4ax + 1 — 2a + 4a? = 0 menviwe -1?

Pewenue. Jlannoe ypaBHeHUE KBajpatHoe. M300pa3um rpaduyuecku ycioBue 3a/1a4u.
Kos(duiuent nepes x? nonoxkuTenbHbIH, BeTBH napabons! f(x) = x% + 4ax + 1 — 2a + 4a?

HalpaBJIeHbl BBEPX. Y paBHEHNE UMEET JIBa PA3IMUHBIX KOPHS, KOTOpbIE MEHbIIIE -1, T.e. 06a
KOPHsI PacIOJIOKEHBI JIeBee yucia -1.

T.x. kopHH cymecTByIOT, T0 D = 0.
f(=1) Ab6crucca BepiiH napaboisl MeHbITe -1 u
3HaYEHHEe KBAJPAaTHOTO TPEXUIeHa B TOUKe -1

“2a/
oL N X JTIOJKHO OBITH OOJIBIIIE HYJIA.

. -1 3anuIeM cucTeMy, KOTOpasi OIUCHIBAET ATy
; CUTYAIUIO:
D >0,
b < -1
2a ’
f(=1) > 0;
D, =Ra)?—(1—-2a+4a*)=4a*>—-1+2a—4a*=2a—-1
b B —4a _
2a - 2 ‘¢

f(-1)=1—-4a+1-2a+4a’>=4a’>—6a+2
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Pemmim cucremy HEpaBEHCTB:

1

20—1>0, a>-, a>-,
—2a< -1 1 2
’ a>-, 1
402 —6a +2 > 0; 2 2@‘1N“_9>0'

2a2-3a+1>0

i S
1 ' -
= : a
12 :
A A S
Y1 hd
= 51 a

Omeem: npu a > 1.

3amaua Ne2. [Ipu kakux 3Ha4YeHUsX a ypaBHenue x2 — 2(a + 1)x + a? — 2a + 4 = 0 umeer
JIBa Pa3JINYHBIX KOpHS, Oosbiux 1?

Pewienue. Jlannoe ypaBHeHHE KBagpaTHoe. 11300pa3umM rpaguuecku ycioBUe 3a/1auu.
Koadduuuent npu crapiiem uieHe 6osblie HyJs, BETBU apaboIIbl HAIIPABICHBI BBEPX.
VYpaBHEeHHE UMEET /IBa Pa3IM4HbIX KOPHsI, KOTOpbIe OoJblie 1, T.e. 00a KOPHS pacIoyioKeHbI
npasee yucia 1.

3anuiueM cUCTeMy, KOTOpasi ONMCHIBBAET 3TY

£(1) curyanuto. YToObl ypaBHEHHE UMETIO JBa

1
i KOPHSI Pa3INUHBIX KOPHS, AUCKPUMUHAHT
%! Xy JOJKEeH OBITH CTpOro Oosbine Hyss. AOuucca

1 —b BEPILUHBI Tapabosbl Oonbiie 1 1 3HaYeHHe
2a
KBa/IPaTHOT'O TpeX4JeHa B TOUKE 1 JOIKHO

OBITH OOJIBIIIE HYJIA.

D >0,
ITonygaem: §>1,

f() > 0;
Di=(a+1)?—-(a*—-2a+4)=a*+2a+1—a*+2a—4=4a-3
2 a1
2a_a

fH)=1-2(a+1)+a?>—-2a+4=1-2a-2+a*—-2a+4=a%*—4a+3

PemmMm crucreMy HEpaBEHCTB:
O O >
3 1 3 a
4a—-3>0, a>7, A <
N 7
at+1>1, a>0, 3 a
2 4
a“—4a+3>0; a<i, —O >
[a>3; 1
0 a

Omeem: ipu a € G; 1) U (3; +00).
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3amaya Ne3. HaliTu MHOXKECTBO 3HAUYEHUH MapaMeTpa d, PU KOTOPBIX YUCIIO 3 HAXOAUTCS
MEKIy KOPHAMH KBaapaTHoro ypasHenus 3ax? —2(7a+3)x +3a?+30=0.

Pewenue. Jlannoe ypaBHEHUE CTETICHU HE BbIIIE BTOPOH.
1) Ecmm 3a=0, a=0 ypaBHEHUE IPUHUMAET BUJ]
—2:-3x+30=0
—6x = —30
x=5
[Tpu a = 0 ypaBHEeHuUe OyAeT UMETh OJIMH KOPEHb.
2) Ecnu a # 0, To 1aHHOE ypaBHEHUE SIBISIETCS KBaAPATHBIM.
3ax? —2(7a+3)x+3a*+30=0 ]| =3a#0
[IpuBuaeM ypaBHEHUE K BULY:
2 2(7a+3) X4 3a%+30 _
3a 3a
2(7a+ 3) a’+10
-———x+—=0

3a
N300pa3um rpaduyecku ycioBUe 3a1a4H.

0

xZ

Koadduiment npu crapiiem yieHe B HOTYUBIIEMCS YPaBHEHUHU OOJIbIIE HYJIS, BETBU MapadoJIbl
5 2(7a+3) a?+10
f(x) =x°— 2a X + B HaIpaBJIeHbI BBEPX, U Mapaboiia JOHKHA MepeceKkaTh OCh

abcuuce B ABYX Toukax. Uncio 3 HaXoAuTCs MEX/ly KOPHSAMU KBaJIpaTHOIO ypaBHEHUS.
(Mmeem mecmo cnedyrouiee ymeepicoenue:

Ilyemo f(x) = ax®* +bx+c,a>0
Ecnum ons nekomopoe2o uucna t 6blNOIHEHO
3 /x, Hepagencmao f(t)<0, mo keadpamHoe ypaeneHue
.
\/ T.K. B YCIIOBUU MIPSIMO yKa3aHO HA CYIIECTBOBaHHE

f (3) ABYX pa3JIMYHbIX KOpHeﬁ, TO AMCKPUMHWHAHT

X1
ax? + bx + ¢ = 0 umeem d6a pasnuunwvIx KOpHL).

JOJIKCH OBIThH I10JIOKHUTEJILHBIM.

[TosTomy TpeboBanue f(3) <0 kak HEOOXOJUMO, TaK U IOCTATOYHO JJIsl TOTO, YTOOBI
BBITIOJIHSIJIOCH HEPABEHCTBO X1 < 3 < X,  (3aMETHM, UTO 37IeCh HET HE0OX0IMMOCTH TPeOOBATH
el11e BhINOJHEHUs HepaBeHcTBa D > 0).

2(7a + 3) a’+ 10 2(7a+3) a?+10
— 34+ —=9 - + =
3a a a a

fB)=9-

~9a-2(7a+3)+a*+10 9a—14a—-6+a*+10 a’-5a+4 (a—1)(a—4)
a a a a

(@-1@-4 _,
a

o0—
+

~O—

BO—
+

Omeem: tipu a € (—;0) U (1;4).
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3anaua Ned. TIpu Kakux a KOpHU ypaBHeHus x> + ax + 4 = 0 npuHamnexar uarepsany (1;3)?

Pewenue. Jlannoe ypapHeHue kBagparaoe. Kosdguuuent nepen x? nonoxkuTenbHbli, BETBH
napa6oisl f(x) = x? + ax + 4 HanpasneHsl BBepX. KOpHH ypaBHEHHs IPMHALIEKAT

uHTepsany (1;3).

N306pa3um rpaduuecku ycaoBue 3a1a4u.

[TycTh KOpHU X4, X5 NexkaT Mexay 1 u 3. T.k.
KOPHU CYILECTBYIOT, TO BBIMOJHSAETCS HEPABEHCTBO
D > 0 (umeHHO HecTporoe, NOCKOJIbKY ciydyai

f()?
Ja

X1 = X, HE UCKIIIOYCH).

KBanpatHblii TpexXuwieH NIPUHUMAET
M10JIO’KUTEJIbHBIE 3HAaYEHUs B TouKax | u 3.
Abcuucca BepmnHbI napadostsl 6ombie 1, Ho
MeHblIe 3. 3anullieM CUCTEMY, KOTOpasi ONUCHIBAET
3TY CUTYaLUIO:

{ DZOI
f() >0,
f(3) >0,
L1< b<3'
2a 7
D=a*—-4-4=0a*-16
f)=14+a+4=a+5
f3)=9+3a+4=3a+13
b a
2a 2
Pemnm cucremy HepaBEHCTB:
<-4
a2-16>0, ((a—H@a+4) =0, 1“2
a+5>0, a> -5, T c
a > =5,
3a+13 >0, a> 13 1
a T —4 =
|k1<_§<3; L 2< - 26- I\ ]
E E E @ E' —-6<a<-—2.
. Y 2 %
s E C
. —4- . a
Q 0
6" 2 a

Omeem: a € (—4%; —4]
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3amaua NeS. Ilpu kakux a KopHM ypaBHeHus ax? + (4 — 2a)x + 1 = 0 no Moxyro MeHbmie 1?

Pewenue. Jlannoe ypaBHEHUE CTETICHU HE BbIIIE BTOPOH.

1) [Ipu a = 0 nmonyyaem ypaBuenue 4x +1 =0, x = —i

1
|— Z| < 1, 3raunt npu a = 0 ypaBHeHHE OyAeT UMETh KOPEHb 110 MOAYIIIO0 MeHbIIE 1 (3HaUeHHE
napamerpa a = 0 HaM OAXOIUT).
2) [Ipu a # 0 ucxoaHOE ypaBHEHUE SBISETCS KBAIPATHBIM.
ax’+ (@4 -2a)x+1=0 |ia#0
IIpuBeneM ypaBHEHUE K BULY:

22—-a 1
x2+¥x+—=0
a a

MU306paszum rpaduuecku yciosre 3atadn, f(x) = x% +

N oy ) /f(l)
N\

3anuiem CUCTCMY, KOTOpPasA OIMMCBIBACT JAHHYIO CUTYAllHUIO:

2(2—a)x n 1
a a

( D1 =0,
f(=1) >0,
f() >0,

1< b<1
\ 2a
Di=R2-a)Y—-a=4—-4a+a*—a=a*—-5a+4

2(2—a)+1_a—4+2a+1_3a—3
a a a

f(=1)=1-

4—-2a 1 a+4—-2a+1 —-a+5
f)=1+ +-—= =
a a a a

b 22—-a) a-2
2a 2a T a

PemmM crucreMy HEpABEHCTB:
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(a—1)(@a—-4)=0, ((a—1D(@—-4)=0, ((a—1D(a—4)=0,

2_5a+4>0, a—1 a—1 a—1
“ 3a—a3 B >0, > 0, > 0,
>0 a a a
a ’ a—>5 a—>5 a—>5
| 5-a_, ! gz <0 ) — <0, ) — <0,
a ’ a—2 a—2—a 2
a—2 7 <L — <0 ->0,
(—1< a <L a—2 a—2+a a—1
L > —1; — >0 > 0;
a \ a \ a
[asl, : |
az=4, g I 3
0<a<s, 5 ' '
A ) N
| [a<0, o7 17
k a>1, E E
a>1. é o
0 . 5 a
>

Hrak, 4 < a < 5.

YuuteiBas, uto npu a = 0 ypaBHEHHE UMEET KOPEHb 110 MOAYJIIO MEHbIIE 1, TO B OTBET HAJI0
no6asuth a = 0.

Omeem: ipu a € {0} U [4; 5).

3agaua Ne6. [lpu kakux 3HAUEHUSX @ OJIMH U3 KOPHEW ypaBHEHUs
(a—2)x?—2(a+ 3)x + 4a = 0 meHbIue 2, a BTOpoii GonbIue 37

Pewenue. JlanHoe ypaBHEHUE CTEIIEHU HE BBILIE BTOPOIl.

1) Ecnu (a - 2) = 0, a = 2 ypaBHeHHE TPUHUMAET BUJ
-10x+8=0
x=0,8
ITpu a = 2 ypaBHeHHEe OyAeT UMETh OJIUH KOPEHb.
2) Ecnu a # 2, TO JaHHOE ypaBHEHHE SBJIIETCS KBaJIpaTHBIM
(a—2)x?—2(a+3)x+4a=0 |:a—2%0
2(a +3) 4a
T Ta-2z * a—2

2 =0

N300pa3um rpaduyecku yCIOBHE 3aJa9H.

o 2(a+3) 4a
Crapimii ko3 puient 6omblie Hyns, BeTBu napabonsl f(x) = x2 — (

a-2 a-2

HarpasJieHbl BBepX. KopHU ypaBHEHUS Jexar 1o
pa3Hble CTOpPOHBI UHTEpBaia (2; 3).

BaHI/IHIeM CI/ICTeMy, KOTOpaSI OIINCHhIBACT 3Ty
b2\ 2 3 X2 X CUTYAIHIO:

\\/ 34
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{f (2) <0,

f(3) <.

4(a+3) 4a 4(a—2)—4(a+3)+4a 4a—8—4a—12+ 4a
fQ)=a -t e = a-—2 B a-2 -
_4a—20
a-2

6(a+3) 4a 9(a—-2)—6(a+3)+4a 9a—-—18—-6a— 18+ 4a

=9 — = = =

f3) -2 +a—2 a—2 a—2
_7a—36
a-2

Pemnm cucremy HepaBeHCTB:

4a—20<0 a—5<0
a—?2 ’ a—?2 ’
7a—36<0_ 7a — 36
a—2 ’ a—2

& o |

2 S | a

& L5

2! 1 gli a

Omegem: nipu a € (2;5).

PelwweHue pa3nnyHbIX ypaBHEHUN C napamMeTpamMu
(vppaumoHanbHOe ypaBHEeHUEe, TPUFOHOMETpPUYecKoe,
nokasaTtenbHoe, norapudmmyeckoe).

IToxayxeM HEOOXOJMMOCTb 3HaHUS YCIIOBHM PacoyioKeHUsI KOpHEH KBaJpaTHOTO TpexuiieHa
IIPU PELIECHNUHN Pa3JUYHbIX BUJIOB YPABHEHHM C ITAPAMETPOM.

Hppayuonanvnoe ypasnenue c napamempom (I1.U. I'opumreitn, B.b [lononckuit, M.C. Sxup
«3amauu ¢ mapamerpom», lI1.137(MAN)).

3apaya Nel. Haiitu MHOKeCTBa 3HAUEHMI MapaMeTpa a, I KaKJI0T0 U3 KOTOPBIX YPaBHEHHE

J2(x2 —x—2a%+2a+2)=x+1 uMeeT 1Ba KOPHS Pa3HBIX 3HAKOB.

Pewenue. J2(x2 —x—2a2+2a+2)=x+1

Hcxomaoe YpPaBHCHUEC PAaBHOCUJIBHO CUCTEMC
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{ x+1=0,
2(x? —x—2a*+2a+2=x*+2x+1;

{ x+1=0,
2x2 —2x —4a’* +4a+4—x*-2x—-1=0;

{ x = -1,
x? —4x —4a*+4a+3=0.

3uaunt, O.J1.3.: x = —-1,a €R

T.K. UCXOOHOE ypaBHEHHE IOJDKHO MMETh JIBa KOPHSA Pa3HBIX 3HAKOB, 3HAYUT KBAJpaTHOE
ypaBHEHUE

x2—4x —4a*+4a+3=0,mpux = -1
JOOJIDKHO UMECThH ABa KOpHﬂ paSHBIX 3HAKOB.
x> —4x —4a*+4a+3=0

Di=4—(—4a’+4a+3)=4+4a’>—4a—3=4a’—-4a+1

D; = (2a — 1)? (ToJTHBIM KBaIpaT)

X1 =2—2a-1) X =2+2a-1
x;=2—-2a+1 X, =2a+1
X, =—2a+3

T.x. KOpPHH OOJIKHBI OBITH PAa3HBIX 3HAKOB, TO OHU AOJIKHBI YAOBJICTBOPATDH YCIOBUAM!

2a+3 2a+l - Pl | PERE) -
@ t L 4 t
-1 0 X -1 0 X
N
{—13—2a+3<0 {—1S2a+1<0
2a+1>0 —2a+3>0
{—4S —2a < -3 {—2 <2a<-1
2a > -1 —2a > -3
1 - 2
a>-—3 a<1,5
A O Py > P nl e
_t 15 2 2 - =3 L5 a
1,5<a<?2 —1Sa<—%

Omegem: nipu —1 < a < —%; 1,5<a<?2.
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Jozapugmuueckoe ypasnenue c napamempom (I1.1. I'opamrreitn, B.b [Tononckuit, M.C. Sxup
«3agauu ¢ mapaMeTpom»)

3apaua Ne2. (II1.150) Haiimure BCce 3HaueHUs MmapaMeTpa a, MPU KOTOPHIX KOPHH YpaBHEHUS
(a—Dlog?(x—2)—2(a+ Dlogz(x —2) +a—3 =0 wmensme 3.

Pewenue. (a —1)log2(x —2) —2(a+ Dlogz;(x —2) +a—3=0
1)Ecmu a-1=0, a=1, T0 ypaBHEHHE IPUMET BU]
—4log;(x —2)—2=0
—4logs;(x —2) = 2

1

logs(x —2) = -3 Od3:x—2>0, x>2

_1

x—2=32
1
x—2+ﬁ

2+ \% < 3,3Hayum npu a = 1 ypasHenue 6yoem umems KOpeHb MeHbuLe 3.

2a-1#0,a#1 (a—1logi(x—2)—2(a+ Dlogs(x—2)+a—-3=0
[Ipu pemenun ypaBHEHHH METOAOM 3aMEHbl MEPEMEHHOH HE0O0XO0IUMO
MPaBUJIBHO OLIEHUTh 3HAYEHHUE HOBOW NEPEMEHHOM.

ITo ycoBHIo 3a1a4K KOPEHb ypaBHEHHS MEHBIIIE 3, 3HAYHUT X<3
Ouenum Beipakenue (x — 2), To

x-2<1
log;(x — 2) < logs1

logs(x —2) <0
Iycts logs(x —2) =t,t <0

3HaHI/IT, PCHICHUC CBOAUTCA K HAXOXKACHUIO BCEX 3HAYCHUN ImapamMeTpa

a # 1 ypasnenns (a — 1)t? — 2(a + 1)t + a — 3 = 0, Ipu KOTOPHIX KOPHH ypaBHEHHs
YIAOBJIETBOPSIOT yCIOBHIO t<0

(a-Dt?=-2(a+Dt+a—-3=0
Di=(a+1?-(a—-1D(@—-3)=a’+2a+1—(a’>—-4a+3) =
=a’+2a+1—a*+4a—-3=6a-2 (He sBNISIETCS TIOJTHBIM KBaJIPaTOM JIBY4JICHA)
(a—Dt? = 2a(a+ Dt+ (a—3)=0|: (a-1) 0

[TpuBenem ypaBHEHHE K BUAY
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2(a+1 -3
— % t+ % =0, a # 1 ynosaeTrBopsIoliee ycaoBuio ¢<()

t2

I'paduuecku 370 MOKHO U300pA3UTH TAK:

_ 42 2(a+1) a-3
ecmu f(t) =t D t+—
D, =0,
X9 <0,
£) ! t, 0 t
Dl = 661 - 2
_—b  2(a+1) a+1
T T -2 a-1
a—3
0) =
fO=—
6a—220, (a>:,
a+1
- 1
a-1 <0, 42_4_-1 <0,
a-3
- - -3
a1 >0
Z * =
i | :
7 ~ ? %
. . ] =
i ¥ |
% <ax<l1

1
VYuursiBas, uTo npu a=1 ypaBHeHHE OyJeT UMETh KOPEHb MEHbIIE 3, TO 3 <a<l
1
Omeem: nipu ;=Sas 1

Tpuzonomempuueckoe ypagnenue ¢ napamempom.

3apauya Ne3. [lpum kakmx 3HaYEHUSX NIAPAMETPA @ YPAaBHEHHE
cos?x — (a — 2) cos x + 4a + 1 = 0 He uMeeT KOpHEH?

Pewenue.
O3.:x€R,a€R
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ITyctbcosx=t, -1 <t <1
Homyunm t? — (a — 2)t + 4a + 1 = 0 - 5T0 KBaJpaTHOE ypaBHEHHE.
D=(a—2)?-4(4a+1)=a*—4a+4—16a—4=a*—-20a
1) KBagpatHoe ypaBHEHHE HE UMeET KOpHeEH, eciu D <0

a’?—-20a<0
a(a—20)<0
()V \210 a

npu a € (0;20)

JInbo KopHU €CThb, HO OHU HE YIOBJIETBOPSIOT yciaoBuio —1 <t < 1

2) Ilpu D>0 ypasnenue umeem Kopuu, HO oHu He yoosiemeopsiom yciosuo —1 <t < 1.

Boszmooicnwi crydau.

{f (-1 <0,
f(1)<0;

1-(a—2)+4a+1<0;
a<o, n
{a<—§. - oas< -3

D >0, a(a—20) =0,

fN N _
6) \ N2/ / —-=>1, >,
—i —— (1) > 0; f(@) >0;
TN a<o, Ca<o
i [ [ .

{1+a—2+4a+1<0, {5a<0,
3a < —4;

a =20, a > 20,
a—2 a>4, - a=20
> 1, | 4
k ta>——.
1-(a—2)+4a+1>0; 3
D >0, [
! ltaz
) ~Lo, S
t fED>0 \14+@-2)+4a+1>0;
[;:200
a<0
a>0

O0beuHUM HalIeHHbIE peleHus, OIYyIUM

20
20

2

20 d

hallhale)
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4 o
Omeem: nipu a < — >a> 0 ypaBHEHHE HE UMEET KOPHEH.

Ilokazamenvhoe ypasnenue ¢ napamempom.

3anaua Ned. Haitnure Bce 3HaueHus rnapamerpa a, pu KOTOPhIX YpaBHEHUE

97214 4.37%-2l _ g =0 wumeer POBHO J1Ba Pa3JIMYHBIX JEHCTBUTEIBHBIX KOPHSI.
Pewenue. O.J1.3.:a €R;x ER

[Ipu pemieHny ypaBHEHUH ¢ IapaMeTPOM 3aMEHOW NEPEMEHHOM HYKHO IIPABUIIBHO OLIEHUTH
3HAYEHUSI IEPEMEHHOM.

Mycrs 37 %721 = ¢,

Tk. [x-2|>0

-|x-2]<0

0 <372l <30

0 <32l <1, 1o0<t<I

Ilo ycnosuio ucxooHnoe ypagneHue 00JIHCHO UMEMb POBHO 084 PA3NUYHBIX OeliCEUMeIbHbIX
KOpHs, 3Hauum xeaopammoe ypasnenue t> — 4t —a = 0

1) AOMXKHO UMETHh TOJIBKO OJUH KOPEHb, YIOBIETBOPSIOMUN ycioBuo 0<t < 1

Onun kopens, eciiu D =0, mpu 0 <t < 1
Di=4+aq, a+4=0, a=-—4
ecmma=—4,10t>—4t+4=0
(t—2)2=0
t=2
Ho t = 2 He ynonerBopsier ycnoButo 0 <t < 1, 3HauuT 3HaUEHUE NapameTpa a = - 4 He
YIOBJIETBOPSIET YCIOBUIO 33Ja4H.

2) VYpaBuenue t? —4t —a =10, 0<t<1 JIOMKHO UMETh OJUH KOPEHb,
yaoBIeTBOpstomnid yenopuo 0 <t <1, npyroit He yIOBIETBOPSET 3TOMY YCIOBHIO.
N3006pa3um pacmnoiokeHue KOpHeEH.

f(1) >0,
{f (0) <0;

1—4-— 0,
{ —a <aO;>

a<—
{ 0 ' pelIeHuni HeT.

f(0) >0,
{f(1)<0
{ —a >0,
1-4—-—a<0;
{

a<o, 3Hauut,-3<a< 0
a> —3.

Otger: nipu -3 < a < () ypaBHEHHE UMEET POBHO J[BA PAa3JINYHBIX KOPHSI.
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pacdhmyecknn meton peweHns ypaBHEeHUM C NapamMeTpomMm.

I'paghuxom ¢pynxuuu y = f(x),x € D(f) Ha3bIBacTCs MHOXKECTBO BCEX TOYCK KOOPIUHATHON
iockoct Buna Oxy Buaa (x, f(x)), rne x € D(f).

PaccMmoTpuM npuemMsl 1 METO/IbI PELICHUH 33/1a4 ¢ TTapaMeTpaMHU C HCIIOJIb30BAaHHEM Memood
Haz2nA0NOI 2paghuueckoli unmepnpemayuu. B 3aBUCUMOCTH OT TOT0, KaKasi poJib OTBOJIUTCS
napaMmeTpy B 3aJ1aue, MOKHO BBIJICIUTDH J]BA OCHOBHBIX IpaduuecKiX mpremMa: nepBbiid —
nocTpoeHue rpaduyeckoro oopaza Ha KOOpAUHATHOM mockoct Oxy, BTOPOU — Ha
KOOPJIAMHATHOM 10ckocTh Oxa.

[lepBbIii mpreM 3akirovaeTcs B cieayroneM. Vicxoanoe ypaBHeHHE TPeoOpaszyeTcs K BUAY
g(x) = f(x,a). Ha mnockoctu Oxy ctpoutcs rpaduk GyHKIuH y = g(x). DyHKuus
¥ = f{x,a) 3agaeT onpeaeneHHOe CEMEHCTBO KPUBBIX, 3aBUCSIINX OT napamerpa a. Kpusbie 3Toro
CeMeNCTBa MOJIYYalOTCs U3 KPUBOH ¥ = f(X) C MOMOIIIBIO HEKOTOPOT'O 3JIEMEHTapHOTO
npeoOpazoBanus (apaiieIbHOrO MEPeHoca BAOIb OCEH, pacTsHKEeHUs, HAIOXKEHUS MOAYJIS UITH
B ClIy4ae JUHEHHON 3aBUCUMOCTH MEXAY X U Y — TOBOPOTA OTHOCUTEIILHO HEKOTOPOI TOUKH).
[Toctpous rpaduueckuii 006pa3 ypaBHeHUs g(x) = f(X,a) MOXKHO YCTaHOBUTH, CKOJIKO TOUYEK
nepecedeHust UMEIOT rpaduku GyHKkuuit y = g(x) u y = f(x,a), — 3T0 onpeaenseT KOIMIecTBO
KOpHEH ypaBHEHUs g(x) = f(X,a), a, CIIeOBATEILHO, U UCXOJHOTO YPaBHEHUS B 3aBUCUMOCTH OT
3HAYCHHS NTapaMeTpa.

Jlydmie Bcero mpuBEACHHBI METOA pabOTaeT B T€X CIyYasix, KOTJa B YCIOBHH 3a/1a4n
CTaBHUTCS BOIIPOC O KOJIMYECTBE KOPHEW B 3aBUCHMOCTH OT 3HaYCHUH MMapameTpa Win
ompezeNieHus] 3HaYCHH MapaMeTpa, MPU KOTOPBIX PEIICHHE OTCYTCTBYET WM €AMHCTBEHHO.

DT TUIMBI 33]]a4 OTJIMYAET TO, YTO MPU UX PEIICHUU HE TPeOyeTC sl MONYUUTh SIBHOE PEIlICHUE,
a HY»HO JIMIIIb HAaWTH T€ 3HaYCHHS MapaMeTpa, MpU KOTOPBIX 3TO PEHICHUE yIOBIETBOPSIET TEM
WIN UHBIM ycloBHsIM. [IprMepaMu Takux yCIIOBHM Uil PELIEHUs] MOTYT CIY>KUTb CIIETYIOLIHE:

® CyIIECTBYET PEIICHHE;

® HE CYIIECTBYIOT PEUICHUS;

® CyIIeCTBYET €AMHCTBEHHOE pEIICHHE;

® CyIIECTBYET MOJOXHUTEIbHOE PEIICHHE;

® CYIIECTBYET POBHO k PEIICHHIA;

® CyIIECTBYET pelIeHHe, IPUHAIekKAIIEE YKa3aHHOMY ITPOMEXKYTKY.

B sTHX ciygasix oueHb moJie3eH rpadudeckuii Coco0 pemeHus 3a1a4 ¢ mapaMeTpaMu.

I'paduueckoe mpeacTaBIeHre ypaBHEHUS C MapaMeTpoM 00J1a1aeT HECKOJIBKUMHU
HECOMHEHHBIMH NTPEUMYIIECTBAMU: BO-IIEPBBIX, IOCTPOUB Ipapuk (Tpaduku), MOKHO
OTIpeNIeNIUTh, KaK BJIMSAET HAa HUX U, COOTBETCTBEHHO, HA PEIICHUE YpaBHEHUS U3MEHEHHUE
napameTpa; BO-BTOPBIX, HHOTIa Tpa(uK 1aeT BO3MOXKHOCTh C(POPMYIMPOBATH AaHATUTHYECKU
HE00XO0/IMMBbIE M JOCTATOYHbIE YCIOBUS JJIsl PEIICHUs TOCTaBICHHON 3a1a4H.

Jlnst oBnasieHust rpaudecKUMU METO/IaMU pellIeHus 3a/1a4 ¢ TapaMeTpaMy HallOMHUM
OCHOBHBIE CITIOCOOBI TOCTPOCHUSI ceMelicTBa rpadukoB GyHKIuUH f(x,a). Bynem paccmarpuBath
byHKIMH, rpadUKA KOTOPBIX MOXHO TIOCTPOHUTD CPEACTBAMH JIEMEHTAPHOW MaTeMaTHKH.
Cuutaem, yto rpaduk QyHKINU y = f(X) U3BECTEH.

I'paduk pynkuuu y = Af(ax+b)+B MoxeT ObITh MOITY4YEH U3 rpaduka GyHKIUH ) = f(x)
CJIEAYIOIIMMHU T€OMETPUUYECKUMHU ITPE0OpPa30BaAHUAMMU:

1. a) oceBoii CUMMETPUHU OTHOCUTENHHO OCH Ox (TOYKa (X,y) MEPEXOIUT B TOUKY (X, - 1));

0) oceBOli CUMMETPUU OTHOCUTENHHO ocu Oy (ToUKa (X, ) IEPEeXOTUT B TOUKY (-X,V));
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B) IIEHTPAIIBHOW CUMMETPHUU OTHOCHUTEIILHO Havasia KoopauHat — Touku O (Touka (X;y)
HEePEeXOaUT B TOUKY (-X,-V));

2. a) mapajuleJpHOro nepeHoca (caBura) B1ojib ocu Ox (ToUKa (X,y) IEPEXOJUT B TOUKY
(x+a,y), TIe @ — HEKOTOPOE YUCIIO, IPU ITOM IEPEHOC MPOUCXOAUT BIPaABO, eciu a>0, u
BIIeBO, eciii a<();

0) mapauienbHOrO MepeHoca (casura) Bojb ocu Oy (Todka (X,)) MepexoauT B TOUKY
(x;y+b), TIe b — HEKOTOPOE YKCIIO, TIPH FTOM IIEPEHOC MTPOUCXOANT BBEPX, ecinu b>0, u
BHM3, eciii b<0);

3. a) pacTshxeHus (WM CKaThsl) BIOaIb ocu Ox (TIpU pacTsHKEHUH (CKATUH) B p pas

(p >0; p # 1) Boonb ocu Ox TOUKa (X; ) IEPEXOUT B TOUKY (pX, )));
0) pacTsbkeHus (WU ckatus) BA0JAb ocu Oy (IIpH pacTsLKEHUH (CKaTuu) B g pa3
(g >0, g #1) Boonb ocu Oy ToYKa (X, ) IEPEXOIUT B TOUKY (X, gV)).

Taoauma

3JIeMeHTAPHBIX peodpa3zoBanuii rpaduka pynkumu y = f(x).

Dynkyusn Ilpeobpaszosanue cpaguxa pynkyuu y=f(x)
[TapamnenpHbIil nepeHoc ero Boib ocu Oy Ha A enunul] BBepx npu 4 >0 u
y=fx)+4 Ha |A| equnnn BHu3 ipu A < 0.
y=f(x-a) [NapannenpHsiii nepeHoc ero Baoiab ocu OX Ha @ eauHuUI BIpaso mpu a > 0
u Ha |a| equnun BieBo mpu a < 0.
v=kf(x),k> 0 | Pactspkenue ero Baonb ocu Oy B k pa3, ecinu k> 1, u cxxarue B 1/k pas,
ecin 0 <k <1.
v=f(kx), k> 0 | Cxarue ero Bnoyib ocu Ox Bk pa3, ecmu k > 1,u pacrsokenue B 1/k pas,
eciin 0 <k<1.
y=-f(x) CHUMMeETpUYHOE OTPAKEHUE €T0 OTHOCUTENBHO ocu Ox.
Yacts rpaduka, pacnonoxeHHas Hike ocu Ox , CHMMETPHYHO OTPaXKAETCs
y = f ()| OTHOCHTEJILHO ITOM OCH, OCTaJIbHAs €ro 4acTh OCTAHETCs 0€3 N3MEHEHHUS.
y=f{-x) CHUMMeTpHYHOE OTPAKEHUE €r0 OTHOCUTENBHO och Oy.
UYacTts rpaduka, pacronoxxeHnHas B oomactu x = 0, octaercst 6€3 U3MEHEHUs,
y = f(xD) a ero yacTh a7 oonactu x < 0 3aMeHsIeTCs] CHUMMETPUYHBIM 0TOOpakeHneM

oTHocUTeNnbHO ocu Oy yactu rpaduka mist x > 0.

PaccmoTpuM npumeHeHne rpaduyeckoro MeToia Mpy pelieHu  3a/1au ¢ apaMmeTpom,
BcTpevaronuxcs Ha OI'D no matemaruke. Pazbepem 3anauu, pemaemsle rpaguueckium
croco0oM, cTposi TpaMKU Ha TIOCKOCTH Oxy.

3apaua Nel.
napamempa a?

Pewenue.

. 2
Ckonvko KOpHeu umeem ypasHeHue | x“-2x-3 ‘ =a e6s3asucumocnu om 3HAYEHUA
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Pemmm rpaduuecku. B cucreme koopauHart (X; y) MOCTpoUM Tpapuku QyHKIUN y = | x2-2x-3 |
uy=a.

['padux Gynkuii y = | x2-2x-3 | CTPOUM C ITOMOILBIO AIEMEHTAPHBIX IPEOOPA30BAHUM.
1) Cuauama moctponM rpaduk GyHKIHK y = X° - 2x-3 = (x>-2x+1)-1-3 = (x-1)* -4
y= (x-1)* - 4 —ypaBHEHHUE mapaboJibl, BETBH KOTOPOW HalpaBlieHbl BBEPX, TaK Kak a=1>0

(1;-4) — BepmmHa mapaboisl

2
2) s Toro 4ToObI HOCTPOUTH TpaduK QYHKIUHA Y = | X"-2x-3 |, He0OXOIMMO TOYKH,
nexamue Ha ocu OX 1 yacTh rpaduka, HaxosIyrocs Boie ock Ox, ocTaBUTh 03
U3MEHEHHS, a 4YacTh Ipaduika HaXosIIytocs Hibke ocu OX, CAMMETPUYHO OTOOPa3HUTh B

BCPXHIOKO MMOJIYIIJIOCKOCTb.

I'paduxom pyHKIMHU y = @ ABISETCS NpsAMasi, napauieiabHas ocu OX WK ¢ Hel coBIagaronias
(npu a = 0).

U3 rpaduka BuaHO:

Ecnu a = 0, To npsimast y = a coBnazaet ¢ ocbio OX 1 uMmeeT ¢ rpadpukoM QyHKINH y = | x2-2x-3 |
JIBE 00II[Me TOYKH, a TaKXKe IpsAMasi y = a OyJeT UMeTh ¢ rpaukoM QyHKIUHN Y = | x2-2x-3 |

JIBE 001IMe TOYKU Npu a > 4. 3HauuT, npu a = 0 1 @ > 4 UCXOAHOE ypaBHEHHE UMEET JBa KOPHS.
Ecnu 0 < a <4, To npsimast y = a uMmeeT ¢ rpadpukoM QyHKIHH Y = | x2-2x-3 | 4eThIpe oo1ue
TOYKH. 3HAuuT, pu 0 < a <4, UCXOJAHOE YPaBHEHUE UMEET YEThIPE KOPHSI.

Ecnu a = 4, To npsimas y = a niepecekaeT rpaduk QyHKIIMHA B TpeX TOUKAX; CIEI0BATENbHO,
YPaBHEHHE UMEET TPU KOPHSI.

Ecnu a < 0, ypaBHeHHe KOpHE He UMEeT, TaK Kak MpsMast y = a He lepeceKaeT rpaduk

byHKINH y = | x2-2x-3].
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Omeem:

1) ecu ae(-0;0), TO KOpHEH HET;

2) ecmu a=0, a€(4;+0), TO ABA KOPHS;
3) eciiu a=4, TO TpU KOPHS;

4) ecnu a€(0;4), TO YETBHIPE KOPHSI.

x+1

3anaua 2. CronbKo KopHeu umeem ypagHeHue -1 = |x|+a

6 3a6UCUMOCU OM NApamempa a?
Pewenue. O1.3.: |x| # 1, x # +1

+1
[Toctpoum B cucreme koopauHar (X; y) rpapuxku GpyHkuui y = Iil—l uy=|x|+a.
x+1

Packpoem 3HaK MOAYIIS IO ONPEAETICHUIO, TOTYIUM

x+1

ORI

,ecmux < 0,x # —1,

x_l,eCmezO,x;tl;
x+1

—-(x+1)

(x—1)+2
x—1

,ecmux < 0,x = —1,
y(x) =
,ecanx = 0,x # 1;

—1,ecmnx <0,x # —1,

={ 2
() m+1,ec1mx20,x¢1.

[Tpsmbie x = 1, y = | ABAAIOTCS aCHMOTOTaMU rpaduka GyHKIUH.

2) I'padux ¢pyHkuuu y = | X | + a nonayyaercs u3 rpapuka GyHKIUU Y = | X | mapayiieIbHbIM
NIEPEHOCOM Ha a eAuHMI] B1oJsIb ocH Oy.
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+1

Ipaduku GyHKImiA Y = o Y= |x| + a nepecexarorcs B oxHO# TOUKe MpH @ > — 1;
x —_—
3HAYUT, ypaBHCHHUC x-1 = Ix | + a npu 5THX 3HAUCHUSAX MapaMeTpa UMEET OJHO PEIICHHE.
x —_—
[Tpu a =— 1, a = — 2 rpaduku nmepecexaroTcs B ABYX TOYKAX; 3HAYUT, MIPU ITHX 3HAYCHUSIX

napameTpa ypaBHEHUE HMEET JBa KOPH.
[Mpu — 2 <a <-1, a <—2 rpaduku nepecexaroTcs B TPeX TOUKaX; 3HAUYNT, ypaBHECHHE TPHU ITUX
3HAYEHUAX [TapaMeTpa UMEET TPH PEILCHMSL.

Ilpu pewenuu ypasnenus o0cobo ciedyem obpamums 6HUMAHUE HA CIyYail, Ko20a a = — 2, max
1
Kaxk moyka (— 1; — 1) ne npunaonexcum epaguxy ¢ynkyuu 'y = P HO NPUHAONEHCUM
x —
epaghuxy pynxyuuy = | x | + a.
Omeem: ecnv a > — 1, TO OJIHO PEILICHHUE;
ecou a =— 1, a=— 2, To JiBa pellICHUS;
eciin —2 <a<-1,a<-2, To Tpu pelieHus.
3apaua Ne3.  Haiuimu ece 3nauenus napamempa k npu kaxrcoom uz KOmopulx ypasHeHue

|x — 3| = kx + 2 umeem osa pewienus.
Pewenue. O.J13.:x ER,k ER

B cucteme koopauHar (X; y) moctpouM rpaduku pyskuuidi y =[x —3] u y=kx+2.

1) I'paduk bynkuu y = |x — 3| monywaercs u3 rpaduka pynkuun y = |x| myrem
HapauIeIbHOrO TepeHoca B1oib ock Ox Ha TPH €IMHMIIBI BIPABO, HMEET BT

(x) = {—x + 3, eciu x < 3,

Yix) = x—3, eciux > 3.

2) I'paduk pynkumu y = kx + 2 nomyqaercs u3 rpaduka GyHKIun y = kx myrem
napajuleJIbHOro nepeHoca Boiabs ocu Oy Ha ABe eNuHULbI BBepX. ['paduxom pyHKIHN
y = kx sBnseTcs npsiMas, IpoxoJsiias yepe3 Hayajlo KOOpAUHAT.
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U3 rpaduka BUIHO:

[psimast y = kx + 2 nepecekaet rpaduk GyHKIMUA Y = |x — 3| B ABYX TOUYKaX, €CIIH €€ YIIIOBOK
ko3 durmeHT 60bIIIE YIIIOBOTO Kod(duimenta npsamMou, npoxozasiiei yepe3 Touky (3;0) u
MEHBIIIE YTIOBOTO KO3 (HUIIMeHTa IPSAMOA, TapajuIeabHON npsiMol y = x — 3. Haiinem
YIII0BOM KOA(PPHUIMEHT MPsIMOH, poxoasei yepe3 Touky (3;0):

3k+2=0

YrioBoro ko3 duimenta npsiMoii, mapauieaIbHON IpsiMoii Yy = x — 3, paBeH 1.

2
Ecmm — 3 < k < 1, to npsimas y = kx + 2 nepecekaer rpadpuk Gpynkuuu y = |x — 3| B 1Byx

2
TOYKax. 3JHAYUT, NpU — 3 < k < 1 ypasuenue |x — 3| = kx + 2 uMeeT /Ba peILICHHUS.

2
Omeem: 1ipu —3 <k<1

3aoauu ona camocmoamebHozo peutenu.

1) Ilpu xakux a ypaBHEHUE ||2x| — 1| = X — a HUMEET POBHO TPH peIICHUs?
1
Omeem: ipua = —1lunua = —3

2) HaiiTu yncno pemenuii ypasaenus |x2 —6x + 8| + [x2 —6x +5| =a.
3) Ckonbko KOpHEH nMeeT ypaBHenue |x? —4|x| — 1| = a B 3aBuCMMOCTH OT mapameTpa
a?

Ucnonb3oBaHue 4eTHOCTU (PYHKLMM NPU peLueHnU 3aaad C
napamMeTpoMm.

Yemmnuvle u Heuemnule QyHKkyuu
MHO0€ecTBO TO4EK X YMCIIOBOM OCH HAa3bIBAECTCS CUMMEMPUUHBbIM OTHOCUTEIBHO Havala
koopauHat (Touku O), ecinu 1u1st 1000ro yucna x € X uucio (-x) Takke NpUHaAIEKUT
MHOKECTBY X.
@yukyun y = f(x), 3a1aHHasi HA MHOXKECTBE X, HAa3bIBACTCS Y€MHOUL, €CIIA BBHITIOJIHCHBI
CIIETyIOIINE YCIOBUS:
1) MHOeCTBO X CHMMETPUYHO OTHOCHUTEIHHO Havajaa KOOPIUHAT;
2) nys mro6oro x € X cipaBersIiBO PaBEHCTBO f(-x)= f(X)
@yukyua y = f(x), 3aaHHas HA MHOYKECTBE X, HA3bIBACTCS HeUemHOul, €CIIV BHITTOTHEHbI
CIIETyIOIINE YCIOBUS:
1) MHOXECTBO X CHMMETPUYHO OTHOCUTENBHO Hauanaa KOOpAUHAT;
2) ans aro6oro x € X cripaBeIMBO PaBEHCTBO f(-x) = -f(x)
I'paduk yeTHON PYHKIIUU CUMMETPUYEH OTHOCUTENBHO ocu Oy, HEUETHOU —
CUMMETPHUYEH OTHOCUTEIBHO Havyaja KOOpAMHAT.
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Hcnonb3oBaHue 4eTHOCTH (DYHKIMM, BXOJSAIIMX B ypaBHEHHE C IapaMeTpaMH, MO3BOJSET
palMOHAIBHO pellaTh ONIPEIEICHHBIM Kiacc 3axad. Yaine BCero 3To 3aJayd Ha HaXOXKIEHUE
KosmdecTBa pemeHnid. K 3Toil rpymme 3amad MOXKHO OTHECTH Takue, B KOTOPBIX Tpedyercs
YCTAHOBUTb 3HAYEHUS IapaMeTpa, IIPU KOTOPBIX YPABHEHUE UMEET «COUHCHEEHHOE peuleHue,
«yemHoe YUCNO peuleHull» WU «HedemHoe Yucio peuwtenuil». IIpakTniyecku Bceraa 1mojo0HbIe
3aJjaud UIMEIOT XapaKTEepHYI OCOOEHHOCTh: UX YCIOBHS HE U3MEHSIOTCS JIMOO0 MPH 3aMEHE 3HaKa
OJTHOW MM HECKOJIBbKHX MEPEMEHHbIX Ha IPOTUBOIOJIOKHBIA («CUMMETPHUS» OTHOCUTEIBHO
3HaKa), JU0O0 IpU TMEPECTAHOBKE HECKOJbKHUX IEPEMEHHBIX («CUMMETPHUS» OTHOCHUTEIBHO
HEPECTAHOBKHU MEPEMEHHBIX ).

IIpu pemeHny 3a1a4d TaKOro poJia UCIONIb3YETCS CIEAYIOINN OPSAOK NEUCTBUM:

1. TIpoBepsiem, siBisieTcst 11 QYHKIUA f(x) YETHOI:

e o0OmnacTh onpenencHus GyHKIUH f(x) 10HKHA OBITh CHMMETPHUYHA OTHOCUTEIHHO
HYJIS;
®  JIOJDKHO BBITIOJHATHCS PABEHCTBO f(-x)=f(x).

2. a) Ecnu ¢ynkius f(X) sBIsieTCs Y€THOM, TO JIeIaeM BbIBOJI: €CIIU Xp SIBISETCS KOPHEM
HCXOJHOT'O YPAaBHEHUS, TO —Xo SIBJISICTCS €r0 KOPHEM, ypaBHEHUE HMEET YETHOE
YUCIIO KOPHEH.

b) YpaBHeHHE OyJeT MMETh HEYETHOE YMCIIO KOPHEH, TOJIBKO €CIIU Xo = - Xo, TO €CTh
Xo= 0. Haxomum, pu Kakux 3HaYCHHSIX mapamerpa x=(0 SBJISCTCS KOPHEM
ypaBHeHus f(x) = (. Jlsst 3TOT0 MOJCTaBIIsIEM B YpaBHEHUE X = () ¥ periaem
MOJTYYCHHOE YpaBHEHHE OTHOCHTENBHO MapaMeTpa. Haxoaum cooTBETCTBYOIINE
3HAYCHUS TapameTpa.

3. TloncraBnsieM B HCXOAHOE YpaBHEHHE MOCIIEIOBATEIBHO HAWICHHBIC 3HAYCHUS
napameTpa M BBISICHSEM, KaKO€ HEUETHOE KOJMYECTBO KOPHEH UMEET JJaHHOe
ypaBHEHUE.

4. B oTBeT 3ammchIBaEM T€ 3HAYCHUS MapaMeTpa, MPU KOTOPHIX YPaBHEHUE UMECT
TpeOyeMoe YHCIIO PelIeHUH.

3apaua Nel.Jlpu kaxom snauenuu a ypaenenue x° — alx| + a? — a = 0 umeem eduncmesennoe
peuieHue?
Pewenue.
x1%—alx|+a?—a=0

1)O43.:x€R,a€ER
2) Tposepum, sBnsercs au pynkuus f(x) = x° — alx| + a? — a gerHoii.
Ob6nacts onpeaeneHus GyHKIIMA CHMMETPUYHA OTHOCHTEIHHO Havyaia KOOpAHHAT.
Haiinem 3HaueHue QyHKIMH B TOUKE — X:
f(=x) = (-0 —a|-x|+a?—a=x1—alx| + a® —a = f(x), 1.k

(=) =x1a | —x| = |x].
Tk. f(—x) = f(x), 1o f(x) = x° — a|x| + a? — a — uerHas.
CrnenoBaTenbHO, CIIM XsABIseTCa KopHeM ypaHenus x 10 — a|x| + a® — a = 0, To — x TaKxke
OyZeT SBIATHCS KOPHEM YpaBHEHHsI, TO €CTh ypaBHEHHE Oy/IeT MMETh YETHOE YMCIIO KOPHEH.
VYpaBHeHue OyJeT UMETh HEUETHOE YMCIIO KOPHEH, a UMEHHO €TMHCTBEHHOE PELIeHUE, eCIU
OJIMH U3 KOpPHEW ypaBHEHUs OyAeT paBeH HYIIO.
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3) BersicHuMm, IpH Kakux 3Ha4YeHUsAX napamerpa a x = 0 sBisieTcsd KOPHEM.
[ToncraBuM B ucxogHOE ypaBHeHHE X = 0 M pelInM MOJyYEeHHOE YpaBHEHHE OTHOCUTEIBHO
napamerpa a:

a’?—a=0

a(a—1)=0

a=0wm a=1
WTak, Mbl IOJTyYMJIN JIBa 3HAYEHUS IIapaMeTpa, MPU KOTOPBIX OAMH U3 KOPHEH HCXOAHOTO
ypaBHEHMs paBeH Hyiro. HalineM, npu kakoM 3Ha4€HUU IMapaMeTpa 3TOT KOPEHb €IMHCTBEHHBIM.
4) IloncraBisieM B HCXOAHOE ypaBHEHHE MOCIIEI0BATEIbHO HallJICHHbIE 3HAYEHUSI.
a) Ecmma = 0, To

x10=0

x=0
ITpu a = 0 ypaBHEHUE UMEET EAUHCTBEHHBIN KOPEHb.
6) Ecmu a = 1,10

x1°—|x|=0
|x|*° — x| =0,|x]| =t,t =0

tl0—t=0
t(t°—1)=0

t=0 t=1

x| =0 wm |x]=1
x=0 x==1

[Tpu a = 1 ypaBHEHHE UMEET TPU KOPHS, YTO HAM HE TIOJIXOIHT.
Omeem: nipu a = 0.

3agaua Ne2. Haumu snauenus napamempa a, npu KOmMopwix ypasHeHue
(x| —49)? + allx| —4| +4 =0
umeem posHo 7 0eticmeumenbHblX KOpHell, U Haumu 3mu KOpHU.
Pewenue.
1)O.43.:x ER;a ER.
2) Tposepum, sBnsercs au pynxmus f(x) = (|x| — 4)? + a| |x| — 4| + 4 4eTHOW.
O6nacth onpezenenus GyHKIIMA CHMMETPUYHA OTHOCUTEIFHO Havajia KOOpIMHAT.
Haiinem 3HaueHne QyHKIIUU B TOUKE —X:
f(=x) = (|-x| = D? + a||-x| — 4| + 4 = (x| = 9? + a|Ix| — 4| + 4 = f(x), T.x. |-x|=|x|
Tk f(—=x) = f(x), 10 f(x) = (Ix| — )% + a||x| — 4| + 4 — uernas.
CrnenoBartenbHO, ypaBHEHHE OyIeT UMETh HEUETHOE YUCIIO KOPHEH, €CIM OJIUH U3 KOpHEH
ypaBHEHHs OYyIeT paBeH HYIIO.
3) BeisicHuM, pu Kakux 3HaYSHUS napamerpa a, x = 0 aBiseTcs KopHeM.
[ToncraBuMm B ypaBHeHue x = (0 ¥ pelInM MojJy4eHHOE YpaBHEHHE OTHOCUTENIBHO MapaMeTpa a:
| — 4|12+ al-4|+4=0

4a+20=0
4aqa = -20
a=-5

WTak, MBI IOJIy4MM OJJHO 3HAYEHUE NIapaMeTpa a, IpU KOTOPOM OJUH U3 KOPHEH ypaBHEHUS
OyzieT paBeH HYIIIO.
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4) TlpoBepuM, 4TO yCIOBUE a = -5 ABJISICTCS TOCTATOYHBIM sl TaHHOU 3a1a4u. [lomcTaBum 310
3HAYCHHUC d B UCXOOHOC YPAaBHCHUC, ITOJTYyYUM!
(Ix| —4)? +5|Ix| —4|+4=0
ITycts |x| — 4 = t, Torma
t>2—5|t|]+4=0
|t|> —=5|t| +4 =0, T.x. t% = |t]|?

ltl =,y =0
y2—=5y+4=0
n=Ly, =4
lt| =1 wmu [t| =4
t=+1 t=+1
BepHeMcs K MCXOIHOM 3aMeHE IIEPEMEHHOM M PELINM YETHIPE COOTBETCTBYIOIIUX YPABHEHHMS
x| —4=—-1 wm |x|—-4=1 wm |x|—-4=—-4 wm |x|—4=4
|x| =3 x| =5 x| =0 |x| =8
x =43 x =45 x=0 x =18

Omeem: npu a = —5; x € {—8; —5; —3;0; 3; 5; 8}.

3agaua Ne3. Haiimu ece 3Hauenus a, npu Kaxcoom u3 KoOmopulx ypagHeHue
2+ 2 —-a)?=|x—2+al+|x—a+ 2| umeem eduncmsennwlii Kopemv.
Pewenue.
1)O43.:x€R,a€ER
2) Ilepenecem Bce cilaraéMble BJIEBO:
x>+ 2-a)¥—-|x—2+al-|x—a+2|=0
3) [IpoBepum, sBiIsIETCS JTH PYHKITUS
fxX)=x*+2—-a)>—|x—2+al—|x—a+ 2| uerHoil.
OO6nactsb onpezenenus GyHKIIMA CHMMETPUYHA OTHOCUTEIFHO Havajia KOOpIMHAT.
Haiinem 3HaueHne QyHKIIMU B TOUKE— X:
f(=x)=(—x)*+Q2-a)*—|-x—2+a|l—|-x—a+2|=
=x2+Q2—-a)—-|x—2+al——|x—a+2|=f(%)
Tk f(—x)=f(x), 0f(x)=x*+2—a)>—|x—2+al—|x—a+2| sBasgerca 4eTHOIi.
CrnenoBartenbHO, €JMHCTBEHHBIM pelIeHUeM ypaBHeHHs Oyaet yncio x = 0.
4) BolsicHuM, TpU KaKUX 3HAYeHHsIX mapamerpa a x = 0 sSBISETCS KOPHEM.
[ToncraBuM B icxoHOE ypaBHeHHE X = 0 ¥ pelIUM TOJYYSHHOE YpaBHEHHE OTHOCHTEIBHO
napamerpa a:
2-—a)Y—-la=2|-|—-a+2|=0
2-a)—-|la=2|—-|la=2]=0
(@a—2)2-2la—2|=0
la—2| =t t=>0
t2—2t=0
tt—2)=0
t=0 wnaut =2
la—2=0 wm |a—2|=2

49



4—2=0 [a—2=2, a=4,

a—2=-2;la=0.

a=2
WTak, Mbl OTyYMIIM TPU 3HAUYCHHUS MTapaMeTpa, MPHU KOTOPBIX OJIMH U3 KOPHEH UCXOIHOTO
ypaBHEHHU paBeH Hymo. Halinem, npu kakoM 3Ha4YeHHH MapameTpa 3TOT KOPEHb eIMHCTBEHHBIMH.
5) IloacrasisieM B UCXOJTHOE YpaBHEHUE MOCIEA0BATEIbHO Hall/ICHHbIE 3HAUCHUSI.
Paccmotpum Tpu citydas:
l.Eciua = 2, T0 nojydaeMm ypaBHEHUE
x2—|x|—|x|=0
|x]? = 2|x] =0

x| =¢t, t=0
t2—-2t=0
t(t—2)=0

t=0 wim t=2
|x] =0 |x| =2
x=0 x =42

[Ipu a = 2 ypaBHEHUE UMEET TPHU KOPHS, HE MOJAXOIUT.

2.Ecma=0,T0 x?+4—|x—-2|—|x+2|=0

x < -2 —2<x<2|x=22
-2 2 X
x—2 - - +
x+2 - + +
Hx< -2, X>+4+x—-2+x+2=0

x?+2x+4=0,D <0 KopHeii HeT.
D —2<x<2, x*+4+x-2-x-2=0
x2=0
x=20
Nx =2, x>’ +4—-x4+2-x-2=0
x2—2x+4=0,D <0 KopHell HeT.
Ilpu a = 0 ypasnenue umeem 0OuH KOpemsw.
3.BEcrma=4,10 x> +4—|x—-2|—|x+2|=0
[Tomryuaem Takoe e ypaBHEHHE, KaK M BO BTOPOM CITy4awu.

Ilpu a = 4 ypaenenue umeem oOuH KopeHbp.
Omeem: ipua =0, a = 4.
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