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«KpynHoe nayunoe omkpvimue daem peuteHue KpYnHou npobaembl, HO U 8
pewenuy 10601l 3a0a4y NPUCYmcmeyem Kpynuya omkpvimus. 3adaua,
KOMOopYIo 8bl peuiaeme, Modxcem Oblib CKPOMHOU, HO, eCii OHA 6pocaem
661308 Bauiell T0OO3HAMENbHOCMU U 3dcmagisem 6ac Ovlmb u300pema-
MENbHBIM, U, eclu 8bl peuideme ee COOCMBEHHbIMU CULAMU, MO bl CMO-
Jrceme ucnvlmams 6edyujee K OMKPLIMUIO HANPAdCEHUe yMd U HACA-
oumwcs padocmuio nobeovry (/. INoita. Kak permrats 3agaqy.)

IMpenucioBue

Pemenne 3amad ¢ mapamerpamu SIBISIETCSl OZHUM M3 CaMbIX TPYIHBIX
pa3zenoB MIKOJIBHOW MaTeMaTuku. [lpu pemennu 3agad ¢ mapameTpamMu Tpe-
Oyercsi, KpOME XOpOUIEro 3HAHUS CTaHJAPTHBIX METOJOB PEIICHUH ypaBHe-
HUA ¥ HEPaBEHCTB, YMEHHE MPOBOANTH JOBOJBHO PA3BETBICHHBIC JIOTHYE-
CKHE TOCTPOCHUS, aKKypaTHOCTh M BHUMATEIBHOCTH IJISI TOTO, YTOOBI HE
MOTEPSTh PEHICHUH W HE TPHOOPECTH JIMIIHUX. DTO TpeOyeT OT IIKOJIbHUKA
Oosiee Pa3BHUTOTO JIOTMYECKOTO MBIIIICHUS M MaTeMaTH4eCKOH KYJBTYpBI,
HO, B CBOIO OYe€pellb, 3TH 33/1a4l CaMH CIIOCOOCTBYIOT MX pa3BUTHIO. OIBIT
BCTYIHTEIBHBIX K3aMEHOB ITOKA3bIBAET, YTO YYAaIHECs, BIAJCIOLINE METO-
JlaM{ MX PELIeHUs], OOBIYHO YCIIEIIHO CIIPABIISAIOTCS U C APYTHMH 3a]a4aMu.

Teopernueckoe n3yueHne QU3MUECKHUX TPOIECCOB, PELIEHHUE SKOHOMH-
YEeCKHX 3a/1ad 4acTO MPHUBOJUT K PA3IWYHBIM yPaBHEHHSM WM HEPaBEHCT-
BaM, COJICpKaIllUM MapaMeTpbl, © HEOOXOAUMOMN YacThIO MX PEILICHUS ABIS-
eTCsl UCCIIeIOBaHME XapaKTepa Mpoliecca B 3aBUCHMOCTH OT 3HAYCHUH Mapa-
MeTpoB. Takum 00pa3om, 3a7adu ¢ mapaMeTpaMu IPeJICTaBIAIOT cOO0i He-
OosnbIme uccnenoBarenbekue 3a1aun. OQHAKO YacTO OKa3bIBACTCs, YTO BbI-
IIyCKHHK IIKOJIBI INOO BOOOIIE HE MMEET MIPEACTABICHUS O PEIICHUH 33134 C
rapameTpoM, JIM00 TepsieTcsl Jae B CiIyyae caMoro MpoCTOro BHA MOJ00-
HBIX 33/1a4, KOI'J1a €INHCTBEHHBIM YCIIOKHSIOIUM MOMEHTOM SIBJIIETCS BETB-
JICHUE PEUICHUs U, COOTBETCTBEHHO, BETBJICHNE OTBETA.

Lesnp maHHOTO MOCOOMSI COCTOUT B TOM, YTOOBI IIO3HAKOMUTH HIKOJIBHH-
KOB C OCHOBHBIMH THIIAMHU 33/1a4 C NapaMeTpaMu (ypaBHEHHUS, HEPABEHCTBA,
CUCTEMBl ypaBHEHHHM U HEpaBEHCTB, 3aJaul, CBSI3aHHBIE C UCCIEA0BaHHEM
KBaJ[paTHOTO TpeXwWieHa, KO3((HUINEHTH KOTOPOTO 3aBUCAT OT IapaMerpa,
TEOMETPUYECKHIE 3aJadud, 3a/aud Ha OIpEeAEIeHHE HAuOOJBIIET0 M Hau-
MEHBIIEro 3HaueHus1 QYHKIUH, U T. 1.). 1, MOKeT ObITh, TO3HAKOMHUTH C HO-
BBIMH, HE3HAKOMBIMHU JJIs1 HETO METOJaMU PELICHUN ypaBHEHUN, HEPaBEHCTB
U T.7. BBITYCKHHKY IIKOJIBI TIOJIE3HO BIAJETh PA3IMYHBIMA METOAMH pelle-
HUSI TOJOOHBIX 3a/1a4 — aHATUTUYECKUMH U TPpaUueCKIMHU, YMETh IIEPEBO-
JIITH CIIOBECHOE YCIIOBHE 3a/Ia4d B aHAIUTUYECKYI0 (JOpMY — CBOJMTH €€ K



PELICHUIO ypaBHEHHUH, HEPABEHCTB U CHCTEM M COBOKYITHOCTEH ypaBHEHHUI U
HEpPaBEHCTB.

K coxanenuto, B mporpaMMax Mo MaTeMaTuke AJsl HECIeUaIN3upOBaH-
HBIX IIIKOJ 33/la4aM C IapaMeTpoM NMPaKTHYECKH He OTBOJAUTCS MecTa, a, Ha-
TIpUMep, B YUEOHUKE JUIs yHaIMXCsl IIKOJI U KJIACCOB C YIITyOJIeHHBIM H3yde-
HHEM Kypca MaTeMaTHKH («Anredpa n MaTematudeckuii aHamu3 st 10 n 11
kmaccoBy, H.f. Bunenkun, O.C. MBames-Mycatos, C.U. llBapubypxn) um
OTBEJICHO MECTO TOJBKO B 11-M Kitacce. Mexay TeM, 3aa4dl ¢ MapaMeTpaMu
MOXXHO M HY)KHO HCIIOJIb30BaTh YK€ HAuWHAasl C JIMHEHHBIX W KBaJIPaTHBIX
YPaBHEHHI M HEPAaBEHCTB. DTO MOTYT OBITh 3aJaull HAXOXKICHUS PEIICHUH B
o0IeM BHJE, ONPEACICHUS KOPHEH, YAOBIETBOPAIOIINX KaKUM-ITHOO CBOM-
CTBaM, HCCIIEZIOBAaHMsI KOJIMUYECTBA KOpPHEH B 3aBUCHUMOCTH OT 3HAYCHMH ma-
pametpa. Tak ciaenano B «COopHuKe 3amad 1o anredpe aist 8-9 kiaccoBy,
1994 r. (aBtoper: MLJL. Tamunkwit, A.M. [onpaman, JI.W. 3BaBu4). BaxHo,
YTOOBI IIKOJBHUKH YK€ Ha MEPBBIX IPOCTBIX INPHMEPax YCBOWJIH: BO-
HEepBBIX, HEOOXOIUMOCTh aKKYPaTHOTO OOpAIlleHUs C TTapaMeTpoM — (PUKCH-
POBaHHBIM, HO HEU3BECTHBIM YMCIIOM, MOHSIIM, YTO OHO MMEET JBOHCTBEH-
HYIO NIPUPOAY (C OJHOHM CTOPOHBI, 3TO HEKOTOPOE YUCIIO, C APYTOH CTOPOHBI,
CTENEHb CBOOOB! OOIIEHHS C HUM OTPAHHUYUBAETCS €r0 HEU3BECTHOCTHIO);
BO-BTOPBIX, YTO 3alIUCh OTBETA CYIIECTBEHHO OTIMYAETCS OT 3allUCH OTBETOB
AQHAJOTMYHBIX ypaBHEHUH M HEPaBEHCTB Oe3 mapameTpa.

Metomuyecku ObIIO OBI IPAaBUIIHPHO KaXKIBIH MPOWICHHBIA THI ypaBHE-
HUH (HEpaBEHCTB) 3aBEpIIATh 33JadyaMu C MCIOIb30BaHUEM Mapamerpa. Bo-
HEPBBIX, IIKOJIBHUKY TPYIHO NMPUBBIKHYThH K HapaMeTpy 3a JBa-TPU 3aHITHS
— HYXXHO BpEMs; BO-BTOPBIX, HCIIOJIb30BAaHHE IMOJOOHBIX 33ja4 YIIydllaeT
3aKperuIeHHe MPOHIEHHOTO MaTepHuaia; B-TPEThHX, OHO CIIOCOOCTBYET pas-
BUTHIO €70 MAaTEMAaTHYECKOH M JIOTHYECKOH KyJbTYpBI, a TAaKXKE Pa3BUTHIO
UHTEpeca K MaTeMaThKe, MOCKOJIbKY OTKPBIBAET IIepe]] HUM HOBBIE METO/bI U
BO3MOKHOCTH JUISl CAMOCTOSATENIBHOTO MOUCKA.

CTpyKTypa mocobusi TakoBa: OHO pa30WTO Ha IJIaBbl, a TIaBbI HA Tapa-
rpadpl, KaXkAblH N3 KOTOPBIX MPEICTABISIET OTAEIBbHYIO TEMYy, K KOTOpOH
JIaHbI METOAMYECKUE YKa3aHHs, PEICTaBICHO PEIlICHHE THIIOBBIX TPUMEPOB
1 110100paHbI 3a]1a4M ISl CAMOCTOSTEIBHOTO PEIICHHUSI.

ABTOp BbIpakaeT OJIaroapHOCTh y4alIuMcs BBITYCKHBIX 11 «A» xiac-
coB 2002-2004 rr. mxomsr Ne§53 r. 3enmeHorpana, B paboTe ¢ KOTOPBIMH
ObUIO anpOOHPOBAHO JJAHHOE TTOCOOUE.

Kenarw ycnexa! Aemop



IJTIABA 1. BBogHas yacrthb

§ 1.1. OcHOBHbIE MOHSITUS U ONPe/IesIeHus]

HYCTL JAaHO YPABHCHHC UM HCPABCHCTBO C ABYMS IICPEMCHHBIMU
F(x,a)=0 (G(x,a)>20 wm G(x,a)>0). (1.1)

3agaya o pemieHnu ypaBHeHus (HepaBeHCTBA) (1.1) Moxer ObITH cdop-
MYJIMPOBaHa OTHMM H3 JIBYX CIIIYIOIIUX CIIOCOOOB.
1. Haiitu Bce mapsl uucen (X,a) , yAOBIECTBOPSIOIIUE 3TOMY YPABHEHUIO

(HepaBeHcTBY). B 3TOoM cityuae BeipaxeHue (1.1) Ha3wpIBaeTcs ypasnenuem
(Hepasencmeom) ¢ 08yms nepemeHHbIMU X U A , B KOTOPOM 00€ IepeMeH-
HBIE X M @ WIParoT OJMHAKOBYIO POJIb.

2. JIast KaXXJ0ro 3HA4YEHHs NEPEeMEHHOW ¢ W3 HEKOTOPOTO YHCIIOBOTO
MHOXeCTBa A peuuTh ypaBHEeHHE (HEPAaBEHCTBO) OTHOCUTENbHO X . Torma
BeIpakenue (1.1) nazviearom ypasnenuem (Hepasencmeom) c nepemenHoll
X u napamempom d, a MHOKECTBO A — obnacmvio usmenenus napa-
mempa a . [Ipy OTCYTCTBUM OrpaHUYEHHH 1O 00JaCThI0 U3MEHEHHS Iapa-
MeTpa Nopa3yMeBaeTCsi MHOXKECTBO BCEX AEHCTBUTEIIBHBIX YHCEL.

Ecnn mapamerpy, comepkameMmycs B ypaBHEHHH (HEpaBEHCTBE), IPH-
JaTb HEKOTOpPOE KOHKPETHOE YHCIIOBOE 3HAUCHHE, TO BO3MOXKEH OJWH W3
CITy4aeB:

a) TIOJIyYUTCsl ypaBHEHUE WIM HEPABEHCTBO C OTHOW HEN3BECTHOH X ;

0) moTyYHTCs BBIpAKEHHE, JTUIICHHOE CMBICIIA.

B mepBom cityyae 3Ha4YeHHE IapaMeTpa Has3bIBACTCS OOMYCHUMBIM, BO
BTOPOM — Hedonycmumpim. PemnTh ypaBHEHHE WIM HEPAaBEHCTBO C Mapa-
METPOM — 3TO 3HAYUT AT KAKAOTO JOMyCTHMOTO 3HAYEHHs ITapaMeTpa Hail-
T MHOKECTBO BCEX YAOBJICTBOPAIOIIHNX YPABHCHUIO WM HECPABCHCTBY 3HA-
4yeHuii Hem3BecTHOro. OOparuTe BHUMaHUE Ha TO, 4TO BhIpaxkeHue (1.1) —
3TO, MO CYIIECTBY, KpaTKas 3aIlich ceMeiicTBa ypaBHEHHH (HEpaBEHCTB),
MOJTy4YAIOIIUXCS U3 HEro MpH 3aJaHHBIX 3HaYCHUIX mapamerpa d . [loatomy
pewiums ypaguenue (nepaserncmeo) (1.1) (c nepemennoit x u napamem-
POM Q) — IMO 3HAYUUM HA MHOICECHEE OCUCMEUMENbHBIX YUCEN PEUiuntb
cemeiicmeo ypaenenuil (nepagencms), nonyuaemsix uz (1.1) npu ecex oo-
RyCmuMbIX 3HAYEHUAX napamempa a.

OTMCTI/IM, 4YTO MPU HEKOTOPBIX MHOXKECTBAX M3 AOIYCTUMBIX 3HAYEHUH
napameTpa d MOTYT MOJIyd4aThCsl OJJHH CeMEHCTBA ypaBHEHHH (HEpaBEHCTB),
IIPU MHBIX — Apyrue. [ToatoMy amst obneryenns pemenns y1o0HO HaHEeCTH Ha



YUCIOBYI0 MPAMYIO 3HAUYECHHUS IapaMeTpa, Ha3bIBaEMBbIC KOHMIPOIbHbIMU,
IIPY KOTOPBIX HMJIM MIPH IIEPEX0JIe Yepe3 KOTOphIe MPOUCXOISIT KaueCTBEHHbIC
M3MeHeHHs ypaBHeHWs. Hampumep, ypaBHeHHE (HEpaBEHCTBO) M3 KBaapaT-
HOTO (KBaJpaTHYHOTO) CTAHOBHUTCS JINHEHHBIM.

IIpu pemenun ypaBHeHHs (HepaBeHCTBa) (1.1) MOXHO NOJB30BATHCS
CJIC/TYFOIIIIIM aJITOPUTMOM.

Anzopumm pewienun
YPAGHeHUA Uil HEPAGEHCMEA C HaAPAMEMPOM

1. OmnpenensitoT orpaHuueHus, HajaraeMble Ha 3HAYEHHS HEH3BECTHOTO
X W mapameTrpa d , BBITCKAIOIIUE U3 TOrO, YTO (YHKIUU U apUPMETUICCKHE
onepaunu B F'(x,a) wm G(X,a) UMEKOT CMBICIL.

2. Omnpenensitor ¢popmainbhbie pemenus (1.1), 3anmuceiBaemble 0e3 yuera
orpannyeHui. Ecnu npu pemeHny BO3HUKAIOT KOHTPOJIBHBIC 3HAYCHUS Ia-
pameTpa, TO UX HAHOCAT Ha YMCIOBYIO och (Oa. DTu 3HAYCHHs Pa3OMBAIOT
00J1aCTh JIOIyCTUMBIX 3HaYCHUH IapameTpa Ha MoAMHOXecTBa. Ha kaxmom
13 TIOAMHOXKECTB PEIIAOT 33/[aHHOE YPaBHEHHE.

3. HckimoyaloT Te 3HA4YCHUs Mapamerpa, MpH KOTOPBIX (opMaibHbIE
pELICHNUS HE YAOBICTBOPSIOT ITOJYYEHHBIM OTPaHHICHUSIM.

4. Ha uucnoBywo oce Oa 100aBisiOT 3HAYEHHs [IAPAMETPA, HAlIeHHbIE
B 1.3. JIisl K&A0ro M3 MPOMEKYTKOB Ha ocl (Ja 3alMCBHIBAIOT BCE MOIY-
YeHHbIE PEIEHUs B 3aBUCUMOCTH OT 3HaueHWil mapamerpa a . (B ciyuae
JIOCTaTOYHO ITPOCTHIX YPaBHEHHH 1.4 MOXKHO OITyCTHUTB).

5. BBINHUCBEIBAIOT OTBET, T.C. 3alMCHIBAIOT PEIICHHUS B 3aBHCUMOCTU OT
3Ha4YeHUH napamerpa d .

3ameuanmue. 1) Hamnune napamerpa B 3a1a4e IpeonaracT Clenraib-
Hy!0 GOpMy 3anHCH OTBETA, NMO3BOJSIOLIYI0 YCTaHOBUTH, KAKOB OTBET IS
JII000ro JAOIMyCTUMOro 3HaueHus HapaMeTpa. HenonmycTuMble 3Ha4eHUs Tak-
K€ yKa3bIBalOTCSI B OTBETE, M CUUTAETCS, YTO MPU ITUX 3HAUCHUAX MapaMeT-
pa 3amada He UMeeT perreHus. [Ipu 3ammcu oTBeTa OOBIYHO 3HAYCHUS Mapa-
MeTpa MEPEUUCISIFOTCS B MOPSIIKE BO3PACTaHUsI OT —o0 110 —+00 , HO MHOTAA
JUIs KOMITAKTHOCTH OTBeTa OOBENMHSIOT MPOMEXYTKH I Iapamerpa, Ha
KOTOPBIX (pOPMYIIBI pEeLIEeHHsI COBIA/IAIOT.

2) B ciydae BeTBIECHHUS pemIeHUS YIOOHO MCIIONB30BaTh YHCIOBYIO TIPsI-
Mmyto Oa , Ha KOTOPYIO HAHOCATCSA KOHTPOJILHBIE 3HAUCHUS MapaMerpa, a Ha
MMPOMEXKYTKAaX, Ha KOTOPBIC 3TH 3HAYCHHS Pa3OMIIN MPAMYIO, YKA3bIBAIOTCS
OTBETHI 33J1a4M. JJaHHBIN IpUEM NIO3BOJISET B NalbHENILIEM HE OTEPAThH Hall-



JICHHBIC OTBETHI M YETKO yKa3aTh 3HAUCHHUS MapaMeTpa, KOTOPhIM OHH COOT-
BETCTBYIOT.
[IponemoHcTpUpyeM CKa3aHHOE BBILIE HA IIPUMEpE.

Ipumep 1. Pewwms nepasencmeo a(a—2)x>2—a.

Pewenue. KoHTpOIBHBIC 3HAYCHHS MTApAMETPa MOTYYAOTCS U3 YCIOBHS
a(a—2)=0, tak kak npu a(a—2)=0 HepaBeHCTBO HE COIEPKHT Iepe-
MEHHOU X .

Hanecem Ha yncioByo ock (Ja KOHTpOJIbHBIE 3HAueHus. OHM pa3Ou-
BatoT ocb Ja Ha mpoMexyTku (cM. puc. 1):

1) a<0; 2) 0<a<2; Na>2.
Ha xaxqoM u3 3THX OPOMEXYTKOB PEIIMM JaHHOE HEPAaBCHCTBO. 3HAYCHUSI
a=0 u a=2 tpebyroT OTAEIBHOIO PACCMOTPEHHSI.

Ecin a<0, to a(a—2)>0. Pasnenus o0e uacTu HEpaBeHCTBA Ha

muoxurens a(a—2)#0, nonyaum x> —1/a.
Ecnu 2>a>0, 710 a(a—2)<0 u, cnenosarensuo, x<—1/a.
Ecm a>2,10 a(a—2)>0u x>-1/a.

[Ipu a =0 nonyyaem nepasercto 0-x > 2, He UMEIOLIIEE PELIECHUIA.

Ilpu a@ =2 nonyuaem 0-x >0, T.e. perieHuii TakKe HET.

Hanecem IMOJIy4acMbI€ B XOJC pCHICHUA OTBCTHI HAa COOTBETCTBYIOIIIHC
IPOMEKYTKH 9UCIIoBod ocu Od ¥ 3amuIIeM OTBET.

3ameuanue. [IpOMEKYTOK, K KOTOPOMY OTHOCUTCS COOTBETCTBYIOIIEE
pElIEHYE, TIOMEYAETCs HA PUCYHKE yroii. Ha ee KOHIE CTaBUTCS CTpeIovKa
B TOM CIly4ae, €CJIM OTO PEIIEHUE HE OTHOCUTCA K KPaWHEeH TOYKE IpOMe-
KYTKA.

>
a

Puc. 1

Omeem. Ecmn a < 0,10 x>—-1/a;ectn 0<a<2,1t0 x<-1/a;ec-
ma>2,10 x>—1/a;ecom a=0 u a =2, To pelIcHU} HeT.



Ananumuueckuil u cpaguueckuii Memoovl CpaGHeHUA
BbIPANCEHUIL, 3A6UCAULUX OM nAPAMEmMPA
Ipu pemieHun ypaBHEHUH (HEPaBEHCTB) C MapamMeTpaMH YacTo MPUXO-
JMTCS CPAaBHUBATh HECKOJIBKO BBIPOKCHHH 3aBUCALINX OT HMapamerpa, Haxo-
JUTh CpelN HUX HauOombllee min HauMeHbiiee. OOBIYHO MPUMEHSIOT aHa-
JUTHYECKUA METOJ, T.C. COCTABIISIOT M PEHIAOT CHCTEMY HEpaBeHCTB. B
clydae JIBYX BBIPAXKCHHH IOCTaTOYHO PELIMTH OJHO HEpPaBeHCTBO. Ecmu ke
BBIp2KEHHMI OOJIBIIE, TO JTyYIlle UCTIONB30BaTh ITpadMISCKHA METOI.
2
Mpumep 2. Cpasnums uucia a” u 3a+4.
o 2
Pewienue. Haiinem 3HaueHus mapamerpa @ , IpU KOTOPBIX YHCIO d
2
Gombiie uncina 3a+4. Jlns 3Toro pemdM HepaBeHCTBO a” >3a+4 win
2
a”—3a—4>0. Ero pewenne ectb a € (—00;—1) U (4;+0). Ipu a=-1
v a=4 cnpaBe;IuBo paBeHCTBO @ =3a + 4, T.e. uncia pasuel. COOTBET-

ctBenHo, ipu d € (—1;4) uncno a” menpie uncna 3a + 4.
Omeem. Ecnn a € (—o0;—1) U (4;400), 10 @’ >3a+4; ecmm a=-1
wi a=4,10 a* =3a+4; ecnu ae(-L4), 10 a’<3a+4.

Mpumep 3. Onpedenums nauborvwee us wucen l—a’>, —2a—7,
(a+D/3,a-1u—(a+1)/3.

Pewienue. Bocnoinb3y-
eMcsi rpadUuYecKuM  MeTo-
noM. JJist 3TOro moCTPOMM B

x—\—Za- 7 cucreme koopaunar Oxa
TeeelL rpaduku QyHKIHI
" x=1-a°, x=-2a-17,

/,'74 x=(@+1)/3 x=a-1 n

] x=—(a+1)/3 (cm. puc. 2).

//0", Jlnsg kakjoro 3HaYeHUs

N
-~

MEPEMEHHON @, TPOBOIS
BEPTUKAJIbHYIO NIPSIMYO
a =const, onpeneinseM op-
JUHATBl €€ TO4YEK Iepecede-
HUS C TIOCTPOCHHBIMU rpadukaMu GyHKIUH. SICHO, 9TO IPH PUKCHPOBAHHOM

sHauennu @, w3 uncen 1—a’, 2a-7, (a+1)/3, a=1 u —(a+1)/3

N
~

Puc. 2



Oymer HauOOJIBLIUM TO, JUII KOTOPOTO OpJMHATA TOYKH MEPECeYCHHs COOT-
BETCTBYIOIIETO TpaduKa U IPIMOi a = const Oyner HanOOIbIIEH.
Touku —4,—1,2/3 u 2 pasbusaror uncnoyw npamyo Oa Ha TATH

POMEXYTKOB. Ha KaXkIoM U3 HUX 3alIMChIBAEM OTBET.
3ameuanmne. lckomoe 3HaueHHEe JISKUT Ha Tpaduke GYHKIUU

f(a)=max{l—a’>,—2a~-7,(a+1)/3,a~-1,—(a+1)/3}. Tpapux f(a)
HA pUC. 2 HAPHUCOBAH CILIOIIHON JINHUEH.

Omeem. Ecru a <-4 ,10 —2a—"T;ecm -4<a<-1,10 —(a+1)/3;

ecmn —1<a<2/3,101-a’;ecmm 2/3<a<2,10 (a+1)/3;

ecrm a>2,10 a—1.

x> —Sax+6a’ <0,

Mpumep 4. Pewums cucmemy nepageHcms
x—a-2>0.

Pewenue. Kopusvu ypasuenus X~ —5ax +6a” =0 susiores uncna
2a wu 3a . Peulennem nepBoro HEPABEHCTBA CHCTEMBI ABJAETCS MHOKECTBO
XA :11: [x;%,], Ttme x,=min{2a;3a} wu
' x, =max{2a;3a}. Wmn [2a;3a] npu
@ a>0 u[3a;2a] npu a<0.

Pemennem BTOpPOro HEpaBEHCTBA SIB-
JISIETCS. MHOXKeECTBO (a + 2;+00) .

I\

Perrenne cucTeMbl MPEACTABISIET CO-
00i1 mepeceyeHWE MHOXECTB PpEIICHUIN
MEPBOTO U BTOPOTO HEPABEHCTB.

Jnst cpaBuenuss uucen 2a, 3a wu

2

I a+ 2 Bocnojb3yemcs rpadhuIECKUM CIio-
cobom (cMm. puc. 3). Ha pucynke BUAHO,
ecim a<1,T10 a+2 6ombiie 2a u 3a,
nu a+2=3a>2a npu a=1, u, cnenosarensro, nmpu a <1 cucrema He
uMeeT peltenuit; ecan 1<a<2, 10 3a>a+2>2a u xe(a+2;3a] -

Puc. 3

peleHre CucTeMbl; eciiu a =2, 10 3a>a+2=2a n x €(2a;3a]; ecin
a>2,10 3a>2a>a+2 n xe[2a;3a].

Omeem. Ecin a <1, 10 cucreMa He uMeeT peltenuit; ecnmu 1 <a <2, 1o
xe(a+2;3a];ecmu a=2,10 x€(2a;3a];ecmu a>2,10 x €[2a;3a].



3aoauu 0na camocmoamenbHo2o peuienus
1.1.1. Onpenenure, MpU KakUX 3HAYCHUAX NApaMeTpa ¢ YpaBHEHHUE SIB-
nsetcs (1) kBagpaTHBIM; (2) HETOIHBIM KBaApaTHBIM; (3) THHEHHBIM.
a) Sa(a—2)x" +(5a—2)x—a’ -3=0; 6) ax(ax+3)+6=x(ax—6).
1.1.2. Onpepenute JONyCTUMBIC 3HAUSHUS NTapaMeTpa d B ypaBHEHHU.
ax a X (a+3)x
a) 5 ——=—3 ; 6) 2 ;
a -9 a+27 a-2 (a-2)(a+3)
X x I-x
B) =+a'-24a* r) > .
a-2 Ja* -2 a* -2
1.1.3. Onpenenure KOHTPOJIbHBIE 3HAYEHUS IIapaMeTpa d .
a) Qa—3)x=a’-4; 6) Sa(a—2)x* +(5a-2)x—a’ =0;
B) (@ —Hx>2—a—-a’; 1) 2a(ax—1)x—-8(x*+a)x=5;
2a-1

1) +(a+2x=2a’-a’; e) (a—3)sinx=a’-9a.

1.1.5. Otmeyas Ha yucioBoit oci Od KOHTPOJbHBIE 3HAYEHHS U IOy~
YaceMbIC B XOA€ PCIICHUA OTBCThI, PpCIIUTE TaHHBIC ITPUMEPDI.

a) a2—4‘x2a2+5a+6; 6) ax’ +dax+4a<x’ —2x-3;
2a-4 a+3
x 2 3-a’
)a(x+l) x+2_a(x+l)(x+2)'
1.1.6. Cpasuute uncna. a) a’ —4a u 2a—5; 6) —a’, 2wua;
B) 1—a*, 2a-7 na-1.
1.1.7. Onpenenute HaUMEHBIIIEE U3 YHCEIL.
a)l—a’, 2a-7,(@+1)/3,a-1u—(a+1)/3;
6) 1-a)/5, (a+1)/3,a-1u —(a+1)/3.

1.1.8. ns xaxaoro 3HAYEHUS MapaMeTpa d pelnTe JaHHBIE COBOKYII-
HOCTb U CUCTEMY HEPABCHCTB!

x> —Sax+6a’ <0, 5 X +(2-a)x—-2a>0,
x—a-2>0;

x+a*>0.
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§ 1.2. YpaBHeHHs1 M HepABEHCTBA NEPBOii CTENEeHU

Ypasnenuan

Jluneinsim ypaenenuem Ha3bIBaOT ypasHenue Buma ax +b=0, rme
a # 0. 3uaucHue napamerpa @ =0 SBISETCS KOHMPOAbHBIM, TIOCKOIIBKY B
aToM ciyyae 6o pemenne orcyrcteyer (0-x+b=0, b#0), 1ubo pe-
mrenneM seistiercs modoe xeR (0-x+0=0).

Mpumep 1. [{na xascdozo 3nauenus napamempa d peuiums ypasHenue
(a-1)(a+2)x=a’ +2a".

Pewenue. KOHTPONBLHBIMU ABISIOTCS 3HAYEHMS ITApaMeTpa d , IPH KO-
topeix (a—1)(a+2)=0,1e. a=1ua=-2.

Ipu (a—1)(a+2)#0, noxenus 06e YacTH ypaBHEHHUS HA BHIPAKEHUE

a’ +2a’ B a’(a+2) B a’

(a-1)a+2) (a-Da+2) a-1

Ilpu a =1 ypaBHeHME HE MMEET PEIIEHHH, NOCKOJBKY JIEBask YacTh PaB-
Ha HyIIIO, a IpaBast OTIMYHA OT HyJI.

Ilpn @ =—2 ypaBHEHUIO YAOBJIETBOPsET m0boe X € R, Tak kak ypas-
nenune umeer Bug 0-x=0.

(a—-1)(a+2), nonyunm x =

Omeem. Eciu a =1, 10 pewenuii vet; eciu a =—-2,710 X€R;
2

ecmu a#l, a#-2,10 X =
a-1

Hpumep 2. Onpederums, npu KaKxom 3HaveHuu napamempa a He ume-

em pewenuil ypagHeHue
(a-1)(a-5x—-2(a+6)=5x—-12.

Pewienue. Tlocne packpbITH CKOOOK B JICBOM YacTH M MPHUBEICHHS I10-
JIOOHBIX, ypaBHEHHE TIPeo0pa3yeTcs K BUILY (a2 —6a)x=2a (*).
2a

Ecimun a® —6a # 0, To peleHne ypaBHEHNUS CYIIECTBYET H X = —.
a” —6a
Ecimn ke a” —6a =0, To ypaBHeHue (¥) He GyeT HMETh PELICHNs B ClIyyae,
KOrIja Tpasas 9acTs He pasHa 0, T.e. ipu 2a # 0 . DTUM yCIOBHAM yIOBJIE-
TBOpSET 3HAYCHHUE MapaMeTpa d =6 .

Omeem. a=06.
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Mpumep 3. [na kaxcoozo 3navenus napamempa d peuwuns ypagHenue
ala-2)x=2-a.
Pewenue. KoUTpONBHBIMUA ABJISIOTCS 3HAYEHHS MAPAMETpa @ , TIPU KO-
topsix Beipaxkenue d(a—2)=0,1e. a=0ua=2.
Ipu a(a—2)# 0 MOXHO HaiiTh X, MOJENUB 00E YacTH YPABHEHHS Ha

2—a 1
a(a—2) a
Ilpu a =0 neBas 4acTs ypaBHEHHUs PaBHA HyIo, a mpasas Het. Cremno-
BATENBHO, ypaBHenue pu @ = He UMeeT perneHus.
Ilpu a =2 00e YacTu ypaBHEHHS NPH JHOOOM 3HAUECHHH X PABHBI HY-
0. [osromy moboe x € R ects perenue.

muoxutens a(a—2) . onyunm x =

Omeem. Ecrm a=2,10 x€R;
ecn a =0, To pereHnit HeT;

1
eemm az0unma#2,10 x=——1.
a

Mpumep 4. /11 kadcdo2o 3nauenus napamempa a peutums ypagHeHue
a’x=a(x+2)-2.
Pewenue. Jlannoe ypasuenue npuseneM k suay (a” —a)x =2(a—1).

KOHTpONBHBIE 3HAUCHHS MAPaMETpa @ MOTydaroTcs u3 yeuosus a” —a =0,
Te. a=0 wm a=1.

Ipu a=0 ypaBHeHHWe HEe WMEET PEIICHUH, TaK KaK OHO HWMEET BUJI
0:-x =-2 (;eBast yacTh ypaBHEHHUSI paBHA HYIIIO, a IPaBasi HET).

Ilpu a =1 ypasuenue umeer Bug 0-x =0, T.e. 06e ero yacTu Opu Jko-
OOM 3HAYCHHH X PaBHBI HYIO. B 3TOM citydae KOpHEM ypaBHEHHS SIBISCTCSI
J11000€ JENCTBUTEIBLHOE YUCIIO.

Mpu a#0 u a#1 gens o6e yactu ypasHenus Ha a° —a # 0 , momyda-
e x=20=D 2

ala-1) a
Omeem. Ecorm a=1,10 x€R;
ecu a =0, To peuieHuit HeT;

eemn az0uma#l, 10 x=—.
a
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Ipumep 5. [{na kascdo2o 3nauenus napamempa d peuiums ypasHenue
2—a a+l

x  x-2
Pewenue. D10 ypaBHeHHE HE ABISCTCS NHHEHHbIM, HO pu X # 0 u
X #2 npusomurcs K cieayromemy Buay (2—a)(x—2)=(a+1)x wm
(1-2a)x=2(2—-a). lpu a#0,5 MHOXHUTETb MPH X OTJINYEH OT HYIJISL.

Pasnenus o0e uactu ypaBHenust Ha 1—2a , nonyunm X = @ . Yurem
—2a
OTpaHWYEHUs, T.€. X = M 0w x= M #2.
1-2a 1-2a
U3 ypaBHeHusI M =0 momywsaem a=2, a u3 M =2 cnue-

1-2a 1-2a
nyer a=—1. CrnenoBaTensHo, pU 3HAYCHUSIX Iapamerpa d =2 U a =—1
yPaBHEHHE HE UMEET PEIICHHUS.

Paccmorpum cayuait a =0,5. B 9ToM ciydae HCXOJIHOE ypaBHEHHE

LS L5

MIMEET BHJL —— = 7 Wi X —2 = x. DT0 ypaBHCHHE HE HMEET PELICHHIL.
X x-

Omeem. Ecu a € {—1; 0,5; 2}, 10 perienuii HeT;
‘o 2(2—-a)
1-2a

IIPY IPYTUX 3HAYCHUAX d .

Ipumep 6. [{na kascdo2o 3nauenus napamempa d peuiums ypasHenue
2—-a a+l

ax  x—-2a
Pewenue. Jlannoe ypasuenue mpu ax #0 u x #2a cBoauTCsA K M-
meiinomy: (2-a)(x—2a)=ax(a+1) wm (a°+2a-2)x=2a"—4a.
2a* -4a
a+2a-2
Vurem, uto x #0 u x # 2a, T.e. HaiijleM Te 3HAYCHHUS MApaMeTpa d , IpH
2a° —4a

a’+2a-2

Mpu a’ +2a—2#0 (re. upnu a;t—li\/g) MOJy4YUM X =

KOTOPBIX BBIpaXKEHUE paBuo 0 wian 2a . PaBeHCTBO BBIMONHA-
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ercinpu a=—1, a=0 u a=2.1lpu a= —1++3 ypaBHCHHE HE UMEET
peLIeHUH.

Omeem. Ecnu a € {—1;0;2;-1% \/g} , TO PELIEHUHN HET;

2a* —4a
X =———— HpH APYI'¥UX 3HAUCHUAX 4 .
a +2a-2
Hepagencmea

HepagenctBa Buma ax+b>0, ax+b>20, ax+b<0, ax+b<0,
rae a # 0 Ha3bIBAIOTCH IUHENHbIMU HepaseHcmeamu. 3HaueHue IapaMeTpa
a =0, Tak e KaK ¥ JUIsl JIUHEHHOTO YPaBHEHHUS, ABJSETCS KOHTPOJIbHBIM.

Ipumep 7. [dna kajxcoozo snavenus napamempa d peuwunms Hepasei-
cmeo ax >1.

Pewenue. TIoCKONBKY NPH PEIIEHUH HEPABEHCTBA MPUETCA JETUTh HA
a , neobxoaumo paccMotpeTh Tpu cinydas: a <0, a=0, a>0.

B ciyuae a <0 mpu meneHum oGenx yacTedl HEPAaBCHCTBA Ha OTpPHUIIA-
TENLHOE YMCIO 3HAK HEPABEHCTBA M3MEHAECTCS Ha MPOTHBOIOJIOMNKHBIN, MO-
sToMy nosydum x <1/a.

IIpu a =0 HepaBEHCTBO HE MMEET PEILEHHH.

B cnyuae a >0 monyuaem x>1/a.

Omeem. Ecniu a < 0,10 x<1/a ;ecim a =0, To peliennii Her;

ecmm a>0,10 x>1/a.

3ameuanue. [Ipy pelieHUM HEPABEHCTB CIEAYET OOpAIATh BHUMAHUE

Ha TO, 4TO (POPMATBHOE PENIEHNE, T.€. PENIEHHE, IPH KOTOPOM JIEBBIE U IPa-

BbIE YACTU HEPABEHCTBA JIENATCS HA BHIPAKEHHUE, COEPIKAIIEE TAPAMETP MK

TIEPEMEHHYIO, MOXKET MPHUBECTH K HEBEPHOMY OTBETY. HeobX0muMo ciieauTh
32 3HAKOM BBIPOKEHHsI, HA KOTOPOE JIETATCS 00€ YaCTU HEPABEHCTERA.

Mpumep 8. /[na xascooeo 3nauenus napamempa a pewiums HepaGeH-
cmeo a’x>4x+2—a.
Pewenue. TIpeobpazyem UCXOTHOEC HEPABEHCTBO K BUIY
(a* =Hx>2-a.

2
KoHTpoJIbHbIE 3HAYECHHS TTapaMeTpa mojiydaeM u3 yciuosus a —4 =0,
T.e. @a=—2 win a =2 . DT 3HaueHus pa3busaoT ocb Ja Ha TpU Nmpome-
KyTKa (cM. puc. 4):
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1)a<-2; 2) 2<a<2,; 3)a>2.
2
Ha Ka)1I0M U3 3THX IPOMEKYTKOB peIlUM HepaBeHcTBO (a” —4)x>2—a.
Bnauenus @ =—2 U a =2 TpebyIOT OTAEILHOIO HCCIENOBAHMS.
Ipu a =—2 uepaserctBo umeeT Bun 0- X >4 u He UMeeT pericHui.
Ilpu a =2 nonyvaercs HepaBeHcTBO 0-Xx >0 M ero pelieHUeM sBIsSET-
csmoboe xR .

Ecmm a<—2 wm a>2,710 a° —4>0.B orom ciyuae x > — %
a—+

1
a+?2
Hanecem IMOJIy4acMbI€ B XOJC pCHICHUA OTBCTHI HAa COOTBETCTBYIOIIIHC
NPOMEXYTKU uKcioBoii ocu Oa (cm. puc. 4).

Ecm 2>a>-2,10 a° —4<0u x<—

Puc. 4
Omeem. Eciiu a<—-2,T10 X > — ; €CIIM @ = —2 , TO pENICHHIA HET;
a+?2
ecmt —2<a<2,10 x<— ;e a=2,10 xeR
a+?2
1
ecmd a>2,T0 X > — )
a+2

3ameuanmue. 113 npuBeICHHBIX IPUMEPOB BHIHO, YTO PEIICHHE ypaBHE-
HHUH ¥ HEPAaBEHCTB C MapaMETPOM OTJIMYACTCS OT PELICHUS] yPaBHEHUH U He-
paBeHCTB Oe3 IapameTpa TeM, YTO Ha BCEX JTallax PEIICHUs HYXHO Oolee
BHUMATEJIbHO CIIEANTH 3a KaXKJOH Oomepanueil ¢ TOYKH 3pEHUS €€ BBIIOJIHH-
MOCTH TIPH Pa3INYHBIX 3HAYCHHUIX ITapaMeTpa, a TaKKe 3a TEM, YTOOBI TOITy-
YEHHBIC PEIICHN HE BBIXOAWIN 332 PAMKH JOIYCTUMBIX 3HAYCHUH IepeMeH-
HOH.
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3adauu 011 camocmoAmenbHO20 peuleHus

I[J'Iﬂ KaXa0ro 3Ha4YCHUA ImapaMeTpa d pPEIIUTE YpaBHCHUE.

1.2.1.a) (a—-3)x=1; 6) (a°’—4)x=2-a;
B) 2a—-1)a+2)x=2a’-a’; r) (a-3)a+3)x=a’-9a.
-2 )
122.0) (@ -2a)x =22, 6) (& —9x=L"2T
a+l a
1.2.3.a) 3ax=a’x-3+a; 6) a’x=a(x-3)+3.
a—1 2 a’ -4
1.2.4.2) =a" —1; 0) =a+2.
xX—a X+a
2 2
1.2.5.a)a 4:a 2a; 5) 2 a _a 1;
x-3 2x+4 x—2a ax
a 2

3a+x b+x
1.2.6. Ompenenute, Mpu KakoM 3HAYCHUH TTapamMeTpa d He UMEET pelle-
HUH ypaBHEHHE:

a) (a-1(a—5)x—-2(a+6)=5x—-12;
6) (a’ +6a+5)x-2(a+6)=(a+5x-4.
1.2.7. Jlnst KaXkaoro 3HAYEHHs IapaMeTpoB @ U b peluTe ypaBHEHHE.
- : -2 -2
2) ax b+a+bx:(a2+b)2; 5) a+x b_lza b.
a+b a-b a -b 2a-b X

B 3amavax 1.2.8.-1.2.10. ans xaxqoro 3Ha4eHUs MapaMmerpa d pelmre
JJaHHOE HEPaBEHCTBO.

128.a) (a-2)x>a+1; 6) (a° —9)x<1;
5 (@ —dx< =2
a+4
1.29.a) a(a—2)x>2—-a; 6) (a’-9)x<a’ —9a.
1.2.10.2) (¢’ —4x>(a—d)x+1-a;
2
o) x—2-271 2 (x41); g BFl_x-da a
a 3a 3 2 6
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§1.3. Cucrembl JIMHEHBIX YPABHEHMI

Paccmorpum nuneiinyto dyukiuio y =kx+b, tne k,b € R. I'paduk
nuHenHoM GyHkuun — npsamas. Yucio k — ee yanosoii koppuuuenm, avic-
JICHHO PABHBII TAHTEHCY YIJIA HAKIOHA MPSIMOU K ocu abcuuce. Boipakenue
ax+by+c=0 raxe 3agaer npsmyro Ha mwiockoctd OX) u Ha3bIBAETCS
o00wum ypasnenuem npamoii na nrockocmu Oxy. B ocHoBe 3amay, cBs-

3aHHBIX C CHCTEMaMH JBYX JHMHEHHBIX YPaBHEHHH C JBYMs HEU3BECTHBIMH,
JISKHUT BOMPOC 00 MCCIEJOBAaHWM B3aUMHOTO PACIONOXKEHHSI Ha MIOCKOCTH
JIBYX IIPSIMBIX, 3aJJaHHBIX YPABHECHUSIMHU

ax+by+c=0muax+by+c,=0.
Cucrema ypaBHEHHH
ax+by+c =0,
a,x+b,y+c, =0,
HE UMEIOIIas PEIICHUH Ha3bIBACTCS HECO8MECHIHOIL, UMEIOIIAs POBHO OJIHO
peIIeHue — onpedenenHoil, MEromas 60iee OAHOTO — HeonpeoeleHHO.
Ecnu k03¢ duieHTs B ypaBHEHHAX CUCTEMBI 3aBUCAT OT IIapaMeTpa, u
CTaBHUTCSI BOIPOC 00 UCCIIEA0BaHUU CUCTEMBI, 3TO 03HAYAeT, YTO HEOOXO1u-

MO yKa3aThb 3HAUCHHUs IapameTpa, MpU KOTOPBIX CHCTEMa HECOBMECTHA, HE
OIlpeieieHa, OlpeieNieHa, M HalTH ee peLIeHHsI.

Bamaua 1. Ilyemv ax+by+c =0 u ax+b,y+c, =0 — obwue
YpasHeHus 08X NPAMbIX HA NIOCKOCHMU. Dmu npsamvie aub0 nepecekaomcs,
aubo napannenvhsl, b0 cosnadaiom. Mcxoos uz 3mozo, 8vieecmu YCiosus,
KOMOpbIM — QOIICHbL  YOO0GIemeopsamy — kodgguyuenmor  a;, by, ¢, u

a,, by, c,, umobel cucmema dgyx nunetinvix ypasnenuil
ax+by+c =0,
ax+b,y+c,=0

umena eduHCmeeHHOe peuwleHue; UMela OeCKOHEHHO MHO20 peuieHull; He
umena peweHul.
Pewenue. Npu b, #0 u b, # 0 npusenem ypaBHEHHUS K BULY
a c c
y=—"tx+Lt=kx+muy=—Px+2=kx+m,.
| | p) >

%
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IIpsiMbie coBmagatot, eciu k, =k,, m, =m, , N mapaIeabHsl B CIIydac
k, =k,, m #m,. Ecnu npsmele cOBIaNAOT, TO KOOPAUHATHI KaXKIOH TOY-

KU NPSIMOM yJIOBJIETBOPSIFOT CUCTEME YPaBHEHHUIA, T.€. CCTeMa UMeeT OecKo-
HEYHO MHOTO pelieHud. B ciryyae mapaielbHOCTH NPSIMBIX, Y HUX HET 00-
IIUX TOYEK U, COOTBETCTBEHHO, CHCTEMA HE NMEET PEIICHHH.

[IpsmMble TEepeceKaroTcs, €CIM MX YIJIOBble KO3(GGHUIMECHTH HE PABHBI,

T.e. k #k,. B aToM ciydae cucteMe YAOBICTBOPSIOT KOOPAWHATHI BCETO

OJTHOI TOYKM (TOYKM II€pPEeceyeHHUs! NMPSAMBIX), W, CIEI0BaTEIbHO, CHCTEMa
HMeeT eMHCTBEHHOE PELICHHUE.

Ecmu B xakom-100 ypaBHeHHH 002 K0o3pPHIIMEHTa TP IEPEMEHHBIX X
u y PpaBHbI HYJIIO, & CBO6OHHI)II71 YJICH OTJIMYECH OT HYJIA, TO CUCTEMA HE UME-

€T pelICHU.

Ecin omvn n3 xkosduumentos b, (i =1;2) pasen Hyimro, a Ipyro# ot-
JIMYEH OT HyJIsl, TO COOTBETCTBYIOLIEE YPABHEHHE d,X =—C,; 3a/1aeT PsAMYIO,
napaiensuyto ocu Oy, a Ipyroe — He NapavielbHylo eil. B atom ciydae
UMEETCst O/1HA 00IIast TOUKA ¥ OJIHO PEIICHUE CHCTEMBL

Ecin 06a xoaduumenta b, (i =1;2) pasHbI HyiIr0, TO UMEEM JABE IIa-

¢ ¢ y
pallIesIbHbIE IPAMBIE X =—C, U d,X =—C,, IPd —- # — DEIUeHHii HeT,

a a
G _6G .
OpH — = —= OpsAMBIE COBIIANAIOT, UMEETCS OECKOHEYHO MHOTO PEILEHHUIA.
a a
a b ¢ o
Omeem. Ilpy — = — = — — GECKOHEYHO MHOTO PEIIEHHI;
a, S
a b ¢ o a, b
OpyY — = — # — — PEIlleHUH HET; NP —- # — — JIMHCTBEHHOE PELICHUE;
a, b, ¢ a, )

ecm b, =0 wmm b, =0 u g, #0, a, # 0— eauHCTBEHHOE pElICHHE;
G _ 6 o
ectu b #0, b, #0 u a, #0, a, #0, o npu — # — peurenuii Her,
a4 4

c c .
a HpI/I £ = -2 CUCTCMA UMECCT 6eCKOHe‘IHO MHOTO peI_HGHI/II/I.

a, a4
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Hpumep 1. Hccreoosame cucmemy aunelHvIX ypasHeHul
(a—2)x+27y=4,5,
{2x+(a+l)y=3.
Pewenue. Vicnions3ys pelieHue Npeiplaynieil 3ajaun, Onpeaeaum 3Ha-

a-2 27
YeHUs IapamMeTpa d , IIPH KOTOPBIX = I DTO BO3MOKHO, €CIIH
a—+
a’—a-56=0 (a+1#0),re.upu a=8 wm a=-7.
. a-2 27 3
Ecimu a =8 umm a =—7 , To pellleHuii HET, TaK KaK = #—.
2 a+l 2

Ipu a#8 u a#—7, yMHOXKas TIepBOC ypaBHEHHE CHCTEMbI HA —2, a
BTOpOE Ha @ — 2, ¥ CKJIA/IbIBast JIEBBIC M TIPaBble YACTH YPABHEHWUM, U3 MMOJTY-
y y 3(a-5)
YEHHOTO JIMHEHHOrO ypaBHEHWS HaljeM ) =——————. AHaJIOIHYHO
(a—8)a+17)

9(a-17)
20a-8)a+7)
a#8 u a+#—7 uMmeer CIUHCTBCHHOC PCIICHHE.

Omeem. Eciu a =—7 wimm a =8, To penieHuii HeT;

9a-17)  3(a-3)
20a-8)a+7) (a-8)(a+7))

JIEHCTBYsI, HaillneM X = CrnenmoBatenbHO, CHCTEMa MIpHU

ecsm a#=—7 u a#8, 10

IIpumep 2. Onpedenums, npu Kaxux sHaveHUAx napamempa a ypaeHe-
nua x+ay =1 u ax+ y =2a umerom xoms 6u1 0010 00Wee peuerue.

Pewenue. Pemmum oOpatHyto 3amady. Haiinem 3HadeHus mapamerpa d ,

x+ay=1,
IPH KOTOPBIX CHCTEMa YpaBHCHUIA HE UMeeT pelreHud. JTo
ax+y=2a
a 1
BO3MOJXXHO (CM. pemenue 3aiauu 1), ecimm — = — # — (¥).
a 1 2a
a o
U3 paBeHcTBa — = 1 HaxomquM a =—1 wiu @ =1. [lns 9Tux 3HaueHUN
a

HEPaBEHCTBO B (*) TakKe BBITIOIHSACTCS.
Omegem. a=—1 wm a=1.
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IMpumep 3. IIpu kaxux snavenusx a ons mobozo b natidemcs xoms 6ol
00no ¢ makoe, umo ypasuenus 2X+by =ac’ +c u bx+2y=c—1 ume-
fom xoms Obl 00HO 0bWee peweHue?

Pewenue. Ypasuenns 2x +by =ac’ +c u bx+2y =c—1 umeror xo-

Ts1 ObI OJIHO OOllIee pelIeHUe, ECII UMEET PELICHUE CHCTEMa YPaBHEHUH
2
2x+by=ac” +c,
bx+2y=c-1.

Bo3MOKHBI criefyromie BApUaHThI.
a) Cucrema ypaBHEHHH MMEET €AMHCTBEHHOE penieHue. B atom cimydae

b
K03((HUIUEHTBI TPH HEU3BECTHBIX TAKOBBI, YTO —iE, Te. b#-2 u

b#2 .Tlpu b#—-2 u b#2 cucremMa UMeeT pPeLIEHHE 1Is JIFOOBIX d U C .

6) Cucrema ypaBHEHHI UMEET OECUNCIEHHOE MHOKECTBO PEIIeHUH. JTO

2 b ac’+c
BO3MOJKHO, €CIIH — = — = ————
2 c-1

Mpu b =2 nomyuaem ycnosue ac” +c=c—1 wm ac’ =—1. Creno-
BaTeNbHO, ¢ Haimercs jaumb mpu a <0 (*).

Mpu b=-2 nveem ac’ +c=1—-c wm ac® +2c—1=0. B srom ciy-
yae ¢ Haligercs, korga auckpumunanT ypasaenuss D =4+4a >0, 1.e. npu
a>-1 (**).

IMTocKoNBKY MO YCIIOBHUIO 33a7a4d HAJ0 HAWTH 3HAYCHUS d , IPU KOTOPBIX
CYILECTBYET XOTs OBl OJHO C TaKoe, YTO JaHHBIC YPAaBHEHHUS UMEIOT XOTs OBl
071HO OblIIee pelieHue st JI000ro b, To 3HAYEHUs ¢ HANLYTCS NPU OIHO-
BPEMEHHOM BBINIOJIHEHUH YeaoBuit (*) u (**), T.e. mpu —1<a < 0.

Omegem. —1<a<0.
ax—by =0,

Ipumep 4. Hccneoosamo cucmenmy ypasrenuii 4

a x—by=ab.
Pewenue. Paccvorpum cinydan b=0 u b#0.

1) b=0. Ecau a=0, 10 penieHneM ABIAIOTCA JTIOObIE Iapbl AE€HCTBHU-
ax=0,

TenbHbIx uncen (X;)). Ecmm a # 0, to cucrema umeer Bua §
ax=0.
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Ee peurenuem siBisiercs sobast mapa uucen suga (0;)), e yeR.

by =0
2) b#0. Eciu a=0, 10 cucrema UMeeT BUJL " Ee pemicHieM
by =0.
sBysieTcs M00as napa yucen uaa (x;0),rne x e R.

a
Ecmu a # 0, 1o u3 ycnosus —- = 5 =1 cunenyer a =1 u cucrema ume-
a

x—-by=0, .

€T BUJI B arom ciyuyae pelueHuil Het.
x—by=>b.

HpI/I a#1 u a#0 cucrema umeer COWHCTBCHHOC PCIICHHC BHUIA

=)
a-1"a-1)

Omegem. Ecrm a =0 u b=0,10 (X;)), 106 xR, yeR;

ecu a#0u b=0,10 (0;y), 106 YER ;
ecmn a=0ub#0,710 (x;0), 106 XER;

b a
ecmt a#1, a#0 u b#0, 10 eAMHCTBEHHOE PELIEHUE 1; 1 ;
a-1 a-

ecin a=1 u b#0, 10 HET pelnenuii.

3aoauu 0nsa camocmoamenbHo20 peuteHus

1.3.1. [Ipu kakux 3HAYEHUSX 7 HE UMEET PEIIeHUH cucTeMa ypaBHe-

. {(m2 +d)x+my=17, {(l+2m)x+5y=7,
HUHA:  a) 0

4x+y=m; 2+m)x+4y=8?

1.3.2. Omnpenenure, nMpu KaKUX 3HAYCHUAX d WMEET OECUHCICHHOE
MHO>KECTBO PELIEHUI CUCTEMa YPaBHEHUM:
3x+ay=3, 5 (a—2)x+27y=4,5,
a
ax+3y=3; 2x+(a+1)y=-1.
1.3.3. Onpenenurte, Mpu KakuxX 3HAUYCHUSAX MapaMmeTpa d HE UMEET pe-

ax+3y=a +1,
a
Ba+14)x+(a+8)y=5a" +5;

LICHUH CUCTEeMa YPaBHEHUI:
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3ax+2y=6a-12,
(2,5a+2)x+(a-2)y=14-"Ta.

1.3.4. Uccnenyiite cucTeMy JIMHEHHBIX YpaBHEHUH:

{a2x+(2—a)y:—4+a3, 5 {2x—by=b+2,
a

ax+(2a-1)y=2-2a"; (b+1)x+2by=2b+4.

1.3.5. Onpezenure, Npy Kakux 3HAYEHUSX @ 1Uis Joboro b Haiinercs
XOTs OBI OZTHO € TakKoe, UYTO Kak[as U3 CICIYIOIUX CHCTEM UMEET XOTS OBl
2 _
x+by=ac” +c, 5 {x+by—a,

OJIHO pCIICHuE: a) { bt (b4 2)y = 4 ac

bx+2y=c—1;

1.3.6. Haiinure Bce 3HaueHUs mapamerpa d , MPU KaKAOM U3 KOTOPBIX
IUIsL JIF000Or0 3HAYeHMs rapamerpa b cucTeMa ypaBHEHUIM MMEET XOTs Obl
ozHo perenne (X, V,z):

) bx—y—az’ =0, 5 bx—(b* -2)y+az’ =0,
a
(b—6)x+2by—4z=4; —x+(5b-9)y—-2z=2.

1.3.7. Omnpenenute, NpH KakuX 3HAYEHUSAX [apamMeTpa « HUMeEeT
€/IMHCTBEHHOE PEIICHHE B LIEJIBIX YHCIIaX CHCTEMa HEPABEHCTB!

x+3y>24, X+ y<o6,
a)q y—x<6, 0) 12y —x>15,
ay>x—2; x>ay-2.

1.3.8. Onpenenure, Npu Kakux 3HAUCHMSIX MapaMeTpa d KOOPJUHATHI
XOTsi Obl OIHOM TOYKM oTpe3ka AB OyayT ABIATHCSA PEIIEHHEM CHCTEMBI
HEpPaBEHCTB:

2x—y+a<0,
ecn A(0;9) u B(3;6);
6x+3y+5a=0,

2x+y—-2a=0,
) ecmm A(2;2) u B(4;8).

2y-5x—-a<0,
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IJTABA 11. KBagpaTHblii Tpex4jieH

CnpaBo4HbIil MaTepuaJl

2
Keaopamnvim mpexunenom HashiBaloT BhIpaxkeHue ax” +bx+c, rue
a,b,ceR u a#0.T'papuk kBagpaTHOro TpexuiieHa — napadona. Ipsmas

x= 54 ee ocb cummempuu. Touka (X,;y,) — éepuiuna napaoos, rae
a

2
b dac—-b
X =—— , y = ——

¢ 2a ¢ 4a
IIUCChI TOYCK HCpCCC‘ICHI/Iﬂ Hapa6OJILI C OChbHO Ox AGAIOMCA KOPH}IMM
Ksadpamnozo mpexlmeua, T.C. pCIHCHI/IHMI/I KBa,HpaTHOl"O ypaBHCHI/Iﬂ
2

ax” +bx+c=0, (2.1

" BBIYUCIIAKOTCA C IIOMOIIBIO q)OpMyJ'ILI

L —b+D  —b+~b* —dac
b2 2a 2a '

Ipu D <0 ypasuenwue (2.1) He nMeeT KopHeit (Mmapaboiia He epecekaeT och

.Yucno D =b*> —4ac — ouckpumunanm. AGc-

(2.2)

-b
Ox); npu D=0 — oaun kopeHs X, =2— (mapa6osa xacaercs ocu Ox B
a

-b—~D

— U
2a

paGona nepecekaer ocb OX B IABYX TOYKax X, U X, ).

~b+D
S (Ha_
2a

touke X,); npu D >0 — nBa kopHs X, = X,

Ipu pemennn ypapuenus (2.1) 3nauenue mapamerpa a =0 sBisiercs
KOHMPONbHBIM, TaK KaK B 3TOM CIIy4ae ypaBHEHHE HE SBIISICTCS KBaJpaT-
HBIM.

Besikui KBaJpaTHbIN TpEXUJICH (xBagpaTHyHas byHKIS)
2 2
f(x)=ax" +bx+c npencraBum B Buzge f(x)=a(x—x,)" +y,.
Mnuoscecmeo snauenuii kaparinanoil gyuxuan f(x) = ax’ +bx+c:
E, =[y,;+%) npu a>0 u E, =(-0;y,] npn a<0.

Ecnu a >0, to naumenvuee snauenue min f(x)=y,; ecin a<0,
X

TO Haubonvuwee 3navenue max f(x)=y,.
X
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§2.1. Pemienne KBagApaTHBIX YPABHEHUI €
K03 PpuureHTaMu, 3aBUCALIUMH OT IApaMeTPOB

Hawubonee pacnpoCTpaHEHHBIM THUIIOM 3a/1ay C MapaMeTPOM, CBS3aHHBIX
C KBaJIPaTHBIM TPEXWICHOM, SIBIISIOTCS 3a/1a4d IO ONPEICICHHIO KOpHEH
KBaJIPATHOI'O YpaBHEHHs, KO3()(GHUIMEHTH KOTOPOTO 3aBHCAT OT Iapamerpa.
[Ipr ux pemennn ucnoib3yercs ¢opmyia (2.2) U UCCIeXyeTcs TUCKPUMHU-
HaHT. OT/eNbHO HEOOXOAMMO paccMaTpUBaTh Cilydaid, Koraa Kod(GHIUeHT
npu x° paBeH HyII0 U ypaBHEHHE HE SBIACTCSH KBAAPATHBIM, H (HOpMya
(2.2) HennpumeHuMa.

Kak y»e 0TMe4anoch BbIIIIe, OTBET 3a/1a4H JIOJDKESH COMCPIKATh PEIICHHUSI
JUTsl BCeX 3HAUYCHUI MapaMeTpa B MOPSAKE BO3PACTAHHS €ro OT —00 10 +00 .
Jsi KOMIIAKTHOCTH OTBETa BO3MOXKHO OOBEJHMHEHUE NPOMEKYTKOB JUIS T1a-
pamerpa, Ha KOTOPBIX ()OPMYJIbI PEIICHHUS COBIANAIOT.

PaccMOTpUM HECKOJIBKO TUIIOBBIX IIPUMEPOB.

Hpumep 1. /na xadsxcooeo OelicmeumenvrHoeo 3naueHus napamempad d
2
pewums kéaopamuoe ypasuenue ax” +2x+1=0.
Pewenue. Tlpu a =0 wucxoaHoe ypaBHEHHE SBISIETCSA JMHEHHBIM U

umeer Bug 2x =—1. B aTom cayuae ypaBuenue uncio x =—0,5 — ero ko-
PpEHb.

Ilpu a #0 wucxoaHOe ypaBHEHHE SIBJISETCS KBaJApaTHbIM. Ero auckpu-
munaut D =4 —4a . Ksagparuoe ypaBHeHue umeer peutenne npu D >0,
T.e. ipu a <1.

Ecmu a=1,10 D =0 u ypaBHeHHe UMeET OUH KOpeHb X = —1 .

Ecmu a#0 u a<l, To uCXOmHOE ypaBHEHHE HMEET [Ba KOPHS

_—1-vl-a " _—1++vl-a
a a .

X X

Ecmu a >1, 10 D <0 u ypaBHeHHe HE HMEET KOPHEH.
Omegem. Ecin a € (—;0) U (0;1), To ypaBHEHHE MMEET 1Ba KOPHSI

—-1-+1-a . —1++v1-a
e

a a
eciu a=0,10 x=-0,5;

X

eecmm a=1,10 x=-1;
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eciu a > 1, To pelenuii HeT.

Mpumep 2. s kascooeo OelicmeumenbHo2o 3Hauenus napamempa a
pewums K6aopamHoe ypasHeHue

ax’ +2(a+1)x+2a=0.

Pewenue. Tlpu a =0 ypasuenue numeet Bua 2x =0, oTKyma moaydaem

x=0.
Opu a#0 muckpumunaar D =4(a+1)° -84’ =—4(a’ —2a-1).
Vpasuenune numeer pemenne npu D > 0, T.e. npu ae[l—\/z;1+\/§].
Ecnu azl—\/E,To xzx/z;ecmzl a=1+\/5,T0 x=—\/§.

Ipu ae(l- V2 ;00U (0;1+ J2 ) ypaBHEHHE HMMEET JBa pELIEHHSA

—(a+1)—~/-a’ +2a+1 . ~(a+1)+~-a’ +2a+1
= u =
a

2 — .
a

1

Ipu a e[l—\/z;l—i—\/i] ypaBHEHHE HE UMEET PEIICHUI.
Omeem. Ecnu a € (—x; 1—\/5) u(l +\/§; +00) , TO peleHuil HeT;
ecim a=1—\5,T0 x=\/§;ecm/1 a=0,10 x=0;
ecinu a=1+\/§,T0 x=—\/5;

ec a € (1— J2 ;0)U(0;1+ V2 ), TO ypaBHEHHE MMEET J(BA PELICHUS

. —(a+1)—~-a’ +2a+1 . —(a+1)+-a’ +2a+1
= u =
a

1 2 :
a

Janee paccMOTpUM IpuUMeEp, B KOTOPOM NapaMeTp B SIBHOM BHJE HE CO-
JIEPKUTCA, HO 3a/1ada B XOJIC PEHICHHs CBOJUTCS K HCCIIEIOBAHHUIO CYIIECT-
BOBAHHMS KOPHEH KBaJpaTHOTO ypaBHEHUS ¢ KOG PHUIIMEHTAMH, 3aBUCSIIIUMH
OT IapamMeTpa.

Mpumep 3. Hatimu naumenvuiee snauenue X, npu KOMOPOM Cyujecm-
gylom yucna y u zZ makue, Ymo GbiNOIHACMCS PAGEHCHIGO

X422y + 2 +xy—xz—yz=1.

Pewenue. PaccMOTpUM JAaHHOE PAaBEHCTBO KAaK KBAaJpPaTHOE ypaBHEHHE
OTHOCUTEJIBHO IIEPEMEHHON Z
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2 —(x+y)z+ (x> +2y* +xy-1)=0, (2.3)
I7Ie IGpEMEHHBIE X W ) SIBIIOTCS MapaMeTpPaMu.
VpapHenue (2.3) UMeeT pelIeHue, eClu ero AUCKpUMUHAHT [) HeoTpu-
narenen (D =(x+ )’ —4(x* +2)" +xy—1)=-3x" =7y" = 2xy +4).
D>0& -3x" =7y =2xy+42>0.

PaCCMOTpI/IM MOCJIEAHCEC HCPABCHCTBO KaK KBaJApaTHOC HEPABCHCTBO
OTHOCHUTCIIBHO HepeMeHHOfI y

79> +2xy +(3x* —4)<0, (2.4)
TZie IEPEMEHHAsT X SBISICTCS TapaMETPOM.
HepaBenctBo (2.4) uMeeT peleHue, ey ero JUCKpUMUHaHT D, HeoT-

punatenen (D, = 4x” —28-(3x* —4) =112 -80x7).
D, >0112-80x" zo@%zﬁ oN7/152x2-47/5.

Haumensimee 3HaucHme X, IpU KOTOPOM CYLIECTBYET PECIICHUE ) HE-

pasenctBa (2.4) u peuienne z ypashenus (2.3), paBHo —/7/5 . Cnenosa-
TenabHo, —7/5 — HauMeHblIee 3HAYEHWE X, YIOBIECTBOPAIOUIEE YCIOBUIO
3aj1a4n.

3adauu ona camocmoamenbHozo peuieHus

2.1.1. Peuute ypaBHEHHE:

a) X’ =a; 6) X’ =a’-3a—4;
B) ax’ =4; r) (a> -3a—-4)x" =4;
0 ax’ =a’; e) ax’ =a’ —3a’ —4a;

x) (a° =3a-4)x’=a—-4; 3)(a°-3a-4x’=4+3a-a’.
2.1.2. Pewute ypaBHEHHE:

a) (@* —6a+5)x"—(a—5x=0;

6) (a° —3a—4)x> —(a’ —16a)x=0.

2.1.3. Peuute ypaBHEHHE:

a) X’ =2(a—)x+2a+1=0;

6) x>’ +(2—a)x+4a—8=0.
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2.1.4. Pemmte ypaBHEeHue:
2

a) X2 —2(a+)x+4a=0; 5) x2+(a+1)x+a7=0.
2.1.5. Pemute ypaBHeHuUe:

a) ax’ +2x+1=0; 6) (a—Dx* +2(a+Dx+a-2=0;
B) (a+1)x* —(a—1)x—-2a=0; r)ax’ —(a+Dx+a’+a=0.

2.1.6. JloxaxxuTte, 4TO €CNIU B KBaAPATHOM YPaBHEHUU ax’ +bx+c=0:

a) MOMEHATh MecTaMH KO3(p(UIMEHTB @ W C, TO MOIYYHUTCS ypaBHE-
HHUE, KOPHU KOTOPOTO OYAyT OOpaTHBI KOPHIM JaHHOTO;

0) noMeHsATh 3HaK KodGduiuenTa b, TO NOIYUUTCS YpaBHEHHE, KOPHH
KOTOpOTO Oy IyT MPOTHBOIIOJIOKHBI KOPHIM JaHHOTO;

B) KO3 UIMEHTBl @ M C pa3HbIX 3HAKOB, TO OHO UMEET JICHCTBUTEIb-
HBIE KOPHU;

) K03 HUIMEHT a MONOXKUTETICH U ANCKPUMHUHAHT PaBeH HYJIIO, TO Jie-
Basl 4aCTh ypaBHEHMS €CTh MOJIHBINA KBaJgpaT U, HA00OPOT, €CIH JIEBast 4acTb
YpaBHEHUsI €CTh MOJIHBIA KBaapar, TO KOAGGHUIUEHT @ IMOJOKUTEICH U IUC-
KPUMUHAHT paBeH HYJIIO;

1) Bce KOA(QUIMEHTH PalOHATBHBI M JUCKPHMUHAHT €CTh IMOJIHBINA
KBaJ[paT PalOHATBHOTO YKCIIA, TO KOPHU YPaBHEHUS PAllMOHAIIBHBI.

2.1.7. Ins kaxa0ro 3HauY€HUs MMapameTrpa d ONpPENeIUTe YUCIO pelle-
HUH ypaBHEHHS (KpaTHBIC KOPHU YPAaBHEHUS CUYMTATh OJHUM PCIICHUEM ):

a) x* +2ax+3=0; 6) ax’ +2x+3=0;
B) (a—1)x*+2ax+3=0; 1) (@a+2)x*+5(a+2)x+1=0.

2.1.8. Pemmre ypaBHeHue:

a) x* +4a’x* —=5a°=0; 6) x* —2(a+1)x*+4a=0.

2
2.1.9. Ilycth uncna X, ¥ X, — KOpPHU ypaBHeHus X +ax+bc=0, a

2
4Yuclia X, U X; — KOpHU ypaBHCHUA X~ + bx + ac =0 . [Tokaxure, 4TO yKciIa

2
X, U X; — KOpHHU ypaBHeHuss X +cx+ab=0,ecim ac # bc .
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§2.2. I'pauk KBaAPATHOI 0 TPexX4JieHa

Ipumep 1. Onpederums 3naxu kos¢hpuyuenmos a,b u c, ecu epa-

¢ux keadpamuunou ynkyuu y = ax’ +bx +c umeem 6ud, usobpacennwiii
Ha puc. 5.

Pewenue. 3Hak kKodphUIMEHTA @ ONIPEACTICTCS YA
HanpaBjicHHEM BeTBel mnapabonbl. Tak Kak BETBU
riapaboJibl HArpaBJieHbl BBEpX, To @ >0 .

U3 yenosus y(0)=a-0> +b-0+c=c nonyda-
eTCsl 3HAaUYEHHWE OPIMHATHI TOYKH MepecedeHus mapa- 0
6oibi ¢ oceto Oy Ha pucyske 5 Buso, uro ¢ <0 .

Bepumaa mapabosibl pacnosiokeHa IpaBee OcH

b Puc. 5
Oy, te. x,=——<0. Tak xak a>0 u x, >0

a
nonyyaem, uto b <0.
Omeem. a>0,b<0,c<0.

Ipumep 2. Onpedenums 3uak uucia C, eciu U3BeCMHO, 4Mo Keaopam-
o 2 o
nolil mpexunen ax” +bx+c ne umeem kopueil u, Kpome Mmo2o, cNPAGEOIUBO

nepasencmeo \ 603 a ~21b++/7c<0.

Pewenue. Tak xaxk kBajapatHblii Tpexunen f(x) = ax’ +bx + ¢ He ume-

€T KOpHEeH, To ero rpaduk He UMeeT O0IMX TOYEK C OChIo abcIuce, T.€. pac-
MOJIOKEH BBIIE (BETBH Mapabojbl HAIPaBICHBI BBEPX) WM HIDKE (BETBU
napabosbl HanpasneHbl BHU3) ocn Ox . DTo 03HadYaeT, 4To JUlsl BCeX 3Have-
HUH X KBaJpaTHbIH TpexwieH f(X) MpUHUMAET 3HAYEHHUS OJHOTO 3HAKA.

3aMeTuMm, 4To \/@a—\/ib+\/70=
=J7Ba-3b+c)=7(a(-3) +b(—/3) +0¢).
W3 ycnoBust J63a—-21b++/7¢<0 CIIE/IyET, UTO
f(=3)=a(3)" +b(~\3) +e <0,
T.e. f(x)<0 npu Bcex 3navenusx x € R.
Crnenosarensho, u f(0)<0,n0 f(0)=a-0>+b-0+c=c,re. c<0.

Omeem. ¢ <0 .

28



Mpumep 3. Touka A(6;—12) sewsemcs eepuwunoi  napabons

2
y=ax" +bx+c, odna us ee mouex nepeceuenus ¢ ocvio OX umeem abe-

yuccy, pasuyio 8. Onpederums snauenus Koapguyuenmos a, b u c.

Pewenue. Koopanuate! BepumuHsl mapabonst (X,; y,) 3aganorcs ¢op-

2
b 6 dac-b
MyJdamu X, =——=0, y, =————
¢ 2a ¢ 4a
mepecekaeT och abCITCC, TO €e BETBH HampaBiieHbl BBepx, T.e. a > 0. Ilo

yenosuio y(8)=a8> +b8+c=0.

=—12. Tak kak y, <0 n napa6ona

Vcxonnas 3a1a4a CBOAUTCS K PEIICHUIO CUCTEMBI YPaBHEHUIH

—(h/2a) =6,
A 2 b=-12a, b=-12a,
a(;—_z—12, —Jac—36a* =—12a, = 1324> —36a* =—12a, =
a
64a+8b+c=0; ¢ =324 c=32a;

a=3,b=-36, c=96.
Omeem. a=3, b=-36,c=96.
Hpumep 4. [na xaxcooeo sHaueHus napamempa a Onpeoeirums 4ucio
pewenuii ypasrenus x° +2x—3=a’ —4a .

2
Pewenue. T'paduk KBagpaTHOTO TpexwieHa X~ + 2x —3, crosmero B
JIEBOM YacTH JAHHOTO YpaBHEHWs — mapabolia, MMEIoIas KOOPAUHAThI BEp-

mmmsr (X5 ,), e X, =—1 u y, =(=1) +2(=1) =3 =—4. Tax kak Ber-
BH mapaboJyibl HAIpaBICHBl BBEPX, TO MHOXKECTBO 3HAYCHHN (GYHKIHHU
y=x"+2x—3 npeacrasmser [—4;+o0).

[IpaBasi 4acTh ypaBHEHMs JUIA KaXIOrO 3HAYEHHWs [apamerpa d mpel-
CTABIISIET MOCTOSHHYIO QyHKIMIO y = a’ —4a . Ee rpaduk — npsMast Huus,
napauienbHas ocu  Ox, He uMeeT OOWmMX TOYEeK C Iapaboyioil mpu
y=a’>—4a <-4 (1); umeer omny obmyio Touky npu y =a’ —4a=—4
(2); mBe Toukn ipu Y = a” —4a > —4 (3).

PaccMoTpuM KaXkIplii U3 NIOJIYYEHHBIX CIy4aeB:

(1) @* —4a<-4< (a—2)" <0 —TaKux a He CyLIECTBYET;
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) a’-4a=-4<(a-2"=0ca=2 - HCXOAHOE YpaBHEHHE
MMEET OJIHO PEIEHHE;
(3) a’—4a>-4<(a—2)" >0 —npu Bcex a # 2 HCXOAHOE ypaBHe-
HHE UMEET JIBA PELICHUS.
Omeem. Ecin a =2 , To ypaBHEHHUE UMEET OJ[HO PELICHHE;
ecian a # 2, TO — JiBa PelIeHHs.

3adauu 01 camocmoamenbHo20 peuleHus

2.2.1. Omnpezpenure 3HAaKd mnapameTrpoB a,b u ¢, eciu rpaduk

KBaJIpaTU4HOW (QYHKIHMH ) = ax’ +bx +c wumeer Buj, W300paKCHHBI HA

puc. 6.
y A y Af\ y A y A
o\ * To \x & = | o\~
a) 0) B) r)

Puc. 6

2.2.2, UsBectHO, 49TO TO4YKa A sSIBIsSETCS BEPUIMHON mapabGoIibl
y= X+ px +q . Haliqute uucna p u ¢, ecinu:

a) A(1;-2); 0) A(-2;-7).

2.2.3. Haiinure uncna a,b u ¢, eciu Touka M SBISETCS BEPIIMHOM
napabonsl y = ax® + bx + ¢ , mepecekaroneii och OpAMHAT B TouKe N :

a) M(-1;,-7), N(0;-4); 6) M(1;5), N(0;1).

2.2.4. IToctpotiite rpaduk GyHKIHHU:

a) y=x" —6X +a , HaUMCHbIIIee 3HAUCHHE KOTOPOil paBHO 1;

2 o
0) ¥y =—x" +4x+ a, Haubonbliee 3HaUYCHHE KOTOPOl PaBHO 2.
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2.2.5. Haiigure kodddunuentsl @, b U ¢ KBaapaTHuHOM (yHKIMM

f(x)=ax® +bx +c, eciu u3BECTHO, UTO:
a) f(=2)=9, f()=3, f(3)=19;
6) /(-3)=-11, £(0)=10, f(2)=-6.

2.2.6. Omnpenenure 3HaK KoddduimenTa a KBaIpaTUIHON (GYHKINU

f(x)=ax® +bx + ¢, eciu U3BeCTHO, UTO:
a) f(=D <L, f)>-1, f3)<—4
6) f(-3)<-5, f(-1)>0, f(1)<4.
2.2.7. Onpenenure 3Ha4YeHUs IapameTpa C, IPU KOTOPHIX yPaBHEHHUE
5x* —4x+c=0:

a) UMeeT pa3JIn4HbIe JeHCTBUTEIbHBIC KOPHH;

0) ¥MeeT OJIH KOPEHb (T.e. HIMEeT KOPEHb IBOMHON KPAaTHOCTH);
B) HE UMEET JICHCTBUTENBHBIX KOPHEH;
r) wuMeeT XOoTs Obl OAWH OOmuil KOpeHb C ypaBHCHHEM

x> +13x-30=0.

2.2.8. Haiigure Bce 3HaueHus mnapamerpa b, Nmpu KOTOPBIX Tpaduk

dyskmmn y=x" +bx+4:
a) MepeceKaeT 0ch abCIUCC B JIBYX TOYKAX;

0) kacaeTcs ocu abCIUCC;

B) JISKUT BBIIIE OCH abCIuCC.
B kxaxgoM U3 IMyHKTOB BHIOEpHTE MOAXOSIIEE 3HAYECHHE Mapamerpa U

MOCTPO#TE TPaMK COOTBETCTBYIOIICH (DYHKINH.
2.2.9. HccnenyiiTe B3auMHOE paclojioXeHUe TpaduKoB (QYHKIMH
2 v
f(x)=2x" u g(x)=5x—c B3aBUCHMOCTH OT 3HAYEHHUII TApamMeTpa C .
2.2.10. B 3aBucHMOCTH OT 3HaYCHHWN MapameTpa d HUCCIEAYHTE B3auM-

Hoe pacrionokenue rpahuxos dyukumii f(x) u g(x), ecnu:
a) f(x)=ax’ -3 u g(x)=4x+1;

6) f(x)=ax’ —8x+5 u g(x)=x>—2ax+1.
2.2.11. B 3aBUCHMMOCTHM OT 3HAYeHHWi mapamerpa b uccienyiite B3auM-

HOe pacronokenne rpapukoB  Qymxmmii  f(x)=2bx +2x+1 m

g(x)=5x" +2bx-2.

31



B xaxnom u3 nyHkToB 3aga4 2.2.12 n 2.2.13 npu HallICHHBIX 3HAYEHUAX
napamerpa nocTpoiire rpadk COOTBETCTBYIOLIECH HYHKIHH.

2.2.12. Onpenenute Bce 3HAYECHUs TapaMeTpa d , IpH KOTOPBIX Tpaduk
2

byukumn y =2x" —3x+a:

a) JIOKUT BBIIIE OCH abCInCC; 0) KacaeTcs ocu abCITHCC;

B) TIepeceKaeT och adCIMCC B IBYX TOUYKAX;

I') IepecekaeT och abCcuuce B JBYX TOYKax IO MPaByI0 CTOPOHY OT OCH
Op/MHAT;

) TIepeceKkaeT och abCIMUCC B ABYX TOYKAX IO Pa3HbIE CTOPOHBI OT OCH
OpJMHAT.

2.2.13. Onpenenute Bce 3HAUCHUS MapaMeTpa d , IPU KOTOPBIX Tpaduk

2

byukiun Yy =-x" —4x+3a:

a) JIOKUT HUXKE OCH abCITuCC; 0) kacaetcst ocu abcIuce;

B) MepeceKaeT och abCIMCC B ABYX TOYKAX;

T) IepeceKkaeT och adcIyce B JBYX TOYKAax IO JIEBYIO CTOPOHY OT OCH
OpJMHAT;

) TiepeceKkaeT och abCIMCC B BYX TOYKax IO Pa3HbIe CTOPOHBI OT OCH
OpJMHAT.

2.2.14. ITpu xakuX 3HAYCHHUAX MMapaMeTpa d KBAJAPATHBIA TPEXUICH:

2
a) 2x” 4+ X+ @ TPUHHMAET TOJIBKO ITOJIOKHUTEIbHbIE 3HAYCHHUS;

6) —x’ +6x+a MIPUHUMAET TOJBKO OTPHUIIATEIbHBIC 3HAUCHUS ?

2.2.15. JIns kaxxa0ro 3HaYeHUs MapaMmeTpa d OINpeAesuTe YUCIO pellie-
HUN ypaBHEHUS:

a) X’ +4x+5=a>-2a-2; 6) 6x—2x>+1,5=a’ -5a.

2.1.16. OnpenenuTe 3HaK YUCENl d U C, €CIM U3BECTHO, YTO KBaJpat-

> 2 u
HBIA TpexulieH ax~ +bx + ¢ He uMeeT KOpHEH H, KpOMe TOTO, CIPABEMITHBO
HEPaBEHCTBO:

a) 42a-24b+3y2¢<0; 6) ga—2b+2x/§c>0.

2.1.17. Jlokaxwure, 4TO IpH U3MEHEHHUH NTapaMeTpa ¢ BeplINHA napabo-
JBI:

a) y=x"+(2a+1)x+a’ —1 onuceBaeT NPAMYIO IHHHIO;

6) y=x" —(2a+1)x+2a onuceiBaer mapaboiy.
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§ 2.3. HeoOxoaumble ¥ 10CTATOYHbIE YCJI0BHUA,
3aja01Iie BO3MOKHbIE CJIy4au PacioJioKeHusl KOpPHeH
KBa/IPATHOI'0 TPeX4eHa

3ajaun ¢ mapaMeTpoM YacTO CBOAATCS K HCCIEJOBAaHHMIO KBAJAPATHOTO
TpexwieHa ¢ KoddduireHTaMu, 3aBUCAIMMH OT napamerpa. Pemenne kax-
JIOM TakoH 3aJaud MOXKHO pa3Je/IuTh Ha ABa 3Tamna. llepBelii 3Tan COCTOUT B
nepeopMyIMPOBKE HCXOTHOH 3aadM W CBEIACHHHM €€ K HCCIEIOBaHHIO
KBaJ[paTHOTO TpexwieHa. Bropoi — B nccie10BaHUM TOTy4YEHHOTO KBagpaT-
HOTO TPeX4JieHa, CBOJIIEMCSl K ONpE/ICICHHI0O HEOOXOIUMBIX U JOCTAaTOY-
HBIX yCJIOBUH JJISl peaau3aliy OJHOW MM HECKOJIBKUX BO3MOXHOCTEH, MpU-
BEJICHHBIX B CIEIyIONIeH HIDKE 3ajade. B KaXaoM H3 paccMaTpHBaeMbIX
CJly4acB BBIBOJ HEOOXOAMMBIX M JAOCTATOYHBIX YCJIOBHH MOXET OBITH OCY-
IIECTBJICH aHATMTHYECKH. OIHAKO KaXK/ABI U3 HUX JOITyCKaeT rpaduuecKyro
MHTEPIIPETAlHIO U, KaK Oy/leT MOKa3aHO HMXKE, ITO3BOJISIET JOCTaTOYHO MpO-
CTO BBIBECTH AHAINTHYECKUE YCIOBHSA C MCHOIB30BAaHUEM BO3MOKHBIX JUIS
KOHKPETHOTO CIIy4asi BAPHAHTOB PACIIOJIOKEHHS rpaduka COOTBETCTBYIOIIE-
r'o KBaJpaTHOTO TPEXWICHA.

3agaya 2. C mOMOMIBbIO JIUCKpUMHHAHTAa [) KBajpaTHOTO TpeXdieHa
b
2a
BEPUIMHBI COOTBETCTBYIOLIEH MapadoIbl, a Tak)Ke 3HAUCHUH (YHKIHU B OT-
JETBbHBIX TOYKax, cHopMyIHpyHTe HEOOXOAMMBIC M JIOCTATOYHBIC YCIOBHS
JUISL TOTO, YTOOBI 3TOT KBaAPATHBIA TPEXWICH:

a) He UMeJ KOpHeH; 0) MMeI eIMHCTBEHHBIH KOPEHb;

B) MIMeJT JIBa KOPHSI, PACIIOJIOKEHHBIE [0 Pa3HbIe CTOPOHBI OT uucna d |

2
ax” +bx +c ¢ nonoxuTenbHBIM KOOQGUIHEHTOM @ aGCLUUCCH X, = —

T) KM IBa KOPHSI, MEXKTy KOTOPBIMH JISXKHT OTpe3ok [d,;d, ];

II) IMeJI IBa KOPHS, Ka/Iblii U3 KOTOPBIX OoJblie uncia d ;

e) UMen 1Ba KopHs Ha otpeske [d,;d,];

) MMEJ [[Ba KOPHS, PACIIOJNIOKEHHBIX 110 OJHOMY Ha KaXIOM U3 JBYX
Henepecekaronmxcs narepsanos (d,;d,) u (d;;d,) ;

3) He UMEN KOpHEH, 6ombImx uncia d ;

¥) He UMeI KOpHe# Ha otpeske [d,;d, ] ;

K) UMEI XOTst Obl OJIUH KOPEHb, GonbIuii uncna d ;

JT) IMeJI XOTs1 OBI OAMH KOpPEHb Ha otpeske [d,;d,];

M) UMEJT POBHO OJIMH KOPEHb, Gombinuii uncna d |
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H) MMEN POBHO OJMH KOpeHb Ha uHTepBaine (d,;d,) .

Pewenue. a) KBanpaTHbelii TpexwiIeH HE UMEET KOPHEH, €CM ero Jmc-
KPHMHHAHT OTpuuaTenbusiii. Yenosue D <0 wm b° —4ac <0 — neobxo-
JIUMOE M JIOCTATOYHOE.

0) KBanpaTHblii TpeXwWieH UMEET €ANHCTBEHHbIN KOPEHb, ECIIH €ro JIHC-
KPUMHHAHT paBeH Hymo. Ycioue D=0 wm b> —4ac =0 — neobxomu-
MO€ M JIOCTATOYHOE.

JIns BBIBOZIA HEOOXOIUMBIX M JIOCTATOYHBIX YCIOBHH B IOCIEIYFOIIHX
IMyHKTax JaHHOHM 3a/ladd BOCIIOJIB3YEMCS MemoooMm Zpagpuueckoii unmep-
npemayuu, T.¢. BBIBEJICM aHAIUTUYCCKUC YCIOBUSA U3 rpadUIecKoro mpe-
CTaBIICHHS 33]a4H.

YA

B) Ecniu kBagpaTHBII TpexdiieH NMeeT ABa
KOpH$, PacloJIOKEHHBIE 10 pa3HbIe CTOPOHBI
or uucna d, to (cM. puc. 7) 3HaueHHe

f(d)=ad® +bd +c — orpunarensuo, T.e.

yenosue f(d) <0 — neobxomumoe u jpocra-

TOYHOC. f(d)

r) Ecnint kBapaTHBINA TpeXwieH UMeeT JBa
KOpHS,  MEeXIy

A

y KOTOPBIMH PacIoNIoxKeH OTpe3ok [d,;d,], To

S

(cM. puc. 8) oba ero smavenus f(d,) wu

f(d,) orpunarenbHsl, T.e. HEOOXOOUMOE U

JAOCTATOYHOC YCJIIOBUC MOKHO IIPCACTABUTH

! >
0 \/ X CHUCTEMOU HEPABEHCTB:

/() <0,
Puc. 8 f(dz) <0.

1) Ecin kBaapaTHBIN TpeXwieH UMeET JBa KOPHS, KaXKIbIi U3 KOTOPBIX
Gonbie uvcna d , To (cM. puc. 9) ero 3uauenne f(d) MOTOKUTENBHO

(MHaYye cM. MyHKT B)), TUCKPUMHUHAHT MOJIOKUTENIEH (YCIOBHE CYIIECTBOBA-
HUsI KOpHEH) M abclyicca BepIIMHBI Mapadoibl paclojiokeHa IpaBee YHcia
d . CrnenoBarenbHO, HEOOXOUMOE W JOCTATOYHOE YCIIOBHE MOXHO IPEJi-
CTaBUTb CCTEMOU HEPABEHCTB:
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/(d)>0,
D >0,

x >d.

8

Puc. 9
e) Ecru xBampaTHBIN TpeXdileH UMeeT

aBa KopHs Ha ortpeske [d,;d,], To (cM. puc. 10) o6a 3nauenus f(d,) u
f(d,) neorpuuarenbHsl (MHAYe CM. MYHKT B)), JUCKPHMHHAHT MOJOXKHTE-

neH (yCIOBHE CYIICCTBOBaHUS KOpHEH) M alciucca BEpIIUHBI MapaOoiibl

A pacrosioxeHa Mexay uuciamu d, u d,.
y CrnenoBarebHO, HEOOXOAUMOE M JOCTATOY-
HOE YCJIOBHE TMPEICTABIACTCS CHUCTEMOW He-
PaBEHCTB:
5 d > f(d)=0,
d, X
! : f(d,)=0,
Puc. 10 D>0,
d, <x,<d,.

k) Eciu KBajipaTHBIN TpEXWieH MMEET [Ba KOPHS, PACIIONIIOKEHHBIE TI0
OZHOMY Ha KaXIOM H3 [BYX HEIepeceKarolinxcs uurepsanos (d,;d,) u

A (dy;d,) (cm. puc. 11), To 3TO BO3MOXHO

TONBKO, ecnu ero 3HaueHwst f(d,) wu

f(d,) (amanormano f(dy) u f(d,))

Pa3HOro 3HAKa. CHe,I[OBaTeHLHO, HEeo0Xo-
JAAMOE€ M JOCTAaTOYHOE YCIIOBHUE MOXKHO
MpeACTaBUTH CUCTEMOM HCPABCHCTB!

f(dy)- f(d,) <0,
f(dy)- f(dy)<0.

Puc. 11

35



3) KBajpaTHbIii TpEXUWIEH HE UMEET KOpHEH, OoNbnX yucia d B ABYX
cinydasx (cM. puc. 12): 1160 oH BOOO-
YA nie He mmeer Kopuew (D <0), nubo
KOPHH €CTh, HO OHU HE NPEBBILAIT d .
CrnenoBareybHO, HEOOXOAMMOE U JOC-
TaTOYHOE YCJIIOBHE MOXKHO INPEJICTABUTh
CJIE/TyOIel COBOKYITHOCTBIO:

() D <0,
f(d)=0,

Puc. 12 (D v <d.

n) Ha pucynke 13 npezacraBieHsl 4eThipe BO3MOXHBIX BapHaHTa Pacio-
JIOXKEHUsI TpauKOB KBaJPaTHOTO
TpeXwIeHa, YIOBIIETBOPSIOIINX

1 YCIIOBHIO JAHHOTO ITyHKTA 3aJa4H.

I. KBagpaTHbiii TpexwieH He
numeer kopueit D <0.
II. KopHu kBajgpaTHOTO Tpex-

Vi

> 4jeHa pacroyiokeHsl Ha ocu OX
o JeBee yncna d,, 9To 3ajaeTcs yc-
JIOBUSIMU
Puc. 13 f(d1) >0,

x,<d,.

3ameuanue. VcioBue HeOTpHLATEIbHOCTH UCKpuMuHaHTa D >0
BKJTIIOYaTh B CHCTEMY HE 0053aTeNIbHO, TaK KaK B IPOTUBHOM CIIy4ae BBIIOJ-
HseTcs yciioBue citydas L.

III. KopHu KBagpaTHOrO TpexXwWieHa pacroiokeHsl Ha ocu OX mpasee

f(d,)>0,
qucia d2 , UTO 3a4a€TCA YCIOBUAMHA
x,>d,.

IV. Otpesok [d,;d,] pacrnonoxen Mexny KOPHSIMH KBAIPATHOIO TPEX-
f(d)<0,
/(d,)<0.

WiICHa, T.C. IPU BBIIIOJTHCHUN YCHOBI/Iﬁ
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O6’LC,HI/IHSIH IMOJYYCHHBIC YCJIOBHS, MMOJTYy4acM COBOKYIIHOCTb H€06XOﬂI/I-

MBIX U 1OCTAaTOYHBIX YCHOBHﬁZ

(D) D<O0,

b

k) Ha pucynke 14 npencraBiieHbl BO3MOKHBIE BAPHAHTHI PACIIONIOKEHUS

rpaduKoB

Vi

I \

=Y

Puc. 14

>0,
(M u (111){ .

KBaJApPaTHOT'O TpEeX4JICHaA,

YZIOBIIETBOPSIOIINX YCIIOBHIO JITAHHOTO
myHKTa 3anaud. [lo anamorum c mpensl-
JYIIAM ITyHKTOM (00benHMB citydan | n
IIT) 3amaum moOIy4aeM COBOKYIHOCTH
HEOOXOANMBIX U JOCTATOYHBIX YCIOBHUIL:

(D) f(d) <0,

D>
x@

1) Ha pucynke 15 npencraBieHsl BO3MOXKHBIE BApUAHTBI PACHIONIOKEHHS
rpa¢uka KBaJAPaTHOTO TPEXWIECHA, MMEIOIIETO XOTS Obl OJMH KOPEHb HA OT-

peske [d,;d,]. Ilo ananoruu ¢ mpeabIIyIIH-

BUH:

(1)

37

(D u

MU IyHKTaMHU 3aJa4d IIOJIy4aeM COBOKYII-
HOCTh HEOOXOJMMBIX M JIOCTATOYHBIX YCIIO-

(D) f(dy)- f(d,) <0,
f(d)>0,

/(dy)>0,

D=0,

d <x,<d,.



M) Ha pucynke 16 npezicTaBieHbl BO3MOXKHBIE BAPUAHTHI PACTIOIOKEHUS
rpa(uKOB KBaPaTHBIX TPEXWICHOB,

YA HMMEIOIMHX POBHO OAHWH KOPEHb, O0Ib-
1 it uucina d . Heobxomumeie u qoc-
I TaTOYHBIC YCIIOBHS 3a1aI0TCS
J COBOKYIHOCTBIO:
1 -
AN/ T (1) /() <0,
x,>d,

() u (N {[ D =0,
f(d)=0.

H) Ha pucynke 17 npencraBieHsl BO3SMOXKHBIE BAPHAHTBI PACIIOIOKCHUS
rpaMKOB KBaJPaTHBIX TPEXWICHOB, MMEIOIINX POBHO OAWH KOPEHb HA IPO-

mexyTke (d,;d,) . HeoOxoquMble i JOCTATOUHBIC yCIOBHS IMCIOT BUJ:

Puc. 16

(Du (D) £(d)- f(dy) <0, Vi
f(dl):(), I

m)¢<%<4+@’

v D=0,

) d, <x,<d,, o
f(d,)=0,

(IV)yd, +d, Puc. 17
—=<x,<d,.

3ameuanue. Her He0OXOANMOCTH 3aIIOMHHATh BCE IPHBEICHHBIC BBIIIC
oTBeThl. J0CTaTOYHO NpHW 3aMnCH HEOOXOAMMBIX M JTOCTaTOYHBIX YCIOBHH
YMETb MOJIB30BaThCs IPahMueCKUM MPEICTABICHIEM 3a/1a49H.

[Tpeumy1ecTBO HCHONIB30BaHUS MeToa rpaUuecKoil MHTEpIIpETaluy B
CPaBHEHHH C UCIIOJIb30BaHNEM (opmyl (2.2) 3aKIII04aeTcs B TOM, YTO METO]
rpagYecKOi MHTEPIIPETalNH MTO3BOJIAET CBECTH 33/1a4y OIpPENICIICHHs TpH-
Ha/UIEXHOCTH KOpPHEH 3aJaHHOMY INPOMEXYTKY K PELICHHIO CHCTEMBI pa-
IIHOHAIBHBIX HEPABEHCTB.

I[J'IH WTIOCTpAllMU CKa3aHHOT'O PACCMOTPUM HECKOJIBKUX TUITOBBIX IIPU-
MCPOB, CBA3aHHBIX C UCCIICAOBAHNUEM KBAJIPATHOTO TPEXHUJICHA
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Ilpu Kkaxux 3sHauenusx napamempa a4  YpagHeHue

Ipumep 1.
x> =2(a—1Dx+a+5=0 uneem monvko nonoxcumenviwie Kopu?

Pewenue. CoriiacHO pe3ysbTaTy IIyHKTA JI) PACCMOTPEHHOH BBIIIE 3a/1a-
YH 7151 3TOT0 HEOOXOJMMO U IOCTATOYHO BBITIOJIHEHNE YCIIOBHUH:

f(0)y=a+5>0, a>-5, a>-5,
D=4(a-1) -4(a+5)>0,:a>-3a-4>0, = (a—4)(a+1)>0,
x,=a—-1>0; a>l; a>1.

HonyqaeM, 4qToO YCJ'IOBI/IIO 3a1a4u y,HOBJ'IeTBOpHIOT 3HAYCHUS r[apaMeTpa
a>4. Omeem. a>4.

Mpumep 2. Haiimu 6ce 3nauenus p , npu Kaxcoom u3 KOmopulx ypaghe-

nue (2+ p)x* —2px +3p =0 umeem d6a noroxcumensubix KopHs.

Pewenue. B nanHoil 3amaue HEOOXOANMO pacCMOTpPETh JIBa Cirydas
2+ p>0 (BerBu napabosbl HampasieHbl BBepx) U 2+ p <0 (BerBu —

Buu3). Juckpumunant ypasaernus D =-8p(3+ p)> 0. Cornacuo npesi-

JIYIIAM pe3yibTaTaM MoJydaeM CHCTEMY HEepaBeHCTB (CM. puc. 18)

-3< p<0,
Vi D=-8p(3+p)>0, 3p>0,
f(0)>05 p>_2,
+2>0,
g 0 2(22p )>O
> xs> 5 +p
0)
\/ \ g 1(0)<0,
3p<0,
Puc. 18 p+2<0, P
x8>0 p<_29
2—p>0
22+ p)
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-3< p<0,
= p>0, ©-3<p<-2.
{ p<-2;
Omegem. —3< p<-2.
Hpumep 3. Hatimu ece Oelicmeumenvhble 3Hauenus napamempa a , npu

2 .
KOmopbix KopHu ypasnenuss X~ + X+ 2a =0 Oeiicmeumensul u bonvuie a .

Pewenue. JTuckpumunanr D=1—-8a; D>0 npu a<1/8. Pemenue
3a/1a4i CBOJUTCS K PELICHHIO CHCTEMBI:

D0 a<0,125,
7 <=3,
fla)=a’+3a, & {a 0 Sa<-3.
>
x,=-0,5>a; =%
a<-0,5

Omeem. a <—3.
Ipumep 4. Hatimu éce Oeticmeumensivle 3navenus napamempa b, npu

2 .
xomopowix kopnu ypasnenus X~ —2bx —1=0 Oeticmeumenvuwl u ne npesoc-
xX005m no mooynio 2.

Pewenue. Jluckpumunant D =4b> +4>0 npu moGom b . CormacHo
YCIIOBHIO KOPHH yPaBHEHUSI IOJDKHBI IPUHAICKATh 0Tpe3Ky [—2; 2]. 3ana-

4a CBOJMTCS K PELICHHIO cucTeMsl (em. puc. 10, d, =-2, d, =2):
D>0,
4b > -3,
f(-2)=4+4b-120, 145 <3 & -3/4<b<3/4.
f(2Q)=4-4b-120; -
Omegem. —3/4<b<3/4.

3aoauu ons camocmoamenbHo2o peuienusn

2.3.1. Haiinure Bce 3HaueHUs MapameTrpa d , IpU KOTOPHIX ypaBHEHHUE
2 N
x —x+a=0: a) HE UMEeT KOpHEH;
0) uMeeT /1Ba paBHBIX KOPHS; B) MMEET /IBa Pa3INYHBIX KOPHS;
r) He MMeeT KopHel Ha otpeske [—2;1];

) IMEET JIBa Pa3InuHbIX KOpHs Ha oTpeske [—2;1];

€) uMeeT X0Ts1 ObI OJIuH KOpeHs Ha oTpeske [—2;1];
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) UMEET POBHO OJIMH KOpeHb Ha oTpeske [—2;1];

3) HE IMEET KOPHEH, MEHbIIHNX —2 .

2.3.2. Haiinute BCe 3Ha4eHUS mapameTpa d , IpU KOTOPHIX YpPaBHEHHE
-x*+4x-3a=0: a) He UMeeT KOPHEH;

0) MMeET J1Ba PABHBIX KOPHS; B) MMEET JIBa Pa3IUYHBIX KOPHSL;

r) He UMeeT KOopHel Ha npoMexyTke [—1;4) ;

1) IMEET J[Ba Pa3IMYHbIX KOPHS Ha poMexyTke [—1;4) ;

€) UMeeT XOTs OBl 0JIMH KOPeHb Ha npomexyTke [—1;4) ;

) UMEET POBHO OJIMH KOpPeHb Ha npomexytke [—1;4) ;

3) HE UMeeT KOpHeH, 0ombpImuX 4.
2.3.3. IIpu xakux 3HAUYEHUSAX apaMeTpa d ypaBHEHUE

2
x =2(a-Dx+a+5=0:
a) MIMeeT TOJIBKO OTPULIaTeIbHbIE KOPHHY;
0) uMeeT KOpHHU pa3HOro 3Haka?

2.3.4. Haiigure Bce 3Ha4eHUS D , IPH KaXIOM U3 KOTOPBIX ypPaBHEHHE
a) 2x° + px+5=0 nMeer XOTs GbI OHH TONOKHTEIBHBI KOPEHB;
6) 2x” —3px+2— p=0 He UMEET MONOKHUTETHHBIX KOPHEI;

B) 4x” —8px + p—3=0 uMeer 1Ba OTPHULATEIHLHEIX KOPHS;

r) (p+1)x* + px—2=0 He UMeET OTPUIATEIHHBIX KOPHEIi.

2.3.5. Haifmute Bce 3HaYeHHS p, NMPH KKIOM W3 KOTOPBIX KOPHHU
ypasrerus (p —2)x° —2px + p+3 =0 3axmouens B uurepsane (1;3).

2.3.6. Onpenenure, CKONBKO PEIICHUH, YAOBICTBOPSAIONINX 3aJIaHHBIM
OTpaHHYCHUSM, B 3aBHCUMOCTH OT 3HAU€HHMH NapamMerpa d UMeeT ypaBHe-
HUE:

a) 4x* —2x+a=0,rme —1<x<2;

6) x* —2ax—1=0,rme 2<x<2;

B) 2a+3)x" +(a—-Dx+4a+3=0,rme 0<x<2.

2.3.7. Onpenenute, Npu KakUX 3HAYCHUSAX MapameTpa p IpH BCeX X

TaKux, uto 1< X <2, CIpaBeIuBO HepaBeHCTBO X~ + px—7p < 0.
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§ 2.4. 3anaun Ha npuMeHeHue TeopeM Buera

MHorue 3a1a4d, CBS3aHHBIE C KBaJPAaTHBIM TPEXUJICHOM, U METOMBI MX
pelIeHns] OCHOBaHbI HA IPUMEHEHUH MIPSIMON 1 00paTHOH Teopem Buera.

Teopema Buera. Cymma xopueii x, u x, keadpammnozo ypasuenus

2
ax” +bx+c=0 pasna omnowenuro 6mopozo koIppuyuenma K nepeo-
My, 63AMOMY C NPOMUBONONONCHBIM 3HAKOM, A NPOU3EEOCHUE PAGHO ON-
HOWEHUIO C60000HO020 YNIEHA K NEPEOMY KOIPPuyuenmy:

X +x, =——,
a

c

X Xy, =—.

a
OoparTHas Teopema Buera. Eciu cywecmeyiom deiicmeumenshoie
yucna X, u X, makue, Ymo X, +Xx, =—p u X, -X, =q , M0 IMu YUCIq X,

2
U X, AGIAIOMCA KOPHAMU Keaopamnozo ypasuenun x~ + px+q=0.

K tumy 3amad, ocCHOBaHHBIX Ha IpPUMEHEHHE TeopeM Buera, oTHocATCS
3aJa4y, B KOTOPBIX TpeOyeTcs ONpeiesnTh TaKue 3HAUCHHs IapameTpa, Mpu
KOTOPBIX CyMMa WJIHM IIPOM3BEJCHUE KOPHEH KBaJpaTHOTO TPEXdWiIeHa paBHA
KakoMy—JIM00 4YHCIy; CyMMa KB3JpaToB WJINM KyOOB KOpPHEH KBaJpaTHOTO
Tpex4/ieHa NpUHMMAaeT HauOoJblllee WIM HauMEHbIIee 3HAYeHUE U T.1.
OOBIYHO TpUMEHEHHE TeopeM Buera 3HaYNTENFHO YIPOIIAeT pelieHHeE.

Ipumep 1. Onpederume, npu Kaxux sHauenusx napamempa d cymma
o 2 2 2

KxopHetl keadpamnozo mpexunena Xx° +(2—a—a”)x—a” =0 pasna nymo.

Pewenue. Eciu KOpPHU KBaJpaTHOIO YPaBHEHUS CYLIECTBYIOT, TO IIO
teopeme Buera

2
X +x,=a +a-2.
o 2

Cymma KopHe#l paBHa Hyimo, ecmu @  +a—2=0, te. npu a=1 u
a=-2.

Ilpy STHX 3HAYCHHAX @ MONydaeTcs ypasHeHne X° —a’ = (0, KoTopoe

HNMECT ABa ﬂeﬁCTBHTCHBHLIX KOpHF[.
Omeem. a=1ua=-2.
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Hpumep 2. Ilpu kaxux snavenusx napamempa d npousgeoeHue KopHet
Kkeadpamunozo mpexunena x° +2x+(a’ —5a+6)=0 pasno 2?

Pewenue. Ecnn KOpHU KBaJpaTHOIO YPaBHEHUs CYLIECTBYIOT, TO IIO
TeopeMe Buera X, - x, = a*—5a+6. [IpousBenenne KOpHeH paBHO 2, eciau

a’—5a+6=2,re. upu a=1 u a=4. IIpu >THX 3HAYCHUAX @ HCXOM-

HOE ypaBHeHHe mMeeT BuA X~ +2X+2=0 u He UMeeT AefCTBHTEIBHBIX
KOpHEH.

Omeem. Takux @ He CyIIECTBYET.

Ipumep 3. Onpedenums snauenuss napamempa A, npu KOMOPLIX CyM-

ma S keaopamos kopueii ypasuenusn x° +(2—a)x—3+a)=0 sersemes

Haumenvwen? Yemy pasna sma cymma?
Pewenue. JMCKpUMUHAHT YpaBHEHUS

D=2-a) +4(3+a)=a’ +16.Tak kak D >0 npu Bcex 3HAYCHHIX d ,
TO KOpHHU cCyliecTBYIoT. U3 Teopemsl Buera ciemyer X, + X, =—(2—a),
x-x,=—3+a). Torzma
S=x+x =(x,+x,) =2xx, =(a—2) +2B+a)=a’ -2a+10=

=(a—1)" +9. HauMeHbIiee 3HAYCHHE CYMMbI KBA/PAaTOB KOPHEH PABHO 9 1

mocTuraeTca mpu a =1.
Omegem. a=1, §=9.

Mpumep 3. [lpu kaxux 3uaueHusix napamempa d  YpagHeHue
x* = (5a+6)x” +4a’ +6a =0 umeem 06a pewienus?

Pewenue. Ypasuenne x° —(5a+6)x" +4a’ +6a=0 Gymer umers

JIBa PELICHUS B CIICAYIONIHNX CIydasx:
(a) ypaBHCHHE

Y —(Ba+6)y+4a’ +6a=0,rtne y=x" (*)
HMMEET eIMHCTBEHHBII KOPEHb U OH MOJI0KUTEJIbHBIN;
(0) ypaBHeHue (*) uMeeT JiBa KOPHS Pa3HOTO 3HAKA.
Haiinem nuckpumunant D ypaBaeHus (¥):

D=(5a+6)" —4(4a’ +6a)=9(a+2)*.
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B ciyuae (a) umeem: D=0, r.e. @ =—2. Torna pemieHueM ypaBHEHUsI
(*) oyner y=(5a+6)/2=(5-(-2)+6)/2=-2. Tak Kak KOpeHb OTpHUIIa-
TEJIBHBIN, TO B 3TOM CJIyYae HE CyLIECTBYET 3HAYCHHMI mapamerpa d , yAOB-
JICTBOPSIOIINX YCIOBHIO 3a1aUH.

Ciyuaii (0) paBHOCUIIEH TOMY, 4TO IIPOM3BEICHUE KOPHEH Y, -V, ypaB-
Henust (*) orpunarensHo. ITo Teopeme Buera mponsBeaeHne KOpHEH paBHO
¥+ v, =4a’ +6a. CnejoBatenbHo, 3HAUCHHs MapaMeTpa d , YIOBJIETBO-
psSfOLME  YCIIOBHIO  3aJIaui, SBJISIOTCS  PEUICHUSMH  HEPaBEHCTBA
4a’> +6a<0,1.e. —1,5<a<0. Omgem. —1,5<a<0.

3adauu 014 cAMOCMOAMENbHO20 PEULEH U
2.4.1. Onpenenute, MpU KaKWX 3HAYCHUSIX IMapamMeTpa ¢ CyMMa KOpHEH
KBaJpaTHOTO ypaBHEHUs paBHa 0:
2 2 2 2 2
a) x” —(a”"—5a+6)x—a +5=0; 0) x+(a” +4a—-5)x-a=0.
2.4.2. OmpenenuTe, IpU KaKUX 3HAYEHHSX IMapaMeTpa d MpOU3BEICHUE

KOpHeil KBaApaTHOro ypasuenus X~ —2x +(a’ —5a +6) =0 pasmo 0.
2
2.4.3. Yucna X, ¥ X, ABIAIOTCS KOPHAMU ypaBHeHus 3x” —ax—b=0.
o . 2, 2 3,03 4, 4
HaiinuTe 3HaueHue BelpaxkeHuil: a) x; +X,; ©0) X] +X;; B) X +X,.

. 2 2 .
2.4.4. He Boluncnss xopuei ypasHenus 2x° +bx+a” =0, naiigure
3HAYEHHUE BBHIPAKEHHIA:

1 X
a) —+—; 6) X, X + X, X5; B) — +
XX

2
>
2 N
2.4.5. V3BecTHO, YTO KBaJpaTHOE ypaBHEHHE MMeeT KopHU. He pemas
2

YpaBHCHHEC, ONIPEACTINTE 3HAKHU KopHeﬁ: a) x2 +ax + 31% =0 ;
6) bx* +2(b+Dx+2b=0; B) (m* =5m+6)x’ +(Bm—-5)x+2=0.

2.4.6. OnpenenuTe BCe 3HAUECHUS NapaMeTpa d , IPU KOTOPBIX KBajapat-
HOE ypaBHEHUE MMEET KOPHH, M ONPEICIUTE 3HAKU KOpHEH:

a) X’ =2(a-Dx+2a+1=0; 6) 3ax’ +(4—6a)x+3(a—-1)=0;
B) (a—-3)x" —2Ba—-4)x+7a-6=0; r) (a—2)x" —2ax+2a-3=0.

2.4.7. Haiigutre CcyMMy KBagpaToB BCEX KOPHEW YypaBHEHUS
x> =3|x|+1=0.
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2.4.8. CocraBbTe KBaJpaTHOE YpaBHEHHE C KOPHIMH — WU —, [JIe YHC-
X X
1 2

Ma X,,X, — KopHH ypaBHerns 2x° —7x+4=0.

2.4.9. CocraBpTe KBaJpaTHOE YpaBHEHHE, KOPHU KOTOPOTo ObUTH OBI Ha

eIMHUIy GOMbIe KOpHEH KBaApaTHOro ypapuerus 3x” +6x—10=0.

2.4.10. CocraBpTe KBaIpaTHOE YpaBHEHHE, KOPHH KOTOPOTO pPaBHEI
KBaJ[paTaM KOpHEH ypaBHEHUS ax’ +bx+c=0.

2.4.11. Haiinute Bce IEHCTBUTENBHBIC 3HAUCHIS TTapamMeTpa d , Ipu KO-
TOPBIX KOPHH YpaBHCHHUS (a — 3)x2 —2ax+6a =0 pelcTBUTEILHBI U T10-

JIOXKUTEIbHBI.
2.4.12. Omnpenennte Bce 3HAUCHUS MMapaMeTpa « , IPU KOTOPBIX KBaJ-

paTHOE ypaBHEHUE MMEET JBa JCHCTBUTEIBHBIX KOPHA X, U X,, YIOBJIETBO-
PSIOIIUX 3a/JaHHOMY YCIOBHIO, €CIIH:

a) x> +3ax+a’ =0 u x\ +x; =1,75;

6) X’ —ax+a-1=0u x\ +x; =17;

B) X’ —2a(x-1)=1=0u x, +x, =x_ +Xx,.

2.4.13. [Ipu xakoM 3Ha4YEHUU IapamMeTpa Ml CyMMa KBaJpaTOB KOpHEH

ypasuenus X° + (2 —m)x—m—3 =0 sauMenbuas?

2.4.14. Onpezenure 3HAYEHHs NapaMeTpa d , NPH KOTOPHIX cymma S

KBAJPATOB KOPHEH ypaBHenms X~ +2ax+2a’ +4a+3=0 spusercs Hau-
Oompmeii. Yemy paBHa 3Ta cymMMa?
2.4.15. a) [Ipm kakmx 3HAYEHUSIX NapamMeTpa d KOPHU YpaBHEHUS

4 63

6x> +3x—a=0 yaoBIeTBOPSIOT yCIOBHIO X, -x§ +Xy X =—72?

6) IIpu KakoM IOJIOKUTETHFHOM 3HAYCHUH MapaMeTpa d KOPHH ypaBHe-
1 1 65
Hust 2X° +ax —18 =0 y1oBIETBOPSIOT YCIOBHIO ="
xj  x; 324
2.4.16. ITpu xakux 3HAYCHMAX MapaMeTpa d HMMeEeT JIBa KOpHS ypaBHe-
mue: a) x' —(Ba—Dx’+2a° —a=0; 6) x* —(4a—5)x> +3a* —5a=0?
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§2.5. PenleHne KBapaTHYHbIX HEPABEHCTB
IIpu pemeHNM KBaJpaTHYHBIX HEPAaBEHCTB HCHOJB3YETCs CIEAyroIiee
YTBEPXKACHHUE. Ecnu OuCprnuHaHm D Keadpamnozo mpexujiena
y= axz + bx +c (Cl >0 ) noaosicumenen, mo peuienue Hepasencmea

x*+bx+c<0 ecmb muoncecmeo x € (X,;x,); pewenue nepasencmea
x* +bx+c<0 — muoncecmso x €[x,;x,], 20e X,, X, — Kopuu mpexuie-
na. Pewenue nepasencmea x° +bx+c>0 ecmv muodcecmeo
x € (—0;X,) U (x,;+%) ; pewenue nepasencmea y=ax" +bx+c>0 —
muoscecmeo  x € (—0;x, | U[x,;+0). Ecru ace D <0, mo ona ecex

2
x € R evinonnsemcs nepasencmeo y =ax” +bx+c>0.

3ameuanue. Tpu a <0 ymHOXKEeHHEM 0OeHMX dYacTedl HEpaBCHCTBAa Ha
(—1) oHO mpUBOIHUTCS K OJJHOMY U3 HEPABEHCTB, PACCMOTPEHHBIX BHIIIIE.

[pu pelieHn KBaIpaTUYHBIX HEPABEHCTB ¢ KO3 (HULUCHTaMH, 3aBUCS-
LIMMH OT HapaMeTpa, HHorIa ObIBaeT IMOJIC3HO HMCIIOJIb30BaTh METO] rpadu-
YECKOI MHTEpIpETaLuu.

HOpumep 1. Haiimu 6ce 3nauenus napamempa @, 0151 KOMOPbIX Hepa-

2 .

sencmeo ax” +(a—1)x+a—3<0 svinonnsemes npu eécex deticmeumens-

HbIX 3HAYCHUAX X .

Pewenue. Ecin a =0, To nanHoe HepaBeHCTBO nMeeT BuI —Xx —3 <0
u copaseinBo npu X € (—3;+00). [Ipu a # 0 wucxomaHOE HEPABEHCTBO SIB-

JISIeTCsl KBaJPaTHYHBIM H, MOKET BBINONHATHCS NpU Bcex X € R B ciyuae,
2
ecmu BeTBU mapabonsl y =ax~ +(a—1)x+a—3 uanpaBneHbl BHU3 U OHA

He nepecekaer ocb adbcuucc. [lomyuaem cucteMy HepaBEHCTB:

(1<0, PN (1<0,
D=(a—1) —4a(a-3)<0; 3¢* ~10a—1>0.

Pemenuem HOCHC,Z[Heﬁ CHUCTEMBI HEPABEHCTB SBJIAIOTCA BCE 3HAYCHUSA
5-247 5-247
a<——-. _
3 3

Omeem. a <
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Ipumep 2. [lpu kaxux 3nauenusx napamempa a cywjecmsyem xoms Ovl
00HO 0DWyee peutenue Hepasencma

X +dax+3a*>1+2a u x* +2ax<3a* —-8a+47?

Pewenue. Pemnm chavana ypasuenus x° +4ax+3a’ —2a—1=0 u
x> +2ax—3a’ +8a—4=0. Kopau nepsoro X, =—2a*(a+1); xopnu
BTOpOTO X3, =—a* 2(a—1) . Kospdumuents! mpu x* B JAHHBIX HEpaBeH-
CTBAaX IOJIOKHTEIBHBI, 103TOMY pemenneM X° +4ax+3a* —2a—1>0
SIBJISIETCS MHOXKECTBO 3HAYEHUM X, JIEKAIIMX Ha YUCIOBOM NPSAMOM 3a KOp-
HAMM X, U X,, a pemenueM X +2ax —3a’ +8a—4<0 — unteppan mex-
oy X, W X,. KopHsmMu mepBoro ypaBHeHHs SBISFOTCS uncia —3a—1 u

—a+1, Broporo —uncna —3a+2 u a—2.

BBISICHHM, NP KaKMX 3HAYCHHsX [apamerpa d KopeHb —3a —1 mexur
Ha ynciaoBoi npsmoit Ox mnpasee KopHst —a + 1. Jlyis 3TOrO perivm Hepa-
BeHcTBO —3a —1>—a +1. Ero pemennem Gyner a < —1. CooTBeTCTBEHHO,
npu @ >—1 KOpHHM pacmosiokeHbl B 00paTHOM mopsiike. OTMETHM, UTO HE
CYILIECTBYET HHU OJHOTO OOIIEro pelIeHUs] HEPABEHCTB, eCIIM KOPHH BTOPOTO
YPaBHEHHUS JIEKAT MKy KOPHAMH TepBoro. Haiinem 3HaueHus mapamerpa,
COOTBETCTBYIOIINE OTMEYCHHOMY CITyYar0, a 3aTeM UCKITIOUNM HX.

JlJ1st 5TOTO periuM COBOKYITHOCTD IBYX CHCTEM

a<-l,
—a+1<-3a+2<-3a-1,
—a+1<a-2<-3a-1,
a>-l,
—3a-1<-3a+2<-a+1
—3a-1<a-2<—-a+l.

IlepBas cucrema He uUMeeT peElICHUM. PelieHueM BTOPOHM SBISIOTCS
a €[0,5;1,5]. Vckimouast HaliieHHbIE 3HAYEHWS], TOJTy4aeM OTBET.

Omegem. a € (—0;0,5) U (1,5;+x0).
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3adauu 014 cAMOCMOAMENbHO20 PEULEH U
2.5.1. Ha puc. 19 n3zo0paxeHsl rpadyKy ABYX KBaJIpaTHBIX TPEXWICHOB
w=ax’ +bx+c, w y,=a,x" +bx+c,. Uucna X,,X, ¥ X;,X, — HX
KOPHU COOTBETCTBEHHO. Mcronb3ys umcia X;, X, U X;, X, , 3alHUIIUTE OT-
BEThI IPUBE/ICHHBIX HIXKE CHCTEM M COBOKYITHOCTEH HEPaBEHCTB.

yA YA yA Y

X X

X; X\ x  0|x; [ X4y

a) 0) B) r)
Puc. 19

ax’ +bx+c <0, ax’ +bx+c >0,

st puc. 19a. 1) 2)
a,x* +b,x+c, >0, a,x’ +b,x+c, >0;
3 ax’ +bx+c <0,

a,x’ +b,x+c, >0.

ax’ +bx+c <0, ax’ +bx+c >0,

Hns puc. 196. 4) 5)
a,x’ +b,x+c, >0; a,x’ +b,x+c, >0;
ax’ +bx+c >0,
6)| ",
a,x" +b,x+c, >0.
ax’ +bx+c, <0, ax’ +bx+c >0,
st puc. 198. 7) 8)

a,x’ +b,x+c, >0, a,x’ +b,x+c, >0;

9 ax’ +bx+c >0,

a,x’ +b,x+c, > 0.
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ax’ +hx+c <0, ax’ +bx+c >0,
Hust puc. 19r. 10) 11)

a,x’ +b,x+c, >0; a,x’ +b,x+c, <0;

ax’ +bx+c >0,
12) ,
a,x" +bx+c, 20.

I[JISI KaXXI0Tro 3HA4YCHUA mapaMeTpa d pEIIMTE HCPABCHCTBA.

252. a) x’>a; 6) X’ <a; B) X’ <a’—3a—4;
r) ax’ >4 ; n (a>-3a-4)x" <4,
e) ax’ >a’; x) ax’> <a’ —3a’> —4a;

3) (@ =3a—-dx*>a-4; n) ("’ -3a-4)x*<4+3a-a".

2
2.53.2) x> —2(a+Dx+4a>0; 0) x2+(a+1)x+%<0,

254.2) x> —=2(a—Dx+2a+120; 6) x’+(2-a)x+4a—-8<0.
2.5.5.2) (@’ —6a+5)x" —(a—5)x>0;

6) (a’ —3a—4)x> —(a’ —16a)x<0.
2.5.6.2) ax’ +2x+1>0; 6) (a—Dx’*+2(a+Dx+a—-2<0.

2.5.7. Haiiaure Bce 3HaYeHUs mapameTpa Ml , A7 KOTOPHIX HEPaBEHCTBO

mx® —4x+3m+1>0
OyJeT BBIIOJIHEHO 1pu Beex X >0 .

2.5.8. Haiimute Bce 3Ha4YeHHs MapaMeTpa d , AJS KOTOPBIX MPH BCEX
x € R Oyzer BBINOJIHEHO HEPABEHCTBO.

a) (a+4)x> —2ax+2a-6<0;
6) (a—3)x’ —2ax+3a-6>0.
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§2.6. 3agaun, cBoAsIIMeCs K MCC/IeI0BAHUIO KBAIPATHOIO
Tpex4JeHa

Hpumep 1. Hatimu 6ce 3nauenus napamempa d, npu KOmopwvix oda

6

2 2

ypasnenua x°+—x—-2a=0 u x"+—x—a=0 umerom no osa paznuu-
a a

HbIX KOPHS U MeNCOY KOPHAMU OOHO20 YPABHEHUs. HAXOOUMCS POBHO OOUH
KOpeHb 0py2020 ypasHeHus (m.e. KOPHU NEPEMEIHCAIOMCS).

Pewenue. Ilycte X, U X, — KODHM IIEPBOTO yPaBHEHMS, 4 X; U X, —
KOpHU BTOporo. PaccMoTpum ciydail pacronoxeHus KOpHEH Ha YHCIOBOM
OCH CIIEIYIOIIMM 00pa3oM: X,, X5, X,, X,. Toraa

8 8
X +—x,-2a<0u x; +—x,—2a>0.
CrnenoBarelbHO,
8 8
x: +—x,—2a | x; +—x, —2a |<0
a a
WJIU TI0CJI€ PACKPBITUS CKOOOK

xox; +§x3x4(x3 —i-x4)-i-6—£21x3x4 —2a(x; +x37)=16(x, + x,)+4a> <0 (¥
a a

ITo Teopeme Buera x; + x, = —;, X;x, =—a . Torma

36
2 2 2
X +x; =(x,+x,)" = 2x,x, =?+2a.

Torna HepaBeHcTBO (*) 3anuIeTcs B BUJE

a +§(—a)(—é)+§(—a)—a(3—?+ 2aj—16(—éj+4a2 <0
a a) a a

a
NniIn
8
2
a +—<0.
a
W3 mociieIHero HepaBeHCTBA TONyIaeM, 9To B 3ToM ciydae —2<a < 0.

Ciyuail pacnonoxeHus KOpHEH X,,X,,X,,X, PacCMOTPUTE CaMOCTOs-
TEIBHO.
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Mpumep 2. Haiimu 6ce 3nauenus napamempa a, npu KOMOPbIX KOPHU
ypagHeHutl
¥ +4x+4a=0 u x* +3x+6a=0

He nepemedcaromcs, m.e. 006a YpasHeHUs uUMerom no 08a KOPHA U MeHCOy
KOPHAMU OOHO20 YPABHEHUSL HeM HU 0OHO20 KOPHSL OPY2020 YPAGHEHUSL.

Pewenue. JuckpumuHant

VA IEpPBOrO ypaBHEHUSI

I D, =16(1-a), Broporo ypasHe-
uns D, =9-24a. O6a ypasue-

HUSA HUMCIOT KOpPHH, €CJIM HUX OHC-
KPUMHWHAHTBI OAHOBPEMCHHO HC-

-2 A-L35

; : 3

L R2a\i/ |O OTPHIATENHHBI, T.€. IPH d < — .

i 8

: Abcuyrcca BepIIMHBI TEPBOI

Puc. 20

=Y

napabonsl X, =—2, a BTOPOH —

8

by 2—5 (cm. puc. 20). Haiimem abcumccy TOYKH TiepecedeHHsl mapado,

IUISL TOTO PELIUM yPaBHEHHE
x*+4x+4a=x"+3x+6a.
IMonyunm x =2a .
Heo0xouMble U JOCTATOYHbBIE YCIOBHS TOIO, YTO UCXOJHBIE YPABHEHUS
UMEIOT [0 JIBAa KOPHS U 9TH KOPHU YOBJICTBODSIOT TPeOOBAHUIO 3a1adu,
COCTOSIT B CIEYIONIEM:

D, >0, a<3/8,

D, >0, -l<a<-3/4,
—2<x <-15, oa#l,
fi(2a)=4a" +8a+4a>0, a<-3,
1,(2a) = 4a* +6a +6a > 0; a>0.

Ora cuctemMa He IMEeT PEeIICHHH.

Omeem. Takux a He CyLIECTBYET.
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IMpumep 2. Haiimu 6ce 3navenus napamempa a , npu KOMOPLIX ypagHe-
2 2 .
nua X" +ax+1=0 u x"+x+a=0 umerom xomsa 6v1 0oun obwuil Ko-
peHb.
2

Pewenue. IuckpumuHaHT mepBoro ypasHenus D, =a” —4, Broporo

D, =1-4a. O6a ypaBuenus umerot kopuu, ecnu D, =20, D, 20, te.
o 2
ecn a <—2 . Ilycts X, ectb ux obumii kopens. Torna x; +ax, +1=0 u
2

x +x +a= 0. BsrureM W3 TEPBOrO pABEHCTBA BTOPOE, MOIYIUM
x(a-1)=a-1, r.e. npu a#1 ypasuenue umeer kopens x; =1. Iloxcra-

BuUB X, =1 B ypaBHenus, nonyunm a =—2. [Ipu a =1 pucKkpuMHHAHTHI

OTPUIIATCIIEHEL.
Omegem. a =-2 .
2
x —10x+7
Mpumep 3. Hatimu mnoscecmeo 3uavwenuil yukyuu  y = ﬁ
P
x> —10x+7
Pewenue. Ecnu ypaBHeHUe ﬁ =a (1) umeer pemieHuEe, TO
¥2 =

YHCIO @ BXOIWUT B MHOXKECTBO 3HaYeHHH QYHKIMH ) . BBISACHUM IIPU KaKUX
3HAYeHUsX a ypasHeHue (1) MMeeT penieHue.
2
x —10x+7
2 ; 4
2x" -1

2a-Dx*-10x—a-7 (2a—1)x>-10x—a—7=0,
= > =0
2x -1 2x* —1#0.

Ypasuernne (2a—1)x* —10x—a—-7=0 (2) npu a=0,5 sBusercs
yuHelnsM U X =3/4 — ero kopens. [lpu a #0,5 ypasuenue (2) sBusiercs
KBAJIPATHLIM M MMEET PELICHUE, €CIIM €r0 JUCKPUMHUHAHT HEOTPHIIATEIEH,
rae D=100-4Q2a-1)a+7)=4(2a’ +13a+18). HepageHcTBo
2a* +13a+18 >0 umeer pemenne npu a € (—o0;—4,5]U[~2;+0) .

3ameTiM, 4TO 3HaMeHatenb apobu 2x° —1 obpamaercs B Hylb IpH

1 1 1 1
X, =———=—Hn X,=——.Yucima X, =———= U X, =——= HE IABIAIOTCI KOp-
1 \/E 2 \/5 1 \/E 2 \/5 p
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HSMH ypaBHEHHMS (2) HH IPH KaKOM 3HaYCHHH IapameTpa d . B 3ToM MOXHO
yOequThes, MOACTAaBUB X B JIEBYIO YacTh ypaBHeHus (2). Hanpumep,

1Y 1 15 10
(2a—1)[$j —10($j—a—7——?—$¢0.

Omgem. E =(—0;—4,5]U[-2;+00).
3a0auu 0nsa camoCmoamenbHozo peeHus

2.6.1. [Ipu xakuxX 3HAYCHUSAX MapaMeTpa d WMEIOT XOTs OBl omuH 00-
LU KOPEHb YPaBHEHUS:

a) 2x" +x—a=0u 2x"-7x+6=0;

6) 2x* —6x+a+2=0u3x* +2x-3-a=0?

2.6.2. TIlpm xakux 3HaUeHMsSIX MapaMeTpa d  HEPaBEHCTBa
(6a-5)x" =5(a-1D)x+2a—6>0 u x*+6x—7<0 wumeor x0T GBI
onHO obriee penieHne?

2.6.3. Haiigure MHOKECTBO 3HAYCHUH (DYHKITHIA:
X +x+1 ) ¥ —x+1

; 0) y=

Q) y=—5—— —_—
)Y 2x* —x—1 2x* +x—1

2.6.4. Haiimute Bce 3Ha4CHUS MapameTpa d , MPU KaKIOM U3 KOTOPBIX
JJI1 BCEX )leﬁCTBI/lTeJH)HbIX 3HAYCHHUAX X BBIMOJIHACTCSI HEPABCHCTBO!

2 2
. 2x +2x+3< X —2x+2>

<a,; ) >a
X +x+1 ) x> =3x+3

2.6.5. Haiinute Bce 3HaueHUs mapamerpa d , MU KaXJAOM U3 KOTOPBIX
HMEET pEIIeHUE JAHHOE YpPaBHEHUE WM HEPABEHCTBO.

a)4" —a-2"-a+3<0;

X ’ 3a-x*
6) 1+a - +4a=0;
) ( )(x2+1 x*+1

B) |+a-sinx=a’ —sin’ x;
r) 2a-3+2ax’ —x*>0.
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2.6.6. a) IIpu xaknx 3HAYCHHUAX TapamMeTpa ¢ OTHOIICHHE KOpHEH ypaB-

Henus X° +ax+a+2=0 pasuo aBym?
0) Tlpu Kakux 3HAYCHHAX TAPAMETPA @ OTHOILIEHUE KOPHEH ypaBHEHHSA

4x* —(Ba+2)x+a’ —1=0 pasuo Tpem?
2.6.7. ChopMyaHpOBaHKI CIEAYIONINE JBA YTBEPKICHUS:
A. YpaBHeHue ax — Jx +1=0 umeer POBHO OJTHO pELICHHE.

2
B. HepaBencteo x° —8ax +1< 0 umeer X0Ts GBI OTHO pEIICHHUE.
OmnpeznenuTe Bce 3HAUCHUS IIapaMeTpa a , IPH KaXJIOM H3 KOTOPBIX 00a

YTBEPIKACHHUS CIIPABE/JTHBBL.

2.6.8. ChopMyIHpOBaHKI CIEIYIONINE BA YTBEPKICHUS:
A. YpaBuenne x° — 4|x| +1=a He umeer peuienuii.

2
b. Hepasenctso 2x~ + (a - 2)x —2a+4>0 cnpaeanuBo npu JHOOBIX
JICUCTBUTEIbHBIX 3HAYCHUSIX X .
OnpenenuTe Bce 3HAUYEHHS Mapamerpa d , IpU KaKIOM U3 KOTOPBIX 00a
YTBEPIKIICHUS CIIPABCTUBBIL.
2.6.9. Haiinute Bce Takume 3HaYeHHWS MapaMmeTpa d , 4TO Ui JIF0O0TO

3Hauenns mapamerpa b ypasmenme X +bx+a =0 mMeer X0Ts ObI OHH
KOpCHb.
2.6.10. IIpu xakux 3HAYEHHUSIX @apamMeTpa « KOPHHU YypaBHEHUH

X +3x+2a=0 u x* +6x+5a =0 nepemexarorcs?

2.6.11. ITpu xakux 3HAYCHHUAX MMapaMeTpa d YpaBHEHUS

3x 12x
X+ 4+2a=0ux*+—=-a=0
a a
UMEIOT 10 JBa KOPHA ¥ MEKIY KOPHAMHU OJHOIO YPaBHEHHs HET HH OJHOIO
KOPHS IPYyroro ypaBHEHHs?

2.6.12. Haiigure Bce 3Ha4YeHUs NapaMeTpa d , HPU KOTOPBIX HMEET
€IMHCTBECHHOE PEIICHUE CHCTEMa ypaBHEHUH

axy+x—y+1,5=0,
x+2y+xy+1=0.
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I'JTABA III. I'pa¢puueckne npuembl peiieHUs1 ypaBHEHMH,
HEPABEHCTB, CHCTEM YPABHEHMI U HEPABEHCTB

I'pagurom ¢ynxuyuu y = f(x), x € D, HaspiBacTCsi MHOKECTBO BCEX

Touek KoopauHatHo# miockoctu Oxy Buma (X, f(x)),rae xe D, .

PaccMOTpHM MpHEMBI M METOABI PEIICHH 3a/a4 ¢ MapaMeTpaMu C HC-
MOJIE30BAHNEM Memood HA2NA0H0U cpaduyuecKoll unmepnpemayuu. B 3a-
BHCHMOCTH OT TOTO, Kakas pojib OTBOJWTCS MapaMeTpy B 3ajaue, MOKHO
BBIJIENATH [JBA OCHOBHBIX TPa)MUECKUX MPUEMA: MEPBBIA — MOCTPOECHUE Tpa-
¢uueckoro obpasza Ha KOOpAMHATHOM mtockocTd (OX) , BTOPOM — HAa KOOp-
IuHATHOMU mockoct Oxa .

IlepBrIit mpreM 3aKiTr09aeTcs B clieAyiomeM. VicxonHoe ypaBHeHHE (MIn
HEPaBEeHCTBO) npeodpasyoT K Buay g(x)= f(x,a) (wmm g(x)=> f(x,a)).
Ha mnockoctu Oxy crpourcst rpaduk ¢ynkiuu y = g(x). OyHkuus
y = f(x) 3amaer onpeseneHHOE CeMENCTBO KPHUBBIX, 3aBUCSIIMX OT Tapa-
meTpa @ . Kpusble 3TOr0 cemeiicTBa mojydarotes u3 kpusoii y = f(x) ¢
[IOMOIIBI0 HEKOTOPOTO 3JIEMEHTAPHOr0 Mpeobpa3oBaHus (I1apauIeNbHOro
mepeHoca BJOJb OCEl, paCTSHKEHMUs, HAJIOMKEHUS MO/ WM B CIydae Jiu-
HEMHOM 3aBUCUMOCTH MEXIY X U ) — II0OBOPOTA OTHOCUTEIBHO HEKOTOPOii
toukwu). [loctpous rpapuueckuii o6pas ypasuenus g(x)= f(x,a) moxuo
YCTAQHOBHTH, CKOJBKO TOYEK TIEPECEUEHUs HMEIOT rpadukd  (QYHKIHMi
y=g(x) u y= f(x,a),— 310 onpenenser KOJINYECTBO KOPHEN ypaBHEHHS
g(x)= f(x,a), a, cnenoBatenbHO, ¥ HCXOAHOTO YPABHEHHS B 3aBUCHMOCTH
OT 3HaYyeHus mapaMerpa. AHaloruuHo, Ui HepaBeHcTBa g(X)> f(x,a)
MOHO BBISICHUTb, YTO MPEJCTABIIACT COO0I MHOKECTBO €I PELICHHIA.

[Ipy HCHONB30BAHME BTOPOTO TPUEMA MHCXOIHOE YypaBHEHHE (Wn
HepaBeHCTBO) mpeobpasyor kK Buay a= f(x) (wm a> f(x)). Ha

wiockoct Oxa crpost rpaduk ¢yuxkiuu f(x), a 3areMm, mnepecekas
HOJyYEHHBIH TpaduK NpsSMBIMH, HapauienbHbiMu oct  OX, HOIydaroT

HE00X0AUMYIO0 HH(POPMAIIHIO.
AHaNOrYHbIE PHEMBI UCIIOIB3YIOT U B CIIyYae CHCTEM:

gl(x)zﬁ(x)’ gl(x)zﬁ(x)a

ypaBHEHUH HEPaBEHCTB

g, (x) = fo(x); g,(x) 2 £5(%);
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g (x)= f,(x),
g,(%) 2 f5(x).

Jist aTOro cTposT rpaguyeckuii 00pa3 CUCTEMBI U HHTEPIIPETHPYIOT €ro
B 3aBHCUMOCTH OT 3HAUCHMS apaMeTpa U yCIOBUH 3a4a4H.

Jlyudmie Bcero mpuBeICHHBIE METOBI pabOTAIOT B TEX CIIydasx, KOrja B
YCIIOBHUH 337a4M CTaBUTCS BOIIPOC O KOJIMYECTBE KOPHEH B 3aBUCHMOCTH OT
3Ha4YeHUH MapaMeTpa WM OIpeeseHHs 3HaUeHUH mapameTpa, pu KOTOPbIX
pelIeHne OTCYTCTBYET WM €AUHCTBEHHO.

I'paduaeckoe mpencraBieHHe YpaBHEHHS WM CHCTEMBI YpPaBHEHHH C
rapamMeTpoMm 001aaeT HeCKOJIbKIMH HECOMHEHHBIMH MTPEUMYIIECTBAMH: BO-
HEpBBIX, MOCTPOUB rpauk (rpaduKu), MOKHO OINPEICIUTh, KaK BIUSET Ha
HUX U, COOTBETCTBEHHO, HA PELLICHUE YPaBHEHUsI U3MEHEHUE NapaMeTpa; Bo-
BTOPBIX, HHOT/IA TPaK AT BOSMOXKHOCTE C(HOPMYIIHPOBATh aHATUTHYECKN
HEOOXOZMMBIE U JOCTATOYHBIC YCIOBHSI I PEIICHUS IOCTAaBIEHHOH 3a1a4n
U, B-TPEThUX, PsiJI TEOPEM TO3BOJISIET HA OCHOBAHUU Tpaduueckoi nHpopma-
LUK JIeJaTh BIIOJHE CTPOrME M OOOCHOBAHHBIC 3aKJIIOYEHHS O KOJIMYECTBE
KOpHEH ypaBHEHHMs, 00 MX TpaHULAX H T.JI.

EcrecTBeHHO, YTO MPU UCMOJIB30BAHUH IPaMUECKUX METOJOB BO3HHKA-
€T BOIIPOC O CTPOTOCTH pelieHusi. TpeOoBaHUsI K CTPOTOCTH JOJKHBI OIIpe-
JIeNAThCS 31paBbIM CMBICIOM. B ciydasx, korga pesynbTar, MHOJYYEHHBIH ¢
TIOMOIIBI0 TpauIecKoro METOZad, BHI3BIBAET COMHEHHMS, €ro HeoOX0oanMmo
NOAKPENNUTh AHATUTHYECKU. Vcronb3yeMblil aHAaIMTUYECKUHM ammapar co-
CTOUT U3 CIEAYIOUNX TEOPEM U YTBEPKICHUH.

1. Teopema Kown. Eciu nenpepvienas na ompeske [a;b] gynxuyus

YpaBHCHHA 1 HCPABCHCTBA

f(x) npunumaem osa paznuunvix suauenua A u B, mo ona npunuma-

em u ioboe snauenue C, naxooaweecs mexncdy humu (me. A<C<B).
2. CnenctBus u3 Teopems! Komm:
a) Ecau pynxyus f(x) nenpepviena na ompesxe [a;b], mo ona

npunumaem Ha Hem 0Oble 3HAUEHU, Necauiie Mexcoy Haubonb-
wum u naumenvuwum snavenuem f(x) na [a;b].

0) Ecnau nenpepvienaa na ompeske [a;b] uau na unmepsane (a;b)
Pynxyua f(X) 6 06yx mouxax mozo npomeICymKa umeem 3nave-

HUA PA3HBLIX 3HAKOG, MO 8 HEKOMOpPOU MoYKe X YKA3aHHOZ0 Rpo-
MENCYMKA PYHKUUA NPUHUMAEm 3HAYEHUE, PAGHOE HYJIIO.
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3. Ecau nenpepuiénas na ompeske [a;b] ¢ynkuua f(x) monomonno
eo3pacmaem, a nenpepviehaa nHa ompeske [a;b] gynxkyus @(x) mono-
MOHHO y0bleaem, u cyujecmeyen mouka nepecevenus X, paguros smux
@ynxyuii (m.e. p(x,)= f(x,)), mo maxas mouxa eduncmeenna.

4. Ecau na ompeske [a;b] ¢ynxyus f(x) eospacmaem, a gpynxyus
@(x) yoovieaem, npuuem f(x) u @(x) nenpepvienvt u f(a)<@(a), a
f(b)> @), mo na [a;b] cymecmeyem eduncmeennas mouxa nepece-
uenus zpaguros f(x) u o(x).

HWHoraa GbIBaeT 0CTATOMHO JIMIIb TTIOCTPOUTH HEOOXOAMMBIE Tpa(UKH H,
UCTIONIB3YSl CBOKCTBA HEMPEPHIBHOCTH M MOHOTOHHOCTH (DYHKIWM, CHENaTh
[PABUIIBHBIN BBIBOJI.

Jlnst oBnageHus rpagUUECKUMU METOJAMH PEUICHHUs 3a1ad ¢ MapaMer-
paMHM HallOMHHM OCHOBHBIE CIIOCOOBI MOCTPOEHHS CEMEHCTBA TpauKOB
¢byuxunii f(x,a) . 3necy Gynem paccMatpuBath (YHKIUH, TpaQUKU KOTO-

PBIX MOXXHO TOCTPOUTH CPEICTBAMH JJIEMEHTapHON maremMaTwku (T.e. 0e3
ucrons3oBanusa auddepeHnnansHoro ucuucienus). Cunraem, 4to rpadux

¢byukuun y = f(x) usBecten.
I'paduk dysxkumu y = Af (ax + b) + B MoxkeT OBITh MOTy4YeH U3 TpaduKa
yukiuu y = f(X) crenylonmMu reoMeTpHUECKUME Pe0OPa3s0BaAHUAMU:
1. a) oceBoii cummerpuu oTHOCHTENBHO oc Ox (Touka (X;y) mepexo-
IUT B TOUKy (X;—)));
0) oceBoit cummeTpun oTHOcHTeNbHO ocu Oy (Touka (X;y) mepexo-
IUT B TOUYKY (—X;)));

B) LEHTPAJIbHONH CUMMETPUH OTHOCUTEIBHO Hayasla KOOPAWHAT — TOY-
ku O (touka (x;)) nepexoauT B ToUKy (—x;—V));

2. a) mapauiensHOro nepenoca (casura) Baoab ocu Ox (touka (X;y)
HEePEXOAUT B TOUKY (X + @;)), re @ — HEKOTOPOE YUCIIO, IIPH 3TOM

HepeHoc nmpoucxoaut Bupaso a > 0, eciu, u BieBo, ec @ < 0);
0) mapasuensHOro rnepenoca (casura) Baojib ocu Oy (touka (X;))

HEPEXOUT B TOUKy (X;y+b), rae b — HEKOTOPOE YHCIIO, TIPU STOM

[EePEHOC MPOUCXOIUT BBEPX, eci b > 0, u BHu3, eciu b < 0);
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3. a) pacTspkeHus (WM CKaTHsL) BAOIH ock Ox (IIpH pacTsKeHHH (Cka-
tan) B p pas (p>0; p#1) Boons ocu Ox Touka (X;)) mepexomuT

B 04Ky (pX;y));
6) pactsoxenust (wim cxatust) Baoib ocu Oy (ipu pacTsokeHnn (Cxa-
tan) B ¢ pas (g >0, #1) Buons ocu Oy Touka (Xx;)) mepexomut
B 10Ky (¥:9)).

Tadauna
3JIEMEHTAPHBLIX npeodpasoBanuii rpaduka pynkuun y = f(x)

Dyuxyusn IIpeoopazosanue zpagpuxa Gynxyuu y = f(x)

[MapamnensHblii eperoc ero Bpoab ocu Oy Ha A enu-

y=f(x)+4
aun BBepx npu A>0 u ma |A| CIMHUI[ BHU3 TIPH

A<0.

TMapasnenpHelii mepenoc ero Baojib ock OX Ha @ €JIUHUIL

y=f(x-a)

BrpaBo npu @ >0 u Ha | a | exuumI BieBo npu a < 0 .

y =k (x),

k>0 Pactsokenne ero Baonb ocu Oy B k pas, ecmn k>1, u
cxarue B 1/k pas,ecnim 0<k <1.
y = f(kx),
k>0 Cxarue ero Boab ocu Ox B k pas, ecniu k >1, u pac-

e sokenne B 1/k pas, ecnin 0<k <1.

CuMMeTpUYHOE OTPaXKEHHUE ero oTHocHuTeNnbHO ocu OX .

y=|/()

Yacth rpaduKa, pacroioxennas Huwke ocu Ox , cuMMeT-
PUYHO OTpa)kaeTcsi OTHOCUTEIBHO 3TOM OCH, OCTallbHas
€ro YacTh OCTaHEeTCs 0€3 H3MCHEHHS.

y=f(-x)

CuMMeTpUYHOE OTPaXKeHHUE ero oTHocuTeNnsHo ocu O .
y=f (| x|) Yacrp rpaduka, pacronoxentas B obmactu X >0, ocra-
eTcs 0e3 U3MEHEHHMs, a ero yacth jig obnactu x <0 3a-

MEHSETCS CHMMETPUYHBIM OTOOPAKEHMEM OTHOCHTENLHO
ocu Oy uactu rpaduka must x >0 .
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Mpumep 1. IHocmpoums epadux Gynxyuu f(X) u ¢ e2o nomowwio on-

pedenums MHONCECMB0 3HAYEeHU, NPUHUMAEMbIX QYHKYUuel 6 08yX, mpex u
bonee moukax;, a makace onpeoenums

A MAKCUMATbHOE YUCTO KOpHell ypasHe-
\ nus f(x)=a:
y=a \ 2 ()=l x-2];
6) f(x)=[]x|-4;
/0 /2 X B) f(x)=]x" =5 |x|+4 |.
Y e
ﬂ //~5 Pewenue. a) Iloctpomm rpaduk,
’ y BBINIOJIHSIA  DJIEMEHTapHbIE INpeodpaso-
Bamua [ — 1 _, > 1 (cMm. puc.
Puc. 21 I==2|

21).

IpoBojst mpsiMble y =a , y6e>Kz(ae)MC}1, uro mpu @ <0 ToYek mepece-
ueHunst ¢ rpadukom dynkumn f(x) =|x —2| wer; mpu a =0 — onHa TouKa;
npu a >0 — nse.

Omgem. E =[0;+00) ; 3nauenne 0 npuHUMAETCS B OJIHOI TOUKE;

BCE€ OCTAJIbHBIC IPH ABYX Pa3JIMYHbIX 3HAUYCHUAX X.
MakcuMallbHOE YUCII0 KOPHEN ypaBHeHUs | X —2|=a paBHO ABYM.

Pewenue. 6) C OMOIIBIO 3JIEMEHTAPHBIX IPEOOpa3OBaHMA (CM. pHC.
22) >, -, >, CTpOUM rpaduk byHKIMN
J)=[[x[-4].

IpoBoast mpsimbie Y = a , yoexmaemesi, uro npu a <0 Touek mepece-
ueHnst ¢ rpaduxom Qyukimu f(x)=||x|—4| ver; mpu a =0 — xBe TOUKH;

R npu 0 <a <4 — gersipe; mpu
J)\\/ YA \\*\ a=4 — tpm; npu a>4 —
N 2z / sy= 4 nBE.
Omgem.  E, =[0;+0);
y=a
3HayeHne (0 mpuHUMaeTcs B
i~ 10 4 > IBYyX TOYKax; KakJoe 3Have-
N nue u3 untepsana (0;4) npu-
ﬂ//% A y=|x|-4 HUMAETCSA B YETHIPEX TOYKAX;
Puc. 22
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3Ha4YeHHe 4 — B TPEX TOYKAX; BCE OCTAJbHbBIC — MPH ABYX Pa3MYHBIX 3HAYe-
HHUSAX X . MakcUManbHOEe 4HCIIO KOpHell ypaBHenus ||x|—4|=a pasHo

YETBIPEM.
Pewenue. ) f(x)=|x"=5|x|+4 |=
| x> —5x+4], ecrn x>0, 3 |(x=2,5)" —2,25|, eco x > 0,

Tl e5xrdecmx<0  |[(x+2,5) —2,25], ecam x <.

C mOMOMIBIO AJIEMEHTApPHBIX IpeoOpa3oBaHUil cTpouM rpaduku QyHK-
_ 2
wm - f(x)=[(x-2,5)"-2,25| ([, =L 52T -

(x-2,5)>-2,25

y=|x2-5|x/|+4| AY _)F\(x—z,sf—z,zs\) 1 Gepem

¥ YacTh €ro, COOTBETCTBYIO-
""""""""""""" f myro 3HaueHmsM x> 0.
\ __________________ { ______ y=4 AHanoruuso mis QyHKIUU
y=225  f(x)=|(x+2,5)-2,25]|
npu x <0 (cm. puc. 23).

IIpoBoas NpsIMbIE
y=a, yb0exnaemcs, 4TO

22 =y 5x+4

npu a <0 OHM HE MMEIOT
00X TOYEeK ¢ TpaduKoM
GbyHKIMN

f(x)=|x*=5|x|+4 |; npu a=0 — uerbipe OOIME TOUKH; NPH

Puc. 23

0<a<2,25 — Bocems; mpu a=2,25 — mecty; npu 2,25<a <4 — de-
ThIpe; ipu @ =4 — Tpu; ipu @ > 4 — nBe.

Omegem. E, =[0; +00) ; 3nauenne 0 npUHUMAETCS B YETBIPEX TOUKAX;

Kask10€ 3Hayenue u3 unrepsaia (0;2,25) — B BocbMu; 3HaueHue 2,25 —

B LIECTH; KaX0€ 3HaueHue u3 uarepsana (2,25;4) — B ueThipex; 3HaUCHUE

4 — B Tpex; BCe OCTANIBHBIE — IIPU JBYX PA3JIMYHBIX 3HAYECHHUAX X . Makcu-

N 2
MaJIbHOE YHCIIO KOpHEil ypaBHenus | x° —5| x| +4|=a paBHO BOCEMH.

Hpumep 2. Hccreoosamsv Ha Koauyecmeo KOpHell VpasHeHue
||2x |5 | =x+a 6s3asucumocmu om 3nauenuii napamempa a .

Pewenue. Toctpoum rpadux y =||2x |5 | (cm. puc. 24).
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@OyHKIUS Y =X+d 3aJaeT CEMEHCTBO MNPSMBIX, MONYYAIOIIUXCS W3
OPAMOIl Y =X TMapajuleNbHbIM [EPEHOCOM Ha @ eauHHI Buonb ocu Oy .
Yucino pemieHni UCXOIHOTO YPaBHEHHs TIPH COOTBETCTBYIOIIEM 3HAYCHHH
napaMerpa d paBHO KOJNMYECTBY TOYEK MepeceueHus: rpadukoB (yHKIMU
y=|]2x |-5 | unpamoit y=x+a.

VMmeeTcs TpU KPUTUYECKUX
HOJIOXKCHUSL M, M, W M, Tps-
MBIX BHJA Y =X+ 4.

ITpsamas m, mpoXomuT ue-
pes touky A(2,5;0), m, -
uepe3 Touky B(-2,5;0), m; —

uyepes touky C(0;5). Drum

0/

OPSIMBIM COOTBETCTBYIOT 3HAUE-
HusL  mapamerpa  a; =—2,5,

a,=2,5 u a; =5 cooTBeTCT-

Puc. 24

BCHHO.

Omeem. Ecim a < -2,5,
TO PEIIeHHI HeT; ecin a = —2,5 , To oiHO perenne; ecnmu —2,5<a <2,5,
TO JIBa PEIICHHUS; eclid @ = 2,5 , To Tpu petenus; ecian 2,5 < a <5, 1o ye-
TBIPE PEIICHHST; €CITU @ = 5, TO TPH PEIICHUS; €CIA d > 5, TO [[Ba PEIICHHSL.

Mpumep 3. Onpedenums epaghuuecku KOIUYECME0 KOPHeU VPAGHeHUs!

m =a 63asucuMocmuy om 3HAYeHull napamempa a .
Pewenue. Iloctpoum rpaduk GyHKIMH Y = m (cMm. puc. 25):
\/ﬂ ,ecmn x <0,
\/ﬁ ,ecma x > 0.

DyHKIU ) = a 3aJaeT CEMENCTBO MPsIMbIX, Mapauieibabix ocu Oy .

y=4l-|x|=

HNmeercs ABa KPUTUYCCKUX IIOJIOKCHUS 3TUX IIPAMBIX M, M, . HpHMaH

m; COBIAAACT C OCbIO Oy , M, IlapajlieibHa OCH Ox n MPOXOAUT YCPE3
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touky (0;1). Dtum mups-
y MBIM COOTBETCTBYIOT 3Ha-
wennt a4, =0 u a, =1
——  COOTBETCTBEHHO.
y=Vi+x y=VI-x Omeem. Tlpu a=1
\ OJINH KODPEHb; npu
"""""""""""""""""""""""" 0<a<l - nmBa kopHS.
> IIpn Bcex oCTanbHBIX 3HA-
-1 (0] hi X p
YeHHAX MapaMeTpa d pe-
IIEHHH HET.

Puc. 25

Mpumep 4. Onpedenumsv cpaguuecku KoAUwecmeo KOpPHeU YpAaGHeHus

2 .
\A—12x| =x" + a 6 zasucumocmu om 3navenuii napamempa a .

Pewenue. Toctpoum rpadguk GyHkuun y =+/4—|2x| (cm. puc. 26):

V4 +2x,ecmm x <0,

y=N4=12x]=
V4 -2x,ecnu x = 0.
\ OyHKIHS BUAA Y =X~ +a 3a1aet
—~-2
y=x+2 ceMeiicTBO mapaboj, TOJyvaro-

2
MHUXCA U3 )Y =X MapajluICIbHbIM

IIEPEHOCOM Ha ( €IMHHUIL BJIOJb
ocu Oy . Umeercs JBa KpuUTHYE-
CKUX TIONOKEHUS OTHX Mapabo
m,,m, . Ilapabona m, mHpoXoAuT
yepes toukn A(2;0) u B(-2;0),
m, — gepe3 Touky C(0;2). Dtum

napabosiaM COOTBETCTBYIOT 3Haue-
Hus mapameTpa @, =—4 u a, =2
COOTBETCTBEHHO.
Omeem. Ecin a =2 , T0 oguH
koperb X =0;eciu —4<a<2,
TO J1Ba KOPHS; el @ <—4 1 @ > 2, T0 ypaBHEHHE JENCTBUTENBHBIX KOP-
HeW He UMeEeT.

Puc. 26
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Ipumep 5. Ilpu Kaxux 3Hauenusx napamempa (  YPAGHEHUE
3xlgx=1+algx umeem:

a) 00HO peutenue; 0) 0sa pewenus?

Pewenue. TlpeobpasyeM HCXOIHOE ypaBHEHHE K BHIY lgx = .
xX—a

Haiinem OJ13 ypasuenuss x >0; x#a/3. Tlocrpoum rpaduk QyHKIHHA

y=Ilgx. Oyukuus @(x,a) =
AY 1 3x—a
3a1aeT CeMEeHCTBO TrumepOoI, MOoiy-

YacMbIX M3 I‘I/IHCp6OJIbI Yy =— CIBHU-
X

rom Broab ocu Ox Ha @/3 u cxaru-
eM B1osib ocu Oy B 3 pasa. J[Be TOUKH

nepecedeHus rpaduxoB (cMm. puc. 27)
MOT'YT NOJYYUTHCHA JIMIIb B TOM CIYy-
yae, eciu rpaguk y =1gx umeer 00-

Puc. 27 IIME TOYKH ¢ 0OEUMH BETBAMH THIIED-
6onbl, T.e. ipu @ >0 . Tlpu a <0 uMeeTcs BCETo 0JHa TOYKA TIEPECEUeHHs
rpaduka y =Igx ¢ BeTBBIO rHIIEPGOIIBI, JIEkKAIEH BBIIE OCH abCIHUCC.

Omeem. a) a<0;6) a>0.
Ipumep 6. Ilpu kaxux 3nauenusx napamempa a >1 ypasnenue

|x* —4x+3|+1=log, x umeem

y=|x’-4x+3|+1  eouncmeennoe pewenue?
Pewenue. Tloctpoum rpadux
dyrxmun y =| x” —4x +3|+1.
%‘Pl [ocTpoenne mnpoBeneM B TpH

Srana Fy:x2—4x+3 - ]—'M d EY\H

(cM. puc. 28). Oyukums y =log, x

loox 0ea<] 3a/1aeT CeMeNCTBO KpPHUBBIX, HMEIO-
! Y= ro8s, mwux oxny obmyo Touky A(1;0).
I'padux GbyHKIHN
y=|x* —4x+3|+] umeer TomBKO

Puc. 28
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0IHy OOIILYI0 TOUKY ¢ TOif KpHBOil cemeiictBa ) =log, x npu a >1, koro-
pas npoxoaut vepes Touky B(3;1). ToacraBuB KoOpAMHATHI TOYKH B B
coorHomrenue y =log, x, momyuum paserctso 1=log, 3, BosmoxHOe pn
a=3.
CootsercrBenHo, rpaduk Gyukuun y =| x> —4x +3|+1 nmeer Tomsko
0JIHy 00LIYyIO TOUKY ¢ JIF000ii KpHBoO#i cemeiictBa y =log, x npu 0<a<1.
Omeem. Ipu a € (0;1) U {3} .
Ilosopom zpagpuka omnocumensHo mouku
PaccMOTpHM ceMeHCTBO IPSIMBIX Bupa ) — ¥, = a(x — X, ). Bee onu mo-
JIy4eHBI IPYT U3 Jpyra MOBOPOTOM HAa HEKOTOPBIH Yol OTHOCHTENBHO TOUKH
(%43 ¥,) (uenmp nosopoma).

Ipumep 7. Haimu ece snavenus napamempa k , npu kaxcoom u3 o-
MOpbIX UMeem peuleHue CUCmemd ypPagHeHull

y—=2=k(x+1),

y=v

Pewenue. Slcuo, uro npsmeie cemeiictea y —2 =k(x+1) nepexonsr

IpyT B Jipyra npeoOpasoBaHUEM MOBOPO-
Ta ¢ uentpom B touke A(—1;2). Jannas

v-2=k,(x+1)
CUCTEMa HUMECT PCIICHUC, C€CJIMW YKa3aH-
HBIC TPSAMBIE UMEIOT ¢ TpadukoM (QyHK-

—  y=lx
OND2 4 — %

U ) = \/; XOTsl OBI OJTHY OOIIYIO TOY-

Ky. MIMEIOTCsI Z1Ba MPEEIbHBIX 3HAUCHHS
y-2=k,(x+1) Y #Ba fpea
k, u k,. IlepBast mpsiMast IPOXOMHT Yepes
BEpIIMHY, BTOpas Kacaercs rpaduka
Puc. 29 y= \/; (cm. puc. 29). Ipsmeie, yriioBoii

KO>()(QUIMEHT KOTOPHIX YIOBIETBOPSIET
HepaBeHCTBY Kk, < k <k, , IMEIOT OGIIyI0 TOUKY C «IIOTYIapaboIoin.

Haﬁ,ueM 3HA4YCHUC k] , HoACTaBUB g4 3TOr0 B  YpPaBHCHUC

v —2=k(x+1) xoopaunars! Bepruunsr (0;0) . [Momyuaem k, =—2.
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3HaueHue k2 TMOJIYYM W3 BBIIIOJIHCHUA YCIIOBHUA €AWMHCTBEHHOCTH PC-

IICHUS] CMEIIAHHOM CUCTEMBI

y=2=k(x+1),
2

Yy =X

k>0.

2
D10 03HAYaeT, yto ypaBHenue kY —y+k+2=0 umeer ogHo perue-
HHUE, T.€. AWCKPUMHHAHT 3TOTO KBaJpaTHOTO YPaBHEHWS pAaBEH HYIIIO.

D=1-4k*>-8k=0,ecnn k =—1++/1,25.
Omeem. —2<k<-1+.1,25.

T'omomemus

PaccmoTpuM cucTeMbl ypaBHEHUH, B KOTOPBIX OJHO U3 YpaBHEHUH 3a/1a-
€T CEMEHCTBO KPUBBIX, IMOJYYAaCMBbIX APy U3 Apyra ¢ IOMOUILIO TOMOTCTHH.

Hanpumep, ypaBHeHus Buaa | x |+| y|=a wm X2+ y2 =a.

IMpumep 8. Hzobpasume zpaduxu ypaswenuii |Xx|+|y|=a u

2, 2 2
X"+ Yy~ =a" npusnauenusix napamempa a=2; 4; 5; 7.

Pewenue. Tloctpoum rpadux
ypasuenust |x|+|y|=a. ScHo,

4TO 3HAYEHUE d JOJDKHO OBITH He-
OTpHULETCIIBHO, NHAYC PAaBECHCTBO HC
UMeeT cMbIcia. B cucTeMe Koopau-
Hat OXy paccMOTpUM ypaBHEHHUE B

K101 13 ueTBeprei (cm. puc. 30):

|x|+|yl=ae

x+y=a,ectux=20ny=>0,

—x+y=a,ecrux<0uy=>0,
Puc. 30 —x—y=a,ecmux<0uy<0,

x—y=a,ecnux>0uy<0.
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2 2 2
I'padukom BTOpOro ypaBHeHUs X~ + )~ =a” SABJISIETCS OKPYKHOCTb PajHy-

ca a C UCHTPOM B Ha4dajiCc KOOpJAHWHAT.

2, 2 2 o
VpaBuenust |x|+|y|=a u x"+y~ =a” 3anaior aBa cemeiicTBa Kpu-

BBIX, B KaXJOM M3 KOTOPBIX KPHBBIC CEMENCTBA SIBIIIOTCS 20MOMENUYHDL-
mu (uentp romoreruun — touka ((0;0)) kBagparamu B IEPBOM Cilydyae H

OKPYXXHOCTSIMH — BO BTOPOM. 3 NOCTPOEHHBIX PUCYHKOB BUJHO, YTO IIPU
YBEIMYEHUU (I KBAJPAThl U OKPYKHOCTH yBEJIMYUBAIOTCA.

Vi

\

Hpumep 9. Ilocmpoums epagux
ypasuenus | x|—|y|=a.

||x]-|y]|=a Pewenue. 3nauenue mnapameTpa
> JOJKHO OBITh IIOJIOKMTENBHO, WHAue

70)

Puc. 31

-a

X paBeHCTBO HE OyAeT MMETh CMBICTA.
PaccmoTpuM ypaBHeHHE B Kaxaoil
nu3 ‘ICTBCpTeﬁ KOOpZ[I/IHaTH()ﬁ I1IJIOCKO-
cru Oxy (cm. puc. 31):

[x[=]yl=a<
| x—y|=a,ecrux>0uy>0,
|-x—y|=a,ectux<0uy>0,
|-x+y|=a,ecux<0uy<0,

| x+y|=a,ectux>0u y<0;

[y=x-a,ecux>0uy>0,ux>y,

y=x+a,ecmux>20uy>0,uy>x,
y=—x—a,ectux<0uny=>20,u—x2=y,
y=—x+a,ectux<0uy=>0,uy>-x,
y=x+a,ecmnx<0uy<0,uy=ux,
y=x—a,ecux<0uy<0,uy>x,

=—x+a,ectux>20uy<0,uy=>-—x,

y
| y=—x—a,ectux>20uy<0,u—x>y.
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Mpumep 10. Onpedenums 6 3asucumocmu om 3naveHull napamempa a
KONU4eCme0 peuleHull CUCembl ypasHeHul
|x|+ly|=a,
2 2
X +y =4
Pewenue. VI3 nepBoro ypaBHEHHs CHCTEMBI cieayeT, uto mpu a <0
cHUCTeMa He MMEeT PEHICHHH, TaK KakK JieBas 4acTh YpaBHEHHs HEOTpHIIA-
2 2
TeJbHA. YpaBHeHue X + )~ =4 3amaer OKpy)KHOCTb paguyca 2 ¢ HEHTPOM
VA B Hauvane KoopauHaT. O4eBHIHO,

+|x|= =
y2+x2:4 | +|x|=a 4To eciu KBagpar |x|+|y|=a

HaXOJHUTCS BHYTPH OKPY>KHOCTH,
TO CUCTEMa HE HUMEET pPEIICHUN.
Pemienne mOSBUTCA JIHUINb TOTJA
(cm. puc. 32), korma KBagpaT OKa-

XKETCsI BIMCAHHBIM B OKPY>KHOCTb.
B arom cinygae a =2, penieHuit
Oymer uersipe. [lamee, mpu
2<a< 2\/5 Kaaas CTOpOHa
HUMEET J1Be O0IIME TOYKH C OKPYXK-

HOCTBIO, & 3HAYUT, CUCTEMa OyaeT
HMeTb BOoceMb pemeHuid. Ilpu

Puc. 32

a=232 OKPY)KHOCTh OKa)KeTCsI

BIIMCaHHOM B KBajpar. ClieqoBaTeNbHO, PELUICHUM OKAKETCS CHOBA YETBIPE.
Ilpu a > 2+/2 cucreMa perieHnii He HMeeT.

Omeem. Ecin a <2 wnmn a > 2+/2 , To pemienuii HeT; ecmn 2 < a < 2+/2

TO BOCEMb pElICHH; eclii @ =2 Wik a = 2+/2 , TO YeThIpe PeIICHHS.

Mpumep 11. Onpederums snavenus napamempa a , npu KOMOPLIX CUC-

x—a>-1,

mema Hepaeencme umeem eOuHCmMeEeHHoe peuterue.

x> =3x<a-1

Pewenue. Boimonnum noctpoenus Ha miockoctd Oxa (cum. puc. 33).

asx+1,
[IpeoOpazyem cucTeMy HEpaBEeHCTB K BUILY

X’ =3x+1<a.
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Puc. 33

obnacteio. ToBKO JIBE MPSAMBIC BUIA d =

Pewenuem nepBoro HepaBeH-
CTBaA ABJIACTCA MHOXCCTBO TOUYCK
IUIOCKOCTH, JIeKAIUX HHUXKE Ips-
Mot a=x+1 (BkIrouyas TOYKH
NpsSIMOM), Ui BTOPOTO — BBIIIE
mapaboITs! a=x"-3x+1
(Bxrouass TOYKH  1apaloJIb).
Cucrema HEpaBEHCTB HMEET pe-
HMIEHWS TpPH TeX 3HAYCHUAX d ,
IpHA KOTOPEIX MpsiMast d = CONSt ,
napautenpHass ocu  OX , UMeeT
00Imue TOYKH C 3aIITPUXOBAHHOMN
const , IpOXOJsAlIUe Yepe3 TOUKU

A u B, MEIOT eMUHCTBEHHYIO OOIIY0 TOYKY C 3TON 00JacThio. 3HAUYCHHE
opauuatel Toukun A paBuo —5/4 . Tak kak B — touka nepeceuenus rpadu-

kOB GyHKIMH @ =x" —3x+1 u a=x+1, To Qs HAXOXKACHUS e abCLUC-

Cbl HyXHO pemmth ypashenne X+1=x"—3x+1 wm x* —4x=0. Ero

KOpHAMU siBisitores yucna x; =0 u x, =4. Touke B cOOTBETCTBYeT BTO-

poii koperb. COOTBETCTBEHHO, OpDAWHATA TOYKU B paBHa 5.
Ipu a <—-5/4 u a>5 cucrema He UMEET pPEIICHU.

Omegem. a=-5/4na=>5.

Hpumep 12. Pewuumsv cucmemy HepageHcms 8 3a8UCUMOCHU OM 3HAYe-

HUll napamempa a :

X2+ x< a,
2x—x">a-1.
Pewenue. [Ipeobpasyem

UCXOJHYIO CHUCTEMY ypaBHEHHH
K BUJLY

x2+xSa,
2x—x*+1>a.

Beinonnum [IOCTPOCHHUS

v 2 2
rpadukoB QyHKMiE a=X" +Xx u a=-x" +2x+1 nHa mwiockoctu Oxa
(cm. puc. 34). KoopauHaTsl TOYEK INepecedeHHs] MOCTPOCHHBIX TpaduKoB

68



. 2 2
HaiijieM U3 ypaBHeHUs X~ + X =2Xx— X" +1. Ero KOpHSAMH SBJISIOTCS YKCIIa
x=-0,5uux,=1.

Kopens x; coBmazaer ¢ abcuuccoil BepHIMHBI IEPBOH Mapaboisl, X, —
BTOpOIt mapadonnl. Cucrema umeer pemenns npu —0,25 <a <2 . Pemenne

CHCTEMBI — €CTb OTPEe30K [X;;X, ], Iie X, — MEHBIINH U3 KOPHEH ypaBHEHUs

x*—2x+a—-1=0,a x, — Gonbimuii u3 KopHeii ypasrenns x° +x—a=0.
Omsem. x [ 1-\2—a;(-1+1+4a)/2 ] npu ~0,25<a<2.

Hpumep 13. Ilpu xaxux 3nauenusx napamempa a umeem POGHO 084
paznuunbix kopus ypasuenue \Nx +2a’ - (x> +(2—a)x—2a)=07?

Pewenue. KopHu NaHHOTO YpaBHEHUS AOJDKHBI yJIOBIETBOPSTH YCIO-
2
BHIO X > —2a  (YCIOBHE CYLICCTBOBAHHSI KBAJPATHOIO KOPHS W3 BBIpaXke-

mus X+ 2a” ). 3amernm, uro X° +(2—a)x —2a =(x—a)(x+2). Toraa

x>-2a%,

=-24%
Vx+2a* - (x—a)(x+2)=0= * a>
X =

CrnenoBaTenbHO, KOPHAMHU ypaBHe-

2
HHS MOTYT ObITh wncma X, =—2a°,

N
Pty

X, =a u x, =—2. Ilo ycnosuto 3aja-

S

L
N

yn TpeOyeTcs HaWTH 3HA4YCHUs Imapa-
MeTpa a, TpH KOTOPBIX ypaBHEHHE

UMEET POBHO JBa DPA3IUYHBIX KOPHS.
Jns oT6opa NCKOMBIX 3HAYECHUH Mapa-
Merpa Ha miockocTd (Oxa TOCTPOMM

rpadmkn pyskimit x =—-2a°, x=a u
x =-2 (cMm. puc. 35). Kaxnas npsmas
a =const, napamiensHas ocu Ox
[epeCceKaeT KaXIblii W3 MOCTPOCHHBIX
rpaduKoB, U OpAMHATA TOYKH TEpece-

=
<
1N}

Puc. 35

69



YeHUs JAeT 3HAueHHWe KOPHA HMCXOIHOrO YpPAaBHEHHs NPH YCJIOBUH, YTO
X >-2a’. VIMeeTcs NATh KPUTHYECKUX MOJIOKEHHUE STUX MPAMBIX @, = —2
a,=-1,a,=-0,5, a, =0 u a; =1. OHu IpOXOAIT Yepe3 TOUKHU Lepece-
yenus rpadukos. Toukn —2, —1, —0,5, 0 u 1 pasbuBaroT YKMCIOBYIO
npsamyro Oa Ha eCTb IPOMEKYTKOB. PACCMOTPHM KaKIbIi U3 HUX:

(1) ae(—w0;-2) u(2) ae(—2;—1). Ha 3Tux NpoMeKyTKax ypaBHEHHE
UMEET TPH KOPHSL.

(3) ae(-1;-0,5). YpaBuenue umeer aBa KopHs (rpaduk GyHKIHU

X =—2 pacnonoxeH HiKe rpaduka QyHKIUH X = —2a%).
4) ae(—0,5;0). YpaBHeHrE MMEET OIMH KOPEHb, TAK Kak rpaduku

HKIMH X =a 1 x =—2 — awke rpaduxa pynkimn x = —2a°
y p Y
(5) a<(0;1). VpaBuenue umeer 18a kopHs (rpaguk QyHKIHHA X = —2

2
— HWKe TpaduKa QyHKIHH X = —2a°).

(6) a € (1;—0) . VpaBHeHHE UMEET TPU KOPHSL.

CootBercTBeHHO NpH a4, =—2, a, =—1 u a, =1 ypaBHeHue uMeer /Ba

KopHA (cM. puc. 33).
Omegem. a c{-2} U[-1;-0,5)0 (0;1].

Koopounamno-napamempuueckuit memoo (KII — memood)

JlaHHBI MeTOA mpencTaBiseT co0OM HEKoTopoe 00o0meHune rpaduye-
CKOTO METOJa PEIICHUs YPAaBHCHUI 1 HEPABEHCTB, OCHOBAHHOT'O Ha HCIIOJIb-
30BaHMM KOOpAuHaTHOM riockoctn Oxa . B mocnexsem ciydae oce Ox
Ha3bIBAIOT Koopounamnoii, ocv Oa — napamempuueckoii, a TIOCKOCTh
Oxa — koopounamno-napamempuueckoii (wa KIT — naockocmuio).

[Mpu perreHrH KOHKPETHOM 3a1a41 KOOPIHHATHO-TAPAMETPHICCKIM Me-
TOIOM B XOJi¢ pelieHus miockocth (Oxa pa3duBaeTcs Ha «4acTHYHbBIE 00-
JIACTU», BHYTPU KaXKJIOM U3 KOTOPBIX I€OMETPUYECKU UHTEPIPETUPYETCS U
pelraeTcsi MOCTaBJICHHAs 3a1a4a.

3ameuanune. B yacTHOCTH, MOHATHE «YACTHYHBIX OOJacTell» HCIOJIB3Y-
€TCAd IpU pEUICHUWM YPaBHEHHM M HEPaBEHCTB, COJEp)KallluX HEU3BECTHBIE
N0/l 3HAKOM a0COJIFOTHOW BEIWYMHBI (3TOT METOJI Ha3bIBAIOT METOJIOM «HdC-
muynwlx o6nacmeity). B cBOIO ouepesb NMpH PEIICHUH JIOTAPUPMUYECKUX U
MOKA3aTeNIbHBIX (M HEKOTOPBIX JPYrHX) YPaBHCHHH U HEPaBEHCTB TaKKe
IPUXOMUTCS pa3OuBaTh WIOCKOCTh OXd Ha 00nacTH.
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IIprmenum KII-mMeTof 1l pemieHus CIeAYIONMEer0 YpaBHEHHS.
Mpumep 14. /[na kasxicooeo 3HaueHus napamempa Q peuiums ypaeHe-
Hue
|x|+2|x—1|=a.
Pewenue. TlpuMeHsss METO]] «YaCTUYHBIX OOJIaCTEi» M ONpeAeIeHHs
MOJIyJIsl, 3aMEHUM YPaBHEHHE COBOKYITHOCTBIO TPEX CHCTEM.
[x|2|x=1|=a <

_ x <0, [ (a>2,
x<0, D 2—a (D 2-a
(D x= ; x= :
—x—-2x+2=a; 3’ 3’
0<x<l, 0<x<l1, 1<a<2,
< | (D) < | (1D) < | (1D
x—2x+2=a; x=2-a; x=2-a;
x2>1, x>1, azl,
(1)
xX+2x-2=a; ey x_a+2. (1D x_a+2
. 37 | 3
Ha KII — mmockocTH (cM. puc. 36) peleHueM paccMaTpruBaeMoro ypas-
XA HEHUSI B TMEPBOM YaCTUYHOM
oomact (I): x<0 (momy-
@ )
o1 (@ IUIOCKOCTH) SIBJISIETCSI 3HAUe-
;7 X x=1 HUSI KOOPIMHAT TOYEK, JIeKa-
@ O<x<l x=2-a mwux Ha snyuse x=(2-a)/3;
7 2 > B0 Bropoit — (II): 0<x<l
@ x<0 (. 2~a)/3 (nostoce) — 3HaYEHUs KOOPIH-

HAT TOYEK OTPE3Ka IPAMOM
x=2-a; B tperbeii — (III):
Prc. 36 (TOMYTJIOCKOCTH) — 3HAYEHMS

KOOPIMHAT TOYEK, Jexalux Ha ayue x=(a+2)/3.
IocTaBuB B COOTBETCTBHE KAXKIOMY 3HAYEHHIO MAPAMETPA d 3HAYEHHE

X Ha HOJ'Iy’-IeHHO;I JIMHUHU, 3aIlTMIICM OTBCT.

Omeem. Ecin a <1, 10 periennii Her;
ecm l<a<2,10 x,=(a+2)/3ux,=2-a;

ecmm a>2,10 x,=(a+2)/3ux,=12-a)/3.

71



3aoauu 0nsa camocmoamenbHozo peuienun

B 3amauax 3.1.1. — 3.1.5. quis KaXOOro 3Ha4YCHUS MMapaMeTpa d Ompene-
JIUTE YKMCIIO PEIICHUH TaHHOTO YPaBHEHHUS.

1
3.1.1.a) x+m=a; 0) | x(x—2)|=a; B) X+—=a.
X X
31.2.a) X’ +2x-3=a"—4a; 6) |x+2|(x—3)=a’—1; B) Vx+2a =x.
1
3.1.3.a) x—lz ! ; 0) x—Lza—l; B) &za%ra—l.
x a—|al | x| a X

314.2) Vx—2=ax; 6)V9-x" =(a—1)x; B) ax’+4|x|-5=0.

| x|

3.1.5.2) VO—x" =a|x|+5; 6) (x=1)>=2|x—al; B) ax+—=2a+1.
X
3.1.6. [ xaxxgoro 3HaYCHUS MapaMeTpa @ PELINTe ypaBHEHHUE.
a) |[x+3|—a|x-1]|=4; 0) a|x+3|+2|x+4|=2.

3.1.7. [lpu KaKkux 3HAYCHUAX d PEIIEHHEM HEPABEHCTBA ABJIACTCS OTPE-
30K JUTMHON d :

a) |3—4x|Vx—x>>(2xa+0,5-a)|3-4x|,rne d =0,5;
6) |9—4x|V3x—x" >(2xa+1,5-3a)|9—4x|,tne d =1,5.

3.1.8. JIns kakaporo 3Ha4CHHS apaMeTpa ¢ PELINTE HEPABEHCTBO
2 2 2
\/a -Xx +\/2ax—x >a.

B 3anmauax 3.1.9-3.1.11 onpeznenute, npu Kakux 3HaYCHUSAX 4 CHCTEMa
YpaBHEHHI IMEET yKa3aHHOE YHCIIO PeIeHui 7 .

+y? =1 +y7 =1
3.1.9.a){x A T AR §

xty=a y=lxl=a;
X+ =1, X’y =1,
B) m=4; r HMEET peIlcHHe.
y+|x|=a; lx|+|y[=a
2 2 2 2
=+ =da, X+ :16,
3.1.10. a) {x R Y m=
2| x|+ yl=4; Ix|=|y|=a
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X'+ —4x-2y+4=0,

3.1.11. =4.
y=lx=2|=a
3.1.12. [Ipu KaKkuX 3HAYEHMSIX MTapaMeTpa ¢ CHCTEMA ypaBHEHHI
y+a= ax’,
|x|+[y|=2

nMeer HamOoJbiee 4ducio pemeHHH? CKOJBKO pelIeHHH B 3TOM Ciydae
umeer cucrema’?

3.1.13. [Ipu KakuX 3HAYEHUAX IapaMeTpa d HUMEET POBHO JBA Pa3liny-
HBIX KOpPHSI ypaBHEHHE:

a) V16x —94* -(x2 +(a-2)x-2a)=0;
6) Vx—6a’ -(x* +(1-2a)x—2a)=0.
3.1.14. Ompenenute, Npu KakuX 3HAYEHUSAX MMapaMeTpa d CHUCTEMa He-

PAaBCHCTB:

x*+x<(a—-x)°,
(a—1x=0,

uMeeT pemieHue; 0) X' +x>0, HE MMEET pere-
x+5<0

a-x>0
HUH.
3.1.15. Ompenenute, npy KakuxX 3HAYCHHUAX MMapaMeTpa d WMEeT eIH-
CTBEHHOE pEIICHUE CUCTEMa HEPaBEHCTB

x*—=2x—-a<0,
X’ —4x+a<0.

3.1.16. [dns xaxI0ro 3HAYEHUS MapaMeTpa d pelIUTe CUCTEMY Hepa-
BEHCTB

¥ —x-4+a<0,
X +x—4-a>0.
3.1.17. Onpexnenute, Mpu KaKUX 3HAYCHHUAX [TapaMeTpa d HMEET POBHO
x*+y <2ay—a’ +1,

JBa pEHICHU CUCTEMA HEPABEHCTB
y—a<|x|.
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IJTABA 1V. Pemiennie ypaBHeHMd M1 HEPABEHCTB,
coiep KaIMX NapaMeTp

§ 4.1. OcHOBHBIC IOHATHS U ONPEACTCHUSA
Ypasnuenua

IBa ypasuenus f,(x,a)=g,(x,a) n f,(x,a)=g,(x,a) HassBaroTcs
pasnocunvHbuimu (IKUGAIEHMHBIMU), ECIT OHU UMEIOT OJTHO U TO K€ MHO-
JKECTBO pelIeHUN. B aTOM ciyyae nuuryt

Silx,a) =g (x,a) < fy(x,a) = g,(x,a).
Ecin e Bce KopHH ypaBHeHus f,(x,a) = g,(Xx,a) ABIAIOTCS KOPHAMH
fr(x,a)=g,(x,a) (upu stom O/I3 ypaBHEHHII MOTYT HE COBIAAATh), TO
BTOPOE YPABHEHHUE HA3BIBAIOT C/1€0CHEUEM TIEPBOTO. B 3TOM citydae numryt

hxa)=g (x.a)= f,(x,a)=g,(x,a).

YpaBHEHMSI PaBHOCHUIIBHBI HAa HEKOTOPOM MHOXKECTBE 3HAUCHMU Ilepe-
MEHHOW X, €CJI OHM MMEIOT OJJHU U T€ )K€ PELIeHUs, TPUHAUIeKAIINE ITO-
My MHOXXECTBY.

[Ipu pemennn ypaBHEHH B OCHOBHOM HCHOJNB3YIOT JBa crocoba. B
NIEpBOM CIIy4ae, BBINOJHSS HEKOTOpPhIE IIPeoOpa3oBaHMs, OCYIIECTBISIOT
IepexoJi OT MCXOJHOTO ypaBHEHMs K PaBHOCWIBHOMY JIO TeX IOp, IOKa
ypaBHEHHE HE IPUMET NMPOcToi BUA. BTopoii criocobd cocTonT B 3aMEHE HC-
XOJHOTO YpaBHEHHS €r0 CIEJCTBHEM (Takoe MpeoOpa3oBaHHE MOXET OBITh
IpOJIeJIaH0 HECKOIBKO pa3). Tak Kak MpH 3TOM BO3MOXKHO MPHUOOpETCHHE
MIOCTOPOHHUX KOPHEH, TO IPH 3TOM clloco0e pelIeHus Ha ITOoCIIeTHEM JTare
HEOOXOJMMO BBIITOJIHNTH MIPOBEPKY MOIYUCHHBIX PEHICHUH. DTO HE CI0XKHO
crenaTh B CIydac ypaBHEHHMH Oe3 mapameTrpa, OJHAKO MpPU HAJIUYUH Tapa-
MeTpa MpoBepKa CTAHOBUTCSI MHOT/Ia OYEHb CJIOXHOW. B aTOM cityyae paBHO-
CHJIBHOCTB JIOCTHTaeTcsl Oyiarojapsi MCHOJIB30BaHUIO YCIIOBHUH, ONpEaesio-
umx OI3: ucxoonoe ypagnenue 3ameHsAIOmM pAGHOCUNLHOU CUCMEMOU, CO-
cmosawell U3 6H08b NOJYYEHHO20 YpasHeHUs u ycaosutl, onpedenatouwjux O/3.
OTOT MpHeM MO3BOJISIET Cpasy OTCEUb JUIIHUE KOPHH.

K o0umM MeronaM pemieHHs: ypaBHEHHH BCEX THIOB (pallMOHAIBHBIX,
MppanrOHAIBHBIX, TPUTOHOMETPHUYECKHX, MOKa3aTEeIbHBIX U JIOrapupMuye-
CKHX) MOXXHO OTHECTH CIEIYIOUIME: Pa3JIOKEHHE Ha MHOXHTEIH; 3aMEHa
HepeMeHHOI‘/II; HCIIOJIb30BaHUE CBOMCTB OrpaHUYCHHOCTU I MOHOTOHHOCTHU
¢byHKIMA; TpaduuecKuii METOI.
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Hpumep 1. Ilpu kaxux sHaueHusx napamempa a ypaeHeHus x> =a (1)

u \/; =a (2) pasnocunvubi?

Pewenue. Tlpu 3nauenusnx napamerpa a <0 00a ypaBHEHUS HE UMEIOT
peweHnid. Tak KaKk MHOYKECTBO PELIEHUN Ka)XJ0r0 YpaBHEHUS B 3TOM Cilyyae
MPEJCTABISET ITyCTOE MHOXKECTBO, TO YPABHEHHS PABHOCHIIbHBI.

Ilpu a =0 ob6a ypasuenus umetor pemenue X =0 . CienosaresbHo, B
9TOM ClIy4ae ypaBHEHHS TaKXKe PABHOCHUIIbHBI.

[lpu 3Hauenusx mapamerpa a >0 ypasuenue (1) umeer nBa KOpHS

X =—a u x,= \/; , a ypaBHeHHe (2) uMeeT ofuH KopeHb X =a . Ciie-
JIOBaTEJIbHO, B 3TOM CIIy4ae YpaBHEHUs HE PaBHOCHIIBHBI.
Omgem. a<0.
Mpumep 2. /lanvl ypasuenus
(x> —a*)(x—a*)

x—a)x+a)=0 (1) u =0 (2).
x—2a+4
Onpedenume, npu Kakux 3Havenusix napamempa a :
a) ypasHenue (2) sensemes credcmeuem ypasnenus (1),
0) ypasuenus (1) u (2) pagnocunvhsi.
Pewenue. Penium ypasuenue (1).
x>0, x>0,
WNx-a)x+a)=0={[Jx—a=0,1[Vx=a,
x+a=0; X =-a.

x>0, x>0,
Ipn a <0 \/;:a,<:>x=a;npﬂa>0 \/;:a,cx:az.

X =-a, X =-a;

Pemum ypaBuenue (2).

x#2a—-4
x#2a-—4, ’
2 2 2
xX*—a)x—a X =laj
( =) gl =0, 4]
x—2a+4 x,=—|al,
2
x—a =0, o
X, =a .
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Haiinem 3HaueHus mapameTpa d , MPH KOTOPHIX KaKOM-HHUOYIb U3 KOp-
He# X, X,, X, paBeH 2a —4 . PaccMoTpuM TpH ciydas:

1) 2a—4=x,. lpu a>0 nonyvaem 2a-4=|al<>a=4, upu
a <0 ypasuenne 2a —4 =|a | periennii He UMeeT.

2) 2a—4=x,.Ilpu a=>0 nonysaem 2a—4=—|a|<>a=4/3, npu
a <0 ypasuenue 2a —4 =—|a| peuieHuii He UMeeET.

3) 2a—4=x,. Vpasuenue 2a — 4 = a’ He UMeET pEIICHHI.

OKoHUaTeNPHO YypaBHEHHE (2) HUMeEeT CIenylomue KOPHU: eclin
a=4/3,10 x,=4/3, x,=16/9;ecu a=4,10 X, =—4, X, =16; ec-
m ae(—0;4/3)U(4/3;4) U (4;,0),10 X, = al, x,=—|al, x;=a’.

Ilpu a<0 xopeub ypaBHenuss (1) X=a coBmagaer ¢ KOpPHEM
X, =—|a| ypasuenus (2).

Ipu a >0 xopenb ypaBHeHus (2) X = a’ smusercs KOPHEM ypaBHEHUS
).

Kopuu ypasuennii (1) u (2) coBnamaror Tombpko nmpu a =0 u pasabr 0.

Omeem. a) Ilpu a € R ypasuenue (2) ABISETCA CIEACTBUEM yPABHEHUS

(1); 6) mpu a =0 ypasuenwus (1) u (2) paBHOCHIBHBL
Hepasencmea

Ba wHepasenctBa f,(x,a)< g, (x,a) u f,(x,a)<g,(x,a) (wm
filx,a)< g(x,a) nu f,(x,a)< g,(X,a)) Ha3BIBAIOTCS PAGHOCUTLHBIMU

Ha MHOXKecTBe X , €ClM MHOXECTBA WX PEIICHHH, NpHHamIexamme X ,
COBMAJAIOT. B aTOM ciydae mumryt

Si(x,a) <g(x,a) = fr(x,a) < gy(x,a).

Ecin sxe Bce peruennst HepaBeHeTBa f,(X,a) < g,(X,a) sBustores pe-
IICHWSIMA HepaBeHcTBa f,(X,a) < g,(X,a), To BTOpoe HEpaBEHCTBO HA3bI-
BAIOT €TO cledcmeuem. B 5ToM ciryuae nunryT

fi(x.a) < g (x.a) = fi(xa)< g, (x,).

Ecin B mporecce pelieHns COBEPIIAIOT MEPEXO]] OT MUCXOIHOTO Hepa-

BEHCTBA K €r0 CIIEJCTBUIO, TO B KOHIE PEIIEHHS HEOOXOMMMO TPOBECTU UC-

CJIC/IOBAHUE, TO3BOJISIONIEE M3 TOJYYCHHOIO MHOXECTBA 3HAUCHHWH apry-
MEHTa 0TOOpPaTh T€, KOTOPBIE SIBJISIOTCS PEIICHUAMH HCXOAHOTo. [IpH pemre-
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HUU HEPaBEHCTB C IapaMeTpaMu ClielyeT oOpaliaTb BHHMAaHHE Ha TO, YTO
¢dopmabHOE pelIeHHe HEepPaBeHCTB, T.€. PELICHHE, IIPU KOTOPOM JICBBIE U
NpaBble YaCTH HEPABEHCTBA AEJISATCS Ha BBIPAXKEHHUE, COEpIKaIlee apamerp,
MOXET TPUBECTH K noTepe pemieHuit. Heobxoanmo crnenuTh 3a 3HAKOM BbI-
paxkeHHs, Ha KOTOpOE JeNsATcsl 00€ 4acTH HepaBeHCTBA, TaK KaK Ha HEro Mo-
KET BIIMATH 3HaUCHHE [TapaMeTpa.

Memoo unmepeanoe

[Tpu pemieHNU HEPaBEHCTB C MapaMeTpaMH UCIIOJIb3YETCsh METOJ], OCHO-
BaHHBIN Ha CJICAYIONIEM CBOWCTBE GYHKIMI: eciu yynKuyus nenpepsiena na
npomexcymke (X,;X,) u Mexucoy moukamu X, u X, OHa He umeem Kop-

Heil, mo na npomexcymke (X,;X,) QyHKyua coxpansaem 3nax.

Jlnst Hax0XKIEHUsI y9aCTKOB 3HAKOIIOCTOSIHCTBA Ha YHCIIOBOM OCH OTMeE-
Yal0T BCE TOYKH, B KOTOpHIX (yHkimst f(X,a) obpamaercs B HyiIb IHOO

TEPIHUT Pa3pbIB. DTH TOUYKH Pa3OMBAIOT YUCIOBYIO MPSAMYIO Ha HECKOJBKO
[POMEXKYTKOB, BHYTPU KAXKJIOTO U3 KOTOPhIX f(X,a) HempepsiBHA U HE 06-
pamiaercst B HyJjb, a 3HAUUT, COXpaHseT 3HaK. Ha KaxJoM U3 IMPOMEXyTKOB
OTIPEETISIOT 3HAK (PyHKIMH.

3ameuanue. B nanHOM ciydae OTIIMYHE OT METOAA MHTEPBAJIOB JUIS He-
paBeHCTB 0e3 mapaMeTpa COCTOMT B TOM, YTO B pacCMaTpHBAacMOM Cllydae
3HaueHHs a0CIKCC TOYEK, B KOTOPhIX GyHKuus f(X,a) oOpamaercss B Hylb
00 TEPIUT Pa3pbIB, CaMU SBISIFOTCS (PYHKIMSMHM, 3aBUCSIIUMHU OT Hapa-
METpa, ¥ HAaHECCHNWE WX Ha YHCIOBYIO OCh TPEOyeT JOMOIHHUTENBHBIX JIOTH-
YECKUX PACCYKACHHUH 00 X B3aMMHOM PACIIOJIOKEHUH Ha OCH.

xX—a
Mpumep 3. Pewums nepasencmeo —— >0 .
x—2a
Pewenue. PaccMOTpUM TOYKH, B KOTOPBIX YHCIUTENb M 3HAMEHATENb
olpariatorest B Hylb. JTO TOUKM X; =d U X, = 2a . Bunum, uro npu a >0

TOYKA X, =d PACIOIOXKEHA JIeBee TOUKH X, =2a, npu a <0 — HaoGopor,

a B ciayuae a =0 onu coBmanaror.

3ameuanue. B HepaBeHCTBaX, HE COACPIKAIINX MApaMeTpa, IS Onpee-
nenus 3Haka QyHkuuu f(X) Ha paccCMATPUBAEMOM IMPOMEKYTKE ObIBAET
JIOCTaTOYHO OIPEIEIUTh 3HaK (DYHKIUH B KaKOW-IMOO ero BHyTpeHHEH TOY-
ke. B HepaBeHCTBaX ¢ mMapaMeTpoM 3TO HE BCETJa MOXHO CHENATh, MOCKOIb-
Ky CaMH T'paHHIbI IPOMEXKYTKa HE UMEIOT KOHKPETHBIX YHCIOBBIX 3HAUCHUH.
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[TosTOMy pexoMeHIyeTcs TOJIb30BAThCS «KPUBOU 3HAKOG (MHOTIa TOBOPAT
«3MEUKOU 3HAK06») — KPUBOM, pacrosiokeHHol Boiie ocu OX , eciu 3Ha-
yenust f(X,a) MOJNOKUTENBHBI U HIXKE, ECIIA — OTPHUIATENLHBI.
ParonanbHO MCNIONB30BaTh CKPUBYIO 3HAKOBY» B CIydae, KOrJa BXOAS-
wast B HepaBeHcTBO PyHKUms f(X,a) MOXKeT OBbITh MPEJICTABIEHA KaK Mpo-
n3BeAeHNEe (MM 9acTHOE) JIMHEHHBIX WM KBaJpaTHUHBIX MHOXHUTENeH. Mc-
MOJIBb3YSl «KPUBYIO 3HAKOBY», JUIl KaKAOTO MHOXXHTENS JIETKO yCTaHOBHTH
3HaK f(X,a) B M000M MPOMEKYTKE, MOCKOIBKY KA/l U3 MHOKHTENEH B

JIaHHOM TPOMEXYTKE COXpaHseT 3HaK. 3Hauenue f(x,a) OymeT Moiaoxu-

TEJIBHO, €CJTH KOJHMUECTBO OTPHUIIATESILHBIX MHOKHUTENCH OYET YeTHO.
«KpuBasi 3HaKOB» JUII COOTBETCTBYIONINX JIMHCHHBIX MHOXHUTEJICH BBI-
TIBIIAT CIEAYIOIIHM 00pa3oM:

JUISI MHOXKUTENST X — X, (cM. puc. 37a); st x, —x (cm. puc. 376).
Xo X X X
Puc. 37a Puc. 376

«KpuBasi 3HaKOB» JJIsi COOTBETCTBYIOIIUX KBaJPATUYHBIX MHOXHUTENEH
ax2 +bx+c BBINIAOUT CICIYIOIINM o6pa30M:
npu a >0, D >0 (cm. puc. 38a); npu a <0, D >0 (cm. puc. 386).

I N T S

Puc. 38a Puc. 380

2
rIe X,, X, — KODHU KBaIpPaTHOTO TpeXwieHa ax~ +bx +c.

xX—a
Jyist 3a1laHHOTO HEPAaBEHCTBA . 20 nomyuaem:
x—2a

B ciayuae a >0 (cwm. puc. 39a). B cinyuae a <0 (cm. puc. 3906).

+ . -+ + -+

Puc. 39a ' ' Puc. 396
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B ciyuae @ =0 HepaBeHCTBO cripaBemuBo mpu jirobom x # 0 .
Omeem. Eciu a <0, 10 X € (—00;2a)U[a;+x);
ecmm a=0,10 X € (—00;0) U (0;400) ;
ecmm a >0, 10 x € (—0;a]U(2a;+x) ;.
3ameuanue. Tlpn penieHUMN HEPABEHCTE C IAPAMETPAMH MOTYT OBITh HC-
TOJIb30BAHbI TAKXKE METO/ 3aMeHbI MePEeMEeHHOI 1 rpaduuecKuii MeTox.

- Va

a
Hpumep 4. Janst nepasencmea x° >a (1) u —\/7 >0 (2). lpu xa-
a

KUxX 3Ha4eHusAx napamempa d OHU pa@HOCMﬂbel?

Pewenue. Tlpu 3uauenusx napamerpa @ <(0 HepaBeHctBo (1) mmeer
peuterne x € R, a HepaBeHCTBO (2) He HMEET CMBICIA.

Ilpu a=0 o6a HepaBeHcTBa nMeroT pemmeHne X € (—o0;0) U (0;40).
CrenoBaTenbHO, B 3TOM CIIy4ae HEPaBEHCTBA PABHOCUIIBHBL.

[pu 3naueHusx mapamerpa a > (0 pemenne HepaBeHcTBa (1) umeeT BU

x € (—o;—Ja)U(Va;+w) u coBnamgaer ¢ peuieHneM HepaBeHcTBa (2).
CﬂeﬂOBaTeﬂbHO, B OTOM CJIy4a€ HEPAaBCHCTBA paBHOCUJIbHBI.
Omeem. a >0 .

Ipumep 5. HJanot nepasencmea 3x>3—a (1) u 2x+1-3a>0 (2).
Onpedenume, npu Kakux 3HayeHusx napamempa a :

a) nepaserncmsa (1) u (2) 6yoym pasnocunvhsr;

0) nepasencmso (2) asrsemcsa creocmeuem (1).

a
Pewenue. TlpeoOpazyeM HepaBeHCTBA K BHIY x>1—§ (1) m

1-3a
x> (2). HepaBeHcTBa OyQyT paBHOCHIIBHBL, €CITH COBIAAYT X MHO-
. a 1-3a
KecTBa  pemIeHuid. OTO  BO3MOXHO,  €CIH 1—5 = > W

2—2a=3-9a.0Orkyma a=1/7.
CoOTBETCTBEHHO, HEPaBEHCTBO (2) sBisiercst cienctBueM (1) mpu BBI-
1-3a

a
HOJIHEHUH YCIIOBUSE >1 -3 wm 3—9a>2-2a,1e npu a<l/7.

Omeem. a) a=1/7;6) a<1/7.
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3adauu 011 camocmoAmenbHO20 peuleHus

4.1.1. Ompenenurte 3HaYCHHWS MapaMeTpa d , IPU KOTOPHIX JaHHBIC
YpaBHCHUSA paBHOCUJIbHBI:

a)ax—a=x—-2unax—a=x+2;

0) 2ax—2a=x+4 u 2ax—2a=x-5.

4.1.2. Onpenenurte 3Ha4YeHUs MapaMeTpa d , IpU KOTOPHIX JaHHbBIE He-
paBeHCTBa PABHOCHIIbHBIL

a)da—ax>x-2max—a<x+2;

0) 2ax—2a>x+4 u 2ax+2a>x-8.

4.1.3. Onpenenute 3HAYCHHA MapaMeTpa d , HOPU KOTOPBIX BTOPOE
HEpPaBEHCTBO SIBIISIETCS CIEICTBUEM MEPBOTO:

a) X’ +3a’—1<2ax-1) (1) u x* —(a+Dx+a>0 (2);

2a

6 1<x<2 (hn 222" o ).

4.1.4. [lpu Kakux 3HAUEHUSX d U3 HEPABEHCTBA

a) X’ —a(l+a’)x+a* <0 cuenyer nepasencro x” +4x+3<0;
6) x* —x—2 <0 cnenyer mepasencrso (a” —1)x” +2(a—1)x+1>072

4.1.5. Onpenenvte 3HAYCHUS TapaMeTpa d , IPU KOTOPBIX PaBHOCHIIHHBI
CUCTEMBI YPAaBHEHUI:
{x +y=-rm, {cos(x +y)=-1,
a) 2 2 _ 2 2 .
X +y" +4y=a X +y +4y=a;
5 {x y=0, {cos(x y)=1,

¥ +y’—dx=a ¥ +y —dx=a.

4.1.6. OnpesienuTe 3HAYCHAUS IAPAMETPOB ¢ U b, IpH KOTOPBIX PaBHO-
CHJIbHBI CHCTEMbI ypaBHEHHH:

{ax+2y=b+l, {2x+y=a2+2,

x+y=3 x+3y=3.
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§ 4.2. PaunoHaJibHbIe ypaBHEHUS

Hpumep 1. Ilpu xaxux 3naueHusx napamempa 4 He uMeem peuieHull
ypasuenue
x—a_ _x _ 1 9
x—2 x+2 x -4
Pewenue. Haiinem OJ13 ypaBHeHus: X #2 U X # —2.
Ha O3  mpeobpazyeM  HCXOQHOE  ypaBHEHHME K  BUAY
(x—a)(x+2)—x(x-2)=1 wmm (4—a)x=2a+1. lpu a=4 nonyya-
ercst ypasuenue 0-x =9, xoropoe He umeer peutenuii. llpu a #4 nony-

2a+1
9uM (OPMaNbHBI KOPEHb: X = 2 . Haiinem 3Havenwsi mapamerpa d,

—-a
Opv KOTOPBIX 3TOT KOPEHb NpPUHMMAeT 3HaueHus 2 u —2. Umeem: 1)

2a+1 7 2a+1 .
=2,otkyma a=—;2) =—2 — pelleHuii HeT.
4—a 4 4—a
Omeem.llpu a=4 na=7/4.
ax+6—x
Mpumep 2. Pewums ypasnenue 2—9 =0.
x J—

Pewenue. OJ13 ypasuennss x #3 u X #—3 . J[poOb paBHa HyIIIO, €CIIU
YUCITUTEN PABEH HYJIIO, 8 3HAMEHATENb UMEET CMBICI M OTJIUYEH OT HYJISL.
Pemnm ypasuenne ax+6—-x=0 wm (a—1)x=-6. Eciu a =1, 10 pe-

wennid ver. [lpu @ #1 nomyuaem X =— . YuureBasg O/13, nonydaem

a —
6
— # —3 (oTctona ciemnyer a #3)u — #3 (a#-1).
a—1 a-—

Omeem. Ecniu a=—-1, a=1 n a =3, 1o pemennii Her;

6
x=- " [pH BCEX IPYTUX 3HAYEHUAX d .

a —

x*+1 1 X

pumep 3. Pewwums ypasnenue — - =—.
xa“-2a 2-ax a

Pewenue. OJ13 ypapuenns a#0 u x#2/a. IlpeobpasyeM maHHOE
¥ +1 1 x2+1+a—ax2+2x_

X
ypaBHEHHE - -—=0< 5 0.
xa —-2a 2—-ax a xa” —2a

2
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Ha OJI3 nocrarouno pemmts ypasrenue (1—a)x” +2x+(1+a)=0.

Ipu a =1 ypaBHeHHUe ABISIETCS JIMHEHHBIM 1 UMeeT petieane X =—1 . [lpu

a#1 ypaBHeHHe SBISETCS KBAaApaTHBIM M HMEET KOpHH X, =—1 ®u
a+1
X, = . lIpoBepuM BeImoONHEHME yCnoBusa X # 2/ a .
Jlst mepBoro KopHs X, =—1#2/a <> a#-2; npu a =—2 ypaBHeHue

uMeeT oauH Kopers X =1/3 .

a+l 2
Jnst BToporo xKopHs X, = 1 # —. Jlerko yOequThCs, YTO ypaBHCHUC
a-— a
a+l 2 .
— — HC UMCECT KOpHeI/I.
a-1 a

Omeem. Ecin a =0, 1o penienuii Her;
ecm a=-2,10 x=1/3;ecrm a=1,10 x=-1;
a+l

eema#0,a#lua#-2,170 x,=-1nx,= 1
a f—

Ipumep 4. Haiimu éce napor deticmeumenvhoix yucen @ u b, npu xo-
mopuix ypasnenue (x° +6—ab)’ +(x—a—b+9)’ +x* +4x+4=0 ume-
em xomsi 6bl 0OHO peuleHue.

Pewenue. JleBas yacthb YpaBHCHUSA — CyMMa KBaJApaToB, CJICA0OBATCIILHO,
PAaBCHCTBO HYJIIO BO3MOXKHO TOJIBKO TOT'Jd, KOTrJda KaXXA0C CJIaracMoc paBHO

2
nymo. U3 ypaeuenns x° +4x+4=0 cnenyer x=-2. IloacraBiss B
yPaBHEHHE 3HAUYEHUE X = —2 , MOJIy4aeM, 9TO PABEHCTBO JIEBOM YacTH ypaB-
HCHUSA HYJIIO BO3MOKHO TOJIBKO ITPpU OJHOBPEMEHHOM BBLITIOJTHCHUN yCHOBHI)’I

ab =10,
a+b=17.

IMonyueHHas cucTeMa ypaBHEHHMH UMeeT JiBe mapsl peutenuii (a;b). Dto
napsl (2;5) u (5;2).
Omeem. (2;5), (5;2).
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3adauu onsa camocmoamenbHozo peuitenun

I[JISI KaXXI0T0 3HAYCHHUA IMapaMeTpa d pPCHIMTEC YPaBHCHHUC:

x+3 xX+a
y 20D . o GraE-a)
x+a x+3
422, FZarDx=2a-3) _, o (F-ax+3-a)
x+a x+2a+1
- - — _ 42
PPN i )L N PO S o S
x -4 x> +(2a-5)x-10a
4.2.4.3) 2ax+3:4’ 6) 3ax—1 23’ B) 3a_x:2
S5x—4a 3x—-2a ax—2
2_ —
4259 L 228_xta, 54 1 i

= : — = + :
x+a a-x ax (1-a)x a(a-1)

4.2.6. OmpenenuTe 3Ha4EHUS NapaMeTpa d , PU KOTOPBIX UMEET POBHO
TPH Pa3INYHBIX KOPHS ypaBHEHHE:

a) 2x° +x=a(4x’ —x); 6) x' —x’ =(a+D(x*+x%).
4.2.7. Pemute ypaBHeHHE:

a) (x—a)x(x+a)(x+2a)=3a";
6) (x’ =2x)—(x* +2)a—2a’x=0;
B) (x* —a)’ —6x> +4x+2a=0.
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§ 4.3. PaunonajibHbIe HepaBeHCTBA

Mpumep 1. Jrna xascooeo 3nauenus napamempa a pewiums HepageH-

1
cmeo —+—2=1.
X a
Pewenue. Haiinem OJ13 nepaBenctBa: x #0 u a # 0. IIpeobpasyem

a+x—ax a+(1—a)x
ero K Bury ——— 20 wmm ————2>0. IIpu a #1 npeoGpaszyem
ax ax
a
l—a X+ —
.ﬁZO(*).

HEpPaBEHCTBO K BUIY
a X

PaccmoTpum nBa citydas:

1- 1-
(1) -4 >0,1e ae(0;1),u(2) -4 <0, 1e. ae(-0;0)U(l;+0).
a a
(1) Ecmu ae€(0;1), to wuepaBencrso (*) chpaBemiuBo, €CiIH

a : :
e + =«
——=—9>0, Te (cm. puc. 40a) L

X ; ‘ >
/(a-1) 0 X
Tpu xe(—oo;a/(a—l)]u(O;+oo). —_ﬁy

Puc. 40a ‘

(2) Ecu a € (—0;0) U (1;+0) ,

u HepaBeHCTBO (*) cIpaBemIMBO,
X+ + - +

o — =@ < 0, Te. (cMm. puc. : |

* _M (b

4006) npu xe(O;a/(a—l)]. 3
Puc. 406

Ilpu a=1 wucxomHoe HepaBeH-

=Y

1
CTBO UMECT BUJ] — >0u BBIIIOJIHACTCA IIPU X > 0.
X

Omeem. Eciu a € (—0;0) U (1;+0) , T0 X € (0; alla- 1)] ;
ecmm a € (0;1), 10 x € (—oo;a/(a - 1)] U (0;400) ;

ecn a=1,710 x €(0;+0).
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Mpumep 2. [na xaocdozo snadenus napamempa d peuwums HepaseH-
cmeo x* —2ax>x-9.

Pewenue. Tlepenocs Bce WICHHI B JIEBYIO YacCTh, II0y9aeM HEPABEHCTBO
x*—(2a+1)x+9>0. Ero muckpumunanr D =4a’ +4a—35. Ecm
D <0, To HepaBEHCTBO CHpaBEIINBO IPHU Beex 3HadeHuax x € R . U3 nepa-
BenctBa 4a’ +4a—35<0 cuenyer —3,5<a<2,5.

Ecmu D >0 , TO pCHICHUECM UCXOJHOI'0 HCPABCHCTBA SABJIAKOTCSA

Oo;2a+12—\/5 ] 2a+12+\/5;+00 , D=4a* +4a-35.

Omeem. Ecin a € (—©;-3,5) U (2,5;0), 10
X e(—oo;(2a +1—\/B)/2)u((2a +l+\/5)/2;+00);

ecmm a €[-3,5;2,5], 0 xeR.

Hpumep 3. /[na kasxcoozo 3snauenus napamempa d pewums HepageH-

cmeo <x.

xX—a
Pewenue. Haxonum OJ13: x #a .
ITepeHocst Bce YICHBI B JICBYIO YaCTh, TOTyIUM
1 1+ ax —x xP—ax-1
—x<0mm — <0 —20.
xX—a xX—a xX—a
Pa3ioxuB YUCIUTENb HA MHOYKHTEIH, IPUXOJIUM K HEPABEHCTBY

(x—(a—\/az +4)/2)(x—(a+\/a2 +4)/2)

X—a

>0.

Pemmm ero, wucmonb3yst MeTOA
«KPHBBIX 3HAKOBY, C YYE€TOM TOTO, YTO
IPH BCEX 3HAYCHUSX d CHPABEIIMBO
HEPaBEHCTBO

a—~a +4 a+~a’ +4

=Y

<a<
2 2

Ha puc. 41 m300paxxeHbl KPUBBIE

Puc. 41

2
3HakOB X —ax—1 wm x—a, rae

x,=(a-Va*+4)/2, x,=(a+Va’ +4)/2.
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Omeem. xe[(a—\/a2 +4)/2;a)u[(a+\/a2 +4)/2;+oo) npu a € R.

IMpumep 4. /[na xkasxcooeo 3navenus napamempa d pewiums HepageH-

x—1
cmeo >1.
2x—a
-1 —(a-1
Pewenue. —> >l La)<0 (**), tme x#a/2. Pemm
xX—a x—al2

HEPaBEHCTBO (**) METOJOM «KPHUBBIX 3HAKOB». BBISICHUM PaCOIOKEHUE Ha
upcnosoi ocu Ox uymcen a—1 wm a/2, tak HepaBeHcTBO a—1<a/2
crpaBemmBo npu a <2 u a—1>a/2 upu a>?2.

Ipu a <2 (cm. puc. 42a). Ipu a > 2 (cm. puc. 426).

+ -+ + -+

J 1 a/2 X _/(11/2 a-i]

=Y

Puc. 42a Puc. 426

x—(2-1) _q
x—2/2

Omeem. Eciu a< 2,710 x€(a—1;a/2);ecmu a =2, 10 penieHuii HeT;

Ilpu a =2 HepaBEHCTBO HE UMEET PEIICHHUH, TaK KaK

a ecmm a>2,10 xe€(a/2;a-1).

Hpumep 5. Onpedenums, npu
a=x/4 KaKux 3HAYeHusx napamvempa a
umeem xoms 6bl 00HO peuleHue cluc-

ax—1<0,

x—4a>0.

< 2 X mema HepaeeHcme {

7 Pewenue. Bocnonb3yemcs rpa-
(buueckuM MeTofoM. 3alUTpUXyeM Ha
wiockoctd OXa MHOXKECTBO TOUYEK
Puc. 43 (cMm. puc. 43), xoopaunatel (X;q)

KOTOpPBIX yJOBIETBOPSIFOT ~CHCTEME
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HEPaBEHCTB.
Hepasenctey ax —1<0 ynoBIeTBOpSIOT KOOPAUHATHI TOYEK, JICKAITUX
ot runep6onsl @ =1/x mpu x <0, u mwke — npu x > 0 . Hepasenctso
X —4a >0 BbIOJHAETCA 111 TOYEK, JIEKALIMX HIKE MPAMON a = x/4 .
JlanHas cucTeMa MMEET pELICHHE, €CIM NpsAMas d = CONSt TepeceKaeT
3alITPUXOBAHHYIO 0611acTh (cM. puc. 43), t.e. mpu a <0,5.
Omeem. a<0,5.
IMpumep 6. Onpedenums, npu Kakux 3HA4eHUsx napamempa a umeem
peuiene Cucmema HepaseHcme

X' +2x+a<0,
x*—4x—6a<0.
Pewenue. Peminm 3amady, UCTIONB3Ys TpapuuecKuii MeTos. Bripasum a
B K&)XJIOM HEPAaBEHCTBE CHCTEMBI

—x*-2x>a,

x* —4x
6

IMoctpoum Ha mwiockoct Oxa (cm. puc. 44) napaboisl a = —x*=2x u
a=(x>—4x)/6. A6cuuccsl

TOYEK TIepeceyeHus mapados
Halgaem u3 YpaBHEHUS

<a.

x* —4x
e
kopau X, =0 u x, =-8/7.

—x’ =2x= Ero

Abciycca BepIIMHEI mapado-

Puc. 44 mel @ =—x"—2x pasHa —1,

opauHata paBHa a, =1.

Crie10BaTesIbHO, OpAMHATA TOUKH nepecedenus napabon a(—8/7)=48/49

JISKHUT HIDKE YKa3aHHOW BepiuuHbl. OpnHATa BTOPOM TOYKH MEpeceYeHHs

a,, =0. CucreMe HEpaBEHCTB YIOBICTBOPSIOT KOOPJUHATHI TOYCK, JExKa-

IMX B 3alITPUXOBAHHOM 00yacTy Ha mIockocTd OXxd , T.e. HCXOHAs CHCTe-
Ma HepaBEHCTB UMeeT pemienue it oboro a €[0;1].

Omeem. a <[0;1].

87



Mpumep 7. Haiimu éce 3nauenus napamempa a, Npu KOMOPbIX HEpa-
a+4-x
sencmeo ———— >0 (*) evinoansemcs Ona 6cex X U3 nNpoMes’CymKa
x+3a
3<x<5.
Pewenue. Peunm 3aaqy 1ByMst criocobamu.
Cnocob 1 (memoo «xpusvix 3naxoey). Halimem pelieHHe HEpaBEHCTBA

(*). Tlpu 3HaueHuu X, =a+4 uucianTens paBeH HyJIO, a IpU X, =—3a —

3HaMeHaTe b. BO3MOXXHBI TPpU BapHaHTa PACIIONOXEHUS HA YHCIOBOH OCH

Ox gncen X, u X,:

(D) x,>x, mpu a>-1;(2) x, =x, npu a=-1;(3) x, <x, npu a<-1.
Hcnonp3ys «KpHBbIC 3HAKOB)» YHUCIHUTEISI U 3HAMEHATENs, 3allMIlIeM pe-

menue Hepasencrsa: (1) ecim a >—1,10 —3a <x<a+4 (cm. puc. 45a);

P — X !

b
=

Puc. 45a Puc. 456
(2) ecnmu a =—1, To pemrenwii Het (cM. puc. 456);
(3)ecmn a<—1,710 a+4<x<-3a (cm. puc. 458).

COOTBETCTBEHHO,  YCJIOBHUIO
3a7aud  YJOBICTBOPSIIOT  TaKHE
3HAYEHWs Mapamerpa d , MpU KO-

. TOPBIX BCE 3HAYCHHA X W3

_,/a:-rM —3“.(N_ muoxectBa  [3;5]  smisrorcs

+

pemienneM HepaseHcTBa (*). OT0

Puc. 458 BO3MOXKHO, ecnu mpu > —l

OJIHOBPEMEHHO BBIIIOJIHAIOTCS

yenoeust —3a<3 u S5<a+4,

a<—-1 onHoBpeMeHHO BEIONHSIOTCA ycHioBus dezH4 <3 n P —3a <1d.
a<-5/3.

Omegem. a € (—0;—-5/3) U[l;+x).
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Cnocob6 2 (KIl-memoo). Ha
KII-mtockoctu uncnutens 00-
pamaerca B HOJb Ha IPSIMOH
X=a+4, a 3HaMeHaTeNb — HA
npsaMoit X =—3a . DTH mpsMbIe
MepeceKarnTcs B TOUKE C KOOp-
aunaramu (—1;3) wu pas6usa-

o1 KII-ruiockocTs Ha 4YeTbIpe
gactuaHble obmactu [-IV (cm.
puc. 46). B xaxmoll u3 HHX
BEIPAKCHUE C JIBYMS IMIEPEMCH-
a+4—-x

Puc. 46 HBIMH F(x,a)=
x+3a

COXpaHSAET 3HaK U MECHSAET €ro MPH MEPEXoe uepe3 rpanuipl oodnacreil. s
YCTaHOBJICHHSI 3HAKOB B KaXKI0# M3 00JacTell BO3bMEM, HalIpUMep, TOUYKY U3
o6mactu I ¢ koopmunaramu (—5;0) . Torma F'(0,—5)=-1/15>0. Cneno-
BarebHO, BhIpaxkenne F(x,a): neorpuuarensio B 1 u III oGnactsx, He

UMeeT CMbIC/a Ha NpsAMO X =—3a u obpauiaercs B HOJIb Ha MPSIMON
x=a+4.
PaccMOTpUM MHOKECTBO TOYEK NPUHAICKALUX [EPECEUEHHUIO T10II0CHL

a+4-x
3<x<5 c o6mactsamu I u III. HepaBercto —3 >0 Oyner BbIION-
x+3a

HATbCs (cM. puc. 45) s BCEX X, Y/OBJETBOPSIONIMX HEPABEHCTBY
3<x<5,mupu a<-5/3 (3nauenue —5/3 — aGcumcca TOUKU MepeceHHs
opsMeix X =—3a u x=5)u a>1 (3nauenue 1 — aGcrmcca Touky nepece-
HUA NpAMBIX X =a+4 u x=5).

Omeem. a € (—0;—5/3) U[l;+0).
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3adauu 011 camocmoAmenbHO20 peuleHus

ﬂﬂﬂ KaXXJI0ro 3Ha4YCHUA ImapaMeTpa d pPEIIMTE HCPABECHCTBO:

x—2a x+3 x—2a 2x+1<

4.3.1. a) >0; 0) <0; B) >20; 1) <0.
x—1 x—2a x—2 a—2x
432.2) 2 >1; 6) —24—>1.
x—1 x+1
4330 FTDE=D oo G=DEHI) o o DOHD
x+3 xX—a a—x
a3 D g, 6 X, gy FDEd)
x+3 x+a X
gase CTOCHY (=20 D)
x+a x+3 x+2a+1
436.0) 2591, 6 9 >
x—2a x—2a+1
?—(a-3)x— 24 -5x—x’
PR il Gl L P O e, MNP
x -4 x +2a-5x-10a

4.3.8. Haiinure Bce 3HaYCHHS IapameTpa d , IpU KOTOPBIX HEPABEHCTBO

x—3a-1

a) ———— <0 BrmonuseTcs st BeeX X U3 npoMexkytka 2 < x <3
x+2a-2
x—3a-2

0) ——— < 0 BeImonHAETCS JUIA BCEX X M3 MpoMexyTka 3 < x <4,

x—2a-1
ﬂﬂﬂ KaXXa10Tr0 3HAYCHUSA HapaMeTpa a peH.[I/ITe HCpaBeHCTBOZ

2ax+3 3ax—1 3a—x
4.3.9. a) <4; 0) <3; B)
5x—4a 3x—2a ax—2

22,

4.3.10.2) 2ax’ +8x° +(a+2a’)x* +4x+a’ >0;
6) ax* +x’ +(2a+3a’)x’ +2x+6a’ >0.
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§4.4. YpaBHeHus, coaepxaiiue 3HaK adCOJTHOTHOMI
BeJIMYUHBI

Peutenue ypasuennst | f(x,a)|=g(x,a) cBOOMTCS K pEUIEHHIO COBO-

KYIMHOCTH IBYX CUCTEM CJICAYIOLICTO BUAA.
B IMEPBOM CliyHdac pu nepexoc UCIOJIb30BAHO ONPCACIICHUC MOYJIA.

[ f(x,a)=g(x,a),
f(x,a)20,

R R @)

| L/ (x,a)<0;

Bo BTOpOM — HCIONB3yeTCs HEOTPUIATEILHOCTD a0CONOTHOM BEIHYH-
HBI.

f(x,a)=g(x,a),

fa) = glnay e | BP0 @.2)
—f(xa)=g(x.a),

g(x,a)=0.

st perienyst ypaBHEHHM BUIa

|f1(x’a)‘+"'+|ﬁc(x7a)‘_‘J(lc+1(x7a)| —...—|fn(x,a)|:g(x,a)

[PUMEHSIOT MEMOO «HACHMUYHBIX 001aCMell) NIH Memod UHMEPEAN06.

OcHOBHasi uiest METO/IAa «YACTHYHBIX 06JIACTEN» COCTOUT B TOM, 4TO pe-
HIEHHE 3a[a491 B HCXOAHON 001acTh (B 4acTHOCTH, Ha tmockoctu Oxa ) cBo-
JIMTCS K PELIEHHIO COBOKYIIHOCTH CMEIIAHHBIX CUCTEM (YPaBHEHHUH WM Hepa-
BCHCTB), HE COJICPIKAIIUX 3HAKOB aOCOJIOTHOM BENIMYMHBI, B KaXIO# dac-
THYHOW 00JIaCTH, Ha KOTOPHIE pa3OMBAETCs HCXOIHAS OONACTb.

OcHOBHasI Hiess METOJ[a HHTEPBAIOB COCTOUT B TOM, YTO 00JIACTh OIpe-
JCJeHUsT ypaBHEHUs (B 4aCTHOCTH, 4ucioBas mpsimast Ox ) pa3buBaercsi Ha
unTepBainbl. Jist atoro Haxonst O3 AaHHOTO ypaBHEHHSI, OTIPEIENAIOT TOY-
ki paspsiBa Gyskuuit f(x,a), ..., f,(X,a) 1 KOpPHH COBOKYIHOCTH ypaB-

Six,a)=0,

HEHUH | ..cooveveinnnnn. B xaxaoM U3 IpOMEXYTKOB, HA KOTOPbIE HaliICHHBIE
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Toukn pazbuBaroT O/3, hyHKIMM, CTOSIINE MO 3HAKOM MOJMYIIS, COXpaHs-
10T 3HaK. [ToaTOMy HMCXOHOE ypaBHEHHE B KaXKIOM IIPOMEXYTKE 3aMEHSETCS
YpaBHEHHEM, HE COJICPIKAIUM 3HAKOB a0COIIOTHOM BEJTMYMHBI U PABHOCHIIb-

HBIM IEPBOHAYAJIBHOMY.

HOpumep 1. Jus kascoozo OelicmeumenvHoeo 3HaUeHus napamempa a
pewums ypasuenue | x |+|a|=1.

Pewenue. Ha mockoctu Oxa (cm. puc. 47) noctpouM rpaduk ypaBHe-

3
o |

X,

Hust | x|+ |a|=1. PacpeiBas momyu,

nonydaem | x|+ |a|-1=
x+a-1,ecoru x> 0ua >0,
—x+a-1,ecm x<0ua >0,
x—a—1,ecmx>0ua<0,
—x—a-1,ecrm x<0na<0.

Omeem. Eciu a<—1 wm a>1,
TO pelreHnit Her; ecnmu a=—1 win
a=1, To ogno pemrenne x =0 ; eciu
-l1<a<0, o — nBa x,=a+1 u

=—a-1;ecrm 0<a<l,10-1Ba X, =1-a u x, =a-1.

Ipumep 2. Ilpu kaxux 3navenusx a umeem Xxoms Obl OOHO peuieHue
a) |[x—1|+|2x-3|=a;
0) |x+1|—-|x—-1|=a;

Pewenue. a) Ha miockoctn Oxy (cM. puc. 48) moctpoum rpaduk

ypasHeHue:

B) |[x+1|+|x—a|=3?

Gyaxmuu f(x) =|x—1|+|2x —3| . PackpbiBas MOyIIH, IOTyYaeM

|x—1|+|2x-3]|=
YA
< » —3x+4,ecm x <1,
Lo
4 / =|-x+2,eeml<x<15,
A
a=const | \* [ 3x—4, ecmnx>1,5.
a=1_|I 2 Crne10BaTeNbHO, MHOKECTBO 3HAYCHUI
— =-x+2, _ .
a=0,5 Y R bynxkumn - f(x) ects  E, =[0,5;+00).
o 132 X Vpasuenue f(x)=a umeer XoTs ObI OJHO
pemenwue, ecnmu a € E,, T.e. nipu a 2 0,5.
Puc. 48 '
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Omeem. Nlpu a >0,5.
0) Pewenue. Ha tnockoctn Oxy (cm.

Ya puc. 49) mnoctpoum rpaduk GyHKIHH
> y=2 S =x+1|=[x-1]:
=2, ecin x < —1,
I y=a ~ B
------- S R f(x)=|2x,ecru—1<x <1,
'l/'\'f 01 X 2,ecomm x > 1.
y=- Y |2 E, =[-2;2]. CoorsercTBenHo, ypas-
HeHue OyIeT UMETh XOTA Obl OJHO PEeLICHHE
Puc. 49 npu —2<a<2.
Omeem. llpn —2<a<2.
B) Pewienue. Jlannoe ypaBHenue paBHocwipHo |x+1|-3=—|x—a].

Bocnone3zyemess  MeTomoM
rpaduyeckoil  MHTEpHpeTa-
. Iloctpoum  rpadux
byHKIMHA y=|x+1|-3

(cm. puc. 50). OyHKIMS BUAA
o(x,a)=—|x—a| 3amaer
ceMeicTBO TpaduKoB, MOMy-
yaromuxcs W3 Tpaduka
OGyukuun  y=—|x| casu-
Puc. 50 TOM Ha @ €OWHHIL BJIOJIb OCH
OXx . VpaBHEHHE HMEET pe-

mrernst pu —4<a <2, Omeem. -4<a<2.
Mpumep 4. IIpu xaxux sHaue-

HUAX napamempa d  ypasmenue  y=2x+4|

|[2x+4|=ax+1 umeem edurncm-

sennoe pewenue?

Pewenue. UYucno pemeHuit
YpaBHEHUSI PaBHO KOJIHMYECTBY TO-
YeK repecedeHust rpaduKoB i >
y=[2x+4] u y=ax+1. Ilep- -2 X
BB TpauK «HEMOIBIKEH» (CM. m,
puc. 51), a ¢(x,a)=ax+1 3anaer
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ceMelcTBO mpsAMBIX, mpoxomsiux yepe3 Touky A(0;1) u umeromux yrio-
BOW KO3 uHeHT paBHbI @ . Buanum, 4To €cTh TPH KPUTHUYECKUX IOJIONKE-
HHSL OTHX OPAMBIX m;,m, u my. IIpamas m, OPOXOAMUT 4Yepe3 TOYKY
B(-2;0), npsmass m, mapawrensHa mpsiMoil ¥ =—-2x—4, u m; muapan-
aenbHa Y =2x+4. YrnoBsle ko3bHUINCHTE @ TPSAMBIX M, M, U M,
pasust 0,5,—2 wu 2, coorBerctBenno. I'paduku dyukimit y =|2x+4| u
y=ax+1 wumeror omHy Touky nepeceuenus upu a=0,5 wu
a € (—o0;— 2] (2;+ ).
Omeem. a € (—o0;— 2] (2;+0) U {0,5}.
Mpumep 5. [lpu xaxux 3HaueHusx napamempa a4  YPAGHEHUe
| x* +6x+1|=a uneem posro mpu pewenus?

Pewenue. Iloctpoum  rpadux

YA

dynkumn ¥ = x° +6x+1| (cm. puc. y:-g--\ ...... . 1
52). TlocrpoeHHblit rpaduk U NpsMble {

=a nverotripu @ >8 u a=0 nBe AT
y P 8 y=|x"+6x+1|
obmme Toukm; pu 0 <a <8 — yersl- - >
pe;pu a=8 —tpuunpu a<0 mwer . A LB
Touek mepeceueHust. ClieJOBaTENBHO,

Puc. 52

TPH peleHHus OyayT TONBKO IIPH
a=2_8.
Omeem. a =8.
Ipumep 6. Ilpu kaxux snauenusx napamempa d 6Ce peuieHus ypasHe-
nua 2| x—al+a—4+x=0 yoosremeopsiom nepasencmey 0 < x <4 7?
Pewenue. Kopuu ypasuenus 2|x—a|+a—-4+x=0, ynosierso-
psironue uepasenctBy 0 < x <4, ABIAIOTCS PEIICHUEM CMEIIAHHON CUCTe-
MEI

0<x<4, 0<x<4,
2x-2a+a-4+x=0, x=(a+4)/3,
x—a=0, T x2>a, &
2a—-2x+a—-4+x=0, x=3a-4,
x—a<0; x<a,
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0<x<4, 0<x<4,

x=(a+4)/3, x=(a+4)/3,
{(a+4)/32a,<:> {aﬁ2,

x=3a-4, x=3a-4,

{3a—4<a; {a<2.
[IpoBepUM, YTO HaliJIEHHbIE KOPHU yPABHEHHUS YIOBIETBOPSIOT OrPaHHYECHH-
am 0<x <4 . Jina xopust x =(a+4)/3 nomygaem

0<% %4 (a<as<s,
3 & & 4<La<2.

< .
a<?2; as<2;

= 4/3<a<?2.

0<3a-4<4, 4/3<a<8/3,
g x=3a—-4 =

a<?2; a<?2;
Ilpn a =2 KOpHM COBMAJAFOT.

Omeem. 4/3<a<?2.

Mpumep 7. [ns kaxcdo2o 3nauenus napamempa d peuiums ypagHenue

3a+2|x—al=x+3].

Pewenue. PeniiM 3a7auy aHAJTUTHYECKAM METOIOM. UTOOBI PACKPBITH
MO/JIyJIH, HYXXHO BBISCHUTH PACIIONIOKEHUE PYT OTHOCUTEIBHO JpYyra drces
a u —3 . PaccmotpuM 1Ba cirydas: a <—3 u a>—3.

1.TIpu a < -3 umeem 3a+2|x—al|=|x+3| <

x<a, x<a, a<-3,
= =
3a+2(-x+a)=—(x+3), x=5a+3, x=5a+3,

a<x<-3 a<-3/4,
a<x<-3, ’ 6
= = =4Ja>o,
3a+2(x—a)=—(x +3), pe_dt3 )
3 Hem peuleHuu

-3<x, -3<x, a<-3,
= =
3a+2(x—a)=x+3; x=3-a; x=3-a.

2.1pu a>-3 umeeM 3a+2|x—al|=|x+3|
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- _{x<—3, _{—3Sa<—6/5,
x<-3
{3a+2(—x+a)=—(x+3), ¥=sa+3, | x=5a+3,
-3<x<a, —-6/5<a<3/2,
-3<x<a, o -
3a+2(-x+a)=x+3, x=5a3_3, x=5a3_3,
{xka, x>a, a<3/2,
| Ba+2(x—a)=x+3; r=3-4; x=3-a

JUIs 3amMcH OTBETAa HAHECEM MOJYYEHHBIE KOHTPOJIBHBIE 3HAYCHHUS
a=-3; —6/5;3/2 u pemenns na uncioryio ock Oa (cMm. puc. 53).

x=5a-3 x=3-a
! x+(3a-3)/3

>

6/5 0 32 ¢

Puc. 53

Omegem. Ecin a <—6/5,10 X, =5a+3, x, =3—-a;

>

ecmn —6/5<a<1,5, to x, =(5a+3)/3, x,=3-a;

2
ecin a=1,5,10 x=1,5;0pu a >1,5 pemwennii uer.
Hpumep 8. /14 kaxcdozo 3navenus napamempa a peuums ypasHenue
x+|x—al|=|x-3].
Pewenue. PaccvoTpuM 1Ba ciydast: a <3 mw a > 3.

1.Tlpu a <3 umeem x+|x—al|=|x-3|<

x=3—-a,ecmu x<a,
X—x+a=—x+3,ecmunx<a,

a+3
X+x—a=—x+3,eemasx<3, | x=

,eemna<x<3, <

X+x—a=x-3,ecnu x>3;
’ ’ x=a-3,ecin x > 3;
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x=3-a,ecrm3—-a<a, x=3—-a,ecrma >1,5,

a+3 a+ a+3
= ,eemas<——<3, & x= ,eemma<1,5,
3 3
x=a-3,ecoma—32>3; x=a-3,ecima>6.
x=3—-a,ecrul,5<a<3,
C yuerom orpanuuenus d <3 noiydaem a+3

x=——,ecmul,5>a.
3
2.Tlpu a >3 umeem x+|x—al|=|x-3|<

[x—x+a=—x+3,ecmn x <3, x=3—a,ecmu x <3,
S|x—x+a=x-3,eemm3<x<a,<|x=—a-3,eemu3<x<a, &

x+x—a=x-3,ecnmu x 2 a; x=a-3,ecmn x > a;

x=3—-a,ecnma >0,

a<-o6,
S|x=—a-3,ecmu3<-a-3<a,& | x=—a-3,ecin (D),
a>-1,5

x=a-3,ecmu—3>0(9).

C yuerom orpanuuenus g >3 monydyaeM X =3—a.
Jis. 3amicd OTBETa HAHECEM IMOJIyYCHHbIE KOHTPOJIBHBIC 3HAUCHUS
a=15 u a=3, atakxke pemwenns Ha unciaoByo ocb Oa (cMm. puc. 54).

[x=3—-a,ecu3—a<3,

x=a-3,ecniua—32>a;

x=(a+3)/3
\

Puc. 54

a+3
Omeem. Ecniu a <1,5, 10 X = 3 ;

ecsim a>1,5,170 x=3-a.
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3adauu 011 camocmoAmenbHO20 peuleHus

Onpezenure, NPpH KaKUX 3HAYCHHUSIX d HMMEET XOTs Obl OJHO pelleHHe
ypaBHEHHE:
44.1.2) |[4-2x|+|x+3|=a; 0)|x+4|-|x-2]=a;
B) [2x+1|=x—a.
44.2.2) |[x+1|-|2x—a|=3; 0)|x+al-|x—al=1.

4.4.3. JInst ka)KA0T0 3HAUCHHS MTapaMeTpa ¢ PEIIuTe ypaBHEHHE:

2002 2002 ,

a) | X —al=a-x""; 6)|x+al|=2x+1; B) x|x+1|=a;

) 2|x|+]al=x+1; n|x+3|-alx—1|=4; e |x2+4x|=ax.

4.4.4. Tlpu xakux 3HAaYCHUSIX TapaMeTpa a ypaBHEHUE:
a) | x* +3|x|—4|=a umeer poBHO TpH KOpHS;
6) | x> —3| x| —4| = a umeer uyersipe KopHs?
4.4.5. Tlpu xakux 3HAYCHUSIX TapaMeTpa a ypaBHEHUE
|x+4|2x=ax—1:
a) UMeeT eJMHCTBEHHOE PeIlIeHHE; 0) He UMeeT pelICHHS.
4.4.6. [Ins1 KaXXJ10r0 3HAaYEHUS [TapaMeTpa d PELIUTE YpaBHEHUE:
a) |2x—al=|x|+1; 0) | x|+|x—al=x+1;
B) 2|x+a|—|x—2a|=3a; 1) ||x—a|2a|+al=x.

4.4.7. Ilpu xakux 3HaYEHUAX MTapaMeTpa @ BCE PEIICHUsS YPaBHEHUS:

a) 2|x—al+a—4+x=0 ynosnerBopstor HepaBeHcTBy 0 < x <4 ;

0) 3| x—a|+2a—3+ x =0 ynosnerBopstioT HepaBeHCTBY —2 < x <57
4.4.8. IIpu xakux 3Ha4EHUAX IapaMeTpa @ UMEET POBHO TPHU PEIICHUS YPaB-
HEHHE:

a) ((x—4a+1]|+|x—8a+1|-4)(2ax’ +24ax—x+22a—11)=0;

6) (|x—6a—1]|+|x—12a—1|-4)Bax’ +24ax—x-27a-9)=07?
4.4.9. HaiinuTe Bce 3HAYCHHA MMapaMeTpa d , IpU KOTOPHIX UMeeT OECKOHEU-
HO MHOTO PEIIEHUI cUcTeMa YpaBHEHUM:

{|x—2a+2|=y, 5 {|x+0,5a+1|=y,

|ly—a+2]=x; |y+3a-3|=x.
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§ 4.5. HepaBeHncTBa, copep:kamue 3HaK a0COJTIOTHOM
BeJIMYUHBI

Ananumuueckue memoowvt

[Ipu penieHrH HEPABEHCTB, COMEPIKAIINX 3HAKH a0COFOTHON BETHMYUHEI,
CIIEAYET MOJIb30BATHCS CIEAYIOIUMU JIOTUYECKUMH CXEMaMMU:

f(x,a)>g(x,a),
a) | f(x,a)]>g(x,a) < F(ea) < —g(n.a). (5.1

501058

S (x,a) <g(x,a),
0) | f(x,a)| < g(x,a) = (5:2)
S (x,a)>—g(x,a).
Mpumep 1. [na kasxxcooeo sHaueHus A pewums HepaeHCMEO.!
a)|x—4|<a; 06)| x-3|(x—a)>0; B) X’ <a.

a) Pewenue. Ilpn a <0 HepaBeHCTBO HEe MMEET PEIICHUI, TaK KaK €ro
JIeBasi 4acTb HEOTPHULATENIbHA.
CootsercTBeHHO, ipu a > ()
x—4<a,
|x—4|<a & S4d4-a<x<d+a.
x—4>-a
Omegem. Ecnu a <0 , To perieHuii HET;
ecmm a>0,10 x€(4—a;4+a).
0) Pewenue. B nepasenctee |x—3|(x—a)>0 npu x#3 muepsblii
MHOXKUTENb MoJ0XuTeneH. Clie0BaTeNnbHO, IS BHITIOJIHEHNST HEPABEHCTBA U
BTOPOW MHOXKUTEJb JTOJDKEH OBITh ITOJIOKHUTENCH, T.6. X >a U X # 3.
Omeem. Eciu a <3, 10 x €(a;3) U (3;+x0),
ecmn a >3, 10 X €(a;+0).
B) Pewenue. VicxoqHoe HEpaBEHCTBO HE COJCP)KUT 3HAKOB aOCOITFOTHOM
BEJINYMHBI, HO CBOAUTCS K TAKOBOMY.

2 .
Ipu a <0 HepaBeHCTBO X~ < @ HE UMEET PEIICHHIA.

Mpu a >0 umeem x° < a<:>|x|<\/; @xE(—\/;;\/g).
Omeem. Ecnu a <0 , To pemieHuii HET;

ecm a >0, 10 XE(—\/;;\/;).
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I[J'Iﬂ pemieHrsA HEPABCHCTB BUAAa

|fi(xaa)|+"'+|fk(x>a)|_|fk+1('xaa)|_"'_|fn(-xaa)|2g(x:a)

MIPUMEHSIIOT MEM OO0 «HACHUYHBIX 001aCmel» I Memod UHMEPBAN08.

OCHOBHaS[ nuaesa Metoga «4aCTU4YHBIX O6J'IaCTeI7D) COCTOUT B TOM, 4YTO pE-
LICHHE 33Ja49M B MCXOJHOM 001acTh (B 4acTHOCTH, Ha mmockoctu Oxa ) cBo-
JUTCS K PEIICHUIO COBOKYITHOCTH HEPAaBEHCTB, HE COJCPIKAIUX 3HAKOB a0-
COJIFOTHOM BEIMYWHBI, B KAXKIOH YaCTUYHOM 00J71aCcTH, HA KOTOPBIC pa30OuBa-
€TCsI NCXOIHAs 00JIACTb.

OcHOBHasl HJies METOJ]a HHTEPBAJIOB COCTOUT B TOM, 4TO 00JacTh Ompe-
JIeJICHHsT HEPaBEHCTBA (B YaCTHOCTH, YnciioBast mpsimass Ox ) pazOuBaeTcs Ha
WHTEPBAJIbI, U HA K&XKJOM M3 HHUX JI000€ BBIpOXKEHHE, CTOSIIEE MO 3HAKOM
MOYyJid B UCXOJHOM HCPABCHCTBE, JJIA BCEX 3HA4YE€HU X U3 DTOro HUHTEpBa-
JIa IMEET «OJUH U TOT K€ 3HAK», TOITOMY Ha KaXKJIOM WHTEPBAJIC UCXOJIHOC
HEPABEHCTBO 3aMEHSIOT PABHOCUIIBHBIM HEPABEHCTBOM, HE COJEPXKAIIMM
3HaKa abCOMOTHOW BennduHb. OCOOEHHOCTH 3TOTO METOJIa PEeIICHHUs Hepa-
BCHCTB C IapaMeTpaMH TaKHe XKe, Kak U B ClIydae PCIICHUS YpPaBHCHHUH ¢
mapaMeTpoM. B ciydae, eciii HEpaBEHCTBO COJICPKUT TOJIBKO OJTHO BBIpAXe-
HHUE C MOJAYJIEM, TO TPH €ro PEIICHUHU JAOCTATOYHO, UCTIONB3Ys OIpe/IeIICHHE
MOJIYJIsI, OCBOOOAUTHCS OT 3HAKOB a0COIIFOTHOM BEJIMUNHBI.

Hpumep 2. /{na xaxcooeo sHaueHus A peuiums HepaseHcmeao
2x+|x—a|>1.

Pewenue. Vicnonp3ys onpeeneHue MOaysl, epeieM K COBOKYITHOCTH
nByx cucteM. Umeem

2x+x—a>1, x>(a+1)/3,

x—az=0, x>a,
2x+|x—a|>1<

2x—x+a>1, x>1—a,

x—a<Qo; x<a.

Jlnst IEpBOM CUCTEMBI COBOKYIHOCTH, cpaBHuBas uncia (a+1)/3 u a,

a+1

a+l1
MOy YUM >a upu a<0,5. Torga, ecnu a<0,5, 0 x> ; eclu

a>0,5,to x>a.
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Jliist BTOpO# cHCTEMBI MOJydaeM HEpPaBeHCTBO 1 —a < x < a, crnpase-
auBoe ipu a > 0,5 .

O6’beILI/IH)IH TMOJIYUCHHBIC pCHICHUA, TOJYYUM OKOHYATEJIbHBIN OTBET.

Omeem. Ecin ¢ <0,5, 170 x> (a+1)/3;ecrm a>0,5, 70 | —a<x.

Mpumep 3. Kakue 3nauenus mooicem npuHuUMame GulpadiceHue X+ y
npu ycaosuu, umo | y | < (x—2)(4—-x)?
Pewenue. Ilyctb X+ y =a; Torga ycioBHe 3aJayd MOXHO mepedop-

MyJIUPOBATH CIEAYIONNM OOpa3OM: Nnpu KaKuX SHAEHUAX ( Hepa6eHCmEo
|a—x|<(x—2)(4—x) umeem xoms 661 00HO pewenue?

NmeeMm |a—x|<(x-2)(4—x) <
¥’ —5x+8-a<0,

S x'—6x+8<a-x<—x"+6x-8& ,
x =Tx+8+a<0;

(5-+4a-7)/2<x<(5+~4a-T)/2, ecmu a>7/4,
(7-17-4a)/2<x<(T+~17-4a)/2, ecnu a <17/4.

[TonyuyeHHbIC Ba OTpe3Ka BCEra MMEIOT, M0 KpaiHel mepe, OfHy 00-
LIYI0 TOYKY, TaK Kak MpaBasi rpaHUlla NEPBOrO BCETAa JICKUT IMpaBee JIeBOi

IPaHUIIBI BTOPOT'O npu 7/4<a<17/4. JeiicTBUTENBHO
S5+da-7 _T-~N17-4

2a > 5 9w V4a-7+\17-4a>2. Bossoms B
KBagpar  o0e  YacTM  TIOCIHEAHEr0  HEPAaBEHCTBA,  IMONYYaeM

Vaa-7-17-4a>-3.
Omeem. 7/4<x+y<17/4.
I'pagpuueckue memoowt

Mpumep 4. [Jna kasicoozo 3navenus a pewums HepageHcmeo
|x* +a|<2.
2 2
5 x +a<?2, x“<2-—a,
Pewenue. Uveem | x° +a|<2 < , Sl
x“+a>-2; x°>-2-a.
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Hcnonb3ys rpa-
(ugeckuit  MeTof,
HaxXxoJuM JiIBa KOHT-
POJIBHBIX ~ 3HAUYCHHUS
napamerpa a, =—2

u a,=2 (cM. puc.
55).
l. Mlpu a=2
Puc. 55 HEPaBEHCTBO HE
AMEET pELICHUN.
2. Tlpu 2> a >—2 BTOpOE HEPABEHCTBO CUCTEMBI CIIPABETUBO BCET/A,

anepBoe—/:[aeT —2—a<x<+2—-a.

y=x’+a

[pu  a<-2 U3  TEPBOTO  HEPABEHCTBA  CHCTEMEI
\/2 a<x<~2—a, a usz Broporo x<—-2—a wm x>~+-2-a.
Tak xak —-2-a<2—-a, TO pEIICHUEM CHCTEMBI  SIBISIOTCS

xe(—V2-a;—~N-2-a)V(N-2-a;NV2-a).
Omeem. Eciin a > 2 , TO pelieHuii HeT;
ecm 2>a>-2,10 xe(—/2—-a;N2—-a);
ecmt a<—-2,10 xe(—2—-a;—-2—a)U(N-2-a;N2—a).

2
Mpumep 5. Ipu xaxux smauenusx a Hepasencmeo |X—+a|<4—x

umeem xomsi 6vi OOHO omput;ameﬂbﬂoepeweime?

Pewenue. B cucreme xoopaunar (Ox)y mocTpouM rpaduku JIEBOH U
IIpaBOi 4yacTed HEpaBeH-

4 crBa Yy, =|x+a| m

=|x-4| y,=4—x> (cm. puc.

56). I'padux dynkamuu

|X+% j X ¥, HEMOJBIXKCH, a Ipa-
-17/4 > duk y, :| x+a | noJy-

Y2=4—X2 9aeTCs CABUIOM BIOJb

ocu Ox rpaduka

Puc. 56 y =| x| Ha —a €IUHHUIL.
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CymiecTByeT [Ba IMPEACTBHBIX TONOXKCHUS rpaduka GyHKImu V, =| X +a|.
[lepBoe 3HAYCHHE @ ONPEAEISCTCS W3 YCIOBHS €JUHCTBCHHOCTH OOMIei
TOWKH TIpaBOi BeTBH rpaduka Y, u mapaGomsl y, =4 —x’. U3 ypaBHeHus
x+a=4—x" cruenyer, 4to peleHne ¢MHCTBEHHO pi @ =17 /4 |

Bropoe 3HaYeHHe @ OMNpejesieM U3 YCIOBUSL, YTO JieBasi BETBb rpaduka
v, npoxomut yepe3 Touky A(0;4) . B sTom ciydae nonydaem a = —4 .

Omgem. —4<a<17/4.
Mpumep 6. s kascoozo 3navenuss a pewums HepageHcmeo

|x=1|+|x+a|>3x.

Pewienue. Cnoco6 1 (epaghuueckuii).
|x—1|+|x+a|23x &|x+a|=3x—|x—-1].
Ioctponm rpaduku GyHKIHI (CM. prc. 57), CTOAIIMX B PaBOil U IEBOU

2x+1, ecimu x > 1,
YacTsX MOJYYEHHOro HepaBeHeTBa., ¥ =3x—|x—1|=

4x—1, ecu x < 1.

I'pacdux byHKIMH
v o(x,a)=|x+a| mnomnyyaercs wu3
rpapuka QyHKimu y =|X| caBurom
y=|x+2| Broib oci OX Ha @ COWHHUI M UMe-
€T TPH KPUTHUYECKHX IOJIOKEHUS,
COOTBETCTBYIOIMX 3HAYCHUSAM IIapa-
2 0 Mmetpa a, pasubiM —2, —1/4 u 4
N COOTBETCTBEHHO (cM. puc. 57). Uec-

1
oy XOIHOMY HEPaBEHCTBY yIOBICTBO-
4 PSIOT KOOPIAMHATHI TOYEK X, MpH
Puc. 57 KOTOpBIX rpaduk GyHkuun @(x,q)

pactmionokeH Beimie rpaduka (QyHK-
muu y =3x—|x—1|. AGcuuccel ToueK mepeceyeHus YKa3auHbiX rpaguKkoB

ONpeNENAOTCS U3 ypaBHenus | X +a|=3x—|x—1].
l-a
5

Omeem. Ecom a <-4 ,10 x<— ;ecmn 4<a<-1/4;10 x<

>

a+l1

ecmn —1/4<a<2,10 x< ;eemm a>2;10 x<a-1.
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Cnoco6 2 (ananumuueckuii). TlepeHeceM B TIpaBYIO 9acTh HEPaBEHCTBA
| x+a|, a nanee, 1uist pelieHUst MONYYEHHBIX HEPABEHCTB, TIPUMEHUM JIOTH-
Yyeckyro cxemy (5.1)

x+a2>3x—|x-1|,
|x+al|z23x—|x-1|<
x+a<-3x+|x-1|;

x—1>2x-a, x<a-1,
|x—1|22x—a, x—1<a-2x, x<(a+1)/3,
= .
|x—-1]>4x+a; x—1>24x+a, x<—(a+1)/3,

x—1<-4x—a; x<(1-a)/5.

COOTBETCTBEHHO, PEIICHUEM HEPABEHCTBA OyIeT MHOKECTBO X < b, rie
b=max{a-1,(a+1)/3,—(a+1)/3,(1—a)/5}. Jlna HaxoxiaeHus Hau-
OOJIBIIETO U3 YCTHIPEX YKCET B 3aBH-
CUMOCTH OT 3HAUYE€HMM MapaMmeTpa
npuMeHuM rpadudeckuii meron. s
9TOr0 MOCTPOUM TIpadMKH THHEHHBIX
Gyuxkuuin x=a—-1, x=(a+1)/3,
x=—(a+1)/3, x=(1-a)/5 (cm.
puc. 58) u HaiteM aGCIMCCH X TOYEK
nepeceueHust. st KaXI0ro KOHKpET-
HOTO 3HAYCHHUS MapameTpa a Oepem
Puc. 58 YHCIIO0, COOTBETCTBYIOIIEE HAMOOIb-
el opaMHATe UL TOYEK Mepecede-

HUA ¢ rpadukaMu QyHKIUHE npssMol a = const .
Yucnosas npsmas Oa B pesynbrare pasbuBaercs toukamu —4,—1/4 u

A

® @

2 Ha 4eTwIpe MPOMEXyTKa. Ha KaXkI0M M3 HUX 3alMCHIBAEM OTBET (CM. BBHI-
me).
3adauu 0na camocmoamenbHozo peuleHus

Jns Kaknoro 3Ha4eHHs apaMeTpa @ PEeIIUTe HepaBeHCTBO:

45.1.a) |x—2|<a’ —4; 6) X’ >a;
B) [ x—4|(x—a)<0; r) x> >(a-1)°.
45.2.2) |2x—4|<3x+2a; 0) |3x+2|<4a—x.
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453.2) |5x+3|>22x-3a; 6) |2x—1|>2x-2a.
4.5.4. Onpenienure, MpyU KakKUX 3HAUCHUSX [1apaMeTpa d HMEET:

2
a) XOTs OBl OJJHO OTPHIATENBHOE PEIICHUE HEPABEHCTBO 3— | X —a|> X" ;

2
6) XOTs GBI OIHO TIOJIOKUTENBHOE PEIIEHHE HEPABEHCTBO X +|x—a|<1.

4.5.5. Kakue 3HaueHUS MOXKET IPUHUMATh PA3HOCTb YHCEN X U ), €ClU
|y <—4x(x+2)?
4.5.6. Haiigure HauOospliee U HauMEHbIlEe 3HAUCHUE JAHHOTO BhIpa-

JKEHUSL.
a) y+2X,ecid X U J OJHOBPEMEHHO yJOBJIETBOPSIOT YCIOBHSIM:

3 y|£x+6u|y|=2x-2;
0) 4y+X,ecnd X ¥ Y OIHOBPEMEHHO YOBJIETBOPSIOT YCIOBUAM:
11|y|<3x+12 u|y|2x—-4.

4.5.7. Ilpn KakuxX 3HAUEHHSX IapamMeTpa d IUIOMaas GUTYPHI, 3aJaHHON
Ha KOOPAMHATHOM I10ckocTd (JX) CHCTEMOU HEPaBEeHCTB, paBHa M1 , €CIIH:

3ly|£x+6, 2|y|£5-x,
a) m=64 u 6) m=27 u
|y <ax+10; |y|<ax+4.

4.5.8. Jlns K&KIOTO 3HAUCHUS [ApAMETPOB d U b pelmuTe HEPaBEHCT-
BO.
a) |x+al|+|x—al<5; 0) |[x+al-|x—al<5;
B) |2x+al|+|x—2al<3; r) |2x+al|+|x—2a|<b.

4.5.9. Haiinute Bce 3HaueHMs MapaMeTpa d , IpU KaXJOM U3 KOTOPBIX
JTAHHOE HEPAaBEHCTBO BBIMIOIHSCTCS ISl IBYX PAa3IMYHBIX 3HAYSHUH X .

la-2||x+a—-4| [a’—4a+3 la-2]||x—a]
a) + = = 7

—la=-2|||x-2|+ <1;
2 la—-2]

|a+3||x+a-|—6|+ a2+6a+8_
2 |a+3]

la+3||x—al <

0) la+3]|||x+3|+
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§ 4.6. HppannoHajbHbIe ypABHECHHA

Hppayuonanvnoim ypagnenuem HaA3BIBAIOT ypPaBHEHME, COAEpIKallee
T10]] 3HAKOM paJyKaja MePeMEHHYI0, OTHOCUTEIEHO KOTOPOIl OHO pemaercs.
Oébnacmbulo O0onycmumslx 3HAYEeHUl YPAGHEHUA SIBISIOTCS T€ 3HAYCHUSA
HEHM3BECTHOM NMEPEMEHHOI M TapaMeTpa, IpU KOTOPBIX MMEIOT CMBICT BCE
BXOJSIIIME B ypaBHEeHHE (YHKIMH (B YaCTHOCTH, HEOTPHUIATENBHBI IOJKO-
PCHHBIE BHIPRKEHHS B pajliKaliaX YeTHOH CTEIICHH).

[Ipn pemieHMN MppanMOHATBHBIX YpPaBHEHHH OOBIYHO HCHONB3YIOTCS
cremyromre Metoasl: (1) mepexon K paBHOCHIFHOMY PallMOHAIBHOMY YpaB-
HEHUIO BO3BEACHHEM 00CHX YacTell ypaBHEHHsI B HEOOXOIUMYIO CTeleHb; (2)
TepexoJl K CMEIIaHHOM CHCTEeMe, COCTOSIIEH M3 YpaBHEHUI M HEPaBEHCTB;
(3) meron 3amensl; (4) METOX BBEICHHUS BCIOMOTaTENbHBIX HEH3BECTHBIX
(coco6 moacTaHOBKH); (5) METO T€OMETPHUECKON WHTEPIPETAINU; a TaK-
K€ HCKOTOPLIC APYTrUe€ ClICHUaJIbHBIC METOABI PCIICHUA.

Memoo 6036e0enus 6 cmenenn

[Tpu pemeHnn ypaBHEHUH 3TUM METOAOM HEOOXOAWMO MOMHHUTbH, YTO B
pe3yibTaTe BO3BEICHUsS 00CUX YacTeldl YpaBHCHHUS B OAWHAKOBYIO CTCIICHb
HOJTy4aeTcsl ypaBHEHHUE, SBISIOIEeCs CISACTBHEM HCXOJHOTO, T.€. BO3MOXK-
HO TOSIBIICHHE «IIOCTOPOHHHUX KOPHE», KOTOPBIE NOJDKHBI OBITh YCTpaHEHBI
MIPOBEPKOM.

3ameuanue. Ilpu Bo3BeneHMH 00eWX YacTed ypaBHEHUS B HEUCTHYIO
CTEIIeHb I0JIy4aeTcsl ypaBHEHUE, PABHOCHIBHOE HCXOTHOMY.

IMpumep 1. [Jna kasxcoozo 3nauenuss napamempa a pewums ypagHeHue

Vvx—a=2.

Pewenue. Bossons 00e 4acTW ypaBHEHHS B KBAJIpar, MOIy4UM
x—a=4 wim x=a+4 npuscex acR.
Omegem. x=a+4,acR.

Mpumep 2. /{14 kascoozo 3nauenus napamempa d peuiums ypasHeHue
Ja+x-Ya-x=2a"-x*.
a—x20,
Pewenue. Haxomum OJ13: {a+ x>0, &
Ya+x-a-x>0;

Bozeenem Ha O/I3 00e yacT ypaBHEHHS B KBapaT:
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Na+x=-2a* —x* +Ja-x=4a’ -x* &
oS Na+x+Ja—-x=63a’ —x*.

Omnste BozBeneM Ha OJI3 obOe yacTh ypaBHEHMs B KBajpaT (OHH IIOJIOKH-

tembhbl): A+ x+2Va’ —x* +a-x=36\a’ —x* S a=17a’ -x* .

ITocie Bo3BeeHus elie pa3 B KBaapat npu @ = 0 moiyuuMm ypaBHEHHE

1242
17
Omeem. Ecin a <0, 1o pewenuii Het; ecom @ >0, 10 x =(1 2\/§a)/l7 .

a’=17"a* —=17°x*, w3 xoroporo ¢ yuerom OJ[3 crenyer X = a.

Ilepexod k cmewannoii cucmeme
HpI/I peUICHMNU MPPAIHUOHAIBHOIO YpAaBHCHHSA 3TUM METOJAOM HCIIOJIb3Y-
€TCs CIIeyIoIas SKBUBANEHTHOCTE (pu 72 € N ):

2 _ f(x,a)=(g(x,a)",
f(x,a) =g(x,a) < 2(5.0) 20. (6.1)

Mpumep 3. s kasxicooeo 3uavenuss napamempa a peuwums ypasHeHue

Jx=2=a.

2
x—2=a
Pewenue. \\x -2 =a < " TIpu a <0 ypaBHeHHE He HMe-
a=0.
er peutennit. [Ipu @ > 0 KOpHSIMHE SBISFOTCS YMCIIa BUIA X = a’+2.
. 2
Omeem. Eciu a <0 , To pemenuii ver; ecnmit a >0, 10 x=a"+2.

Mpumep 4. s kasxicooeo 3uavenuss napamempa a peuwiums ypasHeHue

Jx+4=+a-x*.

Pewenue. Jlannoe ypaBHEHUE PABHOCUIIbHO CMELIAHHOW CUCTEME:
3 x+d=a-x°, X’ +x—a+4=0,
Vx+4=Na-x" < =
x+4>0 x>—4.
Hpu a>15/4 xopusimu ypasrenus x° + X +4—a=0 sBusrorcs unc-
ma x,=(-1-+4a-15)/2 u x,=(-1+~4a—-15)/2. Tlpoepum BEHI-
TIOJIHEHNUE yCIoBui X, > —4 u x, > —4.

I[J'ISI KOpHA X, II0Jy4JaeM LCIIOYKY HEPABCHCTB
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(~1-4a-15)/2> -4 -1-4a—-15>-8 = J4a—-15<7,

peleHreM KOTOpoi sBisteTcss MHOXkecTBO 15/4<a<16.

AHaJIOrM4HO, JUIsl KOPHS X, NOJIy4aeM LIENOYKy HEPABEHCTB

(—-14/4a—-15)/22 -4 < -1+J4a—15> -8 = J4a—15>-7,

PpelLIEHEM KOTOPOI ABISETCS MHOXKECTBO d >15/4 .

Omeem. Ecin a <15/4 , o xopHeii ver; ecnin a =15/4 , 1o
x=-0,5;ecmn 15/4<a<16,10 x, =(-1—-4a—15)/2 n
X, =(—1+M)/2; ecm a>16, 10 x:(—1+M)/2.
Ipumep 5. /s kasxcoozo snauenus napamempa a peuwums ypagHeHue
X+ix=a.
Pewenue. 3ametnM, 9TO \/; umeet cMmbica ipu X > 0. Tleperocs x B

MIPaBYIO 4acTh yPABHEHMS, TOJYIUM YPaBHEHHE VX =d — X .

\/;:a_x@{xzaz—2ax+x2,c>{x2—(2a+l)x+a2=O,

a—x20, x<a.

Ilpu a>-1/4 KopHAMH ypaBHEHHS CHCTEMBI SBISIIOTCS — YHCIA

X, =2a+1-+4a+1)/2 u x,=Qa+1+~4a+1)/2. Tlockonsky

X, > a, To IPOBEpHM AJIs X, BblnonHeHue yciaoBuid 0 < x<a:

2a>2a+1-+4a+1, Vda+12>1,
= =
2a+1—-+4a+12>0 2a+1>~4a+1

{4a+121,

4a* +da+1>4a+1

0Sx13a<:>{
<a=0.

Omegem. Ecrm a > 0,10 x=2a+1-+4a+1)/2;

ecin a <0, To pereHwuit Her.
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Mpumep 6. s kasicooeo 3uauenust napamempa a peuwiums ypasHeHue

\/x+a:a—\/;.

Pewenue. Jlannoe ypasHenue npu @ <( He mMeer peuieHuii, a mpu
a=0 wumeer emuncrBennbiii kopeub Xx=0. Ilpu @ >0 ypaBHeHue

AX +a=a —'\/; paBHOCI/IHBHO CUCTEMEC
x+a=a2—2a\/;+x, a2—2a\/;—a=0, (a—l)/2:x/;,
R

&
a—x/;ZO; a—«/EZO; aZ\/;.

YroObl MCXOIHOE YpaBHEHHE MUMEJO pelleHUe, HEOOXOANMO BBITIOJIHE-
a—
HUE YCJIOBHS d = T >0, kotopoe crpaBeTBo Tipu @ > 1. B aToM city-
2
yae x=(a—-1)"/4.

Omeem. Ecnii a>1,10 x=(a—1)*/4;ecru a=0,10 x=0;

IIPU JIPYrUX d PELICHUH HET.
Memoo 3amenvt

Mpumep 7. [na kasxcooeo 3Hauenus napamempa a peuiums ypasHeHue
Vx+l—=+1l-x=a.

Pewenue. Iycts y = Jx+1 ,rae y>0. Torma x = y*> —1. Ucxoauoe
ypaBHEHHE peodpasyeTcst K BUgy ) — \/ﬁ =awmA2-y =y—a.
\/ﬁzy—aQ{z_yz =y’ —2ay+a2,©{2y2 —2ay+a*-2=0,

y—a=0 y2>a.
Mpu —2<a<2 xopuamu ypaBuenus 2y —2ay+a’ —2=0 ssusorcs
ancia v, =(a—~4—a*)/2 u y, =(a+\4—a?)/2.

[poBepuM aiist HUX BBIIOJIHEHHUE yCiaoBuit y>a u ¥ >0

(1) y,2a wm (a— \/m )/ 2> a . TlocnenHee HEPABEHCTBO MPHBO-

mutes K By d++4—a’ <0 (*). Jlis ero pelieHus IpuMeHnM 0606uqen-
HbLIL MEMOO URMEPEALOE.
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Beenem dyuxumio f(a)=a+\4—a’ . Hym QyHKIHAN ONpeaensoTes

W3 ypaBHeHus —a =\4—a’ .
2 2 2
a =4-a a =2
—a=V4-a’ < R= ’
a<0 a<0.
Kopers ypaBHeHHsS a = —\/5 . CrmepoBatensHO, HepaBeHCTBO (*) Oynmer

crpaBeumBbIM TIipH —V2 <a < 0.

Iposepum Takxe ycinosue (a—v4—a’)/2>0< a>\4—a’ .

a’*>4-a°, a’>2,
a>\4-a> < {a>0, &<3a=0, o2<a<2.
4-a’>>0 4>a’

IMonyyaem, 4To He CyIIECTBYET TaKMX 3Ha4E€HMH Iapamerpa d , IpH KO-
TOPBIX UL ), BHINOJHSIOTCS 06a ycnoBust ), 2a u y, = 0. CnenoBaress-

HO, ), — IOCTOPOHHUH KOPEHb.

(2) IlpoBepsist aHAJIOTUYHO /71 KOPHA ), BBINOJHEHUE YCIOBUH ), = d

u y, 20, nonydaem, uro npu —\/5 <ac< ﬁ 00a HepaBEeHCTBa CIIPaBEIIN-
BBl CIleI0BaTeNbHO, Y, — KOPEHb YPAaBHEHUS /2 — y* =y —a . Bemonnss
06paTHyIo 3aMeHy, monydaem X = y; —1=(aNd—a’)/2.

Omeem. Ecin —J2 <a<~2 , 10 x=(av4—-a*)/2;

TIpU APYTUX @ PpEIICHUI HET.
Hpumep 8. [na kaxcoozo snauenus napamempa a pewiums ypagHeHue

2 /
X"—a=~a-x.
Pewenue. O603naunm y=+/a—x, roe y=0. VuureiBas UCXOIHOE

2
x"—y=a,
YPaBHEHHE, MOJy4HM CHCTEMY |
y +tx=a.
Bbrunras U3 nepBoro ypaBHEHHUs! BTOPOE, MOIYYNM ypaBHEHHUE

xz—yz—x—y=0 wim (x—y—1)(x+y)=0.
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x—y—1=0,
Orkyza cienyer, 9To
x+y=0,

x—1=+a-x,
W
x=—Ja—x.

PemmiM ypaBHEHHS COBOKYITHOCTH.
2
x*—x+1-a=0,

€)) x—1=\/a—x<:>{
x>1.

VpaBHeHne cuctemsl mpu a >3/4 umeer xopun x,, =(1£+v4a-3)/2.
Venosuwo x > 1 ynosnersopser toibko X =(1++/4a—3)/2 npu a>1.

X +x—-a=0,

2) x=—Aa—x& {
x<0.

Ipu —1/4 < a ypaBHeHHe CHCTEMBI HMeET KOpHH X, , = (—=1++/4a+1)/2

Venosuto x <0 npu a <0 ynosmerBopsttoT 06a KopHs; ipu @ > 0 — Tob-

ko x=(—-1-~4a+1)/2.

OOGbenHSA TTOMYUEHHBIE PEIICHHUS, 3alTAIIIEM OTBET.
Omeem. Ecin a < —1/4 , To pemenmii HeT;

ecmt —1/4<a<0,10 x, =(-1-+v4a+1)/2 nu x, =(-1++4a+1)/2;
ecmm 0<a<l,to x=(—-1-+4a+1)/2;

ecmt a>1,10 X, =(14++4a—-3)/2u x, =(-1-+4a+1)/2.

Memoo 66edeHUA 6CNOMOAMENbHBIX nepemennblx

JlaHHI)II‘/‘I MCTOJ COCTOHUT BO BBCJACHHUHU BCIIOMOI'aTCJIBbHBIX HCU3BCCTHBIX,
C IOMOLIBIO KOTOPBIX YPAaBHCHUC CBOJAUTCA K CUCTEME pAllMOHAJIBHBIX ypaB-
HEHHUI OTHOCHTEIIFHO HOBBIX NEPEMCHHBIX. HaHpI/IMCpZ

v=Ax+b, rnev=0,
_ 3 _
x—a+fx+b=3 {7V

u+v=3,
vV —u’=a+b.
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Hpumep 9. s kasxcooeo sHauenus napamempa A pewiums ypasHeHue
VXt =1++vx*=2=a.

Pewenue. Haxomum OJI13: |x|>1, |x|2\/§. Mycts x> —1=u,

u+v=a,
2 u —v' =1,
X~ —2 =V, Torja IoJyYlM CHCTEMY
u>0,
v2>0.

Ilpu a =0 cucrema He UMEET PEIICHUIA.

Tak kak u” —v> =(u+v)wu—-v)=a(u—v)=1, 10 unpu a #0 nonyya-

1
eM U—Vv=—. YuureBasg, 4YTO0 U +V=a, HAXOOUM U = E(a +—,
a a

1 1
v=—| a—— |. 3HaueHusa nmapaMeTpa d , NMpU KOTOPBIX BBIITOJTHECHBI o0a

2 a
1
a+—2>0,
. a
yenoust ¢ >0 u v=> 0, HalijieM, PEIIMB CUCTEMY HEPABEHCTB
a——2>0.
a
Ilepeoe  HepaBeHCTBO  cmpaBemmBo npu  a >0, Bropoe TpH

a e[-1;0)U[l;+x) . Cnenosarensto, 06a ycnosus # >0 u v>0 copa-

BEJUTHBHI ITpH a > 1 .
Ipu 5TUX 3HAYEHHAX @ TIOIYYaeM yPaBHEHHE

2 2
x2—1=u2=l(a+lj WU xzzl(a+lj +1.
4 a 4 a

2
1 1
W3Bnexas KOpeHb, IOIy4aeM J1Ba PEIIEHUS X, , = T Z a+—| +1.

2
1 1
Omegem. Ecntu a>1,10 X, == _(a+_j +1;
’ a

eciu a <1, To pemieHuii HeT.
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Yacmusie memoovl peuienus uppayuoHanbHbIX ypasHeHUil

Mpumep 10. /[na xasxicooeo 3HaueHus napamempa Q peuiumv ypaeHe-

(x=2)Wx—-a=0.

Pewenue. Tlpu x —a >0 naHHOE ypaBHEHUE PABHOCHIBHO COBOKYITHO-
x=2,
CTH
x=a.
Orcrona x =a npumobom a € R, x=2 npu a<2.
OtBer. Ecin a<2,10 X, =a n x,=2;ecin a=2,10 X=2;

ecim a>2,T0 X=a.

Ilpu pelieHrn ypaBHEHHS BUIA \/flz (x,a) +...+ \Ifnz(x,a) =g(x,a)

CJICAYCT YUYUThIBATh, YTO OHO PABHOCWJIbHO YPaBHCHHIO

| fi(xa) [+ + ] f, (x,0)[= g(x,a) .

PaccMoTpuM janee peiieHue IpuMepa, B KOTOPOM HCIOJIB3YETCs TIPUEM
pellIeHuUs] ypaBHEHHUsI OTHOCUTENBHO TIapaMeTpa.
Mpumep 11. /[na kasxicooeo 3HaueHus napamempa Q4 peuiums ypaeHe-

Hue
Vva+ax+a=x.

Pewenue. Umeem

x+a=(x"—-a)’,

2
at+tNx+a=x
Va+ix+a =x< ot —a>0,

> .
x=0; x>0.

PackpbiBasi CKOOKH U IPYIIUPYS WICHB! B YPABHEHHH TIOCIECIAHEH CHCTe-
2 2 4 .
Ml onyunm a- —(2x° +1) a+(x" —x)=0. Bolpaxenue B JIeBOil yacTu

— 3TO KBa,HpaTHBIﬁ TPEXYJICH OTHOCUTEIIBHO 4 , KOTOpLIﬁ MOXXHO pa3JIOKHUTb
Ha MHOXHWTCIIN:

a-2x°+1) a+(x*-x)=
a_(2x2+1)+(2x+1) . a_(2x2+1)—(2x+1) _
2 2
=(a—(x"+x+1)(a—(x>-x))=0.
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CrnenoBarelbHO,

2

X +x+1l=a,
2

2 x —a=—-x-1

x*—a=0, ’

—x—1>
x>0, x=1=20,

Va+ix+a=xe o |x=20,

x'—x—-a=0, 5
) X" —a=x,
x"—a=0,

x2>0.

x>0 -

HepBaﬂ CHCTEMa 3TOH COBOKYITHOCTHU HE UMECT pelHCHHﬁ.
BTOpa?[ — paBHOCHJIbHA CUCTEME

[(-1/4<a<0,
1-1+4
SR N | s
2 2 -
x>0, - xzz“_ Vi+da
. 2
aZ—Z; a>0,
x_1+\/1+4a
i 2

Omeem. Eciu a < —1/4 , To pelienuii Her;

ecmn —1/4<a<0,10 x, =(1-+1+4a)/2 u x,=1+~1+4a)/2;

npu a=—1/4 u a>0 onno pemenne x =(1+~/1+4a)/2.
PaccMOTpUM MpUMEHEHHE TPAGUIECKOr0 METOIA.

Hpumep 12. /[na kasxcooeo 3uauenus napamempa a pewums ypagHe-
Hue
l-x=+a -x*.
Pewenue.  Paccmorpum  rpadukm  GyHKUIMI y=1-x u

»V, = Na' —x* . I'padux y, — npamas (cMm. puc. 59), rpadpuxamu y, SBIS-
FOTCsI BEPXHHE MOIYOKPYKHOCTH PaJIdyca | d | ¢ HEHTPOM B Hayaie KOOp/IH-

HarT.
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Nmeercs JABa KPUTUYCCKUX IIOJIOKCHUS l"pa(i)I/IKOB Y, , COOTBCTCTBYIO-

IHe 3HaYCHUAM | a |= /N2 u

y=I-x
Ve

Ay |a|=1. Tlpu s3HaueHusx a
TaKUX, YTO |a|<l/\/§ rpa-

¢uku GyHkmit Y, u y, He
HMCIOT OOIUX TOYCK; TpHU

|a|=1/\/§ — om”y; TpH

1/\/§<|a|S1 — nBe ofiue
Puc. 59 TOuKM; ipu | a |>1 — onny.

AGcumccsl TOYEK mepece-
deHHs rpadUKOB ONpPeeNaIoTes U3 ypapuenus 2x° —2x+1—a’ =0 u npu

1++/2a” -1
-
Omeem. Ecnu |a|<1/\/§, TO PELICHUH HET; €CIIN |a|=1/\/§, 0o x=0,5;

++/2a% -
eciu 1/\/§<|a|S1, TO X, , z%;
1-~v2a® -1
—

/32 <|a|<1 Beruucnsiores M0 hopmyam X, , =

ecmu |a|>1,10 x=

3adauu 011 camMocmoaAmenbHo20 peuieHus
s kaxk1oro 3HaueHUs apameTpa @ PElINTE JaHHOE ypaBHEHUE.

4.6.1.a) V2x—-1=a-1; 6) V2x+a’ =2-a.

462.2) (@ —IWx—x>=0; 6 ——2 =0.

4.63.2) Vx+3=Vx—a; 6) V2x—3=+/x+a;
8) Vox+9=a—x" .
4.6.4.2) (x> —9x—a=0; 6) (x—ax* -9 =0.
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4.6.5. Vcrnonw3yst rpapuuecKuil METOH, YCTAHOBUTE KOJUYCCTBO KOPHEH
YpaBHEHUS:

a)Vx+3=2x+a; 6)\/;=x—a;
B)\/;+\/_=\/1—x—a; NV4-x"=x+a.

4.6.6. /s xaxmoro 3Ha4eHUS MapaMmeTpa a ONIPEAETHTE YHCIIO PelIeHUH
ypaBHEHHUS:

a) Vx—2a=x; 0) vax—2 =—x;
B) V9—x* =(a—-1)x; N VI—x" =ax+4.

I[J'Iﬂ KaXa0ro 3Ha4YCHUA ImapaMeTpa d pPEIIMTE JaHHOC YPAaBHCHUE.

467, ) x+a \/ a:3; 6) . b+x:
x+a +x Va X

4.6.8.a)x—\/;=a; 6)\/m—x —-a; B) X +x° —l—a

4.69.2) V3x+2 +3x+2a =4; 6) Vx+2—Jx—a+2=1.
4.6.10.2) Vx+a +x—a=+2x; 6) x’+3a —Jx* —3a> =x\/2.
4611.2) Vx+a=a++x; 6) Va—x+a=x.

4.6.12.a) Vx—-3++x—-T=a; 0) V2x+1—-+x—-1=a;
B) V3x+5—-+x—-2=a.

4.6.13. Haiiaure Bce 3HaUEHHS MapaMeTpa a , IPU KaKIOM U3 KOTOPBIX JaH-
HOE YpaBHEHUE UMEET pPelICHUE.

a) \/3a+ 3a+2x—x* =2x—x’;

2 2
0) 5a+1f5a—x—x— +x+x—=0.
4 4
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§ 4.7. UppanuoHajibHble HEPAaBEHCTBA

IIpu pemenun UppanuoHaIbHbIX HEPABEHCTB, KAK IIPABUIIO, IIPUXOJUTCS
BO3BOJMTH O0€ YacTH HEPaBEHCTBA B HaTypalbHYIO cTeneHb. Ilpum sTom
HEOOXOAMMO CIIEIUTH 32 PaBHOCHIBHOCTHIO HEPABEHCTB, T.€. 32 TEM, YTOOBI
IIpU TIpeoOpa30BaHUAX HE IIPOUCXOJHMIIO OTEPH WM NPHOOPETEHHS TUIITHUX
pELICHUN.

OCHOBHBIM METOJIOM PELICHUSI UPPALMOHATBHOTO HEPABEHCTBA SIBJIAETCS
CBEJICHHE €r0 K CHCTEME HEPABEHCTB MM COBOKYITHOCTH MOJOOHBIX CHCTEM.
JIJ1 5TOT0 HCIIONB3YIOTCA CIEAYIOLINE CXEMBI:

g(x,a)<0,
>0

a) \/f(x.a) > g(x,a) < Jeeaz0 (7.1)
g(x,a)=0,

f(x,a)2 g (x,a);

g(x,a)=0,
0) \/ f(x,a) L g(x,a) < 0< /(0a)< 2 (xa). (7.2)

Opumep 1. /us kajcoozo 3uauenus napamempa QA  peuwiume

Hepasencmaa. a) \/; >a; 0) a\/; >0.
a<0,
x>0,
a) Pewenue. imeem </ x =2 a <
a=0,
x>a’.

Omeem. Eciu a <0 ,10 x>0;ecmu a>0,10 x>a’.
a<o,
x=0,
a>0,
x>0.

0) Pewenue. Uveem x>0 <

Omeem. Eciu a<0,10 x=0;ecim a>0,10 x>0.
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IMpumep 2. [ns kaocoozo snauenus napamempa b wnaiioume ece
pewenus nepaserncmea (5 — x)\/n <0.
5—-x<0, x>5,
Pewenue. Nmeem (5 — x)m 0| |x-0>0;,<=| |x>b;
x—b=0 x=h.
Omeem. Eciu b>5,10 x2b;ecmu b<5,10 x=25u x=5b.

HOpumep 3. /[na kadxcooeo 3uauenus napamempa a  peuwiume

nepaeencmeo \Na—2x > x.

a—2x2>0, x<al2,

x<0; x<0;
Pewenue. \Ja—2x >x & , & ,

a—2x>x", x" +2x—a<0,

x>0; x2>0.

2
KOpHHMI/I KBaApaTHOro TpeEX4WiIcHa X +2x—a ABIAIOTCA 4Hcla

x,=-1%*+1+a wu pemenne mnepaBenctBa x +2x—a<0 ecth

xe(-1-+l1+a; —1+~+1+a) mpu ycmosuu a>-1. Tpu a<-1

2 o
HCPABCHCTBO X +2x—a<0 peUICHMU HE MMCCT. VuurtsiBas HEPABCHCTBO
X2 0, 3aKJjiro4yacM, 4YTO PCHICHUC BTOpOfI CHUCTEMbI COBOKYITHOCTHU €CTb

muOXkectBo X €[0; —1 +\/E) npu a>0.
Ilepras cucrema npu a <0 maer muoxectBO X € (—00; a/2], a npu
a>0 — muoxectBo X € (—o0; 0).
Omeem. Ecrim a <0, 10 X €(—0; a/2],
ecm a>0,10 X € (—00; —1+\/E).
HOpumep 4. /[na xadgxcooeo 3nauenus napamempa d Hauoume 6ce
pewenus nepasencmea X ++a—x >0.
Pewenue. meem x+Ja—-x >0 Ja—x>—x &
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a—-x20, azx,
-x<0, x>0,

< 2 < 2
a—x>x", x +x—a<0,
-x20; x<0.

IepBas cucrema npu a >0 maer muoxectso x €(0; a], anpu a<0

o 2
pe€mieHnu HET. KOpHHMI/I KBaJIpaTHOI0 TPEX4YJICHA X +X—a SBIAIOTCA

—1++v1+4a

Xy = f U PpCIICHHE HEPaBCHCTBA X’ +x-a<0 ectp
—1-vl+4a -1++1+4a
X e 5 ; 5 npu a > _Z . C y4erom HepaBeHCTBa

x<0 mnomydaem, 9TO pEIICHHE BTOPOH CHCTEMBI COBOKYIIHOCTH €CTh

xe(—l—x/1+4a. ~1+1+4a
2 9

MHOXCCTBO

1
mpu ——<a<0 #u
2 J 4

npu a >0 . Ilpu a =0 perrennit HeT

“1-1+4a_ 0}
2 9

MHOXECTBO X € [

Omeem. Ecnin a <—1/4 u a =0, 1o penienuii Her;

e —1/4<a<0,70 xe((—l—\/1+4a)/2; (—1+\/1+4a)/2);
ecmu a> 0,10 xe((—l—\/l+4a)/2; 0].

Mpumep 5. /[na kaocooco 3Hauenuss napamempa Q  pewume
nepaserncmeo \2ax —x> >a—x.
Pewenue. \2ax—x" >a—-x <
{Zax x>0, {2ax —-x* >0,

a—x<0, a<x,
=

=
{Zax—x2 >(a—x)°, {sz —4ax+a’> <0,

a—x2>0; x<a.
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KOpHSIMH KBa[paTHOrO TpeXwieHa 2aX — X° sejsorcs uncma X, =0
X, =2a . Pemenne nepaBenctea 2ax—x" >0 mnpu ycrnosuu a <X mpu
a<0 ectb xe(a;0],anpu a>0 ects x €(a;2a].

Kopuu KBaJ[PaTHOTO TpexuJieHa 2x* —4ax+a’ PpaBHbI

_ 2a+ ax/E
Xy, = 5 .

ycioBud @ > X npu a <0 ABIAIOTCA BCe 3HAYEHUS X € [(1 + 1/\/5)(1;0], a

2 2
Peumrennem HepaBenctBa 2X° —4ax+a” <0 mpu

mpu a >0 ectb xe[(l—l/\/z)a;a].
Omeem. Eciu a <0, T0 xe[(1+1/\/§)a;0}

ecmn a>0, 10 xe[(l—l/ﬁ)aﬂa} .

Hpumep 6. /[na xaxcoozo 3nauenus napamempa A HAUMu 6ce peuleHus

[2_ >
nepaeencmea N X~ —a” <x—2a.
[2_ >
Pewenue. Nx"—a” <x-2a <

x—2a2=>0, x> 2a, x2>2a,
S —a’ 20, S >adb, oIt 2al,
2 2 2 2, 2 .
x‘—a <£x" —dax+4a’; 4ax —5a° <0; 4a(x—5a/4)£0.

PaccmoTpum Tpu ciyuas:

x2>2a,
x2>2a,
_ x<-a, x2>2a,
() ODpu a>0. {x" =a", = =
x>a, x<5a/4.
4a(x—5a/4)£0;
x<5a/4

ITony4yenHas cucrema He UMEET PELLEHUH.
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x> 2a,
x<a,
) TIpu a<0. x> >a’, < 5S5al4<x<La.
X2z-a,

4a(x—5a/4) <0;
x>5al4;
(3) Ipu @ =0 . B aTom citydae HCXOHOE HEPABEHCTBO MMEET BHUI:

VX <x o |x|<x e x20.
Omeem. Ecru a < 0,10 5a/4<x<a;ecru a=0,10 x=>0;
ecia a >0, To peleHuit HeT.
Memoo 3amennl
HpO,HeMOHCTpI/IpyeM HCIOJB30BAHUC 3TOr0 METOAA, MPUMCHUB €ro JIst

pelleHHUs] HepaBeHCTBA U3 IIprUMepa 3.
Mpumep 7. Pewume nepasencmeo \a—2x > x .

Pewenue. Cremaem sameny y=+a—2x. Torma x=(a—y’)/2.
Y +2y—a>0,

Pemenne HEPABCHCTBA CBOAUTCH K PEIICHUIO CUCTEMBI 0
y=0.

KopHSMH KBAJPaTHOTO TpexdieHa J° +2y—a SBIAIOTCS dHCIa
y=-1 —m u y,=-1+ m . COOTBETCTBEHHO, pEIICHUEM
cucremsl Oymer: ¥ >0 mpu a<0 u y> —l+m npu a >0 . Torna,
cornacHo ycioBuio 3amaun, mpu a <0 momyunm y=+a—-2x>20<

a-2x20&x<a/2,anpu a>0, tak kak y>—1++1+a u y>x,
o x<—-1++1+a.
Omeem. Eciu a < 0,10 Xx € (—0; a/2],
et a>0,710 x€(—00; —1++/1+a).

I'pagpuueckuii memoo

[Ipn pemieHnu MpPpaMoOHAIBHOTO HEPABEHCTBA IpaUIECKUM METOJIOM
3a7a4a CBOJMTCA K HAXOXKICHHIO a0CIHCC TOUYCK MepecedeHHs TpauKoB
(YHKIMIA, CTOSIIUX B JICBOIM M MPaBOil 4acTsAX HEPAaBEHCTBA, T.€. K PEIICHUIO
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MppalMOHATIBHBIX YPAaBHEHUH, W Aajee K TeOMETPUYECKOW MHTEPIpETalun
MOJIYYMBIIEHCS HA KOOPAUHATHOM I10cKOoCTH (OX) KapTHHBL.

I'paduueckuit meroq OOBIYHO NPUMEHSIOT ITIPH pEIICHWW 3ajad, B
KOTOPBIX TpeOyeTcs OTBETUTH HA BOIIPOC O CYIIECTBOBAHUS PELICHUS WIN
HaJIMYUs] PELICHUS ONPECICHHOTO BHUIA.

Hpumep 8. Ilpu xaxux snauenusix napamempa a HepageHcmeo

Nat=x*>4-2x:

a) umeem peuienue; 0) umeem ompuyamenvHoie peuienus;
B) e20 peutenus oopazyom ompe3ok?

Pewenue. Paccmorpum nHa 1wiockoctd Oxy rpaduku  GyHKIMA

2 2

nw=~Na —-x m y,=4-2x.
\AY

e Dopmyna y, = Ja* —x* sapaer

4 \‘y:\\f az-x’ ceMelicTBO (yHKUMiA, rpapukamu

KOTOPBIX TIpH  (PUKCUPOBAHHOM

2\ %, \ 3HayeHnu  mapamerpa a # 0
‘r\]\ \“‘ \“l SABJISICTCSA BCPXHAA
. . - HOJYOKPYXKHOCTb C ILEHTPOM B
A el x Havale KOOPOMHAT U PagnyCcoM

y=4-2x |a| (cm. puc. 60), rpapux y, —
npsMas  JTHHUS, — [POXOISIIas
Puc. 60 uepes Touku (0;4) u (2;0).
PemenusMy HaHHOTO Hepa-BEHCTBA OyIyT SBIATHCS 3HAYGHHS X, AJIA
KOTOpBIX Tpaduk y, OyJeT pacroyioxkeH Bhille rpaduka y, .
Nmeetcst TpH KPUTHYECKHX ITOJOXKEHHS Tpaduka ), (B COOTBETCTBUH C
YCIIOBHEM 3aJ1a4H).
(I) IlomyokpyxHOCTh KacaeTcs mpsiMoit y, =4-—2x. Pamuyc r
HAXOMHUTCSI KaK BBICOTA TPSIMOYTONBLHOTO TPEYTrOMbHUKA ¢ KaTeTaMu 2 U 4,

MIPOBCJACHHAA K I'MIIOTCHY3€C, U PABCH 4/\/§ . COOTBCTCTByIOH.ICC 3HA4YCHUC

napamerpa a paBHo —4/ J5 wm 4/4/5 .
1) IMomyokpyxKHOCTB IIPOXOJUT uepes TOYKY (2;0).

CoOTBETCTBYIOIIEE 3HAYEHHE [IAPAMETPA d PABHO —2 WJIU 2.
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(II)  TIonyOKpY>KHOCTh  IPOXOAUT  Y€pe3  TOYKY (0;4) .

CoortBeTcTBYOIIEE 3HAYCHHE TapameTpa a paBHo —4 wim 4.
Hcnone3ys reoMeTprUUecKe COOOpakeHHUs, 3aMUIIEM OTBET 3aJauH.

Omeem. a) Ilpu a € (—oo;—4/\/§] u[4/\/§;+oo) ;
6) pu a € (—0;—4) U (4;+00) ; B) mpnn a €[—2;—4/~/5) U (4/~/5;2].
Hekomopbte yacmmwle Memoovl

Hpumep 9. {na kasicoozo 3navenus napamempa A HAUmMu 6ce peuieHus

nepasencmea aNx+1<1.

Pewenue.
x+120 npn a<0, x>-1 npu a<0,
avx+1<l | [x+120, = 1-4?
, npu a>0; —1<x<——— mpu a>0.
x+1<1/a a

1
B urore umeem: x> —1 npu a<0; -1<x<-1+— mpu a>0
a

1
Omegem. Ectu a <0,10 x>2—-1;ecmm a>0,10 —-1<x<-1+—.

a

Mpumep 10. Pewume nepasencmeo N x+a +~Ja—x=>a npu a>0.

Pewenue. Haxomum OJI3 HepaBeHctBa —a < x < a . Ilockoibky o6e
YaCTH HEPABEHCTBA MOJIOKUTEIBHBI, X MOXHO BO3BeCTH B KBajpart Ha OJ]3:

x+a+2Vad* - xX* +a-x>ad* o 2Wd*-x* >a* -2a =

a’>—-2a>0, a=?2,

4a’ —4x* > a* —4a’ + 44, x’<a’—a'l4,
&

a’*-2a<0, 2>a>0,

a’—x*20; a*>x’.

- 3 4 2
[Tposepum BhImoNHeHue ycnosui 0<a’ —a” /4<a”. Jleas wuacTh
3TOr0 HEPABEHCTBA BBINOJHSAETCS Npu d €[2;4), nmpaBas — npu Bcex d . B

pe3ynbTaTe MoJyyaeM, YTo IepBas CHCTEMa COBOKYHMHOCTH MMEET PEIICHHE
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XE(—(a\/4a—a2)/2; (a\/4a—a2)/2) npu a€[2;4), a Bropas -

pewenue x €[—a;a] npu a €(0;2).

Omeem. Ecnu a € (0;2), 10 x €[—a; a];
comn ae[2:4),10 x € ((—\/4413 —a*)/2; (Jaa —d° )/2) :
ecin a =>4, To pelnieHwuit Her.

3aoauu 0nsa camocmoamenbHozo peuienun

Jns xaxxaoro 3HaYCHHA MapaMeTpa ¢ HaWIuTe BCE PEIIeHHs JaHHOTO
HEPaBEHCTBA.

4.7.1.

4.7.2.

4.7.3.

4.7.4.

4.7.5.

4.7.6.

a)x/;<a; 6)a\/;<0;

B) (x—a)\/;ZO; r)\/;+m>0.
a)Vx+2>Vx—a; 6) Vx’ +ax+1>+/x;
B) V ¥ —ax+1 Z\/E ; T) pemure B 3aBUCHMOCTH OT 3HAYEHU
napaMeTpoB @ U b HEpaBeHCTBO m Zm .
a) \/E-i-lﬁx—az; 6)\/ﬁ+xs2—a2;
B) ﬁﬁa—x.

a)x/EZx+1; 6)m2x;

B) VX +x—a>a-2.

a) V2x+1-+x—-1<a; 6 Jat+tx+Ja—x<a;
B) \/er x<a.

HUcnone3ys rpaduueckuii MeTol1, peuiuTe HEPaBEeHCTBO:

a) \/az—x2 +\/2ax—x2>a; 6) V2ax—x" >a—x.

4.7.7.

I[J'IH KaXXa0ro 3Ha4CHUs mapamMeTpa a HaﬁZ[PITe BCC pCIICHUA JaHHOT'O

HEPaBCHCTBA.

a)

Xx+a a—x 1 1 a
+ >2; §) +——2>—.
\/a—x \ x+a )\/;+1 \/;—1 \/;

124



§ 4.8. Iloka3aTesbHbIe U JIorapupmMuiyecKkue ypaBHeHH

Hpocmeﬁmee nokasamejibHoe ypaeHenue

IpocTeiimee MOKa3aTENBHOE YPAaBHEHHE — 3TO YpaBHEHUE BHaa A =b ,
rne a>0, a#1. IIpu b<0 ono He umeer KopHeii, a npu b >0 umeer

CIMHCTBEHHBIH Kopenb X =log b .

Pemenne mpon3BOIBEHOTO MMOKA3aTEIBFHOTO YPABHEHHS YaCTO CBOJIUTCS K
peuleHuo npocTeimux. s 3Toro NpUMEHSI0T MHOTHE U3 OIMCAHHBIX pa-
Hee METOJIOB: pa3lioKeHUE HA MHOXUTEIN, 3aMeHa IIEPEMEHHOM U T.J.

MHorue moka3aTeNbHbIC YpaBHEHHS PEIIAIOTCS TPHUBEICHHEM OOCHX
4acTed K OJHOMY OCHOBAHMIO C HCIIOJIb30BAHMEM B JAJIbHEHIIEM CBOICTBa
MOHOTOHHOCTH TIOKazaTeabHON (yHKumu. B gactaoctw, mpu @ >0 n a #1

ypasrenne a’ Y = a*Y o f(x)=g(x).
Vpaeuenue Buna f(a*)=0 samenoit t=a", tue t >0, ceomurcs

ypasuenuto f(¢)=0, a nanee — K pEIICHUIO COBOKYIIHOCTU YPaBHEHHH

X

a =t,..., a =t ,rae t,...,t, — BCE MOIOKHUTEIbHbIC KOPHU yPABHCHHUSI

£()=0.

Hpumep 1. Ilpu xakux snavenusx napamempa p umeem eOUHCMBEEHHOE

peuienie ypasHenue:
a)|2" - pl=4; 0) p-2"+27"=57?
a) Pewenue. Tonaras 2" =y, e y >0, nonyanm
_y—p>0, _4+p>p, [(4>0,
y=4+p, y=p+4, y=p+4,
y>0, p+4>0, p>—4,
ly-pl=4 & = =
y—p<0, p—4<p, -4<0,
y=p-4, y=p-4, y=p-4
>0 | lp—4>0; | lp>4.

IepBast cuctema mmeer pemieHue npu p >—4 . Bropas — mpu p > 4.

Criez0BaTesIbHO, HCXOAHOE YPABHEHHE HMEET eANHCTBEHHOE PEIlEHHE, CCIT
UMEET PEIEHKE TOJIBKO [EPBasi CUCTEMA COBOKYITHOCTH.
Omeem. -4 < p<4.
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6) Pewenue. BomonnuM 3ameny 2° =y, TOrJa MCXOJHOE ypaBHEHHE

npeoGpasyercs k Bumy py+1/y=5 wm py’ —5y+1=0. Tak kax

y > O, TO HTAHHOC YPaBHCHHUE HUMEECT €AUHCTBCHHOC PCIICHHE, €CJIM KBal-

parubiit Tpexwien f(y) = py> —5y+1 HUMeeT oIMH MONOKUTENBHBIN KO-

peHb. 3TO BO3MOXKHO B CIIEAYIOMINX CIIydasx, eciu (cM. 3amagy 1 §2.3 . 2

Ha cTp. 33):

/(0)<0, f(0)=1<0,
= J;

p>0, p>0,

/(0)>0, /(0)>0,

D=0, =|sD=0, = p=25/4;= p<0u p=25/4.

x, >0, x, >0,

0)>0, 0)=1>0,
7o JO=1>0,_ o
p<0; p<0;

Mpu p=0 ypasuenue py’ —5y+1=0 He sABNAETCS KBAIPATHBIM K
WMEET eJMHCTBEHHBIN Kopers y =1/5 .
Omeem. Enunctaennoe peuenue oynernpu p <0 u p=25/4.

IMpumep 2. Ilpu kaxux snavenusx napamempa a umeem xoms Obl 0OHO
peuwienue ypagHenue:

a) |b* —a|=3; (b>0); 6) plkra _old _ 5

a) Pewenue. Tonoxum b* = y >0, Torna monyunm
y—a>0, y>a,
y=3+a; y=3+a;

=
y—a<0, y<a,
y=a-3; y=a-3.

IepBast cucrema umeer peruenue, eciu 3+a >0, t.e. nmpu a>-3.
Bropas cucrema mmMeert pemienue, eciin @ —3 >0, T.e. npu a > 3. Cremosa-

ly—alF3 <

TENBHO, JUI TOrO 4TOOBI ypaBHeHue |b* —a|=3 umeno xoTs 6bl OJHO pe-

mIeHHUC JO0CTAaTO4YHO, yTOOBI UMeEJa PCUICHUC XOTHA OBI OJJHa CuCcTteéMa COBO-
KYITHOCTH.
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Omegem. a>-3.
0) Peuwenue. Beipazum 2y ypasuenus (Tak kak | x| >0, To M >1.
Torna ypaBHennme mupeobpasyercs k Bugy 27(2°—1)=5. Tak «kak

2°-1#0 wm a#0 (unage npu a =0 wmcxOmHOE ypABHEHHE UMEET BH]L
5
2°-1

HonyquHoe YpaBHCHHUEC UMECT PCUICHUEC, €CJIN €I'0 IpaBas 4aCTb yAOB-

0-2M=5), 10 2" =

JIETBOPSIET HEPABEHCTBY >1, HOCKOJBKY MHOXECTBO 3HAYCHHIA

— ol . - _n
dynkumu y =2, crosmeil B nesoit yactu ypasnenns E, =[l;+0). 3na-
menatens 2 —1 jomkeH OBITh TOJNOKUTENBHBIM; B IPOTHBHOM CIIydae He-
PABEHCTBO HE BBINMONHAETCS, TOITOMY IIOJNYYaEM JIBOWHOE HEPABEHCTBO
1<2% <6, cupaBenmusoe pu 0 < a <log, 6.

Omeem. 0 <a<log,6.

Ipumep 3. /s kaxcdo2o 3nauenus napamempa d peuiums ypagHenue
347 +27=a+a- 4.
Pewenue. Tponssens 3ameny 4> =y, rae y >0, noaydum nnHeii-
HOE ypaBHEHHE
3y+27=a(l+y) wm (a-3)y=27—-a.
27-a
a-3

Ilpu a =3 s1o ypaBHeHue He uMeeT pernreHnii. Ecmm a #3, 10 y =

U3 ycnosus y >0 cienyer HEPaBEHCTBO >0, KoTOpOE CIIpaBeIn-

a—
v 27—a
Bo mpu a € (3;27). llpu >Tux 3HAYEHUX d u3 ypaBHeHus 4 =—3
a—
7
HaxomuM X = log, 3a +2.
27 -

Omeem. Ecn a € (3;27), 10 x =log, 442 ;

ecmu a ¢ (3;27), To peuienuii Her.
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Ilpocmeiiuiue nozapugpmuyeckue ypagnenus
(1) Ypasuenue Buga log, x=5b,ne a >0, a#1, umeer equncreen-
HBIIl KOpEHb X = a” . B obuem ciyyae:
log, f(x)=b< f(x)=a" (@a>0, a=l).
(2) Ypasuenue Buga log A=B,rne A>0,0pu A#1, B#0 umeer

. 1/B
eMMHCTBEHHBIN KopeHs X =A '~ ;npu A=1, B =0 ero pemieauem sBiseT-

¢ J060e OTIMYHOE OT EIAWHHULBI MOJNOXUTENbHOE 4ucio; npu A=1 wu
B # 0 oHo He uMeeT pereHui.

(3) B ypasuenmsix Buma f(log,x)=0, a>0, a#1 npoussogsr 3a-
meny log, x =¢. McxoaHoe ypaBHEHHE PABHOCHIBHO COBOKYITHOCTH ypPaB-
Henuit log, x=t,, e ¢,,...,t, —Bce kopuu ypasrenust f (1) =0.

Awnanoruuso, 1is ypasHenuit Buga f(log 4)=0, 4> 0 npoussomsr
sameny log A=t.

(4) Ypasuenne Buna log, f(x)=log, g(x), a>0, a#1 paBHOCHIB-
HO OJTHOM M3 CIEMYIOIMX CHCTEM

f@=g®. o [f0)=g),
2(x)>0; £(9>0,
(5) Ananoruuno, ypasuenne log,  A=log, A, A>0 pasnocums-

HO OJHOM U3 CJICAYyIOIX CUCTEM

g(x)>0, f(x)>0,
g(x)#1, WK f(x)#1,
S(x)=gx); S (x)=gx).

Ipumep 4. /[ kaxncoozo snauenus napamempa @ pewuns ypasHeHUe
N2a-x
1ogﬁT—logl/ax=0.
Pewenue. Haxomum OJ13: a >0, a#1, 2a—x>0u x>0.

2a—x
[Ipusenem ypasuenue k Buay 2log, ————+1log, x =0 wm
a

log,(2a—x)-2+log, x=0< log,(2ax—x’)=2 < 2ax—x" =a’.
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U3 nocieHero ypapHerus monydaeM (x —a)’ =0 wm x=a.
Omeem. Ecin a <0, a =1, 10 penienwnii He;
ecm a>0, a#1,10 x=a.
Ipumep 5. /i kaxcdo2o 3nauenus napamempa d peuiums ypagHenue
log, x+log , x+log ; x=11.

Pewenue. Yurem, uto a>0, a#1 u x>0. Ilepexons B AaHHOM
YPaBHEHUH K OJJHOMY OCHOBAHHIO d , IOJIyYHUM

1 1 11
log x+—log x+—log x=11 —log x=11.
ga 2 ga 3 g[l I/IHI/I 6 ga

6 .
W3 ypasuenus log, x =6 momyuaeM x=a’ . C y4eToM OTpaHHUCHHI
Ha a , 3aIUIIEM OTBET.

Omeem. Ecniu a <0, a =1 pemenuii Her;
ecmn a>0, a1, 10 x=a°.

OcHoenble Memoosbl peuienus NOKA3ameibHbIX U
JozapughmuuecKux ypasrnenuil

[Tpu pemieHnM MOKa3aTEeNbHBIX M JIOTAPU(PMUYECKUX YPaBHEHUH 4acTo
MPUMEHSIOTCS IOTEHIIMPOBAHHE WJIH JIOTapU(MHUPOBAHNE YPAaBHEHHUS.

HOmeHl{upoeﬂH”e — [IepexXoJ OT YpaBHCHU
1Og¢1(x,a) f(x’ a) = 10g¢1(x,a) g(xﬁa) K YpaBHCHUIO f(x, a) = g(x7 a) .
HpI/I 3TOM HpeO6pa30BaHI/IH MOT'YT NOABUTBHCA JIMIIIHHUE KOPHU.

Jozapugpmuposanue — niepexo 0T ypaBHEHUS
f(x,a)=g(x,a) xypasnenuto log, ., f(x,a)=log, . g(x,a).

3710 MpeobpazoBaHue, KOTOPOE MOXKET IPHUBECTH K IOTEPE KOpHEH.

PaccMOTprUM THUNHMYHBIE CXEMbI PEUICHHS IOKa3aTeNbHBIX YpaBHEHUI
Jorapu(MUpOBaHHUEM.

1. 5" =b,"% o f(x,a)log, b = f,(x,a)log, b,
roe 0<b,,b, 21 n 0<c#1.

2. b =ph0Y o fi(x,a) = fo(x,a) , rie 0<b#1.

B cnydae, korjia ocHOBaHHS SBIISIOTCS (QYHKIHMSIMHU OT X , UMEEM:
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Silx,a)log, g (x,a) =
g (x,a)"" = g, (x,a)>", = fr(x,a)log, g,(x,a),
3. 7g/(x,a)>0, & 9g(x,a)>0,
g,(x,a)>0; g,(x,a)>0,
O<c#l.

3ameuanue. Ilpn pelieHUN MOKa3aTENbHBIX YPaBHEHUH C IapaMeTpOM
HEOOXOJMMO YUYMTBIBATh CIydail, Koraa ocHoBaHue paBHo 1. Ciyuaid, korna
OCHOBaHHE OTPHIATEIRHO, XOTA BhIpakenme a’'™ wmmeer cMbIci, ecim
f(x) — uenoe umcio, paccMaTpUBaTh HE CIEAYET, UCXOMs U3 ONPENEICHNUs

TIOKA3aTeTbHON (DYHKITUH.

Ipumep 6. /11 kascdo2o 3nauenus napamempa d peutims ypagHeHue
a2 g =
Pewenue. Uneem a™ > —a> > +a* =1 a7 (@’ —a+1)=1. Ec-
m a=1,To X MOXET NIPUHUMATH JIF000E JACHCTBUTENbHOE 3HaueHue. Ecmu
a>0,a#1, 10 @ —a+1>0, nockonsky npu 0<a <1 cuaraemoe a’
nonoxurensHo # —a +1>0, anpu a>1 umeem @’ > a . Orciona cenyer,
aro x=(3-log, (a’ —a+1))/2.

Omeem. Eciu a=1,10 x€R;

ecm a>0, a#1,10 x=3-log, (a’'—a+1))/2.

Mpumep 7. /[na KAoc0020 3HAYEHUs. napamempa d peuums ypasHeHue
a+3 1 1

202,327 = 4x
Pewenue. Haxoqum OJ13: a # -2, x # 0. [IpuseneM ypaBHEHHE K BHIY

a+3 5 2 at3 S 2
2a+2 . 2x(a+2) =2% pm 2a+2 x(a+2) =2x
Ilocnennee PaB€HCTBO BO3MOXHO TOJIBKO IIpU PaBE€HCTBE cTerneHen

a+3 5
+ =—. Oro ypaBHeHue Ha O3 cBOIUTCS K ypaBHEHUIO
a+?2 x(a+2) x

2a-1
(a+3)x+5=2(a+2). Torma, ccmn a+3#0, 10 x=—2 S com
a—+
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a=-3, 10 pemenuii Her. MCKIIIOUMM TaKKe 3HAUEHHs mapamerpa d , [pH

2a-1
KOTOPBIX X = =0,1e. a=0,5.
a+3
Omegem. Ecin a € {—3;-2;0,5}, T0 pemenuii Her;
2a-1
x= 3 [pH JIPYIUX 3HAYEHHAX MapameTpa d .
a+

Ipumep 8. /1 kascdozo snauenus napamempa a pewiums ypasHeHue
(3log, x—2)log; a=log - x-3.
Pewenue. Yarem, uto a >0, a#1 u x>0, x#1. [Ipusenem ypasue-

HHUE K BUY

1

log” x

a

(Blog, x—2) =2log, x-3.

[Monoxum  log,x=y; Torma  ypaBHEHHE  IPHMET  BHJ
1
By-2)—=2y-3 wm 2y* =3y* =3y +2=0. [ocnexnee ypaBHeHHE
y

packiazpiBaercs Ha Muoxkutemn (¥ —1)(2y° —5y+2)=0 u uMeer KopHH
»v=-1,y,=2,y,=0,5.0myna x, =1/a, x, =a’, X, =\/;.
Omeem. Tlpu a <0 u a =1 pewenuii Her;

2
ectu a>0, a#1,10 x,=1/a, x,=a", x;=+a.

Mpumep 9. Haiimu 6ce 3nauenus napamempa @, 015 KOMOPLIX YPAGHE-
nue log, x+log, x +log, x =1 umeem pewenue.

Pewenue. O3 ypasuenus: x>0, a >0, a#1. IlepeiinemM B 1aHHOM
yPaBHEHHH K OJIHOMY OCHOBaHHUIO 2. Vimeem
log, x

1
log, x + +—log, x=1

og,a

1+ ! +l log,x=1 < 3log,a+2 -log, x=1.
log,a 2 2log, a

nim
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3log,a+2
IIpy ——#0 momyunm log, x =—————.
2log, a 3log,a+2

21
98, ¢ Ipu moGom

3HAa4YCHUUN npaBof/i qacTu HaﬁHeTCH 3HAQYCHUE X, IIPU KOTOPOM BBIITOJTHACTCA
PaBE€HCTBO.

3logya+2 =0, ecmn 3log,a+2=0,re.mpn a=2"".
2log, a

CrietoBaTeNnbHO, HCXOAHOE ypaBHEHUe He umeeT perenns npu ¢ <0, a =1
wa=2"", Omeem. Tpu a € (0;27°7)U(277;1) U (1;40) .

Hpumep 10. Haumu ece 3Hauenus a, npu KOMOPHIX YpPaGHEHUe

log, x+log a- |a +log, x| =alog_a umeem pewenue, u naiimu ezo.

Pewenue. Haxonum OJ13 ypasuenus x>0, x#1l u a>0, a=1.
IlepeiineM B ypaBHEHUH K OCHOBAHUIO 4 :
a

log, x+ -|a +log, x| =

log, x log, x

2
ITpu 3amene logu X =y nojmyymm y +—- |a + y| = a 200078
y

a+y=0, log, x> —a,
5 Y +2y+a=0, log, x=-1+t+1-a,
vy +2la+y|-a=0< =
a+y<0, log, x <—a,
y'=2y-a=0; log, x=1£+1+3a.

HepBaﬂ CHUCTEMA COBOKYITHOCTH MMEET PCHICHUEC IIPU BBIMNOJHCHHUU YC-
gouit 1>a>0 u —-l1—-+l-a2>2-a wm -l1++l1-a=>-a. Tlpu
1>a>0 uepasencrso —1—+/1—a > —a He BBIMOIHACTCS, & HEPABCHCTBO
—1++1-a>—-a wm \J1-a >1—a sasasercs cupasemusbiM. CrieoBa-
1+/1-a

TEJIBHO, PELICHUEM HCXOJHOTO YPaBHEHUS SIBIACTCS X =d
Bropas cucrema COBOKYNHOCTU UMEET PELICHNE IIPU BBINOJIHEHUU YCIIO-

Buit a>0 u 1—-+1+3a <—a wm 1++1+3a<>—-a.Ilpu a>0 uepa-
BeHCTBO 1++/1+3a <—a wm /1+3a <—1-a ue BomonHsercs, a Hepa-
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BerctBo 1 —+/1+3a <—a wm +1+3a >1+a copasemmmeo Tonbko mpu

1-V1+3
0<a<1.Cnenosarensno, x=a " ¢ — pelleHHe UCXOJHOTO YPABHEHHS.

11 1-143
Omgem. Eciu 0<a<l,10 x,=a " “mx,=a V7",

Mpumep 11. Onpederumv 3nauenuss napamempa a, nNpu KOMOPHIX
ypasnenue 21g(x+3)=lg(ax) umeem eduncmeennviii Kopenv, u naiumu
e2o0.

x+3>0, {x>—3,
=

Pewenue. Haxonmm O/13 ypaBHEHUS:
ax>0.

ax > 0;

3amenum Ha O/]3 ypaBHEHNE PABHOCUIBHON €My CUCTEMOM:

(x+3)* =ax, ¥’ +(6-a)x+9=0,
lg(x +3)* =lg(ax) & <x>-3, Sax>-3,

ax > 0; ax>0.
JIMCKPUMHUHAHT ypaBHEHUS] X +(6-a)x+9=0 paBeH

D=a"-12a. D>0 upu ae(—00;0]U[12;+00). Ilpu 5THX 3HAYCHHSIX

_ (a—6)—+a*—12a
2

a ypaBHEHHE nMeeT KOpHU X u
.= (a—6)+~a’ —12a
, = :
2

Ecnmu a >12, To ypaBHeHne UMeET [Ba Pa3IMYHBIX KOPHS, yIOBICTBO-
pstore OJ13. Ecnu @ =12, ypaBHeHne umeet koperb X =—9 .

Ecin a <0, 1o ypaBHeHuMe HMMeeT [Ba pa3jIMYHbIX KOpHA. KopeHb
X, <=3, m03TOMY SIBJISETCS IIOCTOPOHHHUM [T HCXOHOTO ypaBHeHus. IIpo-

BEPUM, 4TO KOpeHb X, ynosiersopsier O[3, T.e. —3<x, <0:

1< (a—6)+~a’ —12a
) ’ Va' -12a > -a,

=S =S
(a—6)+\/az—12a< Na’ —12a <6-a;

0;
2
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a’ —12a>a’*, —12a >0,
= = < a<0
a’—12a<36-12a+a*; ;

Omegem. Ecrm a =12, 10 x=-9;

(a—6)++a’ —12a

2

ecim a<0,10 X =

3adauu 014 cAMOCMOAMENbHO20 PEULEH U
4.8.1. Haiinute Bce 3Ha4ueHUs mapameTpa p , IpU KOTOPBIX UMEET XOTS
OBl OJTHO pelIeHHEe YpaBHEHHUE:
a) (p+1)-4"+4.2"+p-2=0;
0) (p—-1)-4"—4-6"+(p+2)-9"=0.

4.8.2. Haiinute Bce 3HaueHMs MapaMeTpa p , NPH KOTOPBIX HE HMEET

pelIeHn ypaBHEHHE:

a) (p—4)-9"+(p+1)-3"+2p—-1=0;

0) (10—p)-52x+1 -2.5" +6-—p=0.

4.8.3. IIpu KaKkux 3HAUEHHSX IapaMeTpa d HMMeEeT XOTs Obl OJIHO perie-
HHUE ypaBHEHHE!

a) 2" +2" " =aqa; 0) 4" +a-2"=1;

B) x’—2x—log,,a*=0; 1) x*—(2°-Dx-3(4"-27)=0?
4.8.4. Onpenenute, Mpy KaKUX 3HAYCHHUAX ITapaMeTpa d ypaBHEHHE:
a) log,(9" +9a’) = x umeer nBa permenns;

0) log ., (x—2) =2 nMeer eIMHCTBEHHOE PEIICHHUE;

B) lg(x” + 2ax) = 1g(8x — 6a — 3) mMeeT eMHCTBEHHOE PElICHHE.

4.8.5. B 3aBUCUMOCTH OT 3HAaY€HUH MapaMeTpa a ONpEIEIUTe YUCIO
pelICHUH ypaBHCHHS:

a) 2xlgx=3-algx; 6) Yx+a+log,(x—5a)=0.

B 3amauax 4.8.6. — 4.8.9. mpu Bcex AOMYCTHMBIX 3HAUYCHHUSIX Iapamerpa
a peuMTe ypaBHEHHUSL:

4.8.6. 2) log, (x* —3a)=log,(a’ —3x);
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6) log s (4x+a)=log 5— (V2 - x)*;
B) log, .[(ax)’-1]=1.

487.a) a* -9 -8.3".a=0; 6) 144" —2.12" +a=0;
B) 3-4 2 4+27=a+a-4".

4.8.8.2) log, x+log, (x—-1)=2; 6) log , x+log ,a=1;
B) 2log, a+log, a+3log , a=0.

4.8.9.2) x%* =q’x; 6) g% 4 plosx oy

4.8.10. HaiinuTe Bce 3HaUEHUS X, YJOBICTBOPSIOIIUE YPABHEHUIO

log . (a’x+2)=2log,,, (5-v6-2x)
Ipy JII000M 3HaUYCHHU MapameTpa d .

4.8.11. Haiigure Bce 3HaueHWs MapaMeTpa d , IpU KOTOPHIX CHCTEMa

YPAaBHEHUM:

{32x+y + 3x+3y — 3’
a

HUMCCT PCUICHUC,
3y + 3—3x—3y — 3a—2x

HUMCCT CIMHCTBCHHOC PCIICHUC.

2x+y _ 22x—y — 1 _ 2a ,
6) 4x x+3y+l __ a+2y 2y+2
2" =2 =3.277 -2

4.8.12. Haiigute Bce 3Hau€HuUs napaMmeTpa d , IpU KOTOPBIX JaHHAs CHC-
TeMa ypaBHEHHUH UMEET POBHO J[BA PEIICHMUS.

log,(3—x+y)+3=log,(25-6x+7y),
y+2=(x-2a)’ +a+2x;

log,(2—x—-y)+2=log,(17-8x—-10y),
(x—a)l+x=y+a+6.

4.8.13. Onpenenure, MpH KakuX 3HAYCHUAX MapaMeTpa a HaHHOE YpaB-
HEHHE UMEET, 110 KpailHell Mepe, 1Ba KOPHS.

a) log,,, x+log (19-8a)=2; 6) log, x+log (17-10a)=2.
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§ 4.9. JlorapudmMuyeckue 1 nNoKaszarejibHble HEPaAaBEHCTBA

MHorue u3 MepeYuCcICHHbIX PaHEee METOAOB PEIICHUSI HEPABEHCTB NPH-
MEHSIIOTCS U K JIOrapu()MHUUECKHM M MOKa3aTeJbHbIM HEPaBEHCTBAM: pasiio-
JKCHHE Ha MHOXKUTEIH; 3aMEHa IEPEMEHHOMN U T. 1.

Ecnu B HepaBeHCTBaxX yJqaeTcst BCE BBIPAKCHUS CBECTH K OJHOMY OCHO-
BaHHIO, TO MOKHO BOCIIOJIb30BATHCS CIIEAYIOIIMMHU 3KBUBAIICHTHOCTSIMU:

S ()< gx),

&0 <= | 7 L 9.1)
S(x) = g(x),
O<axl.
nu
(S <g),
f(x)>0,
1 <1 a>l 9.2
og, f(x)<log, g(x) = )2 200, 9.2)
g(x)>0,
O<axl.

Mpumep 1. Jra xasxcoozo 3nauenus napamempa a pewums HepageH-

2_
cmeo a* "t <1.

Pewenue. Vicxons u3 onpeaeneHus NOKa3aTelbHON (QyHKINHU, paccMaT-
puBaeM Tonbko 3HaueHus a > 0. Ilpu a =1 pemrennii ver. [lpu a > 0:

xP—-x<0,

e d <l o | >

x*—x>0,

O<acx<l.

Omeem. Ilpu a <0, a =1 peuennii uer;
e 0<a<1,10 x €(—00;0) U (1;+0);

e a>1,10 x€(0;1).
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Tpumep 2. /[ kascoozo snavenus napamempa d peuwums HepaseH-
cmeo log,(1+x)<1.
Pewenue. Haxomqum OJ13: @ >0, a#1; x>—1.Ha O3 umeem

a>1+x>0, a—-1>x>-1,
a>l1,

&
1+x>a, x>a-1,
O<ac<l, O<ax<l.

Omeem. Ilpu a <0, a =1 pewennii ner;

a>l1,
log,(1+x)<l <

ect 0<a<l1,10 x€(a—1;+0);

ecm a>1,10 xe(—=la-1).

Ipumep 3. [ns kaxcooeo snauenuss napamempa a pewiums HepaseH-
cmso log, (x* +2x)<0.

Pewenue. Haxomum OJ13: a >0, a#1; x> +2x>0. Ha O/I3 umeem

—2>x>—1—\/§,
—1+\/§>x>0,

a>1, a>1,
log,(x* +2x)<0 < =

{x2+2x>1, -2 >,
O<ax<l; x>—1+\/§,

O<axl.

{1>x2+2x>0,

Omegem. Ilpn a <0 wiu a =1 peuenuii Her;

ecmn 0<a<l1,1o x € (—o0; —1—\/5)U(—1+\5; +00) ;

ec a>1,10 X €( —1—\/5;—2)U(0;—1+\/§) .

Tpumep 4. /[nsa kasicoozo snavenus napamempa d peuwums HepaseH-
cmeo log, (x* +2x)>1.

Pewenue. Haiinem OJ13 a>0, a#1; x* +2x>0. Ha OJI3 nomyda-

CcM:
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log, (x* +2x)>1<

X’ +2x>a,
a>l,

X +2x<a,

{x2+2x—a>0,

a>1,

X +2x—-a<0,

x*+2x>0, x*+2x>0,
O<ac<l,; O<a<l;
x>—l+m,
[x<—l—m,
a>l,
S| [-1-Vl+a <x<-1+1+a,
x<=2,
[x>0,
O<a<l.

Omeem. Ilpu a <0, a =1 peuienuii Her;

ecmn 0<a<l,to xe(—-1-+1+a;-2)U(0;—1++1+a);

ecm a>1,10 xe( —0;—1—1+a)uU(-1++1+a;+x).

Ipumep 5. [na kasxcoozo 3nauenus napamempa a pewums Hepasen-
cmeo log , (x+a)<1.

Pewenue. Haxomum OL13: x+a >0, x #=x1, x# 0. Ha O3 umeem

5 xX—x+a>0,
x*>x+a>0,
5 x+a>0,
x°>1,
logxz(x+a)<1<:> < | (x>

x+a>x, 5

s x*—x—a<0,
O<x*<1;

0<]x|<1.

Yucna x, =(1-+1+4a)/2 n x, =(1++1+4a)/2 — xopunu ypasue-
s x° —x—a=0 upu a>-1/4.
Ilpu a < —1/4 HepaBeHCTBO CIIPABEMIUBO MIPH BCEX X .
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I[J'ISI HCpBOﬁ CUCTEMbI COBOKYITHOCTH ITOJTYUUM:

XX —x+a>0, x>—a,
x+a>0, & x € (—0;x,) U (x,;+00),
|x|>1; x € (—o0;—1) U (1;+00).

Vo6exmaeMcs, 4To Ha 4yucioBoi ocn OXx 3HaYeHWEe X = —a JUId BCEX
a#(0 pacrnonoxeHo nesee, yeM X,; npu a >0 3HadeHne x, OGoJblue

x=1; npu a>2 3nadyenue X, MeHblle X =—1. 3amuieM perieHue mnep-
BOU cucTeMsl: ecid a <—1/4, to pemennii uet; ecmu —1/4<a <0, To
xe(l;4+0); ecm 0<a<l, T0 xe(x2;+oo); ecrn 1<a<?2,
x€(—a;—1) U (x,;+0),ecmn a=2,10 X €(—a;x, )\ (x,;+0).
151 BTOpO CUCTEMBI COBOKYITHOCTH HMEEM:
0<|x|<], xe(-1;0)u(0;1),
¥ —x-a<0,& {x <x<x,
x+a>0; xX2>-a.
Mo aHAMOrMK ¢ MPEIBIIYIIMM CIyYaeM Ioydaem, 4to eciad a <—1/4,
To pemrenuit HeT; ecmu —1/4<a<0, to xe(—w;x,)U(x,;+0), ecnu
0<a<2,t0 xe(x;l);ecmm a=2,10 x(=10)U(0;1).

OtBer HCXOJJHOI'0 HEPABCHCTBA SABJIACTCA O6'I)€Z[I/IH€HI/I€M OTBCTOB IOy~
YCHHBIX CHUCTEM.

Omeem. Ecnu a < —1/4 , to pewennii vet; ecin —1/4<a <0, 10
xe((1=1+4a)/2; 1+1+4a)/2) U (1;4%); ecm 0<a<1, 1o
xe(—o;(1=v1+4a)/2) U ((1+1+4a)/ 2;4%); ecmn 1< a <2, 10
xe(—a;—1)U((1-1+4a)/2;1) U (A +~1+4a)/2;+0) ; ecnn a =2,
10 x € (—a;(1=~1+4a)/2) U (=11 U (1 +/1+4a)/ 2;+0) .
Mpumep 5. /[na xascooeo 3uauenus napamempa a pewiums HEPAGEH-

cmeo log, (x—2)+log, x>1.

Pewenue. B COOTBETCTBHH ¢ OIpENEIECHAEM JIOTapU(OMUUECKON (QyHK-
win, a >0, a#1, x>2.CuenosatensHo,
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a>1l,
x*-2x>a,
x>2,
log,(x—2)+log,x>1= log, x(x-2)21 <
O<ax<l,

x*-2x<a,

x>2.

Omeem. Ecin a <0, a =1 pemienwuii Her;
ecmn 0<a<l,to xe(2;1++/1+a);
ec a>1,10 x€(l++/1+a;+o).

Ipumep 6. [na kascoozo 3navenus napamempa d peuwumo HepaseH-
cmeo log,(x—1)+log, x>2.
Pewenue. Haiinem O/13: a >0, a#1, x>1. Hmeem
log,(x-1)+log,x>2 = log, x(x-1)>2 <

a>1l,
1
“h x<(=1+4a%)/2,
x—=x>a’,
x>(1++1+4a")/2,

x>1,
S| x>,
O<axl,
5 ) O<ax<l,
X —x<a,
s (1-V1+4a*)/2<x<(1+~1+4a)/2,
- x>1.

C yuerom Toro, uro uncno (1++1+4a>)/2 npu Beex 3HaueHmsIX
a#0 Gompme 1,a (1—+/1+4a”)/2 — mensime 1, 3amumem oTBer.

Omeem. Ecin a <0, a =1, To pemienuii HeT;

ecmn 0<a<1,10 xe(L,(1+V1+4a*)/2);
ecmn a>1,10 x€((1++1+4a*)/2;+0).
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Tpumep 7. /s kascoozo snavenus napamempa d peuwums HepaseH-
cmeo 3\/; > 27,

Pewienue. llepeiimeM B HEpaBeHCTBE K OJHOMY OCHOBAaHHIO 2:

log, 3% log, 3%
3 = ploea3 o o3 5 e Janee morapu(pMupys, IOTydaem

{a<0,
x>0,
log235>a = J;log23>a oi>—2 o

log, 3 {aZO,

x>a’log: 2.

Omeem. Ecru a >0, 10 x € (a’ log; 2;+x) ;
ecmn a< 0,710 x €[0;400).

Mpumep 8. /[na xasxcooeo 3nauenus napamempa a pewums HepageH-

>1.

cmeo
log, x

Pewenue. Haxonum O13: a >0, a#1; x> 0,x #1. IIpeobpasyem He-
PABEHCTBO K BUJLY

l—logax>0'

log, x
1-—
y

y>0 HAIn

Ionarast y =log, x, rae y # 0, momyunM HepaBEeHCTBO

O<y<l,te O<log, x<1.

Pemum TIOJTYYCHHOC HEPABCHCTBO
a>l1,
a<x<l,
O<ac<l,
£<x<a

Omeem. Eciu 0<a<1,10 x€(a;1);

O<log,x<1&

ecmm a>1,710 xe(l;a).
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Mpumep 9. s xasxcoozo 3nauenus napamempa a pewums HepageH-

Ccmeo xlog”x <a.
Pewenue. Haiinem OJI3: a>0, a#1; x>0. Bocronap3yeMcst OCHOB-

log, x
HbIM J'IOI‘apI/I(bMI/I‘ICCKI/IM TOXICCTBOM X =d Ea . Tor/:[a HEPABCHCTBO IIpH-

MET BUJL (alog”x)logax <a M
O<ax<l, O<ax<l, O<ax<l,
) log? x>1, |logax|>1, xe(0;a)u(1/a;+xo);
a%t < g o
a>1, a>l, a>1,
logix<l; |10gax|<l; xe(l/a;a).

Omeem. Eciu 0<a<1,10 x&(0;a)U(1/a;+0);

ecmn a>1, 10 xe(l/a;a).

Hpumep 10. Haiimu ece OeticmeumenvHble 3HAYeHUs napamempa a.,
npu komopwix Kajicooe pewenue nepasencmea log,,, x* >log, H(x+2)

2 4
asnsemces pewenuem nepasencmea 49x~ —4a” <0.
Pewenue. Haiinem OJ13 nepBoro Hepasencrsa: x >—2; x#0.

Permum NEPBOC HECPABCHCTBO!
log,, x* >log,,,(x+2) = x> <x+2=>xe[-1;2].

Pewum BTOpOE HEPAaBEHCTBO:
2

49x* —4a* <0< 49x° <4a* o|x|<

Jlnst Toro, 4ToOBI KaXkJ0€ PEIICHHE MEePBOr0 HEPaBEHCTBA OBLIO pellie-
HUCM BTOpOFO HCpaBeHCTBa, HCO6XO,HI/IMO n J0CTaTO4HO, ‘ITO6LI OTpe?)OK
2 2
2a 2a

x €[—1;2] comepsxaincs B oTpeske — - <x< g

s CUMMETPHUH BTOPOTO OTPE3KAa OTHOCUTECIBHO HYJIA CIEAYET, YTO IJIA
2

9TOr0 JOCTATOYHO pEIIMTh HEPABEHCTBO 2 < Otcroma moiry4aeMm

la|=~7.

Omeem. a (—OO;—ﬁ] U [\/7;+OO) .
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Mpumep 11. Pewums nepagencmeo, ecau u3gecmHo, 4mo OHO 8bINOJIHA-
emeanpu x =x,. log, (x> —3x)>log, (4x—x7), x,=3,75.
a>0,a=l,
Pewenue. Haiiem OJ13: { x> —=3x>0, = xe(3;4).
4x —x*>0;

INoncTaBHB B HEPABEHCTBO 3HAUYCHHE X, = 3,75 , moirydum

225 45 225 45 15
og,| ——-—|>log,|15—— | wm log,| — |>log,| — |.
16 4 16 16 16
[Tocnennee HEPABEHCTBO MOYKET BBITIOJNHATHLCS TOJNBKO TPU 3HAYEHUAX
a , 6omnpinmx 1. Torja s HCXOAHOTO HEPABEHCTBA UMEEM
log, (x> —3x)>log, (4x—x") & x* —3x>4x—x",1e. 2x° —Tx>0.
Vuursiast O/13, nonyuaem pemrenre x € (3,5;4) .
Omegem. x € (3,5;4).
Ipumep 12. Hatimu 6ce OeticmeumenvHvle 3HAYeHUs napamempa a,
x(a— x)| <log,, x umeem xoms Gv

npu komopwix Hepasercmeo log, . .

00HO peuteHue.
a+x>0, x>-a,

Pewenue. Haxopum OJI3: a+x#1, & <x#1—a,
x>0 x>0.

a —x| <log,, . x(%

x(a - x)| < 10ga+x X é;z 10ga+x X+ 10ga+x

a+x>1, x>1—a,
0<|a—x|<1, 0<|a—x|<1,
a—x|<0c>

on3 {O<a+x<1, oms {—a<x<1—a,

log, ..

Slog,.,

|a—x|>1; |a—x|>1.

PaccMmoTpuM mepByro cucteMy HEPaBEHCTB TOJIyUYCHHON COBOKYITHOCTH:
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x>1-a,
x>1-a,
S 9x#a,
0<|a—x|<1;
a-l<x<a+l.

Cucrema umeet X0Ts ObI OJIHO pereHue, eci a +1<1—a,1.e.ipu a<0.
PaccMoTpuM BTOpYIO CHCTEMY HEPaBEHCTB COBOKYITHOCTH:

—a<x<l-a, —a<x<l-a,
—a<x<l-—a,
&Sqla-x>1, &Sqlx<a-1,
|a—x|>1;
a—x<-1; x>a+1.

Cucrema nMmeeT XOTsi Obl OJIHO PELICHUE, €CIM UMEET pEllCHHE COBOKYII-

a—-1>-a, a>0,5,
HOCTb & T.e.ipu a >0 .
a+1>1-a; a>0,

Ilpn a=0 HepasenctBo mpuBomTCss K Buay log, x” <log x wm

2 <1, T.e. He UIMEET PEIICHHUS.
Omegem. a #0.
Ipumep 13. Haiimu 6ce Oelicmeumenvhuvle 3uauenuss napamempa da,

npu komopuix nepasencmeo 1+log, (2x* +2x +3,5) > log, (ax’ + a) ume-
em xomsi Obl 0OHO peuteHue.

2x* +2x+3,5>0,
Pewenue. Haxonum OJ13: = a>0.

ax* +a>0
ITpeobpaszyeM HCXOAHOE HEPABEHCTBO:
1+log,(2x” +2x +3,5) > log, (ax” + a) <
< log,(4x” +4x+7)>log,(ax’ +a).
[otenmmpys (c yaerom O/13), momydaeM ABOIHOE HEPABEHCTBO

4 +4x+7>ax* +a>0.
PCH.H/IM HCpaBeHCTBO

Ay’ +4x+7>ax’ +a wm (4—a) X" +4x+7-a>0.
JUCKpUMUHAHT ~ KBaJpPaTHOrO  TPEXWICHa d—-a)x*+4x+7—a:

D=16-4(4-a)(7—a)=—4a” + 44a — 96 . KagpaTuuHoe HEPABEHCTBO

HMEET XOTS ObI OTHO PEHICHUE B CJIy4ac BBINIOJHCHUSA YCJIOBI/Iﬁ
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4—a>0, 4>aq,
{D <0, < {a € (—0;3) U (8;+0),
D>0; a<[3;8].
Vuaureisast O/13, nonyyaem a € (0;8].
Omeem. a < (0;8].

Hpumep 14. Haiimu ece OeticmsumenvHuvle 3HAYeHUs napamempa a,
npu komopwix nepasencmeo 1-log, (x> +1)>log, (ax’ +4x+a) cnpa-

6€0/1UB0 0151 6Cex OelCMEUMEIbHbIX 3HAYEHULL X .

Pewenue. Haxomum OJ13: ax” +4x+a>0.
[IpeoGpaszyeM HCXOAHOE HEPABEHCTBO

1-log, ,(x* +1)>log,(ax’ +4x +a) <
< log, 7(x* +1) > log, (ax” +4x +a).

IToTentupys HepaBeHCTBO ¢ yuetom O/13, momydaem qBOWHOE HEpPaBEeH-
CTBO

Tx*+7>ax’ +4x+a>0.
PaccmoTpuM HepaBeHeTBo 7x° +7 > ax® +4x +a wm
(a=7)x*+4x+(a-T7)<0 (*).
Ero muckpuvunant D, pasen D, =—4a’ +56a—180.

JIUCKpUMHHAHT ~ HepaBeHctBa  ax” +4x+a>0 (**)  pasen
D, =16—4a”. VicxomHoe HEpaBeHCTBO OyAeT CIPABENHBO TPH BCEX

xeR, ecnu 06a nepaBencta (*) u (**) BBIMOJHSIOTCS TPH BCeX X € R,
T.€. €CIH

a-17<0, a<T, a<1,
a>0, a>0, a>0,
= 5 =
D, <0, —4a” +56a—-180<0, a € (—0;5]U[9;+x),
D, <0; 16 —4a* <0; a € (—00;=2) U (2;+00).

Omeem. a € (2;5].
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Hpumep 15. Haiimu éce 3nauenus napamempa a, npu KOmopuix Hepa-
sencmeo a9" +4(a—1)3" +a>1 cnpaseoruso ors écex xR .
Pewenue. CnenaeM 3aMeHy Y = 3%, roe y>0. Torma nomy4um Hepa-

BerctBo ay’ +4(a—1)y+a>1. VcxonHoe HepaBeHCTBO OyAeT CIpaBes-

IMBO TpH Bcex X € R, ecnu MOMy4eHHOE HEPABEHCTBO BBIMOJHACTCS TPH
Bcex ¥ > 0.3T0 BO3MOXHO, €ClH ISl KBAIPATHOTO TPEXUIeHa

_{DSO,

a>0,

S =ay* +4a-Dy+a-1: __Ha-D g
0 2a

f(©)=a-1>0.

Pemenrem mocietHel COBOKYIMHOCTH sByiseTess a > 1 .
Omeem. a>1.

I'pagpuuecxkuit memoo

Mpumep 16. s kaxnc0o2o 603MoHCHO20 3HAYEHUs napamempa d pe-
wums nepasercmeo 1og ,(a+x)<1/2.

Pewenue. JJanHoe HEPaBEHCTBO PAaBHOCWIBHO COBOKYIIHOCTH JIBYX CHUC-
: < <
Tem: log,(a+x)<1/2 < log,(a+x)<log,[x[<=

x>-a, x>-a,
I -1<x<0, [ -1<x<0,
D (D
a+x>0, a+x<—x, x<-al2,
0<|x|<], 0<x<l, 0<x<l,
(1) )
= a+x<|x|, & a+x<x, & a<0,
| x|>1, x<-1, x<-1,
(TI) (TI)
a+x=|x|; a+x>-x; x>-al2;
av) x>1, av) x>1,
a+x>x a>0.
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Bce pelieHust MCXOMHOTO Hepa-
BEHCTBA  BBIJICJICHBI Ha  KII-
wIockoct (cM. puc. 61). Mcnons3ys
PUCYHOK, 3aIllilIEM OTBET.

Omeem. Ecim —1<a <0, T0
xe(—a;l);ecmn a=0, 10
x€(0;1) U (1;+0) ;

ecmn O0<a<l1,To
xe(—a;—al/2]v(1;+0);

ecmn 1<a<2,To
xe(=L—-a/2]u(l;+x);

ecmt a=2,10 X € (l;+0) ;

ect a> 2,10 x €[—a/2;—-1)U(l;+x0).

Memoo paznoxcenus Ha MHOMCUmMETU
Hpumep 17. Ilpu xadxcoom 3HaveHuu napamempa d peuiums HepaAeH-
emeo 2Y +(x—4—-a)2” +(Sa+x-5-ax)<0.
Pewenue. Pa3noxxum JIeByIO 4acTh HEPABEHCTBA Ha MHOXHUTeNH. Crena-

X
em 3ameny 4° =¢, rme ¢ > 0, ¥ pacCMOTPUM JICBYIO YacTh HEPABEHCTBA KaK
KBa/IpaTHBIN TPEXWIEH OTHOCUTEIILHO IEPEMEHHON f :

P(t)=t"+(x—4—-a)-t+(a-1)(5-x).
Kopursimu P(f) sBistrotest aucna ¢, =5—x, ¢, =a—1. CinemoBarensHo,
P()=(t-(5-x))-(t-(a=-1).
Cnenaem 00paTHYIO 3aMEHY U 3allMIIEM HEPABEHCTBO B BHJIC
4 -5-x)@" —(a-1)<0.
DTO HEPABEHCTBO PABHOCUIBHO COBOKYIHOCTH CHCTEM:
X X
" {4 —(5-x)<0, (11){4 —(5-x)>0,
4" —(a-1)>0; 4" —(a-1)<0.
Pacemorpum pynkimio  f(x) =4" +x—5. 3amerum, uto f(1)=0.
Kpowme Toro, pyrkuus f(xX) MOHOTOHHO BO3PACTAa€T Ha BCEW YMCIOBOW OCH,

M03TOMY, )< wm 4"+x-5<0 gmas moboro x<1 wu
v, f(x)<f)

147



f(x)= f(1) wm 4" +x—5>0 nna moboro x> 1. CnemoBarensHo, COBO-

KYITHOCTb CUCTEM ITmlIl paBHOCHJIbHA COBOKYITHOCTH CUCTCM:
x<1,

>1
D) < )<
w as<4’ +1; no W a>4"+1.

9

Ha miockoctu Oxy usobpa-

3UM MHOXXECTBO TOYEK (CM. pHC.
62), KOOpIOMHATHI KOTOPBIX YZOB-
JIETBOPSIIOT TMOJIYYEHHOW COBOKYII-
HocTu. Ha pucyHKEe 3TO MHOMXKECT-
BO 3amTpuxoBaHo. Touku 1 u 5
pazowu ocb Oy Ha TpH ydvacrka,

Ha KQXIIOM U3 KOTOPBIX JICTYC BEI-
MMUCBHIBACTCS PEIICHHE HAIIero He-
paBeHcTBa. [ 3TOrO Ha COOTBET-
CTBYIOIIIEM  y4YacTKe TPOBOJUM
TOPU30HTAIBHYIO MPSIMyI0 V =da

Puc. 62

1 HaxoJuUM 3HAYCHHMsS, COOTBETCT-
BYIOIIME KOHIAM YyYacTKOB 3TOM
MPSIMOH, MPHHAIUIKAIINX 3aIITPHXOBAHHONW 001acTi. AGCIHCCY TOYKU Tie-

pecedenus npamoil ¥ = a u rpaduka Gyrkuun ¥ =4" +1 Haxomum, penms
ypasuenne a =4" +1. [onygaem x =log,(a—1).
Omegem. Eciu a € (—o;1], o x € (—o;1];
ecin a € (1;5), 1o x e[log,(a—1);1];ecm a=5,10 x=1;
ecn a € (5;+0), 1o x €[1;log,(a —1)].
Memoo dexomnozuyuu npu peuieHuU 102apuPMuUUecKux u
HOKA3amenbHbIX HEPAGEHCME

Wnes merona, npeajioxKEHHOTO B noco6un’ Mopnenosa B.I1., ocHOoBaHa
Ha 3aMEHe TPAHCIEHACHTHOTO HEPAaBEHCTBA PAaBHOCHWIBHBIM €My B 00JIaCTH
JIOTTYCTUMBIX 3HaUEHUH MMEePEeMEHHON U mapaMeTpoB Oosiee MPOCTHIM, B 4aCT-
HOCTH, aNreOpandecKuM HEPaBCHCTBOM.

! Mogenos B.II. ITocobue no maremaruxke, 4. II. — M.: 13n-Bo MockoB. yH-Ta,
1972.
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Hanpumep, ecin F' — snemeHTapHasi TpaHCHEGHICHTHAsT (GyHKIHUS, BO3-
pacraromasi B 00J1aCTH JIOIYCTHMBIX 3HAYCHUI NEPEMEHHOH M I1apaMeTpoB
(O13) nnu Ha HEKoTOpoM MHOecTBe (M) U3 3TOH 00IacTH, TO

F(fi(xa)=-F(f,(x.a)>0 < fi(x.a)- f,(x.a)>0,
a eci yObIBaroIas, TO

F(fi(xa)=F(£xa)>0 < fi(x.a)= f(x,a)<0.

Ecnu ¢yukuus f(x,a) SBISETCS PalMOHANLHON, TO MONYYEHHBIE He-

paBeHCTBa, paBHOCWIbHBIE HcxonHOMY B O/13(M), sSBISIOTCS Takke paruo-
HaJIbHBIMH.

Jlnst pelieHust HEpaBeHCTB, COIEPIKAIINX JOTapUPMUIECKYIO U CIOXKHO-
MOKa3aTeNbHYI0 (YHKIMH, MOXHO HCIIOJb30BaTh CJCAYIOIINE JIOTUUECKHE
CXEMBbl PaBHOCHJIbHBIX BBICKa3bIBAaHHMH (B CXeMaxX 3HaK V O3HayaeT Jro0on
13 3HAKOB >,<,>,<):

L log, ., fi(x,a)—log, , fz(x,a)vo(%ﬁ(x,a)—fz(x,a)vo.

B gactHOCTH,

a) log, .., f(x,@) v 0(g(x,a) =D)(f (x,a) =DV 0.

J0<g(x,a)#],

e OJ13: { f(x,a)>0.

) 10g, .., /(1:a) = 1v 0 (g(x.0)~ I /() - g( ) v 0,
J0<g(x,a)#],

e OJ13: { f(x,a)>0.

2. g(x,a)""" —g(x,a)*"" v Og(g(x,a) -D(fi(x,a) = fr(x,a)) v 0.
B gacTtHOCTH,

g(x,a)’ ™" —1v Og(g(x,a) =1): f(x,a)v0,rne OI3: g(x,a)>0.

3. & (xaa)/‘(x,a) - gz(x’a)f(xﬂ) v Oﬁ(gl (x,a) - & (x9a)) ) f(x9a) v 0 >

g,(x,a)>0,

O/13:
wae O/1 {gz(x,a)>0.
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[IpuBeneHHbIE «IIpoOCTeiinIne) HepaBEeHCTBA HA3BIBAIOTCS 0A308bIMU He-
pasencmeamu, BXOISIIYI0O B HUX TPAHCUCHICHTHYIO (YHKIMIO Ha3bIBAIOT
6azoeoii. Tlpencrasnenue jJeBoi vacti HepaBeHcTBa £ Vv 0 B Bume mpous-
BEJICHHS M YaCTHOTO 0a30BBIX (DYHKIMH HA3BIBAIOT OeKOMNO3ULUEI.

Hpumep 18. /Jokazame nozuveckyro cxemy
loggl (x,a) f(x’ a) - 1Ogg2(x,a) f(x’ a) 2 0 éﬁé

S(f(xa)=1)(g (x,a) ~1)(g,(x,a) ~1)(g,(x,a) — 8,(x,4)) 2 0,
0<g(x,a)=1,

rae O113: <0< g,(x,a)#1,
f(x,a)>0.

Joxazamenvcmeo. Tlpu f(x,a)=1 HepaBeHCTBO CIPaBEUIHBO IIPU

BBINOJIHEHUH YCIIOBHH, onpenenstomux O/13.
Ilycte f(x,a)#1. lpencrasnss na OJ[3 JI€BYIO YacTh UCXOMHOTO HeE-

PaBCHCTBA B BUJIC MTPOU3BCACHUSA U YaCTHOT'O 0a30BBIX (byHKIIPII:I, MOJIyUrM:

1 1
1 -1 >0 - >0
og, f—log, f b log, g, log, & o
<:>10gfg2_10gfg1>0<:> (f-Dg,—g) >0

2 20
oi log, g -log, g,  OW(f-D(g-D-(f-D(g, - ©om®
(f =D(g, ~g)
S22 2 >0(f -1 -1 -1 -g)20.
5B (g, —1)(g, —1) 0/:[3(f g —D(g, —D(g, —g)
OOBbeauHss PEe3yIbTaThl 000UX CIIy4acB, MOIYYUM Tpedyemoe.
Hpumep 19. /[na kaxcooco donycmumozo 3HayeHuss napamempa da pe-

wwms nepasencmeo log,, (log, x*)>1.

0<2a#l, {O<a¢0,5,

. Ilpumensia meron ne-
|x|>1.

Pewenue. O/13: 5 =
log, x™ > 0;

KOMITIO3UIIUU ABAXK/BI, [TIOJYYHUM:
log,, (log; x*) 1> 0> log,, (log, x*) ~log,, (24) > 0=

2 2a _ _na a
(%(Za—l)(lo&x —log,3 )>0(<;1>3(2a D(x-3")(x+3%)>0.

150



I[J'ISI peuicHrsd MOCICAHCTO HEPABCHCTBA AOCTATOYHO PACCMOTPETH JBa
ciyuast: (1) a €(0;0,5) u(2) a €(0,5;+0).
Ecma a €(0;0,5), to
Qa—T)(x-3")(x+3)> 0 {(x_3a)(x+3a)<0’
|x|>1.
Wm x € (-3“;-1)u(1;39).
Awnanornano, ipu @ € (0,5;+00) monyunm x € (—o0;—3“) U (3%;40) .
Omeem. Ecm a € (0;0,5), 10 x € (-3%;-1) U (;3%);
ecma a € (0,5;+0), 10 x € (—00;—=3“) U (3%;+0) .
3aoauu 011 camocmoaAmenbHo2Z0 peuieHus

OnpenenuTte, IpyU KakKUX 3HAUEHHUSIX MapaMeTpa @ HMeeT pelleHHe He-
PaBEHCTBO:

49.1.2) > =24~ 250, 6) a° P +a> T <4,
49.2.a) log,(1+x)>log ,(1+x); 6) log,(x* +2x+2)<0.

OHpe,I[C.HI/ITe, IPpU KaKWX 3HAYCHUAX MapaMe€Tpa d HEPABECHCTBO BBIIOJI-
HACTCS TIPpU JIFOOOM 3HAYCHUHU X :

493.a) a-9"+4(a-1)3" +a>1;
6) 47 +2(2a+1)2° +4a’ -3>0.
4.9.4.2) log, (x* +2)>1; 6) log, ., (| x|+4)>1;
B) loga/({m)(x2 +2)>1; r) log(a2_1)(cz2x2 +2ax+4)>1;

n) log , . [(a2 —Dx* +4ax + 5] <1.

Jlig kax1oro 3Ha4eHUs apamMeTpa a PpelIuTe TaHHOE HEPABEHCTBO:

495.2) a" " >1; 6) log, (1+x)>1;
B) log, (x* +2x)>0; 1) log, (x> +2x)<1.
49.6.2) a° -9 —8a-3">0; 6) |3 =37 |<3-37";

B) 0,17 —0,17|< 0,1 — 0,1

49.7.a) 3% + (x—8—-a)3” +(10a +2x—20—-ax)<0;
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6) |- (5+a+2x)2" +2*(6a—2x—6+2ax)>0.
4.9.8. [Ins kaxaoro 3HavueHus napamerpa @ >0 pelrnre HepaBeHCTBO:

1 1
>

,1 N
a -1 l-a
4.9.9. /Ins Bcex 3HaYEHMI apamMeTpa a PEelITe HePaBeHCTBO:

a) a? +8a "' —4a' >a-2; 6)

2
1+logax>1; 5 3logax2+6>1;
1+log, x 2+log, x
B) X% <q (x#1); 1) x°%M <ty (0<a<l,x=1).
4.9.10. a) log (x—a)>2; 0) log, x+log, a<3;

B) alog, x+log, 3+a=0;
r) 2log,(x—a+1)+log,,,(x—3-2a)>2.

4.9.11. Pemmte HEpaBEHCTBO, €CIIM U3BECTHO, YTO OHO BBIMIOJHSIETCS IPU
X=X,:

a) log, (x* —3x) >log, (4x—x), x,=3,75;

6) log, (x> —x—2)>log,(3+2x-x"), x,=2,25.

4.9.12. Ompenenute, Npy KakoM 3HA4EHUU IapamMeTpa MUMeeT €IUHCT-
BEHHOE PELICHHE CHCTEMA HEPABEHCTB!

1
4" 5.2 4471 <0, 9r 10 3va L gisg,
0) 3

log,(x+a)<2; log, , (x +a) > 0.

4.9.13. Mcnonb3ys METOJ IEKOMIIO3UIINH, PEIINTE JTaHHOE HEpPaBEHCTBO
JUISL KaK/I0TO JOITyCTUMOTO 3HAUEHHSI IIapaMeTpa a :

a)

>1; 6) log,, 2<log 4,rme ac(0;1/4);
log, x “

B) a'(a—1)" =2a"" —(a—1)"+2a<0;

sinx

; a
r) x™ log, x+x“log, —<x
x
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§ 4.10. Tpuronomerpuyeckue ypaBHeHUs1 U HEPABEHCTBA

IIpn pemeHnr TPUrOHOMETPUYECKUX ypaBHEHHMH WIIM HEPABEHCTB C I1a-
paMeTpoM, B Cllyyae 3aMEHBI BBEJEHUs. Y =SIinX (WK ) =COSX) U MOJy-
ueHust perneHust Buaa Y = f (@), HEOOXOMUMO TIPOBEPSTH BBHIIOIHUMOCTh

yenosust | f(a)]| £1. D10 gaet HONONHATENBHBIC OTPAHHYECHHS HA d .

Hpumep 1. /[na kaxcoozo 3navenus napamempa a pewiums ypasHeHue:

. +1
a) sinx=2"". 6) cos’x=a’—1.
a—
a+1
Pewenue. a) Pemienne cymecTByer B ciydae, ecni —1 < 1 <I.
a_
‘Hiz-l, “+i+1zo, 2“120,
a_l a_l < a2_
LR A R PO <0.
a-1 a-1 a-1

Penrenue nepsoro HepasencTBa cucremsl d € (—o0;0] U (1;+00), Broporo —
a € (—o;1) . Cnenosarensho, @ <0 — pelieHHe CUCTEMBI.
Urak, ecin a <0, To pemnieHreM MCXOTHOTO YpaBHEHUS OyIyT ducia

a+l

x =(-1)" arcsin +7n, neZ.Eciu a >0, To pelieHuii HeT.

.a+l
Omeem. Ecrm a <0, 10 X =(-1)" arcsm—l-l—ﬁn, neZ;

eciu a >0, To pemeHuit Her.

Pewenue. G) Pemenne cymecrByer B ciyuae, ecmn 0<a’ —1<1. Dro
IBOIHOE HEpaBeHCTBO crpaBeaBo mpu 1<|a|< V2. [Ipn HallJeHHBIX
3HaueHMsAX ~ a  mpeobpasyeM — HMCXOJHOE  ypaBHEHHE K BHIY

l+cos2x N
————=a" -1 wm cos2x=2a" —3. Pemenne MOCIEIHETO ypaBHE-

Hust ectb X = +0,5arccos(2a” —3)+zn, neZ.

Omeem. Ecu 1<|a|<~2, 1o x==0,5arccos(2a> —3)+zn, neZ;
NPH IPYTHX 3HAYCHUAX d PELICHUH HET.
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Mpumep 2. Jna kasxcoozo 3nauenuss napamempa a pewums ypagHerue
(ba-1)cosx=2a+3.

Pewenue. Ecniu a=1/5, 1o ypaBuenue umeer sug 0-cosx=17/5 u

. 2a+3
HC HUMCECT peHIeHI/II/I. HpI/I a+ 1/5 B ypaBHeHHe BLIpaSI/IM COSX = 1 .
a—
PemeHHe IIOCJIICAHET O ypaBHeHI/IH CyHIeCTByeT B cnyqae, cClin
- 2a+32_1’ 2a+3+120’ 7a+220,
1< a+ <l Sa-1 - S5a-1 PN Sa—-1
Sa—1 2a+3£1; 2a+3_1$0; 4—3a£0‘
Sa-1 S5a-1 Sa-1

Pemenve nepBoro HepasenctBa cuctembl da € (—o0;—2/7]U (1/5;40),
Broporo a € (—0;1/5)U[4/3;+0). CrnenoBarenbHo, pEIEHHE CHUCTEMBI
a e (—0;-2/7)V[4/3;+0).

Hrak, ecmu a € (—o0;—2/7]U[4/3;40), TO pelieHHeM HCXOIHOIO

ypaBHeHHs Oymyr uwucima X =1tarccos +2zn, neZ. Ecuu

S5a-1
a€(-2/7;4/3), To ucxoaHOE YpaBHEHHUE HE UMEET PELICHHUH.

2 4 2a+3
Omeem. Ecnu a € —oo;—; U §;+oo , TO X =ZFarccos +27n,

a_
neZ;ecm ac(-2/7,4/3), 10 pemennii HeT.

Hpumep 3. [Jna kasxcoozo 3nauenus napamempa a pewums ypagHerue
coSa

cos(a+x) = .
COS X

Pewenue. Haiinem OJ13 ypaBuenus: cosx # 0.
3anucaB ypaBHEHHE B BHJIE
cos(a+ x)-cosx=cosa

1 ipeo0pa3oBaB MPOM3BEACHUE B CyMMY, ITOTyYUM
cosa+cos(2x+a)=2cosa < cos(2x+a)—cosa=0<

—2sin(x+a)sinx=0.

[TocnenHee ypaBHEHHE PaBHOCHIBHO COBOKYITHOCTH
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sinx =0, x=rnn,ner,
. =
sin(x+a)=0; xX+a=nmm,meZ.

C yuerom OJ13 x # /2 + 7k, tne k € Z , 3animiem oTBer.

z(2m—1
Omeem. Eciu a =¥, T0 X =7h, Tae Mm,n €7
7(2m—1
eciu a;«t%, TO X, =N U X, =—a+7k, mn,keZ.

Memoo eeedenusn ecnomozamenbHozo yaia

PaccmoTpum ypaBHEHHE BUJA
asinx+bcosx=c, (10.1)

o 2 2
rae a, b, c— npousBosbHbIE HeHCTBUTENbHBIE Ynucia U a” +b” #0. Pe-
MM €r0 C MOMOUIBIO BBEJECHHUS BCIIOMOTATENBHOIO yria. Jus 3Toro pasme-

[ 2 12
auM obe YacTH ypaBHeHus Ha \a~ +b” u nomyuum

a b c
Ja' +b? Ja* +b? Ja2+6*

KosdduiuenTsl mpu Sinx ¥ COSX OyIeM paccMaTpuBaTh Kak 3HAYCHUS

sinx + CosSXx =

a
KOCI/IHyca nu CI/IHyca BCIIOMOT'aTCJIIBHOT O apryMeHTa (0 L= COS(D 5
2 2
a +b

b .
— = Sln¢7 . TaKOC 3HAYCHUC (D CyIHCCTByeT, TaK KaK
2 2
va +b
2 2

a <1 L<1 a b

— <1, <lmu +
Va' +b’ NVa' +b’ Ja + b Ja* + b
be3 orpanmuenus obmuoct B ypaBHeHHH (10.1) MOXXHO ITONOXHTH

b>0;torma sing >0 uyrom ¢ MOXHO B34Th U3 poMexyTka 0 <@ <7,

=1.

a
P = arccos ———. JlaHHOE ypaBHEHHUE 3aluIlIeM B BUJIC
a +b

C

Ja' +b?

cos@sinx +sin @ cos x =

nIn
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Cc

[ 2 2

a +b
IIpu npaBast yacts ypaBHeHus (10.2) mo moaymio Gonblle €AUMHULIBI, TO

9TO ypaBHEHHUE, W, CleqoBaTeNbHO, ypaBHeHue (10.1) He MMEIOT penreHus.

sin(x + @) = (10.2)

c
Ecmn ﬁ <1, 1o pemenusimu ypasuerust (10.2) sBisifoTcst aucia
a +b

x=(-1)"arcsin —p+annel.

c
2 2

Na +b

33Me‘-la]'[]/le. I/ICXOﬂﬂ N3 CKa3aHHOTI'O BBIIIIC, CHC,IIyeT paBeHCTBO

asinx +bcosx =+a’ +b* sin(x + @). (10.3)

Tax xak —1<sin(x + @) <1, To Belpaxkenue asinx+bHCOSX MOKeT mpu-

HMMATh JIFOObIE 3HAUEHHS U3 TIPOMEKYTKA [—\/ a’+b’ ;\/ a’+b*], re.
—Ja®> +b*> <asinx+bcosx<~a’ +b* .

Ipumep 4. Ilpu kaxux snavenusx napamempa a umeem Xoms Obl 0OHO
peuienue ypasHeHue:

a) V3sinx+cosx=a; 0) | 2sinx—3cosx|=a;
B) acosx—sinx=3; r) sin’ x+3sinxcosx —2cos’x=a;
n) |Ssin” x+cosx—7|=a?

a) Pewenue. Vicnionb3ys METOJ] BBEAICHUS BCIIOMOTaTeILHOTO yIJIa, Ipe-
o0pazyeM BBIpa)KEHHE B JIEBOI YaCTH ypaBHEHHS K BHILY

x/gsinx+cosx =2 gsinva%cosx = 2(cos%sinx+sin%cosxj =

=2$in[£+xj .
6

. T a
VYpaBHenue sin (g + xj = 5 uMeer pemenne mpu —2<a<2.

Omeem. —2<a<2.
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6) Peuwtenue. Bocnonb3zyemcst MeTOJZ[OM BBEJICHUS BCIIOMOTATEIHHOIO

yria 2sinx —3cosx= \/7( sinx ——— cost x/Bsin(x—(p),

cosp=2/~/13

rae
sing =-3/~/13

JleBas yacTb HUCXOOHOI'0 YpaBHEHUA IPUHUMACT 3HAYCHUA OT 0 o 1 3 .

Omeem. OSgoS\/E.

B) Pewienue. I/ICHOJ'H>3y51 METOJ BBCJACHHA BCIIOMOIaTCJIbHOT'O yIJia, I1O-

. a 1 .
Jyanm acosx—sinx=+a’ +1 coS X — sinx |=
Na® +1 Na® +1
a

cosQ =

B e b
2 \Y a2 +1
=+a” +1cos(x+ @), rue { JleBas 4acTh NPHUHUMAET
sing =

NVa® +1 .

snavennst or —Va’ +1 10 Va®+1. VpaBHenue Gyner MMeTh pelleHue,
ecii GyzeT BIoHeHo yenosre \a® +1>3, r.e. npu |a|> 22 .

Omeem. |a > 22 .

r) Pewenue. IlpeobpasyeM ypaBHEHHE, HCHONB3Ys (HOPMYITy MOHIKE-
Hus cTenenu sin’ x + 3sinxcosx —2cos’ x =

_ 1 —cos2x n 3sin2x _9. 1+ cos2x :—(sin2x—cos2x)—l~
2 2 22 ?

3 T 1
VpaBHeHHEe NpUMET BUJI ——Sin| 2X —— |=a +— u Oyner UMeTh pe-
p p \/5 ( 4) 5 Y p

menue npu ——=< a+—<—, T.¢. IpH _3\/5"*'1 <a< 3\/5—1‘

2 272 2 2
3ﬁ+1< 3J2 -1

<
2

Omeem. —

1) Pewenue. TIpeoOpa3yeM JIEBYIO 4aCTh YPaBHCHUS:
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|5sin® x +cosx—7|=|5-5cos’ x+cosx—7|=|-5cos’ x+cosx—2|=
=5|(cosx—0,1)> +0,39].

Tak kak 50,9 +0,39|<5|(cosx—0,1)* +0,39|<5|(-1,1)* +0,39], To

Boipaerne 5| (cosx —0,1)° +0,39| npunnmaer 3uauenns or 0,195 1o

8.

CnenoBaTenbHO, YpaBHEHHE HMMEET XOTs Obl OJHO pelleHHe Mpu

0,195<a<8.
Omeem. 0,195<a<8.
Mpumep 5. /[na kasrcoozo 3nauenus napamempa a pewums ypagHerue
1 1 1
t——+—
COSX SInXx SINXCOSX
Pewenue. Haxonum OJ[3: sinx # 0,cosx # 0 . IIpeobpasyem ypasHe-

=a.

cosx+sinx+1 .
HUE K BUy ————————— =d ¥ ClIellaeM 3aMeHy COSx +sinx =¢. To-
sin xcos x

2

raa Sin xcosx =

. Ucxomnoe ypasrenue npu ¢° —1# 0 mpusogures

2(t+1 a+?2
K BHIY ( )=a.OTcrona t= .
-1 a
. a+?2
Brimonaum oOpaTHyto 3aMeHy COSx +SInx = WIn
a

7\ a+?2 a+?2
V2cos| x—= |= , C ydetom orpanmucHus —1< <1 umeem
4 a av2

a<-22+2nua=22+2.
Yurem yenosue ¢t —1# 0, T.e. cosx +sinx # %1 . Ilocaennee ycnosue

ynosierBopsier OJ13 u cooTBeTcTBYET @ # —1 .

Omeem. x = — + arccos

+27m, n€Z upu

\/_a

a e (—o0;—1) u(—l;—2ﬁ+2]u[2ﬁ+2;oo) .

Hpumep 6. Ilpu n0bdom OelicmeumenvHoM 3HaAYeHUU napamempa da
pewums ypasuenue | cos x |= cos(x +a) .
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{cosx =cos(x+a),

cosx >0,
Pewenue. | cosx|=cos(x+a) <

—cosx =cos(x +a),
cosx <0.

PaccmoTpuM niepByIO cHCTEMY COBOKYITHOCTH
cosx >0, cosx >0,
x=x+a+2znner, <<|\a=2ranner,
x=—x—a+2rk ke, x=—al/2+rxk,kel.
HepasencrBo cos(—a /2+ ﬂ'k) >0 crnpaBeIMBO IpU
—7/2427n<s—al/2+7k<7/2+27n <
S -—nm+adrn+2rk<a<nm+4rn+2rxk, kneZ.
PaCCMOTpI/IM BTOPYIO CUCTEMY COBOKYITHOCTHU
cosx <0, cosx <0,
x—rm=x+a+2xnnel, <Jla=—-r+2rxn,nel,
x=n/2—-al2+rk keZ.

Hepasenctso Cos(—a 12+ ﬂk) <0 crpasenueo npu
drn+2nk<a<-2m+4xn+2rk, nkeZ.

x—nm=—x—a+2rk,keZ,

a a
Omeem. x=—5+7rk u x=—5+5+27rk npu drn<a<rz+4nan,

x=—%+%+27rk u x=—%+7z+27zk npu 7 +4rn<a<2x+4nn;

x=—%+7r+27rk u x:—%+3§+2ﬁk npu 21 +4rn<a <3z +4rnn,

x=—%+ﬂ'+2ﬂ'k u x=—%+%+2ﬂ'k npu 3r+4nrn<a<4r+4rn,

—m/2+42xk <x<7/2+ 27wk npu a=27xn;
7T/2+27k<x<37/2+2xk upn a=n+2xn,rne k,ne.
Hpumep 7. llpu nobom OelicmsumenvHoM 3HAYeHUU napamempa d
pewums ypasHenue
(a—T)cosx+(a+1)sinx=2a.
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a2

Pewenue. TpuseneM 1anHoe ypaBHEHHE K BUAY SIN(X + @) = ——,

a’ +1
Tac & OHpC,I[CHFIeTCfI nu3 chIOBI/II;’I
. a—1
sing = ———,
J2a* +2
a+l1
cosa =

V2 +2
Vpasuenue sin(x+ @)=

a2 5
—F/——— HUMCCT JACUCTBUTCIIbHBIC KOPHHU MPHU
Va* +1
a2

YCIIOBHH, UTO ﬁ <1, T1e. nmpu —1<a<1. Toraa npu MoJyYEHHBIX

a’+1
. a—1 a+1
3HAYEHUSAX Slna=—2SO " Cosa=—220, cienoBa-
2a° +2 \N2a +2
) 1-a
TEJNBHO, O/ = arcsin ——.
2a* +2

. av?2
Penrenne ypaBHenus sin(x + ) = —F=—= MOJXHO 3aIHCATh B BUJIC
va© +1
l1-a

x = —arcsin——+(-1)" arcsinﬂ
N2a® +2 Na® +1

Omeem. Ecin a <—1 win a >1, 10 pemienuii ver;
ecmm —1<a<l1,To

+7an, ne’.

a

2
Ja* +1

. l-a .
X = —arcsin ———+(—1)" arcsin +7an,net.

V2a* +2
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Mpumep 8. s kascoozo 3navenuss napamempa a pewums ypagrenue
asin’ x+2(a+1)sinx+4=0.

Pewenue. Tlonoxum y =sinx, rne —1 < y <1. Toraa ypasHenue mnpu-

mer Bug ay’ +2(a+1)y+4=0.

IMepBbIM KOHTPOJBHBIM 3HayeHueM siBisiercs a =0. B srom ciyuae
MPUXOIUM K YPABHEHUIO ) =—2 WK SinX =—2, KOTOPOE HE UMEET PelIe-
HUU.

Ilycts a#0. JuckpumuHaHT KBaJIpaTHOTO YpaBHEHUS
ay’ +2(a+1)y+4=0 pasen D=4(a’-2a+1)=4(a—1). Bropoe

KOHTpOJIbHOE 3HayeHue napamerpa ectb @ =1. B atom ciyuae D = 0. Kop-

HSMH yPaBHCHUS ay’ +2(a+1)y+4=0 SIBJISTFOTCS qucia
- —(a+)—(a-1 — 2wy, = —(a+D)+(a-1 :_E.  T—
a a a

IOJDKHBI BBITOMHATECS orpanndeHmst —1 <y, <1, =1<y, <1.
Juist xopus y, ycnosue —1< ), <1 He BBIIONHSCTCS, U ypaBHCHHC
sin x =—2 He UMeeT peleHul.

—(a+D+(a-1 .
( )+ ( )=—— ypaBHEHHE ), =SINX=——
a a a

UMEET pelieHre npy | a|> 2 . DTo pelieHue 3amuchIBaeTCs CIeAYIOIMM 06-

Hus xopus y, =

n+l

.2
pasom x =(—1)"" arcsin—+7zn, neZ.
a

2
1 .
Omeem. Eciu |a|>2 ,10 x=(=1)""arcsin—+7zn, neZ;
a
ecnu | a|< 2, To perueHuii HeT.

Ipumep 9. /[na kascooeo sHauenua napamempa a pewiums ypagHeHue
sin*x+cos*x=a.
Pewenue. IIpeoOpaszyeM JIEBYIO 4acCTh yPaBHEHHS K BHILY
sin® 2x
5

. 4 4 ) 2 \2 ) 2
sin” x+cos” x=(sin” x+cos” x)” —2sin” xcos" x=1-—
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.2
sin” 2x .
Monyunnu ypahenue | B =q wm sin’ 2x =2(1—a) . Ucnomns3ys

1—cos4x
(hopMyIy MMOHIKCHHUS CTEIICHH, TOJIYYAM ypaBHCHHE T =2(1-a)

unn cosdx =4a-3.
Vuureiasg, yro —1<cos4x <1, nomyyaem orpaHuueHHUs Ha MPABYIO
gacTh nociennero ypasuenns —1 <4a -3 <1 wm 0,5<a<1.

1 n
Omeem. Ecrm 0,5<a<1,10 X = izarccos(4a -3) +7, nez;
ecm a < 0,5 wmm @ >1, To peurennii Her.
Hpumep 10. Hatimu éce 3nauenusa napamempa a , npu KOmMopwlx ypas-
. X .
Henus cosx+sinx=1 u COSE =a umeiom xoms 6vl 00UH 00U KOPEHD.
Pewenue. IIpeobpazyem mepBoe ypaBHEHHE K BUIY
T
V2cos| x—=|=1.
4
T T
PemieHust 3TOro ypaBHEHUS UMEIOT BHI X = I + 7 +2rk,k € Z . Tpencra-
VA T
BUM HUX B BUIC JBYX Cepuil: X, =Z+Z+ 27k, =E+ 27k, wm

X, :%—%+2ﬂk2 =27k, ; ki k, € 7.

IToxcTaBUM KOPHHM MEPBOH CEPHH BO BTOPOE ypaBHEHHE. [IpH YeTHBIX &,

V2 x_ 2

X,
noJry1um COSEl = 7 , IPpU HCUCTHBIX COS? = —7 .

AHaNOrMYHO, MOACTAaBUM KOPHH BTOPOW CEPHH BO BTOPOE YpaBHEHHE.

X X
Ilpu deTHBIX k, TOIyYUM COS? =1, npu HeyeTHbIX COS; =-1.

Taxum 06pa3oM, BO3MOKHEIE 3HAYE€HUS d — 3T0 1/ \/5 n 1.
Omeem. +1/~/2 u +1.
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Mpumep 11. [na xascoozo snavenus napamempa a pewiums ypasHeHue

sin® x +cos® x =a - (sin* x + cos* x) .

Pewienue. IIpeobpazyem JE€BYIO 9aCTh HCXOAHOTO YPaBHEHHS:
sin® x +cos® x = (sin” x + cos” x)(sin* x —sin” xcos’ x + cos” x) =

1

. 4 4 .2
=sin" x+cos  x——sin” 2x.
IIpuBenemM UCXOAHOE YpaBHEHUE K BUAY

) 1.
(1-a)(sin* x + cos* x) = Zsm2 2x

. . 1.
Tak kak sin® x+cos’ x = (sin” x + cos” x)* — Esm2 2X, TO HONy4UM

. 3-2a 6a -5
ypaBuenne 1—a =sin’ 2x- 1 & cosdx= 324 NPH  YCIIOBUH
a

6a-5
3—-2a# 0. HaknagpiBaem orpanuuenus —1 < 3 24 <1, uro paBHOCHIIB-
—2a
Ho 0,5<a<1.Tlpu 3Tix 3HaUeHUSIX @ BoIMoONHsAEeTCS yenosue 3 —2a #0 .
1 6a—-5 7nn
Omeem. Ecrm 0,5<a <1, 10 X = i—arccosﬁ—i—j ,ner,
—-2a

TIPY IpYTUX @ PELICHUH HET.

Tpuzouomemputtecxue Hepaesencmea

PeliieHre MHOTHUX TPHTOHOMETPHYECKHX HEPABCHCTB CBOAMTCS K pelle-
HUIO [IPOCTEHIINX HEpaBeHCTB. IIpu X peuieHuu cienyer yduThlBaTh Orpa-
HUYEHHOCTh M IEPHOJANYHOCTh TPUTOHOMETpHYECKHX (yHKuuid. Paccmor-
PUM HECKOIIBKO TIPHMEPOB.

Mpumep 12. s kasxicoo2o 3nauenus napamempa a peuiums HepageH-
cmeo:

: 2

a) sin2x>a” -3, 0) cos(x+m/6)<2a+1;

B) tg(ax—7m/4)<1.

Pewenue. 2a) Tlockonbky 1>sin2x>-1, To HepaBeHCTBO

sin2x>a* -3 we wumeer pemenmii, ecim a’ —3>1, Te. mpu
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ae(-0;-2)U(2;+0). Ecm a’ —3<-1,te. ae [—\/5;\/5] , TO pele-
HHEM MCXOJIHOTO HEPABEHCTBA ABJETC II0Ooe x € R .
Ec 1>a® —3> -1, 10 Haii-

Ay J€M Ha €IMHMYHOI OKPYXHOCTH

yEL ey JBE TOYKH (@, U (0,, OpAMHATA
- 2 O KaXJI0M U3 KOTOPBIX paBHA a’-3.
y=a’-3 /\ )i CootBeTcTBEHHO, (CM. pHC. 63)

[9) 7 @, = arcsin(a’ - 3) u
_Y=1 ¢, =x—arcsin(a’ -3).

""""""""""" C  ydYeToM TEPUOAMYHOCTH
Pric. 63 Gyskimu Y =Sin2x MOXHO 3a-

KIIIOYUTh, YTO MCXOAHOC HEPABCH-
CTBO CIIPAaBCJIMBO ITPpU

arcsin(a’ —3) +2zn<2x < —arcsin(a’ —3)+2zn, neZ,
T.€. IpU
arcsin(a’ —3)
2

7 —arcsin(a® —3)

+mn<x< +nn,ner.

Omeem. Ecnn a € (—0;—2) U (2;400) , TO pelleHnii HET;
ecm a € [—\/5,\/5] ,70 xR ;ecmn a € [—2;—\/5) , (x/E;Z] , TO
7 —arcsin(a’ —3)

2

Pewenue. 0) IMockonbKy
1>cos(x+7/6)=—1, To HepaBeHCTBO

arcsin(a’ —3)

+rn<x< +an,nel.

cos(x+7/6)<2a+1 uHe umeer perue-

<77

¢

\ wuii, ecmu  2a+1<-1, Te. 1pu
§ ae(—oo;—1]. Ecm 2a+1>1, Te.

] t a €(0;+0), TO pemieHHEM HCXOIHOTO

1

l‘:
e HepaBeHCTBA SIBIsIETCs Jioboe x € R .
Ecmu 1>2a+1> -1, to Haiinem Ha

A
t=-1

Puc. 64 €IMHUYHOM OKPYKHOCTH JIBE€ TOYKU (), U
¢, , OPAMHATA KAXJI0H U3 KOTOPBIX paBHA

2a +1. CoorBercrBeHHO, @, = arccos(2a +1) u ¢, =2z —arccos(2a +1)
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(cM. puc. 64). C yuerom nepuoguuHoctd GyHKImMU ) = cos(x + 77/ 6) Mox-
HO  3aK/IF0OYUTh, YTO HCXOJHOC HEPABEHCTBO  CHPABEJIMBO  IIPH
O +2rn<x+r/6<@,+27rn, neZ, e npu
arccos(Qa+1)—z/6+2xn<x<1lx/6 —arccos(2a+1)+2xn, neZ.
Omeem. Ecin a < —1, to pemenwii vet; eciim a >0, 10 X € R ; ecnmm
ae(-1;0], ro
arccos(2a+1)—z/6+2xn<x<1lr/6—arccos(Qa+1)+2zn,neZ.

Pewenue. B) Ha ocu TanreHncos (cM. puc. ¢
65) oTMETHM TOYKY, OpAWHATa KOTOPOH paBHA gx
_ Yok

1 (¢, =n/4). HepaBenctBy Oynyr ymosie- \
TBOPATH BCC 3HA4YCHUSA apryMeEHTa
z=ax—7m/4, nus KOTOpBIX 3HaYeHHs tgz &

OymyT pacroioKeHbl Ha OCH TAaHT€HCOB HHXKE

4
OTMEYEHHOH TOYKHU WJIN COBIIAJATh C HEH. Q

=Y

C y4yeroM mEpUOJMYHOCTH  (YHKIHMH
y=1tgz 3amuieM penieHHE HEePaBEeHCTBA

tgz<1l: —7/2+mn<z<x/d+7xn, ne’l
WIH —nm/2+mn<ax—-rnl4<x/4+7n,

Puc. 65

ne€Z.Orcropanonyuaem —7/4+an<ax<rz/2+an,nel.

n_l-ﬁ<xS2n+1-7r, ner;
a 2a
ecm a <0, 10 2n+1~7r£x<4n_1-7r, nel.
2a 4a

Eciu a =0, 10 ucxonnoe nepasencteo umeer Bun tg(—z/4)<1, ..

CootBercTBeHHO, ecii a > 0, To

CIIpaBeIINBO mpH Bcex X € R .

2n+1 4dn—1
Omeem. Ecin a <0, 10 - <x< -, nel;ecnu
a 4a
n—1 2n+1
a=0,10 xeR;ecmu a>0, 10 m<x< T, nel.
4a 2a

Mpumep 13. s kasxcoozo 3navenus napamempa a pewums HepageH-
cmeo

sin’ x+sin2x>a.

Pewenue. Beimonusist npeoOpa3zoBaHus, MOJIyYHM
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. . 1-cos2x .
sin’ x +sin2x>a < T+sm2x2a©

< 2s8in2x—cos2x > 2a—1©\/§(isin2x—Lc032xJZ 2a-1&

V5 J5

, Tae @ = arccos

2a-1 2
J5 J5
2a-1 1++/5

IIpu \/_ >1,T.e. pu a> T, HEPaBEHCTBO HE UMEET PELICHUM.
5

2a-1 1-J5 1++/5
<a<

<-1, te

7 , T8 — B

HUMECT PCIICHUA U OHU 3a1al0TCA HEPABECHCTBAMU

sin(2x — @) >

Ecm —-1<

TO HEPABCHCTBO

. 2a
a+2znl2x—@<m—a+2xn,rne o =arcsin unez,

J5

T
+7n<x<

mma+(o ﬂ-l—ﬁn,neZ.
2 2

2 J5

[
|
—
—
|

Ecnn , TO pelenueM sBisieTcst X € R .

pry

Omeem. Ecin a < , TO peleHreM sBisercs X € R ;

—1_\/§<asl+2\/§,m are

V4
+7n<x< +an,nel n

€CIIN

—a+g
2

1+
IJie (¢ =arccos——; eciu a > T, TO PELICHUH HeT.

NG
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3a0auu 0nsa camoCmoamenbHozo peeHus
4.10.1. Pemure ypaBHEHUE AJIs BCEX 3HAUECHUH NapaMeTpa a :
a) 3cosx=4a+1; 6) (@’ —Dsinx=a+1;
B) a’tgx—25tgx—a—-5=0.
4.10.2. YcraHoBuTe, NMpH KaKWX 3HAYCHUAX IMapaMeTpa d HUMEET XOTs OBl

OJIHO PELIECHHE YPaBHEHHE:
a) sinx+2cosx=a; 0) |3sinx+4cosx—al=2;

) X . .
B) 5—smzx—8c0525=3a; r) sin’ x—|cosx-sinx|=a;
2 .
n) 2cos” x—|cosx-sinx|=a.
4.10.3. Halinure Bce 3Ha4yeHus napamerpa b, IpH KOTOPHIX ypPaBHEHUS
. . X .
cosx+sinx=1u s1n5 =b umeroT X0Ts OBl OJJMH 00N KOPEHb.

4.10.4. Haiinute Bce 3Ha4eHUs mapameTpa d , IpU KaKJOM U3 KOTOPbIX UMe-
€T TOYHO J(Ba PasIMUHbIX penrenus Ha orpeske [0;77] ypaBuenue:

a) cos(3x+%j: a_. 6)1005[4x—%j: a

3a+1’ 3 a-2
st KaXX10T0 3HAUEHU [TapaMeTpa d PELINTE ypaBHEHUE:
4.10.5.2) sinx+a-|sinx|=2; ©6)]|cosx|—acosx=5.

4.10.6. a) asin’ x+cosx=0; 6) sin’ x+4sinx+a=0
B) sinx+cosx=a’; r) sin2x+3cos2x=a.

4.10.7. Onpenenure HanOObIIEE [IEJI0€ 3HAUECHHUE MTapamMeTpa d , IpH KOTO-
POM HMeeT GECKOHEYHO MHOTO peteHuit (X; y) ypaBHeHHE:

a) 3sinx+4cosy—6cosx=a; 0) 3sinx—4cosy+5cosx=a.

4.10.8. Haiigute Bce 3Ha4YeHUS MapaMeTpa d , PH KOTOPBIX UMEET XOTsS OBl
OJIMH KOPEHb YpaBHEHHUE:

a) 7asin2x =ctgx+tgx; 0) 9acos(2x+%}=ctgx+tgx.
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4.10.9. Haiigute B 3aBUCMMOCTH OT 3HAUEHMI MapamMeTpa d 4YHUCIO KOpHEH

YPaBHEHUSL, JIEXKAIMX B IPOMEKYTKE [O;ﬂ'/ 2] :

x r .
a) cosxza(tga—lj; 6) cos® (x—zjza(l+s1n2x).
ﬂﬂﬂ KaXa0ro 3Ha4YCHUA ImapaMeTpa d pPEIINTE YPAaBHCHUE!
acosx—1
41010, a) 25X ),
cos X +sinx

a-bsinx a-—bcosx

0) ;e a*+b° #0.

acosx—b asinx-5>b

. .3 . . .
4.10.11. a) smx+sm7x=asm§; 6) sin® x+cos* x+sin2x+a=0;
. a
B) cos6x—sm6x=50032x; r) tgx +tga +1=tgx tga.

JIiis Ka’kIoro 3HaUCHHUS ITapaMeTpa d PEIINTe JaHHOE HEPABEHCTBO.

4.10.12.a) cos(Qx—x/4)=a; ©6)sin(ax—3)<a;
B) tg(ax+2)2>b.
4.10.13.2) (a—2)sinx>3a+4; 0) (Sa—T)cosx<a+5.

Pemmre HepaBeHCTBO IS 3HaYeHMiA mapametpa 0 < a <1:
4.10.14. a) sin’ (Zx —%) >q; 6)cos’(x+1)<a.

Jlng kaxmoro 3HaYeHUs apamMeTpa d peLINTe JaHHOE HEpPaBEHCTBO.

tex—1 1
4.10.15.2) 25 . 6) cosx + >a.
tgex+2 a cosx
4.10.16. a) sinx+acosx<a; 06) cosx+asinx<a;

B) sin* x+cos*x>a.

4.10.17. Haiingute Bce Takue 3HaYEHMsI IapaMmeTpa d , MPU KaXJIOM U3 KOTO-
PBIX 17t BeceX X € R BBINONHSAETCSI HEPABEHCTBO:

a) =5+ 5asin’ x+a(3—cosx)’ >0;

a) a(4—sinx)* +cos’x—3+a>0.
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IJTIABA V. 3agauu ¢ napamerpom B Teme «Havyamna
MaTEeMAaTH4Y€CKOT0 aHAJIHU3a)»
§ 5.1. CpoiicTBa pyHKumi
1. O6nacms onpedenenus u MHOMCECH B0 3HAUEHUI PYHKYUU

TOBOPAT, YTO HA 4YMCIOBOM MHOXKECTBE X ONpENENeHa HYUCA068a:
@yHKYUA, ECIIA KOKIOMY DIEMEHTY X W3 3TOTO MHOKECTBA MOCTABJIEHO B
COOTBETCTBHUE €IMHCTBEHHOE 9UCIO0. MHOKeCTBO X HA3bIBAETCA 001ACHIbIO
onpedenenua Gyuxuuu. IIpoussonsHOe uucno X € X Ha3blBaeTCs apzy-
Menmom (DYHKIUM WM HE3aBUCUMOU TepeMeHHOU. OBNacTs onpeneneHus
dynkumun [ o6brano obosnavaercs D, (wmm D(f)). Ecim wucno a npu-

HaJUISKUT 00acTu onpeneaenus QyHKIuM f , TO TOBOPAT, UTO (YHKUUA

f onpeodenena ¢ mouxe a. JIns yxazanus 3HaueHust GyHKUUH B QUKCHPO-

BaHHOM TOYKE a ucnonb3yercs sanuchk: f(a), y(a), f(x)

x=a *
Mnuoscecmeom 3nauenuii dynxmun  f(x) (obosmavaercs £, wm
E(f)) nasbiBaercs MHOXeECTBO Beex @ € R, yist KOTOPBIX CYIIECTBYET XO-
51 Ob1 01tHO X € D, Takoe, uto f(x)=a.
pumep 1. Haiimu obaacme onpedenenusi pyHkyuu

y(x):ﬂ.k«}az _x2 .

3x+a

x—a
Pewenue. Jlns ynxuun f(x) =——— 006NaCTBIO ONPENEIECHUS AB-

3x+a

JIIETCS MHOXKECTBO TE€X 3HAYEHUH apryMmeHnTa, [Jjisl KOTOPLIX 3HaMCHATCIIb

2 2
npobu He obpaiaercs B Hynb, T.e. X #—a/3 . Oynkuus g(x)=+a” —x

< 2 2
OTpeie/ieHa HA MHOMKECTBE TEX 3HAYEHUH X, Uit KOTOphix a” —Xx° >0,
O6nacts onpenenenus ¢Gyuxkuua  y(x) = f(x)+ g(x) ects nepeceuenue
obnacreit onpenenenns GyHKUMA f W g, U, 3HAYMT, OHA COCTOMT W3 3HA-
YEeHUH X , ABISIOIMXCS PEIICHUAMY CMEIIAHHON CHCTEMBI:
x#-al3, x#-al3,

=
a’—x> >0 |x|<|al.

169



Pewas oty cucremy, naxomum D, .
Omeem. Ecru a< 0,10 D =[a;—a/3) U (-a/3;-a];
ectu a=0,70 D, =;
ectu a>0,10 D, =[-a;—a/3)U(-a/3;a].

Hpumep 2. Haiimu obaacme onpedenenus U MHONMCECMBO 3HAYEHUU

Gynkyuu f(x)=./log, cosx .

Pewenue. Df (yHKIMHM 33/1a€TCSl HEPAaBEHCTBOM loga cosx >0«

O<ax<l, O<ax<l,
O<cosx<l, /24 2xk<x<7w/2+ 27k, ke,
=

a>1, a>l,
{cosx >1; {x =2rk,k € Z.
CrnemoBaTenpHO, OONACTBIO ONPEACICHUS NAHHOW (YHKIUH SBISIETCS
MHOXXECTBO {27zk| kel}. Ipu  kaxaoM keZ UMeeM

f(Q2rk)=./log,cos2wk =0. Taxum 00pa3oM, MHOXECTBO 3HAYCHHII

JaHHOM (DYHKIMU COCTOMT U3 oqHOoro uncia 0.
Omsem. D, ={2rk| ke Z}; E, ={0}.

3ameuanne. 3HaHWe oONacTH 3HAYCHWH (YHKIMHA OKa3bIBACTCS
TIOJIE3HBIM TIPH PEIICHUH YPAaBHEHHUI U HEPaBEHCTB B CIECIYIOIIHNX CITydasiX.
(1) VpaBuenue f(x)=a wiu HepaBenctBo f(X)V a (cuMBon V 03-

HavaeT JI000H N3 3HAKOB <, > ) MMEET PELIEHNUE, eCl d € E . ; HepaBeHCTBO

f(x)>a wumeer pemenue, ecnu a€ E, n a#max f(X); HepaBeHCTBO
« D,
S (x) < a uweer pemenue, ecmn a€ E, v a# n}ifn f(x).

(2) Vpaemenwe  f(x,a)=g(x,a) wuMeer pemeHue,  ecCiIu
E,NE, #J. B cuyuae, xorma f(x,a)2M, a g(x,a)<M nna Beex

fx,a)=M,

3HaYeHUd X u a, 10 f(x,a)=g(x,a)
f(x,a)=g(x,a) {g(x,a)zM‘
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IMocnenHee cBOMCTBO (OTPaHUYEHHOCTH JICBOW W TPaBOM dYacTeil) mc-
MOJIB3YETCS U P PELICHUH WIN JI0Ka3aTeIbCTBE HEPABEHCTB.

2. Yemnvle u neuemuole Yynkyuu

MHOXKeCTBO ToueKk X 4YHMCIOBOM OCH HA3BIBAETCSA CUMMENPUUHBIM OT-
HOCHTENBHO Havana koopaunar (touku O ), ecnu uis m06oro uncna x € X
qrCeio (—X ) TAKXKE MPUHAIEKAT MHOKECTBY X .

@ynkyua y = f(x), 3ananHas Ha MHOXecTBe X , Ha3bIBaeTCsA 4emi-

HOIl, ECITV BBITIOJIHEHBI CIIETYFONIUE YCIOBHS:
(1) mHOXecTBO X CHMMETPHYHO OTHOCHTEIBHO Hadajla KOOPAMHAT;
(2) ms mo6oro x € X cnpasenueo paBenctso f(—x) = f(x).

@ynkyua y = f(x), 3ajaHHas Ha MHOXeCTBe X, Ha3bl6aemcs Hevem-

HOIl, €CJI BBITIOIIHEHBI CIIEAYIOIIUE YCIOBHS:
(1) mHOXecTBO X CHUMMETPHYHO OTHOCHUTEIBHO Hadajia KOOpAUHAT;
(2) nns mo6oro x € X cnpasemuso pasenctBo f(—x)=—f(x).

I'paduk yeTHON (YHKIMM CUMMETpUYEH OTHocUTenbHO ocu Oy, He-
YETHON — CHMMETPHYEH OTHOCHTENLHO HAYalla KOOPIUHAT.
Ceoiicmea uemnbix u HewemHbIX QYHKYUIL:
1.  Ecmu f(x) m g(x) — uerHsle QYyHKIMH, 3aJaHHBIE HA OJHOM U
ToMm ke MHOkectBe X, To dynkuun f(x)+g(x), f(x)—g(x),
f(x)-g(x), f(x)/g(x), (g(x)#0) aBasiorcs yeTHBIMA DYHK-

LUSMH Ha MHOXeCTBe X.
2. Ecmu f(x) m g(x) — HeueTHble QYHKINH, 3a1aHHBIC HA OJHOM H

TOM e MHOXkecTBe X, To Qpynkunu f(x)+g(x) u  f(x)—g(x)
ABJAIOTCS HEYETHHIMH (DYHKIMAMH HA MHOXKecTBE X, a (yHK-
mun f(x)-g(x), f(x)/g(x), (g(x)#0 ua X) sBusrorcs ver-
HBIMA (YHKIMSMH Ha MHOJKECTBE X.

Heo6X0auMO OTMETHTE, YTO CYIIECTBYIOT (YHKIIMH, HE ABJIAOUMECS HU

2 .
YETHBIMU, HU HECUYCTHBIMH, HAIpUMED, 1—, x“+x+1. Jlna nepsoit u3
+Xx

3TUX (YHKIUH HE BBINONHEHO YCIOBUE CUMMETPUM €CTECTBEHHON 00IacTH
ONpEENeHns OTHOCUTENBHO Hayana KoopauHar. Bropas QyHKuus ompene-
JIEHa TIPU JTHOOOM 3HAYEHHWH APryMEHTa, MO3TOMY YCIOBUE CUMMETPUH JUIs
uee Boinonneno. Ho, Hanpumep, f(—1)=—f(1) wm f(-2) = f(2).
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ITpu J0Ka3aTeNBLCTBE, K NPUMEPY, TOTO (akTa, 4T0 QYHKIHS HE ABIAETCS
YETHOM, CCHUIKA Ha TO, uTO BhipakeHust f(—x) u f(X) «pasHbie», mo3TOMY
f(=x) # f(x), Huuero He JOKa3bIBAET, XOTH Obl MOTOMY, YTO COBCEM pa3-

HBIE T10 BHEIIHEMY BHJly BBIPKEHHS MOTYT 3a]aBaTh OJHY M Ty K€ (YHK-
nuto. Takum 06pa3zom, 4ToObl onpoBepruyTh yeiosue f(—x) = f(x), Hyx-
HO JIOKa3aTh CYIIECTBOBAHUE COOTBETCTBYIOMIETO 3HAYEHUS X, I KOTOPO-
IO 3TO YCIIOBUE HE BBIMOIHEHO.

Hpumep 3. Ilpu xaxux snHavyenusx napamempa d AGAAEMCA HEYEMHOU

s f(x) =+ 1

2'+a 2
Pewenue. HeoOXomuMbIM (HO HE OCTATOYHBIM) YCIOBHEM HEYETHOCTH
GbyHKIMY ABISIETCS BoIIOIHEeHHE pu X = 0 OJHOTO U3 YCIOBHIL:
@ f(0)=0;
(6) byukumst [ He ompejencHa B HyJIE.

Ilpu x=0 f(0)= 01 +l= ! +l= at3 . Vcnosue (a)
2°+a 2 l4+a 2 2a+])
BBITIOJIHSIETCS TIpH @ = —3 , a ycioBue (6) —mpu a =—1.
1
2" -3
qae obmacte onpenenenus D, =(-o0;log, 3) U (log, 3;+00) ne spusercs

N 1
PacemotpuM ciydait @ =—3 . Torma f(x)= +§. B arom ciy-

CHMMETPHYHOM oTHOCHTenbHO Toukn X =0 . CiepoBarensHo, Ipu @ = —3
(GYHKIMS HE MOXET OBbITh HEUETHOM.

1 2" +1
——+— wm f(x)=————. B atom
2°-1 2 22 -1)

cayuae D, =(—00;0) U (0;+00) cummerpudna oTHOCHTEbHO ToukH X =0 .

Ecm a=-1, to f(x)=

Ocraercs poBepuTh BbINONHeHHEe yenous f(x) =—f(x). HdeiicrButens-

HO,

27 +1 1/2° +1 2% +1 2% +1
f(=x)=

207 -1 2(1/2" 1) T201-2) 202 -1

CnenoBarensho, ipu a =—1 ¢ynkuus f(x) neuernas.

=—f ().

Omeem. a=—1.
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3. Obpamnas ¢pyuxyua

Hycre dynkums  y = f(x), xe€D,, TakoBa, 4To s JMOGBIX
X,,X, € D, w3 Toro, uto x; #x, cnenyer f(x), # f(x,). Torna nns xax-
moro y € E, maiinercs Tonbko oaHO 3Hauenue X €D, Takoe, 4TO
Sx)=y.

®yHK1MIO, ONpe/ieNenHyto Ha £, 1 CTapsulylo B COOTBETCTBUE 3Have-
nuio y € £, takoe sHauenne x € D, uto f(X) =y, Ha3bIBAIOT 0Gpamuoi
st pyskuun f u o6osHauaror [, Te. x=f (y), V€ E,.

O6o03Havas1, Kak OOBIYHO, ApTYMEHT 00paTHOM (QYHKIIUH Yepe3 X, a 3Ha-
deHHe Yepe3 ), ee 3aIuCHIBaoT B BUIe V= f (x), xe D EE
HmeroT MecTo TOKAecTBa:
) =x, xeDpm f(f(x)=x, xek,.
DyHKIHIO, UMEIOIIYI0 00paTHYIO, Ha3bIBAIOT 0OPAMUMOI.
I'pauk o6paruoit pynkuun y = ' (x), xe D /-1 CHMMETpHUCH Tpa-
duxy dynkimmn y = f(x), x € D, oTHOCHTENbHO IPAMOH y =X .

JocTaTouHblii MPU3HAK CYLIeCTBOBAHUS 00paTHOl GyHKuUMM: eciu
@ynryus cmpozo eo3pacmaem (yovieaem) na muoxcecmeée X , mo 0ns nee
cywjecmeyem 06pamuasn QYHKYUs, U OHa maxice Cmpoeo eospacmaem (youi-
6aem) Ha MHOJCECMEE 3HAYCHUU OAHHOU QYHKYUU.

Mpumep 4. Vrkazams 6ce 3Hauenus napamempa a, 015 KOMOPHIX ume-

em pewenue ypasnenue \d ++/a+sinx =sinx.

Pewenue. Tlycts t=sinx, tne —1<¢<1. Torma ypaBHeHue OyneTr
PAaBHOCHIIEHO CMENIAHHON CHCTEME

Ja+t=t-a,

0<¢<l.
Oyuxkuus y=1°—a na orpeske [0;1] obGparuma. OGpatHoii Gymer

y=+/a+t . O6e pynkuun sBsrorcst Bospacrarommmu Ha [0;1], mostomy
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o0IIMe WX TOYKM JIeKaT Ha mpssmMoi y =¢. [lodydaeM paBHOCHIIBHYIO CHC-

TeMy
t’—a=t, |t'-t=a,
0<¢t<]; 0<¢t<l.
Tak kaxk u3 0<¢<1 cuenyer —1/4<¢* —¢<0, To HCXOHOE ypaBHe-
Hue nmeer pemenue npu —1/4<a <0.
Omeem. —1/4<a<0.

4. Henpepuvignocmso
®yukiust  f(x), ompenenennas Ha npomexyrtke (a;b), HaspBaeTcs
Henpepuinoii 6 mouke x, € (a;b), ecin:

1) cymectByer npenen lim f(x) ;
XX
2) oH paBeH 3HadeHHIO GYHKIMH B TOUKe X, T.e. lim f(x)= f(x,).
XX

JloKa3aTensCTBO HEMpepbIBHOCTH GYHKUMK [ (X) B TOYKE X, COCTOHT B
nposepke paseHcrsa lim f(x) = f(x,) .
X=X,
Hpumep 5. Hatioume sce 3nauenus napamempa @, maxue, 4mo QyHK-
yus [ (X) sensemcs nenpepulenoli Ha éceli YUCI0B0U NPAMOU, eCu
2
ax”,ecom x > 2,
fx)=

x+a* -2, ecm x<2.

Pewenue. Tpu x>2 ¢ynkuus f(x) =ax’ — HenpepbiBHA IIPH BCEX

sHadenusx X u lim f(x)=4a.
x—2

Mpu x<2 ¢ynkums f(x)=x+a’ —2 — HenpepbiBHA TPH BCEX 3Ha-

genmsix X u lim f(x)=a’.
x—=2
CrenoBarenbio, Gynkuus f(x) sBiusercsa HenpepsiBHol Ha R, ecin

2
BBINOJIHSIETCS paBeHcTBO @ =4a ,r.e.ipu a=0 wm a=4.
Omeem. a=0 wi a=4.
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5. Monomonnsie pynkyuu

@yukuus Yy = f(x), x € X , HaseiBaercsa eospacmarouseii (neeospac-
maroweit) Ha MHOXecTBe M C X , ecnm Juis MIOOBIX X, M X, U3 MHOXECT-
Ba M Takux, 4to X, <X,, COpaBemIMBO HepaBeHCTBO f(X,)< f(X,)
(f(x)2f(x,)).

®yukius y = f(x), x € X , naswiBaetcs yoviearoueii (neyoviearouyeir)
Ha MHOXxecTBe M C X , ecnm s moObIX X, M X, U3 MHOxectBa M Ta-
KHX, 49T0 X, <X,, COpaBemmmBo HepaBeHcTBO  f(X,)> f(x,)

(f) = f(x))

Ecnu ynkims obnanaeT oIHUM W3 NMEPEUUCICHHBIX CBOICTB (SIBIIAETCS
BO3pacraroniel, yObIBaOIICH, HEBO3pacTarollell WM HEyObIBaroIeii) Ha
muaOokectBe M < X |, To Takas QyHKIMs HA3BIBACTCS MOHOMOHHOU Ha M .

OrtBeuast Ha BOIPOC O MIPOMEKYTKaX MOHOTOHHOCTH (PyHKIMIA B 3a/1a4ax,
ClIelyeT YKa3blBaTh MaKCUMaJIbHO BO3MOXKHBIE IIPOMEKYTKH BO3PACTAHUS U
yObIBaHUS (QYHKIHH.

3ameuyanne. Oyukumst ¥ = f(X) MOHOTOHHas Ha MHOXecTBax M, u
M, , moxer He GbITh MOHOTOHHOM Ha OOBCAMHEHHH 3THX MHOXecTB. Ha-
npumep, Gpyrkius y =1/x yoOsBaer Ha (—00;0) u (0;+00) , HO He sBIsIETCS
yobiBatomieilt Ha (—00;0) U (0;+00). B camom jelne, HanmpuMmep, BO3bMEM
x,=—1ux,=1.Torga x, <x,,H0 f(x)=-1<1=f(x,).

Ceoiicmea MOHOMOHHBIX IYHKUUIL:

1. Ecnu dyukumm f(x) u g(x) Bo3pacraror (yOBIBAIOT) HA MHOXECTBE
M , to pynkuus f(x)+ g(x) Tarke Bospacraer (yObIBaET) HA MHOKECTBE
M

2. Ecim pyukumn f(x) u g(x) Bospacraior (yObIBAIOT) HA MHOYKECTBE
M w, kpome toro, f(x)=0 u g(x)>0 npu Bcex NOMYCTHMBIX 3HAYECHUSX
x, 1o gpyuxums f(x)- g(x) raxke Bospacraer (yObiBaer) Ha M ;

3. Ecin ¢ynkumn  f(X) MoHOTOHHas, TO ypaBHenue f(X)=a uMmeer

He Ooiee OIHOI'0 KOPHS, TaK KaK MOHOTOHHAasA q)yHKI_[I/IFI MNPUHUMACT KaXKA0€
CBO€ 3HAYCHHUE TOJIBKO OAWH pas.

175



3ameuanue. Eciu ¢yukums f(X) MOHOTOHHas, TO W3 pAaBEHCTBA

f(x)=f(y) cunemyer x=y, uz uepasenctBa f(x)> f(y) cuenyer
x>y (ecnmu [ — Bospacraromas) unu x < y (ecnmu [ — yOwiBarommas).

Hpumep 6. Onpedenums uucio KopHeu ypagHeHus

Jx=5++Jx+11=a.
Pewenue. f(x)=~/x—5+~/x+11 Bospacraer na D, =[5;+0), no-
stomy f(x)2 f(5)=4. Tak kak E, =[4;+00), TO HCXO/HOE ypaBHEHUE

npu @ > 4 WMeeT eIUHCTBEHHBIN KOPEHb, a TIPH @ < 4 KOpHEH He UMEeT.
Oreert. Eciiu a > 4, T0 onuH kopeHb; eciiut @ < 4, ToO KOpHEH HeT.

6. Haubonvuiee u naumenvuiee 3Ha4eHUsA YyHKkyuii

Ecmu cymecTByeT Touka X, u3 MHoxecrBa M , M ng , Takas, 4TO

npu a1000M X U3 MHOXecTBa M HMMEET MECTO HCEPABCHCTBO

S )2 1 (x) (f(x)<1(x))

TO TOBOPST, uto (yHKIMs V= f(X) Ha MHOXecTBe M UpUHHUMAET CBOE

Haumenvuwee (naubonvee) 3uaueuve y = f(x,).

DyHKIHMS MOXKET U HE MIMETh Ha MHOXECTBE HanOobIIero (HauMeHblIe-
ro) 3Ha4YeHUs, HO eclii HauOoubllee (HauMeHbllee) 3HaueHHe (QyHKIUH Ha
MHOKECTBE CYLICCTBYET, TO OHO CJUHCTBCHHO. 3aMCTHM, YTO TOYEK X,, B

KOTOPBIX OHO PUHUMAETCSI, MOXXET OBITh MHOTO.

Ecmu ¢ynkius y = f(x) Bospacraer (yObiaeT) Ha otpeske [a,b], To
HauMeHbllee (HauOoubllee) 3HaYCHWE OHAa NPUHHMMAET B TOYKE X =da, a
HauboJibliee (HAaUMEHbIIEe) 3HaYEHUE — B TOUKEe X = b .

MHorue 3a1auyl CBOJATCS K HaXOXKACHHIO HAMOOJBIIEr0 U HAMMEHb-
11ero 3Ha4eHus1 KBajpaTnuHoii pyHkuun. Tak kak npu a # 0

2 2
) b 4ac->b
ax”+bx+c=a| x+— | +————, TO OTCIOJA CIIEIYET, UTO:
2a 4a
2
b b

Q) Vo =C v npu @ >0 U KoCTHraercst OHO HpH X = g ;

a a

2

0) Vyums. =€ v npu a <0 ¥ gocTHraercs npu x = v
a
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Mpumep 7. Hatimu naubonvuiee u naumeHvuiee 3HAYeHUs QyHKYuu
2
y=4x"-24ax+a.

Pewenue. Nmeem 4x° —24ax +a =4(x—3a)’ —36a” + a . Orcrona
CIIe/lyeT, 9TO HaMMeHblIee 3HaucHue QpyHkimn V =4x" —24ax +a pasHo

2

—36a” +a , v npuHUMAETCs 9TO 3HaYeHUE B TOUYKe X = 3a . Tak Kak (QyHK-
2 .

mus Y =4x" —24ax+a He ABNAETCS OTPAHUYEHHON CBEPXY, TO HAMOONb-

IIETro 3HAYCHUA OHA HC NMMECT.

2
Omeem. y,, . =-36a" + a,Hauboibiero 3Ha4eHUs QyHKIMSA HE HMEET.

Mpumep 8. Haimu naubonvutee u Haumenvuiee 3HaveHus QyHKyuu
: 2
y(x)=2asinx+(a” —1)cosx.

Pewenue. TlpeoOpazyeM BBIpaKCHHE, HCHOIB3Ys METOJ BBEACHHS
BCIIOMOT'aTEIbHOTO apryMEHTA.
2

Bamernm, uto A/4a” +(a’ —1)° =a’ +1.

. 2 .
y(x) =2asinx+ (a’ —1)cosx = (a* +1) 2a s1nx+a2 cosx |=
a +1 a +1

=(a®> +1)(cosasinx +sinacosx) = (a* +1)sin(x + o),

rie o = arccos . Tak kax HaubosbInee 3HaveHne Sin(x +a) pasHo 1,

a’ +1

a HaUMEHbIlee 3HAYEHUE PaBHO —1, TO, CleNOBATENbLHO, HAMOONBIIEE 3HA-
. 2 2
uenne Qpynkuun Y =2asinx +(a” —1)cosx pasno a” +1, a HanMeHbIICE

2
paBao —(a” +1). Todek, rae NPUHUMAIOTCS HAUOOIbBIIEE M HAUMEHBIICE
3HaYEHUsI, OECKOHEUHO MHOTO.

2

Omesem. yHaI/IMA = _(a2 + 1)’ yHaI/I6A =a + 1 .

Ipumep 9. Haiimu naubonvuee u naumenvuiee 3Hayenus QyHKyuu
2
X —x+2
—_—
x +1
Pewenue. Bocrnonb3yeMcss METOAOM BBeACHMs napamerpa. Haiinem
3HAYEHHS YMCIIa d , IPH KOTOPBIX UMEET PEUICHUE YPaBHEHHUE
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X —x+2
—m =4
x +1
2
X —x+2
Tak kak —————=a <& (a—1D)x* —x+(a—2)=0, 10 peuwenne
x +1
OyJIET CYIIECTBOBATh, €CIU JUCKPUMHHAHT MOJIYUYEHHOTO KBAJIPATHOTO ypaB-
HEHHS HEOTpPHUIIATEIICH. D=-4a’+12a-7>0 npu
3-2 a<3+ﬁ 3-42 3442
—_ 2 b *

2 2 2

. CneoBaTenbHO, Ey =

ERRCRN 50

7 s ynauﬁ. - P

3HAYAT, YV =

3_2 3+42
Omeem. Y, .. =——— Vius. == -

2 2

7. llepuoouueckue pynxyuu

Oynxuus y = f(x), x € X , HaseiBaetcs nepuoduueckoii va X , ecnu
cymecrsyer uncno 7, T # 0, HassiBaemoe nepuoxom dyukuun f(x), Ta-

KOE, 4TO:

(@) uncna x+71 u x—T npunamexar X juis kaxaoro x € X ;

(6) ns kaxxmoro x € X wmmeer mecro pasenctBo f(x+7)= f(x).

Ecimu T — nepuon GyHKIuMH, TO €€ HEpHooM OyaeT Takxke u uncio k7T,
rae k — mo0oe enoe Yuco.

Ecmn dyukumn f(x) u g(x) mepuommueckue ¢ mepuonamu 1, u 1,
COOTBETCTBEHHO, TO IIEPHOIOM HX CYMMBbI, IPOM3BE/ICHHS, PA3HOCTH M YacT-
Horo siBysiercst uucno 1, kpatnoe 1, u 7, .

HanMeHnpmmii U3 TOJNOKUTENBHBIX NEPUOJIOB NEPHOANIECKON (YHKIMN
(eciu OH cyLIECTBYET) Ha3bIBACTCS €€ 21ABHBIM REPUOOOM.
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3adauu onsa camocmoamenbHozo peuienus
Oobnacmub onpedenenus u MHONCECHBO 3HAYUEHUT

5.1.1. Haiiire obnacts onpenenenus D, ynxuun f(x):

D f)=" 6 f() ="

B) f(x)=va+x—+a—-x; 1) f(x)=\/x2—a2+\/a2—x2;
1) f(x)=arccos(a’> —x*); e) f(x)=lg(x*+(a—3)x—3a).
5.1.2. Haiiwre obnactsb onpenenenns D, pynxunn f(x):

B £ Vatvx  Na-x
\/3a+x+\/5 \/3a+x—\/Z’

6) f(x)=\/m+lg(l—xj+\/z;
a

X

B) f(x)=lg(a—~2a+x)+\9-a";
r) f(x)=\/a2\/5—x\/a2+x2 ;
n) f(x)=+/sin2x +v4z> —x* +1g(x —a)+~a+4r .

5.1.3. Haiiqre MHOXKecTBO 3Hauenuit £, dynxuun f(x):

a) f(x)=,/xx:Z ; 6) f(x)=vatx—a-x;

2
a - .
2 s
a

B) f(x)=\/x2—a2+\/a2—x2; r) f(x)=arccos

n f(x)= lg(x2 +(a—-3)x-3a).

5.1.4. Haiizure MuoxecTso 3Hauenuit £, dynxunn f(x):

b b
a) y=ax+—,tne ab>0; 0) y=ax+—,rne ab<0.
X X
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5.1.5. Ipu kakux 3Ha4YeHUSIX napameTpa a GyHKUM, 3a1aHHas Gopmy-

. X +ax® +2x .
J0il y =—————— Ha CBOeH 001acTu ONpeieNIeHUs COBNAlaeT ¢ KBaJl-
2x -1
paru4HOl pyHKIHEH?
0) IIpu Kakux 3HAUEHUsX APaMeTpoB d u b Qynkums, 3ananuas Gop-
X’ +ax’ +bx+2b

MyJIOH Y = ABJISIETCS] TMHEHHON?
X +x-1

Yemnocms u Heuemnocmo
5.1.6. Ins Bcex 3HaUEHMI mapaMeTpa @ WCCIeIydTe Ha YeTHOCTh U He-
geTHOCTh QyHKIMI0 (X € R ):

a) f(x)=(a-2)x+3a—-4; 6)f(x)=x"+(a’-4)x+a;
B) f(x)=(a’ —4)x* +(a’ =5)x+a’ +2a.
5.1.7. llpn kakux 3HAYCHHUSAX TapameTpa d SBJISACTCA HEYeTHOU (pyHK-
s f(x):
5" +a-1 1
a X)=——; 0) f(x)= .
) f () 5 +a+1 J(x)= a-3" 2
5.1.8. Ompenenure Bce 3HA4YECHUS MapameTpa d , TaKWe, YTO (DYyHKIUS
g(x)= f(x—a) sBnsercs yeTHOU, eciu

a) f(x)=x"—x+4; 6) f(x)=vx"=2x+9.

5.1.9. [lns Bcex 3HaUeHUI napameTrpa d HUCCIEAyiTe Ha YETHOCTb U He-
YETHOCTh JaHHYIO (pyHKIHIO:

2x —
a) f(x)=cosa+x+1g al a; 0) f(x)zcosa+x+lg3x+a.
3 2x+a 2 3x—a
5.1.10. YKa)}(I/ITe YETHBIC U HEUETHBIE q)yHKuHI/I cpezm JlaHHBIX:
a +a” -a” —-a’’ a +1
N =——F— fz(x)_ 5 Sl )— 0 L=

Sy =x- L
a +1

5.1.11. HaI/I}II/ITe BCE 3HaueHus mapamerpa b Takue, yTo (QyHKIUS

f(x)=a+ =x? —2x+2bx—b* +2b+8 smsercs YeTHOM 1A JHOGOrO
3HAUYCHHUS NapameTpa d .
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Oobpamumocmb

5.1.12. OnpenenuTe 3HaueHust @ , IPU KOTOPLIX (pynkius f(x) Ha 3a-
JTAHHOM MHOJKECTBE UMeET 00paTHyI0 (QYHKIHIO, U HAWANTE 3Ty (QyHKIUIO:

a) f(x)=(a’ —4)x+\/a—2 (xeR); 6) f(x)=x"+4x-3 (x>a).

5.1.13. TIpy Kakux 3HAYEHHAX NApaMeTpoB a@ M b nanHas QyHKuus
uMeeT 00OpaTHYIO M COBIAJAET C HEH, eclu:

a) y=ax+b; 0) dyukuus y=x",rne aeR?

5.1.14. Ykaxure Bce 3HAUY€HUs NapaMeTpa d , NPU KOTOPBIX JaHHas

¢byukuus f(x), onpeneneunas Ha otpeske [a;a + 2], sBusercs 00paTUMOI:

|x+1]+]x—2], ecmu x € (—00;2],
a) f(¥)=1 ,

x~ —8x+15, ecnu x € (2;+0);

|x+1|+]x—2], ecmu x € (—o0;1],
0 f(x)=1,

x~ —6x+38, ecu x € (1;+00).
5.1.15. Pemnre ganHoe ypaBHEHHUE.

a) X’ +2ax+1/16=—a++a’> +x—1/16 npu 0<a<1/4;
6) @’ +x=3Ya—x.

5.1.16. Haiinurte 3HaueHus mapameTpa d , IpU KOTOPBIX UMEET peIIeHue

ypaBHEHHE \/3(1 +y3a+2x—x* =2x—x".
Henpepuignocmo dpynxyuu

5.1.17. TlonbepuTe 3HAYEHHsA NAPAMETPOB @ M b, 4ToOBl (QyHKLMS
f(x) Obuia HEnpPepbIBHOM Ha BCeil YHCIOBOU MPSIMOIA:

X%, ecnu x> 2, 6) /(x) x%, ecm x > 2,
X)=
ax+2,ecmu x < 2;

a) f(X)={

x+a,ecmu x <2

N2 XD el
0= x-1 ’r)f(x)={

5 2
X —4dax+a ,ecmu x > 1;

x—1,ecmm x <1,

ax® + bx, ecrm x > 1;

| x> =5x+6/, ecmn x> 2,

) f(X)={

ax—b, ecm x < 2.
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Ilepuoouunocmo
5.1.18. Haiinnte 3HaueHus mnapameTrpa d, IPH KOTOPBIX (QYHKIUS
f(x)=(a+3)x+5a (x €R) apasercs nepuoauIecKoi.
5.1.19. Haiigure 3HaueHus: mapamerpa A € 7., TIPpU KOTOPBIX (YHKIHS

sin nx

f(x) =———— wumeer nepuogom uucio 47 .
sin(x/n)
5.1.20. Haiinure 3nauenus napamerpa a € Q, npu KoTopbix (QyHKIUH
f(x)= sinﬂ u g(x)= tgL UMEIOT OJIMHAKOBBIN
a’ ++12 1-2a++/108

TIEPHOI.
’ 5.1.21. Jlokaxwure, uro dynkums y = f(x), x € R, sBustercs neproan-
4YeCKOH, ecu ee rpauk cUMMETpUYEH OTHOCUTENBHO MPAMOIl X =a u OT-
HOCHUTEIBHO
a)opamoit x=b (a#b); 6)rtouxu B(b;y,) (a#b).
5.1.22. Jlokaxwure, uto eciu GyHKuus f(X) SBISETCS MEPUOTTIECKOM,

to beQ, rae:
a) f(x)=sinx+cosbx; 0) f(x)=cosx+sinbx.

Monomonnocma
5.1.23. Haiinute 3Ha4YeHWs mapameTrpa d, HPH KOTOPBIX (yHKIHUS
f(x)=(a—1Dx+a’> -3 (xeR): a) Bospacraer; G) yObiBaeT.
5.1.24. Haiinnte 3HavyeHuWss mapamerpa d, IPH KOTOPBIX (QyHKIUS
f(x)=ax’ +6x+a (xe[-1;3]): a) Bospacraer; 6) yObIBaeT.
5.1.25. Haiigure 3HayeHus napaMeTpa «, NPU KOTOPBIX (QYHKIHUS

f(x)=log,(a’x” +(a+4)x+2) (x>0) aBusercs MOHOTOHHOIA.

5.1.26. Jlna xaxnmoro 3HaYCHHWA T@apamMeTpa d pemuTe JaHHOEe
ypaBHEHHE MK HEPABEHCTBO.

N2-a-3x=vx-2 (a>3); o) Ja+x-Ya-x=2a;

B) log, (Zx2 —4x+2+ax2_2x+5)s4 (a>1).
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5.1.27. Pemnte MaHHYIO CHCTEMY YpaBHEHHIA.

) Nx+a—\y+b=1, 0) {x—y+2a=3y—9a-3x,
a
Ny+a—x+b=1

Haubonvuee u Haumenvuiee 3HaueHue

y=x"+x.

Haiinure Haubonbliiee ¥ HaMMEHbIIIEe 3HAYCHNE (DYHKIIUH:

2
5.1.28.2) f(x)=+v2—-x++1+x; 6) f(x)zx :13, x € (=1;+0).
X
5.1.29.2) f(x)=3acos2x—4asin2x;
6) f(x)=(1—-a)cos3x—(1+a)sin3x;
B) f(x)=cos’2x+12acos2x—2;
r) f(x)=cos’2x+6asin2x+2.
5.1.30.a) f(x)=ax’ +x+1, xe[-2;3];
6) f(x)=x"—x, xe[a;a+3].
2
5131.2) f(x)=x+> 6) f(x)=x+ :
X xX—a
4 4
B) ()= b f(x)=tex+actgr, xe[z/6:7/3].

x
Onpenenure 3Ha4YeHUs MapaMeTpa d , NPU KOTOPBIX HUMEET peIIeHHe
ypaBHEHHE:

1
51.32.3) x+—=6y—y" +a,(x>0); 6) y' -4y’ —cos’x=a;
X

B) 2'+2" -2siny=a;
3cosx+4sinx+57+5

a . a
- =arccos— + arcsin—.
3siny+4cosy+5 3 3
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§ 5.2. IlpumeHeHue NPOM3BOIHOM
1. Kacamenvnas k kpueoii

T'eomempuueckuii cmopici nPOU3800HOI COCTOUT B TOM, YTO TAHTEHC
yIJla HaKJIOHa KacaTeIbHOM K rpaduky (QyHKIWH, IPOBEACHHON B TOUYKE C

aOcLuccoil X, paBeH 3HAYCHHIO MPOU3BOJHON (YHKUHH B ITOH TOUKE:
tga=f(x,).

Kacamenvnas x zpaguxy pynxuuu y = f(x) B TOYKe ¢ KOOpAUHATA-
mu (x,, f(x,)) — 9T0 mpsiMasi, IPOXOSIIAsl Yepe3 3Ty TOUKY U HMEIOLIas
yrioBoit koodduument k = f'(x,). YpaBHeHHE KacaTenbHOW HMEET BUL
y =[x =x0) + f(x).

Mpumep 1. [Ipu kaxux 3navenusx napamempa P KacameibHas, npose-
Oennas K epauxy Qynkyuu y = x - DX 6 mouke epapuka ¢ abcyuccoul
X, =1, npoxooum uepes mouxy M (2;3)?

Pewenue. ®yuxuust f(x) onpenenena u qudpdepeniupyema va R u
f'(x)=3x"~p.

VpaBHenue KacarenbHol k rpaduky ¢yukiuu f(x) B Touke ¢ abeiuc-
coii x, mmeer Bun y=f'(x,)(x—x,)+ f(x,). llpu x,=1 nomyuum
f'x)=f'M=3=p, f(x)=D=1-p.

Criezi0BaTesIbHO, ypaBHEHHE KACaTENbHOM HMEET BH/T

y=C@-p)x-D)+1-p wm =3—-p)x—2.

Tak KaKk KacareiabHas poxoaut uepe3 Touky M (2;3), o ee KoopauHa-
THI YIOBJIETBOPSIOT YPABHEHHIO MPsIMOiA. [10/ICTaBUB MX B ypaBHEHHUE, MOTY-
yum 3=3-p)-2-2 wm p=0,5.

Omegem. p=0,5.

Hpumep 2. Haiimu 6ce 3uauenus napamempa d , npu KOMOpwIX Kaca-

.X
menvhas K epauxy @yuxkyuu y =Ssin +1,5a—a’, nposedennas &

€20 mouke ¢ abcyuccoi a, He nepecekaem pagpux Hu 0OHOU U3 08yYX QYHK-
yutt y=0,5x+2 u y=-2/x.
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+1,5a - a’ ompeneicHa U Tud-

. ox+11
Pewenue. Oyuxuus y(x) =sin

depenrmpyema ma R. Tak kak y(a)=sin(0,5a+5,5)+1,5a—a’ u
y'(a)=0,5c0s(0,5a +5,5), T0 ypaBHeHHE KacaTebHOI K rpaduky naH-
HOW ()YHKIIMHU B €T0 TOYKE ¢ aOCIMCCON @ OyIeT MMeTh BUA
y=0,5c08(0,5a+5,5)- (x —a)+sin(0,5a +5,5) +1,5a—a’ .
W3 ycrnoBust OTCYTCTBHS OOIIMX TOYEK KACATENBLHOW U IPSMOM
y=0,5x+2 cuenyer, uTo OHM mapaUIeNbHLL. B 3TOM Cily4ae UX yrioBbie

ko3(¢unmentsl  paBHbl.  [IpupaBHSB  HMX, TOJIyYdM  ypaBHEHHE
0,5c0s(0,5a+5,5)=0,5, t.e. cos(0,5a+5,5)=1. U3 nocnennero ypas-
nenus nonydaeMm 0,5a+5,5=2zn,rne ne€Z ,wm a=4zn—11, ne .
B TakoM cily4ae ypaBHEHUE KacaTeIbHOM 3alHMIIETCS B BUJIE
y=0,5-(x—(47m—ll))+1,5'(47m—11)—(47m—11)2, nerz
UIH
y=0,5x+@rn—-11)—(4zn-11*, neZ.

Tak kak sTa mpsMas He nepecekaer rpaguk GyHkuun y =-2/x, TO

ypaBHEHHE —% = % +(4rn—11)=(4zn—11)*, neZ ue uMeer peleHwuii.
[IpuBenem mocnenHee ypaBHEHHE K BULY:
0,5x" +((4zn—11)— (4zn 11y’ )-x+2=0, neZ.
[TomryueHHoe KBagpaTHOE ypaBHEHHE HE OyAeT UMETh PEIICHHH, eCId
€ro IMCKPUMHUHAHT OyAeT OTpHULATeNICH:
D=((4mn—11)~(@dzn—117*) ~4<0.
[omarast z=4rzn—-11, netr, TOJTyIHM HEPaBEHCTBO

(z -z )2 —4<0 wm (z—2z"=2)(z-z"+2)<0. Tlocnennee pasHO-

2 2
CWJIbHOE HepaBeHCTBY z —z~ +2 >0, Tak kak z—2z" —2 <0 mnpu Bcex Zz.

PemmB  mepaBenctBo z—2z  +2>0, maxomum —1<z<2, Te.
—-1<4zn-11<2, neZ, aro umeer mecro npu 7 =1. CienoBareibHo,
a=4r-11.

Omeem. a =4r—11.
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B cnenyromux JByX 3aa4ax UCIONB3YIOTCS yCIOBHS KacaHust rpaduKoB
byuxkuuit y = f(x) u y=g(x), cienyromue u3 TOro, 4To B TOYKax Kaca-

HUS Tpa)UKOB COBMAIAIOT 3HAYCHUS UX OPAMHAT U rpadMKu UMEIOT OOIIyI0
KacaTrelIbHyI0, T.€. COBIAJAIOT 3HAYCHUS IIPOU3BOIHBIX OT (GYHKIHMI B TOUKE
kacanus. OTcrozia clieyer, yTo abCIMCChl TOYEK KacaHusi IpadukoB MOTYT
OBITh HAWICHBI U3 CUCTEMBI YPAaBHEHHUI

J(x)=g(x),
J'(x)=g'(x).

IMpumep 3. Onpederums 3uauenuss napamempa a, npu KOMoOPwIX ume-

*)

2
<ax—x" -3,
em eOuUHCMeEeHHOe peuleHue CUCeMAa HePaGeHCme 5
x<ay—-y -3.
Pewenue. B cucreme koopmunar Oxy  rpaduku  QyHKIMIA

2 2 .
y=ax—x"—3 u xX=ay—y —3 CHMMETPUYHBI OTHOCHTEIBHO MPIMOIi
Yy =X, Tak KaKk UX ypaBHe-

HUS TONYYarTCs OJHO W3
JIpYroro 3aMeHoil X Ha Y
(cM. puc. 66). s equHCT-

BEHHOCTH pEIIeHIsI Heo0Xo-
JUMO M JOCTAaTO4YHO, YTOOBI

mapabona y =ax—x’ —3
Kacajach IpsMoil y =X .

B ycnoBusx gaHHOH
sagaun f(x)=ax—x" -3,

g(x)=x. Tlonyuaem (B

COOTBCTCTBUU C YCJIOBUAMHU

2
ax—x"—-3=x,

(*)) cucremy ypaBHEHHI
a-2x=1.

W3 BTOpOTO ypaBHEHHS CHCTEMBI BhIpasuM a : a = 2x + 1. [loacrasnss

B mepBoe ypasHenue, nonyunm (2x +1)x —x* —3 = x . [locneanemy ypas-

HEHUIO yIOBJICTBOPAIOT /IBA 3HAYCHUA X: X = \/5 u X, = —\/§ . CJ'IG,I[OB&-
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TEIIbHO, YCJIOBHIO 3a/1a4yl yJOBJICTBOPSIOT CICAYIOLINE 3HAYCHNUS TapaMeTpa
a: a =1—2\/§ ua, =1+2\/§.
Omegem. q, =1-23 u a, =1+243.

Ipumep 5. Ilpu xaxux 3uauenusx napamempod p u ¢ napaboia

y=2x" + px +q racaemecs npamoix Yy =8x—5 u y=12x-117?

Pewenue. Tlycte npsimas y=8x—5  kacaercs  mapaGoiibl
y=2x"+px+q B 1oure M, c xoopmuHatamu (X,,),). Torma 3HaucHue
npoussoaHoit (2X° + px +¢q)' =4x+ p npu X =X, GyaeT paBHO YrIOBOMY
ko duumenty npsamoit 4x, + p=8 u Tak kak M, — TouKka KacaHUs, TO
y,=2x" + px,+q u y, =8x, —5 numm 2x,” + px, +¢q =8x, - 5.

ITycts Touka M, ¢ koopausatamu (X,,V,) — TOUKa KacaHHs HapaboIbl
co Bropoil mpsmoi. Torma momyuaem jBa ypaBHenus 4x, +p=12 u
2x22 + px, +q=12x, —11 mo aHanoruym ¢ NPEABLIYIMM CIIy4acM.

OObeAUHUM TIOTyYEHHbIE YPABHEHHUS B CHCTEMY:

4x,+ p=8, )
4x,+ p=12, )
2xl2 + px, + g =8x, =5, 3)
2x22 +px, +q=12x,-11. (4)

BblunTass W3 [EpBOrO  YpaBHEHHS CHCTEMBI BTOPOE, IMOXYy4YHM
X, —x, =—1 mwm x, =x, —1. Teneps BbIYTEM U3 TPETHETO YPABHEHHS CHC-
TEMBI  YETBEPTOE: 2 ()cl2 — x22) +p(x, —x,)=8x,—12x, +6  nm
2(x; —x,)(x, +x,) + p(x, —x,) =8x, —12x, + 6. [Toacrasisis B MOIyICH-
HOE ypaBHeHHe X, —X, =—1, x, =x, —1 nu p=12—-4x,, npugem x ypas-
weanto —2(x, —1+x,)-(12-4x,)=8(x, -1)-12x,+6 wm x,=2.
Otkyna p=4 u ¢=12x, —11-2x," — px, =-3.

Omegem. p=4, g=-3.
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2. Kpumuueckue mouxku

Kpumuueckan mouxka — 5TO BHYTPEHHSAS TOYKa OOJIACTH ONpEHCICHUS
(yHKIHMH, B KOTOPOW POU3BOIHAS paBHA HYJIIO MU HE CYIIECTBYET.

Toukn MUHIMyMa M MakCHMyMa HAa3BIBAIOTCS MOUYKAMU IKCHIPEMYMA.
Dxecmpemymom ynkyuu Ha3bIBaeTCS €€ 3HAYCHHE B TOYKAX JIOKATBHOTO
MI/IHI/IMyMa UIIn MaKCI/IMyMa.

Kputnueckue TOUKH — 3TO TOUKH, TPOBEPsiEMble HAa SKCTpeMyM. it BbI-
SICHCHUS HaJIMYUs B JAHHOW TOYKE AKCTPEMyMa HaJl0 MCCIEeI0BATh 3HAK TPO-
M3BOAHOM 3TOW (DYHKIHMH B TOYKAX, OJMM3KUX KPUTHUECKONW M HAXOISIINXCS
clieBa W CIipaBa OT Hee. Eciu mpon3BojHas (GYHKIMH MEHSET 3HAK C «ILTIO-
Ca» Ha «MUHYC», TO B 3TOH TOYKE JOCTUTAETCSI MAKCHUMYM, a €CIIU C «MUHY-
Ca» Ha ILTIOCY — MUHUMYM.

Hpumep 6. ITycmy X, — mouka MunuMyma, a X, — MOYKA MAKCUMYMA
3 2
Gyuxcyuu Y(x)=-2x" +3(1-2a)x” +12ax—1. Ipu raxux suavenusx
2
napamempa A GbINOAHAEMCS PAGEHCMEO X, = X, ?
Pewenue. Tak kak Ko>QGUIMEHT TPH X° OTPHIATENCH, TO X, < X
. p L ) 1 2
2
Touku X, u X, — Kopuu ypasnenust y'(x)=—-6x"+6(1-2a)x+12a=0.
2
Ucnonb3ys TeopeMy Buera n yuntsisas ycnoBue X, = X, , oJIydaem

2
x +x =1-2a, x, =1, a=-0,5,
3 =
X :—2a; X =-1, a=0,5.
ITepBoe perueHne He YIOBIETBOPSET YCIOBHIO X, < X, . Omeem. a =0,5 .
Hpumep 7. Ilpu kaxux 3HaueHusx A mouxka X, =a AGNAEMCS MOYKOU
3 2
munumyma gynxyuu Y(x)=2x" -3(a+1)x" +6ax—1 ?
Pewenue. Ecnu x, = a sBISeTCs TOYKOH MUHHMYMa, TO X, =d €CTb
2
kopenb ypauenus )'(x) =6x" —6(a+1)x+6a =0 u npu nepexoze uepes
3TY TOYKY IPOU3BOJHAS MEHSET 3HAK C MHHyca Ha IUnfoc. HaiizeMm KopHH
ypaBHEHHS

<1
¢ xz_(a+1)X+a=0.I/IMeeM
[+ - +
W s 1 -y aclwmsdre x=a
. max . min SIBIISIETCS. TOYKOM 3KCTpEMyMa
Puc. 67a (em. puc. 67a u 670) wu

Y= (x-D(x—a).
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IIpaBas w3 TOUEK

a>1 JKCTPEMyMa €CThb TOUKa
) + — + muHnMyMa.  CriemoBa-
1) / ] \ c'J_ / = TeJbHO, ipu @ > 1 Tquil
. max . min X, = a SBIAETCA TOYKOU

Puc. 676 MUHAMYMA (QDYHKIIUH.

Omeem. a >1.

IIpumep 8. Ilycmo X, u X, — MouKU, 8 KOMOPLIX PAGHA HYIIO NPOU3-
6oonas gynkyuu y=x" —3ax’ +3(2a—1)x+1. Haiimu suavenus napa-
Mempa a , npu KOmopwix elUUHA x]2 + x22 HAUMEHbULAS.

Pewenue. Oyuxuus y(x) =x° —3ax’ +3(2a—1)x +1 onpenenena u
mabdepermmpyema va R u 3'(x) =3x” —6ax +3(2a —1). U3 ypaBuenus
V'(x)=0  maiineM  KpuTHYeCKMe TOYKM  (YHKIMH.  YpaBHEHHE
3x* —6ax+3(2a—1)=0 wuMeeT KOPHH, IOCKONbKY JUCKPHMHHAHT
9a*> —18a+9=9(a—1)> >0 . Ucnons3ys Teopemy Buera, moaydnm

xS +x," =(x +x) —2xx, =
=4a’ -2Qa-1)=4a>-4a+2=R2a-1) +1.
CrnefioBarensHO, CyMMa xl2 + x22 NpPYHAMAET HaWMEHbIIEe 3HAUCHHE

npu a =0,5. Omeem. a=0,5.

3. Monomounnocms ynkuyuu

Hanomuum, uto ecnu auddepenuupyemas Gpyuxuus f(x) Bospactaer
(yowBaer) ma unreppaie (a,b), 1o f'(x)>0 (f'(x)<0) npu x € (a,b).
D10 HEOOXOMMEIE YCIOBUS Bo3pacTaHus (yObIBaHMs) QYHKIIMKA HAa MHTEPBa-
ne (a,b).

Joctarounsie ycnous MoHoTOoHHOCTH f(X): ecim f'(x) >0 Ha un-
tepBaie (a,b), To dynkuus f(X) BO3pacTaeT Ha STOM HHTEPBAJE; €CIU
f'(x) <0 — yObBaer.

Jist JIoKa3aTeibCTBa CTPOTOro Bo3pactaHusi (YObIBaHWs) (DYHKIHH Ha
KaKoM — JIMOO TPOMEKYTKE JOCTATOYHO MpoBepuTh, uto f (Xx)>0
(f'(x)<0) Ha 5TOM IPOMEXYTKE M ISl BCEX TOYEK, KPOME UX KOHEYHOTO

uncia, f'(x)>0 (f'(x)<0).
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Hpumep 9. [Ilpu xaxux 3Hauenusix napamempa 4  QYHKYUs
y(x) =sinx —ax ybvieaem na 6ceii Yuci060l NPAMOU?

Pewenue. Oynxuus y(x)=sinx—ax mupdepenuupyema na R . Ee
npousBoaHas paBHa )'(X)=C0SX —a. ®yHKuus yObIBaeT Ha BCeil uMCIIO-
BOW TIPAMOM, ecnm Jjuis BceX X  BbIonHsercs ycnopue ) <0 wmm

cosx < a . DTo BO3MOKHO, eciid a > 1 .

Ecmn a=1, 10 cosx=1 npu x =27k, rne k €Z . llpu nepexone ue-
PE3 3TU TOYKU HNPOU3BOJHASA HEC MCHACT 3HAKa. CHCI[OB&TCJ'H)HO, q)yHKLlI/IH
MOHOTOHHO yOBIBa€T Ha BCEH YMCIOBOI MPSIMOHA. Omeem. a>1.

Hpumep 10. Hatimu 6ce 3uauenus p makue, 4mo QYHKYUs

Y(x)=—x" +3x+5 y6vieaem na unmepsare (p; p +0,5).

Pewenue. Oyuxuus y(x) =—x" +3x+5 onpenenena n guddepenm-
pyema na R . Ee npomssognas pasma y'(x)=-3x" +3=-3(x-1)(x +1).
®ynkuus yowbiBaeT, ecnu BbinosHsercs ycnosue )'(x) < 0. Hepasenctso
=3(x -1 (x+1)<0 copasemmuBo npu x € (—oo; —1]U[l;+0) . Cinenosa-
TeNbHO, QyHKIUs yObIBaeT Ha npoMekyTkax (—oo; —1] u [1;+00) . UnTepBan
(p; p+0,5) nenukoM monagaer B OJMH U3 NPOMEKYTKOB YObIBAHHS, €CIN
mbo p+0,5<-1,mbo p=>1,r.e pe(—o;—1,5]U[l;+0).

Omegem. p € (—o0; —1,5]U[l;+0).

Mpumep 11. Ilpu xaxux smavenusx napamempos a u b @ynkyua
Y(x) =X’ + ax® + bx eospacmaem na éceii wucn080ti npAMOL?

Pewenue. Oyuxims y(x)=x" +ax” +bx onpenenena u auddepen-
uMpyemMa  Ha R. TIpoussoamas  QyHKuuH y(x) paBHa
V'(x)=3x" +2ax+b. OyHkiyus Bo3pacTaeT Ha BCEil YMCIOBOI NPIMOIA,
eciu [T BeeX X BbImomHsercs yciosue y'(X) >0 umn 3x° +2ax+5>0.
DTO BO3MOXKHO, €CJIM JUCKPUMHUHAHT KBAJPATHYHOTO HEPABEHCTBA HEOTPU-
narenen, T.e. D=4a>-12b<0. Otkyza nonyvaem a’<3b.

Omeem. a’ <3b.
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4. Haubonvuwiue u haumenvuiue 3uauenun ynxyuu. Ouenku

s onpenenenns HanOOBIIEr0 ¥ HANMEHBINETO 3HAUYCHUH (PyHKIHHA Ha
OTpe3Ke UCTOIIb3yeTCs TeopeMa Beliepirpacca: gyukyun, nenpepovignas na
ompeske [a; b], umeem naubonvuiee u naumenvuiee 3naAUCHUA, KOMODbIE

oocmuzaomesn 1ud0 6 Kpumu4ecKux mo4Kax, 1udo Ha KOHYax ompesKa.
st onpeneneHus HAaMOOIBIIETO M HANMEHBIIETO 3HAUCHUH (QYHKIMH Ha

HE3aMKHYTOM MPOMEXKYTKE HCIIONB3YeTCS TeopeMa: eciu (yHKyus, nenpe-

poienasn na unmepsane (a;b), umeem ¢ ymom unmepeane moavko oony

MOUKY IKCIMpeMymMa — moyuky X, U, eciu X, — MmoOuKa MAKcumymad, mo
f(x,) — naubonvwee 3nauenue ynxyuu f(x) na unmepeane (a;b);
ecnu X, — mouka munumyma, mo f(x,) — Haumenvuwee sHauenue QPynx-
yuu f(x) na unmepsane (a;b).

Mpumep 12. [lpu Kaxux ROIONCUMENbHBIX ZHAYCHUAX O HAUMEHbULEe

snavenue gynkyuu y(x) =X~ X+a pasno —63 7
Pewenue. D, =[-a;+0). Qynkuus y(x)=xvx+a nubdepenun-
x  3x+2a

2Wx+a - 2Wx+a
x=-2a/3 wumeem »'(x)=0. Ecnim —a<x<-2a/3, 10 npoussojHas

pyema 1mpu x>-a u Y(x)=+Jx+a+ Ipu

OTpHLATENbHa, a eclm X >—2a/3, To monoxurensHa. ClemoBaTebHO,
X, =—2a/3 — touka MuHEMyMa. Ha orpeske [—a; —2a/ 3] GyHKIHAS SIB-

nsiercst yOwiBatomiei (cMm. puc. 68). Haiinem 3HayeHue ¢GyHKIMH B TOUYKE

x,=—2al3; uMeeM y(xy) = _2?a % . Pemum  ypaBHeHHE
2a |a
~ZZ |5 =-63. Tocne
Y@ - + 343
. > BO3BEJCHUS B KBAJpaT 00eux
() *a \ - 23—c.l / X el;to yacTei HOJIy4UM
-min —a’ =108 nm a=9.
27

Omeem. a =9 .
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K 3ToMy ke THIy OTHOCATCS TakXe 3a/Jadd Ha OTBICKAHHE MHOXKECTBa
3HaueHud ¢yHkuuu. [Tpu 3TOM Hcnonb3yercs ciienyoliee CBOWCTBO: Henpe-
Pbi6HAA HA ompe3Ke QYHKYUA NPUHUMAEm 6Ce NPOMEICYMOUHbIE 3HAUe-
HUA MeHcOy HAUDONLIUUM U HAUMEHBUIUM 3HAYEHUAMU.

Hpumep 13. [lpu kaxux 3HayeHusx napamempa «a YpaeHeHUe

tg’x + 48ctg X = a umeem xoms Gl 00HO peusenie?
48
Pewenue. Tlycts tgx =y . Beenem pyuxumo f(y) =y’ +— . Oynk-
y

uus f(y) ssasercs neuetnoit, D, =(—0;0) (0;+00). Ha obnactu on-

48 3(y*-16
penenennst  f(y) mabdepenmupyema u  f'(y)=3y° — — = (y—z) .
Y Y

Jltst pemieHust 3a1a4d JOCTaTOYHO (B CHILy HEYETHOCTH (DYHKIMH) HAWTH
MHOKECTBO 3HaueHmii pynkuuu f ma mpomexytke (0;+00). Haiimem na
9TOM MPOMEXKYTKE HAMOOJIbIIIEEe M HAMMEHbBLIEE 3HAUCHUST (PYHKIIUH.
Kpuruueckue Touku onpenenstorces u3 ypasuenus f'(y)=0. Ypasue-
30 ~16)
HHE ———F——

y
(0;40) . Tak kak f'(y)<0 npu y<2 u f'(y)>0 mpu y>2,10 y=2

=0 wmMeeT eOMHCTBEHHBIH KOPEHb )} =2 Ha MPOMEXKYTKE

—touka Mmuaumyma u f(2)=32.
Ha npomexytke (0;2] ¢yHKums yObIBaeT ¥ NPUHUMAET BCE 3HAYCHHS
0T 32 110 ©©, a Ha [2;-+00) BO3pAcTaeT U TAKKE IPUHUMAET 3HAUEHHS OT 32

no oo . Utak, E, =[32;+00), mosromy s moboro 3uauenus a € [32, 00)

o 3
Halzercs peuieHue ypaBHeHHs )~ +— = a . COOTBETCTBEHHO, /I JIF0OO0r0o

y

3HAYCHUs. J HalgeTcss X, SBISIOLIMICS KOPHEM HCXOJHOTO YpaBHEHUS,
TaKoif, uto y =tgx.
VuurbiBas He4eTHOCTh QyHKImH [ (V), 3aKIOuaeM, 4TO HCXOIHOE
ypaBHEHUE UMEET pelieHue npu d € (—o, —32]U[32, ©).
Omeem. a € (—o,—32]U[32,©0).
HOpumep 14. /[na kascoozo 3nauenuss A Onpeoerumv YUCIO KOPHeU

3 2
ypasnenus x° —3x" —a=0.
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Pewenue. JIns onpeneneHus 3aBUCUMOCTH YHUCJIa KOPHEW ypaBHEHUS OT
3HaYeHWH @, BBIACHUM B3aUMHOE pACIOJIOKEHUE rpaduka (yHKIHH

f(x)=x" —3x" unpsmoit y=a npuscex acR.
st noctpoenus rpadrka mpoBeaeM HeoOX0JMMOe UCCleqoBaHne (PyHK-
mu f(x)= X =3x%. OyHKIMs 00panaeTcs B Hylib B AByX Toukax X =0 u
x =3. Haiinem yuactku Bospacranus (yosiBanus) ¢pyukuun f(x) . Tak xak
Ay f'(x)=3x"—6x=3x(x-2), 0 f'(x)<0

L L] mm 0<x<2i f(0)=0 mpu x=0 u

3 X x=2; f'(x)>0 npu x<0 u x>2. Takum
—— 4t/ . ob6pasoM, HemnpepsiBHas Qyukuus y = f(x) B
4 . TOUKE X =2 WMEET JOKAIbHBIA MHHUMYM, a B

‘/ touke X =0 — JOKaIbHBI MAaKCUMyM, [PHYEM

______ £(0)=0, f(2)=-4. Kpome Toro, byHKIMs
y6biBaer Ha [0;2] 1 Bo3pacraer Ha MPOMEKYTKAX
Pre. 69 (~0030] 1 [2;+90).
AHanu3upysi pUCYHOK B3aMMHOTO PAcCIIONOKEHHS TpaduKoB (HyHKIHN
y=f(x) u y=a (cm. puc. 69), IPUXOIUM K CIIEIYIONIEMY OTBETY.

Omeem. Eciu a >0, T0 ypaBHEHHE UMEET OJIMH KOPEHb;

eciu a =0, To 1Ba pasnuyHbBIX KopHs; ecin —4 < a <0, 1o — Tpy;

ecmu a =—4, 10— 1Ba; eci @ < —4 , TO OJIUH KOPEHb.

Mpumep 15. Hatimu 6ce 3nauenus napamempa @, 015t KOMOPbIX Cyuje-
cmayem monvko 00no wucno b marxoe, umo b*(b+a)=1.

Pewenue. Paccvorpum dyuxmmo  f(b)=b’(b+a)=b’ +ab’, rae

nepeMenHass @ sBisercs napamerpom. Oyuxuus f(b) onpenenena u gug-

bepennupyema na R . J[nst penrenns 3a1aun He06X0AUMO HAUTH TaKHE 3HA-
YeHHs IapameTpa d , pu Kotopbix Gyukims f(b) mpunumaer 3Havenue 1

TONBKO MPH OJJHOM 3HAYEHHH TIEPEMEHHOIH.
Haitnem nponssommyio f(b): f'(b) =3b* +2ab=3b(b+2al3).
B 3aBMCHMOCTH OT 3HaKa ¢ BO3MOYHbI CJIE/IYIOIINE CITyHau:
1)a>0; 2) a=0; 3) a<0.
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1. TIyets @ >0 (cMm. puc. 70).
AY y=b'tab? Haiinem 3navenus Qyukunum f(b) B
y=1 ] /,/ kputnueckux Ttoukax: f(0)=0 wu

3 27

_____ f(—zaj =ia3. 3nauenue 1
/ _ 2c‘l 73 |0 >b ¢Gyaxums  f(b) mnpuHHMaEeT TONBKO

OJIUH pa3, eciy 3HaueHHe (QyHKUIUH B
TOYKE JIOKAIFHOI'O MaKCHMyMa MEHb-

4
Puc. 70 me 1, T.e. ch <1. Orcroma ¢ yue-

tom ycaosus @ >0 nonyuaem 0<a < Yo

e

2. Tlpu a=0 ¢ysxuus f(b)=b" se- AY y=b'
nsercs Bospacratomeii ( f'(b)=3b">0) =1 |1 .
¥ KaKI0€ CBOE 3HAUCHWE W3 MHOXKECTBA
3HAYEHUHN E ; TpuHEMaeT oamH pa3. Tak
0]
kak E, =R, 10 3nauenue | npurnmaercs
€10 TOJIbKO oauH pas npu b=1 (cMm. puc. b
7).
AV Puc. 71
y=1__ |1 .
3. Tlpu a <0 suavenue f(0)=0 (0
0 / — TOYKA JIOKATBHOTO MaKCUMyMa (CM. PHC.
S=bTab’ 3473 >b 72)), moatomy 3uauenue 1 pyukuus f(b)
\ ; NPUHUMAET TOJBKO OJMH pa3 TpU BCeX
a<0.

OObeqMHUM pe3yNbTaThl BCEX TpPEX

Puc. 72 CITyuaeB. Omsem. a<——.

i

IMpumep 16. Hatimu éce maxue uucia b, ona xomopwix cywecmeyem

2
PO6HO mpu pazauunelx yucia @ maxux, uno a(b+a”)=1.
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Pewenue. Paccmorpum pynxmmo f(a)=a’ +ab . Tlepemennas b siB-
asercst napamerpoM. Oyukuus f(a) onpenenena u pudpepeHuEpyemMa Ha

R . Heo6xonumo Haiiti 3Hadenus b, npu kotopsix f(a) mpuHEMAeT 3Ha-

aerme 1 posro Tpu pasa. [pu b>0 f'(a)=3a’+b>0. Iror ciyuaii ue

YIOBIIETBOPSET YCIOBUIO 3a/1a4M, TaK Kak (yHKIMS SABISAETCS BO3PACTAIO-
weit. [Ipn b <0 ¢ynxums f(a) umeer mBa sxctpemyma @, =——b/3 u

2b | b 2b | b

a, =~-b/3 . 3navenusn f(a,)=——,]-— u f(a,)=—,|——. Ycmo-
3 3 3 3

BHIO 33]1a4¥ YJOBJIETBOPSIOT 3HAUCHUsI b, 1711 KOTOPBIX OXHOBPEMEHHO BEI-

nosustorest Tpu yenosust f(a,)>1; f(a,)<1; b<O0.

3

Omegem. b < —% .

Mpumep 17. Ilpu xakux 3Hauenusx napamempa a MAKCUMYM QYHKYUU
y(x)=x"=3(a—T7)x" +3(a> =9)x+1 docmucaemes ¢ mouxe, abcyucca
KOmopou nonosjcumenvHa?

Pewenue. Ecii Touka X, — TOUKa MaKCHMyMa, TO X, — KOPEHb ypaBHe-
s Y'(x)=0 wm 3x° —6(a—7)x+3(a> —9) =0 u npu nepexose uepes
3Ty TOUYKYy NPOM3BOJAHAs MEHAET 3HAK C IUIfoca Ha MuHyc. Haiinem kopHm
ypapuenus  x° —2(a—T)x+(a’-9)=0. Ipu 58-14a>0 wm

29/7>a nmeem x,=(a—7)—+58—-14a u x,=(a—-7)+~58-14a.

3 o o
Tak xak KOS(l)(bI/I].[I/IeHT IIpA X IIOJOXKHUTCIBbHBINA, TO JICBBIM 3KCTPEMYM €CTh

TOYKa MakcuMyma. Pemmm HepasernctBo X, >0 wmm a—7>+/58—14a

(*). Tax KaK JOHKHO BBIMOJHSTHCS YCIOBHE A < 7 , TO HepaBeHCTBO (*) He

MMEET CMBICIIA, TIOCKOJIBKY JIeBas €ro 4acTh OTpHIATeNIbHa, a IpaBas HeOT-
punarensHa. Clie1oBaTeIFHO, HEPABEHCTBO (*) HE UMEET PEeIICHHN.

Omegem. Takux a He CyIIECTBYET.

Jlnst pemieHust TEKCTOBBIX 3a/1a4 Ha OTHICKAHHE HAMOOJIBLIETO MM Hau-
MEHBIIEr0 3HAUYEHHUH CIIEAYET, UCXO/sl U3 YCIIOBHS 3a/lauu, COCTaBUTh (PyHK-
MO, B35IB B KayeCcTBE apryMeHTa OJWMH W3 MapaMeTpoB (OCTaJbHBIC BhIpa-
3WUTh Yepe3 HETrO B COOTBETCTBHHM C yCIOBHSIMH 3aj1auM). [anee criemyer on-
pENenuTh MPOMEXYTOK M3MEHEHMS! BBIOPAHHOTO apryMeHTa M HaWTH Hau-
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Oouiblllee WM HauMEHbIllee 3HAUCHUs] (YHKIMU Ha MOJYYEHHOM MPOMEXKYT-
Ke.

Mpumep 18. B wap paouyca R snucan yurundp ¢ naubonvuei niowa-
0blo bokogou nosepxnocmu. Hatimu 3nauenue smoii niowaou.

Pewenue. PaccmoTpuM oceBoe ceueHue
(em. puc. 73). Ilycte X — BBICOTA LMJIMHApA.

i
i
Ry Torz[1a1 pajiiyC OCHOBAaHHMS LIWIIMHIPA 7' PaBeH
|
i . r=—v4R’ -x* .
fo 2
< : IInomans 6OKOBOU MOBEPXHOCTH IUIHHAPA
P BoIpaxkaercs  Qopmynoit S =27rx  wm
T
—t— VAR - x°
S(x)=27rx| —
Puc. 73 2

BerunciuM HanbGonbiiee 3HadeHne QyHKIuH S(X) TpPH YCIOBHH, YTO X

usmensiercs ot 0 1o 2R . ®yukuus S(x) onpenenena na [0;2R], mudde-
2 2
penmupyema Ha [0;2R) u S'(x) =M. Onpenenum HauOOJIb-
4R" —x
miee 3qauenue pyukuua S(x) na [0;2R]. Ha konuax orpeska [0;2R] 3ua-

uenust Gynkuuu S(x) pasusl 0. ITpoussognas S'(x)=0 npu x = RV2.
Tax kax S (R\/E Y=27R*,10 X = R2 — Touka noxansHoro MaKkCHMyMa.

2
Omeem. Hanbounpuiee 3nauenne S = 27R" .

HOpumep 19. Haumu maxcumanvhelli obvem Kouyca, obpazyoujas Ko-
mopoeo pasua L.
Pewenue. Paccmotpum oceBoe cedeHue (cM. puc. 74). O6o3HaunM 3a X

2 2
BbICOTY KOHyca. Torma paamyc ocHoBaHusi » paBeH \ L —X° mpu ycio-
BuHM, uto X u3Mensiercs or 0 mo L. OOGbeM KoHyca BbIpasutrcs (GpopMysioi

1

1 1
vV =§x S, wm V =§7Z'xr2 = 57Z'JC(L2 —x”). Haiinem Haubombiice

sHayenne Qpyuxiun V(x) wa [0; L]. ®yuxuusa V(x) onpenenena u aud-
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, 1
¢epenupyema Ha [0; L] u V(x)=§7Z'L2—7Z'x2. Ha xoHmax ortpeska

[0; L] 3nauenue ¢pynxumuu V' (x) pasuet 0. V'(x)=0
L 2 5
npu X = L/\/g u V(—j =——n L’ . CnepgoBareins-
L V3) 93
X
Ho, Touxa x = L/+/3 — Touka noxansoro MakcuMyma
byukuuun V(x) .
r | r \ )
Omgem. V, =——nl’.
Puc 74 9\/5

3adauu 011 camMocmoAmenbHO20 peuieHus
5.2.1. Onpeenure 3HaAYEHUS IAPAMETPA d , TIPU KOTOPBIX Tipsimast 1(X)
SIBISIETCSI KacaTellbHOM K rpaduky pyuxiun f(x) , ecru:
a) y(x)=3x+a, f(x)=2x"-5x+1;
6) y(x)=ax—5, f(x)=3x"—4x-2;
B) y(x)=8x+a, f(x)=x"+4x; 1) y(x)=ax+L, f(x)=\/;.

N

5.2.2. IIpu xakux 3HA4YEHUAX MTapaMeTpa @ KacaTellbHasl, IPOBEACHHAs K
rpaduky QyHKIMH Y = ¥’ +ax’ B Touke rpaduxa ¢ abeumccoit x, =—1,
npoxoaut uepes Touky N(3;2)?

5.2.3. Onpenenure 3HaYESHUs YUCENl P U ¢ , IPH KOTOPBIX Iapaboia:

a) =X+ px+q xacaercs paMbIX ¥y =5x+1u y=—x—2;

6) ¥ =-3x" + px+q Kacaerca npsiMbiX ¥y =-5x+4 u y=Tx+4.

5.2.4. Onpenenute, Mpu KaKWX 3HAYCHUAX MapaMeTpa d ypaBHEHHE:

1

a) —+4x = a uMeeT OJIHO pEIICHNE; 0) —+ X = a He UMeeT pelIeHul;
x b

B) € +2¢" —60x+a =0 umeer X0Ts Gbl OHO pEIIeHue.

5.2.5. Haiitu Bce 3Ha4YeHus mapameTpa @ Takue, 4to Gpyukuus f(x):
2

X+ (a-Dx" +2x+1;

a) Bozpactaet Ha R, ecin f(x) =
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Na+4

0) yobiBaeT Ha R , ecin f(x) = 1——1 x’+3x+In5;
—a

B) y6LIBaeT Ha R u He umeer KPUTUYCCKUX TOYCK, €CIN

f(x)=asinx—10x+sin7x + 4ax .
5.2.6. Haiigure Bce 3HaueHUs apaMeTpa:
a) ¢ takue, uro Qpynkmms y(x)=2x’ —3x> + 7 Bo3pacraeT B HHTEpBa-
ae (t=1;t4+1);
0) p Takue, uto QyHKuHs Y(x) = —x’ +3x+5 yOBIBacT B MHTEpBAJIC

(p;p+0.,5).

5.2.7. a) Ilpu Kakux 3HaYeHMsX mapamerpa b Touka X, =b sBsercs
2
TOUKON Makcumyma QyHkiun  )(x) = §x3 —(b=2)x* —4bx +3?

0) Ilyctb X, — TOYKa MakCHMyMmMa H X, — TOYKA MUHAMYMa (GyHKIHH
f(x)=2x" —9ax’ +12a°x+1. Tlpn Kkakux 3HAUCHWAX mapameTpa d
CTIPABEIUTHBO PABEHCTBO X, = X, ?

5.2.8. a) OmpenenuTe B 3aBUCUMOCTH OT 3HAUCHUH MapaMmeTpa d KONIH-
4eCTBO KOPHEH ypaBHEHHs ae” = X .

2
0) Ilpu Kakux 3HAYEHUAX MApaMeTpa d ypaBHEHHE dx =Inx wumeer
OJIUH KOPEHb?
5.2.9. IIpu KaKKX MOJIOKHUTEIBHBIX 3HAYECHHAX K HauOoJblIee 3HAUCHUE

byuxumn y = (k — x)\/; paBHO 104/5 2

5.2.10. ITpu xakux 3Ha4EHUSAX MapaMeTpa p :

a) Haumenbinee Ha npomexytke [—1;0] 3Hauenue KyOUuecKoro tpex-
atena X° —2px” +1 gocturaercs Ha NPaBOM KOHIE MPOMEKYTKA;

0) nauGoubuiee Ha npomexytke [0;1] 3HaueHune KyOMUECKOro Tpexuiie-
Ha x° —4px> —10p’ nocruraercs Ha IEBOM KOHIIE IPOMEXKYTKA;

B) HaWMeHbIlee Ha MpoMekyTke [2;3] 3HaueHnme  QyHKUUH

y(x)=2x— p/x mocrturaercs Ha JEBOM KOHIIE POMEKYTKA;
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r) Hambonbimiee Ha npoMmexyTtke [1;2]  3Hauenwe  QyHKIHH

y(x)= px—2/x mocruraercs Ha MPaBOM KOHIIE MPOMEKYTKA.
5.2.11. B kakux npenenax U3MEHSAETCs BEIUUUHA x* =3 Y IpH yCIIOBUM,

aro log , (—y—2)21?
x-2
5.2.12. Haiigute Bce 3HaueHMs MapameTpa d , IpU KOTOPBIX MHOXKECTBA

1

snauennit pynkunn f(x) = xe*' n g(x)=x* —4x+a’ +a cosnanaror.

TI'eomempuueckue 3a0auu

5.2.13. U3 Bcex NMpsAMOYTOJIBHUKOB TaHHOW muomaan S HaWTH TOT, Tie-
pUMETP KOTOPOTO HAMMEHBIIIHH.
5.2.14. CymMa IByX CTOPOH TPEYTOJIbHUKA paBHA d , & YIOJ MEXAy HU-

mu paBer 30°. KakoBbl HOJKHBI OBITH JIIHHBI CTOPOH 3TOTO TPEYTONBHHKA,
yTOOBI €70 IIJIOIIAAb OblIIa HAaNOOJIBIIEH?

5.2.15. B paBHOOepEeHHO!N Tpamenuu MEHbIIee OCHOBAHUEC M OOKOBas
CTOpOHa paBHBl ¢ . HaliTm Oonpliee OCHOBaHHWE TpalelUW HAMOOIBIICH
TUTOIIA TN,

5.2.16. KaxuMm J1oipkeH OBITH YTOJI TIPH BEPIIMHE PaBHOOEIPEHHOTO Tpe-
YrOJIbHUKA 3aaHHOM UIoam S, 4ToObl PajnyC BIHMCAHHOTO B 3TOT Tpe-
YTOJILHUK KpyTra ObLT HanOoIbmmm?

5.2.17. [Imaronanr OOKOBOW TpaHW NPAaBWIBHOM YETHIPEXYTOJIBHOMN
npusMsl paBHa d . Haiimure miuny G60koBOro peGpa, mpH KOTOPOM 00beM
MPU3MBI HANOOJTBIITHIA.

5.2.18. PaccMmarpuBaroTCsi BCEBO3MOXKHBIE TPEYTOJbHBIC NMPU3MBI, KakK-
nasi OOKOBasi TpaHb KKAOH W3 KOTOPHIX UMEET IepUMETp, paBHBINA a . Haii-
JUTE CpeIy HUX HpU3My HaumOonbIIero o0beMa (B OTBETE YKaXHTE JUIHHY
6OKOBOTO pedpa MPHU3MBI).

5.2.19. Haiinute HanOonpmmii o0beM IIIIMHIPA, BIUCAHHOTO B KOHYC
BeICOTOI [ W ¢ pamuycom ocHoBaHus R .

5.2.20. Haiimute BBICOTY KOHycCa HamOONbBIIEro oObeMa, BIUCAHHOTO B
map pajauyca R.

5.2.21. OmHO W3 OCHOBaHMY HIJIMHIPA SBISCTCS CCUCHHUEM Iapa, a Ipy-
ro¢ OCHOBaHME NPUHAMIECKHUT OONBIIOMY KpyTy 3Toro mapa. Paguyc mapa
paBeH R. Kakoit nomkHa OBITH BBICOTa IHMJIMHAPA, YTOOBI €ro 00beM ObUI
HanOoNIBIINM?

5.2.22. HaiinuTe BBICOTY HWIMHApPA HAWOOIBIIETO 00beMa, BIIMCAHHOTO
B map paauyca R.
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Texcmoevle 3a0auu

5.2.23. [IBe TOYKH ABWXKYTCS MO OCSIM KOOPIMHAT B IIOJIOKUTEIBHBIX
HAIIPaBJICHUSX C IOCTOSIHHBIMU CKOPOCTAMH V, U V, . B Kakoii MOMeHT Bpe-

MEHHU PACCTOSHUE MEXKTY JBUKYIIUMUCS TOYKAMHU OYyIET HAUMEHBIIIUM, €CIIH
B HaYaJIbHbIA MOMEHT OHH 3anuMatoT nonoxenus (—3;0) u (0;5)?

5.2.24. MOTOIMKIIACT BBIE3KAET W3 MyHKTA A W IBMXKETCS C MOCTOSH-

HBIM yCKOpeHHeM 12 K]V , (HadanpHas CKOPOCTH paBHA HyJI0). JlocTur-
uac

HYB CKOPOCTH V KMA g OHerer ¢ 9TON CKOPOCTBIO 25 KM, a 3aTeM Iepe-
XOJUT Ha paBHO3aMEUIEHHOE JBI)KEHHUE, IPUYEM 3a KaXJbIH yac ero cKo-
pOCTh yMeHbIIIaeTcsi Ha 24 KMA g 11 ABIDKETCA TaK J10 MOJITHOM OCTaHOBKH.
3aTeM OH Ccpa3y e MOBOpPauUBaeT OOPATHO U eNET JIO IyHKTa A C HOCTOSH-
HOU CKOPOCTBIO V ’UWA ac [Ipu Kakoif CKOPOCTH V MOTOLMKIUCT OBICTpEe
BCETO MPOJIeNaeT 0OpaTHBIN MyTh OT OCTAHOBKH JI0 MyHKTa A ?

5.2.25. TpeOyercss MOCTPOUTH HECKONBKO OIMHAKOBBIX JTOMOB OOMIEi
SKHIIOH TUIOIAIBIO 40000, 3arparsl Ha TOCTPOMKY OTHOTO AoMa o0mieit
JKUJIOW TUTOMIAbI0 § CKJIAIBIBAIOTCS U3 CTOMMOCTH (DyHIAMEHTa, mpOIop-

I.[I/IOH&HLHOﬁ S , ©® CTOUMOCTH Ha3eMHOH 4acTu, HpOHOpL[HOHaHBHOﬁ S\/; .

IIpu cTpouTenbCcTBE OMa KUIOH IUIOMIANBIO 400:* 80% 3aTpar UAET Ha
¢yamament. CKOJIBKO HAJ0 MOCTPOUTH JTIOMOB, YTOOBI 3aTpaThl OBLIM Hau-
MEHBIIUMU?
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§5.3. Ucnosib30BaHMe ONpPeeIEeHHOT0 HHTErpajia 1Jsi
BBIYHMCJICHUS TJI0IIaAeit

Hpumep 1. Hcxoos u3z ceomempuuecko2o cmvicia OnPedeieHHo20 unme-
2pana, natimu maxue uucia d u b, npu xomopuix evinonnsemcs pagencm-

1 a
so: @) [(ax+b)dx=0;  6) [(2x—4)dr=0;
-1 0

») [ (x| -4)dr=0:
—4

’)

=Y

Puc. 75

D [(r=1’dx=0.
0

Pewenue. a) Jluneitnas QyHk-
s f(x)=ax+b wHa croei 00-

JAaCTH OIIPENeNICHUs] MEHSeT 3HaK
He Oonee opHoro pasa (eciuu
(yHKIMST — KOHCTaHTa, TO OHa HE
MeHsieT 3Haka). M3 reomerpuue-
CKOTO CMBICTIa  OIIPEISNICHHOTO
uHTerpaja Juisi (QyHKUUH, MEHSIO-
el 3HaK, cielyeT, YTO JIOJKHBI
OBITH paBHBI IUTOMAANA (GUTYp, OT-
pPaHMYCHHBIX YacTAMH TIpaduka

¢byukunn (S, n S,) (em. puc. 75), orpeskamu ocu OX ¥ BEepTHKAIbHBIMU

opsmbiMd X =—1 u x=1. DT0 BO3MOXKHO B TOM Cilydae, ecii rpaduK Ju-

HEeWHOW (YHKIMH TIPOXOAUT dYepe3
Hayano KoopauHar, T.e. ipu b=0 u
aeR.

Pewenue. 0) OyHKIIA
f(x)=2x—4 muepecekaer ocb Ox B

Touke X =2 . ITo aHaJOrHM C pelieHH-
€M TpEeBIIyIIero MyHKTa 3aJa4yM, Mo-
Jy4aeM, YTO PABEHCTBO HYJIIO MHTE-
rpaza Bosmoxso mpu S, =S5, (cm.
puc. 76). IlociemHee paBeHCTBO BO3-
MOXHO TOJNBKO B CJy4ae DPaBEHCTBA
COOTBETCTBYIOLIHX TPEYTrOILHUKOB
wmnpu a =4 .

Yy
A
0 >
S,
>
A
A
4
Puc. 76
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Pewenue. B) Ha npomexyTke

(-44) dysxums  f(x)= x| -4 YA D /

oTpulaTeNbHa, Opu X >4 morno-
sxurenbHa. ClenoBaTellbHO, HEOO- y=)x|—4

XOJIMMO HaWTH TaKoe€ 3HAYCHUE S
I
-4

napametpa d , TpUd KOTOPOM paB-
HEl Wwiomamn S, u S, ¢uryp
(tpeyromsuukoB) ABC u CDE
(cMm. puc. 77). Tak kak S, =16, To B

IUIOMIA/b TPSIMOYTOJIBHOTO PaBHO-
6enpennoro tpeyronsuuka CDE

OSZ

‘4

Puc. 77

TOXE J0JDKHA PaBHATHC 16. 10 Bo3MoxkHO, eciiu AB = CE = 4\/5 , 4, 3Ha-

quT, a=4+4\/5.

Pewenue. 1) Ilo ananoruu ¢ npeapLayieit 3aaaucii, T0KHBI OBITH PaB-

Puc. 78

<Y

1
HBl Iomany S, u S,: S1=I(x—1)3dx,
0

S, =I(x—1)3dx (cm. puc. 78). Tak xak
1

rpaduk dysxmun  f(x)=(x—1)° cummer-
puuen oraocurensio Toukd C(1;0), To pa-

BeHCTBO S, ® S, BO3MOXHO, €CIH
OC=CD ,remnpua=2.
Omeem.a) b=0; aecR;0) a=4;

B) b=4(1+~/2);1) a=2.

Mpumep 2. Haiimu 6ce snauenus a (a>0), ona komopwix évinonns-

a
emcst HepaBeHCmeo J.(l —x)dx <

a a a 2
Pewenue. meem I(l —Xx)dx =I dx — dex =(x - %J
0 0

1+a

0
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Takum 06pa30M, HCKOMBIC 3HAYCHHA (d YAOBJICTBOPAIOT CHCTEME HEpa-
BCHCTB!

a>0,

a> - 1+ g Peurenmsamu cucremst sBisorest a € (0; 0,51 [1;400) .
a——=<

2 4

Omeem. (0;0,5]U[1;+0).

Mpumep 3. Havimu 6ce nonodxcumenvhvle 3Havenus napamempa d , 0is
2
KOMOpbIX .[(az —(4—4a)x+4x")dx <12.
1
Pewenue. Imeem
2 2 2 2
[(@® = (4—4a)x+4x")dv =a’ [ dx~(4—4a) [ xdx + 4] X'dx =
1 1 1 1

2 2

2

2 X
=a’x|, -(4-da)=

4
+42
| 4

=a’+6a+9=(a+3).

1

Takum 00pa3oM, HMCKOMBIE 3HAUCHUS d YAOBIETBOPSAIOT CHCTEME Hepa-

a>0,
BCHCTB 5
(a+3)" <12.

Crnenosarensho, a € (0;2+/3 —3]. Omeem. (0;2/3 -3].
IMpumep 4. Haiimu ece snauenus a (a >0), ona komopwix niowaos

Quzypvl, ocpanuuennoti auHuAMU V=€,

A
Yy Ci

y=0, x=—a, x=a, 6omvwe 1,5.

Pewienue. KpusonmHelHass  Tpamerus
ABCD  orpanmvena JuHHAMH V=€,
y=0, x=—a u x=a (cm. puc. 79). Co- y=e"
[JJaCHO TEOMETPUYECKOMY CMBICIY OIpejie- \ :
JIEHHOTO HHTErpaja, ee miomans S MOXKHO _—Bo'/ S D

a
Haiith 1m0 opmyne S =J.exdx. Tak kax
-a

Puc. 79
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a
I e'dx=¢e"

—a

a

=¢" —e ™, To 3a1aHHOE YCIOBUE PABHOCHIILHO HEPABEHCTBY

—a

e’ —e " >1,5. Tonaras y=e¢“, tne y >0, npuxoauM K HEPaBEHCTBY

1

y—— >E’ koropoe Ha mpomexytke (0;+00) paBHOCHIBHO HEPaBEHCTBY

y>2 wm e’ >2.Cnenosarensho, a >1n?2.
Omeem. a>In2.

VA @ B oOmem cmydae crpaBeanuBo cie-
%// ¥ nyroriee yTBepxkaeHue (cMm. puc. 80).
§C @ ITnowaob S ¢uzypul, Koopounamovt
y=£(x) //\\ moueKk KOmopoil yoo6nemeopaom Hepa-
B S % géencmeam a<x<b, f(x)<y<f(x),
Y D 20e f,(x) u f,(Xx) —3a0annvie nenpepuis-
a0 b > Hble pyHKYUU, b1uUCIACMCA NO opmye

S = [(£,(x) = £(x))dx.

Puc. 80
IIpumep S. Ilpu xaxkom 3Hauenuu a
naowaos @uaypel, 02PAHUYEHHOU AUHUAMU ) = l y= 2x1—1 , x=2,
X=a, pagna 1n(4/\/§) ?
Pewenue. Kpusnie y =%, y= el NIEPECEKAIOTCSL B TOUKE C KOOp-
VA y=1/(2x-1) munatamu (1;1). C yderom Toro,

4ro (urypa, OrpaHHYCHHAs JaH-

HBIMU JIMHUSIMH, JIOJDKHA OBITh

e S y=1k 3aMKHYTOH, PacCMOTPHM BO3MOXK-
/ HBIE CIIy4al pPacloJIOKeHHs Ips-

MOH X =da OTHOCHUTEIBHO NPSIMBIX

x=0,5, x=1lux=2:

Puc. 81 1)(1>2; 2)1<a<2;

3) 0,5<ac<l.
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1) IIpu @ > 2 mnowans durypsr S, (cM. puc. 81) papHa J.(l __ 1 ]dx =
2

x 2x-1
Ll |, 1 4 1 34
=—In ==—In ——In—=—In—.
2 [2x-1 R 2 2a-1 2 3 2 4Q2a-1)
3a’ 4 3a® 16
U3 ycnoeus —In————=In— crnenyer, uro In———=In—
2 4Qa-1) 5 42a-1) 5

wim 15a° —128a+64=0. Otkyna a, =8, a, =8/15. Ycnosmo a>2

YIOBIETBOPSIET 3HAUCHUE d =8 .

YA\ y=1/02x-1) 2) Eemu 1<a<2 (cm. puc. 82),
TO UCKOMOT'O 3HAYEHUSA d HE cymiecT-
BYET, IOCKOJBKY IUIOMIaAb (GUrypsl
OyJeT MEHbIE PACCMOTPEHHOM B Mpe-
JBITYIIEM TyHKTe (IPOBEPHTE CaMo-

0
CTOSITEIHHO).
3) Ecmn 0,5<a<1, To uckomas
IUIOIIAlb MOXKET OBITh BBIYHCIICHA KaK
Puc. 82 .
CyMMapHasl IIolajs IByX Gpuryp:
1 2 1
1 1 1 1 1. |2x-1
s, =] —— |dx+[| =~ dx ==In|=
\2x-1 x \x o 2x-1 2 X .
1 : 1 1. 2a—-1 1.4 1 4a’
+—In|—> =—Inl——In a2 +—InZ=—In—=
2 |12x-1 | 2 2 a 2 3 2 3Q2a-1)
Jlanee ! ln—4a2 In 4 ln—4a2 In 16 IMore
, — = — WU = —. TCHIUPYA,
2 302a-1) s 32a-1) 5 Py
TIOJTY UM ypaBHEHHE 54> —24a+12=0, HMeroIee KOPHH
1242421 12-2421
a,, = — Venosuto 0,5 < a <1 ynosnersopsier a = —
12-2+4/21
Omeem. a =8 u azTr.
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Hpumep 6. Ilpu xaxom 3HaveHuu a npamas y =da oOeium HIOWAOb
Queypol, oepanuuennoti nunusmu y =0, y=2+x—x", nonoram?
Pewenue. Tapaboma y=2+x—x" =—(x—0,5)" +2,25 nonyuaercs

u3 napabonsl y = —xt+ 2,25 cmeurom Braoms oc Ox (cMm. puc. 83), mo-

A ITOMY UCKOMas TpsMasi ¥ = d PasJeiuT
Y1 __y=2+xx’ HOMONaM IUIOMIAIH Mo o0eruMu napabo-
; & namu. Berauenum mwiomans S mon rpa-
; 2
S/2 ¢ukom ¢yskumu y =—-x" +2,25. Vme-
L y=d  ew

1,5

O

0] 05 X as\4 4 3 )5

9

>

Temnepb OmpeseNuM, MPU KakoM 3Ha-
Puc. 83 yennd b Tomans nojx rpaguKoM mnapa-
Oonbl Y =—x’+b pasua S/2=2,25. Torna uckomMoe uucio @ Oyaer

pasuo 2,25—-b.

\/; x3 \/E 4
Haxoaum J- (b—x*)dx= {bx - —j =2pJb . Taxum 00pazom,
5 3 N 3
4 9 9 9 9
—b\/_ =—, eum b=——=. Orcioga noAyYHUM d=—— =
3 4 434 4[4

A-3)

Mpumep 7. Hatimu éce nonoscumens-
Hole snavenus napamempa b, npu xomo-
pbix  naowads @ueypel, 02PAHUYEHHOU

2 2
napaboramu y =1—x" u y=bx", pasna
a . Ilpu xakux 3Hauenusx a 3adaua ume-

em pewieHue?
Pewenue. Haiinem aOCHMCCHI TOYEK

2
nepeceuenuss mapabon  y=1—-x" wu
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y=bx2 (em. pumc. 84). Jlns sToro pemmM KBagpaTHOE ypaBHEHHE

1 1
1—x* =bx” . Ero KOpHAMH SBISIOTCS YHCIA X, = ———— H X, = ——— .
1 Vb +1 * b+l

Beruncnnm miomans GUryphl, orpaHIIeHHOH mapadogamu.

S ZT((I—xz)—bxz)dx =T(1—(1+b)x2)dxz[x—(1+b)x?3j

X X

X2

(-x)_ 4
=(x,—x)—-(1+b = .
(x, —x)—(1+b) 3 W]
4 a, 1o b 16 1
=qa ,nonyuynm b=———1.
N/ 4 9

U3 yenosuit a >0, b>0 cremyer, uTo pelleHUE 3a1a49M CYLIECTBYET
npu a €(0;4/3).

PemuB ypaBHeHue

Omeem. b=1—62—1; ae(0;4/3).
9a

Ipumep 8. Hatimu sce snavenus a (a >0), npu komopuvix niowads

o 2N\2 2
puzypul, ocpanuuennou wnusvu y=(1+a" )" x"—a u y=0, seisemcs
HaubovbuLell, U Onpederuns ee SHaueHue.

Pewienue. Haiinem aOcrucchl TOYEK  IEpecedeHuss  mapaboiisl

=(+a*)’x" —a u npsmoit y=0. KOpHsIMHE KBaJPATHOIO yPaBHEHHS

i  Ja

2N\2 2
(I+a”) x" —a=0 ssnsores yncna X, =——— ¥ X, =
l+a I+a

- Haiinem

X

HMCKOMOE 3HaueHue Iuiomanu: S = —I ((l +a* )2 X - a) dx =

3
= [—(1+a2)2%+axj

z(xz_xl)[_(1+az)2m+a) (*)

X2

(1+ )2( 2 )+a(x2_x1)_

3
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2\/; a
[Tockombky X, =X, =—, X +X, =0, xx, =
(I+a’)

l1+a

2, 2 2
X +x +xx, =0 +x,) —xx, = TO, MOZACTaBUB B (¥*), mOiy-

_a
(1+a*)*’

quM S(a)=§-laiaz. Haiinem nauGonbinee 3xadenne ¢QyHkumu S(a).
+a
4 1+a*)—4a’ 4 -a’

Umeem S'(a)=—- \/52 (+a )2 a =_.£2 3 a2 =0.
3 1+a l+a 3 1+a (1+a

Ipowussoanast papHa Hymo ipu @ =0 u a = \/§ . IIpu nepexoze uepes 3Ha-

yeHne d =+/3 MMpou3BOaAHAadA MCHACT 3HAK C IJIFOCAa HA MHUHYC, CJI€A0BAaTEC/Ib-

1

HO, B 3TOM Touke jgocturaercss makcumym S(a) u S (\/g )= % .

1
max = —— TIpH a=\/§.
3

Ilpumep 9. Haiimu naumenvuiee 3navenue niowaou Queypsl, oepauu-

Omeem. S

wennoti nunuamu y=x" +2x -3 u y=kx+1.

Pewenue. Haiinem aOcuucchl TOYEK IEpecedYeHUst  11apadolIbl
y= x> +2x-3 u npsmoii y=hkx+1. Jlas 3T0r0 pemmM ypaBHEHHE
¥ +2x-3=kx+1 wm

X +(2-k)x—-4=0.
2
Juckpumunanr D = i k+5>0, no-

3TOMY ypaBHEHHE IPH BCEX 3HAUYCHUSIX K

HUMCCT JIBa KOpHA

I\ I 2
S A k-2 |k
2 y=I+kx M2 =TT k+5.

Borumcum 1wiomans S Qurypsl, orpaHu-

=Y

Puc. 85 o 2
YeHHOM JMHWAMH Y =X +2Xx—-3 u

y=kx+1 (cm. puc. 85):
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Xy

Sz]%(kxﬂ—(xz +2x=3))dx =[ (=" + (k= 2)x+4) dx =

X, X, 3| *2 2 |*2
X X X,
=—jx2dx+(k—2)jxdx+4=—? H=2)T 4] =
3 3 2 2
X, —X X, =X
= 13 24 (k-2)2—1+4(x,—x)=
—X] = XX, —X) X, + X
=(x, —x,) +(k—2)—2 +4 .
CormacHo Teopeme Bmera st kopHed X, HW X, YpaBHCHUSA
¥ +(Q2-k)x-4=0, X, +x,=k-2, x,x, =—4. 3Haunr,

X, +x” +x,x =(k—2)" +4. U3 hopmyn anst X, u X, nOIyIHM

2
X, —x, =2‘/%—k+5 =Jk> — 4k +20.

HO,Z[CTaBJ'I}Iﬂ TIOJTYY€HHBIE COOTHOMICHHUS B BBIPAXKCHUE JIA S, NMEEM

P 3/2
(K — 4k +20y2  (16+(k-2))

S = =
6 6
16" 32
MunumansHas wiomans gocruraeresinpu k=2 u §,, = ) = 3
Omeem. S, =32/3 npu k=2.

3a0auu 0nsa camocCmoamenbHozo peeHus
5.3.1. Haiigure Bce uucna a u b, mpu kotopsix gyskius f(x) ynos-

JICTBOPACT 3aJaHHBIM YCJIIOBUAM:

a) f()=a-3"+b, f1(0)=2u [ f(x)dx=12;

6) f(x)=asinzx+b, f'(1)=2 u jf(x)dx=4.
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5.3.2. Haiinure Bce 3Hauenuss a (a >0), 11 KOTOPBIX BBIIONHSIETCS

HEpaBEHCTBO:
a 2
a) I(Z —4x+3x*)dx<a; 6) j(az +(4—4a)x+4x)dx<12.
0 1
5.3.3. Haiingute BCe pelienus ypaBHEHH s, PUHALIEKAIIME OTPe3Ky d :

a) Icos(x+a2)dx=sina, d=[2;3];
0

6) [ cos(x+2a’ —a)dx=—sin2a, d =[~1,5,-0,5].

5.3.4. cxons 13 reOMETPUUECKOTrO CMBICIIA OIPEAEICHHOI0 UHTEerpaa,
HaliiuTe Takue yicna @ u b, Ipy KOTOPBIX BBIMONHSACTCS PABEHCTBO:

1 a
a) [(2x+b)dx=0; 6) [ (2-|x)dx=0;
-1 -4
0 a X
B) [(x-a)de=0; r) J.arcsinadxzo;
-2 -2
b a a+b
1) j(x+3)dx=0(b>a); €) j. cosxdx=0; x) Jsinxdsz.
a -7/2 a

5.3.5. Vcnonn3ys T€OMETPUUYECKUNA CMBICT OMPEEICHHOTO WHTerpaia,
1 a
2 2
BBIYMCIIUTE: a) Ilocdx; 0) f\/a —x"dx,a>0.
-1 —a

5.3.6. [l xaxxaoro 3HaYCHUS MapaMeTpa ¢ HaWauTe 3HaUCHUE OIpelie-
JICHHOT'O MHTerpaa:

a) jf(X)dx ,ecma f(x) :{

2x,ecmu x <0,

2 b
x°, ecmm x > 0.

0) I f(x)dx,ecn f(x)=

{cos x,ecm x < /4,
-r/2

sinx, ecnu x > 7/ 4;

B) [ (x| +]x—1])dx; v [(x|+|x—aldx.
=3 1
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5.3.7. Haiigute 3HadeHus mapaMeTpa @ , IPH KOTOPHIX IUIOMAAs (pury-
PBbl, OTPAaHUYEHHOU KpUBOU
a) y=sin2x, upsambiMu X =7 /6, X =a u ocbto abcuuce, pasua 0,5 ;

6) y =cos5x, npameivu x = 77/30, x=a u ocero abenuce, pasua 0,2.
5.3.8. a) HaiinuTe Bce Takue a , 9TO IUIOMIAb, OTPAHUYCHHAS JTHHUASIMHU
y-x’=4, x=2, x=a, y=0, Basoe GomblIe, YeM MIOMAb, OrPAHH-
genHas muHMsIME V-X- =4, x=2, x=3, y=0.
0) Haiigute BCe TakWe @, YTO IUIOMIA[]b, OIPAHUYEHHAS JIMHHSIMH
y- \/; =2, x=1, x=a, y=0, BaBoe MeHbIIe, YeM IUIOMIAIb, OTPAHHU-

YeHHas JTHHUSAMHU y-\/7=2, x=1,x=4, y=0.

B) Halijiure Bce MosIoXKUTENbHBIE 3HAYEHUS TapameTpa b, Ipu KOTOPBIX
WI0MAAb GUTYPHI, OTPAHUYEHHON KPUBBIMU ) = bx u y=+/2—x, paBHa
a . Tpu Kakux 3HAYEHUSX d 3a]a4a UMEET pereHue?

5.3.9. Haiigure twomans (GUrypbl, OrpaHMYeHHON mnapabosoi
y=x"+bx+c u xacarensubivu y=4x—13, y=—4x+3, nposexcH-

HBIMH K 3TO# mapabose.

5.3.10. /lana kpuBOJMHEHHAS Tparelys, orpaHnYeHHas muausamu y =0,

3
x=a (a>0) u y=x". Kakyio yacTp IUIOIAIX TPANEHMH COCTABISET
IUIOIIA/(b TPEYTOJbHUKA, OTCEKAEMOr0 OT JaHHOHM TpaleluH KacaTelbHOU K

3 .
JUMHUK Y =X~ B TOYKe ¢ abeuccoit x =2a/3.

5.3.11. Haiigure Bce 3mHayenus mapamerpa a (a>1), npu KoTOpbIX
TUTOMIA/Ib:

a) ¢urypsl, orpanmueHHodl mpsiMeiva Yy =1, y =2 wu mnapabomamu
y=ax’, y=0,5ax" , Gyaer HauGoIbLICH.

0) KpUBOJIMHEWHOW Tpamneuuy, OrpaHHMYeHHOW TrpaduKkoM QYHKIHMU

2x

y=xe " umnpsameiMu X=a, x=a+0,5 u y=0, 6yaer naubonbureii.

5.3.12. a) Haiigure HambomnpIinee 3HaYCHHE IUIOMAAN (UTYpHI, OTPaHU-
YeHHOM IMHUAMH ) =2 +cosx, y=sin(x/2), x=a, x=a+r.

0) Haiinute HamMmeHpllee 3HaYCHUE ILIOMAMH (DUIYpBI, OIpAaHUYCHHOM
JUHUAMH Y =COSX, y=s8in2x—-2, x=a, x=a+7/3.
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5.3.13*. Jlokaxxute neMmy:
ITnowadw guzypel, ozpanuuennoii npamvimu x=c, x=b (b>c),
2paguxom ouggepenyupyemoii monomonnoi gynxyuu f(x) u npamoi

y=f(a), 20e ac[c;b], docmuzaem ceoezo naumenvwiezo 3nauenus

(b + cj
mom cyuae, eciu y = f >

5.3.14. Haiigute 3HadeHUs mapaMeTpa d , MpH KOTOPHIX OyaeT Hau-
MEHbIIIeH IUI0Iab PUIYpPhl, OTPAHUYECHHOM:
a)mpsiveivi Y =0, x=0, x =1 u mapaGomnoit y =a’x’ —ax+1;
o x 2
0) rpaduKOoM KpuBOH ) = 3 ax"+a; npameiva x =0, x=2 u

OCBIO0 adcIucc.

5.3.15. HaiinuTe 3HadeHue mapamerpa d , MIPH KOTOPOM TpsAMmas ) =d
JeTUT GUrypy, OrPAHHYCHHYIO IMHUAME V=X +1 u y =5, Ha 18e paBHO-
BEIIMKHE YaCTH.

5.3.16. Uepe3 mamnyto Touky (a;b), nexamyro BHYTpU mapaboIibl
¥y =x’, npoBeUTE NPSMYIO, OTCEKAIONLYI0 OT BHYTPEHHEH 0GNACTH mapa-
00JIBI CErMEHT HauMeHbIIeH mommany. Halinure 3HaueHne 3Toi ruromay.

5.3.17. a) ®urypa F na mwiockoctu Oxy , orpaHuueHHas rpagukamu
Gyuxkuuit y=3e™ u y=T7—-2¢ ™, uMeeT eMHCTBEHHYIO OOLIYIO TOYKY C
npsimoit ¥ = 9x + 3 . Haiinute 3HaueHne @ W IIIONMIaab YKa3aHHOH (QUTYPHI.

0) ycte M — muoxkectBO wiockoct Oxy ¢ koopauHaramu (X;))
TaKWX, 9To yncia 3x, 2y u 9 —y ABIAIOTCS UIMHAMH CTOPOH HEKOTOPOTO
Tpeyronbhuka. Halinure mwiomans hurypsr M .

®urypa F ua mockoctu OX) COCTOMT M3 TOUeK MHOkecTBa M , juist
KOOD/IMHAT KOTOPBIX HEpaBeHCTBO ¢~ + 2t(x—2)+7—y >0 Bumonusercs

IpH Becex 3HaYeHusx mapamerpa ¢ . Haiinqure miomans ¢urypsr F .
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§5.4. Ucnosb30BaHHe CHMMETPHH AHAJTUTHYECKHX
BbIPAKEHH I

K aT0ii Tpynme 3amauy MOKHO OTHECTH Takue, B KOTOPBIX Tpedyercst yc-
TaHOBUTPH 3HAYCHHMS MapaMeTpa, PU KOTOPBIX ypaBHEHHUE (CHCTeMa WIH He-
PaBEHCTBO) MMEET «eOUHCMBEHHOE DeuleHue», K4emHoe YUCIO DeuleHulD
W «HeuemHoe yucno pewenuid». IlpakTudecku Bcerna momoOHbIE 3a4aduu
HUMEIOT XapaKTEePHYI0 OCOOEHHOCTB: MX YCJOBHS HE M3MEHSIOTCS JHOO mpu
3aMeHe 3HaKa OJHOI HJIM HECKOJBKHX MEPEMEHHBIX Ha MPOTHBOIOJIOXHBIHA
(«cUMMeTpHs» OTHOCHTENBHO 3HaKa), OO0 MPH MEePEeCcTaHOBKE HECKOIBKHX
MEePEMEHHBIX («CUMMETPUS» OTHOCUTEIBHO MEPECTaHOBKY MEPEMEHHBIX).
[Ipu penieHun 3a1a4 TaKOro poja UCIOJB3YETCs CIECAYIOMNN HOpPSIOoK
IEUCTBUIL:
BO-TIEPBBIX, BBIIOJIHACTCS IPOBEPKA HA CHMMETPHIO;
BO-BTOPBIX, M3 IIPOBEPKH BHIIIOJHEHUS HEOOXOOUMBIX YCA08UI HAXO-
JATCSI TOIMyCTUMBIE 3HAYCHUS MapaMeTpa (IpU «CUMMETPUI
OTHOCHTEJFHO 3HaKa INMEpeMEHHOH IOJICTaBIIETCS ee HyJe-
BOC 3HAUCHHUE; NPU «CUMMETPUH» OTHOCHUTENIBHO HepecTa-
HOBKHM IIEPEeMEHHBIX BCE IEepeMEHHbIEe 0003HAYAIOT OXHOM
OyKkBOI1);

B-TPETbUX, NIPOBEPACTCS 0OCHMAMOUHOCHYb YCA06Ul, T.e. Ul HalineH-
HBIX JOIyCTUMBIX 3HAYCHUH NapaMmeTpa BbINOJIHIETCS Mpo-
BepKa TOTO, YTO NPH MOJTYyYCHHBIX 3HAUCHHUSAX Iapamerpa
ypaBHEHHE (CHCTeMa W T.[.) ACHCTBHUTENBHO MMeeT Tpelye-
MO€ YHUCJIO PELLIEHUN.

3ameuanmue. [locnenuuii aTan 3akitoyaercs JHOO B JIOKa3aTENbCTBE Cy-
IIECTBOBAHMUS TPeOyeMOro 4ncia peeHui, 1100 B eT0 ONPOBEPIKCHHUH.

Jnst wiutiocTpanuy MpUBEJCHHOTO alirOpUTMa PacCMOTPUM HECKOJIBKO
MPUMEPOB.

Npumep 1. lpu kaxom suavenuu a ypasuenue X' —a|x|+a’ —a=0
umeem eouHcmeenHoe peutetue?

Pewenue. Tlockomsky x° —a|x|+a’ —a=(-x)" —a|-x|+a’ —a,
TO, CCIIM YHCIIO X, SBISIETCS KOPHEM TaHHOTO YPaBHEHHS, TO M UHCIO —X,
TakKe KOpeHb. ExuHcTBeHHOE pemrenue Oymer, ecnn X, = —X, =0.

Ioxcrasus x, =0 B ypaBHeHue, HAlEM JOIYCTHUMbIC 3HAYCHHS Iapa-

2
merpa a . U3 ypasuenust @~ —a =0 crenyer, uro a =0 wm a=1.
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Iposepum, kakue u3 ycnoBuit @ =0 u a =1 SBISIOTCS OCTATOYHBIME
JUId JaHHOW 3afauu. [l 3TOro MoACTaBUM HX B ypaBHEHHE.

Opu a=0 wumeem x°=0 wmwm x=0. Ipu a=1 ypasuenue
x'"—| x|=0 umeer tpu kopus x, =0, x, =—1, x;,=1.  Omeem. a=0.

Ipumep 2. Haiimu 3navenus napamempa @ , Rpu KOMOPbIX YpagHenue
(|x|—4) +al|x|-4|+4=0
umeem pogHo 7 OelicmeumenbHblX KOpHell, U HAlmu 3mu KOPHUL.
Pewenue. Oyuxuns y(x)=(|x|—4)* +al|x|—4|+4 ssusercs uer-
HoH, T.e. Y(x)=y(—x). U3 cUMMeTpuM MO MEPEMEHHON X CJIEAYET, YTO

HEYETHOE YHCIIO KOPHEH OyIeT, eciin OJMH M3 HUX paBeH Hyimo. [Toacrasiss
x =0 BypaBuenue, nonyunm 20+ 4a =0 wim a =-5.

ITpoBepuM, 4TO YCJIOBUE d =—5 SBJISETCS HOCTATOYHBIM IS JAHHOM
3amaun. [ToCTaBIIAs 5TO 3HAUCHUE @ B YPAaBHEHHUE, TONYIUM

(x| —4)* =5 x|-4|+4=0.

y <0,

> YV +5y+4=0,

TMonoxkum y =|x|—4. Torma y" —-5|y|+4=0< .
y=0

Y =5y+4=0.

Urax, y,=-1; y,=—4, y, =1, y, =4 . Pemus 4eThlpe COOTBETCTBYIO-

mux ypaHenus y, =| x| -4, (i=1,2,3,4), nonyunm 3HadeHUS X .
Omegem. Tlpu a =-5; x € {—8;-5;-3;0;3;5;8} .
Hpumep 3. Haiimu 6ce 3nauenus napamempa a, npu KOmMopwix umeem
b —x 2
. lef+et+x =y+a,
eOUHCMBEHHOEe peuieHe CUCeMA YPAGHEeHUl ,
x +y =4
Pewenue. 3amernm, uto eciu napa uucen (X,,y,) SBIAETCS pELICHHEM
JAHHOI CHCTEMBI ypaBHEHHUM, To mapa (—X,,),) — Takxke peurenue. Ciemno-
BaTENbHO, JUISl €AMHCTBEHHOCTH DEIIEHHs HE0OXOJUMO, 4TOOBl —X, = X,

T.C. Xy = 0. HOHCT&BI/IB 9TO 3HAYCHUC HEH3BECTHOH X B CHUCTCMY, NOJYYUM:
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e +e’+0*=y+a, 2=y+a, y=2,

, , 401050 ) =

0" +y" =4 y =4 a=4,
y=-2

JIOMyCTUMBIMA  3HAUCHUMSAMH [apaMeTpa SBIAIOTCSA JIUIIb 3HAYCHUS
a=0una=4.

IIycts a =4 . Toraa ucxoHas CHCTEMa yPaBHEHHI IPUMET BHUI:

et +e +x'=y+4,
X'+t =4,

W3 BTOpOro ypaBHeHus cieayer, uro |x|<2 u |y |<2. [NokaxeM, 910
kpome mapsl (0;—2) CyLIeCTBYIOT ellle peleHns] HCXOAHON CHCTEMBI ypaB-
HeHuiA. BBIpasuB ) W3 BTOPOTO ypaBHEHHs, MONydnM y =+4—x° wm
y=—4—x Mycts y=+4—x" u xe[0;2]. lloxcraus y B mepsoe
ypasuenue, momydaem e’ +e ‘=4 — x> ++4— x> . PaccmoTpuM Hempe-
peiBHVI0  Qymkimo  f(x)=e +e  —4+x" —\4—x" . Tak Kak
f(0)=—4<0, a f(Q)=€"+e’>>6, To cylmecIByer 3HAYCHNHE
x, €(0;2), mpu xotopom f(x,)=0, T.e. X, — Kopenb ypaBHenus. Ciezo-
BATENBHO, Mapa (X,,4/4 — X, ) SBISETCA PEIIEHHSIMH CHCTEMBI yPABHEHHI,

T.C. pCIICHUEC CUCTEMbI HE CITUHCTBCHHO.
ITycts @ =0 . Toraa ucxoaHas CUCTEMa YPaBHEHUHN IPUMET BHIL:

e +e+xT =y,
X’ +y’ =4,
W3 BTOpOro ypasHeHwmst ciexyet, uto |X|<2 wu | y|<2. Jleas yacth
[EPBOr0 YPaBHEHHUs CUCTEMBI € +e  + x’>2, a npaBas 4acte y < 2.

v, v, 2
PaBeHCTBO BO3MOMKHO JIMIIb B cIydac € +¢  +x =2 m y=2, T.e. npu
x=0 u y=2. [onyyaem, 4ro MCXOaHAas cucTeMa ypaBHeHuil mpu a =0

UMeeT eIMHCTBEHHOE PEIICHHE. Omeem. a=0.
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Mpumep 4. Haitimu éce snauenus napamempos a u b, npu xomopwix
x’ =1

umeem eOUHCMBEHHOE peuleHie cucmema x’ +1

:a’

2 2
x +y =b, x>0.
Pewenue. y6eﬂI/IMCﬂ B TOM, 4YTO €CJIH YHCJIO yO SABJIACTCA PCUICHUEM

CHUCTEMBI, TO U YUCI0 —), TAKXE pEIICHUE. HOHCT&BI/IM —), B YpaBHEHUA

x -1 1/x" -1 x?(1=x") x" -1
cuctemsl. Tak = = - =
x 7 +1 1/x" +1 x(1+x7) x7 +1

2 2 2 2
u X +y,=x +(-y,) =b. CrenosarensHo, HEOOXOJUMBIM YCIOBHEM
CAMHCTBEHHOCTH pelieHus siBisiercst V, =—), =0 . [loxcrasmsis 3HaueHne
a=0,
y =0 B cucremy, nosryuaem 5 .
x“=b, x>0.

CrenoBaresnsio, a =0 — gomycTumoe 3Ha4eHHE d , yAOBICTBOPSIOLICS
ycmoBuo 3amaun. Ilpy @ =0 mnepBoe ypaBHEHHE CHCTEMBI IIPHMET BH[

x” =1. Bo3moxubl aBa Bapuanta X =1, y — moboe umu y =0, x>0.
B 11epBOM Cllydae BTOPOE ypaBHEHHE CHCTEMBI pUMeT BU - =b—1

T.e. mpu b>1 mmeercst mBa pewerns y=—b—1 u y=+b—-1; ecin
b=1 - onno peuenne u ipu b <1 Her peruenuil.
Bo BTOPOM — BTOPOE ypPaBHEHHE CHCTEMBI IIpUMeT B X~ = b . Tak Kak

x>0, To pemenue x = Jb nmeercs npu b>0.
CrnienioBaresnsHo, eMMHCTBEHHOE pentenne umeercs ipu 0 <b <1,
Omeem. a =0, 0<b<1.
Hpumep 5. Hatimu 6ce 3Hauenus a, npu KOMOPbIX uMeem eOUHCMEeH-

y>(x+y) —x-2y+a,
HOe peuileHue cucmema HepasenHcmes. 2
x2(y—x)" -3y+2x+a.

Pewenue. PackpbiBas ckOOKHM I1OCIIE BO3BEJICHHSI B KBAJPaT M NPUBOII
X +x2y-1)+y* =3y+a<0,
HOJIO6HbIe YJICHBI, MTOJYYHM:

X =xQ2y-1)+y*-3y+a<0.
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OueBupHo, uto X =0 — HEOOXOJUMOE YCIOBHE €IMHCTBEHHOCTH peliie-
2
Hus cucremsl. [Tocie nmoacraHoBku x =0 monmyyaem y° —3y+a <0, xo-

TOPOE UMEET EJUHCTBEHHOE PEIICHHUE, €CIIM JUCKPUMUHAHT KBAJIPATHOTO
TpexuJieHa paBeH Hylto, T.e. eciid 9—4a=0 wm a=9/4.

[IpoBepka TIIOKa3bIBAET, YTO HCXOJHAS CHCTEMa HEPABEHCTB I[IPH
a =9/4 umeer enuncreennoe pentenne (0;1,5) .

JleCTBUTENBHO, CITOKHB JIEBbIE YaCTH HEPABEHCTB CHCTEMBI
X +x2y—1)+y"=3y+9/4<0,
X =xQ2y-1D+y*=3y+9/4<0,
nomyaum x° +2(y° =3y +9/4)<0 uwm x> +2(y-3/2)"<0. U3 mo-
cieiHero HepaBeHctsa ciaenyer x =0 u y=3/2.
Omeem. a=9/4.

Mpumep 6. Haiimu 6ce 3nauenuss napamempa @, npu KOMoOpuIX umeem
2
o J(x=y) =6a-14,
064 peuieHus: cucmema ypagHeHull: ,
x +y =312+a).
Pewenue. 3ameTum, 4TO eCIH mapa duceln (X,,y,) SBILCTCS PEIICHHEM
JaHHOW CHCTeMbl ypaBHEHUH, TO mapsl (Vy,X,), (—X,,—V,) U (=¥y,—X,)

— Taroke pemenus. CrenoBaresbHO, HEOOXOIUMBIM YCIOBUEM CYIIECTBOBA-
HUS JIByX pelIeHHi OyZeT COBNaJeHHe KaKUX-JIMOO W3 IOJIyYeHHBIX Map.
Paccmotpum cityuau:

1. Ecu (X,,%) =(1,%) »TO Xo =Y, WA X=) .
0==6a-14,
2x* =32 +a).

U3 ypasuenust 6a —14=0 cnenyer a=7/3.

Tor;[a CUCTEMA UMCCT BU

2. Ecnn (xy,¥,) =(=Xy,—¥,), T0 X, =¥, =0. OnHaxo Hu npu Kakux
3HAYEHMAX ( CHCTEMa He MOXeT MMeTh pemenns x =) =0.
3. Ecmu (xy,Y,) =(=Yy,—%,), T0 Xy ==Y, umn x=-y . Torna cuc-
2
4x~ =6a-14,
TeMa MMeeT BHJL ITonmy4eHHast cucTeMa HE MMEET pelre-

2x* =32 +a).

HUA.
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COOTBETCTBEHHO, BO3MOXHBI elle BapHaHThL: (X,,V,) = (—X,,—V,)
(ananoruuen cmyuato 2); (V,,X,) =(—y,,—X,) (ananoruueH ciy4aio 2);
(=x,,—¥y) = (=¥,,—X,) (aHanoruyen ciyyaro 1).

CJ'Ie[lOBaTeJ'II)HO, TpU NOCJICAHUX BapHvaHTa HE OarOT HOBBIX 3HAYCHHU I
nmapamMeTpa a .

IlpoBepum, uto ycioeue a=7/3 sBngerca pocratouHbiM. I[lpu
(x=»)" =0,
x>+ > =13.

umeeT nBa pemeHus: (—/6,5;—/6,5) u (/6,5;4/6,5), uro u tpebyercs

110 YCJIOBUIO 3aJia4u.

a=7/3 cucrema npUHUMAET BUJ [TomyueHnas cucrema

Omeem. a=17/3.
3adauu 01 camocmoamenbHo20 peuleHus

5.4.1. Haiigute Bce 3HaueHHs napaMeTpa d , IPU KOTOPBIX ypaBHEHHE
2 2 2
(x* =5y —=7|x =5|+a=0
HMEET POBHO 7 JEMCTBUTENbHBIX KOPHEH, U HAWUTE 3TU KOPHHU.

5.4.2. Haiinute Bce 3HadeHuUs mapaMeTpa d , IpU KOTOPBIX UMEET €IUH-
CTBEHHOE pElLICHUE ypaBHEHHE:!

a) x* —2asin(cosx)+a’ =0; 6) 2x” —atg(cosx)+a’ =0.

5.4.3. Haiinute Bce 3Ha4ueHuUs napaMeTpa d , IpU KOTOPBIX UMEET €IUH-
CTBEHHOE pElLICHUE CHCTEMa YPaBHEHUI:

ax’ +a—1=y—|sinx]|, 6 (|x|+Da=y+cosx,
a

tg’x+y° =1, sin®x+y° =1.

5.4.4. HaiinmuTe Bce 3HaUYEHUS mapamMeTrpa a , IpH KOTOPBIX UMEEeT eIrH-
CTBEHHOE pELICHUE CHCTEMa YPaBHEHUI:

3-2M 45 x|+4=3y+5x" +3a,

a) 2 2
x +y =1

6 52" 43| x|-2=5y+3x" —5a,
X’ +y =1
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5.4.5. HaiinuTe Bce 3HaUeHUs MapaMeTpa d , IpU KOTOPBIX MMEET €AHH-
CTBEHHOE PEIIIEHNUE CUCTEMA HEPABEHCTB:
2 2
y=>x"+2a, 5 y=2(x—a),
2 2
X2y +2a; x2(y—a).
5.4.6. HaiinuTe BCe 3Ha4yeHus mapameTpa a , Ipu KOTOPBIX UMEET eAUH-
2
2|x|-y” 23a-3,
CTBEHHOE pEIIIEHUE CHCTEMa HEPABEHCTB .,
|y|+3x" <a —a.
5.4.7. Haiigure Bce 3HadeHUs MHapameTpa a , IPU KOTOPBIX CHCTEMaA
2 2
. x +y =2(+a),
YpaBHEHHUIA: a) MMEET POBHO /IBa PEIICHNUS;

(x+y) =14.

(3-xlx [+ y1-3) (x| +3] [ -9) =0,

(x—a)’ +y* =25.

0) UMeeT POBHO TPH pelie-
HUSL.

“ 2
5.4.8. Haiigurte 3Hauyenue BBIpaKEHUs a —bC, eciaM W3BECTHO, YTO
HMMEET HEUYETHOE YUCIIO PEIICHHIA CUCTEMA YPABHECHUI:

(x+y—-z) +|x+y|lFa+b+c,
|z[~(x+»)’ =(a+b)’ —c,
|y—z|+|z—x]=a+2b+3c.

5.4.9. Onpenenure Bce 3Hau€HHs MapaMeTpa a , MPH KOTOPBIX HMEET
_lx[+4yl=a,
POBHO UYETHIpE PELICHUs CHCTEMa YPaBHEHUI 5
|y|+x" =1.
5.4.10. Haiinute Bce 3HaYCHH MapaMeTpa d , IPU KOTOPBIX CYILECTBYET
YHUCIIO 7' TAKOE, YTO MMEET POBHO TPHU PEIICHUS CUCTEMA yPaBHEHHUN
3 x|+ y =3,

(x—a) +y* =r.

219



OTBeTHI M YKazaHnusl
Omeembut u YKa3anua K 3a0auam 2naewt 1
1.1.1.a) (1) Ypasuenue kBagpatroe npu a & {0;2}; (2) Heronxoe kBaj-

patHoe mpu a=2,5 u az—i/g; (3) nuneiinoe npu a=0 u a=2;06) (1)
ypaBuenue kBaaparnoe npu a ¢ {0;1}; (2) wenonnoe kBagpatHOoEe NpH
a=-2; (3) ymmeiinoe unpu a=0 wu a=1. 1.1.2.a)
ae(—o;-3)uU(-3;3)U(3;4+o); 0) ae(—w;-3)U(-3;2)U(2;+0); B)
ae{0U(24%); 1) ae(-0;—/2)U(2;+0). 1.1.3.a) a=15; 6)
a=0wua=2;B) a=-2ua=2;r)a=-2ua=2;a a=0,5u
3+ 3+
a=-2; e ae{3; 3_2\/1_; 3_2\/5} 1.1.5. a) Ecom a<-2, 10
X<2;ectm a=-2,710 XER; ecmn —2<a<2,10 X>2;ecmu a=2,
TO pelleHuil HeT; eciit 2<a<3, 1o X>2; ecnii & =3, To pelIeHUH HET;
ecm a>3,10 X>2;0)ecin a<-5/4, 10 XeR;ecnin —4/5<a<l,

10 X€(—0;X ]U[X);4+0); ecmu a=1, o X<-=7/6; eciu a>1, to
—-(2a+1)++/5a+4 X -(Ra+1)—+/5a+4

u = 5

a-1 ? a-1

B) eciu a=-3, 10 X=—6; ecitt a=-2, 10 X=-5; ecrm a=0, 10
KopHe#l Her; ecnim a=2, 10 X=3; ecnu a=1, to X=2; ecmm
ae{-3;-2;0;1;2}, o X =a+1 wmw Xx,=a-3. 1.1.6. a) Ecm
ae(-o;1)U(5;+0), 1o a°—4a>2a-5; ecm a=1 wm a=35, 1o
a’—4a=2a-5;ecm ae(l;5), 0 a° —4a<2a-5;6) ecm a<-2,

Xe[X;X,], tme X, =

10 —a’<a<-2; e a=-2, o —a’<a; ecm ae(—2;—\/§), TO
—a’<-2<a; ecm a=—\/§, 0o —-2=-a’> u -a’<a; ecm
ae(—\/i;—l), 0 -2<-a’<a; ecm a=-1, to -2<a wu
a=-a’=-1;ecom ae(-1;0), 70 2<a<-a’;ecm a=0,10 2<a
n a=-a*=0; ecmm ae(O;\/E), T0 —2<-a’<a; ecm azﬁ, TO
—a’<au —a’=-2; ecmm a>\/§,T0 —a’<-2<a; B) ecm a<—2,
10 1-a*<a—-1<-2a—7; ecin a=—-2, T0 BCe YNCIA PABHBI —3 ; €CIIH
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ae(-21), 0 2a-7<a-1<l-a’;ecm a=1,10 2a-7<a—-1u
l-a’=a-1=0; ecm ae((;4), to Ra-7<l-a’*<a-1; ecm
a=4, o 1-a°=-2a-7=-15 u l-a’<a-1; ecm a>4, o
l-a*<-2a-7<a-1. 1.1.7. a) Ecm a<-2, to 1-a’; ecmm
2<a<4, 10 —2a-7; ecrm a>4, 1o 1-a’*; 6) ecm a<0,5, 10
a-1; eem a>0,5, o —(a+1)/3. 1.1.8. a) Ecm a<0, 1o
xe[3a;2a]u(a+2;+x); ecmu 0<a<1, o Xxe[2a;3a]u(a+2;+x);
ecmm 1<a<2, 10 Xe[2a;+0); ecmu a>2, 10 X€(a+2;+0); 0) ecnu
a<-2, 10 Xe[-a’;a]u[-2+o); ecmm —2<a£—\/§, TO
xe[-a*;—2]ula;+w); ecmn —/2<a<-1, 1o Xe[a;+o); ecmn
~1<a<0, to Xe[-a’;+w); ecmn 0<a<\/§, T0 X€[a;+); eciu
a=+2,10 xe[-a’;-2]U[a;+).

1.2.1. a) Eciu a =3, To peutennii uet; ecnu & # 3, 1o X =1/(a—3);

0) eciiu a=-2, 10 HeT peurenuii; ecii a=2,710 XER ; ectt a# -2 u

a#2, to X=-1/(a+2); B) ecnu a=-2, TO HET peLICHUIi; eciu
a?

a=0,5 10 XeR; ecniu a¢{0,5-2}, To X=
a+2

;T) ecmn a=-3

wmm a=3,10 XER; ecnn ag{-3;3},10 X=a.1.2.2.a)IIpu a=0 u

a=—1 pemenuii wer; eciu a=2, to XeR; eciu a ¢ {-1;0;2}, 1o

1 .
X=——-; 0) npu a=0 u a=3 peumennil ner; ecnu a=-3, 1o
a +a
2
a--3a+9
XeR; ecnn a¢g{-3;0;3}, o X:ﬁ' 1.2.3. a) Ecmn a=3, 10
a” —ia

XeR; ecnu a=0, to peuennit ver; ecniu @ ¢ {0;3}, To X=-1/a; 0)

ecmm a=1,710 XER ; eciu a=0, 1o Her pemiennit; ecnin a0 u a#1,

to X=-3/a. 1.24. a) Ecu a=1, to Xe(—wo;1)U(l;4+®); ecmu
a’+a+l

a=-1, to peurennii wer; eciu a ¢ {—1;1}, 1o Xz—l; 0) ecau
a-+

a=-2, 10 Xe(—0;2)U(2;40); ecmu =2, TO HET PEIICHHUIT; eciu
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az—-2wua#2,10 X=-2.1.2.5. a) lIpu ae{-4,-2,0} pewenuii uer;
ecmn a=2, 10 X€E(—00;-2)U(-2;3)U(3;+0); ecu a ¢ {—4;-2;2;0},

7a+8 -1£+/5
TO X=-— ; 0) mpu ae{ 0;1;2; \/_} pelieHuii  Her;
a+4 2
2a’ -2a
=2—1 Ipu JIpyrux 3HadeHusx a; B) ecim a ¢ {0;2} u b=3a, 1o
a —a-—
a(6-b
X= ( 2);ecnn a=2ub=6,10 X (—00;-6) U (=6;+0) ; pemrenuii
a_

Heripu a=2 u b#6; a=0 u mobom b; 3a=b u a=2.1.2.6. a)
a=6; 6) a=0 u a=5. 1.2.7. a) Ecomw a#b u a#-b, 1o

2ab
X=———:0)ecm a#b, 10 X, =2a-b u X, =2b—-a; ecm a=2b,
a +b
a+l
to X=3b; ecou a=b, o x=a.1.2.8. a) Ecm a<2, 10 X< 2;
a_
. a+l1
nmpu a=2 pemeHdii Her; ecnmd a>2, TO X>—2; 0) ecmm
a_

ae(—o;-3)uU(3;+0), To X<

5 ;ecrm a=-3 wm a=3, 10

XeR; ecru ae(-3;3), o X>

a21_9 ; B) npu a € {—4;-2} peumenuit

Her; ecim a=2,10 XER ; ecmn ae(-2;2), 70 X>———; ecint
(a+4)(@a+2)

ae(—o;-2)U(2;40), TO XS;. 1.29. a) ecm

(a+4)@+2)

ae(-0;0)U(2;+0), 0o X=>—1/a; ecniu a=0, to peurenuit Her; eciu
a=2,10 XeR; eciu ae(0;2), to x<-1/a; 0) eciu a=-3 wm
a=3, to pewennii Her; eciu a € (—0;—3) U (3;+00), To X<a; ecan
ae(-3;3), o x>a. 1.2.10. a) Ecom ae(—w0;0)uU(l;+®), To
X>-1/a; ecom a=0, to pemennit ner; ecnu a=1, o XeR; ecin
ae(0;1), o x<-1/a;06) eciu a<0, 10 X<2; eciu a=0, 1o penre-
nuit Het; ecmn 0<a<2/3, 10 X>2; eciu @a=2/3, 1o pewenuii Her;
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2
ecmn a>2/3, 10 X<2; B) ecm a<lL,5, 10 XE(—OO;a 12a 2]
2a-3
2— —
ecm a=1,5, XeR;ecm a>1,5, 1o XE{M; Ooj'
2a-3

13.1. a) m=2;6) m=2.13.2. a) a=3;06) a=-7. 1.3.3. a)
a=-6;0) a=4.13.4. a) Ecou a=-1 wm a=1, to pewenuii Her;
ecmn 8 =0, GeckoHeyHo MHOTO pemennii Buga (C;—2), rme C€R; eciu

3a2—6‘—2a4—a3+2a+4)

>

28’ -2’ 2’ -2
0) eciu b=-5 umu b =0, to pemenuii ver; mpu b & {—5;0} enuncreen-

4b+8 —b>+b+6 3J2+4 3J2-4
— 1.3.5.2) - ;

b+5 b°+5b 8 8

0) ae(—wo;—8]u {0} U[4;+x).1.3.6.a) —1/4<a<1/3;06) a=>-1/8.

1.3.7. a) 1/8<a<2/9;6) -1/8<a<0.1.3.8. a) ac[-7,2;9]. Vka-

3anue. Bocnonb3yiTech METONIOM TpaduUYeCKON WHTEPIPETAIMH HMIIM HC-
noJb3yiite napamMeTpuueckyro Gopmy 3ananus npsmoir AB u maiinure 3ua-
YEHHs MapaMeTpa @ , MPH KOTOPBIX KOOPAMHATHI Touek oTpeska AB ymos-
JIETBOPSIOT JAHHOM cucteMe HepaBeHcTB; 0) @ €[—6;8].

ag{-1,0;1}, To enuncTBEHHOE pelICHHE (

<ac<

HOC pCHICHUC (

Omeempul u yrkazanus K 3a0auam anaewt 11
2.1.1. a) Ecniu a<0, 1o pemennii wer; eciu a=0, to X, =0 ecin

a>0,10o X,=—va u Xzzx/g;ﬁ)ecnn —1<a<4, ro pewennii Her; eciu
a=-1 u a=4, 10 X =X%X,=0; eciu ae(—oo;—1)U(4;+o), 10O
X, =—/a’-3a-4 u X, =va’-3a-4; B) eciu a<0, 70 pemrenuii Her,
ectn a>0, To X1=—2/\/§ u X2=2/\/5; r) ecrn —1<a<4, 1o pemwe-
Huit Het; ecim @ € (—o0;—1) U (4;400) , TO X, =+2/+Ja* -3a—4; 1) ecom
a<0, ro pemennii Het, ecmu a=0, 10 XER ,ecrm a>0,10 X, =—Va u

X, = \/5 ;e)ecmn —1<a<0, To pewenuit Het; ecin a=0, 10 X€ R ; ecnn
O<a<4, to pewennii wmer, ecmn aec(—o;—1]U[4;+0), TO

223



X, =—/a’-3a-4 u x,=+a’-3a-4; x) ecu a<-1, To pemenuii
wer; e a=4, 10 XeR, ecim a e (—1;4) U (4;+0), To X =—1/\/ﬁ
u X, =1/\/ﬁ; 3) ecru a¢{—1;4}, to peumennii wer; ecnu a=-1 u
a=4,10 xeR.2.1.2. a) Ecu a=5,10 XeR; ecm a=1,10 X, =0;
ecmn a€(—o;)U(;5)U(5;+0), To X, =0 u X,=1/(a-1); 0) ecin
a=4, ro XxXeR; ecmu ae{-1;0}, o X, =0; ecmu ag{-1;0;4}, to

2
a +4a
=0 u Xx,= .2.1.3. a) Ecru 0<a<4, to pemenuii HeT; ecnu
a+

a=0; x,=—1; ectu a=4, 10 X, =3; ecmu ae(—0;0)U(4;+%), To
X, =a—l++va’—4a;6) cam 2<a<18, To pewenuii ver; eccim a =2,
o X =0; ecru a=18, 10 X =8; eciu ae(-x;2)U(18;+0), TO
X,=(a—-2++va’-20a+36)/2. 2.1.4. a) Ilpn Bcex acR X =2 =u
X, =2a; ©0) e a<-0,5, to pemennii mer; ecnim a=-0,5, To0
X, =0,25; ecm a>-0,5, 10 X, =(-a—1+~2a+1)/2. 2.1.5. a) Ecm
a=1, TO X =X, =—1; eciu ae(—;0)u(0;1), TO
X, =(—1i\/§)/a; ecm =0, 10 X=-0,5; ecniu & >1, 0 peniennii

Her; 0) ecm a<1/5, To pemennii Her; ecmn a=1, o X, =1/4; ecin

—(a+1)t+/5a-1

a=1/5,10 X,=15;ecmu a>1/5, 10 X, = " ; B) eciu
. . a—
a=-1, 10 X=-1; ecntu a=-1/3, 10 X=-1; ec;im a¢{-1,-1/3}, 10

1-\17 14417
X =-1u X,=2a/@a+1); r) ecm ae(—l; . Ju[ i ;+OOJ,TO
8

pemenuii Her; ecnmm a=-—1, 10 X=0; ecrm a= (1—\/ﬁ)/8 , TO
X=(1—\/ﬁ)/4; ecu a=0, 10 X=0; ecmu a=(1+\/ﬁ)/8, TO
X=(1+/17)/4; comn ae (-os-)U((1-417)/8:0) 0 (0:(1+17)/8),
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a+l++vl+2a-3a’-4a’
TO X, = v 5 . 2.1.7. a) Oguo peuenue, eciu
’ a

a=—/3 um a=+3 ; IBa PCIICHHUS, eciu a € (—oo;—\/g) U (\/§;+oo) ;
HET pElIeHuH, eclii a € (—\/g;\/g); 0) oano pemrenue, ecnmu a=1/3 wumm

a=0; nsa pemenus, eciun @€ (—0;0) U (0;1/3); Her pewenui, ecnu
a>1/3; B) omgHo pemenue, ecaum Aa=1; aBa peEUICHUS, €CIH
ae(—o;1) U (l;+©); 1) onno peuienue, eciu a=—1,84; nsa peuenus,
ecmn @ € (—0;—2) U (—1,84;+0); mer pemenuit, ecniu ae[-2;—1,84).
2.1.8. a) Eciu a<0, 10 X :—m " X, =\/§; ecsimu a=0, To
X=0; ecru >0, 10 X =—\/¥ u X, =\/;; 0) ecu a<0, 1o
X, =2, X, =2 ecm a=0, 10 X =2, X, =2, X; =0, ecnu
a>0,rto X =2, X, =2, X, =—2a, X, =2a.

22.1.a) a>0,b<0,c<0;06) a<0,b>0,c>0;8) a>0,b>0,
c<0; r) a<0,b<0,¢c>0. 2.22. a) p=-2,q=-1; 6) p=4,
g=-3.2.23.a) a=3, b=6,c=-4; 6) a=-4,b=8,c=1. 2.24.
Vkazanue: a) a=10; 6) a=-2. 2.2.5. a) a=2, b=0, c=1; 6)
a=-3, b=-2, ¢=10.2.2.6.a) a<0;06) a<0.2.2.7.a) ¢c<0,8; 6)
c=08 B ¢€6>08 1) Cc=-12; Cc=-1185. 2.2.8. a)
b e (—w0;—4) U (4;40); 6) b=—4 uniu b=4;8B) be (—4;4). 2.2.9. Tlpu
€ > 3,125 rpadukn ne nepecekarorcs; mpu C=3,125 rpaduxu umeror ox-
Hy obmyro Touky; npu C<3,125 — nse oOmme touku. 2.2.10. a) Ilpu
a <—1 rpaduku He mepecekatotes; mpu d=—1 u 8 =0 rpaduxku UMeroT
oJHy 001y TOuKy; ipu @ >—1, tme a# 0 — aBe obume Toukw; 0) npu
2 <a <10 rpadpuku He uMeroT 06X Touek; mpu =1, a=2 nw a=10 —
ojHa o0Iast To4YKa; Ipu a € (—oo;l) ) (1;2) U (10; +oo) — JBe o0Iue ToY-
ku. 2.2.11. Ilpu b=4 u b=2,5 rpaduxu umeror ogHy 0OIIyIO0 TOUKY, OPH
be(—0;2,5)U(2,5;4) U(4;+0) — nse obmue Touku. 2.2.12. a)
a>9/8;, 6) a=9/8; B) a<9/8; r) 0<a<9/8;, m) a<0. 2.2.13. a)
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a<-4/3; 0) a=-4/3; B) a>-4/3; r) -4/3<a<0;, m) a>0.
2.2.14. a) a>1/8;06) a<—-9.2.2.15. a) lIpu —1<a<3 ypaBHeHue He
umeer pemieHuit; npu a=-1 w a&=3 — OIHO pelieHHWe, IpU
ae(—0o;—1)U(3;4+0) — nBa peumenust; 0) npu —1<a <6 ypasHeHue
WMeeT JBa pemieHus; nmpu ad=—1 W a=06 - OIHO peIIeHHEe; TPH
ae(—0o;—1)U(6;+0) — mer pemenuii. 2.2.16. a) a<0, c<0; 0)
a>0,c>0.

2.3.1.a) a>0,25; 6) a=0,25; B) a<0,25; 1) a<—6 u a>0,25;

n) ae[0;0,25); e) ae[-6;0,25]; &) ae[—6;0)U{0,25}; 3) a>—6.
2.3.2.2) a>4/3; 6) a=4/3; B) a<4/3; 1) (—00;—5/3) U (4/3;+0);
n) ac(0;4/3); e) ae[-5/3;4/3]; w) ae[-5/3;0]u{4/3}; 3) a=0.
233. a) -5<a<-1; 6) a<-5. 234. a) p<-2J10; 0)

p< 4(\/?_1)’ B) TAKUX p HET; l") —4—2\/5< p<—4+2\/§ . 2.3-5-

p=2, 3,75<p<6. Yrkazanue. f(1)=1. 2.3.6. a) JIpa kopus mpu
—-6<a<0,25; onqun kopenb npu —12<a<—-6 u a=0,25; 0) aBa KopHs
npu —0,75 <a<0,75 ; onun KopeHb IPH BCEX OCTANBHBIX & ; B) JBa KOPHS

3 37+ 2471 13 3
npy ——<a<————; OAMH KOpeHb Inpu ——<a<—— §u
4 31 14 4
—37+ 2471
a=M.2.3.7. p>0,8.24.1.a) a=3;0) a=1.2.42. a=2,
31
2 3 4 2 2
a=3.243.a) 2100 g @+ A +2abrI8y L,
9 27 81
2 2 2 3 2
—%; 0) a’(b 2 4a ); B) b 2+ ?a b . 2.4.5. a) O6a KOpHS MOJOKH-
a a

tenbHel npu @ <0 ; xopHu orpumarenshsl mpu a>0; X, =X, =0 mpu

a=0. Yxazsanue. D=2a’/4, ectu X, m X, — KOPHM ypaBHEHHS, TO

X, X, =£,
16

a X +X,=—a; ©0) o0a KOpHSI MOJOKUTEIbHEl IIPU
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1-42<b<0; KODHH OTPHIATEILHBl IPH 0<b<1++2; opu b=0

ypaBHEHHE He sBIACTCH KBampatHIM. Ykazanue. D =—4(b> —2b—1), ec-

—2(b+1) . B)
b

KOpHH TIOJIOXKHUTENBHBI TIpH M S—5—4\/§ ; KOPHHM OTPHLATEIBbHBI IIPH

qM X, U X, — KOPHM ypaBHEHHs, TO XX, =2, a X +X, =

me[-5+ 4\/3; 2) U (3;+90) ; KOpHHU pasHBIX 3HaKOB IIpu 2 <M< 3. 2.4.6.
a) Kopuu pasubix 3HakoB mpu a < —0,5; 06a KOpHS MOJOKHUTENBHBI ITPU
a>4; o6a kopus orpunarensiel npu —0,5 <a <0; oguH KOopeHb paBeH
HyJII0, a Ipyroit orpunarensupii nmpu a =—0,5 ; kopreit nermpu 0 <a<4;
0) 00a kopus mosnoxutensHsl mpu A € (—o0;0) U (1;4/3] ; kKopHU pasHbIX
3nakoB pu 0 < @ <1; onMH KOPEHEL PaBEH HYIIO, & APYTOi TTONOKUTENBHBIH
npu & =1; xopueil HeT pu a>4/3; B) 00a KOPHS IOJOKHUTEILHBI [IPH
ae(—0;-2]U[0,5;6/7)U U(3;+©); KOpHM pasHbIX 3HAKOB IPH
6/7<a<3; omMH KOpeHb paBeH HYIIO, a JPYroi MOJOXKHUTENEH IMpH
a=6/7; xopueii Her npu —2<a<0,5; r) 00a KOPHA OTPULATENLHBI [IPH
1<a<1,5; oauH KOpeHb paBEeH HYII, a JPYrod OTPHIATENbHBIA IpH
a=1,5; xopuu pasubix 3HakoB npu 1,5 <@ < 2 ; 062 KOPHS MOJIOKUTETbHEI
npu 2<a<6; xopueit Het npu a € (—o0;1) U (6;+0) . 2.4.7. 14 . 2.4.8.
4x* =7x+2=0. 2.4.9. 3x*-13=0. 2.4.10. a’x* —(b’ —2ac)x+
+¢°=0 2.4.11. [3;3,6].2.4.12. 2a) 0,5 u 0,5;6) -3 u 5;B) 0,5 u
1.2.4.13. 1. 2.4.14. a=-3, S=18. 2.4.15. a) 16; 0) 24. 2.4.16. a)
(0;0,5)u{l}; 0) (0;5/3) , {2,5} .

25.1. 1) Xe[X55 X,)52) Xe[Xy5 X,):53) Xe(X; X, ] 4) Xe(X;X]U
U[X43%,)55) X € (=005 X ] U[Xy5+00) 5 6) X € (=005 %) U (X,5400) ;

7) Xe(X:%];8) Xe (—0;X ]\ (X,;+%0);9) X (—00;%;) U[X,;+00).
10) X € (—00; X, ) U[X,;+00) ; 11) X €[Xy5X,) 5 12) X € (—00;X, ) U[X,;+00) .
25.2. a) Ecm a0, 1o xeR; ecmn a>0, 1o
Xe (—oo;—\/E] , [\/5;4-00) ; 0) eciu @< 0, 1o pewennii Her; ecoim @ >0,

TO X € (—\/5,\/5) ; B) ecmn —1 <a <4, 1o perennii Het; ecnu & = —1 win
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a=4, TO X=0; eciu ae(—oo;—1) U (4;+x), TO

X e[—\/a2 —361—4;\/612 —3a-4];r)ecmn a<0, 1o pewienuii Her; ecnu
a>0, ro Xe(—oo;—Z/\/g)u(Z/x/g;—i—oo); a) ecn —1<a<4, to
xeR; eciu a e (—o;—1) U (4;+0), TO

X€|:—2/\/a2—3a—4;2/\/8.2—38.—4}; ¢) com a<0, To pemenii

uet; eciu a=0, 10 X€R; eciu a>0, 1o Xe(—oo;—\/g]u[\/gﬁoo);

%K) ecnt a<—1, to Xe(—oo;—\/a2—3a—4]u[\/a2—3a—4;+oo); eciu
—-1<a<0,10 XeR; ecmn 0<a<4, ro pemennii Her; eciu a=4, 1o

X=0; ecou a>4, To XE[—\/a2—3a—4;\/a2—3a—4]; 3) eciu
a<-1,t0o XxXeR;ecm —1<a<4, 10 Xe(—l/m;l/\/ﬁ); eciu
a=4, TO penreHuit HET; ecnm a>4, TO
X e (—o0;—1/a+ 1)U (1/v/a+1;+0); u) ecmn ae (—o0;—1]U[4;+00),
TO pemenuil Het; e —l1<a<4, 1o XeR. 2.5.3. a) Ecin a<l1, 10
X € (—00;2a) U (2;+0); ecniu a>1, 10 Xe(—0;2) U (2a;+0); 0) ecnu

a<-0,5, TO penienunit HET; ecim a>-0,5, TO
Xe[_a_1_2“2a+ ;—a—1+2V2a+lj. 2.5.4. 2) Bern 0<a<4, To

XxeR; ecm ae(—0;0)U(4;40), t0 Xe(-o;a—1-+a*—4aju

Ula-1++a’ —4a;+w); 6) ecm 2<a<18, 1o pemenuii Her; eciu
a=2,10 X=0;ecmn a=18;10 X=8, ecm & € (—0;2) U (18;40), o

X{a—z—\/# ~20a+36 a-2++/a>—20a+36
2 2

2

a<l,to Xxe(—owo;1/(a—1)]U[0;4); eciu a=1,10 X=>0;eciu a=95,
o XeR; ecmm l<a<5, to xeg[0;1/(a-1)]; ecnu a>5, 1o

]. 2.5.5. a) Ecmu

2
X & (—o0;0] U1 /(@ —1);+90) ; 6) ccomn @< —4, 10 Xe(aa—'— ‘l‘a;OJ ; ecan
+
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5 a’ +4a
a=-4, to pemenuii Her; ecmu —4<a<-—1, ro Xe|O0; ; ecIu
a+l1
a’ +4a
a=-1,10 X>0; ecmu —1<a<0, o Xe&| —o0; 0 U (0;+0) ; ec-
a+

m  a=0, T1o Xe(-0;0)U(0;4®); eum 0O0<a<4, 10

a’+4a

Xe (—oo;O)u[
a+l

;+ooj; ecmn =4, To perrenuit Het; ecmu a >4,

2
10 Xe(O;a +4a}. 256. a) Eom  a<0, 1o
a+l1

Xe{—lJm/l—a.—l—x/l—a

; ecnm a=0, 10 X2>-0,5; ecmn
a a

O<ax<l1, 1o Xe(—oo; ; ecmn a1,

~1-J1-a| |[-1+1-a
" ) " ;+00

o XeR; 0) ecmm a<l/5, 1o XxeR; ecm 1/5<a<l, To

Xe(_w—(a+1)+\/5a—1}u{—(a+l)—x/5a—l

; ;+o0 |3 ecmm a=1, To
a-1 a-1

X<1/4; ecrm a>1, 10 Xe
a-1 a-1

—~(a+1)—+/5a-1 '—(a+1)+\/5a—1}

257. m>1.2.58.2) a<—-6:6) a>6.2.6.1.2) 61 10;6) 2 u —82/25.
2.6.2. ae(—(7+\/E)/2;—4+\/E). 2.6.3. 2) ae(—oo—1]U[1/3;400);
6) aec(—o0;—1)U(0;+0). 2.6.4. a) a>10/3; 6) a<2/3. 2.6.5. a)

ae[2;+x); ©6) ae(-0,50]; B) ae{—2;—%}u{%;2} )

ae[l+o). 2.6.6. a) a=6 u a=-15; 6) a=2. 2.6.7.
ae(-0;-0,25]U{0,25}. 2.68. [-14;-3). 2.69. a<0. 2.6.10.

0<a<l.2.6.11. ae(-336;-3)U(0;3/9/8). Yrasanue. x=a>/3 —
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abcuucca TOYKH MepeceueHus rpauKoB NeBbIX yacTedl ypasuenuni. 2.6.12.

742 1

2= 5 a, 2—5, a, =1. Ykazanue. Boipazutb X U3 BTOPOro

YPABHEHUS CHCTEMBI U [OICTABUTD B IIEPBOE.
Omeemul u yxazanus K 3zaoauam 2naevt 111

3.1.1. a) Ecmm ae(—o0o;—1)U(l;+0), TOo 0IHO pelieHHe; eciau
ae[-1;1], To pemennii ver; 6) ecniu @ <0, To pewennii ver; eciiu a=0
wm a>1, 1o aBa; eciu 0 <a <1, to uersipe; ecin & =1, T0 TpH; B) eciu
a e (—w;—-2) U (2;40), To aBa pemeHns; ecid & =—2 win a =2, T0 0]-
HO; ecn —2 < @< 2, to pemenuii ver. 3.1.2. a) Ecim a =2, 10 oaHO pe-
urenue; ecnn a# 2, 1o 1Ba; 0) eciu a € (—oo;—1]U (1;+0) , To oxHO pe-
nrenne; ecmn a=—1 wm a=1, 1o nBa; ecmu —1<a <1, to Tpu; B) eciu
a<-1/8, to pewennii Her; ecnmu a=—1/8 mwm a>0, 1o ogHO; eciu
-1/8<a<0, 1o gBa. 3.1.3. a) ecitu a <0, To nBa pewenus; ecmu a >0,
To pemenudi wer; ©0) ecnu  a=0, TO pemenuit Her; ecnu

ae(-1- \/5;0) -1+ \E;+oo) , TO OJHO pelleHne; ecan a=—1-— \/5
wim a=-1 +\/5, TO J1Ba; eciu @ € (—oo;—1 —\/5) U (0;-1+ \E), TO TPH;
B) eciu ae[-2;-1]U[0;1], T0  pemenuit  Her; eciu
ae(—o;-2)u(-L0)u(l;+©), 10 omuo pemenue. 3.1.4. a) Ecmu
ae(—wo;0)u (\/5/4;4-00) , TO pemennii Het; ecmn a=0 wm a= \/5/4 ,
To oHO; ecian 0 <a< \/5 /4, 1o nBa; 0) ecniu @ =1, T0 ABa pEIIEHUS; €CIH

a=#l, to onno. Ykazauue. I'padukom dynkuum Y =+9 — X*  sBusercs
HOJIYOKpYHOCTh paauyca 3 ¢ uentpom B Touke (0;0); B) eciiu a>—4/5,

To aBa peuienus; ecnmu a<—4/5, 1o pemennit wer. 3.1.5. a) Ecmm
ae(—wo;—-5/3)U{-4/3}, to nBa pemenus; ecmu ae[-5/3;-4/3), to

yeTplpe pelreHus; ecod  a>-4/3, To Her peuienui; 0) ecnu
a e (—x;0,5) U (1,5;+0), To nBa pemenus; ecnu a=0,5 wm a=1,5, to
tpu pewenus; ecau A €(0,5;1,5), To uerblpe pewenus; B) ecnu
a € (—o0;—1]U (0;4:0), To onHo pemtenue; eciu —1 <a <0, To aBa; eciu
a=0, ro 6eckoneuno muoro. 3.1.6. a) Eci a € (—o0;—1) U (1;+0), To
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7+a
X=1; ecmu ae(-1;1), to X=1 wm X=——; eciu a=-1, 1o

—3<x<1; ecnu a=1, o X>1; 0) eciu a€(—0;—2)U(2;+0), TO
3a+10

a+2
X=>2-3; ecmm a=2, o -4<x<-3. 3.1.7. a) a<-0,5. Vkazanue.

;ecam a=-—2, To

X=3;ecmm ae(-2;2), 0 X=-3 wm X=-

I'paduk ¢ynkmmm Yy =+X— Y HoIyoKpykHOCTh pamuyca 0,5 ¢ uen-
tpoMm B Touke (0,5;0), a pynkuua Y =2Xa+0,5—a 3amaer cemelcTBO
npsiMbix, npoxosimux wepes3 touky (0,5;0,5); 6) a<-0,5. 3.1.8. Ecnu
a<0, o a<x<0; ecnu a=0, to pemenuii Her; eciu a>0, To
0<x<a. 3.19. a) —2 wm V2; 6 ae(-L)U{~2}; B)
ac(;v2); 1) ae[v/2]. 3.1.10. a) 16/5<a<4; 6) O<a<4.
3.1.11. ae( —\/5;0) . 3.1.12. HauGoJbliee 9UCI0 PELICHUI PABHO TIATH,

ecmn a=-2 wm a=2. 3.1.13. a) ae(—g;—ﬁ}{o;g]; 0)

11 1
ae|———;———|U| 0;—=|. 3.1.14. a) a<l; 6) a<-1. 3.LI5.
{ V3 %/EJ ( x/§J

a,=-1, a,=4.3.1.16. Ecntu a> 2, to peurenuii Her; ecnmu —2<a<2,

~1++/17+4a 1+17-4a

TO 5 <x< 5 ; ecom —17/4<a<-2, 10
1-+/17 -4a —-1-+/17+4a -1++/17+4a —-1++/17-4a
——— < X< u <XL——mMmMmM@MmMM;
2 2 2 2
1-+/17-4a 1++/17—-4a 2
ecm a<—17/4, 10 5 <Xx< 5 .3.1.17.a=§.

Omeemul u yxazanus K zaoauam 2naevt IV

5+\/§

6
a) a>2/3;6) 0,5<a<l.4.1.4. a) ae[-Y3;-1]U{0} U{l}. Vkasa-

nue. Uncna @ u @ — KOPHH ypaBHCHHS X2 —a(l+a2)x+a4 =0; 0)

4.1.1.a) a=1:6) a=0,5.4.1.2.a) a= :6) a=-3.4.1.3.
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az'lf;JE

MM, PpAcCMOTPUTE pACIOJNOKEHHE KOPHeil KBaJpaTHOro —TpexdieHa
f(x)=(a® —1)x* +2(a—1)X+1 ornocutensro otpeska [—1;2] mpu ye-
JIOBUM, 4TO ero rpaguk nepecekaer ochb OY B TOYKe ¢ KOOpAMHATAMH

2
(0;1). 4.1.5. a) a<f¥i%1—ﬂ;6)a<2n2—4n—2.415.a=—2,

b=-7.
4.2.1. a) Ecru a=-3, 710 X=0;ecmm a=-3,10 X, =0 u X, =4a;
0) eciu a=0, 10 X=5; eciu a=-5, 10 X=0; ecnu a ¢ {0;-5}, 1o

. Ykazanue. Vcnons3ys meton rpadudeckoil MHTEpIpeTa-

X, =0 u X,=5;B)ectu a=3,710 X=2; ecnmu a=-2, 10 X=-3; eciu
ag{32},10 X,=2 u X,=-3;r)ecu a=-3, 10 X=3; ecu a=3,
o X=3; ecrm a¢{-3;3}, o X,=—a u X,=a. 4.2.2. a) Ecam
ag{—4,-1;0,5,10 X, =2a+3 u X,=a—-1;ecm a=—-4,10 X=-5;
a=-1, 0 x=-2; a=0,5, o Xx=4; 0) eciu ag{-1/3;2/3}, 1o
X,=a m X,=a-3; ecmu a=-1/3, o x=-10/3; a=2/3, T0
X=2/3.4.23. a) Ecru ae(—0;-2)U(-2;2) U(2;4+0), T0 X, =8 u
X, ==3; eclu ae{-2;2}, TO X=-3; 0) eci
ae(-o;-1L5uU(-,54)u4;+0), 10 X, =-8 u X, =3; ecm
a=-1,5, 10 Xx=-8; eciu a=4, 0o X=3.4.2.4. a) Ecom a=10, 1o

3 3+16a 11
peurenwuit Het; ecmm @ # 10, To X=———;0) eccmt A €43;———=;—,
20-2a 2°\2
5 11 1-6a
TO pEUICHUW HET, €ClIh a¢& 3 ——;—+¢, TO X=—7,; B) eclu
2'\2 3a-9
1 JE‘JE ) 1 JE’JE
A€ ——;—| =54/ ¢ TO pELICHUH HET, €CIIU A& ——;—|—s.|— ¢, TO
2 3°V3 2 3°V3
X—3a+4. 4.2.5. a) eciu a=0, To pemennii Her; ecnu A =—2, TO

“Ja+l
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X=—=6;ecm a#0 u a#-2, 10 X, = ; 0)

a(a+4++a’>+4a+20)
2

ecn =0 wm a=1, ro pewenuit ver; ecrm a#=0 uw a=#1, 10 X, =4,

X, =1-a. 4.2.6. a) -1<a<0,5; 0) -2<a<0. 4.2.7. a)
—-1+4/1
#-a,me aeR. Vkazanue. O603HaubTE x2+ax:y;6) -a,

aty a’+2 , rne @€ R. Ykazanue. Pemvre naHHOE ypaBHEHHE OTHOCH-

TEMbHO &, a Jajee PeIluTe MOMyYCHHbIC YPaBHEHHSI OTHOCUTENBHO X; B)

ecmu < -3, To peumienuit HeT; e —3<a<-1,10 X ,=-1xv3+a;

ecmm a=—1,10 X, =-1£y3+a u X, =—1++l+a.

4.3.1. a) Ecnm a<0,5, 10 X € (—0;2a) U (1;4+0) ; ecim @ > 0,5, To
Xe(—wo;l)u(2a;40); 0) eciu a<-1,5, 1o Xe(2a;-3); ecmu
a=-1,5, 1o pemennii wer; ecniu a>-—1,5, o Xe(-3;2a); B) ecnu
a<l, to Xe(—w;2a]u(2;4+o); ecmn a=1, to Xe(—0;2) U (2;40);
ecm a>1, 10 Xe(—w;2)U[28;+0); 1) ecnu a<-1, To
Xe(—w;a/2)U[-1/2;+0); ecmm a=-1, 10 Xe&(-0;-0,5)U
U(-0,5;+0); eciu a>—1, o Xe(—oo;—1/2]U(a/2;+x). 4.3.2. a)
Ecmm a<0, 10 Xe(1+a;l); eciu a=0, to peuwennii uer; ecniu a >0,
to Xe(l;1+a); 6) eciu a<0, To Xe(—oo;—1)U[-1—a;+0); ecnu
a=0, TO X € (—oo;—1) U (—1;+0); eciu a>o0, TO
Xe(—o;—1—aJu(-L+xo).  4.3.3. a) Ecm a<-3, T
Xe(@-3)u(l;+o); ecmu a=-3, 10 Xe(l;+®); ecrm —-3<a<l1, to
xe(-3;a)U(l;+o); ecmm a=1,710 X (-3;1) U (l;+0) ; ecm a>1, o
Xe(-3;)u(a;+o); 0) ecru a<-3, to Xe(—o0;a)U(-3;2); ecnu
a=-3, 10 Xe(—wo;-3)U(-3;2); ecmm -3<a<2, 10
Xe(—w0;-3)u(a;2); ecnu a=2, 10 Xe(—0;-3); ecnu a>2, 10
Xe(—w;-3)U(2;a); B) ecu a<—1, o Xe(—w;a)u(=Ll); ecin
a=-1, TO X e (—wo;—1)u(-11); ecIu -l<ax<l, TO
Xe(—o;—1)u(a;1); ecom a=1, to Xe(—0;—1); ecom a>1, 1o
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Xe(—o;—-1)u(l;a). 4.3.4. a) Ecm a<-3, to Xe(—oo;a]u(-3;0];
ecmu a=-3, 1o Xe(-0;-3)U(-3;0]; ecnu -3<a<0, To
X e (—o;-3)U[a;0]; ecnu a=0, 1o Xe(—0;-3); ecru a>0, 10
X € (—o0;—-3)U[0;a]; 0) eciu a<-5, to Xe[0;5]U(—a;+x©); ecan
a=-5, TO Xe[0;5) U (5;+x0); eciu -5<a<0, TO
Xe[0;—a)U[S5;40); ecrm a=0, 10 X€[540); ecrm a>0, 1o
Xe(—a;0]U[5;+0); B) eciu a<0, 1o Xe(—oo;a]u(0;2]; ecam
a=0,10 Xe€(0;2];ecmu 0<a<?2,1o Xe(—oo;0)U[a;2];ecru a=2,
10 X € (-0;0)U{2}; ecim @a>2, 10 X € (—0;0)U[2;a]. 4.3.5. a) Ecim
a<-3, 10 Xe(—w;a]u[-3;-a); eciu a=-3, to Xe(—0;3); ecin
—-3<a<0, 1o xe(—w;-3]u[a;—a); ecru a=0, o X € (—00;-3]; ec-
m 0<a<3, 10 Xe(-o;-3]lu(-a;al; em a>3, 1o
X € (—oo;—a) U[-3;a]; 0) eciu a< -3, To Xe[2a;a]u (—3;+x0); ecan
a=-3, 1 Xeg[-6;-3)U(-3;+©); ecm -3<a<-L5, To
Xxe[2a;-3)u[a;+o); ecmm a=-15, 10 Xe€[-1,5+0); ecmm
-1,5<a<0, to Xxe(-3;2a]ula;+»); ecom a=0, T0 X e (-3;+0);
ecru a>0, 1o Xe(-3;aJu[2a;+x); B) ecmm a<-1/4, to
X e (—o;4a)u[-1;—2a—1); eciu a=-1/4, 10 X €(—00;—2a—1); ecrn
—1/4<a<-1/6, to xe(-w;—1]uld4a;—2a—1); ecu a=-1/6, 10
X € (—o0;—1]; ecnin —1/6<a<0, to Xe(—o;—1]u(-2a-1;4a]; ecan
a=0, TO X e (—oo;-1)u(-L0]; eciu a>o0, TO
Xe(—w;-2a-1)u[-L4a]. 4.3.6. a) Ecm a<0, To
X € (—oo;2a) U (—a;+o); eciu a>0, to X e (—oo;—a)(2a;+o); 0)

ecn a<1/3, 1o Xe(—w;Za—l)u{aT_l;-i-OO); eciu a=1/3, 1o
a-1

X e (—wo;—1/3) U (=1/3;4o); ecnim a>1/3, o Xe(—oo;T}u

U(2a-1+0). 4.3.7. a) Eam a<-3, 1o Xe(—w;a]U[-3;-2)U

U(2;+0); ecmn a=-3, 10 X€(—0;—2)U(2;+0); ecmm —3<a<-2,
to Xe€(—oo;-3]ula;—2)U(2;+©); ecmu a=-2, 1o X€ (—o0;—-3]U
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U(2;40); ecmmn —2<a<2, to Xe(—owo;—-3]u(-2;a]u(2;+0); ecmm
a=2, t1o Xe(-0;-3]u(-2;2)u(2;+0); eum ax>2, 710

X € (—o0;=3]u (-2;2) U[a;+w); 0) eciu as<-25, TO
X € (—o0;=8]U[3;5) U (—2a;+0) ; eciu -2,5<a<-1,5, TO
X € (—o0;=8]U[3;-2a) U (5;40) ; eciu a=-15, TO
X € (—o0; =8| (5;40) ; eciu -1,5<a<4, TO
X € (—oo;—8] U (—2a;3]u U(5;40) ; eciu a=4, TO
X € (—00;—8) U (—8;3] U (5;+x) ; eciu a>4, TO
X € (—o0;—2a) U[-8;3] U (5;+00) . 4.3.8. a) a e (—0;—0,5)U[2/3;40);
0) ae[2/3;1). 4.3.9. a) Ecnu a<l1o0, TO
Xe(—oo;ﬁju(3+16a;+oo); e a=10, to Xe(—x;8); ecmu
5 20-2a

3+16a 4a 1 1
a>10, o xe ;— |; 0) ecmn @ €| —00;—— |U| —;3 |, TO
20-2a 5 \/5 \/E

S Y A
)

1-6a
Xe(—oo ) ( ;40 |; ecmn a=3, 10 X€(—0;2); ecin a >3,

3a-9

2a 1-6a 2 \F
T0O X€|—; ; B) ecanm ae|-—owo;—,[— |U|, [ —=;+0 |, TO
3 3a-9 3 3
2 3a+4 \F\F .
el —; ; eCmM A €4—,[—;.]— ¢, TO pEIIEHUH HET, €CIH
a 2a+1 3°V3
ae —\/z;—l U O;\/Z , TO X€E 3+16a;g ; ecm a=-0,5, 10
372 3 20-2a a

X € (—o0;—4) ; ecnn ae(—%;oj, T0 XG(—OO;EJU[3a+4;+OOJ; ecin

a 2a+1

a=0, to X€[4;+x0). 4.3.10. Ykazanue. Pasnoxure JeByl0 4yacTh Ha

MHOXUTEH. Omeem. a) Eciu a<—/2, To pemeHuil HeT; eciu
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—J2<a<0,10 (2-v4-a*)/a<x<(-2++/4-a*)/a;ecm a=0,

TO X € (0;400); eciu 0<acxg ﬁ, TO
xe(—oo;(—2—\/4—a4)/a)w((—2+\/4—a4)/a;+oo); eciu a>\/§, TO

XxeR; 6) ecrm a<—1/12, 10 pemennii mer; ecrn —3/1/12 <a <0, 10

e[—1+\/1—12a“'—1— 1-12a*

B

;ecmm a=0, 10 X € (0;40); ecnn
2a 2a

_1++/1-12a° J
;400 |;

2a ’

4
0<a<#1/12. 10 Xe[—OO; 1-vi-12a Ju[

2a
ecm @ >+/1/12, 10 XxeR.
44.1.a) a=5;0) 6<a<6;B) a<-0,5.4.4.2. a) (—0;—6]U[4;+0);
0) (—0;—-0,5]U[0,5;+0). Vkazanue. Tlycts f(X,a)=|X+a|-|Xx—a].
—2a, ecnu X < —a,
Torma f(x,a)=|2X, ecom—a<x<a, npu a>0 mu, ecmm a<0, To
2a,ecimu X > a
—2a,ecnmn X< -—a,
f(x,a)=| —2X,ecrm a < X< -a, 4.4.3. a) Ecqim a< 0, To pemenuii Her;
2a, ecim X > —a.
ecsm a>0, 10 —ZOOZaSXSZOO\Z/E; 0) ecru @< 0,5, 10 X=—(a+1)/3;
ecm a>0,5, 170 X=a—1;B)eciu a<-1/4, 10 X=(—1—M)/2;
ecu a=-1/4,10 X, =-0,5, X, =(—1—\/§)/2;ecnn -1/4<a<0, 1o
X, =(-1£1+42)/2, x, =(-1-+/1-4a)/2; ecu a=0, 10 X =1
u X =0; ecm a>0, o X=(—1+M)/2; r) ecuu
ae(—o;1) U (1;+0), To pewennit ver; ecin a €[—1;1], o X, =1-|a| u

X, =(a|-1)/3; n) ecm a € (—oo;1)U(l;0), 70 X=1;ecm a=-1, 10
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—3<x<1l;ecmn —l<a<l,to x=(a+7)/(a—1);ecmn a=1,10 X>1;
e) ecmm ae(—w;—-4)U(4+o), 10 X =0 wm X,=a-4; ecmm
—4<a<0,710 X, =0, X,=a-4 nu X;=—a—-4;ecm a=0,10 X =0
u X, =—4;ecm 0<a<4, 1o Xx=0.4.4.4. a) a=4. Yrazanue. Boc-
nonb3ykitech rpaduueckum meromom; 0) a=0 wm a=21/4. 4.4.5. a)
ae(—0;—3|u{-9/4} U (-1;+ o). Ykazanue. Bocnonssyiitech rpadude-
ckum merozoMm; 0) ae(—9/4;—-1]. 4.4.6. a) Ecou a<—1,10 X, =a—-1,
X, =(a+1)/3;ecmm —1<a<l,to X, =a+1, X,=a—1;ecim a>1, to
x,=a+1, x,=(@-1)/3; 6) ecou a<-1, 1o pewenuii Her; ecin
-1<a<-0,5, o x=-a-1, X,=a+1l; ecmu -0,5<a<l, 1o
X,=a+1, Xx,=(@-1)/3;ecniu a>1, 10 X, =a+1, X, =a—1; B) eciiu
a<0,T10o X=-a;econ a>0, 10 X, =4, X,=—7a;r)ecun a<0, 1o
peutennii Het; eciu a=0, o X>0; ecim a>0, ro x=2a. 4.4.7. a)
4/3<a<2;0) -0,3<a<0.4.4.8.a)0; £t1/2; £1/6; —-1/20; 6) 0;
+1/3; £1/9; -1/30.4.4.9.a) a=4/3;0) a=4/7.

45.1. a) Ecm -2<a<2, To PpemleHAH HET, eCIH
ae(—0;-2)U(2;+w), o —a’+6< X <a’—2; 6) ecm a<0, 1o
XeR; ecmm a>0, to Xe(—ox; —\/5]U[\/5;+OO); B) eciu a<4, 10
Xe(—wo; @), ecnu a>4, 10 Xe(—;a); r) eom a<l, To
Xe(—o;a-1)u(l—a;+xo); ecnu axl1, TO
Xxe(-w;l—-a)u(a—-L;+x). 4.5.2. a) Ecam as<-3, o
Xxe[-4—-2a;+©); ecm a>-3, 1o Xe[(4—2a)/5;+x); 06) eciu
a<-1/6, 1o pewenuii ner; eciu a>-1/6, to Xxe[-1-2a;a—-0,5).

453. a) Ecou a<-0,4, to Xe (—w;?} U[—a—1;+0); ecmu

a>-0,4, TO xeR; 0) eciu a<l/4, TO

2a+1
XE(—OO; a3+ }U[I—Za;wtoo); ccn a>1/4, 10 xeR. 4.54. a)

-13/4<a<3;0) -1<a<5/4.45.5. -49/16<y—-x<81/16. 4.5.6.
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a) 16;-12; 0) 19;-5. 4.5.7. a) a=-1; 6) a=1. 4.5.8. a) Eciu
-2,5<a<2,5,10 -2,5<x<2,5;ecmn a¢(-2,5;2,5),10 pemennii HeT;
0) ecru a<-2,5, 10 X>-2,5; ecim —2,5<a<2,5, 7o XeR; ecin
a>25,10 X<2,5;B) eciu a<—6/5 nim a=>6/5, 1o penienuii HeT;
ecmn —6/5<a<-3/5, o 3—-3a<x<l+a/3; ectu —-3/5<a<3/5,
TO —-l1+a/3<x<1+a/3; eciu 3/5<a<6/5, TO
—1+a/3<x<3-3a; r) mpu b<0 pemennii ver; mpu b>0: ecmm
a<-2b/5 um a>2b/5, o pemenuii mer; ecmn —2b/5<a<-b/5, o

b-3a<x<(b+a)/3; eciu -b/5<a<hb/s, TO
(a—b)/3<x<(b+a)/3; eciu b/5<a<2b/5, TO
(a—b)/3<x<b-3a. 4.5.9. a) 242 2-2. Vrazanue. ITycts
b=a-2, b=0, tsz_z. Torza HepaBeHCTBO IPUMET  BUJ
b*|t+1 b*|t—1
f(t)= |2 |—|'[|+ |2 |S1.Ilanee 0cBOGOMTECH OT MOJYIIE; 0)
3-43; -3+43.
1 -1

4.6.1. a) Ecu a <1, 1o pemenuii Het; ecnmu a1, to XzﬂaT);ﬁ)

eci 8> 2, To pemeHuil Het; ecin =2, 10 X=2-2a. 4.6.2. a) Eciu
a=-1mwm a=1,10 X€[0;1]; ecim a € (—o0;—1) U (=1;1) U (l;—0), T0
X =0 u X,=1; 0) ecnm ae[-2;2], To pemeHuil HeT; ecin
ae(—0o;—-2)uU(2;—©), To x=a. 4.6.3. a) Eciu a # -3, 10 peuienuii
HeT; ecit a=-3, 10 X>-3; 0) ecniu a<—1,5, 1o pelenuii HeT; ecnu
a>-1,5,10o x=a+3;B)ecimn a<9/4, 10 pewennii ver; ecnu a>9/4,
10 X=~/a—3.4.6.4. a) Ecn a<-3,10 X;=a, X, =-3 u X;=3; ecm
-3<a<3, 10 X;=a u X, =3; eaum a>3, o Xx=a; 0) ecun
ae(—0;-3)U(3;+x), 0 X, =a, X,=—3 u X;=3;ecmu -3<ax<3,
10 X, =3 1 X, =—-3.4.6.5. a) Eciu a e (—0;6) U {49/8}, T0 oxHo pe-
menwe; ecmu a €[6;49/8), 1o — nBa; ecnim a >49/8, 1o Het pemenwii; 0)

ecit a<—1/4, 10 pewenuii Het; ecniu a=—1/4, 10 ypaBHeHHEe MMeET
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oJuH Kopenb; ecmn —1/4 <a <0, o — aBa kopus; eciu a > 0, To — ouH;
B) eciu A € (—o0;—0) U (0,5;+0) , T0 pemennii ver; ecin 0<a<0,5, o

ypaBHEHUE MMEET OIUH KOPEHb;, T) eciu ae(—oo;—Z)u(Z\/E;-l-oo), TO
pElIeHUH HET; eciu ae[—2;2)u{2\/§}, TO ypaBHEHHE UMEET OIUH KO-
peHb; eciu ae[2;2\/§) , TO — JBa KOpHs. Ykazanue. I'padux QyHxkunu
y=m — moyokpykHOCTh. 4.6.6. a) Ecmu a>1/8, To peenuit
uer; ecmu @ € (—00;0) U {1/8}, To omno; ecmu a€[0;1/8), To — nBa; 0)
ecnu a>—2\/§ , TO PEIICHUH HET; €CiH a=—2\/§ , TO — OJIHO, €CIH
a<-22 , TO — 1Ba; B) ecnu & =1, To jiBa pewenus; ecnu a # 1, To — o1
HO, T) ecm Aae€ (—\/7/3;\/7/3) , TO pEUIEHWH HeT, eciu
ae(—o;—4/3)u(4/3;+0) U {—\/7/3} U {\/7/3} , TO — OIHO, €CIH
ae[-4/3;—7/3)U(7/3;4/3], 10 - ma. 4.6.7. a) ecm
a e (—o;0) U (0;+x), TO x=>5a/3; eciu a=0, TO

X+a
X € (—0;0) U (0;+%) . Vkazanue. Cnenaitre saveny ,(—— =t; 0) eciu
X—a

a .
a+b#0, To x= ; ecnu a+b=0, To pemenuii Her. Ykazanue.

1
Bocnons3syiirecs Tem, uto eciu f >0, 1o f +T > 2. PaBeHCTBO BO3MOX-

o mpu f =1. 4.6.8. a) Ecom a<-1/4, 1o pemenuii Her; ecimu

_2a+1£vl+4a

a:_1/4’ TO X:1/4, cClin —1/4<a£0, TO XI,Z_—’

2
ecmu a>0, 1o sz; 0) ecm a<-1/4, 10 pemenuit
+ '
Her; ecmu —1/4<a<0, To0 X1,2:¥; ecn O<a<l, 1o
1++/1+4a 1++/1+4a -1-+4a-3
XzT; ecom a>1, 1o XI:T u Xz—f.
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Ykazanue. Tlycts ~/X+a=t, tne t>0. Torma moayuyum cHCTeMy
2
{t +a=Xx"; a+1

B) eciu a<[—1;0)U[l;+0), To X=

5 ; IpH Apyrux a
" —a=x;

pewennii ver. 4.6.9. a) Eciu a € (—o0;—7) U (9;+00), To peleHnii Her;

2
a-—18a+49
ecin a€[-7;9], o X=4—8; 6) eciiu a<1, To pemenuit Her;
2
a - +2a-7
ecsm a1, 1o XzT. 4.6.10. a) Ecim a<0, 10 X=-a; ecu

a>0,10 Xx=a;0)ecim a<0,710 X=—8+3;ecim a>0, 10 x=a\/§.
4.6.11. a) Eciu a € (—oo;—1) U (1;+0), To peruennii ver; eciu a=0, 10
x>0; ecm ae[-L0)U(0;1], 10 x=(1-a)’/4; 6) ecm
a e (—;0) U (0;1), To pemennit net; ecmt a=0, 10 X=0; eciu a>1,

10 X=(v/4a—-3 —1)/2. Ykazanue. Cm. peruenue npumepa 11 na ctp. 113.

x> +Xx+1=a, X*+X+1=a,

a-x>>0, x* <a,

x>0, X0,
a-+vJx+a=xo o

x> —x=a, x> —x—a=0,

a-x>20, X’ <a,

X=>0; X=>0.

4.6.12. a) Ecm ae(—©;2), 10 pemenuilt Her; ecnmu a=2, TO

2

2

a +4

X =( 5 ] + 3. Vkazanue. Beenure HoBbIe nepeMeHnbie VX—3 =U u
a

NX=7=V, tie U>20 u V=>0. [lanee pemmre CHCTEMY YypaBHCHHI
Uu+v=a u u*-v>=4; 0) ecmm a<4/l,5, To pemenmii Her; eciu

ae[\/l,—S;\/g], TO x1,2=3a2—212a\/2a2—3; eciu a>«/§, TO
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x=3a’—-2+2a+/2a* -3 ; B) ecim a<+/22/3, 1o peureHnii Her; eciu

> _71a03a2 _
ae[N22/311]. 10 %, =22 7‘a2 a4 22
X_2a2—7+a\/3a2—22

2
4.7.1. a) Ecim a< 0, to pemnenuii mer; ecm @ >0, 10 0< X <a’; 6)
ecmi a<0, 10 X>0; ecmtu @a>0, to perrennii Het; B) ecm a <0, 10O
X>0;ecmn a>0, 10 X>a;r)ecmm a<0,710 X=>0; ectu a=0, 10
X>0;ecrm a>0, 10 X>a. 4.7.2. a) Ecniu a<—2, 10 penieHnii Her;

l-a-+a’-2a-3

2
u XZ(I—a+\/a2—2a—3)/2;ecm/l a>-1,10 Xx=0;B)ecau a<l1, 10
x<a—-1 um 0<x<1; ecmm 1<a<2, 0o a—-1<X<1 u X<0; ecnmn

a>2, 10 X<0; r) ecu 2a>b, 1o pemennii mer; ecnim 2a<b, To
xel[b/2;b—a].4.7.3.a) Ecou a=0,10 X=1;ecmu a =0, To pemenuii

; ecnmm a>A+/11, 1o

.4.6.13.2) ae[-1/12;0];6) ac[-1/20;0].

ecmm a>—-2,710 X2a;0)ecin a<—1,10 0<X<

Her; 0) ecmu a=0, o X=2; ecniu a# (0, To peweHuii HeT; B) eciu
a<-1, To pemennii Her; ecmu a=-1, To X=—1; ecru —1<a<l1, 1o

XE[—I;(a—\/ﬁ)/Z]; ecmn a=1, 1o Xe[-L0]u{l}; ecmu
l<a<+2, 10 xe[-li(a—v2-a%)/2]uf(a+v2—-a%)/21]; ecmn
aZ\/E,TO XE(—OO;l/\/E]U[l/\/E;+OO); eciu a>\/§,To -1<x<1.
4.7.4. a) Eom a<0, 10 X<(a—2-+a’—4a)/2; ecm 0<a<4, 10

a-2-+a’-4a a-2++va’—-4a
2

petienuit Het; ecnu a=>4, To <X< > ;
0) ecm a<-1, T1o pemenuii wer, ecmm  —-1<a<0, To
I-v1+a<x<l++/14+a; ecou a>0, o —a/2<x<1++1+a; B)
eciu as<-1/4, TO xeR; eciu -1/4<a<?2, TO

X e (—oo;(=1—+1+4a)/2]u[(-1++1+4a)/2;+0); ecou a=2, To
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X € (—o0;(—1—+4a*> —12a+17)/2]U[(-1++4a> —12a+17)/2;+wx).
4.7.5. a) Ecoim a<+3/2, 1o pewenuit Her; ecimm ~3/2 <a£\/§, TO
3a? —2-2ay2a* -3 <x<3a’*-2+2av2a*-3; ecmu a>\/§, TO

1<x<3a*-2+2av2a’-3; 6) ecnmu a<?2, To pelmICHHH HET; eclu
a a
2<a<4,T10 Xe[—a;—E\Ma—az]U(E\Ma—az;a}ecm/l a=4,10

X e[-a;0) U (0;+0); ecu @a>4, 10 —a<X<a;B)ecmu a<l, 1o pe-
wennii Her; ecn a>1, o 0<x<(a—1)*/4. 4.7.6. a) Ecu a<0, 0
a<x<0; ecmm a=0, to pemenuii ver; ecnim a>0, o 0<X<a; 0)
eciu a<0, 1o XE[(1+1/\/§)a;O]; ecinu a0, 1o
x{(l—l/ﬁ)a;2a].4.7.7. a)Ecm a>0,10 —a<X<a;ecom a=0,
o X €(—0;0) U (0;40); ecit a<0, 0 a<X<—a; 0) ectu a<0, 10
Xe(O;a/(a—Z)]u(l;+oo); ecr 0<a<2, 10 X>1; eciu a>2, 10
l<x<a/(a-2).

48.1.a) 2<p<2;0) 2<p<L2.48.2.a) pe(—»;3/7)U[4;+0);
0) pe(-o;5Ufl0;+0). 4.83. a) a=4; 0) aeR; B)

1

ae[—/3:0)U(0;43]; 1) ae(—0;-2]U[0;4). 4.8.4. a) 0<a<%/%,
0) ae(—o;-2)u{-7/4};B) a=1u —-1/2<a<-3/22.4.8.5. a) Eciu
a>0, To oguo pemenue; eciu a <0, To aBa pemenus; 0) eciu a<—1/6,
TO pemieHuit Her; ecii @>—1/6, 1o oano pemenve. 4.8.6. a) Eciu
ae(0;h)u(3], o x=—a—-3;eciu a>3, 70 X=—8-3 u X=a; 0)
ecm ae(—8;-3)U(-3;4+®), 10 X=4—-+12+a;B) eciu 0<a<1 wm
azﬁ, TO PEIICHUI HET; eCIH 1<a<\/§ WIH a>\/§, 0 X=—1 mn

x=1. 4.8.7. a) Ecou a=0, 1o pemenuii wer; ecmu a<0, 1o
X=log,(-a), eciu a>0, to X=log;a—-2; 0) ecnu a<0, ToO

X, =tlog,(I1++v1-a);ecmm 0<a<l,to0 X, =xlog,(l1++1-a),
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X3, =tlog,(I1-v1-2a);ecm a=1,710 X=0, eciu @>1, 10 pemenuit

HeT; B) ecin @ € (—00;3] U[27;+0) , To petenuil Het; ecin 3<a <27, 10

a-27
X=2+log, 3 g 4.8.8. a) Eciu a<0 u a=1, 1o pemennii HET; eCl
—a

a>0 ma#l, o Xx=(1+~1+4a")/2;6) ecrm a<0 u a=1, 10 pe-
mennid Her; ecmn @>0 w a#1, 0 X=2a; B) ecmu <0, To pemieHnit
Her; eciu a>0 u a#1, 1o Xlzl/\/g u X2=a_4/3; eciu a=1, To
xe(0;1)u(1;4+o). 4.8.9. a) Eciu a<0 u a=1, 1o pemennii Het; eciau
ae(0;)U(l;+0), o X, =@’ u X,=1/a; 6) ecm a<0 u a=1, 10
pewennit wer; ecnu a € (0;1) U(l;+0), To X, =a u X, =1/a. 4.8.10.
X=1. V¥kazanue. Peuure ypasuenve mpu a=1. 4.8.11. a) a>—1; 0)
a=0 wu I<a<log,(5+5)-1. 48.12. a) ae(-1;3); 0)

e(—s;(4—\/ﬁ)/2). 4.8.13. a) ae(-10)U(2;9/4)U(9/4;19/8);
0) ae(0;)u7/11;8/5)w(8/5;17/10).

4.9.1.a) ae(—x;0) U (0;4+0);06) a>0.4.9.2.a) ac(0;1) U(l;+x);
0) O<a<l. 493. a) a>1; 6) ac(—o;—-1)U(0;+x). 4.9.4. a)
~1-17 -1-+/5 O —14+/5 1417 ) 5)

2 72 2 72 ’
a<-2; r) ae(-2—+2)u(2;2); 1)
ae(—4+5;-V6)U6:4/4++/5).4.9.5.2) Ecnn a<0 wm a=1,

to pemenuii wer; ecmu 0<a<l, o Xe(0;1), ecnm a>1, To

l<a<2; 0) ae(

X € (—0;0) U (l;4+0); 0) ecmu a<0 wmmm a=1, To peureHnid HeT; ecinu
O<a<l,to Xe(-l;a—1);ecmu a>1, 10 X>a—1;B)eciu a<0 wnm

a=1, TO perieHuit HET; ecnu O<axl, TO
Xe(—1-+2;-2) U (0;=1+~/2); ecin a>1, 10 Xe(—0;—1-~/2)U
u(—1+\/§;+oo); r) eemm a<0 wm a=1, To peumeHuil Her; ecnu

0<a<l, 10 Xe(—wo;—1-+1+a)u(-1+~1+a;+0); ecu a>1, 1o
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Xe(—l—m;—2)u(0;—1+M). 4.9.6.a) Ecou a =0, to perre-
Huit Het; e a>0, 10 X<-2+logya; ecim a<0, o X<log,(-a);
0) eciu a<0, 1o peurennii Het; ecnmu a>0, To Xe(—a;a); B) eciu
a>0,10 XeR; ecmm a<0, 1o Xe(—oo;a]u[—a;+o). 4.9.7.a) Eciu
ae(-;2], 10 Xe(—0;1]; ecm @€ (2;11), 10 X €[logy(a—2);1]; ecan
a=11, o x=1; eciu ae(ll;+o), To Xe[l;logy(a—-2)]; 0) ecmn
ae(—wo;1], TO X € (—o0;—1]; eciu ae(;5), TO
X e (-o;—-1]u[-log,(a—1);+0); ecrm a=5, 10 XeR; ecmn
ae(5;+0), 10 Xe(-oo;—log,(a-1)]U[-1;4+0). 4.9.8.a) Ecmm
O<a<l, 10 Xe(—o;—log,(a+2));ecim a=1,10 XeR; ecmm a>1,
10 X (—log,(a+2);4+o); 0) ecmu a<0 mmm a=1, To pemenuii Her;

2a
ecru O<a<l, To Xe(—oo;O)u[loga—lglJ; ecou a>1, To
a-+

2
XE(O;loga—alju(lﬁoo). 499. a) Ecm O<a<l, 1o
a+
xe(0,a)u(;1/a); ecm a>1, o xe(l/al)u(a;+x); 0) ecmm
O<ax<l, 1o Xe(a4;1/a); ecii a>1, 1o Xe(l/a;a4); econ a<0
win a =1, o pemennii ver; B) ecim 0 <a <1, 1o Xe(O;a)u(l/a;-l—oo);
ecn a>1, 10 Xxe(l/al)u(la); r) xe(0;a)u(a™;+0). 4.9.10.a)
Ecmm a<0, 10 Xe(l;(l+x/1—4a)/2); ecmi a =0, To peuieHuil Her;
ecu 0<a<1/4, 1o Xe(a;(l—\/l—4a)/2)u((l+\/l—4a)/2;1);ecnn

1/4<a<1,10 Xe(a;1); ecmu a>1, 1o perenuii vet; 6) ecmn A< 0 unm

a=1, TO petieHui HET; ecnu O<ax<l, TO
Xe [a(3+ﬁ)/z ; a“"/g)/z] U (1;+40) ; ecinu a>1, TO
xe(0;1)u [a(s-ﬁ)/z ; a(“ﬁ)/z] ; B) ecnu a<o, TO
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Xe(0;3_l_m}u(l/3;3_l+m}; ecrm a=0, o X>1/3; r) ecm
a<0, to pemenuii Her; ecnu a=0, o X>0; ecou a>0, To
xe(0;a)u(l16a;+x).4.9.11. a) x<(3,5;4);0) xe(2;2,5].4.9.12. a)
a=2;0)a=0.4.9.13. a) Ecm O<a<1,10 Xxe(a;1); ecnu a>1, 1o
xe(l;a); 0) (0;1/2—a—-+/1/4-a)u
u(l/2-a++/1/4-a;1-a)u(l;+o); B) ecmu 0<a<l, 1o peruenuii
Her; ecmu 1<a<2, 1o Xe(—o;log, (2a)]U[0;+00); ecnin a =2, To
X €[0;+00) ; ecmm a>2, 1o X €[0;log, ;(2a)]; 1) ecnim 0 <a<sinl, o
X € (a;arcsina) U (1;7/2); eciu sinl<a<l, TO
Xxe(a;l) U (arcsina;z/2); ecu l<a<z/2, 10 Xe(0;)u(az/2);
ecmm a>7/2,10 X (051).

4.10.1. a) Ecu a<[-1;0,5], To X ==arccos da+l

+27zn, neZ;

ecmn  ae(—wo;—1)U(0,5;40), TO pemennii wer; ©0) ecnu

ae(—o;—1)U(-1;0]U[2;4®), To X=(—1)"arcsin 11+7rn, nNezZ;

ecm a=-1,10 XeR ; eciu @ €(0;2), To peimenuii Her; B) eciu @ # —5

1
ua#5, 1o X=arctg—5+7rn, NeZ;emm a=-5,10 XER, kpome
a_

x:%wzn, NeZ; ecm a=5, to pemennii wer. 4.10.2. a)
—J5<a<5:6) -7<a<7;8) ae[-1;5/3]; 1) ae[(l—ﬁ)/2;1];

1) ae[(2—«/§)/2;2] 4103. J2/2 u 0. 4.104. a)
(-1;-0,5) U {-0,25} ; 6) {~1;0,5}. 4.10.5. a) Ecmu a<!1, o pemenuii

.2
mer; ecn 1<a<3, to X=(—1)"arcsm1 +7zNn, NeZ; ecmn a>3,
a

+ 7k,

To X =(=1)"arcsin 2 +72n, neZ u X, =(-1)“arcsin 2
1+a 1
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5
keZ; 6) ecnu a<-4, 10 Xziarccosl—+27rn, neZ; ecm
—a

—4<a<4, TO petieHuit HET; eciu a>4, TO

Xziarccos(—li}%ﬂn,nez. 4.10.6. a) Ecom a=#0, Tto
+a

1-+/1+4a’

T
X=27zniarccosz—, nNeZ; eemm a=0, 1o X=7zn+5,

NeZ; ©6) eciu ae€(—0;—5)U(3;+©), TO pemieHuii HET, eciu

-5<a<3, to x=(-1)"arcsin(-2++4-a)+zn, neZ; B) ecmu
2
ae[—f/a;{‘/i], TO X=27rniarccosa—+%, nez;, ecid

V2
ae (—oo;—{‘/z)u({‘/zﬁoo), TO peLICHHil HeT; T) eciu a € [—x/ﬁ;x/ﬁ] ,

1 a 1 1
TO X=znnt Earccos— + Earctgg , nez; eciu

Jio

ae(—oo;—\/E)u(\/E;—i—oo), to peurennii Her. 4.10.7. a) 10; 0) 9.

-1-2
> o

4.10.8. a) aZ%; 0) as-%. 4.10.9. a) Ecau ae[—oo;

1-2
2

U(—1;+0), T0o oxmHO pelenue; eciu a € { ;—1} , TO JIBa PEIICHUSI,;

2

ae(—w;1/4) U[1/2;+0), T0 ogno peurenue; ecmu a=1/4, To nBa pe-

~1-2
eciu ae =1, TO TpH pelieHus; 0) ecnu

wenus; ecau 1/4<a<1/2, 1o tpu xopus. 4.10.10. a) Ecmu
a e (—o0;—2) U (—2;-1]U[1;4/2) U (2;+0) 10
X =zarccos(l/a)+2zn, NeZ; ecmu a=ﬁ, 0o X=x/4+27N,
NneZ;ecnu a=—\/§,To X==37/44+2zn, neZ;ecmm ac(-11), 1o
pelienuii Her; 0) ecam a;t—bﬁ WA a;éb\/i, 0o X=x/4+7xn,
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neZ; ecnu asz/E,To X=57/4+2xn, neZ; ecnu a=—b\/§,T0
X=rm/4+2zn, neZ. 4.10.11. a) ecniu a € (—;—5/4) U (5;+x), TO

X=2zn, nez;, eciu ae[-5/4;1], TO X, =2zn,

—1++/4a+5
4
~1++/4a+5

. 3X
X, =4znt 2arccosf, NeZ. Yxazanue. Paznoxure Sln?

X, =47zn+ 2arccos , NeZ; ecmn ae(l;5], o X, =27zn,

no ¢opmyiae TpoiiHoro aprymenta; 0) ecaom ae€[-3/2;1/2], 1o
zn

X = > +—(_21) arcsin(l—M), neZ; ecou ag[-3/2;1/2], 1o

peuienuii Her; B) ecau @ € (—00;6]\U (8;4), TO Xz%n+%, nNez;
n n 1

ecn a€(6;8], to X1=”—+Z, Xzzﬁ—i—arccos(a—7), nNez;r)
2 4 2 4

ecnu a=x/2+zn wm a=x/4+7k, nkeZ, To pemenuii Her;

X=—a—-x/4+7an, neZ npu apyrux 3uauenusx a . 4.10.12. a) Eciu
as-1, TO xeR; eciu -l<ac<l, TO

z 1 /A
g—zarccosa+7rn£X£§+Earccosa+7rn, nNneZ; ecmu a>1, 1o

pewenuii Her; 0) eciu @>1 wm a=0, 1o XeR; ecm 0<a<l, To
7r(2n+1)—arcsina+3<X<2ﬂ(n+1)+arcsina+3

, heZ; ecmu

a a
27N+ arcsina+3 z(2n+1)—arcsina + 3
-1<a<0, to < X< , NeZ;
a a
ecou a<-1, T10 pemenuit wer; B) ecim  a<0, To
z(2n+1)—4 arctgh +7zn-2
( ) <Xx< g ;ecrm a=0 w b<tg2, 10 XeR;

2a a
ecu a=0 u b>tg2, T10 pemennit mer; ecm a>0, To

arctgb+ﬂn—2gx<ﬂ(2n+l)—4.
a 2a

4.10.13. a) Iycrb

247



. 3a+4
@ = arcsin

. Torma, ectm a<-3, 10 XeR; ectm —3<a<-0,5,

0 —@p+7(2N-1)<X<@+27n, NneZ; ecnu a>-0,5, to peuiennii

Her, ©0) mycTe ¢ =arccos , Torma: ecmn a<l1/3, To

—@+27n<X<@+2zn, neZ; eam 1/3<a<3, to xeR; ecm
a3, 1o @e+2zn<x<-@+2z(n+1), neZ. 4.10.14. a)
—arcsin(l1—2a)+z(2n+1) <x< arcsin(l-2a)+ 7(2n+1)

, NeZ; 0)
4 4
—arccos(2a—1)+2zn—-2 x< arccos(2a—1)+2zn-2 ’ ne7.
2 2
4.10.15. a) Ecmu a<o WA a>1, TO
V4 a+2 T
Xe —5+7zn;—arctg2+7zn U arctg—1+7rn;5+7zn , nez,
eciu a=0, TO  peuleHui HET; eciu O<ax<l, TO
a+2
X €| arctg 1+7rn;—arctg2+7rn , neZ; em a=1, 1o
Xe (—72'/2 + zzn;—arctg2 + m’l) , nez, 0) 00603HaYUM
a++a’ -4 a—+a’—4
Q= arccos#, 0, = arccos#, Toraa, ecnmu a< -2,
TO @ +2rn<X<—@, +2z(n+1); eciu -2<a<?2, TO
—7/2+2aN<X<7/2+27N; eciu ax2, TO
@, +2IN<X<7 /242720, —7w/242aN<X<-@,+27N, nNeZ.

4.10.16. a) xe (2p+2zn;27z(n+1)), rne ¢ =arcctga, neZ, acR;

0) X=7m+27n u —-7m+27n<X<-7x/2+2arctga+2zn, neZz,

aeR; B) ecm a<0,5, 1o xeR; eum 0,5<a<l, o0

Xe(—gﬁ-ﬂ—n;g—kﬂ—n)rﬂe NneZ u @=arccos(4a—3); ecniu a>1,
4 24 2

to pewenuii ver. 4.10.17.a) a>5/8;6) a>3/82.
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Omeemul u yKazanus K 3aoauam 2nagvl 'V
5.1.1. a) D, =(-o0;a) U (a;+©) npu seex a € R;0) ecm a <0, o
D, =[a;—a) U (=a;+x0); ecnu a=0, 10 D, =(0;40); ecn a >0, To
D, =(a;+x); B) ecmu a<0, 10 D, =J; ecnu a=0, 10 D, ={0};

ecmu a>0,10 D, =[-a;a];r) D, ={-a}U{a} npuscex aeR;

n) ecmm |al<l, To0 Df=[—\/1+a2;\/1+a2]; ectu  |al|>1, 1o

D, =[Na* + ;N ~1]U[Na* ~1;:a* +1]; €) ecmn a<-3, 10

D, =(-0;a) U (=3;+0); ecnu a>-3, 10 D, =(-90;-3)U(a;+0).

5.1.2. a) Ecm a<0, 10 D, =J; ecn a=0, 10 D, =(0;+%0); ecmn
0<a<3, 10 Df» =[0;400); ectu a =3, 10 Df» =(0;40); ecu a >3, 10
D,=(a-3;+%); 6) ecu a<0, 10 D,=J; ecm a>0, 10
D,=(0;1/a); B) ecnu ae(—0;0]U(3;+%), 10 D, =C; ecmm
0<a<3, 10 D, =[-2a;a* —2a) ;1) ecmun a>0, 10 D, =[-a;a]; ecn

a<0, 1t D,=[a;—a]l; n) ecm a<-4z, 10 D, =C; eciu

T
kr<x<Z,
dr<a<l5m, 10 D,={ 27 me ke{-2-L01}; com

x>a,

57 <a<2z,t0 D, ={2x};ecm a=2x,10 D, =.5.1.3. a) Ecnu
a<0, 10 E, =[0;v2a)U(N2a;+00); ecnn a=0, 10 E, =(0;+00);
ecn a>0, 1o E, =[0; +m0) ; 0) eciu a <0, To QyHKIMS He ONpeIETeHa;
ecmu a=0, 10 E, =0;ecmu a>0, 10 E, =[—\@;@] ;B) E, = {0}
npu Beex a€R; 1) ecmn ae(—0;0)U(0;+0), To E, =[0;7]; ecnn
a=0, o Qpynkuus ne onpenenena; A) £, =(—o0;+00) npu Beex a€R.

5.1.4. a) (—o0;—2Vab]U[2ab;+%); 6) R. 5.1.5. a) a=-4,5; 6)
a=5/3, b=-1/3.5.1.6. a) llpu a =2 ¢yukuus yetnas; npu a =4/3
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Gbyukius Heuernast; 0) npu @ =—2 win a =2 — 4eTHas; B) mpu a =—2

(GYHKIUS HEedeTHas; P @ = —/5 wim a = J5 ¢yukuns gerHas. 5.1.7. a)

a=0; 0) a=1. 518. a) a=-0,5; 6) a=-1. 5.1.9. a) Ilpu
R4

a= B3 +37n, neZ, pyuxuus vedernas; npu a =0 Qysxuus gerHas; 0)

npu a=x+2xn, neZ, dyakuus HeuerHas; npu a =0 — uyerHas.

5.1.10. IIpu a >0 ¢ysxunu f,(x) u fi(x) — gernsie; f,(x), f;(x) u
f.(x) - mewermse.  S.1.11. b=1. 51.12. a) TIlpu

ae(—0;-2)u(=2;2)U(2;+0); [~ ()_x \/_ . 6) mpu a>-2;
' (x)==2+7+x.51.13.2) a=-1, beR wm a==*1, b=0; 6)
a, = -1 wu a, = 1. 5.1.14. a) ace (—OO; —3] U {2} U [4, +OO) : 6)
_2-4at 16a*> —16a+3

2 .

Yxazanue. Paccmotpute Bo3pactaioutyio (yHkmmio y =x~ +2ax+1/16

ae(—0;=3]U{l} U[3;+%). 5.1.15.a)

Ha [—a;+o0). Oua obparuma mpu X >1/16—a° u obparHas x Heil ecTh
dyukuus  y=—a++a’+x—1/16. Jlanee pemmre ypaBHEHHE
x=—a+va’+x-1/16;06) x=a—a’. 5.1.16. -1/12<a<0. 5.1.17.

a) a=2;0) a=1;B) a=1 wwm a=3; r) HeoOXOIUMO U JOCTATOYHO
BHITIONHEHHs paBeHctBa a+b=0;1) 2a—b=0.5.1.18. a =-3.5.1.19.
ne{-2;—-1;1;2}. 5.1.20. ae{-1;0;1/3}. 5.1.21. a) Ykazanue. Vicuosp-

3ys yenoust f(a+x)=f(a—x) u f(b+t)= f(b—t), nokaxkure, uto
nepuon Qyuxkuuu pasen 2(b—a). 5.1.22. a) Vkazanue. V3 ycinoBus
f(x+T)=sin(x+T)+cosb(x+T) nonyunre pasercra cosbl =1 u

sin7 =1, U3 KOTOPBIX CIELYET, YTO b=27m, rne m,keZ. 5.1.23. a)

a>1;6) a<l.5.1.24. a) ae(0;3]; 6) ae[-1;0]. 5.1.25. a>—4.
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5.1.26. a) x

; 0) x=a. Ykazanue. TlpeoGpasyiite

_BVa—a -8y
32

ypaBHeHHe K BuIy d+X +3/x—a=3/2a; B) x=1. Ykazanue. Ilycts
t=x" —2x+1. Torya nepasenctso npumer Bu log, (Zt +a' ) <4 .Tpu

a>1 umeer MecTo HepaBEeHCTBO 2f + a™ <a*. Orcrona crenyer t=0.
(a—b-1)
4

pemieHui HeT. Yka3anue. BorauTast U3 NEpBOro ypaBHEHUS BTOPOE, MOJTyUYH-

5.1.27.a) Ectu a>b+1,10 x=y= —b;ecmm a<b+1, 10

Te paBenctBo /X +a +~/x+b = \/ y+a+ \/ ¥+ b . Paccmorpure Bo3pac-
taromyro ¢pyrkumo f (1) = Jita+t+b ; 0) eciu a <0, 10 peuennii
Het; ecit a=0,10 X=y=0; ectu a>0, 10 x=\/5, y=2a+\/5
n x=—2a, y=2a—~/2a . Yxasanue. Tepenuuure nepsoe ypasHeHue
B Buge Xx+2a+3=yp+3". Jlanee paccmorpure  (yHKIMIO
f(O=t+3.5128. a) y,,, =f(0.5=6; y,,. =fD=+3; 6
Vyawn. =2 ; Haubompurero 3mauenms wer. 5.1.29. a) y,.- =5|al;
Vi ==51als 8) Y, =N2+2a%: 3, =—2+24°; B) ecm
a<-1/6,10 y,., =—12a=1n y,. =12a-1;ecnu 0>a>-1/6, 10
Vs =—12a=1 wu y_ =-36a"-2; ecm 1/6>a>0, 10
Vs =12a=1 1wy, =-36a"-2;ecm a>1/6,10 y,,. =12a—1u
Ve =—12a-1; 1) ecmm a<-1/3, 10 yp,_,=-6a+2 u
Vs =06a+2;ecmn 0>2a>-1/3,10 y, . =9a’+3uy,  =6a+2;
ecmm 1/3>a>0,10 y,,.=9a"+3 u y,, =-6a+2;em a>1/3,

™ YV,.5=60a+2 wu y,  =—-6a+2. 5130. a) Ecou a<-1, 10

Vot =1—L ay,..=9%+4;ecm -1<a<-1/6,10 y, ., =1—L
i 4 ’ ’ 4a

uy,.. =4a-1;ecm -1/6<a<0,10 y, ., =9%+4uny, =4a-1;
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ecm a=0, o y,.=4 w y,.,=-1; ecu O<a<l/4, To0

yHal‘5'=9a+4 1 ynamrt4=4a_1; €Ccim a21/49 TO yyau64=9a+4 u
1

Fnaw :1_4_’6) ecim a<_1’TO Yhaus. =a2 +5a+6u Yuaun. :a2 —a,;
a

ecwm a>-1,10 y,..=a —awuy,, =a +5a+6.5.1.31. a) Ecm
a=0, T0 HauOOJBIIEr0O W HAWMEHBLICTO 3HAYCHHH Yy (QYHKIHH He
cymectsyet; ecnmit a#0, 10 ¥, =2|a| npu x=a; 6) ecru a=0, 10
Voux =2]a| mpn x=1 (x#a); ecm a#0, o y, =2+a mupu
x=l+a u y, =-2+a npu x=—l+a (x#a); B) y, =2a’ npu
3+a

NG

n yHlllM'L = 2 ; eclim

x=—a u x=a (x#0); 1) ecin O<a£1/\/§, TO Vs, =

_1+3a 3+a

yﬁau,m - T T
1+3a

4
a:1$TO ynauﬁ :_Hyl-tamtzz;ecnﬂ 32a>l’T0 ynaué =E—F7F 1

; eciu 1>a>1/\/§, TO Viaus. =

1+ 3a 3+a
e =25 ecmn a>3,710 Y, =—oru Y, =——. 5132 a
Yaun. Yiaus. \/5 Yaun. \/5 )

a>2-7;0)a=2-5;B)a>20;r)|a|<3.

521.a) -7;6) a,=-10 u a,=2; B) -3; 1) 1/16. 5.2.2.
a=9/7.523.a) p=3; q=2;0) p=1;, g=1.524.2a) a=—4 u
a,=4;0) “4<a<4;B) ac(—»;60In5-35]. Yrazanue. Onpenenurnb
a, u3 ycnosus, 4to npsiMas ¥ = 60x —a sBisiercst kacatenbHOMN K rpaduKy
dyskn  y=e™ +2e*. 5.2.5. a) ae(-0;-3]U[l;+®0); 6)
ae[-4;3-+21)/2]U(1;+0); B) a e (-0;3/8).5.2.6. a) lpu £ <—1,
t>2; 0) p<-15 p>1. 5.2.7. a) b<-2; 6) 2. 5.2.8. a) Ecim
a e (—0;0) U {27/€’}, 1o omun xopens; ecmu a € (0;27/€”), To 1Ba KOp-
wst; ecin @ € (27/ € ;+0) , To Her kopHeii; 0) a € (—0;0]U {1/2¢e} . 5.2.9.
k=15.5.2.10. a) pe(—0;—1/2];0) pe[l/4;4+0); B) pe[-8;,+0);
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1) pell;+0). 5.2.11. [2L+0). 5.2.12. a=1.5.2.13. a=b=1/S.

a2 -3 d\3

5214, L. L. INTNS 5515, 24.52.16. a=2. 5217 22
2’27 2 3 3
5218. % 5219 2 oHR?. 5220 2R 52010 B 5200,
6 27 3 NE)
2R3 3y —5
—I. 5.2.23. %, ecmu 3v, 25v,;0,eciu 3v,<5v,. 5.2.24. 20
3 v, + V)
KM
4 ..5.225.25.
2 12 2
53.1. a) a=—, b=12—-——: 6) a=-=, b=2. 5.3.2. a)
In3 In"3 T
4=1:6) a=3.533.2) J2r, 87+l “28’”1;6) —\/é, I=vi+2m “12*2”

534.a) b=0;0) =0 u a,=4; B) a=-1;T1) a=12; 1) ccu

a>-3, 10 3Ha4eHuit b, yIOBIETBOPSAIOIINX YCIOBHIO 33/1aUH, HE CYLIECT-
V4
ByeT; eci a<-3,10 b=—6—a; e) a=—5+27rk, keZ;x) aeR,

2
wa

2

HHe IUIOMA;N TOIyKpyra paguyca o . 5.3.6. a) Ecmu a<0, o a’ —4;
2

a )
ec a>0, 10 ?—4;6)ecnn a<rm/4,1o sina+1;ecmu a>n/4, 10

b=2rk, keZ.53.5.2) 0;6)

. Ykazanue. Nnrerpan naer 3nave-

. 2
sma—cosa+l—7;B) ecmt a<0,10 12+a—a*;ecmn 0<a<l, 1o

a+12; ecou a>1, to a*—a+13; r) ecmu a<l, to 3—a; ecm
l<a<2,10 a*-3a+4; eccm a>2, 10 a.5.3.7. a) a=-m/6 un
a,=n/3;0) a,=-n/30 u a,=7/6.538.a2) a=6 u a=6/5;0)

a=1/4 v a=9/4;8B) S=a mpu b=,/3£—1.3a,uaqa MMEET pelIeHue
a
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1
npu a €(0;8/3).53.9. b=—4, c=3, §=5-.5.3.10. @ Ykaszanue.
3 243
. 4, 6 ;
VpaBHeHHE KacaTeJbHON HMEET BH/I y=§a x—2—7a . Abcuucca TOUKH

nepeceucHus KacaTelbHOM ¢ ocblo Ox paBHa 661 . HJ'IOHIE[Z[I) TPpCYTOJIbHUKA

20 44 5341 a) a=1; 0) a= !
43

21 246

— ———. 5.3.13. V¥kaszanue. Tlycte mia npocrottt ¢=0, b=1 u

3 3

f()=1. Ilpu  PUKCHPOBAHHOM a HalauTe  BBIPAKEHHUE
S(a)=f(a)2a-1)-2F(a)+ F(0)+ F(1), rtme F'(x)=f(x), a
S'(a)= f"(@)2a-1)+2f(a)—2f(a)=0. ocneanee ypaBHEHHE B CHILY

MOHOTOHHOCTH f (@) MMEEeT eMHCTBEHHBIN KopeHb Ha npomekytke [0;1].

. 5.3.12. a) 27+2,5; 6)
2(e—-1)

Hanee uccnenyiite pynkuuio S(a) Ha sxcrpemym. 5.3.14. a) a=3/4; 0)

a=2/3.53.15. a=1+3/16.53.16. S =§(b—a2)3/2. VpasHenue

OpAMOI y=2ax+b—2a2. 53.17. a) a=3, SF:M; 0)
73
SM=18,SF=Z.

54.1. TIpu a =10 xe{—/10;—7;—3;0;4/3;4/7;4/10} . 5.4.2. a)
a,=0, a,=2sinl; 0) a,=0, a,=tgl. 5.43. a) a=2;0) a=2.
5.4.4.a) a=4/3;,0) a=2/5.54.5. a) a=1/8. Ykazanue. 3ameTrnTe,
4TO ecau mapa umcen (X,;),) SBIsercs peuieHueMm, TO mapa (),;X,) —

Takke pererue. CieloBaTeNbHO, HEOOXOAMMOE YCIOBHE €IHHCTBEHHOCTH
peleHus — BBINOJIHEHHE paBeHcTBa X =) ; 0) a=—-1/4.5.4.6. a=0 u

a=1. 54.7. a) a=2,5;, 0) ac{-4,4,6}. 54.8. 0 wm 3. 5.4.9.
ae(1;4)U{65/16} . 5.4.10. |a|e(19-6+10)U {4}. Vrasanue. Boc-

MOJIB3YHTECh CHMMETPHEH poMba U OKpYKHOCTH OTHOCHTENbHO ocu OX .
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