MOCKOBCKHUI T'OCYJAPCTBEHHBIA UHCTUTYT 3JEKTPOHHOM TEXHUKH
(TEXHUYECKHUI YHUBEPCHUTET)

IIpoxodnen A.A.

3aoauu c napamempamu

Mocksa 2004



BBK 22.14
1178
VJIK 51(075.4)

Penen3enTsl:

KoxyxoB U.b. — nokTop ¢u3nKo-MaTeMaTn4ecKix HayK;
®danenuesa T.I1. — yunrenp MaTematuky mKkoibl Ne853 1. 3eneHorpana

IIpoxodnen A.A.

[178 3agauu ¢ mapamerpamu. — M.: MUIT, 2004. — 258 ctp.

Lens nanHOTO MOCOOUSI COCTOMT B TOM, YTOOBI MO3HAKOMHUTH HIKOJILHH-
KOB C OCHOBHBIMH THIIAMH 33ja4 C IapaMeTpaMu. B mocoOum conepxutcs
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«KpynHoe nayunoe omkpvimue daem peuteHue KpynHou npobiemvl, HO U 8
pewenuy 10060l 3a0a4u npucymcmeyem Kpynuya omkpvimus. 3adaua,
KOmOopyIo 8bl pewiaeme, Modxcem Oblimb CKPOMHOU, HO, eCt OHA Opocaem
661308 auiell T0OOZHAMENbHOCU U 3acmagisem 8ac Ovlmb uzobpema-
MeNbHBIM, U, eClu 8bl peuidenme ee COOCMBEHHbIMU CULAMU, O bl CMO-
Jceme ucnvlmams eedyujee K OMKPOIMUIO HANPAXCEHUe yMd U HACIA-
oumwca padocmuio nobeovry (/. [Noia. Kak pemats 3agaqy.)

IMpenucioBue

Peuienne 3amad ¢ mapamerpamH SIBISIETCS OAHHUM M3 CaMbIX TpPYIHBIX
pa3zesioB MIKOJILHOW MaTeMaTUKU. [Ipu pelieHuy 3a1a4 ¢ napaMeTpamMmu Tpe-
OyeTcsi, KpOME XOPOIIETO 3HAHUS CTaHIAPTHBIX METOJOB PCIICHHUN ypaBHE-
HUI ¥ HEPABEHCTB, YMCHHE MPOBOAUTH JOBOJBHO PAa3BETBIICHHBIC JIOTHYE-
CKHE TOCTPOCHUS, aKKYpPaTHOCTh M BHUMATEIBHOCTH IJISI TOTO, YTOOBI HE
MOTEPSITh PElIeHHH W He TPHOOPECTH JIMIIHUX. JTO TpeOyeT OT IIKOJIbHUKA
0osiee pa3BHTOrO JIOTMYECKOTO MBINUICHUS W MaTEMaTHYCCKOW KYJIBTYPHI,
HO, B CBOIO OYepelb, ITH 3aJ[a4d CaMH CIIOCOOCTBYIOT WX pa3BUTHIO. OIBIT
BCTYIHTEIbHBIX 3K3aMEHOB MOKA3bIBACT, YTO Y4YAIIMECs, BIAJCIONINE METO-
JaMU UX pemeHm{, O6I)I‘IHO ycnemHo CHpaBHH}OTCH nc )IpyFI/IMI/I 3agayaMu.

Teopetnyeckoe m3ydeHue (HU3UUCSCKUX MPOIECCOB, PEIICHUEC SKOHOMH-
YECKHX 3a/1a4 YacTO MPHUBOAMUT K PA3TUYHBIM YPaBHECHUSM WM HEPABEHCT-
BaM, COJICPIKAIUM [ApaMETpPhl, ¥ HEOOXOMMOW YaCThIO MX PEIICHUS SIBIIS-
€TCsI UCCIICIOBAaHNE XapaKTepa Mpollecca B 3aBUCHMOCTH OT 3HAYCHHU mapa-
MeTpoB. TakuMm 00pa3oM, 3alaud ¢ mapaMeTpamMH MPEICTaBIAIOT COOOH He-
OoJIbllIKE HCCIea0BaTeIbCKHE 3agaun. OQHAKO YacTO OKAa3LIBAE€TCS, YTO BEI-
MYCKHHK IIKOJIBI JINOO BOOOIIE HE UMEET MPECTABICHUS O PELICHUH 33734 C
rnapameTpom, JIM0O TepseTcsi IaXke B Clydae camoro MmpocToro BHJA Moja00-
HBIX 3aJ1a4, Korja CAMHCTBCHHBIM yCJ'IO)KHHIOIHI/IM MOMCHTOM SABJISICTCSI BETB-
JICHUE PEIICHUS ¥, COOTBETCTBECHHO, BETBJICHUC OTBETA.

Iens maHHOTO MOCOOHS COCTOMT B TOM, YTOOBI IO3HAKOMMTD IITKOJILHH-
KOB C OCHOBHBIMHU THIIaMH 33/1a4 C IapaMeTpamu (ypaBHEHHS, HEPABEHCTBA,
CHCTEMBbl YpaBHCHHH W HEPABEHCTB, 33aJauH, CBSI3aHHBIC C HCCIICIOBAHHEM
KBaJIPaTHOTO TpexXwieHa, KOA((QUIMEHTHI KOTOPOTO 3aBUCIT OT Hapamerpa,
reOMETPUYECKHE 3aJlau, 3a/laud Ha OIpEACICHHUEe HAHUOOJBIIEr0 W Hau-
MEHBIIIETO 3HaYeHUsI (QYHKIHH, U T. A.). M, MOXXeT OBITh, TO3HAKOMHTH C HO-
BbIMH, HC3HAKOMBIMH JJIA HCTO METOAAMU peI_HeHI/Iﬁ ypaBHeHHﬁ, HepaBeHCTB
U T.J1. BBIMYCKHUKY IIKOJIBI TIOJIG3HO BJIAJICTh PA3IMYHBIMU METOJIaMHU PeIie-
HUS TOJOOHBIX 3a/1a4 — aHATUTUICCKUMHU U TPaQUUSCKUMH, YMETh TIEPEBO-
JIUTH CIIOBECHOE YCIIOBHE 3a/1a4d B aHAIUTUYECKYI0 (JOpMY — CBOJHTH €€ K



pELIECHUI0 ypaBHEHUH, HEPABEHCTB U CUCTEM M COBOKYITHOCTEH ypaBHEHUI U
HEPaBEHCTB.

K coxanenuto, B mporpaMmMax Mo MaTeMaTuke AJsl HeCTIEaIU3UPOBaH-
HBIX IIKOJ 337jadyaM C apaMeTpoM MPaKTHUYECKH He OTBOJIUTCS MecTa, a, Ha-
pUMep, B yUeOHHKE [UIsl yJalIuXcs NIKOJI U KIIACCOB C YIIIyOJIEHHBIM HU3yde-
HUEM Kypca MaTeMaTHKH («Anredpa nu MaTeMaTudeckuit anamu3 as 10 u 11
kiaccoBy», H.S. Buenkun, O.C. MBames-Mycaros, C.W. [lIBapulypxa) um
OTBEJICHO MECTO TOJBKO B 11-M Kitacce. Mexay TeM, 3aa4H ¢ mapamMeTpaMu
MOJKHO U HYXHO HCIIOJIb30BaTh y)K€ HauuHasl C JIMHEHHBIX U KBaJpaTHBIX
YpaBHEHUH W HEPAaBEHCTB. JTO MOTYT OBITh 3a7a4y HaXOXKACHHS PEIICHUH B
o0meM BHJIE, OTMPENCICHNs KOPHEH, YIOBIETBOPSIONINX KaKHUM-JIHOO CBOM-
CTBaM, UCCJICIOBaHMsI KOJIMYECTBA KOPHEH B 3aBUCUMOCTU OT 3HAYCHUU Ia-
pamerpa. Tak cnenano B «COopHuKe 3amad 1o anredpe it 8-9 KiaccoBy,
1994 r. (aBToper: M.JL. Tamunkwit, A.M. l'oxpnman, JI.W. 3BaBuu). BaxHo,
YTOOBI IIKONBHUKH YK€ Ha MEPBBIX IIPOCTBIX TNPHMEpPax YCBOWIH: BO-
HEePBBIX, HEOOXOAUMOCTh AaKKYPAaTHOTO OOpAILEHHUs C IapaMeTpoM — (HHKCH-
POBAaHHBIM, HO HEM3BECTHBIM UHCIIOM, IOHSIH, YTO OHO UMEET JIBOMCTBEH-
HYI0 IpUpoAy (C OAHOI CTOPOHBI, 3TO HEKOTOPOE YUCIIO, C APYTrOM CTOPOHBI,
CTETIeHb CBOOOJBI OOIICHUSI C HUM OTPaHUYMBACTCS €r0 HEM3BECTHOCTHIO);
BO-BTOPBIX, YTO 3aIMCh OTBETA CYIIECTBEHHO OTJIMYACTCS OT 3allCH OTBETOB
aHaJIOTMYHBIX YpaBHEHHI M HEPABEHCTB Oe3 rmapamerpa.

Mertonuuecku ObUTO OBl MPABHIBHO KaXIIBIH MPOHICHHBIA THI ypaBHe-
HUH (HEpaBEHCTB) 3aBepIaTh 337adaMH C MCHOJIb30BaHWEM IapameTpa. Bo-
MIEPBBIX, MIKOJIBHUKY TPYJHO NPUBBIKHYThH K MapaMeTpy 3a JBa-TPU 3aHATHA
— HY)XHO BpeMsl; BO-BTOPBIX, HCIIOJIb30BaHHE MOJOOHBIX 3a7ay yIydIlaeT
3aKpeIieHUe MPOHAEHHOT0 Marepuala; B-TPEThbHX, OHO CIIOCOOCTBYET pas-
BUTHIO €TO MAaTEeMaTHYECKOH M JIOTHYECKOW KYJIbTYpBHI, & TAaKXKE Pa3BUTHIO
MHTEpeca K MaTeMaTHKe, MOCKOJIbKY OTKPBIBAET MEpe]] HUM HOBBIE METOABI U
BO3MO>KHOCTH UISI CAMOCTOSTENIEHOTO TTONCKA.

CrpykTypa mocoOusi TakoBa: OHO pa3dMTO Ha TJIaBbI, a TJIaBbl HA Mapa-
rpadpl, KaKABIH W3 KOTOPBIX IPEICTABISET OTAEIBHYIO TEMy, K KOTOpOU
JaHBI METOAWYECKUE YKa3aHWs, IPEACTABICHO PEIICHHE THITOBBIX IIPUMEPOB
Y 1T0JI00paHbI 3aJja4y JJIs1 CAMOCTOSITENIbHOTO PEIICHUSI.

ABTOp BbIpakaeT 0JarofapHOCTh ydallUMcsl BBIMYCKHBIX 11 «A» Kiac-
coB 2002-2004 rr. mxonsr Ne853 r. 3eneHorpana, B pabore ¢ KOTOPBIMHU
OBLTO anpPOOHPOBAHO TAHHOE ITOCOOHE.

Kenaro ycnexa! Aemop



IJTIABA 1. BBoanasi yacthb

§ 1.1. OcHOBHbIE MOHSITUS U ONPe/IeIeHNs]

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

3agaya o pemeHnu ypaBHeHUs (HepaBeHCTBa) (1.1) Moxer OBITH cdop-
MYJIMPOBaHa OJHUM M3 JIBYX CIICIYIOIINX CIOCOOOB.
1. Haiitu Bce nmapsl yncen (X,a) , yAOBIECTBOPSIOIIUE 3TOMY YPABHEHUIO

(HepaBeHcTBY). B 3TOM ciyuae BeIpaxeHue (1.1) Ha3pIBaeTcs ypaenenuem
(HepaseHcmeom) ¢ 08yMa nepemMeHHbIMU X U 4 , B KOTOPOM 00€ IepeMeH-
HBIE X ¥ @ WIParoT OJMHAKOBYIO POJIb.

2. JIast KaXXJ0ro 3HA4YeHHs NEPeMEHHOW ¢ W3 HEKOTOPOTO YHCIOBOTO
MHOXeCTBa A peummuTh ypaBHEeHHE (HEPAaBEHCTBO) OTHOCUTENbHO X . Torma
BeIpakenue (1.1) Hazviearom ypasnenuem (Hepasencmeom) c nepemeHHou
X u napamempom d, a MHOXecTBO A — o6nacmuvlo usmenenus napa-
mempa a . IIpu oTCyTCTBUM OrpaHMYCHMH MO 007aCThI0 U3MEHEHUS Mapa-
MeTpa Hopa3yMeBaeTcsi MHOXKECTBO BCEX AEHCTBUTEIIBHBIX YHCEL.

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

a) TOJIYYUTCsl ypaBHEHUE WM HEPABEHCTBO C OTHON HEM3BECTHOM X ;

0) moTyunTCs BBIpKEHNE, JTUIIEHHOE CMBICIIA.

B mepBom cityyae 3Ha4YeHHE IapaMeTpa Has3bIBACTCS OOMYCHMUMBIM, BO
BTOPOM — Hedonycmumpim. PeminTh ypaBHEHHE WM HEPAaBEHCTBO C Iapa-
METPOM — 3TO 3HAYUT AJSI KKAOTO JOITyCTHMOTO 3HAUEHHS MapaMeTpa Ha-
T MHOKECTBO BCEX YAOBJICTBOPAIOIIHNX YPABHCHWUIO WJIKM HCPABCHCTBY 3HaA-
YeHuil HensBecTHoro. OOpaTuTe BHHMaHWE Ha TO, 4TO BeIpaxenue (1.1) —
3TO, IO CYIIECTBY, KpaTKas 3aluch CEMEHCTBAa ypaBHEHHH (HEpaBEHCTB),
MOYJAIOIINXCS U3 HETO IIPU 3aJaHHBIX 3HaYeHUsX mapamerpa a . [lostomy
pewums ypasnenue (nepaserncmeo) (1.1) (¢ nepemennoit x u napamem-
PoM Q) — IMO 3HAYUUM HA MHOMCECHIGE OCTICIEUMENbHbIX YU Ce/l PEUiuntD
cemeiicmeo ypaenenuil (nepasencms), nonyuaemoix usz (1.1) npu eécex oo-
RYCHIUMBIX 3HAUEHUAX napamempa a .

OTMeTI/lM, 4YTO IMPU HEKOTOPBIX MHOXECTBAX M3 AOIYCTUMBIX 3HAYEHUH
napaMeTpa d MOTYT MOJIydYaThbCsl OJJHA CeMEHCTBA ypaBHEHNH (HEpaBEHCTB),
IpU MHBIX — Apyrue. [TosToMy amst obnerdyenuns pemenns y1o0HO HAaHECTH Ha



YHUCIOBYI0 MPSAMYI0 3HAUYEHHUS IapaMeTpa, Ha3bIBAEMBbIC KOHMIPOIbHLIMU,
IIPY KOTOPBIX WJIM MPH IIEPEX0Jie Yepe3 KOTOPhIE MPOUCXOIAT KaueCTBEHHBIE
M3MEHEeHHs ypaBHeHWs. Hampumep, ypaBHeHHE (HEpaBEHCTBO) U3 KBaJpat-
HOTO (KBapaTHIHOT0) CTAHOBUTCS TIMHEHHBIM.

IIpu pemennu ypaBHeHHs (HepaBeHCTBa) (1.1) MOXHO NOJIB30BATHCS
CIIEAYIOIINM ITOPUTMOM.

Anzopumm pewienun
YPAaeHeHua uiu HepaeeHCcmaed ¢ Hapamempom

1. OnpenensitoT orpaHuyueHus, HajaraeMble Ha 3HAYEHHs HEH3BECTHOTO
X W mapameTrpa d , BBITCKAIOIIUE U3 TOrO, YTO (DYHKIUHU U apUPMETUICCKHC

onepaunn B F'(x,a) win G(X,a) UMEKOT CMBICIL.

2. Omnpepensitor ¢popmanbhbie pemenus (1.1), 3amuceiBaeMble 0e3 ydera
orpaHnyeHuil. Eciy mpu peleHny BO3HUKAIOT KOHTPOJIBHBIC 3HAUCHHMS Ia-
pameTpa, TO X HAHOCAT Ha YMCIIOBYI0 och (Oa. DTu 3HAYeHHs pa3OHBAIOT
001acTh AOMYyCTUMBIX 3HAUCHUH MapameTpa Ha MoJMHOXKecTBa. Ha kaxmom
13 TIOZIMHOXKECTB PEIIAIOT 3a/JaHHOE YPaBHEHHE.

3. HckmoyaroT Te 3HAYEHUs Iapamerpa, MpH KOTOPBIX (opMaibHbIE
pELIeHNUS HE YAOBICTBOPSIOT ITOYYEHHBIM OTPaHHYCHUSIM.

4. Ha yucnoByio ock Oa 100aBisIOT 3HAUECHHs IAPAMETPA, HaMICHHbIE
B 1.3. JIisl KaX/I0ro M3 MPOMEXyTKOB Ha ocl (Ja 3alMCBHIBAIOT BCE MOIY-
YeHHBIE PEIIEHUS B 3aBUCMMOCTH OT 3HaueHHH mapamerpa a . (B cmydae
JIOCTaTOYHO MPOCTHIX YPaBHEHHUH 11.4 MOXHO OITyCTHUTB).

5. BbINHCBIBAIOT OTBET, T.C. 3alUCHIBAIOT PEIICHHUS B 3aBHCUMOCTU OT
3Ha4YeHUI napamerpa d .

3ameuanmue. 1) Hamnune napameTpa B 3a1a4e IpeaIionaracT Clenraib-
Hy!0 GOpMy 3amKcH OTBETA, MO3BOJIIIONLYI0 YCTaHOBUTH, KAKOB OTBET JUIA
J000ro JAOIMyCTUMOT0 3HaueHus NapaMeTpa. HenomycTuMble 3Ha4eHHS Tak-
K€ yKa3bIBAIOTCSI B OTBETE, M CUUTAETCS], YTO MPU ITHX 3HAUCHUAX MapaMeT-
pa 3amada He MMeeT pemreHus. [Ipu 3ammcu oTBeTa OOBIYHO 3HAYECHUS Mapa-
MeTpa NEPEUNCISIIOTCS. B MOPSAKE BO3PACTaHHU OT —o0 110 —+00 , HO MHOTAA
JUId KOMITAaKTHOCTH OTBeTa OOBEIMHSIOT MPOMEXYTKM IJIs Iapamerpa, Ha
KOTOPBIX (pOPMYIIBI pELIEHHsI COBIA/IAIOT.

2) B ciydae BeTBIECHHUS pemIeHUs YIOOHO MCIIONB30BaTh YHCIOBYO TIPsI-
Mmyto Oa , Ha KOTOPYIO HAHOCATCS KOHTPOJILHBIE 3HAUCHUS MapaMerpa, a Ha
MIPOMEXKYTKAaX, Ha KOTOPBIC 3TH 3HAYCHUS Pa3OIIN MPIMYIO, YKa3bIBAOTCS
OTBETHI 33J1a4U. JJaHHBIN IpUEM NO3BOJISET B NaJbHEUILIEM HE NOTEPAThH Hall-



JICHHBIC OTBETHI M YETKO yKa3aTh 3HAUCHHUs apameTpa, KOTOPhIM OHHU COOT-
BETCTBYIOT.
[IponemoHcTpUpyeM CKa3aHHOE BBILIE HA IIPHMEpE.

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

Pewenue. KoHTpOBHBIC 3HAYCHUS MTApAMETpPa MOTYYaAOTCA U3 YCIOBHS
a(a—2)=0, tak kak npu a(a—2)=0 HepaBeHCTBO HE COIEPKHUT IEpe-
MEHHOU X .

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

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

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

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

[Ipu a =0 nonyyaem nepasenctso 0-x > 2, He UMEIOIIEE PELIECHUIA.

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

Hanecem IMOJIy4acMbI€ B XOAC pCHICHUA OTBCTHI HAa COOTBETCTBYIOIIHC
MPOMEKYTKH 9MCIoBOM ocu Od ¥ 3aIUIIEM OTBET.

3ameuanue. [IpOMEKYTOK, K KOTOPOMY OTHOCUTCS COOTBETCTBYIOIIEE
pElIEnrE, TIOMEYAETCs HA PUCYHKE Jyroif. Ha ee KOHIE CTaBUTCS CTpeIovKa
B TOM CIly4ae, €/ OTO PEIIEHUE HE OTHOCHTCH K KpalHed TOuKe mpome-
KYTKA.

>
a

Puc. 1

Omeem. Ecmu 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 pelIcHUl HeT.



Ananumuueckuil u cpaguueckuii Memoovl CpAGHeHUus
8bIPAIICEHUIL, 3A6UCAUUX OM naApamempa
Ipu pemeHnn ypaBHEHHH (HEPaBEHCTB) C MapamMeTpaMH YacTo MPUXO-
JMTCS CPABHUBATh HECKOJIBKO BBIPXKCHHH 3aBUCAIINX OT MapameTrpa, Haxo-
JIUTh CpeIN HUX HauOombllee mwin HanMmeHblnee. OOBIYHO MPUMEHSIOT aHa-
JUTHYECKHHA METOM, T.C. COCTaBISIFOT M PELIAIOT CHCTEMY HEPaBEHCTB. B
cllydyae IBYX BBIPOKCHHH JOCTATOYHO PELIMTh OJJHO HepaBeHCTBO. Eciu xe
BBIpa)KEHHUIT OOJTBIIE, TO JTyYIlle HCIIONB30BaTh IpadMIeCKHi METOI.
2
Ipumep 2. Cpasnums uucia a” u 3a+4.
o 2
Pewienue. Haiinem 3HaueHus mapaMmerpa @ , IpU KOTOPBIX YMCIO d
2
Gombiie uncina 3a+4. Jlns 3Toro pemdM HepaBeHCTBO @~ >3a+4 win
2
a” —3a—4>0. Ero pewenne ectb a € (—00;—1) U (4;+0). Ipu a=-1
v a=4 cnpaBemtuBO paBeHCTBO @ =3a+ 4, T.e. uncia pasusl. COOTBET-

crBenHo, ipu a € (—1;4) uncno a” menpie uncna 3a + 4.
Omeem. Ecnn a € (—o0;—1) U (4;400), 10 @’ >3a+4; ecmm a=-1
wim a=4,10 a° =3a+4; ecm ae(-L4), 0 a’<3a+4.

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

Pewienue. Bocnoinb3y-
eMcst TpaQUyYecKuM  MeTo-
noM. JJist 3TOro MOCTPOMM B

x=-2a-7 \ ! cucreme koopaunar Oxa
Tt rpaduku QyHKIHIA
K x=1-a°, x=—2a-17,

/,'74 x=(@+1)/3 x=a-1 n
x=—(a+1)/3 (cm. puc. 2).
//0", JIIst KakIoro 3HAYeHHS

N
-~

MEPEMEHHON @, TPOBOIS
BCPTHUKAIBHYIO psAMYIO
a = const , onpenensieM op-
AWHATBhl €€ TOYCK IepeccHc-
HUS C TIOCTPOCHHBIMU TrpadukaMu GyHKIUH. SICHO, 9TO TIpH PUKCHPOBAHHOM

N
~

Puc. 2

sHauennu @ , u3 uncen 1—a’, 2a-7, (a+1)/3, a=1 u —(a+1)/3



Oyzner HauOONBIINM TO, AJISI KOTOPOTO OpIMHATa TOYKH NepecedeHHs COOT-
BETCTBYIOIIETO TpadyKa U MPIMO a = const OyneT HanOOJIbIIEH.

Touku —4,—1,2/3 u 2 pasbusaror uncnoyw npsamyo Oa Ha TATH
POMEXYTKOB. Ha KaXkIoM U3 HUX 3alIMCBIBAEM OTBET.

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

ecmn —1<a<2/3,101-a’;ecm 2/3<a<2,10 (a+1)/3;
ecrm a>2,10 a—1.

x> —Sax+6a’ <0,

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

2 2
Pewenue. Kopusmu ypaBHenuss X~ —Sax+6a” =0 spisrorcs uucia
2a v 3a . PenieHneM mepBOro HEPABEHCTBA CHCTEMBI ABJSAETCS MHOKECTBO

A [x;%,], rtme x,=min{2a;3a} wu

X I

x, =max{2a;3a}. Wmn [2a;3a] npu
@ a>0 wu[3a;2a] npu a<0.
Pemenuem BTOpOro HepaBeHCTBA SB-
JISIETCS MHOXKeECTBO (a + 2;+00) .

I\

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

Jlns cpaBuenus uucen 2a, 3a wu

2

I a+?2 Bocrojb3yemcs rpaduYecKuM CIio-
cobom (cMm. puc. 3). Ha pucyHke BHIHO,
ecn a<1, 1o a+2 Gonpme 2a u 3a,
u a+2=3a>2a npu a=1, u, cnenosarensro, mpu a <1 cucrema He
uMeeT pelrenuit; ecan 1<a<2, 10 3a>a+2>2a u xe(a+2;3a] -

Puc. 3

peleHre cucTeMsl; 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; ecn 1 <a <2, 1o
xe(a+2;3a];ecmu a=2,10 x€(2a;3a];ecmn a>2,10 x €[2a;3a].



3adauu ona camocmoamenbHo20 peuienus
1.1.1. Onpenenure, NPy KakuX 3HAYCHUAX NapaMeTpa ¢ YpaBHEHHUE SIB-
nsetcs (1) kBagpaTHBIM; (2) HETIOIHBIM 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. Omnpepenute 1ONyCTUMBIC 3HAUSHUS TapaMeTpa d B ypaBHEHHU.
ax a X (a+3)x
a) 5 ——=—3 ; 6) 2 ;
a -9 a+27 a-2 (a-2)(a+3)
b x I-x
B) =+a' =24 ; r) > .
a-2 Ja* =2 Na* -2
1.1.3. Onpenenure KOHTPOIbHBIE 3HAYEHUS TapaMeTpa 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+2)x=2a’-a’; e) (a—3)sinx=a’-9a.

1.1.5. Otmeyas Ha yucioBoit ocu Od KOHTPOJbHBIE 3HAYEHHSA U IOy~
YaeMBbIC B XOA€ PCIICHUA OTBCThI, pEIIUTE TaHHBIC ITPUMEPLI.

a) a2—4‘x2a2+5a+6; 6) ax’ +4dax+4a<x’ -2x-3;
2a-4 a+3
x 2 3-a’
)a(x+l) x+2_a(x+1)(x+2)'
1.1.6. Cpasuute uncna.  a) a° —4a u 2a—5; 6) —a’, 2wua;
B) 1—a*, 2a-7 ua-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. s xaxaoro 3HA4EHUS 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. YpaBHeHUs1 M HepaBEHCTBA NEPBOii CTENEeHU

Ypasnenun

Jluneinsim ypaenenuem Ha3bIBAIOT ypasHenue Buma ax+b=0, rme
a # 0. 3naueHue napamerpa @ =0 SBISETCS KOHMPOAbHBIM, TIOCKOIBKY B
oToM ciydae jubo perienne orcyrersyer (0-x+b=0, b#0), mubo pe-
mrenneM spistiercs modoe xe R (0-x+0=0).

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

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

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

a’ +2a’ B a’*(a+2) B a’

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

Ilpn a =1 ypaBHeHMe He MMEET PEILEHUH, TOCKOIBKY JI€Bas 4acTh PaB-
Ha HyIIIO, a IpaBasi OTIMYHA OT HyJI.

Ilpn @ =—2 ypaBHEHUIO YHOBJIETBOPSET Moboe X € R, Tak kak ypas-
nenue umeer Bug 0-x=0.

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

(a-1)(a+2), nonyunm x =

ecu a#l, a#-2,10 X = 0
a—

Mpumep 2. Onpedenums, npu Kakom sHavenuu napamempa d He ume-
em peuieHull ypagHeHue

(a—1)(a—5x—-2(a+6)=5x—-12.
Pewenue. Tlocne packpbITs CKOOOK B JIEBOM YacTU W NPUBENICHUS TIO-
JIOOHBIX, ypaBHEHHE TIPeo0pa3yeTcs K BULY (a2 —6a)x=2a (*).
2a

Ecimu a® —6a # 0, To pelenne ypaBHEHNS CYIIECTBYET H X = —.
a” —6a
Ecimn ke a” —6a =0, To ypaBHeHue (*) He GyieT MIMETh PELICHNS B ClIyyae,
KOIjIa Tpasas 9acTsh He pasHa 0, T.e. ipu 2a # 0 . DTUM yCIOBHAM yIOBJIE-
TBOpSET 3HAYCHHUE MapaMerpa d =6 .

Omeem. a=06.
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Mpumep 3. [na kaxcoozo 3navenus napamempa d peuwuns ypagHeHue
ala-2)x=2-a.
Pewenue. KouTponsHBIMUA SABJISIOTCS 3HAYEHHS MAPAMETPa @ , TIPU KO-
Topsix Beipaxkenne a(a—2)=0,1e. a=0ua=2.
Ipu a(a—2)# 0 MOXHO HaiiTH X, MOJENUB 00€ YacTH YPaBHEHHS Ha

2—a 1
a(a—2) a
Ilpu a =0 neBas 4acTs ypaBHEHHWs PaBHa HyIo, a mpasas Het. Cieno-
BATENBHO, ypaBHenue pu @ = He uMeeT perneHus.
Ilpu a =2 00e YacTu ypaBHEHHS NPH JHOOOM 3HAYECHHH X PABHBI HY-
0. [Tosromy moboe x € R ects pemenue.

muoxurenb a(a—2) . onyunum x =

Omeem. Ecrm a=2,10 x€R;
ecin a =0, To pereHunit Her;

1
ecn az0uma#2,10 x=——.
a

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

KOHTpONBHBIE 3HAUCHHS MApaMeTpa @ MOTydaroTcs u3 yenosus a” —a =0,
re. a=0 wm a=1.

Ipu a=0 ypaBHeHHWe He WMEET PEIICHUH, TaK KaK OHO WMECT BUJI
0-x =-2 (neBast yacTh ypaBHEHHUsI paBHA HYIIIO, a IIPaBasi HET).

Ilpu a =1 ypasuenne umeer Bug 0-x =0, T.e. 06e ero yacTu npwu Jiko-
OOM 3HAYCHHH X PaBHBI HYIIO. B 3TOM Citydae KOpHEM ypaBHEHHS SIBISICTCS
J11000€ JEHCTBUTEIHLHOE YUCIIO.

Mpu a#0 u a#1 gens o6e yactu ypapHenus Ha a° —a # 0 , momyda-
e x=207D 2

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

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

x x-2
Pewenue. D10 ypaBHEHHE HE sBJISCTCs NHHEHHbIM, HO pd X %0 u
X #2 mnpusomurcs K ciepyromemy 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.

PasnenuB o6e 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 3HAYCHUSX Mapamerpa d =2 U @ =—1
YPaBHEHHE HE UMEET PEIICHHUS.

Pacemorpum cayuait a =0,5. B 9ToM ciydae HCXOJHOE ypaBHEHHE

LS L5

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

Omeem. Ecu a € {—1; 0,5; 2}, 10 penienuii 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 JH-
meitnomy: (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. HaiileM Te 3HAYCHHUS MTApaMeTpa d , IpH
2a° —4a

a’+2a-2

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

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

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

2a*> —4a
X =———— HpH ApYI'¥UX 3HAUYCHUAX 4 .
a +2a-2
Hepagsencmea

Hepasencta Buma ax+b>0, ax+b>20, ax+b<0, ax+b<0,
rae a # (0 Ha3bIBAIOTCA IUHEHHbIMU HepaseHcmeamu. 3HaueHe apaMerpa
a =0, Tak e KaK ¥ JUIsl JIUHEHHOTO YPaBHEHHUS, ABJSETCS KOHTPOJIbHBIM.

Ipumep 7. [Ana kajxcoozo snayenus napamempa d peuwums Hepasei-
cmeo ax>1.

Pewienue. TIOCKONIBKY NP PEIICHHU HEPABEHCTBA MPUICTCS JICIUTH HA
a , neobxoaumo paccMotpeTh Tpu cinydas: a <0, a=0, a>0.

B ciyuae a <0 mpu meneHum oGenx 4yacTedl HEPABCHCTBA Ha OTpPHIa-
TEJIbHOE YKCIIO 3HAK HEPABEHCTBA M3MEHSETCS Ha MPOTHBOIIOJIOKHBIN, MO-
sToMy nosydum x <1/a.

Ipu a =0 HepaBEeHCTBO HE MMEET PEIICHHUIA.

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. [Ipu pemieHHd HEPaBEHCTB CIeAyeT 00palarth BHUMAHHE

Ha TO, 4TO (POPMATILHOE PEIECHHE, T.€. PEIIEHUE, IPH KOTOPOM JIEBBIE H TIpa-

BBIE YaCTH HEPABEHCTBA JIENATCS Ha BHIPAXKECHHE, COIEpIKaIlee MapaMeTp HITH

[IEPEMEHHYIO, MOKET IIPUBECTU K HEBEpHOMY 0TBeTY. HeoGXomaumMo ciiequTh
3a 3HAKOM BBIPKCHHSI, HA KOTOPOE JICISITCS 00€ YaCTH HEPABEHCTBA.

Ipumep 8. Jua xascdozo sHauenuss napamempa 4 pewunms HepaGeH-
cmeo a’x>4x+2—a.

Pewenue. TIpeobpazyem UCXOTHOEC HEPABEHCTBO K BUIY
(> =Hx>2-a.

2
KoHTpoJibHbIE 3HAYECHHS TapaMeTpa moiyvaeM u3 yciuosus a —4 =0,
T.e. @a=—2 win a =2 . DT 3HaueHus pa3busaoT ocb Ja Ha TpU Npome-
KyTKa (cM. puc. 4):
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1)a<-2; 2) 2<a<2,; 3) a>2.
2
Ha ka[oM U3 3TUX NPOMEXYTKOB pelnuM HepaBeHcTBO (a” —4)x>2—a.
Bnauenus @ =—2 u a =2 TpebyIOT OTAEILHOIO HCCIENOBAHMS.
Ipu a =—2 wuepaserctBo umeeT Bun 0- X >4 u He MMeeT pericHui.
Ipu a =2 nonyuaercs HepaBeHcTBo 0-X >0 U ero perieHnem sBiseT-
csmoboe xR

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

1
a+?2
Hanecem IMOJIy4acMbI€ B XOJC pCHICHUA OTBCTHI Ha COOTBETCTBYIOIIHC
NPOMEKYTKU uKcioBoii ocu Oa (cM. puc. 4).

Ecm 2>a>-2,10 a° —4<0u x<—

Puc. 4
Omeem. Eciim a < -2 ,T10 X > — ; €CIIH @ = —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 2> — )
a+2

3ameuanmue. 113 npuBeICHHBIX IPUMEPOB BHIHO, YTO PEIICHNUE ypaBHE-
HHUH ¥ HEPAaBEHCTB C MapaMeTPOM OTJIMYACTCS OT PELICHUs] YPABHEHUH U He-
paBeHCTB Oe3 ImapameTpa TeM, YTO Ha BCEX JTallax PELICHHUs HYXHO Oosee
BHUMATEIbHO CIEANTH 33 KXKJOH omepanuell ¢ TOYKH 3PSHUS €€ BBIIOIHH-
MOCTH TIPH Pa3JINYHBIX 3HAYCHHSIX IlapaMeTpa, a TakKe 3a TeM, YTOOBI HOITy-
YEHHBIC PELICHHUs HE BBIXOAWIN 32 PaMKH JOIMYCTUMBIX 3HAYCHUI IepeMeH-
HOH.
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3adauu 011 camocmoAmenbHO20 peuleHus

I[J'Iﬂ Ka)Xa0ro 3HAa4YCHUA 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 P42
122.0) (@ -2a)x =222, 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. OmpenenuTte, Mpu KakoM 3HAYEHUH TapaMeTpa d He UMEET pelle-
HUI 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 d 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 xax7qoro 3Ha4eHUs MapaMmerpa d permre
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>22—a; 6) (a’—9)x<a’ —9a.
1.2.10.2) (¢’ —4)x>(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, rne k,b € R. I'paduk
nuHenHol GyHkuun — npsamas. Yucino k — ee yanoeoii koagppuyuenm, vc-
JICHHO PABHBII TAHTEHCY YIJIa HAKIOHA MPSIMOU K ocu abcuuce. Buipakenue
ax+by+c=0 raxxe 3agaer npsmyro Ha wiockoctd OX) W HA3bIBACTCS
o0wum ypasnenuem npamoii va naockocmu Oxy. B ocHoBe 3amau, CBs-

3aHHBIX C CHCTE€MaMH JIByX JMHEHHBIX YPaBHEHHH C JBYMs HEU3BECTHBIMH,
JIEXKHUT BOMPOC 00 MCCIECJOBAaHWM B3aUMHOTO PACIONIOXKEHHs Ha IUIOCKOCTH
JIByX MPSIMBIX, 3aJAHHBIX YPAaBHCHUSAMHU

ax+by+c=0muax+by+c,=0.
Cucrema ypaBHCHUH
ax+by+c =0,
a,x+b,y+c, =0,
HE MMEIOoIIas PelIeHUH HA3bIBACTCSI HeCO8MECHHOI, UMEIOIIAsi POBHO OJHO
peIIeHNe — onpedenennoil, Meromas 0oiee OTHOTO — HeonpeoeleHHOu.

Ecnu ko3¢ GuIMeHTs B ypaBHEHUSIX CHCTEMBI 3aBUCST OT IIapamerpa, u
CTaBHUTCS BOIPOC 00 MCCIICAOBAHUH CHCTEMBI, 3TO O3HAYAET, YTO HEOOXO M-
MO yKa3aTh 3HAYCHUS MapaMeTpa, MPH KOTOPHIX CHCTeMa HECOBMECTHA, HE
OTIpeNieNIeHa, OIpeIeTieHa, i HAliTH ee peIeHus.

Bamaua 1. Ilyeme ax+by+c¢, =0 u a,x+b,y+c, =0 — obwue
YpasHerust 08YX NPSMbIX HA NJIOCKOCIU. DMu npsmvie 1ub0 nepecekarmcs,
aubo napannenvhsl, b0 cognadarom. Hcxoos uz 3mozo, 8vléecmiu YCiosus,
KOMOPbIM — QONJICHBL  YOOGIemeopsimy — kodppuyuenmor  a,, b, ¢, u

a,, by, c,, umobel cucmema deyx nuneinvix ypasnenui
ax+by+c =0,
ax+b,y+c,=0
umena eouHCmeeHHoe peuterue; umena OecKoHeuHo MHO20 pemeHuﬁ; He

umena peweHu.
Pewenue. Tlpu b, #0 u b, # 0 npuBeneM ypaBHEHHS K BUITY

a ¢ c
y=—"tx+Lt=kx+muy=—"Px+-2=kx+m,.

1 1 2 2

%
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IIpsiMble coBmagatot, ec k, =k,, m, =m, , N MapauIeIbHbl B CIIydae

k, =k,, m #m,. Ecnu npsmele cOBIaNalOT, TO KOOPIUHATHI KaXKIOH TOY-

KM TIPSIMOM YIOBJIETBOPSIIOT CHCTEME YPABHEHUI, T.€. CHCTEMA UMEET BECKO-
HEYHO MHOTO PElIeHU. B ciydae mapaluiensHOCTH MPAMBIX, Y HUX HET 06-
I[UX TOYEK U, COOTBETCTBEHHO, CHCTEMA HE MMEET PEIECHHUH.

[IpsAiMbIe TIEPECEKAOTCSA, €CIU MX YIIIOBbIE KOI(D(HUIMEHTHI HE PABHBI,
T.e. k #k,. B aToM ciydae cucTeMe YAOBICTBOPSIOT KOOPAWHATHI BCETO
OJIHOM TOYKM (TOYKU MEPECEUECHHS MPAMBIX), W, CIEIOBATENBLHO, CHCTEMA
MMEET E/IMHCTBEHHOE PEILEHHE.

Ecmu B xakom-1100 ypaBHeHHH 00a KO3QPHIIMEHTa TP MEPEMEHHBIX X
¥ ) PaBHBI HYJIO, @ CBOOOIHBIN YWIEH OTIMYEH OT HyJIsl, TO CHCTEMA HE UME-
€T pelIeHUI.

Ecin omun n3 xosduumenros b, (i =1;2) pasen Hyimto, a Ipyroi ot-
JIMYEH OT HyJIsl, TO COOTBETCTBYIOLIEE YPABHEHHE d,X =—C; 3a/1aeT NPsMYIO,
napauienbuyto ocu Oy, a Ipyroe — He NapalieNbHyo eil. B aToM ciydae

UMEETCsl O/THA 00IIast TOUKA ¥ OJTHO PEIICHUE CUCTEMBIL.
Ecin 06a xoaduumenra b, (i =1;2) pasHsI HyiIr0, TO UMEEM JABE Ia-

¢ ¢ y
palIesIbHbIE IPAMBIE @)X =—C, U d,X =—C,, IPd —- # — DEIIEHHii HeT,

a a
G _6G .
Npyd — = —= OpsMBIE COBIAAIOT, UMEETCS OECKOHEYHO MHOTO PEILEHHUIA.
a a
a b ¢ .
Omeem. Ilpy — = — = — — GECKOHEYHO MHOTO PEIIEHUH;
a, h G
a b ¢ . a, _ b
OpyY — = — # — — PEIleHUH HET; NP —- # — — eJIMHCTBEHHOE PELICHUE;
a, b, ¢ a, )

ecm b, =0 wmm b, =0 u g, #0, a, # 0— eauHCTBEHHOE pEIICHIE;
G _5% .
ecmu by #0, b, #0 mw a, 20, a, #0, To Ipn — # —= pelrenuil Her,
a a4
G _6

ampu — =—= CcHCTeMa UMeeT OECKOHEUYHO MHOTO PEIICHHH.
a a
1 2

18



Hpumep 1. Hccreoosame cucmemy aunelHvix ypasHeHul
(a—2)x+27y=4,5,
2x+(a+1)y=3.

Pewenue. Vlcions3ys pelieHue NpeAplIylieil 3ajaun, Onpenenum 3Ha-

a-2 27
YeHUs IapamMeTpa d , IIPH KOTOPBIX = T DTO BO3MOKHO, €CIIH
a—+
a’—a-56=0 (a+1#0),re.upn a=8 wm a=-7.
. a-2 27 3
Ecimu a =8 umm a =—7 , To pelleHuii HET, TaK KaK = #—.
2 a+l 2

Ipu a#8 u a#—7, yMHOXKas TIepBOC ypaBHEHHE CHCTEMbI HA —2, a
BTOpOE Ha @ — 2, ¥ CKJIa[(bIBast JIEBBIC M TIPaBbIe YaCTH YPaBHEHHM, U3 MOIY-
y y 3(a-5)
YEHHOTO JINHEHHOrO ypaBHEHUS HaljeM ) =——————. AHaJIOIHYHO
(a—8)a+17)

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

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

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

JIEHCTBYsI, HaillmeM X = CrnenmoBarenbHO, CHUCTEMa MpHU

ecim a#=—7 nu a#8, 10

Ipumep 2. Onpedenums, npu KaKux sHaveHusx napamempa a ypaeHe-
nua x+ay =1 u ax+ y=2a umeiom xoms 6u1 0010 00Wee peuienue.

Pewenue. Pemmiv obpatHyro 3amady. Hafimem 3HaueHus mapamerpa d ,

x+ay=1,
IPH KOTOPBIX CHCTEMa YpaBHEHUI HE UMeeT pelieHud. JTo
ax+y=2a
a 1
BO3MOJXXHO (CM. pemieHue 3afaun 1), ecimm — = — # — (¥).
a 1 2a
a o
U3 paBeHcTBa — = 1 HaxoquM a =—1 wmu @ =1. [lns oTux 3HaueHU
a

HEPaBEHCTBO B (*) TakKe BHIIOIHACTCS.
Omegem. a=—1 wm a=1.
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IMpumep 3. IIpu kaxux snavenusx a ona mobozo b natidemcs xoms 6ol
00no ¢ maxoe, umo ypasuenus. 2X+by =ac’ +c u bx+2y=c—1 ume-
fom xoms 0bl 00HO 00Wee pewieHue?

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

Ts1 OBl OZIHO OOl1Iee pelleHue, ECIIM UMEET PELICHUE CHCTEMa YPaBHEHU I
2
2x+by=ac” +c,
bx+2y=c—1.

Bo3MOKHBI criefyromie BapHaHThI.
a) Cucrema ypaBHEHHH MMEET €AMHCTBEHHOE pelreHue. B aTom cimydae

b
KO3()(DUIMEHTHI TPH HEU3BECTHBIX TAKOBBI, YTO —iE, Te. b#-2 nu

b#2 .Tlpu b#—-2 u b#2 cucremMa UMeeT peLIEHHE 1JIs1 JIFOOBIX d U C .

6) Cucrema ypaBHEHHI UMeET OECUHUCIEHHOE MHOKECTBO PEIIeHIH. JTO

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

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

Mpu b=-2 nmeem ac’ +c=1—-c wm ac® +2c—1=0. B srom ciy-
yae ¢ Haligercs, Korga auckpuMunanT ypasaenus D =4+4a >0, 1.e. npu
a>-1 (**).

IMTockoNBKY MO YCIIOBHUIO 3a7a4d HAJ0 HAWTH 3HAYCHUS d , IPU KOTOPBIX
CYILECTBYET XOTs OBl OJHO C TaKoe, YTO JaHHBIC YPAaBHEHUS UMEIOT XOTs OBl
0/1HO 0blIIee pelieHue it JI000ro b, To 3HAYEHUs ¢ HANIYTCS NPU OIHO-
BPEMEHHOM BBINIOJIHEHUH YeaoBuit (*) u (**), T.e. mpu —1<a < 0.

Omegem. —1<a<0.
ax—by =0,

Ipumep 4. Hccneoosamos cucmemy ypasrenuii 4

a x—by=ab.
Pewenue. Paccmorpum ciiydan b=0 u b#0.

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

TenbHbix aucen (x;y). Ecmm a # 0, To cuctema nmeer Bug
ax=0.
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Ee peurenuem siBisiercs o6ast mapa uucen suaa (0;)),rne yeR.

by =0
2) b#0. Eciu a=0, 10 cucrema uMeeT BUjL " Ee peuicHneM
by =0.
sBsieTcs N00as napa yncen uaa (x;0),rne x e R.

a
Ecmu a # 0, 10 u3 ycnosus —- = ry =1 cnenyer a =1 u cucrema ume-
a

x—by=0,
€T BUJ, B arom ciyuae pemeHuil Het.
x—by=>b.

HpI/I a#1 u a#0 cucrema umeer CIMHCTBCHHOC PCIICHHC BHIA

=)
a-1"a-1)

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

ect a#0u b=0,10 (0;y), 106 YER ;
ecmn a=0u b#0,710 (x;0), 116 XER;

b a
ecmd a#1, a#0 u b#0, T0 eIMHCTBEHHOE PELIEHUE 1; 1 ;
a-1 a-

ecmu a=1 u b#0, 10 HET pelenuii.
3aoauu 011 camMocmoamesnbHo20 peuleHus
1.3.1. [Ipu kakux 3HAYEHUSX 71 HE UMEET PEIIeHUH cucTeMa ypaBHe-
it ) {(m2 +dx+my=7, 5 {(l+2m)x+5y =17,

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

1.3.2. Omnpenenute, NMpHU KakWX 3HAYCHUSIX ( WMEET OECUMCIECHHOE
MHO>KECTBO PELLEHUI CUCTEMa YPaBHEHUM:

. {3x+ay=3, . {(a—2)x+27y=4,5,
ax+3y=3; 2x+(a+1)y=-1.

1.3.3. Onpenenure, Npu KakuxX 3HAUYCHUSAX MapaMeTpa d HE UMEET pe-
ax+3y=a +1,

! {(3a+14)x+(a+8)y =5a" +5;

LICHUH CUCTEeMa YPaBHEHUM:
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3ax+2y=6a-12,
(2,5a+2)x+(a-2)y=14-"T7a.

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 3HAYEHUAX d s Jroboro b Haikimercs
XOTS OBI OZTHO C TakKoe, UYTO KaKJas U3 CICTYIOINX CHCTEM MMEET XOTS OBl
2 _
x+by=ac” +c, 5 {x+by—a,

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

bx+2y=c—1;

1.3.6. Haiinure BCe 3HaueHHs mapamerpa d , HIPU KaXKAOM U3 KOTOPBIX
IUIsL JIF000T0 3HAYEeHWs rapamerpa b cucreMa ypaBHEHUE MMEET XOTs Obl
ofHO pentenue (X, ,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. Onpenenute, NpH KakuX 3HAYEHUSX [apamMeTpa « HUMeEeT
€IMHCTBEHHOE PEIICHHE B LIEJIBIX YHCIIaX CHCTEMa HEPABEHCTB!

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

1.3.8. Onpenenure, nNpu Kakux 3HAUCHUSIX MapaMeTpa d KOOPJUHATHI
XOTs Obl OIHOM TOYKH 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,
0 ecmn A(2;2) u B(4;8).

2y-5x—-a<0,
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IJTABA I1. KBagpaTHblii Tpex4jieH

CnpaBo4HbIil MaTepuaJl

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

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

2
b dac—-b
X =—— , y = ——
¢ 2a ¢ 4a
IIUCChlI TOYCK HepCCG‘IGHI/IH Hapa6OJ'ILI C OChHO Ox A6AIOmMCA KOPH}IMM
Keadpamnozo mpexlmena, T.C. pCIHeHI/IﬂMI/I KBaHpaTHOFO ypaBHCHI/IFI
2
ax” +bx+c=0, (2.1)

" BBIYUCJIAKOTCA C IIOMOIIBIO (I)OpMyJ'ILI

L —b+D —b+~b* —dac
b2 2a 2a '

Ipu D <0 ypasuenwue (2.1) He nMeeT KopHeit (Mmapaboiia He mepecekaeT 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,); mpu D >0 — 1Ba kopHs X, = X,

Ipu peumrennn ypaBuenus (2.1) 3nauenue mapamerpa a =0 sBisiercs
KOHMPONbHBIM, TaK KaK B 3TOM CIIydae ypaBHEHHE HE SIBIISETCS KBaJpaT-
HBIM.

Besxuit KBaJpaTHbIN TpEXUJICH (xBagpaTHuHas byHKIMS)
2 2
f(x)=ax" +bx+c npencraBum B Buzge f(x)=a(x—x,)" +y,.
Mnuoscecmeo 3nauenuii kanpatnanoit gpyuxuwan f(x)=ax’ +bx+c:
E, =[y,;+%) npu a>0 u E, =(-0;y,] npn a<0.

Ecmu a >0, to naumenvuee 3snauenue min f(x)=y,; eciu a<0,
X

TO Haubonvuwee 3navenue max f(x)=y,.
X
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§2.1. Pemienne KBagpaTHBIX YPABHEHUI €
K03 PpuureHTamMu, 3aBUCAILIUMH OT IApaMeTPOB

Haubonee pacnpoCTpaHEHHBIM THUIIOM 3a/1ad C MapaMeTPOM, CBS3aHHBIX
C KBaJIPaTHbIM TPEXWICHOM, SIBISFOTCS 3a/1aud MO OMNPEICICHHI0 KOpHEH
KBaJIPATHOI'O YpaBHEHHMS, KO3(OHUIMEHTEI KOTOPOrO 3aBHUCSAT OT IapameTpa.
[Ipu ux pemernn ucnoib3yercs ¢opmyia (2.2) ¥ UcCIeTyeTcs IUCKPUMHE-
HaHT. OTAeNbHO HEOOXOJMMO paccMaTpuBaTh Cilydaid, koraa Kod(hGHIUeHT
npu x° paBeH HyII0 M ypaBHCHHE HE SBIACTCS KBAADATHBIM, H (HOpMya
(2.2) HennpumeHuMa.

Kak y»e 0TMe4anoch BbIIIIE, OTBET 3a/1a4H JIOJDKEH COMCPIKATh PEIICHHUSI
JUTsl BCeX 3HAUYCHUI MapaMeTpa B MOPSAKE BO3PACTAHHS €ro OT —00 10 +00 .
Jnsi KOMIIAKTHOCTH OTBETa BO3MOXKHO OOBEIHMHEHHE NPOMEKYTKOB JUIS Ta-
pamMeTpa, Ha KOTOPBIX (YOPMyYJIbI PEIICHHS COBIAIAIOT.

PaccMOTpUM HECKOJIBKO TUIIOBBIX IIPUMEPOB.

Hpumep 1. s xadsxicooeo OelicmeumenvbrHoeo 3naueHus napamempa d
2
pewums kéaopamuoe ypasuenue ax” +2x+1=0.
Pewenue. Tlpu a =0 wucxoaHoe ypaBHEHUE SIBISIETCSA JHMHEHHBIM U

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

Ilpu a #0 wucxoaHOe ypaBHEHHE SIBJISETCS KBaapaTHbIM. Ero aumckpu-
munaut D =4 —4a . Ksagparnoe ypaBHeHue umeer peutenue npu D >0,
T.e.ipu a <1.

Ecmu a=1,10 D =0 u ypaBHeHUe UMEET OUH KOpeHb X = —1.

Ecmu a#0 um a<l, To HCXOmHOE ypaBHEHHE HMEET [Ba KOPHS

_—1-vl-a " _—1++vl-a
a a .

X X

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

—-1-+1-a . —1++v1-a
R

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

X

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

Mpumep 2. Jns kascooeo OelicmeumenvHo2o 3Hauenus napamempa a
pewums K6a0pamHoe ypasHeHue

ax’ +2(a+1)x+2a=0.

Pewenue. Tlpu a =0 ypasuenue numeet By 2x =0, oTKyaa moaydaem

x=0.
Opu a#0 muckpumunaar D =4(a+1)° —8a° =—4(a’ —2a-1).
Vpasuenune nmeer pemenne npu D > 0, T.e. mpu ae[l—\/z;1+\/§].
Ecin azl—\/E,To xzx/z;ecmzl a=1+\/5,T0 x=—\/§.

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

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

2 — .
a

1

Ipu a e[l—ﬁ;uﬁ] ypaBHEHHUE HE UMEET PEIICHUI.
Omeem. Ecnu a € (—x; 1—\/5) u(l +\/§; +00) , TO peleHuii HeT;
ecim a=1—\5,T0 x=\/§;ecm/1 a=0,10 x=0;
eciu a=1+\/§,T0 x=—\/5;

ecm 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 IpuMep, B KOTOPOM NapaMeTp B SBHOM BHJE HE CO-
JIEpKUTCA, HO 3a/1ada B XOJIC PELICHHUs] CBOJUTCSI K MCCIICIOBAHHUIO CYIIECT-
BOBAHUsI KOPHEH KBaJPAaTHOTO ypaBHEHMS ¢ KO3()(DUIIMEHTaMH, 3aBUCSIIIMHU
0T TapaMeTpa.

Hpumep 3. Hatimu naumenvuiee sHauenue X, npu KOMOPOM Cyujecm-
gylom yucna y u Z makue, Ymo GblNOIHACMCSA PAGEHCHIGO

X422y + 2 +xy—xz—yz=1.

Pewenue. PaccMOTpUM JAHHOE PAaBEHCTBO KAaK KBaJpaTHOE ypaBHEHHE
OTHOCUTEJIBHO IIEPEMEHHON Z
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2 —(x+y)z+ (x> +2y> +xy-1)=0, (2.3)
I/Ie IGpEMEHHBIE X W ) SIBIISIOTCS IapaMeTPaMHu.
VYpaBHenue (2.3) UMeeT pelIeHue, eClH 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)
TJie IEpEMEHHast X SBISICTCS TapaMETPOM.
HepagenctBo (2.4) nMeeT peleHue, eciu ero JUCKpUMUHaHT D, Heot-

punatenen (D, = 4x” —28-(3x* —4) =112 -80x7).
D, >0 112-80x" 20@%2;8 oN7/152x2-47/5.

Haumensiiee 3HaucHme X, IpU KOTOPOM CYULIECTBYET PCIICHUE ) HE-

pasenctBa (2.4) u pemenne z ypasHenus (2.3), pasao —/7/5 . Cunenosa-
TenbHo, —7/5 — HauMeHblIee 3HAYEHHE X, YIOBIECTBOPSAIOIIEE YCIOBUIO
3aj1a4n.

3adauu 0na camocmoamenbHozo peuleHus

2.1.1. Pewute 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-1)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. JloxaxxuTe, 4TO €CJIX B KBaAPATHOM YPAaBHEHHU ax’ +bx+c=0:

a) TIOMEHATh MecTaMH KOA((QHUIIMEHTE d W C, TO TOIyYUTCS ypaBHE-
HHE, KOPHU KOTOPOTo OyIyT 0OpaTHBI KOPHIM JAaHHOTO;

0) noMeHsTh 3HaK Kod(hduuuenTa b, TO NOIYUUTCS YpaBHEHHE, KOPHH
KOTOPOTO OyIIyT MPOTHBOIIOJIOKHBI KOPHSIM JaHHOTO;

B) KO3 GUIKEHTBl @ U C Pa3HbIX 3HAKOB, TO OHO UMEET JICHCTBUTEINb-
HBIE KOPHU;

) K03 HUIMEHT a MONOXUTENIEH U TUCKPUMHUHAHT PaBEH HYJIIO, TO Jie-
Basl 4aCTh ypaBHEHMs €CTh HOJHBINA KBaJpaT U, HA00OPOT, €CIH JIeBast 4acTb
YpaBHEHUsI €CTh MOJHBIH KBaapar, TO KOAGGHUIUEHT d TOJOXKHUTENICH U JIUC-
KPUMUHAHT paBeH HYJIIO;

1) Bce KOA(QUIMEHTH PalMOHATBHBI M JUCKPHMUHAHT €CTh IMOJIHBINA
KBaj[paT PalOHATBHOTO YKCIIA, TO KOPHU YPAaBHEHUS palliOHAIIBHBI.

2.1.7. JIns xkaxaoro 3HaueHUs mapamerpa d ONPEIeIUTe YUCIO pelle-
HUH ypaBHEHHS (KpaTHBIC KOPHU YPaBHEHUS CYNTATh OTHUM PEIICHUEM):

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

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

2
2.1.9. Ilyctp 9ncna X, ¥ X, — KOpPHU ypaBHeHus X +ax+bc=0, a

2
4yuciia X, U X; — KOpHU ypaBHCHUsA X~ + bx + ac =0 . [Tokaxkure, 4TO YKCIa

2
X, U X; — KOpHHU ypaBHeHust X +cx+ab=0,ecin ac # bc .
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§2.2. I'paduk KBaApaTHOIO TpexX4JieHa

Ipumep 1. Onpederums 3naxu xkospuyuenmos a,b u c, ecmu epa-

@ux keadpamuunou ynkyuu y = ax® +bx +c umeem 6ud, usobpacennbiii
Ha puc. 5.

Pewenue. 3Hak kodphUIIMECHTA @ ONIPEACTICTCS YA
HanpaBjicHHEM BeTBel mnapabonbl. Tak Kak BETBU
niapaboJibl HarpaBJieHbl BBEpX, T0 @ >0 .

U3 yenosust y(0)=a-0> +b-0+c=c nonyda-
€TCsl 3HAaUYEHHWEe OPJWHATHI TOYKH TMepecedeHus mapa- 0
6oibi ¢ oceto Oy Ha pucyske 5 Bugno, uro ¢ <0 .

Bepmmaa mapabosibl pacnosiokeHa IpaBee OcH

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

a
nonyuaem, 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 kBaapatHbiii Tpexunen f(x) = ax’ +bx + ¢ ue ume-

€T KOpHEeH, To ero rpaduk He UMeeT O0IMX TOYEK C OChIO abcIcce, T.€. pac-
MOJIOKEH BBIIIE (BETBH MapadoJibl HAMPABJICHBI BBEPX) WM HIDKE (BETBH
napaboJibl HanpasieHsl BHU3) ock Ox . OTO 03Hayaer, 4To JUlsl BCeX 3Hade-
HUH X KBaiparHbii TpexwieH [ (X) MpUHUMAET 3HAUEHHUs OJJHOTO 3HAKA.

3amerum, 4to /63 a —\/ib+\/70 =
=J7Ba-3b+c)=T(a(-3) +b(—/3) +c).
W3 ycnosust J63a—-21b++/7¢<0 CIIE/IyET, YTO
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.
Omegem. c <0 .
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Mpumep 3. Touxa A(6;—12) sewsemcsa eepwunoi napabonw

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

yuccy, pasuyio 8. Onpederumo snauenus Koagpguyuenmos a, b u c.

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

2
b 6 dac-b
MyJgamd X, =——=0, y, =————
¢ 2a ¢ 4a
HepCCCKaCT OChb a6CL[I/ICC, TO €€ BCTBU HaHpaBHCHBI BBCpX, T.C. d > O . HO

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

=—12. Tak kak y, <0 n napa6ona

HcxonHas 3a1a4a CBOAUTCS K PEIICHUIO CUCTEMBI YPaBHEHUH

—(b/2a)=6,
A 2 b=-12a, b=-12a,
“Z—_:—lz, —dac—36a* =—12a, = 1324> —36a* =—12a, =
a
64a +8b+c =0; c=32a; c=32a;

a=3,b=-36, c=96.
Omeem. a=3, b=-36, c=96.
Hpumep 4. [nsa xaxcooeo sHaueHus napamempa d ONPeOeIums YuUcio
pewenuti ypasnenus x° +2x—3=a’ —4a .

2
Pewenue. T'paduk KBagpaTHOTO TpexwieHa X~ + 2x —3, crosmero B
JIEBO} YaCTH JAHHOTO YPaBHEHHs — mapaboiia, MMEIoIas KOOPAUHATHI Bep-

mmmsr (X5 ,), e x, =—1 u y, =(=1)> +2(=1) -3 =—4. Tax kak Bet-
BH Mapaboiibl HAIpaBICHBl BBEPX, TO MHOXKECTBO 3HAYCHHN (QYHKIHH
y=x"+2x—3 npeacrasmser [—4;+o0).

[IpaBasi 4acTh ypaBHEHMs JUIA KaXIOrO 3HAYECHHUs Napamerpa d Mpel-
CTABIISIET MOCTOSHHYIO QyHKIMIO y = a’ —4a . Ee rpaduk — npsMast uuus,
napauienbHas ocu  Ox, He uWMeeT OOWMX TOYEK ¢ Iapaboyioll mpu
y=a’>—4a <-4 (1); umeer oxny obmyio Touky npu y =a’ —4a=—4
(2); mBe Toukn ipu Y = a’ —4a > —4 (3).

PaccMoTpyuM KaXkJbpli U3 NIOJIYYEHHBIX CI1y4aeB:

(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 J[Ba PELICHUSL.
Omegem. Ecin a =2, TO ypaBHEHHE UMEET OJIHO PEILICHHE;
ecin a # 2, TO — JiBa PeIICHHS.

3adauu 014 camocmoamenbHo20 peuleHus

2.2.1. Ompexpenure 3HaKd mnapameTpoB a,b u ¢, ecau rpaduk

KBaIpaTUYHOH (QYHKIHMU ) = ax’ +bx +c wuveer B, W300pAKCHHBI HA

puc. 6.
y A y Af\ y A y A
ofl\_J * Jo > o /[ o\
a) 0) B) r)

Puc. 6

2.2.2. UsBectHO, uTO TOuYKa A SBISIETCS BEPINHHON TapaboJIbl
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 + ¢ , mepecekaroueii och OpAUHAT B TouKe N :

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

2.2.4. IToctpotiite rpaduk GpyHKIMH:

2 .
a) y=Xx" —6x+ a , HauMeHblllee 3HaAYCHHE KOTOPOii paBHO 1;

2 .
0) ¥y =—x" +4x+ a, Haubonbliee 3HaUYCHHE KOTOPO PaBHO 2.
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2.2.5. Haiigure kodddunuentsl @, b W ¢ KBaapaTHuHOM (yHKIUH

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. Onpenenure 3HaK KoddduimerTa a KBaapaTUIHON (GYHKINU

f(x)=ax® +bx + ¢, eciu U3BECTHO, YTO:
a) f(=D <1, f)>-1 f(3) <-4
6) f(-3)<-5, f(-1)>0, f(1)<4.

2.2.7. Onpenenure 3Hau€HUs MapaMeTpa C, NPU KOTOPBIX ypaBHEHUE

2
5x"=4x+c=0:
a) UMeeT pa3JIngHbIe JeHCTBUTEIbHBIC KOPHHU;
0) ¥MeeT OJIH KOPEHb (T.e. HIMEeT KOPEHb IBOMHON KPAaTHOCTH);

B) HE UMEET JICHCTBUTEBHBIX KOPHEH;
r) uMeeT XOTs OBl OAWMH OOmMi KOpeHb C

x* +13x-30=0.

2.2.8. Haiigure Bce 3HaueHWs mnapamerpa b, mpu KOTOPBIX Tpaduk

ypaBHEHUEM

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

0) kacaercs ocu abCIuCC;

B) JISKUT BBIIIE OCH abCIUCC.
B kaxgoM U3 MyHKTOB BHIOCpHTE MOAXOSIIEE 3HAYCHHE Mapamerpa U

MOCTPOHTE TpadiKk COOTBETCTBYIOMIEH (PYHKINH.

2.2.9. HccnenyiiTe B3aUMHOE paclojioXeHUE TpaduKoB (QYHKIMH

2 .
f(x)=2x" u g(x)=5x—c B3aBUCHMOCTH OT 3HAYEHUII IApamMeTpa C .
2.2.10. B 3aBucHMOCTH OT 3HaYCHHN IapameTpa d HCCIeAyiTe B3anM-

Hoe pacrionokenue rpaduxos pyukumii 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 3HaYeHHi napamerpa b wuccienyite B3auM-

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

g(x)=5x" +2bx 2.
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B xaxzaom u3 nyHkToB 3aga4 2.2.12 un 2.2.13 npu HallIeHHBIX 3HAYEHUAX
napameTpa rnocTpoirte rpagk COOTBETCTBYIOIICH (YHKIINH.

2.2.12. Onpenenute Bce 3HaYECHUs TapaMeTpa a , IpH KOTOPBIX Tpaduk
2

byukunn y =2x" —3x+a:

a) JIOKUT BBIIIE OCH abCIucc; 0) Kacaercst ocu abCITHCC;

B) IIepeceKaeT och adCIHCC B ABYX TOUKAX;

I) IepecekaeT och abCcuuce B JBYX TOYKax IO MPaByI0 CTOPOHY OT OCH
OpJMHAT;

) TIepeceKaeT och abCIHUCC B BYX TOYKAX IO Pa3HbIE CTOPOHBI OT OCH
OpAMHAT.

2.2.13. Onpenenure Bce 3HaYEHUS IapaMeTpa d , IPH KOTOPBIX TpaduK

2

byukiun y =-x" —4x+3a:

a) JIOKUT HUXKE OCH abCITuCe; 0) kacaercst ocu abcIuce;

B) MepeceKaeT och abCIMCC B ABYX TOYKAX;

T) IepeceKkaeT och adcIyce B JBYX TOYKax MO JIEBYIO CTOPOHY OT OCH
OpAMHAT;

) TiepecekaeT och abCIMCC B JBYX TOYKAxX IO Pa3HbIe CTOPOHBI OT OCH
OpAMHAT.

2.2.14. [Tpu xak¥X 3HAYCHUAX MMapaMeTpa d KBaJPATHBIA TPEXUICH:

2
a) 2x” 4+ X+ @ TPUHUMAET TOJIBKO MOJIOKHUTEIbHbIE 3HAYCHHS;

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

2.2.15. JIns kaxa0ro 3HaYeHHsl apaMmeTpa d OINpeAesuTe YUCIO pellie-
HUU ypaBHEHUS:

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

2.1.16. OmpesienuTe 3HAK YUCENl d U C, €CIM U3BECTHO, YTO KBajpar-

v 2 o
HBIA TpexuiieH ax~ +bx + ¢ He uMeeT KOpHEH H, KpOMe TOTO, CIIPABEITHBO
HEpPaBEHCTBO:

a) 42 a-24b+332¢<0; 6) ga—2b+2x/§c>0.

2.1.17. Jlokaxure, 4TO IpH U3MEHEHUH NTapaMeTpa @ BepIINHA napabo-
JIBI:

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 M 10CTATOYHbIE YCJI0BHUS,
3a1al01Iie BO3MOKHbIE CJIy4au PacloJiOKeHNsl KOPHeH
KBa/IPATHOI'0 TPeX4JieHa

3ajaun ¢ mapaMeTpoM YacTO CBOAATCS K HCCIECJOBAaHHMIO KBAJAPATHOTO
TpexwieHa ¢ Kod(uireHTamMu, 3aBUCSIIMMH OT napamerpa. Peiienne kax-
JIOW TakoH 3aJaud MOYKHO pa3JeNuTh Ha ABa 3Tamna. llepBelil 3Tam COCTOUT B
nepeOpMyITMPOBKE HMCXOMHON 3aJaud M CBEICHHUH €€ K HCCIECIOBAHMIO
KBaJpaTHOTO TpexuwieHa. BTopoii — B MccinenoBaHNH MOTyYSHHOTO KBapaT-
HOTO TpeX4ieHa, CBOZSIIEMCS] K OIpEIelIeHHI0 HEOOXOJUMBIX U J0CTaTO4-
HBIX YCJIOBUH AJIS peaau3aliy OJHOW WM HECKONBKUX BO3MOXKHOCTEH, MpH-
BEJCHHBIX B CIIeAyIONIed HIDKe 3ajade. B kaxknoMm n3 paccMaTpuBaeMbIX
CllyJaeB BBIBOJ] HEOOXOANMMBIX M JOCTAaTOYHBIX YCIIOBHH MOXET OBITH OCY-
HIECTBJICH aHamuTHUecKu. OIHAKO Kbl U3 HUX JIOMYyCKaeT rpaduuecKyro
MHTEPIIPETALNIO U, KaK Oy/leT MoKa3aHO HMXKE, MO3BOJIAET JOCTATOYHO MpO-
CTO BBIBECTH AHAUTUYECKHE YCIOBUS C MCHOJIB30BAHUEM BO3MOMKHBIX IS
KOHKPETHOTO CIy4asi BAPHAHTOB PacIOiI0KEHH Ipauka COOTBETCTBYIOIIE-
T'0 KBaJIpaTHOTO TPEXWICHA.

3agaya 2. C mOMOMIBIO IUCKpUMHHAHTa [) KBagpaTHOTO TpeXwicHa
b
2a
BEPIIUHBI COOTBETCTBYIOMICH MMapaboiibl, a TAKKE 3HAYCHUH (PYHKIUH B OT-
JIENBHBIX TOYKaX, CHOPMYIHPYHTe HEOOXOIMMBIC W TOCTATOYHBIC YCIOBHS
JUTS TOTO, 9YTOOBI ATOT KBaAPATHBIA TPEXWICH:

a) He UMeJ KOpHEeH; 6) uMen eTMHCTBEHHBIN KOPCHb;

B) MMe€JI IBa KOPHSI, PACIIOJIOKEHHBIE [0 Pa3HbIE CTOPOHBI OT uucna d ;

2
ax” +bx +c ¢ nonoxuTenbHBIM KOOQGUIMEHTOM @ abCLUCCH X, = —

T) KMl ZIBa KOPHSI, MeXXIy KOTOPBIMH JISXKHT O0Tpe3ok [d,;d, ];

1) IMeJT IBa KOPHS, Kay/Iblii U3 KOTOPBIX OoJblie uncia d ;

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

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

3) He UMEN KOpHEH, 6ombImx uncia d ;

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

K) UMEJ XOTst Obl OJIUH KOPEHb, OonbIuii uncna d ;

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

M) UMEJI POBHO OJIMH KOPEHb, Gombinuii uncna d |
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H) MMEN POBHO OJIMH KOpeHb Ha uHTepBaie (d,;d,) .

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

0) KBaapaTHblii TpeXwWICH UMEET €ANHCTBCHHbIN KOPEHb, ECIH €ro JIHC-
KPHMHHAHT paBeH Hymo. Ycioue D=0 wm b> —4ac =0 — neobxomu-
MO€ M JIOCTATOYHOE.

Jlns BBIBOAa HEOOXOMUMBIX M JTOCTATOYHBIX YCIOBUH B IOCIEIYIOIIHX
IIyHKTax JaHHOH 3aladd BOCIIOJIb3YEMCS MemoooMm zpajpuueckoii unmep-
npemayuu, T.c. BBIBEJCM aHAIHTUYCCKUE YCIOBUSA U3 rpad)iuecKoro mpe-
CTaBIICHUS 3a/1a9H.

YA

B) Ecnii KBagpaTHEI TpexwieH NMeeT /1Ba
KOpPHS, PacrHoJIOXEeHHBIE 110 pa3Hble CTOPOHBI
or uncna d, Tto (CM. puc. 7) 3HAUEHHUE

f(d)=ad® +bd +c — orpunarensuo, T.e.
yenosue f(d) <0 — neobxomumoe u jpocra- o)

TOYHOC. f(d)

r) Ecnin kBagpaTHEINA TpeXwIieH UMEET 1Ba
KOpHS,  MEXIy

A

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

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

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

JOCTAaTOYHOEC YCJIIOBUE MOXHO TIPE€ACTaBUTH

! >
0 \/ X CHUCTEMON HEPABEHCTB:

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

1) Ecnn kBanpaTHBIN TpeXwieH UMeeT JBa KOPHS, KaXKIbIi U3 KOTOPBIX
Gonbie uncna d , To (cM. puc. 9) ero 3uauenue f(d) MONOKUTENBHO

(MHaYe cM. MyHKT B)), TUCKPUMHUHAHT MOJIOKUTENIEH (YCIOBHE CYIECTBOBA-
HUsI KOpHEH) M abclyicca BepIIMHBI Mapa0oIIbl pacrojiokeHa IpaBee YHcIa
d . CrnenoBareibHO, HEOOXOUMOE W AOCTATOYHOE YCIOBHE MOXHO TMPE/-
CTaBUTb CCTEMON HEPaBEHCTB:
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f(d)>0,
D >0,
x >d.

8

Puc. 9
e) Ecu xBampaTHBIA TpeXdIleH UMeeT

aBa KopHs Ha ortpeske [d,;d,], To (cM. puc. 10) o6a 3nauenus f(d,) u
f(d,) neorpuuarenbHsl (MHAYe CM. MYHKT B)), TUCKPHMHHAHT MOJOXKHTE-
nen (YCIOBHE CYIIECTBOBaHHs KOpHel) W abcuucca BepUIMHBI Mapabosibl
A pacrmonoxeHa Mexmy uncnamud d, u d,.

y

CrnenoBareibHO, HEOOXOAUMOE M JOCTATOY-
HOE YCJIOBHE TMPEICTABISACTCS CHCTEMOW He-

paBeHCTB:
5 > f(d)=0,
d~—"d x £(dy) >0,
Puc. 10 D>0,
d, <x,<d,.

k) Ecu KBajipaTHBIN TpEXUiIeH MMEET JBa KOPHS, PACTIONIOKEHHBIE TI0
OZHOMY Ha KaXIOM H3 [BYX HelepeceKaroluxcs uurepsanos (d,;d,) u

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

TONBKO, ecmu ero 3HaueHust f(d,) wu

f(d,) (amanormano f(dy) m f(d,))

Pa3HOro0 3HAKa. CJIe,IlOBaTCHBHO, HEeoOXo-
JAAMOE€ MU JOCTAaTOYHOE YCIOBHUE MOXKHO
MpEeACTaBUTH CHUCTEMOM HCPABCHCTB!

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

Puc. 11
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3) KBajpaTHbIii TpEXU/IEH HE UMEET KOpHEH, OoNbnX yucia d B ABYX
ciydasx (cM. puc. 12): 1160 oH BOOO-
YA me He umeer kopHeir (D <0), nuGo
KOPHH €CTh, HO OHH HE MPEBHIIAIT d .
CreroBaTenbHO, HEOOXOAUMOE M JIOC-
TAaTOYHOE YCJIOBHE MOXHO MPEICTaBUTh
CIIeIyIOUIeH COBOKYITHOCTBIO:

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

Puc. 12 (D v <d.

n) Ha pucynke 13 npezacraBieHsl 4eThIpe BO3MOXHBIX BapHaHTa pacio-
JIOXKEHUsI TpapuKOB KBaJPAaTHOTO
TpexuIeHa, YIOBIIETBOPSIOIINX

1 YCIIOBHIO JAHHOTO ITyHKTA 3aJa4H.

I. KBagpaTHblii TpexwieH He
numeer kopueit D <0.
II. KopHu KkBagpaTHOTO Tpex-

Vi

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

x,<d,.

3ameuanue. VcioBue HeOTpHLATEIBHOCTH [HCKpuMuHaHTa D >0
BKJTIOYaTh B CHCTEMY HE 0053aTeNIbHO, TaK KaK B IPOTUBHOM CIIy4ae BBIIOJ-
HsAeTCs ycioBue ciydas L.

III. KopHu KBagpaTHOro TpexXwieHa pacroiiokensl Ha ocu OX mpasee

f(d,)>0,
qucia d2 , UTO 3a4a€TCA YCIOBUAMU
x,2d,.

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

WiICHa, T.C. IPU BBIIIOJIHCHUN YCHOBI/Iﬁ

36



O6’I>CHI/IHSISI IMOJYYCHHBIC YCJIOBHS, MMOJTYy4YacM COBOKYIHOCTDH H€06XOHI/I-

MBIX U 1OCTAaTOYHBIX YCHOBHﬁZ

(D) D<o,

b

k) Ha pucynke 14 npencraBiieHbl BO3MOKHBIE BAPHAHTHI PACIIOJIOKEHUS

Y4

I \

=Y

Puc. 14

rpaduKoB
YZIOBIIETBOPSIIOIIUX YCJIOBHIO JaHHOTO
nmyHKTa 3anaud. [lo aHamormm c mpensl-
JYIIAM ITyHKTOM (00benHMB citydan | n
IIT) 3amaum mOITy4aeM COBOKYITHOCTB
HEOOXOIMMBIX U IOCTATOYHBIX YCIIOBHIA:

() f(d) <0,
Du (1T 20,
(T) u (III) od

KBaApaTHOT'O TpEXYJICHA,

D>
x@

1) Ha pucynke 15 npencraBieHsl BO3MOXXKHBIE BApHAHThI PACHIOIOKEHHS
rpa¢uka KBaJApaTHOTO TPEXWIECHA, MMEIOIIET0 XOTsI Obl OJMH KOPEHb Ha OT-

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

BHUI:

(1)
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(D u

MU IyHKTaMH 33Ja4d IOJIy4aeM COBOKYII-
HOCTb HEOOXOIMMBIX W JOCTATOYHBIX YCIIO-

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

1(dy)>0,

D=0,

d <x,<d,.



M) Ha pucynke 16 npeacraBieHbl BO3MOXKHBIE BAPUAHTHI PACTIOIOKEHUS
rpaduKOB KBaPAaTHBIX TPEXWICHOB,

YA HMMEIOIMIHX POBHO OAHMH KOPEHB, 00Jb-
1 it uncna d . Heobxomumeie u qoc-
I TaTOYHBIC YCIIOBHS 3a1aI0TCS
J COBOKYITHOCTBIO:
1 -
ORI/ TR (1) /() <0,
x,>d,

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

H) Ha pucynke 17 npencraBieHsl BO3SMOXKHBIC BAPHAHTHI PACIIOIOKECHUS
rpaMKoOB KBaJPaTHBIX TPEXUICHOB, MMEIOIINX POBHO OAWH KOPEHb HA IMpO-
mexxyTke (d,;d,) . HeobXomumsle 1 TOCTaTOYHbBIE YCIOBHSA HMEIOT BHJ:

Puc. 16

(D () £(d,)- f(d,) <0, Vi
f(d)=0, |

m)¢<%<4+@,

v D=0,

V) d, <x,<d,, 0
f(dz)zo,

(IV)1d, +d, Puc. 17
—=<x,<d,.

3ameuanue. Her He0OXOANMOCTH 3aIIOMHMHATh BCE IPHBEICHHBIEC BBIIIE
oTBeThl. Jl0CTaTOYHO NpH 3aMMCH HEOOXOAWMBIX M JTOCTAaTOYHBIX YCIOBHH
YMETh N0JIb30BaTHCS TPAYUUECKUM MPEICTABICHHEM 3a/1a49H.

[Mpeumy1IecTBO MCIONB30BaHU METOa rpadMuecKoil HHTEpIpETalry B
CPaBHEHHUH C UCTIOJIb30BaHUEM (hopmy (2.2) 3aKiIt09aeTcs B TOM, YTO METOJ
rpayecKoil HHTEPIpeTannuy MO3BOJISET CBECTH 3a/1a4y ONpEJeNCHNs TIpH-
HAJUIe)KHOCTH KOPHEH 3aJaHHOMY INPOMEXYTKY K PEIICHHIO CHCTEMBI pa-
LIUOHAIBHBIX HEPABEHCTB.

,Z[J'If{ WITIOCTpAallu CKa3aHHOT'O PaCCMOTPHUM HECKOJIBKHUX THUIIOBBIX ITPU-
MEPOB, CBA3aHHBIX C UCCIICJOBAHUCM KBAJIpATHOI'O TPCXUJICHA
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Ilpu Kkaxux 3sHauenusx napamempa a4  YypagHeHue

Ipumep 1.
x> =2(a—1D)x+a+5=0 uneem monvko nonoxcumensiwvie KopHu?

Pewenue. CoracHO pe3yJbTaTy MyHKTa 1) PACCMOTPEHHOH BBINIE 33/1a-
YH 7151 3TOT0 HEOOXOMMO U IOCTATOYHO BBITOJIHEHUE YCIOBHUM:

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

HonyqaeM, qToO YCJ'IOBI/IIO 3aa4u y,HOBJ'IeTBOpHIOT 3HAYCHUS r[apaMeTpa
a>4. Omeem. a>4.

Mpumep 2. Haiimu 6ce 3nauenus p , npu Kax#coom u3 KOMopuvix ypaghe-

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

Pewenue. B nanHoil 3amaue HEOOXOAMMO pacCMOTPETh JBa Cirydas
2+ p>0 (BerBu mapalGosbl HampasieHbl BBepx) u 2+ p <0 (BerBu —

Buu3). Juckpumunant ypasaenus D =-8p(3+ p)> 0. Cornacuo npejsi-

JIYIIAM pe3yibTaTaM MOJydaeM CHCTEMY HEPaBEHCTB (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 )>0
> '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 Oeticmeumenivhble 3HaueHus napamempa a , npu

2 .
Komopbix KopHu ypasnenuss X~ + X+ 2a =0 Oeiicmeumenvuul u 6onvuie a .

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

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 Oeticmeumenshvle 3navenus napamempa b, npu

2 .
xomopwix xopnu ypasnernus X~ —2bx —1=0 Oeticmeumenvuwl u ne npesoc-
X00sm no mooynio 2.

Pewenue. Jluckpumunant D =4b> +4>0 npu moGom b . CormacHo
YCIIOBHIO KOPHH YPaBHEHUSI JOJDKHBI IPUHAIEKATh 0Tpe3Ky [—2; 2]. 3ama-

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

3aoauu onsa camocmoamenbHo2o peuienusn

2.3.1. Haiinure Bce 3HaueHUs MapameTrpa d , NpU KOTOPHIX YpaBHEHUE
2 .
x —x+a=0: a) HE UMEET KOPHEH;
0) uMeeT /1Ba paBHBIX KOPHS; B) MMEET /IBa Pa3INYHBIX KOPHS;
r) He UMeeT KopHel Ha otpeske [—2;1];

) IMEET JIBa Pa3InUHbIX KOpHs Ha oTpeske [—2;1];

€) uMeeT X0Ts1 Obl OJIMH 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 yYpaBHEHHE
-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 XO0Ts OBl 0JIMH KOPeHb Ha npomexyTke [—1;4) ;

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

3) HE UMeeT KOpHeH, 0ompImuX 4.
2.3.3. IIpu kaKkux 3HaUEHUAX apaMeTpa d ypaBHEHUE

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

2.3.4. HaiinuTe Bce 3Ha4EHHUS P , IPU KaXKIOM U3 KOTOPBIX YpaBHEHUE
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 OTPHULATEIHLHBIX KOPHS;

r) (p+1)x* + px—2=0 He UMeeT OTPUIATETHHBIX KOPHEIA.

2.3.5. Haifmute Bce 3HAaYeHHA p, MPH KaXKIOM W3 KOTOPBIX KOPHHU
ypasrerus (p —2)x° —2px + p+3 =0 saxmouens B uurepsane (1;3).

2.3.6. Onpenenure, CKONBKO PEIICHUH, YAOBICTBOPSAIOUINX 3aJaHHBIM
OTpaHHYCHUSM, B 3aBHCHUMOCTH OT 3HAUEHHMH Mapamerpa d UMeeT ypaBHe-
HHE:

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, Npy KakUX 3HAYCHUSAX MapameTpa p IpH BCeX X

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

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

Teopema Buera. Cymma xopueii x, u X, Keadpammnozo ypasuenusn

2
ax” +bx+c=0 paena omnowenuro emopozo xko3puuuenma Kk nepeo-
MY, 63AMOMY C NPOMUBONONOINCHBIM 3HAKOM, A NPOU3EEOCHUE PAGHO ON-
HOWEHUIO C80000H020 UNleHA K nepeomy KoIhpuyuenmy:

X +x, =——,
a

c

X Xy, =—.

a
OoparTHas Teopema Buera. Eciu cywgecmeyiom oeiicmeumenvhuie
yucna X, u X, makue, ymo X, +Xx, =—p u X, -X, =q , M0 IMu YUCIa X,

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

K tumy 3amad, ocHOBaHHBIX Ha IpUMEHEHHE TeopeM Buera, oTHocATCS
3aJa4d, B KOTOPBIX TpeOyeTcs ONpenesnTh TaKue 3HAUCHUS MapamerTpa, pu
KOTOPBIX CyMMa WJIM IPOM3BEJCHUE KOPHEH KBaJpaTHOTO TPEXWIEHA paBHA
KakoMy—I100 4YHCITy, CyMMa KBaJpaToB HIN KyOOB KOpPHEH KBaJpaTHOTO
TpexwieHa NPHUHUMAaeT HauOonbllee WIM HAaUMEHbIIee 3HAa4eHHe U T.1.
OOBIYHO NTpUMEHEHHE TeopeM Buera 3HaYUTENBFHO YIPOIIAeT peleHue.

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

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

Pewenue. Eciu KOpPHU KBaJpaTHOIO YPaBHEHUsS CYLIECTBYIOT, TO IIO
TeopeMe Buera

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

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

Ilpy STHX 3HAYCHMAX @ MONydaerTcs ypasHeHme X° —a’ =0, KoTopoe

HMMECT ABa ﬂeﬁCTBHTeHBHBIX KOpH}I.
Omeem. a=1ua=-2.
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Hpumep 2. Ilpu kaxux snavenusx napamempa d npousgeoeHue KopHet
Kkeadpammnozo mpexunena x° +2x+(a’ —5a+6)=0 pasno 2?

Pewenue. Ecnn KOpHU KBagpaTHOIO YPaBHEHMs CYLIECTBYIOT, TO IIO
TeopeMe Buera X, - x, = a*—5a+6. [IpousBenenune KOpHEN paBHO 2, eciau

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

HOE ypaBHEHHE mMeeT BHA X  +2X+2=0 u He HMMeeT [elCTBHTCIBHBIX
KOpHEH.

Omeem. Takux a He CyIIECTBYET.

Ipumep 3. Onpederums snauenus napamempa A, npu KOMOPHIX CYM-

ma S keadpamos kopueii ypasuenus X° +(2—a)x—(3+a)=0 sersemcs

Haumenvweu? Yemy pasna sma cymma?
Pewenue. JMCKpUMHUHAHT YpaBHEHUS

D=2-a) +4(3+a)=a’ +16.Tak xak D >0 npu Bcex 3HAYCHHIX d ,
TO KOpHHU cCyliecTBYIOT. U3 Teopembl 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. HauMeHbliee 3HAYCHIE CYMMbI KBAPAaTOB KOPHEH PABHO 9 1

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

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

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

JIBa PELICHUS B CIICAYIONIHNX CIydasx:
(a) ypaBHCeHHE

Y —(Ba+6)y+4a’ +6a=0,rt0e y=x" (*)
HMMEET eIMHCTBEHHBII KOPEHb U OH MOJI0KUTEJIbHBIN;
(0) ypaBHeHue (*) uMmeeT Ba KOPHS Pa3HOTO 3HAKA.
Haiinem auckpumunant 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 penieHueM ypaBHEHUs
(*) oyner y=(5a+6)/2=(5-(-2)+6)/2=-2. Tak Kak KOpeHb OTpHUIIA-
TEJBHBIM, TO B 3TOM CllyYae He CYLIECTBYET 3HAYCHHH mapamerpa d , YIOB-
JIETBOPSIIOIIMX YCIOBHIO 3a/IaUH.

Ciyuaii (0) paBHOCUIIEH TOMY, 4TO IIPOM3BEICHUE KOPHEH Y, -V, ypaB-
Henust (*) orpunarensHo. [To TeopeMe Buera mpousBeleHne KOPHEH paBHO
¥, -y, =4a’ +6a. CnenoBatenbHo, 3HaUCHHs MapamMeTpa d, YIOBJIETBO-
pSIOIME  YCIOBHMIO  3alaud, SBISIOTCS  PENIEHHAMH  HEPABEHCTBA
4a’> +6a<0,1.e. —1,5<a<0. Omgem. —1,5<a<0.

3adauu 014 cAMOCmMOAmMenbHO20 PEUleHUs
2.4.1. Ompenenute, Mpu KaKWX 3HAYEHUSIX IapamMeTpa ¢ 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 3HAUYEHHSIX IMapaMeTpa d MPOU3BEICHUE

KOpHeii KBaApaTHOro ypasuenus X° —2x +(a’ —5a +6) =0 pasmo 0.
2
2.4.3. Yucna X, ¥ X, ABIAIOTCS KOPHSAMM 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 KopHe# ypaBHenust 2x° +bx+a” =0, naiigure
3HAYEHHUE BBHIPAKEHHIA:

1 X
a) —+—; 6) X, X +X,X5; B) — +
XX

2
>
2 N
2.4.5. U3BecTHO, YTO KBaJpaTHOE ypaBHCHHE 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 3HAUEHUS MapaMeTpa d , IPU KOTOPBIX KBaapaT-
HOE ypaBHEHHE MMEET KOPHH, U ONPEIeINTe 3HAKN KOpHE:

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. Haiigure CcyMMy KBagpaToB BCEX KOPHEW ypaBHEHUS
x> =3|x|+1=0.
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2.4.8. CocraBbTe KBaJpaTHOE YpaBHEHHE C KOPHIMH — W —, [JIe YHC-
X X
1 2

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

2.4.9. CocraBpTe KBagpaTHOE ypaBHEHHE, KOPHU KOTOPOTo ObUTH OBI Ha
e/IMHUIy GObIIe KOpHEH KBaApaTHOro ypaBHerus 3x° +6x—10=0.

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

2.4.11. Haiigute Bce IeHCTBUTENbHBIC 3HAUCHHS TTapameTpa d , Ipu KO-
TOPBIX KOPHH YpaBHEHHUS (a — 3)x2 —2ax+6a =0 pelCTBUTEIBHBI U T10-

JIOKUTEIBHBI.
2.4.12. Omnpenenute Bce 3HAYCHUS MapaMeTpa « , IPU KOTOPBIX KBal-

paTHOE ypaBHEHHE MMEET /1B JACHCTBUTEIBLHBIX KOPHA X, U X,, YIOBJIETBO-
PSIOIINX 3a/JaHHOMY YCIOBHIO, €CIIH:

a) x> +3ax+a’ =0 u x\ +x; =1,75;

6) X’ —ax+a-1=0 u x\ +x; =17;

B) X’ =2a(x—1)=1=0u x, +x, =x_ +Xx,.

2.4.13. [Ipu xakoM 3Ha4eHUU IapamMeTpa Ml CyMMa KBaJpaToB KOpHeEl

ypasuerns X° + (2 —m)x—m—3 =0 saumenbuas?

2.4.14. Onpezenure 3HAYEHHWs1 NapaMeTpa d , OPH KOTOPHIX cymma S
KBAJPATOB KOPHEH ypaBHenms X +2ax+2a’ +4a+3=0 spusercs Hau-
Oonpmeii. Yemy paBHa 3Ta cymMma?

2.4.15. a) [Ipm kakmx 3HAYEHWSIX NapamMeTpa d KOPHH YpaBHEHUS

4 63

6x> +3x—a=0 yJ0oBIETBOPSIOT yCIOBHIO X; -x§ +Xy X =—7?

6) IIpu KakoM IOJIOKUTETHPHOM 3HAYCHUU MapaMeTpa d KOPHM ypaBHe-
1 1 65
Hust 2X° +ax —18 =0 yoBIETBOPSIOT YCIOBHIO ="
xj  x; 324
2.4.16. ITpu xakux 3HAYCHMAX MapaMeTpa d HMeEeT 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. PenieHue KBaApaTHYHbIX HEPABEHCTB
IIpu pemieHNM KBaJIpaTUYHBIX HEPAaBEHCTB HCIOJIB3YETCs CIEAyIoIee
YTBEPXKACHHUE. Ecnu OMCKpuMuHaHm D Keabpamuozo mpexujiena
y= axz + bx +c (Cl >0 ) nonolicumesnen, mo peuieHue Hepasencmea

x*+bx+c<0 ecmb muoncecmeo x € (X,;X,); pewenue nepasencmea
x* +bx+c<0 — muoncecmeo x €[x,;x,], 20e X,, X, — Kopu 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 evinonnsemcsa nepasencmeo y =ax” +bx+c>0.

3ameuanue. Tpu a <0 ymHOXKEHHEM 0OeHX dYacTeil HepaBCHCTBAa Ha
(—1) oHO mpuBOIHUTCS K OJJHOMY U3 HEPABEHCTB, PACCMOTPEHHBIX BBILIIE.

[pu pelieHn KBaIpaTUYHBIX HEPABEHCTB ¢ KO3 (HLIUCHTaMH, 3aBUCS-
LIMMH OT HapaMeTpa, HHorIa ObIBaeT MOJIE3HO HCIOJIB30BaTh METO] rpadu-
YECKOI MHTEpIpEeTaly.

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

2 .

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

HbIX 3HAYCHUAX X .

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

JISIeTCSl KBaJAPaTHYHBIM H, MOKET BBINOJNHATHCS NpU Becex X € R B ciyuae,
2
ecmu BeTBU mapabonsl y =ax" +(a—1)x+a—3 uanpaBieHbl BHU3 U OHA

He nepecekaer och abcuucc. [lonyuaem cucreMy HepaBEHCTB:

(1<0, PN a<07
D=(a—1) —4a(a-3)<0; 3¢* ~10a—1>0.

Pemenuem HOCHe,Z[HefI CHUCTEMBI HEPABECHCTB SBJIAIOTCA BCE 3HAYCHUA
5-27 5-247
a<——-. _
3 3

Omeem. a <

46



Ipumep 2. [lpu kaxux 3nauenusx napamempa a cywecmeyem xoms Ovl
00HO 0DWyee peuiene Hepasencme

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

Pewenue. Pemnm chauana ypasuenus x° +4ax+3a’ —2a—-1=0 u
x> +2ax—3a’ +8a—4=0. Kopuu nepsoro X, =—2a*(a+1); xopnu
BTOpOTO X3, =—a* 2(a—1) . Kospduuuents! npu x* B JaHHBIX HEpaBeH-
CTBAaX IOJOKHTEIBHBL, 103TOMY pemenneM X° +4ax +3a* —2a—1>0
SIBJISIETCS MHO>KECTBO 3HAYEHUM X, JIKAIMX Ha YMCIIOBOM NPSAMOM 3a KOp-
HAMH X, U X,, a pemenueM X +2ax —3a’ +8a—4 <0 — unteppan mesx-
oy X, W X,. KopHAMu mepBoro ypaBHeHHs SBISIOTCS uncia —3a—1 u

—a+1, Broporo —uncna —3a+2 u a—2.

BBISCHHM, MPH KaKMX 3HAYCHHSX [apamerpa @ KopeHb —3a —1 mexur
Ha 4ncinoBoi mpsimoir Ox mpaBee Kopust —a + 1. st aToro pemmm Hepa-
BeHcTBO —3a —1>—a +1. Ero pemenunem Gyner a < —1. CoorBeTcTBEHHO,
npu @ >—1 KOpHHM pacrosiokeHbl B 00paTHOM mopsiike. OTMETHM, YTO HE
CYILECTBYET HH OJHOTO OOIIEro pelIeHUs] HEPABEHCTB, eCIId KOPHH BTOPOTO
YPaBHEHUSI JISKAT MEXIy KOpHsSME mepBoro. Haiinem 3HadeHus mapamerpa,
COOTBETCTBYIOIIME OTMEUCHHOMY CITy4al0, a 3aTeM HCKIIOYUM HX.

JIJ1st 5TOTO peliuM COBOKYITHOCTD JIBYX 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 uMeeT pelleHUM. PeleHueM BTOPOHM SIBISIOTCS
a €[0,5;1,5]. Vckmouast HaliieHHbIE 3HAYEHWSI, TOJTy4aeM OTBET.

Omegem. a € (—0;0,5) U (1,5;+0).
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3adauu 014 cAMOCmMOAmMeENbHO20 PEUleHUs
2.5.1. Ha puc. 19 n3zo0paxeHsl rpadyKy ABYX KBaJIpaTHBIX TPEXWICHOB
w=ax +bx+c, u y,=a,x" +bx+c,. Uucna X,,X, ¥ X;,X, — HX
KOPHU COOTBETCTBEHHO. cronb3ys unucia X;, X, U X;, X, , 3alULIUTE OT-
BEThI IPUBEICHHBIX HIUXKE CHCTEM M COBOKYITHOCTEH HEPaBEHCTB.

VA YA VA Yy A

0| x; Xy | X3 Xy X1 X,
X; X\ x  0|x; o X4y
a) 0) B) r)
Puc. 19
ax’ +bx+c <0, ax’ +bx+c >0,

a,x’ +b,x+c, >0; a,x’ +b,x+c, > 0;

9 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 5) 5
a,x" +bx+c, 20; a,x" +b,x+c¢c, >0;
ax’ +bx+c >0,
6) 5
a,x" +b,x+c, >0.
ax’ +bx+c, <0, ax’ +bx+c >0,
Jmst puc. 198. 7) 8)

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

a,x’ +b,x+c, >0; a,x’ +b,x+c, <0;

ax’ +bx+c >0,
12) ,
a,x" +b,x+c, 20.

I[J'Iﬂ KaXI0Tro 3HA4YCHUA mapaMeTpa d pEIIMTE HEPABCHCTBA.

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 3HaueHUs mapameTpa M, A KOTOPHIX HEPABEHCTBO

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

2.5.8. Haiimute Bce 3Ha4YeHMs 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.

49



§2.6. 3agaun, cBoAsIIMeCs K MCC/IeI0BAHUIO KBAIPATHOIO
Tpex4/eHa

HOpumep 1. Hatimu 6ce 3uauenus napamempa d, npu KOmopwvix oda

6

2 2

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

HbIX KOPHSL U MeHCOY KOPHAMU OOHO20 YPABHEHUS HAXOOUMCS POBHO OOUH
KOpeHb 0pye020 YPasHeHUs (M.e. KOPHU NePeMeNCaloncs).

Pewenue. Ilycts X, U X, — KODHM IIEPBOTO ypPaBHEHMS, 4 X; U X, —
KOpHU BTOporo. PaccMoTpum ciydail pacnonoxeHHs KOpHEH Ha YHCIOBOM
OCH CIIEIYIOIIMM 00pa3oM: X,, X5, X,, X,. Torga

8 8
X +—x,—2a<0u x; +—x,—2a>0.
CnenoBareibHO,
8 8
x: +—x,—2a | x; +—x, —2a |<0
a a
WJTU TI0CJIEe PACKPBITHSI CKOOOK

xix; -+—§x3x4(x3 —i-x4)-i-6—jfx3x4 —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; =00 +x,)" = 2x,x, =?+2a.

Torna HepaBeHCTBO (*) 3anuiIeTcs B BUIE

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

a
Nnin
8
2
a +—<0.
a
W3 mocieIHero HepaBeHCTBa MOyYaeM, 9To B 3ToM ciydae —2 < a < 0.

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

He nepemedxcaromcs, m.e. 0064 YpasHeHUs UMerom Nno 08a KOPHA U MeHCOy
KOPHAMU OOHO20 YPABHEHUSL HeM HU 0OHO20 KOPHSL OPY2020 YPAGHEHUSL.

Pewenue. Juckpumunant
VA HePBOTO ypaBHEHUSI
I D, =16(1-a), Broporo ypasHe-

s D, =9—24a. Oba ypasHe-

HUA HUMCIOT KOpPHH, €CJIM UX OHUC-
KPpUMHWHAHTBI OJAHOBPCMCHHO HE-

-2 A-L35

; > 3
L R2a\i/ |O X OTPHIATENbHBI, T.€. IPH d < — .
i 8
Puc. 20 Abcuucca BepIIMHEL neplaon
napabonsl X, =—2, a BTOPOH —
X, 2—5 (cm. puc. 20). Haiimem abcumccy TOYKH TiepecedeHHs mapadod,

ISl 5TOTO PELIUM ypPaBHEHHE
x*+4x+4a=x"+3x+6a.
[Monyunm x =2a .
Heo0xouMble U JOCTATOYHbBIE YCIOBHS TOrO, YTO UCXO/HBIE YPABHEHHS
MMEIOT [0 JIBA KOPHS U 9TH KOPHU YIOBIICTBODSIOT TPeOOBAHHIO 3a]avu,
COCTOSIT B CIEIYIONIEM:

D, >0, a<3/8,

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

Ora cucTemMa He IMEeeT 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 xoma 6v1 ooun obwuil Ko-
peHb.
2

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

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

X +x +ta= 0. BsrureM W3 TEPBOrO PpaBEHCTBA BTOPOE, TONYUIUM
x(a-1)=a-1, r.e. npu a#1 ypasuenue umeer kopeus x; =1. Iloxcra-

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

OTPUIIATCITEHBL.
Omegem. a =-2 .
2
x —10x+7
Mpumep 3. Hatimu mnoscecmeo 3uavenuil ynkyuu  y = ﬁ
P
x> —10x+7
Pewenue. Ecnmu ypaBHeHUe ﬁ =a (1) umeer permieHHE, TO
¥2—

YUCIIO @ BXOIUT B MHOKECTBO 3HAYCHUH (GYHKIMHU ) . BBISCHUM npu Kakux
3HaYeHUsX a ypasHenue (1) MMeer penreHue.
2
x —10x+7
2, ¢
2x° -1

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

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

2
3ameTuM, 4TO 3HameHatenb apodou 2x° —1 oOpamaercs B Hyib IpH

1 1 1

1
— U X, =—. LII/ICJIa X, =——— "N X, =——=— HE€ ABJIAKTCA KOp-
NN} TR R P

X, =—
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HSMH ypaBHEHHMS (2) HH IPH KaKOM 3HaYCHHU IapameTpa d . B 3ToM MOXHO
yOenuThCs, MOACTAaBUB X B JIEBYIO YacTh ypaBHeHus (2). Hampumep,

1Y 1 15 10
(20—1)[$J —10($j—a—7——?—$¢0.

Omgem. E =(—0;—4,5]U[-2;+00).
3a0auu 0nsa camocmoamenbHo2o peeHun

2.6.1. [Ipu kakuxX 3HAYCHHUAX MapaMeTpa d WMEIOT XOTS OBl OIUH 00-
LU KOPEHb YPaBHEHUS:

a) 2x" +x—a=0u2x"-7x+6=0;

6) 2x* —6x+a+2=0u3x +2x-3-a=0?

2.6.2. Ilpm kakux 3HAYEHUSIX TMapamMeTpa d  HEpaBEHCTBA
(6a—5)x>=5(a-1Dx+2a—-6>0 u x’+6x—7<0 nmeior xots 6bl
onHO obriee penienne?

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

; 0) y=

Q) y=————— _—
)Y 2x* —x—1 2x* +x—1

2.6.4. Haiimute Bce 3HAa4CHUS MapameTpa d , MPH KKIOM K3 KOTOPBIX
JJI1 BCEX }IeﬁCTBI/ITeHLHLIX 3HAYCHUAX X BBIMOJIHACTCSI HCPABCHCTBO!

2 2
. 2x +2x+3< X —2x+2>

<a,; 0 >a
X +x+1 ) x> =3x+3

2.6.5. Haiinute Bce 3HaueHUs mapamerpa d , IpHU KaXIOM U3 KOTOPBIX
HMEET pelIeHUE JaHHOE YpaBHEHUE WIIM 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 xakux 3HAYCHHUAX TapaMeTpa ¢ OTHOIICHUE KOPHEH ypaB-

Henust X° +ax+a+2=0 pasuo aBym?
0) TIpu Kakux 3HAUCHHAX TAPAMETPA ¢ OTHOIIEHUE KOPHEN ypaBHEHHs

4x* —(3a+2)x+a’> —1=0 pasuo Tpem?

2.6.7. ChopMyaHpOBaHKI CIEAYIONINE JBA YTBEPKICHUS:

A. YpaBHeHue ax — Jx +1=0 umeer POBHO OJTHO pELIECHHE.

B. HepaserctBo x° —8ax +1<0 mMeer X0Ts GBI OHO PELICHNE.

Ormpenenure Bce 3HAUCHUS apaMeTpa d , IPH KaKIOM U3 KOTOPHIX 00a
YTBEPXKIEHHUS CIIPABEJIUBBIL.

2.6.8. ChopMyaHpOBaHKI CIEIYIONINC BA YTBEPKICHUS:

A. YpaBuenne x° — 4|x| +1=a He umeer peuienuii.

2
b. Hepasencrso 2x~ + (a - 2)x —2a+4>0 cnpapeanuso npu JHOOBIX
JICUCTBUTENbHBIX 3HAYCHUSIX X .
OnpenenuTe Bce 3HAUYEHHS MapaMeTpa d , IPU KaKAOM M3 KOTOPBIX 00a
YTBEPIKICHHS CIPABE/TUBHIL.
2.6.9. Haiinute Bce Takuwe 3HAYCHHWS MapaMmerpa d , 4TO Ui JIF0O0TO

3Hauenns mapamerpa b ypasmenme X +bx+a =0 uMeer X0Ts ObI OTHH
KOpCHb.
2.6.10. IIpu xakux 3HAYEHUSIX @apamMeTpa « KOPHU YypaBHEHUM

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

2.6.11. ITpu xakuxX 3HAYCHUAX NMapaMeTpa d ypaBHEHUS

3x 12x
X+ 4+2a=0ux*+—=-a=0
a a
HMCHOT 110 ABa KOpH?[ nu Me)}(z[y KOpH?[MI/I OIHOI'O ypaBHeHI/Iﬂ HET HU OAHOIO
KOPHSI IPyroro ypaBHeHus1?

2.6.12. Haiigure Bce 3Ha4yeHUs MapaMeTpa d , IMPHU KOTOPBIX HMEET
€IMHCTBCHHOE PEIICHNE CHCTEMA yPaBHEHUN

axy+x—y+1,5=0,
x+2y+xy+1=0.
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I')TABA III. I'pa¢guyeckne npueMsl pelieHUs1 YPaBHEHHUI,
HEPABEHCTB, CHCTEM YPABHEHMI U HEPABEHCTB

I'pagurom ¢ynxuyuu y = f(x), x € D, HaspiBaeTCs MHOXKECTBO BCEX

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

PaccMOTpHM MpPHEMBI M METOJBI PEIICHHI 3aa4 ¢ MapaMeTpamMu C HC-
MOJIE30BAHUEM Memooa Ha2iA0HOol zpaguiecKkoi unmepnpemayuu. B 3a-
BHCHMOCTH OT TOTO, Kakas POJib OTBOJHTCSI MapaMeTpy B 3ajade, MOKHO
BBIJIENUTH [JBA OCHOBHBIX rPaMUeCKUX MPUEMA: NEPBBIA — MOCTPOCHHUE Tpa-
¢uueckoro obpasa Ha KOOpIUHATHOW mockocTH (OX) , BTOPOi — Ha KOOp-
IMHATHOM mockoct Oxa .

ITepBrlit mprem 3aKiIrodaeTcs B ciieayromeM. VcxonHnoe ypaBHeHue (MIn
HEPAaBEHCTBO) MpeodpasyoT K Buay g(x)= f(x,a) (wm g(x)=> f(x,a)).
Ha minockoctu Oxy crpourcst rpaduk ¢yskiuu y = g(x). OyHkuus
y = f(x) 3amaer omnpejeneHHOe CeMENCTBO KPUBBIX, 3aBHUCSIMX OT Mapa-
meTpa @ . Kpusble 5TOr0 cemeiicTna mojydarotcs u3 kpuso y = f(x) ¢
[OMOIIBI0 HEKOTOPOTO 3JIEMEHTApHOro Mpeobpa3oBanus (IapauIeNbHOTO
mepeHoca BJOJb OCEH, PACTSHKEHHS, HATIOKEHUS MOJYJIS WIA B CIydae Jiu-
HEMHOW 3aBUCHMOCTH MEXIY X U ) — II0BOPOTA OTHOCUTEIBHO HEKOTOPOi
toukwu). [loctpous rpapuueckuit o6pas ypasuenus g(x)= f(x,a) moxno
YCTAQHOBHTH, CKOJBKO TOYEK TIEPECEUECHHUs HMEIOT rpadukd  (QyHKIHMI
y=g(x) u y= f(x,a),— 310 onpeeiser KOJINYECTBO KOPHEN ypaBHEHHS
g(x)= f(x,a), a, cnenoBatenbHO, ¥ HCXOAHOTO YPABHEHHS B 3aBUCHMOCTH
OT 3HAaYyeHWs TmapaMerpa. AHaloOruuHo, Ui HepaBeHctBa g(x)> f(x,a)
MOYHO BBISICHUTb, YTO MPECTABISACT COO0I MHOKECTBO €r0 PELICHHIA.

IIpu wucmonp30BaHMM BTOPOTO MpHEMa HCXOAHOE YpaBHEHHE (WU
HepaBeHCTBO) npeobpasyor Kk Buay a= f(x) (wm a> f(x)). Ha
wiockoct Oxa crpost rpaduk ¢yuxkumm f(x), a 3areM, mnepecekas
HOJMyYEHHBIH TpaduK NpsIMbIMH, HapauienbHbiMu ocu  OX, HOIydaroT
HEO0X0AUMYI0 HH(POPMAIIHIO.

AHANOrUYHBIE TIPUEMBI HCTIONB3YIOT 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).

Jlist 3TOrO CTPOST rpadpuuecKkuii 00pas CUCTEMBI M MHTEPIPETUPYIOT €r0
B 3aBUCUMOCTH OT 3HAYEHUS TIAPAMETPA U YCIOBUI 3a/1a4u.

Jlyuiie BCETO MPUBEIEHHBIE METO/BI PabOTAIOT B TEX CIydasx, KOTJa B
YCIIOBUH 3a1a4H CTABUTCS BOMPOC O KOJMYECTBE KOPHEN B 3aBHCUMOCTH OT
3HauCHMH MapamMeTpa WM ONpPEAeICHUs 3HAYEHUI TapaMeTpa, P KOTOPBIX
PELIEHNE OTCYTCTBYET WM €IUHCTBEHHO.

I'pauueckoe TPENCTABIEHNE YPABHEHWS WIJIM CHCTEMBI YPABHEHHH C
[ApaMeETPOM OOJIAIAET HECKONBKUMH HECOMHEHHBIMH MPEUMYTIECTBAMU: BO-
IEPBBIX, TIOCTPOUB rpaduk (rpaduKu), MOKHO ONPENENHTh, KaK BIMSET Ha
HUX W, COOTBETCTBEHHO, HA PELICHUE YPABHEHUS U3MEHEHUE MapaMeTpa; Bo-
BTOPBIX, HHOTJIA TPA(QUK JaeT BO3MOKHOCTH CPOPMYIUPOBATE AHATHUTHYECKH
HEOOXOIMMBIE M JIOCTATOMHBIE yCIOBHS JUIS PENIEHUS IOCTABIEHHON 3371241
¥, B-TPETHUX, PAJ TEOPEM MO3BOJISIET HA OCHOBaHWH Tpaduyeckoit nadopma-
UM J€aTh BIOJNHE CTPOTUE M O0OCHOBAHHBIC 3AKIIOUEHHUS O KOJUYECTBE
KOpHeil ypaBHeHusl, 00 UX TPaHUIAX U T.].

EcTecTBEHHO, YTO TIPU HUCTIONB30BaHUY TPA(UUECKUX METOIOB BO3HHKA-
€T BOIPOC O CTPOTOCTH perueHns. TpeGOoBaHus K CTPOTOCTH JOJDKHBI OTIpe-
JENATHCS 3APaBbIM CMBICTIOM. B ciydasx, Korga pes3ysbTar, MONYYeHHBIH ¢
HOMOIIBIO TPA(QUIECKOr0 METOJA, BHI3BIBAET COMHEHHS, €r0 HEOOXOIUMO
MOJKPENINTL AHATUTHYECKU. VICTIONb3yeMBIl aHATMTHYECKUI amnmapar co-
CTOUT W3 CIEAYIONINX TEOPEM U yTBEPIKICHH.

1. Teopema Kowu. Ecru nenpepvisnas na ompeske [a;b] ¢ynxuyus

YpaBHCHHS U HCPABCHCTBA

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

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

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

0) Ecau nenpepuienaa na ompeske [a;b] uau na unmepesane (a;b)
Qynxyusn f(X) 6 06yx mouxax mozo npomedx3cymka umeem 3nave-

HUA PA3HbIX 3HAKOG, MO 8 HEKOMOPOW MOYKe X YKA3AHHOZ0 Rpo-
MENCYMKA YYHKUUA NPUHUMAEM 3HAYEHUE, PAGHOE HYJIIO.

56



3. Ecnu nenpepuienas na ompeske [a;b] ¢ynkuua f(x) monomonno
eo3pacmaem, a nenpepviehaa na ompeske [a;b] gynxyus @(x) mono-
MOHHO yObleaem, u cyujecmeyem mouka nepecevenus X, zpaguros smux
dynxyuii (m.e. p(x,)= f(x,)), mo maxas mouxa eduncmeenna.

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

HWHora GbIBaET TOCTATOMHO JIMIIb TIOCTPOUTH HEOOXOAMMbIE Tpa(UKH M,
WCTIONb3Ysl CBOKMCTBA HEMPEPHIBHOCTH M MOHOTOHHOCTH (DYHKIWI, CHENaTh
MPABUIIBHBIN BBIBOJI.

Jlnst oBnageHus rpapuUUeCKUMA METOJAMH PEIIECHHUs 3a1ad C IapaMer-
paMH HAIOMHMM OCHOBHEBIE CIOCOOBI MOCTPOEHHS CEMEUCTBa TpaduKoB
Gynxuuint  f(x,a) . 3necy Oynem paccMaTpuBaTh (GyHKIMHA, TPAQUKH KOTO-

PBIX MOXXHO TOCTPOUTH CPEICTBAMH JJIEMEHTapHON maremaTwku (T.e. 0e3
ucronbs3oBanug auddepeHnnanbHoro ncuucienus). Cunraem, 4to rpadux

¢byukuun y = f(x) usBecten.
I'padux pysxkumu y = Af (ax + b) + B MoxeT OBITH MOTy4YeH U3 TpaduKa
Gyukiun y = f(X) crenylonmMi reoMeTpHUECKUME PE0OPa3s0BaAHUAMU:
1. a) oceBoii cummerpuu oTHOCHTENBHO ocu Ox (Touka (X;y) mepexo-
IUT B TOYKY (X;—)));
0) oceBoit cummeTpun oTHOcHTeNBHO ocu Oy (Touka (X;y) mepexo-
AUt B TOUKy (—x;));

B) LIEHTPaAJbHONH CUMMETPUH OTHOCUTEIBHO Hayajla KOOpAWHAT — TOY-
ku O (touka (Xx;)) nepexoauT B ToUKy (—Xx;—V));

2. a) mapajuiensHOro nepenoca (casura) Baoab ocu Ox (Touka (X;y)
NEPEXOAUT B TOUKY (X + @;)), rle @ — HEKOTOPOE YUCIIO, IIPU 3TOM

HepeHoc nmpoucxoaur Bupaso a > 0, eciu, u BieBo, eci @ < 0);
0) mapasuiensHOro repenoca (capura) Buojib ocu Oy (touka (X;y)

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

[EePEHOC MPOUCXOIUT BBEPX, ecitk b > 0, u Buu3, eciu b < 0);
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3. a) pacTspkeHus (WM CKaTHA) BAOIH ocu Ox (IIpH pacTshkeHHH (Cxa-
tan) B p pas (p>0; p#1) Boons ocu Ox Touka (X;)) mepexomuT

B 04Ky (pX;));
0) pactsoxenust (wim cxatust) Booib ocu Oy (ipu pacTshkeHuH (Cxa-
tan) B ¢ pas (g >0, #1) Buosns ocu Oy Touka (X;)) mepexoaut
B 10Ky (¥:9)).

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

Dyuxkyusn Hpeobpazosanue spagpuxa Gynxyuu y = f(x)

MMapamnensHblii eperoc ero Buoiab ocu Oy Ha A enu-

y=f(x)+4
aun Beepx npu A>0 u ma |A| CIMHUIl BHU3 TIPH

A<0.

IMapautenbHbIA TIepeHoc ero Baojib ocu OX Ha @ eIUHHUI

y=f(x-a)

Brpaso npu @ >0 u Ha | a | enuuumI BieBo npu a < 0 .

y =k (x),

k>0 Pacrsokenne 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 Baosab ocu Ox B k pas, ecniu k >1, u pac-

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

CuMMeTpUYHOE OTPaXKeHHUE ero oTHocuTeNnbHO ocu OX .

y=|/()

Yacth rpaduka, pacroioxennas Huwke ocu Ox , cuMMer-
PUYHO OTpa)kaeTcsi OTHOCUTEIBHO 3TOM OCH, OCTallbHas
€ro 4acTh OCTaHeTCs 0€3 H3MCHEHHS.

y=f(-x)

CuMMeTpUYHOE OTpaXKeHHUE ero oTHocuTensHo ocu Oy .
y=f (| x|) Yacrp rpaduka, pacronoxennas B obmnactu X >0, ocra-
eTcs 0e3 U3MEHEHHMs, a ero yacth mig obnactu x <0 3a-

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

peoenums MHONCECME0 3HAYEHULl, NPUHUMAEMbIX QYHKYUel 6 08YX, mpex u
bonee moukax;, a makdce onpeoenums
MAKCUMATILHOE HUCTO KOpPHel Ypaghe-

N 1)
HUs X)=a:
y=a \ 2 ()=l x-2];
- |
A

6) f(x)=[]x|-4;

/2 X B) f(x)=[x" =5 |x[+4 |.
7 7
N Ry ; Pewenue. a) Iloctpomm rpaduk,
AN BBITIOJTHASL AJIEMEHTapHBIE Tpeodpas3o-
Bawms [’ —> 1, —> 1 , (cM. puc.
Puc. 21 -
21).

[IpoBoas mpsiMbie ¥ = a , yoexmaemcst, uto npu @ <0 Tovek mepece-
ueHunst ¢ rpapukom dyakuun f(x) =|x —2| wer; mpu a =0 — onHa TouKa;
npu a >0 — nse.

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

BCC OCTAJIbHBIC IPH ABYX PA3JIMYHBIX 3HAUYCHUAX X.
MakcuMallbHOE YUCII0 KOPHEH ypaBHeHus | X —2|=a paBHO AByM.

Pewenue. 6) C OMOIIBIO AJIEMEHTAPHBIX IPEOOpa3oOBaHUA (CM. pHC.
22) >, —>I,,->I,, CTpOUM rpaduk byHKIMN
J)=[[x[-4].

IpoBoast npsimbie Y = a , yoexmaemcs, uro mpu a <0 Touek mepece-

ueHust ¢ rpaduxom Qyukimu f(x)=||x|—4| ser; npu a =0 — xBe TOUKH;

A npu 0 <a <4 — gersipe; mpu
J)\\/ YA \\*\ a=4 — tpu; npu a>4 —

N 2z / sy= 4 nBE.
y=a Omgem.  E, =[0;+0);
3HayeHne (0 mpuHUMaeTcs B
i~ 10 4 > IBYX TOYKAax; KaKIoe 3Hade-
Y nue u3 untepsaia (0;4) npu-
ﬂ//% A y=|x|-4 HUMAETCs B YETHIPEX TOYKAX;

Puc. 22
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3Ha4YeHHe 4 — B TPEX TOUKAX; BCE OCTAJbHbBIC — IPH ABYX PasiMYHBIX 3HAYe-
HUSX X . MakcuMalnbHOe 4UCiIO KOpHell ypaBHeHus ||x|—4|=a pasno

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

I +5x+4]eomx<0  |[(x+2,5) —2,25], ecmm x < 0.

C mOMOIIBIO AJIEMEHTAPHBIX MpeoOpa3oBaHUil 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\(x—z,sf—z,zs\) n Gepem

¥ 4acTh €ro, COOTBETCTBYIO-
""""""""""""" } myro 3HaueHmsM x> 0.
\ __________________ { ______ y=4 AHanoru4so mis QyHKIUH
y=225  f(x)=|(x+2,5) 2,25
mpu x <0 (cm. puc. 23).

IIpoBoas NpsIMbIE
y=a, yb0exunaemcs, 4YTO

25 =2 5x+4

npu a <0 oHM He MMEIOT
00X TOYeK ¢ rpaukom
GbyHKIUN

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

Puc. 23

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

Omeem. E, =[0; +00) ; 3nauenne 0 mpuHUMaeTCs B YETHIPEX TOUKAX;

Kak0¢€ 3Hauenue u3 unrepsaia (0;2,25) — B BocbMu; 3HaueHue 2,25 —

B LIECTH; KAXI0€ 3HaueHue u3 uarepsaia (2,25;4) — B ueThlpex; 3HAUECHHE

4 — B Tpex; BCe OCTAIBHBIE — TIPU JBYX PA3IMYHBIX 3HAYECHHUAX X . Makcu-

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

Hpumep 2. Hccredosams 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 CEMEHWCTBO MNPSMBIX, MONYYAIOIIUXCS W3
OpSIMON ) =X TapalieNbHbIM EPEHOCOM Ha @ exuHull Baonbs ocu Oy .
Yucno pelieHdil UCXOHOTO YPABHEHMS! MPU COOTBETCTBYIONIEM 3HAYECHUM
napamerpa d paBHO KONMYECTBY TOYEK mepecedeHus: rpadukoB (yHKIMM
y=1|2x |-5 | unpamoit y=x+a.

WMmeercss TpU KPUTUYECKUX
HOJIOKCHUSL M, M, W M, Tps-
MBIX BUIA Yy =X+a.

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

uyepes touky C(0;5). Drum

Y

IpAMBIM COOTBCTCTBYIOT 3HA4C-
HusL  mapamerpa  a; =—2,5,

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

Puc. 24

BCHHO.

Omeem. Ecim a < -2,5,
TO PEIIeHH HeT; ecin a = —2,5 , To oiHO pelenne; ecmn —2,5<a <2,5,
TO JIBa PEIICHHUs; eclid @ = 2,5 , To Tpu pemenus; 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 63a8ucuMoCmuy Om 3HAYeHUll napamempa a .
Pewenue. Iloctpoum rpaduk GpyHKIMN Y = m (cMm. puc. 25):
\/ﬂ ,ecmn x <0,
m ,ecma x > 0.

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

y=4l-|x|=

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

m; COBIAAacT C OCbIO Oy , M, IapajieibHa OCH Ox n MMPOXOAUT YCPE3
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touky (0;1). Dtum mups-
y MBIM COOTBETCTBYIOT 3Ha-
gennst 4, =0 u a, =1
——  COOTBETCTBEHHO.
y=Vi+x y=VI-x Omeem. Ilpu a=1
\ OJIUH KODEHb; 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 KoAUUecmeo KOpPHeU YpAaGHeHus

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

Pewenue. Toctpoum rpadgux Gyskuun y =+/4—|2x| (cMm. puc. 26):

V4 +2x,ecmm x <0,

y=N4=12x]=
V4 —=2x,ecnu x > 0.
\ OyHKIHS BUAa Y =X~ +a 3a1aer
—~-2
y=x+2 ceMeiicTBo mapaboj, TOJyvaro-

2
MHUXCA U3 )Y =X MapajlICIbHbIM

[IEPEHOCOM Ha (@ €IMHHUIl BJIOJb
ocu Oy . Umeercs aBa KpuTHye-
CKUX TIONOKEHUS ITHX mapabo
m,,m, . IlapaGona m, HPOXOANT
yepes toukn A(2;0) u B(-2;0),
m, — gepe3 Touky C(0;2). Otum

napabosiaM COOTBETCTBYIOT 3Haue-
Hus mapameTpa @, =—4 u a, =2
COOTBETCTBEHHO.
Omeem. Eciu a =2 , T0 oguH
koperb X =0;eciu —4<a<2,
TO J1Ba KOPHSL; el d < —4 1 @ > 2, T0 ypaBHEHHE JEHCTBUTENBHBIX KO-
HEeW He UMeEeT.

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

a) 00HO peutenue; 0) dea pewenus?

Pewenue. TlpeoOpasyeM HCXOIHOE YpaBHEHHE K BUIY lgx = .
xX—a

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

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

YacMbIX M3 I‘I/IHCp6OJ'IbI Yy =— CcIBHU-
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 NOJYYUTHCH JIMIIb B TOM CIYy-
yae, eciii rpaguk y =1gx umeer 00-

Puc. 27 M€ TOYKH ¢ OOEHMMH BETBSMH THIIED-
oonbl, T.e. ipu a >0 . Ipu @ <0 uMeeTcs BCero ojHa TOYKA IepecedeHus
rpaduka y =Igx ¢ BeTBbIO rHTIEPGOIIBI, JIEKAIIEH BBIILE OCH abCIHUCC.

Omeem. a) a<0;6) a>0.

Ipumep 6. [lpu xaxux 3nauenusx napamempa a>1 ypasnenue

|x* —4x+3|+1=log, x umeem

y=|x’-4x+3|+1  eouncmeennoe pewenue?
Pewenue. Tloctpoum rpadux
dynkmm Y = x° —4x+3|+1.
RXy‘PI [octpoenne mnpoBeneM B TpH

Srana Fy:x2—4x+3 - ]—'M d EY\H

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

loox 0ea<] 3a/1aeT CeMEeNCTBO KpPHUBBIX, HMEIO-
! V=08, wux oxHy obmywo Touky A(1;0).
I'padux GbyHKIMN
y=|x* —4x+3|+] umeer TomBKO

Puc. 28
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0J1Hy OOILYI0 TOUKY ¢ TOi KpHBOii cemeiicta ) =log, x npu a >1, koro-
pas npoxoaut depes Touky B(3;1). IoacraBuB KoOpAMHATHI TOYKU B B
coorHomrenre y =log, x, momyuum pasercrso 1=log, 3, BosmoxHOE mpn
a=3.

CootsercTBenHo, rpaduk Gyrkuun y =| x> —4x +3|+1 nmeer Tonsko
OJIHy 06LIYIO TOUKY ¢ JIF000i KprBoO#i cemeiictea y =log, x npu 0<a<1.

Omeem. Tlpu a € (0;1) U {3} .
Ilosopom zpagpuka omnocumensHo mouku

PaccMOTpHM ceMeHCTBO IPSMBIX Buaa ) — ¥, = a(Xx — X, ). Bee onn mo-
JIy9eHBI JIPYT U3 Jpyra MOBOPOTOM Ha HEKOTOPBIHA YTOJl OTHOCHTENBHO TOUKH
(%43 ¥0) (wenmp nosopoma).

Ipumep 7. Haiimu ece snavenus napamempa k , npu kaxcoom uz xo-
MOpbIX UMeem peuleHue CUCmemd ypagHeHul

y—=2=k(x+1),

y=v

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

IpyT B Jpyra npeo0pa3soBaHUEM MOBOPO-
Ta ¢ uentpom B touke A(—1;2). Jannas

v-2=k,(x+1)
CUCTEMa HUMECT PCIICHUEC, C€CJIMW YKa3aH-
HBIC TIPSAMBIE UMEIOT ¢ rpaduxoM (yHK-

—  —y=lx
OND2 4 — %

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

Ky. VIMEIOTCsI JIBa MIPEEIbHBIX 3HAYCHHUS
y-2=k,(x+1) Y ABa fpea

k, u k,. IlepBas mpsiMasi IPOXOMHT Yepes

BEpIIMHY, BTOpas Kacaercs rpaduka
Puc. 29 y= \/; (cwm. puc. 29). Ipsmeie, yriioBoii

KO>()(QUIMEHT KOTOPHIX YIOBIETBOPSIET
HepaBeHCTBY k; < k <k, , UMEIOT 060 TOUKY C «IIOTYIapaboIoin.

Hai/'meM 3HA4YCHUC k] , HoACTaBUB JJ4 3TOr0 B  YpPaBHCHUC

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

IICHUS] CMEIIAHHON CHUCTEMBI

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.C. AWCKPUMHHAHT 3TOTO KBaJpaTHOTO YypPaBHEHWS paBEH HYIIO.

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, IMOJTYYaCMbIX APYT U3 Apyra ¢ IOMOMIIbIO TOMOTCTUH.

Hanpumep, ypasuenns Bua | X |+ | y|=a wm x° +y* =a’.
Mpumep 8. Hzobpasumv zpaduxu ypaswenuii |X|+|y|=a u
x> +y*> =a’ npu snavenusx napamempa a=2; 4; 5; 7.

Pewenue. Tloctpoum rpaduk

yHx’=7" Vi ypasHenus | x|+|y|=a. ScHo,

4TO 3HAYECHUE d JOJDKHO OBITH He-
OTpHULETCIBHO, NHAYC PAaBCHCTBO HC
UMeeT cMbicna. B cucteMe Koopau-
Hat OXy paccMOTpUM ypaBHEHHUE B

K101 U3 ueTBeptei (cm. puc. 30):

|x|+[yl=ae

x+y=a,ectux>0uny=>0,

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

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

ca a C UCHTPOM B Ha4daji€c KOOpJAMWHAT.

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

BBIX, B KaXJOM M3 KOTOPBIX KPHBBIC CEMEICTBA SIBIIIOTCS 20MOMENUYHbL-
mu (uentp romorerun — Touka ((0;0)) kBagparamu B mepBOM cilydae u

OKPY’KHOCTSIMM — BO BTOPOM. M3 MOCTPOEHHBIX PUCYHKOB BHJHO, YTO IIPU
YBEJIMYEHUU ( KBaJPAThl U OKPYKHOCTH yBEJIMYUBAKOTCS.

Vi

\

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

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

_aO

Puc. 31

-a

X paBeHCTBO HE OyIeT UMEeTh CMBICTA.
PaccMoTpuM ypaBHEHHE B KaKIOU
nu3 ‘-IeTBepTeﬁ KOOpHHHaTHOﬁ IIJIOCKO-
cru Oxy (em. puc. 31):

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

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

[y=x—a,eccrux>0ny>0,ux>y,

y=x+a,ecux20uy>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,ecmux<0uy<0,uy>x,

=—x+a,ectux>20uy<0,uy>-x,

y
| y=-x—a,ecmux>20uy<0,u—x>y.
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Mpumep 10. Onpedenums 6 3asucumocmu om 3nHaveHull napamempa a
KOU4ecmeo peulenull Cucmemsl ypasHeHUl
|x|+ly|=a,
2 2
x +y =4
Pewenue. VI3 nepBoro ypaBHEHHs CHCTEMBI cieayeT, uto mpu a <0
cHUCTeMa He MMEeT PEHICHHWH, TaK KakK JieBas YacTh YpPaBHEHUS HEOTpHUIla-
2 2
TeJbHA. YpaBHeHne X + )~ =4 3amaer OKpy)KHOCTb paguyca 2 ¢ HEHTPOM
VA B Hauvaje KoopauHaT. O4eBHIHO,

+|x|= =
y2+x2:4 | +|x|=a 4To eciM KBaapar |x|+|y|=a

HAaXOAUTCS BHYTPU OKPYXKHOCTH,
TO CUCTEMa HE HUMEET pPEIICHUN.
Pemenne mosiBUTCS JIMIIB TOTZA
(cm. pue. 32), kornma KBajpaT OKa-

XKETCsI BIIMCAaHHBIM B OKPY>KHOCTb.
B arom cimygae a =2, penreHuit
Oymer uersipe. [lamee, mpu
2<a< 2\/5 Kaaas CTOpOHa
HUMEET JIBe O0IIUE TOUYKH C OKPYXK-

HOCTBIO, @ 3HAYUT, CUCTEMa Oyaer
HMeTb BoceMb pemeHuid. Ilpu

Puc. 32

a=232 OKPY)KHOCTh OKa)KeTCst

BIIMCaHHOM B KBajpar. ClieqoBaTeNbHO, PELUICHUM OKaKETCsS CHOBA YETBIPE.
Ilpu a > 2+/2 cucrema perieHnii He UMeeT.

Omeem. Ecin a <2 wim a > 2+/2 , To pemniennii Het; ecmn 2 < a < 2+/2

TO BOCEMb pelICHHUiT; 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 mwiockoctd Oxa (cm. puc. 33).

asx+]1,
[Ipeobpazyem cucTeMy HEpaBeHCTB K BUILY

X’ =3x+1<a.
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Puc. 33

obnacthio. TOBKO JIBE MPsAMBIC BUIA d =

Pewrenuem nepBoro HepaBeH-
CTBA ABJIACTCA MHOXXCCTBO TOUYCK
IUIOCKOCTH, JIeXKAIUX HUXKE Mps-
Mot a=x+1 (BKIOYas TOYKH
NpsSIMOM), Ui BTOPOTO — BBIIIE
napaboJIsl a=x>-3x+1
(Bxirodass TOYKH  1apaloJIbI).
Cucrema HEpaBEHCTB HMEET pe-
HMIEHWS TpH TeX 3HAYCHUAX d ,
IpHA KOTOPBIX MpsiMast d = CONSt ,
napautenbHas ocu  OX , HUMeer
00Iue TOYKH C 3aIITPUXOBAHHOMN
const , IpoXoAAle Yepe3 TOUKU

A u B, uMEIOT eMMHCTBEHHYIO OOIIYI0 TOYKY C 3TON 007acThi0. 3HAYCHHE
opauHatel Touku A paBHo —5/4 . Tak kak B — Touka mepeceqeHust rpadu-

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

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

KOpHsAMH siBisitores yucna x; =0 un x, =4. Touke B COOTBETCTBYeT BTO-

poii koperb. COOTBETCTBEHHO, OpDAUHATA TOYKH B paBHa 5.
Ipu a <—-5/4 u a>5 cucrema He UMEET pPEIICHUH.

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

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

HUll napamempa a :

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

UCXOJHYIO CHUCTEMY ypaBHEHHH
K BUJLY

x2+xSa,
2x—x*+1>a.

Beinonnum [IOCTPOCHHUS

o 2 2
rpapukoB GyHKmiE a=X" +Xx u a=-x" +2x+1 nHa mwiockoctu Oxa
(cm. puc. 34). KoopauHaTsl TOUeK IepecedeHHs MOCTPOCHHBIX T'paduKoB
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. 2 2
HaiilieM U3 ypaBHeHHs X + X =2Xx— X~ +1. Ero KOpHSAMH SBJISIOTCS YKCIIa
x=-0,5uux,=1.

Kopens x; coBmazaer ¢ abcuuccoil BEpHIMHBI IEPBOM Mapaboibl, X, —
BTOpOIt mapaGonbl. Cucrema umeer pemenus npu —0,25 <a <2 . Pemenne

CHCTEMBI — €CTb OTPEe30K [X;;X, ], Tie X, — MEHBILINH U3 KOPHEH ypaBHEHUs

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

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

Pewenue. KopHu NaHHOTO YpaBHEHUs JOJDKHBI yJIOBIETBOPSTH YCIIO-
2
BHIO X > —2a  (yCIOBHE CyLICCTBOBAaHHS KBAIPATHOIO KOPHS W3 BBIpaXke-

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

x>-2a%,

=-24°

Vx+2a* - (x—a)(x+2)=0= * @
x=a,
-2

CrnenoBareiabHO, KOPHIMH ypaBHE-

2
HHS MOTYT ObITh wuncma X, =—2a°,

8
=

P

X, =a u x, =—2 . Ilo ycnosuto 3aja-

S

L
N

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

UMEET POBHO [JBa DPA3IUYHBIX KOPHS.
Jns oT6opa NCKOMBIX 3HAYECHUH mMapa-
MeTpa Ha miockocTd (Oxa TOCTPOUM

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

=
<
1N}

Puc. 35
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YeHUs JAeT 3HAuEHHWE KOPHA HMCXOIHOrO YpPAaBHEHHs NPHM YCJIOBUH, YTO
X >-2a’. ViMeeTcs NSTh KPUTHUYECKUX MOJIOKEHHUE STHX MPAMBIX @, = —2
a,=-1,a,=-0,5, a, =0 u a; =1. OHu IPOXOAAT Yepe3 TOUKHU Lepece-
yenus rpadukos. Toukn —2, —1, —0,5, 0 u 1 pasbuBaroT YKMCIOBYIO
npsamyro Oa Ha WeCTh IPOMEKYTKOB. PACCMOTPHM KaKIbIi U3 HUX:

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

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

X =—2 pacronoxen Hwke rpaduka GpyHKEn X = —2a°).
4) ae(—0,5;0). YpaBHeHHE MMEET OIUMH KOpPEHb, TaK Kak rpaduxu

HKIMH X =a 1 x =—2 — awke rpaduxa ynkimn x = —2a°
Y I'p Y
(5) a<(0;1). VpaBuenue umeer 18a kopHs (rpapux QyHKIHH X = —2

— HIKe rpaduka QyHKIAN X = —2a%).
(6) a € (1;—0) . VpaBHeHUE UMEET TPH KOPHSL.

CoOTBeTCTBEHHO I @, =—2, a4, =—1 1 a, =1 ypaBHeHHe UMeeT 1Ba

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

Koopounamno-napamempuueckuit memoo (KII — memood)

JlaHHBI MeTOA mpencTaBiseT co00M HEKoTopoe o0oOmeHue rpaduye-
CKOT'0 METO/Ia PELICHUs] YPaBHEHUH U HEPABEHCTB, OCHOBAHHOTO HA MCIOJb-
30BaHMM KoOpauHaTHOM riockoctn Oxa . B mocnemuem ciydae oce Ox
Ha3bIBAIOT Koopounamuoii, oce Oa — napamempuueckoii, a IIOCKOCTH
Oxa — koopounamno-napamempuueckoii (unu KIT — nnockocmoio).

[Mpu perreHUH KOHKPETHOH 3a1a4M KOOPIHHATHO-TAPAMETPUIECCKUM Me-
TOJIOM B XOJ€ pelieHus miockoctb Oxa pa30OHBaeTcs HA «YacTUYHbIE 0O-
JIACTU», BHYTPU KaXKJOM U3 KOTOPBIX N€OMETPUYECKH HUHTEPIPETUPYETCS U
pelaeTcst MoCTaBACHHAs 3a1a4a.

3ameuyanue. B 4acTHOCTH, MOHATHE «YACTUYHBIX O0JACTEW» HCIOINB3Y-
€TCA IpU PEUIeHUU YPaBHEHUM U HEPAaBEHCTB, COJAEPKAIIUX HEU3BECTHBIC
NOJl 3HAKOM a0COJIFOTHOW BEIWYMHBI (3TOT METOJI HA3bIBAIOT METOJIOM «HdC-
muynslx o6nacmeity). B cBOIO ouepesnb NMpH PEIICHUH JIOTapUPMUIESCKUX U
MOKa3aTeNbHBIX (M HEKOTOPBIX JPYTHX) YpaBHEHHH W HEPABEHCTB TaKXKe
NPUXOIUTCS pa3OUBaTh II0CKOCTh OXa Ha 00JacTH.
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IIprmenum KII-mMeTon 1Sl pemieHus CIeAYIOMEeTr0 YpaBHEHHS.
Mpumep 14. /[na kasxcooeo 3HaueHus napamempa Q peuwiums ypasHe-
Hue
|x|+2|x—1|=a.
Pewenue. TlpuMmeHsss METO]] «4aCTUUHBIX OOJIacTEi» M OmNpeaeeHus
MOJIyJIs, 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<l, l<a<2,
< | (D) < | (1) < | (1D
x—2x+2=a; x=2-a; x=2-a;
x>1, x>1, azl,
(1)
X+2x-2=a; (1) x_a+2. (1D x_a+2
. 37 | 3
Ha KII — niockocTH (cM. puc. 36) pelieHueM paccMaTpuBaeMoro ypas-
XA HEHUSI B TMEPBOM YacCTUYHOM
oomactu (I): x<0 (momy-
@ D)3
o1 (@ IJIOCKOCTH) SIBJISIETCS 3HAue-
;X x=1 HHUS KOOPIMHAT TOYEK, JiekKa-
@ O<x<l x=2-a mwux Ha snyde x=(2-a)/3;
7 2 > B0 Bropoit — (II): 0<x<l
@ x<0 X §(2§Q)/3 (nostoce) — 3HaYEHHUsT KOOPIH-

HAT TOYEK OTPE3Ka MPAMON
x=2-a; B tperbeir — (I):
Prc. 36 (OMYTJIOCKOCTH) — 3HAYEHHMS

KOOPIMHAT TOYEK, Jexaiux Ha ayue x=(a+2)/3.
IocTaBuB B COOTBETCTBHE KAKIOMY 3HAYEHHIO MAPAMETPA  3HAYEHUE

X Ha HOHy‘{eHHOﬁ JIMHUHU, 3aITMIICM OTBCT.

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

ecmm a>2,10 X,=(a+2)/3ux,=12-a)/3.
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3aoauu 01 camocmoamenbHozo peuienun

B 3amauax 3.1.1. — 3.1.5. qns kaXAOro 3HAYCHUS MMapaMeTpa d Ompene-
JIUTE YKUCJIO 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. [ xaxxporo 3HaYCHUS MapaMeTpa @ PEIINTe 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 [UTMHON 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 kakaoro 3Ha4YCHUS apaMeTpa ¢ PELINTE HEPABEHCTBO
2 2 2
\/a -Xx +\/2ax—x >a.

B 3anmauax 3.1.9-3.1.11 onpexnenute, npu Kakux 3HAYCHUSAX 4 CHCTEMa
YpaBHEHHI IMEET yKa3aHHOE YHCIIO peIeHnui 7 .

+y? =1 +y7 =1
3.1.9.a){x A Y A §

Xty=a y=lxl=a;
X +y =1, X’y =1,
B) m=4; r HUMEET pEIlCHHE.
y+x[=a; |x|+[y|=a
2 2 2 2
—+ =da, X+ :16,
3.1.10. a) {x y=h g, Y m=
2|x[+|yl=4 Ix|=1yl|=a;
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X'+ —4x-2y+4=0,

3.1.11. =4.
y=lx=2|=a
3.1.12. [Ipu KaKkuX 3HAYECHUSX MapaMeTpa ¢ CHCTEMA ypaBHEHUI
y+a= ax’,
|x|+[y|=2

nMeeT HamOojbiee 4ducio pemieHHH? CKOJBKO pemIeHHH B 3TOM Ciydae
umeeT cucrema?

3.1.13. [Ipu KakuX 3HAYEHUSIX MapamMeTpa d HMMeEET POBHO JBA Pa3iIny-
HBIX KOPHSI 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 MapaMeTpa d CHCTEMa He-

PaBEHCTB:

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 TapaMeTpa d HMeEET CIHH-
CTBEHHOE pEIICHUE CUCTEMa HEPaBEHCTB

x*—=2x—-a<0,
X’ —4x+a<0.

3.1.16. [ns xaxa0ro 3HAYEHUS MapaMeTpa d pelIuTe CUCTEMY Hepa-
BEHCTB

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

JBa pEHICHUs CUCTEMA HEPABEHCTB
y—a<|x]|.
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IJTABA IV. Pemienne ypaBHeHMid M1 HEPABEHCTB,
coiep KaIMX apaMerp

§ 4.1. OcHOBHBIC IOHATHS U ONPe/IeJICHUSs
Ypasnuenua

IBa ypasuenus f,(x,a)=g,(x,a) n f,(x,a)=g,(x,a) HaspBarorcs
pasnocunvHbimu (IKUGAIEHIMHBIMU), ECITH OHU UMEIOT OJTHO U TO K€ MHO-
JKECTBO pelIeHUH. B 3TOM ciyyae nuuryt

Si(x,a) =g (x,a) & fr(x,a)=g,(x,a).
Ecin e Bce KopHH ypaBHeHus f,(x,a)= g,(X,a) ABIAOTCS KOPHAMH
fo(x,a)=g,(x,a) (upu stom O/I3 ypaBHEHHMII MOTYT HE COBIAAATh), TO
BTOPOE YPABHEHHUE HA3BIBAIOT C/1€0CHIEUEM TIEPBOTO. B 3TOM Citydae nunryt

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

VYpaBHEeHUs] paBHOCHJIbHBI Ha HEKOTOPOM MHOXKECTBE 3HAUYCHHWH Tepe-
MEHHOW X, €CJI OHH MMEIOT OJJHU U T€ )K€ PELICHUs, TPUHAUIeKAIINE ITO-
My MHOXKECTBY.

[Ipu pemennu ypaBHEHHH B OCHOBHOM HCHOJNB3YIOT JBa crocoba. B
NIEpBOM CIIy4ae, BBINOJHSS HEKOTOphIE IPeoOpa3oBaHMUs, OCYIIECTBIISIOT
NepexoJi OT MCXOJHOTO ypaBHEHHS K PaBHOCWIBHOMY JIO TeX IOp, IMOKa
ypaBHEHHE HE IPUMET NMPOCTOi BUA. BTopoii criocod cocTonT B 3aMEHE HC-
XOJHOTO YpaBHEHHS €r0 CIEICTBHEM (Takoe MpeoOpa3oBaHHE MOXKET OBITh
MPOJETIaHO0 HECKOJIbKO pa3). Tak Kak MpPU 3TOM BO3MOXKHO MPHOOpETCHHE
MIOCTOPOHHUX KOPHEH, TO IPH 3TOM CII0cO0€ pelIeHHs Ha TIOCIEeIHEM JTarle
HEOOXOAMMO BBHITIOJIHUTH MPOBEPKY HOIYYCHHBIX PEUICHHH. DTO HE CIOKHO
cenaTh B ciydae ypaBHEHWH Oe3 mapamerpa, OJHAKO IPHU HAINYWHU Hapa-
MeTpa IIpoBepKa CTAHOBUTCSI MHOT/Ia OYCHb CIIOXHOM. B aTOM cityuae paBHO-
CHJIBHOCTB JIOCTHTraeTcsl Gyiarojapsi MCHOJIB30BaHUIO YCIIOBUH, OINpeesso-
mux O3: ucxoonoe ypaenenue 3amensiiom pasHOCUNLHOU CUCMEMOU, CO-
cmoswell U3 8H08b NOLYYEHHO20 YpasHeHus u yciosutl, onpederarowux O3.
OTOT NpHUeM MO3BONIAET CPa3y OTCEUb JIUIIHUE KOPHU.

K o0mumM MeronaM pelieHHs: YpaBHEHUI BCEX THIOB (pallMOHANBHBIX,
HMppalrOHAIBHBIX, TPUTOHOMETPUYECKHX, MOKa3aTeIbHBIX U JIorapudMuye-
CKMX) MOXXHO OTHECTH CIEIYIOLIHNE: Pa3JIOKEHHE Ha MHOXWTEIH;, 3aMeHa
MEPEMEHHOM; UCIIOIb30BaHUE CBOWCTB OrPaHMUYCHHOCTH MM MOHOTOHHOCTH
¢byHKUMiA; TpadUuecKuii METO/I.
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Hpumep 1. [Ipu kaxux sHaueHusx napamempa a ypaeHeHus x =a (1)

u \/; =a (2) pasnocunvubi?

Pewenue. Tlpu 3nauenusnx napamerpa a <0 00a ypaBHEHUsS HE UMEIOT
peweHnid. Tak KaK MHOYKECTBO PELICHUN Ka)XJ0r0 YpaBHEHHUS B 3TOM Cilyyae
MpPEJCTaBISAET ITyCTOE MHOXKECTBO, TO YPABHEHUS PABHOCHUIIbHBI.

Ilpu a =0 ob6a ypasuenus umeror peuienne X =0 . CinemgosaresbHo, B
9TOM CITy4ae ypaBHEHUS TaKXK€ PABHOCHUIIbHBI.

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

2
X, =—Ja u x, =+/a, a ypaBHeHue (2) nmeer oauH KopeHb X =a" . Cne-
JIOBaTEJIbHO, B 3TOM CIIy4ae YpaBHEHUs HE PABHOCHIIBHBI.

Omgem. a<0.
Mpumep 2. /lanvl ypasuenus

(x2 — az)(x — az)

x—a)x+a)=0 (1) u =0 (2).
x—2a+4
Onpedenume, npu Kakux 3Havenusix napamempa a :
a) ypasnenue (2) sensemes credcmeuem ypasuerus (1),
0) ypasuenus (1) u (2) pagnocunvhsi.
Pewenue. Pemum ypasaenue (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,

Ipu 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 —
x —a)x—-a x, =|a|
( =) gl =0, 740
x—2a+4 x,=—|al,
2
x—a =0; 5
X, =a.
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Haiinem 3HauyeHus mapameTpa d , MPH KOTOPBIX KaKOM-HUOYIb U3 KOp-
He#l X, X,, X; paBeH 2a —4 . PaccMOTpHM TpH ciydas:

1) 2a—4=x,. lpu a>0 nonywaem 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| peuieHuil He UMeeT.

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

OKoOHUaTeNPHO YypaBHEHHE (2) HWMeeT CIenylomue KOPHHU: 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 coBHagaer ¢ KOpPHEM
X, =—|a| ypasuenus (2).

Ilpu a >0 xopensb ypaBHeHust (2) X = a’ smusercs KOPHEM ypaBHEHUS
2.

Kopuu ypasuennii (1) u (2) coBnamaror Tombko npu a@ =0 u pasab 0.

Omeem. a) IIpu a € R ypasuenue (2) ABISETCS CIEACTBUEM yPABHEHUS

(1); 6) mpu a =0 ypasuenwus (1) u (2) paBHOCHIBHEL
Hepaeencmea

Ba wHepasencrBa f,(x,a)<g,(x,a) u f,(x,a)<g,(x,a) (wm
filx,a)< g(x,a) n f,(x,a)< g,(X,a)) Ha3BIBAIOTCS PAGHOCUTLHBIMU

Ha MHOXeCTBe X , €CIM MHOXECTBA WX PEIUCHHH, mpuHamiexamme X ,
COBMAJAIOT. B aTOM ciaydae mumryt

Six,a) <g(x,a) & fr(x,a) < gy(x,a).

Ecin sxe Bce perueHnst 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 3T0M ciyuae nunryT

fi(x,a) < g (x.a) = fi(x,a)< g, (x,0)

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

BEHCTBA K €T0 CIEACTBUIO, TO B KOHIE PEIIEHUS HEOOXOMUMO TPOBECTU HC-

CIIEZIOBaHME, TO3BOJIAIONIEE W3 TIOJyYEeHHOTO MHOXKECTBA 3HAYECHHH apry-
MEHTa 0TOOpaTh T€, KOTOPBHIC SBJISIOTCA PEIICHUAMH HCXOnHOro. [Ipu pemre-
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HUU HEPaBEHCTB C IapaMeTpaMu ClielyeT oOpaliaTh BHHMAaHHE Ha TO, 4TO
(opManbHOE pelICHUE HEpaBeHCTB, T.€. PEIICHHE, NPH KOTOPOM JIEBBIE H
NpaBble YaCTH HEPABEHCTBA AEJATCS Ha BBIpAXKEHHUE, COAEpIKallee mapamerp,
MOXET TPHUBECTH K NoTepe penieHuil. HeoOXoauMo crnemuTs 3a 3HAKOM BBI-
paxkeHHs1, Ha KOTOPOE JeIATCsl 00€ 4acTH HepaBeHCTBA, TaK Kak Ha HETO MO-
JKeT BIIMATH 3HAYECHHE IapaMeTpa.

Memoo unmepeanoe

[Tpu penieHNU HEPaBEHCTB C MapaMeTpaMH UCIIOJIb3YETCs METOJ], OCHO-
BaHHBIN Ha CJIEAYIONIEM CBOWCTBE GDYHKIMI: eciu hynkuyus Henpepolena na
npomexncymke (X,;X,) u Mexucoy moukamu X, u X, OHa He umeem Kop-

Heil, mo Ha npomedicymie (X,;X,) QyHKUUA coxpanaem 3Hax.

JInist HAXOXKIEHHS YUACTKOB 3HAKOMOCTOSHCTBA HA YHUCIOBOW OCH OTMe-
Yal0T BCE TOYKH, B KOTOpHIX (yHkims f(X,a) obpamaercs B HyiIb 10O

TEPIUT Pa3pbIB. DTH TOUYKH Pa3OMBAIOT YMCIOBYIO MPAMYIO Ha HECKOJBKO
[POMEXKYTKOB, BHYTPU KXKJIOT0 U3 KOTOPhIX f(X,a) HenpepsiBHA U HE 00-
pamiaercst B HyJb, a 3HA4UT, COXpaHsAeT 3HaK. Ha Ka1oM U3 MpOMEKYyTKOB
OTIPEICTISIIOT 3HAK (DYHKIIUH.

3ameuanue. B nannoM ciydae oTIMYME OT METOAA WHTEPBAJIOB VIS He-
paBeHCTB 0e3 mapamerpa COCTOMT B TOM, YTO B PaccMaTpHUBAacMOM CIydae
3HaueHUs a0CLICC TOYEK, B KOTOPhIX QyHKuus f(Xx,a) oOpamaercss B Hylb
00 TEPIUT Pa3phIB, CaMU SIBISIOTCS (PYHKIMSAMH, 3aBHCSIIUMH OT Iapa-
METpa, ¥ HAaHECCHNWE MX HA YUCIIOBYIO OChb TPEOyeT JOMOJHUTEIbHBIX JIOTH-
YECKHUX paccykJIeHUH 00 MX B3aMMHOM PacIOJI0KEHUH Ha OCH.

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

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

a B cnyuae a = (0 oHHM cOBIAIAiOT.

3ameuanue. B HepaBeHCTBaX, HE COICPIKAIINX MMapaMeTpa, I OIpe/e-
neHus 3Haka QyHkuuu f(X) Ha paccMATPHUBAEMOM IMPOMEKYTKE ObIBAET
JIOCTaTOYHO OIPEETUTh 3HAaK (DYHKIUH B KaKOW-JIMOO ero BHyTpeHHEW TOY-
ke. B HepaBeHCTBaX ¢ mapaMeTpoM 3TO HE BCerjia MOXKHO CIeNaTh, IIOCKOb-
Ky CaMH{ TPaHMIIBI MPOMEXKYTKA HE UMEIOT KOHKPETHBIX YHCIOBBIX 3HAUCHUH.
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[TosTOMy pexoMeHIyeTcs TOJIb30BATHCS «KPUBOU 3HAKOG (MHOTIAa TOBOPAT
«3MEUKOUl 3HAK06») — KPUBOM, paciosiokeHHo Boie ocu OX , eciu 3Ha-
yenust f(X,a) MOJNOKUTENBHBI U HIKE, ECIIU — OTPHUIATENLHBI.
ParyonanbHO UCNIONIB30BaTh CKPUBYIO 3HAKOBY» B CIydae, KOTJa BXOAS-
mast B HepaBeHcTBO (ByHKUMs f(X,a) MOXKeT OBITh MPEJICTABIEHA KaK Mpo-
n3BeieHNE (MM 9acTHOE) JIMHEHHBIX WM KBaJpaTHYHBIX MHOXUTEneH. Mc-
TOJB3Ysl «KPUBYIO 3HAKOBY, JUIA KaKIOTO MHOXXUTENSI JIETKO YCTaHOBHUTH
3HaK f(X,a) B M000M MPOMEKYTKE, MOCKOIBKY KaXK/IBIH U3 MHOKHTEINEH B

JIAHHOM TPOMEXYTKE COXpAHseT 3HaK. 3Hauenue f(x,a) OymeT moioxu-

TEJIBHO, €CJTH KOJHUYECTBO OTPHUIIATESILHBIX MHOKHUTEICH OYyIET YeTHO.
«KpuBasi 3HaKOB» I COOTBETCTBYIOUINX JMHCHHBIX MHOXHUTEJICH BBI-
TIBIIAT CIEAYIOMIM 00pa3oM:

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

«KpuBas 3HaKOB» A COOTBETCTBYIOIIMX KBaJPATUYHBIX MHOXKHUTEJEH
ax’ +bx+c BBITJIITUT CIEAYIONINM 00pa3oM:
npu a >0, D >0 (cm. puc. 38a); npu a <0, D >0 (cm. puc. 386).

EN - s N

Puc. 38a Puc. 380

2
rIe X,, X, — KOPHU KBaApPaTHOTO TpeXwieHa ax~ +bx +c.

xX—a
Jiist 3a1laHHOTO HEPABEHCTBA . 20 nomyuaem:
x—2a

B ciygae a >0 (cwm. puc. 39a). B ciyyae a <0 (cwm. puc. 396).

+ -+ + -+

Puc. 39a ' ' Puc. 396
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B ciyuyae @ =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);
ecm a>0,10 x€(—0;a]U(2a;+x) ;.
3ameuanue. Tpu penieHNn HEPABEHCTE C TIAPAMETPAMHU MOTYT OBITh HC-
T0JIb30BAHbI TAKXKE METO/ 3aMeHbI MePeMEeHHOI 1 rpaduuecKuii MeTox.

+Va

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

KUX 3Ha4eHusAx napamempa d OHU pa@HOCMﬂbel?

Pewenue. Tlpn 3naueHusx mapamerpa a <0 nHepaseHctBo (1) mmeer
pemenre X € R, a HepaBeHCTBO (2) HE UMEET CMBICIIA.

IIpu a=0 oba HepaBeHcTBa nmeroT pemeHne X € (—o0;0) U (0;+0).
CrenoBarenbHO, B 9TOM CJIydae HEpaBEeHCTBA PABHOCHIIBHBI.

Ipu 3HaueHusx napamerpa a >0 penrenue HepaBeHcTBa (1) UMeeT BHL

x €(—o;—Ja)U(Va;+w) u coBnamaer ¢ peuieHueM HepaBeHcTBa (2).
CHCZ[OBaTe.H])HO, B OTOM CJIy4a€ HEPAaBCHCTBA PaBHOCHUJIbHBI.
Omeem. a >0 .

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

a) nepasercmsa (1) u (2) 6yoym pagnocunvhol;

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

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

1-3a
x> (2). HepaBencTBa OyQyT paBHOCHIIBHBL, €CITH COBIIAAYT MX MHO-
. a 1-3a
’KeCTBa  pelieHWd. ITO  BO3MOXKHO, ecmd |——= 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. Ompenenute 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. Onpexnenurte 3Ha4YeHUs MapaMeTpa d , IpU KOTOPHIX JaHHbBIE He-
paBeHCTBa PAaBHOCHIIbHBIL:

a)da—ax>x-2nmax—a<x+2;

0) 2ax—2a>x+4 u 2ax+2a>x-8.

4.1.3. Onpenenute 3HAYCHHA MapaMeTpa d , HOPH 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 (hun 222" 0 2

4.1.4. [lpu xakux 3HAaUEHUAX d U3 HEPABEHCTBA

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

4.1.5. Onpenenvte 3HAYCHUS TTapaMeTpa d , IPU KOTOPBIX PaBHOCHIIHHBI
CUCTEMBI yPaBHEHUI:
{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 APAMETPOB ¢ 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. PauuoHaJibHbIe ypPaBHEHUS

Hpumep 1. Ilpu xaxux 3naueHusx napamempa 4 He uMeem peuieHuil

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  ypaBHEHME K  BUAY
(x—a)(x+2)—x(x=2)=1 wmm (4—a)x=2a+1. lpu a=4 nonyya-
ercs ypasaenne 0-x =9, koropoe He uMmeer pemenuii. Ilpu a #4 momy-

a+1

yuM (OPMANTBHBIA KOPEHb: X = . Haiiziem 3Hauenus mapamerpa d,
4—a
Opv KOTOPBIX 3TOT KOPEHb MpPUHMMAeT 3Hauenus 2 u —2. Umeem: 1)

2a+1 7 2a+1 .
=2,otkyma a=—;2) =—2 — pelieHui HeT.

4—a 4 4—a

Omeem.llpu a=4 na=7/4.

ax+6—x
Mpumep 2. Pewums ypasuenue ——— =0 .

x* =9
Pewenue. OJ13 ypaBuenuss x #3 u X #—3. J[poOb paBHa HYIIIO, €CIIU
YUCITUTEN PABEH HYJIIO, 8 3HAMEHATENb UMEET CMBICH M OTJIUYEH OT HYJISL.
Petnm ypasuenne ax+6—-x=0 wm (a—1)x=-6. Eciu a =1, 10 pe-

wennil ver. [lpu @ #1 nomyuaem x =— . YuuteBag O/13, nonydaem

a —
6
— # —3 (orctona cienyer a #3)u — #3 (a#-1).
a—1 a-—

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

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

a —

X’ +1 1 x

Hpumep 3. Pewwms ypasnenue — - =—.
xa“-2a 2-ax a

Pewenue. OJ13 ypasuenns a#0 u x#2/a. IlpeobGpasyeM naHHOE
¥ +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 nocratouno pemmts ypasuenue (1—a)x” +2x+(1+a)=0.

Ilpu a =1 ypaBHeHHUe ABISIETCS JIMHEHHBIM 1 UMeeT petienne X =—1. [lpu

a#1 ypaBHeHHe SIBISITCS KBAaApaTHBIM M HMEET KOpHH X, =—1 ®u
a+1
X, = . lIpoBepuM BeImoONHEHUE yenoBusa X # 2/ a .
Jlst mepBoro KopHst X, =—1#2/a < a#—2; npu a =-2 ypaBHeHHE

uMeeT oK Koperb X =1/3 .

a+l 2
Jns BToporo xopHs X, = 1 # —. Jlerko yOemuThCS, 9TO ypaBHCHHE
a-— a
a+l 2 .
— — HC UMCECT KOpHeI/I.
a-1 a

Omegem. Ecin a =0, 10 pemenuii Her;
ecm a=-2,10 x=1/3;ecrm a=1,10 x=-1;
a+l

e a#0,a#lua#-2,170 x,=-1nx,= 1
a f—

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

Pewenue. JleBas yactb YpaBHCHUA — CyMMa KBaJApaToB, CJICA0OBATCIIBHO,
PAaBCHCTBO HYJIIO BO3MOXKHO TOJIBKO TOr'Jad, KOrJda KaXXJ0C CJIaracMoc paBHO

Hyno. U3 ypashenns x° +4x+4=0 cuenyer x=-2. IlogcraBuss B

ypaBHEHHE 3HAYCHHE X = —2 , MIOJIy4aeM, 9TO PABEHCTBO JIEBOI YacTH ypas-
HEHHsI HyJII0 BO3MOXHO TOJIBKO IPU OJHOBPEMEHHOM BBIIIOJHEHHUHN YCIOBUI

ab =10,
a+b=1.

IMonyueHHas cucTeMa ypaBHEHHH UMeeT JBe mapsl peuienuii (a;b). Dto
napsl (2;5) u (5;2).
Omeem. (2;5), (5;2).
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3aoauu ona camocmoamenbHozo peuienun

I[JISI KaXXI0Tr0 3HA4YCHHUA IMapaMeTpa d pPCHIMTEC YPaBHCHHUC:

x+3 xX+a
y L2, y GraE-a)
x+a x+3
4220 FZaDx=2a-3) _, o (—ax+3-a)
x+a x+2a+1
- - — _ 42
4.2.3. ) il (a2 3)x 3a:0; 6) — 24—-5x—x _
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 4228 _xta, 5= 1 i

= : — = + :
x+a a-—x ax (1-a)x a(a-1)

4.2.6. OmpenenuTe 3Ha4EHUS MapaMeTpa d , PU KOTOPBIX UMEET POBHO
TP Pa3INYHBIX KOPHS ypaBHEHHE:

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

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 xasxcooeo 3nauenus napamempa a pewiums HepageH-

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

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

HEpPaBEHCTBO K BUIY
a X

PaccmoTpum nBa cityydas:

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 (*) chpaBeminBo, €CiIu

a : :
i + - 4
——=—9>0, Te (cm. puc. 40a) L

X ; : >
/(a-1) 0 X
npu xe(—oo;a/(a—l)]u(O;+oo). —_ﬁV

Puc. 40a ‘

(2) Ecu a € (—0;0) U (1;+0) ,

u HepaBeHCTBO (*) cIpaBemInBoO,
X+ + - +

o — =@ < 0, T.e. (cMm. puc. : |

¥ _M (b

4006) npu xe(O;a/(a—l)]. 3
Puc. 406

Ilpu a=1 wucxomHoe HepaBeH-

=Y

1
CTBO UMECCT BUJ — >0u BBIIIOJIHACTCS IIpU X > 0.
X

Omeem. Eciu a € (—0;0) U (1;+0) , T0 X € (0; alla- 1)] ;
ecmn a € (0;1), 10 x & (—o03a/(a—1)] U (0;+00) ;

ecm a=1,10 x €(0;+00).
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Mpumep 2. [na kajcoozo 3navenus napamempa a4 peuwunts Hepasen-
cmeo x> —2ax>x-9.

Pewenue. Tlepenocs Bce WIEHBI B JIEBYIO YacCTh, II0JIy4aeM HEPABEHCTBO
¥ —(2a+1)x+9>0. Ero muckpummnaar D =4a’ +4a—35. Ecm
D <0, To HepaBEHCTBO CHpaBEIINBO IPH Beex 3HadeHuaX x € R . U3 Hepa-
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 +1+\/B)/2;+OO);

ecmm a €[-3,5;2,5], 0 xeR.
Ipumep 3. [na kaxcoo2o 3Hauenus napamempa d pewuns HepaeeH-

cmeo <x.

xX—a
Pewenue. Haxonum OJ13: x #a .

IMepeHocs Bce UIEHBI B JIEBYIO YaCTh, HOIYYUM
1 1+ ax—x* X —ax—1
—x<0wm ——— <0 ——>0.
x—a xX—a xX—a
Pa3J105kUB YMCIHMTEND HAa MHOKHUTEIH, IPHXOIUM K HEPABEHCTBY

(x—(a—\/az +4)/2)(x—(a+\/a2 +4)/2)

X—a

>0.

Pemmm ero, wucmonb3yst MeTox
«KPHBBIX 3HAKOBY», C YYE€TOM TOTO, YTO
IPH BCEX 3HAUCHUSX d CHPABEIIIMBO
HEPaBEHCTBO

a—~a +4 a+~a’ +4

=Y

<ac<
2 2
Ha puc. 41 m3o0paxeHbl 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 xkadxcooeo 3navenus napamempa d pewiums HepageH-

x—1
cmeo >1.
2x—a
-1 —(a-1
Pewenue. —> >l La)<0 (**), tne x#a/2. Pemmm
xX—a x—al2

HEPaBEHCTBO (**) METOZIOM «KPHBBIX 3HAKOBY». BBISICHUM PaCIONOkKEHUE HA
gyucnoBo ocu Ox umcen a—1 u a/2, tak wepasenctBo a—1<a/2
crpaBeMBo npu a <2 u a—1>a/2 upu a>?2.

Ipu a <2 (cm. puc. 42a). Ipu a > 2 (cm. puc. 426).

+ -+ + -+

_ﬁ: 1 a/2 X _/(11/2 a-i]

=Y

Puc. 42a Puc. 426
x—2-1 1
x=2/2

Omeem. Eciu a <2 ,710 x€(a—1;a/2); ecnu a =2, 10 pelieHuii HeT;

Ilpu a =2 HEpaBEHCTBO HE UMEET PEIICHHH, 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 peuieHue cuc-

ax—1<0,

x—4a>0.

< 2 X mema HepaeeHcme {

e Pewenue. Bocnonb3yemcs rpa-
(buueckuM MeToIOM. 3alUTpUXyeM Ha
miockoctd OXd MHOXKECTBO TOYEK
Puc. 43 (cMm. puc. 43), xoopauHatsl (X;q)

KOTOPBIX yIOBJICTBOPSIOT CHCTEME
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HEPaBEHCTB.
HepasenctBy ax —1<0 ynoBneTBOpsSrOT KOOPIUHATHI TOYEK, JIEKALUX
Boinie Tunep6onsl @ =1/x mpu x <0, u mwke — npu x > 0 . Hepasenctso
X —4a >0 BbIOJNHAETCA 111 TOYEK, JIEKALIUX HIKE PAMON a = Xx/4 .
JlanHas cucrteMa MMEET pElIeHHE, €CIM NpsAMas d = CONSt TepeceKaeT
3alITPUXOBAHHYIO 0651acTh (cM. puc. 43), t.e. mpu a <0,5.
Omeem. a<0,5.
Mpumep 6. Onpedenumes, npu Kakux 3Ha4eHusx napamempa a umeem
peuiene cucmema HepaseHcme

X' +2x+a<0,
x*—4x—6a<0.
Pewenue. Peminm 3amady, UCTIONB3YS Tpa@uaecKuii MeTol. Bripasum a
B K&)XZIOM HEPaBEHCTBE CHCTEMBI

—x*-2x>a,

x* —4x
6

IMoctpoum Ha mwiockoct Oxa (cMm. puc. 44) napaboisl a = —x*=2x u
a=(x>—4x)/6. A6cuuccsl

TOYEK TepeceyeHus! mapabos
Halaem u3 YpaBHEHMS

<a.

x* —4x
e
kopau X, =0 u x, =-8/7.

—x’ =2x= Ero

Abcmycca BepIIMHEIL Mapado-

Puc. 44 mel @ =—x"—2x pasHa —1,

opauHata paBHa a, =1.

Crie10BaTeNbHO, OpAMHATa TOUKH nepecedenus napabon a(—8/7)=48/49

JISKHUT HIDKE YKa3aHHOW BepiuuHbl. OpnHAaTa BTOPOM TOYKH MEPECCYCHHs

a,, =0. CucreMe HEpaBEHCTB YIOBICTBOPSIOT KOOPIAUHATHI TOYCK, JExKa-

IMX B 3alITPUXOBAHHOM 00nacTu Ha MWIockoctH OXxd , T.e. HCXOJHAS CHCTe-
Ma HepaBEHCTB UMeeT pemienue it aoboro a €[0;1].

Omeem. a <[0;1].
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Mpumep 7. Haiimu 6éce 3nayenus napamempa a, Hpu KOMOPbIX Hepa-
a+4-x
sencmeo ———— >0 (*) swnonnsemca Ona 6écex X u3 npomesncymxa
x+3a
3<x<5.
Pewenue. Penm 3aaqy 1ByMst criocobamu.
Cnocob 1 (memoo «kpusvix 3naxoey). Halimem pelieHre HepaBEHCTBA

(*). Tlpu 3HaueHun X, =a+4 uucianTens paBeH HyJIO, a IpU X, =—3a —

3HaMeHaTe b. BO3MOXXHBI TpU 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 «KpHUBbIC 3HAKOB)» YHCIHMTEIS U 3HAMEHATENs, 3allMIlIeM pe-

menue Hepasencrsa: (1) ecim a >—1,10 —3a <x<a+4 (cm. puc. 45a);

\/

=

_/—3:51 a :Q\_x A

Puc. 45a Puc. 456
(2) ecnmu a =—1, To pemrenuii Het (cM. puc. 456);
(3)ecmn a<—1,710 a+4<x<-3a (cm. puc. 458).
COOTBETCTBEHHO,  YCJIOBHUIO
3a7aud  YJOBICTBOPSIIOT — TaKue

3HAQYCHUA mNapamMeTpa d , IpUu KO-
& TOPBIX BCE€ 3HAYCHUA X nus3

_,/a:-rM —3.(1\_ muOoxectBa  [3;5]  sBisrorcs

+

pemienneM HepaseHcTBa (*). OT0

Puc. 458 BO3MOXKHO, ecnu mpu  a > —l

OJIHOBPEMEHHO BBITIOJHAIOTCS

yenoBust —3a<3 u S5<a+4,

a <—-1 onHoBpeMeHHO BEIMONHSIOTCA ychioBus dexH4 <3 n P —3a <1d.
a<-5/3.

Omegem. a € (—0;—-5/3) U[l;+x).
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XA X Cnoco6 2 (KIl-memoo). Ha
\ KII-mutockocty dncnutens 00-
‘2 @ A paiaercs B HOJb HA TPSMOi

+ X=a+4, a 3HaMeHaTeNb — HA
npsMoit X =—3a . DTU npsAMbIE
[IEPECEKAIOTCS B TOYKE C KOOP-
nunatamu (—1;3) wu pas6usa-

o1 KII-ruiockocTs Ha 4YeTbIpe
gactuaHble obmactu [-IV (cm.
puc. 46). B xaxmoll u3 HHX
BBIPAKCHUE C JIBYMS IIEPEMCH-
a+4-x

Puc. 46 HBIMH F(x,a)=
x+3a

COXpaHSAET 3HaK U MECHSET €ro NPH MEPEXoAe uepe3 rpanuipl obnacreil. s
YCTaHOBJICHHSI 3HAKOB B KaXK10# M3 00JacTell BO3bMEM, HallpUMep, TOUKY U3
o6nactu I ¢ xoopmunaramu (—5;0) . Torma F'(0,—5)=-1/15>0. Cneno-
BareibHO, BhIpaxkenue F(x,a): neorpuuarensHo B 1 u Il oGnactsx, He

UMeeT CMbICIA Ha MpsAMOM X =—3a u obpauiaercs B HOJIb Ha MPSIMOI
x=a+4.
PaccMOTpUM MHOKECTBO TOYEK NPUHAIIEKAIUX EPECEUEHUIO T10JI0CHL

a+4-x
3<x<5 c o6mactsmu 1 u II1. HepaBerctBo —3 >0 Oyner BbIIOI-
x+3a

HATbC (cM. puc. 45) s BCEX X, Y/AOBIETBOPSIONIMX HEPABEHCTBY
3<x<5,mpu a<-5/3 (3nauenue —5/3 — abcumcca TOUKU MepeceHHs
npsiMbix X =—3a u x=5)u a>1 (3nauenue 1 — aGcuucca 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 KaXXJI0r0 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
432.0) 2 >1; 6) —4—>1.
x—1 x+1
4330 ZTDE=D o 2DEHI) o o DOHD
x+3 XxX—a a—Xx
a3 YD g 6 X, gy FDEd)
x+3 x+a X
sas.0 ETOHY (o (ar=2a) g (kD da)
x+a x+3 x+2a+1
436.0) 291, 6 9 >
x—2a x—2a+1
?—(a-3)x— 24 -5x—x’
437.2) 2 (az x=3a .46, 5 . XX <)
x -4 x +2a-5x—-10a

4.3.8. Haiinure Bce 3HaYCHHS apameTpa d , Ipu KOTOPBIX HEPABEHCTBO

x—=3a-1

a) ———— <0 BeimonuseTcs st BeeX X U3 npoMexkytka 2 < x <3
x+2a-2
x—3a-2

0) ——— < 0 BbImonHAETCS JUIA BCEX X M3 MpoMexyTka 3 < x <4,

x—2a-1
ﬂﬂﬂ KaXa0Tro 3HAa4YCHUA r[apaMeTpa a peH.[I/ITC HCPaBCHCTBOZ

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, coaep:xaiiue 3HaK adCOJTHOTHOI
BeJIMYUHBI

Peutenue ypasuennst | f(x,a)|=g(x,a) cBOAUTCS K PELICHHIO COBO-

KYIIHOCTHU IBYX CUCTEM CJICAYIOLICTO BUAA.
B IMEPBOM ClIyHdac Ipu Nnepexo€ UCIOJIb30BAHO ONPCACICHUC MOYJIA.

[ f(x,a)=g(x,a),
f(x,a)20,

R R @)

| L (x,a)<0;

Bo BTOpOM — HCIIONIB3YyeTCs HEOTPUIATEILHOCTE A0CONIOTHOM BEIHMYH-
HBI.

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

fa) = glnay e | BP0 42)
—f(na)=g(x.a),

g(x,a)=0.

st perienyst ypaBHEHHM BUa

|f1(x,a)\+...+|fk(x,a)\—\f,m(x,a)| —...—|fn(x,a)|:g(x,a)

MPUMEHSIIOT MEMOO «HACHUYHBIX 001ACHell) NI MEMO0 UHMEPBAII08.

OcHOBHas uzes METO/Ia «IaCTHYHBIX 00JIACTCH» COCTOUT B TOM, YTO pe-
LIEHKE 3a1a491 B HCXOAHON 001acTh (B 4acTHOCTH, Ha tiockoctu Oxa ) cBo-
JIUTCSl K PEIICHUIO COBOKYITHOCTH CMEIIaHHBIX cHCTeM (ypaBHEHUH U Hepa-
BEHCTB), HE COJCPIKANIMX 3HAKOB aOCOJIOTHON BEIMYMHBI, B KaXJIOH Yac-
TUYHOM 00J1aCTH, Ha KOTOPbhIE Pa30MUBACTCS UCXOIHAS 00IACTb.

OcHoBHas U7iesi METOZ[a HHTEPBAJIOB COCTOUT B TOM, YTO 00JacTh OIpe-
JIeJIEHHsT YpaBHEHHs (B 9aCTHOCTH, ynciioBas mpsmas Ox ) pasOuBaeTcs Ha
untepBanbl. J[ist atoro Haxoaat O/I3 naHHOTO ypaBHEHHUsI, ONIPEICIISIFOT TOY-

ki paspsiBa yHkuuit f(x,a), ..., f,(X,a) 1 KOPHH COBOKYIHOCTH ypaB-

Six,a)=0,

HEHUH | ..coovevennnnnn. B xaxaoM U3 IpOMEXYyTKOB, Ha KOTOPbIE HaliICHHbIE
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Toukn pazbuBaroT O/3, GyHKIMH, CTOSIINE IO 3HAKOM MOJIYIIS, COXpaHs-
10T 3HaK. [ToaTOMy HMCXOHOE ypaBHEHHE B KaXKIOM IIPOMEXYTKE 3aMEHSCTCS
YpaBHEHHEM, HE COJICPIKAIIUM 3HAKOB a0CONIOTHOM BEJTMYMHBI U PABHOCHIIb-

HBIM II€PBOHAYAJIBHOMY.

Hpumep 1. Jus kascoozo delicmeumenvHo2o 3HaAYeHUs napamempa a
pewums ypasuenue | x| +|a|=1.

Pewenue. Ha mockoctu Oxa (cM. puc. 47) noctpouM rpaduk ypaBHe-

3
o |

X,

Hust | X |+|a|=1. PacpsiBas momyiu,

nonydaem | x|+ |a|-1=
x+a-1,ecoru x>0ua >0,
—x+a-1,ecm x<0ua =0,
x—a—1,ecrm x> 0ua<0,
—x—a-1,ecru x<0ua<0.

Omeem. Eciu a<—1 wm a>1,
TO pelieHnit Her; ecnmu a=—1 win
a=1, To ogno pemrenne x =0 ; eciu
-1<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 3nauenusx a umeem xoms Obl 0OHO peuieHue
a) |[x—1|+|2x-3|=a;
0) |x+1|—-|x—-1|=a;

Pewenue. a) Ha mnockoctn Oxy (cM. puc. 48) moctpoum rpaduk

ypasHeHue:

B) |[x+1|+|x—a|=3?

Gyaxmuu f(x) =|x—1|+|2x —3| . PackpbiBast MOyIIH, [IOTyYaeM

|x—1]+|2x-3|=
YA
< » —3x+4,ecm x <1,
U o5
5 / =|—-x+2,eeml<x<15,
A
a=const | \* [ 3x—4, ecmux>1,5.
a=1_|I 2 Crne10BaTeNbHO, MHOKECTBO 3HAUCHUM
— =-x+2, _ .
a=0,5 Y R bynxkunn  f(x)  ects  E, =[0,5;+00).
o 132 X Vpasuenue f(x)=a umeer XoTs ObI OAHO
pemenue, ecnu a € E,, T.e. nipu a 2 0,5.
Puc. 48 '

92



Omeem. Npu a >0,5.
0) Pewenue. Ha nnockoctn Oxy (cm.

Ya puc. 49) mnocrpoum rpaduk GyHKIHH
3 y=2 S = x+1|=[x-1]:
=2, ecmm x < —1,
I y=a ~ B
------- S R f(x)=|2x,ecru—1<x <1,
'l/'\'f 01 X 2,ecomm x > 1.
y=- yAE E, =[-2;2]. CoorsercrBenHo, ypas-
HeHue OyIeT UMETh XOTA Obl OJHO PEelLICHHE
Puc. 49 mpu —2<a<?2.
Omeem. llpn —2<a<2.
B) Pewienue. Jlannoe ypaBHenue paBHocwipHO |X+1|-3=—|x—a].
yA Bocrons3yemest  MeToIOM

rpaduyeckoii  MHTepIpeTa-
. [loctpoum  rpaduk
byHKIMH y=|x+1|-3

(cm. puc. 50). OyHKIMSA BUAA
o(x,a)=—|x—a| 3amaer
ceMeicTBO TpauKoB, MOJY-
yaromuxcs U3 Tpaduka
Gyukumn  y=—|x| caBu-
Puc. 50 TOM Ha @ €AWHHIL BJIOJb OCH
OXx . VpaBHEHHE HMEET pe-

menust npu —4<a <2, Omeem. -4<a<?2.
Mpumep 4. Ilpu xaxux snaye-

HUAX napamempa  d  ypasmenue  y=|2x+4|

[2x+4|=ax+1 umeem eduncm- /

sennoe pewenue?

Pewenue. UYucno pemenuit
YpaBHEHUsI PaBHO KOJIHMYECTBY TO-
YeK nepecedeHust rpaduKoB i >
y=[2x+4] u y=ax+1. Ilep- -2 X
BEII TpauK «HEMOIBIKEH» (CM. m,
puc. 51), a ¢(x,a)=ax+1 3angaer
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ceMelicTBO mpsAMBIX, mpoxomsiux yepe3 Touky A(0;1) u umerommx yrio-
BoW kod(punmeHT paBHbI @ . Buanm, 4To €cTh TpH KPUTHUYECKUX MOJIOXKE-
HUSL OTHX OPSMBIX mM,,m, U M. IIpaMas m; NPOXOAUT 4Yepe3 TOHYKY
B(-2;0), npsmas m, mapawiensHa mpsiMoit ¥ =—-2x—4, u m; muapan-
agenbHa Y =2x+4. YrnoBble ko3bdHUIMCHTEl @ TPSAMBIX M, M, U M,
pasubl 0,5,—2 u 2, coorBerctBenno. I'paduku dynximit y =|2x+4| u
y=ax+1 wumeror omHy Touky nepeceuenus upu a=0,5 wu
a € (—oo;— 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 Y =/ x° +6x+1| (cm. puc. y:-g--\ ...... . 1
52). TlocrpoeHHblit Tpaduk U TpsMbIe /’

=a nverotr ipu @ >8 u a =0 nBe AT
y P 8 y=|x"+6x+1|
ob6mme Toukw; npu 0 <a <8 — yersl- - >
pe;pu a=8 —tpuunpu a<0 mwer . A LA
Touek mepeceuenust. ClieOBaTENBHO,

Puc. 52

TPH pEHICHHA OyAyT TOJNBKO MpH
a=2_8.
Omeem. a =8.
Ipumep 6. IIpu 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, ynosuerso-

psirore HepaBeHCTBY 0 < x <4 | ABISAIOTCS pELICHHEM CMELIAHHOW CHCTe-
MBI

0<x<4, 0<x<4,
2x-2a+a-4+x=0, x=(a+4)/3,
x—az=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.
[poBepuM, YTO Hal/IEHHBIE KOPHU yPABHEHHS YIOBJIETBOPSAIOT OTPAHUYEHH-
am 0< x <4 . Jlna xopust x =(a+4)/3 nomygaem

0<% 4 (L4<as<s,
3 & & 4<a<l2.

< .
a<?2; as2;

= 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 COBMAIAFOT.

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 PACKDPBITH
MO/IyJIH, HYXHO BBISCHHTH PACIIONIOKEHUE PYT OTHOCUTEIBHO JpYyra drces
a u —3 . PaccmotpumM 1Ba ciyvas: 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
& = =<a>6,
3a+2(x—a)=—(x +3), pe_dt3 )
3 Hem peuwleHuu

-3<x, -3<x, a<-3,
= =
3a+2(x—a)=x+3; x=3-a; x=3-a.

2.1pn a>-3 nmeeM 3a+2|x—al|=|x+3|
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- {x<—3 , {—3Sa<—6/5,
x<-3
{3a+2(—x+a)=—(x+3), x=5a+3, x=5a+3,
-3<x<a, —-6/5<a<3/2,
{—3Sx<a,

f=—g -3 & —
3a+2(—x+a)=x+3, x=5a 3, x=5a 3

N 3 3
r=a, x>a, a<3/2,
3a+2(x—a)=x+3;

x=3-a;

2

i x=3-a.

JUIsl 3amicH OTBETAa HAHECEM TMOJYYEHHBIE KOHTPOJIBHBIE 3HAYECHHUS
a=-3; —6/5;3/2 u pemenns na unciosyio ock Oa (cm. puc. 53).

x=5a-3 x=3-a
! x+(3a-3)/3

>

6/5 0 32 ¢

Puc. 53

Omeem. Ecnin a <—6/5,10 X, =5a+3, x,=3—a;

>

ecmn —6/5<a<1,5, ro x, =(5a+3)/3, x,=3-a;

2
ecin a=1,5,10 x=1,5;0pu a >1,5 pemennii uer.
Ipumep 8. /[na kasxcoozo snauenus napamempa a peuwums ypagHeHue
x+|x—al=|x-3].
Pewenue. PaccmotpuM iBa ciydas: a <3 w a>3.

1.Tlpu a <3 umeem x+|x—al|=|x-3|<

x=3—-a,ecnmu x<a,
xX—x+a=—x+3,ecmmx<a,

a+3
X+x—a=—x+3,ecmmas<x<3, | x=

,eemma<x<3, &<

X+x—a=x-3,ecnu x>3;
’ ’ x=a-3,ecmn x >3
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x=3-a,ecrm3—-a<a, x=3—-a,ecma >1,5,

a+3 a+ a+3
= ,eemasl——<3, & x= ,eemma<1,5,
3 3
x=a-3,ecoma—32>3; x=a-3,ecima>6.
x=3—-a,ecrnl,5<a<3,
C yuerom orpanuuenus a <3 mojydaem a+3

x=——,ecmml,5>a.
3
2.Tlpu a >3 umeem x+|x—al|=|x-3|<

[x—x+a=—x+3,ecn x <3, x=3—a,ecmu x <3,
Slx—x+a=x-3,ecm3<x<a, &S| x=—a-3,ecmu3<x<a, <

x+x—a=x-3,ecnu x> a; x=a-3,ecmn x > a;

x=3—-a,ecnma >0,

a<-6,
<|x=—a-3,ecmu3<-a-3<a,<| x=—a-3,ecmm (D),
a>-1,5

x=a-3,ecmu—320(9).

C yuerom orpannuenus ¢ >3 monydyaeM X =3—a.
Jis. 3amdcd OTBETa HAHECEM IMOJIyYCHHbIE KOHTPOJIBHBIC 3HAUCHUS
a=15 u a=3, atakxke pemenus Ha anuciaoy ocb Oa (cMm. puc. 54).

[x=3-a,ecm3—a<3,

x=a-3,ecnua—32a;

x=(a+3)/3

Puc. 54

a+3
Omeem. Ecniu a <1,5, 10 X = 3 ;

ecim a>1,5,10 x=3-a.
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3adauu 011 camocmoAmenbHO20 peuleHus

Onpezenure, NpH KaKUX 3HAYCHHUSIX d HMMEET XOTs Obl OJHO PEIICHHE
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 Kakux 3HAYCHUSIX TapaMeTpa a ypaBHEHHUE:
a) | x* +3|x|—4|=a umeer poBHO TpH KOpHS;
6) | x> —3| x| —4| = a numeer uerbipe KopHs?
4.4.5. Tlpu xakux 3HAYCHUSIX NTapaMeTpa a ypaBHEHHUE
|x+4|2x=ax—1:
a) UMeeT eJMHCTBEHHOE PeIlICHHE; 0) HEe MMeeT pelICHHS.
4.4.6. s ka)XI0TO 3HAYCHUS MTapaMeTpa ¢ PEIIuTe ypaBHEHHE:
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 [TapaMeTpa @ BCE PEIICHUsS ypaBHEHUS:

a) 2|x—al+a—4+x=0 ynosnerBopstor HepaBeHcTBy 0 < x <4 ;

0) 3| x—a|+2a—3+ x =0 ynosnerBopsitor HepaBeHCTBY —2 < x <57
4.4.8. IIpn xakux 3Ha4EHUAX apaMeTpa @ UMEET POBHO TPHU PEILICHUS 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 3HAYCHHSA MMapaMeTpa d , IpU KOTOPBIX UMeeT OECKOHEY-
HO MHOTI'O pEUIEHUH CUCTEeMa 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, coaep:kamiue 3HaK a0COJTIOTHOM
BeJIHYUHBI

Ananumuueckue memoowvt

[Ipu pelieHrH HEPABEHCTB, COMEPIKAIIUX 3HAKH a0COFOTHON BETHUUHBI,
CIIEZyEeT MOJIb30BaThCS CIEAYIOIMMH JIOTHYECKUMH CXEMAMMU:

f(x,a)>g(x,a),
a) | f(x,a)]>g(x,a) < F(e.a) < —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 3Hauenus A pewums HepaABeHCMEO.!
a)|x—4|<a; 06)| x-3|(x—a)>0; B) X’ <a.

a) Pewenue. Ilpn a <0 HepaBEeHCTBO HEe MMEET PEIICHUI, TaK KaK €ro
JieBasi 4acThb HEOTPHULATENIbHA.
CootsercTBeHHO, ipu a > ()
x—4<a,
|x—4|<a& Sd4-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 nepasencree |x—3|(x—a)>0 npu x#3 muepsblii
MHOXKHUTENb MoJ0XuTeNneH. Clle10BaTeNbHO, IS BHITIOJIHEHNST HEPABEHCTBA U
BTOPOW MHOXKUTEJb IOJDKEH OBITh MOJIOKHUTENCH, T.6. X >a U X # 3.
Omegem. Eciu a <3, 10 x €(a;3) U (3;+x0),
ecmd a >3, 10 X €(a;+0).
B) Pewenue. VicxoqHOE HEPABEHCTBO HE COJCPKUT 3HAKOB aOCOMIOTHOM
BEJINYMHBI, HO CBOAUTCS K TAKOBOMY.

2 .
Ilpu a <0 HepaBeHCTBO X~ < @ HE UMEET PEIICHHIA.

Tpn a >0 nmeem x° < a<:>|x|<\/; @xe(—\/;;\/g),
Omeem. Ecnu a <0 , To penieHuii HET;

ecim a >0, 10 XE(—\/;;\/;).
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ﬂﬂﬂ pemieHrs HEPABCHCTB BUAA
|fi(xaa) | +"'+|fk(x>a) | _|fk+1(xaa) | _"'_|fn(-x:a) |2 g(-x:a)

NIPUMEHSIOT MO0 «YACIMUYHBIX 001ACMei» U Menoo UHMeEPEanos.

OcHoBHas naca Meroaa «4aCTUYHBIX 06J'IaCTeI>1» COCTOUT B TOM, YTO pC-
LIEHHE 3aJa49M B MCXOJHOM 001acTh (B 4acTHOCTH, Ha mmockoctn Oxa ) cBo-
JIUTCSl K PEILICHHIO COBOKYITHOCTH HEPAaBEHCTB, HE COJEp)KAIlINX 3HAKOB a0-
COJIIOTHOHM BEJIWYMHBI, B KQKI0H YaCTHYHOM 00JacTH, Ha KOTOpBIE pa3OHBa-
eTCsl NCXOHAsE 00IacTb.

OcHOBHas HIes METOJa MHTEPBAJIIOB COCTOMT B TOM, YTO 00JIacTh orpe-
JIeIICHNSI HEPABEHCTBA (B 4aCTHOCTH, uncioBas npsiMast Ox ) pa3buBaercs Ha
MHTEPBAJIbl, © Ha KAXKJIOM U3 HHUX JII000€ BBIPOKECHHE, CTOSIIEE M0 3HAKOM
MoAyJist B UICXOJHOM HEPABCHCTBE, JJId BCEX 3HAQYEHHH X U3 dTOT0 HUHTCpBa-
J1a IMEET «OJHMH M TOT K€ 3HaK», II0ATOMY Ha Ka)KJOM MHTEpBaJle MCXOIHOE
HEpPaBEHCTBO 3aMEHSIOT PAaBHOCWIIBHBIM HEPaBEHCTBOM, HE COJCpPIKAILNM
3HaKa abcomoTHOW BennduHbl. OCOOEHHOCTH 3TOTO METOJIa pEeIIeHUs Hepa-
BEHCTB C NapaMeTpaMM TaKue jKe, KaK W B Cllydae PelIeHHs ypaBHEHHH C
napameTpoM. B ciydae, ecin HepaBeHCTBO COAEPIKHUT TOJIBKO OJTHO BhIpake-
HHE C MOAYJIEM, TO IIPH €r0 PEIICHUH JOCTATOYHO, HCIIONb3Ys ONpeeCHIe
MOJYJIsI, OCBOOOJHUTHCS OT 3HAKOB AOCONIOTHON BEITHYHHBL.

Hpumep 2. /{na xaxcooeo sHaueHus A peuiums HepaseHcmeao
2x+|x—a|>1.

Pewenue. Vicnonp3ys onpeneneHue Moayis, NepeieM 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<Q0; x<a.

Jlnst IEpBOM CUCTEMBI COBOKYIHOCTH, cpaBHuBas uncia (a+1)/3 u a,

a+l1

a+1
>a npu a<0,5. Torga, ecnu a<0,5, 0 x>

nojryynum , €CIIn

a>0,5,to x>a.
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Jlyist BTOpPO# CHCTEMBI MOJydaeM HEpPaBeHCTBO 1 —a < x < a, crupaBei-
auBoe tipu a > 0,5 .

O61)CI[I/IH5DI IMOJIYUCHHBIC pCHICHUA, TOJTYYUM OKOHYATEIbHBIN OTBET.

Omeem. Ecim ¢ <0,5, 170 x> (a+1)/3;ecrm a>0,5, 70 | —a<x.

Mpumep 3. Kakue 3nauenus mooicem npuHuUMAame GulpadiceHue X+ y
npu yeaosuu, umo | y | < (x—2)(4—-x)?
Pewenue. Ilyctb X+ y =a; Torga ycioBHe 3aJadyd MOXHO nepedop-

MyJIUPOBATH CIEAYIONUM O0pa3OM: npu KAKuX SHAYEHUAX ( Hepa6eHCme0
|a—x|<(x—2)(4—x) umeem xoms 661 0010 pewenue?

NmeeMm |a—x|<(x-2)(4—x) =
x*—5x+8-a<0,

o x'—6x+8<a-x<—-x"+6x-8& ,
x*=Tx+8+a<0;

(5-+4a-7)/2<x<(5+~4a—-T)/2, ecmu a>17/4,
(7T-V17-4a)/2<x<(T+~17-4a)/2, ecnu a <17/4.

[TonyueHHbIe 1Ba OTpe3Ka BCErAa MMEIOT, M0 KpaiiHel mepe, OfHy 00-
LIyI0 TOYKY, TaK Kak MpaBasi FpaHUlla MEPBOrO BCETAa JEKUT MpaBee JIEeBOi

IPaHHUIIBI BTOPOTO npu 7/4<a<17/4. JleiicTBUTENIBHO
S5+Nda-7 _T-~N17-4

2a > 5 ¢ V4a-7+17-4a>2. Bossoms B
KBagpar  o0e  YaCTH  TIOCJIENHETO HEPABEHCTBA,  IOJyYaeM

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 < , SN
x +a>-2; x°>-2-a.
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Ucnonb3ys rpa-
¢dugecknit  MeTof,
HaxXxoJuM JiIBa KOHT-
POJNIBHBIX ~ 3HAUYCHUS
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 CIIPABEJIMBO BCET/IA,

anepBoe—/:[aeT —2—a<x<+2—-a.

y=x’+a

pu  a<-2 U3  TEPBOTO  HEPABEHCTBA  CHCTEMBI
\/2 a<x<~2—a, a w3 Broporo x<—-2—a wm x>~+-2-a.
Tak kak —2-a<2-a, TO PpEUICHHEM CHCTEMBI  SBJISIOTCS

xe(—V2-a;—~N-2-a)V(N-2-a;Nv2-a).
Omeem. Eciiv 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. Tpu xaxux smauenusx a Hepasencmeo |X—+a|<4—x

umeem xomsi 6vi OOHO ompuyameilbHoe pemeHue?

Pewenue. B cucreme xoopaunar (Ox)y mocTpouM rpaduku JI€BOM U

IIpaBOM 4YacTed HEpaBEH-

A crBa Yy, =|x+a| m

=|x-4| y,=4—x> (cm. puc.

56). I'padux dynkamuu

|X+% j X ¥, HEMOJABIKCH, a Ipa-
-17/4 > duk y, :| x+a | noJy-

}/2=4—)C2 Yyaercs CABHUIOM BJOJb

ocu Ox rpaduxa

Puc. 56 y =| x| Ha —a €OUHHUIL.
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CymiecTByeT ABa MPEACTBHBIX TONOXKCHUS rpaduka GyHKImH V, =| X +a|.
[lepBoe 3HAYCHHE @ ONPEAEISCTCS W3 YCIOBHS CIUHCTBCHHOCTH OOMIei
. 2
TOYKH IIPaBOil BeTBU rpaduka y, u mapaboust ), =4 —x". U3 ypaBHeHus
2
X+a=4—Xx" cnemyer, 4TO peuIeHNe SAUHCTBEHHO ipd @ =17 /4 .
Bropoe 3HaYeHHe @ ompejelsieM U3 YCIOBUsL, YTO JieBasi BETBb rpaduka
¥, npoxomut 4yepes Touky A(0;4) . B sTom ciydae nonydaem a = —4 .
Omegem. —4<a<17/4.

Mpumep 6. s kasrcoozo 3navenus 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. puc. 57), CTOAMIMX B IPaBOM U IEBOH

2x+1, ecmu x > 1,
9acTsX MOJYYEHHOro HepaBeHeTBa. ¥ =3x—|x—1|=
4x—1, ecnm x < 1.

I'pacux byHKIHMH

y o(x,a)=|x+a| mnonyyaercs wu3

. rpaduka ¢pyukuuu y =|x| casurom
y=|x+2) Broib ocu OX Ha @ COWHHUIL M UMe-
€T TPU KPUTHUYECKHX IOJIOKEHUS,

>< COOTBETCTBYIOIMX 3HAYCHUSAM Iapa-
2 0 Mmetpa a, paBubiM —2, —1/4 u 4
N COOTBETCTBEHHO (cM. puc. 57). Uec-
§§ XOIHOMY HEPaBEHCTBY yIOBICTBO-
4 PSIOT KOOPIAMHATHI TOYEK X, MpH
Puc. 57 KOTOpbIX rpaduk GyHkuun @(x,aq)

pactmionokeH Beimie rpaduka (QyHK-
muu Yy =3x—|x—1|. AGcuuccel ToYek nmepeceyeHus YKa3aHHbIX TpaduKkoB
ONpeNENAOTCS U3 ypaBHenus | x +a|=3x—|x—1].
l1-a

;ecmn 4<a<-1/4;10 x< 5 ;

Omeem. Econ a < —4 ;10 X <—

a+l1

ecmt —1/4<a<2,10 x< ;eemm a>2;10 x<a-1.
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Cnocob 2 (ananumuueckuii). IlepeHeceM B TPaBYIO 9acTh HEpaBEHCTBA
| x+a|, a nanee, 1uist pelieHuUst MONYYEHHBIX HEPABEHCTB, TIPUMEHHUM JIOTH-
4yeckyro cxemy (5.1)

x+a2>3x—|x-1|,
|x+a|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—-124x+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}. Jna HaxoxiaeHus Hau-
OoJbIIEro M3 YETHIPEX YHCeN B 3aBHU-
CUMOCTH OT 3HAUYE€HUM MapaMmeTpa
npuMeHuM rpadpudeckuii meron. s
3TOr0 MOCTPOMM TpadHKU JUHEHHBIX
byukmuin x=a—-1, x=(a+1)/3,
x=—(a+1)/3, x=(1-a)/5 (cm.
puc. 58) u HaiieM aGCIMCCH UX TOYEK
nepeceueHus. st KaXa0ro KOHKpeET-
HOTO 3HAYCHHUsS MapameTpa a Oepem
Puc. 58 YHCIIO, COOTBETCTBYIOIIEE HambOIb-
mreil opauHaTe AT TOYEK Iepecede-

HUA ¢ rpadukaMu QyHKIUE npssMol a = const .
Yucnosas npsamas Oa B pesynbrare pasbusaercs toukamu —4,—1/4 u

A

® @

2 Ha 4eTwIpe MPOMEXyTKa. Ha KaXkI0M M3 HUX 3alMCBIBAEM OTBET (CM. BBHI-
me).
3adauu 0na camocmoamenbHozo peuleHus

Jnst Kaknoro 3Ha4eHHs apamMeTpa d 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 3HAUYCHUAX [1apaMeTpa d HMEET:

2
a) XOT OBI OJJHO OTPHIATENBHOE PEIICHUE HEPABEHCTBO 3— | X —a|> X" ;

2
6) XOTs GBI OIHO TIOJIOKUTENBLHOE PEIIEHHE HEPABEHCTBO X +|x—a|<1.

4.5.5. Kakue 3HaueHUs MOXET IPUHUMATh PA3HOCTb YHCEN X U ), €ClU
|y <—4x(x+2)?
4.5.6. Haiigure HauOoubliee U HauMEHbIllee 3HAUCHUE JAHHOTO BhIpa-

JKEHUSL.
a) y+2X,ecid X U J OJHOBPEMEHHO yJOBJIETBOPSIOT yCIOBHSIM:

3 y|£x+6u|y|2x-2;
0) 4y+X,ecind X ¥ ¥ OJNHOBPEMEHHO YIOBJIETBOPSIOT YCIOBUAM:
11|y|<3x+12 u|y|2x—-4.

4.5.7. Ilpu KakuxX 3HAUYCHHUSIX IapamMeTpa d IUIOManas QUTYPHI, 3aaHHON
Ha KOOPAUHATHO# 10ckocTd (JX) CHCTEMOU HEPaBEHCTB, paBHA M1 , €CIIHU:

3|ly|£x+6, 2|y|£5-x,
a) m=64 u 6) m=27 u
|y <ax+10; |y|<ax+4.

4.5.8. Jlns KaKIOro 3HAUECHUS [ApaAMETPOB 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 KaXIOM U3 KOTOPBIX
JTAHHOE HEPAaBEHCTBO BBIMOIHSCTCS TSI IBYX PA3IMYHBIX 3HAYCHUH X .

la—2||x+a—-4| [a’—4a+3 la-2||x—a]
a) + = == 71

—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 yPABHEHHSA

HUppayuonanvuueim ypasHeHuem Ha3bIBAIOT ypaBHEHHE, COAEprKallee
0T 3HAKOM paJidKaja IepEeMEHHYI0, OTHOCHTEIFHO KOTOPOM OHO perraeTcs.
Oébnacmouio Ooonycmumsix 3HAYEHUll YPAGHEHUA SBISIOTCS TC 3HAYCHUS
HEU3BECTHOI IepeMEeHHOW M TapaMmeTpa, MPHU KOTOPHIX MMEIOT CMBICT BCE
BXOJSIIIME B ypaBHeHHE (YHKIHMH (B YaCTHOCTH, HEOTPHUIIATENBHBI MOJKO-
PCHHBIE BHIPRKEHHS B paliKaliaX YeTHOH CTEIICHH).

[lpu pemeHHr WPpaNMOHATBHBIX YPaBHEHUH OOBIYHO HCIONB3YIOTCS
cremytromre Metoasl: (1) mepexon K paBHOCHIFHOMY PallMOHAJIBHOMY YpaB-
HEHHIO BO3BEJICHHEM 00erX YacTeil ypaBHEHHs B HEOOXOAUMYIO CTEIICHb; (2)
repexoJi K CMEIIaHHOW CHCTEeMe, COCTOSIICH M3 YpaBHEHUI M HEPaBEHCTB;
(3) meron 3amensl; (4) MeTOX BBEICHHUS BCIOMOTaTENbHBIX HEM3BECTHBIX
(ctoco6 moacTaHOBKH); (5) METOI TE€OMETPHUSCKOW WHTEPIPETAINN; a TaK-
’Ke HEKOTOPbIE JPYTUE CIICIHAIFHBIC METO/IBI PELICHHU.

Memoo e036e0enus 6 cmenenn

[Tpu pemeHny ypaBHEHUH 3TUM METOJOM HEOOXOAWMO MOMHHUTb, YTO B
pe3yibTaTe BO3BEICHUS O0CHX YacTeld YpaBHEHHS B OJMHAKOBYIO CTEICHb
HOJTy4aeTcsl ypaBHEHHUE, SBISIOIIEECs CIEACTBUEM HCXOJHOTO, T.€. BO3MOXK-
HO TIOSIBJICHHE «IIOCTOPOHHHUX KOPHEI», KOTOpBIE TOJDKHBI OBITh yCTPAaHEHBI
IIPOBEPKOH.

3ameuanmne. Ilpu Bo3BeneHHH 00enX dYacTe ypaBHEHUS B HEUETHYIO
CTEIEHb MOJTy4aeTcsl ypaBHEHUE, PABHOCHIIBHOE HCXOJHOMY.

Ipumep 1. /[na kasxicoozo 3nauenus napamempa a pewums ypagnenue

Vvx—a=2.

Pewenue. Bossons 00e 4acTh ypaBHEHHs B KBaJIPAT, MOJTy4UM
xX—a=4 wim x=a+4 npuscex acR.
Omegem. x=a+4,acR.

Tpumep 2. /{14 xascoozo 3nauenus napamempa d peutums ypasHenue
Ja+x-Ya-x=28a"-x*.
a—x20,
Pewenue. Haxomum OJ13: ta+ x>0, &
Ya+x—a—x>0;

Bozeenem Ha O/I3 00e yacTu ypaBHEHHS B KBapaT:
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Na+x=-2a* =x* +Ja-x=4a’ —-x* &
o ANa+x+Ja—-x=6¥a’ —x*.

Omnste BozBeneM Ha OJI3 obOe yacTh ypaBHEHHs B KBajpar (OHH ITOJIOXKH-

tempubl):  a+x+2\a’ —x* +a—-x=36\a’ —x* ©a=17a’ -x* .

ITocie Bo3BeeHus eiie pa3 B KBaapat npu @ = 0 moiayuum 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.

Ilepexoo k cmewannoii cucmeme
HpI/I peHICHNU UPPAIHUOHAIBHOIO YpAaBHCHHSA 3TUM METOJAOM HCIIOJIb3Y-
€TCs CIeyIoIas SKBUBANEHTHOCTE (ipu 72 € N ):

2 _ f(x,a)=(g(x,a)",
f(x,a) =g(x,a) < o(5.0) 20, (6.1)

Mpumep 3. s kasxcoozo 3uavenuss napamempa a pewums ypagHeHue

Jx=2=a.

2
x—2=a
Pewenue. \\x -2 =a < " TIpu a <0 ypaBHeHHEe He HMe-
a=0.
er peurennit. [Ipu @ > 0 KOpHIMHE SBISIFOTCS YMCIIa BUIA X = a’+2.
. 2
Omeem. Eciu a <0 , o pemrenuii ver; ecnmu @ >0, 10 x=a"+2.

Mpumep 4. Jns kasxicooeo 3uavenuss napamempa a pewums ypasHeHue

Jx+4=+a-x*.

Pewenue. Jlannoe ypaBHEHUE PABHOCUIIbHO CMELIAHHON CUCTEME:
> x+d=a-x°, X +x—a+4=0,
Vx+4=Na-x" < =
x+4>0 x>—4,
Hpu a>15/4 xopusimu ypassenus x° + X +4—a=0 sBusrorcs unc-
ma x,=(-1-+4a-15)/2 u x,=(-1++~4a—-15)/2. Tlpoepum BEI-
TIOJIHEHHUE yCnoBuid X, 2 —4 u x, > —4.

I[J'ISI KOpHA X, II0JIy4JaeM LCIIOYKY HEPABCHCTB

107



(-1-+v4a-15)/22-4 < -1-+v4a-152-8=+4a—-15<7,

peleHreM KOTOpoii sBisteTcss MHOXkecTBO 15/4<a<16.
AHaIOrH4HO, JULSt KOPHSL X, IIONYYaeM LECMOYKY HePaBCHCTB

(—-14/4a—-15)/22 -4 < -1+J4a—15> -8 = J4a—15>-7,

PpELIEHEM 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 u
X, =(—1+M)/2; ec a>16, 10 x:(—1+M)/2.
Ipumep 5. [[na kasxcoozo 3nauenus napamempa a pewums ypagherue
x+vVx=a.
Pewenue. 3ametuM, 9TO \/; numeet cmbica pu X > 0. Tleperocs x B

MIPaByIO 4acTh yPABHEHMS, TOJYIUM YPAaBHEHHE VX =d — X .

\/;:a_x@{xzaz—2ax+x2,©{x2—(2a+l)x+a2=O,

a—x20, x<a.

IMpu a>-1/4 «KopHSAMH ypaBHEHHS CHCTEMBI SBISIIOTCS — YKCIA

X, =R2a+1-+4a+1)/2 u x,=Qa+1++4a+1)/2. Tlockonsky

X, > a, TO IPOBEpHM A5 X, BblnonHeHue yciaoBuil 0 < x<a:

2a>2a+1—-+4a+1, Vda+12>1,
= =
2a+1—-+4a+12>0 2a+1>~4a+1

4a+121,
4a* +4a+1>4a+1

Omegem. Ecrm a > 0,10 x=2a+1-+4a+1)/2;

ecin a <0, To pereHwuit HeT.

OSxISac>{

<a>0.
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Mpumep 6. s kasxicooeo 3uauenuss napamempa a pewums ypasHeHue

\/x+a:a—\/;.

Pewenue. Jlannoe ypasHenue npu @ <( He mMeer peuieHuii, a mpu
a=0 wumeer emunctBennbiii kopenb x=0. Ilpu @ >0 ypaBHeHue

AX +a=a —'\/; paBHOCI/IHBHO CUCTEME
x+a=a2—2a\/;+x, a2—2a\/;—a=0, (a—l)/2:x/;,
R

&
a—x/EZO; a—«/EZO; aZ\/;.

YroObl MCXOIHOE YpaBHEHHE UMEJIO peleHHe, HEOOXOANMO BBITIOJIHE-
a—
Hue yenoust a > —— > 0, koTopoe crnpaseymBo mpu @ > 1. B aTom ciry-
2
yae x=(a—-1)"/4.

Omeem. Ecnu a>1,10 x=(a—1)*/4;ecru a=0,10 x=0;

IIPY JIPYrUX d PELIECHUH HET.
Memoo 3amenut

Mpumep 7. [na kasxcooeo 3Hauenus napamempa a peuiums ypasHeHue
Vx+l—=+1l-x=a.

Pewenue. Iycts )y = Jx+1 ,rae ¥>0. Torma x = y*> —1. Ucxoauoe
ypaBHEHHE IpeodpasyeTcst K BUgy ) — \/ﬁ =awmA2-V =y—a.
Wzy_a©{2—y2 =y’ —2ay+a2,©{2y2 —2ay+a*-2=0,

y—a=0 y2>a.
Mpu —2<a<2 xopuamu ypasHenus 2y —2ay+a’ —2=0 ssusorcs
ancna 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 . TocnenHee HEPABEHCTBO MPHBO-

mutes K By d++4—a’ <0 (*). Jlist ero peleHns IpuMeHHM 0606uqen-
HBLI MEMoO UHMEPEaos.
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Beenem dyuxumio f(a)=a+~\4—a’ . Hymn QyHKIMK Onpeensorcs

3 ypaBHeHus —a =\4—a’ .
2 2 2
a =4-a a =2
—a=V4-a’ < R= ’
a<0 a<0.
Kopers ypaBHeHHsS a = —\/5 . CrmemoBatensHO, HepaBeHCTBO (*) Oynmer

crpaBemuBbIM TIipr —V/2 <a < 0.

Iposepum Takxke ycinosue (a—v4—a’)/2>0< a>\4—a’ .

a’>4-a°, a’>2,
a>\4-a> < {a>0, &<4a>0, o2<a<2.
4-a’>>0 4>a°

IMonyyaem, 4To He CyIECTBYET TaKMX 3Ha4€HMI mapamerpa d , IPH KO-
TOPBIX JUISL ), BBIIOJHAIOTCS 006a ycnoBust ), 2a u y, = 0. CnenoBarens-

HO, Y, — HOCTOPOHHUH KOPEHb.

(2) IlpoBepsist aHAJIOTUYHO /1 KOPHA ), BBINOJHEHUE YCIOBHU ), = a
u y, 20, nonyyaem, uro npu —\/5 <ac< ﬁ 00a HepaBEeHCTBa CIIPaBEIITH-

Bb1. CJIeJI0BATEIIBHO, Y, — KOPCHb yPaBHEHHS /2 — ) =y —a . Bemonmss
06paTHyI0 3aMeHy, monydaem X = y; —1=(aNd—a’)/2.

Omeem. Ecin —J2 <a<~2 , 10 x=(av4—-a*)/2;

TIpU APYTUX @ PpEIICHUH HET.
Mpumep 8. /[na kasrcoozo 3nauenust napamempa a pewums ypagHenue

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.

PemmM ypaBHEHHST COBOKYITHOCTH.
2
x*—x+1-a=0,

€)) x—1=\/a—x<:>{
x>1.

VpaBHEHHE CHUCTEMBI NPU a > 3/4 uMeeT KOpHH X, = (liM)/ 2.
Venosuw x >1 ynosnersopser Toibko x = (1+ J4a-3 )/2 mpu a>1.
2 N PN {xz +x—a=0,
x<0.
[pu —1/4 < a ypaBHeHue cuCTEMbI UMEET KOPHH X; , = (—1% M)/Z .
VYenosuro x <0 npu a <0 ynosmerBopsitoT 06a KopHst; ipu @ > 0 — TONB-

ko x=(—-1-~4a+1)/2.

OOGbenHSSA TTOMYUEHHBIE PEIICHHUS, 3alAIIEM OTBET.
Omeem. Ecin a < —1/4 , To pemenwuii HeT;

ecmt —1/4<a<0,10 x, =(-1-+v4a+1)/2 nu x, =(-1++4a+1)/2;
ecn 0<a<l,to x=(—1-+4a+1)/2;

ecmt a>1,10 X, =(14++4a-3)/2u x, =(-1-+4a+1)/2.

Memoo 66edeHUs 6CNOMOZAMETbHBIX nepemeHnnblx

JlaHHbIﬁ MCTOJ COCTOHUT BO BBCJACHHUHU BCIIOMOI'aTCJIBbHBIX HCU3BCCTHBIX,
C IOMOLIBIO KOTOPBIX YPAaBHCHUC CBOJAUTCA K CUCTEME pAllMOHAJIBHBIX ypaB-

HEHHUH OTHOCHTEIIFHO HOBBIX NEPECMCHHBIX. HaHpHMep:

v=Ax+b, rnev=0,
3
Ux—a+x+b=3 H7V7E

u+v=3,
v —u’=a+b.
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Hpumep 9. s kaxcooeo sHauenus napamempa A pewiums ypagHeHue
VXt =1+vx*=2=a.

Pewenue. Haxomum OJI13: |x|>1, |x|2\/5. Mycts x> —1=u,

u+v=a,
2 u —v' =1,
VX° —2 =v, Torna nojiy4nM CUCTEMY
u=>0,
v=>0.

Ilpu a =0 cucrema He UMEET PEIICHHH.

Tak kak u” —v> =(u+v)u—-v)=au—v)=1, 10 upu a #0 nonyya-

1
eM U—Vv=—. YuureBasg, 4YTO0 U +V=a, HAXOOUM U = E(a +—,
a a

1 1
v=—| a—— |. 3HaueHus nmapaMeTpa d , IMpU KOTOPBIX BBIITOJTHEHBI o0a

2 a
1
a+—2>0,
N a
yenous ¢ >0 u v=> 0, HalijieM, pEIIMB CUCTEMY HEPABEHCTB
a——2>0.
a

Ilepoe  HepaBeHcTBO  cmpaBeumBo npu  a >0, Bropoe npu
a e[-1;0)U[l;+0o) . CnenoBarensto, 06a ycnosus # >0 u v>0 copa-

BEUIMBBI ITpu @ > 1 .
Ipu 5TUX 3HAYEHUAX @ TIOAyYaeM YPaBHEHHUE

2 2
x2—1=u2=l(a+lj WU xzzl(a+lj +1.
4 a 4 a

2
1 1
W3Bnexas KOpeHb, IOJIy4aeM J1Ba PEIIEHUS X, , = T Z a+—| +1.

2
1 1
Omegem. Ecntu a>1,710 X, == _(a+_j +1;
’ a

eciu a <1, To pemieHnii HeT.

112



Yacmusie memoovl peuienus uppayuoHanbHbIX yPaeHeHUil

Mpumep 10. /[na xasxcooeo 3Hauenus napamempa Q peuwiumv ypaeHe-

(x=2)Wx—-a=0.

Pewenue. Tlpu x —a >0 panHOe ypaBHEHHE 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;

ecimi a>2,T0 X=a.

Ilpu pelieHUU ypaBHEHUS BUIA \/flz (x,a) +...+ \Ifnz(x,a) =g(x,a)

CJICAYCT YUYUThIBATh, YTO OHO PABHOCUJIbHO YPaBHCHHIO

| fi(xa) [+ + ] f,(x,0)[= g(x,a) .

PaccMotpuM fanee peiieHre IpUMepa, B KOTOPOM HCIOJB3YETCs TIPUEM
pelleHuUs] ypaBHEHHsI OTHOCUTENBHO TIapaMeTpa.
Mpumep 11. /[na xasxcooeo 3Hauenus napamempa Q peuwiums ypasHe-

Hue
Vvat+ax+a=x.

Pewenue. meeMm
2 2
x+a=(x"—a),

2
at+tx+a=x
Va+ix+a=x e dxt—a>0,

> .
x20; x2>0.

PackpbiBasi CKOOKH U IPYIIUPYSI WICHBI B YPABHEHHUH TIOCIIEAHEH CHCTe-
2 2 4 .
Ml onyunM @~ —(2x° +1) a+(x" —x)=0. Bolpaxenue B JIeBOil yacTn

— 3TO KBa,HpaTHLIﬁ TPEXYJICH OTHOCUTEIIBHO 4 , KOTOpHﬁ MOXXHO Pa3JIOKHUTh
Ha MHOXHUTCIIN:

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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CrnenoBareibHO,

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
5 x°—a=x,
x —a=0,

x>0.

x>0 -

HepBaﬂ CHCTEMa ITOH COBOKYITHOCTHU HE UMECT pelHCHPIfI.
BTOpa?[ — PaBHOCHUJIbHA CUCTCMC

[ (~1/4<a<0,
1-1+4
(x_1—\/1+4aj(x_1+\/1+4aj_0 x;%,
2 2 -
x>0, o ||y, st
| 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 IpUMEHEHHE TPAQUIECKOTO METOMA.

Hpumep 12. /[na kasxcooeo 3uauenus napamempa a pewums ypagHe-
Hue
l1-x=+a -x*.
Pewenue.  Paccmorpum  rpadukm  GyHKUIMI y=1-x u

V, = Na’ —x* . I'padux y, — npamas (cM. puc. 59), rpadpuxamu y, SABIA-
FOTCsI BEPXHHE MONYOKPYKHOCTH PaJyca | d| ¢ HEHTPOM B Hayaie KOOp/Iu-

HarT.
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Nmeercs JABa KPUTUYCCKUX IOJIOKCHUS l"pa(i)I/IKOB Y, , COOTBCTCTBYIO-

pe 3HaYeHusM | a |=1/ NE

y=I-x
»

Ay |a|=1. Tlpu s3HaueHusx a
TaKUX, YTO |a|<l/\/§ rpa-

¢ukn QyHkimit y, u y, He
HMCIOT OOIUX TOYCK; TpHU

|a|=1/\/§ — O4Hy, IIpHu
1/\/§<|a|S1 — nBe ofrmue
Puc. 59 TOuKH; TIpu | a |>1 — oxmy.

AGcuuccsl TOUeK mepece-
deHms rpadHKOB ONpeeNaioTes U3 ypapuenus 2x° —2x+1—a’ =0 u npu

1++/2a” -1
—
Omeem. Ecnu |a|<1/\/§, TO PELICHUH HET; €CIIN |a|=1/\/§, 0 x=0,5;

++/24% -
eemn 1/32 <|al<1, 10 x,, :@;
1-v2a' -1
o

/2 <|a|<1 Bbruucnsiores M0 hopmyIaM X, , =

ecmu |a|>1,10 x=

3adauu 011 camMocmoaAmenabHO20 peuieHus
s kaxxioro 3HaueHHs mapameTpa @ pPelINTE JaHHOE ypaBHEHUE.

4.6.1.a) V2x—-1=a-1; 6) V2x+a’ =2-a.

4.62.2) (@ —IWx—x2=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; &) (x—anx* -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)\/;+f=\/1—x—a; NV4d-x'=x+a.

4.6.6. /s xaxaoro 3Ha4eHUS MapaMmeTpa a OIPEAETUTE YUCIIO PelIeHUH
ypaBHEHHUS:

a) Vx—2a=x; 0) vax—2 =—x;
B) V9—x* =(a—-1)x; N VI—x" =ax+4.

I[J'I?[ Ka)Xa0ro 3HAa4YCHUA ImapaMeTpa d pPEIIMUTE JaHHOC YPaBHCHUE.

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; 6) V2x+1—-+x—-1=a;
B) V3x+5—-+x—-2=a.

4.6.13. Haiiaure Bce 3HaUEHHS MapaMeTpa a , MPH KaKJOM U3 KOTOPHIX JaH-
HOE YpaBHEHUE UMEET pelICHHE.

a) \/3a+ 3a+2x—x* =2x—x’;

2 2
0) \/5a+1[5a—x—x— +x+x—=0.
4 4
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§ 4.7. UppanuoHajbHble HEPAaBEHCTBA

IIpu pemenun UppanoHaIbHbIX HEPABEHCTB, KAK IIPABUIIO, IIPUXOJUTCS
BO3BOJMTH O0€ YacTH HEPaBEHCTBA B HATypalbHYIO cTeneHb. Ilpum sTom
HEOOXOAMMO CIIEIUTH 332 PAaBHOCHIBHOCTBHIO HEPABEHCTB, T.€. 32 TEM, YTOOBI
IIpU TIpeoOpa30BaHUAX HE IPOUCXOJHUIIO IOTEPH WM IPHOOPETEHHS TUIITHUX
pELICHUMN.

OCHOBHBIM METOJIOM PELICHUs UPPALMOHATIBHOTO HEPABEHCTBA SIBJIAETCS
CBEJICHHE €r0o K CHCTEME HEPABEHCTB MM COBOKYITHOCTH MOJOOHBIX CHCTEM.
JIJI 5TOT0 MCHOIB3YIOTCA CIEAYIOUINE CXEMBI:

g(x,a)<0,
>0

a) f(x,0) > g(x,0) & Jxar=0 (7.1)
g(x,a)=0,

f(x,a)2 g*(x,a);

g(x,a)=0,
0) \/ f(x,a) < g(x,a) < 0< /(0a)< 2 (xa). (7.2)

Opumep 1. /ns kajcoozo 3uauenus napamempa QA  peuwiume

Hepasencmaa. a) \/; >a; 0) a\/; >0.
a<0,
x>0,
a) Pewenue. Umeem \/x 2 a <
a=>0,
x>a’.

Omeem. Eciu a <0 ,710 x>0;ecmu a>0,10 x>a’.
a<0,
x=0,
a>0,
x2>0.

6) Pemenue. Nimeem x>0 <

Omeem. Eciu a<0,10 x=0;ecim a>0,10 x>0.
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IMpumep 2. [ns kaoxcoozo 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.
Omegem. Eciu b>5,10 x>2b;ecmu b<5,10 x=25u x=5b.

HOpumep 3. /[na kajxcooeo 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 TpEXWiICHa X +2x—a ABIAIOTCA 4HCIa

x,,=-1*+1+a wu pemenne mepaBenctea x  +2x—a<0 ecth

xe(-1-+/l+a; -1+~1+a) upu ycmopuu a=>-1. Ipu a<-1
2 o

HepaBeHCTBO X +2X —a <0 peuennii He UMeeT. YYUTHIBas HEPABEHCTBO

x>0, 3akmoyaeMm, YTO pEIICHHE BTOPOH CHCTEMbI COBOKYITHOCTH €CTh

muOXkectBo X €[0; —1 +\/E) npu a>0.
Ilepras cucrema npu a <0 maer muokecTBO X € (—00; a/2], a npu
a>0 — muoxectBo X € (—00; 0).
Omeem. Ecrim a <0, 10 X €(—0; a/2],
et 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>0SJa—x>—x &
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a—x20, azx,
—x<0, x>0,

< 2 < 2
a—x>x", x +x—a<0,
—x2>0; x<0.

Iepsas cucrema npu a >0 maer muoxecrtso x €(0; a], anpu a<0

o 2
peUICHUN HCT. KOpHﬂMI/I KBaJIpaTHOI0 TPEX4YJICHA X +X—a SABIAIOTCA

—-1t£+1+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 pCIICHHE 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 et

“1-1+4a_ 0}
2 9

MHOXECTBO X € [

Omeem. Ecin a <—-1/4 u a =0, 1o pelienuii 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. /[ns kaocooco 3Hauenuss napamempa Q  peusume
nepaserncmeo \2ax —x> >a—x.
Pewenue. \2ax—x" >a—x <
{Zax -x*20, {2ax —-x* 20,

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 TpexXwieHa 2aX — X° smjsiorcs uncma X, =0
X, =2a . Pemenne nepaBenctsa 2ax—x" >0 mnpu ycrnosuu a <X mpu
a<0 ectb xe(a;0],anpu a>0 ects x €(a;2a].

Kopuu KBaJPaTHOTO TpexuieHa 2x* —4ax+a’ PpaBHbI

_ 2a+ ax/E
Xy, = 5 .

ycinoBud @ > X npu a <0 ABAAIOTCA BCe 3HAYEHUS X € [(1 + 1/\/5)(1;0], a

2 2
Pentennem HepaBenctBa 2X° —4ax+a <0 mpu

npu a >0 ectb xe[(l—l/\/z)a;a].
Omeem. Eciu a <0, T0 xe[(1+1/\/§)a;0}
ecma a>0, 10 xe[(l—l/«/ﬁ)aﬂa]

Mpumep 6. /(5 kasxicoozo 3uauenuss 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,
oxt—a’ >0, saxt>al, Saxt>a’,

2 2 2 2, 2 .

x‘—a <x" —dax+4a’; 4ax—5a° <0; 4a(x—5a/4)£0.

PaccmoTpum Tpu ciyyast:

x2>2a,
x2>2a,
. x<-a, x2>2a,
() Opu a>0. {x" =a", = =
x>a, x<5a/4.
4a(x—5a/4)£0;
x<5al/4

ITonydyenHas cucrema HE UMEET PELLEHU.
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x2>2a,
x<a,
) TIpu a<0. x> >a’, & S & 5a/4<x<La.
x>—a,
4a(x—5a/4)£0;
x>5al4;

(3) pu a =0 . B sToM city4ae HCXOAHOE HEPABEHCTBO UMEET BH/I:

VX' <x o |x|<x e x>0.
Omeem. Ecru a < 0,10 5a/4<x<a;ecru a=0,10 x=>0;
eciu a >0, To pelenuii HeT.

Memoo 3amennst

[IponeMoHCTpUpYEM HCIIOIB30BaHKE 3TOrO METO/A, MPUMEHHB €ro IS
pelIeHns] HepaBeHCTBa U3 mpumepa 3.

Ipumep 7. Pewume nepagencmao m >X.

Pewenue. CrenaeMm 3ameny y = Ja-2x. Torma x= (a—y*)/2.
Y +2y—a>0,
y2>0.

Pemenne HEPABCHCTBA CBOAUTCH K PEIICHUIO CUCTEMBIL

KopHSMH KBAJPAaTHOTO TpexuieHa 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,

0 x<—-l++vl+a.
Omeem. Eciu a <0, 10 x €(—0; a/2],
ecmt a>0,710 x€(—00; —1++/1+a).
I'pagpuueckuii memoo

[Ipn pemieHny MpPpaMoOHAIBHOTO HEPABEHCTBA IpaUIECKUM METOJIOM
3a7a4a CBOJMTCA K HAXOXKICHHIO a0CIHMCC TOUYCK HepecedeHHs TIpauKoB
(YHKIHMIA, CTOSIIUX B JIEBOIM M MPaBOil 4acTsAX HEPAaBEHCTBA, T.€. K PEIICHUIO
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MppalMOHATIBHBIX YPAaBHEHUH, W Aajee K TeOMETPUYECKOW MHTEPIpETalun
MOJIYYUBLIEHCS HA KOOPAUHATHOM II0cKOoCTH (OX) KapTHHBL.

I'paduueckuii meronq OOBIYHO NPUMEHSIOT TIPH pEIICHWH 3ajad, B
KOTOPBIX TpeOyeTcs OTBETUTH Ha BOIIPOC O CYIIECTBOBAHUS PELICHUS WIN
HaJIMYUs] PELICHUS] OTIPEICICHHOTO BU/IA.

Hpumep 8. Ilpu xaxux 3nauenusix napamempa a HepageHcmeo

Nat=x*>4-2x:

a) umeem peuienue; 0) umeem ompuyamenvHvie peutenus;
B) e20 peutenus 0opazyom ompe3ok?

Pewenue. Paccmorpum nHa 1wiockoctd Oxy rpaduku  GyHKIMIA

2 2

nw=~Na -x u y,=4-2x.
\_Ay ®Dopmyna yl=\/az—x2 3a1aeT

4 \‘y:\\f az-x’ ceMelcTBO (yHKUMii, rpapuxkamu

KOTOPBIX TIpH  (PUKCUPOBAHHOM

2\ %, \ 3HaueHnn  mapamerpa a # 0
‘r\]\ \‘\‘ \“l ABJISICTCS BEPXHAA
s . - HOJYOKPYXKHOCTh C ILIEHTPOM B
A el x Havale KOOPOMHAT U PajnyCcoM

y=4-2x |a| (cm. puc. 60), rpapux y, —
npsMas  JTHHUS, — IPOXOJISIas
Puc. 60 uepes Touku (0;4) u (2;0).
PemenusaMy mHaHHOTO Hepa-BEHCTBA OyIyT SBIATHCS 3HAYEHWS X, JJIA
KOTOpBIX Tpaduk y, OyJeT pacroyoxkeH Bbille rpaduka y, .
Nmeetcst TpH KPUTHYECKHX ITOTOXKEHHS Tpaduka ), (B COOTBETCTBUH C
YCIIOBHEM 3a/1a4H).
(I) IlomyokpyxHOCTh KacaeTcs mpsmoi y, =4-—2x. Pamuyc r
HAXOMHUTCSI KaK BBICOTA TPSIMOYTONBHOTO TPEYTOMbHUKA C KaTeTaMu 2 U 4,

NPOBCJCHHAA K I'MIIOTCHY3€C, U PABCH 4/\/§ . COOTBCTCTByIOH.[CC 3HA4YCHUC

napamerpa a paBHo —4/ 5 wm 4/4/5 .
1) IMomyokpyx’HOCTB IIPOXOJUT uepes TOYKY (2;0).

CoOTBETCTBYIOIIEE 3HAUEHHE [IAPAMETPA d PABHO —2 WJIU 2.
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(II)  TlomyOKpY»KHOCTH  IPOXOAUT  4epe3  TOYKY (0;4).

CoortBeTcTBYOIICE 3HAYCHHE TapameTpa a paBHo —4 wim 4.
Hcnone3yst reoMeTpruuecKre COOOpakeHHUs, 3aMUIIEM OTBET 3aJauH.

Omeem. a) Ilpu a € (—oo;—4/\/§] u[4/\/§;+oo) ;
6) pu a € (—0;—4) U (4;+00) ; B) mpn a €[—2;—4/~/5) U (4/~/5;2].
HeKomopbte yacmmwle Memoovl

Ipumep 9. [{na xasicoozo 3navenus napamempa a4 HAUmMu 6ce peuieHus

nepasencmea aNx+1<1.

Pewienue.
x+120 mpu a<0, x>-1 npu a<0,
aNx+1<1 < [x+120, = 1-42
, 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
Omgem. Ectu a <0,10 x2—-1;ecm a>0,10 —-1<x<-1+—.

a

Mpumep 10. Pewume nepasencmso N x+a +~Ja—x=>a npu a>0.

Pewenue. Haxomum OJI3 HepaBenctBa —a < x < a . Ilockonbky o6e
YaCTH HEPABEHCTBA MOJIOKHUTENIBHBI, 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’ +44a°, xX’<a’—a'l4,
&

a’-2a<0, 2>a>0,

a’—x*2>0; a*>x’.

- 3 4 2
[Tposepum BhIMONHeHMEe ycnosuii 0<a’ —a” /4<a”. Jleas uacTh
3TOr0 HEPABEHCTBA BBINONHsAETCS Npu d €[2;4), nmpaBas — npu Bcex d . B

pe3ynbTare MoJyyaeM, 4To IepBas CHCTEMa COBOKYHMHOCTH MMEET PEIICHHE
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XE(—(a\/4a—a2)/2; (a\/4a—a2)/2) npu a€[2;4), a Bropas -

pewenve x €[—a;a] npu a €(0;2).

Omeem. Ecnu a € (0;2), 10 x €[—a; a];
comn a€[24),10 x € ((—\/4a3 —a*)/2; (Jaa —d° )/2) :
ecinn a =>4, To pelieHuit Her.

3aoauu 01 camocmoamenbHozo peuienun

JUis KaXXJ0ro 3HauUCHMS MapaMeTpa d HaWAWTE BCE PELICHHs 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) pelmuTre B 3aBUCHUMOCTH OT 3HAYEHUI
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 rpadudeckuii MeTo1, peuiuTe HEPaBEeHCTBO:

a) \/az—x2 +\/2ax—x2>a; 6) V2ax—x* >a—x.

4.7.7.

I[J'IH KaXa0ro 3Ha4CHUs mapamMeTpa d HaﬁI[PITC BCC pCIICHU JaHHOTO

HCPABCHCTBA.

a)

xX+a a—x 1 1 a
+ >2; §) +——2>—.
\/a—x \ x+a )\/;+1 \/;—1 \/;
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§ 4.8. Iloka3aresbHbIe U JorapupmMuiecKkue ypaBHeHH

Hpocmeﬁmee nokasameiibHoe ypasHenue

IpocTeiimee MOKa3aTENEHOE YPABHEHNE — 3TO ypaBHEHUE BHaa d” =b ,
rne a>0, a#1. IIpu b<0 ono He umeer KopHeii, a npu b >0 umeer

SIMHCTBEHHBINH Kopenb X =log b .

Pemenne mpon3BOIBEHOTO MMOKA3aTEIBFHOTO YPABHEHHS YacTO CBOJIUTCA K
pelIeHn0 npocTeimux. s 3Toro NpUMEHsI0T MHOTME U3 OIMCAHHBIX pa-
Hee METOJIOB: Pa3lIOKeHHE HA MHOXKUTEIH, 3aMeHa IIEPEMEHHOM U T.J.

MHorre moka3aTeiabHbIC YpaBHCHHS PEIIAOTCs IMPHUBEICHHEM OOCHX
4acTel K OJHOMY OCHOBAHMIO C MCIIOJIb30BAHUEM B JaJbHEWILIEM CBONCTBA
MOHOTOHHOCTH TOKa3areabHol (yHkimu. B wactroctw, mpn @ >0 n a #1

ypasuenne a’ Y =a*Y o f(x)=g(x).
Vpasuenue Buna f(a*)=0 samenoit t=a", tme t >0, ceomurcs K

ypasuenuto f(¢)=0, a nanee — K PELICHUIO COBOKYIIHOCTH YPaBHEHHH

X

a =t,..., a =t ,rae t,...,t, — BCE MOIOKHUTEIbHbIC KOPHU yPABHCHHUSI

£(t)=0.

Hpumep 1. Ilpu xakux snavenusx napamempa p umeem eOUHCMBEEHHOE

peluieHue ypasHerue:
a)|2" - pl=4; 0) p-2"+27=57?
a) Pewenue. Tonaras 2" =y, tue 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 & = S
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 mmeeT pemieHue npu p >—4 . Bropas — mpu p > 4.

Crie10BaTenbHO, HCXOAHOE YPABHEHHE HMEET eAMHCTBEHHOE PEIIEHHE, CCITH
UMEET PEIIEHKE TOJIBKO [IEPBAst CUCTEMA COBOKYIIHOCTH.
Omeem. -4 < p <4,
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6) Pewenue. Bomonanm 3ameny 2° =y, TOrJa MCXOJHOE YpaBHEHHE

npeobpasyercs k Bugy py+1/y=5 wmwm py’ -5y+1=0. Tak xak

y > O, TO HTAHHOC YPaBHCHUE HUMECT €AUHCTBCHHOC PCIICHHE, €CJIM KBal-

parubiit Tpexwien f(y) = py> —5y+1 HUMeeT oiMH NONOKUTENBHBIH KO-

peHb. 3TO BO3MOXKHO B CIIEAYIOMHNX CIIydasx, eciau (cM. 3amady 1 §2.3 . 2
Ha cTp. 33):

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

5
p>0, p>0,

f(0)>0, f(0)>0,
D=0, =|{D=0, — p=25/4:= p<0u p=25/4.

x, >0, X, >0,

0)>0, 0)=1>0,
1 fO=1>0._
p<0; p<0;

Mpu p=0 ypasuenue py’ —5y+1=0 He sABIAETCS KBAAPATHBIM K
HMEET eIMHCTBEHHBIN Kopers y =1/5 .
Omeem. Enuncteennoe penenne 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 _oll _ 5

a) Pewenue. Tonoxum b* = y >0, Torna monyunm

y—a>0, y>a,
y=3+a; y=3+a;
=
y—a<o, y<a,
y=a-3; y=a-3.
IlepBast cucrema umeer peruenue, eciu 3+a >0, te. nmpu a>-3.
Bropas cucrema mmMeet pemenue, eciid @ —3 >0, T.e. npu a > 3. Criemosa-

ly—alF3 <

TENBHO, JUI TOTO 4TOOBI ypaBHeHue |b* —a|=3 umeno xoTs 6bl OJHO pe-

mEeHNUC JOCTAaTO4YHO, yTOOBI HUMeEa PCHICHUC XOTHA OBI OJIHa CucrteéMa COBO-
KYITHOCTH.
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Omegem. a>-3.
0) Pewenue. Beipazum 2y ypasuenus (Tak kaxk | x| >0, To 2N >1.
Torna ypaBHenme mupeobpasyercs k Bugy 27(2°—1)=5. Tak «kak

2°-1#0 wm a#0 (unage npu a =0 HCcXOmHOE YypABHEHHE HMEET BH]L
5
2°-1

HOJ’Iy‘leHHOC YpaBHCHHUEC UMECT PCHICHUEC, €CJIN €I'0 IpaBas 4aCTb yIOB-

0-2M=5), 10 2" =

JIETBOPSIET HEPABEHCTBY >1, HOCKOJBKY MHOXECTBO 3HAYCHMIT

— ol - - _r-
bynkumu y =2, crosmeit B neBoit yactu ypasnenns E, =[l;+0). 3na-
menatens 2 —1 1omkeH OBITh TONOKUTENBHBIM; B IPOTHBHOM CIIydae He-
PABEHCTBO HE BBINMOIHSETCS, TOITOMY IIOJNYYa€EM JBOWHOE HEPABEHCTBO
1<2% <6, cupaBenmusoe mpu 0 < a <log, 6.

Omeem. 0<a<log,6.

Ipumep 3. /15 kaxcdo2o 3HaueHus napamempa d peuiums ypagHenue
347 +27=a+a- 4.
Pewenue. Tponssens 3ameny 4> =y, rae y >0, nonydum nnseii-
HOE ypaBHEHHE
3y+27=a(l+y) wm (a-3)y=27—-a.
27-a
a-3

Ilpu a =3 s1o ypaBHeHue He uMeeT perreHnii. Ecmn a #3, 10 y =

U3 ycnosust y >0 ciiesyer HEpaBEHCTBO >0, KOTOpOE ClIpaBeIn-

a—
v 27—a
Bo mpu a € (3;27). llpu >Tux 3HAYEHUSX d U3 ypaBHeHus 4 =—3
a—
7
HaxomuM X = log, 3a +2.
27 -

Omeem. Ecmn a € (3;27), 10 x =log, 442 ;

ecmu a ¢ (3;27), To peuienuii Her.
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Ilpocmeiiuiue nozapugpmuyeckue ypasnenus
(1) Ypasuenue Buga log, x=5b,ne a>0, a#1, umeer equncTBeH-
HBII 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 EAWHHULBI MOJNOXUTENbHOE 4ncio; 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-
Henmit log, x =t , e ¢,,...,t, —Bce kopuu ypasuenust 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 OJIHOM M3 CIEYIOIMX CHCTEM

f@=g®. o [f0)=g),
2(x)>0; £(>0,
(5) Ananoruuno, ypasuenne log,  A=log, A, A>0 pasnocus-

HO OJHOM U3 CJICAYIOUX 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
log\/;T—logl/axzo.
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 nocreHero ypapHerus monydaeM (x —a)’ =0 wm x=a.
Omeem. Ecin a <0, a =1, 10 peniennii 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 DaHHOM
YPaBHEHUH K OJJHOMY OCHOBAHHIO d , IOJTYyYHUM

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 OTpaHHUCHHIT
Ha a , 3aIUIIEM OTBET.

Omeem. Ecnin a <0, a =1 pemrenuii Her;
ecm a>0, a1, 10 x=a°.

OcHoenble Memoosl peuienus NOKA3ameibHbIX U
nozapugmuueckux ypasneHuil

[Tpn pemieHnM MOKa3aTeNbHBIX M JIOTAPU(PMUYECKUX YPaBHEHUH 4acTo
MPUMEHSIOTCS IOTEHIIMPOBAHKE HJIH JIOTapU(MHUPOBAHNE YPAaBHEHHS.

Homeﬂuupoeﬂﬂue — [IePexXo OT YpaBHCHUSL
1Og¢1(x,a) f(x’ a) = 10g¢1(x,a) g(xﬁa) K YpaBHCHUIO f(x, a) = g(x7 a) .
HpI/I 3TOM HpeO6pa3OBaHI/II/I MOT'YT IOABUTBHCH JIMIIITHUC KOPHU.

Jozapughmuposanue — nepexo OT ypaBHEHUsI
f(x,a)=g(x,a) xypasnenuto log, . , f(x,a)=log, ., g(x,a).

3710 MpeobpazoBaHue, KOTOPOE MOXKET IPUBECTH K OTEPE KOPHEH.

PaccMOTprM THUNHUYHBIE CXEMbI PELICHHs IOKa3aTeNbHBIX YpaBHEHUI
Jorapu(MUpOBaHHIEM.

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 =R o fi(x,a) = fo(x,a) , rae 0<b#1.

B cnyvae, korjia ocHOBaHHS SIBIISIOTCS QYHKIHUSIMHU OT X , UMEEM:
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Silx,a)log, g (x,a) =
g, (x,0)" = g, (x,a)>", = fr(x,a)log, g,(x,a),
3. 7g/(x,a)>0, & 1g(x,a)>0,
g,(x,a)>0; g,(x,a)>0,
O<c=l.

3ameuanue. Ilpu peleHNN NMOKa3aTENbHBIX YPAaBHEHUI ¢ mapaMeTpoM
HEOOXOJMMO YUYMTHIBATh CIy4ail, Koraa ocHoBaHue paBHO 1. Ciydaii, kornma
OCHOBAHHME OTPHIATENBHO, XOTs Bhpakenne a’ mMeer cmbich, eciu
f(x) — uenoe umcio, paccMaTpUBaTh HE CIEAYET, UCXOMs U3 ONpEIEICHNUs

TIOKA3aTebHON (DYHKITHH.

Ipumep 6. /{11 kascdozo 3nauenus napamempa d peutums ypagHeHue
a5 gy =1,
Pewenue. Uneem a™ > —a> > +a* =1 a7 (@’ —a+1)=1. Bc-
m a=1,To X MOXeT NIPUHUMATH JIF000E JeHCTBUTENbHOE 3HaueHue. Ecmu
a>0,a#1,10 a’—a+1>0, nockomsky npu 0<a<1 cnaraemoe a’
nonoxurenso # —a +1>0, anpu a>1 umeem @’ > a . Otciona crexyer,
aro x=(3-log, (a’ —a+1))/2.

Omeem. Eciu a=1,10 x€R;
ectm a>0, a#1,70 x=3-log, (a’—a+1))/2.

Mpumep 7. /11 kasxcdo2o 3nauenus napamempa d peutums ypagHeHue

ad ! '
Da+2 ,32X(a+2) =4

Pewenue. Haxoqum OJ13: a # -2, x # 0. [IpuseneM ypaBHEHHE K BHIY

a+3 5 2 at3 S 2
2a+2 . 2x(a+2) =2% pmm 2a+2 x(a+2) =2x
HOCHC,Z[HCQ PaBE€HCTBO BO3MOXHO TOJIBKO IIpHU PaBCHCTBE CcTeTeHe

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, ccmu a+3#0, 10 x=—2 J ¢ com
a—+
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a=-3, 10 pemenuii Her. MCKIIIOUMM TaKKe 3HAUEHHs mapamerpa d , [pu

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 JIPYrUX 3HAYEHHAX IapameTpa d .
J’_

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 BUTY

1

log> x

a

(Blog, x—2) =2log, x-3.

[Momoxum  log,x=y; Torma  ypaBHEHHE  IPHMET  BHJ
1
By-2)—=2y-3 wm 2y* =3y* =3y +2=0. [ocnexnee ypaBHeHHe
y

packiazpiBaetcs Ha Muoxkutemn (¥ —1)(2y° —5y+2)=0 u umeer KopHH
»=-1,y,=2,y,=0,5.0myna x, =1/a, x, =a’, X, =\/;.
Omeem. Tlpu a <0 u a =1 pewenuii Her;

2
ecm a>0,a#1,10 x,=1/a, x,=a", x;=+a.

Mpumep 9. Haiimu 6ce 3nauenus napamempa @, 05t KOMOPHIX YPAGHE-
nue log, x+log, x +log, x =1 umeem pewenue.

Pewenue. O3 ypasuenus: x>0, a >0, a#1. IlepeiinemM B 1aHHOM
yPaBHEHHMH K OJIHOMY OCHOBaHHUIO 2. Vimeem
log, x

1
log, x + +—log, x=1

og,a

1+ ! +l log,x=1 < 3logya+2 -log, x=1.
log,a 2 2log, a

nimn
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3log,a+2 2log, a

#0 momyunm log, x =

— . Ilpu mobom
2log, a 3log,a+2

3HAYEHMH IIPABOM YaCTH HaeTcs 3HAYEHUE X, IIPU KOTOPOM BBIIOIHAETCS
PaBEHCTBO.
3log,a+2
-2/3
gz—zO,ean 3log,a+2=0,re.npu a=2"".
2log, a

CrietoBaTeNbHO, HCXOAHOE ypaBHEHUe He umeeT perrenus npu @ <0, a =1
wa=2"", Omeem. Tpu a € (0;27°7°)U (277 1) U (1;+w) .

Hpumep 10. Haumu ece 3Hauenus a, npu KOMOPHIX YpaGHEHUe

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  :
a

log, x+ -|a +log, x| =

log, x log, x

2
ITpu 3amene logu X =y nojmyymm y +—- |a + y| = a W
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,
yi=2y-a=0; log, x=1£+1+3a.

HepBaﬂ CHUCTEMA COBOKYITHOCTH MMCEET PCHICHUEC IIPU BBIMNOJHCHHUU YC-
ot 1>a>0 u —-1-+l-a>2-a wm -l++l-a=>-a. Tlpu
1>a>0 uepasercrso —1—+/1—a > —a He BHINOIHACTCS, & HEPABCHCTBO
—1++1-a>—-a wm \J1-a >1-a sasasercs cupasemmuseiM. CrieoBa-
1+/1-a

TEJIBHO, PELICHUEM HCXOJHOTO YPaBHEHUS SIBIACTCS X =d
Bropas cucrema COBOKYNHOCTU UMEET PELICHUE 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 BomonHseTcs, a Hepa-
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BerctBo 1—+/1+3a <—a wm +1+3a >1+a cnpasemmmeo Tonbko mpu

1-V1+3
0<a<1.CnenoBarensho, x=a " ¢ — pellleHHe UCXOJHOTO YPABHEHHSI.

1 1-143
Omgem. Eciu 0<a<l,10 x,=a " “mx,=a V7",

Mpumep 11. Onpederumv 3nauenuss napamempa a, nNpu KOMOPLIX
ypasnenue 21g(x+3)=Ilg(ax) umeem eduncmeennviii Kopenv, u naiumu
e2o0.

x+3>0, {x>—3,
=

Pewenue. Haxonmm O13 ypaBHEHUS:
ax>0.

ax > 0;

3amenum Ha O/I3 ypaBHEHHE PABHOCUIBHOM €My CUCTEMOIL:

(x+3)* =ax, x>+ (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;+0) . Ilpu 5THX 3HAYCHHSIX

_ (a—6)—+a*—12a
2

a YpaBHCHHC HUMECT KOpHHU )Cl u
.= (a—6)+~a’ —12a
, = :
2

Ecnmu a >12, To ypaBHeHHe UMEET [Ba Pa3INYHBIX KOPHsI, YIOBICTBO-
pstorie OJ13. Ecnu @ =12, ypaBHeHne umeer koperb X =—9 .

Eciu a <0, 1o ypaBHeHuMe HMMeeT [Ba pa3MYHbIX KOpHA. KopeHb
X, <=3, mo3TOMY SIBJISETCS IIOCTOPOHHUM [T HCXOIHOTO ypaBHeHus. IIpo-

BEPUM, 4TO KOpeHb X, ynosiersopsier O[3, T.e. —3<x, <0:

1< (a—6)+~a’ —12a
2 ’ 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*; ;

Omeem. Ecru a =12, 10 x=-9;

(a—6)++a’ —12a

2

ecim a<0,10 X =

3adauu 014 cAMOCmMOAmMeENbHO20 PEUleHUs
4.8.1. Haiinute Bce 3Ha4ueHUs mapamerpa p , IpU KOTOPBIX UMEET XOTS
OBl OJTHO pelICHHE YpaBHEHHE:
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 MmapaMeTpa p , MPH 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. [Ipu KaKux 3HAUCHMSX IapaMeTpa d HMMeEeT XOTs Obl OJTHO pelie-
HHUE ypaBHEHHE:

a) 2" +2" " =aqa; 0) 4" +a-2"=1;

B) x’—2x—log,,a*=0; 1) x*—(Q‘-Dx-3(4"-27)=0?
4.8.4. Onpenenute, MpH KaKUX 3HAYCHUAX ITapaMeTpa d ypaBHEHHE:
a) log,(9" +9a’) = x umeer nBa pemenns;

0) log ., (x—2) =2 nMeer eIMHCTBEHHOE PELICHHE;

B) lg(x” + 2ax) = 1g(8x — 6a — 3) mMeeT eMHCTBEHHOE PelICHHE.

4.8.5. B 3aBUCUMOCTH OT 3HAaY€HHWI MapaMeTpa a ONpEIEIUTE YUCIIO
peIICHUH ypaBHCHHS:

a) 2xlgx=3-algx; 6) Yx+a+log,(x—5a)=0.

B 3amauax 4.8.6. — 4.8.9. mpu Bcex AOMYCTHMBIX 3HAUYECHUSIX Iapamerpa
a peuIuTe ypaBHEHHUS:

4.8.6. 2) log, (x* —3a)=log,(a’ —3x);
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6) log p— (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 9,

4.8.10. Haiinute Bce 3HaU€HUS X, yJOBICTBOPSIOIIUE YPABHEHUIO

log . (a’x+2)=2log,,, (5-v6-2x)
IIpH JII000M 3HAYCHHH Mapamerpa d .

4.8.11. Haiigure Bce 3HaueHHWs MapaMeTpa d , IpU KOTOPHIX CHCTEMa

YPAaBHEHUM:

{32x+y + 3x+3y — 3’
a

HUMCCT PCUICHUC,
3y + 3—3x—3y — 3a—2x

HUMECT CIMHCTBCHHOC PCIICHUC.

2x+y _ 22x—y — 1 _ 2a ,
6) 4x x+3y+l __ a+2y 2y+2
2% =2 =3.2977 -2

4.8.12. Haiinure Bce 3HaUeHUs apaMeTpa d , IpU KOTOPBIX JAaHHAs CUC-
TeMa ypaBHEHHI UMEET POBHO J[BA PELICHHS.

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)+x=y+a+6.

4.8.13. Onpenenure, MpH KaKNX 3HAYCHUAX NapameTpa a JaHHOE 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. JlorapudpMuyeckue 1 nNoKasarejbHble HEPABEHCTBA

MHoTrHe U3 MEepPEeUNCICHHBIX PaHEee METOAOB PEIICHUSI HEPABEHCTB NPH-
MEHSIOTCSl U K JIOTapU(PMUUECKIM U MOKa3aTeNIbHBIM HEPaBEHCTBAaM: pa3Jio-
KEHHE Ha MHOXHUTENH; 3aMEHa IEPEMEHHOH U T. 1.

Ecnu B HepaBeHCTBaX yJaeTcsl BCE BBIPAKCHUSI CBECTH K OZHOMY OCHO-
BaHMIO, TO MOKHO BOCIIOJIB30BAThCSI CIIEAYIOIMMHI 3KBHBAJICHTHOCTSIMH:

S <gx),

&0 <= | 7 L 9.1)
S(x) = g(x),
O<axl.
nu
(S <gx),
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 onpeesieHus Moka3aresibHON (QYHKIMH, paccMar-
puBaeM Tonbko 3HaueHus a > 0. [lpu a =1 penrennii ver. [lpn a >0 :

xP—-x<0,

e d <l o | >

x'—x>0,

O<acx<l.

Omeem. Ilpu a <0, a =1 pewennii uer;
ecmn 0<a<1,10 x € (—00;0) U (1;+0);

e a>1,10 x€(0;1).
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Tpumep 2. [[ns kascooz2o 3navenus 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 <

ecn 0<a<l1,10 x€(a—1;+m0);

ecm a>1,10 xe(—=la-1).

Ipumep 3. [ns kaxcooeo snauenus napamempa a pewiumv HepaseH-
cmeo log, (x* +2x)<0.

Pewenue. Haxomum OJ13: a >0, a#1; x> +2x>0. Ha O/I3 umeem

([—2>x>—1—\/§,
{1>x2+2x>0, ~1+V2> x>0,
log, (v +21) <0 | *7 " NI
X2 4+2x>1, -2 >,
O<ax<l; L>_1+\/§,
i O<axl.

Omegem. Ilpn a <0 wiu a =1 peuenuii Her;

ecmu 0<a<l1,1o x € (—o0; —1—\/5)U(—1+\E; +00) ;

ect a>1,10 X €( —1—\/5;—2)U(0;—1+\/§).

Tpumep 4. /[ns kasrcoozo snavenus napamempa d peuwums HepaseH-
cmeo log, (x* +2x)>1.

Pewenue. Haiinem OJ[3 a>0, a#1; x* +2x>0. Ha OJI3 nomyda-

CM:
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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,
L<—l—m,
a>l,
S| [-1-Vl+a<x<-1+/1+a,
x<=2,
Lc>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 kasxcoo2o 3nauenus napamempa a pewums Hepasen-
cmeo log , (x+a)<1.

Pewenue. Haxomum OJ13: 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

X 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 npu a>-1/4.
Ilpu a < —1/4 HepaBeHCTBO CIIPABEMIMBO IIPH BCEX X .
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I[J'ISI HCpBOﬁ CUCTEMbI COBOKYITHOCTH IMOJTYUUM:

xX—x+a>0, x>—a,
x+a>0, & x € (—o;x,) U (x,;+00),
|x|>1; x € (—oo;—1) U (1;400).

Vo6exmaeMcs, 4To Ha 4yucioBoi ocu OXx 3HaYeHWE X = —a IS BCEX
a#(0 pacrnonoxeHo nesee, yeM X,; npu a >0 3HadeHne x, OGoJblue

x=1; npu a>2 3nauyenue X, MeHblue X =—1. 3amueM pelieHue mnep-
BOU cucTeMsl: eciii a <—1/4, to pemennii Het; ecmu —1/4<a <0, To
xe(l;+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,) U (x,;+0).
151 BTOpO CUCTEMBI COBOKYITHOCTH HMEEM:
0<|x|<], xe(-10)u(0;1),
¥ —x-a<0,& {x <x<x,
x+a>0; xX2>-—a.
Mo aHamOrUM ¢ MPEIBIIYIIMM CIydYaeM IoydaeMm, 4to eciau a <—1/4,
TO pemrenuit HeT; ecmu —1/4<a<0, to xe(—w;x,)U(x,;+0), ecnn
0<a<2,t0 xe(x;l);ecmm a=2,10 x(=10)U(0;1).

OtBer HCXOJHOI'0 HEPABCHCTBA SABJIACTCA O6’B€I[I/IH€HI/I€M OTBCTOB IOJTYy-
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;+%); ecmn 1< a <2, 10

xe(-a;—)U((1=1+4a)/2;1) U +~1+4a)/2;+0) ; ecnn a =2,

10 x € (—a;(1=~1+4a)/2) U (=11 U (1 +/1+4a)/ 2;+0) .

Mpumep 5. /s xascooeo 3nauenus napamempa a peuiumv HEPAGEH-
cmeo log, (x—2)+log, x>1.

Pewenue. B COOTBETCTBHHU ¢ OIpENEIECHAEM JIOTapU(OMUYECKON (PyHK-
win, a >0, a#1, x>2.CuenosaTtensHo,
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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;
ecn 0<a<l,to xe(2;1++1+a);
ect a>1,10 x€(l++/1+a;+o).

Ipumep 6. [na kascdozo 3navenus napamempa d peuwums 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,
) ) O<ax<l,
X —x<a,
1 (1-N1+4a*)/2<x<(1+~1+4a*)/2,
- x>1.

C yuerom Toro, uro uncno (1++1+4a*)/2 npu Beex 3HaueHmsIX
a#0 Gombme 1,a (1—+/1+4a”)/2 — mensme 1, 3ammmem 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;+x).
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Ipumep 7. /s kascoozo snavenus napamempa d peuwums HepaseH-
cmeo 3\/; > 29,

Pewienue. llepeiimeM B HEpaBeHCTBE K OJHOMY OCHOBAaHHIO 2:

log, 3% log, 3%
3 = ploea3T o o3 5 e Janee morapupMupys, IOTy9aeM

{a<0,
x>0,
log23ﬁ >a < J;log23>a ovi>—2t o

log, 3 {aZO,

x>a’log: 2.

Omeem. Ecru a >0, 10 x € (a’ log; 2;+x) ;
ect a< 0,10 x €[0;+00).

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;l);

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. Bocronp3yeMcst 0CHOB-

lo
HBIM JIOTapiu(MHIUIECKHM TOXKIECTBOM X = °** . Torja HepaBeHCTBO MpPH-

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;+x);
a%t < g o
a>1, a>l, a>1,
logix<1; |10gax|<l; xe(l/a;a).

Omeem. Ecin 0<a<1,10 x&(0;a)U(1/a;+0);

ecmm a>1, 10 xe(l/a;a).

Hpumep 10. Haiimu ece OeticmeumensvHble 3HAYeHUs napamempa a.,
npu Komopwix kagicooe peuwienue Hepasencmea 10g, , x* >log, H(x+2)

sensemes pewenuenm nepasencmea 49x” —4a* <0 .
Pewenue. Haiinem OJ13 nepBoro Hepasencrsa: x >—2; x#0.
Pennm 1epBoe HEPABEHCTBO:
log,,, x* >log,,(x+2) < x* <x+2= xe[-1;2].

Pewum BTOpOE HEPABEHCTBO:
2

49x* —4a* <0 < 49x° <4a* o|x|<

Jlnst Toro, 4roOBl KaXkJ0€ PEIlICHHE MEPBOr0 HEPABEHCTBA OBUIO pellie-
HUCM BTOpOFO HCpaBeHCTBa, HCO6XO,HI/IMO n J0CTAaTO4HO, ‘-ITOGI)I 0Tpe30K
2 2
2a 2a

x €[—1;2] comepsxaics B oTpeske — - <x< s

s CHUMMCTPHUU BTOPOr'0 OTPE3Ka OTHOCUTCIIBHO HYJIA CICAYCT, YTO IJIA
2

9TOr0 JOCTATOYHO pEIIMTh HEPAaBEHCTBO 2 < Otcroma moirydaem

la|=~7.

Omeem. a € (—OO;—ﬁ] v, [\/7;+OO) .
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Mpumep 11. Pewums nepagencmeo, ecau u3gecmuo, 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 3HAUCHHE X, = 3,75 , moirydum

225 45 225 45 15
og,| ———|>log,|15—— | wm log,| — |>log,| — |.
16 4 16 16 16
[Tocnennee HEPABEHCTBO MOYKET BBITIOJNHATHECS TONBKO TIPU 3HAUEHMAX
a , 6onpimx 1. Toraa s HCXOAHOTO HEPABEHCTBA UMEEM
log, (x> —3x)>log, (4x—x") & x* —3x>4x—x",1e. 2x° —Tx>0.
Vuureiast O/13, nonyuaem pemrenne x € (3,5;4).
Omeem. x € (3,5;4).
Ipumep 12. Hatimu 6ce OeticmeumenvHvle 3HAYeHUsi napamempa a,
x(a— x)| <log,, x umeem xoms Gv

npu komopwix Hepasencmeo log, . .

00HO peuteHue.
a+x>0, x>-a,

Pewenue. Haxomum 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<l, oms {—a<x<l—a,

log, ..

Slog,.,

|a—x|>1; |a—x|>1.

PaccMmoTpuM mepByro cucteMy HEPaBEHCTB MOJIyUYCHHON COBOKYITHOCTH:
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x>1-a,
x>1-a,
S9x+#a,
0<|a—x|<1;
a-l<x<a+l.

Cucrema umeet X0Ts ObI OJTHO peleHue, ecnu a +1<1—a,1.e.ipu a<0.
PaccMoTprM BTOpYIO CHCTEMY HEPaBEHCTB COBOKYITHOCTH:

—a<x<l-a, —a<x<l-a,
—a<x<l-—a,
Sqla-x>1, &9lx<a-1,
|a—x|>1;
a—x<-1; x>a+1.

Cucrema mMmeeT XOTsi Obl OJIHO PELICHUE, €CIM UMEET pElleHHE 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 UMEET PEIICHHUSL.
Omegem. a #0 .
Ipumep 13. Haiimu 6ce Oelicmeumenvhuvle 3uauenuss napamempa d,

npu komopuix nepasencmeo 1+log, (2x* +2x+3,5) > log, (ax’ + a) ume-
em xomsi Obl 0OHO peuteHue.

2x* +2x+3,5>0,
Pewenue. Haxoqum O/13: =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 ABOHHOE HEPABEHCTBO

4y’ +4x+7>ax’ +a>0.
Pewum HepaBeHCTBO

Ay’ +4x+7>ax’ +a wm (4—a) X" +4x+7-a>0.
JUMCKpUMHUHAHT  KBaJPaTHOrO  TPEX4WICHa d—-a)x* +4x+7—a:

D=16-4(4-a)(7—a)=—4a” + 44a — 96 . KagpaTuuHoe HEPABEHCTBO

HMEET XOTS ObI OAHO pCIICHUC B CJIy4ac BbIITOJIHCHUA 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 OeticmsumenbHuvle 3HAYeHUs napamempa a.,
npu komopwix nepasencmeo 1-log, (x> +1)>log, (ax’ +4x+a) cnpa-

6€0N1UB0 OJI51 6CeXx OeUCMEUMEIbHbIX 3HAYEHULL X .

Pewenue. Haxomum OJ13: ax” +4x+a>0.
[IpeoGpaszyeM HCXOIHOE HEPABEHCTBO

1-log, ,(x* +1)>log, (ax’ +4x +a) <
< log, 7(x* +1) > log, (ax’ +4x +a).

ITotenmupyst HepaBeHCTBO ¢ yuerom O3, momydaem qBOKHHOE HEPaBEH-
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 CIPAaBEQIHBO TPH BCEX

xeR, ecnu 06a nepaBencta (*) u (**) BBIMOJHSIOTCS TPH BCeX X € R,
T.€. €CIH

a-7<0, a<T, a<7,
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 € (—o0;=2) U (2;+0).

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 cnpaseonuso ons scex x e R .
Pewenue. CnenaeM 3aMeHy Y = 3%, roe y>0. Torma nomyunm Hepa-

Bercto ay’ +4(a—1)y+a>1. VcxonHoe HepaBeHCTBO OyAeT CIpaBes-

JMBO TpH Bcex X € R, ecnu MOMy4YeHHOE HEPABEHCTBO BBIMOIHACTCS MPH
Bcex ¥ > 0. 310 BO3MOXHO, €CIIH [l KBAIPATHOTO TPeXUIeHa

_{DSO,

a>0,

S =ay* +4a-y+a-1: __Ha-D_,
0 2

f(©@)=a-1>0.

Pemenrem mociiefHeil COBOKYIMHOCTH sBJsieTes d > 1 .
Omeem. a>1.

I'pagpuueckuiit memoo

Mpumep 16. s kaxncoozo 603ModCcHO20 3HAYeHUs napamempa d pe-
wumbs 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, I —-1<x<0,
D (D
a+x>0, a+x<—x, x<-al2,
0<|x|<], 0<x<l, 0<x<l,
(I1) (I1)
o a+x<|x|, a+x<x, < a<0,
| x|>1, x<-1, x<-1,
(11T (111
a+x2>|x|; a+x>-x; x>-al2;
av) x>1, av) x>1,
i a+x>x >0.

146



Bce pelieHust MCXOMHOTO Hepa-
BEHCTBAa  BBIJICJICHBI Ha  KII-
wIockoct (cM. puc. 61). Mcons3ys
PHUCYHOK, 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;40);

ecmn 1<a<2,To
xe(=L—-a/2]u(l;+x0);

et a=2,10 X € (l;+0) ;

ec a> 2,10 x €[—a/2;—-1)U(l;+x0).

Memoo paznoxcenus Ha MHOMCUmMETU
Mpumep 17. Ilpu xascoom 3Havenuu napamempa a pewiums HepageH-
emeo 2¥ +(x—4—-a)2” +(Sa+x-5-ax)<0.
Pewenue. Pa3noxxuM JIeByIO 4acTh HepaBeHCTBA Ha MHOXUTenu. Cena-

X
em 3ameny 4" =¢, rme ¢ >0, ¥ pacCMOTPUM JICBYIO YacTh HEPABEHCTBA KaK
KBa/IpaTHBIN TPEXWIEH OTHOCUTEIIBLHO IEPEMEHHON f :

P(t)=t"+(x—4—a)-t+(a-1)(5-x).
Kopursimu P(f) siBistrotes aucna ¢, =5—x, ¢, =a—1. CiaemoBarensHo,
P()=(t-(5-x))-(t-(a=-1).
Cnenaem 00paTHYIO 3aMEHY U 3allMIIEM HEPABEHCTBO B BHJIC
4 -5-x)@" —(a-1)<0.
DTO HEPABEHCTBO PABHOCUIIBHO COBOKYIHOCTH CHCTEM:
pY 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, pyrkmus f(xX) MOHOTOHHO BO3PACTAa€T Ha BCEW YMCIOBOW OCH,

M03TOMY, )< wm 4" "+x-5<0 gma moboro x<1 wu
vy, S(x)<f)
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f(x)= f(1) wm 4" +x—5>0 nna moboro x> 1. CnemoBarensHo, COBO-

KYIIHOCTb CUCTEM ImlIl PpaBHOCHJIbHA COBOKYITHOCTH CUCTCM:
x <1,

>1
D) < )<
w as<4’ +1; no W a=4"+1.

9

Ha miockoctu Oxy unsobpa-

3UM MHOXXECTBO TOYEK (CM. pHC.
62), KOOpIOMHATHI KOTOPBIX YZIOB-
JIETBOPSIIOT IOJy4YEHHON COBOKYTI-
HocTu. Ha pucyHKe 3TO MHOMKeCT-
BO 3amTpuxoBaHo. Touku 1 u 5
pazowiu oce Oy Ha TpH ydYacrka,

Ha KaXIOM U3 KOTOPBIX JIerde BbI-
IIUCHIBACTCA PEIICHHE HAallero He-
paBeHCTBa. [ 3TOro Ha COOTBET-
CTBYIOLIIEM YYacTKe IPOBOIUM
TOPU30HTAIBHYIO MPSIMyl0 V=da

Puc. 62

W HaxoJWUM 3HAYCHHMS, COOTBETCT-
BYIOIIME KOHIAM YYacTKOB 3TOM
MPSIMOH, MPHHAIUICKAINX 3aIITPHXOBAHHONW 001acTi. AGCIHCCY TOYKU Tie-

pecedenus npsamoilt ¥ = a u rpaduka Gyrkuun ¥ =4" +1 Haxomum, penms
ypasuenne a =4" +1 . [onygaem x =log,(a—1).
Omegem. Ecin a € (—;1], o x € (—oo;1];
ecin a € (1;5), 1o x [log,(a—1);1];ecm a=5,10 x=1;
ecn a € (5;+0), 1o x €[1;log,(a —1)].
Memoo dexomnozuyuu npu peuwieHuU 102apuPmMuuecKux u
nOKa3amenvHvIX HEPAGEHCME

Wnes merona, npeIjioxKEHHOTO B noco6un’ MogenoBa B.I1., ocHOBaHa
Ha 3aMEeHE TPAHCIECHACHTHOTO HEPAaBEHCTBA PAaBHOCHWIBHBIM €My B 00JIaCTH
JIOTYCTUMBIX 3HaUEHUH MEePEeMEHHON U mapaMeTpoB Ooyiee MPOCTHIM, B H4acT-
HOCTH, anreOpanuecKuM HEPaBCHCTBOM.

! Mogenos B.II. ITocobue no maremaruxke, 4. II. — M.: 13n-Bo MockoB. yH-Ta,
1972.
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Hanpumep, ecu F' — snemeHtapHasi TpaHCHEHICHTHAsT (GyHKIHS, BO3-
pacraromast B 00J1acTH JIONMYCTHMBIX 3HAYEHUI NEPEMEHHOW M IapaMeTpoB
(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 eciy yObIBaroIas, TO

F(fi(xa)=F(£xa)>0 < fi(x.a)= f(x,a)<0.

Ecmu ¢yukuus f(x,a) SBISETCS PalMOHANLHOMN, TO MONYYEHHBIE He-

paBeHCTBa, paBHOCWIbHBIE HcxoaHoMy B OJ[3(M), ABISIOTCS TakXke paruo-
HaJIbHBIMH.

Jnst pereHust HepaBeHCTB, COIEPKAIINX JIOTApUPMUIECKYIO B CI0XKHO-
MOKa3aTeabHYI0 (YHKIMH, MOXHO HCIOJb30BaTh CJCAYIOIINE JIOTHUECKHE
CXeMbl PaBHOCHJIbHBIX BBICKa3bIBaHHMH (B CXeMaxX 3HaK V O3Hadaer Jro0oi
W3 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 OJ3: { f(x,a)>0.

) 108, .., /(1:a) ~1v 05 (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 gacTHOCTH,

g(x,a)’ ™" —1v Oé?g(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:
rae O/1 {gz(x,a)>0.
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[IpuBeneHHbIe «IIpoCTeiilIne) HepaBEeHCTBA HA3BIBAIOTCS 0A308bIMU He-
pasencmeamu, BXOIAIIYI0 B HUX TPAHCLUCHACHTHYIO (DYHKIMIO Ha3bIBAIOT
bazoeoii. Tlpencrasnenne neBoii yactu HepaBenctsa F v 0 B Bume mpous-
BEJICHUS ¥ YaCTHOTO 0a30BBIX (DYHKIMH HA3BIBAIOT OeKOMNO3ULUEI.

Hpumep 18. /Jokazame nozuyeckyro cxemy
loggl (x,a) f(x’ a) - 1Ogg2(x,a) f(x’ a) 2 0 éﬁé

S (%) =1)(g(x,a) ~1)(g,(x,a) ~1)(g,(x,a) = 8(x,)) 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 CIpPaBEUIHBO IPU

BBINOJTHEHUH YCIIOBHH, onpenenstomux O/13.
Iycte f(x,a)#1. lpencrasnss na OJ[3 JI€BYIO YacTh UCXOIHOTO HeE-

PaBCHCTBA B BUJC MMPOU3BCACHUSA U YaCTHOI'O 0a30BbBIX (I)yHKHHfI, MOJIyUnM:

1 1
1 -1 >0 - >0
og, f—log, f o log, g log, g, o
QInggz_Ingg1>O<:> (f-Dg,—g) >0

2 20
onlog, g log, g,  O(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 Mg —D(g, —D(g, —g)
OOBbeauHss Pe3yIbTaThl 000UX CIIyYacB, MOIyYUM Tpedyemoe.
Hpumep 19. /[na kaxcoo2o donycmumoeo 3HayeHuss napamempa a pe-

wwms nepasencmeo log,, (log, x*)>1.

0<2a#l, {O<a¢0,5,

. Ilpumensis 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(<;I>3(2a D(x-3")(x+3%)>0.
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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), o
Qa—T)(x-3")(x+3)> 0 {(x_3a)(x+3a)<0’
| x|>1.
Wm x € (-3“;-1)u(1;39).
Awnanoruano, ipu @ € (0,5;+00) monyunm x € (—o0;—3“) U (3%;40) .
Omeem. Ecu a € (0;0,5), 10 x e (-3%;-1) U (;3%);
ecma a € (0,5;+0), 10 X € (—00;—=37) U (3%;+0) .
3aoauu 011 camocmoaAmenbHO2Z0 peuwieHuA

Omnpenenurte, Ipy KakKUX 3HAUEHHUIX MapamMeTpa @ HMeeT pelleHHe He-
PaBEHCTBO:

49.1.2) @ —2-4"— .2 >0,  6)a° T+ <4.
4.9.2.a) log,(1+x)>log ,(1+x); 6) log,(x" +2x+2)<0.

Onpez[em/rre, IPpH KaKNX 3HAYCHUAX MapaMeTpa d HEPABECHCTBO BBIIOJI-
HACTCA IIPpU 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 kax10ro 3Ha4eHUs IapameTpa a PpelInuTe JTaHHOE 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 —0,1"|< 0,19 — 0,17

49.7.a) 3% + (x—8—-a)3” +(10a +2x—-20—-ax)<0;
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6) 1= (5+a+2x)2" +2*(6a—2x—6+2ax)>0.
4.9.8. [Ins1 kaxaoro 3HavueHus napameTpa @ >0 pelire HepaBeHCTBO:

1 1
>

,1 N
a -1 l-a
4.9.9. /Ins Bcex 3HaYEHMI apamMeTpa a PEeIITe HEPaBEeHCTBO:

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 HepaBEeHCTBO, €CIIM U3BECTHO, UTO OHO BBIMIOJHIETCS 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 PEIICHHE CHCTEMA HEPABEHCTB!

1
47 5.2 4471 <0, 9 10 3va L gisg,
0) 3

log,(x+a)<2; log, , (x +a) > 0.

4.9.13. Vcnonb3ys METOJ IEKOMITO3UIINH, PEIINTEe JTaHHOE HEPaBEHCTBO
JUISL KayK/I0TO JOITyCTUMOTO 3HAUEHHsI TIapaMeTpa 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

152



§ 4.10. Tpuronomerpuyeckne ypaBHeHUsI 1 HEPABEHCTBA

[Ipu permeHnn TPUTOHOMETPUUYECKUX YPaBHEHHH WIIM HEPAaBCHCTB C Ma-
paMeTpoM, B Cllyyae 3aMEeHBI BBEJEHUsT Y =SIinX (Wi ) =COSX) U MOJy-

uenus pemenus Buga y = f(a), HEOOXOAUMO TIPOBEPSATH BHITOIHUMOCTD

yenosust | f(a)| £1. 310 naet HONONHATENBHBIC OTPAHHYECHHS HA d .

Hpumep 1. /[na kaxcoozo 3navenus napamempa a pewiums ypasHeHue:

. +1
a) sinx = : 6) cos’x=a’—1.
a—
a+1
Pewenue. a) Pemienue cymecTByer B ciydae, ecnmn —1 < 1 <I.
a_
‘”12—1, “+1+1zo, )
a—l PN a—1 PN a2—
ar <1 <o <0.
a-1 a-1 a-1

Penrenue nepsoro HepasenctBa cucremsl d € (—o0;0] U (1;+00), Broporo —
a € (—o;1) . Cnenosarensio, @ <0 — peleHne CUCTEMBI.
Urak, eciu a <0, To pemnieHreM MCXOTHOTO ypaBHEHUS OyIyT ducia

a+1

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 pemeHuii Her.
2
Pewenue. 6) Perienne cymectyer B ciydae, ecmin 0<a” —1<1. D10

JIBOHHOE HEPABEHCTBO CIPABE/UTHBO IPH IS|a|S\/§ . Tlpn HaiineHHbIX

3HAYEHUAX 4 npeoOpa3zyeM  HCXOJHOE  ypaBHEHHE K  BHIY

I+cos2x N
———=a" -1 wm cos2x=2a" —3. PenreHre mocieIHero ypaBHe-

Hust ectb X = +0,5arccos(2a’ —3)+zn, neZ.

Omeem. Ecu 1<|a|<~/2, 10 x==0,5arccos(2a> —3)+n, neZ;
IPH IPYTHX 3HAYCHUAX d PELICHUH HET.
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Mpumep 2. s kasxcoozo 3nauenuss napamempa a pewums ypagHernue
(ba-1)cosx=2a+3.

Pewenue. Ecniu a=1/5, 1o ypaBuenue umeer Bug 0-cosx=17/5 u

. 2a+3
HC HUMCECECT peHIeHI/II/I. HpI/I a+ 1/5 B ypaBHCHI/IC BI)Ipa3I/IM COSX = 1 .
a—
PCIHGHI/Ie IIOCJIICOAHETO ypaBHCHI/ISI CyIIIeCTByeT 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_1s0; 4—3a£0‘
Sa—1 S5a-1 Sa—1

Pemenre nepBoro HepasenctBa cuctembl da € (—o0;—2/7]U (1/5;40),
Broporo a € (—0;1/5)U[4/3;+0). CrnenoBarenbHo, pEIEHHE CHCTEMbI
a e (—0;-2/71VU[4/3;+x).

Hrak, ecimu a € (—o0;—2/7]U[4/3;40), TO pelieHHeM HCXOIHOIO

ypaBHeHUs OyAyT uHcna X =arccos +27zn, nelZ. Ecmm

S5a-1
a€(-2/7;4/3), To ucX0AHOE YPABHEHUE HE UMEET PELICHUIA.

2 4 2a+
Omeem. Ecnu a e(—oo;—;}u[gﬁooj, TO X =X arccos a+3 +27n,

a_
neZ;ecm ac(-2/7,4/3), 10 pemennii HeT.

Hpumep 3. s 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 Tipeo0pa3oBaB NPOM3BEACHUE B CyMMY, MTOTYIHM
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 , 3anumiem oTBer.

z(2m—1
Omeem. Eciu a =¥, T0 X =7h, Tae M,n €7
r(2m—1
eciau a;«t%, TO X, =N U X, =—a+7k, mn,keZ.

Memoo eeedenusn ecnomozamenbHozo yaia

PaccmoTpuMm ypaBHEHHE BUJA
asinx+bcosx=c, (10.1)

v 2 2
rae a, b, c— npousBosbHbIE NeHCTBUTENbHBIE Yncia U a” +b” #0. Pe-
MM €T0 C MOMOMIBIO BBEJECHHUS BCIIOMOTATENBHOTO yria. Jjis 3Toro pasze-

[ 2 12
JuM obe YacTH ypaBHeHus Ha \a~ +b” u nomyuum

a b c
Ja' +b? Ja* +b* Ja® +b* .

KosdduimenTsl mpu Sinx ¥ COSX OyIeM pacCMaTpuBaTh Kak 3HAYCHUS

sinx + CosSXx =

a
KOCI/IHyca nu CI/IHyca BCIIOMOT'aTCJIIBHOT O aprMCHTa (0 L= COS(D 5
2 2
a +b

b .
— = Sln¢7 . TaKOG 3HAYCHHUC (D CyIHCCTByeT, TaK KaK
2 2
va +b
2 2

a <1 L<1 a b

— <1, <lmu +
NVa' +b’ Va' +b’ Ja* + b Ja* + b
be3 orpanmuenns obmuocté B ypaBHeHHH (10.1) MOXXHO ITONOXHTH

b>0;torma sing >0 uyron ¢ 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 =

niIn
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C

[ 2 2

a +b
IIpu mpaBas yacts ypaBHeHus (10.2) mo Moayso OOJIBIIE SAMHUIBI, TO

9TO ypaBHEHHE, W, CiieoBaTesibHO, ypaBHeHue (10.1) He MMEIOT pelreHus.

sin(x + @) = (10.2)

c
Ecmn ﬁ <1, o pemenusimu ypasuenust (10.2) sBisifoTCs arcia
a +b

x=(-1)"arcsin —p+annel.

c
2 2

Na +b

33Me‘-laﬂl/le. I/ICXO,HSI M3 CKa3aHHOI'O BBIIIC, C.He,[[yeT paBeHCTBO

asinx +bcosx =+a’ +b* sin(x + @). (10.3)

Tak kak —1<sin(x+ @) <1, To Bepaxenue asinx+bCcosSx MOKET mpu-

HMMATh JIOObIE 3HAUEHHS U3 TIPOMEIKYTKA [—\/ a’+b’ ;\/ a*+b*], re.
—Ja®> +b*> <asinx+bcosx<~a’ +b* .

IIpumep 4. Ilpu kaxux snavenusx napamempa a umeem Xxoms Obl 0OHO
peuienue ypasHeHue:

a) V3sinx+cosx=a; 0) | 2sinx—3cosx|=a;
B) acosx—sinx=3; r) sin’ x+3sinxcosx —2cos’x=a;
1) |Ssin” x+cosx—7|=a?

a) Pewenue. Vicnionb3ys METOJ] BBEAICHUS BCIIOMOTATENILHOTO yIJia, Ipe-
00pa3yeM 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 = E uMeer pemenne mpu —2<a <2,

Omeem. —2<a<2.
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06) Pewenue. Bocnonb3zyemcst MGTO}Z[OM BBEJICHUSI BCIIOMOTATEIbHOTO

yria 2sinx —3cosx= \/7( sinx ——— cost x/Bsin(x—(p),

cosp=2/~/13

rie
sing =-3/~/13

JIleBast yacThb HUCXOOHOI'0 YpaBHEHUSA IIPUHUMACT 3HAYCHUA OT 0 o 1 3 .

Omeem. OSgoS\/B.

B) Pewenue. HCHOJ’ILSyH METOJ BBCJACHHA BCIIOMOIaTCJIbHOT'O yIJia, IO-

. a 1 .
Jyanm acosx—sinx=+a’ +1 coS X — sinx |=
Na* +1 NJa* +1
a

cosQ =

B e b
2 \Y a2 +1
=+a” +1cos(x+ @), rue JleBas yacTh NPHUHUMAET

_1
Va® +1 .
snavennst or —Va’ +1 10 Va®+1. VpaBHenue Gyner MMeTh pelleHNe,
ecii GyzeT BbIoHeHo yenosre \a® +1>3, r.e. npu |a|> 22 .
Omeem. | a > 22 .

r) Pewenue. TlpeobpasyeM ypaBHEHHE, UCTIONB3YS (OPMYITy HOHMKE-

sing =

Hus cTenenu sin’ x + 3sinxcosx —2cos’ x =

_ 1 —cos2x n 3sin2x _9. 1+ cos2x :—(sin2x—COSZX)—l~
2 2 22 ?

3 T 1
VYpaBHeHUE IPUMET BU —Sin 2x ——|=a+— u 6 ST UMETh pPE-
p p \/5 ( 4j 5 Y p

menue npu ———=< a+—<—, T.¢. IpH _3\/5"*'1 <a< 3\/5—1‘

2 272 2 2
3ﬁ+1< 32 -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

Boipaxenne 5| (cosx —0,1)° +0,39| npunnmaer 3uauenns or 0,195 1o

8.

CrnenoBaTeibHO, YpaBHEHHE HMEET XOTs Obl OJHO pelleHHe Mpu

0,195<a<8.
Omeem. 0,195<a<8.
Mpumep 5. /[na kasxcoozo 3navenus napamempa a pewums ypagHeHue
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 ¥ ClleNaeM 3aMeHy COSx +sinx =¢. To-
sin xcos x

2

raa Sin xcosx =

. Ucxomnoe ypasuenue mpu ¢° —1# 0 mpusogures

2(t+1 a+?2
K BHIY ( )=a.OTcroz[a t= .
-1 a
. a+?2
Brimonaum oOpaTHyo 3aMeHy CoSx +SInx = WIH
a

7\ a+2 a+?2
V2cos| x—= |= , C ydetoMm orpanmuenus —1< <1 umeem
4 a av2

a<-22+2nua=22+2.
Yurem yenosue - —1# 0, T.e. cosx +sinx # %1 . Ilocaexnee ycnosue

ynosierBopsier OJ13 u cootBeTcTBYET @ # —1 .

Omeem. x = — + arccos

+27m, ne€Z upu

\/_a

ae(—o0;—1) u(—l;—2ﬁ+2]u[2ﬁ+2;oo) .

Hpumep 6. llpu nrw0bdom OelicmeumenvHOM 3HaAYeHUU napamempa d
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=2xnnel,
x=—x—a+2rxk,keZ, x=—al/2+xk,keZ.
HepasencrBo cos(—a /2+ ﬂ'k) >0 cnpaBeIuBO pU
—7/2427n<—al/2+7k<7m/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, <<|la=—-r+2rxn,nel,
x=n/2—-al2+rk keZ.

Hepasenctso Cos(—a 12+ ﬂk) <0 crpasenueo npu
drn+2nk<a<-2rm+4nn+2rk, nkeZ.

x—nm=—x—a+2rk,keZ,

a T
Omeem. x=—5+7rk u x=—%+5+27rk npu drn<a<rz+4nan,

x=—%+%+27rk u x=—%+7z+27zk npu 7 +4rn<a<2mx+4nn;

x=—%+7r+27rk u x:—%+3§+2ﬁk npu 21 +4rn<a <3z +4rnn,

x=—%+ﬂ'+2ﬂ'k u x=—%+%+2ﬂ'k npu 3 +4nrn<a<4rx+4rn,

—m/2+42xk<x<7/2+ 27k npu a=27xn;
7T/2+27k<x<37/2+2xk upn a=n+2xn,rne k,ne.
Hpumep 7. Ilpu nobom OelicmsumenvHoM 3HAUeHUU napamempa d
pewums ypasHenue
(a—T)cosx+(a+1)sinx=2a.
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a2

Pewenue. TpuseneM 1annoe ypaBHeHHE K BUAY SIN(X + @) = ——,

a’ +1
Tac & OHpe,I[CHSIeTC?[ n3 YCJIOBI/II;‘I
. a-1
sing = ———,
J2a* +2
a+1
cosa =

V2a+2
Vpasuenue sin(x+ )=

a2 5
—F/——— HUMCCT JACUCTBUTCIIbHBIC KOPHHU MPHU
Va* +1
a2

YCIIOBHH, YTO ﬁ <1, 1e. mpu —1<a<1. Torna npu MOJyYEHHBIX

a’+1
. a—1 a+l
3HAYEHUAX 51n0{=—2SO " Cosa=—220, cienoBa-
2a° +2 N2a +2
. 1-a
TENBHO, O/ = arcsin ——.
2a* +2

. av?2
Penrenue ypaBuenus sin(x + ) = —F=—= MOJXHO 3aIUCATh B BUJIC
va© +1
l1-a

x = —arcsin——+(-1)" arcsinﬂ
N2a® +2 Na® +1

Omeem. Ecin a <—1 win a >1, 10 pemienuii ver;
ecmn —1<a<l1, 10

+7an, ne’.

a

2
Ja* +1

. l-a .
X = —arcsin ———=+(—1)" arcsin +7an,ner.

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, tne —1 < y <1. Torna ypasHenue npu-

mer Bug ay’ +2(a+1)y+4=0.

IMepBbIM KOHTPOJBHBIM 3HadyeHueM siBisiercs a =0. B srom ciyuae
MPUXOIUM K YPABHEHUIO ) =—2 WK SinX =—2, KOTOPOE HE UMEET pelIe-
HUU.

Ilycts a#0. JuckpumuHaHT KBaJIpaTHOTO YpaBHEHMS
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 SIBJISIFOTCS qucia
- —(a+)—(a-1 T —(a+D)+(a-1 :_E. y T—
a a a

IOJDKHBI BBITONHATECS orpanndeHmst —1 <y, <1, -1<y, <1.
Juist xopus y, ycnosue —1< ), <1 He BhIIONHSETCS, U ypaBHCHHC
sin x =—2 He UMeeT pelIeHHil.

—(a+1D+(a-1 .
( )+ ( )=—— ypaBHEHHE ), =SINX =——
a a a

HMEET pellieHre npr | @ |> 2 . DTo pelieHue 3amuchIBaeTCs CIeAyIOIHIM 06-

Hns 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 peruenuii HeT.

Ipumep 9. /[na kascooeo sHavenua napamempa a pewiunms ypagHeHue
sin*x+cos*x=a.

Pewenue. IIpeobpazyeM JIEBYIO 4aCTh ypaBHEHHS K BHIY

sin® 2x

4 4 2 2 2 .2 2
sin” x+cos” x=(sin”" x+cos” x)" —2sin” xcos" x=1— 5
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.2
sin” 2x .
Monyunnu ypaHeHue | B =q wm sin’ 2x =2(1—a) . Ucnons3ys

1—cos4x
(hopMyIy TTOHIKCHUS CTEIICHH, TOIYYAM ypaBHCHHE T =2(1-a)

wu cosdx =4a-3.
Vuureiasg, yro —1<cos4x <1, nomyyaem orpaHuueHHs Ha MPABYIO
gacTh nociennero ypasuennss —1 <4a -3 <1 wm 0,5<a<1.

Omeem. Ecrm 0,5<a<1,10 X = iiarccos(4a -3) +%, nez;

ect a < 0,5 wmm @ >1, To peurennii Her.

Hpumep 10. Hatimu éce 3nauenusa napamempa da , npu KOMoOPwIX ypas-
Henus COSX+sinx=1 u COS% =a umeiom xoms 6vl 00UH 00Ul KOPEHD.

Pewenue. IIpeobpazyem nepBoe ypaBHEHHE K BUIY

\/Ecos(x—%jzl.

T T

PenieHust 3TOro ypaBHEHUS] UMEIOT BUI X = R + 27k, k € Z . Tpencra-
VA T

BUM HUX B BUIC JBYX cepuil: X, =Z+Z+ 27k, =E+ 27k, wm

X, :%—%+2ﬂk2 =27k, ; ki k, €.

IToxcTaBUM KOPHHM MEPBO CEPHH BO BTOPOE ypaBHEHHE. [IpH deTHBIX &,

V2 x_ A2

X,
noJry4um COSEl = 7 , IPpU HCUCTHBIX COS? = —7 .

AHaNOrM4YHO, MOACTAaBUM KOPHH BTOPOH CEPHH BO BTOPOE YpaBHEHHE.

X X
IIpu deTHBIX k, TONY4UM COS? =1, npu HeueTHBIX COS; =-1.

Takum 06pa3oM, BO3MOKHBIE 3HAYEHUS @ — 3T0 1/ \/5 n 1.
Omeem. +1/~/2 u +1.
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Mpumep 11. [na xascoozo snavenus napamempa a pewiums ypagHeHue

sin® x +cos® x =a - (sin* x + cos* x) .

Pewienue. IIpeobpazyeM JE€BYIO 9aCTh HCXOAHOTO YPaBHEHHUS:
sin® x +cos® x = (sin” x + cos” x)(sin* x —sin® xcos’ x + cos” x) =

1

4 4 )
=sin" x+cos  x——sin” 2x.
IIpuBenem UCX0AHOE 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 HOIy4UM

. 3-2a 6a—5
ypaBhenne 1—a =sin’ 2x- 2 & c0s4x=——— Tmpu  YCIOBUH

6a-5
3—-2a# 0. HaknagpiBaem orpanuyenus —1 < 3 24 <1, uro paBHOCHIIB-
—2a
Ho 0,5<a<1.Tlpu 3Tux 3HaueHUsIX @ BoIMONHsEeTCS 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

PelileHne MHOTUX TPUTOHOMETPUYECKMX HEPABEHCTB CBOAMTCS K pellie-
HUIO MpocTeHuX HepaBeHCTB. IIpu UX perieHun cienyeT y4uThIBaTh Orpa-
HUYEHHOCTh M TIEPUOJANYHOCTH TPUTOHOMETPHUYECKUX (yHKImMi. PaccMoT-
PHM HECKOJIBKO IIPHMEPOB.

Ipumep 12. [ns xascoozo 3navenus napamempa @ peuiums HepaeeH-
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 wHe wumeer pemenmii, ecim a’ —3>1, Te. mpu
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ae(-0;-2)U(2;+0). Ecm a’ —3<-1,te. ae [—\E;ﬁ] , TO pele-
HHEM MCXOJIHOTO HEPABEHCTBA ABJETC JII0boe x € R .
Ecin 1>a® —3> -1, 10 Haii-

Ay JeM Ha CIMHHYHON OKDPY)KHOCTH

yEL ey JABE TOYKH (@, U (0,, OpAHHATA
- 2 O KaXJI0M U3 KOTOPBIX paBHA a’-3.
y=a’-3 /\ J COOTBETCTBEHHO, (cM. puc. 63)

[9) 7 @, = arcsin(a’ - 3) u
_Y=1 ¢, =x—arcsin(a’ -3).

""""""""""" C  ydYeToM TEPUOAMYHOCTH
Pric. 63 Gyskmmu  y =Sin2x MOXHO 3a-

KIIIOYUTh, YTO MCXOAHOC HEPABCH-
CTBO CIIPAaBCJINBO ITPU

arcsin(a’ —3) +2zn < 2x < —arcsin(a’ —3)+2zn, neZ,
T.€. IpU
arcsin(a’ —3)
2

7 —arcsin(a® —3)

+mn<x< +mn,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) [MockonbKy
1>cos(x+7/6)=>—1, To HepaBeHCTBO

arcsin(a’ —3)

+rn<x< +an,nel.

cos(x+7/6)<2a+1 He umeer pelue-

<77

¢

\ wuii, ecmu  2a+1<-1, Te. 1pu
§ ae(—oo;—1]. Ecm 2a+1>1, Te.

] t a €(0;+0), TO pemieHHEM HCXOIHOTO

)i

l‘:
e HEepaBEHCTBA SIBIsIETCs Jioboe x € R .
Ecm 1>2a+1>—1, 1o Haiinem Ha

A
t=-1

Puc. 64 €IMHUYHON OKPYXXHOCTH IBE TOUKU (), W
¢, , 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 nepuoauutoctd GyHKImU ) = cos(x + 77/ 6) Mox-
HO 3aK/II0YUTh, YTO HCXOJHOC HEPABEHCTBO  CHPABEMIMBO  IPH
O +2rn<x+n/6<@,+27rn, neZ, e npu
arccos(Qa+1)—7/6+2xn<x<1lx/6 —arccos(2a+1)+2xn, neZ.
Omeem. Ecin a < —1, to pemenwnii vet; ecoim a >0, 10 x € R ; ecomm
ae(-1;0], ro
arccos(2a+1)—z/6+2xn<x<1lr/6—arccos(Qa+1)+2zn,neZ.

Pewenue. B) Ha ocu Tanrencos (cM. puc. ¢
65) oTMETHM TOYKY, OpAWHATa KOTOPOH paBHA gx
_ Yo oL

1 (¢, =n/4). HepaBenctBy Oymyr ymosie- \
TBOPATH BCC 3HA4YCHUA apryMmcEHTa
z=ax—7m/4, i KOTOpBIX 3HaueHus! tgz &

OyayT pacroioKeHbl Ha OCH TAaHT€HCOB HHXKE

4
OTMEYEHHOH TOYKHU MJIN COBIIAJATh C HEH. Q

=Y

C y4yeroM mEpUOJMYHOCTH  (YHKIHMH
y=1tgz 3amuiueM penieHHE HEpPaBEeHCTBA

tgz<1l: —7/2+mn<z<x/d+7xn, ne’l Puic. 65

WIIH —nm/2+mn<ax—-rnl4<x/4+7nn,
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-ﬂﬁx<4n_l-ﬂ, nel.
2a 4a

Eciu a =0, 10 ucxonnoe nepaBencteo umeer Bun tg(—z/4)<1, .

CootBercTBeHHO, eci a > (), To

CIIpaBeIINBO mpH Bcex X € R .

2n+1 4dn—1
Omeem. Ecin a <0, 10 T <x< -, nel;ecnu
a 4a
n—1 2n+1
a=0,10 xeR;ecmu a>0, 10 m<x< 5 T, nel.
a a

Mpumep 13. s kasxcoozo 3navenus napamempa a pewiums HepageH-
cmeo

sin’ x+sin2x>a.

Pewenue. Beinonusist npeoOdpa3zoBaHus, MOITyYUM
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. . l1-cos2x .
sin’ x +sin2x>a < T+sm2x2a©

< 2s8in2x—cos2x > 2a—1©\/§(isin2x—ic052xJ2 2a-1&

J5 J5

, Tae @ = arccos

2a-1 2
J5 J5
2a-1 1++/5

IIpu \/_ >1,T.e. ipu a> T, HEPaBEHCTBO HE UMEET PELICHUM.
5

2a-1 1-J5 1++/5
<a<

<-1, te

7 , T8 — e

HUMECT PCHICHUSA U OHU 3a1ar0TCSI HEPABCHCTBAMHU

sin(2x — @) >

Ecmu —-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 sBisiercst X € R .

b

Omeem. Ecin a < , TO pemeHreM sBisercs X € R ;

—1_\/§<asl+2\/§,m are

V4
+rn<x< +an,nel n

€CJIn

—a+g
2

1+
IZie (¢ =arccos——; ecim a > T, TO PELICHUH HeT.

NG

166



3a0auu 0nsa camocmoamenbHo2o peeHu
4.10.1. Pemure ypaBHEHUE AJ1s1 BCEX 3HAUCHUM NapaMeTpa a :
a) 3cosx=4a+1; 6) (@’ —sinx=a+1;
B) a’tgx—25tgx—a—-5=0.
4.10.2. YcraHoBHTe, NIPH KaKWX 3HAYCHUAX TMapaMeTpa d HUMEET XOTs OBl

OJIHO PeLIEHHE 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. Haiigure Bce 3HayeHus napamerpa b, IpH KOTOPHIX ypPaBHEHUS
. .X .
cosx+sinx=1u s1n5 =b uMeroT X0Ts OBl OJJMH OOLIU KOPEHb.

4.10.4. HaiinuTe Bce 3Ha4eHUs mapamMeTpa d , IpU KaKJJOM 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
Jl1s1 KaXX10r0 3HaUeHHUs [1apaMeTpa d PELIMTE 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 HanOoObIIEE IEJI0€ 3HAUCHHUE MTapamMeTpa a , IpH KOTO-
POM HMeeT GECKOHEYHO MHOTO petueHnil (X; y) ypaBHEeHHE:

a) 3sinx+4cosy—6cosx=a; 0) 3sinx—4cosy+5cosx=a.

4.10.8. Haiigure Bce 3Ha4YeHUS mapaMeTpa d , IPH KOTOPBIX UMEET XOTs OBl
OJIMH KOPEHb YpaBHEHHUE:

a) 7asin2x =ctgx+tgx; 0) 9acos(2x+%)=ctgx+tgx.

167



4.10.9. Haiigute B 3aBUCMMOCTH OT 3HAUEHU 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 3HAa4YCHUA ImapaMeTpa d pPEIINTE YPAaBHCHUE!
acosx—1
41010, 2) 23X ),
cos X +sinx

a-bsinx a-—bcosx

0) ;e a*+b° #0.

acosx—b asinx->b

. .3 . . .
4.10.11. a) smx+sm7x=asm§; 6) sin® x+cos* x+sin2x+a=0;
. a
B) cos6x—sm6x=§0032x; r) tgx +tga +1=tgx tga.

JIist Ka’KIoro 3HaUCHHUS TTapaMeTpa 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 3HaYeHwiA mapametpa 0 < a <1:
4.10.14. a) sin’ (Zx —%) >q; 6)cos’(x+1)<a.

Jlnsa kaxmoro 3HaYeHUs apaMeTpa d pEeLINTe JaHHOE HEpaBEHCTBO.

-1 1
41015.0) &1 1. 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. Haiinute Bce Takue 3HAYCHUS MapameTpa d , IPU KaKIOM U3 KOTO-
PBIX 1715t BceX X € R BBINONIHSAETCS 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 «Hagyamna
MaTeMaTH4YeCKOr0 aHAJIN3a»
§ 5.1. CpoiicTBa pyHKIMi

1. O6nacmob onpedenenusn u MHOMCECHBO 3HAYUEHUT PYHKYUU

TOBOPAT, YTO HA 4YMCIOBOM MHOXKECTBE X ONpENENeHa HYUCA068a:
@yHKYUA, ECIIM KOKIOMY DIEMEHTY X W3 3TOTO MHOJKECTBA MOCTABJIEHO B
COOTBETCTBHUE €IMHCTBEHHOE YUCII0. MHOKeCTBO X HA3bIBAETCA 001ACHIbIO
onpedenenua Qyuxuuu. [IpoussonbHoe uucno X € X Ha3blBaeTCs apzy-
Menmom (DYHKIUM WM HE3aBUCUMOU TepeMeHHOU. OBnacTs omnpeneneHus
dynxumu [ o6brano obosnavaercs D, (wmm D(f)). Ecim uucno a npu-

HaJUIEKUT 00acTH omnpeneieHds GyHKIUM [ , TO TOBOPAT, UTO (YHKUUA

f onpeodenena ¢ mouxe a. JIns yxaszanus 3HaueHust GYHKIUHA B QHUKCHPO-

BaHHOM TOYKE a ucnonb3yercs sanuchk: f(a), y(a), f(x)

x=a *
Mnuoscecmeom 3nauenuii dynxmun  f(x) (obosmavaercs E, wm
E(f)) nasbiBaercs MHOXeECTBO Beex @ € R, ist KOTOpBIX CyIECTBYET XO-
T 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 ynxkuun f(x) =——— 00NacTbIO ONpPENEICHUs SAB-

3x+a

JIIETCSI MHOXKECTBO TE€X 3HAYeHUH apryMmeHnTa, AJjisi KOTOPLIX 3HaMCHATCJIb

2 2
npobu He obpaiaercs B Hynb, T.e. X #—a/3 . Oynkuus g(x)=+va” —x

< 2 2
OTpe/ie/ieHa HA MHOMKECTBE TEX 3HAYEHUH X, Juist KOTOphx a —Xx~ >0,
O6nacts onpenenenus ¢Gyukuua  y(x) = f(x)+ g(x) ects nepeceyenue
obnacreit onpenenenns QyHKmMi f W g, U, 3HAYMT, OHA COCTOUT U3 3HA-
YEHUH X , ABISIONMXCS PEIICHUAMH CMEIIAHHON CHCTEMBI:
x#-al3, x#-al3,

=
a’—x >0 |x|<|al.
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Pewas oty cucremy, naxomum D, .
Omeem. Ecru a< 0,10 D, =[a;—a/3) U (-a/3;-a];
ectu a=0,10 D, =;
ectu a>0,10 D, =[-a;—a/3)U(-a/3;a].

Hpumep 2. Haiimu obracme onpedeneHus U MHOMCECMBO 3HAYEHUU

Gynxyuu f(x)=./log, cosx .

Pewenue. Df (yHKIMHM 33/1a€TCSl HEPABEHCTBOM loga cosx>0<

O<ax<l, O<ax<l,
0O<cosx<l, /24 2nk<x<7w/2+2rxk,k e,
=

a>1, a>l,
{cosx >1; {x =2rk,keZ.
CrnemoBaTenbHO, OONACTBIO ONPENEICHUS ITaHHOW (YHKIUH SBISIETCS
MHOXXECTBO {27k | kelZ}. Ipu  kaxmoMm keZ UMeeM

f(Q2rk)=./log,cos2wk =0. Takum 00pa3oM, MHOXECTBO 3HAYCHHIl

JaHHOM QYHKIMU COCTOMT U3 oqHoro uncia 0.
Omsem. D, ={2rk| keZ}; E, ={0}.

3ameyanne. 3HaHWe oOnacTH 3HAYCHWH (YHKIMHA OKa3bIBACTCS
TIOJIE3HBIM TIPH PEILICHUH YPAaBHEHHI U HEPaBEHCTB B CJIEIYIOIIHX CITydasX.
(1) VpaBuenue f(x)=a wiu HepaBenctBo f(X)V a (cuMBon V 03-

HavaeT JI000H N3 3HAKOB <, > ) MMEET PELICHNUE, eClu d € E . ; HepaBeHCTBO

f(x)>a wumeer pemenne, ecnu a€ E, n a#max f(X); HepaBeHCTBO
« D,
S (x) < a umeer pemenue, ecmu a€ E, w a# n}ifn f(x).

(2)  Vpaemenwe  f(x,a)=g(x,a) wuMeer pelieHue,  €CiU
E,NE, #J. B cnyuae, xorma f(x,a)2M , a g(x,a)<M nns Beex

fx,a)=M,

3HaYeHU X u a, 10 f(x,a)=g(x,a)
f(x,a)=g(x,a) g(r.a)= M.
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IMocnenHee cBOMCTBO (OTPaHUYEHHOCTH JICBOW W TPaBOM dYacTeil) mc-
MOJIB3YETCS U P PELICHUH WIN J0Ka3aTeIbCTBE HEPABEHCTB.

2. Yemmnwle u neuemuwie Yynkyuu

MHOXKeCTBO ToueK X 4YHMCIIOBOM OCH HA3BIBAETCSH CUMMENPUUHBIM OT-
HOCHTENBHO Havana koopaunar (touku O ), ecnu juist mo6oro uucna x € X
qrCeno (—X ) TAKKE MPUHAIEKAT MHOKECTBY X .

@ynkyua y = f(x), 3ananHas Ha MHOXecTBe X , Ha3bIBaeTCs 4emt-

HOIl, SCITH BBIIOJHCHBI CIICIYIOIINE YCIOBHUSL:
(1) mHOXecTBO X CHMMETPHYHO OTHOCHTEIBHO Hadaja KOOPAMHAT;
(2) mma mo6oro x € X cnpasennueo pasenctso f(—x) = f(x).

@ynkyusa y = f(x), 3ajaHHas Ha MHOXeCTBe X, Ha3bl6aemcs Hevem-

HOIl, €CJI BBITIOIIHEHBI CIEAYIOIIUCE yCIOBHS:
(1) mHOXecTBO X CHMMETPHYHO OTHOCHUTEIBHO Hadyaja KOOpAUHAT;
(2) nns o6oro x € X cnpasemuso pasenctBo f(—x)=—f(x).

I'paduk yeTHON (DYHKIMM CUMMETpUYEH OTHOcUTENbHO ocu Oy, He-
YETHON — CHMMETPHYEH OTHOCHTENLHO HAYalla KOOPIUHAT.
Ceoiicmea uemnbix u HewemHuLx QYHKYUIL:
1.  Ecmu f(x) m g(x) — uerHsle (YHKIHMH, 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) aBastorcs yeTHBIMA DYHK-

LUSMH Ha MHOXeCTBE X.
2. Ecmu f(x) m g(x) — HeueTHbIe QYHKINH, 3aIaHHBIC HA OHOM H

TOM e MHOXkecTBe X, To Qynkunu f(x)+g(x) u f(x)—g(x)
ABJAIOTCS HEYETHHIMH (DYHKIMAMH HAa MHOXKeCTBE X, a (yHK-
mun f(x)-g(x), f(x)/g(x), (g(x)#0 ua X) sBusrorcs ver-
HBIMU (YHKIUSMU Ha MHOKECTBE X.

Heo6X0auMO OTMETHTE, YTO CYIIECTBYIOT (YHKIIMH, HE ABIAOUMECS HHA

2 .
YCTHBIMH, HU HCUYCTHBIMH, HAIPUMED, 1—, x“+x+1. Jna nepsoit u3
+Xx

3TUX (YHKIUH HE BBINONHEHO YCJIOBUE CUMMETPUH €CTECTBEHHON 00acTu
OTIpE/ENEHNs OTHOCHTENBHO Hadana KoopauHat. Bropas QyHKuus onpeje-
JIEHa TP JTHO0OM 3HAYEHHWH APryMEHTA, MOITOMY YCIOBUE CUMMETPUH IS
uee BoinonneHo. Ho, Hanpumep, f(—1)=—f(1) wmm f(-2) = f(2).

171



ITpu 0Ka3aTeNBCTBE, K NPUMEPY, TOTO (akTa, uTo QYHKIHS HE ABIAETCS
YETHOM, CCBHUIKA Ha TO, uTO BhipakeHust f(—x) u f(X) «pasHbie», mO3TOMY

f(=x)# f(x), Huuero He JOKa3bIBAET, XOTH ObI MOTOMY, YTO COBCEM pa3-

HBIE T10 BHEIIHEMY BHJly BBIPAKEHHS MOTYT 3a]aBaTh OJHY M Ty K€ (YHK-
uuto. Takum 06pa3zom, 4ToObl onpoBepruyTh yeiosue f(—x) = f(x), Hyx-
HO JIOKa3aTh CYIECTBOBAHUE COOTBETCTBYIOMIETO 3HAYEHUS X , /I KOTOPO-
0 3TO YCIIOBUE HE BBIMOIHEHO.

Hpumep 3. Ilpu xaxux sHayeHusx napamempa 4 A6AAEMCA HEYEMHOU

s f(x) =41

2+a 2
Pewenue. Heo6xomuMbIM (HO He JIOCTATOUHBIM) YCIOBUEM HEUETHOCTH
(yHKIMH ABISETCA BBIIONHEHHE Ipu X =0 0JHOTO M3 yCIOBHIL:

@ f(0)=0;
(6) byukumst [ He ompejencHa B HyJIE.

1 1 1 1 a+3

Ipu x=0 0)= +—= +—= . Ycnosue (a
P /O 2°+a 2 l+a 2 2a+)) ®
BBITIOJIHSIETCS TIPH @ = —3 , a ycioBue (6) —mpu a =—1.
. 1 1
PacemotpuM cnydait @ =—3 . Torma f(x)= >3 +§. B artom ciy-

qae obmacte onpenenenus D, =(—o0;log, 3) U (log, 3;+0) ne smnsercs

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 oTHOCHTETbHO ToukH X =0 .

Ecm a=-1, to f(x)=

Ocraercs poBepuTh BbINoNHeHHE yenous f(x) =—f(x). HdeiicrButens-

HO,

27 +1 1/2° +1 2% +1 27 +1
f(_x): —x = X = o x
227 -1 2(1/27-1) 201-2%) 22"~

CnenoBarenbho, ipu @ =—1 ¢ynkuus f(x) neuernas.

=—f ().

Omeem. a=-1.
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3. Obpamnas ¢pyuxyus

Hycts dynkmms  y=f(x), xe€D,, TakoBa, 4YTo s MOGBIX
X,,X, € D, mu3 Toro, uto x; #x, cnenyer f(x), # f(x,). Torna nns xax-
moro y € E, maiinercs Tonbko oaHO 3Hauenue X €D, Takoe, 41O
Sx)=y.

OyHKIMIO, OTPE/IeNeHHyI0 Ha £, 1 cTapsulylo B COOTBETCTBUE 3HAYe-
nuto y € E, takoe sHauenne x € D, uto f(X) =y, Ha3bIBAIOT 0Bpamuoi
st pysxuun f u oGosHauaror [, Te. x=f (y), V€ E,.

O6o03Havas1, Kak OOBIYHO, apTYMEHT 00paTHOM (QYHKIIMH Yepe3 X, a 3Ha-
4eHHe Yepe3 ), ee 3aIuCHIBAoT B BUxe V= f (x), xe D EE
HmeroT MecTo TOKAecTBa:
) =x, xeDpm f(f () =x, xek,.
OyHKIHIO, HMEIOILYI0 00paTHYIO, Ha3bIBAIOT 00PAMUMOI.
I'paduk obparuoit pynkun y = [ (x), xe D -1 CHMMETpHUCH Tpa-
¢buxy pyukumu y = f(x), x € D, orHocHTenbHO NpAMOI Y =X .

JocTtaTouHblii MPU3HAK CYLIECTBOBAHUS 00paTHO GyHKuUMM: eciu
@ynxyus cmpozo eozpacmaem (yovieaem) na muoxcecmeée X , mo 0ns nee
cywjecmayem 06pamuan QYHKYus, U OHa maxice Cmpoo eospacmaem (youi-
6aem) Ha MHONCECMEEe 3HAUCHUU OAHHOU QYHKYUU.

Mpumep 4. Vrkazams 6ce 3Hauenus napamempa a, Onsi KOMOPHIX ume-

em pewenue ypasnenue \d ++/a+sinx =sinx.

Pewenue. Tlycts t=sinx, tne —1<¢<1. Torma ypaBHeHue OyneTr
PABHOCHIIEHO CMENIAHHOMN CHCTEME

Ja+t=t-a,

0<¢<l.
Oyuxkuus y =1 —a na orpeske [0;1] obGparuma. OGparHoii Gymer

y=+a+t. O6e pynkuun sBsroTcss Bospacraromumu Ha [0;1], mostomy
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o0IIMe WX TOYKM JIeKaT Ha mpssmoi y =¢. [lodydaeM paBHOCHIIBHYIO CHC-

TeMy

tz—azt,C> ! —t=a,

0<t<1; 0<r<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. Henpepuvienocmo
®Oyukiust  f(x), ompenenennas Ha npomexytke (a;b), HaszsiBaeTcs
Henpepuienoii 6 mouke x, € (a;b), ecnn:

1) cymectByer mpenen lim f(x) ;
XX
2) oH paBeH 3HaYeHHIO QYHKIMH B TOUKe X, T.e. lim f(x)= f(x,).
XX

JloKa3aTenbCTBO HEMpepbIBHOCTH GYHKUMK [ (X) B TOYKE X, COCTOMT B
nposepke pasercrsa lim f(x) = f(x,) .
X=X,
Hpumep 5. Hatioume sce 3nauenus napamempa @, maxue, 4mo DyHK-
yus [ (X) sensemcs nenpepulénol Ha éceli YUCI080U NPAMOU, eCu
2
ax”,ecom x > 2,
fx)=

x+a* -2, ecm x<2.

Pewenue. Tlpu x>2 ¢ynkuus f(x) =ax’ — HenpepbiBHA IIPH BCEX

sHadenusx X w lim f(x)=4a.
x—2

Mpu x<2 ¢ynkuns f(x)=x+a’ —2 — HenpepbiBHA TPH BCEX 3Ha-

genmsix X u lim f(x)=a’.
x—=2
Crenosarenbio, Gynkuus f(x) sBiusercs HenpepsiBHol Ha R, ecim

2
BBINOJIHSIETCS paBeHcTBO @~ =4a ,r.e.ipu a=0 wm a=4.
Omeem. a=0 wm a=4.
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5. Monomonnsie pynxyuu

@yukuus Yy = f(x), x € X , HaseiBaercsa eospacmarougeii (neeospac-
maroweit) Ha MHOXecTBe M C X , ecnm Juis MOOBIX X, M X, U3 MHOXECT-
Ba M Takux, 4to X, <X,, CIpaBemINBO HepaBeHCTBO f(X,)< f(X,)
(f(x)2f(x,)).

®yukius y = f(x), x € X , naswiBaetcs yoviearouei (neyoviearouyeir)
Ha MHOxecTBe M C X , ecnu s moObIX X, M X, U3 MHOoxectBa M Ta-
KHX, 49T0 X, <X,, COpaBemMBo HepaBeHctBo  f(X,)> f(x,)

()= f(x))

Ecnmu ynkms obnamaet ofHUM W3 MEPEYUCICHHBIX CBOMCTB (SIBIIAETCS
BO3pacTarolieli, yObIBaOIICH, HEBO3pacTarollell WM HEyObIBaloIICi) Ha
muaOokectBe M < X , To Takas QyHKIMs HA3BIBACTCS MOHOMOHHOU Ha M .

OrtBeuast Ha BOIPOC O NMIPOMEKYTKaX MOHOTOHHOCTH (PyHKIMI B 3a/1ayax,
ClIelyeT YKa3blBaTh MaKCUMaJIbHO BO3MOXKHBIE IIPOMEKYTKH BO3PACTAHUS U
yObIBaHUS (QYHKIHIH.

3ameuyanne. Oyukumst ¥ = f(X) MOHOTOHHas Ha MHOXecTBax M, u
M, , moxer He GbITh MOHOTOHHOH Ha OOBCAMHEHHH 3THX MHOXecTB. Ha-
npumep, GpyHkius y =1/x yosiBaer Ha (—00;0) u (0;+00) , HO He sBIsIETCS
yobiBatomieilt Ha (—00;0) U (0;+00). B camom jeine, HanpuMmep, BO3bMEM
x,=—1ux,=1.Torga x, <x,,H0 f(x)=-1<1=f(x,).

Ceoiicmea MOHOMOHHBIX IYHKUUIL:

1. Ecnu dynkumn f(x) u g(x) Bo3pacraror (yOBIBAIOT) HA MHOXECTBE
M , to dpynkuus f(x)+ g(x) Tarke Bospacraer (yObIBaeT) Ha MHOKECTBE
M ;

2. Ecim gyukumn f(x) u g(x) Bospactaior (YObIBAIOT) HA MHOYKECTBE
M w, xpome toro, f(x)>0 u g(x)>0 npu Bcex JOMYCTUMBIX 3HAYECHHUSIX
x, 1o gyuxuus f(x)- g(x) raxxke Bospacraer (yObiBaer) Ha M ;

3. Eciu ¢ynkumn  f(X) MOHOTOHHas, TO ypaBHeHue f(X)=a umeer

He Ooiee OAHOI'0 KOPHs, TaK KaK MOHOTOHHAA (I)yHKI_[I/IFI MNPUHUMACT KaKA0€
CBO€ 3HAYCHHE TOJIBKO OAUH pa3.
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3ameuanue. Eciu ¢yukums f(X) MOHOTOHHas, TO W3 DABEHCTBA

f(x)=f(y) cunemyer x=y, uz uepaserctBa f(x)> f(y) cuenyer
x>y (ecnmu [ — Bospacraromas) umu x < y (ecmu [ — yOwiBarormas).

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 eIUHCTBCHHBIN KOPEHb, a TIPH @ < 4 KOpHEH He UMeeT.
OtBer. Eciii a > 4, To o11H KOpeHsk; eciii a < 4, TO KOpHeil HeT.

6. Haubonvuiee u naumenvuiee 3HaA4eHUs YyHkyuii

Ecmu cymecTByer Touka X, u3 MHoxecrBa M , M ng , Takas, 4TO

npu a1000M X U3 MHOXecTBa M HMMeEET MECTO HCEPABCHCTBO

S 2 1 (x) (f(x)<1(x))

TO TOBOPST, uTo (yHKIMs V= f(X) Ha MHOXecTBe M UpUHHUMAET CBOE

Haumenvuee (naubonvee) 3uaucuve y = f(x,).

DyHKIMS MOXKET U HE MIMETh Ha MHOXECTBE HanOOJIbIIero (HauMeHblIIe-
ro) 3Ha4YeHUs, HO eclid HauOoubliee (HaUMEHbllee) 3HaueHHe (QYHKIUH Ha
MHOXECTBE CYLIECTBYET, TO OHO CIUHCTBEHHO. 3aMCTHM, YTO TOYEK X,, B

KOTOPBIX OHO IPUHUMAETCS, MOXXET OBITh MHOTO.

Ecmu ¢ynkius y = f(x) Bospacraer (yObiaer) Ha otpeske [a,b], To
HavMeHbllee (HauOoubllee) 3HaYCHWE OHAa NPUHHMMAET B TOYKE X =d, a
HauboJibliee (HaUMEHbIIEe) 3HaUEHUE — B TOUKEe X = b .

MHorue 3aiauil CBOJATCS K HaXOXKACHHUIO HAMOOJIBLIEr0o U HAHMEHb-
[1ero 3Ha4YeHus1 KBajpaTnuHoii pynkuun. 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 gocTHraercs OHO HpH X = g ;

a a

2

0) Vyums. =€ v npu a <0 ¥ gocTHraercs npu x = e
a
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Mpumep 7. Hatimu naubonvuiee u naumeHvuiee 3HAYeHUs QyHKyuu
2
y=4x"-24ax+a.

Pewenue. Nveem 4x° —24ax +a = 4(x—3a)’ —36a” + a . Orcrona
2
CIIEZlyeT, YTO HauMeHbllee 3HaueHue QyHkuuu ) =4x" —24ax+a pasHo

2

—36a” +a , v npuHUMaeTCs 9TO 3HAUYEHUE B TOUKe X = 3« . Tak Kak QyHK-
2 .

s Y =4x" —24ax+a He ABNAETCS OTPAHUYEHHON CBEPXY, TO HAMOOIb-

LIIET0 3HAYCHHUS OHA HE HMEET.
2
Omeem. y,., . =-36a" + a, Hauboibiero 3Ha4eHUs QyHKIMSA HE HMEET.

Mpumep 8. Haimu naubonvuiee u Haumenvuiee 3HaveHus QyHkyuu
: 2
y(x)=2asinx+(a” —1)cosx.

Pewenue. TlpeoOpazyem BbIpaKeHHE, HCHOIB3YS METOJ BBEACHHS
BCIIOMOTaTEIbHOTO 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 kak HaubosbIee 3Havenne sin(x +a) pasHo 1,

a’ +1

a HaUMEHbIIee 3HAYEHUE PaBHO —1, TO, CleNOBATENbLHO, HAMOONBIIEE 3HA-
. 2 2
uenne pynkuun Y =2asinx +(a” —1)cosx pasno a” +1, a HanMeHbIIEE

2
paBao —(a” +1). Todek, rae MPUHUMAIOTCS HAUOOJbBIIEE M HAUMEHBIIEE

3HAYEHUsI, OECKOHEYHO MHOTO.

2

Omesem. yHal/IMA = _(a2 + 1)’ yHaI/I6A =a + 1 .

Mpumep 9. Hatimu naubonvutee u HaumeHbulee 3HAUEHUS QYHKYUU
2
X —x+2
— .
x +1
Pewenue. Bocnonp3yemcss METOAOM BBEAEHUsA mapamerpa. Hainem
3HA4YEHHs YHCIIA d , IPH KOTOPBIX UMEET PEeLICHUE ypaBHEHHE
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X' —x+2
- - a.
x +1
2
X —x+2
Tak kak —————=a <& (a—1D)x* —x+(a—-2)=0, 1o pemenue
x +1
OyJIET CYIIECTBOBATh, €CIIU JUCKPUMHHAHT MOJYYEHHOTO KBAJIPATHOTO ypaB-
HCHUSI HEOTPHIIATEIICH. D=-4a’+12a-7>0 npu
3-2 a<3+ﬁ 3-42 3442
2 S22 2 7 2 |

. CneoBaTennbHO, Ey =

ERRCRN 50

7 ’ yHaMG. - B

3HAYUT, YV =

3_2 3+42
Omeem. Y, .. = Vius. == -

2 2

7. Ilepuoouueckue pynxyuu

GOyuxius y = f(x), x € X, naswiBaercs nepuoouueckoii na X , eciu
cymectByer uncino 1, T # 0, nassiBaemoe nepuogoM ¢pyukuun f(x), Ta-
KOE, 4TO:

(@) uucna x+71 u x—T npunagnexar X juis kaxaoro x € X ;

(6) ns kaxmoro x € X wmmeer mecto pasenctBo f(x+7)= f(x).

Ecmu T — nepuox GyHKIHH, TO ee neprHogoM Oyzer Takxke u uucno kT,
rae k — moboe 1esoe Yuco.

Ecmn dymukumn f(x) n g(x) mepuommueckue ¢ mepuomamu 1, u 1,
COOTBETCTBEHHO, TO IIEPHOIOM HX CYMMBbI, IPOM3BEICHHS, PA3HOCTH K YacT-
Horo siBysiercst uucno 1, kpatnoe 1, u T, .

HanmMenpmmii U3 HOJNOKUTENBHBIX MEPUOJIOB NEPHOANIECKON (YHKIMN
(ecnu OH cyIIECTBYET) HAa3bIBACTCS €€ 21ABHBIM REPUOOOM.
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3adauu onsa camocmoamenbHozo peuienus
Ooébnacmob onpeodenenus u MHONCECHBO 3HAYUEHUT

5.1.1. Haiigmre obnacts onpenenenus D, pynxuun f(x):

Q) f(0)=" 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. Haiiqwre obnactsb onpenenenns D, pynxunn f(x):

B 1) Vatyx  Na-x
\/3a+x+\/; \/3a+x—\/Z’

6) f(x):ﬁ+1g(l—xJ+Jg;
a

X

B) f(x)=lg(a—~2a+x)+\9-a";
r) f(x)=\/a2\/5—x\/a2+x2 ;
10 f(x)=+/sin2x +v47> —x* +1g(x —a)+~a+4r .

5.1.3. Haiiqmre MHOXecTBO 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. Haiiure 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 napamerpa a GyHKIWMs, 3a1aHHas Gopmy-

3 2
. X +ax” +2x .
JIOW Yy =——————— Ha CBOei 00JIacTH ONpe/eICHHs COBIaaeT C KBaJ-
2x—-1
paru4HOU QyHKIMEH?
0) Ilpu KakuX 3HAYEHUSX apaMeTpoB a W b QyHKuws, 3a1aHHas Gop-

3 2
. X +ax” +bx+2b oL
MyHOI/I y = ABJIACTCA HI/IHeI/IHOI/I?

2 +x—1

Yemnocms u Heuemnocmo
5.1.6. Ins Bcex 3HaUEHMA mapaMeTpa @ WCCIeIyidTe Ha YeTHOCTh U He-

geTHOCTh QyHKIMIO (X € R ):
a) f(x)=(a-2)x+3a—-4; 6)f(x)=x"+(a’-d)x+a;
B) f(x)=(a’ —4)x* +(a’ =5)x+a’ +2a.
5.1.7. Ilpn kakuX 3HAYCHUSIX TapameTpa d SBJSCTCA HeYeTHOU (pyHK-
s f(x):
5" +a-1 1
a X)=———; 6 x)= .
) )=t ) f0=—— =3
5.1.8. Omnpenenure Bce 3HAYCHUS 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 3HaueHUil napameTrpa d HUCCIEAyiHTe Ha YETHOCTb U He-
YEeTHOCTb 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(I/ITe YETHBIC U HEUETHBIE (byHKuI/II/I cpezm JIaHHBIX:
a +a” -a” —-a’’ a +1
f(x)=—7F— fz(x)_ 55 Sl )— 0 L=

i) =x- L
a +1

5.1.11. HaI/I}II/ITe BCE 3HaueHWs mapamerpa b Takue, yTo (PyHKIUS

f(x)=a+ \/ —x* —=2x+2bx—b>+2b+8 smBusercs 4eTHOH I MOGOrO

3HAYCHUS IapameTpa d .
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Oobpamumocma

5.1.12. OnpenenuTe 3HaueHus @ , IpU KOTOPLIX pyHkims f(x) Ha 3a-
JIAHHOM 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 TApaMeTpoB a@ M b nanHas QyHKUuUs
uMeeT 00paTHYIO M COBIAJAcT C HEH, ecnu:

a) y=ax+b; 0) pyukuus y=x",rne aeR?

5.1.14. Ykaxure Bce 3HAU€HHUs 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, eciu x € (1;+00).
5.1.15. Pemnre janHoe ypaBHEHHUE.

a) X’ +2ax+1/16=—a++a’> +x—1/16 npu 0<a<1/4;
6) @’ +x=3Ya—x.

5.1.16. HaiinuTe 3HaueHus mapameTpa d , IpU KOTOPBIX UMEET pelIeHue

ypaBHEHHE \/3(1 +y3a+2x—x* =2x—x".
Henpepuienocms dpynkyuu

5.1.17. TlonbepuTe 3HAYEeHHsA NAPAMETPOB @ U b, 4ToOBl (QYyHKIMS
f(x) Obuia HEMpPepbIBHOM Ha BCeil YHCIOBON MPSIMOIA:

x%, ecim X > 2, 6) /(x) x%, ecm x > 2,
X)=
ax+2,ecmu x <2

a) f(X)={

x+a,ecmu x < 2;

N2 NHD el
0= x-1 ’r)f(x)={

5 2
x —4dax+a ,ecmu x > 1;

x—1,ecmm x <1,

ax® + bx, ecmm x > 1;

| x> =5x+6/, ecmn x> 2,

) f(X)={

ax—b,ecmn x < 2.
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Ilepuoouunocmep
5.1.18. Haiinute 3HaueHuWs mapameTrpa d, IPH KOTOPBIX (QyHKIUS
f(x)=(a+3)x+5a (x€R) apasercs nepuoauIecKoi.
5.1.19. Haiigure 3HaueHwus: mapamerpa A € 7., IPpU KOTOPBIX (YHKIHS
sin nx

f(x) =———— umeer nepuogom uncio 47 .
sin(x/n)
5.1.20. Haiinure 3uauenus napamerpa a € QQ, npu KoTOpbIx (QyHKIUH
. 2ax 3ax
f(x)=sin———=— u g(x)=tg————— WuMEIOT OJMHAKOBHIH

a’ ++12 1—2a++/108
TIEpUoA.

5.1.21. Jlokaxwure, uro pyukums y = f(x), x € R, sBustercs neproan-
4YeCKOH, ecnu 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.

Monomonnocmp
5.1.23. Haiinute 3Ha4YeHWs mapameTrpa d, HPH KOTOPBIX (QyHKIUS
f(x)=(a—1Dx+a’> -3 (xeR): a) Bospacraer; G) yObiBacT.
5.1.24. Haiigute 3HayeHWs mHapaMeTpa a, NPU KOTOPBIX (QYHKIHUS
f(x)=ax’ +6x+a (xe[-1;3]): a) Bospacraer; 6) yObIBaeT.
5.1.25. Haiigute 3HayeHus napaMeTpa «, NPU KOTOPBIX (QYHKIHUS

f(x)=log,(a’x* +(a+4)x+2) (x>0) sBisercs MOHOTOHHOIA.

5.1.26. Jlna xaxmoro 3HaYCHHWA T@apamMeTpa d pemuTe JaHHOE
ypaBHEHHE WK HEPaBEHCTBO.

) N2-a-3x=vVx-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 YpaBHEHUIL.

) 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 ¥ HaNMEHbIIIEe 3HAYCHNE (DYHKIIUH:

2
5.1.28.2) f(x)=+v2—-x++1+x; 06) 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+2 6) f(x)=x+ :
X x—a
4 4
B) ()= 5 f(x)=tex+acter, xe[z/6:7/3].

x
Onpenenure 3Ha4YeHUs] MapaMeTpa d , NPU KOTOPBIX HUMEET peIIeHue
ypaBHEHHE:

1
51.32.3a) 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 NPOU3BOIHOM
1. Kacamenvnasa k kpueoi

T'eomempuueckuii cmopici nPOU3800HOI COCTOUT B TOM, YTO TAHTEHC
yIJla HakJIOHa KacaTelIbHOW K rpaduKy (yHKINU, MPOBEAECHHON 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 HMEIOIIas
yrnosoii koodpduument k = f'(x,). YpaBHeHHe KacaTenbHOIl MMeeT BHJ
y =[x =x0) + f(x).

Mpumep 1. [Ipu kaxux 3navenusx napamempa P KacameibHas, npoee-
Oennas K epauxy Qynxkyuu y = x - DX 6 mouke epapuka ¢ abcyuccoul
X, =1, npoxooum uepes mouxy M (2;3)?

Pewenue. ®yuxuus f(x) onpenenena u qudpdepeniupyema va R u
f'(x)=3x"~p.

VpaBuenue KacarenbHoU k rpaduky ¢pyukuuu 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.

Criez10BaTesbHO, yPaBHEHHE KACATEIBHOM HMEET BH/T

y=C@-p)x-D)+1-p wm =3—-p)x—2.

Tak KaKk KacarejbHas poxoaut uepe3 Touky M (2;3), o ee KoopauHa-
THI yIOBJIETBOPSIOT YPABHEHHIO NPsIMOiA. [10/ICTaBUB UX B ypaBHEHHUE, MOTY-
yum 3=3-p)-2-2 wm p=0,5.

Omegem. p=0,5.

Hpumep 2. Haiimu 6ce 3uauenusi napamempa d , npu KOMOpwIX Kaca-

.X
menvhas K epauxy @yukyuu y =Ssin +1,5a—a’, nposedennas &

e20 mouke ¢ abcyuccoil A, He nepecekaem pagur Hu 0OHOU U3 08X QYHK-
yuti y=0,5x+2 u y=-2/x.
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+1,5a - a’ ompeneNicHa U -

.ox+11
Pewenue. Oyuxuus y(x) = sin

depenrmpyema ma R. Tak kak y(a)=sin(0,5a+5,5)+1,5a—a’ n
y'(a)=0,5c08(0,5a +5,5), T0 ypaBHeHHe KacaTeJbHON K rpauKy IaH-
HOW ()YHKIIMHU B €r0 TOYKE ¢ abCIMCCON @ OyIeT MMeTb BUI
y=0,5c08(0,5a +5,5)- (x —a)+sin(0,5a +5,5) +1,5a—a’ .
W3 ycrnoBust OTCYTCTBHS OOIIMX TOYEK KACATENBHOM U IPSMOM
y=0,5x+2 cuenyer, uTo OHM mapajUIeNbHBL. B 5TOM cilydae UX yrioBbie

ko3(¢dunrentel  paBHbl.  [IpupaBHSB ~ HMX, TOJIyYdM  ypaBHEHHE
0,5co0s(0,5a+5,5)=0,5, r.e. cos(0,5a+5,5)=1. U3 nocnennero ypas-
nenns nonydaeM 0,5a+5,5=2zn,rne ne€Z ,wm a=4zn—11, neZ.
B TakoM ciiy4ae ypaBHEHUE KaCaTeILHOM 3aIMIIETCS B BUJIE
y=0,5-(x—(47m—ll))+1,5'(47m—11)—(47m—11)2, nerz
UK
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.
[TomyueHHOe KBagpaTHOE ypaBHEHHE HE OyAeT MMEThb PEIICHHH, eCId
€ro IMCKPUMHUHAHT OyAeT OTpHULIATEIICH:
D=((4mn—11)~(zn—117*) ~4<0.
[omarast z=4zn—-11, netr, TOJTyIUM HEPaBEHCTBO

(z -z )2 —4<0 wm (z—2z"=2)(z-z"+2)<0. Tlocnennee pasHO-

2 2
CWIbHOE HepaBeHCTBY z —2z~ +2 >0, Tak kak z—2z" —2 <0 mpu Bcex Zz.

PemmB  mepaBenctBo z—2z  +2>0, maxomum —1<z<2, Te.
—-1<4zn-11<2, neZ, aro umeer mecro npu 7 =1. CiemoBareibHo,
a=4r-11.

Omeem. a =4r—11.
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B cnexyroumx JByx 3aa4ax UCIONB3YIOTCS yCIOBHS KacaHust rpaduKoB
byuxkuuit y = f(x) u y=g(x), cneayrouue u3 TOro, 4To B TOUKax Kaca-

HUS TpaUKOB COBMAJAIOT 3HAYCHUS WX OPAMHAT U IpadMKu UMEIOT OOIIyI0
KacarelbHYyIO, T.€. COBIIQJIAlOT 3HAYECHUS IPOM3BOJHBIX OT (DYHKIHI B TOUKE
kacanus. OTcroza cienyer, 4yTo abCIMCChl TOYEK KacaHusl TpaduKkoB MOTYT
OBITh HalICHBI U3 CUCTEMBI YPaBHEHHI

() =g(x),
J'(x)=g'(x).

IMpumep 3. Onpederums 3uauenuss napamempa a, npu KOMoOPvIX ume-

*)

2
y<ax—x" -3,
em eOUHCMEeHHOe peuleHe CUCIeMd HepaseHCme 5
x<ay—-y —3.
Pewenue. B cucreme xkoopmunar Oxy  rpadukun  QyHKIMHA

2 2 .
y=ax—x"—-3 u xX=ay—y —3 CHMMETPUYHBI OTHOCHTEIBHO MPSIMOIi
Yy =X, Tak KaKk UX ypaBHe-

HUS TONYYarTCsS OJHO W3
JIpYroro 3aMeHoil X Ha Y
(cM. puc. 66). s equHCT-

BEHHOCTH pEIIeHHsI Heo0Xo-
JUMO M JOCTAaTO4YHO, YTOOKI

mapabona y =ax—x’ —3
Kacanach IpsMoit ) =X .

B ycnoBusix gaHHOM
sagaun f(X)=ax—x> -3,
g(x)=x. Tlonyuaem (B

COOTBCTCTBUU C YCJIOBUAMH

2
ax—x"-3=x,

(*)) cucremy ypaBHEHHI
a-2x=1.

W3 BTOPOro ypaBHEHHS CHCTEMBI BhIpasuM a : a = 2x + 1. [loacrasnss

B mepBoe ypasuenue, nonyunm (2x +1)x —x° —3 = x. [ocneauemy ypas-

HEHUIO yIOBJICTBOPAIOT JIBA 3HAYECHUA X: X = \/5 u X, = —\/§ . Cnenosa-
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TEIIBHO, YCJIOBHIO 3a/la4yl yJOBJICTBOPSIOT CICAYIOLINE 3HAYCHNUS TapaMeTpa
a: a =1—2\/§ ua, =1+2\/§.
Omegem. q, =1-23 u a, =1+243.

Ipumep 5. Ilpu kaxux 3uauenusx napamempog p u ¢ napaboia

y=2x" + px+q xacaemecs 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 3HaueHue
npomssoaHoit (2X° + px+¢q)' =4x+ p npu X =X, GyaeT paBHO YrIOBOMY
kodp¢duumenty npsamoit 4x, + p=8 u Tak kak M, — TouKa KacaHUs, TO
y,=2x" +px,+q u y, =8x, =5 nmm 2x,” + px, +¢q =8x, - 5.

ITycts Touka M, ¢ koopausartamu (X,,V,) — TOUKa KacaHHs apaboIbl
co Bropodl mpsmoii. Torma momyuaeMm 1Ba ypaBHenus 4x, + p=12 u
2x22 + px, +q=12x, —11 mo aHanoruyM ¢ NPEABLIYIIMM CITy4acM.

OObeMHIM TIOTyYEHHbIE YPABHEHHUS B CHCTEMY:

4x,+ p=8, )
4x, + p=12, )
2xl2 + px, +q=8x, -5, 3)
2x22 +px, +q=12x, -11. (4)

BblunTass W3 [EpBOrO  YpaBHEHHS CHCTEMBI BTOPOE, IOTy4YHM
X, —x, =—1 mwm x, =x, —1. Tenepp BbIYTEM U3 TPETHETO YPABHEHHS CHC-
TEMBI  YETBEPTOE: 2()(12 — x22) +p(x, —x,)=8x,—12x, +6  nm
2(x, —x,)(x, +x,) + p(x, —x,) =8x, —12x, + 6. [Toxcrasisist B MOTyICH-
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 wmwm x,=2.
Otkyna p=4 u ¢=12x, —11-2x," — px, =-3.

Omegem. p=4, g=-3.
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2. Kpumuueckue mouxku

Kpumuueckas mouxka — 5TO BHYTPEHHSAA TOYKa OOJIACTH ONpPEHCICHUS
(GYHKIMH, B KOTOPOH TIPOU3BOJIHAS PaBHA HYJIIO WM HE CYILIECTBYET.

Toukn MUHEMyMa ¥ MakCHMyMa HAa3BIBAIOTCS MOUKAMU IKCHIpEMYyMA.
OKkempemymom ynkyuu Ha3pIBaeTCS €€ 3HAYCHHE B TOYKAX JIOKAIBLHOTO
MI/IHI/IMyMa HJIIn MaKCI/IMyMa.

Kputnueckue To4ku — 3TO TOUKH, IPOBEPsieMble HAa SKCTpeMyM. i BbI-
SICHCHVSI HAJIMYUS B JaHHOW TOYKE DKCTpEMyMa HaJl0 MCCIIeOBATh 3HAK MPO-
M3BOAHOM 3TOW (YHKIHM B TOYKAX, OJMM3KUX KPUTHUESCKON M HAXOISIIUXCS
cieBa U crpasa oT Hee. Eciu npousBoaHas (GyHKIMH MEHSET 3HAK C «ILIHO-
Ca» Ha «MUHYC», TO B 3TOM TOUKE JIOCTUTAETCSI MAKCUMYM, a €CJIi C «MHUHY-
Ca» Ha «IUTI0C» — MUHUMYM.

Ipumep 6. Ilycmo X, — MOYKA MUHUMYMA, @ X, — MOYKA MAKCUMYMA
3 2
Gyucyuu y(x)=-2x"+3(1-2a)x" +12ax—1. Ipu xaxux snauenusx
2

napamempa a 6bINOIHACMCS PAGCHCMEO X, =X, ?

Pewenue. Tak kak Ko>QGUIMEHT TPH X° OTPHIATENCH, TO X, < X

. p AL ) 1 2
2
Touku X, u X, — Kopuu ypasnenust y'(x)=—-6x"+6(1-2a)x+12a=0.
2
Hcnons3yst TeopeMy Buera v yqauThiBast yCIOBHE X, = X, , HOTy4aeM
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 d mouyka X, = A61Aemcs MOYKOl

3 2

munumyma gynxyuu Y(x)=2x" -3(a+1)x" +6ax—1 ?

Pewenue. Ecnu X, = a SBISETCS TOYKOW MHHHMYMaA, TO X, =d €CTbh

2

kopenb ypauenus )'(x) =6x" —6(a+1)x+6a =0 u npu nepexoze uepes

9Ty TOUYKY IPOW3BOJHAs MEHSET 3HaK ¢ MHUHyca Ha Iurnoc. Haiinem kopHun
YpaBHEHUS

<1
’ x> —(a+D)x+a=0. lmeem
) + - +
O e = e R A
. max .min ABJIACTCSA TOYKOW DKCTPEMyMa
Puc. 67a (em. puc. 67a u 670) wu

V'=(x-1)(x-a).
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IIpaBas w3 TOUek

a>1 JKCTpPEMyMa €CTh TOUKa
) + - + muanMyma.  CrenoBa-
1) / ] \ c'J_ / = TeJbHO, ipu @ > 1 Tquil
. max . min X, = a SBIAETCA TOYKOU

Puc. 676 MHHUMYyMa (QYHKIUH.

Omeem. a >1.
IIpumep 8. Ilycmov 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 6elUtUHA x]2 + 3622 HAUMEHbULAS.

Pewenue. Oyuxuus y(x) =x° —3ax’ +3(2a—1)x +1 onpenenena u
mapdepermmpyema va R u y'(x) =3x” —6ax +3(2a —1). U3 ypaBuenus
V'(x)=0  maiineM  KpuTMYeCcKMe TOYKM  (YHKIMH.  YpaBHEHHE
3x* —6ax+3(2a—1)=0 wuMeer KOPHH, IOCKONEKY JUCKPHMHHAHT
9a*> —18a+9=9(a—1)* >0 . Ucnons3ys Teopemy Buera, moaydmnm

xS +x," =(x +x) —2xx, =
=4a’ -2Qa-1)=4a>-4a+2=2a-1) +1.
CrniefioBarensHo, cymMa xl2 + x22 NpPUHAMAET HaWMEHbIlEe 3HAUCHHE

npu a =0,5. Omeem. a=0,5.

3. Monomounnocms ynkuuu

Hanomuum, uto ecnu auddepenuupyemas Gpyuxuus f(x) Bospacrtaer
(yowBaer) ma unreppaie (a,b), 1o f'(x)>0 (f'(x)<0) npu x e (a,b).
DT0 HEOOXOIMMEIE YCIOBUS Bo3pacTaHus (yObIBaHMs) (QYHKIIMKA HA MHTEPBaA-
ne (a,b).

Joctarounsle ycious MoHoTOHHOCTH f(X): ecm f'(x) >0 Ha un-
tepBaie (a,b), To dynkius f(X) BO3pacTaeT Ha STOM HHTEPBAJE; ECIH
f'(x) <0 — yObBaer.

Jist JloKa3aTebCTBa CTPOTOro BospacraHusi (YObIBaHWs) (DYHKIHH Ha
KaKoM — JIM0O TPOMEKYTKE JOCTATOYHO MNpoBepuTh, uto f (x)>0
(f'(x)<0) Ha 5TOM POMEXYTKE M ISl BCEX TOYEK, KPOME UX KOHETHOTO

uncna, f'(x)>0 (f'(x)<0).
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Hpumep 9. Ilpu Kaxux 3Havenusx napamempa d  (PYHKYUA
y(x) =sinx —ax ybvieaem na 6ceii Yuci060l NPAMOU?

Pewenue. Oynxuus y(x)=sinx—ax mupdepenuupyema na R . Ee
npousBoaHas paBHa )'(X)=cC0SX —a. ®yHKuus yObIBaeT Ha BCeil UMCIIO-
BOW TIpAMOM, ecnm s Bcex X  Beimonmsercs ycnoue ) <0 wm

cosx < a . DTo BO3MOXKHO, eciit a > 1 .

Ecmu a=1, 10 cosx=1 npu x =27k, rne k €Z . Ilpu nepexone ue-
PE3 3TU TOYKHU HNPOU3BOJHASA HC MCHACT 3HaAKa. CHC}IOBaTe.H])HO, (1)yHKLU/l§I
MOHOTOHHO yOBIBaeT Ha BCEH YHCIIOBOI MPSIMOI. 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 gubdepeni-
pyema na R . Ee npomssogmas pasma y'(x)=-3x" +3=-3(x-1)(x +1).
®ynkuus yowbiBaeT, ecnu BhinosHsercs ycnosue )'(x) < 0. Hepasenctso
=3(x-1)(x+1)<0 cnpaBemmBo npu x € (—oo; —1]U[l;+0) . Cnenosa-
TeNbHO, QyHKIHS yObIBaeT Ha mpoMekyTkax (—oo; —1] u [1;+00) . UnTepBan
(p; p+0,5) nenukoM monagaer B OJMH U3 NPOMEXYTKOB YObIBAHUS, €CIIU
6o p+0,5<—-1,mbo p=>1,r.e pe(—o;—1,5]U[l;+0).

Omegem. p € (—0; —1,5]U[l;+0).

Mpumep 11. Ilpu xaxux smavenusx napamempos a u b @ynkyus
Y(x)=x" + ax® + bx eospacmaem na éceii wucno8oti npAMOL?

Pewenue. Oyuxims y(x) = x" +ax” +bx onpenenena u auddepen-
uMpyemMa — Ha R. TIpoussoamas  QyHKuMH y(x) paBHa
V'(x)=3x" +2ax+b. OyHkiyus Bo3pacTaeT Ha BCEil YMCIOBOI IPIMOIA,
ecu [T BeeX X BbImOmHsercs yciosue )'(X) >0 umn 3x° +2ax+5>0.
DTO BO3MOXKHO, €CJIM JUCKPUMHUHAHT KBAJPATHYHOIO HEPABEHCTBA HEOTPU-
narenen, T.e. D=4a>-12b<0. Otkyza nonyvaem a’<3b.

Omeem. a’ <3b.
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4. Haubonvwiue u haumenvuiue 3uauenun ynxyuu. Ouenku

g onpenenenns HanOOJBIIEr0 M HANMEHBIIETO 3HAUYeHUH (PyHKIMHA Ha
OTpe3Ke HCIONIb3yeTCsl TeopeMa Beliepiurpacca: ¢yukyun, nenpepovienas na
ompeske [a; b], umeem naubonvuwiee u naumenvuiee 3nAUEHUA, KOMODbIE

oocmuzaromen 1ub0 6 KpUMu4ecKux mo4Kax, 1udo Ha KOHYax ompesKa.
st onpeneneHus HaMOOIBIIETO M HANMEHBIIETO 3HAUCHUH (QYHKIMH Ha

HE3aMKHYTOM MPOMEXYTKE HCIIONB3YETCs TeopeMa: eciu (pyHKyus, Henpe-

poienasn na unmepesane (a;b), umeem ¢ ymom unmepeane moavko oony

MOUKY IKCIMpeMymMa — mMouky X, U, eciu X, — mMoOuKa MaKcumymd, mo
f(x,) — naubonvwee 3nauenue ynxyuu f(x) na unmepsane (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) = XX +a pasno —6/3 7
Pewenue. D, =[-a;+0). Qynkuus y(x)=xvx+a aubdepenun-
x  3x+2a

2Wx+a - 2Wx+a
x=-2a/3 wumeem »'(x)=0. Ecom —a<x<-2a/3, 10 npoussojHas

pyema 1mpu x>-a u Y(x)=+Jx+a+ Ipu

OTpHLATENbHa, a ecin X >—2a/3, To monoxurensHa. ClemoBaTebHO,
X, =—2a/3 — touka muHEMyMa. Ha oTpeske [—a; —2a/ 3] GyHKIHAS SIB-

nsiercst yOwiBatomiei (cMm. puc. 68). Haiinem 3HaueHue ¢GyHKIMH B TOUYKE

x,=—2al3; uMeeM y(xy) = —2?61 % . Pemum  ypaBHEHHE
2a |a
~ZZ S =-6J3. Tocne
BA)) - + 3 V3
. > BO3BEJCHUS B KBAJApaT 00enx
y() *a \ - 23—c.l / o el;to yactei HOJIy4UM
-min —a’ =108 nm a=9.
27

Omeem. a =9 .
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K 3ToMy ke THIy OTHOCATCS TakKe 3a/Jayd Ha OTBICKAaHHE MHOXKECTBa
3HaueHuid ¢pyHkuuu. [Tpu 3TOM Hcnonb3yercs clenyoliee CBOMCTBO: Henpe-
Pbl6HAA HA OMpe3Ke (PYHKYUA NPUHUMAEm 6ce NPOMEINCYMOUHble ZHaAYe-
HUA MeHCOy HAUDONLIMUM U HAUMEHBUIUM 3HAYECHUAMU.

Hpumep 13. [lpu kaxux 3HayeHusx napamempa «a YpaeHeHue

tg’x + 48ctg X = a umeem xoms 6ol 00HO peusenie?
48
Pewenue. Tlycts tgx =y . Beenem pyuxumo f(y) =y’ +— . Oynk-
y

uus f(y) swnsercs newetnoi, D, =(—0;0) U (0;+00). Ha obmactu on-

48 3(y*-16
penenenns  f(y) mabdepenmmpyema u f'(y)=3y° — — = (y—z) .
Y Y

Jlist pemieHust 3a@a4d JOCTaTOYHO (B CHILy HEYETHOCTH (YHKIMH) HAWTH
MHOKECTBO 3HaueHuii pynkiuuu f wma npomexytke (0;+00). Haiimem na
9TOM MPOMEKYTKE HAMOOJIbIIIEEe M HAMMEHbBLIEE 3HAUCHUST (PYHKIIUH.
Kpuruueckue Touku onpenenstorcs us ypasuenus f'(y)=0. Ypasue-
30 ~16)
HHE ————

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 yObIBacT ¥ NPUHUMAET BCE 3HAYECHHS
oT 32 10 ©©, a Ha [2;-+00) BO3pACTAET U TAKKE IPUHUMAET 3HAUEHHS OT 32

no oo . Utak, E, =[32;+00), mosromy s moboro 3uauenus a €[32, o0)

o~ 3
HalzeTcs peuieHne ypaBHeHUst )~ +— = a . COOTBETCTBEHHO, I JIF0O0Tr0o

y

3HAYCHUs J Halgercss X, SBISIOLIMICS KOPHEM HMCXOJHOTO YpaBHEHUS,
TaKoi, 4to y =tgx.
VuurbiBas HeyeTHOCTh QyHKImH [ (V), 3aKIOUaeM, 4TO HCXOIHOE
ypaBHEHUE UMEET pelreHue npu d € (—o, —32]U[32, ).
Omeem. a € (—o,—32]U[32,©0).
HOpumep 14. /[na rxaocooeo 3nauenuss A oOnpeoenumv YUCIO KOPHel

3 2
ypasnenus x° —3x" —a=0.
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Pewenue. JIns onpeneneHus 3aBUCUMOCTH YHUCJIa KOPHEW ypaBHEHUS OT
3HaYeHUH @, BBIACHUM B3aHMHOE pACIIOJIOKEHUE Trpaduka (yHKIHN

f(x)=x" —=3x" unpsmoit y=a npuscex acR.
st noctpoenus rpadrka mpoBeneM HeoOX0quMoe UCClieJoBaHne (QyHK-
mu f(x)= X =3x%. OyHKIMs 00pamaeTcs B Hylb B AByX Toukax X =0 u
x =3. Haiinem yuactku Bospacranus (yosiBanus) ¢pyukuuu 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/ . obpasoM, HemnpepsiBHas Qyukuus y = f(x) B
4 . TOUKE X =2 WMEET JOKAIbHBIA MHHUMYM, a B

‘/ touke X =0 — JOKaIbHBI MaKCUMyM, [PHYEM

______ £(0)=0, f(2)=-4. Kpome Toro, GbyHKIMS
yobiBaer Ha [0;2] 1 Bo3pacraer Ha MPOMEKYTKAX
pre. 69 (—0030] 1 [2;+90).
AHanm3upys pUCYHOK B3aHMHOTO PAcCIIONOKEHHsS TpaduKoB (yHKIHN
y=f(x) u y=a (cm. puc. 69), IPUXOIHUM K CIEIYIOIIEMY OTBETY.

Omegem. Ecin a >0, 10 ypaBHEHHE UMEET OJIMH KOPEHb;

ecim a =0, To 1Ba pasnMyHbBIX KOpHs; ecin —4 < a <0, 1o — Tpy;

ecmn a =—4, 1o — 1Ba; ecii a < —4 , TO OTMH KOPEHb.

Mpumep 15. Hatimu 6ce 3nauenus napamempa a , 015 KOMOPbIX Cyuje-
cmayem monvko 00Ho wucno b marxoe, umo b*(b+a)=1.

Pewenue. Paccvorpum dyuxmmio  f(b) =b*(b+a)=b’ +ab’, rue

nepeMeHHas @ sBisercs napamerpom. Oyukuus f(b) ompenenena u gug-

depennupyema na R . J[ns penrennst 3a1auu HEOOX0MMO HANTH TAKUE 3HA-
YeHHs mapamerpa d , npu Kotopbix Gyukuus f(b) mpunumaer 3Havenue 1

TONBKO MPH OJJHOM 3HAYEHHH TIEPEMEHHOGH.
Haitnem nponssommyio f(b): f'(b) =3b* +2ab=3b(b+2al3).
B 3aBMCHMOCTH OT 3HaKa ¢ BO3MOYHBI CJICIYIOIINE CITyHau:
1)a>0; 2) a=0; 3) a<0.
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1. TIyets @ >0 (cMm. puc. 70).

y=b'+ab’

AY Haiinem 3navenus Gyukumu f(b) B

y=1 ] /,/ kputnueckux Ttoukax: f(0)=0 wu

N i

4

=—a’. 3uauenue 1

27

OJIUH pa3, eciy 3HaueHHe (QyHKIUH B

/ -2c‘l 73 |0 >b ¢Gyaxuus  f(b) mnpuHMMaeT TONBKO

Puc. 70

tom ycaosus @ >0 nonyuaem 0<a < Yo

e

2. Tlpu a=0 ¢ysxups f(b)=b" se-
nsercs Bospacratomeii ( f'(b)=3b">0)
¥ KaXJ0€ CBOE 3HAYEHHE U3 MHOYXKECTBA
3HaucHU £ ; TpuHEMaeT oamH pa3. Tak

xak E, = R, To 3Hauenue 1 mpuHUMAaeTCS

€10 TOJIbKO oauH pas npu b=1 (cMm. puc.
71).

AY

TOYKC JIOKAJIBbHOI'0O MaKCUMyMa MCHb-

4
e 1, T.e. ch <1. Orcroma ¢ yue-

y=
1/

AV Puc. 71
y=1 1
3.Tlpu a <0 suavenue f(0)=0 (0
0 / — TOYKA JIOKAJIBHOTO MaKCHMyMa (CM. PHC.
S=bTab’ 3373 >b 72)), mostomy 3uauenne 1 pyukuus f(b)
“ ; OPUHAMAET TOJIBKO OJMH pa3 ITIPH BCEX
a<0.
OOGBbeMHUM pe3yNbTaThl BCEX TPEX
Puc. 72

CIIy4aeB.

Omeem. a < =

i

IMpumep 16. Hatimu eéce maxue uucna b, onn xomopwix cywecmeyem

2
PO6HO mpu pazauunblx yucia @ maxux, uno a(b+a”)=1.
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Pewenue. Paccvorpum pynxmmo f(a)=a’ +ab . Tlepemennas b siB-
asiercst napamerpoM. Oyukuus f(a) onpenenena u pudpepeHuEpyemMa Ha

R . HeoGxonumo Haiiti 3Hadenus b, npu kotopsix f(a) npuHEMAeT 3Ha-

aerme 1 posHo Tpu pasa. [pu b>0 f'(a)=3a’+b>0. dror ciyuaii ue

YIOBIIETBOPSIET YCIOBUIO 33/1a4H, TaK Kak (QyHKIHS SABISAETCS BO3PACTAIO-
weit. [Ipn b <0 ¢ynxums f(a) umeer msa sxctpemyma @, =——b/3 u

2b | b 2b | b

a,=~-b/3 . 3navenusn f(a,)=——,-—— u f(a,)=—,|——. Ycmo-
3 3 3 3

BHIO 33]1a4M YIOBJIETBOPSIOT 3HAUEHUS b, Il KOTOPBIX OJXHOBPEMEHHO BBI-

nosustorest Tpu yenosust f(a,)>1; f(a,)<1; b<O0.

3

Omegem. b < —% .

Mpumep 17. Ilpu xaxux 3Hauenusx napamempa a MAKCUMYM QYHKYUU
y(x)=x"=3(a—T7)x* +3(a* =9)x+1 docmucaemes ¢ mouxe, abcyucca
KOmMOopou nonojcumenvHa?

Pewenue. Ecrii 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 depes
3Ty TOUYKY NPOM3BOJIHAs MEHSAET 3HAK C IUIoca Ha MuHyc. Haiinem kopHm
ypapuerns  x° —2(a—7)x+(a’—-9)=0. Ipu 58-14a>0 wm

29/7>a nmeem x,=(a—7)—+58—-14a u x,=(a—T7)+~58-14a.

3 o o
Tak xak KOS(b(bI/II_[I/IeHT IpA X IIOJOXHUTCIBbHBIMA, TO JICBBIM 3KCTPEMYM €CTh

TOuka Makcumyma. Pemmm HepasenctBo X, >0 wmmm a—7>+/58—14a

(*). Tax KaK JOHKHO BBIMOJHSTHCS YCIOBHE d < 7 , TO HepaBeHCTBO (*) He

MUMEET CMBICIIA, IIOCKOJIBKY JIeBasi €ro 4acTh OTpHUIATENIbHA, a MpaBas HeoT-
punarensHa. Clie1oBaTeIbHO, HEPABCHCTBO (*) HE UMEET PEeIICHHN.

Omegem. Takux a He CyIIECTBYET.

Jlnst pemieHnst TEKCTOBBIX 3a/1a4 Ha OTHICKAaHHE HaWOOJBIIErO MM Hau-
MEHBIIIEro 3HAUEHHUH CIIEAYET, UCXOsl U3 YCIOBHS 3a/lau, COCTaBUTh (DyHK-
M0, B35IB B KayeCcTBE apryMEHTa OJMH U3 NapaMeTpoB (OCTanbHBIC BbIpa-
3UTHh YEepe3 HETro B COOTBETCTBHMH C YCIOBHSAMH 3agaun). [lanee ciemyer om-
pENenuTh MPOMEXYTOK M3MEHCHMS BBIODAaHHOTO apryMeHTa M HaWTH Hau-
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Oouiblliee WM HaUMEHbIllee 3HAUCHUs! (QYHKIMHU Ha MOJYYEHHOM MPOMEXYT-
Ke.

Mpumep 18. B wap paouyca R snucan yurundp ¢ naubonvueil niowa-
0bi0 bokogou nosepxnocmu. Hatimu 3nauenue smoii niowaou.

Pewenue. PaccmoTpuM oOceBoe ceueHuUe
(em. puc. 73). Ilycte X — BBICOTa LMIMHApA.
Torna paguyc oCHOBaHMS LMIMHAPA ¥ paBeH

r=l 4R? —x* .
2

: ILnomans 6OKOBOU MOBEPXHOCTH IUIHHAPA
P BoIpaxkaercs  Qopmynoit S =27rx  wm

T

l

VAR® — X
2

S(x)=2rx

BorunciuM wauGonbiiee 3Hauenue (Gyskiauu S(X) TpU yCIOBHH, YTO X

usmensiercs ot 0 no 2R . ®yukuus S(x) onpexenena na [0;2R], mudde-
4R* - 2x°

penuupyema Ha [0;2R) u S '(x)=u. Onpenenum HauOOJIb-
4R* —x°

miee 3qauenue pynkuuu S(x) na [0;2R]. Ha konuax orpeska [0;2R] 3ua-

uenust Qynkuuu S(x) pasusl 0. ITpoussognas S'(x)=0 npu x = RV2.
Tax kak S (R\/E Y=27R*,10 X = R2 — Touka noxansHoro MaKkCHMyMa.

2
Omeem. Hanbonpuiee 3nauenne S = 27R" .

HOpumep 19. Hatimu maxcumanvHelli 0bvem Kouyca, obpazyouas Ko-
mopoeo pasua L.
Pewenue. Paccmotpum oceBoe cedeHue (cM. puc. 74). Obo3HauuMm 3a X

2 2
BbICOTY KOHyca. Torma paamyc ocHoBaHusi » paBeH L —X° mpu ycio-
BuM, uto X u3Mensercs or 0 mo L. OOGbeM KoHyca BbIpasutcs GpopMysioi

1

1 1
vV =§x S, wm V =§7Z'xr2 = 57Z'JC(L2 —x”). Haiinem HauGosbIee

sHayenne Qpyuxiuu V(x) wa [0; L]. ®@yuxuusa V(x) onpenenena u aud-
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, 1
¢epenmupyema Ha [0; L] m V(x)=§7Z'L2—7Z'x2. Ha xoHmax ortpeska

[0; L] 3nauenue ¢pynxmuu V' (x) pasuet 0. V'(x)=0
L 2 5
npu X = L/\/g u V(—j =——n L’ . CnepoBareinn-
L V3) 93
X
Ho, Touxa x = L/+/3 — Touka noxamsHoro MaKcuMyma
byukuun V(x) .
r | r \ )
Omgem. V, =——nl’.
Puc 74 9\/?

3adauu 011 camocmoamenabHO20 peuieHus
5.2.1. Onpegenure 3HaYEHUS APAMETPA d , TIPU KOTOPBIX TipsiMast 1(X)
SIBISIETCSL KacaTellbHOM K rpaduky pyuximun [ (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 3HAYEHUAX MTapaMeTpa @ KacaTellbHas, IPOBEACHHAs K
rpaduky GyHKIHH Y = ¥’ +ax’ B Touke rpaduka ¢ abeumccoit x, =—1,
npoxoaut uepes Touky N(3;2)?

5.2.3. Onpenenure 3HaYEHUs YUCENl P U ¢ , IPH KOTOPBIX Iapaboia:

a) =X+ px+q xacaercs npaMbIX ¥y =5x+1u y=—x—2;

6) ¥ =-3x" + px+q Kxacaerca npsMbIX ¥y =-5x+4 u y=Tx+4.

5.2.4. Onpenenute, Mpy KakWX 3HAYCHUAX MapaMeTpa d ypaBHEHUE:

1

a) —+4Xx = a uMeeT OJIHO PEIICHNE; 0) —+ X = a He UMeeT pelIeHul;
x X

B) € +2e" —60x+a =0 umeer X0Ts Gbl OHO peleHue.

5.2.5. Haiitu Bce 3Ha4YeHus mapameTpa @ Takue, 4to Gpynkuus f(x):
2

X+ (a-Dx" +2x+1;

a) Bozpactaet Ha R, ecin f(x) =
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Ja+4

0) yobiBaer Ha R , ecin f(x) = 1——1 x’+3x+In5;
—a

B) y6LIBaeT Ha R u He umeer KPUTUYCCKUX TOYCK, €CJIN

f(x)=asinx—10x+sin7x + 4ax .
5.2.6. Haiigute Bce 3HaueHUs IapaMeTpa:
a) ¢ takue, uto pynkmmst y(x)=2x" —3x> +7 Bo3pacraeT B HHTCpBa-
ae (t=1;t4+1);

0) p Takue, uto QyHKuus y(x) = —x* +3x+5 yOBIBacT B MHTEpBAJS
(p;p+0.,5).

5.2.7. a) Ilpu Kakux 3HaUeHMsX mapamerpa b Touka X, =b sBisIeTCs
2
TOUKON MakcumyMma QyHkiun  )(x) = §x3 —(b-2)x* —4bx +3?

0) Ilyctb X, — TOYKa MakCHMyMa W X, — TOYKA MUHAMYMa (GyHKIHH
f(x)=2x" —9ax* +12a°x+1. Tlpy Kakux 3HAYEHHSX TNapameTpa d
CIPABE/UTMBO PAaBEHCTBO X, = X, ?

5.2.8. a) OmpenenuTe B 3aBUCMMOCTH OT 3HAYCHUH MMapaMmeTpa d KONHU-
4eCTBO KOPHE ypaBHEHHs ae” = X .

2
0) IIpu Kakux 3HAYEHHWAX MAapaMeTpa d ypaBHEHHE dx =Inx wumeer
OJIMH KOPEHb?
5.2.9. IIpu KaKkuX MOJIOKHUTEIBHBIX 3HAYECHHUAX K HauOoJblIee 3HAUCHUE

byuxkumn y = (k — x)\/; paBHO 104/5 2

5.2.10. ITpu xakux 3Ha4EHUSAX MapaMeTpa p :

a) Haumenbinee Ha npomexytke [—1;0] 3HaueHuwe KyOUuecKoro tpex-
anena X° —2px” +1 gocturaercs Ha NPaBOM KOHIE MPOMEKYTKA;

0) nauGoubliee Ha npomexytke [0;1] 3HaueHune KyOMUECKOro Tpexuiie-
Ha X° —4px> —10p’ mocTHraercs Ha 1EBOM KOHIIE IPOMEXKYTKA;

B) HaWMeHbIlee Ha MpoMexyTke [2;3] 3Hauenwme  QyHKIUH

y(x)=2x— p/x mocruraercs Ha JEBOM KOHIIE POMEKYTKA;
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r) wHambombmiee Ha mpoMmexyTtke [1;2]  3Hauenwe  QyHKIHH

y(x)= px—2/x mocturaercs Ha MPaBOM KOHIIE TPOMEKYTKA.
5.2.11. B kakux npenenax U3MeHAETCs BETUUUHA x* =3 Y IpH yCIIOBUY,

aro log , (—y—2)21?
x-2
5.2.12. Haiigute Bce 3HaUCHMS MapaMeTpa d , IpU KOTOPBIX MHOXKECTBA

1

sauennit pynknn f(x) = xe*' n g(x)=x* —4x+a’ +a cosnanaror.

TI'eomempuueckue 3a0auu

5.2.13. U3 Bcex MpsAMOYTOJBHUKOB JaHHOW Iuromaan S HaWTH TOT, Iie-
pPUMETp KOTOPOTO HAMMEHBIIINH.
5.2.14. CymMa IByX CTOPOH TpEyTOJIbHUKA paBHA & , & YroJi MEXy HU-

mu paBer 30°. KakoBbI HOIKHBI ObITh JJIHHBI CTOPOH 3TOTO TPEYTOJNBHHKA,
qTOOBI €r0 IUIOMIAAL ObliIa HAnOOIBIIIEH?

5.2.15. B paBHOOeIpEeHHO!N Tpamenuu MEHbIIee OCHOBAHUEC M OOKOBas
CTOpOHa paBHBl «a . HaiiTm Oonpliee OCHOBaHWE TpaleUUHW HAMOOJIBIICH
TUTOIIA TN,

5.2.16. KaxuM J1oikeH OBITH YToJI IIPH BEPILIMHE PaBHOOEIPEHHOTO Tpe-
YrOJIbHUKA 3a[aHHOM IuIoman S, yTo0bl pajuyc BIMCAHHOIO B 3TOT Tpe-
YTOJILHUK KpyTa ObUT HanOoIbIImM?

5.2.17. [Imaronanp OOKOBOW TpaHW NPAaBWIBHOM YETHIPEXYTOJIBHOM
npusMmbl paBHa d . Haiinure mmuHy GOKOBOro pebpa, mpH KOTOPOM 00bEM
MIPU3MbI HANOOJIBIIIHA.

5.2.18. PaccMmarpuBarOTCsl BCEBO3MOXKHBIE TPEYTOJbHBIC NMPHU3MBI, Kak-
nasi OOKOBasi TpaHb KAXKAOH M3 KOTOPBIX UMEET IepUMeTp, paBHBIH a . Haii-
JUTE CpeIy HUX HpU3My HamOobIIero o0beMa (B OTBETE YKAXHUTE JUIHHY
0GOKOBOTO pedpa MPHU3MBI).

5.2.19. Haiinute HanOonpmmii o0beM IFIIMHIPA, BIUCAHHOTO B KOHYC
BeICOTOH [ W ¢ pamuycom ocHoBaHus R .

5.2.20. HaiimuTte BBICOTY KOHycCa HamOONbBIIero oObeMa, BIUCAHHOTO B
map paauyca R.

5.2.21. OmHO M3 OCHOBaHMH IHUJIMHIPA SIBISETCS CCUCHUEM Iapa, a JIpy-
roe OCHOBaHME MPUHAIIICKUT OOJBIIOMY KpYry 3Toro mapa. Paamyc mapa
paBeH R. Kakoit nomkHa OBITH BBICOTa IHMJIMHAPA, YTOOBI €r0 00beM ObLI
HanOOIbIIAM?

5.2.22. HaiinuTe BBICOTY UMIMHApPA HaHOONBIIETO 00beMa, BIIMCAHHOTO
B 11ap paauyca R.
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Texcmoeuvle 3a0auu

5.2.23. [IBe TOYKH ABWXKYTCS MO OCSIM KOOPIMHAT B IIOJIOKUTEIBHBIX
HAIIPaBJICHUSX C IOCTOSIHHBIMU CKOPOCTAMH V, U V, . B Kakoil MOMeHT Bpe-

MEHHU PACCTOSHUE MEXKJTY JBUKYIIUMUCS TOYKAMHU OyIET HAUMEHBIINM, €CIIH
B HAYaJIbHbIA MOMEHT OHH 3anuMatoT nonoxenus (—3;0) u (0;5)?

5.2.24. MOTOIMKIINCT BBIE3KAET U3 MyHKTA A W IBMXKETCSA C MOCTOSH-

HBIM yCKOpeHHeM 12 ’Gy , (HadanpHas CKOPOCTH paBHA HYyII0). JlocTur-
uac

HYB CKOPOCTH V KMA g OHerer ¢ 9TON CKOPOCTBIO 25 KM, a 3aTeM Tepe-
XOJUT Ha paBHO3aMEUIEHHOE JBIDKEHHE, MPUYEM 3a KaXJbli yac €ro cKo-
pOCTh yMeHbIIaeTcsi Ha 24 KMA g 1 ABIKETCS TaK J10 MIOJIHOW OCTaHOBKH.
3aTeM OH Ccpa3y e MOBOPAauMBaeT OOPATHO U elET JI0 IyHKTa A C HOCTOSH-
HOH CKOPOCTBIO V KMA ac [Ipu kakoii CKOPOCTH V MOTOLMKIUCT OBICTpEe
BCETO MPOJIeNaeT 00paTHBIN MyTh OT OCTAHOBKH JI0 MyHKTa A ?

5.2.25. TpeOyercss MOCTPOUTH HECKONBKO OIMHAKOBBIX JTOMOB OOIIEiH
SKUIIOH TUIOIAIBIO 40000, 3arpaTbl Ha TOCTPOMKY OTHOTO JoMa 00mIei
JKUJIOW TUTOMIABI0 § CKJIAIBIBAIOTCS U3 CTOMMOCTH (DyHIAMEHTa, mPOIOp-

HHOHaHLHOI)’I S , © CTOUMOCTH Ha3eMHOH 4acTu, HpOHOpHHOHaﬂBHOﬁ S\/g .

IIpu cTpouTenbecTBE OMa KUIOH IUIOIIANBIO 400:* 80% 3aTpar UAET Ha
¢yamamenT. CKOIBKO HAJO MOCTPOUTH JIOMOB, YTOOBI 3aTpaThl OBLIM Hau-
MEHBIITUMU?
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§5.3. Ucnosib30BaHMe ONpPeIeSIEeHHOT0 HHTerpaja st
BBIYMCJICHUS TJI0MIAAeit

Ipumep 1. Hcxoos u3z ceomempuueckozo cmbiciia 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

7

=Y

Puc. 75

D [(=1dx=0.
0

Pewenue. a) Jluneitnas QyHk-
s f(x)=ax+b wHa croeil 00-

JAaCTH OIIPENeNICHUs] MEHAeT 3HaK
He Oonee ogHOro pasa (ecau
(yHKIMST — KOHCTaHTa, TO OHa HE
MeHsieT 3Haka). M3 reomerpuue-
CKOTO CMBICTIa  OIIPEISNICHHOTO
uHTerpajga Juisi (QyHKUIUH, MEHSIO-
el 3HaK, CJleIyeT, YTO JIOJKHBI
OBITH paBHBI IUTOMAAN (UTYp, OT-
paHMYCHHBIX 4YacTAMH TIpaduka

Gyukuun (S, u S,) (cM. puc. 75), orpeskamu ocu OX W BepTHKAJIbHBIMU

npsmbiMd X =—1 1 x=1. DT0 BO3MOXHO B TOM Cilydae, ecii rpaduK Ju-

HEWHOW (YHKIMH TIPOXOAUT dYepes
Ha4yano KoopauHar, T.e. mpu b=0 u
aeR.

Pewenue. 0) OyHKIIA
f(x)=2x—4 nepecekaer ock Ox B

Touke X =2 . ITo aHaJOrHH C pelIeHH-
€M TpEeJBIIYyIIero MyHKTa 3aJa4yu, TMo-
Jyd4aeM, YTO PABEHCTBO HYJIO WHTE-
rpama BosMoxHo mpu S, =S5, (cm.
puc. 76). IlocinemHee paBeHCTBO BO3-
MOXHO TOJNBKO B CJy4ae DPaBEHCTBA
COOTBETCTBYIOLINX TPEYTONLHUKOB
wmmnpu a =4 .

Yy
A
0 >
S,
>
&
A
4
Puc. 76
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Pewenue. B) Ha npomexyTke

(-44) dysxuus  f(x)= x| -4 YA D /

oTpuiatenbHa, mpu X >4 moio-
xutenbHa. ClenoBaTenbHO, HE0O- y=)x|—4
XOAMMO HAWTH Takoe 3HauyeHHE

napamMeTpa d, IpH KOTOPOM paB- KA C S E
HEl Wwiomamx S, u S, ¢uryp -4 [0) s, 4 a x
(tpeyromsuukoB) ABC u CDE

(cMm. puc. 77). Tak xak S, =16, To B -4

IUIOMIA/b TPSIMOYTOJIBHOTO PaBHO-
6enpennoro tpeyronsuuka CDE

Puc. 77

TOXE J0JDKHA PaBHATHC 16. D10 Bo3MoxHO, eciiu AB = CE = 4\/5 , 4, 3Ha-

YuT, a=4+4\/5.

Pewenue. 1) Ilo aHanoruu ¢ npeabLIyniei 3a1aducii, T0IKHBI 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 pysxuman  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.

Ipumep 2. Haiimu ece snauenus a (a>0), ona komopwix évinonns-

a
emcs HepaseHcmeo 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 sBistorest a € (0; 0,51 [1;400) .
a——=<

2 4

Omeem. (0;0,5]U[1;+0).

Mpumep 3. Havimu 6ce nonodxcumenvHvle 3Havenus napamempa d , ois
2
KOMOpbIX .[(az —(4—4a)x+4x")dx <12.
1
Pewenue. Imeem
2 2 2 2
[(@® —(4—4a)x+4x")dv =a’ [ dv~(4—4a) [ xdx + 4 X'dx =
1 1 1 1

2 2

2

2 X
=a’x|, -(4-da)=

4

+4XT —d’ +6a+9=(a+3).

1 1

Takum 00pa3oM, HMCKOMBIC 3HAYCHUS d YAOBIETBOPSAIOT CHCTEME Hepa-

a>0,
BCHCTB 5
(a+3)" <12.

Crnenosarensho, a € (0;2+/3 —3]. Omeem. (0;2/3 -3].
Ipumep 4. Haiimu ece snauenus a (a>0), ona komopwix niowads

Quzypvl, ocpanuuennoti auHuAMU V=€,

A
Yy Ci

y=0, x=—a, x=a, 6omvwe 1,5.

Pewienue. KpusonuHeliHass  Tpamenus
ABCD  orpanmvena JuHWAMH V=€ ,
y=0, x=—a u x=a (cm. puc. 79). Co- y=e"
[JIACHO T[EOMETPHYECKOMY CMBICIY OIpeje- \ :
JIEHHOTO WHTErpana, €€ IUIOIamb S MOXKHO ——Bo-—'/ S D

a
Haiith 10 Qopmyne S = J.exdx. Tak Kak
-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.Cnenosarensuo, a >1n?2.
Omeem. a>In2.

yA @ B obmem ciydyae chpaBeIyIMBO Clle-
%// % nyroriee yTBepxkaeHue (cM. puc. 80).
§C @ ITnowaob S ¢uzypul, Koopounamot
y=fi(x) //\\ moyeK KOmOopoil yoo61nemeopaom Hepa-
B S % séencmeam a<x<b, f(x)<y<f(x),
Y D 20e f,(x) u f,(x) —3a0annvie nenpepuis-
a0 b > Hble ynKkyuu, gpiuucnaemca no popmyne

S = [(£,(x) = £(x))dx.

Puc. 80
IIpumep S. Ilpu xaxkom 3Hauenuu a
naowaos @uaypel, 02PAHUYEHHOU JUHUAMU ) = 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) nunatamu (1;1). C yuerom Toro,

4yro ¢urypa, OorpaHW4eHHas JaH-
HBIMH JIMHHSAMH, JOJDKHa OBITh
e S y=1k 3aMKHYTOH, PacCMOTPHM BO3MOX-

/ HBIE CIly4au DPAacHOJIOKEHHs IIps-

Y% : > MOHM X =@ OTHOCUTEIHHO MMpAMBIX
0,5 1 2 a X x=0,5, x=1nux=2:
Puc. 81 1)a>2; 2)1<a<2;

3) 0,5<ac<l.
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1) IIpu @ > 2 mnowazns durypsr S, (cM. puc. 81) papHa J.(l 1 jdx =
2

x 2x-1
N | P P P T5
=—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) Eem 1<a<2 (cm. puc. 82),
TO UCKOMOT'O 3HAYEHUSA d HE cyuiecT-
BY€T, IIOCKOJIbKY IUIOMIaAb (QUTypBI
OyJeT MeHbIEe PACCMOTPEHHOM B Mpe-
JBITyIIeM TyHKTe (IpOBephTE CaMo-

@)
CTOSTEIBHO).
3) Ecmn 0,5<a<]1, To uckomas
IUIOIIAb MOXKET OBbITh BBIYHCIICHA KaK
Puc. 82 .
CyMMapHas IIolajs AByX (Guryp:
1 2 1
1 1 1 1 1. |2x-1
s, = —— |dx+[| =~ dx ==In|=
\2x—-1 x \x 2x-1 2 X .
1 : 1 1. 2a—-1 1.4 1 4a’
+—In|——| =—Inl-——Ih=" 4= =—ln—o
2 |12x-1 1 2 2 a 2 3 2 3Q2a-1)
Jlanee ! ln—4a2 In 4 ln—4a2 In 16 IMore
, — = — WIH = —. TCHIUPYA,
2 302a-1) s 32a-1) 5 Py
TIOJTY UM ypaBHEHHUE 5a° —24a+12=0, HMeroIIee KOpHH
12+2421 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
Queypel, oepanuuennoti nunusmu y =0, y=2+x—x", nonoram?
Pewenue. Tapaboma y=2+x—x" =—(x—0,5)" +2,25 nonyuaercs

u3 mapaGonsl Y =—x” + 2,25 casurom Broms ocu Ox (oM. puc. 83), mo-
A ITOMY UCKOMas TIpsAMask ¥ = d PasjeiuT

Yl y=/2 +x-x? IOTI0NIaM TUTOIAAX TIoA 00euMHu mapado-
X naMu. BeramenuM rorormaas S 1o rpa-

dukom dyskmmn Y =—x" +2,25 . Ume-

y=a em
15

O

0005 X as\4 4 3 )

9

>

Temnepb ONMpeseuM, MPU KaKOM 3Ha-
Puc. 83 yenud b Tomans noja rpaguKkoM mnapa-
Oonbl Y =—x’+b pasaa S/2=2,25. Torma uckoMoe uucio @ Oyner

pasuo 2,25—-b.

\/; x3 \/E 4
Haxoaum J- (b—x*)dx= {bx - —j =2bJb . Takum 00pazom,
5 3 ) i 3
4 9 9 9 9
—b\/_ =—, ecm b=——=. Orcioga mnoayuyum a=—— =
3 4 434 a/a

-3)

Mpumep 7. Havimu éce nonoscumens-
Hole snavenus napamempa b, npu xomo-
pbix  naowads @ueypel, 02pPAHUYEHHOU

2 2
napaboramu y =1—x" u y=bx", pasna
a . Ilpu xakux 3sHaueHusx a 3adaua ume-

em pewenue?
Pewenue. Haiinem aOCHMCCHI TOYEK

2
nepeceuenuss mapabon Yy =1—-x" wu
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y=bx2 (cm. pumc. 84). Jlns sTOoro pemmM KBagpaTHOE ypaBHEHHE

2 2
1—x" =bx" . Ero KOpHSIMH sIBISIOTCS YHCIA X, = X,

1 1
Vb +1 ! _\/b+1 '

Beruncnnm miomans GUrypel, orpaHUYeHHOH mapadonamy.

S ZI((I—XZ)—bxz)dx =T(1—(1+b)x2)dxz[x—(1+b)x?3]

1 X

X2

X

(x3—x;) 4
=(x,—x)—-(l+b)——~12= .
( 2 1) ( ) 3 3@
4 4 b 16 )
= , HOJIyYUM =—7 1.

3Wb+1 9a’

U3 yenosuii a >0, b>0 cremyer, uTo pelleHUEe 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 komopwvix niowads

o 2N\2 .2
Queyper, ozpanuyennon aunuamu y=(1+a" ) x"—a u y=0, sersemcs
HaubonvuLell, U onpederums ee 3HaueHue.

Pewienue. Haiinem aOcrmmccel TOYEK IepecedeHus]  mapaboisl

y=(0+a’)’x*—a u npamoii y=0. KopHsIMH KBafpaTHOro ypaBHEHHs

Ja Ja

2N\2 2
(I+a”) x" —a=0 ssnsores ynena X, =——— M X, = -
I+a l+a

Haiinem

Xy
HMCKOMOE 3HaueHue Iuiomanu: S = —I ((l +a* )2 X - a) dx =
X

X2

x-x
= _(1+a2)2%+a(x2 -x)=

X

= {—(1+a2)2%3+ax]

=(x, _xl)(_(l"‘az)2 (i + 4%, ¥ %) +xl3xz t ) +a]. *)
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2\/; a

ITockombKy X, — X, = x+x,=0, xx,=

1+d’ C(1+d’)
x12+x22+x1x2=(x1+x2)2—x1x2=%,m, noacrasus B (¥), moiy-
(1+a”)

quM S(a)z%-laiaz. Haiinem nauGosbinee 3xadenve ¢QyHkumn S(a).

+a

4 1+a*)—-4a’ 4 -a’
Umeem S'(a)=—- \/52 3 a)2 a =_.£2 3 a2 =0.

3 1+a l+a 3 1+a (1+a

IpownssoHas papHa Hymo ipu @ =0 u a = \/§ . IIpu nepexoze uepes 3Ha-

yeHue a =+/3 MMpoOU3BOAHAA MCHACT 3HAK C IJIFOCA HA MHUHYC, CJI€J0BAaTCIIb-

1
HO, B 3TOM Touke gocturaercs Mmakcumym S(a) u S (\/g )= % .
1
Omeem. S_ =— 1pu a=+3.

max é/g

Hpumep 9. Haiimu naumeHnvuiee 3Hayenue niowaou ueypul, oepauu-
wennoii nunuamu y=x" +2x-3 u y=hkx+1.

Pewenue. Haiinem aOcuucchl TOYEK IepecedeHHst  11apadolIbl
y=x>+2x—-3 wu npamoii y=kx+1. Jlis sTOro pemmM ypaBHEHHE
¥ +2x-3=kx+1 wm

X +(2-k)x-4=0.
2
Huckpumunant D = i k+5>0, no-

3TOMY ypaBHEHHE IPH BCEX 3HAYCHUSX K

HUMCCT JI1Ba KOpHA

I\ I 2
S A k-2 |k
2 y=I+kx M2 =TT k+5.

Borumcium 1wiomians S Qurypsl, orpaHu-

=Y

Puc. 85 o 2
YeHHOM JHWAMH 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=—? Hk=2)T 4 =
3 3 2 2
X, —X X, =X
= 13 24 (k-2)2—L+4(x,—x)=
—x] = XX, —X; X, + X
=(x, —x,) +(k—2)—2 +41.
CormacHo Teopeme Bmera st KkopHed X, W X, YpaBHCHHS
¥ +(Q2-k)x-4=0, X, +x,=k-2, x,x, =—4. 3Haunr,

X, +x” +x,x =(k—2)" +4. U3 popmyn ans X, u X, mOIyIHM

2
X, — X, =2‘/%—k+5 =Jk> — 4k +20.

HO,Z[CTaBJ'I}IH TIOJTYY€HHBIE COOTHOMICHHUS B BBIPAXKCHUE JIA S, HUMEEM

P 3/2
(K* — 4k + 2052 (16+(k-2)")

S = =
6 6
16" 32
MunumansHast wiomans gocruraeresinpu k=2 u §,, = 5 = 3
Omeem. S, =32/3 npu k=2.

3a0auu 0nsa camocmoamenbHo20 peeHu
5.3.1. Haiiture Bce uucna a u b, mpu kotopbix 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 3HaueHus a (a >0), s KOTOPBIX BBIMONHSETCS

HEpaBEeHCTBO:
a 2
a) I(Z —4x+3x*)dx<a; 6) j(az +(4—4a)x+4x)dx<12.
0 1
5.3.3. HaiiguTe Bce pelieHHs ypaBHEHUS, IPHHAIEKALINE 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. lcxons 13 reOMETPUUECKOTr0 CMBICIIa OIPEAEICHHOI0 UHTEerpaa,
HalUTe TAKKE YUCIa @ U b, IpU KOTOPBIX BBINOJIHAETCSA PABEHCTBO:

1 a
a) [(2x+b)dx=0; 6) [(2-|x)dx=0;
-1 -4
0 a X
B) [(x—a)dc=0; r) J.arcsinadxzo;
-2 -2
b a a+b
) j(x+3)dx=0(b>a); €) j. cosxdx=0; x) Jsinxdsz.
a -7/2 a

5.3.5. Vcnonb3ys T€OMETPUUYECKUN CMBICT OMPEESIICHHOTO WHTerpasa,
1 a
2 2
BBIYMCIIUTE: a) Ilocdx; 0) f\/a —x"dx,a>0.
-1 —a

5.3.6. lns xaxaoro 3HaYCHHUA MMapaMeTpa d HailiuTe 3HaAYCHHE ONpee-
JICHHOT'O MHTEerpana:

a) jf(X)dx, eciu f(x):{

2x,ecmn x <0,

2 b
x°, ecm 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. Haiiaute 3HaueHHs mapaMeTpa d , MPU KOTOPBIX IUIOMIAAb (Hry-
Pbl, OTPaHUYEHHON KPUBOU
a) y=sin2x, upsambiMu X =7 /6, X =a u ocblo abcuuce, pasua 0,5 ;

6) y =cos5x, npsameivu x = 77/30, x=a u ocero abenuce, pasua 0,2.
5.3.8. a) HaiinuTe Bce Takue a , 9TO IUIOMIANb, OTPAHUYCHHAS JTHHUSIMHU
y-x’=4, x=2, x=a, y=0, Basoe GomblIe, YeM MIOMA/b, OrPAHH-
uenHas muHHAME V-X° =4, x=2, x=3, y=0.
0) Haiigure BCe TakWe @, YTO IUIOMIA[]b, OTPAHUYEHHAS JIMHHSIMH
y- \/; =2, x=1, x=a, y=0, BaBoe MeHbIle, Y€M IUIOMIAIb, OTPAHHU-

YeHHas JTMHUSAMHA y-\/7=2, x=1,x=4, y=0.

B) Halijiure Bce MOJIOXKUTENbHBIE 3HAYEHUS TapameTpa b, Ipu KOTOPBIX
TUIOIIA/Ab (GUTYPBI, OTPAHUYCHHOM KPUBBIMH ) = bx u y=+/2—x , paBHa
a . Ilpu KaKkuX 3HAYCHHUAX ¢ 3a/1a4a UMEET peleHue?

5.3.9. Haiigure tuomans (GUrypbl, oOrpaHMYeHHON mnapabosoi
y=x"+bx+c u xacarenmsubivu y=4x—13, y=—4x+3, nposencH-

HBIMH K 3TO# mapabosie.

5.3.10. /lana kpuBOJIMHEHHAS Tparelys, orpaHnueHHas muHusamMa y =0,

3
x=a (a>0) u y=x". Kakyio yacTh IUIOIAI1 TPANEUHHd COCTABISET
TUIOLIA(b TPEYroJbHUKA, OTCEKAEMOr0 OT JaHHOH TpaleluH KacaTelbHOH K

3 .
JUHUK Y =X B TOYKe ¢ abeuccoit x =2a/3.

5.3.11. Haiisure Bce 3mayeHus mapamerpa a (a>1), npu KoTOpbIX
TUTOIIA/Ib:

a) ¢urypsl, orpanmueHHodl npsMeiMa Yy =1, y =2 wu napabomamu
y=ax’, y=0,5ax", Gyaer HauGoOIbLICH.

0) KpUBOJIMHEWHOW Tpamneuuy, OrpaHHMYeHHOW TrpadukoM QYHKIHMU

2x

y=xe " umnpsameiMu X=a, x=a+0,5 u y=0, 6yaer naubonbureii.

5.3.12. a) Haiigure Hambomnplee 3HaYCHHE IUIOMIAAN (UTYPHI, OTPaHU-
YeHHOM IMHUAME ) =2 +cosx, y=sin(x/2), x=a, x=a+r.

0) Haiinute HamMmeHplIee 3HAYCHHE ILIOMAMH (PUIYpBI, OIpAHUYCHHOM
JUHUAMH Y =COSX, y=s8in2x—2, x=a, x=a+7/3.
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5.3.13*. [lokaxxure neMmy:
ITnowaow guzypel, ozpanuuennoii npamvimu x=c, x=b (b>c),
2paguxom uepenyupyemoii monomonnoi gynxyuu f(x) u npamoin

y=f(a), 20e ac[c;b], docmuzaem ceoezo naumenvuwiezo 3nauenus 6

(b + CJ
mom cyuae, eciu y = f >

5.3.14. Haiigure 3HadeHUs mapaMmeTpa d , MpH KOTOPHIX OyaeT Hau-
MEHBIIIEH IUI0Iaab PUTYpPhI, OTPAHUYECHHOM:
a)mpsiveivi Y =0, x=0, x =1 u mapabomnoit y =a’x’ —ax+1;
o x’ 2
0) rpaduKkoM KpuBOH ) = 3 ax"+a; npameiva x =0, x=2 u

OCBIO0 adcIucc.

5.3.15. HaiinuTe 3HadeHue mapamerpa d , MpH KOTOPOM TpsMmas ) =d
JeTUT GUrypy, OrPAHHYCHHYIO IMHUAME V=X +1 u y =5, Ha 18e paBHO-
BEIIMKHE YaCTH.

5.3.16. Yepe3 maunyto Touky (a;b), nexanryro BHYTpPU mapaboiibl
¥y =x’, NpoBeUTE NPSMYIO, OTCEKAIONLYK0 OT BHYTPEHHEH 0GNACTH Iapa-
00JIBI CErMEHT HauMeHbIIeH Mommany. Halinure 3HaueHue 3Toi ruromay.

5.3.17. a) ®urypa F wna mwiockoctu Ox) , orpaHuueHHas rpadukaMu
Gyuxkuuit y=3e™ u y=7—2¢ ™, uMeeT eMHCTBEHHYIO OOLIYIO TOYKY C
npsmoit ¥ =9x + 3. Haiinute 3HaueHne @ W IIIOMIaab YKA3aHHOH QUTYPHI.

0) Hycre M — muoxkectBO wiockoct Oxy ¢ koopmunaramu (X;))
TaKWX, 9To yncia 3x, 2y u 9 —y ABIAIOTCS UTMHAMH CTOPOH HEKOTOPOTO
tpeyronsauka. Haiimure mwiomans gurypst M .

®urypa F wua mimockoctu OX) COCTOMT M3 TOueKk MHOKecTBa M , juist
KOOP/IMHAT KOTOPBIX HEpaBeHcTBO ¢~ +2t(x—2)+7 —y >0 Brmonnsercs

IpH Beex 3HaYeHusIX mapamerpa ¢ . Haiinqure miomans durypsr F .
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§5.4. Ucnosib30BaHue CHMMETPHH AHAJTUTHYECKHX
BbIPAKEeHHU I

K aT0ii Tpynme 3amauy MOKHO OTHECTH Takue, B KOTOPBIX Tpedyercst yc-
TAaHOBHUTH 3HAYCHUS MapaMeTpa, MPU KOTOPHIX YpaBHEHHE (CHCTEMa WM He-
PaBEHCTBO) MUMEET «EOUHCHIGEHHOE PeuleHue», «HemHoe YUCIO pPeuleHutD
WIN «Heyemmnoe 4ucio peuwteHut». [IpakTuuecku Bcerja moaoOHbIe 3aj1a4n
MMEIOT XapaKTEepHYI0 OCOOEHHOCTB: MX YCJOBHSI HE M3MEHSIOTCS JIHOO Ipu
3aMeHe 3HaKa OJHOM WM HECKOJBKHX IIEPEMEHHBIX Ha IPOTHBOIIOJIOKHBINA
(«cuMMeTpHs» OTHOCHTEIFHO 3HaKa), THOO0 MPHU MEepECTaHOBKE HECKOIBKHX
MEPEMEHHBIX («CHMMETpPHSI» OTHOCHTENBHO NEPECTAaHOBKH MEPEMEHHBIX ).
[Ipu pemienuu 3a1au Takoro poja MCIHOJB3YETCs CIEAYIOIIUI IOpsSI0K
JeHcTBUIL:
BO-TICPBBIX, BHIMIOIHACTCS IPOBEPKA HA CHMMETPHIO;
BO-BTODPBIX, M3 IIPOBEPKH BBINOJIHEHHUS HEO0OXOOUMBIX YC/IOGUII HAXO-
JIITCA IOILYCTUMBIC 3HAYEHUS MapaMeTpa (IpU «CUMMETPHI»
OTHOCHUTENIBHO 3HaKa NMEPEeMEHHOMN IOJICTABISIETCS ee HyJie-
BOE 3HAYCHHE; NMPU «CHMMETPUH» OTHOCHUTEIHHO IepecTa-
HOBKH TIEPEMEHHBIX BCE IIEPEMEHHBIE 0003HAYAIOT OIHOU
OyKBOI1);

B-TPETBUX, NPOBEPSACTCS OOCMAMOYHOCHb YCI06UIL, T.€. IJsl HalJCH-
HbIX AOITYCTUMBIX 3HAYCHUHN nmapaMeTpa BBIMIOJHACTCA IIPO-
BEpKa TOTrO, YTO NPH IIOJyYCHHBIX 3HAUYEHHAX Iapamerpa
ypaBHEHHE (CHUCTeMa W T.A.) AEHCTBUTEIHHO MMEET Tpedye-
MO€ YHCJIO PELICHUH.

3ameuanmne. [Tocnemuuii 3Tan 3aKIrOUacTCs JIMOO B TOKA3aTEIbCTBE CY-
IIECTBOBaHMS TPEOYEMOTo YHCiIa PElIeHHH, 100 B €0 ONPOBEPKEHHUH.

Jis WIuTIocTpanyy MPUBEIECHHOTO alrOpHUTMa PacCMOTPUM HECKOJIBKO
MIPUMEPOB.

Hpumep 1. Ilpu xaxom 3navenuu a ypagHeHue ¥ —a | x| +a’—a=0
umeem eouHcmeaenHoe peuterue?

Pewenue. Tlockomsky x° —a|x|+a’ —a=(-x)" —a|-x|+a’ —a,
TO, €CIIM YHUCIO X, SBISETCA KOPHEM JJAHHOTO YPaBHEHMS, TO U YUCIO —X,
TakKe KOpeHb. ExuHcTBeHHOE pemrenue Oyner, ecnn X, = —X, =0.

IoxcraBus x, =0 B ypaBHEHHE, HANAEM IOIYCTHMBIC 3HAYCHUS Mapa-

2
merpa a . U3 ypasuenust @~ —a =0 crenyer, uro a =0 wm a=1.
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Iposepum, kakue u3 ycrnouit @ =0 u a =1 SBISIHOTCS JOCTATOYHBIME
JUId JaHHOW 3amauu. [l 3TOro MoACTaBUM HX B ypaBHEHHUE.

Opu a=0 wumeem x°=0 wmwm x=0. Ipu a=1 ypasHenue
x""—| x|=0 umeer tpu kopus x, =0, x, =—1, x,=1.  Omeem. a=0.
Mpumep 2. Hatimu snavenus napamempa a , npu KOMopulx YPasHeHUe
(|x|—4) +alx|-4|+4=0
umeem pogHo 7 OelicmeumenbHblX KOPHell, U Hamu 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 CJIELYET, YTO

HEYETHOE YHCIIO KOPHEH Oy/IeT, ecii OJIMH U3 HUX paBeH Hyimo. [loacTasiss
x =0 BypaBuenne, nonyunm 20+ 4a =0 wim a =-5.

ITpoBepuM, 4TO YCIOBUE d =—5 SBJISETCS HOCTATOYHBIM IS JAHHOM
3amaun. [ToACTaBIIAS 5TO 3HAUCHUE @ B YPABHEHHUE, TONYIUM

(x| -4)* =5 x|-4|+4=0.

y <0,

> YV +5y+4=0,

TMonoxum y =|x|—4. Torma y" —-5|y|+4=0< .
y=0

Y =5y+4=0.

Urak, y,=-1; y,=—4, y,=1, y, =4. Pemmns 4erblpe COOTBETCTBYIO-

mux ypaHenus y, =/ x| -4, (i=1,2,3,4), nonyunm 3Ha4eHUS X .
Omeem. Tlpu a =-5; x € {—8;-5;-3;0;3;5;8} .
Hpumep 3. Haiimu 6ce 3uauenus napamempa a, npu KOMopwix umeem
b —x 2
_ lef+et+x =y+a,
e0uHCMBEHHOEe peuleHue CUcmema ypagHeHul ,
x +y =4
Pewenue. 3amernm, uto eciu napa uucen (X,,y,) SBIAETCS pelIeHHEM
JAHHOI CHCTEMBI ypaBHEHHUH, To mapa (—X,,),) — Takxke peurenue. Cieno-
BAaTENbHO, JUISl €AMHCTBEHHOCTH DEIIEHHs HEOOXOJMMO, 4TOOBl —X, = X,

T.C. Xy = 0. HOI[CTaBI/IB 9TO 3HAYCHHUE HEH3BECTHOM X B CHUCTEMY, NOJYYUM:
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e +e’+0'=y+a, 2=y+a, y=2,

, , 401044 ) =

0" +y° =4 y =4 a=4,
y=-2

JIOTyCTUMBIMA  3HAUCHMSAMH [apaMeTpa SBIAIOTCS JIUIIb 3HAYCHUS
a=0una=4.

IIycts a =4 . Toraa ucxoHAs CHCTEMa yPaBHEHHI TPUMET BHUI:

et +e+x’=y+4,
X+ y2 =4,

W3 BTOpOrO ypaBHeHus ciemyet, uro |x|<2 u |y |<2. INokaxeM, 910
kpome mapel (0;—2) CyLIECTBYIOT ellle peleHns] UCXOHON CHCTEMBI ypaB-
HeHHi. BBIpasuB ) W3 BTOPOTO ypaBHEHHs, mONydnM y =+4—x° wm
y=—4—x Mycts y=+4—x" u xe[0;2]. loxcrasus y B mepsoe
ypaBuenue, monmydaem e’ +e ‘=4 — x> ++4—x* . PaccmoTpuM Hempe-
peiBHVI0  Qymkmo  f(X)=e +e  —4+x" —\4—x" . Tak Kak
f(0)=—4<0, a f(Q)=€"+e’>>6, To cylmecTByer 3HAYCHNHE
x, €(0;2), mpu xotopom f(x,)=0, T.e. X, — Kopeub ypaBHenus. Cuezo-
BATENBHO, Mapa (X,,1/4 — X, ) SBISETCA PEUIEHHSMH CHCTEMBI yPABHEHHI,

T.C. pCIICHUEC CUCTEMbI HE CJTUHCTBCHHO.
ITycte a =0 . Torma ucxoqHas CHCTEMA YPABHEHUH IIPUMET BHL:

e +et+xT =y,
X +yt =4,
W3 BTOpOro ypaBHeHwmst ciexyet, uto |X|<2 wu | y|<2. Jleas yacTh
[EPBOrO YPaBHEHHs CUCTEMBI € +e  + x*>2, a npasast 4acte y < 2.

¥, v, 2
PaBeHCTBO BO3MOMKHO JIMIIb B CIydae € +¢  +x =2 m y=2, T.e. npu
x=0 u y=2. lonyyaem, 4o MCXOaHAas cucTeMa ypaBHeHuil mpu a =0

UMeeT eIMHCTBEHHOE PEIICHHE. Omeem. a=0.
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Mpumep 4. Haiimu sce suavenus napamempos @ u b, npu xomopwix
x’ =1

umeem eOUHCMBEHHOe pellerue 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 YUCIO —), TAKXKE PEIICHUE. HO,IICTaBI/IM —), B YpaBHEHUA

x -1 1/x -1 x?(1=x") x" -1
cuctembl. Tax = = - =
x 7 +1 1/x" +1 x(1+x7) x7 +1

2 2 2 2
u X +y,=x +(-y,) =b. CnenosarensHo, HEOOXOJUMBIM YCIOBHEM
CAMHCTBEHHOCTH pelieHus siBisiercst V, = —y, = 0. [loxcrapmsis 3HaueHHe
a=0,
y =0 B cucremy, nosyuaem 5 .
x“=b, x>0.

CrenoBarensio, a =0 — gomycTumoe 3Ha4eHHE d , yOOBICTBOPSIOLICS
ycmoButo 3amaun. Ilpy @ =0 mnepBoe ypaBHEHHE CHCTEMBI IPHMET BH[

x” =1. Bo3moxubl aBa Bapuanta X =1, y — moboe umu y =0, x>0.
B 1epBoM Cllydae BTOPOE ypaBHEHHE CHCTEMBI pUMeT BUL - =b —1

T.e. mpu b>1 mmeercst nBa pewenns y=—b—-1 u y=+b—-1; ecim
b=1 - onno peuenne u ipu b <1 Her perenuil.
Bo BTOPOM — BTOPOE ypPaBHEHHE CHCTEMBI IpuMeT BH X = b . Tak Kak

x>0, 1o pemenne x = Jb umeercs npu b>0.
CrienioBaresnsHo, eIMHCTBEHHOE pentenne umeercs npu 0 <b <1,
Omeem. a =0, 0<b<1.
Hpumep 5. Hatimu 6ce 3Hauenus a, npu KOMoOpwIX umeem eOUHCMeEeH-

y>(x+y) —x-2y+a,
HOe peuleHue cucmema HepaeeHcmes. 2
x2(y—x)" -3y+2x+a.

Pewenue. PackprbiBas ckOOKHM I1OCIIe BO3BEIICHHSI B KBaJAPaT M NPUBOI
¥ +x2y—-1)+y* =3y+a<0,
HOI[O6HI)I€ YJICHBI, TOJYYHUM:

X =xQ2y-1D+y*-3y+a<0.
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OueBuHo, uto X =0 — HEOOXOIUMOE YCIOBHE EMHCTBEHHOCTH Pelie-
2
uus cucremsl. ITocie nmogcraHoBku x =0 monmyyaem y° —3y+a <0, xo-

TOPOE HMEET E€JUHCTBEHHOE PEIICHHUE, €CIIM JUCKPUMUHAHT KBAJIPATHOTO
TpexuJieHa paBeH Hylto, T.€. eciiu 9—4a=0 wm a=9/4.

[IpoBepka TIIOKA3bIBAET, YTO HCXOJHAS CHCTEMa HEPABEHCTB IMIPH
a =9/4 umeer enuncreennoe peurenne (0;1,5) .

JlelCTBUTENBHO, 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-
cieqiHero HepaseHctsa cieayer x =0 u y=3/2.
Omeem. a=9/4.

Mpumep 6. Haiimu 6ce 3nauenuss napamempa a, npu KOMoOpuIX umeem
2
. J(x=y) =6a-14,
064 peuteHus: CUcCmema ypagHeHull: ,
x +y =312+a).
Pewenue. 3ameTum, 4TO eciu mapa ucel (X,,),) SBISLCTCS PEIICHHEM
JaHHOW CHCTeMbI ypaBHEHUH, TO mapsl (Vy,X,), (—X,,—V,) U (=¥y,—X,)

— Taroke pemeHus. CrenoBaresbHO, HEOOXOIUMbIM YCIOBUEM CYIIECTBOBA-
HUS JIByX pelIeHHH OyZeT COBMaJeHHe KaKUX-JIMOO W3 IOJIyYEHHBIX Map.
Paccmotpum ciryuan:

1. Ecu (X,,1) =(1,%) »TO Xo =Y, WA X=) .
0==6a-14,
2x* =32 +a).

U3 ypasuenus 6a —14 =0 cnenyer a=7/3.

Tor;[a CUCTEMA UMECT BU

2. Ecnn (xy,¥,) =(=Xy,—¥,), 10 X, =¥, =0. OnHaxo Hu npu kKakux
3HAYEHMAX ( CHCTEMa He MOXeT MMeTh pemenns x =) =0.
3. Ecmu (xy,),) =(=Yy,—%,), T0 Xy ==Y, umn x=—y . Torna cuc-
4x* =6a—14,
TeMa MMeeT BHJL , Ilonmy4eHHast cucTeMa HE MMEET pelre-
2x"=3(2+a).

HUA.
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COOTBETCTBEHHO, BO3MOXHBI elle BapHaHThl: (X,,V,) = (—X,,—V,)
(ananoruuen cmyuaro 2); (V,,X,) =(—y,,—X,) (ananoruueH ciyvaio 2);
(=x,,—¥y) =(=¥,,—X,) (aHanoruyex ciyyarwo 1).

CHeﬂOBaTeJ’IbHO, TpU NOCJICAHUX BapyvaHTa HE OarOT HOBBIX 3HAYCHHU I
nmapaMeTpa a .

IlpoBepum, uro ycioeue a=7/3 sBngerca pocratoudeiM. I[lpu
(x=»)" =0,
x>+ > =13.

umeeT 1Ba pemteHus: (—/6,5;—/6,5) u (/6,5;4/6,5), uro u tpebyercs

110 YCJIOBUIO 3aJia4H.

a=7/3 cucrema npuHUMAET BUJ [Tomyuennas cucrema

Omeem. a=17/3.
3adauu 014 camocmoamenbHo20 peuleHus

5.4.1. Haiigute Bce 3HaYeHUs napaMeTpa d , IPU KOTOPBIX ypaBHEHHE
2 2 2
(x* =5y -=7|x =5|+a=0
HMMEET POBHO 7 JEMCTBUTEIbHBIX KOPHEN, U HAWUTE 3TU KOPHHU.

5.4.2. HaiinuTe Bce 3HaueHUs mapamMeTrpa d , IpU KOTOPBIX UMEET €lUH-
CTBEHHOE pELICHUE ypaBHEHHE:!

a) x* —2asin(cosx)+a’ =0; 6) 2x” —atg(cosx)+a’ =0.

5.4.3. HaiinuTe Bce 3HaU€HUs nmapamMeTpa d , IpU KOTOPBIX UMEET eIUH-
CTBEHHOE pELICHUE CHCTEMa YPaBHEHUI:

ax’ +a—1=y—|sinx]|, 6 (|x|+Da=y+cosx,
a

tg’x+y° =1, sinx+y° =1.

5.4.4. HaiinmuTe Bce 3HaUYEHUS mapamerpa a , IpH KOTOPHIX UMEET eInH-
CTBEHHOE pELICHUE CHCTEMa YPaBHEHUIL:

3-2M 45 x|+4=3y+5x" +3a,

a) 2 2
x +y =1

5 52" 43| x|-2=5y+3x" —5a,
X +y =1
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5.4.5. HaiinuTe BCe 3HaUYeHUsS NapaMeTpa d , IpU KOTOPBIX UMEET €IMH-
CTBEHHOE PEIIIEHUE CHCTEMA HEPABEHCTB:
2 2
y=x"+2a, 5 y=(x—a),
2 2
X2y +2a; x2(y—a).
5.4.6. Haiinute BCe 3HaueHUs mapameTpa a , Ipu KOTOPBIX UMEET eIHH-
2
2|x|-y” 23a-3,
CTBEHHOE pEIIIEHUE CHCTEMa HEPABEHCTB .,
|y|+3x" <a —a.
5.4.7. Haiigure Bce 3HadeHUs MapameTpa &, IpU KOTOPBIX CHCTEMa
2 2
. x +y =2(+a),
YpaBHEHHUIA: a) MMEEeT POBHO /IBa PEIICHNUS;

(x+y) =14.

(3-xlxl+21-3)(1x[+3] »[-9) =0,

(x—a)’ +y* =25.

0) UMeeT POBHO TPH pelle-
HHSL.

. 2
5.4.8. Haiigurte 3nauyenue BBIpaKEHUs a —bC, ecnd W3BECTHO, YTO
MMEeT HEUYCTHOE YUCIIO PEIICHH CUCTEMA YPaBHCHUI:

(x+y-z) +|x+y|l=Fa+b+c,
|z[~(x+»)’ =(a+b)’ —c,
|y—z|+|z—x]=a+2b+3c.

5.4.9. Onpenenure Bce 3HaueHHs MapaMeTpa a , MPH KOTOPBIX HMEET

x4 yl=a,
POBHO UETHIPE PELICHUs CUCTEMa YPaBHEHHI 5
|y|+x" =1.
5.4.10. HaiinuTe Bce 3HaYCHHA MapaMeTpa d , IPU KOTOPBIX CYILECTBYET
YHUCIIO 7' TAKOE, YTO MMEET POBHO TPU PEIICHUS CUCTEMA yPaBHEHHUH
3[x[+|y =3,

(x—a)* +y* =r*.
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OTBeTHI M YKazaHnusl
Omeembut u YKa3anusa K 3a0auam 2naewt 1
1.1.1.a) (1) Ypasuenue kBagpatroe npu a & {0;2}; (2) Heronxnoe kBaj-

patHoe mpu a=2,5 u az—i/g; (3) nuneiinoe npu a=0 u a=2;06) (1)
ypaBuenue kBaapartnoe npu a ¢ {0;1}; (2) wenonHoe KBagpatHOE 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;+x0); 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; ecmm —2<a<2,10 X>2;ecmu a=2,
TO peleHuil HeT; eciit 2<a<3, 1o X>2; ecnid & =3, To pelieHUH HET;
ecm a>3,10 X>2;0) ecin a<-5/4, 10 XeR; ecniu —4/5<a<l,
10 X€(—0;X JU[X);+0); ecmu a=1, o X<-=7/6; eciu a>1, 1o
—-(2a+1)++/5a+4 X -(Ra+1)—+/5a+4
u X, = ;
a-1 ? a-1
B) eciu a=-3, 10 X=—6; ecitt a=-2, 10 X=-5; ec;iw a=0, 710
KopHe#l Her; ecnim a=2, 10 X=3; ecnmm a=1, 1o X=2; ecm
ae{-3;-2;0;1;2}, o X =a+l1 umw X,=a-3. 1.1.6. a) Ecm
ae(—o;1)U(5;+0), To a°—4a>2a-5; e a=1 wm a=>5, 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;econ ac(-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; ecmn a>\/§,T0 —a’<-2<a; B) ecm a<—2,
10 1—a’<a—-1<-2a—7; ecin a=-2, T0 BCe YNCIA PaBHBI —3 ; €CIHU
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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 1-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; ecom a>4, to 1—-a’; 6) ecn 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); ecn —/2<a<-1, 1o Xe[a;+o); ecmm
~1<a<0, to Xe[-a’;+w); ecmm 0<a<\/§, TO X€[a;+); ecnu
a=+2,10 xe[-a’;-2]U[a;+).

1.2.1. a) Eciu a =3, To peurennii uet; ecnu a # 3, 1o X =1/(a—3);

0) eciiu a=-2, 10 HeT peurenuii; ecin a=2,710 XER ; ectu a# -2 u

a#2, to X=-1/(a+2); B) ecniu a=-2, TO HET peELICHUIi; eCciu
a?

a=0,5 10 XeR; ecniu a¢{0,5-2}, To X=
a+2

;T) ecmm a=-3

wmm a=3,10 XER; ecn ag{-3;3},10 X=a.1.2.2.a)IIpu a=0 u

a=—1 pemenuii wer; ecru a=2, to XeR; eciu a ¢ {-1;0;2}, 1o

1 .
X=——-; 0) npu a=0 u a=3 pemennil Her; ecnu a=-3, 1o
a +a
2
a--3a+9
XeR; ecnn a¢g{-3;0;3}, o X:ﬁ' 1.2.3. a) Ecmm a=3, 10
a” —ia

XeR; ecnu a=0, to peuennii wer; ecniu a ¢ {0;3}, To X=-1/a; 0)

ecmm a=1,710 XER; eciu a=0, 1o Her pemennit; ecnin a0 u a#1,

to X=-3/a. 1.24. a) Ecm 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); ecit a=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;4+0); ecu a ¢ {—4;-2;2;0},

7a+8 -1£+/5
TO X=-— ; 0) mpu ae{ 0;1;2; \/_} pelieHuil  Her;
a+4 2
2a’ -2a
=2—1 Ipu JApyrux 3HadeHusx a; B) ecim a ¢ {0;2} u b=3a, 1o
a —a-—
a(6-b
X= ( 2);ecm/1 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

2
Xzszz;ﬁ) ecn 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 pemeHnii Her; ecnmm  a>2, TO X>—2' 0) ecmm

>

ae(—0;-3)uU(3;+0), To X<

5 ;ecrm a=-3 wm a=3, 10

XeR; ecu ae(-3;3), o X>

a21_9 ; B) npu a € {—4;-2} peumenuii

Her; ecn a=2,10 XER ; ecmm ae(-2;2), 10 X>————; ecint
(a+4)(@a+2)

ae(—o;-2)U(2;40), TO XS;. 1.2.9. a) ecmm

(a+4)(@a+2)

ae(-0;0)U(2;+%), 0o X=>—1/a; ecniu a=0, to pemenuit Her; eciu
a=2,10 XeR; eciu ae(0;2), to x<-1/a; 0) ecu a=-3 wm
a=3, to peweHnii Her; eciu a8 € (—0;—3) U (3;4+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; ecnom a=0, to pemennii ner; ecnu a=1, to XeR; ecan
ae(0;1), o x<-1/a;06) eciu a<0, 10 X<2; ecmu a=0, 1o penre-
nuit Het; ecmn 0<a<2/3, 10 X>2; ecnu @a=2/3, To pemenuii Her;
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2
ecmm a>2/3, 10 X<2; B) ecm a<L,5, 10 XE(—OO;a 12a 2]
2a-3
2— —
ectu a=1,5, XxeR;ecmu a>1,5, 10 XE{M; j
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, GeckoHeuHo MHOTO peennii Buga (C;—2), rme C€R; eciu

332—6‘—2a4—a3+2a+4]

>

28’ -2 2a° -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(—owo;—8]u {0} U[4;+:0).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 MeTOAOM TIpadMUecKOdl MHTEPHPETAIMH WM HC-
HONb3yHTe mapaMeTpuuecKyro Ghopmy 3ananus npamoit AB u nHalinure 3Ha-
YeHUs TapaMerpa a, PU KOTOPBIX KOOPAMHATHI Touek orpeska AB ymos-
JIETBOPSIIOT JAHHOM cucteMe HepaBeHcTs; 0) a €[—6;8].

ag{-1,0;1}, To enuncTBeHHOE pelICHHE (

<ac<

HOC pCHICHUC (

Omeempl u ykazanus K 3a0auam 2naewt I1
2.1.1. a) Ecniu a<0, 1o pemennii wer; ectu a=0, to X, =0; ecin

a>0,10o X,=—va u X2=\/g;6)eCHI/I —1<a<4, 1o pewennii Het; ecinu
a=-1 u a=4, 10 X =X,=0; ecu ae(—oo;—1)U(4;+o), 10
X, =—/a’-3a-4 u X, =va’-3a-4; B) ecniu a<0, 70 pemrenuii Her,
ecmu 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, to pemennii Het, ecmt a=0, 10 XER ,ect a>0,10 X, =—Va u

X, = \/5 ;e)ecmn —1<a<0, To pewenuit Het; ecin a=0, 10 X€ R ; ecin
O<a<4, to pemwennii wmer, ecmn ae€(—o;—1]U[4;+0), TO
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X, =—Ja’-3a-4 u x,=+a’-3a-4; x) ecu a<-1, 1o pemenuii
Her; e a=4,10 XeR, ecm a e (—1;4) U (4;+0), To X =—1/\/ﬁ
u X, =1/\/ﬁ; 3) ecru a¢{—1;4}, To peuenuii wer; ecnu a=-1 u
a=4,10 xeR.2.1.2. a) Ecru a=5,10 XeR; ecrm 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, o XxXeR; ecmu ae{-1;0}, o X, =0; ecmu ag{-1;0;4}, to

2
a’ +4a
=0 u Xx,= .2.1.3. a) Ecim 0<a <4, ro pelieHuil HET; eciu
a+

a=0; x,=-1; ectu a=4, 10 X, =3; ecmu ae(—0;0) U (4;+%), To
X, =a—l++a’—4a;6) cam 2<a<18, To pewenuii ver; ecim a =2,
o X =0; ecou a=18, 10 X =8; ecin 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; ecu a>-0,5, 10 X, =(-a—1++2a+1)/2. 2.1.5. a) Ecm
a=1, TO X =X, =—1; eciu ae(—o;0)u(0;1), TO
X, =(—1i\/§)/a; ecm a=0, 10 X=-0,5; ecniu & >1, 0 penrennii

Her; 0) ecm a<1/5, To pemennii Her; ecmn =1, o X, =1/4; ecin

—(a+1)t+/5a-1

a=1/5,10 X,=15;ecmu a>1/5, 10 X, = " ; B) ecin
. . a—
a=-1, 10 X=-1; ecnu a=-1/3, 1o X=-1; ec;m a¢{-1,-1/3}, 10

1-J17 14417
X =-1n X,=2a/@a+1); r) ecm ae(—l; . Ju( i ;+OOJ,TO
8

pemrenuii Her; ecnmm a=-1, 10 X=0; ecnrm a= (1—\/ﬁ)/8 , TO
X=(1—\/ﬁ)/4; ecou a=0, 10 X=0; ecmu a=(1+\/ﬁ)/8, TO
X=(1+/17)/4; comn ae (o;-)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) Omuo peuenue, eciu
’ a

a=—/3 um a=+3 ; IBa PCIICHUS, eciau a € (—oo;—\/g) U (\/§;+oo) ;
HET pELIeHUH, eclii a € (—\/g ;\/5); 0) onno pemrenue, ecniu a=1/3 wumm

a=0; nBa pemenus, ecin @€ (—0;0) U (0;1/3); Her pewenuit, ecnu
a>1/3; B) omgHo pemenue, ecaum Aa=1; aBa peEUICHUS, €CIH
ae(—o;1) U (l;+); r) onno penienue, ecin a=—1,84; nsa peumenus,
ecmn @ € (—0;—-2) U (—1,84;+00); 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 a>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; c=-1185. 2.2.8. a)
b e (—w0;—4) U (4;40); 6) b=—4 nniu b=4;8B) be (—4;4). 2.2.9. Tpu
€ > 3,125 rpadukn He nepecekarorcs; npu C=3,125 rpadpuxu umeror oj-
Hy obmyro Touky; npu C<3,125 — nse obmwme touku. 2.2.10. a) Ilpu
a <—1 rpaduxu He mepecekatores; mpu d=—1 u 8 =0 rpaduxku uMeroT
OJHy 00IIyr0 TOuKy; pu @ >—1, tme a# 0 — aBe obume Toukw; 0) npu
2 <a <10 rpadpuku He nMeroT 0bmumx Touek; mpu =1, a=2 nw a=10 -
oJHa o0Iast To4YKa; Ipu a € (—oo;l) U (1;2) U (10; +oo) — JBe o0Iue ToY-
ku. 2.2.11. Ilpu b=4 u b=2,5 rpaduku uMeror ogHy 0OILYIO0 TOUKY, IPH
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;, n) a>0.
2.2.14. a) a>1/8;06) a<—-9.2.2.15. a) IIpu —1<a<3 ypasHeHue He
umeer pemieHuit; npu a=-1 w a=3 — OIHO pelieHHe, IpU
ae(—o;—1)U(3;4+0) — nBa peumenus; 0) npu —1<a <6 ypasHeHue
WMeeT JBa pemieHus; npu ad=—1 W a=6 - OIHO pEIIcHHEe; 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]; x) 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]; ) 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
npuy ——<a<—————; OJMH KOpeHb Inpu ——<a<—— §u
4 31 14 4
—37+ 271
a=M.2.3.7. p>0,8.2.4.1.a) a=3;0) a=1.2.42. a=2,
31
2 3 4 2 2
a=3.243.a) 2100 g @+ A +2abrl80
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. Yxazanue. D=2a’/4, eciu 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; KOPHH OTPHIATEILHBI PH 0<b<1++2; opu b=0

ypaBHEHHE He sBIseTCs KBagpatHbiM. Ykazanue. D =—4(b> —2b—1), ec-

—2(b+1) )
b

KOpHH TIOJIOKHUTENBHBI TIpH M S—5—4\/§ ; KOPHHM OTPHLATEIBbHBI IPH

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 pasupix 3HakoB mpu a < —0,5; 06a KOpHS MOJOKHUTENBHBI ITPU
a>4; ob6a kopus orpunarensibl npu —0,5<a <0; oguH KOpeHb paBeH
HyJII0, a apyroi orpunarensupii npu a =—0,5 ; kopreit nermpu 0<a<4;
0) 00a kopus mosoxutensHsl mpu A € (—00;0) U (1;4/3] ; kopHU pasHbIX
3uakoB npu 0 < @& <1; omvH KOPEHb PaBEH HYIIO, & IPYTOil TIONOKUTENBHBIM
npu a=1; xopueill HeT pu a>4/3; B) 00a KOPHS IOJOKHUTEILHBI MIPH
ae(—o;-2]U[0,5;6/7)U U(3;+©); KOpHM pa3sHbIX 3HAKOB IPH
6/7<a<3; omMH KOpPeHb paBeH HYIIO, a JPYroi MOJOXKHUTENEH IMPH
a=6/7; xopueii Her pu —2<a<0,5; r) 00a KOPHA OTPULATENLHBI [IPH
1<a<1,5; oauH KOpeHb paBeH HYII0, a JAPYrod 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;+) . 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) U {2,5} .

251, 1) Xe[X55 X,)52) Xe[Xy5 X,):53) Xe(X; X, ] 4) Xe(X;X]u
U[X43%,)55) X € (=005 X ] U[X;5+00) 5 6) X € (=005 %) U (X5400) ;

7) X (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; ecmu a>0, 1o
Xe (—OO;—\/E] , [\/5;4-00) ; 0) eciu @< 0, To peennii Her; eciiu @ >0,

TO X € (—\/5,\/5) ; B) ecii —1 <@ <4, 10 pewenuii Het; eciim & = —1 wim
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a=4, TO X=0; eciu ae(—oo;—1) U (4;+x), TO

X e[—\/a2 —3a—4;\/a2 —3a-4];r)ecmn a<0, 1o peuienuii Het; ecnu
a>0, ro Xe(—oo;—Z/\/g)u(Z/x/g;—i—oo); a) ecin —1<a<4, to
xeR; eciu a e (—wo;—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) ect 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,to XxeR;ecm —1<a<4, 10 Xe(—l/m;l/\/ﬁ); eciu
a=4, TO pernreHuit HET; ecnu a>4, TO
X e (—o0;—1/a+ 1)U (1/va+1;+0); u) ecm ae(—o0;—1]U[4;+00),
TO pemenuil Het; e —l1<a<4, to XeR. 2.5.3. a) Eciu a<1, 10
X € (—0;2a) U (2;+0); ecniu a>1, 1o X e (—0;2) U (2a;+0); 0) ecnu

a<-0,5, TO peuieHunit HET; eclu a>-0,5, TO
Xe[_a_1_2“2a+ ;—a—1+2V2a+lj. 2.5.4. 2) Bern 0<a<4, ro

XxeR; ecmm 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;ecm a=18;10 X=8, ecu & € (—0;2) U (18;40), o

X{a—z—\/# “20a+36 a-2++/a>—20a+36
2 2

2

a<l,to xe(—w;1/(a—1)]U[0;4); eciu a=1,10 X=>0;eciu a=35,
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] U[1 /(@ —1);+90) ; 6) ccom @< —4, 10 XG(a; ‘l‘a;OJ ; ecan
+

228



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; ecmn —1<a<0, 0 Xe&| —ox0; | U (0;+0) ; ec-
a+

m  a=0, t1o Xe(-0;0)U(0;4®); eum 0O0<a<4, T0

a’+4a

Xe (—oo;O)u[
a+l

;+ooj; ecin =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

; eectm a=0, 10 X2>-0,5; ecmm
a a

O<ax<l1, 1o Xe[—OO; ; ecma a1,

~1-J1-a| |-1+1-a
" v " ;+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) ac(—oo;—1)U(0;+0). 2.6.4. a) a>10/3; 6) a<2/3. 2.6.5. a)

ae[2;+x); 06) ae(-0,50]; B) ae{—Z;—%}u{%ﬁ} )

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}. 2.6.8. [-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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abcimcca TOUKHU HepeceueHus rpaUKoB JIEBbIX dacTedl ypasuenuii. 2.6.12.

742 1

2= 5 a, 2—5, a, =1. Ykazanue. Boipazutb X U3 BTOPOro

yPABHEHHUS CHCTEMBI U MOCTABUTD B IIEPBOE.
Omeemul u yxazanus K zaoauam 2inaevt 111

3.1.1. a) Ecmu ae(—o0o;—1)U(l;+0), TOo 0IHO pelieHHe; eciau
ae[-1;1], To peutennii ver; 0) ecniu @ <0, To pewenuii ver; eciiu a=0
wm a>1, 1o nBa; eciu 0 <a <1, to uersipe; ecmn & =1, T0 TpH; B) eciu
a e (—w;—-2) U (2;40), To aBa pemeHns; ecid & =—2 win a =2, T0 0]-
HO; eci —2 < &< 2, to pemennii ver. 3.1.2. a) Ecim a =2, 10 oaHO pe-
wienue; ecin & # 2, 1o 1Ba; 0) ecim a € (—oo;—1]U (1;+0) , To oxHO pe-
nrenne; ecmn a=—1 wm a=1, 1o nBa; ecmu —l<a <1, to Tpu; B) eciau
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) ecniu a <0, To nBa pewenus; ecmu a >0,
To pemenudi wer; ©0) ecm  a=0, TO pemenuii Her; ecnu

ae(-1 —\/5;0) -1+ \E;+oo) , TO OJHO pelleHne; econ a=—1-— \/5
wm a=-1 +\/§, TO J1Ba; eciu @ € (—oo;—1 —\/5) U (0;-1+ \E), TO TPH;
B) ecim 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; ecnmn a=0 wm a= \/5/4 ,
To oHO; ecan 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
MOJIYOKPYHOCTh paauyca 3 ¢ uentpom B Touke (0;0); B) eciiu a>—4/5,
To aBa peuienus; ecnmu a<—4/5, 1o pewenunit mer. 3.1.5. a) Ecmu
ae(—wo;—-5/3)U{-4/3}, to nBa pemenus; ecmu ae[-5/3;-4/3), to
yeTplpe pelreHus; ecnd  a>-4/3, To Her peuwenui; 0) ecnu
a e (—x;0,5) U (1,5;+0), To nBa pemenns; ecnu a=0,5 wm a=1,5, to
tpu pemwenus; ecan  a€(0,5;1,5), To uerbipe pewenus; B) eciu
a € (—o0;—1]U (0;40), To onno pemrenue; ecu —1 <a <0, To aBa; eciu
a=0, ro 6eckoneuno muoro. 3.1.6. a) Ecim 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.

X=3;ecmm ae€(-2;2), 0 X=-3 wm X=- ;ecmm a=-2, 10

I'paduk ¢pynkmmm Yy =+X— Y HoIyoKpykHOCcTh pamuyca 0,5 ¢ uen-
tpoMm B Touke (0,5;0), a pynkuua Y =2Xa+0,5—a 3amaer cemelicTBO
npsiMbIx, npoxosimux wepes touky (0,5;0,5); 6) a<-0,5. 3.1.8. Ecmu
a<0, o a<x<0; ecnu a=0, 1o 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 9UCIO PELICHUI PABHO TIATH,

econ 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 peuenuii Her; ecnmu —2<a<2,

~1++/17+4a 1+4/17-4a

TO 5 <x< 5 ; ecm  —17/4<a<-2, 1o
1-+/17—-4a —-1-+/17+4a —-1++/17+4a —-1++/17-4a
N T cx< " <x< N7
2 2 2 2
1-+/17-4a 1++/17—-4a 2
ecn a<—17/4, 10 5 <Xx< 5 .3.1.17.a=§.

Omeemul u yxazanus K zaoauam 2naevt IV

5+\/§
6
a) a>2/3;0) 0,5<a<l. 4.14. a) ae[—iﬁ;—l]u{O}u{l}. Ykaza-

nue. Uncna @ u @ — KOPHH ypaBHCHHS X2 —a(l+a2)x+a4 =0; 0)

4.1.1.2) 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, PAcCMOTPUTE pACIONOKEHHE KOPHell KBaJpaTHOro TpexdieHa
f(x)=(a® —1)x* +2(a—1)X+1 ornocutensno otpeska [—1;2] mpu ye-
JIOBUM, 4TO ero rpaguk nepecekaer och 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) Ecou 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)ecnu a=3,710 X=2;ecmu a=—-2, 10 X=-3; ecu
ag{3;2},10 X,=2 u X,=-3;r)ecu a=-3, 10 X=3; eciu 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 Xx=-10/3; a=2/3, 70
X=2/3.4.23. a) Ecru ae(—0;-2)U(-2;2) U(2;40), T0 X, =8 u
X, ==3; eciu ae{-2;2}, TO X=-3; 0) eclu
ae(-o;-L5uU(-,54)u4;+0), 10 X =-8 u X, =3; ecm
a=-1,5, 10 Xx=-8; eciu a=4, 1o 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, €Clh a¢& 3 ——;—+¢, TO X=——7, B) eclu
2°\2 3a-9
1 JE‘JE ) 1 JE’JE
A€ ——;—,| =54/ ¢ TO pEUICHUH HET, €CIIU A& ——;—|—s.|— ¢, TO
2 3°V3 2 3°V3
X—3a+4. 4.2.5. a) ecru 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 mwm a=1, to pewenuii ver; ecrm a#=0 uw a1, 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 a€R. Ykazanue. Pemuvrte naHHOE ypaBHEHHE OTHOCH-

TEMbHO @, a Jajee PeIluTe MOMYYCHHbIC YPaBHEHHSI OTHOCUTENBHO X; B)

ecmu a < -3, To peuenuil HeT; ecmu —3<a<-1,10 X ,=-1xv3+a;

ecmm a=—1,10 X, =-1£y3+a u X, =—1++l+a.

4.3.1. a) Ecnim a<0,5, 10 X € (—0;2a) U (1;4+0) ; ecim @ > 0,5, To
Xe(—wo;l)u(2a;40); 0) ecu a<-1,5, 1o Xe(2a;-3); ecm
a=-1,5, 1o pemennii wer; ecniu a>-—1,5, o Xe(-3;2a); B) ecnu
a<l, o Xe(—w;2a]u(2;4+o); ecmn a=1, to X e (—0;2) U (2;40);
ecmu a>1, 10 Xe(—w;2)U[28;+0); 1) ecmu a<-1, To
Xe(—w;a/2)U[-1/2;+0); ecm 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 peurennii uer; ecniu a >0,
to Xe(l;1+a); 6) ecnu a<0, To Xe(—oo;—1)U[-1—a;+0); ecmu
a=0, TO X € (—oo;—1) U (—1;+x); eciu a>o0, TO
Xe(—o;—1—aJu(-L+xo).  4.3.3. a) Ecm a<-3, 1o
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); eciu
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); ecnou a>2, 10
Xe(—w;-3)U(2;a); B) eciu a<—1, o Xe(—w;a)u(=Ll); ecin
a=-1, TO X e (—o;—-1)u(-11); ecIu -l<ax<l, TO
Xe(—o;—1)u(al); ecou 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]; ecmm -3<a<0, To
Xe(—o;-3)U[a;0]; ecnu a=0, 1o Xe(—0;-3); ecou a>0, 10
X € (—o0;—-3)U[0;a]; 0) eciu a<-5, o Xe[0;5]U(—a;+x©); ecan
a=-5, TO Xe[0;5) U (5;+0); ecimn -5<a<0, TO
Xe[0;—a)U[S5;40); ecru a=0, 10 X€[5+40); eciu a>0, To0
Xe(—a;0]U[5;+o); B) ecim a<0, 1o Xe(—o0;a]u(0;2]; ecan
a=0,10 Xe(0;2];ecmu 0<a<?2,to 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); ectu 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]u(-a;al; em a>3, 7o
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
xe[2a;-3)u[a;+o); ecm a=-15, 10 Xe€[-1,5;+©); ecm
-1,5<a<0, to Xe(-3;2a]ula;+»); ecom a=0, T0 Xe€(-3;+0);
ecru a>0, 1o Xe(-3;aJu[2a;+x); B) ecmm a<-1/4, to
X e (—o;4alu[-1;—2a—1); ecmu a=—-1/4, 10 X € (—00;—2a—1); ecm
—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(-10]; eciu a>o0, TO
Xe(—w;-2a-1)u[-L4a]. 4.3.6. a) Ecm a<0, To
X € (—o;2a)U(—a;+o); eciu a>0, to X e (—oo;—a)(2a;+o); 0)

ecin a<1/3, 1o Xe(—OO;Za—l)u{aT_l;-i-OO); ecnu a=1/3, 1o

X € (—wo;—1/3)U(=1/3;4o); ecnim a>1/3, to Xe(—oo;aT_l}u

U(2a-1+0). 4.3.7. a) Eam a<-3, 1o Xe(—w;a]U[-3;-2)U
U(2;+0); ecn a=-3, 10 X€(—0;—2)U(2;+0); ecmm —3<a<-2,
to Xe€(—oo;-3]ufa;—2)U(2;+0); ecmu a=-2, 1o X€ (—o0;—-3]U
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U(2;40); ecmmn —2<a<2, to Xe(—oo;—-3]u(-2;a]u(2;+0); ecmm
a=2, t1o Xe(-0;-3]u(-2;2)u(2;+0); em ax>2, 710

X € (—0;=3]u (-2;2) u[a;+w); 0) eciu as<-25, TO
X € (—o0;=8]U[3;5) U (—2a;+0) ; ecin -2,5<a<-1,5, TO
X € (—o0;=8]U[3;—2a) U (5;+0) ; eciu a=-15, TO
X € (—o0; =8| (5;40) ; ecnu -1,5<a<4, TO
X € (—oo;—8] U (—2a;3]u U(5;4m0) ; eciu a=4, TO
X € (—00;—8) U (—8;3] U (5;+x) ; ecnu a>4, TO
X € (—o0;—2a) U[-8;3] U (5;+00) . 4.3.8. a) a e (—0;—0,5)U[2/3;4+0);
0) ae[2/3;]). 4.3.9. a) Ecnu a<l1o0, TO
Xe(—oo;ﬁju(3+16a;+oo); ecm a=10, to Xe(—o;8); ecmu
5 20-2a

3+16a 4a 1 1
a>10, o xe ;— |; 0) ecmn @ €| —00;—— |U| —;3 |, TO
20-2a 5 \/E \/5

e[ (Eue) e ae-kid)
)

1-6a
Xe(—oo j ( ;400 |; ecmn a=3, 10 X€E(—00;2); ecniu a>3,

3a-9

2a 1-6a 2 \F
T0O X€|—; ; B) ecanm  ae|-—oo;—,[— |U| [ —=;+0 |, TO
3 3a-9 3 3
2 3a+4 \F\F 3
el —; ; ecam A €§—,/—i;.—, TO PpCOICHHHA HET, eclu
a 2a+1 3°V3
ae —\/z;—l U O;\/Z , TO X€E 3+16a;g ; ecn a=-0,5, 10
372 3 20-2a a

Xe(%m—ﬁ;amﬂae(—%ﬂg,ﬂ>XG(%mgjb{3a+4ﬁaJ;emn

a 2a+1

a=0, to Xe[4;+x0). 4.3.10. Ykazanue. Pasnoxure JeByl0 YacTh Ha

MHOXUTENH. Omeem. a) Eciu a<—/2, To pemeHudl 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); ecinu 0<acxg ﬁ, TO
xe(—oo;(—2—\/4—a4)/a)v((—2+\/4—a4)/a;+oo); eciu a>\/§, TO

xeR; 6) ecru a<—1/12, 10 pemennii mer; ecrm —/1/12 <a <0, 10

e[—1+\/1—12a“'—1— 1-12a"

B

;ecmn a=0, 10 X € (0;40); ecin
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|-|x—a].
—2a, ecm X < —a,
Torma f(x,a)=|2X, ecom—a<x<a, npu a=0 mu, ecmm a<0, To
2a,eciu X > a
—2a,ecnmn X< -—a,
f(x,a)=| —2X,ecrm a < X< -a, 4.4.3. a) Ecniu a< 0, To pewenuii Her;
2a, ecim X > —a.
ecim >0, To —ZOOZaSXSZOO\Z/E; 0) ecu a<0,5, o Xx=—(a+1)/3;
ecm a>0,5, 10 X=a—-1;B)ecim a<-1/4, 10 X=(—1—M)/2;
ectu 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) eciu
ae(—wo;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), 0 X=1;ecm a=-1, 10
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—3<x<1;ecmn —l<a<l,ro x=(a+7)/(a—1);ecmn a=1,10 X>1;
e) ecomm ae(—w;—-4)U(4+o), 10 X =0 wum X,=a-4; ecum
—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, 10 Xx=0.4.4.4. a) a=4. Yrazanue. Boc-
nonb3yktech rpaduueckum meromom; 0) a=0 wm a=21/4. 4.4.5. a)
ae(—o;—3|u{-9/4} U (-1;+0) . Ykazanue. Bocnonssyiitech rpadude-
ckum merozoMm; 0) a€(—9/4;-1]. 4.4.6. a) Ecrm a<—1,10 X, =a—-1,
X, =(a+1)/3;ecmn —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, 7o x=-a-1, X,=a+1l; ecmu -0,5<a<l, 1o
X,=a+1, Xx,=(@-1)/3;ecmu a>1, 10 X, =a+1, X, =a—1; B) ecin
a<0,T10o X=-a;econ a>0,10 X, =a, X, =—7a;r)ecun a<0, 1o
peutennii Het; ecmu 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; +1/2; £1/6; —1/20; 6) 0;
+1/3; £1/9; -1/30.4.4.9.a) a=4/3,6) a=4/7.

45.1. a) Ecm -2<a<2, To PpemleHHA HET, eCIlH
ae(—0;—-2)U(2;+®), o —a’+6< X <a’—2; 6) ecm a<0, 1o
XeR; ecmm a>0, to Xe(—ox; —\/E]u[\/g;m); B) eciu a<4, 1o
Xe(—owo; a), ecnu a>4, 10 Xe(-o;a); r) em a<l, To
Xe(—o;a—-1)u(l—a;+xo); ecnu axl, TO
Xxe(-w;l-a)u(a—-1;+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;Jroo); ccmn 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; ectu —2,5<a<2,5, o XeR; ecm
a>25,10 X<2,5;B) eciu a<—6/5 nim a>6/5, 1o pelienHuii 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 pemenuii mer; mpu b>0: ecmm
a<-2b/5 um a>2b/5, o pemenmnii 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 |Sl.l[anee ocBoGouTECh OT MoyIeit; 0)
3-43; -3+43.
1 -1

4.6.1. a) Ecu a <1, 1o pemenuii Het; ecnu a>1, to XzﬂaT);ﬁ)

ecny 8> 2, To pemeHuil Het; ecin =2, 10 X=2-2a. 4.6.2. a) Eciu
a=-1mwm a=1,10 X€[0;1]; ecu a € (—o0;—1) U (=1;1) U (l;—0), T0
X =0 u X,=1; 0) ecnmm ae[-2;2], To pemeHuil Her; ecian
ae(—0o;—-2)uU(2;—©), To x=a. 4.6.3. a) Eciu a # -3, 10 peuienuii
HeT; ecmd a=-3, 10 X>-3; 0) eciu a<—1,5, 1o pelenuit HeT; ecnu
a>-1,5,10o x=a+3;B)ecimn a<9/4, 1o pewennit ner; 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; eau a>3, o Xx=a; 0) ecun
ae(—0;-3)U(3;+xo), 0 X, =a, X,=—3 u X;=3;ecmn -3<ax<3,
0 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 et pemenuii; 0)

ecit a<—1/4, 1o pemwenuii Het; ecniu a=—1/4, 10 ypaBHeHHEe HMeET
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oauH Kopenb; ecmn —1/4<a <0, o — aBa kopus; eciu a > 0, To — o1uH;
B) eciu A € (—o0;—0) U (0,5;+0) , T0o pemennii ver; ecin 0<a<0,5, o

ypaBHEHHE MMEET OJUH KOPEHb;, T) eciu ae(—oo;—Z)u(Z\/E;-l-oo), TO
pElleHUH HET; eciu ae[—2;2)u{2\/§}, TO ypaBHEHHE UMEET OIUH KO-
peHb; eciu ae[2;2\/§) , TO — JBa KOpHs. Ykazanue. I'padux QyHkunu
y=m — moiyokpykHOCTh. 4.6.6. a) Ecmu a>1/8, To peenuit
uer; ecmu @ € (—0;0) U {1/8}, To omno; ecu a€[0;1/8), To — nBa; 0)
ecnu a>—2\/§ , TO pEIICHUH HET; €CiH a=—2\/§ , TO — OJIHO, €CIH
a< —2\/5 , TO — J1Ba; B) eciu & =1, 1o aBa pemrenus; ecnmu a # 1, 1o — ox-
HO, T) ecm Aae€ (—ﬁ/3;\/7/3), TO pelleHUH HeT;  €eCclH
ae(—o0;—4/3)U(4/3;40) U {7 /3}URT/3}, 10 - ommo; ecin

ae[-4/3;—7/3)U(7/3;4/3], 10 - ma. 4.6.7. a) ecm
a € (—0;0) U (0;400) , TO x=5a/3; eciu a=0, TO

X+a
X € (—0;0) U (0;+%) . Vkazanue. Cnenaiire 3aveny ,[—— =t; 0) eciun
X—a

a .
a+b#0, To x= ; ecnu a+b =0, To pemenuii Her. Ykazanue.

1
Bocnons3yiitech TeM, uto ecmi f >0, 1o f +T > 2. PaBeHCTBO BO3MOX-

o mpu f =1. 4.6.8. a) Ecom a<-1/4, To pemenuii Her; ecmu

_2a+1tvl+4a

a:_1/4’ TO X:1/4, cClin —1/4<a£0, TO XI,Z_—’

2
ecmn a>0, 1o sz; 0) ecmm a<-1/4, 1o 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.

239



Ykazanue. Tlycts ~/X+a=t, tne t>0. Torma moayuyuMm 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
ecn a€[-7;9], o X=4—8; 6) eciu a <1, 1o pemenuit Her;
2
a - +2a-7
ecsim a1, 1o XzT. 4.6.10. a) Eciu 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 Her; eciu a=0, 10
x>0; ecmm ae[-100U(0;1], 10 x=(1-a)’/4; 6) ecm
a e (—;0) U (0;1), To pemennit net; ecit a=0, 10 X=0; ecu a>1,

10 X=(v/4a—3 —1)/2. Yrazanue. Cm. peruenvie npumepa 11 na ctp. 113.

X>+Xx+1=a, X*+X+1=a,

a-x>>0, x* <a,

x>0, x>0,
a-vJx+a=xo =

X’ —x=a, x> —x—a=0,

a-x>20, X’ <a,

X=>0; X=>0.

4.6.12. a) Ecm ae(—©;2), 10 pemenuit Her; ecnmu a=2, TO

2

2

a +4

X =( 5 ] + 3. Vkazanue. Beenure HoBble niepeMeHnble VX —3 =U u
a

VX=7=V, tie U>20 u V=>0. [lanee pemmre CHCTEMY YypaBHCHHI
Uu+v=a u u*-v>=4; 0) ecmu 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+y/2a* -3 ; B) ecim a<+/22/3, 1o peureHuii Her; eciu

2 7100332 _
ae[N22/311], 10 %, =22 7‘3 a4 22
X_2a2—7+a\/3a2—22

2
4.7.1. a) Ecim a <0, to pernenuii mer; et @ >0, 10 0< X <a’; 6)
ecmi a<0, 10 X>0; ectu @a>0, 1o perrennii vet; B) ecm a <0, 10O
X>0;ecmm a>0, 10 X>a;T1)ecmm a<0,710 X>0; ecmu a=0, 10
X>0;ecrm a>0, 10 X>a. 4.7.2. a) Eciu 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)ecnu a<l1, 10
x<a—-1 m 0<x<1; ecmm 1<a<2, 0o a—-1<X<1 u X<0; ecnmmn

a>2, 10 X<0; r) ecu 2a>b, 1o pemennii mer; ecniun 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)econ 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; ecrm —1<a<l1, 1o

XE[—I;(a—\/ﬁ)/Z]; ecmu a=1, 1o Xe[-L0Ju{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

pelieHuit Het; ecnmu >4, To <X< 5 ;
0) ecm a<-1, Tto pemenuii wmer; ecmm  —-1<a<0, To
I-v1+a<x<l++1+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;+©); 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 pewenuii Her; ecimm ~3/2 <a£\/§, TO
3a? —2-2av2a* -3 <x<3a’*-2+2av2a*-3; ecmu a>\/§, TO

1<x<3a’-2+2av2a’-3; 6) ecnmu a<?2, TO pCHICHHHA HET;, eCIH
a a
2<a<4,r10 xe[—a;—E\Ma—azju(E\Ma—az;a};ecnn a=4,r1o

X e[-a;0) U (0;+0); ecru @a>4, 10 —a<X<a;B)ecmu a<l, To pe-
wennii Her; ecmt 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; eciu a>0, o 0<X<a; 0)
eciu a<0, o Xe[(l—i—l/\/z)a;O]; ecinu a0, o
x{(l—l/ﬁ)a;2a].4.7.7. a)Ecm a>0,10 —a<X<a;ecom a=0,
10 X € (—0;0) U (0;+00); eciu a<0, 10 a<X<—a;0) ecmu a<0, 10
Xe(O;a/(a—Z)]u(l;+oo); ecrt 0<a<2, 10 X>1; eciu a>2, 10
l<x<al/(a-2).

48.1.a) 2<p<2;0) 2<p<L2.48.2.a) pe(—»;3/7)U[4;+0);
0) pe(-x;5Ufl0;+0). 4.83. a) a=4; 06) 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 xBa pemenus; 0) ecniu a<—1/6,
TO pemieHuit Her; ecnmi @>—1/6, 1o oano pemenve. 4.8.6. a) Ecim
ae(0;h)u(;3], o x=—a—-3;ecu a>3, 70 X=—8-3 u X=a; 0)
ecm @€ (—8;-3)U(-3;4+®), 10 X=4—-+12+a;B) eciu 0<a<1 wm
a=\/§, TO pEIICHUI HET; eCIH 1<a<\/§ I a>\/§, 0 X=—1 1

x=1. 48.7. a) Ecou a=0, 1o pemenunii wer; ecmu a<0, 1o
X=log,(-a), ecmu 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 a>1, 10 pemennit

HeT; B) ecin @ € (—00;3] U[27;+0) , To perienui Het; ecian 3<a <27, 1o

a-27
X=2+log, 3 g 4.8.8. a) Eciu a<0 u a=1, 1o pemennii HET; eClu
—a

a>0 ma#l, o X=(1+~1+4a’)/2;6) ecrm a<0 u a=1, 10 pe-
wennid Her; ecmn @>0 w a#1, 10 X=a; B) ecmu a<0, To pemieHnit
Her; ecii a>0 u a#l, 10 Xlzl/\/g u x2=a“”3; e a=1, 1o
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. Vkazanue. Peuure ypasuenne nmpu a=1. 4.8.11. a) a>—1; 0)
a=0 wu lI<a<log,(5+J5)-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(—0;0) U (0;4+0);06) a>0.4.9.2.a) ac(0;1) U(l;+x0);
0) O<a<l. 493. a) a>1; 6) ac(—o;—-1)U(0;+x). 4.9.4. a)
~1-17 -1-+/5 g —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; ecnmu 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 wmm a=1, To peureHnii HeT; ecnu
O<a<l,to Xe(-l;a—1);ecmn a>1, 10 X>a—1;B)eciu a<0

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) eemu a<0 wm a=1, To peumeHuil Her; eciu

0<a<l, 10 XxXe(—o;—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; ecmm a<0, o X<log,(—a);
0) ecmu a<0, 1o peurennii Het; ecmu a>0, To Xe(—a;a); B) ecau
a>0,10 XeR; ecmu a<0, 1o Xe(—o0;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, to 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]Uu[-log,(a—1);+0); ecim a=5, 10 XeR; ecimn
ae(5;+0), 10 Xe(-oo;—log,(a-1)]U[-1;4+0). 4.9.8.a) Ecmu
0O<a<l, 10 Xe(—o;—log,(a+2));ecim a=1,10 XeR; ecmm a>1,
1o X€(—log,(a+2);4+o); 0) ecmu a<0 mmm a=1, To pemrenuii Her;

2a
e 0O<a<l, 10 Xe(—oo;O)u(loga—l;lJ; em a>1, To
a+

2
xE(o;loga—al)u(l;m). 499. a) Bom O<a<l, 1o
a+
xe(0,a)u(;1/a); eecm a>1, o xe(l/al)u(a;+x); 0) ecmm
O<ax<l, 1o Xe(a4;1/a); ecid a>1, 1o Xe(l/a;a4); ecmn a<0
win a =1, o pemennit ver; B) eciu 0 <a <1, 1o Xe(O;a)u(l/a;-l—oo);
ecn a>1, 10 Xe(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); ecmu 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) ecnmn <0 unm

a=1, TO petieHuni HET; ecnu O<ax<l, TO
Xe [a(3+ﬁ)/z ; a“"/g)/z:l U (1;+40) ; eciu 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}; ecmn a20, o X>1/3; r) ecim
a<0, to pemenuii Her; ecnu a=0, o X>0; ecou a>0, To
xe(0;a)u(16a;+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) Ecmu O<a<l, 1o Xe(a;l); 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;4+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 e (a;arcsina) U (1;7/2); eciu sinl<a<l, TO
xe(a;l)u(arcsina;z/2); ecu l<a<z/2, 0 Xe(0;)u(a;z/2);
ecmm a>7/2,10 Xe(051).

4.10.1. a) Ecu ae[-1;0,5], To X ==arccos da+l

+27zn, neZ;

ecmu 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, nezZ;

ecm a=-1,10 XeR ; ecim @ €(0;2), To peienuii Her; B) eciu @ # —5

1
ua#5, 1o X=arctg—5+7rn, NeZ;em 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; ecmn 1<a<3, to X=(—1)"arcsm1 +7zn, 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) ecou a<-4, 10 Xziarccosl—+27rn, neZ; ecm
—a

—4<a<4, TO petieHuit HET; eclu a>4, TO

Xziarccos(—li}r%m,nez. 4.10.6. a) Ecm a=#0, Tto
+a

1—+/1+4a’

T
X=27zniarccosz—, nNeZ; eem a=0, 1o X=7zn+5,

NeZ; ©6) ecniu ae€(—0;—5)U(3;+©), TO pemieHuil HET, eciu

-5<a<3, to x=(-1)"arcsin(-2++4—-a)+zn, neZ; B) ecmu
2
ae[—(‘/z;{‘/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 wer. 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), To oxHO pelenue; eciu a € { ;—1} , TO JIBa PEIICHHUSI,;

2

ae(—w;1/4) U[1/2;+0), T0 ogno pemrenue; ecmu a=1/4, 10 nBa pe-

~1-2
eciu ae =1, TO TpH pelieHus; 0) ecnu

wenus; ecam 1/4<a<1/2, 1o tpum xopus. 4.10.10. a) Ecmu
a e (—o0;—2) U (—2;-1]U[1;12) U (V2;+0) 10
X =zarccos(l/a)+2zn, NeZ; ecmu a=ﬁ, o X=mx/4+27N,
NneZ;ecu a=—\/§,To X==37/44+2zn, neZ;ecm ac(-11), 10
pelienuii Her; 0) ecam a;t—bﬁ WA a;éb\/i, o 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), T0

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 s1n7

X, =47zn+ 2arccos , NeZ; ecmn ae(l;5], o X, =27zn,

no ¢opmyae TpoiiHoro aprymenta; ©0) ecim  ae€[-3/2;1/2], 1o

_zn

X = +—(_21) arcsin(l—M), neZ; ecu ag[-3/2;1/2], 10

2
m
pewenuii Her; B) ecau @ € (—00;6]\U (8;4), TO X=7+Z, nez;
n n 1
ecmm a€(6;8], to X1=”—+Z, Xzzﬁ—i—arccos(a—7), nNez;r)
2 4 2 4

ecnu a=7x/2+zn wm a=x/4+zk, nkeZ, To pemenuii Her;

X=—a—-z/4+7an, neZ npu apyrux 3uauenusx a . 4.10.12. a) Eciu
as-1, TO xeR; eciu -l<ac<l, TO

z 1 z 1
g—zarccosaJr;rnsX£§+Earccosa+7rn, nNneZ; ecmu a>1, 1o

pewenuii Het; 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; ecm

a a
27N+ arcsina+3 z(2n+1)—arcsina + 3
-1<a<0, to < X< , NeZ;
a a
ecnu a<-1, T10 pemennit 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; ecim a>0, To

arctgb+ﬂn—2gx<ﬂ(2n+l)—4.
a 2a

4.10.13. a) Iycrsb
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. 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: ecmd a<l1/3, To

—@+27Nn<X<@+2zn, neZ; ecmu 1/3<a<3, o XeR; ecmn
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 ’ neZ.
2 2
4.10.15. a) Ecmu a<o WA a>1, TO
V4 a+2 4
Xe —5+7zn;—arctg2+7zn U arctg—1+7rn;5+7zn , nez;
eciu a=0, TO  peuleHHi HET; eciu O<ax<l, TO
a+2
X €| arctg + zn;—arctg2 + zZn |, neZ; em a=1, 1o
Xe (—72'/2 + zn;—arctg2 + ﬂn) , nez, 0) 0003HaYUM
a++a’ -4 a—+a’—4
Q= arccos#, 0, = arccosT, Toraa, ecni a< -2,
TO @ +2rn<Xx<—@, +2z(n+1); ecim -2<a<?2, TO
-7 /2+2aN<X<7/2+27N; eciu ax2, TO
@, +2IN< X<z /242720, —7w/242aN<X<-@,+27N, nNeZ.

4.10.16. a) xe (2p+2zn;2z(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, 10 xeR; eum 0,5<a<l, o

Xe(—gﬁ-ﬂ—n;g—kﬂ—nj,rﬂe NneZ u @=arccos(4a—3); ecniu a>1,
4 24 2

to pewenui ver. 4.10.17.2) 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;+x©); ecnu a=0, 10 D, =(0;400); ecu 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;

m) ecmm |al<l, To0 Df=[—\/1+a2;\/1+a2]; ecmm |al>1, To

D, =[Na + 1,V ~1]U[Na* ~1;:Ja* +1]; €) ecm 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; ecu a=0, 10 D, =(0;+%0); ecmn
0<a<3, 10 Df» =[0;+00); ectu a =3, 10 Df» =(0;40); ectn 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;+0), 10 D, =C; ecmm
0<a<3, 10 D, =[-2a;a* —2a) ;1) ecmu a>0, 10 D, =[-a;a]; ecn

a<0, 1t D,=[a;—a]l; n) ecm a<-4z, 10 D, =C; ecmu

T
kr<x<Z,
dr<a<l5m, 10 D,={ 27 me ke{-2-L01}; com

x>a,
L,5S7<a<2z,t0 D, ={2x};ecm a=2x,10 D, =.5.1.3. a) Ecnu
a<0, 10 E, =[0;v2a) U(N2a;+0); ecnn a=0, 10 E, =(0;+00);
ecn a>0, 10 E, =[0; +00) ; 0) ecnu a <0, To QyHKIUS He ONpEIETeHa;
ecmn a=0, 10 E, =0;ecmn a>0, 10 E, =[—\@;@] ;B) E, = {0}
npu Beex a€R; 1) ecmn ae(—0;0)U(0;+0), To E, =[0;7]; ecun
a=0, o Qpynkuus He onpenenena; A) £, =(—o0;+00) npu Beex a€R.

5.1.4. a) (—oo;—2Vab]U[2ab;+x); 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 @ =2 — 4eTHas; B) mpu a =—2

(GYHKIUS HedeTHas; P @ = —/5 wm a = J5 ¢yukuns verHas. 5.1.7. a)

a=0; 0) a=1. 518. a) a=-0,5; 6) a=-1. 5.1.9. a) Ilpu
R4

a= By +37n, neZ, pyuxuus neyernas; npu @ =0 Qyskuus gerHas; 0)

npu a=7x+2xn, neZ, dyakuus HeuerHas; npu =0 — uyerHas.

5.1.10. IIpu a >0 ¢yskuun 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

) .

Vkasanue. Paccmotpute Bo3pactaiomtyio (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 obparnas K Heil ecTs
dyukums  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 wm a=3; r) HeoOXOIUMO U JOCTATOYHO
BHINIONHEHNs paBenctBa a+b=0;1) 2a—b=0.5.1.18. a =-3.5.1.19.
ne{-2;—-1;1;2}. 5.1.20. a{-1;0;1/3}. 5.1.21. a) Ykazanue. Vicuosp-

3ys yenoust f(a+x)=f(a—x) u f(b+t)= f(b—1t), nokaxure, uto
nepuon Qyukuuu pasen 2(b—a). 5.1.22. a) ¥Vkazanue. V3 ycinosus
f(x+T)=sin(x+T)+cosb(x+T) nonyunre pasercra cosbl =1 u

sin7 =1, U3 KOTOpBIX CJIELYET, YTO bZZTm, 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

_GVa—a’ -3y
32

ypaBHeHHe K BUIY d+X +3/x—a=3/2a; B) x=1. Ykazanue. Ilycts
t=x"—2x+1. Torya nepaBeHcTBO MpuMeT B log, (Zt +a't ) <4 .Tpu

a >1 wumeer mMecto HepaBeHCTBO 2t + a™ <a*. Orcroma crenyer t=0.
(a—b-1)
4

pemieHui HeT. Ykazanue. BorunTast 13 IEpBOro ypaBHEHUS BTOPOE, MOTyYH-

5.1.27.a) Ectu a>b+1,10 x=y= —b;ecmm a<b+1, 10

Te paBeHctBo /X +a +~/x+b = \/ y+a+ \/ y+b . Paccmorpure Bo3pac-
taromyro ¢pyrkuuio f (1) = Jita+t+b ; 0) eciu a <0, T0 pemiennii
Het; ecit a=0,10 X=y=0; ecu 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,,, =f0.5=6; y,,. =fD=3; 6
Vyauwn. =2 ; Haubompurero 3mauenms wer. 5.1.29. a) y,.- =5|al;
Vi ==51als 8) Y, =N2+2a%: 3, =—2+247; 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;ecmu a>1/6,10 y,,. =12a—1 u
V. =—12a-1; 1) ecm a<-1/3, 10 yp,_,=-6a+2 u
Ve =6a+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,

™ V,5=6a+2 u 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; €cim a21/49 TO yyau64=9a+4 u
1

Fnaw :1_4_’6) ecim a<_1’TO Yhaus. =a2 +5a+6u Yaun. :a2 —a;
a

ecm a>-1,10 y, . =a —auy,, =a +5a+6.5.1.31. a) Ecm
a=0, 10 HauOONBIIEr0O ¥ HAMMEHBIIEr0 3HAYEHUN y QYHKIUH He
cymectsyet; ecmt 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 ; ecim

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>3,10 Y, =—on 1wy, =——. 5132 a
Yaun. Yoaus. \/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) ae(—0;60In5-35]. Yrazanue. Onpenenurs
a, u3 ycnous, 4to npsiMast Y = 60x —a siBisiercs KacaTeabHON K rpaduky
dyskan  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 a € (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;+x); B) pe[-8;,+0);
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1) pell;+0). 5.2.11. [2L+0). 5.2.12. a=1.52.13. a=b=1/S.

d3

5214, L. L. INTNS 5515, 24.52.16. a=2. 5217 22
2’27 2 3 3
5218. % 5219 2 oHR?. 52200 2R 52010 B 5200,
6 27 3 NE)
2R3 3y —5
—[. 5.2.23. %, ecu 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 “1;2”

534.a) b=0;0) =0 u a,=4; B) a=-1;T1) a=12; 1) ecu
a>-3, 10 3Ha4eHuil b, yIOBIETBOPSIOIMX YCIOBHIO 3a/1auM, HE CYLIECT-

ByeT; ecii a<-3,10 b=—6—a; e) a=—%+27rk, keZ;x) aeR,

2
wa

2

HHe IUIOIA;i TOIyKpyra paguyca o . 5.3.6. a) Ecmu a<0, o a’ —4;
2

a )
ecma a >0, 10 ?—4;6)ecnn a<rm/4,10o sina+1;ecmu a>n/4, 10

b=2rk, keZ.53.5.2) 0;6)

. Ykazanue. Nurerpan naer 3nave-

. 2
51na—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; ecimm
l<a<2,10 a*-3a+4; eccu a>2, 10 a.5.3.7. a) a=-m/6 un
a,=n/3;0) a,=-n/30 u a,=7/6.538.a) a=6 u a=6/5;06)

a=1/4 v a=9/4;8B) S=a mpu b=,/3£—1.3az[aqa 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 KacaTeJbHOH HMEET BH/I y=§a x—2—7a . Abcumcca TOYKH

nepeceucHuss KacaTelnbHOM ¢ ocblo Ox paBHa ga . HJ'IOHIE[Z[L TPCYTOJIbHUKA

20 44 5341 a) a=1; 0) a= !
43

21 246

— ———. 5.3.13. ¥kaszanue. Tlycts misn npocrottt ¢=0, b=1 u

3 3

f(b)=1. Ilpu  PUKCHPOBAHHOM a HaWJuTe  BHIpAXKEHHE
S(@)=f(a)2a-1)-2F(a)+ F(0)+ F(1), rme F'(x)=f(x), a
S'(a)= f"(@)2a-1)+2f(a)—2f(a)=0. ocneanee ypaBHEHHE B CHITY

MOHOTOHHOCTH f (@) MMEET eMHCTBEHHBI KopeHb Ha npomekytke [0;1].

. 5.3.12. a) 27+2,5; 6)
2(e—-1)

Hanee uccnenyiite Gpynkuuo S(a) Ha sxcrpemym. 5.3.14. a) a=3/4; 0)

a=2/3.53.15. a=1+316.53.16. S

min

= g(b —a*)*?. Ypasuenne

OpAMOi y=2ax+b—2a2. 53.17. a) a=3, SF=@; 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. 543. a) a=2;0) a=2.
5.4.4.a) a=4/3;,0) a=2/5.54.5. a) a=1/8. Ykazanue. 3amernTe,
4TO ecau mapa umcen (X,;),) SBIserTcs peuieHueMm, TO mapa (),;X,) —

takke peruerue. Ciel0BaTeNIbHO, HEOOXOAMMOE YCIOBHE €IHHCTBEHHOCTH
pelIeHNs — 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}. Vrazanue. Boc-

HOJIB3YHTECh CUMMETpHEH poMba U OKPYKHOCTH OTHOCHTENBHO ocu OX .
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