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ITpegucioBue

DTa KHUTa MOCBSAIIeHa METO/IaM PellleHNsI OCHOBHBIX TUTIOB HEPABEHCTB
IITKOJILHOTO Kypca MaTeMaTWKU. HepaBeHCTBa WIM CUCTEMBI HEPABEHCTB
ABJIAIOTCS 00s3aTeNbHOM YacThio ET'D mo maTemaruke (6a30BOTO M Ipo-
GUIBHOTO YPOBHEH) U AOMOTHUTENBHBIX BCTYIIUTENbHBIX UCITBITAHUNA B TeE
BY3bI CTPaHBI, I/le 3TH UCIBITAHUA COXPAHWINCh. [Tocobue mpeaHasHaYEHO
yuamuMcst 7-11 KJaccoB, YIUTENIM, METOAUCTAM U BCEM HETOCPEICTBEHHO
CBSI3aHHBIM CO IITKOJIbHBIM MaTeMaTHYeCKUM 0O0pa3oBaHUEM.

Hacrosamee mszanue BrIodyaeT BOCEMb IVaB. IlepBad raBa CcoOZep:KUT
OCHOBHBIE (QaKTBl M YTBEP)K/AEHUs, CBI3aHHbIE C HEPABEHCTBAaMU, a TaK-
JKe OOLTUMY METOJIaMU MX PEIeHUs: METOZIOM UHTEPBAIOB, METOJOM BBe-
JleHYsI HOBOM TlepeMeHHOMN, METOJOM 3HAKOTO)XXAECTBEHHBIX MHOMKUTEJIEH
u ap. MaTtepuas IaBbl IPOWLTIOCTPUPOBAH MHOTOUUCIEHHBIMY ITPUMepa-
MM pellleHUs 33/la4; B KOHIIE KaKJ0oro eé maparpada JaroTcs yIpaKHEHUS
o BceM GyHKIIMOHATBHO-ITeOpanvecKuM JIMHUAM IIKOJIBHOI'O Kypca Ma-
TeMaTUKH, CIPYIIIIUPOBaHHEIE TI0 JBa.

Kaxzmass 13 ceMu CaeAyIOUIHX [VIaB MOCBSAIIEeHa MeTOZaM pelleHus He-
PaBEHCTB OAHOM M3 TaKWUX JIMHUMN: HEIBIX PaliOHAIbHbIX, APOOHO-pAITO-
HaJIbHBIX, UPPALIMOHATbHBIX, TPUTOHOMETPUYECKUX, TTOKA3aTeTbHBIX, JIOTa-
pudMHUYECKHX, a TAKXKE HEPABEHCTB, COlePXKAIUX 3HAK aOCOTIOTHON Belu-
yuHBI (Mozyss). Tak e Kak U IepBast, 3TH [VIaBbl COAEPKAT OOJIBIIOE YHUCIO
MIPHUMEPOB PeIlleHnsT HEPaBEHCTB U CUCTEM HepaBeHCTB. [1aBbl 2-8 MeEIOT
OJIJMHAKOBYIO CTPYKTYPY U COCTOSIT M3 JABYX maparpadoB Kaxziasd. B mep-
BoM maparpade paccMaTpHUBAIOTCS MPOCTEUIITNE HEPABEHCTBA U CHCTEMBI
HEpPAaBEHCTB COOTBETCTBYIONIEH (PYyHKIIMOHAIbHO-aITebpaniecKoii JUHUH,
BO BTOpPOM — 0o0JIiee CJIOXKHBIE HEPAaBEHCTBA M CUCTEMBI HepaBeHCTB. [lepes
M3ydeHrneM MaTepHaja BTOpPOro maparpada KaKJou 13 3TUX [VIaB CIeAyeT
MTOBTOPUTH OOIIMe METOZBI PellleHUs] HEPABEHCTB IO MEPBOI IMlaBe I0CO-
6us. B KoHIle Kaxkgoro maparpada MpUBOAATCA YIIPaXKHEHUs, CIPYIIIIHUPO-
BaHHBIE TI0 /IBa, a B KOHIIE KaX/oro nmaparpada 1mas 2-8 Takke mpezjiara-
I0TCSA U AMarHocTudeckue paboTsl. TakuM obpasoM, mocobre cozep:xut 14
JHUarHOCTUYECKUX paboT (B ABYX BapHaHTax 110 12 3a7ia4 KaXKAbIii). 3aJaHus
B IUarHOCTUYECKUX paboTax JAaHbl C U30BITKOM: YIMTENb MOXET 0TOOpaTh
HeOoOXOAMMBIE 3aJlauM B HY)KHOM KOJIMYECTBE B COOTBETCTBUM C YPOBHEM
KJIacca 1 06pa3oBaTeNbHBIMU IETSIMU.

Hapsizy co cTaHZapTHBIMU B TTOCOOWM PacCMaTPUBAIOTCS U METOABI pe-
[IeHUSA HEPAaBEHCTB, TPAAULIMOHHO OTHOCUMEIE K HECTAaHAAPTHHIM. DTH Me-
TOJBI OCHOBBIBAIOTCS MIPEXKE BCETO HA CBOMCTBAX MOHOTOHHBIX M OTPaHMU-
YeHHbIX QyHKIUM. OTMETUM, YTO 3Ta KHUTA TO3BOJIAET MOIYIUTh ITEPBHIE
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[Ipe/ICTaB/IeHNsA O TaKUX MeTogax. /|1 6osiee AeTaabHOM IPOpaboTKU MeTo-
JIOB pellleHUs HeCTaHAapTHBIX HEPABEHCTB HY>KHO 0OpaTUTHCS K TIOCOOUIO:
Ilecmaxkos C.A. ET'3 2016. MaTemaTuka. 3aayy ¢ mapaMeTpoM. 3aZada 18
(mpodubHbI ypoBeHs) (M.: MITHMO, 2016).

[To cpaBHeHMIO C HpPOIUIBIM TOZOM KHHWIa CyIIeCTBEHHO JopaboTaHa
U JOTIOJIHeHa.

ABTOp mpusHareneH u OnarozapeH O.A. BacuibeBol 3a 3aMeYaHUA
U TIPeAJIOKEHYsI, B HEMAJIOH CTeleH! CIIOCOOCTBOBABIIKE CYIECTBEHHOMY
VAYULIIEHUIO PYKOIIUCU U TIOABJIEHUIO 3TON KHUTH.



I'maBa 1. OG61IMe MeTOAbI pellieHUsA HepaBEeHCTB

§1.1. OcHOBHbIe TOHATHUSA U PaAKTHI

B IIKOJIBPHOM Kypce MaTeMaTHK{ MOXXHO BBIJEJUTH LIECTh CJIEAYIOIINX
OCHOBHBIX YHCJIOBBIX U QYHKIIMOHAIBHO-aNre6paniecKyx JINHUY (B HOpAA-
Ke UX MOSBJIEHUs B yieOHUKaX), B COOTBETCTBUM C KOTOPHIMU U CTPYKTYPHU-
pOBaHa OCHOBHAS YaCTh 3TOTO MOCOOU:

e Ijejible YMCJIA, CTENIEHU C HATypaJIbHBIM ITOKa3aTeseM, Lieble anre6-
paudecKrie BEIpaKeHUA (MHOTOWIEHEI), IieIble pallOHATbHEIE QYHK-
1y,

e 7po6H, CTETEHU C I[e/IbIM OTPHUIIATENbHBIM MTOKa3aTeseM, aarebpau-
YyecKue Apo6u, IpoOHO-pallnoHaNbHbIE GYHKIIUH,

® KODHH, CTENEHU C JPOOGHBEIM MTOKa3aTeleM, UpPalOHATbHEIE are6-
pauvecKuie BRIpDQKEHNUA, UPPALOHATbHEIE GYHKIUH,

® TPUTOHOMEeTPUYECKUe BEIPKEHUs, TPUTOHOMETpUYecKre GYHKIINH,

® CTeleHH C AeliCTBUTENbHBIM TI0Ka3aTeleM, TOKa3aTelbHbIe BRIPAXKeE-
HUs, TTOKa3aTeabHasa QyHKIINS,

e siorapudMel, JorapudMUdecKue BBIpAKEHUs, JorapudmMudeckas
byHKITHA.

YroObl cAenaTh KJacCHPUKAIUIO OZHO3HAYHOU M OOJIETYUTh TOUCK HYX-
HBIX 33/]a4, YCIOBHUMCS, YTO XPOHOJIOTUS M3YYeHUs TEMBI SABJIAETCA KO-
YeBBIM NPU3HAKOM KIaccUUKAIUU, T.€. €C/IU, HallpuMep, B HEKOTOPOM
ypaBHEHUU WIN HEPABEHCTBE ITlepeMeHHAas COAEPKUTCA U M0/, 3HAKOM KOp-
Hsl, U TI0/] 3HaKOM Jiorapudma, 6yZieM CYUTaTh ero JorapupMUIecKuM, a He
HUppAaIIOHAIBHBIM, IOCKOJIBKY JIOrapuQMbl H3y4arOTCs IO3Ke KOPHE.

TeMm caMbIM JTI000€ ypaBHEeHMe WIN HEPaBEHCTBO IIKOJIBHOTO Kypca Ma-
TEMAaTUKU MOXXHO OZHO3HAYHO OTHECTH K OZHOMY M3 CJIEAYIOUIUX THUIIOB
B COOTBETCTBUU C IIEPEUNCIEHHBIMUA (QYHKIMOHAIBHO-aIrebpandecKuMu
JIMHUAMMU: I[€JI0€ palroHaIbHOe (CJI0BO «palOHATIbHOE» B JajbHEHIIeM
JUI SKOHOMHU MecTa OyzZieM OIyCcKaTh), ZpOOGHO-palOHATBHOE, UPPALILO-
HaJIbHOe, TPUTOHOMEeTpPUIecKoe, IToKasaTelbHoe, Jorapudmrrdeckoe. [Tpex-
Jie YeM TIEPEXOJUTH K M3JIOKEHUIO OOIINX METO/OB pellleHHs HepaBeHCTB,
HaIlOMHUM OCHOBHBIE ITOHATHS, OTIpeAeIeHus U GaKThl, CBI3aHHBIE C Hepa-
BEHCTBAaMH U YpPaBHEHUAMU (pellleHue YpaBHEHUH 4acTo ABJIAETCSI COCTaB-
HOU 4aCThIO pelIeHUs] HEPaBEHCTB).

3HavyeHHe J060T0 anrebpanveckoro BeipakeHus f (x) mpu Jr060M 10-
IIyCTUMOM 3Ha4YeHUH [TepeMeHHOH X MO0 IMIOJOXUTEIbHO (B 3TOM CIydae
rmutyT f (x) > 0), 6o oTputiatensHo (B 3ToM ciaydae nuiyT f (x) < 0), iu-
60 paBHO Hy/TIO (B 3TOM ciydae uiyT f (x) =0). Jlrobasg MaTeMaTHIeCcKas
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dbopmyia ABIsAeTCS BBICKa3bIBAHUEM, IIPEJIOKEHUEM, HAIMICAHHBIM Ha Ma-
TeMaTU4eCKOM si3biKe. BbickasbiBauua f(x) > 0 (uuraerca: f(x) Gonbliie
Hyns), f(x) <O (uuraercs: f(x) mensine HyaA), f(x) >0 (uurtaercsa: f(x)
6oJbllle WX paBHO HYMO WK f(x) He MeHblie HyAA) U f(x) <O (uuTaer-
cs: f(x) MeHbIIle WIH paBHO Hy/I0 Wik f(x) He 6oJbIlle HY/A) HAa3bIBAIOT
HepaBEHCTBAMH C OJHOM IepeMeHHOM, a BhICcKa3biBaHUe f(x) =0 (uura-
ercsi: f(x) paBHO HyJIO) — ypaBHEHUEM C OJHOU mepeMeHHO#. HepaBeH-
ctBa f(x) >0 u f(x) <0 Ha3pIBalOTCA cmpozumu, a HepaBeHcTBa f(x) >0
u f(x) <0 — Hecmpoeumu. 3aMeTUM, 4YTO IIpaBas YacTb HepaBeHcTBa (ypaB-
HEHU) MOXKET OBITh OTJIMYHOM OT HyJsA. B 3TOM cilydae cTporoe HepaBeH-
CTBO 3amuceiBaeTcsa B Buze f(x) > g(x) win f(x) < g(x), HecTporoe Hepa-
BeHCTBO — B Buzie f(x) > g(x) wiu f(x) < g(x), a ypaBHEHUEe — B BUJE
fO)=g00).

Yucsio Ha3bIBaeTCs pellleHreM HepaBeHCTBa (KOPHEM YpaBHEHUA), ECITU
MIPU €T0 MOACTAHOBKE BMECTO MEPEMEHHON B JaHHOE HEpaBeHCTBO (ypaB-
HEHUeE) MOIyYaeTCsi BEPHOE YMC/IIOBOe HEPABEeHCTBO (PaBeHCTBO). Pewums
HepageHcmaso (YpasHeHue) — 3HAUUT HAUTU MHOXKECTBO BCEX €ro pelleHui
(kopHeii). [IoaTOMY B OTBETE IIPEAIIOYTHUTENbHEE YKA3bIBATh UMEHHO MHO-
JKeCTBa YMCeI, UCIIOIb3YA IS 3aITMCH HECKOJIBKHMX HellepeceKalolXcsl MHO-
JKECTB 3HaK 00beAnHEHUs «U» TMOO0 MTPOCTO TOUKY C 3amsaToi. B 3ToM cMbIc-
Jle WCIIONMb30BaHUE B KAayeCcTBE OTBETA, HAIpUMeEp, 3amucH X > 1 MeHee
yZa4HO 110 CPaBHEHMUIO C 3aIUChIO (1; +-0), TOCKONIBKY X > 1 ABIAeTCA Hepa-
BEHCTBOM, a (1; 4+00) — MHOXECTBOM €ro pelieHuH.

Ecmu HepaBeHCTBO (ypaBHEHME) He MMEET HHM OJHOTO pemieHUs (Kop-
HsI), TO MHOXKECTBO €ro pellleHui (KOpHeN) He COAEPXKUT HU OJHOTO dJIe-
MeHTa (Takoe MHO)KECTBO Ha3bIBaeTCSA MyCThIM). [10ZI06HBIE CUTYaIIH Bpe-
MsI OT BpEMEHHU BCTPEYalOTCA — B TOM YHCJIE U Ha 9K3aMeHaX, K HUM HaZlo
OBITh TOTOBBIMU. B TaKMX CJIy4dassx IS 3aIIMCH OTBETA HCIOIb3YIOT CUMBOJ
MTyCTOTO MHOKECTBA & JIMOO0 IPOCTO MHUIIYT: «peleHuii HeT». OTBeT B Hop-
Me «X € J» ABJIAETCS MaTeMaTHUYeCKW He BIIOJIHE IPAMOTHBIM, MTOCKOIBKY
MTyCTOe MHOXKECTBO IO OTIPE/IEIEHUIO HE COAEPKUT HU OJHOTO dJIeMEHTA.
Jli 3amyicy KOHEYHBIX YUCIOBBIX MHOXECTB HUCITONB3YIOT GUTYPHBIE CKOO-
kU { }, B KOTOPBIX Yepe3 TOYKY C 3amsATou (He 4yepes3 3arsiTyI0 — YTOOBI
KCKJIIOYUTD IIyTAHUITY, TIOCKOJIbKY 3aMSATON OTAENAIOTCA APOOHBIE YaCTH Jie-
CATUYHBIX Apo6eii) 3amuchiBaloT yrcia (06bIYHO B IIOPSIKE BO3pACTaHUsA),
SIBJISTIONITMECS PellleHUsIMU HepaBeHCTBa (KOPHAMU YpaBHEHU).

BakHO yacThIo 0OIIel MaTeMaTHIeCKOH KyIbTYphl, HEOOXOAUMOM IS
pellleHusI HEPaBEHCTB, SBJISIETCSA YMEHHUE J1eIaTh IOTHYECKUH mepebop, mpo-
BOAWTH ZIOKA3aTebHbIE PACCYKAEHHUSI, OTBeYaTh HA BOIIPOCHI O 3HAKAX U YHUC-
Jie pellleHUi HepaBeHCTBA IayKe B TeX CIyJasax, KOTAa pelllaTh HEPAaBEHCTBO
He TpebyeTcs WIM HaWTH pellleHre He TIPe/CTaBlIsgeTcs BO3MOXHBIM. Paz-



8 I'maBa 1. O61IMe MeTOABl pellleHHsA HepaBeHCTB

BUTHIO U TPEHUPOBKe HABBIKOB JIOTMYECKOTO Ilepebopa, yMeHUs aHaIu3U-
pOBaTh YCJIOBHE U Jle1aTh 0O60CHOBaHHBIE YMO3aK/IIOUeHUs U BHIBOJHI, Ha-
XOZAUTH CTPATETUIO PellleHUs MTOCBsAlleHa 3HaYNTe/IbHAA YacTh YIIPA)KHEeHUH
aToro maparpada.

IIpumep 1. CeHsdA ckasaj, YTO HallMCAHHOE HA OCKe HEPaBEHCTBO UMe-
eT MeHee 11 1eJIOYHCIEHHBIX pellleHUl, a BeHa — yto MeHee 12. YuyuTenb
OTBETWI, YTO IPaB TOJBKO OAWH M3 HUX. CKOJBKO IEJIOUYHUCIEHHBIX pelle-
HUH UMeeT 3TO HEPaBEHCTBO?

Pemenue. Eciu yrBepxkzaeHre CeHU UCTUHHO U HEPaBEHCTBO MMeeT
MeHee 11 11e/IOYMC/IEHHBIX PelleHWM, To U yTBep:kAeHHe BeHU HCTUHHO,
YTO IPOTUBOPEYUT YCIOBUIO UCTUHHOCTU TOJIBKO OZHOT'O U3 YTBEPXKAEeHUN.
3HauuT, yrBep:kAeHre CeHU JIOXKHO, a yTBepxJAeHue BeHu HMCTHUHHO, T.e.
HepaBEHCTBO MMeeT He MeHee 11, HO MeHee 12 1IeJIOYUCTEHHBIX PEeIIeHUH.
EZAuHCTBEHHOE 11eJI0€ YMCI0, OTBevarollee TakoMy TpeboBaHuio, — 370 11.

Omsem: 11.

59 47

> :
Vaxi+7  /5x2+9

IIpumep 2. HepaBeHCTBO

1) He MMeeT pelleHuit;
2) crpaBeaJIUBO TOJBKO MPH X 7 0;
3) crpaBeAUBO MpHU JH0O0M ZeHCTBUTENBHOM X;
4) cmpaBeznnBO TOJBKO Ipu x =0.
YkaxuTe HOMepa UCTUHHBIX yTBep:KAeHUU.

PemeHue. Yuciurenab Apobu B JEBOH YacTH HepaBeHCTBa OOJbIle
YUCIUTENA Apoby B IIPAaBOU YacTU HEepPaBEHCTBA, a 3HAMeHaTelb MeHbIle
3HaMeHaTesIs B MPaBOl YacTU MpH JI0O0M 3HAUeHUU TepeMeHHOM. [1oaTo-
My Apobb B JIEBOI YacTU HepaBeHCTBA 60JIbllle IPOOU B IIPaBOii €70 YaCTH.
CJiefoBaTeNbHO, UCTUHHO yTBepXKAeHuE 3.

Omeem: 3.

ITpumep 3. YkaxuTe HOMepa TeX HepaBeHCTB, KOTOpble He UMEIOT OT-
pHULIaTeNbHbIX pelleHu:

1D (x+2)%(7x® —9x°=5)>0;
2) 2x2—7x+6<0;

3) 2+ 7x%—18x17 <0;

4) x*—56789x — 98765 < 0;

5) x2—=7777x+ 77777 <O0.

PemeHue. PaccMOTpuM IOCIeZ0BaTeIbHO KaKJoe U3 IATH JAaHHBIX
HepaBeHCTB. Yucso x = —2 ABjfAeTca, 04eBUAHO, pellleHreM HepaBeHcTBa 1.
CiefoBaTenbHO, 3TO HEPAaBEHCTBO MMeeT 110 KpailiHeil Mepe OZHO OTpulia-
TeJbHOe pellleHHe. KBasipaTHOe HepaBEeHCTBO 2 JIETKO peMUTh CTaHZAApT-
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HBIM CIIOCOOOM; ero pelieHueM fBIAeTcs nmpoMexyrtok (1,5; 2). CiexoBa-
TeJbHO, 3TO HEPABEHCTBO HE MMeEeT OTPHULIATENbHBLIX pelleHuil. HepaBeH-
cTBO 3 e/IBa JI BO3MOXKHO PEIIUTh IIKOJIbHBIMU METOZAMHU, HO OTBET Ha BO-
MpOC 3aJja4¥ 3TOTO U He TpebyeT. JIeHCTBUTETHHO, EC/TU MIPEATION0KUTh, YTO
KaKoe-TO OTPHUIIATEbHOE YHC/IO SBJSETCS PelleHWeM 3TOTO HEPaBEHCTBA,
TO MBI TIOJIYYUM MTPOTUBOPEYHE: BeZb MIPU JIIOOOM OTPHUIATETbHOM 3Have-
HUM TIepEMEHHOM JIeBasi YaCTh HEPABEHCTBA 3aBEAOMO ITPUHUMAET TOJIBKO
MOJIOXKUTENbHBIE 3HadeHusa. CiieZloBaTeNbHO, 3TO HEPABEHCTBO HE HMMEET
OTpUITATENbHBIX pPellleHUH. PelluTh KBaJipaTHOE HEPABEHCTBO 4, pa3yMeeT-
¢S, MOXKHO, HO 3TO MOTpebyeT Hecopa3MepHBIX eMy apudpMeTHYECKHUX TI0-
ABUTOB. ITOCKOJIBKY HAaXOJUThb PEIIEHUT BOBCE HE00A3aTeTbHO, TTOpobyeM
ropaccyxzaTb. 'paduKoM KBaZpaTUYHON QYHKIUU

y = x*—56789x — 98765

SBJIsIeTCS Mapabosia, BETBU KOTOPOM HampaByieHbl BBepx. Tak kak y(0) =
=—98765 < 0, aTOT rpaduK repecekaeT 0ch aOCIUCC B IBYX TOYKAX, PACIIO-
JIOXKEHHBIX 110 pa3HbIe CTOPOHBI OT Havyajia KOOPAWHAT, U IIPU JIF060M 3Haue-
HUY TIepEMEHHOM, 3aKII0YEHHOM MEXAY HUMH, JIEXKUT HUKE OCH abCIuce.
CrezioBaTenbHO, HEPABEHCTBO 4 UMeeT OTpUllaTeNbHbIE pelleHNA. JTOT JKe
pe3y/bTaT MOXXHO OBUIO IOJY4UTb, UCIONb3ys Gopmyssl Buera. Bocmoss-
3yeMcsl UMU JJIs1 OTBETA Ha BOIIPOC O CYLIECTBOBAHUM OTPULIATENbHBIX pe-
IIeHW# y HepaBeHcTBa 5. EC/IM AWCKPMMUHAHT KBAZPaTHOTO TPEXWIeHA
B JIEBOH YacTU HEPABEHCTBA 5 HETNIOJIOKUTENEH, TO OHO He UMeeT pellleHMH
(B TOM 4uC/e ¥ OTPULIATENBHEIX). ECIU JUCKPUMUHAHT TIOMOXUTENEH, TO
pellleHreM HepaBeHCTBA SBJIAETCS MHTEPBA, KOHIEL KOTOPOI'O — KOPHU
KBaJIpaTHOTO TpéxwieHa x2 — 7777x + 77777. Us dopmyn Bueta ciezyer,
9TO 06a KOPHA 3TOr0 TpéxwieHa (eC/ OHU CYIIEeCTBYIOT) IIOJIOXKUTEIbHE,
TIOCKOJIbKY MX IIPOM3BeJleHHe W CyMMa IOJIOKUTeNbHEL. [lodToMy U IpHu
TIOJIOKUTEJIbHOM JVCKPUMUHAHTE JIEeBOM YacTy HepaBeHCTBO 5 He UMeeT
OTPULIATENbHBIX pellleHUH. 3aMeTHM, YTO U B CIydae HepaBeHCTBA 2 MOXKHO
OBUIO UCIIOB30BATh PACCYKAEHUS, aHAJIOTMYHbIE [TPEAbIAYIIIM.

Omeem: 2; 3; 5.

HaBbiKM, TTOyYeHHbIE TIPU PelIeHNU MOA0OHBIX 3a/a4, IOMOTYT HaXo-
JVTh ONTUMAJbHBIE IIyTH PelleHUs, pacCMaTpUBaTh MeHbIllee YUCJIO CIIy-
YaeB, aHAIM3UPOBATh IOJMyYeHHBIE OTBETHI HA BO3MOXXHBIE OIMUOKHY U T. II.

Ecnu Hy)XKHO HalTH Bce 3HAUYeHUs MePEMEHHOM, KaKA0e M3 KOTOPBIX
SBJISIETCS KaK pellleHreM HepaBeHCTBA f (x) > 0 (ypaBHeHus f(x) =0), Tak
U pelleHMeM HepaBeHcTBa g(x) > 0 (ypaBHeHusa g(x) =0), To ToBoOpAT,
4yTO 33Z1aHa cucmema HepageHcms f(x) >0 u g(x) >0 (cucmema ypasHeHuil
f(x)=0 u g(x) =0), a 3aIUCEIBAIOT U CUCTeMy HepaBEHCTB, U CUCTEMY
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YPaBHEHUH C TOMOIIBIO PUTYPHOU CKOOKU:

fGo) >0,

— CUCTeMa HEPABEHCTB,
g(x) >0
fe) =0, — cUCTeMa ypaBHEHUH
gx) =0 '

3HaKu HEPABEHCTB CUCTEMBI MOTYT OBITH JIIOOBIMU M3 YE€THIPEX BO3MOYKHBIX,
MpaBble YaCTH HEPABEHCTB (YpaBHEHU) CUCTEMBI MOTYT OBITh OTIMYHBI OT
HYJIsI, CUCTEMAa MOXET COCTOATh U3 TPEX U 6ojiee HEPABEHCTB (YpaBHEHMUIT),
COoZlepXKaTh HAPAZY C HEPABEHCTBAMU U YPaBHEHUA (TaKye CUCTEMBI MHOTAA
Ha3bIBAIOT CMeulaHHbMU). Pewtums cucmemy HepaBeHCTB (ypaBHeHUI) —
3HAYUT HAWTH MHOXKECTBO eé peleHUN. B GonbIIMHCTBE ciy4aeB (HO He
Bcerza!) Jyid 3TOTO WIIYT MHOXKECTBO PeIleHUH KaKZOoro M3 HepaBeHCTB
CHICTEMBI, a 3aTeM — IepecedeHue (OOILIYIO YacTh) MOMyYeHHBIX MHOXKECTB.
YTo KacaeTcsi CUCTeM ypaBHEHUU € OZJHOM TepeMeHHOMH, 3/IeCh YacTO MOXKHO
oboiTHCh 6e3 peleHnsa BceX YPaBHEHUI CHUCTEMBI, PELINB TOIBKO OJHO —
HauboJiee IpocToe — U3 e€ ypaBHEeHUH U BHIIIOTHUB IIPOBEPKY HaWIeHHBIX
KOpHell yTéM HUX IMOACTAHOBKU B OCTaJIbHble YpaBHEHUs CUCTeMEI. Pasy-
MeeTcsI, 3TO KacaeTcsl TOJMBKO CHUCTeM YpaBHEHUI C OFZHOHN IepeMeHHO;
JUIL CHCTEM YpaBHEHUI ¢ AByMs U Oojiee TepeMEHHBIMU TaKOU IIPUEM «He
paboraeT».
x>—789,

IIpumep 4. Crucrema HEPaBEHCTB 789%73 4 89x72 49 <0 -

1) He UMeeT pelleHuUi;

2) He UMeeT IOJIOKUTETbHBIX PELIEeHMUI;

3) He MMeeT OTPUIATENbHBIX PEIEHUH;

4) vMeeT U OTpUIIATENbHbBIE, U TTOJOXUTENbHbIE PENIeHNT;

5) BBHINIOJHAETCS TIPU JIIOO0M JEHCTBUTEIHLHOM X.
YKa)kUTe HOMepa UCTUHHBIX YTBEPXKIEHUM.

PemeHue. I[IOHATHO, 4TO pellleHKe BTOPOTO HEpaBeHCTBA JaHHOU cU-
CTeMHI eZIBa JIU BO3MOXKHO. [lonpobyeM ZoKa3aTh WIN ONPOBEPrHYTH AaH-
Hble YTBepKJeHus, 1ofo6pas, e Heo6X0AuMO, COOTBETCTBYIOIKE IIpUMe-
pBL. fIcHo, 4TO, Hanpumep, x = —1 ABIAeTCA pelleHHeM KaKJoro U3 Hepa-
BEHCTB cucTeMbl. [loaToMy yTBep:kAeHusA 1 u 3 oxKHEL. [lanee, Ipu Jr06om
MIOJIOXKUTEIPHOM 3Ha4YyeHUU IlepeMeHHOH JieBas 4acTb BTOPOrO HepaBeH-
CTBA CHCTEMBI IIOJIOKUTENbHA. [103TOMY 3TO HEpaBeHCTBO He MMEET I10JI0-
JKUTEIbHBIX pelleHuii. CleZoBaTeNbHO, U BCA CUCTeMa He MMeeT II0T0XKU-
TeJIbHBIX pellleHUY. 3HAUUT, YTBepKAeHUA 4 U 5 JIOXKHBI, a yTBepxKAeHue 2
HUCTUHHO.

Omeem: 2.
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IIpumep 5. PeliuTe cucTteMy HEpaBEHCTB

X2+ 2 =5 (x*-4)

g 4)
x¥ +2x%°4+7x+13 < 0.

PemeHnue. O BTopoM HepaBeHCTBe JaHHOMN CHCTEeMBbI MOXXHO CKa3aTh
TOJIBKO OZHO: OHO HE MMeeT HU OAHOI'O HeOTpI/II_[aTeJ'IbHOI‘O pEH.IeHI/IF[, I10-
CKOJIBKY TIPH JIIOO0OM HEOTPUILIATENbHOM 3HAYEHUH TIEPEMEHHOM €ro JieBas
YacCTh IIOJIOKUTEJIbHA. HOBTOMY pelmeHNUAMNY BTOPOIr'O HEpaBE€HCTBA CUCTE-
MBI MOTYT 6bITb TOJIbKO OTpHUIIaTEJIbHBIE YHC/IA. Pemum IIEPBOE HEPABEH-
CTBO, nepeHeCH 4B JIeByIO YacCTb U BBIIIOJIHUB paanonceHHe Ha MHOXUTEJIN:

=44+ -50*-4) <0 P?-49H?*-5+1) <0,

u, 3Ha4uT, (x2 —4)2<0. Ecmu x2 —4#£0, 1o (x2 —4)? > 0 u nepsoe Hepa-
BEHCTBO He MMeeT pellleHHui. 3HAUUT, x2—4= 0, oTkyza x ==£2. Takum 06-
pa3om, IlepBoe HepaBEeHCTBO JaHHOM CHUCTeMbl UMeeT POBHO iBa pellleHu .
[ToCKOMBbKY HUKAaKOEe IMONOKUTENbHOE YHMCIO0 HE MOXKET OBITH pellleHueM
BTOPOT'O HEPABEHCTBA CUCTEMBI, €€ eIMHCTBEHHBIM BO3MOXXHBIM pellIeHUEM
ApngeTca x = —2. [Ipu x = —2 jieBad 4acThb BTOPOI'O HEpaBEHCTBA CUCTEMBI
TIpUHUMaeT BUJ

(=2 +2(-2)*°+7(-2)+13 = -2 +2% - 14+ 13 = —1.

3Ha4UT, X = —2 gBJiAeTcd pellleHreM U BTOPOr'0 HepaBeHCTBA CUCTEMBI.
Omeem: —2.

3ameuaHue. B HEKOTOPHIX TOCOOUAX, TPEUMYIIECTBEHHO H3aBAEMBIX
NIOATOTOBUTEIbHBIMY OTZAEJIeHUAMYU YHUBEPCUTETOB U JPYTHUX By30B (HO He
TOJIbKO), MOXKHO BCTPETHUTH 3aIIMCH BUA

f(x) >0,
gl =0,
x € [a; b,

T. €. 3allUCH, B KOTOPHIX HapsAAy C ypaBHEHUAMU W HEpPaBEHCTBAMH B CH-
CTEMY BKJIIOYAIOTCS U APYTHe BBICKA3bIBaHUA (B IPUBEAEHHOM IMpUMEpE:
x € [a; b]). C dpopmanbHOI TOYKM 3peHUs TAKYIO 3alKiChb UMEHHO B IIOCO-
OUAX IS CpeZIHEH IIIKOJIBI CIeyeT MPU3HATh He BIIOJHE YaYHOM: Beb HU
B OZHOM M3 Y4eOHUKOB HE BBOJUTCS ITOHATHE CUCTEMBI BHICKA3bIBAaHUM, U,
HECMOTPS Ha TO YTO UHTYUTHUBHO IOHATHO, KAaKOM CMBICI BKJIAJbIBAETCS
B moZ0OHbBIE 3alKCH, WX Jydllle u3berath, 3aMeHsisT BbICKA3bIBAHUSA BHA
x € [a; b] HepaBeHCcTBaMU (B JaHHOM CIydae HEPaBEHCTBOM d < X < b).



12 I'naBa 1. O6uIMe MeTOAB! pellleHrs HEPABEHCTB

Ecmu Hy)XHO HallTW Bce 3HAUeHUs MepeMeHHOM, KaXJoe 13 KOTOPBIX
SIBJIIETCS WIU pellleHreM HepaBeHcTBa f (x) > 0 (ypaBHeHuA f (x) =0), wiu
penieHreM HepaBeHcTBa g(x) > 0 (ypaBHeHuUs g(x) =0), TO TOBOPAT, UYTO
3aZlaHa COBOKYNHOCMb HepaseHcmea (CO80KYNHOCMb YPasHeHUll), a 3aTrChI-
BalOT U COBOKYITHOCTh HEPABEHCTB, U COBOKYITHOCTb YPAaBHEHUU C TIOMO-
IIbI0 KBAZPATHOU CKOOKM:

fx) >0,

2(x) > 0 — COBOKYITHOCTh HEPABEHCTB,
foo =0, .
2(r) = 0 — COBOKYITHOCTh YPaBHEHUA.

3HaKU HepaBEeHCTB COBOKYITHOCTH MOTYT OBIThH JIIOOBIMU U3 YETHIPEX BO3-
MOXKHBIX, IIpaBble YacTU HepaBeHCTB (ypaBHEHUN) COBOKYIHOCTHU MOTYT
OBITh OTJIMYHBI OT HYJISI, COBOKYITHOCTb MOXKET COCTOSThH M3 TPEX U bosee
HepaBeHCTB (YpaBHEHUIl), cofep:KaTh HapsaAy ¢ HEPaBEHCTBAMU U ypaB-
HeHHA. Peuwlums co8oxkynHocms HepaBeHCTB (ypaBHEHMUI) — 3HAYUT Hal-
T MHOXXECTBO PEIIEHUM KaXXZOoro M3 HepaBeHCTB (YpaBHEHUI) COBOKYII-
HOCTHU, a 3aTeM HaWTu oObeJuHEHUe IOJTydeHHBIX MHOXecTB. MTak, co-
BCEM KOPOTKO: CHUCTEMa — IlepecedeHre, COBOKYITHOCTb — OOBbeJUHEHME.
[ToaToMmy, HarpuMep, BbICKa3bIBaHUE X € [a; b] MOXXHO 3aMEHUTDH CUCTEMOU

xz=a,
<b a BbICKasbIBaHUE X € (—»; a] U [b; +%) MOXHO 3ame-
~ 5

HEPABEHCTB {
HUTb COBOKYITHOCTHIO HEPABEHCTB [

x<a,
x>b.

[lp1 KaxkAOM [JOMYCTUMOM 3HAYeHUHU IepeMeHHON 3HaueHUe JIF060ro
anrebpanvecKoro BHIPAYKEHUS SBJIAETCA YUCIOM, IIO3TOMY Jajiee /I Kpat-
KOCTH Y SKOHOMHWH MecTa 6yZeM WHOIZA — eClI 3TO He IPOTUBOPEUUT
CMBICJTY TIPEJJIOXKEHUS — BMECTO CJIOBOCOYETAHUS «3HAUEHUE BBIPAKEHUS
g(x)» ucnonb3oBarTh cjIoBocodeTaHue «4uciao g(x)». Hampumep, mpu Jjro-
60M JIOTTyCTUMOM 3HaYE€HUU ITeEpeMEeHHOM U3 ABYX yucen f(x) —5u f(x) — 8
MEHBIIINM, OY€BUZAHO, ABJIseTCc Yucio f(x) — 8. [IpousBeAeHNE ABYX YHCET
OTPHUIIATENBHO B TOM M TOJIBKO TOM CJIy4ae, eCJTM 3TO YMCJIA PAa3HBIX 3HAKOB,
T. €. MeHbIllee U3 dTUX YKCET OTPUIIATEIbHO, a 6OJIbIlIee — IOJIOKUTENBHO.
[Toatomy HepaBeHCTBO (f(x) —5)(f(x) —8) <0 MOXXHO 3aMEHUTb CHUCTE-
MOU HEepaBeHCTB

f)—-8<0,
{ fx)—=5>0.
[MpousBeZeHNe ABYyX YHCEN TMOJOXKUTETHPHO B TOM M TOJBKO TOM CJIydYae,

€C/IM 3TO 4Yucjia OJHOro 3HakKa, T.€. €C/JIM MEHbIIEE M3 3THUX YHCEeJ II0JIO-
JKHUTEJIbBHO (TOI‘LLa 1 60oJIbIllee YHCIIO HOJ'IO}KI/ITeJIbHO) wnin 6osblilee U3 3TUX
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Yucesl OTPUIIATENBHO (TOTAA W MEHBIIee YHUCIO OTPUIATENbHO). [ToaTomMy
HepaBeHCTBO (f(x) —5)(f(x) —8) > 0 MOXHO 3aMEHUTb COBOKYITHOCTHIO
HEpaBEHCTB

f)—8>0,
f)—5 < 0.

PasymeeTcs, Takue 3aMeHbl BO3MOXKHEI TOJIBKO MPU ZOIMYCTUMBIX 3HaUe-
HUAX TIEpEMEHHOM.

Onpeaenenue 1. O6acThio AOMyCTUMBIX 3HaYeHuk (O/[3) ypaBHEHHA
WM HepaBeHCTBa OyZeM Ha3blBaTh MHOXKECTBO BCEX 3HAYEHUU MEpeMeH-
HOM, TIPU KaXKJOM U3 KOTOPHIX OIpeZesieHbl (MMEIOT CMBICT) Bce aarebpa-
“yecKye BhIpaXeHUA B KaXJOU M3 JBYX YacTell ypaBHeHUsA WIN HepaBeH-
cTBa. O6sacThio JOMyCcTUMBIX 3HaYeHUH (OZ]3) cucTeMbl YpaBHEHUH WIN
HepaBeHCTB OyZeM Ha3bIBaTh llepecedeHure O6acTel AOMyCTUMBIX 3HaYe-
HUHI KaXZOro U3 ypaBHEHUM WIM HepaBeHCTB CHUCTEMBI, T.€e. MHOXECTBO
BCeX 3HAYEHUH IepeMeHHOMH, MPU KAK/IOM U3 KOTOPHIX OIpeZiesieHbl (MMe-
IOT CMBICT) Bce ajrebpanyeckue BBIpaXKEHUA B KaKAOH U3 JBYX YacTel
Ka/Ioro ypaBHeHUs WK HepaBeHCTBa CUCTEMBI.

VI3 mecTy OCHOBHBIX THUIIOB airebpandecKUX BBIPAXKEHUH IIKOJIBHOTO
Kypca TpH JaloT OrpaHU4YeHHd Ha lepeMeHHYI0. DTU OI'pPaHW4YeHUsd U OIIpe-
gemnsaioT O/]3 ypaBHeHUs, HepaBeHCTBa, CUCTEMBl WIK COBOKYITHOCTH.

Ta6nuna 1
Aneebpauueckoe gbipasiceHue Oezpanuuenue
anrebpauveckas Jpobb [ g(x)#0

g(x)

UppanyoHa/IbHOE anre6pa1/mec1<oe BbIpaXXeHue

2n/f(x) f(X)>0

m m
cTeneHsb ¢ ApobHbIM moka3aTteneM (f (x)) f(x) >0 npu n >0,

(neN,n>1,mez, % — HecoKpaTuMas pobb) £(x) >0 npu % <0

fG)>0,

norapudmuyeckoe BolpakeHue log, ., f(x) g(x)>0,

g #1

3ameyaHue. [ToMUMO OCHOBHBIX NMPUBEAEHHBIX B Tabiuile aarebpau-
YeCKUX BBIpOKEHUN OrpaHMYEeHUs Ha MepeMEeHHYIo JaloT elé arcsin f(x)
u arccos f (x), O/I3 koTopeIx onpezensercsd HepaBeHCTBOM —1 < f(x) < 1.
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B HekoTOpBIX 3aZja4yax UMeHHO uccaenoBanve O3 gaéT KiIr04Y K pelle-
HUIO, U 6€3 TaKOT'O MCC/IeZI0BAHUS PELTHUTD 33/Iady ITOIIPOCTY HEBO3MOKHO.

IIpumep 6. Pemure cucTeMy HEPABEHCTB
1378 +1In*(x—7) > 13,
74+ V13 —x > 7712,

PemureHue. [TocKOMBKY In? (x—7) onpezenén npu x >7,a V13 —x —
pu x < 13, O/13 zaHHO# cucTeMbl HEpaBeHCTB — ITpoMeXxyTok (7; 13]. Ec-
m x>7, 10 135°9>13, a In?(x — 7) > 0. Moatomy 13* 7 +In?(x — 7) > 13,
U TIEpBOE HEPABEHCTBO JJAHHOW CHCTEMBI BBITOJHEHO TMpHU Jobom x > 7.
Ecm x <13, 10 v/13—x >0, 7+ /13— x> 7, a 772 < 7. [ToaToMy BTOpoe
HepaBEHCTBO ZaHHOM CHCTEMBI BHITIOJHEHO Mpu J06oM x < 13. Takum 06-
pasom, uMeHHo O/]3 JaHHOM CHCTEMBI HEPABEHCTB SBJIAETCA e€ pellleHUeM.

Omseem: (7;13].

IIpumep 7. PemnTe HEpaBEHCTBO

x> +1/x2—81 <81+ vV x2—81.

Pemenue. JleBaa u IipaBas 4acTH HepaBeHCTBA OIIPeZE/NeHb] IIPU yCJI0-
BUU HEOTPHIATeTBbHOCTH TIOAKOPEHHOTO BLIPAXKEHNU, T. €. IpH x> — 81 >0,
oTkyza x> > 81. TIpu ZONYCTUMbIX 3HAYEHHUAX MepeMeHHOH HepaBeHCTBO
NIPUBOJUTCA K BUAY x2 < 81. [Ipuxogum K cucTteMe

x? > 81,
x% < 81,

oTkyza x2 =81, u x ==+9.

Omseem: {£9}.

3ameyanue. Kak BUIHO M3 pacCMOTPEHHOI'O IIpHMepa, B HEKOTOPBIX
CIIy4asx MOXKHO 000HTHCH 6e3 GpOopMaTbHOTO pellleH!Us HEPABEHCTB, 3a/]al0-
mux O/13. Kak npaBuio, 3T0 IPUMEHUMO K 3a7adaM, B KOTOpeIX O/13 Hyx-
Ha IPeNMYLIECTBEHHO /711 0TO0pa KOpHEH ypaBHEHUs WM — B HEKOTOPHIX
cJIydasix — pelleHUl HepaBeHCTBa.

B Tex ciayvasnx, korza BapuaHT EI'D o MaTeMaTuKe COAEPKUT CUCTEMY
JIBYX HEpaBeHCTB C OZHOH [TepeMeHHOM, 3a e€ BepHOe pelleHre OOBIYHO Ja-
€TCs TPU IIepBUYHBIX 6ajuia: 1o 6ajuTy 3a IPaBIWIbHOE PellleHre KaXKA0To U3
HepaBeHCTB CUCTEeMBI U TPETHH 6/l — 3a IIPaBWIbHO HalileHHOe pelleHye
Bcel cucteMbl. OZHaKO CyIeCTBYIOT CHCTeMbl HepaBEHCTB, JJIs1 KOTOPBIX
HeJb3A PEIIUTh OJHO U3 HepaBeHCTB CUCTEMBI (WIM Jaxke Heb3d HalTu
MHOXKECTBO pelleHul HU OJJHOT'O U3 HEPaBEHCTB CUCTEMBI), a MHOXKECTBO
peleHnl Bcell CUCTEMBI HAWTH, TEM He MeHee, YAAETCHA.
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Omnpezenenue 2. Eciu KaxZoe pelleHre [IEPBOTO HEPABEHCTBA SBJIA-
€TCA U pellleHreM BTOPOT'o, TO BTOPOE HEPABEHCTBO HA3bIBAETCA C/1edCmau-
eM TEPBOTO. AHAJOTUYHO €C/IU KaKABIM KOpPEHb MEPBOTO YpaBHEHUS SB-
JIIETCSA ¥ KOPHEM BTOPOTO, TO BTOPOE YPaBHEHUE Ha3bIBaeTCs ciedcmauem
MIEPBOTO.

VI3 3TOrO OIlpe/iesieHysI BEITEKAET, YTO MHOXKECTBO KOPHEH JaHHOI'O ypaB-
HEHUs COZEPXKUTCA B MHO)XXKeCTBe KOpHel ypaBHeHUs-ciecTBuUA. [lepelifa
OT JAHHOT'O YpaBHEHUA K YPaBHEHUIO-CJIEACTBUIO, Hal/iA KOPHU IIOC/IeZIHe-
r'O U IPOBEPUB, KaKWe U3 HUX ABJISIOTCS KOPHIAMU JaHHOTO (Takas IpoBep-
Ka OCYIIEeCTBIISETCS HEMTOCPEACTBEHHOM OACTAHOBKOM HaliZIeHHBIX KOPHEH
B JaHHOE YpaBHEHUE), MOXKHO HAWTHU BCe KOPHU JaHHOTO ypaBHeHus. Kop-
HU YpaBHEHUs-CIeACTBUA (pelleHNs HepaBeHCTBA-CJIeACTBUA), He SIBJIAIO-
myecss KOPHAMMY JaHHOTO YpaBHEH!U (pelleHUsAMH JaHHOT'O HepaBeHCTBa),
YacTO Ha3BIBAIOT IIOCTOPOHHUMU KOPHAMU (pelieHusaMu). Takum 06pasom,
OZHUM U3 METO/JOB pellleHUs YpaBHEHUH ABJSETCA TIepexo/ K ypaBHEHUIO-
CJIEZICTBUIO, KOTOPBIN IIPU 3aMUCH PeLIeHNsT 0603HAYAETC CTPETKOU «=>».
[Tepexoz K ypaBHEHUIO-CJIEACTBUIO, KAK MIPABWIO, CBSI3aH C pacUIpeHreM
O/I3, xoTOopoe OOBIYHO MPOUCXOAUT IMOCIE KAKOTO-TUOO0 anreGpandecKoro
Ipeo6pa3oBaHUsA: BO3BeJeHNA B YETHYIO CTelleHb, OCBOOOXAEHUA OT 3Ha-
MeHaTess, Jorapupma Wik Mozyad. BMecTo HermocpeACTBEHHOH IIOACTa-
HOBKU Hal/IEHHBIX KOPHEH B JaHHOE YpaBHEHWE MOXXHO ITOJCTABIATb KOP-
HU JIUIIb B HEPABEHCTBA, HEBHITIOJHEHNE KOTOPHIX U IPUBOAUT K IIOSIBJIE-
HUIO IOCTOPOHHUX KOPHEU.

Ta6uuma 2
JanHoe ypasHeHue | YpagHeHue-credcmaue IIposepsiemble HepaseHcmaa
£
=0 x)=0 X 0
00 £ g #
gx) =0

(epaBeHcTBO f(x) > 0, 3azaroiee

O/I3 maHHOTrO ypaBHEHUS, IPOBEPATH

v ) =g(x) fF)=g*(x) HE HYKHO: OHO BBINOJIHAETCA JJis

BCeX HalJleHHBIX 3HAYEHUIl TIepeMeH-

HOH, MTOCKOJIbKY TIPU KaXKAOM M3 HUX

f)=g*(x), a g*(x)>0)

a(x)>0, a(x)#1

108, f () = FOO = @) b (HepaBeHCTBO f(x) >0 IpOBepATH HE
HY)KHO: OHO CJIiefyeT U3 TOrO, YTO

a(x) >0 wu, sHauwr, f (x)=(a(x))’>0)

If )] =g(x) fx)==%g(x) g(x)>0
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Jlisl HepaBeHCTB peKOMEH/IOBATh aHAJIOTMYHBIM MeTo/] pelieHus (mepe-
XOZ, K HepaBeHCTBY-CJIe/ICTBHIO), KaK IIPaBUJIO, HEJIB3s: YK CIIO KOPHEH ypaB-
HeHUs B GOJMBIIMHCTBE CIydaeB KOHEYHO (MMEHHO 3TO MO3BOJAET BBIMTOJ-
HUTD IIPOBEPKY ¥ 0TOOPATh KOPHU JaHHOTO YPaBHEHUSA U3 MHOXKECTBA KO-
Hell ypaBHEHUsI-CIIEACTBUS), a YUCJIO PEIIEeHNI HeEpaBeHCTBAa, KaK IIPaBWIo,
6eCKOHEYHO, 1 II0Z0OHYIO IIPOBEPKY BHIIIOTHUTH IIPOCTO HEBO3MOXKHO. Of-
HaKO B HEKOTOPBIX CIyYasx UMEHHO IIepexo/i K HepaBeHCTBY-CIeACTBHIO IT0-
MOTaeT pelInTh 33/a4y. B Takux cirydasx, Kak y»Ke OTMedaaoch, HEBO3MOX-
HO HaMTH pelleHHe OAHOTO (a MHOTZA M KaXIOTO) U3 HEPABEHCTB CUCTe-
MBI, HO pellleHre BCel CHCTeMbI HAlTH, TeEM He MeHee, BO3MOXKHO, IIPUIEM
TaKyl0 BO3MOXXHOCTb JAaéT UMEHHO IIepeXo/i K HepaBeHCTBY-CIeCTBUIO.

IIpumep 8. Pemure cucTemMy HepaBeHCTB

\/x69—3x67—\/§x+78 < 6x% -9,
VX% —3x57 — /3x +78 >

Pemenue. Ecmna<bua>c, to c<b. B Hamem cay4dae

x4,

a= \/x69—3x67—\/§x+78, b=6x2-9, c=ux"

CregoBarenbro, x* < 6x2 — 9, otkyza x* — 6x2 +9<0, T.e. (x> —3)2<0.
Ecmu x2 —3#0, To (x2 — 3)2 > 0. TToaToMy IONy4eHHOe HEepaBeHCTBO BhI-
THOJHAETCA, TONBKO eciu x2 = 3, oTKyza x = ++/3. TakuMm ob6pasom, ec-
JIM JlaHHas CUCTeMa MMeeT pellleHUsI, TO STUMH PEIeHUIMU MOTYT OBITH
TOJBKO YHC/Ia U3 MHOXecTBa {—+/3; v/3}. OcTaéTcsl BBINOMHUTD TPOBEPKY.
IycTh x = /3. Torza IpaBasd 4acTh KaXKOTO M3 HEPABEHCTB CHCTEMEI PaB-
Ha 9. Halizém 3HaueHMe MOJAKOPEHHOT'O BhIpaXKeHUA:

(V3)¥ -3 (V3)" = v3-V3+78 = (v3)* - (vV3)* -3+ 78 = 75.

T[TockonbKy /75 < 9, TlepBOe HEpaBEeHCTBO CHUCTEMBI BBHINOJHEHO, a BTO-
poe — HeT. 3Ha4uT, X = v/3 He ABJIAeTCA pelleHreM JaHHOH crcTeMbl. [TycTh
x =—+/3. Torza mpaBas 4acTh Kax/IOTO U3 HepPaBEHCTB CHCTeMbI paBHa 9.
Haiiziém 3HaYeHue TIOAKOPEHHOTO BhIPAYKEHMU:

(—V3)¥=3-(—vV3) —v/3-(-v3)+78 = - (vV/3)¥ + (vV3)¥ +3+78 = 81.

[TockonbKy +/81 =9, 06a HepaBEeHCTBA CUCTEMBI BHIIIOIHEHBL. 3HAYUT, X =
= —+/3 ABnAeTCA peleHreM JaHHOM CHCTEMEI.
Omeem: {—+/3}.

3ameuaHue. [lowieHHOe C/IOXKeHHe ABYX HEPAaBEHCTB BO3MOXXHO, TOJIb-
KO eCJIM 3TO HEpaBE€HCTBa OZHOI'O 3HAKa. HpI/I TaKOM CJIOXKE€HHWH IIOJydaeTCA
HEPaBEHCTBO, ABJIAOIIEECA CIEACTBUEM AaHHBIX HEPABEHCTB. AHasIoru4HoO
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IIpY NIOWIEHHOM CJIOKEHUHU JBYX YpaBHEHHUH Ioly4yaeTcd ypaBHEHUe, fB-
JiAroIeecsl CJIeCTBUEM JaHHBIX. I103TOMy pelleHUA HepaBeHCTBAa (KOPHU
YpaBHEHMUsI), MTOMYIEHHOT'O IIOWIEHHBIM CJIOKEHUEM JIBYX JAHHBIX, JOJIKHBI
OBITH IPOBEPEHHI ITOJICTAHOBKOM B KaXK/[0€ U3 JaHHBIX HepaBeHCTB (ypaBHe-
HUIT), KaK 3TO ObLIO CZeIaHO NIPU pellleHnH puMepa 2, 1100 HepaBeHCTBO
(ypaBHeHHUe), ABJAIOIIEEC CIeJCTBUEM JAAHHBIX, ZIO/DKHO OBITH BKJIIOYEHO
B JJaHHYIO CUCTEMY.

KoHeuHO, pacCMOTPEeHHYIO CUCTEMY Helb3 CIUTATh CTaHAAPTHOH. [1pu
pellleHNY CTaHJAPTHBIX HEPaBEHCTB WIM HUX CUCTeM IepexoJi K HepaBeH-
CTBY-CJIEICTBUIO He UCIIONB3YETCS; 3/1eCh OOBIYHO IPUMEHSIOT Ipeobpaso-
BaHUA, KOTOPble He IIPUBOJAT K U3MEHEeHHIO0 MHOXXEeCTBA PellleHU JaHHOTO
HepaBeHCTBA WIU JAHHON CHUCTEMBL.

Onpegenenue 3. /lBa ypaBHeHUs (HepaBeHCTBA) HA3BIBAIOTCA PABHO-
CUNbHBIMU, €CTTU OHU UMEIOT OZHO U TO XK€ MHOXXeCTBO pellleHHi (3To MHO-
JKECTBO, B YACTHOCTU, MOXKET OBITh ITyCTHIM, T. €. YPaBHEHUs, HE UMeIOIIre
KOpHEeH, WK HEPABEHCTBA, He MMEIOIIHe pellleHi, PABHOCWIBHEL).

PaBHOCWIBPHEIMU MOT'YT OBITh He TOJIBKO ZIBa YPaBHEHUA, ABA HepaBeH-
CTBa, B€ COBOKYIIHOCTH WIH JiB€ CUCTEMBI. B ompeseneHnN paBHOCWIBHO-
CTH peub UJET JUIIb O MHOXECTBE PellleHUH ypaBHEeHU: WIN HepaBeHCTBa.
[ToaTOMY HEpaBEHCTBO MOXKET OBITh PABHOCHIBHO YPaBHEHHUIO, COBOKYITHO-
CTH WIU CUCTEME, U HaobopoT. [lepexos OT aHHOTO ypaBHeHUs (HepaBeH-
CTBa) K PAaBHOCWJIbHOMY YpaBHEHUIO (HEPABEHCTBY), PABHOCUIBLHOU COBO-
KYIIHOCTY WIH PaBHOCWIBHOU cHCTeMe Ha3bIBaeTCH PABHOCUIbHBIM U IIPU
3aIycy peleHus 0603HavYaeTcs ABYCTOPOHHEHN CTPENKOH «&». TakoH Ie-
PEeX0A He IPUBOAUT HU K MOTepe pelieHuil (KopHeit), HU K IpUobpeTeHNI0
MTOCTOPOHHUX pellleHui (KopHei), U airebpanveckue MpeobpasoBaHMUs,
KOTOpBIE ZleIaloT TaKoM Iepexos BO3MOXKHBIM, TaK:Ke Ha3bIBAIOTCA PABHO-
cunbHbMU. MeToZ paBHOCWIBHBIX IIpeobpa3oBaHuil He TpebyeT MPOBEPKU
HaliZIcHHBIX PellleHUM MyTéM UX MOACTAaHOBKHU B JlaHHOE ypaBHEHUE WIN
HepaBeHCTBO U ABJIAETCA OZHUM U3 OCHOBHBIX METOJOB pelleHUs ypaBHe-
HUI U HepaBeHCTB. /[ ypaBHEHUH TPUBEAEHHYIO BHIIIE TAOIUILy 2 MOXKHO
Terepb 3aMeHUTh Tabiuiieit 3 (c. 18).

3ameuanue. OzHOI U3 HanboJee pacIPOCTPAHEHHBIX OIIKUOOK MIPY 3a-
MUCK pEIIEHUI YpaBHEHUI U HEPABEHCTB SBJSIETCSA UCIIONb30BaHUE 3HA-
KOB CJIEJOBAaHUs ¥ PaBHOCWIBHOCTH IIPU IIepeXofie OT ypaBHeHUs (Hepa-
BEHCTBa, CUCTEMBI) C OAHOM MEpeMeHHOM K ypaBHEHUIO (HepaBEHCTBY, CH-
cTeMe) C [pyroil mepeMeHHOM (Kak MPaBUIO, TIOCIE BBITOTHEHUS 3aMEHBI
nepeMeHHoi). [I[puBeEM PUMED TAKOTO OMIMGOYHOTO UCTIOMB30BaHUI:

«IycTh t = sinx, Torga 2sin?x —3sinx+1 =0 < 2t2—3t+1 = O».
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Ta6smma 3
JanHoe ypasHeHue | PasHocunbHas cucmema
f0 _, §(x) #0,
gk f)=0
el g(x) >0,
f(X)—g(X) {f(x)=(g(x))2
a(x)>0,
log, f(X)=b a(x)#1,
fO)=(a))’
g(x) >0,
IfO)=g(x) [f(x)zg(x),
fO)=—g)

SIcHO, YTO MHOXeCTBa KOpHeil ypaBHeHmit 2sin’x — 3sinx + 1 =0
u 2t — 3t + 1 =0 pasauyHELL, I03TOMY 3TH YpaBHEHUS He ABIAIOTCA PaB-
HOCHUJIBHBIMU. VcIlonb30BaHUE 3HaKa PaBHOCWIBHOCTH B JaHHOM CiIydae
MOXKET OBITb paclieHeHO JKCIEePTaMH, MpOoBepsomMy BapuaHT EID, kak
MareMarudeckas omuOKa, CBI3aHHAs C He3HAHWeM WIN HEIOHUMAaHHEM
olpezie/ieHUs. PaBHOCWIBHOCTH. HelpaBWIbHEIM B JAHHOM ciIy4ae Oyzer
U WCIIOb30BaHMe 3HaKa CJIeJOBaHUA: ypaBHEHNE 2t> — 3t +1=0 He sBIS-
eTcsl, 04eBUAHO, CIe[CTBUEM ypaBHEHUA 2 sin?x —3sinx+1= 0, MOCKOJIb-
Ky MHOXXECTBO KOpHel TPUI'OHOMEeTPUYeCKOTO YpaBHEHUSA He COAEepP KUTCA
B MHOXecTBe KOpHell kBagpaTHoro. K coxasneHHio, B O'POMHOM IIOTOKe
JIUTEPATYPHI A7 TOATOTOBKH K dK3aMeHaM I10Z00HEbIe OMUOKY BCTPEYaloT-
CA CIUIOLIb U PAAOM — JaXe B TeX U3 HUX, I/ie IPUBOJUTCA OllpeZiesieHHe
PaBHOCWIBHOCTY YpaBHEHUN U HepaBeHCTB. E/Ba M 3TO CBA3aHO C HeZO-
CTaTOYHOM KBaINGUIIMPOBAaHHOCTHIO aBTOPOB, CKOPEE, Peyb UJAET O HEKPU-
TUYECKOM ITOAXOZE K YIOTPeOIeHUIO ToZ00HO CUMBOIUKY U ITOMEHE 3Ha-
KaM{ PaBHOCWIBHOCTU U CJIEACTBUA TaKUX CJIOB U CJIOBOCOYETaHUH, Kak
«TOTZa», «TOTZA U TOJIBKO TOIZAa», «HEOOXOAUMO U JOCTATOYHO», «CJIeZloBa-
TEJIbHO», «II03TOMY» M UM ITOJ0OHBIX.

HepaBHocuIbHBIE TPe0OPA30BAHUA YpaBHEHUH ¥ HEPABEHCTB C OAHOI
IlepeMeHHOU CBf3aHbl B OCHOBHOM C CyKeHHeM Wi pacmupenueM O[3
ypaBHEHUA WIN HepaBeHCTBa. B ciyuae cyxxenusa O/I3 MoxkeT IIpOU3ONUTHU
moTeps peleHui (KopHeH), B ciayvae pacmmpenus OZl3 — nmpuobpereHne
MTOCTOPOHHUX pelieHuH (KopHei). [ToaToMy mpu Kask[oM Ipeobpa3oBaHUU
HY>XKHO BHUMAaTeJbHO ciiefuTh 3a O/13, He AoIycKada Cy>KeHUs WIN paclliu-
peHud nociesHel U pyKOBOZACTBYACH CIeAYIOUIMMU ITpaBIIaMHu.
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1. ITeperoc uucna unu 00HOWIEHA U3 OOHOU Uacmu ypasHeHUs Wil Hepa-
geHcmaa 8 Opyzyr ¢ usMeHeHueM 3Haka (NIOC WAU MUMHYC) neped 3mMum
YUCSIOM UAU OOHOUIEHOM HA NPOMUBONOJONCHDLL — PABHOCUIbHOE Npeobpa-
308aHue.

2. IMpusederue nodobHbIX ciazaemblx, He sedyuee k usmeHeHuro O3, —
PABHOCIIbHOE Npeobpasosaxte.

3. YmHoxcerue obeux uacmeil HepageHCMB8A HA NOJOHCUMENLHOE UUCO,
a obeux uacmeil ypagHeHus Ha s0b60e omaudHoe om HyJs UUCI0 — PABHO-
CUIbHOE Npeodpasosamie.

4. YmHoxMceHUe 0beux uacmell HepageHCMBa HA OMPUUAMENbHOE YUCO
C U3MeHeHUeM 3HAKA HepaseHCmed HA NPOMUBONONONCHBIL — PABHOCUIbHOE
npeobpasosaHue.

5. Bosgedenue obeux uacmeil ypasHeHUs UIU HePABEHCMBA 8 UEMMHYI0
cmenens (8 uacmuocmu, 8 kgadpam) npu ycaosuu HeompuuamesabHoCmu
Kaxncooll u3 amux uacmeti u 0ONYCMUMbLX 3HAUEHUSX NepeMeHHOLl — PA8HO-
CUIbHOE NpeodpasosaHmie.

Hanpumep, eciu g(x) <0, To HepaBeHCTBO 4/ f (x) < g(x) He uMeeT pe-
IeHU B CHIY HEOTPUIIATENbHOCTH apuPMETHUUECKOTO KBaJpPaTHOTO KOP-
Hs. TT03TOMY JOKHO BBIIOTHATBCA yciaoBue g(x) > 0. Ho B aTOM ciyvae

obe yacTu HepaBeHCTBA 4/ f(Xx) < g(Xx) HeOTpULIATENBHBI, U BO3BEJEHUE
B KBaJIpaT SIBJISIETCS PAaBHOCWIBHBIM MPe06pa3soBaHUEM IIPHU AOMYCTUMBIX
3HAYEHUAX ITepeMeHHOM. TakuM 06pa3om,

g(x) >0,

V) <gx) & {f(x) >0,
fGo) < (gL

Anasoruydto eciu g (x) <0, To HepaBeHcTBO | f (x)| < g(x) He MMeeT KopHeLd
B CHJIy HEOTPUIIATENBHOCTH MOZYJIsA. [103TOMY ZIOMKHO BBHITTOMHATHCSA HEpa-
BeHcTBO g(x) > 0. Ho B 3TOM ciiydae obe yactu HepaBeHcTBa |f ()| < g(x)
HEOTpHUIIaTeIbHbI, ¥ BO3BEJEHNE B KBAAPAT SIBJSIETCI PABHOCHIBHBIM IIpe-
obpasoBaHUEM IIPH ZOMYCTUMBIX 3HAYEHUAX TIepeMeHHOI. Takum 06pasom,
VUUTHIBAsI, YTO KBaZpaT YHC/Ia M KBaJApaT MOAY/S 3TOTO YKCIa PABHEI, IO-
JlydaeM cjefylolee paBHOCHWIbHOE Tpeobpa3oBaHUe:

g§(x) =0,
(f (0)? < (gL,
Bosee moApo6HO paBHOCHIBHEIE TPe0Opa3oBaHus OyAyT PaCCMOTPEHBI IIPU

U3JI0KEHUH METO/JOB pelleHNsA HEPAaBEHCTB AJIA KaKJ0U QYHKIIMOHATBHO-
anre6pandecKo TMHUY MIKOJBHOTO Kypca.

[f)<glx) & {
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To, 4TO MpUBeZAEeHNE TIOZOOHBIX CIaraeMBbIX He ZOJKHO BECTH K U3MeEHe-
Huwo O/I3, Takke BecbMa CyllecTBeHHO. Hanpumep, eciiv pocTo IIpUBECTU
HoZ06HEIe claraeMble B HepaBeHCTBe X2 + v/x +2 >4 + +/x +2, To 6yayT
TTOJTydeHbl ITOCTOPOHHUE pellleHus. IlocefiHee CBSI3aHO C pacHIUpEHUEM
O/I3: HepaBeHCTBO X2 >4, B OTIMYHUE OT JAHHOTO, He TIpe/IoIaraeT Kakux-
g0 OrpaHWYEHU HA IIEPEMEHHYIO, €r0 pelleHueM SBJAeTC 00beuHe-
HHe TTPOMEXYTKOB (—o; —2] U [2; + ). PaBHOCHIBLHOE Ke Mpeobpa3oBa-
Hue 6yZeT TaKuM:

x? > 4,
x> —2.

C y4éTOM BTOPOI'O HEPABEHCTBA CHUCTEMEI IIOJYYNM INPABWIBHEIA OTBET:
{=2}U[2; ).

Boobie, k uameHeHuto O[3 MpUBOAUT HE TAaK MHOTO IMPeoOpa3oBaHUH,
MTOCKOJIBKY BXOZJSIIMX B INKOJBHYIO IIPOTPaMMYy ajire6pandecKux BhIpaxe-
HUM, TpebyIOIUX OrpaHUYEHUI Ha MEpPeMeHHYI0, BCETO TPU: 3TO aireb-
paudeckuie Apobu, UppaIIOHAIbHbIE BEIPAXKEHUS ¢ KOPHAMU YETHOU CTe-
IeHU U JorapudMudeckue BeIpaKeHUA. IIpu mpeo6pa3oBaHUAX, CBI3aH-
HBIX C «OCBOOOXKZEHNEM» OT KOpHEH YETHOH cTeleHH U joraprudmos (T. e.
C paluoHanu3anuell UppalroHaIbHBIX U JOTapuPMHUIECKUX ypaBHEHUMA
U HEPABEHCTB), OOBIYHO MPOUCXOAUT pacurupenue O3, MO3TOMy IpuUMe-
HeHUe TaKuX NMpeoOpa3oBaHUM [OMKHO COMPOBOXKIAATHCA 0OSg3aTeNTbHBIM
BBHINHMChIBAHUEM COOTBETCTBYIONINX OTPaHUYeHIH (YCI0BUE HEOTPULIATEb-
HOCTU airebpanyecKoro BEIPAKEHUA II0Z 3HAKOM KOPHS YETHOMN CTelleHH,
YCJIOBHIE TTOIO}KUTENBHOCTU aare6pandecKoro BhIPAKEHU 107 3HAKOM JIO-
rapru¢Ma, ycIoBUE MOTOKUTETHHOCTY ¥ HEPABEHCTBA eAMHUIlEe anrebpau-
YEeCKOTO BBIPAXKEHUS B OCHOBAHUU JIoTapupMa, yCJIOBUe HEOTPULATENBHO-
cTH 06enx yacTel ypaBHeHUs WIM HepaBeHCTBA IIPY BO3BeA€HNUY UX B KBaJ-
paTt Wwiu Jpyrylo YETHYIO CTeleHb).

Yro Kacaercs anrebpandeckux Apobeid, TO UX 3HaAMeHAaTeNH JIyYllle «He
TporaTh», UCIONb3Yys IIPU PEIleHNY YPaBHEHUH YCIOBUE paBeHCTBa Jpo6H
Hy/0 (Zpobb paBHA HYJIIO, €C/IU €€ YNUCIUTENb PaBeH HYJIIO, a 3HaMeHaTe b
He paBeH HYJIIO U He TepsieT CMBIciIa). [Ipu pellieHM HepaBeHCTB, CoAepKa-
X anrebpanyeckuie Apobu, Tpyboit onmbKo# ABaAeTcsa «u3b6aBieHue» OT
3HaMeHaTeJIA: Be/b er0 3HAaK BJIMAET Ha 3HAK Bcell Ipobu U YCIIOBUSA OTIU-
YU 3HaMeHaTeIA OT HY/IA B TaKUX CIydasX HeZOCTaTOYHO: B CAMOM JIeTie,

X+ x+2>4+ x+2<:){

a(x)
3HAK ﬂpO6I/I ——= 3aBHCUT HE TOJbKO OT 3HaKa eé YUCJINUTEJIA, HO U OT 3HAKa

b(x)

)
eé sHameHaTess1. [lepexoz oT HepaBeHCTBa —— > 0 K HepaBeHCTBY a(x) >0

a(x)
b(x)
(make mpu ycmoBuu b(x) # 0) o3HaAYaeT, B CYIIHOCTH, YMHOXKeEHUE 00enx

alx)
b(x)

JacTeu HepaBeHCTBA ;5 > O Ha b(X) C COXpaHEHHEM 3HaKa HepaBE€HCTBaA.
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Ho 3HaK HepaBeHCTBa COXPAHSETCS TOJBKO MPHU YCIOBUU b(x) > 0, cryvyaid
ke b(x) <0 mpu TakoM IIpeobpa3oBaHUU MOIPOCTY UTHOPUPYETCA. AHa-

JIOTUYHO I‘py60ﬁ 0H.II/I6KOI>1 ABJIAETCA IIEPEXOA, HAIIpUMEpP, OT HEPABEHCTBA
a(x)

b(x)
JIOTyCTUMO TOJBKO TIpu b(x) > 0, a cay4ait b(x) < O mpu 3TOM OOBIYHO

Ja)ke He paccMaTpUBaeTcsA, YTO IPUBOAUT K IIOTEpe pelleHUH WIN K II0-
SIBJIEHUIO JIUIIHUX pelleHuii. [Ipu peneHUN ApoOHO-pallMOHATBHBIX Hepa-
BEHCTB OOBIYHO Bce anrebpandyecKue BBIPAKEHUsA MEPEHOCITCS B OJHY U3
YyacTell HepaBeHCTBA U MPUBOAATCA K 00IieMy 3HaMeHareno. Hanpumep,

a)
b(x)

> 1 Kk HepaBeHCcTBY a(x) > b(x), IOCKONBKY Takoe MpeoOpa3oBaHUE

IIpaBWJIBHBIM Ha4daJIOM pEHICHHA HEPABEHCTBA > 1 aBasgeTca CIeayro-

mas LermovKa paBHOCWIBHBIX TPe0Opa3oBaHUI:
a(x a(x) a(x)—b(x)
b > 1 boo 53
Boistee moapo6bHO Apo6HO-paIloHaIbHbIE HEPABEHCTBA OYAYT PaCCMOTPEHBI
B COOTBETCTBYIOIEH TIaBe.
K cyxernro O/I3 B OCHOBHOM NIPUBOZAT IIpeoOpa3oBaHus, CBA3aHHEIE
C HEZIOCTATOYHO YETKO MOHATHIMU CBOMCTBAMU KOPHEH 1 joraprudmos. Tax,
repexo/; OT KOPHA U3 MPOU3BeeHUA K TPOU3BEJEHUI0 KOPHEN MOXET I10-
TpeboBaTh paCCMOTPEHUS ABYX CIy4aeB, Beb IOAKOPEHHOE YUCIO HEOTPU-
1aTeabHo, eciv yucaa a(x) u b(x) oba HeoTpUIlaTENbHBI TG0 06a HETOJIO-
JKUTENBHEL. [ToaToMy

-1>0& > 0.

Va)b() = /aG)y/bx)

simmb Tpu a(x) >0 u b(x) >0, a mpu a(x) <0 u b(x) <0 noryyaem

VaGobe) = v/—aG)y/—b).
AHalorMYHO epexo/ oT jorapudma IpousBeeHNs K CyMMe JorapudMoB
MOXXET TaKKe oTpeboBaTh paCCMOTPEHUS ABYX CIyYaeB:
log.(a(x)b(x)) = log, a(x) +1log. b(x)
npu yetoBusx a(x) >0 u b(x) >0 u
log.(a(x)b(x)) =log.(—a(x)) +log.(—b(x))
npu a(x) <0 u b(x) <0. Y:ke u3 3TUX NIPUMEPOB FCHO, YTO BHITIOJTHEHHE
TaKux MpeobpasoBaHuii (mogpobHee 0 HUX TOBOPUTCA B IVIaBaX, IOCBS-
MIEHHBIX UPPAIUOHAIBHBIM U JJorapudMHUUYECKUM HepaBeHCTBaM) TpebyeT
BHUMATEIbHOCTH, THIATETHHOCTA U aKKYPaTHOCTH.

Haub6onee obiyie MeTOAbI pellieHUs HEPAaBEHCTB C OAHOU IIepeMeHHOH,
MPYMEHUMEIE K PellleHUI0 HeEPAaBEHCTB KaXKA0N U3 IiecTU GYHKIIMOHATBHO-
anrebpanyecKuXx JUHUH IIKOJIBHOTO Kypca MaTeMaTHUKH, OyAyT paccMoTpe-
HBI B CJIEZVIOMKX Taparpadax 3ToH IIaBkl.
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I'naBa 1. O6uIMe MeTOAB! pellleHrs HEPABEHCTB

1. a)

6)

2. a)

6)

3.a)

6)

4. a)

6)

Ynpaxuennd k § 1.1

[Mamra ckasaj, YTO HalMCAHHOE Ha JIOCKe HEPAaBEHCTBO UMeeT 6o-
Jlee 5 1eOYMCIEHHBIX pelleHni, a Cama —4ro 6osnee 6. Yaurenb
OTBETWJI, YTO IPAB TOJIHKO OAWH M3 HUX. CKONBKO I€JOYHUCIEHHBIX
pelleHni UMeeT 3TO HEPAaBEHCTBO?

Marmra ckasasia, YTO HallMCaHHOE Ha /JOCKE HEPABEHCTBO MMeEeT Me-
Hee 8 1IeJIOUMC/IEHHBIX pellleHuH, a Jlama — 9yTo MeHee 9. Y4yuTenb
OTBETWJI, YTO IIpaBa TONbKO OfHA U3 HUX. CKOJIBKO I1eJI0YNCIeHHbBIX
peleHul nMeeT 5TO HepaBeHCTBO?

[Ta1ra ckasaji, YTO HalMCaHHOE Ha JIOCKe HEPAaBEHCTBO UMeeT bosiee
5 1enounciaeHHbIx penieHuii, Cama—vuro 6onee 6, a Buta — uyto
6osee 7. YIUTENb OTBETHJI, YTO IIPaB TOJBKO OAWH U3 HUX. CKOJIBKO
LIEJIOYMCJIEHHBIX PEIIeHUH NMEET 3TO HEPAaBEHCTBO?

Maina ckasaja, 4YTO HallMCaHHOe Ha JJoCKe HepaBeHCTBO MMeeT Me-
Hee 9 MeJIOYMCIEHHBIX penieHni, Jlamra — 9yro meHee 8, a Imama —
4YTO MeHee 7. Y4uTejlb OTBeTWI, YTO IIpaBa TOJbKO OJHA W3 HUX.
CKOJIBKO 11eJIOYMCIEHHBIX pellleHUl nMeeT 3TO HepaBeHCTBO?

[lepen auém poxkzenusa Vpsel JleHa ckasaina, uro Vpe mogapAar He
MeHbIle 9 KyKoi, a Bepa — 4To He 6osbiiie 7. CKOMBKO KYKOJ Toza-
pwiu Vpe, ecu u JleHa, u Bepa ourmbiics?

[epes XOKKEHHBIM MaT4YeM Buts ckasai, 4yTo OyzeT 3abpoIleHo He
MeHee 12 maiib, a Baua — uyto He 6osee 10. CKOIbKO II1aiib ObLIO
3a6poIieHo, eciv ¥ Buta, v Baua omu6/IHuch?

OmpezenuTe, CKONBKO a6 GBUIO 3a6POIIEHO B BOPOTA KOMAaH/BI
«AnMa3», eciy U3 CIEAYIOIUX Y€THIPEX YTBEPKAECHUN O pe3y/bTaTe
MaT4a XOKKENHBIX KOMaH[, «PyOuH» U «AlMas» TpU UCTUHHBL, a Ofi-
HO — HET:

1) BeIUrpan «Py6uH»;

2) MaT4 3aKOHYWICS BHUYBIO;

3) B MaTue 6bUIO 3a6poOIIeHo 9 maiib;

4) «PybuH» mpomycTui 6osblile TPEX maiio.

OmpejiennTe, CKOJbKO IMaiitb OBUIO 3a6pOIIeHO B BOPOTAa KOMAaH/bI
«PyOMH», eC/IU U3 CJIEAYIOIIMX YEeTBIPEX YTBEPKAECHMM O pesyabrare
MaT4a XOKKEHHBIX KOMaH/, «PyOuH» U «AJIMa3» TPU UCTUHHEL, a Ofi-
HO — HET:

1) BmIUTpan «AIMas»;

2) MaT4 3aKOHYWICS BHUYBIO;

3) B MaTue 6bLI0 3a6poriieno 11 maii6;

4) «PybuH» 3a6pocu 6oJbIlle YETHIPEX IIAt0.
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5.a)

0)

6. a)

0)

Ompegenure, CKOJIBKO maib OBUIO 3a0pOIIEHO B BOPOTa KOMAH/BI
«BOCTOK», €C/IM M3 CJIeAYIOIIUX IMATH YTBEPXKIAEHUH O pe3yabrare
MaT4ya XOKKEHWHBIX KOMaHJ «BOCTOK» U «3amafi» YeThipe UCTUHHEI,
a OfIHO — HET:

1) BeIUrpan «BocTok»;

2) BBIUTpa «3amnajy;

3) «BocTok» 3abpocuit 6oJbIe TPEX IMIaiio;
4) «3amazg» 3abpocr 6osblile ABYX MIaki0;
5) B Martde 6bUTO 3a6polIeHo 8 maiib.

Omnpegenure, CKOJIBKO maib OBUIO 3a0POIIEHO B BOPOTa KOMAH/BI
«3amaz», eCIu U3 CIeAyOUINX IATU YTBEPKAeHUN 0 pe3yabTaTe MaT-
Ya XOKKEHHBIX KOMaH/ «BOCTOK» 1 «3araf» 4YeThIpe UCTHHHEL, a Off-
HO — HET:

1) BBIMIpas «BOCTOK»;

2) BbIAI'pal «3anaj»;

3) «BoCTOK» 3ab6pocui1 60JIbIlle YETHIPEX MMIA0;
4) «3amazgy» 3abpocri bosblie TPEX mainb;

5) B Marue 6bUT0 3a6poiieHo 10 maib.

N3 natu CIeAYIOINX YTBep)K,Z[eHI/Iﬁ O pesyJsbrTaTaX Mar4da XOKKeM-
HBbIX KOMaH/, «YTOJIBHUK» U <<]_[I/IpKYIIb>> TPpU UCTHUHHBLI, a IBA — HET!

1) BBIUTpAT «YTOJIBHUK>;

2) «YTOMbHUK» 3a6pocwu 5 1maii6;

3) Mary 3aKOHYWICA BHUYbIO;

4) Bcero B Marde 65U10 3a6porreHo 11 maii6;
5) Beiurpa «LIUpKyib».

Ompezenute, ¢ KAKUM CYETOM 3aKOHYWICSA MaTd, U YKaXKUTe mobe-
auTens (B TOM cjlydae, ecJId MaTd 3aBepIIwics nobefol ogHOU U3
KOMaHz).

VI3 maTu cieAyomux yTBep:KAeHUN O pesylbraTax MaTda XOKKeH-
HBIX KOMaHZ, «YTOJIbHUK» U «LJUpKyIb» TPU UCTHUHHEI, a JBa — HET:

1) BBIMrpas «YTOJIbHUK»;

2) «ITupKynb» 3abpocu 6 mario;

3) MaT4 3aKOHYWJICA BHUYBIO;

4) Bcero B Mat4e 6bUIO 3a6porreHo 15 maiib;
5) Bbrpan «L{UpKyIb».

Omnpegenvre, C KAKUM CYETOM 3aKOHYIJICA MaT4, U YKaOKUTe mobe-
auTensa (B TOM ciIydae, eclM MaTy 3aBepIiwics mobenoil ogHoM 13
KOMaH).
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7. a)

6)

8. a)

6)

9. a)

6)

OmnpegenuTte, CKOIBbKO Maib OBUIO 3a0POIIEHO B BOPOTa KOMAH/BI
«ATIeNTbCUHYC», €CTU U3 CIEAYIOUINX IEeCTH YTBEPKAEHUM O Pe3yiib-
TaTe MaT4ya XOKKEHHBIX KOMaHZ «KOKOCHHYC» U «ATeNbCUHYC» 4e-
TBIPE UCTUHHBI, a IBa — HET:

1) Beiurpan «<KokocuHyc;

2) BBIUTpAl «AIeJIbCUHYC»;

3) Mar4 3aKOHYWICS BHUYbIO;

4) B maTue 6bUTO 3ab6poiieHo 14 maii6;

5) «KokocuHyc» 3a6poci MeHee ceMU iaiio;

6) «AmembCcUHYC» 3a6POCHI MeHee IEBSITH IIaio.

OmnpegenuTte, CKOIBbKO mai6 OBUIO 3a0POIIEHO B BOPOTa KOMAH/BI
«KamrranreHc», eCii U3 CIeyIoIUX eCTH YTBep:KAeHUN 0 pe3yib-
TaTe MaT4ya XOKKEHHBIX KOMaHZ «AmelbCUHyc» U «KarmranreHe» ge-
ThIpE UCTUHHEI, a [Ba — HET:

1) Berpan «KamrraHnreHc»;

2) BBIMTpaJ «ATETbCUHYC;

3) MaT4 3aKOHYWJICS BHUYBIO;

4) B maTue 6bUTO 3ab6poiieHo 12 maiio;

5) «KarmtaureHsc» 3abpocust 6oJblile YeTHIPEX Iaiio;

6) «AmMenbCUHyC» 3a6pPOCHII GOJIbIIIE IIIECTH 11aio.

HatizyTe 91CI0 CTOPOH BBITYKJIOTO MHOTOYTOIBHUKA, €CJIU U3 CJle-
AYIOIINX YETHIPEX YTBep:KAEeHUN 0 HEM UCTHHHO TOJIBKO OZHO:

1) cymMa ymioB MHOTOyrosbHUKa 6ombine 500°;

2) cyMMa yIJIOB MHOTOYTOJIbHUKA Gosblire 600°;

3) cymMMa ymioB MHOTOyrosbHUKa 6osbine 700°;

4) cyMmMa yIII0B MHOTOYTOJIbHUKA 6osbire 800°.

HaliguTe 4o CTOPOH BBIIYKJIOIO MHOTOYTOJIBHUKA, €CIU U3 Clle-
ZYIOIINX YeThIPEX YTBEPKAEHUN 0 HEM UCTUHHO TOJIBKO OZHO:

1) cymMMa yIyioB MHOTOYTOJIbHUKA MeHbIne 500°;

2) cyMMa yIJIOB MHOTOYTOJIbHUKA MeHbIre 600°;

3) cymMMa ymIoB MHOIOyroJbHUKA MeHbIIe 700°;

4) cymMa yITI0B MHOTOYTOJIbHUKA MeHble 800°.

HatizyTe 9mcio CTOPOH BBITYKJIOTO MHOTOYTONBHUKA, €C/IU U3 CIle-
AYIOIINX YETHIPEX YTBEPKAEHUM 0 HEM UCTUHHBI POBHO JBa:

1) cymMa ymioB MHOTOyrosbHUKa 6ombire 300°;

2) cyMMa yIJIOB MHOTOYTOJMbHUKA 6osbIie 500°;

3) cymMma ymioB MHOroyrosbHUKa 6osbire 700°;

4) cyMmMa yITI0B MHOTOYToJIbHUKA 6osbiie 900°.

HatigmTe 94Mc/io CTOPOH BHIIIYKJIOIO MHOTOYTOJMBHUKA, €CTH U3 CJle-
JYIOIINX YeTHIPEX YTBEPXKAEHUN 0 HEM UCTUHHBI POBHO /JBa:
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10. a)

6)

11. a)

0)

12. a)

6)

1) cyMMa yIJIOB MHOTOYTOIbHUKA MeHbIe 400°;
2) cyMMa yIJIOB MHOT'OYTOJIbHUKA MeHbIne 600°;
3) cyMMa yIJIOB MHOTOYTO/bHUKA MeHbIe 800°;
4) cymMa yIJIOB MHOTOYTOJIbHUKA MeHblte 1000°.

HaiizyTe 91CI0 CTOPOH BBITYKJIOTO MHOTOYTONBHUKA, €CJIU U3 CJIe-
JVIOIIUX YETHIPEX YTBEP)KAEHUN O HEM HCTHUHHEI TOJIBKO TPH:

1) cymMa yIJIoB MHOTOYTO/NbHUKA 6osbiie 600°;

2) cyMMa yIJIOB MHOTOYTOJMbHUKA GoJbiie 700°;

3) cymMMa yIJIoB MHOTOYTOJMbHUKA Gosbie 800°;

4) cymMa YIJIOB MHOTOYTONMBHUKA 6ombire 900°.

HatizuTe 4niciio CTOPOH BBHIIYKJIOIO MHOI'OYT'OJIbHUKA, €CIU U3 Clle-
JYIOUIX 4eThIPEX YTBepKAEeHUN 0 HEM HCTHUHHBI TOJIbKO TPU:

1) cyMMa yIJIOB MHOTOYTONbHUKA MeHbIe 300°;

2) cyMMa yIJIOB MHOTOYTOJbHUKA MeHbIe 500°;

3) cyMMa yIIoB MHOTOYTOIbHUKA MeHbIe 700°;

4) cymMa yIJIOB MHOTOYTOJIbHUKA MeHblle 900°.

HaliguTe 41cio CTOPOH BBHIIYKJIOIO MHOI'OYTOJIbHUKA, €CIU U3 Clle-
JYIOIINX YeTHIPEX YTBEPKAEHUH 0 HEM HCTHHHBI BCe YETHIpE:

1) cymMma yIJIoB MHOTOYTObHUKA Gosbiire 400°;

2) cyMMa yIJIoOB MHOTOYTOJMBHUKA Gosbine 500°;

3) cyMMa yIJIOB MHOT'OYTOJTbHUKA MeHbine 600°;

4) cyMmma yIJIOB MHOTOYTOJIbHIKA MeHbIe 700°.

HatiznTe 4nciio CTOPOH BBHIIYKJIOTO MHOT'OYT'OJIBHUKA, €C/IU CpeAU
C/IeZYIOIIMX YeThIPEX YTBEPXKAEHNUM 0 HEM HET HU OZHOT'0 HCTHHHO-
ro:

1) cymMa yI/I0B MHOT'OYTOJIbHUKA MeHbIne 600°;

2) cyMMa yIJI0B MHOTOYTOJBHUKA MeHbIne 700°;

3) cymMa yriioB MHOTOyTOMbHUKA 6osbine 800°;

4) cymMa YIJIOB MHOTOYTOJMBHUKA 6ombire 900°.

HaiizuTe MHOXXECTBO pellleHNH HEKOTOPOTrOo HepaBeHCTBA, eCli U3

TPEX CIIeAYIOMNX YTBep:KAeHUH IBa UCTUHHEI, a OZHO — HET:

1) MHOXECTBOM pelleHUH 3TOr0 HepaBeHCTBA SBJSIETCS UHTEPBAT
(7;11);

2) MHOXECTBOM pellleHUH 3TOro HepaBeHCTBA fBJSIETCS MHTEPBAT
(%9; 13);

3) umcio 8 ABIAETCA pelleHreM 3TOr0 HepaBeHCTBA.

HaiiguTe MHOXXECTBO pellleHHH HEKOTOPOI'o HepaBEHCTBA, €CIU U3
TPEX CJIeAYIONIUX YTBEPXKAEHUH 1Ba UCTUHHBI, 2 OHO — HET:
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13. a)

6)

14. a)

6)

15. a)

6)

16. a)

6)

17. a)

1) MHOXXeCTBOM pellleHUU 3TOro HepaBeHCTBA ABJSAETCA UHTEPBal
(=7;10);

2) MHOXXECTBOM peIIeHUH 3TOro HepaBeHCTBA ABJISIETCA UHTEPBA
(—=8; 11);

3) uucino 10 ABisieTcs pelleHrneM 3TOro HepaBeHCTBa.

Haiizute 11eso0e 4yucio a, eciu U3 ABYX CAeAYIOIMIUX YTBepKJAeHUHN

BEPHO TOJIBKO OZHO:

1) a>-17; 2) a>—18.

HaiizuTe 11eo0e 4ucio a, ecim U3 ABYX CAeAYIOMNX YTBEPKAEHUH

BEPHO TOJBKO OZHO:

1) a<-17; 2) a<—18.

Kakue 11es1ple 3HaY€HUS MOXKET ITPUHUMATD ITepeMeHHas d, eCIU U3

JIByX CJIEAYIOIIUX YTBEPXKAEHUNM BEPHO TOJNBKO OZIHO:

D ae(-7;4); 2) ae(-8;6)?

Kaxkue 1jesiple 3HaYeHUsA MOXKeT IPUHMUMATh llepeMeHHas d, eciv U3

JIByX CJIEYIOIIUX YTBEP:KAEHUN BepHO TOJNBKO OJHO:

1) ae(-5;6); 2) ae(—7;7)?

Kakue HaTypasbHble 3HAaUEHUs MOXKET NMPUHUMAaTh IlepeMeHHas d,

€CJIU U3 IBYX CJIEeAYIOMNX YTBEPKAEHUN BEPHO TOIBKO OJHO:

Kaxkue Ieyibie 3Ha4YeHUA MOXKET HpI/IHI/IMaTb HGpEMeHHaﬂ a, ecjii u3
JBYX CJIe,Z[YIOI.L[I/IX yTBep>K/:LeHHI>’I BEPHO TOJIBKO OZHO:
1)— <1< 1. 2) — 1<1< 1
19° 13 17
YKa}KI/ITe HOMepa TeX HEPABEeHCTB, KOTOpbIe HE UMEIOT OTPULIATE Ib-
HBIX pelleHui:
1D (x+3)%(x—2)>0; 4) x?>—123x—1234<0;
2) x> —5x+4<0; 5) x?—x+123<0.

3) 6+5x%—12x%<0;

Ykaxxure HOMepa Tex HepaBeHCTB, KOTOpre He UMEIOT ITIOJIOXKUTEJIb-
HBIX peleHui:

1D (x—3)2(x+2)<0; 4) x%>4432x — 4321 <0;

2) x> —8x+16<0; 5) x> —x+432<0.

3) 11x3+7x*+13x+5<0;

HepaBenctBo 3(x —4)(x—7) <11(x—4)(x—7):
1) He UMeeT pelleHUl;

2) crpaBejjuBO TOJBKO IIpU X =4 WK X =7;

3) crmpaBeAIrBO MIPH JI0O60M JAeHCTBUTENTBHOM X;
4) cmpaBeIMBO TIpH BCex x € [4; 71;
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6)

18. a)

0)

19. a)

6)

5) cmpaBeasIUBO IIpU BeeX X € (—o; 4] U [7; ).
YKa)kuTe HOMepa UCTUHHBIX YTBEPKAEHUM.
HepagenctBo 13(x —5)(x —6) <6(x —5)(x—6):
1) He UMeeT pelleHwUit;

2) crpaBeJIuBO TOMBKO IPU X =5 win x = 6;

3) crmpaBeAIMBO MpHU JIOOOM J€HCTBUTENBHOM X;
4) cmpaBeznIWBO IIPU Bcex x € [5; 6];

5) cmpaBeayuBO TIpU Beex X € (—oo; 51U [6; 4-).
YKakuTe HOMepa UCTUHHBIX YTBEPXKIEHUH.
x>-31,

CucreMa HeEpaBeHCTB { 17 12
17x*" +12x“+4<0:

1) He MMeeT pelleHul;

2) He UMeeT NOJOXKUTENbHBIX PEIleHN];

3) He MMeeT OTPULIATENbHBIX PEIIeHNH;

4) uMeeT U OTpULIaTeIbHbIE, U NTOJIOKUTEIbHEIE PellleHNs;

5) BBINONHAETCS TIPY JIIOOOM JEHCTBUTETHEHOM X.

YKaXyTe HOMepa UCTUHHBIX yTBEPXKIEHUN.

x<21,

CucreMa HepaBeHCTB { 13 10
15x° —10x"—-4>0:

1) He MMeeT pelleHul;

2) He UMeeT TOJIOKUTETbHBIX PEIeHUI;

3) He MMeeT OTPUIATENbHBIX PEIIEHU;

4) vMeeT U OTpUIIATENbHbIE, U TIOJOXKUTENbHBIE PENIeHNT;

5) BBIIONHSAETCS TIPU JIOO0M JEeHCTBUTETHEHOM X.

Ykaxure HOMEpa MCTHUHHBIX YTBep)KZ[eHHfI.

x3—=3x2-5>0,
CucrteMa HEpaBeHCTB
x<5:
1) He UMeeT pelleHwUit;
2) uMeeT TOJBKO OTPULATENbHBIE PEIIEHN;
3) uMeeT TOIBKO IONOKUTENIbHEIE pellleH s
4) mMeeT U OTpHUIaTeTbHbIE, U TOJIOKUTENbHEIE PelleH s,
5) BBIMIONHSAETCA MPU JIO60M J€HACTBUTENLHOM X.

YKaxyuTe HoMepa UCTUHHBIX yTBEPXKIEHUMN.

x®+2x?+3<0,
CucreMa HepaBeHCTB

x>—4:
1) He MMeeT pelleHuUi;
2) uMeeT TOJBbKO OTpHUIIaTebHbIE PelleHNs;
3) uMeeT TOJIbKO IONOXKUTETbHBIE PEeIIeHN;

4) HUMEET U OTpULaTE/IbHBIE, 1 ITIOJIOXKHUTE/IbHBIE DEIECHNA;
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5) BBIMONHAETCS TIPU JIIOOOM JeHCTBUTETHEHOM X.
YKaxuTe HOMepa UCTUHHBIX YTBEPKAEHUN.

20. Pemiite cucteMy HepaBEeHCTB:
(x—3)(x—4)+x—-3<0, (x—50x—6)+x—-5<0,
2 {x17—3x16+4x—11>0; 0 {x19—5x18+3x—14>0.
21. PemnTe cucTeMy HEPaBEHCTB:
(x?*+2x—15)2<0, (x* =3x—18)*<0,
a) {x15—3x14+2x—5>0; ){x13+3x12+4x+11<0.

4x*+5 _ 3x*+4
6x2+5" 7x>+6°
1) He UMeeT pellleHUl;
2) crpaBejjiuBO TOJBKO IpU X > 1;
3) crmpaBeAIHBO MIPH JI060OM JAeHCTBUTENTBHOM X;
4) crpaBeIMBO TONBKO MpHU X < 1.
YKaxuTe HOMepa UCTUHHBIX yTBePKAeHUN.
6) HepaBeHcTBO 7°+5 _5x°+4 :
3x2+4 " 4x*+5
1) He UMeeT pellleHUi;
2) crpaBejjiuBO TOJBKO IpH X < 1;
3) cmpaBeAIUBO MpH JIIOOOM JE€HCTBUTENTBHOM X;
4) crupaBeAIVBO TONBKO MpHU X < 1.
YKa)kuTe HOMepa UCTUHHBIX YTBEP)KAEHUN.
4 5
X+9 Sx+9°
1) He MMeeT pelIeHU;
2) cIpaBe[yIMBO IIPH BCEX X 7# —9;
3) crmpaBeAIHBO MPH JIOOOM JAeHCTBUTEIBHOM X;
4) crmpaBeAsUBO TOJBKO IIPU X > —9;
5) cmpaBeAIMBO TOMBKO IpU X < —9.
YKaxuTe HOMepa UCTUHHBIX yTBePKAEeHUN.

7 6
6) HepaBencTtBO s <x_s"
1) He uMeeT pelleHU;
2) crpaBeIyIMBO IIPU BCEX X 7 8;
3) cmpaBeAIMBO NpU JTI0O0M AEeHCTBUTENTBHOM X;
4) crpaBezIuBO TOJBKO IIPU X > 8;
5) cmpaBezasuBO TOMBKO IpU X < 8.

YKakuTe HOMepa UCTUHHBIX YTBEPXKAEHUM.

22. a) HepaBeHCTBO

23. a) Hepasencrso
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24. a)

0)

25. a)

6)

26. a)

6)

(x?—121)(x+11)
x—11

1) He UMeeT pelleHuUil;

2) cmpaBeJjIMBO IIPU BCEX X, OTIUYHBIX OT —11 1 11;

3) chmpaBeAIuBO TIPHU JIO60M AEHCTBUTENTHHOM X;

4) cmpaBeAJHBO TIPU BCEX X, OTIUYHBIX OT —11;

5) cmpaBeaIMBO TIPU BCEX X, OTJIMYHBIX OT 11.

YkakuTe HOMepa UCTUHHBIX yTBeP)KAeHUU.

(x? —144) (x — 12)
x+12

1) He UMeeT pelleHwUit;

2) crpaBeyMBO MPHU BCEX X, OTIMYHBIX oT —12 1 12;
3) crmpaBeaIUBO MPHU JTIOOOM JeHCTBUTENIBHOM X;
4) crpaBeAJUBO MPU BCEX X, OTIMYHBIX OT —12;

5) cmpaBezIMBO IpHU BCEX X, OTIMYHBIX OT 12.
YKakuTe HOMepa UCTUHHBIX YTBEPKAEHUN.

2x—7 _ 2x—15

x2—4" x?2-4 "~

1) He MMeeT pelleHuUi;

2) crpaBeJIUBO MPU BCEX X, OTIMYHBIX OT —2 U 2;
3) crpaBeAUBO MpHU JH0O0M ZeHCTBUTENHHOM X;
4) cmpaBeAJWBO IPU Bcex X € (—2; 2);

5) cmpaBemyIUBO TIPU Beex X € (—o; —2) U (2; 4-).
YkakuTe HOMepa UCTUHHBIX yTBePXKAeHUU.

3x—11 _3x—-7 .

x2—9 7 x2-9°

1) He MMeeT pelleHuit;

2) crpaBeJIUBO MPU BCEX X, OTIMYHBIX OT —3 U 3;
3) crmpaBeIUBO MpHU JIOOOM JEeHCTBUTENIBHOM X;
4) crpaBeAJUBO MPU Bcex x € (—3; 3);

5) cmpaBeanuBoO TpHu Beex x € (—o; —3) U (3; + ).
YKakuTe HOMepa UCTUHHBIX YTBEPKAEHUN.

Kakue u3 ciezfyomux HepaBeHCTB UMEIOT TOMbKO MOMIOXKUTETbHbIE
pelieHus:

HepaseHctBO >0:

HepaseHcTBO >0:

HepaseHctBO

HepaseHcTBO

1

7 3 . .
1 x3+x_9>0’ 3) 79x5—3x2—4>0’

Gc+3)2 15 8,
2) x—17 >0; 4) 3x5+5x3—2> x°

Kakue 13 ciiefyronix HepaBeHCTB MMeIOT TOJIbKO OTPHUIIATeNbHbIe
peleHus:

5 3 1
1) x3+x+2<0’ 3)

5x5—3x2—4<0;
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27. a)

6)

28. a)

6)

29. a)

(x—3)? 12 7
—9) . — e < _ 1l
2) x+13 <05 g 2x5+3x3+4< x°
87 35
HepaseHctBo

> :

\/3x2+5 \/8x2+7
1) He UMeeT pelIeHUH;
2) cmpaBeJsIUBO MpU Beex X #0;
3) cmpaBeAsHBO MPH JIOOOM JAeHCTBUTEIBHOM X;
4) cupaBeAnMBO TONbKO Ipu X =0.
VKakuTe HOMepa UCTUHHBIX YTBEPXKIEHUM.

95 < 73 :
V7x2 43 y/ox2+5
1) He UMeeT pelIeHUH;
2) cmpaBeJsIUBO MpU Beex X #0;
3) cmpaBeAsHBO MPH JIOOOM JAeHCTBUTEIBHOM X;
4) crmpaBeAIUBO TOJBKO IpHU X =0.
VKakuTe HOMepa UCTUHHBIX YTBEPXKIEHUM.

7 ___6 .
VX+6  Jx+7°
1) He MMeeT pellIeHUH;
2) cmpaBeayIUBO NpHU Beex X 7 0;
3) crmpaBeAMBO MPH JIOOOM JAeHCTBUTEIBHOM X;
4) crmpaBeAIUBO TOJBKO IpHU X > 0;
5) cnpaBezanuBo ToAbKO IIpu X =0.
YKa)kuTe HOMepa UCTUHHBIX YTBEP)KAEHUN.
4 __5 .

Vx+5  Jx+4°
1) He UMeeT pelIeHUH;
2) cmpaBeIJIUBO MpHU Bcex X #0;
3) cmpaBeAIHBO MpH JIOOOM JEHCTBUTETBHOM X;
4) crupaBeznIMBO TONBKO IpHU X > 0;
5) cmnpaBezayinBo TONMBKO Ipu X =0.
YkaxuTe HOMepa UCTUHHBIX yTBeP:KAEeHUN.

9 10
/x 9110 Yx_10+9°
1) cnpaBegynuBo npu x € [9; 10];
2) crpaBegyuBO NIpU X =9;
3) cmpaBeayiuBo npu x = 10;
4) crpaBeIMBO IIPH JIOOOM JE€HCTBUTEIBHOM X;
5) cmpaBezasuBoO IIpu Beex x > 9;
6) cmpaBegnuBO Ipu Beex x > 10.
YkaxuTe HOMepa UCTUHHBIX yTBeP:KAEeHUN.

HepaseHnctso

HepaseHcTBO

HepaseHnctso

HepaseHnctso
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0)

30. a)

0)

31.a)

6)

7 5
¢¥:7+5:>¢¥i§+7'
1) cmpaBegnuBo pu x € [5; 71;
2) cIpaBeJyIuBO MpU X =7;
3) cmnpaBezAnuBO IIpU X =5;
4) crpaBeAIMBO IIPH JIOOOM I€HCTBUTENLHOM X;
5) cmpaBeAJUBO IIPU BCex X > 7;
6) cmpaBeJIMBO IIPU Bcex X > 5.
YKakuTe HOMepa UCTUHHBIX YTBEPKAEHUN.
1 < 1 )
6Vx—5+5~ 7V/x—54+5"
1) He UMeeT pelleHul;
2) cIpaBeAJIMBO TIPU BCEX X # 5;
3) cmpaBeAIuBO TIPH JI060M AEHCTBUTENIHHOM X;
4) cmpaBeAJWBO IIPU BCeX X > 5;
5) cmpaBezIMBO IIpU Bcex X < 5.
YKa)kuTe HOMepa UCTUHHBIX YTBEPKAEHUM.
1 o 1 )
WT—x+7  8/T—x+7"
1) He UMeeT pelleHuUi;
2) cIpaBe[JIUBO MPU BCEX X # 7;
3) cmpaBeAIuBO TIPHU JI060M AEHCTBUTENIBHOM X;
4) cmpaBeAJUBO IIPU BCEX X > 7;
5) cmpaBeayUBO TP BCeX X < 7.
YkakuTe HoOMepa UCTUHHBIX yTBepPKAeHNUU.

HepaseHcTBO

HepaseHnctso

HepaseHcTBO

Kakue u3 ciefyromux HepaBeHCTB UMEIOT TOJIbKO IIOJIOKUTEIbHbIE
pelIeHus:

D V17x—-12>2x-17; 3) x+17)vVx—17>0;

2) x—17)v/x+17>0; 4) V17 —x<x?

Kakue u3 CJIeZ[yIoNux HEPABEHCTB UMEIOT TOJIBKO OTPHUIIATETbHBIE
pelieHus:

1) v15x—1>x—15; 3) (15—x)v15+x<0;

2) (x—15)vV/—x—15<0; 4) V15 —x>x?

Pemute CHCTEMY HEPABEHCTB.

32. a)

X+ vVx—-5<10++vV/x -5, X+V7+x244+V/7+x,
x+vVx+10<5+ vVx+10; X+vV4d—x>-7++vV4—x.

{xz— \V/36—x2>36—14/36—x2,

X35 +X33 <X34 +X32;
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x2—1/x?—49< 49—/ x% — 49,

6)
X49 +X47<X48+X46.
4. 2) Vx2—x—-12<0, 6 vV x?+x—-20<0,
a
VB —4x12 4+ 5x—19>0; V =x17 +4x16 —7x —27>0.
35. a) 6)

36. a)
Vx2—5x+4<x—4;

4—-y*<5; y+vV9-x2<4.
Vx%2=5x+4>x%—4x, Vx2—7x+6>x*—6x,
0)
Vx2—7x+6<x—6.

V/x77 = 5x75 — /Bx + 620 < 10x2 — 25,
\/x77 5x7% — /5x 4+ 620 > x*;

VX% —2x87 4+ VIx + 14 <4x% — 4,
{\/X89—2x87+\/§x+14>x4.

{y +2/x—5+1>y+6, {x2+3 y—4>x+12,

38. a) HepasencTBo cos® x < cos'® x:

1) He uMeeT pelleHU;

2) cIpaBe[JINBO TIPU BCEX X, AJIST KOTOPHIX coSXx 0 v cosx # 1;
3) cIpaBeAIUBO IIpH JI060M ZeHCTBUTETBHOM X;

4) crmpaBemIMBO IIPH BCEX X, ZJIT KOTOPBIX COS X > 0;

5) cmpaBeAMBO MPU BCEX X, AJIA KOTOPBIX cosx < 0.

YKaxuTe HoMepa UCTUHHBIX YTBEP:KIeHU.

6) Hepasenctso sin'® x > sin'” x:

1) He UMeeT pelIeHUH;

2) crIpaBeIJIMBO TIPU BCEX X, /IS KOTOPHIX sinx 7 0 u sinx # 1;
3) cmpaBeAIHBO MU JIOO0OM JEHCTBUTETBHOM X;

4) crupaBezMBO IIPU BCEX X, AJIA KOTOPHIX sinx > 0;

5) cmpaBeayiBO MpU BCEX X, AJIsI KOTOPHIX sinx < 0.

VKakuTe HOMepa UCTUHHBIX YTBEPIKIECHUM.

39. a) HepaBeHcTBO \/Sln < Vsinx

1) He UMeeT pellIeHUH;

2) crIpaBeIMBO TOJBKO IMPU TEX X, s KOTOPBIX sinx # 0 1 sinx # 1;

3) cmpaBeAIHBO MpHU JIIO6OM JIEHCTBUTETBHOM X;

4) crupaBeAIMBO TOJBKO IIPU TeX X, JJA KOTOPHIX Sinx = 0 winu
sinx=1;

5) cmpaBeasiMBO MPU BCEX X, AJIs KOTOPHBIX sinx > 0.

YKakuTe HOMepa UCTUHHBIX YTBEPKAEHUN.
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6) HepasenctBo %Y/cosx > {/cosx:

1) He MMeeT pelleHuUl;
2) CIpaBeTHBO TOIBKO MPH TEX X, IS KOTOPHIX cOS X # 0 1 cos x # 1;

3) crupaBeAIUBO MpHU JI0O0M AE€HCTBUTENBHOM X;

4) crpaBeAMBO TOJNBKO IIPU TeX X, JJI KOTOPHIX cosx = 0 wmwiu

cosx=1;

5) cmpaBeAJIUBO TOJBKO IPU TeX X, JJIs1 KOTOPBIX cosx > 0.

Ykaxkure HOMEpa MCTUHHBIX YTBep)KZ[eHHfI.

40. a) HepaseHcTBO 5/COSx > cos’ x:
1) He MMeeT pelleHul;

2) cIpaBeAJUBO MPHU JHO0M ZeHCTBUTENBHOM X;

3) crpaBeAyIMBO IPU BCEX X, AJIT KOTOPBIX cos X > 0 wiu cosx = —1;
4) cmpaBezAJMBO TIPY BCEX X, I KOTOPHIX cos X < 0 mwmm cosx =1;
5) cmpaBeAIUBO TOJBKO IPU Te€X X, JJIs1 KOTOPBIX cosx > 0.

YkaxuTe HoMepa UCTUHHBIX yTBePXJeHUH.

7/ .
6) Hepasenctso +/sinx <sin’ x:
1) He UMeeT pelleHui;

2) crIpaBeJIUBO MPHU JIOOOM J€HCTBUTENBHOM X;

3) cIpaBeJIUBO IMpU BCEX X, JJI KOTOPBIX sinx < 0 wu sinx =1;
4) cmpaBezJIWBO IIPU BCEX X, A KOTOPBIX sinx > 0 iy sinx = —1;
5) cmpaBeAIMBO TOJBKO MPH TeX X, AJIsI KOTOPHIX sinx > 0.

YKaxyuTe HoMepa UCTUHHBIX yTBEPXKIEHUMN.

Pemute CHCTEMY HEPABEHCTB.

sin®(57x) <5 — X,

1.
41. ) {cosz(Snx) <2x—-09;

cos(mx) >2x —3,

42.a) cos(mx) >5—2x;

—

cos(mx) < x,

43.2) cos(mx) > 2x+1;

—

x<4sin(%) -3,
44. a) x
x>351n(7) -2
x+Dx—4)
sin(4mtx) —1 20,
x+1Dx—4 .
cos(mx)—1 <0;

45. a)

—_—

) sin?(77x) >16 — 2x,
cos®(7mx) =x—7.

6) sin(mtx) <4x—7.
sin(tx) <4x-—1,

sin(7tx) > 2x.

{sin(rcx) <5—4x,
6) {

& x<2cos(mx)+1,
x >3 cos(mx) + 2.

2x—-3)(x+3)
1+ sin(7tx)
2x—=3)(x+3)
1+ cos(4mx) 20.

<0,
6)
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46. a)

47. a)

6)

48. a)

6)

49. a)

6)

x+2)(x—3)(x—4) x+4)(x+3)(x—2)
sin(%) +1 <0, 5 sin(%) -1 >0,

(HDE-E=4 _ | et D=2
cos(%) +1 z cos(%) -1 =

Kakue u3 ciefyionmux HepaBeHCTB UMEIOT XOTS Obl OZIHO OTpHIla-
TeJIbHOE pellleHue:

D B -1DA3*-1)(@23*-1)<0; 3) (32-1)2Q*-1)=>0;
2) (13*-1)(14*-1)<0; 4) 8 —12"*4+11<0?
Kakue U3 ciefyonx HEpaBEHCTB UMEIOT XOTS ObI OZIHO IMOJIOXKU-
TeJbHOE pelleHue:

1D ((0,3)*—-1)((0,13)*—=1)((0,23)*—1)>0;

2) ((0,13)* —1)((0,14)*—-1) > 0;

3) 2P -1)*E*-1<0;

4) (0,8)* —12"*+11<0?

347 _3°+8,

345 3 +4°

1) cmpaBezyIMBO TOJMBKO IpH X > 0;

2) crpaBejiuBO TOJMBKO IpH X < 0;

3) crmpaBeAsBO MpH JIOOOM JAeHCTBUTEIBHOM X;

4) He UMeeT pelleHuH.

YKakuTe HOMepa UCTUHHBIX YTBEPKAEHUN.

648 _6°+7.

6*+4 S 6" +5°

1) cmpaBezyIMBO TOJMBKO IpH X > 0;

2) crpaBejiuBO TOJMBKO IpH X < 0;

3) crmpaBeAsBO MpH JIOOOM JAeHCTBUTEIBHOM X;

4) He UMeeT pelleHuH.

YKaxuTe HOMepa UCTUHHBIX YTBEPKAEHUN.

HepaseHctBo 3 —12x 410> 0:

1) He UMeeT MOJIOKUTETbHBIX PeIIeHUI;

2) He UMeeT OTPHULIATETbHBIX PEIIeHU;

3) crpaBeAIHBO MIPH JIOOOM ITOMOKUTETHHOM X;

4) cmpaBeIMBO IPH JIOO0M OTPHUIIATETHLHOM X.

YKaxuTe HOMepa UCTUHHBIX YTBEPXKAEeHU.

HepagenctBo (0,3)* —10x+11<0:

1) He UMeeT MOJNIOXKUTETbHBIX PeIIeHUI;

2) He UMeeT OTPULIATETbHBIX PEIIEHU;

3) chmpaBeAsUBO MPHU JIOOOM ITOMOKUTETHHOM X;

4) cmpaBeJIMBO IIPU JIOO0M OTPHUIIATETHLHOM X.

YKaxuTe HOMepa UCTUHHBIX YTBEPXKAEeHU.

HepaseHcTBO

HepaseHnctso



§ 1.1. OcHOBHBIe OHATUA U GaKTHI 35

50. a) HepaBeHcTBO 2"—7—8 > ZX:;—B:
1) cmpaBeAJMBO IpU BCeX X # 3;
2) cIpaBeZIuBO TOJBKO MPU X > 3;
3) cIpaBeJIuBO TOJMBKO MPU X < 3;
4) crpaBeAIMBO IIPH JIIOOOM IeHCTBUTENBHOM X;
5) He UMeeT pelleHUM.
YKakuTe HoMepa UCTUHHBIX YTBEPXKAeHUI.
6 __5 .
3*-9° 3*-9°
1) crupaBe[IUBO MPU BCEX X 7 2;
2) cmpaBejIMBO TOJNBKO MPU X > 2;
3) cmpaBeAyIUBO TOJBKO MPH X < 2;
4) crpaBeAIMBO IIPH JI0OOOM J€HCTBUTENLHOM X;
5) He MMeeT pelleHu.

YKaxuTe HOMepa UCTUHHBIX yTBEPX/JeHUH.

51. a) HepaBenctBo (5—7x)(5x —7*) <0:
1) He MMeeT pelleHuit;
2) He MMeeT IOJIOKUTETbHBIX PelleHUI;
3) He MMeeT OTpULIATeNbHBIX PelleHN;
4) copaBefIUBO MIPH JIOOGOM MOJIOKUTETHHOM X;
5) cmpaBezAIMBO NpH JI0O0M OTPULIATETHHOM X.
YKaXyTe HOMepa UCTUHHBIX yTBEPXKIEHUN.

6) HepaserctBo (7 —8x)(8x —7*) > 0:
1) He MMeeT pelleHu;
2) He UMeeT NOJOXKUTENbHBIX PEIleHN ];
3) He MMeeT OTpHULIATENbHbIX PellleHnH;
4) cupaBegIUBO MIPU JIOOOM MOIOXKUTETHHOM X;
5) cmpaBezsMBO IpH I060M OTPULIATETTBHOM X.
YkaxuTe HOMepa UCTUHHBIX yTBEPX/JeHUH.

6) HepaBeHcTBO

52. a) HaiizuTe HauMeHblIIee 1IeJioe pellieHre HeEPAaBeHCTBA
1Eme® > 10V 1,
6) Haiizute HauboJIbIIIEE 1I€JIOE PEIIEHNE HEPABEHCTBA
(0,1) T > 9VFT3,
Pemnite HEpaBEHCTBO.
53.a) Vx—4(5" 2 +6°72—-40)<0; 6) V5—x(4*°+3*7-0,5)>0.
54. a) (5sinx+11""%—6)v/x—9<0; 6) (7cosx—13*"7+6)v/x—8>0.
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55.a) V4 —17-2"+16+V/4x— x>+ V/x+1>2;
6) VO —10-3"+9+1/2x —x%2+/x+8<3.

Pemure crcTeMy HEPaBEHCTB.

x2+7%+4<57, x?+3%4+9<45,
56.a) X 6) x
4x+7* =57, 6x + 3% >45.
57. a) 134 /x—7>13, ) 11744+ V/x—=5>11,
. a
7712 - 13 —x<7; 5710 _ /11T —x<5.
{x2—5x<o, x?—7x<0,
58.a) { x?-7x+10 ) 6) { x*—10x+21
76T —g SO gi gz SO

59. a) Kakue u3 cjleZ[yloNuX HEPABEHCTB UMEIOT XOTA OBl OJHO TOJIOXKH-
TeJIbHOE pellleHue:

D In(x®—5x+4) <lg(—x—3); 3) (x+5)log,(x>—7x*+0,7)<0;
2) /—logg(x+1)>1; 4) log,3(1—37x) > x> +73?

6) Kakwue u3 ciefyolUx HEPaBEeHCTB MMEIOT XOTS OBl OJHO OTpPHIIA-
TeJNbHOE pellleHue:

D InGA+4x2+3)>1g(—x—3); 3) (x+6)log,(x° —6x*—0,6) >0;

2) /log,(x+1)<2; 4) loge; (19x+1) >91 —x'9?
60. a) HepaseHcTBo log,(6x + 1) +8x > 0:

1) He UMeEeT MOMOKUTENbHBIX PEIIEeHUI;

2) He UMeeT OTPHUIIATETbHBIX PEIIEHMU;

3) cmpaBezaIuBO IpU JTI0OOM IOIOKUTENTBHOM X;

4) cmpaBegIUBO MPU JIOO0OM OTPULIATENHLHOM X;

5) chpaBeaIHuBO IIPH BCEX X > —%.

YKaKuTe HOMepa UCTUHHBIX YTBEPXKIEHUM.
6) Hepasencrtso log: (1 —9x) —4x >0:
1) He UMeeT MOJNIOXKUTETbHBIX PEIIeHUI;
2) He UMeeT OTPULIATETbHbBIX PEIIEHU;
3) cmpaBeAIHBO MPHU JIFOOOM ITOOKUTETHHOM X;
4) cmpaBeJIMBO TIPH JIOO60M OTPHUIIATETHLHOM X;

5) cmpaBezasMBO TIPU BCeX X < %

YKaxuTe HoMepa UCTUHHBIX YTBEP)KIeHU.

61. a) Hepasenctso log;((x — 5)24+3)+ log, ((x — 5)2449) <3:
1) crmpaBeAMBO MPU BCEX X # 5;
2) cupaBeZJyIMBO TOJNBKO IPU X =5;
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3) crmpaBeaIUBO MPpHU JIOOOM JE€HCTBUTENIHHOM X;
4) He UMeeT pelleHu!.
YKa)kuTe HOMepa UCTUHHBIX YTBEPKAEHUM.

6) Hepasenctso logs ((x +6)% +5) +log, ((x +6) +8) > 4:
1) cmpaBeAMBO MPHU BCEX X # —6;
2) crpaBeJINBO TOJBKO IIPU X = —6;
3) crmpaBeIUBO MPHU JIOOOM JEeHCTBUTENIBHOM X;
4) He UMeeT pelleHUN.
YKaXuTe HOMepa UCTUHHBIX YTBEPKAESHUM.

PelyTe HEPABEHCTBO.
62. a) log> ,(4—x)>0; 6) log> ,(7—x)>0.
63. a) log, _1,(20 —x) <log,_1,(20 —x) + [x —19|;
6) log,_13(16 —x) <log,_,3(16 —x) + |x —15|.
Pelvite CHCTEMY HEPABEHCTB.

64. 2) v/x—5log,(6—x) <0, &) vx—7logs(8—x) <0,
.a
Vx—=5+1log,(x —4)>0; Vx—=7+log,(x—6)>0.

65. a) {\/JT+log8(x+8)>O 6 {\/m+log6(x+6)20,
+4x—21>0; x?2+3x—10>0.
{logé(x +x—-11)<x-3, 6) {logi(xZ_Zx—7)<x—4,
logB(x +2x—14) <3 —x; logg(x2+2x—23)<4—x.
67. a) {1Olog3(x+6)>x +11, 6 {17log2(x+3)>x2+26,
10log; (x +6) <6x+2; 17log, (x+3) <10x+1.
log53 (x—5) -log13(13 —x)>0,
2) {logss(x— 5) +logi3(13 —x)>0;
&) {10g7(x 7)- log (11—-x)>0,
log7(x 7)+log (11—x)>0.
log;(2x —7) - lg (B3x—10) >0,
){log2(2x 7)+lg (Bx—10)<0;
6 {10g2(2x 9) -logy*(3x —13) >0,
log) (2x — 9) +1logs> (3x — 13) <O0.
70. 2) {(4x —25) -logg(x+3) <0, {(4x2—49)-log7(x+4)<0,
loge (x + 3) +25 < 4x?; log, (x +4) +49 < 4x2.
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§1.2. MeToa UHTEPBAJIOB

[lepeliiéM Temepb K OMUCAHUIO Haubomee OOIIMX METOJOB peIleHUsA
HepaBEHCTB C OJHOU TepeMeHHOMN, MPUMEHUMBIX K PEIIeHUI0 HEPABEHCTB
KaKIOU U3 ceMH OYHKIMOHATbHO-aIrebpaudyecKux JIMHUM IIKOJIBHOTO
Kypca MareMaTuku. HauHéM ¢ MeToza UHTEepPBAaJIOB.

JIroboe anrebpamdeckoe BbIpakeHHE f(X) MOXHO HCIIONb30BATh I
3azaHusa GyHKIUHU Y = f(x). DTO 0OCTOATETBCTBO MO3BOJIAET MHOTAA IS
KPaTKOCTH YIIOTPEOIIATE cIoBocoueTaHue «byHKIUA f (x)» BMECTO «pyHK-
nus y = f(x)» u geiaeT BO3MOXKHON HAIAZHYIO WHTEPIIPETAI[UI0 Hepa-
BeHCcTBA BuAa f(x) V 0O (34ech 3HAKOM «V» 0OO3HAUYeH OJUH M3 YETHIPEX
BO3MOYXHEBIX 3HAKOB HEPABEHCTB «>», «<», «2», «<»). PEIIUTh TAKOE Hepa-
BEHCTBO — 3HAUWT HAWTU Bce 3HAUEHUs [TIepEMEHHOM X, IPU KOTOPHIX I'pa-
¢uk ¢yukuun y = f(x) pacrmosnokeH Bbllle (HUXKe, He BBIIIE, HE HIDKE —
B 3aBHCHMOCTU OT 3HaKa HepaBeHCTBa) ocu abcuwmcc. Tak, ana GyHKIH
y = f(x), rpaduK KOTOPOMH, COCTOAIINI U3 HECKOIBKUX YacTel, n300pakéH
Ha puc. 1, MHOXKECTBOM pellleHui HepaBeHcTBa f (x) < 0 ABIAETCS MHOXKe-
CTBO [X7; x5) U [x3; X4) U [X5; Xg], @ MHOXKECTBOM pelLlIeHHI HepaBeHCTBA
f(x) >0 — MHOXeCTBO

(=005 x1) U (x5 x3) U (345 x5) U (xg; +0).

y

y=f0)

\

X X,  X3|[xs [0 X5 Xef X

Puc. 1

Jna oyaknuu y = g(x), rpaduk KoTopor (TakKe COCTOAIIMH U3 He-
CKOJIbKUX YacTell) M300pak€éH Ha pUC. 2, MHOXKECTBOM pellleHHi HepaBeH-
ctBa g(x) > 0 ABIAeTCA MHOXECTBO

(=005 271U (xg; %3] U {4} U [x55 x6) U [x7; xg) U [xg; X101,
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y

y=8() |

I

_/\ X3 X5 l
x| [x \/4 ol [xe[x; xg X9 x30\ x

Puc. 2

a MHOXECTBOM pellleHHi HepaBeHcTBa g(x) < 0 — MHOXeCTBO
(315 X2) U (X35 x4) U (45 X5) U (x5 X7) U (0305 +0).

AHamornyHbpIM 06pa3omM, paccmarpuBas rpaduku GyHKIuA y = f(x)
u y = g(x), MOXXKHO HaIVIAZHO UHTEPIIPETUPOBATh HEPABEHCTBO BUAA f (x) V
V g(x) (3mech 3HAK «V» IMO-IPEKXHEMY 00O3HAYAET OAWH W3 3HAKOB «>»,
«<», «2», «<»). Tak, Aaa GyHKIMH, rpadUKA KOTOPHIX M300pakeHb Ha
puc. 3, MHOXXECTBOM pelileHuii HepaBeHcTBa f (x) < g(x) ABaseTcs o6beau-
HeHue oTpe3KoB [—4; —1] U [4; 5], a MHOXKeCTBOM pelleHnil HepaBeHCTBa
f(x) > g(x) aBnsgercs untepBan (—1;4). ObpaTiM BHUMaHUE Ha TO, YTO
B JAHHOM cJiy4ae obJacTy omnpezeneHus GyHKIUN pasjiudHbl (3TO 06CTO-
ATEIBCTBO HYXKHO 00513aTeIbHO YIMUTHIBATD MPHU 3aIIMCKU OTBETa): GYHKIUA
y = f(x) ompezenena Ha orpeske [—5; 6], yHknua y = g(x) onpezneneHa
Ha oTpeske [—4; 5].

BecpMa CyIeCTBEHHBIM IIPU 3aMIUCU PELIeHUH IPUBEAEHHBIX BHIIIE He-
PAaBEHCTB ABJAETCA TOT GAKT, YTO KaxkAasd u3 GyHKIuN y = f(x) u y = g(x)
HeIpephIBHA B Ka)X/I0M 4acTu cBoei obsacTu onpezenenus. [loHsaTHe He-
NIPePBIBHOCTH JOBOJIBHO CIOXHOE B CMBIC/Ie GOPMaTbHOI'O ONMMCAHUA; AT
pellleHys 3aa4 UIKOIBHOTO Kypca IOCTaTOYHO MPeCTaBIeHUs O HEeIIpEPhIB-
HOU QYHKIMM KaK 0 QYHKINY, I'padUK KOTOPOH B KaXKJOUM YacTH 06aacTu
olipezieJIeHUs MOXKeT OBITh N300pakEéH HellpephIBHOM JIMHKEeH. TO 03HayYa-
€T, B YaCTHOCTH, YTO M3MEHUTDb 3HAK QYHKIINA MOXKET TONBKO ABYMs «CIIO-
cobamu»: MO0 B T€X TOYKAaX, B KOTOPHIX OHA He SIBJISIETCS HETPEPHIBHOM
(B HEKOTOPBIX M3 TAKUX TOUEK eé rpaduk Kak OBl «[epecKaKUBaeT» depe3
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‘y=f(x) y‘=g(x‘)

Puc. 3

ochk abcrucc: Ha puc. 1 3TO TOYKU X, U X4, HA PUC. 2— TOYKU Xy U Xg),
60 B TeX TOYKax, I7ie eé rpaduK nepecekaeT och abcuce (HaloMHUM, YTO
STHU TOYKU ABJIAIOTCA KOPHAMU ypaBHeHUA f (x) =0 ¥ Ha3bIBAIOTCA HYAMU
dyHxyuu y = f(x): Ha puc. 1 3TO TOYKH X;, X3, X5, Xg, HA PUC. 2 — TOYKH X7,
X3, X4, Xg, X7, Xg, X10). OTCIOZIa BBITEKAET OOLIMI A1 TaKUX QYHKLIUY Me-
TOJ, pellleHNsI HepaBeHCTB, Ha3bIBa€MbIH Memoo0om UHMepP8aios, aIrOPUTM
KOTOPOT'O COCTOUT U3 CJIEAYIOUINX IIaroB.

Anzopumm memoda UHMepeaios

1. [IpuBOAUM, UCIIONB3YsA PABHOCWIbHBIE TIpeobpa3oBaHusd, JaHHOE He-
paBeHCTBO K BuAy f(x) V0, rae 3HaKOM «V» 0603HaYEH OAWH M3 YEeTHIPEX
3HAKOB HEPABEHCTB: «>», «<», «>», «<» (TaKOW BHJ HepaBeHCTBa OyaeM
Ha3bIBaThb cMaHOApmHsim). B ciydae, ecii HEpaBeHCTBO Cpa3y JaHo B CTaH-
JAaPTHOM BHZE, 3TOT IIar IPOIMTYCKAETCs.

2. Haxoaum obacth onpezaeneHus GyHKIUM y = f(x) (HAaIOMHUM, YTO
obsacThb onpezenenusa GyHKIUU 0603HadaeTcs Dy, Dy, D(f (x)) wiu D(f)
II0 TIepBOi 6YKBe CI0Ba «OIpeAeTeHne» Ha JATHIHU WIX TI060M POMAaHCKOM
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SI3bIKE) U OTMedaeM e€ Ha YUCI0BOU NMpAMOM (YUCIOBOU OCH). 3aMeTHM,
YTO YacTo GBIBAeT Iiesiecoo6pasHO B Havase pelleHus cpady Haitu O[3
JJAHHOT'O HEpaBeHCTBA, a IIOTOM Y’Ke NIPUBOJUTH HEPaBeHCTBO K CTaHJAAPT-
HOMy BuZy, nockonpKy O/I3 HepaBeHCTBA U Dy B JAHHOM CJIy4ae ABJIATCA
OJHVM U TeM XKe MHOXecTBOM (pasymeeTcs, ecu Jja IIpUBeZieHusa Hepa-
BEHCTBa K CTAaHJAPTHOMY BUJY UCIONB30BATh PABHOCWIbHEIE NTPeobpaso-
BaHUA).

3. Haxogum Hynu yHKUMHM y = f(x), T.e. KOpHU ypaBHeHHs f(x) =0,
U OTMeYaeM WX Ha YuclIoBod ocu. Eciu JaHHOe HepaBeHCTBO ABJIAETCH
CTPOTHMM, TO HYJIM OTMEYAloTCs OCOOBIM 00pa3oM («BBHIKAJIBIBAFOTCS»)
U 0OBIYHO M300paKaroTCs IIyCTHIMU KPY)XOUKaMu. Eciii HepaBeHCTBO fB-
JIIeTCST HEeCTPOTUM, HyAM (QYHKIMHM JODKHBI 0053aTeNlbHO IIONAcTh B OT-
BeT, U, YTOOBI He 3a0bITh HU OAWH M3 HUX, Jydllle U300pasuTh MX XKUP-
HBIMH — GPOCAIONUMMUCS B IJ1a3a — KPYKOYKaMU (KakK CBOETO POJa «CHUT-
HasibHBIE poHapu»). Hynmu dyHKIMM pa3buBaioT e€ 061acTb OmpeeTeHus
Ha HEeCKOJIbKO MHTEPBAJIOB. B KaXXI0M U3 3TUX MHTEPBAIOB QYHKIINA OIIpe-
JlefieHa, HellpephlBHA M He obpalmjaeTcsa B HyJlb, IO3TOMY IIOMEHATh 3HAK
HU B OJHOU U3 TOUYEK MHTepBaja He MOXeT U, CJIeZIOBaTeNbHO, IPUHUMAET
B K&K/ZIOM U3 MIOJYYeHHBIX MHTEPBAJIOB 3HAYE€HUS OZHOT'0 3HAaKa.

4. PelrraeM HepaBEHCTBO METOZOM UHTEPBAJIOB, OMpeJesia 3HAK QYHK-
nuu y = f(x) B KQXXJOM U3 IOJTyYEeHHBIX MHTEPBAJIOB — HAIpUMep, o eé
3HaKy B OZHOH U3 TOUeK MHTepBaja (Takye TOUYKU MHOIZAa Ha3bIBAIOT IIPO6-
HBIMHU). 3allCBIBaeM OTBET.

3ameyanue. Eciu Touka fBisgeTcs Hy/lEM QYHKIIUY VI He IPUHAJIE-
SKUT 06J1aCcTH ompeeieHns GyHKITUM, 5TO He 03HAYaeT, YTO B TAKOM TOUKe
bYHKITHA «aBTOMaTHUYECKU» MeHAET 3HaK. Tak, QyHKIMs, Tpaduk KOTOPOM
1300paX€H Ha pHUC. 2, He MeHAeT 3HaK HU B OZHOM U3 TOYEK X4, Xg, Xo. Ta-
KUM 06pa3oM, IIPOMEKYTKHU 3HAKOTIOJOKUTENbHOCTH M TIPOMEXYTKHU 3Ha-
KOOTpHIAaTeTbHOCTH PYHKIUHM He 00s3aTebHO YepeAyroTcs. [loaToMmy Ha
JK3aMeHe JIy4Ille TI0JCTPaXx0BaThCA U «9ECTHO» OINPEJEUTD 3HAK GYHKIIMU
B Ka)X/IOM WHTepBaJe.

IIpumep 1. Peminrte HepaBeHCTBO

Vxt—4  +/x2-4

x—1 S x+1

PemeHnwue. 1. [lepeHecéM Bce anreGpanvyecKkue BBIPAKEHUA B JIEBYIO

4acTh HEPABEHCTBA:
4—x* 4-x?
x—1 x+1

<0.



42 I'naBa 1. O6uIMe MeTOAB! pellleHrs HEPABEHCTB

BoIHeceM 0OIIH MHOXKUTED:

[TpuBeaéM pa3HOCTH Apobeii B ckoOKax K 00IIeMy 3HaMeHAaTeJIO:
o x+ 1-(x—1)
VA= oD S &
BEITOTHUM ZeHCTBUA B YUCIUTEIIE U 3alIUIIeM HEPABEHCTBO B BU/IE
2¢/4—x? <0
(x—Dx+1) =
O603HauYMM JIEBYIO YaCTh ITOJYIEHHOTO HEPABEHCTBA uepe3 f(X).
2. Haiizém o6sacth ompenenenus ¢yHkiuu y = f(x). OHa 3azaérea
CUCTEMOU HepaBeHCTB
4—x%2>0,
x # —1,
x # 1.
TlepBoe HepaBEHCTBO CHCTEMBI MOXKHO HepenucaTh B Buze X2 — 4 < 0, OTKy-
Ja (x —2)(x+2)<0, T.e. —2< x < 2. Takum o6pasom,
Dy = [-2; -1Du(—1; 1D u(;2].

3. Haiigém Hynmu ¢yHkuu y = f(x), T.e. kopHH ypaBHeHHs f(x) =0.
B maHHOM Cily4ae 3TO cZeslaTh COBCEM IIPOCTO: HYIAMHU ABJAIOTCA YUCIa

x=—2ux=2.
2¢/4—x?

4. PemiuM HepaBEHCTBO < 0 MeTo0M UHTEPBAJIOB:

x—Dx+1D
| v+ 7 + |
-2 -1 1 2 X

Jls paccMaTprUBaeMOro HepaBeHCTBA ompeiesieHre 3Haka GyHKIUHU f (x)

Ha KaXJO0M K3 UHTEPBAJIOB He IIPEJCTAaB/AET TPYZAA, BeAb YUCIUTEIb 24/ 4—x2
24/ 4 —x?

c—Dx+1)
MeHaresns (x — 1) (x + 1) serko omnpezenanTb, BOCIIONb30BaBUINCh CBOMCTBA-
MM KBaZpaTHOT'O TPEXWIeHa WX MPOOHBIMU TOYKAMU: OYE€BHUIHO, YTO, Ha-
IpuMep, Ipu x = 1,5 3HaMeHaTe/b ITOJ0XKUTeJIeH, IIpU x = 0 — oTpuLiaTe-
JieH, Ipu x = —1,5 — noyoxxuTesieH. B oTBeTe 3amuckiBaeM IIPOMEXKYTOK,

ﬂpO6I/I HEOTPpHUILIATECJIEH B obsiactu OIIp€AEI€EHUA, a 3HAaK 3Ha-
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ITIOMEeYEHHBIN 3HAKOM «—», ¥ He MIpUHAAJIeXKalye eMy Hyimu GyHKuu f (x),
BBIZIeJIEHHBIE JKUPHBIMU TOYKaMHU.

Omsem: {—2;2}U(—1;1).

PasymeeTcs, mpy pellleHUH HeEPaBEHCTB METOOM MHTEPBAJIOB He 006513a-
TeJIbHO B IBHOM B/ YKAa3bIBATh KK/BIHM IIAr alfOPUTMA PelleHus, IIaB-
HOe — HMMeTb fICHOe IIpe/ICTaB/lIeHNe O TOM, YTO BCE €ro LIaTH CZeTaHHL.

IIpumep 2. Pemuite HepaBeHCTBO
1g(3x +2) + (4x — 3)3(5x — 4)*(6x — 5)° > 1g(3x + 2).
Pemenue. JleBad U paBas 4acTXU HEPaBEHCTBA OIlpe/iesieHbl IIpU X >
> —%. [Tpu zomycTUMBIX 3HaYeHUAX IepeMeHHON HepaBeHCTBO JIETKO IIpH-

BOZUTCA K cTaHzapTHoMy BuAY (4x — 3)3(5x — 4)*(6x — 5)° > 0. Jlepad
YacTh MOMy4YEHHOTO HepaBeHcTBa (0603HaYuM eé f (x)) obpaiaeTcs B Hy/Ib
TpU X = %, x= g, x= % OTH yncia pa3buBaioT JIy4d (— %; +00) Ha YeThIpe
vHTepBaja. [I0CKoIbKY HepaBEHCTBO SBJISETCS HECTPOTUM, KayKJ0€e 13 STUX
YHCesT ABMAETCA ero peleHueM. JIjist Toro YToOk! He 3a6BITh BKIIOYUTh 3TH
Yyciaa B OTBET, OTMETUM COOTBETCTBYIOIIME UM TOYKU YHCIOBOM OCH TaK,
YTOOBI HE «IIOTEPSTh» X, T. €. JKUPHBIMU KPY)KOUKaMH (TEMU CAMBIMH «CHT-
HaJbHBIMKM GOHAPAMU», O KOTOPHIX peYb IIUIa BhIlIe). [[pUMEHUM METOZ
WHTEPBAJIOB, OMIpeAeauB 3HAK GYHKINM f(X) B KaKIOM U3 TOJyYEHHBIX

HWHTEPBAJJIOB.

oy, -

3 4

— A

|
4 X
5 6

flcHo, 9yTO TIpM X > % (mampumep, mpu x = 100) 0060 U3 MHOXKHUTETEH
neBoi yacty HepaBeHcTBa (4x — 3)3(5x — 4)*(6x — 5)° > 0 monoxwuTenex,
noatoMmy f(100) > 0. CnezoBaTenbHo, f(x) > 0 1pu Bcex x > % Bri6bpath
«XOpoIllee» YUCIIO IS OTIpe/iesIeHHs 3Haka f (x) Ha cleAyroleM YUCIOBOM

4.5
IIPOMEXYTKe (55 & ) 3aTPYAHUTEIBHO, IIOCKObKY OH He COACPXXMT HU OfI-
HOTO IIeJIOro YHcjia. B Takux ciaydasx oOBIYHO HCIIONB3YIOT PACCYXKIAEHUI

Bpozie cieayromux. Ecmm x € (%, %), TO X < g Toatomy (6x — 5)° < 0.

4

Janee, ecnu x > 5, TO (5x —4)*>0 u (4x — 3)> > 0. 3Hauwur, f(x) <0 Ha
4 5 .. .

(E 6 (kak mpou3sBeieHrEe TPEX MHOKUTENEN, OAWH U3 KOTOPBIX OTPHIIA-

TeJIeH, a /iBa IMOJIOXKUTENbHEI). JlajibHelIee onpeesieHre 3HAKOB MTPOBO-

JUTCS aHAJIOTUYHO. B OTBET BKJIIOYAIOTCS MPOMEXKYTKH, TOMEUYEeHHbIE 3Ha-

KOM «-+», ¥ He IPUHAaAJIeKallle TAKUM ITPOMEKYTKaM HyIu GyHKIuHU f (x)
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(BBIIICBIBAEM KX, CMOTPS Ha «CUTHAJIbHBIE GOHApU»: B JAHHOM CJIydae 3TO

x=%).

omaem: (3] (£} 0[5 +).

3ameuaHue. C MOMOIIBIO PACCYKAEHUM, aHAJIOTUYHBIX CZIeJIAaHHBIM IIPU
peleHnu mpruMepa 1, MOXKHO HAUTHU MTPOMEXYTKU 3HAKOIOMOKUTETHbHOCTH
Y 3HAKOOTPHULIATETLHOCTH QYHKIINH, He ONpeZesisa eé 3HaK B KOHKPETHOU
TOYKE KaXKZOTrO U3 MOMYYEHHBIX UHTEPBAIOB. DTO OOBIYHO BO3MOXKHO /ISt
TeX HEPaBEHCTB, JieBasi YaCTh KOTOPBIX MPECTABIIAET COO0M Mpou3BeieHUE
VI YaCTHOE HECKONBKUX (KaK MPaBUJIO, TUHEWHBIX) MHOXUTeNEH. Ecu xKe
ST MHOXXUTEIU He SABJISIOTCA JUHEHHBIMU U UMEIOT JOBOJBHO CJIOXKHBIN
BU/J, 11eJIecO00pa3HO CHavasa ONpeAeNuTh 3HaK KaKJOro U3 HUX, a 3aTeM
y)Ke — 3HaK IIPOU3BeJeHUsA WIH YacTHOTO. B Takux ciydasx 3TO yAo6HO
JieiaTh C TIOMOIIBIO OZHOTO PHCYHKA, HA KOTOPOM M300paskeHbI OfiHA IO/
apyroi ocu ¢ orMedeHHOU OJ]3 HepaBeHCTBa U HY/ISIMHU JJIA KaXKAOTO U3
MHOXXUTENEeN U /A UX Ipou3BeZieHns (J4acTHOTO), T.e. JJid JIEBOU YacTh
HepaBEHCTBA, TaK, YTO MOJIYYaAeTCs CBOETO poAa «Tabiuia». B «crpoukax»
3TOU «TabJIULIBl» PACCTABJISAIOT 3HAKU MHOXKHUTENEH, a 3aTEM «I10 CTOJIOIaM»
OTIpeZeIAIOT 3HAK UX ITPOU3BEJEHU WIM YacTHoro. Kak aTo Aenaercs, mpo-
WLTIOCTPUPYEM TTPUMEPOM.

IIpumep 3. PemuTe HepaBEHCTBO

(Jx=3|—-x—13)(¥Vx+6—2x+3)
—16
PemeHnue. HepaBeHCTBO JaHO B CTaHJZApPTHOM BuJe. PasnoxuMm 3Ha-
MeHaTeb Ha MHOXKUTENIHU 1Mo GpopMysie pa3HOCTH KBaZIpaToOB M 0603HAUYUM
yepe3 f(x) JIeByI0 4acTh NOJTyYeHHOTO HEPABEHCTBA

(Jx=3|—-x—13)(vVx+6—2x+3)
x—D(x+4

O6nacte onpezienenus Dy, WIM—4YTO B JaHHOM CJydae TO JKe Camoe —
O/I3 HepaBeHCTBa, 3aZ]aéTCA CUCTEMOM

x> —6,

x # £4.
Hatigém uyau dyuxuuu f (x). Jlis aToro pemvm ypaBuenus |x — 3| =x+ 13
U v x+ 6=2x — 3. IlepBoe ypaBHeHue (cM. Tabuiy 2 B § 1.1) mpuBoguTcs
K BUAY

<0.

<0.
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OTKyZa x = —5. Bropoe ypaBHeHme (cM. Tabnumy 2 B § 1.1) mpuBoauTCA
K BUAY

x> 1,5, o 1 > 1,5,
x+6=4x>—12x+9 4x*—-13x+3=0.

" 1
KOpHHMI/I YPaBHEHUA IMMOCTIEAHEN CHCTEMBI ABJIAIOTCA X = Z uXxX= 3, M3 HUX

TOJIBKO X = 3 y/IOBJIeTBOPSeT HepaBEHCTBY CUCTEMBbI. 3aMeTHM, YTO I X =
= —5 U x = 3 BBIIOJHAIOTCA HEpaBeHCTBa

x = —6,
x # 4.

CiieoBaTeNbHO, 3TH YUCIA U ABIAIOTCI HyaaMu GyHKiuu f(x). Temepb
MOJKHO IIPYMEHUTh METO HHTEPBAIOB, H306PastB COOTBETCTBYIOILYIO «Tal-
JIAILY», TIEPBBIE TP CTPOKH KOTOPOM, HAYMHAA C BEPXHEMH, ITpeHa3HAYEHBI
[UIA OTIpe/ie/IeH s IIPOMEXKYTKOB 3HAKOIIOJIOXKUTEIBHOCTH U 3HAKOOTPHIA-
TEJIbHOCTH ajreGpandecKux BeIpaxeHui [x —3| —x —13, Vx+6 —2x+3
u (x —4)(x +4), a nocneansaa (HWKHAA) — JIA ONpeZiesieHUs IPOMEXKYT-
KOB 3HAKOIIOJIOKUTEIBHOCTH Y 3HAKOOTpUIaTenbHOCTH GyHKIuU f (x). IIpu
STOM Ha KaXKIOM OCH OTMEeYalOTCs He BCe HYJIM, a TOJbKO HYJIHU COOTBET-
CTBYIOIIUX MHOXxUTeNeR (cM. puc. 4). ITOCKONbKY €IMHCTBEHHBIM HYJIEM

|x—=3|—x—13 + - - - -
Vx+6-2x+3] + + + - -
(x =4 (x+4) + + - - +
f) + - + - +
/l /l
-6 -5 —4 3 4 x
Puc. 4
anre6panyecKoro BhipakeHUs fi(x) =[x —3| — x — 13 sABmAercsa x = —5,

C TTIOMOIIBIO «IIPOOHBIX>» TOYEK JIETKO ONPEAENUTD, 4To f(x) >0 mpu x < —5
(mampumep, f,(—6) =|—6—-3|+6—-13=2>0) u f; (x) <0 npu x > —5 (Ha-
mpumep, f;(100) =|100—3| — 100 — 13 = —16 < 0). Tak KaK eJUHCTBEH-
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HBIM HYJIEM aareOpamvecKoro BIpaXeHUA f,(x) = vXx+6 — 2x + 3 sABid-
eTcd x = 3, aHaJIOTUYHBIM 06pa3oM HETPYAHO OMpPeAENUTh, 4TO fy(x) >0
mpu x <3 U f,(x) <0 npu x > 3. HakoHel, ecin f3(x) = (x —4)(x +4), To
f3(x) <0Ha (—4;4) u f3(x) > 0 B oCcTaNBHBIX TOYKAX 06JIACTH OTIpeieeHHs
(2TH HepaBeHCTBa MOXKHO TMOJMYYUTh U 6€3 «IIPOOHBIX TOYEK», BOCIOIH30-
BaBIIMCh CBOMCTBAMHU KBaZIPATUYHON QYHKIIWH).

Tenepb, BOCIIONB30BABIIUCDH «CTOJIOLIAMU» TAOIHULIBI, IETKO OTPEJENUTh
MIPOMEXKYTKYA 3HAKOITOMOKUTEIbHOCTY UM 3HAKOOTPUIATENbHOCTH (QYHK-
[0 £,

f3(x)

SBJISIETCS TPAHUYHOM TOYKON 006JIaCTU OmnpefesieHusa, HO He HyJnéM (yHK-
umu f(x) (I03TOMYy Ha PHCYHKE 3Ta TOYKa HUKaK He BbiJesieHa). [I0CKOIbKY
X = —6 MPUHAAJIEXXUT IPOMEKYTKY 3HAKOIIOJIOXUTETBHOCTH GYHKIHYU f (X),
YHCIo —6 B OTBET He BKItOYaeTcsa. TakKuM 06pa3oM, MHOKECTBOM peIIeHUH
JTAHHOT'O HEPABEHCTBA ABJIAETCI 00beIHEHHE TPOMEXYTKOB [—5; —4) U [3; 4).

Omsem: [—5; —4)U[3;4).

MeTo/ MHTEPBAJIOB II0 CYTH CBOJUT pellleHHe HeEpaBEeHCTBA CTaHZAAPTHO-
T'o BU/Ia K PENIeHUI0 YpaBHEeHUS (HaXOXKAeHUIO Hy/Iel GYyHKIIUN) ¢ TOCTeay-
IOLTUM OTIpe/ie/IeHreM 3HAaKOB QYHKITUM HA TIPOMEKYTKAaxX €€ 3HaKOIIOCTO-
SHCTBa. B mpuHOMIE, OH ZAéT BO3MOXKHOCTD IIPU KEJTAHUM OTKAa3aThCsA OT
U3Y4YEHUs «CIellhalbHbIX» CXeM pellleHUs HepaBeHCTB (Hampumep, uppa-
LIMOHAJBbHBIX, TTOKA3aTeIbHBIX, IOTaPUGMUIECKUX) U YIIPOCTUTD ITOATOTOB-
KY K 9K3aMeHaM.

Jlpyrue mpuMephl Ha IpUMEHEHHEe METO/la MHTEPBAJIOB OyAyT paccMoT-
PEHBI B KOKJOU U3 CIEAYIOMIKX IJIaB TOCOOUS.

uun f(x), yuuTeiBasg, 4to f(x) = . 3aMeTHM ellé, 4To X = —6

Yrnpaxxkuenus k § 1.2

Pemnite HepaBeHCTBO.

1.a) (x—3)°3(x—-4*(x—-5)°>0; 6) (x—5)°(x—7)(x—8)¢<0.
2.a) x(x+1)(x+2)%(x+3)%<0; 6) x(x+3)3(x+4)*(x+5)°<0.
(2x—13)2-5x)"(x=7N* (2x—15)(4—5x)*(x —8)?

3.a) 49 <0; 6) Z—oa <0.

1 1 2 1 1 2
43 5t 0) 5 t3iF52 116
5.a) (2—9x+14)(Vx+6—-3)(x— V2x+3)>0;
6) (x> —8x+15)(vVx+10—4)(x— +/5x+6)<O0.
6. 2) (Vx+4+x— 8)(«/x+ +x—7) <0:

x++vVx+6
(Vx+8+x— 4XVX+ +x— 5)
X++v/x+5

0)
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7.a) Cx—|x=3|—-7)Bx—|x+2|—-8)>0;
6) (4x+|3x+1|—8)(5x—|4x—1]—3)<0.
x—2)2(]x—3|—3x+11 x+3)2(|x— 5x—8
8.2) ¢ 3)x(—|2|x—|5|+5+ <o, 6) ¢ +5;£|3|xi|;+2 :
9.a) (2—16)(3*—9) (x> —6x+8)<0;
6) ((0,2)* —25)((0,25)* — 64) (x*>+5x+6) <0.
((0,5)* —4)((0,05)* — 20) (x%2 — 4)

<0.

10. a) 1 2> 0;
(2 —0,25)(20* — 0,05) (x> — 1)
6) x+2 20.

11. a) 2+ (log;(x +2) —2)(log, (x +3) — 3) > log; (x +2);
6) log;(x—3)+ (log,(x —2) —3)(log;(x —3) —2) > 2.

log, (4x% —3x) ) logs (3x2% +2x)
12. ) log, (8x2 +7x) <0; log, (6x% — 5x) <0.
(Jx—4|—-x—12)(V/x+5—2x+5) )
13. a) 2 —or 15 <0;
6) (Jx—=2|—-x—14)(Vx+7—-2x+1) <o.
x2+2x—15
14. a) (x —6)*(|x+ 5|+ |x — 5]) (log, (x + 4) — log; (x — 4)) <0;
JxT3-Vx=3
6) (x = 7)2(|x — 6] + |x + 6]) (logg (x — 5) — logg (x + 5)) <0
Jxd-Vxia '

§1.3. Pa3noxxeHre Ha MHOXXUTEJIU U TPYyIIIUPOBKaA

Periennie HepaBeHCTB MeTOZOM HHTEpPBAJIOB WIM WHBIM METOZOM BO
MHOTHX CJIy4asx TpebyeT HEKOTOPHIX IPeBaPUTENbHBIX AeUCTBUM, IpEX/Ie
BCero IpuBe/ieHNsA HepaBeHCTBa K CTaHZAPTHOMY BHJY C IIOMOIIbIO paB-
HOCWIBHBIX airebpandeckux Ipeobpa3oBaHui, IepedncieHHEIX B IepBOM
naparpade aTo# miaBbl. [IOMHMO yKa3aHHBIX OJHUM M3 TaKuX mpeobpa-
30BaHUH SABJIAETCSI BHIHECEHUE OOIIEro MHOXHUTENA (He Yrcia — Ha YUCI0
obe JacTu HepaBeHCTBA MOXKHO IIPOCTO Pa3ZAeiuTh, — a ajarebpandeckoro
BBIPQXKEHUS), OOBIYHO ITOCJIE IIEPeHoca BeeX arebpandecKux BBHIPKEHUH
B OJHY U3 YacTell HepaBeHCTBa M (IIpY HEOOXOAMMOCTH) TPYIIITUPOBKH CJIa-
raeMelx. OIH U3 TaKUX IIPYMepOB ObLT pacCMOTPEH B IpeAbIAyIIEM Iapa-
rpade. PaccmoTpuM emié gBa.

IIpumep 1. PemuTe HepaBEeHCTBO

V2x—=3 _ +/2x-3
3x—1 ~ 2x+1°
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PemeHue. [lepeHecéM ApoOb M3 MMPABOY YacTU HEPABEHCTBA B JIEBYIO
Y BBIHECEM OOLIMI MHOXUTENb v/ 2X — 3 3a CKOOKU:

1 1
Vax=3(5g - zrr) <O

[IpuBenéM pasHOCTH airebpandeckux Apobeli B cCKoOKax K 0biieMy 3HaMe-

HaTem:
2x+1—-Bx-1)
Bx-12x+1) <0

V2x—3(2—x) V2x—3(x—2)

GBx—-1DC2x+1) T Bx-DEx+1D
KB 06€ JacTH MOMyYeHHOTO HepaBeHCTBa Ha —1, TOIyYrM HepaBEHCTBO
V2x—3(x—2)

Bx—-1D2x+1
4acTh IOCJeAHEero HepaBeHcTBa. O6sacTh ompeneneHus D ¢, WIA— YTO
B IaHHOM cJyd4ae To ke camoe — O/[3 HepaBeHCTBa, 3aaéTcs CUCTEMOU

2x—3

OTKyZa <0, win < 0. PazgenuB uiu yMHO-

CTaHZAPTHOTO BHUJA > 0. O6o3HauuM dYepe3 f(x) JEBYIO

2x—3 >0,
{3x—1;é0,
2x+1#0,

oTKyZa x € [1,5; +). Haiigém aynmu dyukumu f(x): x =1,5, x =2. [lanee
MO)XHO NPHMEHUTh MeTOJ, UHTEePBAJIOB, & MOXXHO 3aMeTHUTh, YTO IPU X €
V2x=3(x—2)
Bx—-1D2x+1)
TIOJIOKUTEJIeH KaXKAbIN 13 MHOXuUTesnei 3x — 1 u 2x + 1. IloaToMy HepaBeH-
x—2>0
x=1,5,

€[1,5; +0) 3HaMeHaTeNb APOOU TIOJIOKUTEJIEH, TIOCKOJIBKY

CTBO BBITIOJTHSIETCS, TOMTBKO €CJIU > otkyza x €{1,5} U [2; +x).

Omsem: {1,5}U[2; + ).
IIpumep 2. Pewmute cucTeMy HepaBeHCTB
4x*4+9-(0,5) 7 > x*- 2 + 36,
{ 2x+6
x—4
Pemenue. 1. PeminM nepBoe HepaBeHCTBO CUCTEMBI, IIepenucaB ero
B BUJe

x2+2x+ < 3.

x2-2°+36—4x2—9-2° < 0.
[leperpymmnupyemM ciaraeMble B JIEBOM 4acTU MMOIYYEHHOTO HEpaBeHCTBa:
(% 2" —4x*) — (9-2*—36) < 0.
BbIHeceM OO MHOXKUTEIb B KAXK/0M U3 CKOOOK:

xX2(2°—4)—-9(2*—4) <0.



§ 1.3. PasnokeHrie Ha MHOXXUTEJM U TPYIINAPOBKA 49

Emmé pa3 BeIHECEM OOIIMI MHOXUTEND: (2° —4) (x*-9)<0, OTKyZa
2*—-4DHx-3)(x+3)<O.

[IpyMeHUM K IIOIy4EHHOMY HEPABEHCTBY METOJ, UHTEPBAJIOB, YUUTHIBAA,
YTO €ro JieBask 4acTh OIpejesieHa Mpu JI060M JeHCTBUTEILHOM 3HAYEHUH
TepeMeHHOMU, a e€ Hy/IM JIETKO HalTh YCTHO:
S| T pEg =
-3 2 3 X

TakuM 06pa3oM, MHOKECTBOM pENIEHUM MMEPBOT0 HEPABEHCTBA CHCTE-
MBI IBJIIeTCSA 00beIMHEHNE TTPOMEXKYTKOB (—o; —3] U [2; 3].
2. PemmM BTOpO€e HEPABEHCTBO CUCTEMBI, ITEPEHCAB €r0 B BUZE

2x+6

x—4
3aMeTUM, YTO €CJIHd NPOCTO IIPUBECTU cjlaraeMble B JIEBOM 4YacTU IIONY-
YeHHOTI'0 HepaBeHCTBA K 00IIeMy 3HAMEHATEITI0, TO B YHCIUTENIe TOTyIuT-
Cs1 MHOTOWIEH TpeThel cTeneHu. [lonpobyeM MOCTYIUTL WHAYe, TOMBITAB-
IINCh BBIZIEMUTH OOWIMI MHOXUTENb. [IJI1 5TOrO0 pasyoKUM KBaJpaTHBIN
TpéxwieH x2 + 2x — 3 Ha MHO)UTeU. Ero Hy1aMu ABisAI0OTCA yncaa —3 1 1,
KOTOpBIE JIETKO HalTu 1Mo ¢opMysie KOPHEH KBaJpaTHOTO YPaBHEHUS WU
dopmynam Bueta. [T03TOMy HEpaBEeHCTBO MOXKHO MEPENUCATD TaK:

Ternepb BbIHECEM 33 CKOOKU OOIIUI MHOXUTEJ:

X +2x -3+ < 0.

c+3)x—-1D+ 0.

2
(x+3)(x—1+xT4) < 0.
[IpuBezséM ciaraeMble B CKOOKax K 06IlleMy 3HaMeHaTeJIo:

(x_l)x():tder <0< (x+3)(x*=5x+6)

<0.

(X+3) x—4 X

KopHAMM KBaZ[paTHOTO TpéxwieHa x> — 5x + 6 AB/AtoTcA uncna 2 u 3. Pas-
JIOKUB 3TOT KBaZ[paTHBIM TPEXWIEH Ha MHOXXUTEH, ITOMyYUM HEPaBeHCTBO

x+3)(x—2)(x—3)

x—4 <0,
KOTOpOE€ JIETKO peIaeTca METOAOM MHTEPBAJJIOB:
T R AR+
-3 2 3 4 x

3HAYUT, MHOXKECTBOM DELIEHUIH BTOPOTO HEPABEHCTBA CHUCTEMBI SIBJIS-
eTcs 06beUHEHNE TTPOMEKYTKOB [—3; 2] U [3; 4).
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3. OcraéTrcsa HalTM MHOXXECTBO pellleHUU cucTeMbl. B faHHOM ciydae
3TO He IpeZCTaBJAeT TPyZAa — PEIIeHUSIMU CUCTEMBI ABJIAIOTCSI BCETO TPU
yucaa: —3; 2; 3.

Omeem: {—3; 2; 3}.

Ynpaxuenud k § 1.3
Perrite HepaBeHCTBO (CHCTEMY HEPABEHCTB).
1a) 2x2—7x+6)(x+2)<(x?+x—2)(x—2);
6) (2x2+5x—3)(x—3) < (x> —x—6)(x+3).

2 ) x*—4x3+4x2>9, ) x*—8x3 4+ 16x2% > 25,
.a
x*—6x3+9x% < 16; x*—10x3 4+ 25x2% < 36.
x*-9 x*-9. x*—4 _x*—4
3.2) S Sy 6) 5737 3x+5
x*+4x—8 x+5+ 1
4. 2) x>—16 Sx+4 " x-2’
) x2—2x—1 x3—3x2+2> ey
x—2 x—3 ZXTX
x24+5x—10 x+6+ 2
6) x2—-25 S x+5 x-3°
x2—3x—2_x3—5x2—4> 2
x—3 x—5 ZX =X
5.a) (x—5)vx—4>3x—15; 6) (x—7NVx—6>2x—14.
x%4/36—x2<254/36—x2, x%1/16 —x2<94/16 —x2,
6.2) \ /x5 JxT6, ®)\ vi¥a_ JxTa
x+2 7 2x-3° x+2 7 2x—1"
7.a) 2xsinx+1>2x+sinx; 6) 2xcosx —3<3cosx —2x.
8 3x —sinx <xsinx—3, 2x+cosx = xcosx+2,
.a
xX—cosx>=xcosx—1; x+sinx <xsinx+1.

9.a) 11-4°4+17°>17"143. 451 f4x+2,
6) 31 +10° <101 4+4-3% 4 3°F2,
X2 3 +4<x%+4-3%, x%-5*4+9<x?+9-5%,
10. a 2 2 )R 2
x“-5%4+20>5x“+4-5%; x%-24+18>2x“+9-2%.

11. a) xlog,x+1>x+log,x; 6) xlogs x +2>x+2log; x.
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logg(x+5) logg(x+5) log;(x+6) log,(x+6)
< bl < bl
12. a) x—2 x+2 6) x—3 x+3
x?+xlog,(2x+9) —1 1 x?+xlog,(2x+11)—4 2
<14+ <14+=.
X2 —x x x2—2x x

§1.4. MeToa BBeAeHUS HOBOU MepeMeHHOU

MeToz BBeZieHUA HOBOH IepeMeHHOU fABJIAETCS OZHUM M3 OOIIMX I
KaXZ0H QYHKIIMOHAIBHO-aITebpandecKor JMHUY IIKOJBHOTO Kypca MaTe-
MAaTUKU METOJOB pelleHUs YpaBHEHUN U HEPABEHCTB, MO3BOJIIOIINX CBe-
CTH IaHHOE YpaBHEHUE WIN HEPaBEHCTBO K OAHOMY WM HECKOJIBKUM OoJiee
MIPOCTHIM TIO CPaBHEHMIO ¢ JaHHBIM. OCHOBHOU Hzeell MeTOAA SBJIAETCS
3aMeHa MOBTOPSIOIIErocsl aarebpanvdeckoro BhIPAXKEHUs B JAHHOM YpaB-
HeHUH (HepaBeHCTBe) HEKOTOPOH (OOBIYHO JIATMHCKOM) OYKBOM, HTparo-
el posib HOBOM mepeMeHHOMN. PemuB mociie Takoil 3aMeHBl ypaBHeHUe
(HepaBeHCTBO) OTHOCUTENHHO HOBOH IIepeMeHHO, HY)KHO cZieslaTh 06paT-
HYIO 3aMeHY, BEpHYBIINCH K JJaHHOH MEPEMEHHOM, U PELIUTh TONTydeHHBIE
ypaBHeHUs (HepaBEeHCTBA) y»Ke OTHOCUTENbHO JJaHHOU ITlepeMeHHOU. 3ame-
THUM, YTO YCTOSIBIIEECS Ha3BaHUE «METO/ 3aMeHbBI TIepeMEHHON» SABJISETC
TEPMHUHOJIOTMYECKY He BIIOJIHE TOYHBIM, IIOCKOIBbKY 3aMeHseTCsS He Iepe-
MeHHas, a anrebpandeckoe BeIpakeHue. [IpaBuIbHee Ha3bIBaTh 3TOT Me-
TOJ, METOZIOM BBeZIeHU HOBOI IepeMeHHOM. Takoe Ha3BaHMeE UCIIONb3yeTCs
B psifie mOCOOUA, B TOM YHCJIe U B 3TOM. [Ipu pelreHuy crcTeM HEPaBEHCTB
C OZIHOY IepeMeHHOI HOBas IIepeMeHHAas MOXKET BBOAUTHCS KaK B IIpeZieax
BCell CHCTeMB], TaK U B IIpe/iesiax OJHOTO U3 HEPABEHCTB CUCTEMHI. IIpon-
JIIOCTPUPYEM TIPUMeHeHNe MeToa IpUMepPaMH.

IIpumep 1. PemuTe HepaBeHCTBO (x? — 9x)?% + 4x? < 36x + 140.

PemeHnue. IlepenuiieM HEPaBEHCTBO B BUZIE
(®—9x)* +4(x* —9x) —140 < 0

U BBEZIEM HOBYIO TlepeMeHHyIo t = x> — 9x. HepaBeHCTBO mpuMeT Buz t2 +
+ 4t — 140 < 0. KopHAME KBaZpaTHOI'O TPEXWIEeHA B JIEBOK YaCTU IOTy4YeH-
HOI'O HepaBeHCTBAa fABJAAITCA yucia —14 u 10 (ux MOXHO HaWTHU C ITOMO-
b0 GOPMYJIBI KOPHEHN KBaZPaTHOT'O YPABHEHUS WIK C TOMOIIBI0 GOpMYI
Buera). Crapmuii k0apULINeHT KBAJPAaTHOIO TPEXWIEHA IIOJMIOKUTEIIEH,
MMO3TOMY pellleHHe HepaBeHCTBa — IpoMexXyToK (—14;10). Caemaem 06-
paTHyIO 3aMeHy, llepei/id K cucTeMe

x%—9x > —14, x2—9x+14 >0,
2 = 2
x“—=9x <10 x*—9x—-10< 0.
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KopHsiMU KBajpaTHOrO TpéxuieHa B JIeBOW YacCTH IepBOr0 HepaBeHCTBa
CHUCTEMBI SBJIAIOTCS YUCiIa 2 U 7, cTapiiuil Ko3GUITMEHT TpEXUWIeHa I0-
JIOXKUTENEH, W, 3HAYUT, MHOXKECTBO pelleHUi HepaBeHCTBA — 0ObeAuHe-
HUe IIPOMEeXYTKOB (—o0; 2) U (7; +). KopHAMM KBaZpaTHOI'O TpEXWwIeHa
B JIEBOU YaCTH BTOPOTI'O HEPAaBEHCTBA CUCTEMBEI ABJAIOTCA uncaa —1 u 10,
cTapiiuii Ko3pPUIMEHT TPEXWIEHA MTONOKUTENIEH, U, 3HAYUT, MHOKECTBO
pelieHUlN HepaBeHCTBa — IpoMexKyTok (—1; 10). CiezmoBaTenbHO, MHOXKe-
CTBO PEeLIEHUH CUCTEMBI — 00beANHeHEe TPOMEXYTKOB (—1; 2) U (7; 10).

[ AN
W SSIIDISENN N7
-1 2 7 10

Omeem: (—1;2) U (7; 10).

Eciiu pyl pellieHUH CHCTEM HEePaBeHCTB C MTOMOINBI0 METOZA BBEAEHUS
HOBOU IepeMeHHOH Takas IepeMeHHas BBOAUTCA B MpeZesiax Bceil cucre-
MBI, MO)XHO He 3aIKChIBATh pellleHre KaXZ0Tro HepaBeHCTBAa OTHOCUTENIbHO
JAaHHOU IlepeMeHHOM, a cZieJlaTh 3TO cpa3y JJid BCe CUCTEMBL.

IIpumep 2. Pemmre cucTteMy HepaBEHCTB
3tg?x —2tgx—5 <
2tg?x —5tgx—7 >

0,
0.
PemeHue. BBenéM HOByIO IepeMeHHYI0 z = tg x. ChucTeMa NpUMeT BU/,
322 —22-5<0,
222 -5z—7 > 0.

KopHAME KBaZipaTHOro TpéXwieHa B JIeBOM 4YacTH IEepBOrO HepaBeH-
CTBa ITOJMy4YeHHOMN CHCTeMBI ABJAITCA Yuciaa —1 u % Crapmuii koaddunu-
€HT KBaZIpaTHOI'O TPEXWieHa II0JI0KUTe/IeH, II03TOMY MHOXeCTBO pelleHuN
HepaBeHCTBa — IPOMEXYTOK [— 1; g] . Kopasamu kBagpaTHOro TpéxdieHa

B JIEBOM YacTU BTOPOr'0 HEpPaBEHCTBA TOM >Ke CUCTeMBl ABJAIOTCA YHcCIa
—1 u 3,5. Crapumii ko3$pPUIMEHT KBaZPaTHOTO TPEXUWIeHA IOIOXKUTENEH,
MTO3TOMY MHOXKECTBO pelIeHUM HepaBeHCTBA — 0ObeMHEHNE TTPOMEKYT-
5

KOB (—oo; —1]U [3,5; 4+ ). [TocKOMbKy 3< 3,5, eIUHCTBEHHBIM pelleHUueM
CHUCTEMBI

322 —22-5<0,

222 —5z—7>0
ABisAeTcs 2 = —1. BepHyBIIUCH K TTepeMEHHOU X, MOMydyuM tg x = —1, OTKy-

T

aax=—z+nn, nez.

<
Z

Omsem: —% +mn,neZ.
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Bo MHoOrux ciy4asx pellleHHe CHUCTEMBI IByX HEpaBeHCTB ¢ OZHOH Iepe-
MEeHHOH 11e1eco06pa3Ho MPOBOAUTE B TPU 3Tama: 1) pelluTh mepBoe Hepa-
BEHCTBO CHCTEMBI; 2) PellUTb BTOpPOE HepaBEHCTBO CHCTEMBI; 3) PeIluThb
CUCTeMy, Haiid mepecedyeHUe pelleHUl, IOJIyYeHHBIX Ha JBYX NpeAblAy-
IMX dTanax. 3a IIpaBWIbHOE BHIOTHEHHEe KaXKJOI'o dTalla IIPU pelleHUNn
cucTeMbl HepaBeHCTB Ha EI'D mo marematuke gaéres 1 6ajut, moaToMy ske-
JlaTeIbHO GUKCHPOBaTh IIONYyYeHHBIE HA Ka)XJOM 3Talle OTBETHl B TEKCTe
pemrenus. Pasymeercs, pelraTh HepaBeHCTBA CHCTEMBI MOXKHO B JIIO6OM
MOpsIZIKE, @ HAUMHATh HYXKHO C TOTO HePaBEeHCTBAa, KOTOPOe KaXkeTcs Hosee
npocThIM. Kpome Toro, peliieHre OHOTO U3 HEPaBEHCTB CHCTEMBl MHOIZA
MOXXHO YIIPOCTUTH, YIUTHIBAsA 00aCTh JOIIYCTUMBIX 3HAYEHUN WIN pelle-
HUe Jpyroro eé HepaBeHCTBA. B ciezyrolnemM npuMepe TaKoW y4éT MO3BO-
JIeT paccMaTpUBaTh He /jBa C/Iydas «PacKpPBITUA» MOJYJISA, a TOIbKO OAMH.

IIpumep 3. Pemute cucteMy HEpaBEHCTB

log3 (—log, x) +log, (log} x) < 3,
1

_ 2_ 1] — _+
4x?=1]-3> 5.

Pemenue. 1. JleBas yacTb IIEpBOI'0 HEpABE€HCTBA CUCTEMBI OIIpeAeie-

Ha, eciiu
x>0, N x>0,
log,x <0 x <1,

T.e. x€(0;1). Ecmu x € (0; 1), To x? < 1. TToatomy x> —1<0u x> —1|=
=—x?+1. Temepb cECTEMY MOXHO HepeNiCcaTh TakK:

logg(— log, x) +1log, (logé x) <3,

2_1)=—3> _1

4(x*—-1) -3 > 21
PemiM MepBoe HEPABEHCTBO CHCTEMBI, BBeZs HOBYIO IMEPEMEHHYIO t =
= —log, x, rae t > 0. HepaBeHCTBO IIpUMeT BUJ, logﬁ t +log, t* < 3. 3ame-

M, uto log, t> = 2log, t, mocKonbKy t > 0. TakuM 06pa3oM, MPUXOAUM
K HEpaBEHCTBY logg t+2log, t —3 < 0. [ToyyeHHOE HEPABEHCTBO ABJAETCA

KBaZIpaTHbIM OTHOCUTENBHO 2 =l0g, t ¥ UMeeT BUJ, 2% + 2z — 3 <0. Kopns-
MM KBaZ[paTHOI'O TpEx4WieHa B JIeBOM YacTU 3TOr0 HepaBeHCTBA ABJIAIOTCA
yucna —3 ¥ 1 (MX MOXXKHO HAaWTH C TOMOILIBI0 GOPMYJIBI KOPHEH KBaZpaT-
HOT'O ypaBHEHUS WIH C MoMoInbio popmysn Buera). Crapmmii koadpduum-
€HT KBa/IpaTHOTO TPEXWIeHa IOJI0XUTeNeH, I03TOMY MHOXKEeCTBO pelleHUH
HepaBeHCTBa — NPOMeXyTOK [—3; 1]. Crenaem obpaTHyIO 3aMeHy, mepeii-
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Isl K CUCTeMe HEPaBEHCTB C IIepeMeHHOI t. ViMeeMm

log,t > -3,
log,t <1

Temepb BepHEMCS K IepeMeHHOU X. [lorydaum

MTaK, MHOXXECTBOM pellleHHii MepBOro HepaBeHCTBA CHUCTEMBI ABJIAETCH
1 1 ]
MPOMEXYTOK | 55 5= |-
2. PemyM BTOpOe HEPAaBEHCTBO CHCTEMEI, BBEJA HOBYIO IepeMeHHYIO
y=x?>-1, y <0. Ioxyuum

_ 1 2_ 2_q,_
@/3>y,¢>ry 3y<L¢${®/ 3y-1<0,

KOPHHMI/I TpéX‘IJIE‘:Ha B JIEBOM YacTU KBaZApaTHOI'O HEPABEHCTBA CHUCTEMBI

1 " ..
ABJIAIOTCA YMCIA —7 U 1, crapuimii KO2GOUITMEHT TPEXWIEHA MOJIOXKUTE-
o 1
JIeH, U, 3HaYUT, MHOXKEeCTBO pellleHnl HepaBeHCTBa — IIPOMEXKYTOK [— e 1|.

o 1
CrnezoBaTesbHO, MHOXKECTBO PEIIeHUl CHUCTeMbl — IIPOMEXYTOK [— 7’ O).

Caenaem obpaTHyIO 3aMeHy, Mepeiisa K CUCTeMe HepaBEHCTB C IIepeMeH-
HOH x. IMeeM

V3

x2-1>-1 x2>3 *Z 3
= 4:<:> /4J<:> <_£
x?-1<0 x?<1 AN
-1<x<1.

HOBTOMY MHOXKECTBO pemeHHf/i BTOPOI'O HEpaBE€HCTBA CHUCTEMEI C y‘{éTOM

yesoBus x € (0; 1) — nmpoMexxyTok [?, 1).
3. Haiizém MHOXXeCTBO pelleHUN JaHHOUW CUCTEMBI KaK IepecedyeHue
IIPOMEXYTKOB [1' L] u [ﬁ 1) ITockoabk \/_§_i§ > 1 a 1 <1
p yT 485 24 Y2 =74 " sn

3 1 2 2 \8
%HS—ﬁ,MHﬁHS—ﬁ,MH(ﬁ)SH(S—ﬁ),MH

OCTaéTcA CpaBHUTh
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3 1
3* u 27, wm 81 u 128. ITockonbky 81 < 128, momydaeM, 4To U g < 75
Cr1e[0BaTeNIbHO, MHOXKECTBOM pellleH il JAHHOH CHCTeMBI ABIAETCH TPOMe-
V3.1

KYTOK [ 5 %] )

Omeem: [ﬁ L]

)
3ameuanue. CpaBHeHMe uyces Ha MOCAeHEM 3Tale pelleHUsd MOXKHO
3

IPOBECTHU «OT IIPOTUBHOTO»: JOIMYCTHM, YTO g > /5 U HOTYIHM

£>L:(£)S>(L)8:ﬁ4 134597581128

2 735 2 5 2% = 2
V3 1
—HpOTI/IBOpe‘{I/Ie 3HA4YUT, ,ZLO]'IYH.ICHI/IG HEBepHO nu 7 < 8—\/5

Yopaxuenus k § 1.4

Perrrute HEpaBeHCTBO (cUCTEMY HEPABEHCTB).
1. a) (x?—2x)%+36x+45<18x?%; 6) (x%2+8x)2 <2x%+16x +63.

(2 +1)2+3<7x?, ) (x? —2)? +5<6x?,
(% +3x)2 < 8x% + 24x + 20; (x? —2x)2 +36x + 45 > 18x>.
12 7 . 45 14

3.a) (x% +4x)? x2+4x+1>0’ 6) (x2+6x)2+x2+6x+120'
2 -2 t1<0, 2 -3 +1<0,

4.2) {* 4514 g9, 6) 12 7 i1s0
(x2—6x)%  x2—6x = (x2—4x)2  x%2—4x z

4—3x / —4 ) 1—2x 1
5.a) o +11 1>24, 0) 4x+1+5 4x+1>6
3x—2 4x —3 4[/3x—2
6. a) 4x—3+ x—1 >2 x—1"
Vx+17-8VxF 1+ Vx+65—16Vx+16;

4x+5+\/5x 4. 4/4x+5
6) 5x—4 x—3"’

Vx+30—10v/xF5+Vx+126—22+/x+5>8.
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7. a) BSinzx—sinx—4>O; 6) 2cos®x+cosx —3>0.
8 6sin’x —5sinx+1<0, 6 8cos?x+10cosx+3>0,
.a
8sin’x —6sinx+1>0; 6cos®x +7cosx+2<0.
1 4 1_9 1 9 1 3
9.a) 9x " —26-3x “—3>0; 0) 4" “—4-2x">—-82>0.
1 4 1 2
10.2) { 5+31 S5 _T’ 6) | F+aSzFa_1
4 —(0,25)*7° > 63; (2,5)* — (0,4)*"2>5,25.
11. a) log?(25 —x?) —3logs (25 —x?) +2>0;
6) logs (64 —x?) —5log, (64 —x*) +6 > 0.
logyx —log,9>1,5,
12. a) 4 3 3 .
4+log,x = log,(2x) (4+log2x B 1) >0;
logg x —log g< 8
6 8 X \3:
) 3 1 3
+ ( —1) >0.
5+log,x = 1+4log,(2x) \ 5+log, x

§1.5. IIpuMeHeHUeEe CBOMCTB QYHKIHH K pelIeHUI0
HepaBeHCTB

Cy1iecTByeT ZOBOJIBHO GOJBIION KIacC HEPABEHCTB, pelleHre KOTOPBIX
C TTOMOIIBIO TOJBKO CTAHZAPTHBIX MeTOZOB (anrebpandyeckux npeobpaso-
BaHUM, 3aMeHbl IepeMeHHOMH, MeTo/la NHTepBaJIOB U MeToZa 3HaKOTOX/e-
CTBEHHBIX MHOXUTeJIell) HeBO3MOXKHO. PellleHre TaKUX HEPaBeHCTB U UX
CHICTEM CYIIeCTBEHHBIM 06pa3oM OmupaeTcss Ha HEKOTOphIe CBOIMCTBA dJIe-
MeHTapHBIX GYHKIIUI, M3yIaeMBIX B IIKOJBHOM Kypce, IIpeX/e BCero Mo-
HOTOHHOCTbH (HallOMHUM, YTO MOHOTOHHBIMM Ha3bIBAIOTCA BO3pacTaloliye
u yobIBarommuye GpyHKINHM) U OTPAaHUYEHHOCTD. B HEKOTOPBIX CIy4asax IIPUXO-
JWTCS VICIIO/Mb30BAaTh CBOMCTBA MEPUOANYHOCTH, YETHOCTU (HEUETHOCTH),
WHBApUAHTHOCTU, AUPPEPEeHIIUPYEMOCTH, a TaKKe rpadpuyecKkre UHTEP-
mpeTalnuu HepaBeHCTB (ogpoGHee 06 3TOM roBopuTcsa B KHure: [Ilecma-
kog C.A. EI'D 2016. MaTemaTurka. 3ajauu ¢ napaMeTrpoM. 3azada 18 (mmpo-
¢bwibHEI ypoBeHb). M.: MITHMO, 2016.)

[Tpexxzie 4yeM MepexoAUTh K PelIeHUIo IPUMEpOB, puBeAEéM Haubomee
4acTO UCIIONb3yeMble IIPU pellleHUN ypaBHEHWU U HepaBeHCTB yTBepX/e-
HUS O MOHOTOHHBIX QYHKIMAX, HayaB C TeX, KOTOpPble UTPalT BCIIOMOTa-
TEJIbHYIO POJIb.
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Yreepixaenue 1. Pynkyuu y=x>""1 y=Yx, y=a* (npua>1), y=
=log, x (npu a > 1) moHomoHHO 803pacmarom kaxcdas Ha cgoell obracmu
onpedenerus; gyHxyuu y =a* (npu 0<a<1), y=log,x (npu 0 <a<1)
MOHOMOHHO YOblearom kaxcddast Ha cgoell obiacmu onpedesienus (n — Hamy-
panbHoe vucao; n>1ona y = Yx).

YrBepxkgenue 2. Ecau gynxyuu y = f(x) u y = g(x) MOHOMOHHO 803-
pacmatom (yOblearom) Ha HeKOMOPOM NPOMeyCymke, mo U GyHKUUs y =
= f () + g(x) moromoHHO 8o3pacmaem (ybvleaem) HA MOM Jice NPOMeNCym-
ke (kpamkas gopmynuposka: cymma eospacmarowsux (yowviearowux) PyHk-
yuil sensemces gospacmarnueil (ybvisarouweil) gyHkyueir).

YrBepxkgenue 3. 1. Ecniu gynxuyusa y = f(x) MOHOMOHHO 803pacmaem
Ha Hekomopom npomexcymke u a >0, mo ¢gyHkyuu y =af(x) +b u y =
= f(ax + b) MOHOMOHHO 803paACMAlOM HA MOM Jce Npomexcymke, a GyHk-
yuu y=—af(x) +b u y = f(—ax + b) moHomoHHO ybblearom Ha mom xce
npomexcymxe (b — nroboe delicmeumenbHoe UUCAO).

2. Ecnu ¢ynkyus y = f(x) MOHOMOHHO ybbleaem HA HEKOMOPOM Npo-
Mmexcymke u a >0, mo gynkyuu y =af(x) +b u y = f(ax + b) mono-
MOHHO Ybblearom Ha mom dce npomexcymke, a gynkyuu y = —af(x) +b
u y = f(—ax +b) MOHOMOHHO 803pACMAOM HA MOM Jce npomexcymxe (b —
Jiroboe deticmasumesnibHoe Yucio).

Kak yxe oTMedasoch, IpUBEJEHHBIE YTBEPXKJEHUS OOBIYHO UTPAIOT
BCIIOMOTaTeJNbHYI0 POJIb: OHU HO3BOJIIIOT OOOCHOBAaTh MOHOTOHHOE BO3-
pacTtanue win yosBaHue GyHKUMU. [l HeITOCPeCTBEHHOIO Ke PelleHUs
HepaBeHCTB IIPUMEHSIOT cilefylolllee YTBep:KJeHHe.

YrBepikaenue 4. Ecau gynkyusa y = f(x) MOHOMOHHO 803pacmaem HA
acell uucnoeoil npamotil, a gynkyusa y = g(x) MoHOMOHHO yObieaem Ha ecell
qucn08otll npsamotl, mo cnpagednusst caedyrowjue ymeeprucoeHus: a) f(a) <
< f(B) 8 mom u moavko mom cayuae, koeda a < f3; 6) g(a) < g(B) 8 mom
U MOILKO MOM Cayuae, kozda a = f.

OTO yTBEpXKAEHUE SBIAETCS, B CYIIHOCTH, MPOCTOM mepedopMymupoB-
KO oIpezieJieHHs Bo3pacTalolleil 1 yorIBatoleil GyHKITUY.

IMpumep 1. PyHkIuA y = f(t) MOHOTOHHO yOBIBAEeT Ha BCE YUCIOBOM
npamoii. Haiiaute Bce 3HadeHus x, a1 KoToprix f(x2 +x3) > f(x® +x%).

PemeHwue. B cluly MOHOTOHHOTO yObIBaHUA GyHKIMU y = f (t) Hepa-
BeHCTBO f(t;) > f(t,) BBITIONHAETCA B TOM M TOJBKO TOM CJIy4Yae, eCiu
t; <t,. B HameMm ciydae t; =x% + x>, t, = x> + x*. [losatomy zanHOE Hepa-
BEHCTBO PaBHOCH/ILHO HepaBeHCTBY x2 + x° < x° + x*, otkyza x* — x2 > 0.
BhiHeceM 3a CKOGKM OOIIMI MHOXUTEb X2 B IEBOM YacTU U Pas3jIoXuM Ha
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MHOXXUTEIN BEIpaKEHHE B CKOOKax 10 ¢$popMysie pa3HOCTH KBAJPaTOB:
x*(x—1)(x+1) > 0.
HOCJIELLHee HepaBeHCTBO JIET'KO pemaeTca MEeTOAOM I/IHTepBaJ'IOB:

R R /55
-1 1

0

X
Omsgem: (—oo; —1JU{0}U[1; + ).
IIpumep 2. Pemure HepaBEeHCTBO

fBx+44+5) < f(5x+4°+3),

ecin

FO) =x+33/x+5453Yx+3+7.

PemeHnue. Pasymeerca, MOXKHO 3aIlliCcaTh JAaHHOE HEPABEHCTBO B AB-
HOM BU/Ie — U TOPbKO YAUBUTHCA OeCCMBICIEHHOCTH COBepUIEHHOro. Yro-
661 M36€)XaTh 3TUX HE CIMIIKOM MPUATHBIX OUIYIIEHUM, TONUAEM UHBIM IIy-
TéM. dyHKIMA y = f (X) MOHOTOHHO BO3pacTaeT Ha Bceil YMC/IOBOM IPAMOM
(kak cymma Bo3pacTatonux GyHKwuii). [Toaromy HepaBeHCTBO f(a) < f ()
OyZeT BBIIIOJHATHCSA B TOM U TOJIBKO TOM Cilydae, eciu a < 3. B Hamem
crydae a=3x+4*+5, f =5x+4* 4 3. Takum ob6pazom,

3x+4°+5 < 5x+4°+3,

OTKyZa 2x > 2, U, 3Ha4uT, x > 1.

Omsem: [1; +x).

YKe 5TU OTHOCHUTETHHO HECJIOXKHBIE IMPUMEPHI MTOKA3BIBAIOT, YTO IS
VCIEITHOTO pelleHuUs MOA0OHBIX 3a/ja4 HY»KHO XOPOIIO 3HATh CBOMCTBA MO-
HOTOHHBIX QYHKIIMH ¥ yMeTb MX HCIIOJNb30BaTh. TaK, ecyid IIPU JOMYCTU-
MBIX 3HAYeHUSIX MepeMeHHBIX GYHKUUsA y = f(t) MOHOTOHHO BO3pacTaer,
a ¢yukua t = g(x) MOHOTOHHO yOBIBaeT, To pyHKIMs y = f(g(x)) byzaer
MOHOTOHHO yOBIBAIOIIIEl; €CIU e TIPU JOMYCTUMbBIX 3HAUeHUsAX TepeMeH-
HBIX ¥ GyHKIMA ¥y = f(t) MOHOTOHHO Bo3pacTaeT, U GyHKIu t = g(x) Mo-
HOTOHHO Bo3pacTaer, To ¢yHKIUA ¥y = f(g(x)) Takke OyzeT MOHOTOHHO
Bo3pacratomeii. PaKTHYeCKU UMEHHO 3TH YTBEPXKEeHMs, KOTOPBIE SIBJISIOT-
ca 0bo0IIeHreM YTBEPXKAEHUA 3 U KOTOPbIE JOBOJBHO IPOCTO IIONYIUTH
HEITOCPECTBEHHO M3 OMpe/iesieHusl Bo3pacTarolleil U ybriBatomieil GpyHK-
I[Uii, OBUTH HESTBHBIM 006Pa30M HCIIOIb30BAHEI IPYU PEIIeHUH NTPEeAbIAYIIETO
mpuMepa.

IIpumep 3. Pemurte HepaBEHCTBO

Gx+D(1+v/Bx+1)2+9)+2x(1+V4x2+9) <0.
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PemeHnue. [lepenuiieM aHHOe HEPABEHCTBO B BUZIE

Gx+D(1+vVBx+12+9) < —2x(1+V4x2+9)

u pacemorpuM ¢ykumo f(t) =t(1+ 1/t2+9). Ora ¢yHkuusa apigercs
BO3pacTarolieif, YTo — B OTINYKe OT GYHKIMY U3 IprMepa 2 — KyZAa MeHee
OYEBHMIHO U JO/DKHO OBITH 060CHOBaHO 6ojee moApobHO. B camoMm zere,
ecmu t; <0<ty TOo f(t;) < f(t,), HOCKONBKY B 3TOM ciydae f(t;) <O,
a f(t,)>0. Ecmu 0Kty <t,, TO

0<144/t74+9<144/t5+9

t(1+4/54+9) <t,(1+4/54+9),

T.e. f(t;) < f(t,). Hakonern, ecimu t; <t, <0, TO |t;| > |t3] > 0, oTkyza
t3>t>>0m

U, CJIEIOBATENBHO,

1+4/349>1+4/5+9>0.

t(14+4/249) <t,(14+4/2+9) <0,

a 3Haumt, f(t;) < f(t,) u B aTOM ciiydae. TakuM o6pa3oM, JOKa3aHO, UTO
JUis1 J1I000¥ TakoW maphl Yucen t; U ty, 4YTO t; < t,, BBIIOJTHIAETCA Hepa-

BeHCTBO f(t1) < f(ty), T.e. dynkuua f(6) =t(1+ v/t +9) ABngercsa Bos-
pacraroleii. Pasymeercs, JoKka3aTelbCTBO Bo3pacTaHusd GyHKIMM y = f(t)
MOXXHO OBUIO IMMPOBECTH U C ITOMOIIBIO TTPOU3BOAHOM. B cuiy Bo3pacTaHus
byukiuu y = f(t) HepaBeHcTBO f(a) < f(B) 6yAeT BBHITOMHATHCA TOTAA
¥ TOJIBKO TOTJa, Koraa o < 3. B ganHom ciaydae a =3x + 1, = —2x. Ilo-
aTomy 3x + 1< —2x, oTkyza x < —0,2.

Omsem: (—o; —0,2].

CdopmymrpyeM elné oHO YTBEPXKAEHME O CBOMCTBaX MOHOTOHHBIX QYHK-
LIUH, KOTOPOE IOBOJIbHO YaCTO UCIIONb3YETCs TIPU pellleHUY HEPaBEHCTB.

[TosTomy

YrBepxkgenue 5. Ecau gynxkuyus y = f(x) MOHOMOHHO 80o3pacmaem Ha
gcell uucnosoll npamotl, gynkyus y = g(x) moHomoHHo ybbleaem Ha 8ceil
yucnogotl npsamoti u f (xq) = g(x,), mo cnpasedussl ciedyrouiue ymeepicoe-
Hus: a) f(x) < g(x) 8 mom u monvko mom cayuae, kozoa x € (—; xy1;
6) f(x)>g(x) 8 mom u moavko mom cyuae, ko20a x € [xy; +).

HarnsagHelid CMBICT YTBEPXKAEHUA 2 odeBuzeH (cM. puc. 5). ITompoOytite

[IOKa3aTh 3TO yTBepxkAeHHe GopMaabHO, ONMUPAasCh Ha OIpeeeHre BO3-
pacratoteli (yobIBatoieit) GyHKIMH.
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y

y=g(x) y=f()

Puc. 5

AHaJIoTUYHOE YyTBEP)KAEeHNE CIIPaBeAJIUBO U B TOM CJIy4yae, eCiu IIpaBas
YacThb HEpaBeHCTBa ABJsAETCA YucaoM. CHOpMyIMpyeM 3TO YTBEP)KAEHUE.

YrBepxgenue 6. 1. Ecnu gynxkuyusa y = f(x) MOHOMOHHO 803pacmaem
Ha gcell uucnogoil npsamoii, ¢ — deticmeumensvHoe uucno u f(xy,) =c, mo
£ () <c 8 mom u moavko mom cayuae, koeda x € (—; xq1; f(x) =c 8 mom
U MOJILKO MOM caydae, ko2da x € [xy; + ).

2. Ecnu gynxyus y = g(x) MOHOMOHHO yObleaem Ha 8cell Uuca0801l npsi-
Mmotl u g(xy) =c, mo cnpagedussl caedyroujue ymaepucoeHus: a) g(x) <c
8 MOM U MOJbLKO mom ciyude, kozda X € [xq; +©); 6) g(x) > c 6 mom
U MONIbKO MOM cayude, k020a X € (—oo; X;].

YTBepxkZeHuss 5 U 6 C COOTBETCTBYIOLIEN KOPpEKIMel CIpaBeUBEI
U JJIS1 CTPOTHX HEepaBeHCTB (AJI1 HUX YHCJIO X B OTBET He BKJIIOYAETCS).

IIpumep 4. PemnTe HepaBeHCTBO
7x” +5x° +3x*+x+16 < 0.
PemreHue. 3aMeTuM, 4YTO QYHKINA
F) = 7x7+5x° +3x° +x+16

MOHOTOHHO BO3pacTaeT Ha Bcel YMCIOBOY IpsAAMOi (Kak cymMMa Bo3pacTaro-
mux dyHknwit) u f (—1) =0. [ToaTomMy HepaBeHCTBO f (x) < 0 BBIIOJHAETCS
B TOM U TOJIBKO TOM CJIy4ae, eciu x < —1.

Omseem: (—o; —1).
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MoHoTOHHOEe Bo3pacTaHue (yobiBanue) pyHKINH MOXKHO HCITONb30BATh
U IIPU pellleHNH BIIOJHE CTaHAAPTHHIX HepaBeHCTB. MHorja Takoe pelieHne
6yzZeT Kopode TPaJUIIIOHHOTIO.

IIpumep 5. PelinTe HepaBeHCTBO
21x+312x+ 1|+ 7 > 4]3x — 2|+ 2|x —1].
PemeHnue. [lepenuiieM HEPaBEHCTBO B BUZE
21x+3|12x+ 1| —4[3x—2|-2|x—-1|+7 >0
U paccMOTpUM QYHKIIHIO
fO) =21x+312x+ 1| —43x—2| - 2|x— 1|+ 7,

OTIpeZie/IEHHYIO Y HeNIPpepBIBHYIO Ha BCell YncIoBoM npaAMoit. ['paduk ¢yHK-
LMY TIPEZACTaBJISET COOOM IOMaHYIO, COCTOSIIYIO U3 OTPE3KOB MPSIMBIX U JIy-
yeii. Kaxxzioe 3BeHO 3TOM JIOMaHOU ABJISIETCA YACThIO MPSAMOM BUJAA Y =
=kx+1, toe k>0 (mockonbky k =21+£3-2+4-3+2, T.e. k=21+6=%
+ 12+ 2 1 BHe 3aBUCUMOCTH OT «PACKPHITHI» MOAYIeH KO3PPUIIUEHT pr
x 6yzer momoxuteneH). CiezoBarenbHo, ¢yHKUMA f(Xx) Bo3pacTaeT Ha
(—o0; ). TTockonbKy f(0) =0, HepaBeHCTBO f(x) > 0 6yAeT BBHITOIHEHO
B TOM Y TOJIBKO TOM CJIy4dae, ecyiu X € [0; 4-).

Omsem: [0; +o0).

3aMeTuM, 4TO JaleKo He KaKAasa QYHKIUA ABJAETCS MOHOTOHHOM Ha
BCel 4MCI0BOM MPAMOMN. Bo MHOTHX CIIy4asix MPUXOAUTCSA IIPUMEHATH cHOop-
MYJIMPOBaHHEIE BBIIIE YTBEPKIEHUs, YIUTHIBast 06JIaCTh OnpeeieHus GyHK-
LMY HE TOJIBKO IIPU 000CHOBAHUY MOHOTOHHOCTH, HO U IIPH 3aIIMICH OTBETA.

IIpumep 6. Pemrvte HepaBeHCTBO

3\/ x3—19 > log, (7 —2x) +2.

PemeHue. [lepebupas HeGOBIINE IO MOAYIIO IIEJIbIE YHCIA, IOBOJIb-
HO OBICTPO MOXKHO YCTAaHOBHUTb, YTO JieBas M IIpaBas YacCTU JaHHOTO Hepa-

BEHCTBa paBHHE Ipu x = 3. OyHknua f(x) = 3\/ x3 —19 MOHOTOHHO BO3-
pacTaeT Ha Bcell 4MCIOBOH NpAMOH, a ¢yHKIMA g(x) =log,(7 — 2x) + 2
MOHOTOHHO yOBIBaeT Ha Bceli obsactu ompegeneHusA. [Io3ToMy HepaBeH-
cTBO f(x) > g(x) BBRIMONMHAETCA, ecyi X >3 U x € D(g), rae D(g) — obnactp
onpenenenus GyHkiuu y = g(x). Takum o6pasom,

x> 3,
7—2x >0,
OTKyZa 3 <x<3,5.
Omsem: (3; 3,5).
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O6paruM BHHMaHUE HA TO, YTO ecau GYHKIMA Bo3pacraer (yOBIBaeT)
Ha KaXIOM U3 [IByX IIPOMEXYTKOB, TO Ha UX 0ObeMHEHNHN OHA JaJeKo He
Bcerza fABJAeTCA Bo3pacratoleil (yobiBatomeil). Hanpumep, yTBepKaeHUE

1
0 TOM, 4TO YHKIUA y = p yobiBaeT Ha MHOXecTBe (—o0;0) U (0; +),
SIBJISETCS MaTeMaTUYeCKOM olnbKoi. B camoMm feste, U3 TOro, 94to 13> —7,

1
OTHIOAb HE CIEAYET, YTO - W, 3HAYUT, Cl)y’HKI_[I/IH y= ; He ABJIAETCA

1 1

1377
yObIBaroImell Ha 00beJUHEHNUN IIPOMEXKYTKOB. [IepeunciiaTh MpOMeXyTKU
Bo3pacTanus (YObIBaHUA) JIydllle, UCIIOb3Ys TOYKY C 3aIATON WIH COI03 «H»,
a He 3HaK OObeJNHEHNS MHOXECTB, a IIPU pellleHUH HepaBeHCTB paccMart-

pUBaTh KaKIBIN U3 TPOMEKYTKOB Bo3pacTaHnus (YObIBaHUSA) OTAENBHO.

IIpumep 7. PemnTe HEpaBEHCTBO % <Vx+2.

PemeHue. O6MACTbIO AOMYCTUMBIX 3HAYEHU HEPABEHCTBA SBJISAETCS
MHOKecTBO [—2; 0) U (0; 4+ ). ITpu r060M 3HAYEHUH TTepEMEHHOU U3 MTPO-
MeXxyTKa [—2; 0) HepaBeHCTBO, OYEBHUHO, BBITIOIHAETCS, TIOCKOJIBKY €ro
JleBas 4acThb OTpHIAaTejNbHa, a IIpaBas HeoTpUIlaTeabHa. Ha mpoMexyTke
(0; 4+0) pyakuma f(x) = ; MOHOTOHHO yOBIBaeT, a pyHKIUA g(x) = v x + 2
MOHOTOHHO Bo3pacTaeT. [TockonbKy f(2) =2 = g(2), HepaBeHCTBO f(X) <
< g(x) Ha mpomesxkyTke (0; +c0) BBIOMHAETCS B TOM M TOJIBKO TOM CJIy4ae,
ecsu x € (2; +0).

Omsem: [—2; 0) U (2; + ).

IIpumep 8. Pemute HepaBeHCTBO

10%7° +1g(4x —3) < 10%*3 +1g(2x +5).

PemeHue. O6paTuM BHUMaHKE Ha «IIOXO)XXECTh» JIEBOUM U MPAaBOH Ya-
creil HepaBeHcTBa. PacemoTpum dyukimio f () = 10" +1g(t +2), MOHOTOH-
HO BO3pacCTaIoIIyl0 Ha BCell obiacTu ompeeneHusa. B cuny BospacTaHus
¢byukiuu y = f(t) HepaBeHCTBO f(a) < f(B) 6yAeT BBHIOTHATbCA IIPU J0-
IIYCTUMBIX & U 3 B TOM U TOJIBKO TOM CiIy4ae, eciu a < 3. B HameM cirydae
a=4x—>5, # =2x+ 3. Takum ob6pasom,

4x —5<2x+3,
4x—5> -2,
2x+3 > =2,
oTtkyza 0,75 <x <4.
Omsem: (0,75; 4].
IMpumep 9. Pemure HEPaBEHCTBO

\/Zx +3x+8+ \/2 3x2+logy o 2 +3x+12 > 0.

3x2+2
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Pemenwne. Ebma>0wub>0, T0 10g11%=log11a—logllb. B naHHOM

cnydae a = 2x% + 3x + 12 (3TOT KBaJpaTHLIA TPEXWIEH IPUHUMAET TOJb-
KO IIOJIOKUTeJIbHbIE 3HaUeHUA B CWIy OTPULIATEeIbHOCTU AUCKPUMUHAHTA
U TIOJIOKUTENBHOCTH K03bbUIIMEeHTa TIPU BTOPOH CTEIEHU MTepeMeHHOMH),
b=3x?+ 2 (1pu M060M 3HaUYEHUH TlepeMeHHOH TpaBasi YacTh STOTO BhI-
pakeHUA ABJIAETCA CYMMOMN HEOTPULIATENbHOTO U IOJOXUTENbHOTO YHCIa
U, cjleoBaTeNIbHO, MOJOXKUTeIbHA). [loaToMy JaHHOe HepaBEeHCTBO MOXXHO
nepemnucarhb B BUJe

1%/Zx2 +3x+8+ 11\/2 —3x2 +log;; (2x* +3x +12) —log,; (3x*+2) > 0,

OTKyZ:a

Wax?+3x+8 +1log,; 2x*+3x+12) > Wax2-2 +1log,; (3x*+2).

3aMeTuM, YTO BHIpQXKEHUS I10J, 3HaKaMU KOPHS U JorapudMa B Kax-
JI0M 13 yacTel MoJy4eHHOIr'o HepaBeHCTBa OTINYaloTca Ha 4. PaceMoTpuM
dynkmmo f(t) = 'Vt +log,, (t +4). Ota dyHKIMA Bo3pacTaeT Ha Bceil 06-
JIacTH ompezeyieHUs (Kak CyMMa Bo3pacTaroiiux GyHKIui). [ToaToMmy Hepa-
BeHCTBO f(t;) > f(t,) GVAET BBIMOMHATHLCS MPU AONYCTUMBIX t; U ty B TOM
U TOIBKO TOM C/Iydae, eCiu t; > t,. [TomoxuB t; =2x> +3x +8, t, =3x% — 2,
MIPUXOAUM K CUCTeMe

2x%+3x+8 > 3x2 -2,
2x2+3x+8 > —4,
3x2—2 > —4,

[lBa mocieJHMX HepaBEHCTBA CCTEMBI BBITIOMHAIOTCS MIPU JIIOOBIX JEHCTBU-
TeJIbHBIX 3HAaYeHHUAX IIepeMeHOMH, a TlepBoe HepaBeHCTBO IIPUBOAUTCA K BU-
Ay x? —3x — 10 < 0. KopHAMHU KBaJpaTHOTO TPEXdIeHA B JI€BOH JacTH
[IOCIeJHETO HEPABEHCTBA fABJIAIOTCA YucIa —2 U 5, crapmuil Koapdumu-
€HT II0JI0KUTeJIeH, II03TOMY MHOXKEeCTBO pellleHul HepaBeHCTBa — OTPe30K
[—2;5].

Omsem: [—2; 5].

Hapsigy co cBolicTBaMy MOHOTOHHBIX GYHKIMI IIPYU pelIeHUN HeCTaH-
JApTHBIX YpaBHEHUH 1 HEPaBEHCTB 4acTO UCIIO/Ib3YIOTCA CBOMCTBA OIpaHu-
YeHHBIX QyHKIMHA. HaloOMHUM OCHOBHBIE CBOICTBA, CBfI3aHHBIE C OI'DAHU-
YEeHHOCTHIO QYHKIIHI, M3ydaeMbIX B IIKOJIHHOM Kypce MaTeMaTUKU, ¥ HEKO-
TOpbIe CTAaHAAPTHEIE HEPABEHCTBA, KOTOPHIE TIOHA06TCA B JalbHEHIIIEM:

1) a?+b% > 2ab gna mo6BIX AeHCTBUTENBHLIX d U b, IPUYEM
a?+b? = 2ab, Tonbko ecmu a=b;
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2) a+b>2+/ab ana mr06bIX HEOTPULIATENBHBIX A U b, TprYéMm
a+b=2+ab, Tonbko ecnu a =b;

=

3)a+=>>2npua>0, anqéMa—i-%:Z, TOJIBKO ecnii a =1;

Q

a+%<—2npna<0, npnqéMa+%:—2, TOJIBKO ecii a = —1;
4) ax*+bx+c= ( +3)2+ BB > 0;
ax x+te=alx+5, C—3q ZC— 24 TPHA>0;

2

2
ax2+bx+c:a(x+ 2b_a) - <c—2— npu a <0;
5) |sinx| <1, |cosx| <1 mpu 106X €HCTBUTENBHBIX X;

6) |asinx+bcosx| <1/ a?+ b? npu mo6HIX ACHACTBUTENbHEBIX a, b, X;

7) —ggarcsinx\ o5 O<arccosx < T; —5 <arctgx< ; O<arctgx<m.

Bo MHoOrux ciyyasx Ipu pellleHUM HeCTaHZapTHBIX HepaBeHCTB OKa3sbl-
BaeTcs MOJIe3HBIM Clleylolllee O4eBUIHOe yTBEpXK/eHue.

YrBepxkgenue 7. /lns mozo umobwt HepaseHcmao f(x) = g(x) umeno xo-
ms 6bL 00HO peleHue, He0OX0O0UMO, UMOObL BbINONHANOCH YCA08Ue max f (x) >
> min g(x).

pumep 10. Pemute HepaBeHCTBO sin’ x +cos'! x > 1.

Pemen I/I e. Tak kak 0<|sinx| <1 u 0<|cosx| <1, umeem sin® x <sin?x,
cos'l x < cos? x. HoaTOMy JieBas 4acTh JaHHOTO HEPABEHCTBA HE IIPEBOCXO-
zuT sin’ x 4 cos? x, T.e. 1. TeM caMbIM, JaHHOe HEPABEHCTBO GyZeT BHIIOI-
HEHO, TOJILKO KOI/Ia €ro JIeBasi 4acTh paBHA 1, YTO BO3MOXKHO B TOM U TOJIBKO

TOM Ci1y4ae, €eCiin

sin® x = sin® x, sin? x(sin’ x—1) =0,
cos'! x = cos?x cos® x(cos®x—1) = 0.

3 epBoro ypaBHeHUA IOC/IeJHeN CUCTeMBbI MoIydaeM, 4To sinx = 1 uiu
sinx =0. Eci sinx =1, To cos x =0, ¥ BTOpoe ypaBHeHHE CUCTEMBI BBITION-

VI .
HeHo. C/ie[oBaTeNbHO, X = o+ 27k, k€Z. Ecima sinx =0, To cosx ==*1, HO

BTOPOMY YPaBHEHUIO IIOC/IeZIHEN CUCTEMBI YIOBJIETBOPSET TOMBKO COS X = 1.
3HA4UT, X =27n, n € Z.

Omeem: %+27rk, keZ; 2nn, neZ.

IIpumep 11. Pemmre HepaBeHCTBO 8sin 7x 4 7 cos 8x > 15.
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Pemenue. Tak kak sin 7x < 1 u cos 8x < 1, meBas yacTh JaHHOT'O Hepa-
BEHCTBa He IpeBocxoZuT 15. CiefoBaTeNbHO, HEPABEHCTBO MMEET pellle-
HHA B TOM U TOJBKO TOM CJIydae, eCJIU ero jeBas yacTb paBHa 15. PaBHol
15 oHa 6GyzeT ToTZAa U TOJBKO TOTAa, KOrza

_ T, 27n

{sin7x:1, X=177>
cos8x =1 _ rk
x =7,

rae k € Z, n € Z. OcTaéTcs yCTaHOBUTb, CYIECTBYIOT JIX TaKUe Ifeible k U n,
MIPY KOTOPBIX MOC/IEHSAA CCTEMAa UMeeT XOTsI 6bI 0Z[HO pelieHue. [ 5TOTO
[IpUpaBHAEM MPaBble YaCTH YPABHEHUM CHICTEMBI: 1—72 + 2% = %k, OTKyza
TOCJIe YMHOMKEHUS 00erX YacTel IoJyYeHHOTO paBeHCTBA Ha 28 U JIeIeH s
Ha 7 noiayduM 2 + 8n = 7k. CyllecTByeT CTaHZAPTHBIM CIIOCOO pelreHus
MTOJIy4YEHHOTO YPaBHEHUS B IIEJIBIX YMCIAX, KOTOPHI He BXOAUT B MMPOTPaM-
My cpeziHel mkoyibl. TeM He MeHee, TOJ0OHbBIE 3a1aYl MTONAZAIOTCI U B 9K-
3aMeHaI[MOHHbIX BapHaHTaxX, ¥ Ha OJMMIIMAZaX PasHoOro ypoBHA. [l uXx
pellleHys, KaK IIPaBWIO, ZOCTATOYHO HCIIONb30BaTh dJIeMEHTapHbIE CO00-
pakeHWs, CBA3aHHbIE C JeTUMOCTBIO LIEIbIX YKCes, TMOO0 BOCITIOIh30BaAThCS
eAMHUIHOM OKPY’KHOCTBIO, OTMETHB Ha Hel TOUYKaMH pellleHua KayK/oTro 13
ypaBHEHMH M BHIOpaB COBIIABIIME TOYKU. [locyieHuii crmocob 4acTo BeméT
K HEOOXOZIMMOCTH OTMeYaTh 6OJIbIIIOE YHCIO TOUEK, [IO3TOMY BOCIIOIb3yeM-
cs1 coobpakeHUSAMM AeTUMOCTH. [lepenuineM paBeHCTBO 2 + 8n = 7k B Bujzie
2+ n =7k — 7n. O4eBUHO, YTO NPHU JIOOBIX LEeNbIX k U n uuciao 7k — 7n
Jenutcs Ha 7. [1oaToMy paBeHCTBO BO3MOXKHO JIMIIb B CIy4ae, ecid 2 +n
JenuTes Ha 7, T. €. ecin 2+n =71, rae | € Z. Takum obpasom, n =71 — 2, rae
leZ. Ho Torga

7k =2+8n =2+8(71—2) = 56l — 14,

otkyza k =81 — 2. Takum o6pa3oM, HaliZieHs! Lejble k U 1, IPU KOTOPBIX
BBITIOJTHAETCS CUCTEMA

_ T 2nn
X=137T 7>
_ nk
X—4.

Ocranock mpaBylo 4acThb JI0O0r0 U3 YpaBHEHUH 3TOM CUCTEMEBI BHIPA3UTh
T
yepes [. [Tomyaum x = -5+ 2nl, l€Z.

Omeem: —% +2nl, l€Z.
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IIpumep 12. PemuTe HepaBEeHCTBO
log2(16x —8x%249) < 2sin(37x) + 1.

Pemenue. Cpasy HOHATHO, YTO CTaHAAPTHBIE IPUEMBI U METO/BI 371€Ch
He oMoryT. [Tonpo6yeM UCITOIb30BaTh OTPAHUYEHHOCTh CUHYCA:

—1 <sin(37x) <
[ToaTOMY IIpaBylO YacTh HEPABEHCTBA MOXXHO OIEHUTD TaK:
-1 < 2sin(Bmx)+1<

YTo KacaeTca JIeBOH YacTHU HEPaABEHCTBA, TO 34€Cb CHa4da/ia HY>KHO BbIAE-
JIUTH TTOJTHBIN KBaZpar:

16x* —8x%2+9 = (4x? - 1)?+8.
[TockombKy (4x2 — 1)+ 8 > 8, momydmm, uTo
log, (16x* — 8x?+9) = log, ((4x* —1)*+8) > log, 8,

otkyza log,(16x* — 8x? +9) > 3. Takum o6pasom, JieBass 4acTb HepaBeH-
CTBa He MeHbIe 3, a ImpaBas ero 4acTb He Oosbine 3. [ToaTOMy AaHHOE
HEPaBEHCTBO OyZieT BEIIIOIHEHO, TOJIBKO €C/IH U JIeBas, U IpaBas ero 4acTu
PaBHHIL 3, YTO BO3MOXXHO B TOM U TOJIbKO TOM CJIy4ae, KOTZAa

sin(3nx) =1,
{(4x2 -D?=0.

1 1
—5 HX=73. IIpo-

BEPKOM JIETKO YOEAUTHCS, UTO TOIBKO X = —% SIBJIAETCS U KOPHEM TIEPBOTO
YpaBHEHUS CUCTEMBI.

Omeem: —0,5.

Vicromnb3ys CBOMCTBAa OrpaHUYeHHBIX QYHKITUMA, MOKHO B HEKOTOPBIX CIIY-
yasx pelnraTh U HEPABEHCTBA C ABYMs HEN3BECTHBIMU.

KOPHHMI/I BTOPOI'O YpaBHEHUA CUCTEMBI ABIAIOTCA X =

IMpumep 13. HaiiauTe Bce mapel (X; y) AeHCTBUTENBHBIX YUCENT X U Y,
JUTSL KQXKJ,0U U3 KOTOPBIX

2y +11 > y*+x? +
PemeHnue. HepermmeM HEPaABEHCTBO B BI/ILLe
—y*+2y+11 > x? + =
BriZiesuM B JIeBO 4acTH MOy4eHHOTO HepaBEHCTBa TIOJIHBIY KBaZpaT:

—y24+2y+11=12—(y - 1)%
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CrnenoBatenbHo, —y2 + 2y + 11 < 12. OneHUM IIpaBylo YacTh HEPaBEHCTBA,

6
BOCIIO/IB30BABIIKCE TeM, 9To a’ + b? > 2ab. B Hamewm ciydae a = |x|, b= k

IToaTomy x2 + i—? >2-|x|- |76|, oTKyza x2 + i—? > 12. TakuM 06pa3oM, JeBad

YyacTh HEpaBeHCTBa He Gosbliie 12, a mpaBas ero yacTh He MeHble 12.
[ToaTOoMy ZlaHHOe HEPaBEHCTBO OyZET BHIIOJIHEHO, TOJbKO eCJId U JieBasd,
U NpaBas ero 4acTy paBHBI 12, YTO BO3MOXKHO B TOM U TOJIBKO TOM CJIydae,
Korza

6 x = +46.

Ix]
Omeem: (—v/6; 1); (V6; 1).
IMpumep 14. Haiigute Bce nmapsl (x; y) AeHCTBUTENIbHBIX YUCENI X U Y,

JUTST KQXKJI0M 13 KOTOPBIX

8cosx —y3 > 1/y—3x2-2.

Pemenue. HepeHHmeM AaHHOE€ HEPABEHCTBO B BHUJE

8cosx > y>+1/y—3x2-2

U TIOMBITaeMCA OLIEHUTh JIEBYIO M IIPaByI0 YacTU MOJIy4eHHOro HepaBeH-
crBa. C yeBoit yacThio Bce MOHATHO: —8 < 8cosx < 8. [lna mpaBoi yactu
eZAVNHCTBEHHO!N 3allelIKOM ABJIAETCA TO, YTO OHA OIpeJesieHa TOJMbKO IIPU
yeaoun y — 3x% — 2> 0, oTkyza y > 3x? + 2 U, ciefoBaTenbHo, y > 2.
Ho Torza y> > 8. TakuMm o6pasoM, IIpaBas 4acTh HepaBeHCTBA He MEeHbIIe
8, a neBasi— He 6osbuie 8. [103TOMy HepaBeHCTBO OyAeT BHIOMHATHC,
TOJIbKO €CJTU U JIeBas, ¥ TIpaBas ero 4YacTu paBHEI 8. /st 3TOro He0OXOANMO
U IOCTAaTOYHO, YTOOH! BHIMOMHSIINCH COOTHOIIEHUS

12— (y—1)?2 =12, {yzl,

x| =

cosx =1,
y= 2, (= x=0,
y =2
y—3x2—-2=0
Omsem: (0; 2).

YnpaxkueHus Kk § 1.5
Perrite HEpaBeHCTBO (CHCTEMY HEPABEHCTB).
La)xT+11x<12; 6) x° +9x < 10.
2. a) x1%+4x%+3x% <8; 6) xM +14x0 +2x2 > 17.
3x7 +7x%>10, 5x% 4+ 9x° < 14,
3.a){ , (53 )
x“—5x+4>0; x“+4x—-5>0.
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4. a) dyuknusa y = f(t) MOHOTOHHO yObIBaeT Ha BCEl YHUCIOBOM IPAMOH.
HaiizuTe Bce 3HAUeHUA X, VA KOTOPHIX f (x* 4+ x°) > f (x® + x).

6) ®yukiua y = f(t) MOHOTOHHO BO3pacTaeT Ha BCEH YHCIOBOM
npsamoi. HailizuTe Bce 3HaYeHUA X, i KOTOPBIX f (x® + x7) <
<fx7 +x5).

5. Pemvte HepaBeHCTBO:

a) 11x+5|x —3| > [3x — 2| +|2x — 3|+ 23;

6) 14x+6|x —2| <|3x — 4|+ |4x — 3| + 21.

6. a) Haitiaure Bce maphl (x; y) AeHCTBUTENbHBIX YHCE X U Y, JJIA KaXKJ0H
U3 KOTOPHIX 6y > ¥ +x% + }C—S +1.

6) HatizuTe Bce mapsl (x; y) A€HCTBUTENbHBIX YHUCENT X U Y, IJIS KQXKAOH

u3 KoTophix 10y > y2 +x% + % +7.
Pemute HepaBeHCTBO.

7.a) Vx+5<7—x; 6) Vx+11<9—x.
8.a) x*+3x+2Vx—4>34; 6) x°+2x+33¥x—-3<33.
9.a)2< X+ 6; 6)E< x+5.

X X

3
10.a) Vx—8++/x— <11—(x 1) 0 6) Yx—4+Vx— <9—(x+1) .

11. a) Hatiaure Bce mapsl (x; y) AeUCTBUTENbHBIX YUCET X U Y, IS KAXKI0N

U3 KOTOPBIX |x| > /25 —x2—y2+|y|+5.

6) HatizuTe Bce mapsl (x; y) AeHCTBUTENbHBIX YHUCENT X U Y, IS KAXKA0H

U3 KOTOpBIX |y|+x2+ 4/ y2 —x2—9<3.
Pemte HepaBeHCTBO.
12.a) 5x—2)(24+/ (5x—2)2+16) +3x(24+ v/ 9x?>+16) >0;
6) (6x+5)(3+1/(6x+5)2+7)+4x(3+1/16x2+7) <O0.

13.a) 7v/6 —5x+|5x — 3| < 7x+|5v6—5x —3|;
6) 64/12—x+|5x —4| <6x+|5vV12 —x — 4.

14. a) 9v/5x + 24+ 3|2x + 5|+ 9x < 3|2v/5x +24 - 5|;
6) 7v2x + 15 +2|3x + 5|+ 7x < 2|3v2x + 15— 5|.

15. a) sin® x4+ cos” x > 1; 6) sin’ x+cos® x> 1.

16. a) sin” 2x +cos't 2x > 1; 6) sin® 3x + cos” 3x > 1.
17. a) 6sin5x+ 5cosb6x < —11; 6) 12sin11x+11cos12x > 23.



§ 1.5. [IpuMeHeHMe cBOMCTB QyHKUNI K pellleHUI0 HePaBeHCTB 69

18. a) 7cos8x —9sin 10x > 16; 6) 9sin10x+ 11 cos12x < —20.
19. a) sin18x-cos16x < —1; 6) cos33x-cos39x>1.

20. a) 3cos(2+/57x) +2cos(27mx) > 5;
6) 2cos(2v/3mx) +5cos(4mx) >7.

21. a) Haiiaure Bce mapsl (x; y) AeACTBUTEIbHBIX YUCEN X U Y, AJIA KAXKJ0H

13 KOTOPHIX 9 cosx > y2+1/y —2x% —3.

6) HatiguTe Bce mapsl (X; y) A€HCTBUTENbHBIX YHUCET X U Y, IS KAXKA0H

13 KOTOpHIX 16 cosx > y2+1/y —5x2 — 4.

22, a) HaiiauTe Bce Tpoiiku (x; y; 2) AeMCTBUTEIbHBIX YUCeN X, YV, Z, [JA
KaXXZIo¥ 13 KOTOPBIX

1

(Icos 4x|+ Alcosax]

)(6+tg2 5y)(7 +sin 62) < 36.

6) HatiguTe Bce TpoWku (X; Y; 2) AEUCTBUTENBHBIX YUCEN X, Y, Z, A
KaXKZIoM U3 KOTOPBIX

_1

|sin 4x|

(4|sin4x|+ )(4-|—ctg2 3y)(3+cos2z) < 32.

Pemiite HEpaBEHCTBO.

23. a) tg? (%(x+y)) + ctg? (%(x—l—y)) <24/ x214 +1;

6) tg (§0cty) +ag (§a+n) <2y Z5

24. a) 6 +8*>10%; 6) 5 +12¥<13*.
25. a) Haiiaute Bce mapsl (x; y) AeACTBUTETbHBIX YUCEN X U Y, AJIA KAXKI0N
13 KoTopsix 372 L 4sin y 4 5.
6) HatiguTe Bce mapsl (X; y) AeHCTBUTENbHBIX YHUCET X U Y, IS KaXKA0H
13 KOTopsIX 473142 <9 — 7 cos x.
Pemite HepaBeHCTBO.

26.a) f(3x+53/x+7) < f(7x+53x+3), ecnu

+1.

fO) =5%/x+5+3-5345.35 4 33/x +3;
6) f(5x+7{x+9)>f(9x+77%/x+5), ecn
fO) =7 x+7+9- 77 +7.9°193/x+09.
27.a) 27 >log,(x +3) +4; 6) 6™ >log,(x+7)+5.
28. a)2\7/x+4>log7(4—x)+1; 0) 3\/6—x>log5(x—|-7)+1.
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29.2) 23/x® —7>10g.(9—2x)+1; 6) log,(5x—11) <1+ /28— x°.
30. a) (0,2)7 72 +1og; , (7 —x) = (0,2)*° +log, ,(2x — 5);

6) (0,57 "+ logy ,(5—x) > (0,5)**3 + log, (x +1).
31. a) 775 +log, (4x — 3) > 7°°® +log, (5x — 4);

6) 6°* 7 +1oge (5x — 8) <6318 +logs(3x + 7).
32. a) 1+ cos®3x >log, (x2+9); 6) 3+ 2sin? 5x <log, (8 — x?).
33.a) (2— V3|x|)log,(4—5x2) >4; 6) (3— v2|x|)logs(9—7x*) > 6.

34.a) 77 .10g,(8x —x>—8)>3; 6) 6 log;(10x —x%—16) >2.
3mx,
4 b
X
5

36. a) cos®(x +2) log;(5 — 4x — x?) > 2;
6) cos?(x —3)logs (16 + 6x —x?) > 2.

37. a) (8x —x* —15)logs(2cos® mx+3) > 1;
6) (4x —x*—3)log,(3cos®* mx+4) > 1.

35. a) 1+1log;(x*—8x2+19) < 2sin
6) 2+ logs (x* — 18x% + 86) < 3sin

2
38.2) /3x2+2x+3+ 1/5—4x2+1og7%>o;
2
6) V6x2+x+2+ §/4—7x2+log5%20.

39.a) 2x?—6x+5)log 5 (cos2 7x + cos x + 2 sin? g +3) <25

6) (4x?+4x+5)1og ;5(2+ 2 cos® x — cos 2x + 3 cos® x) < 8.
2 .
sin® (*2) —2sin (52) +2°

2
0) log, (|x| + ?n) +10g|x‘+2?n n<

40. a) log . (le + %) +log|x|+§ <

cos? (*3£) —2cos (X)) +3°

§1.6. MeToZ 3HAKOTOXKAECTBEHHBIX MHOXKHTEJIeH

MeToz, 0 KOTOpOM MOMJET peysb B 3TOM maparpade, MO3BOJSET peliaTh
MHOTHE 13 HEPAaBEHCTB BUAA

a;(x)-ay(x)-...-a,(x)vO0 (@)
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WiInu
a;(x)-a, () ... a,(x)

s R G KX BTN ¢'9 EINURY: NN '3
(3mech 3HAKOM «V» 0603HAUEH OAUH U3 YeTHIPEX BO3MOXKHBIX 3HAKOB Hepa-
BEHCTB «>», «<», «=2», «<»;, N UM — HaTypaJIbHbIC qncna).

OCHOBaH OH Ha OYE€BUIHOM YTBEP)KAECHUU: TIPU 3aMeHE JII000T0 MHOXKH-
TeJ B YMCJIOBOM HepaBeHCTBe Buza (1) wim (2) 94MCIOM TOTO Ke 3HaKa,
YTO W 3aMeHseMoe, 3HaK HepaBeHCTBAa He MeHseTcsd, T.e. TaKas 3aMeHa
MIPUBOAUT K BEpHOMY HepaBeHCTBY. KirtoueBas mzess MeTosa — 3aMeHa Of-
HOTO WJIW HECKOJbKUX MHOXUTeNeH (aarebpanuyecKux BBIpRKEHUM) B Jie-
BOM YacTH HepaBeHCTBa 6ojiee MPOCTHIMU anreGpandecKUMU BbIpasKeHU-
SIMHM «TOTO >Xe 3HaKa», 9YTO, KaK MOHATHO, JAET BO3MOXXHOCTb YIIPOCTHUTH
U pellleHre caMoro HepaBeHCTBa. CJI0BOCOYeTaHME «TOT'O JKe 3HaKa» 3aKJI0-
YEHO B KaBBIYKH, ITOCKOJIBKY, Pa3yMeeTcs, Hy:kJaeTcsa B 6ojee popMaaibHOM
ompezieIeHUN.

v0 2

Omnpeaenenue 1. /IBa anrebpanyeckux BbeIpaxkeHUs a(x) u b(x) Ha-
3BIBAIOTCH 3HAKOMONCOECMBEeHHbIMU, €CI OHU UMEIOT COOTBETCTBEHHO OJ-
HU U T€ K€ MTPOMEKYTKU 3HAKOIOIOKUTETHhHOCTH, 3HAKOOTPUIIATETbHOCTH
Y HYJIH.

Tot dakT, uTo anrebpandeckre BhIpaskeHUs a(x) u b(x) ABIAIOTCA 3HAa-
KOTOXKJEeCTBEHHBIMHU, OyZieM ob6o3HauaTh Tak: sign(a(x)) =sign(b(x)) (ot
JIATUHCKOTO Signum — 3HaK).

Ecnu anrebpanyeckue BeipaxkeHUs a(x) v b(x) 3HaKOTOXAECTBEHHBI, TO
CIIpaBEAJIUBEI CIEAYIONTNE PABHOCWIbHEIE TIEPEXObI:

a(x) b(x) c(x) c(x)

a(x)c(x) >0 b(x)c(x) >0, ) 20(:>m20, 0 20(:)%20

¥ aHAJIOTUYHbIE UM /IJIsI HEPABEHCTB MTPOTUBOTIONIOKHOTO 3HAKA U CTPOTHX
HEepaBEHCTB. B camMoM Jeje, eciim YUCIO X, ABJISAETCS, HaIpUMep, pele-
HueM HepaBeHcTBa a(x)c(x) > 0, aTo o3HavaeT, 4To a(xy)c(xy) = 0. Ho
B CWIy 3HAKOTOX/IECTBEHHOCTHU ajlrebpandecKux BhipaxkeHui a(x) u b(x)
gucina a(x,) u b(x,) mbo ogHOro 3HaKA, IN60 06a paBHHBI HYJIO. [IoaTOMY
u b(xy)c(xy) =0, T. e. x, — pelieHre HepaBeHCTBA b(x)c(x) > 0. CTomnb xKe
MMPOCTO TIOKAa3aTh, YTO CIIPAaBEIMBO M OOpaTHOE yTBEPXKJEHUE, a 3HAYMUT,
HepaBeHcTBa a(x)c(x) >0 u b(x)c(x) > 0 paBHOCWIbHEL. J[oKa3aTeIbCTBO
PaBHOCWIBHOCTH ABYX APYTMX HEPABEHCTB COBEPIIEHHO aHATOTHUYIHO.
WTak, 11060e anrebpanyeckoe BhIpaskeHUe B JIEBOM YaCTH HEpaBEHCTBA
Buza (1) win (2) MOXHO 3aMEHUTD JIIOOBIM JPYTUM 3HAKOTOXKECTBEHHBIM
BBIp@)KeHMEM. 3aMETHM, YTO TaKas 3aMeHa BO3MOXKHA TOJBKO JJIs1 Hepa-
BEHCTB yKa3aHHOT'O BW/A; €CJIM, HAIpUMeEp, MpaBas 4acTb HepaBeHCTBa
OT/IMYHA OT HYJISA, TO ZeJiaTh TaKylo 3aMeHY YK€ HeJb3sl, TIOCKOJbKY II0-
JIydeHHOE HEepPaBEHCTBO He OyJeT paBHOCWIbHO JAaHHOMY. fICHO U TO, YTO
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MIpY pelleHUU HEPAaBEHCTB YKa3aHHOT'O BUZA MEHSTH ajreOpanvecKkoe BBI-
pakeHre Ha 3HAKOTOXKECTBEHHOE I1eJIeco0bpa3Ho TOMBKO B TOM CIIyYae,
€C/IM 3HAKOTOXKIECTBEHHOE BhIpakeHre uMeeT 6ojiee mMpocToit Buz. Hatitu
Taphbl 3HAKOTOXXIECTBEHHBIX BRIpAKEHUM a(x) u b(x) MOXKHO, OCHOBHIBA-
sICh Ha CBOHCTBAX YMCJIOBBIX HEPABEHCTB. [IpUBeEM TaKHe Maphl B TabOIH-
e 4 (n u m — HaTypaJbHbIE YUCTIA, | U ¢ — AeUCTBUTENbHBIE YHCIa, U(X)
" v (X) — IpOU3BOJIbHBIE aJrebpanyecKue BBIPAKEHHA).

Tabauna 4

a(x) = @)™ £ (v(x)*H

b(x)=ulx)E£v(x)

a(x)= @) — @)™

b(x) = (u(x)? = (w(x))?

a(x) =u)|—v)|

b(x) = (w(x)? — W (x))?

Al W[N] =

a(x) — 2n+1 /u(x) + 2n+1 /U(x)

b(x)=u(x)xtv(x)

5 a(e)= B/ux) — %/vx)

b(x)=u(x) —v(x)
(mpu yemoBuax u(x) >0 u v(x) > 0)

a(e)=14® —"® gpy [ >1

b(x)=u(x)—v(x)

7 a()=1"® —1"® gpr o<i<1

b(x)=v(x) —u(x)

a(x) =log. u(x) —log, v(x)

b)) =ulx)—v(x)

8 mpuc>1 (1pu ycnoBuax u(x) >0, v(x) >0)
9 a(x) =log. u(x) —log, v(x) b(x)=v(x)—ulx)
npu 0<c<1 (mpu yesmoBusax u(x) >0, v(x) >0)
b(x)= -1
10 a(x)=log, u(x) mpu c>1 (nipnt }(,)CC])IOBﬁ;le ) >0)
b(x)=1-
11 a(x)=log.u(x) mpu0<c<1 (nipnt }(I)CCJ)IOBI/II/I llll((j:))> 0
_u@)-1
12 a(x)=log,, u(x) b= c(x)—1

(mpu yemoBusx u(x) >0, c¢(x) >0)

O6oCcHOBaHYE 3HAKOTOXK/IECTBEHHOCTH 3THX IIap He MPE/CTABIIAET TPY-
Ja. B camoM ziefie, IOKaxkeM, HallpUMep, 3HAKOTOXAECTBEHHOCTb PasHOCTH
MoZyJell ABYX BRIPAKEHUM M Pa3HOCTU KBaAPaTOB dTUX BhIpaKeHUH. Eciu
a(x)=|u(x)|—|v(x)|, To a(x) >0 Torga 1 TOALKO TOrZAA, KOrJa

[u@)|—lv()| >0 [u@x)| > [vx)| = u*(x) > v*(x) & u*(x)—v*(x) >0,

T.e. b(x) > 0. Orcioza ciefyeT COBIAJeHUE TPOMEKYTKOB 3HAKOIIOIOXKHU-
TEJbHOCTU BhIpakeHUH a(x) u b(x). CoBnajeHre IPOMEXYTKOB 3HAKOOT-
PHUIIATETbHOCTH U COBITaJIeHUE HyJeli 000CHOBBIBAETCS aHATOTHYHO.
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3aMmeTHM, 4TO B 0b6meM cirydae ecmd u(x) >0 u v(x) >0, To
sign(u(x) —v(x)) = sign((@(x))* — W (x))?)

(T. e. pa3HOCTH ZIBYX HEOTPULIATENIbHBIX IIPH JTI0OOM 3HaUE€HNUU IIepeMeHHOMN
anre6panvecKyx BIpaXXeHUH U pa3HOCThb UX KBaZpPaTOB 3HAKOTOXK/IECTBEH-
HEL).

OcTasbHBIE YTBEPXK/EHUA O 3HAKOTOXK/ECTBEHHBIX ITapaX MOXKHO JOKa-
3aTh AHAJIOTUYHO, HCIONB3YSI CBOMCTBA COOTBETCTBYIOIIMX (yHKImH. To,
YTO Pa3HOCTb OJWHAKOBBIX HEUETHBIX cTeleHell (inbo pasHOCTh ABYX KOp-
Hell OZHOU U TOU ke HEeYETHOU CTeleHM) ABYX airebpandecKrux BBIpaKe-
HUI 3HAKOTOXK/IeCTBEHHA Pa3HOCTH 3THUX BBEIPAKeHUH, I0OCTaTOYHO OYEeBHU/-
HO. [TosICHUM, TTOYEMY COOTBETCTBYIOIIEE YTBEPKAEHUE BEPHO U JJISI CYMM
VKa3aHHBIX BBIDQ)KEHUU, Ha IMpHUMepe KOpHel. [leliCTBUTENbHO, 3HAA, YTO
Pa3HOCTb KOPHEU OZIHOW HEYETHOM CTeNeHW MOXKHO 3aMEHUTDh Pa3HOCTHIO
ITOJKOPEHHBIX BBIPAKEHUM, MOXKHO IIPeoOpa3oBaTh CyMMY KOpHEN OZHOM
He4YETHOH CTENEeHU TaK:

a(x) — 2n+1 /u(x)+ 2n+1 /U(x) — 2n+1 /u(x) _ 2n+1 /—U(X),

OTKyZa " CJIeAyeT, 4TO

sign (Y ulo) + /v (0) = sign(ulx) — (—v(x))) = sign(u(x) + v (x)).

To4yHO Tak e ZI0OCTaTOYHO MMOHUMAaTh, YTO PA3HOCTh ABYX JIOTapUPMOB 10
OCHOBaHHI0, GosbllieMy 1, MOXKHO 3aMEHUTh Pa3HOCTBIO BBIPAKEHUM IO/
3HaKaMH JIorapu¢$pMOB, 106aBUB YCIOBUS MONOKUTETHPHOCTH STUX BBIpaXKe-
uuit. Torza 10-1 u 12-1 cTpoKU TabaUIBI OyAYT MPOCTHIMU CJIEACTBUSIMHU Ta-
Kol 3aMeHBI. B camomMm gere, log,. u(x) =log. u(x) —log, 1, u, cienoparenb-
Ho, sign(log. u(x)) =sign(u(x) — 1) npu yciaosusax ¢ > 1, u(x) > 0. Kpome
TOTO, €CJTU OAHUM W3 MHOXWUTelel B HepaBeHcTBax Buza (1) wiu (2) sB-
JigeTcs JorapudM c mepeMeHHBIM OCHOBAHHMEM, TO U €r0 MOXKHO 3aMEHUTD
3HAKOTOXK/JECTBEHHBIM MHOXUTeNEeM (IMOCHeAHsAs CTpOKa Tabmuubl). st
TAKOH 3aMeHbI Hy>KHO CHavyaJjia UCIIoNb30BaTh GOPMYJIy ITepexosa K HOBOMY
OCHOBAaHHIO, BEIOPaB B KaueCTBe IIOCIeJHETO JI000e AeHCTBUTEIbHOE YHCIIO
m > 1. BBITTOTHUM TOXKAECTBEHHBIE TPE0OPA30BAHU:

log,, u(x) _ log,, u(x) —log,, 1
log,, c(x) ~ log,c(x)—log, 1°

logc(x) ulx) =

OTcrofa u ciefyerT, 9To
. . u(x)—1 )
sign(log,(,, u(x)) = sign (c(x) =)
npy yeaoBuax c(x) > 0, u(x) > 0. 3amerum, 4to yciaoBue c(x) # 1 6yzer
yYTeHO KaK OBl «aBTOMaTHYeCKU»: BeAb HepaBeHcTBa (1) u (2) mocie 3a-
MeHBI MHOKUTENIEH 3HaKOTOXKAECTBEHHBIMHU PEIIatoTCs 0OBIYHO METOJO0M
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ulx)—1
c(x)—1
IIPU KOTOPBIX c(X) =1, ZOMKHBI GBITH «BBIKOJIOTHI». JIJI1 IOKa3aTelbHBIX
U jorapupMUYecKUX BBIPOKEHUN ¢ OCHOBaHWEM, MeHbIIUM 1 (CTpokH 7,
9, 11), 3HaKOTOXIeCTBEHHbIE BRIpAXKEHH MOXKHO, BOOOIIe TOBOPSI, He 3a-
MTOMUHATh, a MePesa K OCHOBAaHUAM, OOIBIINM 1, MCITOB30BATh CTPOKU 6,
8, 10.

Takum 06pa3om, /71 YCIENTHOTO PelleHNsI HepaBeHCTB METOZOM 3HAKO-
TOXZEeCTBEHHBIX MHOXUTeNEH JOCTATOYHO IIOMHUTD O YeTHIPEX OCHOBHBIX
rapax TaKUX MHOXXUTeJIEH:

1) pa3HOCTb MOAYJIEl ABYX BRIpaKEHUM (1 BOOOIIE, pa3HOCTh ABYX BHI-
pa)XeHU, HEOTPULATENBHBIX IIPU BCEX AOMYCTUMBIX 3HAUYEHUAX IEepeMeH-
HOW) ¥ pa3HOCTb KB3ZIPAaTOB 3TUX BhIPAXKEHUH;

2) pa3HOCTB JIBYX KOpHel OZIHOM cTelleHU U Pa3HOCTh IIOJKOPEHHBIX BhI-
pakeHU! (IIpH yCIOBUM HEOTPULATENbHOCTHU MOCIESHUX B C/Iydae KOpHeH
YETHOU CTEIeHn);

3) pasHOCTh ABYX MOKA3aTeIbHBIX BEIPAXKEHUI C OZHUM U TEM JKe UHC-
JIOBBIM OCHOBaHHEM, OOIBIINUM 1, ¥ pa3HOCTh MMOKa3aTelel;

4) pa3HOCTH ABYX JIOrapudMOB C OZHUM U TeM Ke YHCIOBHIM OCHOBAaHU-
eM, 64IpIIMM 1, 1 PAa3HOCTDH BBIPAKEHUM 110 3HAKAMH JiorapudMoB (mpu
YCJIOBUY MOJIOKUTETHHOCTU 3TUX BBIPAKEHUM).

[Ipexxze 4eM epexoauTh K IpuMepaM, ChOpMyIUpyeM el OHO yTBep-
XKZeHHe, U3 KOTOPOrO JIETKO BBEIBECTH 3HAKOTOXKJECTBEHHOCTH OOJBIIMH-
CTBa IpUBEAEHHBIX B Tabsulle map.

WHTEPBAJIOB, U IIPpU HAJINYHUU MHOXHUTEIA 3Ha4YeHHuA nepeMeHHoﬁ,

YrBepxgenue 1. Ecnu gyHkyus y = a(t) MOHOMOHHO 803pacmaem Ha
acell obnacmu onpedesieHuss, mo 0151 100bLX ty U ty, NPUHAOeNCAUUX IMOLL
obnacmu, sign(a(t;) —a(t,)) =sign(t; —t,).

ZloKa3aTeynbCTBO JIETKO CJIEAYET U3 ONpeeseHUss MOHOTOHHO BO3pacTa-
rouiedt ¢yHKIMU. JlefiCTBUTENbHO, eC/id, HalpuMep, t; —t, >0, To t; > t,
u a(t;) > a(t,) (B cury Bo3pacranusa GpyHkimu y =a(t)), a 3HauuT, a(t;) —
—a(ty) > 0. O6paTHO, ecnu a(t;) —a(t,) >0, To a(t;) > a(t,). Ho Torma
t; >ty U t] —ty, >0 (ecsu AOMYCTUTD, UTO t; < ty, TO B CHJIy BO3pacTaHUsA
¢yuknuu y = a(t) momyyum, 4to U a(t;) < a(ty), T.e. a(t;) —a(ty) <O,
YTO HEBO3MOJXKHO). TakuM 06pa3oM, MPOMEXYTKY 3HAKOIIOMOKUTENTbHOCTI
BeIpaXeHUH a(t;) —a(ty) u t; —t, OFHU U Te xe. 11 IPOMeXyTKOB 3HAKO-
OTPUIIATENBHOCTH U HyJIEH J0Ka3aTeNbCTBO aHATOTUYHO.

B CymIHOCTH, [JOKa3aHHOE YTBEPXKJEHWE O3HA4YaeT, YTO BHIPAKEHUS
a(t;) —al(ty) mt; —t, 3HAKOTOXKAECTBEHHBI B 00J1aCTH ONIpeieIeHNsT Bo3pac-
Taromeit ¢yHKImy y = a(t). [ockonbky ¢yHkmmu a(t) = 2" a(t) = ¥,
at) =1" (mpu > 1), a(t) =log,t (upu ¢ > 1) MOHOTOHHO BO3PACTAIOT
Kaklasg B CBOell 006JacTH OIpeJeeHHsI, 3TO MO3BOJSET AIA KaXKAOH U3
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HUX NPU pemieHun HepaBeHCTB (1) u (2) MeHATH JTI060€e BEIpAXKEHUE BUZA
a(t;) — a(t,) Ha 3HaKOTOXKAECTBEHHOE BBIpA)XXEHUE t; — t,, J0OABIAT IPU
HeOOXOZAMMOCTY COOTBETCTBYIOIIHE OrpaHuYeHUs (YCIOBUA IIPUHAJIEKHO-
CTH t; U t, obnactu ompeneneHus ¢yHkuuu y = a(t)). Ilpu aTom t; u t,
MOT'YT OBITh JIIOOBIMU anrebpandyecKMU BHIPDAKEHUSIMHU C TIEPEMEHHOM X.

fcHO, YTO ZyIA MOHOTOHHO yOBIBarollel GyHKIUU OyZeT CIpaBeluBO
aHaJIOTUYHOE YTBEpXKAeHUe: ecnu QyHKIUS ¥ = a(t) MOHOTOHHO yObIBaeT
Ha Bcell obyiacTu onpezeNeHys, TO A JIOObIX t; U ty, MPUHAIEKAIUX
aToii obacty, sign(a(t;) —a(ty)) =sign(t, —tq).

Jlyis pellleHusT HEKOTOPhIX HEPABEHCTB OKA3bIBAETCS TIOIE3HBIM CIIEYIO-
Iee yTBep)KAEeHHe, IBIAIONIEECs CIeACTBUEM MPEAbIAYIIETO.

YrBepxkgenue 2. Ecau gyHkyus y = f(x) MOHOMOHHO 803pacmaem Ha
acell obracmu onpedenenus u f(xq) =0, mo sign(f (x)) =sign(x — x,); ecnu
dyHkyua y = f(x) MoHOMOHHO Ybbleaem Ha ecell obracmu onpedesieHus
u f(xy) =0, mo sign(f (x)) =sign(xy — x).

PaccmoTpyM npyuMepHl.
IIpumep 1. PeminTte HepaBEeHCTBO

4x2+3x—2 - 5)2x2+2x—1
5*—1

< 0.

PemeHue. [lepeiigém B ynciuTese Apobu K OCHOBAHUIO 2, a B 3HaMe-
HaTeJle — K OCHOBAHUIO 5, [TOCJIe Yero IPMMeHUM MeTOZ 3HaKOTOKJeCTBeH-
HBIX MHOXXUTEJIeH:

grsond _graiannl 0 ey 2EHOx—4- (-2 2x+ 1)
5% — 50 = x—0

2 _
4x+§x 5§0

<0&

PN (x+2,5)(x—0,5) <
X

= 0.

[Tocneguee HEPaBEHCTBO JIET'KO penraeTca METOAOM MHTEPBAJIOB:

7 T 77+

—-2,5 0 0,5 x

Omseem: (—; —2,5]U(0; 0,5].

IIpumep 2. PemuTe HepaBEHCTBO

[3x —2|—|2x = 3|
< 0.
tx—8—e—x S0
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Pemenue. 3aMeHUM pa3HOCTU MOZAY/IeN pasHOCTAMU KBaZpaToB. [1o-
JIy4YUM PaBHOCUJIBHOE HEPaBEHCTBO

(Bx—2)>—(2x—3)? 0
(x2+x—8)2—(x2—x)2 ~

Bx—2—-2x4+3)(Bx—24+2x—3)
<
(2+x—-8-x>+x)(x>+x—8+x%>—x) S0

(x+1)(5x-5) <0 (x+D(x—-1) 0
2x—-8)(2x2-8) ™ x—Dx—2)(x+2) 7

[MocenHee HEPABEHCTBO JIETKO PENIaeTCss METOJOM MHTEPBAJIOB:
7+ P v 7w
-2 -1 1 2 4
Omegem: (—o; —2)U[—1;1]U(2; 4).

IIpumep 3. Pemnte HepaBEHCTBO

|2x% — 11x + 10| — x? 0
|6x2 —11x+4|—-1 ~

PemeHnue. ITockonbky x2 = |x2|; 1=1|, cipaBeAnuBhl CleAyIoNIIe
PaBHOCWIbHBIE IIPE0OPA30BAHUA:

[2x% — 11x + 10| — x?
[6x2 —11x+4|—1

|2x2 —11x+ 10| — |x?|
> >0
>0 |6x2 —11x+ 4| — 1] >0

(2x* = 11x+10)* = (x»? (r =D (x=10)(x —2) (x - 3)
>
et 20 e Dene-p - 07

(x=10)(x—2)(x—2)

S E-NE-DE-2) 77

x # 1.
[TocnezHIo0 cUcTeMy pellaeM MeTOAOM MHTepBaJIOB:
A - Y - U - P4
1 51 3 5 2 10 «x
3 6 2 3

Omsem: (— 00; §) U (%, 1) u (1; %) U [%, 2] U [10; ).

IIpumep 4. Pelure HepaBEHCTBO

[|x2—x|—1|—-1 0
[|[4x+3]—2]—1 7
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Pemenue. B cury MeToza 3HaKOTOX/JeCTBEHHBIX MHOXKUTEIEH

la| — |b] a?—b? (a—b)(a+Db)
-1 =0 e 202 —dera = *

T[103TOMY MOXKHO Cpasy IepeiTH K HepaBeHCTBY
(Ix? — x| —2) - |x® — x| >0
(l4x+3]-3)(4x+3|-1) =

BHOBB BOCIOJIB30BABUINCh TeM e IIpeobpasoBaHueM, ITOMYINM HepaBeH-
CTBO

(2 —x—2)(x®—x+2)-|x*—x| c+Dx—2)-|x2—x|
6@+t D 20O Mt ronGrD = O

[TocnesHee HepaBeHCTBO PeLIMM METOZOM WHTEPBasOB:
7 W 77 W e 11

-15 -1 0,5 0 1 2 X

Omsem: (—o; —1,5)U(—0,5; 0) U{1}U[2; ).
IIpumep S. PelinTe HepaBeHCTBO

\/2x2+x+1—\/x2+x+1
V3x2+4x—2+ /3x2 +x—4 g

PenreHue. 3aMeTUM, YTO YUCJIUTENDb U 3HAMEHATEb JpobU olpesere-
HBI TIpY JTIIOOBIX JeHCTBUTEIbHBIX 3HAYEHUAX TIePEMEHHOM (AT YHCTUTENS
9TO C/leZiyeT U3 OTPULIATENbHOCTH JUCKPUMUHAHTOB KaXK/I0T'0 U3 KBaJpaT-
HBIX TPEXWIEHOB U TIOIOXKUTENBHOCTU K03 DUIIMEeHTa IPU BTOPOH CTENIEHN
nepeMeHHOM). [lepenuiieM HepaBeHCTBO, IPeACTAaBUB 3HAMeHAaTeNb Ipobu
B BHJle Pa3HOCTU KOPHeH, Iocjie Yero BOCIOAb3yeMCs METOLOM 3HaKOTOX-
JlECTBEHHBIX MHOXKUTEJIe:

V2l tx 1oVt o axexdloxioxod

Vsx?+ax—2-3/-3x2—x+4 g

>
3x2+4x—2—(—3x2—x+4) 7 0=

2 2

X X
—— 20& ————- 2 0.
6x2+5x—6 7 (x+2)(x-2) z

Pemvim 1mocienHee HEPaBEHCTBO METOAOM MHTEPBAJJIOB:

= [ - A
2

0

X

|
Nl w

3
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IIpumep 6. Pemrnte HepaBeHCTBO
\/x+ V3x—2— \/x+ V2x -3
Vx—2v/x—1-Vx+3-4/x—1
PemeHue. /19 pellleHys1 3TOr0 HEPaBEHCTBA BOCIIONb3yeMCs TEM, YTO
x—2vx-1=(/x-1-1220, x+3-4/x-1=/x-1-2)2>0

[IpuMeHUM METO/] 3HAaKOTOKAECTBEHHBIX MHOKUTENEHN, 3aMEHUB HECKOJTb-
KO pa3 pasHOCTh KOPHEel Pa3HOCThIO MOAKOPEHHBIX BbIPAKEHUI:

<0.

x++/3x—2—x—+/2x—-3
x—2m—x—3+4\/T

<0

V3x—2—+/2x— <0 v3x — vV 2x—
2\/— 3 \/— \/_
N ite <0, A3 <0 13
= = S <x< =,
3 3 2 4
X}E X>§

3 13
Omsem: [5’ T)

[1pu peleHUU CIeAYIOIIEro IpUMepa MIPUMEHUM TOXKAECTBA |a| = ﬁ,
a= % u |af>=a?.
IIpumep 7. PemnTe HEPaBEHCTBO
[x+1]—4/5—2x—2x?
Vxd+2x2—5x+2—x

PemeHnue. CupaBeAynBa CIeAyromas IeN0YKa PaBHOCIBHBIX IIPeob-
pasoBaHUi:

x+1]—4/5—2x—2x? x+1)%2—14/5—2x —2x?
|3 |-/ coo V+rz—y/ <o
Vxd+2x2—-5x+2—x VX3 +2x2—5x+2— Vx

X2 4+2x4+1—5+2x+2x? 0 3x2+4x—4 <0
= X3 4+2x2—5x+2—-x3 T 7 2x2-5x+2 T UV &=
2x24+2x-5<0 <0

<0.

0

2x*+2x -5
(x+2)(x—2)
o { =2(x-3) °

1+v/11 Vii-1
T2 SXST o



§ 1.6. MeToZ 3HAKOTOX/AE€CTBEHHBIX MHOKUATEIEH 79

PellivB 1mocieaHiow0 CHUCTEMY METOZOM MHTEPBAJIOB, IIOJYIYUM OTBET.

) 2
+ U= ]+
N
V11

2

LMI»—A

+
/?WIN
2N

1

+
q
—

|
-

N

. J1Y) 2. v11-1
Omeem: [_Z’Z)U[B’ 5 ]

IIpumep 8. Peunite HepaBEeHCTBO

log,(3x+2)
log,(2x+3) =~ 7

Pemenue. TpaAULIMOHHBIA cIOCcO6 pellleHNs NOZOOHBIX HEPABEHCTB
COCTOUT B PacCMOTPEHHU JBYX cilydaeB. [IpUMeHHM MeToZ 3HaKOTOXJe-
CTBEHHBIX MHOXKUTeJIeH, Ipe/iBapyUTeIbHO IIpe/ICTaBUB YUC/IUTEIb U 3HaMe-
HaTesIb pobyu B Buze pasHocTel sorapudMoB:

log,(3x+2) —log, 1
log,(2x+3) —logs1

3x+2-1 3x+1 3x+1
xr3—1 S0, <0, <0,

PN 2x+321 PN 2x—|—22 e { xt1 ) —%<x<—%.
X>—§ X>—§ X>—§

2 1
Omeem: (— 35 —§] .

IIpumep 9. PemuTe HepaBEHCTBO

log,, ﬁ +1logs(2—x)
logs(2x — 1) +10gy, 775- ~

PemeHue. [IpuBesém sorapudMsl K OCHOBAHHUIO 5, CIOXKUM UX U BOC-
MOIb3yeMCA TEM K€ IIPUEMOM, YTO U IIpU peNIeHWU IpeAbAyIero Mpu-
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Mepa:
<x<l1
logs (2x — 1) +1ogs (2 — x) - 0,5<x 2 )5, (:)
Togs(2x — 1) +logs3—2x) = 0 | logs(=2x"+5x—2)
logs(—4x2+8x—3) =
0,5 <x < 1,5: 075 <x< 1’5’
< { logs(—2x*+5x—2) —logs 1 = {M . PN
logs(—4x2 +8x—3) —logs 1 =~ A4 8x_3_1°
0,5<x<1,5 0,5 < x < 1,5,
S =2 +5x-3 S 2’ -5x+3
—4x24+8x—4 7 —oxt1 ~
0,5 <x <15, 0,5 <x <15,
&) =D& -15 S 9{x-15 & 05<x<1.
(x_l)z = x—1 &

Omeem: (0,5; 1).
Temepb pacCMOTPUM IIPUMED, B KOTOPOM IIPUXOAUTCS «3aMEHUTh» CPa3y

TPU PA3HOCTU.

IIpumep 10. Pemnute HepaBeHCTBO
(log, (2x+1) —log, (x +2)) (|x| — |x —2]) <0
V3x—2—-+v2x—1 =

PemeHnue. JJaHHOE HEPAaBEHCTBO PABHOCWILHO CJIEAYIOLIEMY:

(x—1)-4(x—1) <0

~

(2x+1D) = (x+2) (2= (x=2)2) <o,

Bx—-2)—(2x-1) = PR x—1 -
2 2
X?g X}g
(x—1)°
x—1 <0 2
PN 5 e s<x<l
X}g

Omeem: [%, 1).

B psAzy cTaHZApTHBIX HEPABEHCTB 0COO0E MECTO 3aHUMAIOT JIoraprudpMu-
YecKre HepaBeHCTBA, CoiepKalllie IeEpEMEHHYIO B OCHOBaHUH JioTapudma,
TIOCKOJIbKY pellleHVe TaKUX HepaBEHCTB BhI3bIBAeT OIpe/ieI€EHHbIE TPYAHO-
CTU y IIKOJIbHUKOB 1 aOUTypHeHTOB. Hanbosee pacpocTpaHéHHbIIN CIT0CO6
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pellleHus 3TUX HEPAaBEHCTB 3aKJII0YAETCA B PACCMOTPEHUU ABYX CJIy4aeB:
1) ocHoBaHue GOJbIIE €AUHUIILI, 2) OCHOBAaHHE IIOJOKUTENbHO M MEHbIIEe
eAVHUIbL. JIpyTM MeTOZOM pellleHHs SBASETCS METO[ WHTEpPBajoB
(cm. § 1.2), 3akstrovaromnuiics B IpUBeAeHUN HepaBeHCTBA K BuaAy f(x) V0
(rme cuMBOJIOM «V» 0003Ha4YeH OAWH M3 3HAKOB >, <, >, <), pa3bueHuun
obnactu onpezenenusa D (f) Hyasmu GyHKIUHU f(X) Ha HECKOJIBKO WHTED-
BaJIOB U OlpeZieJieHUH 3Haka QYHKIUU f(X) Ha KaXAOM HHTEpBAJIE IO eé
3HAKy B OZIHOM M3 TOYEK COOTBETCTBYIOIIEro MHTepBasia. TpeTuii MmeTos —
MEeTO/, 3HAKOTOXKJECTBEHHBIX MHOXUTEJIEH.

PaccmoTpuM BHadasie HepaBeHCTBO Buza logy, ) f (x) <b. Bocnonbsyem-
cs Gopmysol mepexoZia K HOBOMY OCHOBAHMIO, CBOMCTBaMHU JIOTapudpMOB
¥ METOJIOM 3HAKOTOX/AECTBEHHBIX MHOXKHUTEIEH:

log, f (x) log, f(x) —blog, h(x)
logygo () <b & ey —b <0 g h GO <0
() —h"(x) 0
log, f (x) —log, h* (x) 0 h(x) -1 ’
log;h(x) —log, 1~ ° < ) f0) >0,
h(x) > 0.

BakHeHIIMMKY YacTHBIMU CJIyJYasM{ ABJIAIOTCI HepaBeHCTBa BHAA
log,, f(x) <b mpu beA{0; 1; 2}:
fl) -1
no—1-0
1) logh(x) f(X) <0 & f(x) > O,

h(x)>0;

Fx) —h(x)
h(x)—1
2) logh(x) f(X) <l f(X) >0,

h(x)>0;

h(x) -1
3) logyy f) <2 f) >0,

h(x)>0.

KoHeYHO ke, 3allOMUHATh STH CHUCTEMBbI He Hazo. CileayeT MOMHUTDH
JIUIIL 00 OCHOBHOM Hjiee pellleHus MOJ00HBIX HEPABEHCTB, 3aK/IH0YalOIei-
s B Tepexo/ie K OCHOBAHUIO, 60JIbIIEMY 1, M 3aMeHe pasHOCTH JIOrapupMOB
Pa3HOCTBIO AIre0panyecKuX BHIPAKEHUM 10 3HAKAMHU JIOrapupMOB IPU
€CTEeCTBEHHBIX OrPAaHNYEHUAX HA KAXKJ0€e U3 HUX.

<0,

<0,
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ITpumep 11. Pemnre HepaBeHCTBO log,,  (5x—2)>1

Pemrenue. [lepeiiéM K MPOU3BOILHOMY OCHOBaHUIO, 6osbineMy 1 (Ha-
npumMep, K OCHOBAHUIO 2), U IPUMEHUM MeTO/; 3HaKOTOX/JeCTBEHHBIX MHO-
XUTesei:

log,(5x—2)
logzx_s(Sx—Z) >1 m—l}o@
log, (5x —2) —log,(2x —5) log, (5x —2) —log,(2x —5)
log,(2x —5) > log,(2x —5) —log, 1 20

5x—2)—(2x—-5)
2x—-5)—1 20; {3X+3>0, {X+1>0
= =

PN 2x—6 7 x=37 7 &= x>3.
Sx—2>0, x>25 x>25
2x—5>0

Omsem: (3; +»).
JlJ1sl 5KOHOMUU MecTa IPY PelLIeHNH BCeX CIEAYIONIUX IPUMEPOB HEKO-
TOpBIE OYEBU/IHBIE MPEOOPA30BAHUA OYAYT OMYCKATHC.

IIpumep 12. PemuTe HepaBEeHCTBO
log|x+2| (4+7x—2x*) <2

PemeHue. [I[puMeHUM Teleph y)Ke CTaHAAPTHEIE JIA pellleHus Hepa-
BEHCTB TaKOT'0 THIIa Mpeobpa3oBaHUs:

log, (4 + 7x — 2x?)

log‘x+2|(4+7x—2x2) <2 Tog, 2| <0
(4+7x—2xY) — (x+2)2
1 —2x%) -1 2/? <
Og2(4+7x X ) ogZ |X+ | <0 |X+2|—1 X O: =
log, |x+2| ~log, 1 447x—2x*>0

2x2—7x—4<0 —0,5 < x < 4.

[locnegHsasa cucteMa Jaerko pemaeTca METOAOM MHTEPBAJIOB:
— 3 -1

Z}AVJFx

-0,5

—3x2+43x x(x—1)
P {(x+2)2—12 <0, P {(x+1)(x+3) 20,

Omsem: (—0,5; 0]U[1; 4).

TIpu penteHMH HepaBeHCTBA GBUIM MCIIOMb30BaHH TOXAeCTBO |al? = a?
U 3aMeHa aarebpanveckoro Beipaxenus |u(x)| — |v (x)| 3HaKOTOXKAECTBEH-
HBIM BeIpakeHHeM u?(x) — v2(x). B zanpHeiimem 6yzeM oIycKaThb epexos,
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OT «OIMHOYHOT'0» JloraprdmMa K pa3HOCTHU 3TOTO Jorapudma u jorapudpma
yucia 1 mo ToMy ke OCHOBAHUIO, CPa3y MEHss COOTBETCTBYIOIINM MHOXU-
TeJIb Ha 3HAKOTOXK/ECTBEHHBIN (T. €. Ha pa3HOCTh aare6panvecKoro BhIpa-
JKEHUSA 10/, 3HAaKOM Jiorapudma U 1 Ipy yCIOBUU TTOMOKUTETBHOCTH 3TOTO
anrebpanyecKoro BEIPAYKEHUS).

IMpumep 13. PemmTe HepaBeHCTBO
log,_,(x+2)-log,,3(8—x) <O0.

PemeHue. [[puMeHNM MeTO/ 3HAKOTOXK/ECTBEHHBIX MHOXKUTENIEH, Tie-
pelizif K IpON3BOJIbHOMY OCHOBaHUIO, bosbiieMy 1. /Iyt 6ojiee KOMIAKTHOM
3anucu 6yzeM 37iech U ajiee UCIOIb30BaTh Iiepexos K ocHoBaHuIo 10:

lg(x+2) 1g(3—x)
lg(2—x) ' lg(x+3) S0

{(x+1)(2—x) <0 {(x+1)(x—2) <0
=

log,_,(x+2)-log, s(3—x) <0<

A-20)x+2) 37" = { x—-Dx+2) =7
—2<x<2 —2<x<2.

[TocneaHsas cucrema JIerKo peniaeTca METOAOM MHTEPBAJIOB:

-1 1
A+ =

+

NZ\e
=

-2

+ <
N
)

Omsem: (—2; —1]1U(1; 2).
Jns peuienvs HepaBeHCTB BuAA 10gy . f(x) < logy, g(x) OyzeM wc-
MT0JIb30BaTh OOBIYHBIE ITPE0OPa3OBaAHMUS:

lgfx) lggx)
10g), ) f (X) < logy, ) g(x) & Igh(x) Igh(x) <0

fx)—glx)

-1 <9
lgf(f)h—(gg(X) <0 | fGO)>0,
8 gx) >0,
h(x) > 0.

ot HpeO6paBOBaHI/Iﬂ, Pa3yMeeTcCAa, OCTalroTCA B CHJIE KaK JJId HEPAaBEHCTB
IIPOTUBOIIOJIO’KHOI'O 3HAaKa, TaK U AJIA HECTPOTMX HEPABEHCTB.

IIpumep 14. Pemurte HepaBEHCTBO

logax-1 ex’4+x-1) > logs-1 (11x —6— 3x?).
x+2 x+2
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Pemenue. Umeem
lg(2x?+x—1
logsx—1 (2X2 +x—1) > logs-1(11lx —6— 3X2) = % —
x+2 x+2 2X7 2

x+2

lg(11x — 6 — 3x? lg(2x? +x—1) —1g(11x — 6 — 3x?
_g( x—6 3x)>0(:)g(x+x )—1g(11x—-6 3x)>

0=
3x—1 = 3x—1 =
Ry gy
2 _ _ A 2
2x*+x 13‘);(71(11}( 6 —3x%) >0,
== _1 2
) x+2 (c—1)*(x+2) >0
o 2x“+x—1>0, PN 2x—3 = PN
11x—6—3x2 >0, %<x<3
3x—1
x+2 >0 N x =1,
1,5<x<3.

Omseem: {1} U (1,5; 3).

[Mocnexusan rpyia CTAHAAPTHHIX JorapupMUIECKUX HEPABEHCTB, CO-
JepKalluX HEN3BECTHYIO B OCHOBAaHUH JloTrapudma, — HepaBeHCTBa, JieBas
Y IpaBasf 4acTH KOTOPHIX IPEACTABJISAIOT co60M sorapudMbl ¢ pasHBIMHU
OCHOBAHUSIMU OT O/IHOT'O U TOTO JKe ajreOpandecKoro BHIpaKeHus. PaBHoO-
CWIbHASA CHCTEMA M B 3TOM CJIy4ae IOIyd4aeTcs ¢ IOMOIINbI0 MpeobpasoBa-
HUM, aHAIOTUYHBIX PACCMOTPEHHBIM paHee:

Igh(x Igh(x
logf(x)h(x) < logg(x)h(x) 2= 1§f§x; — 1§g§x; <0
1 1 lgg(x) —1g f(x)
= lIgh(0- (lgf(x) - lgg(x)) <0 18R Y ray1gg00 <0
(h(x) —1)(g(x) — f(x))
FG)-DEE)-1)

PN fx) >0,

g(x) >0,

h(x) > 0.

Pazymeercsi, 3TU mpeobpa3oBaHUsA NMPUMEHUMEI U B CIydae HepaBeHCTBa
MIPOTHBOIIOIOXKHOTO 3HAKa, U B CJIydae HECTPOTUX HepaBeHCTB. IlocieHee
0COOEHHO Ba)KHO, MTOCKOJIBKY CTydaii paBeHCTBa h(x) equnwUIle OyAeT yUTEH
B COOTBETCTBYIOIIEHN CHUCTEME, YTO MO3BOJUT M36€XKATh [TOTEPU PELIEHUs,
KOTOpas 4acTo IMPOUCXOAUT MTPHU TPAAUIIMOHHOM pellleHUH IIyTEM TIepexoja
K ocHOoBaHUIO h(x).

IIpumep 15. Pemrrte HepaBeHCTBO

1081252413435 (3 —X) > 108p,2 5,1 3(3 —x).

<0,
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Pemenue. Umeem

10g15,2 41543583 —x) > 10gy,2 5,133 —x) &

1g(3 —x) 1g(3—x)
lg(12x2 —41x+35) 1g(2x?—5x+3)
1g(3 —x) - (1g(2x? — 5x + 3) —1g(12x? — 41x + 35))
lg(12x% — 41x+35) -1g(2x? — 5x +3)
2 8
(x—2)*(x— E)

>0

>0

(2 —x)(=10x>+36x — 32) = 13 =0,
(12x% —41x +34)(2x%> —5x+2) >0, (X_E)(x_z) (X_E
e {3—x>0, (:Hx<3,
12x2 —41x+35 > 0, ( —%)(x—%) >0,
2x2=5x+3>0
X X (x—1)(x—%) > 0.

Pertenuie II€pBOI'0 HEpAaBE€HCTBa HOC]Ie,Z[Heﬁ CUCTEMBI — OG'I:e,Z[I/IHeHI/Ie IIpo-

MEXYTKOB (1 17) U [8 2) U (2; ). [lepeceyeHneM pelreHUi TPEX OCTAB-

212V [5
LIMXCs HepaBeHCTB ABJsIeTCs MHOXKECTBO (—oo; 1) U (% ; %) U (% ; 3). Cie-
o (1. 8.5 7. .
AOBATENIbHO, PEIIEHUE BCEH CUCTEMBL: | o 1)U $3 3 U e 2)U(2;3).

Omsem: (%, 1) u [%, %) U (%, 2) u(2;3).

OueBUIHO, YTO B psiZie CJIy9aeB MeTO/ 3HAKOTOXKAECTBEHHBIX MHOXKUTE-
JIeH TI03BOJIAET pelaTh JorapudMudecKrie HEPAaBEHCTBA C IEPeMeHHBIM OC-
HOBaHUeM ObIcTpee U 3 deKTHBHEE O CPABHEHUIO C JPYTHUMH METOAAMH,
[Ipe/IOCTaBIASA BO3MOXXHOCTh COKOHOMUTD BPEMS U CWIBL Ha 9K3aMeHe /I
pelleHus APyrux 3aZaHui.

MeToz 3HAKOTOX/AECTBEHHBIX MHOXKUTEJEHN MOTyYWI MIMPOKOE PacIpo-
CTpaHeHMUe B IOCIeIHYE TOABI. B OHOM 13 CaMbIX TEPBBIX CTATEl O METOZE,
HaNMCAHHON aBTOPOM 3TOTO IIOCOOMS MHOTO JIET Ha3a/, UCIIOIb30BaIOCh
Ha3BaHUe «METOZ 3aMeHbl QYHKIWi»; B psZe NMyOIUKaUMii ero HasblBa-
IOT «METOJOM 3aMeHbl MHOXXWUTEJEH» WIN «METOAOM pPallMOHATU3alU».
[locneqHee Ha3BaHUE yXKE COBCEM He BBIAEP)KMBAeT KPUTHUKU: BeAb pe-
LIIeHVe UPPAOHAIBHOTO, TIOKA3aTeTbHOTO WIH JIOTapUPpMUIECKOro Hepa-
BEHCTBA JIIOOBIM JIDYyTHM METOJOM B HTOTe CBOAUTCS K PELIEHHIO OZHOTO
WIN HEeCKOJbKUX pallMOHAJbHBIX HEPAaBEeHCTB, T.e. K «PallOHAIN3alU»
JAHHBIX HepaBeHCTB. Ha B3Iz aBTOpa, TEpMUHOIOTMYeCKH Hanbosiee To4-
HBIM SIBJII€TCS Ha3BaHUe, MPUBEAEHHOE B 3ar0JIOBKe 3TOTO aparpada. dTo
Ha3BaHUe OyZeT UCIIOIb30BaThCA U B JaTbHEHIIIEM.
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Pemnite HepaBeHCTBO.

.a)

.a)

.a)

.a)

.a)

.a)

. a)

.a)

.a)
6)
10.

a)

11. a)

6)

12. a)

13. a)

Yrnpaxxuenusd k § 1.6

Vx—vV2-x <0 6) Vx=2- m<0
3xZ—x—4 ’ 3x2—-13x+10 ’
[vVx—=1]=Vx |vVx=2]=vx
>0 S >0.
x—1—x >0 6) Sr—a=x 0
_ x? 1 18+8x
2_ 1 2—4x ’7 _(_)
il e NN 6) 7 <o.
2x+3[-1 7 2x—5]-1
2|3x—1|— |4x — 3| [9x — 2| —3]2x — 1]
< <o0.
2 1 x— 4~ |2 —x] SO 6) o 1 3x—8—3px% —x] ~°
32 +9x— 6x2+12x—2
6252x2+3x—1_(0’2)8x +4x—1 169 +9, 2—(0,5)3
6 -1 <0; 8 -1 <0.
|[4x% — 11x + 5| — 2x? 2|x? — 11x + 20| — x?
>0; 6 >0.
[24x% —22x+4| -1 20; ) |3x2—11x+8|—-2 7
|2x2 —x—3|—x?—2x—1 |8x% —2x — 3| —4x?* —4x—1
< >0.
[3x2+x—2|—x2—2x—1 " 0; 6) 2|6x2+x—1|—4xz—4x—1/O
|2]2x% — x| —1|—1 13|13x% — x| —1] -1
. >0.
I8x+3l—2-1 =% 6) Buxri-2-1>°
V18x2 +3x+1—/9x2 +3x+1
= b
V27x2+12x—2+ ¥/27x* +3x—4
Vex2+2x+1—/4x2+2x+1
=
V12x2 +8x—2+ Y 12x2 +2x — 4
3
x+ /x3—16 . 6) x+ 3/x—54 0
g, —2)txr1 0 log, @ —H+x+1"
\/3x+\/9x—2—\/3x+\/6x—3 <0
V3x—2v3x—1-V3x+3-4v3x—1
\/2x+\/6x—2—\/2x+\/4x—3 <0
Vox—2vV2x—1—/2x+3—4v2x—1
3x+1]— /5 — 6x — 18x2 2x+1|— /5 — 4x — 8x2
3|x | 2 <0, 6) 3' | <o.
V/27x3 +18x2 — 15x +2— 3x 3/8x% +8x2 —10x +2 — 2x
log: (5x+6) log,(8x+7)
Toge(6x+5) <0 6) logg(7x +8) SO
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14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

log,(2x* —13x+20) —1

log,(2x*—17x+35)—1

a) Togs(x+7) S 6) log, (x 1 6) SO
log,(x—1) log,(x+1)
) oo Gx—1 <L 6) fog,Gx+5) < -
2x2=7x+3 _ . 2x*—11x+12
a) log, |x —1| >0; 6) log; |x —2| >0.
log;(10x + 3) - log; (3x + 10) ) log,(5x+7)-log,(7x+5)
a) log;(10x) -log, x 20, 6) log,(5x) -log, x 0.
1 1
a) logy 4 g7 108252~ 313‘) >0 6) 10805 7z T1081,25(2 - zlx) >0
log, 5 (6x —1) +log 4 3=~ log, 55 (4x —1) +1logy g e
) (log,(6x+1) —log, (3x +2)) (3|x| —[3x —2|) <0
a >
VIx—2—+/6x-1 =
log, (10x + 1) —log, (5x+2))(5|x| —|5x—2
6) (logg( ) 86 ( ) (5lx| —| D <0.

V15x—2—+/10x—-1

a) logs, s(15x—2)>1;
a) logjs,y(4+35x— 50x%) <2;

6) log 4, 5(35x—2) > 1.
6) 10g3, 49 (4+21x — 18x%) < 2.

a) log, ,,(7x+2)-log,,3(3 —7x) <O0;
6) log, 5, (5x+2)-logs,,5(3—5x)<0.
a) logoc (18x% +3x —1) >loge1(33x — 6 —27x?);

3x+2

3x+2

6) log% Bx24+2x—-1)> log% (22x —6—12x?).

a) 1084g,2 _gox435(3 = 2x) >108g,2_10,43(3 —2x);
0) l0g;5.2 17x16(2—X) 2logy,2  (2—X).



I'naBa 2. Ilesble HepaBeHCTBA U CUCTEMBbI
HEpaBEHCTB

OTa IJ1aBa MOCBAIEHA METOZIaM PENIEHUS IIEJbIX HEPABEHCTB U CUCTEM
HepaBeHCTB. LleqbIMU pallMoOHaIbHBIMU HEpaBEHCTBAMM (MJIM IIPOCTO Iie-
JILIMU HEpaBeHCTBAaMM) Ha3bIBAIOT HepaBeHCTBa Buza f (x) VO, rae f(x) —
MHOTOUIEH, a 3HAKOM «V» 37IeCh U Jlajlee 0603HaUYeH OAUH U3 YeTHIPEX BO3-
MOJKHBIX 3HAKOB HEPABEHCTB «>>», «<», «>2», «<». CTElleHbI0 HEPABEHCTBA
f(x) Vv 0 Ha3wiBaeTca creneHb MHOTOWIeHA f (x). HepaBeHcTBa Buza p(x) V
V q(x), rae p(x) u q(x) — MHOTOWIEHBI, TaK)Ke HA3BIBAIOT LIEJIBIMUA: OHU
CBOZATCS K HepaBeHCTBY f(x) V0, rae f(x) =p(x) —q(x). Yacro ajns Toro,
4TOGBI B JIEBOY MJIU MMPABOM YaCTAX HEPABEHCTBA MOJIYIUTh MHOTOUWIEH TOM
WIN WHOH CTEeIleHH, HAaZ0 BHIITOJHUTH HEKOTOPHIE TIpeABAPUTEbHBIE JEN-
ctBusA. Kak mpaBwio, aTo anrebpavdeckre mpeobpa3oBaHUs, CBI3aHHBIE
C PACKpHITHEM CKOOOK, TpuMeHeHUueM GOPMYJT COKPAIIEHHOTO YMHOXEHUS
U MpUBeAEHUEM MOJOOHBIX CJIaraeMbIX. B HEKOTOPBIX CIy4asiX ONpeAeTnThb
CTelleHb HepaBeHCTBa MOXKHO, He COBepIIas YKa3aHHBIE IeHCTBYS, a CeIaB
MpeiBapUTENbHBINM YCTHBIH aHa/MNU3 TOTO, KaKue anrebpanyeckrie BhIpake-
HUS TIOIYYaTCs OC/IE BBITIOTHEHUS TaKUX JeHCTBUM.

B mepBom maparpade miaBel pa3bUpaloTcsa MPOCTEHIINe IeTble Hepa-
BEHCTBA — JIMHEHHbIE U KBaJpaTHBIE, a TAKXKE UX CUCTEMBI, BO BTOPOM —
6oJiee CJI0KHBIE HEPABEHCTBA M CICTEMBI HEPABEHCTB.

§ 2.1. JluHeliHble U KBaZ[paTHbIe HEPABEHCTBA

Juneiinble HepageHcmaa

HanomuuwMm, 9To GyHKIUA ¥ =ax + b HaspiBaeTcs nuHelHOH. HepaBeH-
ctBa BuzAa ax +b VO npu a#0 (3HaKOM «V» 00O3HA4YeH, KaK OOBIYHO,
OAVH U3 YETHIPEX BO3MOKHBIX 3HAKOB HEPABEHCTB «>», «<», «2», «<»)
TaKXKe Ha3bIBAIOTCA JUHEHHBIMU. [Ipy a # 0 anreGpanyeckoe BhIpaKEHHE
f(x) =ax + b ABnAETCI MHOTOWIEHOM IIepBOIi cTeneHH. COOTBETCTBEHHO,
JIMHeWHbIe HepaBeHCTBA — 3TO IleJible HEPAaBEHCTBA EPBOU CTEIEHH.

Uil mpuzaHuA HaMIAZHOTO CMBICIA PelleHHI0 JUMHEeUWHBIX HEPaBEHCTB
BOCIIO/Ib3yeMcsI I'padUUeCcKO UHTepIpeTalNen.

I'padukom nuHetHOM GYHKIMU ¥ = ax + b sABnsAeTca mpsiMas, lepeceka-
Io1I1as ock abCuuce B TOUKe, OpAUHATA KOTOPOU paBHa HYJIIO, T. €. ax +b =0,

b .
orkyzaa x = —-. Ecim a > 0, To nuHeiiHaA bYHKINA TPUHMMAET MOJOXKU-

b
TeJIbHbI€ 3HAYEHUA IIPU BCEX X € (— E; +oo ], oTpULaTe/JIbHbIC 3HAYCHUA —
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b b
TIPU BCeX X € (— 0; — E) u obparaeTcs B HyJIb IIPU X = — p (puc. 1a). Ecmu
a <0, To MuHelHasg QYHKINSI MPUHUMAET IOJ0KUTETbHbBIE 3HAUEHUS TIPU
b b
BCEX X € (— %; —- ), OTPUI[ATe/IbHbIE 3HAYCHHMA — IPH BCEX X € | — —; +

u obpalliaeTcs B HyJIb IIPU X = —g (puc. 16).

Yy
y=ax+b
Yy (a<0)
Aﬁ—b b >
(a>0) NG
a
_b 0 X
a

Puc. la Puc. 16

Pasymeercs, IIpy pelieHUH JMHEeHHBIX HepaBeHCTB rpaduKy OOBITHO He
WCIIONIB3YIOT, & IPUBOJAAT HEPABEHCTBO K BUAY ax V —b, mocie 4ero Aemar
obe YacTu MOC/IeAHEr0 HepaBeHCTBa Ha yucio a. CTaHAapTHas omubka
B PelIeHUsIX JUHEHHBIX HEPABEHCTB CBA3aHA MMEHHO C 3THM JeJeHHeM:
€CJIY 9HCJIO d OTPULIATEThHO, 3HAK HEPABEHCTBA HY)XHO M3MEHUTH Ha IIPOo-
THBOIIOJIOXKHBIH, 0 4eM MHOI'He 3a0bIBaloT. [Ipu pelieHNN HepaBeHCTB BUja
ax 4+ bV cx +d yno6Ho Bce ciaraemble, cogepikaliye IepeMeHHYo, Iepe-
HECTHU B JIEBYIO YacTh, a BCe YMCJIAa — B IpaBylo: ax —cx V d — b, oTkyza
(a—c)xVvd—b. Ecnu a#c, To ocTaéTes cAenaTh MOCAeIHUN Iar — pasze-
JIUTH 00e YacTu HepaBeHCTBA HAa YUCIO d — ¢ (C M3MeHeHHeM 3HaKa Hepa-
BEHCTBA Ha IIPOTUBOIIOJIOKHBIN B CIy4yae, €CIM 3TO YHCIO OTPUIATENBHO).
Ecnu a = ¢, monmyyaeM HepaBeHCTBO Buza 0-x Vd — b, KoTopoe — B 3aBUCH-
MOCTH OT 3HaKa HepaBEHCTBA M YUCJIa B MPaBOi 4acTu — JubO He UMeeT
peleHuit, TM60 CIpaBeIMBO IIPU JIOO0M JeHCTBUTENBHOM 3HAUEHUHU ITIe-
peMeHHOM.

IIpumep 1. PemuTe HepaBeHCTBO 3x + 7 < 7x + 3.

Pemenue. [lepenuiieM HepaBeHCTBO B BUZe 3x — 7x <3 — 7, OTKyZa
—4x < —4. Pazgenum obe YacTH TOCIEIHETO HEpaBEHCTBA HA YUCIO —4,
TIOMEHSB 3HaK HepaBeHCTBA Ha MPOTUBOIIOIOXKHBIN. [Tomyaum x > 1.

Omsem: (1; 4+x).

Crepyromias 3ajjaya — HepaBEHCTBO NePBOM CTeleHU C UppallloHab-
HBIMU KoaddunrieHTamMu, Tpebylollee AN pelleHus OnpeaeTeHHON apud-
METHUYECKOU KYJIBTYPHI.
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IIpumep 2. PemmTe HEPABEHCTBO X /2 > X V3+v3+ V2.

Pemre Hue. [lepenuuieM HePaBeHCTBO B BUge xv2 —x V3 > V3 + V2,

3 3
OTKyZa (w/ﬁ - V3 )x = V3+ V2. OmnpenenuTh 3HAK YUCIA B CKOOKaX MOX-
HO pa3HBIMH criocobaMu, HallpuMep, 3alKMCcaB YMEHbIIaeMOe U BBIYHTAE-
MoOe B BU/le KOpHel OZIHOM CTelleHu:

VI-¥3=Y2-%/32= ¥5-¢/9<o.

3
CremoBaTenbHo, 4ucio v2 — v/3 OTPUIIATENBHO, U TIPU JieIeHUU 00enx
yacTell HepaBEeHCTBA Ha 3TO YMCJIO 3HAaK HEpaBEeHCTBAa HY>KHO U3MEHUTh Ha

. V3+ 32
MIPOTHUBOIOJIOXKHBIA. [Toayunm x < ———.
P v V2- Y3
Omsem: (— L3+ ‘/_]

T V2-V3

PelleHre crcTeM IIeJbIX HEPABEHCTB NEPBOM CTENEHUW C OFHOU Iepe-
MEHHOU COCTOUT B PEIIeHNH KaXXKZ0Tr0 HEPAaBEHCTBA CUCTEMEI C ITOCIENYIO-
LIIMM HaxoXJeHUeM IepecedyeHUs] HaliZleHHBIX MHOXKECTB pelleHnuH.

IIpumep 3. PemuTe cucTeMy HepaBEHCTB

7(6x+5)—5(6x+7) < 12x+21,
x+2  x+3 x+5  x+4
3 + 2 z 4 + 5 °

Pemenue. Pemum nepBoe HepaBeHCTBO JaHHOM cucTeMbl. Packpoem
CKOOKU B JIEBOH 4aCTH 3TOr'0 HEPAaBEHCTBA:

42x +35—30x —35 < 12x+21.

[Tocne ympouenuit noayaum 12x < 12x + 21, otkyza 12x — 12x < 21, wim
0-x < 21. PemieHreM IMOC/IEAHETO HEPABEHCTBA ABJIAETCA JII0O0OE JeHCTBU-
TelbHOoe yrcio. CaemoBaTeIbHO, MHOKECTBOM PEIEHUH BCeil crcTeMbl 6Y-
ZleT MHOXXeCTBO pellleHU} e€ BTOpPOro HepaBeHCTBA.

PemvM BTOpOe HEPABEHCTBO ZAHHON CUCTEMBI. YTOOBI M36aBUTHCS OT
npobeli, yMHOKUM 06€ YacTH 3TOTO HepAaBEHCTBA Ha OOIIUM 3HaMeHaTeb
Bcex Apobed, T. e. Ha 3-4-5=60. [loxyuyum

20(x+2)+30(x+3) > 150c+5)+12(x +4).

PackpoeM CKOOKU U TIPUBEAEM TIOZOOHBIE C/laraeMble B KaXK/JOU YacTU II0-
JIy4eHHOTO HepaBeHCTBA:

20x +40+30x+90 > 15x + 75+ 12x +48,

OTKyZa
50x+130 > 27x+123.
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[lepeHecéM Bce caraeMble, COAEpIKaIUe TIepEMEHHYIO, B JIEBYIO 4acTh He-
pPaBEHCTBA, a BCe YHUCIa — B IIPaBYIoO:

50x —27x > 123 - 130,

oTKyZa 23x > —7. Ocranock 06e 4acTu IOCIeHEr0 HEPABEHCTBA Pa3Je/IUTh

Ha 23, 1ocJjIe 4ero MoJIy4uM X > —%.

A A
Omeem.[ 23,+0°).

3amevaHus. 1. PerieHue HepaBEHCTB C JpOOHBIMU K03bdUIIMEHTaMU
OOBIYHO CBSI3aHO C OOJBIINM YKUCJIOM OIIMOOK. [IJIs TOro 4TOOBI CHU3UTH
BEpPOSITHOCTh TaKWUX OIIMOOK, PEKOMEHAYETCA II0 BO3MOXXHOCTH CHayasa
MTOJIYYUTh HEPABEHCTBO C I[EBIMU KO3 PULIHIEHTaMU, YMHOXKHUB 00€ ero 4a-
CTH Ha O0UIMi 3HaMeHaTesb Apobeii, Kak 3TO OBUIO CZeTaHO MPU PelleHUN
npuMepa 3.

2. B HEKOTOPBIX CIyYasX B IPOIleCce pelleHus TMHERHBIX U 6oee CI0X-
HBIX HEpaBeHCTB II0cJle IPUBe/IeHNA NOAZO0OHBIX cIaraeMbIX IIOIydaeTcs He-
PaBeHCTBO, He coJiepsKalllee mepeMeHHOMN. Takue cuTyaluu CTaBAT B TYIIUK
MHOTUX YYeHHUKOB U BBIITYCKHUKOB, XOTA HUYEro CJIOXKHOT'O B MHTEpIIpe-
TalUM IOJTy4YeHHBIX HepaBeHCTB HeT. JIIf 5TOro ZOCTAaTOYHO OTBETUTH Ha
BOIIPOC: «IIPU KaKWUX 3HAa4eHUAX [epeMeHHOM BHINONHAETCA MOoMydeHHOe
HepaBeHCTBO?» Tak, Hampumep, HepaBeHCTBO 0 > 5 He BBINOJHAETCA HU
IpU KaKuX JOIyCTUMBIX 3HAUYeHUAX IlepeMeHHOU, a HepaBeHCTBO 0 < 21
BBITIO/THAETCS TIPH JII060M JeHCTBUTEIHbHOM 3HAYeHUM TepeMeHHOH. [Ipu
pemeHny npuMepa 3 HepaBeHCTBO 0 < 21 71a 6osbIIel HAIAAHOCTH GBLIO
3anucaHo B BuZie 0 - x < 21; ncnonb30BaTh TaKylo 3allCh PEKOMEHAYeTCsA
B TeX CIIy4asnx, KOIZa OTBET Ha BOIIPOC O PelleHUAX HEPABEHCTB, IT0Z0OHBIX
NIpYBeAEHHBIM BBIIle, BBI3BIBAET OllpeZie/I€HHbIe 3aTPyAHEeHUA.

[Tepeiiném Tenephb K KBaJpaTHHIM HepaBeHCTBaM, BCIIOMHUB OCHOBHEBIE
ompezieNieHVs M GaKThI, CBI3aHHBIE C HIMH.

Kgadpammoie HepaseHcmaa

HanomuuM, uto GyHKIMA y =ax? + bx + ¢ npu a # 0 Ha3bIBaeTcs KBaj-
patudHoii. HepaBeHcTBa BuzAa ax? + bx +c¢V 0 mpu a #0 (3HAKOM «V»
0603HavYeH, KaK 0OBIYHO, OZIMH U3 YE€THIPEX BO3MOXKHBIX 3HAKOB HEPABEHCTB
«>», «<», «2», «<») HA3BIBAIOTCA KBaZpaTHeIMU. [Ipu a # 0 anrebpamye-
cKoe BhIpaxkeHHe f(x) = ax?+ bx + ¢ AB/IAETCA MHOTOWIEHOM BTOpOIi CTe-
neHHu. COOTBETCTBEHHO, KBa[PaTHbIE HEPABEHCTBA — JTO Ilejible HepaBeH-
CTBa BTOPOMH CTeleHMU.

s IpyuAaHus HATJIAZHOTO CMBIC/IA PEIIeHUI0 KBaJpaTHRIX HEPABEHCTB
BHOBb BOCIIOJIb3yeMcsI TpadUdecKoil MHTEpIpeTaue.
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CHavasia pacCMOTpHUM ciIy4dait a > 0. B aTom ciryyae rpadpuKoM KBaapa-
TUYHOM QyHKIUM y = ax? + bx + ¢ AB/AeTca nmapabona, BETBU KOTOPOi Ha-
IpaBJieHbl BBepX. AGCIrcca X BEPIIMHBI Tapabosbl HAXOAUTCA 1o Gpopmyse

b o
Xo = — 5, - Pacmonoxenue rpadrka KBa[paTUYHOUN QYHKIIUU OTHOCUTENBHO

ocH abCLyCC CyIeCTBEHHBIM 06pa3oM CBA3aHO CO 3HAKOM JUCKPUMUHAHTA
D =b? — 4ac xkBagpaTHOro TpéxwieHa ax’ + bx +c.

Ecnu D >0, To rpaduk ¢yHKIuM y = ax? + bx + ¢ mepecekaeT och abc-
IIMCC B IBYX TOYKAX X; U Xy. UHCIIA X; U Xy ABIAIOTCA KOPHAMU KBaJPATHOTO
ypaBHEHUA ax? + bx +c=0; YCJIOBUMCSA, YTO 3/leCh U Jajiee X; — MeHb-

" " —b—+vD
WA KOpPEeHb, X, — OGOJIBINNI KOPEHDb 3TOTO YPaBHEHUA, T. €. X; = T
—b++D
axXy=—"pH - TakuMm o6pasoM, ecau a >0 u D > 0, To KBaZipaTUyHast

dyHKIMA ¥y = ax? + bx + ¢ IPUHUMAET MOM0KUTeTbHbIe 3HA9eHNA IPH BCex
X € (—; x7) U (xy; +00), OTpULIaTeIbHEIE 3HaUeHNUA — IIPU BCeX X € (X7 ; X5)

u obpamaercs B Hy/Ib B TOYKAX X; = b z_a\/ﬁ U Xy= b ;La‘/ﬁ (puc. 2a).
y=ax?+bx+c
(a>0,D>0)
X1 0 Xy X
Puc. 2a
Ecmu D=0, To x; =Xy = —2b—a = Xy, T.e. rpaduK GyHKIUM y = ax? +

+ bx + ¢ uMeeT ¢ 0chblo abCLNCC eUHCTBEHHYIO OOIIYI0 TOUKY — BepIINHY
mapabosnel. Takum obpaszom, ecirt a >0 u D =0, To KBagpaTu4HasA QyHK-
1ua y = ax? + bx + ¢ IpUHUMaeT TIONOKUTeIbHbIEe 3HAUeHHs TIPU BCeX X €
b

€ (—; X)) U (xp; +0), obpaujaercs B HyJIb B TOYKE X, = —5g> @ OTpHIa-
TeJbHBIX 3HAYEHUH He mpuHUMaeT (puc. 26).

Ecu D < 0, To KBajpaTHOe ypaBHeHMe ax? + bx + c =0 gefcTBUTEND-
HBIX KODHeli He UMeeT U, c/leloBaTeIbHO, TpaduK YHKIUM ¥ =ax? +bx + ¢
He MMeeT C OChbI0 abcuycc HU OJHOM 00IIell TOUKH, T.e. LIeTUKOM PacIo-
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JIOXKeH BhIIIe ocu abcruce. Takum obpasom, ecm a >0 u D <0, To KBaA-
patudHad GyHKIMA ¥ = ax? + bx + ¢ IPUHUMAeT TONIbKO MOIOXKUTETbHEIE
3HaueHUs (puc 2B).

Y y=ax?+bx+c Y y=ax®+bx+c
(a>0,D=0) (a>0,D<0)

Xo 0 x

Puc. 26 Puc. 2B

Cryyaii a <0 paccMaTpUBaeTcs aHAJIOTUYHO. B aToM cirydae rpadukom
KBaZipaTH4HOM GyHKIMHU y = ax? + bx + ¢ ABAAeTcs mapabosa, BeTBH KOTO-
po¥i HaTlpaByieHbl BHUS.

Eciu D > 0, To rpaduk GyHKIMU y = ax? + bx + ¢ IepecekaeT och abe-
LIMCC B IBYX TOYKAX X; U X,. TakuMm ob6pasom, mpu a <0 u D > 0 kBagpaTtud-
Hasa GyHKIUA y = ax? + bx + ¢ IpUHUMAeT HONOXUTEIbHEIE 3HAYEHHA TIPH
Bcex X € (Xxy; X,), OTpULIATEJbHbIE 3HAYEHUS — IMPU BceX X € (—; x;) U
—b+vD e VD

U (xz; +o0) 1 obpamaeTca B Hy/Ib B TOYKAX X = — 5 2 24
(puc. 3a).
y
y=ax*+bx+c
(a<0,D>0)
x1 ol x2 x

Puc. 3a
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Ecnu D =0, To rpaduk GyHKIMEU ¥ = ax? + bx + ¢ UMeeT ¢ ocbio aberuce
€IMHCTBEHHYIO0 00IIyI0 TOYKY — BEPUINHY X, Mapabosnbl. TakuM o6pasom,
ecu a <0 u D =0, To kBazpaTuyHad GyHKIMA Y = ax? + bx + ¢ IpUHUMaeT
OTpHUIaTeNbHbIE 3HAYEHUS IIPU BCeX X € (—; x) U (Xy; +0), obpamraeTcs

B HyJlb B TOYKE X, = _Zb_a’ a TOJIOXKUTEJbHBIX 3HAaUYeHUN He NPUHUMAaeT
(puc. 36).

Ecmu D < 0, To KBaZipaTHOe ypaBHeHUe ax? + bx + c =0 AeiicTBUTeDb-
HBIX KOpHeli He MIMeeT U, cllefloBaTelbHo, Tpaduk GyHKIMHI y = ax? +bx +c¢
He UMEET C OChI0 abCIuce HU OAHOM 0OIel TOYKH, T.e€. IETUKOM pacIo-
JIOXKEH HIDKe ocu abcuuce. TakuM obpasom, eciu a <0 u D <0, To KBaj-
paTuyHas QYHKIMA Y = ax? + bx + ¢ IPUHUMAeT TONTBKO OTPUIIATeNbHbIe

3HaueHus (puc. 3B).

Y
Y
0 X
Xo
0 X y=ax?*+bx+c
y=ax*+bx+c (a<0,D<0)
(a<0,D=0)
Puc. 36 Puc. 3B

Utak, pelieHue KBaZpaTHOI'O HEPABEHCTBA ax?+bx+cVv0 onpezena-
€TCsA, B CYIIIHOCTH, 3HAKOM CTaplIero ko3guimeHTa a 1 3HaKOM JVCKpU-
muHaHTa D = b? — 4ac.

3ameuanue. Ilomy4uB HepaBeHCTBO ax? +bx +cV 0, B kKoTopoM a <O,
IIeslecoo6pa3Ho cpa3y YMHOXHUTH 00e 4acT! HepaBeHCTBA Ha — 1, IOMeHsB
3HaK HepaBeHCTBA Ha IIPOTHBOIOIOKHBINA. DTO HEXUTPOe MPaBUWIO I103BO-
JIUT peliaTh KBaJpaTHbIE HEPABEHCTBA TOIBKO C IIOJI0KUTEIbHBIM CTapIINM
K03 OUIMEHTOM U HACTOATETHHO PeKOMEHAYeTCs K MPUMEeHEHUIO: YHCIO
OUIMOOK MpU pelleHUN KBaJPAaTHHIX HEPABEHCTB C OTPHUIATENBHBIM CTap-
muM KoapdunmernToM Ha EI'D u OT'D o MaTeMaTHKe BEIXOAUT 32 I'PAHUIIBI
pasyMHoOro, npu4yém omubku (Kak B ONpeselleHUN 3HAKOB KOpHEH KBa-
paTHoro TpéxuneHa ax? + bx + ¢, Tak ¥ B BBIMUCHIBAHUU CAMUX PelleHHEr)
COBEpIIAIOT B 6OJIBIIOM KOJTUYECTBE JaXKe CHIbHBIE IIKOJTbHUKK U BBITYCK-
HUKU.
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KBazipaTHOe HepaBeHCTBO ax? + bx + ¢V 0 ¢ MOOKUTENbHBIM CTAPIIUM
koadduimeHToM 6yZeM B AanbHelillleM HasbiBaTh 6a30BBIM. [IOCKONBKY
Haubosiee pacpoCTpaHEHHBIM THUIIOM KBaZPaTHBIX HEPABEHCTB SBJIAIOTC
HepaBeHCTBA C IMOJIOXKUTEIbHEIM ANCKPUMWHAHTOM, HalJsa HYIU KBaJpa-
TUYHOH PyHKIUM ¥ = ax? + bx + ¢ (W1M, 9TO TO e caMoe, KOPHM KBaJ-
paTHoOro TpéxuneHa ax? + bx +c), T.e. KopHU ypaBHeHus ax2 + bx +c=0,
MOJKHO, OCHOBBIBAsICh Ha CBOMCTBAaX KBaJPAaTUYHOMN QYHKINHY, Cpa3y BHIIU-
caTb MHOXKeCTBO pellleHUi HepaBeHCTBa. [IpH MONTOXUTENBHOM AUCKPUMU-
HaHTe /711 6a30BBIX KBAJPAaTHBIX HEpaBeHCTB BHfa ax’ + bx +c¢ <0 wiu
ax?+bx + ¢ <0 3TUM MHOXECTBOM ABJIAETCS TPOMEXYTOK «MeK/y KOPHS-
MH» TPEXWIEHa, T.e. (X1; Xy) WIH [X1; X;] COOTBETCTBEHHO; /il 6GAa30BHIX
KBa/I[paTHbIX HEPABEHCTB BUZA ax®+bx+c¢>0 wm ax?+ bx + ¢ >0 MHO-
JKECTBOM peLIeHUH ABIAETCI 00beUHEHNE MPOMEXYTKOB «3a KOPHSIMU»
TpéxwieHa, T.e. (—;x;) U (Xy; +) mwm (—o; x;] U [x,; +%) cooTBeT-
CTBEHHO.

Zpyroii crmocob pelreHus KBaZ[paTHBIX HEPABEHCTB CBA3aH C Pa3JioXkKe-
HUeM KBaJpaTHOTO TPEXWIeHAa Ha JIMHEHHbIE MHOXUTEMN U IPUMeHEHUEM
MeToza WHTepBanoB. HamoMHUM, 4TO ecau AMCKpUMMHAHT D = b? — 4ac
KBaJpaTHOTo TpéxdneHa f(x) =ax? + bx + ¢ HONOXUTeNeH, a X; = %
# — KOPHM TpExwieHa, TO ax?>+bx+c=alx— x1) (¢ — x5).
Touku X; U X, pa36MBAIOT YHUCIOBYIO MPSIMYIO Ha TPU IPOMEXYTKA, B KaXK-
ZIOM U3 KOTOPHIX 3HaK QYHKUMHU f (X) JIETKO ONpEeZeNUTh 110 e€ 3HAKY B Of-
HOU U3 TOYEeK IPOMEXYTKa, ITOCJIe Yero OCTaéTCs 3amucarh OTBeT. [1pu pe-
IIEHUM HEMOJNHBIX KBAJ[PaTHBIX HEPABEHCTB, T.e. HePaBeHCTB BUAA ax” +
+bx V0w ax? +cV 0, 06BIYHO UCTIONB3YIOT pasoKeHNe Ha JTUHeHHbIe
MHOXXUTEH IYTEM BBIHECEHUS OOIIEr0 MHOXKUTEIA WIK IPUMeHEHU Gpop-
MYJIBl PAa3HOCTY KBaZIPATOB.

I/IX2:

3ameyaHue. MOXHO oOIlpeZiesIUTh IPOMEXYTKH 3HAKOIIOCTOSHCTBA BhI-
paxkenus a(x — x;)(x — x,) mpu a > 0 emé u ciaegyouuMm obpasom. Tak
Kak a > 0, mpu Jr060M 3HaYeHUU TIepeMEHHON X YHCIo a(x — xp) (x — x5)
OyZeT UMETD TOT Ke 3HaK, YTO U YUCII0 (X — X1) (X — X5). [TOCKOMBKY X1 < X5,
MoJIy4aeM, 4TO X — X > X — X, TIpU JIo6oM 3HaueHuu x. [IpousBeneHue
[BYX 4MCeJl OTPULATENBHO B TOM U TOJIBKO TOM C/Iy4dae, eCjid MeHbllee U3
HUX OTPULIATETHHO, a OOJIbIIee MOIOXKUTETHHO:

x—x; >0, X > Xy,
=
X—x, <0 X < X,

T. €. X1 <X < Xy, WIN X € (X;; X,). [Ipou3BezieHNe ABYX YHCE IIOTOKUTENIBHO
B TOM U TOJIBKO TOM CJIy4ae, eC/I MeHbIllee U3 HUX MTOJIOXKUTENbHO (Torza
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u GoJIbIIee MONIOXKUTENIBHO) WM Ooblilee OTPUIIATENBHO (TOTZIAa ¥ MeHbIIlee
OTpHIIATENbHO):

x—x; <0, x < Xxq,

[x—x2>0 [x>x2,

T.€. X € (—00; x7) U (xy; +00).

HTak, ecyiv IPUBECTH KBaJ[paTHOE HEPABEHCTBO K 6a30BOMY BU/Y U Hali-
TH KOPHU COOTBETCTBYIOIIEr0 KBaJPAaTHOTO TPEXWIEHA, TO MOXKHO MTPaKTH-
YeCcKH cpasy 3alucaTh OTBET: B CJIy4Yae CyLIeCTBOBAHUS JBYX Pa3lIWYHBIX
KODHeH X; U X, pellleHreM HepaBeHCTBa OyZeT MO0 MPOMEKYTOK MEXAY
HUMHU, 1160 06beJUHEHNE [IBYX YUCIOBBIX JIydell ¢ HadaJaMy B TOYKAaX X;
U Xs.

[Ipexze yeM IEPEXOAUTH K pa3bopy MPUMEPOB, TOAYEPKHEM, ITO HEBAK-
HO, KaKo cIIocob pelleHrs KBaJpaTHOTO HEPABEHCTBA OYZET HCIONb30-
BaH: IVIaBHOE, YTOOBI 3TO pelileHre BBUIO XOTS Ob B MUHUMAaIbHOU CTEIeHN
060CHOBaHO — JINOO CCHLIKOM Ha CBOMCTBA KBaApaTUIHON QyHKUIUU, 16O
CCBUTKOM Ha METOJl NHTEPBAJIOB.

[Ipumep 4. PemmTe HepaBeHCTBO 5x2 > 3x.

PemeHue. [IpuBeséM HepaBeHCTBO K 6a30BOMY BHAY: 5x2 — 3x >0,
oTkyza 5x(x — 0,6) > 0. PermmuM mmosrydeHHOE HEPABEHCTBO METO/IOM HMHTED-

BaJIOB:
Y - |

0 0,6 X

Omeem: (—; 0]U[0,6; +x).

IIpumep 5. Pemmure HepaBeHCTBO 49 — 25x2 > 0.

PeumeHnue. [IpuBeséM HepaBeHCTBO K 6a30BOMY BUAY, YMHOXXUB 006€
ero yacTu Ha —1 u IeperpynnupoBas caaraemeie: —49 + 25x2 <0, oTKyza
25x2 — 49 < 0. Pasnoxum 1o popMysie pasHOCTH KBaJpaToB JEBYIO YacTb

MTOJy4EHHOTO HepaBeHCTBa Ha MHoXUTenu: (5x — 7)(5x 4+ 7) < 0. Pemum
mocjieHee HEPaBEeHCTBO METOAOM UHTEPBAJIOB:

+ ) +

-1,4 1,4 X

Omeem: [—1,4; 1,4].
IIpumep 6. Pemrute cucteMy HepaBeHCTB

—0,3x+0,2 > 0,2x+0,3,
X2 4+3x+1>0,2(2—x).
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PemeHue. Peurnm nepBoe HepaBeHCTBO JaHHOU cucTeMbl. /[y TOTO
YTOOBI U36aBUTHCA OT APO6E, yMHOXKUM 06€ 4acTH 3TOr0 HEPaBEHCTBA Ha
yncio 10. [Monyyum —3x + 2 > 2x + 3, oTtkyza —5x > 1 u x < —0,2. MHo-
’KeCTBO pelleHul IepBOr0 HepaBeHCTBA JJAHHOMN CHCTeMbI — IIPOMEXKYTOK
(—o0; —0,2]. PemuM BTOpO€e HEPABEHCTBO IAHHOM cucTeMHI. U 31ech u3ba-
BUMCSA OT ApobU, YMHOXKUB 00e JYacTH HepaBeHCTBA Ha yuciIo 5. ITomyunm

5x2+15x+5 > 2 —x.

[TepeHecéMm Bce ciaraeMble B JIeBYIO YacThb HepaBeHCTBA U IpUBeEM IIO-
n06HbIe caaraemble: 5x2 + 16x + 3 > 0. Crapmmii k03pPUIMEHT B JI€BOi
YacTH IIOJyYeHHOTO HepaBeHCTBA IOJIOXKUTENEH, HYIIMU KBaJPATUYHOMN
dynkmuu y = 5x2 + 16x + 3 apaarorcs uncia —3 1 —0,2 (MX MOXHO HaiiTH
¢ oMo1uIpIo GOpMyJIBl KOpHEH KBaZpaTHOI'O YpaBHEHUSA WIHM C IIOMOIIBIO
¢dopmyi Bueta). [103TOMy MHOXKECTBO pellleHHH HepaBeHCTBa: (—o; —3]U
U [—0,2; +=). CrenoBaTeIbHO, MHOXXECTBO pEIIEHUN JAHHOM CHUCTEMBI:

(—o0; —3]U{-0,2}.
2

-3 —0,2 x

Omseem: (—o; —3]U{-0,2}.

O ¢opmynax Buema 011 HenpugedeHH020 K8AOPAMHO20 MPEXUWIEHA

[pu pelteHUM KBaApaTHBIX HEPABEHCTB YaCTO OKA3bIBAIOTCS ITOJIE3HBI-

b c

Mu dopmysel Buera: xq 4+ xy = — X1 =g (3zeck x; U X, — KOPHU KBaJ-
paTHoro TpéxwieHa f(x) =ax?+ bx +c, a #0). OTH GopMysIBl MO3BOJA-
10T, ToZ06paB ZiBa YKcja 10 UX IPOU3BEJEHUI0 U CYMME, 3alucaTh pellle-
HHe KBaJIpaTHOTO HEpPABEHCTBA ITOYTU Cpasy, MOCKOJIbKY HalieHHbIE UHC-
JIa ¥ ABIAIOTCA KOPHAMH TpéxwieHa f(x) = ax? + bx + c. Ognaxo (3a uc-
KJIIOUeHHeM cTydast a = 1) B yKa3aHHOM Bu7ie 3TU GpOPMYJIBI UCIIOIb30BaTh
HeyZ00HO, TaK KaK CyMMa U MPOU3BeAeHNE NCKOMBIX YHCENT IBJISTIOTCSA APO-

6sIMU UM «Tog06paTh» TaKHe 4Yuciaa CI0XKHO. [IOMOTYT 37ech CIeAyiollue

MIPOCTHIE paccykAeHus. 3anuuieM GopMysibl Bueta B BUJE CUCTEMBL:

b
X1 +X2 = _E,
C

X1X9 = E.

Ec/I¥ YMHOXMWTD 00€ 4acTH IIEPBOro YpaBHEHMs CUCTEMBI Ha d, a 06e 9acTu
BTOPOT'O ypaBHEHHA Ha a2, TO MOyYHM CHCTEMY, KOTOPYIO MOKHO 3aIHCaTh
TakK:

{(axl) + (ax,) = —b,

(ax;)(axy) = ac.
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Takum o6pa3oM, eciii HAUTH ABa YKUCJIa, IPOU3BeAeHHEe KOTOPBIX PAaBHO dc,
a cymMMa paBHa —b, TO 3TO OYAyT 4HMCIa aX; U AX,, TIOC/IE YerO OCTaHeTC s
KakJj0e 13 HalZIeHHBIX YKCEeJT Pa3feuTh Ha d U TOJIYIUTb KOPHU JaHHOTO
KBaJ[paTHOTO TpéxwieHa. [Ipu ompeseléHHOM HaBbIKE TaKUe BBIYMCIEHUS
JIETKO TIPOBO/ISITCS YCTHO: Ha «POJIb» AX, U AXy MPETEHAYIOT AeTUTETN YUCTA
ac, ", nepebupas «Io BO3pacTaHUI0» BO3MOXKHBIE AETUTENIN ITOTO YHCIA
(HaymHasA C MPOCTEUIIEro — eUHUIIBI), MOXXHO JOBOJBHO OBICTPO IOJY-
YUTb OTBET.

Ipumep 7. Pemmre HepaBeHCTBO 9x2 — 73x +8 < 0.

Pemenue. Haiizém cHavana fBa 4ucia, Mpou3BeeHre KOTOPBIX PaB-
HO 9-8=72, a cymMa paBHa 73. [IOCKO/NbKY IIPOM3BEJEHUE 3TUX YUCE]
TOJIOKUTEIbHO, 3TO YHcjIa OZHOro 3Haka. [IoCKOMbKY MX cyMMa IOJIOKU-
TeJIbHA, 3TO MOJIOKUTENIbHbIE YMCIa. YKe MPOCTENIINN JenuTenb yruciaa 72
N03BOJIAET HAWTU UCKOMBIe uncna: 1-72=72, 14+ 72=73. OcTanoch pas-
JleJIUTh HalileHHbIe Yrcla Ha 9 U MOJTyYUTh KOPHU KBaIpaTHOI'O TPEXUIeHa

" 1 72 "
B JIEBOH YaCTH HEPABEHCTBA: § U 5 = 8. TTocKoIbKy cTapuiuii koadduiim-

€HT TpéX‘-UIeHa IIOJIOXKUTEJIEH, MHOXECTBOM peH_IeHI/Iﬁ HEpaBE€HCTBa ABJIA-

1
€TCA OTPE30K [5; 8] .
1
Omeem: [5, 8] .
IIpumep 8. Pemmre HepaBeHCTBO 4x% — 15x+9> 0.

Pemenue. Halizém gBa uncsa, mpousBeieHEe KOTOPHIX PaBHO 4 -9 =
=36, a cymma paBHa 15. ITockoIbKy Ipou3BeZieHUe 3TUX Yuces IIOJI0XKHU-
TeJIbHO, 3TO YMCJIa OZHOTO 3HaKa. [I0CKOMbKY UX cCyMMa MONIO0XKUTeNbHA, 3TO
MOJIOXKUTETbHEIE Yncia. [lepebupast mapel fenuTereii uncia 36 «mo Bo3pac-
TaHUI0» MeHbInero gemmTend (1 u 36, 2 u 18, 3 u 12), y:ke Ha TpeTbeM
«I1are» HaXOZWM 4HCJIa, CyMMa KOTOpBHIX paBHa 15: aTo 3 u 12. Pazzenus

KaxZoe U3 HUX Ha 4, IOIy4uM KOPHU KBaJpaTHOrO TPEXWIeHa B JIeBOU

3 12
4acTH HepaBeHCTBa: 7 = 0,75u 7= 3. B crily IONOKUTEIBHOCTU CTaplie-

ro xko3¢pduIleHTa 3TOTO TPEXUIEHA MHOXXECTBOM peIlleHNll HepaBeHCTBa
ABJIsIETCST 06beIUHEHYE TIPOMEKYTKOB (—o0; 0,75) U (3; + ).

Omsgem: (—; 0,75) U (3; +x).

IIpumep 9. Pemmure HepaBeHCTBO 6x% + 5x — 4 < 0.

Pemenue. Haiizém cHavasna fBa 4ucia, Mpou3BeeHre KOTOPBIX PaB-
HO 6- (—4) = —24, a cymMma paBHa —5. [IocKobKY Ipou3BeieHNe ABYX 3TUX
4rcesl OTPULIATENBHO, OHO U3 HUX ABJAETCA IOJOXUTENbHBIM, LPyroe —
oTpULaTeIbHBEIM. CyMMa 3THUX YMces TaKKe OTPULlaTeNbHA, I03TOMY MEHb-
W [0 MOAYJIIO AeTUTeNb yucia —24 6yzeM 6paTh CO 3HAKOM «ILTIOC»,
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a 6oIpIINI — CO 3HAKOM «MUHYC»: 1 1 —24, 21 —12, ... Ha TpeTbeM «1mare»

nojiy4aeM Ba YMcjia, CyMMa KOTOPBIX paBHa —5: 9To 3 u —8. Pa3zenus kax-

Jloe 13 3TUX uucesn Ha 6, HaliZIEM KOPHU KBaJpaTHOTO TPEXWIeHa B JIeBOU
1 -8

3 "
YaCTH HEPABEHCTBA: ¢ =5 U —5~ = —%. [MTockonmbKy cTapiiuii ko3 puimeHT

TPEXWIeHa IOJOXKUTENIeH, MHOXXECTBOM pelleHUl HePaBeHCTBA SIBJIAETCS
4 1)
UHTEepBal ( 355 )
4 1)
Omeem: ( 33 )
PasymeeTcsi, pacCMOTPEHHBIN TPUEM ITPUMEHUM TOJIBKO B TEX CIy4asX,
KOTZIa KOPHU KBaZIPAaTHOTO TPEXWIEHA B JIEBOU YaCTV HEPABEHCTBA PaIvO-
HaJIbHBI.

IMpumep 10. a) PemuTe HepaBeHCTBO
2x?— (2v/5+43v3)x+3+V/15 < 0.

6) HatizuTe Bce 1esble pelleHNss HEpaBEHCTBaA.

PemeHnue. a) Hatizém guckpuMuHaHT D KBaZpaTHOTO TPEXUIEHA B Jie-
BOM 4aCTU HEPABEHCTBA:

D = (2V5+3v3)*~4-2- (3++15) = 20+12V15+27 — 24— 8v15 =
= 23+4V15.

JIMCKPMMUHAHT Tpe/CTaBAsAeT co60i YMCI0BOe BEIPaXKeHHe BUAA P + G /T
OGLIYHO B TAKOTO PoZia 3a/ladax 3TO BEIpAKeHHUe ABJIAETCSA TIOTHEIM KBaJpa-
TOM, T. €. KBaPaTOM CyMMEI KaKHX-TO JByX 4uce. /Il TOro 4TO6HI HAHTH
3TH 4MCTIa, MCTIOMB3YIOT PacCyX/eHHsA, aHAJOTHYHEIE CAeAyIoIUM. I1yCTh
JUCKPYIMHMHAHT ABJAETCA KBAaZpaTOM CyMMHI umcen a u b: (a + b)? =
= 23 + 44/15. TIpeAnonoXuM, YTO CyMMa KBaJpaTOB 3THX YHCeJ] PaBHa
23, a uUX yABOeHHOe mpousBefeHue 2ab pasHo 4v/15. Torza ab = 2v/15.
Haubosee BepOATHBIMU «IIPeTeHAeHTaMK» Ha POjib d U b ABJAIOTCA JTH60
1 u 2+/15, ma60 2 u v/15, mi60 2v/3 u V5, mibo 2v/5 u +/3. [TocKombKy
CyMMa KBaZpaToB MCKOMBIX YKces paBHa 23, aTo yucaa 2v/5 u /3. Ciezo-
BarenbHo, D = (2+/5 + v/3)?, orkyaa vD = 2v/5 + V3. Torza o popmyse
KOpHeli KBaJ[paTHOTO YpaBHEHHUA HAXOAUM
_ 2/5+3v/3-2/5-v/3 _ V3

1= 4 - 92>

2\/§+3\/§:2«/§+\/§ — /3445

Xzz

[MTockonbKy cTapmui KoapPUIIMEHT B JIEBOH YaCTH AaHHOI'O HepaBEeHCTBa
TTOJIO’KUTEJIEH, TI0 CBOMCTBAM KBaJpaTUIHOM QYHKITUY MHOXECTBOM pellle-

HUI HepaBeHCTBa OYZET MPOMEKYTOK (X;; X5), T. €. (§> V3+ ﬁ)



100 I'maBa 2. Llesble HEPaBEHCTBA U CUCTEMBI HEPABEHCTB

6) JI71s1 oOTBETa Ha BTOPOM BOIIPOC 33Ia4X HY>KHO OIPEAETUTh, MEXAY Ka-
KUMU JBYMS IIOCJIeI0BATeIbHBIMU LIeJTBIMU YU CIaMHU 3aKII0UEeHO KaXXA0€e U3

‘/2§Hx2—x/_+\/_HCHo qToO<£<f,0TKyaaO<§<1.
Taxoke o4eBUAHO, uTo 1 < v/3<2,a2</5<3.Tostomy 1 +2< v/3++/5<

<2+3, oTkyza 3 < v3+ +/5<5. OcTaéTea cpaBHUTD uncaa v3 + /5 1 4.
Jlorycum, uto V'3 + /5 > 4. CienosatensHo, (V3 + v5 )2 16, oTkyza 3 +
+ 2415+ 5> 16 u, ganee, 2+/15>8, T.e. V15> 4, win +v15 > v/16. Mu

TNPUILTH K TPOTHBOPEYHIO, TI03TOMY JAOMyIeHre HeBepHo, 1 v/3 + f 5<4.
TaxuM o6pasoM, 3 < V'3 + +/5 < 4. 3HAUNT, LETLIMU PelleHUAME JAHHOTO
HepaBeHCTBa ABJIAITCA yucia 1; 2; 3.

iz 2
0 v3 1

2 3 V3+45 4 x

YHCeN X; =

2
Omeem: a) (?, V3+ ﬁ); 6) 1;2; 3.

3ameuanue. [Ipumep 10 moka3wvIBaeT, UTO 3aZadya Ha OOBIYHOE KBAJ-
paTHOE HepaBEHCTBO B HEKOTOPBIX C/Iy4asax MOXKET OKa3aTbCs JOCTATOYHO
cnoHoi. O6paThM BHUMaHMe Ha cpaBHeHHe ducen v/3 + +/5 u 4, a Taxxe
odopmiIeHNEe TAaKOrO CpaBHEHHUA B TeKcTe pelneHus. C HEOGXOAUMOCTHIO
CpaBHEHUA MppalMOHAIbHBIX YHCes IPUXOAUTCA CTATKUBAThCA IIpU pelle-
HUU CaMbIX Pa3HBIX HepaBeHCTB (Hampumep, 3aga4u 15 EI'D mpoduibHOTO
VPOBHSA II0 MareMaTuke) W ypaBHeHuM (Hampumep, 3azauu 13 EI'D mpo-
¢wibHOTO YpOBHA 1o MaTeMaTuke). OGOpMUTh TaKoe CpaBHeHHE Ha 4U-
CTOBUKE MOXXHO JINOO OT IPOTUBHOTO (KaK 3TO OBUIO cAeaHo Mpu pasbope
mpuMepa), 1160 3arKcaB B YUCTOBUKE IIOC/IEeL0BATENBHOCTD AeHCTBUH, 06-
paTHyI0 IIpoZieJIaHHOM B YepHOBUKe: BeZlb 0Ka3bIBaTh HEPABEHCTBO MOXKHO
TOJIBKO OITMPAsACh Ha 0YEBHUHOE BEpHOE HEpaBEeHCTBO. B rociefHeM crydae
B YUCTOBUKE C/IeflyeT IPUBECTU TaKoe JOKa3aTeIbCTBO:

15<16=>V15<4=2v/15<8=>3+2/15+5<16=>
= (V3++v5)* <16 > V3+ /5 < 4.
IIpumep 11. a) Pemnte HepaBeHCTBO
x® > 1,25x+1,5. €))

6) Pemrvre HepaBEHCTBO

x+1< 9 x2. 2
B) HatiguTe Bce pelleHUs HepaBeHCTBa (2), He ABJAMOIIMECS pelleH -

MU HepaBeHcTBa (1).
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PemeHue. a) Pemum HepaBeHcTBO (1). YTO6BI M36aBUTHCSA OT ApOobeH,
YMHOXUM 06e YacT! 3TOro HepaBeHCTBa Ha uncio 4. ITomyaum 4x2 > 5x + 6.
TIpuBeziéM HepaBeHCTBO K 6a3oBoMy BuAy: 4x2 — 5x — 6> 0. Haiiaém kop-
HU KBaJIpaTHOTO TPEXWIeHa B JIEBOM YaCTW HEPABEHCTBA, BOCIIOIb30BAB-
mmch dopmynamu Buera. [ 3TOro cHavasa HalAéM JiBa YMCIa, TIPOU3-
BeZleHNe KOTOPBIX PaBHO 4 - (—6) = —24, a cymMa paBHa 5. ITockoIbKy Ipo-
U3BeZleHNe IByX 3TUX YKCeJl OTPULIATeIbHO, OZHO U3 HUX ABJISIETCS MOM0XKU-
TeJIbHBIM, JPyToe — OTpHULlaTeIbHbIM. CyMMa 3THUX YHCcesl MOJOKUTENbHA,
MTO3TOMY MEHBINUH IO MOAYIIO AeIUTeNb uncia —24 6yzeM 6paTh O 3Ha-
KOM «MUHYC», @ OOJBIITNH — CO 3HAKOM «IUTIoC»: —1 1 24, —2u 12, —3 u 8.
Ha TpeTbeM «iare» rosaydyaem KMCKOMBIE YMC/Ia, CYMMa KOTOPBIX paBHA S:
aT0 —3 u 8. PazzenuB Kaxkjoe U3 3TUX yrces Ha 4, HaliZIéM KOpHU KBaZpaT-

.. o -3 8
HOTO TPEXWIEHA B JIEBOM YaCTH HEPABEHCTBA: —~ = -0,75u i 2. B cuny

TTOJIOKUTELHOCTH CTapIiero KoadouilneHTa 3TOro TPEXWIeHa MHOMKECTBO
pelieHui HepaBeHCcTBa: (—oo; —0,75) U (2; + ).

6) PemuM HepaBeHCTBO (2). YToOBI M36aBUTHCA OT APObOEl, YMHOXUM
obe YacTH 3TOro HepaBeHCTBa Ha uucio 9. Momyunm 9x + 9 < 4x?2, oTkyza
—4x? 4+ 9x + 9 < 0. [IpuBeEM HepaBeHCTBO K 6a30BOMY By, YMHOXHB
obe ero yactu Ha —1 ¥ MOMEHSB 3HAK HEPABEHCTBA Ha TPOTHUBOIIONIOXKHBIIH:
4x% —9x — 9 > 0. HaiiiéM KOPHHU KBaJIpaTHOTO TPEXUYIEHA B JIeBOM YacTH,
BHOBb BOCIIOJIb30BaBIIUCH popMynamu Buera. [l aToro cHavaia Halgém
[Ba 4ucja, IpousBesieHle KOTOPhIX paBHO 4+ (—9) = —36, a cymma paBHa 9.
ITocKONBKY IIpOM3BeZeHNEe [BYX 3TUX YHCET OTPHUIATENBHO, OZHO U3 HUX
ABJISIETCS MOJIOKUTENBHBIM, APYroe — OTpULIAaTeNbHBIM. CyMMa 3THX YuCes
MIOJIOXKUTETBHA, TO3TOMY MEHBIIHI IO MOZYIIO JETUTeNb yrcia —36 6yzem
6paTh CO 3HAKOM «MHUHYC», a OOJBIINN — CO 3HAKOM «ILTIOC»: —1 1 36, —2
u 18, —3 u 12. Ha TpeTbeM «Im1are» mosydaeM UCKOMbIE YKCIa, CyMMa KOTO-
pbIx paBHa 9: 3T0 —3 u 12. PazzenuB Kaxjoe U3 3TUX 4uces Ha 4, HalAéM

.. o -3
KOpHH KBaJpaTHOTO TPEXWIEHA B JIEBOW YaCTH HEPABEHCTBA: —~ = -0,75
12 ..
M= 3. B cWIy HOJOXUTENIBHOCTH CTapIero Ko3gppuiipeHTa 3Toro Tpéx-

YjIeHa MHOXXECTBO pellleHui HepaBeHCTBa: (—; —0,75] U [3; + ).

B) Haiizém Bce perieHus HepaBeHCTBA (2), He ABJIAIOIIMECS PeNIEHU-
saMu HepaBeHcTBa (1). [l 3TOTO HY>KHO HAaWTH BCE YMC/IA M3 MHOXKECTBaA
(—o; —0,75] U [3; +), He mpuHazIexane MHOXecTBy (—oo; —0,75) U
U (2; +«). B 1anHOM cilydae 3TO c/iellaTh COBCEM IIPOCTO: €ANHCTBEHHBIM
TaKUM 4HrcaoM saBisgercsa —0,75.

Omgem: a) (—;—0,75) U (2;4»); 6) (—o;—0,75] U [3;+);
B) —0,75.
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[Tpumep 11 mozenupyeT — Ha JJOBOJIBHO IIPOCTOM yPOBHE — JOCTATOY-
HO TUIINYHYIO CUTYallUlo, BOSHUKAIOLIYIO IIPY pellleHNH HeKOTOPBIX 3aJa4
El3: ycioBue 3azayu TpeGyeT OTBeTa Ha TPU BOIPOCA, 3a MPaBUIbHBIN
OTBET Ha KaXX/JbII U3 KOTOPBIX HAYUCIIAETCS OAUH NTePBUYHBIN OasI.

YrnpaxxkueHusd k § 2.1
Pemrite HEpaBeHCTBO.

1.a) 5x—7>7x—-5; 0) 3x—8>8x—3.
2.a) 3(2x—3)—2(Bx—2)<1—-4x; 06)4(Bx—4)—3(4x—3)<1-5x.
3.a) (2—x)(J§—J_)>O' 0) (1—x)(\/§—\/§)>0.
4.a) (V7- J_)x<f+¢_ 6) (V5—v7)x<
5.a) 2x—3)5x+2)>2x—3)(5x—2);

6) Bx—1)@x+3)<(Bx—1)(4x—3).
6. a) Haiigure Hanbosbllee 1e/Ioe pelleHre HeEpaBeHCTBa

5x—6 < 2(3—x)—3x.
0) Haiizure HauMeHbIee 1IeJI0e pellleHHe HepaBeHCTBA

3x+4>-5@B+x)—x.

4
V5+T7'

Pemute HepaBeHCTBO.
3+7x

7. a) 4+25x>3x+1; 6) 7 >2x+1.

x 3—-x_x+12 9, X x+2 S axts5 2
8.2) 375 275 — 5 ) 5+ 5> 5 5
9.a) (x+7)?°<(x—3)% 6) (x—6)2<(x—4)2.

10. a) HaiiznTe BCce 3HAYEHUA N, MPU KAKAOM U3 KOTOPBIX CyMMa YHCE
4+10n 4(B—n)
9 "3
6) HaiiguTe Bce 3HaUYeHUA N, IPU KAKJIOM M3 KOTOPHIX CyMMa YHCE
10+17n  5(2—n)

IIOJIOXKUTE/IbHA.

16 4~ 4  oTpuuarenbHa.

Pemure crcTeMy HEPaBEHCTB.

1. a) {4x+9<9x+4, ){5x+8<8x+5,
1,7x <51; 2,3x < 46.

ix<%x+9.

5(4x +3) —4(5x +3) > 3x, 3(2x+5) —2(3x+5) > 5x,
12. a) 6)
5

2 3
§x<§x+5,
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1@ [TO7X<2L,
A 12,1x<0,7;

15. a) (x+6)% < (x+4)?,
6x+13>5x—-7;

0,7x > —0,56;
PemuTe ABOMHOE HEpaBEHCTRBO.

17.a) 2x —3<5x—2<3—2x;
18.a) 6x—5<6—-5x<5—6x;

16. a) {§x<0,6x+16,

) —-0,6x<2,4,
2,4x <0,6.
3x+42 < 2x+3’

6) 2 3
x+2 < x+3
3 2

) (x+5)2<(x+3)2,
5x+12>4x—9.

3

s 10, <0,3x 4091,
0,9x > —0,63.

0) 3x—4<7x—2<4—-3x.
0) 5x —4<5—4x<4—5x.

19.a) 1,7x—2,6<0,7x—0,6<2,7x —1,6;
6) 2,3x—3,4<1,3x—1,4<3,3x—2,4.

20. a) 2<3—%x<4;
Permnre CHUCTEMY HEPABEHCTB.

(3-2x)(vV5-3) >0,
21.2) {O,Bx <3:

4

22. a) {(3_ VIDx<a T
x? 425> (x+5)%;

Pemute ,Z[BOfIHoe HEPaBEHCTBO.
23.a) 9x%—2<(Bx+2)2<9x?+2;
24. a) (4x+3)%? <16x? < (4x —3)?;
Pemute HEPpaBEHCTBO.
25. a) 10x?+7x<0;
26. a) 36x2 —25>0;

27.a) 9>

/25)

28. a) —>4—",

29. a) ﬁ <4/162;

6)3<4—%x<5.

6) (4-30)(3-2)>0,
0,4x <4.

{(2 V7)x < 2+f
X2 436> (x+6)2.

6) 4x% —3 < (2x+3)%2<4x%+3.
6) 2x+7)% <4x®* < (2x —7)>.

6) 3x% —8x<0.
6) 49x> —16>0.

2
6) 4> 5.

6)7i/4g.

N

)XJ9_8

3\
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30.a) x2—19x+18>0; 6) x>—17x+16>0.
3l.a) 2x2—-9x—-5<0; 6) 5x%2+9x—2<0.
32.a) 3x%—x—24>0; 6) 6x%+x—15>0.
33.a) Bx—7)%>(7x—3)% 6) (5x —4)?> (4x —5)°.

34. PemnTe cucTeMy HEpaBE€HCTB:
) {7(3x+2) —3(7x+2) > 2x, &) {7(5x+4) —5(7x +4) > 4x,
(x—4)(x+8)<0; (x—2)(x+4) <o.

PemuTe BOMHOE HEPABEHCTBO.
35.a) 3x2 —4x+3<3x? —5x+5<2x% —3x +4;

6) 5x2—6x—1<5x2—7x+2<4x? —3x—2.
36.a) —9<7—x%<8; 6) -8<17—x%<18.
37.a) a) 3x%2—2x—6<2x? —2x+3<3x? —2x—1;

6) 4x>—5x—14<3x?—5x+2<4x*—5x—7.

Permture CUCTEMY HEPABEHCTB.

x24+9x+8<0, X2+ 7x+6<0,
38. a) {—o,3x>2,4; 6) {—0,7x>4,2.
3x%2—14x+8<0, 4x? —11x+6<0,
39.2) {5x+2>2x+5; ®) {4x+3>3x+4.
40. 2) (x+2)%+ (x — 6)% =40, ) (x+3)2+(x—5)%>34,
: x% < 4x; x? < 2x.

JuarHocTtuyeckas pa6ora 1

BapuanrT 1

1. HaligjuTe HauMeHblllee IieJioe pellleHre HepaBeHCTBa ;x > 5%.
Peminte HepaBeHCTBO.

2. 2x+3(x—-3)<14+2(1,5x—2).
3.3(vV2—x)+v2(3-x)+3(3—-+v2)>0.

4. 9x >5x%.

5. 25 < 49x2.

6. 5x*> —101x +20<0.

7. Pemvte JBOMHOE HEPABEHCTBO 2X + 3 < 5x2 —9x+5< 7x +2.
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Pemute crucTteMy HepaBeHCTB.

{6(5x+4) —4(5x+6)<10x+11,
8

x+2 +x+5 > x+3 _+_x+4.

5
4x > x2,
9.{x X

2 4 3

25x% < 16.
10, {2x2 —5x+2<0,
2x*—7x+6>0.
11. a) Pemnre HepaBeHCTBO 2x% — (3v/2+24/7)x 4+ 2+ V14 <0.
6) HaiizuTe Bce Iieble pellleHrsT HepaBeHCTBA.
12. a) Pemure HEpaBEeHCTBO
x2+2,2x < 2,4. (1)
0) Pemite HepaBEHCTBO
1,6 > x*+1,2x. 2)

B) Haligure Bce peleHuss HepaBeHCTBA (2), He ABJSIOIINECS peIIeHu s -
MU HepaBeHcTBa (1).

BapuaHT 2

1. Haiizute HamboIbIlee 1Ieioe pellieHre HepaBeHCTBA gx < 4%.
Perrte HEpaBEHCTBO.

2. x+4(0,6x—4) <14+3(0,8x —3).

3. 4(V3—x)+ V34 —-x)+4(4—+3) <O0.

4. 11x > 4x>.

5. 49 < 36x2.

6. 2x*> —101x + 50 <O0.

7. Pertute iBOMHOE HEpaBeHCTBO 3x + 2 < 5x2 —9x+6<13x — 2.
PemuTe crucTteMy HepaBEeHCTB.

{5(4x+3) —3(4x+5)<8x+9,
8

x+2  x+4 _x+3 , x+5
4+2>5+3'

9 3x > x2,
" l16x% <9.

4x% —-5x+1<0,
10. )
4x2 —7x+3>0.
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11. a) Pemnre HepaseHcTBO 2x2 — (3v/5+2+v/7)x + 5+ v/35<0.
6) HaiiguTe Bce 1iejible pellleHUsT HepaBeHCTBA.

12. a) PemuTe HepaBeHCTBO
x*+0,5x < 10,5. €]

0) PemruTe HEpaBEHCTBO
3,5 > x*+2,5x. )

B) HatiguTe Bce pemenus HepaBeHcTBa (1), He ABJIAIOIMINECS pPEIIEHUS-
MU HepaBeHCTBa (2).

§2.2. Bosee cioxHbIe 1lejible HepaBeHCTBa

I[Tepetizném Temepb K 60jIee CIOXKHBIM IIeJIBIM HepaBeHCTBAM, IIPOMJLIIO-
CTPUPOBaB MeTOBl UX pellleHuA IIpuMepaMu. BreluucieHue KOpHell KBaj-
PaTHBIX TPEXWIEHOB B 3TOM aparpade U Jajnee omycKaeTcs i SKOHOMUH
MecTa.

Memood unmepsanos

Metoz uHTepBaioB (cM. § 1.2) ABIAETCA OAHUM M3 OCHOBHBIX METOOB
PpEIIeHNs eMbIX HepaBeHCTB. OOBIYHO OH IIPUMEHAETCS TTOCTIe TPUBEAEHUS
HepaBEHCTBA K BUAY

p10) - py(x)-...-p,(x) VO,

KOTOpPBIN OyZeM Ha3bBaTh CTaHAAPTHBIM. MHOTOWIEHH p;(Xx), p,(x), ...
..ss Dp(x), Kax IpaBWIO, ABJIAIOTCA MHOTOWIEHAMH IIepBON WU BTOPOH
cTeneHu. [TocyeziHVE B CIyYae MOMOXKUTETbHOCTH AUCKPUMUHAHTA CIEAYET
MpEeZCTAaBUTh B BU/IE TIPOU3BEEHUS IMHEHHBIX MHOXHUTENEH 110 dpopmysie

ax® +bx+c= a(x —xp)(x—xy)

pasyioKeHUA KBaJpaTHOro TPEXWieHa Ha JMHeliHble MHOXUTEIN; B caydae
HETIOJIOXKUTENbHOCTH JUCKPUMUHAHTA KBAZIPATHBIN TPEXWIEH IPUHUMAET
TOJIBKO HEeOTpHIaTeJbHble WIH TOJbKO HEIOJIOXKUTeNbHbIE 3HAYeHUs, YTO
U HY)KHO YUYMTBIBaThb IIPU pellleHUM HepaBeHCTBa. Ilepes mpuMeHeHUeM
MeToZja MHTEPBAJIOB MOXXHO 00e 4acTU HepaBeHCTBA Pa3feUThb Ha IOJYy-
YeHHOe II0C/Ie Pa3JIoKeHUs Ha MHOXXUTETH IIPOM3Be/ileHre CTapIINX Kodg-
GUIMEHTOB KBaJPATHBIX TPEXWIEHOB.

IIpumep 1. PemuTe HepaBeHCTBO

(3x? —8x+4)(5x2 —8x—4) < 0.
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Peurenue. KopuaMu kBazpaTHOro TpéxuieHa 3x2 — 8x + 4 ABagoTcs

2 .. o
aucna 5 u 2. Io dbopMyse pasnokeHUs KBAaZPAaTHOTO TPEXWIeHa Ha JINHeH-
Hble MHOXXUTEH MTOMYIUM, 9TO

3x2—8x+4=3( —%)(x—zy

. 5 2
KopHAMM KBaZpaTHOI'O TpEXWIeHa 5x° — 8x — 4 ABJIAIOTCA YUCIa —gH 2.

ITo dopmyse pasoKeHUs KBAZPaTHOTO TPEXWIeHa Ha JIMHEeWHbIe MHOXU-
TeJIN TIOJIYYUM, YTO

5x*—8x—4=5(x+3)x—2).
Cref0BaTeNbHO, JAHHOE HEPABEHCTBO IIPUBOAUTCH K BUZY
3(x-3)a-2-5(x+2)x-2 <0,
OTKyza
(x+%) (x— %)(X—Z)Z <0.

[IlpuMeHVM MeTOZ UHTEPBAJIOB:

+ pE0 + ]+

2 X

5 3
2.2
Omesem: [— 5 §] u{2}.
IIpuMmep 2. PemuTe cucTeMy HepaBEHCTB

2x% +9x +4)(4x> +9x +2)(9x* +2x+4) <0,
(1 —16x2)(5x2% 4+ 2x) (4x% +20x +25) > 0.

PemeHue. PemumM nepBoe HepaBeHCTBO JaHHOU cucTeMbl. KopHsaMmu
KBaZ[paTHOro TpéxwieHa 2x* + 9x + 4 apnstorcs yucia —4 u —0,5. Kop-
HAMY KBaJ[paTHOTO TpéxuwieHa 4x2 + 9x + 2 apsstorcd yucna —2 u —0,25.
JIMCKPMMUHAHT KBaJ[paTHOTO TpéxwieHa 9x2 + 2x + 4 oTpulaTeseH, a cTap-
i koadounmeHT nonoxkuTeneH. CiezoBaTeNbHO, IPYU JIO60M JeHCTBU-
TeJIbHOM 3HaueHUU [lepeMeHHOM 3TOT TPEXWieH IPUHHUMAaeT TOJIbKO II0JI0-
JKUTeNbHbIe 3HaYeHu:. [I03ToMy 06e YacTy HepaBeHCTBA MOXKHO pa3/euTh
Ha 9x2 + 2x + 4. TakuM 06pa3oM, IepBoe HepaBeHCTBO JAHHOH CHCTEMbI
MIPUBOAUTCA K BULY

2(x+4)(x+0,5)-4(x+2)(x+0,25) <0,
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OTKyZa
(x+4)(c+0,50c+2)(x+0,25) <0

[TpumMeHHUM MeTo/, UHTePBaJIOB:

+VA Lo+

-0,5 -0,25 x

MHoxecTBo pelleHui HepaBeHcTBa: [—4; —2]U[—0,5; —0,25].
PerrM BTOpO€ HEpaBEHCTBO AAHHOW CHCTEMBI. Pa3ioKUM Ha MHOMXHU-
TN KaXKBIM M3 MHOTOYIEHOB B CKOOKax:

1-16x? = —16(x+0,25)(x — 0,25), 5x%+2x = 5x(x+0,4),

a KBaJ[paTHBIH TpéxwieH 4x2 + 20x + 25 AB/AeTCA IOTHBIM KBaZpaToM (Te,
KTO «He BUJUT» 3TOTO, MOTYT BBIYMCIUTH AUCKPUMHWHAHT — OH pPaBeH HY-
JI10):

4x* +20x 425 = 4(x +2,5)°.

C)IeLLOBaTeJIbHO, BTOpoe HepaBeHCTBO ,Z[aHHofI CHUCTEMBI HpI/IMeT BU/J,
—16(x+0,25)(x —0,25) - 5x(x +0,4) - 4(x +2,5)> > 0

Pazmenum obe YacTy HepaBeHCTBA Ha —16-5 -4, U3MeHUB 3HAK HepaBeH-
CTBa HA MPOTUBOIIOIOXKHBIH:

(x+0,25)(x — 0,25)x(x +0,4) (x +2,5)2 < 0
HpI/IMeHI/IM METO/, I/IHTepBaJIOB:

+l+J//—A+17A+

—-2,5 -0,4 -0,25 0,25 X

MHo:kecTBO pelleHUi HepaBeHcTBa: {—2,5} U [—0,4; —0,25] U [0; 0,25].

Jlyi TOoro YTOOB! PEIMINTh JaHHYIO CUCTEMY, HaliZIEM IepecedeHie Toy-
YeHHBIX MHOXecTB: {—2,5} U [—0,4; —0,25].

Omsem: {—2,5}U[—0,4; —0,25].

3ameyaHue. YMHOXXEHUE WIH JieJieHhe 00erX JyacTell HepaBeHCTBa Ha
BBIDQXKEHHE, COZleprKalllee TepeEMEHHYIO, BO3MOXKHO B OHOM-€IMHCTBEHHOM
clydae: eciad IpH JtobOM 3HauYeHWM IIEPEMEHHOI 3TO BBIpaKeHUe IpH-
HUMAaeT TOJIbKO TOJIOKUTENbHbBIE 3HaYeHUs (3TO U OBUIO C/eIaHO IIPHU pe-
IeHUY TIpuMepa 2) WK TOJbKO OTpHUIlaTeNbHble 3HAaUeHUS (B 3TOM CIIy-
yae 3HaK HepaBeHCTBA CJIeZlyeT U3MEHUTh Ha IIPOTHUBOIIOIOXKHBIHN). Bo Bcex
OCTaJIbHBIX CJIy9asX TaKoe YMHOKEHUE WIH JeIeHHe ABJISIETCA TPyOoH ommob-
KOM, TTOCKOJIBKY ITPOBOAMTCS C COXpPAaHEHHWEM 3HaKa HepaBEHCTBA, UTO I
3HAYeHHIl MepeMeHHOH, IIPU KOTOPHIX JaHHOE BhIpaskeHKe OTPULIATENbHO,
HEBEPHO.



§ 2.2. Bosee cIO)KHBIE TieJble HEpaBEHCTBA 109

PasnocunvHble npeobpasosanus

Pasymeertcs, Jaleko He KaXK/Joe 11eJI0e HEPaBEHCTBO cpasy AaéTCs B CTaH-
mapTHoM Buze. Kyza ualie BCTpevaroTes 3aZiauu, B KOTOPBIX i IIPUBee-
HHS HEPAaBEHCTBA K CTaHAAPTHOMY BHUZAY HaZO MPOJENATh ONpeAeNEHHbBIE
npeobpa3oBaHus. [Ipek/ie BCETO 3TO PACKPBITHE CKOOOK U ITPUBEJEHHE T10-
JIOOHBIX C/IaTaeMbIX, BBIHECEHKE OOIIET0 MHOKUTEIA, pasjIoKeHe Ha MHO-
JKUTEMU (B TOM YHC/IE U C TTIOMOIILI0 GOPMYJT COKPAIEHHOTO YMHOMXKEHUS).
[TocKoMBbKY 06J1aCThIO AOMYCTUMBIX 3HAYEHHUH JIF0O0TO 1eJI0TO HEpaBEHCTBA
SIBJISIETCS BCSA YMC/IOBas MpsAMasi, yKa3aHHbIe Mpeobpa3oBaHusa OyayT paBs-
HOCWIBHBIMHU (cM. § 1.1).

IIpumep 3. PemuTe HEpaBEHCTBO
(16x* +14x+3)(2x — 1) > (8x* —2x— D) (2x + 1.

PemreHue. IIpu pacKpbITUH CKOOOK ITOJIYIHM B JIEBOH U IPABOH YaCTAX
HepaBeHCTBa MHOTOWIEHBl TPeThel CTelleHU C COOTBETCTBEHHO pa3INyYHbI-
MU CTapIIMMHU KO3GOUIIMEHTaMU U CBOOOAHBIMU WIEHAMH, T.€. IPUAEM
B UTOTe K HEPABEHCTBY TpeThell cTerneHu. [lonpobyeM IpUBECTU HepaBeH-
CTBO K CTaHZAPTHOMY BU/Y UHBIM CIIOcO60M. KOpHAMM KBa[paTHOTO TPEX-

wrena 16x? + 14x + 3 aABaAOTCA yncIa —% u —%. Paznoxxum JeByo 4acThb
HepaBeHCTBAa Ha MHO)KUTEJTH:

16(x+ %) (x+ %)(Zx— 1) > (8x% — 2x — 1) (2x + 1).
Jlia ympolneHWs AanbHeHIUX mIpeobpa3oBaHuii u3baBUMCA OT Apobeii
B CKOOKax:

Cx+1DBx+3)(2x—1) > (8x%* —2x—1)(2x +1).
[lepeMHOXUM BBIpaKEHUsA BO BTOPBIX M TPETHUX CKOOKax B JIEBOM YacTu
HepaBEHCTBA, MepeHecéM BhIpAKEHUE U3 TIPaBOM YacTH HEPaBEHCTBA B Jie-
BYIO M BbIHECEM OOIIMi MHOXKUTEND (2x + 1). [Tomyaum

@x+1)(16x*—2x—3—-8x%+2x+1) >0,

oTkyza (2x + 1)(8x? — 2) > 0. BriHeceM 3a CKOOKH KOI)PUIMEHTH IIpU
TepeMeHHOM:
2(x+0,5)-8(x*—0,25) > 0.

Pa3zenuB obe 4acTH HepaBeHCTBA HA 16 U MpUMeHUB GOPMYJTy pPa3HOCTU
KBaJpaToB, NMpuzAéM K HepaBeHCTBY (x — 0,5)(x + 0,5)% > 0. [TpumeHUM
METOJ, UHTEPBAJIOB:

-1 -

—-0,5 0,5 X
Omseem: {—0,5}U[0,5; + ).
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OpuyM 13 HanboJsiee YacTo BCTPeYaroIUXCcs Mpeobpa3oBaHuil anrebpa-
WYECKUX BRIPOKEHUH ABIAETCA pas3ioKeHue Ha MHOXXUTEH. ECTU B Ipezib-
ZylieM TpUMepE IS 3TOTO OBUIO JOCTATOYHO IIPOAENATh TOMBKO TEXHUYE-
CKYIO paboTy, TO /st PeLleHus CIEAYIOIETO YKe HA/0 MPOSBUTH OIPEe-
JIEHHYIO HabJII0ZaTETbHOCTD.

IIpumep 4. PemnTe HepaBeHCTBO
x*+10x> +25x* —36 > 0.

PemeHnwue. SaMeTI/IM, YTO CyMMa IIE€PBBIX TpéX cjaraeMbIx B JIEBOM
YaCTHU HEpaBE€HCTBA ABJIAETCA IIOJTHBIM KBaJpaTOM:

x*+10x3 4+ 25x% = (x? +5x)2.
Terniepb HEPaBEHCTBO MOXKHO IIEPENNCAaTh B BU/E
(x> +5x)2-6*>0
U IPUMEHUTDH GOPMYJTy Pa3HOCTH KBAJPaTOB:
(x?+5x —6)(x* +5x+6) > 0.

KopHsIMU KBaZpaTHOTO TpEXWwieHa B TEPBHIX CKOOKAX SBJIAIOTCA Yuciaa —6
U 1; KOpHAMHU KBa/I[paTHOT'O TPEXWIEHA BO BTOPBIX CKOOKAX SBJIAIOTCS YHCIA
—3 u —2. Tenepb JIEBYIO YACTh [TOCIEIHETO HEPABEHCTBA MOXKHO PA3JIOXKUTh
Ha MHOXXUTEJH:

x+6)x—1D(x+3)(x+2) <0.
OcTrasoch NPpUMEHUTb METOZ, UHTEPBaJIOB:

o/l 7 R 1/

-3 -2 X

MHOXeCTBO pellleHui HepaBeHCTBa: (—©; —6) U (—3; —2) U (1; + ).
Omsem: (—o0; —6) U (—3; —2)U (1; +=).
IIpumep 5. Pemnte HepaBeHCTBO

(x®4+1,3x+0,9)% + (x> +3,3x—0,7)? <
< (2 41,5x+0,74)% 4+ (x®> +3,1x — 0,54)2.

PeureHue. YHBIHUE, KOTOPOE MOXET BBI3BaTh MOAOOHBIN MpUMeED, —
YYBCTBO He CJIMIIKOM IIPOAYKTHBHOE, a HA dK3aMeHe TaK U Booble HeZo-
mycTuMoe. ITOHATHO, 9TO pacKphITHEe CKOOOK B JAHHOM ciydyae OyZeT IIo-
CTYIIKOM, KOHEYHO, FepOUYeCKUM, HO MaJolepClIeKTUBHBIM 13-3a O4eBU-
HO 6GOJIBIIINX 3aTpaT BPeMEHU U BEPOATHHIX OMIMOOK. FICHO, YTO pelIeHUe
IprMepa IpejloaraeT MHble AeHCTBUA, NpexJe BCEro aHalu3 yCIOBUA.
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ITocKONbKY HEepaBeHCTBO ABJAETCA IIeJBIM, KaKUM-TO 06pa3oM MpHUAETCA
MIPHUBECTH €ro K CTaHAAPTHOMY BUAY. VIHCTPYMEHTOB /I 3TOr'0 He TaK MHO-
ro, ¥ Bce OHHM yKa3aHHI BhIlle. IIpex/ie BCETO 3TO pasjioykeHHe Ha MHOXU-
Tenu. Hanuyre KBaZipaToB HABOJUT Ha MBICJIb O BO3MOXXHOM IIPUMEHEHUN
dbopmysbl pasHOCTH KBagpaToB. OCcTaéTes 3aMEeTUTh, YTO PA3HOCTD [IEPBOTO
KBaZ[paTHOIO TpExwieHa B IIpaBOM 4acTW HepaBeHCTBA U II€PBOrO KBaJ-
paTHOro TpéxwieHa B JIeBOM YacTH HepaBeHCTBa paBHa pasHOCTH BTOPOI'O
KBaZI[paTHOTO TPEX4WwieHa B JIEBOM 4acTH HEpaBEHCTBAa U BTOPOr'o KBaJpaT-
HOTO TpPEXWIEeHa B IPABOM YacTH HepaBeHCTBA. [IpuMeHUB GopMysTy pa3Ho-
CTH KBaJpaToB, IOIyYNM

(x*+1,5x40,74)* — (x* +1,3x+0,9)* = (0,2x —0,16) (2x* +2,8x + 1,64),
(x®+3,3x—0,7)% — (x*+3,1x—0,54)? = (0,2x—0,16) (2x* +6,4x — 1,24).
Ter[epb AaHHOE€ HEPABEHCTBO MOXHO II€pENMCaTh TaK:

(0,2x —0,16) (2x* + 6,4x — 1,24) < (0,2x —0,16) (2x* +2,8x + 1,64).

[TepeHecéM BBIpaKeHHe U3 IPABOH YaCTH B JIEBYIO, BEIHECEM OOIINI MHO-
JKUTENb U IPUBEAEM ITOZ0OHEIE CIaraeMble:

(0,2x —0,16)(3,6x —2,88) < 0.
BbIHeceM 3a CKOOKM KO3(POUITUEHTHI TIPU TIEPEMEHHOT
0,2(x—0,8)-3,6(x—0,8) <0,

oTkyza (x — 0,8)2 < 0. EAMHCTBEHHBIM pelleHueM IIOJIy4eHHOTO HepaBeH-
ctBa saBsgeTcsa x =0,8.
Omsem: {0,8}.

Memoo0 s8sedeHus1 HOBOLL nepeMeHHOl

HanoMHuM, YTO OCHOBHOH Hzieeli pellleHrsI HEPAaBEHCTB C TIOMOIIBIO Me-
TOZIa BBeZIEHUsI HOBOU mepeMeHHOU (cM. § 1.4) ABsieTcs 3aMeHa OBTOPS-
IoIEerocs anrebpanyecKkoro BhIPasKeHUS HEKOTOPOH (OOBIYHO JIATHMHCKOMN)
OYKBOM, WUrparouieli posb HOBOW NepeMeHHOW. Takas 3aMeHa IMO3BOJIAET
CBECTHU pellleHHe JaHHOTO HepaBeHCTBA K I10C/IeZ0BATENbHOMY PeLIeHUIO
HECKOJIbKUX HepaBEHCTB MeHbInel cTereHu (0OBIYHO KBaZpaTHBIX) OO
Pa3yIoKUTh Ha MHOXKUTEJIH JIEBYIO YacThb U, CZleIaB OOPaTHYIO 3aMeHY, BOC-
II0JIb30BATHCSI METOZOM MHTEPBAIOB (3TOT CIIOCOO YacTO OKa3wIBaeTcs 60-
Jlee KOPOTKVM). B HEKOTOpBIX c/Iydasx 3aMeHa SIBJAETCS TOJIBKO BCIIOMO-
raTeJbHBIM CPeZCTBOM, ITO3BOJIAIONINM YIIPOCTUTE alrebpandeckue mpeot-
Pa30BaHMI C IeJIbI0 TIOIyYeHUsI MeHee CJIOKHOTO 10 CPaBHEHUIO C JAHHBIM
HepaBeHCTBA.
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IIpumep 6. Pemrute cucteMy HepaBeHCTB
25x*—41x* +16 < 0,
702x% —x—-1+1> 2x%—x)>.

PemeHnue. PemmuMm mepBoe HepaBeHCTBO JaHHOM cucTeMbl. BBezném
HOBYIO IIepEMEHHYIO t=x2. HepaBeHCTBO npuMeT BU/,

25t2 —41t+16 < 0.
KOpHHMI/I KBaLLpaTHOI‘O TpéX‘UIeHa B JIeBOﬁ JacTu HOJIY‘IeHHOI‘O HepaBeH-

16
CTBa ABJAIOTCA YKcaa 1 u 55 [ToaTOMy HEPABEHCTBO MOXKHO IE€pEINCaTh
B BHU/JIE

ZS(t—é—g)(t—l)go.

Pazgenum 06e yacTu IIOCJIEAHETO HEPpABEHCTBA Ha 25 u caenaem O6paTHYI'O
3aMeHny:

(xz—%)(xz—l) <0,

OTKyZa
(x—0,8)(x+0,8)(x—1(x+1) LO.

HPI/IMeHI/IM METOA MHTEPBAJIOB:

~ A

-0,8 0,8 1 x

MHO>XeCTBOM peIleHUN MEPBOTO0 HEPABEHCTBA JAHHOW CUCTEMBI SBJIS-
eTcsa obbeauHeHue otpe3kos [—1; —0,8]U[0,8; 1].
PerriM BTOpO€e HEPABEHCTBO JJAHHOU cucTeMBl. [IycTh

z = 2x2 —x.
HepaBeHCTBO IpUMET BU/,
7(z—1+1> 2%
[IpuBeZéM HEPAaBEHCTBO K 6a30BOMY BUAY:
22— 7246 < 0.

KopHAMU KBaZpaTHOro TpEXwIeHa B JIeBOM YacTH IIOMy4YeHHOTO HepaBeH-
CTBa ABJAIOTCA yuciaa 1 u 6. Pa3iouB JIeBylo 4acTb IIOCIeJHero HepaBeH-
CTBa Ha MHOXXUTEJIH, TIOTYIUM

(z—1(z—-6) <O0.
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Caenaem oOpaTHYIO 3aMeHY:

@x?—x—-1)2x*—x—6) < 0.
KopHAMM KBaZpaTHOT'O TPEXWIeHa B TIEPBBIX CKOOKAX B JIEBOU YacTH Hepa-
BeHCTBA ABJIATCA yneaa —0,5 1 1, KOpHAMU KBaZpaTHOTO TPEXWIEHA BO

BTOPBIX CKOOKax ABIAIOTCA yucaa —1,5 u 2. Pa3nokuB Ha MHOXKUTETU KaxK-
[IbIN U3 3TUX TPEXWIEHOB, TPUAEM K HEPABEHCTBY

2(x+0,5)(x—1)-2(x+1,5)(x—2) <0,

OTKyZ:a
(x+0,5)(—1)(x+1,5)(x—2) <O0.

BHOBB IIPUMEHHUM METOJ MHTEPBAJIOB:

T A v A

-1,5 -0,5

X

MHOKeCTBOM peIleHN BTOPOTO HEPABEHCTBA JAHHOU CHCTEMBI SBJIS-
ercs o6beguHeHHe oTpe3koB [—1,5; —0,5] U [1; 2].

MHOKeCTBO pellleHul JaHHOUM CUCTEMBI HalZIEM KaK IlepecedyeHue YHC-
JIOBBIX MHOXKecTB [—1; —0,8] U [0,8; 1] m [—1,5; —0,5] U [1; 2]. B ganHOM
c/Ty4yae 3TO JIETKO cZieyiaTh U 6e3 uyepTeka, Belb oTpe3ok [—1; —0,8] nenu-
KOM coziepxutcs B orpe3ke [—1,5; —0,5], a He mepecekarouirecs ¢ HUMU
otpe3ku [0,8; 1] u [1; 2] uMeroT efuHCTBEHHYIO 0011yIO TouKy 1. CiegoBa-
TeJIbHO, MHOXXECTBO pellleHu AaHHoM cucteMbl: [—1; —0,8]U{1}.

Omsem: [—1; —0,8]U{1}.

3ameuaHue. IIpu pelreHUM KaXXIOTO U3 HEPABEHCTB JAHHOU CHCTe-
MBI HOBasl IlepeMeHHas MCII0/Nb30Balach TOIBKO /JI1 HAaXOX/JeHUsA KOpHel
KBaZIpaTHOTO TPEXUWIEHA B JIEBOH YaCTU IMOJIYIEHHOIO ITOC/IE e€ BBeJeHUs
6a30BOr0 KBa[paTHOT'O HEPABEHCTBA U MTOCIEAYIONIETO PA3/IOKEHH Ha MHO-
JKUTENN C [eJbI0 IPUMEHEHUs MEeT0/[a MHTEPBAIOB. /Ipyroi MyTh COCTOUT
B GOpMaJIbHOM pEIIeHUH TIOJYYeHHOTO0 MMOCje 3aMeHbl HEpAaBEHCTBA C Iie-
JIBIO CBEZIEHWs JAaHHOT'O HEPABEHCTBA K HECKOJIBKUM Oojiee MpocThiM. Tak,

pelneHrieM HepaBeHcTBa 25t% — 41t + 16 < 0 ABJAETCA OTPE3OK B—g, 1].
To,uTO t € B—g, 1] , MOXKHO 3aIIMCaTh B BUZle CUCTEMBI:

16
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OcTraHeTcs pelnTh KaXkA0e U3 KBAa[paTHbIX HEPABEHCTB CUCTEMBI. AHAJIO-
TUYHO pellleHVMeM HepaBeHCTBa 22 — 724+ 6 < 0 sBIseTcs oTpe3ok [1;6].
[Tocse 06paTHOM 3aMeHBI TIOTYIUM
2% —x > 1,

{29(2 —x<6.
OmnaTh OCTaHETCS PEIIUTh KaKJ0€ M3 KBaZIpaTHBIX HEPABEHCTB CHUCTEMBI.
Kako#i crmoco6 uCIonb30BaTh — pasoXKeHre Ha MHOXHUTENU C TOCTIEeAYIO-
MM IPUMEHEHHWEM MeTOia WHTEPBAJIOB WIM IOC/IE[OBaTeNbHOE pellle-
HME HECKOJIbKUX KBa[paTHBIX HEPABEHCTB, — COBEPIIEHHO HEBAXKHO, 3/1eCh
MO)XHO PYKOBOZCTBOBAThCS CBOMMU MPEATIOYTEHUIMH.

B ciegyromeM nprMepe BBOAATCA yrKe [iBe HOBbIe IlepeMeHHble, — IIpaB-
Zia, TOIBKO JJIS1 TOTO, YTOOBI YIIPOCTUTH IMTPe06pa3oBaHusA JaHHOTO HEpaBEeH-
ctBa. Takad cuTyanus, Kak yke OTMe4aaoch, BpeMsa OT BpeMeHU BCTpeya-
€TCs B caMbIX Pa3HBIX 33/a4ax.

IIpumep 7. PelmnTte HEpaBEHCTBO
(6x° +5x3 —4x —3) (6x° +4x3 +5x% +x —3) <
< (6x° 4 5x — 5x — 3) (6x° + 4x> 4+ 5x% + 2x — 3).

Pemenue. O603HaYMM BBIpaKEHUE B MEPBBIX CKOOKaXx JIeBOI YacTh
OGVKBOM a, a BO BTOPHIX CKOOKax — O6ykBoi b. TorZia HEpaBEHCTBO MOXXHO
3anucaTh B BUje

ab<(a—x)(b+x),

OTKyZa
ab < ab+ (a—b)x —x2.

[Mocsie yrpoIleHu i ¥ BBIHECEHHUS OOIIEro MHOKUTES TOTYIUM
x(a—b—x) > 0.
ITockonbky
a—b—x=x3-5x*—6x,

MIPUXOAUM K HEPABEHCTBY

x(x®—5x%—6x) > 0.
BriHeceM OOIIMIT MHOXKUTEDb 38 CKOOKI:

x*(x*=5x—6) > 0.

KopHAMU KBaZipaTHOTO TPEXWIEHA B JIEBOM YaCTH IIOC/IeJTHETO HepaBeHCTBa
ABJAIOTCA yncia —1 u 6. Pa3noxuB JIeByl0 4acTb 3TOrO HepaBeHCTBA Ha
MHOXKUTENH, TTONTyIrNM

X2(x+1)(x—6) > 0.
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[IpyuMeHUM MeTOZ UHTEPBaJIOB:

/)

-1 0 6 X

MHoecTBO penieHui HepaBeHcTBa: (—o0; —1]U {0} U [6; + o).
Omeem: (—o0; —11U{0} U [6; +).

Memo0 3HakomoxcoecmeeHHblX MHOXcUMmeJell

MeToz 3HaKOTOXKJeCTBeHHBIX MHOXXKUTeNel (cM. § 1.6) Ayid 1ensix Hepa-
BEHCTB 3aK/JII04YaeTcsa B 3aMeHe OJHOI'O I HECKOJbKUX MHOXUTeNeH (1e-
JIBIX anrebpanyecKux BRIDAKEHUI) B JIEBOM YacTU HEpaBEeHCTBa BU/A

a;(x)-ay(x)-...-a,(x)vO

3HAKOTOXK/IECTBEHHBIM BhIpakeHHeM. /JIJiA paccMaTpUBaeMbIX HEPaBEHCTB
TAKHUX T1ap 3HAKOTOX/IeCTBEHHBIX BHIPAXKEHUI BCETO JIBe:

D a(x) =u?""(x) —v?(x) u b(x) =u(x) — v(x) (pasHOCTb OAHMHA-
KOBBIX HEYETHBIX CTelleHel ZIBYX BEIPAKEHUH MOXHO 3aMEeHATh Pa3sHOCTBIO
STUX BBIpa)keHUN);

2) a(x) = u?(x) — v¥"(x) u b(x) = u?(x) — v2(x) (pasHOCTb OFUHA-
KOBBIX YTHEIX CTelleHel JBYX BBIPAKEHHH MOXXHO 3aMEHATh Pa3HOCTBIO
KBaZIpaTOB 3TUX BhIPAXKEHUIN).

To, YTO yKa3aHHEIE Taphl 3HAKOTOX/IECTBEHHEI, C/Ie[yeT U3 MOHOTOHHO-
ro BO3pacTaHUA CTENMEHHOW QYHKIWMU: Ha BCEH YKCIOBOM OCH IS HEYET-
HBIX CTelleHe, Ha MHO)XeCTBe HeOTPUIIATeIbHBIX YKCeN — I YETHBIX CTe-
HeHeii. B clTy MOHOTOHHOTO Bo3pacTaHusA GyHKIUK y =t2"! (37ech n € N)
pasHocta 2"+ — "1y t) — t, ABAAOTCA YMCIAMA OAHOTO 3HAKA IIPHU
mMo60M 3HAYEHWH NepeMeHHOH; aHAJOTHYHO B CHJIy HEOTPHIATeTbHOCTH
t3 ¥ t2 1 BospacTaHust GyHKIMK y =t" npu ¢ >0 (a1 mo6Goro n >2, n€N)
pasHOCTH t3" — t3" U t] — t2 ABJIAKOTCA YNCIAMU OAHOTO 3HAKA IIPU TH060M
3HAYEHUH TIepeMeHHOH.

ITpumep 8. Pemure HepaBeHCTBO (3x + 2)0 < (2x +3)°.
PemeHnue. [lepeHecéM BBIpa)KeHHE M3 MPABOM YacTH HepaBEeHCTBa
B JIEBYIO U 3aIUIIEM MTOJYYEHHYIO Pa3HOCTh B BHIE Pa3HOCTU KyOOB:
(Bx+2))%-(2x+3)*<o.
[TpuMeHUB MeTo/] 3HAaKOTOXKA€CTBEHHBIX MHOXKUTENEH, PUAEM K HEPAaBEH-
CTBY
(Bx+2)2—(2x+3) <0,

OTKYyZa TIOCJIe PAaCKPHITHS CKOOOK U MpUBEAEHUs TOJOOHBIX C/laraeMBbIX II0-
JIy4UM KBaZpaTHOe HepaBeHCTBO 9x? + 10x + 1 < 0. KopHAMYU KBazpaTHOTO
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.. . 1
TpEXWwIeHa B JIeBOM 4acTU HepaBeHCTBa ABJAIOTCA Yucaa —1 U —g- B cury
IIOJIOXKUTEIBHOCTH cTapiuero koadgduirenTa 3Toro TpéxuieHa MHOXXeCTBO

pelleHni HepaBeHCTBA UMEET BU/ [— 1; —%] .
Omeem: [— 1; —%]

IIpumep 9. Pemure crucTeMy HEPAaBEHCTB
(M = (x+2)) (" + (x - 6)*) <0,
x?=x—-58% > (x> +x—-23)8.
PemeHue. Pemum mepBoe HEpaBEHCTBO JAHHOW CHUCTEeMBI. Bripake-
HUe B IIepBbIX CKOOKax Ipe/cTaBisieT co60i pa3HOCTh CeAbMBIX CTEIleHeH:

(x2)7 — (x +2)”. BolpakeH1e BO BTOPHIX CKOOKAX MOKHO IIPe/ICTABUTD B BU-
Jie Pa3HOCTH MATHIX CTEeTeHe:

X4 (x—6)° = (x?)° — (—=x+6)°.

HOCKOJ’Ibe PAa3HOCTb OAMHAKOBBIX HEeYETHBIX CTeleHel ABYX MHOTOYWIECHOB
M1 Pa3HOCTDb 3TUX MHOT'OWIEHOB ABJIAKOTCA 3HAKOTOXIECTBEHHBIMY, II€EPBOE
HEPaBEHCTBO CHUCTEMbBI MOXHO II€pEIrcaTb B BUAE

(2= (x+2))(x* — (—x+6)) <0,

OTKyZa
2 —x—-2)(x*+x—-6) <0.

KopHsIMU KBaZpaTHOTO TpEXWIeHa B MEPBBHIX CKOOKAaX B JIEBOM YaCTHU IIO-
JIy4eHHOI'0 HepaBeHCTBa ABJIAIOTCA uncia —1 u 2. KopHAMU KBaZpaTHOIO
TPEXWIeHa BO BTOPHIX CKOOKaX ABJSIOTCA ynciaa —3 U 2. Pa3iokuB Ha MHO-
KUTEIN KaKIbIA U3 3TUX TPEXWIEHOB, IPUAEM K HEepaBeHCTBY

c+Dx—2)(x+3)(x—-2) <0,

OTKyZa
c+3)(x+Dx—2)?<0.

[TpuMeHHUM MeTo/, UHTePBaJIOB:

+ o200 + ]+

2 X

MHO0>ecTBO pellleHUH ITepPBOTO HepaBeHCTBA cucTeMbl: [—3; —1]U{2}.
PelvM BTOpOe HEPABEHCTBO JJAHHOW CHUCTEMBI, 3alKCAB €r0 B BUJE

x2=x-58—0*+x-3)%>0.



§ 2.2. Bosee cIO)KHBIE TieJble HEpaBEHCTBA 117

I/ICHOJIBSYEM 3HAaKOTOXIECTBEHHOCTb pa3HOCTHU OJHAKOBbIX YETHBIX CTere-
HeM ABYX MHOT'OWIEHOB 1M PAa3HOCTU KBaJpaTOB 3TUX MHOT'OYWIEHOB. HOJIy-
YMM HEPaBE€HCTBO

(x?—x—-52%-(x*+x-3)?%>0.
[MpumeHUM GOPMYITy pa3HOCTH KBaZIPATOB:
2=x—5-x>—x+3)0%—x—5+x*>+x—-3) > 0,

OTKyZa
(—2x —2)(2x>—8) > 0.

BeiHecem O6IJ.II/Ie MHOXHUTEJIN 3a CKO6KI/IZ
—2(x+1)-2(x*=4) > 0.

PazzenuMm obe yacTu HepaBeHCTBa Ha YUCIO —4, U3MEHUB 3HAK HepaBeH-
CTBa Ha MPOTUBOIIONOXKHBIH, TIOCIE Yero pasjioKUM Ha MHOXUTETH BhIpa-
JKEHKE BO BTOPBIX CKOOKax:

xc+Dx—-2)(x+2) <O0.

HpI/IMeHI/IM METOA MHTEPBAJIOB:

_fiJr

U +

MHOXeCTBO pelIeHW BTOPOrO HepaBEeHCTBA JAHHOM CHUCTEMBI:
(—oo; =2]U[-1;2].

MHoKecTBO pelreHUH JaHHOM cucteMsl: [—3; —2]U{—1; 2}.

Omsem: [—3; —2]U{-—1; 2}.

IMpumeneHnue ceoticms gyHxuyuil

Hapsizy c HepaBeHCTBaMU, pellieHre KOTOPBIX CBA3aHO C TEMU WJTU UHBI-
MM airebpandecKMH MpeoOpa3oBaHUAMM, BBeJEHUEM HOBOW IMepeMeH-
HOW, IpUMEHEHNEM METO/ia WHTEPBAJIOB WIM METOJA 3HAKOTOXKJECTBEH-
HBIX MHOXKUTEJIEN, BCTPEYAIOTCSI HEPAaBEHCTBA, pellleHre KOTOPBIX C IIOMO-
IIbI0 TTEPEYHCIEHHBIX CTaHAAPTHBIX METOZ0B HEBO3MOXKHO. [Ipu peleHuH
STHUX HEPABEHCTB CYIIECTBEHHBIM 06pa30M HMCIIONb3YIOTCSA TaKHe CBOMCTBA
bYHKIMH, KaK OrpaHUYeHHOCTh, MOHOTOHHOCTD, IIEPUOJUYHOCTD (cM. § 1.5).
[ToCcKOMbKY — 332 HEKOTOPBIMU MCKJIIOUEHUSIMU — PEIleHHe dTUX 33a4 CBS-
3aHO (IIyCTh U B HEOOJBIION CTETIEHN) C BBIABI)KEHUEM U IIPOBEPKOU I'UIIO-
Te3, JOTUIECKHUM IIePE6OPOM U T. 1., UX OOBIYHO OTHOCAT K HECTaHAAPTHBIM
HepaBEeHCTBaM.
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IIpumep 10. Pemvite HepaBeHCTBO
(% +2x 4+ 3) (x* 4+ 2x +4) (x* + 2x +5) (x* + 2x 4+ 6) < 120.

Pemenue. fIcHO, YTO MOXKHO BBECTU HOBYIO [IEPEMEHHYIO, HAIIpUMeED,
0603HaYMB KaKoH-TO OYKBOU BBIpa)KEHUE B MEPBBIX CKOOKAaX B JIEBOH 4a-
CTH HepaBeHcTBa. Ho Torza nmoiydutcs HepaBeHCTBO YETBEPTOM CTelleHU.
[MTonpobyeM WHOI croco6, MOMBITABIINCH HCIIOIB30BATh OTPAHUYEHHOCTD
KBaZpaTUIHOU GYHKUMHU. JIJIs1 5TOTO BBIZEIVM IIOJHbIE KBAZPATEHIL:

(c+D2+2)(c+ D2 +3)((x+D?*+ 49 ((x+1)?*+5) < 120.

TockonbKy (x + 1)2 > 0, moy4um, 4To TIpH JF060M 3HAYE€HUU TlepeMeHHO
3HavyeHUe BhIpakeHUA (x + 1)? + 2 He MeHbIIe 2, 3HAYEHHE BBIpa)KEHUSA
(x +1)% 4 3 He MeHbIIe 3, 3HaUeHHUe BEIpaXeHUA (X + 1) + 4 He MeHbIIIe 4,
3HaueHHe BhpaxkeHusa (x + 1)2+5 He MeHbne 5. CleZloBaTeIbHO, IIPOU3-
BeZleHUe B JIEBOM YacTH HepaBeHCTBA He MeHblie 2 - 3-4-5=120. [loaTomy
HepaBeHCTBO OyZeT BBIMOJHEHO, TOJMBKO €CJIU €ro JieBas 4yacTb paBHa 120,
YTO BO3MOXKHO JIUIIB B ciaydae (x + 1% = 0, oTkyza x =—1.
Omeem: {—1}.

IIpumep 11. PemuTe cucTteMy HEpaBEHCTB

(7 +2x® +9x+12)(x®* +3x—14) <0,
x42x2 > 3.

PemeHue. PemiuM nepBoe HepaBeHCTBO AaHHOH cucTeMbl. DyHKIMN

FO) =x7+2x3+9x+12

glx) = X +3x—14

MOHOTOHHO BO3pacTaloT KaXkJasA Ha Bcell YUCIOBOY IPpAMOM. 3aMeTHUM, YTO
f(=1) =0, g(2) = 0. IosToMy BEIpaxeHHA x’ + 2x°> +9x + 12 u x + 1,
aTaxke x° + 3x — 14 1 x — 2 ABIAIOTCA 3HAKOTOXK/IECTBEHHBIMH (CM. YTBEp-
x)JeHue 2 u3 § 1.6). 3HauuT, IepBOe HEpPaBEHCTBO CHUCTEMBI MOXHO IIepe-
mucath B Buze (x + 1)(x — 2) < 0. MHOXeCTBO pellleHUl HepaBeHCTBa —
oTpe3ok [—1;2].

PeluM BTOpOe HEPABEHCTBO JaHHOM cucTeMbl. O603HaUMM X2 depes t
U TlepenuIieM HepaBeHCTBO B Buze t> + 2t —3 > 0. Oynkuua y =t>+ 2t — 3
MOHOTOHHO BO3pacTaeT Ha Bceil umcioBod mpsamoi, u y(1) = 0. Crego-
BaTe/bHO, BRIPAXKEHUA t° + 2t — 3 U t — 1 3HAKOTOX/eCTBeHHBI. [ToaTOMy
HepaBeHCTBO t° + 2t — 3 > 0 paBHOCMWIBbHO HepaBeHCTBY t — 1 > 0. Caenaem
obpaTHyio 3ameHy: x> — 1> 0, otkyza (x — 1)(x + 1) > 0. MHoXecTBOM
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peliieHUH ocaelHETO HEPABEHCTBA, a 3HAYUT, M BTOPOT'0 HepaBeHCTBA JlaH-
HO CHCTeMBI BJIsIeTCA 0ObeJUHEeHe TPOMEXYTKOB (—oo; —1] U [1; 4 ).
MHOXeCTBO pellleHu faHHOM cucteMbl: {—1} U [1; 2].

Omsem: {—1}U[1;2].

[MoceaHuii IpUMep 3TOrO Taparpada CBs3aH CO CBONCTBAMH YETHO-
CTH/HEYETHOCTU U NMepUOANYHOCTU. HecTaHZAPTHBIM 3TOT IPUMeEP MOXKHO
CYUTATh TOJBKO M3-3a ZOCTATOYHO PEAKOH /I IMIKOJIbHBIX Y1eOHUKOB Gop-
MYJIHMPOBKH; caMo Ke ero pellleHUe ABJAETCA BIIOJHE CTaHAAPTHBIM.

IMpumep 12. dyHrua y = f(x) omnpejeneHa Ha BCeH YHMCIOBOU Ipsi-
MO U fAABIAeTCA HeYETHOU ITepUOANYECKOH C IepruooM, paBHBIM 16. Pemmu-
Te HepaBeHCTBO f(x) >0, ecmu f(x) = 10x% — 16x — x2 ps Bcex x €[0; 8].

PemeHue. [NockonbKy GyHKIMA ¥ = f(X) ABIAETCA IEPUOANIECKOH,
HY)KHO CHavajla HalTH BCe pellleHUs JaHHOTO HepaBeHCTBA Ha JII0O0M OT-
PE3Ke YHCIOBO MPSMOM, ATMHA KOTOPOTO paBHa epuoAy GyHKIMU. B 1aH-
HOM ciTydae QYHKITUA ABIAETCS ellé ¥ HedETHOM. [T09TOMy MOXKHO PEIIUTh
HepaBEHCTBO Ha OTpe3Ke, AJIMHA KOTOPOTO paBHa MTOJIOBHUHE Tiepuo/ia GyHK-
LIUY U OJHUM U3 KOHIIOB KOTOPOTo fABjseTcsA uucio 0, a 3aTeM BOCIOIb30-
BaTbCAd HeYETHOCThIO QYHKIMU. HaliéMm BHadase Bce pelleHUs HepaBeH-
ctBa f(x) > 0, T.e. HepaBeHCTBa 10x? —16x — x2 > 0, TIpUHaZJIexalme
oTpesky [0; 8]. IIpuBeziéM HepaBeHCTBO K BUAY x° — 10x? + 16x < 0. BhI-
HeceM o6Imuii MHOXUTEND: X (x% — 10x + 16) < 0. KopHamMu kBazpaTHOTO
Tpéxunena x> — 10x + 16 sap/sAroTCcA yncna 2 u 8. PasIoXUB 3TOT TPEXUIeH
Ha MHOXUWTeJH, MOJydYuM HepaBeHCTBO X (x — 2)(x — 8) < 0. IlpumeHum

MEeTOA MHTEPBAJJIOB:
L+ Ui
0 2 8 «x

Hafizém MHOXXeCTBO pelleHUII HepaBeHCTBAa Ha OTpe3Ke, JIMHA KOTO-
pOTo paBHA AJMHE IMeproza, T.e. Ha oTpe3ke [—8; 8], BOCIIONb30BABIINChH
He4YETHOCTHIO QYHKIMU (eé rpaduK cUMMeTpUYeH OTHOCHUTENBHO Hadaja
KOOPZAUHAT, II03TOMY B CUMMETPUYHBIX OTHOCHUTETHHO HY/IA TOYKAX OHA
[IpUHUMAaeT 3HAYeHUS [IPOTHUBOIOIOXKHBIX 3HAKOB):

L v a7 v

-8

X

Teneps ¢ y4€TOM TOTO, YTO Mepro GYHKIMU paBeH 16, HAXOAUM MHO-
JKeCTBO pellleHUl HepaBeHcTBa: [16n —2; 16n]JuU[16n+2; 16n4 8], n€Z.
Omseem: [16n—2;16n]U[16n+2; 16n+ 8], n€Z.
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Ynpaxuenud k § 2.2

Pemute HepaBeHCTBO.
1.a) (x—2)(x—1)?>>0; 6) (x—6)(x+2)2>0.
2.a) (x+1D0c+2)(x+3)2(x+4)°<0;

6) (x+1)(x+4)3(x+5)*0x+6)°<0.
3.a) (x?—6x+5)(x+3)2<0; 6) (x> —5x+4)(x+2)?><0.
4. a) |3x%>—11x+6|(6x?—11x+3) >0;

6) |5x%—12x +4|(4x*—12x+5) >0.
5.a) x>(x>+9) <9(x*+9); 6) x2(x?+4) <4(x?+4).
6.a) 2x—3)(x?—x—2)<(2x—3)(10x% +11x+2);

6) (Bx—1)(x*>+x—2)<(Bx—1)(5x>+5x—1).
7.a) (4x?—9)(3x?—5x—8) > (4x? —9)(2x? — 5x — 8);

6) (25x%—4)(3x%—2x—5) > (25x%2 —4)(2x? — 2x —5).
8.a) (x?-3)(2x2-3x+1) < (x> —-7)(2x% —3x+1);

6) (X2—=5)(“4x%2—x—=5)>(x*=3)(4x%2—x—5).
9.a) (X?+4x+3)(x—2)<(x®*—2x—3)(x+3);

6) (x2—3x+2)(x—3)<(x®—=5x+6)(x—4).

10.a) (x+3)°+(x—-5°22(x—-1)% 6) (x+5°+(x—3)>>2(x+1)°.

11. a) 9x* > 4x?; 6) 9x2 < 16x*.
12. a) x3+15x2 >225(x+15); 6) x3 —14x% <196(x — 14).
13.a) (x?>+10x+16)%> (x> + 10x +26)?;
6) (x2+12x+15)%> (x%+12x +25).
Pemtute CUCTEMY HEPABEHCTB.
14. 2) {(x—7)(x2—49)>o, ){(x—6)(x2—36)>0,

’ (x—9)(x*—81)<0; (x —10)(x*>—100) <0.
2x%(4x —3) > 7(3 —4x), &) {?)x2 (7x—=2)>402—-7x),
3(2x —7) <4x*(7 — 2x); 2(3x —4) <7x%(4 - 3x).
(x+4)3(x+2)2 <(x+42(x+2)3,

x? <15;

15. a) {
{(x+5)3(x+3)2<(x+5) (x+3)3,

a)

6) x“ <24

(3x% —11)%2 < (3x% —13)?, 6) {(2x2—7)2<(2x2—9)2,

17.a) (x+8)2< (x — 8)2.

x+72<(x=7)?%;
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18. 2) {(2x—5)2>(5x—2)2, ){(3x—4)2>(4x—3)2,
) (2x+5)2 < (5x +2)%; (Bx+4)2 < (4x +3)2.

19. 2) {x3(5x2+4)>4x3, ) {x3(4x2+5)>5x3,
) x> —8x—20<0; x?4+10x —24<0.

20. a) {3x(4x—7)2<2(4x—7)2, ){8x(2x—9)2<3(2x—9)2,
’ 4x(3x —2)% > 7(3x — 2)?; 2x(8x —3)% >9(8x — 3)2.

21. PemuTte BOITHOE HEPABEHCTBO:
a) (5x% —4x—1)%2 < (5x% —4x+3)% < (5x% +4x+2)?;
6) (4x%—2x—3)2<(4x®—2x+5)% < (4x?*+2x+1)>.

Pemuite CHUCTEMY HEPABEHCTB.

22. a) |x? —121|(16 —x%) >0, 6) |x? —144|(9 —x?) >0,
.a
x4+ 15x +44<0; x2+15x+36<0.
23, a) 202x+3)* > (2x +3)3+ (2x +3)°,
-2 X2 +3x+2<0;
) 2Bx+7* > Bx+7)3+Bx+7)°,
x*+5x+6<0.
4x% —4x3 +x% <9, 16x* — 8x3 + x2 < 25,
24.a) 4 3 2 6) 4 3 2
Ox" — 6x° 4+ x> 16; 25x" —10x° +x* > 36.

Pemnite HepaBeHCTBO.

25.a) (x®+1,7x+0,9)%+ (x%+3,8x +0,585)? <
< (2 +2,7x+0,75)% + (x®> +2,8x +0,735)?;

6) (x®+1,6x+0,4)%+ (x> +4,2x+1,362)*> <
< (x?4+2,6x4+0,77)% + (x? 4+ 3,2x +0,992)2.

26. a) 36x*+35x%2—1<0; 6) 49x* +48x? - 1<0.
27.a) (3x?—2x)2+12x+5<18x%;  6) 16(x?+4x)? <8x%+32x+63.
28. PemuTe cucTeMy HEpaBEHCTB:
4x*—21x%*-25<0, 25x* —24x%? - 49 <0,
) {x2(9x+11)<20x2; ){x2(7x+8)<15x2.
Permnre HEPaBEHCTBO.
29. a) (7x3+6x?—2x+5)(7x® +4x* +4x+2) <
<(7x3 +6x% —3x+5) (7x> + 4x2 + 5x + 2);
6) Bx®+5x2—x—4)Bx®+3x2+3x—1)<
<(Bx3+5x% —2x —4)(3x> +3x2 +4x — 1).
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30. a) (9x*—9x —10)° < (8x* —9x —9)3;
6) (8x*—8x+7)%<(7x* —8x+23)°.
3l.a) (3x2—4x+1)*>(2x%—3x+3)%;
6) (3x%—7x+2)*>(2x%—5x+10)*.
32. Pemnte cUCTEMY HEPABEHCTB:

(2x+3)°> (3x+2)°, (3x —4)° > (4x — 3)°,
{3x3<2x2; ) {4x3<3x2.
33. Pemute HepaBeHCTBO:
a) (2x—3)%<(3-2x)5; 6) B3x—4°<(4-3x)3.

34.a) Hawubosbluee us yrcesa m 1 n obosHadaercs max(m; n). Eciau umcia
m U n paBHBL, To max(m; n) =m =n. HaliguTe Bce 3HaUYeHUA X, IIpU
KaX/IOM 13 KOTOphIX max(6x 4+ 1; X2 +3)<7.

0) Hammenblee u3 yncesn m 1 n obosHadaerca min(m; n). Eciau yncia
m ¥ n paBHbI, To min(m; n) =m =n. HaliguTe Bce 3HaYeHUs X, IPU
KaXkJOM 13 KOTOPBIX min(3x +20; x2+7) > 11.

35.a) CpaBHUTEe KaykJ0oe U3 YKcel m, n U k ¢ yucioM 3, e U3BECTHO,
4TO

(m-3)(n—-3)<0, m—-3)(k—3)>0, (m—3)(n—3)(k—3) <0.

6) CpaBHUTe KaykJoe M3 YMCENT X, Y U Z C YUCIOM 5, ecii U3BECTHO,
YTO

(x=5)(y-5)>0, (x=5)(=-5)>0, (x—=5(y—-5(E-5)<0.

Permtute CUCTEMY HEPABEHCTB.

2 2 2 2
—4x+3)2<0, —3x—4)2<0,
36.a) | T WA 6y { & 73—
x°+x“>35; x3+x2>47.
7. ) (%> +3x—-10)?<0, 6) (x2—2x 8)2<0,

-4 x5 +5x%*+3x+14<0; x23 —4x??2+5x—19>0.
38. a) (x—6)(x—7)+x—6<0, 6) x—7D(x—8)+x—-7<0,
“8) 136 _6x% £ 55— 29> 0; X7 —7x% 4 6x — 41> 0.
39. a) 2 =9 (x*>—-10)+x>-9<0, 6) 2 =4 (x?>-5)+x*-4<0,

47 _3x* +7x —20>0; X3 +2x%8 4+ 7x+13<0.

40. PemnTe HEpaBEHCTBO:
a) (x®+6x+11)(x%>+6x+13)<8;
6) (x>2—8x+18)(x>—8x+19)<6.
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41. HatiguTe Bce maphl (x; y) LeJbIX YHCEI X U Y, A KaXJ0M U3 KOTOPBIX:

a) 7(x—5)2+5(y —7)2<6; 6) 9(x—11)2+11(y —9)%< 10.
Permnre HEPaBEHCTBO.
42.a) x°+5x<42; 6) x7 +7x>142.
43.a) 13x +7x7+5x° +x+26<0; 6) 11x''+9x°+3x>+x+24>0.
44. a) x®+5x04+3x%2>09; 6) x*2 4+ 7x* +3x2 < 11.

45. PemuTe cucTeMy HEPaBEHCTB:
N {(5;«2 —12x+4)2+ (2x* - 7x+6)*<0,
x° = 2x*—x?>+5>0;
6) { (5x* —17x +6)*+ (3x* — 13x +12)* <0,
x°—3x*—x*+10>0.
46.a) dyuknusa y = f(t) MOHOTOHHO yOBIBaeT Ha BCEH YMCIOBOH IPSMOIA.

Haiizure Bce 3HaYeHU X, JJisI KOTOPBIX

f(2x2 -3x34+7) > f(x5 +2x2% 4 3x).

6) ®yuknus y = f(t) MOHOTOHHO yOBIBaeT Ha BCEM YMCIOBO MPAMOIA.
Haiizute Bce 3HAYEHUS X, JJII KOTOPBIX

f(3x2 —2x3—-8) < fix® +3x2+5x).

47.a) Oyaknua y = f(x) ompejeneHa Ha BCel YMUCIOBOU IPAMOU U IMPU-
HUMaeT OTpHIlaTeIbHble 3HaUeHUA )1 BCeX X, KpoMe X = 3. Penute
HepaBeHCTBO

(x> —16)f(x*—6) > 0,
ecmm f(3)=0.

6) ®yukuusa y = f(x) omnpezeneHa Ha Bcell YUCIOBOM MPAMOI U TIPU-
HUMAaeT TOJIOKUTENbHbIE 3HAYEHUS I BCeX X, Kpome x = 4. Perru-
Te HEPABEHCTBO

(x?—25)f(x*—12) <0,

ectu f(4)=0.
48. a) dynkuua y = f(x) omnpezeneHa Ha BCell YUCIOBOH MPSIMOU U MpU-
HUMAaeT IOJIOXXUTeIbHEIE 3HAYeHUs g BceX X, KpoMme x = —20.

Pemnite HeEpaBeHCTBO
(2 +2x—15)f(x*-9x) <0,
ecmu f(—20)=0.
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6)

®yukua y = f(x) onpejeneHa Ha BCel YHUCIOBOU MPSMOU U IPU-
HUMaeT OTpHIaTeJbHble 3HAYEHHUA 71 BCexX X, KpoMe x = 5. PermuTe
HepaBeHCTBO

(x*—x—30)f(x*—4x) <0,
ecmu f(5)=0.

49. Hatigute abciucchl Bcex Tex Touek rpaduka ¢yuxmmu y = f(x), pac-
CTOSIHUE OT Ka)XJOM M3 KOTOPBIX 10 ocH abcuuice He 6oblile paccTos-
HUSA ZI0 OCU OpPAWHAT, eCJIn:

50.a)

6)

a) f(x)=10x>-9; 6) f(x)=5x?—4.

®yukiua y = f(x) onpezeseHa Ha Bcell YMCIOBOU IPsIMOHR U SB-
JIIeTCSl HEYETHOH MTEPUOANYECKON C TEPHOAOM, paBHEIM 12. Pemu-
Te HepaBeHCTBO f(x) <O, ecmu f(x) = 7x% — x® — 6x ana Bcex
x €10; 6].

@yakmua y = f(x) omnpegeneHa Ha BCel YMCIOBOM MPSAMOUN U SB-
JigeTcss YETHOU TepUoguYecKou C repuozioMm, paBHbBIM 10. Pemmu-
Te HepaBeHCTBO f(x) <0, ecmu f(x) = 7x% — x® — 10x a1a Bcex
x €[0; 5].

JuarHocTuyeckas pa6ora 2

BapuanrT 1

Pemnite HepaBeHCTBO.

1. (x—4)3(-5*0x—-6)°>0.

2. 5x—2)(3x* —x—4)?* > (4x+ 1 (Bx* —x —4)%
3. (4x*—7x+3)x+D<@x*+x—1)(x—1).

4. PelnTe CUCTEMY HEPABEHCTB

(x?—64)(x—6) < (x> —36)(x—28),
0,6x > 4,2.

5. PemnTe HepaBeHCTBO

(x? —4x)? +2(x* — 4x) — 35 < 0.

6. PemuTe cucTteMy HepaBEeHCTB

® N

(4x%+1)%2+3 < 28x2,
(2x2 +3x)% < 8x%2+12x+5.

Pemute HepaBeHCTBO (3x — 4)% > (4x —3)°.
PemuTe crcTeMy HEpaBEHCTB

(Bx —4)° < (4x —3)3,
9x2 —28x+19 > 0.
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10.

11.

12.

. Haiigure Bce maps (x; y) AeliCTBUTENBHBIX YHUCET X U Y, A KaXKA0U

13 KOTOPBIX
(x? —4x+7)(y* +2y +10) < 27.

®yukiua y = f(t) MOHOTOHHO Bo3pacTaeT Ha Bcell YMCJIOBOM IIps-
Moi1. HaliguTe Bce 3HaYEHUA X, I KOTOPHIX

FO04+x%) < fFO°+x1).
PeH_II/ITe CHCTeMy HepaBeHCTB

13x7 +17x3 > 30,
x> —5x+4>0.

Vi3BecTHO, uyTO QyHKIUA ¥y = f(X) OmpeneneHa Ha BCell YUCIOBOMU Ips-
MO U ABJISIETCS MEPUOANIECKO C TTIeproAoM, paBHbIM 11. Pemure Hepa-
BeHCTBO f(x) > 30, ecmm f(x) =11x — x? gna Beex x € [0; 11].

BapuaHT 2

Pemrite HepaBeHCTBO.

1.
2.
3.
4.

(x—6)°(x—8)7(x—9)8<0.
(4x—1D2x%*—x—3)2>Bx+4)(2x>—x—23)%.
(6x2+5x—1D(x—1)<Bx%?—x—2)(x+1).
Pemuite crcTemMy HepaBEeHCTB

(x2 =81 (x+5) > (x> —25)(x+9),
0,4x > —2,4.

. PellinTe HepaBeHCTBO

2 +3x)%+2(x%+3x)—24 < 0.

. Pemurte cucteMy HEpaBEHCTB

(9x% —2)2 45 < 54x2,
(3x% —2x)%2+12x+5 > 18x2.

PelirTe HepaBeHCTBO
(2x—3)° > (3x—2)°.
PemnTe cricTeMy HepaBeHCTB

(2x —3)° < (3x—2)3,
4x%—15x+11 > 0.



126 I';maBa 2. Ilesible HepaBeHCTBA U CUCTEMbI HEPABEHCTB

9. HaiizuTe Bce napsl (x; y) AeHCTBUTENbHBIX YUCEI X U Y, A KaXA0U U3
KOTOPBIX

O*=2x+9 (2 +4y+7) < 24.

10. ®yuknua y = f(t) MOHOTOHHO BO3pacTaeT Ha Bcel YUCIOBOU IPSIMOIA.
HaiizuTe Bce 3HAUeHUA X, AJIT KOTOPBIX

FOE+x7) < FO +x1).
11. PemuTe crucTeMy HEPaBEHCTB
15x° +19x° < 34,
x*+4x—5>0.

12. V3BecTHO, yTo GyHKIMA y = f(Xx) ompezeseHa Ha BCe YMCIOBOH Mps-
MOH U ABJIAETCA [IePUOANYECKON ¢ IepUoZoM, paBHBIM 14. Pemnte Hepa-
BeHCTBO f(x) >48, ecu f(x) = 14x — x? ana Beex x € [0; 14].



I'maBa 3. Zlpo6GHO-panioHaJIbHbIE HepaBEeHCTBA
U CUCTE€MbI HEPaBE€HCTB

Jlpo6Ho-panrioHabHEIMKM Ha3bIBAIOT HepaBeHcTBa Buzaa f(x) V O win
OV gl), toe f(x) u g(x) — anrebpanyeckuie Apobu (T.e. OTHOIIEHUS
JBYX MHOTOWIEHOB) WIM CYMMBI HECKOJBKHX aarebpanveckux gpobeii
Y MHOTOWIEHOB, a 3HAKOM «V» 0003Ha4YeH, KaK OOBIYHO, OAVH U3 YETHIPEX
BO3MOJKHBIX 3HAKOB HEPABEHCTB «>», «<», «=», «<». B OTIMYME OT IeIbIX
HepaBEeHCTB, JPOOHO-paI[OHAIbHbIE HEPABEHCTBA B OOJIBIIMHCTBE CIyYaeB
UMEIOT CMBIC YK€ He TpHU JI060M 3HaueHUU MepEMEHHOM: 3HaMeHaTeIn
Bcex anreOpanvecKkux Apobeil B KaXKA0OW M3 YacTell HepaBEeHCTBa JOIKHBI
OBITh OTJIMYHBI OT HYJIT — 3TH YCJIOBUA U 3azai0T O3 ApoOHO-palioHab-
HOT'O HEpaBEHCTBA.

§ 3.1. IIpocrTeiimire ApoOHO-paiOHAIbHbIE HEPABEHCTBA

[Toz mpocrefmmmu ,Z[pO6HO -palMOHaNbHEIMU HepaBeHCTBAMU Oyzem

f (X)

TeJbHOE YUCIO, f(X) — MHOTOWIEH MEPBOH WM BTOPOU CTeneHH Kpome

f&)
g() )

OJIVH U3 MHOTOWIEHOB f (x) win g(x) ABIAETCSI MHOTOWIEHOM TIEPBOU WK
BTOPOM CTeleHH, a APYroi MpH JIOOBIX 3HAaUeHUAX TepeMeHHON IpUHUMAa-
€T 3HaUeHUs OJHOTO 3Haka (KaK IpaBWIO, TIOMOXKUTENbHEIE). TeM caMbIM,
3HaK MO0 YUCTUTENS, TNO0 3HaMeHaTesIsI anrebpandeckoii Apobu B IEBOH
YacTH MPOCTEHIIEro JpoOHO-PAIlMOHATBHOTO HEPABEHCTBA HE 3aBUCUT OT
3HAYeHU TepeMeHHOH. [103TOMy 3HaK 3TOM Apobu OyZeT ompenensaThCs
3HAKOM TOJIBKO OZHOT'O anreOpandecKoro BBHIpAKEHUA (MHOrowIeHa Iep-
BOU WM BTOPOH crerneHu). TakuM 06pa3oM, MPOCTeHIIre ApoOHO-paIo-
HaJIbHbIe HEPABEHCTBA PELIAIOTCs IPUBEJEHUEM UX K TMHEHHBIM WU KBaJ-
paTHBIM HEpaBEHCTBAM.

IIOHMMaTh HepaBeHCTBa BUJa -~ V 0 TAe€ a — OTINYHOE OT HYJIA ,Z[EI/ICTBI/I-

TOro, K HpOCTeﬁUII/IM 6y,Z[eM OTHOCHUTDb M HEPABEHCTBA BUJa \ O rae

37

. ——— <
IIpumep 1. PemuTe HepaBeHCTBO 82 —4lxt5 S 0

Pemenue. Yucmurenb Apobu nonoxureneH. [103ToMy JaHHOe Hepa-
BEHCTBO BHIIIOJHAETCA B TOM U TOTBKO TOM ciIydae, ecau 8x2 —41x +5<0.
KopHAMU kBaZpaTHOTO TPEXWIEHA B JIeBOM YacTH NTOC/IeHEro HepaBeHCTBa

1 o ..
ABJIAIOTCA YHC/IA g U 5, CTApIINH KO3 QUITMEHT TPEXWIEHA MTOJOKUTENIEeH.
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CrezoBaTelbHO, MHOXKECTBOM pellleHUM HepaBeHCTBA fABJAeTCA WHTepBall

1 .
(:5)-
Omeem: (%, 5).
IIpumep 2. Pemntvte HepaBeHCTBO

(x®*V2+ /3) (5+8x — 4x?)
8x2—5x+4

Pemenue. [TockonbKy x2 > 0, omydaeM, YTo IPH JO60M 3HAYEHHH
nepeMeHHOR x2v/2 + ¥3>o. JVCKpYMUHAHT KBaZpaTHOTO TpEX4wieHa
8x? — 5x + 4 oTpumaresieH, cTapmmii Ko3GOUIMEHT TONOKUTENEH, CIIe/I0-
BaTeJIbHO, 3TOT TPEXWIEH IMPUHUMAET TOJIbKO IIOJIOKUTEIbHbIE 3HAaUeHU .
[ToaToMy faHHOE HEpPaBeHCTBO BBHIIOMHAETCA B TOM U TOIBKO TOM CJIydae,
eciu 5 + 8x — 4x? < 0. [IpuBeséM Tocye/iHee HEPaBEHCTBO K 6a3oBOMy
BHJY, YMHOXXHUB 00e ero 4acTu Ha —1 U M3MEHUB 3HAK HEpPaBEHCTBA Ha
IPOTUBOTIONOXHEIH: 4x% — 8x — 5 > 0. KopHAMM KBaJ[paTHOTO TpéXdieHa
B JIeBOM YacTU MocjiefHEro HepaBeHCTRa sABJAtoTcs unciaa —0,5 u 2,5, crap-
mui Ko3bGUIMEHT TpéXwieHa nmomoxuTeneH. CreZ0BaTeNbHO, MHOXXECTBO
pemeHui HepaBeHcTBaA: (—o; —0,5] U [2,5; ).

Omsem: (—o; —0,5]U[2,5; + ).

IIpumep 3. Pemunte crucTeMy HEPaBEHCTB

<0.

8x?—15x—2 0

15x2—2x+8 7 7’

2x2+x—10 <0

2x?24+x+10 ~ 7

PemeHnue. PemuMm mepBoe HepaBEHCTBO JAHHOU cucTeMbl. JIMCKpH-
MUHAHT KBaJ[paTHOTO TpéxuieHa 15x? — 2x + 8 oTpHIaTeseH, CTapIIuii
KO3 QUITMEHT TOMIOKUTENEH, CIE0BATENBHO, 3TOT TPEXWIEH IPUHUMAET
TOJIBKO TIOJIOXKUTe/IbHBIE 3HaueHuA. [10aToMy IlepBoe HepaBeHCTBO JaHHOM!
CHCTeMBI BHITIOHAETCA B TOM U TOIBKO TOM C/Iydae, ecu 8x% —15x —2>0.
KopHaMU KBaZpaTHOro TpEXWIeHa B JIEBOM YacTH MOIYyIEeHHOTO HepaBeH-

1 o ..
CTBa AB/IAIOTCA YUC/IA — ¢ U 2, CTAPIIMH KO3GOUITMEHT TPEXWIEHA TIOTI0XKU-

. 1
TeneH. CiaefoBaTeaIbHO, MHOXXECTBO pEelIeHN HEpaBEHCTBA: (— 00 ——] U

8
U[2; +0).

Pemim BTOpoe HepaBeHCTBO AaHHOU cucTeMbl. [IUCKPUMUHAHT KBaJ-
paTHoro TpéxuieHa 2x? + x + 10 oTpumaTteseH, crapiuii KoaGpUIeHT
TIOJIOXKUTEJIEH, CJIeZIOBATENBbHO, STOT TPEXWIEH IPUHUMAET TOJIBKO IIOJIOKHU-
TeJbHBIe 3HaueHudA. [1o3ToMy BTOpoe HepaBEHCTBO JJaHHOU CHCTEeMBI BbI-
TOIHAETCA B TOM U TONBKO TOM ciydae, eciau 2x2 + x — 10 < 0. KopHamu
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KBaZ[paTHOT'O TPEX4IeHa B JIEBOH YacCTH ITOCAeZHEero HepaBeHCTBa ABJIAIOT-

5 " ..
cA YMCa —35 U 2, CTapIImii KO3QQUIMEHT TpéxwieHa nonoxureneH. Cre-

" 5
J0BaTeJIbHO, MHOXKECTBO pellleHHI HepaBeHCTBa: [— 52|
Haiizém MHOKeCTBO pelleHUI JaHHOM cHUCTeMbl HEPAaBEHCTB KakK Iepe-

ceueHHe YMCIOBbIX MHOXXECTB (— 0; —%] U[2;+x) u [— %; 2] :

|

N

MHOKeCTBO pellleHUH JaHHOW CUCTEMbI HEPABEHCTB: [— %; —%] u{2}.

Omeem: [— g; —%] u{2}.

Ynpaxuenus k § 3.1

Perrte HEpaBeHCTBO (CHCTEMY HEPABEHCTB).

1a) > <0; 6) 5 >0.

2. a) j;jrls>o; 6) 53;‘2;27<0.

3.a) 72Xi§;>o; 6) %xi;’;<o.

4. a) 4x24_9 > 0; 6) 9x29_4<0.

5. a) 2§2;1<0; 6) jﬁi;;>0.

6. a) 22’(52%;21@; 6)41’:%;2320.

7. a) %32:9620; 6)’(2;2’(—;512<0'

8.a) =2 o, 6) S 0,

9.2) ZHXE6 6) Z=x+10 g

10.2) 2840, 6) S 24

11 a) {4xis>0’ 6) {3X2+7>O,
3x—8<0; 2x—5<0.
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12. a) {

13.

14.

15.

16.

17.

18.

19.

20.

a)

a)

a)

a)

a)

a)

a)

2x—5
5x249 <0
4x —1>2x+3;

5—6x <0,
0,2x—0,1>0,3x—0,2;

—> .
x%2—9x+99 >0;

3x—2
6) {9x2+5 <0,

3Ix—2>2x-7.

0

0,3x—-0,2>0,4x —0,3.

|
{
{
|

)
6)
)

0

6)

6)

12x2+x—1

—<

12x%+x+1 <0,
4x*—x

4x? —x+1 >0

; {
; {
64 — x*

64 + x2 >0,

x* —8x
7> .
x2—8x+88 >0

6)
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JuarHoctudyeckasa pa6ora 3

BapuanrT 1
Pemnite HEpaBEHCTBO.
25x% — 49 9 — 49x?
. —— <0. . ———<0.
1 5x2+9 0 4 9x2+8x+7\0
4+ x? 3x2+7x+6
. <0. . —>0.
2 4x—x2\0 3x2—|—7x—6/0
5x2+13x—6 5—7x — 6x°
= "= = >0. . ———— >0.
5x2+13 >0 5+7x+6x2/O
Permute cricTeMy HEpaBEHCTB.
10 5x% —8x
=20, — o =20,
7.4 ° o 10. st +8
7—6X<0' 7_4X>O-
6x2—11x—7
15 —— <
g lTe2-1"0 1 6x—11x 17 =%
17x — 18 <0. 3 -T7x
7x2—3x+27
81 — 64x?> 36 — 25x?
A —_— >
81+ 64x? <0, 36+25x2 7 0,
914 g 2.4 70
— OoX X~ — 0Xx
>0. — 0 >0.
7 >0 5x2—6x+56/0
BapuanT 2
Pervite HepaBEHCTBO.
4x? —25 121 — 9x?
. —>0. . ————>0.
1 4x%2+5 0 4 4x2+3x+2/0
54 x2 3x2 —5x+12
. >0. . ———<0.
2 5x—x2/0 = 3x2—5x—12\0
4x% +13x—12 8 — 2x — 3x?
—<0. —— < 0.
4x2+13 <0 6 8+2x+3x2\0
Permute cricTeMy HEPaBEHCTB.
24
9 ——— >0,
x>0 8. ! 25x2—1
7. 7 26x —27<0.
<0

6—5x
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49—36x2<0 12x2+5x—3\
9. 49+36x2 7 1 12x22+ 5x+3 ’
e so. R
8x2 — 9x 49 — 16x? >0
10. 89‘62 +9 77 12. 49;}6_";( ’
g—7x 0 e —7xra7 2

§3.2. Bosee ci0KHbBIE JPOOHO-pAIMOHAIBHbBIE
HepaBeHCTBa

PaccMmoTpuM 6GoJiee CIOKHBIE POOHO-PALlMOHATbHBIE HEPABEHCTBA, Ha-
YaB C TeX, KOTOPBIE CBOAATCA K MPOCTEUIINM C TIOMOIIBIO OUE€BUIHBIX aJI-
re6panvecKux MpeobpasoBaHul.

Hepasencmea, HenocpeOcmaeHHO c800UMble K Npocmetiuium

CriegyIolyMy TI0 YPOBHIO CJIOXKHOCTH IIOCJIE TPOCTEUIINX SBJISAIOTCS
IpOOHO-paIoHaIbHble HEpaBEHCTBA, CBOAUMEBIE K ITPOCTEHIITHUM IT0CTIe He-
CKONMBKUX (OOBIYHO JABYX—TPEX) HECIOXKHBIX IpeobpasoBanuii. Kak mpasu-
JIO, TAKMMU TIPeoOpa3soBaHUAMU ABJISIOTCS MIEPEHOC BCEX aNreOpanvecKux
BBIDQKEHUI B OIHY U3 YacCTel HepaBeHCTBa, IPUBeJeHNe anrebpandecKux
Apobeli K obleMy 3HaMeHATENI0, BEBIHECEHHE O0IIero MHOXKUTEJIS.

IIpumep 1. PemuTe HepaBeHCTBO

2x%>—3x—4 _ 7+43x—2x?
3x2—x—14 7 14+x—3x?’

PereHue. 3HaMeHaTenu Apobeii B JIEBOM U IIPABOM YacTAX HEPABEH-

CTBa OT/IMYAIOTCA TOJbKO 3HAKOM. YMHOXKHUM YMCJIWTENb U 3HaMeHaTellb

. .. 2x2—3x—7
[IpaBoM YyacTy Ha —1 U epeHecéM MONTy4eHHYIO APo6hb 32—y _14 BUEBYIO

YaCTb HEpaBE€HCTBA:

2°—3x—4 _2°-3x-7 _
3x*—x-14 3x2-x-147

[Mocne mpuBeZeHUs pa3HOCTH Apobeii Kk 00IIeMy 3HaAMEHATENI0 U OYEBU/-

HBIX VIIPOIIeHUH IOIyYuM HepaBeHCTBO > 0, KoTOopOe BEHIIIOJI-

_ 3
3x2—x—-14
HAETCA B TOM U TOJIBKO TOM CJIy4ae, ecjiu 3x2—x—14>0. Kopuamu kBag-
paTHOTO TPEXYIeHA B JIEBOM YacCTH TOCHEAHErO0 HEPABEHCTBA SIBJIIOTCS
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7 o ..
qncia —2 M 3, CTapuIMii KO3QPUIMEHT TpEXWIeHa monoxuTeneH. Ciezno-

BaTeJIbHO, MHOXKECTBO pelleHul HepaBeHcTBa: (—oo; —2) U (%, +00).
Omseem: (—o; —2)U (%, +00).
IIpumep 2. Pemure cucTeMy HepaBEHCTB
7x+6 S 7x+5

7x2+6 7 7x2+5°

2 > 3
3x2—300 ~ 2x%2-—200"

PemreHue. Pelrum rmepBoe HeEpaBeHCTBO crcTeMbl. CTaHAAPTHEIN IIyTh
pellleHys: TepeHecTy Apobb U3 MMPAaBOM YacCTH B JIEBYIO M ITPUBECTH ITOJIY-
YeHHYIO pa3HOCTb Apobeil K 06IIeMy 3HaMeHAaTeJo, TIOC/Ie Yero BhIOMHUTD
anrebpanyeckrie MpeoOpa3soBaHuA B YMCIUTENE MTOMyIeHHO pobu. Pere-
HME MOXXHO HECKOJIbKO ONITHMMM3HPOBaTh, YUYUTBHIBAsA TO, YTO IIPU JIFOOOM
3HaYeHU!U ITepeMeHHOM 3HaMeHaTeIu Apobeli TOMOKUTENbHBI, T. €. 3TO TOT
ZIOBOJIBHO PeJKUI CIy4aii, Korza obe 4acTy HepaBeHCTBa MOYKHO YMHOMKUTD
Ha BBIpaXKEHUE, 3aBUCAIIEe OT IEPEMEHHOM, 1 U36aBUTHCS OT Apobeii. Bbi-
MOJIHUB YMHOXeHHe obeux uyacTeil HepaBeHcTBa Ha (7x2 + 5)(7x? + 6),
MTOTyYUM

(7x+6)(7x*+5) > (7x +5)(7x*+6).

TTocsie pacKphITHS CKOOOK, MepeHoca BCEX CJlaraeMbIX K3 TPAaBOM YacTU
HepaBEHCTBA B JIEBYIO U IPUBEZEHUA MMOAZOOHBIX CIaraeMbIX TPUAEM K Hepa-
BEHCTBY 7x% —Tx > 0, otkyza 7x(x —1) > 0. MHo>xecTBO pelieHUl Hepa-
BeHcTBa: (—oo; 0JU[1; 4+ ).

PemuiM BTOpOe HEpaBEHCTBO JaHHOM cHcTeMbl. BriHeceM 061vie MHO-
JKUTETN B 3HAMEHaTeAX Apobeii:

2 > 3
3(x2—100) 2(x2—100)"

3 2 5
Tockoneky 5 — 5~ = g, TOCIe/IHee HEPABEHCTBO MPUBOAUTCA K BUIY

9 2 _ _
60 —100) <0, otkyza x“ — 100 <0, wiu (x — 10) (x + 10) < 0. MHOX)ecTBO

peliieHUl BTOporo HepaBeHcTBa cucteMbl: (—10; 10).
MHOKeCTBO pellleHUi JaHHOH CUCTEMBI MOXKHO HaWTH YCTHO JU6O HC-
II0JIb30BATh YHCIOBYIO IPAMYIO:
~ N )
0 1 10

—-10

X

MHOXeCTBO pellleHu JaHHOM cucTeMbl HepaBeHCTB: (—10; 0]JU[1; 10).
Omseem: (—10; 0]JU[1; 10).
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Memod unmepganos

Hawubosee pocThie ApoOHO-pal[MOHAIbHbIE HEPABEHCTBA, KOTOPHIE Iie-

f)
J1IecooOpasHo peliaTh METOZIOM MHTePBAIoB (cM. § 1.2), UMEIOT BU/ @ VO,
rge f(x) u g(x) —MHOTOWIeHH IepBOM WIM BTOPOH cTemeHU. CTporue
HepaBEHCTBA YKAa3aHHOTO BUZA MOXXHO CBOAWUTHb K PAaBHOCWIbBHBIM UM Iie-
JILIM HepaBeHCTBaM f (x)g(x) VO (3HaKOM «V» 0603HAYEH OJVH U3 3HAKOB
«>», «<»). Bripouem, 3T0 6yZeT IPOCTO ellé OAHUM JOMOIHUTETHHBIM IIIa-

T'OM pelieHuA, HUKaKuX 0COOBIX NpeMYyIIECTB OTOT IIar He ZaéT. CampbIit

f()

IPOMO3JKUHN IIyThb — CBeZleHre HepaBeHCTBa —— V 0 K JByM cucTeMaw,

49
f&) .
OIIpeZesIAIONINM 3HaK Apobu 2(x) [0 3HAKAM €€ YHCIUTeI 1 3HAMEHaTe-
s1. TeM caMBIM, IpSIMOe IPUMEHeHUe MeTO/a MHTEPBAJIOB [IPe/ICTABIACTCS
HauboJee eCTeCTBEHHBIM U HauMeHee TPyZoéMKUM. O61acTb onpezieneHus
. f) )

anre6pauyeckoit apobu g(x) 3aAAETCA yCIIOBHEM g(x) #0. Hymu uucnu-
TeJsI U 3HaMeHaresnsa (MOC/IeJHYe Ha YUCIOBOH OCH HM300paKaroTcs, Kak
O6BIYHO, «ITyCTBIMU» KPY’KOYKaMH, T. €. «BBIKAIBIBAIOTCA») PA36UBAIOT YHC-
JIOBYIO OCb Ha HECKOJIbKO MHTEPBaIOB. Haiiaa 3Ty Hymu (HyIN YUCIUTENT
B CJlydae HECTPOTOrO HEPAaBEHCTBA JOLKHEI OBITH 00s3aTeNbHO BKIIIOYE-
HEL B OTBET; B 3TOM CJIydae OHU M300paKaloTCsA HA YePTEXe «KUPHBIMU»
TOYKAMH) U OIIPeZIeJIUB 3HaK alre6pandeckoi Apobu B KaKAOM U3 MHTep-
BaJIOB, IIOJIYYHM pellleHue HepaBeHCTBa. Ecy 4ucauTens U 3HaMeHaTeslb
oba obparmarTca B Hy/lb B KaKOH-TO TOYKE X, TO IIOCJIE UX Pa3IOKEHUI
Ha MHOXXUTEIH NOMyYeHHYIO aarebpandecKyio Apo6b MOKHO COKPATUTh Ha
X — Xy, ZOOABUB YCIOBUE X # X, W 3allMCaB 3TO U JAaHHOe HEPaBEHCTBA
B BHJIe CHCTeMbl HEPAaBEHCTB.

5x>—13x—6
. =7 2>0.
IIpumep 3. PemuTe HepaBeHCTBO 327 _8c_3 =

Pem e H 1 e. KOpHAMYU KBapaTHOTO TpéxuwieHa 5x2 — 13x — 6 ABNAOTCA

2 . 5
qucna —¢ U 3. KopHAMHU KBaZpaTHOIro TpExwieHa 3x* — 8x — 3 ABJIAOTCA

1 ..
uncia —3 U 3. llpumenns bopMyy pasnokeHUsA KBaJpaTHOTO TPEXWIeHA

Ha JIUHEHHEbIe MHOXHTEIH, IIOJIyYrM HEPABEHCTBO

5(x+2)(x—3)
3(x+%)(x—3) ~



§ 3.2. Bosee ciio)kHbIE POOHO-pALIOHATBHEIE HEPABEHCTBA 135

5
PazzenuB obe yacTu HepaBeHCTBA Ha 3 ¥ COKpaTHB Ipobb TPU YCIIOBUU

X # 3, MOJIyYUM PaBHOCWIbHYIO JAHHOMY HEPABEHCTBY CUCTEMY
2
X+ S
1 =
X+ 3
x # 3.
[IppuMeHMM MeTO/, UHTEPBAJIOB /JIA PelleHUs IIePBOro HepaBeHCTBa CU-

CTE€MBI:
0 - U+
3

B

(G200 )

1
3
3Ha‘{I/IT, MHOXXECTBOM pCH.IEHI/Iﬁ CHUCTEMBbI 1 JaHHOTI'O HEpaBE€HCTBA fAB-

JigeTcs 0ObeANHEHNE IPOMEKYTKOB (— 0; —%] U (— %; 3) U (3; +).

2| Yoo
103

2 X
-3 _
2 1
Omeem: (— 00 _E] U (— 35 3) U (3; +).
B 6Gosiee CJIOKHBIX CIydasgx HEPABEHCTB BHZA % V 0 anre6panyeckue

BeIpakeHUA f(x) u g(x) (inbo oZ/HO M3 HUX) MOTYT OKa3aThC MHOTOWIE-
HaMU CTEMEHU BBIIIE BTOPOH, B YaCTHOCTH OBITh PaBHBIMU IMPOU3BEAEHUIO
HECKOJIbKUX MHOTOWIEHOB. AJITOPUTM pellleHYs HEpaBEHCTBA METOAOM WMH-
TEPBAJIOB IIPU 3TOM OCTAHETCS TEM JKeE.

IIpumep 4. Pemnte crucTeMy HEPAaBEHCTB
2x?—5x+2
— 2>
3x2—-10x+3 7 0,
4 3 2
x"—3x"+2x
2x—1 > 0.
Pemenue. Pemum repBoe HEPABEHCTBO JaHHOU crcTeMbl. KopHsiMu

. 1
KBaJIpaTHOTO TpéxdieHa 2x2? — 5x + 2 ABNAIOTCA YUCIA 5 H 2. Kopuamu

.. 1
KBaJpaTHOro TpéxwieHa 3x2 — 10x + 3 ABIAIOTCA YMCIa 34 3. CreznoBa-
TeJIbHO, IIepBoe HepaBeHCTBO MOXKHO 3alucaTh B BUZe

2(x— %)(x—Z)
P
3(x— 5)(}(—3)
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[TpuMeHUM MeTOo/, UHTePBaJIOB:

] - £ - s

2

1 X
3 2
MHOXeCcTBO peIIeHWd T[epBOTO HEPABEHCTBA [JAaHHOW CUCTEMBI:

1 1
(—e=i3)u[3:2] UG+,
PenrnM BTOpOe HEpaBeHCTBO JAaHHOM CHCTEMBI. BbiHeceM OOLIMET MHO-
JKUTENb B YUCTIUTENIE Jpobu:
xX2(x?=3x+2)
2x—1
KopHAMU KBaZ[paTHOTO TpéxdieHa x2 — 3x + 2 ABaAoTcd yucia 1 u 2. Ilo-
3TOMY HOocjeZiHee HepaBeHCTBO MOXKHO ITepenucaTh B BU/Je
-1 (x—2)
1
2(x—3)

HpI/IMeHI/IM MEeTOA MHTEPBAJIOB:

> 0.

> 0.

WA

0 1 2

N | = 7—
+
|

o 1
MHOXecTBO pellleHu HepaBeHcTBa: {0} U (5 ; 1] U[2; +).
LA TOTo YTOOBI PEMIUTh JaHHYIO CUCTEMY, HaliIEM IepecedeHe ToTy-
YEeHHBIX MHOXKECTB:

Z| 231
0 1 1 1 X
7
MHO)XeCTBO pellleHuM JaHHOM cHucTeMbl HepaBeHCTB MMeeT Buz {0} U
U (% 1] U{2}U (3; +).
Omseem: {0; 2} U (%, 1] U (3; +).

PastocunbHble npeobpazosanus

Bo MHOTMX CIy4Yasix Ui TOTO YTOOBI IMOMYYUTh APOOGHO-pAMOHATBHOE
f00) a; () -ay(0) ... a,(x)

HEPABEHCTBO BuAa —— V 0 win
g(x) Any1 (X) "o (X) Tee Qg (X)

cs1 cleNaTh ONpesieIEHHBIE TPeoOpa3oBaHus, MIPeXAE BCETO MIPUBECTHU all-
rebpandeckue Apobu Kk obieMy 3HaMmeHaTen0. CIIMCOK OCTAJbHBIX IIpe-

obpaszoBanwuii octaéres (c mompaBkoi Ha O/[3) TeM ke, UTO W IS LETBIX

V 0, TpebyeT-
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HepaBeHCTB: PaCKPHITHE CKOOOK U NpUBe/ieHNe TOJ00HBIX CIaraeMbIX, BbI-
HeceHUe OOIIEero MHOXKUTEJS, pPa3oKeHNne Ha MHOXKUTENU (B TOM YHCIIe
U C TIOMOII[bI0 GOPMYJI COKPAIIEHHOI'O YMHOXEHUA).

Emé pa3 moguepKHEM, YTO YMHOXKeHHe 00enx yacTell HepaBEeHCTBA Ha
BpraH(eHI/Ie cozieprkalllee TlepeMeHHy0 (HallpuMep, Iepexo/ OT HepaBeH-

f()

IIMHCTBE CIy4daeB Ipy6oii OmHUOKOM U IPUBOAUT K HEBEPHOMY OTBETY. DTO
CBSI3aHO C TE€M, YTO YKa3aHHBIH ITepexof CIIPaBeINB, TOIbKO ecau f (x) >0,
Y IPUBOAUT K HEBEPHOMY HEPABEHCTBY B ciydae, Korga f(x) <O0. Peuernt
3/1eCh TOJIBKO OJIVIH: IIEPEHOC BCeX anreOpandecKyxX BHIPAKEHUN B OZHY U3
yacTell HepaBeHCTBA C MOCJIEAYIOUUM IpUBeeHNeM nonyquHoﬁ CYMMBI

CTBa —— > b K HepaBeHCTBY a > b - f(x)), AB/sAeTCA B IMOAABIAONIEM 6OJD-

(pasHOCTH) K 0bleMy 3HaMeHaTesto. Tak, /AJ1s1 HepaBeHCTBA m > b 1o-
Jy4aeM .~ Fox ( ) —-b>0, OTKy,ZIa f ( ];( x) > 0. [IocnegHee HepaBeHCTBO, Kak

[IPAaBWIO, PEIIAETCS METOAOM UHTEPBAJIOB.

OTMETHUM TaKKe, YTO IpeABAPUTENbHBIN aHAIN3 YCJIOBUSA U ITOUCK BO3-
MOXKHOTO aJTOpUTMa pelleHMs B ciaydae ApPOOHO-pallMOHAIbHBIX HEpa-
BEHCTB UTPAeT OYeHb BAYKHYIO POJib, I03BOJIAA HE TOMBKO ONTUMHU3UPOBATh
BBIUMCJIEHUs, HO U MOHATh, KAKUM 00pa3oM HepaBeHCTBO MOXKHO CBECTH
K 6osiee MpocTOMy.

IIpumep 5. PelinTe HepaBeHCTBO

x2—2x—1  x>—3x%>+2
x—2 x—3

< x+x2

PemeHwue. Ecii IPoCTO MPUBECTH BCE C/laraeMble K o0IeMy 3Hame-
HaTeso, TO B YUCJIKTEe TOMydIuBIIelica Apobu ¢ 6OMBIIONH BepOSTHOCTHIO
OyZieT MHOT'OWIEH CTElleHU BHIIIe BTOPOH, ITOMCK KOPHEH KOTOPOT'O MOXET
OKa3aThCsl 3aTPYAHUTENbHBIM. 3aMETUM, UTO €CJIU U3 TepBOii Apobu B Jie-
BOI 9acTH HepaBeHCTBA BBIYECTD X, & U3 BTOPOIi Apo6H BHIYECTD X2, TIOC/IE
9Yero NpUBECTU NOTyYeHHBIe PAa3HOCTU K 00LIeMy 3HAMeHAaTelo KaXZylo,
TO CTEIIEHU YUCIUTeNeH MMOMyYeHHBIX II0C/Ie 3TOTO Apobell MOHU3ATCA:

x2—2x—-1 +x3—3x2+2
x—2 x—3

2 _ _ 3__ Q.2
o (x 2x 1_X)+(x 3x +2—x2) O(:) + 2 <0.
x—2 x—3

< x+x’ e

[loceAtee HEPABEHCTBO ABJSETCS BIIOJHE CTaHAAPTHHIM. [IpuBeaéM Apo-
6u K 00IeMy 3HAMEHaTENI0 W BBITOJHUM airebpandeckre nmpeobpasosa-
-1

X
HUA B uucauresne. [lomyduM HEepaBeHCTBO ——————
¥ P x—2)(x—3)

< 0. IlpumeHuM
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METOA MHTEPBAJIOB:

N A~
1 2 3 X

MHO>eCTBO pellleHui JaHHOTO HepaBeHCTBA: (—oo; 11U (2; 3).

Omsem: (—o; 1JU (2; 3).

3ameyaHue. BMecTo ceTaHHOTO Ha MTEPBOM IIare BRIYUTAHUSA MOXKHO
peo6pa3oBaTh JIEBYIO YaCTb, BHITOJHUB JIeJIEHUE C OCTATKOM /IS KaXKJ0M
Apobu b0 aHAJTIOTUYHOE TaKOMY ZeJIEHUIO IIpeoOpa3oBaHue:

x*—2x—1, x*-3x*+2 _ x*—2x 1 x3—3x2+ 2
x—2 x—3 T ox—-2 x—2 x—3 x—3
_ x(x—2) 1 x*(x—3) 2 1 2 2
T ox=2 _x—2+ x—3 +x—3_x_x—2+x +x—3'

Ilocne IIpUBEAEHUA HOLLO6HBIX clara€MbIX IIOJIy9MM YyXX€ 3HAKOMOE HeEpa-

BEHCTBO

1,2

x—2 x—-3

IIpumep 6. Pemure cucTeMy HEPAaBEHCTB

3(x+2)? 5
o = (x+2)7,
X —4x+1  7x—26 _ 8x—7
x2—4x+3+ x—4 S x—1"

PemreHue. Perium IIEPBOE HEPABEHCTBO CUCTEMBI, IIPUBEAA €TI0 K BUAY

3(x +2)?
7 ox (x+ 2)2 > 0.
I[IpuBeziéM MOMy4eHHYIO PasHOCTb K 06IeMy 3HaMeHaTeIl0 U BBIHECEM 3a

CKOOKU OOIIUI MHOXUTEb:

(x+2)2(3—7+2x)
7—2x 20 < 7 —2x

(x+2)?%22x—4) 2(x+2)%(x—2)
- > s ——
= 2(3,5—x)

= 0.

[TpuMeHHUM MeTo/, UHTePBaJIOB:

- - ] -

-2 2 3,5 b

MHoxecTBO pellleHU HepaBeHcTBa: {—2} U [2; 3,5).
PemviM BTOpOe HEPABEHCTBO CUCTeMbI. Ecyiv U3 mepBoii Apo6H B JIeBO
YaCTW HEPaBEHCTBA BBIYECTh 1, M3 BTOPOM ApobU BBHIYECTh 7, a U3 APOOU
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B IIPaBOM YaCTH HEPABEHCTBA BHIYECTb 8 U MPUBECTH IOJTy4YeHHBIE PA3HO-
CTH K 06I1IeMy 3HaMeHaTeT0 KaKAYI0, MPUAEM K 60jiee TPOCTHIM APo6sIM:

x2—4x+1 7x — 26 8x—7
x2—4x+3_1+ x—4 7 x—1 -8
-2 2 1 —2 2 1
S e a3 x4 Sx-1 9 a-Da-3 tx-4 x-150

IIpuBeza Apoby B JI€BOI YacTH MOCIeAHETo HepaBeHCTBa K 06IeMy 3HaMe-
HATEJIIO U BHIIIOJHUB IPe06pa3oBaHMs B YUCIUTENIE, IIOTYYUM HEPABEHCTBO
x2—3x+2 (x—1(x—2)

- D-3a-2 <9 Gohx-30-9

<0.

CokpaTuB ApobOb, MPUAEM K CHUCTEME HEPABEHCTB

x—2
x—3)(x—4) <
x # 1.

x—2
(x—3)(x—4)

A~ 77~
2 3 4
[MockombKy X # 1, 13 HaliZIeHHOTO MHOKECTBA HYKHO UCKITIOUUTD YMCTIO 1:

vt v

1 2

0,

Perrm HEPaBEHCTBO < O, IIpPMMEHUB METOA MHTEPBAJIOB:

X

X

CreoBaTebHO, MHOXKECTBOM PEIIEHWI BTOPOTO HEPABEHCTBA JaHHOU
CUCTEMBI SBJISAETCA OObeANHEHHE MMPOMEXYTKOB (—o; 1) U (1; 2] U (3;4).
[lepecedeHreM 3TOTO MHOXXeCTBa M MHOXecTBa {—2} U [2; 3,5) pelieHui
MIepBOTO HEPABEHCTBA JaHHOM cucTeMbI 6yZeT MHOXKecTBO {—2; 2} U (3; 3,5).

Omseem: {—2;2}U(3; 3,5).

Memo0 ssedeHus HOBOTL nepemeHHOTl

Haubosee pacmpoCTpaHEHHBIM THUIIOM JpOGHO-palOHANIbHBIX Hepa-

BEHCTB, PelaeMbIX C TOMOIIBI0 METO/IA BBeIEHUS HOBOH ITepeMeHHoM (§ 1.4),

a b

——+ 7= +cV0 (f(x) — obrYHO MHOTO-
fZ(x) f(x) (f( )

YIeH NMEPBOH WIX BTOPOU CTEIEHH, 3HAKOM «V» MO-TIPEXXKHEMY 0003HAaYeH
OJVH M3 YeTHIPEX BO3MOXKHBIX 3HAKOB HEPABEHCTB «>», «<», «2», «<»).

OavH u3 CII0c060B pEUI€EHNA TAaKOrO HEpaBE€HCTBA COCTOHUT BO BBE€ACHUU

ABJIAETCA HEPABEHCTBO BHU/JA
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. o 1
HOBOI NEPEMEHHOU y)Ke Ha MEPBOM Ilare: 0603HA4YMB —— depes t, Io-

fe)
JIyYUM KBaZpaTHOE HEPaBEHCTBO at®+ bt +cV 0. Pemus aT0 HepaBeHCTBO
Y BBITIOJIHUB OOPATHYIO 3aMeHY, nonyqaeM KaK MpaBuIO, CUCTEMY WU CO-

BOKYITHOCTb /IByX HEpaBEHCTB Vit u V ty, Ife t; U ty — KOPHU

f( x) f(x)
KBa/IpaTHOT'O TPEXWIEHA at?+bt+c. dtu HepaBEHCTBA MPUBOJATCS K BUIY
1-t;- f(x) V0 1-t,- f(x)
f) f0)
WHTepBaJoB. BTopoii crmoco6 TpebyeT HEKOTOPHIX MpeABAPUTEIbHBIX TIpe-
obpa3oBaHMii, HO CBOAUTCS K PEIIEHUIO TOJbKO IEbIX HEPABEHCTB. DTOT
criocob Tpezronaraer cnez[y}omy}o IocjIelIoBaTeNbHOCTh AelicTBui. O3

V 0 COOTBETCTBEHHO U pemarTca METOA0OM

HepaBEHCTBA + ¢ V0 onpegensercs yciaoBueM f(x) # 0. Ilpu

a
200 f (X)
3ToM ycoBuH f2(x) > 0. [ToaToMy MOKHO 06e YacTH JaHHOTO HepaBeHCTBa
YMHOXUTD Ha f2(x). TakuM 06pa3oM, TIPUXOAUM K CHCTeMe HepaBeHCTB

{c-fz(x)+b-f(x)+aV0,
f(x) #0.

[TepBOe HEPABEHCTBO CUCTEMBI SBJIAETCS KBAZPATHHIM OTHOCUTETHHO f (X)
U pelllaeTcs CTaHAAPTHHIM 06pa3oM (CM. COOTBETCTBYIONIUIM MYHKT B § 2.2).
OToT crocob mpezcTaBiAercsa 6oee KOPOTKUM U PAllMOHATBHBIM; UMEHHO
OH OyZieT MCIONBb30BaThCA fgajee. Ty XKe CUCTEMY MOXKHO ITOMYIUTh U 6e3
YMHO)XeHHA 06eHx yacTeil HepaBeHCTBA Ha f2(x), ec/M TPUBECTU JIeBYIO
YJacTh JAHHOTO HEpaBEeHCTBA K 06IeMy 3HaMeHaTeo:

a+b-f()+c- f2(x)
20

¥ BOCTIONb30BAThCA MOIOKUTENBHOCTEIO f2(Xx) TIpu yeaoBun f(x) #O0.

vO

IIpumep 7. PemnTe HEpaBEHCTBO

45 + 14
(x®>+2x—8)%2  x>+2x-8

PemeHue. YMHOXUM 06e yacTH HepaBeHcTBa Ha (x2 + 2x — 8)2 mpu
yeaoBuu x? + 2x — 8 # 0. [ToydruM cHCTeMy HepaBeHCTB

(2 +2x—8)2+14(%>+2x—8)+45>0
X2 +2x—8#0.
Pemym rieppoe HEpaBEHCTBO CUCTEMBI, BBE/A HOBYIO IIEPEMEHHYIO t=x2+

+ 2x — 8. TlosryuuM HepaBEeHCTBO t2+14t+45>0. Kopnasamu kBagpaTHOro
Tpéxunena t? + 14t + 45 apnamooTca yucaa —9 U —5, TI03TOMY HepaBeHCTBO
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MO)XHO Tnepenucarb B Buge (t 4+ 9)(t +5) > 0. CaenaB obpaTHyIO 3aMeHY,
MpUEM K HEpaBEHCTBY

4+ 2x+D0%+2x—3) >0 & (x+1)**+2x—3) > 0.

KopHAMU KBajipaTHOTO TpéxuleHa X2 + 2x — 3 ABaAoTca uucaa —3 u 1,
II03TOMY HepaBeHCTBO MOXKHO Ilepenucarh B BU/Je

e+ 1D*(x=1D)(x+3) > 0.
HpI/IMEHI/IM METO/, I/IHTepBaJIOBI
7 - 1 - %
-3 1

-1

X

MHOKeCTBOM pellleHN HepaBeHCTBa ABIseTcsa oobeauHenme (—o; —3]U
U{—=1}U[1;+ ).

BTopoe HepaBeHCTBO CHCTEMBI BBIIOTHAETCS IIPU BCEX 3HAYEHUSIX IIe-
peMeHHOM, 3a UCKJIIoYeHUeM X = —4 1 X =2 (MMeHHO 3T YucJIa SIBJIAI0TCA
KOPHAMM KBaJpaTHOTo TpéxuieHa x2 + 2x — 8, ¥ UIMeHHO UX HaJl0 UCKJIO-
YUTh U3 MHOXXECTBA pEIIEeHUI MepBOro HepaBeHCTBA CHUCTEMBI). 3HAYUT,
MHOXKECTBOM PpeIlleHU CUCTEMBI, a CJIeZIOBATENbHO, U JAaHHOTO HEPaBeH-
CTBa ABJAETCI MHOXKeCTBO (—; —4)U (—4; —3]U{—1}U[1;2) U (2; +x).

Omsem: (—o; —4)U (—4; =3]U{—-1}U[1;2)U(2; +x).

ITpumep 8. a) Pemnte HepaBeHCTBO

S-x-3>0 &)

6) Pemnite HEpaBEHCTBO

x+3)2 x2—-9 x—3)2
(m) +14'x2—1_15(x+1) <0 )

B) Haiizute Bce pemienus HepaBeHcTBa (1), He ABAAIOUIMECs pelleHUs-

MU HepaBeHCTBa (2).

Pemenue. a) Pentum HepaBeHCTBO (1). YMHOXKUB 06€ YacTH HepaBeH-
cTBa Ha X2 MIPH YCIOBUHU X 7 0, IPUAEM K CHCTEME
10—x—3x2>0, 3x2+x—-10<0,
x#0 x # 0.

.. 5
KopHaAMU KBagpaTHOTro TpéxwieHa 3x2 + x — 10 ABiAOTCA 4ucia —2 U 5,
CTaplINl WwieH TpéxwieHa IoJoXuTesleH. II03ToMy MHOXXeCTBO pelleHu!

5
33 CienoBaTelbHO, MHO-
JKECTBOM DeIlleHUN BCEeUM CUCTEMBI, a 3HAYUT, U HepaBeHcTBa (1) sABIAeTCA

MHOXecTBoO [—2; 0) U (O; %]

[IEPBOT0 HEPABEHCTBA CHCTEMEBI — OTPE30K [— 2
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6) Pemium HepaBeHCTBO (2). IlycTh i—ﬁ =aq, % =b. HepaBeHCTBO
IIpUMeET BU/, a? + 14ab — 15b% < 0. Paznoxum JIEBYIO 4acCTb IIOCIELHETO
HepaBEHCTBA HA MHOMUTEIHM, PACCMOTPEB €€ KaK KBaZpAaTHBIA TPEXWIEH
OoTHOCUTENbHO a. KopHamu Tpéxuiena 6yaytr —15b u b (ayna Toro 4tobw
WX HaAWTH, HY)KHO HCIOIb30BaTh GpopMysbl Buera mam GpopmMmysny KopHeH
KBaZIpaTHOTO ypaBHeHUs1). Teriepb HEPaBEHCTBO MOXKHO ITEPETHCATh B BU/E

(a —b)(a+ 15b) £0. CaenaB obpaTHyI0 3aMeHY, IPUAEM K HEPAaBEHCTBY

x+3 x-—3 x+3 x—3
(x—l _x+1)(x—1+15'x+1

)go.

[lpuBens apobu B ckoOKax K OOIIMM 3HaMeHaTessIM, MOCJe YIPOIIeHUH
MOy MM

8x 16x% —56x+48 x(2x? =7x+6)
D+ D x—DatD S0

(c—1D2(x+1)2 <0.

Pa3/oXyB Ha MHOXUTEIH KBaZPaTHBIHA TPEXwIeH 2x° — 7x + 6, KOPHAMHU
KOTOPOTO ABJAITCA Yncaa 1,5 u 2, npyujiéM K HepaBeHCTBY
2x(x—1,5)(c—2)
(c—1D2(x+1)?

<0.

Ecmu x # £1, To 3HaMeHaTenb Apobu NoNoKUTeNeH. [103TOMy MOXHO Tie-
pelTH K cucteme

x(x—1,5(x—-2) <0,
{x # +1.

OcTajioch pelInuTh IIepBoe HEPaBEeHCTBO 3TOM CUCTeMBI MeTOZOM UHTEpBa-
JIOB ¥ MCKJIFOUYUTh U3 MHOXKECTBA pelreHni £1:

Z + =~ -
-1 0 1 1,5 2 x

MHOXecCTBO pellleHui HepaBeHCTBa: (—o; —1) U (—1; 0] U[1,5; 2].
B) Haiimém Bce umcia u3 MHoOXxecTBa [—2;0) U (0; %], He IpUHAJ-

Jiexanire MHoxecTBy (—oo; —1) U (—1;0] U [1,5;2]. Tonpko ofHO YHCIO
U3 IpoMeXxyTka [—2; 0) He IPUHAZJIEIKUT MHOXKECTBY pellleHUN HepaBeH-
ctBa (2): aTUM YuCIOM siBisieTcs: —1. VICKOMBIMM PelleHUs MU U3 TTpoMe-

KYTKa (O; %] ABJIAIOTCS Bce yncia MHoxecTBa (0; 1,5).

5

Omeem: a) [—2;0) U (0;§

B) {—1}U(0; 1,5).

|} & (-1 u =100 U 15 2];
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Memo0 3HakomoxucoecmaeHHbIX MHOXcUMeJiell

Pemenve apoOHO-pallIOHAIBHEIX HEPAaBEHCTB METOZOM 3HAKOTOX7e-
CTBEHHBIX MHOXUTeJel (cM. § 1.6) nMeeT orpaHUYeHHOE TPUMEHEeHUeE, TaK
KaK IIaphl 9TUX MHOXUTENIeH OCTAaI0TCA TeMH JKe, YTO U JJIA LIeJIBIX Hepa-
BEHCTB: Pa3HOCTh (CyMMY) OJMHAKOBBIX HEUETHBIX CTENEHE ABYX BRIpaXKe-
HUI MOXXHO 3aMeHATh Pa3HOCTBHIO (CyMMOI) 3TUX BBIpaKEHUI; Pa3HOCTb
OZVTHAKOBBIX YETHHIX CTEIEHEH BYX BRIPAXKEHUH MOXXHO 3aMeHATh Pa3HO-
CTBIO KBA/[PATOB 3TUX BBIPAXKEHMUI.

IIpumep 9. PemuTe HEPaBEHCTBO

@2x+ 1)1+ (5x+4)° <0
Ax+18—(Bx+4)8 =7

PemeHue. Yuoiurenb paBeH CyMMe IATHIX CTENEeHeH BBIpaXKeHUH
(2x +1)? u 5x + 4, TO3TOMY €ro MOXXHO 3aMEeHHTh CyMMOI 3THX BhIpaske-
HUHN. 3HaMeHaTe/lb paBeH pa3HOCTH BOCbMEBIX CcTelleHel BhIpakeHUH 4x + 1
u 3x + 4, I0O3TOMY ero MOXXHO 3aMEHUTD Pa3HOCTBIO KBAZIPaTOB 3THUX BbIpa-
>keHUH. TToydrM HepaBeHCTBO

4x*4+9x+5 <
@x+t1-3x—D@x+1+3x+4) S

2
2x+1)"+5x+4 <0 e

0.
(4x+1)?*=@Bx+4?* =
KopusiMu kBazjpaTHOro TpéxXwieHa B YUCIUTENE JIeBOM 4acTU IMOC/IeHero

5
HEPaBEHCTBA ABJIAKOTCA YUCjIa — Z u—1. CﬂeﬂOBaTeJIbHO, 9TO HEPABEHCTBO
MOXHO II€pemnurcaTb B BUJE

4(x+32) e+ 1) (x+2)x+D)
————— <0 ——— 0.
(x—3)(7x+5) (x—3)(x+§)

HpI/IMeHI/IM METOA MHTEPBAJIOB:
" A A
5 -1 5 3

X
4 7

MHO:KecCTBO pellleHUI HepaBeHCTBa: [— %; —1] U (— %; 3).
5 5
Omeem: [— g —1] U (— 7 3).
IIpumenenue cgoticms dyHkyuil

[TepeiiféM Tenepb K HepaBeHCTBAM, AJIA pelleHUs KOTOPbIX CTaHJapT-
HbIE METOZbI OKa3bIBAIOTCA MaI03(GpPpeKTUBHBIMU 160 MPUBOAAT K 3HAYU-
TeJbHBIM aurebpavyeckuM TPYAHOCTAM. PellleHME TaKUX HEPaBEHCTB
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OOBIYHO OCHOBAaHO Ha IMPUMEHEHUH CBOMCTB (GYHKIUMN, TpPeXJe BCEro
OTpaHUYEHHOCTH ¥ MOHOTOHHOCTH (cM. § 1.5). [TocKoMbKY U3 BCexX APOOHO-
palMOHaNbHBIX QYHKIMN B HIKOJIBHOM Kypce OOBIYHO H3y4YaeTCs TOJbKO
npobHo-TuHelHas GyHKINA (1a ¥ TO, KaK MPaBWIO, B CAMOM IIPOCTOM Ba-

k .
praHTe — B Bujle QyHKIIUM Y = ;), 60sIbIIasA YacTh 3aJa4 3/eCh OKa3bIBa-

€TCs CBA3AHHOU C OTPAaHUYEeHHOCThIO KBAZIPaTHOTO TPEXWIeHA ¥ MOHOTOH-
HOCTBIO CTETIEHHOU QYHKIIUH.

IIpumep 10. Pemvite HepaBeHCTBO

9x?—12x+6 9x>—12x+8  9x>—12x+10
2 2 2 26
9x%2—12x+5  9x?—-12x+6 Ox?—12x+7

PemeHnue. fIcHO, YTO MOXXHO Cpa3y BBECTU HOBYIO IIEPEMEHHYIO, II0-
JIOXKUB €€ paBHOMU, HAIIpUMED, 3HaMeHaTeJTI0 TIEPBOi ApobH B JIeBOI YacTu
HepaBeHcTBa. Ho, mOX0Xe, 3TO 6yZEeT TONBKO MA/TMATUBOM: IIOCJIE MPU-

fx)
Be/ICHN HEPABEHCTBA K BUAY oy V 0 B uuciuTese IOJIyYUM MHOIOWIEH
CTeTleHH BBIIIE BTOPOI. [la ¥ Tpeo6pa3oBaHus, KOTOPBIE IPEACTOUT BHITION-
HUTb, He TIpUAAIOT 607pocTH Ayxy. [lompobyeM MONUTHU MO yKe 3HAKOMOMY

MTyTH, BBIYTSA U3 KaXA0H Apo6u 1 b0 BHIAETUB I€/IblE YaCTH:

9X2—12x+6:1+ 1
9x?—12x+5 9x%2—12x+5’
9x2—12x+8:1+ 2
9x2—12x+6 9x%—-12x+6’
9X2—12x+10:1+ 3
Ix2—12x+7 9x2—12x+7’
B n11060M ciydae mpugéM K HEpaBEHCTBY
1 2 3

> 3.
9x2—12x+5+9x2—12x+6+9x2—12x+7 >3

BriziesTiM B 3HaMeHaTeIsAX ApoOeli MOMTHbIE KBaJPaThI:

1 2 3

(Bx—2)2+1 + (Bx—2)2+42 + (Bx—2)2+3 >3
Terepb MOHATHO, YTO 3HAMEHATEN b IEPBOU Apo6Y He MeHbIe 1, 3HaMeHa-
TEJIb BTOPOI pobu He MeHblile 2, 3HAMeHaTelb TPEThell ApoOU He MEHb-
mre 3. [NoaTomy Kakzaas u3 Apobelt He Gosble 1, a UX cymma He 6GoJble 3.
CrezoBaTeNbHO, HEPABEHCTBO BBINOMHAETCA TOMBKO B CIy4Yae, eClId cyMMa
Jpobeii paBHa 3, T.e. KaKAasg U3 HUX paBHa 1, YTO BO3MOXKHO JIUIIb TIPU

ycinoBud 3x —2=0, OTKyZa x = %

Omeem: { %}
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IIpumep 11. Pemunte cricTeMy HEpaBEHCTB

5 3 1 1 3 5

< —_— —_ _

i Tarr tx2a St
S +x+2)(x3+2x—10) >0
x3+3x+36 -

PemeHwue. PelmiM mepBoe HEpABEHCTBO JaHHOU CUCTEMBI. DyHKITHA
y(t) = 5t° + 3t> + t MOHOTOHHO BO3pacTaeT Ha BCei YUCIOBOMN TPAMOIL
KakK cyMMa Bo3pacTramoumux ¢yHKuui. [ToaToMmy HepaBeHCTBO Y (t1) < y(t,)
BBITIOJIHAETCSA B TOM U TOJBKO TOM CJIy4ae, eciu t; < t,. B Hamewm ciy4ae

1
tl = )
x+2
HOCWIBHO HEPAaBEHCTBY

ty, = x—lz TakuMm 06pa3oM, IepBoe HEPAaBEHCTBO CHUCTEMBI PaB-
L<i0T}< ai—i<01'[ -
T2 S j2y OTKYAA 5 — 15 < 0. IlpuBeas apo
x2—x-2
x2(x+2)
HOTO TPEXWIeHa B YHUCIUTENE JIEBOM YacTH MOCIEJHETO HEPABEHCTBA SB-
JAr0TCA yueia —1 u 2. [103ToMy HepaBeHCTBO MOXKHO IMEPEINHCaTh B BUZE
(x+D(x—2)
x2(x+2)

6u K 001IeMy 3HAMEHATEIIO, MOIYIYUM < 0. KopHaMmu kBagpar-

< 0. IlpuMeHUM MeTOJ, UHTEPBaJIOB:
)+ 077
-2 0

2 X

MHOKeCTBO pellleHu MepBOro HepaBeHCTBA JAHHOUW CHUCTEMBl MMEET
BUA (—oo; —2)U[—1; 0)U (0; 2].

PemuM BTOpoe HepPaBEHCTBO JaHHOM cucTeMbl. Pynknmu f(x) = x° +
+x+2, g(x) =x+2x—10 u h(x) = x3 + 3x + 36 MOHOTOHHO BO3pacTa-
I0T KaXkJas Ha BCEH YHMCIOBOH MpAMOM (KaK CyMMBI BO3pacTaIOIIUX GYHK-
uuit). 3ametum, uro f(—1)=0, g(2) =0, h(—3) =0. [ToaToMy BbIpa’KeHU
XHx+2ux+1,x34+2x—10u x — 2, x> + 3x + 36 u x + 3 ABIAOTCA 3Ha-
KOTOX/IECTBEHHEIMU (CM. yTBep:xkAeHUe 2 u3 § 1.6). 3HauuT, BTOpoe Hepa-

-1

(x+1)(x—2)
BEHCTBO CHCTEMBI PABHOCU/IPHO HEPABEHCTBY ~—— > 0. IIlpumeHUM
METOJ, UHTEPBAJIOB:
- V4 - fi
-3 -1 2 b'e

MHOKecTBO pellleHHil BTOPOro HepaBeHCTBA /[AHHOM CHUCTEeMBI:
(=3; —11U[2; +).

MHOXecTBO pellleHUH JaHHOU cucTembl: (—3; —2) U{—1; 2}.

Omeem: (—3; —2)u{-1; 2}.
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Yrnpaxxuenusd k § 3.2

Pemute HepaBeHCTBO.

3 2x
La) x2+57 x245’
a7
4x+3 4x+3°

2 3
5x—4 S5x—4>

5 4
3x—2 S2-3x’

6 5
x(x—3)<x(3—x)’
16x+64
x+4 ’

<L

2.a)

3.a)

4. a)

5. a)
6.a) x>

2
7. a) m

3x
x2+4 x2+4"
5x? 9
5x—4>_5x—4'
4 5
6) 3x+4>3x+4'
2 3
6) Zx— 3>3—4x'
4
x(x 2) x(2—x)'
9x —27
x—3 °

<L

0)

6)

6)
6) X2 =—=24

6 7

8. HatianTe HauMeHbllee IieJI0e pellleHre HepaBeHCTBA:

(x—=14)(x—15)(x—17)

a) (x—15)(x—17)

Pemuite HEpaBEHCTBO.
9
9.a) x— 4< —
(x—11)2<(x—11)2_
x—10 = x—-12 °
2x?
3x+7<0
(x+4)?
x2—9
16 — x?
> .

(x_3)2/0,
3x—2 3x—2
4x24+9 ~ 4x2+5’°
4 1
15. a) P ax <x-’

1 <x2—5.
2—x x—2’
x® —3x%—10x
7>
x2—3x—10 >0;
x> —9x%+20x .
— x4 30
11
x—7" x+8’

10. a)

11. a)

12. a) <0;

13. a)

14. a)

16. a)

17. a)

18. a)

19. a)

(x+19)(x+18)(x+16)
(x+18)(x+16)

0)

4
6)X—9>X—_9.

(x —14)? < (x—14)?
x—13 = x—-15 °
3x?
2x+5<0
x+7)?
6) x%—36
25 —x?
(x—4)2>0'
4x—3 S 4x—3
3x2+87 3x2+5"
6 1

0) —x2—6x<—x—6‘

0)

0)

<0.

0)

0)

x3 —8x%+15x
x—3

-

0) T8 <x37-

6)
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Pemute ABOMHOE HEPABEHCTBO.

1 1 1 1 1 1
20.2) 7 <375 <5 6) 7<373 s
4 6 4 5 3 5
21. a) x—4 x+2 < x—4 x+2 < x—4 x+2°
3 7 3 6 2 6
6) x—3_x+4<x—3_x+4 x—3 x+4
PemuTe crucTeMy HepaBeHCTB.

15
x—15
13

17
x+17
19
x+19

3

<0, <0,

]

x—13-0

> 0.

10

1 < 12
23.a) { ¥*—x—-12 ~x*-x-12’ 6){

12x>0,12; 10x>0,1.

)
X 7
—>—’
24. a) X1‘77 x=7 6)
=51,
x+7

25. a) 6)

| |

{

| |
R
{xm ) {xm
| |
| |
| |

27. a) 6)

28. a) 6)

29. a) 6)

x2—3x—10 " x2—-3x-10"
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30.

3L

32.

33.

34.

35.

36.

37.

38.

a)

a)

a)

a)

a)

a)

a)

a)

a)

13 17
17x =~ 13x’

1 1
x—13 Sx+17’

13x3 —7x%?+13x
x—12

2>0;

<0,

X
x—6

11
x24+11 " x249’
1 1

X+l Sx+9°

X AA
1[0 =
|
VAN BN
AR\
o

15 _ 19
6) 19x © 15x°
1 1

<x+19'

0)

0)

6)

6)

6)

11x% —6x%+11x
x—10

=>0.

0)

_X
x—8

1 1
x2+13 <xz+7’
1 _ 1

x+13 " x+7°

0)

0)

—_— ) ) ) ) )
= XTQQ
MENRR
CRCING
/N el 8
R\
o
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{12+x x*>0, 20+x x2>0,
39.a 27 6) 29
2x — 7/9+2x—7’ 9
40.a 7x 5 8x 3
xX— 8
l l
x? x?
41. a l l
x?2 x?
x+ > x+ 2
42.a x — O x— 0
x +6x x2+7x
X2 =7x+12>0, x> =5x+6>0,
43. a) { x2 X =7x+12 6) { x2 X’ —5x+6 _
x2+7x+12 x2+5x+6
44, a) 6+11x 0) 9+13x
17x +x%<0; 22x +x2<0.
1 1
45. a) 17x x? 17 x’ 6) 11x x? Z1-x
x?=19x <0; x?—13x <0.
46. a x2 —3x 3’ 6) { x? —2x 2’
x<4; x<3.
47.a) {x xz’ 6) x2’
x% < 4; x? <9

48.

a) [TooXKUTENBbHBIM WIN OTpULATE/JIbHBIM ABJIAETCA YHUCIIO b, eciun

1

brDG+HB-5) > °

6) [TonmoXUTeIbHBIM WU OTpUuLIaTE/JIbHBIM ABJIAECTCA YUCIIO b, (&85

1

G150-NG-15 ~ °

a

a

1

b+r30+Hb-5 <0

1

DG-GB -15 <0
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Pemnte HepaBeHCTBO.

x3 —4x? —25x+ 100 x3—3x2—16x+48

49. a) 7« >0; 0) 3 >0.
50. a) (2 —3x)%* | (*—3x+4)?*. 6) (2 +2x)% _ (x®*+2x—6)>
' 9x2+2 7 9x242 8x2+3 7 8x%2+3

x?—4x+3 _ x*—4x+3 x> —3x+2 _x*—3x+2
. < : <
Sla) 5515 S 345 o 0) Set7 S 47
x—2 _x-5, x—3 x—4
52.8) S 7> T4 6) 16 <15

Pemuite CHUCTEMY HEPABEHCTB.

5 < 7
7x2+6 ~ 6x2+5’°
5x2—7 < 7 .
x2(121x%2—-16)  x%2(16—121x2)°

55. a)

x—5<x—|—7 x—4<x+6
53. a) x—6 "~ x+6° 6) x—5 " x+5°
) x+4>x—7_ x+3>x—6
x+8~ x-—-3’ x+7" x—2°
1 1 1 1
> — >
_5 ) ) +10°
54. a) IXI5 |x|:9 6) IXI6 || h
X+9~ x[+10° X[+10 ~ x[+11°

7 < 9
9x2+8 ~8x2+7’

7x%—9 < 9
x2(49x2—81) ~ x%(81—49x%)"

6)

Pemuite HEPaABEHCTBO.

1 1 2 1 1 2
56. a) x—1+x+3<x+4’ 6) x—6+x+4>x+5'
2 2 _ 2 _ 2 _
57. a) 3. X 81 x*—81, 6)x 16>2_x 16

2x+15 7 x+2° 2x+3 77 3x+10°
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58. Pemure cucTeMy HepaBeHCTB:

.|

(x?+2x—15)?<0,

1

S
2x® +15x—17 0;

59. Peminte HEpaBEHCTBO:

o

a) (x2+47l)2c—5)2 x2+147x—5+120;
6) (x2+éazc+5)2 x2+gx+5+1>o"
60. PemmuTe crcTeMy HEPaBEHCTB:
-2 41<o,
a)
(XZEZISOX)Z_’_X2 E410x+120;
B -2 +1<o,
6)
(le—lgx)2 x22—38x+1>0'
Pemnite HEpaBeHCTBO.
61.a) (3;;24)24'(3;(—4_24)2<29j(;:4116;
2 (2;‘;33)2+(2;‘f§)2<21§2_‘99-
62.2) x+ > <-8; 6) x+ 2o <9
63.a) x x—06<—7, 6)x+%<—6
64.2) o<1+ o 6 <1+ L
65.2) 11+ 2 ) It <1+ 2o
66.2) X=2 + X2 <2; 6) I+ X1 <o,
67.a) T2+ X2 <o 6) I +i2 <
68.2) X1y 2 oy 6 T2 2k
69.2) T2, A oy e
70.2) T2y 1 6) xz;‘_‘x4+3<x+x12

(x*+3x—18)?<0,

1

5 <.
3x17 +11x—13 0
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71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

a)
a)
6)
a)
6)
a)
6)
a)
6)
a)
6)
a)
a)
a)
a)
6)
a)
6)
a)
a)

6)

x2—5x+4 2

x—5
x2—2x—1

Sx+ .35

x3—3x242

x—2

¥ —2x—-1

+ x—3

x3—4x% -3

x—2

x*—3x—-2

x—4

<

x3—5x*—4

x—3

x2—4x—3

x—5

x3—6x%45

x—4

x3—5x2+

x2—5
x3 —6x2+

+ x—6

3x+5
X

6x—6

X

1
Sx—1t+t3 3

3

x2—6
X24x—1

<
" <x+

x—4

7x% —7x+2

_|_

x
X’ +x—4

x—1

6x2 —24x+5

x—1
x2—2x—1

+

x—4

x—1
x2—2x—1

+ x—3

8x? —16x+3

X
x2—6x—1

+ x—2

5

x—6

Ti-10S

x?—5x+3  5x—27

x—4

+ <

-6

x2—7x+5  2x-— 15 _

x—6

x> —3x—5

+ 10

x2—6x+3

<x;

x+4; 0)

x+1;

x—4

x?—4x—8

+ x—6

x2—9x+7

x—5

x2—5x—7

+ x—9

x—6
x2—6x—1

+ x—10

0, x*—11x+7

x—=7

XB4+7x%+

12x+21

x—11

30x2+x—6
x—6
62

<1
8

<X —Xx7;

x2—6x+5

3

6) x—6

<x+x%;

X —X".

<x+x2.

2

+1
X

<8x+1;

<7x+2.
5x? —15x+4

x2—7x—3

<x+x_4.

6) x—=7

x*—6x+2

7
31 SX

4x —29

+

x—5
x*—8x+4

+x—9<

3x—26

6) x—7

<2x+1;
<2x+1.
2 _

X 10x+5<2x+1;

<2x+1.

6) x3+6x%+

x—6
12x+9

x2—7x+6+x—

62

x—7

x2—9x+14+x—

+ x—11

40x +x—8
-8

<x

x+ 3.

+2.

<1l
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12x+45 62 8 _
84.2) S+ it 1 <0
6 12x-15 62 L8 <o

x=9 x2—12x+27  x-—3
85. Pemnte crcteMy HEpaBEHCTB:

x24+2x—11 x+4+ 1
x2—2x—15 “x+3  x-3’

X —4x+2 |, X°*—6x>+9x—-2_ o .
x—3 + x—4 ZXT =X

a)

x*+3x—14 x+5_ 2
6) x2—2x—24 S x+4  x—-4
x*—5x+2 x*—8x*+13x—10

o 42
—4 =6 23x—2—x".
86. Pemute HepaBeHCTBO:
3 4
>5-
a) x>+8x+17 + x> +8x+18 7 >
2 5
> 6.
6) x24+10x+27 + x24+10x+26 >6
87. Haiizute Bce mapsl (x; y) 4ucen X U y, IJiA KOTOPBIX:
2 2 2 4
< — 4
a) x +4x+6\y2_6y+10, 0) x 6x+11\y2+4y+6
88. Haiigure Bce mapsl (x; y) IeNbIX YUcel X U Y, Jis KOTOPBIX:
1 1 1

>z > =,
D) G770 —92 " &’ ®) 7G550 7276
89. PemmTe fBOMHOE HEpaBEHCTBO:

3_ .2 3_ 7.2
a) x—2<%<6x; 6)x—3<%<4x.

90. Haiizute Bce mapsl (X; y) LENbIX YKUCEN X U Y, ABJISIONAECS pele-
HUAMHU CHUCTEMBI:

1 1 1 1
5(x—2)2+6(y—4)277’ 4(x—1)2+5(y—3)27 6’

a) 1 1 6) 1 1
> = > =,

8(x—3)2+7(y—5)27 9’ 7(x—2)2+6(y—4)27 8

91. a) HauMmensblnee u3 urces m U n obo3”avaercsa min(m; n). Ecim yncia
m ¥ n paBHBL, To min(m; n) =m = n. HatiguTe Bce 3HaYEHUS X, TIPU

N 1
KaXXZ0M M3 KOTOPBIX miIn (9)6——5’ m) <0.

60) Hawmmensiee us yrcen m v n obosnavaercs min(m; n). Eciu uncia
m U n paBHbl, To min(m; n) =m =n. HaliguTe Bce 3HaUeHUA X, IpU

Ka)XZJOM U3 KOTOPBIX Min (ﬁ, 7 _1 4x) <O0.
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92. a)

6)

93. a)

6)

94. a)

6)

95. a)

Hawubosbimee u3 ynces m 1 n obosHavaerca max(m; n). Eciu uncia
m ¥ n paBHBL, TO max(m; n) =m =n. HaiizuTe Bce 3HaUYeHUS X, IPU

Ka)XIOM M3 KOTOPBIX max (ﬁ, ﬁ) >0.

Hawubosnbiee us yrcen m v n obosHavaercs max(m; n). Ecim uncia
m U n paBHBL, To max(m; n) =m =n. HaliguTe Bce 3HauYeHUA X, IIpU

Ka)XZIOM M3 KOTOPBIX Max (ﬁ, ﬁ) >0.

Hawub6o:bInee u3 yrcesn m u n obo3Havaercs max(m; n). Eciu gucia
m ¥ n paBHBI, TO max(m; n) =m =n. HalizuTe Bce 3HaYeHUs X, IPU

1 1
—-——; <0.
KaXXZ0M M3 KOTOPBIX max (XZ —8x’ x%— 25) 0

HaumMensbiee u3s yncea m U n obosuavaercda min(m; n). Ecim uncia
m u n paBHBI, TO min(m; n) =m =n. HalifuTe Bce 3Ha4YeHUA X, IPU

. 1 1
. >0.
KaXXZ0M M3 KOTOPBIX min (Xz —36° X2+ BX) 0

CpaBHUTe YUCJIO M € YUCJIOM —9, eciu
(m— 7)(m}|-8)(m— 1)
(m— 7)(mi8)(m—2)
(m—z)(m}r9)(m— 1)

CpaBHHUTe 4UCJIO M C YUCIOM 8, ecyin
(m+6)(m1—5)(m+2)
(m+6)(m1—5)(m+3)
(m+3)(m1—8)(m+2)

<0,

<0,

< 0.

>0,

> 0,

> 0.

1 1
CpaBHUTe Apo6u i U > ecm

k=m o, k=m o k=m
k ’ m ’ km

6) CpaBHuTte gpobu % u %, ecnu

96. a) CpaBHuTe JpobU

x+y

+1 [-1
I—

;]
—_—
9]

|’+
+
|’+
w
A
o
’|
1| =
|’+
w
v
o
|’+
U1 =
+’|
1| =
|’+
wlw
A
(@]
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+2 1-2
6) CpaBnuTe ApobU 1—s U [1g eoH

[+2 1+5 -2 -2
=8 1-5~% 138 1-5"% 1-8'I+s -5 <

—
9]
—
N
—
—
9]

oo
—~
(0]

JuarHocTtudyeckas pa6ora 4
BapuanT 1

3
x2—2x—24< x2—2x—24"
(2x —17)°(6 — 5x)°(x — 9)?

<
x2—81
11
x—4 " x+8’
1 1

x+6>x—5'

Y

. Pemuite HEPaABEHCTBO

2. Pemnte HepaBeHCTBO 0.

3. PemiuTe cucteMy HepaBeHCTB

4. Pemute JBOMHOE HEPABEHCTBO 1 < _1 <1
. A p 5 " 3x2-2x :

x=5_,
5. PeminTe cucteMy HepaBeHCTB { 16 —x* = 77

5x —x%>0.

9 18
6. Pemite HepaBeHCTBO Gx+5)2  @x+5 +8<0.

1

o 4 5
7. Peminte BOMIHOE HEPaBEHCTBO X 3< e < o + 6.

2
x‘—4x—1 3
+ <x.
-4 x—6
50x%+x—7
x—7
10. PemrnTe HEPABEHCTBO x—3x*+3x-3 <t —-41
: P x2—3x = x=2  x’
11. HauMeHbllee u3 uyrces m U n obosHadaerca min(m;n). Ecau yuciaa
m ¥ n paBHBI, TO min(m;n) =m =n. Haligute Bce 3HaueHUA X, IIpHU

KaXXZ0M M3 KOTOPBIX

8. Pemiite HepaBeHCTBO

9. PemmTe HepaBeHCTBO x° + 8x2 + <1.

min (# 1 ) >0
x2—49’° x2+9x ’
12. HatiguTe Bce maphl (X; y) LEMbIX YUCET X U Y, T KOTOPHIX

1 2
2(x+5)? + 5(y —3)?

= 0,9.
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BapuasT 2

3 > 4
x?—3x—18" x?>—3x—18"
(2x —19)3(7 — 5x)° (x — 10)?

x2—100

1. PemiriTe HEpaBeHCTBO

2. Pemnite HEpaBeHCTBO <0.

3. Pemnte crucTeMy HEpaBEeHCTB

o 1
4. Peminite ABOMHOE HEPABEHCTBO =

5. PemnTe crcTeMy HEPaBeHCTB { 25—
6x —x%>0.

4 16
6. Pemvite HepaBeHCTBO Gxtd)?  3x+4 +15>0.

1

o 3 6
7. Pemute BOMIHOE HEpaBEHCTBO i 2< 2 <x +7.

x?—5x—3 7
8. Pemute HepaBeHCTBO — —=— + g SX.
40x%>+x -5
x—5
x®—4x*+2x+4 1
x? —4x x—2"
11. HauGosnblliee u3 4yrices m U n obosHadaerca max(m;n). Ecau yucia
m ¥ n paBHBI, To max(m;n) =m =n. Halifure Bce 3HaYeHUA X, NIpU

KaXXJIOM U3 KOTOPBIX
1 1
max (— ) < 0.

x2—6x; x%2—16

9. Pemure HepaBeHCTBO x° + 9x2 + <1.

1
10. Peminte HEpaBeHCTBO <x— o +

12. HatiguTe Bce mapsl (Xx; y) LEIBIX YUCEN X U Y, IJIsT KOTOPBIX

3 + 1
5(x+2)?  2(y—4)?

> 1,1



I'maBa 4. HepaBeHcTBa, coaep:xalue
IepeMeHHYI0 10/l 3HaKOM a0COJIOTHOM
BEeJIMYUHBI (MOZYJIs)

HepaBeHcTBa, cozepiKaliye epeMeHHYIO 1o/ 3HaKOM abCoMIOTHOH Be-
JIAYUHBI (MO/y/Is1), OOBIYHO HA3BIBAIOT IPOINE: HEPABEHCTBA C MOZAYJIEM;
Jajiee /Ui KpaTKOCTU MBI OyZIEM HCIIO/Ib30BaTh 3TO HasBaHUe. BrIpaskeHne
(B 3TOM TVIaBe UM MOXKET ObITh MHOTOWIEH WM anrebpawyeckas Apobb),
cozeprKalieecs 1Mo/ 3HaKOM MOZYJIs, OyzmeM — TakKe I KpaTKOCTH — Ha-
3BIBATh «IIOAMO/Y/IbHBIM», OIIyCKas B JajibHelIeM KaBbluku. HepaBeHcTBa
C MOZyJIEM OTHOCAT K CPaBHUTEIbHO TPYAHBIM, XOTsI 3HAYMTENbHAS 4acTh
TaKUX HEPABEHCTB C YCIIEXOM PEIIAaeTCs C TOMOIIbI0 CTAHAAPTHBIX PAaBHO-
CWIbHBIX IIPe00pa30BaHUl WIH «PACKPHITHS MOAY/ISI» B COOTBETCTBUU C €TO
omnpezenenvieM. IIpuBeséM cHavyasa OCHOBHBIE (HAKTHI, CBI3aHHBIE C MO/Y-
JIeM:

1) mMozysnem (abCOMIOTHOM BETMYMHOM) YKCJIa d HA3bIBAETCS CAMO YHC-
JIO a, eC/I OHO HEOTPUIIATENbHO, U YMCIO0 —d, €CIH YUCIIO d OTPHI[ATEThHO
(ompezeneHre MOAy/IsA); MOAY/IbL Yncia a obosHavaeTcs |a|; Takum obpa-
30M, |a|=a, ecin a >0; |a| =—a, ecn a < 0;

2) |a| >0, mpuuém |a| =0 < a=0;

3) sHaveHwe |a — b| paBHO pacCTOSHUIO MEK/Y TOYKAMU d M b 41 CI0BOM
MpsAMOM; TakK, |a| = |a — 0| — paccrosiHue MeXxAy ToukaMu a ¥ 0 YuCI0BOM
npsamoi, |a + b| =|a — (—b)| — paccTossHue MeXAY TouKamu a u (—b) uuc-
JIOBOU IpsIMOM1 (reoMeTpUdecKril CMBICT MOZYJIA);

4) |—al=lal;

5) \/;:|a|;

6) |a|>a, mpuuém |a|=a & a>0; |a|>a < a<0;

|a| > —a, npuyém |a|=—a & a<0; |a|>—a & a>0;
lalpl- 2] = lal.,
7) labl=lallol; || =
8) lal*=a?;
9) |a|=|b| & a*=b? & a==b;
b b>0,
10) |a|:b<:>{ PR [a:—b,
a“=b
a=b;

11) |a| < |b|] & a?<b? < (a—b)(a+b) <0;
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a<b,
a>—b;
a>b,
a<-—b;

14) |a|+ |b| > |a + b|, mpuuém

12) |a|<b(:>{

13) |a|>b & [

la|+|b| =|a+b| & ab>0; |a|+|b| > |a+b|] & ab<0;
|a| + |b| > |a — b|, mpuuém
la|+1b| =|la—b| & ab<0; |a|+|b|] > |a—b|] & ab> 0.

CaoticTBa 2-8 jlerKo CIeAyIoT U3 olipefiesieHusa Mozys. CeolictBa 9-11 —
CJIEZICTBUS HEOTPULIATENBHOCTH MOAYJ/ISI M OOIIETO YTBEPIKAEHHUS O TOM, UTO
BO3Be/IeHNEe B KBaZpaT 00erX 4YacTel ypaBHEHUs WIM HepaBeHCTBa IIPU
YCIOBUM WX HEOTPHIATENbHOCTH SBIAETCA PAaBHOCKIBHBEIM IIpeoOpasoBa-
aueM (§ 1.1). CBoiicTBO 14 (ero yacTo Ha3BIBAIOT HEPABEHCTBOM TPEYTONb-
HHUKA) TOXKE TIOYTH OYEBUAHO: eC/IK Yuciaa a U b smubo oba oTpunaTenn-
HBI, MO0 06a TOJIOKUTENbHBI, MO0 XOTA OBl OJHO W3 HUX PAaBHO HYJIIO
(uepaBeHcTBO ab > 0 o3HayaeT UMEHHO 3T0), TO |a| + |b| =|a + b|. Eciu
yrciaa a v b pasHbix 3HaKoB (T.e. ab <0), 1o |a| + |b| > |a + b|. O6patHoe
yTBEpXAEHNE, PAa3yMeeTcsi, TOXKE BEPHO; JOKKUTE €ro CaMOCTOATEIBHO,
HampuMep, OT IIPOTUBHOTO. 3aMeTHUM, YTO, 3aMeHUB b Ha —b u yuuThIBa,
yto | — b|=|b| (cBOticTBO 4), MONYINM APYTOM BUJ, HEPABEHCTBA TPEYTONb-
HHUKA:

lal +b| > |a— b,

TIPUYEM
la|+|b| =|la—b| & ab < 0; |a|+|b|>|a—b|] & ab>0.

PaBHOCWIBHEIE TIepexoAbl 12, 13 MOXXHO Z0Ka3aTh, BOCIOJIb30BABIIUCE,
HaIlpuMep, reOMETPUYECKUM CMBICIOM MoZAy/d. IlpeAnonoxxuM cHavana,
4yT0 b > 0. Peumnth HEPaBEHCTBO |a| < b — 3HAUUT HAWTH BCE TOUKHU YUCIIO-
BOU MPSAMOM, pacCTOSHUE OT KaXKAOW M3 KOTOPBIX 0 TOYKU 0 MeHbIle b.
OTJI0KWB HA YHUCIOBOM OCH B 00€e CTOPOHBI OT TOYKU O OTPe3KH, paBHEIE b,
MOJIyYUM TOYKU —b U b, paccTosiHUe OT KaXXJ0H U3 KOTOPHIX ZI0 TOYKH 0
paBHoO b:

-b 0 b X

SIcHO, YTO BCe TOYKH d, PaCCTOSTHUE OT KaXKAOH U3 KOTOPBIX 0 TOUYKHU O
MeHbIlle b, IpuHazIexxaT uutepBany (—b;b), T.e. A1 HUX UMEET MECTO
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)
—b
b <0, Hu 3Ta cucTeMa, HU HEpPaBEHCTBO |a| <b He UMelOT peleHuil. Tem
caMbIM, TIpH JIOO0OM 3HaYeHUMW b HepaBeHCTBO |a| < b U cucTema Hepa-

a< ..
CCTeéMa HEPABEHCTB {a OcTaéTtcsa 3aME€TUThb, YTO B CiIy4ae€, Korzaa

a< .
BEHCTB {Cl > ’b HMEIOT OAHO U TO K€ MHOXKECTBO PEIIE€HUU, T. €. ABJIAIOTCA

paBHOCWIBHBIMU. CBOHCTBO 13 ZIOKa3bIBAETCA aHAJOTUYHO: TIpu b > 0 ucKo-
MBI€ TOYKH d, T.€. TOYKH, PACCTOSTHUE OT Ka)KAOH U3 KOTOPHIX 0 TOYKH O
6osbiie b, mpuHazanexat ayay (—oo; b) wim ayay (b; +):

b b

=b 0 b x

Takum o6pa30M, AJIA 3TUX TOYEK MMEET MECTO COBOKYIIHOCTbL HeEpa-

BEHCTB Ecmu ke b < 0, To U 3TO¥ COBOKYITHOCTH, I HEPABEHCTBY

a>b,
[a < —b.
|a| > b yooBIETBOPAIOT BCE TOYKU d YUCIOBOM ocu. TeM caMbIM, TIPH JIIO-
a>b,
6oM 3HaYeHWH b HEpaBEHCTBO |a| > b ¥ COBOKYITHOCTh HEPABEHCTB [a <—b
MMEIOT OHO U TO X€ MHOXXECTBO pelleHUH, a 3HAYUT, SABJIAIOTCI PaBHO-
CIJIbHBIMHM. 3aMeTHM eI, 4To cBoiicTBa 11-13 ocTaioTca B cuie U JJs
HECTPOTUX HEPABEHCTB:

la| < |b] & a® < b? & (a—b)(a+b) <O0;
b,

a>b,
a < -b.

a<
<
|a|\b<:>{a>

|a|>b<:>[

PasymeeTcsi, TpUBeAEHHBIE BhIIIIE CBOKMCTBA MOTYT OBITH 0O0CHOBAHKI U ZIPy-
TUMHU criocobaMu. DTU CBOMCTBA IMO3BOJIAIOT PENIaTh CaMble pa3HBbIE IO
VPOBHIO CJIO)KHOCTU HepaBeHCTBa ¢ MoAyaeM. OCHOBHBIMU METOJaMU pe-
IeHNsA TaKUX HEPABEHCTB CIYKAT PaBHOCWIbHBIE MPeobpa3oBaHusa (CBOM-
cTBa 9-14, a Takxe MeTO/| 3HAaKOTOXKAECTBEHHBIX MHOXKUTEJEHN) U «pacKpHI-
THe» MOAYJIA IO OompezieneHuto. IlocjieHUH MeTO/ 9acTO HAa3bIBAIOT METO-
ZIOM HWHTEPBAJIOB; /1T TOrO YTOOBI HE MyTaTh €r0 C OAHUM K3 OCHOBHBIX
00X METO0B PellleHNs HEPAaBEHCTB, HMEIOIINM TO JKe Ha3BaHUe, B 3TOU
KHUTe MbI OyZieM Ha3bIBaTh €r0 METOOM IIPOMEXYTKOB. Peke MCIIONb3YIOT
MeTOZ, UHTEPBAJIOB, reOMEeTPUYECKUN CMBICI MoOAy/A (cBoiicTBO 3), BBe-
ZleHrie HOBOM TepeMeHHOM, CBOMCTBA MOHOTOHHOCTU M OTPAaHUYEHHOCTHU
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byHKIMH, 3aaHHBIX GOPMYJIOH, cozepKallel MepeMeHHYIO T0J, 3HAKOM
MOZYJIA.

§4.1. IIpocreiiline HepaBeHCTBA C MOAYJIEM

TOBOPUTH O TPOCTEUIITMX HEPABEHCTBAX C MOAYJIEM MOXKHO TOJBKO BECh-
Ma YCJIOBHO: B€Jb JJa’Ke CaMble HECJIOXKHBIE M3 HUX CBOAATCA K PEIEHUIO
CUCTEMBI WK COBOKYITHOCTU JBYX HEPABEHCTB. YCIOBHUMCH IMOJ MPOCTEM-
UMY HepaBeHCTBaMU C MOAY/IEM ITIOHUMAaTh HepaBeHcTBa Buza | f (x)| Vb,
rae b — JefcTBUTEIbHOE YUCTO, f(X) — MHOTOWIEH MEPBOM WM BTOPOM
cTeleHu. DTU HEPABEHCTBA MOXKHO PellaTh HA OCHOBAHWM PABHOCHIBHBIX
nepexozoB 12 u 13:

fx) <b,
fQx) > —b,

fO)>b,

lfIl<b < { Fx) < —b.

lf(x)]>b < [

B ciyyae HecTporux HepaBeHCTB HY»KHO B COOTBETCTBYIOIIel cucTeMe Wi
COBOKYIIHOCTY 3aMeHUTh HepaBeHCTBa Ha HecTporve. JlpyruM crnocobom
pellleHus IpOoCTeNITNX HepaBeHCTB ¢ MoAysneM (1pu b > 0) aBiseTcsa BO3-
BeJileHHe B KBaJpaT oberx yacTell HEPaBEHCTBA C MOCIEAYIONUM IIpUMeHe-
HueM GOPMYJIB PAa3HOCTU KBaZIpaToB (3HAK HEpaBEHCTBA HE MEHSAETCS):

fG)IVh & (fF(D)? VD & (f()—b)(f(x)+b) VO.

Ilpu b < 0 TOT WIM UHOM BBIBOJ, O MHOXXECTBE PEIEHUI HepaBEeHCTBa
ZieJlaeTcsl B 3aBUCUMOCTH OT 3HaKa HEPABEHCTBA C YYETOM HEOTPHIIATENb-
HocTHu Moayist. Eciu b <0, To HepaBeHceTBa | f (x)| <b u | f (x)| < b peutennit
He UMEIOT, a HepaBeHcTBa | f (x)|>b u | f (x)| > b cripaBeAyIuBh IIpU JIEO60M
3HaYeHnu nepemenHoit. Eciu b =0, To HepaBeHCTBO | f (x)| < 0 pelenuii e
nMeeT, HepaBeHCTBO |f(x)| < 0 paBHocwibHO ypaBHeHuO f(x) =0, Hepa-
BeHcTBO |f(x)| > 0 paBHOCWIBHO HepaBeHCTBY f(x) # 0, a HepaBEHCTBO
| f(x)| > 0 cipaBeayIMBO TIpU JTI06OM 3HAYEHUU TIEPEMEHHOM.

Ipumep 1. PemuTe HepaBeHCTBO |3x + 4| > 5.

PemeHnue. ,Z[aHHOE HEPABEHCTBO PAaBHOCWJIbBHO COBOKYIIHOCTH HEpa-
BEHCTB

3x+4>5, x>
3x+4< -5 x <

Omsem: (—o; —3]U [%, +00).
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IIpumep 2. PemuTe HepaBeHCTBO |x? — 9x + 14| < 6.

PemeHue. JJaHHOe HepaBeHCTBO PaBHOCWIBHO CHCTEMe HepaBeHCTB
x*—9x+14 <6, x*—9x+8<0,
x*—9x+14 > —6 x*—9x+20 > 0.

PemyiM mepBoe HepaBeHCTBO cUCTeMBl. KOpHAMM KBaZIpaTHOTO TPEX-
YleHa B JIEBOUM YacTU 3TOT'O HepaBeHCTBA SABJAIOTCA yucaa 1 u 8, crapiuii
K03GGUITMEHT TpéxwieHa moiokuTeneH. ClefoBaTeNlbHO, MHOXKECTBO pe-
meHul HepaBeHcTBa: [1; 8].

Pemmum BTOpoe HepaBeHCTBO cucTeMbl. KOpHAMY KBaJpaTHOr'O TpEXdie-
Ha B JIeBOM YacTU HepaBeHCTBA ABJIAIOTCA YUCIa 4 U 5, cTapumMii Koad-
bunreHT TpéxuieHa monoxureneH. CieJoBaTelbHO, MHOXKECTBO pelleHU
HepaBeHCTBa: (—o; 4] U[5; +).

[TepeceuenrieM MHOXKECTB pellleHNi HepaBeHCTB CUCTEeMBI ABJIAETCA MHO-
skectBO [1; 4] U [5; 8].

Omsem: [1;4]U[5; 8].

IIpumep 3. PemuTe cucTteMy HEpaBEHCTB

|2x% —4x—11| > 5,
|x*—5| < 4.

Pe1neHue. PeliM repBoe HEPABEHCTBO JAHHOU cucTeMbl. O6e yacTu

HepaBeHCTBA HEOTPULIATEIbHBI IPU JI0OO0M 3HAUeHUM TEepPEMEHHOM, IOo-

3TOMY BO3BEACHHUE UX B KBagpaT 6y,aeT PaBHOCWJIbHBIM npeo6pa30BaHHeM.
BOBBC,Z[éM obe yacTtu HEpaBE€HCTBA B KBaJpar:

(2x*—4x—-11)* > 5> & @2x*—4x—11)*-5*> 0.
[TpumeHUB GpOPMYITy pa3HOCTH KBaZPATOB, MOJYINM HEPABEHCTBO
(2x? —4x —16)(2x* —4x—6) > 0.
T[Mocsie BeIHECEHUS OOIHUX MHOKUTENEH U leleHus 0b6enx yacTeli HepaBeH-
CTBa Ha 4 MPUZEM K HEPABEHCTBY
(x?=2x—-8)(x*—2x—3) > 0.
KOpHAMU KBaJpaTHOTO TpéxwieHa x° — 2x — 8 ABAI0TCA uucaa —2 u 4,

KOPHAMM KBaJPaTHOTO TpéxwieHa x> — 2x — 3 aABjA0Tca yucna —1 u 3.
[TosTOMy HepaBeHCTBO MOXKHO IlepenucaThb B BUJe

x+2)(xc—4D(x+1)(x—3) = 0.
[IpuMeHUM METOZ WHTEPBAJIOB:

I - A -

2 -1 3 4 x
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MHO)XeCTBO pellleHuH HepaBeHCTBA: (—oo; —2]U[—1; 3] U [4; 4-).
PeurM BTOpOe HEPaBEHCTBO AAaHHOU cHcTeMbl. Bo3BeZéM 06e dyacTu
HepaBeHCTBa B KBaJpar:

(x?-52 <4 & (x*-52-4%2<0.

Bocronb30BaBIIKch GOPMyIOii PasHOCTH KBaJpaToB, IONYYMM HepaBeH-
ctBo (x? —1)(x%—9) >0, u, ganee,

x+Dc—Dxc+3)(x—3) <O0.
[IpYMeHNM METO/ HHTEPBAJIOB:

RN B NN
1 3

-3 -1

X

MHoxecTBO pemeHui HepaBeHcrBa: [—3; —1]U[1; 3].

Haiizém MHOXeCTBO pellleHUH JaHHOM CUCTeMBl HEPaBEHCTB KaK Iepe-
cedyeHHe YKCIOBBIX MHOXKeCTB (—ow; —2]U[—1;3]U[4;+o) u [—-3; —1]U
U [1; 3]. IMoayuyum mHOXKecTBO [—3; —2]U{—1}U[1; 3].

Omsem: [—3; —2]U{—-1}U[1; 3].

Yopaxuenus k § 4.1

PemnTe HEpaBEeHCTBO (BOHHOE HEPABEHCTBO, CUCTEMY HEPaBEHCTB).

1. a) |4x+3|>0; 6) |7 —6x|>0.

2.a) |2x—5|>0; 6) |5x+2|>0.

3.a) |10x+7|<0; 6) |10x — 9| <0.

4. a) |1234x+5678|<0; 6) |8765x —4321| < 0.
5.a) |[4x+7|>9; 6) [5x—9|>11.

6.a) |5x—11|<6; 6) |5x+17|<7.

7.a) |7x—6|>5; 6) [9x—8|>7.

8.a) [2x+19|<9; 6) |2x+17|<7.

9.a) |2x>—13x—14|>0; 6) |2x2 —9x —13|>0.
10. a) [2x%—11x+14|>0; 6) |2x* — 11x +12|>0.
11. a) |4x%+8x—5|<0; 6) |4x®+5x—6|<0.
12. a) |7x*—78x —789| <0; 6) |6x* — 67x — 678| <O0.
13.a) |x*—10|<6; 6) [x2 — 13| <12.

14. a) |2x*—25|<7; 6) [2x* —17|<15.

15. a) |x?—29|>20; 6) |x*—37|>12.
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16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.

27.

28.

29.

30.

a) |2x?—13|>5;

a) |x?—10x| <24;

a) |2x?—5x|<3;

a) |x?—15x|>54;

a) |3x?—10x|>8;

a) |x2—2x—16|<8;

a) [2x2+4x—39|<9;

a) |x?—6x—28|>12;

a) |9x%—12x—1|>4;

a) 2<|5x+4|<10;

a) 8<|x?—-2x—-7|<17;

a {|2x—5|>15,
[5x —2|<48;

19x* —5|< 4,

[3x —2[>1;

{|x2 —100| <96,

a)
a) 5
[x* —13x| < 30;

[5x% —37x| < 42,
|x* —6x +4| < 4;

6) |2x% — 5| > 3.

6) |x%> —5x| <6.

6) |3x% —5x|<2.

6) |x? —20x|>96.

6) |2x? — 15x| > 27.

6) |x2 — 8x+11| <4.

6) [2x2+4x —27|< 21.

6) |x? —4x — 25| > 20.

6) [4x?2 —12x—1|>6.

6) 4< |2x— 7| <12.

6) 18 < |x?* +2x—17| < 31.
|[4x — 5| >11,

®) {|5x—4|<16.

6) |8x* —5[< 3,
|[4x —3|>1.

|x? — 25| < 24,
6)1{
|x*—5x|<6.

6) |4x% — 41x| < 45,
|x? —8x—1|<8.

JunarHocrudeckas pa6ora 5

Pemvite HepaBeHCTBO.

1. [4x—9|>0.
2. |10x —11| < 12.
3. |5x+4|>3.
4. |2x*>+5x—18|<0.
Pemnte cucteMy HepaBeHCTB.
|x—6]>15,
) {|5x—9|<96.

|9x% — 20| < 16,
10.
[3x —4|>2.

Bapuanr 1

5. |x2 — 50| < 14.

6. |3x2 —x|>0,08.
7. |x2—x—4|<2.
8. [4x* —6x—7|>3.

1 |9x% —100| < 96,
" 113x% —13x| < 10.

12 |5x% —27x — 32| < 42,
T —4x—-1|<4.
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Bapuanrt 2
Pemure HepaBeHCTBO.
1. |5x — 13| <0. 5. |x? — 34| <30.
2.]10x+9|<8. 6. |2x* —3x|>1,08.
3. |5x+6|>7. 7. |x*—5x+5|<1.
4. ]2x* —3x—20|>0. 8. |5x* —4x—5|>4.
Pemnte cucteMy HepaBEeHCTB.
[x—4]>11, |36x2 — 25| < 24,
’{|5x—11|<64. '{|6x2—5x|<1.
10 {ISX2 —45[<27, . {|2x2 —37x —39| <90,
" | |4x—9]=3. |x? — 14x — 19| < 32.

§4.2. Bojee cioXHbIe HEPAaBEHCTBA C MOJYJ/IEM

[lepefifiéM K M3I0KEHUIO METOOB pellieHus 6ojee CI0KHBIX HEPABEHCTB
C MOZYJIEM.

Memod npomexcymios

OzuuM U3 Hambosee U3BECTHBIX METOZOB pellleHUsI HepaBeHCTB ¢ MO-
ZyJleM ABJIAETCA MEeTOZ IIPOMEXYTKOB, OCHOBAHHBIM Ha «paCKpPBITUH» MO-
AyJid B COOTBETCTBUM C ollpefeseHreM Mogynd. CyTh MeToAa 3aKI04aeTcsa
B clenytomeM. Ha umcioBoii ocu oTMmedaetca O/]3 HepaBeHcTBa. 3aTeM
O/13 pazbuBaeTcsa Ha HECKOJIBKO IIPOMEXKYTKOB TOYKAaMU, B KOTOPBIX IMOJ-
MOZYyJIbHBIE ajrebpanyecKkue BhIpaskeHUs obpaiaioTcsa B Hyab. Ha mob6om
13 9TUX IIPOMEXYTKOB JI000€e U3 TaKUX BEIpAKEHUU (M3 MIKOIBHOI'O Kypca
anreOpsl) OIpeZeNeHO U He PABHO HYIIO, CJIeJ0BaTeNbHO, OHO NIPUHUMa-
€T TOJIbKO IIOJIOKUTE/IbHBIE WIN TOJILKO OTpULlaTelbHbIe 3HaueHuA (Kakue
MMEHHO, MOXXHO OIIpeZIeINTh, BHIOpaB Jto60oe 3HaUYeHUEe U3 paccMaTpuBa-
€MOr'o IIPOMEeXYTKa U OIlpeZie/INB 3HAaK BhIPaXKEHUA IIPU 3TOM 3Ha4eHUU).
[ToaToMy B 3aBUCHMOCTH OT IIPOMEXYTKa MOZY/Ib KaXXJ0r'0 U3 TaKUX BhIpa-
YKEHUH «pacKpPBIBAETCs» JIMOO CO 3HAKOM «ILTIOC», IU6O0 CO 3HAKOM «MUHYC».
OmnpezenaTb 3HaKU IOAMOZAYIbHBIX BRIPAYKEHUM YZI0OGHO € TOMOIIIBIO OZHOTO
PUCYHKa, Ha KOTOPOM H300pakeHHbI OZHA IOJ JPYTOM OCH C OTMEYEHHOM
O/I3 HepaBeHCTBa U HYJIAMU JAJA KaXKJOr0 U3 MOAMOAYIbHBIX BhIpaXKeHUN
TaK, YTO IOJy4aeTCs CBOETO Poja «TabiauIa». B «CTpoYKax» 3TOU «Tabiu-
I[bl» PACCTABJAIOT 3HAKU ITOJMOZAY/IbHBIX BEIPAKEHUH, a 3aTEM «IIO CTONIO-
LIaM» OIPEeJeIAI0T, C KAKMM 3HAaKOM «pPaCKpPBIBAE€TCA» MOZAY/Ib KaXJ0ro U3
STHUX BBIpQKEHUM Ha Ka)XXZ0M U3 [TOJyIeHHBIX IPOMEXYTKOB. /lajsee Ha Kax-
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JIOM IIPOMEXYTKe HaxOJAT pellleHHe IIONTy4eHHOro HEPaBEeHCTBA, yXKe He
cofiep:kalllero 3HakoB MoAyss. [lociteguuii mmar — obbeAMHeHNe HalgeH-
HBIX pelleHui. DTOT MEeTO/, IeIeco06pa3HO IPUMEHSATh, B OCHOBHOM €CJIN
HepaBeHCTBO COAEPXKUT ZIBa U Gosiee MOAYIIsA, a IOAMO/AY/IbHbIE BEIPAKEHUS
SIBJIAIOTCS. MHOTOWIEHAMU IEPBOM WIM BTOPOH CTeleHU. B GosbIIMHCTBe
e ciydaeB 6osnee 3¢deKTUBHBIM SBJIAETCA MPUMEHEHUE PaBHOCWIBHBIX
npeobpa3oBaHUM.

IIpumep 1. PemuTe HepaBeHCTBO
|x+2|—|x+5] < 1-—x—-2|3x+1].

PemeHue. OnpegenuM MPOMEXYTKHU 3HAKOIIOCTOSHCTBA KaXKAOT0 U3
BBIpa)XEHUH 107l 3HaKaMU MOZYJIA, JJIs1 HAIVIAHOCTH U yI06CTBa 306pa3uB
UX Ha OfHOM cxeMe (PKUPHBIMH TOYKAaMHU OTMEYEHBI HYJU COOTBETCTBYIO-
LIUX TOAMOZYAbHBIX BEIpaXKeHUH):

x+2 | - | -]+ | +
x+5 | — | + | + | +
3x+1 | — - - +
-5 -2 1 x
3

PaccMmoTpuM deThIpe ciiy4as, «pacKpbIBasg» MOAYIU Ha KaXKJOM U3 YeThl-
PEX NOTyYEeHHBIX TPOMEXKYTKOB COIVIACHO 3HAKaM B KaXKJIOM U3 CTOJIOIOB.

Criyyati 1:
_1 x}—l
X} 3> PN 23:
X+2—-x-5<1—x—6x—2 X<z,
U, 3HAYUT, X € [—1' Z)
J > 377 .
Cryyaii 2:
1
_2<X<_1, _2<X<_§,
3 = 6
X+2—-x-5<1—x+6x+2 x> -z,
U, 3HAYUT. e(—g—l)
, 3HA4UT, X 5573 )
Criyyati 3:
—5<x < -2, o S5 <x <=2,
—X—=2—x—-5<1—x+6x+2 x>—%;

pelIeHuH HeT.
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Cryyati 4:

x < =5, o x < =5,
—x—24+x+5<1—x+6x+2 x > 0;
peleHUl HeT.
Ocrajnoch O6bEJUHUTD TOTyYeHHBIE MHOXECTBa. JTO yAOOHO ZAenaTh

HU3y BBEPX» 10 TEKCT IJ.IHI/IH'(—Q'—l)U[—l‘g)_(—§'g)
«CHU3Y BBEPX» 110 TEKCTY PEIleHUA: 5573 37)= 557 )
(_86.2
Omsem: (— 5 7).
IIpumep 2. Penivute HepaBeHCTBO
|2x* —5x +2|+ 3[4 —x| > [4—11x —3x?|.

Pemenue. CHavasa, MpUMEHUB CBOMCTBO | — a| = |a| (cBolicTBO 4,
[TO3BOJIAIOIIEE MEHATh 3HAK IOAMO/Y/JIbHOIO BEIPAKEHUA), MPUBEAEM BCE
[IOAMOZY/IbHBIE BHIpAXKEHUA K CTAHAapTHOMY BHUAY. I101y4rM HepaBEeHCTBO

|2x% — 5x+ 2| +3|x — 4| > [3x*+11x —4].

OTOT mmar He ABIAETCS 00s3aTeTbHBIM, HO BO MHOTHX CJIy4asx II03BOJIAET
n3bexaTh OIMMOOK, CBA3aHHBIX C BBIYUCJIEHNEM KOPHeH U OIpeZeseHreM
IIPOMEXXYTKOB 3HAKOIIOCTOSHCTBA KBAJpaTHOrO0 TPEXWIeHa, CTaplIUil Ko-
3¢ dunmeHT KOTOpOTo oTpUlaTesneH. Halaém HyIM MOAMOAYIbHBIX BhIpa-
keHuit. KOpHAMY KBaZ[paTHOTO TpéXWieHa 2x> — 5x + 2 ABJAIOTCA YUCIa

1

5 ¥ 2. KopHem MHOrowreHa x — 4 AB/IAETCA, OYEBMAHO, 4ucyio 4. Kop-
.. 1

HAMU KBaZipaTHOro TpéxwieHa 3x? + 11x — 4 ABaAoTca 4ucaa —4 u 3

Termepb MOXXHO COCTaBUTb TAGIHYKY IIPOMEXXYTKOB 3HAKOIIOCTOSTHCTBA KaK-
ZIOTO U3 TIOAMOZY/IbHBIX BBIpA)KEHUM, BOCIIONb30BABIIKUCH TEM, YTO KBaZIpaT-
HBIHM TPEXWIEH CTaHAAPTHOTO BUZA IPUHUMAET OTPHUIATENbHbIE 3HAYEHMS
TOJIbKO B MIPOMEKYTKE MEK/Y CBOMMU KOPHSMU:

22X =5x+2 | + |+ | + | - | + | +
x—4 - - — - - | +
3x?+11x—4 | + | — | + | + | + [ +
-4 1 1 2 4 x
3 2

[1aTh Hy/Mel MOAMOAYIBHBIX BhIpAXKEHUH pa3bHBalOT YHCIOBYIO OCh HA
niecTb MPOMEXXYTKOB. PellliM ZlaHHOe HepaBEHCTBO Ha KaXAOM M3 LIeCTU
MIPOMEKYTKOB, YIUTHIBasA, YTO B TPEX CTONMOLIAX pacCTAaHOBKA 3HAKOB OZU-
HaKOBa: 3TO MO3BOJIAET BMECTO TPEX CIydyaeB PACCMOTPETH OJUH.
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Cryudaii 1:
x = 4, o x =4,
2x% —5x+2+3x—12 > 3x>+11x—4 X2 +13x+6<0

PasymeeTcsi, MOKHO GOpMasIbHO PELINTh KBa[paTHOE HEPAaBEHCTBO MOCIIE-
HeW CUCTeMbl, Hal/IZ KOPHU KBaJPaTHOTO TPEXWIEHA B JIEBOU YaCTH Hepa-
BeHCTBa (3T0 OyZAyT UppaloHAIbHbIE Yrcia). Ho sydiie mpocTo 3aMeTHTb,
9TO HepaBeHCTBO X2 + 13x + 6 < 0 He MMeeT MOJOKUTETbHBIX PelleHu,
TIOCKOJIBKY IIPU TOJIOXKUTENbHBIX 3HaYEHUAX IIepeMeHHON ero jyeBas 4acThb
MIOJIOXKUTEJIbHA. 3HAYUT, U BCA CUCTeMa He UMeeT pellleHU.

Crrygaii 2:

2x2 —5x+2—-3x+12 > 3x2+11x —4.

Tloc/eiHee HEPABEHCTBO CHCTEMEI IPHBOAMTCA K BUAY X2 + 19x — 18 <

—19— v43
2

, a MHOXECTBOM pellleHuil HepaBeHcTBa X2 + 19x — 18 <0 —

KopHAMYU KBaZIpaTHOTO TpéxwieHa x2+19x — 18 AB/A0TCA yucna ——————

—19+ /433
u 2

OTPE30K [— 19+2 433; _19+2 433]. 3ameTtuM, 4To 400<433 <441, 110-
atomy 20 < +/433 <21, u, 3Ha4UT,
—20 < _19+2¢433 <—1955: E < 19-1-2\/43

CrnemoBaTtesnbHO, OTPE30K HE MMEET Iiepeceye-

[_ 19+ /433 —19+\/433]
2 2

HUI C IPOMEXYTKOM [2;4) U COAEpP>KUT IIPOMEKYTOK [% %) a ero Ie-

[_ 19+«/47 4)

pecedeHue ¢ IPOMEXYTKOM (—o0; —4) — IMPOMEKYTOK

VTak, B 3TOM CJIy4yae MHOXKECTBO PellIeHUi IJAHHOTO HepaBeHCTBa — o61;e/:u/1-

19+«/4T 4) [1'1)_

HeHUe [— 3> 3

Criyyati 3:

<x<2 <x<2
2 — {2
{—2x2+5x—2—3x+12>3x2+11x—4 {5x2+9x—14<0
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.. 1
KopHAMH KBajipaTHOTO TpéxdieHa 5x? + 9x — 14 aBndoTcs uymcia —?4

u 1, a MHOXXeCTBOM pellleHHii HepaBeHCTBa 5x2 + 9x — 14 < 0 — oTpe3ok

14 " 1
- ;1. CJIC,Z[OBaTe.TIbHO, pemeHune nmocjieJHENU CUCTEMBI: 5; 1].

?;
Crnyyatii 4:

_4<x<%’ —4<x<%,

2x* —5x+2—-3x4+12 > -3x2—11x+4 5x?+3x+10 > 0.

JIMCKPYMUHAHT KBaJ[paTHOro TpéxdwieHa 5x2+3x+ 10 oTpunartesieH, a crap-
it KoadpuIreHT nonoxuteneH. [To3ToMy HepaBeHCTBO 5x2 + 3x + 10> 0
BBHITIOJTHAETCS IPU JTI0O0M e iCTBUTENTbHOM 3HAUeHUH IEpeMeHHOH, a MHO-

JKeCTBOM peH.[eHI/Iﬁ CUCTEMBI ABJIAEeTCA HpOMe)KYTOK I:_ 4; %) .
OcTasoch OObeUHNUTD HalleHHbIEe MHO)KECTBA:
19+ V433 1Y, T1.1Y, [1..7_ T 19++433.
[_ 2 ’_4)U[_4’3)U[3’2)U[2’1]_[ 2 ’1]
19+ 433, 1]

Omeem: [ 5

PasHtocunbHble npeobpazosanus

MerToz paBHOCWIBHBIX ITpeobpa3oBaHUi, KaK y»Ke OTMeYanoCch, BO MHO-
TUX CIy4Yasx oKasbiBaeTcs 3¢¢deKTHBHee MeToJa MPOMEXKYTKOB, TTOCKOIb-
Ky ITO3BOJIIET, WCIIONb3ysA cBoMcTBa 12 u 13 (Wi ux mogudukaiuu s
HECTPOTUX HEPABEHCTB), CBECTU HEPABEHCTBO C MOJYJIEM K CHUCTEME WU
COBOKYIIHOCTHU [IByX HEPaBeHCTB, He CoZepKalliX 3Haka Moaynd. [Ipu sTom
He HY)XHO HaxXOAWTb HYJIU MOJMOAYIbHBIX BRIPAXKEHUN, YTO COKPAIIAET BhI-
YUCIeHUA Jake B TeX CJIydasix, KOrZla yKa3aHHBIe CBOMCTBA NMPUXOJAUTCA
TIPUMEHATh HECKOJIBKO pa3 (He TOBOPA YKe 0 TOM, YTO He BO BCeX CAydasax
BO3MOXKHO 3TU HyJU HaWTu). KcTaTu, ZOBOJIBHO JIETKO TOACYUTATDH YHCIIO
HEepaBeHCTB, He COoZiepKalllX 3HaKOB MOZAY/A, KOTOphle IPUJETCA pellaTh,
HCITOJb3ys] METO/] PABHOCHIBHBIX TIPE06Pa30BaHUi: 0CBOOOXKIEHE OT KaX-
JIOTO 3HAKa MOZYJIS IPUBOJUT K ABYM HEpaBEHCTBAM, ITO3TOMY OOIIee Yuc-
JIO HepaBEHCTB PaBHO CTelleHU JABOMKHU, IOKasaTesleM KOTOPOM SBJsIeTCs
YHCJIO 3HAKOB MOJYJ/SA B JaHHOM HepaBeHCTBe. Tak, HEpaBEHCTBO U3 IPU-
Mepa 2 CBENIOCh OBl K peIleHHI0 BOCbMU HepaBeHCTB. CleZlyeT OTMETHUTD,
YTO BO MHOTMX CJTy4asx IIOJIOBUHA MOIYYeHHBIX IIPU TaKOM pellleHU! Hepa-
BEHCTB TI0C/Ie UX NpUBeAeHus K BUAy f(x) V 0 6yaeT OINdaThCs OT APYrou
MIOJIOBUHEI TOJIBKO 3HAKOM HepaBeHCTBa. [IoaToMy peliaTs NpUAETCA BABOE
MeHbIlle HepaBEHCTB: Belb ONpeesisaa MPOMeXYTKH 3HAKOIOMOKUTEIbHO-
cTU anrebpandecKoro BeIpaxkeHuA f(x), Mbl HAXOAUM U MTPOMEXYTKUA €ro
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3HAKOOTpHIlaTeNbHOCTU. Hanpumep, HepaBeHCTBO U3 mpuMepa 2 noTpe6o-
BaJsio OB B IEHICTBUTENBHOCTH PEIIEHUA YETHIPEX KBAJPATHHIX HEPABEHCTB
BMECTO BOCHMH.

OTMETHUM eIlé, YTO MPU HATUYNN «BJIOXKEHHBIX» MOAYJIEH METO Ipo-
ME)XYTKOB TIPUBO/JIUT K OTPOMHOMY YHCJIY OIINOOK, TIOCKOIBKY MOCIIE «pac-
KDBITUS» «<BHYTPEHHET'0» MOZYJIA IPUXOAUTCS Ha KaXKJOM M3 MOJTyYeHHBIX
MIPOMEKYTKOB «PAaCKPHIBATh» €lI€ U «BHEIIHUI» MOAY/b, [OTydass HOBbIE
npoMexxyTku. C TaKUM BETBJIEHUEM He CIIPaBJISETCs MMOJaBIsolee 60b-
IIMHCTBO WIKOJbHUKOB, BBITYCKHUKOB ¥ aOUTYPUEHTOB; AJISI PELIEHUs TI0-
ZIOOHBIX HEPABEHCTB PEKOMEH/YETCs UCIOMb30BaTh METO/ PABHOCUIBHBIX
npeobpa3oBaHUL.

PaccMOTpUM HECKOJIBKO ITPUMEPOB.

IIpumep 3. Pemmure HepaBeHCTBO |x? — 4x — 8| < x — 2.
PemeHue. JlaHHOE HEPABEHCTBO PABHOCUILHO CUCTEME HEPABEHCTB

x> —4x -8 < x—2, x> —5x—6<0,
x> —4x—-8> —x+2 x> —3x—10> 0.

KopHAMU KBajipaTHOTO TpéxuieHa X2 — 5x — 6 ABaAoTca uucia —1 u 6,
cTapmuii Ko3$pOUIMEHT TpEXWIeHA MOMOXKUTeNeH. [I03TOMy MHOXXECTBOM
pellleHUli IepBOro HepaBeHCTBa CUCTEMBI fABAeTCA oTpe3ok [—1; 6]. Kop-
HAMM KBaJ[paTHOTO TpéxdieHa x> — 3x — 10 ABnA0TCA yncia —2 U 5, cTap-
il k0adpdUunreHT TpExwieHa MoNOKUTeNeH. [I03TOMy MHOXECTBOM pe-
IIIEHU BTOPOTO HEPABEHCTBA CUCTEMBI ABJIAETCA 0ObeanHeH e (—o; —2] U
U [5; +0). CienoBaTesibHO, MHOKECTBO pellleHH CCTeMEbl, a 3HAYUT, U JaH-
HOTO HepaBeHcTBa: [5; 6].

Omsem: [5; 6].

B 6Gosee CIOXKHBIX Cydasx, YTOOBl He 3alyTaTbCs, Jydlle pa3buBaTh
pelileHre HepaBeHCTBA HA HECKOJIBKO 3TAIOB (111aroB).

IIpumep 4. PemmTe HepaBeHCTBO ||x% +3x+2|—1| > 1.

Pemenue. 1 ,Z[aHHoe HEPaABEHCTBO PaBHOCUJIbPHO COBOKYIIHOCTHU HEpaA-
BEHCTB
[|x2+3x+2| -1

>1, |x?+3x+2| > 2,
[x?+3x+2]-1< -1

>
|x?+3x+2| <0.
HaiiiéM MHOXECTBO pEIeHUH KaXKJOro M3 HEPAaBEHCTB MOCJIeHENH COBO-
KYITHOCTH, TIOC/IE Yero OObeIMHUM Hal/[eHHbIE MHOKECTBA.
2. HepapeHcTBO |x? + 3x + 2| > 2 paBHOCHIBHO COBOKYIHOCTH
X2 +3x+2> 2, x2+3x >0,
X2 43x4+2< -2 x> +3x+4<0.
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HepaseHcTBO xX*4+3x>0 NpUBOAUTCA K BUAY x(x + 3) > 0; MHO>XXeCcTBOM
€ro pelleHuii ABasgeTca obobeanHenne (—o; —3] U [0; + ). HepaBeHCTBO
x? +3x + 4 <0 pemreHuii He UMeeT, HOCKOJIbKY AUCKPUMUHAHT KBaJpPaTHO-
ro TpéxuieHa x2 + 3x + 4 oTpulaTeNeH, a CTapIIMii Ko3GPUIMEHT TON0XKH-
TesieH. Ce0BaTENbHO, MHOXXECTBOM PeIlleHU COBOKYITHOCTHA

x2+3x >0,
x?+3x+4 <0,

a 3HAYUT, U HEpaBEeHCTBa |x2 + 3x + 2| > 2 sBagerca oObeAUHEHUE
(—o0; =3]U[0; +).

3. PemuM HepaBeHCTBO |x? + 3x + 2| < 0. B culy HeOTpUIIATeTLHOCTH
MOJIY/I 9TO HEpPaBEHCTBO BHIIONHAETCH, TONBKO ecIr x2 + 3x +2=0, oT-
KyZa x = —2 win x = —1. TakuM 06pa3oM, MHOXeCcTBO {—2; —1} pelneHui
HepaBeHCTBa |x2 + 3x + 2| <0 COCTOMT U3 ABYX YMCEJL.

4. O6begrHEHEM MHOXKECTB (—o; —3]U[0; +») u {—2; —1}, a ciezo-
BaTeJbHO, 1 MHOXKECTBOM pelleHUH JaHHOTO HEPABEHCTBA SBJSETCS MHO-
#KecTBO (—owo; —3]U{—2; —1}U[0; + ).

Omseem: (—o; —3]U{—2; =1} U [0; 4+ ).

IIpumep 5. Pemnte HepaBeHCTBO
|x? —6x+8| —|2x — 5| < x> —3x+2.

Pemenwue. 1. ;1 TOro 4ToObl MCIIONB30BATh METOJ PABHOCHIBHBIX
npeobpasoBaHu, «yeIUHUM» OJUH W3 MOIYJIEH:

|x2 —6x+8| < x?2—3x+2+|2x—5|.
[Toly4yeHHOE HEPABEHCTBO PABHOCWILHO CHCTEME HEPABEHCTB
x?—6x+8 < x?—3x+2+|2x 5|, |2x —5| > —3x+6,
x2—6x+8> —x*+3x—2—|2x—5| |2x — 5| > —2x2 4+ 9x — 10.

PenmM KaKzioe U3 HEPABEHCTB CUCTEMBI, TOC/IE YETO HANWAEM TTepecevueHre
MHOKECTB PeIleHUl.
2. HepaBeHcTBO |2x — 5| > —3x 4 6 paBHOCWIBHO COBOKYITHOCTH

2x—5> —-3x+6, x> 22,
2x—5<3x—-6 x> 1.
MHOXeCTBOM pellleHu IociefAHe COBOKYITHOCTU, a 3HAYUT, U MHOXe-

CTBOM pellleHul HepaBeHCTBa |2x — 5| > —3x + 6 sBasgercs ay4 (1; +o).
3. Pemrim HepaBeHCTBO

|2x — 5| > —2x% 4+ 9x — 10.
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OHO paBHOCWIBHO COBOKYITHOCTU
2x —5 > —2x%+9x — 10, 2x2—7x+5> 0,
2x—5 < 2x?2—9x+10 2x%—11x+15 > 0.

KopHAME KBaJpaTHOTO TpéxdieHa 2x2 — 7x + 5 ABAIOTCA yucaa 1 u 2,5,
cTapmuii K03$OUIMEHT TPEXWIEHA IOMOXKUTENEH. [I03TOMy MHOXXECTBOM
pelileHUl HepaBeHCTBa 2x? — 7x + 5> 0 saBasiercs obbequneHune (—oo; 1) U
U (2,5; +). KopHaMmu KBaapaTHoro TpéxwieHa 2x2 — 11x + 15 sapsAoTcs
yucaa 2,5 u 3, crapunii KoadGUITMEHT TPEXWIEHA TOJoXKUTeNeH. [ToaToMy
MHOECTBOM pelleHui HepaBeHcTBa 2x2 — 11x + 15 > 0 ABjAeTca o6beau-
HeHue (—oo; 2,5) U (3; + ). CiemoBaTesbHO, MHOXKECTBOM PEIIEeHUI COBO-
KYITHOCTU

2x*—7x+5>0,

|:2x2 —11x+15 >0,

a 3HA4YUT, U HEpAaBEHCTBaA
|2x —5| > —2x24+9x — 10

AByseTcs oobeguHenne (—w; 2,5) U (2,5; +x).

4. TlepeceuerueMm MHOXXeCTB (1; +) u (—o; 2,5) U (2,5; +=), a criego-
BaTeJbHO, U MHOXKECTBOM pelIeHUN JaHHOTO HEPABEHCTBA SBJISETCS MHO-
sxectBO (1;2,5) U (2,5; + ).

Omsem: (1;2,5)U(2,5; +x).

IIpumep 6. Pemnrnte HepaBeHCTBO

4x®>—9x+5
2x—5

Pemewnuwue.l JJaHHOe HEPAaBEHCTBO PABHOCWIBHO CUCTEME HEPABEHCTB

‘ < 2x+1.

2 _ 2 _
BEIXES Coxt, BEOXES _2x-1<0,
= =
BCOXES 5 _gx—1 B =95 | 9et 120
2x—5 = 2)('—5 =
2 _ _ 2 _ _
4x*—9x+5 21)(_;-10;( 2x+5 <o, ;2_)56<0’
[—t
4x% —9x +5+4x*—10x+2x—5 >0 x(8x—17) 50
2x—5 = 2x—-5 “~

2. PeminM niepBoe HepaBEHCTBO IoCIefHel CCTeMbl MeTOZ,0OM NHTepBa-

| Y

2,5 10 x
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MHoxecTBo pelleHUN HepaBeHcTBa: (—©; 2,5) U [10; +©).
3. Pemmrim BTOpOe HepaBEHCTBO TOC/IeIHENH CUCTEMBI METOIOM UHTEePBa-

' A =

0 2,125 2,5 b'e

MHOXecTBO pellleHu HepaBeHcTBa: [0; 2,125] U (2,5; 4).

4. Haiizém MHOXeCTBO pellleHHY JaHHOT'0 HepaBeHCTBa Kak Iepeceye-
HHEe MHOXeCTB (—o;2,5) U [10;+) u [0;2,125] U (2,5; + ). IToxyuum
MHOecTBO [0; 2,125]U [10; +0).

Omsem: [0;2,125]U[10; + ).

3ameuaHue. HOrza IOJIE3HO KOPOTKO ITPOAHAJIM3UPOBATh BO3MOXK-
HBIE ITyTH PEIleH’s HeEPABEHCTBA: 3TO MMO3BOJIUT CAKOHOMUTH BPEMS Pellle-

a(x)
b(x)

BOCIIOJIb30BAThCA CBOMCTBOM 12 wiu 13 ¥ NOIy4YUTh CUCTEMY WIU COBOKYII-
HOCTbB JIBYX APOOHO-PAIIOHAIbHEIX HEPABEHCTB (KaK [P PEIleHUH ITpebl-
Zyllero mpuMepa), a MOXKHO, UCIIOIb3yA CBOMcTBa Moy U yunuThiBas O/13
HepaBeHCTBa, ITepelTH K paBHOCWJIBHOU crcTeMe HEPaBEHCTB

laG)| V[, a?(x) v b*(x), (a(x) —=b())(a(x)+b(x)) VO,
b(x) #0 b(x) #0 b(x) # 0.

a(x)
b(x)

TeJIbHOE ‘{I/ICJIO) paBHOCI/I.T[bHO CUCTEME HepaBeHCTB
laQ)|V|c-b(x)],
b(x) #0,

HuUA 3aja4u. Hanpumep, /14 pellieHNs HepaBeHCTBa BUza ‘ V 1 MOXKHO

AHaJIOTUYHO HEpPaBeHCTBO V ¢ (31ech ¢ — IIOJIOKUTEIbHOE IEUCTBU-

a(x)
b(x)

()
d)

la(x)-d)|Vc(x) -b(x)],
b(x) #0,
d(x) # 0.

[TepBOe HEpAaBEHCTBO KaXOW M3 BYX MOCAEAHUX CUCTEM pPENIaeTcs C Io-
MolIbIo cBoticTBa 11.

a HEpABEHCTBO PABHOCWJIBbHO CUCTEME HEPABEHCTB

IIpumep 7. Pemnte HEPABEHCTBO | —5— xt2| 2

PemeHnue. ,HJIH pPEIIeHNA HEPpABEHCTBA BOCIIOJIb3yEMCA IPEAbIAYINNM
3amMedyaHueM. B JaHHOM ciy4dae

a(x) =x*>+3x+2, bx)=x*-3x+2,

x2+3x+2‘
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Y HEPpaBE€HCTBO PaBHOCWJIbHO CUCTEME HEPABEHCTB

(2 4+3x+2—-x24+3x—-2) (x> +3x+2+x?>—-3x+2) >0, -
x2=3x+2#0
6x(2x%2+4) >0,
x2—3x+2#0.

TTockonbKy 2x% + 4 > 0 1pu M060M 3Ha4eHUH epeMEeHHOM, TepBoe Hepa-
BEHCTBO ITOCJIeZHel cucTeMbl IPpUBOAUTCA K BuAy x > 0. KopHaAMu KBaz-
paTHOro TpéxwieHa x2 — 3x + 2 ABAAIOTCA yncaa 1 ¥ 2; UX HyXHO HC-
KJIIOYWTh U3 MHOXKeCTBa pellleHuli nepBoro HepaBeHcTBa. CiefloBaTeNbHO,
MHOXKECTBOM peIlIeHUH CUCTEMBI, a 3HAYUT, U JaHHOTO HepaBeHCTBa OyzaeT
obwbegunHenue [0; 1)U (1; 2) U (2; +=).

Omseem: [0; U (1;2)U(2; +x).

IMpumep 8. Pemnrte HepaBeHCTBO ||3 — 2x| — 1| < 2|x|.

Pemenue. Obe yacTu HEPABEHCTBA HEOTPHUIATENbHEL, IIO3TOMY BO3-
BeJleHUE UX B KBaJparT SBJAETCS PAaBHOCWIBHBIM IIpeobpa3oBaHUeM. YUu-
THIBAas, YTO KBaJpaT YHCIA W KBaZpaT MOZYJ/A 3TOTO YKCIa PaBHBI (CBOM-
CTBO 8), IocJie BO3BeZeHUA B KBaZpaT MOJIyINM HepaBeHCTBO

(I3 — 2x| — 1)? < 4x2.

3zech npuMeHeHye GOPMYIBI PAa3HOCTH KBaZIpaTOB NPUBEAET K Hosee rpo-
MO3/ZIKOMY HEepaBeHCTBY II0 CPaBHEHUIO C Te€M, KOTOpOe MOIYyYUTCS I10CIIe
PacKpHITHSA CKOOOK U MPUBeEHUS TOAOOHBIX CIaraeMbIX:

B-2x)2-2]3-2x|+12<4x? & |3-2x| >5-6x &
3—2x >5-6x, x>0,5,<:> 505
3—2x < =5+6x x>1 X 2 Lo

Omsem: [0,5; 4+).

Memoo unmepsanos

MeToz UHTEpBaJIOB IIpU pellleHUH HepaBeHCTB ¢ MOZyJIeM NIpUMeHAeTCA
He TaK 4YacTo, HO €ro IpUMeHeHHe MOXKET HECKOJIbKO COKpPAaTUTh BpeMs
pellleHNs HEKOTOPBIX HepaBeHCTB CPABHUTENBHO C JPyTUMU METOJAMU.

IIpumep 9. PemuTe HepaBEeHCTBO

(I3x —2| —4x+3)(|2x = 3|+ x —3)(4x* = 5x — 6) > 0.



174 TnaBa 4. HepaBeHCTBa, cofeprkaliye TlepeMEHHYIO MOZ 3HAKOM MOZAYJIS

Pemenue. 1 Ilyct
filx) = 3x—2|—4x+3,
£00) =2x—3|+x -3,
f,(x) = 4x*> —5x — 6,
fO) = 1) f00) - f300).

Pemmmm HepaBeHCTBO f(x) > 0 merogom uHTepBaioB. OyHKuMA y = f(x)
oIpeJieJieHa U HellpepbiBHA Ha BCel YKUCIOBOM MPSIMOIA.

2. Hatizém Hynu oyuakumu f (x). Jlnda satoro pemmm ypaBHeHus f; (x) =0,
fo(x)=0, f3(x) =0, HayaB ¢ IEPBOTO U3 HUX:

3x—2|—4x+3=0 < [3x—2| =4x -3 &

4x—3>0, 4x=320,
S {[3x-2=4x-3, 13 |*=L, ox=1
3x—2=—4x+3 ng

Pemmm ypaBHeHUe f,(x) = 0, UCIIONB3yS TO YK€ CBOMCTBO MOAy/sA (CBOW-
cTBO 10), 4TO ¥ IIPU pellieHUH TPeJbIAYIEero ypaBHEHUS:

2x—3|+x—-3=0< |2x-3|=3—x &

3—x >0, 3—x>
x =2,
= 2x—3=3—x, & x =2, <:>[ .
2x—3=-3+x x=0

KopHAMU KBaJ[paTHOTO TpéxdieHa 4x2 — 5x — 6 (a 3HAUMT, U HyIAMU GYHK-
uud f5(x)) asasatoresa uncaa —0,75 u 2.

3. Temepb MOXXHO TIPUMEHUTh METOJ MHTEPBAJIOB, N300pa3uB COOTBET-
CTBYIOIIYIO «Tab/IUIly», TIEPBhIE TPHU CTPOKHU KOTOPOU MpeAHa3HAYEHbI I
OTIpe/ie/IEHUS TPOMEKYTKOB 3HAKOIOJIOKUTETHHOCTA ¥ 3HAKOOTPUIIATEb-
HOCTH arebpandecKux BEIpOKeHUH fi (x), f,(x) U f3(x), a mocmeanss (HIK-
HSST) — 71T OIIpeZieIeHHsT TIPOMEKYTKOB 3HAKOIIOJOKUTENbHOCTH U 3HAa-
kooTpuiatenbHoctu GyHKIuu f(x). IIpu 5TOM, KaK O0OBIYHO, Ha KaXKIOM
OCH OTMEYaloTCs HEe BCE HY/IM, a TOJbKO HYJU COOTBETCTBYIOIIUX MHO-
»)uTesieit. [IoCKONIbKY eIMHCTBEHHBIM HYJIEM alre6panvecKoro BhIpaykKeHU
fi(x) =|3x — 2| — 4x + 3 ABnAeTcsT x =1, C MOMOIIbIO «IIPOOHBIX» TOYEK
JIETKO OIpeAenuThb, 4To fi(x) > 0 mpu x <1 (Hanpumep, f;(0) =5>0)
u fi(x) <0 nopu x > 1 (Hampumep, f;(2) = —1 < 0). AHAJOTUYHBIM 006-
Pa3oM JIETKO OIpeAenuThb, 4To fo(x) <0 mpu 0 <x <2 u f,(x) > 0 npu
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x > 2 i x < 0. HakoHel, coryiacHO CBOMCTBaM KBaJI[paTHOT'O TPEX4WieHa
C TIOJIOKUTENIbHBIM CTapUIuM KoadduureHToM f5(x) <0 mpu —0,75 <x <2
u f3(x) >0 mpu x > 2 win x < —0,75. BOCIIOMB30BaBIINChH «CTOIOIIAMIU»
TabJIUIIBL, JIETKO HAMTH MPOMEXYTKU 3HAKOIIONOXKUTENbHOCTU U 3HAKOOT-
putateabHOCTH GyHKIMH f(X):

f0G)=[3x—2[-4x+3 + + + _ _
fO)=]2x-3|+x-3| + + _ _ +
f3(x):4x2_5X—6 + — — — +
fO=(0) 00,0 + - n _ _
0,75 0 1 2 x

MHOXeCTBO pellleHU JaHHOTo HepaBeHcTBa: (—; —0,75]U[0; 1]U{2}.
Omseem: (—o; —0,75]U[0; 1]U{2}.

Memo0 sgedeHus1 HOBOLL nepeMeHHO

MerToz BBeZjleHUsI HOBOU IlepeMeHHOM, KaK U METO/] MHTEPBAJIOB, WC-
MTOJIb3YETCs IIPU pellleHUH HEPABEHCTB C MOJAYJIEM JIOBOJIBHO PEZKO.

IIpumep 10. Pemnite HepaBEeHCTBO
Ix? —3|x| +2| > |x* —4|x| +3|.

PemeHnue. [Iycts |x|=t, Torga x* =t u JaHHOE HEPABEHCTBO MOXKHO
TIepenucaTh B BUe

[t2 =3t 42| > |t2 =4t +3|.

Bo3Bezém 0be JacTH IOIy4eHHOTO HeEpaBEeHCTBA B KBAJPAT U BOCIIOIb3yeM-
cs1 opMyJI0i pa3HOCTH KBaZpaTOB:

t?2—3t+2)? > (> —4t+3)?> & (2 -3t+2)* - (t*’-4t+3)? >0 &
= (t—-1)Q2t2—7t+5) > 0.

KopHAMM KBaZIpaTHOTO TpéxwieHa 2t> — 7t + 5 aBaAoTes yucna 1 u 2,5.
[TosToMy nocieZiHee HEPaBEHCTBO MOXXHO IIepeNnucarh B BUJe

t—1)-2-t—-1D(t—-2,5) >0 < (t—1%*@t—2,5) >0.
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Ecmu t =1, To HepaBeHCTBO BBIOMHEeHO. IIpu t # 1 Bepaxenue (t — 1)2
MIPUHUMAET TOJBKO TOJOKUTENbHbIE 3HAUEHUS, T03TOMY HEPaBEHCTBO OY-
JeT BBHITIOJIHEHO, JIUIIb ecau t > 2,5. TakuM o6pasoM, MHOXECTBOM pe-
meHui HepaBeHcTBa (t — 1)2(t — 2,5) > 0 aABadeTca obbeguHeHMe {1} U
Ix|=1,

cJeA0oBaTENbHO, X €
lx|>2,5, ’

U [2,5; +»). Caenaem o6paTHYIO 3aMeHY: [

e(—ow; —=2,5]U{—1;1}U[2,5; ).
Omegem: (—o; —2,5]U{—1;1}U[2,5; +x).

prvzeHeHue zeomempuyeckozo cmolena MOO_)/JLH

[IpyuMeHEHWE TEOMETPUYECKOTO CMBIC/IIA MOJYJS MOXKET JaTh HEKOTO-
PBIH BBIMTPBIII BO BpeMEHH 10 CPABHEHUIO C I[PYTUMH MEeTOAAaMHU IIPH pellle-
HUU BCETO HECKOIBKUX THUIIOB HEPABEHCTB, IIPEXK/E BCEro HEpaBEHCTB BU/A
|x —al|+|x—b|Vc, aTakke |[x —a| —|x —b| Ve, |x —a|Vc|x —b|, rae ¢ >0,
Y HEKOTOPBIX APYruX. PelnTh HEpaBeHCTBO |x — al + |x — b| V ¢ — 3HauuT
HAWTH BCe TOYKUA YHCJIOBOW OCH, CYMMa PACCTOSHUU OT KaXKJOU U3 KOTO-
PBIX 10 TOYEK a 1 b 6obIire (60JbIIe WU paBHA) WX MeHbIle (MeHbIIIE WX
paBHa) c. JI;1s onpefennéHHOCTH OyzeM CUUTaTh, uTO a < b. Ecii paccTrosiHme
MeXJy TouKaMu a ¥ b Gosblile ¢, TO MHOXXECTBOM peUIEHUH HepaBEeHCTB
|x —a|+|x—b|>cwu|x—al+|x—b| > c aBiseTcs Bce MHOXXeCTBO ZIeHCTBU-
TeJIbHBIX YHCeJI, a HepaBeHCTBa |x —a|+ [x —b| <cwu |[x —a|+ |x —b| <c¢
pellleHUH He UMEIT. B camoMm Jese, ecid MPEANONOKUTh, YTO HCKOMAs
TOYKa MPUHAAJIEXXUT OTPe3Ky [a; b], To cyMMa pacCTOSAHHWI OT TaKO# TOY-
KH /IO KOHIIOB OTpe3Ka OKaxeTcs: 6osbliie ¢ (IIOCKOMBbKY 3Ta cCyMMa paBHa
JUIMHE OTpe3Ka, a AJWHa oTpe3Ka 6obliie ¢). fcHo, 4To AJ1s1 110601 TOUKH,
JIeXalnel BHE pacCMaTpUBAeMOI0 OTPe3Ka, CyMMa PAaCCTOSTHUM OT Heé 70
KOHIIOB OTpe3Ka OyzeT ermé 6osbiiie. ECM pacCTOSHUE MEXKAY TOYKaMU d
¥ b paBHO ¢, TO MHOXXECTBOM pellleHH HepaBeHcTBa |x —al| + |x — b| < ¢
6yzeT oTpe3ok [a; b], HepaBeHCTBO |x — a| + |x — b| < ¢ pelnenuii He uMe-
€T, HEPABEHCTBO |x — a| + |x — b| > ¢ BhINONHAETCA pU TI060M 3HAYEHUU
[IeEpEMEHHOM, a MHOXXECTBOM peIlleHH HepaBeHCTBa |x — al + |[x —b| > ¢
SIBJISIETCS BCS YMCIOBAs IIpsAMast 3a UCKITIOYeHEeM Yuces oTpe3ka [a; b], T. e.
MHOXKeCTBO (—o0; a) U (b; +). Eciin ke paccTossHuE MEXAY TOYKaMU a U b
MeHbIIIE ¢, TO [IsI pellleHwsI TF060ro 13 paccMaTpPUBaeMbIX HEPABEHCTB HYX-
HO BHavajie HAaWTU BCe TOUYKU YMCIOBOM OCH, CyMMa PacCTOAHUM OT KaXKJ0oH
U3 KOTOPHIX I0 Touek a u b paBHa c. fIcHO, YTO KaykJas U3 UCKOMBIX TOUEK
JIEXKUT BHe oTpe3Ka [a; b], a cymMa pacCTOSTHUM OT Heé ZIo TOUeK a u b OyzeT
paBHa cymMMe JUIUHBI oTpe3Ka [a; b] (T.e. b —a) ¥ yABOEHHOTO PacCTOSTHUS
OT 3TOM TOYKHM 10 OIVIKAKIIEro K Hel KOHIIA OTpe3Ka. DTO yABOEHHOE pac-
CTOSTHHE, OYEBUHO, paBHO ¢ — (b —a) =c — b 4+ a, a UICKOMBIX TOYEK BCETO
nBe: mepBas (0603HAYMM €€ X;) JIEXUT Ha YUCIOBOM OCH JIEBee TOUKH d Ha
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c—b+a
2

ku b Ha TOM e paccTossHUM OT Heé. [ToaToMy X; =a —
c—b+a_a+b+c,

oT Heé, a BTopas (06o3HauuM €€ Xx,) — IMpaBee TOo4-
c—b+a_a+b-c
2 - 2

pacCTOSHUN

c—b+a c—b+a
2 b—a 2
)| ! )| )|
x =a_c—b+a=a+b—c a b x =b+c—b+a=a+b+c X
1 2 2 2 2 2

Temeps yKe SICHO, YTO MHOXKECTBOM pellleHUI HepaBeHCTBA |x — a| +
+ |x — b| < c 6yzet unTepBa (x;; X,), MHOXKECTBOM peIlIeHUI HepaBEHCTBA
|x — al + |x — b| < ¢ 6yzeT oTpe3ok [x;; x,], @ MHOXKeCTBa pellleHui Hepa-
BEHCTB |x —a|+ |x —b|>c u |x —a| + |x — b| > ¢ 6yayT cOOTBETCTBEHHO
umeThb BUZ, (—o0; x1) U (xy; 400 ) u (—o0; x7] U [xy; +).

Eciu MeToZ OCBOEH, pellleHre TOA0OHBIX HEPABEHCTB OCYIIEeCTBISeTCs
O4YeHb OBICTPO. /IjiA STOr0 HYXKHO M300pa3UTh YUCIOBYIO OCh U OTMETHUTD
Ha Hell «K/II09eBble» TOUYKM a U b ¥ paccTosHNE MeXy HUMH, IIOCTIe Yero,
Hal/Ig TOYKY X; U Xy, BBIITUCATb OTBET. Paccyk/IeHNs, aHATOTUYHbIE TIPHUBeE-
JEHHBIM, UCIIOIb3YIOTCS I PELIeHsT HepaBeHCTB Buzja |x —a| — [x —b| Ve,
|x —a| V c|x — b| u HekOTOPBIX Apyrux. [Ipy OIpeZeIEHHOM HaBbIKE DTH
paccyxieHrs 3aHUMAaIOT CYUTAHHBIE CEKYH/BI, & TOUYKH X U Xy HAXOAATCS
VCTHO.

IIpumep 11. PemuTe HepaBeHCTBO
|2x2 +x —7|+]2x* +x — 9| < 4.

PemeHue. O603HauuM 2x2 + x — 7 yepes t. HepaBeHCTBO IIpUMET BUJ
|t| + |t — 2| < 4. ComracHO reoMeTpHUYECKOMY CMBICITY MOZYJIS JIEBasi 4acTb
MOJIy4eHHOI'0 HepaBeHCTBA paBHA CyMMe PacCTOSHUM OT TOYKU t YHCIOBOMN
ocu o Toyek O u 2. [l TOro 4ToObl PEUINTh HEPABEHCTBO, HAMAEM CHa-
yaja TOYKU t YUCJIOBOM OCH, CyMMa PAacCTOSHUM OT KaKZOW U3 KOTOPHIX
Zo Touek 0 u 2 paBHa 4. [loHATHO, 4TO Ha oTpe3ke [0; 2] MCKOMBIX TOYEK
OBITH He MOXET, IIOCKOJBbKY CyMMa PacCTOSTHUN OT JIF0OOH TOYKYU OTpesKa
[l0 ero KOHIIOB paBHa /JJjIMHe OTpe3Ka U B JaHHOM CJIy4ae paBHa 2. 3Ha4uT,
HICKOMBIEe TOYKH JIexKaT BHe OTpe3Ka. PaccMOTpUM TOUKY, JIexKalllyto IIpaBee
TOYKHU 2 Ha 4YUCIOBOM ocu. CyMMa pacCTOAHUIN OT 3TOM TOYKU JI0 KOHI[OB
OTpe3Ka CKJIaJIIBAaeTCA U3 JUIMHBI OTpe3ka U YABOEHHOI'0 PAcCTOSHUA OT
STOU TOYKU 10 TOUKU 2. TakuM 06pa3oM, 3TO YIBOEHHOE pacCTOsTHHE PAaBHO
4 — 2 =2, ¥ UCKOMadA TOYKA HaXOJUTCA IIpaBee TOYKU 2 Ha PaCCTOAHUU
2:2=1 ot Heé. CiregoBaTeJbHO, epBasAd U3 UCKOMBIX TOYEK —3TO t = 3.
AGCOTIOTHO aHAJIOTMYHO MOJIy4aeM, YTO BTOpas UCKOMas TOUKa HAXOQUTCS
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Ha 4Mc/IoBoM ocu jieBee Touku 0 Ha paccrosHuu 1 oT Heé. CiefoBaTeIbHO,
BTOpas M3 UCKOMBIX TOUeK — 3TO t = —1. [loaToOMy Bce TOUKU t YUCIOBOH
OCH, CyMMa PacCTOSHUN OT KaKAOU M3 KOTOPHIX A0 Todek 0 U 2 MeHblie
WIU paBHa 4, iexkaT Ha oTpe3ke [—1; 3], KOTOPBIH U ABJIsIETC MHOXKECTBOM
pellleHnii HepaBeHcTBa |t| + |t — 2| < 4:

4-2 4-2
2 =1 2 2 =1
DI DO PP\
-1 0 2 3 X
t>-—1

Takum obpasom, { ’ Cnenas o6paTHYIO 3aMeHy, TIONTydUM

t<3.
224+ x—-7> -1, 22 +x—-6>0,
2% +x—-7<3 2x*4+x—-10<0.

KopHAMM KBaJ[paTHOTO TpéxuieHa 2x2 + x — 6 ApnsAoTca yucaa —2 u 1,5,
cTapimuii koapPUIMEHT TpExuwieHa monokuTeneH. CiaefoBaTebHO, MHO-
JKECTBO pelleHWH NepBOro HepaBeHCTBa cucTeMBbI: (—oo; —2] U [1,5; +).
KopHAMU KBajipaTHOTO TpéxwieHa 2x2 + x — 10 apnsoTcs 9ucaa —2,5 u 2,
CTapIInil KO3QPUIIMEHT TpExXwieHa MooxuTreneH. Cief0BaTebHO, MHOXKe-
CTBO pellleHU} BTOPOTO HepaBeHCTBA cUcTeMbl: [—2,5; 2]. [lepeceuerHueM
MHOXeCTB (—o0; —2]U[1,5; +) u [—2,5; 2], a 3HAUUT, U MHOXKECTBOM pe-
IEHWH JaHHOTO HEpPaBEHCTBA SIBJAETCS MHOXecTBO [—2,5; —2] U [1,5; 2].
Omseem: [—2,5; —2]U[1,5; 2].

Memo0d 3Hakomoxico0ecCmeaeHHbIX MHoOMcUmMesetl

MeToz 3HAKOTOXK/I€CTBEHHBIX MHOXUTeNeH (cMm. § 1.6) mpu pelneHuun
HEKOTOPBIX TUIIOB HEPABEHCTB C MOAYJIEM /JAET OILyTHUMBIN BBIUTPHIII BO
BpEMEHHU 10 CPABHEHUIO C JIFOOBIM JPYTUM METOOM U MTO3BOJISAET U30EKATh
«BETBJIEHUS» 3aJa4l 1 CBA3AHHBIX ¢ HUM olKO0K. HarmoMHUM, 4TO 110605
U3 MHOXXUTeJIel B JIeBOU YacTH HepaBeHCTBa BUAA a4 (x) - ay(x) - ... a,(x) vV

a;(x)-a,(x)-...-a,(x)
(] () - Api2 (-... Apym ()
Jielt IByX anreGpandecKux BRIpaKEHUM (MM BOOOIIE Pa3HOCTBIO JBYX JIO-
OBIX aNre6panvdecKux BRIPAKEHUH, TPUHUMAOIIUX TOJIBKO HEOTPUIIATETb-
Hble 3Ha4eHUs), MOXXKHO 3aMEHUTh PAa3HOCThIO KBa/IpaTOB 3TUX BhIpaKeHUHN
(yauTsiBas mpu Heob6xoauMocTy O3 KaXKA0T0 13 TAKUX BRIPAKEHUH).

(Ix] = vx+2)(|x[=2)
|x+ 3| — |x]|

PemreHue. [[pUMEHNM METOJ 3HAKOTOXKIECTBEHHBIX MHOKUTENEH, 3a-

MEHWB KaK/yIO U3 TPEX PA3HOCTEMH B JIEBOM YaCTU HEPABEHCTBA PA3HOCTHIO

vV 0 uwu V 0, ABIAIOMUICA Pa3HOCTBIO MOZY-

IIpumep 12. Pemute HepaBEHCTBO <0.
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KBaJIpaTOB COOTBETCTBYIOMINX anreOpandecKux BEIPAKEHUH (C yIETOM TO-

ro, 4To |a| = \/; U v/ x + 2 onpezenéH aunib npy x > —2). [oryuum cucte-
My HEPaBEHCTB
O —x—2)(%*—4)
(x+3)2 —x?
x> —2.

<o,

KopHAMM KBaJ[paTHOrO TpéxdieHa x? — x — 2 ABJAIOTCA uucaa —1 u 2.
Pa3noXuB 3TOT TPEXWIEH HA MHOXXUTENN U IIPUMEHUB GOPMYNy Pa3HOCTH
KBaZpaToB, IPU/EM K CHUCTEMe HepaBEeHCTB

x+Dx—2)%(x+2)
3(2x+3)
x> —2.

<0,

[IlpuMeHVM MeTOZ MHTEpPBAJIOB K pelleHHI0 IIepBOrO HepaBeHCTBa IIONy-
YeHHOH CHCTeMBbl HepaBeHCTB:

N BN ER

-2 -15 -1 2 x

MHoKecTBO pellleHU HepaBeHCTBa: (—o; —2] U (—1,5; —=1]U{2}. Yuu-
THIBasi BTOPOE HEPABEHCTBO CUCTEMBI, HAlZIEM MHOXKECTBO peIeHUN JaH-
Horo HepaBeHcTBa: {—2; 2} U (—1,5; —1].

Omeem: {—2;2}U(-1,5; —1].

V3ke 3TOT OTHOCUTENIBHO HECJIOKHBIN TPUMEp JA€MOHCTPHUPYET MIPEUMY-
IIECTBO METOZA 3HAKOTOXKAECTBEHHBIX MHOXKHUTENIEH 10 CpaBHEHHIO, Ha-
MpUMep, C METOZOM MPOMEXYTKOB, TPUMEHEHHE KOTOPOTo MOTpeboBaIo
OB pPACCMOTPEHMS YETHIPEX CIyIaeB ¥ COOTBETCTBEHHO pEIIeHHs YeThIPEX
CHCTEeM HEPABEHCTB BMECTO OZHOM. /Ipyruve mpuMephsl IPUMeHEHUS MeTOa
3HAKOTOXK/JIECTBEHHBIX MHOXKHUTENENH K PENIEHUI0 HEPABEHCTB C MOJYJIEM
cM. B § 1.6 (mpumepsr 2-4).

ITpumenenue ceoiicms gyHxuyuii

[Mepefiném Teneph K HepaBeHCTBAM C MOZYJIEM, pellleHre KOTOPBIX OcC-
HOBaHO Ha NMPUMEHEHUU CBOMCTB QYHKIIMH, IPEXAe BCErOo OTPaHUYEHHO-
CTU ¥ MOHOTOHHOCTU (cM. § 1.5). /I pellleHHs HepaBEHCTB C MOZYJIEM
HCITO/Ib30BaHUE CBOMCTBA OTPAHUYEHHOCTH CBA3aHO IIPEUMYIIECTBEHHO CO
CBOWCTBOM 6:

la| > a, npuuém |a|=a & a>0; |a|>a & a<0;

la| > —a, npuuém |a|=—a & a<0; |a|>—a & a>0,

a Tak’Ke HEpPABEHCTBOM TPeyTroJbHUKA (CBOIHCTBO 14) u ero Mmoguduka-
nyen:
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la| + |b| > |a+ b|, mpuuém
la|+|b| = |la+b|] < ab >0; |a|+|b|] > |a+b|] & ab < 0;
|a] + |b| = |a — b|, mpuuém
la|+|b| =|la—b| & ab < 0; |a|+|b|>|a—b|] & ab>0.
IIpumep 13. PemnTe HepaBEeHCTBO
|2x% = 3x = 5|+ |x?—2x —3] < x?—x—2.

Peine Hue. 3aMeTHM, YTO Pa3HOCTh IIOAMOAYIbHBIX BRIPAXKEHN paBHa
[IPaBOM YaCTH HEPABEHCTBA, T. €. JaHHOEe HEPABEHCTBO UMeeT BUZ |a| + |b| <
<a-—b, rme a=2x?—3x -5, b=x?— 2x — 3. 13 HepaBeHCTB |a| > a,
|b| > —b cneayet, uto |a| + |b| > a —b. Ho |a| + |b| < a — b mo ycroBwuio.
Takum obpasom, |a| + |b| =a — b, 9TO BO3MOXHO B TOM W TOJHKO TOM

a=0
b<

’ 3HAYMT, JAHHOE HEPABEHCTBO PABHOCUIBHO CHCTEME

cy4ae, eciu 0

HEPaBEHCTB

2x2=3x—-5>0,
x?=2x-3<0.

KopHAMH KBaZ[paTHOTO TpéxwieHa 2x2 — 3x — 5 ApnA0Tea 9ucaa —1 u 2,5,
cTapmuii Ko3bQUIMEHT TpéXwieHa HMonoxureneH. CiefoBaTeNbHO, MHO-
JKeCTBO pellleHUl IepBoro HepaBeHCTBa CUCTEMBI: (—oo; —1] U [2,5; + ).
KopHAMM KBaJpaTHOTO TpéxdwieHa x2 — 2x — 3 ABaA0TcA umcia —1 u 3,
cTapmnii kodpPUIMEHT TpExWwieHa MoNoxuTeneH. CiaefoBaTeNbHO, MHO-
’KeCTBO pellleHUH BTOporo HepaBeHCTBa cucTeMbl: [—1; 3]. [lepeceuenuem
IIOJy4eHHBIX MHOXKECTB, a 3HaYWT, 1 MHOXXeCTBOM pellleHH JaHHOTO Hepa-
BEHCTBA fABJAeTCI MHOXKecTBO {—1}U[2,5; 3].
Omsem: {—1}U[2,5; 3].

IMIpumep 14. PemwuTe HepaBEeHCTBO
|3x% + 4x — 4] + [4x* — 8x — 5| > |x* —12x — 1]

PemeHue. 3aMETHUM, YTO JlaHHOE HEPaBEHCTBO UMeET BUZ |a| + |b| >
> |a—b|, rae a=4x? —8x — 5, b=3x?+ 4x — 4. B COOTBETCTBUU C Hepa-
BEHCTBOM TDPEYTOJIbHUKA

la|+|b| > |a—b| < ab > 0.
TakuM 06pa3oM, ZaHHOE HEPaBEHCTBO PABHOCHILHO HEPABEHCTBY

(4x% —8x —5)(3x%+4x—4) > 0.
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KopHAMYU KBaZpaTHOTO TpéxwieHa 4x? — 8x — 5 apastorcs ynucaa —0,5 u 2,5.

.. 2
KopHAMU KBaZpaTHOTo TpéxwieHa 3x2 + 4x — 4 ABAOTCA 4ucaa —2 U 3

CrnemoBaTtesnbHO, IIOJTYy4€HHOE€ HEPAaBEHCTBO MOXXHO II€pENCaTh B BUAE

4(x+0,5)(x=2,8)-3(x +2)(x - %) >0,

OTKyZ:a

(x +0,5)(x — 2,5) (x +2) (x— %) > 0.

HpI/IMeHI/IM METOJA MHTEPBAJIOB:
7 R 7 W 3

-2 —05 2 25  x
3

MHOXXeCTBOM peIlleHUH JJaHHOTO HEPaBEHCTBA ABJISETCA 00beUHEHUE

(—o0; —2)U (— 0,5; %) U(2,5; +0).

Omeem: (—o; —2)U (—0,5; %) U (2,5; +).
IIpumep 15. Pemninte HepaBeHCTBO
|x—1|+|x—2[+...4+[x —100] < 2500.
PemeHue. Bocionb3yemca HEPaBEHCTBOM TPEYI'OJIbHUKA:!
la|+1|b| > |a—b|, npuuém |a|+ |b| =|a—b| & ab < 0.
[Mosy4uM IAThAECAT HepaBeHCTB:
|x — 1|+ |x—51| > 50,
mpuuéM [x —1|+|x—=51|=50 = (x—1)(x—-51)<0 & 1<x<51;
|x — 2|+ |x—52| > 50,
npu4éM |x — 2|+ |x —52|=50 & (x —2)(x —52) <0 & 2<x < 52;
| — 50| + |x —100| > 50,
pU4YEM
|x — 50|+ |x—100] =50 & (x—50)(x—100) < 0 < 50 < x < 100.

CrnezoBaTesbHO, JieBad 4acTh JAaHHOI'O HepaBeHCTBa He MeHble 50 - 50 =
=2500. IlosToMy ZaHHOE HEPABEHCTBO BBIIIOJIHAETCA B TOM U TOJIBKO TOM
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cIy4ae, Korza ero jesas 4acTb paBHa 2500, 4To, B CBOIO o4yepesib, BO3MOX-
HO, TOJIBKO €CJIU BBIIIOJHAIOTCA BCe HepaBeHCTBa 1 <x <51, 2<x <52, ...,
50<x <100, otkyza 50 < x <51.

Omsem: [50; 51].

PaccmoTpuM Teneps /Ba IpyUMepa Ha MpUMeEHEeHNEe CBOMCTB MOHOTOH-
HBIX QYHKIIMH K pelIeHHI0 HEPABEHCTB C MOJYJIEM.

IIpumep 16. Pemnte HepaBeHCTBO
|x+2|—2]x—1|+|2x+ 1] < 6x.
Pemenue. IlepenuiieM HEpaBEHCTBO B BUZE
6x—|x+2|+2[x—1|—|2x+1| >0
U PacCMOTPUM (QYHKIIHIO
fx) =6x—|x+2|+2|x—1]—|2x+ 1],

OTIpeZIeIEHHYIO U HEMTPEPHIBHYIO Ha BCeH YMCIOBOM psAMoi. ['paduk yHK-
I[UU TIPeZCTaBIAEeT COOOH IOMAHYI0, COCTOSIIYIO U3 OTPE3KOB IIPSIMBIX U JIy-
yeli. Kaykz0e 3BeHO 3TOM JIOMaHOM SIBJIIETCS YacCThIO MPSAMOM Buaa y = kx +1,
rae k > 0 (mockombky k=6+1+ 2+ 2 1 BHe 3aBUCHMOCTH OT «PaCKpHI-
THUA» MOAYeH KoadouimeHT npu x 6yzer monoxureseH). CleZoBaTeNnbHO,
oyukuua y = f(x) Bo3pacraer Ha (—o; +). [Tockonbky f(1) =0, Hepa-
BEHCTBO f (x) > 0 BBITIOJTHEHO B TOM U TOJIbKO TOM CJIy4ae, eCliu X € [1; 4+ ).
Omsem: [1; 4+x).

IIpumep 17. Pemnte HEpaBeHCTBO
302 +4x+2)+|x—1| > 3x+ |32 +4x+1].
PemeHnue. IlepenuineM JaHHOE HEPABEHCTBO B BUZE
3x—|x—1| <30x2+4x+2) — |x*+4x+1|

u paccmorpum ¢yHkumo f(t) =3t — [t —1|. Em t > 1, To f(t) =2t + 1;
ecmm t <1, 1o f(t) =4t — 1. CnepoBaTenbHO, GyHKIUS y = f (x) Bo3pacTaeT
Ha (—oo; +). 3HauuT, HepaBeHcTBO f(a) < f() 6yZeT BHIIOIHATHCA TO-
I7la ¥ TOJIbKO Tora, Korjga a < 3. B zanHOM ciydae a=x, =x2+4x+2.
Tostomy x < x? + 4x + 2, oTkyzAa x> + 3x + 2 > 0. KopHAMU KBapaTHOTO
Tpéxunena x2 + 3x + 2 ABaAOTCA uncaa —2 U —1, crapmmii KoadduireHT
TpéxwieHa nosoxkureneH. CiregoBaTeIbHO, MHOXXECTBOM pelIeHUl Hepa-
BEHCTBa ABJIAeTca obbeauHenne (—o; —2] U [—1; +).
Omegem: (—oo; —2]U[—1; +x).
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Pemnite HepaBeHCTBO.

1.

.a)

— =
R O ==

14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.

30.

31

© 2Nk

a)

a)
a)
a)
a)
a)
a)
a)

.a)
.a)
.a)
.a)

6)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)
a)

a)

a)

[x+ 2]+ |x+ 7| < 25;

|x — 4] +|x+8|<36;
[x—1|4+]x—9]|>32;
[x+5+[x—11|>32;

|x — 5]+ |x+5]| < 10;

x — 13|+ |x + 13| > 26;
[2x—1]+2]x—1|<2x+3;
[2—x|+[3—x|<x+2;
2lx+2|+1<|2x+7|—2x—2|6x+7|;
|5 —2x|+|5x — 12| < [3x—7[;
[x=5]4+|x—6|>|x—4|+|2x—9];
|x? — 6x| —3|2x — 3| > x>+ 3x;

YopaxHeHus k § 4.2

6) |x+3|+|x+9|<24.

6) |[x —5|+|x+6| <33.

6) |x —3|+|x—10|>21.

6) |x+ 4|+ |x—8|>20.

6) |x+8|+|x—8|<16.

6) |x — 12|+ |x+ 12| > 24.

6) |3x —2|+3]x—1|<3x+2.

6) 2—x|+|4—x|<x+3.

6) 2|x+1|—|2x+5|<1—2x—2|6x+1].
6) |7 —2x|+15x—17|<|3x—10|.

6) [x —4|+|x—5|>|x—=3|+|2x—7|.
6) |x? —18x| —9|2x — 9| > x>+ 9x.

[4x% —5x+ 1|+ 3|2 —x| > |2 — 11x — 6x3|;
|2x% —9x + 9|+ 3|5 — x| > |12 — 5x — 3x2|.

[3x—5|<6x—1;
|5x — 4| >4x+3;

|x2 — 4| < 3x;
[x% — 15| > 2x;

|x? —6x+3|<x—3;

|[4x2 —12x + 7| > 2x —3;

[4x? —8x — 3| <2x? —4x +3;
|x® +10x — 20| < x® + 20;

|x® = 7x+17| < x®+5x2 — 17;
|x® —2x—8|>x®+2x+8;
lx+3|>[2x—7;
[3x—5]>2|2x —5|;

|7x% — 13x| < |x* — 7x +12];
|7x% 4+ x— 6] < |x> —5x—6[;

|x2 — 9x — 22| > |9x2 — 5x — 26];
|16x% — 7x — 23| < 2|x? — 10x + 16;

3x+5
x+2

‘>2;

2x%2 —3x+1

2x24+3x+1

’ -

>

6) |3x+ 1| <6x+11.

6) |6x —5|>5x+4.

6) |x*—3| < 2x.

6) |x?—10| > 3x.

6) [x>—4x—2|<x—2.

6) [4x2 —4x—5|>2x—1.

6) |4x? —16x — 5| <2x% — 8x +5.

6) |x®+5x—15|<x>+15.

6) |x® —10x + 26| < x® + 8x2 — 26.
6) |x®—3x—6|>x%+3x+6.

6) [x+7|>12x+1].

6) |3x+1|>2]2x—1]|.

6) |14x% —13x| < |2x% — 7x + 6.

6) |7x?+15x +2| < |x? —3x —10|.
6) |x2—11x+30| > |7x? — 41x +54|.
6) |16x%+25x — 14| < 2|x* —8x+7|.

3x+1
6) 2x+1

x> +6x+8
x2—6x+8

>1.

6)

‘ - ’
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32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.
43.
44.
45.

46.

47.
48.
49.

50.

51.

52.
53.
54.

55.

a)

a)

a)

a)

a)

a)

a)

a)

a)
a)
a)
a)
a)
a)
6)
a)
6)
a)
a)
a)

a)

a)

a)
a)
a)
6)
a)
6)

x2=10x+9
x2-9
x%—8x+24
|x2 — 16|
x2 —25x+48
x2—25
x> —10x+7
x2—10x+19
2x%4+7x4+5
x2+6x+8
64x% —14x — 23
x2—5x+4
x2—7x
x—2
16x% —18x+5
4x -5
[|x24+9x+20|— 1| >1;
[|3x — 5] —x+2|+]|]2x— 3| — 2| >2;
[|lx| =5|+x—5>|x—5];
[11T—2x| -1 <2]x+1];
[I3x — 5| —9|+3x—14<|3x— 14|;

‘21;
<L

’>1;
’<3;
|2

‘28;

>x+2;

‘<4x+1;

x> —10x+16
x2—-16

x2—16x+96
|x? — 64

x? —49x 496
x2—49

x2—6x—31

x2—6x—1

3x242x—5

x2+4x+3

16x% —7x — 23

x2—10x+16

x2—17x
x—3

2x2 —9x+10

x—5

6) ||x®+7x+12|—1|>1.

6) ||13x—2|—x+1|+|]2x—1|—2|>2.

6) ||x|—6]+x—6>|x—6|.

6) ||5—2x|—1]<2[x—1].

6) [|7x—4|=7|+7x—11>|7x—11|.

6) ’;1.

6) <1
0) ’>1.
6) <4
6) ‘23.
6) ‘>2.

0)

>x+3.

6)

’<2x+2.

(x — 4| +2x—3)(Jx = 5| = 3x+7)(x+1) <0;
(lx=3|+2x—1D(|x—4|—3x+4) (x+2)<0.

(I13x = 5| —4x+7)(|2x — 5| +x — 4) (4x* — 13x +3) > 0;
(3x+1]—4x—1(2x — 1|+ x—2)(4x*>+3x—7) > 0.

2x% —11|x| +5<0;

2|2x2% — 3|x| + 1| > |4x* — 8|x| + 3|;
1332 +2x — 3| +[3x* + 2x — 6| < 7;
(x—1—vVx+D(x—1]-2)

< .

[x+2]—|x—1] <0;
(x=6)(x+1|—|x—13)) _
x—6]—5 >0;

|2x% — 7x — 15| > 15+ 7x — 2x?;
|5x2 +8x — 4| < 5x% + 8x — 4;

|x? —8x+ 15| — |2x — 7| <x*> — 5x + 6;

6) 5x% —11|x|+2<0.

6) |9x2 — 9|x| +2| > 3|3x% — 4|x| + 1].
0) |4x% —x— 7|+ |4x? —x — 10| < 11.
(Jx+3| - vVx+5)(x+3|—2)

6) [+ 6]— [x-+3] <0.
(x+7)(x+15]—|x—1]
6) [x+7|—6 >0.

6) |2x% —5x — 12| > 12+ 5x — 2x2.
6) |5x%+7x — 6| <5x%+7x —6.

|x2 —12x + 35| — |2x — 11| < x? — 9x + 20.
|2x% — 15x + 22|+ |x? — 8x + 12| < x% — 7x + 10;
|2x% — 11x+ 9|+ |x? — 6x + 5| < x® — 5x + 4.
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56. a) |x?+4x — 5|+ |x? —9x + 8| +|x* — 3x — 40| < x* — 2x +43;
6) |x%+3x—4|+|x?—10x+9|+ |x? — 5x — 36| < x® — 2x + 41.
57.a) |3x%—2x —5|+|4x% —16x+7| > |x® — 14x +12];
6) [3x%+16x + 16|+ |4x> + 8x — 5| > |x* — 8x — 21|.
58.a) |x+1|+|x+2|+...4+|x+50]<625;
6) |x—2|+|x—4|+...4+|x—100| < 1250.
59.a) |x—1|-3|2x—1|+2|3x+1|+24<15x;
6) |x—1]—2[3x+1|+3]2x—1|>16x+23.
60. a) 5(x%+6x+4)+3|x—3|>5x+3|x2+6x+1|;
6) 7(x*—5x+5)+2|x — 4| < 7x+2|x*> = 5x+1]|.

JuarHoctudeckasi pabora 6

BapuanT 1
Pemute HepaBeHCTBO.
1. |5x+3|+|5x+ 8| < 19. 7. 17x% +29x + 24| > |x? — x|.
2. |x—3|+x+|x—4|>5. . |x2 — 36| 51,
3. [4x+1]| < |2x = 3| +2|x —2|. x2—12x+54 =
4. 4|x? — 3x| — 3|4x — 3| > 4x> + 6x. 9. 3"2;21#‘23,

5. x> —2x—11|<x—1.
| | (Jx+5/—vVx+7)(x+5/—2)

6. |x° —4x+8| > x°+2x% — 8. 10. X+ 8= x4 5| <0.

11 |2x2 — 11x + 12|+ |x? — 5x + 4| < x? — 6x + 8.
12. 9(x? — x —8) +4|2|x — 8| — 1| > 9|x — 8| +4|2x? — 2x — 17].

Bapuanr 2
PemuTe HepaBeHCTBO.
1. [2x+3]+[2x+7| < 16. 7. [14x* 4 29x 4 12] > [2x* — x|.
2. |x—=2|+x+[x—3|>4. . [x2 — 4 o1
3. 16x+1]<3lx— 1|+ [3x—4|. X2 —4x+6"
4. 4|x® — x| — |[4x — 1| > 4x* + 2x. 9. zxz)(;—ixl-"z‘gz,

5. |x?2—8x+4|<x—4.

(lx+4| = Vx+6)(x+4|—2) o

6. [x° —6x+14] > x° +4x> — 14. 10. X+ 71— x+4] <0.

11 |2x2 — 11x+ 15|+ |x? —4x + 3| < x? = 7x + 12.
12. 7(x* —x —18) +3|2|x — 18| — 3| > 7|x — 18| + 3|2x? — 2x — 39|.



I'maBa 5. MppanyoHajibHbIe HEpAaBEeHCTBA

B COOTBETCTBHUM C MPUHATOU B 3TOM KHUTE Kiaccuukaiyei 6yzeM Ha-
3BIBATh UPPAIMOHAIBHBIMY aIreOpandecKue BeIpakeHus Buga 4/ f (x) wim

p
Buza (f(x)) ¢, rae f(x) —MHOTrOWIEH WK anrebpandeckas Apobs (T. e. pa-
IIMOHa/IbHOE ajrebpanyecKkoe BBIpAKEHUE), N U ¢ — HaTypaJbHBIE YKCIA,

66abine 1, s— HecoKpaTumasi Apobb, p € Z. HepaBeHcTBa, anrebpau-

YyecKas 3alych KOTOPHIX COAEP)KUT MppalMOHaNbHBIE BBIpaXeHUs (U Ha-
pAZy C HUMH, BO3MOXKHO, palliOHAJbHBIE anrebpandeckre BhIPAXKEHU),
Ha3BIBAIOTCA MPPAlMOHANBHEIMU. TakuM 06pa3oM, KpyT UppallOHATbHBIX
HepaBeHCTB JOCTAaTOYHO INHUPOK, a METOABl MX peEIleHUs OCHOBBIBAIOTCH
KaK Ha OOIINX JJIs YUCIOBBIX HEPABEHCTB CBOMCTBAX, TaK Ha ONpeAeTeHIN
Y CBOMCTBaX KOPHEH U CTeleHel ¢ ApOOHBIM MmoKa3aresaeM. [IpUBeéM 3TH
omnpezieJieHUs U CBOMCTBA

Omnpeaenenue 1. Anre6panyeckuM KOpHeM n-i crerrenn (n€N, n>1)
M3 YHCIa a HasblBaeTcs 4ucio b, n-g cTerneHb KOTOPOTO paBHa da. Apud-
MeTHYeCcKUM KOopHeM n-i crenenn (n €N, n > 1) u3 uncia a Ha3bIBaeTcs
HeompuyameJibHOe YUCIO b, n-s cTeeHb KOTOPOTO PaBHa d.

O603HavaeTca KOpeHb CTelleHM n Tak: v/d. 3Hak « v » HasbIBaeTcs
paZuKaIoM, n — IMOKa3aTejeM CTelleHH KopHA. KopeHb BTOpOH cTemeHU
Ha3bIBaeTcsA KBaZIpaTHEIM, IIPY ero 0003HaYeHNH CTelleHb KOPHSA He yKa3bl-
BaeTcA: NMIIYT /d, a He ¥/a. KopeHb TpeTheli cTelleHU HasbIBaeTcs Ky6u-
YeCcKMM KOpHeM U 0603HavYaeTcsl CTaHAapTHBIM o6pasoM: 3/a. [Togasisio-
I1ee OOJIBITMHCTBO UPPA[MOHAIBHBIX YPABHEHUH U HEPABEHCTB MIKOJIBHOT'O
Kypca CBf3aHO MMEHHO C KBAJpPAaTHBHIMU U (pexe) KyOMYECKUMHU KOPHS-
Mu. Anrebpandeckoe BRIpaKeHUe a(x) 1o 3HAKOM KOPHS B 3aIlMCH BUZa

1/ a(x) Ha3bIBaeTCA MOAKOPEHHEIM BEIPAYKEHUEM.

3ameuanue 1. [lynd 3amucy anre6pandeckoro U apupMeTHIecKoro Kop-
HSf UCHOIB3YeTCs OAVH U TOT XKe CUMBOJL. [ToHATHE apudMeTUIecKoro Kop-
HA BBOJUTCS JJISI TOTO, YTOOBI CZleaTh OZHO3HAYHBEIM OIpeZiesieHre KOPH:A
4ETHOM CTelleHU: BeAb YETHBIE CTEleHHU JABYX IIPOTHBOIIOJIOXKHBIX YHCeN
OJVHAKOBEI, M €CJIM IIPU U3BJIeYeHUU KOPHS YETHOU CTEIleHH He OroBa-
pUBaTh, KaKoe M3 HUX UMEETCA B BUAY, 5TO NIPUBEAET K PA3IMIHOrO PoZa
IpoTUBOpeuraM. TeM caMbIM, KOIZla T'OBOPAT U IUIIYT O KOpHe 4YETHOU
CTeIleH! M3 YKca, TO Beerza (eciu He OrOBOPEHO IIPOTHUBHOE) NMEIOT B BU-
Zy apudMeTUdecKUil KOpeHb, KOTOPHIHM IO OIpeZesieHHI0 SIBJIAeTCA HeoT-
pHULIATENBHBIM YUCIOM. JIJIA KOpHEN HEYETHOUH CTEIEHU OOBIYHO KCIIONb-
3yIOT OIlpefesieHre anrebpandeckoro KopHA. TakuM 06pa3oM, KopeHs Jito-
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601l cmeneHu u3 HeompuuameJibH020 Uucaa Asjsdemcsa HeompuuameabHbim
HUCJIOM, KOPEHb Heuémmoil cmeneHu u3 ompuuameJsibH020 4ucia Aeasdemcs
ompuuameJltbHbIM HUCJIOM.

3ameuanue 2. Kparkoe onpegeneHue apupMeTHYECKOTO KOPHS 46T-
HOI CTelleH MOXKHO 3aIUCcaTh TaK:
2n
a = b“",
Na=bh
b>0

(3mech n €N). OTcroga ciaeayeT, YTo apudMeTHIECKUH KOPEHb ONpeAeIéH
TOJNIBKO I HEOTPUIATENbHBIX YHCel. B caMoM Jeje, IO OIpeJeseHUI0
b >0, HO a =b?", u, 3Hauwrt, a > 0. [ToaToMy 06JIaCTh JOMYCTUMBIX 3HaYe-

HUU KOPHS YETHOH CTENeHU 22/ a(x) HaxozuTes U3 ycnoBus a(x) > 0 HeoT-
PHUIIATETLHOCTH MTOJKOPEHHOTO BhIpaskeHUsA. O6acTh onpeaeieHus KOpHs

HEYETHOH CTeleH!’ 2”“\/ a(x) (3zech n €N) Takoro orpaHuYeHUs He IpeJ-
10JIaraeT: OH OTpeAeIEH MMPH JI0O0M 3HaYEHUH TIEPEMEHHOH, //IsI KOTOPOTO
UMeeT CMBIC BeIpaxkeHue a(x).

VKaxkeM Teriepb OCHOBHBIE CBOMCTBA apudMeTHIECKOT0 KOpH: (n 1 k —
HaTypasibHbIE Yucaa, 66apmue 1, a >0, b>0):

1) Va'=a;
2) Vab=YaVb;

nfa

-2 0670y

4) ¥ Va="¥a;

5) "Vak=ya;

6) W=(’{/E)l (ecmu [ €0, To a#0);

7) ectma<b, Tou Ya< Vb.

3amevanue 3. Ecmu n U k — HeYETHBIE HATypaslbHbIE YUCIa, GOJIb-
mye 1, To npuBeAEéHHbIE CBOMCTBA CIIPAaBeJJIUBHI U JJIA OTPULATETbHBIX
a u b. Jlna KOpHA HEYETHOU CTENEeHU YKaXKEM elllé OAHO IMOJe3HOe CBOU-
cTBO: 2"/ —a=— 2"*1/q (3HaK «<MUHYC» MOXHO «BBIHOCHUTb» 32 3HAK KOPHS

HEYETHOHN CTEIEeHU U «BHOCUTH» 10, 3HAaK TaKOIr'o KOpHH).

3)

3ameuanue 4. [Ipu BHeceHUM MHOXWTENS TOZA 3HAK KOPHS YETHOM
CTEMEeHU 3HAK «MHHYC» IOZ KOPEHb He BHOCHUTCS, a OCTA&TCs Mepes Kop-
HeM. [Ipu peo6pa3oBaHUM YHCIOBBIX BRIPAXKEHUH MPOOIEM OOBIYHO HET:
4
—23/3=—1/2*.3=— /48, a BoT npu 1peoGpasoBaHmy GYKBEHHEIX BCTpe-
qaroTcs omubKy. Tak, HAPUMep, eC/TH YHCIO d OTPHIATENbHO, TO av'b =

=—1/a?b.
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Omnepauus BO3BeZleHHs B HAaTyPaJIbHYIO CTelleHb BBOAWIACH B ITKOJIHHOM
Kypce MaTeMaTHKM, B CYLIHOCTH, KaK COKpallléHHasd 3alliCh YMHOXXEHUA
OJMHAKOBBIX YKcen: a"=a-a-a-...-a (3aecb n €N). 3arem 114 Bcex a #0

n pas
3TO Ollpe/ieieHre PaCIpOCTPAHSIOCHh Ha CTEIIEHU C IIeJTbIM OTPULIATETbHBIM

[oKasaTeneM a ' = o U HYJIEBYIO CTeTleHb a®=1. JlnA mOMOKUTENbHBIX

yucesn apubMeTHIECKHI KOPEHD MO3BOIMWI PACIPOCTPAHUTD ONpeJeeHIe

k n
CTEII€EHN Ha CTEIIE€HU C ,Z[pO6HbIM IIoKasaTejneM: ar = 4/ ak, a> O, neN,

1
n>1, k € Z. B yactHoctd, ¥a =ar. KpoMe TOro, [l MOJOXKUTEIbHBIX
JIPOOHBIX CTETIEHEHN 3TO OIpe/ie/ieHre PacIPOCTPAHSETCA elllé U Ha yueio 0:

eciuneN, n>1, keN, To Oé =0.

CremneHb ¢ JpOOGHBIM MMOKa3aTeJeM YacTO HA3bIBAIOT CTEMEHBIO C pally-
OHAJBHBIM TIOKa3aTesieM. II0CKONBKY IesIble YUCIa TaKXKe SABJIAIOTCS pal-
OHAJIBHBIMH, IS OZHO3HAYHOCTU B 3TOU KHUTE HCIIONB3YETCS CJIOBOCOYE-
TaHWe «CTelleHb C APOOHBIM TIOKa3aTeneM». [Ipu aToM Apobh B ITOKasaTese

o 3
CTEIIE€HN AOJ/IXKHa OBITD HECOKpAaTHMOM: IIOKa3aTe/JIM CTECIIEHHW BHUJa T’ E
Hu T.II. 6y,ZLEM CUMTaTh LEJbIMU. Hal'[OMHI/IM, 4YTO HECOKpaTHUMBbIE ﬂp06I/I co
3HaM€E€HAaTEeJIIMH, KOTOPLBIE ABJIAIOTCA IIPOU3BEAEHUAMM HAaTypaJbHBIX CTE-

TeHeH ABOMKY U (WIK) MATEPKHU, MOTYT OBITh 3aITMCaHBI U B BU/IE KOHEUHBIX
o Z 175 0,175 3,14 3L 157
JeCATUYHBIX Apobeii. Hampumep, 340 =300 =3%/° 2 75" =775 =750 =

= /7157
CBolicTBa CTelleHU ¢ APOOHBIM IIOKa3aTeleM aHAJOIMYHbBI CBOKWCTBAM

CTEIeHU C I[eJIBIM IToKazaTeieM: eciv a > 0, b >0, a n ¥ m — palMoHanbHbIe
qucIa, TO
n,m ntm. @ n—m, 1 n

E:a_; (a

a-b" = (ab)™; g—: = (%)n.

n)m — anm;

3ameuanue 5. Emé pas obpaTuM BHUMaHUeE Ha TO, UTO CTEIEHb C APOO-
HBIM IIOKa3aTeJleM OIpezeeHa TOJMbKO JJIS TOJOXKUTENbHBIX YUCET U —
B CJIydae IOJIOXKUTENbHBIX cTeleHeld — i yucaa 0. Kaszamock 6bI, 4TO
B HEKOTOPHIX CJIYJYasxX 3TO OIlpe/esieHre MOXXHO PaclpoCTPaHUTh U Ha OT-

1
pullaTeabHble YKcia. B caMoM fesie, mouyeMy ObI He CUUTaTh, 4TO (—8)3 =

3 3
= 31/ (—=8)! = ¥/—8 = —2? OTBeT Ha 3TOT BOIIPOC ZIOBOJIBHO IIPOCT: €CJIU
COTJIACUTHCSA C TAKUM PABEHCTBOM, TO JIETKO MOMYYUTh TPOTUBOPEYNE, BEAH

1 : 6 5 6/
TOrZa, HaIpuMep, BepHO U To, 4TO (—8)3 =(—8)¢ = 1/ (—8)* = v64=2.
Urak, cieayeT IOMHUTB: CMeneHs ¢ payUOHANIbHbIM nokasamesiem onpede-
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JUSIeMCS MONBKO OJISL NOJIOHCUMENbHBLX UUCE, A NPU NOJOHCUMENbHBIX CIMe-
newsix — u 0ns uucaa 0. [TosToOMy, B 4aCTHOCTH, 00JIaCTH OIIpeeIeHus asl-

1
re6pardecKix BEIPAKEHUH 2" T1/a(x) u a1 (X) pasIndHbL: BTOpPOE OIpe-
JleJIEHO TOJbKO Ipu ycioBuu a(x) > 0 (3zeck n € N). U3 aToro ciezyer,

1
YTO, HAI[pUMep, HepaBeHCTBa ¥/X < 2 U X3 < 2 UMeIOT pa3Hble MHOXeCTBa
pellleHui: TepBoe paBHOCUIBHO HEpPaBEHCTBY X < 8, a BTOpoe — cHucTeMe

x< .
HEPaBEHCTB { ” TakuM 06pa3oM, MHOKECTBOM pellleHUi HepaBeHCTBa

x>0
¥/x < 2 aBnaerca mpoMexyTok (—; 8], a MHOXECTBOM pellleHHi HepaBeH-
cTBa xé < 2 —npomexyTok [0; 8].

Buaymo, B CwIy TPYZHOCTH YCBOEHUs YKa3aHHBIX pa3jInduil anrebpa-
“4YecKUe BbIpaKEHU:A, coZeprKalllie IlepeMeHHYI0 B OCHOBAHUU CTelleHU’
¢ IPOOHBIM TTOKa3aTeleM, B IIKOJLHOM Kypce IPaKTUIECKH He BCTPEUAoT-
cs. He OyzieT UCKIIOUeHWEM U 9Ta KHUTA: 3a peJKuMu (Haubojiee pOCTHI-
MM) CIydasMU MppalyoHaJIbHble HEPAaBEHCTBA, cojeprKalliiie TaKue BbIpa-
JKEHUA, B JaJbHEHNIIeM pacCMaTpUBATHCA He OyayT.

§5.1. IIpocTeiinine uppanoHaIbHbIe HEPAaBEHCTBA

Tak :Ke KakK U B CIydae HEpaBeHCTB C MOZYJIEM, BblZieJIeHUe TPYIIIEL Up-
paIoHaNbHBIX HEPABeHCTB B KauyecTBe IMPOCTEHIINX fABJSAETCA JOCTaTOY-
HO yCJIOBHBIM. K mpocTednm uppanyoHaJbHbBIM HEPaBEHCTBAM OTHECEM
HepaBeHcTBa BuZa 4/ f(x) Vb uwm (f (x))% V b, rae b — fgeiicTBUTENBbHOE
yucyuo, f(x) — MHOTOWIEH IEPBOU WX BTOPOU cTenenu, n €N, n > 1.

VI3 onpezeneHys CTeleHU ¢ APOOGHBIM ITOKA3aTesleM CJIeAYeT, YTO MpU

b > 0 nepaBencrtBa (f (x))% >bu(f (x))% > b paBHOCWIbHBI HEPABEHCTBAM
1
fGx) >b" u f(x) > b" coorBeTcTBEeHHO, a HepaBeHcTBa (f(x))» < b

1 o
u (f(x))» < b paBHOCWIBHHI ABOMHBIM HepaBeHcTBaM 0 < f(x) <b™ u 0 <
< f(x) <b" cooTBeTCTBEHHO (HAIIOMHUM, YTO BMECTO JBOMHBIX HEPABEHCTB
MOXXHO MCITOJIb30BATh CUCTEMbI HEPABEHCTB

FO) < bm, FO) < b7,
{f(x)>o " {f(x)>0
COOTBETCTBEHHO) .
Wtak, npu b > 0 umeem
(FGNT > b f(x) > b7 (FGNT > b f(x) > b €
. Flx) < b, . FOo) < T,
(fG))n <b<:>{f(x)>0; (f))n <b<:>{f(x)>0. 2
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IMIpu b < 0 TOT WK WHON BBHIBOZ O MHOXKECTBE peIleHW HepaBeHCTBA
(f (x))i V b zenaercs B 3aBUCMMOCTH OT 3HakKa HepaBeHcTBa. Eciu b <0,
TO HepaBeHCTBA (f (x))% >bu (f (x))% > b BBIMONHAIOTCS TIPU BCEX 3HA-
YEeHUSIX TIeEpEMEHHOH, Ayid KOoTopeixX f(x) > 0, a HepaBeHcTBa (f (x))% <b

1
u (f(x))= < b He umeroT pemenuii. COOTBeTCTBEHHO, ITpH b =0 crpaBes-
JIUBBI CJIEAYIOIINE YTBEPIKAECHMS:

(FOT >0 () >0; (FG))r >0 f(x) > 0;
(fG))" <0 fx) =0,

1 .
a HepaBeHCTBO (f (x))= <0 He UMeeT pelIeHu .

Pentenrie HepaBeHCTB Buza 4/ f(x) V b (kak ¥ GOJBIIMHCTBA APYTHX
HWppalMOHaIbHBIX HEPABEHCTB) CYNIECTBEHHBIM 0O6pa30M 3aBUCUT OT YET-
HOCTY WM HEYETHOCTH YKC/Ia N U 3HAKa HePaBEHCTBA.

Eciuy uyncio n HeuéTHO, T.e. n=2k+1, k€N, TO

Vo >b e f > F @ b e fio 20 ©)
2k+% <bh&e f(X) < b2k+1; 2k+% < h = f(X) < b2k+1. (4)

[TycTh Temepb YHUCJIO N YETHO, T. €. n =2k, k EN.

Torzga mpu b > 0 UMEIOT MeCTO CJeAyIOI[e PABHOCHIbHBIE ITEPEXO/BI,
OCHOBaHHbIe Ha 0O6IeM IpaBwiIe: eciu obe YacTd HepaBeHCTBa HEOTPU-
LIaTeNbHBI, TO TIPU JOIYCTUMBIX 3HAYEHUAX IepeMEeHHOUN BO3BeJEeHUE X
B YETHYIO CTEIeHb SBJISETCT PaBHOCWIBHBIM NMPe0bpa3oBaHUEM:

A/ fx) >b e fx) > b A/ F0) >b e fFlx) = b (5)

b2k < bzk,
%500 < b > {;g; o Wiwshre {;Eg Se®

3amMeTum, 4TO NpHU pelleHUU HepaBeHCTB (5) ycimoBue f(x) > 0 HeoTpuILa-
TeJIbHOCTHU TIOAIKOpeHHOTo BhipaxeHusa (O3 HepaBeHCTBA) He 3aMKChIBaET-
CS1: OHO ABJIAETCA CIeACTBUEM Toro, uTo b2X >0, a f(x) > b%* wm f (x) > b,
3ameTuM elmé, 4To mpu b =0 U3 paBHOCHIBHBIX IepexoaoB (5) u (6) (iubo
U3 CBOMCTB KOPHS YETHOM CTelleH!N) CIeAyeT, YTO

X/f) >0 f)>0; %/ fx) >0 f(x) > 0;

HepaBeHCTBO 2K/ f(x) <0 peleHuii He uMeeT; HepaBeHCTBO 2%/ f(x) <O
PaBHOCWJIBHO ypaBHeHUIo f(x) =0.
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ITpu b < 0 HepaBeHCTBA 2"\/ fx)>bmu 2"\/ f(x) > b BBIIOIHAIOTCA TIPU
JITOOBIX OTTYCTUMBIX 3HAUEHHUAX TIepEMEHHOM, T. €. pABHOCU/IbHbI HEpaBeH-

ctBy f(x) > 0, a HepaBeHCTBA 2"\/ fx)<bmu 21‘\/ f(x) <b pemenuii He

UMEIOT.
1
IMpumep 1. Pemnte HepaBeHCTBO (2x —3)3 < 3.
PemreHue. /laHHOEe HEPAaBEHCTBO PABHOCWIBHO CHCTEMEe HepaBeHCTB
2x—3 < 33, x < 15,
2x—3 20, x > 1,5.
Omsem: [1,5; 15].
4
[Ipumep 2. Pemmnre HEpaBEeHCTBO 4/ x2—x —4>2.
PemeHue. /laHHOe HEPAaBEHCTBO PAaBHOCWIBHO HEPABEHCTBY

x*—x—4>16,

OTKyZia {

oTkyza x> — x — 20 > 0. KopHAMHU KBaJpaTHOTO TPEXWIEHA B JI€BOi YacTu
[IOJIyYeHHOTO HEPABEHCTBA ABJIAIOTCA YUciIa —4 u 5, crapuuii Koapdumu-
eHT TpéxwieHa nonoxureneH. CiegoBaTelbHO, MHOXKECTBO pellleHHU Hepa-
BeHcTBa: (—o; —4]U[5; +).

Omsem: (—o; —4]U[5; 4+ ).

IIpumep 3. Pemute cucTeMy HEPaBEHCTB
{ Va4x -3 <2,
(2x2 —5x+3)5 < 1.

Pemenue. 1l PemuM nepBoe HepaBeHCTBO AaHHOM cucTeMbl. OHO paB-
HOCWIBHO CUCTEMe

4x —3 S 4, X < 1:759
>0 >

MHoxecTBO peleHui HepaBeHCcTBa — oTpe3ok [0,75; 1,75].
2. PemriMm BTOpOe HepaBEeHCTBO JAaHHON cucTeMbl. OHO pPaBHOCUIBLHO
CucTeMe HepaBeHCTB

{2x2—5x+3 s

<1 2x%—5x+2
2x2—5x+3>0,

OTKyZa
va {2x2—5x+3

KopHAMU KBaZpaTHOro Tpé€xwieHa B JIEBOM 4YacTH IIePBOTO HepaBeHCTBA
IIOJIy4eHHOH cucTeMbl ABJsoTea uucna 0,5 u 2, crapmuil KoadpdUIINeHT
TpéxwieHa nojoxutesneH. CaefoBaTeIbHO, MHOXKECTBO pellleHUl HepaBeH-
crBa: [0,5; 2]. KopHaAMU KBaZipaTHOTO TpEXWIeHa B JIEBOM YacTU BTOPOTO
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HepaBEeHCTBA MOCJIeAHEN CUCTEMBI IBJISIOTCA yncia 1 u 1,5, crapimmit Koad-
¢uLreHT TpéxwieHa nonoxuTeneH. CieJoBaTeNlbHO, MHOXKECTBO pelleHU
HepaBeHcTBa: (—o; 1] U[1,5; + ). Haiiném MHOXeCTBO pellleH! BTOPOTo
HepaBEeHCTBA JAaHHOUW CHCTEMBI Kak IlepecedyeHre MHOXecTB [0,5; 2]
u (—oo; 1]JU[1,5; 4+). [Tomryunum muOkecTBO [0,5; 1]JU[1,5; 2].

3. MHoXxecTBO pellleHUH JJaHHOM CUCTEMBI HaXOJUM Kak IlepecedyeHUe
mHoxecTB [0,75; 1,75] u [0,5; 11U [1,5; 2], KOTOpPBIM SIBJIAETCS MHOXXECTBO
[0,75;1]U[1,5;1,75].

Omeem: [0,75; 11U [1,5; 1,75].

Ynpaxuenud k § 5.1

Pemute HepaBeHCTBO (CHCTEMY HEPABEHCTB).

1la) {4x—-9>0; 6) ¥7—4x>0.
2.a) ¥5-2x>0; 6) V2x+7>0.
3.a) 3/5x+9<0; 6) 'V6—5x<0.
4.a) ¥Y=11—4x<0; 6) ¥—13+4x<0.
5.a) Y7x—8>0; 6) V—3—7x>0.
6.a) V7—6x>0; 6) v9x+8>0.
7.a) ¥V—3x—5<0; 6) Y11—6x<0.
8.a) Y10x—9<0; 6) 'Y11—10x<O0.
9.2) (7x—1)7 >0; 6) (1—9x)% >0.
10.2) (11-x)11 >0; 6) (x+13)1 >0.
1. a) (14— x)1 <0; 6) (x —15) <O0.
12.a) (11x—13)75 <0; 6) (16x+11)7s <O.
13.a) V7x—8>-1; 6) ¥5x—6>—1.
14.a) Y7x—8>-1; 6) ¥5x—6>—1.
15.a) ¥V9—x<—4; 6) ¥8—x<-3.
16.a) V9—x<—4; 6) ¥V8—x<-3.
17.a) ¥2x+31>2; 6) V29— 4x>3.
18.a) {/3x2—x—66>—4; 6) 3/6x2—x—9>-2.

.a) Yox*—12x+5<1; 6) V/49x> —14x+2<1.
. a) F{/8)c72—17<—1; 6) M<—1.
ca) Wax—ax>1; 6) {/6x—9x?>1.
.a) \/m>5; 6) \/m>6.

N N
NEO\D
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23.
24.
25.
26.
27.
28.

29.
30.
31

32.

33.

34.

35.

a) m<3;

a) B/8x—x2—15<1;

a) m<2;

a) v/x2—144<5;

a) v/x2—2x-15<3;

a) v/3x%—14x+51>6;

a) (*—9)F <2;

a) (28x—x2)%<3;

a) (x2+6x—27)3 <4;
Vx—-3<2,

{m>3;

{ (7x—6)°2>1,
(6x—5)*'<1;
Vx=3<5,

» {(x2—8x+15)fs >0;

V12-9x—2x2>2,
{‘{/m>z;

6) /x> —12x<2.

6) %/10x—x2—24<1.

6) Vox—x*<2.

6) V/x2—25<12.

0) \m<4.

6) \/4x* —29x+61> 3.

6) (x2—16)2 < 3.

6) (12x—x2)3 <3.

6) (x2+8x—20)3 <4.

5 {m<9,
V8—x>2.

. {(7x—13)°’25>1,
(3x—5)°5 < 1.

. {m@,
(x2 — 10x+16) 16 > 0.

6) V76 +6x—x2>3,
4\/83—x—x2>3.

JlnarHoctudeckas pabora 7

Pemute HEPaBEHCTBO.
1. v/ x?2—15x—7>3.

2. 3/3x—2x2< 1.

3. V/5x—4<3.

4. /x2—7x+10<2.

Pemnre crcteMy HepaBEHCTB.

Vx—7<6,
Tl V23=x>4.

0 Bx=7"2>1,
" Gx-9" <1

BapuasnTt 1

5. {/4x—x>—3<1.
6. 3/x2—4x+85<3.

7. (7x—6)7% <1.
8. (x* —36)%° < 8.

1 {\/x—3<6,
"2 —7x+12)5 >0.
V77 —9x —2x2 >3,
2.4,
1/83 —5x—3x2>3.
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Bapuanrt 2
PemyTe HepaBeHCTBO.

1 V/x2+17x—2>4. 5. {/6x—x2—8<1.

2. /9x—8x2<1. 6. §/x%+2x+65<2.
3. V/2x—7<4. 7. (6x—5)% <1.
4. /x> +6x—7<3. 8. (x> —64)%> <6.

Pemure CHUCTEMY HEPDABEHCTB.

{\/x—8<7, 1 Vx—2<3,
"l v33=x>s. "l 2 —9x+14)1 >0.

ﬁ
, 11+ 6x—x*>2,
10. (8X — 15)0 25 > 1, 12. X

(4x -7 <1. V18 —x—x2>2.

§5.2. Bosee cioxHbIEe HppallMOHAIbHBIE HEpaBEHCTBA

PaccMoTpuM Tenepb METOZBI pellieHusa 6osiee CIOXHBIX UppaliioHaIb-
HBIX HEPABEHCTB. JTHU MeTOJbl, KaK 1 METOABl pelleH!s NMPOCTeNIINX Up-
palMoHaNbHBIX HEPAaBEHCTB, B GOJBUIMHCTBE CIy4yaeB OCHOBHIBAIOTCA Ha
«palMoHaIN3aluK» JaHHOTO HepaBeHCTBa, T. €. IPUBeJeHNU ero TeM WIN
WHBIM CII0co60M (PaBHOCIIBHBIMY NPe0Opa3oBaHUAMY, 3aMeHOH IlepeMeH-
HOH, 3HaKOTOXK/JeCTBEeHHBIMU 3aMeHaMU, IpYMeHeHleM CBOMCTB MOHOTOH-
HBIX U OTPAaHUYEHHBIX QYHKINM) K PAlIOHAIBHOMY HepaBeHCTBY.

PasHocunbHble npeobpazosanus

PaBHOCH/IbHBIE TIpEOOpa3OBaHUs UPPALMOHANBHBIX HEPABEHCTB OOBIY-
HO CBsI3aHBI C BO3BeZleHreM (MHOTIa HEOAHOKPATHBIM) 06eHX YacTeil Hepa-
BEHCTBA B Ty WIHM WHYIO CTENleHb, AT TOTO YTOObI M36aBUTHCA OT 3HaAKa
pajuKaia, T. €. palliOHAJIU3UPOBATh HEPABEHCTBO.

HepaBeHcTBa BUja k\/f(x) Vgh)n k\/f(x) \Y; k\/g(x), rae keN, k>1,

OTHeCEM K 6a30BHIM: 6oJiee CIOXKHBIE UPPALIMOHATbHBIE HEPABEHCTBA U CH-
CTeMBI HEpaBEHCTB YaCTO MOXKHO CBECTH K pellIeHHI0 OJHOTO WIHA HEeCKOJb-
KuX 6a30BBIX HEPABEHCTB.

HauynéMm c 6a30BBIX HEpaBeHCTB, COZEpXKAIIUX IIepeMeHHYIO IIOZ 3Ha-
KOM KOpHA Heu€THOM cTerneHd. HanmnoMHMM, 4TO BOo3BeZieHHe 00eux JacTeil
HepaBeHCTBA B HEUETHYIO CTeleHb ABJIAETCS PAaBHOCWIBHEIM IIpeobpa3oBa-
HUEM IIPY BceX 3HAUEHUAX TIepeMEeHHO 13 06J1aCTH IOTTyCTUMBIX 3HAYEHUH
HepaBeHcTBa. IloaToMy nipu n € N crpaBeAUBEL Cjle[ylolIe PaBHOCHIb-
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HbIE IIEPEXOAbI:

M F V) & F)V(g())>; )
M F v g0 & F0) vgX). )

3HaK HEpPaBEeHCTBA [IPU TAKOM IIPe06pa30BaHUM, PAa3yMEETCsT, COXPaHIETCS.

3

Ipumep 1. Pemmre HepapeHCTBo 3/ x* —2x3 —x2+3x — 1 <x — 1.

PeireHu e. BHIIOTHUM paBHOCWIBHOE Mpeobpa3oBaHue, BO3BeA 0be
JacTU ZJAHHOT'O HepaBeHCTBA B Ky0. [TosyyrM HepaBeHCTBO

x* =2 —x?+3x—-1< (x—1)3,
OTKyZa
x*—2x° —x?+3x—-1<x* = 3x*+3x— 1.

[lepeHecs Bce cylaraeMble B JIEBYIO 9acTb U IpUBEAsA MOAOOHBIE ciarae-
Mble, TpuzéM K HepaBeHcTBY x* — 3x3 + 2x? < 0. BriHeceM 3a cKOGKHU 06-
muit MEOXUTEND: X2 (2 — 3x + 2) <O0. KopHaAMU KBaZipaTHOTO TpéxXwieHa

x? — 3x + 2 aApnAOTCA yKcaa 1 u 2, HO3TOMY MOC/Ie/lHee HePaBeHCTBO MOX-
HO IlepenuvcaTh B BUJe X*(x—Dx—-2)<0. [IpyuMeHUM MeTOJ UHTEpBa-

JIOB:
+  _+ g+

0 1 2 X

Omsem: {0} U [1; 2].
IIpumep 2. Pemmre HepaBeHCTBO ¥x — 13> 3/x2+5x +3.

PereH ue. BRITOTHUB BO3BeeHMe 00eHX YyacTell HepaBeHCTBa B Ky0,
HOTYYMM paBHOCHJIbHOE HepaBeHCTBO x — 1 > x? + 5x + 3, oTkyza x? +
+4x +4 <0, um (x +2)% <0. IToc/eiHee HepaBeHCTBO BHINOMHACTCH TO/b-
KO IIpU X = —2.

Omeem: {—2}.

[MepeiiféM Termepb K 6a30BBIM HEPABEHCTBAM, COJAEPXKAIUM IepeMeH-
HYIO IT0J 3HAaKOM KOpHs 4ETHOM cTemneHH. Bo3BezeHne obeux yacTeil Ta-
KUX HEpPaBEHCTB B UYETHYIO CTENEHb SABJSAETCS PaBHOCWIBHBIM Ipeobpa-
30BaHHUEM IPU YCIOBUM HEOTPUIATEIBHOCTU OOEUX YacTell HepaBeHCTBa
¥ YCTIOBUM TIPUHA/IEXKHOCTH IEPEMEHHOM 06J1aCTH JOMYCTUMBIX 3HAUeHUH

HepaBeHCTBa. [1o3TOMy pellleHVe HepaBEHCTB BU/A 2n/ )V glx) (3mecw
u fanee n € N) cjiokHee pelleHUs aHaJIOTUYHBIX HepaBeHCTB (1) ¢ KopHeM
HEYETHOH CTEeIleHU B JIEBOM YacCTH: BeZb TEIePh YCJIOBHA PABHOCHIBHOCTHU
npeobpasoBanuii 6yAyT 3aBUCETh KaK OT 3HaKa HepaBEHCTBA, TaK M OT 3Ha-
Ka MpaBoO¥ YacTH HepaBeHCTBa — IIPU 00s3aTeIbHOM TpebOBaHUM HEOT-
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PHILIATENbHOCTH MOAKOPEHHOTO BBIpa)KEHUs. PaccMOTpUM cHavaia Hepa-

BEHCTBO 2”\/ f(x) <g(x). Ecmu g(x) <0, To HepaBEHCTBO HE UMEET pellle-
HUH, TaK KaK ero jeBas 4acTh HEOTPHUIIATeNbHA B CITy HEOTPULIATETHbHOCTH
KOpHs 4éTHOU crenmenu. Eciu g(x) > 0, To IpU AOMyCTUMBIX 3HAYEHUAX
repeMeHHOU (T.e. MpU BHIOTHEHUU ycaoBus f(x) > 0) obe yacTu Hepa-
BEHCTBA HEOTPHULIATENbHEI ¥ BO3BEAEHHUE X B YETHYIO CTEIEHDb SBIIAETCS
PaBHOCHJIBHBIM IpeobpaszoBaHueM. [ToaTomy

fGo) < (g,
20 < glx) & 4 gx) >0, 3)
fG) > o0.

AnanornyHo eciu g(x) <0, To HepaBeHCTBO 2”\/ f(x) < g(x) He umeeT pe-
IIEHWH B CWJIy HEOTPUIATELHOCTH €r0 JIeBOM YacTu (3aMeTHUM, 4TO 37eCh
y’Ke HEPaBEHCTBO I g(Xx) ABJISAETCS HECTPOTUM B OTJIMYHE OT MPeABIAYIIe-
ro ciay4ast — o6bsicHuTe mouemy!), a eciu g(x) > 0, To Bo3BefeHne 06enx
yacTell HepaBeHCTBa B YETHYIO CTEIIEHD ABJIAETCA PAaBHOCUIBHBIM ITpeobpa-
30BaHUEM IIPU JOMYCTUMBIX 3HAYEHUAX TIEPEMEHHOM:

GO < (L™,
R/ F) < glx) & 4 glx) >0, )
fx) >o0.

st 6a30BBIX HEPABEHCTB MTPOTHUBOIOJIOKHBIX 3HAKOB PACCYyKAEHUS OCTa-
IOTCA TEMU K€ U TaKXKe 3aBUCAT OT 3HAKOIIOJIOKUTENbHOCTH WIN 3HAKOOT-
PUIIATENBHOCTHU TIPaBOii YacTu HepaBeHcTBa. Ecu g(x) > 0, To obe yactu

HepaBeHCTBa 2n/ f(x) > g(x) HEOTpUITATENBHBI TIPU JOMYCTUMBIX 3HAYEHU-
X TIepeMeHHOH (T. e. IPX BHIMOTHEHUU yoIoBus f(x) > 0) U Bo3BeAeHUE
UX B YETHYIO CTENeHb SBJISAETCS PAaBHOCHIBHBIM IpeobpasoBanueM. [Ipu
aroM ycimoBue f(x) > 0 HeOTpUIATENbHOCTU TOAKOPEHHOTO BBIPAKEHUS
MO)XHO OITyCTUTb, MIOCKOJbKY OHO OyIeT cleicTBHEM TOoro, uTo g(x) > 0,
a f(x) > (g(x))?". Ecim xe g(x) <0, To B CuIy HEOTPUIIATEIHHOCTY KOPHSA

4ETHOU CTENleHN HEPAaBEHCTBO 2n/ f(x) > g(x) byzeT BBHITOIHEHO TIPU BCEX
JIOIyCTUMBIX 3HAUYEeHUSAX [TepEMEHHOM, T.e. IpH yciaoBuU f(x) > 0. Takum
obpasom,

g(x) >0,
fQ) =0,
{g(x) < 0.

{f(X) > (g0,
5)

R0 =g =
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[IpoBeasi aHAJIOTUYHBIE PACCYXKJEHUSA AJIT CTPOTOr0 HEPABEHCTBA TOTO JKe
3HaKa (czesaiiTe 3TO CAaMOCTOATENbHO!), TOTYIUM

{f(X) > (gL,

>0,
%760 > gt e | (40070 ©
{g(x) < 0.

[IpuBeZIEHHBIE CXEMBI 3aIIOMUHATh He 063aTe/IbHO, [JIABHOE, IOMHUTH 00-
Iiee MPaBWJIO, 3aKJII0YAIONIEecs B 06A3aTEIbHOM PACCMOTPEHUM HECKOJIb-
KHX CJIIy4aeB B 3aBHCHMOCTH OT 3HAaKa MMPaBOI YacTH HEPAaBEHCTBA: €CIU
OHa HeoTpullaTeabHa (MOJIOXKUTEIbHA JJIs1 HepaBeHCTB Buza (4)), To BO3-
BeZleHre ob6enx yacTeil HepaBeHCTBa B YETHYIO CTEIeHb ABIAETCS pPaBHO-
CUIbHBIM IIpeobpaszoBanrieM Ha OJ[3 HepaBeHCTBa, a eC/Iy OTpUllaTelbHa
(wiu paBHa HyJIIO A9 HepaBeHCTB BuAa (4)), To HepaBEeHCTBO JHUOO He
UMeET PEelleHUH, MO0 BHITIOTHAETCA A1 BCeX 3HAUeHUH MepEMEHHOU U3
0O/I3 HepaBeHCTBa.

Ocrajsoch pacCMOTpETH IocjeqHee 6a30Boe HEPaBEHCTBO — HepaBeH-
ctBo Bua 22/ f(x) < 2%/ g(x) wm 2%/ f(x) < 2%/g(x). 3mech Bce ropaszio
IIpoIIie, TIOCKOJIBKY 00€ 9acTH KaXI0TO U3 STHX HEPABEHCTB HEOTPUIIATE b-
HBI B CHIy HEOTPHUI[ATEJbHOCTH KOPHS YETHOM CTEIeHM U UX BO3BeJeHHE
B 3Ty CTeIleHb SIBJSETCS PaBHOCWIHHBIM mpeobpaszoBanvieM Ha O/I3 Hepa-
BEHCTBa:

n n ( ) < ( )’
AP < e & {,C(i) o @
. . () < g,
2/F00 < %/g0 & {fé) ) . ®)

ObparyuM BHUMaHUE Ha TO, YTO YCIOBHE HEOTPHUIATEIbHOCTH g(X) 37€Ch
OIYIIEHO: BeJlb OHO ABJISIETCA CJIECTBUEM TOTO, 4TO f (x) >0, a g(x) > f(x)
win g(x) > f(x). DTo HexuTpoe coobpakeHue (ecu MEHbIIIEE U3 ABYX UU-
ceJl HEOTPHUIIATENbHO, TO U 0OJIblllee U3 HUX HEOTPUIIATENBHO) MO3BOIAET
u36ekaTh HEHYXKHOTO PEIlleHUs €Illé OAHOTO HEPABEHCTBA M COKOHOMMTH
BpeMs Ha dK3aMeHe.

Ipumep 3. Pemmre HepaBeHCTBO v/2x — 1 <x — 2.

PemeHnue. ,Z[aHHOE‘: HEPaAaBEHCTBO PAaBHOCWJIbHO CUCTEME HEPABEHCTB

2x—1< (x—2)?, 2x—1 < x? —4x+4,
2x—1>0, & { x>0,5,

{x2—6x+5 >0,
x—2>0 x>2

x> 2.
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KopHAMU KBaZ[paTHOTO TpéxdieHa x> — 6x + 5 aBaAtorcd yucna 1 u 5. Tlo-
3TOMY MHOXXECTBO pellleHul IepBOro HepaBeHCTBa IOC/IeJIHENH CHUCTEMBI:
(—0o0; 1) U (5; 4+). C yuéTOM BTOPOTO HEpABEHCTBA 3TOM CHCTEMBI IIOJTY-
YuM, 4TO X € (5; + ).

Omsem: (5; + ).

Ipumep 4. Pemute HepaBeHCTBO {/ 6x2 —x —1<x+ 1.
Pemenue. JlaHHOE HEpaBEHCTBO PAaBHOCWIBHO CUCTEME HEPABEHCTB

6x2—x—1< (x+1)2,

6x2—x—12>0,

x+1>0.
Pemum nepBoe HEPaBEHCTBO CHCTEMBI:
6’ —x—1< (x+1)? = 6x2—x—-1< x> +2x+1 < 5x2—3x—2<0.
KopHAMM KBaZIpaTHOTO TpéxuieHa 5x2 — 3x — 2 apnaoTea uncia —0,4 u 1.
[ToaTOMy MHOKECTBO pellleHNl HepaBeHCTBa— IIpoMexyTok [—0,4; 1]. Kop-

; 2 1
HAMHU KBaJI[paTHOTO TpéxwieHa 6x“ — x — 1 ABAAIOTCA yUCIa —3H 0,5. Ilo-

o 1
3TOMY MHOXXECTBO PEIIEHNH BTOPOI'O HEPAaBE€HCTBA CCTEMBI: (— ] — §:| U

U [0,5; +). MHOXXeCTBOM pEeIIeHNH TPEThHEr0 HEPABEHCTBA CUCTEMBI SB-
JIAETCS, OYEeBUAHO, MPOMEXYTOK [—1; 400). Ocraércsi HAaWTU MHOXKECTBO
pelieHUN Bcell cUCTeMBI:

-1 -04 —% 05 1 x

MHO}KECTBO pemeHI/If/i CHUCTEMBI, a 3Han/IT, U JAaHHOI'O HepaBEHCTBa:
1
[— 0,4: —§] UT0.5: 1].

Omeem: [— 0,4; —%] U [o0,5;1].

IIpumep 5. PemuTe HepaBeHCTBO /5 — 2x > 7 — 3x.

PemeHnwue. ,Z[aHHoe HEPaABEHCTBO PAaBHOCHUJ/IbBHO COBOKYITHOCTU ABYX
CHUCTEM HEPABEHCTB

7—3x >0, 7-3x <0,
5-2x>(7-3x)2 = |5-2x>0.
Pentum mepByio cucTeMy:
7-3x >0, x< 2, x< 2,
, & 3 PN 3
5—2x > (7-3x) 5—2x > 9x%—42x+49 9x? —40x+44 < 0.
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KopHAMY KBapaTHOTo TpéxdneHa 9x2 — 40x + 44 ABAIOTCA 9UcIa 2 U %

[TosToMy MHOXXECTBO pellleHWi BTOPOIO HepaBeHCTBA — IPOMEKYTOK
22 . o 7
2; 9 )» @ MHOKECTBO DEIlleHUH BCeH CUCTEMBI: 2; 3|
PeriviM BTOpPYIO CHCTEMY HEPABEHCTB:

7—3x <0, x>%, 7
5—-2x>0 x<2,5

O6beauHUB HaliZleHHble MHOXKECTBA, moayuum (2; 2,5].
Omeem: (2; 2,5].

Ipumep 6. Pemnte HepaBeHCTBO 44/ x2 + 2x — 8 > 5x — 4.

PemeHnue. /laHHOe HepaBeHCTBO PaBHOCUJIBHO COBOKYIIHOCTH JBYX
CHCTEM HepaBeHCTB

5x—4>0, 5x—4<0,
16(x? +2x — 8) > (5x —4)? X2 +2x—8>0.

Pertium BTOpO€ HEPABEHCTBO HepBOﬁ CHUCTEMBI:

16(x2 +2x —8) > (5x —4)? < 16x% +32x — 128 < 25x? —40x + 16 &
& 9x% —72x+144 < 0.
PaszenuB o6e 4acTu MOC/IeAHEro HepaBeHCTBa Ha 9, MONIy4uM
x> -8x+16 <0< (x—4)?% <0.

EAVHCTBEHHBIM pelleHreM IIOCAeJHEero HepaBeHCTBa ABAeTca X = 4. [Ipu
9TOM IIepBOe HepaBeHCTBO [IepBOM CUCTEMBI, O4eBU/HO, BEINIONHEHO. VTaK,
€JIJMHCTBEHHOE pellleHle NepBOli CHCTeMbl HEpaBeHCTB — YHCIIO 4.

PemuiM Tellepb BTOpoe HepaBEeHCTBO BTOPOU cucTeMbl. KopHAMU KBaj-
paTHOro TpéxuieHa x2 + 2x — 8 aApjsAroTca ynucaa —4 u 2. [1oaToMy MHO-
JKECTBO pENIEHUM 3TOTO HepaBeHCTBa: (—oo; —4] U [2; +0). V3 mepBoOro
HepaBeHCTBa BTOPOU CUCTEMBI IOIY4YUM, 4TO X < 0,8. 3HAUUT, MHOXXECTBO
pelleHuii BTOPOI CHCTeMbl HepaBeHCTB — IIPOMEXYTOK (—o; —4], a MHO-
JKeCTBO pellleHUl JaHHOT'0 HepaBeHCTBa: (—w; —4] U{4}.

Omeem: (—o; —4]U{4}.

IMpumep 7. PelnTe HEPaBEHCTBO \/ 2x2—x—1> \/ 5x%2—11x+2.
Pemenue. /laHHOEe HEPABEHCTBO PABHOCWIBHO CHCTEME HEPABEHCTB

3x2—10x+3 <0,

2x2—x—1>5x>—11x+2,
5x2—11x+2 > 0.

5x2—11x+2 >0, oTiyAd {
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.. 1
KopHAMM KBazipaTHOro TpéxwieHa 3x2 — 10x + 3 ABIA0TCA 4ucia 34 3.

[TosToMy MHOXKECTBO pellleHul IepBoro HepaBeHCTBa IIOJIy4YeHHON cUcTe-
MBI — IIPOMEXKYTOK [ 35 3] . Kopusamu kBagpaTHOro TpéxdneHa 5x% — 11x + 2

ABAoTcA yrena 0,2 u 2. [ToaToMy MHOXeCTBO pellleHU BTOPOr'o HepaBeH-
cTBa cucreMsl: (—; 0,2] U[2; +). OcTaéTcss HAUTU MHOXKECTBO PeIleHn

BCEH CUCTEMBI:
N2y
2\ 74

0,2 = 2 3

Omsem: [2; 3].

Kak yke oTMeuasoch, B 6ojiee CIOKHBIX CIydasx BO3BeleHre 00erx a-
cTell HepaBeHCTBa B CTENeHb MMPUXOAUTCA AeIaTh ABaKAbl. K cTaHZapTHBIM
HepaBEHCTBAM TaKOI'O PO/ia OTHOCSATCS HepaBeHCTBA BUA

V) +1/g00) v /h(x)

¥ CBOAVMMBIE K HUM HEPAaBEHCTBA, B KOTOPHIX MOAKOPEHHBIE BBIPAXKEHUS
SIBJITIOTCS. MHOTOWIEHAMU CTEIEHU HE BhIlle TIepBOiil. B HepaBeHCTBax Ta-
KOTO THIIA OZHO W3 MOAKOPEHHBIX BBIPAXKEHUIN MOXKET OBITH M MHOTOWIE-
HOM HYJIEBOM CTEIEHH, T. €. AEHCTBUTEJIbHBIM YHC/IOM, a [iBa APYTUX MIPU
3TOM MOTYT UMETH CTEIEHD BhIIIE EPBOM (06BIYHO — BTOPYI0). Obe yacTu
TaKWX HEPABEHCTB HEOTPULIATENBHBI B CHIy HEOTPUIIATENbHOCTH KBA/[paT-
HOTO KODHSI, TI03TOMY BO3BeJeHNe UX B KBaZIpaT SBIAETCS PABHOCHIbHBIM
npeobpasoBanreM Ha O/I3 HepaBeHCTBa. TaKUM 06pa3omM,

fGo +g(x) +24/f(x)g(x) Vh(x),
f(X) >0,

VIO + /200 v /h() < {

OTKyZa

V) + /200 v V/h(x) < 4

[TepBoe HEPaBEHCTBO IOCAEAHEH CUCTEMBI ABJAETCS 6a30BBIM U pelIaeTcs
CTaHAAPTHHIM crtoco60M. [J1aBHOe Ha 3TOM Ilare — He 3a0BITh PACCMOTPETh
BCe BO3MOKHBIE BApUAHTHI 3HAKOB [TPAaBOM YacTH.
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Ipumep 8. PermnTe HepaBeHCTBO VX +3 — /x < +/2x —1.

Pewmenue. CHavasa nIpuBeJEM JaHHOE HEPaBEeHCTBO K CTaHAAPTHOMY
BUJY, /I KOTOporo obe 4acTu HepaBeHCTBA OyAyT HEOTpHUIATENbHBI Ha
OJ3. Tloayuum +/2x — 1+ /x > +/x + 3. TlocieaHee HepaBEHCTBO PaBHO-
CWIBHO CUCTEMe

2x—14+x+24/(2x—1D)x > x+3,

2x—1>0, (:){\/sz—x>2—x,
x>0, x > 0,5.
x+32>20

[TonyyeHHOE 6a30BOE HEPABEHCTBO peLIaeTCs CTaHZAPTHBIM 0Opa3oM:
eci ero IpaBas YacTb OTPUIlATENbHA, T.€. X > 2, TO OHO BBIIIOJHAETCA
IIpY BceX 3HaueHuAx lepeMeHHoi u3 O3 HepaBeHCTBa; ecu ero Ipasas
JacTh HEOTPUIATeNbHA, TO BO3BeleHe 00enX JyacTell HepaBeHCTBA B KBa/-
paT ABJIAeTCS PaBHOCWIBHBEIM Ipeobpa3oBaHueM. B pesysnbraTe IpUXoguM
K COBOKYITHOCTH JIBYX CUCTeM HepaBeHCTB

2 Y
{x>2, 2x<2x>(2 x)*,
u {x<2

>
X205 x> 0,5.

MHO>XeCcTBO pelleHHUH MepBOi CHCTEMBI — IMMPOMEXYTOK (2; +). Bropas
cucTeMa JIeTKO IIPUBOAUTCS K BUAY

x> +3x—4>0,

0,5 <x<2.
KopHAMU KBaJ[paTHOTO TPEXWwieHa B JeBOM YacTH HepaBeHCTBa X2 + 3x —
— 4 > 0 aBaAoTCcA yucia —4 U 1, MO3TOMYy MHOXKECTBO PeIllleHHUH 3TOoro

HepaBeHCTBa — MHOXeCTBO (—; —4) U (1; +0), a MHOXXeCTBO pellleHuH
BTOPOM CHCTEMBI — IIPOMeXyTOK (1; 2]:

7B N\ 555

-4 05 1 2

O6beqMHUB MHOXKECTBaA peleHud (2; +) u (1; 2] AByX cucTeM, MOTy-
yuM (1; + ).

Omsem: (1; 4+x).

[pumep 9. Pemmnre HepaBeHCTBO {/ 2x2+9x+4—1> 4/ 2x%2 —3x+1.

PemeHnue. [IpuBeséM HepaBeHCTBO K CTAHJAPTHOMY BUZAY, AJA KOTO-
poro obe yacTh HepaBeHCTBa HeoTpHuIaTeabHEI Ha O/ 3. [Tomydaum

V2x2—3x+1+1< V2x2+9x +4.
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HOCJIELLHee HEpaBE€HCTBO PaBHOCWJIbHO CUCTEME
22 =3x+14+2y/2x2=3x+14+1 < 2x*>+9x + 4,
2x2—3x+1>0,

2x2+9x+4 >0,
OTKyZia

2x%2—3x+1 < 6x+1,

VoWV
o o

2x2+9x+4

KopHAMM KBaJ[paTHOTO TpéxwieHa 2x2 — 3x + 1 ApmatoTed uncna 0,5 u 1,
IIO3TOMY MHOXKECTBOM peIlleHU BTOPOTO HEPABEHCTBA MTOTyYeHHOU CHUCTe-
MBI SBJISIETCA OOBeANHEHNE TTPOMEKYTKOB (—0; 0,5] U [1; +). KopHsamu
KBaJIpaTHOTO TpéxuieHa 2x2 + 9x + 4 ABnaAoTca yucaa —4 u —0,5, Io3ToMy
MHOKECTBOM PeIlleHUI BTOPOr'O HEpPABEHCTBA TOJTYIeHHOU CUCTEMBI SBJIS-
eTcst 00beUHEHHE MTPOMEXKYTKOB (—0; —4] U [—0,5; + ). [lepeceuerrem
MHOJKECTB pEIlleHUIl BTOPOT'O U TPEThEr0 HEPABEHCTB IOC/IEAHEN CHUCTE-
Mbl (T.e. O/[3 ZaHHOTO HEPABEHCTBA) SABJISETCS MHOXKECTBO (—oo; —4] U

U[-0,5;0,5]U[1; +x):

-4 -0,5 0,5 1 X

OcrTasoch pelnTh IIepBoe HEPaBeHCTBO 3TOM cucTeMbl, koTopoe Ha O/13
HEPaBEHCTBA PaBHOCWIBHO CHCTEME HEPaBEHCTB

{2x —3x+1< (6x+1)?,

6x+12>0,
OTKyZa
15
34x2 +15x > 0, 34x(x+—) >0,
34
s 1
x2—g x> -
MHOKECTBOM PEIIEeHUI IIEPBOr0 HEPABEHCTBA IOCIEAHEN CUCTEMBI SIBJIA-
eTcs oObeZIMHEHNE TTPOMEKYTKOB (— o —%] U [0; +), a MHOXXeCTBOM
15 1
pellleHnH Bcel chucTeMBl — MHOXKecTBO [0; +) | Tak Kak — 32<"%)
2 \\kggm
15 _1y

T34 6
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Jl1s1 pellieHNs JAHHOTO HEPABEHCTBA OCTAJIOCh HANTH TepeceyeHre MHO-
skecTB [0; +) u (—o; —4] U [—0,5; 0,5] U [1; +). OTUM IlepeceyeHrEM
SABJSAETCS, OUeBUAHO, MHOXecTBO [0; 0,5] U [1; 4-).

Omseem: [0; 0,5]U[1; 40).

VHOT/Ia TIpUBEJieHNE UPPAITMOHATHPHOTO HEPABEHCTBA K CTAHJAPTHOMY
BUZY (T. €. K BUZY, Korza obe yacTy HepaBeHCTBa HeoTpulateabHel Ha O/13)
SIBJISIETCS HellelecooOpa3HbIM, IIOCKOJIbKY BO3BeJleHHE B KBaZpaT o0enx Ja-
cTell HepaBEHCTBA MTPUBOJAUT K BBICOKUM CTEINEHAM IepeMeHHOM. B Takux
CTyJasx MOXKHO BBIITOJIHUTH BO3BeZeHUE B KBaZIpaT, He MPUBO/S HepaBeH-
CTBO K CTAaHJapTHOMY BUZY. B 3TOM ciiydae 0OGBIYHO HEPABEHCTBO MPHUBOJAAT
K BUJY, KOTZIa OJJHA U3 ero dacreil HeorpurnartenbHa Ha O/I3, ¥ BBIIOIHA-
IOT BO3BeJIeHHE B KBaZIpaT 00enx yacTeld HepaBeHCTBa MPU 005S3aTeTbHOM
YCJIOBUM HEOTPHUIIATELHOCTU APYTON €0 YacCTH.

IIpumep 10. Pemnite HepaBeHCTBO \/x2 —-7x+10<2~ \/x2 +x—2.

Pemenue. Eciu IIPUBECTHU HEPABEHCTBO K CTAHAAPTHOMY BUAY

Vx2—7x+10+ V2 +x -2 < 2,

TO TOCJIEI0BATENbHEIE Tpe0Opa3oBaHuUsl, CBSI3aHHbIE C JBYKPATHBIM BO3Be-
JleHreM B KBaJpaT, IPUBEAYT K HEpaBEHCTBY YeTBEPTOI cTereHU. [ToaToMy
MIOCTYIIUM MHade. JleBas 4acTh ZJaHHOTO HepaBeHCTBA HeOoTpHUllaTelbHa Ha
0O/I3 B cruly HEOTPULIATEILHOCTH KBaAPAaTHOT'O KOPHA. 3HAYUT, €CIU IIpaBas
YacTh HEPABEHCTBA OTPUIIATENbHA, TO HEPABEHCTBO HE MMeEET pelleHUH.
Eciu »Ke TipaBas yacTh HEPABEHCTBA HEOTPUIATEIbHA, TO BO3BeAeHME 0be-
UX YacTel HepaBeHCTBA B KBAJpaT ABJISETCSI PABHOCHWIBHBIM IIPeobpa3oBa-
uuveM Ha O/I3 HepaBeHcTBa. TakuM 06pa3oM, ZaHHOE HEPABEHCTBO PaBHO-
CWIBHO CHCTEME HEPABEHCTB

X2 —7x+10 < 4—4\/x2+x—24+x>+x -2,
xX>+x-2>0,
x> —7x+10 >0,

2—4/x2+x-22>0,

OTKyZ:a



204 [maBa 5. VippanvoHaIbHbIE HEPABEHCTBA

KopHAMM KBaZ[paTHOTO TpéxdieHa x2 + X — 2 ABJAKTCA uncia —2 u 1,
IMO3TOMY MHOKECTBO PEIeHUI BTOPOI'O HEPAaBEHCTBA IOIYYEHHOU CHUCTE-
MBI — MHOKeCTBO (—o0; —2] U [1; 4-c0). KopHAMM KBaZpaTHOT'O TpEXWIeHA
x? — 7x + 10 apasAoTCcA yKMcaa 2 U 5, TIOITOMY MHOXKECTBO pellleHMit BTO-
POro HEpaBeHCTBA MOJMYYEHHOU CUCTEMBI — MHOXKECTBO (—oo; 2] U [5; 4-0).
[lepeceyeHreM MHOKECTB PellleHWUM BTOPOTO U TPeThbero HepaBeHCTB IIO-
ciefgHei cucremsl (T.e. O/I3 ZaHHOTO HepaBeHCTBA) ABJAETCS MHOXKECTBO
(—o0; —2]U[1; 2] U[5; +):

s NN R A s
-2 1 2 5 X

YeTBEpTOE HEPABEHCTBO CUCTEMBI paBHOCWIBHO (Ha O/I3 ZaHHOrO Hepa-
BeHCTBa) HepaBeHCTBY X2 + x — 2 < 4, oTkyAa x> + x — 6 < 0. KopHamu
KBaJ[paTHOTO TpéxwieHa X2 + x — 6 ABJAIOTCA Y4UCIa —3 U 2, a MHOXe-
CTBOM pellleHUH MocieJHero HepaBeHCcTBa — oTpe3oK [—3; 2]. Tlepeceye-
HHUEM 3TOTO MHOXKECTBa ¢ MHOXKeCcTBOM (—o; —2]U[1; 2] U [5; + ) aBis-
eTcs MHOXecTBoO [—3; —2] U [1; 2]:

7 N s 7
-3 -2 1 2 5

X

OcTaoch HAWTH MHOKECTBO PEIEHHI HepaBeHCTBa y/ X2 +x —2<2x — 2,
kxotopoe Ha O/I3 1aHHOrO HepaBeHCTBA PaBHOCWIBHO CUCTEME HEPABEHCTB

X4x—2< (2x—-2)?, x> =3x+2>0,
2%x—2 >0, TV 1> 1.

KOopHAMH KBaJpaTHOTO TpéxuwieHa x? — 3x + 2 ABaA0TcA yucaa 1 u 2, mo-
3TOMY MHOXKECTBOM peIlleHUI IIEPBOTO HEPAaBEHCTBA IMOJTYIEHHOM CUCTEMBI
6yaet (—oo; 1]U[2; +0), a MHOXXECTBOM pellleHU Bcelt cructeMbl — {1} U

Ul[2; 400):
NERER

| 2 X

N a8
1

[lepeceueHue 3TOro MHOXKeCTBa ¢ MHOXKecTBoM [—3; —2] U [1; 2], T.e.
{1; 2}, u ABAsgeTCI MHOXXECTBOM pellleHUH JaHHOT'0 HepaBeHCTBA:

) AN

-3 -2 1 2 x

fr N

Omsem: {1; 2}.
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Jia pemeHusa HepaBeHCTB Buga f(x)4/g(x) VO MOXHO paccMOTpeTh
aBa ciaydas (g(x) =0 u g(x) > 0) 160 IPUMEHUTb METOZ UHTEPBAJIOB (CM.
COOTBETCTBYIOIIUM ITyHKT HIXKE).

IIpumep 11. Pewrnite HEpaBeHCTBO

V2x—3 < Vv2x—3
3x—1 = 2x+1°
Pemenue. Haiiném O/I3 HepaBeHcTBa. OHA 331a€TCS CUCTEMOM

2x—3 >0,

X#

x# =3,
OTKyZa x > 1,5.

fcHo, yTo X = 1,5 — pemieHue HepaBeHCTBA. IlycTh Teneps x > 1,5. To-
raa +/2x — 3 >0 u JaHHOe HEPaBEeHCTBO PaBHOCWIBHO CUCTEMe

1 1
{ 3x—1 < 2x+1°
x> 1,5.
[lepBoe HepaBeHCTBO CUCTEMBI JIETKO PELIUTh METOAOM MHTEPBAJIOB, Iiepe-
Hecst ApoOb M3 MPaBO¥ YacTU B JIEBYIO U MPUBEAS IOJIYYEHHYIO PA3HOCTh
npobeii Kk obIieMy 3HaMeHaTen0. Ho B IaHHOM CiIydae MOXKHO YIIPOCTHUTD
pelleHue, 3aMeTus, 4To x > 1,5 u torga 3x —1>0 u 2x + 1 > 0. 3Hauwur,
IepBoe HepaBeHCTBO PaBHOCWIBHO HepaBeHCTBY 2x + 1 < 3x — 1, oTkyza
X > 2. TakuM 06pa3oM, MHOXKECTBOM peIIEeHUH JaHHOTO HEPAaBEHCTBA SB-
JsieTcs oobesuHenue {1,5} U[2; + o).

Omsem: {1,5} U [2; +).

ObpaTyM BHMMaHWE Ha TO, YTO /JIA pelleHus HepaBeHCTB BHJA
f(x)4/g(x) >0 ykazaHHBIM CITOCOOOM BCerzia HY)KHO paccMaTpUBaTh /iBa
cIyyas:

g(x) >0,

f) =0

(a1 HepaBeHcTB BuAA f (x) 4/ g(x) < 0 3HaK BTOPOToO HEPABEHCTBA CUCTEMBI
HaZI0 U3MEHUTD Ha MTPOTUBOTIONOXKHEIN). [Ipy 3TOM HEZOCTATOYHO 3aMEHUTh
TepBO€e HEPABEHCTBO CUCTEMBI HECTPOTHM U PACCMOTPETH TOJMBKO 3TOT CIIy-
yai, BeZlb HyJIU TOJKOPEHHOTO BEIpPAaYKEHUS BOBCE He 0053aTeNbHO ABJIAIOT-
s pellIeHUsIMU BTOPOT'O HEPABEHCTBA CUCTEMBIL. [I03TOMY, OITyCTHUB IIEPBBIA
cJIydal, MOXKHO ITOTEPATH PEIleHUsA JaHHOTO HepaBeHCTBa.

1 gkx) =05 2) {

Memod unmepganos

Kak YXKe OTMeUaJIOChb METOZ MHTEPBAJIOB ABJAECTCA, B CYIITHOCTH, €AWH-
CTBE€HHBIM YHHUBEPCAJIbHBIM METOAOM PEIIEHNSA HEPABEHCTB IIKOJBbHOI'O KYyp-
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ca MareMaTWKH. B wacTHoOcTH, 0601 U3 mpuMepoB 1-10 mpeabIAyIIero
MYHKTa MOT OBITh PELIEH ¢ MOMOIIBI0 METOZa UHTEPBAJIOB, T. €. U3JI0XKEH-
Hble BBIIIE TPAAMIMOHHbIE CXEMBI PEeIlleHUs CTaHJAPTHHIX UPPalMOHATb-
HBbIX HEPAaBEHCTB BIIOJIHE MOXXHO OBUIO OBI OIYCTUTh; UX HAJIUYME B 3TOM
KHHUTe — CBOEro poja JaHb TPAAUINU

sl mppanoHaNbHBIX HEPABEHCTB aJTOPUTM MeTOJa MHTEPBAJIOB CO-
CTOUT M3 TeX JKe YETHIPEX CTAHJAPTHHIX IIaroB, KaK U UL JIIOOBIX JAPYTHX:
1) maxoaum OJI3 HepaBeHCTBa; 2) C TOMOIIbIO PAaBHOCHIBHBIX ITpeobpaso-
BaHUH MPUBOJAUM HEPABEHCTBO K BUAY f (x) V 0; 3) HaxoauM Hy1U GyHKITIH
f (), 1.e. kopau ypaBHeHus f (x) =0; 4) ormeuyaem atu Hynu u O/I3 Hepa-
BEHCTBA Ha YMCJIOBOH IpAMOM, B pesynbrare yero O/I3 HepaBeHCTBa pas-
6uBaeTcs HyJaIMU QYHKIUHU f(X) Ha HECKOJIbKO MHTEPBAJIOB, 3aTeM OIIpe-
JensgeM 3Hak GyHKIMH f(X) Ha KaKIOM K3 MOJTYYEHHBIX WHTEPBAJIOB IO
e€ 3HaKy B OJHOU M3 TOYeK MHTepBaya (UX MHOTJA HA3bIBAIOT IPOGHEIMU)
JI60 UHBIM crioco60M. YacTo myHKTHI 1 1 2 06BeJUHAIOT B OAVH.

Ipumep 12. Pemmre HEpaBEHCTBO v 2x +7 — /x > v/ x + 3.
Pemenue. 1. [IpuBesémM HEpaBEeHCTBO K BUAY

V2x+7—/x—4/x+3>0,

0003HAYMM €ro JIEBYIO 9acThb Yepes f (x) u Haiaém D ; — obmacTh onpezerne-
Hus ¢yHKIMY y = f(x), coBmajarommyo B ZaHHoM cirydae ¢ O/I3 HepaBeH-

cTBa:
2x+7 >0,

x>0,
x+32>0,
oTkyza x > 0.
2. Haiigém vymm dyHkuun f(x), T.e. KOpHU ypaBHeHUA f(x) =0. [na
STOT'O pelIuM ypaBHEHUe

V2x+7—+/x—+y/x+3=0

C IIOMOIIIbIO PaBHOCW/IbHBIX HpeO6paBOBaHHﬁZ

V2x+7-Vx—/x+3=0= y2x+7 = Vx+/x+3 &
- {2x+7:x+x+3+2\/x(x+3), (:){\/x(x+3) =2,

x20 x>0
=1,

= [X=—4, & x=1.

X2 4+3x =4, X’ +3x—4=0,
=
x=20 x>0
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3. Otmetum Dy u Hynu GyHKuuM f(X) Ha YMCIOBOU MPAMOU U TIPUME-

HUM METOJ, HHTePBAJIOB. ITockobKy f(x) =+v2x+7 — +/x — v/x+3, B Ka-
yecTBe NPOOHBIX TOYEK yZO0OHO OpaTh TakWe, JJiI KOTOPBIX XOTsS OBI Of-
HO TIOAKOPEHHOE BHIpAXKEHUE ABJAETCA TOMHBIM KBazpaTroMm. Hampumep,
f(21) =7 — v/21 — +/24 < 0, IOCKObKY 3Ha4eHHe KAXKAOTO KOPHA 60Ib-
me 4, a f(0) =+/7 — /3 >0 (Boobmie, KOrJa 5TO BO3MOXHO, B Ka4ecTBE
OJTHOM M3 MPOOHBIX TOUEK HY:KHO OpaTh He SABJIAIONIYIOCS HYJIEM GyHKIIUMU
IPAHUYHYIO TOUKY eé 00IaCTH ONpeZie/IeHHs: 3TO YIIPOIlaeT BEYUCIEHNA):

oA -
0 1

X

Omsem: [0; 1].

A pemieHus HepaBeHCTB Buza f(x)+4/g(x) V0, Kak yxe 0TMeYauocCh,
MOXKHO paccMoTpeTh ABa caydas (g(x) =0 u g(x) > 0) —npumep pemieHUst
paccMOTpeH BhlIllle — JIN00 IPUMEHUTh MeTO/, UHTePBAJIOB.

IIpumep 13. Pemure HepaBeHCTBO (2x2 — 5x — 25)4/2x% — 11x + 5 <O0.
PemeHwue. 1l O603HAYUM JIEBYIO YaCTh HEpaBeHCTBA yepe3 f (x) 1 Hal-
Aém Dy — obsacTh ompezenenus Gpyukiuu y = f(x). OHa 3amaéresa Hepa-

BeHcTBOM 2Xx2 — 11x + 5 > 0. KopHAME KBa[paTHOTO TpEéXwieHa 2x2 —
— 11x + 5 aBnatorca uucaa 0,5 u 5, a MHOXXECTBOM pelleHUN HepaBeH-
cTBa — MHOXecTBO (—; 0,5]U [5; +).

2. Hatigém aymu GyHKuun f (x), KOTOPBIMHU SBJISIOTCA KOPHU ypaBHEHUS

[2x2—5x—2520,
(2x2—5x—25)V2x2—11x+5=0 < { [ 2x*—11x+5=0,
2x2—11x+5 > 0.

KopHu KBaZipaTHOTo ypaBHeHus 2x2 — 11x + 5= 0 yxe HaiiZieHbI: 3TO Yucia
0,5 u 5. KopHAMM KBaZpaTHOTO ypaBHEHHUS 2x> — 5x — 25 = 0 ABAOTCA
yucra —2,5 u 5. O6a aTH YKciaa NpUuHaAIeKaT Dy u, ciefpoBaTensHo, yao-

BJIETBOPAIOT HepaBeHCTBy 2x2 — 11x +5 > 0.
3. Otmerum Dy u Hyan ¢yHKuuu f(X) Ha YUCIOBOW MPAMOM U TIPHU-

MEHUM METO/ MHTEPBA/IOB, yIUThIBasA, 4To 4/ 2x2 —11x+5 > 0 mpu Bcex
x € Dy, a 3HaKu KBaJpaTHOIO TPEXWIEHA 2x? — 5x — 25 onpeaenAwTCA
CTaHZAPTHHIM 06pa3oM:

T e gF
-25 0,5 5 X
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3aMeTHM, 4TO B OTJIMYHE OT MPEABIAYIIEro IpUMepa I'paHUYHbIE TOYKHU
06J1acTy OTIpe/ie/IeHUsT ABISAIOTCS €eIlé 1 HyaIMu GyHKIMHU f (X) M, 3HAYUT,
0043aTeIFHO JO/IKHBI OBITh BKJIIOYEHEI B OTBET.

Omsem: [—2,5;0,5] U{5}.

VHoTZa, IpEXe YeM IPUMEHATh METO/] MHTEPBAJIOB, HEOOXOMMO C/ie-
JIaTh HEKOTOPBIE NpeABapUTETbHEIE aNTeOpandecKue MpeoOpa3oBaHuUs.

—6++/35x—19 < x+1
11 S 4x-5"

PemeHue. YMHOXXUB 06e YacTy HepaBeHCTBa Ha 11, momyaum

~6+4/35x-19 < XL

IIpumep 14. PemnTte HEpaBEeHCTBO

OTKyZa
Lt 6> y/3x-190 221 5 /319
o X9 /an 190 35x—19(7”5"_19—1)>0<:>
4x—5 4x—5
35x — 19 \/35x4; 54x+5>o'

JJ1st pelieHus Moay4YeHHOTo HepaBeHCTBa MPUMEHUM METO/ NHTEPBAJIOB.
1. O6o3HayMM JIeBYIO 9acTb HepaBeHCTBa Yepe3 f(x) u Hauaém Dy —
obisactb omnpeznenenus GyHKIMHU y = f(x). OHa 3a7aéTcsa cucTeMoi Hepa-

19
x> 35’

X#Z

2. Hatizém Hynu GyHKIuY f (x), KOTOPBIMHU SIBJIAIOTCA KOPHU YpaBHEHUSA

m v 35x 4; 54x+5 0,

BEHCTB

npuHaaiexamue D I [Ipuxogum K cucteMe

V35x—19—-4x+5=0,

-1
= 35
19
X 2 35
5
x;é4.
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PemiMm niepBoe ypaBHeHUE:

35x—19-4x+5=0& {/35x—19=4x-5 <

{35x— 19 = (4x —5)2, {35x— 19 = 16x? — 40x + 25,
=

=
4x—5>0 x> 2

4

x}é.

16x% —75x+44 =0,
={
4

Kopusamu ypaBHenusa 16x2 — 75x + 44 = 0 ABaA0TCcA 4ucia % u 4, u3s

5
KOTOPBIX TOJIBKO BTOPOE€ YAOBJIIETBOPAET YCIOBHIO X > Z I/ITaK, HYJIAMUA

19
byukiuu f (x) ABIAIOTCS YKCIa 35 U 4.
3. Otmerum Dy u Hynu GyHKuuM f(X) Ha YMCIOBOU MPAMOU U TIPUMeE-
HUM MeTO/, UHTEePBAJIOB AJIA pellleHus HepaBeHcTBa f(x) > 0, onpenenus
3HaKU Ka)KJOr0 MHOXKUTEJIA B YUC/IUTeJIe Y 3HaMeHaTeJsId 110 OTAeIbHOCTHU:

+/35x—19 + + +

V/35x—19—4x+5 + + -

4x -5 - + +

f) — + -

19 5 X
35 2 4

3aMeTHMm, YTO JUISI OTIpeZieSieHrs 3HAKOB BeIpakeHus v/ 35x — 19 —4x +5

19
y,ZLO6HO B3ATb B KaQ4ECTBE HpO6HbIX TOYKHN g u 5.

. [19 L
Omeem: {35 } U (4, 4].
Memo0 3HakomoxucoecmaeHHbIX MHOXcUMeJiell

MeTo/, 3HaKOTOXK/AECTBEHHBIX MHOXKHUTeel (cM. § 1.6) mocTaToYHO 3¢-
beKTUBEH NpU pelleHnH HEKOTOPHIX TUIIOB HPPAIlMOHAIBHBIX HEPABEHCTB.
HamoMHUM, 4TO OH MO3BOJISET JJIOOOK U3 MHOXKHTENEH B IEBOU 4acTH Hepa-
BEHCTBA BUZA

a;(x)-ay () ... a,(x)
an+1 (X) ' an+2 (X) Teeet an+rn (X)

a,;(x)-ay,(x)-...-a,(x)v0 win VO
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3aMEHUTh 3HAKOTOX/eCTBEHHBIM. Il pellleHUA HppaloHAJbHBIX Hepa-
BEHCTB OOBIYHO UCITOIB3YIOT TO, YTO 3HAKOTOXK/IECTBEHHBIMU SIBJISIIOTCS CJle-
ayiolue anrebpandyeckue BhIpakeHUs: 1) pa3HOCTh (CyMMa) ABYX KOpHeEH
OJHOU M TOU Xe HEeYETHOU CTENEeHW U COOTBETCTBEHHO PA3HOCTh (CyM-
Ma) TOAKOPEHHBIX BBHIDAKEHWH: 2) Pa3HOCThb /IBYX KOpPHEW OAHOW U TOH
’)Ke Y6THOM CTeneHW U pasHOCTh IOAKOPEHHBIX BBIpAKEHUU NMPU YCIOBUU
HEOTPUIATEeIbHOCTU KaXKA0T0 U3 HUX. KpoMe Toro, mojie3Ho IOMHUTb, YTO
Pa3HOCTD IByX HEOTPHIATEIbHBIX IIPH JIOOOM ZIOMYCTHMOM 3HAYE€HUH IIe-
peMeHHOM ajrebpandecKux BhIpayKeHUH U Pa3HOCTh JABYX OAUHAKOBBIX YET-
HBIX CTelleHel 3TUX BBIpAXKeHUH 3HAKOTOXK/JecTBeHHHBI Ha O/]3 HepaBeHCTB
ykasauHoro Buza (Hanpumep, sign (|f ()| — 1/g(x) ) =sign(f2(x) — g(x))
nipu yesoBum g(x) > 0).

IIpumep 15. Pemnte HEpaBEeHCTBO

(2x2 —15x+18)(v/2x —3— {/9x+4) <.

Pemenue. JleBad yacTb HepaBeHCTBA OlpefesieHa pHU Bcex x > 1,5.

B sToM ciydae v/2x —3= 1/ (2x — 3)2, noatomy

V2x+3-Yox+4a4={(2x-3)2— {ox+4,

U TIOJIyYEeHHYIO Pa3HOCTb /IBYX KOpHeEN 4eTBEPTOI CTeleHU MOXXHO 3aMe-
HUTb 3HAKOTOXJecTBeHHOM el Ha O/I3 HepaBeHCTBA pa3HOCThIO IOJKOPEH-
HBIX BBIpQ)KeHUH. [IoyduM crucTeMy HEPaBEHCTB

(2x% —15x+18)((2x —3)%> — (9x+4)) € 0,
{x > 1,5,

OTKyZa
(2x% —15x+18)(4x%> —21x+5) <€ 0,
x > 1,5.

KopHAMU KBaJ[paTHOTro TpéxuieHa 2x2 — 15x + 18 apnaatorcd yucaa 1,5 u 6.
KopHAMU KBa/[paTHOTro TpéxuieHa 4x2 — 21x + 5 apnsatorca uucaa 0,25 u 5.
Pa3I0)KUB 3TH TPEXWIEHBI HA MHOXKUTEH, IIEPBOE HEPABEHCTBO CUCTEMBI
MOXXHO mpuBecTH K Buzay 2(x — 1,5)(x — 6) - 4(x — 0,25)(x — 4) <0, wim
(c—1,5)(x — 6)(xx — 0,25)(x — 4) < 0. PemmuM mosy4eHHOE HEPaBEHCTBO
METOZOM MUHTEPBAJIOB:

s P+ A+

0,25 1,5 4 6 X
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MHozkecTBO pelieHul 3Toro HepaBeHcTsa: [0,25;1,5]U[5; 6]. C yuérom
BTOpPOT'O HepaBeHCTBA X > 1,5 HaliIéM, YTO MHOXXECTBOM PEIIEHUMN CHUCTE-
MBI, a 3HAYUT, ¥ JaHHOTO HepaBeHcTBa 6yzeT oobeanHenue {1,5}U[5;6].

Omseem: {1,5}U[5; 6].

Jlpyrue mpuMepsl MPUMEHEHUS METOZA 3HAKOTOXK/ECTBEHHBIX MHOXH-
Tejlel K pelleHUI0 UppallMOHATbHBIX HEpaBeHCTB cM. B § 1.6 (mpumepsr 5,
6, 7,10). OTMeTHM eIlé, YTO METO, 3HAKOTOXK/IeCTBEHHBIX MHOXKHUTEIEH MO-
’KeT OGBITh UCITOMb30BaH U KaK BCIIOMOTaTeIbHass COCTaBHAsA YacTh PeIleHs
HEKOTOPBIX UPPAIlMOHATbHBIX HEPABEHCTB, HATIPUMED TeX, e PelleHUs
KOTOPBIX OCHOBAHA HA BBeIEHUU HOBOU IepeMeHHOM.

Memo0 e8gedeHus1 HOBOTL nepeMeHHOT

Hawub6onee gacto BCTpedawmyecsa uppaqyiOHaJIbHbI€ HEPpABEHCTBA, KO-
TOPBIE PEMIAIOTCA C IIOMOIIIBIO BBEACHUA HOBOM nepeMeHHoﬁ, — 3TO HEpa-

BeHcTBa Buga af (x) + b/ f (x) + ¢V 0 (B 3TOM CiIydae UCIIONB3YETCA 3aMeHa

z =1/ f(x), 2> 0, mocjie KOTOPOM HEPABEHCTBO CBOJAUTCS K KBaJpPaTHOMY

[fe  , [s@
OTHOCHUTENIFHO Z), a TaKKe HepaBeHCTBA BUJA d () +b [) +cvO

(B aTOM cJIyqya€ HE€paBE€HCTBO CBOAUTCA K KBaZpaTHOMY IIOCJIE€ 3aMEHBbI

f)
z= 20’ %> 0). B oboux cirydasx 1mociie pasjoxKeHus KBapaTHOTO OTHO-

CUTEJIbHO 2z TPEXWIeHa Ha MHOXKUTEIN MOXKHO JIMOO cpasy cAenaTb obpart-
HYIO 3aMeHY, TI0CJIe Yero IIPUMEHUTb METO/, 3HAKOTOXK/IECTBEHHBIX MHOXU-
Teslell ¥ PAlMOHAIN3UPOBATh HEPABEHCTBO, MO0 CHavaia IMepeilTy K CH-
CTeMe WIN COBOKYITHOCTU JIMHEMHBIX OTHOCUTEIBHO Z HEPaBEHCTB, paB-
HOCWIBHOM ITOJy4eHHOMY KBa/[paTHOMY HEPaBEHCTBY, a YKe II0C/Ie 3TOTO
czienaTh 06paTHYIO 3aMeHY U TIOMYIUTh /IBa MIPOCTENIINX UPPaIOHATbHBIX
HepaBeHCTBA.

ITpumep 16. PemuTe HepaBeHCTBO

5x% +20x+8v -3 —4x —x2+12 < 0.
PemeHue. 3amMmeTuM, 4To 5x? + 20x = 5(x? + 4x + 3) — 15. [ToaToMy

eci 0603HaYUTD \/ —3 —4x —x2 4epes t (37ech t >0), To t2=—3—4x—x2,
OTKyZa X2+ 4x + 3 = —t2. Torga gauHoe HEepaBeHCTBO MOXXHO Mepernucarb
B Buze —5t> — 15+ 8t+12<0, wm 5t> — 8t +3 >0. Kopnasamu kBagpaTHoO-

.. 3 ..
ro TpéxuneHa 5t2 — 8t + 3 ABIAIOTCA YUCAA T H 1. Pa3yoKuB 3TOT TPEXUIEH

Ha MHOXXUTENH, IOJIyIUM 5 (t — %) (t—1) >0, wm (5t—3)(t—1) > 0. Cue-

JIa€EM O6paTHYIO 3aM€HY U IPUMEHNM METOJ 3HAKOTOXKAECTBEHHBIX MHOXKHU-
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Tenen:

5V -3—dx—x2—3)(V-3—-4x—x2-1) >0 =

(25(=3—4x—x2)—9) (-3 —4x—x%>—1) >0,
{—3—4x—x2>0 <
(—84 —100x — 25x2)(—4 — 4x — x?) > 0,
{x2+4x+3<0 g

(25x% +100x +84) (x* +4x+4) > 0
x?+4x+3 <0.

PelvM mepBoe HEPABEHCTBO CHCTEMBI. KOPHAMU KBaZpaTHOTO TPEX-
wieHa 25x? + 100x + 84 apnatores uncna —2,8 u —1,2, a X2 +4x + 4 =
= (x +2)?. [ToaToMy IepBOe HepaBeHCTBO MOXKHO TIepelucaTh B BUe

25(x+2,8)(x+1,2)(x+2)* >0
Pervm noiy4eHHOEe HEpAaBEHCTBO METOIOM MHTEPBAJIOB:
57 N %3

-28 -2 -12 X

[Monmyyum MHOXKeCTBO (—oo; —2,8]U{—2}U[—1,2; + ).
PenrM BTOpoe HepaBEeHCTBO cHCTeMbI. KOpHAMU KBaJpaTHOT'O TPEXUIE-
Ha x2 + 4x + 3 ABnAIoTCA UMcAa —3 U —1, a MHOXECTBOM pellleHuii Hepa-
BEHCTBa — OTpe30K [—3; —1]. OcTasock HAaUTH TepecedeHre TOTyIeHHbIX
MHOXeCTB (—o; —2,8]U{—2}U[—1,2; +) u [-3; —1]:
g ]
2R\ 777

-3 -28 -2 -12 -1 x

OTUM IlepecedyeHreM ABIAETCA MHOXKecTBO [—3; —2,8]U{—-2}U[-1,2; —1].
Omsem: [—3; —2,8]u{—-2}U[-1,2; —1].

x+1
2x — 1/

IIpumep 17. Pemnte HepaBeHCTBO 2 - \/ 2x—1 + \/

PemeHue. BBeZI€M HOBYIO NTepeMeHHYIO t = 4/ 2;_:11 , t>0. [Tomyyum
CUCTEMY

{2t+% > 3,

t>0.

[TockomnbKy t >0, 06e YacTu MepBOro HEPABEHCTBA CUCTEMBI MOXXHO YMHO-
JKUTH Ha t, TTOCJIe YeTr0o CUCTEMa JIETKO IPUBOAUTCS K BUAY

22 —-3t+1>0,
t>0.
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.. 1
KopHAMM KBaZIpaTHOTO TpéxwieHa 2t2 — 3t + 1 ABNAI0TCA YKcIa R 1. TTo-

o 1
STOMY MHOECTBO PELIeHUH IEPBOr0 HEPABEHCTBA CUCTEMbI — (— 0; 5] U
U [1; 4+ ). Takum o6pa3om,
t<0,5,
t>1,
t>0.

Caenaem oOpaTHYIO 3aMeHY:

[2x—1 _ 1 2x—=1 _ 1 2x—1 1
< = = —
x+1 =27 X+l S o x+1 450
fox—1 2x—1 2x—1
x+1 21, < x+1 21, < x+1 120,
2x—1 2x—1 2x—1
<71 >0 x+1 >0 x+r1 0

[IpuBeas Apo6u B JIEBOM YacTH KaXKJOTO U3 HEPABEHCTB COBOKYITHOCTH
K 00IeMy 3HaMeHaTeJIo, OCJIe YIIPOIEHUN MOTyIUM

7x—5
x+1
x—2
1209
2x—1
x+1 > 0.
Pemnim nepBoe HepaBeHCTBO COBOKYIIHOCTH:
+ L2 +
5

-1

<0,

X

N

5
[Nomyyum (— 1; 7].
Permym BTOpoe HepaBeHCTBO COBOKYIIHOCTHU:

v - i
-1 2

X
[Momyaum (—o0; —1) U [2; +0).
Permum TpeThe HEpaBeHCTBO CHUCTEMBI:
T - D
1
-1 5 X

2

[Momyaum (—o0; —1) U (%, —I—OO).
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Haiizrém MHOXECTBO pellleHUi Bcell crucTeMbl:

1 5
-1 3 7 2 X
15
[Momyaum (—oo; —1) U (5; 7] U[2; +x)
Omsem: (—o; —1)U (%, ;] U[2; +0o0).

PasymeeTcs, THIIBI UPPALMIOHAIBHEIX HEPABEHCTB, KOTOPBIE I1e1eco006-
pas3Ho pelIaTh C IIOMOIIbIO BBeZIeHUA HOBOY IlepeMeHHOM, He KcuepIIbiBa-
10TCA IBYMA pacCMOTPEHHBIMU.

ITIpumep 18. Pemure HEpaBeHCTBO

\/x+5—4 x+1+\/x+10—6\/x+1 > 5.

PemeHue. BBe€M HOBYIO IlepeMeHHyI0 2 =+/x+ 1, 2 > 0. Torza 22 =
=x+1, oTkyza x =z> — 1. HepaBeHCTBO IIpUMeT BUJ

\/22—1+5—4z+\/zz—1+10—6z25,

OTKyZa

Va2 —dz 44+ /22 —624+9 > 5,

WIn \/(z —-2)2 4+ \/(z —3)2>5, u, sHauwmT, |z — 2|+ |z — 3| > 5. [lna peme-
HUA IOIYy4EeHHOI'0 HEPaBEHCTBA BOCIIOIb3YEMCS TEOMETPUIECKUM CMBICJIOM
Mozynsa. JleBad yacTb HepaBeHCTBA paBHA CyMMe PAacCTOSHUM OT TOYKU Z
YUCJIOBOHM ocu A0 Touek 2 U 3. A Toro 4ToGHl pelInTh HepaBeHCTBO,
HalZiéM cHavaja TOYKU Z YMCJIOBOM OCH, CyMMa PacCTOSHUM OT KaxXJol
U3 KOTOPBIX 0 ToueK 2 U 3 paBHa 5. [IoHATHO, 4TO Ha oTpeske [2; 3]
HMCKOMBIX TOYEK OBITH HE MOXKET, TOCKOJIBKY CyMMa PAacCTOSHUM OT 060
TOYKU OTpe3Ka /I0 ero KOHIIOB PaBHa /UIMHE OTpPe3Ka M B JAHHOM CJIydae
paBHa 1. 3Ha4YMUT, UCKOMBIE TOUKH JIeXKAaT BHE OTpe3Ka. PaccMOTpUM TOUKY,
JIeXxalyro IpaBee TOUYKU 3 Ha YHUCI0BOM ocu. CyMMa pacCTOAHUU OT 3TOH
TOYKHU /10 KOHIIOB OTpe3Ka CKJIa/bIBAeTCA U3 AJINHBI OTpe3Ka U yZIBOEHHOTO
PAcCTOSHUA OT 3TOM TOYKU 0 TOYKM 3. TakuM 06pa3oM, 3TO YABOEHHOE
paccTosiHue paBHO 5 — 1 =4, U UCcKOMasA TO4YKa HAXOJUTCA MpaBee TOYKHU
3 Ha paccTroAgHUU 4 :2 =2 oT He€. Clef0BaTENIbHO, NepBasd U3 MCKOMBIX
TOYEK —3TO 2 = 5. AGCOMIOTHO aHAIOTUIHO I10JIy4aeM, YTO BTOPas UCKOMas
TOYKa HaXOAWUTCA Ha YHCIOBOM OCU JieBee TOUKU 2 Ha PaCCTOSHUM 2 OT He€.
CrefoBaTenbHO, BTOPasA U3 UCKOMBIX Touek—3T0 2 = 0. [Io3ToMy BCe TOUKU
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Z YMCIOBOM OcH, CyMMa PacCTOSHUM OT KaXXZ0U U3 KOTOPHIX Z0 ToueK 2 u 3
6osbIe 5, exxaT b0 IpaBee TOYKYU Z = 5, b0 eBee TOUYKH 2 =0:

2 1 2
+) —— ¥
0 2 3 5 z

3HAYUT, MHOXKECTBOM pellleHn HepaBeHCTBa |z — 2| + |z — 3| > 5 aBna-
etcsa (—oo; 0] U [5; +). UTak,

z2<0,
Z
Z 25, OTKyza [z
z >0,

AV
U o

Caenaem oOpaTHYIO 3aMeHY:

vx+ :O,<:> x+1=0, x=-1,
Vvx+12>25 x+12>25 X

Omsem: {—1} U [24; +x).

B HEKOTOPBIX CIy4asX 3aMeHa IepeMeHHOW MO)XET UTPaTh BCIIOMOTa-
TEJIbHYIO POJIb, ITO3BOJISAS TIOHATD, KaK «yCTPOEHO» HEPABEHCTBO, M HAUTHU
KJIIOY K PENIeHUI0.

IMIpumep 19. Pemnmrte HEpaBEHCTBO

Vx—2—x—1+2V/x*—3x+2 < 2x-3.

Pemenue. [IpaBasg 4yacTb HEPABEHCTBA paBHA CyMMeE [ByX II€PBBIX
TIOZIKOPEHHBIX BEIDAYKEHUH B JIEBOM YaCTH, a TPEThE ITOZAKOPEHHOE BhIpaXKe-
HHe B JIEBOM YaCTH PAaBHO UX MPOU3BEAEHUIO. [103TOMY el 0603HAYUTh
v/x—2 4epe3 a (3aech a >0), a vx—1 uepe3 b (scHo, yto u b > 0), TO
HepaBeHCTBO MOXKHO IepenucaTh B BuAe a — b + 2ab < a? + b?, oTkyza
a—b<a?—2ab+b?, wm a—b < (a—b)?. Ecmu Teneps 0603HaYNTEL a — b
Yepes z, TO MOTYYMM HEPaBeHCTBO z < 22, oTKyza z(z — 1) > 0, u, 3Ha4uT,

z2<0
[z - 1’ CaenaB obpaTHbIE 3aMEHBI, ITOJYYUM ITOCIEA0BATENBHO:

a—b <0, Vx—2—+/x—-1<0, Vx—2<+vx-1,
OTKVaa
a—b>1 Vx—2—x=1>1, | /xTas Jx—I+1
HepaBeHcTBa mocie/iHel COBOKYITHOCTH MOKHO Jjake He PelllaTh: Belb IPH

JIFOOBIX AOITYCTHUMBIX 3HAYEHUAX HQPEMCHHOﬁ VX —2<+vx-— 1, IIOCKOJIbKY
YHMCIO0 II04 KOPHEM B JIEBOI YacTH MeHbIIle YMcIa 104, KOPHEM B npaBoﬁ
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yacTy! 3Ha4uT, NepBoe HepaBeHCTBO COBOKYITHOCTH BBIIIO/IHAETCA IIPU BCeX
JOTIyCTHMBIX 3HaYeHUAX ITlepeMeHHO (T. e. IpU X > 2), a BTOpoe He BIIOoJI-
HAeTCA HU IIpU KaKUX eé 3HaYeHUX.

Omseem: [2; +»).

INpumep 20. Pemuite HepaBeHCTBO

Vx2 —8x+154 v/ x2—10x+24 < v/ 2x2 — 18x +39.

Pemenue. [logKkopeHHOE BBIpA)KEHME B MPABOM 4acTU HEPaBEHCTBA
PaBHO CyMMe ITOJIKOPEHHBIX BBHIPAXKEHUU JIEBOM YaCTH, T.€. HEPABEHCTBO
uMeert Buz v/a+ vb < +va+b.HaOJI3 HepaBeHcTBa (T.e. ipua >0ub >0)
o6e ero 4acTy HEOTPUIIATEIbHEL, [IO3TOMY BO3BEJEHUE UX B KBaJpaT Oy/eT
PaBHOCWIBHEIM IIpeo6pa3soBaHUEM, IIOCAE KOTOPOTO IPUAEM K HepaBeH-
ctBy a+2y/avb+b <a+b, otkyaa +/avb <0. B culy HeOTpULATEILHO-
cTH aprpMETHIECKOr0 KBaPaTHOIO KOPHS MOC/IeJHEE HEPABEHCTBO OyIeT
BBIMOJTHATHCSA TOJMBKO B IBYX CIy4asX:

a=0, b=0,
D {b>o, 2) {a>o.
PaCCMOTpI/IM 06a ci1y4dad, BBIIIOJTHUB 06paTHbIe 3aMeHEbI. B II€epBOM Ciy4dae
HOJIY"H/IM CI/ICTeMy

x2—8x+15=0,
{x2—10x+24 > 0.

KOpHHMI/I y‘paBHeHI/IH CHUCTEMBI ABJIAIOTCA YHUCIA 3 n 5, n3 KOTOprX TOJIBKO
3 YLLOBJIETBOPHET HepaBEHCTBy cucTeMBI. Bo BTOpOM cnyqae l'IOJIy‘{I/IM CHC-
TeMy

x?2—=10x+24 =0,

x?—=8x+15>0.

KopHsIMU ypaBHeHUS CUCTEMBI ABJIAIOTCSA yncia 4 U 6, U3 KOTOPHIX TOIBKO
6 yZIOBJIETBOPSIET HEPABEHCTBY CUCTEMBI.
Omseem: {—3; 6}.

IIpumep 21. PewmnTe HepaBeHCTBO

\/3x2+2x+1+ \/4x2+3x+2 < \/x2+x+4+ \/2x2+2x+5.

PemeHue. 3aMeTUM, YTO BCE ITOJKOPEHHbIE BHIPAYKEHUS SIBJISIOTCS
KBaZIpaTHbBIMM TPEXWIEHAMH, KOTOPhIE MOJIOKUTEIbHBI IIPU J0O0M 3HaYe-
HUU TIepEMEHHOM, TIOCKOIbKY UX JUCKPUMHUHAHTBI OTPULIATEIbHBI, a CTap-
e Koa(GHUIIEeHTH ONT0KUTeNbHEL. HepaBeHeTBO MMeeT Buz /d + vb <
<+ +Vd, mpuuém a>0,b>0,¢c>0,d>0u a—c=>b —d. [lepenumem
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ero B Buzle (v/a — v/c) + (Vb — Vd) <0. YMHOXUM M Pa3fieluM KakAyIo
PasHOCTb KOPHEH B CKOOKaX Ha CyMMY 3THX KOPHEMH:

(/A VOWat+yD | (b VDWE+Vd)

<0,
va+/c vb+Vd
OTKyZa [+ i/_ + ;+ii/_ <0, U, MOCKOJIBKY a — ¢ =b — d, mony4nm Hepa-
BEHCTBO \/_+C\/_ + \/9 A < 0. BeiHeceM 3a CKOOKU 06NN MHOXKUATEb:

1 1
@9 ot o) <°
1 1
ITockonbky Jat JE+ NV

OTKyZa a < ¢. TakuM 06pasom,

> 0, IpuUxXoJUM K HepaBeHCTBY a — ¢ < 0,

\/3x +2x+1< \/x +x+4 < 3x%°4+2x+1 < x>+ x+4 <= 2x*+x-3<0.

KopHAMU KBaJpaTHOTo TpéxwieHa 2x2 + x — 3 apnaAoTes uncna —1,5 u 1.
[TlosToMy MHOXECTBO pelleHUH IIoclIeJHero HepaBeHCTBAa — OTPe30K
[—1,5;1].

Omsem: [—1,5;1].

B 3axsroueHue 3TOro IyHKTa PACCMOTPUM IIpUMeEP, B KOTOPOM 3aMeHa
IIlepeMeHHOU ITOMOTraeT HANTU KOPHU YPaBHEHUSA, C TEM YTOOBI PEIIUTh
HepaBeHCTBO MeTOZOM HMHTepBaJOB.

IIpumep 22. PemuTe HepaBEeHCTBO Yx—1+V/2—x<1.

PemeHue. [lepenunieM HepaBeHCTBO B BU/JE 3\/x —-14+v2—x—-1<0,
0003HAYMM JIEBYIO YacCTh TOJIYYEHHOr0 HepaBeHCTBA 4epe3 f(x) u Ipu-
MEHMM METOZ MHTEPBAJIOB K pelleHuo HepaBeHcTBa f(x) < 0. Hatu Dy
He MpeZcTaBiseT TpyAa: Dy = (—o0; 2]. Haiigém uynu ¢yukiuu f(x). Jna
3TOr0 pellruM ypaBHEHHE Yx—14++V/2—x—-1=0. 3aMeTuM, 4YTO CymMMa
TIOAKOPEHHBIX BeIpakeHUH paBHa 1. ITycTh Yx—1=a, v2—x=b. Torza

a+b=1, b=1-—a, b=1-—a,
aAd+b?=1 {c+1-a)?=1 & {at+d®-2a+1=1, &
b>0 1-a>0 a<l1

b=1-a,

= {ad+a?-2a=0,
a<l1.
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BTopoe ypaBHeHHMe CHCTeMEI JIETKO IPUBOAUTCA K BUAY a(a+a—2) =0,
OTKyZAa
a=0,

a=0, o |la=1
a?+a—-2=0 : ’2

Bce Tpu KOpHS yAOBJIETBOPSIOT HeEpaBeHCTBY a < 1. TakuM o6paszom,

Yx—1=0, x=1,
Yx—1= 1, OTKyZa x =2,
Yx—1=-2, x==7.

[IpuMeHUM MeTOJ WHTEPBaJIOB. 3HaK (YHKIUU f(X) HAa KAKAOM HHTEp-
BaJle OIpeJenM, BeIOHpas yAoOHbIe MPOOHBIE TOYKH, HAlPUMEDP TaKHe,
MIPU KOTOPHIX KyOUYeCKUI KOpeHb sBIAETCA paljMoHaIbHBIM yuciaoM. Ha

uHTepBasie (1;2) BO3bMEM TOUKY % Torza

Ha unrepBazne (—7; 1) Bo3bmém Touky 0. Torga
f0)=-14+v2-1=+v2-2<0.
Ha unTepBane (—oo; —7) Bo3pMéEM TOuky —26. Torza
f(=26) = —3++v/28—1=+28-4>0.

TakuM 06paszoM, HoTydaeM

+V—A+é
-7 1 2

X

MHO)XeCTBOM pellleHui HepaBeHCTBa ABIsgeTcsa oobeanHeHre [—7; 1]U
u{2}.
Omseem: [—7; 1]U{2}.

Hccnedosanue O/]3 HepageHcmsa

CymecTByeT He CIWIIKOM MHOTOYWCIEHHAas Ipylla UppaliOHaNIbHbIX
HepaBeHCTB, eIMHCTBEHHBIM KJIIOYOM K PellleHUI0 KOTOPBIX fABJAETCA UC-
cnegoBanue O/3 HepaBeHCTBA. JTO, KaK IPaBWIO, OTHOCUTEIbHO I'POMO3/-
Kue HepaBeHCcTBa, O/I3 KOTOPBIX COCTOUT BCETO U3 HECKOIbKUX ynces. Hai-
[ 9TU 4UCIa, HY)KHO IPOBEPUTH, KaKHWe U3 HUX ABJAIOTCA pellleHUAMU
HepaBeHCTBa, a Kakue — HeT.
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IIpumep 23. PemuTe HEpaBEHCTBO

x4/ Bx2—4x— N2 —3x+2) <1+ (1 —x)(Bx%—13x +14).

PeureHue. Pa3oKuM BeIpakeHUs B CKOOKaxX Ha JIMHEHHbIE MHOXKUTE-
JIW, HaliZid KOPHU KBaZpaTHBIX TPEXWIeHOB. [losyuyrM HepaBeHCTBO

x+\/3(x+1)(x—%)(x—1)(x—2) < 1+\/—3(x+1)(x—1) (x—%)(x—Z).

O/I3 HepaBeHCTBa 3a7aéTCA CUCTEMOM

(x—i-l)(x—%)(x—l)(x—Z) >0,

D (x-F)x-Dx-2 <0,

oTkyza (x+1) (x — %) (x —1)(x — 2) =0. Takum ob6paszom, O/]3 HepaBeH-

.. 7
CTBa COCTOUT M3 YeTHIPEX uricen —1, 1, 2, ~. Jlerko (ITOCKOIBKY AJISI II060TO

U3 OTUX YMCET KaKIBIM M3 KOpHEHM obpalaeTcs B HyJb) IPOBEPUTH, UTO
TOJMBKO — 1 ABJIAETCA pellleHueM JJaHHOTO HEPAaBEHCTBA.
Omeem: {—1}.

IMpumeneHue ceoticms gyHxuyuil

PaccMOTpHM HECKOJIBKO MPUMEPOB MIPUMEHEHHUA CBOHCTB MOHOTOHHO-
CTH ¥ OTPAaHUYEHHOCTH QYHKIIMH K PENIeHUI0 UpPaIlOHATbHBIX HEPABEHCTB
(6onee moapo6HO 06 sTOM cM. B § 1.5). HamomuuMm, uto GyHKIMA y = VX
(n — HarypasbHOE YKCIIO; N > 1) MOHOTOHHO BO3pacTaeT Ha CBOeH obia-
CTH OmIpeJesieHNs, a XapaKTep MOHOTOHHOCTU yHKIMK y =k vVax +b +1
3aBUCHUT OT 3HAKOB K03bduiineHToB k U a: eciu ak > 0, To aTa GyHKIMI
MOHOTOHHO BO3pacTaeT, a et ak < 0 — MOHOTOHHO YOBIBAaeT Ha CBOEH
obsacTu ompeziesieHusA. 3aMEeTHUM, YTO JlaKe BIIOJIHE CTaHAAPTHBIE 110 BHEII-
HeMY BUZLy HEPAaBEHCTBA MOXKHO PEIIUTh C TOMOIIBIO0 CBOMCTB MOHOTOHHBIX
OYHKIMH.

IIpumep 24. PemuTe HepaBEHCTBO v/ X +2+ v/ x+5<3.

Pemenue. Ilyctp f(x) = vx+2+ vx+5. Oynxiua y = f(x) mo-
HOTOHHO BO3pacTaeT Ha Bcel obnactu onpenenenus Dy = [—2; +). Ilo-
ckonbKy f(—1) =3, HepaBeHCTBO f(Xx) < 3 OyZeT BBHIIIOJIHEHO NMPU BCEX
X < —1, mpuHaZIex)alnx Dy, T.e. mpu Bcex x € [—2; —1).

Omsem: [—2; —1).

AHaJIOTUYHO PEIIaloTCs U HEKOTOPHIE HECKOMIBKO 60jIee CIOXKHBIE HEPa-
BEHCTBA.
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IIpumep 25. Pemute HepaBeHCTBO v 10 —x + V2—x<4.

Pemenue. [Tycts f(x)=+v/10—x+ V2—x. @yukiug y = f (x) MOHO-
TOHHO yOBIBaeT Ha Beert obnactu onpeaenenns Dy = (—; 10]. Tlockonbky
f(1) =4, sepaBeHcTBO f (x) <4 OyzZeT BHIIIOIHEHO IIPU Beex X > 1, mpuHaz-
Jexamux Dy, T. e. IpU BCexX X € [1;10].

Omsem: [1;10].

IIpumep 26. PemnitTe HepaBeHCTBO Vx3—1946> 7 —x.

Pemenue. fIcHO, YTO C IOMOIIIBIO BO3BeJleHNA B CTelleHb HepaBEeHCTBO
He pemuTh. [lepe6upas He6oONbLINE IO MOAYIIO LieTblE YKCIA, JOBOIBHO
OBICTPO MOXKHO HaMTH, YTO JIeBas U MpaBas YacTU JAHHOTO HepaBeHCTBA

paBHHBI npu x = —2. OyHuma f(x) = 3\/ x3 —19 + 6 MOHOTOHHO BO3pac-
TaeT Ha BCel YMCIOBOHN mpsAMoH, a ¢yHKuus g(x) = +/7 —X MOHOTOHHO
yOBIBaeT Ha Beelt obnactu onpeenenus D, = (—«; 7]. [losToMy HepaBeH-
cTBO f(x) > g(Xx) BBINOTHAETCA, €CTTU X > —2 U X € D,. Takum obpazom,

x> 2, 2<x<7
X<, oTkyaa —2<x<7.

Omseem: (—2; 71].
IIpumep 27. PemnTe HEpaBEHCTBO

7V 7—6x+3|2x—5| < 7x+3|2y/7—6x —5|.

Pemenue. Hepem/lmeM HEpaBE€HCTBO B BHU/JE

74/ 7—6x—3|24/7—6x —5| < 7x —3|2x — 5|

u paccmoTpuM ¢yHkuuio f (t) =7t — 3|2t — 5. I[TocKOIbKY

t+15, ecmu t > 2,5,

t) =
fo |:13t— 15, ecmm t < 2,5,

¢oyHKIUA y = f(t) MOHOTOHHO BO3pacTaeT Ha BCell 061acTyu onpezieneHus.
B cuny Bo3spacranus ¢yHkimu y = f(t) HepaBeHcTBO f(a) < f(ff) Gyzer
BBHITIOIHATHCS IIPU JOMYCTUMBIX O ¥ 3 B TOM U TOJIBKO TOM CJIy4ae, eCIu
a < f. B HameMm cryyae a=+/7 — 6x,  =x. Takum o6pasom,

7Gx <, 246x-720

X X—/ =20,
7T-6x<x & {x =0, P 7
7 0<x< =,
ng 6

KopHAMM KBaJ[paTHOTo TpéxuneHa x2 + 6x — 7 ApnswoTced uucaa —7 u 1. Io-
STOMY MHOXKECTBO pellleHUl IepBoro HepaBeHCTBa CUCcTeMbl — (—o0; —7] U
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U[1; +), a MHOXKECTBO PEIlleHU BCEN CUCTEMBI — OTPE30K [1; %] :
\

7 N7
0 7

-7 1

= X
6

6
B 3akiroueHre pacCMOTPUM JBa NpUMepa, KIIOYEBBIMU JJIA pelleHus
KOTOPBIX SIBJIIIOTCS CBOMCTBA OTPAaHUYEHHBIX GYHKITUH.

Omeem: [1; Z].

IIpumep 28. Pemnite HepaBEeHCTBO

Va2 +1+42Vx2+443Vx2+9< 14,

PemeHue. 3aMeTHM, YTO \/X2+1> 1, \/x2+4>2, x%2+9>3, npu-
4éM KaXZoe M3 HEPABEHCTB oOpamaeTcs B paBeHCTBO TONBKO mpu x = 0.
3HauUT, HAaUMeHbIllee 3HaYEHUE JIEBO YacTU AaHHOTO HepaBeHCTBa OyaeT
paBHO 1+ 2-2+ 33 =14. CiegoBaTeJlbHO, HEPABEHCTBO BBINOIHACTCH,
TOJIBKO €CJIM ero JieBasd 4acTh JOCTUIr'AeT CBOero HauMeHbIIero 3HaueHus,
T. €. TOIBKO Ipu X =0.

Omeem: {0}.

IMpumep 29. HatiguTe Bce naphl (x; y) AeHCTBUTENbHBIX YHCEI X U Y,

A7 KaXK0H U3 KOTOPEIX 4/ 4 — |x| —2y2>/y —x%—1.

Pemenue. Hepem/lmeM AaHHOE€ HEPABEHCTBO B BHUJE

Va—Ix| =2y +/y—x2-1

¥ OLIEHHM JIEBYIO M IIPABYIO 9aCTH IIOJYYEHHOro HepaBeHcTBa. C JIeBOi Ja-
CTBIO ITpo0JIeM HeT: 4 — |x| < 4 (mockonbKy |x| > 0), u, 3HauuT, 4/ 4 — |x| < 2.
TIpaBas yacTh HepaBeHCTBA OIpe/ieleHa TOMBKO IPHU YCIOBHH y — X2 — 1 >0,
oTKyza y > x2+ 1 u, ciefosarensHo, y > 1. Hotoraa y2 > 1, a 2y2 > 2. Cre-

foBaTenbHo, u 2y2 + 1/y —x% — 1> 2, mockonbKy 1/ y —x%—1> 0. ITosTo-
My HEpaBeHCTBO OyZIeT BBHINIONHATHCH, TOJMBKO €CIU U JIeBas, U IIpaBas ero
qacTy paBHbI 2. /1 3TOro Heo6XOAUMO U IOCTATOYHO, YTOObI BHITIONHSAINCH
paBeHCTBa

x| =0,
_ x =0,
y=1 OTKYAA |, _
y—x2-1=0,

[y

Omsem: (0; 1).
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YopaxxueHus k § 5.2

Pemnte HepaBeHCTBO.

1.

o v A W N

10.
11.
12.
13.

14.
15.
16.

17.
18.
19.
20.
21.

22.
23.
24.
25.
26.
27.

a)

.a)

.a)

a)

.a)

.a)

. a)

.a)

.a)

a)
a)
a)
a)

a)
a)
a)

a)
a)
a)
a)
a)

a)
a)
a)
a)
a)

a)

3\/3x—64<x—4;
V=43 +7x2 +3x +1<x+1;
Yx—2> 3\/xz—3x+2;
Vxt—=2x+6>x?;
\/5x*—28x2+16>x%+4;
Vx2—=17x—29>3|x+2|;

33 —4x
2x—3
5x—3
x—3

VEx+3>v/6x—1;
V2x+5< /25— 2x;
V3x+52v9—x;
Vax+3<V/5x+1;
2v20x —9<4x+3;

/3x2+5x+1>+v/1-3x;
V3x2+5x—1>+/—-1-2x;

\/2x2—8x< \/2x2—9x+4;

=21

<35

V/24x — 5x% > /2x% — 23x + 66;
V2x—=3<x-3;
Vex+13<x+3;
Vx—=3>x—5;

V2x—=3>x—-1;

M<x—1;
m<x+2;
V24x2 —2x —1<2x+1;
\/m<x+1;
VIx?+9x—4<3x+1;
\/—xz——5x—4>x+4;

6) ¥27—5x<x+3.

6) /x*—2x® —4x2+12x—8<x—2.
6) Vx—3> Y/ x2+7x+6.

6) V/x* —4x+8> x>

6) /4x* —38x2+25 > x> +5.

6) \/x2—31x+45>|2x —5].

5x—1

6) 1 >3.
3x+38
6) 3x+5 <2

6) V4x+7>v/8x+3.
6) V2x+9<+/25-3x.
6) Vx+6=+v/-2—x.

6) V3x+5< Vax+1.
6) 2v/12x —5<4x+1.

6) v/ 3x2+5x+2>+/2—5x.
6) v/ 2x?>+4x—3>+/—-3—5x.
6) \/4x2—8x< \/4x2—9x+2.

6) 1/ 12x — 5x2 > 1/5x% — 29x + 42.
6) V2x—5<x—4.

6) VAx+5<x+2.

6) Vx—2>x—4.

6) V2x—5>x—2.

6) v/ 2x* —5x —3<x+3.
6) v/2x% —11x— 21 <x+5.
6) V/6x2 —5x—25<x+5.
6) Vx?+5x—6<x+2.

6) v/ox? —3x—2<3x—1.
6) V—x2+7x—12>x—3.
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28.
29.
30.

31

32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44,

45.

46.

47.

48.

49.

50.
51
52.

53.
54.

a)
a)

a)
a)

a)
a)
a)
a)
a)
a)
a)
a)
a)

a)
a)
a)
a)
a)

a)

a)

a)

a)

a)

a)

a)

a)

a)

Vx2—x—-2>x-2;
V2x2+5x—3>3x—1;
A/ 3x%+2x—1>5x—3;

[2x*>—x—6
X 2x Z.X'

44/x%2+x—2>5x—2;
V3x—2—Vx—121;
VBx+115— VAx+ 76> 2;
V2x =3+ Vx—1<Vx+2;
Vx—=24++/3x=5<V4x—7;
Vx+2—Vx—1<+/2x-3;
V2x+9—Vx+1>/x+4;
V5x+7—+/5x+4>+/10x+7;
V=14 Vx+1= V2x;

6) Vvx?+x—2>x—1.
6) V2x2+x—6>3x—4.
6) v 12x2+4x—1>10x—3.

2 —
6) 1/ 3x++42x—2.

6) 44/ x>+ 4x—32>5x—8.

6) V3x—5—+vx—-2>1.

6) vV6x+138—+/5x+95>2.

6) vV2x+3+Vx+2<v/x+5.

6) Vx—3+V4x+11<V/5x+8.
6) Vx+4—vVx+1<+v2x+1.

6) V2x+5—+vVx—1>vx+2.

6) V5x+2—+/5x—1>+/10x-3.
6) Vx—2+ ¥Yx+2> V2x.

V2x2+x—6-1>1/2x?— 11x+15;

6) v/2x2+5x—3—1>/2x2 — 7x +6.

VX2 —13x4+40<2— /x> —5x+4;
(16— x*)v/49 —x2 > 0;
(x+4)\/r|x|<0;
(x2—7x+6)\/—3x2—4x—|—4<0;

x+8

x+1 x8\
x—3

T 49 — 7x — 2x% > 0;

(% +6x+8)y/x%2—6x+8

65 — 7x — 4x>

—-x—6
—_ —>
(x? 15x)\/ T Tox+16° 0;

(x —4)\/ 7x —x2

O}
—19x+35

<0;

(¢7x+ —x—1)(Vx+20—x) <0;

Vv23x+9
V3x+4

(2x—3)v5—2x<2x—3;

Bx—1D+v/2x*2—5x+3<2—-6x;

—4x— 3<O;

6) V/x?—9x+18<2—/x2—x—2.

6) (25—x%)y/36—x2>0.
6) (x+3)4/7— x| <0.
6) (x2—9x+14)\/ —3x24+9x—-6<0.

6)"—*5 <o.

6) ﬂ\/—7 20x — 4x2 > 0.
(% +5x+4)V/x%2—5x+4

6) 25— 10x — 3x?
2 x+x—12
0) =6 o a5 25 2
(x —9)\/6x x2
6) —————<0.
—19x+42
6) (\/7x+ —x—2)(v/x+6—-x)<0.
\/35x+1 —5x—4
<O0.
N s T

0) (2x—1)\/3—2x<2x—1.

6) (6x—1)y/9x2 —15x+4<2—12x.
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55.

56.

57.

58.

59.
60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

a)

a)
6)
a)
6)

a)

a)
a)
a)

a)

a)

a)

6)

a)
6)
a)
6)
a)
6)
a)
6)
a)
6)
a)
6)
a)

6)

\/Zx—3< v2x—3 6)
5x—4  3x+2°

(2x*+3x—-2)(V2x—1— ¥3x—2) <0;
(2x*+7x+6)(V2x+3— ¥3x+4) <0.
(2x* - 19x+35)(v2x —5— ¥9x —5) < 0;
(2x*—11x+5)(vV2x —1— ¥9x+13) <0.

v3x—4< V3x—4
5x—2 T 2x+7

1 2
Xl o4 /Bx—T; 6) 212> 21 ./5xF4.
2x—1 2x+1
Yx—2+v/3—x<1; 6) ¥x—3++/4—x<1.
154X —7x>2; 6) 164/x —3x >21.
2y/x+3>5Yx; 6) 2/x+1>3%¥x.
x24+94/25 — x2 < 45; 6) x%+84/25 — x2 < 40.
1-2x 2x—1 1-x x—1
4x+1+5V4x+1>6’ 6)X—+4+13 m>40'

3x—-1 5x—2 4/3x—=1

5x—2+\/x—5 >2 x=5"

x+3 3x+1 VX+3

3x+1+\/4x—5>2 4x—5"

X% +14x+9+ 84/ —x%—14x — 24 < 0;

X2+ 12x+9y/ —x2—12x—11<9.

x* —18x+184/19+418x — x2 < 99;

x? —14x+164/51 4+ 14x — x2 < 111.
Vx+3—2v/xt2+V/x+11-6v/xF2>4;
Vx+7-4yxT3+V/x+19-8/xF3>6.
Vx+12-8vVx—4+v/x+60—16/x—4<6;
Vx+6-6Vx—3++/x+22-10/x—3<4.
\/x2+8x+7+\/x2—4x—12<\/2x2+4x—5;

\/x2+2x—15+\/x2—7x+6< \/2x2—5x—9.

Vx> +2x—8+1/x2 —4x—21<+/2x —2x —29;

Va2 +2x—15+/x% — 6x — 16 < /2x2 — 4x — 31.
Vx—4—/x—=3+24/x>-7x+12<2x—7;
Vx—6—+/x—5+24/x%>—11x+30<2x—11.
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72.a) V4x2+2x+ 34V 2x2+3x+2< V/x2 +3x+6+ /33> + 2x + 7;

6) V/5x2+3x+2+ /32 +x+5<V4x2 +3x+ 11+ V/2x2 + x + 14.

73.a) x4/ (x2 —x—6)(2x2 — 7x+6) <2+ 1/ (4 — x2) (2x% — 9x +9);

6) x+ /(x> —x—12)(2x%2 — 7x+3)>2+ /(9 — x2) (2x2 — 9x +4).

74.a) Vx+6++V/x+11<5; 6) Vx+7+Vx+19<6.
75.a) V6—x+ ¥/3—x<3; 6) V12— x+ V4—x<4.
76.2a) YaAx+13—vV22—x>—4; 6) ¥Yx+3—+v/—=6—5x>—1.
77.a) 3/x®*—194+3> /28— x; 6) 3/x3*—264+7>V15—x.

78.a) 9vV8—7x+2|4x—7|<9x+2|4v/8—-7x—7|;
6) 7v/9—8x+2[3x—7|<7x+2|3v/9—-8x—-7|.

79.a) 3v/9—x2+2/4—x2+/1—x2 > 14;

6) 61/36—x>+54/25—x2+4/16—x2>77.

80.2) V/x2+145v/x2+25+7/x2+49<75;

6) Vx2+144y/x2+16+64/x2+36<53.

81. Haiizute Bce mapsl (x; ¥) A€HCTBUTENbHBIX YKUCET X U Y, JJIS KOXKI0H
U3 KOTOPBIX:

a) /16— |x|—y?>+/y—3x2—2; 6) V9—|x|—y*>+/y—2x*-3.

JuarHocrudeckas pabora 8

Bapuanr 1
Pemute HEPaBEHCTBO.
10x=3 4 7./3x—8—Vx—4>2.
2x—3 77
2. V5x¥6>v—2—5x. 8. (9—x*)4/100—x2>0.
3. V4x—3>2x—1. 9. (2x—3)y/x*—7x+10<6—4x.

4. V12x+13<2x+3.
10. \/2x 1 \/x+1
5. v/ 9x?2+9x—10<3x+1. 2x—17

6. /9x2—3x—2>3x—2. 1. ¥4—x—Vx+5>1.
12. 2 + 4 + 6 >3

\/x2—2x+5 \/x2—2x+17 \/x2—2x+37
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Bapuanrt 2

Pemure HEPaBEHCTBO.
1 ./2X=1 3 7.V/3x—20—V/x—-8>2.
) x—1 =77
2. V6x 5> V9—2x. 8. (4—x")/81-x*>0.
3. v6x—5>3x—2. 9. (2x— 1)/ x?—5x+4<2—4x.
4. V4x+13<x+4.

10 \/3x—1+3‘\/x+3 <4
5. v/25x2+25x —6<5x+2. Vo x+3 3x—-17"
6. 4/9x>+3x—2>3x—1. 1. Yx+4-V5-x>1
12 3 + > + ? <3.

CV8—x2—2x  V24—x*—2x J48—x2—2x



I'maBa 6. TpuroHoMmeTpruyecKkrue HepaBeHCTBA

TpUTrOHOMETPUYECKUMH BBIPAKEHUSMU OyZeM Ha3bIBaTh BBIPAXKEHUS,
anrebpaunyeckas 3alKuch KOTOPBIX COAEPXKUT IIEPEMEHHYIO 1O/, 3HAKOM Of-
HO¥ M3 TPUTOHOMETPUYECKUX QYHKIMI — CHHyca, KOCHHYca, TAHTeHCa WX
KoTaHreHca. HepaBeHcTBa, offHa WK 06€ YaCTH KOTOPBIX COAEPKAT TPUTO-
HOMETPHUYECKUE BRIPAXKEHMUsI, HAa3bIBAIOTCS TPUTOHOMETPUYECKUMHU. B co-
OTBETCTBUH C IPUHATOM B KHUTe KIaccuduKanpeii airebpandecKkas 3amuch
TaKUX HEPABEHCTB MOXKET BKJIIOYATh B cebs HapsAAY C TPUTOHOMETPUIECKH-
MU palloHaJIbHbIE Y/WIN UPPallMOHAIbHEIE anrebpandecKue BRIPaKEHU.

[[TkobHasA TporpaMMa IpeAnonaraeT 3HaKOMCTBO JIHIIE C TPOCTENIIH-
MU TPUTOHOMETPUYECKUMU HEPABEHCTBAMU; Ha MPOQUIHLHOM YPOBHE 3TH
HepaBeHCTBa 0OBIYHO M3y4aloTcs 6osee oAPo6HO. B Tr060M ciydae TpUro-
HOMeTpHYEeCKUe HEPaBEHCTBA HAXOAATCA HECKOIBKO Ha epU(EPUU IIKOMb-
HOTO MaTeMaTHUYeCKOTo 06pa3oBaHUsA, OHU MTOYTH He BCTPEYaloTcs B yueo-
HUKaX, Ha AUarHOCTUYECKUX, KOHTPOJbHBIX U BCTYIIUTEIbHBIX MUCITBITAHU-
AX; MMO3TOMY 3HAKOMCTBO C HUMU HOCHUT CBOETO poja GbaKyIbTaTUBHBIH Xa-
paxTep.

§6.1. IIpocTreiilline TPUTOHOMETpPUYECKHEe HepaBeHCTBA

[IpocTedIMy TPUTOHOMETPUYECKMMU HEPaBEHCTBAMH Ha3bIBAIOTCS
HepaBeHCTBa BUAa sinx V a, cosx Va, tgx Va, ctgx V a, rae a — AeicTBU-
TeJIbHOE YKCJIO0, a CUMBOJIOM «V» 0003Ha4YeH, KaK U Be3Zle B TOM KHWTE,
OZIVIH U3 YETHIPEX BO3MOXKHBIX 3HAKOB HEpaBeHCTBA. PelraTh Takue Hepa-
BEHCTBA I1eJIecO00OPasHO C TOMOIIbIO EAMHUYIHON OKPYKHOCTH.

PaccMOTpUM MOAPOGHO KajKAoe U3 MPOCTEUIINK TPUTOHOMETPUIECKUX
HEPaBEHCTB.

Hepagencmeo sinx V a

HanomHuM, 94TO CHHYCOM 4YHMcjIa X Ha3bIBaeTCs OpAVHATa TOYKU eAUHUIY-
HOH OKPY»KHOCTH, IIOTy4YeHHOH IIoBOpoTOoM ToukH Py(1; 0) BoKpyr Hauasna
KOOpZAMHAT Ha YTOJI X paZiiaH MPOTUB YacoBoU cTpesnku (mipu x > 0) win 1o
yacoBo# crpeske (pu x < 0). [To3TOMY AJIs1 TOTO YTOOBI PEIIUTh HEPABEH-
CTBO sinx < a (sinx < a), Hy>kKHO Hal'TH BCe TOUKYU eJUHUIHOMN OKPYKHOCTH,
OopAiHATa KaXKI0H 13 KOTOPBIX MeHblIie (He 6osbiine) a (cM. puc. 1).
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. y .
sinx<a 1 sinx<a

Puc. 1

Ly TOTO YTOOBI PEIUTh HEPABEHCTBO Sinx > a (sinx > a), Hy»KHO Hal-
TH BCE TOYKM E€JUHUYHON OKPY)KHOCTU, OPAMHATA KaXKAOH M3 KOTOPHIX
6osbine (He MeHbIIe) a (cM. puc. 2).

sinx>a

Puc. 2

[Tocne TOTO Kak 3TO CZeIaHo, OCTAETCA 3allUCaTh OTBET, YYUTHIBAS, YTO
VIJIbI TIOBOPOTA YBEIWYUBAIOTCS B HalpaBjeHUU IIPOTHUB YacCOBOU CTpe-
KM ¥ YMEHBIIAIOTCS B HAIPaBJIEHUM IO YacOBOU cTpeinke. [loaToMy Haz
3alITPUXOBAHHOM Ayrof eIMHUYHOMN OKPYKHOCTHU, OTBEYAIOIel peleHuIo
JAHHOTO HEpPaBEHCTBa, HACTOATEJIBHO PEKOMEH/yeTCA IOCTaBUTh CTpes-
Ky, YKa3bIBaIOLIYIO HallpaBJeHWe BO3pacTaHusd, KaK 3TO CZeJaHo Ha puc. 1
u 2. Torga TOT KOHeI[ AyTH, Ha KOTOPBIM YKa3bIBaeT CTpeJKa, OYAET COOT-
BETCTBOBATb OOJBIIEMY YIJIy ITOBOPOTA, T.€. OOJbIIeMy 3HAUeHHIO Tiepe-
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MEHHOM, a Apyroii KoHell Y'Y — MeHbllIeMy 3HauYeHUIO IlepeMeHHON. JTO
HEXUTPOE IIPaBUJIO TO3BOIUT M36€3KaTh YaCThIX OIIUOOK B 3aIIMCH PEIeHMs
HepaBeHCTBa B BHE IIPOMEXYTKA, B KOTOPOM JIEBBIM KOHEI[ GOJIbIlle ero
MpaBoro KoHIa. Termepb ocTaeTcs BBHIIMCATh OTBET, YIUTHIBAsA, YTO OCHOB-
HoU (TIaBHBIF) TepHo/ cuHyca paBeH 27. CelaeM CHavajaa 3TO B 00IemM
BUJE /I BCceX TaKKUX 3HAYeHUH a, 4ro |a| < 1.

sinx > a & arcsina+2nn < x < m—arcsina+2nn, n€Z.
Omeem: [arcsina +2nn; w —arcsina +2nn], n€Z.
sinx > a & arcsina+2nn < x < m—arcsina+2nn, n € Z.
Omsem: (arcsina + 2nn; mw —arcsina + 2nwn), n € Z.
sinx <a & m—arcsina+2nn < x < 2n+arcsina+2nn, n € Z.
Omsem: [ — arcsina + 27tn; 2+ arcsina + 2nn], n € Z.
sinx <a & m—arcsina+2nn < x < 2w +arcsina+2nn, n € Z.

Omsem: (1t — arcsina + 27tn; 21+ arcsina + 2nn), n € Z.

PasymeeTcsi, OTBET MOXKeT OBITh 3amucaH B MHOUM (opMe, MOCKOIBKY
Ka)kJas TOUKa eJUHUIHON OKPYKHOCTHU OTBeYaeT 6ECKOHETHOMY YHCITY YT-
JIOB IIOBOpOTA, OTIMYAIOMIMXCA APYyT OT Apyra Ha 27. Tak, eciu npu 3a-
NIKCH TIOC/IeJHEero U3 MpHBeJeHHBIX BBIIIEe YeThIpeX HepaBeHCTB CUUTATh,
YTO JIEBBI KOHeIl 3alITPUXOBAHHOMN AyTH Ha puC. 26 COOTBETCTBYET YTI-
JIy TIOBOpOTa — 7T — arcsina pajuaH, TO ee TpaBbIii KOHeI OyZeT COOTBET-
CTBOBATh YIVIy ITOBOPOTA arcsina paguiaH, U OTBET OyZAeT 3amucaH B BUJE
(—m —arcsina+ 27mn; arcsina + 2ntn), n€Z.

Ecmm a < —1, To HepaBeHCTBA sinx < a U sinx <a He UMEIOT pelIeHnH,
a HepaBEeHCTBA Sin X 2> a ¥ Sin X > a cIpaBeJINBEI IIPU JIIOOOM e CTBUTEND-
HOM 3Ha4eHUH IlepeMeHHOMH.

Ecnmu a > 1, To HepaBeHcTBa sinx < a U sinx < a cIpaBeJIUBHL IIpU
JII060M JIeFICTBUTEIPHOM 3HAYEHUH ITepEMEHHOM, a HepaBeHCTBa Sinx > a
U sin X > a He UMeIOT PelleHnH.

Ecmu a = —1, To HepaBeHCTBO Sinx < —1 PaBHOCWIBHO YpaBHEHUIO
sinx = —1, HepaBeHCTBO sinx < —1 He HMeeT pelleHUH, HEPABEHCTBO
sinx > —1 cupaBeAIMBO MpH JOG0M AeHCTBUTENLHOM 3HAYEeHUH TIepeMeH-
HOM, a HEPABEHCTBO Sin X > —1 paBHOCWIBHO HEPAaBEHCTBY sinx 7# —1.

Ecmu a =1, To HepaBeHCTBO sinx < 1 clpaBeAIuBO MpHU JOOOM Jeii-
CTBUTEJIbHOM 3HaYEHWUU IIepeMeHHOM, HepaBeHCTBO sinx < 1 paBHOCHIBHO
HepaBeHCTBY sinx # 1, HepaBeHCTBO Sinx > 1 PaBHOCWIBHO YPaBHEHHIO
sinx =1, a HepaBeHCTBO Sinx > 1 He UMeeT pelleHnH.

V3

IIpumep 1. Pemnte HepaBEHCTBO Sinx < — 5 -
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PemeHwue. M306pa3uM Ha eJUHUYHON OKPY>KHOCTH JyTY, OTBEYaro-
LIyI0 pellleHNIo HepaBeHcTBa (CM. puc. 3).

_ <

[
=

\ %&\/

Puc. 3

. 27
CuyuTasd, 4TO JIeBBIM KOHel] AYT'M COOTBETCTBYET YIVIy IOBOpPOTA -3

o T
pajiiaH, TOMTYIMM, YTO PaBBIii ee KOHEI| COOTBETCTBYET YI/Ty I0OBOPOTA — 5
pajuaH.

Omsem: [—%—I—Znn; —%—I—Znn], nez.

Eme pa3 obpaTuM BHUMAaHHE Ha TO, 4TO KaKAasg TOYKA €JUHUIHOU
OKPY>KHOCTH COOTBETCTBYeT 6ECKOHEYHOMY YHMCIIY YIJIOB IIOBOpoTa. IloaTo-
My €CJIM B KauecTBe yIJIa TIOBOPOTa /I JIEBOTO KOHIIA AYyTH BHIOpaTh, Ha-

IIpUMeD, 4?77 paZuaH, TO TpaBHIl ee KOHel OyZeT COOTBETCTBOBATH YIUIY
IOBOpOTa S?ﬂ: pazuaH, ¥ OTBET IPUMET BUJ, [%T +27n; S?T[ —|-27'm] ,NEZ.

IIpumep 2. Pemmure cucTeMy HepaBEHCTB
. 1
sinx < 3
sinx > —l.
3

Pemenue. M3o6pasuM Ha eIUHUYHOU OKPYXHOCTH AYTH, OTBEYalo-
Iyie pelleHHIo JaHHOM! CUCTeMbl HeEpaBeHCTB, U 3allUIlIeM COOTBETCTBYIO-
II¥e UX KOHIIAM YIJIbI IOBOPOTA, BEIOPAB B KAUYECTBE B KaUeCTBE HAUYAJIbHO-
r'o yroJj I0BOpPOTa, COOTBETCTBYIOIINI KOHIY IIpaBoi AyTH, jJexaliemMy B IV

yeTBepTHU (cM. puc. 4).

CuuTasi, YTO STOT KOHEI[ BHIOPaHHOM AyTH COOTBETCTBYET YIJIy IIOBOPOTA

.1 .
—arcsin 3 paZiviaH, MONY4MM, YTO BTOPOH €e KOHeI| COOTBETCTBYeT Iy
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y
1
1

3

*:W*/

W= | ©

Puc. 4

T o o
TIOBOPOTA & PafiaH. Torza kKoHell BTOpOU AyTH, jJexauui Bo Il yeTBepTH,

571 .
6yZeT COOTBETCTBOBATD YIVIy ITIOBOPOTA g DaauaH, a ee KOHell, Jexalui

B Il yeTBepTH, — yIUIy MOBOPOTA 7T + arcsin % pajguaH.

Omsem: [—arcsin%+27‘cn; %+27‘En] U [%T +2nn; n+arcsin%+27‘m],
nexz.

HepaeeHcmso cosxVa

HamoMHUM, YTO KOCMHYCOM YKCJIa X Ha3bIBAeTCsA aOCICCa TOUYKU €/U-
HUYHOM OKPY>KHOCTH, TIOJy4eHHOU MoBopoToM Touku Py (1; 0) BOKpyr Hada-
Jla KOOpAVHAT Ha YToJI X pafiiaH IPOTUB YacoBOM cTpesku (IIpu x > 0) win
1o yacoBoit crpeike (mpu x < 0). ITo3TOMy AJIsT TOTO YTOOBI PENTHUThL Hepa-
BEHCTBO cOsX < a (cosx < a), Hy?KHO HaWTU BCE TOYKU €MHUIHOUN OKPYXK-
HOCTH, abclpcca KakIoM U3 KOTOPHIX MeHbIlle (He 6osblie) a (cM. puc. 5).

i Toro 4toObl PENIUTh HEPABEHCTBO COSX > a (COSX > a), HYXKHO
HaWTHU BCe TOYKU €AMHUYIHON OKPY:KHOCTH, abciycca KaXkJ0i U3 KOTOPHIX
6onbie (He MeHbIie) a (cM. puc. 6).

[Tocsie TOTO KaK 3TO CeJIaHO, OCTAETCs 3allUCaTh OTBET, YYUTHIBAsA, KaK
OOBIYHO, YTO YIVIbI TOBOPOTA YBEJUYUBAIOTCSA B HAIlpaBIEHUU MIPOTUB Ya-
COBOM CTPEJIKU ¥ YMEHBIIAIOTCS B HAIPaBJIEHUH TI0 YaCOBOH CTPEJIKE U UTO
OCHOBHOM (I71aBHBIM) Nepuoj KocrHyca paBeH 27. CenaeM cHavasla 3TO
B 00IIeM BH/e A1 BCceX TaKMX 3HaYeHUi a, uTo |a| < 1.

cosx > a <& —arccosa+2nn < x < arccosa+2nn, né€Z.
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cosx<a Y cosx<a
—

-1 -1
a 6
Puc. 5
y
cosx>a cosx>a
1 1

Puc. 6

Omsem: [— arccosa + 27mn; arccosa + 2ntn], n €Z.
cosx > a & —arccosa+2nn < x < arccosa—+2nn, n € Z.
Omeem: (— arccos+2mn; arccosa+2mn), n€Z.
cosx < a < arccosa—+2nn < x < 2w —arccosa—+2nn, n € Z.
Omsem: [arccosa + 27tn; 27T — arccosa + 2wn], n € Z.
cosx < a & arccosa+2mnn < x < 2x—arccosa+2nn, n € Z.

Omsem: (arccosa+ 27mtn; 27 — arccosa + 2nn), n € Z.
Ecnu a < —1, To HepaBeHCTBA COSX < d M COSX < a He UMEIOT pelleHnH,
a HepaBEeHCTBA COS X > d U COS X > d CIIPaBe/JINBEI IPU JIFOO0M eACTBUTED-
HOM 3HAYeHUU TIEPEMEHHOM.
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Ecin a > 1, To HepaBeHCTBa COSX < d U COSX < d CIpaBeJJIMBHI IIPU
J060M JeHICTBUTEIPHOM 3HaYeHUH IIepEMEHHOM, a HEPaBeHCTBA COSX > d
U COSX > a He UMEIOT pelleHu.

Ecmu a = —1, To HepaBeHCTBO COSX < —1 pPaBHOCWIBHO YpaBHEHMUIO
cosx = —1, HepaBeHCTBO cosx < —1 He WMMeeT pelleHUi, HEPaBEHCTBO
cosx > —1 crpaBezAINBO IIpH JIIOO0M JeHCTBUTETbHOM 3HAYEHUH IIepeMeH-
HOMH, a HEPaBEHCTBO COS X > —1 PaBHOCWIBHO HEPABEHCTBY COSX # —1.

Ecm a =1, To HepaBeHCTBO cosx < 1 clpaBejyivBo Ipu J1060M JeHi-
CTBUTEJILHOM 3HAaYeHUU IlepeMeHHOMN, HEPaBeHCTBO COS X < 1 paBHOCHJIBHO
HepaBeHCTBY COSX # 1, HepaBeHCTBO €OSX > 1 PaBHOCWIBHO YPaBHEHUIO
cosx =1, a HepaBeHCTBO cOS X > 1 He UMeeT pelleHH.

V2
IIpumep 3. PemnTte HEpaBEHCTBO COS X < -5 -
PemeHue. M306pa3uM Ha eIUHUYHOU OKPYKHOCTHU IyTy, OTBEYAIO-

LIyI0 pellleHUIo HepaBeHCTBa (CM. puc. 7).

y
1
11| »2lo 1 x
T2
-1
Puc. 7

o 31
CuunTas, 4TO BEPXHUU KOHELl AYyTrU COOTBETCTBYET YIJIy IIOBOPOTA =

pazivaH, IOJIYINM, YTO HMKHUM ee KOHEI] COOTBETCTBYET yIIy IOBOPOTA %T
pazuaH.
Omesem: [3771 +27n; STTE +27‘cn] ,nNEZL.
o 4. p cosx <0,6,
uMep 4. Pemute cricTeMy HeEpaBEHCTB
P P y Hep cosx > —0,7.

Pemenue. M306pasuM Ha eIMHUYHOM OKPYKHOCTH AYTH, OTBEYAlO-
[ye pemeHnIo JaHHOW CHCTEMBI HEPABEHCTB, U 3aIMIIEM COOTBETCTBYIO-
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e UX KOHIIAM VIVIBI TIOBOPOTA, BBIOpaB B KayeCTBE B KayeCTBe HaYaJlb-
HOT'O yT'OJI IOBOPOTA, COOTBETCTBYIOIINEY KOHIIY BEPXHEH AYTH, JIeXKaLEMY
B I yeTBepTH (CM. puc. 8).

y

/i__\

Puc. 8

CuurTas, 4TO 3TOT KOHEIl BRIGpaHHOM AyTU COOTBETCTBYET YIJIy TIOBOPO-
Ta arccos 0,6 paZuaH, IOIYIMM, YTO BTOPOIl ee KOHEI] COOTBETCTBYET VITIY
moBopoTa 7t — arccos 0,7 paauas. Torza KoHell BTOPOi AyTH, jexatuii B 111
YeTBepPTH, OyZeT COOTBETCTBOBATDH YINIy MOBOpOTa T + arccos 0,7 pajauaH,
a ee KoHel, Jexamuii B IV yeTBepTH, — yrmiy moBopora 27 — arccos 0,6
pazguaH.

Omsem: [arccos0,6+2mn; m —arccos0,7+2nn]U [ +arccos0,7+2nn;
2m —arccos0,6427nn], n€Z.

Hepasgencmeo tgx Va

HamomHuM, 4TO JTMHUEH TaHTeHca Ha3bIBaeTcd KacaTeabHasd K eAMHNUY-
HOM OKPY)XHOCTH, IPOXoAsIas yepe3 Touky Py(1; 0). [lyia Toro 4To6bbl Haii-
TH TOYKU €AUHWUYHOU OKPYKHOCTH, COOTBETCTBYIOIIME yIJIaM IIOBOPOTA,
TaHT'€HChI KOTOPBIX PaBHHI a 7 0, IOCTYMAIOT CIeAyouM o6pa3oM: Ha JIu-
HUUY TaHTeHCA OTKJIAJbIBAIOT OTPE30K AJUHOM |a|, OAHUM K3 KOHIIOB KOTO-
poro aBysetcs Touka Py (1; 0), a BTopoii KoHell (Touka A) pacioiokeH JU60
B mepBoii YeTBepTH (Ipu a > 0), b0 B 4eTBepTOil YeTBepTH (TipHu a < 0),
TI0cJIe Yero IIPOBOAAT IPAMYIO Yepe3 TOUKy A U Hauyaslo KoopAuHaT. VIHBIMU
c1oBaMu, oTMedaroT Touky A(1l; a) u mpoBozar npsamyto OA. Touku, B KO-
TOPBIX YKazaHHadA IIpsAMas IepecekaeT eJUHUYHYIO OKPY>KHOCTb, COOTBET-
CTBYIOT yIVIaM IIOBOPOTA X, AJI1 KOTOPBIX tgx =a (cM. puc. 9). Eciu a =0,
COOTBETCTBYIOIIYE TOYKU SIBJIAIOTCA KOHLIAMU TOPU30HTAIBHOIO AraMeTpa
eAMHUYIHOU OKPY>KHOCTH.
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tgx=a

a (@>0)

o
-1

Jlyiss TOTO UTOOBI PEIIUTh HEPABEHCTBO tg X < a (tgx < a), Ha eANHUIHOM
OKPY>XHOCTU OTMEYAlOT AyTHU, COOTBETCTBYIOIINE YACTU JIMHUW TAHTEHCA,
Jiexkarnieil Hike (He Bbine) Touku A (cm. puc. 10).

Puc. 9

1 x

la] (a<0)

tgx<a Y tgx<a
e 1 apF-=---- 2 A
p ! T
0
0 1 x -1 1l x
a T A ;
-1 7 Ve
T a T 6
Puc. 10

L1 TOro YTOOBI PEIINTh HEPABEHCTBO tg X > a (tg X > a), Ha eAUHUIHOU
OKDY>XHOCTH OTMEYAlOT AYyTU, COOTBETCTBYIOIIME YaCTU JIMHUM TaHTeHCa,
Jiexkared Boire (He HIDKe) TOUkU A (cMm. puc. 11).
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YL tgx>a i Yh tgx>a ;
1 \ T T
af---- + 4 i
-1 0 1 x -1 0 7;1 X
a/ :A
\ -1 -1
a 6

Puc. 11

Tocsie TOTO Kak 3TO CAETaHO, OCTAETCS 3alUCaTh OTBET, YUUTHIBAs 00-
JIacTh OIlpeJieieHrs TaHTeHca U TO, YTO ero OCHOBHOM (IVIaBHBINM) Iepuoz
paBeH 7 (KaKZasd W3 [ABYX 3aIITPUXOBAHHBIX AYT MOXKET OBITH IOIydeHa
ITOBOPOTOM ZIPYyTOii Ha yros 7 paguatn). CaenaeM 3To B o6IieM BU/IE.

TT

tgx<a<:>—§+7tn <x<arctga+mn, nez.
T

Omsem: ( -3 + 7tn; arctga + nn] ,NEZL.
TT

tgx<ae —5+nn<x<arctga+mn, neZ.

2
Omsem: (—%-l-ﬂ?l’l; arctga—H'm), nez.
tgx}a(:)arctga+nn<x<%+nn, nez.
Omsem: [arctga+nn; g—l-rm), nez.
tgx>a(:)arctga+rm<x<§+rm, nez.
Omseem: (arctga—l—rm; §+ nn), nez.

IIpumep 5. PemuTe HepaBeHCTBO tgx > —1.

PemeHwue. VI306pasuM Ha eJUHUYHON OKDPYXHOCTH AYTH, OTBEYAFO-
1[Me pelleHnio HepaBeHCTBa (cM. puc. 12).
Cuuras, 9yTo HIKHUM KOHell AyTH, PacIloNOXKeHHOU B IIpaBoi KOOpAU-

" b
HATHOM TIOMYIIOCKOCTH, COOTBETCTBYET YTy IIOBOPOTA — - PajiuaH, Moy-

o T
9MM, YTO TPABBIM €@ KOHeIl COOTBETCTBYET YTy IOBOPOTA o PajiuaH.

Omsem: [—%+nn; g%—nn), nez.
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y

N

/)

Puc. 12

IMIpumep 6. Pemrure crcTeMy HEPaBEHCTB

{tgx < V3,

tgx > —1,5.

PemeHwue. M306pa3uM Ha eIUHUYHOU OKPYKHOCTH AYTH, OTBEYAIO-
1[ye pelleHUIo JaHHOM CHUCTeMbl HepaBeHCTB (cM. puc. 13), u 3anumniem
COOTBETCTBYIOLIVE KOHIIaM OJHOM U3 Ayr (Apyras, Kak y»Ke OTMeYayoch,
II0JIy4aeTcs IOBOPOTOM IIEPBOI HA YTOJI 7T paZiaH) YIJIbI IOBOPOTA, BLIOpaB
B KauecTBe HavyaJbHOI'O YTOJI IOBOPOTA, COOTBETCTBYIOIINI KOHILy IIpaBoOl
Ayry, nexameMy B IV yeTBepTH.

CuuTas, YTO 3TOT KOHEI] BLIOpaHHOM JyTU COOTBETCTBYET YIIy IIOBOPOTA
—arctg 1,5 paguaH, IOIy4YUM, YTO BTOPOH ee KOHEI] COOTBETCTBYeT YIUIY

T
IOBOPOTA 5 pazuaH. OCTaoch 3aMKcaTh OTBET.

Omsem: [—arctg 1,5+ ntn; %+7‘cn] ,hEZ.

Hepagencmeo ctgx Va

HamomuuwM, 4To JIMHUEN KOTaHr'eHca Ha3blBaeTcd KacaTelbHas K elu-
HUYHOM OKPYKHOCTH, MpoxXoZsias yepe3 Touky M (0; 1). Zljia Toro 4To6hI
HaUTU TOYKU €ANHUYIHOU OKPYKHOCTU, COOTBETCTBYIOLINE YIIaM II0BOPO-
Ta, KOTAHTEHCH KOTOPBIX PaBHEI a # 0, MOCTYIAIOT CIeAyIOIUM 06pa3oMm:
Ha JIMHUM KOTaHreHca OTKJIAJBIBAIOT OTPE30K JJIMHOMU |a|, OAHUM U3 KOH-
1IoB KoToporo spisfetcs Touka M (0; 1), a BTopoit koHern (Touka A) pac-
moJIoXKeH inbo B mepBoit YeTBepTu (mpu a > 0), 1160 BO BTOPOIl YeTBEp-
T (mpu a < 0), Iocjie Yero IpOBOAAT IPAMYIO Yyepe3 TOUKy A U Hadajlo
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PHUYECKHE HEPpABEHCTBA

-1
-1,5

LB 1 O

Puc. 13

KOOpZWUHAT. VIHBIMU CJIOBaMH, OTMEYAloT TOYKy A(a; 1) u mpoBOAAT mps-
Mmyto OA (cMm. puc. 14). Touku, B KOTOPBIX yKa3aHHasd IpaMasd lepecekaeT
eIMHUYHYIO OKPYKHOCTb, COOTBETCTBYIOT yIIaM IIOBOPOTA X, /IS KOTOPBIX
ctgx =a. Ecm a =0, cOOTBETCTBYIOIIME TOUKHU ABJIAIOTCSI KOHI[AMH BepTHU-
KaJIbHOTO JUaMeTpa eAUHUYHOU OKPY>KHOCTH.

y
lal (a<0)

ctgx=a

1 @ (a>0)

A

Puc. 14

L1 TOoro 4YTOOBI PEIINTh HEPABEHCTBO ctg X < a (ctgx < a), Ha eIUHUY-
HOM OKPY>KHOCTY OTMEYAIOT AYTH, COOTBETCTBYIOIIME YAaCTU JIUHUU KOTaH-
reHca, Jexarrel jeBee (He mpaBee) Touku A (cM. puc. 15).
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Yy ctgx <a y ctgx<a
1

-1 0 1 x -1 0 79(

Puc. 15

JlyiAg TOro YTOOBI PENUTh HEPABEHCTBO ctgx >a (ctgx > a), Ha eTUHUY-
HOM OKPYKHOCTHM OTMEYAlOT JyTM, COOTBETCTBYIOIINE YaCTH JUHUU KOTaH-
reHca, jexariei npasee (He jseBee) Touku A (cM. puc. 16).

y ctgx>a ctgx>a
A\\\\\\\\\\\\\\1\\\\\\\\\\\\\\\\\\\ 1 é\\\\
| |
| \ |
| |
i \

a, | a
-1 0 1 x -1 0 1 x
-1 -1
a 6
Puc. 16

[Mocsie TOTO Kak 3TO CAeTaHO, OCTaeTCs 3alKcaTh OTBET, YUUTHIBasA 006-
JIACTh OTpe/ieIeHsI KOTAHTeHCa U TO, YTO €er0 OCHOBHOM (IVIaBHBIN) TTEPUO/,
paBeH 7 (KaXJasd M3 ABYX 3alITPUXOBAHHBIX AYT MOXET OBIThH IMOIy4YeHa
ITIOBOPOTOM ZIPYTOH Ha yros 7T paguan). CaenaeM 3TO B 001IEM BHJE.

ctgx < a < arcctga+ntn < x < m+7nn, neEz.
Omeem: [arcctga+ mtn; m+ nn), n€Z.

ctgx < a &< arcctga+nmn <x < mw+7n, neEZ.
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Omeem: (arcctga + nn; w4+ nn), n€Z.

ctgx > a < nn < x L arcctga+mnn, n € Z.
Omeem: (mtn; arcctga+ nn], n€Z.

ctgx > a < nn < x < arcctga+nn, n € Z.

Omeem: (mtn; arcctga + mn), n€7Z.
[Ipumep 7. PemuTe HepaBeHCTBO ctgx > /3.

Pemenue. M306pasuM Ha eIUHUYHOU OKPYXHOCTH AYTH, OTBEYalo-
e pelleHuIo HepaBeHcTBa (cM. puc. 17).

y
! aamamad
\l
-1 0 1 x
\
-1

Puc. 17

Cuuras, 94To HIKHUN KOHeLl [YT'H, PaCIIOoKEHHOH B IIepBOY YeTBEPTH,
COOTBETCTBYeT yITIy noBopoTta 0 pajguaH, MOJIy4UM, YTO IIpaBbIii ee KOHeIl

s
COOTBETCTBYET YIJTy TOBOPOTA ¢ Pa/IaH.

Omseem: (nn; % + ﬂ:n] ,NEZ.
IIpumep 8. Pemure cucteMy HepaBEHCTB

ctgx < 1,1,
ctgx > —1,2.

PemeHue. MI306pasyuM Ha eJUHUYHON OKPYKHOCTH AYTH, OTBEYalO-
Iye pelleHuio JaHHOW cucTeMbl HepaBeHCTB (cM. puc. 18), u 3anwumiem
COOTBETCTBYIOIIME KOHIIAM OFHOM u3 Ayr (Apyras, Kak y»Ke oTMedasoch,
MoJTy4aeTcs IOBOPOTOM ITEPBOM HA YTOJI 7T paZiliaH) VIl TOBOPOTA, BEIOPAB
B KayeCTBe Ha4aJIbHOI'O YT'0JI [IOBOPOTA, COOTBETCTBYIOIIMH KOHITY BEpXHEH
JyTH, JIeXalieMy B I 4eTBepTH.
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Puc. 18

CuuTas, 9TO 3TOT KOHell BEIOPAHHOM JyTH COOTBETCTBYET YIJIy IIOBOPO-
Ta arcctg 1,1 pazuan, MOJIy49uM, 9TO BTOPOU ee KOHEI] COOTBETCTBYET YITIY
noBopota 1 — arcctg 1,2 paguan. Ocranock 3anucarb OTBET.

Omeem: [arcctg 1,14 mtn; mw —arcctg 1,2+ nn], n€Z.

B 3akirtoueHme 3TOro naparpada pacCMOTPUM, KaK PEIAoTCs YyTh Oosee
CJIO}KHBIE CHUCTEMBI JBYX IIPOCTEHIINX TPUTOHOMETPUYECKUX HepaBEHCTB,
JIeBbIe YaCTU KOTOPBIX IPECTABISIOT 060N pa3HOMMEHHEBIE TPUTOHOMET-
puyeckre GpyHKIINM.

IIpumep 9. Pemure cucteMy HepaBEHCTB

. V7
sinx < 35
1
cosXx > 5.
3
1 . V8
PemeHue. CHauasa 3aMeTHUM, 4TO €CJIU COSX = 3, TO sinx = i?,

a V8 V7
3 73

- BHAYMT, arccos 7 > arcsin —- Temeps n300pas3uM Ha eJUHUY-

HOM OKPY}KHOCTH ZyTy, OTBEYAIONIYIO ]AHHOH CHCTEMEe HEPABEHCTB, MOCJIE
Yero 3amulleM YIJIbl IOBOPOTA, COOTBETCTBYIOIIHE €€ KOHI[aM, HayaB C KOH-
11a, jexaiero B IV uetBeptu (cM. puc. 19).

CuuTasi, YTO STOT KOHEI] BHIOPaHHO AyTH COOTBETCTBYET YIUIy TOBOPOTA

1 o
—arccos§ paaviaH, IIOJY4YHMM, YTO BTOPOM €€ KOHEIL COOTBETCTBYET YIJIYy

V7
IIOBOpOTa arcsin ? paauaH.

Omsem: [ — arccos % + 27n; arcsin \/?7 + Znn] ,nEZ.
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Puc. 19

IIpumep 10. PemuTe cucTeMy HepaBeHCTB

tgx < 0,7,
cosx < 0,8.
Pemenue. CHavasa 3aMeTuM, 4To ecau cosx = 0,8, To sinx ==£0,6,
a tgx ==0,75. Ho 0,75 > 0,7. 3Hauwurt, arccos 0,8 > arctg0,7. Temepsb u306-

pasyuM Ha eAMHUYHOM OKPY:KHOCTU JYyTY, OTBedarollye JaHHON crucTeMe
HepaBEeHCTB, ITOCJIE YET0 3aIUIIEM YIJIBl IOBOPOTa, COOTBETCTBYIONIHE KOH-

T
IIaM 3TUX ZYT, BEIOpaB B KauecTBe HAYAJIBHOI'O YTOJI IOBOPOTA 5 baguaH,

COOTBETCTBYIOLIUI BepXHEMY KOHIY 6osbieit us Ayr (cM. puc. 20).

y

0,7

Puc. 20
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Torzma BTOpOUM KOHeEIl 3TOM AyTrH COOTBETCTBYET YIJIy IOBOpoTa T +

. 31
+ arctg 0,7 paguaH, a KOHIIbI MEHbIIEN Ay — yIyIaM [I0BOPOTa — PagmaH
u 27 — arccos 0,8 pazgyaH COOTBETCTBEHHO.

Omesem: (% +27n; n+arctg0,7+27‘m] U (3775 +27tn; 2 —arccos 0,8+
+27‘cn], nez.

YrnpaxkneHus kK § 6.1

PermntTe HEpaBEHCTBO (CHCTEMY HEPAaBEHCTB).

1. a) sinx>1; 0) sinx < —1.
2.a) sinx<—%; 0) sinx<—§.
3.a) sinx< g, 0) sinx < 5

4. a) sinx> g, 0) sinx > g
5. a) sinx}—g; 0) sinx}—%.
6. a) sinx<0,3; 6) sinx <0,4.
7. a) sinx<—-0,2; 6) sinx < —0,1.
8. a) sinx>-0,7; 0) sinx > —0,6.
9. a) sinx>0,4; 6) sinx >0,9.

sinx >—g sinx>——3,
10. a) 6) =
sinx < — 2 ; sinx < 5
sinx < 0,23, . V2
ma){ /3 6) { X<
smx}—T; sinx > —0,32.
sinx < 0,34, sinx <0,21,
12. a) . .
sinx > —0,12; sinx > —0,43.
13. a) cosx>-—1; 6) cosx<1.
14. a) cosx < 72; 6) cosx < é_
15. a) cosx}—%; 6) cosx>—§
16. a) cosx<— 0) cosx<—1.

17.

Ex

a) cosx>l
27

2

0) cosx > ?
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18.
19.
20.
21.

22.

23.

24. a)

25

26.

27.
28.

29.

30.
31
32.
33.

34. a

35.

36. a)
37.
38.
39.
40.

41.

a) cosx<0,11;

a) cosx>—0,33;
a) cosx<—0,71;
a) cosx>0,321;

cosx>—0,5,
a /3

COSX < 7;

V3
a) {cosx> -5
cosx <0,89;

cosx < 0,43,
cosx > —0,65;

.a) tgx=>0;

a) tgx>—+/3;
a) tgx<—1;
a) tgx>1;

a) tgx<+/3;
a) tgx>2;

a) tgx<—3;
a) tgx>-5;
a) tgx<7;

) {tgx<\/§,

tgx>—1;

tgx <7,
a) 1

tgx>——;

ﬁ!
tgx <4,
tgx > —10;

a) ctgx <O0;

a) ctgx < —+V3;
a) ctgx>—1;
a) ctgx<£;

a) ctgx>+/3;

0) cosx <0,22.

0) cosx > —0,44.
6) cosx < —0,62.
6) cosx >0,123.

V3
6) {cosx>— 5

cosx <0,5.

6) { CoSX = —g,
cosx <0,98.
6 { cosx < 0,34,
cosx > —0,56.
6) tgx <O0.

1
>——.
0) tgx > 7
6) tgx<1.
6) tgx > /3.

0) tgx < %

6) tgx>3.
6) tgx < —2.
0) tgx > —4.
0) tgx <6.
tgx <1,
{tgx}—«/g.

tgx <8,
6){ 8x
tgx>—1.

tgx < 10,
tgx > —4.
6) ctgx>0.
0) ctgxg—?.
6) ctgx > —+/3.
6) ctgx<1.

0) ctgx > %



§ 6.1. TIpocTeiinye TpPUroHOMeTpHUYeCKHe HepaBeHCTBa

245

42. a) ctgx>—-2;
43. a) ctgx<—5;
44. a) ctgx>0,2;
45. a) ctgx < 12;
tgx < /3
46.a) [BX<Y3,
ctgx > —1;
ctgx <6,
47. a) ot x>—i'
g \/§)
48. ) ctgx < 30,
.a
ctgx > —20;
49. 2) tgx>1,
-8 cosx >0,5;
50. 2) sinx > 0,75,
-2 cosx >0,6;
sinx < 15—3,
51. a)
S
CosX < 135
52. a) tgx > 2,5,
-2 ctgx >0,3;
tgx < V3,
53. a) J2
CoOSX < —;
2
sinx <0,7,
54. a)
ctgx<7;

6) ctgx>—3.
6) ctgx < —4.
6) ctgx>0,1.
6) ctgx <13.

ctgx <1,
6) { 8

ctgx < 8.

JluarHocTu4deckas pabora 9

BapuanT 1

PermmiTe HepaBeHCTBO (CHUCTEMY HEPABEHCTB).

1. sinx<— g
2. sinx > —0,77.

sinx < 0,07,
3

. 3
smx}—g.

4. cosx< @
2
5. cosx > —0,78.
6 cosx > —0,5,
"l cosx<0,17.
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7. 1gx< V3. 10. ctgx<—§.
8. tgx>18. 11. ctgx > 2,2.
1
< —
tgx <3, 1o, | CEX< 75
T lgx>-1. ctgx > —9.
Bapuanr 2

PermytTe HEPaBEHCTBO (CUCTEMY HEPABEHCTB).

1 si.nxg—%. 7. tgxg—%.

2. sinx > —0,88. 8. tgx > 15.
sinx < 0,06,

3. J2 tgx <1,
sinx}—T. “ltgx>-3.

4. cosx < g 10. ctgx < — /3.

5. cosx > —0,69. 11. ctgx > 1,1.

6 cosx}—g, ctgx <8, )
cosx <0,19. ctgx>—ﬁ,

§6.2. Bosiee c0XKHBIE TPUTOHOMETPUYECKIE HEPABEHCTBA

[lepetizeM Tenephb K 0630py METOAOB pellieHUsA Hojiee CIOKHBIX TPUTO-
HOMETPUYECKUX HEPABEHCTB. MHOIHME U3 TAKUX HEPABEHCTB CBOJATCA K O-
HOMY WIH HECKOJBKUM IIPOCTENIINM C IOMOIIBI0 PABHOCWIBHEBIX anrebpa-
WYECKUX MMPpeobpa3oBaHUil WIM METO/Ia BBEJEHYs HOBOU ITepeMeHHoM. Me-
TOJ, THTEPBAJIOB UCIIONb3yeTCs IIPYU PelleHUH TPUTOHOMeTPUIeCcKUX Hepa-
BEHCTB C YIETOM IIEPUOJUIHOCTH U CBOMCTB Y€THOCTH /HEUETHOCTH TPUTO-
HOMeETpUYECKUX QYHKIINI. MeToZ 3HAaKOTOXK/IECTBEHHBIX MHOXUTENEH /I
pelleHUs TPUTOHOMETPUYECKUX HEPABEHCTB MPAKTUYECKU HE HCIIOIb3YeT-
Csl, YTO OISITH-TAKX BO MHOTOM OOYCJIOBJIEHO NTEPUOANYHOCTHIO TPUTOHO-
MeTpUYecKnX GYHKIMH M CB3aHHOW C HEll HEBO3MOXXHOCTBIO TOA0ODPaTh
MIPOCTYIO PalIMOHATBHYIO GYHKIIMIO C TEMHU Ke TTPOMEKYTKaMK 3HAKOTIONO-
JKUTENBHOCTH, 3HAKOOTPULIATENLHOCTH U HYIAMU. OTAETHHYIO TPYIITY CO-
CTaBJIAIOT HEPABEHCTBA, CBA3aHHBIE C OOPATHBIMU TPUTOHOMETPUYECKUMU
oyukuuamu. IIpexze yeM IepexouTh K pa3bopy MpHUMepoB, HAIIOMHUM
HEKOTOpble OCHOBHBIE GOPMYJIbI TPUTOHOMETPUU:

1) sina+cos?a=1;

2) sin(a £ ) =sinacos B £ cosasinf;

cos(a=£ ) =cosacosf Fsinasinf3;
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3) sin2a=2sinacosa;
cos2a=cos’a—sina=2cos’a—1=1—-2sin’a;

2tga
tg2(x—1_tg2a,
_ctgia—1
ctg2a= 2ctga
4) sza:71—czosza;
2 1+cos2a
cos“a="——;
. . . oa+ a—
5) sina+sin 8 =2sin zﬁcosTﬁ;
. . a+ . a—
sina —sin 3 =2 cos 2ﬁsm 2[5,
a+ a—
cosa+cosff=2cos zﬁcosTﬁ;
La+f3 . a—f
cosa —cos 3 =—2sin 5 sin——;

6) sina-cosf3 = %(sin(a —B) +sin(a+ B));
cosa-cosf3= %(cos(a — B)+cos(a+ f));
sina-sinff = %(cos(a — ) —cos(a+B));

7) asinaxbcosa=1/a®+b?sin(a=* ), rae sinp = ; COSp =

_b
v/ a®+b?
a
= ——— (3mech a >0, b>0; npu a <0 BeIpakKeHHE YKa3aHHOTO BHZA
v a?+b?
JIETKO TOJIyYUTh, €CJT BBIHECTH 3a CKOOKM —1).
MeTon mpeobpa3oBaHUsI BhIpaKeHHMS asina + bcosa B BbIpakeHUe

v/ a®+b?sin(a £ ) Ha3bIBaeTCA METOZOM BCIIOMOTaTeIbHOIO apryMeHTa
(yrma). OTOT MeTo yAOOHO NPHUMEHATh K PEIIEHUI0 HEPABEHCTB BHJA
asinabcosa V¢, pacCMOTPEB IPAMOYTOIbHBINA TPEYTOMBHUK C KaTeTaMU
a ¥ b ¥ OCTPBIM YIJIOM (p, IIPOTUBOJIEXKAIIUM KaTeTy b:

Puc. 21



248 ['naBa 6. TpUroHOMeTpUYECKHE HEPABEHCTBA

I[Tocne aeneHus obenx 4yacTel Takoro HepaBeHCTBa Ha 4/ a®+ b? mpu-

. a b c
XOAUM K HepaBeHCTBY sina - ———— Fcosa - \Y, , OTKyZa

v a®+b? \/az+b2 \/az+b2
— I/ISln(a:I:(p)V— [TocienHee
v a®+b? v/ a?+b?

HepaBeHCTBO ABJAETCA MO CyTH IpocTeimumM. KpoMe Toro, U3 paBeHCTBa
asinaxbcosa=1/a®+b?sin(a=x ¢) creayer, aro

—vVa?+b%2<asinaxbcosa < Va2+b2?,
T.e. [asina£bcosal <1/ a®+b2.

Jlajee 111 5JKOHOMUU MeCTa PHUCYHKY, WITIOCTPUPYIOIIYE pellleHre IIpo-
CTEHIINX TPUTOHOMETPUYECKUX HEPABEHCTB (3TU HEpPaBEHCTBA MOAPOOHO
paccMOTpeHBI B IIpeAbIAyIeM naparpade), OyAyT OMycKaThCs.

sina-cosp cosa-siny V

PasrocunbHble npeobpaszosanus

PaccMOTpUM IIpUMEDPHI 3aia4, B KOTOPHIX PaBHOCUIBbHEIE Tpeobpa3oBa-
HUSA TO3BOJIAIOT CBECTH JAHHOE HEPaBEHCTBO K OJHOMY WM HECKOIBKUM
MIPOCTENUTITHAM.

Ipumep 1. PemmTe HepaBeHCTBO cos 2x +sin x < 0,75.

. 9 1—cos2x
Pemenwue. [lockonbky sin“x = —5 > TIPUXOZMM K HEpaBEeHCTBY
1-— 2.
cos2x + ZCosex < 3, OTKyZa
2 =4
1 T 571 T 571
cos2x < §<:>§+2nn<2x< 7+2ﬂ:n<:>€+7tn<x\ ?+7'Ul nez.

Omeem: [% + 1tn; 5%+7‘cn], nez.

IIpumep 2. Pemrute HepaBeHCTBO |sinx|>|cosx|.

PemeHue. /laHHOE HEPABEHCTBO PABHOCHILHO HepaBeHCTBy sin? x >
> cos® x, oTKyza

cos?x —sin’x < 0 & cos2x < 0 & g+27tn< 2x < 37%+27tn(:)
= %+7‘cn<x< 3T7T+7'z:n, nez.

Omsem: (%-FTETI; 3%+7‘cn), nez.
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IIpumep 3. Pemmure HepaBeHCTBO +/3 sin 2x + cos 2x < —1.
PemeHnue. [IpuMeHUM MeTOZ BCIIOMOraTeJIbHOI'O apryMeHTa, pasze-

JUB 0be YacTH HePABEHCTBA Ha 4/ (\/5)2 + 12 =2. Mony4nm

sin2x~§+c052x-— <—z

2 2’
OTKyZa
sm2xcos—+c052x51 %<——
u
sin(2x+%)\—%@—%+2nn<2x+%§—%+2nn@
& —nm+2nn < 2x<—§+27‘cn(:>—g+ﬂ:n<x<—%+nn, nez.

Omsem: [—g—l-rcn; —%+7‘cn], nez.

IIpumep 4. PemnTe HepaBeHCTBO 4 cos 7x - cos 3x > 2cos 10x + /3.

Pemenue. [IpeobpasyeM MpousBesieHre KOCHMHYCOB B JIEBOM YacTH
HepaBeHCTBa B cyMMy. [Tomydyum

= (cos 10x 4+ cos4x) > 2cos10x + \/_

OTKyZa
cos4x>§<:> %+2ﬂ:n 2x %+27‘cn(:>——+7tn\x —+7rn
nez
Omeem: [———I—rm, 12+7‘m] nez.

B cregyromiem nmpuMepe KiI0ueBoU njeell pelleHus ABIAETCA pasjioxKe-
HUe Ha MHOXXUTEJIH.

IIpumep 5. PemmuTe HepaBeHCTBO sin 2x + /2 sinx < 2cos x + v/2.

Peure Hue. Boconb3yemesa GopMyIIoil CMHyCa YABOEHHOTO apryMeHTa
Y BBIHECEM 3a CKOOKU OOIIUII MHOXKUTEb:

2sinx cosx + v2sinx < 2cosx + v2 < sinx (2 cosx + v2) < 2cosx + v2.

[TlepeHeceM Bce ciaraeMble B IIPaByIO YaCTh HEPABEHCTBA U €llle Pa3 BBIHE-
ceM OO MHOXUTEb:

2cosx+v2—sinx(2cosx++v2) >0 & (2cosx+v2)(1—sinx) > 0.
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[TockomnbKy sin x < 1 mpu 11060M JeHCTBUTENIPHOM 3HAaYeHUH IIepeMeHHOH,
nocesHee HepaBeHCTBO PaBHOCHIBHO CHCTEMe HepaBeHCTB

sinx # 1, —%Tn+27'cn<x< E—I—Zrcn
/2 e nez.
cosx > ——5-, +27m<x ——|—27rn

Omsem: [— 3771- +27n; g +27tn) U (g +27n; Trc +27'cn] ,NEZ.
PaccmoTpum npuMep, B KOTOPOM IpUXxoguTcsa yuuTteiBaTh O/13 HepaBeH-
CTBA.

TlpuMep 6. Pemute HepaBEHCTBO sin gﬁ <V2.

PemeHue. [IpumeHumM dpopmyry yABoeHHoro apryMeHra:

. V2
ZsmSin)lcch(C)st < V2 e cos2x < 2 e
sin2x # 0
T T T
Z+27‘cn<2x<ﬂ:+27‘cn, §+nn<x<§+ﬂ:n,
= 7 Al - nez.
7'c+27m<2x<7+27'm, §+7'm<x —+71:n

Omsem: {% + 7tn; g+ﬂ:n) U (%+7‘cn; %T +7tn], neZz.
ITpumep 7. Pemunte HepaBeHCTBO |3sinx — 1| > sinx.

Pemenue. /laHHOEe HEpaBEHCTBO PABHOCWILHO COBOKYIIHOCTH Hepa-
BEHCTB

. S 1

[SSlnx 1 > sinx, Sinx = 5,
=

_ — . 1

3sinx—1< —sinx sinx < Z

%-I—Zrm <x < 5%+27‘cn,
= 1 1 nez.
n—arcsinz +2nmn < x < 27'c+arcsinz+27'm,

Omsem: [%+2nn; 5%4—27‘511] U [n—arcsin%+2nn;2n+arcsin%+2nn],
nez.
Memo0 88edeHuUs1 HOBOTL nepemeHHOU

MeToz BBeZieHUs HOBOH IepeMeHHOM ITO3BOJISIET CBECTU TPUTOHOMET-
pUYecKoe HepaBeHCTBO K airebpandecKkoMy U IIOC/Ie pelleHus anarebpau-
YEeCKOI'0 HepaBeHCTBA U 0OpaTHOH 3aMeHHI ITOJYIUTh OJHO WM HECKOIBKO
MPOCTENIINX WK 60JIee TIPOCTHIX IO CPABHEHUIO C JAHHBIM TPUTOHOMETPH-
YeCKUX HEPaBEHCTB.
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IIpumep 8. Pemmure HepaBeHCTBO 6sin? x —sinx — 1 <O0.

Pemenue. [IycTs sinx =z. Torga 6z —z — 1 < 0. KopHaAMM KBazpart-

HOT'O TpEXWIECHA B JIEBOI YacTHU IIOJIy4€HHOI'O HEpAaBEHCTBA ABJIAIOTCA YKUCIa

1

1
—§ u E, II0O3TOMY OHO PaBHOCWJIBHO CHCTEME HEPABEHCTB

z 2 _%’
1
zZ < E
Crenaem obpaTHYIO 3aMeHY:
. 1 .1 T
sinx > —3, —arcsm§+27'cn <x < g+27‘51’l,
1 OTKyZa . 1 nez.
sinx < 55 ?+27'cn <x < 7t+arcsin§ +27n,

Omsem: [— arcsin % +2nn; % +27'm] U [5% +27n; m+arcsin % —I—27'cn],
nez.
IIpumep 9. PemmuTe HepaBeHCTBO 2sin? x —cosx — 1 <O0.

PemeHue. Bocrionb3ayeMcs OCHOBHBIM TPUTOHOMETPUYECKHUM TOXKJe-
CTBOM U IIPUBEZeM HEepaBeHCTBO K KBaZpaTHOMY OTHOCUTENBHO cos x. [To-
JIyYUM

2(1—cos?x) —cosx—1< 0 & 2cos?x+cosx—1> 0.

ITycth cosx = z. Toraa 2z +z — 1 > 0. KopHAMU KBaJpaTHOTO TpexdieHa
B JIEBOI YacTH IIOC/IeZIHEro HepaBeHCTBa ABJA0TcA ynciaa —1 u 0,5, moato-
My OHO PaBHOCHJIBHO COBOKYITHOCTH HEPABEHCTB

z 20,5,
z < —1.
CrenaB ob6paTHYIO 3aMeHY, TOTyIUM
cosx > 0,5, o cosx > 0,5,
cosx < —1 cosx = —1,
OTKyZa

—%+27‘cn<x<

wla

+27n,
nez.
X =mn+2nn,

Omsem: [— g + 21n; g—I—ZTm] U{rn+2nn}, neZ.
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1
cos? x
PemieHue. [IpuBeZieM HEPABEHCTBO K KBaJPaTHOMY OTHOCUTEHHO tg X.

IIpumep 10. Pemvite HepaBeHCTBO +tgx—32>0.

1
i tg>x + 1, MOTYyYUM HepaBEHCTBO

tg2 x +tgx —2>0. IIycTs tg x = z. HepaBeHCTBO mpuMeT BUZ 22 +2 — 2 > 0.
KopHAMU KBaZipaTHOI'O TpexX4wieHa B JIeBOM YacTH I1OC/IeJHero HepaBeHCTBa
ABJIAIOTCA YKcaa —2 U 1, TO3TOMY OHO PaBHOCWJIBHO COBOKYITHOCTH Hepa-

Bocnosb3oBaBIIUCh TE€M, 4TO

z>1,
BEHCTB - CrenaB ob6paTHYIO 3aMeHY, TTOTyIHUM
z< —2.
tgx > 1, %+nn<x<%+nn,
[ OTKyZa . nez.
tgx < —2, §+7rn<x<7t—arctg2+ﬂ:n,

T T T

Omsem: [Z + 7tn; 5 —I—Tcn) U (E + 7tn; T —arctg 2+ ﬂ:n] ,NEZL.

I[Tpu pemeHny GUKBaJPATHBIX OTHOCHUTENIBHO CUHYCA WIN KOCHHYyCa He-
PaBEHCTB LeJIeco0Opa3HO Mmocie 0O6paTHON 3aMeHBI MCIIONb30BaTh GOPMY-
JIBI TIOHWKEHUA CTeIIeHU — 3TO TO3BOJUT YMEHBITUTD YKUCJIO MPOCTENITHX
HepaBeHCTB Ha MOCJIeZIHEM JTalle PelleHus.

IIpumep 11. Pemure HepaBeHCTBO 16 cos* x —16cos? x +3 < 0.

PemeHnue. ITycth cos? x = z. HepaBeHcTBO mpuMeT Buf 1622 — 16z +
+ 3 < 0. KopHAMU KBaZpaTHOTO TpexXwieHa B JIeBOM 4acTU IOCIeJHero

1 3
HEpaBEHCTBA ABJAIOTCA YUCIa , U -, IO3TOMY OHO PaBHOCUJIBHO CUCTEME

VL
HEpaBEHCTB
1
z > e
3
z< 7.
CrenaB 06paTHYIO 3aMeHY, TOIYINM
cos? x > 1
47
2 3
cos®x <,
OTKyZa
2 1 1 1
2cos x>§, 1+c052x>§, c052x>—§,
3 © 3 © 10 e
2cos2x<§ 1+cos2x < 3 cos2x < 5
m

2
(:)%+ﬂ:n<2x<?n+7rn<:) +%<x<§+%, neEz.

6

mn .

T T Tn
Omsem: (€+7, §+7), nez.
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Crezyroliee HEpaBEHCTBO CBOAUTCSA K OJHOPOJHOMY HEPABEHCTBY BTO-
poM cTelleHH.

IIpumep 12. PemuTe HepaBeHCTBO 3sin? x — 2sin 2x + 5 cos? x > 2.

PemeHnue. [lepenuiieM HEpaBEHCTBO B BUZE

3sin? x — 4sinx cosx + 5cos? x > 2sin® x + 2 cos? x,

OTKyZia

sin x —4sinx cosx +3cos®x > 0.

PaccmoTpum 2 ciy4gas.
1. Tlycth cosx =0, T.e. x = % + 1k, k € Z. Toraa sin? x = 1, 1 HepaBeH-

T
CTBO IPMHMMAET BKZ 1> 0, T. €. BBIIOIHACTCA IIPU BCEX X = 5 + nk, ke Z.

2. IlycTs Tenepb cosx # 0. Torga cos® x > 0. PaszenuB o6e yacTu Hepa-
BEHCTBA Ha oS’ X, IPUXOAUM K HepaBeHCTBY tg?x — 4tgx + 3 > 0. ITycTb
tg x = 2. HepaBeHCTBO mpuMeT BUJ 22 — 4z + 3 > 0. KOpHAMYU KBaJpaTHOTO
TpexwIeHa B JIeBOM YacTU MocaeHEro HepaBeHCTBA ABSA0TCA yrueaa 3 u 1,
TI03TOMY OHO PaBHOCWJIBHO COBOKYITHOCTH HEpaBEHCTB

z2>3,
[z <L
Crenas 06paTHYIO 3aMeHY, HOMydUuM
tgx > 3, arctg3+mn < x < g-l-rcn,
[tgxél, OTKyAa %+Tm<x<57“+7m’ nez.

OOBeZVHUB MHOXKECTBA peLIeHUH, IOMyYeHHbIE B /IByX PacCMOTPEHHBIX

cy4aax, HaXxO[UuM, 4TO X € [arcth + tm; 5% + nm] ,MEZ.

Omeem: [arctg3+7'cm; STTE —I—Tcm], mez.

3aBepmM 00630p HEPABEHCTB, pelIaeMBIX C ITOMOIIBIO METOAA BBeZe-
HUs HOBOH IlepeMeHHOI, HepaBeHCTBOM, KOTOpoe TpebyeT MeHee CTaH-
JApTHOM 3aMeHHI.

IMpumep 13. PemuTe HepaBeHCTBO Sin 2x <sinx +cosx + 1.
PemreHue. [TycTb sin x + cos x = 2. 3aMeTuM, 4T0 |2| < /2 (3TO c1eayer

13 HepaBeHCTBa |asina + bcosa| < v/ a?+b? —cm. dopmyny 7 B Havase

naparpada). Toraa (sinx + cosx)? =22, oTkyza 1+ sin2x =22 u sin2x =
=22 — 1. JlaHHOe HepaBeHCTBO MpHUMeT BUJ 22 — 1 <z + 1, oTkyzAa 22 — 2z —

—2<0. KOPHHMI/I KBaZpaTHOTO TpEXWIECHa B JIEBOI 4YacTHu IIOCJIEAHETO
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HEePaBEHCTBA ABJAITCA YUCIa —1 U 2, T0O3TOMY OHO PaBHOCWIBHO CHUCTEME
z>—1,

HEPAaBEHCTB {z <9

2 < 2 6yZeT BBHIIIOJTHEHO U er0 MOXKHO OITyCcTUTh. CzienaB 06paTHYIO 3aMeHy,

MOJIyYUM HepaBeHCTBO Sinx + cosx > —1. Bocronb3yeMcsa MeTOAOM BCIIO-

MoTraTe/lbHOTO apryMeHTa, pas/ie/iuB o6e YacTH 3TOTo HepaBeHCTBa Ha v/2.

[Tonyynum

W3 ycnoBus |z] < V2 BBITEKAEeT, YTO HepaBEHCTBO

Sinx-L—l-cosx-i > L
V2 V2 V2’
OTKyZa
. T . T 1
smx-cos4 +cosx-sm4 > _ﬁ
u

. id 1 T T 51
sm(x—l—z) > —E (:)—Z+27'cn<x+z < T+2nn<:)

= —§+27m <x<m+2nn, n€Z.

Omsem: (— % +27n; 7'c+2ﬂ:n), nez.

Memod unmepsanos

[IlpyuMeHeHWEe MeETOAa WHTEPBAJIOB K PENIEHUI0 TPUTOHOMETPUYECKUX
HEpPaBEHCTB CYIIeCTBEHHBIM 00pa3oM OCHOBBIBAETCS Ha TaKUX CBOHCTBaX
OCHOBHBIX TPUTOHOMETPHUYECKUX QYHKITUN, KaK TIEPUOJUIHOCTh U YETHOCTD
WY HedeTHOCTh. CaM aJICOPUTM METO/Aa UHTEPBAJIOB HE MpEeTepIeBAET CY-
IIIeCTBEHHBIX U3MEHEHH: CHavYala HepaBeHCTBO IIPUBOAUTCA K BUAY f (x) V
V 0; 3aTeM orpejenseTcsa ocCHOBHOU mepuoz T oyHkuuu y = f(x); maree
pellleHre HepaBeHCTBA UIeTcs Ha JI060M oTpe3ske AJuHbI T CTaHJapTHBIM
obpasom (naxozaTes Dy, Hynmu GyHKImY f(X), ¥ ONPEAEIISAIOTCA IPOMEXKYT-
KU 3HAKOIIOCTOSTHCTBA f (X), TIOCJIEe YeTo C YIYETOM ITePUOJAUIHOCTH 3aTHCHI-
BaeTcs orBeT). Ecn dpyHKIMA y = f(X) ABIsAETCA YETHOU WIM HEYETHOH,

T
TO peEII€HHME€ HEpPaBE€HCTBA HILETCA Ha OTpPE3KE [0, E:I, 3aTeEM C Y4YE€TOM

YETHOCTY (HEYETHOCTH) HAXOJUTCS PEIleHre Ha OTPe3Ke [— %; %] , TIocjie
Yero 3aMUChIBAETCS OTBET C YUETOM IMePUOAUIHOCTH GYHKIMH y = f(X).
HamoMHuM crieayroliee yTBepKAeHUE.
YrBepxgenue. Ecau T — ocHogHotl nepuod gyHkyuu y = f (x), mo |?T| —
ocHosHoll nepuod gyrkuuu y = f (ax + b).

B camom zerne, rpaduk yHKIUU ¥ = f (ax + b) norydaeTcs u3 rpadpuka
byaknyu y = f(x) myTeM mocief0BaTENbHOTO CXKAaTUs B |a| pa3 K ocu op-

1
auHat (ecau |a| > 1) Win pacTsbKeHUs B — OT ocu opauHar (ecau |a| <1),

la
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MapaUIeIbHOTO TTepeHoca BAoMb ocu abciuce u (ecau a < 0) cuMMeTpun
OTHOCHTEBHO ocH abcitucc. [TapayienbHbIi TepeHoC U CUMMETPHS He BIIU-
SI0T Ha BEJIMYMHY OCHOBHOTO Tepuofia, a CKaTve B |a| pas, o4eBUAHO,
YMEHbIIAEeT B |a| pa3 ¥ BeJIMYHUHY OCHOBHOTO Meprozia (Tak ke KakK U pac-
1 1
lal lal

Yro kacaercsa obmiero nepuoga T AByx GyHKImM y = f(x) u y = g(x),
OCHOBHBIE II€PUO/bI KOTOPHIX PaBHBI COOTBETCTBEHHO T; u T,, TO yucio T

OyzeT UX OOIIMM MTEPHUOJOM, ECJIU CYIIECTBYIOT TaKHe HATypaJbHBIE YHUCIA
nu k, aro nT; =T, kT, =T. Otcioga BeITeKaeT, uyTo nT; =kT,, T. . % = S
(otHormenue nepuoZioB T; U T, MOMKHO OBITH PAllMOHAJBHBIM YHCJIOM).
Eciu 310 He Tak (T. e. OTHOIIEHUE MTEPHOJ0B UPPALMOHAIBLHO), TO O6IIero
nepuoja A Takux GpyHKIUNU He CYIIeCTBYET.

Bormpoc o meproANYHOCTH CYMMBI, PA3HOCTHU, TIPOU3BEAEHNS, YaCTHOTO
JBYX TleproAndeckux GYHKITHM ¢ OCHOBHBIMU ITeprogaMu T; u T, oqHO3HAaY-
HO He pemaeTrcs. Hanpumep, mepuoz CyMMBI WIH TPOU3BEAEHU ABYX QYHK-
Ui MOXET OKas3aThCsA MeHbllle Mepruofia KakAoNW U3 HUX, 3TU CyMMa WiIu
MMPOU3BeeHNE MOTYT OKa3aThCsl HENEPUOANIECKUMHU QYHKI[UAMU U T. I1.

Ha mpakTuke [is1 onipeZiesieHusi O6Iero mepuojia CyMMbl WIH POU3Be-
JEHUs HECKONBKUX MePUOANYECKUX (PYHKIINM, KaK MPaBWIO, OKa3bIBaeTCsA
ZIOCTAaTOYHO MMPUBEJIEHHOTO BHIIIE YTBEPKIEHUS.

TSXXKEHUe B —— pa3 YBeJIW4YUBaeT B 7 pa3 3Ty BeJUYUHY).

IMpumep 14. PemmTe HEpaBEHCTBO sin x + sin 3x > sin 2x.

PemeHue. [IpeobpasyeM CyMMy CUHYCOB B JIEBOM YacTH HepaBeH-
CTBa B IPOU3BeJEHUE, TIOC/IE Yero BhHIHECEM 3a CKOOKU OOIIMIT MHOXU-

1
Testb. [TomyduM 2 sin 2x cos x > sin 2x, oTKyza 2 sin 2x ( cosSX — 5) >0, um

sin2x(cosx— %) >0.

PaccmoTtpumM ¢yHKIMIO f(X) = sin Zx(cosx - %) U pellluM HepaBeH-

ctBo f(x) > 0 metrogmom uHTepBanoB. ®yHkuua y = f(x) ompezeneHa Ha
BCEH YHCIOBOM IIPAMOM U ABJSAETCA HEYeTHOH (TTOCKONBKY f(—x) =—f(x))
MepUoANYECKON QYHKUIMEH, OAUH W3 MEePHUOJOB KOTOPOUW paBeH, OYEBHU/-
HO, 27t (COBepIIeHHO HeobA3aTeNbHO JOKAa3bIBATh, YTO 3TO OYyZET OCHOB-
HoM nepuoz GyHKIMH). [Io3TOMy CHavYaIa pelrM HepaBeHCTBO Ha OTpe3Ke
[0; t], a 3aTeM BOCHOIBb3yeMCsI HEUETHOCTBIO ¥ MEPUOAUIHOCTHIO GYHKIINH
y = f(x). HalizieM Hy/nu 3TOM QYHKIMM HA YKa3aHHOM oTpe3Ke. [/ 3TOTO
. 1
peIM ypaBHeHus sin 2x =0 u cos x = 5. 113 mepsoro ypaBHeHI/IH HaxoAuM
mwm
xX="5", mEL OTpesky [0; ] npuHazmexaT KOpHU 0; = 55
VpaBHEHUs HAaXOAUM X = ig + 21k, k € Z. Otpe3ky [0; ] mpuUHALIEXUT

7. VI3 BTOpPOr'o
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o TT
€AVHCTBEHHBI KOpeHb 7. IIpHMEHNM MeTO MHTEPBAJIOB Ha yKa3saHHOM
OTpe3Ke:

sin2x + + -
1
cosx — 5 + - -
f) + - +
T T
0 § E T X

Temepb, BOCITO/NIb30BaBIINCh HEYETHOCThIO GYHKIMM ¥y = f (x), HalizeM
MHOJKECTBO DellleHnI HeEpaBeHCTBa Ha oTpe3ke [—1r; 7]:

- m-1+1—1 Lo

Y X

Y ™

o 2 730 3 3
[Tonyyum [— %; —%] U [0; g] U [g, ﬂ:]. HaxkoHeI, BoCIIO/Ib30BaB-
ITUCh TEPUOAUYHOCTbIO GYHKIIMU y = f(x), HaliZleM MHOXKECTBO pellle-

HUU JAaHHOTO HEPaBeHCTBA: [— g +27n; —g + 27'z:n] U [Znn; % + 27‘[71] U
U[§+2nn; 7'c+27'cn], nez.

Omsem: [— g+2nn;—§+2nn] U [2nn;%+2nn] U [%—I—Zﬂ:n;n-l—Zrm],
nez.

ITpumeneHue ceoticms PyHxyuil

[Ipu pelreHUN HEKOTOPHIX TPUTOHOMETPUYECKUX HEPABEHCTB HCIIOJb-
3yIOTCA CBOMCTBA OTPaHUYEHHOCTH CHHYyCa ¥ KOCHHYCa; CBOMCTBA XKe MOHO-
TOHHOCTY TPUTOHOMETPHUYECKUX GYHKIUN (Ha KaKUX-THOO IIPOMEXYyTKaxX
YUCJIOBOM OCU) MPAKTU4YECKU He UCIIONIb3yIOTCS.

Ipumep 15. Pemmure HepaBeHcTBO sin'’ x +cos'® x> 1.
<

PemeHHe Ta}c kak 0 < |sinx| <1 u 0 <|cosx| < 1, momy4aem, 4To
sin'” x < sin? X, cos!® x < cos® x. [loaTOMYy JIeBas 4acTh JAHHOI'O HEpaBeH-
CTBa HE IIPEBOCXOJUT sin® x + cos? x, T.e. 1. Tem cambIM, ZjJaHHOE Hepa-
BEHCTBO OyZeT BBIMIOJHEHO, TOJBKO KOTZia ero JjieBas 4acTh paBHa 1, 4To
BO3MOXXHO B TOM U TOJBKO TOM CJIydae, ecjiu

sin'” x = sin? x, sin? x(sin'®x—1) = 0,
19 cos? x(cos'” x—1) = 0.

OTKyZa
cos va {

x = cos? x,
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V13 mepBoro ypaBHeHUs MOC/IeHeN CUCTeMBI MOoIydyaeM, 4To sinx = 1 win
sinx =0. Eciu sinx =1, To cosx =0 1 BTOpoe ypaBHeHMNE CUCTEMBI BBITIOJ-
HeHo. C/ieloBaTeNbHO, X = % + 21k, k €Z. Eciu sinx =0, To cosx ==£1, HO
BTOPOMY YPaBHEHUIO TIOCIETHEN CUCTEMBI YIOBIETBOPSIET TOJIBKO COSX = 1.
3HauuT, x =27tn, n €7Z.

Omseem: {g + an}, kez; {2nn}, neZ.

ITpumep 16. Pemute HepaBeHCTBO sin S5x - cos4x < —1.

Pemenwue. Tak Kak |sin5x| <1 u | cos4x|< 1, meBass yacThb HepaBeH-
cTBa He MeHbIIe — 1. [T03TOMy HepaBeHCTBO OyZeT BBIIIOJIHEHO, TOJIBKO eC-
JIY €r0 JieBad 4acTh paBHa —1. PaBHOM —1 OHa MOXET ObITb B TOM M TOJIBKO
TOM CJIy4ae, eCiu

{sinSx =1, {sinSx =-1,
u

cos4x = —1 cos4x = 1.

BMECTO /IByX CUCTEM MOXKHO TIOMYIUTh OJHY, €CJIU CHayaia BOCIOIb30BaTh-
cs1 bopmyon

sina-cosfB = l(sin(cx+/3‘) +sin(a—f3))

Y epelTH K HepaBeHCTBY sin 9x + sinx < —2, oTkyza

. 21n
{sm9x:—1, X =- —+—

o Y, 3HAYUT,

sinx = —1, x = —5 + 27k,

rae k € Z, n € Z. OcraeTcsi yCTaHOBUTD, CYIIECTBYIOT JIU TaKue Iiejbie k

1 n, IIpru KOTOPBIX IIOCIIEAHAA CUCTEMA MMEET pemeHI/m ,Z[JIH 9TOro IIpu-

o 2ﬂ:n T
paBHAEM IIpaBble 4YacTHU YpaBHEHUU CUCTEMBI: — o + =—3 + 27k,

OTKyZa IocJie yIpolueHui moayunM —1 +4n = —9 + 36k. CrnenoBaTenbHO,

n=9k — 2, ¥ pelIeHUsIMU CUCTEMBI SBJISIOTCI KOPHU ee BTOPOTO ypaBHe-
T

HUA, T. €. x=—§+27'ck, kez.

Omeem: { L +27rk}, keZ.

IMpumep 17. Pemute HepaBeHCTBO 16sin17x 4+ 17 cos 16x > 33.

PemeHnue. Tak kak sin17x <1 u cos16x < 1, jieBast 4acThb JAHHOI'O
HepaBeHCTBa He npeBocxoguT 33. ClefoBaTelbHO, HEPAaBEHCTBO UMEET pe-
IIEHUS B TOM U TOJIBKO TOM CJIy4dae, eCJIU eTo JieBas 4acTh paBHa 33. PaBHOM
33 oHa OyzeT TorZia ¥ TOJBKO TOTAA, KOTZa

. _ 27n
sinl7x =1, X=o7+t37
cosléx =1, oTiyAd
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rae k € Z, n € Z. Ocraercs yCTaHOBUTD, CYIECTBYIOT JIU TaKHUe Liejble k
U n, IPH KOTOPHIX TIOCTIEeAHAS CHCTeMa UMeeT XOTS OBl OJ/HO peleHue. Jis
27n nk

17~ 8”
OTKyZla TIOC/Ie YMHOXKEHUA 06erX JacTel MosydeHHOro paBeHCTBa Ha 17 - 8
U fieJieHus Ha 7T oiayduM 4 + 16n = 17k. CTaHgapTHBIA criocob pelieHus
MTOJTyY€HHOTO YpaBHEHUA B LIEJIBIX YUCIAX He BXOAUT B IPOTPaMMy CpeaHel
IIKOJEL. [l peleHus MoA00HBIX 33/1a4, KaK IPAaBUIO, JOCTATOYHO UCIOb-
30BaTh AEMEHTAPHBIE COOOPAKEHN, CBA3aHHEBIE C IeTMMOCTBIO IeJTBIX YU-
cen. Ilepenumem paBeHCTBO 4+ 16n =17k B Buze k —4=16n — 16k. Oue-
BUZIHO, YTO TIPHU JIIOOBIX HeabiXx k U n uuciao 16n — 16k genutcsa Ha 16.
[ToaTOMy paBeHCTBO BO3MOXHO JIMIID B ciIy4ae, eciiu k — 4 aenutcs Ha 16,
T.e. ecqiu k —4 =161, rae | € Z. Takum o6pasom, k = 161 + 4, rae [ € Z. Ho
toraa 4+ 16n=17(161 +4), otkyga n =171 + 4. Takum obpa3om, HalAeHbI
esble k ¥ n, IIPU KOTOPBIX BBIITOTHAETCS CUCTEMA

o T
9TOro MPUPABHAEM NPABbIE YACTH YPABHEHHUI CHCTEMBI: 7 +

_ T | 27n
X=32%77>
_mk
=5

OcTasoch MpaBylo 4acTh JIOOOTO U3 YpaBHEHUI 3TOM CHUCTEMBI BHIPA3UTh
T
yepes [. TTonyunm x = 5t 2nl, leZ.

.
Omeem: {2 +27‘Cl}, leZ.

IIpumep 18. Hatigure Bce mapsl (Xx; y) AeWCTBUTEIbHBIX YHCET X U Y,

JUTST KaXKJ,0M U3 KOTOPBIX 9 cosx — _y2 >\ y— 4x2% -3,
PemeHnue. IlepenuieM JaHHOE HEPABEHCTBO B BUZE

9cosx > y*+/y—4x> -3

Y IOIbITaeMCs OLIEHUTH JIEBYIO M IIPaByIO 4acTU IIOMy4eHHOI'O HepaBeH-
crBa. C J1eBoi 4acThio Bce MOHATHO: —9 < 9 cosx < 9. [IpaBas yacTh Hepa-
BEHCTBA OIIpe/ie/ieHa TONBKO IIPH YCIOBHU y —4x% —3 >0, oTKyzAa y >4x%+3
u, clefoBaTeabHo, ¥ > 3. Ho Torma y? > 9. TakuMm o6pasoM, TpaBas 4acThb
HepaBeHCTBA He MeHbllle 9, a ieBass — He 6osbiie 9. I[T03TOMy HepaBeHCTBO
OyZeT BBIIIOJIHATHLCS, TOJIBKO €CJIU U JIeBasi, U IIpaBas ero YacTH PaBHHI 9.
st 3TOr0 HEO6XOAVMO U JOCTATOYHO, YTOOBI BHIIIOIHAINCH PaBEHCTBA

cosx =1, 0
x=0,
y=3, OTKyZia {
y

y—4x?-3=0,

Omsem: (0; 3).
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IMpumep 19. Pemmre HepaBeHCTBO cos(7tx) + cos(V/7mx) = 2.

PemeHue. Tak kak cos(7tx) < 1 u cos(v/77x) < 1, IeBas 4acTh JaHHO-
r'o HEpaBEHCTBA He IPeBOCXoAUT 2. [T03TOMY HepaBEHCTBO OyAeT BhITIOTHE-
HO, TOJIbKO €CJIM €T'0 JieBasi YacTh paBHa 2. PaBHOU 2 oHa MOXKET OBITh B TOM
U TOJIBKO TOM CJIy4ae, eciiv

{cos(nx) =1, X = 27N, x = 2n,

cos(vV7nx) =1, V7nx = 2nk, V7x = 2k,

e k€Z, neZ. Eciu n=k =0, To x =0— pelieHue cuctemsl. Eciau
n#0, To x 7 0 ¥ MO)XHO BTOPO€ ypaBHEHHE CUCTEMBI TIOWIEHHO Pa3JeUTh

OTKyZa { W, 3HAYUT, {

Ha mepBoe. Ionyunm 7 = % TToCKOMBKY +/7 — YMCIIO UPPAIMOHATBHOE,

k k
a - — YHCIO PAIlMOHATLHOE, PABEHCTBO V7= ~ He MO’KeT BbIIIONHATbCA

HHU IIPU KaKHX IIEJIbIX kun. CﬂeﬂOBaTeJIbHO, x =0 aBiseTcs eIMHCTBEHHBIM

x=n, .
pellleHUeM CHUCTEeMBbI { Jax—k a BMecTe ¢ Hell ¥ J]AaHHOT'O HepaBeHCTBa.
J

Omsem: {0}.
Hepasercmea, codepycauyue obpamtsle mpuzoHoMempudeckue @yHKUUU

[MocneHIOO TPYIIY 3aZia4d TOTO Maparpada COCTaBJISIIOT HEpaBEHCTBA,
coziepkamyie o6paTHble TPUTOHOMeTpUYeckre GYHKIUU. PellleHue Takux
HEPaBEHCTB CyIIeCTBEHHbIM 00pa3oM OCHOBHIBAETCA HA OIpele/ieHuH U CBOH-
CTBax apKCHUHYyca, apKKOCHHYyca, apKTaHreHca W apKKOoTaHreHca. Hamowm-
HUM 3TH OIIpeJie/ieHUs U CBOMCTBA.

I. ApkcuHycoMm yucina a (obo3HadyeHMe: arcsina) Ha3bIBAeTCA TaKoe

T T . .
YHUCIO A, YTO a) o € [— X 5]; 6) sina =a, T.e. @ =arcsina, ecii a €

S [— z. E] usina=a.
27 2
3 aTOrO OmIpeziesieHUs ¥ CBOMCTB CMHYCA BBITEKAIOT CJIEAYIOIINE CBOM-
cTBa QYHKIMM y = arcsin x:
1) obnacteio ompezenenusa D(arcsinx) (yHKIUM SBISETCA OTPE30K
[—1;1];
2) MHOXXecTBOM 3HayeHWU# E(arcsinx) yHKUMM SBISAETCS OTPE30K

[_E.E].
222

3) ¢yHkIuMA y = arcsin x HeyeTHa: arcsin(—x) = — arcsin Xx;
4) ¢yHKUuuA y = arcsin X MOHOTOHHO BO3pacTaeT Ha Bcell 0b1acTu omnpe-
JeNIeHUA.

II. ApkkocuHycoMm yucia a (06o3HaueHHe: arccosda) Ha3bIBaeTCsA TaKoe
YHCI0 o, uTo a) a € [0; ]; 6) cosa=a, T.e. a =arccosa, ecmm a € [0; 7]
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U cos a =a. VI3 3Toro omnpejiesieHUs U CBOMCTB KOCUHYCa BBITEKAIOT CIIeZy-
fo1Ke cBo¥icTBa GYHKIIMHU Y = arccos X:
1) obnacteio ompenenenus D(arccosx) OGYHKIMU SBIAETCA OTPE30K
[—1;1];
2) MHOXeCTBOM 3HadyeHUM E(arccosx) OGYHKIMU SIBASETCS OTPE30OK
[0; 7];
3) ¢yHKIUMA y = arccosx He IBISeTCA HU YeTHOM, HU HEUYeTHOI;

arccos(—x) = m — arccos x;

4) ¢yHKUMA Yy = arccos X MOHOTOHHO YOBIBaeT Ha Bceli o6yacTu ompe-
JIeIeHNS;
. 7
5) arcsinx + arccosx = 5 Ana Joboro x € [—1; 1].

III. ApkTanreHcoM yuciaa a (obo3HaueHMe: arctga) Ha3BIBAETCSA TaKOe

T T
YHCIO A, YTO a) A € (— 25 E); 6) tga=a, T.e. @ =arctga, ecmm a €

. T o
S (— E; 5) utga=a. W3 sToro OoIpeJeJeHUA 1 CBOMCTB TaHI'€HCA BbITE-

KaloT CIeAyIolue CBoicTBa GYHKINY y = arctg X:
1) obnacthio onpegenerus D (arctg x) GYHKITUN SBJISETCS BCs YUCIOBasA
mpsaMast;
2) MHOXeCcTBOM 3HaueHui E(arctgx) GyHKUMY SBISIETCA POMEXYTOK

(_E.E).
222 )’

3) ¢yHkIua y =arctg x: arctg(—x) = — arctg x;
4) ¢yHKUMA y =arctg X MOHOTOHHO BO3pacTaeT Ha Bcell 06acTy onpe-
JleJIeH L.
IV. ApkkoTaHreHcOM uncia a (o6o3HayeHre: arcctga) Ha3bIBaeTCs Ta-
KOe€ 9HCIIo @, 4To a) a € (0; 7); 6) ctga =a, T.e. a =arcctga, ecmu a € (0; )
uctga=a.
VI3 aToro ompezesnieHUs U CBOMCTB KOTAHTEHCA BBITEKAIOT CJIeAYIOLIE
cBoiicTBa GYHKIIMM y = arcctgx:
1) obnacThio onpezaenenus D(arcctgx) GYHKIIUU SBASETCS BCS YKUCIIO-
Basd MpsAMast;

2) MHOXeCcTBOM 3HaueHuii E (arcctg x) GyHKINY SBISETCA IPOMEKYTOK
05 71;

3) byHKIMA y = arcctg X He ABIAeTCS HU YeTHOM, HU HEYETHOM;

arcctg(—x) = m —arcctg x;

4) ¢yHKuMA y = arcctg x MOHOTOHHO yObIBaeT Ha Bcel 06JIacTH OIpe-
JleJIeHN;

5) arctgx +arcctgx = Z

o A aoboro x €R.
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CBolicTBa MOHOTOHHOCTH OOpPaTHBIX TPUT'OHOMETPUYECKUX QYHKIU C y4e-
TOM ObJIacTeli onpeeneHys STHX GYHKIIMH CyIleCTBEHHBIM 06Pa3oM UCITONb-
3YIOTCSA TIPU PEIIeHUM CTaHZAAapTHBIX HepaBeHCTB Bua f(g(x)) V f(h(x)),
rae f — ofHa U3 YeThIpex OOpaTHBIX TPUTOHOMETPUYECKUX GYHKITHI:

g(x) < h(x),
arcsin(g(x)) < arcsin(h(x)) < {g(x) > -1,
h(x) <1;

g(x) > h(x),
arccos(g(x)) < arccos(h(x)) & { gx) <1,
hG) > —-1;
arctg(g(x)) < arctg(h(x)) < g(x) < h(x);
arcctg(g(x)) < arcctg(h(x)) < g(x) > h(x).
L1 HeCTpOTUX HEPABEHCTB BCE HEPABEHCTBA MOC/IE 3HAKOB PaBHOCHIBHO-
CTH TaKkke OyAyT HECTPOTHMH.
IIpumep 20. Pemnmvite HepaBeHCTBO
arcsin(12x? — 8x — 1) < arcsin(2x +1).

Pemenue. ,Z[aHHOE‘: HEPaAaBEHCTBO PAaBHOCWJIbHO CUCTEME HEPABEHCTB

2
12x% —8x—1< 2x+1, 6x"—5x—-1<0,
{12x2—8x—1 > -1, OTKyZIa x(x—%) >0,
2x+1<1, X %0,

1
KopHAMU KBaJpaTHOTO TpexwieHa 6x2 — 5x — 1 AB/AIOTCA ducia e 1,

[I03TOMY MHOKEeCTBOM pelleHul I1epBoro HepaBeHCTBa CUCTEMEI ABJIAETCA

1 o
IIPOMEXYTOK |:— 6; 1] . MHOXXecTBOM PEUIEHNHN BTOPOI'O HEpABEHCTBA CHU-

2
CTEMBI ABIAETCA 06beJUHEHUE IPOMEXYTKOB (—0; 0] U [§ ; +00) . MHOXe-

CTBOM pellleHU} Bcel CUCTeMBbI ABJSAETCS MPOMEXKYTOK [— é; 0] .
Omeem: [— %; 0].
IIpumep 21. PemnTte HEpaBEHCTBO
arccos(4x? — 3x — 2) + arccos(3x? —8x —4) > 7.
Pemenue. [lepenuineM aHHOE HEPABEHCTBO B BUE

arccos(4x® —3x —2) > m —arccos(3x%> —8x —4)
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Y BOCIIOJIB3YEMCSI TeM, UTO 7T — arccosa = arccos(—a). [Tomyuyum HepaBeH-
CTBO

arccos(4x? — 3x — 2) > arccos(—3x? +8x+4).

310 HEpaBEHCTBO PaBHOCWJIbBHO CUCTEME HEPABEHCTB

4x% —3x—2 < —3x*>+8x+4, 7x?—11x—6 <0,
4x% —3x—2 > —1, oTkyza { 4x*—3x—12>0,
—3x2+8x+4 <1, 3x2—8x—3>0.

2 3
KopHAMU kBaZipaTHOTO TpexunaeHa 7x* — 11x — 6 ABAAOTCA YUCIa —ZHu 2,

IIO3TOMY MHOXXECTBOM peH.IeHI/Iﬁ IIEpBOI0 HEPABEHCTBA CUCTEMBI ABJIACTCA

IIPOMEXYTOK [— %; 2] . Kopuamu xBazpaTHoro Tpexwiena 4x2 — 3x — 1 aB-

1 "
JAIOTCA YUCHIA — 7 U 1, T03TOMYy MHOXKECTBOM pellleHU} BTOPOro HepaBeH-

1
CTBa CHUCTEMBI SBJISIETCSI OObeJMHEHNE TIPOMEXKYTKOB (— 0} _Z] U[1; +).

2 1
KopHaMU kBazpaTHOro TpexwieHa 3x° — 8x — 3 ABJIAIOTCA Yucia —3 4 3,
II03TOMY MHOXXECTBOM pellleHnl TpeThbero HepaBeHCTBa CUCTEMBI ABJIAETCA

o0beIlMHEHNE TTPOMEXKYTKOB (— 0 —%] U [3; +). MHOXecTBOM peliie-

. ., 3. 1
HUH BCEU CHCTEMBI ABJIAETCA IIPOMEXKYTOK [ 2k §] .

3 1
Omeem: [ -7 —§] .
[Ipu pelreHUU HEPABEHCTB, JieBasl M MpaBasl YaCTU KOTOPBIX MPECTAaB-
JIAIOT cobO0l pa3HOMMEHHEBIE OOpaTHBIE TPUTOHOMETpUYeCKHe (YHKIIHH,
I1eslecoo6pa3HoO MCIIOMb30BaTh METOZ WHTEPBAJIOB JUOO CBOMCTBA MOHO-
TOHHOCTH 3THX QYHKITUH.

x+2 3x+1
5 < arccos T

IIpumep 22. Pemuite HEpaBeHCTBO arcsin

PemreHue. PaccMoTpuM QyHKITHIO

.ox+2 3x+1
f(x) = arcsin g5 —arccos ¢

U pelrM HepaBeHCTBO f (x) <0 MEeTo0M MHTEPBAJIOB.
1. Hatigem D (f). [l 3TOrO peluM CUCTEMY HEPABEHCTB

—1<xsi2<1, —5<x+2<5, —7<x<3,
= = (=1
_1<3x5+1<1 —5<3x+1<5 —nggg

wlh
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2. Haiigem Hynu oyuknmu f (x). s 3TOro peliuM ypaBHeHUE

.oXx+2 3x+1
arcsin —— = arccos .
5 5
g pelieHUs1 ypaBHEHUM, jieBasd U IIpaBas YacTU KOTOPHIX IPEACTABIIAIOT
cobo#i pasHOMMeHHble OOpaTHble TPUTOHOMETpPHYECKHE QYHKIIUN MOXKHO
WCIIOTb30BATh CJEAYIONIUN anropyuTM. I1ycTh

. oXx+2 3x+1
a = arcsin ——— = arccos .
5 5
. x+2 1
Torma sina= 5 cosa= T OTKyza
x+2\2 | (3x+1)2%
( 5 ) + ( 5 ) =1
.oXx+2 T T
Kpome TOro, mockosbky a = arcsin —5, ToIydaeMm, uTo a €l -35 |
3x+1
a TIOCKOJIbKY 0L = arccos ——¢ —, TIOJy4aeMm, 4To a € [0; w]. Takum o6pasom,
ae [O; %], OTKyZa x?—}—Z >0 (rre.x>-2)mn % >0 (T.e. x;—%).

WTak, ayi1 HaxoxJeHus Hyaeld GyHKIUU f () HY>KHO PEeIlUTh ypaBHEHUE
x+2\2, (3x+1)2 _
(57) +(357) =

c yuetoM D (f) U yCsIoBUA X > —%. [Tpuxoaum K cucteme

2)2 1)2 =-2,
(5 +(357) =1 _ [eex-2=0, [x—l
) 4 = 1__4 = v Sx=1
s <x<2
_§<x<§ 3 X3 _%<X<%

3. [IpumMeHHUM MeToJ, UHTEPBaJIOB:

# o + |

-2 1 —

Jlsl paccTaHOBKY 3HAKOB Hanbosee yi06HO MCIIONB30BATh I'PAaHUYIHBIE

TOYKH obsacTu onpezenenus: f(—2) <0, f (%) > 0.
Omseem: [—2; 1].
3aMeTHuM, 4TO, PEeLINB CUCTeMY B II. 3, MOXXHO OBUIO He IIPUMEHATDH Me-

x+2

TOJI HTEPBAJIOB, a4 BOCIOJIB30BATHCA TeM, YTO GYHKIUA Yy = arcsin 5
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3x+1
MOHOTOHHO BO3pacTaeT, a GYHKIUA Y = arccos S

eT Ha D(f), MO3TOMY pellleHreM JaHHOTO HEPAaBEHCTBA SABJISETCSI OTPE30K
[—2;1]. CnexyeT, ogHaKo, MOHMMAaTh, YTO METOZ HWHTEPBAJIOB ABJAETCA
6ojiee YHUBEPCAJbHBIM: OH IPUMEHNM M B TeX CIydadx, KOIZa CBOMCTBA
MOHOTOHHOCTH UCITOJIb30BaTh HE yaeTcs.

3aMeTUM TaKKe, YTO

MOHOTOHHO yOBIBa-

€G>+ (h())* =1,
arcsin(g(x)) = arccos(h(x)) < { g(x) > 0,
h(x) > 0.

[l BEIYMC/IeHUA KOpHeY ypaBHeHUH, ieBas U IIpaBad 4acTu KOTOPBIX IIpeJ-
CTaBIAIOT cO60I OOpaTHBIE TPUTOHOMETPUYECKUE (QYHKIIMH, MOJE3HBIMU
MOL'YT OKa3aThCA U CJIeAylolyie PaBHOCWIbHBIE IIEPEXObI:

arctg(g(x)) = arcctg(h(x)) & {g(x)'h(X) =1, {g(x)-h(x) =1,

gx) >0 h(x) > 0;
1
0 = GoorT
h(x) > 0;
2 1
(h(x))* = GO T
arctg(g(x)) = arccos(h(x)) & { p(x) > 0,
g(x) > 0;
arcsin(g(x)) = arctg(h(x)) & (g(x))z — %;
arccos(g(x)) = arcetg(h(x)) < (g(x))? = %

PaccmoTpuM Teneps ZBa IIpuMepa, pelileHre KOTOPBIX OCHOBAHO Ha TaKUX
CBOMCTBAaX OOPATHHIX TPUTOHOMETPHYECKUX PYHKINH, KaK MOHOTOHHOCTb
U OTPAaHUYEHHOCTb.

IIpumep 23. PemuTe HepaBEHCTBO

arccos x + arccos xv'2 + arccos xv'3 < STTE
PemeHue. PaccMoTpuM QyHKITHIO

f(x) = arccos x + arccos x V2 + arccos x+/3.
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1 1
JTa 1 MOHOTOHHO 6bIBaeT Ha Bcer O6JIaCTI/I OIT CJICHUA |:- = —]
bymxy ¥ pen N

(xak cymMa yobIBaromux ¢yHkiumii). Kpome toro, f (%) = %Tn 3Ha4UT, MHO-

o 1 1
’KECTBOM pellleHUH JaHHOT'0 HepaBeHCTBA ABJAETCA IIPOMEKYTOK [5; ﬁ] .
1 1
Omeem: [—; —] .
27 /3

IMpumep 24. Pemure HEPaBEHCTBO
2 . 2 3n
arccos(2x“ —7x +5) + arcsin(6x“ — 19x + 15) > 5
Pemenue. ITockonbKy
. T
arccos(2x? —7x+5) < T, arcsin(6x? —19x +15) < o
3

JieBast 4acTh ]aHHOTO HepaBEHCTBA He OoJbIlle 7” [ToaToMy HepaBEHCTBO
OGyZeT BBITIOJTHEHO B TOM M TOJIbKO TOM C/Ty4dae, KOTZa ero jeBas YacTh paBHa

3
—5—, 4YTO BO3MOKHO, TOJIbKO €CJIN

2 >
arccos(2x? —7x+5) = m, 2x% —7x+5=—1,
= =

arcsin(6x? — 19x +15) zg {6x2—19x+15 =1

|:x =2,
o 2X2—7x+6=0, PN X=1,5, e x=2

6x2—19x+14 =0 x=2, *=
=1
Omeem: {2}.

B 3akmoyeHue 0630pa METOZOB pEIIEHUS HEPAaBEHCTB, COAEPXKAIUX
obpaTHBIE TPUTOHOMETpUYECKUE PYHKIIMH, pACCMOTPUM JBa MpUMepa Ha
MeTOZ, BBeZleH!A HOBOI IlepeMeHHOM.

IIpumep 25. PemmnTe HepaBeHCTBO arccos’ x — 3 arccosx + 2> 0.
Pemenue. Ilycte t=arccosx, 0 <t < . Torma
t>2,

2_ >
t“=-3t+2>0& £< 1.

[Tockombky 0 < t < 7T, IOJIy4UM
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Caenaem o6paTHYIO 3aMeHY:

[Zéarccosxgﬂr, [—1< 0S 2,

<c
x <1

X
0 <arccosx <1 cosl <
Omsem: [—1; cos2]U[cos1; 1].

2
. fis
IMpumep 26. Pemryite HepaBeHCTBO arccos X - arcsin x < 18"
T .
Pemenue. [TocKOIBKy arccosx = 5 —arcsinx, ZaHHOe HEePaBEHCTBO
PaBHOCWIBHO CJIEAYIOLEMY:

(E — arcsin x) -arcsinx < s
2 =182
OTKyZa

18 arcsin® x — 9 arcsin x + 2 > 0.

IIycTs t =arcsin x, —g <t g Torma

>3,
182 —9nt+ 7% > 0 & ;
t< ~.
6
T T
[Tockonbky -3 <t< 7 » TIOJy4UM
i T
3 St<5,
i T
“2SisE
CrenaeM o6paTHYIO 3aMeHY:
b . b
§<arcsmx<5, ?gxgl,
T o &
5 <arcsinx < ¢ _ 1
DI X6 1<x< 5

Omsem: [—1; %] u [?, 1].

YnpaxHenus k § 6.2

Pemure HEPaBEHCTBO.

1. a) sin(4x—%)>—0,5; 0) sin(?)x-l-%)}—g.
2. a) sin(2x+37ﬂ)<§; 0) sin(Sx—l—Z?ﬂ <§.
3.a) cos(Sx—%)>§; 0) cos (2x—%)>§.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31
32.

33.

. a) ctg(Sx—S—n)> L

.a) cos (4x—%) g—?;
.a) tg(2x+ %n) 2—%;

37V

. a) ctg (2x+ %) <V3;

.a) cos2x+0,5< cos?x;
.a) 2cos>x+cos2x>+/3+1;
10.

0) cos (Sx — 4?71) <-0,5.

0) tg (3x— HTH) >—+/3.

on
0) ctg (10x+ T) >—1.
77 1
— )<=
0) ctg (Sx 3 )\ Nk
6) cos2x +sin? x < 0,25.

6) 1+ cos2x > v/2+2sin’ x.

a) 14 V24 2cos2x +sin2x > (sinx + cosx)?;
6) 1+ v/3+2cos2x —sin2x > (sinx — cosx)?.
6) 4sin7x cos5x 4+ v/3 < 2sin 12x.

a) 4sin5xcos3x<2sin8x 4+ /3;
a) 2cos7xcosbx <0,5+cos13x;
a) 4cos4xcosbx>2cos2x+ /3;
a) 4sin3xsin2x+1<2cosx;
a) 2sin5xsin3x+cos8x>0,3;
a) sin4x > cos4x;

a) sinx < v/3cosx;

a) sinx+cosx>1;

a) sinx —+v/3cosx < v/2;

a) |sin5x|<|cos5x|;

a) |5sinx —1|>3sinx;

a) |5sinx — 2| <sinx;

a) |5cosx—4|>cosx;

a) |5tgx—2|>3tgx;

a) |9ctgx— 8| <ctgx;

a) [tgx+0,5/+|tgx—0,5/<2;
a) |tgx|+[tgx—1|<1;

a) |ctgx|+|ctgx —2|>4;

a) ﬁthx-cosng 1;

a) 2tg4dx-cosdx>1;

a) 2ctg8x-sin8x+ V3<0;

a) 2ctg1l0x-sin10x > V2;

sin 8x
< .
singx V2

a)

0) 2cos8xcos7x+0,5< cos15x.
6) 4cos3xcos7x+ V3 <2cos4x.
0) 4sin4xsin3x<2cosx+1.

6) 2sin 7x sin2x + cos 9x > 0,2.
6) cos2x > sin2x.

6) cosx < +/3sinx.

6) sinx —cosx < 1.

6) +/3sinx+ cosx > V2.

6) |sin7x|>|cos 7x|.

6) |7sinx — 1| > 5sinx.

6) |7sinx — 3| < sinx.

6) |6 cosx — 5| > cosx.

6) |7tgx — 3| >4tgx.

6) |8ctgx — 7| <ctgx.

6) |tgx+0,25|+|tgx — 0,25 < 2.

6) |tgx|+|tgx+1|<1.
6) |ctgx|+|ctgx+2| > 4.
6) 2tg3x-cos3x < /3.
0) ﬁtg6x-cos6x>1.
6) 2ctg5x-sin5x + v/2<0.
6) 2ctg12x-sin12x > V3.

6) sin 4x S \/§

sin2x ~
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34.
35.
36.
37.
38.
39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.

61.
62.

a) sin2x < 5sinx;

a) 2sin®x—2sinx+cos®*x>0;

a) 2cos®x —cos®x+2cosx—1<0;
a) 6sin?x+5sinx —4<0;

a) 6cos’x—7cosx—5>0;

a) 3cos2x—5cosx—1>0;

a) 2cos2x—12sinx+5<0;

a) 10sin%x—9cos (x—l—g) —7>0;
a) 6cos®x>5cos (x—f—g)—f—Z;

a) 2cos2x+4cos (377[ —x) +1<0;

5
a) 2-i-cosx = cos2x’
3 4
a) ——+-——-—-4>0;

sin“ x smx

a)

1
2., .
a) 7tg°x OSx+1>0,
a) 5————--1>0;

a) sin®x < 2sinx;

a) 8sin*x—6sin’x+1>0;

a) 8cos*x—18cos?x+9<0;

a) 3tg*x—4tg?x+1>0;

a) ctg*x—5ctg?x+4<0;

a) sin®x > sinx-cosx;

a) sin?x —3sinxcosx —4cos?x <0;

a) sin®x — 5sinxcosx+6cos x> 0;

a) 4sin?x—9sinxcosx+11cos?x <3;

a) 0,4sinxcosx+1<sinx+ cosx;
a) 2sinxcosx+ 5(sinx —cosx) >5;

a) cosx+ cos5x < cos3x;
cos x sin 3x

a) cos 2x
a) sin'® 3x+cos®® 3x > 1;

<0;

0) sin2x > 7 cos x.

6) v2cos® x — v2cosx +sin® x> 0.
6) v2sin® x —sin? x + v/2sinx — 1 <0.
6) 4sin®x — 12sinx+5<O0.

6) 4cos’x+4cosx—3>0.

6) 2cos2x+8cosx—3>0.

6) 2cos2x+16sinx+7<0.

3n
6) 6sin®x+ 13 cos (x—y) 8>0.

6) 4cos®x > 4cos (x— —) +1.

0) 2c052x+4sin(37 —|—x) —-1<0.

11
6) 6-’-coszx cosx”
6) ,52 +—7 —-6>0.
sin“ x smx
1 3
0 — 2>0.
) sin2 x (:05(37’I +x) +
6) 61tg? x———|—1/0

CosXx

6) —+—+3>O
tg2x = sinx

6) cos®x <3cosx.

6) 8sin*x — 10sin’x+3 > 0.

6) 8cos*x —22cos®?x+5<0.

6) 3tg*x—10tg2x+3>0.

6) ctg*x —10ctg? x+9<0.

6) cos®x >sinx-cosx.

6) sin® x — 5sinx cosx — 6 cos® x < 0.
6) sin® x — 7sinx cosx + 12 cos? x > 0.
6) 3sin® x — 8sinx cosx + 9 cos? x < 2.
6) 0,5sinxcosx <sinx+cosx+1.

6) 2sinxcosx—+ 3(sinx—cosx)+3>0.

6) sinx —+ sin5x < sin 3x.
sin x cos 3x

6) cos 2x
6) sin®’ 4x 4+ cos® 4x > 1.

<0.
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63.
64.
65.
66.

a)
a)

a)

16sin10x+15cos12x < —31; 0) 21sin22x 4+ 23 cos24x > 44.
5cos4x —11sin5x > 16; 6) 7sin5x+8cosb6x < —15.
sin9x-cos8x < —1; 6) cos1lx-cos13x>1.

Haiigure Bce mapsl (X; y) AeHCTBUTEIbHBIX YUCET X U Y, IS KOKJO0U U3
KOTOPBIX

a)

27cosx > y>+4/y —5x*—3; 6) 64cosx >y +4/y—7x>—4.

Pemure HEPABEHCTBO.

67.a) 5cos (v57x) +9cos(mx) > 14; 6) 6cos (V6mx) +5cos(mx) > 11
68. a) arcsin(3x?+ 2x —2) < arcsin(x +2);

6) arcsin(3x? —4x —1) <arcsin(x + 1).
69. a) arcctg(8x? —6x — 1) < arcctg(4x? — x +8);

6) arcctg(2x? —3x — 1) <arcctg(x? —0,5x +8).
70. a) arccos(x? —2x — 2) < arccos(x + 2);

6) arccos(x?+2x —2) <arccos(x +4).
71. a) arccos(4x?+5x — 1)+ arccos(3x%? —2x —9) > m;

6) arccos(4x? —11x+5) +arccos(3x? — 14x+7) > 7.
72. a) arcsin 4X5_5 > arccos 5X5_6; 6) arcsin 3X5_5 > arccos 7xg 18.
73. a) arcsin 2x+ ! < arccos 2 1;2; 0) arcsin 2 T =3 < arccos 2x—1
74. a) arcsin \/7 + arcsin \/7 + arcsin \/7 + arcsin ,/ Sf

X X X X 3n

6) arccos \/g-l- arccos \/g-l- arccos 1/ 2 -+ arccos ,/ 2% < %
75. a) arccos(2x? + 3x) — arcsin(3x? + 4x) > 2ﬂ ;

6) arccos(5x? 4+ 6x) —arcsin(4x? +5x) > an .
76. a) arccos(—3x2+8x —4) — arcsin(6x? — 17x+12) < — 2 ;

6) arccos(8x? — 10x + 3) —arcsin(—6x%+13x —6) < — 5.
77. a) arccos?x —4arccosx+3>0; 6) arccos? x — 5arccosx + 6> 0.
78. a) 6arcsin®x —5arcsinx+1<0; 6) 8arcsin® x —6arcsinx +1<0;
79. a) arctg?x —7arctgx+12>0. 6) arctg® x — 7arctgx +10 > 0;
80. a) arcctg?x — 9arcctgx +20<0; 6) arcctg? x — 12 arcctg x +20 < 0.
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JuarHocrudeckas pa6ora 10
Bapuanr 1

PenruTe HEPaBEHCTBO.
1. tg (6x+ 5?%) <+/3.

2. 4sin4x cosx + /3 > 2sin 3x.
3. |3cosx+2| < 7cosx.
4. v/3cos2x —sin2x + /2> 0.
5. |ctgx —0,25| + | ctgx — 0,75| > 1.
6. sin 10x >1.

cos 5x
7. 4sin® x + 8sin? x — 3sinx — 6 < 0.
8. 4sin® x +8sin (37“ +x) +1<0.
9. sinx +sin2x +sin3x > 0.
10. 5cos (3v/57x) +2cos(47x) > 7.
11. 3arcsin2x < 1.
12. 12 arcsin® x — 7w arcsinx + 7% < 0.

Bapuanr 2

Pemure HepaBeHCTBO.
7T 1
Lt (8 —) <.
g | 8x+ 6 73
2. 4sin 6x cos 2x < 2sin4x + /2.
3. |2cosx+3| < 8cosx.
4. cos4x — V/3sin4x+ v3>0.
5. |ctgx+0,25|+ | ctgx +0,75| > 1.
6. sin12x > \/E
cos 6x
7. 4cos® x — 24 cos® x —3cosx+18>0.
8. 6sin®x — 7sin (3771 —x) —1<0.
9. cosx +cos2x 4+ cos3x > 0.
10. 2 cos (2v/37x) + 3 cos(27x) > 5.
11. 4arcsin3x < 1.
12. 24 arccos? x — 107 arccos x + m2 < 0.




I'naBa 7. Iloka3aTeJbHbIEe HEpABEHCTBA

[ToxaszaTeSIbHBIMU BHIpaXKEHUAMHU OyZieM Ha3bIBaTh BRIpAXKeHUsA, anres-
pauveckas 3aITMch KOTOPBIX COIEPKUT ITepeMEHHYIO B ITOKa3aTee (0Tcroga
¥ HasBaHWe) cTeleHW. HepaBeHCTBa, ofHAa WiIM 0Oe YacTH KOTOPBIX CO-
Jlep>KaT MoKa3aTeJIbHble BBIpaXKeHUs, Ha3bIBalOTCA MOKas3aTelbHbIMU. Kak
OBUTIO OTOBOPEHO paHee, HAPSAAY C IIOKa3aTeJbHBIMU B TAKUX HEPABEHCTBAX
MOTYT BCTPETUTBHCA pallMOHA/IbHBIE, UppallMOHANbHBIE U TPUTOHOMETPU-
yeckue aarebpanveckue BbipakeHus. OOIMe METOABI pelleHusa MoKasa-
TEJIbHBIX HEPABEHCTB HE OTJIMYAIOTCA OT OOIIUX METOJOB PEIIEHUS APYTUX
HEpPaBEHCTB: 3TO PAaBHOCWIbHBIE TIPe0Opa30BaHusA, METO/ BBEIEHUS HOBOH
repeMeHHOM, MeTo/, 3HaKOTOX/[eCTBEHHBIX MHOXHUTeJel, MeTo/, UHTepBa-
JIOB U Ap. PasymeeTcs, 3T METOABI OCHOBBIBAIOTCA Ha CBOMCTBAax CTeleHU
C IeVCTBUTENbHBIM ITOKa3aTejieM, KOTOPble aHAJIOTUYHBI CBOMCTBAM CTelle-
HU C palMOHAJIBHBIM MTOKa3aTejaeM. HamoMHUM 3TH CBOMCTBA.

Ecin a>0,b>0, an 1 m — AefCTBUTENbHEIE YKCIA, TO

aTl
n, m n+m., n—m,
m

Q

(an)m — anm; al’l _bn — (ab)n,

B:.:‘|Q= Q:|'—‘
I
ra Q
Salks]
—
=

§7.1. Ilpocreiiiine NokasaTejbHble HepaBeHCTBA

[TpocTeiyMu MOKa3aTeIbHBIMU HEPABEHCTBAMU HA30BEM HepaBEHCTBA
Buzga o/ v a® wim af® v ag8®, tne a u b — geficTBuTenbHBIE YKCIa, a > 0,
a#1, f(x) u g(x) —MHOTOWIEHBI MEPBOM WIX BTOPOU CTemeHU. Pelire-
HUE MIPOCTENIINX I0Ka3aTelbHbIX HEPABEHCTB CYIIEeCTBEHHBIM 06pa30oM Oc-
HOBBIBAETCsI HA MOHOTOHHOCTH MTOKa3aTeJbHOM QYHKIUHU: eciu a > 1, To
byHKIua y =a' Bo3pacTaer Ha BCel YMCIOBOM IPAMOM, U Torga a' < a®? <
Sh<t,d"<a?et <t,; e 0<a<1, To dpyuxims y =a’ yOrBaeT
Ha BCel YMCIOBOM IPAMOM, U Torga a'l <a? &t; >t,, a' <a? &ty > t,.
V3 3TUX CBOMCTB CJIEAYET, YTO €CIU d > 1, TO

af® < gb & f(x) < b, af®@ L gb < f(x) < b,
™ >a® < f(x)>b, af® >a < f(x) >b,
@ < at® o f(x) <g(x), P <Y o fx) < g,
/> a0 o fx) > gk, d®>at® o f) > g0



272 ['naBa 7. [loka3aTenbHble HEpaBEHCTBA

(T. e. mpu epexoZie K HEPABEHCTBY I II0Ka3aTeyiel cTerneHel 3HaK Hepa-
BeHCTBa coxpaHdAercs); ecnu 0<a <1, To

af® < qb < f(x) > b, af® < ab & f(x) >0,
af® > gb < f(x) < b, af® > qb < f(x) < b,
@ < af® o fx) > gkx), P <t & fix) > g,
™ >t s f) <glx), P >atY o fx) < glx)

(T. e. mpu TepexoZie K HEPABEHCTBY [JIA II0Ka3aTeyiel cTeneHel 3HaK Hepa-
BEHCTBA MeHAeTCS Ha IIPOTHUBOIIOMOXKHBI).

Takum 06pa3oM, oA MPOCTEUIINMI HepaBeHCTBAMU OyZieM MTOHUMATh
HepaBeHCTBA, JIeBasA U IIPaBasi YaCTU KOTOPHIX — CTEIeHU OZHOTO U TOT'O XKe
IIOJIOXKUTETFHOTO YUCJIA, & TIOKA3aTelH CTelleHel — MHOTOWIEHH! CTEIIeH!
He BbIllle BTOPOlM (HAallOMHUM, YTO MHOTOWIEHOM HYJIEBOMN CTENeHU SIBJIA-
eTCs TI0 OTpe/ie/IeHUIo JTI060e OTINYHOE OT Hy/IA YuciIo0). VHorzaa, 4To6b
IIPHBECTU JaHHOe [T0Ka3aTeJIbHOEe HepaBeHCTBO K yKa3aHHOMY BU/Y, OCTa-
TOYHO B OJHO WIH /BA [EMCTBUA 3alUCATh €T0 JIEBYIO U MPaBYIO YacTH KaK
CTeIleHU C OZHUM OCHOBaHUeM. Takve HepaBeHCTBa TaKXKe 6yZleM OTHOCHUTD
K IIPOCTEMIIIM.

2
Mpumep 1. PemmTe HepaBeHCTBO 2% 72X <0,5.
PereHue. 3anuieM MpaBylo YacTh JAHHOT'O HEPABEHCTBA B BUJIE CTe-
neHu yuciaa 2. [omydyum

22 T 242 < 1 +2x+1< 0o (x+1)° <0 x=—1.

Omsem: {—1}.
Ipumep 2. Pemmre HepaseHCTBO (0,2)* 5% > 25%°~3x+5,

PemeHue. YautsiBad, uTo 0,2 =51, a 25 =52, 3anuimeM JeByIo U IIpa-
BYIO YaCTHU ZJAHHOTO HepaBeHCTBAa B BUJe cTeneHeil yucia 5. Ilomyaum
© 2)x2—5x > 25x2—3x+5 PN 5—x2+5x > 52x2—6x+10 PR
>
& —x?+5x > 2x* —6x+10 & 3x* —11x+10 < 0.

KopHAMU kBaZpaTHOro TpEXwieHa B JIeBON YacTH IOMy4YeHHOTO HepaBeH-

5 o ..
CTBa ABJIAIOTCA YHC/Ia § u 2, CTapIirun KOB(b(l)I/II_[I/IeHT TPpEXWIECHA II0JOXKHU-

" S
TesieH. CefoBaTe/bHO, MHOXKECTBO PelIeHUN HepaBeHCTBa: (§; 2).

Omsem: (g, 2).
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IIpumep 3. PemuTe cucTeMy HEPaBEHCTB

{(5,67)"2—16 <1,
16¥ < 2°°.

Pemesnue. 1. Pemum nepBoe HepaBeHCTBO JaHHOU CHCTEMBI, IPUBE/S
ero IMpaByro YacTh K OCHOBaHUIO 5,67. [Tonyuum

(5,67)° 716 < (5,67)° <= x> —16 <0 < (x—4)(x+4) <O.

3Ha4YUT, MHOKECTBOM pellleH!I HepaBeHCTBa ABJAETCA OTPe3oK [—4; 4].
2. PemM BTOpOe HEpPaBEHCTBO JAaHHOM CHCTeMBbl, IPUBEJA €ro JIEBYIO
4acTb K OCHOBaHUIO 2. [Tonydyum

2% < s ax <P e xP—4x >0 x(x—4) > 0.

MHO)XeCTBOM pellleHW HepaBeHCTBa fABIAETCA oO0beanHeHue (—oo; 0] U
U[4; +).

3. Haiizém MHOXeCTBO pellleHUM JaHHOM CUCTEMBI KaK IlepeceueHue
MHOXeCTB [—4; 4] u (—oo; 0] U [4; 4-00). [Tomyuum [—4; 0] U {4}.

Omeem: [—4; 0]U{4}.

Ynpaxuenud k § 7.1

PermyTe HEpaBEHCTBO (CHCTEMY HEPABEHCTB).

1. a) 2¥<4; 6) 3*<27.

2.a) 5°>0,04; 6) 4°>0,25.

3.a) 9<27; 0) 16* < 64.

4.a) 8 >4, 6) 125 > 25.

5. a) (%)26; 6) (%)22.

6.a) (3,45)>1; 6) (5,43)*>1.

7.a) (2,5 <0,4; 6) (1,25)*<0,8.

8.a) (0,1)*>100; 6) (0,2)* >25.

9.a) 2% <0,25; 6) 103 <0,01.
10. a) 49<° > 7*H; 6) 8 > 212,
11. a) 5x2+4x < (0’2)—4)(—9; 6) 2x2+5x < (0’5)—5x—16.
12. a) 623> 36; 6) 723 > 49
13. a) 3x2—4x+6 <9; 6) 5x2—6x+11 < 25.
14. a) 2*-5* < 100; 6) 3% -4 < 144.
15. a) 25%-125°>0,2; 6) 16*-64* >0,25.
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16.
17.
18.
19.
20.
21.
22.
23.

24,

25.

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

a) 15 <25-3%;

a) 4.2 >8;

a) 17°°19< 18719,

a) 6575% > 55¢-8.

a) 23x2—4<24x2—4;

a) 74—25x2 > 325x2—4;

a) 3. 7X—10 <7 3)(—10;

a) 4. 3x+5 > 9. 2x+5;

1
a) 2< 5 25x+9 >

1
4x2—11x
a) 2 > o4’

a) (V13)* < ¥13;

a) Y11¥<121;
11 <121,

2) {121*>11-
3%~ 2<81

a)
V75> 49,

2 { 1Y/15% < 225;
17576>13*76,

a) {Sx 16 < glo—x,
x 8X<8x+2

a) {x 7% > 7L
19)( 246 > 195x

a) {13x 248 < 136)(

4x+6>4 3x+6

a) { .9x¥6 5 9. 5x+6,
5%.7% > 35,

a) {6X<8 3%
3*.27*" <81,

2 {2X =43 0,125;
2-33% < 3-22,

2) {5 21¥ > 7-15%;
42x+11 <64

a) {7)( +2x 35<1

6) 6 <9.2%,

6) 9% -3 >27.

6) 1471015771,
6) 47—4x 2 34x—7.
6) 1379 <1479,
6) 525—4x2 >
6) 4-958<9.48,
6) 16-5°78>25.4*"8,
6) 64< ——

24x2—25

42x+9

1
6) 34x 13x > 2_7
6) (V171 < V17.
6) V13" <169.
13* <169,
) { 169 >13.
23 < 16

6x+3

\/5_>25
13/13% < 169.
15575 > 11°75,
6x 15<715 x
X- 5x<5x+3
X- 3x>3x+2

d
{
|
|
f
|
|
|
(-

0)

=)

)

=)}

)

=)

) 17* 2415 < 178X

7x 5>7 2x5
5x 5>5 8x5
3.8 > 24,
6% <27 2%,
2% . 4* <8,
55°=3>0,04.
3-26<2-39%,
11-15°>5-33".
22x+7<8

6 2 4 4x— 21<1

0)

=)}

)

=)

)

=)}

)

=)

)
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JuarHoctuyeckas pa6ora 11
BapuanTt 1

PemuTe HepaBeHCTBO (CHUCTEMY HEPABEHCTB).

1. (2,5)*>0,16. 14* <196,
2. 55X276X < 0,2 : 196x > 14.
3. 6°-5°>900. 5%759 <125,
4. 6x2_5x+6 < 36. 10. 9x+59 > i
1 6+5x—3x2 121 81
5. (—) >121.
11 a 910% > 10,
6. 17x2—144 < 27x27144. . 1W< 12.
X . X2
7.8%-2¥ >16. 1547 > 3. 557,
8. 6\/ 7x2—9 < 7x—3. 12. 15517 <« 5.3%-17,
Bapuanrt 2
Pemite HepaBeHCTBO.
1. (1,25)*>0,8. 12*¥ <144,
2. 22X2*3X < O 5 : 144)( > 12
3. 5%+ 4" >400. 447 L 64,
4. 7°-7x12 < 49, 10. FA+47 1
1 54+x—6x2 16 49
5. (—) > 169.
13 ? I W1ia > 14,
. 19¥°7121 < 3gx*-121, "\ W16t <1e.

L 27%.3%° > 81.

. Vsxid g 52,

®w N O

146> 2776,
2\ 14516 <7950,

§7.2. bosee cioxHbIe ITIOKa3aTeJbHbIe HEPABEHCTBA

[MepeiinéM K MeToZaM pellleHHs 6osiee CI0XKHBIX TTOKa3aTeTbHBIX HEpa-
BEHCTB U CHCTEM, COZAEpXKalluX IToKa3aTeJbHble HEPABEHCTBA. DTHU METO-
[bl SBJISIOTCA OOUIMMU I BCEX HEPABEHCTB C OJHOM IEepeMEHHOU, HO
OCHOBBIBAIOTCA Ha CBOMCTBAX CTEIEHU C JEHCTBUTENbHBIM ITOKa3aTeIeEM
¥ CBOMCTBax MMOKa3aTeJbHOH QYHKIUU (TIpeXx/e Bcero eé MOHOTOHHOCTH).
B 6O/IBIIMHCTBE CTy4aeB 3TU METO/BI TIO3BOJIAIOT CBECTH PelleHHe TaHHOTO
MOKa3aTeJbHOTO HEPAaBEHCTBA K PEIIEeHUI0 OAHOTO WM HECKOJbKUX IPO-
CTEHNIINX TTOKA3aTeTbHBIX HEPABEHCTB.
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PasrocunbHble npeobpaszosanus

PaBHOCH/IbHBIE TTPEOOPA30BAHUA MTOKA3aTENbHBIX HEPABEHCTB OOBIYHO
CBsI3aHBI CO CBOMCTBAMMU CTEIIEHU C ZeHCTBUTENbHBIM II0KA3aTe/IeM, BhIHE-
ceHueM OOIIero MHOXKUTES, PA3I0KEeHNEM Ha MHOXKUTEH.

A 3amucu MHOXKECTBA pelIeHWH HEKOTOPBIX IOKa3aTeJbHBIX Hepa-
BEHCTB MOXKET ITOHAZ0OUTHCA (Ha YPOBHE OIpe/ie/IeHUs) IIOHUMaHUe TOTO,
4TO TaKoe Jyiorapudm. Jlorapudm sBISETCSI, B CYIIHOCTH, 0O603HAYEHUEM
ToKasaTessa CTelleH! B TeX CIydasx, KOrZa TOT MOKa3aTelb HEBO3MOXKHO
yKa3aTb B «IBHOM» BHUJE, T.€. B BHU/€ PallMOHAJIBHOTO YKCIa WIU KOPHS
(pagukana). OTa cuTyalnus IIOXOXKa Ha CUTYaIMI0 C CAMUMHU paZiniKaa-
MH: MO)XHO JIETKO HAWTH TIOJIOXKUTETbHBIE YUC/IA, KBAaAPATH KOTOPHIX PaB-
HBI, CKaXeM, 1 win 4 (3TO COOTBETCTBEHHO 1 U 2), U UHTYUTUBHO ITOHAT-
HO (CTpOTroe A0Ka3aTeNbCTBO BBHIXOJUT 32 PaMKH IIKOJIHHOTO Kypca), UYTO
JIOJDKHBI CyIIIECTBOBATh YMC/Ia, KBaApaThl KOTOPHIX pPaBHBI, Hampumep, 2
wiu 3. [/lna 0603HaYeHUA TaKUX YUCET M BBOAWICA 3HAK pasukana (Kop-
u1): (V2)?2=2, (v/3)? =3. AHAJIOTUYHO MOXKHO JIEFKO HAHUTH MOKA3aTenu
CTelleH! YhcIa 2, TIPU KOTOPHIX 3Ta CTelleHb paBHA, cKaykeM, 4 miu 8 (3To,
OYEBM/HO, YKca 2 U 3 COOTBETCTBEHHO). A BOT IIOKa3aTe/N CTeIleHH YIC-
Jla 2, TIpY KOTOPHIX OHA paBHa, HampuMep, 5 win 6 (OHU CYIIECTBYIOT —
3TO TaKXKe MOHATHO UHTYUTUBHO, HO ZI0OKA3aTEIbCTBO OMATh-TAKU BBIXOJUT
3a paMKH IIKOJBHOTO Kypca), yKa3aTh B «IBHOM» BUJE HEBO3MOXXHO. Jjis
Ux 0003HAYeHUSA U BBOAUTCA MOHITHE Jiorapudma: MoKa3aTeab CTEeHU
C OCHOBaHWEM 2, IIPU KOTOPOM 3Ta CTelleHb paBHa 5, Ha3bIBAeTCA JIOTa-
pudMOM umcna 5 o ocHoBaHMIO 2 (06o3HaveHwme: log, 5, T.e. 2!°¢2° =5);
MOKa3aTesb CTEMEHU C OCHOBAHHUEM 2, TIPU KOTOPOM 3Ta CTelleHb paBHA 6,
Ha3bIBaeTcs JorapudmMoM gucia 6 mo ocHoBaHuio 2 (obo3Havenue: log, 6,
T.e. 21°06 = 6). Boobe, mokasaTenb cTermeHH ¢ ocHoBaHueM b (b > 0,
b # 1), mpu KOTOpPOM 3Ta CTelleHb paBHA YMCIY d, Ha3blBaeTcs Jorapud-
MOM YHCJIa d 10 OCHOBaHMIO b 1 o6o3Hauaercs logy a. Takum o6pa3om, 1o
onpezenenuio b'°%? =q. To, 4To OCHOBaHHe JorapudMa Mo OIpeeeHUIO
MMOJIOXKUTEIBHO WM OTIMYHO OT 1, IO/KHO OBITH IOHATHO: JI06as cTelleHb
eAVHUIBI €CTh €AWHUIA, [MO3TOMY €AMHHWIA WCKIIOYeHAa U3 BO3MOKHBIX
ocHOBaHUl jorapudpma. Bo3BezieHre B ApOOHYIO CTEIEHb He OIpeaeIeHo
JUIsT OTpUITATENbHBIX Yricea (CM. IIaBy 5), a Bo3BeieHMe B HEITOMOKUTEb-
HYIO CTelleHb He OIpezesieHo I HYJ/Is, TIO9TOMY HEIOJIOKUTENbHBIE YHC-
Jla TakKe MCKJIIOYEHBl M3 BO3MOXKHBIX OCHOBaHUU JiorapudmoB. M3 ompe-
JeyleHns1 jorapudma CIeAyeT, YTO U YUCIO d MOXKET OBITh TOJBKO IIOJIO-
JKUTETbHBIM, TIOCKOJBbKY OHO PaBHO CTEMeHH IIOJOXHTENIBHOrO Yucia b.
Cam JsiorapudM Mpu 3TOM MOXKET IPUHUMATh JI060€e AefCTBUTETbHOE 3Ha-
YeHHue.
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Ompezenenvie soraprdMa Mo3BojsgeT HaXOAUTb, HATIpUMep, MHOKECTBO
pelreHuit HepaBeHcTB BuAa b/ ™ v a (HamoMuHAMOIMX MO BHENIHEMY BHU-
[y TIPOCTeHIINEe) B TeX CAydasx, KOIZa YMCIO d He SBJIAETCA palfiOHalb-
HOIi CTeleHbIo 4ucaa b. JI0oCTaTOUHO, UCIIOMB3YA TO, 4TO a = b'°% % mpuBe-
cTu HepaBeHcTBO K Bugy b/ v bl°% 9 a 3arem mepeiiTy Kk HepaBeHCTBY
f(x) vlog, a ana nokasareneil crerneHell (coxpaHUB 3HaK JaHHOTO Hepa-
BEHCTBA, eciu b > 1, ¥ TOMEHSB €r0 Ha IIPOTHUBOIIONOXKHBIHN, ecyin 0 < b < 1).
[TOHATHO, YTO 3aIKCh OTBETA [IPH 3TOM MOXKET COAEPKAThb JoraprdMeal.

IMpumep 1. Pemrrte HepaBeHCTBO 5-21* <4 7%,

Pemenue. ITockombky 21* = 3* - 7%, HepaBEHCTBO JIETKO IPUBECTH
K BUAY 3* < %, wi 3° < 0,8, wim 3* < 31°%6: 98 orkyna x <log; 0,8.

Omeem: (—;log;0,8].

IIpumep 2. PemuTe HepaeHCTBO 22X T1 + 4% 4 4%+2 > 176,

Pem e Hue. 3anmucaB cjlaraeMble B JIEBOM YacTU B BUJe cTelleHel Jucia
2, IpUAEM K HepaBeHCTBy 22X 11 4 22X+2 4 92x+4 5 176 Brinecem 3a cko6ku
obumii MEHOXHTENb 227! B 1eBoit wacTu HepaBeHcTBa: 22T (14+2+2%) >
> 176, otkyza 221 .11 > 176, u 2271 > 16. Jlanee, momy4um mociezoBa-
TEJIbHO

22t > 16 = 2% > 2 o 2x+1 >4 < x > 1,5.

Omsem: [1,5; +).

3aMeTuM, YTO BBHIHECEHUE 3a CKOOKU OOIIero MHOXUTENA AOCTaTOYHO
9aCcTO KCIONB3YEeTCA IPU PelleHUH MTOKa3aTeJbHbIX HepaBeHCTB. VHorza
TaKoe Mpeobpa3oBaHue HEOOXOAUMO BHITIOJTHUTh HECKOJIBKO pa3.

IIpumep 3. Pemmure HepaBeHCTBO 371 4+ 10 > 10¥71 +4.3% +3°F2,
PemeHnue. IlepenunieM jaHHOE HEPABEHCTBO B BUJZIE
314107 -10""1 4.3 —3"*2 > 0.
[TeperpynnupyeM cjaraeMble B JIeBOH 4acTU ITOCIeJHETO HEpaBEeHCTBA:
(3!~ 4.3 -3 + (10" - 10°"1) > 0.
BbiHeceM 3a CKOOKU OOIINIT MHOXKUTEb:
3*(3-4-3>)+10'(10-1) >0,

oTkyza —10-3*+10*"1-9>0. Jlanee,

x—1 X
10 03 102> 32

x—1, . QX
10 9>10-3" & —5 )

10 x—2
@(?) Sl x—2>06e x> 2.

Omsem: (2; +x).
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IIpumep 4. Pemmre HepaBeHcTBO (X% —Xx + 1) < —x+ 1)

Pemenue. 3aMeTuM, uTo x> — x + 1 > 0 IIpu Beex JOMyCTUMBIX 3HA-
YeHUAX IepeMeHHOH (T.e. IpH X # 4), MOCKOJMbKY AUCKPUMHWHAHT KBaJ-
paTHOro TpéxuieHa x? — x + 1 oTpulaTeseH, a cTapmuii ko3pUIHeHT
nonoxureneH. PaccmoTpum Tpu ciydad: 1) ocHOBaHHe CTelleHU B JIeBOHU
U TIpaBOii YacTAX HepaBeHCTBa Oosbiile 1 (B 3TOM ciydyae MpU IEPEXOJe
K HEpPaBeHCTBY /I IOKa3aTejiell cTelleHeld 3HAK HepaBeHCTBA COXPaHs-
eTcs); 2) ocHOBaHUe paBHO 1 (B 3TOM cjyyae HEPaBEHCTBO BBINOTHAETCS
Ui BceX X 7# 4); 3) ocHoBaHMe MeHbIIe 1 (B 3TOM ciy4yae MpH Iepexoe
K HEPABEHCTBY /I IIOKa3aTeel cTelneHel 3HaK HepaBeHCTBA MEHSAETC S Ha
MIPOTUBOIIOIOKHEIH). TAKUM 06pa3oM, B IIEPBOM CJIydae MOAYIUM CHCTEMY
HEPaBEHCTB

xX>—x+1>1,

x—11
x—4 <3
OTKyZa
x2—x>0, x(x—1) >0, x(x—1) >0,
x—11 =94 —2x+1 3 x-0,5
x—4 350 x—4 SO =4 20

MHOXeCTBOM peLIEHUH TIEPBOT0 HEPABEHCTBA CUCTEMBI SIBJIIETCA 00beaU-
HeHue (—o;0) U (1; +). MHOXXeCTBOM pellleHUH BTOPOro HepaBeHCTBa
saBsieTcss obbequtenune (—o; 0,5] U (4; +). MHOXXECTBOM pENIEHUH CH-
CTeMBI sIBjIAeTcs oobeanHeHre (—oo; 0) U (4; +). Bo BTOpOM ciy4ae mo-
JIY9UM CUCTEMY

xX2—x+1=1, x=0,
X # 4, x=1
B TpeTheM ciIydae MOJIyYUM CHCTEMY HEPABEHCTB
x2—x+1<1,

x—11
> 3.
x—4
OJTa cucTeMa aHaJIOTMYHa CUCTeMe, TIOJIyYeHHOU MpU pacCMOTpPeHUH Iiep-
BOTO ciIy4as (TOMBKO ¢ TPOTHUBOIONIOKHBIMY 3HAKaMU HEPaBEHCTB), ITO3TO-
MYy MOXKHO cpasy 3anucarhb, YTO OHa IPUBOAUTCA K BUAY

x(x—1) <0,
x—0,5
EET I

MHOXeCcTBOM pelleHUl MepBOro HepaBeHCTBA MOC/IeAHEN CUCTeMBI SBJIA-
eTcs nmpomexyTok (0; 1). MHO)XXecTBOM pellleHH! e€ BTOPOrO HepaBeHCTBa
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ABJAETCA MpoMexyTok [0,5; 4). MHOXecTBOM pellleHUH Bcel CUCTEMBI SB-
sifgeTcs mpoMexkyTok [0,5; 1). OcTanoch 06beJUHUTh MHOXKECTBA PELIEHUH,
TOJIy4YeHHbIe TIPU PAaCCMOTPEHUU TPEX CIydaeB:

(—o0; 00U (4; +0)U{0;1}U[0,5;1) = (—; 0]U[0,5; 1TU (4; +).
Omseem: (—; 0]U[0,5; 11U (4; +x).
Memo0 3Haxomoxc0ecmeeHHbIX MHOJCUMeJell U Memod UHMepsaios

Kak cienyeT U3 3arojioBKa, pedb MOUAET cpa3y O ABYX OOLIUX METOJaX
pellleHusI HEPABEHCTB NMPHMEHUTENBHO K TOKa3aTeJlbHBIM HEPABEHCTBAM.
CBsI3aHO 9TO C TeM, YTO IOKa3aTeJbHbIe HEPABEHCTBA, K PeIleHUI0 KOTO-
PBIX MOXKHO IIPUMEHUTh METO/] MHTEPBAJIOB, KaK MPaBUIIO, I1eeco06pa3Ho
CHavyajia palMOHAJHU3UPOBATh C IMOMOIIBI0O METO/a 3HAKOTO)KAECTBEHHBIX
MHO)XUTeNe. TakuM 006pa3oM, B MOAOOHBIX HEpABEHCTBAX METOJ UHTEp-
BaJIOB UT'PAET KaK GBI BCIIOMOTATETbHYIO POJIb, TOCKOIBKY IPUMEHSETCS He
K JaHHOMY ITOKa3aTeJbHOMY HEpPaBEHCTBY, a K palliOHaJIbHOMY HepaBeH-
CTBY, ITOJIyYEHHOMY 13 JaHHOT'O C IIOMOIIbIO METO/Ia 3HAKOTO)XI€CTBEHHBIX
MHOuTenel. Hamomuum (cMm. § 1.6), uto eciu a > 1, To anrebpanyeckue
Beipakenua a’ @ —as™ u f(x) — g(x) ABNAIOTCA 3HAKOTOKIECTBEHHBIMI.

IIpumep 5. PelinTe HepaBeHCTBO
(2 — 4x + 6)"~#¥6 _ (x2 — 4x 4 6)>
3 = 0.
(0,25)>*** — (0,125)*
PemeHue. 3aMeTuM, 9T0 x> —4x +6=(x —2)>+2>1 TIpU BCeEX 3Ha-

YEeHHAX HepeMeHHOﬁ. HOBTOMY aJIFe6paI/1quKoe BbIpa’X€HHE B YHUCIUTEIE
LLpO6I/I MOXXHO 3aME€HUTDb 3HAKOTOXIECTBEHHBIM €MY BBIPAXKEHHUEM

X2—dx+6-2=x*—4x+4=(x—-2)>%
CJIaI‘aeMLIe B 3HaAMeHaTeJsie ,Z[pO6I/I MOXXHO HpI/IBeCTI/I K OCHOBaHUIO 2, I10-
CKOJ‘Ibe

(0 ZS)SX—X2 _ (O 125))( — 2—2(53(—3(2) _ 2—3X
Y 3aMEHUTD IMOJTYYE€HHOE BhIDAKEHUE 3HAKOTOXKAECTBEHHBIM BbIpaXX€HHUEM
—2(5x —x2) — (—3x) = 2x% — 7x = 2x(x —3,5).
Taxkum 06pa30M, AaHHOE€ HEPABEHCTBO PABHOCUJIbBHO CIIEAYIOIIEMY:

(x—2)°
2x(x—3,5) 2 0.

Pelum mojiydyeHHOe HeEpaBEHCTBO METOAOM MHTEPBAJIOB:
v - _ - U
0 2 3,5 X
Omseem: (—; 0) U{2}U(3,5; +x).
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IIpumep 6. Pemrnte HepaBeHCTBO
(0,04)% - 2% 45 .2 < 10 4 (0,08)".

Peme Hue. [lepenuiiieM, UCIIONB3ysA CBOMCTBA CTEIIeHEN, HEPABEHCTBO
B BUJE

(0,04)% - 25" +5%°. 2% < 5. 2% 4 (0,04) - 2~.

[TepeHecéM ciaraeMble 13 NPaBOi YacTU HepaBEHCTBA B ero JIEBYIO YacTh
U BBIIIOJIHUM T'PYIIIMPOBKY:

((0,04)% - 2% — (0,04)* - 2%) + (5% -2 — 5. 2") < 0.

BriHeceM 3a CKOOKU 061re MHOXUTENH:

(0,04)* (2% — 29) 4+ 5" (2* = 2°) < 0,
OTKyZa

(0,04)* (2" — 2%) — 5% (2" — 2¥) < 0.
Emié pas BeiHECEM 3a CKOOKH OOIIMI MHOKUTEJb:

¥ —2%)((0,04)* —5%) < 0.
[TpuBeas yMeHbIIaeMOe BO BTOPBIX CKOOKAaX K OCHOBAHUIO 5, MOTyYHUM
¥ —29(5"* —57) <.
3aMeHUM BHIPAKEHUS B CKOOKaxX 3HAKOTOXKJECTBEHHBIMIU:
(> —x)(—2x —x*) <0,
OTKyZa
=)0 +20) > 0= x(x—Dx(x+2) > 0= x2(x— D (x+2) > 0.

Pemym 1mocjiejHee HEPABEHCTBO METO/ZIOM MHTEPBAJIOB:

+//1—D—17+
1

-2 0

X

Omsgem: (—oo; —2]U{0}U[1; + ).

OTMeTHnM, 4TO, KaK U IIPY PelleHNY UPPAMOHAIbHBIX HEPABEHCTB, Me-
TOJ, 3HAKOTOXKJE€CTBEHHBIX MHOXXUTeNEeH MOXeT OBITh HCIIONh30BaH B Ka-
YecTBe BCIIOMOTATENbHON COCTAaBHOM YaCTU peIleHHs] HEKOTOPHIX IMOKa3a-
TeJbHBIX HEPABEHCTB, B YAaCTHOCTU TeX, PEllleHHEe KOTOPHIX OCHOBAHO Ha
BBEZIEHUY HOBOU ITlepeMeHHOM.
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Memo0 s8gedeHus1 HOBOTL nepeMeHHO

MeTo/ BBeZleHHsT HOBOM ITEPEMEHHOM — OJWH U3 HauboJee 4acTo IIpH-
MEHsIEMBIX K PEIIEHUI0 ITOKa3aTeJbHbIX HEPAaBEHCTB MeTo0B. OCHOBHBI-
MM THIIAMU II0KA3aTeJIbHBIX HEPABEHCTB, KOTOPHIE IIOC/IE BBEIEHNA HOBOM
TepeMeHHOM CBOAATCA K anrebpanyecKuM (Kak MPaBUIO, KBaJpPaTHBIM)
HepaBeHCTBaM, SBJIAIOTCA CleAylolye: d - 12 4 p. /™ 4 ¢ v 0 (cBOAUTCA
K KBa/[paTHOMY HepaBeHCTBy at’ + bt + ¢ V 0 3ameHoii t =1/® | rze t > 0)
ua- 29 4p. (1) +c-q¥® v 0. MocnesHee HepaBeHCTBO CBOAUTCH
K KBaZ[paTHOMY IIOCJIe leleHus o6erx ero yacteit Ha ¢>f ™ (Takoe geneHue
SIBJIIETCS PABHOCKIBHBIM IIpe0bpa3soBaHUeM U He IIPUBOJAUT K M3MEHEHHUIO
3HaKa HepaBeHCTBa, B cwy Toro uro q> ™) >0 mpu mo6om gomycTrMoM
3HaYeHUU MepeMeHHoM). [locie AeeHys HepaBeHCTBO TPUHUMAET BU/

(57" 40 (L) +evo
a- (g P cVO.

FAES)
BBesga HOByIO IepeMeHHYIO t= (L) , e t > 0, MoIy4rMM KBaJpaTHOe

q
HepaBeHCTBO at?+ bt +c V0.
E1é ofiHUM ZOCTaTOYHO YacTO BCTPEUAIOUTMMCS TUITOM ITOKa3aTeNbHBIX
HepaBeHCTB ABIAIOTCA HepaBeHcTBa Buza a - /™) +b-17F® 4+ cv 0 wm

b
) 4 2
a lfx—l-lf(x)

(Takoe YMHOXEHUE SIBJISAETCS PAaBHOCWIBHEIM IIpeobpa3oBaHueM U He pU-
BOJUT K M3MEHEeHHIO 3HaKa HepaBeHCTBa, B iy toro urto /™) >0 mpu
JII0OOM JIEACTBUTELHOM 3HAaYEeHUU TIePEMEHHOM), MOMyIMM HEPABEHCTBO
a-12® 4 ¢. /™ 4 pv0, koTopoe cBOAUTCA K KBaPaTHOMY HEpPaBEHCTBY
at®>+ct+b V0 zamenoii t =17®), rae t > 0.

IIpumep 7. Pemnte HepaBeHCTBO 4* —7-2¥4+10<0.

+ ¢V 0. YMHOXUB 06e yacTH Takoro HepaBeHctBa Ha [/

PeieHue. Caenaem 3aMeHy niepeMeHHOH t = 2%, t > 0. [TosydyuM KBaj-
paTHoe HepaBeHCTBO t2 — 7t + 10 < 0. KopHAMM KBapaTHOTO TpEXWwIeHa
B JIEBOM YaCTU MOIy4EeHHOI'0 HepaBEeHCTBA ABJAIOTCA YMcIa 2 U 5, a MHO-
JKECTBOM pellleHU# HepaBeHCTBa — OTpe30oK [2; 5]. Caeaem o6paTHYyIO 3a-
MeHYy:

2X > 2, x 21,
{2x<5 {xélogZS.

Omsem: [1;log, 5].

O6paTtuM BHUMaHUE Ha cefyolnee. BoIbIIMHCTBO MOKA3aTENbHbIX He-
PaBEHCTB CBOJUTCS C TOMOIIbIO BBEZIEHUS HOBOM IlepeMeHHOM K KBaJpaT-
HOMY HepaBeHCTBY, MHO)XECTBOM pellleHUI KOTOPOTO SIBJISeTCs, KaK IPaBU-
J10, TMO0 YKMCIOBOM MPOMEXYTOK, 3aKTIOUEHHBIM MEXIY KOPHIMI COOTBET-
CTBYIOITIETO KBa[PaTHOTO TPEXWIeHa (B 3TOM cJIydae Mpu o6paTHOM 3aMeHe
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Iosmy4yaeM CHUCTEMY ABYX IIPOCTeHIIMX ITOKa3aTeJIbHbIX HEpPaBEeHCTB), JIU-
60 06beANHEHNE YUCTIOBBIX IIPOMEKYTKOB, OAUH U3 KOTOPHIX PACIIONOXKeH
JleBee MEHBIIIETO KOPHsA, JPyroil — IpaBee OOJBIIEr0 KOPHA COOTBETCTBY-
IOIIEero KBaZpaTHOTO TpéxwieHa (B 3TOM cCjyyae NMpU OOpaTHOU 3aMeHe
IIoJlydaeM COBOKYIIHOCTH ABYX IIPOCTEHINNX ITOKa3aTelbHBIX HEPABEHCTB).
BmecTo nepexoza K cucTeMe WM COBOKYITHOCTH JBYX ITIOKa3aTelbHbBIX Hepa-
BEHCTB MOXXHO CHadaja pasjoXWUTb JIEBYI0O 4acTb KBaJpaTHOI'O HepaBeH-
CTBa Ha MHOXXUTEJIY, 3aTEM BHITIOJIHUTb OOPATHYIO 3aMeHY, a TIOC/Ie 3TOTO
BOCIIOJIb30BaThCA METOZIOM 3HAKOTOXKAECTBEHHBIX MHOXKUTeJIEH U MONTyIUTh
palKoHaJIbHOE HepaBeHCTBO. Kakoii 13 IByX BO3MOXKHBIX ITyTel UCIIONb30-
BaTb — He IPUHIUIIHAIBHO, BAYKHO IIOJIYYUTh B UTOre IIPAaBUWIbHBIN OTBET.

2 2
Ipumep 8. Pemmre HepaBeHCTBO 3-9% 1 —12-3¥"241>0.
PemeHue. [IpuBeséM CTeNeHH K OZHOMY IOKa3aTemio X2 — 1, 3amucas

HepaBEeHCTBO B BHze 3 - 91 _ 4.3 141 > 0. Ilyctp t = 3X2_1, t>0.
HepaBenctgo npumet Buf 3t — 4t + 1 > 0. KopHAMM KBapaTHOTO TPEX-

o 1
WIEHA B JIEBOU YaCTH IOJYYEHHOI'O HEPABEHCTBA ABJAIOTCA YHCIa § ul.
3Ha‘-II/IT, 9TO HEPABE€HCTBO MOXHO II€pEINCaTh, pa3jioXKHB €ro JIEBYIO 4aCTb

Ha MHOXXUTeIn: 3 (t — %) (t—1) >0, oTkyza (t — %) (t—1) > 0. CoenaeMm
06paTHy‘IO saMeHy u HpI/IMeHI/IM MeTO/, 3HAKOTOXAECTBEHHBIX MHO)I(I/ITeJIeﬁi
(3x2—1 - %)(3*2—1 D3>0 (37 1-3 )3 1239 >0 o
S -1+D0%-1-0) >0 x2(x—1(x+1) > 0.
PeH.II/IM HonyquHoe HepaBeHCTBO MeTOAO0M I/IHTepBaJIOBZ
)~ o= B

-1 0 1 X

Omseem: (—oo; —11U{0}U[1; + ).
3aMeTHM, YTO BMECTO IIPUMEHEHH METO/Ia 3HAKOTOXKIECTBEHHBIX MHO-
JKUTEIEN MOXKHO OBUIO HCIIO/NIb30BaTh IIEPEX0/] K COBOKYITHOCTH HEPABEHCTB

2_ 1
3L 3>
2
3>
IIpumep 9. Pemnte HepaBeHCTBO
2 2 2
72x —8x+7 _ 10-14* —4x+3 + 32x —8x+7 > 0.
PemeHue. [lepenuieM HepaBeHCTBO B BUJE

7. 72x2—8x+6 —10- 3x2—4x+3 . 7X2—4X+3 +3. 32X2—8X+6 2 0.
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2_
PaszienuM obe JacTu HepaBeHCTBa Ha 32X ~8¥+6

7 2x%—8x+6 7 X% —4x+3
7-(%) ~10-(3%) +3>0.

> 0. INomyuum

)x2—4x+3

[ycTh t = (— , t > 0. HepaBeHcTBo TpuMeT By 7t> — 10t + 3 > 0.

3
KOpHHMI/I KBaZApaTHOT'O TpéX‘{JIeHa B JIEBOHM YacTU IIOJTy4€HHOI'O HEepaBE€H-

3
CTBA ABIAITCA YHCIA - U 1. 3HAUUT, OHO PABHOCWIBHO CJIEAYIOIIEMY:

7(t - %) (t—1) >0, orkyza (t — %) (t—1) >0. Caenaem obpaTHyIO 3aMe-
HY:

x?—4x+3 x?—4x+3
(G) " -2(E)  -1)zee
7 x?—4x+3 73\ ~1 ( 7 x2—4x+3 (7 0
= - % = - = >
A ((3) (3) ) (3) 3) ) > 0.
HpI/IMEHI/IB MeETO/J, 3HAKOTOXAECTBEHHBIX MHO)KI/ITE‘:)'Ief/'I, HOJIy‘{I/IM
2 —4x+3+1D(%*-4x+3-0 <0 &
S (2 —4x+ D) —4x+3) >0 (x—2)2(x—1D(x—3) > 0.

Pemnim 1mocienHee HEPaBEHCTBO METOAOM MHTEPBAJJIOB:

T - - ¥
1 3

ol
=

2 X

Omeem: (—o; 1]U{2} U [3; 4+x).
3aMeTHM, YTO U B IAHHOM CJTy4ae BMECTO METO/Ia 3HAKOTOXKAECTBEHHBIX
MHOKUTEIEH MOXKHO, Pa3yMeEeTCs, UCIIONIb30BaTh MMEPEX0/l K COBOKYITHOCTH

HepaBeHCTB
7 X2 —4x+3
(5)

N

>

3
7

x2—4x+3
(5) =
IIpumep 10. PemnTe HEPaBEHCTBO - 2_§0_ 52 + 52_31(26 s <1

Pemenue.Ilycte t = 52 _5, HepaseHCTBO IIpuMeT B/, St—f 1t—6 <1,

OTKyZa

80+ 16t < t2,
{ & t2—16t—80 >0

t#0
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(sicHO, uyTO t =0 He ABJSETCSA pellleHWeM IIEPBOTO HEPABEHCTBA CUCTEMBI,
IIO3TOMY €€ BTOpO€ HEPaBEHCTBO MOXKHO ONYCTUTh). KOpHAMU KBazpat-
HOT'O TPEXYIeHAa B JIEBOH YacTH IMEPBOTO HEPABEHCTBA CHUCTEMBI SIBJIAIOTCS
yuciaa —4 u 20, a MHOXKeCTBO ero pemeHuii: (—oo; —4] U [20; 4-). Takum
obpasom,

t < —4,
t > 20,
Caenaem obpaTHYIO 3aMeHY:
52 _5< —4,
52" _5 > 20,
OTKyZa
x> 2,
B0, (27280, [a+VDa-vD 20, |
52 > 25 [2-x*22  |x*<0 P
X = L.

MHOKECTBOM pEIIeHHH IOJyYEHHON COBOKYITHOCTH SIBJSETCS OOBbeAnHe-
HHUe (—o; —v2]U{0} U [V2; +).

Omeem: (—oo; —+/2]U{0} U [V2; +).

ViHor[a 3aMeHy ITepeMeHHOM MPUXOAUTCS AeIaTh ABaXIbL.

IIpumep 11. PemnTe HEpaBEeHCTBO
(4 —9-29%+4 < 9.2°"2 1+ 140.
Pemenue. [lepenuireM HepaBeHCTBO B BUAE
(4°—9-2)%4+4(4*-9-2)-140< 0

Y BBeZIEM HOBYIO IlepeMeHHyIo t = 4* — 9 - 2*. HepaBeHCTBO IpUMeT BUZ
t2 + 4t — 140 < 0. KopHAMH KBaJpaTHOTO TpEXdieHa B J€BOW YacTH IIO-
JIy9eHHOT'O HEPAaBEHCTBA ABJAIOTCA ynuciaa —14 u 10. Crapumii koaddunu-
€HT KBaZIpaTHOI'O TPEXWieHa II0JI0KUTeleH, II09TOMY MHOXeCTBO pelleHuN
HepaBeHCTBa — MPoMeXyToK (—14; 10). CaemaeM obpaTHYIO 3aMeHy, Iie-
pelizia K cucTeMe HepaBeHCTB:

4 —9.2° > —14, 4¥—-9.24+14 > 0,
4-9.2¢ <10, M (g -9.2x—10<0.
[Tycth 2° = z. CucTemMa NprUMeT BUZ

22—-9z4+14 > 0,
22—-9z—10 < 0.
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KopHsiMu KBaZipaTHOTO TpEXWIeHA B JIeBOM 4acTU IEepPBOr0 HepaBeHCTBa
CUCTEMBI SBJIAIOTCA Yuciaa 2 W 7, cTapiiuii KoapPUIMeHT TpEXUIeHa I0-
JIOXKUTENIEH, W, 3HAYUT, MHOXKECTBO pelleHUi HepaBeHCTBa — 0ObeANHE-
HUE IIPOMEXYTKOB (—; 2) U (7; + ). KopHAMM KBaZjpaTHOT'O TpExduieHa
B JIEBOM YaCTH BTOPOT'O HEPABEHCTBA CUCTEMBI SBIAIOTCA uncia —1 u 10,
cTapiuii Ko3pPUIMEHT TPEXWIEHA MTONOXKUTENIEH, Y, 3HAYUT, MHOKECTBO
peliieHUl HepaBeHCTBa — MpoMexyTok (—1; 10). CiesoBaTenbHO, MHOXe-
CTBOM pellleHUl CUCTEMBI ABJgeTca MHOKecTBO (—1; 2) U (7; 10):

NN 77
-1 2 7 10

X

CaenaeM o6paTHYIO 3aMeHY:

—-1<2¥<2,
7 < 2* <10,

x <1,

oTHyAa |:log2 7 < x < log, 10.

Omeem: (—o; 1) U (log, 7; log, 10).

IIpumep 12. Pemute cucTeMy HEPaBEHCTB

2X4+5.217x L7,

x24+3x—6 x+4+ 1
-9 Sx+3 x-2

PemeHwue. 1. PelmuM nepBoe HEPABEHCTBO CUCTEMBI. YMHOXUM 0be
€ro yacty Ha 2* > 0 ¥ npuBeAEM €ro K BUAY 22 _7.2¥ 4+ 10<0. Caenaem
3aMeHy IepeMeHHOMH. ITycTh t = 2%, t > 0. [ToMyyuM KBaZpaTHOe HEpPaBEH-
ctBo t2 — 7t + 10 < 0. KopHAMU KBaJpaTHOTO TpEX4IeHa B JIeBOH YacTu
3TOTO HEPABEHCTBA ABJIAIOTCA YUCIA 2 U 5, cTapuIvii KoabGUIMEHT TPEX-
yleHa IOJIOKUTeJIeH, 3HaUUT, MHOXKeCTBO pellleHHY HepaBeHCTBa — OTpe-
30K [2;5]. Takum obpasom, 2 < 2¥ < 5. PellleHUe MOCJIEAHETO ABOMNHOTO
HepaBeHcTBa: [1; log, 5].

2x+6
2. PemiM BTOpO€ HEPaBEHCTBO CUCTEMBI, IPUBEJA €ro K BUAY 29 <
< y—3» OTKyAa
2 1

x—3 x—2 <0

x # =3,
u, ganiee,

x—1

203 SO

x # —3.
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[TpuMeHHUM MeTOoZ MHTEPBAJIOB K IepBOMY HepaBeHCTBY CHUCTEMBI U HCKJIIO-
YUM U3 MHOXKECTBA €T0 pelleHnH ynciao —3 (e OHO IPUHAAJIEKUT STOMY

MHOXECTBY):
), + 7, +
-3

1 2 3 x

[Momyaum MHOXKecTBO (—oo; —3) U (—3; 1]U(2; 3).

3. Mockonpky log, 4 < log, 5 < log, 8, nmeem 2 < log, 5 < 3. IToaTomy
MHOKECTBOM peIlIeHUH JaHHOW CHUCTEMBI fABAseTca obbeauHeHue {1} U
U (2;log, 5].

Omeem: {1} U (2; log, 5].

Kak y:ke oTMedasnoch, MHOT/ZIa BBeJeHHEe HOBOM IepeMeHHOI WUrpaeT
BCIIOMOTaTeNbHYIO POJib, TIO3BOJISAS YIIPOCTUTh HEPABEHCTBO, CAENaThb €ro
MeHee TPOMO3/JIKUM M B UTOT€ HAWTH MyTh K PELIEeHUI0.

IIpumep 13. Peminte HepaBeHCTBO
((1,25)%* +1,3-(1,25)* 4+ 0,9)% + ((1,25)* + 3,3 (1,25)* — 0,7)? <
< ((1,25)%* +1,5-(1,25)* +0,74)% + ((1,25)> +3,1- (1,25)* — 0,54)2.

Pemenue. Obo3uaunB (1,25)* 6ykBoii z U IpuUMeHUB GOPMYIy pas-
HOCTHU KBa/Z[PaTOB, MTOJTYIUM

(22 4+1,524+0,74)%* — (2 + 1,32+ 0,9)? = (0,22 — 0,16) (22* + 2,82+ 1,64),
(2 +3,32—0,7)% — (22 +3,12 — 0,54)% = (0,22 — 0,16) (22% + 6,4z — 1,24).
Tenepb AaHHOE HEPABEHCTBO MOXKHO II€pPENUCaTh TaK:

(0,22 —0,16) (22% + 6,42 — 1,24) < (0,22 — 0,16) (22> + 2,82 + 1,64).

[TepeHecéM BhIpa’KeHHE U3 MTPABOU YaCTU B JIEBYIO, BEIHECEM OOIIMI MHO-
JKUTEh U TIpUBEAEM ToA00HbIe ctaraembie: (0,2z —0,16)(3,6z — 2,88) <O0.
BriHeceM 3a CKOOKH K03GGUIIUEHTHI TIPU TIEPEMEHHOI

0,2(z—0,8)-3,6(z—0,8) <0,
oTkyza (z — 0,8)2 < 0. EAVHCTBEHHBIM pelleHUeM IIOJy4eHHOI'0 HEpaBeH-
ctBa sBiserca z = 0,8. Caemaem obpaTtHywoo 3ameny: (1,25)* =0,8, T.e.
S5\ _4 -
(Z) =73, OTKyAa X = 1.
Omsem: {—1}.
Hccnedosarnue O3 HepaseHcmea

WHuorza uccnegoanvie O/I3 HepaBeHCTBaA MMO3BOJISIET HANTH MHOXKECTBO
€ro peleHui. DTOT MeToJ OOBIYHO «paboTaer», e O/I3 HepaBeHCTBA
COCTOUT M3 HECKOJbKUX YHCE WIKU cCaMa SBJISETCS MHOXKECTBOM peIleHUH
HEPAaBEHCTBA.
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IIpumep 14. PemuTe HepaBeHCTBO

V4 =172 416+ Vax —x2+/x+3 > 2.

Pemenue. O/]3 HepaBeHCTBA 33/Ia€TCs CUCTEMOM

4 —17-2+16 > 0, 4 —17-2+16 > 0,
4x —x%2 >0, = {x(x—4) <0,
x+3>0 x>z =3.

MHO)XeCcTBOM pellleHU} BTOPOr'0 HEpaBeHCTBA CHCTEMEI ABIAETCA OTPE30K
[0; 4]. JTro60e 13 Yrcest 3TOro MHOXXeCTBA YOBJIETBOPSIET, OYeBUAHO, U Tpe-
TheMy HepaBeHCTBY CUCTeMbl. PelliM IIepBoe HepaBeHCTBO cucTeMbl. Cre-
JlaeM 3aMeHy repeMeHHOM. [TycTb t =2, t > 0. [TosyuyrM KBaJpaTHOEe Hepa-
BeHCTBO t2 — 17t + 16 > 0. KopHAMY KBaZ[paTHOrO TpéXdieHa B JI€BOH 4a-
CTH 3TOTO HepaBeHCTBA ABJAIOTCA yuciaa 1 u 16, crapmuii kKoabouimeHT
TpéXwieHa IMOJOXKUTeNeH, 3Ha4YUT, MHOXKECTBO pelIeHUl HepaBeHCTBA —
obbenuHenne (—oo; 11U [16; +). Takum o6pasom,

2% < 1, x <0,
2* > 16 x = 4.

3HAYUT, MHOXKECTBO pelIeHUI CUCTeMbI COCTOUT BCero u3 AByx ymcen: 0
U 4. OcTanoch NPOBEPUTh, ABJIAIOTCA JU 3TU YMCIa PelleHUAMU JAaHHOTO
HepaBeHcTBa. Eciiu mepemeHHas X MPUHUMAET OJHO U3 3TUX 3HAYEHUMH,
Ka)kZloe U3 [IBYX IIepBBIX cJlaraeMbIX B JIEBOM YacTH JaHHOTO HepaBeHCTBA
obpairaeTcs B Hy/Ib. HepaBeHCTBO +/ X + 3 2> 2 BHITIOMHAETCA IIPU X =4 U He
BBINIOJIHAETCA ITpU X =0.

Omeem: {4}.

IIpumep 15. PemuTe HepaBeHCTBO vx — 6(4 4 +55—-16) >0.

Pemenue. JleBad yacTb HepaBeHCTBA OllpeZejieHa, OYeBUAHO, NIpU
X > 6. B aToMm ciydae x —4>2, a x — 5> 1. IToatomy 4* 4 > 16, 57° > 1,
a4 %+ 57> — 16 > 1. 3HauwurT, JeBas 4acTb HePaBEHCTBA HEOTPHUIATENbHA
IIpY BCeX JOMYCTUMBIX 3HaUYeHUAX IIepeMeHHOMN, U MHO)XeCTBOM pellleHUH
HepaBeHCTBa aBidercd ero O/13.

Omsem: [6; +).

IIpumenenue cgoticms dyHkyuil

[Mepeiifém k mpuMepaM IIPUMeHEHHSA CBOMCTB MOHOTOHHOCTH U Or'pa-
HUYEHHOCTU GYHKIUI K PEIIeHUI0 TOKa3aTeMbHBIX HEPABEHCTB.
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IIpumep 16. PemmuTte HepaBeHCTBO 3* 4+ 4¥7° + 5776 <14,

PemeHnue. ITycth f(x) =34+ 4>+ 5%6, Oyaknua y = f (x) MOHO-
TOHHO BO3pacTaeT Ha BCEM YUCIOBOM MPSAMOM KaK CyMMa BO3pacTaloOUIUX
oynkiuii. ITockonbky f (6) = 14, HepaBeHCTBO f (x) < 14 6yZeT BHIIOTHEHO
IpU BceX X < 6 ¥ TOJIBKO NP 3THUX 3HAUEHUAX ITepeMEHHOMU.

Omsem: (—x; 6).

V18 —x <1

2x=2 4 3x-1 N e

Pemenue. [Tockonbky 2 2+ 31 > 0 npu Bcex JONMyCTUMBIX 3HaYe-
HUAX TIepEMEHHOM, JaHHOE HEPAaBEHCTBO PABHOCWIBHO CIEAYIOLIEMY:

V18 —x < 2243571,

Iycth f(x) =18 —x. ®yHKIUA ¥ = f(X) MOHOTOHHO yOBIBAaeT Ha BCEH
obnactu onpezenenus Dy = (—; 18]. Ilyctb g(x) = 2X72 4 3%71, dynxmua
y = g(x) MOHOTOHHO BO3pacTaeT Ha Bcell YHCIOBOM MPsIMOU Kak CyMMma
BO3paCTAIMINX GYHKIUH.

[Mockonbky f(2) =4 =g(2), HepaBeHcTBO f(x) < g(x) OyzZeT BHIOTHEHO
IIpY BCEX X > 2, IPUHAZAIEKAIUX Df, T.e. IIpU Bcex x € [2; 18].

Omsem: [2; 18].

IIpumep 18. Pemnite HepaBeHCTBO

IIpumep 17. PemuTe HepaBeHCTBO

4x2+4x+4+5x2+4x+5+6x2+4x+6 < 42.

PemeHue. [lepenuineM HepaBEHCTBO, BBHIAENTUB IIOJIHBIE KBAZJPATHI
B NOKasaTelsix cremeHeii: 40+2° 4 52+ 4 60242 < 49 [TockonbKy
(x +2)% >0, monyanm, yro 46+2° > 1, 50D* 1 5 5 g+D*+2 5 36 Ce-
JIOBaTeJIbHO, CyMMa CJIaraeMbIX B JIEBOU YaCTH JAaHHOTO HEPABEHCTBA He
Menblre 14 54 36 =42. 3HauuT, ZaHHOEe HEPAaBEHCTBO MOXKeT OBITH BhI-
IIOJIHEHO, TOJIBKO €CJIM 3Ta CyMMa paBHA 42, 4TO BO3MOKHO, JIUIb €CIU
(x+2)?=0, oTkyza x = —2.

Omeem: {—2}.

YrnpaxkHeHus K § 7.2

Pemrure HepaBeHCTBO (CHUCTEMY HEPABEHCTB).

1 a) 4% >64; 6) 3% >27.
1 3x+2 1 3x—2
2. a) (g) 281, 6) (5) = < 16.

x2411x+49 x24+13x459

3.a) (0,2) 29 >5; 6) (0,1) 23 <10.
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14.

15.

16.

17.

18.
19.
20.
21.
22.
23.
24.

25.

26.
27.

28.

29.

30.

3x—1

. a) (l) x4 >36ﬁ;

6

.a) 3 (;—1)2X+3<9;

.a) 457244371 L80;

31 _2.3¥>81,
x?—8x+12<0;

.a) 553452451 >155;

L) 4447705 22 L 084;
10.
11.
12.

13.

a) 5-3*+10%>2-3"t1 4101 +3¥+2;
a) 4% +3-220D 4 8502 5 939

a) |32 — 42| <39;

a) |42 -10|>6;

a) (P 4+3x+3)0 > (x®+3x+3)*
X _
(2v2)* —0,125 <0

a) x+1 ;

15 —225

a) -——->0;
) x2+8x+127

(36 — 6*) (4* — 256) <0
(0,5~ —2)(10*+11) =’
a) 9-5°—15"+5-3*>45;
a) x?-4°+16<4x? 4411,
a) 16:4*—10-2*+1<0;
a) 36" —4-6"—12<0;

a) 4-2°+8-27°<33;

a) 2°3 4+ 217X < 10;

a) 4—17-224+1<0;
{4"—6-2"+8>0,

a)

a)

6x—5
x—6
a) 2.22° 1 _17.254+16<0;

<1

a) 3X+§—Z>28;

a) 2*+ <33;

2X*5
a) 4715 -5.2340,5<0;

9*—10-3*+9>0,
25055 < 0,2;

4x—1
1\ x5 x=2
6) (g) >815%.
1 5x+3
X, P
6) 6 (36) <6.
6) 23x—4 + 23x+1 2 66.
551 _4.5%> 25,
6) 1 o
x“—3x—18<0.

6) 62+ 61+ 6% >258.

6) 471 +470° 2275 <184,

6) 2575 4 5¥H4 > 3. 9xH4 L 53 4 9x+6.
6) 9% +320-D _ 2. 27502 <964,

6) |22 -2 — 5| <3.

6) [3%° 76— 14| > 13.

6) (x2 —3x+3)51 > (x? — 3x +3)*.
54/5)* —125
(J;)_4 <
14*—196
x2+5x—6>0'
81— 3%)(2* — 64
©) («)(,2)*"—13()(16X+)17) <O.
6) 87 —14"4+2°>8.
6) x% -3 4+27 < 3x% 4 3¥+2,
6) 8-4*—9-2°4+1<0.
6) 4 —15-2*—16<0.
6) 8-2°+2-27<17.
6) 224 217x L9,
6) 4 —33-224+2<0.
{9*—4-3X+3>0,
6)

6) 0.

6)

Sx+1
~—2 <L
6)4.42x+7_5‘4x+4+4<0'

6) 2X+;—S>17.

6) 3* + <82.

3x—4
6) 995 —10-3*2 4 % <0.

25%—26-5*4+25>0,
6 40,5x2—13 <0,5.
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31
32.

33.
34.

35.
36.
37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

a) 22V 432> VXS 4 oV,
a) (0,5)* <2 +6;

a)

a) 16V¥ "1 4+4<65-4V¥ 171

47—3

6) 42X +16>47¥ 24 4%,
6) (0,2)* +5<2-52,
6-254—4>0; 6) 9: % —26-3:4—-3>0.
6) 9V*4 4+ 9<82.3Vx* 41,

a) 25V¥*-9-05_ 1 9.5Vx*94 150, §) 4V¥*-16-05_95.0Vx*-16 4 95

a)

a)

2.4% —

72X+1

11-18*+9-81* > 0; 6) 3-9*—8-15"+5-25>0.
—10-21"+3**1 <05 6) 6> —11-30" 4+ 5% 0.

a) 290 _5.66-3% 1 3.46-9% 5 .

6)
a)
6)
a)
6)
a)
6)
a)
6)

a)
a)
a)
a)
a)

a)

a)

a)

a)

a)

3-16"
(Gl

9" -4
—2¥F2)2 4 7(4* —2¥+2) 412> 0;
—2.3%"1)2 4 14(9¥ —2-3%"1) +45>0.
—9.2%)2 4 4%t < 9.2%%2 4 140;
—3t1)2 1 8.3 < 8.9% 4+ 20.

Cs
9
Cs
Cs

<D’ _7.1202% 4 4.962% > 0,
3-292-2(4"—3-2") - 8<0;
-3%)% - 42(9* — 4-3*) — 135<0.

17-(2-16* —64*) —25-4+2-256*+6>0;

9-(2-3-1)2—14-(2-27—9¥)+5-81 > 0.

7 20 3 5

—; <

3¥+1 5 3-3%7 6) 2541 T 2-2%"

1 3 1 2
preme RNy 0) s 1S7m 1
7*+2 745 6) 6*+3 _6"+4
7X—7 " X4’ 6°—6 6°—5
6 —1 3 3 -1 1
6T e—a 0) 3 <1t

2X 2X+1 5 3341 5

< .

>3t ti 504630 Ox gty tosaiesC

3 4 16 10
(22—x2_1)2_22—x2_1+120’ 6) (32—x2_1)2_32—x2_1+1>0'
9 —3x+l_9 12 “ 165 —41—-3 20 1
311 +3X—5<3X ’ 0 T Tr_e<t
4 -1 9% —1
T <4t 2, 6) 529t 5r—3-
x+1 _ x+1 _
2 30 144 <1 6 3 51 324 <.
26—2 T g4x_3.2xtl1g 3¥—3 | 9x—4.3xt14 97

((0,15)* +1,7-(0,15)* +0,9)* + ((0,15)* +3,8- (0,15)* +0,585)* <

< ((o,

15)% +2,7-(0,15)* +0,75)* + ((0,15)% + 2,8 (0,15)* +0,735)*;
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53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

0)

a)
6)

a)

6)

a)

a)

a)

a)

a)

a)
a)
6)
a)

6)

((0,8)* +1,3-(0,8)* +0,9)* + ((0,8)> +3,3-(0,8)* —0,7)* <
< ((0,8)* +1,5-(0,8)* +0,74)* + ((0,8)> +3,1- (0,8)* —0,54)".
(9°—4-3*+3) (3" +2) >3(9" +2-3 - 3) (3" - 1);
(100" —11-10% 4+ 10)(10* 4 3) < 10(100* +3-10* —4) (10! — 1).
3- 2" 1—5 3:271-132 948705 _g.2¥t1 410
) ( 2x-1-2 ) S 4x—1_2x ’

23*2 ) (23“—1) 8-9°715—16-3"242

( 3x—2 3x-1_ 9x—15 _9.3x-2
2X+7.217¥ K9, 25 49.217 (11,
x}+4x-8 x+5Jr 1 x*+5x—10 10 _x+6 2
x2-16 “x+4  x-2’ 2-25 Sx45 -3°
22x+1 _11.2*"1 436 <0, 22+l _ 92X+1+28<0
2 3 _ 0 2 _ _ _
X 3x 2 5x2 4<x—x2; )4 x 2x 1 x 4x? 3< 2,
x=5 x—4
"—7 2X+10<0 X—19 2434 <0,
X3 0 X3
3x +3x 3 . +_ ) 6x +6x Xoextiex—6_ 3 1
x—4 Xx
3"“+43 <13, 3X+1+53 x <16,
_ 6) _ _
x+x 4 6x> 24x+5<7 +2: x? 2x 1 5x2—15x+4 <6x—1.
x—4 x—3
\/9 X2+\/ 5x—x%*<2,5, 6) \/4—x2+\/—3x—x2<1,5,
2.4 9.2 41>0; 9t1-10-3*+1>0.

Vx?—3x (82 +33-9)<0; 6) Vx2—4x (7*3+5*-8)<0.
3.5x2+6_2m>3.55x+2_2\/x2—+7;

2.7 _3/4x+5>2. 7% _31/x2 4+ 8.

25 4 5°42 < 354 /100 — x2 + /144 — x2;

3%+ 4 443 < 95 4 1/900 — x2 + /400 — x2.

JluarHocTudeckasd pabora 12

BapuanTt 1

PemyTe HepaBeHCTBO.

1.7-5%<

10-15%.

2. 16571 416715 > 42¥75 1 316.
3.11- 44+ 17 <3-4F 4 452 L 1771,
13—-5-3*

4.

9¥ —12-3¥427

=>0,5.
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5.3%F1 _8.15% 4 5%+ 0,
6.9515_8.37 —30.
7. (4105 —5.2% 4+ 2)(2x2 + 3x — 5) 0.
8 2 —2x+ 3)"2’2’“r3 —(x%—2x+3)?
. (0,01)3x+4—x2 _ (0,001)x+1
9. (x? —3x+3) 75 < (x?—3x+3)°.
10. v/x — 7(1175+13°—-133) > 0.
1. 8V17 —x<7-4 +4-77L.
12. 212x—4x2—6 +512x—4x2—7 + 712x—4x2—8 > 40.

Bapuanr 2

Pewrvite HepaBeHCTBO.
1.2-33*>5-3%
2. 9714 9x705 > 323 4 997,
3.5-34 1 105+ < 2. 3¥F5 4 3xH6 4 1043,
4. 2 035
5, 22%1 —9.14x 4 7241 L,
6.4:705_3.27 —2>0.
7. (9195 —10-3+3)(2x* —5x — 7) <0.

(% — 6x+11)* 6+ _ (32 — 6x 4 11)2

(0,04)7x-6=x* _ (0,008)*~1

>0.

9. (2 +x+1)55 <2 +x+1)°%

10. v/x —8(10*®+12*7-111) >0.
11. 74/26 —x <6-5°+5-671,

12. 24x—4x2+2 +54x—4x2+1 + 74x—4x2 > 40.
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JlorapudMUYeCKUMU BbIPAXKEHUSIMU HA3bIBAIOTCSA BBIPa)XKEHU:, aired-
pauveckas 3alKUCh KOTOPHIX COAEPKUT IIePEMEHHYIO 0/, 3HAKOM Jiorapud-
Ma WIH B €r0 OCHOBaHWHU. HepaBeHCTBa, OfiHa WK 00€ YacTH KOTOPBIX
cozepKat JorapupMuIecKre BhIpAKEHUs, HAa3bIBAIOTCS JIOrapuMUIECKH-
MU. B COOTBETCTBUU C MPUHATOM B KHHre Kiaccudukauueii arrebpamnye-
CKas 3alliCh TaKUX HEPABEHCTB MOXET BKJIIOYATh B cebs U Jtobble ApyTre
asre6panyecKyie BHIPaYKEHUA MIKOJIBHOTO Kypca MaTeMaTUKH: palioHab-
HbIe, UppalOHaIbHbIE, TPUTOHOMETPUYECKHE, TOKa3aTeabHble. TakuM 06-
pasowm, yorapudMUIecKre HEPABEHCTBA [IPE/CTABIAIOT COO0H CcaMblil M-
POKWI1 B CBOEM POJIe KJIACC HEPABEHCTB Kypca 27IeMEHTapHOM MaTeMaTHUKH.
O61re METOABI pellleHus JorapudMUIeCcKUX HEPaBEHCTB (PaBHOCUIbHBIE
mpeobpa3oBaHusi, METO/, BBeZleHUsI HOBOM IlepeMEHHOMH, METOZ, 3HAKOTOX-
JECTBEHHBIX MHOXKUTEJIEH, METOJ, MHTEPBAJIOB U JIp.) TPEAIOoJaraioT yMe-
HYEe IPUMEHSTb CBOMCTBA JlorapudMOB U UCIIOIH30BaTh MOHOTOHHOCTb JIO-
rapudmMudeckoi GyHKIMYU. HalmtoMHUM 3TH CBOMCTBA:

1) a°%>=p (@a>0,a#1,b>0);

2) log.a+log.b=log (ab) (a>0,b>0,c>0, c#1);
3) logca—logcb=logC% (@a>0,b>0,c>0, c#1);
4) log.a®=blog.a (a>0, c>0, c#1);

5) logcda=%logca(a>0,c>0,c;£1,d7é0);

log.a
log.b

[— 1 .
logba——logab (a>0,a#1,b>0,b#1);

6) log,a= (@a>0,b>0,b#1,c>0,c#1) u, B4YacTHOCTH,

7) @'°8P =plo& (>0, b>0,c>0, c#1).

O67acTh AOMYCTUMBIX 3HAYeHUH JIOrapupMHUIECKOTo aarebpandecKoro
BeIpaKeHUA log, f(x) ¢ 4uCIOBBIM OCHOBaHUEM ¢ >0, ¢ # 1 3azaéres Hepa-
BeHcTBOM f(x) > 0. O6sacTh AOMYCTUMBIX 3HAYEHUH JIOTapUPMUIECKOTO
anrebpanvecKoro BeIpaxkeHus o61ero Buaa (¢ mepeMeHHBIM OCHOBAHUEM)
log, ) f(x) 3ajaérca cucreMoit HepaBeHCTB

f) >0,
gx) >0,
gx) # 1.
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Heo6xoauMo 4éTKO TIOHUMATh, YTO [IPUBEeAEHHEIE CBOMCTBA CIIpaBe/JIv-
BBI TOJIBKO ITPY YKa3aHHBIX YCJIOBUAX U TOJBKO s apudMeTrdeckux (Juc-
JIOBBIX) BhIpaKeHUH. [ anre6pandecKux JorapudMUIecKUX BeIpaKeHUM
ST CBOMCTBA IIpU pelleHNH ypaBHEHUM U HEPAaBEHCTB HY)KHO [IPUMEHTh,
yuuteiBast O/I3 Takux BEIpaXXEHUH, ¢ TeM YTOOBI He JOMyCKAaTh €€ CyXeHUs
(0OBIYHO BeAYIIETO K IOTEpe pelleHr) WK pacuupeHus (0OBIYHO Beay-
Imero K IOABJIEHUIO ITOCTOPOHHUX pelleHui). Tak, A anrebpandecKux
JlorapruPpMUIECKUX BRIpAXKEHUN U YETHBIX CTENeHel cBOMCTBa 4—5 MPUMYT
BUZ

10g, (1) (@(x))® = 2blog,,, la(x)];

1
log . (xyy alx) = 2d log|.(xy a(x).

Ecnu «3a6bITh» 0 3HaKe MOZYJIs, pUMeHeHue GOpMYJT IPUBEZET K CY>KEHUIO
O/13 v noTepe peleHni, MOCKOJbKY, HapUMep, Bhipaxenue log, ., (a ()%
JUIs ZIOITyCTUMBIX OCHOBaHUWH ompezeneHo mpu a(x) # 0, a BeIpakeHUe
2blog,(,y a(x) — Tompko mpu a(x) > 0. AHaJIOTMYHOE 3aMeYaHue CIIpaBe/-
JIUBO U JJI BTOPOH U3 GpopMyI.

Emé ozHa ZOBOMBHO YacTas OIIMOKa CBsi3aHa ¢ IMpeobpa3oBaHUEM JIO-
rapudma npousBeseHusA (4acTHOTO) ABYX JorapudmMudeckux aarebpaude-
CKUX BbIpaXXEeHUH B CyMMy (pa3HOCTB) jorapudmoB. OB1acThb AOIyCTUMBIX

“ o a(x) ..
3HaYeHWH Kaxgoro u3 BepaxeHUH log,(a(x)b(x)) wm log, b0 3a71a6T-
cs1 yernoueM a(x)b(x) >0 (t.e. uncna a(x) u b(x) AOWKHBI OGBITH OJHO-
ro 3Haka: jubo oba MoNoKUTENbHBI, 1160 06a oTpuiiatenbHbl). Ob6IacTh
ZOIIYCTUMBIX 3HAUYE€HUH KaKJoro u3 BelpakeHui log, a(x) + log, b(x) nmm
log, a(x) —log.b(x) 3agmaérca yemoBuamu a(x) >0 u b(x) >0 (T.e. yncia
a(x) u b(x) JOWKHBI OBITh 00a TOJIOKUTENbHBI). VIMEHHO TIO3TOMY IIPHU
repexoZie OT Jiorapudma Mpou3BeAeHus (4acTHOTO) K cymMMe (pasHOCTH)
sorapudmoB O/I3 ypaBHEHUS U HepaBEHCTBA MOXKET CYy3UTbCA, a MPHU 06-
paTHOM TIepexofie — pacHiupuThbcsa. UToObl M36eXaThb MOTEPU pEIeHUH,

HY’KHO 100 pacCMaTpUBaTh ABa CIydasd:

1 a(x)>0,
) b(x) >0, 1 TOrA
log.(a(x)b(x)) =log, a(x) +log.b(x),
log, % =log, a(x) —log, b(x);
9 a(x) <o,
) b0 <0, B Torza
log, (a(x)b(x)) =log,(—a(x)) +1log, (—b(x)),
a(x)

log, ) =log.(—a(x)) —log.(—=b(x)),
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JI0OO UCIIONMB30BaATh GOpMYITy
log (a()b(x)) = log, |a(x)|+1log. [b(x)]

nipu yetoBud a(x)b(x) > 0, 1mbo uckath Apyroi myTh pelleHus.

JlJ1s lepexozia OT CyMMBI (Pa3HOCTH) BYX aarebpandecKux JorapudpMu-
YeCKUX BbIPAKEHUH C OZIMHAKOBBIM OCHOBAaHUEM K JiorapudpmMy mpousBeze-
Hus (YaCTHOTO) AOCTATOYHO 3aMKUCATh YCIOBUS MOJIOXKUTETHHOCTH KaXKAOTO
13 BhIpaXKeHUH 107 3HaKoM Jjiorapudma (1. e. O/13), YTO MO3BOIUT UCKITIO-
YUTH TPUOOPETEHNE TIOCTOPOHHUX PELTEHUHA.

§ 8.1. IIpocreiimue sorapudpmMudecKre HepaBeHCTBA

[MpocTeitmumu gorapudMUUIECKUMU HepaBeHCTBaMu GyZieM Has3bIBaTh
HepaBeHcTBa Buza log, f(x) Vb wm log, f(x) Vlog, g(x), rae a u b —
JNeHACTBUTENbHbIE YKcaa, a >0, a#1, f(x) u g(x) — MHOTOWIEHHI TTEPBOM
WIH BTOPOH CTEMEHU, CUMBOJIOM «V» 0003HauU€eH, KaK U Be3/le B 3TOM KHUTE,
OZIVIH M3 YeTHIPEX BO3MOKHBIX 3HAKOB HepaBeHCTBAa. PelieHue mpocTeii-
I1X JorapupMUUeCKUX HepaBEHCTB CyIlleCTBEHHBIM 06pa3oM OCHOBHIBAET-
Cs1 HA MOHOTOHHOCTH JIorapupMUYeCcKoM GpyHKIMHU U YIUTHIBAET €€ 00JI1acTh
onpegenenus. Eciu a > 1, To ynkuua y =log, t Bo3pacraer Ha (0; +),
U TOTrZa

t; <ty
log t; <log t, <
ga 1 ga 2 tl > O

(ecsiu MeHblIIee U3 IBYX YUCEN MONOXKUTETBHO, TO U GOJIbIIIee TIOJI0KUTENb-
HO, TIO3TOMY YCJIOBUE TTOJIOXKUTEITBHOCTH ¢y MOXKHO He BKJIFOUATh B CUCTEMY).
Ecmu 0 <a <1, To dynkuua y =log, t yosBaeT Ha (0; +), u TorzAa

log, t; <log,t, & {tz =0

(ecu MeHblIIee U3 IBYX YHCEJT TIONOXKUTENBHO, TO U OOJIBIIEE MOIOXKUTEh-
HO, II03TOMY YCJIOBUE IIOJIOXKUTENBHOCTH t; MOXXHO He BKJIIOYATh B CUCTe-
My). U3 3THX CBOMCTB U Toro, 4To b =log, a’, nerxko momyuuts cregyromue
6a30Bble PAaBHOCHJIbHBIE TIEPEXOJEI.

Ecima>1, To

log, f(x) = b < f(x) > a% o))

fx) <a®,
fx) > 0;

<5,
loga f(x) < logag(x) = {;Ei% S g(X) (3)

log, f(x) < b & { 2
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Ecmm 0<a<1, To

foo <,
log, f(x) > b & {f(x) N 0; @
loga f<be= fx) > )
log, f(x) <log,g(x) & {g ((jg Z Ez).(x) ©

11 cTporux HepaBeHCTB Bce HEpaBEHCTBAa B IIPaBBIX YaCTAX IpUBe-
JEHHBIX PAaBHOCWIBHBIX TEPEXOI0B TaKXKe OyAyT CTPOruMu. Takum obpa-
30M, IS TIPOCTEHNIINX JIOTapUPMUIECKUX HEPABEHCTB MPU 0CBOOOXKAEHUY
OT 3HAKOB JioTapudMOB (TaKyio Olepaluio MHOTAA Ha3bIBAIOT NOMeHUU-
posaHuem) 3HAK HEPABEHCTBA COXPaHAETCs, €CJIM OCHOBaHHUeE Jiorapudma
6osbie 1, 1 MEHAETCS HAa TPOTUBOIIONIOXKHBIN, €CJTM OCHOBAHUeE Jiorapudma
MOJIOKUTENbHO U MeHblle 1. [Ipu sTom O3 MOXKHO He BBIITUCHIBATh, Orpa-
HUYHUBIIVCH YCIOBUEM IOJMIOKUTENBHOCTU MeHbIIIero (B CWIy HepaBeHCTBa,
TIOJIYYeHHOTO TI0C/Ie TTIOTEHIIMPOBAHMS) U3 ABYX YHCEN IO/ 3HAaKaMHU JIOTa-
prudMOB.

[Ipumep 1. Pemnre HepaBeHCTBO l0g, 5 (4x*>+8x—3)<—

Pemenue. ITockosbKy OCHOBaHUe Jiorapudma MeHbIIIe 1, JaHHOe He-
PaBEHCTBO PaBHOCWIBHO CJIEAYIOIIEMY: 4x% 4+ 8x — 3> (0,571, OTKyZa
4x? 4+ 8x —3>2 u 4x? + 8x — 5> 0. KopHAMU KBaJpaTHOTO TpEXdieHa
4x? 4 8x — 5 AaBnsAroTCA yncaa —2,5 u 0,5, crapimmii KoadQHUIMEHT TpExdie-
Ha nojoxureseH. [l03ToMy MHOKeCTBOM pellleHUY JaHHOT'O HepaBeHCTBa
ABJsgeTcs oobveguHenue (—oo; —2,51U[0,5; + ).

Omeem: (—o; —2,5]U[0,5; + ).

Emé pa3 obpaTMM BHMMaHHE Ha TO, YTO IIPU pEIIeHUU ITPOCTEUITHX
JIoTapuPpMUIECKUX HEPABEHCTB HE HYKHO TOPOIUTHCA U B 00S3aTEIbHOM
nopazake BeinuceiBaTh O/I3. B fanHOM ciiy4yae 4x%+8x —3> 2, a 3HA4YUT,
u moz;aBHO 4x? + 8x — 3 > 0. [ToaToMy pellleHHe TIOCIeJHero HepaBeHCTBa,
3azatomero O/I3 ZaHHOTO HepaBeHCTBAa, OBUTO OBI HAPAaCHOI TPaToi Bpe-
MEHU, IPUYEM, BEPOSITHO, OTHOCUTENIHHO TTPOJO/KUTETHHOTO: Beb KOPHU
KBaZ[paTHOTO TpéxwieHa 4x? + 8x — 3 UppaIMOHAIbHBL.

IIpumep 2. Penivte HepaBeHCTBO
log . (2 +3x—4) < log . (3x% — 6x+5).

PemeHue. [ToCKOIBKY OCHOBaHHMe jorapudmoB 6osbiie 1, ZaHHOE He-
PaBEHCTBO PaBHOCWIBHO CUCTEME HEPABEHCTB
x2+3x—4 < 3x%—6x+5,
x> 4+3x—4>0,
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OTKyZa
2x2—9x+9 >0,
x> 4+3x—4>0.

KopHAMM KBaJpaTHOrO TpéxdieHa 2x2 — 9x + 9 apjsrorcd uucia 1,5 u 3,
cTapiuii Ko3pPUITMEHT TPEXWIEHA MONOKUTENEH. [103TOMY MHOKECTBOM
pellleHWH TMepBOrO0 HEPABEHCTBA CHCTEMBI SBISAETCA OObeJUHEHHE
(=;1,5] U [3; +x). KopHsiMu KBaJgpaTHOrO TpEXWIeHa x% 4+ 3x — 4 sB-
JIAOTCA ynuciaa —4 u 1, crapmuii Ko3hQUITMeHT TpEXWIEHa IOJIOKUTENEH.
[ToaTOMy MHOKECTBOM peIleHN BTOPOT'O HEPABEHCTBA CUCTEMBI SIBJIETCS
obbenuHenue (—o; —4) U (1; +), a MHOXXECTBOM pelIeHU BCell cucTe-
MBI (a 3HAYWT, U JAHHOTO HepaBeHCTBa) OyaeT obbeanHeHre (—o; —4) U
U(1;1,5]U[3; +x).
R85
-4 1 1,5 3 X
Omeem: (—o; —4) U (1;1,5]U[3; +=).
IIpumep 3. Pemute cucTeMy HEpaBEHCTB

log,(3x? — 14x +16) < 4,
lg(2x? —5x +3) < Ig(x?—3).

Pemenue. 1l PemuM nepBoe HepaBeHCTBO AaHHOM cucTeMbl. OHO paB-
HOCWIBHO CHUCTeMe HepaBeHCTB

3x%—14x+16 < 16,
3x%—14x+16 > 0,

OTKyZa

3x2 — 14x < 0, 3x(x— %) <o,
3x* —14x+16 > 0 3x% — 14x+16 > 0.

o 14
MHOXeCcTBOM pPEII€EHNN HEPABEHCTBA 3x(x— ? < 0 aBiageTrca OTPE30K

[0; 13—4] . Kopuamu kBaapaTHoro Tpéxunena 3x2 — 14x + 16 ABag0TCA 4uc-

8 o ..
na 2 u 3, CTapIIuii K02GOUITMEHT TPEXWIEHA MONIOXKUTENEeH. I[I03TOMY MHO-
’eCTBOM pellleHu# HepaBeHcTBa 3x* — 14x + 16 > 0 saBnsAeTCA 06bEANHE-

8 "
HHe (—o; 2)U 35 00|, a MHOXXE€CTBOM pellleHU CUCTEMBI

{Bx(x—lg) <0,

3x2—14x+16 >0
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(a 3HAUMT, U MMEPBOTO HEPABEHCTBA AAHHOU CHCTEMBI) OyZeT 00beIUHEHNE

0:20(5: ]

2. Peminm BTOpOe HepaBEHCTBO JaHHOW cucTeMbl. OHO pPaBHOCHUIBHO
CHCTEMe HepaBeHCTB

2x%2 —5x+3 < x?-3, x> —5x+6<0,
2x2 —5x+3 > 0, OTKYAZ 1 9x2 _5x43 > 0.

KOopHAMH KBaZ[paTHOTO TpéxdwieHa x> — 5x + 6 ABNAIOTCA 4uciaa 2 U 3,
cTapmuii Ko3$OUIMEHT TpEXWIEHA MOMOKUTeNeH. [I03TOMy MHOXXECTBOM
pelleHuit HepaBeHcTBa X2 — 5x + 6 < 0 ABjAeTca orpesok [2; 3]. KopHamu
KBaJ[paTHOTO TpéxwieHa 2x2 — 5x + 3 ABaAoTed ukcaa 1 u 1,5, crapmmii
KO3GQUITMEHT TpEXWIeHa HONOXKUTeNeH. [I03TOMy MHOXXECTBOM pelIeHMi
HepaBeHCTBa 2x2 — 5x + 3 > 0 ABnseTca o6beguHeHne (—o0; 1) U (1,5; +),
a MHOXXECTBOM pelleHUY CHCTeMBbI

x> —5x+6<0,
2x2=5x+3>0

(a 3HaAYUT, ¥ BTOPOTO HEpaBEHCTBa JAaHHOU CUCTEMBI) OyZeT, OUeBUAHO,
oTpe3oK [2; 3].
3. Haiizzém MHOXeCTBO pelleHUM JaHHON cUCTeMBI KaK IiepecedyeHue

MHOXecTB [0; 2) U (g, %] u [2; 3]. Tonyuum (%, 3].

Omeem: (%, 3].

Yupaxkuenus K § 8.1

Pemrmte HepaBeHCTBO (CHUCTEMY HEPABEHCTB).

1. a) logsx<2; 6) log, x <3.

2. a) log;x<3; 6) log, x < 5.

3. a) log,x>—0,5; 6) log,s x > —0,5.

4. a) log 53 x<0; 6) logy 35, x <0.

5.a) log%x>2; 0) log%x>2.

6. a) log, o, x>—1; 6) logy gy x > —1.

7. a) log (4x+5)<3; 6) log;(2x —5) < 4.

8. a) log,,(3x+25) <—2; 6) log, ,(6x —25) < 3.

9. a) log%(Zx—Z,S)g—l; 0) log% (5x—-2,8)<—1.
10. a) log,;(10x —19) > 4; 6) log,(7x —24) > 4.
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11.
12.
13.
14.
15.

16.
17.
18.

19.

20.
21.
22.
23.
24.
25.

26.
27.
28.

29.

30.

31
32.

33.

34.
35.
36.
37.
38.
39.
40.

a) log,,(5x—7,5)>—1;

a) log,(9x+4) > 2;

a) log;,(x*—25)>2;

a) log,(x*—36) <3;

a) 108'117 (169 —x?) < —2;

a) log 5(x*—16) > 4;

a) log,s(25x% —64) < 1;

a) log% (100 — x?) < —=2;

a) log 1 (841 -x3)>-2;

a) logs(x* —4x) >1;

a) log,(x* —8x) <2;

a) logy s (17x —x?) > —2;

a) log,s(x*+6x) < —4;

a) log,(5x*+16x) < 4;

a) log% (11x—2x>)>—1;
a) log;(5x*—16x)< 1;

a) logg(2x* +11x—4)>2;
a) log,5(24 —2x — x*) > —4;
a) log% @2x*—7x—3)<-2;

a) logy(2x*+7x+5) >1,5;

a) logg,(5x* —4x—12)< 2;
a) log 1 (13x—2x%—11) > —5;
%

a) logﬁ (5x%+x—4)<—0,5;

a) log,(5x+7) <log,(3x+11);

a) log, o(5x —33) >log, ¢(2x +33);
a) In(2x+17) > 1In(4x —13);

a) 1g(25x2 —4) <1g(25 — 4x?);

a) In(x®—x—16)>1n(9 —x);

a) logg o3 (x* —12) <log 53 (5x — x?);

a) log,,(2x*—7x+5) >log, ,(x* —5);

6) log,g(5x —3,75) > —1.

6) log,(7x —6) > 2.

6) logs (x? — 144) > 2.

6) log, (x* — 64) < 2.

6) long5 (289 —x?) < —2.

6) log 5(x*—9) > 8.

6) loge, (49x* —36) < 1.

6) log1 (225 - ) <=2

6) 10g21_4 (676 —x*) > —2.

6) logg(x*> —5x) > 1.

6) log, (x* —3x) <2.

6) log,,(26x —x?) > —2.

6) logy 5 (x* 4 2x) < —3.

6) log(5x*+11x) < 2.

6) log% 9x —2x%) > —1.

6) log,s(5x* —9x) < 1.

6) log;(2x?—11x—5)>2.
6) logy 55 (214 4x — x*) > —2.
6) log% (2x* —9x—4) <—2.

6) log,,s(2x* +x—3) > %

6) logs, (5x*+6x—11)<0,8.
6) log 1+ (17x—2x?—15)>-3.
£

6) log 1_ (5x* —6x—11) < —0,5.

6) log;(5x +6) <logy(2x +9).

6) log, 3 (5x — 22) >log, 5(3x + 22).
6) In(3x+19) > In(5x—17).

6) In(16x* —9) < In(16 — 9x?).

6) Ig(x? —x—9) >1g(16 — x).

6) logy 5, (x* — 18) <logy 5,(9x — x?).
0) log, 3 2x2—9x+7)> logy 5 x2=7).
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41. a) log,;(x* —2x —11) <logy,; (7x — x* — 6);
6) 1og i1 (% +2x —17) <log,ps; (8 + 7x — x2).
42. a) log% x2+2x—3)> 10831—'3 2x?=5x+9);

6) 10g27n(X2 —5x—6) >logz_7n @x?+x+2).

logs(2x +5) > 2, log;(2x—1) >3,
43.2) { logy (5x — 24) < 2; 2 { log, (5x — 26) <2.
44. a log3 (x—5)<1, 6) logs(x—3) <1,
' x?—14x+48>0; x> —13x+40>0.
45. logys(x—2) > -2, 6) logg o5(x —3) > —1,
) logy 5 (x* —9x+20) < —1; logy s (x* —11x+30) < —1.
46. 2) logy ,5(24 —2x —x*) > -2, 6) log;(21 —4x —x?) <2,
) log, x?+2x+17)<2; log, » (2 +4x+13) > —2.
47. ) log2 (3x% —14x+16) <4,
: lg(2x? — 5x +3) <lIg(x? —3);
6) log, (2x?* — 15x+27) <3,
In(2x? — 9x + 10) < In(x? — 10).
48. ) log, (2x* 4+ 9x+10) >0,
) logs(2x* — x — 1) <logs (x*> — 2x +5);
6) log5(2x +13x+21) >0,
log2(2x +x—3) <log2(x —x+5).

JuarHoctudeckas pa6ora 13
Bapuanr 1

Pemyre HepaBeHCTBO (CUCTEMY HEPABEHCTB).

1. log, x> 0,5. 5. log; (2x*+3x) > 3.

2. log,, x<3. 6. log%4 (625 —x?) > —2.

3. log,(13x — 14) < 3. 7. log, (2x* +5x —3) <2.

4.log1 (Sx —4) > —2. 8. log,, (2x +11) < log, , (4x — 5).

9. log%n (4x*+24x+35) > log% (=x?—6x-75).
10 log,(3x+1)>2,

logO’5 (x—2)>—-4.
1 log, (25— x?) > 2,

logs (x> +16) > 2.

log,(x*—1)>1,
12. s
log, (x* —x+2) <3.
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Bapuanrt 2

PemuTe HepaBeHCTBO (CUCTEMY HEPABEHCTB).

1. logy x> 0,5. 5. logg (2x* +5x) > 2.

2. log, s x <2. 6. log% (400 — x*) > —2.

3. log,(11x —12) < 5. 7. log41(5x2+9x—2)<2.

4. log1 (5x+6) > 2. 8. log, ¢ (2x 4 13) < logy ¢ (4x — 1).

9. IOgZ?n (9x2 +36x+35) > logz?n (5—4x—x

1 log,,(2x —7) < -2,
" | log;(x—5) < 3.

1 log, (25 —x*)>2,
" logs(x*+9) > 2.

9 {logs(x2—4) >1,

1 log,(x* —x+4) < 4.

§8.2. Bosee cioxHbIe JorapudpmMmuiecKkre HepaBeHCTBa

PaBHocubHbBIe ITepexozs! (1)—(6) u3 § 8.1 cnpaBeAIvBEL, pa3yMeeTcs, He
TOJIBKO ZJI1 MHOT'OWIEHOB I1€PBOM WIM BTOPOH CTelleHU, HO U I IIPOU3-
BOJIbHBIX anrebpanvecKkux BHIpOKEHUH 1MoJ 3Hakamu Jjorapudmos. Bygem
B JaybHENIIeM HAa3bIBaTh HEPAaBEHCTBA B JIEBOM YacTU KaXKJOU U3 ITUX
dbopmyn 6a30BEIMU. MHOTHE JorapudMUdecKrie HEpaBeHCTBA U CUCTEMBI,
coZieprKallyie TaKyve HepaBeHCTBA, CBOAATCSA K OZHOMY WJIM HECKOIBKUM 6a-
30BBIM HepaBeHCTBaM II0OCJIe BHIIIOJIHEHUs IPpeobpa3oBaHuil, OCHOBAaHHBIX
Ha cBolicTBax yorapudmoB 1-7, WK IpU UCIOIL30BAHUN METOAA BBeZe-
HUsA HOBOH mepeMeHHOH. YacTo MOXHO 06oHTHCH 6e3 mepexoja K Ipo-
CTeHMuIMM JorapudMUIECKUM HEPABEHCTBAM, PallOHATN3UPOBAB JaHHOE
HepaBeHCTBO C IOMOIIBIO0 METOZA 3HAKOTOX/IECTBEHHBIX MHOXKUTeNe. [Te-
pelizém K 0630py METOZOB pellleHHs Ooyiee CJIOXKHBIX JIOTapUPMUIECKUX
HepaBeHCTB, HavyaB C METO/a PABHOCWIbHBIX TPe06pa3soBaHUIA.

PasHocunbHble npeobpaszosaHus

ITpu BEIIOTHEHNH ITpeoOpa30oBaHUI TorapudMUIeCcKUX BEIpOKEHUH cie-
JyeT, KaK y»Ke OTMedasnoch, 6bITh 0COOeHHO BHUMATENIbHBIMU B C/Iy4ae BHI-
HeceHUs (BHeceHUs) YETHOH CTENeHH 3a 3HAK JiorapudMa WiH repexosa ot
jorapudma Mpou3sBeZeHus (YacTHOTO) ABYX alrebpandecKux BHIpaKEHUM
K cyMMe (pa3HOCTHU) JIOTaprUbMOB 3TUX BEIpAKEHUI ¥ 06paTHOTO Iepexoza.
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IIpumep 1. Pemure HepaBeHcTBO 1g(x —5) +1g(x —20) < 2.
PemeHue. JleBad yacTb HepaBeHCTBA ollpezeseHa pu x > 20. [TosTo-
MY OHO PaBHOCWIBHO CHCTEMe HepaBEeHCTB

lg(x—5)(x—20) <2,
x > 20,

(x—5)(x—20) <100,

oTiyAa {x > 20.

[lepBOe HepaBEHCTBO CHUCTEMBI IOCTE PACKPBITUS CKOOOK U TIPUBEAEHUS
IOZI06HBIX C/TaraeMbIX JIETKO NMPHBOZUTCA K BHAY X2 — 25x < 0, oTKyza
x(x —25) < 0. MHO>XecTBOM pellleHUH NoCIeHero HepaBeHCTBA ABIAETCSA
oTpe3ok [0; 25], a MHOKeCcTBOM pelieHU cucteMbl — (20; 25].

Omsem: (20; 25].

IIpumep 2. Pemure HepaBeHCTBO log: (20 — %) +1og » (4 - %) >1.

PemeHnue. Ilockonbky 0,2 = % =571, HepaBeHCTBO NPUBOAMTCA K BU-
Ry
9 X
logs (20— ;) —logs (4— g) > 1.

[epexog k JsorapudMy 4aCTHOTO MPUBEAET K IPOMO3JKOMY HEPABEHCTBY.
Boobine, xorza ecTh BHIOOP, JIydIlle KCIIONb30BaTh MepPexXo] K JoTapudpmy
MIPOU3Be/EHNs, TepeHecs Jorapudm, nepes KOTOPEIM CTOUT 3HAK «MUHYC»,

9
B ZIpYTyIO YacTh HepaBeHCTBa. B faHHOM ciy4dae monydyum loge (20 - ;) >

>1+logs (4 — 5) u, panee, loge (20 — %) >logs 5+logs (4 - E), OTKyZa

5 5

9 x 9
logs (20 - ;) > logs (5 (4 - g)), T.e. log; (20 - ;) > logs (20 — x). Ilo-
cjefiHee HePaBeHCTBO ABJAETCA 0a30BBIM U PAaBHOCWIBHO cHUCTeMe Hepa-
BEHCTB

X

20— 2 >20—-x,
20—x >0,

OTKyZa

2 —
{X—220, {X _920’ {(X 3)(X+3)>0,
x = x = X

x <20 x <20 x < 20.
Pemmyim nepBoe HEPaBEHCTBO MOIYYeHHOMN CUCTEeMBl METOJOM NHTEPBAJIOB:

- 77 - 5
3

— 0 3 b

MHO)XeCTBOM €r0 pelleHui aBisieTcs oobeauHerue [—3; 0) U [3; ),
a MHOXKeCTBOM pelileHu#t cucrtembsl — [—3; 0) U [3; 20)
Omseem: [—3; 0)U[3; 20).
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3 2
log,.s64 log,_,16

PemeHwue. JleBasd 4yacThb HEpABEHCTBA OIpejeeHa pH X > 1, x # 2.
3aMeTHM, YTO uncia 64 u 16 ABIAI0TCA CTEIIEHAMU JBOMKU. DTO IIO3BOJIAET
BBIHECTH CTETIEHU 32 3HAK JloTaprudMa U IeEPEUTH K OCHOBaHUIO 2. [Tomyaum
TIOC/IE0BATENIHHO

IIpumep 3. PemuTe HepaBEeHCTBO >1.

3 2 3 2
log, ¢ 2° - log,_,2° z1le 6log, 42 - 4log, .2 > 1
logz(;C+8) _ logz(;c_l) > 1’ logz(x+8) _10g2(x_1) > 2’

A X > 1, And {x > 1: (=4

x #2 x#2

log, (x+8) > log,4+log,(x—1), log, (x+8) > log,(4(x — 1)),
& {x >1, = {x >1,

x#2 x#2,
OTKyZa

x>1, x>1,

x#2 X # 2.

Omasem: (1;2)U(2; 4].

B HekoTOphIX ciydasx ¢dopManbHoe HaxoxzaeHue OJ[3 HepaBeHCTBA
IIPUBOJAUT K HEOOXOAMMOCTH pelleHNs HeCKOJbKUX HepaBeHCTB, YacTh U3
KOTOPBIX MOXXHO OIyCTUTD, €CJIM aKKypPaTHO KCIIONb30BaTh PAaBHOCUJIbHBIE
npeobpa3oBaHMUS.

x+8 > 4x—4, x <4,

IIpumep 4. Pemmre HepaBeHCTBO log s (log2 (log3 (§§ — ; ))) >0.

PemeHnue. HPI/IMCHI/IM ImocyIeA0BaTE/IbHO HECKOJIBKO pa3 6asoBbIe paB-
HOCWJIbHBIE IIEPEXOABI:

2x—5
ot (i o (253)) 50 { Lo () <2

2x—5 2x—5
- 1°g3(5x+2) $2 sxr2 S
1 (2x—5)>1 2x—5>3
3\ 5x+2 5x+2 :
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[TepeHecéM 4ucIa U3 MPABOM YaCTU KAXKAOTO HEPABEHCTBA B JIEBYIO U IIPU-
BeZIEM HOJTy4eHHbIe PAa3HOCTU K 00IIeMy 3HaMeHaTeo:

2x—=5 2x—5—45x—18

sxr2 2SO 5x+2 <O,
= =
2x—5_3>0 2x—5—15x—6>0
Sx+2 Sx+2
—43x —23 43x+23
PN Sx+2 <0, S5x+2 20,
—13x—11 >0 13x+11 <0
Sx+2 Sx+2 ’
MHOXeCTBOM pellleHHIi TepBOro HepaBeHCTBA CUCTEMEI ABIAETC 00bean-
HeHUe (— 0 _421_2] u (— % ; +), MHOXeCTBOM pellleHUii BTOpOoro Hepa-
BEHCTBA CHUCTEMBI SBJISAETCA OObeJUHEHVE (— % ; —%) . CiezoBaTesnbHO,
MHOXXeCTBOM peIlIeHUH CUCTEMEI OyZeT MPOMeKYTOK (— %; —i—g] .

Omeems (— ;- 22]
meem: 13 "3 |

[lepeliéM K mpuMepaM, pellleHre KOTOPhIX TpeOGyeT BHUMAHUS U OCO-
3HAHHOI'O IPUMEeHEeHUs CBOHCTB JIorapupMoB.

IIpumep 5. Peminre HepaBEeHCTBO

9
9log;,(x* —3x —4) < 10+1log;, %

Pemenue. KopHAMM KBaZpaTHOro TpéxdieHa x> — 3x — 4 ABIAIOTCA
yrciaa —1 u 4. IloaToMy laHHOE HepaBeHCTBO MOXKHO IIepeNrcaTh B BUZe
(x+1)°
-

[Tepexoz oT ylorapu$MOB MPOU3BEAEHUA U YaCTHOTO K CyMMe U Pa3HOCTH
JIOTapuGMOB C IIeJBIO IPUBeAEeHUs TOJO00HBIX CIaraeMbIX IPUBEJET B JaH-
HOM cirydae K cyxkeHuto O/]3. O6paTHOoe mpeobpa3oBaHue MPUBOJUT K pac-
wpenuto O[3, 4TO He CTO/Nb KPUTUYHO: BeJb B 3TOM CJIydae JOCTAaTOYHO
3anmcatb O[3 u Torza mpeobpasoBaHUe CyMMBI (pasHOCTH) JorapudpMoB
IO OIHOMY OCHOBAHHUIO B JIoTapudM NMpou3BeAeHNs (JaCTHOTO) IO TOMY Ke
ocHOBaHUIO OyzeT paBHOCWIBHEIM Ha O/I3. B Takux cirydyasx Jiydile HOmy-
4uTh 60JIee 'POMO3/IKOE HEPABEHCTBO, YeM IOTePSITh pelleHus. [Tonpobyem
cZleslaThb UMEHHO 3TO, Iepei/isi K paBHOCWIBbHOM cucTeMe

(x+1)°
e

9log;,(x+1)(x —4) < 10+log,,

log;,(x +1)%(x —4)° —log;,
(x+1x—4) >0,

< 10,
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OTKyZa
(x+1D%(x—4)°
x—4
(x+1D0x—4) >0,
Y, 3HAYHUT,

log;,(x — 4% < 10
{(x+1)(x—4) > 0.

MHOXeCTBOM peIlleHNi BTOPOTO HEPABEHCTBA CUCTEMBI SIBISAETCA 00h-
eauHenue (—oo; —1) U (4; +0). Pemum mepBoe HepaBEHCTBO, YIUTHIBAS,
YTO

logy,(x — 4)10 = 10logq, [x —4].

I[Tonyuum HepaBeHncTBo 101log,, [x — 4| < 10, oTkyza

4l < 12 x—4 <12, x <16,
10812|X_4|<1(:){Lx;4|\ o {x—4>2-12, x> -8,
x#4 X # 4.

3aMeTuM, YTO HEPABEHCTBO X 7# 4 sABJAETCA CJIeACTBUEM HepaBeHCTBA
(x+1)(x—4) >0. Tem caMbIM OCTaéTCs HAWUTU IepeceuyeHre MHOXXECTB
(—o0; =1)U(4; + ) u [—8; 16]. ITUM epecevyeHVEM SBJAETCS, OYEBUIHO,
[-8; —1)u(4;16].

Omsem: [—8; —1) U (4; 16].

OTMETHM, YTO «JIOBYIIKH», CBI3aHHBIE C BEIHECEHNEM (BHeCeHHUeM) YET-
HOH CTelleHU 3a 3Hak Jorapudma, mepexozoM OT jorapudma IpousBese-
HuA (YaCTHOTO) JBYX aireOpandyecKux BBIpAXKEHUH K cymMMe (pa3sHOCTH)
JorapupMOB 3TUX BEIPRXKEHUH M 0OpPATHEIM ITePEXOZOM, SABJITIOTCS Xapak-
TEepPHBIMU /I MHOT'MX HepaBeHCTB EI'D 1o maTemaTuke.

IMIpumep 6. Pemrvre cricTeMy HEPAaBEHCTB

4*+1 _33.2¥4+8 <0,
x—1
2log, PR +log, (x+1,2)% > 2

PemeHnwue. 1. PeiuM mepBoe HEPABEHCTBO CHUCTEMBI, MPUBEAS €rO
K BUAY 4- (25)% — 33 2° + 8 < 0 u cAenaB 3aMeHy IlepeMeHHo# t = 2*, e
t>0. HonquM KBaszaTHoe HepaBeHCTBO 4t2 — 33t + 8 < 0, pelus KoTopoe

L ox <8, mm 272 < 2% < 23, otkyza —2 <x < 3.

<t <8.3Hauur, = 7S

HaWgéM 4
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2. PemuM BTOpOe HEpaBeHCTBO CUCTEMBI:

2log, ;:_;112 +log, (x + 1,2’ >2 <

2
logz( 12) +log,(x +1,2)2 > 2
1 -0 =
+
_ 2
log, ((X+12) (c+12)?) > 2 . 1og2(1x 12> 2,
—L >0, xx+_12 > 0.
+1 ,

Hepasenctgo log, (x — 1)? > 2 paBHOCWIBbHO HepaBeHCTBY (x — 1)2 >4, oT-
Kyza
x—14+2)(x—1-2) >0,

T.e. (x+ 1)(x —3) > 0. MHO>XXeCTBOM peIleHU# ToCaeHET0 HEPAaBEHCTBA
ABJIAETCA O6'beL[I/IHeHI/Ie (—o; —=1]JU[3; 4+0). MHOXXECTBOM pelleHu Hepa-

BEHCTBA > 0 asasgeTcsa obobeauHenue (—o; —1,2) U (1; + ). IToaTo-

X —|— 1,2
My MHOXKECTBOM pPEIIeHUH MOCIeIHEeN CUCTEMBI, a 3HAYUT, ¥ BTOPOT'O Hepa-
BEHCTBA JJaHHOI cHCTeMBI OyzeT o6beauHerne (—oo; —1,2) U [3; 4 ).

3. MHOXeCTBO pelleHUi JaHHOW CUCTEMBI HaWAEM KaK IepecedyeHue
MHOXXecTB [—2;3] m (—o;—1,2) U [3;40). TlomyyumM MHOXECTBO
[—2; —1,2)U{3}.

Omseem: [—2; —1,2) U{3}.

FBasoswle JlOZClpu¢Mull€CKu€ HepaseHcmeda ¢ nepemeHHblM OCHO8AHUEM

PaccmoTpuM Temepb 6a30Bbie JTOTapupMUYECKie HEPABEHCTBA C TIEpE-
MeHHBIM OCHOBaHHUEM, T. €. HepaBeHcTBa Buza log, ., f (x) Vb ulog, ., f(x)V
Vlog, () §(x). B GONMbIIMHCTBE CTy4aeB TaKKe HEPAaBEHCTBA 11e1eCO00pasHo
pelaTh METOJOM 3HAKOTOXAECTBEHHBIX MHOXKUTeNe (cM. § 1.6 u mpume-
pHI, IPUBEJEHHBIE HIDKE B 3TOM maparpade). Ecau ocBoeHue 3TOTO Me-
TOZIa BBHI3BIBAET 3aTPYAHEHUA, MOXHO HCIOIb30BATh TPAJUIIMOHHEIH CITO-
co0 pelreHus: TaKUX HEPABEHCTB, 3aKIIOYAIOIINICT B PACCMOTPEHUH /IBYX
crydaeB: 1) ocHoBaHue Jyorapudma Gosbiie 1 (B 3TOM cilyyae MpH IMOTEH-
L[MPOBAaHWY 3HaK HEPaBEHCTBA COXPAHsAETCs); 2) OCHOBaHHe Jjorapudma
MTOJIOXKUTETHHO ¥ MeHbIlle 1 (B 3TOM CjIydae NpU MOTEHIMPOBAHUM 3HAK
HepaBeHCTBA MeHseTCs Ha MPOTUBOMOIOXKHEIN). PasymeeTcs, Ipu MOTeH-
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LIUpOBaHUU HeobxoauMo yauTsiBaTh O/]3 HepaBeHcTBa. TakuM 06pas3oM,

a(x)>1,
f(x) >0,

00 < (@b))?;

log, f(x) <b & @

alx) <1,

a(x) >0,
REIOEACIENEF
[ (a(x) > 1,

{f(X) > (@)’
alx) <1,

a(x) >0,

{f(x) >0,
| fO0) < (@b

log, f(x) > b & ()

alx) > 1,
fG) >0,
fO0) < gx);
log, f(x) <log,,y glx) & a(x) <1, 3
a(x) >0,
g(x) >0,
fO) > g).

JlyiA CTPOTHX HEPABEHCTB MOC/IeJHIE HEPABEHCTBA B KaXK/JOM U3 CUCTEM
KaXkJIOM M3 COBOKYITHOCTEH Takyke OyayT crporumu. KoHeyHo ke, IIpu pe-
[IIEHVY KOHKPETHBIX HEPABEHCTB JIY4Ille He BHIMCHIBAThH CTOIb IPOMO3JKHE

COBOKYITHOCTH, a pacCMaTpUBaTh /iBa CIy4as, HaXOAUTb MHOXXeCTBO pellle-
HUM A4 KaXJ0Ir0 U3 HUX, a 3aTeM 00beJUHATh Hali/[eHHbIE MHO)XECTBA.

IIpumep 7. Pemwure HepaBeHCTBO loge, (x? — 15x +54) <1.

PemeHue. PaccMoTpuM ABa ciydas: 1) ocHoBaHue jorapudma 60ib-
me 1; 2) ocHoBaHUe JioraprdMa MOJIOKUTENIbHO U MeHbIe 1. B mepBom
cllydae MOMyYuM CUCTEMY

6x > 1, x > %,
x*—15x+54>0, orkyAa { x>—15x+54> 0,

x%? —15x+54 < 6x, x> —21x+54 < 0.
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KopHAMU KBajipaTHOTO TpéxwieHa x> — 15x + 54 apnsiorcs yucaa 6 u 9.
TToaTOMy MHOXECTBOM pellleHuil HepaBeHCcTBa X2 — 15x + 54 > 0 6yzer

obbeaunenne (—o; 6) U (9; +»). C yuéToM HepaBeHCTBa X > % TIOTYYUM
% ; 6) U (9; +). KopHAMM KBapaTHOTO TpéxwieHa x> — 21x +
+ 54 asnatorca yucna 3 u 18. [ToaToMy MHOXeCTBOM pellleHUU HepaBeH-
ctBa x2 —21x+54<0 6yzet (3; 18), a ero mepeceyeHHUEM C MHOXKECTBOM

MHOXECTBO (

(% ; 6) U (9; + ) u, cieoBaTelbHO, MHOXKECTBOM pEIIEHUH CHUCTEMEI OY-
neT obbeaunenue (3; 6) U (9; 18). Bo BTopoM ciiydae MOTyIYUM CUCTEMY

0<bx<1, 0<x<%,
X —15x+54>6x, CTOA N\ 2 o1 isaso

; %) KopHu
KBaJ[paTHOTO TPEXWIeHa B JIEBO YacTX BTOPOTO HEPAaBEHCTBA IMOCHEAHEHN
CUCTEMBI YK€ HaWJeHbI, IO3TOMY MHOXXECTBOM pEIIeHUH 3TOr0 HepaBeH-
CTBA ABJsIETCA 0ObeJUHEHHE TTPOMEXKYTKOB (—0; 3) U (18; + ), a mepece-

MHOXeCTBOM pellleHUY I1epBOro HepaBeHCTBa ABJAETCA (O

1
YEHHEM 3TOI'O MHOXKECTBA C MHOXECTBOM (O, 6) H, CJIe40oBaTE€JIbHO, MHO-

o 1
JKECTBOM pEIIE€HHUUN CHUCTEMBI — IIPOMEKYTOK (0, 6 .
O6'beLLI/IHI/IB HaﬁAEHHbIe B KaXJO0M CiIy4a€ MHOXXECTBaA pemeHHﬁ, 101y~

YUM MHOXXECTBO pellleHuY JaHHOTO HepaBeHCTBa (0; %) Uu(3;6)u(9; 18).

Omeem: (O; %) U(3;6)uU(9;18).

IIpumep 8. Pemnvite HepaBeHCTBO
10g2,2 15:428(2X +11) > 108y, 15,125(11 = 2x).
Pemenue. AHaJOrMYHO IpeAplAylleMy NpUMepy PacCMOTPUM JBa
cIy4as.
1. B nepBOM ciiydyae uMeeM
2x% —15x+28 > 1,
{ 11-2x > 0,
2x+11 > 11-2x,

OTKyZa
2 _
2x" —15x+27 >0, 2x2 — 15x +27 > 0,
x <5,5, ¥, 3HAYUT,
0<x<5,5.
x =0,

KopHAMM KBaJ[paTHOTo TpéxdieHa 2x2 — 15x + 27 ABasdioTes yucaa 3 u 4,5.
[To3TOMy MHOXXECTBOM pellleHuii HepaBeHcTBa 2x> — 15x + 27 > 0 6yzeT
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obbeauHenne (—o; 3) U (4,5; +«). C yuérom HepaBeHcTBa 0 < x < 5,5 mo-
JIVIMM MHOKeCTBO pellieHut cucteMsl [0; 3) U (4,5; 5,5).
2. Bo BTOpPOM ciIyyae uMeem
2x% —15x+28 > 0,
2x?—15x+28 < 1,
2x+11 >0,
2x+11 < 11— 2x,
OTKyZa
2x% —15x+28 > 0,
2x2—15x+27 < 0,
x > —5,5,
x <0,

KopHAMU KBaJ[paTHOTo TpéxuieHa 2x2 — 15x + 28 apnAtoTcd yucna 3,5 u 4.
TI03TOMy MHOKECTBOM pellleHHii HepaBeHcTBa 2x2 — 15x + 28 > 0 6yzeT
obbeauHenne (—o; 3,5) U (4; +). KopHU KBaZpaTHOro TpEXWwIieHa B Jie-
BOM 4acCTU BTOPOTO HepaBeHCTBA CUCTEMBI yKe Hal/leHbl, I03TOMY MHOXe-
CTBOM ero pelleHuii 6yzet mHTepBan (3;4,5). OToO MHOXXECTBO HE HMMeET
repecedeHU ¢ MHOXXECTBOM pellleHul TpeThbero HepaBeHCTBa CHCTEMHI,
[I03TOMY B JaHHOM CJIydae pelleHUil HeT.
Omsem: [0; 3) U (4,5;5,5).

Memo0 3HaAKOMOoNCOeCMBEHHbIX MHONCUMeell U Memo0d UHMePB8anos

2x? —15x+28 > 0,
U, 3HAYUT, 2x? —15x+27 <0,
—55<x<0.

Kak u B ciiy4ae MMokasaTelbHBIX HEPABEHCTB, JIOTApUPMUIYECKHe Hepa-
BEHCTBA, K pelleHUI0 KOTOPBIX MOKHO IIPUMEHUTh METO/, UHTEPBAJIOB, Iie-
JlecooOpasHo cHavasia palioHaIn3UpOBaTh C IIOMOIIBIO0 METO/IA 3HAKOTOX-
JECTBEHHBIX MHOXKUTEJIEH, IO3TOMY U 3/IeCh 3TH ZiBa METOJa 00heIUHEHBI
MO, OZHUM 3aroJ0BKOM.

HamomHNM, 9TO MeTO/ 3HAKOTOX/ECTBEHHBIX MHOXXUTEIEN HCITONb3Y-
eTcs [ pellleHUs HepaBeHCTB Buja d;(x) - ay(x) - ... - a,(x) V0 wm
a; () a, () ...-a,(x)
Apyq () Ay () - - Ay ()
anrebpanyecKnx BHIpAKEHUN B JIEBOM YaCTH HepaBEHCTBA MOXHO 3aMe-
HUTb 3HAKOTOX/eCTBEHHBIM. MOXXHO BBIIEIUTH /IBE OCHOBHBIE NAphI 3HA-

KOTOXKJIECTBEHHBIX JIOTApUPMUIECKUX BhIPAKEHUH:

V 0 B Tex ciIydasx, KOTZa OJHO WIU HECKOJIbKO

a(x) =log, u(x) —log, v(x) npu c > 1;

b(x) = u(x) —v(x) (mpum ycmoBusx u(x) > 0, v(x) > 0); M
a(x) = log () ulx);
u(x)—1 2

b(x) = -1 (mpu yemoBusax u(x) > 0, c(x) > 0).
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B § 1.6 mogpo6HO M3IaraeTcs MeTOJ 3HAKOTOXKAECTBEHHBIX MHOXKHUTE-
Jiel, TPOWLIIOCTPUPOBAHHBIN MHOT'OYHUCIEHHBIMU IIPUMEPAMHU €TI0 IIpUMe-
HEeHU K PeIIeHUI0 ToTapupMUIECKUX HEPABEHCTB C ITIepEMEHHBIM OCHOBA-
HUeM (TI03TOMY CHavaja Hy>KHO U3yYUTh MaTepHaJ 3Toro naparpada, a mo-
TOM BEPHYTbCSA K IpUMepaM, MPUBEAEHHBIM HIDKE), U pacCMaTPUBAETCs
€elllé HECKOJIBKO Map 3HAKOTOXK/ECTBEHHBIX JIOTaPUPMUUECKUX BBIPAKEHUN
JIJIS1 YHCJIOBBIX OCHOBAHMUI, B TOM YKC/Ie MEHBIINX eIUHUIbI. 3aMETUM, YTO
BCE 3TU Maphl SBJIAIOTCA CIEACTBUSAMH JABYX IPUBEAEHHBIX. Ecu ocHOBa-
HUe c soraprdma B BepaxkeHnH a(x) =log, u(x) —log. v(x) mensIe 1, TO
BCerza MOXHO MePENUTH K OCHOBAHUIO %, 6osbieMy 1, UCmoab3ys Gopmyty
repexo/a K HOBOMY OCHOBAHWIO. AHaJIOTHMYHO dopmysna (2) crpaBeaivuBa
U 7151 TorapudMa C YUCJIOBBIM OCHOBAaHUEM:
sign(log. u(x)) = sign (u(cxii;l) mipu u(x) > 0,

mo3ToMy 0be 4acTH HepaBeHCTBA MOXHO OyZieT YMHOXKHUTh Ha 9HCIO ¢ — 1,
COXpaHUB 3HAK HEPaBEHCTBA, €CIU 3TO YUCJIO IOJIOKUTENIbHO, U IIOMEHAB
3HaK HEpaBEHCTBa Ha MMPOTUBOIOJIOKHBIH, €CIN 3TO YHCJIO OTPULIATETHHO.

IIpumep 9. Pemure crucTeMy HEPaBEHCTB

loge_,(8x —x*—12) > 1,
x*—4x—1 3
x—4 + x—6 SX
PemeHnue. 1. Pemmum nepBoe HepaBeHCTBO cucTeMbl. KOpHAMU KBaj-
paTHoro TpéxwieHa 8x — x% — 12 apnAo0Tca yncaa 2 u 6. IloaTomy

8x —x*—12 = —(x—2)(x —6).
YuuThIBast, YTO OCHOBaHUe joraprudma paBHO 6 — X, BHECEM 3HAK «MUHYC»
BO BTOPYIO CKOOKY: 8x — x% — 12 = (x —2)(6 — x). Takum o6pasom,
logg_, (x—2)(6—x) > 1,

otkyzaa logg_,.(x —2) +log,_,(6 —x) > 1. B naHHOM ciy4yae npeobpa3oBa-
HUe joraprudma Mpou3BeZeHU B CyMMY JoraprdMOB He MIPUBOAUT K U3-
MeHeHHUto O3, TOCKONBbKY 6 — X > 0 Kak OCHOBaHue jorapudma U, 3Ha4uT,
Xx —2>0. Takum obpasom, log,_,.(x —2)+12>1, orkyza loge_, (x —2) >0.
[TpuUMEHUB METO/, 3HAKOTOXKAECTBEHHBIX MHOXKHUTENIEH, TIOTyIUM

x—2—1 x—3
6—x—1>0’<:> 5—x>0’
2<x<6 2<x<6.

MHo>ecTBOM pellleH!Y IepBOro HepaBeHCTBa IOC/IeJHEeN CUCTEMBI SIBJIA-
eTcs MpoMeXyTokK [3; 5). 3To ke MHOXXEeCTBO, OUEBUAHO, ABJIAETCA U MHO-
JKECTBOM DENIEHUM BCEH 3TOUM CHUCTEMBI.
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2. Pemrim BTOpoe HepaBeHCTBO JaHHOW CUCTEMBbI, IIPUBEJA ero K BULY

x% —4x 1 3
x—4 _x—4+x—6<x
OTKyZa X — —+x 3 <xwu-— — 1 —a + 3 <O [MpuBeas apobu K obIIemMy
2(x—3)
3HaAMeHaTeJTIo, TIOCJIe YIIPOIEHHH TOTyYUM HEPAaBEHCTBO CEDICER <0.

HpI/IMeHI/IM METOJA MHTEPBAJIOB:

7+ T 4
3

4 6 X

MHOKeCTBOM pellleHU HeEpaBeHCTBa ABIseTcs o6beauHenue (—oo; 3] U
u(4;6).
3. Hatizém MHOXXeCTBO pellleHUM AaHHOMN CHUCTEMBI KakK IlepecedyeHue
MHOXKecTB [3; 5) u (—oo; 31U (4; 6). [Tomyuum {3} U (4; 5).
Omsem: {3} U (4;5).
Ipumep 10. PemuTe HepaBeHCTBO logs, ,,(logg_ (x+2)) >0.
PemreHue. [[pyMeHUB METOZ 3HAKOTOXK/ECTBEHHBIX MHOXKUTEJIEH, TTO-
JIy9UM CUCTEMY HEPABEHCTB
logs_, (x+2)—1
{ 5x+2-1 20,
logg_, (x+2) > 0.

[epeiizéM B mepBoM HepaBeHCTBe K ocHoBaHUIO 10 (pasymeeTcs, MOXHO
[IepeiTH U K J1I060My APYyroMY OCHOBAHUIO, JIy4llle K OOJIbIIeMY eANHULIBL):

igj - lg(x+2) —1g(8 —x) -
51 20 o { Gx+DIgB-x) T
logg_, (x+2) >0 logg_,.(x+2) > 0.

BHOBB MPUMEHUM METO/] 3HAKOTOXAECTBEHHBIX MHOXKUTEIEH:
(x+2)—(8—x)

>0, x—3
)(65:;—_1)1(8—)(—1) Grona—7 <O
g—x—1>0 = §+;<0
x+2>0,
8—x>0 -2 <x<8.

Pemmum IIepBOE€ HEPABEHCTBO HOJIy‘IeHHOﬁ CHCTEMbBI METOAOM MHTEPBAJIOB:

—A+J///l+

-0,2 3 x
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MHO)XeCTBOM peIlleHHH MepBOro HEPaBEHCTBA CUCTEMBI SIBJIETCA 00b-
eauHeHue (—o; —0,2) U [3; 7). MHOXXeCTBOM pellleHHi BTOPOro HepaBeH-
CTBa cucTeMbl ABsgeTcs (—1; 7). IlepeceueHreM STHUX IBYX MHOXKECTB OyzeT
(—1;-0,2) U [3; 7). OueBugHO, 4TO BCce yucaa MHoxkectBa (—1; —0,2) U
U[3; 7) yAOBIETBOPAIOT TpeThbeMy HepaBeHCTBY ITOC/Ie[Hel CUCTeMEL.

Omseem: (—1; —0,2) U [3; 7).

IIpumep 11. Peminite HepaBeHCTBO

(x? +x) -log, ., (x+1) -log, (x — 2)*
<0.
2x2+5x+2

PemeHue. 3aMeHNM JlorapudMUdecKrie BEIpaXKeHUs B YUCIUTENe 3Ha-
KOTOXK/JeCTBEHHBIMY, a KBaZpaTHble TPEXWIEHBI Pa3I0XUM Ha MHOXKHUTEIN:

X1 2 (022 - 1) <o Lot Der=DE=3) o
2(x+0,5)(x+2) =Y (x+0,5)(x+2)(x+1)

X > —1’ = x> -1,

X # 2 x #2

=D —3)
(x+0,5)(x+2) <o,
x> -1,

x # 2.

Pemum nepBoe HepaBeHCTBO ITOJyYeHHON CUCTeMBbl METOAOM MHTEepPBaJsOB:

+ ) + o+ [T+

-2 =05 0 1 3 X

[Monyuum mHoxkecTtBO (—2; —0,5) U {0} U [1; 3]. C yuéToM BTOpOTO
U TPETHETO0 HEPABEHCTB MOCIEAHEN CHCTEMBI MOJTYYUM MHOXECTBO €€ pe-
menwuii: (—1; —0,5) U{0}U[1;2)U(2;3].

Omseem: (—1; —0,5) U{0}U[1;2)U(2; 3].

dopmyna nepexozsa K HOBOMY YHUCIOBOMY OCHOBAHHIO B HEKOTOPHIX CIIy-
Yasx MO3BOJISAET CYIIECTBEHHO YIIPOCTUTh HEPABEHCTBO.

IIpumep 12. PemnTe HepaBeHCTBO

log, (x+1)-log, ;(x+2)-log, ,(x+3)-log, 5 (x+4)x
x log, 4(x+5)-log,,s(x+6) < 2.
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PemeHwue. JleBasd 4yacThb HepaBEeHCTBA ompezeneHa mpu x > 0, x # 1.
[Mepeiiném k ocHoBaHMIO 10 B KaXX/I0M U3 JlorapudpMOoB:

lglx+1) 1glx+2) lg(x+3) lgx+4) lgx+5) lg(x+6)
lg x ' lg(x+1) ’ lg(x+2) ' lg(x+3) ' lg(x+4) ' Ig(x+5)

<2

1 6 1 6 1 6) —21
o BEEO ) L BOHO 5 g BEHO 2l g
lgx lgx lgx
lg(x+6) —lgx?
o BxH+OZlgx”

lgx

HpI/IMeHI/IM METOZ 3HAKOTOXAECTBEHHBIX MHOXXUTENEH K PELIEHNIO IIEPBO-
T'O HEpaB€HCTBA CUCTEMBI:

6— 2
xtc—lx <0, Xox=6
x>0 = x-1 =7
? x > 0.
x#1

KopHAMM KBaJ[paTHOro TpéxdieHa x? — x — 6 ABAIOTCA yucaa —2 U 3.

[TosToMy nepBoe HepaBEHCTBO ITOJyYeHHOMN CHCTEMBI MOXXHO IepenucaTb

(x+2)(x—3)
x—

uzie 1

> 0. IIpuMeHNM MeTOZ UHTEPBAJIOB:

- i - F
3

-2 1

X

MHOXXeCTBOM pellleHUH IIEePBOr0 HepaBeHCTBA CHUCTEMBI SBJISIETCSA
[—2; 1) U[3; +). C yu€éToM HepaBeHCTBA X > 0 MOMYyYUM MHOXKECTBO pe-
meHu gJaHHoro HepaBeHcTBa (0; 1) U[3; 4-00).

Omseem: (0; 1) U [3; + ).

Kak ye oTMeuasoch, Ay 6ojiee AE€TaJlbHOTO U TOAPOOHOTO 3HAKOM-
CTBa C IPUMeHeHNEM MeTO/a UHTEPBAJIOB 1 MEeTO/a 3HAKOTOXAEeCTBEHHBIX
MHOXKUTEIEN K pelIeHuIo JJorapupMUIecKuX HepaBEHCTB HEOOXOAUMO 00-
parutbes K Matepuanam § 1.2 (mpumep 2) u § 1.6 (mpumepsr 8-15).

Memo0 s8gedeHus1 HOBOTL nepeMeHHOT

OCHOBHBIMU THUIIaMH JOrapupMUUECKUX HEPABEHCTB, KOTOPHIE IIOCTIE
BBeZIEHU HOBOU MTEPEMEHHOM CBOAATCA K PaIliOHANbHBIM alrebpandecKiuM
HepaBeHCTBaM, ABJAIOTCA CJIefyIonue:

a-logl , (f (X)) +b-1og;, (f (X)) +c VO

(cBOAMTCA K KBaZpaTHOMY HepaBeHCTBYy at? + bt + ¢V 0 3ameHoi t =

=10g;, (f(x)))
a-log(f(x))+b- logf(x) (I(x))+cvo.
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[TocnegHee HepaBEHCTBO CBOAUTCA K palliOHAJIbHOMY IIOCIE IPUMeHEeHU

Tog.co (F0” 20
3Ha4MB log;(,(f(x)) 4epes t, momy4um APOGHO-pallMOHANIbHOE HEpaBeH-

2
CTBO at + % +cV 0, oTkyza w

KHUX HEPaBEHCTBAX, pa3yMeeTcs, MOXKET ObITh 1 UUCIoM. JloraprdMudeckue
HepaBeHCTBA, KOTOPhIe MOXKHO pellaTh C IIOMOIIBI0 MeToZa BBeAEeHUs HO-
BOU IlepeMeHHOH, KOHEYHO JKe, He MCUePIbIBAIOTCA YKa3aHHBIMU TUIIAMU:
HanpuMep, 3aMeHUB B PAl[MOHAILHOM WIKM UPPALMOHATFHOM HEPABEHCTBE
IepeMeHHYI0 Ha JorapudMudecKoe BhIpaKeHHe, MOIyIUM JorapubMude-
CKOe HEPABEHCTBO, KOTOPOE Ieleco00pa3Ho pelaTh ¢ IIOMOIIBI0 00paTHOH
3aMeHEL. B uTore ¢ moMouipio MeTo/a BBeZIeHNsI HOBOH IlepeMeHHOH MOXKHO
MPUHATH K OFHOMY WM HECKOJIBKUM 6a30BBIM JIOTapUMUIECKUM HepaBeH-
cTBaM J100 Ha OMpeZeIEHHOM Ilare peuieHus paluoHaJIU3UpOBaTh Hepa-
BEHCTBO METOZIOM 3HAKOTOXKAECTBEHHBIX MHOXUTEJIEH.

dopmyJiEI IIepexosa K HOBOMY OCHOBaHHMIO: 10g ¢ () (1 (x)) =

V 0. OcHOBaHue jorapu$pMoB B Ta-

IIpumep 13. PemuTe HepaBEeHCTBO
4lg(2x—-1) -1
lg2x—-1) -1 sl

Pemenue. O6o3nauum lg(2x — 1) uepe3 t. [lomyduM HepaBEHCTBO

4tt__11 <1, oTKyza % <0, T.e. t?:—tl < 0. MHOXeCTBOM peleHuit

IIOJIy9eHHOT'O HepaBeHCTBA ABsAeTcs npoMeXxyTok [0; 1). Takum obpazom,

t>0,
t<1.
Caenaem o6paTHYIO 3aMeHY:

Ig(2x—1) >0, 2x—12>1, x>1,
Ig2x—1) <1 2x—1< 10 x <5,5.

Omsem: [1;5,5).

3ameuanue. O6paTvM BHUMAaHUE Ha TO, YTO, MOJYYUB HEPABEHCTBO
3t t 6 6 .
=7 <O, w1 ;=7 <0, MOXHO 6bUI0 ObI CPa3y BEPHYTHCA K MPEXHEH Tepe-
MeHHOU ¥ IPUMEHUTh METOJ, 3HAKOTOXK/[eCTBEeHHBIX MHOXKUTEIei:

2x—-1-1

lg(2x—1) <0 lg(2x—1) <0 %—1-10 <0, o
lg(2x—-1)—-1 lg(2x—1)—1g10 x>05
2(x— 1) 1<x <55,

1< x<5,5.

— <0
2x—11 = 7
= @{x>0’5
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Kaxkoii BapraHT pemeHus BEIOpATh, 3aBUCUT OT IIPeANIOYTEHUI pelrarole-
ro, IMIaBHOE — IIOJIyYUTh NTPABWIbHBINA OTBET.

IIpumep 14. PemuTte HepaBEeHCTBO
10g§,2 (24 —2x —x%)— 6log,s (24 —2x — x)+2>0.

PemeHue. CHavasa nmepei1€éM K OCHOBaHHIO 5 B KaXKAOM U3 JIorapud-
MOB:

log(z)’2 24—2x—x%) = (- log< (24 —2x — x2)? = (logs (24 —2x — x))?%;

log,s (24 —2x — x*) =0,5 logs (24 —2x — x?).

Teneps 0603Haunm log (24 — 2x — x*) 4yepes t. HepaBeHCTBO IPUMET BU/
t? — 3t + 2 > 0. KopHAMU KBaJ[paTHOTO TpEéXWwieHa B JEBOH YacTH MOMy-

t>2
YEeHHOI'0 HepaBeHCTBA ABJAIOTCA 4Yuciaa 1 U 2, MosToMy [ tzl’ Crenas
<1
obpaTHYIO 3aMeHY, ITOTyIUM

24 —2x —x? > 25,

& | [24-2x—x2<1, &
{m—n—ﬂ>o

(x+12<0, x=-1,

S | (xP+2x-2320, © | (x®2+2x—23 >0,
{x2+2x—24<0 {x2+2x—24<0.

log; (24 — 2x — x?)
logs (24 — 2x — x?)

KOpHAMU KBaJ[paTHOTO TpEXWwIeHa x2 + 2x — 23 ApdAoTed yncaa —1 — /24
u —1+ /24, crapmmuii K03GPHUIMEHT TPEXWIEHA MONOKUTEIEH, TI03TOMY
MHOXECTBOM pellleHui HepaBeHcTBa x2 + 2x — 23 > 0 ABAeTca obbeuHe-
Hue (—o; —1— /241U [—1+ v/24; +). KopHAMM KBaJpaTHOTO TPEXUIe-
Ha x? + 2x — 24 apnA0TCA Ynucaa —6 U 4, cTapuiuii Ko3GOUITUEHT TpEXUIe-
Ha TIOIOKUTeJIeH, TIO3TOMY MHOYKECTBOM pellleHui HepaBeHCTBa X2 + 2X —
— 24 <0 aBngetca (—6;4). ImeeM 4 < +/24 <5, moaTomy 5 < v/24+1<6,
a 3<+24—1<4. 38a4uT, —6 < —1— /24 < —5, ¥ MHOXECTBOM pelleHuit
CHCTeMBl HepaBeHCTB B MOC/IeJHeil COBOKYIHOCTH ABIAETCA 00beMHEeHIe

(—6; —1— 241U [—14+V24; 4):
WW&W

-6 —V24 —1+v24 4 x
Omgem: (—6; —1 — /241 U{-1}U[-1+v24; 4).
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IMpumep 15. Pemnte HepaBeHcTBO log, x —log, 4 < %
1

Pemenue. O6osHaunM log, x uepes t. Torza log, 4 = l = Hepa-

1 15 4t2 — 15t —

BEHCTBO IIpUMET BUJ, t — ? - 0 OTKyZa ¢

KBaJIpaTHOTO TpéxwieHa 4t> — 15t — 4 ABJAIOTCA YUCIA —% U 4, I03TOMY
4+ D=4

0g, x
< 0. Kopuamu

HEPaBeHCTBO MOXHO TlepenucaTh B BUAe —— < 0. [Ipumenum me-
TOZ, UHTEPBAJIOB:
)+ T
1
P 0 4 t
[Tonyynm
t>0,
t<4,
1
t < —

CnenaeMm o6paTHYIO 3aMeHY:

[ (log,x >0, x> 1,
log,x <4, x < 256,
1 1
—_= < —.
| log,x < —3 0<X\\/E
11
Omeem: (O; 7 U (1; 256].

B 3akitoueHHe pacCMOTPUM IIPUMED, B KOTOPOM 3aMeHy IlepeMeHHOMN
NIPUXOJUTCA JieNaTh ABAXK/BI.
IIpumep 16. Pemite HepaBeHCTBO
45 18

- 1<0.
(log x —21log, x)? 10g§x—210g2x+

P emeHwue. [ycTh t = log2 x — 2log, x. HepaBeHCTBO IIpUMeT BUL 5 45

——+1<O OTKyZa

—18t+45 <0,
t # 0
(sacHO, uyTO t =0 He ABJAETCA pellleHWeM IIepBOTr0 HepaBeHCTBAa CUCTEMBI,

MI03TOMY e€ BTOpOe HEPaBEHCTBO MOXXHO OMyCTUTH). KopHAMU KBazgpaTHO-
ro TpéxwieHa B JIEBOM YacTH IOcIefHero HepaBeHCTBa ABJAIOTCA Yyncia 3

t?—18t+45<0
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* CmenaeM 06paTHYIO 3aMEHY:

t>
u 15, moatomy {t< 15

logg x—2log,x > 3, — logé x—2log,x—3 >0,

loggx—Zlogzx < 15, 10g§x—210g2x— 15 < 0.

ITycTs log, x = 2. CucremMa nIpUMeT BUJ,
22—-22—3>0,
22 —-22—15 < 0.

KopnsiMu kBaZipaTHOTO TpExUsieHa B JIeBOM 4acTy IepBOro HEpaBeHCTBa CU-
CTeMblI ABJIAI0TCA uncia —1 1 3. KopHAMU KBaZpaTHOTO TpéXwieHa B JIeBOM
4acTU BTOPOI'O HEPABEHCTBA CUCTEMEI ABJIAIOTCA yucia —3 U 5. [losTomy

[z < -1,

z > 3, -3<z< -1,
z > —3, oTRyAa 3<z<5.
z <5,

NN
-3 -1 3 5

CaenaeM o6paTHYIO 3aMeHY:

1 1
[—3<log2x<—1, e |8 <*<2
3<log,x <5 8 < x < 32.

Omsem: (0,125; 0,5) U (8; 32).
Hccnedosarue O3 HepageHcmsa

B ciyyae orapudMudeckux HepaBeHCTB ucciaegoBanve O/I3 HepaBeH-
CTBa UHOTZA [T03BOJIAET HAWTH MHOXXeCTBO ero pelieHuil. Takue 3azauu He
CJIMIIKOM PacIpOCTpaHeHbl, BO3MOXKHO, OT4acTy noroMy, uro O/I3 sora-
pubMUIECKOTro BEIpaXXKeHUA 3aJaéTCs CTPOrMMU HEpaBEeHCTBAMU U B O0JIb-
IIMHCTBE OAOOHBIX 33/1a4 caMa SBJIAETCI MHOXKECTBOM pellleHUi HepaBeH-
CTBa.

IMpumep 17. Pemmte HepaBeHcTBO 1g(x —5) +1n(6 —x) < 7.

PemeHue. JleBasd yacTh HepaBeHCTBA oIIpeZesieHa IIpu 5 < x < 6. Ilo-
CKOJIBKY X < 6, monmy4aeM, 4To 1g(x — 5) < 0. ITocKOIBbKY X > 5, ToIy4aem,
yTo In(6 — x) < 0. 3HauuT, JeBasg YacTb HEPABEHCTBA OTPUIATENbHA MPHU
BCeX JOIyCTUMBIX 3HAYeHUAX IlepeMeHHOM, ¥ HepaBeHCTBO BBIIIOJHAETCA
st Bcex x € (5; 6).

Omsem: (5; 6).
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IIpumep 18. PemuTe HepaBeHCTBO

log, (x —3) +1log; (20— x) + ¥/x—6+ '{/10—x > 3.

Pemenue. JleBasg yacTb HepaBeHCTBa onpezesneHa rnpu 6 < x < 10. [To-
CKOJIBKY X > 6, nosy4yaeM, 4To log, (x — 3) > log, 3 > 1. ITockonpky x < 10,
mosny4daeM, 4To log, (20 — x) > log; 10 > 2. TlockonbKy npu Beex x € [6; 10]

BBITIOJIHEHBI HEPABEHCTBA Yx-6 >0u Y10—x> 0, mosry4aem, 4To JieBas
YacTh HEpaBeHCTBA Oosblile 3 IPU BCeX AOIYCTHMBIX 3HAYEHUAX [IepeMeH-
HOU, ¥ MHOXECTBOM pellleHU! HepaBeHCTBa ABjsgeTcsa ero O/13.

Omsem: [6; 10].

IIpumenenue cgoiicma gyHkyuil

[epetizém K mpuMepaM NMPUMEHEHUs CBOWCTB MOHOTOHHOCTH M OTpa-
HUYEHHOCTU GYHKIIUH K pEelIeHHI0 [TOKa3aTeIbHEIX HepaBeHCTB.

5
Ipumep 19. Pemute HepaBeHCTBO 3/ x2 +5>1ogs (8 —x) +1
PemeHue. [lepebupas HeOObIINE IO MOAYJIIO IIe/bIE YKCIIA, IOBOJb-
HO OBICTPO MOXXHO YCTaHOBUTD, YTO JIeBasA U IpaBas 4acTU JaHHOTO Hepa-

BEHCTBA paBHBI pu x = 3. OyHKIMA f(X) = 5\/ x3 45 MOHOTOHHO BoO3pac-
TaeT Ha Bcell 4MCIOBOH mpaAMoH, a ¢yHkiua g(x) =logs(8 — x) + 1 mo-
HOTOHHO yOBIBaeT Ha Bcell obracTy ompegeneHusA. [103ToMy HepaBeHCTBO
f(x) > g(x) BrImonHAETCSA, ecu X > 3 u x € D(g), tae D(g) — obyacTh ompe-

>

x>
nenenust yHkuuu y = g(x). Takum o6pasom, { OTKyZa 3<x < 8.

8—x>0,
Omsem: (3; 8).
IIpumep 20. Pemrvre HepaBeHCTBO

6°** +1ogs (5x —2) < 6°* +1logs(x +6).

PemeHnue. O6paTUM BHUMAaHUE Ha «IIOXOXKECTh» JIEBOM U IIPABOii ya-
creil HepaBeHCTBa. Pacemorpum dyukuuio f(t) = 6° + logs (t + 2), MoHO-
TOHHO BO3PACTaloIIyt0 Ha BCcell 061acTH orpe/iesienust. B cumy Bo3pactanus
¢byukiuu y = f(t) HepaBeHCTBO f(a) < f(B) 6yAeT BBHIOTHATLCA IIPU J0-
MYCTUMBIX 0 U 3 B TOM U TOJIBKO TOM CJIydae, eciu o < 3. B Haulem ciydae
a=>5x—4, f=x+4. Takum obpasom,

5x—4 < x+4,
5x—-2>0,
x+6>0,

oTkyza 0,4 <x < 2.
Omeem: (0,4; 2].
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IIpumep 21. PemuTe HEpaBEHCTBO

VAd—x—/x®—5x>+4x

VA—x+logl , (x*—5x2+4x+1) ~

Pemenue. JleBasg 4acTb JAHHOT'O HEpaBE€HCTBAa OIIpE€AecI€Ha, €CIN

VEd=x+logl (3 —5x*+4x+1) #0,
5x+1#1,

5x+1>0,

4—x >0,

x3—5x24+4x > 0.

I[Tpu 3TUX yCIOBUAX 3HAMeHaTelb Apobdy B JIeBOU 4acTU JaHHOTO HepaBeH-
CTBA MOJIOXKUTENIEH U HepaBEHCTBO MOXKHO IlepenucaTh B BUze

Va—x—Vx®—5x2+4x > V4d—x+log: , (x* —5x* +4x+1),
OTKyza

log2, ., (® —5x* +4x+1) 4+ x* = 5x2 +4x < 0.

CyMMa BYX HEOTPUILATEIbHEIX CJIaraeMbIX 06paliaeTcs B Hy/Ib, TOIBKO eC-
JIU KaXk/Ioe U3 HUX paBHO Hyio. Ecu x3 — 5x2 4 4x =0, To TPy 3HAY€HUAX
TepeMeHHOM, YAOBIeTBOPAIINX HepaBeHCTBAM CUCTEMBI, ITOydyaeM, 4TO

10g§XJr1 3 —5x2+4x+1) = logngr1 1=0.
Haiiném KopHM ypaBHeHMs x° — 5x2 + 4x =0, mepemnucas ero B Bujie
x(x?>=5x+4) =0,

oTkyza x =0 1160 x? — 5x + 4 = 0. KopHAMU MOC/IeHETO ypaBHEHUS fAB-
JATea x =1 1 x =4. Ho x =4 He yAOBJIETBOPAET IIEPBOMY HEPABEHCTBY
cucteMbl, a x =0 — eé BTOpoMy HepaBeHCTBY. KopeHb x =1 yzoBieTBO-
psIET BCEM HEPAaBEHCTBAM CHUCTEMBI U SIBJIETCS €JUHCTBEHHBIM pelleHUeM
JTAaHHOTO HepaBeHCTBA.

Omsem: {1}.

IMpumep 22. Pemure HepaBeHCTBO log, (x —4) -log, (12 —x) >4.

Pemenue. JleBad 4acThb JaHHOTO HEpaBEHCTBA OIpeJesieHa, eciu
4 <x<12. Ecmu x € (4; 5], 1o log,(x —4) <0, a log,(12 —x) > 0 u paH-
HOe HEPAaBEHCTBO He MMeeT pelleHui. AHaJorudHo ecau x € [11; 12), To
log,(x—4) >0, alog,(12 — x) <0 u JaHHOe HepaBeHCTBO He UMeET pellle-
Huil. [Tycrs 5 < x < 11. Torga log,(x —4) >0 u log,(12 — x) > 0. B atrom

cryJae \/logz(x—4)-log2(12—x) >2. Ho Vab < a-;b

(BTO HEPaABEHCTBO
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JIETKO IOJIyYUTb U3 OYEBUAHOrO HepaBeHCTBa (v/d — Vvb)? >0, PacKphIB
CKOOKY U BBITIOJHUB 3/IEMeHTapHbIe IIpeobpa3oBaHysd; HAaIIOMHHM, YTO OHO
HasbIBaeTcsA HepaBeHCTBOM Kot it cpefiHero apudMeTHYeCKOro 1 Cpei-
HEro reOMeTPUYECKOTO ZIBYX HEOTPUIIATEIbHBIX YKCeT U obpalaercs B pa-
BEHCTBO, TOJILKO €C/IM YKCJIa paBHbL). [ToaTOMY

1 —4)+log, (12— 1 —4)(12—
\/logz(x—4).log2(12_x) < 0g, (x 4)-!-2082( x) _ 0g, ((x A;)( x)).
Ho
log,((x—4)(12—x)) _ log,(—48+16x—x*) log,(16—(x—8)*) _log,16

Taxum o6pasom,

J1og,(x —4) -log, (12— x) > 2

\/log2 (x—4)-log,(12—x) < 2,

YTO BO3MOXKHO, JIMIIb €CIIU \/log2 (x—4)-log,(12—x) =2, T.e. ipu x =8.
Omeem: {8}.

Yopaxuenus k § 8.2

PemiTe HepaBeHCTBO (CUCTeMy HEpaBeHCTB).
x+2 x+3

1. a) log,s oy <0; 6) log, , oy <0.
—13—4x 7 —4x

2. a) log% W>O’ 0) log% P >0;

3.a) (log,2—logs2)log;(x—18)>0; 6) (log, 9 —log, 9)log,(x —13) > 0.

4. a) log, x +1og,(x+6) <4; 6) log, x +log,(x — 6) < 3.

5. a) log§|X|(4x2) +1log, (8x%) <9; 6) log;x‘ (25x%) +1ogs (25x%) < 8.
2x>4+3x-5 1 2x+15x+22 1

6.a) logyy =7 <3 6) logy =% <2

7. a) log;(x+2)+1log;(8 —x) < 1+logs(x+4);
6) log,(x+3)+logs (7 —x) < 1+41log;(x+5).

8. a) log,(4x+11) —log,(25 - x*) > sin 13"

6) log, (3x —2) ~ log, (36— x) >sin ~2~.
9. a) log;(x+5) >log,_.(9—x); 6) log,(x+8) >log,_.(3 —x).
10.a) 1— —* 2 6)1— 1 2

< ; .
log, 40,2 ~ log, 49025’ log, 10,1 ~ log, 47100
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11.

12.

13.
14.
15.

16.
17.

18.

19.

20.

21.

22.
23.
24.

25.
26.

27.

28.

29.
30.

9 X 4 X

a) log, (20— ;) —|—log% (5— Z) >1; 0)log, (15— ;) +log% (5— §) >1.

logy x? . log,9 ) l logp 5 (2x+3) )
a) 300 42 |20 <3 (5) ;

logs x? . logs 49 . 1 logo 2 (3x+4)
6) 705" 16 |xfors 0 <7- (=)
a) log,(log,(7x*—6x)) < 2; 6) log;(log;(4x? —3x)) < 1.

2x+1 3x+2
a) logs (log3 ( p )) >0; 6) log, (log5 ( p D >0.
a) logs(log,(log;(2x+1))) <0; 6) log, (log;(log,(5x +6))) <0.
Sx+1 7x—3
o 1o (1. (o, (352)) 20 91, (s (s (22) 0.
a) log,(log, (log,(log,(x +3)?))) <0; 6) log,(log,(log,(log, (x +2)*))) <0.
2 (x+5)H
a) 11log;; (x*+x—20) <12+logy, a4
13

6) 13log;;(x* —x—6) <14 +log, (xx+_2; .

2x% —5x+2 2x% —11x+5
Q) Jog 2 SO 6) Togaera <O
a) logs (8x% —11x+4) <2 6) logs (7x% — 10x+4) -9

logs x logs x
a) 2logs (x? ;5x) <1 &) 2logg (x? —;—4x) <1
logs x logg x:

a) 8—x)(x+4)logy;(x—1)=0; 6) (5—x)(x+9log,,(x+4)>0.
a) log, (4—x)-log, (x+1)>0; 6) log,_,(5—x)-log,_;x>0.
a) log;_, (x+1)-log,,,(4—x)<0; 6) log;_, (x+3)-log, ,(2—x)<0;

(2x* —15x+28)log, (x—=3) _ (2x% — 19x + 45) log, (x — 4)
a) x?—11x+30 <0 6) x? —13x+42 e
a) (x*+3x+2)-log, ,(x+2)-log;(x—1)*><0;

6) (x*+7x+12)-log,,s(x+4) -logs(x+1)*<0.
(% +9x+20) -log, , ¢ (x +5) - 1g(x + 2)? <o

a) 2x2 1 21x + 54 S5
2 —7x+12) -log,_o(x—3)-In(x— 6)>2
6) 2x%2 —11x+14 <O.
a) (x—3)(log6(3c2+3x—4)+log0’2(20—5x)+log s +x+1) >x%—x—6;
4—x

6) (x—4) (log5(125—25x)—logé(x2+x—6)+log ! +x+6)<x2+2x—24.

5—x 0,2
a) log, (x* —14x+48) <1; 6) log,, (x* —13x+36) <1.
a) 218os(=8m) > Jog 5 (2x% — 6x+9); 6) 4n(0s=6m) > Jog ,(2x? — 10x + 25).
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31
32.
33.
34.

35.

36.
37.
38.

39.

40.
41.

42.
43.

44,
45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

a) log,, (x> —2x—8)<1;

a) log, ., (7x*+11x—6) <2;

a) log. 12 (x—2)*<1;

a) 10gx+5 (4x®>—5x+1)< log %8;:2 1;

a) log, ,,(x*—5x+1)< log% 1;
X+

a) logg,2_,_;(2x* —5x+3)<0;
a) logyg,2_11,_3(12x* —19x+5) > 0;

6) log,_, (x*+4x—5)<1.

6) log, ., (6x*>+x—5)<2.

6) log(,_g2(x—3)*< 1.

6) log, s (5x* — 6x+1) < logoxsss 1.

10x+59

6) log, ., (x* —3x+1) < log% 1.
X+

6) 108,525, _,(6x*—11x+4)<0.
6) 10g50,2_115_3(20x* —29x +6) > 0.

a) log,, . ,(2x—3)?2<2log,, ., (x+2); 6) log,,,,(2x —5)*< 2log,, ., (x+1).

a) logg_g,2(36—64xM) <2+ !

6) 10g; g2 (9 — 81x*) <2+ —

a) log,,;6+log_;5_4,6<0;

log, (6 —8x2) ;

log,(3—9x2)°

0) log,_,3+10gs; 15, 3<0.

a) log, (x+4)-log, ,(x+8)-log, ¢(x+12)<2;
6) log, (x+10)-log,,1o(x+20)-log, ,,,(x+30) < 2.

a) logs, ,,(log,_,(x+3))>0;
a) log) x> 16;

a) logs, x*<1;
a) ||log,x—1|—4|<2;
2
7< .
a) log6x+1\1’
4lgx—3
a) gx—1 <3;
51g2x—1
a .
) 12l
a) 4log 2—1<$-
x = 4log, 2-1’
loggx—1
a) g3—\ #;
logs x—3 loggx—2
3log,3—2 _ 5log,3-3
a) > ;
2log,3—17 3log,3-1

6) 10gs, 15 (logg_, (x+4)) > 0.
6) log2 x>9.

6) log> x* < 4.

6) ||log, x+1|—2|< 1.

4
— <
6) log2x+1\1'
3lgx—4
0) Tgx—1 >4.
3lgZx—8
6) —F—2>2
) Ig2x—4 =
6) 3log 3—1<#
x =~ 3log,3-1"
logs x 1
<
6) loggx—2\1+log3x—1‘
6) 4—7log,2 5-—11log,2

2log,2—1 " 3log,2—1"

a) 2log;(x+4) —5log,(x+4)+2<0; 6) 2log;(x+7) —3logy(x+7)+1<0.
a) log§(49—x2) —3log, (49 —x*)+2>0;
6) log’(729 —x*) —5log, (729 —x*) +6>0.

a) (log§ x+1)2+3< 7log§ X;

0) (logg x—2)24+5< 610g§ X.
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55.

56.

57.

58.

59. a

60.

61.

62.

63.

64.

65.

66.

67.

a) logﬁ’5 (8+2x—x?) —7log, (8 +2x — x?) < —12;
6) loga(4+3x —x*) +6log, 5 (4+3x —x?) < —8.

a) logl(4+3x —x?) + 7log, s (4 + 3x — x*) + 10> 0;
6) logZ(5+4x —x?) +4log,,(5+4x —x*)+3>0.

a) log,x—log, 9> %; 6) logg x —log, 8>

8
3
10
a) logg x+log, 8> 3 6) log,s x +1log, 25>

25 26 10
+1<0; 2

loggx B log%x loggx B loggx
a) (logg x —2log, x)*>+36log, x +45<18 logg X;
6) (log)x+3log, x)? <2log x+6log, x +8.

12 7

a 1>0;
) (g% x +41g x)> + 1g2 x +4lgx +
45 14
6 1>0.
) (log% X+ 6log, x)? + log% x+6log, x
3lgx+2)+1
a >1+1Io 10;
) 1g%(x+2) +1g(x+2) ~ Bx+2
41 -2)+1
6) o802 >1+log, ,5.
logz (x — 2) +logs (x — 2)
1 2 3
a) 4+log, x + log, (2x) (4+log2x B 1) <O
3 1 3
6) 5+log, x + log, (4x) (5+log2x B 1) >0.
lg2x+1lgx—1  71g2x—7lgx+2 .
a) lgx 1g(0,1x) <8lgx+1;
Ig2x+lgx—4 61g2x—24Igx+5
0) 12(0,10) lgx—4 <7lgx+2.
a) logy o, ((x+1)(1 —4x+ 4x%)) <-1. 6) log;_,(Bx+1(1 - 2x+x%))
log,1(1—2x) logs,1(1—x)
a) logO’ZX(lox_l) -logO’ZX(O,OSch) < 40- logO’SX(4x_1) . logO’SX(O,sz)
logg 4, (0,2x) - 1ogs, 2 (0,2x) ’ log, (0,5x) -logg, -2 (0,5x)
a) (6log§x+510g§x—4log2x—3)(6log;x+410g§x+510g§x+10g2x—3) <

< (6log§x+510g;x—510g2x—3)(6loggx+410g§x+510g§x+210g2x—3);

6) (7loggx + 410g§x - 310g§x + 2log, x — 4)(710g§x + 310g§x + Zlogix—
—3log,x — 4) > (7logsx + 4loglx — 3logix + log,x — 4)(7logs x+

+310g§x+210g§x—210g2x—4).
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68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

a)

a)

a)

a)

a)

a)

a)

a)

a)

a)

2*+16-27%>17,

2logy(4x* 4+ 1) <log; (3x* +4x+1);

4 4+16-47>17,

210856 (16x2 +1) < logy (12x* 4 8x + 1).

4*—12-24+32>0,
°g2x 7x+6(x 1) >0;

54—x1
1y va>°

x+4
1080 25— 2)2 2 ) <1

25 —26-5°+25>0,
2x% —9x+10) logs (x +1) > 0;

x+4
lo >
g3X(x 3)2
%3 + 6x2 +21x +_3z 12

|
|
L
(e
(
¥
(s
g
s
(<
¥
{

_2’

<35

_5_11x+12 5
2t2x © x+2’
4x+ 33 2x+8<0

log2 L 2 +log, (x+1,2)%>2;

1og4x _|_x210g43 > 6
og2x+6>510g2

>2*+4
5 _logsx+ D)

logg(x+ > Togy( £ -1’

10g7 X 5 — 7 17

4x —22
x_7 <x+2;

x2 —4x+3

log, . (x+2)-log, (3 —x) <0,

4x +x=3 _ 52x —6x—. 2<O

477 —17.2% 242<0,
log,, s(2x%—9x +10) > 0;

4*—6-2*+8>0,
Og2x 3x+IX>0

6)

320—47*"1
>
128 —27% =25,

6)
x +7
1080 25(x+1)2 4_) <L

5.25¥—26-54+5>0,
(2x? —5x+3)log,(x+2) > 0.

=)

)

x+3

lg7x(x 7)8> 8,

40x% +3x — 24
-8

6)
x34+6x24+ —————— 3.

log, (28 —3x —x*) <1,

14x 24 > 5

—4x+3 -1

6)
x+7+

;
Lz
¢
L
{
ST S
§
(s
E
{
{

510g4x +leog45 > 10

2 log; x + 8> 6log, x.

x—1 _
92 >2"—|—2

log,(x+2)
10g4 (X + 2) > m

6)

—4—x
lglxx+1 g_l;

x? +6x+7 2—6x
x+2 X

0)

<x—2.

log,_, (x+3)-log,,4,(5—x) <0,

6) 16x 2_5x+5 0 252x +8x—30 < 0.

9¥~3 —82.3%" 3+3<0,

0)
logs, 5(2x* —13x+421) >0.
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80. a

81.

82.a

83.

84.
85.

86.

87.

88.

{log6 L(8x?—x*—12x) > 1+1log,_, x
x?—4x—1 3
TS
log,_ X(le —9x—x%)> 1+log,_, x
6) _
x? 5x 3+ 7 <x.
x—9
a) { 2572 —26-5*1+5>0, 5 {81X+%—1o-9X+1>0,
x-logs(3+x—x*)>0; x -logg(5+ 3x — x?) <0.
1+1logs_, (x* 4+ 9x+20) >logs_, (25 — x?),
3+ 7x +x +43))§ +72x 14<2;

1+log, ,(x*+10x+24) >log, (16 —x?),
6 x3+35x%4+x—5

x3 + 8X2 + T <1
a) 1g(x—15)+1In(16 —x) <0,3; 6) lg(x—25) +1n(26 — x) <0,2.
a) V/x®+32>log,(11—x) +2; 6) 3/x3+37>1log,(5—x)+3.

a) 11197124 Jog ) (10x —9) < 11¥* +log;, (x + 9);
6) 1377 4+1og;,(10x — 7) < 13%* +log;, (x + 11).
a) log,(x—6)-log,(14—x) > 4; 6) log,(x —8) -log,(16 —x) > 4.
a) Vx2—4+log, (2 — 1) <1, 6) vV x®>—9+log, (x> —5)< 2,
5% +6*<0,08; 3*+4*>0,08.
{ log,(x*—9)<1, logs (x> —4) <1,
a) | 2x2+4+x-28 5){ 2x2+x—15
s ——— < .
6155 2 0 77 gEog SO

JuarHoctuyeckas pa6ora 14
BapuanTt 1

PermmiTe HepaBeHCTBO (CHUCTEMY HEPABEHCTB).
6x
1. logojz +a >—1.
3
3.log,x—1log, 4>1,5.
4.log: (5+12x — x?) +3logy , (54 12x —x*) +2 <0.

5. log, 5 (x—3)*<2.

6. log,, (x* —10x+24) > 1.

7. (32+12x —9x*) log,,(3x —1) > 0.
8.log, ,c(—2—x)-log, c(x+7)>0.
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(x—8)10
x—1
x®2—9x+15  x*—7x+4
x—2 x—=7

54
3+ 3 >29,
x+1
08,2 (51) <o

11. logs (x — 5) +1ogs (60 — x) + ¥x— 10+ V24— x> 3.
V3—x—1+/x3—5x2+6x
’ \/3—x+logﬁx+1(x3—5x2+6x+1) -

logg_, > 10,

<2x—17.

10.

12

Bapuanr 2
Pemute HepaBeHCTBO (CHCTEMY HEPABEHCTB).

3x
1. logo,s 53 >—1.

2. gx+1 > 1.

3.loggx —1log, 8> %

logi(2+ 7x —x*) + 4log, 5 (2+ 7x — x*) +3 <0.
log, 4 (x—2)*<2.

dogg, (x> —9x+14) > 1.

. (9—4x —5x*) log, 15(5x+4) > 0.
.log, (10 —x)-log, _¢(x—5)>0.

_ )4
{logax &= o4

U A

(o= BN o)}

=
X
x> —12x+10  x*—5x+5
x—1 x—5

{2*+ % >21,
10.

<2x—11.

11. log, (x — 4) +1ogs (30 — x) + ¥Vx— 20+ '¥/25—x >5.

V5—x—/x3—6x2+5x

’ \/5—x+logéx+1(x3—6x2+5x+1) -
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I'maBa 1

YopaxkHenus k § 1.1

1.a)6; 6)8. 2.a)6; 6)8. 3.a)8; 6)11. 4.a)5; 6)6. 5.a)3; 6)6. 6.a)6:5
B O3y «LIMpKyasi»; ©6) 9:6 B MOJb3y «YTOMbHUKa». 7.a) 6; 6)7. 8.a)5; 0)6.
9.a)5 6)6. 10.a)7; 6)4. 11l.a)5;, 6)6. 12.a) (7;11); 6) (—8;11).
13.a) —17; 6) —18. 14.a) —7;4;5; 6) —6;—5;6. 15.a) 12; 23;24; 6) —18;
—17;—13. 16.a) 2;3;5; 6)3;5. 17.a)5; 6)4. 18.a)2; 6) 3. 19.a) 3;
6) 2. 20.a) {3}; 6){5}. 2l1.a){3}; 6){-3}. 22.a)3; 6)1. 23.a)4; 6)5.
24.a)2; 6)4. 25.a)5; 6)4. 26.a)1;3;4; 6)1;4. 27.a)3; 6)1. 28.a)1;
6) 4. 29.a)3;6; 6)2;5. 30.a)4; 6)5. 3l.a)l1;3;4; 6)2. 32.a){5};
0) {4}. 33.a){-6}; 6){—7}. 34.a){4}; 6) {-5}. 35.a) (5;—2); 6) (—3;4).
36. a) {4}; 6) {6}. 37.a) {—V5}; 6){V2}. 38.a)1; 6)2;5. 39.a)4; 6)5.
40.2a) 3; 6)3. 41 a) {5}; 6) {8}. 42.a){2}; 6) {1,5}. 43.a) {-1};
6) {0,5}. 44.a) {1}; 6) {—1}. 45.a) {—1}; ©6) {—3}. 46.a) {4}; 6) {2}.
47.a) 1;3;4; 6)2;4. 48.a)3; 6)4. 49.a)4; 6)2. 50.a)3; 6)2. 51.a)5;
6) 3. 52.a) 16; 6) 18. 53.a) {4}; ©6) {5}. 54.a) {9}; 6) {8}. 55.a){4};
6) {0}. 56.a) {2}; ©6) {3}. 57.a)[7;13); 6) (5;11]. 58. a) [0;2]uU{5};
6) [0;3]u{7}. 59.a)3; 6)1. 60.a)2;3; 6)1;4. 6l.a)2;, 6)1.
62.a) (2;3)U(3;4); 6) (3;9HU(4;6)U(6;7). 63.a) (17;18)U(18;19)U(19;20);
6) (13;14)uU(14;15) U (15;16). 64.a) (5;6); 6) (7;8). 65.a) {—7}U[3;+x);
6) {—-5}U[2;4+»). 66.a) {3}; 6) {4}. 67.a) {3}; 6) {5}. 68.a) (6;12);

6) (8:10). 69. a) (3,5;3%); 6) (4,5;4%). 70. a) (=3; —=2,5); 6) (—4: —3,5).

YnpaxHenus k § 1.2

1. a) (—»;3]U{4}U[5; +»); 6) [5;7]U{8}. 2.a) (—w;—-3]U{-2}U[-1;0];
6) (—oo; =5]U{—-4}U[-3;0]. 3.a) (—»; =7)U{0,4rU[6,5;7); ©6) (—; —8)U

U{0,8} U[7,5:8). 4. a) (=3;—2) U [— g;z); 6) (—o0; —6) U (—5;—%5

U (5: +00). 5.a) [=1,5: 21 U{3}U[7; +); 6) [3:5]U{6}. 6.a) [—4:3) U [4; 5]:
6) [-5;1]U[2;4). 7.a) (—=;4]U[5;+x); 6) [1;2]. 8.a) (—x;1)u{2}uU
Ul4:+0): 6) {=3}U[1:2). 9. a){2:4}: 6) {-3:—2}. 10. a) {2} U
U[2;+x); 06) {—1}U[1l;+x). 11.a) (—2;7]U[13;+x); 6) (3;6]U[12;+x).
12. a) (— 1;—%) U (%; 1}; 6) [— 1; —%) U (%1) 13. a) [—4; —3) U [4: 5);
6) [—6; —5)U[2:3). 14.a) {6}: 6) {7}.

Yonpaxxnenus k § 1.3

1. a) (—»; —2]U{2}; 6) (—=; =3JU{3}. 2.a){-1}U[3;4]; 6){-1}U[5;6].

3.2) (-3 -31U (= 3;-2) Ul ® (- —210(- 3 -3 ) Uk 4. (U
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U@3;4); 6) {1}. 5.a) [4;5]U[13;+x); ©6) [6;7]U[10;+x). 6.a) {—6}U
u(=2;1,5uU{5;6}; 6){—4}uU(—2;0,5U{3;4}. 7.a) (—»;0,5]U {% —I-Zﬂ:n},
neNU{0}; 6) (—»;1,5]u{n+2nn}, neNU{0}. 8. a) {—2xnn;—1}, n€N;
6) {1; 3 +27n}, ne{O}UN. 9.2) (2 +%); 6) (~;2). 10.2) {~2}U[0;1]U

u{2}; 6) {-3}U[0;11U{3}. 11. a) (0;1) U (7;+x); ©6) (0;2) U (5; +).
12. a) {—4}U(=2;0U(0; 1); 6) {-5}U(—3;0)U(0;2).

Yopaxuenus k § 1.4

1. a) (—-3;-1)uU(3;5); 6) (—9;—7)U(—1;1). 2.a) {—2;—1}U[1;2]; 6) {—-3;—-1}U
Ul1;3]. 3.a) (—»; =4 U(—4; —3]U{-2}U[-1;0)U (0; +=); 6) (—»; —6)U
U(=6; =5]1U{=3}U[—1;0) U (0; +oo) 4.a) [-5;-11U{1;3;5}; 6)[-3;-1]U
1 12
U{1;2:3}. 5. a) (3 25) 6)( = 17) 6. a)[ }U(1;8]U[80;+oo);
6) [—5;—5} U (3;111U[139; +%). 7. a) —Z +27n, n€7Z; 6) 21n, n€Z.
8. a) (— 1)” +7nn, n€7Z; 06) :i:—+27tn nez. 9.a) ( ,;]; 0) (0;%]
10. a) {3}; 6){2}. 11. a) (-5; 2f]u{0}u[2f 5;5); 6) (—8; —4+/3]u{0}U
11 1 1 11
U4V/3: 8). 12.a) [g;i)u(i;l)u[Sl;—I—w) )(32 4)u(4 z}uu 512].

Yunpaxsenus k § 1.5
1. a) (—»;1); 6) (—;1). 2.a) (=1;1); 6) (—o; —1)U(1l;+»). 3.a){1}U
U [4; +); 6) (—w; =5]U{1}. 4.a) (—o; —1JU{0}U[1;+»); 6) (—;—-1]U
U{0}U[1;+). 5.a) [3;+x); 6) (—»;2]. 6.a) (—2;3); (2;3); 6) (—3;5);
(3;5). 7.a)[-5;4]; 6)[—11;5]. 8.a)[3;+x); 6) (—x;2]. 9.a) [-6;0)U
U(3; +); 6) [-5;0)U(4; +=). 10.a) [5; 9]; 6) [1;5). 11.a) (5;0); (=5;0);
6) (0; —3); (0; 3). 12.a) [0,25; +x); 6) (— —0,5]. 13.a) [1;1,2]; 6) [3;12].
14.a) [-4,8;-3]; 6)[-7,5;—3]. 15.a) = +277:k ke€Z;2nn,n€Z; 6) —+2rck
keZ; 2nn, n€Z. 16. a) Z-{—ﬂfk, keZ, nmn, n€Z; 6) —+— ke 27m
nez. 17. a) —§+2nz, leZ; 6) —§+2n1, leZ. 18. a) —Z+7'cl, leZ,

6) T+l leZ 19. ) —§+nz leZ: 6) ﬂ,Zez. 20. a) {0}; 6) {0}.

nmn 7k b mm
21.a) (0;3); 6) (0;4). 22.a) ( +T,?,—E+?),nez keZ, mez;
6)( st %+%k,§+nm) nez, ke, mez. 23.a) (2 —“) nez;

6) (6, 6”;3), €Z. 24 a) (—w;2]; 6) [2+%). 25.a) ( ,E+2nk),

keZ; 6) (n+2nk;—3), keZ. 26.a) [1;+x); 6) (—x;1]. 27.a) (—3;-2];
6) (—7;—1]. 28.a) (—3;4); 6) (—-7;—-2). 29.a) (2;4,5); 6) (2,2;3).
30.a) [4;7); ©)[2;5). 31.a)(0,8;1]; 6) (1,6;7,5]. 32.a) {0}; 6) {0}.
33.a) {0}; ©6){0}. 34.a) {4}; 6) {5}. 35.a) {—2}; 6) {-3}. 36.a) {—-2};
6) {3}. 37.a) {4}; 6){2}. 38.a)[—2;4]; 6)[—2;3]. 39.a){1,5}; 6){—0,5}.
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40. a) (— —+4TCH) (—Z?ﬂ 5—n+4ﬂ:m) nez, mez; 6) (Sn —?ﬁ+6ﬂn);
(—3?7{ 3—7T+67'cm) nez, mez.

Yonpaxsenus k § 1.6

1.a)( )6)( )2 )[ )u(%;l);6)[0;1)U(g;4).3.a)(—2;—1)u

U{l}; 6) {~2}U(Z3). 4. a) (-»;-DU[-0,50,51U(1;2); 6) (_w;_g)u

u[-33]u(3:3) 5@ C=-125100,025% 6 (—=-2|u(02].

o9 (=)o (& Do Dofg]om o o (=20 (32)-
e onoe. 70 (o) 0 ComHul bl

13
)

1
u[g Z)U[Z +). 8.a) (—0;—0,75)U(—0,25;0)U{0,5}U[1;+); 6) (— =3

oCEOolJol2iee). 5.0 (e oo (Zra): 0 (Feid)u

U{O}U(%;+oo) 10. a) (=2; —1); 6) (=3;-2). 1L a) B E) 6) [i 183).
o[£ [3TE 0 [ o[ e (53)

3°6) L9 6 4)- 134 3
6) (—— —%]. 14. ) (—7;—6)U[2:2,5)U(4:4,5]; 6) (—6:—5)U[3;3,5)U(5;5,5].

15. a) (1; »); 6) (—1; ®). 16.a) (—;0)U[0,5; 1)U (1;2)U[3; ©); 6) (—eo; 1)U
U[1,5;2)U(2;3)U[4; ). 17. @) (0;0,1)U(1;%); 6) (0;0,2)U(1;). 18. a) (1 1)5

6’3
6) (0,25;0,5). 19. a) [5 ;) 6) [%%) 20. a) (1;+); 6) ( )
21. a) (—0,1; 0]U[0,2; 0,8); 6) (—— o} B ‘3‘) 22. a) (—%;—%}U(%;%);

6) (—0,4;—0,2] U (0,2;0,4). 23. a) { }u(o,s; 1; 6) {0,5} U (0,75;1,5).
2.0 (53)u[32)u(1)o(n3) @ (-3:0)u[35)u(F1)va.

I'maBa 2
YonpaxseHnus k § 2.1
1. a) (—o; —1]; 6) (—w;—1]. 2.a) (—«~;1,5]; 6) (—»;1,6]. 3.a) (2;+x);
6) (1;+»). 4.a) (—2;+»); 6) (—2;+»). 5.a)[1,5;+x); 6) (_ o %]
6.a)1; 6)—2. 7.a)(—2:2); 6)(—o;—1). 8.a) [—9 +oo) 6) [—%;+w).
9. a) (—;—2]; 6)[5:4). 10. a) (—o:20); 6) (— +oo). 11. a) [1; 30]:
6) [1;20]. 12. a) (=6;1); 6) (—20;1); 13. a) [—3,5) 6) [ ) 14. a) (=7:0);
6) (—5;0). 15.a) (—20;-5); 6)(—21;—4). 16.a) (—0,8; 15); 6) (—0,7; 30).
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17. a) [—%;ﬂ; 6) [—%ﬂ 18. a) (—oo; —11; 6) (—o0; —1]. 19. @) [0,5; 2):
6) [0,5:2). 20.a) (—1,5:1,5): 6) (— g;g). 21. a) (1,5:10); 6) (3;10).
22.2) (=2 0); 6) (—2;0). 23.a) (—%;—é}; 6) (—1: —0,5]. 24.a) (— oo;—g);

6) (— oo;—%). 25. a) [~0,7;0]; 6) [o;g] 26. a) (— oo;—g] UI:%;+00);
6) (—e; -3 U3 +x). 27.a) [-15;15]; 6) [-16;16]. 28.a) (—;0]U

U3 +%); 6) (—; 01U [ 505 +e). 29.2) (—-3vZ3v2); 6) (- VT4 VTA).
30. a) (—oo: 1]U[18; +); 6) (—w: 1]U[16; +). 3L a) (=0,5;5); 6) (—2;0,2).
32. a) (—oo ——) U@B;+®); 6) (— ; ——) U (1,5 +®). 33.a) [-1;1];

6) (—;—1]U[1;+x). 34. a) (=8;4); 6) (—4;2). 35. a) {1}; ©) {2}.
36. a) (—4;4); 6) (=5;5). 37. a) [-3;-2]1U[2;3]; 6) [—4;-3]U [3;4].
38.a) {—8}; ©6){-6}. 39.a) (1;4); 6)(1;2). 40.a){0;4}; 6){0;2}.

JlmarHoctu4yeckas pa6ora 1

Bapuanr 1

7 7’
7.{0,2}U[2:3]. 8. [=7;+). 9. (0;0,8). 10. [0,5:1,5]U{2}. 11. a) (?;N/E-F ﬁ);
6) 1;2;3;4. 12.a) (—3;0,8); 6)[—2;0,8]; B)O0,8.

1.9. 2. (—w;3]. 3.(—;3). 4.[0;1,8]. 5. (—w;—é)u(5-+oo). 6. (0,2; 20).

Bapuanr 2
7 7
1.9. 2.(~o;8]. 3.(4;+®). 4.[0;2,75]. 5. (—w,—g)u(g,+oo). 6. (0,5; 50).
7. {0,4} U [2:4]. 8. [— §,+oo) 9. (0;0,75). 10. [0,25;0,75] U {1}.

11. a) (? V54 ﬁ); 6) 2:3:4. 12.a) [-3,5:3]; 6) (=3,5:1); B) {—3,5}U[1;3].

YnpaxHeHus k § 2.2

1. a) {1} U[2;+x); ©6) {—-2}U[6;+x»). 2.a) (—w;—4]U{-3}YU[-2;—1];
6) (—»;—-6]U{-5}U[-4;—-1]. 3. a) {-3}U[1;5]; ©) {-2}U[1;4].

4. a) (—w;%]u{%}u[%;ﬂo); 6) (—o0;0,5]U{2}U[2,5; +). 5.a) [~3;3];

6) [—2;2]. 6.a) {— %} U [%, +00); 6) {— %}U [%, +00). 7.a) (—»; —1,5]U
U{0}U[1,5; +); 6) (—w; —0,4]U{0}U[0,4; +). 8.a) (0,5;1); 6) (—1;1,25).
9.a) (=3:—1); 6) (2:3). 10.a) [1;+®): 6) [-1;+w»). 1L a) (— oo;—%] U

U{0IU [F54e); 6) (—e3—3 ]| U{0IU[354%). 12, @) {-15}UT1S; +e0);
6) (—w0; —14]U{14}. 13. a) (—7;-3); 6) (—10;-2). 14. a) {9}; 6) {10}.
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23] 16,2 (-2 6 {-3}. 17.2) [-2;0]; 6)[-20].
18.2) (~1;1}; 6){-1;1}. 19.2) (0;10); 6) (0;2). 20.a){3; 2} &) {3:2}.
21.2) (gi+%); 6) (). 22.2) {~11;-4}; 6) {~12;-3}. 23.) [-2;~15]U
Ui-1; 6 -3 z 4.3

;—ﬂ U{-2}. 24.a) {~1}U [5, ﬂ; 6) {~1}U [g; g]
25. a) {0,15}; 6) {-0,37}. 26.a) [—%;é]; 6) [—%; ﬂ 27. a) (—1;—%)u
U (1; g), 6) (—4,5; —3,5)U(-0,5;0,5). 28.a) (—2,5;00U(0;1); 6) (—1,4;0)U

U (0;1). 29. a) [0;0,5]U[3;+x»); 6) [-0,5;0]U[3;+x). 30.a)[—1;1];
0) [—2;2]. 31.a) (—oo; —1]U[2;+®); 6) (—o; —2]U[4;+»). 32.a) (—1;0)U
u (o %) 6) 1,0 U (0; %) 33.2) (1515 6 (1 g) 34. a) (—2;1);
6) (—3; —2)U(2; +»). 35.a)m>3,k>3,n<3; 6) x<5,y<5,2<5. 36.a) {3};
6) {4}. 37.a) {-5}; 6) {4}. 38.a) {6}; ©6) {7r. 39.a) {3}; 6){—-2}.
40. a) {-3}; ©6) {4}. 41 a) (5;8); (5;7); (5;6). 6) (12;9); (11;9); (10;9).
42.a) (—»;2); 6) (2;+x). 43.a) (—»;—1); 6) (—1;+x). 44.a) (—»; —1]U
U[1;4»); 6) [-1;1]. 45. a) {2}; 6) {3}. 46. a) [1;+x); 6) (—x;—1].
47.a) (—4; -3)U(-3;3)U(3;4); 6) (-5;—4HU(—4;4)U(4;5). 48.a) [-5;3]U
U {4;5}; 6) (—o; —5]U{-1;5} U [6;+x). 49. a) [-1;-0,9] U [0,9;1];
6) [-1;-0,81 U [0,8;1]. 50. a) [12n — 6;12n — 1] U [12n;12n + 1], n € Z;
0) [10n—2;10n+2]U{10n+5}, n€Z.

15. a) [0,75; 3,5]; 6) [

JuarHoctudeckasa pabora 2

BapuasnTt 1

1. (—o0: 4]U{5} U[6; +). 2.{—1;§}u[3;+m). 3. (—oo; —1]U{1}. 4. (7:8).

5. (-1;5). 6. {-1;-0,5}U[0,5;1]. 7. (—1;1). 8. {1;%}. 9. (2;-1).

10. (—o0; —1JU{0}U[1;+). 11.{1}U[4;4+»). 12.[11n+5;11n+6],nEZ.
BapuasnTt 2

1. [6;8]U{9}. 2. {—1; %}U[S; +©). 3. (—; —1]U{1}. 4. (—6; —=5). 5. (—4; 1).

6.{—1;—%}U[%;1] 7.(=1; 1). 8.{1;%}. 9.(1; =2). 10. (—o0; —1]U{0}U
U[L; 4). 1L (—o0; =5]U{1}. 12.[14n+6; 14n+8], neZ.

I'maBa 3

Ynpaxnenus k § 3.1

1. a) (—w;—g); 0) (—%;4-00), 2. a) (%;—{—w); 0) (—00; %) 3.a) (— ;2

6) (15 +2). 4.2 (—=—3)u(3+=); 6 (-53). 5 (-33
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6) (~ooi—5 )U(5:+%). 6.a) (—o5;=5)U(S;+%); 6) (—4;4). 7.a) (—e8;—2]U
U[3;+x);  6) [-4;3]. 8. a) (—«;—-1,2]U[1,2;+%);  6) [—4,5;4,5].
9. a) (~0;-2U(L5+2); 6) (~225). 10.a) [-2,505]; 6) (~o;—2]U

U[0,75;+oo) na)(-33); & (-53) 12225 6 (-53)

13.2) (550 |5 0 (—572 |- 4.2 (251); 0 (5:1). 15.2) (554); 6) (3:3).
16. 2) (— ——) 6) (-5-3) 1.2) (~-2]; & (~e-3]. 18.2) [0;5);

6) [0;7). 19. a) [—— o] {%} 6) [—g;o]u{%}. 20. a) [~9;0]U{9};

6) [—8;0]U{8}.

JunarHoctudeckas pabora 3

Bapuanrt 1
L (1414 2 (200G +e). 3. (—o;—3]U04+e). 4. (= —%]u
o[pr) cnmme) o[33) 2 Go) o L)
O(5ivy) o (Cmmglu{gh 10 cmov[GE). n [=5oJuf3)

12. [-1,2;0]U{1,2}.

Bapuanr 2
1. (—»;—2,5)U(2,5;+%). 2.(0;5). 3.[—4;0,75]. 4. [—%13—1] 5 (_353)'
6. (—oo~—2]U|:i' oo), 7. (1,2;8). 8. (—w;—%)U(%;%)- 9. (—°°§—%]U
U{Z}. 10. 010 5:8). 1 [-0]u{l}) 12 -17s000 7).

YnpaxxHeHus k § 3.2

1. a) (—w;%}; 6) [%H—oo). 2. a) (—00;—%); 0) (g;+oo). 3.a) (g;ﬂ—w);
6) (--3). 4.2 (-=53); 6 (33+%). 5.2 (03 6) (—x;0U(2+).
6.a) (—»;—4)U[4;+x); 6) [—3;3). 7.a) (—»;3)U[5;+x); 6) (—»;4)U[7;+x).
8.a) 16; 6) —17. 9.a) (—»;1)U4;7); 6) (7;9U(11;4+=). 10.a) (—x;10)U

U{11}U(12;4®);  6) (—»:13)U{14}U(15;4+). 1l a) ( %; ——)U{O}
6) ( : ——)U{O} 12. a) {—4}U(=3:3); 6) {—7}U(=6:6). 13. a) [—4:3)U

U(3;4]; 6) [-5;4)U(4;5]. 14.a) [— +00) 6) (—=;0,75]. 15.a) (0;4)U(4;+x);
6) (0;6)U(6;+x). 16.a) (—2;2)U(2;+x); 6) (—3;3)U(3;+x»). 17.a) [0;5)U
UG;+®);  6) (—»;—2)U(-=2;0]. 18. a) [0;4)U(4;5]; 6) [0;3)U(3;5].
19. a) (—;—8)U(7;+x); 6) (—7:;8). 20.a) (—2;—1); 6) (—3;—2). 21.a) (—2;4);
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0) (—4;3). 22. a) (13;15); 6) (-19;—-17). 23. a) (4;+x); ©6) (5;+x).
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52.a) (—o;—7)U(—4;+=); 6) (—6;—5). 53.a) (3;6); 6) (2;5). 54. a) (—o0;—=5)U
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6) (— E—}—21‘m; E—f—21'm) U (g—{—ZTm; 37“—{-27!71), nez.
a) (— —+21‘m 7'E+27m) U (—n+27‘m; —§+27m) U (— g +27n; Znn) U
U(Zrm; g+277:n), nez, o) (— % + Znn;znn) u (Zﬁn;g + 27'cn) u
U (g+27'cn; 7r+27'cn) U (71+27'cn; %T +27'm), nez;

a) [2nn; m+27wn],n€Z; 6) [—E—FZTm;E—}—ZTm},nGZ.

a) [—%+7‘cn +nn}u[ + 7n; —+7'cn] nez,

6)[ % %+nn}u[ + mtn; nn],neZ.

a) [ % %+nn},neZ, 0) [—g+nn,§+rm} nez.

a) [ % % :|U|:Z+7‘L’Tl -l—rm) ( + 1tn; 34 +7tn] nez;
0) [ % % }U[g + 7n; +nn)u(5+rm;?+rm],nez.
a) [arctg2+7'cn —+nn]u[f+nn T— arctg2+7'm:| nez;

6) [arcth—l—nn —+7m] [ + 7tn; n—arctg3+ﬂ:n} nez.

a) (%-I—TCH 77:+ﬂ:n) nez; 6) (—§+nn;z+ﬂ:n),n€Z.

a) [——+7‘cn arctg4+7'm:| nez; 6) [—%+nn;arctg6+7‘cn],nez.

a) [arctg3 + 7tn; w+arctg2+ nn], n€Z;
6) [arctg4+ nin; m+arctg3+ nn], n€Z.

a) (%+nn; arCtg8+7'En),n€Z; 6) (%+nn;arctg7+7‘cn),nez.
a) [2nn;§+2nn},n€Z; 6) [—g+2nn;n+2nn},nez.

a) (g+2nn;n+2nn),n€Z; 6) (27'571; 37“+27'cn),n€Z.
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60.a)[—7‘c+27m;—§+27m] U{ig—f—Zrm}U [§+2nn;n+2ﬂ:n], n ez

0) [—7‘5+27m;—5?ﬂ §+2Tm:| [—%+27‘m;2nn:| U

n+277:n —+2ﬂ:n] [Z?TE—FZTm —4271n

+27‘m] [— — +27n;

,ne

Q\
Nt
—
,_A_\A|—|/_\o\

61. a) + 7mtn; 7'c+7'cn] nez;

4
+nn;%+nn)u[§+ﬂ:n;3§+nn)u Fn+ﬂ:n;n+ﬂ:n],nez.

27n T 7k nn
},kGZ, {T},HGZ, 0) {5—1—7},1(62, {7},H€Z.

}, leZ; 6) {—§+nz}, l€Z. 64.a) {—§+2nz}, lez;

T 27 37'[
+ 7tn; §+7'cn] ] [§+7'cn, ?+rm}

+

B ola »a
‘N

w3
=

a o
w N
2 g
|
»A
+
2,

6) {—§+2nz},Zez. 65.a){—§+2n1},162; 6) {7}, [EZ. 66.a) (0:3):

6) (0;4). 67.a){0}; 6){0}. 68.a) [—%;—1]; 6) [—%;o}. 69. a) (—w: —1]U
u[9‘+oo); 6) (—oo;—2]u[g;+oo). 70.a) {~1}; 6){—3}. 71 a) [—1—70;—%‘];
6) [‘; %} 72.2) [2:2,2]; 6) [3?} 73.2) [—3;2]; 6) [—2;3]. 74.a) [0;3];
6) {6}. 75.a){—1}; 6){—1}. 76.a) {1} 6) {1}. 77.a) [—1;cos3]U[cos1;1];
6) [—1;cos3]U[cos2;1]. 78.a) [sm1 sin= i| 0) [sm sin%]. 79. a) (—oo;tg3]U
U[tg4;+x); 6) (—x;tg2]U[tg5; +). 80.a) [ctg5;ctg4]; 6) [ctgl0;ctg2].

JluarHoctudeckasa pa6ora 10

Bapuanrt 1
137 n 27 T 2nn 4n 21n
1. [—¥+?,——+—],HGZ. 2. [_E+T’E+T:|’HEZ'
s 11m 77
3. (—§+2nn,§+27m),nez. 4. [—ﬂ—f—rm,%—‘}—f—rm],znez.
T T T Th T Th
5. |:—E+T[n,ﬂ.'n)U(ﬂ.’n,Z+TCTl:|,HGZ. 6. I:%_'_T’E_'_T)U
o 2ntn T 27n o o
U(E-FT,E T:I’ n € Z. 7. [—§+nn,§+rm], n € Z.
8. (—§—|—2ﬂ:n;g+2ﬂ:n),n€7£. 9. [—%+2nn;—g+2nn] U[2ﬂ:n;§+2nn:| U
2m 11 .1 V2 V3
u[ : +277:n,rt+27'cn],n€Z. 10. {0}. 1L [—2, Jsing). 12 [ 2, 2 ]
Bapuanr 2
57 n s 57 mn nn
1.(—54-? +?),HEZ 2. [—§+T§+T],nez.
3. (—g-&-Znn;g—!—Zrm ,NEZ. 4. [——+E,E+ ] nez. s. [—%—Hm;rm)u

U(nn;%-&-ﬂ:n],nez. 6.[ +——+E) ( +%,§+—},ne7£.
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7. [%—I—ﬂ,’n;%—l—ﬁn}, nez. 8. (2?“—|—27m;4?ﬁ+2nn), nez.
3n 27 T T 27 3n

9. |- 3 +2mm — 3 +2mn| U= 24 2mn £ 2mn | U [ S+ 2mm 2 427,

1.1 . 1) 12.[«/5_«@]

1l
S 2° 2

nez. 10.{0}. 1L [—5;3 Z):

I'maBa 7

Yrnpaxsaenus k § 7.1

1 a) (—»;2]; 6) (—»;3]. 2.a) [-2;+x); 6) [-1;+). 3.a) (—=;1,5);
6) (—;1,5). 4.a) (% +e); 6) (§;+oo). 5.2) (—0,5; +%); 6) (—0,25; +o0).
6. a) (0;+%); 6) (0;+»). 7. a) (—»;-1); 6) (—»;-1). 8.a) (—x;—2];
6) (—»;-2]. 9. a) [1;2]; 6) [-2;—-1]. 10. a) (—%;-0,5) U (1; +);
6) (— oo;—%)u(1;+oo). 11. a) (=3;3); 6) (—4;4). 12.a) (—o; —0,5) U (2; +);
6) (—o; —2) U (0,5; +). 13. a) {2}; 6) {3}. 14.a) (—=;2]; ©6) (—=;2].
15. a) [-0,2; +x); 6) [—0,2; +). 16. a) (—»;2); 6) (—x;2). 17.a) (—w»;—-3]U
U[1;4+%); 6) (—w;—3]U[1;+=). 18.a) [19;+x); 6) [16;+x). 19. a) (—=;1,6];
6) (—;1,75]. 20.a) (—«;—2)U(2;4+x); 6) (—w;—3)U(3;+x=). 21.a) (—0,4;0,4);
0) (—2,5;2,5). 22.a) (—»;11]; 6) (—=;9]. 23.a) [-3;+x); 6) [10; +x).
24. a) (—o; —2]; 6) (—x; —6]. 25.a) (—«;0,75)U(2;+x); 6) (—x;0,25)U
U(3;+®°). 26.a) (—=»;0,125]; 6) (—=;0,25]. 27.a) (—«;10); 6) (—x;14).
28. a) (0,5; 2); 6) (0,5;2). 29.a) [—4;6); 6) [—5; 7). 30.a) (14; 30); 6) (10; 26).
31. a) (6;16); ©6) (5;15). 32.a) (7;64); 6) (9;125). 33.a) {2} U [3;4];
6) (3}U[4;51. 34.2) (-5} 6) {6} 35.a) [1;3); 6) (1;3]. 36.) [—3;—-1]U
u{l1}; ©6)[-1,5;—-1]1u{1}. 37.a){1};6) {1}. 38.a) (—7;—4];6) (—7;-2].

JuarHoctuyeckas pa6ora 11

Bapuanr 1

L [=2;4®). 2.[0,2:1]. 3. (24%). 4 (1;4). 5. (—0;—1)U (g;+m),

6. (—o; —12)U(12; +). 7. (—o; —4]U[1; +x). 8.{3}. 9. (0,5;2). 10. (—61; 62].
11. (10; 12). 12. (8;18).

Bapuanr 2

1 [-1;4+x). 2.[0,5;1]. 3. (2;4+«). 4.(2;5). 5. (—x;—-1)U (%;+00).
6. (—0; —11)U(11; +%). 7. (—0; —4]U[1;+=). 8.{2}. 9. (0,5;2). 10. (—49; 50].
11. (14; 16). 12. (7;17).
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YonpaxHeHus k § 7.2

La) (03] (03] 22 CoDUGG;  6) (—=3;3) U (10;).

3.a) (—»; —8]U[-5;4,5); 6) [-8;—-7]U(1,5;4+=). 4.a) (—4;4); 6) (-5;5).
5.a) (—2;+»); 06) (— g;+oo). 6. a) (— 0 g}, 0) [§;+00). 7. a) [4;6);
6) [2;6). 8.a) [4;+x); 6)[3;+x). 9.a) (—x;3]; 6) (—x;4]. 10.a) (2; +);
6) (—2;+). 1L a) (3,5;+%); 6) (—=;2,5). 12. a) [—3;—2vV2]U[2V2;3];
6) [-4,—-V/15]U[V154]. 13. a) (— w;—ﬂ U [— §5 ?] U [§;+oo);
0) (— 00; —%] u [—?; ?] u [%;+00). 14. a) [—2; —g] ul-1;1); 6) (-1;1]U
U [g;z]. 15.a) (=2;-1); 6) (2;4). 16.a) (—6;—2)U[2;+); 6) (=6;1)U
U[2;+). 17.a) (1;2]U[4;+»); 6) (1;4]U[6;+x). 18.a) (1;2); 6) (0;3).
19. a) (—; —2)U(1;2); 6) (—x; —3)U(1;3). 20.a) [-3;-1]; ©6) [-3;0].
21.a) (—; 1]; 6) (—«;4]. 22.a) [—2;3]; 6) [-3;1]. 23.a) [-2;0]; 6) [—2;1].
24. a) [—2;2]; ©6) [—2;3]. 25.a) (—0,2;1)uU(2;6); 6) (—0,75;0)U (1;2).
26. a) [5;9]; ©6) [—4;—3]. 27.a) (—»;0)U(3;+x); 6) (—»;0) U (4;+x).
28. a) (0;5); 6) (0;4). 29.a)[0;2]; ©6) [-1;1]. 30.a) (—3;0]U[2;3);
6) (—5;0]U[2;5). 31.a) (25;+x); 6) (4;+x). 32.a) (—3;+x); 6) (—1;+x).
33.a) (0;0,4]; 6) (0;0,2]. 34.a) (—+v/5; —11U[1; V5); 6) (—v13; —2]U[2; V13).
35. a) (—»;—v/10]U{—3;3}U[V10;+%); 6) (—o;—2v5]U{—4;4}U[2V5;+x).
36. a) (—»; —1]U[0; +); 6) (—o; —1]U[0; +). 37.a) [-1;0]; 6) [-1;0].
38. a) (—;2]U{3}U[4; +); 6) (—o;1JU{2}U[3;+x). 39.a) (—;0]U[1;2];
6) (—»;0]U[1;2]. 40. a) (—o;0]U{1}U [log,3;+x); 6) (—»;0]U{1}U
U [logy 5; +). 41. a) (—«; 1) U (log, 7;1log,10); 6) (—;0) U (log, 2; logs 5).
42. a) (—;—0,5] U {0} U [log,6;+»);  6) (—=;log;0,6] U {0} U [1;+).
43.a) [-3;1); 6) [-3;1). 44.a) (1;3]; ©6) (—=3;—1]. 45. a) (—x;log,4)U
U(1;+«); 6) (logg5;1). 46. a) (—»;0]U (ogg4;1); 6) (—;0]U (log,2;1).
47.a) {0}U (1; log, 3); 6) {0} U (log; 2; 1). 48.a) (—o; —v2) U (—v2; —1]U{0}U
UL V2)U(V2; +); 6) (—o; —v2) U (= v2; —1] u{0} U [1; v2) U (VZ; +).
49. a) (—;0]U(1;1logs5); 6) (—o;0]U(1;logs6). 50. a) (—;0]U(0,5;1);
6) [0;0,5U(1;»). 51 a) (1;2)u{4}; 6) (1;2)u{3}. 52.a) {1}; ©6) {1}.
53.a) (0;1); 6) (—»;0)U(1; ). 54.a) {1}; 6){1}. 55.a) {1}U(2;log,71;
6) {1}U (3;10g,9]. 56. a) {1} U (3;10g,9]; 6) {1}U (2;log,7]. 57.a) {1}U
U (2;log,5]; 6) {1}U(4;log,17]. 58.a) {—1}U(1;log;4]; 6) {—1}U(1;log,5].
59.a) {—3}; 6) {—2}. 60.a) (—o;0]U{3}; 6) (—»;0]u{4}. 61.a) [—0,6;1]U
Ul4;+); 6) [—1,25;1]U[3;+x). 62.a) {0}; 6) {0}.

JuarHoctudeckas pa6ora 12
BapuanrT 1
1. [log;0,7; +). 2.[3;4+»). 3.(—x;2). 4.{0}U(1;2). 5.[-1;0]. 6. (0;2].
7.[-2,5; —1Ju{1}. 8.(—; —1)U{1}U(2,5;+>). 9.(—;1]U[1,5;2]U(5;+x).
10. [7; +0). 11.[1;17]. 12.{1,5}.
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Bapuanrt 2

1. [logy; 2,5; +). 2.[3; +®). 3.(—w; —2). 4.{1}U(2;3). 5.[-1;0]. 6.(0;2].
7.{—1}U[1;3,5]. 8.(—;1)U{3}U(4,5;+»). 9. (—w; —1]U[—0,5;0]U(3; +x).
10. [8; +). 11.[1;26]. 12.{0,5}.

I'maBa 8

YopaxkHenus k § 8.1
1.a) (0; 25); 6) (0; 64). 2.a) (0;27]; 6) (0;32]. 3.a) [0,5; +); 6) [0,2; +co).
4. a) [1;4®); 6) [1;4+%). 5. a) (o L 6) (o- L 6. a) (0: 25]:

25); )
6) (0;50]. 7.a) (—1,25;30); 6) (2,5;43). 8. a) (25;+x); 6) (25;+x).
9. a) [3;+x); 6) [0,8;4+x»). 10.a) (10; +»); 6) (40;+=). 11. a) (1,5;2);
6) (0,75;1). 12. a) [5;4+x); 6) [6;+x). 13. a) (—«;—13) U (13;+x);
0) (—»; —13) U (13;+x). 14. a) (-10;—-6)U (6;10); 6) (—10;—-8)U (8;10).
15. a) (—5;5); 6) (—8;8). 16.a) (—x; —5]U[5;+x); 6) (—w; —=5]U[5;+»).
17.2) [-2;—1,6)U(1,6;2]; 6) [—Lf—g)u(gl—ﬂ 18. 2) [=6;6]; 6) [~12; 12].
19. a) (—29;—-20]U[20;29); 6) (—26;—10]U[10;26). 20. a) (—o;—1)U(5;+x);
6) (—oo; —1)U(6; +x). 21.a) (—1;0)U(8;9); 6) (—1;0)U(3;4). 22.a) (0;1U
U(16;17); 6) (0;1)U(25;26). 23.a) (—x;—8)U(2;+x); 6) (—x;—4)U(2;+x).
24. a) [—4; —3,2)uU (0;0,8]; ©6) [—4;—2,2)U(0;1,8]. 25.a) (0;1,5]U[4;5,5);
6) (0;1,5] U [3;4,5). 26. a) [—0,8;0) U (3,2;4]; 6) [—1,2;0) U (1,8;3].
27.a) (—o; —8)U(2,5; +»); 6) (—o; —2)U(7,5;+x). 28.a) (—6; -4 U(2;4);
6) (=3;-1DU;7). 29.a) (—»;—1)U4,5;+x); 6) (—w; —1) U (5,5; +=).
30. a) (—o;—5,5]U[2;4+»); 6) (—w;—4]U[3,5;4+=). 31.a) [—2;—1,2)U(2;2,8];
60) [—3;—-2,2) U (1;1,8]. 32. a) (1;2,5] U [4;5,5); 6) (1;1,5] U [7;7,5).
33. a) (—»;—22]U[2;4»); 6) (—«;—1,81U[3;+x). 34. a) (—1,4;2);
6) (—1,2;1). 35.a) (6,6;22); 6) (4,4;22). 36.a) (3,25;15]; 6) (3,4;18].
37.a) [-1;-0,4)uU(0,4;1]; 6) [—1;—0,75)U(0,75;1]. 38.a) (—x; =5)U(5;9);
6) (—; =5)U(5;16). 39.a) (4;5); 6) (6;9). 40.a) (2,5;5]; 6) (3,5;7].
41. a) [5;6); 6) [5;8). 42.a) (—»;=3)U(1;3]U[4;+»); 6) (—wo;—4]U
U[—2; —1)U(6; +=). 43.a) (10; 12); 6) (14;15). 44.a) (5;6]u{8}; 6) (3;5]U
U{8}. 45.a) (2;3]u{6}; 06) (3;41u{7}. 46. a) {—4;2}; 6) {-6;2}.

a7.2) (3:3]; 6 (4551 48.2) (-3}U[-1,5,-0,5U(1;2]; 6) {~4}U
UL-2,5; ~1,5) U (1; 2.

Jmarsoctudeckas pa6ora 13

BapuanTt 1
1. (4; +x). 2.(0,008;+cx). 3. (1—3, 6. 4.(0,8;8]. 5.(—;—4,5]U[3; +»).

6. (—25;-7) U (7;25). 7. (—4;—-3)U (0,5;1,5). 8. (1,25;8]. 9. (=5;—4]U
U[-2; —-1). 10.[16;18]. 11 {-3;3}. 12.{-2}U[2;3].
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Bapuanrt 2
1. (3; +x). 2.(0,25;+x). 3. (%, 4]. 4. (—1,2;15]. 5. (—o; =5]U[2,5; +x).
6. (—20; —12)U(12;20). 7. (-3;-2)u(0,2;1,2). 8.(0,25;7]. 9. (=5;-3]U

U[-1;1). 10.[16;32]. 11.{—4;4}. 12.{-3}U[3;4].

YopaxHeHus k § 8.2

1. a) (—;—9); 6) (—«;—8). 2.a) (—6;-3,8); 6) (—5;0,4). 3.a) (18;19);
6) (13;14). 4.a) (0; 2]; 6) (6;9]. 5.a) [—2; —0,5) U (—0,5; 0) U (0; 0,5) U (0,5; 21;
6) [—5;-0,2) U (—0,2;0) U (0;0,2) U (0,2;5]. 6. a) (—2,5;-2] U (1;2];
6) (—5,5;-5]uU (—2;-1]. 7. a) (-2;-1]1u[4;8); ©6) (—3;-2]1UI[3;7).
8.a) [—2;5); 6)[4;6). 9.a)[—2;8)U(8;9); 6)[—4;2)U(2;3). 10.a) (4;5)U

U ((5;10]; 6) (1;2)u(2;3]. 11. a) [-3;0)U[3;20); 6) [—2;0)U][2;15).
12. a) [-1:0) U (0;3]; 6) [—-1;0) U (0:4]. 13. a) [— %—%) U (1:2];
6) [—%;—%)U(l;?;]. 14.a) (0;1]; 6) (0;1]. 15.a) (1;40]; 6) (—0,4; 11,6].

16. a) (—o; —23) U [16; +o); 6) (—w; —1)U[5;+»). 17.a) [-7; =5)U(-1;1];
6) [—11;-5) U (1;7]. 18. a) [—7;—-5) U (4;15]; 6) [—10;—-2) U (3;16].

2
19. a) (=2; —1)U[0,5;2]; 6) (=3; —2)U[0,5;5]. 20. a) (0,7), 6) (5;1)u

U(l;+). 21.a) (—1;0)U(5;6]; 6) [=5; —4)U(0;1). 22.a) (1;2]U[8; +);
6) (—4; —3]U[5;+x). 23.a) (0;1DHU(;3]; 6) (1;2)U(2;4]. 24.a) (—1;0]U
Uu(2;3); 6) (—3;—-2]u(0;1). 25.a) (3;3,5]u{4}U(5;6); 6) (4;4,51U{5}U(6;7).
26.2) {—1}U0; DU(1;2]; 6) {-3}U[-2:—1)U(=1;0]. 27.a) (—5: —45)U
U{—4}U[-3;-2)u(—2;—1]; 6) (3;3,5U{4}U[5;6)U(6;7]. 28.a) [-8;—4)U
U(1:3); 6) [=7; —3)U(2;4). 29.a) (0;0,2)U(3;6)U(8;16); 6) (O;%)U(2;4)u
U(9;18). 30.a) (—=1;0)U(0; 1)U{3}; 6) (—1;0)U(0; 1)U{5}. 31 a)[—4;—2)uU
U(4;5]U(11;12); 6) [=7;=5)U (1;2]U(8;9). 32. a) (7 2) 6) (5 6)
33.a) (0;1)uU(1;1,51U(2;+=); 6) (1;2)U(2;2,5]U(3;4+»). 34.a) (—5;—4,3)U
U(=4,1: =4)U[0;0,25)U(1: 1,25]; 6) (—6;—5,9)U(=5,7; —5)U[0;0,2)U(1;1,2].

0 (230 (- 5o [0 (554 0 (a-3)o
o(--2)uls 550 (5], 8w (-3-3)o (B)u (3]
6) (-3:-2)u (53] 37 (-=-7)u [ 7+°°); (‘m"‘)u[‘ +a ).
.0 (<2-3) 0[50 (3] © (-u-Du[$5)0 (5]
3.0) (- Fi-yf5Ju-osiosio (5 9): 0 (- 55 )u[-5i5]
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