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Beenenue

OCHOBHBIMHM TIEISIMU  HM3Y4YEHHUs JHCIHMIUIMHBI «DJEMEHTapHasd MaTeMaTHKa
SIBJISFOTCS . CHCTEMAaTH3allisl 3HAaHWW IIKOJIBHOTO Kypca MaTEeMaTHKH, PAaCKPBITHE POJU U
cnermuUK MaTeMaTHYeCKOro s3blka M 0a30BbIX TOHSATHH MaTeMaTHKHW; BBIpaOOTKa
MPAKTUYCCKUX HABBIKOB PEIICHHS 3a7a4, Pa3BUTHEC MAaTCMaTHYCCKOW KYJIBTYpPhl H
UHTYHITUH.

[Ipomecc wM3ydeHHs] IUCIUIUIMHBI «DJIEMCHTapHas MaTeMaTHUKa» [0 JIAaHHOMY
MOCOOWI0 HampaBjieH Ha (OPMHUPOBAHHME KOMIICTCHIIMHA BJAJCHUS OCHOBAMH PEUYCBOU
npoecCHOHaTBbHON KYJIBTYpPBhl; 0a30BBIMH HJICSIMH M METOJaMH MAaTEMaTHKH, CHCTEMOMU
OCHOBHBIX MAaTEMAaTHYECKHX CTPYKTYp W aKCHOMATHYCCKUM METOJOM; KYJIbTypOH
MaTEeMaTHYECKOTO MBIIIICHHUS, JOTHISCKONH U aITOPUTMHYECKON KYJIbTYypOH, OCHOBHBIMH
METOJIaMH MaTEMaTHYCCKUX PACCYXIACHUH; COACpKAHUEM M METOJaMHU dSJIEMEHTapHOU
MaTEeMaTHKH.

[locobme  BkmowaeT B ceOs  ClemylOImIHue  pa3iensl  «ApUPMETHKAY,
«ToxnecTBeHHBIC TTPeOOpPa30BaHUSY, «Y paBHCHUS U HEPABCHCTBAY», « TPUTOHOMETPHUSY.

B mawame xkaxmoro maparpada KpaTKO H3JIOKEH TEOPETHYECKHH MarepHual
(ompeneneHus, OCHOBHBIE TEOpeMbl, (OPMYJbI), 3HAHHE KOTOPOro HEOOXOIUMO JJIs
pelIeHMs 3a7a4 TaHHOTO pas3jena, Jajee pacCMaTPUBAIOTCS METOJbI M MPUEMBI PEIICHUS
3aJ1ady KaKoro-TuOo BHWJa M pa3OMparoTCs KOHKPETHBIC MPUMEPHhI Ha HCIIOIB30BaHUC
COOTBETCTBYIOIIUX METOJIOB. B KOHIIE maparpada mpuBoaSTCS 3adaHus I Ay JUTOPHON U
CaMOCTOSITEIILHOM pabOTHI, @ TAKXKE MPOBEPOYHBIC paOOTEHI.

Y4eOHO-MeTOIUeCKOe MocoOne MpeTHa3HAYCHO IS CTYACHTOB, 00YyJaronIuXcs 1Mo

HarnpabiieHusiM moArotoBku «050100, 44.03.01 Iegaroruueckoe oOpazoBaHue
npodunu Maremaruka, Mupopmaruka.



§1 MHokecTBO 1eHCTBUTEIbHBIX YHCeJI

1. HarypanbHble uncia

MHOXXECTBO  4HCed, YIOTPEOIsIeMbIX TMPU CYCTEe, HA3bIBACTCS MHOYXECTBOM
HaTypaJIbHBIX yucen: N={1,2,3,4,...}.

MmuoxectBo N sBisieTcsl 0€CKOHEYHBIM, HMEET HAUMEHBIIHN dJIEMEHT 1 UM HE MMEET
HAuOOJIBIIIETO 3JIeMEHTa. MHOXECTBO HATypajJbHBIX YHCET SBISCTCS YIOPSIOYCHHBIM
MHOXKECTBOM, T.€. JUIS Ka)JI0r0 HaTypaIbHOTO YUCIIa MOYKHO YKa3aTh CICIYIOIICE 32 HUM
YUCJIO.

Ha MHOXXeCcTBe HATYpaJIbHBIX YHCEJ ONPE/eICHBI OTICPAIlMK CI0KCHUS U YMHOXKCHHUS,
T.€. €CJIM JIaHbI 1Ba HATYPAJIbHBIX YUCNIA @ U b, TO pe3yIbTaTOM OTCPAINH CIIOXKCHUS WIIH
YMHOJKEHHUS HaJl STUMH YHCIIaMU OyJIeT Tak)Ke HEKOTOPOE HATYypalIbHOE YHCIIO.

2. IIpu3HaKy AeJIUMOCTH HATYPAJbHBIX YHCEJI

PaznenuTe HaTypadbHOE YMCIO a Ha HATypaJlbHOE 4YHCIO b -  3HAUUT HAUTH
HaTypaJIbHOE YUCIIO ¢ TaKoe, uTo a=qb.
CripaBelSIUBBl VINMEepHCOCHUsL:

a) €CJIM KaXKI0€ cllaraeMoe JISTUTCS Ha HEKOTOPOE YUCIIO, TO U CyMMa WX JCIHUTCS Ha 3TO
YHUCIIO;

0) eciii OIMH W3 COMHOXKHTEJICH JEIUTCS Ha KaKOe-TU0O YMCII0, TO W MPOM3BEICHUE UX
JEIUTCS HA 3TO YHCIIO.
Ipusnax denumocmu Ha 2: YToOBI YMCIO ACIUIOCH HA 2, HEOOXOAUMO M JIOCTATOYHO,

YTOOBI €ro nociaeaHss nudpa Oblia YeTHOM.
Ilpusnax _oeaumocmu na 3. UTOoOBI JaHHOE YHCIO ACIMIOCH Ha 3, HEOOXOAUMO H

JIOCTaTOYHO, YTOOBI cymMMa ero mudp Aenmiachk Ha 3.
IIpusnax derumocmu na 4: Yucno nenurcs Ha 4, €Cau JIBe MOCIEAHUE €r0 HUPPHI HYIU

WM 00pa3yroT YHCIIO0, JAelsiieecs Ha 4.
Ipusnak oeaumocmu na 5: YToOBI YMCIIO IEIUIIOCH HA 5, HEOOXOIMMO M JTOCTaTOYHO,

9TOOBI ero nocneauss nudpa osuia audo 0, oo 5.
Ilpusnax denumocmu _na 9: UYToOB ITaHHOE YHUCIO IEIWIOCH HAa 9 , HEOOXOIMMO H

JIOCTaTOYHO, YTOOBI cymMMa ero mudp Aenmiack Ha 9.
Ipusnak oenumocmu na 10: Yncna, okanunsaroniuecs Ha 0, geiasarcs Ha 10.

Ipusnax denumocmu na 25: Yucno penurtcs 25, eciu ABe NOCIEIHUE €ro LUl HYIU

1iu 00paszyroT YKCIIo, aefsiieecs Ha 25.
Onpeoenenue. HartypanbHOe YHCIIO Ha3bIBACTCS MPOCTHIM, €CIM OHO HE HMEET

HCHHTCHCﬁ, KpoME€ CAUMHHUIIBI U CaMOT'O ceOs. HaTypaHBHOC quCJI10, UMCIOIICC 60J'I€€, (01
ABa JCIIUTCIIA HAa3bIBACTCA COCTaBHBIM. HaTypanbﬂoe yucio 1 MMPUHATO HC OTHOCUTDL HHU K
IMpOCTbBIM, HHU K COCTABHBIM YHCJIAM.



JIroboe cocTaBHOE YMCIO MOXHO Pa3lOokKUTh Ha MPOCTbIE MHOXHUTEIU, MpUYEM
€UHCTBEHHBIM 00pa3oM. DTO MOXHO CJlieJlaTh CJEAYIOIIMM 00pa3oM: TOJIb3YSCh
MPU3HAKAMH JIIUMOCTH TOJIOUpaTh HaMMEHBIIIEEe MPOCTOE YKCIIO, HA KOTOPOE JCIIUTCS
JAaHHO€ YMCJIO, 3alUChIBaTh €ro CIpaBa OT YEpThl, a PE3yJbTaT ACJICHUS MOJ CaMUM
YHUCJIOM, H T.J.

Mpumep. 78540 =22 .3.5.7.11-17

3. HaubGonpmmii 001umii neauresb. Hammensiee oduee KpaTHoe

Onpeoenenue. Hauboabmmum odmum aeaurenem (HOJ) nByx HaTypaldbHBIX YUCET

Ha3bIBAETCS HAMOOIBIIINHA U3 OOIINX JETUTEIEH ITUX YHCEIL.

Ipumep.

1) Haittu HOJI (24, 60). ChHayama HaxoauM BC€ JEIUTEIN JTHUX YHUCEI:
24:{1,2,3,4,6,8,12,24}, 60: {1,2,3,4,5,6,10,12,15,20,30,60}. Beiaenum obIue aeauTean
gucen 24 u 60: {1,2,3,4,6,12}. HaubGonpmuii U3 3TUX 3JIEMEHTOB SBISACTCS HAUOOJIBIITUM
oOmmmM aenurtesieM gaHHbIX yucel, T.e. HOJI(24,60) = 12.

2) Haittu HO/JJ (234, 1080, 8100).

8100=23.3%.52,1080=23-33.5 , 234=2:3%13, HOJI (234,1080,8100)=2-3>= 18.
Onpeodenernue. HammenbmuMm o0mmM kpathbiM (HOK) aByX HaTypalibHBIX 4YHCel

HA3bIBAE€TCA HAUMEHbIIIEE YUCIIO U3 UX OOLIUX KPATHBIX.

Ipumep.

1) Haiitu HOK (12, 18). CocTtaBUM MHOXECTBAa YHCEN, KpPAaTHBIX 3TUM YHUCIAM:
12:{12,24,36,60,...}, 18:{18,36,54,72,...}. Bblgeaum umucia, SBISIOMUAECS OOIIUMHU
kpaTtHeiMH 12 u 18:{36,72,108,...}. HaumeHbIIMII 3JIEMEHT 3TOr0 MHO>KECTBA SIBJISETCS
HaUMEHBIITUM 00IIMM KpaTHbIM yucen 12 u 18, 1.e. HOK (12, 18) = 36.

2) Haiitu HOK (234, 1080, 8100).
8100=23.3%.52,1080=2.33.5 | 234=2.3213,

HOK (234, 1080, 8100) =2°-3* -5 -13 = 210600.

3ameuanue: HOJl u HOK wuyuncen 4 u B yIOBIECTBOPSIOT PaBEHCTBY:
HO/(4,B)-HOK(A4,B)=A4"B.

Onpeodenenue. Ynucna A u B Ha3bIBAlOTCS B3aMMHO NMPOCTBHIMH, €CIIU OHU HE UMEIOT

OOIIUX ACNHUTENIeH, OTINYHBIX OT eAuHuUIbl. Hanpumep, 3 u 14; 16 u 25.
4. Ileable uncja

Onpedeﬂenue. O6’BC}II/IHCHI/IC MHOXCCTB HATYpPAJIbHBIX, UM IIPOTUBOIIOJIOKHBIX YHUCCII U

HyJs1 00pa3yeT HOBOE YHCIIOBOE MHOKECTBO—MHOKECTBO HebIX uncena Z.
Teopema. Ecnu a — moboe 1enoe uucio u b — mo0oe HaTypaibHOE YHUCIO, TO BCErJa
HalJeTCsl eIMHCTBEHHAs mapa LENbIX YUCEN ¢ U ¥ TaKuX, 4YTo a=hg+r , npuueM 0<r<b.



[Tpu 5TOM YHCIIO @ Ha3bBIBACTCS JACIHUMBIM, b - JICIHUTEIEM, ¢ - YACTHBIM, ¥ - OCTATKOM, H
TOBOPST, YTO YHCIIO d JSITUTCS Ha b ¢ OCTaTKOM 7.

Ecnmu =0, To yncno a nenutcs Ha b 06e3 ocTaTka.

CrieIcTBHS TEOPEMBI:

1. JIroGoe ueTHOE YnCIIO @ MOXKET OBITh 3alUCaHO B BUJE a=2¢, TNI€ ¢ - HEKOTOPOE 11eJI0e
YHCIIO.

2. JIroboe HeueTHOe YUCIIO0 a MOXKET OBITh 3allUCaHO B BUAEC a=2¢g+1, TJIe ¢ - HEKOTOpPOe
LIEJI0€ YHCIIO.

3. JIroGoe menoe 4yucio a, AENSIIeecs HAIel0 Ha HEKOTOPOEe HATypaibHOE YHCIO K,
MOXET OBITh 3aIMCAHO B BUJE A=K, TJIe ¢ HEKOTOPOE 1I€JI0e YUCIIO.

4. JIroboe 1enoe 4uciao a, He JeNAIleecs HalleJlo Ha HEKOTOPOE HATypaJlbHOE YHUCIO K,
MOXeT OBbITh 3alucaHoO B BUIE a=kg+r, TA€ r — OAHO W3 uucen 1,2,...,(k-1), a g-
HEKOTOPOE IIEJI0€ YUCIIO.

5. PanyoHaJbHBIE YHCJIA

Onpe@eﬂenue. PaIII/IOHaJ'lebIM YHUCJIOM r HA3bIBACTCA YMUCIIO, MPEACTABUMOC B BUIC

r=p/q, TIe p - 1eNoe, a g - HaTypalbHOE uuciio. Bce palnnoHanbHbIe ynciia 00pa3yroT
MHOKE€CTBO PALIMOHAJbHBIX ynces Q.

Ecnu p nenutcs Ha ¢ Hareno, TO palMOHAJIBLHOE YHCIO 7 Ha3bIBAeTCS IIEJIBIM, B
MIPOTUBHOM CJIy4ae — JPOOHBIM.

Cesoticmea pauuoHaibHblX YUCEL:

1. Jlroboe panroHaAIBHOE YHUCI0 MOKHO MPEICTAaBUTh JIMOO B BUI€ KOHEYHOW JECATUIHON
npoOu, 7aubO0 B BHUJAE OCECKOHEUHOW TMEPUOIUYECKONU JecATHYHOM npobu. Ecnu
3HaMeHaTellb OOBIKHOBEHHOW ApOOM MOYKHO TMPEACTaBUTh B BHUIC TPOU3BEICHHS
TOJIBKO JIBOCK M MATEPOK, TO JACCATUYHASL APOOBL OYIeT KOHEYHOM, B IPOTUBHOM CJIydae
— OECKOHEYHOH TIEPUONYECKOM.

Mpuvep 1. 1) = = > —015: 2) > =0,428571428571...0,(428571)
20 2-2-5 7
2. JlroOyr0 JACCATHYHYHO TMEPUOAMYECKYI0 ApoOb MOXKHO TIPEICTaBUTh B  BHUIE
OOBIKHOBEHHOU APOOH.
Ipumep 2.
1) [IpencraBuTh OECKOHEUHYIO TIEpHOIUUECKYIO 1po0b 0, (31) B BUie OOBIKHOBEHHOM:
O603Haunm 0, (31)=x, ymHOXxHM 3T0 uncyio Ha 100 (4TOOBI MOCTE 3anATON CTOSIIO TOXE

BeIpaxkeHue) 31,(31)=100x. Tenepb BbIYTEM MOWIEHHO U3 BTOPOrO PABEHCTBA MEPBOE U

nonyunm 99x=31, otkyna x = % )

2) IlpencraBuTh OECKOHEUHYIO IEPUOIUUECKYIO Tpo0b 4,2(3) B BUAE OOBIKHOBEHHOM:
4,2(3)=x, ymHOxkuM 3T0 yucio Ha 10 u Ha 100 (Tak, 4TOOBI TMOCJE 3aMATON CTOSIU
onuHakoBble BeIpaxkeHus) 42,(3)=10x, 423,(3)=100x. Berurem mowieHHO U3 BTOPOTO



—ﬁ—42—4l. Nnn:

aBeHcTBa IiepBoe H  moiyuuMm  90x=381, oTkyga x= = =
P P y YA 90 90 30

21 7
4,2(3)=4+0,2(3)=4+5 =4
(3 (3 9030

6. JleiicTBHTE/IbHBIE YN CJIA

HerpynHo 3ameTuTh, YTO pelIeHHE ypaBHEHHUS x’ =2 HE MOXET ObITb HaWJEHO Ha
MHOXECTBE pallMOHAJIBHBIX YHCEIN, T.€. YUCNIa 2 B MHOXecTBe Q HE CYIIECTBYET, XOTSI
peaNbHO TaKOe YMCIIO CYIIECTBYET, T.K. JJIMHA IMArOHAIM KBaJpaTa cO CTOPOHOM, paBHOM
1, Oyner BbIpaXKaThCs YUCIOM +2. EcCiM 3TO 4HMCIO MpEenCcTaBUTh B BUJAC NECATHYHOM
IpoOu, TO MOJIyduTcst OeCKOHEUHasl Helepuoanueckas Apoob.

Onpedenenue  Yucno, KOTOpoe  MpeACTaBisieTcss B BUAE  OCCKOHEYHOMU

HETICPUONYECKON NeCATUYHON MpoOH, Ha3bIBaeTCs MppaunMoHaIbHbIM. Hampumep, 37,
e, T, log,5 — uppaluvoHalIbHbIEC YUCIIA.
Onpedenenue MuoxecTBo R, sBisdmonieecss O0ObEIUMHEHUEM PALMOHAIBHBIX U

HppalrOHaJIbHBIX YHCECJI, HA3bIBACTCA MHOKECTBOM )IeﬁCTBHTeﬂbeIX YHUCeJI.

3aganus VI CaMOCTOSITEJIbHOI PadoThI
7. 27 301

1. IlpencraBbTe uncna 3 TTr " s B BUAC JECATHUHBIX TpOOeH.

2. Breruuciaure:

0237+ (i +0,(3)):0.25
N | 12,5-0,32
a) 395(72) 09 (2) s 6) 0,5(6 1) _ 1‘.;2 s B) 0312(3) . 030925 tls, e,

01©)+0.3)
3. Haiitu x, ecan 0,(3)+ L1(6)

4. 3anumuTe OOIIMKA BU YHMCEI: a) KPaTHBIX 4; 0) KpaTHBIX 23; B) NAIOLIKUX MPH JEICHUU
Ha 4 OCTaTOK 2; I') JAIOIIUX MIPH AeJIeHUH Ha 13 ocTaTok 5.

5. HamumuTe Hanbomblnee NATU3HAYHOE YHUCIIO, KpaTHOE 9, Takoe, 4yTo nepsasi ero nudpa
obu1a 3, 1 Bce nUdpsl ObUTH OBl Pa3TUYHBI.



6. Jleaurcs nmu unciao 2613456 na 36 ?
7. HaiiTu cyMMy OCTAaTKOB OT JI€JICHUS TaHHOTO uuciia Ha 2, 3,4, 5,9, 10 u 25:
a) 324144603; 0) 513414513.
8. Jlokaszatp, uTo: a) 10’ =1 u 10* + 8 nensires va 3 u Ha 9,
0) 9" — 1 nmemwrcs Ha 2 I J1060T0 HATYPAIBHOIO 7.
9. JlokaxkuTe, 4TO cymMMa JItOOBIX ABYX MOCJEI0BATEIbHBIX HEYETHBIX YHCel KpaTHa 4.
10.JlokakuTe, 4TO YKCIIA, 3aITUCh KOTOPBIX COCTOUT U3 TPEX OJAMHAKOBBIX IUDp, ACIATCS
Ha 3 u Ha 37.
11.Jlokaxkute, 9TO €ciau cymMmMa nudp 4uciia IeauTcs Ha 9, ToO U caMo YUCIIO ASIUTCS Ha 9.
37373737 . 6) 609609609
81818181 201201201°
13.Kako#t udpoit okaHuUBaeTCs:
a) cymma 26 - 27 - 28 - 29 + 51 - 52 - 53 - 54;
0) mpou3BeieHNEe BCEX HATYPaIbHBIX YHUCe OT 7 10 81 BKIIOUUTEIBHO;

12.Cokparute apodu: @)

B) CyMMa BCEX TPEX3HAUHBIX YHCEN?

14.KakoB OyaeT ocTaToK OT JeieHus Beipaxenus 7778 - 7779 na 7 ?

14n+3

15.Jloka3ath, 4TO MpH JIFOOOM HATypaJIbHOM 7 TpOOb Sln+4 HECOKpaTHMA.

16.HaiiTu 1ON0XHUTENIbHOE ABY3HAUHOE YHUCIIO, KOTopoe B 9 pa3z Oombiie mudpbl €ro
SIUHUILI.

17.Yucno necaTKoOB JBY3HAYHOTO 4YKCJIAa HAa 5 OOJIbIIIE €ro €IWHUIl, TPOU3BEICHUE MKe
ATOTO YHCJIa Ha CyMMY ero 1udp paBHo 648. Haittu 310 uncio.

1
18./loka3aTh, 4yT0 VneN 1+2+3+..+n= (n+2 )

19.Yuenukam JAByX MATBIX KJIaccoB Bblganu 469 yueOHukoB. Kaxapiii mnomydmi

OJINHAKOBOE KOJNIMYeCTBO KHUT.  CKOJBKO OBUIO MATHUKIACCHUKOB U  CKOJIBKO
Y4E€OHUKOB MOTYYMIT KX U3 HUX?

20.Hatitu: a) HOJI (60; 90; 840); 6) HO/ (1176; 4620);8) HOK (90; 84; 135);
r) HOK (520; 1050).

21.Haiitu a, eciu HOK (60; a) = 2100.

22.Haiitu ¢ <450, ecmu HOJJ (c; 150) = 75.

23.Ha noct npencenaTens KOMUTETa TOPOACKON TyMbl peTeHaoBau Kanauaatel A u b.
B rosocoBanun mnpuHsiau ydactue 198 denoBek, mpuUueM Troyioca paclpenesvInCh
MeXAy KaHaujpatamMd B oTHomeHuu 8:3. Ha ckonbko Oosblllie T'OJOCOB MOJTYYMIT
nodenurens?

24 Komuata ¢ pazmepamu 4 M 1 6 M cocTtaBisieT 3/4 miomaan Bceit kBaptupbl. KakoBa
IJIOIIA/1b KBAPTUPHI?

25.B mkonbHOU O6ubmuorexke 210 yueOHHKOB MaTeMaTuKH, 4yTo cocTaBiser 15% Bcero
o6ubnuoreunoro ¢ponaa. CKoIbKO BCEro KHUT B OMOiIroTedyHoM (one?

26.bank 3a rog Hauucisier 20% Ha BI0XKEHHYIO0 cymMMy. Kakyio cyMMy BKJIaJUMK BHEC Ha
CYET, €CJIM Yepe3 T'oJ] Ha cYeTy oka3anochk 1920 pyoneit?



27.0npenenuTe CTOMMOCTh TOBapa A0 YIIEHKHU, €CIU mocie CHXeHus 1eHsl Ha 30% oH
CTaja CTOUTh 56 pyOIIei.

28.B maraszusne mnponanu 126 Oyrnouek; 3To okazaiock Ha 10% MeHble, yeM ObLIO
npojaHo 6aroHoB. CKOIBKO IpoAanu 0aTOHOB?

29.B mikose 1Ba 1eBATHIX Kiacca. B 9 «a» yuatcs 52% Bcex IeBATUKIACCHUKOB, a B 9 «O»
- 24 yenoBeka. CKOIBKO BCETO YUCHUKOB B JEBATHIX KJIaccax.

30.YTpom Obuto mpomaHo 28% ToBapa, JTHEM - B JiBa pa3a OOJIbIlIe, a BEYEPOM —
octapmuecs 32 kr. CKOJIbKO BCEro KMJIOIPaMMOB TOBapa ObLIO MPOJIaHo?

31./1Ba roga moapsi HaceJleHue ropoda yBeJIHMUYUBaloch exeroaHo Ha 20%. Ha ckoisbko
MPOLIEHTOB YBEJIMYUIIOCH HACEJIIEHHE TOpo/ia 3a 3TH JIBa roaa?

IIpoBepounas padora
Bapmunanr 1
1. JlaHO MHOKECTBO YMCEIL:

2 0
0,00(7); ?; JI-43: —13; 0©; {\E] 7 log,8: Gj

HO,IILIepKHI/ITe pOBHOﬁ JIMHUCH HaTypaJIbHBIC YHUCJIa H BOJIHUCTOM pPalrOHAJIBHBIC

YucJa.
5,2(70) + 3
2. Breruuciure 01— ;

3. Haiigure HOJl u HOK mys uucen 350 u 1260.

4. Haiinute cyMMy OCTaTKOB OT AeneHus uncia 126450747 uva 2,3,4,5,9,10 u 25.

5. Hanumure Hambosplee MATU3HAYHOE YUCIIO, KpaTHOE 4, U 4TOOBI BCce IUMPHI ObUTU
pa3IUYHBI.

6. Ilo pgoroBopy OaHk Hauucisan Ha BkIan exerogHo 10%. Ha ckonpko mpoiieHTOB
yBEJIUYHIICS BKJIAJ 3a J[Ba rojaa?

Bapuanr 2
1. JlaHO MHO>KECTBO YHCEII:

-3
1 1
(Ej . 0,0(1); 3-+3; 7 g; 5i+2; -27; -1g100; —g

[TomuepkHUTE POBHOM JIMHUEH LIEJIBIE YUCIIA U BOJIHUCTON JEUCTBUTEIIBHBIE YHCIIA.

2
15—5,3 1

2. Beruuciure 0,1(1) 9.

3. Haiigure HOJl u HOK myis uucen 1020 u 198.
4. Haitnute cymmy octaTkoB OT AeneHus uucia 510701337 nva 2,3,4,5,9,10 u 25.
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Hanumure HaunGosbliee MITU3HAYHOE YMCIIO, KpaTHOE 3, U yTOoObI Bce UGPHl ObLIN
pa3IMYHBL.

JIBa KBapTana nojaps NpeAnpuaTUe YBeIUInMBaio 00beM Bhllycka npoAyKiuu Ha 30%
eXXeKBapTaIbHO. Ha CKOIBKO MPOLIEHTOB YBEIMUMIICA 00BEM BBHIMTyCKa MPOAYKIIMH 3a
ATH JBa KBapTaua?

Bapuanr 3

. I[aHO MHOXCCTBO YHCCJI:

V2

HO,IILIepKHI/ITe pOBHOﬁ JIMHUEH quciia, HC ABJIAIONINUCCA pPAllMOHAIIBHBIMU U BOJIHUCTOU

2
1
(lj; 5.(5); 01728..; 1g20; 2V36. i J3+42; 1°

JIMHUEHN NeHCTBUTEIbHBIC YHCIIA.
1

! -(o,sss-éj
Berauciure 3,1(20) 6

Haiingute HOJl 1 HOK mis uncen 945 u 4530.

Haitnute cymmy octaTkoB OT AeneHus uucia 373709628 na 2,3,4,5,9,10 u 25.
Hanuimnre HauMeHsbllee MITU3HAYHOE YMCIIO, KpaTHOE 4, U 4yT0OBl Bce HMUGPHI ObLIN
pa3IUYHBI.

KonmdecTBo 3aiilieB B 3allOBEHUKE YMEHBINAJIOCh B Te€UeHUM ABYX JeT Ha 20%
exero/iHo. Ha cKoJbKo MPOIEHTOB YMEHBIITUIOCH KOJIMYECTBO 3aMIIEB B 3allOBEIHUKE
3a 3TH JBa roja?

Bapuanr 4

. I[aHO MHOXCCTBO YHCCJI:

11 1
log,49: (/75 0.a8); (-5 S5 36 —3-1010; (V2 +1f
Vg
[ToguepkHUTE POBHOM JIMHUEH LIEJBIE YUCIIA U BOJIHUCTOW pallMOHAJIBHBIE YHCIIA.
531-8 l
8

Berauciure 0,6+1,2(30) }

Hatingute HOJl 1 HOK mis uncen 2475 u 3630.

Haiinute cymmy octaTkoB oT AeneHus uncia 150572844 na 2,3,4,5,9,10 u 25.
Hanuimute HanMeHsbllee MITU3HAYHOE YMCIIO, KpaTHOE 3, U 4yTO0OBI Bce HMUGPHI ObLIN
pa3IUYHBI.

JIBa Mecsiia moapsia KOJIMYECTBO TYPHUCTOB, HANPABJISIOIIMXCS B OMACHBIC PETHOHBI,
ymenbmanoch Ha 40% exemecsuHo. Ha CKOJIBKO TMPOIEHTOB YMEHBIIUIOCH
KOJIMYECTBO TYPUCTOB 3a 3TH JIBa MecsIa?
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§2. ToxnecTrBeHHbIE MPe0OPA30BAHUA BbIPAKEHUH

1. ToxkaecTBeHHBbIC NPEOOPA30BAHUA AJITeOPAUYECKUX BbIPAKEHHU I

Cpenu aHaTUTUYECKUX BBIPAXXEHUMN, pacCMaTPUBAEMbIX B DJIEMEHTApHOW MaTeMaTHUKeE,
pasnuyaroT anredpandyeckue U TpaHCUEHICHTHBIE.
Onpedenenue.  AaredOpamyeckuM  BbIPpaKeHHEM  Ha3bIBAa€TCA  BBIPAXKEHHUE,

MOJIy4arolieecs: U3 YUCEI U HEKOTOPBHIX OYKB € MOMOIIBIO apuU(PMETHUECKUX ONepaluil u
BO3BEJICHUSI B CTETIEHb C PAllUOHATBHBIM ITOKA3aTEIIEM.
Onpedenenue. AnreOpandyeckoe BbIpa)KCHUE HA3bIBACTCS PANMOHAJIBHBIM, €CJIM OHO

COACPKUT TOJBKO OIICpAllMH CIIOKCHUA, BBIYUTAHUSA, YMHOXCHUA W HOCJICHUSA YUCCII U
MMCPCMCHHBIX. A.Hre6pa1/1qe01<oe BBIPAXKCHHUEC HA3BIBACTCA HMPPALNUOHAJIBbHBIM, CCJIM OHO
COACPKUT OIICpalIi0 H3BJICHCHUA KOPHA U3 HepeMeHHOﬁ HJIX OIICpallui0 BO3BCIACHUA
HCpCMCHHOﬁ B PallMOHAJIBHYIO CTCIICHb, HC ABJIATOIIYIOCA IEJIBIM YHUCJIOM. HaHpHMep:

a 3ax? +3/36x [
P A5¢+a+ta Ha3bIBAIOT  PAIMOHAIBHBIMU  BBIPAKCHHUAMU; x“+1;
M

\3/(5 y— 7)2 +4ay Ha3BIBAIOT UPPAIMOHATBHBIMU BBIPAKCHHUSIMHU.

K TpaHcueHIeHTHBIM BBIPKCHHUSM OTHOCSATCS IOKa3aTelbHbIe, JIorapu(pMUIecKue,
TPUTOHOMETPUUECKHE, 0OpATHBIC TPUTOHOMETPUUECKUE BBIPAKEHUS.

Onpeodenenue. JIBa BIpaOXKCHUS HA3bIBAIOT TOXKAECTBEHHO PAaBHBLIMHU, €CIIU IIPU BCEX

NOMYCTHUMBIX [JJIsi HHMX 3HAQUYEHUSAX IEPEMEHHBIX COOTBETCTBEHHBIE 3HAUECHHUS JTUX
BBIpa)XEHUI paBHbL. Hanpumep:

2 2
(x+D)" u x"+2x+1 rtoxmecTsenno PaBHBI IIPH BCEX X,

l1+a+23-5a u 33-4a toxpecrsenno paBHBI IPU BCEX d;

3
5x 5x
—4 5 u T4 TOXJIECTBCHHO PaBHBI IIPU BCEX X, KPOME x=0;
X
y-1 1
2 u —y +1 TOXIECTBEHHO PABHBI IIPH BCEX ), KpOME y=1.
y —

Onpedenenue. 3amMeHy OJHOTO BBIPAXKEHHS APYTHMM, TOXKIECTBEHHO PaBHBIM €My

BBIPA)KEHUEM, HA3bIBAIOT TOXKAECTBEHHBIM NPE00PA30BAHNEM BBIPAKEHUS.
[Ipu BBITIOJIHEHUH TOXKJIECTBEHHBIX MPEOOPa30BAHUI BBIPAKEHHUS MOXKET U3MEHATHCS
ero obnactb onpeneneHus. Tak, IpUBOAS MOJOOHbBIE YIEHBI IPU YIPOIICHUHN BBIPAXKEHUS

2 2
Yo =Sy+2+ \/; - \/; =y"—=5y+2, MBI pacmmpseM ero o6JIacTh ONMpEIeNeHHS OT

¥20 no mo6oro 3mauecHus y. IloaToMy, BbINONHAS TpeoOpa3oBaHUsl JTAHHOTO

BBIPAKCHUA U ITOJYUYUB B PC3YIIBTATC APYT'OC BBIPAKCHUC, HYKHO BCCraa YMCTb OTBCTUTD
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Ha BONpPOC, HAa KAaKOM MHOXECTBE 3aJaHHOE BBIPAKECHUE TOXKIECCTBEHHO pPaBHO
MIOJIyYEHHOMY.
Onpeodenenue. PaBeHCTBO, BEpHOE MPU BCEX JOMYCTUMBIX 3HAUCHUSAX BXOSAIIUX B HETO

HepEMEHHbBIX, Ha3bIBAIOT TOKAECTBOM. Hanpumep: n+(-n)=0,

(a+8)+c=a+(6+c), (x—y)3 :(x—y)z(x—y), @ —6° =(a—s)@a+s)

HanomMHuM OCHOBHBIE TOXKIACCTBA, HCO6XOI[I/IMBIC JJIs1 BBIIIOJIHCHHUSA TOXACCTBCHHBIX

npeoOpa3oBaHU.

D opMyJIbl COKPAIIIEHHOTO YMHOKEHHUSI
(xx y)1 =xty b
(xiy)2 :x2 i2xy+y2 121
(xiy)3 —x i3x2y+3xy2 iy3 3 3 1
(xxy) —x4+4x3y+6x2 2-|-4xy3 +y4 1 4 6 4 1
(x+y) —x5 +5x4y+10x3y2+1()x2y3+5xy4 +y5 1 5 10 10 5 1
(4) =" "Ny n(f 21) n=2,2 n(n : 1;(7; 2) I N 711(7’;—31)n1 "l

Ilpumeyanue: CrnpaBa oT GopMyn 3anmucanbl KOIPOUIIMEHTH  PaA3JIOKEHUS
COOTBETCTBYIOLIIET0 MHOTOWJeHa. JlaHHYIO0 3alucCh Ha3bIBAIOT TPEYrOJbHUKOM MacKalls.
[Tocnenntroro hopmyiy HazbsiBaroT OnHOMOM HbIOTOHA.

(a+b+c)2:a2+b2+02+2ab+2bc+2ac,
(a+b+c+d)2=a2+b2+62+d2+2ab+2ac+2ad+2bc+2bd+2cd
xP—yt=(x = y)x+ ), Xyt = ()T =Xyt -y,
B A C R ) | e G M e A € 0 € AR = U s A ol
Xyl = )(xT -+ ),

2
ax“+bx +c=a(x—-x)(x—-x,),r1e x,,X, - KOpHU ypaBHEHUS

ax’+bx +c=0

CaoiicTBa cTeneHem CaoiicTBa apu(pMeTHUECKUX KOPHEH

a” =nam, 20e (a>0)

(WJK K ke =ka

12



CaoiicTBa Jorapugmos

log, b
log,b=c, a“=b, a#l, a>0,b>0 a :b

a>0,az1,b>0,c>0

log (b-c)=1log, b+log,c, loga(é)zlogab—loga c,
c
log  b” = plog, b, log , b :llogab,
p
10gabzw’ 10gab: 1
log.a log, a

9x% +12x+3

Ipumep 1. Yrupoctuts Beipakenne [ (x) = t1

Pemenue.

9x2+12x+3=0, x=-1, x =—§,

1
9x?+ux+3:wx+nu+§):xx+nsx+n,

Ox? +12x+3  3(x+1)(Bx+1)
x+1 x+1

=33x+1).

2 2
Ipumep 2. Pasznoxuts Ha MEHOXKHTenn 2a° +ab—b".
Pemienue. [-ii cnoco6. llpumeHuM METOT TPYIIITUPOBKU

2a® +ab—b* =2a* +2ab—ab-b* = (2a* +2ab)—(ab+b*) =
2a(a+b)—b(a+b)=(a+b)2a—b)

. . 2 2 .
2-ii cnoco6. Haitnem xopru Tpexunena 2a° +ab —b” cuuras a mepemenHoit:

13



—hEBR 42 (DY) —biy9p® b3

a = ,
1.2 4 4 4
b

ay=—_—, ap
2

~b,
torna 2a’+ab-b> =2(a —g)(a +b) = (2a—b)(a+b)

IIpumep 3. Pa3noxuTh Ha MHOXKUTEIN MHOTIOYJIEH x4 +x“° —=20.
Pemenue. O603HauUM x* = Y, Toraa

X ax? 22027 4y -20=(y - Dy +5)=(x? —4)(x? +5)= (x - 2)(x + 2)(x* +5).
Ipumep 4. Pa3i10XuTh HAa MHOXKUTEIHW MHOTOWIEH x*-10x% +169.

Pemienne. Ecnu cnemaem 3ameny X =)V, MOJIy4YuM KBAJpaTHBIM TPEXUJICH, HE

MMEIONIUN JIEUCTBUTENBHBIX KOpHEW. [loaToMy mNpHMEHMM NpUEM TPYIIHPOBKUA U
BBIJICJICHUS [TOJIHOTO KBaApaTa:

x* — 1022 +169 = (x* +169) ~10x% = |(x* +26x? +169) — 2632 |-10x? =
(x% +13)2 = (6x)% = (x* - 6x+13)(x> + 6x +13).

2 2x+1
IMpumep 5. Haiitu ST = f(x=3) ecn f(¥) = 1
Pemenue.
2x% +1 2x-3)+1 2x-5
fety =20 pemgy = 20D 2mS
4—x 4—-(x-3) T—-x

S~ f(x=3)= 2 +21—2x‘5 X+ -0)-(2x=5)E-x?) _

4-x> T-x (4-x*)(7-x)
14x% = 2x7 +7—x—8x+2x> +20-5x*  9x* —9x+27
(4—x2)(7-x) (4—x>)T-x)

Ipumep 6. YOpocTuth 8\/ (2—\/7 )4 ,
Pemenwe. 8\/(2_\/7)4 = \/‘2_\/7‘ = \/7—2 , M.K. 2—\/7<O '

Ipumep 7. YOpocTHTh Jl 3+ 30\/2 +V9+ 42 :

Pemenue.
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\/13+30\/2+\/9+4\/_ :\/13+30\/2+\/8+2-2\/§+1 =

\/13+3o\/2+,/(2\/§+1)2 =\/13+30,/2+(2J5+1) -

\/13+3o\/3+2\/§ =\/13+30\/2+2\/§+1 =\/13+3o,/(\/§+1)2 =

J13430V2 1) = /4343042 =425+ 2-5-3v2 118 = (54 342)? =
5+3\/§.

IIpumep 8. OcBOO6OAUTHCS OT UPPALIMOHATIBHOCTH B 3HAMEHATEIE:

V2 VA7+43) @7 +43) 27+ B)WT7+3)

-6 @T-BT+B) T-5B T-BETB)
\/E(i‘/773+i‘/§-i‘/77+i‘/7-%7+§‘/373)21/1372+i‘/588+i‘/252+i‘/108
4

4

1—l log7 25
Ipumep 9. Brruucauts 49
Pemenue. /-1 cnoco6:
49

I I
I-—log725  2-—log72 I
48T _ P08 oologgs _ logg49-logy 5 _ 47 s :?:9,8.
1
s 49 40 49 49

2-11 cnocob: 1 1 1 -
Log72s  Lolgys 78705
4 7 2

pnmep 10. Bermuems 108318, ecmm logz12=a

Pewenne. [-ii cnoco6: logs18 =1logz(3*-2) = 2+logs 2.
3HAYUT HYXKHO BBIUMCIUTH log32, 3Has, uto logzl2=a. [Insg 3TOro BhIpa3uM 4uUCIO 2

qcpe3 4duciia 3mu 12, IMMOJBb3YACH OICpaluAMU YMHOXCHUA, ACJICHHUA U BO3BCIACHUA B

CTEIIECHD:
12 12 1 1
2=.]—, log:2=1lo — =—(log;12-1log;3)=—(a -1

3 g3 g3\/3 2( g3 g33) 2( )
logy18 =24 91 _a+3
2
2-1l cnocodb:
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log;18=2+1log; 2

O06o3Haunm logs 2 = x, cnenosatesbHO logz 18 =2+x

log;12 =logs3-2% =1+2logy 2 =1+2x=a,
a—1

TOrjga xX=——
2

3aganus VI CaMOCTOSITeIbHO padoThI

1. SIBnsrorcs au TOXKICCTBCHHO PABHBIMHA BBIPAKCHHA:

a)

6)x2+3x—5+\/_—\/; u x2+3x—5

16—y4

8) 7

4+ y
2. Pa3noxxute Ha MHOKHUTEIIH:

a)y6+l 6)x2+2xy+2yz—22

2 2 4

6)a4+a 8° +¢6 2)x8+x4+1

3. Packpoiite cCKOOKU:
a) 5x* —4x+3)%  6) (32 -245-410)2
6)2a+e)]  2)(m-2)°

4. Coxpatute 1podu:

5x2 +dx—1 x3+27y3
9 NI
xXT—=x-2 9y~ +x

a2+6a6+862 612—20616+10062

8) 2)
a2—462 a2—15a6+5062

0) x4—x2—12 ¢) a12—2a6+1
xd18x2 415 al? -1

5. Haitmure f(x2) = f(x+2), ecu f(x)=

6. YnpocTuTte BbIpaKECHHUS:

—3xy

2x-3
x—4

1 1 2 4> 8x/

-1
201 u 2a+1 2) /x2 U x
0)|a| u \/a2

4—y2 6)3—125)63)/6 u

—Sxy

2

4 8

I-x I+x 1+x% 1+x* 1+x

1
a) — — — — g)clz 8+cC .
a

5 a N a2+a—1 N az—a—l 2a3
) 2 3 2 3 4

2

3

2a+e6

3

7. IlpuBenute k npocteiien hopme:

a)6a9615 6)10a

a+e

- 2
a?-1 &@-a*+a-1 & +a*+a+1 a*-1 2)( 3a  a”+6" +as
3
a

6—a

J.

a’+2a6+¢

2

a+e
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a) (427 -332) + 108 - 31/48)
8. YIpocTute BhIpaXKEHHUE: 6)( \/E—%/ﬁ) ( \/%—%/8—1)

9. Brruuciure:

1—3

10
a)[gj 2773 4027% 25721 |64 9

\/70 \/Z+5\/T+\/%—10\/0,_2
3\/_\/7+2\/7+6\/7 1404/0,02 \f

I0.0CBO6OIII/ITCCB OT UPpPAlHOHAJIIBHOCTHU B 3HAMCHATCJIC!

\/«/§+«/_ 5 1

D e e ¥ L
23 J7-+5 541 W 1+42+43

11.Haiiqure v3—f++2—1, ecin \/3—t —\/Z—t =1

12.Ynopocrure:

a) 7 +43 6)(\/5+2\/E+\/5—2\/€)-§
8) 4\/17+m 2)\/x2 +4xy+4y2 —\/x2 —4xy+4y2 , X,y=0

13.Yopocture BbIpaKeHHUS:

a—2\/%+6 a\/2+6\/g

a—+e—

\F\/;\/;—f()
Ja-+s

. 2
6)( 025 , 0,75) _x1,5(1+x—0,5)

SN (mr v r]

2 2 N x2-x (1+ijl
Loxx L1 x*

1—-x
1

0)

17



14.Berauciure:

a)— 10g8 logylog,16  6) 160,25 logs 5+log, 3

1 4
6) 8110g5 3 n 2710g9 36 n 310g7 9 2)

71—10g2 2
7—10gﬁ 5
0) 1g1250, ecrulg2 =0,3010 e)log;po40, ecaulog,5=a

log,, va? -1 -logzl/2 Va? -1
15.Yopocture : logza (az ) -log%/— 6/a2 _1
a

log, x-logy x

16 fokaane: 8D ¥ =0 T

IIpoBepounas padora

Bapunanr 1
1. VYkaxwute Bce HOMEpPa pallMOHAIBHBIX YHCEN JAaHHOTO MHOXECTBA!

Dy6-245 +1; 2)(V7 =, 3)(%)9; 4)#—%_

2 2
3m”~ -2mn—n m 11
2 , BBIYUCIIUTE €€ 3HAUYCHUE IPU ; ?

2. CoxkpatuB 1pooOb 6m2 —Tmn+n

2x+1
x=25"

3. Haiimgure f(x?)— f(x+20), eciu f(x)=

4. Haiigure uncno, ecinu ero 30% coctaBisaror (34125 —24/45): Vs
Ja  a+va

5. VYmupocture : ;
p 1—ava a+JZ+1

3log\/g V5+242 +310g9(2\/§—5)2'

6. Beruucaure

Bapuanr 2
1.  VYkaxute Bce HOMEpPA palMOHAIBHBIX YUCEN JAHHOTO MHOXECTBA!

DV9—4/5+45; 2)3°%97; 3)349/7: 7710 4)y8-2/150/3+45).

2a% +ab—b>
4a® +5ab+b*’

SIS

a
2. COKpaTI/IB I[pO6B BBIYUCIINTC €€ 3HAUYCHUC IIPU Z

Sx+1
x—-4"

3. Haiigure f(x+2)— f(x+6) ecnm f(X) =

18



Haiioure yncno, ecau ero 70% cocTtaBisioT 6+(x/§ 7 ): (\/7 ++/5 ).

vopens | Y23 45-45 {1

72
Beruucnure 41°g2\/m 4 4log16(2 J7) '

Bapuanr 3
VYkaxxute Bce HOMepa pallMOHaIbHBIX YHCEN JAaHHOTO MHOXKECTBA!

D232 213 2)2leasS. 3y 3o0d2 —42: 4D ?
+

2 2
m° +3mn—4n
2 s BBIYUCIIUTC €C 3HAUCHUC HpI/I

Bl
e

n
CokpartuB apo0b .

m> —9mn +8n
3x+2

x=5"

Haiioure yucno, ecau ero 10% cocraBnsioT (23/875 -33/56) :3/7 '

Ympocrure (1_63/: ~Va J [lliaj/—_ +a J

logﬁ \ 4+2+3 N 510g25 (2ﬁ_4)2 ‘

Haiiaure f(x+2)— f(x+8), ecom f(x) =

Beruuciaure 5

Bapuanr 4
VYKaxuTe Bce HOMEpa pallOHAJIbHbBIX YACEN TAHHOTO MHOYKECTBA:

V6425 —/5; 2)33242; 3)J_ N _J5; 4)([)'°g28

3a2 +2ab—b? b
BBIUUCIIUTE €€ 3HAUCHHUE IIpU ~
942 +10ab+ b2’ P,

3
CokpatuB apo0b = 5

-1
-6

Haiigure uncno, ecau ero 90% cocTtaBisioT (33/320 —23/40) : 4 .

v a2 —p2 __a-b .3_1
HpOCTI/ITe a3/2+ab1/2 a1/2+b1/2 . b .

logp \/2+\/_ 10g4( )2 -

Haiimure f(x+4)— f(x+8), ecu f(x) =

Beruuciure 8

2. TpuronoMerpuvecKkue BoIPAKEHUsI M UX MPe0OPa30BaHUs
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Onpeoenenue. CHUHYCOM  yriia o Ha3bIBaeTCS

opAuHAaTa TOYKUM P, Jexamen Ha eIUHUYHOU o4
OKPY>KHOCTH (SIn o = Y, ). = Py
Onpeoenenue. KocuHycoM yria 0 Ha3bIBaeTCS
aOcimcca Touku Poa, nexamelli Ha eIUHUYHOMU
OKPY>KHOCTH (COSOL = X, ). 7 x(; >
sin cosa
go = , Clga = —
cosa sinQ
Yron noBopoTa MOXKET U3MEPSITHCS B rpagycax
Y B paJitaHax. YToJ B OAWH paguaH — 3TO yroll Pue.2
MOBOPOTA, MPU KOTOPOM KOHEI] HaYaJIbHOTO pajinyca
ONUCHIBAET AYTY, JJMHA KOTOPOU paBHA paINYCY.
180° T
1pao = ~57° 12 =—— pao ~ 0,017 pao.
V4 ’ 180
3HKY TPUTOHOMETPHISGKHIX byHKIUI: v, v A
NPARNPVARNVARN A
Puc.3
y=sinx Y=CO0S X y=igx y=cigx
Yemnocmo, nepuoouyHocma:
OyHKIUS ~ Y=COSX  SIBIIAETCS  YETHOM, OCTaJIbHbIE ol 71 x
TPUTOHOMETpUUECKHE (PYHKIIMU HEUETHBIE, T.C. Pymryus g Z ?
cos (-x) =cosx, sin(-x) =-sinx,
_ _ L2
tg(x)=-tgx, ctg (-x) = - ctg x. ' 3 > |
sin o
Bce  Tpuronomerpuueckue = (QYHKIUU  SBISIFOTCS G h
nepuoouyeckumu. Ilpu 31ToM T=27 — OCHOBHOH TEpUOA oS 0 2| 5
byHKUMHA y=cos X , y=sin x , a T=m - OCHOBHOW NEPHOJ 7 i
byHKIui y=tg x, y=ctg x , T.e. tga 3 1
cos (x+2x) = cos(x-2x) = cos x, sin (x+2x)= sin (x-2x)=sin x, 5
1g (x+tm) =tg (x-m) =tg x, ctg (xtm) = ctg (x-m) = ctg x. 3
g (x+m) =1g (x-m) = 1g x , cig (x+m) = cig (x-) = cig ctga | 5| 1] °

Dopmynvl npusedenus: Jjig npeoOpa3oBaHus BhIpAXKEHUN

K . T
BHUJA COS(E ta), Sln(z ta), ig (7 £ 05) Y T.I1. UICTIOJIB3YIOT CJIEYIOIIEE MTPABUIIO:
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1) cuuTas ayry o Ayroi nepBod YETBEPTH, HAXOAAT B KAKOM YETBEPTU pacIoyioKeHa ayra
mn

—=*a
2

2) - eciid Ayra o OTKJIAJbIBA€TCA OT TOPU30HTAIBHOrO AUaMeETpa (7T ta, 2r-a ), TO

, ONpPENEeNSIOT, KaKOH 3HAaK UMEeT 3aaHHast PYHKIUS B TOU YETBEPTH;

Ha3BaHHUC (I)YHKI_II/II/I HC MCHICTCA,

T 3
- €ClM Jayra o OTKJIAJbIBA€TCs OT BEPTHUKAIBLHOIO JIHaMeTpa (Eia’ Tiaj TO

(1)YHKI_II/II/I CUHYC, KOCHHYC, TaHI'CHC, KOTAHI'CHC MCHAIOTCA COOTBCTCTBCHHO Ha
KOCHHYC, CUHYC, KOTAHI'CHC, TAHT'CHC.

Ocnosnvie d)ODMVJZbl mpucoHomempuu.

1) dopmynbl, cBsA3BIBaIOUIME TPUTOHOMETPUYECKHE (QYHKIHUUA OJHOTO U TOTO XKe

apryMeHra:

. 1 1
cosza+sm2a:1, 1+tg2:—2, 1+ctg2:.—
cos“ o sin”

2) opmynbl IBOMHOTO U TIOJIOBUHHOTO apryMEHTa!

2
in2q = 2sina - 2tga cigma—1
sin2a =2sina -cosa, te20 = g —. ctgla = W
cos2a = cos” o —sin’ & 1-1g7a
_ 1+cos2a 2 1-cos2a
3) hbopMyJIbl MOHM)KEHUS CTEIICHU: cos o = > S a= 2

4) popMysIbl CYMMBI U Pa3HOCTH apTyMEHTOB:
sin(a £ f) =sina -cos f xsin - cosa,

cos(ax £ ) =cosa -cos fFsina -sin 3,

teo £t
ro(a+ )= 18atieB
l+tga - tgp
t -ct F1
cigla + ) = S8 Cteh
ctga ¥ ctgf

5) bopmyibl CyMMBI M Pa3HOCTH TPUTOHOMETPUUYECKHUX (DYHKIIHIM:

o+ o—
ﬂcos ﬂ,

sina +sin = 2sin

2 -
. : .o + sin(a + )
Sma—smﬂz25ma ﬂcosa ﬂ, tg<a+ﬂ)=—,
2 cosa - cos 3
Cosa+005ﬂ=2cosa+ﬂcosa_ﬂ, ctg(a+ﬂ):—51n(aiﬂ) ,
2 2 sina - sin 3
cosa—cosﬂ:2sina+ﬂsinﬂ;a’
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6) popMybl mpeoOpa3zoBaHKs TPOU3BEACHUS TPUTOHOMETPUUECKUX (DYHKITUHN B
CyMMY:

sina -cos f = %(sin(a + ,3)+ sin(a — f3))
cosa - cos = %(cos(a + B) + cos(a — ,B))

sinq -sin f§ = %(cos(a — B)—cos(a + ,B))

sin® (a —270%) cos(360° — )
ITpumep 1. YpocTUTh BEIpaKE€HHUE: tg3 (@ —90°) cos’ 270° —q) *

Pemenue. Bocnonib3yeMcst 4€THOCTBIO U HEYETHOCTHIO BXOJIAIIUX B BhIpakeHUE (DyHKIIHIMA
u hopmynamMu IpUBEACHUS:

sin® (@ —270%) cos(360° —a) B —sin’(270° —a) cos(360° — ) B —cos’a-cosa B cos* & — cosay
tg3 (@ —90°)cos> (270° —a)  —1g>(90° —a)cos’ (270° —a)  ctg a-(—sin’ @) cos’ a Gind o
-3
sin” a

HcxomHoe BeIpaKEHUE TOXKISCTBEHHO COS 0. HAa MHOYKECTBE BCEX TaKUX 0, 4TO sina #0 u
cos o #0, oTkyna a#nn/2, n € Z.

2cosa—sin2a 5 450 _ &
Ipumep 2. JlokazaTh TOXKIECTBO 2 cos o + sin 2o =1g ST —— )

Pemenue.

2cosa—sin2a _ 2cosa—2sinacosa  2cosa(l—sina) 1-sina  1-cos©@0” —a)

2cosa+sin2a  2cosa+2sinacosa 2cosa(l+sin@)  1+sina  14¢os©@0° — )

2sin? (450 —;‘j
- - 2(452 —ﬁj
2

= _tg
2cos? (450 — aj
2

Ipumep 3. Tposeputs paBeHcTBO $in47° +sin61° —sinl1? —sin25° =cos7°.

Pemenue.
sin47° +sin61° —sinl 1° —sin25° =(sin47° +sin61°) —(sinl 1° +sin25°) =
=2sin54° cos7° —2sinl & cos7° =2co0s7°(sin54° —sin1 8°)=2co0s7° - 2sinl & - cos36° =
_ 2c087° -2sin18” - c0s36” - cosl8”  2cos7? -sin36° -cos36”  cos7’ -sin72°

=cos7°
cosl & cosl & sin72°

3aganus 1 CaMOCTOATEIbHOM PadoThI
1. Haiitu rpagycHyto Mepy yria, paJuaHHas Mepa KOTOPOTO paBHa:
a) 0,5; 6) 10; B) w/5; r) -9n/2; n) 12m.
2. Haitgute pagnaHHylo Mepy yriia, paBHOTO:
22



a) 135 6) 210; B) 36; 1) 300; ;) -225.

3. Beruuciaure: a)tg2300 +2Si1’1600—l‘g450 +COS2 300; 5)Cl‘g2450 +cos6(f’ —Sil’l2 60° +%CZ‘g2600.

6) 3sin(-90?) + 2cos0? —3sin(-27(°); 2)2cos(-270°) —%tgl 80P —sin(-90°).

4. HaliTh 3HaY€HUE BBIPAKEHUS:

2sino - cosa

8) Sin(a + B) + cos@ — )’

ectma. =60, =30 ;06)sina+cosa,ecau:o=-1710.
5. Ykaxute HanOOJbIIIee U HAUMCHBIIIEE 3HAYCHUE BBIPAKCHHUS :

a) I+2sina, 06) 3—4cosa, B) , T) 2cos’a.

1.
—sina
2

6. Hanumure B mopsijike BO3pacTaHHUS:
a) sin 40, sin 90, sin 220, sin 270°; 6) cos 10, sin 135, cos 180, sin 90"
7. Ompeennre 3HaK mpousBeaeHus: a) sin 1100 cos1100 22300 -ctg3200;
6) -sin 50 tgl70 (-cos(-91)) -ctg(-640) - sin 530 .
8. MoxeT 11 Ju1sl KaKoro-1100 yria o BHIIOIHATHCS YCIOBUE:

. 3 21 1
a)sina =—§, cosa =g; 0)cosa =—g,tga =—2\/€;

b ?
,cosa=—,a70,b%0

a
\/a2+b2 \/a2+b2

9. Haiinure 3HaYeHHs] TPUTOHOMETPUYECKUX (PYHKIUHN yTria o, €CIIM U3BECTHO, YTO:

. 2 )
6')SII’IOC=T, ctga =3, 2)sina =

: 3
a)sma:gngﬁaﬁﬂ, 6)tga:—2,1147ﬂ£a£7z_

10. Haiinure 3HaYeHHUS] TPUTOHOMETPHIECKHUX (YHKITUI yIJia 0, €CIIM U3BECTHO,
qro: a) a = -510%; 6) a = 277/4.

11.  Ympocrute Bhpaskerue: a) sin 160 -cos 110° + sin 250 -cos340 + tg 110 -tg 340 ;
6) tg 18" - tg288 +sin 32 - sin 148" —sin 302" - sin 122

cos [(x + ﬂ] - cos[a - ﬂ-]
g Zia - 1g T o_al+sin| Ztal+sin E—al 3 3

B) 83 4 6 s %F 1) ( ﬂ] [ ﬂ]_
cos a+? + cos a—?

12. Jlokaxkute:

3 3
tgl —m—oa |-cos| —m—ax
2 2

cos(2w — )

a) + cos[a - %) -sin(r —a) + cos(w + ) - sin[a - %) =0,

cos® (r—a)+ sinz(;r - aj + cos(m + @) - cos(2r —ax)

) T o 3
t a——|-ct —+4+a
g( zj # (2 j

2 1
3)[ +tg2a}'(0082a——j=cosza; 2)1—sin 8a =2 cos? (45° + 4a).
l+1tga 2

= cos’ a;

0)
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IIpoBepounas padora

Bapunanr 1 Bapuanr 2
1. Ympoctute BeIpaKeHHE: 1. Yrpoctute BeIpakeHHE:
cos 2 cos - +sin %sin% sin(45° + a) — cos(45° + )
: a :
a) It 4n . 4x  Irx° ) sin(45° + a) + cos(45° +a)’
SIn —COS — +SINn——COS ——
3015 1530 0) sin (/2 + a) —cos (o —m) + tg B3 — )
0) sin (90 — a) + cos (180 + a) + + ctg (5n/2 — ).

tg (270" + a) + ctg (360 + o).
2. Jlokazatb ctg o — sin 2a =ctgacos20.

2. Jlokazath ctg a/2 - tg 0/2 = 2 ctgo.

Bapuanr 3 Bapuanr 4
1. YmpoctuTe BhIpaKeHHE: 1. Ympocture BhIpaKeHHE:
a) sin 20 + 2sin 40 — sin 100°; a) cos 10 - 2cos 50 —cos 70;
sin(37 + &) - sin(x + 27) 6) sin(57 + o) - sin(a — 2,57)
ctg(-3,57 +a)-cos(,57 +x) 1g(7m +a) - cos(a — )
2. JlokasaTtb: 4sinacosacos2a =sin4a. 2. Jlokazate: sin 2a - /g o = tg 0. COS 20

§3. HocTrpoenue rpa¢uxoB GpyHKIUA
1. I'pa¢uky OCHOBHBIX JIEeMEHTAPHBIX QYHKIHUI

Onpeoenenue. Oynkuueit (Wi QyHKIIMOHAIBHONW 3aBUCUMOCTBIO) HA3BIBACTCS 3aKOH,

[0 KOTOPOMY Ka)XKJIOMYy 3HAUCHUIO HE3aBUCUMOM IIEPEMEHHOW X W3 HEKOTOPOro
MHOXECTBA 4YHUCEJ, HA3bIBAEMOr0 00JIaCTHI0 OmpeAejeHus (PYHKIMH, CTaBUTCS B
COOTBETCTBHE OJHO BIIOJHE OIPEAEIICHHOE 3HAauYeHHE BeNHYHMHBI ). COBOKYIHOCTB
3HAYEHUI, KOTOpbIE IPUHUMAET 3aBUCHMAas IMEPEMEHHAas ), Ha3bIBaeTCid 00JIaCThIO
3HAYeHU# PyHKIUU.

Onpeodenenue. I'pagukoM (QyHKIIMN HA3BIBAETCSI MHOYKECTBO BCEX TOYEK KOOPAMHAT-

HOM TIJIOCKOCTH ¢ KOOpJMHATAMU (X,V), TAKUMHU, 4TO aOCIMcca X TPUHUMAET BCE 3HAUCHUS

13 00J1acTU ONpeJieNIeHus], a OpJIMHAaTa Y paBHA 3HAUYECHUIO (PYHKIIUU B TOUKE X.
Onpeoenenue. DyHKIMSA f(X) HA3BIBACTCS YE€THOM, €CIIM JIJIs JTIOOOTO X U3 €€ 00JIacTu

ompeniesieHus] BBIMOIHEHO f(-x)=f(x). DyHKIUsA f(X) Ha3bIBaeTCS HEYETHOM, ecliu s

J000r0 X U3 €e 00JIaCTH OTpe/IeNIeHUs BBITIOIHEHO f(-X)=- f(X).
Onpeoenenue. DyHKIUIO [ (X) HA3bIBAIOT MePUOAMYECKOl ¢ niepuogom T(T#0), ecnu

JUTS JTEOOOTO X M3 €€ 00JacTu onpeaesieHus Beinosnsetcs f(x) = fix+7T) = f(x-T).
Onpeoenenue. Oyukius [ (x) Bo3pacTaeT Ha HEKOTOPOM HWHTEpBAJIC, €CIIH JIS THOOBIX

X; U X, TNPUHAVISKAIIUX OSTOMY HHTEpBaly, TaKMX, 4YTO X; > X, BBINOJTHSACTCS
HEpPaBEeHCTBO f (x;) > [ (x;). ®yHKuMs f (x) yObIBaeT HA HEKOTOPOM MHTEpBAJE, €CIIH s

TOOBIX X; U X, IPUHAJISKAITUX ATOMY UHTEpBAIly, TAKUX, 4TO Ay
X; > X, BBITIOJHSETCS HEPABEHCTBO [ (x;) < f(X).
[Ipu onucanuu QyHKIMI NPUHATO YKa3bIBATh: Y ::;‘;b’

e O0nactb onpeaeneHust pyHkuu D(x). /4

=V

24




e O6nactb 3HaUeHUN QPyHKIUU E(X).

o SBnsiercst i QyHKIMS TEPUOTUIECKOM.

o SIBnsiercst i QyHKIMS YETHON WIIM HEYETHOM.
e MlnTepBanbl Bo3pacTaHus U yObIBaHMUS. 4

e Touku nepeceyeHus rpaduka ¢ ocsIMU KOOpAUHAT. y=heth, k<0

I. JIuneiinas pynxuua ¥V =kx+b "

CaoiicTBa: 0 \ >
D(x)=R.
E(x)=R. Y
DOyHKIMS HENEpUoInIecKasl. y=b

=

I[Ipu k# 0, b # 0 QpyHKUUA HE SABISETCS HU YETHOU, HU

HEYETHOM. >

Ecmu k# 0, b = 0, To dyHKIIUS HEUETHAS.

e

[Ipu k=0, b=0 byHKLIUA SBISIETCS U YETHOMN, U HEUETHO.
6. Eciiu k£ > 0, To pyHkuus Bo3pactaromas, eciu k < 0, To Puc.4
byHKUMS yObIBaIOIIAS.
7. llpu k # 0 rpaduk UMeeT CIECAYIOIMINEe TOUYKH MEPECEUCHUsI C OCSIMU KoopauHaT: A
(0;b), B (-b/k; 0).
['padmkom nuHEHHONW (QYHKIMHM sBiIsieTcss mpsiMas. Yucno & Has3bIBaeTCS YIIIOBBIM
KOOPPUITUEHTOM, TIpUYeM k = fg @, TAE€ o — YroJd MEXIy MPSMON M TMOJOXKHUTEIbHBIM
HampasieHreMm ocu Ox. Yucino b nmokas3biBaeT, Kakoi OTPe30K OTCEKaeT mpsimas oT ocu Oy.

IIpu k=0 yHKuMs npuHuMaeT BUA Y =b. D10 moctosHHas QyHKIMsS, €€ rpapuKoM

ABJACTCA IpAMaid, rapajijiICibHass OCHU a6cuncc.

2
I1. Kpagparnunas pynxuns YV =X~ +bx+c a=0

b

['paduxom kBagpaTHuHON HYHKIMM SBISETCS Mapadoia.

CBoiicTBa:
D(x) =R.
E(x)=R.

QDyHKIHS HENEPUOANYECKAS.
[Ipu a > (0 BeTBU MapaboJIbl HAMPABIEHBI BBEPX, NMPHU @ < () - BHU3.

Al A

Ocb opaunat rpaduk QyHkiuu nepecexaet B Touke (0, ¢).

Eciu D =b?—4ac >0 , TO TpaUK IepeceKaeT och a0CHUUCC B IBYX TOUKAX.

Ecau D = 0, To rpaduk uMeeT ¢ 0Chl0 a0CHUCC OJJHY OOIIYIO TOUKY.

Eciu D < 0, To rpaduk He mepecekaeT och adcIucce.

~b+D
2a

Koopaunate! BepinHbl Tapadoibl (X, ¥g) MOKHO HAXOIUTh IBYMS CIIOCOOAMM:

AOGc1ucchl TOYEK nepeceueHust ¢ ocbto Ox HaXoAATCs 1Mo hopMyrie: Xip =
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b
1) 1o opuyze %o =5, 1= (x0),
o 2 _ 2
2) BBIIEJIUB U3 KBaAPATHOTO TPEXUWIEHA MOJHBINA KBaapaT ax™ +6x+c=a(x—x,)" +y,

Ay Ay

y=ax’+bx+c y=ax’+bx+c
(@>0) (a<0)

=
Q
=
=
=
o
=
=V

I11. O6paTHasi NPONOPUHOHAILHOCTL Y = .

['padpuxom dpyHkuuu siBnsiercs runepOona.
CaoiicTBa:

.D(x)=R,x #0.

. E(x) =R, xpome y = 0.

. OyHKIKA HEeTlepuoandecKasl.

. OyHKIMA HEYETHAS.

W A W N =

. Eciu k£ > 0, To pynkius yobiBaeT Ha nHTepBaitax x<0 u x>0,

eciu k < (0, To pyHKIMSA Bo3pacTaeT Ha uHTepBasiax x<0 u x>0.
6. 'paduk He mepecekaeT ocu KOOPAUHAT, HO HEOTPAHUYEHHO K HUM IpUOIUKAETCH, T.€.
OCH SIBJISIFOTCSI aCUMIITOTaMU Trpaduka.

YA VA

X X

=V
=V

Puc.6

IV. Crenennas gpynkuus V = x?

HpI/I pacCMOTpCHHUHA CTCIEHHOM (1)YHKI_II/II/I BBIACIIAOT YCTBIPC ClIyHdasd:

1) Crenennas GyHKIMS C HATYPAJIbHBIM MTOKa3aTeyneM )V = X"
1. D(x) =R.
2. OyHKIUS HETIepuoanIecKasl.
3. [Ipu yeTHOM 1 QpyHKIUS YETHAs, @ IPU HEYETHOM /1 — HEUETHA.
4. Ecnu n — 4eTHOE 4YHUCIO, TO Ha NpoMexyTke x<( QyHkuus yObIBaeT, a Ha
npoMexyTke x>0 — Bo3pactaer. Ecnin n — HeueTHoe 4uciio, To (yHKIUS BO3pacTaeT
Ha BCEU YHCIIOBOU MPSIMOM.
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5. I'paduix mpoxouT Yepe3 HavajIo KOOPAUHAT.

y=x y=x2*!

=V
=V

Puc.7

2) CrenenHas QyHKIHS C IEJIBIM OTPUIIATCIIBHBIM ITOKa3aTeieM JV = X
1.D(x)=R, x #0.
2. OyHKIHS HETIEpUOHIecKasl.
3. [Ipu yeTHOM 71 QYHKITUSA YETHAS, @ IPH HEUYECTHOM 71 — HCUCTHAAI.
4

.Ecnmu n — uetHoe uymcio, To Ha mpoMexyTke x<O (yHKIUS BO3pacTaeT, a Ha
MPOMEKYTKE x>() — yObIBaeT.

Ecnu n — HeueTHOe yucio, To pyHKIMSA yObIBaeT ¥ npu x<0 u ripu x> 0.
5. 'paduix HE mepecekaeT ocu KOOPAUHAT, OCH SIBJISIIOTCS aCUMIITOTaMu Tpaduka.

Ay y A
_ . -2n-1
X

1:1)

(1;1)

1-D)

=V

Puc.8

o o
CrenenHas (yHKIHUS C HOJOKUTEIbHBIM AHCTBUTENBHBIM MOKA3aTeaeM V=X :
1. D(x): x>0. 1
2. OyHKIMS HEMepUoaAuIecKas.

3. @yHKIMS HE SBJISAETCA HU YETHOM, HU HEYETHOM.
4. dynkuus ~ BO3pacTaeT  Ha  Bcell  oOmactu
OIIPEICIICHUS.

5. 'paduix mpoxoUT Yepe3 HauajIo KOOPIUHAT.

4) CrenenHas PyHKIIMS C OTPUIIATEIbHBIM I€UCTBUTEILHBIM
mokasareigeM y=x%:
1. D(x): x>0.
2. OyHKIMA HENEpUOIUIECKasl.
3. @yHKIMS HE SIBJIAETCA HU YETHOM, HU HEYETHOM.

27



4. Gynkuus yobIBaeT Ha Bceil 001acTH ONpeIeICHHUS.

V. Hoka3areabHast pyHKuMsA y =a”, 20e a > 0, a # 1.

1. D(x)=R.

2. OyHKIMA HENEpUOoIuIecKast.

3. @yHKIMS HE SBJISAETCA HU YETHOM, HU HEYETHOM.

4. Eciii a > 1, To ¢hyHKIMS BO3pACcTaeT Ha BCEH 00IaCTH OMPEICIICHHUS;
ecn 0 <a <1, To pyHKIMS yOBIBaET HA BCEM 00JIAaCTH OMPEICIICHHUS.

5. I'padbuk He mepecekaeT och aOCIUMCC, a OCh OpJWHAT TIEPECeKaeT B TOYKE C
koopauHaTamu (0; 1)

yA y A
y=a* )(/OZ a<x])
I a>1 a
_/ (a>1) ‘ 1\ ‘
0 X 0 X

Puc.11
VI. Jlorapugmuueckas pyukuusa y =log ,x,20ea>0,a # 1
1. D(x): x > 0.
2. OyHKIMA HENEPUOIUIECKasl.
3. ®yHKIMS HE SBISAETCA HU YETHOM, HU HEYETHOM.
4. Eciii a > 1, To ¢hyHKIMS BO3pACcTaeT Ha BCEU 00IaCTH OMPEICIICHHUS;
ectn 0 <a <1, To pyHKIMS yOBIBaeT HA BCEM 00JIACTH OMPEICIICHHUS.
5. 'padbuk He mepecekaeT OCh OpPIAWHAT, a OCh aOCIMCC TEpeceKaeT B TOYKE C
koopauHatamu (1; 0).

A A

y=log,x
(a>1) y=log.x
i (0<a<l)

0 / i ol 1 X
Puc.12

VII. Tpuronomerpuueckue (PyHKIHHU: Yy =SINX, Yy =COSX, Yy =12 X, y = CIgX

y

1) y=sinx 2)y=cosx

1. Dx)=R 1. D(x)=R

2.OyHKIMA nepuoandeckas, 1’ = 2. 2.OyHKIMA IepUoANYecKasi, nepuos 1=2m.
3. OyHKUMS HEUETHas 3. OyHKIUS YyeTHas

4. TI'paduk mpoxXoaUT Yepe3 Havaio 4. I'paduk nepecexaer och OpAUHAT B

KOOpAMHAT U TiepecekaeT och abcimce B Touke (0;1), a och abciuce B ToUKax BUIa
Toukax Buna (zwn,0), n € Z. (7/2 + nn,;0), n € Z.
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F 3
g F 3

45 45
4 4
35 a5
3 3
25 25
2 2
15 15
1
L ANNANNAN®

/\\ /\\ o /\ /\ 5‘5 /\ /\ y
7Wr3_5r 2Bnfem Lon Y lga] 05n 1Wx 2Em 3Wn 15758 = y{5r4r3)§(37f5r2r1\ﬂyl§gﬂ U-Wn 2 Z.Wn dn 4_§K5n'
1 -1

-15 -15
2 -2

25 Pucl3 = Puc.14
Jy=tga Yy=clga
1. DO): x+n/2+nmn n€Z 1. DG):x#nn, n€Z
2. OyHKIUA MEPHOANYECKAs, 2. OyHKIUA MEPHOANYECKAs,
OCHOBHOU nepuon 1T = . OCHOBHOU nepuon 1T = .
3. OyHKIUS HEYEeTHAS 3. OyHKIUS HEYETHAS
4. T'paduk MPOXOAUT Yepe3 HAYAIO 4. I'paduk He IepeceKkaeT och OpUHAT, a OCh
KOOPJIMHAT U TIEPECEKAET OCh abciucc nepecekaeT B Toukax Buzaa (/2+un, (),

abcuuce B Toukax Bujaa (zn,;0), n € Z. n € Z

X
o

0,250 kg5 L1 25 55 22 25

2572 252 175, Bl 2B L) 50,50 20] 0,255l 75 L] 25 Bl T 22 252 5 25 g5mem .75 58 25m n. 750

Puc.15 Puc.16

2. IIpeodpa3zoBanus rpa¢uxos pyHKIMi
B page cnyuaeB rpaduk 3agaHHOM  (PYHKIIMM MOXHO IOCTPOUTH IyTEM
npeoOpa3zoBaHus rpauka HEKOTOPOH APYTroi, yke U3BECTHON () YHKIIUU.
[Tyctb nan rpadux ¢pyakmuu y = f(x). Torma:

y 4 =
1. I'padux dynkmuu Y = f(X)+b nonyuaercs c 3\/ J)+2
MOMOIIBIO TapaJJIENIbHOIO TEPEHOCa JTaHHOTO =)
rpaduka BoJib ocu Oy Ha b eIUHUI] BBEPX MIPU ! —f(x)-1
b >0, u na |b| enuuun BHU3 nipu b < 0. - / >
X
Puc.17
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2.I'padux ¢pynxuun y = f(x+a) nomyuaercs

2. I'paduk ¢yHKUIUU

IIOMOIIIBIO

ImapaiICJIbHOT O

y=f(x+a)+b mnonyuaerca c

MNepeHoCa  JaHHOI'O

rpaduka BIoJib 00X KOOPIUHATHBIX OCEH.

3. I'paduk dyHKIMH
naHHoro Trpaduka
ocu Ox.

4. I'padbuk  pyHKIIIU

y=—f(x) HOJIy4aeTcsl U3

0T06pa)KCHI/ICM OTHOCHUTCIIBHO

y=f(-x)

OTHOCUTENBHO ocH Oy.

Y 4

A y

)

i 4

y=flx+3)+3

C TIOMOILIBIO TapaJlIEIbHOIO IEPEHOCA JaHHOIO
rpa¢uka Brosib ocu Ox Ha a €IUHUIL] BIEBO NIPH
a >0, u Ha |a| enunun BripaBo npu a < 0.

/y;—\f(x)

Puc.20 Puc.21

Puc.19

IOJIy4aeTcsl W3 JaHHOrO rpaduka OTOOpakeHUEM

5. I'paduk pyHkuuu y=mf(x) nomydaeTcs M3 JAHHOTO Tpaduka pacTsKeHUueM (Ipu

lm|>1) unu cxaTueMm

(mpu |m|<1) Bmons ocu Oy.

6. I'padux dynkmuu y = f(kx) momydaeTcss W3 JaHHOTO Tpaduka pacTsKeHHEM (TpH

k| <1) nnm cxxaTueM

yl

(pm |k|>1) Bmonb ocu Ox.

\

y=1(x)

) y=f(1/2x)

U

Puc.23
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7. I'padux ¢ynkuun YV :‘f (x)‘ MOJIy4yaeTcss W3 JaHHOro Tpaduka ClIeayronum

oOpa3oM: Ta 4acTh rpaduka GyHKIHUH ¥ = f(X) , KoTOpas JSKUT BhIIe ocu Ox, OcTaeTcs

0e3 u3MEHEHWs, a Ta 4YacTh, KoOTopas JexuT Huxe ocu Ox,
CUMMETPUYHO OTHOCUTEIBHO 3TOM OCU HaBEPX.

oToOpaxaercs

8. I'paduk byuxupn ¥ = f(| X[) momyuaercst u3 nannoro rpaduka y = f(x) craegyomum

o6pa30M: Ta 4YacCTb I‘pa(I)I/IKa, KOTOpasd pacllioJIOKCHa B HpaBOﬁ IMOJYIIJIOCKOCTH,

ocraeTcsi 0€3 M3MEHEHMs, a B JIEBOW MOIYIUIOCKOCTH JOCTpauBaeM rpaduk

CUMMETPHUYHO ITPaBOM YaCTU OTHOCUTEIBHO ocu Oy.

VA y A
v,
RN > 0 >
=1 y=f(lx]
Ipumep 1. Pemuts rpadguue Puc.24 Puc.25 ot

9

X =2x+1=0 . :

B

1) IIpeoOpasyem gaHHOE ypaBHEHUE TaK, YTOOBI °

JieBasi ¥ TIpaBasl 4aCTU MPECTaBIISIIA COO0H :
3 1 «
dJIEMEHTApPHEIE d)yHKLII/II/I x” =2x-1 . w8 765432 %1 2346678310

2) TIloctpoum rpaduku QyHKIUH

y=x3 nu y=2x-1,

3) Haiigem aGcuucchl TOUYEK MEpeCceUeHUsl JTaHHBIX

rpadukos: X] *—1,9; x, #0,4; x3~ 1,5-

Puc.26

Ipumep 2. Tloctpouts rpaduxu QyHKIMH Puc.27
1, 1,
a)y=—x +4x+5 06)y=—x"+4|x|+5 ./ )
2 2 109 & -?W-HU 15 34567880
1, —
6)y: —X +4x+5 . 1ok
2 A ] /
Y A
N
a) 1-ii cnocoo6: \ //
Y& P )

Db D E R D

-
12 3 4 65 6 7 8 910




Do = =4 yy=216-4:4+5=-3
2

2

. :—41“\/116—10 -

3) ocb cummeTpun x = —4.

2)%x2+4x+520,

Puc.28
2-1 cnocoo:

y=%x2+4x+5=%(x2 +8x)+5=

%(x2+8x+16—16)+5= \
1
2

Bunno, uro rpaduk 1aHHON (GYHKIIMH MOXKHO

1
((x+4)2—16)+5:5(x+4)2—3 \ /
oG8 7w E432a 12345678 Tl

Puc.29

ks

—

MOCTPOUTH C MOMOIIBIO CABUTA Tpaduka GyHKIUU

1 5
Y= Ex Ha 4 eQUHULBI BJIEBO Y HA 3 €IUHULIBI

Sodd wddh kb

L

BHU3.
6) Janmas ¢Qynxums umeer Bux V= [f(x]).
Cuauana CTPOUM rpaduk byHKIMN

LI e R B w w ¥ n |

1 5
Y= Ex +4x+5  sarem wacts rpaduka, KOTO-

pas pacCiojioKCHa B IIPABOU IMOJYINIOCKOCTH, 12

ks

ocTaBliieM ©O€3 H3MEHEHHMS, a B JICBOM 103 3 -?\s\-s 4 -a/-:! T 1254667 880
MOJTYTUTOCKOCTH J0CTpanBacM rpaduk —
CUMMETPHUYHO MPABOW YaCTH OTHOCHTEIBHO OCH

Oy (puc. 29).
¢) JlanHas QyHKUIUS UMEET BU y:‘f (x)‘.

oddd dd sl

L

Puc.30
Cuauana CTPOUM rpaduk byHKUIMN

1 >
Y= Ex +4x+5 3 sarem vacts rpaduka, KOTopas JIEKHT BbIie ock Ox, ocTaBisgeM 6e3

W3MCHCHHS, a Ty 4acTh, KOTOpas JIEKHUT HUkEe ocu Ox, 0ToOpakaeM OTHOCHTEIBHO ITOU
ocu HaBepx (puc. 30).

Ipumep 3. Tloctpouts rpadguk GyHkauu V = |3 | x+1| —4| .

Jlist ynoOGcTBa cHavana BHeceM 3 Moj 3HaK Moayis: V= H3x +3| —4‘ . Teriepb BBITOJIHUM

IMOCTPOCHUC I‘pa(i)I/IKa B HCCKOJIBKO J3TaIlOB:

32



.y=3x+3, 2.y=[3x+3

. 3.y=Px+3-4, 4y=x+3-4

-

kv

Lrpy @ 0w D

3

F
10
=]
a
T
3
5 .
als
3
7
fn »
03 8 -7 65 4.3 -2}»1_1EI 12 345 6 7 8 13 10—
]

3
4
Rl
£
-7
-8
-3

10
A

10

1

a2

7

6

5

4

3

2

1

4049875543210

Sdd S d kb

FENE R R I ]

1

-
12 34567 8910

" e
03 3 7654 -3% -1710’1 z 346567 8310

Puc.31

S o A G

IIpumep 4. Tloctpouts rpadux pyHknuu V=

-4, 2
x—3 x-3
2
[Monoxum f(x)=—-——, —2———=
X x-3

f(x=-3)-2.
CHCHOB&TCHBHO, oJIA IMOCTPOCHUA HMCKOMOTO

rpaduka HYy)XHO CMECTHTh Tpaduk (QYHKIIUH

2

J’:—; Ha 3 eOuWHMIBI BOpPaBO M Ha 2

CAWHUIIBI BHU3.

ks
-10-9-8-7-8-5-4-3-2-1_1'] 12 3456 78 910
-2
-3
-4
5
£
-F
-8
-9
A0
—2x+4
x-=3
F 3
10 !
e ]
sj |
|
|
|
|
|
|
1
3 '
|
VE |
|
— e e : X
09876543210 A—4-5 677 & 910
g _.J-'f/ ,
ey PR L om e e e e e e e e —— -
|
apf
-4 |
1
s{
|
-5 l
7 |I !
=] ‘ :
3 : Puc.32
BhiEl [

3aganus VI CaMOCTOSITEJIbHOI PadoThI

1. Pemuth rpaduyecku cUCTEMbl YPaBHEHU: a)

y=2x
y=x+1>
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2x+3y =1 y= X,
0 |x-2y=2: B y=x+2.
2. PemuTh rpaduuecK ypaBHEHUS:

8
a) 2x—1=0. 6)\/7:_; )2x—1+x:0; r) log2x—x2:0_

B
X

3. Jaua ¢pysxaus f (X) . Haiigure:

Ft3), f@A5 —fD), f(4x), §f<|x|>, 2—%f(2x—1)

2
a) f(X)=x-3, g f(x)=2x—x
4. Yxa3arh, Kakoe U3 COOTHOIICHUH Il JaHHOW PYHKIIMU OYJET BEPHBIM:
a) V= ax® +bx+c

1) ab<0;
2) ¢cD>0;
3) bD>0;
4) bc>0;
5) aD>0.

>
9\ 4

Pnc.33

0) y=ax® +bx+c 1) aD<0; A
2) ba<0;
3) bc>0;
4) bD>0;
5) De>0. Puc.34

B\ 4

S

B) V= +e6 1) k>0,b>0, a>0; i\ 0

2) 1k>0,b<0, a<0; T N
3) k<0,b<0, a>0;, <7 A R
4) k>0,b<0, a>0; \ i Puc.35
5) k<0,b<0,a<0. ’

_ VA !
N YT .6 D) k<0, b=0, a<0; /
2) k<0, b<0, a<0; !

3) k<0, b>0, a>0; 0
4) k<0, b>0, a<0; E id
5) k<0, b>0, a=0. '

[TocTpouTs rpaduku cienyomux QyHKIun:
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4. a) y=|px-4; 6) y=-3x+2; ) y=‘%|x—2|—2‘.

5. a) y=2x2—1; 0) y=—(x+2)2+3; B) y=x2+2x+3;
r) yxi-x|; n) y=-x>+3|x[+18; e) y=3x>-10|x|+3].
2
et

7. a) y=x5; 6), y=x_2;13) y=x4/3; r) y:x—5/2; H) y:14/x_3+2‘

x+2
x+4

1
6. a) ¥="5-; 6) V=

2x ; r)y=

x+1
1
8. a)y=[§J ; 6)y:4x+2; B)y:2x_l+3;

37

9. a) y=1g|x+2|; 6) y=logyp|x|-3; ) y=Ilgx-1)+2;

0 -3 5w

r) y=)1glox; p); y=logy(2x-4) ¢) ¥ =|logys[27x-54).

10.  YcTaHoBUTH 3HAK HEPABEHCTBA MEXKIY /M U K, €CIIU:

" (1Y
a) 1,3)" < (1,3)" : 6) (gj 2(3] ; B) log\E mz logﬁ n;T) 10g0’7 m < 10g0’7 n.

IIpoBepounas padora
Bapmnanr 1

1.Pemuth rpaduuecku ypaBHeHHE Soxt+2x=1.

2.Kakue npeo6pa3zoBaHus Hy»KHO BBIIOIHUTH, YTOOB! U3 rpaduka Gyaxmun JV = 10g2 X
noayunts rpaduk ynknuu Y = logy(4x—5)+19
3. Tloctpoutsb rpaduku QyHKIUN:

a)y=‘2|x|—3‘ 0)y= iii

1 |x+3|
6)y=3—(5j 2)y=|—(x+4)—1|

Bapuanr 2

2
2
1. Pemmtsh rpaduuecku ypaBHeHHE X~ —2x+ == 0.

X
2. Kakue mpeoOpa3oBaHHs HYXHO BBIIOJHUTH, YTOObI W3 rpaduka QyHKmuum Y =3

MOJyYUTh TpaduK QYHKIUU Y = 3770449
3. TocTpouts rpadguku GyHKIIHIA:

a)y:P—Sh; 6)y:—j¥j 6)y:bgmh+ﬂ—& 3)yzk{x—$2+%

2x+1

Bapuanr 3
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1Y x
1. Pemuth rpaduuecku ypaBHEHUE E )

2. Kakue nmpeoOpa3oBaHUsl HY)KHO BBITIOJIHUTh, YTOOBI U3 Tpaduka QyHKIHH y =log;,, x

nony4uth rpaduk Gyskmmun Y =10g1,,(3x+7) =572
3. TocTtpouts rpadguku GyHKIIHIA:

2x+1

a)yzpb+ﬂ—5;(ﬂ}wvzjg;cﬂy:4—2ﬁ2;eﬂy:kx+$2—ﬂ

Bapuanr 4

1. Pemmts rpaduuecku ypaBHenne 108/, X — x* +4x=0

x
2. Kakue npeoOpa3oBaHMsl HYKHO BBIMOJHUTH, YTOOBI U3 rpaduka GyHKIUH Y :(5]
)4+
HOTy4uTh rpaduk GyHKIHH Y = (Ej —69
3. TocTtpouts rpadguku GyHKIIHIA:

; 6)y:§:f;<ﬂy:ngx+ﬂ—2;zﬂy:kx—2f+5L

=5-|x+3
)y =pp-fs 3

§4. YpaBHeHus 1 HepaBeHCTBA

1.PaBHOCHMIBHOCTH YPABHECHHUI1 U HEPABEHCTB

Onpedenenue. YpaBHeHHMEM ¢ OJHOIl TNepeMEeHHOW Ha3bIBaCTCS PaBEHCTBO,

coJiepiKalee 3Ty MEePeMEHHYIO. 3HAUYCHHE TEepEMEHHOW, MPHU MOJCTAHOBKE KOTOPOTO B
ypaBHEHHUE TMIOJY4aeTCs BEPHOE UHCIOBOE pABEHCTBO, HA3bIBAacTCs KOpPHeM (WU
pElICHHEeM) ypaBHCHUS. PemmTh ypaBHEHHWE — 3TO 3HAYUT HAWTH BCE €ro KOPHU WIIH
J0Ka3aTh, 4YTO UX HET.

Onpeoenenue. O0JacTbio onpeneaenusi ypaBHenusi (wim O3 - o6nacteio

JOIYCTUMBIX 3HaU€HMI) f(X)=g(X) Ha3bIBAETCS MHOXKECTBO T€X 3HAYCHUUN MEPEMEHHOM X,
IIPU KOTOPBIX OJTHOBPEMEHHO UMEIOT CMBICII BBIpOXKEHHUS f(X) U g(X).
Onpedenenue. JIBa ypaBHEHUS Ha3bIBAIOTCS PAaBHOCHJIBHBIMM, €CIM COBIAJAIOT

MHOXKeCTBa uX perieHuil. (B yacTHoCTH, ypaBHEHMSI, HE UMEIOIINE KOPHEW paBHOCUJIIbHBI. )
IIpu pemieHMM ypaBHEHUN YacTO MCHOJIB3YIOT NMOHSATHE PABHOCWIBHOCTH YpPaBHEHMH Ha
MHOXECTBE: JBa YPAaBHEHMsS Ha3bIBAIOTCS PABHOCWUJIBHBIMH Ha MHOXECTBE A, €clin
COBMAJAIOT MHOKECTBAa UX KOpHEH, MpUHAJIEKAIUX MHOXKECTBY A (Wid oHM 00a He
MMEIOT KOpHEH Ha MHOXeCTBE A).

Onpedenenue. YpaBHEHHE PABHOCHJIBHO COBOKYIHOCTH YPaBHEHMi (HEpaBEHCTB,

CUCTEM) Ha MHOXKECTBE A, €CIIM MHOXKECTBO BCEX KOPHEH ypaBHEHMsI, MpUHAANEKAIINX A,
COBMAJaeT C MHOXXECTBOM BCEX pEUICHUH COBOKYIMHOCTH YypaBHEHHH (HEpaBEHCTB,

CI/ICTCM), MMpUHALJICKANIUX MHOXKCCTBY A.
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B onpenenennu paBHOCWIBHOCTH IBYX YpaBHEHUI HUYero He ropoputcs o0 O3 atux
ypaBHeHUN. PaBHOCUIIbHBIE YpaBHEHHS MOTYT UMETh Pa3jinyHble 00JIACTH JTOMYCTHUMBIX
3HAYECHUMN.

Hanpumep, ypaBHeHHE x=1 paBHOCHUJIBHO YPAaBHEHHIO Jx = I, tak kak uymcino 1
ABJISIETCS. €MHCTBEHHBIM KOpHEM Kaxkaoro u3 ypaBHeHuil. O/[3 mepBoro ypaBHEHUS -
MHOXECTBO BCEX JEUCTBUTENBHBIX uncen, a OJ[3 BTOpOro ypaBHEHHsS — MHOXKECTBO
HEOTPULATEIbHBIX I€CTBUTEIBHBIX YHCEL.

B 1npouecce pemieHUss HCHONAB3YIOT CIEAYIOIIME MNpaBWja mnpeodpa3oBaHus
YPABHEHHSI B PABHOCHJIBHOE EMY:

— €CJIM KaKOH-In0o YjieH ypaBHEHHUs MEPEHECTU U3 OJJHOM YacTH ypaBHEHUS B APYTYIO
C IPOTUBOTOJIOKHBIM 3HAKOM, TO MOJYYUTCS YPABHEHHE, PABHOCUIBHOE TaHHOMY;

— eciu 00e YacTu ypaBHEHUS YMHOXUTh WU Pa3AeNIUTh HA OJHO U TO K€ OTIUYHOE
OT HYJISl YUCJIO0, TO MOJIYYUTCA YPABHEHHUE, PABHOCUIIBHOE JAHHOMY;

— eciu 00€e YacTu YpaBHEHHUS YMHOXKUTh Ha OJHO M TO K€ BbIpaKeHUE A (X), KOTOpOe
UMEET CMBICI BCIOJly B OOJAacTH OIpeAesieHHs] JTaHHOTO YpPaBHEHMSI U HUTJE B 3TOU
o0yacTu He o0Opalaercs B Hylb, TO TIOJYYUTCS YpaBHEHUE, PABHOCUIIBHOE TAHHOMY.

f(x) f(x)=0,

=0 PaBHOCHIIBHO CUCTEMC

YpaBHeHUs BUAA

g(x) gx)#0 -
Ecnmu ¢ynkunuu f(x) u g(x) onpeneneHsl Ha BCe YUCIOBOM OCH, TO YpaBHEHHE BHA
f(x) =0,

S (x)-h(x)=0 PABHOCUJIBHO COBOKYITHOCTH YPaBHEHUN h(x) =0

Ecnmu 00e¢ yacTh ypaBHEHHMS BO3BECTH B OJHY M Ty JK€ HEUETHYIO CTEIEHB, TO
MOJIYYHMTCS] YpaBHEHUE, PABHOCHIIBHOE TaHHOMY.

Eciun obOe wactu ypaBHeHHs f(X)=g(x) HEOTpHUIATEIbHbI B 00JIACTH OIpeeICHUs
yYpaBHEHHMsI, TO TOCJIC BO3BEJACHUS 00CHX €ro JacTed B OAHY M TY )K€ YETHYIO CTEICHb 7
MIOJIYYHMTCS] YpaBHEHHE, PABHOCHIIBHOE TaHHOMY.

&) —, 2

[TokazarenbHOE ypaBHEHUE a (rme a>0, a=#l) paBHOCWUJIBLHO YPaBHEHHIO

J)=gx).

Ecmu f(x)>0 n g(x)>0, To norapudpmudeckoe ypaBuenue log, f(x)=log, g(x) (rme a>0,
a#1) paBHOCWIBHO YpaBHEHHIO f(x)=g(x).

Ecmu ypaBuenue umeer Bup f (X)n(x) = g(x)A(x) | To nenenne Ha h(x), KaK IpaBuIIo,
HEIOMyCTUMO, MIOCKOJIBKY MOKET IIPUBECTHU K MOTEpPE KOPHEH.
Onpeodenenue. Ecnu kaxplil kopeHb ypaBHeHus (1) siBnsieTcss KOpHeM ypaBHeHUs (2),

TO ypaBHeHuEe (2) Ha3piBaloT cjaeacTBuemM ypaBHeHus (1). KopHu ypaBHenus (2), He
yJIOBJICTBOPSIOIINE ypaBHEHUIO (1), HA3BIBAIOTCS MMOCTOPOHHUMU KOpHSAMH ypaBHEHHS (1)
Y HE CUMTAIOTCS PEIICHUSMH 3TOTO YPaBHCHHUS.
VYpaBuenue f(x) =g(x)-h(x) sBIAETCS CICACTBUEM YpaBHEHUs f(x) / h(x)= g(x).
VYpaBHeHue f(x)= g(x) ABIsAETCS CICACTBUEM ypaBHEHUS f(X)+h(x)=g(x)+ h(x)
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f(x) =0,

COBOKYITHOCTh YPaBHCHHIA h(x)=0 ‘BIICTCA CICICTBHEM YPaBHCHHS S(x)-h(x)=0,

Vpasuenue f " (x)= g”"(x)(n €N) SBISIETCS CIIEACTBHEM ypaBHEHUS f{x)= g(x).

YpaBHeHUE f(X)=g(X)IBISICTCS CIeICTBUEM ypaBHeHUs log, f(x)=log, g(x) (a>0,a#1).

YToOBI BBISCHUTH, UMEIOTCS JIM CPEIU KOPHEW YpaBHEHUS CIICJCTBUS TOCTOPOHHHUE
KOPHHM HMCXOJHOTO ypaBHCHHS, HEOOXOIUMO MPOBEPHUTHh KaXKIBIH M3 HAWJICHHBIX KOPHEU
MIOJICTAHOBKOM €r0 B HCXOJHOC YPaBHCHHE.

MOXHO TOCTYNUTh HWHA4Ye: Ha KaXXJIOM OJTalle pEHICHUS YpaBHCHHS OIPEICIAThH
MPOMEXYTKH, B KOTOPBIX MOTYT HAaxXOJIWUThCS KOPHU YypaBHeHHS. Bce KOpHH, HE
MpPUHAIICKAIINE STUM TIPOMEXYTKaM, SBISIOTCS TTOCTOPOHHMMHM W JIOJDKHBI OBITH
otOpomieHbl. OJHAKO OCTaJdbHBIE KOPHH HEOOXOJMMO TIPOBEPUTH TIOJCTAHOBKOW B
HCXO/IHOE ypaBHEHHUE.

x? -1

-1

OtBetr: YpaBHCHHS HE PAaBHOCHWIBHBI, TaK KaK YHCIO | SBISICTCS €IWHCTBEHHBIM

IIpumep 1. PaBHOCHIIBHBI 1M ypaBHEHUS =2y x+1=27?

KOPHEM BTOPOT'O YPpaBHCHH:A, HO HC ABJIACTCA KOPHCM IICPBOT'O0 YPABHCHUA.

x2—1
=5u x+1=5?

IIpumep 2. PaBHOCHUIIbHBI 1M YpaBHEHUS
P

OrTBer: YPaBHeHI/IH PaBHOCWIIbHBI, TdK KaK YHCJIO 4 gBnsercs CANHCTBCHHBIM KOPHCM
" IICpBOro, 1 BTOPOTO ypaBHeHHfI.

Ipumep 3. PaBHOCUIIBHEI JTH ypaBHEHHS vx° —1 =+/x* -1 1 x*—1=x"—1?

Pewennie. Kopuu Broporo ypaBuenus —1, O u 1, kopHu nepBoro ypaBHenus: 1 u —1,
yucio 0 He ABISIETCS KOPHEM MEPBOT0 YPaBHEHUS.

OtBeT: YpaBHEHHs HE pPaBHOCWIbHBI. BTOpoe ypaBHEHHE SBISETCS CIEICTBUEM
IIEPBOTO.

Ilpumep 4. PaBHOCWIBHBI JIH ypaBHEHHE (6x—5)vV2x>—5x+2=0 W COBOKYITHOCTbH

6x—5=0 S
? OrtBer: He paBHOCWIBHBI, TaKk KaK YHCIO ¢ SBISIETCS
N2x2=5x+2=0

PCHICHUCM COBOKYITHOCTHU ypaBHeHHﬁ, HO HC ABJIACTCSA KOPHCM YPABHCHUAI.

ypaBHEHUH

Onpedenenue. PelieHHeM HepaBeHCTBA C OJHOW IIEPEMEHHOM Ha3bIBACTCS

MHOXECTBO 3HAYEHHUUN NEPEMEHHOW, MPHU KOTOPBIX JaHHOE HEPABEHCTBO CTAHOBUTCS
BEPHBIM YUCJIOBBIM HEPABEHCTBOM.
Onpedenenue. MHOXECTBO BCEX 3HAUYEHUN NEPEMEHHOM, IIPU KOTOPBIX ONPECIICHBI

Kakaas u3 QyHKIUH, BXOJANIMX B HEPABEHCTBO, HA3bIBACTCS 00JIACTHIO ONMpeaeseHu st
HepaBencTBa (wm O/13).
Onpedenenue. JIBa HEpaBEHCTBA HA3bIBAIOTCS PABHOCHJIBHBIMH, €CIIH COBIAJAIOT

MHOXCECTBA HX pe]lIeHHﬁ. (B 9aCTHOCTH, HCPABCHCTBA, HC HUMCHOOINC pemeHm”I,
paBHOCI/IJIBHBI.) I[Ba HCPABCHCTBA HA3BIBAIOTCA PABHOCWJIIBHBIMHW HAa MHOKCCTBC A, CCJIN
COBIIaAAaOT MHOXKCCTBA NX peHleHHﬁ, MMpUuHAMJICKAIINX MHOXKCCTBY A.
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PaBHOCHMIIBHBIC HEpaBEHCTBA MOTYT HWMETh pa3IMYHBIC OO0JACTH  JOIYCTUMBIX
3HaueHuid. Hampumep, HepaBeHCTBO x>1 pPaBHOCHIIBHO HEPABEHCTBY x >1, oxuHako OJI3
MEPBOTO HEPABEHCTBA - MHOXKECTBO BCeX JIeHCTBUTENBHBIX umced, a OJI3 Broporo
HEPaBEHCTBA — MHOYKECTBO HEOTPHUIIATEIBHBIX JCHCTBUTEILHBIX YHCEIL.

[lpu pemieHNH HEPABEHCTB WCIONB3YIOT CIEAYIONIME NpaBHJIa NPeodpa3oBaHUs
HEPaBeHCTBA B PABHOCHJIbHOE EMY:

- €CITM KaKoH-HHOy/Ib YICH HepaBEHCTBA MEPEHECTH W3 OJHOM YacTH HEPaBEHCTBA B
APYTyI0 C MPOTHUBOIOJOKHBIM 3HAKOM, OCTaBHB 3HAaK HEPAaBEHCTBA 0€3 M3MEHEHHS, TO
MOJTYYUTCS] HEPABEHCTBO, PAaBHOCUIILHOE JJTaHHOMY;,

- ecnmu 00e YacTH HEPAaBEHCTBA YMHOXUTh WM pPa3feiuTh Ha OJHO U TO XKe
MOJIOKUTEBHOE YHCIIO (MM Ha OHO U TO JK€ BBIpaXKEHHE /1(X), TIONOKUTEIBHOE TPU BCEX
X w3 o0yacTu OmpelneicHus MAaHHOTO HEPAaBEHCTBA), OCTaBUB 0€3 HM3MEHEHHUS 3HaK
HEPaBEHCTBA, TO MOJIYUYHUTCSI HEPABEHCTBO PaBHOCWIIBHOE JTAHHOMY;

- ecnmu 00e YacTW HEPAaBEHCTBA YMHOXUTh WM pPa3feluTh Ha OJHO U TO XKe
OTPHULIATEJIBHOE YUCIIO (MJIU HA OJHO M TO YK€ BRIpAXKEHHE /(X), OTPUIIATEIILHOE MPU BCEX X
U3 00JIacTH OmpeeNieHus] JaHHOTO HEPaBEHCTBA), M3MEHUB MPHU ATOM 3HAK HEPaBEHCTBA
Ha TIPOTHUBOITOJIOKHEIH, TO MOIYYUTCS HEPABEHCTBO PAaBHOCUIILHOE NCXOTHOMY.

HepaBenctBa f(x)<g(x) u f(x)+h(x)<g(x)+h(x) paBHOCWUIBHBI, eciau GyHKIUI h(x)
onpenenena Ha OJ13 HepaBeHCTBA f(x)<g(x).

Ecnu o0e yacT HEpaBeHCTBAa BO3BECTH B OJHY M TY )K€ HEUCTHYIO CTEIICHb, OCTABUB
3HaK HepaBeHCTBa 0e3 M3MEHEHHSI, TO MOJIYIUTCSI HEPABEHCTBO, PABHOCHIIBHOE TAHHOMY.

Ecmu f(x) u g(x) HeoTpumaTeaIbHbl HA MHOXECTBE A, TO TOCJI€ BO3BEIACHUS 00EUX
JacTel HepaBeHCTBA f(x)>g(x) B OJTHY U Ty K€ YETHYIO CTETICHb MOJTYyUYUTCS] HEPABEHCTBO

f"(x) > g"(x), paBHOCHJIBHOE JaHHOMY Ha MHOKECTBE A.

Onpedenenue. Ecnu nans maHHON Tapbl HEPABEHCTB JIO0OE pEIIEHUE IEePBOTO

HEPAaBEHCTBA SIBIISIETCSl PEIICHHEM BTOPOTO HEPAaBEHCTBAa, TO BTOPOE HEPABEHCTBO
Ha3bIBACTCSl CJeICTBHEM TIIEpPBOIO HepaBeHCTBA. Ecim B mpolecce pemeHus oT
HEPAaBEHCTBA MEPEXOMIIT K €ro CIEACTBHIO, TO B KOHIIE PEIICHUs HEOOXOIUMO TPOBECTH
UCCIIeIOBaHKE, TO3BOJIAIONIEE U3 MOJYYEHHOTO MHOXKECTBA 4HCEN OTOOpaTh Te€ U3 HHX,
KOTOPBIC SBJISIOTCS PEIICHUSIMHU UCXOIHOTO HEPABEHCTBA.

Heckoipko HepaBEeHCTB C OJHON MEpeMeHHOW 00pa3yroT CHCTeMY HEPaBEHCTB, €CIIU
CTaBUTCS 3a/lada OTHICKAHWSA TEX 3HAYCHWH MEPEeMEHHOH, KOTOpBIC YAOBIETBOPSIOT
KOKIOMY W3 3aJaHHBIX HEpaBeHCTB. HeCKOIbKO HEpPaBEHCTB C OJHOW TEPEeMEHHOM
00pa3yloT COBOKYNMHOCTbh HEPABEHCTB, €CIIM CTAaBUTCA 3ajjauya OTHICKAHUS BCEX 3HAYCHHM
MEPEeMEHHOM, KaXI0€ U3 KOTOPBIX YIOBJICTBOPSIOT, MO KpallHEH Mepe, OJHOMY W3
3aJJaHHBIX HEPaBEHCTB.

Ipumep 1. PaBHOCHIBHEI TH HepaBeHcTBa x-1>0 1 (x-1)(x*+1)>0?

OtBeT: HepaBeHCTBa pPaBHOCWIIBHBI, TaK KaK MHOXKECTBA PEIICHUN KaXKIOTO U3
HepaBeHCTB x >0.

IIpumep 2. PaBHOCHUIIBHBI JTM HEPABEHCTBA x + 3 —Ll >—x+2— Ll nux+3>-x+27?
X — X —
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Pemenue. Bropoe HepaBeHCTBO MONIYYEHO U3 MEPBOI'O HEPABEHCTBA MPUOABICHUEM K
0o0erM ero 4acTsiM OJHOTO U TOTO e BbIpaxkeHHs 1/(x-1), KoTopoe He OmpeAesieHo MpHU
x=1. Hucno 1 He MOXKeT ObITh pElICHUEM IMEPBOTO HEPABEHCTB, OJHAKO SBIIAETCS pellle-
HUEM BTOpOro HepaBeHcTBa. ClieJ0BaTEIbHO, HEPABEHCTBA HE PaBHOCWIBHEI. J[t00o€e pe-
[I€HUE TEepPBOr0 HEPABEHCTBA SIBISIETCS PEIICHHEM BTOPOr'0 HEPABEHCTBA U CYIECTBYET
pelIeHre BTOPOTO HEPAaBEHCTBA, KOTOPOE HE SIBJISIETCS PEUICHUEM IEPBOTO HEPABEHCTBA,
3HAYUT, BTOPOE HEPABEHCTBO SIBJISIETCS CJIEICTBUEM MEPBOI'O HEPABEHCTRA.

OTBeT: HEpaBEHCTBA HE PAaBHOCHUIIbHBI.

2. PanmoHaJibHbIC YPABHEHU S

Onpeodenenue. YpaBuenue f(x)=g(x), rne pyHkuuu  f(x) u g(x) 3amaHbl LETbIMU
paIlMOHAILHBIMU  BBIPQXKCHUSMHU, HA3bIBAIOT IEJbIM PANHOHAJIBLHBIM YPaBHEHHEM.

HCJIBIM palvOHAJIBHBIM YPAaBHCHHCM CTCIICHU n CTAHAAPTHOI0 BH/Ia HA3BIBAIOT

Y4 +a, ;x+a, =0, Tae ay#0.

ypaBHEHUE apx” +a;x"~
Teopema. Eciu x=a — xopenb MHOrowieHa P(x), To P(x) neautcs 0e3 ocraTka Ha
JBYWICH X-d.

Teopema. Ecan nejioe paiMoHajJbHOEe YPABHEHHME € HeJbIMU KO3 GuuueHTaMu
uMeeT I1elble KOPHH, TO OHH SIBJSIIOTCH JAeJUTENSIMH CBOOOIHOIO 4ieHA JTOro
YPABHEHHUSI.

Teopema. Ecnam 1ienoe paimoHANBbHOE ypaBHEHHE C MENBIMU Kod(dduimeHTaMu

. p D
HMECT PAallMOHAJIbHBIM KOPEHb 0 =; , TJIe q- HecoKpaTumas 1poOb, TO p — JETUTEIb

CBOOOJIHOTO WJIeHA d,, a ¢- ACTUTEINb cTapiiero kodddummenra a, .
Onpeoenenue. YpaBHenue f(x)=g(x), rne GyHKUMH f(X) U g(x) 3aAaHbl IEIBIMU

PaduOHAJIBHBIMU BBIPAKCHHUAMU, XOTA OBl OIHO M3 KOTOPBIX COACPIKHUT anre6pqueCKy}0

IpoOb, Ha3bIBAIOT APOOHO-PAIIUOHATBLHBIM YPABHEHUEM.

P(x
Bcsakoe Ji[pO6HO-paI_II/IOHaJIBHOC YpaBHCHHE MOXKHO IIPEACTABUTH B BUIC!: (—)=0, raec

o(x)

P(x) m Q(x) — mHorowienol. Meroa pelleHus APOOHO-pAlMOHATIBHBIX YpaBHEHHI
3aKJIIOYAETCS B CIIEAYIOLIEM:

1) HaxonaT oOwMH 3HAMeHaTenb JApoOei, BXOIAIIMX B YpaBHEHHUE; OINPEACNSIOT
3HAYEHUs MEPEMEHHOM, MPU KOTOPBIX OH oOpainiaetcs B Hylb (O13);

2) yMHOXAaIOT 00€ YacTH ypaBHEHUs Ha OOIIMI 3HAMEHATEIIb;

3) pemaroT Noay4YuBILIEecs 11eJI0€ YPaBHEHUE;

4) UCKITIOYAIOT T€ U3 €r0 KOPHEH, KoTopblie He BXoAsaT B O3, T.e. KoTophie oOpamiaroT
3HaMeHaTelb B HYJIb.

[Ipy pemieHUH 1ENBIX  PAlMOHAJIBHBIX  YPaBHEHUW  BBIMOJHSIOTCS — TOJBKO
paBHOCWIbHBIE MMpPeoOpa3oBaHMsl, MOITOMY HalJeHHble KOpHU He mpoBepstor. llpu
pelIeHr JIPpOOHO-pallMOHATBHBIX YPAaBHEHHM BBIMIONHIETCS YMHOXEHHE OOeHUX 4acTeu
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ypaBHEHHUS Ha OJIHO M TO K€ BbIpakeHHE (OCBOOOXKIEHUE OT 3HAMEHATEJISI), YTO MOXKET
MIPUBECTH K TOSBIICHHUIO IOCTOPOHHUX KOPHEH, TO3TOMY MPOBEpPKA HEOOXO0AMMa.

[Ipu penieHnn palMOHAIBHBIX YPABHEHU OCHOBHBIMU METOJIAMU PELICHUS SBJISFOTCS
METO/, Pa3yIOKCHHUS Ha MHOKUTEIIN U METOJ BBEJICHUS HOBBIX IEPEMCHHBIX.

MeTtoa pa3y10/KeHU HA MHOKMTEJIU 3aKIF0YAETCS B CICAYIOLIEM

YpaBHenue fi(x)- fr(x)-...- f,(x) =0 MOMXKHO 3aMEHHUTb COBOKYIHOCTBbIO ypaBHECHUU
Fi()=0, f£(x)=0,..., f(x)=0.

Ecin ncxonHoe ypaBHEHHE-LIEN0€ PALIMOHAIBHOE, TO OHO PABHOCHIBHO COBOKYITHOCTH
YpPaBHEHUH, B IPYIOM CJly4yae, PEIIMB YPABHEHUS COBOKYITHOCTH, HYXHO B3Th TOJBKO TE
KOPHH, KOTOPBIC MPUHAIJICIKAT 00JIACTH OMPEICTICHUS] UICXOTHOTO YPaBHEHHS.

IIpumep 1. 2x% —3x? —8x+12=0,
Pemenue. Pa3noxum JIEBYIO 4aCTh ypaBHEHUS HA MHOKHUTEIIN:

2x3 =3x2 —8x+12=x%(2x-3)—4(2x - 3) = (2x = 3)(x> — 4).

Torga MCXOOHOE YpaBHEHHWE PABHOCUIBHO YPaBHEHUIO (2x — 3)(x2 -4)=0, Kotopoe
2x—-3=0,

PaBHOCHJIBHO COBOKYIHOCTH YPABHEHH: | 2 4 _ ., X1

=1,5; x,=2; x3=- 2. OTBeT: 1,5;2;-2.

Hpumep 2. x° —4x?> +x+6=0.

Pemennie. Ecnu 310 ypaBHeHHE MMeeT Iieble KOPHU, TO UMU MOTYT OBITH TOJIBKO
nenutenu uncna 6: +1; £2; £3; +6. [IpoBepkoii yoexaaeMcs, 4To -1 SBIIETCS KOPHEM, TaK
kaKk —1-4-1+6=0. JIeBast yacTh ypaBHEHUs J€IUTCA Ha X1/, T.€. JaHHOE YPAaBHEHUE MOYKHO
MPEJCTaBUTh B BUJIE: (x+1)(x2-5x+6)=0. Pemrast ypaBHeHue x’-5x+6=0. HaxomuM eIe 1Ba
KOpHSI: X,=2, X3=3.

OtserT: -1; 2; 3.

Ipumep 3. 2x° +7x% - 28x+12=0.

Pemenue. PaI_II/IOHaJIBHBIM KOPHEM 3TOI'0 YpaBHCHUA MOXKCT OBITH I[p06b L. rac p —
q

JEJINTENb CBOOOHOTO YIEHA, a ¢- AEIUTENb cTapiero kosgduunenta. ins p BO3MOXKHBI
3HaueHus: =1, £2, +3, +4, +6, +12, na gy — 3Hauenus =1; +2. KopHsAMH ypaBHEHUS

MOTYT ObITh yucia £1; £2; £3; +4; +6; £12; il;ii.Hoz[60p0M MOKHO YCTaHOBHUTb, YTO r=1
272 2

-SIBJISIETCSI KOPHEM ypaBHEHHS. JenuM JIeByI0 4acTh ypaBHEHHUS Ha (Xx-0,5), MOJydeHHOE
JaCTHOE IPUPABHUBAEM HYJIIO U HAXOJUM M3 MOCJIEAHETO YPaBHEHUS OCTaIbHbIE KOPHU:-6
u2. Otser: 0,5; -6; 2.

Metoa BBedeHHsI HOBBIX NepeMeHHBbIX. Eciyn ypaBHeHHE MOXHO IpeoOpa3oBath K
BUNY h(g(x))=0, TO HYKHO BBECTHM HOBYIO NEPEMEHHYIO 4=g(X), PELIUTh YpaBHEHHUE
h(u)=0, a 3aTeM penuTh COBOKYITHOCTb YpaBHEHUU g(X)=u;, g(x) = u, ... g(x)=u,, TIe
u,uy, ...,u, — KOpHU ypaBHeHUs1 h(u)=0.
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Meton BBeIeHUS HOBOM IIEPEMEHHOM MPUMEHSIETCs, HAIPUMEP, MPU PELICHUU
OMKBaJpaTHBIX YpaBHEHUH: ypaBHEHUE BUA ax’+bx’+c=0 (a=0) 3amMmeHON x2=y CBOJHUTCS
K KBaJIpaTHOMY YPaBHEHHUIO.

bukBagpaTtHble ypaBHEHHUs SABIBIIOTCS YAaCTHBIM  CIIydaeM TakK Ha3bIBaeMbIX
TPEXWICHHBIX YPaBHCHUN: ax”"+bx"+c=0 (a#0). 3ameHoll Xx"=y ypaBHEHHE CBOAUTCS K
KBaJpaTHOMY YpaBHCHUIO ay2+by+c=0.

ITpumep 4. x0—9x? +8=0
Peurenne. ITycTh X’ =y, TOrJa ypaBHEHHE HpUMET B -9y +8=0, KOPHH KOTOPOTO

x> = 1,
yv;=1, y,=8. NcxogHoe ypaBHEHHE PAaBHOCHIBHO COBOKYITHOCTH YpPaBHEHHIA: Sog
orcroma x=/ u x=2.

Ortser: 1; 2.

Mpumep 5. (x> +2x)* —(x+1)* =55,
Pemenne. llepenumiem ypaBHEHHWE B BHUJIE: (x2 + 2x)2 - (x2 +2x+1)=55. IlycThb
x> +2x=y, Torma ypaBHEHHUE MPUMET BHU]T y2 -y=5=0, y=-7, y,= 8. UcxonnHoe

X2 +2x = -7,

YPaBHCHHUEC PABHOCHIIBHO COBOKYITHOCTH ypaBHCHI/Iﬁ HepBoe n3 JOTHUX

x2 +2x =8

YpaBHEHU HE UMEET JICHCTBUTEIBHBIX KOPHEN, KOPHU BTOPOTO: X1=-4; X, =2.
OtBerT: -4; 2.

MCTOI[ 3daMCHBI MCPCMCHHBIX IMPUMCHACTCA IIPHU PCUHICHUN BO3BPATHBIX ypaBHeHHfI.

YpaBHeHUs BUIA axt +bx> + ex? + kbx+ k?a =0 Ha3bIBAIOT 06OOIICHHBIME BO3BPAaTHBIMH
ypaBHEHUAMU 4yeTBepTor creneHu. [lockosibky x=0 He sBIseTCSI KOPHEM YpaBHEHUS, TO,

2
2 2. r £ —
pa3zieuB ypaBHEHUE HA X, MOJIYYUM PaBHOCHIIbHOE ypaBHeHue 4| ¥ + 2 ”{x + x] +e=0

k
KOTOPOE 3aMeHOM ¥ T~ =Y CBOAUTCS K KBaIPATHOM ABHEHHUIO OTHOCHUTECIILHO ).
¥ Y

YacTHBIM CclIy4dacMm BO3BpPAaTHBIX ypaBHCHI/Iﬁ ABIIACTCA YPAaBHCHHC BHJaa:

4 2
ax +bx> +ox® +bx+a =0, (k03 dunmeHTsl paBHOYAAJNEHHbIE OT Hayala M KOHLA

MHOT'O4JIEHA, paBHBI MEXy co00ii). JlaHHOE ypaBHEHNE BBECHUEM IIEPEMEHHOM X Ty

9TO YPABHCHHUC IIPUBOAUTCA K KBAAPATHOMY.

ITpumep 6. 2x* +3x% —16x% +3x+2=0,
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Pemienne. Tak kak x=0 He SBISIETCS KOPHEM ATOTO ypaBHEHHUs, TO pa3AeanuM 00e 4acTu

, 3 2
ypaBHEHHS Ha x°, MOTyunmM: 2%~ +3x—16+ RN A 0. Crpynmnupyem paBHOOTCTOSIIUE OT

5 1 1
KOHIIOB YJICHBI YpaBHECHHUS: 2(36 + x_ZJ + 3(?6 + ;) —16=0_ BpemeM HOBYIO MEPEMEHHYIO:

1

2
_ 1 2 1 _ 2
X+ S Y, Torpua, (x +;j =y x“+—=y"-2_ BpINOJHUB TOJCTAHOBKY, IOJIYYUM

ypaBHEHUE: 2(y? -2)+3y—-16= 0,

2
2y“+3y—20=0_ KopHu MOIYYEHHOrO YpaBHEHUS: | =—4,y) =2.,5.
YpaBHEHHE pAaBHOCUIIBHO COBOKYITHOCTH YPaBHEHUM
1

x+—=25 2
T 2x7 =5x+2=0,

) )| 2 ; xl,zz—zi\/g;X3=0,5;x4=2.
x+—=-4 x“+4x+1=0,

X

OtBeT: —2+4/3; 0,5:2.

11 7 2 + x4 1

umep 7. = _

P P x* -4 xr+2x x?-2x

Pemenue. Pa3noxxuB 3HaMeHarenu ApoOeil Ha MHOKUTENH, TTOTYYUM:

2 x—4 1 x#0,

@—Du+m+xu+m:xu—m' OH3£¢¢I

2x+(x—=4)(x=2)=x+2, x2-5x+6=0
x; =3,% =2 Ho 2 ne npunamiexut OJ13, HOCTOPOHHUI KOPEHb. Orser: 3.

Meton ouenku. [Ipu pemieHnu ypaBHEHHH OBIBaeT MOJE3HO YYECTh MHOXKECTBO
3Ha4YCHUHN (YHKIUH, BXOASAIIUX B 3TO YPABHEHUE U MCIOJB30BATh OIPAHUYCHHOCTh ITHUX

GbyHKUIUHA.
Hpumep 8. (x—1)' + (x2 -3x+ Z)Z =0.
Perienre. 3aMeTHM, YTO MPH JIOOBIX JEHCTBUTEIBHBIX 3HaYeHHAX x. (x—1)'>0 wu

2 o
(x2 —-3x+ 2) >0. CYMMa ABYX HCOTPULATCIbHBIX BBIPAKCHUU PABHA HYJIIO TOI'ld U TOJIBKO

TOr4a, Koraa Kaxxao€ U3 HUX PABHO HYIITO. HOBTOMy HNCXOOHOC YPpaBHCHHC PABHOCHIIBHO
4

(x-1)' =0,

(¢ -3x+2) =0.

ypaBHEHUs, siBsiercs 1. Otser:1.

CHUCTCMC ypaBHCHHﬁ: Pemenunem sToi CHUCTCMBI, 4 3HAYUT U UCXOJHOI'O

3agaHus VI CaMOCTOSITEJIbHOI PadoThI
PaBHOCHIIBHBI JIU ypaBHEHUS:
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3 2
1) X rx=0 U x;x:O; 2)x2+1:0p1 xxH:O; 3) x2+1=\/; u

x2+1+\/1—x:\/;+\/1—x; 4) x2—1=\/; U x2—l+l—x=Jx+/1-x 2

PaBHOCUIIBLHEI TH YPAaBHCHHUC U COBOKYITHOCTH ypaBHeHHﬁ:

x-3=0" x— X+ -0

—4=0, x—4=0,
5) (x-4)(x-3)=0 wu {x ; 6) (x—4)(x+ 14}0 u { | ?
Pemute ypaBHeHHsI (HAWTH EHCTBUTEIbHBIC KOPHH):

2 2
X" —Xx xT-x+2 5 1 1 .
7 = - =1; 8) z(x +—2j—7(x+;j+9:0,

x“=—x+1 x"—-x-2 X

9) (x*-2x-5>-2(x*-2x-3)-4=0; 10) x(x—D(x-2)(x-3)=15

11) (x? —6x)> —2(x-3)* =81; 12) 2x% -3x% =13x+2=0;
13) x*—x* —6x> +4x+8=0; 14) 3x* —2x3 +4x? —4x+12=0;
15) 3 1 x+3 . 16) 32 1 1

SO+l 2t a2l Y2 —xe2 oD(x=2) x+l’
17) TIpu KakuX 3HAYECHUAX @ YpaBHEHHE HMEET OJUH KOPEHb: X - 7x + a =0?
18) Ilpu kakux 3HaYEHUSAX a ypaBHEHHE MOXKET UMETh OoJiee ABYX KOpHEM:
(a? —3a+2)x2 —(a® —5a+4)x+a—a2 =07?
IIpoBepounas padora
Bapmunanr 1

1) PaBHOCHIIBHBI 1IN ypaBHEHUS: x° +1=0m x* +1=07?

2) Pemuts ypaBHeHus: a) (3x+2)' —133x+2)* +36=0; 6) 3’“‘2+21 - x4
X -X x"-2x
B) x*+5x° +4x? —24x-24=0; 1) x*+4x> ~18x7 ~12x+9=0 .
Bapuanr 2
2 x2+2 x*+2
1) PaBHOCUIIBHBI JIU ypaBHEHUS: x° =x U = ?
2 2 2 x+1 x+2 4
2)Pemnth ypaBHeHUS: a) (x° +x)° +4(x" +x)-12=0; 0) - + =0;

x—=1 x+3 xZ42x-3
B) ¥ —4x*+4x> —x? +4x-4=0; 1) x*+23 =11x> —4x+4.
Bapuanr 3

1) PaBHOCUIIBHBI JIU ypaBHEHUS: vx+3=5u x+3=25 7

2) Pemmnth ypaBHeHHS: a) (x” +5x +4)(x” +5x +6) =24 ; 6) 2xx_1 + 4:25_1 = 2% o 132)6 ;
B)x° +4x?—24=0;T) 2x* —7x> +9x* - 7x+2=0.
Bapuanr 4
1) PaBHOCHUIIBHBI JIU ypaBHEHUS: \/(>C+71)2 =2 n x+1=27
2)PennTh ypaBHEHHMS: a) (> +x+D(x* +x+2)-6=06) 2);_1 + g = 2;“ ;
14x“+7x 12x* -3 6x° -3x

B) x> +5x* —x-21=0;

b

r) 2x* +3x° —16x% +3x+2=0.



3. PanonanbHbIe HEPAaBeHCTBA

Pemenue kBajpaTHBIX HEPABEHCTB C MOMOIIBIO 3CKU3a rpaduka B 3aBUCUMOCTH OT
2
3HaKa JUCKpUMUHaHTa D=b"-4ac m 3HaKka crapuiero kKodpduireHTa NpecTaBIeHO B

Tabaume:
D>0 D=0 D<0
a>0 | L v
o
X0, |
ax’+bx+c>0 X <X;,X>X; X Z X X€R
ax’+bx+c<0 X< x<x, X=Xy x ed
< >
a<( N\ . =
xl/ \‘XZ m
ax’+bx+c>0 x<x<x; x e x ed
ax’+bx+c<0 xX<XxX;,X>Xx> xeR xe R

(x)
20) >0 (BMeCTO 3HaKa > MOTYT OBITh 3HAKH > , <, <)

NPUMEHSIETCS MeTOd HHTEepPBaJoOB (METOJ MPOMEXKYTKOB), KOTOPBIM COCTOUT B

I[JISI peuIiCHus HCPABCHCTB BHU A

CICOAYIOIICM:

1. Ha YUCJIIOBYIO OChb HAHOCAT TOYKH, p3.36I/IBaIOHlI/Ie €C Ha MPOMCIKYTKH, B KOTOPBIX

S

BBIPAKCHUC %OHPCIICHCHO N COXPAaHACT 3HAK. TakuMu TOUKAMH SBJISAIOTCSA TOYKH, B
KOTOPBIX (I)YHKI_II/ISI 06pau1aeT051 B HYJb WX TCPIIUT pa3pbiB, T.C UMW MOI'YT 6BITB KOpHHA
ypaBHeHui f(x)=0 u g(x)=0. CoOTBETCTBYIOIIHE STHUM KOPHSIM TOYKH OTMEUAIOT Ha
YUCJIOBOM OCH: 3dKpAlICHHBIMU KPYXKaMHU — TOYKH, YIOBJICTBOPAIOIIUC 3dJdHHOMY
HCPaBCHCTBY, a CBCTIBIMHU — HC YIOBJICTBOPAIOIINC CMY.
S(x)
g(x)
MNpUHALJICKAINUX KaAKIOMY M3 IIOJIYUYCHHBIX IIPOMCIKYTKOB. Ecim (byHKLII/II/I ABIIAKOTCA

2. OHpeJICJUIIOT 1 OTMEUYarOT Ha YMCJIOBON OCH 3HAK BBIPAKCHUA JJIA 3HAYCHUM X,

o 2
MHOTOYJICHAMH W HE COJEpXKaT MHOKUTeled Buma (x-a)”', rae neN, TO I0CTaTOYHO

S ()
OTpeeNNUTh 3HaK (YHKIHUU 200 B JT000M TMPOMEXKYTKE, a B OCTaJIbHBIX MPOMEXYTKAX
S ()
3HaKM «+» U « - » OyayT uepenoBaThes. Eciu B uncnurese win 3HaMeHarene 1poou 2(x)

2 o o
HMCCTCA MHOXHTCIIb (x-a) n) Tac I’ZEN, TO HCIOCPCACTBCHHOU IIPOBCPKOMN BLIACHAAIOT,
YAOBJICTBOPACT JIM 3HAYUCHUC X=a 3dJdHHOMY HCPABCHCTBY. HN3MeHeHne 3HaKOB YI[O6HO
WIITIOCTPpUPOBATH C ITOMOIIIBIO KpHBOﬁ, HpOBCI[CHHOﬁ qcpe3 OTMCUYCHHBIC TOYKH, nemamel‘/’l
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S ()

BBIIIIE WJIM HI)KE YHUCIOBOM OCH B COOTBETCTBHU CO 3HAKOM JpoOH o(x) Ha
paccMaTprUBaEMOM IPOMEKYTKE.
4 2
IIpumep 1. Pemnts HepaBeHCTBO: X —3<2x(2x"- x-2).
+ - - +
Pemenue. [lepenecem Bce ciaraemble B JIEBYIO 4aCTh —o o o >
-1 1 3 *

HEPaBEHCTBAa W TMPHUBEJAEM MHOTOWICH K CTaHAapTHOMY .
Buay. [lodyuum paBHOCHIIBHOE HEPABEHCTBO:
x*— 4x° +2x% +4x—3 <0. Pa3105KMM MHOTOYJICH HA MHOXKHTEIIH, TOT/a HEPABEHCTBO MOKHO
nepermcats B Buge: (x-1)°(x +1)(x—3) <0. Pemaem HepaBeHCTBO METOIOM HHTEDPBAJIOB,
noyyaeM: (-1;1),(1;3).

Otser: (-1;1), (1;3).

¥ —3x7 + 242

IIpumep 2. Pemuth HepaBeHCTBO: ——= ——5 — <0 .
x° =5x - + - +
Pemenue. Pa3noxxum 4uciauTess U 3HaMEHATEIb Ha o 1 2 5 x
2
D=2 Puc.38
MHOXUTEIU: — 5, .. <
x“(x=5)

Hanecem uuncna 0, 1, 2, 5, npu KOTOPBIX YUCIUTEbh WJIM 3HAMEHATEIh O0paIialTcs B
HYyJIb, Ha YMUCIOBYIO OCh. OHU pa30MBaIOT OCh Ha MATh MPOMEXKYTKOB. Haxomum 3HaK
BBIpa)KEHUS HA MPOMEKYTKAX. Otger: (-;0), (0;1), (2;5).

1 1 1
+ z—.

IIpumep 3. Pemuth HEpaBEHCTBO:
x-2 x-1 «x

Pemenue. [lepenecem Bce ujieHBl HEpaBeHCTBA BIieBO -+ - - f

U TIpUBEAEM JpoOH K 00IIEMY 3HAMEHATEINI0, TTOTYyUYrUM -2 0 1 2 2
HEPaBEHCTBO, PAaBHOCUJILHOC UCXOJHOMY:

X =D +x(x=2) = (x=Dx=2) o x’ -2

— = >0,
x(x=1)(x-2) x(x=1)(x-2)
(x=V2)(x+42)

x(x—=1)(x-2)

x=++/2 ; Hynu 3HameHaTens x=0; x=1; x=2. Hanocum uucna 0,1,2, ++/2 Ha 9uCI0BYIO OCB,

> 0. Pemaem HCPABCHCTBO MCTOAOM MHTCPBAJIOB. HYJ'II/I YUCIIUTCIIA:

OIpEENAEM 3HAKH Ha TPOMEXKYTKAX, TOJYIHM OTBET: [— \/5;0)(1;\/5 }(2;00).

Otper: |-v2:0} (1:v2}(2:00).

X +x—4 <1
IIpumep 4. Pemmts cicTeMy HEPaBEHCTB: X ’
x® <64,
2 f—
Pemenue. Pemnm cHavyana nepBoe HEPABEHCTBO: LA L S 0, =+ 0.
X X

Pemenne atoro HepaBeHctBa (-o0;-2) u (0;2).
PernaeM BTOpOE HEPAaBEHCTBO CHCTEMBL: x° —64 <0, (x-8)(x+8)<0. Pemenue 3Toro

HepaBeHcTBa (-8;8). McxonHas cuctema paBHOCUIIbHA CUCTEME:
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x <=2,
0<x<2, m

© | o

—-8<x<8 -8 -2 0 Puc.40

OTMeTHB HalIeHHbIE PEIIeHHs MEPBOr0 W BTOPOTO HEPABEHCTB Ha OOIIEH YMCIOBOMU

NpsIMOM, HaiiJleM repecedeHne pereHu. Otgert: (-8;-2); (0;2).

x> >100x°,

Mpumep 5. Pewnts cookyHocTh Hepaperets| (X +9)(Sx — x 1 -18) >0
x> —18x+45

Perienne. [TpeoOpasyem mepBoe HepaBEeHCTBO: x° (x —10)(x +10) > 0.

Pemenne atoro Hepasenctra [-10;0] u [10;00).

. 2
Paccmorpum BTOpoe HepaBeHCTBO. KBampaTHblii TpexuneH —x° +5x-18 mpu Bcex
3HAQYEHUSAX X TPUHUMAET OTPULATEIbHBIE 3HAYEHUS, TaK KAK €ro JMCKPUMHHAHT U

cTapimmii Ko3(QUIMEHT OTpULATENbHBI. Pa3aenB o6e YacTH HEPaBEHCTBA HA —x~ +5x—18
M W3MEHUB 3HAK HEpPABEHCTBA Ha MPOTUBOIOJOXHBIA, TOJYYUM PaBHOCHILHOE

x+9
HepaBeHCTBO: ——— X <0

(x=3)(x—15) "
PemaeM HepaBEHCTBO METOJIOM HHTEPBAJIOB, MOJIYYHM:
(-90;-9] u (3;15). O6beAMHUB HAWJIEHHBIE PEIIEHUs KaKI0ro  -10 -9 0 3 10 15
U3  HEPaBEHCTB COBOKYIHOCTH, IIOJIYYUM  pCIICHUE Pic.41

HCXOJIHOM COBOKYMHOCTH HepaBeHCTB: (-00;0] u (3;00). OtBet: (-0;0] u (3;0).

3aganusi VI CaMOCTOSITEIbHOI padoThI
Pernts HepaBenctBa 1-11: 1) x7-3x-4> 0; 2) x’+4x+4 > 0; 3)-4x’-4x-1> 0; 4) x°- x — 1<0;
5) 207 x+5> 0; 6) (x” —D(x> +2)(x> =4) > 0; 7) (x-Dx® ~ D' D' ~1)<0; 8) x=2<>;

X

9) x2—3x+5<0; 10) (x2—9)(x—2)20; 1) X -9x+17 1

3+4x x> +2x-3 (x-1)(x-3)  x-3
x+3<2’ 43
3—x 7 < 1)
Pemuth cuctemy HepaBeHcTB (12-13): 12)1x% <16x, 13) ;_+3
x* <4 = <2
- 3x-2

Hatitu o61acte onpenenenus pyukiuu (14-15):

14 _ x2_6x_16 2 . 15 — 3x—6 4 4_5 3 6 2 1_ 2 .
) () ,/x2_12x+11+3x2_49, ) S == At = 5xt - 6x)1 - x?)

IIpoBepounas padora
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Bapmuanr 1
1) x*+6x+9<0,
2) x* > 16,
3)—x"+6x-5>0,
MHx(x+1) <2(1-2x—x%),
5) (x =2 (x +1)(x=1)*(x> +2x+5) <0,
o X 4
(x—-2)(x—4)
12 3

7 — >1
)x2+2x x> +2x-2

Bapuanr 3

1) 4x> +4x+1>0,
2)9x* —1>0,
3)-3x> +10x-3<0,
4)2x(x—1)<3(x+1),
5) (x> =9)(1-3x)(2x* —x+5) <0,
6) x*—2x+1 S
(x—-D(x-3)

x'—x ¥ —x+2

7 > +1
)xz—x+1 x=x-2

2

Bapuanr 2

1) x*+2x+1>0,

2)4x* >0,

3)-x*+6x-5<0,

4)(x-5) >37-(x-10),

5)(x* —4)(x* —4x+4)(x* —6x+8)(x* +4x+4) <0,
x*=3x+3 o 1
(x—=2)(x—4) x—4
x+1 x-1

N—+—<2
1-x X

9

Bapuanr 4

1)4x* +4x+1<0,

2) x> <50,

3)—2x" +4x-5<0,

4)x(x+1)> 2(1-2x—x?),

5) (x* —=6x+9)° (x* —6x +8)(x* +4x+4) <0,
x* —10x +25 S
(x=5)(x-=T7)

7 9
x? —5x+6+x—3

2

4. CucreMbl ypaBHeHH I

Onpedenenue. JI1000€ KOHEUHOE MHOXECTBO YPABHEHMH Ha3bIBae€TCs CHCTEMOM

ypaBHeHu. Pemenuem cucrembl

ypaBHCHI/Iﬁ C n TICPEMCHHBIMU HA3bBIBACTCA

YHOpHI[OqCHHBIﬁ Ha60p n 4YHCCII, HBJISIIOH_IHIZCSI PCUICHUCM KaXI0ro unus3 ypaBHeHI/Iﬁ

cuctemMbl. Pemuth CUCTCMY — 3HAYUUT HaMTH BCE €¢ peuIcHUA.

IIpaBuia npeodpa3oBaHusl CHCTEM YPABHEHUI:

1. Ecnmu B cuctemMe 3aMEHHUTh Kakoe-TMOO M3 ypaBHEHUN Ha PaBHOCUIBHOE €My, a

OCTaJIbHBIE OCTaBUTH 0O€3 HU3MCHCHUS, TO BHOBBH IIOJYYUCHHAA CHCTCMaAa PABHOCHJIBHA

UCXOIHOM.

2. llycts f =g u h=p - nBa kakue-HUOyAb ypaBHeHHs cuctembl. Eciau B cucteme

3aMCHUTDH ABHCHHUC /=g Ha aBHEHHE f+h=g+p, a OCTAILHBIE OCTAaBUThL 0€3 U3MEHECHUS
b 2

TO MMOJYYCHHAA CUCTCMA PABHOCUJIbHA HCXOHHOﬁ.

3. IlycTh cucteMa COIEPKUT ypaBHEHUE X=f, TI€ X - HEKOTOpas NepeMeHHas, a f-

HekoTopas ¢yHkuua. Torma ecinu BO BCeX YpaBHEHHUSIX CHCTEMBI KpOME YpaBHEHUS X=f,
BMECTO X TIOJICTABUTb f, TO MOJTyYEHHAas CUCTEMAa PAaBHOCUJIbHA UCXOIHOM.

4. Ecnu cuctema COIepKUT ypaBHEHHE f- ¢ = (), TO OHA paclasaeTcsi Ha JJBE CUCTEMBI,
B OJIHOM U3 KOTOPBIX YpaBHeHHUE f- g = (), 3aMeHeHo Ha f = (), a B npyroii —Ha g = (. [Ipu
ATOM KaXXJ0€ pEICHUE JAHHOW CHCTEMBI SIBIISIETCS PELICHUEM OJIHOM W3 MOJIYyYEHHBIX
cucteM. Ecnu ¢pyHkuuu fu g omnpenenacHbl HA OJJHOM M TOM K€ MHOXECTBE, TO KaXKJ10€
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pelIeHrE MOJYYEHHBIX CUCTEM SIBJISIETCS PEIICHHEM HMCXOJHOW CUCTEMBI. B 3TOM ciyuae
TOBOPAT, YTO TaHHASI CUCTEMA PABHOCUJIbHA COBOKYITHOCTH MOJYYEHHBIX CHCTEM.

OCHOBHBIE METOAbl PEUICHHS CHCTEM YPAaBHEHUN: METOJ NOJCTAHOBKH; METOX
anreOpanvyecKkoro CIO0XKEHHUsS; METOJ pA3JI0XKEHUS Ha MHOXKHUTEIH;  METOJ 3aMEHbI
NePEeMEHHBIX; TparuecKuii.

1. Metoa moacrtaHoBKH. Eciii U3 OJHOrO YpaBHEHUS CHUCTEMBI BBIPA3UTh OIHY
MIEPEMEHHYIO Yepe3 JpPYryl0 M TMOJCTaBUTh IIOJIYYEHHOE BBIPAXEHHUE BO BTOPOE
ypaBHEHHUE, TO MOJIyYEHHAasl CACTEMA PAaBHOCWIIbHA UCXOJIHOMH, T.€.

y=f(), y=r(x),
F(x,y)=0"% | F(x, f(x)) = 0 PABHOCHIBHBL.

2x2 + y=4,
IMpumep 1. Pemuts cucrem ABHEHUU
puMep yyp iy =16

Pentenue. U3 MEPBOT0 YPABHCHUA BbIpAXKACM )y, ITOACTABIIICM BO BTOPOC YPABHCHHUC,
y=4-2x2,

I10JIy4dacM.
i X +(4-2x2)2 =16,

IIpuBenst BTOpoe ypaBHEHHE K CTAaHAAPTHOMY BHIY,

4 4
mollydaeM OWKBagpaTHOe ypaBHeHme Sx° - 16x° = 0. Ero KkopHH: X =0,Xz=ﬁ,x3 N

IToncraBnsia HaliICHHBIE 3HAYEHUS, HAX0AuM: V=4, y,=-2,4, y3=-2.4.
Otger: (0;4),(i;—2,4}[—i;—2,4j.
V5 V5
2. MeToa ajre0Opam4eckoro CJ0KeHHUsi YPaBHEHUiIl OCHOBAH Ha TOM, UTO €CJIH K
00erM 4acTsAM OJHOTO W3 ypaBHEHUM cuctembl (1) mpubOaBUTh COOTBETCTBYIOIINE YaCTH
JIPYroro ypaBHEHMsl, YMHOKCHHBIC HAa OJIHO W TO XK€ YHCIIO, a JPYroe OCTaBUTH 0e3
W3MEHEHUS, TO MOJYYUM CUCTEMY, PABHOCUJIBHYIO IAHHOM.

4x-Ty=-12,
IIpumep 2. Peiuth CUCTEMY YPaBHEHHUI: | g 1 3 y=-18.

Pemienrie. YMHOXUM BCE€ YJIEHBI NEPBOrO YpPaBHEHUS CUCTEMBI Ha —3, a BTOPOTO
ypaBHeHHMs] Ha 2, Torna Kodh@UIMEHThl NpU X B MOJYYEHHBIX YpaBHEHUSAX OyAyT

—12x+21y =36,
HpOTI/IBOHOHO)KHBIMI/I qyucCJIiaMMn. 12x + 6)/ - 36 HO"IJ'ICHHO CJIIOKUM ypaBHeHI/IH
3 [27v=0, =0, Otser: (-3:0
MOMYUCHHOH CHCTEMBI: |, ° ), TIONYIHM | _ 3 . TBeT: (-3;0).
X2+ y2 =25,

Ipumep 3. Pemiuth cucremMy ypaBHEHMUIA: xy=12

Penienrie. YMHOKHUM BTOPOE YpaBHEHHE CHCTEMBI Ha 2, PE3yJbTaT CHaYalla CI0XKHUM C

2
x2+2xy+y2:49, (x+y)” =49,
IICPBBIM YPABHCHUCM, 4 3dTCM BbIYTCM U3 HCTO, ITOJIYYHUM! 5 5 2
x“=2xy+y-=1. (x=y) =1
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HonyquHaH CUCTCMA PABHOCHIIbHA COBOKYITHOCTH YCTBIPCX CUCTCM

{x+y=7, {x+y=7, {x+y=—7, {x+y=—7,

x—y=1> r—y=1 yoy=—1. Pemast 5T cucTeEMBl ypaBHEHUHU,

x—y=-1
nomyaem: (4:3); (3;4); (-3;-4); (-4:-3).
OtBet: (4;3); (3;4); (-3;-4); (-4;-3).

3. Metox 3aMeHbI IEPEMEHHOM OCHOBBIBAETCS HAa YTBEPKICHHUH 3.

0 15 _
n 4. P o | 2x4+3y 4x-y ’
puMep 4. PeIInTh CUCTEMY YPAaBHCHUH: | |5 i o
2x+3y 4x-y
. 10a+15b =8,
Pemenne. IIycTh a= ! b= Torma cucrema nmpuMeT BUI: Pemas
Leletie. Ly Toxa3y’ | dx—y o OTA p M 1150 -9b=0.
L8
8 8 2x+3y 35’
3Ty CHUCTEMY , IOJIY4YUM a=§,b=E-Cnez{0BaTeano, MMEEM CHUCTEMY: 1 g MM
4x—-y 25'
16x +24y =35, 7 7 7 7
32x—8y =21. Otcrona x=gVTy OtgeT: x=r=g

Meton 3aMeHBl MEPEMEHHBIX HCIOJB3YHOT IIPU PELICHUM CUMMETPUUYECKUX CHUCTEM
Bripakenue F(x,)) Ha3bIBa€TCs CHMMETPHYECKUM, €CITU OHO IPH 3aMEHE NMEPEMEHHBIX X
Ha y, ¥ Ha x He usMeHurcs. Cuctema, Bce YpaBHEHUS KOTOPOW CUMMETPUYECKHE,
Ha3bIBAETCS CUMMETpUUECKONH. CHMMETPUYECKHE CUCTEMBI PELIAIOT C TIOMOIIBIO 3aMEHBI:
xXty=u, xy=w.

x+y+xy=1],
IIpumep S. Peuuts cucremy ypaBHEHUI: xzy 4 xyz _130.

u+v=l11,
Pewienrie. BBenem HOBBIE IEpeMeHHBIE: u=x+y, v=xy. CUCTEMA NPUMET BUJ: {W_ 30

Pemast sty cucremy, HaxoguM: u; =6, vi=5, u,=5, v,=6. OcrtaeTcsa HAWTU pEIICHUE

COBOKYITHOCTH CUCTEM ypaBHEHUN: {x+y5 ", {x+y6 " Ortser: (5;1); (1;5); (3;2); (2;3).
Xy = xy =6.

x? —3xy+2y2 =0,
IIpumep 6. Peruth cucremMy ypaBHEHUI: ¥ 432 =10

Pemenue. Ilapa (0;0) He siBIsI€TCS pEIICHUEM CUCTEMBI.
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2
PazzenuM ypaBHeHue x° - 3xy + 2y° =0 na y”. [lonydnm ypaBHeHHe [%} —3&}2: 0.

X
BBenem HOBYIO IepeMeHHYIO ¢ :;, ypaBHEHHE MPUMET BHA a° -3a + 2 = 0; a;=2, ar=1.

X X
3HauyuT —=2 wim —=1.
y y

HcxonHas cucremMa paBHOCWIbHA COBOKYITHOCTH CHCTEM:
X
Z =2, X
Y Y
2 2 ’ )
x*+y =10 |x?+y? =10

b

V2
Pemas cuctemsbl MCTOAOM ITOACTAHOBKH, HAXOAUM CJICAYIOIINC PCUICHUA {\/E’TJ .

[—f;—%; (V5:¥5); (- v5:45). Otger: [ﬁ;% {—ﬁ;—% V5:5) (4525 ).

4. Metoa pa3ioKeHHs] HA MHOKHTEJN OCHOBBIBACTCS HA TOM, YTO €CJIM BBIPAXKCHUS
filx,y) fo(x,y) ompeneneHsl aJiE BCEX 3HAYCHHM TMEPEMEHHBIX X U ), TO CHCTEMa

{fl (xX, ) f2(x,») =0,

g(x y) =0 paBHOCHIIbHA COBOKYITHOCTH CUCTEM
{fl(x,y)—(), {fz(x,y):(),
gx,y)=0 - |g(x,»)=0

{xz —2xy-3y? =0,
IMpumep 7. Pemnts cuctemy ypaBHEHUM L2 Xy —2x=3y=6.
Pemenue. Pa3noxxuM Ha MHOXKHUTENH JIEBYIO YaCTh IIEPBOTO YPABHEHHS :
X -2xy-3y" =0 x +xy-3xy-3° =0,
x(x t+y)-3yx+ty) =0,
(x+y) (x-3y) =0.

{(H y)(x=3y)=0,
Cucremy nepenuuieMm B BUJE: x2 _ Xy—2x-3y=6.

OTa cucreMa pPaBHOCWIIbHA COBOKYITHOCTHU ABYX CHUCTCM:

x-3y=0, x+y=0,
{xz —-xy—2x-3y=6.° {xz —xy—2x-3y=6.
Permast atTv cucTeMbl METOAOM MOJICTAHOBKH, noayduM (-1,5;-0,5); (6;2); (-2;2); (1,5;-1,5).
Otser: (-1,5;-0,5); (6;2); (-2;2); (1,5;-1,5).

Cucrembl JJMHEHHBIX YPaBHECHUI
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Onpeoenenue. JINHeHHBIM YpaBHEHUEM C MEPEMEHHBIMHU X, X2, ..., X, Ha3bIBaETCS

ypaBHEHHME BHAa d1X| +ayXy +...+d,X, =D, TIpu HaXOXKICHUM PEIICHUH CHCTEMBI M

JUHENHBIX YpaBHEHUH C 7 MEepeMEHHBIMH YJ00HO MoJib30BaThcsi MeToaoM I'aycca (wiu

METOJIOM IOCJIEIOBATEILHOI0 MCKIIOUEHUSI HEM3BECTHBIX). MeTo/ 3aKo4aeTcs B TOM,

YTO TP MOMOIIU aNredpanvyecKkoro CI0KEHHs] CHCTEMY MNPUBOIAT K TaK Ha3bIBaeMOWU

TpeyroyibHOM (opme.

2x—4y+4z=10,

. 3—3x+8y—-10z=-25,

IIpumep 8. Pemuth cucremMy ypaBHEHUI:
4x-3y+z=1.

Pemenue. IlpeoOpazyem ee B pPaBHOCWIBHYIO CHUCTEMY TakK, 4YTOOBI B I€PBOM
YpaBHEHHM TNEpEeMEHHas X cTosyia ¢ Koddduuuentom enununa. [ns sToro pasuenum
MOYJIEHHO TEpPBOE YpaBHEHHE CUCTEMbl Ha KoddduuueHt npu x, T.e. Ha 2. [lomyuum
ypaBHEHHUE: x — 2y + 2z =5.

YMHOXaeM 3TO ypaBHEHHE Ha 3 ¥ CKIAJbIBa€M €ro TMOWIEHHO CO BTOPHIM
ypaBHEHHEM, nojyunm 2y—4z=-10, orctona y —2z=- 5.

YMHOXaeM mniepBoe ypaBHeHHME Ha —4 U npubOaBiISeM TOWIEHHO K TPETbeMY
ypaBHEHUIO, OJIy4uM S5y —7z =-19.

x=2y+2z=35,
ITonyuunu cucremy y=2z2=-5 , B KOTOpOM IIEpEMEHHas X MCKIIOYEHA U3
Sy—=T7z=-19

BTOPOTO U TPETHETO ypaBHEHUW. BTOpoe ypaBHEHHE MOTYYEHHOW CHCTEMBI YMHOKAEM Ha
—5 ¥ npubaBiIsieM K TPEThEMY YPaBHEHUIO 3TOM CUCTEMBI, MOIYYHM 3z=6, oTcloga z=2.

x—=2y+2z=5,
y—2z=-5, 2=2, y=-1, x=1. Otser: (-1;-1; 2).
z=2.

[Ipu pelnieHMH M UCCIIENOBAHUM CHUCTEM JIMHEHHBIX YPaBHEHUU MOXHO HCIOJIB30BaTh
Metoa Kpamepa. PaccMoTpuMm npuMEHEHHE 3TOTO METOJa K CUCTeMaM ABYX JIMHEHHBIX
YpaBHEHUH C IByMs IEPEMEHHBIMU.

Cucrema ABYX JIMHEWHBIX YPaBHEHWH C JIByMSI HEU3BECTHBIMU NMPUBOAUTCS K BUIY:

a)x+byy=cy,

arx+ bzy =cy - CocTaBisgioT OIIPCACIINUTCIIN

b a q
A= = a1b2 _azbl Ax = = Clb2 —Czbl A, = =a1Cy) —ay(
ay by ’ ¢ by ’ ay ¢

—_— cCJ/In OHpeI[eJ]I/ITeJIB A?‘—'O, TO CUCTEMA UMCECT €CANHCTBCHHOC pemeHI/Ie,
A A

_ "y
ornpenensieMoe Gpopmynamu: X = Tx AN
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ecau onpenenmrensb A=0, A, =A,=0, To cucrema UMeeT OECUHUCIEHHOE
MHOECTBO PEIICHU;

ecau onpenenuTenab A=0, X0Ts Obl OIUH U3 ONIpeJeNuTeNeh A, NI A,
OTJIMYEH OT HYJISA, TO CUCTEMA PEIICHUN HE UMEET.

B+m)x+4y=5-3m,
Ipumep 9: llpu kakux 3HAYCHUAX M CUCTEMA |5 . (5+m)y =8
a) UMeeT OeCUNCIIEHHOE MHOXECTBO PEIICHU; 0) HE UMEET PEIICHHI?

Pemenue.
3+m 4 5
= =B+m)(S+m)—-8=m~ +8m+7
2 S+m :
5-3 4 3+m 5-3m
A =" — 3m2 —10m—7 A, = =14m+14
8 S5+m : 2 :

A=0 ipu m= - 1 u m=-7; A,=0 npu m=-1 u m= —%; A, =0 npu m=-1.

a) CucteMa nmeeT OECYMCICHHOE MHOKECTBO pelleHni, eciu A= A, =A, = 0, 1.e. pu
m=-1.

0) Cucrema He numeer pemtenuid, ecan A=0, A, 20 umm A, # 0, T.e. ipu m = -7.

Otset: a) -1; 6) -7.
Ipumep 10. HaiiTu Bce 3HaueHMS a, TPU KOTOPBIX YKCIA X U Y, YAOBIECTBOPSIOIINE
x+y=a,

CUCTEME YpaBHECHUI {2 X —y =3 YAOBIETBOPAIH OBl HEPaBEHCTBY X > ).

1 1 A _a 1 _ _3 1 a
Pemenne. =~ |y _1:_1_2:_3- x Tl T a -Ay=2 3:3—2a.
Ay —a-3 a+3 Ay, 3-2a 2a-3
X=—= = .y: = =
A -3 357 A -3 3
a+3 2a-3
3 > 3 , a<6.

OtBeT: a < 6.

3agaHus VI CaMOCTOSITEJIbHOI PadoThI
Pemute cuctemy ypaBuenuit (1-11):

2x+y+3z=13, xX+2y—z=3, x—=2y+3z=-1,
Tx=2y=-], x+y+z=6 3x—y+2z=—1, 2x+y-5z=09,
Dlx=5y=12. 2 > 3) 4
. 3x+y+Z=8. 11X+y+4z:0_ 4x_3y+Z:7'
T Y A N
5) 153 ) B R Y R I -
x’y> =-8 x y x> +y° =6xy—1 x2+y2=20
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1 2 3
0 {15x2+xy—2y2=0, Ix—3y 3x-2y 4 ){x2+3xy+2y2—0,

7x2—4xy—3y2:—32' 3 + 4 7
2x-3y 3x-2y 4

3xy+7y=1

x+py=1,

12) Haiitu Bce 3HaueHus p, MPU KOTOPBIX CUCTEMA YpaBHEHUM { px+y=1 HEHnmeer

peLICHUN.
mx+ny =8,
13) Haiitu Bce 3HaueHUss m U 7, PU KOTOPHIX CUCTEMa ypaBHEHUM {Sx +3y=4
uMeeT OECKOHEYHOE MHOYKECTBO PEIICHUIA.
14) Haiitu Bce 3HaueHMs a, IPU KOTOPBIX YKCIA X U Y, YIAOBJIECTBOPSIOIINE CUCTEME

x+7y=a,
YPaBHEHHH |9, _ y=35 » YAOBICTBOPSINA OBl HEPABEHCTBY X > y-2.
S5x-2y=2,

15) [Ipu kakux 3HAYCHUSX p CUCTEMA {3 x+y=p WMEET OTpHIATENbHbIE pelieHus?

IIpoBepounas padora

Bapmunanr 1
x?=2xy=17, 3(x—5)—1=6-2x, X+y+xy=-5,
1) x—3y=—2 ? 3(x—y)—7y+4=0. ? 3) x2+xy+y2:7'
2 +29 2, X+y+z=-2,
x+y xX+y X — 2 =_7
. y+ziz )
D)4 12 ,5)23 .
x+y_2x+y X+3y-z=
px+y=1,
6) Haiitu Bce 3HayeHusT p, NpU KOTOPHIX CHUCTEMA YypaBHEHMHI 4x—2y=pHMeeT
OECUYMCIICHHON MHOYKECTBO PEIICHUH.
Bapuanr 2
1 2
— = =2
2x2—xy+3y2—7x:12y—1, 6(x+y)-y+1=0, 3 x+y—1+3x+2y—3 ’
x—y=-1 > 2 T+ H-(y+)=0> 3 3 4
x+y-1 3x+2y-3
x3+y3:35’ x+2y—z=7,
. 2x—y+z=2
2 2 ;5 :
X"y +xy” =30 3x=5y+2z=-7

3x+7y=a,

6. HaiiTn Bce 3HaYeHUS a, IIpu KOTOPBIX CUCTCMaA YPABHCHUU {2x+5y -0 HMCECT

MOJIOKUTEJIbHBIE PEIICHHUS.
Bapuanr 3
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1
{x—yzz, {2(3x—2y)+1:7x, ey
1.

X+y x-—y
W43y =70 2 [120x4 ) -1=Tx+12y 3| 3 4
X+y x-—y
X+y+z=3,
3,3
{x +y7 =19, x—y+3z=7,
8 +y) =2 4x+3y—-z=0
Sx—cy=2,
6. IIpu KaKuX 3HAYEHUSIX C CHCTEMA 3x—6y =1 MMEET OTPHIATEIIbHBIE PEIICHH.
Bapuanr 4
y+x2 =5, 3 x+y)-T=12x=y, 1 10 1,
L y2+xt=17 2. 6(y—2x)—-1+45x=0 3. lery x;y 3
x+y+x—y:_g
xX+2y-3z=-3,
3,03
4 x4y =1, 5 2x-3y+z =48,
Xy +xt =1 |—x+y-5z=-8

3x+2ay =1,
6. IIpu KaKuX 3HAYEHUSIX a CUCTEMA (3a—1)x—ay =1 HE NMECT peleHuit ?

S. YpaBHeHMs M HEPaBEHCTBA, COAEPKALIUE IEPEMEHHY IO
1O/ 3HAKOM MOIYJIsI

Haubonee pacnpocTpaHEHHBIM METOJOM  pEUICHUS

YPaBHEHHM, COJEpKaIIUX
MIEPEMEHHYIO BEJMYHMHY TIOJ 3HAKOM MOZYJIs,

ABIACTCA METOA, OCHOBAHHBIM Ha
a, Va=>0,

onpeeJeHnH MOAYJsi (A0COIOTHON BEJTMYMHBI) ‘a‘ —a.Ya<0-
2

PackpbIBass MOAYNIb II0 OIPEICIIEHUIO, YpaBHEHHE BHA ‘f (x)‘ = g(X) samensem

paBHOCHHBHOﬁ COBOKYITHOCTBIO IBYX CUCTCM:

{f(x) = g(v), {—f(X) = g(x),
f(x)=0 > 1 f(x)<0

IIpumep 1. Pemuth ypaBHEHHUE: |x-6]-x*+5x=09.

Pemenue. PaCKpBIBaSI MOAYJIb TIO OINPCACICHUIO, IIOJYYUM,

YTO YypaBHEHHUE
PaBHOCHUJIBHO COBOKYITHOCTH JIBYX CUCTEM:
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[ [x>6, x =6,
x—6-x>+5x=9 x*—6x+15=0,

{x<6, ; )C<6,
2 -
-xX+6—-x"+5x=9 v _4x+3=0.

Pemenriem BTOpO#l cucTeMbl SBISIIOTCS 4uciaa 1 u 3, mepBas cuUcTeMa pelieHUi He
NMeeT. Otser: 1;3.

1-2x
IIpumep 2. Pemuth ypaBHEHHE: | y_ ‘x _ 1‘ =1

Pemenue. I[aHHOC YPaBHCHHC PABHOCHUIIBHO COBOKYITHOCTH ABYX CUCTCM:

x—12>0, x—1<0,
1-2x 1, 1-2x 1
2—(x-1) 24+ (x-1)

x>1

’ x>1,
Penraem nepByro cucremy: )1 —2x Uly=—2" DTa cucrtema peuieHuil He UMeEeT.

3—x
x<l, x<l,

Pemaem Bropyto cucremy |1-2x _; x=0-" PetienriemM 3TOM CUCTEMBI SABJISETCS YUCIO
x+1

0. CnenoBaTenbHO, peUIEHUE UCXOAHOTO ypaBHeHUS x=0. Otser: 0.

VYpaBHeHue Buaa ‘f (x)‘ =g(x) PaBHOCUJILHO TaKX€ COBOKYIMHOCTH JBYX APYTHUX

{f () =g(x), (- f(x)=gx),
CHCTEM: 2(x)>0 u {g ()20 :

Eciu B ypaBHenuu ¢(yHKIMS g(Xx) uMeer Oojiee MPOCTOW BUI, YeM f(X), TO €ro
1es1eco00pa3Ho 3aMEHUTh BTOPOW COBOKYITHOCTBIO CHCTEM.

2
IIpumep 3. Pemnts ypaBHEHUE: | ‘335 +5x—-4{=2x-1

Pemenue. 1o YPaBHCHHUC PABHOCUJIIBHO COBOKYITHOCTH ABYX CUCTCM:
3x2 +5x—4=2x—1 3x* +5x—4=—-2x-1)
2x—120 M ax—120 » (2)

‘xl = 7x2 =
Pemas nepByro cucremy, nojryymm: 2 2

x=>0,5

—1+«/§ —1—«/5 _1+\/g
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2 = >

xl
6 T.e. X =

Pemas BTopyro cucremy, OIy4nuM: 6
x>0,5

:—7+\/109’x —7—-4/109 _7+\/@
—6 .

—1++/5 —7+4109

OtBeT: > 5

YpaBHEHHUE BUA ‘ f (X)‘ =b,beR

npu b<( penieHunit He UMEET;
ipu b=0 paBHOCUJILHO ypaBHEHUIO f(X)=0;

f(x)=b,

npu b>0 paBHOCUIILHO COBOKYITHOCTH YpaBHEHUHN { f(x)=—b

IIpumep 4. Pemuth ypaBHEHuUE: | |2]x-1]-3]=5.
Pemenue. 310 ypaBHEHHE PaBHOCHIIBHO COBOKYITHOCTH JIBYX YPaBHEHUMA:

2x—1-3=5 |[|x-1=4,
dx—1|-3=-5,"||x~1| =1,

BTOpOC U3 9THUX ypaBHeHI/Iﬁ KOpHeﬁ HC UMCCT, a IICPBOC PABHOCUIIBHO COBOKYITHOCTH

YPAaBHEHUN:
x—-1=4,
X—1=—4; X1 =5,X2=-3.

OtBer: 5; -3.

VYpaBHeHHE BHIA ‘f (x)‘ :‘g (x)‘ PaBHOCWJIBHO COBOKYIIHOCTH JIBYX YpPaBHEHUH

{f (x) = g(x),
f(x)=-g(x)

Mpumep 5. Pemnts ypasHenue: | ‘3)6 - 5‘ = ‘5 - 236‘ :

3x-5=-5+2x" |x=0"
Otser: 0; 2.

3x—5=5-2x, |X=2,
PCH_ICHI/IC. YPaBHCHI/Ie paBHOCI/IJIBHO COBOKYHHOCTI/I ypaBHeHI/II/I

Vpasrenmsa  Bua:|f, (O +[/, ()| +..+[f, ()] =g(x), THE  f(X), fo (%), ], (1), () -

HEKOTOpble (YHKILUHU, PEIIAIOT METO0M MHTEPBAJIOB.
Hust storo: 1) HaxomsT BcCe TOYKH, B KOTOPBIX XOTd Obl ofHa U3 (QYHKUUN

Jf1(x), f5(x),...f,(X) Mensier 3HaK; TM TOYKM AENAT 0O7ACTh JONMYCTUMBIX 3HAUEHHIA

57



ypaBHEHHUS Ha MPOMEKYTKH, Ha KaKJIOM M3 KOTOPBIX BCE (DYHKIIMU COXPAHSIOT CBOM 3HAK;
2) UCTIOJIB3YsI ONPeIeNIEHUE MOTYJIs, PACKPHIBAIOT MOIYJIM Ha KaKJIOM U3 TPOMEKYTKOB.

IIpumep 6. Periuth ypaBHEHuUE: | |3x]-|x+2]=5.

Pemenue. Haiinem 3HaueHus x, mpu KOTOPBIX BbIpaxkeHus 3-x U 2+x oOpamiarorcs B
HYJIb, T.€. uncia 3 u —2.HaxoauM uHTEpBaibl 3HAKOMOCTOSHCTBA BhIpaKeHUH 3-x U 2+X :
(-00; -2); [2; 3]; (3; ). Pemium ypaBHEHHE Ha KaXJAOM M3 ITUX MPOMEKYTKOB, T.€. PEIIUM

PaBHOCHIIbBHYIO COBOKYITHOCTb CUCTEM!

x<-=2, —2<x<3, x>3,

3—x+x+2=5" |3—x-x-2=5" |-3+x-x-2=5"
xX<-2, [-2<x<3, (x>3,
5=5 |x=-2 -5=5"

Pemenue nepBoit cUCTEMbI COBOKYITHOCTH - (-00; -2); pellieHne BTOPOW CUCTEMbl X=-2;

nim

TPEThA CUCTEMA PEUICHUN HE UMEET.
OObenuHss HallIeHHbIE PEIICHUS], TOTYYUM JIy4: (- o -2]. Otger: (- 0 -2].

HpI/I peuICHUN HCPABCHCTB, COACPKAIIUX IICPCMCHHYIO BCIWMYHMHY II0A 3HAKOM
MOAYJIA, TAKKC MOKHO HUCITIOJIB30BATh OIIPCACICHUC MOIYJIA.

2
ITpumep 7. Peluuth HEPABEHCTBO: ‘x - 2x‘ <X,

Pemenue. PaCKpBIBaSI MOAYJIb IIO0O OINpPCACICHUIO, IIOJIYYHUM, 4YTO HCPABCHCTBO
PaBHOCHIJIBHO COBOKYITHOCTH ABYX CHCTCM:

{xz ~2x>0, {x e (- 030] U [2500),

x (0;3), x e[2:3)
P-2<0, + | [xe(0;2), xXe (1;2) .
{ {x € (— oo;O) U (1; OO)

x2—2x<x,

-G —2x)<x

OObenuHss NOJyYEHHbIE pelIeHus, TOJIyYuM X € (1;3)‘ Otgert: (1;3).

HepasenctBo  Buaa ‘f (x)‘ > g(x) PaBHOCUJIBHO  COBOKYIHOCTH  HEpPABEHCTB:
J(x)> g,
f(x)<—gx),
HEPABEHCTBO BHUJIA ‘ f (x)‘ < g(X) paBHOCHIIBHO JTBOMHOMY HEpPABEHCTRBY:

f(x) < g(x)
—g(x) < f(x) < g(x), unu cucreme: f(;C) S igx(x)'
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IMpumep 8. Pemnth HEpaBEHCTBO: | ‘x 2 4x‘ <5

2

x2—4x<5,_ x2—4x—5<0,
x“—4x+5>0.

Pemenune. PaBHOCHIIBHO CHCTEME HEPABEHCTB: ;
x< —-4x>-5
[IepBoe HEpPaBEHCTBO BBINOJHAETCS MPH —1<x<5,a BTOpOE TpH JItoObIX x. Torma

PCHICHUC NCXOOAHOI'O HCPABCHCTBA ABJISICTCA MHTCPBAJI (-1 ,5)

Otser: (-1;5).
2x+3>1
IIpumep 9. Pemuth HEpaBEHCTBO: ) .
Pemenne. HepaBeHCTBO paBHOCHIIBHO COBOKYITHOCTH HEPABEHCTB:
[ 2x+3
> 1,
3x-2
2% +3 . Permaem HepaBeHCTBa 3TO COBOKYITHOCTH, IMEEM:
<-1
[ 3x—-2
—(3x — S—Xx 2
2x+ 37 2)>O.—>0. —<x<5
3x—-2 "3x -2 >3
2x+3+(Bx-2) 5x+1 1 2 1 2Y\(2
<0. <0.——<x<= A =l Al
3x—2 3x—2 5 3 m( 5 3)(3 j

Hepagencraa ‘fl (x )‘ + ‘f 2 (x)‘ +.. 7+, (x)‘ < g(X) (3Hax HepaBeHCTBA MOXKET GbITh

m000i#) ynoOHee periaTh MeTo10M HHTEPBAJIOB.

Ipumep 10. Pemwuts HEPaBEHCTBO: ‘x‘ + ‘x - 1‘ + ‘x - 2‘ <4,
Pemienue. Toukn x=0; x=1 u x=2 [OEJISAT YUCIOBYIO OChb Ha YETHIPE IMPOMEKYTKA:
(—oo;O),[0;1),[1;2),[2;00). PemnM naHHOE HEPAaBEHCTBO HAa KaXIOM U3 IPOMEXKYTKOB, T.€.

HCPAaBCHCTBO PABHOCUIIBHO COBOKYITHOCTHU YCTBIPCX CUCTCM:

x<0, 0<x<l,
{—x—(x—l)—(x—2)<4) () {x—(x—l)—(x—2)<4) 2)
1<x<2, x>2,
{x+(x—1)—(x—2)<4) (3) {x+(x—1)+(x—2)<4_ “)
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Pemrast nmonmy4eHHbIE CUCTEMBI, ITOJIyYUM YETBIPE IPOMEKYTKA: [—%;0) [0:1), [1;2) [2%)

1 7
O6’BCI[I/IH$ISI HaﬁHeHHBIe peuiCHuA, ITOJIYIUM PCIICHUC HCPABCHCTBA! (_ gag .

17
OtBeT: 373 )

HepaseHncTBo ‘f (x)‘ < ‘g (x)‘ MOHO pelIaTh TAKXKE, NEPEXOAS K PABHOCHIBHOMY
HepaseHCTBY: J ? (x)<g ? (x)
IIpumep 11. Pemnts HEPaBEHCTBO: ‘2)6 - 1‘ < ‘3)6 + 1‘ .

2 2
Pemenue. JlaHHOE HEPABEHCTBO PaBHOCUIIBHO HEPABEHCTBY: (2X - 1) < (3X + 1) .

4% —4x+1<9x> +6x+1, 5x*+10x>0, x<2;x>0. Orper: (—0;-2),(0;00)

3anaHus I caMOCTOATEIbHON PadOThI:
Pemnts ypaBHEHUS! 1 HEPABEHCTBA:
1)|x|=3; 2)|x|<5 ; 3)|x|>14; 4)|x|=x; 5)|x|<x; 6)|x|>x;7)|x+3|<-5;

8)|2x|>-13; 9)PBx-5|=[5-2x; 10)x> —4x=3|-Tx+11=0; 11)—F _|rs1];
x+1)-2

12)‘x—2‘+‘3—x‘:6; 13)‘2—‘1—‘)6”‘21; 14)‘x2 —9‘+‘x—2‘:5;

15)x° +5‘x‘—24>0; 16)x° —4|x+1|+5x+3>0; 17)‘1—3x‘—‘2x+3‘ 20,

18)2x +1|=[5x =2 2 1; 19)Bx -2 <2x—1;20)|2x+7|27x—2;21)‘§);tf > 1
x> =3x-1 x? —2x|+4 2—3‘x‘
22)m$3;23)‘x2+‘x‘+2‘ =1:24) 1+‘x‘ > 1

25) ‘x3 +x—3‘—5‘£x3 -x+8- 26)”)62 —3x+2‘—1‘>x—2

IIpoBepounas padora

BapuanTt 1 Bapuanr 3

) [x+2]=23-x); 1) |3x-2 |+ x=11;
2) x> +3x+[x+3=0; 2) 2x% = 5x|+3=0.
3)‘x2—4x <-5. 3 [x—1+2[+1=0.
4y| 2x -3 | >3x+1; 4y | x+8 | < 3x-1;

x+3 2x—1
) x—2 <2 5) >2;

x—1

6) [2x + 5 —[3x —4|<2x -4 6) [Bx—1]+[2x—3—|r+3)<2

BapuanT 2 BapuanT 4
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1) |x]=-3x-5; 1) | 4-5x | = 5x-4;

2) x° —6x+|x—4+8=0, 2) x> +4x—3~Tx+11=0;
3) x2_9‘+9<0; 3)‘2x‘x—5‘—2‘+3<0;
4)|x-2| < 2x-10; 4| 2x+1 | = 7x-2;
x+2 4
5) x—3 >2; 5) iizﬁl;
6) [2x=3=3x+4<3 6 |x +1| =[x+ 2 =[x+ 3+ 2x -4 >1

6. UppaunoHaibHble YPABHEHHUS U HEPABEHCTBA
HppanuonanbHbie ypaBHEHUA
Onpedenenue. UppanMoOHAJIBLHBIMY HA3bIBAIOT YPABHEHUS, B KOTOPHIX HEU3BECTHOE

COACPIKUTCA IIOJ 3HAKOM KOPH. Pemenue HPppaIrOHAJIbHBIX ypaBHeHI/Iﬁ CBOJUTCA K
nepexoay OT HUPPANUOHAJIBHOTO K PAUOHAJIBHOMY YPABHCHHUIO ITYTCM BO3BCIACHHUA B
cTeleHb 00enXx vacrTei YPaBHCHUA NI 3aMCHBI HepeMeHHOﬁ.

HpI/I BO3BCIACHUH obeux yacrei YpaBHCHHUA B HCYCTHYIO CTCIICHb IIOJIYHACTCA
YpPAaBHCHHC, PABHOCHUIIBHOC HCXOIHOMY. HpI/I BO3BCJIACHUH 00enx vacrten YpaBHCHUSA B
YCTHYIO CTCIICHb IOJYYaCTCA YPABHCHUC, KOTOPOC ABJIACTCA CICACTBUCM HCXOIHOTO,
IMO3TOMY BO3MOKHO ITOABJICHHUC IMOCTOPOHHHX KOpHeﬁ. KEDKIIBIﬁ u3 HaﬁHeHHBIX KOpHeﬁ
JOJIZKCH OBITH IMPOBCPCH, ABJICTCA JIM OH PCIICHUCM UCXOOHOI'O YPABHCHUA, NI HCT.

[Ipu pemenun ypaBHeHHU BHIa 24 f(x) =¢(x) MOXHO n306€XKaTh MPOBEPKH, 3aMEHUB
S =9 (),
YPaBHEHUE PABHOCUJIBHOU €EMY CUCTEMOU S0, , KOTOpass paBHOCUJIIbHA CUCTEME
p(x) =0
2k
J(x) =97 (%),
p(x)=>0

IMpumep 1. Pemuth ypaBHeHue: v3+x =3 -x,

3+x=03- x)2 ,
Pemenwne. 910 YPaBHCHUC PABHOCUIIBHO CUCTEMC 3-x>0

Kopusmu ypaBHeHus — 3+x=(3-x)° sBimsiotcs umcaa x;=1 u x,=6. Yucmo 6 —

IIOCTOPOHHUM KOPEHb. Ortser: 1.

Ipumep 2. Peruuts ypaBHeHne: v2x+5 +y/x—1=8.
Pemenne. Bo3Benss o0e dacTu ypaBHEHHS B KBaJpaT M IMPOBEIsS MPeoOpa3oBaHUs,

[IOJIy4UM YypaBHEHUE 2vV2x? +3x -5 =60-3x . [Jocie BO3BeICHHS B KBaJpaT 00eux ero
qacteil monmyunMm ypasHenume 4(2x° + 3x - 5) = (60- 3x)’, sBISIOmEECs CIEACTBHEM
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ucxonHoro ypaBHeHus. Kopuu »storo ypaBHenus x;=10 wu x,=362. IIpoBepkoi
yoexnaemcs, uto 10 yIoBIETBOpsieT YpaBHEHHIO, a 362 SBISIETCS OCTOPOHHUM KOPHEM.
Ortser: 10.

IIpumep 3. Pemuth ypaBHEHHUE: Yox-1+3x-1=1.
Pemenue. Bo3Begem o00e uyacT ypaBHEHHMsI B TPETbIO CTENEHb, MOIYYUM

paBHOCHUIILHOE  ypaBHEHHE  3x—2+ 3%/ 2x-D(x-1) (%/ 2x—1+3x-1 )= 1. Ilo ycioBur

3 3
Y2x-1+3x-1=1. Togncrasnsas ero s NOJYYCHHOE YpaBHEHHE, IMOJYyYHM YpaBHEHHE

3x-2+33/(2x-1)(x—1) =1, gpugromeecss CIECACTBUEM HCXOJHOTO YPAaBHEHHMS, ITOCKOJIBKY
OHO MOXET HMETh KOpPEHb, KOTOPHIH HE 00s3aTeIbHO YAOBJIETBOPSIET PaBEHCTBY
d2x-1+3x-1=1. TlpeobpasyeM ypaBHEHHE K BHIY: mzl—x. Bo3senem
YpaBHEHUE B TPETHIO CTENEHb, MOJYYUM YpPaBHEHHE: (2x-1)(x-1)=(1-x)3. Kopuau sToro
ypaBHeHus x;=0 u x,=1. IIpoBepka moxka3piBaeT, 4yTo () — MOCTOPOHHUI KOpEHb, a |

YIOBIIETBOPSIET EMY.
Ortser: 1.

Ipumep 4. Pemuts ypaBHeHHe: 5x—1-+3x-2-4x-1=0,

Pemenue. Yeaunsis o1MH U3 paJuKaioB U BO3BOAS 00€ YaCTH YpaBHEHHUS B KBaJpar,
MOoJIy4aeM: (W5x—1-+3x-2)% = (\/:)2, oTCroga

Tx-2=25x—1-43x-2 .

CHoBa BO3BOJIUM 00e yacTu YpPaBHCHUSA B KBaJAparT, IOCJIC HpCO6p330BaHI/Iﬁ mojaydacm

2
ypaBHenue: 11x°-24x+4=0, x = 0 %2~ 2.

I[JISI BBISIBJICHHA ITIOCTOPOHHUX KOpHCfI Haﬁ)leM 00J1aCTh JOIIYCTUMBIX 3HAUYCHUU

5x-120,
ypaBHenus: (3¥~220.1e x>1.
x—120,
2 o
7 #e npunauiexur OJI3 ncxonnoro ypasnenus. IIposepkoii ybexnaemes, uto 2
SABIISETCSA KOPHEM JAHHOTO YPaBHEHUS. Otser: 2.

3aMCTI/IM, 4qTO IMpHu PCIICHHNU HCKOTOPBIX ypaBHCHI/Iﬁ MNPpUMCHCHHUC CTAHAAPTHOTO
InmpucMma (BOSBCI[CHI/IH B CTCHCHB) NpUBOAUT K HOBOJIBHO T'POMO3JAKHWM BBIYUCICHUAM. B
I9THUX CJIydadX MOXKCT OBITh MOJIC3HO CHAyajla HaWTH 00JIacTh HOITYCTUMBIX 3HAUCHUM

HEU3BECTHOTO.
Ipumep 5. Pemuts ypasuenue: Yx —2 —/—x> +3x -2 =0.
. x—=220, x22, x22,
Pemienue. Hatinem O/13: , S = &S x=2.
-x"+3x-220 x*=3x+2<0 1<x<2
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O6nactb AOITYCTUMBIX 3HAYCHUM HEM3BECTHOI'O COCTOMT TOJIBKO U3 OAHOI'O 4YHucia 2.
HOIICTaBI/IM 9TO 3HAYCHHUC B YPABHCHHUC!

V2-2 - Q/ —2?+3.2-2 =0- moay4uIy BEpHOE YNCIOBOE PaBeHCTBO. CIIe0BATEIBHO, 2

ABJISIETCS KOPHEM YPaBHEHUSI. Otser:2.

IIpumep 6. Periuth ypaBHEHHUE: 2x% = 242x% =3x+2 =3x+6.

Pemrenme. 2x> —3x+2—-242x>-3x+2-8=0.

[5.2
Hyctp V2¥" =3x+2 =y 1orma moayunm ypaBHeHue: y° — 2y — 8 = 0, KOPHH KOTOPOTO:

v1=4, y,=-2 . IcX0HO€ ypaBHEHHUE PABHOCWILHO COBOKYITHOCTU YPaBHEHMIA:

V2x® =3x+2=4 2x? -3x+2=-2

KopHuu nepBoro ypaBHeHust x1=3,5 u x,=-2.
Bropoe ypaBHeHHE COBOKYIHOCTH KOpHEH He umeeT. [IpoBepkoil yoexaaemcs, uto 3,5
U -2 SBASIOTCS KOPHAMH UCXOJHOTO YPABHEHHUS. Ortser: 3,5; -2.

3agaHus VI CaMOCTOSITEJIbHOI PadoThI

JloKa3aTh, 4TO ypaBHEHUS HE UMEIOT pemenuit (1-5). 1) Vx+2 =-2;

2)V2x+3+4x+3=0 . 3) V-TI-x =¥x-5; 4) Vax—Jr6-2 5) 5«/5—3\/3377:4,

Pemute ypaBHeHus (6-16):
6) 2x-3)W3x*-5x-2=0; 7) V2x? —x+10 =2+x;8) V2x+3-4x+1=1;9)
3\/1+\/x—1 +%/1— x-1=2; 10)\/3x+7 +4\/3x+2 =4 11) %/(x—l)4 —6%/(x—1)2 +9=0;

3x+2 3x+7
12) Vsx—4+2x-1=3x+1; 13). Jx+1-32x-6 =2 ; 14). in;:sz_lz ;
X X —

/ 2
15)VB—x V94 5r 455520 ; 16) =X 1002,

2
IIpoBepounas padora

Bapmnanr 1
1) 2 =4Wx+1=0;2) V4+2x-x? =x-2; 3) Vx+5-5-x=2;4)Vx43-v2x 1 -Bx—2=0;
5) (x+4)(x+1)-3Vx?+5x+2=6; 6) VY8x+4-Y8x—4=2,

Bapuanr 2
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1) O-x*)N2-x=0 2) 3+3x% —4x+2=2x; 3) V3x+1+/16-3x =5 ;
4) Jx+3-\T-x=42x-8;5) x? —4x=3Yx? —-4x+20-10; 6) /x+7+3/28-x =5

Bapuanr 3
1) x-DVx?=x-2=0;2) V8-6x—x? ~x=6; 3) 2J/x-1+4/x+3=2;
4)J2x+1 +42x—4—/8x-7=0; 5)3x+7=vx*-3x+5+x2;6)A5+x +35—x =35

Bapuanr 4
1) (x> =1W2x-1=0;2) V6—4x—x? —x=4;3) V2x—4—-x+5-1=0;
4) Vx+l+4x-1=3x-1; 5) ¥ —x+vVx?—x+9 =3;0) \)3 x22x—3=x+1.

HppanuonanbHbie HEPaBeHCTBA

Onpedeﬂeﬂue. HepaBCHCTBa, B KOTOPBIX ICPEMCHHAA COACPIKUTCA IO 3HAKOM KOPH,

HAa3bLIBAIOTCA HPpPalHOHAJIBbHBIMH.

OCHOBHBIM MCTOAOM PCIICHHA TAaKUX HCPABCHCTB SABJIICTCA MCETOHN BO3BCIACHUSA B
CTCIICHB. HpI/I 9TOM HCPABCHCTBO CBOOUTCA K paBHOCHHBHOﬁ CUCTCMC pPallMOHAJIBHBIX
HCPAaBCHCTB WJIX COBOKYITHOCTH TAKHUX CUCTCM.

HpI/I BO3BCACHNUN B OOAHY M Ty KC HCUYCTHYIO CTCIICHb 00enx yacTeH HCPAaBCHCTBA
MMOJIY4YacCTCA HEPABCHCTBO, PABHOCHIIBHOC TdHHOMY, ITIOOTOMY

HepaBeHCTBO "W f(x) <?"™/g(x) ,rne n € N, paBHOCHIBHO HEPABEHCTBY f{x) < g(X).
HepaBeHCTBO " f(x) <g(x),rnen € N, paBHOCHIBLHO HEPABEHCTBY f(x)<g>"™(x).

HepaseHcTBO 2”*% >g(x), rne n € N, pABHOCUIILHO HEPABEHCTBY f(x) > g2 (x) .

[Tocne Bo3BeneHHs OOEUX YacTell HEPABEHCTBA B OJHY M Ty K€ YETHYIO CTENEHb
THOJIyYUTCH HEPABEHCTBO, PABHOCUILHOE MCXOJHOMY JIMIIL B TOM CIydYae, KOTaa Kaxias
4aCTh HEPABEHCTBA HEOTPHULATENbHA. VICXOs U3 3TOr0

f(x)=20

2n 2n

HEPaBEHCTBO J f(x) < \/g(x) ,sie n € N, PaBHOCWIIBHO CHUCTEME { 1) <g(x))
/(x) 20,

HepaserctBo A/ (¥) <g(X) rmen e N, pasHoCHIBHO cucTeme (€(¥) >0, ,
f(x)<g™ (x)

(CCJII/I 3HAK HCPABCHCTBA HeCTpOFHﬁ, TO 3HAK BTOPOIro MW TPCTHCTO HCPABCHCTB
CHUCTCMBI TaKIKC HCCTpOFHﬁ);
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HEPaBEHCTBO 2\"’/f (x)>g(x), n € N PaBHOCHJIBHO COBOKYIIHOCTH JBYX CHCTEM

g(x) =0, g(x) <0,
HEPABEHCTB f(x) >0, > 1 f0)20 -
f(x)> g (x)

B mnepBoii cucrteme HepaBeHCTBO f(x)>0 MOXHO OIYCTUTb, TaK KakK OHO SIBJISI€TCS
CJIEICTBUEM TPETHETO HEPABEHCTBA ITOW CUCTEMBI.

Vx+4
3-2x—x°

Pemienne. Yucnurenp apoOu HeEOTpHIATE]IEH, TOTAa 3HAMEHATENb JOJDKEH OBITh

Ipumep 1. Pemurs HEpaBeHCTBO: <0,

MEHBLIE HYJISl U HEPAaBEHCTBO PAaBHOCUIIBHO CUCTEME:
x+4>0, x> —4,
3-2x—x2 <0, ) {x e (-3;-1) ;XS (=3:-D).

Ortser: (-3;-1).
IIpumep 2. PemuTh HEpaBEHCTBO: Yxv2> ‘W.
§—x? >0,

Pemenue. HepaBeHCTBO paBHOCUIIBHO CUCTEME bog il
X+2>6—X

Pemaem cucremy: | , , CIIE/IOBATEIIBHO, 2< x<2y2 .

|x|32‘/5’ {—2 2<x<242,

x“4+x-6>0" |[x<-3,x>2
PerenreM HepaBeHCTBA CITY)KUT MPOMEKYTOK (2; 242 . OtBert: (2; 242 ].
x+1

3

Ipumep 3. Pemuth HEPABEHCTBO: >-1,

x+1
Pemenue. HepaBeHCTBO paBHOCUIIBHO HEPABEHCTBY — -1,

x+1+1>0’ 2x +1

X >0, Pemaem HCPaBCHCTBO METOAOM HMHTCPBAJIOB.

PemennemM HepaBeHCTBA SBISIOTCS JBa poMexyTka (-oc;-0,5) u (0;+oc)
OtBeT: (-oc; -0,5) , (0;+oc)

IIpumep 4. Permuth HepaBeHCTBO: Vvx—1<3—x .,

x—12>0,
Pemenue. HepaBeHCTBO paBHOCUIIBHO CHUCTEME 3-x>0, .
x-1<3-x)°
x 21
Peurasi cucremy, momydmm: (¥ <3 Pemienriem cucteMbl, a 3HAYUT U PEUICHUEM
x<2,x>5
HEPaBEHCTBA, SIBJISIETCSA MPOMEXYTOK [1;2). Otgert: [1;2).

Ipumep 5. Pemnth HepaBeHCTBO: Vx> —3x—10 > x -2,
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Pemienue. HepaBeHCTBO PaBHOCUIBHO COBOKYITHOCTH JIBYX CUCTCM:
x—220 x—2<0
x? =3x-10> (x-2)? O 2 -3x-1030 - @

x=2
Pemas nepByro cucteMy, Mojay4uM: { c>140  x>14
x<2 <
Peruast BTopyo cucTeMy, HOIyunM: | o sx<0 XS -2

MHOXECTBOM pellIeHUN SBISETCS OOBEAMHEHUE MHOMXKECTB PELICHUN JIBYX CHUCTEM,
T.€. IBa MpOMeXKyTKa (-oc; 2] u [14;+x).
OtBet: (-oc; 2], [14;+x).

IIpumep 6. Pemmts HEpAaBEHCTBO: V2532 +4x2 +7x > 3 .

25-x2>0,
Pemenune. HepaBeHCTBO paBHOCHIIBHO CHCTEME: |2 4 75> (),

(V2527 e 4 72) »3°

-5<x<5,
x<-7, x>0,

25— 2+ 2425+ Tx +x2 +7x>9

0<x<5,

2J25—x2Jx2+7x>—46—7x

Tak xak npu 0< x < 5, —16-7x<0, a 2\/25—x2\/x2+7x20, TO  HEPaBEHCTBO

2v25-x2x? +7x >-16-7x BepHO IpH JMOGBIX 0< x < 5.
PemennemM cucTeMbl, a 3HAUYUT M MCXOAHOTO HEPABEHCTBA, SIBJISFOTCS BCE YMCIA W3
nmpomexyTka 0< x < 5. Otger: [0;5].

IIpumep 7. Pemuth HEPaBEHCTBO: SV X2 +5x+28 >x7 +5x+4,

Pemenune. BBenem  BcmmoMorarejabHOEC  HEU3BECTHOE V= Vx? +5x+28 , Torma
x> +5x+4=y”>—24 pepaBeHcTBO INpeobpasyercs K BHay: »- —5y—24<0, pemenue
KOTOporo —3 < y < 8. TakuMm 00pa3oM, UMeeM —3 <y x> +5x+28 <8 .

Tak kak VX +5x+28>0 Ipy BCEX JOMYCTUMBIX 3HAYEHHUSAX X, TO HEPABEHCTBO
Vx® +5x+28 >-3 BBINONHSETCA HPU BCEX X U3 OOTACTH ONpeAeNeHHs HCXOIHOTO

HEpAaBEHCTBA, MOJTOMY JOCTATOYHO PpENIUTh HEPAaBEHCTBO Vx” +5x+28 <8. DTo

x2 +5x+28>0,

HCPAaBCHCTBO PABHOCUIIBHO CUCTCMC 2 .
X +5x+28<64

HepaBeHCTBO x2 +5x+ 28> 0 BBITIOJIHACTCS MPU JFOOBIX X, TaK Kak KBaJpaTHBIN
2

2 . . .
TpexwieH x~ +5x+28uMeeT oTpUIaTeIbHbIA JUCKPUMUHAHT U MOJIOKHUTEIIbHBIA CTApIINUMA
K03 pULIHEHT.
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PelraeM BTOPOE HEPABEHCTBO, MONYUMM: x> +5x—36<0, (x+9)(x-4)<0, peurerne

ATOr0 HEPABEHCTBA, a 3HAUMT U PEIICHHE UCXOIHOTO HepaBeHCTRa: (-9;4).
OtBert: (-9;-4).

3aganus VIS CAMOCTOATEIbHOH padoThl
Pemuth HEpaBeHCTBA:

DV dx-6>-1 . ) Y720 <=5 . 3) @-W2ex-2? 20 . 4) \/%%o;
+ 2x

S) W2+ > W-x? 265 6) Joo <1 ; T) Imx>x+5 8) x-2<VT-2x
9) V2x—1<x+2; 10) yx+2)(x—1) 22(x+2) ; 11) Vx* -x-12<x ;12)Vx? =3x+2 >x+3;
13) Vx—2x+1>1; 14) x* =3x+Vx? =3x+5>7 ; 15)Vx+3-Jx—4>2 .

16)\/2x+5+\/x 1>8 17)x —\/x +4 - 8<0’ 18)\/2+x \/1— 2x 22.

2+x 3

Vrrx —fr-d »2 |2
19) 2V x+4/x
IIpoBepounasi padora
1 Bapuaur 3 Bapuaunr
/ V / 2
1)\/;<2; DV2x+1>-8; 3) T >0; ,/1 x >_8§. 2\/—3<5 g NO+X—x” 6+x—x <0.
X — s
4) —x? 4+6x-5 >8—2x; 5) \/2x+1<22x+2 4,x+4<\/—x2—8x—12; 5.40x%-3x+2<5-x
- X
2 Bapuant 4 Bapuant

D ABx-8 <-2;2) Vx’ —x >42; ) V2x=8 <5, »3x+2<-5,
=
520 4)\/x —-3x-18<4-x; N——— ax+3 >0;4) Vx2—5x-24 >x+2;

4—3x—x* 2x2 +x—1
s x3+8>x_2 5 x-1_[4_3
) X ) 2 x2 4

7. Iloka3aTe/ibHbIC YPABHCHHS U HEPABEHCTBA
IToxa3aTebHbIC YpaBHEHUS

Onpedenenue. YpaBHEHHUA, colepKalllie NEPEeMEHHYI0 B IIOKa3aTejie CTeleHH,

Ha3bIBAIOTCS MOKa3aTeJbHBIMH.
[IpocTe#imM MPUMEPOM MOKA3aTEIBHOTO yYPaBHEHUsI CIIYKUT ypaBHEeHUE a =b (rme

a>0, a#0), nmpu b>0 310 ypaBHEHHE UMEET CAMHCTBEHHBIN KOpeHb X =log, b,

Pelnrenue mokazaTeIbHOTO YpaBHEHHUS BHIA al ) = 8 (rme a >0, a#0) ocHOBaHO Ha
TOM, YTO OHO PaBHOCHJILHO YpaBHEHHUIO f{x)=g(x).
BBIIENSIOT TPU OCHOBHBIX METO/IA PEIIEHHUS ITOKA3aTEIbHBIX YPaBHEHUI:
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l)Meron mnpuBeneHHS OOEHWX YaCTe YpaBHEGHHS K OJHOMY OCHOBAaHHWIO (WU
ypaBHHBAHUS MTOKa3aTelei);

2) METO/ BBEJCHUS HOBOM ITEPEMEHHOM;

3) MeTO/ OIICHKH.

3x-1 x=3
3
Mpumep 1. Pemuts ypaBHeHue: V2 *1 =837,
3x-1 3(x-3)

Pemenue. ITpeoGpasyeM ypaBHeHue K Buy 2°¢ ) =2 37

5 3x—1 _ 3(x-3)
TO YPaBHEHUE PABHOCHIIBHO YPABHEHUIO 3 =" "
xX= > _3
Pemasi 570 ypaBHeHHE, MOLy4UM * =5 . Otger: *=73 .

IIpumep 2. Pemuth ypaBHEHHE: 52l Z g3

3—x
Pernenue. IpencraBum 7 =5"%", torma 5% =567 D10 ypaBHEHHE PABHOCHIBHO
ypaBHEHUIO: 2x—1=(3-x)logs7 .
1+3logs 7
2+logs 7) =1+3logs 7 Xx=—>
x( g7) g5 7, oTcrona 2 tlogs7
1+ 3logs 7
=
OtgerT: 2+ logs7 °

Mpumep 3. Pemuts ypasrenue: 7-3% 71 —5772 =3%+4 _57+3

Pemenne. CrpynmupyemM 4iI€HBI, COJEpXallMe CTENEHW C OCHOBAHUEM S5 U C

OCHOBaHHEM 3.
7.3% 37+ — 572 573 BrineceM 06T MHOKHTEIb 38 CKOOKH
3x+1(7_33):5x+2(1_5) , 3x+1(_20):5x+2(_4)) 5_3x+1 :5x+2 ,

x+l1
KRR Loy _Paznenum ypaBHeHue Ha 37, MOTy4uM

5 x+1
(Ej =1, x+1=0, T.e. x=-1. OtBert: x = -1.
YpaBHeHUE BUIA A-a>** +B-a*+C=0 ¢ IMOMOIIBIO ITOJCTAHOBKH a* =t CBOJIMUTCA K

KBAJPAaTHOMY ypaBHeHHI0 At> +Bt+C =0

IIpumep 4. Pemuth ypaBHEHuUE: 52 2.5 -15=0,
Pemenne. Ilycts 5" =¢, Ttorma 5% =(5%)% =¢* nannoe YpaBHEHHE IIPUMET BUI:
> —2t-15=0 , KOpHH 3TOro ypaBHeHus: 14 =5; t =-3. Takum oOpa3oM, HCXOJIHOE

ypaBHEHHE PABHOCUJILHO COBOKYITHOCTH JIBYX YpaBHEHHM: 5" =5 5%=-3,

b
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BTopoe ypaBHEHHE 3TOi COBOKYITHOCTH KOPHEH HE MMEET, Tak Kak 5 >0 mpu JIioooM
x. W3 mepBoro ypaBHEHHS HAXOAMM, 4YTO | — EIMHCTBEHHBIH KOPEHb HMCXOIHOTO
ypaBHCHUSI.
Otset: x=1.
IMpumep 5. Pemuth ypaBaenue: 3-16" +2-817 =5.36" |

Pemenne. 3-42* +2-9% =5-4%.9% | Pasnenus oGe yacTy ypaBHeHus Ha 97 £0
4 2x 4 X 4 X
MOJy4uMm 3- 9 -5 5 +2=0. [Iyctp 9 =t, Torma

2
YpaBHCHHUE IPUMET BUJ] 32 -51+2=0, Kopuu ypaBHenus: ) =1; & R YpaBHeHue

PaBHOCHWIIBHO COBOKYITHOCTH ABYX ypaBHeHHﬁl

4

4\* x
[3) =1y (3} =§. Pemas ux, HaxoguMm: x,;=0, x=0,5. Otser: 0; 0,5.

ITpumep 6. Peiuth ypaBHeHHe: 5" =6 —x

Pemenue. [IpumeHnumM MeTON OLICHKH.
1
OueBunHO, 4TO X=1 SIBISETCA KOPHEM ypaBHEHUs, TaK Kak 5 =5, 6-5=1.

dynkuus ¥ =5 BozpacTaeT Ha BCel YMCIOBOM MPAMOIL, a QyHKIHUS y = 6-x — yObIBaeT
Ha BCEH YMCIIOBOM TPSMOM, 3HAYUT ypaBHEHHE MOXET UMETh He 0ojee OJHOr0 KOpPHS.
Takum oOpazom, ypaBHEHHE UMEET €IUHCTBEHHBIN KOpPEHb 1.

Ortser: 1.

3agaHus VIS CAMOCTOATEIbHOH padoThl
Pemute ypaBHEeHuE:

2 3 -3

x*—Zx X X x—0,5

7 =7 3. 1 = Lj , (0’2)—’ =5.0,04*". 22+l _10.3% +3=

1) 3 9; 2) (J (27 ; 3) 5 5-0,0477; 4)3 10-3"+3=0.
7)(7—3 2 2

5) 27 -2=152 2, 6) 91 -36-3" 2 +3=0,7) 22" 43.2% 20,

8) 42x _32x—0,5 232x+0,5 _24x—1 . 9) 52x+5 .73x+1 _ 350,5(5x+6) ’10) 3x+1 +3x—1 +3x—2 — 5% +5x—1 +5x—2 .

H H
1 1 1

11) 4712 +9% =6*1. 12) 4 v -6 =9 x.13) 3% =577, 14) @] +%=2’“

IIpoBepounas padora

BapuanTt 1 Bapuanr 3
1) }8)6—] =3[42—x : 2) 34x+8_4.32x+5 +27:0’ 1) SX—\/?)X—S :125 2) 4x+1,5+2x+2 :4’
3) 52x_7x_35,52x+35,7x =0. 3) 9% 4 ox=l  ox=2 _gx 4 gx-l g2
2 12, 1 1 1
4) 4-2%% —6" =18~32x; 5) (ﬂ +7=2 4) 6-9% —13-6¥ +6-4% =0. 5) 3" +4" =5
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Bapuanr 2 Bapuanr 4

1) 2X-SX=0,1-(10"“)5. 2) 5% —6-5"+5=0. 15V Z 625, 2) 3572 49¥ =810,

3)2-16% —2% 422 215,

b

3) 32 2.3 2 = .32 4,

x 1 N 4) 622 -13-6 +6-32* =0. 52" 4+ x=-1,5
4)4-3°-9.2%=5.62 . 5) —5—x=2 ’ :

Iloxa3aTenbHbIE HEPAaBCHCTBA
Onpedeﬂeﬂue. HepaBCHCTBa, coacpKamue IMCPCMCHHYIO B IIOKA34aTCJIC CTCIICHU,

Ha3bIBAIOTCA NMMOKa3aTeJIbHBIMH.

Pemenune nmoka3aTeabHbIX HEPABSHCTB BUIA a’® <48 rne a >0, a#0, ocHOBaHO Ha
CIICYIOIIUX YTBEPKICHUIX:
1 f(x) o ,8x)
eciu a>1, ToO HepaBEeHCTBO d < a®""’ paBHOCWIBHO HEPABEHCTBY f(x)<g(x).
X X
eciu 0<a<l1, TO HEpPaBEHCTBO al @ < 48 )paBHOCI/IJIBHO HEPaBEHCTBY f(x)>g(x).

0 2X—0,5

=
Ipumep 1. Pemurs HEpaBeHCTBO: G 5-0,047

(5)_(x_0’5) > 5—2x+3

A . _
Pemenue. 50—5>5'(5 )x , TIOCJTe ITPeoOpa3oBaHuil MoaydaeM: 5 , TaK Kak

5>1, TO HEpaBEeHCTBO paBHOCWJILHO HEPABEHCTBY -x >-2x+3, orcroga x>3.
Otser (3, +0).

2 4 1 2
Mpumep 2. Pewnts HepaseHcTBo: 2772 — 273 23 F4 5 53+l _5x+2

Pemenue. 4-2*%2 -8.2¥ -16.2% > 5.5 - 25.5% ,
2% (4-8-16)>5%(5-25) |

2% <5 pasnmenum obe yacTh HepaBeHcTBa Ha 5 (57>0), momydum:

2 X
(E] <l rak Kak 0<%<1, 10 x>0. Otser: (0;+0).
—x+05 _

Mpumep 3. Pewnts Hepasenctso: 4 1 —7-27F <4
_ —x+0,5 _ _
Pewrenne. 3amernm, uro 47 = (22) =27 =007

OGosuaunm 2" =1, ¢ >0, mONyunM HepaBeHCTBO 2> —7t—4<0.

{2(t +0,5)t—4)<0

/>0 , 0<t<4. McxonHoe HEPABEHCTBO PAaBHOCUILHO HEPABEHCTBY

27" <4 Tak kak 2>1, 10 -x < 2, x >-2. Otget: (-2;+00).
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Ipumep 4. Pemnts HepaBeHcTBo: 3-16" +37-36 226-81%

Pemenne. 3-42% +37-4%-9% >26-9%" Paszenum obe 4acTu HepaBeHCTBa Ha 97,

4 2x 4 x
MOJIYYUM: 3(3) +37-(§) -26>0

4\
[Tyctb (—j =7, TOrma HEPaBeHCTBO TMPHUMET BHI: 362 437 —2620, kopHuU

9
2
KBaJPaTHOTO TpexuieHa: =3 b =—13. HepaBeHCTBO pPaBHOCHUILHO HEPABEHCTBY
2 2
3[t—§J(t+13)20, pemenue Kotoporo: ! =7 m ¢ <-13.  HeobXomuMO pemmTh

4\" 4\ 2
COBOKYHHOCTB I[Byx HepaBeHCTB: [Ej 3—13, (EJ 25,

2x
2
PemaeM IepBo€e HEPABEHCTBO (EJ >3, TaK KaK 0< 3 <l 1t02x<1, x<0,5.

BTopoe HEpaBEHCTBO pELLICHHI HE UMEET. OtBet: (-0;0,5].

3agaHus VI CAMOCTOATEIbHOH padoThl
Pemmths HepaBeHCTBO:

3 J6x+l 0-x°

; <21 4% 42 6<0 454542257 <7-10%, 5 25427V <3,

9x—x°
)2 >1. 2)[ o ;

|x2 —3x+2|

6 5.2V Z3.0V5 T <56 4 4% 3305 p2xl _3xk05 1.2 < a.2)
) ) . 8)

4x_2x+1+8 ’

21_x <8x’ 10) 24x_23x+1_22x_2x+1_2£0

9

IIpoBepounas padora

BapuanTt 1 Bapuanr 3
0 5x(x+3) 2x+1 1

2_x-2 —2x-2,5 > 2 _
1) 034)6 x—20 > 1 ) 2) 2 X <2()T 1)0,14)( —2x-2 S 0’12)6—3 ‘ 2) 163x_7 _643 (0,25) 2 >O ‘

b

1 2x-1 | 5232 2x-3
3) 2 42252 _3.92x%1 5 3 ) 477> 727 42.4) 25 4250 42770 > 448
I I I

X _ g ox 4% .9¥ _5.6" . - -

Bapuanr 2 Bapuanr 4
2
0,25)% "% > (0,25)° . 2
D ©.25 > @, 5\)/_,1 )6’3x2+6x+11 <1. 2) 430D _§f1e¥+100 <
s (5 ’ ’
2) (3,24 2[5) 3)9°H 43772 18>0 .
’ 1 +2 +1 +1

2

1 1 2
4) 6x+ +3x+ >3x+ —6x+3x; 5) 225x_510x+24x20
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1 1 1
5) 5-25% +3:10° >2-4~*

8. Jlorapudmuuyeckue ypaBHeHUs] 1 HEPABEHCTBA
Jlorapugmuyeckune ypaBHeHH S
[Ipocreiimum  sorapuMUYECKUM  ypaBHEHHWEM  SIBJSIETCS  ypaBHEHHE  BUJA!

log, f(x)=b, Tme a>0, a#l, OHO PaBHOCHJIBHO ypaBHEHHIO f(x)=a’. B ciydae, korma

b
f(x)=x, norapudmudeckoe ypaBHeHue log, x =b, umeer perieHue x=a .

1
- -—— =2
IIpumep 1. Pemute ypaBHeHue: ©8 % ( x) .

2
1) (1
Pemenue. MicxonHoe ypaBHEHUE paBHOCUIBHO YPABHEHUIO! {— ;) = {—j , OTKyJa x = -4.

2
Otser: -4.
f(x)=g(x),
Vpasuenue Buna log, f(x)=log, g(x), a>0, a#1, paBnocunbHo cucreme 1&(x) >0,
f(x)>0.

B »Toii cHcTeMe MOXHO ONMYCTHTh OJHO W3 HEPAaBEHCTB, TaK KaK KaXI0€ M3 HHUX
BBITCKACT W3 YPaBHEHUS W JAPYrOro HEPaBEHCTBA, MOXTOMY YpPaBHEHHE PaBHOCHIBHO
OJTHOM W3 CHUCTEM:

f(x)=g), S (%) =g(x),

{g(x)>0 Hi {f(x)>0

Br16op omnpenensiercs Tem, Kakoe U3 HEpaBeHCTB f(x)>(0 unu g(x)>0 pemaeTcs mpoiie.

[Ipu pemieHnn ypaBHEHHI IaHHOTO BHJAa MOXKHO PEIIUTh YpaBHEHHE f(X)=g(X),
KOTOPOE MOKET HMMETh KOPHH ITOCTOPOHHHE IS HMCXOJHOTO YpaBHCHUS, IPOBEPUTH
KQK/IbIM M3 TIOJTYICHHBIX KOPHEH MOJCTAHOBKOM B ICXOAHOE YpaBHEHHE.

2x% 54
IIpumep 2. Pemiuth ypaBHEHHUE: log 13 | 0go1(x—4)

x—4>0,
Penienue. YpaBHEHUE paBHOCUIIBHO CUCTEME | 2x% —54 N
x+3
PemaeM nosy4eHHy0 CUCTEMY:
x>4,
x> 4, x> 4,
2 . 2 . x = _7) . — .
20° 54— (x-H(x+3) 5 ¥ +x-42 ; x=6. OtBerT:6.
x+3 x+3 x=6

Ipumep 3. Pemuts ypasaenue: 1087(x—2)—logy(x+2)=1-log;(2x-7) -
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Pemenue. /[anHOE ypaBHEHHE PaBHOCUIIBHO YPaBHEHUIO:

log;(x—-2)+log;(2x—7) =log; 7+log;(x+2) »

KOTOPOC PaBHOCUIIBHO CUCTEMC

x=2>0, x>2, x>395
2x—7>0, Jx>35, Jx>35, - x=0, 9
x+2>0, > x>=2, > 12x% —18x=0" T
log; (x—2)2x-7))=logy 7(x+2) |(x-2)2x—-7)=T7(x+2) X =

OtBerT: 9.

Ecnu B ypaBHeHMH cojnepkaTcsl Jiorapu(Mbl C pa3HBIMU OCHOBAaHHSIMHM, TO TIPEKIE
BCETO CIIEAYET CBECTH BCE JIOTapU(PMBI K ONHOMY OCHOBAaHMIO. [l 3TOro MCHoab3yercs
(opMyna nepexosa K HOBOMY OCHOBaHHIO:
log, b
log.a

log, b= ,a>0,a#l,c>0<c#1,b>0.

Vpasuenns suga J (108, X) =0 pemarorcs ¢ momompio moacranoskn log, x=1. Ona

npuBoauT ypasHenue k puny: J(£) =0.

IIpumep 4: Pemnth ypaBHEHUE: 10g2ﬁ x+3log, x+log,sx=2.

Pemenne. OO0nacThb AOITYCTUMBIX 3HAYCHUM YpaBHCHHUA — MHOXCCTBO BCCX
ITOJIOKUTCIIBHBIX YUCCII.

[Tockombky log nX= 210g2 X, 10g0,5 X = —10g2 X, TO MCXOJTHOE YpaBHEHUE

PaBHOCWIBHO YPaBHEHUIO: 410g§ x+3log, x—log, x=2.
O6Go3naunm ! =10g; X | Torma ypaBHEHHE MOXKHO 3aIUCaTh B BUIE:
47 +2t-2=0.207 +1-1=0; 1,=-1, £,=0,5.
JlanHoe ypaBHeHHe Ha cBoeil O/]3 paBHOCUIIBHO COBOKYITHOCTH JABYX YPaBHECHUM:

{logzx:—l x=0,5

log, x = 0,5’ OTCIOJIa . :«/5' Otger: 0,5; 2 .

Ipumep 5. Pemuts ypasrerue: 10g3x=1+10g, 9.
log, 9 2

Pemienue. Ilepexos k ocHOBaHUIO 3, UMeEEM: log,. 9= = )
- log, x log,x

O6o3Hauny, ! =10g3 X 3anmmem ucxoqHoe ypaBHenue B Buje: [ =1+ 7 Kopuan

3TOro ypaBHEHUs: 2 U —1.
HcxonHoe ypaBHEHHUE paBHOCHIIBHO COBOKYITHOCTH YPaBHEHU:
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log, x =2, 1 1

_ _q>OTKyza X, =9,%, = . Otser: 9;—.

log, x 3 3

YpaBHeHUE BHUIa log h(x) f (X) = log hx) 8 (X) PaBHOCHJIBHO OJIHOM M3 CUCTEM:

S(x)=g(x), f(x)=g(x),
g(x)>0, f(x)>0,
h(x)>0,  HIH 0050
h(x)#1 h(x)#1

VYpaBueHue Buga 10gyy) f(x) =10g () /(x) paBHOCHIBHO OJHOW U3 CUCTEM:

h(x) = p(x), h(x) = p(x),
f(x)>0, f(x)>0,
p(x)>0, HIH Y5050,
px)=1 h(x)=1

Mpumep 6. Pemnts ypasuenue: log . (x*+6)=log , (4x” —x).
X +6>0,
x*—-1>0,

Pentenue. I[aHHoe YPaBHCHHUC PABHOCUIIBHO CUCTEMC 2 1#1
X - ’

X +6=4x*—x

Pemas ypaBHeHHE x° —4x? +x+6=0, HaXOJUM, YTO OHO HMeeT TpH KOpHS —1; 2; 3.
Uucna 2 U 3 SABISIIOTCA PELICHUSIMU JAHHOW CHUCTEMBI, a CIEIOBAaTEIbHO, U UCXOAHOTO
YpaBHEHHS.

Ortser:2;3.
Mpumep 7. Pemuts ypasrenne: 108 5 (x> —4)=1log A (x> —4).
X +x=4x> -6,
x*—4>0,

Pemenue. YpaBHeHHEe paBHOCHIBHO CUCTEME: 3
E— x +x>0,

X +x#l.

VpaBHeHue x’-4x*+x+6=0umeer Tpu KopHa —1; 2; 3. U3 HUX TOonbKO uyucio 3
yIIOBJIETBOPSIET BCEM TPEOOBAHUSIM CUCTEMBI, CJIEIOBATEIBHO UCXOIHOE YpaBHEHUE UMEET
€IUHCTBEHHBIN KOPEHBb — YHCIIO 3.

OtBeT: 3.
[Ipu pemieHNM TmOKa3aTEIbHO-JIOTApU(PMHUUECKUX YpaBHEHUN, COAEpPXKAIIUX KaK

MOKa3aTeNbHyl0, TaK M JorapupMuyeckyro (GyHKIHIO, HWHOTJa Iesecoo0pa3Ho
norapudmupoBaTh 00€ 4aCTH ypaBHEHUS.
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lgx+5
Ipumep 8. Pemuts ypaBHenne: x ° =10,

Pemenue. Tak kak norapudmuueckas (yHkuus omnpeneneHa npu x>0, To seBas u
npaBasi YaCTH JAHHOTO YpaBHEHHUS MOJ0XUTENbHBI. Jlorapudmupys ux no ocHoranuio 10,

IMOJIyUYUM:
lgx+5

lgx 3 :1g101gx+1; [lng-i_S)]glegx_Fl'

OG6o3Ha4YMM ! =1gx, ypaBHEHHe NmpPUMET BUI: 1°+51=3t+3; 2 +2-3=0; 1,=-3, t,=1.
Otkyna =107 ; x=10. Otser: 0,001; 10.

[Ipu pemenun norapupMUUYECKUX ypaBHEHH MOXKET ObITh MIOJIE3€H METO/l OLeHKH.

Ipumep 9. logy x=3-x,

Pemenue. / cnoco6. B oHO# 1 TOM ke cUCTEM KOOpAUHAT CTPOUM rpaduku PyHKIUN
y=logyx mw y=3-x. AGcuucca TOYKH TmepecedyeHHs TrpapuKoB (QGYHKIMHA paBHA

npumepHo 2. [IpoBepkoil yoexmaaemcs, 4To 2 - eAMHCTBEHHBIN KOPEHb YpaBHEHUS.
2 cnoco6. OueBUIHO, YTO 2 — KOpPEHb ypaBHEHHs, Tak Kak log,2=1 u 3-2=1, T.e.

ypaBHEHHE OOpallaeTcss B BEPHOE YHCIOBOEC pPaBEHCTBO. Tak kak (yHkuus Y =log,x

BO3pacTaeT, a GyHKIuUsl Y =3 — X - yObIBAaeT, TO 33JIaHHOE YPABHEHHE MOXKET UMETh TOJIbKO

OJJMH KOpPCHb, T.O. 2 —CI[HHCTB@HHBIﬁ KOPCHb JaHHOTI'O YPABHCHUA. OTBer: 2.

3aaanus J1JIsi CAMOCTOSATENbHON PadoThl
Pemuts ypaBuenue: 1) 1g(2x ~5)2 =0 ; 2)logy (log 3 (log 3 (log 2 x))): 0,5;
3)logy (x+4) +logy(2x+3) =log,(1-2x) ;  4)2lgx? —1g?(-x) =4 ;

5) logH4(x2 —1)=log,,4(5-x); 6)log,2+log,x=25;7) loggx—510g3x+21=0;

2 / 2 lgx+5
8) logs x+logz; x+1= < 9)10g3 3013028 2| log . 0,2 - 10)x 3 _105tex .
10g3§ ’ 9 ’ ’

11)10g051+1=x2; 12) 6198 % 4 x1086 ¥ 12 ; 13) log, 2-logy, 2=logy, 2;

2 lg2 +1g(4—5x—6x2
14)10g3x-loggx-log”x-logmx:g. 14) S +1§(3T_x1 X _3

b

IIpoBepounas padora
BapuanTt 1 Bapuanr 2

x2—4x+3 B

2
1) logy(x™ +4x+3)=3 ;
1) log 7 — -2,

2) log3(2-x)—log3(2+x)—logz x+1=0

2
2) log,_(x" =5)=log,_(2x+19); 3)log,_»(2x—9) =log, ,(23-6x):
3) logs(Bx—11)+logs(x—27)=3+logs8;
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lgx+7
I-lgx _ 0 01. o lo?x—lgxt]l= s 37
4) x 0,01; 5) 1g g 1g10x 4)x 4  _ 101gx+1 ‘5)10g§x+310g3x+9= .
. s 1 -
083 27
Bapuanrt 3 Bapuanr 4
- -1M=0- 2
1) logz((x—1)(2x-1))=0; [)log x° =735 2) 0,1x8¥2 =102 .
2) x' 7108 * = 0,04 ; Yoo
3)lg(3x2 —17x+2)— lg(x —6x+1)=1g2 . ) lgx+lgl+x) =lg(5-6x)~1g2
4108317 (51 +3) +logs, 3G +7) =2 1) logsy_o 2+2logs,_p x=logs, o (x+1) ;
, L 1g? x+1o x+1—L
5)lg® x—2lgx+4= ) . 1o
1g100x €10
. 10
Jlorapupmuueckne HepaBeHCTBA
f(x)>0,

[Ipu a>1 HepaBEHCTBO BUA log, f(x)>1log, g(x) paBHOCHIILHO cucteme | & (X) >0,

S () > g(x).

HepBBIC ABa HCPABCHCTBA CHUCTCMBI 3aJar0T 0071aCTh OIpPCACIICHUA HCXOOHOT'O

HCPaBCHCTBA. MoxHO OIIYCTUTH IICPBOC HCPABCHCTBO, TAK KdK OHO CJICAYCT U3 BTOPOI'O U

Tperbero. [loatomy
J(x)>g(x),
g(x)>0

S (x)>0,

npu 0<a<1 nepasercreo 10g, f(x)>log, g(x) pasrocunbro cucteme |8 >0
f(x)<gx)

npu a>1 HEPaBEHCTBO loga f ()C) > loga g(x) PaBHOCHUJIIBHO CUCTEME {

B »Toi#i cucreme BTOPOC HCPABCHCTBO MOXHO OITYCTUTBH, TdK KaK OHO CJIICAYCT U3

IIEPBOTO U TPETHETO, ITIOITOMY

< g(x),
npu 0<a<1 mepasenctro 10g, f(x) >log, g(x) pasnocunso cucreme {?8 > g(X)

5x-3
x+2

Ilpumep 1. Petnts HepaBeHCTBO: 10205 >1,

Pemrenne. Tak xak 1=1080 50,5 10 3amanHOEe HepaBeHCTBO MOKHO IIEPENHCAThH TaK:

S5x-3
log 5 10 >logps0,5, Tak kak ocHoBanue jorapupma 0<0,5<1, TO HEpaBEHCTBO
5x-3 1
<,
x+2 2
PaBHOCWIBHO CUCTEME: | 5x —3 0
> 0.

x+2
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5x-3
Hepasencteo —— 5~ 0 BpImonHseTca mpu —o<x<-2 u PR

5x-3 2(5x-3)—(x+2) 9x -8
<05 >0; ——>0;
Perraem HepaBeHCTBO 10 ; D) > x40 )

8
—0<x<-2Hu §<x<+oo'

[—o0<x <=2,
3
Z <X <+,
5

[—o0 < x <=2, ; xXe (— oo;—2) ) (gﬁooj OtBer: (_ oo;—2),(§;+ooj

8
— < X < 400,
9

> logy(2-).

Ipumep 2. Pernts HepaBeHCTBO: 10g2 —

Pemenue. I[aHHOC HCPaBCHCTBO PAaBHOCUJIIBHO CUCTEMC:

2-x>0, x<2, x<2,
T oo w>o; _3<x<2’; x € (-3;-2); (1;2).
x+3 x+3 x>1

Otset: (-3;-2), (1;2).

2
X X
Ipumep 3. Pernth HEPaBEHCTBO: 10%0,5[10% o ]< 0.

Pemenue. HOCKOJIBKy OCHOBAHHC norapnq)Ma MCHBIIC CAWMHUIIBI, TO AJaHHOC

HCPaBCHCTBO PABHOCUJIIBHO CUCTEMC!

logg —2 >0 2
562 x?+x Y Y o6
) loge >1, 4 ’ 2
ro+x x+4 x X +tx x+x x% —5x—24
logg >1, . ) on . >6 . —6>0 2—"""" 50~
x+4 T XX g0 x+4 > x+4 x+4 ’
2
XX x+4 x+4
x+4
(x+3)(x-28)
T >0 . Pemas HCPAaBCHCTBO METOAOM MHTCPBAJIOB, HAXOJAHUM €TI0 PCUICHUC
—4 <x<-3; 8 <x <o, Otger: (-4;-3), (8;+x) .

HepasencrBa Buma /(log,x)>0 mpu momomm 3amenst ! =10g, X ceogures k

HEpPaBEHCTRBY f(1)>0.

Mpumep 4. Peumnts Hepasenctso: log) (x—1)* —log, (x—1)>5 ‘

Penienune. O61acTh JOMYyCTUMBIX 3HAUCHH I MIEPEMEHHOM X >1.
o coiicTBam jorapudma umeem: 10g0,5(x —1)=-log,(x-1).

log,(x—1)* = 2log2‘x—1‘ =2log,(x—1), tak kak x >1.
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[omyuum HepaBeHcTBO. 4log;(x—1)+log,(x—1) > 5
OGosuaunm ¢ = log,(x—1), torna Hepasencrso npumer Bux; 4¢° +1—5>0 .

5
Otkysia naxomum: /<=71> 1

5
Peras COBOKYIHOCThL HepaBeHCTB 10g,(x—1) < e log,(x—=1)>1.

s
U3 niepBoro HepaseHcTra noiydaem 0 <x —1< 24 e l<x<l+——

2«/_

N3 BTOpOro HepaBeHcTBa nojiyyaeM x-1 > 2, 1.e. x >3.

Otset: (1;1+

3;0
\/—)( ).

Ipumep 5. Pemuts Hepasenctso: log, x —log 4<15.

1
Pemienue. 3anuiieM HEPaAaBEHCTBO B BUJIE: 10g4 X <15
0gy X
2t =3¢t-2
OGo3Haunm ! =1log,x , TIOJIy9UM HEPaBECHCTBO: t _; <15 , f <0 . Pemenue

sroro HepaBeHctBa: < —0,5;0<¢<2. Takum 00pa3oM, HCXOJZHOE HEPABEHCTBO

PaBHOCHIJIBHO COBOKYITHOCTH ABYX HCPABCHCTB!

{log4 x<-0,5,

0 < log x<2,0TCIOL[a0<x£0,5 ,1<x<16.
4 X<

Otset: (0; 0,5]; (1; 16 ].

Ipumep 6. Pemmuts Hepasenctpo: 108 2 (3—-2x)>1

Pemenue. HepaBCHCTBO PaBHOCUIBHO COBOKYITHOCTHU JIBYX CUCTCM

i x>1,
x < -1,
(4251 x<1,5,
’ x>1,
3-2x>0, x2+2x-3<0 <1
X < —
2
3-2x>x", ) dx<1s
0<x? <1, —l<x<0, 3 < x<15X€(-35-1). Ortser: (-3;-1).
3_9¢>0 |0 <x<1,
3-2x<x? *x <15
- [ x < =3,
| x> 1,

MeToa pauuoHAJIU3ALMHA
Meron nmpuMeHsIETCA TPU PEIIEHNN HEPABEHCTB BUIA: log,,, f(x)—log,, g(x)>0
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CyTbh MeTOAa 3aKII0YaeTCSd B TOM, YTO: HEPABEHCTBO CBOAUTCS K PABHOCUJIBLHOU €My
(a(x)=D(f(x) —g(x)) >0,

a(x)>0,

loga(x) f(x) - loga(x) g(x) > 0 g a(x) * 19

f(x)>0,

g(x)>0.

CUCTCMC HCPABCHCTB:

YacTHbIN cily4yail: pelIeHue HEPABEHCTB BUA l0g,,) /(¥)>0 ocropan Ha PaBHOCUIIBHOM

R (a=1)-(/(x)-1) >0,
a(x)>0,
log [ (X)>0=14(x) =1,
f(x)>0.
xt+2
Ipumep 7. Peturs HepaBeHcTso: log,  ———2>1.
Pemienue: 2x+1

[lepenecem 1 B JIeBy1O 4acTh HEPABEHCTBA U MPEJICTAaBUM €€ B BUJE Jiorapudma 1o
OCHOBaHUIO(2x-1), moaydum:

o xt+2
821

~log,,_,(2x~1)20;

HCPAaBCHCTBO PABHOCUJIIBHO CUCTECMC HCPABCHCTB!

4
(x—1-1)] 22 _2x -1 |20,
2x +1

x* +2>0 Sl 05 NG}
2x+1
2x—1#1,

2x—-1>0.

Puc.42

Pemaem MMEPBOC HEPABCHCTBO MCTOAOM MHTCPBAJIOB!

(2x_2).(x4+2—4x2+1)20; (x—l)(ﬂ}zo, (X—l)z(x+1)(x_\/§)(x+\/§)20

2x+1 2x+1 2x+1

[Toyuwsn, peleHre NepBOro HEPaBeHcTBa:  x e[ 1,-0.5), [\/goo){l}
xXe [— 1;—0.5), [x/g;oo), {1},

xe(l—O,S;oo), @xe[\/g;+00) OTBeT: \/§;+oo)
X # 1,

X € (0,5;00)

3agaHus VI CAMOCTOATEIbHOH padoThl
Pemuths HEpaBeHCTBA:
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2 1
1)2-1log,(x* +3x)20; 2)log,,(x* —4)>-1; 3)10g9x—jl>—;

4)log,(5x+7) > 10g2(5x+1);

5)log, s (x* +6x+8) > log,; (5x+10); 6)log;(x+9)+log s (x+9)+log, (x+9) <6,
3

X’ +x
7ylog? x> —5log, x+1§0;8)log0’3(log6 +4J<O;9)log1x>logx3—2,5;

X 3
X+ x -1 +1
: 11)logL(6 '-36 )=-2; 12)log, 10g3x_1<10g1 log, RR :
75 X+ 5 3 X

13)log . (x+3)>1; 14) log, log, (3’“ —9)< I

IIpoBepounas padora
BapuanTt 1 Bapuanrt 3

10)1- -

<
5-lgx 1+lgx

2 2
1) 10g1(4_§xj>_1; 2) log%x2_1510g2xg4; 1)10g0’5(5+4x—x )>—3; 2)10g2x+10g0’5x212;

3

3ylogy (x2 +75)—log  (x—4) <2 .
3) log, (x+27)~log , (16 —2x) < log , x . ) log,i( )—logg (x—4)<-2;

1 2
4)2log, \/;—2 > IngE :5) logo’s{logg xxitzx}<0 ;

4) log7x—logx%22; 5)log§ logl(x2 -x—-6)>0 :
3 2
6) 10g2x—x2 (x—1,5)> 0

>1
1

6)log, ——

Bapuanr 2 Bapuanr 4

2 2.2
1 IOgl(g_%xj>_2; 2)log2 x? +13logs x +3<0; 1)logys(x* =5x+6)>—1;2)logs x* —5Slogy x+1<0;

6 3)loggs(4—x)2loggs2—logys(x—1);
3)log (2x+5)—log; (16-x%)<-1 3x+6
3 5 4)log,3-4=—4log; x ; 5) logo,(3>[1°g2 xz+2J<0;
1 - 4x+51
4) log, —+loggx™' <=2 5)log, > <-1; x% —14x +51
4 6—5x 6)108 254 ——— <0
6)log log | (x> +3x—4)<0 25

11 2

9. TpuronomeTpuyecKkue ypaBHEHHsI 1 HEPABEHCTBA
Tpuronomerpuyeckue ypaBHeHUs

@opMyJIbl 1JI PELIEHUs TPOCTEUIINX TPUTOHOMETPUUECKUX YPABHEHUI:

cosx=a,rme-1<a<l, x =+ arccos a +2nk, keZ,;
sinx=a,rne-1<a<l, x=(-1)karcsina+nk, keZ,
g x =a, X = arctga + Tk, keZ,;
cig x =a, X = arcctga + Tk, keZ.

YacTHble CiTy4au IPOCTEHIINX TPUTOHOMETPUUCCKUX YPaBHEHUH:
cos x =0, x=mn/2 +nk, keZ; sinx=0,x= 7k, keZ; tg x =0, x= Tk, keZ;
cosx = 1, x=2nk, keZ; sinx =1, x=n/2+2nk, keZ; ctgx=0x= n/2+nk, keZ.
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cosx =-1, x=n +2nk, keZ; sinx=-1,x=-n/2+2nkkeZ,;

Ecnu TpuronHomeTpuueckoe ypaBHEHHE LIEJIOTO BUAA COAEPKUT TOJIBKO CHUHYCHI WU
(M) KOCHHYCBI, TO 00JIaCTb JONMYCTUMBIX 3HAYEHUN TMEPEMEHHON - MHOXKECTBO
JNEHUCTBUTENBHBIX YHCEIL.

[IpoBepka HallIeHHBIX pelIeHn Heo0X0uMa:

1) ecnu B mpoliecce pemIeHHs MPOU3OIUIO paclIUpeHre o00JacTh OmpeaeIeHus
ypaBHEHHUS B Pe3yJIbTaTe HEKOTOPHIX MpeoOpa3oBaHUil (OCBOOOXKICHHE OT 3HAMEHATENS,
COKpallleHHue Jpo0u; MpUBeAeHUE MOJOOHBIX YJICHOB);

2) ecnu B Mpoliecce pelIeHus UCI0Ib30BajI0Ch BO3BeIeHNE 00eUX YacTeil ypaBHEHUSI B
OJIHY U TY K€ YETHYIO CTEIEHb;

3) ecnu mpu pelIeHUH MPUMEHSIIMCh TPUTOHOMETPUYECKHE TOXKIECTBa, JieBas U
mpaBasi YaCTH KOTOPBIX UMEIOT HEOAMHAKOBBIE 00JIaCTH OIpEAeNIeHUs, HallpuMep:

2tg£
T T oy gy = 1 g X g py - SE0tIED
1+tg” = sin x 2° l-tga -tgf

Hcnonb3oBaHue 3THX TOXKIECTB «ClieBa HAMPABO» MPUBOJUT K PACIIMPEHUIO 00J1aCcTH
OTIpeJICIICHHs] YPAaBHEHHUSI, 3HAUUT, MOKET IMIPUBECTU K TOSBICHUIO TOCTOPOHHUX KOPHEH,
«CTlpaBa HAJIEBO» BENET K CYKEHHMIO OOJIaCTHM ONpEeNeNIeHUsl, YTO MOXKET IMPUBECTH K
[oTepe KOpHEN.

[Ipu perieHUN TPUTOHOMETPUUECKUX YPaBHEHUN MCIONIB3YIOT Ba OCHOBHBIX METOJA!
1) pa3noxkeHre Ha MHOXKHUTEIU; 2) BBEJCHUE HOBBIX IEPEMEHHBIX.

PaccMOTprM OCHOBHBIE BUABI TPUTOHOMETPUUYECKUX YPABHEHUIA.

1. TpuronomeTpuyecKue ypaBHeHHs, MPUBOIUMBbIE K KBAIPATHBIM
VpaBHeHus Buma a sinf(x)+ b sinf(x)+c=0, a cos*f(x)+ bsinf{x)+c=0 u ap. c
MIOMOIIIIO 3aMEHBI IEPEMEHHON MPUBOAATCS K KBAJAPAaTHOMY YpaBHEHHUIO.
VYpaBuenus Buna a tg f(x)+ b ctg f(x)+ c=0 npuBoAsTCS K KBaAPATHOMY YPaBHEHUIO

OJJHO! TPUTOHOMETPUYECKON (PYHKIUU ITyTEM 3aMEHBI crgx = €.
1gx

Mpumep 1. Peuts ypaBuenne: 8 sin’x - 6sinx - 5=0.
Pernenne. OG03HAYMM y = sin x, moTyduM ypaBHeHue 8)° -6y — 5 =(0. KopHu sT0r0
ypaBaenust y,;=-0,5, y, =1,25. CnenoBarenbHo, sin x= - 0,5 wiu sinx= 1,25. Pemenue

n+l

T
IIEPBOI'0 YpaBHEHUSA: X = (1) €+ mm,n € Z . Bropoe ypaBHeHHE KOpHEil He nMeeT.

n+l

Otser: * = (=1) %4- mn,n € 7.

2 .
IIpumep 2. Pemuth ypaBHeHue: 8 cos” x+ 6 sin x-3=0.
2 )
Pemienue. 3ameHss cos x uepes 1- sin” x, moJlyduM ypaBHEHHUE
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) . .
8 sin“x - 6sinx - 5=0. Pemenue KOTOPOro NOKa3aHo BBIIIIE.

IIpumep 3. Pemuth ypaBHeHue: 2¢gx — cigx =1.

T
X # —+7m,

m
Pemienne. O6macTh onpeieieHusl ypaBHEHUS ,T.€. X7 7,'1 €Z,
x#m,ne’l

1
O603HauuUM y=tgx, UMEEM: 2y—;_1:0 20 —y—1=0, y, =1, y,=-0,5.
X=%+7m,n €Z x=-arctg0,5+m,nel

T
Ortser: x=Z+7m,n€Z ,Xx=—arctg0,5+mm,ne 7

2. OgHopoaAHbIC yPAaBHEHHUA

VYpaBuenue Bujaa asin f(x)+ bcosf(x)=0 (a#0, b+0) Ha3pIBaETCS OAHOPOAHBIM MEPBOI
CTeNeHU OTHOCUTENIBHO sinf(x) W cosf(x). OHU pemarTcs JeleHHueM O00euX YacTei
ypaBHeHUs Ha cos f(x)=0 wnu Ha sinf(x)#0. B pe3ynbrate mojydaeTcsi ypaBHEHUE a g X
+b=0 unu a+bctg x=0.

VpaBHenne Buma asin’f(x)+bsinf{x)cosf{x)+ccos’f(x)=0 Ha3bIBACTCS OTHOPOIHBIM
YPaBHEHHEM BTOPOW CTelmeHWM OTHOCUTEIBHO Sinf(x) W cosf(x), eciu Bce TpH
KOOpGUIIMEHTa WM KaKue-TMOO JABa W3 HHUX OTIMYHBI OT Hynsa. Cumrtas, 4ro a#O0,
paszenuM o0e YacTH YPaBHEHHUS Ha cos f{x)#0 monydnM ypaBHeHHe: atg f(x)+btgf(x)+c=0.
TonydeHHOe ypaBHEHHE PABHOCHIBHO HCXOMHOMY, TAK KaK KOPHH YpaBHEHHs cos’f{x)=0
HE SBJISIOTCS KOPHSIMH HCXOJHOTO YPaBHEHUS.

Ecim a=0, To ypaBHeHHe mpuMeT BHI bsinf{x)cosf{x)+ ccos’f(x)=0. D10 ypaBHEHue
pelaeTcst pa3iokKeHHeM Ha MHOXKHUTEITH.

sinf(x) (bcosf(x)+csinf(x))=0.

VpaBuenne Buma asin’f{x)+ bsinf(x)cosf{x)+ccos’f(x)=d npu d=0 He sBusLETCS
OJTHOPOJIHBIM, HO €T0 MOXHO TPHUBECTH K OJHOPOJHOMY, 3aMEHUB d TOXIECTBEHHO
PaBHBIM BEIpaskeHHeM d(sin’f{x)+ cos’f{x))=d.

Ipumep 4. Peurs ypasuerue: 2 sin”x-5 sinxcosx+3 cosx=0.

Pemenue. 3HaucHUS AprymcecHTa IIpu KOTOPBIX COSX:(), HC ABJIAKOTCA PCHICHUAMMU 3TOTO
YpPaBHCHU:, TaK KaK C€CJIN COSXZO, TO sinx=0, HO KOCHMHYC 1 CUHYC OJHOTO YIJIa HC MOTYT
OJHOBPEMCHHO OBITh PaBHBI HYIIIO. HOC—)TOMy IIpu ACJICHUU 00eux yacrtei YPaBHCHUS Ha
CcOs’x, HIONYYNM YpaBHEHHE, PABHOCHIBHOE HCXOIHOMY: 2fg°x —5tgx +3=0. Permas ero,

T
nonyuyuM #gx =1, tgx =1,5, orcroga X = Z+ m,n€”Z; x=arciglS+mneZ

T
Ortger: X=z+7l7’l,i’l6Z;x=arctgl,5+7m,neZ,
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2 .
Ipumep 5. Pewnts ypasuenne: 22c0s x+8sinxcosx=7.
Pernenne. 22cos’x + 8sinxcosx = 7(cos’x+sin’x), mocie mpeoGpa3oOBaHHil OIYYHM

. ) - 2
OTHOPOJIHOE YPaBHEHHE BTOPOU CTENEHU: 7sin’x - 8sinxcosx - 15cosx=0.

15 15
- ,x:—%+7m,neZ, x:arctg7+7m,neZ_

Ttg*x —8tgx -15=0, tgx=-1, tgx= 7

T
OtBerT: x:—z+7m,neZ x:arctg7+7m,n Sy

9

CBeJleHHEM K OJTHOPOJHOMY YPaBHEHHIO BTOPOW CTEIICHM MOJYKHO pellaTh YPaBHCHUS
BUJIA: a Sin f(x) + b cos f(x)=c.

IIpumep 6. Pemnts ypaBHeHue: 4sinx - 6¢cosx =1.
Pemenue. Mcnonb3ys ¢popMyibl cHHyca M KOCUHYCa IBOWHOTO apryMeHTa, OCHOBHOE

TPUTOHOMCTPHYCCKOC TOXKACCTBO, ITOJTYUHUM:

4-2sin£cos£—6 coszf—sin2£ = cos2£+sin2£
2 2 2 2 2 27

. 2 X X X ) X .
5sin” —+38 s1n—cos§ —7cos 5 =0 MmeeM oaHOpOIHOE ypaBHEHHE BTOPOH CTEICHH,

2

X 2 X X
mocne penenus Ha S S momydmm g7 S +8ig—-7=0. KopHu 5TOro ypaBHEHH:

—4+451 —4+4/51
x=2arctg—\/5_+27m,nez ) OTBeT: 2arcth+27m,neZ.

IIpumep 7. Pewnts ypaBHenune: sin2x+5sinx+5cosx+1=0.

: 2 . 2 .
Pemenne. O0o03HaunM Y% =SIN X+ COSX torma U™ = (SII’IX + COS x) ,T.C. u? =1+sin 2x.

2
HcxomHoe ypaBHEHHE CBENIOCH K KBajpaTHOMY: - +5u =0, xopHu koToporo u;=0, u,=-5.
PeraeM COBOKYHNHOCTb ypaBHeHHii: SInx+cosx =0;sinx+cosx =-5.
[TepBoe ypaBHEHHE 3TOM COBOKYNHOCTH — OJHOPOIHOE, IEJIMM HAa COS X, MOJIYYUM:

T
tgx+1=0,x=——+7mk,k€Z  propoe ypaBHeHHe pelICHWH HE HMeeT, TaK Kak

‘sinx‘ﬁl - ‘cosx‘sll M;x:—%Jrﬂk,keZ.

3. YpaBHeHus1, pemiaeMble METOIOM Pa3JI0KeHHsSI HA MHOKUTEJIH
Ecnu ypaBHeHuWe MOXXKHO TipeoOpa3oBaTh K BUAY f1(X)- fo(x)-...- fu(x)=0 ,T0 3amaua
CBOJUTCS K PEIICHUI0 COBOKYMHOCTH ypaBHeHuil  f;(x)=0, f>(x)=0,...,  f.(x)=0.
[TomydyeHHass COBOKYIMTHOCTh YPAaBHCHHI HE BCETJla PaBHOCHIIbHA MCXOJIHOMY YPaBHEHUIO,
BO3MOXKHO IIOSIBICHHE TMOCTOPOHHHMX KOpHEeH. M3 HalAeHHBIX pelmeHuid COBOKYIHOCTH
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ypaBHCHI/Iﬁ HYXHO HCKIHOYUTb TC 3HAYCHHA HepeMeHHOﬁ, IIpu KOTOPBIX HCXOOHOC
YpPaBHCHHUC HC UMCCT CMBbICJIA.

IMpumep 8. Peunts ypaHenne: sin2x —2cos x=0.

Pemenwne. [IpumennM hopMyity CHHYC ABOMHOTO apryMeHTa, MOy M:
2sinxcosx-2cos’x=0, 2cosx(sinx-cosx)=8. Tak Kak MHOXHTE/IH B JICBOH YaCTH ypaBHEHHS
UMEIOT CMBICIT TIPU JIFOOBIX 3HAYCHUAX X, TO 3TO YpaBHEHUE PaBHOCHIHHO COBOKYITHOCTH

T
x=—+m,ne’,
. |cosx=0, 2
YpaBHEHUM: | |
sinx —cosx =0, T
x=Z+7m,ne Z.

Vg
OrtBer: x:3+7m,neZ, x:%ju;m,nez.

. 2 2 )
IIpumep 9. Pemuth ypaBHeHue: sin“x+cos” 2x+sin"3x=1,5.
Pemenue. Mcnonb3ys GopMyIibl HOHMKEHUS CTETIEHH, UMEEM:

1-cos2x 1+cosd4x 1-—cosb6x
+ + =

1,5

2 2 2 ’
cos2x+cosbx - cosdx =0,
2cos4xcos2x - cos4x=0,
cosdx (2cos2x - 1) =0
cosdx =0 wumm cos2x=0,5
x:£+%,nez x:i%+ﬂn,nez

T m V4
Otger: X=—+—,neZ. x=r*t—+mnel
' 8 4 6

. 2
Mpumep 10. Peruts ypasuenne: (1—sin x)(tg X 3): 0 .

T
Pemenne. O61acTh ONpeieNieHHs JAHHOTO ypaBHeHus:: X 7 5 +ak,keZ

G 2, _
PemraeM COBOKYIHOCTb ypaBHeHuii: SN x =1 g 1g7x = 3.

T
Penienrie nepBoro ypaBHeHHs! COBOKYITHOCTH: X = B +2mn,n € Z  ye snsercs peuieHneM

HUCXOOHOTO YPAaBHCHUA, TdK KdK HC IMPUHAIJICIKUT 00JaCcCTH €ro OIIPCACIICHUA. Pemenue

/4
BTOPOI'O ypaBHEHHUS: X = ig +7n,n€Z  gpnsercs pELUICHUEM HCXOJHOI'O YpaBHCHHUS.

T

4.YpaBHEHUs, pelIacMble METOA0M BBEJACHHUSI BCIIOMOraTeJIbHOIO yrJa.
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YpaBHeHust Buga asin f(x) + bcos f(x)=c, rae a’+b’#0 MOXKHO pelIaTb MeTOXOM

BBCACHUSA BCIIOMOraTe€JIbHOI'0O yIJia.

Paznenum o0e dyactu  ypaBHEHHsA  Ha a’+b* Ilonyyum  ypaBHEHHE:
a .
————sin f(X)+ — = oS f(X)=—F/——==
a’+b’ va Va +b2
2
b 1
Tak kak =1, TO CYILIECTBYET TaKO€ 3HAYECHUE 7Y, 4YTO
Va +b2 a’+b’ Y Y !
Cosy = ¢ ,siny = b
Va® +b Va’ +b2
. . c
YpaBHEHHE IPUMET BHUJI cosysin f(x) +siny cos f(x) = > p IIpumenuB
a +
. B c
bopMyiy ISl CHHYCa CyMMBI JIByX apryMEHTOB, ITOJIyYUM sin(y + f(x)) = > pe
a

[ 2,2
DTO ypaBHEHUE UMEET PEUICHUE, €CIIH |C| <va”+b" (s mpeoOpazoBaHus ypaBHEHHIM

MOZKHO HCIIOJIB30BaTh TAKXKC (I)OpMy.HBI CUHYyCa Pa3HOCTH, KOCMHYCa CYMMBI U PA3HOCTU

apryMeHTOB. )

IIpumep 11. Pemiute ypaBHeHue: 3cosx+4sinx=5.

Pemenune. Pazmenum 00e dYacTm  ypaBHEHHMS Ha 3’ +4° =5, TIOIy4uM

3 4 . . 3 4
5 eosy + Femr= I nyctp sing = 5°¢08¢=75. Torma singcosx+cosgsiny=1

5
. . T T .3
sin(x+@)=1, x—5+27m-g0, nez, x—5+27m - arcsmg, nez.

OtBeT: x=%+27m - arcsin%, nez.

5. MeToa olIeHKH.
HekoTopsle  TpUrOHOMETPUYECKHE YpPaBHEHUS YAACTCS  PELIUTh, HCMOJb3YA

OpraHUYE€HHOCTh MHOXKECTBA 3HAUCHUHN (DYHKITUI: | COSX | <1,

IIpumep 12. Pemnths ypaBHEHUE: COS X+COS2X=2.

Pemenne. Tak kak cosx<1, cos2x<l, TOo cosx+cos2x<2, mMpU4YeM PaBEHCTBO MUMEET
MECTO TOTJa U TOJBKO TOTJIa, KOTJa OJHOBPEMEHHO BBIMOJHIIOTCA paBeHCTBA cosx=1 u
cos2x=1. T.o. ucxonHoe ypaBHEHHE PABHOCUIILHO CUCTEME:

{cosle x=2m,ner,
cos2x=1" |y = thkeZ. s Xx=27mn, ne/. OrtBer: x=27n, ne”.
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OT100p KOpHEll B TPUTOHOMETPUYECKUX YPABHEHHUSAX

C HeoOXOAMMOCTBIO OTOOpa KOpHEH TIpU PEIIEHUH TPUTOHOMETPUUIECKUX
ypaBHEHUI MPHUXOIUTCS CTAJIKUBAaThCA B JABYX CiIydasx: 1) ecid B XOAe pelieHUs
MPOM30LLIO paclIipeHne 00JacTu ONpeaesieHus, IPU Nepexoie K YPaBHEHHIO CIICACTBUIO
MOTJIM TIOSIBUTHCSI MTOCTOPOHHUE KOpPHH; 2) €ciM B 3ajade TpeOyeTcss HalWTH KOpHH,
YIOBIETBOPSIOIINE HEKOTOPOMY YCJIOBHIO, HAmpuUMep, NpHUHAIekKAIUE HEKOTOPOMY
MIPOMEXKYTKY.

Cyl1ecTBYIOT HECKOJIBKO cOcO00B 0TOOpa KopHeil: 1) apudmerndeckuid (mepedop
3HAQUEHUH  LEJIOYMCIEHHOTO  TapaMeTpa; HeMOCPeICTBeHHAas IMOJICTAaHOBKa);  2)
anreOpanyeckuii (pelieHne HepaBeHCTBA OTHOCHUTENBHO HEU3BECTHOIO IIEJIOYMCIEHHOTO
napaMmerpa); 3)reoMeTpuuecKuil (C TOMOIIBIO YHCIOBOW OKPY)XHOCTH WM Tpaduka
TPUTOHOMETPUYECKON QyHKIMH). PacCMOTpUM MX pUMEHEHUE.

T
IIpumep 13. Pemure ypaBHEHHE cos2x =1-— cos(z—xj U = _lin
6 6
5 ) ‘
o T
HalJUTE BCE €r0 KOPHU, PUHAIICIKALUE IPOMEKYTKY [—7;—71'). —= 7

. T .
Pemrenne. Tak kak cos2x =1—2sin’x, COS(E - x] =sin x TO

1-2sin*x=1-sinx, 2sin* x—sinx =0 , sinx(sinx—%jzo,

T
Kopru ypaBHerus: X =7n, x=(-1)" . nk,neZ,kel
1 cnoco6: IlpousBeneM OTOOp KOpHEH € TMOMOIIBIO YUCIOBOW OKpYyXKHOCTU. KopHu

. . 1
ypaBHeHus sinx =0 wuzoOpakarorcs ToukaMH 4 W B, a KOPHHM ypaBHEHHUS sinx=— -

toukamMu C u D, NPOMENKYTOK [—%;—njﬂ306pax<eH KUpHOU ayroit (cm. puc. 43). B

yKa3aHHOM INIPOMEXYTKE COIEpXKaTcsi TpU KOpHA YypaBHEHUs -2z, —27 +% = —%
T T 11 7

=== Otper; 27, ——~, -~
6 6 6 6

. S
2 cnoco6: KopHu, mpuHAANIEKAIINe HpOMe}KYTKy[—T;—ﬂ'j, orOepeM ¢ MOMOIIBIO
rpapuka Qysaxkouum Yy =sinx . Ilpsmas =0 (och Ox) mnepecekaer rpaduk B

. . ” Sw
emquHcTBeHHOM Touke (—277;0), aGcermeca KOTOPOM MPUHAIEKAT HpOMe}K}/TKy[—T;—ﬂ').

1
[Ipsmas y=- TepeceKaeT rpaguk poBHO B JABYX TOYKaX, aOCHUCCHI KOTOPBIX
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MIpUHAIC)KAT [—57”;—;1] (cm. puc. 44). Tak kak nepuoa GyHKIUU Y = sin x paBeH 27, TO

T 11z Sn T
9TH aOCIMCCHI PaBHBI, COOTBETCTBEHHO, e 2r=——u —-27=——.

6 6 6

hY/4 117 r
B mpomexyTke | — 7;—71 cozepiKarcs TpU KOpHS: —2r, "o e
3 cnocob: Ilycte x=m,neZ. llogcraBmas n=..-3,-2,-1,0,1,2,..., TIOIy4aeMm
x=..-3n,2n,-7,0,7,2x,.... [IpOMEXYyTKY [— 57”;—;1) MPUHAAJICKUT TOJIBKO x =-27.
ITycTe x == %+ nk, kelZ. IloacTaBass k=..-3,-2,-1,0,1,2,..., oJiy4yaem:
xX= ...(—1—3]7@ (1—2]7@(—1—1) ﬂ,z,(—l-i-lj n,(l+ 2j7r,... .
6 6 6 6 6 6

R4 117z r
[TpomexyTKy| — 7;—;r IIpUHAAJIECKAT TOJIbKO e e

S5 117z Tr
[TpomexyTKy| — 7;—;r NPUHAAJIE)KAT KOPHU: —27, — ?, - ? .

Sw
4 cnoco6: OtbepeM KOpHH, NMPUHAJICKAIINE MPOMEKYTKY [— 7;—71’) C TOMOILBIO
. Y/ 5
ABOHHOTO HEPABEHCTBA. ——- San<-mw&s 3 <n<-lon=-2 (n €7).
o Sw
Kopens, npruHaanexamui IpoMexyTKY [—7;—71): -2m.

4
ITycTe x:£+27m, nel. Tornma —5—ﬂ££+27m <-r <:>——<n£—l©n:—1,
6 2 6 2 12
o Sm Iz
Kopens, npuHamiexanuii NpoMexxyTKy [—7;—71): et

11
Ilycth x:%r+27rn, neZ, TOrga —57”35%+27Tn<—ﬂ'@—gﬁnﬁ——@n:—l.

o St r
Kopens, npuHaiexxamui MpoMexKyTKY - : e
S5 117 T
[TpomexyTKy - MpUHAIJICKAT KOPHU: —27T, e T
OrtBer: ﬂn,(—l)n%+ﬂk,n €Z,keZ, ), —E, —7—ﬂ.
6 6
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Pemrenue cucreM TpUrOHOMETPUYECKUX YPABHEHU I

[Ipu pemieHun CUCTEM TPUTOHOMETPUUYECKUX YPABHEHHM MOCIEAHUE CBOJAT JUOO0 K
OJIHOMY YPaBHEHHUIO C OJHUM HEU3BECTHBIM, MO0 K CUCTEME YPAaBHEHHUI OTHOCUTEIHHO
CaMUX apryMeHTOB WU QYHKIUNA 3TUX apTyMEHTOB.

sin xcos y =—-0,5,

IIpumep 14. Pemuth cuctemy ypaBHEHHIA: { cos xsin y = 0,5.

Pemenue. CKJIaI[BIBaSI " BbIYHTAaA YPABHCHUA CHUCTCMBI, I10JIY4a€M PAaBHOCUJIbHYIO

sinxcosy+cosxsiny =0, (sin(x+y)=0,

CUCTEMY: cos xsin y —sin xcos y =1, ; sin(y —x) =1. -
X+ y=rmmn,

T k,neZ.
y—x:5+27fk,

CkiaapiBast ypaBHEHHS ITOCIEAHENR CHCTEMBI, TIOTYIHM:
T T T

2y=m+—+27k -y =—+—+7k .
2 4 2

Berauras u3 ICPBOTO YPABHCHUA HOCHGI[HCﬁ CUCTCMBI BTOPOC, IMOJIYUNM:

2x=7m—£—27rk.x=—£+ﬂ—ﬂk
2 ’ 4 2 '

T mn T mn
L X=——+——7k y=—+—+72'k keZ.neZ
Otser: D) , 4 9 , ) :
tgx +tgy =1,

ITpumep 15. Pemnts cucTeMy ypaBHEHHH: |x + y = T

x¢%+ﬂk,kez,

Pemienne. O6macTh onpeiesieHusi CUCTEMbI ypaBHEHUN .
V# By +m,n €.

tgx + tg(% - xj =1,

_T
Y 4 "

[Tpumensis cnoco0 MoACTaHOBKH, MOTYyYaEM:

V4
1g——1igx
o gy —mm=1
Pemaem nepBoe ypaBHEHUE IMOJYYEHHOW CUCTEMBI: 1104 .
g 18X
4
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[ocie yrnpommeHunii monyanm:1g°x - tgx= 0, tgx (tgx — 1) =0.

Cucrema paBHOCHWIIbHA COBOKYITHOCTU CUCTCM:

3aganus VI CaMOCTOSITEJIbHOI PadoThI

Pemute ypaBHEeHuE:

1) cos’x +sin’x =2;  2) cosxsinx =1;

- x =7k,
tgx =0,
Vs
s y=—-rk,keZ,
y=—-—x 4
4
= T "
tgx =1, X =—+ 7k,
& 4
i T (7
Y 4 © y=——(—+ﬂkj,kez.
- 4 4

OTBerT: [ﬂk;%ﬂfk,k € Zj : [%-I—ﬂk;—ﬂk,k € Z) -

3) tgx ctgx =1,

5) 2cos’x+4cos x =3sin “x; 6) 1+ sinx+cos2x=0,

8) \Esinx+cosx =2
11) 5 sin’x+3sinxcosx-3cos’x=2;
13) cos 2x+cos 8x-cos6x=1;

9)sinx+7cosx=5;

10)sin’x+2sinxcosx-3cos*x=0;

IIpoBepounas padora

Bapmnanr 1
1) 2cos*x+5sinx - 4 =0;
2) sin 3x+ sin 5x = sin 4x;
3) tgx ctgx =cosx;
4) cos x+c0s”2x- cos”3x-cos 4x=0;
5) 2 sin® x+2 cos*x=5sinxcosx;
6 {cosxcosy =0,25,

sinxsin y = 0,75

Bapuanr 2
1) 3sin’2x+7cos2x — 3 =0;
2) cos x — cos 3x =sin 2x;
3) tgx- ctgx=sinx;
4) sin®3x+5sin’4x= sin*5x+sin’6x;

5) 3 sin®x+243 sinxcosx+ cos*x=3;

4) 2sin x - 3cos x=0;
7) 1- cosx= 2sin0,5x;

12) sinx —sin2x+sin3x - sin 4x=0;
14) sinSx+sinx+2sin’x=1

Bapuanr 3
1)2 sin’x = 3cosx ;
2) cos x - cos 2x = sin 3x;

3) sinx-ctg2x=0;
4) 4 sin2x+22 cos’x=7;
5) sin’x+cos’x=0,875;

cos(x+y)=0,
6) cos(x—y) = £
2
Bapuanr 4

1) cos2x-5sinx -3 =0;

2) cos S5x+ cos 7x = cos(mt+6x);

3) cos® 0,5x+ cos® 1,5x - sin“2x- sin’4x=0;

) . 2
4) sin” x+2 sinxcosx-3 cos ' x=0;

5)

sinx+1

1gx

0 - 6)

tgx+tgy=1,
xty=2
4 4
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cos(x —y) =1,
cos(x+y)=-0,5

IIpy pemeHun nOPOCTEUIINX

TPUTOHOMETPHYICCKUX

TpuronomeTpnyecKkue HepaBeHCTBA

€AMHUYHYIO OKPY>KHOCTb WJIU TpaduK PyHKIUU.

sinx >a, 0<a<l
Y,

NI

arcsing + 27k < x < w—arcsina + 27k, k € Z

cos x >a, 0<a<l
Yy

N

—arccosa+ 27k < x < arccosa +2nk, ke Z

tg x <a

y

A

—%+ﬂk<x<arctga+ﬂk,kez

cigx<a

y

o,

<

arcctga+nk <x<mw+nk,keZ

HEPABEHCTB

sin x < a, 0<a<l1

1

arcsina

-

/lx

—m—arcsina + 27k < x < arcsina+ 27k, k € Z

cos x <a, 0<a<l

y

(

arccos a

VAV,

-

arccost + 27k < x < 2w —arccosi+ 27k, k € Z

tgx>a

y

V'

>

arctga+7dc<x<%+7dc,kez

cigx>a

y

s,

B

}

7k < x < arcctga+nk,k € Z

HCIIOJB3YIOT
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Ipumep 1. Pemnts HepaBeHcTBo: sinx <0,5.

Pemenue. / cnoco6. OTOMy HEPABEHCTBY YAOBIETBOPSIOT BCE
TOYKH €IMHUYHOU OKPY>KHOCTH, OPAUHATHI KOTOPBIX MeHbLIE 0,5,
T.€. 3TU TOYKH AYTHU JIekKaT HUKe npsamoi y=0,5. MHO)kecTBO Bcex
TOYEK, YAOBJIETBOPSIOIINX JaHHOMY HEPABEHCTBY, €CTh Ayra AB

T T
(BBLIEIICHA HA PHUCYHKE), T.e. ~ ¢~ <X <. UTOOBI MONy4UTH BCE

pEelIeHUs] JaHHOTO HEpPaBEHCTBA, JOCTATOYHO K  KOHIAM
MIPOMEKYTKA npuOaBUTh 2nk.

—7%+2ﬁk<x<%+2ﬂk,kez_

2 cnoco6. CtpouM rpaduku GyHKIUNA y = Sinx U

Puc.44

F

y = 0,5. Ilpsamas y=0,5 mepecekaer CUHycOUIYy B o
OeckOHeYHOM umuciie Touek. Ha pucyHke BblieneHbI 7\
HECKOJIBKO IIPOMEXYTKOB 3HAauY€HUN AapryMEHTa, 27 e
YIOBJIETBOPAIOLIUX JaHHOMY HEPAaBEHCTBY, OJUH U3

Tt «

HUX (77 ). YUHTBIBas EPHOAUIHOCTBIO CHHYCA,

3ATIHIIEM OTBET: —7% + 27k < x < % + 2k, keZ

r
OTtBeT:

IIpumep 2. Pemuthk HepaBeHCTBO:cOS3x >-0,5.

Pemenue. O6o03Hauum 3x=a, cosa=>-0,5. DOrtomy
HEPaBEHCTBY  Y/AOBJETBOPSIOT BCE TOYKHM EIUHUYHOM
OKPYXHOCTH, a0CLHUCChl KOTOPBIX Oosbile win paBHbl —0,5,

Puc.45

——+27Tk<x<£+271’k,kez
6 6 :

MHOXECTBO BCEX TOYEK, YJIOBIECTBOPAIOLIIUX JaHHOMY
HEpaBEHCTBY, €CTh Ayra (BbiAesneHa Ha puc. 46). KoHipl
ATOM JyTU BXOAST B HCKOMOE MHOYKECTBO TOUYEK, TaK KaK UX
abcruccsl paBHbl —0,5 ¥ 3HAUUT, YJOBIETBOPSAIOT JAHHOMY

)
W/

Puc.46

2r 2r
HepaBeHCTBY. Takum o0pazom, — T sas T . YuursiBas
NEPUOANYHOCTh ~ KOCHHYCa,  3allMIIeM  MHOXKECTBO  pCIICHHA  HEPaBEHCTBA:
2r 2r
3 +27k <a < 3 + 27k, keZ [lepexonss K  TEpeMEHHOM X,  TOJIy4aeM:
2 2rtk 2 27tk
2 k<< iomkhez — A < EELE™ ke
3 3 > 9 3 9 3 ‘
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—2—ﬂ+%£x£2—ﬂ+%,kez

9 3 9

OTBeT:

) .
IIpumep 3. Pemuthk HepaBeHCTBO:6s1n"x —Ssinx+1>0.
Pemenue. Bregem HOByI0 nepeMeHHyto y=sin x. Toraa gjaHHOEe HEPaBEHCTBO MOKHO
2
nepenucatb B Buje 6y° - S5y +1>0. Pa3noxkuM TpexwieH Ha MHOXHUTEIH, HUMEEM:

1 1
6()’ _gj(y B Ej 0 Pemene sroro HEPABEHCTBA - 00bETMHEHUE TTPOMEKYTKOB < 3

1 . .
y=2 5 . Homyuaem: SINX < 3 SIn X 2 5 - Orcrona:

5
—7r—arcsin%+27rkSxSarcsin%+27rk,ke Z, %+2ﬂk£xﬁ?ﬂ+2ﬂk,k€ 7.

/3 Sm
OtBer: — 7 —arcsinl+27zk <x< arcsin§+ 2k, k € Z, g+2ﬂk Sx< ?+ 2rk,k € Z.

IIpumep 4. Pemute HepaBeHCTBO: /g 2x >1.

Pemenue. O6o3naunM o=2x. Torna HepaBEHCTBO MPUMET Tu
BUa g o=1. IlocTpouM €IWHUYHYIO OKPY’KHOCTb U IIPOBENEM "N po p
JUHUIO TaHTeHCOB (puc.47), KoTopas SIBJISETCS KacaTelIbHOU K / A
okpyxHocTH B Touke (1;0). Tak xak o pelieHHe HepaBEHCTBA o b
tgo>1, To opauHaTa TOYKU 7, JTUHUHA TAHTE€HCOB, paBHAs 1gd., Puc.47

J0JIHa OBITH OoJbllie UK paBHA 1. Bece Takue Touku JiexaT Ha
ayue AT .
Touku P, eTUHUYHON OKPYKHOCTH, COOTBETCTBYIOLIUE TOukaMm 7, 0OpasyloT Iyry

4 4
(BeineneHa Ha puc.47). [inst Touek Py 9TO# TyrH BBIIOIHSACTCS HEPABEHCTBO: sa <E

F 3

YtoObl MONYyYUTh BCE pEIIeHUs HepaBeHCTBa fgo>1, 25

AOCTATOYHO K KOHIOAM VYKAa3daHHOT'O IIPOMCIKYTKA ¢

15

HpI/I6aBI/ITB MepruoJa TaHIr¢HcCa, IMOJIYIUM

T T 0s
7rk+2£05<5+7rk,kez TaK Kak azzx) TO ~25x —J—I.En —/ ~05x DJ/n.sx 1/ 15n 2/ 25

b
=

nk 7 T 7k

—+—<x<—+—,keZ
2 8 4 2 '
2 cnocob. Jlns peuieHuss HepaBeHCTBa fg o1
noctpouM rpapuku pyHkumii y=tg oo u y=1. I'paduk ' s
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) T
GyHKUMK  y=fgol NeXKUT BhIIIE MPAMON y=1 Ha IpOMexXyTKe [Z;E], BOCITIOJIb30BABIINCH

T T
MEPUOANYHOCTHIO TaHI'€HCa, MOy YHM: 7k + Z <a< 5 +rk,keZ ,OTCIOJIa
Tk w T 7k
—+—<x<—+—,keZ, OtsBer: ﬂ—k+££x<£+ﬂ—k,kez.
2 8 4 2 2 2

3aganus VI CaMOCTOSITEJIbHOI PadoThI

. 1 T . 3 :
Pemuth HepaBeHcTBa: 1) SN X = ~552) 2005(—x—g) <-l; 3) smxs-=—"r. 4) jsin x| > B

1

os—<—

. 1 ox w1 X \/—
5) sm(—3x)£—5; 6) sm(§+g)<5; 7) cos2x>0,2;8) COS(E —)<— ;9

13
10)2 <15 11) crg§<§; 12) |rgx < NER 13)ctg (=) >1 14)ig'x = tgx=2>0;

15) 6¢cos’ x—5cosx+1<0; 16)sinx+cos2x >1

IIpoBepounas padora

. 2 1
Bapuant 1. 1) smx>§; 2) cos(—2x) <§; 3)tg(x—%j2—\/§; 4) cos? 2x—2¢c0s2x >0 ‘

A
Bapuanr 2. 1) Smxz7;2)4cos2x—l£0; 3)ig3x 21, 4) 2sin2x—5005x+1>0-

Bapuant 3. 1) cos(—2x) > 0,5 ;2) 3sinx+1>0 ;3) tg[x+%j§\/§; 4)sin x < cos > X

Bapuanr 4. 1) 4cosx>1 : 2)sin2x+%<0; 3)tg(x+%j2 3 ;4)2cos2 x+3cosx—220

OT1BeThI
Mnooscecmeo oeiicmeumenbHvix uuce
2.a)3,3(50). 6)1. B)7. 3. 30. 7. a)19. 6)21. 20a)30. 6) 12. B) 2%.3%.5.7,
r)23-52-7-13. 23.90. 24.32.25. 1400. 26. 1600. 27.80. 28. 29.50. 30. 200. 31. 44%.

38506

Bapuant 1. 2. ~7 - . 3.70;6300. 4.35. 6.21%.

Bapuant 2. 2. -65.4. 3.6;2%3%5-11-17. 4.23. 6.69%.
429

Bapuant3. 2.~7 o 3. 15;2:3%5-7-151. 4.14. 6.36%.
2079 o

Bapuant 4. 2.7 o0 3.165;2:3%5%11% 4.27. 6. 64%.

Toscoecmeennvie npe06pa306auuﬂ anaiumuidecKkux eblpaofcenuﬁ
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5x-1 a+4e a—106 x* -4 a® -1 —5(x+1)

4.a) E.ﬁ)xt@y. B) PETYEE) R . 1) 2.5 e) 6. > T g 6.a)
16x"
. 0) a‘il.B)(“f—“) )— 8.a) 2443 +3/4 5) 745-543. 9.2)8. 6) 1.

11. 1. 12. a) 24413, 0) 3. B) V241, r) 4y pu x>2y, 2x npu x<2y. 13.a) 1. 0) ats.

1
B)—x 2. 1) Jm—+n. m) —Jx.14.2) 0. 6) 162. B) 890. 1) 25. 1) 1,097. e) - Sta
15.log,, Va?® -1 _
Bapuanr 1. 1.2;4. 2.4/7. 3. 51x—22504- 4.30. 5. —. 6.10.
X" — —a

84
Bapnanr 2. 1.3:4. 2.2/5. 3. 5. 4.10‘43. 5.-Ya. 6.247.
x —

Bapuant 3. 1. 1;3. 2.-2/3. 3. 22 4.40. 5.(I+a)’.
2 9
1 1

C 4,295 5 2 52 64

x"—4 9

Bapuant 4. 1. 1;4. 2.1/4. 3.

Tpuzonomempuueckue 8vIpaxceHus u ux nPeodPa306aHUA:

Bapuant l.l.a)cos%,ﬁ)o. Bapuanr 2.1.2)tga 6)2cosa. Bapuant. 1.a2)sin40°.06)cosa.

Bapuanr 4.1.a)sin40°.0)-cos .
PaquHaJleble YPABHEHUA

1) mer; 2) na; 3) na; 4) wer; 5) xa; 6) wer; 7) 0;1; 8) 2; 065; 9) 3;-1; 14105 10) 31;5;

11)3;3:245 ;12)-2; W_ 113) 2;-2;-1; 14) @ 15)-1316) 24455 17) 12625; 18) 1.

Bapwanr 1. 1) na; 2. a)O _i.l.__ - 6) 4; B) —1;2; r)3 ;36245
Bapuant 2. 1) HeT; 2. a) —2;1;6) J;B) 1;2) 1) 1; 2. _5i2\/_

Bapuanr 3. 1) ma; 2.a) 0; -5;06) 13; B) 2; 1) 2; 0,5.

Bapuanr 4. 1) Her; 2. a) 12‘/5; 0) ’ﬁﬁ ;B) 355 —122v2.1)2;0,5.-2+43
PaquHaJleble HepaeeHncmea

1) (-00;5-1), (4;00); 2)(-00;-2), (2;00); 3)-0,5; 4) J; 5) x €R; 6) (-00;-2], [-1;1], [2; 00); T)-1;1;

8)(-005-1), (0;3) 9)(- 003-0,75); 10) (1;2], [3; o0); 11) (-o031), (3; 0); 12) (0;1); 13) (-o0;-2),

(1,75;2);14) (-0;-7), (-7:-2), (1;7), (7:8), (11; o0); 15) [2;3].

Bapuant 1. 1)-3; 2) (-00;-4), (4; ); 3) [1;5]; 4) (—2%); 5) (-1;1); (152); 6) (-0;2), (2;3], (4;

©); 7) (-4;-3),(-1-43;-2); (0;-1+43), (1;2).

Bapuant 2. 1)(-00;-1), (-1;00); 2)(-00;-1,5), (1,5; 0©); 3)(-00;1), (5; ©); 4) &; 5)(-2;2), (2;4);
6)(-0;2), (4; ); 7) (-0;-1), (0; 0,5), (1; 0).
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Bapuan 3. 1)(-00;-0,5), (-0,5;0):2)(-003-2),(55 ) 3) (-035),(3; 00); 4) (-003-1,5), (3; o0);
5)(-003-3), (533); 6) (-0 1), (1;2], (35 0); 7) (=1;0), (1;2).

Bapuaur 4. 1)-0,5; 2) (-5;5); 3) x €R; 4)(03-2), (5 ; ®); 5) (-0;2), [4; ®0); 6)(-=0; 5), (5;6],
(75 00); 7) (=551), (2;3).

Cucmembul ypasnenuii

1) (-1;-1); 2)(1;2;3); 3) (1;0;2); 4) [ sec e m] ; 5)(2:-1); (-1:2); 6) (1;4)5(4;1);

ST -5 AL (=5=VAL -5 )7y (9:3):(3:2): 3_ s 3, fi03),
[ 5 2 e 2 41J [ 5 2 = 2 41]7) (2’3)’(3’2)’[_%+\/%;_%_\/%J (_Z_\/%’_TL\/%]’
B (32 )(- BT (HEAD (BT ): ) (13): (1:-3): 102 | [ 22| 10) (0.8:
0,8); 11) (6++/46;-4) (6-+/46;-4) ; (5;1); (5;-8,5). 12) p=-1; 13) m=10;n=6; 14) a<70; 15)
p<-1.
Bapuanr 1.1) (-3;-2):(7:3); 2) (4,4;1,72);3)(-3;1),(15-3),(3;-2),(-2:3):4)(2;2);5)(-3;2;-1);6)-2.
Bapuanr 2. 1) (-0,5;0,5); (4;5); 2) (Sg;_%j :3) (1:1); 4) (3;2), (-2;3); 5) (2:3;1); 6) m  (28:30)
Bapuant 3. 1) (-2,5;-0,5); (4;2); 2)(3;-0,5); 3) (1;0); 4) (35-2), (-2;3);5) (7;-3;-1);6) c € (10;12)
Bapuarr 4. 1) (2:1); (2 1D:(154): (-1:4)2) (-2 :3)(-5.25: 225)) o5 | i9)(25-1:1). 6)n=2

Ypasnenus u nepasencmea c mooynem

1) 3;-3; 2) (-5;5); 3) (-0;-14); (14;00); 4) [0;00); 5) T; 6) (-00;0); 7) -0,5; 2.5; 8) -1;3; 9)0;2;
) (o) 12, gz 227, 14\.2-0. —1+465 . 3).
10) (-01-3); (350); 11) 1353 12)-0,5:5.5; 13) [7,5}, 14)-3;2; - 15) (_w,gj,

2

Te+17 1lc+11

16) 25, (352 £ 17) (o2l (1) 20) |465s] 222 10:1]
13

Bapuanr 1. 1) 73 2) ~15-3; 3) &; 4)(-003-4); 5)(-003- 21, [7; 0); 6)[-53- 1, [-500).
Bapuanr 2. 1) -2,5; 2) 3;4; 3) & ; 4)(8;0); 5) (5:3), (3:8); 6) (-o03-14), (-2;%0).

Bapmant3. 1) 3,25; 2)-1;-1,5 1; 1,5; 3) @ ; 4)(-1,75; 4,5); 5) (1,75; 1), (1; 00); 6) (-0,5;
2,75).

Bapuant 4. 1) (- o0; 0,8]; 2) 132,343 3) 5; 4) (o0; - 1; 5) (-o0; -3]; 6) (-o031), (13; o0).

2

Hppayuonanvnvle ypasnenus
6)2; _%; 7) 2;3; 8) 3;-1; 9) 1; 10) _%; 11) 11+427; 12) 1; 13) -1;3;3,5; 14) 2; 15) —é;—l

16) -0 2

4
Bapuanr 1. 1)-1;2;2)3;3)4; 4) 1;5) 2;-7; 6) -0,5; 0;5.
Bapuanr 2. 1) -3;2;2)7;3)0;5; 4) 5;6;5) -1;5; 6) 1; 20.
Bapuanr 3. 1)-—1;2;2)-2;3)1; 4)4;5)-1:4; 6) i%ﬁ.
Bapuant 4. 1) 0,5; 1; 2) -1; 3) 20; 4) 1;5) 0;1; 6) -1.
Hppayuonanvnole nepagencmea
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1) (-o0::3], [200: 2) @5 3) -Li[1:20: 4) (11100 )i8) (2252 2 6) (conie), (2:0):
7) [-5;-1); 8) (033); 9) [0,5; 00); 10) (—o0;5-2]; 11) [4;0); 12)[ w——j 13) [12;500); 14)(-00;-
1); (4;0); 15) [44 } 16) (10; o0); 17) [-V12:412 ]; 18) (-2;-1,6], [1,6:2); 19) 1; 2.
Bapuan 1. 1) (0:4); 2) (-0.5:0); 3) (-203-0,5);(2:2.5); 4) (3:57; 5) {—o,s;-T]; [0:2).
Bapuanr 2. 1) &; 2) (-00;-1), (2;0); 3) [-3:1); 4) (-00;-3]; [ j 5) (-00;-2), (0;00).

Bapuanr 3. 1) [-151]; 2) [3;28); 3) (-2;2); 4)[-6; -4+42); 5) (-o05-1], [2;2).

Bapuant 4. 1) J; 2) (-00;-127]; 3) (-1,25;-1), (0,5;0); 4) (-0;-3]; 5) (2;[2;#}

Ilokazamenvuvle ypasnenus
1) _%;1; 2) -0,6; 3)3; 4) -1;1; 5)5; 6) =1 ++2;7) 15 8) 0,75; 9) 4, 10) 25 11) 1og;2; logs4; 12)
2 2

lg3—-1g2 13 3lg5+lg3;14) 1
Ig2-1g(W5-1) 21g3+1g5
Bapuanr 1. 1)% :2)-1,5;-1;3)0;4)-2;5) 1. Bapumanr2.1) 1,5;2)0;1;3)1;4)4;5)-1.

lg7-1g57

Bapuanr 3. 1)7;2) -2; 3) 2+ 5 ;4) 1; -1; 5)2. Bapuanr 4. 1)3; 2)2; 3)0; 4) -1; 1, 5) -2.

Hokazamenvhbie HepaeeHncmea
D)(e5-3),(0:3)2)-17)i3) (- eslog, (V7 D [4)[0:11; 5) (1 ng f], g(

7) (1,5:0); 8) (-005-1), (5:0); 9) (1;00); 10) (- oelog, (1++/3 ).

Bapuanr 1. 1) (-4;5); 2) (-2;1); 3) (-o0; -3); (5; 0); 4) (1;2); 5) (0;1).
Bapuant 2 1) (-00;1), (5; ); 2) [1; 00); 3) (-00; 0,5); 4) (6; ); 5) [-1;0),(0; o0).
Bapuant 3 1) X €%R; 2) (25;4@; 3)(- o0; 1); 4) [4,5; ); 5) (-00;0), (0;0,5).

Bapuant 4. 1) (-00;3); 2) (-00;10]; 3) (-00;1); 4) (-00;-0,5]; 5) (- 005~ log, 5 2) , (log, s 2:0)
Jozapughmuueckue ypasnenusn |

1) 2;3;2) 2¥'; 3) -1; 4)-100; 5)2; 6)42 ;4; 7)3% 3'*: 8) 9; 9) 10;3; 10) 107; 10°; 12) k)

1:9; 14) 27272 15) @,

Bapuant 1.1)2+43 ;2)@;3)37;4)0,1;100; 5)100. Bapuant 2. 1) -5;1; 2)1; 3);4) 10™*; 10*;5)81.

Bapwanr 3. 1)0;1,5;2)25;0,2;3)0; 4)2; 5)10.Bapuanr 4. 1)-46; ¥6; 2)1000; 0,1; 3) 05v/26-4; 4)
1; 5) 100.

3+2[]] 6) [0:16];

Jozapughmuueckue nepasencmea
1) [-3;-3),(0;1]; 2) [-3;2); (2;3]; 3) (-3;-1); 4)(-0,2;0,4); 5)(-2;1); 6) (-9;18); 7) [2**;2]; 8)
(--4;-3);(8; 0); 9)(+339), (0;1); 10) (0,1;100); (10%;10°); 11) (-00;0], [10gs5 ;1); 12) (2; 0);

13) (0:1); 14) (é;“’]
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Bapuant 1. 1) (1,5;6); 2) [fosae]; 3)(3:4,5); 4) (1; 0); 5){

{PM}
T2

Bapuant 2. 1) (-40;10); 2) (ZL
{—3+3J§.—3+\/§]

2 72

1—36._2} [3,1+3\/§} 6) {3—61}
5 |, s 5 9

2

2

J :3)(1;4); 4) (1; 00); 5)(0,5;1); 6)[ 3—;@;—3—3\/1

SI

Bapuanr 3. 1) (-1‘;1), (3;5); 2) (0;0,125],[16; o0); 3) (4;5],(95; 0); 4) (2; 0); 5) (3; ©);

6)(1,5;2).

Bapuant 4. 1) (1;2), (3;4); 2)[42;2]; 3) (152],[3;4); 4)(1; ); 5)(-0,5;2); 6)(0,58; 7+ 43 ].
Tpuzonomempuueckue ypagHenus

1) J; 2) J;3) xi%k; 4)arcctgl,5+m,neZ;5) iarccos(\/ﬁ_

2]+27m,neZ;

V17 -1

6) (-1)" arcsin( ]+7m,n eZ; 7)2nk, keZ, ntank, keZ, 8)£+27Tk ,keZ,;

_J_9

9)+ +arcsmL+27zk keZ, 10) arctg(-3) + 7k, Z+7Tk JkeZ 1) arcte——+nk ,keZ,
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