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ﬂpeamcnosme

OcHOBHas LeJb MOCOOUS — NOMOJHUTH CHUCTEMY YHOpa>kHEeHUMH
yuyeOHMKA 3aJaHUAMU, MO3BOJIAIOIIMMU YUUTEII0O OPTaHU30BATL AUPD-
¢depeHMPOBAHHYI0O ¥ WHANBHAYAJBHYIO paboTy ydauimxcs Ha BCeX
aTamax ypoka.

JIunakTHyecke MaTepua/bl COCTABJIEHBI K KaKA0H TeMe Kypca
anaredpsl M HaYaJg MaTeMAaTHYECKOrO aHAJNHN3a, a TAKXKe K OCHOBHBIM
TeMaM Kypca ainredpsl OCHOBHOM HIKOJbI. Bce mpeasioskeHHBIE B TIOCO-
6uM 3a7aHuA cHabXeHbl TUO0 OTBETAMHU B KOHIIE KHUTH, JING0O OTBeTa-
MH, pPeHIeHHUAMH WJHM YKas3aHUSAMH cpa3y mnocJje UX QOpMYJHDPOBKH.

B kaxkzoi rsiaBe mocoOuA COAeprKaTCA:

1) aupaxTUYecKMe MaTepHasbl K KaXXJoMy naparpady y4eOHHKa;

2) KOHTpoOJbHas paboTa mo TeMme;

3) 3amanHusa AJA MOATOTOBKH K 3K3aMeHYy IO M3yuyaeMoOH Teme
(60IBHTUHCTBO U3 NPEAJIOKEHHBIX 33aJaHUH aBajoCh HA BBINYCKHBIX
dK3aMeHax B mIKoJaxXx Poccum HaumHas ¢ 1991 r.);

4) 3amaHuA )i UHTEPECYIOUIMXCA MaTeMaTHKOH (oZHa W3 Ie-
Jeil 3TUX 3aJaHMil — MOATOTOBKA K PeIleHUI0 CJIOKHBIX 3azau ET'9).

Kaxxkavlit maparpag mocobus BKJIOUYAET:

1) cnpaBouHbIE CBEIEHUS;

2) mpuMepH! U 3afayHd C NMOAPOOHBIMU DEIIeHUAMMU;

3) pa3HOYpOBHEBBIE 3aJaud [JA CAMOCTOATENBHON paboThl
B JBYX BapHaHTaXx (KajkJoe 3aJaHye HMeeT YCJIOBHYIO DaIJIOBYIO OlleH-
Ky CTENEHM ero CJIOKHOCTH).

MaTepuanasl MOCO6UA MOTYT CJAYKUTh OCHOBHOM YacCThi0 y4uyeGHO-
METOAUYECKOro KOMILJIEKTa mo aarebpe ¥ HavajlaM MaTeMaTHUYeCKOIo
amanusda ana ydammxca 10—11 kaaccos:

e 001I€06pa30BaTEIbHBIX;

® I'yMaHHUTAPHBIX;

® C eCTeCTBEHHO-HAYYHBIM, TEXHUYECKHUM KM MaTeMaTHUYECKHUM
VKJIOHOM, B KOTODBIX MaTeMaTHMKa usydaercs B o0bEéMe g0 6 uacom
B HeJeamn.

Hcnonb3ya 0ayIoBYIO OLlEHKY 3aJaHMil, YUUTEJIb MOYKeT:

e OpPraHM30BaTh «IIJaBHYIO» AuddepeHnuanuio oOy4YeHUA Ma-
TeMaTHUuKe: B 3aBHCHMMOCTH OT KauvyeCTBa YCBOEHHA TEeMBbl KaXXIOMYy
yualneMycsa mnpejajiaraTh KOHKpeTHBIM 6ajioBbIl AManas3soH BBIIOJI-
HsAeMBbIX 3aJaHUM, ITOMOrafA IIOCTENEeHHO MOAHMMATH YPOBEHbH CBOMX
MaTeMaTUYeCKUX 3HAaHUH U YMeHHUH;

® IpPEeNJIOKUTH Pas3HOOOpasHble BUABI YACTHYHO CAMOCTOATEJIb-
HBIX, CAMOCTOSITeJbHBIX U NPOBEPOUYHBLIX paboT, HampUMep IPeJJIO-
KUTH BBLIIIOJHHUTD OOJNBILINHN 00'bEM 3aJaHU pa3HOH CTEIIeHU CJI0XKHO-
CTH U YKa3aTh, CKOJBKO 0aJIJIOB HY)KHO HAOpaTh OJIA HMOJYYEeHHUSA TOH
UJIN WHOU oueHKHu (3, 4 uaum H).



Crnenyer 3aMeTUTh, 4TO 00A3aTeILHOMY YPOBHIO 3HaHHUI H yMe-
HUH COOTBETCTBYIOT 3aJaHMs, OlleHEHHbIe B TOCOOMM B OCHOBHOM baJi-
agamu 1, 2, 3, 4. Yuamuecs, IpeTeHIYIOI[MEe Ha OTIUYHYIO OLEHKY,
JOJI*KHBI CIPABJATHCA C 3aJaHUAMH, OIeHEHHBIMH B 6—7 GaJioB.

KonTponbHble paboThl MO TeMaM COCTOAT U3 ABYX dacTeil. Bhi-
NOoJIHeHHEe IepBOil JyacTH paboThl (O YepTHI) IIO3BOJISAET ydYalleMycs
NOJY4YUTH O1EeHKY 3. A rnoaydyeHusa oumeHKu 4 ydaliuica OJIXKEH
CIPABUTHCA C IEPBOM 4acCThIO pabOTHI ¥ BEPHO PEIIUTH OAHY U3 3aJau
BTOpPO# 4dacTH (3a yepToit). UToGHI MOJYYHUTH OLEHKY 5, IOMHUMO BbI-
NIOJIHEHUA NepBOH YyacTu paboThl, yUaAIUHCA AOJNKEH PelluTh He Me-
Hee IBYX JIIOOBIX 3aJaHUH M3 BTOPOM YacTu paboThHI.

Pacnososxcenne marepuajna B 110COGMH COOTBETCTBYET y4eOHUKY
aJarebpnl ¥ HadYajJ MaTeMaTH4YeCcKOro aHajausa astopos 1. A. Amumo-
Ba u Aap. (2010 r. u mocnenywinue rogel usganus). OgHaKo coaep-
JKaHue M CTPYKTypa HOCOOHA IMO3BOJAIOT C YCIIEXOM HCIIOJb30BATH
ero u npu pa6ote o ApyruM ydeGHuMKaM.



MaTtepuan ans noBTOpeHus

Kypca anrebpbl 7—9 knaccos

O6wue Teopernyeckue ceeaeHus

1. O6o3HaueHUA KJIACCOB UMCEJI:

N — MHO>XEeCTBO HATypaJbHBIX 4Yuces; Z — MHOYKECTBO IIeJIbIX
yuces; @ — MHOMECTBO palMOHAJbHBIX uYucesd; R — MHOXeCTBO
NeMCTBUTENbHBIX YHCEJI.

2. YucioBbie IPOMEKYTKM:

1) orpes3ok [a; b] — MHOXKeECTBO UYHCET X, YAOBJETBOPAIOIIUX
HepaBeHCTBaM a < X < b, rme a < b;

2) uHTepBaa (a; b) — MHOMXKeECTBO YHCEJI X, YAOBJIETBOPAIOUIUX
HepaBeHCTBaM a < x < b, rze a < b;

3) mosyunTepBan [a; b) — MHOKECTBO YUceJl X, YAOBJIETBOPSIO-
INX HepaBeHCTBaM a < x < b, rae a < b; nonyunrepan (a; b] — MHo-
JKEeCTBO 4YHCeJ X, YIOBJIETBOPAKINNX HEpaBeHCTBAM a < X < b, rae
a<b;

4) ny4Y — MHOKECTBO UYHCeJ X, VAOBJETBOPAMIIIUX OLHOMY U3
HepaBeHCTB x < a, X>a, x<a, X =a, rge a — HeKOTOpoe YHCJIO.

3. CraHmapTHBIA BHI 4YMCJAa — 3alKUCh 4Yuciaa B Buze a - 107,
rae 1 < |a| <10, n € Z, a — MaHTHCCA YHCJA, N — [NOPAJOK YHCJIA.

4. DopMyasl COKPAN[EHHOTO YMHOKEHU:

(a +b)2 =a®+ 2ab + b% (a-b)?=a?- 2ab+ b?%
a?-b2=(a-b)(a+b); (a+b)P=d®+ 3a’ + 3ab? + b3
(a - b)®=a® - 3a%b + 3ab% - b3, a®+ b%=(a+ b)(a® - ab+ b?);
a® - b® = (a — b)(a® + ab + b?).

5. YpaBHeHHE ¢ OQHMM HEH3BECTHBIM — 3TO DABEHCTBO, COJED-
JKaljee HeU3BeCTHOe YHCJIO, 0003HaYeHHOe OYKBOI.

KopeHb ypaBHEHHA — 3Ha4YeHHE HEH3BECTHOTO, IIPU KOTOpPOM
ypaBHeHUe o0palaeTcsa B BepHOe YHCJIOBOE pPaBEHCTBO.

Peuiutes ypaBHeHHEe — 9TO 3HAYMT HANTU BCe ero KODHU HJIH
YCTAHOBUTH, UTO UX HET.

6. YucnoBoe HepaBeHCTBO a > b (a < b) osHauaeT, 4TO PA3HOCThH
a — b noJoxkurtesabHa (OTpHUIlATEIbBHA); ecau a > b, To b < a. Hecrpo-
roe HepaBeHCTBO a = b o3HauaeT, 4TO UJIH a > b, wian a = b.

CBoiicTBa HECTPOTMX HepPaBeHCTB TaKHe e, KaK U CBOMCTBa
_CTPOTMX HEPaBEHCTB:

1) ecitua>bub>c, To a > c;

2) ectu a>b, Toa+ce>b+c ua—c>b-c gna awboro ¢
(11060e YHUCJIO MOIKHO IIepEeHEeCTH K3 OJHOM YacTu HEepaBeHCTBAa
B APYIYIO, U3MEHUB €ro 3HaK HA NPOTHUBOMIOJIOKHBIN);



a b a b
3) ectu a>b, TOo ac>bc u —> = npu ¢ >0, ac<bc u ?<Z
C c
npu ¢ <0;
4) eciua>buc>d, oa+c>b+ d;
5) ecim a>b,c>d u a, b, ¢, d — mOJOKUTEJIbHBIE YUCJIA, TO
ac > bd;

6) ecitma>b20, Toa”>b", raene N. b
a +

Cpenuee apudmernuecroe uuces a u b — 4ducio

CpenHee reoMeTpruuecKoe HEOTPUIlATEIbHBIX YHCEN @ U b — uMuc-

Jo +/ab.

b
Ecnna?O,b?O,Toa; = Jab.

7. HepaBeHCTBO ¢ OJJHMM HEU3BECTHBIM — 3TO HEPaBeHCTBO,

cojepxKalllee HEM3BECTHOE UMCJIO, 0003HaYeHHOe GyKBOIi.

PemreHnue HepaBeHCTBa C OJHUM HEU3BECTHBIM — 3TO 3HAUEHHUE
HEU3BECTHOT'O, IIPX KOTOPOM JaHHOe HepaBeHCTBO obpalilaeTcs B Bep-
HO€ YMCJI0OBOE HepaBeHCTBO.

PemuTh HepaBeHCTBO — 9TO 3HAUUT HAWUTH BCe €ro pelleHUs
WJIH YCTAHOBUTH, UTO MX HET.

CBoiicTBa HEPABEHCTB:

1) 060 YyneH HepaBeHCTBA MOJKHO IIEPEHEeCTH M3 OJHOM YacTu
HEPaBEeHCTBA B JPYTryi0, U3MEHHB ero 3HAK Ha IPOTHBOIIOJIOMKHBII,
IpU 3TOM 3HAK HEepPaBEHCTBA He MEHAETCH;

2) obe yacTH HEPAaBEHCTBA MOXKHO YMHOMKHUTb WM PasfeJuTh Ha
OJTHO U TO K€ YUCJIO, HEe PABHOE HYJK, IPUUEM: €CJIH 3TO YHCJIO OJIO-
JKUTEJIbHO, TO 3HAK HeDaBEHCTBA He MEHSEeTCs; eCJIH 9TO YHCJIO OTPHU-
aTEeJbHO, TO 3HAK HEPABEHCTBA MEHSETCS Ha IPOTHBOMOJIOMHBIM.

8. DdyHKUMA.

Eciau KaXIoMy X M3 HEKOTOPOTO MHOMKECTBA YHCeJI [10CTABJIEHO
B COOTBETCTBHE €JUHCTBEHHOE YHCJO Y, TO TOBOPAT, YTO HA 9TOM MHO-
)ecTBe 3agaHa dyHKuua y(x). IIpu sToM x HaspIBAaIlOT HE3aBUCUMOH
nepeMeHHON (MJIM apryMEHTOM), a § — 3aBUCUMOM IepeMeHHOH (uiu
byHRIIHEH).

O6sacThs onpefesieHUs QYHKIIUM — MHOXKECTBO BCEX 3HAUEHUMH,
KOTOphIE MOXKeT MPUHUMATh €€ aprymeHT (ecau (QYHKOUS 3azaHa
dopmMysI0ii, TO CUUTAIOT, YTO €€ 00JIaCTh OIPEJEJIEHUSA — MHOXKECTBO
3HaYeHUI apryMeHTa, IpM KOTOPLIX 3aTa ¢OpMyJia UMEeT CMBICI).

PDynkuua y(x) HasblBaeTcs Bo3pacralomieii (yObIBalomieil) Ha
NPOMEXKYTKEe, ecJu OoJbleMy 3HAYEHUI0 apryMeHTa COOTBETCTBYET
6onbltee (MeHblllee) 3HaYeHHe (YHKHHMU, T. €. JJIA JOOBIX X; U X,
M3 9TOr0 NPOMEKYTKa U3 HEPABEHCTBa X, > X; CJIeAyeT HEPaBEHCTBO
y(x3) > y(x;) (coenyer HepaBeHCTBO Y (x,) < y(x;)).

Yeérnaa oyurnua — GyHkuua y(x), obsazaiomasa CBOMCTBOM
y(—x) = y(x) zgns raxjgoro x us obsactu eé ompesenenus. I'padpux
YETHOH (PYHKIHH CHMMETPHUYEeH OTHOCHUTEJbHO OCH OPAUHAT.

HeuérHaa dbyHKnua — pyHrnusa y(x), obiramamniasd CBOHCT-
BOM y(—x) = —y(X) ZIA KaxJAOTO X U3 00JacTu eé ompeeseHH.
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I'paduk HeuéTHON QYHKUMH CHMMeTPHYEH OTHOCHTEJIBLHO Hadaua
KOOpAHHAT.

9. IIporpeccuu.

Apn(l)Meanecxaa IIporpeccusa — 4YMCJIOBadAa IMocjaenoBaTeJIbHOCTh
a, @y, ..., Q,, ..., YAOBJIETBOPAWOIIAA YCIOBUIO 4, ,; = a, + d, TOe
n — JIIO60€‘ HaTypaJIbHO€ 4HCJIOo, a d — 3aZaHHOe YUCJIO, Ha3blBaeMoe
Pa3HOCTBIO aTon IIporpeccum.

Popmyna n-ro 4yjaeHa apudMETUIECKON NMPOTPECCUU:

a,=a,+(n-1)d.

PopMynBl CYMMBI N TIePBBLIX UYJEHOB apu(pMeTHYeCKOil mpo-
rpeccuu:

a, + a . 2a,+ d(n-1)
Sn:_l____"_.n’ Sn:___l__ﬁ_._.n_
2 2
T'eomerpuueckasa nporpeccus — YHCIOBas MOCIEHZOBATEJIBHOCTD
by, by, ..., b,, ..., yOOBIeTBOpAOWaA ycjoBuw b, ., =b,q, rie n —

a060e HaTypaJabHOE YUCJIO, a ¢ — 3aZaHHOe YHUCJO0, Ha3blBaeMoe 3Ha-
MeHaTeJleM 9TO Imporpeccuu, npuuém b, # 0, g # 0.
dopmysa n-ro yjgeHa reoMeTpUUYECKON MIPOrpeccHuu:

bnzblqn_l'

DopMyaBl CYMMBI N IMEPBBIX YJEHOB TI€OMETPUUYECKOH Ipo-

rpeccHuu:
_bi(l-¢")
1-¢q

L8 =t Ly

S
n 1-¢

n

1. KBappaTHbie ypaBHEeHUA

CnpaBo4Hble CBeAEeHUNA

KBagpaTHBIM ypaBHeHHeM HAa3blBaeTCA ypaBHeHWe BMAa ax> +
+bx+c=0, rne a, b u ¢ — 3agaHHbBle 4YucJjga, npuuém a # 0,
a X — HEeHU3BeCTHOe YUCJIO.

@DopmMyIbl KOpHEH . KBafpaTHOTO YDaBHEHUA:

-b*Jb? - 4ac

2a

Xy,2 =

D =b? - 4ac — IUCKPUMHHAHT KBaJpaTHOTO ypaBHEHUS, OIpe-
JeJyifgeT HaAJIW4YMe U KOJUYECTBO JEeMCTBHUTEJIbHBIX KOpHEH.

D>0 D=0. D<O0
IdBa pasiuuHbIX OnuH KOpeHb Her neficTBHTEJBHBIX
KOpHSA 5= b KOopHe#
_-b+ D 2a
x1,2 - T
2a




KBazpaTrHoe ypaBHeHue Buza x° + px + ¢ = 0 Ha3bIBAIOT HpHUBe-
néuueM. Ecnu p — uéTHoe unceso, To npu p? — 4¢ > 0 KOpHHU ypaBHe-
HUSA yaA06HO HAXOAUTH 110 (hopMyIaM:

2
p p
x1,2=—§i [5) -q.

Teopema Buera. Ecin x, u x, — KOPHH IPUBeIEHHOTO KBa/Jl-
paTHOTO ypaBHeHusA X2+ px + ¢ =0, TO X; + X3 = —pH X| - X5 = (.

Teopema, obpaTrHasa Teopeme Buera. Ecau p, q, x,
M X, TAKOBBI, YTO X; + X3 =—p U X, + Xy=(, TO X; U X, — KODHH
ypaBHeHusa x° + px + q = 0.

Ecsn x; ¥ x, — HeiCTBUTeJNbHBIE KOPHU ypaBHeHUs ax? + bx +
+ ¢ =0, TO OpH BCceX X CIPaBeIJUBO PABEHCTBO

ax?+bx +c=a(x — x))(x - xy). (*)

Vpasuenue Buga ax? + bx2 + ¢ = 0, rge a # 0, Ha3bIBAIOT GUKBAJ-
paTtHbIM,. IIpu 3ameHe x? = t OHO CBOJUTCH K KBaJpaTHOMY.

« Mpumepbl C peleHuaIMu

1. Pemwuts ypaBuenue 2x* — 17x2 -9 =0.
Pewenune. [lycts x? = ¢, Toraa x* = t? u fanHOE ypaBHeHMe 3a-
numem B Buge 2t2 — 17t — 9 = 0. Pemum 5T0 ypaBHeHUe:
_17+4361 _17+19

D=(-17?-4-2-(-9)=361>0, ¢t , 95 YRE

oTKyaa t, =9, t, = —%.
VpaBuenne x?=9 wuMeerT ABa KOPHA: X, ,=13; ypaBHeHue

2

1 " "
x° = =3 He UMeeT NeliCTBUTeNbHBIX KOpHell. OTBerT. x; 5 =*3.
x? —x-20
2. Cokpatuts aApobp ——— .
P P 4 Tx — 2x2
Pemenue. 1) PasnoskuM Ha MHOXMXHTEJIH YHUCJIHUTENL APOOH.
Tak xak —4-5=-20 u -4 + 5=1=-(-1), To, cornacHo Teopeme,

obpaTHoIl Teopeme Buera, uucna x; = -4 u x, = 5 ABIAIOTCA KOPHSA-
Mu ypaBHeHus x2 — x — 20 = 0, Toraa no dopmyse (¥) umeem x2 — x —
— 20 = (x + 4)(x - 5).

2) PasnokumM Ha MHOXKHTEJIH 3HaMeHaTesb Apobu. Ilis atoro
HaZ1éM KOpHM ypaBHeHUd —2x2 — Tx + 4 = 0:
7+J81 7+ 9
2.(-2) -4

D=(-7?-4.(-2)-4=49+32=81, x,,= ,
oTKyZda x; = —4, x, = % Torga nmo dbopmyse (¥) mosydum

—2x2—7x+4=—2(x+4)(x—%).



3) CokpaTtum Apobn
x? - x~20 _ (x+4)(x-5) _ x-5 x-5

4-7x - 2x2 1) 1) 1-2x°
-2(x + 4) x—§ -2 x-=

3. Haiitu Bce 3HaYeHHsA m, OPU KOTOPHIX ypaBHeHue mx? + x —
— 3 =0 uMeeT OMH KOpPEHb.

Pemenune. 1) IIpu m = 0 ucxoiHoe ypaBHEHUE ABJISETCA JIH-
HelHpIM X — 3 = 0 U UMeeT OAMH KOpeHb X = 3.

2) IIpu m # 0 wucxomHoe ypaBHeHHe KBaJApaTHOe, HMeIlee
OJUH KOpeHb B caydae D = 0.

D=12-4-m-(-3)=1+12m, 1+ 12m =0 mpu m=_$.

OrBer. m=0um= —i.

12
4. Pemwuts ypaBHenue (x2 - 5x + 6),/2x —5=0.

Pemenue. IIpousresienne IByX MHOXKUTEJIEH paBHO HYJIIO, KO-
raa xotda Obl OQMH M3 HHUX pPaBeH HYJI0, a APYyroi Impu 3TOM HMeeT
cMmbica. KOpHE JaHHOTO ypaBHeHUs HaWAEM B pesdyJibTaTe paccMoTpe-
HUA ABYX CJYYaeB:

1) x2-5x+6=0, [x, =2, x, =38,

2x-520, x =z 2,5,

2) 2x-5=0, x = 2,5.

OrBerT. x; =3, x, = 2,5.

x=3.

5.  Paayio)xuB Ha MHOXKHUTeJIN MHorowieH P (x), peiiuTs, ypaBHEHUEe
P(x)=0, eciu P(x) = x%+ 3x% — x - 3.

Pemenue. P(x)=x3+x2+2x2+2x-83x-3=(x3+2x2-3x)+
+(x24+2x-3)=x(x2+2x-3)+ (x2+2x-3)=(x+ 1)(x2+ 2x - 3) =
=(x+ 1)(x - 1)(x + 3).

(x+1)(x—-1)(x+3)=0, orkyga x; =-1, x, =1, xg =-3.

OrBeT. x,=-1, x,=1, xg=-3.

. 3apaHva Ana caMoCTOATeNbHOW paborbl
BapwuaHrt |

Pemuts ypaBuenue (1—6).
1. (8x — 4)2 — (5x — 2)(bx + 2) + 20 = 0.

2_25 2 2 — 2
2.1: -o0. 3‘2x +4_ 3x=x +8‘
x -5 3 4 6
4.[5] x* + 3x2-4=0. 5.58] 21—+ L =5

x-3 x+3 8

6.@ 1 + 1 x

2x2 - x-3 2x2—9x+9:x2—2x—3'




7. @ YupocTuTh BhIpaKeHUe
11 - 2a? a2+19a+60_( 81 a+6)

a-3 a+6 242 + 7Ta - 30 2a-5

PemuTe cucremy ypasuenui (8—11).

x% 4+ y? =5, x-y=71,
8. 9.5
{x+y=1. {xz—y2=14.
(x-2)(y-3)=1,
x+xy+y=-3,
. - 11.
10. [5] x—2=1. lE{.’)c—xy-ﬂ;/——-l.

y—3

Pemutes 3agauy (12—13).

12. [6] IBe 6puraas pabounx 3aKOHUYMIN PEMOHT y4acTKa JOPOTH 3a
4 4. Ecau 6b1 CHayaJia OAHA U3 HUX OTPEMOHTHPOBAJIA II0JIOBHU-
HY BCEro y4acTKa, a 3aTeM Apyras — OCTaBIIYICSA 4YacTb, TO
BeCcb PeMOHT ObLiI O 3aKoHUYeH 3a 9 u. 3a CKOJBKO BpeMEHH
Ka)kJas 6puraza B OTAEJbHOCTH MOTJIA OB OTPEMOHTHPOBATH
BeCh yYacTOK?

13. [6] MoTopHas moaka, cobcTBeHHASA CKODOCTH KOTOPOH COCTaBJIAET
15 kM/u, mpoma II0 TEYEeHHI0O peKH 24 KM U BepHYJAaCh
obpaTHO, 3aTPaTUB Ha 00paTHbIA nyTh Ha 40 MuH Goablre, yem
Ha OyTh IO TEUEHUI0 peKU. HalTu CKOPOCTL TeUeHUS pPeKu.

Peururs orHocuTenvuo x ypasHerue (14—16).
14. [6] ax? — 2x = 0. 15.[6] x2 - a = 3.
16.[7] (a2 - 9)x% — 2ax + 1 = 0.

17.[6] WsBecTHO, uTO x = 1 — KOpeHb ypaBHenusa 3x2 + px — 2 = 0.
HaiiTyl p ¥ pa3/oxKUTh JIEeBYIO YACTh YDABHEHUA HA MHOMKUTEU.

18. [7] Pasnoxus Ha MHOKUTe U MHOTOUIeH P (x) = x3 + x% — 4x — 4,
pemiuTh paBHeHue P(x) = 0.

Bapuant |l

Pemiurs ypaBHenue (1—6).
1.[3] (4x + 3)(4x — 3) — (6x — 1)2 + 18 = 0.

xZ - 49 x2+x 3-Tx
2.7;7_0- 3-—4__ 20 _0,3-
1 1 3
. 4 _4x2-5=0. . =2,
4.[5] x* - 4x 0 5x—2+x+2 5
6. 6] L TR R x

2x2 —8x-9 x*-x-6 2x®+Tx+6



7. (6] YupoctuTs BhIpakeHue
( 36a? 5a*2j . 1la-2 28a - a?

5a? +13a -6 a+3 ) a®-2a-156 2-ba

Pemuts cucremy ypaBHenunit (8—11).

x2+y? =17 x+y=3,
8.5 g 9.5
{x—y=3. {xz—y2=l5.
x+1_1 __7
10.5]{ y-3 11.@{i+x"_y:1’
(x+ )y - 3) = 4. yoy=L

Pemtutsy 3amauy (12—13).
12. [6] 3a 4 gua coBMecTHOH paboTHI ABYX TPAKTOPOB PASJMYHON MOIII-
HOCTH GBLIO BCIIAXAHO % mosis. 3a CKOJBbKO AHEH MOMKHO OBLIO

BCIAXaTh BCE II0JIe KaXIbIM TPAKTOPOM OTAEJbHO, €CJU IIep-
BBIM TPAKTOPOM MOMKHO BCIaXaTh BCE IOJe Ha D gAHEH OGhIcTpee,
yeM BTOpPbIM?

13. @ Jlogka nponaslia 21 KM Mo TeYeHUIO peKU U 6 KM IIDOTUB Te-
YeHUSA 3a TO Ke BpeMsdA, KaKoe IT0HaZo0MUJIoCh OBl IIJIOTY, YTOOBI
nponablTh 10 kM. 3Hass, 4TO COOCTBEHHas CKOPOCTb JIOAKH
paBHa 5 KM/4, HATH CKOPOCTh TeYEeHHUA PEKH.

PemuTs oTHOCHUTENBHO X ypaBHeHue (14—16).
14. [6] ax® + 8x = 0. 15.[6] x2 + 4 = a.
16.[7] (9 —a®)x2 - 6x+1=0.

17. [6] UsBecTHO, uTO x = 2 — KopeHb ypaBHeHusa 4x2 — 14x + ¢ = 0.
HaiitTu ¢ 1 pasjgoKuTh JIeBYIO 4aCTh YPaBHEHUsI Ha MHOXKHUTEJIH.

18. Pa3iioxuB Ha MHOMKUTeJN MHOrowrieH P (x) = x3 + 2x? — 9x — 18,
peuiuts paBHeHue P (x) = 0.

2. KesagpatuyHas yHKuuUs

CnpaBo4Hble CBefeHus

dyuknua y =ax’?+bx +c¢, rae a4, b U ¢ — 3ajaHHbIe YUCJa,
a #* 0, X — AeﬁCTBHTEJIBHa.H IIepeMeHHas, Ha3blBaeTCsa KBagpaTH4-
HOU (YyHKILMEH.

3HaueHUsA X, IPU KOTOPBIX DYHKIIUA IPUHUMAET 3HAUYeHUe, paB-
HOe HYJIIO, Ha3bIBAIOT HYJAAMHU QPYHKIINH.

TpadburxoM dyHKIUU y = ax® + bx + ¢ aBnaerca napabosaa, moay-
YJeHHas caBuramMmu napa60111.1 y= ax2 BAOJIb KOODAHMHATHBIX oceil u me-
pecekaloiiada ock Oy B Touke (0; c).

_ b
Xo = =5

24" Yo = Y (xy) — KOOPAMHATHI BePIINHBI NapaboJbl.
a

11



b
Ipamasa x = ~3a ABJIAETCA OCbIO cmMMeTpuHM napaboxnsi. Ilpu
a

a > 0 BeTBM mapa6oJibl HampasjeHbI BBepx, Npu a < 0 — BHUS.

- Mpumepbl C peLIEeHNIMU

1. TIlocrpours rpadux dyuxnuu y =—-2x2+ 3x + 5.
Pemenue. 1) Haligém xoopauHATHl BePIINHBLI Napabosbl.

b 3 3
xo.—_—_z——:_;
2a 2.(-2) 4
2
3 3 9 9 1
= =-2|=] +3--+5=—=+-+5=6=.

Yo =y(xy) (4) 1 st 3
1

2) Ha KoopAMHATHOM IIJIOCKOCTH OTMETHM TOUKY (%, ng — Bep-

HIMHY Napabosbl — U yepe3 Heé NPOBeAEM BEPTHKAJIbHYIO IPDAMYI —
OCh CUMMETpUH napaboJibl.
3) Ormerum Ha KooOpAHMHATHON miuockoctu Touky (0; 5) u cum-

. . 1
METPHUUYHYIO €if OTHOCHUTEJILHO NMPAMOH X = g TOUYKY (15; 5

4) Haiiaém myau GyHKIOUU DU PellleHUM ypaBHenus —2x2 + 3x +
+5=0:
D=9-4-(-2)-5=9+40=49,
-3+4J49 -3+ 7
xl,-2 = 2 =
- (=2) -4

-3+ 7 -3 -7
:—1,x2= :2_1__
-4 —4 2

ITocTpoum Touku (—1; 0) u (2% ; OJ.

’

OTKyla X; =

5) Yepea oTmMeueHHble Ha KOODAMHATHOM IIJIOCKOCTH 5 TOYeK
npoBeAéM napaboay (puc. 1).

2. - TocTpouTs rpaduk GyHKOUU y = |—(x + 2)2 + 4.

Pemenue. M'papuk pyaxnuu y = —(x + 2)2 + 4 cTpoutcs casu-
ramu rpaduka GyHKUMK y = —x2 (Ha pucyHke 2 napaboia @) BAOJIb
ocu Ox Ha 2 eguHuIBl BJeBo (mapaboJsa (2)) U Ha 4 eTUHUIILI BBEPX
(mapa6osa (3)). 'padux yHruuu y = |—(x + 2)2 + 4| nonyuaerca us
rpaduka @ 3ePKaJIbHBIM OTPa’KE€HHEM OTHOCUTeJbHO ocu Ox Tou eé
YacTH, KOTOPAs JIEKUT B HUMKHEH MOJYIJIOCKOCTH. OTO KPUBAas @

3. BrifcHUTH, IPH KAKOM 3HAYEHHMH x QYHKUHA y = mx2 — 6x + 5
OpUHUMaeT HauboJiblllee 3HAUYEHUE.

Pemenue. 1) IIpu m =0 sagawmasa GyHKDHuI dQopMmyaa
NpuHUMaeT Bujp y =-6x + 5. 9ra byHKUUA JUHEeHHaAdA, IT03ITOMY
HauboJabilero 3HaUYeHUsA He UMeeT.

2) Ilpu m > 0 3aganHast GyHKIMA KBaJpaTUYHasdA, BETBH rpaduka
KOTOpPO¥ HAaIpaBjieHbl BBepx. Haubousblllero 3HadeHus B 9TOM cCJjydae
GQYHKIUA TaKKe He HUMeeT.

12



6 L i Yy
3T 4
@
5 1
1 1
1....
-2 -1[ ol 381 2 \3 x
4
Punc. 1 Puc. 2

3) Ilpu m < 0 kBagparuuHad GYHKIHA, BeTBU rpaduka KOTO-
poil HampaBJIeHbI BHU3, IPUHMMAaeT HauboJiblllee 3HAUEHUE B TOYKe,
siBIsOIeiicss abcuuccoil BepinHbl 1apabosibl, T. €. B TOYKE

Orser. Ilpu x=£, rae m < 0.
m

4, IIpamas [ sagaHa ypaBHeHueM Yy = 3x — 6. 3anucats ypaBHeHUNe
npsAMoil, cuMMeTpuuyHOi [ orHOcuTensHo: 1) ocu Oy; 2) ocu Ox;
3) Touru (0; 0).

Pemenue. Ecnu npamas [ 3azaHa ypaBHeHuUeM Yy = kx + b,
TO ypaBHEHUE IPSIMO#, CUMMETPHUYHOH HIpAMOH [ OTHOCUTENBHO
ocu Oy, moJsiyyaercda U3 ypaBHeHHs Yy = kx + b 3aMeHOll x Ha —x
(y = —kx + b). YpaBHeHUssmMu ~y =kx + b (y=-kx -0b), -y=—-kx + b
(y = kx —'b) 3ajmaioTcsa mpAMble, CUMMETDHUUYHBIE NpAMOH [ OoTHOCH-
TesibHO ocu Ox u ToukH (0; 0) cooTBeTCTBEHHO (B IIEePBOM cJyuae Yy 3a-
MeHsIeTCS Ha —Y, a BO BTOPOM X M Yy 3aMEHSAIOTCA Ha —X U —Y).

OrBeT. 1) y=-3x-6; 2) y=-3x+6; 3) y=3x + 6.

- 3apaHua ong caMOCTOATENIbHOU PaboThbl
BapwuaHT | '

1. 3anucaTh ypaBHeHHe NapaboJsibl, IMOJYYEeHHOH CABUIOM Mapaboinl
y = 3x2 Ha 2 eZWHMIBI BIPABO M HA 3 eJUHUILI BHUS.

2. (3] Banucarp ypaBHeHHe napaboibl, HOTYYEHHON CABUTOM mapabo-

1
Jbl Y = —5 x2 Ha 3 eIUHULLl BJIEBO M Ha 4 eIUHMILI BBEPX.

13



IlocTpouTh rpadux pynxkuuu (3—7).
3.[4y=2(x+3)2-2. 4.4l y=-(x - 2)% + 3.
5.[4] y = 3x2 - 6x - 2. 6.5 y =|x? - 2x - 3|
7.06]y=x2-2|x|-3.

OnpeeanTsb, TP KAaKOM 3HAaYEHUM X KBaApaTU4YHAs QPYHKIUA IPUHHU-
MaeT HauboJiblllee (HauMeHbIIIee) 3HAUEHUe; HaiTH 9T0 3HadYeHHe (8—9).

8.5l y=x%-2x 4. 9.y=—%x2—2x+8.

10. @ Ilpsimasi [ 3ajaHa ypaBHeHueM y = —6x + 8. 3anucaTb ypas-
HEeHUe IPSMOM, CUMMETPHUYHON NpAMOIl | OTHOCHUTEJBHO:
1) ocu Oy; 2) ocu Ox; 3) Touru (0; 0).

BapwuaHrt |l

1. 3anucaTh ypaBHeHHe 1apaboJjibi, IMOJIYy4eHHOI CABUIOM Iapa-
6onbl y = 2x° Ha 4 eAUHUIEBI BJEBO U HA 3 €AMHHIBI BBEPX.

2. 3anucaTh ypaBHeHUe NapaboJibi, IIOJYUEeHHOM CABUTOM napabosbl
y= Agx2 Ha 2 eJUHUIILI BIPAaBO U Ha 3 €JUHMIBLI BHUS.

ITocTpouTts rpadux dyurnuu (3—7).

3.4]y=3(x-2)2+1. 4.4l y=—(x+3)2 - 1.

5.4 y = 2x2 - 8x + 7. 6.5 y=|x2+2x - 3|

7.6] y =x%+2|x|-3.

OnpenesnnTb, IpUM KAKOM 3HAUEHUM X KBagpaTH4YHAas (PYHKUHUA IIPUHU-
MaeT HauboJIblllee (HauMeHblllee) 3HaUeHe; HallTu aTo 3Hauenue (8—9).
8.5] y=3x%2-6x + 1. 9.5 y=-x2-4x+ 1.

10. (6] Tpadukn obyukmuit y=2x+b u y=kx + 4 CUMMETDUUHEI
oTHOCHTeNbHO ocu Ox. HaiiTu Koaddunuents: b u k.

3. PeweHune KBaapaTHbIX HEPaBEHCTB
C NOMOoLWbIO rpaduka KBaapaTuiHoOn PpyHKUUUN

.. MpnMmepbl C peleHnsmm

1. PemuTs HepaBeHCTBO —x% + x + 2 > 0.

Pemenue. BerBu mapabonbl y=-x2+ x + 2 HampaBJeHb
BHM3. BBISICHHMM, MMeeT JIM 3Ta napadoJsa
ob1igye TOYKM ¢ ocbio Ox, IS 4yero Halaém

KODHHM ypaBHeHusa —x2 + x + 2 =0: x; = -1,
-1 2 X
x,=2
H3o6pasum cxemarnuecku rpapuk GyHK-
nun y=-x2+ x + 2 (puc. 3). HcxozHomy Puc. 3

14



HEePaBEeHCTBY YAOBJETBOPAIOT 3HAUEHUA X, IPU KOTOPHIX TOUKH mapa-
00JIbI JIeXKaT Boille ocu Ox.
OTrBeT. -1 <x<2.

2. Pemurs HepasencTso 4x% + 12x + 9 < 0.
Pemenue. BoisicHum, ecTh Ju 00I[Me TOUYKH y mapaboJIbl
y=4x2+12x+ 9 ¢ ocwio Ox. YpaBHenue 4x2+ 12x + 9 = 0 umeer

3 ..
OIUH KOPEHb X = -3 Ha pucyske 4 cxemaTudecku mu3o0paxkéH rpa-

bux dpyaxmun y = 4x%2 + 12x + 9. Tar Kax
pH BCEX X # — I TOUKH mapabosbl Jexar

3
Boitre ocu Ox, a y =0 npu x = —5° TO HC-
XOQHOMY HECTPOrOMY HepaBeHCTBY YyIOBJie- _3 X
TBODAET €IUHCTBEHHOE 3HAYeHHEe X = -3
3 Puc. 4

OrBeT. X = —=.
2

3. PemuTh OTHOCHTENIBHO X HepaBeHCTBO x2 + 2ax + a2 —a + 3 > 0.
Pemenue. Haliném gUCKPUMHMHAHT KBAJApPATHOIO ypaBHEHUA

x2+2ax+a?2-a+3=0. 1)
D=(2a)2-4-1-(a?-a+3)=4a%-4a’>+ 4a - 12 = 4a - 12.

1) Ecau D <0 (upu a < 3), ypaBHeHHe (1) He MMeeT KODHeH.
CxeMaTuuecku rpadur GYHKIUNA

y=x?>+2ax +a’-a+ 3 (upu a < 3) (2)

“300pakeéH Ha pHcyHKe 5. Tak Kax npu ao060M X TOUKU napaboJibl
aexar Beilite ocu Ox (y > 0), To pelreHUeM
HCXOJHOTO HepaBeHCTBA sABJseTcA Jioboe
NeMCTBUTEILHOE X.

2) Ecniu D=0 (upu a = 3), ypaBHe-
Hue (1) uMeeT OAUH KODPeHb x = —3. Pemre- LLLLLLLIII T
HAUAMHU HCXOTHOT'O HepaBEHCTBa ABJIAIOTCA
BCe OeHCTBUTENbHBIE Umcja, KpoMe X = —3 ) Puc. 5
(puc. 6).

3) Ecniu D >0 (nmpu a > 3), ypaBHe-
Hue (1) umeer ABa KOpHA Xy = —a— vJa— 3,
Xy = —a++va—-3. OueBHIHO, peIIEHUAMU
HCXOQHOr0 HEepaBeHCTBA SABJAIOTCS BCe 3HA-
YeHHsA X U3 MPOMEXKYTKOB X < —a—va—3 Puc. 6
ux>-a++va-3 (puc. 7).

OTrser.1) Ecaua < 3, To pelieHUAMU
HepaBeHCTBa SABJAITCA BCe OeHCTBUTENb-
Hele x; 2) ecanm a =3, To x # -3; 3) ecau

a>3, Tox<-a-vJa-3ux>-a+Ja—-3. Puc. 7

X
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. 3apaHus ANs CaMoOCTOATENbHOW paboTbl

BapwnaHr |
Pemuts HepaBeHcTBO (1—6).
1.5] x2+x-2<0. 2.[5] x> +3x - 5> 0.
3.[5] x2 - 8x > -16. 4.[5] 9x2 + 25 < 30x.
5.[5] x2 + 6 > 5x. 6. [5] x2 < 3x.
7.[6] Tlpu xakux 3HAUEHHAX X UMeeT CMBICJ BLIDAYKEHHE

V8x2 —x—4?

. IlokasaTk, uTo npu ¢ > 1 pelnrenusMu HepaBeHCTBa X2 — 2x +
+ @ > 0 ABAAIOTCA BCe 3HAUEHUA X.

®

9. TloxasaTs, uTo OpHu g > 4 HepaBeHCTBO x2 — 4x + ¢ < 0 He uMeeT

penleHMii.
Bapwuant Il
Pemnte HepaBeHncTBo (1—6).
1.[5] —x2+ 3x — 4 < 0. 2.[6] x2+4x - 72>0.
3.[5] x2 + 12x > -36. 4.[5] 16x% + 1 < 8x.
5.[5] x2 + 4x > 5. 6.[5] x2 < 4.
7. @ Ilpn xakuX 3HAYEHUSIX X MMEEeT CMBICJ BbIpa’KeHUe

V6x2 —x—-17

8. Iloxaszarb, uTO Npu ¢ > 4 peIleHMAMH HepaBeHcTBa x2 + 4x +
+ g > 0 ABIAOTCA BCe 3HAYEHUA X.

9. IlokasaTe, uTo 1pHu ¢ > 1 HepaBeHcTBO X2 + 2x + ¢ < 0 He uMeeT
peleHmii.

4. MeTtoa nHTepBanos

. CnpaBo4Hble cCBEeAEeHUs

MeToa MHTEPBAJOB YAOOHO NPUMEHATb [JIA pelleHus Hepa-
BEHCTB, JIeBas 4aCTh KOTOPBIX ApO0b, YHCIUTENb U 3HAMEHATeNlb KO-
TOPOM ABJIAIOTCA NPOMU3BEJAEHUSAMH JABYUYJIEHOB BHJa X — a (B 4acCTHO-
CTH, KOrjla 3HaMeHaTeJb paBeH 1), a mpaBas yacTh pPaBHa HYJIIO.

Z Mpumepsbl C pelwieHUISMU
1. PemuTts HepaBeHCTBO
(x-7(x-3)x(x+1)Px2-x+1)>0.
16



Pemenue. Tak kak x2 — x + 1 > 0 npu 060oM X, a 3HaK (x + 1)3
coBnagaeT co 3HaKoM (x + 1) npu Bcex x # —1, ToO MHOKecTBa pelIeHUH
HCXOJHOTO HepaBeHCTBA M HepaseHcTBa (x — T)6(x — 3)x(x+1)>0
cosmagaroT. Ilpu x = 7 310 HepaBeHCcTBO HeBepHO. Tak Kak (x — 7)6 > 0
IIPpU BCeX X # 7, TO AJIA BCeX X # 7 MHOYKECTBO pPellIeHUi NCXOLHOTO He-
PaBEeHCTBA COBMNAJAaeT C MHOKECTBOM DellleHUY HepaBeHCTBa

(x-3)x(x+1)>0. 1)

OTMeTHM «BBIKOJIOTBIMM» HA UHCJIOBOM OCH TOUKY X = 7 U KOp-
HU ypaBHeHus (x-—3)x(x+1)=0, T.e. Toukm x,=3, x,=0,
x3 = -1 (puc. 8), Tak Kak yucyaa 3, 0 u —1 TakKe He ABJIAIOTCA pellle-
HUAMH cTpororo HepaBeHcTBa (1). Touku x,, x, u x; pasdbuBaT 4u-
CJOBYIO OCh Ha 4HeThIpe IpOMeKyTKa. IIpu x > 3 Bce MHOXKUTEJHU He-
paBeHcTBa (1) mosmoskuTenbHbl. IlpM mepexose uepe3 TOUYKH X = 3,
x =0, x =—1 MHOrouJeH B JIeBOl YACTH HEPABEHCTBA MEHAET CBOM
3HAK, YTO U OTMeYaeTCA Ha PUCYHKe 8.

OrBer. -1<x<0, 3<x<7, x>T17.

L

-10 3 7 X -6 -2 254 X
Puc. 8 Puc. 9

(2x — 5)(x + 6) S
(x+2)(4-x)
Pemenue. 3anuieM faHHOEe HEPABEHCTBO B BUIE
2(x - 2,5)(x +6) _ o
(x + 2)(x —4)

OTMeTMM Ha YHCJIOBOH OCH TOYKH X; =—6, x,=-2, x3=2,5
nx,= 4, Ipnu KOTOprX ABYUYJIeHBI B UHCJINTEJIe U 3HaAaMeHarTeJe ,I[p06I/I,
cTodAlleld B JE€BOI 4acTH HepaBeHCTBAa, 00paInalTcsa B HyJb. IIpu sTom
TOUKHU X = —2 U X = 4 OTMETUM <«BBIKOJIOTBIMM », TaK KaK IPH 3THUX 3Ha-
YeHUAX X ApoOb He umMeeT cMbicjaa (puc. 9).

PaccraBuM 3Haku 3Ha4YeHMi Apo6u Ha 0Opa30BaBIIMXCA MATHU
IPOMEXKYTKAaxX U BeIOepeM U3 HUX Te, KOTOPhle ABJIAIOTCA PEIIeHUAMHA
HecTpororo HepaBeHcTBa (1).

OrBeT. -6<x<-2, 2,5<x<4.

2.  PeuruTh HepaBeHCTBO

1

3apaHua ans CaMOCTONATeNIbHOW paboTbi

BapuaHt |
Pewrurs HepaBeHcTBO (1—10).
1.[4) (x - 1)(x - 3)(x + 2) > 0. 2.[5] (2x + 3)(x - 1)(5 + x) < 0.
3.%x3-2x>0. 4.[6] (x® - 5x + 6) (x2- 9)<0.
2 _
5. [6] (x%+ 4x +4) (x2— 16)> 0. 6.@%$0.
X
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7‘(x+ 1)(x—3)(x—9)<0.

(x - T7)
8.[6] (x — 9)7(x - 1)8(x + 1)x? 2 0.
x4 - x2-12
9.[6] (bx — 1)3(x2 + x + 5) < 0. 10.7+—1—>0.
BapwnaHTt |l
Peutute HepaBenctso (1—10).
1.[4] (x - 8)(x + 1)(x + 4) < 0. 2.[6] Bx-1)(x—-2)(x+1)>0.
3.%x3—3xS0. 4.[6] (x2-Tx+12)(x2 - 4)>0.
2
5. [6] (x + 6x + 9)(x2 — 1) < 0. 6.@936—11_2;+—4>O.
7. [T (x+2)(x-3)x-4)_ o
(x - 2)°
8.[6] (x — 3)1%(x — 1)%x%(x + 2) < 0.
9 5 x*-8x2-9
9.[6] (x2 - x + 3)(6x + 1)°> 0. 1O.W<o.

5. YpaBHeHus U HepaBeHCTBa,
coaepxalime Hem3BecTHoe noj, 3HakKoOM Moayns

- CnpaBo4Hble CBeAeHUs
Monynb uucna a (o6o3nauaercs |a|) onpenensierca dopmynoit
la| = {a, ecit a=0,
—a, eciu a < 0.

TeomeTpuuecku |a| — paccrosrme or Toukm 0 Ha UYHCIOBOI
IPAMOH A0 TOYKH, M300parKaroIieil 4ucJo a.

|a — b| — paccTosiHme MeRay TOYKAMHU C KOODAWMHATAMU a U b
Ha YHUCJIOBOH IIPSIMOI.

HexoToptbie cBoiicTBa MoayJisi:

1 la|=0; 2) |-a|l=lal; 3) |kal=|k|-lal; 4) |af?= a2

- NpyuMepbl C peLleHusIMm

YpaBHeHUdA C MOJAYJeM

1. Pewuth ypaBHeHnue |5 — x| = -2.

Pemenune. YpaBHeHue He MMeeT KODHeil, Tak KakK mo l-my
cBolicTBY MoayadA |5 — x| 2 0 npu nw6om x.

OTrBeT. KopHelt HeT.

2. Pemurts ypaeuenue |x? - 1|+ |[x% + x|=0.
Pemenue. IIpn mo60oM x cipaBeAJIUBbLI HepaBeHcTBa |x2 — 1|2 0
u|x%+ x|> 0, I03TOMY KOPHAMM HCXOJHOTO YDABHEHUS SABJIAIOTCS
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Te 3HaYEHUS X, KOTOPHIEe 06paIamT B HYJs 00a CIaraeMeiX JIeBOil
. 2 ‘
x¢-1=0
YacTH ypaBHEHUSA, T. €. MOJYYUM CUCTEMY ) ’ pelias Ko-
x“+x=0,
TOPYIO, HAXOAUM
x*-1=0mnpu x=%1; x>+ x =0 npu x, =0, x, =-1.
OueBHUAHO, UTO pelIeHHMeM CUCTeMbl fABIgeTcA X = —1.
OrBeT. x =-1.

3. Pewnts ypasaeHue |2x — 5| =|x + 3.

Pemenue. Moaynn oIMHAKOBBIX M IIPOTHUBOIOJOMKHBIX UHMCE]
paBHbl. IloaTtomy 2x — 5 = £ (x + 3). Pemras monydyeHHeie ypaBHeHUA,
HaXoJWM OTBET: X; =8, X, = -g
4. Pewmwurts ypasuenue |[3x — 1| = x2 + 1.

Pemenue. Tak kak x2+ 1> 0 npu mwobom x, To 3x — 1=
=+(x? + 1). Pemium aTu ypaBHeHHUS.

1) 3x-1=x2+1, orxkyma x2-8x+2=0. Kopuamu osTOro
yPaBHeHUA ABJIAKTCA x; = 1, x, = 2.

2) 83x - 1=—-(x?+1), orkyaa x?+ 3x = 0. Kopuu sToro ypas-
HeHUs xX; = -3, x5, =0.

OrBeT. x;=-3, x,=0, x53=1, x, = 2.

5. Pemwuts ypasHenue |x + 2| - 8 =|x - 6|.

Pemenue. Touku x = -2 u x = 6 pasbuBaroT YUCJIOBYIO NPs-
MYI0 Ha TPU NpoMexyTKa. [Ipu nepexoae yepes KaXKAyi0 U3 3THUX TO-
YeK 3HaueHWEe OJHOTO M3 BHIPAXKEHMUM, CTOAILIMX MOX 3HAKAMU MOAY-
Jei, MeHsaeT cBOii 3HakK (puc. 10). YuuTeiBas 9TOT GaKT, pelIuM
HCXOJHOEe YPaBHEHHE HA KaXJI0M U3 06pa30oBaBIINXCA IIPOMEXYTKOB:

1) (x<-2, @
—(x+2)-8=—(x-6),

x < -2, - N + Y+
{—x—2—8=—x+6, S, N
x < -2,
{0l (T
Cucrema He MMeeT pelIeHUIt.
Puc. 10
2) (-2< x<6, 3) (x>,
{x+2—8:—(x—6), {x+2—8=x—6,
-2< x <6, x =26,
{x—6=—x+6, {x—6=x—6,
-2< x <6, x =6,
{x=6. {O:O.
Cucrema He UMEET peIeHU. Pemenue aToit cucteMsr x = 6.

OrBeT. x 2 6.
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3aMeUuaHU 4.

a) Vpasuenue Buma |f(x)|=g(x): 1) upu g(x) <0 He uMeeT
KopHeil; 2) npu g(x) = 0 uMeeT KOPHU, COBIIaJalile CO BCEMU KOp-
HaMUu ypaBHeHu# [(x)=g(x) u f(x)=-g(x), ¥ TOJBKO 3TH KOPHH.

6) Kopru ypaBmenus |f(x)|=|g(x)| coBnagamoT co BceMH KOp-
HsaMu ypaBHeHHt f(x) = g(x) u f(x) = -g(x).

B) Kopru ypaBHenusa |f(x)| = g(x) MOXXHO MCKATH CJEAYIOIINM
obpazom: 1) HaliTu KopHM ypaBHeHMA [2(x) = g2(x); 2) mpoBepuTh
HalifeHHble KOPHU IIOJCTAHOBKOI B MCXOZHOE ypaBHEHUE.

HepaBencrra ¢ mogyJiiem
6. - Pemwuts HepaBeHcTBO |x% — 3| < -2,
Pemenue. Tak xkak -2 <0, a [x? - 3| > 0 npu Bcex 3HaYeHH-
fAX X, TO UCXOZHOE HEePaBEHCTBO He MMeeT DelIeHMI.

7. - PemwuTs HepaBencTso |2x — 1| < 3
Pemenue. Tak Kak 3 >0, TO, mOJIb3ysACh TreOMETPUUYECKUM
npeCTaBJIeHUEM MOHATUSA MOAYJS, MUCXOJHOE HEPABEHCTBO 3aMEHJI-
eM JBOMHBIM HepaBeHCTBOM -3 < 2x — 1 < 3. Orcroma -2 <2x <14,
-1<x<2.

8.  Pemuth nepasenctso |1 + 3x| > x2 + 3.

Pemenune. 3amerum, uto x2 + 3 > 0 mpu awobom x.
1) Ilpu 1 + 3x 20 umeem 1 + 3x > x2 + 3. Pemmum cucremy He-

1+3x >0, x> -1 1

OTKYyZa

paBeHCTB{ S .2 3
1+3x 2= x?+3; x2-3x+2<0, 1€ x<2.

PeurenueM cuCTeMEBI IBJIAETCA OTPE3OK
1<x<2(puc1l).

2) IIpu 1 + 3x < 0 umeem —(1 + 3x) >
> x2 + 3. PemumM cucTeMy HePaBEHCTB -

1
{1+3x<0, i X< - Puc. 11
“1-83x>x7+ 35 424 3x 4+ 4<0.

|

QW=

Tak KaK BTODOe HEpaBEHCTBO CHUCTEMBI He MMeeT peIleHuil, To
M BCA CUCTeMa He MMeeT pelleHui.
OrBeT. 1 <x<2.

9. : PemuTh HepaBeHCTEO |8 — x| > |2x + 1].

Pemenue. Tak Kak o0e yacTu HepaBeHCTBa HpPU JIIOOOM X —
HEOTPHULIATE/]bHBIE YHCJA, BOCIOJb3yeMCA CBOWCTBOM BO3BEIEHUA
o0enx uYacTell TAaKMX HEPABEHCTB B HATYPAJLHYIO CTelleHL (ecsu
a>bz20, 10oa"”>b" upu n € N). OGe uacT UCXOJHOrO HEPABEHCTBA
BO3BEJEM B KBaJApar:

13— x2>|2x + 1|2,

oTkyZa 9 —6x + x2>4x2+4x+ 1 n
' 3x2 + 10x — 8 < 0. (1)
20



Haitném Kopuu ypaBHeHusa 3x2 + 10x — 8 = 0:
-10+ /100 - 4-3(-8) -10+ 196 -10+ 14
2.3 - 6 ~ s
x,=—-4, x,==>.

X1,2 =

>

Taxkum o6pasom, pelreHueM HepaBeHcTBa (1), a 3HauuT, U HC-
XOJHOTO HepaBEHCTBA SBJSAETCS MPOMEXYTOK —4 < x < g.

3aMeuaHU. 3

a) HepaseHnctso Buaa |f(x)| < g(x): 1) npu g(x) < 0 He umeer
peutennii; 2) npu g(x) > 0 uMeeT pellleHHsI, COBIAZAIOINUE C pelle-
f(x)< g(x),
f(x)>—-g(x).

6) Hepasenctso Buaa |f(x)| > g(x) umMeeT Te e pelIeHUs, UTO
U Bce pelreHUs1 HepaBeHCTB f(x) > g(x) u f(x) < —g(x), U TOALKO 3TH
pellleHus.

B) Pemenus nepapencTs Buza |f(x)| < |g(x)| coBnanator c permre-
HUAMU HepaBeHCTBa f2(x) < g2(x), KOTOpOe CBOAUTCA K HEPaBEHCTBY
(f(x) - g(x))(f(x) + g(x)) < O (xoTOpPOE YACTO YAAETCS PEILIUTH METO-
JIOM HHTEPBAJIOB).

HHUAMHU CHUCTEMBbI {

. 3apaHnMa ana caMoCTOATeNbHOW paboTbl

Bapunant |
Pemutrs ypaBHeHue (1—8).
1.[3] |8 - 2x| =-1. 2.[3] |4x + 1] = 0.
3. [5] %—1}+’x2—4‘=0. 4.[5] |x - 5| =|2x + 3.
5.[6] |x - 6|=x2 6.[6]|8x - 2| =2x+ 1.
7.06] |x® - 3x + 5| =x%- 7. 8.[6]|x+3|-5=|x-2|.
Pemruts HepaBeHcTBO (9—16).
9.[4]|3x - 1]<-2. 10.[5] [3x - 1| < 2.
11.[5] |2 - 5x| < 3. 12. [5] %—71>2.
13.[6]|6 - 2x| =2 x - 1. 14.[6] |2 - 3x| > |x - 2|.
15.[6] |5 - 4x| < |5 + 2x/. 16-'%(6%2>1‘
Bapuant I/
Pemrnts ypaBHenue (1—8).
1.[3] |5 - 8x|=-3. 2.[3]|7 + 2x| = 0.
3.’x2—9[+‘§+1l=0. 4.[5]8x - 1|=]|x + 5.
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5.[6] |x — 12| = x2. 6.[6] |2x — 3| =x + 1.

7.[6] |x® - 5x ~2|=x2-1. 8.[6]|x-4|-6=|x+ 2]
Peunts HepaBeHcTBo (9—16).
9.[4] |2x - 5| < -3. 10. [5] |2x - 5| < 3.
11. (5] [3 - 2x| < 1. 12.%-2‘>3.
13.[5] [6 — 3x| > 2x + 1. 14.[6] |8 — 4x| < |x + 8]
4

15.[6] |3x - 5| > |5 + x/. 16.[7] 4 o,

fx + 6|-2

3apaHus ans NOAroToOBKU K IK3aMEeHy

Yupoctuts (1—4).
1.[4] x+1 .1 _x2 Orser -1.

x¥+ x2+ x x*-x

1 1 1+ 3a 2 + 6a 1
2.5 + : . . OrBeT. —=—.
(2—611 27a3-1 1+3a+9a2) a a
8—713 n2 n2 4—",2
3.5 12+ - . . OTrBerT. 2.
2+n ( 2+n) n-2 n%+ 2n
3 .
4.6 6(a+ 27)- |a + 4]

(a2-38a + 9(a%+ Ta + 12)°
OTrBeT. 6 npu a <—-4; 6 npu a > —4.

5. @ HaiiTu Bce 3HaueHus k, Ipu KOTOPBIX KBaJApPaTHOe ypaBHeHUE
3x? —~ 2kx — k + 6 = 0 He umeeT KopHeii. OTBeT. —6 < k < 3.

6.[6] Haiitn a, mpM KOTODOM OAZMH M3 KODHell ypaBHEHHs
2x? + ax + 3a = 0 paser 3. OrBerT. -3.
7.[5] UssecTro, uTO X, M X, — KOPHM ypaBHeHHs x°-5x+4=0,
X%, 4
He pemias aToro ypaBHeHU S, BBIYUCITATE ———. O TBET. —.
(x,+x,)? 25

8. Havitt maubGosblilee 1enoe oTpuUllaTelbHOe 3HaueHHe k, TIPU
KoTOpoM ypaBHeHHe 5x2+ 2kx + 5 =0 umeeT JBa NOJOXKU-
TeJbHBIX KOpHA. OTBeT. —6.

x — 4 _ 1
x2 -4 x2+ 2x  x%- 2x

<

. [5] Pemiurs ypaBHeHME

OTrBerT. x = 3.

10. [6] IIpy kakux sHadeHHsiX b KOpeHb ypaBHeHHA (2 — b)(b + x) =
=15 - 7b Gonbwe unau pased 3? OrserT. [Ipu b<2 n b = 3.
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Pemnts ypaBHeHme (11—15).
x -1

11.
@ x+ 3

12.(5] x2 + 4]|x - 3| - Tx + 11 = 0.
11-29 3+ 413

2 2T T

13.(6] |-x2 - 16| =8x. OTBerT. x = 4.

14. (7] |x - 1|-2]x - 2|+ 3|x - 3|=4. OTBeT. x=5; 1 <x<2,
15.8] |8 —x|-x+1|+x=6. OrBeT. x, =-2, x, = 4.

=1. OrBerT. x = -1.

OTrBerT. X, =

Pemruter cucremy ypaBHeHuii (16—18).

16. [5] i*;’=5,'

x? 4+ y? =138. Otrser. (-3; -2), (3; 2).
17.[6] [ x2 + xy + y2 = 37,
x% —y% =37. Orser. (4; 3), (-3; —-4).
18. 7 [ L_+1-1
x+1 y 3
1 ~1-1 OTBerT. E; 42
(x+1)? y* 4 13 5

19. [5] Pemruts Hepasencrso (x3 — 1)(x* — 16) < 0.
OrBeT. x<-2; 1<x<2.

4 —x 1

> .

x-5 1-x

20. [5] Pemuts HepaBeHCTBO

OrBeT. 1<x<3; 3<x<b.
21. [6] Pemruts HepaBenctso 3x — 1 < 2|x|. OrBeT. X < 1.

22, [7] PemuTs HepaBeHCTBO |x? — 8x + 15| < x — 3.
OTBerT. 4 <x<6.

23. (8] PewuTs HepaBeHcTBO |x|(x2 — 2x — 3) = 0.
OrBer. x<-1; x=0; x > 3.

24, HaiiTu mauboaslnee Iejoe penleHUe HepaBeHcTBa x2+x—10<
<2|x-2|. OrBerT. 2.

25. IlepBy:o deTBepTr NYyTH I0€34 ABUTAJICA CO CKOPOCTBHIO
80 kM/4, a ocTaBmIyIoOcsS — €O cKopocTeio 60 kM/4. C kakoi
cpegHell CKOpPOCThIO aBurasicd noe3xg? OrTseT. 64 KM/,

26. [8] Maccaskup egeT B TpamMBae M 3aMedaeT, YTO Hapasje]bHO
TpaMBaWHOH JUHUUA B IPOTHBOMIOJIOKHOM HATPABJIEHHUH MIET
ero mpusATeNb. Yepes MUHYTY UeJIOBEK BBHIIIEJ] H3 TpaMBas
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27.

28.

29.

30.

31.

32. [6]

33.

34.

35.

36.

24

Hu, 4TOOBI JOTrHATH NPUATEJA, IOIIEN BABOe ObICTpee €ro, HO
B 4 pasa meajeHHee TpaMBasi. Jepe3 CKOJBKO MHHYT Ilacca-
skup goroHuTt npuarenss? OrserT. Yepes 9 MuH.

Bacceiin HanonHusiercsa ABymMsa Tpybamu 3a 7,5 4. Ecau oTKpBITE
TOJIBKO IIepByI0 TPyOy, TO 6acceitH HAIOJHUTCS Ha 8 4 ObICT-
pee, 4eM ecJM OTKDPBLITh TOJbKO BTOPYIO. CKOJNBKO BpPEMEHU
6yaeT HamoJHATbCA OacceitH BTopoit Tpy6Goit? OrBeT. 20 u.

Caesxkue rpubnl cogepkat no macce 90% BoJbI, a CyIHIEHBIE —
20% . CKONBbKO HY»KHO coOpaTh CBeXKHUX rpuboB, 4TOOBI M3 HUX
noayuuyoch 4,5 Kr cymeénsrx rpu6oB? OrBeT. 36 KrI.

K pacreopy, cogep:xkamemy 39 r conu, mobasunu 1000 r Bo-
Ibl, IIOCJIe Yero KOHIIeHTpanusa coau yMmenblnumiach Ha 10%.
Ha¥itTu nepBoHaua/JbHYI0 KOHIIEHTDAlIMIO COJIX B pacTBOpe.
OrBerT. 13%.

HNmeerca 200 r cmoyaBa, cojepskaliero 30JIOTO U cepebGpo
B oTHomIeHNH 2 : 3. CKOJIBKO rpaMMoOB cepebpa Haxo 1o0aBUTH
K 3TOMY CIJaBYy, 4TOOBI HOBBIH cmaaB cozepskan 80% cepeb-
pa? OrserT. 200 r.

NmMmeroTcsa aBa cnjiaBa Medu M IMHKA. B mepBoM cmniaBe Menu
B 2 pasa 0oJibllle, 4YeM IIUHKAa, a BO BTOPOM — B 5 pas MeHblIle,
yeM HUHKA. Bo cKoabko pas GoJsbllle HAJ0 B3ATHL BTOPOTO
cIjIaBa, YeM IEepPBOro, YTOOLI M3 HUX IIOJIYYUJICSA HOBBIH CILJIAaB,
B KOTOpOM ILMHKa 6nbjio Ob1 B 2 pasa Oojbille, yemM Mean?
OrBerT. B 2 pasa.

Pyuka mo cHu»Kenusa 1eH crousa 30 p., a [ocje CHUMKEHUA —
27 p. Ha cKoJbKO MPOIIEHTOB CHUKeHA 1ieHa pyuku? OTBerT.
Ha 10%.

AHTUKBapHBIA Marasud, KynuB apa npeamerta 3a 22 500 p.,
npojas ux, noaydyuB 40% mnpubsiian. 3a cKOJIbKO pybied ObLI
KYILJIEH MarasuHoM Ka)XIbl¥ mpeaMeT, ecJaM HA I[ePBOM MpH-
6bL1K mTostyueHo 25% , a ua sropom — 50%? OTBeT. 9000 p.
u 13 500 p.

3anuch WIECTU3HAYHOrO 4YHcja HauwHaercs nudpoit 2. Ecan
9Ty IiUdpPy MepeHecTH C MepBOro MecTa Ha IocJieJHee, COXpa-
HUB IOPAJOK OCTaNbHBIX IATH LUGpP, TO BHOBb MOJIYYEHHOE
yucyo 6yger BTpoe GoJibille MepBoHauaJabHOro. HaiiTu mepso-
HauanbHOe yucjo. OrBerT. 285 714.

IIpy nmepeMHOXEHUH ABYX HATYpPaJbHBIX YHCEJ, PA3HOCTH KO-
TOPBIX paBHAa 7, ObLja JONyLieHa OoITUOKaA: Iudpa COTeH B IIPO-
usBeneHun yeesqudena Ha 4. [Ipu JeseHuu moJIy4yeHHOTO He-
BEPHOIr0 MPOM3BEAeHUA HA MEHBIINI MHOMXHUTEJb [IOJYJYHIOCH
B 4acTHOM 52 u B ocratke 26. Haiitu Muoxxutean. OTBeT.
34 u 41.

N3 nyskToB A u B HaBCTpeuy JApYyr APYry OLHOBPEMEHHO
OTIIPaBUJIMCH HellleXox U Bejocuneauct. Ilocsie BecTpeun mnelre-



37.

38.

39. [9]

40. [9]

41. [9]

XOJ MPOAOJIXKHUII CBOX NyTh B NYHKT B, BejocumemucT e II0-
BEPHYJI Ha3aJ M ToxKe noexas B NyHKT B. Ilemexon, BuIen-
IIMA U3 IIYHKTa A, IPHmIEa B MIYHKT B Ha ¢ 4 m03Ke BeJo-
cunegucra. CKOJIBKO BpeMEHHM IMPOILJIO OO BCTPEUYH, €CJH
M3BECTHO, YTO CKOPOCTH HIelllexofa B K pa3 MeHbIIe CKOPOCTH

Besocunegucta? OTserT.

9.

OT ABYX KYCKOB CILJIaBa C Pa3JIMUYHBIM IIPOLIEHTHLIM COAEPKa-
HUEM MeIH, C Maccoil m KI' U n Kr, ObLJIO OTPE3AHO MO KYCKY
paBHoro Beca. KaskapIil s oTpe3saHHBIX KYCKOB ObLI CILJIaBJIECH
C OCTaTKOM JPYToro KycKa, II0CJe Yero IPOLEeHTHOe CoAepIKa-

HUe Meau B O0OMX CIIJIaBax CTaJIo ofuHaxKoBbIM. Haiitu maccy

mn
Ka»XXJao0oro u3 OTpe3aHHBIX KYCKOB. OTBEeT. ——— K.

m+n

[IBa BeJsiocumenucTa, BhleXaB OLHOBDEMEHHO H3 IYHKTa A,
eayT C PAa3HBIMHU, HO MMOCTOSTHHBIMHM CKOPOCTAMHU B IIYHKT B u,
IOCTUTHYB ero, ceiuac ke mosopauuBaioT obpaTHo. IlepBbrii
BEJIOCUIIEIUCT, OGOrHAB BTOPOr0, BCTPEYAET €ro Ha oOpaTHOM
NyTH Ha PAcCTOSHUH 4 KM OT IIyHKTa B, 3aTeM, JOCTUTHYB
IyHKTa A M CHOBa I[IOBepDHYB OOpDaTHO II0 HaIpaBJIEHUIO
K OYyHKTY B, BCTpeuaeT BTODOrO BeJIOCHIIEZHCTa, Npolas
k-10 yacTe paccTosHua oT A no B. HaiiTm paccTosiHMe MeKAy
nyHktaMu A u B. OTrBerT. s = 2ak kM.

ITemexon ¥ BeJOCHUIIEAHUCT OTMIPABJIAIOTCA OJHOBDEMEHHO M3
NMIYHKTa A B IyHKT B. B nyHKTe B BeJIOCHIIEZUCT MMOBODAYU-
BaeT oO6paTHO M BCTpeuaer meurexona yepesd 20 MUH mmocJje Ha-
yajia gBuxKeHusi. He ocTaHaBIMBafACH, BEJIOCHIIEAUCT AOE3Ka-
eT 0 IYHKTa A, moBopauuBaeT 06pATHO U JOTOHSET IIelllexona
yepe3d 10 MUH Iocjie MepBOil BCTPeduH. 3a Kakoe BpeMs Iie-
1exoJ TPOUAET myTh OT MyHKTa A Ao nyHkTta B? OTBer.
3a1lmwy.

W3 nyuxkra A B nyHKT B Bpllles nemnrexon. Benex 3a Hum ye-
pe3 2 4 U3 MyHKTa A BblexajJ BeJOCHUIIEAHUCT, a ellé uepes
30 MUH M3 TOro »Ke MyHKTa BbIeXaJ MOTOLIMKJHUCT. Bce yuacTt-
HUKH JBUXKEHUS IlIepeMellajJiich paBHOMepHO H 6e3 OCTaHO-
BOK. Yepes HeKOTOpoe BpeMs IIOCJe Bble3Ja MOTOLMKJHCTA
0KAa3aJIoCh, YTO BCE TPOE IIPE0J0Je] I OZUHAKOBYIO YacTh IyTH
or A m1o B. Ha cKoJlbKO MHUHYT PaHbllle Iellexoda HPHUOLLI
B IIYHKT B BeJocuneaucr, ecuau nemexoq npubslI Tyga Ha 1 u
mo3:xxe Morouukaucra? OTser. Ha 48 muH.

ABTOMOOHUJIUCT U BEJIOCHIIEJHCT, BbleXaBLINe OJHOBPEMEHHO
HaBCTpedy Apyr APYry COOTBETCTBEHHO M3 OYHKTOB A u B,
COBepIIanT 663OCTaHOBO‘-IH06 ABHXKEHHNE MeXXAy 3THMHU IIYHK-
ramu. JloexaB g0 myHKTa B u moBepHYB Hasazd, aBTOMOOH-
JIUCT JAOTHAJ BeJIOCHIeAMCTa dYepe3d 2 U IocJie HMX IepBoii
BcTpeun. CKOJIBKO BpEeMeHH I10cJje NepBOi BCTPEYM eXaJjl BeJo-
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cUNeJUuCT JO NyHKTa A, eCIM K TOMYy MOMEHTY, Korga ero o6o-
2
rHaJl aBTOMOOUJINCT, OH IIpoexal s nytu or B 1o A? OTBerT.

8 yu 45 MuH.
42. [9] Isa BesocumeauCTa ABUKYTCH 110 KOJBIIEBOI BeJOTpacce AJIH-
1 "
HHI §, = 4acTh KOTOPOM MPOXOAWT II0 CTAAMOHY, a OCTaBlIasfd-
cA YacTh — IO TropoAcKuM yaunam. CKOpOCTh IIEPBOTO Be-
JIOCUIIeINCTa Ha CTAaJUOHE paBHA U, a HAa TOPOACKHUX YJIHIAX

16
paBHaA §U. CKOpOCTL BTOpPOro BeJioOCHIIeANCTa Ha CcTagfuoHe

16
paBHa 4v, a Ha FOPOACKHX yJaULAX ?v. BenocunegucTer ogHO-

BPEMEeHHO BBbE3XKalT Ha CTaaHuoOH. ‘{epes KaxKoe BpeMs#A II0-

cJle 3TOro OJWH W3 HUX BIIepBLIEe COBEPIIUT OOrOH Apyroro?
23s

OTBeT. Yepes —.
15v



Mnasa I. AencrTeuTtenbHbie 4Yucna

§ 1. Uenbie n paumoHanbHble Yncna

CnpaBo4Hble cBefeHus

PauuoOHaIbHBIMM HA3LIBAIOT YHMCIA BHAA %, Tae m — lejoe
YHUCJIO, N — HATYpaJbHOE YHUCJO. n

Kaxaoe pannoHaJlbHOEe YHCJIO MOYKHO IPEACTABUTH B BUie Oec-
KOHEUYHOU HEepUOAUYECKON IeCATHUYHON ApPOOH.

MpumMmepbl ¢ peLleHnaIMu

IlpencTaBUTh GECKOHEUHYIO IEPUOANYECKYIO JPOOb:
1) 0,(2); 2) 0,(35); 3) -3,11(5); 4) 1,2(31)

B BUJe OOBIKHOBEHHOM.
Pemenue.

1) x=0,(2), 10x =2,(2), 10x—x=2,(2) - 0,(2), 9x =2, x = %,
"2) x =0,(35), 100x = 35,(35), 99x = 35, x = g
3) x=-3,11(5), 100x =-311,(5), 1000x = -3115,(5),
900x = —2804, x = 2804 _ 701 _ 526
900 225 225
4) x=1,2(31), 10x=12,(31), 1000x = 1231,(31),
990x = 1219, x = 1219 _ 1229
990 990

- 3apaHva gns camMoCTOATEeNLHOW paboTbi
BapunaHT |

1. Kakoe u3 uucesn %, 15%, %, % MOXKHO NIpeACTaBUTH B BUIE
KOHEUYHOM AECATUYHOH Ipobu?

2. BrisicEuTh, KaKyl u3 gpobeit %, %, ?, % MOXHO IpencTa-

BUTL B BHJe GeCKOHEUHOI IepHuoJuYecKol AecATUYHOU npobwu,

nepuoa KOTOpPO! paBeH 7.

BrinucaTh IpeniosKeHME U 3aKOHYUTH €ro TaKuM o6pasoM, 4ToObI
BBICKA3BIBAHUE CTAJ0 MCTUHHBIM (3—5).

3. [2] HarypanbHOe uncio geauTca Ha 3, ecan

4. HarypasnpHOe 4nCIO0 geluTca Ha 9, €CiIu
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5. Kaxaoe HaTypasabHOE YHMCJI0 MOXKHO 3alIKCATh B BUAe ODeCKOHeu-
HOM Nepuogu4YecKou Apobu ¢ mepuoaoM

IIpeacTaBuTh GECKOHEUHYIO IEPUOAUUYECKYIO JECATHUYHYIO ApoOb B BU-
Ae oObIKHOBeHHO# (6—9).

6.[3] 1,(4). 7.[3] 0,(13). 8. [4] -3,1(7). 9. [4] 0,12(15).

Bapuant Il

1. Kakoe u3 yucen 13%, 1 5 9

—, 1— MOXHO IIpeJCTaBUTH B BUJE
7’ 28" T40
KOHEYHOM AeCATHUYHOH Apodu?

2. BrifgacHUTB, Kakyo u3 gpobeit %, %, %, 33—2 MOXKHO IIpeJCTa-
BUTH B BUJle OECKOHEYHOH NEpUOSHYECKON AECATUUYHOU Apobu,
epHuoj KOTOPO# paBeH 5.

BrimucaTe npeisyiokeHne M 3aKOHYUTH €ro TAKMM O6pPasoM, YTOGHI
BBICKa3blBAHHE CTaJI0 UCTUHHBHIM (3—5).

3. (2] HarypannHOe YHCJIO KelUTCA Ha 4, eciu

4. HarypasabsHoe uucio genurcs Ha 9, ecau

5. Kaxoe mesioe 4ic/Io MOKHO 3aIIMCATh B BUAe OeCKOHEUHOM ITe-
PUOJUYECKOH APOOH ¢ mepuoaom

IIpeacTaBUTh 6ECKOHEUHYIO IEPUOANYECKYIO NECATHUHYIO JpOOhb B BHU-
Je oObIKHOBEHHOU (6—9).

6.[3] 2,(8). 7. (3] -0,(15). 8.[4] 4,2(6). 9. [4] 0,15(13).

§ 2. [Oe#crBUTenbHble Yuncna

. CnpaBo4Hble cBeAeHUS

HppanuoHa bHBIM YMCJIOM Ha3biBaeTcsa OeCKOHeYHAsds HeIepHo-
AuYecKad AecCATHYHAsT JpoOb.

JefCTBUTEILHBIM UYHCJIOM HAa3LIBAETCA OeCKOHeYHAasd AeCATHUY-
HaA Apobb, T. e. ApPoOL BHUAA

+ay, ay @y ag ... UNU —a,, a, a, d ...,
Iie a, — Ilejoe HeOTPULlaTeIbHOe UMCJIO, a Ka)JAaA u3 6yKB a,, a,,
az, ... — 3To ogHa u3 jgecaru nudp: 0, 1, 2, 3, 4, 5,6, 7, 8, 9.
Ilycts x4, x5, X3, ..., X, — IOCJEAOBATEJbHBIE NPUOIUIKEHUS

MeHCTBUTENBHOIO YMCIa X ¢ TOYHOCTBIO 10 1, 10 0,1, no 0,01 u T. 1.
Torga HmOrpemIHOCTH NPHUGIMIMKEHUS |X — X,| IPH n — 0O CTPEMHTCA
kK 0, 7. e. lim [x— x,|=0, a aTo o3nauaer, uro lim x, = x.

n — oo n — oo
Bce npasuna geiicTBuil Hax palMOHAJBHBIMY YHUCJIAMH COXPAHA-
I0TCA U OJA JeWCTBUTEJIBHBIX YHCEJ.
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- Mpumepbl ¢ pewieHnaMm

1. TIloxasaTs Ha YKUCJIOBOM NPAMOIl TOUKY C KOOPAMHATOI:

1) V13; 2) V7.

Pemenmne.

1) (V13)% = 22 + 32,

V13 — nnuna THIOTEHY3BI IPAMOYTOJbHOTO TPEYTOJbHUKA C Ka-
reramu 2 1 3. IlocTpouM Tako#d TPeyroJbHUK B KOOPAMHATHOM ILJIOC-
KocTHu (puc. 12).

2) (J7)2 +32= 42,

J7 — pnuna xarera NIPAMOYTOJILHOTO TPEYroJbHUKA C TMIOTe-
Hy30# 4 U BTOPHIM KaTeToM 3.

ITocTpouM NpPAMOYTOJBHHUK CO CTOPDOHAMH 2 U V3, Torza anuna
€ro AUAroHajld COCTABUT /7 (puc. 13).

yA yh
3 3
V13
1} 1+ 4
ol 1 2 ~viz *x ol 1 v7 4 x
Pue. 12 Puc. 13

2. CpaBHHUTbL YHCJOBLIe 3HAUEHUA BLIPDAIKEHHUI

3,9+ 48,8 u 1,2+ 16,2,

PeureHue. BbisicCHUM, MeXJy KaKHMH COCEIJHUMH IeJILIMH
YHCJIAaMK HAXOZUTCA KaXKJoe cjlaraeMoe:

J1<39<J4, 1<39<2; J4<,88<.,9, 2<.88<3.
CJI00K 1B IIOYJIEHHO HEePAaBEeHCTBA OLHHAKOBOTO CMBIC/IA, IIOJYYIM

3< 43,9+ .88 <5.
J1<J12< 4, 1<J1,2<2; [16 < 16,2 <25, 4<,16,2<5,

oTKygma 5 < /1,2 + /16,2 < 7. CiemoBaTennHO,

v1,2+ 16,2 > /3,9 + {/8,8.

3anaHua Ans CaMOCTOATENbHOW paboTbl
BapuaHt |
1. Tlom4uepKHYTHL UHUCJIA, KOTOPHIE SIBJIAIOTCHA UPPAINHOHAJLHBIMH:

0,7(38): 1%; 1,171(131); =n: 2.
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2. Kaxomy us orpeskos [1; 2], [2; 3], [4; 5], [5; 6] npunagiexur
TOYKA C KOODAMHATON 28 ?

3. Kaxomy u3 orpesxos [0; 1], [2; 3], [3; 4], [4; 5] upuBazIexuT
TOYKA C KOOpAMHATOM, 3aJlaHHOH cyMMOI V3 + 32

4. ITokasaTh HA YHUCJIOBOH HIPAMOI TOUKY € KOOpAMHATOH v11.

BbISICHUTB, KAKMM YHUCJIOM — PalHOHAJBHBIM HJIHM HPPAlMOHAJb-
HBIM — ABJIAETCA 3HAUeHMe BbIpaskeHus (5—8).

5.2 (V8 +V5)(v5-+3).  6.[3] V5(J45 +3)- (V45 + 2).
7.[6] V28 + 104/3. } 8.[7] V14 - 4410 + /49 - 12/10.
9. CpaBHUTb 3HAYEHUA BBIPAXKEHUH Jsﬁ 2J15 u J13 - 2430.

BapuaHr |l

. [1] HopuepkuyTs uncaa, KOTOPble ABIAKTCA HPPALMOHAILHBIMH:

3,1(75); 1%; 0,145(147); V/3; %

[y

[

. Kaxomy us orpeskos [2; 3], [3; 4], [5; 6], [7; 8] npuragnexur
TOYKa ¢ KoopAuHaToi +117?

. Kakxomy us otrpeskos [2; 3], [4; 5], [6; 7], [7; 8] npuraniexur
TOUKA ¢ KOOPAMHATOM, 3aJaHHOH cyMMoOil 5 + J52

w

4. [5] MoxaszaTs Ha YMCIOBOH TIPAMOM TOUKY ¢ KOODAMHATOH +/12.

BBIHCHI/ITB, KaKvuM 4YHUCIJIIOM — an,I/IOHaJIEHbIM HJIH HppanHuOHaJb-
HBIM — SABJIAETCA 3HAUYeHWe BhIpaskeHus (5—8).

5.2) (VT -V6)(V6 + V7).  6.[8] (V75 - 3) - V5 (V15 - V5).
7.[6) V16 + 65. 8. [7] V12 - 2J11 + /60 — 14J11.
9. CpaBHUTEL 3HAUEHUSA BbIPaXKEeHUI \/7 +2J10 u J22 - 2J45.

§ 3. beckoHeuyHO yObiBalOWan reomerpuyeckasn
nporpeccus

-Z CnpaBo4Hblie cBefeHus

T'eoMeTpryeckas nporpeccua HasbIBaeTcA 0ECKOHEYHO yOLIBAIO-
meil, ecJau MOAYJIb €€ 3HaAMeHaTeJId MeHbllle eIUHUIILL.
CymMa 6GecKOHEYHO YOBIBAIOIIEH TIeOMEeTPUYECKONH NpOrpeccHuu

b
BRIUMCJAETCA 0O GopMmyJie S = 1—’
-q
Ecnu |a| <1, To lim a” = 0.
n — oo
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Mpumepbl ¢ pewieHnamu

1. BbIACHUTH, ABJIAETCS JH IOCJIEAOBATEILHOCTL, 3agaHHasa Gop-
myJso#t b, = 2(—3)™" cBoero n-ro ujeHa, 6beckoHeuHo yOBIBaloleil reo-
MeTpHUYeCKOH mporpeccueii. '

Pemenue. [JokakeM, 4TO II0CJI€AOBATEJIbHOCTL ABIAETCS I'€O-
MeTpHYeCcKOH Iporpeccueii, 3HaMeHATeJlb KOTOPOH HMeeT MOAYJIb,
Mmenbwuit 1. [lisa aTOr0o paccMOTpHM HacCTHOE

bn+1 _ 2‘ (_3)_(n+1)
b, 2(-8)"

= (=3 b = (-3 = 1 =g

1
Tax kak '_§ <1, TO mociemoBaTEeJILHOCTh ABJISAETCA OECKO-

HeYHO yObIBalollell reOMeTPHUYECKON Iporpeccuei.

2. Haiitu cymmy GecKoHeuHO YOBLIBAIOIeHl TeOMETPHUYECKOH IIpo-

rpeccuu, eciau b = ?’— , bg = 37"

Peurenue. Tak kaxk S = " @, ucnosb3dysa ¢op-

myay b, = b;q" ~ 1. Ilo ycuoBuio by = % , bg = 3% , T. €. MOXXHO COCTa-
3
==b
i {bii = bg%, 4 g%
BUTb CUCTEMY YpPaBHEHUH 5
bs = b1q”; =bgq

Pasgenus BTOpPOE ypaBHEHHE Ha IIepBOe IOUYJEeHHO, IOJYYHM

3=1 5-1 Us nepsoro ypassenua b, =5 :| 1| =3
q 8»‘1 2' |4 yYp 1 4 N 2
o dopmyJie HalgEM S=i1=6.
1- =
OrsBerT. 6. 2

3. 3anucaTh OECKOHEUYHYIO IEPUQAHYECKYIO JEeCATUYHYI0 JApoOb
1,1(3) B Buge oObIKHOBEHHOU.
Pemeunue. Yucao 1,1(3) MOXHO 3anucaTh B BHAE CyMMbI
1,383,383 . 3
10 100 1000 10000

CyMma ciaraeMbiXx, HAuUMHAS CO BTOPOro, siBasercsa cymmoi S Oec-

KOHEYHO yOBIBAIOIEdl reoMeTpUYECKOil moporpeccuu, rae b, = %,
= l, cJaengoBaTe/IbHO,
10

3
100

S = =3 .9 _ 1 orkyna 11(3)=1_+i=1i:13.

1 1 100 10 30 30 30 15

10

Orser. 1,1(3) =12



% 3apaHMs ANA CaMOCTOSITEeNbHOK paboTbl

BapuaHT |
1. [2] BolAcHHTD, ABJIAETCA I FeOMEeTPUUeCKOil Iporpeccueli mociemo-
2n
o 2
BATEJIBHOCTD, 33JAHHASA (DOPMYJIOH 7-TO WieHa: X, = (5 .

2. BoiacHuTh, ABAsAeTCcA Ju 6eCKOHEYHO yObIBAIOLIEH reoMeTpuye-
CKOH Iporpeccuei IOCJeZOBAaTEJIbHOCTb, 3aJaHHaA GoOpMyJIoi
n-ro ujeHa: b, =3"-1.7%-n,

Haiitu cyMMy GecKOHeUHO yObIBAIOIlle# reOMeTpUUYECKOH ITPOrpPecCuu

(3—5).

1 1 3 2,4 2 2

3.12[b, ==, qg=-=. 4.(3]Z;1; 2, =; .... B.Blby =2, b, ==.

2]ty =3 0= -3 BlS: L33 5165 =35 5 = 5

Sanucars OECKOHEUYHYIO MIEPUOAUYECKYIO NECATUYHYIO APOOL B BHIE

0OBIKHOBEHHOU (6—8).

6. [4] 1,(5). 7.[5] 0,01(2). 8. (6] 4,12(35).

Bapuant |l
1. [2] BoiacuuTs, ABAAETCA MM IOCJIEAOBATENBHOCTD, 3afaHHas (Hop-
' 3n
MYJIOi n-ro 4leHa, reOMeTPHYEeCKOH Iporpeccueii: x, = [ﬁ) .
2

2. BriacHUTD, ABIAETCS JHU MOCJEAOBATEIbHOCTh, 3aJaHHaA Gop-
MYJIOH n-ro u4jieHa, 0eCKOHEeYHO yObLIBAaIOIeil reoMeTpUUYecKOoM
mporpeccueii: b, = 217 . 517,

Hai#iTu cymmy GeckoHeyHO yObIBalOlleil reoMeTPHUUYECKOIl IIporpeccun
(3—5).

5 1 7.1
3.2/ ==,qg==. 4. —3 =3
1 gq 5 8 8

1 27
e T . b, = -1, =-—.
L 5. (816, = 1, by = -

25

3anucate 6eCKOHEYHYIO MePHUOJHUUECKYIO0 AeCATHUUYHYIO ApoOb B BUIE
0ObIKHOBeHHOH (6—8).

6.[4] 2,(8). 7. [5] 3,02(3). 8. [6] 5,21(28).

§ 4. ApudmMmeTHnyECKMiA KOpEeHb HATYpanbHOW CTEeneHu

= CnpaBOYHble CBeAEHUA

ApudpmMerHuecKMM KODHEM HATypaJbHOH cTemeHu n =2 us
HEOTPUILATEJbHOIO 4YMCJIAa @ Ha3bIBae€TCA HEOTPHUIlATEJbHOE 4YHCIO,
n-g cTelneHb KOTOPOro paBHA a.
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Kopens ypasaerusa x2*+1 =g npu a < 0, k € N HaseIBalOT KO-
HeM He4YETHOI cTemeHH M3 oTpuuarejbHoro uuciua. IIpu a < 0

2k+% _ _2k+m — "2k+W-

Ecana =0, b >0, n u m — HaTypaJbHEIE YUCJIA, IPUUYEM N = 2,
2, TO BEIINOJHAIOTCA CBOMICTBA:

1) Yab = Ya¥b; 2)1/%=i/\/%;
3) (Ya)y" =%am; 4) %/*/a = "/a.

5) Ecau a — moboe JeHcTBUTENbHOe uuciao U ke N, TO

2a2% = |a.

=% NMpumMmepbl C peleHuaMm

1. Berumcants: 1) ¥/-64 - 3/0,00001; 2) ¥/3-%/9; 3) 3/1_

Pemenue.

1) §/—64—2F00001 3,/( —4) —3/(0,1)® =-4-0,1= —4,1;
2) ¥3.39=¥3.9=%27 =%3% =3;

o FE ) 2

2.  YnopocTuTh "{ﬁx—G)" —\/(5—x)2 mpu x < 5.
Pemenue. §f(x-6)! —[(5-x)? =|x-6|-|5-x|

Tak Kak x <5, 10 |[x - 6|=—-(x-6)=6-x, |5—x|=5—x,
Torga |[x —6|-|5-x|=6-x-(b-x)=6-x—-5+x=1.

3. VYnopoctuts BeipaxkeHue npu a >0, b >0, a#b, b#1.
1)M-4£- 2) Vo . _Ya

Ya - Yab "Va’ Ya-¥b Ya+ b

Pemenue.

1)‘/_+‘/_ Jo_Yao+¥y b _VYoWa+1-Ya_Ya+1

Ya-4ab ' Va Ya-Ya-¥b ¥a Yaa-¥v)-¥5 1-45°

o Y5, Y& _Yo(¥a+¥)+Yaa-¥b)_
Ya-¥b Ya+ %o (Ya - Vo) ¥a + ¥b)

_Yab+ ¥b? + Ya? —Yab _Yb+¥a

(¥a)? - (¥b)? Yo -

4. .. 3baBuTbCca OT HPPAIIMOHAJBHOCTH B 3HaMeHaTeje Japodu
1

1+vV3 -5

Pemenne. YMHOXKUB uucIKTEJ b U 3HAMeHaTeJ b Ha (1+ J_) +
+4J5 =0, HOJIYUUM

1+V3+45 _1+V83+4J5 _1+4V3+ 45
(1+V3)-VB)(A+v3)+V5) (1+V3)2-5  2J3-1
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YMHOXXHB YHCIAHTE]b M 3HaMeHaTeJb Ha 243 + 1 # 0, monyuyum

(1+J§+J§)(2J§+1)=2JE+JE+3J§+7
(2V3) -1 11 '

/i 3apaHuMa oNa CaMOCTONTENbHOW pPaboThkl

Bapuanr |

Beruucaurs (1—8).

1.[2] ¥125. 2. [2] 4/0,0001. 3.[2) ¥=32.
4.33%. 5.[4) ¥/8-¥4. 6.[5] ¥9-24.

4625 f 1\
7. . . 5/610 .| = .
¥5 8 6 (6)

Haiitu uuciaoBoe 3nauenue Beipakenus (9—12).

9. (5] 3/,/0,000001 - \//256. 10. (5] (4/3? -3/22)6 : 4/36.
11. (5] (¥4 - ¥10 + ¥25)(¥/2 + ¥/5).
12.[6) /4~ ¥/37 - 3/16 + 4¥/37 + ¥/372.

Ilpn kakux 3HAYEHHAX X HUMeeT CMbIC] BhIpakenue (13—16)?

13.[3] ¥x - 3. 14. 3] ¥x + 2.
15. (4] ¥x2 - 3x - 4. 16.ﬂsf;“3.
-x

¥Ynpocruts Bripakenue (17—20).

17. B8]y - 4/y® . 18. [5] 4y2 - 8/° .

19. [4] g2 + x)®. 20. [4] {/(x - 5)*.

YnpocTuTh BhIpaKeHHe IIPHM 38JaHHBIX 3Ha4eHHAX x (21—24).
21.‘{/mnpnx>8.

22. [5]4/(2x + 5)* mpn x < -2,5.

23. [6] y/(x - 3)2 +4/(4+ x)* npu x > 4.

24. [7]4/(3x + 5)* —§/(2x - 7)% mpu -1 < x < 0.

BepHo su paBeHcTBO (25—28)7?

25. [6] ¥a? = Va, ecau a < 0.

26. (6] ¥Ya® = Va, ecu a > 0.

27. [T 4(x-1)? = J1-x, ecn x < 1.
28.[71¢/(2- x)? =¥2-x, ecnm x > 2.
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CokpaTtuts gpobs, ecnu a > 0, a # 1 (29—34).

Ja \/— Ya Ya +1
29. =, 30. . 31. 5 .
o e " ¥a Ja-1
1-%¥a Ja - 1 Ya -Ya +1
32. —_—. 33. 34. - .
(6] Ya -1 @ (6] Ja +1
Hafitu cymmy uiam pasuocts (@ > 0, b > 0, a # b) (35—37).
Ya  Ja Ya 1-%Ya a
35. ——+ =, 36. = . 37. .
S & e i r 7o Ja- b
Brimonuuts genenwe (a >0, b> 0, a # b, a # 2b) (38—40).
38. IF_‘F Vab 39. [7] (4422 — 3/9b%) : (¥/2a + ¥/30b).
Ya -6  Ya+ b

40. [7] (¥a2b — 16ab? + 3/4b%) : (3/a - ¥/2b).
2 _ - 2_p
41. JToxaszaTh TOMAECTBO +a + Vb = \/a * J; b + a ‘/2;

npua>0,b>0,a%2-b>0.

42, MN36aBUTBCA OT UPPALMOHAJILHOCTA B 3HaMeHaTeye Jpobu

3V3
J2+J3+45
Bapunant |l
Beruucauts (1—8).
1. [2] 3/0,064. 2. [2] ¥/81. 3.[2] ¥-128.
4. @31_— 5.[4] %25 - ¥/5. 6.[5] ¥/48-162.

2 / )"
@725 8.7321-(§J .

HaiiTu umncyoBoe 3HaueHUe BhHpakeHus (9—12).

9.[5] V¥64 : 3/J729. 10.[5] (3/3% . 4/22)5 ; /82,
11. (5] (¥/9 + ¥6 + ¥/ 4)- 3/3 - ¥2).
12.[6] 39— 3%/37 + ¥/372 . 3/3+ ¥/37.

Ilpn xakux 3HAYEHHUSIX X HMMeeT CMBICJ BbIpa)keuue (13—16)?

13.[3]¥/5 - x. 14. 313+ x.
15.[@ Y= x2 + 5x - 6. 16.106";
x +
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VYopocturs Bripaxenue (17—20).

17. B 4y Jy* . 18.[5]§/y* - §fy™° .
19. 4 (3 - x)". 20. [4] §/(x + 7)8.
YopocTuTh BHIDaKe€HHE IIpH 3aJaHHBIX 3HaUeHUAX X (21—24).
21.1mnpnx<—11. 22.?/(—1;3—x)6-npnx2—§.
[6]4/(5+ x)* —§/(x - 1)® npu x < —6.
24. [7] §/(4+ 5x)° — 4[(Tx - 1)* npu —% <x

N

0.

BepHo s1u paBeHcTBO (25—28)?

25. [6] ¥a® = Va, ecau a < 0. 26. [6] ¥a* = Va, eciu a > 0.
27. [14/(x - 2)? = V2 x, ecan x < 2.

28. (7] §(8- x)* = V8- x, eciu x > 3.

CoxpaTuts Apodh, ecau a > 0, a # 1 (29—34).

Ya Ya - Ja -Ya
29.@%—., 30'T' 31. l —=

1-%a J_+1 Ja -1
32-@%» 33@ 34-@%-

Haiitn cymmy mnm pasuocts (a > 0, b > 0, a # b) (35—37).

5.6 Ye-Ya g5 Ye, Ve

Ja' Ya
G
7. .
A A
Beinonnuts genenune (a>0,b>0,a#b,a# b) (38—40).
Ya+ Yab _ Yab
B0 T

39. [7] (/2542 - ¥/16b2) : (3/5a — ¥4b).
40. [7] (bV/8b - aa) : (2b + V2ab + a).

2 _ b _ 2 _ b
41. JloxaszaTh TOMKIECTBO +a — Jb = \[a * J; S ,ga

npua>0,b>0,a>2-b>0.

42, HNzbaBuThCcsa OT HPPanHOHAJIBHOCTH B 3HaMeHaTele ApodOu
145

V2 + 5 -JT°
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§ 5. CreneHb C paUNOHaNbHbIM

U BEeNCTBUTENbHbIM NOKa3aTensamu

4 CnpaBoYHble cCBeAEHnA

Onpenenenus
Ecnu m — menoe uucio, n — HATypaJbHOE UHCJIO, TO:
_ 1

1) a® =a-a...a; al'=a; 2) a " = — (a # 0);

——— a®

n pas m

3) a®=1 (a = 0); 4) a» =%a™ (a>0,n=2).
Ecau r> 0, o 0" = 0.
CsoiicTBa
IIyete a > 0, b > 0; x, x4, x, — JAeHCTBUTEJbHBIE YHCIA.
1%, a*> 0. 20, Ecima>1 1 x>0, T0 a* > 1.

3% Ecimma>1lmnx, <x, To a*l <a”2,
4%, Ecmu 0<a<1lmx; <x, TO a*1>a”2.
50, Ecim a®™ =a*,rge a# 1, 10 x; = x,.
6% Ectm O<x,<x,up>0, 10 xf < x}.
7° Ecnm O0<x, <x,up<0, T0 x> x].

x
80, g*1 .g¥2 =g*1t%e, 90, 87 _ gri-xm,
a*z
100. (@*1)*2 =qg*1 >z, 119, (ab)* = a*b~.

120, 2] =@,
b b*

“ Mpumepbl C peLEeHUaIMMN

1.

3
Berumeauts: 1) 37% 2) 16 +.
Pemenwue. 3 3 4‘[1} 1
1) 37°=1; 2) 16 + =(2%) + =2 4 =2‘3=2_3_=

Q0§ =t

HpeﬂCTaBHTb B BUJ€e CTelleHHM C OCHOBaHHEM 4 BbIpaXeHUe

¥a?y-Ya

a:l—-

aa 3/ 2 2 2/_ ( 3)2 1 2 9 5 4 2
. 3] . 6 — = =l =
PemeHne.( a)l a-\ (11 =%=a6 6 =qg% =qas,
aa a“(_E) as
BHHCHHTL, Kauoe u3 yucei Go.nbme s
1) 0,18 UK 0,19, 2) 5 3 um b 4.
Pemenue. 7 8
1) CpaBuuM moKasaTeJld CTEleHel, T. e. Yucjaa — U —.
HNmeem T_ @ 8_ 6—4. Taxk kak 63 < 6—4, TO 7 < =. OcuoBanmue
8 17279 172 72 72 8

7 8
obeux cremeneit 0,1 <1, T. e. 0,18 > 0,19 (cBoiicTro 49).
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2) Umeem —g-_ —i _3__3 8 > —3, _§> _Z Tax kKax

12° 1 _ﬁ’_fz; 12° 3

3
ocHoBaHue 5 > 1, To (1o cBoiictBy 3% 5 3 > 5 4,

4. . Cpasmuth umcaa: 1) ¥7 u¥10; 2) 7-%! u 10701,
Pemeﬁne

1
1) Q/“—7e §/10 = 105. Tak xax 0<7<10 u %>0, T0
7 6 < 106 (no ceoitcTBy 6°) u, ciaegoBarennHO, &7 <410
2) 0<7<10,-0,1<0, T.e. 7% > 10701 (cnonc'rno 79).

1 1
1-a2 Ja+ a2
+va a-1 '
Pemenue. Ilpeo6bpasyem mepByio U BTOPYIO ApoOu:
1 1 _L 1 1
1-a2 _ a2-1 _ Ja+az a?2+a’? a+1

5. VYupocTuTh BEIpaXeHUe

1+Ja 1 n’ a-1 a-1 1
1+a2

az a2 (a-1)

Haiigém pasHocTh monyuymBHIMXCA Apobeil, pa3jioKUB 3HaAMEHA-
TeJIb BTOPOIH APOOM HA MHOMKHUTEJH:

2
1 1
az -1 a+1 _(ai—l)—(a+1)_
1 N i1 L T i1 L B
a? (1+ a2) az(a2 —1)(a2 +1) a? (aZ —1)(a2 +1)
L 1
a-2a2+1-a-1_ -2az2 2

T L o1 L T1-a’
az2 (az —1)(&2 + 1) a? (a2 —1)(02 + 1)

3agnaHus aons caMOCTONITesIbHOW paboTsl

Bapuanr |

1. [2] Kakomy u3 mpomexyTkoB 0 < a < 1 mim a > 1 IpUHANIEKUT
1

o

yucao a, ecau: 1) a@ >1; 2) a®>1?
Brruucaunrs (2—8). o , )
2. [1] (-2)*. 3.@(1§] . 4.[3)875. 5.[4) —2-275.

1

2 1 L

6.[4] 2! -645. 7.(125 3—162+3433—3]2.
8. [B] (395 — 5%5)2 : ((2 — 15%%%) (2 + 15%2)).

IIpeacTaBUTL B BUJE CTENEHM ¢ OCHOoBaHUEM a > 0 (9—13).
9.[4] ¥a2 - Ya®. 10.[4] Ya : ¥a®. 11. [4) a2 )s.

1
12. 4] a2 - Ya. 13.[4] V¥a .
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Brinonnute pgeiicteusa (a > 0, b > 0) (14—15).

14. [3] (a¥/a?p)3. 15. [6] 6ab¥Ya®b? :i—‘;ﬁ/aZw.
IIpu kakux 3HaAYEHUSIX a paBeHCTBO BepHO (16—19)?

1 1
16. (4] Va = a?. 17.[4] ¥a = a®.

5 3
18.(6] Y(a-1% =(@a-17. 19.[5]3(a+2)2 =(a+2) 5.
CpaBHHUTH YHCIIA (20—22) 1 1
20.(2) 7,125 u 7,178 21.@(%)414(%]5.
22.[3] (1,08)% u 1.
Pewints ypasuenue (23—24).
23. [4] 62 = ¥/36. 24.%[—}:8".
25. [5] 3mas, uro 1,2% = 3, maiitu 1,23%+1,

CpaBHuTh ynciaa (26—28).
26.[4]¥3 u¥6. 27. (035)714(0356)
28.[4] 35717 u 36717

BeinonauuTts aeiicteus (a > 1, b > 0, a # b) (29—32).

3
7

( L _L)( ' _1) ar - b2
2 4 2 _ 4 .
29.[5] {2a% +b ¢/{2a% - b ¢|.  30. @f—f —
1
_ 1 1 _ -2 1-ag-2
31.[7 2= -‘/El““-aa s2.[g 2= 2 "%
ai +Ja a? +1 az —a 2 a2 az +a'2

2x
1 —
33. quucnn'rb 3HAYEHMe BLIPAXKeHUS [azx + ——) -b3 npu
a

=8.

a*

CpaBHUTB ¢ 1 yuciaa (34—35).
34.[3] 32, 35.[3] (0,7)" .

CpasHuTs uuciaa (36—39).
36.[4] (2,71)Y® u (2,701)3.  37.[4] (0,44) " u (0,(4))".

vz 73
38.@(%) n(lj ) 39.[4]2 5 u2 3.

3

BrinosieruTh peitictBus (a > 0) (40—43).
40. [3] (a¥2)"2. 41.[3] a"? - ad.

n+1)

42.[3] (a¥3+1)3-1,  43. “_i"_
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Yupoctuts Beipaxkenue (44—45).

Loyt 3 3
2a + b2a? a2 — b2 a-b
44-[ ] ’ 11 Ja+ b

a-— az2b2

2a.4/1 2
45.@—(1—;1—,ecnna>0,b>0nx=l(\/5_\/§).
x+m 2 b a

Bapuanr Il

1. [2] Kakomy u3 npomexkyTkos 0 < a < 1 unu a > 1 npuHALTIEKUT
4

qucso a, ecan: 1) a35<1; 2) a®<1?

Beruucaurs (2—8).

3 I N
2m(-2).  sm@(2l)’ a@xst s@ash
_3 4\ -2
4
2
1

3\ 3

8. [5] (16025 — 3-0.5)|16-0:25 4 ( 2) .

IIpeacTaBUTh B BHAE CTeNeHU ¢ OCHoBaHHeMm a > 0 (9—13).

9.[4] ¥Ya* - Ya". 10. 4] ¥a” :4/a3. 11. [4) (/a®)8.
12.a11—5-§/2. 13. 4] 3/¥a.

BrimoauuTs aeitcrsus (a > 0, b > 0) (14—15).

14. l[l‘%/_) 15.@ab§/8_1215—b-%a2~/§55-bm.
Ilpu kakux 3HaUYeHHUAX a paBeHCTBO BepHO (16—19)?
16.E4a=ai. 17.%=a%.
18.W=(3+a)§. 19.W=(1-a)’%.

CpaBuuTh uncia (20—22).
1

20. [2] (0,2) ® u (0,2)7°:3. 21. (2] 9, 7G u9,7
22, [3] 1 # (0,283)8.

w e

16

1 1
6.[4] 372 .814. 7.[162—(l)

8
7,

Peumrnrs ypaBHeHue (23—24).

23.427=[$)x. 24. [4] 73 = ¥/49.
25. [5] Buas, uro 0,7* = 5, maitu 0,72¢+1,
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CpaBauTph uncua (26—28).
26. [4] ¥2 » }/0,1.
27. (1,02)%4 u (1,021)%4,
28. 18 1.8 i1 19 1.8,
BrinonnuTs geitctBus (a > 0, b > 0, a # b) (29—32).
2 2
29. [a3 - 3b‘1)(a3 + 3b“1).
a-b a+ b
30. - .
O v e w
1 1
Ya + ¥b . (as - bs)
1 1
(a?(a - b)*)3 (a-b)s
1
l-a)\l-a2
1+ Ja )

2
-ald.

31.

1 1
32.[7]a% +a ?+

33. [7] Beruncaure 3HaueHHe BhIpaykeHusa (a?* — 4): (bz" + b%) npu
1

a*?*=15,b*+ — = 3.
bx
CpaBHuTh ¢ 1 uncaa (34—35).

J2
34. (3] (%) . 35. [3] (1,07)" .

CpasHuTsh uuciaa (36—39).
36. [4] (0,37)¥® u (0,307)"3.
37.[4] (0,(3))"% u(0,3)~Y5.
38.[4] (5,1)"® u (5,1)"".
39. [4] (0,3) V2 u (0,373).

Brimosnnute gefictsusa (a > 0) (40—43).

40. [3] (a¥?3)"3. 41.[3] a"? -a2.
Vs (gqV5-1
1-J2)J/2+1 a”(a )
42. (3] (a yvert, 43.@—0—\/5—:1——
YopocTuTk BhIpaxkeHHe (44—45).
1 1 3
44. 8] (1—x)43+(1+x)4;1—x) il 1 _mpu -1 < x < 1.
2(1+ x)4 (1-x2)1
1 1
45.@(m+x)j +(m*x)12 ,eecmmm>0,0<n<lux= 22'""
n?+1

(m + x)E - (m —x)5
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# KoHTponbHas paGoTta N2 1

BapuaHt |
BrruncauTs:
3/ . 95
1) —‘/E_?’_-l_; 2) (3/2416)2.
159 . 272 . 373

HsBecTHO, uTo 12* = 3. Haiitn 122* -1,

Brinmonuuts geiicrsusa (a > 0, b > 0):
bt ()T oy v

3
H b.
Ya

avs-1

CpaBHUTH 4yHuCJA:

3 5 77
2)7 . (2), oy [ 42
1) (7] n(7) ; 2) (4,2) H(45) .

3anucats 6eCKOHEUYHYI0 NIEPUOAUYECKYI0 AeCATHUYHYIO Apobs 0,2(7)

B BUJle OOBIKHOBEHHOI.
l 1 1
a2 + 2 az - 2 a2 +1

Yupocturs ] - oE -— upu a > 0,a=1.
a+2a2+1 ¢ a?
Bapwnant Il
Briuucauts:
2° - 316 - 8° 3 5
1) —_l; 2) (3/3481)2.
44 . 275
HaBecTHO, uTo 8* = 5. Haiitu 8**2,
BoimosauTts geiicrsus (a > 0, b > 0):
3 Yab - b,
1) (a¥3+1)v3 . _L : 9) Y~ N0 _s/4.
) @F B )

CpaBHHUTB 4uca:

3 5
1) (0,7) ® u (0,7) ¥; 2) (13 u(3,14)3.

42

. 3anucaTh OECKOHEUHYIO IIePHOIUYECKYIO AeCATHUYHYI0 Apods 0,3(1)

B BHUJe OOBIKHOBEHHOMH.

2 2 T2
Yupoctuts 5 d - [—) npu x>0, y > 0.
n

1
x4 + x2y



3apaHua Ans NOATOTOBKU K 9K3aMEHY

Yupoctuts Beipakenue (1—3).

5
i/j-«‘f_l%
8 2J5
1. —‘W. OTBeT.T.
V5-J3 J5+ 43
2. (6] J§+J§+f—J§' OrserT. 8.

1
gl
2

omz .
3. 5] % OrBerT. 9m’".
m

Yx + Yy 1
4. Cokpatuts gpobp —=—. OTBET. ———.
@ 32 _ 3/y2 Q/; _ Q/.Tl
1 1 1 11
. a2z — b2 a2 —3a4b+
5. @ HaiiTu 3HaueHuWe BLIpAXKEHUHA - - - , ecJau
at + be at

a=81,b=16. OTrser. 4.

3apaHua ansa UHTEepecylwmnxcs MaTemMaTukon

* Mpumepbl C peLIeHnsMHn
1. * YOpocTUTh BhIpaKeHue

A=+yJa+2-2Ja+1+Ja+5+4Ja+1.

Pe e H u e. BoIpaxxeHue numeeT CMEICT IPH @ = —1. 3aMeTuB, 4TO
at+2-2Ja+l=a+1-2Ja+1+1=(Ja+1-1)?,
¥ NpUMEHUB GOpMyIy Vb2 =|b|, nonyuum
A=|Ja+1-1+Ja+1+2.

Ecnu va+121, 10 a=20, u tor;za A=2va+1+1. Ecam
0<a+l<l,T.e.-1<a<0,T0A=1-Va+1+Ja+1+2=3.
2Ja+1+1,eciina =20,

OrBeT. A=
3,eciun -1<a<0.

2. OcBo6omuThECSA OT UPPANMOHAJBHOCTH B 3HAMeEHaTeJie ApPo6u
A=-__ 1
1+ ¥2 + 291
PeweHue. O6o3uauum 32 = a, Torga a3 = 2,
1 1

T 1+a+2a? a?+(1+a+a?)
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VYMHOKAasi YHCIAHTEJb M 3HaMeHaTeJb HOJIy‘{eHHOﬁ ,leOﬁH Ha

a — 1 u npumeHsia ¢popmyny pasHocTH Kyb6oB, 3anuimieM A Tak:

3.

= a-1 - a-1 (yuuTsiBas, uto a® = 2)

a(a-1)+a®* -1 3-a? ’ )
LS =§/§—1=(§/§—1)(9+3§/Z+§/E)=7§/§—§/Z—3
3-a2 3-34 23 23 )

HokasaTb, 4TO cyMMa KBaJpaTOB JABYX HEUETHBLIX UHCEJI HE MO-

JKeT OBITH KBaJApaToM IIeJIOr0O 4yucJja.

Pemenue. Ectu a=2n+1, b=2m+1, To a2+ b2=4 (n? +

+m?+n+ m)+ 2, spaunr, a + b2 =2p u a? + b? He menurcsa Ha 4.
Ecau a? + b% = k2, To k = 25 u Torga a? + b2 = 4p, uTO He BHINOJHAETCA.

E

1.

5.

6.
44

‘24 3apaHma Ans caMoCTOsITEeNIbHOW pa6oThl

VIPOCTHTb BHIpa)KEHHE:
Jai+ 2x +1-fx?-2x+1

Jer+ 2x+ 1+ JxP - 2x+ 1

1
OrBerT. =, ecnm | x| > 1; x, ecam | x| < 1.

X
6 Ja-2Ja-1+ Ja+2Ja-1
Jai-4(a -1 )
2/a -1
a—,ecnna>2; 22

B) Jx+5+4yx+1+Jx+2-2Jx+ 1.
OrBerT. 2Jx+1+1, eciu x 20; 3, ecsim —-1< x < 0.
HaiiTi sHauenune BhIpaskeHHA:
a) V43 + 3042 +/43-304/2. Orger. 10.
2+43 2-48

OTsBer.

,ecaun 1< a< 2.

6 .0 . V2.
) G oz 0Tt

V2 + V3 + V4
B) NP TR OrBer. V2 -1.

OcBo6oaUTBECA OT UPPALlMOHAJBLHOCTA B 3HaMeHATeJe:

Jy3 -1
a) m. OTser. ‘Fz /81 + 239 + 4).
6) — L Orper ¥2-¥4-3
39— ¥6 + ¥4 ' 23 ’

JoxasaTe paBeHCTBO:

a) ¥20+14V2 +3/20-14V2 =4; 6) Y7 +5J2 +7-5J2 = 2.
Iokaszars, uro uucno a = 4n® + 6n2 + 5n + 21 genutcsa Ha 3 npn
J1000M HATYpPaJBLHOM It.

HoxasaTs, yro umucyao a = 1123 + 73 menurcs Ha 37.




Fnaea ll.

CteneHHana yHKUuUA

§ 6. CtenenHas ¢yHkuusa, eé cBocTea U rpadpuk

~%« CnpaBouYHble cBeAeHus

DYHKIUSA Obnacts MHoxecTBO quH(.’.CTb’ Boapac- | YoniBa-
) onpezne- N HEeYeT-
y=x 3HaYeHNnn TaHue HHE
JEHHUA HOCTb
p=2n, R y=0 uérHad x=0 x<0
ne N
p=2n-1, R R HeyéTHad xeR —
neN
p=-2n, R, y>0 yéTHaA x<0 x>0
neN x#0
p=-(2n-1), R, R, HeyéTHad — x <0,
neN x # y=0 x>0
p>0,peR, P =20 — x20
P — HeneJoe
p<0,peR, x>0 y>0 — — x>0
p — HeleJo0€
«# Mpumepbl c pelleHuaIMHN
1. : M306pasuTh cxeMaTHUYeCKH TIpadur y _ x%
byHKIUK U HaiTU eé obyacTb onpeneleHus y
¥ MHOJKECTBO 3:;Hat{eﬂm‘zi: ) 1
1) y=x%; 2) y=x 5. o 1 x
Pemenue.
3
1)y=x3,p=g, O<p<1l, p— =me- Puc. 14
nenoe yucino. O6nactes onpegenenuda x = 0. Yy
MHuoxxecTBO 3nlaqeﬂnﬁ y =2 0 (puc. 14).
2) y=x 5, p<0, p — HeleJnoe dYwuC- 1
=x 5
Jgo0. Obmacts ompezneneuuns x > 0. Muosxe- v
cTBO 3HaueHMit y > 0 (puc. 15). 1
2. ¢ HaitTn obsaacTs onupezneneHusa GyHKITUU: o1 e
2
1) y=(x3+1)3;
2) y=(x2+3x-4)"5. Puc. 15
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Pemenune. ,
3 2 2

1) y=(x3+1)3, 3 >0, 3~ yucJo Heuesoe. O6J1aCTh OnIpeAeIeHU s
x3 4+ 1> 0. Pemuum mepaBenctso (x +1)(x2—x+1)>0,x2 - x+1>0
npu x € R, Tak kax a = 1 u BeTBH mapabonsl y = x2 — x + 1 Hanpas-
Jaensl BBepXx; D = -3 < 0, r. e. napaboJia He ©MeeT IlepecedeHn ! ¢ OCHIO
Ox. CuepgoBaresbuo, (x + 1)(x2~x+1)20, ectm x + 120, x > -1.

OrBerT. x 2 -1,

2) y=(x?+3x —4)% —6 — uéTHOe OTpHIATeILHOE YHCJO.
O6aacts onpexenenusa x2 + 8x — 4 # 0. Pemum ypaBHeHue x2 + 3x —
-4=0, x;, =4, x, = 1. O6nacTtb onpenenenusa x = —4, x # 1.

3. Cpeau dyHxuu ,
y=¥x-3, y=x°-3, y=(x-3)3, y=(x-3) °

Ha3BaThk Ty, MHOXKECTBOM 3HAUEeHHH KOTOpPOH ABJIAETCA MHOXMECTBO

IeHCTBUTENILHBIX uucesa, Kpome 0.

Pemenue. Takoit pyHknueit ssngerca Gyuknua y = (x — 3)73,
Tak Kak -3 < 0, -3 — umHcya0 LeJioe, HEUETHOE; MHOMKECTBOM 3HAUe-

HUI ABJAETCA MHOecTBO R, Kpome sHaueHuit (x — 3)3 =0, T.e.
1

(x - 3)°
y =%/ x -3 aBnserca muoxectBo R; dyHkuuu y = x5 — 3 — muosxe-
2

# 0, y # 0 ipu Bcex x # 3. MHOKeCTBOM 3HAUYEHUH QYHKIIUHU

cTBO umces y > —-3; pyHruu y = (x — 3) 5 — MHOKecTBO ¥y > 0.
OrserT. y = (x — 3)3.

4. BhIACHUTH, KaKad U3 GyHKOui: y = x~* uau y = x+3 — asnser-
cA Boapacrawuieil Ha orpeake [2; 3].

Pemenue. Orpesok [2; 3] npunaanexkur ayuy x = 0. PyHk-
nua y = x*3 BogpacraeT Bcrogy Ha ayue x > 0, cjiefoBaTelbHO, U Ha
orpeske [2; 3]. ®yuruua y = x* y6oiBaer npu x >0, T. e. U Ha
otpeske [2; 3].

OrserT. y = x%3,

5. Ilpu xakux 3HauYeHUsAX a ypaBHeHue x® — 1 = @ umeer geiicrBu-
TeJbHBbIe KOPHU?
Pemenue.

I cmoco6 paccyxpeunii. MHoXe- y
CTBO 3HaueHW# ¢GyHKmuu y=x%-1 — y=x5-1
peiicrBuTenbHble yuciaa y = —1. I'pabuku
dyuxuuih y=x-1 u y=a (puc. 16) a y=a
HUMeEIOT OAHY OOLIyI0 TOYKY IIpH a = —1,
epeceKalTCA B ABYX TOUKaxX npu a > —1. \ 17 /
CrnemoBaTenbHO, ypaBHeHue x%—-1=a —1\0 1 %
uMeeT OJUH KOpeHb npu a = —1, nBa feu-
CTBUTEJBLHBIX KOPHA npu a > —1. -1 y=-1
II cuoco6 paccyxaeumnii. IIpeobpa-
3yem ypaBHeHue x% - 1=a, x6=a+1. Puc. 16
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®yurnua y = x® npunuMaer TONMBKO HeOTpHUIATEILHBIE 3HAYEHHA.
CiegoBaTelIbHO, AJIS TOrO, 4TOOBl YpaBHEHHE HUMeJI0O KOPHH, JOJIKHO
BHIIOJIHATBCA @a + 1 2 0, a = -1.
OrBer. Ilpu a > —-1. 1
[(x —1)3|, ecnu x > 3’

6. . ITocrpouth rpadmuk QYHKIHH Yy = 1
[1+ (x~-0,5)7Y, ecint x < 3

Pemenue. Eciu x > %, To rpaduk dyskmuu y = |(x — 1)3| no-

sydaercsa U3 rpadura QYyHKHIUM y = X3 CABAIOM Ha €JUHMILY BIPABO
BAOJb ocu Ox U oToOpaskeHHeM YacTH IOJIy4YeHHOro rpaduka, Jie-
Kamieid HHMKe ocu OX, CHMMETPUYHO y

1
oTHOcHUTeJbHO ocu Ox. Ecau x < 3 TO

rpadbuk dysxmmu y =|1 4+ (x — 0,5)71|

© ImoJiy4aeTcs CIABUIOM rpaduka (QyHK- 1
uuu y = x~! Ha 0,5 eAMHUILI BAOJIB OCH

Ox BOpaBO U Ha eZUHUILY BAOJIb ocu Oy J

BBepX M OTOOpa’KeHHEeM YacTH II0JIy- ! 10 1

yeHHOTO rpaduKa, Jexxauei HuM3e OCH : -3

Ox, CHMMETPHYHO OTHOCHTEJABHO OCH
Ox (puc. 17). Puc. 17

Do) b

= 3apaHna pNa camMocTosfiITeNnbHo paboTol

BapuaHT |

UN300pa3uTh cxeMaTHYeCcKH rpadpux GyHxuuu (1—6).
1.[38] y = x'2. 2.[3]y = x'". 3.8y=x"
4.[3] y = x5, 5.8]y=x1". 6.38y=x"""

Haittu oOsacTe omnpeseseHHMs M MHOXECTBO 3HadYeHHH GyHKIHH
(7—15).

7.[8] y = x*2. 8.[3] y = x'°. 9.4ly=x".

L
10.[4] y = x18, 11.[4y=x". 12.[4) y = x 22,
13. 4]y = x°-"7. 14. 4]y = V=x. 15. 4y = ¥x.

JBnsAercA N QYHKIHA Yy = XP BO3pacTalolleil niayu yOonBalwlneil, eciu
x >0, a p paBeHO (16—18):

16.[4) n - 1?2 17.[5) 2 - V22 18.[5] V5 - 3?

CpaBHUTH 3HaueHUsd GpyHKUUA y = xP (19—21).
19. 3,187 i 5,287, 20. 0,48%! u 0,75%1,
21. 3 u 3,413,
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Haiitu o6sacts onpesenenunsa gpyaxnum (22—31).

22.y=(x—2)%. 23. 5]y =¥x+2.
24.y:(3—x)§. 25. 5]y =¥3-x.
26.[6] y = (x® - x)2. 27. (6] y = (x® — 8x2 + 2x)7".
28.[6] y = /(22 — 9)3. 29.@y=(x2—4)§.

_3 _1)"2
30.[6]y=(x3—x2 -6x) 5. 31.@y=[;+2] .

HaiiTn MHOXXecTBo 3HaueHUH pyHKnuu (32—36). .
32. 5]y = (x - 2). 33.[5] y = (x + 1)5. 34.[6)y =3+ x3.
35.[6]y="7x%- 3x. 36.[6]y=V5x+ x2.

1
37. Hanb pyuxuuun y = 3x3,y = 16x73, y = 5x72, y = 0,5x25, y = x5,

1
=3 x8, y=x"—-1. BemucaTes GPYHKIOUM, KOTODBIE ABJSIOTCA

YETHBIMH.

BrIsICHUTH, Bo3dpacTaeT UM y6biBaeT GpyHKOHMA Yy = f(X) Ha OoTpesKe
[1; 2] (38—40).

38. (6] y=x2+ 2. 39.(6] y=-x3+1. 40.[6] y = (x + 3)2.
HM306pasuTy cxeMaTHdeCKH rpapur ¢pyuxkuuu y = f(x). Haiitu eé

06J1aCTh OIpefieIeHUS U MHOYKECTBO 3HAUeHHUI, HHTEePBaJbl 3HAKOIIO-
CTOSAHCTBA, IIPOMEXYTKH Bo3pacranusa (y6eiBanusa) (41—46).

41.[6] y = x + 1. 42. 6] y=(1 - x)7. 43.[6ly=¥VYx-1.
1
44.[6] y = x % + 2. 45.[6]y=¥Yx+ 1. 46.[6]y = x3 - 1.

ITpu KaKMX 3HAUEHUAX @ YpaBHEHHE UMeeT OLUH KOpPeHb; IBa KOPHA;
He UMeeT KopHe# (47—49)?

47.[7] (x + 3)* = a. 48.[7] 2 - x8 = a. 49. 7 x*+1=a.
Pemints rpaduueckn ypasHenue (50—51).
50.[6]¥x+1=x+1. 51.[6] ¥x = x75.

ITocTtpouTs rpaduk pyHxkuuu (52—>54).
52.My=yx/+1. 53.[My=lx-28 54.[Ty=|x
HaitTi smauenne dyuxuun (55—56).

3x+2 ,ecnu x = 3,
55.(6] y = 6,ecnmx<3,

o =

)

npu x; = 6, x, = -1,5.

x —
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J(x+38) ,ecan x = -1,

56.(6]y=< 3
32 - x
(x| -2)2,ecmm x > 1,

87. ITocTpouTh rpadpuk GyHKLHHN Yy =
P paguk QyRKIH y {Q}x—l,ecnnxsl.

npu x; =1, x, = -6.
,ecan x < —1, 1= 52

Bapuanr Il
Hzo6pas3uth cxemaruiecku rpadpuk ¢pynknum (1—6).
1.[3] y = x28. 2.[3] y = x?°. 3.3 y=x8.
4.[3) y = x*7. 5.[3] y = x35. 6.3y = x372,

Haiitu o6sacTe omnpeaeseHHsi M MHOXKECTBO 3HAUYEHHH QYHKIHU

(7—15).

7.[8] y = x1. 8.[3] y = x1". 9.[4) y = x°.
1

10. (4] y = x2°, 11.[4] y = x9. 12.[4] y = x5,

13.[4]y = x5 3. 14.[4) y = Yx. 15. 4]y = ¥x.

SBnserca su GyHKIUA y = xP BodpacTaomel uin yopBaoIei, eciau
x > 0, a p paBHO (16—18):

16.[5] n — 22 17. (5] 2 - J/3? 18.[5] V7 - 3?

CpaBHUTH 3HaueHUs PyHKuui y = xP (19—21).

19.[5] 1,3%! u 2,751, 20. [5] 8,5%°! u 10,5%01,

11703 1)7%3
21. (_) u (-J .
T 3
HaiiTu obnactes onpefenenns pyuxkuum (22—31).
1
22. [5]y = (x - 5)8. 23.5ly=¥Yx+3.
Y

24. 5]y = (x - 2)3. 25. 5]y =%¥x-2.

26. (6] y = (x* - x2)™. 27.[6] y = (x3 + 3x2 + 2x)°.
5

28.[6]y = Y(9- x2)°. 29.[6]y = (9 - x?)".

5 hid

30.[6]y = (x® + x2 —12x) ©. 31.|§|y:("+2) )
x —

Haittu MHOXecTBO 3HaueHuit pynkuun (32—36).

32. (5] y = (1 + x)B. 33.5]y=(x-3)".

1
34.(6]y =5+ x5. 35.[6]y =%Y3x3 + 2x.
36.(6]y=%x2-3x.
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37. 5] Hanpr dysrumm y=3x°, y=16x2, y=5x2, y=0,5x25

_ 1
y=x7° y= = x8, y=x"—1. Boimucars GOyHKLUH, KOTOpbIE
ABJIAIOTCS HEYETHBIMU.

BriacHuTs, BO3pacTaer uiM yObiBaeT GYHKLUA y = f(x) Ha OTpe3Ke
[1; 2] (38—40).

38.[6] y = x* - 1. 39.(6]y=2 - x5, 40.[6] y = (2x - 1)3.

H3obpasutsk cxematuyecku rpabuk GyHKIum y = f(x). Haiitu eé
006J1aCTh ONpefeleHUs 1 MHOMKECTBO 3HAYeHUN, MHTePBAJIbl 3HAKOIIOCTO-
SHCTBA, IIPOMEXYTKHU Bo3pacTaHud (yobiBauus) (41—46).

41.[6] y = (x + 1)1, 42. 6l y=1 - x". 43.6)ly=¥Yx-1.
1
44.[6) y = (x + 2)-5. 45.6ly=1+3%x.  46.[6)y = (x - 1)5.

Ilpu KaKuXx 3HAYEHUAX a4 ypaBHEHUE MMeeT OJuH KOpeHb; ABa KODH;
He uMeeT KopHeii (47—49)?

47.[7] (3 — x)* = a. 48. [7] x8 + 2 = a. 49.[7] x ¢ -2 =a.
Pemuts rpaduveckn ypasuenue (50—51).

50.[6]¥x+2=x+2. 51.(6] Yx = x 7.

IToctpouTts rpaduk pyuxinuu (52—>54).

52. (Tly=3|x|+1 53. [Ty =12+ x].

54. |7y = ‘(x— 1)% - ll.

Haijitu snauenne pyuxkuuu (55—56).

¥5x -3 ,ecanm x = 2,

. — = ) :—4.
55.[6] y 2z ecau x < 2, upu x; = 7, X,
(x+ 3)*

4 ,eciau x = -3,
56.[6]y={Yx+15 upn x; = -15, x, = 49.

4/(1- x)? ,ecnun x < -3,
[(x+2)1,ecmn x 2 -3,

57. ITocrpouTs rpadukr GyHKIUY Yy = {m ey x < —3

§ 7. B3aumMHO oOpaTHblie PYHKUUKN

;- CrnpaBOYHble CBeAEeHMUS

Hna HaxoxaeHua (yHKuuu, obpatHoil K GyHKmum y = f(x),
HY)XHO DeIIUTh ypaBHeHHE [(X) =y OTHOCHUTEJBHO X (€CIH 3TO BO3-
MOJKHO), a 3aTeM IIOMEHSTh MecTaMu X 4 y. Eciu aTo ypaBHeHHe uMe-
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eT 6oJiee OSHOIO KOPHA, To QYHKI UM, 00paTHON K GyHKIUHU ¥ = f(x),
He CYIIeCTBYEeT.

I'padurky B3aumMHO 00paTHBIX GYHKUWH CHMMETDPHUYHBLI OTHOCH-
TeJbHO MPAMOH Y = X.

7 MpuMepbl C peLueHnaMH

1. Haiity pyHKUMIO, 06paTHYO K GyHKOUK y = x5 — 1.
Pemenue. Pemmus ypaBHernue x® — 1 = y oTHOCHTENbHO X; Ha-

xoaum x = §/y + 1. BamMeHHUB x Ha y U y Ha X, ODOJIy4YuM bopMyily, 3a-
maomyo obpaTHyo byHKuMo: y = ¥ x + 1.

2, Ha omHOM pHCYHKe HOCTpPOuUTH rpadbuxm dyHrmum y = -x2 -1
npu x = 0 u o6bpaTHO# K Heil dyuxkuuu. Hailitu obpatHyio pyHKIUIO.
VkasaTh 006JIaCTh OIpeJeJIeHHUA M MHOXKECTBO 3HaUYeHUN MCXOJHOU
1 obpaTHOY K Hel (byHKIHI.

Pemenue. Crpoum rpaduk dyuxknuu y = —x2 - 1opu x 20 u
CHMMETDPHUUHBIA €My OTHOCHUTEJIBHO IIPAMOI y = x rpaduk obpaTHOIl
dyuxnuu (puc. 18).

Hns orbickaEUA oO0paTHOH y
¢bYHKOUM BBIpA3UM X 4Yepe3 y:

%
x2=—y-1, orkyma x=+./—-y—1; _ 7
TaK KakK o ycJoBuio x = 0, To

x=.,-y-1. Bamenus x Ha y, \ T
a y Ha x, moiyyaeM Gopmyiy )

1

y=+-x —1, sagaromyio obpar- -1 0 1 x
HYI0 QYyHKIHIO. —1-

Ins dyuxuuu y =-x2 -1 3a-
naHa obnacTs onpenenenud x =0,
TOTJa MHOXKECTBO 3HaYeHU iy < —1. y=-x2-1
Ona oyskuuy y=+-x -1 06- x>0
JlacThb onpenesieHuA X < —1, a MHO-
YKecTBO 3HaueHuit y = 0. Puc. 18

3anaHva ana camMocToATeNbHOW padoTsbi
BapuaHr |

Haitu dyHKnMo, o6paTHYIO K JaHHOH; yKa3aTh eé o6iacTh ompese-
JeHUuA U MHOYKECTBO 3HaueHUil (1—4).

1.[8] y = -3x + 2. 2.y=§i_.
- X
3.[6]y=2- x5 4.6ly=%¥2x-7.

Ha ogHoM pucyHKe MOCTPOUTH rpadMUKM AAHHON DYHKIMHU UM PYHK-
nuu, o6paTHON K maHHOM (5—7).

5.[4] y = 2x + 1. 6.6/ y=-x2+4 mpu x> 0.
7.06] y = (x + 2)2 npu x < -2.
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BapuaHnr Il

Haiitu ¢yHKIIMIO, OGPATHYIO K AaHHON; yKa3aTh eé 00JacTh ompele-
JEeHUS ¥ MHOXecTBO 3HadeHUil (1—4).

1.[8] y=2x - 3. 2.y=L4.
x—
3.[5]y=38-x5 4.[6]y=%3x+1.

Ha ogHOM pucynke mocTtpouts rpaduku marHON GYHKIMU M DYHK-
nuu, o6parHoit K AaHHOM (5—7).

5-E]y=—2x+1. 6.@y=x2+2npnx<0.
7.06] y=—(x+ 1)2 opu x < -1.

§ 8. PaBHOCMnbHbIE YpaBHEHUS U HEPaBeHCTBa

CnpaBouHble cBepeHus

Ecau Bce KOpHM IIepPBOro ypaBHEHUA SBJISIOTCH KOPHAMH BTO-
poro ypaBHeHHA, TO BTOPOe ypaBHeHHe HAa3bLIBAeTCH CJIENCTBUEM
nmepBoro.

YpaBHeHUA, UMeIOLIHE OAHO M TO )K€ MHOYKECTBO KOPHe#l, Ha3kl-
BalOTCA PaAaBHOCHJIBHBIMU.

IIpu pelmmeHNMM ypaBHEHHI MOXKHO:

1) saMeHATh ypaBHeHHe DABHOCHJLHBLIM eMy ypaBHeHueM (Ges
IOCJIEAYIOINEN MPOBEPKH);

2) 3aMeHATH YPaBHEHME €ro cJe[ACTBHEM (C IPOBEPKO Ha BHISAB-
JeHUe MOCTOPOHHUX KOPHet).

HepaBencrBa, uMeloIne OQHO M TO K€ MHOMKECTBO PelIeHUIA,
Ha3bIBAIOT PABHOCHUJILHBIMH.

Mpumepsl ¢ pelweHnaMU

1. " BblfiICHHTH, Kakoe u3 ypaBHeHHi: (x —5)(x —3)=0 wuam
x — 5=0 — ABIAETCA CIEACTBMEM APYTroro.

Peumrenue. IlepBoe ypaBHeHHE MMeeT KOPHU X, = 6 U X, = 3,
a BTOpPOe — eJWHCTBeHHHI# KopeHb x = 5. IlosroMy mepsoe ypaBHe-
HUe ABJAETCA CJIEJCTBMEM BTOPOTO.

2. # BrIACHUTH, DPABHOCHMJIBHBI JIU YPaBHEHUS:
1) 3x-3=0 u x-1=0;
2) x2-x-5=0 u x2=x+25;
3) x2-83x-4=0 u x+1=0;

4) x+§=0 M (x+2)(x-3)=0.

x —

OTBeT. 1) PaBHOCUNIBLHBI; 2) PaBHOCHJIBHBI; 3) He PABHOCHJIb-
Hbl (KODHH IIepBOrO ypaBHeHHA x; =4, X, =-1, KOpeHb BTODPOTO
x =-1); 4) He paBHOCHUJBbHHI (KOpe€Hb NEPBOro ypaBHEeHHA X = —2,
KOPHHU BTOPOro x; = —2, X, = 3).
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3. © BBIACHUTBL, PABHOCHJIbHBI JI1 HEPABEHCTBA:

1) (x+3)(x2+2)<0 u x+3<0;
3x + 2

2) >1 u 3x+2>x-1;
x -1

3)“i>0 u (x+3)(x—4)>0.
T

Pemenwue. 1) Tak kax x2 + 2 > 0 npu Bcex AeHCTBUTENBHBIX
3HAYEHUAX X, TO pellleHHe HepaBeHCTBA HIIeM CpeJH PelIeHH# Hepa-
BeHcTBa X + 3 <0, T. e. x <—-3. OTBeT. PaBHOCHUJBHEI.

3x+ 2 3x + 2
2) HepaBeHcTBO 1 > 1 paBHOCHJILHO HEpPAaBEHCTBY T
X — X —
3x + 2 - -1 2x+ 3
— 1> 0, 3HaYUT, ¥ HEPABEHCTBY d (lx )> 0, X ] > 0. Pe-
x - x -

3
LIeHNEeM JTOTO HEPABEHCTBA SABJAIOTCA NPOMEXYTKH X < =3 x> 1.
Pemniennem HepaBencTBa 3x + 2 > x — 1 ABJIAETCA IPOMEKYTOK
3
x > —5 OrBeT. He paBHOCHJIBHBEI.

3) PemienmsaMu TOro um Apyroro HepaBeHCTBA ABJAIOTCA IIPOMe-
HKYTKU X < -3, x >4. OrBeT. PaBHOCHILHEI.

" 3apaHMsa NS CamMoCTONATEeNnbHOW pa6oTbi
Bapuant |

BrisicHHTE, KaKkoe U3 ABYX JAHHBLIX YDABHEHHUH SABJIAETCA CJEACTBHEM
apyroro (1—3).

1.8]x+4=0 u (x—1)(x+4)=0.
2.[4]x*+3x-10=0 u x—-2=0.

2 _
3. x2-4=0 u *—1_o
x+ 2

3anucaTb Kakoe-HUOyAb cileAcTBUe ypaBHeHudA (4—9).

4.[3] 3x = 4. 5.[4] x2=9. 6."‘2:0.

7.[6] Vx2 =3. 8.[6] Vx2 - Tx+2=x+1. 9.[8] x2+1=0.
O6bACHUTE, TOYEMY AaHHBIE ypaBHEHHSA PaBHOCHIBHBI (10—12).
10.[3]3x=6 u 3x+ 2 =8.

11. (3] 18x2 -~ x=3 u 18x2=3 + x.
12.[3] 5x =20 u 10(x — 4) = 0.

BoiacauTh, paBHOCHIIBHEL JIKM ypaBHeHUA (13—14),
13.3] 15x =3 u 5x -1 =0,
14.[4] x(x - 2)=0u x(x%2 + 2) = 0.
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BerAcHUTB, PABHOCHJILHEI JIM HEPABEHCTBA (15—17).
15.[4] x+5>0 u (x + 52> 0. 16. [5]

22
1Bt e 1> 2 -2,
X

2% cQu2x<x+1.
x+1

18. CrencTBre HEKOTOPOTO ypaBHEHMSA MMeeT TPH KOPHA. CKOJb-
KO KOpPHel MOeT OBbITb Y UCXOMHOI'o ypaBHEHUS?

BapwuanT Il

BolsicHUTE, KaKOe U3 4BYX JaHHBLIX YPaBHEHMII ABJIAETCS CJIEICTBHEM
npyroro (1—3).

1.3]|2-x=0u4-x2=0. 2.4l x®+x-6=0u x+3=0.
3.8/9-x=0un>""%_0.
x + 3
3anucaTe KaxKoe-HUOYAb CleACTBUE ypaBHeHUs (4—9).
4.[3] 5x = -T. 5.[4] x2 = 2.
B.ii;:O. 7.[6] J(x - 3)% = 2.

8.6]VaZ —6x+5=x+2 9.3L=0.
- X
O0BACHUTE, MOYeMy AaHHbIE YPaBHEHUs PAaBHOCUIBHEI (10—12).

10.2%x=15n7x=45. 11.[3] 7Tx2 - 5= 2x u Tx% - 2x = 5.

12.10x=3n¥=0.

BeisicHUTE, PAaBHOCHJIBLHBI JIM ypaBHeHus (13—14).
13. 8] x?=4u (x - 2)(x+2)=0.
14.[4] (x + 5)(x = 5) =0 u (x + 5)2 = 0.

BeIACHUTH, DPABHOCHJBHEI JiU HepaBeHcTBa (15—17).
15.[4] x2+9>0u x+ 9> 0. 16.[5] x(x + 3) <0 u x3<0.

(x_2)2 9 X +
X

18. CnencTBUE HEKOTOPOTO YPABHEHUA UMeeT ABa KopHsa. CKOJIbKO
KODHeH MOXKeT OBbITh Y MCXOAHOTO YPABHEHHSA?

§ 9. UppaunoHanbHble ypaBHEeHUN

CnpaBo4yHble cBeaeHua

NppannoHanbHoe ypaBHeHHE — 3TO ypaBHEHHE, coleprkaliee
HEMU3BECTHOE I0J 3HAKOM KOpHA.

Wppanuonansuble ypaBHEHUS YACTO PEMIAIOTCS C HMOMOIIbIO BO3-
BeZeHus obeux yacTeil ypaBHEHMs B OAHY H TY e HATYPAJbHYIO CTe-
neHb.
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IIpu BOo3BedeHUU 0Geux dacTedl ypaBHEHUA B HEUETHYIO CTEIIeHb
MoJIy4yaeTcsa ypaBHEHHe, DABHOCHUJIbHOE UCXOJHOMY.

IIpu Bo3BeAeHMHU 06eMX yacTeil ypaBHeHMA B UETHYIO CTElE€Hb
(B 4aCTHOCTH, B KBAAPAT) MOrYT MOSIBUTHCSA NOCTOPOHHUE KOPHH, I10-
5TOMY B 3TOM cJy4Yae Heo6XoZmMa IPOBEPKA.

IIpu pelreHUHM MpPpaLUOHAJLHBIX YpPaBHEHUI IpOBepKa He JeJia-
eTCsA, eCJIU MCIOJb3YIOTCA CJIEAYIOLINE YTBEPIKACHUA:

1) ypaBuenue Buzaa 2%/f(x) = g(x), rae k€ N, paBHOCHUJIBHO
g(x) >0,
f(x)= g% (x);
2) ypasHeHue BHUza 2%/f(x) = 2k/g(x), rae k € N, pPaBHOCHJIBHO
f(x)=g(x),

f(x) 2 0 (MoxkHo 3ameHuTh Ha g(x) 2 0).

cucremMe {

cucreme {

Mpumepsl ¢ peweHnsaMmmn

1. Pewmuts ypaBHeHHe V6 — x = x.

Pemenue.l Bapuaur opopmieHus. Bosrenga obe wacru
ypaBHeHMs B KBaJpaT, NOJy4YMM ypaBHeHHe 6 — x = x?, mMmeroinee
KOpHHU x; = -3, x, = 2. IIpoBepKa NOKa3bIBaeT, UTO X = —3 — IOCTO-
POHHHUU KOPEHb.

OrBerT. Xx = 2.

Il Bapuaunr obopmiaenu s. [JaHHOe ypaBHEHHE PABHOCHUJIb-
HO CHCTeMe

x=z20, x 20, x =0,
6—x=x2, x2+x-6=0, x, =-3, x5 =2.

OTrBerT. x=2.

2. PemmuTs ypaBHEHHe  x + 6 — Jr+1=42x-5.
Pemrenue. Bo3Beném 06e yuacTu ypaBHEeHUs B KBajpar:

x+6-2J/(x+6)(x+1)+x+1=2x-35,

OTKYZAA J(x +6)(x+ 1) =6.

ITocne Bo3BemeHUA oOewx uyacTedl STOro ypaBHeHHS B KBaJpaT
U [IpUBeJeHUA MOAOOHBIX WiIeHoB noayyum x2 + 7x — 30 = 0. Bro ypas-
HeHUe HMeeT KOpHH Xx; =10, x, = 3. IIpoBepka nOKasmiBaeT, 4TO
x =—-10 — mOCTOPOHHUU KOpEHb.

OrBeT. x = 8.

3. PemwuTs ypaBHeHue ¥ x3 —19 = x— L
Pemenue. Bossens 06e uacTu ypaBHEHHss B KyO, [oayuum
X3~ 19 = (x - 1)3,
oTKyza x3 — 19 =x%3 - 3x2 + 83x - 1, 3x2 - 3x — 18 = 0. Dro ypaBHe-

HHUe MMeeT KOPHH X; = —2, X, = 3, KOTOpPhle ABJAITCS KOPHAMHU HC-
XOOHOr0 YPABHEHHS.
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3apaHuna ANS CaMOCTONTeNnbHOW Pa6oTel

_Bapuant |
Pemuts ypasHenue (1—12).
1.4 JVx+3=v5-x. 2.4 Vi-x=x+1
3Jx+11=x—1. 4. [ Vxt+x+4=4.
5.[6] V2x+1-Jx =1 6.65]Vo-x-V5+x=2
7.5l Vx-2+Jx+6 = 4. 8.5]vV2x+5-Jx+6=1
9.[5]V15-x + /8- x = 6.
10 6] Vbx -3 -V2x—1=+3x- 2.

[4]¥x®-7=1.
12.@417x 16 = x.
Pemrnts ypaBHeHHe oTHOcUTenbHO X (13—15). ‘
13.[5] Vx = a. 14.[6] Vx — 1 = a. 15.[6] Vx = 1+ a.

BrrsscEuTE ¢ MOMOImMBIO rpaduKa, CKOJIbKO KOPHEil MMeeT ypaBHeHMe
(16—18).

16. (5] Vx = 6 — x2. 17.[6] Vx + 1 = (x — 1)2.
18.[7] x* - 2=Jx-1.

Pemmuts ypaBHenue (19—21).

19. [7] V6 — 4x — x2 = x + 4. 20. (7] x+J2x2 - Tx+5=1.

21.[8] 5yx2 + 5x + 28 = x2 + 5x + 4.

Bapuatr il
Pemurs ypaBHenue (1—12).
1.4 Vx+4=V2x-1. 2.4 JVx+1=1-«
3.[4 Vx+10 = x - 2. 4.[4]Vx2 -x-8=3
5. 6] V8x+4-Jx =2 6.6]Viz+x—-J1-x=1
7.6l Vx+7+J/x—-2=09. 8.5]V3x+1-Jx+8=
9.5]V2x-4-Jx+5=1.
10.[6] VTx-5-8x -2 = J4x - 3.
11.[4]¥19-x3 =3

12.[6] ¥13x2 - 36 = «x.
Pemurs ypaBHeHMe oTHOCHTeNbHO X (13—15).
13.ﬁ=—a. 14.[6] Vx+ 2 = a. 15.@\/;+3=a.

BrissicHuUTH ¢ mOMOIObIO I'paddHKa, CKOJIBKO KOPHeH MMeeT ypaBHEHHe
(16—18).

16.[5] Vx = 4— x2. 17.[6] Vx — 1= (x - 2)2.

18. [T x® —1=Jx +1.
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Pewmiury ypaBHeHue (19—21).

19. (7] V4-6x— x2 = x + 4.
20.[7] v2x2 +8x+ 7 = x + 2.
21.[8] V22 +2x+8 =12-2x — x2.

§ 10. UppaunoHanbHbie HepaBeHCTBA

5. MpuMepbl C peLIEeHNAMM

1.  PelmuTb HEPABEHCTBO v3 — x < —4.
Pemenune. IIpr Bcex 3HaueHUAX Xx u3 obyacTu oIpejeie-
HUSA HepaBeHCTBa (x < 3) JneBas yacTh HEpABEHCTBA HEOTPHUIlATEJILHA,
ITosToMy +v3 — X He MOMeT IPUHUMATH 3HAUEeHUI, MeHbIIUX —4.
OrBeT. HepaBeHCTBO He MMeeT pEILIEHU.

2. PeluTbh HEPaBEHCTBO v3 — x < 4.
Pemenue. HepaBeHcTBO mMeeT cMuich, ecan 3 —x =20, T. e.
npu x < 3. Ecin x < 3, To 06e yacTH HEPABEHCTBA HEOTPUIATEJIbHEI U
Ipy BO3BEAEHHUH B KBaApaT 06eux yacTeil JaHHOTO HepaBeHCTBA IOJIY-
yaeTcAd HepaBeHCTBO 3 — x < 16, orkyma x > —-13. Takum oOpasoM,
x <3,

HCXOQHOE€ HEPAaBEHCTBO PaBHOCHJIBHO CHCTEME HEepaBEHCTB 13
X > —1lo.

OrBerT. -13 < x < 3.

3.  PemuTs HepaBeHCTBO 3 — x > 4.
Pemenue. Ecitu3 — x 2 0, 1. e. x < 3, To 06e UaCTH HEPABEHCT-
Ba OIIpe/JieJIEHh U HEOTPUIIaATEeIbHBI. I109TOMY IpH BO3BEJIEHUH B KBaJ-
pat o06eux dYacTeil AAHHOTO HEPABEHCTBA IIOJIyUYaeTCs HEPaBEHCTBO
3 — x > 16, KoTOpOe MO HO 3anucaTh B Buje x < —13. Takum o6pasom,
x <3,

HCXOJHOE HEePpaBEHCTBO PaBHOCHJIBHO CHCTEeM€E€ HEPaBE€HCTB <_13
X —1J.

OrBeT. x <-13.

4. : PeluuTh HEPaBEHCTBO +3 — x > —4.

Pemenue. Tak Kak JieBas yacTh HePaBeHCTBA OIpejesieHa IIPH
x € 3 ¥ HeoTpHIIATEJIbHA, TO JAHHOMY HEDPABEHCTBY YAOBJIETBOPAIOT
BCe 3HAYEHUHA X U3 ero obJIacTH OlpeAesIeHU.

OrBeT. x < 3.

5.  PemuTh HepaBeHCTBO Vv x +3 < x + 1.

Pemenue. HepaBencTBo mmeeT cMmbIci, ecau x + 320, T. e.
npu x > —3. Kak 1 npu perueHuy HepaBeHCTB B IpuMepax 2 u 3, momsl-
TaeMcs 0CBOGOAUTHCA OT PAJHUKAJIA C IOMOLLIO BO3BEJEHUSA B KBAAPAT
obenx uacreil HepaBeHcTBa. OMHAKO CJeAYeT YUUTHEIBATH, UTO IIpa-
Basg 4YacTh HepaBEHCTBA MOMKET TNPUHUMATh KAaK II0JOXKHUTEJIbHEIE,
TaK ¥ OTpHUIlaTeJIbHEIe 3HAUE€HUs. PaccMOTPpUM ABa cayyasa: x + 1 <0
ux+1>0.

a) Ecimmx+1<0, 1. e. x <-1, To 1aHHOE HEPaBEHCTBO He UMe-
eT pellleHHil, TaKk KaK ero JieBas YACTh HEOTPUIIATEJbHA.
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6) Ecin x >-1u x> -3, T. e. x > -1, To 0o6e 4acTH HepaBEeHCTBA
HEOTPHUIATeJIbHEI, ¥ NO3TOMY HIPH BO3BEAEHHH B KBAJAPAT IOJydaeT-
cA HepaBeHCTBO X + 3 < (x + 1)?, paBHocuabHOe HcxoxHOMY. Tarum
ofpa3oM, JaHHOe HEPABEHCTBO PABHOCHJILHO CHCTEMe HepaBEHCTB

x> -1,
x+3 < (x+1)>2.
Tax kKak BTOpoe HEPAaBEHCTBO 3TOM CHCTEMEI PAaBHOCUJIBHO KaiK-
JOMy u3 HepaBeHCTB x2+ x—2>0, (x - 1)(x + 2) >0, To manHas
x> -1,
CHCTeMa PaBHOCHJIbHA CHCTEMeE OTKyJa CJenyeT
{(x+2)(x—-1)>0, ’
yro x > 1.
OTrBerT. x> 1.
3amMeuanue. HepaBeHcTBO npumepa 5 — 3TO HEPABEHCTBO BHU-
Ja /f(x) < g(x), IpU peHIeHHMH KOTOPOI0 MOKHO BOCIOJb30BATHCH
TeM, YTO OHO PABHOCHUJIBHO CHUCTE€Me HEPaBEHCTB

g(x)>0,
f(x)=0,
f(x) < g%(x).

6. - Pemutrs HepaBeHCTBO VX +3 > x + 1.

Pemenue. Paccmorpum aBa cayuas: a) x + 1 <0;6) x+1 >0,
x+3=20.

a) Ecrn x + 1 <0, To gaHHOe HEPABEHCTBO CHPABEAJMUBO IPH
BCEX 3HAYEHHAX X U3 ero obJlacTH olpelesieHHUdA, T. €. PEUIeHUAMHU
HepaBEeHCTBA ABJAIOTCA BCe 3HAUEHHUSA X, YJOBJIETBOPAIOILHE CHCTEME

x+320,
x+1<0, orkyma -3 <x <-1.

6) Ecou x+120u x+320, 1. e. x>-1, To HCXOQHOE Hepa-
BEHCTBO DPaBHOCHUJILHO HepaBeHCTBY X + 3 > (x + 1)%, KoTopoe, B cBOIO
odepesb, PABHOCHJIBHO HepaBeHCTBY (x + 2)(x — 1) < 0. CnegoBaressb-
HO, B 3TOM CJIy4yae UCXOJHOe HEepaBEHCTBO CBOAMTCI K CHCTEME

x =z -1,
(x+2)(x-1)<0, orkyma -1 <x<1.

Hrak, peiieHHAMU ZaHHOTO HEpPaBEHCTBa ABJAIOTCA Bce 3HaUe-
HHUA X U3 NPOMEXKYTKOB -3 S x<-1u-1<x<1.

OrBeT. -3<x< 1.

3ameuaHue. HepaBencTso npumepa 6 — 3TO HepaBEeHCTBO BH-
aa L/ f(x) > g(x). [lasa HaxO0K/JeHUS ero pellleHuil Hy»XHO PelIUTh JBe

CHCTEMBI
g(x)<0, |g(x)=20,
f(x)20, |f(x)> g?(x).
Bcee perrenusa KaxK 01 U3 3TUX CHCTEM, U TOJbKO OHH, ABJIAKTCH

pelleHusiMHu HepaBeHCTBA ,/f(x) > g(x). B aTroM ciyuae roBOpsAT, 4TO
HEPABEHCTBO PABHOCHUJIBHO COBOKYIIHOCTH ABYX CHCTEM.

58



#“ 3apaHua gna camMocToaTenbHon paboTbl

Pe

SO W e

©

11
13
15

17
18

Pe

[y

3
5
7
9
11
13
15

17
18

BapwuanT |

muTh HepaBeHCTBO (1—18).

.[@V3x-2<-2.
.[@V3-2x<T.
.[@J7T-38x >5.

4] J7-X> 1.

2
.mé x - 2.
BlVx-2>x-2.
(U Yxt-8x+2< -1 x|
.[6] V2x -8 < J/6x + 13.
B Vx2+x-12>6— x.
B Vx? —4x+13<-x%+ 4x - 1.

Bapwanrt Il

muTs HepaBeHCTBO (1—18).

.[4] Vax—-1<-1.
.[4]V4-5x < 8.
.[4] V6 -6x > 6.

.[4] /3;-—2>—2.

.Jm<x+4.
BlVx+4>x+4.

Y- x-2<-2-|x|.

.[6] V8- x < J/38x-5.
BT 15
.ms—xz+6x—7.

2
4
6
8

10
12
14

16

.[4]Vx -2 < 5.
.4l Vx+2 = 3.
.[@V2x+1>-3.

.BlJVx+8 < x+2.

.BlVx+8>x+2.

.[6] yx%+ 2x > -8 - x2.
.6]Vx+2>JV4-x.

[ y2+Jx*+2x+5<2

.[4]Vx-3<2.

4 Vx-72=2.
.[4] V6 -5x > -0,5.
.B]Vvx-3 < x-5.
.[BlVx-38>x-5.

.[6] v4x - x% > -2 — 3x2,
6] V8+2x > Jx+1.
.\/8+Jx2+6x+10S3.
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KoHTponbHaa paGota N2 2
BapuaHT |

1. Haittu oGiacTh omnpejesieHud QYyHKIUHA
y= Ya-x2,
2. N300pasuTe acku3 rpaduka QyHKIUHU y = x5,

1) BriicHUTH, HA KAKUX MPOMEXKYTKaX PYHKIUA ybOeIBaer.
2) CpaBHHUTH uucna:

[;)5 n1; (3,2)° u (3V2).

3. PeminTh ypaBHeHUe:

1) v1- x = 3; 2) Vx+2=+3-x; 3) Vi—-x=x+1;

4) V2x+5-Jx+6=1.
4. Haititu ¢pyuruuio, obpatHyio ¥ GyHKIUHK
y=(x-8",
yKasaTh eé 06J1acTh ompejesieHUA M MHOYKECTBO 3HAUYEHMIA.

5. PemnThs HepaBeHCTBO VX + 8 > x + 2.

BapuaHTt I

1. Haiitu obsacts onpegeneHuda QYHKIIUKA
1
y=(x%2-9) 3.

2. HWz06pas3uTh 3cku3 rpaduka QyHKmuu y = x 6.
1) BbIACHHTH, HA KAKHX IIPOMEXKYTKAaX QYHKIUA BO3pacTaer.
2) CpaBHHUTBL 4ucJa:

axrvns () n(5)"

,2)%u 1; = u|l — .
3 v2

3. Pemuts ypaBHeHHe:

1) vx -2 =4; 2) Vb—x=Jx-2; 3) vx+1=1-x;
4) v3x+1-Jx+8 =1

4. Haiit ¢pyarnuio, o6paTHyo K QyHKUIUHU
y=2(x+6)",
yKas3aTh eé 06J1acTh OIpejesieHHs s U MHOYKECTBO 3HaUEHUH.

5. PemnuTh HEPaBEHCTBO x — 3 < x — 5.
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3apaHus ANA NOArOTOBKU K dK3aMeHy

1. W13 npomexxyTkoB [-1; 1); [1; «/E]; [—%; 1); (JE; 2] BribpaTh

TOT, KOTOPOMY TIPMHAJIEKAT Hyau GyHKIuu f(x)=,4-3x2 — x.
Orser. [1;42].

2. {T] yers (x4; y,) — pellleHue CHCTEMBI
{,/25 “10x + x2 +y=4,
y—3x+11=0.
Haiitu npoussenenue xyy,. OrserT. 20.
3. [5] Pemtuts ypaBHeHue:
1) Jx(x-2)(x+3)=3-x; 2) Jx(x-3)(x+4) =
VYxasanue. 1) YpaBHeHNe PaBHOCHJIBHO CHCTEME
3-x20
{x(x- 2)(x +3) = (3~ x)2.
OTrBer. 1) x = 3/9; 2) x = 3/36.
4. [6] PemnTs HepaBeHCTBO:
1) v2-5x<1; 2) J1-3x < 2.
Orser. 1) 0,2<x<0,4; 2) -1<x< %
5. @ HaiiTu obsacThs onpejeeHus QYyHKLAU:

9 1 1 9
l)y:\/4_x+1+x-3; 2)y=\/2_x+6+x—2'
OrBer. 1) x<-1,x>3,x=2; 2) x<-6, x>2, x=-4.

6. PemuTe HEepaBEHCTBO:
1) x2+25>8V5-x+10x; 2) 27J/4- x-16< x2 - 8x.
VYrasanue. 1) Coenars sameny +vb—x =¢t2 0.
OrBer. 1) x<1,x=5; 2) x<-5, x=4.
7. (7] PemnTs HepaBencTBo v x2 + x — 12 > x.
OrBeT. x <-4, x>12.
8. [7] Pemuts mepaBencTBo 4~ 5x < /16 + 30x — 25x2.
OrBeT. 0<x<1,6.
9. Pemuts ypaBHeHHe:

1) J2x+1/=1-2|x|; 2) J|[1-3x[=1- 3|x|
Orser. 1) x,=-0,5, x,=0; 2) x,=0, xz—-g.

10. [8] PemtnTs ypasHenue:
1) Va2 + 4x = [5[x+2[+2; 2) Jx2 - 6x = ,[10[x - 3[+ 2.
Orser. 1) x,=-8, x,=4; 2) x,=-8, x,=14.
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.[7] Iyers  (xy; y,) — DellleHMe CHCTEMBI

. (6] Pemutr Hepasencrso:

1) (x-5)Jx <0; 2) xJx+1<0.
<O0.

OrBer. 1) 0<x<5; 2) -1<x

. Pemuts HepaBeHCTBO:!

1 ,/x2+5x—4x+6<_2; 2) Jx?— 5x —4x + 26
x -2 7-x

OrBeT. 1) x<-5,0<x<2,x24;2) x<0,5<x<7,x>09.

y—425- x% =0,

y+5=|x - 6.

> 2.

Hadtu cymmy x4 + yo. OrBer. 1.

. [9] Pemurs ypaBuenue /49 + 9x|x+ 4| -2x=7. OTBerT. —g; 0.

. IIpu KakuX 3HAUEHUSAX @ YUCIO 2 ABJIAETCA KOPHEM ypaBHe-

HUA VX —a = 3a— x?
Ykagsaunue., 3agaua CBOAUTCS K pEILIEHUK YPaBHEHUS
v2-a = 3a- 2 oTHOCHUTENbHO a, T. €. K PEIIEHUIO CUCTEMBI

3a-220,
2—a=(3a-2)>%.
OrBerT. Ilpu a = 1.

. ITpu kakux 3HaveHusax b uucio (—2) ABASETCS KOPHEM YypaB-

HeHus 3Jb— x =2b— x? Orser. Ilpu b= 2.

. [9] Hna xaxmoro a HaiiT BCce pellleHMs HepaBeHCTBA:

1) (x—-a)Jx-22>0; 2) (5-x)Jx—-a<O0.
Ykasanue. 1) Paccmorpers cayuau: a=2, a> 2, a<2.
2) PaccmorpeTh cayyau: a =5, a > 5, a < 5.

OrBeT. 1) Ecima <2, T0x =2 2;ecaua > 2,0 x =2, x 2 a;
2) ecima<5b,T0 x=a, x=25; ecim a =5, To x 2 a.

. JJIA KaAoro a peluruTh ypaBHEHUE:

1) Jx2-6x-a=x-3; 2) Jx?+ 2x+a=x+1.
OrBerT. 1) Ecau a # -9, To ypaBHeHHe He HMMeeT PellleHHi;
ecniu a =-9, To x 2 3; 2) ecsiu a # 1, To pelieHUU HeT; ecJau

a=1, To x =2 -1.

.lIaHbI ypaBHeHudA: 1) Vvx+1=x+a; 2) Yyx+a=x+3.

ITpy kaxux 3HAYEHUAX HapaMeTpa a KakJoe U3 HUX HMeeT
eJUHCTBEHHOE pelreHue?

Yxasanue. 1) BocrmosbzoBarbcAa TOACTAHOBKON +x+ 1=t
¥ HANTH 3HAYEHHUA @, [IPU KOTOPBLIX KBaJpaTHOe ypaBHEHUE
t? —t+a—1=0umMeer ONMH HEOTPUIIATEIbHBINH KOPeHb. 2) [laH-
x+320,

HOEe ypaBHEHHMe pPaBHOCHJIBHO CHCTEMeE K
x+a=x%2+6x+09.

OrBeT. 1) llpua<lua=1,25; 2) npua=2,75ua>3.



3apaHna AN MHTePecylowmMxcs MaTeMaTUKon

2 Mpumepsbl ¢ pewieHuaMU

1. PemuTs ypaBHeHHe \/2x2 + 4x - 28 - \/xz +2x-8=1

Pewmenune. Ilyere t=.,x2+ 2x-8, Torga 2x2 +4x - 23 =
= 2t2 — 7, u ypaBHeHHMe MOKHO 3aIMCATbL B Buje /2t~ 7 =t+ 1.

BosBeasi o0e uvacTH IIOJIy4eHHOro ypaBHEHUA B KBajJpaT, uMeeM

2t2 - 7=¢t2+2t+ 1, unu t> - 2t — 8 = 0, oTryzAa t, = -2, t, = 4. Tax

Kak t 20, To yJx2 + 2x -8 =4, x2+ 2x - 24 =0, x, =6, x, = 4.
OTrBeT. X, =-6, x,=4.

2. © HaiiTu Bce jeificTBUTeNbHBIE KOPDHH YPaBHEHUS

|2Vx +1- x|+ |x-2Jx +2|=17.

Pemenne. Ionaras x — 24/ x = t, nosy4aem ypaBHeHue |t — 1]+
+|t+2|=17, otkynat, =4, t,=3. Ecau t = -4, T0 x-2Jx+4=0.
IJTO ypaBHEHHE He HMeeT AeHCTBUTEJLHBIX KOpHed. Ecau t =3, TO
x—2«/——3=0, oTKyza x = 9.

3. Pemuts ypasHenue 5,1+ |x2~1| =3+ |3-5x].

Pemenue. 1) Eciiu x < -1, To ypaBHeHMe HPUMET BUJ
5V1+x2 -1=6-5x, 5/x2 =6-5x, —5x =6 - 5x.

B aTom ciyuyae ypaBHeHUe He MMeeT DEeIIeHHUH.

2) Ecau -1< x < g, TO 5\/51_;;2— =6 - Hx, oTkyza

25(2 - x?) = 36 — 60x + 25x2,
25x2-30x — 7=0, (5bx+ 1)(bx - T7)=0.

Kopens x; = —% YAOBJETBOPAET YCJIOBUIO X € [-1; 3}, a KOpEHb
)
X, = % He YJOBJIETBOPAET 3TOMY YCJIOBHUIO.
3) Ecnu§< x<1, T0
542 -x%2 =5x, 25(2 — x2) = 25x2, x%=1,

3
x,=1, xy=-1. YcnoBuwo x € (3; 1] YAOBJETBOPAET TOJBKO KO-
PeHb X;.

4) Ecau x > 1, 70 5+ x2 = 5x. BToMy ypaBHEHHIO YAOBJETBODA-
IOT BCe 3HAYeHUA x > 1.

OTrBer. x=—%, x=1.

4. HaiiTu gefcTBUTebHBIE PEIIeHUA CHCTEMBI YpaBHEHUI

{w—y -4 - 2,

53/ xty = x? + y2.
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Pemenue. Eciu x=0, o y =0 u cucrema umeer perreHue
(0; 0). IIycrs x # 0. TlepeMHOXXHB MOYJEHHO YPaBHEHUS CHCTEMEI,

HOJTyH4uM
15x%y2 = 4 (y* — x%).

15+ 17
8

2
Kak t >0, To t = —, y? = 4x% Ecnm y = 2x, To U3 BTOPOTO ypaBHe-
x

2
Ilycre t = (%] > 0, toraa 4t2 — 15t — 4 =0, oTkyaa t = . Tak

HUA MUCXOAHOM CHCTEMBI CJEAYeT, UTO

53,¢2x =5x2’?i/'§:1,x:2’y:4_

x
Ecau y = -2x, To 3’_3 =1, x =-2, y=4. Takum ob6pa3omM, cucreMa
X
umeer tpu pemernusn: (0; 0), (2; 4), (-2; 4).
OrBer. (0; 0), (2; 4), (-2; 4).
5. : HaiiTu Bce felicTBUTE/bHBIE PEIlleHUA CHCTEMbI ypaBHEHHUI
1+ 1 =X_Y + _x_y_,
xy  x?yf x -y

“ Y Jx—y=2-xy.

Pemenue. Ilycte u=,x—-y, v=xy. Toraga cucrema Ipu-
MeT BHJ,

2

—

+ +

(ol
cl:
%

&
|

3
u
—=2-v,
1%

rre u >0 (x>y), v=0 (xy=0).

IlepBoe ypaBHeHHEe 3TOIl CHCTEMBI MOXKHO 3aIHCATh B BHJE
u?v? — ut = 03 - vu?, wm (V2 - u?)(ul-v)=0, otryza u =1 (u > 0),
v=1.

Ecnu v = —u, to u? + u + 2 = 0. 3ro ypaBHeHHe He UMeeT JeHCT-
BUTEJLHBIX DellleHHH.

Hrak, u=1, v=1, T.e. Jx-y=1, xy=1, oTKyna

-1+ 45 1

2 _
+y-1=0,y= ——, x== .
Yy Yy y D) v 2
1+45 —1+f] 1-V5 1+J3]
2 ’ T

OTrBer.
2 2

6. ' PemnTb HEPAaBEHCTBO |/ x2 + 5x + 6 < 1+ Jx2 + x+ 1.

Pemenue., ObsacTe oupenejeHusi HEPABEHCTBA OINpPENEJIAETCHA
yecaosueM x2 + 5x + 6 = 0, oTkyga

x<-3, x>-2. (1)
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Ha mHuOecTBe (1) HCXOQHOEe HEPABEHCTBO PABHOCHJIBHO KaMJ0-
My U3 HeDaBEHCTB

x245x+6<1+2Vx?+x+1+x2+x+1,

2(x+ 1) <vxZ+x+1. (2)

Ecau x < —1 u BeImosHAOTCA ycaosus (1), To HepaBeHCTBO (2)
ABJIAETCA BethIM, ¥ IIO3TOMY 3HAUEHUSA X U3 MPOMEXKYTKOB X < —3
U -2 < x £ -1 — pellleHUA UCXOLHOI'O HEPAaBEHCTBA.
Ecnu neBasa 4acTh (2) IOJIOKUTEIbHA M BBINMOJHAIOTCA YCJIO-
Bus (1), T. e. x > —1, To HepaBeHCTBO (2) PABHOCHJIBHO KaKJOMYy U3
HepaBeHCTB 4(x2 + 2x + 1) <x2+x + 1,

3x2+ Tx+3<0. (3)

Takx Kak ypaBHeHue 3x2 + 7x + 3 = 0 uMeeT KOpPHU X; = i_(i_@’

xy = i-;—m, rge x, < -1, x, >-1, T0 peuieHusa HepaBeHCTBa (3),

YAOBJIETBOPAIOLI{NE YCA0BUIO X > —1, 06pasyioT uHTepBaaI —1 < X < X,.
OrBerT. x<-3, -2< il +6Jﬁ .

7. PemnuThr HepaBEeHCTBO

1 >_1
x2+2x-3 4-x

Pemenue. O6aacty E OoIyCTUMBIX 3HAUEHUH X JaHHOTI'O Hepa-
BE€HCTBa, olipegegasaeMas yCIOBHUAMHU

x2+2x-3=(x+3)(x-1)>0, x+414,

npeacTaBisgeT cobfoil 00 beAuHeHne NTPOMEXXYTKOB
(—OO; _3)’ (1; 4)’ (4; +OO).

IIpu x >4 JyeBas yacTh HepaBeHCTBA IOJIOMKUTEJIbHA, a IpaBas —
orpunaTtensHa. IlosToMy 3HaueHus x > 4 — pelleHUd UCXOLHOrO He-
paBeHcTBa. Eciin x € E U x < 4, To HEPABEHCTBO PABHOCUJIBHO KaXK-
JAOMY U3 HepaBEeHCTB

Vx2 +2x-83<4-x, x2+2x—-3<x%2-8x+ 16,

10x <19, x <12,
10

B aToMm ciyuae pemieHMsSAMH HMCXOJHOrO HepaBEHCTBA SIBJIAIOTCS 3HA-
1
yeHuda x € E, Takue, uTo x <4 U x < %, T. €.

x e (-o0; -3) u x €(1; 1,9].
OrBeT. x<-3; 1< x<1,9; x> 4.
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7 3apaHnMa AnNs caMoOCTOATENbHOU PadoThbl

Pewiuts ypaBuenue (1—4).

1. a) V2x2 —12x+ 46 — yx2 —6x + 22 = 3.
OrmerT. x;, =-3, x, = 9. ‘
6) V2x2 —8x + 49 — Vx2 — 4x + 21 = 4.
OrsBer. x; =6, x, = 10.

2. a) |[x-Jx-2|+|Jx+6-x|=8

Orser. x, =0, x2=-17+2—m, x5 =1.
6) |3Vx+2-x|+|x-3Jx+3|/=9. Orser. x =16.

3. a) |2x+5|=v/x+3+1 Orser. x; =-38, xzz@.
6) 3—Jx+1=|2x-2|. OTser. x=£+—2@.

4. a) 51+ [x2 1] =3+ |5x+3]. Ormer. x—% x < -1.
6) |25+ |16x2 — 25| = 4+ 4|1- x|. OTBer. x = i ng.

Pemuth cucremy ypaBueHuit (5—7).

5.a) [3x-1=2+2/x+y,
X

Jy+Jx+y=y—-3x-6.

Orser. (6; 30), (2‘;@; 29 -

\/ﬁj_

6) |1-5y=2-6Jx-y,
Y

Jx-Jx-y=x-5x-6.
Orser. (42; 6), (47 +5J229; 2 +2~/5229 J

6. a) {Jllx—y—Jy—x=l,

TJy—x+6y—26x = 3. OTBeT.(%; g)
-2J3y+x =1,
7x 3y+x+22y+2x—13 OrserT. (13; -3).

33/4x1y3 = 4(y% - x2). OtrBer. (0; 0), (-2; 4), (2; 4).
53 2x5y2 =4(x2+y )
= x? - y2. OrserT. (0; 0), (4; 2), (4; -2).

7. a) {53 2x2y® = 2(x2% + y? )
6) {



Pemunts HepaBencrso (8—12).

8.

10.

11.

12.

a) 2dx? +x - x> x%2- 8.
1+~/@< V65 -1

x<-1,0< x <

2
6) Jyx?+ 2x - x%2 >2x-20.

OTrBer. -1-V26 < x<2,0< x < -1+ v26.

OTrsBerT. —

.a) Jx?—-2x <1+ Jx%2- x-2.

1-28

OTBerT. x < 3 , X =2,

6) Vx2 —4x+3 <1+Jx? -5x+ 4.
>8+ 2J7

OrBer. x<1, x 3

1-v29 22
~y X >
2 . 7

6) yx2-5+|x—-2|>x-2. OTser. xél_;ﬁ_:;, x>1-51.

a) 3 = 1 .OTBeT.x<—l,1<xSE,x>2.
3x2-2x-1 2-x 3 10

0) 1 = 2 .OTBeT.x<—l,H<x<l,x>3.
x2~4x+3 1+ 2x 2720

a) 6x+22 17> % Ormer. - < x<3s.
4 2 24

6) VV16x+36 +6 > x. OrBer. —%st 4.

a) yx2~10+|x -3/ >x-3. OTBer. x <




il

Mnasa lll. MokasarenbHaa ¢yHKUNSA

§ 11. Noka3arenbHas GyHKUMA, €€ cBOACTBaA U rpadmk

. CnpaBo4Hble cBeaeHus

IToxaszarenbHass GYHKUMA — 3TO (YHKIWUA BUAa Yy = a*, rge
a — 3ajJaHHOe uucJo, a > 0, a # 1.

CroiicTBa nokasarteJbpHoi PyHKIMH Yy = a”.

19, O6aacTh onpegeleHH — MHOMECTBO BCeX JefiCTBUTENBHBIX
uncern (x € R).

2% MHOeCTBO 3HAYEHHII — MHOMKECTBO BCeX MOJIOMKUTENbHBIX
yuces (y > 0).

3% TI'paduxr GyHKUIUM npoxoauT depe3 Touky (0; 1).

4%, dynxnusa sospacTraiouias npu a > 1 (puc. 19); ybrisaromas
npu 0 <a < 1 (puc. 20).

Mpumepbl ¢ peweHngEMm

1. C nomomeio rpaduka pysxruuu (puc. 21) onpeneanTts:

1) 3HaueHUA apryMeHTa, IPU KOTOPHIX 3Ha4YeHUe (pyHKIUN paB-
HO HYJIIO;

2) 3HaYeHMA apryMeHTa, HNPHU KOTOPHLIX (QYHKIHS NPUHUMAET
TOJIOKUTEJIbHBIEe (OTPUIlATEJILHbIE) 3HAUYECHU A,

3) mpoMeXyTKHU Bo3pacTaHusA (yOBIBAHUA) QYHKINU.

OrBeT. 1) x =0, x = 2; 2) nonoxkureabHsle n1pu x < 0, x > 2,
orpunaresapHbie npu 0 < x < 2; 3) Bo3dpacTaeT Ha IPOMEKYTKe X = 1,
yObIBaeT Ha IpoMeKyTke x < 1.

2, C unomompo rpadbuka GYHKOIUH Y = g" (puc. 22) Ha¥TH
npu6IMKEHHOe 3HAYeHMe uncaa: 1) +2; 2) 2 2; 3) 2225,
1
Pemenue. 1) V2 =22; mas byuxknuu y = 2* 1o 3HAYEHHIO

x = % HaxoauM y =~ 1,4 (aTo opauHaTa Touku A Ha rpaduxe QyHKINU

Yy Yy y
y=a
a a>1 y=a*
1 o0<a<1
/1 a>r
o] 1 x o] 1 x o\ 1 /2 x
Pue. 19 Puc. 20 Puc. 21
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_3
y=2%); 2) 2 2 = 0,4 (opauHaTa TOYKHu B);
3) 22! = 4,8 (opaunara Touku C).

3. BhbisICHUTBH, ABJISETCS JIX BO3pacTaro-
et (yoniBamouiet) GyHKIUA:

1 X
1) y=(1§) 3 2) y=0,87%

3) y= (%)_I'.

Pemenue. 1) Tak kKax 11> 1, T0

byHRUMA Y = (I%J BO3pacTamwlnas.

2) ITockoawky 0 < 0,57 < 1, pyHKIUA
y = 0,57% y6piBaromasa.

3) HNmeem [%J =2%*, 2>1. Tak Kak

dyuxuus y=2" Bospacraiomas, TO U
x

(l)yHKILHH y= %] TaKXXe BOo3pacTawiiaa.

4. CpaBHUTH 0,3wg C eIMHUIICH.
Pemenune. IlpeacraBum 1 B BHIe

0,3°. Tax kak 0<0,3<1, To dyHKUuUA

y = 0,3" y6riBaromasn. [lockonbky —+/5 < 0,

sHauuT, 0,35 >0,3% 1. e. 0,35 > 1.
OTsBer. 0,3“/g > 1.

3
2
Puc. 22
Yy
N
x
//'9
R)
1 1\*
v
/l 0 ].r x

Puc. 23

x
5. Pemuts rpadguueckn ypaBHeHHe [%) =x+1.

Pemenue. B ogHoli cucTeMe KOODAMHAT IIOCTPOUM rpadHuKH

x
byurUUi Yy = (%) U y=x+1. OHU mepeceKyTcs B OLHOIl TOUKe

¢ abcuuccoit x = 0 (puc. 23). 3To 3HAUEHHE U ABIAETCA KOPHEM JaHHO-

ro ypaBHEHUSA.

OrBer. x=0. y 3
+ 3apaHve AnNa caMOCTONATenbHOMN +
paboThbl 1
BapuaHr | . . ,
1. [4] C nomompsio rpadpuka pyuaxmun 2 (-1 |0 i\/” 4%
(puc. 24) onpeneauTs: T
1) 3HayeHusA aprymesdra, IpH l_
KOTOpbIX 3HadeHUe GQYHKIIUHU
PaBHO HYJIIO; Pnc. 24
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2) KOOpAMHATHI TOYKH II€pecedyeHus rpaduKa ¢ OChbIo OPIUHAT;
3) 3HaYeHUA apryMeHTa, IPU KOTOPLIX PYHKIMUSA OIPHUHHMAET
IOJIOYKUTEIbHBIE (OTpUIlATEIbHbLIE) 3HAUEHU ]

4) IpOMEKYTKH BO3pacTaHMA (yObIBAHHA) QYHKIMU.

BrisicHUTH, ABNAETCA JK BO3pacTalolleid UIM yObIBaAOMEH (PYHKIUA
(2—4).

2.1] y = 5,3~ 3.2]y=0,14". 4.y=(§) .

5. C nomomso rpaduka GyHKIHMY Yy = 2* HaAHTH NPUOTHIKEHHOE
aHauenue 208,

x
6. C momomipio rpadukKa GyHKIUU y = [%) HaWTH NpUOIHKEH-

] = s.
CpaBHuTth uuciaa (7—9).

4 s 1)7°® 21?2 (3)°
7.[2] 5,6 u 5,675, 8. (3] 1? ul. 9. (4] 3 n|2|.

HOe 3HaYeHne KOPHA ypaBHEHUA (

D |

2

3anucaThk AAaHHYIO 3aBHCHUMOCTbh B Buje II0Ka3aTeJbHOH (GyHKIUU

(10—13).

3x Sx
10.y=§51. »11.%53_.

12.y=0,3"‘-(1%] ) 13. (Bl y = (V2 - 1)%+.

14. (5] HaiiTu KOOpPAMHATHEI TOUEK HepecedeHUs TpadUKOB DYHKIUI
1
=4"ny= -,
Yy y 1

15. Pemuts rpadpuuecku ypaBHeHue 3* = x + 2.

IToctpouts rpaduxk GyHxknuu (16—17).

x+1
16.[6] y = 27 - 2. 17.@;;:(%}

Haittu o6aacTs onpexnenenus Gpyaxuun (18—19).
1

18.[4]y =2V* 1. 19.[5]y = 0,7V~ =%,

HaiiTu MHOX@ecTBO 3HadyeHM# ¢pynruun (20—21).
x+1
20.@@:(%] . 21.(5) y =3+ 2.

22. [6] ITonb3ysack rpaduueckoil MJIIOCTPAlLHEl, ONPENEIUTh YHUCIO
KOpHeil ypaBHeHUda 2% = 3 — x2.
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BapwuaHnr Il y

1. C momoibio rpad®uKa QPyHKIIUH
(puc. 25) onpemeauTs:
1) 3HaueHUS aprymeHTra, IIpu
KOTOPBIX 3HaueHUWe QYHKIUU

paBHO HYJIO; — —
2) KOOpAMHATHI TOYKHU Ilepeceue- 1 yl 2 8

HUfA rpaduka c OCbl0 OpPAUHAT; 1
3) 3HaueHUs aprymeHra, IIpU
KOTOPHIX GYHKIHUA NPUHUMAET +
MOJIO}KUTENbHEIe (OTPULATENb- Puc. 25
Hble) 3HAYEeHUS;

4) npoMe)XyTKH BoadpacTaHus (yObiBaHUs) QYHKIMU.

BriacHuTe, ABIdeTCA JIM Bo3pacTawllleil uau youiBamouieil GyHkIiua
(2—4).

x

— 5
2.11| y = 0,3~ 3. = 8,77 4.2|ly=| —| .
aly (2] y 2]y (2%)

5. C momoipio rpaduka GyHKIUU Y = 2¥ HAWTH IPUOIUIKEHHOE
sHavenue 2712,

X
6. C nomouipio rpaduxa GyHKIUU Y = (%J HalTH NpUOINKEH-

x
HOe 3HaueHMe KODHA ypaBHeHUA (%) = %

CpaBuuTts uuciaa (7—9).

-2 3
7.121 0,95 u 0,9°5. 8.3 1,24u 1. 9. 4] (%] u [g) )

3anucaTh ZAaHHYI0 3aBUCHMOCTH B BHJAE II0Ka3aTelbHOIl GYHKIMHU
(10—13).

2x 27x
10. 4] =2?- 11.y:‘f23 .

-X
12.[4)y = (2%] - 0,4%. 13. (5l y = (V2 + 1),

14. HaiiTu KOoOpAUHATHI TOYEK IepeceueHus rpaduKoB GQYHKINH
y=3"uny= % .

15. Peniute rpaduyecku ypaBHeHUE [i) = x4+ 9.

IIocrpouts rpadux pyuxnuu (16—17).

16.@y=(é)x+1. 17.(6] y = 3%~ 1

Haiitu o0nacts onpegenenus dpyuxkuuu (18—19).

J1-x E
18.y=(%) .

19. 5]y = 2,59,
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Haiitu MHOXecTBO 3HaueHui pyuxuuu (20—21).
20.[4] y =31 21.[4] y=27-3.
22. (6] Monbaysach rpaduuecKoil MIIIOCTpPALUe, ONPEAETUTh YUCIO

X
KOpHeil ypaBHeHUA (%) =2—(x-1)>3.

§ 12. Noka3arenbHble ypaBHEHUA

. CnpaBo4Hble cBeaeHUs

IIpu pemreHUN MOKAa3aTeNbHBIX YPaBHEHHUH NMOJIBL3YIOTCA CJIEAYIO-
MM CBONCTBOM IIOKa3aTeNbHOW GyHKIUU: ecain a >0 u a # 1, To pa-
BEHCTBO a™! = a*2 cnpaBeJJINBO TOTJa U TOJBKO TOTAA, KOIJa X; = X,.

MpuMepbl C peweHna MM

1. IIpoBeputh, sABAseTCA JHU YHUCIO 3 KOPHEM ypaBHEHUA

-x+1
(l] =x+ 1.
2

Pemenue. IlogcraBuB B ypaBHeHHEe 3HAUYEHHE X = 3, NOJYUYUM
-3+1

1

(EJ =3+ 1 — BepHOe PABEHCTBO; 3HAYMUT, X = 3 ABIAETCA KOP-

HEM JaHHOTO YpaBHEHUA.

2. Pemuts ypaBHeHHe T2**1 =49,
Pemenue. 3anumeM ypaBHeHMe B Buae 72**1 =72 orkyzma
2x+1=2, 2x=1, x=0,5.

3. Pewmuts ypaBHenue 27 - 9* =1,
Pemenue. Tak kax 27 = 33, 9% = (3%)* = 32%, 1 = 39, o ypaBHe-
HHe MOXXHO 3ammcaTs B Buze 3% * 2% = 3%, orkyma x = -1,5.

4, Pemurts ypaBHeHHe 5%% = 137,
Pemenmne. Tak kak 5%¢ = (52)* = 25%, To ypaBHEeHUe MOXHO 3a-

25% 25 )"
nucath B BUge —— =1, otkyaa | == | =1, x = 0.
SSTE ya (13]

5. Pemurs ypaBHeHue 2**2 — 2% 4 2x+1 =20,
VYrkasanue. B jneBoit yacTu BbIHECTH 2* 3a CKOOKH.
OrserT. x = 2.

6. Pemuts ypaBHeHue 9* — 26 - 3* — 27 = 0.

Pemenue. Tak kax 9* = 32*, To ypaBHeHHe MOXXHO 3aIUCaThb B
Buge 32— 26 -3*—27=0. C moMombio 3amMeHsl 3* = t (Torga 32*=t?)
ypaBHEHHEe CBOAMTCA K KBaJApaTHOMYy ypaBHeHumwo t2 — 26¢ — 27 =0,
KOPHAMHU KOTOpOTo #ABJadAloTCA t, = 27, ty =—-1. YpaBHeHue 3% = 27
nMeeT KopeHb X = 3. YpaBHeHue 3* = —1 He MMeeT KOpHeill (moka3sa-
TeJbHAA QPYHKIUA IPUHUMAET TOJBKO IOJIOXKUTEJbHbIE 3HAYEHHUS).

OrBer. x = 3.
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3apaHua ANs caMoOCTOATenbHoi padoThbl

Bapwant |
1. Kakoe us umcen -2, 0, 1 saABaserca KOPHEM YpaBHEHHA
25% = 25x?
Pemuts ypaBHeHue (2—12). .
_ 1 3
2.[3] 0,352 = 0,09. 3. — | =%/.
3l O 55
4.[4] 225 - 15%*+1 =1, 5. [5] 43* = 82~,
6.[5]3-2-3*-3=6. 7.[4] 25* +4 -5 - 5=0.

8.[4]4*-12 .27+ 32=0. 9.[5] 2V**+1 = 8,

6
10. [6] (0,2)** - 52x+2 =(%] . 11.[5]2-9*-17-3*=9.
12. [7] (//5)I3- =1 = 25.

BapuaHnr Il

1.[2] Kakoe u3 uumcen 3, 0, -1 sBisieTcs KOpPHEM YpaBHEHUS
X
(l) =3x+5?
2

Pemuth ypaBueHue (2—12).

2. (%]H’x: 27. 3. [ (2¥42)* = 8.
@i sm(2)=(4):
6.[5] 4~ 3 + 4* = 65. 7.[4) 95— 10 - 3* + 9 = 0.
8.[4]25*+3-5°+2=0. 9.[5] 3VG+1* — 3.
10.@(%-@]122’”6. 11.[5] 3 - 47— 11 - 27 = 4.

12. [7] 9l=+2l = 3.

§ 13. MNokasartenbHble HepaBeHCTBA

CnpaBo4Hble cBeAEeHUd

Ilpu pemeHnM nNoKaszaTeJbHbBIX HEPABEHCTB IOJbL3YVIOTCS CJie-
AVIONIMMHU CBOMCTBAMHU IIOKA3AaTEJbHOM QYyHKIIAU:

1) ecau a > 1, To HepaBeHCTBO a*! > @*2 cHpaBeJJIMBO TOTAA
M TOJIBKO TOTJad, KOTJa X; > Xg;

2) ecam 0 <a <1, To HepaBeHCTBO a*! > a*2 cHOpaBelJUBO TO-
ra 4 TOJbKO TOTJa, KOTJa X; < X,.
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“ Npumepbl C peleHnIMn

1. PemmuTts HepaBeHcTBO 61~ * > 36.
Pemenue. Umeem 61 *> 62, Tak kak 6>1, o 1 — x> 2,
oTKyza x < —1.

x
2. Pemuts HepaBeHCTBO (é] < 27.
1 2x
Pemenune. 3anuireM HepaBeHCTBO B BHIe (5) < 8%, uam

2x -3
(%) < (%J . Tak xak 0 < %< 1, To 2x =2 -3, oTkyza x = -1,5.
4 3apaHMa ANns cCaMoOCTOSITeNbHOW paboTbl
Bapuanr |
Peminte HepaBenctso (1—5).

2_9

1(2) >1%. 2.92x<§. 3{%} <1
A 1

4.[5] 4%+ 21 - 80 < 0. 5.@(%)%%

Pemuts rpaduyecku ypaBHeHue (6—7).

6.[4 3*=2x + 1. 7.(%)=x3+3.

Pemnts rpadpuuecku HepaseHctso (8—9).

8.(%] <3x+6. 9.[6] 2* <12 — x3.
Bapuanr Il

Pemiuts HepaBeHCTBO (1—5).

1.(12) <%. 2.[4] (0,1)**! > 100. 3.[4 (V3)* = > 1.
1

4.[5]9*-17-3*-18<0. 5.@[%]’<125.

Pemuts rpadpuuecku ypaBHeHue (6—7).

X
6.2"=-%x. 7(%) = 4+ x0.

Pemute rpadpuuecku HepaBeHCTBO (8—9).

8.(%) > 2x + 4. 9.[6] 3* < 4 - x5.
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§ 14. CuctemMbl nokasaresibHbiX YypaBHEHUN
U HEepaBeHCTB

MpumMmepsbl ¢ pelieHnaMu

2x+y=1,
1. Peumurtp cucTeMy ypaBHEHUH { y

3ty =9,

Pemenue. Bocionssyemes crnocob6oM moACTaHOBKH. Bripa3us
M3 NepBOro ypaBHEHUA Yy, mOJAyyuM y = 1 — 2x; Torga 3**(1-29 =9
nmu 31-* =32, orkyma 1-x=2, x=-1. CinegoBarenpro, y =1 -
_2'(_1), y=3'

OrseT. x=-1, y=3.
9x+1 5 2x3,

2. Pemuts cucremy y
7xX"-8 —7x-2

Pemenwne. Pemuas ypasnenne 7% -8 = 7*-2 moayunm x2 — 8 =
=x-2, x2-x-6=0, x;=-2, x,=3. Taxk Kak x = -2 sBIAeTCSA
pelnleHMeM HepaBeHCTBa 2*+1 > 2x° , a Xx =3 He ABAsAETCA, TO pelle-
HHEM CHCTeMBI OyaeT x = -2,

OrBerT. x =-2.

3ameuvanue. Ecau cucreMa COCTOMT M3 OJHOrO ypaBHEHHA
M OJHOI'O HEPABEHCTBA C OAHUM HEHU3BECTHBIM, TO €€ PeIlleHUuAMH OyayT
Te KOPHU ypDaBHEHU S, KOTOPBIE ABJIAIOTCA U PEIIEHUAMU HEepaBeHCTRBA.

. 3apaHna ANA CaMOCTOSITENIbHOU PaboThbi
Bapuant |

Peurnts cucremy ypaBHenui (1—2).

1.{x—y:1, 2,@{31.2y=12,

42x-3y = 1, 2v+1_ 3x = 5,
Peuruts cucremy (3—4).
-12
0,6*° = 0,655+, 2%. 2 = 23.2°10,
0,5 > 0,5Y.
BapuanrT Il
Pemuth cucremy ypaBHenuit (1—2).
1.[4] (x-2y =1, 2.[6] [5*-3v =135,
3*3y = 27, 3¥ — 5*+l =2,
Pemutes cucremy (3—4).
3. 7*-2< 0,4, 4. (13%)¥ = 1378,
1o (1) 3" (2] 4
2) |2 : 2 3 9’
n¥>nY.
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' KoHTponbHas pabora N2 3

2%,

BapuaHr |
1. Pemruts ypaBsHeHHe:
1 2-3x
1) (EJ = 25; 2) 4*+2*-20=0.
2. PemuTh HepaBeHCTBO [%] > 1%.
3. P gl ¥=4
. Pemnts cucremy ypasHeHHit .
4. PemnTh HepaBeHCTBO: )
x4 -1
_ 1 2
1 5)* 6« =, 2) | = = 1.
) (VB)7 0 < 2 ) (13]
5. Pemiuts ypaBHeHme 7+1 4+ 3. 7Tx=2x+5 4 3. 2%,
Bapuanr |l
1. Pemints ypaBHeHue:
1) 0,12*-3=10; 2) 9*-7-3*-18=0.
11" _5
2. PemuTh HepaBeHCTBO 15 < 5
. lx+y=-2,
3. Pemuth cucremy ypaBHeHUH {6“55‘ _ 36.
4. PemiuTh HEpaBeHCTBO: -
2
1) (¥/3)%+6 > %; 2) (1%) <1.
5. Pemnth ypaBHenmne 3* "3 + 3*=5.2x+4_17.
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3apaHua gna NOAroToBKU K IK3aMeHy

1. Pemuths HepaBeHCTBO:
1) 02,2" - 0,008 < 0; 2) x2+ 6x+ 9 > 0.
x*—-10x + 25 2* -4
Vkaszanue. 1) Umeem x2 - 10x + 25 =(x - 5)%, (x-5)2>0
npu Bcex X # 5. McxonHOe HEepaBEHCTBO CBOJHUTCH K CHCTEMeE
0,2*-0,28< 0,
x#5.
OrBeT. 1) 3<x<b5,x>5; 2) x=-3, x> 2.

2. PemuTh ypaBHEHHE:
2x2— 5x — 2 -2
1) x?-bx 320; 2) 3x2+ bx —0.
3*- 27 2*-0,25
Yrxazanue. 1) JlanHoe ypaBHeHHe CBOJUTCA K CHCTeMe

2x2 - 5x-3=0, orxyLa x; = —-0,5, x, =3,
- 27 %0, v x # 3.
OrBer. 1) x=-0,5; 2) x:%

3. [8] PemnTb ypaBHeEHHe:
) 52x -1 _ 3. 5(x+1)(x+2) - 2.56(x+1) =0

2) 32x -1 _ 3(x 1)(x+5) _ 3 38(x+1)_ 0.
VYrkaganue. 1) O6e yuacTu ypaBHeHUS pa:meJmTL Ha II0JI0XH-
rTenbpHOoe ducao 58+ 1D, TJonyuennoe ypaBHeHHUe 52x?-6x-7 _
— 8.5*~3r-4 _ 92— () pemaerca 3ameHnoit 5% 34 = ¢,
OTrBer. 1) x,=-1, x,=4; 2) x;=1, x,=3.

4. Pemnts ypaBHeHHe (V2 + 1)*° = (83— 24/2)*~ 15,

YxasaHue. Bocnoabp3oBaThCss TEM, UTO

2
_ - _1\2 = 1
3-2J2=(J2-1) [ﬁﬂ}.

OrBer. x; =-1, x,=3.

5. Haiitu 3* + 3%, ecaim 3* — 3 * = 4.
Vxkasanue. Brpasuts (3% + 37%)2 uepes (3% — 3~
Orsert. 24/5.

6. [8] Haittu 3%* — 372%, eciiu 3* - 3 =4
Yrxasanue. Ucnonb3oBaTh UJEI0 PellleHUS NPEABIAYIIETO 3a-
JaHUs.
Oreer. 8J5.

7.[6] Pemuts ypaBHeHue:
1) 5x—2+2x+1+21+2_5x20; 2) 2x—1_3x=3x—1_2x+2_
Pemenme., 1) 2¥+t142x+2=5x_5x-2  2x-2(23 4 24) =
= 5*-2(52 — 1). Pasgenum obe uacTu ypaBHeHHd Ha 24 - 5¥~ 2,

x-2
Honyan(gJ =1,x-2=0, x=2.

x)2.

OrBeT. 1) x=2; 2) x=38
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8. [5]

9. [5]

10. [9]

11.

12.

13.

14.

78

Pemnts ypaBuenue 3 - 16* — 5 - 36+ 2 - 81* = 0.
Yxaszanue. Pazgenuts 06e uacTu ypaBHeHUsa Ha 81%, moay-

x
4
YeHHOE KBaJpaTHOe ypaBHEHHE PEIIUTh OTHOCHTEJbHO (6 .
1
OTBerT. x = 5 x=0.

Pemuts ypaBHenne 2%*! — 3.2-%+2 = 5,

Yrxasanue. O6e yacTu ypaBHeHHs] YMHOXKUThL Ha 2%, IOJYy-
YeHHOEe YpaBHEHUE PEeLIUTh OTHOCHTEJLHO 2%,

OTrBerT. x = 2.

X X X

Pemruts ypaBHeHue 2* + 4* + 6* = (l) + (l) + (l) .

3 5 7
Pemenue.
a) Ilpn x < 0 Kampgoe cjaraemMoe B JIeBOM 4YacTH paBeHCTBaA
MeHbIIe 1, a Kaskaoe ciaraemMoe B IpaBoil yacTu Gosblie 1,
no3ToMy npu X < 0 paBeHCTBO HEBO3MOXKHO.
6) AHaJOTMYHO JOKAa3bIBAETCS, UTO PABEHCTBO HEBO3MOXKHO
u npu x > 0.
B) lIpu x =0 monyuum 3 =3, orkyma 0 — xopeHb ypas-
HEeHHuA.
OtrBeT. x=0.

Yeped CKOJIbKO MeCHALIEB LEHbl YABOATCH, €CJIH €XKeMeCAIHbIN
pocT ueH paBeH 6% ?
Orser. [IpubnusurenbHo yepes 12 mecaues.

B HekoTopoM rocynapcTBe 3apIuiaTy NOOBBIILIAKT €XKeroqHO
Ha 50%, a meHbl — exxXemecsauHo Ha 5% . Uepes CKOJBKO JeT
rpa)kJage 3TOT0 rocyzapcTBa OyAyT KHUTb B 2 pasa xXyxe?

. 1,5 )°_ 1
VYkasanue. HaliTu 3HaueHHe x, IIPU KOTOPOM To57 =3

OTBerT. IIpumepHo uepes 4 roza.

HaiiTi Bce KOpHH ypaBHEHHS:
2+ x

1) 5*. 2 = = 40, ecau O TaKoe YUCJIO, UTO 8* = 5;
1+x

2) 2*.5 « =50, ecsi O TaKoe YHCJO, 4TO 5% = 4.

Y}caaanng. 21) Tak xkak 40 = 23 . 5, To ypaBHeHHEe TIPUMeET
Bug 5*-1.2 « =1.
2 2
OrBerT. 1) x1:1,x2=—3z; 2) x1=1,x2:a.
Haiitu o6snacts onpeneneHUss QyHKIMHA:
1 = - 2 =
)y 3x+l_3xal_8 )y 5

“1-57+0,8
OrBeT. 1) x=1; 2) x#0.



15. IIpu KakUX 3HAYEHWUSIX IIapaMeTpa @ ypaBHeHHE
4* -~ (5a - 8)-2*+4a2-8a=0

MMeeT eIVHCTBEHHLIN KOpeHb?

Vxasasue. CaeraB samMeHy 2* ={f, pellUTb KBaJpaTHOe
ypaBHeHMe t2 — (5a — 3)t + 4a® — 3a = 0. HUcxonHoe ypaBHe-
HUe UMeeT eIMHCTBEHHbIM KOpPEeHb MO0 Korja AUCKPUMHHAHT
KBagpaTHOro ypaBHeHus D = 9(a — 1)? paseH Hymwo u t >0,
au6o xorga npu D > 0 ogque U3 KOPHeH MOJIOXKHUTEJIEH, a ApY-
roil OTpHUIlaTeJieH MW paBeH HYJIIO.

OTBeT. HpnO(aé%na:l.

16. IIpu KakKux 3HaueHMAX napamerpa b ypaBHeHHe
9* - 2(8b—-2)-83*+5b2-4b=0
vMeeT JBa PAa3JIMUYHBIX KOPHA?
Orser. IIpu b> 0,8, b # 1.
17. IIpu KaKuX 3HAYEHUSAX [TapaMeTpa a ypaBHeHUe
2(a—1)x2+2(a—3)x+a - =
4
uMeeT eINHCTBEHHLIH KOpeHb?
Yxasaunue., YpasHenue GyqeT MMeTh eIUHCTBEHHBIH KOPEHb
anbo Korma a — 1 = 0, aubo xoraa

D=2@-3)2-4(a-1)(a+2)=0.

OrBeTr.[Ippua=1ua= 1%.

18. IIpu kakux 3HaYeHUAX IlapaMeTpa @ ypaBHeHUe
52 ~(a-5)-5*-5a=0

uMeeT XOTA 6bl OQUH KOpPEHB?

Vrasauue. Pemurh xBagpaTHOe ypaBHenme tZ—(a — 5)t—
— ba = 0 orHOCHTENBHO t = 5% > 0.

Orser. Ilpu a > 0.

19. Haittu 3Hauenue 8 - 9%, ecaqu 27° = 0,125. OrserT. 2.

20. [9] Peminrs ypaBHenme 25% - 1. 34x+ 1. 73x+3 = 5045 -2,
OrsBerT. -2,5. ‘

21. [9] Pemuth ypaBHenue 213 - % . 311-2x . 59-3x = 360~ + 2,
OrsBer. 1,75.

22. IIpu KaKux 3HaYEeHUAX napameTrpa p ypaBHEHUE
15-10*-20=p - p - 10**! He umeer KOpHe?
OrBer. IIpu p € [-20; -1,5].

23. HaiiTu BCe OO UTETLHBIE 3HAUEHUA IAaPAMETPa @, IPU KO-
TOPBLIX B 06JIaCTH OIpejesieHHMA QyHKIUHU y = (a* — q®* *+2)0:5
€CTh [BY3HauHble HATypaJbHble UYHCJIa, HO HET HH OXHOT'O

TPEX3HAYHOI'O HATYPAJBHOrO YUCJA.
OrsBerT. a € (0,8; 0,98].
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3agaHvs NS MHTepPecylowWwuxcs MaTeMaTuKon

= Mpumepsbl € peweHnamMmm

1. Pemurs HepaBeHCTBO 2 - 4* = 6* + 3 - 9*.
Pemenue. Pagnenus obe uacTH AAHHOTO HepaBeHCTBA Ha 9*

x
H moJaras t = [g) , IOJIyuuM HepaBeHcTBO 2t2 — t — 3 > 0, paBHoO-
CHJIbHOE HEepPABEHCTBY 2(t - g-}(t +1)20, orkyma t = g, TaK Kak

t > 0. 3HauHUT, UCXOAHOE HEPABEHCTBO DABHOCHUJILHO HEDABEHCTBY

X
(gj > g, oTKyIa x < —1.

OTrBeT. x <-1.

2. Pemuth ypaBuenme 3* + 4* = 25,

Pemenue. Yucao 2 ABnsgeTcss KOPHEM 9TOTO yPaBHEHWs, TaK
kak 32 + 42 = 25. JJokakeM, 4TO ypaBHeHHe He HMeeT APYTHX KOpHeil.
Tax Kak xKaxkaas u3 QyHKIUN 3* u 4% ABaAseTCS BO3pacTrarwlled, To
u pyHruuda f(x) = 3* + 4* rakke Bo3pacratomasa pyakuud. Ilostomy
f(x)<f(2)=25 mpu x <2 u f(x)>f(2) npu x > 2, 1. e. GyHKUUA
He MPHUHUMAaET 3HAYeHHue, paBHoe 25, mpu x # 2. 3TO 03HAYaeT, UTO
X = 2 — eIUHCTBEHHBIA KOPEHb YPABHEHHUS.

OrBerT. x =2.

3. Pemuth HepaBeHCTBO
15 -16~+!
47* — 4
Pemenune. Ilonoxum t = 16*, Torga HepaBeHcTBo (1) mpu-
MeT BHUJ

> 924x+1 _ g (]_)

15 - 16¢
t—4
HepapencTBo (2) paBHOCHJIBLHO KaXKJOMY H3 CJIEAYIOILUX Hepa-
BEHCTB:

>2t-3. (@)

2t2 + 5t - 3

<0,
t—4
U+3{t—%)
—— 2.<0. 3
4 3)
Tax Kax t >0, To HepaBeHCTBO (3) PaBHOCUJIBHO HEPaBEHCTBY
N
<0,
t—4
OTKYyZa moJjydaeM % <t<4,T.e. %S 16~ < 4.
OTBerT. —ls x < l.
4 2
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4, Pemuths cucTeMy ypaBHEHU
4" ¥ =15+ 9*"¥,
8¥-Y - 2]1.2% ¥ = 27Tty 7.3yt

Peumenue. [Tonoxxum 2~ ¥ =y, 3**¥ = v, Torga cucrema npu-

MeT B[
2=15+v?,
s ooy (1)
u’ -vd=21(u—-v).
Cucrema (1) paBHOCHIBHA COBOKYITHOCTU ABYX CHCTEM:
u?-v2=15
’ 2
{u— v=_0; (2)
u? —v? =15,
u? + uv + v? = 21.

(3)

Cucrema (2) He umeert peresuii. Cucrema (3) aABasgeTCA OZHOPOAHOM.
o u

Pasfenus HO4JIeHHO eé ypaBHeHUH Ha U U moJsaras — = ¢, HOJy4aeMm
v

t2-1 .
- .5 uau 2t2 -5t -12 =0,
t?+t+1 7
oTKyza t, =4, i, = —g. 3HaueHUe t, cjegyeT OTOPOCHUTB, TaK Kak

u>0,v>0.Ecaut =4, 1. e. u =4v, TO U3 IEPBOro YPaBHEHUSHA CHC-
Temel (3) HaxomuMm v=1. HUrak, v=1, u=4, t1.e. 3*"¥=1,
2**¥ =4, orkyna x =1, y=-1.

OrBerT. (1; -1).

3apaHua Ana CaMoCToATeNIbHOW paboTbl
1. Pemuts ypaBHEeHHE:
1) 5* -4 =517
2) 2.9"-6*=3 4%
3) 2+ 3*-0,5*=0,2* + 0,3* — 4~.
OrBerT. 1) x=1; 2) x=1; 3) x=0.
2. PemuTs cUCTEMY ypaBHEHMIA:
1) |2-156* +15Y =5%.37¥,
2.3*7¥ 54" * =3.9*%;
2) [27¥_2.6%Y =62V,
3*¥ v+l 6% ¥ = 2;
3) {3*-64Y = 36,
5*.512% = 200.
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3. PemnTh HepaBeHCTBO:

3-x
1) 8 < 6.4 2 + 21+x;
x+1

2) 9 2 4327277,

Orser. 1) x<§; 2) x< l.
2 2
4. IlocTpours rpaduk GpyHKIUU: )
1) y=1-2lx+1l 2) y=1+2lx+1L
Orser. 1) Cm. puc. 26; 2) cm. puc. 27.
y
x
y
2
\
T 3
10 1 X

Puc. 26 Puc. 27



Mnaea IV. | Jlorapudpmuyeckaas ¢PyHkuus

§ 15. Jlorapudpmbnl

CnpaBo4Hble CBepeHuns

Jlorapu¢mMoM noJsIoKUTESIBHOTO Yucaa b 1o ocHOBaHUIO a (3amu-
ceiBaoT log,b), rae a >0, a # 1, Ha3LIBAIOT MOKAa3aTeJb CTEIEHH,
B KOTOPYIO HYXHO BO3BECTH HHCJIO a4, YTOOBI MOJYYUTH YHUCJIO b.

PaBencTBO
a]ogab =b,

rae b>0, a >0, a#1, HA3LIBAIOT OCHOBHBIM JOrapu@MUYECKHUM TO-
K JIECTBOM,
x = log,b — xopeHp ypaBuenus a*=b, rnea>0,a=1, b>0.

" Mpumepsbl ¢ peleHnsMmn

2 1 logg 3
1. Haitru: 1) 7le75;  2) 0,5%°%0s 12, 3 (g) .
Pemenue. 1) ITo onpenenenuto sorapugpma (COrJIacCHO OCHOB-
HOMY JIOTAapU(DMUYIECKOMY TOMIeCTBY) 7 0875 = 5,

2) 0,5%°180512 = (0 51%0512)0,5 = 1205 = /12 = 23,

logg 3
3) l — (8—1)log33 — (Slogga)—l — 3—1 — 1
8 3
2. BoigscHUTE, NpH KAKUX 3HAYEHUAX X UMEET CMBICJI BbIDAaXXeHue:
1
1) log,s 'k 2) log,,,52.

x -

Pemernue. 1) Brerparkenue log, b umeer cmoici, korga a > 0,

a*1wub>0. Tak kak a =12, 12> 0, 12 % 1, to log,, lluMeeT

x
CMBICJ DU

11>0, T. e. ipu x > 1.

x —
2) Tax xax b=52, 52>0, To log,,,52 uMeer cMbIca mpu

x+2>0ux+2=#1, r.e. upux>-2u x# -1,

3. Pemuts ypasuenue: 1) log,(x —1)=3; 2) (%J =6.

Pemenue. 1) U3 paBeHcrBa log; (x — 1) = 3 no onpegesesuno
Jorapudma caemyert, uto 53 = x — 1, oTkyga x = 126.
2) Kopesns ypaBHeHusa a*=b (a>0, a# 1, b>0) ectb uucio
x = log,b. B nansoM cayuae x = log, 6.
7
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% 3apnaHua pna camocTtosTenbHoU paboTel

Bapunant |
Boruucauts (1—14).
1. @ 5’110“_19. 2. @ 72log716 3. E 121+ log124
4‘810g2%. 5. [4] 32~ 1oea9, 6.30,4log3(4~/§).
7. [3] log, —31_2 8. [4] log,, 9. 9. [4] log, 8.
10. [5] log 5 27. 11.[6)log, 5. 12.[6] log§%-

13. [5] log,log, 256.  14. §10,<;l logs 9.
2

BbIsICHUTD, IPDU KAKHX 3HAYEHHAX X MMEeT CMBIC] BbhIpaskeHue (15—25).

15. [2] log, (4~ x). 16. [3] log, 3 12x' 17. [3] log; v x — 1.
! -
18.@log2x_5. 19.logaﬂ, rme a > 3.
x+ 7 x—4
20. @ logg(x2 - 16). 21. logg(x2 + 3x + 9).
3
22. (4] log, (x? — 8x + 7). 23. [5] logg(2x — x2 — 1).
24. [6] log, (5 - 3x). 25.[6] log, , ; (x — 3).
Pemutes ypasrenue (26—40).
26. 2] log, x = 5. 27.10g3x=i.
"28. (3] log , x = -0,2. 29. [3] log, (x + 5) = 2.
32
30. [4] log, (x? - 3x — 8) = 1. 31.[4] log, 81 = 4.
32. [4] log, 515 = 5. 33. logx% = -3. 34. @] log, 25 = %
35.[4) log,5=2. . 36.logx3=—%. 37.[3] 3% = 4.

38.[4]82-1= 5, 39.[4]36* + 6*— 42=0.
40.[4]9* - 4.3 = 4. -

PeiwinTh OTHOCHTENBHO X ypaBHeHue (41—44).

41.[6] 7*= a. 42. [5] log, x = n.
43.[6]log, x = -2.  44.[Qlog, . ,x=3.
Bapwuant Il
Boiuncants (1—14).
log 5 18
1.(3] 5 . 2. [4] 5310¢5 20 3.[4] 72+ loer8,
9
4.[4) 8189 15, 5. [4] 43~ 10e4 64, 6.[5] 67 ¢ ®V%,
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7.(3] log, 0,125. 8. (4] log, i. 9. [4] log, 27.
9
1 1
10. (5] logy; 8. 11. @mgmﬁ. 12. @log§2z.

13. [5] log, log, 64. 14. [5] 2 log, log; 125.

3

BBIHCHHTL, IpH KaKHX 3HA4YEeHUAX X HMeeT CMBICJI BbIpaXeHue

(15—25).

15. [2] logg » (7 — ). 16. 3] log; _53x. 17. 3] log, V2 - x.

18. [4] log, =3, 19. 5] log, =1, re 0,1 < a < 0,7.
x—4 8- 5x

20.logﬁ(x2 —i—) . 21. [4] log,(x2 - 2x + 3).

22. [4] logy(x% — 8x + 15). 23. (5] log,5(8x — 4— x2).

24. [6] log (7 - 4x). 25. (6] log,_,(x - 1).

Pemiuty ypaBuenue (26—40).

26. [2] log, x = 4. 27.[3] log, x = %

28. [3] log,, x = ~0,2. 29. [3] logz(x - 2) = 3.

30. [4] logg(x2 — x—-3)=1. 31.[4]log, 32 = 5.

32. [4] 10ng1—7 =3. 33.[4] log, Ilg = 4. 34.[4] log, 8 = %

35.[4] log, 7 = 2. 36.10gx7=—%. 37.[3] 5% = 3.

38.[4] 91 * = 4. 39.[4] 25+ 5* - 30 = 0.

40.[4] 16" + 9=6-4~.

PemﬁTL OTHOCHUTEJIBHO X ypaBHeHUe (41—44).
41. [6] 0,8* = m. 42.[5] logz , x = a.
43. [6] log, x = -10. 44.(7]log,, .. ,x=1.

§ 16. CsownctBa norapudpmos

. CnpaBoYHble cBeAeHuUs

Ecima>0,a#1,b>0, ¢ >0, r— aw6oe geficTBUTEeIbHOE YUC-
J10, TO:
log,(bc) =log,b + log,c;

log, b_ log,b — log,c;
C

log,b" = rlog,b, B yactHocTu log,a" = r.
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. Mpumepsbl C peleHnaIMn
1. . BeiuncauTs:
1) logg 45 + logy 1,8; 2) log,,¥/121;
3) 2loggs3— % log 5 10 000.
PemeHnue.
1) logy 45 + log, 1,8 = log, (45 1,8) = log, 81 = 2
2,
5’ X
3) 2logy,3 - -;. log o 5 10 000 = log, 532 — log, ;10 0002 =

1
2) log,, ¥121 = log,,121° = é log,,121 = é-z =

= log 39 — log, 5 100 = log, 5 1‘36 = log 50,09 = 2.

2. - 3uad, 4ro logsa = 4, logy;b = 7, maittu:
1) logs(ab3); 2) 1og5b_f.
Pemenue.
1) logg(ab3) = log5a +logy b® = log5a+ 3log,b=4+3.7 =25

2) log5 ‘/_ logf,a2 log ;b2 = — log5a— 2logyb=
=1 4_o. 7 -
2
3. + Iambel umcaa: 1) 1; 2) 0; 3) —=. 3amucaTbh Ka’kJaoe M3 HHUX

B BHJe Jorapudma HEKOTOPOro YHCJAa IO OCHOBAHMIO 2.
Pemenue. )
1) 1 =log, 2! = log, 2; 2) 0=1og,1;

2

3) —§=10g2 273 = log, %272 logza\E.

3apanua ana camocTonTenbHOn paboTbl

BapuaHr |
Brruucsaures (1—9).
1. 2] log,,3 + log,, 4. 2.{3llog;4+1og, 9
6 6
3. [3] log, 192 - log, 3. 4. 3] log, 13 - log, 1%.
5.[3]log;9'°.  6.[d]log,;¥225. 7. % log, % - % log328—7.

8. [5] log, 0,8 - log, 1% +log, 22,5.

9. (6] 2log, 10~ log, 28+ g logém.
10. 3nas, uto log, a = 14, naiitu: 1) log, (8a); 2) log,a®.
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11. [6] Buas, uto logza = 2, log, b = 6, HaiiTu:
2py . a
1) logs(a®b); 2) 108’3%-
12. [4] Kakxue u3 BRIpa>keHHUit
1
10g2 5—3 ’ 10g2 (_5) H 10g2 (_5)3 » 10g2 (—5)2 > 21 5z ) 10g2 10g2 %
UMEIOT CMBICJ?

13. 3anucaTs B BHJe Jiorapudma HeKOTOPOT'O YHCJa IO OCHOBA-
uuio 10 guemo: 1) 1; 2) 5; 3) —%.

Bapunanrt I
Beruucants (1—9).
1. [2] log,55 + log,5 3. 2. (3] logg 5 +logg 2.
. [3] log; 50 - log; 2. 4.[3] log, é ~ logs 40,5.

3
5.3 log,87.  6.[4]log,;¥169.  7.[5] 2log,,3 - é log,,0,81.
8

. [5] log, 3,6 — log; 1,4 + log, 1%.

©

.[6] 2 1og, ¥8 — 3 log, 3 + L 1og, 36.
3 73 3 2 3

10. [5] Bnas, uto log; b = 9, masitu: 1) log, (9b); 2) log,bt.

11. [6] 3rmaa, uro log, m = 9, log, n = 2, HaitTu:

3
1) log,(mn3); 2) logzn—‘/?.

12. [4] Kakue u3 BeIparkeHUI .
log, (~2), logs (-2)2, logs (~2)3, log; 273, 3% 3, log, 1og3-;T

MUMEIOT CMBbICJI?

13. 3anucaTe B BUJe JorapudMa HEKOTOPOTO YWCJA IO OCHOBA-
mmio 12 umeno: 1) 0; 2) —2;  3) %

§ 17. NecsasTudHble N HaTtypanbHblie norapumsol.
dopmMmyna nepexopa

© CnpaBo4Hble cBeAeHNA

BwmecTo log,, b mmmyrT lg b (YuTaeTca «AecATUYHBIHR Jorapupm
uyycaa b»).

Bwmecto log, b mumyT Iln b (uuraeTca «HATypaJabHBIA Jorapudm
quciaa b»).

87



Popmysia epexoga OT Jorapudma o 0JHOMY OCHOBAHHIO K JIO-
rapu¢gmy 1o ApyromMy OCHOBAHHIO:

1
log, b = logcb

,rmeb>0,a>0,a#1,¢c>0,c#1.

c

Yacrurie cayuyau GopmyJsibl mmepexoza:

a)logab=1 ,Taea>0,a=1,b>0, b= 1;

og, a

6) log . bb = %logab, rnea>0,a=#1,b>0, a#0.

MpumMepbl C pelueHnammn

1. = 3masd, uro lg 2 = 0,301, 1g 3 = 0,477, HaiiTH:
1) log,3; 2) log;¥4.
PemeHnue.

2. ¢ PemnuTh ypaBHeHHe:
1) log; x = log; 2 — 4 log, 5; 2) log, x® + log 5 x = 12;
3) log2x + 2loggs x = 6.
Pemenmue.
1) IIpeobpasyem mpaByl0 4acTh ypPaBHEHUSA:

log,5 _4logy5

> =

log;2—4logg5 =logz 2~ 4- =log;2

log,9

= logs2 - 2 log, 5 = log; 2 — log,; 25 = log, 22‘_5

Takum oOpasom, log; x = logafg, OTKyJa X = —2—25, x = 0,08.
OrserT. x = 0,08.

log, x? 2 log, x
2) VuursiBas, uto x >0, moayuum: log, x% = 82X _ B:%

log, 4 2 -

log, x - log, x
log, V2 1
2
HeHHUe 3anuineM B Buje log, x + 2log, x = 12, orkyzna 3 log, x =12,
log,x=4, T.e. x=2% x=186.
OTrBerT. x = 16.

= log, x; log 5 x = = 2log, x. Torga ucxognoe ypas-

3) Tlepeitaém ot 2 logss x K sorapudmy 1o ocHOBaHHIO 6:
2-loggx  2loggx

2loggs x =
E3o log, 36 2

= logg x.
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IIycTs logﬁx = ¢, Torga HCXOJHOE ypaBHEHUEe 3allullieM B BUJE
t2+t=6,mmt?+t-6=0,o0rxynat, =-3,t, = 2. Ecnulogg x = -3,

TO X = ﬁ, a ecsu logg x = 2, To x = 36.
OrBerT. X, = —1—, x, = 36.
216

- 3apaHusa ong CaMoCTOATeNbHOW padoThbl

Bapwant |
1. BeipasuTts log ;4 3 uepes sorapudmM 1o OCHOBaHUIO 2.
2. [2] Bripasurs log%5 yepea Joraprdm 10 OCHOBaHHIO 3.

3uaa, uro lg2 =~ 0,301, 1g3 =0,477, lg5 = 0,699, ¢ TOUHOCTBIO
no 0,01 maiiTu sHaueHUe BulpaxkeHus (3—6).

3.[3] log; 2. 4.[4] log, %5 .
5. [4] log; 0,25. 6. [5] log, V125 + log 27.
7. [6] Haiitu log,y 28, ecau log, 2 = m.

HaBecTtHO, uTO log, a = 3. Haiitn 3sHaueHue BripaxkeHus (8—11).

8.[3] log,m. 9.[4]log,m?. 10.[4]log ;m. 11.[4]log,m?.
12. C nomompio MK naittu ¢ Tounoctsio no 0,01 3Hagenue logg 15.
13. |5| Ha¥itu 3HayeHUe BeIpaykeHus log;, 64 - log¢ 11.

14. [6] UsBecTHo, uTo log, b = 3, log,a = 2. Haiitu log,, b.

Peuiuts ypaBHeHue (15—23).

15. [3] log; x = 3log; 2 + 4 log, 5. 16. [4] log; x* — 3log, x = 14.
17. (4] log, x + logg x = 5. 18.1og%x—logﬁx+log§x=6.
19. [5] logs x - log, , x = 4 log, , 3. 20. {5] logZ x — 4log, x = 3.
21. [6] log3 x — log 5 x = log;0,2. 22. [7] log, x + log, 2 = 2,5.

23.[7] loggx + 21og, 3 = 3.

24. [8] C6epbank Hauucasger no BKJIagaM 12% ronosbix. Yepes KakKoe
BpeMs BKJAJ YABOUTCHA?

Bapunant Il
1. [2] Beipasurs log,; 5 uepes sorapudm 1o oCHOBaHHIO 3.
2. Bripasuts log%7 Yyepes3 JOrapudm o OCHOBAHUIO 2.

3uas, uro lg 2 = 0,301, 1lg 3 =0,477, 1g 5 = 0,699, ¢ TOYHOCTBIO
o 0,01 HailiTu 3HauyeHue BrIpaxkenusa (3—6).

3. [3] log; 3. 4. [4] log, /5.
5.[4] log, 0,04. 6. [5] log, 25 + log; 0,5.
7. (6] Haitru log,; 51, ecan log; 17 = m.
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HUssecrtHO, uTO log, @ = % Ha#itu sHauenue Bbipakenus (8—11).
8.[3] log, n. 9. [4] log, n3. 10. [4] log . n. 11. [4] log , n®.
12. C momomsio MK HaiiTil ¢ TounocTsio 10 0,001 smauenue log;, 9.

13. HaiitTu sHaueHue BeIpakeHus logy 15 - log,, 27.

14. [6] UssecTro, uto log, b = 2, log,a = é Haiitu log, (ab).

Pemuts ypaBHenue (15—23).

15. (8] log, x = 6 logg 9 ~ 2 log, 3. 16. [4] log; x* + 2log, x = 9.
2 7

17. [4] logg x — logy, x = 3 18. [5] logs x + log ;5 x + log 4z x = 18.

19. [5] log, 5 x - logs x = 91og50,5.  20.[5]logZx — 2 = 3log,,; .

21. [6] log2 x + log 5 x = log, 5 2. 22. [7] log, x — 2log, 2 = ~1.

23.[7] log; x — 6log, 3 =1.

24. [8] HexoTopas pasHOBHAHOCTb GAKTEDPHil PA3MHOMKAETCS TAKUM
06pasoM, UYTO uepe3 HAeHb HX KOJHUYECTBO YBEJIUYHBAETCH
Ha 40% . UYepes kakoe BpeMda KOJHUYECTBO HaKkTepHil yTPOUTCs?

§ 18. JNlorapudpmuueckaa PyHKUUSA,
eé csoncrBa u rpadpumk

 CnpaBoOuHble CBEAEHNS .

Jlorapudmuueckas pyHkuusa — 3To QydHkuus Buja y = log, x,
rie a — 3ajaHHoe yucjo, a >0, a = 1.

CsoiicTBa Jorapu¢gpmuueckol byHKnuu

19, O6snacTb ompenesieHUA — MHOKECTBO BCEX IIOJIOMUTENBHBIX
yuces (x > 0).

20, MHOecTBO 3HAUeHHII — MHOECTBO BCEX AeHCTBUTENbLHBIX
yncena (y € R).

30, Tpadux ¢pyHKIUM OTpoxoguT depes Touky (1; 0).

4%, Ha npomemyTke x > 0 QpyHKHIUA ABIAETCA:

Boapacramolieii (puc. 28) | ybsiBarouieit (puc. 29)

50, MyHKUUA NPUHHUMAET IOJOMKHUTeNbHEIe sHaueHus (y > 0):

npu x > 1 (puc. 28) | npu 0 < x <1 (puc. 29)

60. ®OyHKIUA TPUHUMAaeT OTPHIlATEJbHbIEe 3HadYeHUA (y < 0):

mpu 0 < x <1 (puc. 28) | mpu x > 1 (puc. 29)

IIpn pewrenun JorapudMHUYECKUX YpaBHEHUII M HepPaBeHCTB
HUCIOJb3YITCSH CJEAYIOUINe YTBEPIK A€ HHU 5!

1) eciu >0, a#1, x;,>0, x,>0, To paBencrso log, x; =
= log, x, cripaBejJIMBO TOrZa M TOJBKO TOTJA, KOTAA X, = Xy}
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y y y=log,x,0<a<1
y=log,x,a>1
1
! 1 1
a_, a
ol /1 a x ol ai x
~14 -1
Puc. 28 Puc. 29

2) ecim a > 1, x, >0, x, > 0, To HepaBeHcTBO log, x; < log, x,
CIIpaBeAJINBO TOTJA U TOJBKO TOTAA, KOTJa X; < Xy;

3) ecam 0<a<1l, x;,>0, x,>0, To HepaBeHCTBO log, x; <
< log, x, cupaBeasIMBO TOrga ¥ TOJBKO TOTAA, KOTJAA X; > X,.

- Mpumepsbl ¢ peLeHUIMU

1. BbIACHUTH, ABJIAETCA JIM BO3pacTaloieil niu yoniBaomei GyHk-
nusa: 1) y=logy,x; 2) y=loggy,x.

Pemenue. 1) Tak kak 2,7 > 1, To (1o ceoiicTBy 4°) Qpyuaxnus
y = log, ; x BoapacTammasn.

2) Tax xak 0< 0,7 <1, To (cornacuHo cpoiicTBy 4°) QyHKIUA
y = log, ; x y6piBaromasn,

2. - M306pasuTh cxeMaTHYECKHU Ipa- ¥

bux pyHxknum y = log; x.
Pemenue. Ilpu cxemaTuue- y =logsx

CKOM IIOCTpOeHuHU rpadpura QyHKIUH 1 1

y = log; x (puc. 30) yunrniBaem, 4TO: 5 —
dbyHKUMA ompefeneHa npu x > 0; rpa- 011/1 5 X
duK QYHKIUM IPOXOAUT Yepes TOUKy . —17

(1; 0); dbyuxknusa BospacTamwillas, IIO-

CKOJIbBKY OCHOBaHMe yiorapudpma 5 > 1. Puc. 30

Ons Oosiee ToOYHOro mnpubauKe-
HUuA cxeMbl rpaduka k rpadpury GpyHrnum y = log, x MOYKHO YUHUTHI-
1
BaThb, YTO OH IIPOXONUT 4Yepes Touku (a; 1) u | =; -1 |.
a

B namHOM cinyyae rpaduxk (DYHKIMHM MPOXOAHUT 4Yepe3 TOUYKHU

(5; Du (%, —1) (puc. 30).

3. CpaBHurtb uncna: 1) logsé u logsé; 2) logmé u log, 4 0,3.
Pemenmue.
1) Pyuxnua y = logys x Bospacraloliad, IMOCKOJIbKY OCHOBaHUE

[

1 1
5>1; ra =>—, 1 =>1 =
TaK KaK o 3 TO og52> og53
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2) OyHrUMA y= logy 4 x y6BI- y

1__

Baomaa (0<0,4<1) u % > 0,3, mo- y=lgx
aromy lo =< lo 0,3. T

Yy 108 4 3 0,4 0 1 x
4. BoisACHUTH, NOJOXUTEIbHBIM UJIN
OTPHULIATEJBHLIM  ABJSETCA  UYHUCJIO: -
1) 1g 0,5; 2) 10g10,8.

6 Puc. 31
Pemenue. )
1) Coraacuo csoiictBy 6° dyHK- y

nua y = lg x (ocHoBaHHMe Jsorapugma
10 > 1) npu x = 0,5 (0 < 0,5 < 1) ipu-
HHUMaeT OTpHIATEeJbHOe 3HayYeHHUe, y=log,x
T. e. 12 0,5 < 0 (puc. 31).

2) B cuny csoiictea 5° ¢yHK-

nus y = log, x (ocHOBaHUe Jorapudma ol 08 1\:
6
0<%<1) mpu x=0,8 (0<0,8<1)
NPUHUMAET I[OJOKUTEILHOEe 3Hade-
Hue, T. e. log, 0,8 > 0 (puc. 32).
6

5. CpaBHUTBL C eAUHHULEH YUCIO X, €CJIH:

1) Inx=0,7; 2) loggx = -8.

7

Pemenue. Unmoctpupya csoiicrea 5° u 6° cxemamu rpadu-

KOB JorapuMuuecKux QyHKIUHA (BO3PACTAIOIMX HJIH YOBIBAIOIMX,

B 3aBUCHUMOCTH OT OCHOBaHHUs Jorapudma), Haxoxzum: 1) x > 1;
2) x>1.

Puc. 32

6. PewmuTh ypaBHeHUe:

1) logs (1 - 3x) =log; 10; 2) log; (5 — x) = 2.

Pemenwue.

1) CorsacHo yTrBepakIeHHMIO 1 (CM. CIpaBOYHEIE CBEIEHUSA) UME-
eM 1 — 3x =10, orkyna x = 3.

2) I cnoco6. Tak kak 2=logy32=1log;9, TO ypaBHeHme
log; (5 — x) = 2 mosxHO 3anucaTs B Buge logs (5 — x) = log; 9, oTkyna
5-x=9, x=-4.

II cnoco6. Ha ocHoBaHMM omnpejesieHus Jorapugma uMeeMm
3Z=5-x,9=5-x, x=-4.

7. PeuiuTe HepaBeHCTBO:
1) log;x <log,12; 2) log, x =2 3.
2

Pemenmue. ,

1) CoryiacHO yTBepsKAeHUIO 2 (CM. CIIPABOYHBIE CBEJEeHHA) Hepa-
BeHCTBO log; x < log,; 12 Beimonuserca npu x >0 u x < 12, 1. e. Ipu
0<x<12. '
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1
2) 3anumeM JaHHOe HepaBeHCTBO B BHIe log, x = log, 3
2 2
CoryiacHO yTBED)KAEHUIO 3 (CM. CIpaBOYHLIE CBeAEHUSI) 3TO HepaBeH-

x>0,

1 Hrak,0< x <
X< =,
8

® |-

CTBO BBIIIOJIHAETCA, KOorga {

© 3apaHna ansg camMoOCTOSITEeNLHOW paboThl

Bapuant |
C nomouip0o rpadbuka GyHKIHH y=logyx
y = log, x (puc. 33) BBINOJHUTEH 3aja-
HuAa (1—4).

1. Haiitu npubankéHHble 3HAUYEHUS 1 Pt

log, 0,3; log, 0,6; log, 3; log, 7. _4 V 23456 8%

2.[2] Cpasuuts log, 5,5 u log,7,5; _g

log, 0,8 u log, 0,2.
3. [2] CpasuuTts log, 5 u 2,8. Puc. 33

4. OnpeaenuTh 3HAK uncJa (CPAaBHUTH ¢ HyJIéM): log,0,7; log, 1,3.

= D W

BrisicHUTB, ABJseTCS JU Bo3dpacTamwlueil win ybsiBamoinell GyHKIuUs
(5—6).

5. [1] y = logg g5 x. 6.[2] log ;3 x.
CpasHurs uncaa (7—11).
7.[2] loge 2 u log, 8. 8. [2] log, 3 u log, 8.
5 5 38 ;3
9. log0'9§ u 1og0,9§. 10. [2] log, 8,1 u 2.

11.[2] 3 u log, 0,05.
3

Ucnonb3ysa 3agjaHHOE COOTHOIIIEHHE, CPABHHTL C €HHHIIEH I1OJIOMKH-
TeJbHOE unucyo x (12—15).

12. [2] log, , x = 0,6. 13. (2] log, x = -1,3.
14.[2] logz g x < 0. 15. 2] logy, x > 0.

HUcnonb3ysa 3afaHHOE COOTHOIIIEHWE, CPABHHUTL C €AHHHIEH IIOJIOMKH-
TeJibHOe yucio x (16—19).

16. [3] log, 1,5 = -3. 17. log,0,5 = 0,3.

18. (3] log,1,5 > 0. 19. (3] log, 0,5 < 0.

Pemures ypaBHeHHe (20—23).

20. logg (2x — 5) = logg 3. 21. In(l - 5x)=0.

22.log2(9—§J=2. 23. (3] log, (Bx + 4) = —1.
7
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Peurmnre nepasenctrso (24—27).
24. [3] log,5 x > log;; 3. 25. (3] log, x > log, 6.
3 3

26. [4] log, x < % 27. (5] log, x < -1.

Pemures rpadpuueckn ypasuenue (28—29).
28. [4] log, x = —-2x + 5. 29. [4]log, x = x - 4.
3

OnpenenuTh, KaKWe TOYKH C LEJOUYMCJICHHBIMH KOOPAHWHATAMU IPH-

HagJe:xaTt rpadury dpyHknuu (30—31).

30. (7] y = log, x. 31.[8] y = log; x.
2

7

Bapuanr Il

C nmomouipio rpaduka GpysHkuuu y = log, x (puc. 34) BBHIIOJHUTH 3a-
panus (1—4). 3

1. HaiiTi npubinKEéHHBIE 3HAUEHUSA y

log10,3; log, 0,6; log, 5; log, 8.

3 3 3 1

2. [2] CpaBuuTs logl 6,5 u log1 ;

234567809

log103ulog109 2% y=log,x
3

3. CpaBHHTb logl 5u -1,8.
3 Puc. 34
4. [1] Cpasuuts ¢ nyném log, 0,6; log, 2,1.
3 3
BLIACHUTB, SABIAETCA JIM BO3pacTamomieil Mau y6uiBaroIei q)yHIcu;pm
(5—6).

5. [1] y = log; go - 6.[2]y=log;x
CpaBHuTs uucaa (7—11). z
7.[2log;7 mlog, . 8.[2)log, S ulog, 2
3 3
9. 2] 1og07 u log07i 10. (2] log, 31 u 3.

11.2]2 u log10,02.
7

Hcnonb3ysa 3afaHHOe COOTHOIIIEHWE, CPABHUTH C €AUHUIEH ITOJIOXKU-
TeJIbHOe uucjo x (12—15).

12. [2]logs x = 0,1. 13. [2] logg ¢ x =-0,1.
7
14. [2] log;, x > 0. 15. [2] logsy x < O.

Ucnonb3ysa 3afaHHOEe COOTHOIIEHHWE, CPABHUTL C €IUHHUIEH ITOJIOXKU-
TeJbHOe uucgo x (16—19).

16. (3] log, 5 = 2,5. 17.[3] log, 0,7 = -0,2.
18. [3] log, 0,7 > 0. 19. [3] log, 5 < 0.
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Pemurey ypaBHeHue (20—23).

20. [2] log,, (7 - 2x) = log,, 13. 21.[2] 1g(2x + 5) =
22. [3] log, (5x - 3) = log, 17. 23. logl(——3) 3.

3 3
Pemintes HepaBeHCcTBO (24—27).
24. [3] log; 5 x < log, 5 4. 25. 3] log; x < log 5.

7 7

26.@loglx>é. 27.[5]log, x > 1

4

Pemnts rpacdmnyecku ypaBHenue (28—29).
28. [4] logy x = —x + 4. 29. [4]log, x = x - 6.
2
OmnpenenuTh, KaKHe TOYKH C LEJOYNCICHHBIMH KOOPAMHATAMH IIDH-
Hagaexxart rpadury pyakmuu (30—31).
30. [7] y = log, x. 31.[8] y = log, x.

8

§ 19. Jlorapudmunyeckme ypaBHeHUN

Mpumepbl ¢ peweHnaMmn

1.. BsIAICHUTH, KaKOe U3 YpaBHEHHH
(x-5)(x-3)=0u x-5=0

fABJAETCA CJIEACTBHEM LPYroro.

Pemenue. IlepBoe ypaBHeHHe HMeeT KOPDHU X; =5 H x2 =3,
a BTOpPOe — eJWHCTBEHHLIN KopeHb X = 5. [losTomy nmepBoe ypaBHe-
HUe SIBJISIETCA CJENCTBHEM BTOPOrO.

2.  BrisicHUTH, DABHOCHJILHEI 1M YPABHEHWUS:

1) 2x-6=0ux-3=0;

2) 2*-x-56=0u2*=x+25;

3) xlg(x+2)=—xulg(x+2)=-1.

OTrBeT. 1) PaBHOCHUJIBHBI; 2) PaBHOCHWJIBbHBI; 3) HE PABHOCHJIb-
HBI, TAK KaK MHOXKeCTBa UX KOPHe#l pas3ju4YHbl (B HIE€PBOM YPaBHEHUU
x, =-1,9, x, = 0; Bo Bropom ypaBHeHuH x = —1,9).

3amMeuaHue. Jerenue obenx yacTeil ypaBHEeHUs Ha BbIpake-
HHE C HEU3BECTHBIM, KOTOPO€e MOKEeT IPMHUMATE PaBHOE HYJIO 3HaUe-
HUE, YACTO IPHEOIHUT K NOTepe KOPHH.

3. Pemmrs ypaBHeHme log,(x + 4) + log;x = 1.

Pemenue. 3ameHuB gaHHoe ypaBHeHue (Ha OCHOBAHUM CBOIi-
CTBa CyMMBI JIOTapu()MOB) €ro cieACTBHEM, moayuuM log, ((x +4) x)=1.
Pemium aTo ypasuenue. Mimeem logs ((x + 4) x) = logy 5, oTkyna

(x+4)x=5, x>’ +4x~-5=0; x,=1, x,=-5.
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Hposepka. 1) x =1 aBiageTca KOPHEM HCXOJHOIO ypaBHe-
HUA, TaKk Kak log;(1 +4) +logy;1=1; 2) x =-5 He sABIAETCA KOp-
HeM HCXOJHOTO ypaBHEHMs, IOCKOJbKY IPU X = —5 JieBasd 4acTb ypaB-
HeHUs TepseT cMmbica. OTBeT. X = 1.

3apaHna Ana caMOCTORTEsNIbHOK PadoThl
_Bapmant [
1. BbIsicHUTBE, KaKoe M3 JABYX /MJAaHHBIX YpPaBHEHUH ABIAETCA
cJIeJCTBHEM APYrOro:
log,(x - 3) + log,(x +4)=3 u log,((x — 3)(x + 4)) = 3.
3amnucaTth Kakoe-HUOY/Ab cieAcTBUe ypaBHeHus (2—»5).
2. [6] log,(x - 1) = 1. 3. [5] log;(x — 2) + log;(x + 4) = 3.
4. [6] logs(x? — 5x + 4) — log,(x — 4) = 2.
5.[5] 2log;(x — 4) = log;(3x — 2).
BeisicEUTE, paBHOCHJIBHBI JIM ypaBHeHUus (6—7).
6.[5] log,(x — 5)=log,(2x ~ 1) u x — 5=2x — 1.
7.[5] logz(x + 5) =logz;(2x + 1) mw x + 5 = 2x + 1.
Pemiute ypaBHeHue (8—24).
8.[4]lg(x + V3)+1g(x - 3)=0.
9. [4] log,(x — 2) + log,(x — 3) = 1.
10.[4] lg(x? - 9) — lg(x - 3) = 0.
11. [4] logs(x — 1) — logg (2x — 11) = log, 2.
12. [5] log;(2x2 — Tx + 6) — log,(x — 2) = log, x.
13. [5] log, (x® - x) — log, x = log, 3.

14. [5] log, —2— = log, x. 15. 5] lg X

+

x -1 x -
16. [6] %lg(xz + x-5)=lg(5x)+ 1g5i.
x

8
~ lgx.
1 gx

17. logg(x— 1)+ 2logg(17 + x) =7 + log, 9.
18. [8] log; x + log 7 x — log, x = 6. ’
3
19. [4] log, ; log, (x — 5) = 0. 20. [5] log,; log; log, (x? + 2x) = 0.
21. [4]log} ;x —loggsx—2=0.
22. [4] logZ(1- x)— 2 log,(1- x) = 3.
28. (5] 2log,x = 3log, x. 24.[6] 2log,x — 5log, 2 = 3.

Pemute cucremy ypaBHenuit (25—30).

25.[7] [logzx —logzy =2, 26.[6] [lgx—1gy =1g2,
2y?+ x-11=0. 3x—y=10.
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27. log, (x2 + y2) =1,
log, x+ 2log,y = 6.

28. 2logz x +log sy = 2,
logg(x—y—1)3+log,(x—y+1)=log,3.

29.{3x+ 4¥ = 11, 30.[8] (2.7%+1— 6.3¥ = 21,
9% + 24y = 3*+14¥ 4 31, 2l 6.3V =51,
71—x
BapwuaHT |l

1. [4] BolAcHUTL, KaKOoe M3 ABYX /JAAHHBIX VpPaBHEHHUIH sSBJIAeTCH
~ CJEJCTBHEM APYrOro:

2log;(3x —4) =7 u log;(8x —4)?=17. -
3anucaTh Kakoe-HUOYAL ClaeAcTBHe ypaBHeHHUA (2—5).
2. [6] logs(x + 5) = 2. 3. [5] log,(x + 1) + log,(x — 3) = 5.
4.[6] log;(x2 — 5x + 6) — logs(x — 2) = 1.
5. (5] logz(4x — 7) = 2log,(x — 1).
BriAcHUTH, PAaBHOCUJIBHBL JI ypaBHeHUus (6—7).
6.[5] log;(x + 5) =logy(5x — 11) mu x + 5 = 5x — 11.
7.(5] log,(x ~1)=log,(2x + 1) u x — 1 =2x + 1.
Peuintes ypaBHeHue (8—24).
8.[4]lg(x - 1) +1g(x+1)=0.
9. (4] log; (5 — x) + log; (-1 — x) = 3.
10. [4] logs(x% — 4) — logs(x — 2) = 0.
11.[4] In(8x — 1) — In(x + 5) = In 5.
12. [5] log;, (2x2 — 9x + 5) — log,, x = log;; (x — 3).
13. [5] logy (x? + x) — log; x = log; 10.

14. [5] log 5 710 = logg 5 X. 15. 5] 1lg X = 5= 1g x.
— % —
16. [6) %lg(xz —4x-1)=1g(8x) - lg(4x).
17.[7] log, (x + 1) + 2log, (x + 5) = 8 + log, 8.
18.210g5x+10g‘/;x—10g£x:8. :
5
19. [4] log;, 5 logy s (x — 4) = 0.
20. |5] logy glog,logs (x2 + 3x ~ 1) = 0.
21. [4]log? , x +logg, x — 6 =0.
22. [4] log?(x — 3) + log, (x — 8) = 2.
2 2z
23. (5] 3log, x = 2log, x. 24. (6] 3logyx + 2log, 9 = 5.
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Pemuts cucremy ypaBHeHuit (25—30).
25. logy, x — log,y = 3,

4y’ + x-5=0.
26. [6]

Inx-lny=1n3,
x—2y=2.

27. [8]

log,(x+y)=4
log3x+log3y_ 2+ logy 7.
28. (8] 2logg x + log gy = 2,
log3(3x 3y + 1)+ log,y, (3x — 8y — 1)% = log; 8.
+3v=8,
25" +9¥ = 5x3¥+1_ 11,
2% + 2.5471 = 25,
3.2%+*2 _ 4.5Y = 52.

29, (8]

30. [8]

§ 20. Jlorapudpmuyeckne HepaBeHCTBaA

CnpaBou4Hble CBEeAEHURA
IIpocrelimine gorapudpMmuyecKkre HepaBeHCTBA

log,x > b,
log,x < b,

rae a > 0, a # 1, uMelOT pemeHus: npu Jiobom b € R.

(1)
(2

Ecau a > 1 (puc. 35), To MHOX>KeCTBO pelnieHuii HepaBeHeTBa (1) —
TIPOMEXKYTOK X > ab, a MHOYKeCcTBO pellleHuii HepaBeHCTBa (2) — MHTEp-

Ban 0 < x < ab.

Ecmu O0<a<1 (puc. 36), TO MHOXECTBO pellieHUil HepaBeH-
ctBa (1) — untepBan 0 < x < a®, a MHOKeCTBO pelleHHUIl HepaBeH-

ctBa (2) — mpomesxyTok x > a’.

Hepasencrso log, f(x) > log, g (x) npu a > 1 paBHOCHJIBHO ABOIi-
HOMY HepaBeHCTBY f(x) > g(x) >0, a npu 0 < a <1 — gBOHHOMY He-

paBeHcTBy 0 < f(x) < g(x).
v} y
b b O0<a<l1

y=log,x,a>1 y = log,x,

Puc. 35 Puc. 36
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* NMpumepsbl ¢ peLueHnsI MU
1. Haiitu o6nacTe onpejesenus HepaBeHCTBA
logy(x — 1) + 2log, (x% — 25) > 3.
Pemenue. OOsacTe ompegejieHHs AAHHOTO HEpPaBeHCTBA —
MHOXK€eCTBO 3HAUYEHUH X, IPU KOTOPBIX BbIPAXKEHHUH, CTOAIIHE IO 3HA-

KaMHu JIOI‘apPI(bMOB, OOJOMXUTEJIbHBI, T. €. MHOXKECTBO 3HadyeHUH Xx,
YAOBJIETBOPAKINUX CHCTEME HEPABEHCTB

x—1>0,
x2-25>0.

MHoKecTBO pPelIeHHI NepPBOro HEPaBeHCTBA CUCTEMBI — IIpoMe-
KYTOK X > 1; MHOXXECTBO pellleHUil BTOPOro HepaBeHCTBa COCTOUT U3
ABYX IPOMEXKYTKOB X < —5 U x > 5. Ob6a HepaBeHCTBA CHCTEMBbI BhI-
MOJIHAIOTCA IIPU X > 5.

OTrBerT. x> 5.

2. Pemurs HepaBeHcTBo: 1) log;(x + 8)>2; 2) log;(x + 8) < 2;
3) log,(x+15)>=log,(x—-1)- 2.
3 3

Pemenue. 1) Tak kak 2 =log;25, To JaHHOe HEPaBEHCTBO
MOXKHO 3amnucaTb B Bufe log,(x + 8) > log;25. CorsacHo cBoOHCTBY
BO3pacTaHuA QYHKOUM y = log, x AaHHOe HepaBEHCTBO PaBHOCHJIbHO
HepaBeHCTBY X + 8 > 25.

OrBerT. x> 17.

2) 3anuiireM gaHHOE HEPABEHCTBO B BUAE

4 log;(x + 8) < log; 25.
9TO HepaBEeHCTBO PABHOCUJIBLHO CHCTEMe HEPABEHCTB
x> -8,

x<17.
OTrBeT. -8<x<17.

x+8>0,
x+8< 25,

oTKyZa {

3) JlaHHOe HEpPABEHCTBO, 34alMCAHHOE B BUAE
log, (x +15)~ log; (x-1) 2 log, 9,
3 3 3

x+15> 0,
PaBHOCHUJIBHO CHCTeMe HepaBeHCTB | x— 1> 0,
x + 15

x -1

log,

3

2 log, 9.
3

9Ta cUCTeMa PAaBHOCWJIBHA KaXJOH U3 CIeAVIOUUX CHCTEeM:
x > -15,

1
x>0 x> 1, x>1,
9;

x + 15
ﬁg x+15<9(x—-1); 8x > 24.

OrBerT. x 2 3.
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- 3apaHua ana camMocToATeNnbHOW paboTbl
Bapuant |
Haiitu o6sacts onpezaenenusa pyuruum (1—2).
1.(1] y = lg(x - 5). 2. (3] y = log, (x2 — 4).
HaiiTu obiiacTh omnpenesieHus1 HepaBeHcTBa (3—4).
3.[4] logyo(3 — x) + In(7 - 2x) < 2.
4.[5] log, (x2 + 3x — 4) - log, (x + 3) > log, 10.
2

2

Pemuthk HepaBeHcTBO (5—38).

5. [3] log, x > 3. 6. (3] log, x < 3.
7.[3] log, (x + 7) > -3. 8. (3] log, (x+ 7)< -3.

2 2
9. [4] log, (x% + x + 2) > 3. 10. [4] log,(x® + x + 2) < 3.
11.[4] log,(x% — 4x + 3) > 3. 12.[4] 1g(2x - 3) = 1g(8x — 5).
13. [4] g (2x - 3) < 1g(3x - 5). 14. [4] 1g (2% - 4) < 1g(3x - 5).

15. [4] lg(2x — 3) = 1g(3x — 4).

16. [4] log, 5 (2x — 3) > logy 5 (3x — 4).
17. [4] log, 5(2x = 3) > log, 5 (3x — 5).
18. [4] log, 4 (2x — 3) < log 4 (3x — 5).
19. [4] log, 5 (2x — 4) < logg 5 (3x — 5).
20. [5] log, (x + 6) > 2log, x. 21. (5] log,(x + 6) < 2log, x.
22. [5] log, ; (x + 4) > log, ; (x — 2)%.
23. [5] logg; (x + 4) < log, ; (x — 2)2.
24. logg 7 (7x — 10) < 2log ; x.

25. [6] log, (x — 2) + log, (x — 8) < 2.
26. [6] log, (10 — x) + log, (x — 3) > -1.

6 6

27.[5] logg o (x2 — 3x — 9) > 0. 28. (5] log, (x* - 8x) > -2.
3
29. [5] log, (x + 8) > log, (x — 3) + log, (3x).
2 2 2
30. (6] log? | x + log,, x < 6.

31.[6] log2(x - 1) - 2log;(x — 1) < -1.
32. [6] log2 x + 3log, x < —5. 33. [7] log,log, logg x > 0.

3
34. [7] log; log, logg x < 0. 35. [5] logs x < a.
3

36. (6] log, x > 2. 37.[7] log,. .2 <0. 38. (8] log, ,0,2> 1.
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BapwuaHT Il

Haittu obuacts onpegenenus Gpyakuuu (1—2).

1. [1] y = log, (x + 5). 2.[8] y = In(x% - 9).
2

HaiiTu oGisiacTs onpejesieHnss HepaBeHCTBa (3—4).
3.[4] In(x + 4) + log, 3(3x + 13) < 3.

4. [5] logz(x2 + 3x — 10) — logz(x + 2) > log, 7.
3
Pemnre HepaBeHnctso (5—38).

5. 8] log, x > 3. 6. (3] log, x < 3.
2 2
7. (3] log, (x + 5) > 8. 8.[3] log,(x + 5) < 3.
9. [4] logy(x% — x + 3) > 2. 10. [4] logs(x® — x + 3) < 2.
11. logs(x2 + 6x — 7) < 2. 12.[4] In(4x - 5) 2 In(5x — 8).
13.[4] In(4x — 5) < In(5x — 8). 14.[4] In(3x - 9) < In(4x — 11).

15. . In(4x — 5) 2 In(3x — 6).

16. [4] log 5(4x — 5) < log, 5(5x — 8).
17. [4] log, 3 (4x — 5) = log, 3 (5x — 6).
18. [4] logy 5(4x — 5) = log, 5(5x — 7).
19. [4] log, 5(3x — 9) < log, 5(4x — 11).
20. [5] log; (2 + x) = 2log, x

21. [5] logs(2 + x) < 2logs x

22. [5] logg g(x + 9) = log ¢ (x + 3)2.
23. [5] logg g (x + 9) < logy ¢ (x + 3)%.
24. [5] log, , (5x — 4) < 2log, ; x.

25. [6] log, (x — 3,5) + log, (x — 2) <1.
26. [6] logl(x 3)+ 1og1(9 x) =

27. .logz(x2+ x—11)<0

28. [5] Iogﬁ(x2 - 5x) < 2.
29, [5] log, (2x + 15) < log,(5x) + log, (x — 4).
30. [6] logf x+ 2logl x < 3.

31. @log (x+3)+ 410g1(x+3)

5

32.[6]logd ,x +3< 210g0,7 x. 33. [7] log;log, logg x > 0.

2
34. [7] log;log, logg x < 0. 35. [5] logg 5 x > a.

2

36. [6] log, x < 3. 37.[7] log,,,2>0. 38.[8] log, _,2>1.
101



< KouTponbHas pa6oTta N2 4

BapuaHt |

1. BuluncauTs:

1) log, 16; 2) Hlrlogs3, 3) log;135 - log; 20 + 2log;6.
2

2. B oaHOll cucTeMe KOOPAMHAT CXeMaTUUYECKH MOCTPOUTH rpaduKu

x
GyHRUUA y = log, x ny = (i) .
4

4

3. CpaBHUTH YHuCIa loglz u log, 5
2

2
4. Pemwuts ypaBHeHue log,(2x — 1) = 2.

5. PemuTs HepaBeHCTBO logl(x— 5)> 1.
3

6. Pemuts ypaBHeHue log,(x — 2) + log,x = 3.

7. Pewmnts ypaBnenue loggx +log 5 x = 14.
8. Pemurs HepaBencTBo log2 x — 2log; x < 3.

BapunaHTt Il
1. BbIYHCIUTE:

2log, 7
1) log, 2—17; 2) (%J 3 3) log,56 + 2log,12 — log,63.

2. B onHoll cucTeMe KOODAWHAT CXeMaTUYeCKH NMOCTPOUTH rpapuKu
byuxnuit y = log,x u y = 4~.

3. CpaBuuTs uyucna logg o 1% u logg g 1%.

4. Pemurs ypaBHenue log,(2x + 3) = 3.
5. PemuTs HepaBeHcTBO logs(x — 3) < 2.

6. PemuTs ypaBHeHUe logs;(x — 8) + logzx = 2.

7. Pemuts ypaBHenue log 7 x + logg x = 10.
8. Pemnurs HepaBeHCTBO logg x — 3log, x < 4.
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3apaHus anq noaAroToBKN K 3K3aMeHy

1. PemuTs HEpaBEHCTBO:
logys(x% - 3) )
1) T < 0; 2) lg(x*-1)1g0,5 < 0.

OrBeT. 1) x<-2,x22; 2) xé—ﬁ,x?ﬁ.

2. HaiiTu 061acTh onpeneneHus QyHKIIUU:
1) y =log,(0,04-5* — 253%+2y,

2) y = log, (1621 — 0,25 - 2%).

OrBerT. 1) x<-1,2; 2) x>—g.

3. ITycts f(x)=1log;(5x — 2). Pemtnts ypaBruenue f(x)=f(3x -1).
Orser. x = L. '
2
4. ITycts f(x)=1og,(8x — 1). PemnTs ypaBHeHuUe f(x)= f(§+ 5).
OrBerT. x = 10.
5. Pemuth ypaBHeHHe:
1) (x% - 16)log,(2x+1)=0; 2) (3x® - x)logy 5(5x — 1) = 0.
3
Orser. 1) x,=0, x,=4; 2) x, = % x, = 0,4.
6. Pemiuts HepaBeHCTBO:
x -1 2x -1
1)1 -2; 2) 1 -2.
)oglgx+3> )Og%x+1>

OrBerT. 1) x<-3,5, x>1; 2) x<-2,5, x>0,5.
7.[5] PemuTsr HepaBeHCTBO:
3-—x 5—
1) 1 ;
) og5x+2>0 2)log4x_

Orser. 1) -2<x<—1%; 2) 2<x<2,6.

XS,
2

®

. PemuTs HepaBeHcTBO (3log;x — 1)(3x — 4) > 0 u onpepenuts,
4

ABJAsIeTCA JH ero peineHuem uywucio 1,5. OrBeT. 0< x < §;
x 2= §/§; x = 1,5 — pellleHue HepaBEeHCTBA.
9. HaitTu obsacts onpegenenus QYyHKIIUU:

5
1) y =log, 4log, X

OrBeT. 1) 2<x<3,5; 2) 0,5<x<3.

- x 3-x
5’ 2) y=log510g0,5x+2.

10. [6] PemuTs HepaBeHCTBO:

1) log, log,
3

-2
d > —1.
1-x

X
2—x>_1; 2) lo,g%log3
OTBerT. 1) 1%<x<1%; 2) 1,1<x<1,5.
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11. Ilpy KakMX 3HAYEHHMAX @ BhipakeHus (a+1)1g(2a+3)ua+1
NPUHUMAIOT OANHAKOBbIE 3HAYEHUA?
Orser. Ilpu a =-1, a = 3,5.

12. IIpu kakux 3HaveHUsX b BeipaskeHus (3b+1)1g(1-b) u 3b+1
NPHHUMAT OJUHAKOBLIE 3HAYEeHUA?

OTBerT. IIpu b = —%, b=-9.
13. [7] Pemuts cucreMy ypaBHEHUIA:
1) logxy+logyx=%, 2) {logyx—2logxy=1,
x?+ 2y = 3.

4x -8y =1;
1 1 J2
OrBerT. 1 =—,y=-—; 2 =42, y=—.
T 1) x 9 y 81 ) * J_ y 2
14. @ Pemnts cucremy ypaBHEHHUU:
1) x0,5+logyx=\/_,
xy+ y

log .., = 1+log,. (8 + 4x?);

4
2) yl—O,Zlogxyzxs’

2+ logx(l— 3_-;’) = log 4.

X L 1
Ykasanmue. 1) Tak xax ,/:l; = (x!°€x V)2 = x*"v* 10 nepsoe
ypaBHEHHE CHCTeMbl CBOAUTCHA K ypaBHeHuw (0,5 + logyx) X
X 2 logy x =1. PemuB nosyyeHHOe KBaJpaTHOe ypaBHeHUeE

OTHOCHUTENbHO log, x, naxoxum: a) log,x = -1; 6) logy x = %,
T. €. a) le; 6) x=ﬁ(y>0ny¢1).
OTgBerT. 1) z:%, y=2; 2) x=4,y=4.

15. [6] Pemuts ypasuenue 1 + log, (4 — x) = log; 3 - log, 5.

1

0g.3 o
og.5
XONHOEe ypaBHeHHe IpeobpasyeTcsa K ypaBHEHHO X - (4 —x) =3,

KOTOpOEe SABJIAETCA €ro CJEACTBHEM.
OTrBerT. x = 3.

Yrkasanue. Cornacuo popmyne nepexona log; 3 =

16. [6] PemuTs ypaBHéHne 1-logge(x +1)2 = %logﬁii—g.
x
Vkasanue. Yuursiad, uto logy(x + 1)2 = 2logy|x + 1|, me-
3 X+ 95

Pe#ATH K CJIeACTBHIO MCXOJHOIO YPABHEHU: —

lx+1] x+ 38
OrBeT. x,=-7, x,=-2, x3=1.

17. HaiiTu 3HayeHUe BLIpAXKEHUS

log _» (?), eciau log, Ja = 3, log, b= 5.

3
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18. [9] Pemurs ypasHenue

6 3 2 ‘
21 + = - .
oglz(x x_5] loglz(x_2 x_3)+3

OrBeT. x;, =6, x,=11.

19. [9] HaiiTu MHOMXECTBO 3HAUCHMH (DYHKIMK

80
=lo .
Y g"'2(13+ log5(125+x“)j

OrserT. [-1; +0).

20. IIpu Kakmx 3HAUYeHHAX a cymma log, (2% — 1) u log, (2% - 7)
paBHA eMHUIE POBHO IIpH OJHOM 3HAUEHMM X?
OrBeT.0<a<1, a>1.

. 3+ 2x2
21. IIpy kakux 3HAaYEHUAX @ CyMMa BBIPpAXKeHUH loga(lJ

2
5+ 4x? 1+x
mloga| T

OrBeT. 1 <a<8.

) GoJbIlle eAUHUIILI IIPA BCeX x7?

22, Ilpy kakwX 3HAYEHUAX @ CYMMAa BLIPAKeHHMIT
log,(W1-x2+ )ulog,(¥1-x2 +7)

OyaeT MeHbllle eIUHHUIL] IIPU BCeX AOIMYCTHUMBIX 3HAUYEHHAX X7
OrBeT.0<a<1,a>16.

3apaHna ANS MHTEpPecyloWUXCA MaTeMaTUKON

. MpumMmepsbl ¢ pelweHnsiMu
1. . Bripasurs loggy, 900 uepes a u b, ecan
a =log;2, b =log,3.

Pemenue. IlpumMensas ¢opmysy Ilepexoja M cBOHCTBa Jora-
pudMOB, IoAyIaeM

log, 900  log,(2%-3%-5%) 2+ 2log,3 + 2log,5

lo 900 = = =
€600 log, 600  log,(2°-3-5%) 3+ log,3 + 2log, 5
2(1+b+lj
3 a) 2(1+a+ab)
3+b+§ 2+ 3a+ ab
OTrBerT. M.
2+ 3a + ab
2. Pemuts ypaBHeHHe
1 x+ 5
1-logy(x+1)2==lo - . 1
g9 ( ) 21983 5 1)
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Pemenue. Ilepexona K Jorapudmam II0 OCHOBAHHUIO 3, MOJIY-

yaeM ypaBHEHHe
x+ 5
1-1 +1{=1 s 2
ogs|x + 1 0g; —— (2)

paBHOCHJbHOe ypaBHeHHUio (1). ¥YpaBHeHUe
3 _x+5
[x+1] x+38°

3

noJy4eHHOe U3 ypaBHeHUs (2) B pe3yJbTaTe NOTEHIIUPOBAHUS, ABJA-
eTCA CJIeCTBUEM ypaBHeHUs (2).

IIpu pemrennu ypaBHeHudA (3) HY’KHO pacCMOTDPETH ABa BO3IMOXK-
HBIX cayuaa: x > -1 1 x <-1.

Ecin x > -1, to |[x + 1|=x + 1 u ypaBHenue (3) npumer BuJ

3 _x+35 (4)

x+1 x+ 3

YmHOxkaa 00e yacTu ypaBHeHUd (4) Ha (x + 1)(x + 3), noayuum
ypaBHeHue 3x + 9 = x2 + 6x + 5, ABnALIeecs cleACTBIeM ypaBHe-
HuA (4) ¥ uUMewllee KOPHM x = —4 (He YyIOBJIETBOPSAET YCJIOBHUIO
x>-1)ux=1.

AmnayornyHo ecaum x < -1, To ypaBHenue (3) mnpeobGpasyercs
K BAAY x2 + 9x + 14 = 0, oTkyga HaxoAuM X = —7 u x = -2 (06a KOp-
Ha MeHbIne 4yeM —1). IIpoBepka mokaarwiBaer, uto uuciaa 1, -7 u —2
BxogaT B O3 ypaBHeHus (1) U ABIAIOTCA €ro KOPHAMH.

OrBer. x;=-7, x,=-2, x5=1.

3amMeuaHue. MHOrHe yualiMeca IpU pelleHUN ypaBHeHUA (1)
JOIIYCKAIOT OMINOKY, OTOPOCHB 3HAK MOAYJA B JIEBOM 4acTH ypaBHe-
Hud (2). 3TO IPUBOLUT K IOoTepe KOpHel —7 u —2.

3. Pemurth ypaBHeHHe
1g2(4-x)+1g(4—x)-lg(x+%)=21g2(x+%]. (1)

Pemenune. Mcrnonb3ysa TOKLECTBO
a2+ ab — 2b2% = (a — b)(a + 2b),

3aMeHUM ypaBHeHHe (1) cleayOIIMM pPaBHOCHJIBLHBLIM YpPaBHEHHUEM:
[lg(4—x)— lg( x+ %)](1,«;(4— x)+ Zlg( x+ é]} =0. (2

YpaBHeHue (2) paBHOCHJIBHO COBOKYIIHOCTH YPaBHEHHUMH

1g(4~x):lg(x+%} 3)
1g(4—x)+21g(x+%j=0. 4)
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IloTennupys, us (3) u (4) nonyyaeM ypaBHeHUS

- 1
4-x—x+2, (5)
(4—x)[x+%)2= 1. (6)

YpasHenue (5) uMeeT KOpeHb X, = %, a ypaBHeHUe (6) IPUBOAUTCSH

K BURy x(4x%-12x-15)=0, orkyza x,=0, x5 = g+ 6, x, :g— J6.
Kopuamu ucxonHoro ypaBHeHus (1) ABAAIOTCS Te U TOJABKO Te M3 YH-
cex x,, Xy, X3, X4, KoTOpBle BxogaT B OI3 ypaBHeHusa (1), T. e. ynos-
JIETBOPAIOT YCJIIOBUIO —% <x<4.

Orser. xlzg’ x, =0, x3=g+\/€.

4. PemuTh ypaBHEHUEe
log, _, (8 —x) =logz_, (1 - x). 1)
Pemenue. Ob6sacTh AONYyCTUMBIX 3HAYeHU#l ypaBHeHusd (1) —

MHOKecTBO E Touex x takux, yto x <1, x #0, x < 3, x # 2, oTKyza

HAXOZUM
x<1, x#0. (2)

IIpumensas popmyny log, b= u noxnarasa log, _,(3 — x) =t, mo-

log, a
JlydaeM ypaBHeHUe t — % =0, t2=1, orkyzma t; =1, t, = -1. Cirenosa-

TeJbHO, HA MHOXKecTBe E ypaBHeHue (1) paBHOCHJIBHO COBOKYITHOCTU
ypaBHeHui log; _ (8 — x) =1, log; _,(3 — x) = -1. IlepBoe u3 HUX He
umMeeT KopHel, Tak Kak 1 — x # 3 — x. Bropoe ypaBHeHUe paBHOCHJIb-

HO Ha MHOXKecTBe E ypaBHeHUo 1 — x = umm x2 — 4x + 2 =0, or-

Kyna x; =2+ J2, X, =2~ V2. U3 umcen X, X5 TOJIBKO X, YAOBJIETBO-
psaer ycnoBuaM (2) m aBiseTca KopHeM ypaBHeHus (1).
OTser. x = 2—4/2.
5. PeumuTs cucTeMy ypaBHEHHIT
logy, .1 (4x2 —y2 +8x -6y —4) = 2,
long(y2 + 6y —x+14) = 2.
PemeHwue. Eciiy BLIMOJIHAIOTCA YCIOBUSA
x>——;-,x;t0,y>—2,y¢—1, (1)
TO MCXOJHAfA CHCTEMa PABHOCUJILHA KAXMAOU M3 CIEAYIOINMX CUCTEM:

4x% —y?2 +8x-6y—-4=4x2+4x+1, [y?2+6y=4x-5,
YP+6y—x+14=y%+ 4y + 4; x =2y + 10,

orrkyza y?— 2y - 35, y, =-5, y, = T.
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Ecnu y = —5, TO He BBINOJHAKTCA yciaoBud (1), a ecniu y = 7, TO
x =24, Ilapa uuces x = 24, y = 1 ygosaersopser ycaosuam (1), u mo-
atoMmy (24; 7) — pelleHUe UCXOLHOU CHCTEMEI.

OTsBerT. (24; 7).

6. Pemurs HepaBeHCTBO
x? - 2|x|

log, logg ————— 2
: |x|-3

Pemenue. Ilycrs | x| = t. Torma ucxogHoe HEPABEHCTBO PABHO-
CHUJIBHO Ka’XKJIOMY U3 HEPaBEHCTB

t? — 2t t?2 - 2¢
<1; 1< <8

0<l1
%8s 73 t-3

IIocnenHee HepaBeHCTBO PAaBHOCHUJBHO KaXXJAOM U3 CJEAYIOIIUX CHU-
CTeM HEpPaBEHCTB:

2 _
t 10t+24<0,
t-3 {t>3,
2 _ - - <
t t3t3+3>0’ (t-4)(t-6)<0,

OTKyZa ciexyer, uto 4 <t < 6, T. e. 4 < |x| < 6.

e.
OrBer. 6<x<-4,4<x<86.
7. PeumuTh HepaBeHCTBO

x+1

log,,, 2+ log, +|log,(4x+ 4)+1log .., 2] < 5.

Pemenmne. Ilycts log,(x + 1) =t. Torza HepaBeHCTBO MpH-
MeT BHI

\t+}—2’+lt+1+2‘<5.
t t
ITonaras t + % = u, moJyuaeM HepaBeHcTBoO |u — 2|+ |u + 2| < 5, pas-

5 t?+1 5 9
HOCHJIBHOE HEDPaBeHCTBY |u| < 5" Toraa T <5 Te 2|tk -5]t|+

+2<0 umm (t] - 2)(|t[ - %) < 0, oTryzAa %< |t| < 2. Bro mepasen-
CTBO PAaBHOCHJIBHO COBOKYNHOCTH ABYX HEDABEHCTB
-2<logy(x+1)< —%, %< log, (x+1) < 2.

MHoKecTBa DelIeHHuH epBOro ¥ BTOPOro HEPABEHCTB — HHTEPBAJIbI

3 1
-2, ——-1|u(v¥2-1; 3).
(4 NF J ( )
3 1
OrBeT. - Z<x<—-1,v2-1< x < 3.
4 V2
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8. PewuTs HepaBeHCTBO log , ,(4x+7)>0.

Pemeunune. Peutenuamu AaHHOI'O HepaBe€HCTBA ABJIAIOTCA pe-
IIIeHUA CHUCTEeM

x2-3>1,
(1)
4x+ 7> 1,
" 2
O0<x*-3<«1,
(2)
O0<4x+7<1,
M TOJIbKO HUX PeIIeHHUsd.
. |x|> 2,
Cucrema (1) paBHOCHJIbLHA CHUCTEME S 3 OTKyza x > 2.
X e }
J3 <|x| <2,
Cucrema (2) paBHOCUJIBHA CHCTEMeE 7 3 OTKyJZa cie-

——< x< ,
7 4 2
AyeT, 4TO ~ < x < —+3.

OrBer. —£<x<— 3, x> 2.

3amMeuaHUue. Peenue smorapudpmMuyeckix HepaBeHCTB, COAeP-
JKallluX HEeH3BEeCTHOE€ B OCHOBAHHNU, OCHOBAHO Ha OIIpeAeJIEeHHH Jiora-
pudma 1 cBOHCTBEe MOHOTOHHOCTH Jjorapupmuueckoi pyuknun. Tak,
HepaBEeHCTBO

log; () 8(x) < log;(,y h(x) 3)

BBIIIOJIHAETCA B JBYX CJyYafX:

a) [f(x)>1, 6) (0< f(x)<1,

0< g(x)< h(x); g(x)>h(x)>0.

IToaToMy BCe peHIeHMS KaK CHCTEMBI «a», TAK K CHUCTEMBI «bH»

ABJIAIOTCA PEHIeHUsAMU HepaseHcTBa (3).

3apaHus oNa caMoOCTOATe/IbHOW padoTsbl
1. Haittu log,,; 720, ecnu log; 12 = a, log,,11 =b.
2a +1

OTBer. .
+ ab

2. Burumciauth Ge3 momolnu TAOJAUI| 3HAUEHHE BhIparkeHUs A:

1
1) A =(logs9)? + "g6_3'24;
log,6
logl(l

2) A=5 +log 5
OrserT. 1) 4; 2) 6.
3. CpaBuuTb uucaa log;4 u log;6. OTrerT. log;4 > log;6.

log,24 log,192
loges 2 log,, 2

4 1
— +log, ———.
B+v7 . Bl 10

4, BpIYMCJIHUTDH . OrBerT. 3.
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5.

PeinuTh ypaBHeHUE:

1) x(1 -1gb)=1g(4* - 12); 2) 3logs, x = 2log,, x%;
3) (1 + log;3) log,; x = log; 28 + log, »(x — 3);

4) logz3x +logz(4x +1)=log, », .9

5) lg2(4~ x)+1g(4- x)lg(x+ %] = 2lg2(x+ %j

OrseT. 1) x=2; 2) x;,=1, x,=9; 3) x=7; 4) x;=

3 7 3
8 X =0, ;= x3=§+«/6.

1
12’
X, =
1
log, y’

log,(10y - 9x) =2 -

Pemuts cucrem aBHEHWH
y yp log2x -4

5+
log, y

= 4Y~* + logg x2.
1 9
OtrBerT. (3; 3); (glog43; glog43].

log ,(6x—-8y)=2-

. log, x ’
Pemuts cucremy ypaBHeHUH )
+ log; x — 1

log, y

2

= 5% % + log, x2.

1 1
(o) . ; = 13| logs3; =log:3|.
TBET (2 2) (oga3 20{_3,{.,3)

Pemuts HepaBeHCTBO:

1) 4x + log,9 > log,(9 - 2**1 — 5);

2) logy(x+1)< 1 - log,x;

3) logs(1 + x) > (71 - log.(1 — x)) logz x.

OTrerT. 1) log4% < x< log4%, x > log4g; 2) 0<x<1;
3) 0<x< \/52_ 1.

PewunuTts HepaBeHcTBO (9—13).

9.

10.

11.

12.
13.
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1) 5-9*-18-15*+9 - 25* > 0,
2) 3-49*-16-21*+21 -9 <0.
Orser. 1) x <log;3, x>1; 2) 1< x <log-3.

5 3

log, x —log, 4 < % OrBeT. 0< xS%, 1< x<16.

1
1 — J 4).
og%27(x+4)>5 logs(x + 4)

19-5413 19 + 5413

OrBeT. -3€<x<3 2 =-4,x>3 2 - 4.

log , (4x-2)> -1. OTBe’I‘.l<x<1, x> 3.
2
J6-1 6

1+x2
log .., («/_6—2x)<0. OTBerT. x<—2-—, g< x<§.

5x-6



Mhasa V. TpuroHometpuueckne ¢opmynbi

§ 21. PapmaHHaa mepa yrna

- CnpaBoYHble CBeAEeHus

IlenTpanbHBIHA yroJ, onuparouiica Ha Ayry, OJUHA KOTOPOi paB-
Ha paguycy OKPY’KHOCTH, HasbIBaeTcA yrjoM B 1 paguaH.

(e}

_(180)° _ (180
(2 oo (2.0

1°=%paﬂn, a°=ﬁ-apan-

¥Yron B 0. paguaH CTATUBAET Ayra, AJNHA KOTOpPOi [ BEIYMCIIAET-
ca o ¢opmyse [ = R, rge R — paauyc OKpPYKHOCTH.

Mpumepbl ¢ pewieHnaMU
1. Haiitu pagmanHyl Mepy yrJja, BbIPaXeHHOTO B rpajaycax:
1) 6°; 2) 162°. - '
PemeHnue.
1) Ecau 180° cooTBercTByeT T paX, To 6° coOTBEeTCTBYeT X paf,

cJel0BaTeJbHO, X = m6"_ =
’ 180° _ 30 P&
2) 180° — n pan, 162° — x pan,
162° . & 9n
=—————/—=2"2"=0,97n pa,
180° 10 paa

Oreer. 1) X; 2) 0,97.
30

2. HaiiTu rpafycHyio Mepy yrJja, BEIPDQXKE€HHOrO B pajguaHax:
1) 0,4rn; 2) 1,75%; 3) 3 paxg (¢ Tounoctesio go 0,01°).
Pemenue.
1) Ecau n paxg coorBercreyer 180°, To 0,4n panm coorBeT-

CTBYeT X°, CJIeIOBATEJIBHO, X = %n_nlﬂ =0,4-180°= 72°.
2) = — 180°, 1,75t — x°,
°o_ 1’_75%& =1,75-180° = 315°.

3) m pax — 180°, 3 pag — x°,
_3.180°

]

=~ 171,97°.
OrBer. 1) 72° 2) 315° 3) 171,97°.
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3. Haiitu anuny [ 1yru oKpys>KHOCTH, CTSTHBaIOleil yroa B 5 pan,
ecau paguyc R okpyxHocTH pasBeH: 1) 3; 2) 1.

Pemienwne.

1) I=aR,1=5-3=15; 2) l=aR,l=5-1=05.

Orser. 1) 15; 2) 5.

3agaHus ong caMoOCTOSTesNlbHOW paboTbl
Bapwant |

BripasuTs B pasguaHHoi Mepe yriael (1—3).

1. 90°; 60°; 150°. 2. 210°; 315°; 780°.

3. 30°15'; 90°45'; 36°18'.

Bripasuts B rpagycHoii Mmepe yriasi (4—6).

4. g;%n;%". 5.[2] 0,6n; 1,87; 3,1n.  6.[3] 0,5; 1,3; 10,5.

7. HaHa okpy)xHocTh pagmyca R. HaliTu aauHy Ayru OKpPYIKHO-
CTH, CTATUBAIONE# yros B ¢ paauaH, ecjau R =13 cm, o =2,

8. dnauHa pyru oKkpysKHocTu paamyca R pasua l. Haiitu pagman-
HYI Mepy yrja, CTATMBaeMOro JaHHOW Ayroi, ecium R =1 cm,
L =3 cm.

9. IlenTpanbHBI# YToJl B O pagHaH CTSTHBAETCS NYTOM OKPYIKHO-
CTH, AJHHA KOTOpoi# paBHa /. HaiiTu paguyc aToif OKpYI»KHOCTH,

ECJII/I(X=%,Z=2CM.

Bapuant |
Bripasute B paguanHo#l Mepe yriusl (1—3).
1. 180°; 45°; 120°. 2, 225°; 420°; 675°.
3. 40°36"; 95°12’; 60°48'. A
Breipa3uThs B rpagycuoit mepe yrinl (4—6).
4. 0% 1%1:; 4n.  5.[2)0,4m; 1,7n; 2,5n.  6.[3] 0,7; 1,5; 12,3.
7. JdaHa okpykHOCTb .paguyca R. Haiitu gauHy [ Oyrd OKDPYX-

HOCTH, CTATHBAWIIEH yroyg B O paguaH, ecau R=1cMm, o0 = 6.

8. JiuHa Oyru oKpysKHOCTH paguyca R paBHa [. Haiitu pagmas-
HYI0 Mepy yrja, CTArMBaeMoro JaHHoO# ayroi, ecau R =12 cm,
1=4 cm.

9. [3] IlenTpanpHEIi yros B o paguaH CTATUBAETCH AYTO# OKPYMKHO-
CTH, JJINHA KOTOpo# paBHa [. HaiiTu paguyc 3Toit OKpy>KHOCTH,

ecnnoc=%, =10 c™m.
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§ 22. MoBOPOT TOYKU BOKPYr Ha4ana KoopauHart

- CnpaBoYHble cBegeHus

Kaxkgomy neiicTBUTEILHOMY UHCJY O. COOTBETCTBYET €JUHCTBEH-
Had Touka M OKPYIKHOCTH, mosydyaeMasd IHoBopoToM Touku P (1; 0) Ha
yroa o paguad. OgHOH M TOH Ke TouKe M eIMHUYHOH OKPYIKHOCTH
COOTBETCTBYET HeCKOHEeUHOe MHOXECTBO JefiICTBUTENbHLIX YKCeJ BUA
o + 2nk, roe k — 1eJsioe 4ucJIO.

Mpumepbl ¢ peweHnaMm

1. VkasaTb ueTBepPTh, B KOTOPOI PacIoJoKeHa Touka P, nosydeH-

Haa moBopoToM ToukH P (1; 0) Ha yroa o paguaH, eciu:

3n 4n n
) o . ) o 3 3) o v ) o

Pemenue.

1) Hocxonb}cy% < %Tn < &, Touka P, pacnosnosxeHa Bo II uerBepru.
2) B IIl gyerBepTH: Tt < 4?7‘ < 3% yh
3) B IV uerBepru: -~ < -~ < 0.
2 12
. n .
4) Bo II yeTrBepTu: 3 <1,7< m. A P(1LO)
Orser. 1) II; 2) III; 3) IV; 4) II. 0 —% x
2. Ha eIMHWYHOH OKPYXHOCTH IIOCTPO-
UTh TOYKY, HOJYYEHHYIO ITOBOPOTOM TOYKHU A B
P (1; 0) Ha yrox o, ecau:
1)a=_%+3?"; 2)0t=37n+2rck, ke Z. Puc. 37
Pemenue. 1) IToBeprém Tourky P (1; 0) v
HaA yroJ % II0 YacOBOU CTpeJKe, IOIaaéM
B TOUKYy B; 3aTeM IIOJIyYeHHYI0 TOUKY IOBep-
N n . P(1;0)
HEM 3 pasa Ha yroJa 3 TIPOTHUB YacOBOH CcTpeJ- C\
0 X
ku. Touka A — uckomas (puc. 37).
2) IloBepHém Touky P (1; 0) Ha yroxa 3?“
IPDOTHB YacCOBOW CTPEJIKH, IIOMaAéM B TOUYKY B
B (0; -1). IIpu xax oM ciaegyolieM I0BOPOTe Puc. 38

Ha yroJa 27 (He3aBUCHUMO OT HaIpaBJIEHUA MO-
BOopoTa) Oyaem monagath B Touky B. Touka B — uckomasa (puc. 38).

3.  VYcTaHOBUTH YeTBEPTH, B KOTOPOH pacIiojiosKeHa Touka P, moiy-
yeHHasa MoBopoToM Touku P (1; 0) Ha yros o pagmuaH, ecJyau:

=T ., =3r_ K
1)(x—2+B,O<B<2, 2) o 2 B,O<B<2.
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Pemenue. 1) ITockonsky 0 < B < I 1o Touka P, pacnosoxe-
T _ T
Ha Bo II uerBepTH (E < E+B < n].
2) Ilockoabky 0 < f§ < I 10 TOUKA P, pacnonoxena B III yer-

3 3n
Bepru | m < 2L — B < X |,
2 2
4. YcTaHOBHUTH 4eTBePTb, B KOTOPOIl pacnosoxeHa Touka P, noxy-

yeHHadA noBoporoM Touku P(1; 0) Ha yrox o, ecau:

1) 151 <o < %; 2) _97"< o < —4m; 8) 1170° < o < 1260°.

Pemenue. 1) IlpeacraBuM rpaHUIbI HHTEPBAJOB B BHAE
2nk + B:
1) 16n=14n + 1 =21-7 + 13 %’i=14n+-3-2’£=2n-7+3—2“-.

Touka P, pacnonoxeHna B III yerBepru.
2) _9?7: =2n-(-2)- %; —4n = 2n - (-2) + 0. Touka P, pacmoo-

skeHa B IV uersepTu.
3) 1170°=360° - 3 + 90°, 1260° = 360° - 3 + 180°. Touxa P,
pacnoJioykeHa Bo Il yeTBepTu.

3apaHua ans caMoOCTONATENbHOW paGoThl
Bapuanr |

H306pasuTs HA eAUHUYHONU OKPYIKHOCTH TOUKY, NOJYUYEHHYIO IIOBO-
porom touku P (1; 0) Ha yroxa o (1—3).

1.0L=%;a=%t. 2.a=%+nk,keZ.
3.a=%"+§k,kez.

YCcTaHOBUTH, B KAKON YeTBEPTU KOOPAUHATHON IJIOCKOCTH JIEHKUT
TOUKA €JWHUYHON OKDY>KHOCTH, COOTBETCTByIouias yray o (4—7).

6n 27n
4.10L=—£;(x:—;(x:—.
12 7 4

5. o =94° o=-100° o =587°.
6.[4] a=1; a=4,5; o=15.
7.4 a=0,8+2nk, ke Z.

HaiiTu koopauHaThl TOUKHU P, nojaydyenHoi moBoporom Touku P (1; 0)

Ha yroa o (8—9).
9

8.a=7"; o = 630°. 9.[4] o= -11m; o= -900°.

o
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YCTaHOBUTBL YeTBePThb, B KOTOPOH pacIoJioXKeHa TOYKa P,, IOIydeH-
Hada noBopotroM Touku P (1; 0) ma yroa o (10—12).

10.87t<oc<1727r 11. -_in<a< —-57.

12.[5] 1620° < o < 1710°.

YCTaHOBUTH YeTBEDPTb, B KOTOPOH paCIIONOKeHa TOYKa P,, MOJydYeH-
Hasa noBopoTtoM Toukw P (1; 0) Ha yros a paguax (13—14).

13.[2] =-—a rne0<(x<5 14.a=n+a,r1190<0c<%.

Bapunant Il

H3o6pasuTh Ha €JMHUYHON OKPYKHOCTH TOYKY, IIOJYYEHHYIO IIOBO-
potom Touku P(1l; O0) Ha yroa o (1—3).

1.a=g;a=%". 2.2oa=2+nk, keZ
3.a=5?"+%"k, keZ.

YcTaHOBUTB, B KAaKOH YETBEPTH KOODAMHATHOMN IJIOCKOCTH JIEXKHUT
TOUKa eIUHUUYHONH OKPYIKHOCTH, COOTBETCTBYMOIasa yriay o (4—7).

3n 3ln
4.1a=£; =——3 o= —.
5 8 6

5.[1 o= -47°% o =-182° a=415°.
6.4]oo=2; a=38,6; o=12.
7.[4 a=1,8+2nk, ke Z.

HaitTu KoopaunaTe! Touku P, nonyueHHoi nosoporoM Touku P(1; 0)
Ha yroJa o (8—9).

8. .oc——n, o = 810°.
9.[4] « = -137; o =-1080°.

YcTaHOBUTE YETBEPTh, B KOTOPOIl paciojiokeHa Touka P, TOJIydeH-
Hasg noBopotoMm Touyku P(1; 0) Ha yroa a (10—12).

10.1977t<a<10n. 11. [5] -5,5n < o < —57.

12. [5] 1980° < o < 2070°.

YcTaHOBUTH Y€TBEPThb, B KOTOPOH paclojiokeHa Touka P, mosaydeH-
Hasa moBoporoM Todyku P(1; 0) Ha yron a pazuan (13—14).

13.[2] =§é’5+a O<a<§ 14.a=n—a,0<(x<%.
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§ 23. OnpeneneHne cuHyca, y4

Pq
KOCUHYCa U TaHreHca yrna sina
CnpaBou4Hble cBefeHus o P
Onpenenennsa 0| cosa | x

Cunyc yraa o (oboanayaercsa sino) —
OpAMHATA TOYKH P, MosyyeHHOH TIOBOPOTOM
Touku P (1; 0) BOKpyr Hauajga KOOpOHUHAT Ha
yroa a (puc. 39).

Kocunyc yraa o (o603Hayaercsa coso) — Puc. 39
abcnucca Toyku P, IOJyUYeHHOH IIOBOPOTOM
Touku P (1; 0) BOKpyr Hauajga KOOPOMHAT Ha yroJ o (puc. 39).

TaHreHc yrja o (0603Hat{ae'rc51' tg o) — OTHOlIeHUWe CHHYyca

yrja 0. K ero KocuHycy, T. e. tgo = Sma.
cosa.

Koraurenc yria o (o6o3HadaeTcs ctg o) — OTHOIIIEHHMEe KOCHHYyCca

yria o0 K ero CUHycy, T. e. ctgo = c?soc
sin o

sinx=1,x=%+2nk,keZ; sinx=—1,x=—g+2nk,k€Z;
cosx=1, x=2nk, ke Z; cosx=-1,x=n+2nk, ke Z;
sinx=0, x =7k, k€ Z; cosx:O,x:£+ﬂ:k,keZ.

Mpumepb! ¢ peweHnaIMu

1.  H306pa3uThs Ha eZUHUYHON OKPYIKHOCTH TOYKH, NOJYUEHHBIE I10-
BoporoM To4YKHU P (1; 0) Ha yron a (0 <o < 2r), ecsu:

1) sina=0,4; 2) cosa =-0,7.

Pemenmue.

1) Oppunats! UCKOMBIX ToueKk A u B pasusl 0,4 (puc. 40).

2) Ab6cuuccsl uckombix touek C u D pasubl —0,7 (puc. 41).

2, HaiiTu Bce yrinl 13 npoMexKyTKa [—27; 21], HA KOTOpPbIEe HYXKHO
nosepHyTh Touky P (1; 0), uTo6sl MOJTYyYUTE TOUYKY P, eciu:

1) sino = -1; 2) coso = L.
2 2

Yy yl y
yai /
B 0,4 A
PA \ P 0.4 P
0 x -0,7 Y10 x " o x
NG
D

Puc. 40 . Puc. 41 Puc. 42
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Pemenmue. 1
1) OpauEaTy, paBHyIO —5 umeior (puc. 42) Touka A, moay-

YeHHAdA U3 TOYKH P moBOpoTOM Ha YroJu o, = —% WJIKX Ha Yyroa
oy, =0y + 21 = —%+ 2n = %n, a TaKKe To4dka B, monydyeHHas u3
TOYKU P MOBOPOTOM Ha YroJ Oy = T + % = '%t WU HA YTOJ Q4= Qg —
—-2n = H.-Zn = _S_K'
6 6 1 y
2) Abcuuccy, paBHYIO 3 umeloT (puc. 43) C
Touka C, IOJyYeHHAs: U3 TOYKU P moBopoToM e
b4 T 57 o P
Ha YroJ O, = — WJIX Ha YTOJI Oly= —— 27 = -2, A
3 3 3 , T x
a Takike Touka D, mosiyueHHass u3 TOUYKH P \\
Oy
IIOBOPOTOM Ha YroJ (g = —% Win Ha yroJ s
Oy =03+ 21 = 5z
Puc. 43
3. Haiit sindo 1 cosQ, ecau:
1) a=-5m 2) o= %’E; 3) a=2070° 4) o=-1800°.

Pemenue.

1) IIpeacrasus uuciao o B Buge 0. = 2nk + B, rae |B| < 2nuk € Z,
nonyuuMm o = 2n(—2) — n. Touka, moJaydyeHHass IMMOBOPOTOM TOYKHU
P(1; 0) Ha yron —5m, coBmajaeTr ¢ TOUYKOMH, MOJYYEeHHOH MOBOPOTOM
Ha yroa —m, a eé koopauHaTbl paBHbl (—1; 0), 3HauuT, sina =0,
cosa =-—1.

9n

T
2) a=—=2n-2+ =. Touka, mosydyeHHas NIOBOPOTOM TOUYKHU
9n " .
P(1; 0) Ha yrox PR COBIaJaeT C TOYKOH, MOJYUYeHHOH NMOBODPOTOM
T . : .
Ha r Koopauunatel 3Toit Tourku (0; 1), ciemosareswnHo, sina =1,

cosa = 0.

3) a=360°:5+ 270°. KoopAMHATEl TOYKH, MOJIYUYEHHOH IIO-
Boporom Touku P(1; 0) ma 270°, paBubr (0; —1), ciemosaTesibHO,
sina =-1, cosa = 0.

4) o =-1800° = 360° - (-5). Touka, IOJyuYeHHaAs IOBOPOTOM
touku P(1; 0) ma —1800°, coBmazaer ¢ 3TOIl TOUKOM, cleLoBaTeIbHO,
sina =0, cosa=1.

3apaHva Ana camocToNaTesibHO paboTbl
Bapuant |

1. Han npamoyronbsHblit Tpeyroabuuk MNK, ZN = 90°. Hailitu
CHHYC, KOCHHYC U TaHreHc yriaoB M u K, ecim KN =6 cwm,
KM =10 cmMm.
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HaiiTu Bce yribl, Ha KOTOpPLIE HYKHO MOBEpHYTh Touky P (1; 0), uro-
6bl MOJIYYUTh TOUKy A (2—3).

2.[3] A(1; 0). 3.A[—‘/—2§; QJ

2

HN306pasutTh Ha eZUHUYHON OKPYKHOCTH TOYKU, IIOJIYYEHHBbIE IOBO-
potoMm Touku P(1; 0) ma yron o (4—6).

4.[1] sina = 0,25. 5.[1] cosa =-0,7. 6.sina:§.

Hcnonb3ya KadbKyJATOP, HAWNTH KOOPOHUHATHI TOYKU €IUHUYHOMN
OKDYKHOCTH, IOJYYEeHHOH moBopoToM Touku P(1l; 0) Ha yron o

(7—9).
7.[2] o = 36°. 8.[2] a = 2,2n. 9.[2] o = 3,1.

3anucaTh BCe Yriibl U3 IpOMeKyTKa [-27m; 27], Ha KOTOopble HYXKHO
moBepHYTh TOUKY P (1; 0), 9yTo6s mONYyuuTs TOUKy P, (10—12).

10. [4] sino&:?. ll.Ecosaz—é. 12.sina=—g.
CpaBuuTh uncia (13—14).
13. @ sinl1,3 u sin1,5. 14. @ cos2 u cos 2,4.
Haiitu 3Hauenue BuipakeHus (15—18).
15.sing+cos%. 16. [4] cos (- )—sm%.
17.msin£+cos[—£). 18.msin(—§£)+cos£.

3 2 2 4
Breruucaurs (19—21).
19. [3] tgn. 20. ctg3—2n~. 21. 3] tg .
HaiiTi cuHyC, KOCUHYC W TaHr'eHC uyucjaa o (22—24).
22, o="7x. 23. (5] a = —7 24, o = 1980°.
Pemuts ypaBHenue (25—30).
25. [4] 3sina = 0. 26. [4] 2cosa = -2.
27.[4] sina - 1= 0. 28. [5] cos3x = 1.
29.ﬂsin(x+%):—1. 30.@sin(3x+%)=0.

31.011}10171 M3 BEepIIMH KBajpaTa, BIHCAHHOIO B eAUHUYHYIO

OKPYX¥HOCTH, ABJAETCA TOYKa C KOoOpAHMHaTaMH { B

HaiitTu KooOpAuMHATH! OCTAJbHBIX BEPUIUH KBaJAparTa.
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BapuaHr Il

1. Han npamoyroabHbiil TpeyroabHuk MNK, /N = 90°, Haiitu
CHUHYC, KOocuHYC u TaHreHc yriaoB M u K, ecim KN =10 cmMm,
KM = 26 cm.

Haiitu BCce yribl, Ha KOTOpble HYXKHO MOBepHYTh Touky P (1; 0), uro-
OBl MOJAYUYUTH TOUKY A (2—3).

2.[8] A(-1; 0). 3.A(§; _g)

MN306pa3uTes Ha €eAMHUYHONH OKDY>XHOCTHU TOUYKH, IIOJYUYEHHBIE IIOBO-
porom ToukKHu P(1; 0) Ha yroa o (4—6).

4.[1] sina = -0,3. 5.[1] cosa = 0,45. 6.cosa:—§.

Hcnonb3dysa KadbKyJaATOpP, HAWTH KOOPAMHATHI TOYKH eJHHHYHOM
OKPY?KHOCTH, IOJIy4eHHO# moBoporoM ToukH P (1; 0) Ha yroa o (7—9).

7.[2] o = -35,5°. 8.[2] o = 0,6m. 9.[2] o= 5.

3anucaTs Bce YIJIBI U3 HNpOMexKyTkKa [—27; 2], Ha KOoTopble HYXXHO
noBepHyTh TOUKY P (1; 0), urobel nony4yurs Touky P, (10—12).

10.sina=—§. ll.Esin(x:%. 12.@cosa=g.
CpaBuuts uncya (13—14).

13. [6] sin(-0,7) u sin (-0,5). 14. [6] cos(-2) u cos(-2,4).
Haiitu 3Hauenue Buipakenus (15—18).

15. [4] cos 3.~ sin 2. 16. [4] sin (-n) —cos%n.

17. @cos%—sin[—%]. 18. [4] cos(-2m) —sin%.
Beruncnute (19—21).

19. ctgg. 20. [3] tg 2m. 21, ctg%.
HaiiTt cuHyC, KOCHHYC M TaHreHC ymcja o (22—24).

22. (5] o = ~7n. 23. (8] o = % 24. [5] o = ~1260°.
Pemntes ypaBuHenue (25—30).

25. [4] 4cosa = 0. 26. [4] -3sina = 3.

27.[4] 5coso — 5 =0. 28. [5] sin5x = 1.

29.cos(x—%)=—1. 30.@005[5x+%)=0.

31. [4] OfHO# U3 BepUIMH TPAaBUJILHOTO TPEYTOJILHUKA, BIMCAHHOIO B
€AVHUYHYIO OKPY>KHOCTb, fABJAETCA TOYKA C KOODAHMHATAMH
(0; 1). HafiT KOOPAMHATHI OCTAJNILHBIX BePILUMH TPEYroJbHUKA.
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§ 24. 3HakKku cuMHyca, KOCMHYCa U TaHreHca

i CnpaBouHble cBefeHuna

A / A
a) y 0) y B) y
+ | + - |+ \ - |+
0 x 0 x 0 x
sino coso tga, ctgo
Puc. 44
Mpumepsl ¢ pewieHnIMun
1. Omnpegenuts 3Haku sino, cosa, tgo, ecau:
1) o= %; 2) a=-307°.
17n n
Pemenue. 1) a = Tz 6m — 3’ cJIeAOBATEJbLHO, YIOoJ O Jie-

skuT B IV uerBepTHu u sina < 0, cosa > 0, tgo < 0.
2) a=-307°=-360° + 53°, ciaemoBaTeIbLHO, YroJ  JEXHUT
B I verBeprH ¥ sino > 0, cosa > 0, tga > 0.

2. CpaBHurb yuciaa: 1) sin3 u sin4; 2) cos 4 u cos 5; 3) sin 2 u cos 2.

. T .
Pemenue. 1) sin3 > 0, rak xak yucao 3 €| —; n]; sin4 < 0,
1 . .
TaK Kak 4 € [ﬂ:; -32—:| CnegoBsaTreanHo, sin 3 > sin 4.

2) cos4 <0, Tak Kak 46[1:; 3?”}, cosb5 >0, Tak Kak
5€ [37”, 2n}. CinemgoBaTennHo, cos4 < cos .

3) Taxk kak 2 € [%, n:l, To sin2 > 0, a cos 2 < 0. CiexzoBaTeJib-
HO, sin 2 > cos 2.

SapaHua N caMOCTOSITesNbHOU paboThl
BapuanT |
B kakoit yerBepTH HaxoguTcsa Touka A (1—2)?

1. O6e KOODAMHATHI TOUYKH A NOJIOMKHUTEJbHBI.

2. Ab6cuucca TOYKHM A — YHCIO NOJOXKHUTEJbHOE, OpAHMHATA —
OTpHLIATENbHOE.
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3. B Kakoil yeTBepTH MOYKET HaXOAUTHCA TOUKA A, €CJU YacTHOe
OT JAejleHUA eé abcuucchl Ha OPAMHATY €CTh YHCJO IOJIOXKH-
TeJbHOE?

B kakoll yeTBepTH HAXOAUTCA TOUKA, IIOJYUYEHHAS IOBOPOTOM TOUKH
P(1; 0) ma yros o (4—8)?

4.a_— 5.01:%5. 6.a=—g.
..a=—3,4. 8.[3].a = 13,6.

Touxka A nmonydena moBoporoM Touku P(1; 0) ma yroa o — —. B ka-
KoM quBean pacnooxeHa Toqxa A (9—10)? 2

9la_— 10.[4] o

OnpeznenuTs 3HAKU 4uces sino u coso (11—15).

11.a=§—’1‘. 12.[3] o = 2,3. 18.[3] o = -2,7.
14. = —% 15. [3] o = 398°.

Onpepenuts 3Haku ducesa tgao u ctgao (16—19).

16. (3] oo = 71,9°. 17.[4) o = _%}

18.[3] o = 3,7. 19. a_—%.

B kakoil ueTBepTH MOYKeT HAXOLUTHCA TOUKA, COOTBETCTBYOIAA YHC-
ay a (20—21)?

20. [3] cosa < 0, tgo > 0. 21. E35n 377"
CpaBuuTh uuciaa (22—26).

22. sm—:%r u s1n1;—7c 23. cos%—?— u cos(—%).
24. (5] sin4,1 u sin 3,01. 25. [5] cos(-1) u cos (-2).

26. [5] sin2,5 u cos 2,5.
27. B kakoii yeTBepTH HAXOAUTCS TOUYKA €JUHUYHOH OKPYIKHOCTH,
COOTBETCTBYIOIIAST YHUCIY O, ecau sino + coso = —1,2?

Pemuts ypaBHeHue (28—29).
28. [6] sin(3x + m) = 0. 29. [6] cos(3n + 2x) = —1.

Bapuant Il
B kaxkoii yerBepTH HaxoguTcHa Touka A (1—2)?
1. O6e KOODAUHATHI TOYKH A OTPHUIATEJBHBI.

2. [1] ABcuucca TOYKM A — YHCIO OTPHUIIATENIBLHOE, ODPAMHATA —
TIOJIOXKUTETbHOE.
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3. B KaKoif 4eTBepPTH MOYKET HaXOAUThLCA TOUKA A, €CJIN YacTHOe
OT JeJsieHUA e€ abciucchl Ha OPAMHATY €CThb UYHCJIO OTPHILA-
TeabHOe?

B kKakoil yeTBepTH HAXOJAUTCA TOUKA, [IOJIydeHHAA IOBOPOTOM TOYKH
P(1; 0) Ha yrox o (4—8)?

4la—— 5.2 a = 19“ .a___

11

7.[8] o =-5,7. 8..a=—13,6.
Touka A noaydena nosoporom touxku P (1; 0) Ha yrom o — . B ka-
KO yeTBepTH pacloJjoxkeHa Touxa A (9—10)? 2
9.4 o= 4?" 10.[d) o = 6?"
OnpenennuTts 3HAKU 4YHucea sino u cos o (11—15).

11.Ea=0,35. 12.a=%.

13.[3]a = —7. 14. [3] a = —0,03.

15. [3] o = —405°.

OnpepenuTs 3HaKu yucea tgo u ctgo (16—19).

16.[3] o = 171,9°, 17. = _2‘%"

18.[3] o = —4. 19.a=;—’;.

B kakoif ueTBepTH MOXKeT HaXOAUThCH TOYKA, COOTBETCTBYIOLIAA YHUC-
ay o (20—21)?

20. [3] cosa < 0, tgo > 0. 21. Eﬂ<a 3‘;’".

CpaBeEuTL uuciaa (22—26).

22. Esm—7—Hs1n( 4775) 23. .coslg—nncos%‘
24. sin 0,37 u sin 6,01. 25. cos(—3) u cos(-5).

26. sin4,5 u cos4,5.

27. B rakoii yeTBepTH HAXOAUTCA TOYKA €AUHUYHON OKPYMHOCTHU,
COOTBETCTBYIOIIAA YMUCJIY O, ecjH sino — cosa = 1,27

Pemuts ypaBHenue (28—29).

28.@cos(2x—g)=o. 29.@sin(3?n—2szl.
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§ 25. 3aBUCMMOCTb MeXAy CUHYCOM,
KOCMHYCOM M TAaHFreHCOM OAHOro M TOro Xe yrna

© CnpaBoOY4Hble cBeAeHua

OCHOBHOE TPUTOHOMETPUUYECKOE TOMKJECTBO:
sin®a + cos?2a = 1. 1)
B3aBUCHUMOCTE MMy CHHYCOM, KOCUHYCOM, TAHIe€HCOM M KOTaH-
TEHCOM:

tgactga =1, (2)

1+ tg2a = 12 s (3)
cos“

1+ctgla = ——. 4)
sin“ o

SameuaHue. Popmynsl (2) — (4) cupaBeAJIUBLL IJIA TEX 3HA-
YeHUU apryMeHTOB, IIPU KOTOPBIX HMX J€Bble U IIPaBble YACTH MMEIOT
CMBICJI.

Mpumepsbl ¢ pelieHnaMm
1. Briuucauts sino u cosq, ecau tga = —% u %< a < T.

Pemenue. C nomotipio gopmysisl (3) Haxogum

2, _ 1 _ 1 9
cos“o = T = 6" 55
1+ tgéa 1+E

T .
Taxk kKak 3 <o <m To cosa <0, sino> 0. IlosaTromy coso

- % = ~§, a u3 paBeHcTsa (1) cienyer, uro sino = +,/1—cos? a =

- 1-9 _ 4
25 o

OrBer. sina = %, coso = —g.

Il

2sin?q -1
2. VYuopocturs BeIpajkeHue A = ———n——.
coso + sina

Pemernue. C nomompio toxaecrsa (1) u dopmynast a? — b2 =
= (a + b)(a — b) monyuaem

2sin?a - (sin?a + cos?a) sin?a — cos?a

A= = sino — cosq.

coso + sino sina + coso
. . 3 4
3. CyirecTByeT Ju yroia O, TaKoM, 4To sind = =, coso = —=?

Pemenue. Tak kak ana aoboro o cupaseanuBo pasenctso (1),

2 2
a 3 + 41 = §¢ 1, To HM TIpU KaKOM O paBeHCTBa sino = 3
7 ’ 7 49 7

4
U COoOS = ? He MOTYT BBIIIOJIHATHBCA OOHOBPEMEHHO.

OrBer. He cymecrsyer.
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4. Haiitu sinx cosx, ecanu sin x + cosx = =
PemeHn ue. BosBogsa obe yacTu 3aJaHHOTO PABEHCTBA B KBAApAT,
. . 1 . 1
moaydaeM sin? x + 2sin xcos x + cos2 x = g7 1+ 2sinxcos x = o’

. 4
OTKyJla SINn X COoS X = r

3apaHua ang caMmocTosiTenbHo paboTbl

Bapwant |
Boruncnauts (1—4).
1. sina, ecau coso = % 3?7[ <o <2T.
2.[3] coso u tga, ecnu sino = —@, T<a< 32"
3.[5] sino u coso, ecau tgo = %, 6n <a< I?’Tn

4. [5] sina u coso, ecnu ctgo :% 5 <o < %

BhBISCHUTD, CYIIeCTBYET JH YroJ O, JJIs KOTOPOTro BLIMOJIHEHLI 3aJaH-
Hble ycaoBusa (5—6).

3 5

5. sina = =, coso = =.
(2] 5 3
6.[3] sina = tgoz—T2

7.[5] Buas, uro sina + coso = =, HAHTH sino cosd.

8. [6] Buaa, uTo sino + cosa = =, HaiiTu sindo + cos? .

DN = DO

9. [8] Brrumcnuts tgdo + ctgdo, ecam tgo + ctgo = 2.

Ynpoctuts Bhipaxkenue (10—15).
10. [2] cos*o + sin2a cosZo.  11.[3] cos?a tg?a + cos?a.

2sin?a -1 sin?a cos?o + sin‘ta

12. _ 13. [4] —
sino — cosa sin?o cos?a + cosfo —1°
(sino — cosa)? — cos®a + sin®o

14. [5] . 15. (6] - - ctga.
sin®0 - cos?o - 1 (1- sinocosa) - sina

2sina — 3cosa

o 3
16. [6] HaiiTu 3HaueHMe BBIpAXKeHUS , ecau tgo = e

4sino + 3cosa

Pemnts ypaBHenue (17—18).

17.[6] sin?x — 2 = sin 2x — cos?x
18.[6] 3 — cos3x = 3cos?x + 3sin?x.
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BapwanT Il

Beruncanrs (1—4).
1.[3] cosa, ecnu sina = —-2—, 3?n <o < 2m.

Vb om

2.[3] sina u tga, ecam cosa =~ 2, o < 0 < T

V5

3.[5] sina u cosoa, ecnm ctgo = R 8n <o < =,

4.[5] sina u cosa, ecau tgo =

NI

, M <o < —.
2

BBISACHUTD, CYLIECTBYET JIHU YroJ O, AJIS KOTOPOro BHIIIOJHEHH 3aJaH-
Hble ycaoBus (5—6).

. 7

5.[2] sina = &, cosa = 3. 6.[3] cosar = 2, tgoc=£.
9 9 4 3

7.[5] Buas, uro sino + cosa = %, HaliTu 2sino cosa.

8. [6] 3uas, uro sina + cosa = %, HaltTi sinfo + costa.

sin*a + cos'a
9. Boluneants ————, ecau tgo = 2.
sin® o + cos®a
Vupoctuth BhIpaxkenue (10—15).
10. [2] sin?2a cos?a + sinfo.  11.[3] sin?a + sin?o ctg2a.
1-2cos?a cos* o + sin® o cos?o
12. 3] ——— 13. [4]

sina — cosa

1 - sin*o — sin® o cos?a

cos® o — sin®

2y _ ain? gy
14.[5) S8 ¢ —sin"a-l 15. [6] tga +

(sino + cosa)? -1 (1 + sina coso) - cosa

. 3sina + 5cosa 2
16. [6] HaiiTu sHaueHMe BBIpaseHusa — — | ecawm ctgo = —=.
6sino — 2cosa 5

Pemuts ypaBHeHue (17—18).
17.[6] 2cos?x — 1 = cos 3x — 2sin2x.

18.[6] 1 + sin2x — 2cos?2x = 2sin?2x.

§ 26. TpuroHomeTpuueckue Toxaecrsa

. CnpaBo4Hble CBeAeHus

PasencTBO, cipaBeainBoOe AJIsl BCeX AOIYCTUMBIX 3HAYEHHH BXO-
OALIUX B Hero OYKB, Ha3LIBaIOT TOXKAECTBOM.

Cnocobsl [0Ka3aTeabCTBA TOMAECTB:

— mnpeo0pa3oBaHUe JIEBOIl YaCcTU K BUAY IIPaBOii;

— mnpeobpa3oBaHVe IPaBOil YaCTH K BUAY JIEBOIi;
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— YyCTaHOBJIEHWE TOrO, YTO DA3HOCTb MEXXKJAY JIeBOMl U IpaBoH
4acTAMM paBHA HYJIO; '

— 1mnpeoOpas3oBaHue JIEBOM M IIPaBOil YacTeid K OJHOMY U TOMY
’Ke BBIPaKEeHHUIO.

Mpumepsl ¢ pelueHUaMMn

E 1
1. * JoxasaTe ToxpgecTtBo 1—cos?o =

1+ ctg?a
Pemenue. [fokaxxeM TOXKIECTBO PA3HBIMHU crocobamu.
I cnoco6. IIpeofpasyem JieBYyI0 U NPaByIO YacTH TaK, YTOOBI
MOJIYYHUJIOCHh OJHO M TO K€ BhIpasKeHUe:
1 - cos?a = sin?0. (Ha ocHoBaHMM ToxAecTBa (1) § 25).
1 _ sinfa + cos?o

= = sin?a.
1+ctg?a  sin?o + cos?a
sin? o
II cnoco6. IMokaxxeM, 4TO Pa3HOCTh MEXKIY JIEBOM M IIPaBOH
yactAMHU paBHa 0 (mpumeHuB hopmyay (4) § 25 1 ocHOBHOE TPUTOHO-
METPUUYECKOEe TOMKIECTBO):

1-cos?a— — L  —1-_cos?a— —L =
1+ ctg?a 1
sin?aq

=1- cos?0 — sin?a = 1-(cos?a + sin®a) = 0.
JlaHHOe TOXKJAECTBO BepPHO NIPH BCexX 3HAUEHUAX O.# Nk, B e Z,
T. €. [IPHU yCJIOBHUH, 4YTO sinoa # 0.

sina 1- cosa
2. JloxasaTb TOXXIECTBO = -
1+ cosa sin o

Pemenune.

I cnoco6. IIpeo6pasyem JIeBYIO YaCTh Tak, YTOOBI MIOJIYUYHUJIOCH
BEIDAKEeHUE, CTOALIlee B IIPAaBOH YaCTH. Y MHOKHMM YHCJIHTEJIb U 3HA-
MeHaTeJb Apobu Ha sina (sina#0, 1 +cosaz0, a#nk, ke Z —
JOIyCTHUMbIE 3HAYEHMA).

sino _ sina - sina sin? o 1- cos’a

1+ cosa (1+ cosa)sina B (1+ cosa)sina B (1+ cosa) sino
_(1-cosa)(l+ cosa) 1- cosa

(1+ coso)sina sin o

II cnoco6. HaiinéM pasHOCTL JIeBOW M IIpPaBOM yacTeii:

sina 1-cosa _ sinfa — (1 - cos?a)  sin®o + cos®0 ~1
1+ cosa sina (1+ cosa) sina (1+ cosa)sina
0 =0

(1+ cosa) sina

3. HaiiTu 3Hayenue BhIDAXKEHUS

cosdo + sin®a, ecau coso + sino = 0,4.
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Pemenue. Bocnoasayemcs ¢hopMyJioil pasyioKeHUA HA MHOMXKHU-
TeJIX CyMMbl KyOOB I OCHOBHBIM TPUI'OHOMETPHUYECKHUM TOXKIECTBOM.

cos®a + sin® o = (cosa + sin o) (cos? o — cosasina + sin?a) =
=(cosa +sina)(1 — cosasina) = 0,4 (1 — cosa sin a).

Yrobbpl HAUITH 3HAUEHUE BBLIPAYKEHHUA COSQ sin o, HalgéMm KBajn-
paT ABYWIeHa cos( + sind.

(cosa + sina)? = cos?a + 2sina cos o + sinq,
0,16 =1+ 2sinacoso, 2sinacosa=-0,84,
sina coso = -0,42.

CaezmoBaTenbHo, cosda + sin®a = 0,4 (1 + 0,42) = 0,568.

3apaHug ana caMoCcToNATeNnbHOW paboTbi
Bapwant |

Hokasars Toxxaectso (1—7).
1.[2] sin?a — cos?0 =1 — 2cos?a.
2.[2] cos*o + sin®a cos®a + sin?o = 1.

ind 4
sin” 0. — COs™ O .

8.[8] ———— =sina +coso.
sSino — coso

sino + tgo sin?a — cos®a .
4.[3) 2T Y _ tgq. 5.[83] =—— — — = sina cosa.
1+ cosa tga — ctgo
sin? a + sin® o cos?a
6.[5] : =1 -1
cos?a cos?a
1+ cosa 1-cosa
7.@’ - =2tga pa0<a < =,
1-cosa 1+ cosa 2

Haittu 3HaueHue Beipakenus (8—10).
8.[6] sina + cosa, ecorn sino coso = 0,2.
9. [7] sin*a — cos* o, ecnu sino — cosa = 0,7.
10. [7] cos®a + sin®a, ecsom cosa sina = 0,4.
Pemmurs ypaBuenne (11—12).
11. [6] 2sin22x — 1 = cos 2x (1 — 2 cos 2x).
12.[6] 1 — 3sin%23x = sin3x — 3(1 — cos 3x)(1 + cos 3x).

Bapuant Il
HokasaTs ToxzpectBo (1—7).
1. [2] cos?o — sin?a = 1 — 2sin?a.
2. [2] sin?a cos?0 + sin*a + cos?o = 1.

3. 1 _ sina + coso

sinot — cosa  sinf*o - costa
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cosa + ctga
4.[3) 589" Y _ igq.
1+ sina |
cos?o ~ sinZa
5.[3] ———— — = sina cosa.
ctga — tgo
cos‘a + sin?o cos?a
6. 3] > = -1
sin?o - sinZ o
1- si 1+ si
7. (6] sSne SN0 _ _2tgo ana 0<a < L.
1+ sina 1- sina 2

Hatitn 3Hauenue Bnipaskenus (8—10).

8.[6] sina cosa, ecan sina — cosa = 0,3.

9. (7] sin‘a — cos?q, ecanu sina + cosa = 0,8.
10. (7] cos®a — sin®a, ecau cosa — sina = 0,1.
Pemutr ypaBHenue (11—12).

11. [6] 2co0s?2x — 3 = sin 2x (1 — 2sin 2x).
12. [6] (sin3x — 1)(sin8x + 1) = sin 3x — cos? 3x.

§ 27. CnHyC, KOCUHYC WU TaHIeHC YrfioB o U —q.

* CnpaBoO4Hbie CBeAEeHUN

sin(—a) = —sina, cos(-o) = cosa,
tg(—a) = -tga, ctg(-a)=-ctga.

Mpumepsl ¢ peweHns MU
1. Boruucaurs: 1) sin(-60°) + cos (—45°) — tg (-180°);
2) lcos[—ﬂ) + §s‘1n[—£] Y2. 3) sin(-765°; 4) cos( 197 )
2 4 2 6 3
Pemenue. 1) [IpuMeHsas BumenpuBenéHHbie (GOPMYJIbLI, IO-
Jayyaem
sin(—-60°) + cos (—45°) — tg(—-180°) = —sin 60° + cos 45° + tg180° =
g + % +0= M

2
2) —cos - +—s1n I ——2=lcos£—§sin£—g=
4 6 4 2 4 2 6 4
zﬂ_ﬁ 2 _ 3
4 4 4 4°
3) sin(-765°) = —sin 765° = —sin(360°- 2 + 45°) = —sin 45° =
- _J2
2 1 19 T 1
4) cos(——n]=cos—n=cos[2n 3+—)—co —-—==,
3 3 2
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2. " YOpocTUTh BhIpasKeHUE
cos?o — sin?o
cos?(—-a) - sin(-a) cos(-a)

- tg(—a).

Pemenue. IlpeobpasdyeM BbIpakeHHe, OPHUMEHAA BhHIHIEYKa-
3aHHBIEe (HOPMYJIBI:

cos?a —sin?a +t _ (coso —sina )(cosa + sina)
cos?0o + sina coso g0 = cosa(cosa + sina) M

sina _ cosa - sina + sine _ coso - sino + sino 1

coso cos o cosa cos o -

3apanua AnNg caMoOCTOATENbHOR paboThl
Bapuant |

Touxka M, (x,; y,) cuMMeTpuuHa TOouKe M (X; y) OTHOCHTEJBLHO OCH
opauHaT, a Touka M,(x,; Y,) cuMMeTpuuHa Touke M (X; y) OTHOCH-
TeJIbHO Hauajna KoopAuHat. Haiitu kKoopauHaTel TOoOuek M, m M,
(1—2).

1.[2] x=0,6, y=0,8. 2.2l x=a,y=-b(a>0, b>0).

CpaBHuTts yncuaa (3—5).

3.ﬂsin%nsin£—%). 4.@003(—1%) u cos .

12
5.[2] tg(—4) u tg4.

Brruucanrs (6—9).

6.3 - ) os 2] - in[ ).
e[ -5) (5] (3}

8. sin(—%"] + cos(=11nm). 9. [4] tg (~780°) — ctg (~390°).

.a|:l

o>|:|

VYaopocturs Beipaxxenue (10—12).
10 @ sin(-o) + cos(—a)
) cos(—a)+ sin(-a) cos(-a)-— sing

11. . coso — Sin(_a)+tg(—a). 12. @ tg2(-a) + sin(-a) — tg(-a).
cos(—a) tg(-a)

Peumints ypaBHeHme (13—15).

13. [6] 2cos?(-8x) — 3 = sin(-3x) — 2sin?(-3x).
14. (cos(-2x) + 1)(sin(-x) + 1) =0

15.[7] (1 + sin(-x))(8 — 2cos(-x)) =0
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Bapwnanr Il

Touxka M, (x,; y,) cumMMeTpHUuHa Touke M (x; Y) OTHOCHUTEJBLHO OCH
opauHaT, a Touka M,(x,; y,) cumMMeTpuuyHa Touke M (x; y) OTHOCH-
TeJIbHO Hayaja KoopiuHaT. Haiitm koopaunaThl Touek M, u M,
(1—2).

12

—i = —— = - e
1.@x_13,y 3 2.2 x=-a,y=b(a>0,b>0).

CpaBHUTE uncjaa (3—5).

3.@sin(—£) nsin%. 4.cos(—%) u —CoS .

8 10
5.[2] tg(-4) u —tg 4.

Briuucauts (6—9).

6. (3] sin(—%] +cos(—%) +ctg(—%).

b14 . T T
7. (3] cos(—z] - sm(—ZJ - ctg(——i).
8.[3] cos(-%") + sin (=7 ). 9. [4] ctg (-1125°) — tg (-405°).

Ynpoctuts Beipaxkernue (10—12).
10 @ cos(—a) _ sin(-a)

cos(—0)— sin(—a) cos(-a)+ sina

11. [5] ctg(-a)+ 1—

cos(~a) — sin(-a)

sin(-a)
12. [6] ctg?(—a) — cos(—at)
ctg(—a)

—ctg(—a).

Pemure ypaBHeHue (13—15).

13. [6] cos (—2x) — 3sin2(-2x) = 3 cos? (-2x) — 2.
14. [7] (sin(-2x) — 1) cos (-2x) = 0.

15. [7] (cos (=x) — 1) (8sin (—x) — 4) = 0.

§ 28. Dopmynbl cnoxeHus

## CnpaBo4Hble cBeaeHns

sin(a + B) = sino cosf§ + cos a sin B, 1)
sin(a — B) = sina cos P — cosa sin B, 2)
cos(a + B) = coso cos P — sina sinf, 3)
cos(ot — B) = cosacosP + sina sinf, 4)
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tg(o +B) = % (5)
- tgB

tg(a - B) m

(6)

Sameuanue. Popmynn (5) u (6) cnpaBeIUBHI AJIA TeX 3HaUe-
HUH apryMeHTa, IpPH KOTODPbIX KX JIeBble U IIpaBble YacTH HMEIOT
CMBICII.

i NMpumepbl C peLeHUAIMIN

1. » Briyucauts tg(60° + o), ecau tgo = -3.
tg60° + t
Pemenune. ITo ¢popmyne (5) tg(60°+ a) = 8%V * 8Y | Tak
1- tg60°tga
tg60° + tgo J3-3
1- tg60° tgo. 1+ 343
OcBoGOAMMCS OT UPPAIMOHAJILHOCTH B 3HaMeHaTese APoGH:
V8-3 (J/3-38)(1-3V3) 10V83-12 6-53
1+ 3J3 (1+343)(1-3V3) -26 13

kak tg60°= 3, tga = -3, To

2. - JlokasaTb TOXAECTBO
sina cosp = %(sin((x +B)+ sin(a - B)).

Pemenue. Cioxum nmousieHHO paBeHcTBa (1) u (2).

sin(a + B) + sin(a — B) = sina cos B + sina cos P,
sino cosf = %(sin(oﬁ +B)+ sin(o - B)).

¢ 3apaHvsa ANA CamMOCTORTenbHOW paboTol

Bapuanr |

BreiuucauTs 6e3 moMoniu TaGauIl 1 MHKPOKaJbKyJaaTopa (1—>5).
1. sin 42°30’' cos 47°30’ + sin 47°30’ cos 42°30’".

c0s 27° cos 18° — sin 27° sin 18°.

3. sln?cosig—cos’,z—7t sin &,

5 15
an 5 an . 5 W+ eh
4. 2] cos =X cos 2% + sin 2% sin 28, 5. 2]
9 18 9 18 1-t n n
T8 %

BH‘{HCJIHTB, IIpeagcTaBNB aprymMeHT B BHJIe CYMMbBI HWJIH PAa3HOCTH

(6—8).
6. [3] sin 75°. 7. 3] cos 135°. 8. [3] tg 15°.

131



Boruucants (9—12).

9. [3] sin (o~ B), ecn sina:% u %<a<n, sinB:—i;— u n<B<3?n.
10. (5] cos(60° + o), ecan sina =0,6 u 0 < @ < %

11. cos (55° + a), ecan sin(10°+ o) = 0,6 u 0° < o < 30°.

12, ctg(a - %), €CJIN COS O = ——% HR<O< 3771

¥YnpocTtuTts BhIpaxkenue (13—17).

13.M+tgﬁ. 14. 3] cos(a + B) + cos(ot—B).
cosa cosP cosa cosf

'lﬁ.M-sinasinB. 16. [8]cos| - |+cos| a+ X |
cos(o — B) 3 3

17. [@ 2cosa sinf + sin(a - B)

2coso cosP — cos(o — B)°

18. [6] PasnoxuTh HA MHOKHTEIN

sin? 8a cos 20 + sin 20 cos o + cos 3o sin 2a sin 8o + cos 2a sin o.
HoxazaTts Toxkzaectso (19—20).
19. [6] sin (o - B) sin (o + B) = sin%a — sin2p.

«/Ecosa —2005(%—(1)

20. = —J2tga.

251n(%+ a] - J3sina

PemuTth ypaBuenue (21—23).
21. [6] sin 8x cos 2x = cos 3x sin 2x + 1.

22.@«/§cos(§+ x)+gsinx= 3/2—5

23. [7] sin 5x cos 3x sin x = cos 5x sin 3x sin x.

Bapwnanrt Il
BriuncauTts 6e3 OMOIH TaGJHI] 1 MHKpPOKaJdbKyJasaTopa (1—5).
1. sin 103°30’ cos 13°30’ — sin 13°30’ cos 103°30’.
2. [1] cos 53° cos 8° + sin 53° sin 8°.

3. (2] sin = cos X + cos =~ sin Z.
12 6 12

6 4n n
8n n 8n te 9 tgg
4.[2] cos = cos 2 — sin Z sin 28, 52 ————=.
9 9 9 9 1+ tgdt g™
g—— tg—
9 9
BLIUHCINTD, IPEACTABHUB APIYMEHT B BIUAE CYMMBI HJIM pazHocTu (6—8).

6. [3] cos 15°. 7. sin 135°. 8. tg 105°.
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Briuucants (9—12).
5 3n

9. [3] cos(a + B), ecam cosa == # ?<a<2n, cosf
nn<oc<3?".
10. [5] sin(30° + «), ecau cosa = -0,6 u % <o < T

11. [5] cos (0. — 65°), ecau sin (o — 20°) = —‘Q—E no<ac< %

12. tg(a—%), ecau sino = —% UL <0< §2£

YupoctuTts Bripaxkenue (13—17).

13. cos(a—B)_l‘ 14. sin(a + B) + sin(a—B).

sina sin B sina cos P

cos(a + B) 3

12

13

15.M-cosasinﬁ. 16.sin(a+g—]—sin(£—a).

17.[4] cosa cosf — cos(a + B)

cos(a — B) - sina sinf

18. [6] Pa3iomuTe HA MHOMHTEIH

cos 50 cos 3o sin 3o + cos 5a sin 2a + sin 50 sin? 3o — sin 50 cos 2a.

HokasaTts ToxxaectBo (19—20).
19. [6] cos(a — B) cos(a + B) = cos?a — sin?P.
coso — 2cos(E + (1]

20. = -J/3 tga.

Zsin(a - %) - J3sina

Pemute ypaBHeHue (21-—23).
21.[6] 1 — cos 3x cos 2x = sin 3x sin 2x.

22.@2sin(%—xJ+\/§sinx= -J2.

23. [7] cos 5x cos 3x cos x = —sin 5x sin 3x cos x.

§ 29. CuHyc, KOCUHYC W TaHreHC ABOWHOro yrna

<4 CnpaBOYHble CBeneHus
@dopMyabl JBOMHOTO M TPOHHOro yrJja.
sin 20 = 2sina cosa,

cos 20 = cos?o — sinq,
2tgo

tg20 = ———,
g 1- tg2a

I
(2

3
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sin3a = 3sina — 4sinda, 4)
cos 3o = 4cos® o — 3cosa. (5)

3ameuanue. Popmyna (3) cnpaseanusa AJad Tex 3HAUEHHH O,
IIPH KOTOPHIX €€ ImpaBasa M JeBad Y4CTH MMEIOT CMBICH.

Mpumeps! ¢ peleHnaMmn

1. ¢ Haittu sin 200 u cos 2a, ecu B < o < %, tgoa = 0,75.

Pemenue. [Ipumenas dopmyay (3) us § 25, Haxoaum

cos2a = —1——; cos?q = E,
1+ tg2a 25
OTCIOZIa COS Ol = —é, TaK KaK dm < o < 11n , T. e. o Jgexxut B III yer-
BEepTH. 5
sinZo =1- 18 = 9—, sina = -3,
25 25 5
sin20 = 2sino coso = 2 3124 = ?i’
5 5 25
cos 20 = cos2o — sina =89 - T
25 25 25
2. ¢ YOpocTUTH BRIpaAXKeHUe
_ sin2a - 2cos2a 2(sina — cos()
(sino. + cosa)cos?a cos 20

Pemerue. IIpeoG6pasyem S, npumenaa dopmysst (1) u (2):

S = 2sino coso — 2cos?a + 2sin?a 2(sina - cosa)

(sina + coso)cos?a cos?0 — sin?aq

Pazgenum uucauTeb M 3HAMEHATEJIL BTOPOi JPO6M Ha BEIpaXKe-
HHe SinO — cosQ, a 3aTeM IIPUBEAEM ApPOOGH K O0ImeMy 3HaMEHATEJIO.

Torna
S_2sinoccos(x—2cos2a+ 2sin201+ 2 _
(sina + cosa)cos?a sina + cosa
_ 2sinocoso + 2sin?a _ 2sino(coso + sino) _ 2sina _ 2tgo
(sino + cosa)cos?a (sino + cosa ) cos?a cos?a cosol
2tga
Otser. S = 8%,
cos QO

3. ¥ HaliTu 3HauYeHHe BBIPAYKEHUA
. . 15~
S =sinta — costa, ecau sin 20 = —? "o

Pemernue. Pasnoxum S Ha MHOKHTEJIH, NOJYIUM

<a <137

(sin?a — cos? o) (sin? o + cos? o) = —cos 20..
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3mech HCIOaB30BaHa Gopmyia (2) 1 OCHOBHOE TPHTOHOMETpHYE-

V3

cKoe ToxKAecTBO. ITo yeaoBHio sin 20 = 5 CJIeI0BATEJBLHO, COS 20 =

= +./1-sin?2a =t@. Tak Kak II0 YCJIOBHIO —}—?—15<a<-137n,

TO 1—3;— < 20 < 157“, T. €. YyroJ —20¢ JIeJKUT BO BTOPOM HMJIH B TpeTh-

J15

eil yeTBepTH, U MO3TOMY cos 20 = cos(-20) = — . CinemosaTesbHO,
S = —cos 20 = —‘l—l_—3—
4
3apgaHusa ans camoctoaTensHon pa6oTbi
BapuaHr |
Bripasute ¢ nomompo dopmynsl gsoiinoro yria (1—9).
1. [1] sin 52°. 2. [1] cos 4?". 3. [1] tg 64°.
4.@sin(%—a}. 5. [2] cos(m — a). 6. [2] sin 6.
7. (2] cos 7o. 8. 2] tg 4a. 9. (3] sino coso.
Boruucaure 6e3 moMomm Ttabuuu ¥ MHKpPOKadbKyJasTopa (10—12).
. bm 5w T . n
10. (2] 2 — =. 11. 2 - z_,
0 sin —— cos 13 [2] cos 13~ SN

12. [2] (cos 22,5° — sin 22,5°)2.
13. [3] Haitru sin 20, ecau 90° < o < 180°, sino = %

14, [4] Haittu sin 20, ecan ctgo = %
15. [5] Haittu cos 20, ecan sina = +/2 — 1.

Ymnpoctuth Bblipakenune (16—18).
186. [3] cos? 20 + 4sin?a cos? a.

17. (4] L cos2e + sin2a 18. [@] sin 20(1 + tg?0).

cosQ + sina

19. [6] MokasaTb ToxaeCTBO
cos*a — 6cos?a sin?o + sinta = cos 4a.

20. |7} BuiBectt dopmyny (4), a saTeM BHIYHCAMTEL Sin3q, ecuam
coso=-0,6, T <o < ?”

21. [6] Brraucanrs ctg?o — tg2o, ecam cos 20 =

o=

Brruucaure Gez momomm Tabaun u MnKpoanleyJiaTopa (22—23).
22. 8] cos®a — sin® o, ecam cos2a = %

23. (9] sin8a. + cos 3a, ecan sina — cosa =

-
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Pemuts ypaBaeHue (24—25).
24. (7] cos*5x — sint5x = 0.

25. [7] 8sin2x cos 2x = 4

Bapuanr |l
BripasduTh ¢ moMoIinbio d)opmy.nm p;BoﬁHor'o yraa (1—9).
1. cos 58°. 2. 1] sin 8% 3. tg 78°.
4. [2] sin(n - o). 5. .cos(—+aj 6. [2] cos6a..
7. 2] sin 9c. 8.[2] tg8a. 9. [3] 3sina cosa.

Brruucaurtes 6e3 momornu Tabaul ¥ MUKDOKadbKRyasaTopa (10—12).
10.@]2sin%cos—§-. 11.@cos23§—s1n23—n.

8
12. [2] (cos 15° + sin 15°)2,
13. Haittu sin 20, ecau sino = %,

14. [4] Haittu sin 2a, ecau tgo = _L

2°
15. Haiitu cos 20, ecu coso = 2 — +/3.

E<(1<TI.
2

Yopoctuts Bhipa)xkeHue (16—18).
16. [3] cos?60a + 4sin? 3a cos? 3a..
17. 1- cos2a + sin2a )

cosa + sino
18. [4] cos 20 (1 + tg2a) — 1.

19. [6] Hoxa3aTh ToXxgeCTBO % —cos?q + costa = %cos 4a.

20. BriBectn ¢dopmyay (5), a 3areM BBIYHCIHTL COS 30, €CJIH
sina = 0,8, g< o< T.

21. [6] Brruucauts ctg?a — tg2a, ecan cos 20 = %

Boeruncauts 6e3 nmomolu Tabaul; ¥ MHKDPOKAJAbKYyJasaTopa (22—23).

22, [8] sin®a — cos®a, ecanu sino. — cosa =

23. [9] cos®a + sinfw, ecau sino + coso =

mlv-l mlv—-

Pemuts ypaBuenue (24—25).
24. sin?2x — cos?2x = 0.
25. 6sin 3x cos 3x = —-3.
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§ 30. CuHyCc, KOCUHYC M TaHreHC MNOJIOBUHHOro yrna

CnpaBou4Hbie cBeaeHUsA

1+ . 1-
cosz%= ____czosot’ 1) sm2%=—czosa, (2)
a
2tg—
1-—
fg2® = 1oo0s & 3) sino = — 2, “)
2 1+ cosa 1+ tgzg
l—tgzg 2tgg
cos o =~—_§, (5) tga=—%. (6)
1+ tg?— 1- tg?=
£2 €2

) 3aMeuanue. Popmynsl (3) — (6) cupaBeJJIUBH AJd Te€X 3HAa-
YeHH#H apryMeHTOB, IIPM KOTOPBIX HX JIEBBIE M IpaBble YaCTH HMEIOT
CMBICJI.

NMpumepbl ¢ pelieHUAIMU
1. Boruncaurs tg 15° 6e3 momomu Tabaui, 1 MHKPOKAJBKYJIATODA.

Pemenne. Tak kaxk tgl15° = tg(%—o‘), TO TIPH BBIYKMCJIEHUU

npuMeHuM dopmyny (3):
J3

1- X2
1 - cos30° 7 2-J3 (2-Y3)2-V3)
tg215° = = = = =(2-3)2.
& 1+c0s30° V3 2+43 (2+V3)(2-43) ( )
2
tg15°=2 - /3.
OrseT. 2— 3.

2. # Boeipasutbh cymmy S = sinf o + cos® o uepes cos4a.
Pemenne. Ucnonbaya popmyny

ad + b3 = (a + b)(a® — ab + b?)
¥ OCHOBHOE TPHIOHOMETPHYECKOE TOXKAECTBO, I10JydaeM
S = (sin?a + cos? o) (sin*a — sin?0cos?a + costa) =
= sin‘a — sin?o.cos?a + costa.
Tak kak sinta + cos?o = (sin?a + cos?0)? — 2sin?acos?a =1 —
- 2sin?acos?a, To S = 1 — 3sin2ocos?o.
IIpumenus dopmyny (1) ua § 29 u dopmyay (2), Haxogum

3 3(1—cos4a

S=1-=sin%200=1-2 J:l(5+3cos4a).
4 4 2 8

OrBer. sin®a + cos®a = %(5 + 3cos 40.).
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5 3apaHmsa ona caMoCTOsITeNlbHOW paboTbl

Bapuanrt |
BrinmonauTs noHuxkeHue crenenu (1—8).
1. sin?30°. 2. cos?27°, 3. tg2 75°.
4. [1] sin2B. 5. [1] cos? % 6. tgz%.
7. [3] cos?3c.. 8. [3] sinzinz.

Brruncants (9—10).
9. x. 10. I
[6] cos 5 0. [6] tg 3

HaiiTi uncioBoe sHauenue Beipaxkenus (11—12).

11.[5] 1 - cos 3a, ecau sin37a =0,17.

12. 1 + cos4a, ecau sing = 0,2.

13. [6] Haittu anauenue cos 20, ecau ctg% =b.
14. @ Haittu suaueHue tgo, ecam cos20 =a, a # —1.

Yupoctuts Beipaxkenue (15—16).

15 @ cos _ sina 16 @ 1+ tga _1+ sin 2a
) 2sin?a -1 2cos?o ~ 1 ) 1-tga cos2a

1+cosE —sinZ o
17. [6] Hokasats Toxmecteo —— 2 2 = _ctg%,
a .a 4
1—-cos— — sin—
2 2

18. [8] Beruucaurs tg%, ecnm sina + coso = 0,2, %< o< T

19. BeiyncauTs 6e3 nmoMouy Tabaun 1 MUKPOKAJIbLKYIATOPA tg%.
20. Bripasuts cymmy S = sinto + cos* o0 uepea cos 20.

Pemnts ypaBHeHne (21—22).

21.[6] 1 - 2sin?2x = 0. 22.1—cos3x=25in§§£.
Bapuanr i
BrinosHuTs NMouHMxKeHue crenenu (1—8).
1. [1] sin?45°, 2. [1] cos?54°, 3.[1] tg?82°.
4.[1] cos2p. 5. sinzg. 6. [3] tgz%.
7. (8] sin? 40. 8. [3] cos? %
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Beruucants (9—10).
9.[6] sin Z. 10. (6] ctg =.
8 8
HaiiTi uncioBoe 3HaueHMe BhipaxeHns (11—12).
11.{5] 1 + cos 5a, ecan cos% =0,3.

12, 1 - cos4a, ecau cosa = 0,6.
13. [6] HaitTu 3maueHue sin 20, ecamu tg% = a.

14. [6] HaitTu 3nauenue ctgo, ecan cos 200 = b, b= —1.

Yupoctuts Beipaxkenue (15—16).
15. [@ cos?q + sin%a

2sin2a -1  2cos?a -1’

16. (6] (1 - cos4a)cos? 2, + (1 + cos4a)sin? 20
) 1 - cos? 20 1 - sin?2a )

1+ sin 20 — cos2a
17. [6] JoxasaTh TOMXAECTBO - = tga.
1+ sin2a + cos 20

18. [8] Brrumncauts tg—, ecau sina —cosa=0,2, n < o0 < 2m.
19. [7] . BBI4HCINTE 6e3 [IOMOIIM TAaGIKI, 1 MEHKDPOKAILKYJISATOPA tg——.
20. [7] BuipasuTh pa3HocTh R = sinta — cos® 0. uepes cos 4a.

Peututs ypaBHeHHe (21—22),
21. [6] 2cos238x -1 =0,

22. (7] 1+ cosbx = 2cosgx.

§ 31. ®dopmynbl npuBeaeHun

# CnpaBo4YHble CBeAeHUs

@opMyJbl IPUBEIEHUA:

sin| - o = cosQ, cos| L-a|= sina,
2 2

. i T .

s1n[5+a)=cosoc, cos(5+a)=—smoc,

sin(w - a) = sina, cos(m —a)= —cosa,

sin(n + o) = —sina, cos(m + ) = —cosQ.

JI06y0 u3 dopMys npuBeIeHHs MOXKHO IIOJYYHUTh, IIOJb3YVACH
MpaBUJIOM:
a) B npaBoil yacTu GOpMYJBI CTABUTCA Taxon JKe 3HaK, Kakoil

HMeEeT JieBadA YacCThb, €CJHU CYHUTaATh, UTO O<ac< 5,
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6) ecsm B JIeBOH yacTH (GOpPMYJIBLI YroJl paBeH gi o uUJau 377[ t a,

TO CMHYC 3aMeHsJeTCA Ha KOCHHYC, 8 KOCHHYC — Ha CUHYC; €CJH Ke
yroJ paBeH T * O, TO QYHKIIMA He MEHSET CBOEro Ha3BaHUA.
Jna moboro nenoro n (n € Z) cnpaBeAJMBbl PABEHCTBA:

sin(a + 2rn) = sina, (1)
cos(a + 2mn) = cosa, 2)
tg(a + nn) = tga. 3)

MpumMmepsl ¢ pelieHUaMMU
1. ¢ Beruucaunts: 1) sin 735°; 2) tg‘;’—;.

Pemenmue. 1) Ilpumensasa popmyay (1) u popmyay (2) us § 28,
nonydaeM sin 735° =sin (360° - 2 + 15°) =sin 15°, sin 15° =sin (45° — 30°) =

= sin 45° cos 30° — cos 45° sin 30° = %?-%%: g(ﬁ—l).

2) Ilosaras B paBeHnctBe (5) us § 28 0. = %HB = % M YYUTHIBaA,
4TO tg% =1, tg% = 3/—3—5, nojyyaem

5n T, T 1+ ?3 V3 +1
tg-=tg| -+ = |= —2 = _=2+43.
€12 g( 4 6) 3-1 3
2., © OnpefegnTs 3HAK YHCJOBOTO BbIPaYKeHHUS

sin 200° - sin800° - cos400°
tg1060° )

A=

Pemenue. llpumenas dopmyas (1) — (3) ¥ BeImmenpuBeéH-
HO€ IIPaBUJIO, IOJYyYaeM

sin 200° = 8in (180° + 20°) = —sin 20° < 0;
sin 800° = sin (720° + 80°) = sin(2 - 360° + 80°) = sin 80° > 0;
cos 400° = cos(360° + 40°) = cos 40° > 0;
tg1060°=tg (5 - 180°+ 160°) = tg 160° = tg(180° — 20°) = —tg 20° < 0.
TaxuM o6pa3oMm, YHCIHTENbh W 3HAMEHaTeJb — YHCJA OTpHLOA-
TeJbHBbIE; CJEJOBATENLHO, APO0L NPHHHMAET IIOJIOXKHUTEJbLHOE 3Ha-

YyeHHue.
OrBeT. A>0.

3. © JIokasaTh TOKJAECTBO:
1) sin3a sin(n - o) + sin(£+a)cos3a = sin“’(%t'—a) -
—sin?(n -a);

2) sin(£+a)—cos[£—aJ =0.
4 4

[\
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Pemenue.
1) Ilpumensaa GopMyJabl NPHUBEAEHUS, CJIOMKEHHA M ABONHOTO
apryMeHTa, NoJy4yaeM B JIeBOH 4yacTH

sin 3a sina + cosa cos 3o = cos (3o — a) = cos 20..
IlpaBas yacTs paBHa
. 3n . .
s1n2(—2—— (x) — sin2(n —a) = cos?a — sin2a = cos 2a.
JleBas yacTh paBHA IIPaBOH IIPH BCEX AENCTBHUTEJbHBIX 3HAYEHH-

ax o. ToxaecTBO HOKa3aHO.

2) IlpencraBum sin(% + a] C IOMOLILIO (POPMYJIEI IPUBEAEHUS

. i T n
BBHAe sin| —— | ——- O =Ccos| ——a |.

CrnenoBaTeabHO, Sin ( % +a ) — cos ( % - ) =0.

3apaHua AN camMoCcToATenbHOW paboTsi

BapwnaHT |

BriuncauTs ¢ momomsio ¢Gopmys opuBeaeHuns (1—2).

1.[2] cos 815° + sin 210° + tg 420°.

2. smla—n—coslz—n+ct %E

3. [4] OnpenenuTh 3HAK YUCIOBOTO BHLIPAYKEHUS

sin100° cos 200° tg300°
sinl )

CpaBHuTH yMciaa (4—6).
4. [2] sin 500° u cos 600°. 5. (3] sin 5,31 u cos4,3n.
6.[4] sin12 u cos13.

YopocTuTh BeIpajKeHHe M HAMTH ero 4McjI0oBOe 3HaueHue (7—8).

sin(oo — ) — cos(ﬁ—a]
2 npna=5_n
i

7. (6]

cos(ax — m) + sin(?’?n—a)

sin(lng-—a) + cos(7m + a)

5n
L3

8. (6]

opu o =
cos(%+ a) - sin(a - n)
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HoxaszaTte Toskzmectso (9—11).

9.ctgactg(3?n+a)=—1.
10. @ sin(B - n)sin(2n — B) cos(Pp - 2n)
Sin[g - B)ctg(n - B)ctg(a + 3?7‘)

11. [7] sin(%+a}=cos(§3£—a).

= sin? B.

Bapuant |l

BuIYuCaAUTh ¢ noMOLIbI0 GopMya npusedeHus (1—2).
1. sin 225° + cos 330° + ctg 510°.

. 177 14n 13n
2.|3)sin——+cos— - tg——.
(3] . 5 e

3. (4] OnpefennTsh 3HAK YHMCIOBOTO BHIPAYKEHHUS

sin 300° tg200° cos100°
cos 2 ’

CpaBHuTh uncisa (4—6).
4. [2] cos 580° u sin 460°. 5. [3] sin 5,8 u cos6,1n.
6. sin 13 u cos 9.

YIOpoCTUThL BBIPA’KEHME M HAWTH ero 4McjoBoe 3HayeHue (7—8).

7. (6] sin(a— 3?“)(1+ tg?(a - m)) mpu o = 2?”

8. @ tg(m + a) - tg(4n - B)

1+ctg(§2§-+ a]tg[}

I

HpI/I(X=£ B:
4’ 12°

HoxkasaTs ToxaecTso (9—11).

9. [5] thtg(B+37") =-1.

sin(?’?’t—a) ctg(%+a}

10. .
a tg(n + o) ( 311:)
tgl o — —

= —sina.

2
ll.ﬂcos[%—a)—sin[%——a) =0.
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§ 32. Cymma 1 pa3HOCTb CUHYCOB.
CyMMa ¥ pa3sHOCTb KOCUHYCOB

% CnpaBOuYHble CBEAEHMUS

DopMyJIbl CYMMEI U PA3HOCTH CHHYCOB:

sina+sinB=2sina;Bcosa;ﬂ, (1)
sina—sinB=2sina_Bcosa;B. (2)
@OpPMYJIBEI CYMMBI ¥ PA3HOCTH KOCHHYCOB:
cosa+cosﬁ=2cosa+ﬂcosa;ﬁ, 3)
cost)t—cos[S:—Zsinm;B sina;B. (4)
IIpeo6pasoBanue IPOM3BEACHHSA CHHYCOB M KOCHHYCOB B CYMMY
(pa3HOCTB):
sino cosp = sin(ot+B)+2- sin(ot—B)’ (5)
cos 0 cosp = cos(o + B)42- cos(a—ﬁ)’ 6)
sina sinp = &5 = B); cos(e + ), 7

NMpumepbl ¢ pelIeHnaIMm
1. - Beruucaunts cos 165° — cos 75°.
Pemenue. Ilo dopmyne (4) Haxogum

165° + 75° . 165°- 75°
cos 165° — cos 75° = —2sin6— esin——— =

2
=-2sin 120° sin 45°,
rae sin 120° = sin (180° — 60°) = sin 60° = @ IToaTomy
cos 165° — cos 75° = — ?% = _g,

2, % TIpeobpasoBaTh B mpousBegeHne cyMMy sina + cosf.
Pemenue. IIpuMenas ToxAeCTBO cosf = sin ( % -PB ) u ¢op-
myay (1), moaygaem

sina + cosP = sina + sin(%—ﬁ) =

n n
a+ —-B o—-=+f N
= 2sin 2 cos 2 = 2sin[ X+ & B cos[ 2P 1
2 2 4 2 2 4
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3.  JloxasaThs TOXKJEeCTBO
sin 20 + sin 50 - sina

= tg2a.
coso + cos20 + cosSa

Penmienue. [Ipumenas dopmyant (2) u (3), nonyyaem
sin2a + sinbo — sina _ sin2a + 2sin2a cos3a

cos2a + cos5a + cosa  cos2a + 2cos3a cos20
_ sin2a (1 + 2cos3a)
B cos20(1+ 2cos3a)

= tg2a.

4. TIlpeoGpaszoBaTh B NPOU3BEJEHHE CYMMY
S = cos?a + cos?f - sin?(a + ).
2 1+ cos2t
Pemenune. Ucnonb3yd paBeHCTBO COS°t = ———— — U (POpPMY-

2
ay (3), monyyaem

S=1+c;)s2a+1+c532[3 cos2a; cos 2 +
—sin?(a + B) = cos (a0 + B) cos (o — PB) + cos? (o + B) =
= cos(a + PB)(cos(a — B) + cos(a + PB)) = 2cosa cos P cos(a + B).

1-

—sin2(a +pB) =

. . . (n (=
5. JoxasaTb TOXAeCTBO sin30 = 4sina sin ( 3 + o ) sin ( ——a )

Pemenune. IIpeoGpazyeM mnpaByio 4YacThb TOXKZeCTBa C IIO-
mougsio dopmya (7) u (5):
cos| Era-Ztal-cos|Ero+ltoa
3 3 3 3

4sina =
2

= 2sina(cos2a—cos2—;-] = 2sina cos 20 + sina =

=sin 3o — sino + sino = sin 3a.

5 3apaHus anga caMoCToaTenbHOU paboTsl

Bapunanr |
IIpeo6pasoBars B npoussegenue (1—10).
1. sin 18° + sin 20°. 2. sin 80° — sin 10°.
3. [1] cos8° + cos 4°. 4. [1] cos40° — cos 20°.
5.sin%—sin§. 6.cos%t+cos§4£.
7.sin[%+a)+sina. 8.@cos(a+%)—cos%.
9. cos% + sin % 10. [2] sin 20° — cos 40°,
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VYupoctuts Beipaxkernue (11—12).

11. 2] sin(£+a)—sin(£—aJ.
4 4
12.cos(%—a)+sin(%+a].

IIpeo6pasoBare B npoussejenne (13—22).
cos 20° - sin 20°

13. 13| —M8M8M8M8M8M8M8 .
sin65° + cos65°

14. [5] sin 10° + 2 sin 5° cos 15° + cos 50°.

15. [2] cosa + cos 3a. 16. [2] sina + cosa.
17.[5] 1- V2 cosa. 18. [5] tga + /3.
19.[4] 1 + 2cosa + cos 2a.

20. [6] cos 2o — cos 8a — cos 40 + cos 5a.

21. [7] sin 5a + sin 6a + sin 7o + sin 8a.

22. [8] sin 3o cos 40 — sin o cos 2at.

JlokasaTs TOXKAeCcTBO (23—26).
23 sin(a + B) + sin(a — B)

cos(a + B) + cos(a — B) = tea.

cos?(a — B) - cos?(a + B)
. =t tgh.
24. (6] 4 cos?a cos?P go tep

3o + 20 + +1
25.cos o + cos20 + coso =200s37acos%.

cosa + 2c032%—1

in40 — cos4a tg2a
> d
sin4a + cos4a ctg2o

26. = tg?2a.

Beiuucaute 6e3 I'IOMOIJ;IIII Tabany (27—28).
27. tg9° —tg27° - tg63° + tg 81°.

28. cos27n+ cos47n+ cosﬁTn.

IIpeoGpazoBaTs B cymmy (29—30).

29. [9] 4 sin o cos 3a cos 4. 30. [9] 4cos 370‘ cos o sin %.

Bapwuant Il
IIpeo6pasoBatrs B nnpousseaenune (1—10).
1. sin 10° + sin 12°. 2. sin 160° — sin 40°.
3.[1] cos6° + cos 18°. 4. [1] cos 80° — cos 20°.

. . 2n T
5.[2] sin =~ - sin & 6. COS =—— — cos —.
10 8 @ 3 6
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7-@5ina—sin(a-%), 8.cos%+cos(a+%].

9. sin % + cos i% 10. cos 70° — sin 70°.

VYupocrute Beipaxkenue (11—12).

11.cos{%—a]+cos(g+a).
12. (3] sin(%+a)—cos(%—aj.

IIpeo6pasosaTe B nmpousBegenue (13—22).

sin14° — cos86°
13. 13 —Mm8M
sin38° + cos 70°

14. [5] sin40° — 2 cos 10° sin215° + sin 20°.

15. [2] cos 50, — cosa. 16. [4] sina - cosa.
17. (5] 1+ V2 cosa. 18. [5] V3 - tga.
19. [4] cosa — cos 3o + 2sin 2a. '

20. [6] sin4a + sin 60 + sin 80, + sin 10c..

21. [7] cos 50 + cos 8a + cos 9a + cos 12a.

22. [8] sin 3o sin 20 + cos 40, cos Q.

HokasaTre ToxxaecTBo (23—26).

sin{o + B) - sin(a - B) _
23. cos(a + B) — cos(a — B) = —ctga.

24, @ sin?(a + B) - sin?(a - B)

=ctgo tgP.
4sin?a cos? B go tgh
cos & + cosg—a + coso + 1
25. [4] 2 2 =2cosgz-.
2c0s2% 1+ cos®
2
26. . cos?20 — 4cos?0 + 3 - tgta.

cos?20 + 4cos?a — 1

Bruncaurs 6e3 nomomu tabaui (27—28).
27. cos 36° + cos 108°.

28. tg10° tg 20° + tg 20° tg 60° + tg 60° tg 10°.

IIpeo6pasoBaTts B cymmy (29—30).
29. [9] 4 cos 8a cos 5a. cos Ta. 30.19] 4cos% COS 0, COS 57“.
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- KoHTponsHaa pabora N2 5

Bapuant |
1. BBIUMCJIHTE:
1) cos 765°; 2) s'm%’i.

2. BrriumcauTs sin o, ecau coso = % u—6n<o<-5n.

3. VIpOCTUTH BBIpAXKEHHE: cos (Tt — @) + cos ( 3?1: . a)

1) sin(a + B) + sin (o — B); 2) [T Zoos (o) sn =)

4. PelluThb ypaBHEHHE:

1) 2cos%= 1+ cos x;
2) sin(%—3x)cos2x— 1= sin3xcos(3—2n—-2x].

5. Toka3aTb TOMXAECTBO cos4a + 1= %sin 4o (ctga — tgo).

Bapwuant Il
1. BuIYMCAUTH:
1) sin 765°; 2) coslz—".

. s T
2. BoiuucauTs coso, ecau sino = 0,3 u —77 <o < —%—.

3. YupocTurs BbIpayKeHHUE: 3
cos| — —a | + cos(w + )

1) cos(aa—PB) —cos(a +B); 2)

ZSin((x - %) cos(—a) + 1

4. PemnTh ypaBHeHUE:

1) 2sin§= 1-cos x;
2) cos(%+ x)cos3x—cos(n — x)sin3x = -1.

5. HoxkasaTts Toxaectso (tga + ctga) (1l — cos4a) = 4sin 2a.
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3apaHuva Ana NOAroTOBKU K 3K3aMeHy

tga —sina
1. [6] JoxasaTs ToxAECTBO g - = .1 —ctga.
tgo + sina sina

1+ sino 1-sina 2
2. [6] HoxrasaTs — 4 = npu 0 < o < 7.
1-sina 1+ sina cosa

cos35° + v3sin35°

3. Havitn 3HayeHue BLIpaKeHUA - . OrBerT. 2.
sin1505°
4. Boruucnuts cos2a, ecan 4tgo —4ctga=15 u 3?“ <a<2m.
OTBerT. 1—5.
17

5. Boiuucaure sin2a, ecium 3tgo—3ctga=8 u —% <o < 0.

OTrsBerT. -0,6.
1+ cos2a — sin2a

6. (6] HaiiTn 3HaueHWe BHIPAXKEHUA
cosa + COS[% + 0!)

, ecau

1
coso = ~5- OrBerT. —1.
" ) 1 - cos2a + sin2a
7. @ HaiitTu 3Hauenue BbIpakeHus - , ecJjgun
J3 cosa — sin(2n — a)

sino = -5 OTserT. —/3.

3apaHns AN UHTEpecylLWUXCa MaTeMaTUKon

» Mpumepsl C peweHuaMu

1. [lokasaTh TOMKAECTBO
. . . . . + . + . +
sina + sinP + siny - sin(a + B+ 7) = 4sin > P s1nﬁ 3 Y sin X 3 2.
HoxasaTenbcTBo. IlycTh S — JeBasi 4YacTh TOXJECTBA.
IIpeo6pasyem S, noabayach dopmyaamu (1) — (4) us § 32. Vmeem
a+BCOSa—B o+ p sina+B=
2 2 2

—25in%t P [cosu_B _COS(YJF&JJ:
2 2 2

=4sin0t+B sinB+YsinY+a.
2 2 2

S = 2sin

—2cos(y+

2. Bprumcauts 6e3 momoru tadami, sin 18°.

Pemenune., Taxk xax 90°=2.18°+ 3. 18° 7o sin(2 - 18°) =
=cos(3 - 18°). Orcoga, npumenssa ¢opmyusl (1) u (5) us § 29, no-
ayuaeMm 2sin18°cos18° = 4co0s318° — 3cos18°, orkyma 2sinl18° =
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=4(1 -sin?18°) - 3. Ilomaras sin18°=t, ‘TIoJlydyaeM ypaBHeHUe
42+ 2t -1=0, oTkyma t= ji—ﬁ Tak kak sin18°>0, To
sin 18° = @
4
3. Boruucaurs 6e3 momoinu tabaul, Ipou3BeIeHe
2n 4r

P =cos™ cos 2t cos 2.
9 9 9

T 2n A4n
Peumrenue. Yranr 9° 99 YBEJUYHUBAIOTCS MOCJIEeL0BATEJIBHO

9
LT
BaBoe. IloatoMy, YMHOXKHUB u paszenaunB P Ha 8sm§ ¥ TPHUMEHUB

3 paza ¢opmMysy cuHyca ABOMHOI'O apryMeHTa, HOJYYUM

P-SSin£=2sin£cos£-4cos2—ncos4—n=Zsinz—ncosﬁﬂcosﬂ:
9 9 9 9 9 9 9
- 25i 4n 4n _ . 8m
= 2sin — cos — = sin —.
9 9 9
Tak xak sins—n=sin n-=L =sin£, TO P-83in£=sin£,
9 9 9 9

oTryza P = .

4. Havitu Haubosblllee M HaMMeHbIllee 3HAYEHUA BbIPAXKEHUS
A =asino + bcos, ecsin o KpaliHell Mepe OZHO M3 4Yucesa a, b He
PaBHO HYyJIO, O € R.
Pemenne. Tak kak a® + b% > 0, TO, YMHOXKHUB U pPa3fe/UB JaH-
HOe BBIpakeHHe Ha va? + b2, zamumiem ero B BHUIAE
A =,/a% + b?

sino + cosa |.

a b
Jaz+ b? Ja?+ b?
Paccmorpum Touky M (a; b). 9Ta TOUKA JEKUT HA OKPYKHOCTHU
paauyca R= ,/az + b2 c 1eHTpPOM B Hauaje KoopauHAT. [losToMy cyirie-

CTBYeT yroJ ¢, TaKoi, 4To
a a

cosp=—=

———— = b
R a’l+ b2

b
R Ja%+ b? '
Torga A = ,Ja? + b2 (sina.cos@ + cosa sin@) = Va? + b? sin(c + @).

Orciona ciegyer, uTo Haumbosblllee 3HAUEHWE BBIPAXKEHWA asino +

+ bcos o paBHO Ya? + b?, a HauMeHbIIlee 3HaYeHUe PaBHO —va? + b2,
3ameuaHUue. IIpu pellieHuy 3TOM 3aaUM MOJYYEHO PABEHCTBO

asina+bcoso = ,/a? + b2 sin(o + ¢). MeTox, NpUMeHEHHEIA IPH TIpe-

singp =

o6pasoBaHuy BhIpasKeHUuA asin o + b cos o K BUAY +a + b? sin (o + ),
Ha3bIBAIOT METOAOM BCIOMOraTeJbHOTO YIJIa.
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3apanuvs ans camMocToNTenbHOW pa6GoTbl

1. Broiuucauts 6e3 Tabauii:

1) sin Zcos®®;  2) tgl tgl tg3T tg 7T,
) singgeosTs ) tegteg ey g
2 -
OTBerT. 1) 4‘/5; 2) 1.
2. BBIYHCIHUTE:
V3

1) sin 5o, ecau sino = —;1—;

2) sin®a + cos®o, ecan sin 20 = 1
J3
OTBerT. 1) i; 2) 3,
27 4
3. Hokasathb, 4TO:
. . . 5 5
1) sinX sin 2% s1n4—n=§; 2) cos18° = ;‘C
9 9 9 8 8

4. HoKa3aTk TOMXKJAECTBO:

1) sinta = %(0054(1 _ 4cos 200 + 3);
2) costo = é(cos 40 + 4cos 20 + 3);
3) sin®o = %(sin 50 — 5sin 30 + 10sin a).

5. okasaTs, 4TO IpH BCEX AONYCTHMBIX 3HAYEHUAX O, P, Y cupasen-
JIMBO PaBEHCTBO:
sina + sinP + siny — sin(a+p + v) -t o
cosa+cosB+cosy+cos(a+B+y)_ g 2 2
tga + tgf + tgy - tgo tgP tgy
2) tg(a+B+v=

1-tgotgB — tgBtgy — tgytga

6. doxasaTb, 4To ecau O + 3+ Y=T, TO CIpaBeJJMBO DPABEHCTBO:

B Y

1) sino + sinf + siny = zicos%cosE cos -

’

+B th+7 tgv+a.
2

2) sin2a + sin 2B + sin2y = 4sin o sinf sin v.
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Fnasa VI. TpuroHomMmeTpuyeckue ypaBHEHUS

§ 33. YpaBHeHMe cosx =a

 CnpaBo4YHble cBeAeHusl

1. Apkkocunyc umciaa a € {—1; 1] (o6o3HauaeTcs arccos a) —
Takoe yucyuo ¢ € [0; n], KocuHyc KOTOPOTO DaBeH 4, T. e.

0 < arccosa < m, cos(arccosa) = a.

Ecau a € [0; 1], To O < arccos a <g, a ecau a € [-1; 0), To
g< arccos'a < n. Eciu |a|> 1, To BmipakeHMe arccos @ He HMeeT
CMBICIIA.

2. Hnsa mioboro a € [-1; 1] cupaBeAInBO PaBEeHCTBO

cos(arccosa) = a. 1)
PaBencrso
arccos(coso) = o 2)
fABJSIETCA BEpHEIM TOJBKO mnpu O € [0; t], xoTa BeIpaskeHHe
arccos (cos o) U¥MeeT CMBICJI IIpH BcexX O € R.
Hnsa no6oro a € [-1; 1] BepHO paBEeHCTBO

arccos(—a) = T — arccosa. (3)
3. Ecim —1 <a <1, To Bce KOPHU YpaBHEHHUS
cosx=a (4)
onpenesaoTca GopMyJIon
x = tarccosa + 2nn, ne€ Z. (5)

Ecnu |a| > 1, To ypaBuenue (4) He UMeeT KODHeii.

4. @opmyasl KopHel ypasHenusa (4) npu a=0,a=1, a=-1:

cosx=0,x=—72t—+1tn, neZz, (6)
cosx=1, x=2nn, ne Z; (N
cosx=-1, x=n+2nn, ne Z. (8)

w2 NMpuMmepsbl ¢ peweHusMu

J2 V3

1. © Beiumcauts: 1) arccos (——z—j; 2) A= 2arcéos% — 3 arccos -

J2

Pemernue. 1) Taxk xak — e (-1; 0), To arccos(—i;gJ — 3TO

T 2
YHCJIO U3 IIPOMEXKYTKAa (E; T ), KOCHHYC KOTOPOT'O paBeH —g. Cue-

J2

I
AOBaTeJIbHO, arccos ( —?J 3 .

Y

151



3
2) arccosl = E, TaK KaK Cos~ = 1 unLe 0; r H arccos£=
2 3 3 2 3 2 2
=1t—, coslzi—§ u e 0; LB 3HAuuT, A=2.1_3._T
6 6 2 6 2 3 6 6
8n
2. BpruucauTth arccos (cos T)
Pemenue. PaBeHcTBO (2) He SBNAETCH BEPHBIM NIPU O = 8711’

TaK KaK 4YMCJO STK He npuHaznmexuT orpe3kry [0; n]. ITosaTomy HyXKHO

" 8n
HaHWTU Takoe 4ucJo Ha oTpeske [0; ], KOCHHYC KOTOPOTO PAaBEH COS -

IIo ¢opmyne cos(m + B)v: cos (T — B) monyyaem

cos8—"=cos n+X|=cos|n-2 —cosﬁ—n,r,uegs—n—e[o n].
7 7 7 7 7
CraepoBaTenbHO, arccos (cossTn] = arccos(cosGTn) = 67n
3. Pewmunth ypaBHeHHUE:
1) Scosx = 2; 2) cos 5x = —1; 3)2c0532€= 1;
4)cos(3x+£}=0; 5) 4cos?x — 3 =0; 6) cos2x = >,
4 2J2

Peumenue. 9
1) 3anumieM ypaBHeHHE B BUIE COSX = F u 1o ¢opmye (5) Ha-

.. 2
A€M ero KOpHH: X = iarccosg + 2rn, ne Z.

2) IIpumenus ¢opmyay (8), nomyuyum bx =7n + 2nn, OoTKyzAa

x=24 m, nel2.
5 5
3) Tak kKak cos% —;—, To mo ddopmyse (5) monydaem g =

1

= iarccosé + 21n, roe arccosE = % IloaTomy x = 12—;— +4nn, ne Z.

4) Hpmvxenms dopmyay (6), noayuum 3x+% §+ nn, OTKyZza
x = E + I 3 —,neZ.
5) Tax kak coslx = i—, TO COSX = g U COSX = —[é, OTKYyAa

5m
x—+6 +2%n u x = +?+27m, n e Z. 3aMeTuM, 4YTO 3TU JABE ce-

pPUH KOpHe#l MOXXHO O00BeJUHUTL B OAHY C TOMOINBIO (GOPMYJabI

9 1+ cos2x 1
cos® x = — Toraa ypaBHEHHE NIPHUMET BHJ COS 2X = 3 OTKyAa

2x = i%+2nn, x = i%+nn, neZ.
6) YpaBHeHue cos2x = % He UMeeT KOpHel, Tak Kak 3 > 242

(aTO cnexyer U3 HepaBeHcTBa 9 > 8).
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© 3apaHna ana caMocToaTenbLHON paboTbl
Bapuanrt |

Brruucaurs (1—4).

1. [1] arccos 3/2—§ 2. [1] arccos ( —%J
~3.[2] 2arccos 1 + 3arccosO.
1 V3 .1 2
4.[2] 3 arceos = + 2 arccos ( ——2—).

Brruucaurs (5—12).

5. (3] cos ( arccos %) 6. 3] cos [ arccos g-)

7. 5cos[arccos%j - 2cos(arccosi).
7)

8. [4] sin ( arccos 0 + arccos 5 |

9. cos(m — arccos 0,2). 10. sin ( % + arccos %)
11. [5] sin(arccos0,6). 12. tg(arccos?).

HaitTu BCe 3HAYEHWSA @, TPH KOTODPBIX BBLIDAXKEHHE HMeEeT CMBICT
(13—15).

13. [5] arccos 2a. 14. [5] arccos(a - 1).

15. [5] arccos(a? + 1).

YupoctuTs BelpaxeHue (16—18).

16. arccos (cos %) 17. arccos (cos %Tn )

18. [6] arccos (cos %t]

Pemurr ypaBaenue (19—27).
19. [2] cosx = 0,1. 20. [3] cos 5x = 1.

21. [3] 2cos 3x = -1. 22.3cos§=\/§.
23.2005(x+%}=—«/§. 24. [3] 2cos(2x — nt) = 3.

25. [4] cos 2x cos 3x — sin2x sin3x = —1.
26.(4] 1 - 2sin2x = 0. 27. (4] cos?x — sin?x = 1.
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HaiiTu Bce pelleHus ypaBHEHMS Ha 3aaHHOM OTpesKe (28—29).
28. cosg ‘/_ , [-4m; 4n]. 29, [5] cos 4x = —‘/22, [0; ®].

30. [6] HaitTu Bce pellleHus ypaBHeHHus 2cosx = —1, yJ0BIeTBOPSIO-
mue HepaBeHCTBY x2 — 112 < 0.

Pemmnts ypaBuenue (31—32).

31.[6] (2cos x — V3)(cos3x - /3)=0
32.[6] cos2x (2cos x + V/2) =0

Bapuant Il

Boruucaurs (1—4).
1. arccos@. 2. [1] arccos ( —%)
3.[2] 3arccos(-1) + 2arccos 1.

4. % arccos ( —%) + % arccos 0.

Boiuncaunts (5—12).

5. cos [ arccos iz_z—] 6. cos(arccos 0,3).

7. 2cos (arccos %) + 3cos ( arccos % )

8. tg[ arccos (-1) + arccos gj

9. [5] cos(n + arccos 0,1). 10. [5] sin(%+ arccos%].

11. [5] sin (arccos 0,8). 12, tg( arccos —;-)

HaiiTn Bce 3HaueHUd @, IPU KOTOPBIX BBIPAXKEHUE MMeeT CMBbICH
(13—15).

13. [5] arccosg. 14. [5] arccos(2 - a). 15. [5] arccos (a2 + 2).

YupoctuTts BeipaxkeHue (16—18).

16. [4] arccos ( cos % ) 17. [4] arccos (cos 233 J
18. [6] arccos ( cos éf— )

Pemints ypaBHeHne (19—27).
19.[2] cosx = 0,7. 20. cosgzo.

21.[3] 2cos2x = V2. 22, @—co gzé

154



23.2cos(%+x)=—1. 24.cos(3x+—g—)=g.

25. cosgxcos§+ singx sinfzc—z 1.

26.[4] 2cos?2x — 1 =0,5. 27. [4] cos?2x — sin?2x = 0.

HafiTu Bce pemieHus ypaBHeHHUsI HA 3aJaHHOM oTpe3ke (28—29).
28. [5] cos% = % [-6m; 6x]. 29. [5] cos3x = {i [0; 2x].

30. [6] HaiiTu Bce pelleHHs ypaBHEHHS COS X = l/z_g, YAOBJIETBOPAIO-

2
n
Ll¥e HePABEHCTBY —- — x2 >0.

Peuruts ypaBHeHue (31—32).
31.[6] (2cos4x —4)(2cosx + 1) = 0.
32. [6] cosg(cos x+1)=0.

§ 34. YpasHeHMe sinx =a

# CnpasouyHbie cBeaeHUst
1. Apxkcunyc umucia a € [-1; 1] (o6o3nauaercsa arcsina) — Takoe

n.n
YHCJO O € [—E; 5l CHHYC KOTOPOTO paBeH a, T. €.

T . . .
) < arcsinag € =, sin(arcsina) = a.

noja

Ecim a €[0; 1], To 0 < arcsina <=, a ecau a € [-1; 0), To

< arcsina < 0.

jov)
INE]

ol e

Ecnu |a| > 1, To BhIpaskeHHe arcsin a He UMeeT CMbLICJ]A.
2. s nro6oro a € [1; 1] cipaBenuBo paBEeHCTBO

sin(arcsina) = a. 1)
PaBeHncTBO
arcsin(sina) = a (2)

n, T o
ABJISIETCsI BEPHBIM IIPDH O € [_E; —2—}, XOTHA BbIPpaXXeHH€e B JIEBOM 4aCTH

MMeeT CMBbICJ IIpH Bcex o € R.
Has nwo6oro a € [-1; 1] BepHO paBeHCTBO

arcsin(—a) = —arcsina. 3)

3. Husa 11060T0 a € [-1; 1] cmpaBeanIuBO paBEHCTBO

. n
arcsina + arccosa = 5" 4)
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4. Ecnu |a| € 1, To BCe KODHU ypaBHEHUS
sinx =a ] ()
omnpegenaiorcss GopMyaon
x = (-1)*arcsina + n, ne Z. (6)
Ecau |a| > 1, To ypaBHenue (5) He umeeT }copneﬁ;

5. ®opmyasl Kopueii ypasmenus (5) npu a=0, a=1, a=-1:

sinx=0, x=nn, ne Z; )
sinx=1,x=12t—+2nn, neZz; (8)
sinx = -1, x=-%+2nn, nelZ. 9)

- Mpumepsbl C peIeHnaIMun

1. Bromuucauts: 1) arcsin ( _1 J;

NF]

2) A = 3arcsinl+ 2arcsin é — arcsin ?

v2 J2

Pemenne. 1) Tak Kak - e[-1; 0), TO arcsin(-—i) — 3TO
YUCJIO U3 IPOMEKYTKA [—%; 0], CHHYC KOTOPOTr'O paBeH —%. IToaTo-

My arcsin[—i) =_I
J2 4
2) arcsinl = E, Tak Kak sin~=1u X e [—E; E];
2 2 2 2 2
arcsinl =x arcsinﬁ =2 Buaumr, A=83-%+2.2_T_ 3—“.
2 6 2 3 2 6 3 2
2. Berumcaute: 1) arcsin ( sin 258n ); 2) arcsin (cds %)
Pemenue.
1) Tak kax paBeHCTBO (2) He ABJIAETCS BEPHBIM IIPH O = %Tn, TO
.. 25m n.n
HYKHO 3aMEHHTDL SmT Ha CHHYC YHCJIAa U3 IPOMEXYTKA -E; 3|

3aMeTHuM, YTO sina‘r)s—7t = sin(gss'—’t - 27t) = sing—;— = sin(n + ZSI_J =

=-sinZ=sin| -2 |, rge-2 € [—E' E}.
8 8

8 2’ 2
I . .. 257 . . b =
oaromy arcsin| sin=== | = arcsin| sin|{ —— | | = ——.
8 8 8
2) cos7—n=cos L n_ = =—sin5—n=sin _5m .
9 2 9 2 18 18
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IToaTomy arcsin| cos L. arcsin| sin L ) —5—".
9 18 18

MosxkHO 6bBLIO OOCTYIIUTh HHAYEe N BOCIOJIB30BATHCA pPaBEH-

ctBoM (4).
Tak Kak arccos(cos%) = %‘, TO arcsin (cos E—J I _Tr_ —5—".

3. Pemwnrs ypaBHeHHe:

1) 4sinx = 3; 2) sin4x =-1; 3) 25in—32£=—\/§;
4) sin(5x+%]=0; 5) 3J§sinx=2ﬁ;
6) 9sin?x —-1=0; 7) sinb5x cos 2x — cos 5x sin 2x = 1.

Pemenue. 3
1) Tak kak sinx = e TO0 o dopmyJie (6) moaydaem

x = (—1)"arcsin§ +7nn, neZ.
4

2) ITo dopmyne (9) Haxogum 4x = —% + 27n, OTKyza
x=-24+™" neZ.
8 2
3) KopHu ypaBHeHHUs sin% = —? HagéM mo dopmye (6).

J3

. 3 . b
YuuTeiBas, 4TO arcsin ( —g = —arcsin Y = -3 noJiyyaeMm

X - -n- arcsin(—ﬁ] +mn = (-1)"+1 T 4+,
2 ) 3

oTkyzma x = (-1)»*! 2?“ +2nn, ne Z.
3n

4) Ilpumenus dopmyay (7), Haxogum 5Sx + <= nn, OTKyAa
= —§2-70£ +I neZ
5) VYpaBHeHue sin x = ﬂ He MMeeT KOpHeiH, Tak Kak ﬂ >1
3J3 3v3
(aTo BBRITEKAET U3 HepaBeHcTBa 28 > 27).
6) Tax kak sin2x = 3’ To sinx = %, sinx = —%, OTKyaa

x = (-1)" arcsin L + n , x = (-1t aresin L + nn, ne Z.
3 3

3aMeTHM, UTO 3TH JBE CEePUM KOPHEN MOXXHO 3alucaTbh B BH-
1-cos2x

oe ofgHOM (opMyssl, ecam 3ameHHTs sinfx ma —————, Torgaa
1-cos2x
OOJYYHUM — = %, cos2x = g, oTKkyma 2x = iarccosg + 27nn,

x =i%arccosg +nn,neZ.
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fige
A

7) IIpumMeHus popmMyny CUHyca pa3HOCTH, 3alUlileM yDaBHEHHE

B Buje sin(5x — 2x) = 1, uiu sin3x = 1, orkyza mo dopmysne (8) no-

JAYIUM 3x:g-+21cn, x=%+2—gﬁ, neZ.

% 3apaHus oNg caMOCTONATENbHOW paboTbi

BapwnaHnr |
Briuucauts (1—4).
1. [1] arcsin (-1). 2. [1] arcsin %
3. [2] 2arcsin ( —?) - g arcsin Q.
4. [2] 2arcsin ( —%) + 2arccos ( —l/zzj
Breruucanrts (5—14).
5. [3] sin ( arcsin %] 6. sin (arcsin 0,3).
7.[3] 38sin (arcsin gj + 4sin (arcsin %}
8. sin(n——arcsing). 9, sin(%%—arccosO,Bl).
10. sin (arccos %) 11. cos {arcsinO + arcsin ( —%) ]

12. [5] sin ( arccos %j 13. [5] cos ( arcsin %) 14. [5] tg (arcsin 0,6).

Haﬁ’rn BCe 3HA4Y€eHHUA a, IIPDH KOTOPbIX BBIPpAXXKE€HHEe HMeeT CMBbICJI
15—17).

15. arcsin %a. 16. arcsin (1 — 3a). 17. arcsin (4a? + 1).

Yupoctuts BeipakeHue (18—21).

18. [4] arcsin ( sin %) 19. [4] arcsin ( sin ( —gsﬁ) )
20. [6] arcsin [ sin 2?”) 21. [6] arcsin (cos 2?“)
Pemints ypaBHenue (22—30).

22. [2] sinx = 0,35. 23. sinizi =1.

24. [3] 2sin8x = 1. 25.%sin§=—‘?.
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26.2sin[x+g)+\/§=0. 27.@2sin(x+%)+3=0.

28. [4] sin3x cos x — sinx cos 3x = 0.
29. [5] sin 2x (1 + cos 2x) = 4 cos? x.
30.[5] 2 - 6sinxcosx = 0.

"HaiiTy Bce pellleHHA ypaBHeHMs Ha 3aJaHHOM oTpeske (31—32).

31.sin2x=—%,[—%§n:{. 32.2sin§=\/§, [-27; 27

33: @ Haiitn Bce peurenuss ypaBHeHHs Sin ( x - %) = 0,5, yaosye-
TBOpAOINHe HepaBeHCTBY x2 — 412 < 0,

Pemnts ypaBuenune (34—36).

34.[6] (2sinx + 1)(2 + sinx) = 0.

35.[6] (1 — 4sinx cosx)(sin6x — 1) = 0.

36. [6] (vV3 — 2sin x)(cos? x — sinZ x) = 0.
_Bapuant Il

Beryucauts (1—4).

1. [1] arcsin1. 2. arcsin(—%].

3. [2] 0,7 arcsin 0 + arcsin ( —%)

4. 2] % arcsin[—g) + arccos ( ——).

w

2

Beruucants (5—14).

5. (3] sin ( arcsin %) 6. [3] sin (arcsin0,2).

7. SSin[arcsin%J + 2sin(arcsin%).

8. sin(n +arcsin%J. 9. sin(%—arccostZJ.
10. sin(arccos%). 11. [4] cos (arcsin(Ag] - arcsinO).

12. [5] sin [arccosg]. 13. cos(arcsin%). 14. [5] ctg(arcsin0,8).

HaiiTin Bce 3HA4YeHWs @, NP KOTOPBIX BBIPA’KEHHE HMeeT CMBICI

(15—17).
15. [5] arcsin0,3a. 16. [5] arcsin(2a + 1). 17.[5] arcsin(1 + 2a2).
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VopocTuTs Bbipaskenue (18—21).

18. [4] arcsin ( sin %J 19. [4] arcsin (sin (-0,2m)).
. .. 3m . b4

20. [6] arcsin [ sin " J 21. [6] arcsin (cos E)

Pemintes ypasuenue (22—30).

22, [2] sinx = 0,24. 23. [3] sing =-1.

24. 3] ~2sin5x = 1. 25.%sin§=§.

26.2sin(%—x)—f=o. 27. [8] 3sin

28. sinx cos 5x + sin5x cosx = 0.
29. [5] cos 2x (1 — cos 2x) = 3sin2 x.
30. [5] 10sin2x cos2x — 3 = 0.

HaiiTn Bce pelieHus ypaBHEHHSI Ha 3aJaHHOM oTpeske (31—32).

31.sin%=—%,[—2n;2n]. 32.[5] 2sin8x = V3, [—1;1}.

/N

2x+—Z—J—4=0.

33. [6] HaitTu Bce pelLleHHs ypaBHEHHS Sin ( % - x) = - yIoBJie-

1
ﬁ’
TBOPAIOL[ME HEPaBeHCTBY Tx — x2 > 0.
Pemnts ypaBuenue (34—36).
34.[4] (1 - sinx)(2sinx — 4) = 0.
35. [6] (2v3 - 8sin xcos x)(sin3x + 1) = 0.
36.[6] (1 — 2sinx)(2cos?x — 1) = 0.

§ 35. YpaBHeHue tg x =a

+ CnpaBOYHbIe CBeAEeHUNA

1. Apkranresc uuciaa a € R (o6osmauaerca arctga) — Takoe

m,
YHCJIO O € [—E; E)’ TAHI'€HC KOTOpOro paB€eH a, T. €.

T Y
——<a<=, tga=a.
2 2 g @
2. Insa aoboro a € R cupaBeINBO PaBEHCTBO

tg (arctga) = a. (1)
Pasenctso

arctg(tga) =a (2)

n, T
ABJIAETCA BEPHBIM TOJBKO IIPDH O € (—E; EJ
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s gi060ro a € R cripaBesinBo paBeHCTBO
arctg (—a) = —arctga. 3)

3. Insa moboro a € R ypasHeHue tg X = @ nMeeT KOPHH, ONpeae-
aseMbie GOPMYJIOH
x =arctga + nn, n € Z. 4)

©» MpuMmepbl C peWweHNnaMm
1. = BbIUMCIMTD:

1) arctg(—LJ; . 2) A=3arctgl - 2arctg V3.

NE)
Pemenue. 1) UckomMoe 3HaueHMe — YHCJIO U3 HUHTepBaJja
T, N 1 1 s
——; — |, TaHreHCc KOTOpPOTO paBeH ———. IloaTomy arctg| —— |=—=.
( 2 2) POroPAse "7 verce ( JEJ 6
2) Ilockoasky arctgl = %, arcth— = %, nMeeM
A=3.F_92. 2 _ T
4 3 12’
2. - Borumcaute: 1) A = 4tg(arctg% - 3tg(arctg(~%));

2) B= thg(%’—t— + arctgz) + 4tg(n + arctgg).

Pemenuwue. 1
1) C nomomsbio pasBeHcTBa (1) mnonyuaem tg arctgg) =

1 1 1 1 29
—= = —=. A=4-—-3.| —= | = ==,
tg(arctg( 5)) 5 ITosTomy 3 ( 5) 15

’

1
3

2) Ilo ¢popmysie upuBeneHus ctg[ 377: + a) =-tgautg(n+a)=
= tg o, Jajiee ¢ nmomouipilo paBeHcTBa (1) HaxoauMm

B = —2tg(arctg 2) + 4tg(arctg—2—J =-2.2+4.3-2,

oW

3. PemuTh ypaBHeHwue:
1) tg2x=1; 2) J§tg§+1=0; 3) 4-9tg23x=0.
Pemenwue.
1) Ilo dopmyne (4) Haxoaum 2x = arctgl + in = % + 1n, OTKyZa

T nn
x=—+-—,nelZ.

8 2
2) 3anwucaB ypaBHeHUE B BUJE tg% = —%, no dopmye (4) Ha-
x 1 1 1 LS
xooguM — = arctg| —— |+ mn, rge arctg| —— | = —arctg— = ——.
e g( ﬁ] g( @J SFER

IToaTomy x = 3(—%) +3nn = —%+ 3nn, n e Z.
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2
3) Bamumem ypaBHeHuMe B Buje tg?3x =% oTkyza tg3x :§’
2 2 2 1 2  Tnn
=-=, ==, 3x = tg= + nn, x = —arctg=+ —,
tg 3x 3 Ecau tg 3x 3 TO 3Xx = arc g3 3 g3 3

neZ. Ecnu tg3x = —g, TO X = _1 arctgg+ M, neZ.
3 3 3 3

“ 3apaHua ona camMocToATeNbHo paboTbl

Bapwuant |

Boruncauts (1—4).

1.[1] arctgl. 2. arctg(——‘/?’—g]. 3. [2] 2arctg(—+/3) + 3arctg 1.
4. %arctg (-1) + arcsin1 — arccos 1.

Briuucauts (5—12).
5. [3] tg(arctgV3). 6. [3] tg(arctg(-1)). 7. (3] tg (arctg 3,5).
8. tg(arctg\/g + arccos %)
9. 2tg (arctg 1) + 3sin(arcsin0,5) — cos(arccos 0,3).

10. [5] tg(n + arctg 3). 11. ctg(% — arctg1,7 )

12. tg( arcsin g)

13. [7] Moxasats, uTo WpHM aI060M a € R CIpaBefIUBO DPaBEHCTBO

1
cos(arctga) = .
ga) J1+a?
Brruucaurs (14—15).
14. cos (arctg 0,5). 15. sin(arctg%).
VYnpocrurs BeipaskeHune (16—19).
16.2arctg(tg§]. 17.arctg[tg(—%}).
18. arctg( tg%}. 19. arctg(sin%).
Pemuts ypaBuenue (20—28).
20.[2] tgx = 5. 21.[3] tgdx=1. 22.tg§=—J§.
23.J§tg{x+%)=1. _ 24. (3] tg3x = 5,5.
25.[5] ta(n + x)+ 2tgx -3 =0.  26.[5] EX* €2x _
1-tgx tg2x

27. (5] tg?x - 3=0. 28.%=J§.
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Hafitu Bce pelneHHs ypasHeHUs Ha 3aJaHHOM oTpeskxe (29—30).
29. tg(x+ %J =-1, [~7[; 5?“}

30.[5] 3tg2x = /3, [0; n].

Pemnts ypaBuenue (31—32). ¢
31.[6] cosxtgx = 0. 32.[7 =82 =o.

sin2x

Bapwuanr If

Beryucauts (1—4).

1. [1] arctg(-/3). 2. [1] arctg (-1).
3. % arctg0 + 2arctg( —%)
4. arcsin(-1) + 2arctg1 — arccos (-1).

Briuucauts (5—12).

5. tg(arctg?). 6. [3] tg (arctg0),
7.[3] tg (arctg 5). 8. [4] cos ( arctg 1+ arccos g}
9. [4] 2cos (arccos 0,4) - % tg(arctg 4) + sin(arcsin 0,8).

10. [5] tg(n — arctg 0,6). 11. ctg( % + arctg3,5).

12. |5] ctg ( arcsin % ) .

13. [7] MorasaTh, uTo npu a060M a € R cIpaBejjiNBO pPaBEHCTBO
a

sin (arctga) = .
1+ a?

Briuncants (14—15).
14, [5] sin ( arctg % ) 15. [5] cos(arctg v5).
Yupoctuts BeIipaskenue (16—19).
16.@3arctg(tg%). 17.arctg[tg(—$]].
18. arctg(tg‘%‘). 19. arctg(cos%).
Pemurs ypaBHeHUE (20—28).
20.[2] tgx = 2. 21. [3] tg3x = -1. 22.@tg§=J§.
23.3tg(x+%)+\/§=0. 24.[3] 3tgx = 6.
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tg3x — t
25.2ctg(g—x)+tgx=\/§. 26. (5] £°X ~ X _

1+tg3xtgx
2tg 2x J3
2 — = . - =
27.[5] 9tg2x - 3 =0. 28 1—tg22x 3

HaiiTh Bce pemeHHMs ypaBHEHHMs Ha 3aZfaHHOM oTpeske (29—30).

29, tg(x—%) = ./3, [—3?”; n}.
30. tg% =-1, [-n; 2x).

Pemuth ypaBHeHue (31—32).

31.[6] cosxtgx = 0. 32. 51tn2x = 0.
v e

§ 36. PeweHume TPUroHOMETPUYECKUX YPaBHEHUMH

; CnpaBoyHblie cBeAeHUA

Pentenue TpUroHoOMeTpHYeCKHMX YpPaBHEHUH CBOAUTCA B HKTOTE
K pellleHHI0 OJHOT'O U3 MPOCTEHININX TPUTOHOMETPHUYECKHX ypaBHe-
HUH sinx = a, cosx = a, tgx = a. HanomHuM o61irie popMysInl KOp-
Hell 9TUX ypaBHEHWI:

YpaBHeHue Kopuu
sinx=a,la|<1 (1) x = (-1)"arcsina + tn, ne Z
cosx=a,la|<1 (2) x =tarccosa + 2nn, ne Z
tgx=a,aeR 3) x =arctga+nn,ne Z

. Mpumepbl ¢ peLueHnamMmn

1. - PemuTs ypaBHeHne 2sin’x — 3sinx — 2 = 0.
Pemenue. Ilonaras sinx =y, noiydaeM ypaBHeHHe 2y° —

-3y - 2=0, umemomee KOpPHH Y; =2, Yy, = —%. Ecau y = —%, TO
sinx = —%, oTkyma x = (-1)** 1% + nn. Ecau y = 2, 1o sinx = 2. 3To

ypaBHeHHe He NMeeT KOpHEMH.
OTrBeT. x = (—1)"*1%+ nn, neZ.

2. . Peurnte ypaBHeHue 2sin?x — 3cosx = 3.
Pemenue. 3amenum sin’x #a 1 - cos?x. Torma ypaBHEeHHE
npumert Bug 2(1 — cos®x) — 3cosx = 3, uau 2cos?x + 3cosx +1 =0,

OTKyZa cosx = —1, cosx = —%.
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1
Ecin cosx=-1, T0 x=mn+2nn, a ecau cosx=—§, TO

x:igi+2n.
3

OTrBeT. x =7 + 27N, x:iz?n+21tn, nelZ2.

3. = Peurnts ypaBHenue tgx — 3ctgx = 2.
Pemenue. 3anucas ypasHeHHe B BUAe tg x — ti = 2 ¥ yMHO-
gx

»uB obe ero yactTu Ha tgx, moayuum tg?x — 2tgx — 3 =0, oTkyza
tgx=-1, tgx=3. Eciu tgx=-1, To x = —%+ nn, a ecau tgx = 3,

To x = arctg3 + nn.

B npomecce pemeHMA MBI YMHOMHJIM 00e 9acTH ypPaBHEHUHA
Ha tgx, YTO MOIJI0O NPUBECTH K NMOABJIEHUIO IIOCTOPOHHUX KOPHeIl,
KOTOphIE ABJIAIOTCA KODHAMU ypaBHeHms tgx = 0. Tax xax sHaue-
HUSA X, IpH KOTOPBIX tgx =0, He ABJAIOTCA KOPDHAMU ypPaBHEHUHA
tg2x — 2tgx — 3 = 0, To 3TO ypaBHeHUE U HCXOAHOE yPABHEHHE DaB-
HOCHJIBHEI.

OrBerT. x = —%+ nn, x = arctgd3 + nn, ne Z.

4. Pemurn ypaBHeHHe cos 2x — 2cosx = 0.
Pemenue. Hcnonnaysa dopmyay cos2x =2cos?2x —1 u mo-
_marag cosx =t, mosaydaem ypaBHemue 2t2— 2t — 1 =0, umeliee
1-v3 1+43
KOpHU ¢ = 5 t, = —

x = tarccost, + 2nn, rae arccost; = arccos

Tak kak -1<t¢;<0, t,>1, ToO

1-43 V3 -1
=Tc—arccosT.

-1
OTrBer. x=i(7t - arccos‘/g—z— +2nn, ne Z.

YpaBHeHMs, OTHOPOOHbIE OTHOCHUTEJIBHO SinX H COSX

OnHopoaHBIEe ypaBHEHUA — 3TO. yPaBHEHHA BUIA

asinx + bcosx =0,
sin®x + bsinx cosx + ccos?x =0,
5. Peunts ypaBieHHe 2sinx + 5cosx = 0.

Pemenue. 3amerum, uro cosx # 0. elicTBUTENbHO, ecan
cos x = 0, TO U3 ypaBHEHUA CJeAYeT, 4YTO sin x = 0, a 3TO HEBO3MOKHO,
rak Kak sin?x + cos?x = 1. IToaromy, pasaenus obe 4aCTH yPABHEHUSA
Ha cos X, IIOJyYuM ypaBHeHHe 2tgx + 5 = 0, paBHOCHJILHOE HCXOAHO-

my. Orcloga HaxozuMm tgx = —g. OrBerT. x = —arctg-g— +nn, ne Z.

6. Pemuth ypaBHenue sin?x — 3sinx cosx — 4cos?x = 0.
Pemenue. Paznenus obe 4acTH JAHHOI'0O ypaBHEHHS HA COS2 X,

[oJiy4yaeM pAaBHOCHJIbHOe ypaBHeHme tg2x — 3tgx —4 =0, orkyzna
tgx =4, tgx=-1. OrBerT. x =arctgd + nn, x = —%+ nn, neZ.
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BamMeuanue. YpaBHenuwe asinx + bsinxcosx + ccos?x=4d
MOSKHO CBECTH K OJHOPOJHOMY, €CJIH BOCIIOJL30BATHCA TOKAECTBOM
d = d(sin x + cos? x).

YpaBHeHHs BHAA acosx + bsinx =c
Paccmorpum ypaBHeHUe acosx + bsinx = c.
Byaem cuuratb, utoa # 0, b # 0 (eciiu a = 0 unu b = 0, To ypas-
HeHUe CBOJUTCSA K IIpocTeduIeMy).
YpaBHeHHE MOYKHO CBECTM K KBaJPATHOMY OTHOCHTEJIHHO

) 1-1t2
t= tgﬁ, TAK Kak sinx = 2t , COSX = .
2 1+ ¢? 1+ t2

Apyroii cnoco6 pelieHUs ypaBHEHUsI OCHOBAH Ha BBeJ€HUH BCIIO-
moraTejabHOro yraa. Torga ypaBHeHUE IDUMET BUJ

c

sin(x + @) = ———.
¢ a’ + b2

c
Ja? + b2

KOpHH, a ecyu ¢2 > a? + b%, To OHO He HMeeT KOpHeil.

Ecau <1, T.e. ¢2<a?+b? TO ypaBHEHWe UMeeT

7. = Pemnth ypaBHenue 4cosx + 3sinx = 2.
Pemenue. Pasnesmus obe uacTu ypaBHeHus Ha + 4° + 3% =5,

oJiyyaeM ypaBHeHUeE %cos x+ g sin x = %, KOTOPOe MOXKHO 3aIMCaTh
. 2 . 4 3 4
B Buge sin(x + ¢) = 5> TAesing = -, cos@ =, mnosToMy ¢ = arcsin.
Orcroma Haxoxpum x = —@ + (—1)" arcsin 2 + nn.

OTBeT. x = —arcsin% + (—1)”arcsin% +7nn, neZ.

YpaBHeHMH, peliaeMble ¢ HOMOUIBIO PA3JIOKEHHUA
MX JIeBOM YaCTHM HA MHOMKMTEJIH

8. Pemwurs ypaBHeHue 2sinx cos2x — 1 + sinx — 2cos2x = 0.
Pemenue. Crpynnupyem ciiaraemsle JIeBOH YacCTH ypPaBHEHUSA
¥ II0JIYYUM '

2cos2x(sinx — 1) + (sinx — 1) =0,
(sinx — 1)(2cos2x + 1) = 0.
IlosToMy wucxomHOe YypaBHEHHE DaBHOCHJIBHO COBOKYIITHOCTH
IBYX ypaBHeHHH: sinx = 1 u cos 2x = —%. B nogo6HBIX caydasx roBo-
PAT TakXke, YTO ypaBHEHHe pacnajaeTcd Ha ABa ypPaBHEHHd.

OTBer. x=%+2nn,x=i%+nn, nelZ.
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9. Pemwuth ypasHeHue sin x cos 3x = cos x sin 5x.
Pemenue. [IpeoGpasys B o6eux 4acTAX ypaBHEHHS IIpOM3BeLe-
HHe B cyMMy (cM. dopmyny (5) § 11), sanuuieMm ypaBHeHHe B BHUIe

%(sin 4x —sin2x) = %(sin 6x + sin 4x),
sin6x + sin2x = 0.

ITo dopmysie cymMMEl cuHycoB moaydaeM 2sin4x cos2x = 0. 3a-
MeTHUM, YTO BCe KOPHM ypaBHeHHUd cos 2x = 0 comepKaTcsa cpelu Kop-
Hell ypaBHeHUd sin4x = 0, u HaliéM Bce DeIIeHMSA HCXOAHOIO ypaB-

nn
HEeHUA: X = o nel2.

10. PemuTe ypaBHeHue cos?2x + sin?x = cos? 3x.
Pemenne. [Ipumensas ¢opMysbl HOHHUKEHHsS CTEIEHM, 3alld-
IeM ypaBHeHHe B BHUJe

2 1+ cosbx 1-cos2x 2 cosb6x + cos2x
cos°2x = - , cCos“2x= —" " —

2 2 2

ITo ¢popmynamM cyMMBI U Pa3HOCTH KOCHHYCOB IIOCJI€A0OBATEIbHO
npeobpasdyem IoJydeHHOe ypaBHeHUE:

cos?2x = cos4x cos2x, cos2x(cos2x — cosdx)=0,
2cos2xsin3xsinx = 0.

Tax Kax Bce KOPHY ypaBHeHHUs sin x = 0 cogeprkarcs cpeiu KOp-
Heil ypaBHeHHUd sin3x = 0, TO HCXOAHOE ypaBHeHHE PAaBHOCHJIBHO CO-

BOKYIHOCTH ypaBHeHHUH cos 2x = 0, sin3x = 0.
T, Tn _ nn

& 3apaHua ANg CaMOCTOATeNnbHOW paboThl
Bapwant |

IIpuBecTu ypaBHEHNE K KBaJPaTHOMY OTHOCHUTEJBHO OJHOU U3 TPUrO-
HOMeTpUUECKNX QYHKIUA X HAUTH ero KopHu (1—8).

1.[2] sin2x = 1. 2.[2] 2cos?x = 1. 3.[3] cos?x = cosx.
4.[3] 2sin?x + sinx — 83 = 0. 5.[3] tgx = 3ctg x.
6.[3]tgx=2—tg2x. 7.[4] 2sin?x + cos?x — 3sinx — 5 = 0.

8.[4] 2sin%x + 3cosx = 0.

Pemrurs YpaBHEeHHNe, DAa3JIOKHNB Ha MHOXHTEJH €ero JeBYIO 4YacThb

(9—13).
9.cos2(n—x)—sin(%—x)=0. 10.[4] 3tg2x - /3 tgx = 0.

11. [4] sinx - sin3x = 0. 12. [4] cos5x — cos3x = 0.
13. [5] sin 7x - sin3x — cos5x = 0.
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Pemuts ogHOpPOAHOE ypaBHeHHMe NepBoil cremenu (14—16).
14.[4] /3 sin x + cos x = 0. 15. [4] sinx — cosx = 0.
16. 3sinx + 2cosx = 0.

PemuTts ogHOPOAHOE ypaBHeHHEe BTOPOi creneHu (17—18).
17.[5] sin®?x — 3cos?x + 2sinx cosx = 0.
18. [5] 6 cos?x + sin?x — 5sinx cosx = 0.

Pemuts ypaBHenue (19—27).

19. [5] 2sin?x — 5sinx cosx = 3cos? x.

20. [5] sinx + 2cos x = |sinx]|.

21. [6] sin2x — 5sinx + 5cosx + 5= 0.

22. (6] 3sinx + 4cosx = 1. 23. [6] sin 3x = cos 5x.

24. [6] sin 2x cos 4x = sin 6x cos 8x.

25. [6] 2cos 2x + 5cos?x = 8sin2x — 6.

26. cosx — cos 3x = 4sin® x. 27. cosb6x + 6cos2x = 0.
28. HaiiTu Bce KopHE ypaBHeHHus 6 + 5sin 2x = 10 cos? x, npuHaz-

Jexalnne OTpPe3Ky [—%; n].

BapwuanT Il

IIpuBecTy ypaBHEHHE K KBaJAPAaTHOMY OTHOCHUTEJBHO OZHON M3 TPUTO-
HOMeTpHUUYeCKuX GYHKIUN n HaliTH ero KopHu (1—S8).

1.[2] cos?x = 1. 2.[2] 4sin?x = 3. 3. [3] sin?x = sinx.
4.[3] 3cos?x + cosx — 4 = 0. 5.(3] 3tgx = ctg x.
6.[3] tg2x — 5 =4tgx. 7.[4] sin%x + 2cos?x — 5cosx — 7 = 0.

8.[3] 2cos?x — 3sinx = 0.
PemuTh, ypaBHeHMe, DA3NOUB HA MHOXHTEJNH ero JEBYIO 4YacTb
(9—13).

9. [4] sin?(n - x) + cos -72£+ x) =0.
10. [4] tg?x — tgx = 0. 11.[4] cosx + cos 3x = 0.
12. [4] sin 2x + sin3x = 0. 13. [5] cos 7x — cosx — sin4x = 0.
PemuTes OZHOPOAHOE YpaBHeHUE mepBoil creneHu (14—16).

14. [4] sin x — V3 cos x = 0. 15.[4] sinx + cosx = 0.
16.[4] 8sinx — 5cosx = 0.

PelmiuTh OAHOPOAHOE ypaBHeHMe BTOpoil crenenu (17—18).
17. [5] sin?x + 6 cos?x + 7sinx cosx = 0.
18. [5] 3sin2x — 4sinx cosx + cos?x = 0.

168



Pemrury ypaBuenue (19—27).
19. (5] 4sin%x + 5sinx cosx — cos?x = 2.
20. [5] cos x — 2sinx = |cos x]|.

21.@sin2x+«/§sin(x-%)= 1.

22. (6] 4sinx — 3cosx = 2. 23. [6] cos 3x = sin 5x.

24. [6] cos 7x cos 13x = cos x cos 19x.

25. [6] 6cos2x + 8 = Tsin2x — 8cos? x.

26. [7] sinx — sin 3x = 4sin? x cos x.

217. sin3x — 7sinx = 0.

28. HaiiTn Bce KOpHH ypaBHeHHs sin 2x + 16 cos?x = 4, npuHaz-
T, 3n

JeKallliue OTPEe3KY [Z, 5 ]

§ 37*. MNpumepsbl peweHus NPOCTEeALLInX
TPUroHOMETPU4EeCKUX HepaBeHCTB

' MpuMepbl ¢ pewieHnaIMun
1. PemuTh HepaBeHCTBO Sinx < —l—
J2
Pemenue. IlocTpouM eZUHHUYHYIO
OKDY’KHOCTh M MPOBEIEM Uepe3 TOUKY M,

ocu Oy c opauHATOH 1 npsamyw !, napaJ-

J2
JenbHyo ocu Ox (puc. 45). Ilpamaa | ne-
peceKaeT €IMHUYHYIO OKPYXKHOCTH B TOY-
kax M, u M,. I3 pucyHKa BHJHO, 4TO BCe
TOUKH €JUHHUYHON OKPYXHOCTH, DPacCIOJIO-
JKEeHHBIe HHI)Ke IIpAMO# [, MMeT OopAMHAa-

1
Ty, MeHbIIYyI0 —. Touke M, coOoTBETCTBYET Puc. 45

J2
yroa 3—475, a Touke M, — yrox 27 + % = %‘

OTser. %"+2nk<x< 94£+2nk, keZ.

2. Pemutb HepaBeHcTBo 4cos?x — 8cosx + 8 < 0.
Pemenue. [Tonaras cos x = t, mojiyyaeM KBaJipaTHOEe HepaBEH-
cTBO 4t2 — 8t + 3 < 0, paBHOCHMJIbHOE HEPABEHCTBY (t - %)(t - g] <0.

ITosToMy ZaHHOEe B YCJIOBHM HEPABEHCTBO PABHOCHUJIBHO KAXAOMY U3
HepaBeHCTB (cos x - g)(cos x — %) <0, (%— cos x](cos x — %) > 0,
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cos x > % Ha orpeske [-T; n] ypaBHeHﬁe cos x :% nMeeT KOPHU —%
u L, a pemenusmMu HepaBeHCTBA COS X > 14a 9TOM OTPe3Ke ABJIAIOTCH
BCe YHMCJIa U3 MHTepBaJa [—%; g-] MEHOKeCTBO pelIeHNH HepaBeH-
CTBa COSX > i PaBHOCHJIBHOTO €My HCXOZHOTO HEpPaBEHCTBA €CTh

MHOKECTBO MHTEPBAJIOB

—g+2nk<x<%+2nk, ke Z.

3apaHus ons caMoCTOSTEeNbHOK paboTbl

BapuaHT |

Pemrnts HepaBeHceTBo (1—4).
1.@cosx<§. 2.@sinx<%.
3.[7] 2sin%x - sinx — 3 < 0. 4.[7] 2cos?x — 3cosx — 2> 0.

BapuaHr Il
PemuTe HepaBeHcTBo (1—4).
1 . 1
1. cosx 2 ——, 2. sin2x > =,
6] L G !
3. (7] 4sin?x — 8sinx + 3 < 0. 4. [7] sinx > cos?x.
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- KontponsHaa paGota N2 6

Bapwuanr |
1. Pemurs ypaBHeHHE:
1) v2cosx—1=0; 2) 3tg2x + /3 =0.
2. Haiitu peitenune ypaBHeﬁna sin% = —% Ha oTpesKe [0; 3r].

3. Pemurs ypaBHeHHe:
1) 8cosx — cos?x = 0;

2) 6sin®x — sinx = 1; 3) 4sinx + 5cosx = 4;
4) sin*x + cos*x = cos?2x + i
Bapuant |l

1. PemuThs ypaBHeHUE:

1) v2sinx —1=0; 2) tg%—JE:o.
2. HaiiTu peilteHMe ypaBHEHHSA cos% = % Ha orpeske [0; 4n].
3. PemuTp ypaBHEHHE:

1) sin®x — sinx = 0;

2) 10cos?x + 3cosx = 1; 3) 5sinx + cosx = 5;

4) sin*x + cos*x = sin?2x — %
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3apaHns ans NOAroToBKU K 3K3aMEHy

1. Pemuts ypaBHeHue: 1) 4°s% = 2; 2) 5sinr =1,
Orser. 1) i§+2nn, neZ, 2) nn,neZ.

2. HajiiTu Bce KOPHM ypaBHEHUA sin 2x + V2sinx =0, npuHajaJie-

JKalliyle OTPe3Ky [—3—27[—; 3?7[} OTBeT. —%I; -7 —§—T£; 0;

4
3n . om
PR
3. Pemnte ypaBHeHue 0,5sin2x + cos?x = 4cos2x M yKasaThk

Kakoe-HUOYAb ero pelleHue, yIAOBJETBOPsIOIlee HePaBEHCTBY

x —x2>0. OTrBeT. x = —%+ nn, x=arctg§+ nn, neZz;
HepaBeHCTBY Tx — x> (0 yznosieTBOpsAeT, HalpuMep, pellle-
nue 3%,

4

3aMeuaHnue. IIpu pasHeIX crnocobax pelIeHUsS MOTYT IOJY-
YaThCsA pa3IMYHbIEe [0 BUAY OTBETHI.

4. [6] Pemuts ypaBuenue x2 + 2x + 4 = 3 sin §g£

YxazaHue. YuecTb, UYTO 3sin3%<3, a x2+2x+4=

=(x+1)2+3=>3.
OrBeT. x =-1.

5. IE PemtuTte ypaBHeHnue x2 — 2x + 2 = 2cos 2nx — 1.
OrBerT. x=1.

6. Pemuts ypaBHenue v9 — x2 -sin2x = 0.
Yxasanue. [IponsseseHne AByX MHOXKUTeJEeH paBHO HYJO,
KOrjJa OZWH U3 HUX paBeH HYJI0, a APYrod mMeeT CMBICI.

OrBerT. x =3, x=i%, x=0, x=-3.
7. HaiiTn 3HaueHUe BhIpaKeHUs 5 sin [ % + arcsin ( —%) ]
OrBer. 4.
8. CKOJIBKO KOpHell UMeeT ypaBHEHUe
1- 2sin2 %J - log, (4 — x2) = 0?
OrBer. 4.

9. IIycTte Xy — HaMMeHbIIMH NOJOMKUTENbHBIM KOpPEeHb ypABHEe-
Husa cos?x — 5sinx cosx + 2 = 0. Halitu tgx,. OrBer. 1.

10. @ HaiiTu Bce 3HaUeHHUA X, IPU KOTOPBIX BhIpasKeHHe /3 — 2x —x2 X

n
X ctg(§x2 ) MMeeT CMBICJ U He o6palllaeTcsa B HYJIb.

172



OrBer. Ilpu Bcex x € (—3; 1), 3a HCKIIOUEeHHEM TOUYEK
3 9 15

0; =535 V35 =55 — 6;—\/: .

{or 5 5 3 o

11. [6] HaiiTu 3naueHue BbIpakeHus Sin 30, eCiM O YZAOBIETBODHAET

ﬁ. OTBer. ﬁ; —ﬁ' 1,1

’

2 2 2

yCcJ0BUIO Sin 6o = — et

Pemnts ypaBHenue (12—14). ‘
12. sin2x —cosx =2sinx - 1. OTBer. (—1)”%+ nn, 2nn, n € Z.

13. J3cos3x+sin3x=2sinx. OTBer. i%+ nn, —%+ nn, neZ.

14. [6] cos* x + 0,54/3 = sin* x. OTBeT. i%+ nn, neZ.

15. HaiiTu Bce pellleHUs ypaBHEHHSA |COS X — % ‘ = 8cos? g —5 Ha

oTpeske [-m; m].

Yrkaszaunue. [IoHU3UTH cTENeHb YpaBHEHUS.
1 1

OTBeT. arccos e —arccos .

16. [9] HafiTu Bce 3HaueHHs @, HOPH KOTOPHIX YPaBHeHHA Sinx +

X o
+cosx =1 u cos 3 = @ UMEIOT XOTA Obl OAUH OOLINII KOpEHb.

_Jy2 V2
2’ ’

-1, 1.
2

OTBerT.

17. (9] TIpu KaKUX 3HAYEHHAX @ BEIPAYKEHUE
1 + sinx (3sinx + acos x)

He PaBHO HYJIIO HU IIpM KaKUX 3HaueHUsax x? OTBerT. (—4; 4).

Pewnts ypaBHeHue (18—24).
18. @ Jeos2x = 1+2.sin x. OrBeT. N, n € Z.

19.[7] J8sin?x-2=38cosx—1. OTBeT. i-%+27m, neZz.
20. [8] sinx sin5xsin9x =1. OTBer. %+2nn, neZz.

21.[8] sinxsin9xsin13x =1. OrBerT. %+21m, neZz.

22.[7] 1) sin3x cosx = sin 5x cos 3x;
2) sin2x cos 5x = sin 3x cos 4x.

OTrBerT. 1) x=n—n,x=£+n—n,nez;
2 12
2) x=nn,x=£+ﬂ,nez.
. 4 2
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23. 1) sin*2x + cos*2x = sin 2x cos 2x;
2) sintx + cos*x = cos?2x + i

OrBer. 1) x +%,neZ.

£+ﬂ, nelZ; 2) x==r
8 2 8
24.[7] 1) cos®x — sin®x = 2cos?2x;

2) sin®x — cos®x + 1 = 2(sin*x + cos® x).

OrsBerT. 1) x=%+—n2£, neldz; x=i%arccos(4—413)+ nn,

neZ; 2) x=§+ﬂ,x= +7nn, ne Z.

x

2 2

25. (8] HaliTn HaMMeHBLIIH MOJOKHUTEIbLHEIH KOPEHb YDABHEHUA:
1) 4cos?x =2 — 28sinx — 3cos 2x;
2) 2(1 + sin?x) = 2cos 2x — 5cos x.

OTrBerT. 1) n+arcsin%; 2) arccos(—%

3apaHus NS UHTEPEeCYIOLUXCS MaTeMaTUKON

anMepbl C pewleHnamMmmn
cos 2x

1. © Pemuts ypaBHeHMe sin?2x + sin?4x =1 - .
cos 3x
Pemenune. McxogHoe ypaBHeHHe DPaBHOCHUJIBHO Ka)KIOMY H3

. l1-cos4x 1-cos8x cos 2x cos 4x+ cos 8x cos 2x
ypaBHEHHI 3 + =1- =

2 cos 3x 2 " cos 3x’

cos 2x
cosbxcos2x =

3%’ a IIpH BBITTOJITHEHUH YCJIOBUA cos 3x # 0 paBHO-
COoS oX

CUJIBHO yYpaBHeHHUIO cos 2x(cos3x cosbx — 1) = 0.
T nn
YpasueHue cos 2x = 0 UMeeT KOPHU X = " + > n e Z, a ypas-

HeHUe cos 3x cos 6x = 1 MoKeT UMeTh KOPDHHM TOJIBKO B cJIy4ae, Koraa

|cos8x| = 1.

2nn
Ecau cos3x=1,Tocosbx=1ux = SPR a ecau cos3x = -1, To

cos6x =1, u Torga cos3xcosb6x = —1.
OTBer. x=£+ﬂ, x=2ﬂ, nel2.
4 2 3
cos 3x 2|COle
+ =-

cos X cos 3x
cos 3x

2. . PeuintTh ypaBHeHHE

Pemenue. IIycTs t = .
COos X

2
a) Ecamcos x >0, Tot + N = -1, uau t2 + t + 2 = 0. Dro ypasHe-
HHUe He MMeeT JeMCTBUTEJILHBIX KODHEH.
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6) Ecau cos x <0, TO t—%=—1, win t2+t-2=0, oTkyaa

ty=-2, t,=1. ; .
IIyers t = -2, Torga cosox _ -2, w =_9,
CcCos x Cos X
Tak xak cosx 0, To 4cos?x — 3 =-2, cos2x=i, cosx=fé,
+2?n+2nn
IIyers t=1, Torma 4cos®x—-3=1, cos?2x=1, cosx=-1,
xX=7+ 2nn.
OTrBeT. x =1 23 +27n, x=7n+2nn, ne Z.

3. Peummuth ypaBHeHUe J7 —cosx — 6cos2x = 4sin x.

PemeHnue. lanHOe ypaBHEeHHe PABHOCHUJIBLHO CHCTEME
7 -cosx —6cos2x = 16sin? x,
sinx 2 0,
a ypaBHeHHe CHCTeMbl PAaBHOCHJIbHO KaXKJOMY M3 ypaBHeHHH
7—cosx — 6(2cos?x — 1) = 16(1 — cos?x),
4cos?x —cosx —3=0,

OTKyJZa cosx =1, cosx = —%.

YeaoBuio sin x 2 0 ya0OBJIETBOPAIOT CAEAYIOUINE CEPUM KODHeMH:

x=27nn, x = arccos(—%) +27n, ne Z.

sin®x cos 3x + cos®x sin8x 3
4. PemuTs ypaBHeHUe - ==,
|sin 2x | 4

Pemenune. Tak Kax
Sx=——~""" """ TO

. 3 3sin x — sin 3x
sin x=———4——,cos X = y

3cosx + cos 3x

sin®x cos 3x + cos®x sin 3x =

3
Z(sln xcos 3x + cos x sin 3x) = Z sin 4x,
M ACXOJHOE ypaBHEHHE PAaBHOCHUJBLHO YPABHEHHUIO
sindx
ST = 1)
|sin2x |

a) Ecau sin2x >0, To wua ypasuenusa (1) c;feayeT, 4To

1 bid .
cos 2x = =, OTKyJia x = t— + nin, n € Z. Ycaosuw sin2x > 0 yaosje-

TBOPAIT 3HAUCHHUA
(2)

T
XxX==+7nn,neZ.

6
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6) Ecxawu sin2x < 0, To cos 2x = —%, x = ig+ nn, n € Z, a ycJjo-

BHIO sin 2x < 0 yaoBJIEeTBOPSAIOT 3HAYEHUA
x=—%+nn,neZ. 3)
3aMeTHM, 4YTO cepuHM KopHel ypaBHeHHH (2) u (3) MOXxHO 00b-
€IUHUTL B OLHY CEpHUI0

+ Xk ke Z. 4)

n
X = —
6 2

B camom pgene, ecau k= 2n, to u3 ypaBHeHusa (4) ciexnyer, 4TO
T
x = E+ nn, a eciu k=2n -1, to u3a ypaBHeHus (4) mosydaeMm
T
xX=—-=+mnn,nel.
3 A
OrBeTr. x=—-+—k, ke lZ.
6 2
5. - PemiuTh ypaBHeHHUe

in 3
3+cosbx=2- Sin 9%
cos 4x

- 4 tg?4x.

Pemenue. Ecau cos4x # 0, To HCcXogHOE ypaBHEHHE DPaBHO-
CHJIBHO KaXXJOMy U3 ypaBHeHUH

in 3
4(1+ tg?4x)+cosbx — 1= 2. 2%,
cos 4x
4 —2sin23x:2-sm3x.
cos?4x cos 4x

Ilonaras sin3xcos4x =t, mnomydaemM ypaBHeHue t2+t—2=0,
UMelolllee KOPHHU t; = -2, t, = 1.
Tak kak [t|<1,T0t=1, T. e.

sin3x cos4x = 1. 08}
¥YpaBHeHMe (1) paBHOCHJIBHO HUCXOOHOMY, a YpaBHEHHE
sin4x cos3x =0 (2)

sABIseTcA ciaeacTBueM ypaBHenus (1). M3 ypasuenwuii (1) u (2) momny-
yaeM sindx cos3x — sin3x cos4x =-1, T. e.

sinx = -1. 3)
VYpaBuenue (3) aBiagercsa ciaeAcTBHeM ypaBHeHUs (1) ¥ UMeeT KOpPHU
x:—%+2nn,nez. 4)

IIpoBepka mnoKa3kIBaeT, UYTO 3HAYEHUA X, omnpexneaseMeie (opmy-
Jnoii (4), ABAAIOTCA KOPHAMH ypaBHeHus (1) 1 UICXOJHOTO ypaBHEHUS.

Orser. x:—g+2nn, nelZ.
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3ameuanue. CraugapTHerii cnocol6 pemenuss ypaBHeHus (1)
OCHOBAH Ha TOM, 4TO ypaBHeHUe (1) paBHOCHJIbLHO COBOKYIITHOCTH ABYX
CHCTEM YPaBHEHWHIl

sin3x =1, sin3x = -1,
cos4x = 1; cos 4x = —1.

6. - HaliTu Bce 3HaYeHHUA @, IPU KOTOPHIX ypaBHEHHE
sin®x + cos®x =a
uMeeT KOPHH, U PEIINUTh 3TO ypaBHEHHE.
PemeHnune. BocnonbdayeMcs dopmyioit

sin® x + cos® x = %(5 + 3cos 4x),

noaydenHoit B § 30 (cm. mpumep 2). Torga ganHOe ypaBHeHUe IIDHU-
8a -5
MeT BHZ COs4x =— 9T0 ypaBHeHHe DaBHOCHUJIBHO HUCXOZHOMY,

MMeeT KOPHU TOTJA U TOJBKO TOTZAA, KOTJa BHIIIOJHAETCH ABOMHOE He-
8a -5 1
paBeHCTBO —1 < —5 < 1, pemuB KOTOpOE IIOJIydYaeM " <a<l.

1
OTBeT. YpaBHeHUe HUMeeT KOPHH, €CJIHU 1 <a <1, u He umeer

. 1 8a-5 nn
KODHe# IIpY OCTAJIbHEIX @; X = J_rZ arccos ——+ ==, n € Z.

7. Pemuth cucTeMy ypaBHEHUI

6sin x cosy + 2cos x siny = -3,
5sin x cosy — 3cos x siny = 1.

Pemenwue. [lonaraa sinxcosy = u, cosxsiny = v, noaydyaem

CHCTEeMY ypaBHEHUit 6u+2v = -3, OTKYJa U = — 1 ,=_8
5u—38v =1, 4’ 4’
Hcxoanas cucTeMa PaBHOCHJIBHA KAMAOH M3 cHCTEM:
sinxcosy:—i, sin(x +y) = -1,
. 3 sin(x-y) =+
cosx siny = -2 ¥=3-
OTBeT. x = —£+(—1)"1+ﬁ+ nn,
4 12 2
b9 n nk
=4+ (-1 _ i nn,neZ, ke Z.
y=-g DT -5

3apaHua ons caMmocTosTenbHo paboTsbl

Pewmuts ypasuenue (1—35).
1. cos?x + cos?2x =1 + ctg 3x.

OTBer. £+M, nelZ.
6 3
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sin3x — cos x 1
cos3x — sin5x )

Orser. * + nn, —1+1m, (—1)"1+ EE, nelZ.
2 4 12 2

3 + cosd4x — 8sint x 1 P
- =——. OrBer. —+1n, ne 2.
4(sin x + cos x) cos X 2

sin3x 3sinx n
—+ ——=-2. OrBeT. ——=+2nn, ne Z.
|sinx| sin3x 2

. 4Jcosd4x — sinbx = sinx — cos x.

OrsBer. %+2nn, n+2nn, ~+ nn, 111—2n+2nn, %+2nn, nelZ.

HaiiTiu. Bce 3HauyeHus mapaMeTpa ¢, IPH KOTODPBIX YPaBHEHUE
2cos2x + 2asinx + a — 1 =0 umeer eJUHCTBEHHBI KOpDEHb Ha

s
HHTepBaJe _E; 0|. OrBer.a<-3,a=-2,a> -1

PemuTts cucteMy ypaBHEHHH

9cos x cosy — 5sinx siny = -6,
7cosx cosy —3sinx siny = —4.
OrsBer. [i%+%+ nn + nk; i%+%—nn+ nk), neZ,kelZ.

Pemutes ypaBHenue (8—15).

8.

10.

11.
12.

13.
14.

15.
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sinx + |cos x| = sin 4x + cos 2x.

OTBer. 5Tﬂ+21tn, 3?“+ 27n, nn, %+21m, -%+ 2nn, ne Z.

\/%+cosxcos2x = sin[2x+ EJ
OTsBer. %+ nn, %+2nn, neZ.

8(ctgx — tgx)

=2cos4x+5 Orser. tX+nn, ne Z.
tgx + ctgx 6

. . . T
sin3x + |sinx|=sin2x. OTseT. 1A, %+2nn, 3T nelZ.

cos?2x + cos?4x = sin?x + sin?5x.

Orser. 24+ T L0 eZ.
6 3 12 6
tgx —tg3x = .OrBer. ilarccos§+ nn, neZ.
sin 2x 2 7

tgx + 8lctgx|+ctg2x =0. OTBerT. —arccosi+ nn, neZ.

1 " 1 1
cosxcos2x cos2xcos3x cos3xcosdx

OrBer. i%+1m, nelZ.



16.

17.

18.

HaiiTH BCe pellleHUs yDaBHEHMS, YAOBIETBODAIOLINE 3aJaHHOMY
HepaBeHCTBY:
cos2x = 2tg2x — cos?x, sinx > cosx.

1
OrBeT. T tarccos—+2nn, n€ Z.

V3

. n
HaiiTu BCce 3HAYeHMsA X U3 MHTepBaJIa (_5; OJ, YIOBJIETBOPSIO-

e YypaBHEHHIO:

\/—gcosx—sinx J—?:sinx+ cos X 11w

1) = . . OrBeT. ——=.
cosbx sin 6 x 30
sin6x cos 6x T o7 3

- = — .OrBET. ——, —=—.
sin x — cos x sinx + cosx 20 20

Pemuts ypaBaeHue
sin? 4x + cos? x = 2sin 4x cos* x.

OTBer. %+ nn, neZ.

PemruTh cucTemMy ypaBHeHui (19—22).

19.

20.

21.

22,

. 1
sinx cosy = =,
y 2
sinycosx=l
3

OTserT. (nn+%+%k;nn+§—fzﬁ), neZ keZ.

tgx+tgy =1,

1
COS X COSY = —.

J2
OTBET. §+ nn + nk; nn.—nk), (nn+nk;%+ nn—nk), neZ,
ke Z.

5sinx = siny,
3cosx + cosy = 2.
OrBerT. 2rn;n+2nk), neZ, ke Z.

sin? x = siny,
cos? x = cosy.

OTBerT. (nn; 2nk), (%+nn;%+2nk}, neZ, ke Z.
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OTBeThI

Matepuan ana nosTopeHus Kypca anreb6pbl
7—9 xnaccos

1

Bapuanm I

1L.x;=1,x,=-25.2. x=-5. 8. x, = 0,5, x, = -2. 4. x; , = *1.
5.x,=-1,8, x,=5. 6.x,=0,5, x,=2. 7.3. 8.(2; -1), (-1; 2).
9. (4,5; -2,5). 10. (1; 2), (3; 4). 11.(1;-2), (-2; 1). 12. 12 4, 6 u,

13. 3 km/u. 14. Ecin a # 0, to x; =0, x, = E; ecima=0, To x = 0.
a
15. Ecau a > -3, To Xy, =%*v3+a; ecniu a=-3, To x =0; ecau
a< -3, To KopHei Her. 16. x1=—1—, Xy = 1 , ecau a# 13;
a-3 a+ 3

x=—é npu a = -3; x=% mp a=3. 17. p= -1; (x - 1)(3x +2).
18. x, = -1, x, 3 = +2.

Bapuanm I1

1.x,=1,%x,=-0,4.2.x="7.8.x,=0,6, x, = -3. 4. x; , = ++/5.
5. x1=—§, x,=6. 6. x,=-1, x,=11. 7.5. 8.(4; 1), (-1; —4).

9. (4; -1). 10. (1; 5), (-3; 1). 11.(1; 4), (-4; -1). 12, 10 gwuei,
15 gmeit. 13. 2 rkm/4. 14. Ecix a#0, 10 x,=0, x2=—§; ecau
a

a=0, 0 x=0. 15. Ecicn a > 4, 10 x; , = tva—4; ecniu a =4, TO
1,2

. 1
x=0; ectu a < 4, To KopHeit HeT. 16. x; = Py Xy = npu
—a

27 3+a
a # 13; x=%npn a=3unpua=-3. 17.q =12; 2(x - 2)(2x - 3).
18. x; = -2, x5 3 = 3.

2

Bapuanm 1
1.y=8(x-2)%2-3. 2.y= —%(H 3)2+ 4. 6. Cm. puc. 46.

7. Cm. puc. 47. 8. HaumeHsbltee 3HaueHue y = —5 npu x = 1. 9. Hau-
G6oupitiee sHaueHne y=11npu x = -3. 10. 1) y=6x+8; 2) y = 6x - 8,
y=—-6x-8.

Bapuanm 11
1.y=2(x+4)2+8. 2.y= —%(x—2)2 — 3.  6.Cwm. puc. 48.

7. CMm. puc. 49. 8. HaumeHsuiee 3Hauenue y = —2 npu x = 1. 9. Hau-
6oisbiee 3HadyeHue y = 11 npu x = -2. 10. k= -2, b= —4.
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y=l|x2-2x - 3| y=|x2+2x - 3|

yi Yi
4 4
3 N,
10| 1 3 % 3 10 1 =
Puc. 46 Puc. 48
y=x2-2x|-3 y=x2+2x|-3
i Vi
1+ 14
i = 3 § 1 L L { E
Puc. 47 Puc. 49
3

Bapuanm I
1. Bce geircrBurennHbule uncia. 2. Her pemrenuit. 3. Bee gedict-
BUTeJIbHLIEe yHucia. 4. x = g 5. x<2,x>3.6.0<x<3.7.x<-1,

x 2 é.
3
Bapuanm II ’
1. Bce pedictButenbHble yucaa. 2. Her pemenwunii. 3. Bece peiicr-
BHUTeJIbHBIE 4YHcaa. 4. x = i 5.x<-5 x>1. 6.-2<x<2.
7.x< -1 x> 1
3 2
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4

Bapuanm I

1. 2<x<1, x>8. 2.x<-5, -1h<x<1. 8.-2<x<0,
x22, 4.-3<x<2, x=3. 8.x<-4, x=-2, x=24. 6. x< -5,
x=156. 7T.x<-1, 3<x<77, T<x<9. 8x<-1, x=0, x=1,
x>9.9.x<%.10.—2<x<—1,x>2.

Bapuanm 11

1. x < -4, —1<x<3.2.—1<x<—;—,x>2.3.xs—3,0<xs3.
4.x<-2,2<x<83 x>4. 5. x=-3, -1< x < 16x_—§,x>6

7.-2<x<2, 2<x<83, x>4. 8.-2<x<1, x=3. 9.x>—é.

10. x < -3,1< x < 3.

Bapuanm I
1. Her xopneit. 2. x=->-. 3.x=2. 4.x, =-8, x, =
x =

5.x,=-3, x,=2. 6.2,=02, x,=3. 7 4. 8. x>2. 9. Her
pemenmit.  10. _§<x<1. 11.—%<x<1. 12. x <10, x> 18.

13. x < 2§,x 5. 14. x <0, x>1. 15.0< x < 5. 16. x < -8.

w_{ 3]

Bapuanm II
1. Her kopmeii. 2. x = —3%. 3.x=-8. 4.x,=-1, x,=3.

5.% =-4, x,=3. 6. x,=2, x,= 4. 7. x = 3. 8. x < -2. 9. Her pe-
1 2 1~ 3 2

menu#. 10. 1< x< 4. 11.1< x<2. 12. x < -3, x>15. 13.x <1,
x27.14.0<x<2.15. x <0, x> 5.16. x < -8, x > —4.

Masbl |I—VI
§1
Bapuaum I
c2.7.6.14.7.13 g 38 g 401
16 9 99 45 3300
Bapuaum 11
1.1—2—62— _15 844 9 ™49
99 15 4950
§2

Bapuanm I
1.m; V2. 2.[5; 6]. 3.[4; 5]. 4. Cm. puc. 50. 5. Panuonass-
HBIM. 6. PanuoHansHeIM. 7. UppanunonanpueiM. 8. UppanmoHaub-

ueM. 9. 8+ 2415 > /13 - 24/30.
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v v
5
2
6 1t 7
1..._
ol 1 vit 6 x ol 1 Viz 4 X
Puc. 50 Puc. 51
Bapuanm I1

1.v3; L. 2.[3; 4]. 3.[7; 8]. 4. Cm. puc. 51. 5. Panuonans-
T

HBIM. 6. PanmonansubiM. 7. UppanuoHanbHBEIM. 8. PanuoHanbHBIM.

9. J7+2J10 > 22 -2/45.

§3

Bapuanm 1

1. ABnserca. 2. fAsnsaercs. 3. 1 4. 41. 5.9. 6. 1§. 7. A
6 2 9 900
4 1223 )
9900
Bapuanm 11
1. ABnsierca. 2. Asiaserca. 3. §. 4. li. 5. 1i. 6. 2§.
7 2107 36 48 24 9
7.3—. 8.5=2—,
300 9900

§4
Bapuanm I
1.5.2.0,1. 3. -2.4.1,5. 5.2.6.6.7.5. 8. é 9. 0,4. 10. 432.

11.7.12.3.13. x e R. 14. x > -2. 15. x < -1, x 2 4. 16. 2 < x < 3.
17.y. 18. |y|. 19. 2+ x. 20. | x - 5|. 21. 8 — x. 22. —2x — 5. 23. 2x + 1.
24.5x — 2. 25. Her. 26. la. 27. la. 28. Her. 29.%a. 30.%a - 1.

1 6 3 6 1 1++Ja
31.— . 32.-1-%a. 33.%a+%a+1. 34. . 35— Y2,
Va -1 @ arya Ta 11 Va

2-%Ya Yad3b 1
36. . 37. . 38. ——. 39.%2a -3/3b. 40.3/ab -3/262.
Va Ja-vb O ¥a ¢ ¢

3(2 + 6 - V10)

41. Yk a3aHue. Boggectu B KkBaapar o6e yactu. 42, 1

Bapuanm I1
1.0,4. 2. 3. 3. -2. 4. 1%. 5.5.6.6.7.0,5. 8.3. 9. % 10. 162.

11.1. 12. 4. 13. xeR. 14.x>-3. 15.2< x<3. 16. -6 < x < 6.
17.y. 18.|y|. 19.3—x. 20.|x+7|. 21.11+x. 22.1+ 3x. 23. 6.
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24.5-2x. 25. Her. 26. a. 27. I[a 28. Her. 29.%a. 30.1-¥a.
1 Ja -1
31.— . 32.1-%a. 33. . 34.%-1. 35.X°_ -,
1+ ¥a J——J_+1 ¢ Ya
2-%a ¥ ab®

1
. 37. . 88.—. 39.%35a+%4b. 40.2b- .
Va Ta-U5 75 a+¥/eb V26 -Ja
7(2+ J10+/14)

T A0 14,

41. YK asaHue, BossecTu B KBaapaT obe uactu. 42,

36.

§5
Bapuanm I

1.1)a>1; 2)0<a<1. 2. 16. 31641 4.1 5.-6. 6.8. 7. 5.
19 l

3 19 L
8.2. 9.a%. 10.a*. 1l.a*. 12.a%. 13.a°. 14.4%. 15. 9a9b2.
16.a>20. 17.420. 18.a21l. 19.a> -2. 207125<7

[

. 24, x=—1—— 25. 32,4.

Oolv-t

1 1
21.(%)2(%) 22. (1,03)"5 < 1. 23.

w

26.3%3 < ¥6. 27. (0 35)7 < (0, 356)7 28.35 17> 36717, 29. 4a - b’i.
_Jab Jz
30. 31a1—1 32.47. 33. 56. 34.37% > 1. 35.(0,7)" <1.
Ja +vb
Jz J3
36. (2,71)¥3 >(2,701)'3. 37. (0,44)"" >(0,(4)) " . 38. (%) >(%] i
39.2 V5 <2-Y3,40. a%. 41. aV2+3. 42. 2. 43.a%7 . 44. 3/b. 45. a + b.

Bapuanm II

1.1)a>1; 2)0<a<1l 2 -2. 27 41 5

. . . .12,
2;73 343" 125

1 1 1 ; n " H

6.-. 7.—. 8.-—. 9.a?. 10.a®. 11.a%. 12.a%. 13.a°.
3 144 12
bz 5 14 10

14. 7_. 15.35a%b5. 16.4>0. 17.2>0. 18.a>-3. 19.a<1
a

20. (0,2) 3>0203 21. 976<977 22. 1< (0,283)8. 23. x——g.

24. x = % 25.17,5. 26.Y2 > 10,1. 27.(1,02)%* < (1,021)%4,
1 1
\ T
s_9p2. 30.2%ab. 31— 2%
a3 + a3bs + b3

28.18°18 > 1918 29.q

vz
32. 2. 33. 3. 34. (é) < 1. 35.(1,07)" >1. 36.(0,37)"3 >(0,307)Y3.

37.(0,(3))" V% < (0,3)" 3. 38. (5,1)'% < (5,1)¥7. 39. (0,3)V2 < (0,3) 5.
40.0%. 41,02, 42.071. 43.a%5-2, 44. 1. 45. 1,

1-x? n
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§6
Bapuanm I

1. Cm. puc. 52. 2. Cm. puc. 53. 3. Cm. puc. 54. 4. Cm. puc. 55.
5. Cm. puc. 56. 6.Cm. puc. 57. 7. x e R, y=20. 8. xR, yc R.
9.x#20, y#0. 10. x#20, y>0. 11.x20, y=20. 12. x>0, y > 0.
13.x20, y20. 14. xR, yc R. 15. x>0, y 2 0. 16. Bospacra-
er. 17. Boapacraer. 18. Y6riBaer. 19. 3,187 < 5,287, 20, 0,48%1! <
<0,75%1.21. 1 2>3,413.22. x> 2. 23. x > -2. 24. x < 3. 25. xR.
26. x 20, x#+1. 27. x#0, x#2, x#1. 28. x e R. 29. x < -2,
x22. 30.2<x<0, x>3. 8l.x<-2, x=21. 32.y=20. 33.y = 0.

34.y>3.35.ycR. 36.y>0.37.y=5x2,y= %xs. 38. Boapacra-
er. 39. VoriBaer. 40. YOniBaer. 41. x € R, y = i; y>0 npu x € R;

Bo3pactaer npu x = 0; yb6wmiBaer mpu x < 0 (puc. 58). 42. x € R;
Yye R y>0npu x < 1; y < Onpu x > 1; yosiBaer npu x € R (puc. 59).

y Y y
1
1 -14/0] 1 x 1
-10 1 X -10f 1 x
Puc. 52 Puc. 53 Puc. 54
Y y y

o 1 x 0 1 x o 1 X
Puc. 55 Puc. 56 Puc. 57
Yy \y Yy

0 X 1
1 T
of 1 x o 1 2 %
Puc. 58 Puc. 59 Puc. 60
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-17

Puc. 61 Puc. 62 Puc. 63

1 1 ol 1 x
-1 0/ 1 X o] 1 2 3 X
Puc. 64 Puc. 65 Puc. 66
y 43. x21; y=>0; y >0 npu x > 1; Bo3pacraer

npm x 2 1 (puc. 60). 44. x # 0, y # 2, y > 0 npu
x<—§/ﬁ, x>0; y<0 mpu -%0,56 < x<O0;
ybobiBaeT npu x < 0, x > 0 (puc. 61). 45. x € R;
1H yeRyy>0mnpu x > -1; y < 0 npu x < —1; BO3-
. pacraeT npu x € R (puc. 62). 46. x =2 0; y = —-1;
10l Qe * y>0nmpmx>1;y<0npu0< x <1; Bo3zpacra-

— et npu x = 0 (puc. 63). 47. IIpu a = 0 ogUH KO-
peHb, npu a > 0 aBa KOpHs, npu a < 0 HeT KoOp-

Puc. 67 Heil. 48, [Ipu a = 2 oAUH KOpeHb, IIpU a < 2 ABa
KOpH#A, IIpHu a > 2 HeT KopHeil. 49. [Ipx a > 1

IBa KOpHA, npu a < 1 mer kKopHe#. 50. x;=-2, x,=-1, x3=0.

51. x; = -1, x, = 1. 52. Cm. puc. 64. 53. Cm. puc. 65. 54. Cm. puc. 66.

55.y,=2, yy = —1_25. 56.y,= 8, y, = g 57. Cm. puc. 67.

Bapuanm I1

1. CM. puc. 68. 2. Cm. puc. 69. 3. Cm. puc. 70. 4. Cm. puc. 71.
5.CMm. puc. 72. 6.Cm. puc. 73. 7. x e R, y=20. 8. xe R, yc R.
9. 220, y#0. 10. x#0, y>0. 11. x>0, y=0. 12. x>0, y> 0.
13.x20, y=20. 14. xe R, ye R. 15. x>0, y=0. 16. Boapacra-
er. 17. Boapacraer. 18. V6miraer. 19.1,3%! < 2,751, 20.8,5%° <

-0,3 -0,3
<10,5°-01, 21.[1) >(%) .22, x>5. 23. x> -3. 24, x > 2.

1

186



25. x € R. 26. x#0, x# 1. 27. x#0, x# -2, x#-1. 28. x € R.
29, 3<x<3. 30. 4<x<0, x>3. 3l.x<-3, x>4. 32.y=0.
33.y=20. 34.y>5. 35.ycR. 36.y=>0. 37.y=16x3, y= x5,
38. Bospacraer. 39. YoniBaer. 40. Y6biBaer. 41. x € R; y =2 0; y > 0

y y y
1
-1 1 x
1 1
-1 0] 1 x -1 0] 1 x
Puc. 68 Puc. 69 Pnc. 70
y y y
1 1 1
of 1 x of 1 x o 1 x
Puc. 71 ‘ Puc. 72 Puc.73
y y y
2
1\ i
1 -10 1\ x —(1)/1 ¥
-2-10 x
Puc. 74 Puc. 75 Puc.76
v y y

Puc. 77 Puc. 78 Puc. 79
187



N TN ——

1 1 o 12 x
-1 0] 1 x -3-2-10 x
Puc. 80 Puc. 81 Puc. 82

y npu x € B, xpome x = —1; Bo3pacraeT IpU
x > -1, yopiBaer npu x < —1 (puc. 74). 42. x € R;
4T ye R y>0mnpu x<1; y <0 opu x > 1; youI-
T Baer npu x € R (puc. 75). 43. x 2 0; y = -1;
— 4 y>0npux>1;y<0npu0 < x < 1; BOo3pacra-
\ 1 er npu x = 0 (puc. 76). 44. x # -2,y 0; y >0
I\\_ npu x > -2; y <0 npu x < —2; yObIBaeT IpH
-3-2| -1 |0 x x<-2, x>-2 (puc. 77). 45. x € R; y € R;

y>0mnpu x > -1; y < 0 mpu x < —1; Bo3pacra-

Puc. 83 er npu x € R (puc. 78). 46. x =2 1;y=20; y >0

npu x > 1; Boapacraer npu x = 1 (puc. 79).

47. IIpu a =0 oauH kKopeHb, npu a <0 Her KoOpHe#, npu a>0

ABa kopHA. 48. IIpu a = 2 oguH KOpeHb, IIPU @ > 2 ABa KOPHA, IIPHU

a < 2 "Het KopHe#. 49. IIpua > -2 gBa KOpHA, OPU a < —2 HET KOPHEIA.

50. x;=-3, xy=-2, x3=-1. 1. x; = -1, x, = 1. 52. Cm. puc. 80.

53. Cm. puc. 81. 54. Cm. puc. 82. 55.y,=2, y,=2. 56.y, =4,
Yy, =2. 7. Cm. puc. 83.

§7

Bapuanm I
2-x

1.y=" ,xeRycR 2.y=2-2 x20,y%23.y=¥Y2— x,
X

x4+ 7

xeR, yeR. 4.y =
puc. 85. 7. Cm. puc. 86.

, xeR, ye R. 5. Cm. puc. 84. 6. Cm.

=
A\
R

\
of = o

b

(=]

[—
]

Puc. 84 ‘ Puc. 85 Puc. 86
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y

0 1\x

0 2\x
Puc. 87 Puc. 88 Puc. 89
Bapuanm I1
3
1.y=%,x eRyecR 2. y="+4,x20,y=4.3.y=¥3- x,
x

x5 —

xeR, yeR. 4.y = l,xeR,yeR. 5. Cm. puc. 87. 6. Cm.

puc. 88. 7. Cm. puc. 89.

§8.

" Bapuanm I

1. Bropoe ypaBHenue — ciencrsue nepsoro. 2. Ilepsoe ypaBHe-
HHe — cJencTBue Broporo. 3. IlepBoe ypaBHEHHe — CJIEACTBHE BTO-
poro. 13. PasHocunbabl. 14. He paBHOcHabHBI. 15. He paBHOCHIB-
Hbl. 16. He pasmocunwubl. 17. He paBuocuasusl. 18. 0, 1, 2, 3.

Bapuanm II

1. Bropoe ypaBHeHue — cJencTBue nepeoro. 2. IlepBoe ypasHe-
HHe — cJiecTBUe BToporo. 3. Ilepeoe ypaBHeHHMe — CJIeACTBHE BTO-
poro. 13. PaBrHocunbHbl. 14. He paBHocuabHbl. 15. He paBHOCHIB-
HbI. 16. PaBHOCHAbHEL. 17. He paBHocuasusl. 18. 0, 1, 2.

§9
Bapuanm I
1.x=1.2.x=0.3. x=5. 4. x;,= -4, x,=3. 5. x;,=0, x, = 4.
6.x=—4. 7.x=3 8. x=10. 9. x=-1. 10.x=§. 11. x = 2.
12. x,=1, x,=4. 13. x =a? npu a >0, Her KopHeit nmpu a < 0.
14. x = a? + 1 opu a > 0, "Her KopHeili npu a < 0. 15. x = (1+ a)? npu

a 2 -1, Her KopHell npu a < —1. 16. OnuH xkopeus. 17. [IBa KopHA.
18. Opun Kopenb. 19. x = -1. 20. x = 1. 21. x; = -9, x, = 4.

Bapuanwm II
1.x=5.2.x=0.3.x=6. 4. x,=-3, x,=4. 5. x;,=0, x, = 4.
6.x=-3 7.x=18. 8.x=8. 9.x=20. 10.x=%. 11. x = -2.

12. x, =2, x,=3. 13. x =a? npum a <0, Her KopHeil mpu a > 0.
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14. x = a® — 2 upu a > 0, HeT KOpHel mpu a < 0. 15. x = (a — 3)? upu
a >3, HeT KopHei npu a < 3. 16. OguH xopensb. 17. JIBa KODHA.
18. Oaun Kopenb. 19. x = -1. 20. x = -1. 21. x; = -4, x, = 2.

§10

Bapuanm I

1. Her pemenuii. 2.2< x <27, 3.-23<x<15. 4.x=217.
5x<-6. 6.x>2-0,5. T7.x<14. 8. x>1. 9. x=2, x2=3.
10. 8<x<1. 11.2< x<3. 12. x £ -2, x>0 13. Het peiueHwnii.

14.1< x < 4.15. x> 4. 16. x = -1. 17. x>~1~ 18. x =2

Bapuanm II

1. Her pemenuii. 2.3<x<7. 3.-12<x <
5. x<-5. 6.x<12 7.x=26. 8. x>17. 9.x
10.3< x< 7. 11. 4<x<-3. 12.0< x< 4. 13.
14. x 2 -1. 15.2< x<3. 16. x=-3. 17. x > 4. 18. x = 3.

§11

Bapuanm I

1.1)x=-1, x=1, x=3; 2)x=0, y=3; 3) nosoxures-
HBIe 3HaUYeHUsa npu —1< x < 1, 3 < x < 4, oTpuLlaTeJbHLIe 3HAUYEHUA
npu 2< x<-1, 1<x<3; 4)-2<x<0, 2< x <4 — IpoMeXyT-
KM BospacraHus, 0 < x < 2 — npomexxyToK yObiBaHuA. 2. Boapac-
raomad. 3. Bospacrawomasa. 4. Y6eiBaromaa. 5. =1,7. 6. x = -2,3.

. -8 -3 2
7.5,6™ > 5,67, 3.(1%} <1 9.(%) >(g) 10. y = 3%,

X
y 11.y=(\/§] .12, y=5%.13. y=(3-22)*.

14. x=-1, y—— 15. x=1. 16. Cm. puc. 90.

17. Cm. pwuc. 91 18. x 2 1. 19. 2<x<2.
0/ x 20.y>0. 21.y> 2. 22. [IBa KOpHA.

=1
_—/ Bapuanm I1

1.1) x=1, x=2; 2)x=0, y=-1;
Puc. 90 3) moJsioKUTeNbHbIE 3HAYeHUA Npu l < x < 2,

Yy y y

\

1 \ 1
1

1 1
13 3
10 x 0 x o 1 X
Puc. 91 Puc. 92 Puc. 93
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OTPUIATEbHbIEe 3HAUeHUsA npu —1< x <1, 2< x < 3; 4) -1<x<1,5,
2,5< x<3 — npoMexyTKM BoapacTaHud, 1,5<x<2,5 — mnpomexy-
ToxK y6nIBaHuA. 2. YObIBatomias. 3. YowBalomas. 4. Bogpacraromas.

-2 3
5.~0,4. 6. x~-1,8. 7.0,95>0,9%. 8.12<1. 9.(%) <(g).

10.y=2".11.y:(£) .12.y:(24_5) .13.y=(3+2V2)*. 14, x=-2,

y= % 15. x = —1. 16. Cwm. puc. 92. 17. Cm. puc. 93. 18. x < 1.
19. x < -3, x>3. 20.y > 0. 21.y > -3. 22, [IBa KOpHA.

§12

Bapuanm 1
1.1. 2.x=1,5. 3.x=—§. 4.x=-15. 5.x=0. 6.x=4.

7.x=0.8.x,=2,x,=3.9. x = 242, 10. x; = -2, x, = 4. 11. x = 2,
12, x,=-1, x,=1T.

Bapuanm 11

1. -1. 2.x=2%. 3.x=18 4.x=-2. 5.x=0. 6. x=3.

7.x,=0, x,=2. 8. Her xopreit. 9.x,=-2, x,=0. 10. x, = -1,
x,=3. 11.x=2. 12 x1=—2%, x2=—1%.

§13

Bapuanm 1
1. x < -1. 2.x<—i. 3.x<-3, x=23. 4. x < 3. 5.0<x<%.

6.x=0, x=1. 7.x=-1. 8. x> -1. 9. x< 2.
Bapuanm II
l.x<-1. 2. x<-8. 3.-2< x

<2 4. x<2. 5.x<—é, x> 0.
6.x=-1.7.x=-1.8. x>-1. 9. x < 1.

§14

Bapuanm 1
l.x=3,y=2.2.x=1,y=2. 3. x=-1. 4. x =4, y= -3.
Bapuanm I1
1.x=-3,y=-2.2,x=1,y=3.3.x=-3. 4. x =2, y = -4,

§15

Bapuanm I
1.9. 2.256. 3.48. 4. L. 5.1.6.2. 7. -5. 8. 2. 9. -3 10. 6.
27 3 2
11. -2. 12.-6. 13.2. 14. ‘%' 15. x < 4. 16. x < g 17. x > 1.
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18. x < -7, x > 5. 19.2%< x < 4. 20. x < -4, x > 4. 21. x — a060e

nercrBuTenbHoe ducao. 22, x <1, x> 7. 23. Takux 3HaueHHHd X
He cymecrByer. 24.0< x<1; 1< x< 1%. 25. x > 3. 26. x = 32.

27.x=4%3. 28.x=2. 29.x=11. 30.x,=-2, x,=5. 31l.x=3.
32.x=%.33.x=2. 34. x=625. 35. x= /5. 36.x=21~7.37.x=log34.

logg5+1

38. x = . 39.x=1. 40. x =log; 2. 41. IIpu a < 0 kopHei

n
HeT; x = log;a mnpu a > 0. 42.x=(%) .43. IIpyu a<0 nu a=1

KopHeit Her; mpu a> 0, a# 1, x = a2. 44. Kopreit Her (Tak Kax
2a—a? - 1< 0 npu mobom a).

Bapuanm II
1. 18. 2. 8000. 3. 147. 4. 225. 5. 1. 6. 2. 7. -3. 8.—%. 9. —g.
10.9. 11.-2. 12. —4. 13.1. 14. 2. 15. x < 7. 16. x < 2. 17. x < 2.

3
18. x < -3, x> 4.19. -1< x <1,6. 20.x<—%, x>%. 21. x — a10-
6oe geicTBMTENbHOE yuca0. 22. x < 3, x > 5. 23. Takux 3HaAUeHHUH X
He cymecrsyer. 24.0< x <1, 1< x< 12. 25.2<x<38, x>3.

26. x = 81. 27. x = ¥/2. 28.x=%. 29. x=29. 30. x;=-2, x,=3.

31 x = 2. 32.x=§. 33. x = 2. 34. x = 512. 35. x = /7. 36.x:$.
37. x =log; 3. 38. x =1-logy 4. 39. x = 1. 40. x = log, 3. 41. IIpn
m < 0 xopHeit Her; x = logygm mpu m > 0. 42. x = 3,2%. 43. Ilpu
a<0ua=1xopHeil Het; npu a >0, a# 1 x = a ', 44. Kopueit Her
(tTak Kak 4a — a? — 4 < 0 npu aw6om a).

§16

Bapuanm I
1.1. 2.-2. 3.3. 4.3. 5.20. 6.%. 7.-1. 8.4. 9.-2.

10. 1) 17; 2) 42. 11. 1) 10; 2) 0,5. 12. log, 52, log, (=5)2, 2'°°%%.
13. 1) log, 10; 2) log,, 100000; 3) logy, 71_3’

Bapuanm II

1.1. 2.-1. 8.2. 4.-5. 5.21. 6. % 7.1. 8.1. 9.2.
10. 1) 11; 2) 36. 11. 1) 15; 2) —1. 12.log,(-2)?, log; 273, 3855
13. 1) logy, 15 2) logy, 1&-4; 3) log,, ¥12.
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§17

Bapuanm I
1. %logz 3. 2. glogs 5. 3.0,43. 4.0,77. 5.-0,86. 6.4,25.
1+2m
2
16. x =25, 17. x=64. 18. x=125. 19.x,=9, x,==. 20. x; =8,
xy=0,5. 21. x = 3. 22. x, = V2, x, = 4. 23. x, = 3, x, = 9. 24. IIpu-
MepHO uepes 6,1 roza.

7.

.8.1.9.2 10.1.11. 2. 12. 1,30. 13. 3. 14. 2. 15. x = 200.
3 3 9 9 . 2

O

Bapuanm II

1.%10g35. 2.glog27. 3.0,68. 4.0,73. 5.-4,64. 6.4,21.
1+m

7.15™ 8.2.9.6.10. 1. 11. 3. 12. 0,884. 13.%. 14.1. 15. x = 9.
16. x = 343. 17. x = 81. 18. x = 27. 19. x,= 8, x, = é. 20. x, = 25,
x5 =0,2. 21.x=%. 22, x,= 0,25, x,=2. 23. x1=$, x, = 21.

24, IIpumepHO ueped 3,27 aud.

§18

Bapuanm I
1.-1,7; -0,7; 1,6; 2,8. 2, log, 5,5 < log, 7,5; log,0,8 > log,0,2.
3. log, 5<2,8. 4.10g, 0,7 < 0; log, 1,3 > 0. 5. Y6riBaromasn. 6. Bos-
pacraromada. 7. log, 4 log, 5 8. log, 35 log, 8 9. logg o L
5 5 18 13 5

> logg.o % 10. log3 8,1 < 2. 11.3 > log, 0,05. 12. x < 1. 13. x> 1.
3

4. x<1. 15.x>1. 16.x<1. 17.x<1, 18. x>1. 19. x> 1.
20. x=4.21.x=0.22. x=10. 23. x=1. 24. x > 3. 25.0< x < 6.
26.0< x<2.27. x>e.28. x=2.29. x =3.30.(2"; —n), rnen € N,
n=20. 31.(1; 0).

Bapuanm II1
1. 1,15 0,5; -1,5; -1,9. 2.log, 6,5 < log, 4; log, 0,3 > log, 0,9.
3 3

3 3
3.log;5>-1,8. 4.log,0,6>0; log,;2,1<0. 5. Bospacrawomas.
3 3 3

6. YomBaromasa. 7. log, 85 log, 7. 8. log, 4. log, 2 9. log .7 4
7 8 393 33 -]

<logy¢ % 10.log; 31> 3. 11.2<log, 0,02. 12.x<1. 13. x> 1.

7
14. x>1. 15.x<1. 16.x>1. 17.x>1. 18. x<1. 19.x< 1.

20. x=-3.21. x=-2.22. x=4.23. x=25.24.0< x < 4. 25. x > 5.
26.0<x<05 27.x>21. 28 x=3. 29. x=4. 30.(2"; -n), e

neN, n=0. 31 (1; 0)."
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§19
Bapuanm I
1. Bropoe ypaBHeHue — cJjencTBue nepsoro. 6. He paBrocHIBb-
Hel. 7. PaBHocunsHel. 8. x = 2. 9. x = 4. 10. Kopsneit Her. 11. x = 7.
12. x=3. 13. x=2. 14.x=2. 15. x=4. 16. x=2. 17. x =10.
18. x=9. 19.x=9. 20.x;,=-4, x,=2. 21. x,=2, x,=0,25.
22. x, = -7, x,=0,5. 23. x—l 24, x1—4«/§ x,=0,5. 25. x =9,

y=1. 26.x=4, y=2. 27, (8; 8). 28.(3; 1). 29. (2; 5]’ (logy 2
log, 3). 30. (log; 3; logs 7).

Bapuanm II

1. Bropoe ypaBHeHHe — CJ€ACTBHe IepBOro. 6. PaBHOCHJIBHBIL.
7. He paBHOCHAbHEL. 8. x = +/2. 9. x = —4. 10. Kopreit uer. 11. Kop-
Heit mer. 12. x =5. 13. x =3. 14, x; =5, x, = 2. 15. Kopneit ner.
16. x=5. 17.x=3. 18.x=25. 19. x=4,3. 20. x;,=-5, x,=2.
21, x, = 125, x, = 0,04. 22. x; = 7, x, = 3,5. 23. x = 1. 24. x, = 3¥/3,
x,=9.25. x=4,y=0,5.26. x =6,y = 2. 27. (9; 7), (7; 9). 28. (3; 2).
29. (1; 1), (log; 3;logy 5). 30. (log, 5;log; 2).

§ 20
Bapuanm I
1.x>5. 2. x<-2, x>2, 3.x<3 4.x>1. 5.x>8.

6.0<x<87.-T<x<1.8x>1.9.x<-3,x>2.10. -3< x < 2.

11. -1<x<1, 3<x<b. 12. 1§<x<2 13. x 2 2. 14. x > 2. 15. Her

pemenuii. 16. x > 1,5. 17. x > 2. 18. 1— < x < 2, 19, Het peuienuii.

20.0<x<3.21.x23.22. 4< x < Ox 5.23.0< x < 2,2< x<b.
24.2< x<5. 25.8<x<10. 26.3<x<4,9<x<10. 27. x < -2,
x>5 28B.-1<x<0, 8<x<9. 29 . x>4. 30.0,01< x<1000.
31. x=4. 32. Her pemenui. 33. 1< x<2. 34.2<x<8. 35.0<x <5°
npu Bcex a. 36.0< x<a? mpum O<a<l; x>a? upu a>1.
37.-a<x<1-a npu Bcex a. 38.a+0,2< x <a+1 npu BCEx a.

Bapuanm II
l.x>-5. 2. x<-3, x>3. 3. x>-4. 4. x> 2. 5.0<x<%.

6.x>%. 7.x>8. 8.-5<x<3. 9.x<-2, x>3. 10. - 2< x<3.

11. 8<x<-T,1<x<2. 12.1,6< x<3. 13. x > 3. 14. x > 3. 15. Her
peuiennii. 16. 1,6 < x < 3. 17. x > 1,25. 18. x = 2. 19. Het peuienuii.
20,0<x<2. 21.x22. 22.-9<x<-5, x>20. 23.-5< x< -3,

-3<x<0.24.1< x<4.25.3,6<x<5,5.26.3<x<5,7<x<9.

27. x<—-4, x>3. 28.-4<x<0, 5<x<9. 29. x>5. 30.i<x<
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< 64. 31. x =22. 32. Her pemrenuii. 33.1<x<3. 34.3<x<9.
35.0<x<0,5% nmpu Bcex a. 36. x >a® mpu0<a< 1;,0< x < a® npu
a>1.37. x>1-anpu Bcex g. 38.a+1< x < a+ 2 npu Bcex a.

§ 21
Bapuanm I
. E; £; 5_n 2. 7_13; ZE; 131:' 3. 1211t; 1211‘t; 12111' 4. 45°; 225°;
23 6 6 4 3 720 240 600
270°. 5.108°; 324°; 558°. 6.=28,6°; 74,5°; 601,9°. 7.26 cmM.
8.a=3 9.% cu.
n

Bapuanm I1
1.7; &; 28 g 8, Tn. 15m g 208z, 1197, 761 4 gho. 940c,
T4’ 377747 37 4 777 9007 2257 2257 ’ 1’
720°. 5. 72°; 306°; 450°. 6. ~40,1°; 85,9°; 705,1°. 7. 6 cMm. 8. & = 3
9.:4—OCM.
kY

§22

Bapuanm I

4. 1v, 11, II. 5. II, III, III. 6. I, III, II. 7. 1. 8. (O; 1), (O; —1).
9. (-1; 0), (-1; 0). 10. I. 11. II. 12, III. 13. 1. 14. III.

Bapuanm II1

4.1, 1v, III. 5. IV, II, 1. 6. II, III, IV. 7. IL. 8. (0; -1), (O; 1).
9. (-1; 0), (1; 0). 10. IV. 11. II. 12, III. 13. IV. 14. II.

§23

Bapuanm I
1.sin ZM =0,6; cos ZM =0,8; tg«LM =0,75; sin ZK = 0,8;
cos ZK = 0,6; tgéK:%. 2. 2nk, keZ. 3. ?Tn+2nk, keZ.

4, Cm. pwuc. 94. 5. Cm. pmec. 95. 6. Cm. puc. 96. 7. (0,81; 0,59).
8. (0,81; 0,59). 9. (-0,99; 0,14). 10. g; 2n, 4n. 5m 44 21 4%,

3 3 3 3 3
y ya ys
0,25
0 1x
Puc. 94 Pnc. 95 Puc. 96
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2r, _4n 49 _m. 37, 57, %" 13. sin1,3 < sin1,5. 14. cos2 >

3 3 4 4 4
>cos2,4. 15.1. 16. -2. 17. % 18. 2;2@ 19. 0. 20. 0. 21. /3.

22. sina =0, cosa = -1, tga = 0. 23. sina = -1, cosa =0, tg o Be
cymectsyer. 24. sina =0, cosa =-1, tga=0. 25.0 = nk, ke Z.

26.0= 1 +2nk, keZ. 27.a=%+2nk, keZ. 28.x=2?"k, ke Z.

29. x=-3"19nk keZ. 30.x=-"+"% recz. 31.(-Q;@);
4 9 3 2 2
'[ﬁ_@._ﬂ]. (@_QJ

’

2 2 2 2
Bapuanm 11
1. sin AMzi; cos AM=E; tg4M=—5-; sin AK=1—2;
13 13 12 13

coséK=%; tg ZK=2,4. 2. - + 2k, ke Z. 8. _§+2nk, ke Z.

4. Cm. pné. 97. 5. Cm. puc. 98. 6. Cm. puc. 99. 7. (0,81; —-0,59).
8. (-0,31; 0,95). 9. (0,28; -0,96). 10. ‘%‘ _2r, 4n. 5m 44 T,

b ’

3’ 3 3" "Te

Sr. Ur, Tn 4o ®. E. TR, 7% 93 sin(-0,7) < sin(-0,5).
6 6 6 "
14. cos (-2) > cos (-2,4). 15. 1. 16. 0. 17. ﬁ; 2 18.2 '2‘/5. 19. 0.

20.0. 21.+/3. 22.sina =0, coso =-1, tgo =0. 23.sina = -1,
coso. =0, tg o He cymiectByer. 24. sina =0, cosa = -1, tga =0.
25.a=%+nk, keZ. 26.a=~%+2nk, keZ. 27.0=2nk, ke Z.

28. x= " +2%p keZ. 20 x=2"4127k ke Z. 30.x="+TF
10 5 3 15

5
ke Z. 31. (—ﬁ; ——1-]; (ﬁ, —l)
2 2

yh Y
0,45
E 0 11 x 0 1x
K—o,s
Puc. 97 Puc. 98- Puc. 99
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§24
Bapuanm 1

1. 1. 2.1V, 3.1, III. 4.1. 5.1. 6.1V, 7.1I. 8. 1. 9.1. 10.1II.
11. sino >0, cosoe>0. 12, sina>0, cosa<0. 13. sina <0, coso < 0.
14. sina <0, cosa > 0. 15. sino > 0, cosa > 0. 16. tga > 0, ctga > 0.
17. tg 0. >0, ctga>0. 18. tga > 0, ctga > 0. 19. tga < 0, ctg o < 0.
20.II. 21.1 wm IV. 22. sin%" > sin%. 23. cos%" < cos(—:%tj.

24, sin 4,1 < sin3,01. 25. cos(-1) > cos(—2). 26. sin2,5 > cos2,5.
27. II1. 28. x = %(k— 1),keZ.29. x=n(k-1),keZ.

Bapuanm I1

1.III. 2. I1. 8. II, IV. 4. 1. 5. III. 6. IV. 7. 1. 8. IV. 9. 1. 10. II.
11. sina >0, coso >0. 12. sina >0, cosa<0. 13. sina <0, cosa <0.
14. sina <0, cosa>0. 15. sina <0, cosa>0. 16. tgax <0, ctga <O.
17. tga > 0, ctga > 0. 18. tga > 0, ctga > 0. 19. tg a > 0, ctga > 0.

20. II1. 21. IT uanm III. 22. sin477t > sin(-%{). 23. cos%’E < cos 2?“

24. sin0,37 > sin6,01. 25. cos(—3) < cos(—5). 26. sin 4,5 < cos 4,5.
27. II. 28. x = %(k+ 1), ke Z. 29 x= %(1— 2k), ke Z.

§25

Bapuanm I

1. sina:—é. 2.cosa=-—£, tga = 1—3. 3. sin(x:Q,

5 4 V3 3
cosQ = ﬂ 4. sino = —é, cos O, = —é. 5. Her. 6. a. 7. —§. 8. E.
3 5 5 8 16

9.2. 10.cos20. 11.1. 12.sino +cosa. 13.-1. 14.tga. 15. 1.
16. -1 17 x=—"4nk, kez 18.x="+ recz.
2 1 6 3

Bapuanm I1

g

, tgo = - fE. 3. coso = —‘/E,
4 5 3

sino = g 4. sino = —%, cosqo = —f;-. 5. Her. 6. la. 7. -=. 8

1. cosa=%. 2. sino =

9. % 10. sin?a. 11.1. 12, sino +cosa. 13. 1. 14. —tgo. 15. 1.

16. 2. 17.x=2%k kez 18. x="+ 1k, ke Z.
34 3 4

§ 26
Bapuanm I
8. +y1,4. 9.%0,7,1,51. 10.+0,6,1,8. 1ll.x=nk, ke Z.

12.x=%+2%k, ke Z.
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Bapuanm I1
8. 0,455. 9.+0,8.1,36. 10.0,1495. 11. x = ‘% + 1k, ke Z.

12.x:535,kez.

§ 27

Bapuanm I
1. M,(-0,6; 0,8), M,(-0,6; —-0,8). 2. M,(~a; -b), M,(-a; b).

3. sin-’5£> sin(—%). 4. cos(—%]zcosl. 5.tg (-4) < tg 4. 6. 1.

12
J3-3
3

7. .8.0.9.0.10. 1. 11. 1. 12. cos a. 13. x = +?§’?, ke Z.

n
6
14.x=g+nk, ke Z. 15.x=%+2nk, ke Z.

Bapuanm II
5, 12 5 12
1. -5 = b i | 2 5 b), ; —b).
Ml( 3 13J Mz[ 3 13J 2. My(a; b), My(a; -b)

3. sin(f-g—J < sin%. 4. cos(—%] > —cos%. 5. tg(-4) = —tg4.

6.-1. 7.4/2. 8.0. 9.0. 10. 1. 11. 1. 12. sinco. 13. x = 1k, k€ Z.

14.x:%+%k, kEeZ. 15.x=2nk, ke Z.
§ 28
Bapuanm I
1. sin90°=1. 2. cos45°=-‘/—§. 3. sin£=£. 4. coszzﬁ.
2 3 2 6 2
5.0 6 Y208 o VB g 0 4738 g V2 o 49
4 2 10 10 31

13. tg . 14. 2, 15. tg o.. 16. cosa. 17. tg(a + B). 18. sin 3a (sin 5o + 1).
21.x:%+2nk, keZ. 22.x=2nk, ke Z. 23.x=%k, ke Z.

Bapuanm I1

1.sin90°=1. 2.cos45°:§. 3.sing=§. 4.cosnm = —1.

n J2a+V3) . J2 120 4J3 -3
Ltg= = .6 —— . 7.X2.8.-43-2. 9. -—. 10. .
5.t % J3. 6 : 7.5 8 J3-2.9 o5 10- 5

11. Jﬁ6+ 2. 12 %. 13.ctgoctgh. 14.2. 15.-1. 16.sino.
17.tga tgP. 18.sin3w (cos 20— 1). 21. x =21k, k€ Z. 22. x=1+ 21k,

keZ. 23. x="+nk, x=2+2 Rrez.
2 4 2
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§29

Bapuanm I

1. 26in26°c0s26°. 2. cos? 2T _ sin2 2%, g _2'€32°
5 5 1- tg?32°
4. 25in[£—g)cos[£—g). 5. cosz(l—gj—sin"’(ﬁ—g).
4 2 4 2 2 2 2 2
. 2 .2 2tg2a 1 .
6. 2sin 3o cos3a. 7.cos® 3,500 — sin® 3,b00. 8. ————. 9. =sin2a.
1- tg?2a 2
10, sin® =L 11, cosZ=¥3, 12 27Y2 3 (120 g, 24
6 2 6 2 2 169 25
15. 442 - 5. 16. 1. 17. 2coso. 18. 2tg o.. 20. -0,352. 21. %. 22, _2§7_
23. V2. 24. x="+ pecz 25.x=2+ pez
20 10 8 2
Bapuanm II 5 te 39°
1. c0s229° — sin229°. 2. 2sin3F cos3®. 3. 28T
7 7 1- tg?39°
4. 2sin| 2 -%cos| -2 . 5. cos?[ 3% + % | —gin2| 32+ 2.
4 2- 4 2 4 2 4 2
6. cos230, — sin230. 7. 2sin 2o cos 2o, 8. —2t—g‘mﬁ—. 9. 3 sin 20.
2 2 1- tg?4a 2

10. sin® = Y2 11.cos3% = _¥2 12 1+ sin 30°= 11, 13, ~12¥10
4 2 4 2 2 49
4

14. ~5 15.13 - 843. 16. 1. 17. 2sina. 18. —tg2o. 20. 0,936. 21. g

22.79 23,37 94 x=Z2,™ pecz. 25.x=-F+™ pecz
64 4 12 3

64" 8
§30
Bapuaum I
1‘1—00560 ) 2.l+cos54 ) 3.1—005150 ' 4.1—c052B.
2 2 1+ cos150° 2
1+ cos > 1-cos® 1—cos£
2 3
5. 2 . 2 g litcosba g PSS CARCH
2 1+ cos 2 2 2
2
4 _ 2 —
10.V2-1. 11.0,98. 12.1,6928. 13. 260 *1 4, 4 [1-a
(b2+ 1) 1+a
’ 2
15. —coso + sina..  16.0. 18.5. 19. -2 - 1. 20.“*"‘;5_21‘
21.x="+T pez 22 x=2"k L_T 4%k p. .z
8 4 3 3 3
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Bapuanm I1

1. 1 - cos90° ) 2. 1+ cos108 ) 3. 1 - cos164 ) 4. 1+ cos2pB .
2 2 1+ cos164° 2
1-cosZ 1+ cos = J2
1- 3 - 3 2-42
5. 278% g, 8 g locos8x g 8. 9.
2 1+cos% 2 2 2
2
10. V2 + 1. 11. 0,18. 12. 1,8432. 13. 4(“(—12‘32—). 4.+ 220 15,1,
16. 2. 18.-3. 19. 2+ 3. 20. + /ll’gsﬂ 21. x—ﬁ+%k, keZ.
22, x =T 20k ATk L. 7.
57 5 5

§ 31
Bapuanm I

1.—__2‘@*2‘/5‘1. 2 _‘/§2+1. 3. Ilmoc. 4. sin500° > cos 600°.

5.sin5,3n < cos 4,3%. 6. sin12 < cos13. 7. 1. 8. 3.

Bapuanm I1
1. iﬁzv—\/g 2.-1. 3. Munyc. 4.cos 580° < sin 460°. 5. sin 5,81 <

< cos6,17. 6. sin13 > cos 9. 7. -2. 8. V3.

§32

Bapuanm I :
1. 2sin19°%cos1°. 2. /2sin835°. 8.2cos6°cos2°. 4.-sin10°.

5. —2s1n—cos37t 6. 2coslg—ncos~— 7.«/§sin(£+a).
16 16 24 24 6
8. —-2sm(5+ 5]sm~ 9. \/Ecos—— 10.-2sin15°cos 35° 11.+/2sina.
T sin 25°
12. 2cos| = cos ~. 13. . 14. cos10°. 15.2cos20 cosa.
4 12 cos 20°

cos o

®|a

16.«/§cos(a—%j 17. 2\/§s1n( J (%_

7o

5" 20. -4sino cos - sin 13a

19. 4cos o cos? 5 21. 4cos%cosasmT.

22. sin 2a cos 5a.. 27. 4. 28. ——21—. 29. sin 8a — sin 6a + sin 2a.

30. sina — sin2a + sin 3a.
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Bapuanm 11
1. 2sin11°cos 1°. 2. V3 cos 100°..3. 2cos 12° cos 6°. 4. —sin 50°.

5. —ZCOSZ—S sinsn—o. 6.—\/§sin‘;’—g. 7.251n%cos(a——g—).

8.2005(%+%)cos%. 9.@. 10. -2 sin25°. 11.cosa. 12. —/2sina.

13. 557 14 ¥8.0s10°. 15. ~2sin 30 sin 2., 16. ﬁsin(a—l).
cos 29° 2 4

ZSin[— a]
3
17.2&005(%+%)cos(£—2). 18. ————— -, 19. 4sin 20 %

8 2 cosa

xcosz(g— %] 20. 4coso sin Ta cos 2a.. 21. 4cos3—;— cos 2a cosl’;—a.

22, cosacos20. 27. 4. 28.%. 29. cosa + cos bo + cos Yo + cos 150

30. cosa + cos20 + cos 30 + cos 4o.

§ 33

Bapuanm I

1.5, 228 g3t 4% 51 g
4 3 2 3 2

10.%. 11.0,8. 12. V2. 13.{%;%]. 14.[0; 2. 15.a=0. 16. 2.

7. 8. —‘/23 9. -0,2.

Ut
D=3

17. %t 18. -561 19. x = tarccos0,1+ 2nn, neZ. 20.x= 2%,

nelZ. 21.x=2?n+2$, nelZ. 22.x=i3arccos§+6nn, nelZ.
23.x=%+2nn, x=—%+2nn, neZ. 24.Her pemeHuii.
25.x=%+-2%'1, neZz. 26.x=£+“2—”, neZz. 27.x=-721+1tn,
nez. 28 Ut _m x 1lt 59 n Tn 9n 151 g4 21 21

3 3 3 3 16 16 16 16 3 3
31.x=i%+21tn, nelZ. 32.x=%+%’, x=i%+21tn, nelZ.

Bapuanm I1
1.5, 23" 337 4.3% 5 ¥2 6.0,3. 7.3. 8.1. 9.-0,1.
6 4 10 2 2
10.%. 11. 0,6. 12. V8. 13.[-3; 3]. 14.[1; 3]. 15. Taxux snaue-
HUH HeT. 16.%. 17. §3£ 18.%. 19. x = tarccos 0,7+ 27nn, ne Z.

20. x=n+2nn,ne Z.21. x = i%+ nn,neZ. 22, x = i4arccos%+
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+ 8nn, ne Z. 23.x=%+2nn, x=—%+2nn, neZ. 24. Her pe-

n,
8 4
nez. 28 -5m, -m, m, 5n. 29. %, L% 13m 28n - 257 - 357

) ’ ’ > ) 18 187 187 18 18 18 °
2n

30.%, _%. 31.x=i?+2nn, neZ. 32.x=n(l+2n), neZ.

meHui. 25. x =nn, ne Z. 26.x=i%+ nn,neZ. 27. x =

§ 34
Bapuanm I
1.-%. 2.5 328 41 51 60,3 7.22. 82 9. 0,31.
2 4 3 2 3 3 ’
103,113 12,4, 13.12 14,3 15.[-2; 2). 16.[0; 3]. 17. 0.
2 2 5 13 4 3

18. 5. 19.-2%, 20.%. 21.-E. 22 x=(-1)"arcsin0,35 + nn,
4 5 3 6

neZ. 23.x=n(l+4n), ne Z. 24.x=(—1)’”1118+%, neZz.

25, x=(-1)" 37“+ 8nn, neZ. 26.x=(-1"'2-Zinn nez.

27. Her pelieHuii. 28.x=525, neZ. 29.x=%+nn, neZ.

30. x = (-1)" larcsing+ m neZzZ. 31 _5_1r, - -7_13’ 11_1:
2 3 2 12 12 12 12
32.n, 2n. 33.-3%, 5% * TR gy x=(-D)"'Zinn, nez.
2 6 2 6 6
35.x=(—1)"£+—@, x=£+ﬂ, nelZ. 36.x=(—1)“£+1tn,
12 2 1 3 3

x = +%, nelZz.

W a

Bapuanm II
1.%.2 % 3 % 428 53 g9 73l g _1 90352
2 4 6 3 2 4 7
10.¥2. 11,1, 12,3, 13. 5. 14.3. 15. {—31; 31}. 16. [-1; O).
2 2 5 13 4 3 3
17. 0. 18. % 19. -0,2n. 20. % 21. g 22, x = (-1)" arcsin 0,24 + nn,
neZ. 23.x=-"46nn, necZ. 24. x=(-)""1 L+ pecz
2 30 5

25. x=(-1)"n+ 4nn, neZ. 26.x=(—1)"“%+g+nn, nelZ.

27. Her pelnesuii. 28. x = T;—n, neZ. 29. x = 7n, nelZ.
30. x = (-1)" Larcsin3+ ™ nez. 31.-%, 3% gg _4r T 2T
4 5 4 2 2 9 9 9
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st 1l

33. 2%, . 84.x=Z+2mn, nezZ 35 x=(-1" 242,

12 12 2 6 2
x=-24+2" ez 36.x=(-1)"Z+mn, x=2+"" nez

6 3 6 4 2

§ 35
Bapuanm I
1.5 2. % 3. 43% 5 J3. 6.-1. 7. 3,5. 8. /3. 9. 3,2.
4 6 12 8
10.3. 11.1,7. 12. Y7, 14.2¥5 15.%4. 16.2%. 17. . 18. .
3 5 5 3 5 8

19.arctg§. 20. x = arctgb+ nn, ne Z. 21.x=%+ %, neZ.

22. x=-n+3nn,ne Z.23. x=nn,nec Z. 24.x=%arctg5,5+n?n,

neZ. 25.x=£+nn,neZ. 26.x=fl+n~n,nez. 27.x=i-£+1tn,
6 12 3 3

neZ 28.x=%4+™ pcz 29 K I 3% 5% gg % Tn

’ ) 6 2 ’ 27 27 27 2f ‘127 12”7

3l. x=nn, ne Z. 32. Her kKopHei.

Bapuanm 11
1. _%. 2. I, 3._% 4. 7. 5..J3_§. 6.0. 7.5. 8.0. 9.-0,4.

4
10. -0,6. 11. -3,5. 12. V7 14,910 45 V6 46,87 17 % 18 _T%.
3 10 6 4 7 6
19. arctg % 20. x =arctg2+nn, ne Z. 21. x = —%+ n?n, nelZ.
22._x=2?n+ 2nn, ne Z. 23. x=—i’—§+ nn,ne Z. 24. x=arctg2+ nn,
neZ.25.x:%+1m,neZ.26.x:%+%n,nez.27.x:i%+nn,
nez. 28.x="+ nez. 29 4% _T 2t go T 3T
24 4 3 3 3 2 2

31. x = g+ nn, ne€ Z. 32. Her kopHeil.

§ 36

Bapuanm I

1.x=%2+2nn, neZ. 2.x:i%+2nn,x:i§4£+2nn,nez.
3.x=%+nn,x=2nn,neZ. 4.x:%+2nn,nez. 5.x:i%+nn,
nelZz. 6.x=:’;—+ﬂ:k, x=-—-arctg2+ nk, ke Z. 7.x=—%+2nn,

nelZz. 8.x=i%+2nn, nelZz. 9.x=%+7tk, x=2nk, keZ.
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10. x = nn, x=%+1tn, neZ. 11.x = nn, x=£+ﬂ, neZ.

4 2
12.x=2—n, neZ. 13.x:%+n—5n, x=(—1)"%+"?n, neZ.

14. x=—%+7m, neZ. 15. x=%+nn, neZ. 16. x = —arctg§+ nn,
neZ.17. x=%+nn, x=—arctg3+nn,ne Z. 18. x = arctg 2+ nn,

x =arctg3+nn, neZ. 19.x =arctgd+nn, x= —arctg—lz— + nn,

neZ. 20.x=—§+2n’.n, x=g+2nn, neZ. 21, x=mn+2nn,

x=%+27m, neZ. 22.x:(—l)"arcsin%—arcsin§+nn, nelZ.

23.x=l+ﬂ,x=—£+rtn,nez.24.x=M x=" 3+ ne2Z.
16 4 4 4 20 10

25. x=arctg(2+ ?)%—nn, x=arctg(2—§]+nn, neZ.26. x=rnn,

x=%+nn, neZ. 27.x = , nel2. 28.x1=arctg%,

x, = T — arctg 2.

Bapuanm 11

1.x=2nn, x=n+2nn, neZe2. 2.x=(—1)"%+nn,x=
:(—1)"”%+nn,nez. 3.x:7tn,x=%+2nn,neZ.4.x=2nn,
neZ. 5.x:i%+nn, neZ. 6.x=arctgb+ nn, x=—%+nn,

neZ.7.x=7t+21tn,neZ.8.x=(—1)"%+nn,neZ. 9. x =2nn,

x=%+2nn,neZ. 10. x = nn, :%+nn,nez. 11.x:%+1‘22,

x=£+1tn, nelZ. 12.x=2%, x=n+2nn, neZ. 13.x=1r,_2n’

x=C-)r1E s neZ 14 x="4+nn,neZ 15.x=-"+7n,
18 3 3 P

neZ. 16.x=arctgg+nn, neZ. 17.x:—%+1tn, x = —arctg 6+

+ nn,neZ. 18. x=%+ nn, x:arctg%+nn, neZ.19. x=arctg%+ nn,

x=—-arctg3+mn, neZ. 20.x=2nn, x=—§4£+21m, neZ.

21. x=%+ nn, x=g+2nn, x=n+2nn, neZ. 22. x=(—1)"arcsin§+

+aresinS+nn,neZ.28. x=2+™ x="iqnneZ.24. x="2,
5 16 4 4 12

7+5 7-J5

neZ. 25. x=arctg 3 + tn, x=arctg +nn,neZ. 26. x=nn,
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8 2
x, = arctg 2, x3 = & + arctg 2.

x=-24+™  neZ. 27.x=nn, neZ. 28.x1=n—arctgg,

§ 37

Bapuanm I

1.%+2nk<x<l:j_"+2nk,kez.z.%"mnksxsl%’wznk,

keZ. 3.Ilpu Bcex xe R, KpoMme x=-—%+2ﬂ:k, ke Z.

4.2_3’E+2nk<x<%“+2nk, keZ.

Bapuanm II
1.-3% yome<x<3™ i onk, keZ 2.5 +nk<x<™4nk,
4 4 12 12
ke Z. 3.%+2nk<x<§6£+2nk, keZ. 4.9+2nk<x<m-—0+

+ 2nk, @ = arcsin ‘/32_1, ke Z.
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