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HOBTOPEHHUWE TEM, U3YYEHHBIX B 8-OM KJIACCE

Hopoeue yuenuxu! Mol npednacaem 6am HeCKONbKO YNpajcHeHui, 4moovl
8bl BCNOMHUNU MeMbl, NpolioeHHble 8 Kypce ,, Aneedopul 8 knacca.

1. Iocrpoiite rpaduk dynkuuu: 1) y=2x+3; 2) y=-3x+4; 3) y=4x-1;
4) y=-2x-5. B xakux 4eTBepTax pacnonoxeH rpapuk pynkiun? Hazosute
TOYKK TepecedeHus rpapuka ¢yHkuuu ¢ ocsimu Ox u Oy.

2. I'padux ¢ynxmuu y=kx+b npoxogut yepe3 Touku A(0; —7), B(2; 3).
Haiinute k u b.

3. Ilpsmas mpoxoaut uepe3 Touku A(0; 5), B (1; 2). Hanumure ypaBHeHHE
3TOM NPSIMOM.
4. Pemmre cucremMy ypaBHEHMI:
Tx+4y=29; 5x—4y=13;
Dsx+2y=10; 2x—y=4.

5. 3nomanu u 4 KOpOBHI 3a JIeHh CheAalT 27 KI KopMma. 3a JeHb 9 jomaaen
cbenaroT Ha 30 kr kopMa Oosbiie, yeM 5 kopoB. CKOJBKO KOpMa B JIeHb
TpeOyeTcss OIHOW JIOMAAX U OIHOM KOopoBe?

6. Knura u terpags Bmecte ctosaT 5800 cymoB. 10% uensl kuuru Ha 220
cymoB nopoxe 35% 1ensl TeTpagu. Haliiure 1ieHy KHUTH U 1IeHy TeTpaau
M0 OTHEILHOCTH?

7. Pemute HEpaBEHCTBO:
1) 3(x—4)+5x<2x+3; 2) |5-2x|<3; 3) [3x—4|>2.
8. Pemmre cucremy HepaBeHCTB:

4(2—x)>T7—bx, 2(3—2x)>8—bx,
1) 2)
15—4x<3; 10—x> 2.
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Haligure HauMeHblI€e 1eJ0€ pEIIEHUE HEPaBEHCTBA
3x+4_1—x<7x—3_3—x

2 3 2 3
Beruucnure:
1) J121-0,04 289 ; 2) ,/5?33; 3) (V32 +8)2.
Vrpocrure:
2 7
— . . + :

1) (8v63 +3+28 —5V112): 27 ; ) fivs oz
2) (1541,2 + 1270 —2430 : 4y — 3%

S ’ ) 5— 2V 4
Pemmre ypaBuenue (12-14):
D)|7-x|=-7; 2)|x+6|=x+10; 3) J(x=9)*=x-9.
1) x¥>~12x+11=0; 2) x*=15x+56=0;
3) 6x2+7x—=3=0; 4) 16x*+8x+1=0.
1) x*~10x?+9=0; 2) 10x*+7x*+1=0.

[Tyt B 240 kM onuH aBTOMOOMIBL NpoekaeT Ha 1 yac ObIcTpee BTOPOro.
Haiigure CKOpPOCTH KaXJOro aBTOMOOWJIS, €CIH CKOPOCTh IIEPBOTO
aBToMoOmns Ha 20 kM/9 GONBIIE CKOPOCTH BTOPOTO.

1) PasHocTh AByX 4mcen paBHa 2,5, a pa3HOCTh MX KBaJpaToB paBHA
10. Haitaure 3TH 4ncrna.

2) Haiigure Ba 4uclia, €ClM UX CyMMa paBHa 1,4, a cyMMa MX KBaJpaToB
paBHa 1.

Haiimure 1)xf+x3;  2)xf +x3;  3)afxy + xx3;  4)xf—x3,
€CIlM X, U X, KOpHH ypaBHEHHUs x’—8x+3=0.

Oxpyrnure 4yucna g0 COThIX. HaljiuTe OTHOCHTENBHYIO MOTPEIIHOCTD
okpyrnenus: 1) 6,7893; 2) 5,6409; 3) 0,9871; 4) 0,8245.
3anuniMTe 4KCIO B CTAaHJApTHOM BHUJE:

1) 437,105 | 2)91,352; | 3) 0,000 000 85; | 4) 0,000 079.



TJIABA 1. KBAJIPATUYHAS ®YHKIIHUAL.
KBA/IPATHBIE HEPABEHCTBA

A

Y

§1. OINPEJEJEHHUE KBAJPATUYHOM ®YHKIAHA

B VIII knacce Bbl NMO3HAKOMWIIUCH C JIMHEWHOM (yHKuuedt y=kx+b u
ee rpaduxom.

B pa3nuuHbIX 001aCTAX HAYKHW M TEXHUKH YaCTO BCTPEYAIOTCS (DYHKIUH,
KOTOpBIC HAa3bIBAIOT Keaopamuunvimu (yHkyusmu. IIpuBereM mpuMepHI.

1) Imomanaes KBagpara co CTOPOHOW X BBIYHCIAETCA MO (opmyne y = x%

2) Ecnu Teno OpomeHO BBEpX CO CKOPOCTBIO V, TO B MOMCHT BPCMCHH
{ pacCTOSHME OT HEro J0 IOBEPXHOCTH 3€MJIM ompejensercs no Gopmyie

2
8='—gtT+Ut+So, ra€ so—pacCToOAHUE OT TEila OO0 IMOBEPXHOCTH 3€EMJIM B

MOMEHT BpeMeHHu ¢=0.
B stHX mnpuMmepax paccMOTpeHbl (GyHKUMH BHAa y=ax’+bx+c. B
nepsoM npumepe a=1, b=c=0, a nepeMeHHbIMH SBIAIOTCS X ¥ . Bo BropoM

npuMepe a=—§, b=v, c=8,, a nepeMeHHbIe 0003Ha4eHbl OyKBaMM f U .

0 Onpenenenne. Dyuxyus y=ax*+bx+c, 20e a, b u c —
3a0anuvie Oelicmeumenvhuvie yucna, a0, x—oeiucmeumenvnan
nepemennan, Ha3vléaemcs Keaopamuunou Qynxyuei.

Hanpumep, kBaJpaTHYHBIMHU SBISIOTCA (YHKIMHU:
s o = A3 s
y = x5, y=-2x% y=x°—Xx,

y=x*-5x+6, y=—3x2+%x.



3apavya 1. Haiinure 3HaueHue QyHKUMH
Y(x)=x*-5x+6
opu x = -2, x =0, x = 3.
A y-2) = (2 -5 (-2)+6 = 20;
y0) = 02 = 5-0+6=6;
y3)=3-53+6=0 A
3agaya 2.Ilpu kakux 3HAYCHUAX X KBaApaTUIHAA (QYHKIHA
y = x* + 4x—5 npuaumaer 3HauyeHue, pasHoe: 1) 7; 2) -9; 3) -8; 4) 0?
A 1) ITo ycnosuro x>+ 4x—5=7. Pemas 3T0 ypaBHEHHE, IOIy4aeM:
x* +4x-12 = 0,

xl’z =—2i—\/4+12='—2i-4, X =2, Xy =—6.

CnenosarensHo, y(2) = 7un y (-6) = 7.
2) Tlo ycnosuro x* + 4x — 5 = -9, oTkyza
X +a4x+4=0, x+22=0, x=-2.

3) Io ycnoBuro x* +4x — 5 =-8, orkyma x* + 4x + 3 = 0.

Pewas 910 ypaBHenue, Haxoaum x =—3, x,=-l.

4) Tlo ycmoBmio x*+4x—5=0, otkyma x, = 1, x, =—5.A

B nocnennem ciydyae Obu1M HaeHBI 3HAYE€HUS X, IIPH KOTOPBIX 3HAYEHUS
byaxkmun y = x> + 4x — 5 pasnet 0, To ectb y(1)=0 u y(-5) = 0. Takue
3HAYCHUS X HA3BIBAIOT HYIAMU KEAOPAMUYHOU (DYHKYUU.

3agaua 3. Haligure vynu yskuun y=x>-3x.

A\ Pemas ypasuenne x*—3x=0, HaX01UM x,=0, x2=3.A

Ynpaucnenusn
1. (Yerno.) Koropas u3 cnepyomux (yHKUMH SBISETCS KBaJApaTUYHOM:
Dy=2%+x+3; 2)y=32*-1, 3)y=>5+1,
4y y=x+"Tx-1; 5) y = 4x% 6) y = =3x2 + 2x?
2. Haiimure neiicTBHTENIbHBIE 3HAYCHUS X, IPU KOTOPBIX KBaIpaTWIHAs (HYHKIHS
y=x*—x—3 nmpuHEMaeT 3HaYeHue, paBHoe: 1)-1; 2)-3; 3)—%; 4) -5.
3. Ilpu Kakux JEHCTBUTENBHBIX 3HAYEHHMAX X KBajgparwdHas QyHKuus y = —4x* +

3x — 1 npuauMaer 3HadeHwue, pasHoe: 1) —2; 2) —-8; 3) -0,5; 4) -1?



4. Onpenenute, kakue u3 gucen —2; 0; 1; J3  sBasorcs HYJIAMHA
KBaJIPaTHYHON (YHKIHH:

1)y =x* + 2x; )y =x*+ x; )y =x*-3;

4) y = 5x* — 4x - 1; 5)y =x*-1x; 6)y =x>+x—2?
5. Haiigure Hynu KBaJpaTHYHOH (GYHKLIUH:

1)y =x* - x; )y =x>+3;

3) y = 12x2 — 17x +6; 4) y = —6x* + Tx — 2;

5)y = 3x* = 5x + 8; 6)y =2x* - Tx + 9.

6. Haiimure k03pdHUIUEHTE p U ¢ KBAJPAaTUYHOU (GYHKIMH Yy =X+ px +q,
€CIIM M3BECTHBI HYJIH X, ¥ X, 3TOM (yHKIuH:
1) x,=2, x,=3; 2) x=-4,x,=1;
3) x,=-1, x,=-2; 4) x=35, x,=-3.

7. Haitqure 3Ha4eHUS X, MPH KOTOPBHIX (GyHKIMH y=x>+2x—-3 u y=2x+1
NPUHAMAIOT PaBHBIC 3HAYCHHS.

§2. OYHKIUS y = x*

PaccMorpuM GyHKUHIO y = X%, TO ecTh QYHKUHIO y=ax’+bx+c
npu a=1, b=c=0. Ina nocrpoenus rpaduka 310 GYHKIHH COCTABUM
Tabiuiy ee 3HaYCHHMH:

X —4 =3 -2 =1 0 1 2 3 4
y=x2 16 9 4 1 0 1 4 9 16

[locTpouB yKka3aHHbIE B TaONUIE TOYKHA U COEIUHUB MX IUIABHOW JIMHHEH,
nony4uM rpadux dyskuuu y = x* (puc. 1).

2

0 KpuBasi, sBaswomasca rpadpukom QyHKHuH y = X7
Ha3bIBaeTCH napabonou.

PaccmoTpuM cBoiicTBa QyHKUMH y = X°.

1) 3nauenue GyHKIMH y =x> nonoscumenvro Npu x#0 U pasno nyno Npu
x=0. CnenoBarenpHo, mapabona y =x* MPOXOJUT 4epe3 Hadalo KOOPJMHAT,

7
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—43-2-10( 1234 Puc. 1. Puc. 2.

i Wi

a OoCTalbHbIE TOYKHM Mapaboyibl JeKaT BhIMIe OCH abcuucc. [0BOpAT, dWTO
napabona y = x* kacaemcs ocu abcyucc B touke (0; 0).

2) I'paduk dyHKIMU y=Xx* cummempuuern OmMHOCUMETLHO OCU OPOUHAM,
tTak kak (—x)*=x% Hampumep, ¥(-3)= y(3) = 9 (puc. 1). Takum 00Opa3om,
OCb OpJUHAT SBISETCA OCblo cumMmempuu napabonvl. Touky mepecedyeHus
napaboibl ¢ €€ OChbI0 CHUMMETPUM Ha3bIBAT Gepuiunou napabonvl. Jljis
apaboibl y=x> BEPIUIMHOMN SBISCTCS HAYAJIO KOOP/MHAT.

3) Ilpu x>0 OGosplieMy 3HAYEHHIO X COOTBETCTBYET OOJIblliee 3HAYCHHE
y. Hanpumep, p(3) > y(2). ToBopsat, uto OQyHKIUsS y = x* sBIsSETCS
so3pacmaroweli Ha npomedxcymke x >0 (puc. 1).

[lpu x < 0 OompllleMy 3HAYEHUIO X COOTBETCTBYET MEHBIIEE 3HAUCHUE
y. Hampumep, y(-2) < y(—4). ToBopsat, urto ¢yHkuus y = x* sBiIseTcs
yowvisaiowei Ha npomexcymke x <0 (puc. 1).

3amaua. Haiinute KOOpIMHATBHI TOYEK TEpeceYCeHUs mapaboibl y = x?
U npsmMod y = x + 6.

A KOOpIII/IHaTBI TOUCK IICPCCCUCHUA ABJIAIOTCA PCIICHUECM CUCTCMBI
YpaBHECHUH g
y=x,

y=x+6



Pemas o1y cucremy, monydaem x> = x + 6, T0 ecth x> — x — 6 = 0,
oTKyaa x; = 3, x, = —2. [loacrapnss 3Ha4€HUA X; ¥ X, B OIHO U3 YPaBHEHHM
CHCTEMBI, HaxoauM y; = 9, y, = 4.

OrBer: (3; 9), (-2; 4). A

[Tapabona obnagaeTr MHOTMMH HMHTEPECHBIMH CBOWCTBAaMH, KOTOPHIE
IIMPOKO MUCTIONB3YIOTCS B TeXHUKE. Hampumep, Ha ocH CHMMETpHHU napabosibl
€CThb TOYKa F, KOTOPYI0 Ha3bIBAIOT ¢hokycom napabonwr (puc. 2). Ecnu B
9TOM TOYKE HAXOAUTCA MCTOYHHK CBETA, TO BCE OTPaKCHHBIE OT Mapaboiibl
JAy49d MOYT NapajyienbHO. JTO CBOMCTBO MCIONB3YETCA IPH H3TOTOBJICHUH
IPOXXEKTOPOB, JIOKATOPOB M APYIUX NpUOOpPOB.

®okycom mapabonsl y = x? ABIAETCA TOYKA [O; %]

Ynpaxucnenusa

8. Ha mmutumerpoBoit Oymare moctpoiite rpadpux ¢ynkuum y = x> Ilo
rpaduky npuOIMKEeHHO HalauTe:
1) 3nauenne y npu x = 0,8; x = 1,5; x =19, x=-23;, x =-1,5;
2) 3HayeHue x, ecnma y = 2; y =3; y =45, y=06,5.

9. He crpos rpadpmka ¢yHKUHE y = X?, ONpeAenuTe, Kakhue M3 TOYeK:
A(2; 6), B (—1; 1), C(12; 144), D(-3; —9) npuHaanexar emy.

10. (YcrHo.) Haiingure xoopauHaThl TOYEK, CUMMETPUUYHBIX ToukaM A(3; 9),
B(-5; 25), C(4; 15), D(\/§ ; 3) OTHOCUTENBHO OCH opauHaT. [IpuHamiexar
JIM BCE JTH TOYKM rpaduxy ¢yHkuuu y = x2?

11. (YcrHo.) CpaBHuTe 3HaYeHHs (QYHKUUH y=x’ NpH:

Dx=25u x=3%; 2)x=04ux=03;
3)x=-02mux=-0,1 4)x=4lunx=-52

12. Haiigute KOOpJAMHATEI TOYEK IepecedyeHrs mapaboisl y = x> ¥ IPSMON:
1)y =25 2)y =3 Ny ==
4) y = 2x; 5)y =3-2; 6)y =2x -1



13. SBnsercs nu Touka A TOYKOW mepecedcHus mapabonsl y = x> U NpAMOIL:
1)y ==x -6, A(-3; 9); 2) y=5x -6, A(2; 4)?

14. BepHo 1u yTBEpXAeHHE, 4TO (QYHKIHMS y = Xx? BO3pACTaer:
1) Ha orpeske [1; 4]; 2) Ha uHTepBane (2; 5);
3) Ha mHTepBaNEe x > 3; 4) na orpeske [-3; 4]?

15. Ha omHO# KOOpPAWHATHOW TIUIOCKOCTH TOCTPOMTH Mapabony y=x*> u
npsamyto y=3. [Ipy kakux 3HAYEHUAX X TOYKM Mapaboibl JexaT BBIIIE
OpAMOM; HUXE TPAMOi?

16. Ilpn xakux x 3Ha4eHUs QYHKIHH y = X2

1) Gonpie 9, 2) ue Oombiue 25;
3) e mensue 16; 4) mensue 36?
|
§3. OYHKIMUA y = ax?

3agaua 1. Ilocrpoiite rpadux Qynxuuu y = 2x%
/\ Cocrasuu Tabnuiy 3HadeHud QyHkuun y = 2x7

x =3 =2 -1 0 1 2 3

y=2" 18 8 2 0 D 8 18

[TocTporM HalijieHHbIE TOYKH M MPOBEAEM 4epe3 HUX IUIABHYI0 KPUBYIO

maumio (puc. 3). A

CpaBuum rpaduku Qyakmmid y=2x> u y=x’ (puc. 3). IIpu omHOM H
TOM )K€ 3HAaYeHHH X 3HaueHWe QyHKuuH y=2x*> B 2 pasza Oojplue 3HAYECHUS
byHKIME y=x%. DTO 3HAYMT, YTO KAXKAYIO TOYKY rpaduka ¢GyHKIuH y=2x>
MOXKHO TIOJYYHTh K3 TOYKH Trpaduka (QyHKIHH y=x> C TOH ke abCiuccoi
YBEJIIMYEHUEM €€ OpJHHATHl B 2 pasa.

ToBopsaT, 4ro rpaguk (yHKOUH y=2x> TONYYAETCH PaACMANCEHUEM
epagpuka ynkyuu y=x> or ocu Ox BHOoIb ocu Oy B 2 pasa.

3amaua 2. Ilocrpoiite rpaduk GyHKIMU Y = %xz .

/\ Cocrasum TabnuIy 3Ha4eHUH QYHKIHH y=%x2:

10



A "

y=2x y=5X
\\ /iy=x
\ - f
=1 0] 1 ? 02 | 2 > o
Puc. 3. Puc. 4.
x -3 =3 = 0 1 2 3
y= %xz 45 2 0,5 0 0,5 2 45

[TocTpouB HaWIEHHBIE TOYKH, MPOBEAEM Y€pe3 HUX IUIABHYIO KPHBYIO
mmamo (puc. 4). A

CpaBuum rpapuku Gpysknuit y = %xz u y = x*. Kaxnayio Touky rpaduxa

byHKIUH y=%x2 MOXHO TOJy4HTh W3 TOYKH rpaduka QyHKumu y=x> ¢ TOH

e abcuuccodl yMEHBIICHUEM €€ OpJMHaThl B 2 pasa.

1
['oBopsT, yro rpaduk yHKUMK y=§:)c2 noNydaeTcs cocamuem epaguxa

gyrkyuu y=x* k ocu Ox Bpons ocu Oy B 2 pasa.

3amaua 3. IToctpoiire rpaduk QyHKIHH y = —x°.
/\ Cpasanm ¢ymxkumn y=-x> u y=x>. [Ipn OZHOM H TOM XK€ X
3HAYCHUS 3THX (YHKIMH paBHBI 10 MOIYJIIO M TPOTHBOIOJOXHEI 10 3HAKY.

CnenoBarenbHo, rpaduk (QYHKOHH Y =-—x’> MOXHO HOJYYHTh CHUMMETPHEH
rpaduka QyHKUAM y=x* oTHOCHTEIBHO ocH Ox (puc. 5). A

1
Ananorudno, rpadpuk QyHKIHH y=—§x2 CUMMETpPHYEH Tpaduxy

1
byHKIHH y=§:’c2 otHocutensHo ocu Ox (puc. 6).

11



12

Puc. 5. Puc. 6.

Ipadux dyskuun y = ax’ npu Mobom ¢#0 Takke Ha3LIBAKOT
napabonou. llpn a > 0 BersBu mapabo/ibl Hanpap/ieHbI égepx, a
npu a < 0 — enus.

3ameTrM, 49T0 (OKyC TMapaboibl y = ax’ HAXOAMTCA B TOYKE [0; %)
a

[lepeuncnum ocroshble ceoticmea ¢ynkyuu y = ax?, tae a#0:

1) ecma a > 0, To GyHKIMA y = ax* MPUHAMAET TOJOKHTETEHEBIE
3HaueHus npu x # 0;

ecnn a < 0, To GyHKUMSA y = ax’ NPUHUMAET OTPHULATEIbHbIE
3HaueHus npu x # 0;

3HaueHue QyHKuMH y = ax* pasHo 0 Tompko mpu x = 0;

2) mapabona y = ax’ CHMMETPHYHA OTHOCHTEIBHO OCH OPJMHAT;

3) eciu a > 0, To dyHKnMA y = ax*> Bo3pacrtaer mpu x > 0 U
ybsiBaer npu x < 0;

ecmn a < 0, To GyHKIUA y = ax® yOeiBaeT mpu x > 0 u Bo3pacraer
npu x < 0.



y=ax*,a>0
0
0] 1 > 0 >
y=ax’,a<0
Puc. 7. Puc. 8.

Bce stu cBoiicTBa MOXHO yBHJETh Ha rpaduxe (pucyHku 7 u 8).
Ynpascnenusa

17. Ha munmuaMetpoBoii Oymare mocrtpoiite rpaduk ¢ynkimun y = 3x2. Ilo
rpaduKy MpHOMMKEHHO HalauTe:
1) 3navenus y opu x = —-2,8; —1,2; 1,5; 2,5;
2) 3HaueHHs x, ecnd y=9; 6; 2; 8; 1,3.

18. (YctHo.) Onpenenute HampaBiIeHHE BETBEH mMapabosl:

1) y = 3% 2) y=%x2; 3) y = 4x% 4) y=—%x2,

19. Ha opxHOM KOOpPAMHATHOW IUIOCKOCTH NOCTPOUTE rpaduku (GyHKIMMA:
Dy=x* u y=3x% 2)y==x* u y=-3x%
3)y=32% u y=-3x% 4) y=%x2 u y=-%x2.
Ucnone3ys rpaduku, BBISICHUTE, KaKMe U3 STUX (YyHKIMH BO3pacTalT Ha

npomexytke X > 0.

20. Haitmure KOOpAMHATHEI TOYCK MEPECCHCHUS TPaduKoB (GyHKIMH:
1) y=22% n y=3x + 2; 2) y=—%x2 u y=%x—3.

13



21. SBnsercs nu yoObiBaromerd Ha nmpomexytke x < 0 dyHKuus:
Dy=4t 2 y=—£x3; y=-5 4 y=—%x2?

22. BuiscHuTe, sBIseTcA JH (QYHKOHS y = —2x> BO3pacTalomiedl HIH

yOBIBatOIICH:
1) na orpeske [4; =2]; 3) na unrepsane (3; 5);
2) Ha orpeske [-5; 0]; 4) na unrepsaie (-3; 2).
23. [Iyth, npOMAEHHBIA TEJIOM IPU PABHOYCKOPEHHOM JBUIKCHHUH,
2
BBIYUCIIAETCA 10 (opmyie 8=aT, e § — INyTh B METpax; a —

yCKOpeHHEe B M/C*, ¢ —BpeMs B ceKyHaax. Haiinure yckopeHHe a, eciu
3a 6 C Telo MpOIUIO MyTh, PaBHBIH 96 M.

|
§4. OYHKIMA y = ax’ + bx + ¢

3apmaua 1. ITocrpoiite rpadpuk dyHkumu y=x> — 2x + 3 U cpaBHHUTE
ero ¢ rpadukoM QyHKDHH y = Xx7.
/\ Cocrasum Tabnuny 3HaveHud Qynkuumum y = x2 — 2x + 3:

x =3 =2 -1 0 1 2
y=x2-2x+3 18 11 6 3 2 3 6

HOCTpOI/lM HalJIeHHBIE TOYKH H IIPOBEJAEM 4YE€PE3 HHUX IUNIaBHYKO KPHBYIO

(puc. 9).
Jns cpaBHeHHs rpadukoB mpeobpasyem dopmyny y = x> — 2x + 3,
MCIIONIB3YSl METOJ BBIJCTICHHS IOJHOIO KBajpara:

y=x—-2x+1+2=@x-17+2.

Cuavana cpaBHuM rpaduku QyHkmi y = x*2 U y = (x — 1)% 3amerum,
yTo eciu (X; y)— Touka mapaboiel y=x’, TO €CTh y, = x;, TO TOYKa
(x,+ 1; y,) npunagnexut rpadpuxy dyuxkimu y = (x—1)?%, tak kak ((x, +1)—1)*=
x; =y,. CnenoBarensHo, rpadukom dyukimu y=(x—1)* sBiserca mapabora,
nojiydeHHas u3 mapabonsl y = x? coéuzom (NMapajulebHBIM IIEPEHOCOM)

BIpaBo Ha exuuuny (puc. 10).
14



YA }’A

y=x
VA ¥y, +2
181
yl yl
y=(x-1) 2
x, x+1(0 1 »x xl+1I (0] 5
11 Puc. 10. Puc. 11
YA y=(=13%+2
\ y:xz I
6 X !
\ /
\ !
\2 / 2
3 \\ L y=(x-1)
2 \\ //
u ;A
Pl ol 1 *
Puc. 9. Puc. 12.

Temeps cpaBauM rpaduku Gyukumii y=(x—1)> u y=(x—1)*+2. Ilpu
KaXJoM x 3HaueHue OQyHkuuu y=(x—1)>+2 Oonbiie 3HAYCHHS (QYHKLIUH
y=(x—1)*na 2. CnenoBarensHo, rpadukom GyHkuun y=(x—1)*+2 sBusercs
napabora, MoTy4eHHas CABUTOM Tapaboisl y=(x—1)? BBEpX Ha JBE CIMHHMIIBI

(puc. 11).

Takum o6pazom, rpadukom dyskimu y = x* — 2x + 3 sBngercs napaboina,
moJyqaeMasi CABUIOM mapaboinbl y =x* Ha EJUHHIy BIPaBO M Ha JIBE
equHuIBl BBepX (puc. 12). Ocproo cummerpum mnapabonst y =x*—2x + 3
ABJIAETCS MPAMas, MapauiebHas OCH OpPANHAT M MPOXOAAIIA Yepe3 BEPIIHHY
napa6onst Toaky — (1; 2). A

— 2
AHaJIOTUYHO JI0Ka3bIBAETCs, 4TO 2pagurom @ynkyuu y = a(x — x,)* + y,
aenaemcs napabona, noayyaemas cO8uzom napabonvl y = ax*:

B/I0JIb OCH abCIHCC BIIPaBO Ha X,, eciu X, > 0, BIeBo Ha |x |, ecim x,<0;

ob
B/IOJIb OCH OpJMHAT BBEPX Ha y,, ecnu y, > 0, BHM3 Ha [y|, ecmn y, <O0.

15



Jhobyio keadpamuunyio gyuxyuto y=ax*+bx+c ¢ MOMOIIBIO BBIICICHUSN
TIOJTHOTO KBAJpaTra MOJNCHO 3aNUCamo 8 6uoe

2
—a x+i _b2—4ac
Yy % 12’
TO ecTh B BHAC y = a(x — x,)* + y,, Tae
b _ —(v"Hac)
Xo 22> Yo y(x,) 10

Taxum o0pazom, rpadukom QyHKIMYU y=ax*+bx + ¢ sBIsieTcs napadona,
noyyyaemasi CIBUTOM Mapaboyibl y=ax® BIOJb KOOPAWHATHBIX OCEH.
PaBencTBO y=ax*+bx+c Ha3BIBAIOT ypasHenuem napadonsvi. KoopamHaTel

. — 2 o .
(x5 ¥,) BEPIIMHBI MapaboIbl y=ax’+bx+c MOKHO HAWTH 10 GopMynam:
b 2

Xo= "5 Yo = Y(xy)=axy +bxy +c.

Och cumMmeTpuu mapabonibl y=ax*+bx+c — nupsmas, mapaieibHas
OCH OpIMHAT W TPOXOAAIIAs Yepe3 BEpUIMHY mapaloJibl.

BerBu mapabonbl y =ax? +bx +c¢ HampaieHbl BBepX, eciu a >0, u
HarpasieHbl BHU3, eciu a <0.

Bagmaua 2. Haiimure KOOpAMHATHI BEPIIMHBI Mapadoibl y=2x>—x—3.
AbGcmmcca BepIIMHBI Apa0OITbL:

b _1
0" 24 4’
OpawHaTa BEpPIIMHBI MapaOOIIbL:
2 1 1 1
=ax;+bx,+c=2-——-—-3=-3=
Yo 0 0 16 4 8-

1, o1
OTBeT: [Z’ 38]. A

3agava 3. 3anumure ypaBHeHHE Mapaboibl, €CIM U3BECTHO, YTO OHA
NPOXOIUT uepe3 TOouKy (—2; 5), a ee BepUIMHOM sABnserca Touka (—1; 2).
Tak kak BepmmHON Tapaboisl sBIsIeTCsS Touka (—1; 2), To ypaBHEHHE
napabosibl MOXKHO 3amucarh B BUJE:
y=alx + 172+ 2.

16



[To ycnoButo Touka (—2; 5) MpUHAIUIEKHUT mapaboie, CleA0BaTelIbHO,
5=a(-2+ 17+ 2,

OTKyHa a = 3.

24.

25.

26

27.

28.

29.

Takum o0pa3om, mapaboria 3amaercs ypaBHEHHEM

y=3x+12+2 mm y=3x>+6x+5 A

Ynpaxcunenuas

Haiinute xoopauHatsl BeplIMHbI mapabosbl (24-26):

(YctHo.)

Hy=@x-37>-2; 2)y=(x+4)y + 3

3) y=5@x + 2)* -7, 4) y = —4(x — 1)* + 5.

1) y=x"+4x + 1; D)y=x*—-6x-17;

3) y = 2x* — 6x + 11; 4) y = 3x* + 18x — 7.
)y =X+ 2 2)y=-x*-35; 3) y = 3x% + 2ux;

4y y=-4x+x; 5 y=-3x+x 6) y = 2x*> — x.
Haiimute Ha ocu Ox TOUKy, 4epe3 KOTOPYIO HPOXOIUT OCh CUMMETPHH

napaboIbl:

) y=x+3; 2)y=(x+2)3
3) y = 3(x + 2 + 2; 4)y=(x -2+ 2
S5)y=x+tx+1; 6) y = 2x* — 3x + 5.

[IpoxoauT M OCh CHUMMETpuUH mapabossl y=x>—10x dYepe3 TOUKY:
1) (5; 10); 2) (3; =8); 3) (5;0); 4) (=5; 1)?

Haiinure KoOopIMHATBI TOYEK MEpeCceUeHUs! mapaboIibl ¢ OCSIMU KOOP/IMHAT:
) y=x*-3x+2; 2)y=-2x*+3x — |

3) y =3x* - Tx + 12; 4) y = 3x* — 4x.

30.

Hanwumurte ypaBHeHHe mapaboibl, €ClIM HW3BECTHO, 4YTO mapabona
npoxoauT yepe3 Touky (—1; 6), a ee BepmuHO# siBnseTcs Touka (1; 2).

2 — Anre6pa, 9 knacc 17



3

32. Haitnure 3HaueHwe k, ecnm Touka (—1; 2) mpuHamnexut mapabosne:
1) y=kx*+3x—4; 2) y=-2x+ kx—6.

33. C nomompio madinoHa napadoibl y=x*> NOCTPoiTe rpadK (yHKIHH:
Dy=G&+2%  2)y=@&-3) Hy=x-2
4) y=—=x"+1; 5) y=—(x =1)’-3;  6) y=(x+2)+ 1.

34. 3anumuTe ypaBHEHHE 1Mapaboibl, MONyYEHHOM M3 mapabonsl y = 2x%
1) caBurom Bronb ocu Ox Ha 3 €QMHHUIBI BIPABO;
2) cusuroMm BAOJb ocu Oy Ha 4 €IMHUIIBI BBEpX;
3) caBuroMm Boab ocu Ox Ha 2 €JUHHUIBI BJIEBO M BAOIbL ocu Oy Ha
C/IMHHIYy BHU3,
4) cnurom Baons ocu Ox Ha 1,5 exuHHUNBI BIpaBo U BAONL ocu Oy
Ha 3,5 eIuHHUIBI BBEpX.

[y

. (Yerno.) Ipunamnexur mu touka (1;—6) mapabone y=-3x* +4x-7?

[
§5.IOCTPOEHUE I'PA®UKA KBAJIPATUYHON ®YHKIAU

3agaua 1. Ilocrpoiite rpaduk QyHkumm y=x>—4x+3.
A\ 1. Berancium KOOPJMHATHI BEPUIMHEI Iapaborbl:

x0=—;=2’

Yo=22-4.2+3=-1.

[TocTpoum Touky (2; —1).

2. IlpoBenem 4epe3 Touky (2; —1) nmpsMyto, mapajieNbHy OCH Op/MHAT,
— ocb cuMMeTpuH napabonsl (puc. 13-a).

3. Pemas ypaBHeHue x> — 4x + 3 =0
HaieM Hymu dynkuuu: x, =1, x,=3. Iloctpoum Touku (1; 0) u (3; 0) (puc.
13-b).

4. Bo3pMeM J1B€ TOUKM Ha OCH OX, CHMMETPHYHBIC OTHOCHTEIBHO TOYKH
x = 2, Hanipumep, x = 0 u x = 4. Beryucium 3Ha4eHUss (QYHKIMH B ITHUX
toukax: y(0)=y(4)=3.

[Toctpoum touku (0; 3) u (4; 3) (puc. 13-b).

5. IpoBexem mapaGony depe3 mOCTpoeHHbie Touku (puc. 13-¢). A

18



Yy 1 x=2 Y x=2
3
} > L 4 L 4 >
0 Ty O T [23 4x
o | — o
a) b) c) Puc. 13.

[Io Takoit e cxemMe MOXHO nocmpoums 2pagux a0boi
Keaopamuunou Gynkyuu y = ax* + bx + c:

1. Tloctpouts BepmmHy mapabonsl (x;; y,), BHYUCIMB X, J, IO
dopmymam Xo = —%, Yo=Y (xo).

2. TlpoBectn d4epe3 BepuIMHY Mapabosibl MPAMYIO, MapauIeIbHYIO
OCH OpJMHAT, — OCb CHMMETpPUH Hapaboisl.

3. Haiitu Hynu GyHKIUH, €CIM OHHM €CTh, U IIOCTPOUTH HA OCH
abcuuce COOTBETCTBYIOIIHE TOYKH Hapaboiisl.

4. TlocTpouTh JBE Kakue-HUOYAb TOYKH NMapabolibl, CHMMETPHYHbIC
OTHOCUTENBHO €€ Och. Jlng 3Toro Hajo B3ATh ABE TOYKH HA OCH
Ox, CHMMETPHYHBIE OTHOCHTEIBHO TOYKH X, (x, # 0), W BBHIYMCIHTH
COOTBETCTBYIOLIME 3HAYCHHUS (QYHKUHMH, (3TH 3HAYECHHUSA OIMHAKOBBHI).
Hanpumep, MOXXHO NMOCTPOUTH TOYKHM mapabonbl ¢ abcuuccamu x = 0

x = 2x,, (OpPAMHATHI 3TUX TOYEK PABHBI C).

5. IlpoBecTn 4epe3 MOCTPOEHHBIE TOYKH Mapabony. 3amMeTUM, 4TO
11 6oJee TOYHOro MOCTPOEHHs rpadyuKa MoJae3HO HAHTH ellle HECKOJIbKO
TOYEK Napaboibl.

3agaua 2. Ilocrpoiire rpadux dynkumun y=-2x>+12x—19.
/\ 1. BBMHCINM KOOPAMHATHI BEPIIMHBI [aPaGOIEL:

%o=—1o=8, yo=—2-82+12:3-19=-1.

[Toctpoum Touky (3; —1) (puc. 14).
2. TIposenem uepe3 Touky (3; —1) ocb cummerpuu napaboinsl (puc. 14).
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YA YA

5

0
-1

|

)
7—-(0-
| |

) —

. y = 2+12x-19

x=3
Puc. 14. Puc. 15.

3. Pemas ypaBHenue —2x*> + 12x — 19 = 0, ybexxaaemMcs B TOM, 4TO
YpaBHEHUE HE MMEET JCHCTBUTENBHBIX KOPHEH, H, CliefoBaTenbHO, napabona
He mepecekaer ock Ox.

4. Ha ocu Ox BO3bMEM JIBE€ TOYKH, CHMMETPHYHbBIE OTHOCHTEIBHO TOYKH
x = 3, Harpumep, Touku x = 2 U x = 4. Beyucnum 3HayeHue (GyHKIHH B
ITUX TOYKAX:

¥2) = y4) = -3.
[Toctpoum touku (2; —3) u (4; —3) (puc. 14).
5. Tposenem mapaGony depes Haiigennsie Touku (puc. 15). A

3agaua 3. [locrpoiite rpaduk QyHKIHH y = —x* + X + 6 U BBISICHHTE,
KaKMMH CBOWCTBaMH 001ajfaeT 3Ta (hyHKIHS.

/A Jlns moctpoenns rpaduka (yHKUMM HaigeM HYIH (GyHKIHH:
—x*+x+6=0, otkyna x,=-2, x,=3. Koopaunars! BepimmHbI 1apabosisl MOXKHO
HalTH TakK:

—ylll=-L+li6-61
yo—y[z] 4+2-§-6 64.
Tak xak a=-1 < 0, To BerBH napaboJyibl HampaBICHBI BHU3.
Haiizem eme Heckonmbko Todek mapabonsr: y(-1)=4, y(0)=6, y(1)= 6,
¥(2) = 4. Crpoum napabony (puc. 16).
C nomomipio rpaduka GyHKIMU NOITYYHM CIEAYIOIHUE C80UCMEa QyHKYuU
y ==x*+x + 6:
1) npu mo6BIX 3HAYECHHUAX X 3HAUYECHUS (PYHKIUH MEHBIIE WM PaBHBI

6l.
4
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2) 3HaueHHs (QYHKIUH IOJOKHUTEIHHBI yT

npu —2<x<3, OTpULATENbHBI NP X <—2 6% y=65
M X>3, paBHBl HYIIO NPU X=—2 U X=3; .
3) ¢yHKUMS BO3pacTaeT Ha MPOMEXYTKE
5--
1 1.
x< =, yOBIBa€T Ha MPOMEXYTKE X > 3 i
1
4) npwu x=3 byHKIUS NPUHUMAET 3+ 1 g
X = E r
1 + o
HaubonbIIee 3HAYCHUE, PaBHOE 62; 2 5
1+ ]
5) rpaduxk ¢GyHKIUHM CHMMETpHYEH . 3
-2 —'1 0 1 '1 '2 3 X
2

o 1
OTHOCHUTECJIBHO TIPAMOM X = T A

OrmeTuM, 4T0 (QYHKIMSA y =ax?+bx +c¢ NPUHAMACT HaAuMeHbuiee

b
WIH Haubonbuiee 3HAYCHHE B TOYKE X9 ==, , KOTOPOEC ABIACTCS
abcuuccol BepIIMHBI Mapabosl.

3Hayenue QyHKUMH B TOYKE X, MOXKHO HaWTH 1o Qopmyre
Yy = Y(x,). Ecnu a > 0, mo ynkyus umeem naubonouiee snauenue, a
ecnu a < 0, mo yukyua umeem Haubonbuiee 3HaveHue.

Hanpumep, ¢yHkuus y = x> — 4x + 3 mpu x = 2 NpHHAMaeT HaWMEHBIIEE
3HaueHue, pasHoe —1 (puc. 13-c¢); pynxuus y = —2x* +12x-9 npu x = 3
NpUHUMaeT HaubOonbiuee 3HaueHue, paBHoe —1 (puc. 15).

3agaua 4. Cymma JByX NOJOXHUTENbHBIX uucen paBHa 6. Haiigure
3TH 4YHMCIa, €CIM CyMMa HMX KBaJpaToB HauWMeHbmas. KakoBo HavMeHbIIee
3HAYEHHUE CYMMBI KBAJIPaTOB 3THX YUCEN?

/\ O603nauum nepoe uucio OykBo# X, TOTJa BTOPOE YHCIO pPaBHO
6—x, a cyMMa HX KBajgpatoB paBHa x> + (6 — x)°. Ilpeobpasyem 3TO
BBIpaXKEHUE:
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X2+ (6 —x)P?=x>+36—-12x + x* = 2x* — 12x + 36.

3ajmaya cBelach K HAXOXKJIEHUI0O HAUMEHBIIETO 3HAYeHUs (QYyHKIHUH
y=2x*—12x+36. Haiizem KoOpAWHATHI BEPUIMHBI 3TOH MapadoJIbL:

__b__-12_ _ -2.9-12. —
Xo= =y =5 5 =3 Yo=y(3)=2-9-12.3+36-18.

Wtak, nmpu x = 3 (QyHKUUS TPUHAMAET HaWMEHbIIEe 3HAYE€HHE, PaBHOE
18.

Takum 00pa3om, mepBOe YKCIO paBHO 3, BTOPOE Takke paBHO 6 — 3 = 3.
3HaueHHe CyMMBI KBaJPAaTOB 3TUX 4YuceN paBHO 18. A

Ynpasxcnenua

35. Haiinute koOpAMHATHI BEPIIUHBI MapadOIIbL:

1) y=x*—4x - 5; 2)y=x*+3x+5;
3)y=—x*-2x+5; 4y y =—=x*+ 5x - L

36. Haiinute koOpAMHATHI TOYEK MEPECEUeHHs Mapadoibl C OCIMU KOOPAUHAT:
Hy=x>-3x+5; 2) y =-2x* — 8 + 10;
3) y = -2x* + 6 4) y = Tx* + 14.

[Toctpoiite rpaduk dynkuuu u mo rpaduxy: 1) HaliguTe 3HAYCHUS X,
OpU KOTOPBIX 3HAYEHHsS] (PYHKIUHM TOJIOKUTENbHBI, OTPULATEIbHBI; 2)
HAMIUTE TIPOMEKYTKH YOBIBaHUS M BO3pacTaHusl QYHKIWU; 3) BBISCHUTE,
NpU KaKOM 3HAUeHUH X QYHKIMS MPUHUMAET HauOObIIee U HauMEHbIIee
3HaueHue (37-38):

37. 1) y = x* = 7x + 10; )y=-=x*+x+2;
3) y=-=x*+6x -9 4) y = x* + 4x + 5.

38. 1) y = 4x* + 4x — 3; 2) y=-3x"-2x + 1;
3) y=-2x2 + 3x + 2; 4) y = 3x*> — 8x + 4.

39. Ilo manHOMy Tpaduky KBaaparndHoi QyHKIHH (puc. 17) BBISICHHTE ee
CBOMWCTBA.

40. Yucno 15 mpeacraBpTe B BUAE CYMMbl JBYX YHCEI TakK, 4TOOBI
NPOU3BEAECHUE ITUX YHCEN ObUIO HAHOOJIBLINM.
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41.

/ s
' o
0 5 X
=3 Tk ST
ik a) b) Puc. 17.

Cymma aByx umcen paBHa 10. Halgure 5T 4ucia, ecim cymMMa HX
KyOOB sIBIS€TCA HaMMEHBIIEH.

42. Y4acTox npsAMOYTroidbHOH (HOPMBI, MPUMBIKAIOIIMHA K CTEHE J0Ma, HYXHO

OTOPOAUTH € TpeX CTOpoH 3abopom muHOM 12 M. Kakumu m0mKHBI
OBITH pa3Mepsl y4acTka, 4ToOBI €ro IUiomaap Obula HaubonbeH?

43. B TpeyronbHUKE CyMMa OCHOBaHHMS M BBICOTHI, OIYILEHHOM Ha 3TO

ocHoBaHME, paBHa 14 cM. Moxer nu Takod TpPEyroabHUK HMMETh
oA b, paBHyIO 25 cm*?

44. He ctpos rpaduk, ompejaenuTe, NMpU KaKOM 3HAYCHHH X KBaJpaTHYHAS

45.

46.

¢yHkuus umeer Hambonbmiee (HaWMEHBLIEE) 3HAYCHHE, HAMIUTE ITO
3HaYEHHUeE:

1) y=x*—6x + 13; 2) y =x* - 2x - 4

3 y=—2+ 4x + 3; 4)y =3x* — 6x + 1.

Onpenenure 3Haku K03Q(UIHUEHTOB ypaBHEHHS Mapaboibl

y = ax* + bx + ¢, ecnu:

1) BerBu mnapaboiibl HampaBieHbl BBepX, abcuucca €€ BEPIIMHEI
OTpHLIaTeNIbHA, a OpJUHATAa IOJOXHUTEIbHA;

2) BeTBM mapabonsl HampaBieHBl BHHU3, abcuucca M OpAMHATA €e
BEPIIVHBI OTPHIIATEIBHBI.

C BBICOTHI 5 M BEpPTHUKAaJbHO BBEPX M3 JIyKa BBINYIICHA CTpena C
HadalbHOW ckopocThlo 50 m/c. Beicora # M, Ha KOTOpOH HaxoAuTCH
cTpenia 4epe3 ¢ CeKyHJ, BhIYHCIseTcs 1o (dopmyre

gt?

h=nh()=5+50- 5, meg=10 M/c?.

Yepe3 ckonbKo CeKyHZ cTpena: 1) JZOCTUrHET HauOOIbIIEH BBICOTHI U
KaKkoM; 2) ymajer Ha 3eMiTio?
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§6. KBAJIPATHOE HEPABEHCTBO
M EI'O PEHIEHHUE

3agava 1. CropoHsl npAMOYroJIbHUKA paBHBl 2 1M U 3 aM. Kaxayro
CTOPOHY YBEIMYMIM HA OJMHAKOBOE YHCIIO JEIUMETPOB TaK, YTO ILIOIMIA/b
npsAMOyTobHAKA ctana Oompme 12 am?. Kak m3MeHmnach Kaxkjaas cTopoHa?

A HyCTL Kax/1asgd CTOpOHa IIPAMOYIOJIbHHKA YBEJIHWYCHA Ha X )ICI.[HMCTpOB.
Torma cropoHsl mpsAMoyroibHHKa paBHB (2 + x) u (3+x), a ero miomanb
paBHa (2+x)(3+x) kBaaparHeix aenumerpoB. [lo ycnoBuio 3ajxauu
(2+x)(3+x)>12, otkyga x*+5x+6 > 12 wmm x>+ 5x — 6 > 0.

Pa3ioxuM JIeByI0 YacTh 3TOTO HEPABEHCTBA HA MHOXHTEIH:

x+6)x-1)>0.
Tak xak mo ycnosuio 3amgayv x > 0, o x + 6 > 0.

ITonenuB obe wacTi HepaBeHCTBAa Ha x + 6, momydum x—1 >0, TO ecThb

x> 1.

OTBeT: KaXAYIO CTOPOHY HPAMOYTOJbHHMKA YBEIHYWIH OONBIIE YeM
Ha 1 ;oM. A

B mepaBencrse x>+ Sx — 6 > 0 OykBodl x 0003HAYEHO HEH3BECTHOE
YUCI0. DTO TNPHUMEP KBAaAPaTHOTO HEPABEHCTBA.

o Eciiv B J1eBOM 4aCTH HepaBEHCTBA KBAJAPaTHLIH Tpex4J/ieH, a
B NPaBoOil HYJIb, TO TAKOE HEPAGEHCME0 HA3BIBAIOT K6AOPAMHBIM.

Hanprmep, HepaBeHCTBa
2*—-3x+1>0, B+ 4 +5<0
ABIIAIOTCS KBAJPATHBIMHU.

HanoMHuM, 4TO pewenuem Hepagencmeéa C OJHUM HEU3BECTHBIM
HA3BIBA€TCH TO 3HAYEHUE HEU3BECTHOIO, IPU KOTOPOM ITO HEPABEHCTBO
obpamaercs B BEpHOE YHCIOBOE HEPABEHCTBO.

Pewums nepaéencmeo—»53TO 3HAYUT HAWTH BCE €r0 PCUICHHUS WU
YCTaHOBUTb, YTO HUX HET.

3agava 2. Pemmure HEpaBEHCTBO:

x*=5x +6>0.
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A Kganparroe ypaHerue X’ —5x+6=0 UMeeT 1Ba pasIMYHBIX KOPHSA X, =2,
x,=3. CnenosarenbHO, KBaJpaTHBIA TpeXuIeH X*—5x + 6 MOXKHO PaslOXHTh
Ha MHOXXHUTEJIH:

X*=5x+6=(x-2)(x-3).

[losToMy naHHOE HEPaBEHCTBO MOXKHO 3alMCaTh TaK:

(x —2)x —3)>0.

[IpousBeseHue ABYX MHOXUTENEH IOJNIOKHUTEIBHO, €CIHM OHU HMMEIOT
OJIMHAKOBBIE 3HAKH.

1) Paccmorpum cirydait, korja o6a MHOXHTEINS MOJOXUTEIBHBI, TO €CTh
x—-2>0ux-3>0.

It 6 *—2> 0,
W JIBA HEPABEHCTBA OOPA3yIOT CUCTEMY: | _a. o
x>2,
Pemas cucremy, nomy4um >3 OTKyAa X > 3.

WUrak, Bce wyucna x > 3 ABIAIOTCA pEIICHUSIMH HEPaBEHCTBA
x-=2)(x-3)>0.
2) PaccmorpuMm Temeph ciyyai, Korga o6a MHOXHUTENS OTPULATETbHEI,
10 ecTh x—2<0 u x-3<0.
x—2<0,
OTH JBa HEpaBEHCTBa 00OpPa3ylOT CHCTEMY: { x—=3<0.
x<2,

<
<3’ oTkyma x < 2.

Pemasi cucremy, momyqum {

Urak, Bce umcna x<2 Takke SBIAIOTCA PEUICHUSAMH HEPaBEHCTBA
(x=2)(x=3)>0.

Taxum obpa3om, pemeHusMH HepaBeHCTBa (x—2)(x—3)>0, a 3Ha4YMT, U
HepaBeHCTBa x> —5x+6>0 sBisioTcsa uymMcna x<2, a TakkKe 4uciaa x>3.

OrBeT: x <2, x > 3. A

o Boo0me, eciin KBagpaTHoe ypaBHenue ax’+bx+c=0 umeer aBa
Pa3IMYHbIX AeHCTBUTEJbHbIX KOPHSl, TO pellieHHe KBaJpPaTHOIo

HepaBeHCTBa ax’ +bx+c>0 m ax® +bx+c<0 MOXHO CBEeCTH K
PEelIeHHI0 CHCTEMbl HEPABEHCTB NEPBOH CTENEHH, PAa3JI0XKHB
JIeBYI0 4acTh KBAaJAPAaTHOr0 HEPaBEHCTBA HA MHOXKHTEJH.
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3agaua 3. Pemmre HepaBeHcTBO —3x*— S5x + 2 > 0.

Y106l ymnoOHEEe NPOBOAMTH BHIYMCIECHHS, NPEACTABHM JIaHHOE
HEPaBEeHCTBO B BHJIE KBAJIPAaTHOTO HEPABEHCTBA C TIOJIOXKHTEIHHBIM IIEPBBIM
koadunmentom. s sToro ymHOKHM 0be ero gacth Ha —l:

3+ 5x-2<0.
Haiinem xopuu ypaBHeHus 3x*+5x—2=0:

525424 _ 57
2 6 6

— 1 p—
6=z % =2
Pa3noxuB KBafpaTHBIM TPEXWICH HA MHOXHTEIH, TOIYYHM:
S(x —%)(x +2)<0.
Otcroga moayyuM JBE CHCTEMBI.
x - >0, x —3 <0,
3 3
x+2<0; x+2>0.

HepBYIO CUCTCMY MOXHO 3alluCaTh TakK:

OTKy[a BHJIHO, YTO OHa HE UMEET PEIICHHUI.
Pemmas BTOpyio CHCTEMY, HaXOIHM:

1
G < —,
OTKya —2<Xx 3

1
CreoBaTebHO, PEMICHUSAMH HEPaBEHCTBA 3(x—§)(x+2)<0, TO €CTh

1
HepaBeHCTBa —3x>—5x+2>(0, ABNAIOTCA BCe YMCIAa MHTEpBaIa (_2;_) ;
3

OTBerT: —2<x<%. A
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47.

48.

49.

Ynpancnenun

(YerHo.) VYkaxkuTe, Kakue W3 CICAYIOIHUX HEPABEHCTB SBIISIOTCS
KBaJIPaTHBIMHU:

1) x> -4 > 0; 2) x> = 3x - 5 <0; 3) 3x + 4 > 0;

4) 4x — 5 < 0; 5) x> =1 <0 6) x* — 16 > 0.
Cremute clienyronre HEPaBEHCTBA K KBAJPATHBIM:

1) x* < 3x + 4 2) 3x* -1 > x;

3) 3x* < x* - S5x + 6 4) 2x(x + 1) <x + 5.

(Ycrno.) Kakue 3 gmcen 0; —1; 2 sBASAIOTCS pelIeHUsIMA HEPaBEHCTBA
1) x>+ 3x +2>0; 2) x* +35x +2>0;
Hx¥P—-x-2<250; 4) —x2+x+%<0?

Pemmre HepaBeHCTBO (50-52):

50. 1) (x — 2)(x + 4) > 0; 2) (x = 1)(x = 3) <0

3) (x — 3)(x +5) <0; 4) (x + T)(x + 1) > 0.
51. 1) x*— 4<0; 2) x*-9>0; 3) X*+3x<0; 4) x*—2x>0.
52. 1) x* - 3x +2<0; 4) x>+ 2x -3 > 0;

)X+ x-2<0; 5) 2x* + 3x — 2 > 0;

) -2x—-3>0; 6) 3x* + 2x — 1 > 0.
53. PemnuTte HEpaBEHCTBO:

2 2
1)2‘(35_1) > 0; 2)7-(1—36) <0;
3 6
3)3x*-3 <x*—x; 4) (x — I)(x + 3) > 5.

54.

SS.

[Toctpoiite rpadux ¢ynkmuu. [lo rpaduky HaiauTe Bce 3HAUEHUS
X, TPHA KOTOPBIX (GYHKIHUS TPUHUMAET TOJOKHUTEIbHBIE 3HAYCHHUS,
OTpHLIATEIbHbIE 3HAYCHUS; 3HAUEHHSI, PaBHbIE HYJIIO:

1) y=2x% 2) y=—x+ 1,53

)y =2 — x + 2; 4) y = 3x* —x — 2.

WU3gectHo, 4TO yMcna x, ¥ X, (A€ X, <X,) ABIAKOTCS HYIIMU QyHKIHH
y=ax*+bx +c. Jlokaxxure, 4TO €CIIU YHUCIIO X, 3aKJII0OYEHO MEXIY X, U X,,
TO €CTh X, <X,<X,, TO BBIMOIHACTCS HCPABEHCTBO a(axi +bxy+¢) <0
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|
§7. PEHIEHUE KBAJIPATHOT'O HEPABEHCTBA
C IOMOIBIO I'PAOUKA KBAJIPATUYHOU ®YHKIUHU

Hanomuum, uro kBajapatuyHas GyHKOus 3agaercs Qopmymnoi
y = ax*+ bx + ¢, tne a#0. ITosToMy pelieHHEe KBaJpaTHOTO HEPaBEHCTBA
CBOJIMUTCS K OTBICKAHHUIO HYJICH KBaJpaTHYHOM (YyHKIUU ¥ IPOMEKYTKOB, HA
KOTOpPBIX OHA INPUHUMAET IOJIOKUTEIbHBIC WM OTPULATEIbHbIC 3HAYCHUS.

3agaya 1. Pemmre ¢ momompio rpaduka HepaBeHCTBO:

2 —x—-1<0.

A I'paduk xkBagpatnunoi ¢yukumn y = 2x’— x—1 — mapabona, BETBH
KOTOPOM HaIpaBieHbl BBEPX.

Haiinem Touku mepecedeHus 3Tod mapabonsl ¢ ocklo Ox. Jlns sToro

pemM KBajiparHoe ypaBHeHue 2x’>— x — 1 = 0. KopHu 3TOro ypaBHEHwHS:

1+J1+8 _ 1+3 1
S e

CnenoBarenbHo, mapabona nepecekaer och

y‘} Ox B TOYKaX x = —% u x=1 (puc. 18).
y =2x2=x-1 HepasenctBy 2x’—x—1<0 yaoBIEeTBOPSIOT
T€ 3HAYECHHUS X, IPH KOTOPHIX 3HAUCHHUSA (PYyHKIIUU
+ + PaBHBI HYIIO WIM OTPUIATENIBHBI, TO €CTh TE

- 3HAYEHUS X, TPU KOTOPHIX TOYKU Mapaboisl
. Jexar Ha ocu Ox WiIM HUXE dTOH ocu. U3
pucynka 18 BHAHO, YTO ITHMH 3HAYCHUSIMHU

Puc. 18. SIBJIIIOTCA BCE YHCJIa M3 OTpe3Ka [—%; 1] .

OTBeT: —% <x<1 A
I'paduk 3Toif (YHKIMH MOXHO HCIONB30BaTh M IPU PEIICHHH IPYTHX
HEPABEHCTB, KOTOPHIC OTIMYAIOTCS OT JAHHOTO TOJBKO 3HAKOM HEPABCHCTBA.

W3 pucynka 18 BHAHO, 4TO:
1) pemenussMu HepaBeHCTBa 2x*— x — 1 < 0 SBIAIOTCA YMCIa HHTEpBajIa

1 1
— < < ——— .
; <% 1, 10 eCTb( 2,1),
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2) pemeHusiMu HepaBeHCTBa 2x* — x — 1 > 0 sBiIAIOTCS BCE 4HCIa
IIPOMEKYTKOB X <—% Hx>1;
3) pemeHusMd HepaBeHCTBA 2x” — x — 1 > 0 sBIAIOTCA BCE YHCIaA

IPOMEXYTKOB X < —% ux >1.

3agava 2. Pemure HEpaBEHCTBO:
42 + 4x + 1 > 0.

A [Moctpoum scku3 rpaduka ¢ynkuuu y=4x2+4x+1. BerBu 3Toi
napabonbl HanpaBieHsl BBepX. YpaBHeHue 4x2+4x+1=0 wumeer oauH

1 1
KOpPeHb X = —, TOJTOMY napabomna kacaercs ocu Ox B TOYKE (_5; 0).

I'padux sT0it QyHKUME M300paxkeH Ha pucyHke 19. s pemieHus AaHHOTO

HEPaBEHCTBA HY)XHO YCTAHOBUTD, NPU KaKUX 3HAYCHUAX X 3HAYCHHUA QYHKIIUH
noNoXuTENbHBL. Takum 00pa3om, HepaBeHCTBY 4x*+4x+1>0 yaoBICTBOPSIOT
T€ 3HAYEHHUS X, NPU KOTOPBIX TOYKH mapabonsl nexar Beime ocu Ox. U3
pucyHka 19 BUIHO, YTO TaKMMH SBISIOTCS BCE JICHCTBUTENbHBIE YHCIA X,
kpome x=-0,5.

OrBeT: x # -0,5. A

W3 pucynka 19 BuaHO Takke, 4TO:
1) pemeHusMu HepaBeHcTBa 4x> + 4x + 1 > 0 sBugooTcA BCe
JICUCTBUTEIILHBIE YHCTA;

2) HepaBeHCTBO 4x* + 4x + 1 < (0 UMeeT ONHO pemIeHHE X = —%;

0|2

y=4x*+4x+1

<Y

y==x*tx—1

Puc. 19. Puc. 20.
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3) HepaBeHCTBO 4x* + 4x + 1 < 0 He UMeET pelICHHUH.
OTO0 HEpPaBEHCTBO MOXHO pELNIUTh YCTHO, €CIH 3aMETHTh, 4YTO
4> + 4x + 1 = (2x + 1)~

3agauya 3. Pemmre HepaBeHCTBO —x*> + x — 1 < 0.

A [Moctpoum 5cku3 rpaduka ¢Gyskumm y=-x> + x — 1. BerBu 3T10if
napaboibl HampaBieHsl BHU3. Y ypaBHeHHS —x’+x—1 = 0 JeHCTBHTEIbHBIX
KOpHEH HeT, moatoMy napabona He mepecekaer och Ox. CieoBarenbHo, 3Ta
napabona pacrmonoxena Hmwke ock Ox (puc. 20). DTo 03HaYaeT, YTO 3HAYCHUS
KBaJIpaTHYHON (YHKIMU MPU BCEX X OTPHUIATENBbHBI, TO €CTh HEPAaBEHCTBO
—x?>+x—1<0 BBINOTHAETCS NPHU BCEX ACHCTBUTEIBHBIX 3HAYCHUIX x. A

N3 pucynke 20 BHAHO Takke, 4YTO pEIICHUAMH HEPAaBEHCTBA
—x? + x — 1 < 0 sBAsAIOTCA BCE 3HAYEHHMS X, a HepaBeHcTBa —x’+ x — 1 > 0
U —x* +x — 1 > 0 He UMEIOT pelIeHHH.

Urak, ona pewenus keadpammozo0 HepageHcmea ¢ NOMOUbIO
2paghuxka HYXHO:

1) ompezmenuTh HampaBiieHWE BETBEW Mapaboibl MO 3HAKy MEPBOIO
koddduirenTa KkBagpaTHIHONW (GYHKIUY;

2) HaWTU JIEHCTBUTEIbHBIE KOPHH COOTBETCTBYIOIIErO KBaJpaTHOIO
YPaBHEHHS WM YCTaHOBUTH, YTO UX HET;

3) moctpouts 3cKku3 rpaduka KBaJpaTUYHOH (YHKIMH, UCTIONb3YS
TOYKH TepecedeHns (Mam KacaHus) ¢ ocblo OX, €ClM OHH €CTh;

4) nmo rpaduKy OmpenenuTh NMPOMEXYTKH, Ha KOTOPHIX (YHKIHSA
IPUHUMAET HY)XHBIE 3HAYEHMUS.

Ynpaucnenusn

56. Ilocrpoiite rpaduk byukuuu y = x>+ x — 6. Onpegenure no rpaduxy
3HAQUEHHUS X, NMPH KOTOPHIX (YHKIHA NPUHUMAET TIOJOKUTECIbHBIE
3HAYEHUS; OTPULIATEIbHbIE 3HAYCHUS.

57. (Yerno.) Ucnonb3ys rpaduk dyskuuu y=ax>+bx+c(puc. 21), ykaxure,
Npyd KaKuX 3HAYCHHAX X OTa (QYyHKIMA NPUHUMACT ITOJOKHUTECIBHBIC
3HAYEHHUS; OTPHIATEIbHbIE 3HAYECHHS, 3HAYEHHE PAaBHOE HYIIIO.
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58.

59.

60.

61.

62.

63.

64.

¥
0 1 X —2\0
a) b)
VA
=1 {0
X
)

Y y
T 10 2 x =7 |0 X
1 - /\
d) e)
y‘ <\/
of 2 X ol 1 x
g) h) Puc. 21.

Pemmure xBajgpaTHOe HepaBeHCTBO (58—62):

D& —3% 41250
3) x*+3x-2<0;
1) 2x* + 7x — 4 < 0
3)2¢+x+120;
1) x> —6x +9 > 0;
)4 -4x +12>0;
1) x> —4x + 6 > 0;

3) ¥ +x+ 2 >

5) 2x2 = 3x + 7 <0;
1) 5 —x*>0;

3) -2,1x* + 10,5x < 0;
(YerHo.) Pemurte HEpaBEeHCTBO:

062 Fl10 3 0;
x—-17%*+1>0;
5) (x+1)-2<0;

PemmTe KBajfpaTHOE HEPAaBEHCTBO

1) 4x* — 9 > 0;
3) =3p+2.20;
5) 2x* —4x + 9 < 0;

2) x> -3x—-4>0;
4) —x*> + 3x + 4 > 0.
2) 3x* - 5x -2 >0
4) 4x* +3x +1<0.
2) x> — 14x + 49 < 0;
4) 4x* — 20x + 25 < 0.
2) x> + 6x + 10 < 0;
§)2° + 3+ <
6) 4x> — 8x + 9 > 0.
2) —x*+ T< 0O

4) =3,6x* — 7,2x < 0.

2) %%+ 9 <
4) x-+5F+3<0;
6) (x —2—4>0.

(64—66):

2) 9x* - 25 > 0;
4) x> = 3x —4 <0
6) 3x* + 2x + 4 > 0.
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65. 1) 2x* — 8x < -8; 2) x* + 12x > -36;

3) 9x* + 25 < 30x; 4) 16x*> + 1 > 8x;
5) 2x* —x > 0; 6):3x%+.%:5.0;
66. 1) x(x + 1) < 2(1 — 2x — x?); 2) x*+2<3x—2x%
3) 6x* +1§5x—%x2; 4) 2x(x — 1) < 3(x + 1).

67. Haiigute BCe 3HAYCHUS X, MPH KOTOPHIX (PYHKIMSA MPUHAMAET 3HAYCHHS,
He Oomnplve HyIs:
Hy==x*+6x-9; )y=x2-2x+ 1;

T, T T e Lo &4
3) y= 2x 3x 42, 4) y 3x 4x—12.

68. 1) Ilokaxwure, uT0 TpH ¢ > | pemieHUAMH HepaBeHCTBA X° — 2x + g > 0
ABJIAIOTCS BCE JICHCTBUTEIbHBIC 3HAYCHHUSA X;
2) moKaxuTe, uTO MpH ¢ > | HepaBeHcTBO X* + 2x + ¢ < 0 He MMeeT
peIICHHH.

69. Haiiqure Bce 3HaueHus 7, AJs KOTOPBIX NPU BCEX JEHCTBUTENBHBIX
3HAYEHUAX X BBHINOJNHAETCA HEpaBeHCTBO x> — (2 + r)x + 4 > 0.

|
§8. METO/I HHTEPBAJIOB

[Ipy pemeHHHM HEPaBEHCTB 4YacTO NPHMEHAETCS Memood UHmMepEanos.
ITosichuM 3TOA METOJ Ha NMpHUMEpPaX.

3angava 1. BeisicHuTe NMpU KakuX 3HaYEHHUAX X KBaJpaTHBIM TPEXWwIEH
x* — 4x + 3 NpUHUMAET INOJIOKUTEIbHBIC 3HA4YECHHS, a NpPU KaKUX —
OTpHLATEIbHBIE.

/\ Haiinem xopuu ypasmenus x> — 4x + 3 = 0:
=1 X =3
IMoostomy x> — 4x + 3 = (x — 1)(x — 3). Touku x = 1 u x = 3 (puc. 22)
pa30MBaIOT YUCIOBYI0 OCh Ha TpH MpoMmexyTtka: x < 1; 1 <x < 3; x > 3.

- N e ¥ o3 %
1 3 x
Puc. 22.
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[IpomexyTtkn x < 1, x > 3, Tak € KaKk U NPOMEXKYToK 1< x < 3
Ha3bIBAIOT UHMEPBANAMU.

JlBurasice BOJb YHUCIOBOM OCH CIpaBa HaJIEBO, BHUJIUM, YTO Ha
uHTepBane x > 3 Tpexwien x’— 4x + 3 = (x — 1)(x — 3) npuHHMaeT
TOJIOKUTENIBHBIE 3HAYECHHS, TaK Kak B 3TOM ciaydae oba mHoxutens x — 1
U X — 3 NOJOXHUTEILHBL.

Ha cnenyromem wuntepBane 1<x< 3 3TOT Tpex4JieH NpPUHUMAET
OTPHUIATENbHBIC 3HAYEHHA. DTO NMPOUCXOJUT MOTOMY, YTO B IPOU3BEICHUH
(x = 1)(x — 3) npu mepexoae uepe3 TOYKY X = 3 NEPBBIA MHOXHUTEIb
x — 1 He MEHseT 3HaK, a BTOPOM X — 3 MEHSET 3HaK.

IIpu nepexoze yepe3 TOUKY x = | TpexX€wieH CHOBa MEHSET 3HAK, TaK Kak
B mpousBeieHHH (x — 1)(x — 3) mepBbIii MHOXHUTENb X — | MEHSAET 3HaK, a
BTOPOH X — 3 HE MEHSET.

WUtak, mpu JBMXKEHHMH IO YHUCJIOBOM OCH CIpaBa HaJE€BO OT OJHOIO
HHTEpBaJla K COCegHEMY 3Haku mpousBeacHus (x—1)(x—3) gepemyrorcs.

Takum o6pasom, 3ajady O 3HaKe KBaJPaTHOro TpexwieHa x> — 4x + 3
MOXKHO PENIUTH CIIETYIOIHM CII0COOOM.

OTMedaeM Ha YHCIOBOH OCH KOPHM ypaBHEHHA x’—4x+ 3 =
0: Touku x, = 1, x, = 3. OHE pa3OWBAIOT YHCIOBYK OCb Ha TPH
uHTepBana (puc. 22). 3aMeTHUB, YTO Ha MHTEpBajC X > 3 3HAYCHUA
TpexwieHa x> — 4x + 3 IOJIOKUTENbHBI, PACCTaBIIsieM €ro 3HaKH Ha
OCTaJbHBIX HMHTEpBajiaX B NOpsAAKe depenoBaHus (puc. 23).

U3 pucynka 23 BuaHO, 910 x’— 4x + 3 > O mpu x < 1 u x >
3ux’—4x+3<0mpu 1 <x<3 A

vy

T\ = N+
W
3

—

Puc. 23.

PaccMOTpeHHbIH coco6 HA3BIBAIOT MemodoM UHmMEp8anos. ITOT METOX
MCIIONB3YETCS NPU PEUICHUH KBAJIPATHBIX M HEKOTOPBIX APYTHMX HEPABEHCTB.

Hanpumep, pemas 3agady 1, MBI IDPaKTHYECKH DEIIMIA METOIOM
MHTEpBAJIOB HepaBeHCTBa x> — 4x + 3 > 0 u x> -4x + 3 < 0.
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3agaua 2. Pemmre HepaBeHCTBO x° — x < 0.
A\ Paznoxum MHOrowIEH X* — X Ha MHOKHTCIH:
X=x=x@-1)=x(x-1x+1).
CnenoBarenbHO, HEPAaBEHCTBO MOXKHO 3alMcaTh Tak:
(x+ Dx(x-1)<0.
OtMeTuM Ha 4uciaoBOM ocH Touykd —1, 0 u 1. DTH To4YkM pazOMBAIOT
YUCNIOBYI0 OCh Ha 4eThpe MHTepBasa (puc. 24):

x<-1,-1<x<0,0<x<1,x>1.

—  ——— — e ¥ >
2 19 O

' Puc. 24.
-1 0 1 X

[Tpu x > 1 Bce MHOXUTETH Npou3BeaeHHs (x + 1)x(x — 1) MOJOXKUTEIBHBI,
¥ mo3roMy (x+1)x(x—1)>0 Ha umHTepBane x>1. Y4YuTHIBasg CMEHY 3HaKa
IPOU3BEICHUS NIPU NEPEXoie K COCEHEMY MHTEPBAJy, HAWIEM Ul KaXI0To
MHTepBaia 3HaK mpousBeneHus (x+1)x(x—1) (puc. 25).

g — O+ . Nl +
A% b Y % Puc. 25.

Yv

Taxum o06pa3om, pemeHHSMH HEPaBEHCTBA SBISIOTCS BCE 3HAYCHHS X
u3 uHTEpBaIOoB X<—1 M 0<x<I.

OrBeT: x<-1,0<x< 1. A
3agaua 3. Pemmre HepaBeHcTBO (X2 — 9)(x + 3)(x — 2) > 0.
A\ Januoe HEPaBEHCTBO MOXKHO 3alUCarh B BUIE:
(x + 3)%(x — 2)(x — 3) > 0. (1)

Tak xak (x + 3)> > 0 mpu Bcex x # =3, TO NpU X # —3 MHOXKeCTBa
pemennii HepaBeHcTBa (1) HepaBeHCTBa

(x-2)x-3)>0 2)

COBIIAJIAIOT.
3nayeHue x = —3 He ABISETCA peuieHueM HepaseHcrBa (1), Tak xak npu
x = —3 neBas yacTb HepaBeHCTBa paBHa 0.

Pemas HepaBeHCTBO (2) METOIOM HMHTEpBAJIOB, MoaydaeMm x < 2, x > 3
(puc. 26).

34



A
—
)
I
-+

JJ()
12

x> Puc. 26

YuuThIBas, 4TO X = —3 HE ABJIAETCS PEIICHHEM HCXOJHOTO HEPaBEHCTBA,
OKOHYATEJIbHO MOIyYaeM:
x<-3 3<x<2 x>3. A
3agauva 4. Pemmre HEpaBEeHCTBO:

2
x2+2x—3 >0
x“—3x—4
A Pa3JTO)KHB YUCIIUTCIIE U 3HAMCHATCIIb ,Z[pOGH Ha MHOXHUTCIIH, ITOJTYYHUM:
(x+3)(x—1)
APTOAL 2150,
(x+1)(x—4) — 0 (3)

OTMmeTM Ha YMCIOBOW OCH TOYKH —3; —I1; 1; 4, B KOTOPBIX YHMCIHTEND
WM 3HaMeHarenb ApoOM oOpamaroTcs B HyJIb. JTH TOYKH pa30UBaIOT
YHCIIOBYIO NPSMYIO Ha NATH uHTEpBaNoB (puc. 27). [Ipu x > 4 Bce MHOXUTENH
YUCITUTENS U 3HAMEHATEJIs MOJNIOXKUTEIbHBI, H TI03TOMY APOOb MOTOXKHUTEIbHA.

—
— —
4 x

+ — +

& O ®

=3 —1 1
Puc. 27.
IIpu nepexozie OT OJHOIO MHTEpBANa K CIEAYIOMEMY IpoOb MEHSET 3HAK,
MO3TOMY MOXKHO PAacCTaBHTh 3HAaKH JpOOM Tak, KaK 3TO IOKa3aHO HAa PUCYHKE
27. 3nayenus x = =3 ¥ x = | yHIoBIeTBOPAIOT HepaBeHCTBY (3), a mpu x=-1
u x = 4 n1pobr He umeeT cMbicna. TakuM 0Opa3oM, HCXOAHOE HEPAaBEHCTBO

UMEeT CIEHYIOIIUE PELICHHUS:

x<-3, -1<x<1, x>4. A

Ynpasucnenun

70. (Yerno.) IlokaxkuTe, 4YTO 3HAYEHHE X = 5 SBIAETCA pPEIICHUEM
HEpaBEHCTBA:
) (x - 1(x~3)>0 2) (x +2)(x +5) > 0;

3) (= x —10) > 0;  4) (x + D(x — 4) > 0.
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71.

72.

73.

74.

75.

76.

Pemmre Metomom mHTEepBanoB HepaBeHCTBO (71-77):
D (x+2)x -7 >0;

3) (x—2)

X+ =
2

1

1) x> + 5x > 0;
4) x>+ 3x < 0;
1) ¥ - 16x < 0;
3) (x* = D(x +3) <0
1) (x — 5>*x*- 25) > 0;
3) (x = 3)x* —9) <0;

4)

1)

x—2
> 0-
+5 0;

1) x_

3,5+x
x—7

x2+2x+3

(x—2* ~

<0;

9

77.

78.

79.

80.
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1) (x>~ 5x + 6)(x* — 1) > 0;
3) (x>~ Tx+12)(x*—x+2)<0;

< 0;

4) (x+5) x—3% -~ 0.

2) x>— 9x > 0; 3) 2x2 - x < 0;

5) x> +x - 12 <0; 6) x> - 2x — 3> 0.
2) 48 — x> 0

2) (¢ +5)(x = 8) <0

4) (2 - 4)x - 5) > 0.

2) (x + Xx*— 49) < 0;
4) (x — 42 — 16) > 0.

x—4
2) =0

5)

2)

(2x+1)(x+2) -

(x+4)2
252 —3x+1

x—3

> 0;

Pemure nepasenctBo (78-80):

)

4)

x2—x-12
x—1

x2—8x—4
x> +x—6

> 0;

> 0;

1) i+§>i-

1)

x—2 x

x2—7x—8
x2—64

x—2°

< 0;

2)
5)

2)

2)

22—4x—12

0;

3)

<0:
x—2 0;
x2+5x+6
—2>0;
x+3
x2 2—x
x2+3x x+3
2
X +Zx+10 > 0;
x°—4

3)

6)

x2—x
x2—4

5—x

p .

1

> 0;

,D—x
3+x

(x—3)(2x+4)

> 0;

it ’

>0.

x+1

3)

6)

9x2—4
2

4)

x—2x

2) (x + 2)(x*2+ x — 12) > 0;
4) (2 —3x—4) (x>~ 2x—15)<0.

2 _
x ;—3x 10 <
x“+x—2

x2—8x+17
x—1

5x2—8x—2
1—x

< 0.

’

<0.

>0;



L
| §9. OBJIACTDH OIIPEJEJIEHUSA ®YHKIUHA

B 7 xmacce BBl MO3HAaKOMHWIHMCH ¢ TOHATHEM (yHkimsa. HamomuuM 31O
TIOHSATHE.

0 Ecaiu xaxaomy 3Ha4eHHI0 X H3 HEKOTOPOro MHOKECTBA

YHCeJ MOCTABJEHO B COOTBETCTBHE YHCJIO )y, TO TOBOPHAT, 4TO
HAa MHOXKecTBe 3agaHa ¢yyukuus y(x). IIpu 3TOM X Ha3BIBAOT
He3aeuUCUMOU nepeMeHHOoU WIM apZyMeHMmoOM, a y = 3A6UCUMOU
nepemenHou WIN (yHKyueu.

Brl 3HaKOMBI ¢ TMHEHHOM QyHKUMEH y=kx+b u keadpamuyuroi gynkyuei
y=ax’+bx+c. Jlng otux QpyHKUMIH 3HAYCHHE apryMEHTa MOXET OBITH JHOOBIM
JEUCTBUTENILHBIM YHCIIOM.

PaccmoTpum Teneps (GyHKIUIO, KOTOpas KaXIOMy HEOTPHUIATEIHLHOMY
YUCIIY X COIIOCTAaBJIACT YHCIIO \/;, TO €CThb (by}ncupno y=\/;. )1.1'[51 ITOM
(GYHKIUH apryMEHT MOXET MPUHUMATh TOJBKO HEOTPHLATE/ILHBIC 3HAYCHUS:

x>0. B atoM cinydae roBopsT, 4yTO (YHKIUS ONpEJelieHa Ha MHOXECTBE
BCEX HEOTPHUIATENBHBIX YHCEI, W 3TO MHOXECTBO HA3BIBAIOT 001aCMblo

onpedenenus QyHKUHH Y = Jx .

Boobme obracmoeio onpedenenus QyHKIMM HA3BIBAIOT MHOXECTBO BCEX
3HA4YCHUH, KOTOphIE MOXKET NPUHUMATh €€ apryMEHT.

Hanpumep, ¢ynknus, 3aganHas ¢GopMysoi, y=%, omnpezencHa NpU
x # 0, To ecTh 00NacTh ompeneNeHHs 3TOW (YHKIMH — MHOXECTBO BCEX

JeUCTBUTEIBLHBIX YHUCCII, OTIIMYHBIX OT HYJIA.

Ecimm ¢ynxnms 3amana Gopmynoi, TO NMPUHATO CYUTATh, YTO OHA
OIIpEZieICHa NPU BCEX TEX 3HAYCHHUAX apryMEHTa, NMPU KOTOPHIX 3Ta
(bopmyia UMEET CMBICII, TO €CTh BBHIOJIHEHbI BCE JECHCTBHS, YKa3aHHbBIC
B BBIPOXEHUM, CTOSIIEM B NPaBOW 4YacTH (OPMYIIBL.

Haiitn oGnacte ompeneneHus (QyHKIHH, 3aJaHHOH (opmynol, — 310
3HAQUUT HAaWTH BCE 3HAYEHHsS apPryMEHTa, NMpPHU KOTOPhIX (opmyaa HMeeT
CMBICIL.
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3agava 1. Haiigure obnacte onpeneneHus QyHKIMHU:

1) y(x)=2x*+3x+5; 2) y(x)=~x—1;
3) Y@= 4) Y -4=2.

A 1) Tak kak BeIpaxkeHHe 2x*+3x+5 HMeeT CMBICT MpH JOOOM X, TO
¢GyHKIMS omnpejeNneHa NMpH BCEX 3HAYECHHAX X.
OrBeT: x — moboe yHUCIO.

2) Beipaxennevx—1 mmeer cMeicn mpu x—1>0, TOo ecTh (QyHKIHS
ompeneneHa npu x> 1.

OrBeT: x>1.
1
3) Beipaxenue ;5 HuMeeT cmbica npu x+2#0, To ectb (yHKUUS

OnpejesicHa NpU X #—2.

OrBeT: x#-2.
_9 0 9 4) BripaxeHue 4‘;—“:3 HAMEET CMBICT TpH
Puc. 28.
’;—*_'2220. PemuB 310 ypaBHEHHE, NOIYYUM:

x<—2wux>2, T0 ecTh pyHKUHMA ompeneneHa npu x <—2 u x >2 (puc. 28).
OrBeT: x<-2, x>2. A

Hanomnum, umo epagpukom ¢hynkyuu Ha3bIBACTCS MHOXECTBO BCEX
TOYEK MIOCKOCTH, aOCIMCCHI KOTOPHIX PaBHBI 3HAYEHHAM HE3aBUCHMOM
nepeMeHHOM U3 obnacTu ompejeneHust 3Toi (QYHKIMHU, a OpAMHATHI —
COOTBETCTBYIOIIMM 3HAYEHUSAM (YHKLHUH.

VA A

I % I %%

0 1 : 0 1 i
Puc. 29. Puc. 31.
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VA
L ;\'\/'
\ //\'é- / /\
19 N N N2, /ﬂ\’\
‘}.
\ Ny /4{/\/
0 1\.2 x
-1
Puc. 32. Puc. 33.

3agmaua 2. Haiigure oOmacte ompeneneHUs U IOCTPO#TE rpaduk
dynkmn y = [x|.
A Hanomuum, 49To:

= x, eciu x*>0,
—x, ecim x<0.

Taxum 0Opa3oM, BEIpaXKeHHUE [x| HMEET CMBICI IIPH TI000M AEHCTBUTETEHOM
3HAYE€HUH X, TO €CTh 00NacThi0 ompeaeneHus (QYHKUMH y = |x| ABIAETCA
MHOXECTBO BCEX JCHCTBUTEIBHBIX HHUCEIL.

Ecmu x>0, To |x| = x, 1 mostomy nipu x >0 rpadukom GyHKIHA y = |x|
sABIIAETCA OMCCEKTpHCca MEPBOrO KOOpAMHATHOro yria (puc. 29).

Ecmu x < 0, To |x| ==X, TO €cThb s OTPULATENbHBIX X rpaduKoM

byHKuMH y = |x| sBAsSeTCS OHMCCEKTpUCA BTOPOrO KOOPAMHATHOTO yIia
(puc. 30).

I'padux dyskmuu y = |x| uzobpaxken Ha pucynke 31. A

3ameruM, 4TO |[-x|=|x| Ans nroboro x. Iloatomy rpadux dynkuuu y = |x|
CHUMMETPHYEH OTHOCHTEIIBHO OCH OPJMHAT.

3apaua 3. Ilocrpoitte rpaduk ¢dynkuuu y = |x—2|-1.

A I'paduk byHkuuu y = |x—2| nomyyaercs u3 rpaduka GpyHKuuu y = |x|
CIBUTOM BIOJb ocu Ox Ha 2 eIuHHIBI Bipaso (puc. 32).

Jlns monydenus rpaduka QyHKIMH y = |x—2|—1 DOCTaTOYHO CABHHYThH
rpaduk ¢yHKIuYu y = |x—2| Ha eauHuIy BHU3 (puc. 33). A
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81.

82.

83.

84.

8s.

86.

40

Ynpaocnenun

Oynknus 3amana Gopmynoi y(x) =x>—4x + 5.

1) Haiinure y(=3), y(=1), »(0), »(2);

2) HauguTe 3HadyeHwe x, ecam y(x) = 1, y(x) = 5, y(x) =
y(x) = 17.

@Oynkuusa 3afaHa GopMynaoi y(x)=;—if-

1) Haitmare y(=2), »(0), »(3). ¥3);

2) wHaitnure 3HaYeHue x, ecad y(x) = -3, y(x) = =2, yx) =

y(x) = 19.

Haiimure obmacte onpenenenus ¢ynxuun (83—84):

(YcrHo).

1) y=4x2—5x+1; 2) y=2—x§3% 3) U=
-9 e 1

4)y—5_x2, 5) y=V6—x; 6) ¥=y— 7

x-—2x—3

— 39,2 _ : —6/2x+4 . — [8x—2
3) y=¥8x*—2x+5; 4) y—6‘/ﬁ, 5) y—,/ﬁ.

®yuxuus 3amana popmynoi y(x)=[2—-x|-2.

1) Haiimure y(=3), y(=1), »(1), y@3);
2) Haliure 3HaYeHwe x, ecmu y(x)=-2, y(x)=0, y(x)=2, y(x)=4.

Haiigute obnacts onpeneneHust QyHKIUU:

D y=yZ%: ) v-{f:

3) y=4(x—1)x—2)(x—3); 4) y= :;’:—14
5) y=Jx+1)(x—1)(x—4); 6) y= xz_;%_—fy.



87. Ilpunagnexur mu touka (—2; 1) rpaduxy ¢yHkuuu:

1) y=3x*+ 2x+29; 2) y=|4-3x|-9;
3) y-= 13, 4) y=[2—x—5-2?
88. Iloctpoiite rpaduk (GyHKIHH:
1) y=k+3|+2; 2) y=—l; 3) y=2[|+1;
4) y=1-|1-x]; 5) y=hl|+k-2|; 6) y = +1—[x|.

89. I'paduk ¢yukuuu y=ax?+ bx+c npoxogutr uepe3 touku A (0; 1),
B (1; 2), C (%; 1). 1). Haiigure a, b, c. 2) llpu Kakux 3HAYECHUAX X
y = 0?7 3) Ilocrpoiire rpadux GyHKIUH.

I
|§10. BO3PACTAHHUE U YBBIBAHUE ®YHKIIUU

Bbl 3HaKOMBI ¢ QYHKIMAMH ¥y = X B Y = x*. OTH QYHKUMH SABIAIOTCA

YaCTHBIMU CIYYasiMU CMeneHHou (yHKyuu, TO eCTh
y=x (1

(31ech ¥ — 3aJlaHHOE YHCIIO).

ITycts r — HarypanpHOe uucio, r = n = 1, 2, 3, ... B aroMm ciyyae
IOJIy4UM CTENEHHYI0 (DyHKIHMIO ¥ = X" C HaTypalbHBIM I[10Ka3aTEJIEM.

Ota (QyHKUIUS ONpe/eneHa Ha MHOXECTBE BCEX JCHUCTBUTEIBHBIX YUCEIN
R, 10 ectb QyHKIMA y=x" ¢ HaTypaJbHBIM IIOKa3aTelieM OIpeelieHa MpU
xeR. Ecm B dopmyne (1) r = —2k, keN, 1o mpuxoguMm K (yHKIHH

y=x2* =x1W. Ora (yHKIMA ONpeaeneHa NMpH 3HAYEHHUAX X, OTIMYHBIX OT

Hyns. Ee rpagux cummerpudeH oTHOCHTENbHO ocu Oy. Ecim r = — 2k — 1),

keN, npuxomuM Kk yHKimH y=x 2 =—L - . Ee cBo#cTBa aHaJOrMYHEI
x

cBoiictBam Qynkuuu y=1. Ilycte p u ¢ — HarypaibHble YuCIa U r=§
X
— 9 ,p
— Hecokparumas Jpodb. Obnacts onpenenenuss GyHkuuu Y = VX° 3aBUCHUT

or yetHoctd p u g. Hampumep, dysxunn y =322, y =¥x onpenenens
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s mroboro xeR. OyHKImA y=4\/x3 ompeziesieHa MPH HEOTPHIATETBHBIX

3HAYEHUAX X, TO ecTh mpu x > 0.

N3 kypca ,,AnreOpel“ 8-ro kiacca HM3BECTHO, 4YTO IS KaxJOro
MPPalMOHAJFHOTO YHCJIa MOXHO HAWTH €ro mMpHONMKEHHE panuOHaTbHBIM
yuciaoM ¢ J000H CTeneHb TOYHOCTH. Ha mpakTtuke JAeHCTBUSA
HaJl HPpPAallMOHANbHBIMH YHUCJIAMH 3aMEHAIOTCS JEHCTBHAMH HaJ HX
paLMOHANBHBIMU TIPUONMKEHUSAMU. OTH JACHCTBHUS ONPEJENAIOTCS TaKUM
obpa3zoM, 4TOOBI CBOMCTBa 3THX OIEpalUi HaJl palMOHATbHBIMUA YUCIAMHU
MOJTHOCTBIO COXPAHWJIMCh M JUIS MPPAIMOHAIBHBIX YHCEIL.

Ilycts 7, 7,, ..., 7}, ... — PALMOHAJILHBIE MPUOIHKEHUS MPPAMOHATLHOTO
yyucaa r. Torja, €ciiM X — MOJOKUTEIBHOE YHCIIO, TO YHCIa X, X2, ... , X'&, ...
OyayT mocienoBaTelnbHBIMUH NpHOMMKeHUsMH ducia x”. Takoe ompenenenue
CTETNICHH HA3bIBAIOT CMEeneHvi0 ¢ UPPpAyuoHalbHelM noKazameiem r W
obosnavaror x”. Takum obpazom, mpu x > 0 MOXKHO ONpeAEHUTH (YHKIHUIO
y = X’ C IPOM3BOJILHBIM JIEHCTBUTEIHLHBIM TIOKA3aTeNEM 7.

Crenennass GyHKUUS ONpPEAENAETCSA Ui T€X 3HAYEHHH X, MPH KOTOPBIX
¢dopmyna (1) mmeer cmbica. Hampumep, obmacteio onpenesieHus (QyHKIHMA
y=xuy=x*(r=1mur=2) aBaseTcs MHOKECTBO BCEX JCHCTBUTEIbHBIX

qucen; 001acThio onpezneneHus GyHKIHA Y =% (r = 1) aBnseTcs MHOXECTBO
BCEX JCHCTBHUTENIBHBIX YHCEN, HE PaBHBIX HYIIO; 00JIaCTBIO OIpe/esIeHHs
dynkmmn y=+x (r=%) SBIISIETCS. MHOXECTBO BCEX HEOTPHULATENIBHBIX
JENCTBUTENBHBIX YHCEIL.

HanomuunM, uTo pynkums y(x) Ha3bIBaeTCsl s03pacmarouieil Ha

0 HEKOTOPOM IIPOMEXYTKe, eCIH 00JblueMy 3HAYEHHIO apryMeHTa
COOTBETCTBYET DosiblIee 3HAYeHHe (PYHKIMH, TO eCTh JJIsl JI00bIX

X,, X,, NPHHALIEKAIKX JAHHOMY NPOMEKYTKY, H3 HEPaBEHCTBA

X,>x, ClleflyeT HepaBeHcTBo y(x,) > y(x,).

IPOMEKYTKE, €CJIH s JI00BIX X Xy NPpHHAMJICKAIIUX ITOMY

0 @yukuusa y(x) Ha3piBaeTcs ybvléarowjeli Ha HEKOTOPOM
NPOMEKYTKY, H3 X,>X, CJIeAyeT HepaBeHCTBO y(X,) < y(x,).

Hanpumep, ¢ynkuus y = x BO3pacTaeT Ha 4YUCIOBOH ocu. DyHKIus
y = x? BO3pacraeT Ha MpoMexyTke x > 0, u yOsBaeT Ha mpomexyTke x < 0.
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Bospacmanue unu ybwvisanue cmenenno yynkyuu y = X" 3a6ucum om 3Haxa
noxasamensi CmeneHu r.

0 Eciu r>0, Tto crenenHas ¢yHKnus y=x" Bo3pacraer Ha
npomexytke x=>0.

QO TIyers x,>x,>0. Bo3Beas HEPABEHCTBO X,>X, B MOJOXKHTEIbHYIO

CTemeHb 7, TONy4aeM X > Xy, To ecThb y(x,) > y(x,). ©

3
Hanpumep, QyHkuan y=+vX u y=x2 BO3PACTAIOT HA NPOMEKYTKE

x> 0. I'padukn stux ¢ynkuuit m3odbpaxensl Ha pucynke 34. M3 storo
pHCYHKa BHJHO, 4TO rpaduk (yHKIHUU y=Vx na npomexyTtke 0<x<1
JeXUT BhILE rpadguka QyHKIMM y = X, a Ha NMPOMEXKYTKE X > 1 — Huke
rpaduka yHKuuUH y = X.

TakuMm xe cBoicTBOM oOmajmaer rpaduk GyHKmuH y = x’, ecnmu 0<r<l1.

3
I'paduk pynkuun ¥ =x2 Ha nmpomexyTke 0<x<1 nexuT HWke rpapuka

GyHKIMH y =X, a Ha TMPOMEXyTKe X > 1 — BeImIe 3TOro rpaduka.
Taxum >xe cBo¥cTBoM obnmamaer rpaduk (yHKIHH y =x’, ecnmu r>1.
Paccmorpum Temeps caydait, korma r<0.

0 Ecim r < 0, 10 crenmennas (yHkuus y= X' ybvieaem Ha
npomMexyrtke x > 0,

YA

P

2V

Puc. 34. Puc. 35.
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O Iycts x, > x, > 0. Bo3Beas HEpaBEeHCTBO X, > X, B OTPULATENbHYIO
CTENEHb F, 10 CBOMCTBY HEpPaBEHCTB, y KOTOPHIX JieBas M IIpaBas 4acTH

TOJIOXHUTENBHEI, TIONYYaeM Xy > X; , TO €CTh ¥(x,) < y(x,).

>
Hanpumep, pyskuus y = %, TO €CTh Yy =Xx 2 yObIBaeT Ha MPOMEXKYTKE
X

x>0. I'paduk sTo¥ dyHkuM U300paxkeH Ha puUCyHKe 35.

3
3apgaua 1. Pemure HepaBeHCTBO x4 =27.

3
A\ Oynxuus y=x4 omnpenenena npu x=>0. [Toatomy panHOE ypaBHEHHE

MOXXET MMETh TOJBKO HEOoTpHlaTelbHble KOpHU. OJUH TakoH KOPEHb €CTh:

4 £ y 8

x=2T73 =(3 33) =3*=81. J/Ilpyrux KopHe# HeT, Tak Kak (QyHKIHA Yy = x*
3

Bo3pacraeT mpu x>0, U mo3tomy ecau x>81, To x4 >27, ecmm x<81, TO

3
x% <27 (puc. 36). A

AHaJIOTHYHO JOKa3bIBaeTCs, 4TO ypaBHeHHe x'=b, rue r#0, b>0
., 1
BCET/la MMEET IMOJIOKHTEIBHBIA KOPEHb x = br , IPUYEM TOJBKO OJIMH.

CnenoBarensHo, Qynkuus y=x’, rae r>0, npu x>0 npunumaem ece
NONOJCUMENbHbIE 3HAYEHUSL.

DTO0 03HAYaeT, HAPUMEP, YTO HECMOTPS HAa MEUICHHOE BO3pacTaHHe
3
byskimu y =x4 (puc. 36), ee rpaduk Kak yrofgHO HaJEKO YJAJIUTCH OT

ocu Ox W mepeceyer MpsiMyio y = b npu 000M MOTOKHUTEIBLHOM b.

y A
27 y=27
y=xi
0 81 x Puc. 36.
















































































































































































































































































































































































































































































































































