§7. YPABHEHUA U HEPABEHCTBA,
COJEP)XALLME 3HAK
ABCOJTFOTHO BE/IMYUHDBI (MOAYNA)

Onpeaenenne 1.

AGCOMIOTHOH BEJIMYUHON YHCIA a, MK €r0 MOJIYJIeM, Ha3bIBaeTCs Ca-
MO 4YHCJIO, €CJIH OHO HEOTPHIIATEJILHOE, U MY IPOTHBOIIOJIOKHOE, €CIIU
YUCIIO OTPULIATENILHOE, TO €CTh

la' =a,ecmia=0,

la| =—qa,ecin a< 0.

IIpumep.
|71 =1 =7;

13 =13; |o| =o0.

Onpenenenne 2.
MonyneM yucna a Ha3bIBAIOT paccTOfHHE (B €NMHUYHBIX OTPE3Kax) OT
HayaJjla KOOPAMHAT 110 TO4KH A (a).

[Ipumep.

1) |s| = 5, Tak Kak Touka B (5) ynaneHa OoT Hauajga OTcYeTa Ha IATh €U~
HUYHBIX OTPE3KOB.

2) |-6] = 6, Tak Kak Touka C (—0) yZaneHa oT Hayajla OTCYeTa Ha LIECTb
€AMHUYHBIX OTPE3KOB.

C B
-6 01 R
CaoiicTBa Moayasn
D lal = l-al
2) lal*=d
3) lalzo0

4) |a’ >a
5) |a] >-a
& Jul-pl=hu-y

7) — =
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8) YTBepxkIeHuA, MO3BONAIOMME NEPEXOTUTH OT JIOGOr0 HEPABEHCTBA K
PaBHOCHIIBHOMY YPaBHEHHIO:
[
m<0<—+1=0,
m

m<0 < |ml+m=0,

' m20<:>|m|—m=0,

m>0& Iﬁl -1=0.
m

IIpH pelICHHH ypaBHEHHiA (HepaBEHCTB), COAEPXKALMX 3HAK MOIYJIA,
cnemyeT pa3OHTh O0OJacTh ONpENENeHHs YpaBHEHHs (HEpaBEeHCTBA) Ha
MHOXXECTBA, Ha Ka)KIOM H3 KOTOPbIX BBLIP@XXEHHS, CTOSIIIME IIOJ 3HAKOM
MOZyJIsl, COXPaHAIOT 3HaK. Ha kax1oM TakoM MHOXXECTBE ypaBHEHHE (He-
PaBEHCTBO) HYXHO 3amucaTh Oe3 3HaKa MOIYJA M PELIHTb €ro Ha 3TOM
mMHOXécTBe. OOBEAUHEHHE MHOXKECTB PELICHHH, HAaliICHHBIX Ha BCEX 4ac-
Tax OJ13 ypaBHeHHs (HEpaBEHCTBA), COCTABNSET MHOXECTBO BCEX pellle-
HHUH ypaBHEHHs (HEPaBEHCTBA).

IMpumep.

Pemnts ypaBHEHHE.
|x l =x"+x-3.
Pewmenue.

x20
VYpaBHEHHE PaBHOCHILHO COBOKYITHOCTH CHCTEM { s HIH

x=x"+x-3,
x<0,
—x=x’+x-3.

PemuM nepeyto cucteMy {x 2 0’2 {xzz 0
x=x"+x-3, =3,
x20,
x=\/:’>_, x=4/3.
x=—3,
Pemum BTOpYIO CHCTEMY.
x<0, x<0, x <0,
) 2 x=1, x=-3.
{—x=x +x-3, {x +2x-3=0, L:_3’

OTrBerT: —3;\/—_’;.
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PaccMoTpuM ypaBHeHHs (HEpaBEHCTBa) BUA

lfl (x)|+|f2 (x)'+|f3(x)f+...+|fn(x)|vg(x)
rae f;(x), f,(x), ..., g(x) — nexoropsie dpynkumm.

3HaK vV — 3HaK CpaBHEHHA (=, 2, <, >, <),

Ecnu nocneaoBaTensHo packphiBaTh MOYIIH, TO TIOJYYHTCS COBOKYII-
HOCTb GOJIBILIOTO KOJHYECTBA CUCTEM, pellieHHe 6yaeT rpoMo3akuM. Takue
yPaBHEHHS NpOLLE PEIATh METOAOM HHTEPBAJIOB, [ 3TOro HAXOIUM BCE
TOYKH, B KOTOPHIX XOTA Obl omHa u3 dymkumit f(x), fr(x),..., £, (x)

MeHs€eT 3HaK. DTH TOYKH JeNAT o6nacTh onpelesieHUs ypaBHEeHHs (Hepa-
BEHCTBA) Ha IPOMEXYTKH, Ha KaXIOM H3 KOTOpPBIX Bce (YHKIHH
£(x), f2(x),..., f,(x) coxpanstor 3HaK.

3aTteM, HCIIONB3Ys OlpeaeieHHe abCOMIOTHON BENHYHHBI, NIEPEXOAHM
OT YpaBHEHHUSA K COBOKYIIHOCTH CHCTEM, HE COJEPIKALMX 3HAKOB MOJYJIS.

IIpumep 1.

Peuinte ypaBHEHHE lx— 1]+ |x—3 l =3.

PemeHnue.

O6nacTs onpenesieHHA JaHHOTO YPaBHEHHS — BCS YHCJIOBas NpsAMas.
MeToaoM HHTEPBAJIOB HaXOAWM HWHTEPBAIH 3HAKOIIOCTOSHCTBA BhHIpaXKe-
HHU# (x - 1), (x - 3)

x-1<0 | x=1>0 %x—l>0

i

x-3<0 @ x—3<0®x—3>0 %

Takum 06pa30M, HCXOJHO€ YPAaBHEHHE DPABHOCHJIBHO COBOKYITHOCTH
CHCTEM:

I x<l1, x<1,
~(x=1)=(x=3)=3, ||-2x=-1, | |*<L
{1Sx<3, {1s'x<3, x=—é— [x=0,5,
(x-1)-(x-3)=3, 2=3, ¥>3, x=3,5.
x23, {X>3 x=3,5,
L [(x-D+(x=3)=3, [|2x=7,

OTrBerT: 0,5;3,5.

ITpumep 2.
Pemnts ypaBHEHHE |3—xl + |x+2l - |x-4| =3..
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Pemenwue.

HaiineM 3HaueHHs X, NPH KOTOPHIX BHIPAXKEHHS, CTOAILME [10] 3HAKOM
MOy, paBHBl HYmMO: X = -2; x = 3; x = 4, DTH TOYKHU OeIAT 06nacTh OIi-
pelieTIcHHs YPaBHEHHA Ha MPOMEXXYTKH, Ha KXIOM H3 KOTOPBIX BbIpaXKe-
HUA (3 —x), (x + 2), (x — 4) coXpaHSIOT CBOif 3HaK. 3aTeM, KCIOJIB3YSA OI-
pexneneHue aGCOMOTHOM BENHYHMHEL, MepeiieM OT HCXOAHOTO YPaBHEHHA K
COBOKYITHOCTH CHCTEM, HE CONIEpP KAINX 3HAKOB MOJYJIA.

" . + ) +
T

x+2) = /25

SN l

=y

OrBeT: —6;2.

IIpumep 3.

Penminte HepaBeHCTBO

17-2x| < |3x-7] + [x+2].

PemeHnue.

Touku x = -2, x= 2%, x = 3,5 mensaT yucnoByI ock (0bracTe ompene-
JIEHHS HEpaBEHCTBA) Ha YeTblpe MPOMEXYTKa: x <=2,
-2<x< 2%, 2% <x<3,5, x2>3,5. MeroooM WHTEpBAJIOB ONPENETHM HH-
TepBaJIbl 3HAKOMOCTOSAHCTBA BhIpaxkeHuH (x + 2), (3x — 7), (7 — 2x):
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7-2x>0 7-2x>0 7-2x>0 7-2x<0
3x—7<0 3x—7<0 /) 3x-7>0 @3x—7>07€
x+2<0 x+2>0 x+2>0 xt+2>0
TakuM 06pa3oM, HCXOJHOE HEPABEHCTBO PABHOCHILHO COBOKYITHOCTH
CHCTEM HEPABEHCTB:

i x<—2, x<__2
7-2x<—(3x-7)—(x+2) x< _1

1

—2Sx<2§, 2<x<2_ x<—2,

1
7-2x<-(3x=7)+(x+2) {x<2 ' —2<x<23,

{2;Sx<3,5,

x<3,5,|25<x<3,5,

u.)lv—'l

7-2x<(3x-7)+(x+2) x>2 x=35
x>3,5, x235
—(7-2x)<(3x-7)+(x+2); L x> -1

OtBeT: (-oo;+0).

IIpumep 4.

PelinTe HEPaBEHCTBO

Ix—1| + |x+21 — Ix—BI > 4.

Pemenue.

Touku x = -2, x = 1, x = 3 gensaTt yucnoByw ock (0b61acTh onpezaene-
HHsl HEPAaBEHCTBAa) HAa 4EThIpE INIPOMEXYTKa, Ha Kofopblx BBIP)XEHHUA
(x—1), (x + 2), (x — 3) coxpaHAIOT CBO#i 3HaK.

S+ +

«D- 25 - ; x
J + o+
(x+2) =4 1 3 x
L 1 |74 + =
®-3y-—2 - 1 - /3 x

Hcnone3ys onpeneneHne abCONIOTHOH BENHYHHBI, NEpeHaeM OT HC-
XOAHOTO HEPABEHCTBA K COBOKYIHOCTH CHCTEM, HE COIEpXKAIIMX 3HAK
MO
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x <=2,
(x l

{ <
it
i

o=

(x+2 )+(x-3)>4
)+(x=3)>4

(x-—3)>4

)-(x-3)>4;
(—o0; -8)u(2; +00).

<x<3
(x-1)+(x+2)

—1)+ x+2)

OTBeT:

x>2
x23,
x>0

x<-2,

{x<—8

-2<x<l1,

{x>4, x<-8,
1<x<3 {2<x<3,
{ ’ x=3.

3agaum 1J15 CAMOCTOATEILHOIO pellIeHHA

1. Penmre ypaBHEHHS.

a) |x—1|+!x—2|+|x—3|=2
OTtBeT: 2.

6) |x-3|+2|x+1|=4
OTrBeT: -1.

B) |x|-2|x+1]+3]x+2]=0.
OTtBeT: -2.
N |7x-12] - |7x-11]=1.
: 1
OTBeT: )c<7

n)|x|+|7—x‘+2|x—2|=4
OTrBeT: Q.

2. Pemnre HepaBeHCTBA.
a) |x—2|+|x=3]+]|2c-8] <o.
OTrBeT: (1;5,9).

6) lx—1]—|x| +]2x+3] >2c+4.

Ormer: (—0;-15).
B) lx—1]+[x+2] - |x-3]>4.
OtBer: (—om0;-8)U(2;+m).
r) lx+2l+lx+1]+x-4] 29
OTBeT: (—oo;—%—]u[ZHoo).
n lx=1l+]2-x|>3+x
OtBeT: (—o0;0)uU(6;+0o).
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Hcnonn3oBaHue HEKOTOPHIX PABHOCHILHBIX
npeobpa3oBanuii
OCHOBHBIX HEPABEHCTB C MOAY.JIeM

[IpuBeneM Tabnuiy paBHOCHIBLHBIX MPEOOPa3OBaHHH OCHOBHBIX Hepa-
BEHCTB C MOJYJIEM H MOKaKeM NMPUMEHECHHE HX NPH PEIICHHH HEPaBEHCTB.

HepagencTBo If<e | Ifl<e | |f]>e | If]zg
fug

Paanocnngnoe ~f<g | [-fsg |[-f>8 | [-/28 | pynumm
emy npeobpa- | | 7 o f<g f>g fz2g
30BaHHE :

IIpumeuanue.

Jlio6o€ ypaBHEHHE HIIM HEpaBEHCTBO OMNpEAENSeT MHOXKECTBO €ro pe-
meHui. [TycTs naHbl 1Ba HepaBeHCTBA WIH ypaBHEHHs, THOO H TO, M Ipy-
roe. M, u M, — MHOXeCTBa UX pelIeHHH.

Pemuth cucTeMy — 3Ha4MT HalTH Bce OOILIME 3JIEMEHTHI MHOXECTB
M, v M,, TO eCTb HAHTH NepeceueHHEe MHOXKECTB M| U M.

PemiuTh COBOKYMHOCTh — 3HAYHT HAHTH BCE 3JIEMEHTHI, NpPHHAIJIE-
Jkalue Xotsa 651 OTHOMY M3 MHOXKeCTB M| U M,, TO ecTh HalTH 00BeIHHE-
HHE MHOXECTB M| u M;.

ITpumep 1.
Haiitu pemeHHe CHCTEMBI

x> —2, x < 4, x> 37
3) {xSS; 6) {xsl; B) {x<0.

Pemenue.

2) x>=2, i) x
x<5
p————ip>
5 X
OrBer: (-2;5].
V77777077701 THT17717777 SN
o [} ) ’
*= LULLLILA -
X

1
Oreet: (-]
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QLU
x>3 X
B) { > 3

x<0 LU -
0 X

O TBeT: peleHHi Her.

Ilpumep 2.
Haiinute penieHue COBOKYIHOCTH
x>=2, x<4, x>3,
2) [xSS; 0) {xsl; B) {x<0.
Pemenune.
QL
x>-2, -2 x
2) l:x <S5
LUy
5 X
OrBet: (-o0;+o).
LU
6) |:x <4, 4 X
xsl LI, -
1 x
OrBet: (—0;4).
SLLULILL Ly
x
B) [x >3, 3
x<0 LU L, -
0 x

OteetT: (-0;0)u(3;+).

Ipumep 3.
PelunTh HEpaBEeHCTBO lxz -x-8 f <x.
PemeHue.

'f (x )| <g(x)e {}j&;lsg?ii)’ TI03TOMY

—x2+x+8Sx, x2—820,
x*—2x-8<0,

{(X—Z\/E)(x+2\/§)20,

(x—4)(x+2)<0,

xz-—x—SSx,

294



. Ly,
-2 02 x
NN, *
2 4

+

X

OTrBeT: [25;4].

IIpumep 4.

Pemnth HepaBEeHCTBO 3% - |x -3 | >9x-2.

Peumenue.

IpuBeneM HEPaBEHCTBO K BHIY ‘x -3 | < 3x% — 9x + 2 ¥ 3aMEHUM €To
-f<4q,

PaBHOCHJIbHOM €My CHCTEMOH, TaK KaK HEPaBeHCTBO | f |[< g & { f<q

—x+3<3x2-9x+2, 3x2 -8x—-1>0,
S x=3<3x2-9x+2, 3x2 ~10x+5>0,

+ - +
4-19 4+419 x
3 3
+ - +
5-410  5+4/10 x
3 3
OTBeT: (—w;4_3\/§)u(4+3‘/ﬁ;+w).

IIpumep S.

Peunts HepaBeHCTBO ¥-Tx+12< Ix -4 | .

Pemenue.

HepaBeHcTBO HMeEeET BUA | f (x)| > g(x) M PaBHOCHJIbHO COBOKYITHOCTH

—x+4>x-Tx+12, |x*-6x+8<0,
x—4>x2—7x+12, x? -8x+16<0.

INockosbky BTOpOE HEpPAaBEHCTBO COBOKYIHOCTH PELICHUH HE HMECT, a
2 .
x°—6x + 8 = (x — 2) (x — 4), TO MHOXXECTBO DElIEHU#H COBOKYITHOCTH U

HCXOHOTO HEPaBEHCTBA €CTh UHTEPBA (2; 4).
OTtBeT: (2;4)
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ITpumep 6.

Pemuts HepaBeHCTBO

-1 +x27.

Pemenwue.

JlaHHOE HEpaBEHCTBO MOXKHO TIEPENUCATh B BUIE | 3x-3 | 27— x2, H,

CJIEA0BATENILHO, OHO PAaBHOCHJIBHO COBOKYITHOCTH HEPABEHCTB

3x+327-x%, x?—3x-420,
3x-327-x7, x? +3x-1020.

[Tockonbky X -3x-4= x+D)(x-4),ax’+3x-10=(x+5) (x~2),
TO peLleHHe MOJYYSHHOH COBOKYIHOCTH, a CJIe0BAaTeNbHO, U UCXOHHOIO
HEpaBEHCTBA  COCTOMT W3  OOBEAWHEHHS  [OBYX  IIPOMEXYTKOB
(—o0; = 5] U[4; + o).

OtBeT: (—oo; —5]Uf4;+0).

IIpumep 7.
Pemute HEpaBeHCTBO {3x - 'x - 4“ <2.

Pemenune.

Tak Kak |f (x)i <g(x)e {}}(:E;lsgigx’)’ TO MCXOJHOE HEPABEHCTBO
PaBHOCHJIBHO CHCTEME
{—3x+|x—4[$2, {Ix—4'53x+2,
3x-|x-4|<2; |x—4{>3x-2.

TlepBOe HEpABEHCTBO B CHCTeMe OTHOCHTENbHO |x — 4| mmeer Bun
|f(x)| < g(x), aBropoe nmeer Bux ‘f(x)‘ 2g(x).-
TIpuMeHss paBHOCHIIbHBIE PEOOPA3OBAHUS, IOy IHM:

1

—x+4<3x+2, 4x>2, X275,

x—4<3x+2, 2x>-6, x=>-3,
—x+4>3x-2 4x<6 x<15
x—423x-2, [2XS—2, x<-1.
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OrBerT: [0,5;1,5]

ITpumep 8.

PewnTs HepaBEeHCTBO |3x+ 5 ’ + |2x— 1 | <11.
PewmeHnune.

IlepennmeM HepaBEeHCTBO B BHAE

3x+5| <11-|2x—1].

—f(x)<g(x),

Tak kak x) < X} TO HCXOJHOE€ HEPABCHCTBO
=l <e) {f(X)<g(X), P

-3x-5<11-|2x-1],

n OCICIHIOIO
3x+5<11-[2x-1]. eperuIIeM MOCHeIH

PaBHOCHJIBHO CHCTEME {

CHCTEMY B BHIC

|2x-1]<3x+16,
M TNpPHMEHMM paBHOCHJIBHBIE MPEOGPa3OBAHUA.

[2x-1<6-3x
—2x+1<3x+16, Sx>-15,
B pe3ynbTaTe NOIYYHM: 2x-1<3x+16, x>-17,
pesy YIM Y x+1<6-3x, x<5,
2x—-1<6-3x, Sx<17.
S x
— AU NI
-17 X
N . . .
5 X
ULV L, -
1,4 X

(=3; 1,4).
OTrBeT: (-3;14).
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a)

6)

o)

3anauu AJs CaMOCTOATEJIbHOTO pelieHUsA

1. Pelunts HepaBeHCTBA:

‘x2—6x+8‘s4—x.

Otrset: [L;3]u{4}.
‘x2—2x—3‘<3x—3.

OrBeT: (2;5).

|3x+2|—7x5x2+4.

OrBer: (—w;—S—\/ﬁ)u[ﬁ—2;+w).
|x—6]>x* ~5x+9.

OrBeT: [1;3]

|27 —9x+15] 2 20.

1
OTBeT: (-—oo;—z]u[SHw).

2. Penuts HepaBeHCTBa:
|2x-|x - 2|| <3.

N S -}
OTBeT: I: 3,3}

|5~x|<|2—x[+|2x—7'.
OrBet: (—00;2)U(3,5+w®).
|x—2|>2+x—-|3—x[.

OrBet: (—o0;1)U(7;+).

x| -1 <1-x.
Orsetr: (-o;0).
Ix—1]-5|<2.

OrBeT: [-6;,-2]uU][4;8].
PaccMOTpHM HECKONIBKO MPUMEPOB 3a1ay ¢ MOAYJIEM H NapaMeTpoM,

PCHWICHUE KOTOPBIX YIPOLIACTCS C HUCIIOJB30BaHHEM paBHOCPIHBHOCTCﬁ,
PacCMOTPCHHBIX BBILIC.
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IIpumep 1.

2
HpH KaKHX 3HAQUCHHUAX IapaMe€Tpa g HEPaBCHCTBO X — |x - a| -

~ |x=1] +3 >0 Bbmonuserca IPH BCeX 3HAYEHHAX x?
Pemenue.

2
INepenuieM HEpaBEHCTBO B BHJE lx -1 l <x - \x - a| + 3. Oxo

MMeET BHJ ‘ f (x)’ < g(x). Bocnonb3yeMcs paBHOCHITBHBIM TIEPEXOTIOM

—f(x)<g(x),
f(x)<g(x).
IMonyuynM cucTeMy, paBHOCHIIBHYIO HCXOJHOMY HEPABEHCTBY:
—x+1<x? ~|x—a|+3,
x—1<x? —Ix—a|+3.
|x—a] <x? +x+2,

[MepenuieM MocjaeJHIOK CHCTEMY B BHIE 2
‘ |x—a'£x —x+4.

*)

BoCro/I530BaBUIMCE PABHOCHIBHBIM TIEPEXOZOM (*) euie pas, moiy-

4UM
—x+as<xi+x+2, x2+2x+(2—a)20,
x—a<xt+x+2, x*+(2+a)20,
—x+a<x’-x+4, x> +(4-a)20,
x—as<x’—x+4 x?-2x+(4+a)>0.

BrinonHeHne Aias BceX x MCXOQHOTO HEpaBEHCTBA PaBHOCHJIBHO BBI-
TMOJIHEHHKO 111 BCEX X BCEX HEPABCHCTB TOCJIeTHEH CHCTEMEBI. A 3TO paB-
HOCHWJIBHO TOMY, YTO JHUCKPHUMHHAHTBI BCEX 4YETBIPEX KBAJAPATHBIX TPEX-

YJICHOB HETIOJIOKHTEJIbHBI:
D, <0, 4-4(2-a)<0,
Dy 20, o ects
D, <0, —4(4-a)<0,
D, <0, 4-4(4+a)<0.
PemnB a1y cucremy, noayuum —2 <
OrBer: -2<acx<l.

IIpumep 2.

HaiinuTe Bce 3HayeHHs nmapaMeTpa 4, 118 KOTOPhIX HaHMeHblIee 3Ha-

4eHHe QyHKIHH
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y=x2+ |x—al + |x~l | Gonbue 2.

Pemennue.

Ilo ycnoBuio 3aa4H JUIS BCEX X JOJDKHO BBIONHATHCS HEPABEHCTBO
x2+lx—al+|x~l|>2. (:u)

OrHOCHTENBHO 060MX MOJYJIel MOCIeNHee HEPABEHCTBO HMEET BHJ
’f(x)l > g(x).

Bocnonb3yeMcs paBHOCHIBHBIM NEPEXOAOM

|f(x)| >g(x)e {}{S‘Z;iﬁ;),

HepaBeHcTBO |x —-a | >2-xt— |x -1 l PaBHOCHJIBHO COBOKYITHOCTH

—x+a>2—x2—|x—1[ |x—l|>—x2+x+2——a,

x—a>2—x2—[x—1| |x—l|>—x2—x+2+a
—x+1>-x +x+2-a, x2—2x+(a—l)>0,
x=1>-x*+x+2-a, x2+(a—3)>0,

< ) = 5
—x+1>-x*~x+2+a, |x*—-(1+a)>0,
x—1>-x>~-x+2+a x2+2x—(3+a)>0.

HepaBeHCTBO (* *) JIOJDKHO BBIMOJIHATBECA IJIA BCEX X. ITO paBHO-

CHJIBHO TOMY, YTO IJ11 BCE€X X BBINNOJHACTCA XOTA 3 OHO KBaIpaTHOE He-
PaBEHCTBO MociefHeld cOBOKYNMHOCTH. To ecTh XOTA Obl OAMH H3 YETBIPEX
AACKPUMHHAHTOB OTpPILlaTeHbelﬁ.

D, <0, 4—4(‘1“1)<0, 2-a<0,

D, <0, —4(a-3)<0, o |a-3>0,

D, <0, 4(1+a)<0, a+1<0,

Dy;<0,  |4+4(3+a)<0 [a+4<0

- ity
2 a

.l/[////////:

3 a

LI —
-1 a

177774 >
-4 a

OTBeT: Bee ae(—w; —1)U(2;+w).
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IIpumep 3.

Haiinnte Bce 3HaYeHHs mapaMeTpa p, IIPH KaXIOM H3 KOTOPHIX YHCIIO
IIETIOYHCIICHHBIX PELICHNH HepaBeHCTBa 4 Xt =20 x-1)+3- | 4x — P | -
— p < 0 MaKCHMAJIBHO.

Pemenue.

IlepenuieM HEPaBEHCTBO B BUAC | 12x - 3p | <—4x*+20 x-D+p
M 3aMEHUM €0 PaBHOCHJIbHOH CHCTEMOH.

~12x+3p < —4x* +20(x - 1)+p,
12x-3p <—4x* +20(x~1)+ p,

4x? ——32x+2p+20<0 p<—2x +16x - 10
4x? —8x-— 4p+20<0, p>x -2x+5

o x? -2x+5< p<-2x* +16x-10. (*xx)

Yrto6b1 mapaMeTp p CYLIECTBOBAN, JOJKHO BBIIIONHATHCH HEPABEHCTBO

x? =2x+5<-2x" +16x-10,

3x? -18x+15<0,

1<x<5.

TaxuM 00pa3oM, pelIEeHHAMH HCXOHHOTO HEPAaBEHCTBA XOTH Obl NpH
OJHOM 3HA4YCHHH NapaMeTpa MOTryT OBbITh Bce X M3 oTpeska [1; S]. Cneno-
BaTENbHO, LEJIOYHCICHHBIMH PELIEHHAMH HCXOIHOTO HEPaBEHCTBA MOTYT
ObITh TONBKO uHCNA 1, 2, 3, 4, 5 u3 otpeska [1; 5]. [looyepenHo moacTaBuM
BbIOpaHHBIE LiEIBIE YHCIA B JBOHHOE HEPABEHCTBO (* * *) .

Tomyunm

x=1npu4<p<4,

x=2npuS<p<l4,

x=3mpu 8 <p <20,

x=4mnpu 13<p<22,

x=5mpu20<p<20.

x=1 . >

4 p

x=2 JULLLLILLLG, >

5 14 P

x=3 LLLLLLLLLLLLLLLL >
8 20
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x=4 UL
13 22

Sy

Ty

20

3HavyeHus (14; (20; (22;
;4| 4 4;5 5 5; 8 51 ;1) 1 ‘ ‘ :
napavetpa p (—oc; 4) ;5) G| & (G113 a3 14| S0 | 20 2 | 2| v

Llenoyuc-
IEHHBIE — |1 — |2} 2 | 23] 23
peLUeHHs

34 |5 a4 {a| —

Konuyecrso
LEeI0YHC-
|TeHHBIX
perueHuH

Oy4eBHAHO, YTO MAKCHMAIILHOE KOJINYECTBO LIEJIOYHCICHHBIX peUICHHH
paBHO TpeM H 310 gocturaercs mpu 13 < p < 14 i p = 20,
OtrBeT: 13<p<i4;p=20.

3anavuu AJIs1 CaMOCTOATEIBHOI 0 PeUICHHANA

1. Jlns Bcex a peliuTh HEPABEHCTBO! ‘x -3a I - Ix +a l <2a.
OTtBeT: npua<0x < 2a; upu a = 0 peweHuit HeT; Npu a > 0
x>0.
2. Jlns BceX a peliuTh HEPABEHCTBO |x —-a | —2a> Ix ~3al.
OTtBeT: mpua<0x<a;npua 20 pewieHn HeT.
3. Jlnsa Bcex a peuwMTh HEPABEHCTBO: 'x + 2a| + |x —-a I < 3x.
OtBetr: mpua<0x>—-ag,npua20x>a.
4. Haiitn Bce 3Ha4YCHHUs TTApaMETPa g, IIPH KOTOPHIX HAMMEHBIIIEE 3HAYE-

HHE QyHKUMH y=2|x—1|+|x+3‘—2|x—a2 —a' 6osbme 1.

OtrBeT: #<a<*1;2\/§.

5. Jlns mo60ro 3HaYEHHs 1apaMeTpa p PELIMTH HEPABEHCTBO
|2x+21p|—2-’2x—21p|<x—21p.
OtseT: mpu p < 0 xe(—o0;42p)U(6p;+); mpu p = 0
x €(~00; 0)U(0; +o0); mpup >0 xe(—o0; 0)U(28p; +0).
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Hcnonb30BaHne cIeHHAJBHBIX CX€eM PABHOCHJIBHOCTH

Cymma Moay.Jeit

HHorna ypaBHeHHE ¢ MOAYJISAMH MOXHO DEUIHMTh ObICTpee, €CiH
yIacTcsd HCNOJIb30BaTh MPaBHIO: CyMMa ModyJeii papHa aareGpaudve-
CKOH CyMMe MOIMO/IYJILHBIX BhLIPaXeHHH TOrJa H TOJbLKO TOrAa, Ko-
raa Kaxnoe BhipakeHHe HMeeT TOT 3HAK, ¢ KOTOPbIM OHO BXOJAHT B
anreGpanyecKylo CyMMy.

IIpumep 1.
Pemnte ypaBHEHHE

‘xz —?;l+|x2 —7x+12‘—7x+15=0.

Pemenne.

BeroenuM cyMMy Monyei:

[ =3+ = 7x +12| = 7x - 15.

BeIsACHHM, MOXHO JH 7x — 15 mpenctaBHTh B BHAE anreOpaHdeckoH

CYMMBI TOJMOZIYJIBHBIX BHIPaXKEHHH.
Tak kak 7x — 15 = (x2 -3)- (x2 — 7x + 12), TO HCXOAHOE YpaBHEHHE

$-320, (x=+3)(x++3)=0,

paBHOCHHLHO CHCTEME 2
x“=7x+12<0 (x—3)(x—4)$0

//////-/'-////,1 _ &L //j/-/// LU,
-3 3 _ x
7, o

3 4 .

OrBeT: 3<x<4

Ipumep 2.

Pemnte ypaBHeHHE Ixz —4'+'9—x21 =5.
Pemenue.

2 2
Tak kak (x” — 4) + (9 —x°) = 5, To HCXOIHOE YPaBHEHHE PAaBHOCHIBHO
cHCTEME

{x2—420,©{(x—2)(x+2)20,

9-x*>0; (3-x)(3+x)20
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+ 1,2

ya7i //////v Y///////V'////////é

) 5 X
Louibidds

LI L AL L >

3 | 3 x

Orsetr: [-3;-2]U[2;3].

IIpumep 3.
Peunts ypaBHeHHE
[2x =1+ [2x +1|+[2x = 2|+ |2x + 2| +... +[2x 100+ |2x + 100| = 400x.
Pemenmue.
Tak kak (2x — 1) + 2x + 1) + ... + (2x — 100) + (2x + 100) = 400x, TO
2x-120
2x+120

HCXOJHOE YPaBHEHHE PaBHOCHJIBHO cucTeMe 1 7

2x-10020
2x+10020.

OTtBeT: x250.

CdopmyanpyeM elire 01HO CBOHCTBO CyMMBbI MOy Ieii.

CyMMa MonyJei paBHa MoOAyII0 ajirefpanveckoii CyMMbl IOAMO-
OyJbHBIX BbIPaXeHHH TOraa M TOJBKO TOrJa, KOraa OJHOBPeMEHHO
BCe BbIPpAKeHHSl HMEIT TOT 3HAK, ¢ KOTOPbIM OHH BXOIAT B aiare6-
PaHYECKYI0 CYMMY, JHG0 OTHOBPEMEHHO BCe BLIPaXKeHHA MMET Npo-
THBONOJIOXKHbIH 3HAK.

a 20, a; <0,
Hanpumep, |a)|+|a,|+|as| =|a, —a, + a;| <> {4, <0, wm {a, 20,
a; 20 a; £0.

Ipumep 1.

Pewwts ypasHenue 2|x —5|+[4 - x|—|2x —1|+5|x - 3|=0.

Pemenwue.

BreceM k03¢(QHULMEHTH 2 ¥ 5 noA 3HaK MOAYJS M BHIACIHM CYMMY
MOJyJIEH:

|2x 10| +[4 - x| +|5x 15| =]2x-1|.

HaiineM koMGHMHALMIO 3HAKOB NOAMOMYJIBLHBIX BhIpaxenu# (2x —10),

(4 — x), (5x — 15), npu KoTOpOH aNreGpandecKas CyMMa 3THX BbIPaKCHHH
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paBHa MOAMOIY/ILHOMY BBIPAXEHHIO MpPaBOH 4aCTH YPaBHEHHS, TO €CTb
2x - 1.

B 1aHHOM MpHMepe 3TO Npolile 0GHAPYXHTE N0 KOHCTAHTaM:

~10) + 4+ (<15) =—1.

Vitax, (2x — 10) + (4 —x) + (5x— 15) = 2x — 1.

To ecTb ypaBHeHHe HMeeT BHA |ay| +|a,| +|as|=|-a, + a, + a3

JlaHHO€ ypaBHEHHE PABHOCHJILHO COBOKYMHOCTH ABYX CHCTEM IIO Ipa-
BHIly, IPHBEICHHOMY BBIIIE.

2x-10<0, 2x-1020,
Honyunm <4-x2>0, wumn q4—x<0,
5x-15>0 5x-15<0.
x<5, x5,
Otkyna {x<4, wmu {x>4, toectb 3 <x<4.
x23 x<3,

OTrBeT: 3<x<4.

IIpumep 2.

Penuts ypaBHEHHE le— 15] + |4—x| + |2x—6’ = |4x— 17|.
PemeHnue.

Tak xak (3x — 15) + (4 —x) + (2x — 6) = 4x — 17, To ypaBHEHHE HMEET BH]{
|@y| +|az| +|as| =|a, +a, + ay| u ncxonHoe ypasenue paBHOCHIBHO co-

3x-15>0, 3x-15<0,
BOKYIIHOCTH IBYX CHCTeM: 14 —x2>0, wm {4-x<0,
2x-62>0 2x-6<0.
x5, x <5,
Otkyna {x <4, wim {x >4, TO €CTb PEICHHUI HET.
x23 x<3,

O TBeT: pelweHHi Her.
B HekoTOpHIX Cnydasx ynpoILalT penicHHe YpaBHEHHH € MOAyJIeM
crenyolHe YTBepKICHHS.
1. PaBeHcTBO |a| + |b| = q + b HMeeT MeCTO TOrAa H TOJbLKO TOrAa,
kornaaz20ub=0.
2. PaBencrBo |a+b|= la|+|b| mmeer mecTo Torna m Tombko Toraa,

xoraa ab > 0.
3. |a| + |b| = a — b umeer MecTo TOrAa M TOILKO TOrAa, Koraa a > 0
ub<o0.
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IIpumep 1.
Pemnts ypaBHeHHe Ix—l| + |x~3] =2x-4.
Pemenue.

Takkak |al + |b] =a+ b, To 3aMEHHM HCXOIHOE YpaBHEHHE PaBHO-

. . |x-120
CHJIbHOH €My CHCTEMOH * Tlony4yum x > 3.
x-320.
OTrBeT: x23.
IIpumep 2.
2
Pemuts ypasHeH#e || 7t le
|x 4
PemeHnue.
2 2
IMockoneky 4x +x= Ax+x’—dx _ x , TO UCXOIHOE ypaBHEHHE
x—4 x—4 x—4

MOJXeET OBITh EPENHCAHO B BUIE I 4x | +|x| | 4x ~a + x].
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4x
JlaHHOe ypaBHEHHE PaBHOCHJIBHO HEPaBEHCTBY -x20, TO ecThb
x

—4

OtsetT: (4+o)u{0}.

IIpumep 3.

Pemuts ypaBHeHHE |x —3Hx - 1) + |x - 4Hx— 5[ -5x+17=0.
Pemenue.

[NpuBeneM ypaBHEHHE K BULY

|(x=3)(x = 1)|+|(x = 4)(x - 5)|=5x -17,

|’ —4x+3‘ [x? - 9x+20[=5x-17.

Tak xak (x2 —-4x+3)- (x2 —9x +20) = 5x — 17, TO ypaBHEeHHE UMEET BUI
x2—4x+32> 0,

|a| + |b| = a — b ¥ paBHOCHIILHO CHCTEME <
x“-9x+20<0



+ - +
LLLLLLL 1L y211177i ///////14
1 3 X
+ — +
170777 >
X
4 5

OTrBeT: 4<x<5.

IToxaxeM HCIONbL30BAHHE
elle 0XHOi paBHOCHIBHOCTH:

la| v [b| > a® v b < (a—b)(a+b)vO.
IIpnmep 4.
(e =] =~ 1) [0 - 8~ x + 2])

B2

Pelunts HEpaBEeHCTBO

Pemenue.
HcxonHoe HEpaBeHCTBO PaBHOCHIBHO HEPABEHCTBY

(1= =[x =17 ) (|2 - 8 ~Jx+2F) B

B e

2
Tak Kak |a| =a’, TO HepaBeHCTBO IIPUMET BHJ

((x=57 = (x=1)°)((2x-8)° = (x+2)})
5 5 <0
(8—x)* -(x-2)

PaCKJla,ElLIBaH Ha MHOXHUTEJIA BCE pa3HOCTH KBaJApaTOB, HMECH
—4(2x - 6)(x - 10)(3x - 6)
6-(10-2x)

PemuMm MCETOAOM HHTECPBAJIOB IIOCJIETHEC HCPABCHCTBO

+

<0.

- + - +
LLUULLL, LIS >
2 3 5 10 *
OTtBeT: (2;3) U (5 10).

3agaum ISt CaMOCTOATEILHOTO PelIeHHs

Pewnts ypaBHEHHUA:
I +ax+1] + |-3x+2| =7x- 1.
OrBeT: 1<x<2.



2) |P+2c-3]+[8-2-2| =5.
OtBer: [4;-3]U[l;2].
3) |x2—1|+|x2—5x+6|—5x+7=0.
OrBeT: 2<x<3.
4) 2 |x-4l+313-x] - l1+2¢] +5 |x-2] =0.
OTtBeT: 3.
5) lex—12] +|3-2x| + |4x-4| = |8x—13].
OTBeT: pEelEHHH HeT.
6) |3x+5|+[3x+3]=6x+8.
OrBeT: x2-1.
4x+4l+|x+1|=x2+2x+l
x-3 ‘x—3|
Oreet: (3;+x)u{-1}.
8) |x+2|-[x+a]+|x+1]Ix] -5x-8=0.
OrBer: -1<x<0.
(|x2—4[—5)-(|x+5]—8)
(b =3 = =1]) |
Ormer: (—o0;—=13)uU(=3;0)uU(0;2).

7

9)

Hcnoab3zoBaHue F€OMETPHYECKOro CMbICJIa MOAYJ/IA

HanoMHHuM, 4TO MOIyNIEM YHC/Ia @ Ha3BIBAIOT PACCTOSAHHUE (B €OHHHY-
HBIX OTpe3Kax) OT Hauajia KOOpPAHHAT A0 TOYKH A (a).

OTOMy YTBEPKIECHHIO PAaBHOCHILHO YTBEPKIAECHHE, YTO la - b] —
paccTosaHue Mexay ToukaMH 4 (a) u B (b).

CyMmmMma Ix —al + |x- bl — CyMMa paccTOSIHMH OT TO4KH X (x) HO
To4ek A (a) u B (b) Ha yncnoBo# npsamoi Ox. ITa cyMMa He MOXeT GbITh
MEHbIIE PAaccTOSHUA Mexny Toukamud A4 (a) u B (b), TO ectb
|x—a|+|x—b]2|a-b|

Ecnu |x— a| +[x - bl = Ia - bl, TO x — mobas Touka oTpeska [a; b] win
[b; —al.

U ecnu oTpe30K He BRIPONKAEH B TOUYKY, TO €CTh @ # b, TO TAKHX TOYEK

x 6ECKOHEYHO MHOTO.
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Ecau lx—a|+lx—b|> TO CYIIECTBYIOT POBHO IBE€ Pa3IHYHBIE
TOYKH BHE OTpE3Ka, CHMMETPHYHO PACIIOJIOKEHHBIE OTHOCHTEIBHO Cepe-
IMHBI OTpe3Ka [a; b] wnu [b; al.

Hrak, pemuuTh ypaBHEHHE |x - a| =c¢(c>0) — 3Ha4MT HAlTH BCE TOY-
KH Ha YHCJIOBO#H MpAMOH Ox, KOTOpbIE OTCTOAT OT TOYKH C KOOPAHHATOH a
Ha paccTosHHe c. Takux Toyek JBe: ToUKa C KOOpIHHATOH (c + a) ¥ Touka

¢ KoOpAMHATOH (a — ¢).

IIpumep 1.
Pewinth ypaBHeHHE |x -4 l =5.
5 5
-1 4 9 x
OTtBeT: 9;-1

IIpumep 2.

Pemuts ypaBHeHHe Ix -5 | + ‘x - 6| = 18 — 3Ha4yuT HAHTH BCE Ta-
KHE€ TOYKH Ha YHUCIOBOH mpaMoi Ox, A/ KaXI0H H3 KOTOPBIX CyMMa pac-
CTOSIHHH OT Hee JO TOYeK ¢ KOOpAHHATaMH 5 M 6 paBHa 18.

Taxk kak ix— 5 | + lx—6| > |6 -5 l , TO CYILIECTBYET POBHO [IBE pas-
JHYHbIE TOYKH BHE OTPe3Ka, CHMMETPHYHO PacloOJIOKEHHbIE OTHOCHTEINb-
HO CEpEIHHBI OTpE3Ka [5; 6], KOOpAUHATBI KOTOPBIX ABJIAIOTCS PEIICHUAMH
HCXOJHOTO ypaBHeHHs. OT0 x =—-3,5u x = 14,5.

OrBeT: -3,514,5.

PeHIHTLypaBHCHHe lx al - |x b| =c(@>0,b>0,c >0)—3Ha-
YT HAUTH Ha YHUCIIOBOH mpsMoii Ox BCE TaKHe TOYKH, Ul KaXI0i U3 KO-
TOPBIX Pa3sHOCTh PACCTOSHHA OT Hee A0 TOYKH C KOOpAWHATOM a M pac-
CTOSHHA OT Hee 10 TOUKH C KOOPJHHATOH b paBHa c.

IIpumep 1.

Peuinte ypaBHeHHE |x—2| - Ix—5] =3.

Pemenue.

Ha yncnoBo#t npsamoit Ox Hy>KHO HaHTH BCE TAKHE TOUKH, JUIS KaXIOH
U3 KOTOPBIX Pa3sHOCTh PACCTOAHHI OT Hee 0 TOYKH ¢ KOOpAUHAToiH (2) u
PacCTOAHHA OT HEE [0 TOYKH C KOOpAHHATOH (5) paBHa 3. Tak kak [uIMHa
otpe3ka [2; 5] paBHa 3, To AcHO, yTO Mr00as TOUKA C KOOPAMHATOM X > 5
YJAOBJIETBOPSAET, a JI100ast TOUKa C KOOPAUHATOH X < 5 He YAOBIETBOPAET
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emy. Takum o6pa3om, pelIeHHEM HCXOMHOTO YpaBHEHHS ABJIACTCH MHOXE-
CTBO BCEX YHCEN U3 IPOMEKYTKA [5; +00).

OtrBeT: [5+0).

IIpumep 2.

Jna moboro 3HayeHHs NapamMeTpa ¢ PelInTh HEPABEHCTBO

|x—a2| <5- ‘4a—x—9i.

Pemenue.

[IpuBeneM HepaBEHCTBO K BHIY |x - ‘ + |x —(4a-9) | <s.

Takum o6pasom, Ha umcI0BOH npamoii Ox TpebGyeTcs HAHTH TOUKH X,
CyMMa PacCTOSHHH OT KOTOPBIX [0 IBYX NaHHBIX TOYEK C KOOPAHHATAMH
an (4a — 9) He Gonbure 5. HaiiieM paccTosHHE MeXAy TOYKaMH a’ H
(4a-9):

|a2 —(4(1—9)‘=|a2 —4a+9‘=a2 —4a+9=(a—2)2 +525.

Tak xak cymMMa pacCTOSHHH A0 IBYX TOYEK HE MOXET ObITh MEHbILE
PacCTOSHHUS MEX Y 9THMHU TOUKaMH, TO IIPU g # 2 PEILICHHH HeT.

Ecnn a = 2, To ucxoHoe HEpaBeHCTBO MEPEXOAUT B PaBEHCTBO, pelle-
HHUSIMH KOTOPOTO SIBJISIOTCS BCE 3HAUEHHUS X M3 MPOMEXyTKa [4a — 9; az] =
=[-1; 4].

OTBeT: mpH a#2 peleHHi HEeT;

npua=2 -1<x<4.

IIpnmep 3.

Pewnte ypaBHEeHHE ‘xl + |x + 2| =2.

PemeHue.

|x| + !x +2 l — CYMMa pacCTOSHHH OT TOYKH C KOOpPIHHATOH (x) Ha
YHCI0BOI psaMoi Ox 110 Touek ¢ koopauraTamu (0) u (—2).

Tak \x| + lx +2 I = 2, TO eCTh cyMMa pacctosiHui ot Touek (0) u (-
2) paBHa AnMHE oTpe3ka [-2; 0], To x — mobas TouKa JaHHOIO OTPE3Ka, TO
ectb -2 <x<0. )

OtrBeT: -2<x<0.

Ipumep 4.
HccnenoBats KONHYECTBO PELLICHHH yPaBHEHHs B 3aBHCHMOCTH OT IIa-

pamerpa a.
Ix—al + |4a2—x| =3-a.
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Pemenue.

JleBast yacTh ypaBHEHUS Ix—al + |x—4d®| — CYMMa pacCTOsHHH OT
TOYKH C KOOPIMHATOH (X) IO TOYEK C KOOpAHHATaMH (@) U (4a®) Ha uncio-
Boii npamoii Ox.

PaccMotpum - ciyuaii, korna cyMMa paccTOsSHHMH paBHa JJIHHE OT-
pe3Ka, TO €CTh HCXOJHOE YpaBHEHHE UMEET GECKOHEYHO MHOrO PEILCHHH.

Hckomble 3HaUCHHA apaMeTpa HaleM H3 CHCTEMBI
a<3, a<3, _ \/3
3-a> 0, 5 2 a= T
. &q1d4a”—a=3-a,&> {|4a” =3 =
’a - 4a2| =3-a ’ i

a-4a*=3-a 4a’> -2a+3=0 |a=-3.

2-#t cryqait. Eciii cyMMa paccTOSHHH MeHblIe JUTHHBI OTpe3Ka, TO €CTh

3-a< Ia - 4az‘, TO ypaBHEHHE He OyIeT HMETh pelIeHHH.

HaiineM cooTBeTCTBYIOMIME 3HAYECHHS 4.

2
'a—4azi>3—ac> 4a c21>3 a,
a—4a“>3-a

2
4a” >3, c>a<—£ WIH a>£.

4a’ -2a+3<0 2 2

3-it cayvait. Ecin cymma paccrosHuit GoJiblie JIMHBI OTpe3Ka, T.e.
3-a> |a —44*

, TO ypaBHEHHE OYIET HMETh JIBA PEILCHHS.

HaiineM 3Hauenns mapameTpa, COOTBETCTBYIOLIHE ITOMY CJIy4alo.

2
Ia—4a2‘<3—a<:> 4a —c21<3—a,
a—4a“<3-a

4a% <3, Q__Ji ﬁ

<a< .
4a’ -2a+3>0 2 2

V3

OtBeT: mpu a=i—2- ypaBHEHHE HMeeT GECKOHEYHO MHOTO pe-

f 3

HIEHHH; IpH —-——S—<a<-t- 5 YPAaBHEHHE HMeET /Ba PEIICHWS; MpH
V3 Ji y
a<--5~ WIH a>-== ypaBHEHHE HE HMEET PEILCHH.
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