MaremaTuka

KonecHukoBa Copba UnbuHuuyHa

Cmapuwuli npenooasamesns Kageops! sbicwel
mamemamuku M®TH, cneyuanucm 3@TLL npu MOTH.
Oxonyuna MIY, umeem 6onbwol onsim paboms!

CO CMAPLWEKNACCHUKAMU, aBmop KHU2
«WHmeHcusHbIl Kypc nod2omosku K EM3»

u «M36paHHbie BONPOChI anz2ebpbix».

UppauunoHanbHblie HepaBeHCTBA

B wkone [OBO/ILHO MHOMO BPEMEHU YAENAETCA NOCTPOEHUIO rPaduKoB
3/IEMEHTAPHbIX (YHKLMIA, HO 3aTeM OHM MOYTU HE HAXOAAT MpaKTuye-
CKOTO npuMeHeHus. B gaHHoOM cTatbe 3TW HaBbiku npuroasatcs. Kpome
TOrO, NOC/IeAHEe BPEMA MOYTU COBCEM MCYe3M U3 npeobpasoBaHuii,
TaK HasblBaeMble, CONPSKEHHbIE BbIpaXeHus. B npepnaraemom mare-
puane Mbl BCMOMHUM O HUX M YBUAMM, KaK C UX MOMOLLbIO MOXHO yNpo-
CTUTb PEeLIeHUs HEKOTOPbIX UPPaLMOHANbHBIX HepaBeHcTs. MpuBeaéH-
Hble HIKe CNocobbl pellieHnit HEKOTOPbIX TUMOB UPPALMOHANbHBIX He-
PABEHCTB He ABNSAIOTCA €AUHCTBEHHLIMU CMOCOGAMM UX PeleHus, HO
OT/INYAIOTCA OT APYrMX TEM, YTO C MOMOLLbIO COMPSAKEHHBIX BbIPAKEHNIH
MPPaLMOHAJIbHbIE HEPABEHCTBA NPEBPALLAIOTCA B PALMOHANIbHbIE, KO-
TOpbIE PELLAKTCA C NOMOLLBIO KNACCUYECKOTO METOAA UHTEPBAIOB, U3Y-
4aeMoro BCeMU LWKONbHUKAMK B 9 Knacce.

§ 1. HepaBseHcTBa BMAA m >g(x) u W<g(x).

[lna  peweHns HepaBeHCTBa 06a3aTeNbHO F(x)>g(x) u JF(x)<g(x) Heorpuua-
npuaércs Haitv Of13: f(x)=0.

TenbHbl, M BO3BEAEHME B KBA[paT NpUBOAUT
Paccmotpum pastoctb /f(x)—g(x). Ksap-  k pasHocunbHbiM B O[13 HepaseHcTBaMm

paTHbIl  KOpeHb, €CM OH  CyllecTsyer, f(x)>g°(x) w  f(x)<g’(x)coorsercr-

T. e, ecmxe Of13, npuHumMaeT HeoTpuua-  BeHHo. OTcloAa CleayloT XOpOLO U3BECTHbIE
TenbHble 3HaueHuns. Moatomy, YCNOBUSA PaBHOCUBHOCTH:
a) ecam g(x)<0, TO PasHOCTb MONOKM-
g(x)<o,
TenbHa B 0/13 1 HepaBeHcTBO /f(X) > g(x)
f(x)=0;
goinonvedo B O[3, a  HepaBeHCTBO f(x)>g(x)= 0 (1)
Xx)=0,
Jf(x) <g(x) He umeet pewennit; 9(x) ,
x)>g°(x
6) ecnu e g(x)>0, TO 3HaK PasHOCTH MO- f(x)>g"(x)
eT ObITb NIO6BIM, HO CyMMa
Jf(x)+g(x)=0 (HeoTpuuatenbHa), n ym- g9(x)>0,
HOXeHWe Pa3HOCTM Ha 3Ty CYMMy He MeHseT f(x)<g(x) =1 f(x)20, (2)
3HaKa pa3HOC“TVI. JTOT e pe3ynbTaT nonyya- f(x)<gz(x)_
eM, ecu y4TéM, 4To 06e YacTU HepaBeHCTB
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Npumep 1. (MOTK, 2003) Pewute HepaseH-

cTBO V9—-2v/19+81x* <3+3x.
¢ Hanpém cHavana 0[3:
e
19+81x’ 20, =Taq’
81
- o t o
9-2419+81x° >0. <

T 4-81

11915
S xe|—=3—;=3—
{ 3V3'3V12

Tenepb pewaem HepaBeHcTso B 0[13.

\V9-219+81x° <3+3x =

3x+3>0,
= =
9-2419+81x* <9+18x +9x°.

x>-1,
= =
2V19+81x* > -9x(x +2).

(3ameyaem, yto 8 03 x > —1,noatomy x+2>0)

[—x <0,

& 1>—X20, Py
4(19+81x3) >182x% +4-81x° +81x".

(x>0,
ol |[-1<x<0, o
{4(19+8lx3) >18%x% +4-81x° +81x".

[ x €(0;+0),
xe(-1;0],

Yutém 013 n nony4um, 4to xe(—ﬁ-li/i]

3'3V12
OTBeT. X —ﬁ;léfi ¢
3 3V12

Tenepb paccMOTPUM YaCTHBII Ciy4ait HepaBeHCTB |/ f(x) >g(x) n \/f(x) <g(x).
§ 2. HepaBeHcTBa BMAa vax+b<cx+dwu Jax+b>cx+d.

OHM yacTo BCTpeyalTca B KayecTBe MNepBblX
UK BTOPbIX 3aaHWIN BCTYMUTENbHBIX 3K3aMme-
HOB NOYTU BO BCe By3bl. X MOXHO pewaTb no-
pasHomy. CywecTByeT, no KpalHenl Mepe, Tpu
cnocoba peleHus.

MepBblit cNOco6 (Kak YacTHbIN cyyail 0bLwero).

Mpumep 2. (MIY, 1999)

PelwuTe HepaBeHCTBO <1.
5x -2

N 2

¢ Hanpém cHavana 0[13:5x—2>0 < x >§.
_2 043
Torpa 3x <1e3x-2-V5x-2<0<
Jox—2
5x—-2>3x-2.

PaCCMOTpVIM ABa cny4as.

2
1. Ecm 3x-2<0< X<§,TO HepaBeHCTBO

Vhx—2>3x-2

2 2
—<X<—.
5 3

BbinofHeHo B 013, T. e.

2. Ecnn 3X—220<:>XZ§,T0

VBx—2>3x-2¢ (3x-2) —5x+2<0 <

< 9x*-17x+6<0 <= E$x<u.
3 18
O6veanHss ob6a ciyyas, NOAYYaeM, YTO
2 17++/73 2 17++73
xe|—;——|.0mBeT. | —;——— |. ¢
5 18 5 18

Bropoii cnoco6.
HepaBeHCTBa MOXHO pewarb C MOMOLbIO 3a-
MEHbl MEPEMEHHbIX, MOJOMXMB

t=+ax+b,t>0. Torpa ax+b=t*, n 03
HEpaBEHCTBA BbINOJHAETCA ABTOMATUYECKMU.
Mpn a#0 HepaseHcTBO ax/b+ <

cx+ d,
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Hanpumep, B HOBbIX NEPEMEHHbLIX NPUMET BUS

c(t2 —b) c(t2 —b)+ad—at
t< +d < >0
a a
ct? —at +ad —bc
o—— """ "">0, 1 334a4a 0 HaxoX-
a

LEHUW pelleHUs MPpaLuoHanbHOro HepaBeH-

CTBA CBOAMTCA K HAXOXAEHWIO HeoTpuUua-

TeNbHbIX pelleHnit KBapaTHOr0 HepaBeHCTBa

ct’ —at +ad - bc

- - " >
a

Mpumep 3. Pewnte HepaBeHCTBO

x+2a—+/3ax+4a® >0.

¢ TaK KaK neBas 4acTb M NOJKOPEHHOE Bbipa-
KEHUE NINHElHbI, TO MpoLye BCEro Takue Hepa-
BEHCTBA pEWAIOTCA 3aMEHON NepeMeHHbIX:

t=+3ax+4d°, t>0< 3ax+4a° =t*,t >0,=

0.

= 3ax =t* —4a® . BUgHO, YTO X MOXHO BbIpa-
3uTb Yepes t, ecnn a=0. [oatomy npupérca
paccmatpuBaTth fiBa Cyyas.

1. Ecnm a=0, 710

x+2a—+3ax+4a* >0 < x>0.

t? —44°
2. Ecam a#0, 10 x= , U TOrpa He-

PaBEHCTBO X +2a—+/3ax +4a’ >0 npumet Bup

t>0, t>0,
2 2 & 2 2 2 &
ﬂ+20_t>0' M>O
3a 3a
t>0,

a(t—a)(t-2a)>0.

Tenepb BMAHO, 4TO pelleHME HEpaBEeHCTBa
3aBUCKT OT 3HaKa d.

t>0,
a) Ecmm a>0, 10 a(t—a)(t—20)>0.<:>
t>0,
(t-a)(t—2a)>0.

NN B CTapbiX NEPEMEHHbIX

0<+3ax+4a° <G<:>—4?0SX<—G,
\J3ax+4a® >2a < x>0.

t>0,
a(t-a)(t-2a)>0. <

o tel0a)u(2a;+x),

6) Ecnnm a <0, 10

t>0, t>0, >
(t—a)(t—20)<0.<:> te(20;a).© '
T.K. t2>0.
a<0:4,

OtBet. a=0:xe(0;+w),
a>0:xe [—i;;—aju(o;%o).

TpeTtnii cnocob.

boictpee BCero ero cmoryt pewutb Te, KTO
LPYKUT» C rpacukamu, KTo GbICTPO NOCTPOUT
3CKM3bl IEBON W NpaBOii YacTeh HepaBeHCTBa.
Torpa OKaxeTcs, yTo HepaBeHCTBa

Nax+b<cx+d wam ~ax+b>cx+d moryt

ObiTb pelleHbl C MOMOLWbIO eAUHCTBEHHOTO
ypaBHeHuA (KoTopoe NpUAETCA pewaTtb npu
nobom cnocobe). OcTaHeTcs ToAbKO HalTw
TOYKM nepeceyeHns rpacdukos dyHKUMIA, CTOA-
WMX Cnpasa W cneBa B HepaBeHCTBE. ITOT Npu-
€M 0C0OEHHO MPUrOAMTCA TEM, KTO XOUET Hay-
YMTbCA XOPOLIO M BbICTPO pelats 3aaaHus Er.
B 3aBucumoctu oT 3HaKoB a,b,c,d ¥ 3HaKoB
HepaBeHCTBa <,>,<,= MNOJIy4aTCsa CrUIOLWHbIE
WIN MYHKTUPHbIE NMPOMEXYTKK, TaKue, Kak Ha
PUCYHKaX.

PeweHne HepaBeHcTBa v x+a° <c’ —b'x -
CMJIOWHON MPOMEXYTOK Ha puc.l, peweHue
HepaBeHCTBA x+a° >c’ —b’x — NyHKTUP-
HbI/ MPOMEXYTOK Ha puc. 1.

PeweHne HepaBeHcTBa x—a° <b’x+c® -
obbeaMHeHMe [BYX CMIOWHBIX MPOMEXYTKOB
Ha puc.2, peleHue HepaBeHCTBa
Nx—a? >b*x+c” — NyHKTUpHbIA npoMexy-
TOK Ha puc.2 .U T. 4.

V A
/ | YA
| -~ .
-a? X \ X :
1
Puc.1. | E
| |
a? x, X,
Puc.2.
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Mpumep 4. (MIY, 2002, ncuxdak) Pewnte

HepaBeHCTBO Jx+2>x-1.

4 370 HEpaBEHCTBO MOXHO PELUTb HECKOJb-
Kumu cnocobamu.

Pewwnm ero epacguyecku. Moctpoum rpadukm
tyHKLNIA y:m, y=x-1, nocmoTpum,
rne nepeblii rpacK pacnonoxeH Bbille BTOPO-
x+2>x-1<

ro (puc.3). BupgHo,

S xe[-2x,). Qs HaxompeHus peleHus

41O

OCTaHeTCA HallTn X, , T. €. PelnTb TONbKO ypaB-

HeHne Vx+2=x-1 (M He Hapo paccMmaTpu-
BaTb C/ly4au pasHbiX 3HAKOB ans x —1):
x—-12>20,

\/x+2=x—1<:>{ =

Xx+2=x"—2x+1
3+\/§
o

yl

27_//////////// //////1 I
- XO X

Puc.3.
Monyyaem pelweHne HepPaBEeHCTBA:

e{—2;3+;/EJ . OTBeT. {—2;3+;/EJ. .

C nomowwblo rpadMKOB MOXKHO pelaTb U 6onee
CJI0XKHbIE HEpaBEHCTBA.

Npumep 5. (MIY, 2003, ¢-T dyHAameHTanb-
HOM  MeauuMHbl)  PewnTe  HEpaBEHCTBO
V2—x —Jh+x<x+3.

o HepaseHcTBo 2—x —J4+x <Jx+3

oN2—x<Jb+x+x+3

Mbl TOXE peLur M C MOMOLLbIO OfHOrO YpPaBHEHUS.
[lna 3TOro HayepTMM 3CKM3bl NPABOM M NEBON
yacTeit HepaBeHCTBa:

vV A
ﬁ</—
// E//i////// [11111111/ >
-4 -3 X, 2 X

Puc.4.

13 pucyHKa 4 BULHO, YTO pelleHneM HepaBeH-
CTBa ABNAETCA OTPE30K [X,;2], rAe x, — Touka

nepeceyeHus rpacuKoB NeBOW W NpaBoii Yac-

Teir. Hanpém:

xo:x/2—x=\/4+x+\/x+3<:>

S2—X=b+x+2b+XIX+3+x+3 &

x+3>0,
=1-5-3x2>0, =
254 30x +9x% = 4x% +28x + 48.
5 —3£XS—E,
—3SXS—§, 3
= = =
—1+4/
5x% +2x—23=0. X= 1+ 116.
5
-1-+/116
SX=—-""T—.
5
-1-+11
OTBerT. xe{Tﬁ;Z]o

3agaun TaKoro BMAA MOTYT BCTPETUTHCA Kak
BCMoMoratenbHble B 6Gonee  CNOXHbIX
HepaBeHCTBax.

Npumep 6. (MIY, 2004, xumdak) Pewute He-

paBeHCTBO \/logé X+4< \/logﬁ X+ \/logé x—1.

¢ YpoOHO cpaenaTb 3aMeHy MNepeMeHHbIX:
log, x =t . Toraa AaHHoOe HepaBeHCTBO NpUMeT

Bu: Nt+4 </t ++/t—1. Pewum ero ¢ npu-

B/leyeHueM rpaduKos — puc.5.

Vievt-1

A

’ IR
4 0 1t t

Puc.5.
Haitpém Touky (Man ToYkM) nepeceyeHns:

Vtré =t +t-1<

t>1,
= =
t+bh=t+24t" -t +t—1.
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t>1,
= =
Nt —t =—t +5.

t>1,
<<5-t2>0, =
4t% — 4t =t* —10t + 25.
1<t <5, —3+2421
= ) St=————.
3t° + 6t —25=0. 3
Toyka OAHa, N03TOMY peleHneM HepaBeHCTBa
221-3
oyper t>T. Bo3Bpalasach K cTapbim

nepeMeHHbIM, NOJIy4nM, 41O

221-3 221-3
xe|6 3 ;+oo|. OTBET. [6 3 ;+o0 |.@
Npumep 7. (MY, 1983, 6uodak) Pewnte He-
3—\/x+5‘>x.
08+6-‘3—x/x+5‘>x<:>
<:>6-‘3—\/x+5‘>x—8.

1.Ecnn x—8<0, T0O HEpPaBEHCTBO BbIMOJAHEHO
BOM3, T.e. xe[-5;8).

paBeHCTBO 8+6-

§3. HepaBeHcTBa BUpaa

PaccmoTtpum, ona onpepenéHHOCTM, HepaBeH-

VF(x)-9(%)
—FF >0 .

h(x)
06bI4HO NpU peleHUn TaKoro HepaBeHCTBa
paccmaTpuBaloT ABa Cyyas B 3aBUCUMMOCTM OT
3HaKa 3HaMeHaTens, 3aTeM peLaloT fBa Hepa-
BEHCTBA C KOPHEM.
Mbl noCTYNMM MHaYe: paccMOTPUM fABa Ciyyas
B 3aBUCUMOCTM OT 3HaKa g(x), U HepaBeHCTB

CTBO

C KOpHEeM pellaTtb He NpuAETCA.
1.Ecm g(x) <0, To YncauTens nonoxuTeneH B

03, u %ZO@h(X)>O B 0A3.
2. Ecm  g(x)=0, To cymma m+g(x)

2.Echu x—8>0, 10

X+5>13=>/x+5 >3:>|3—\/x+5|=\/x+5—3
" 6-‘3—x/x+5‘>x—8c> 6/x+5>x+10.

Pewum HepaBeHcTBO rpacduyeckn (puc.6),
X,,X, HaXopATCA U3 ypaBHEHUA

I 1

-10 -5 X1 )(2 X
Puc.6.
6Vx+5=10+x &
x+10>0,
= , &
36x+180=100+20x+ x".
x>-10
& 9| x=20, = BepHO, a TaK Kak x=8, T0
X =—4.
x€[8;20).

Wtak, x [-5;20). OTBer. [-5;20). ¢

HeoTpuuatensHa B O[3, U yMHOXeHUe obenx
yacTeli HepaBeHCTBa Ha 3TO COMPAXEHHOe
BblpaXXeHne NpUBOAMT K PaBHOCUIBHOMY He-
paBeHCTBY, T.€. B 3TOM Clly4ae

fF)-9(x) o F(0)-g"(x)
h(x) h(x)
[ina HepaBeHCTBa [pyroro 3Haka MeHseTcs
JINWb 3HaK.

06beanHMB 06a yCNoBUSA, NoydYaem yciosue
PaBHOCUALHOCTH

=0.

{9(X)<°f
. N h(x)>0 (<0),
P00 102 (o120 ®
f(x)—gz(x)> <
I h(x) 20 (<0
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OnHOBPEMEHHO NoNydaeM BaxHoe npaesuno 1:
g(x)=0
f(x)—g(x) cosnapaer co 3Hakom pas-

Hoctv f(x)—g®(x) B0OM3.

npun 3HaK pPa3HOCTHU

Mpumep 8. Pewnte HepaBeHCTBO
X' —4x+3-2(x+7)
<0
X —x-172
¢ Hanpém cHavana 013:
X —4x+320=(x-1)(x-3)20&

< xe(—0;1]U[3;+0).
Tenepb paccMOTPUM fiBa CAyYas B 3aBUCKUMO-
CTM OT 3HaKa (X +7).

1. x+7<0= x<-7.
Torga uucnutenn nonoxuteneH B 0043 u

X —4x+3- 2(x+7) o
<0
xP—x-72
o x'-x-72<0 (x+8)(x-9)<0<

84. HepaBeHcTBa Buaa

h(x)
Tak kak B 013 cymma kopHeit /f(x)+4/g(x)

HeoTpuuaTesibHa, T0O YMHOXeHue 060ux yacTeil
HepaBeHCTBA Ha 3TO COI'IpH)KéHHOE Bblpaxe-
HUe NpnBoanT K paBHOCUJIbHOMY HEPABEHCTBY,
U MMeeT MeCTOo yC/ioB1e PaBHOCUIBHOCTHU

F F o< ¥ 0

h(X)

B 0,D,3.

OTCIOp,a, B YaCTHOCTU, ChefyeT nonesHoe npa-
BUNO 2:

3Hak pasHocTn /f(x)—,/g(x) coBnapaer

co 3Hakom pasHocTn f(x)—g(x) B0J3.

< x€(—8;9). YuuTbiBas orpaHuyeHue, nony-
yaeM, yto x € (—8;-7) u (-8;-7) = 0/13.
2. x+720< x2>-7. Bocnonb3yemca npa-

Xt —bx+3-2(x+7)
Bunom 1, rorga > <0
X —x=72
X —4x+3-4x* —56x—196 <

(x+8)(x—9)

—30—\/321J
X— X—

3 3

—3o+\/321J
>0

(x+8)(x—9) =0
~30++/321 | .
= _7;f U(9;+0) c yuétom or-

paHuyenus u 013 BbinonHeHo.

(_8 —3o+\/f}
3

Moatomy x €

(9;+oo) .

OTBer. U(9;+0). ¢

[_8. —30+\/321}
"3

Mpumep 9. Pelwnte HepaBeHCTBO
VXt +5x+6—/28-3x—x°
X' —x-72
¢ Hanpém cHavana 013:
x*+5x+6>0, (x+2)(x+3)>
{28—3)(—x2 ZO.Q{(X%—U(X—
o xel[-7;-3]u[-2:4].

<0.

Bocnonb3yemcs ycnosmem paBHOCUNLHOCTY (4).

\/x +5x+6— \/28 3x—x

Torpa <0<
X —x=T72
083 x2 4+ 5x+6—28+3x+x° 0o
(x=9)(x+8)
X2 +4x-11

< (x=9)(x+8)
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—

-8 -7

(=2 15)) (2 V55))
(x=9)(x+8)
—-2- x/E)u( 2+\/—9)

= <0

<:>xe( 8;—

NEACII
g9(x)

ﬂpm pelweHnn 3Toro HepaBeHCTBa, KaK BblAC-
HAETCA, WKOJNbHUKN 04YeHb 4acCTo oum6amca.
Bocnonb3yemcs  onpefeneHnemM HeCTPOroro
HepaBeHCTBa (AnA onpegenéHHocTn OGyaem
paccmaTpuBaTh OAWH 3HAaK, Hanpumep, = ).

§5. HepaBeHcTBa Buja (uru<0).

g(x)

MNo3stomy

(5)

TunuyHas OLLIM6Ka COCTOUT B TOM, YTO LUKONbHU-
f(x)=0,
g9(x)>

KU pewaiT cuctemy { , OWNBOYHO

C4UTan, 4To

Iy

YU o

2-J15 -3 -2 2415 4 9

Puc.7.
Yuyutbieas 0[3 (puc.7), nonyyaem, 4yTo

e[—7;—2—JE)u(—2+JE;4].
OtBert. [—7;—2—\/5)u(—2+\/ﬁ;4J . ¢

npu 3TOM pelleHus ypaBHeHnsa f(x)=0, Ana
KOTOPbIX [1O/IKHO BbITh BbIMOJHEHO HEPABEHCTBO
g(x)#0,a3HaK g(x) moxeT GbiTb NOGLIM!
Mpumep 10. PelwnTte HepaBeHCTBO
Vx*+2x-35 >0

x° +6x—55

# Bocnonb3yemcs ycnosuem paBHocunbHocTy: (5)
{xz +6x—-55%0,

"X2+2X—35 X2+2X—35:O;
—S——"">0 =N
X% +6x—55 {x2+6x—55>0,

X2 +2x—-35>0.

(x=5)(x+11)#0; &

{(x +11)(x-5)>0,

| (x=5)(x+7)>0.

x=-7,

| xe (—o0;=11) U (5;40).

]
L1111 It

—
ST
-11 -7 5 X

Puc.8.

otBet. (—o0;—11)U{-7}U(5;+).
3ameyaHue. LKkonbHUKM YacTo 3abbiBaOT 3a-
NMNCaTb B OTBET TOUKY X =—7. @

Bce npepblaylyme paccyaeHus nepeHocsTcs
Ha HepaBeHCTBa BMAA

g(x){f(x)=0 (<0).
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Mpumep 11. ( MI'Y, 1986, 3koH. ¢-T1 ) Pewwute
HepaBeHCTBO

\J=-25x* +15x —2 -(8x2 —6x+1)20 )

# Bocnonb3yemcs ycnoBueM paBHOCUIBHOCTH (5) <

(C ToW pa3sHuLeN, 4TO B AAHHOM Cllyyae HeT or-
paHuyenns g(x)#0):

J=25x% +15x -2 -(8x2 —6x+1)20<:>

25¢ —15x+2=0

—25¢ +15x—2>0<x e[; 3

11
oxe—i— |
1 54

8¢ —6x+1>0<x e[—oo;l}u[ +ooj

L 4 2
EnRH

S xe| == |ud=t.
5 4 5

ErRH

L= ud=t. e

5 4 5

§ 6. PeweHue nppaunoHanbHbIXx HepaBeHCTB U3 BapuaHToB MOTH.

Npumep 12. ( MOTU, 1999) PewnTe HepaBeH-
XxX—6

+ Haipém cHavana 0[13:

x*—11x* +30x =x(x—6)(x-5)20 <

< xe[0;5]U[6;+0).

Tenepb npeobpasyem yncnutens B 0[13:

V2x? —22x* +60x
X—6

2x(x—5)(x—6)—2(x—5)(x—6) .

CTBO >2x-10.

>2x-10<

(IR=

p=—

x—6 B
@ﬁ,/(x—s)(x—e).&_VZ(XX__;)(X_G) SR

X =5,
< J}—«/z(x—_s)(x—e)zo.@
X—6

(Bocnonb3yemcs npasuiom 2)
x=5,

x—2(x=5)(x=6) _ Z(X—4)(x—2j>0<:>
x—6 =6
= xe(—w;4]u{5}u(6;%} )

Yytém 013 v nonyumnm
xe[0;4]U{5}u(6;7,5].
OtBet. [0;4]U{5}U(6;7,5]. ¢

<

Mpumep 13. (MOTU, 2001) Pewnte HepaBeH-
1

2-\Jx*+3x X rhx+7

# Haipem 013:

{XZ +3x 20 x €(—00;—-3]U[0;+0),

CTBO

X +4x+7>05 x €(—o0;+0),
& x e(—0;=3]U[0;+).

Tenepb npuBeaéM BCE K oOLEeMy 3HaMeHaTe-
no. 3aTeM YuCAUTENb M 3HAMEHaTelb YMHO-
HUM Ha CONPSMEHHbLIE MONOKUTENbHbIE Bbl-
paeHUA — COOTBETCTBYIOlME CyMMbl. Toraa

1
<
2-Jx?+3x X +4x+7

<~

(X +bx+7+x+3x )2 -
(2—\/X2 +3x)\/x2 “hx+T
(@ +4x+T+ 2 ¢ +Hax+ T +3x+X +30)-4 _ 0
4—x* —3x B
26 +7x+3+2,/(x +4x+7)(x+3)x
(x—-1)(x+4)
(3ametum, yto B 0113

= >0

1
2x2+7x+3:2(x+3)(x+zj20)

Xx=-3,
C{(X—l)(x+4)>0<:>xe(—oo;—4)u(1;+oo).
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BugHo, uto 0[13 BoinonHeHo. [To3aTomy nonyyaem
OtBet. (—o0;—4)U{-3}U(1;+x). ¢

Npumep 14. (MOTU, 2003) Pewnte HepaBeH-
1 1

<
X +4x—5-4 2/x+6-

CTBO

¢ Hanpém O13:
Xt +4x-520< x e(—0;-5]U[1;40).

Mposepém B 0O[13 npeobpa3oBaHus, BOCMONb-
3yeMcsi nMpaBuiIoM (2) M TeM, YTO 3HaK pasHo-

ctu mopyneit (|f|—|g|) cosnapaer co 3nakom

npoussepsenns (f+g)(f-g):
1 1

<
X +4x—5-4 2x+6|-
(\/x2 +4x-5 +1)—2|x+6|
f=—4
(Vi +4x—5-4)(2]x+6]-5)

( )8+4x—5+1+2x+12)( )8+4x—5+1—2x—12)

>0

(0 +4x—5-16)(2x+12+5)(2x+12-5)

(\/x2 +4x—5 +2x+13)( 3 +4x—5 —2x—11)

(¥ +4x—21)(2¢+17)(2x+7) 70

f=—

(X+7)(x—3)(x+127j(x+9

OtmeTum pgns y}]O6CTBa nccnenoBaHMAa Ha 4n-
CNOBOM OCU BCE MHTEpecylolme Hac «0Co6ble»
TOYKN:

xv

Puc. 9.

Tenepb paccMOTPUM OTAENbHO MPOMEXYTKY,
Ha KOTOpbIX, N0 KpaiHel Mepe, ofHa CKO6Ka,
COAEepKallan KopeHb, COXPaHAET 3HakK:

R == 13]0

1.x+1—3£0<:>x§—E
2 2

11
:>x<—?<:>2x+11<0:>

= Vx*+4x-5-(2x+11)>0, x—3<0, x+g<0
(\/XZ +4x— 5+2(x+ ZD[\/XZ +4x— 2(x+121jj

(X+7)(X_3)(X+127j(x+;j

Vx* +4x—5—(-2x—13)
= 17 >0
(x+7)(x+2j

(Bocnonb3yemcs npasunom 1)
x° +4x—5-4x*—52x 169

(x+7)(x+127)
(-8 —8))(x (-8 6))
(x+7)(x+127j
@Xe(—S—f;—%ju(—ﬁ—S-ﬂ/g).

Mpu 3TOM BUAHO, YTO pelleHne NPUHAANEKUT
043.

>0

& <0

13
YuutbiBas ycnosue XS—? nosy4yaem, 4To

{o@ 2]

13 11
2.—<Xx<——:TOrAa
2 2

—2x—-13<0, 2x+11<0, x—3<0,x+%<0,

17
x+?>0, X+7>0, VX' +4x—5

Vx*+4x—5—(2x+11)>0 1 HepaBeHCTBO

BbinonHeHo B 0[13.

—(~2x—13)>0,

3.x2—1—21©2x+1120:2x+13>03

=X +4x-5+(2x+13)>0, x+7>0,x+1—27>0.

>0
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Torpa
(Vo-+ax=5~(-2e-13)) (V¢ x5 ~(2x+11)

(x+7)(x—3)(x+127j(x+g

VX +4x—5—(2x+11)
>0

(x—3)(x+;j

(B cuny npasuna 1)
X2 +4x—-5—4x* —44x—121

(x— 3)(x + Zj

(X_—zo—\/ij[x_—zoJr@J

>0

=

>0

3 3

(x —3)(x+g

Xe(—zo—\/ﬁ;—zoﬂ/ﬁju(_zﬁ)
2

3 3

P <0

11
YyutbiBas ycnosume x > Y u 0413, nonyyaem,

11 —20++/22
YyTo X e —?;T U

[1:3).

Tenepb 06BbEAMHUM TPU PACCMOTPEHHBIX CAy-
yas:

xe (—8—%;—%)\)[—7;@})[1:3).

OtBert.
(—8 —\/5;—%) L{—ﬁﬂ] V[r3). e

Npumep 15. (MOTW, 2004) Pewunte HepaBeH-
5 1 1

-~ > .
6-3v6—x—x* x+1 1+|x+1|

CTBO

¢ Hanpém cHavana 013:
6—x—x*>0< xe[-3;2]. Tenepb npusepém
K oblemMy 3HaMeHaTeNo cnaraemble He Co-
LepxKalume KopeHb:
5 1 1
- > o
6-3V6—x—x> x+1 1+|X+1|

5 S 2+|x+1+x
3(2_ ,6—X—X2) (X+1)(1+|X+1|

Packpoem mogynb:
1. Ecm x+1>0, 10 x+2>0 n

f=—

(1).
)

5 2+|x+1+x

3[e- /76_X_X2)>(x+1)(1+|x+1|)<:>
5(2+\/6—x—x2) 2x+3
3(x—1)(x+2)  (x+2)(x+1)
5(2+\/6—x—x2) 2% 43

3(x-1) (x+1)

5(x+1)v6—x—x* +10x-+10—(2x+3)(3x—3)
3(x-1)(x+1)

5(x+1)V6—x—x" —6x"+7x+19
3(x—1)(x+1)

013
o x-1>0 xe(1;2]. —

Tak Kak
6x'—7x-19<0=

. 7-+/505 7++/505 _
12 " 12

=X

(-1;2] v umc-

nutens nonoxutene Ha (—1;2].

5 -1
3(2—\/6—)(—)(2) X(x+1)
Chenaem 3aMeHy nepeMeHHbIX
x*+x=x(x+1)=t, t>0,Torpa (2) npumer

5 -1
BmJ,—>T<:>

3(2-6-t|

2. Ecnn x+1<0, 10

@

10
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5t+6-36—t L
Sy 20e 25x% +25x—6 s\ 5)_ o
t(t-2) X >0 >0
, X +x-2 (x+2)(x—1)
25t° +60t +36—54 +9t
>0 o3 6
(t-2) Sx e[—3;—2)u(—§;— )
25t% + 69t —18 (t+3)(t_:5j
— > 00— >0
(-2 t-2) gy g,
-3 -2 -12-1 0,2 1 2 X
(25t—6)
= (t—Z) >0 Puc.10.

OtBerT. [—3;—2)u(—§;—1ju(1;2] ¢
l‘|ETI:I|I)e HepaBeHCTBA U3 3a4a4 BCTYNUTEJNIbHbIX 3K3aMeHOB B BY3wbl,
ony61MKOBaHHbIX B NpeAbiayLLEM HOMEpE XypHana
1) MATH um. K.3. Linonkosckoro. 2) MoCKOBCKMi1 rocyaapcTBEHHbIN aBua-
PewwnTe HepaBeHCTBO LLMOHHBIA MHCTUTYT (TEXHUYECKNiA YHUBEP-

[x+5 [x+2 1 cuteT). PewmnTe HepaBeHCTBO
i rx_2 _\/Xz 4x_5 <\/6x—6' Jlog, x +[5+log,; x <3.

¢ Ha nepebliit B3rnag, Bce 3HameHatenu pas- ¢ Cpenaem 3ameHy nepemenHbix: log, x =t.

Hble, U NPUBOAUTL HEPABEHCTBO K CTAaHAAPT-  Torpa HepaseHCTBO npumMer eug vt <3—5—t.
HOMY BUAY COXHO. TIpUKNHEM KODHU 3HAME-  payyuym ero, npukuHyB 3CKM3bI rPacuKoB Ne-
HaTeneit: fICHO, YTO BCe OHN MMEIT KOPeHb,  goji y npasoit yacteit (puc.10.)

paBHbiii 1. [lo3ToMy pasnoxum KBaapaTHble
TpexuyneHbl B 3HaMeHaTenAax Ha NUHenHble
MHOXUTENN, a 3aTeM YNPOCTUM HepaBeHCTBO:

X+5 3 Vx+2 - 1 -
Jx-1)(x+2) J(x+5)(x-1) /6(x—1)

x>1,

y=3-v5-t¢
= X+5  x+2 <i =
(x+2) J(x+5) 6
x>1, BigHY)-uto pewenmnem sBnseTca o6beanHeHe
el(x+5)-(x+2) 1 o npomexyTkos [0; t, |U[t,; 5]. Haiipém t,,t, :
e,
(x+2)(x+5) /6 Jt+\s-t =3 t+25t—t? +5-t=9<
x>1 S ABt—t? =420t -4t =16 <
t,=1,
o3 1< <:>t2—5t+4=0<:{1
Jx+2)(x+5) /6 t, =4.
x>1 3HauuT, t€]0; 1) U[4;5], unu B cTapbix nepemeHHbix:
{54<X2+7X+10.<:>X€(4;+°°)' 0<log, x<1< xe[1;2],4<log, x <5<

OTBeT. (4;+). ¢ = x €[16; 32].
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WTak,

\/logzx +\/5—logzx <3 e xe[1;2]U[16;32].

HepaBeHcTBO \Es3—\/5—t MOXHO pewunTb n
6e3 rpachuKkoB:

Jt<3-\s-t ot +\{6-t <3
ot+2tfs-t+5-t<9

0<t<s5,
@zﬁ\/s—tg@{

2
20t —4t* <16
{ostsa

-
t* =5t +4>0
Otser. [1;2]U[16;32]. «

o tel0;1)uf4;5].

3) MocKoBcKaA rocypapcTBeHHas aKape-
MUA NpUGOpPOCTPOEHUA N UHOPMATUKM.
PelwnTe HepaBeHCTBO

X+ o ax > Jo—ax.

X+5

¢ Hanpém 013: 9-4x>0< xe(—oo; %}

lNpuBeaEm HepaBeHCTBO K CTaHLAPTHOMY BUaY:

1
5X+5 JI—4x >\9—bx <
X+

5x+1
X+5

Pt 9—4x( —1j>0<:>

= 9—4x(x—_1)>0<:>xe(—oo;—5)u(1;2j.
X+5 4

OtBer. (—o0; —5) u(l; %) .

4) MITY um. H.3. baymana.

4x 2X
PewwnTe HepaBeHCTBO > <1+ -
1+x 1+x

ﬂ,flﬂ yﬂ,06CTBa, caenaeMm 3aMeHy nepeMeHHbIX:

™ t>0,
=t 2x

1+x° ~=t’.
1+x

Mpu Takom cnocobe pewenne O[3 KOpHA Bbi-
MONHAETCA aBTOMAaTUYeCKW. Toraa HepaBeHCT-
BO NPUMET BUJ,

>
£=20. = te[0;1)
= 1 =>te|l, .
2 <1+t te(_?lj
Bo3Bpaluaemca K cTapbiM nepeMeHHbIM:
x>0,

<le 3 2x i=4
<1

0< .

1+x >
1+x

x>0,
= =
(x-1¥ >0 x=1
< xel0;1)U(1; +).

OtBet. [0;1)U(1; +). ¢

+

OpraHbl 4yBCTB YeNoBeKka — 1a3a, ywu —
AeNCTBYIOT MO IorapuhMUyecKomy 3aKoHy,
4TO N03BOASAET UM PaboTaTh B 6OJbLIEM
ANana3soHe, YeM y UCKYCCTBEHHbIX MPUBOPOB.
A oTKpbLA, 4TO 37O — OobLLee Npasuo AN
4esI0BEYECKOro BOCMPUATUSA: €C/IU Bbl XOTUTE
MOBbICUTL CBOI YPOBEHb XU3HU BLBOE,

He GopuTech 3a yABOEHME 3apnaarhl,

OHa UCNAPUTCA HE3aMEeTHO.

Hapo ee yBennynts Ha NopsigoK-gpyroi.
Korga y Bac 6ynet akcnoHeHUuanbHas
3apniata — nposepebTe.

PebsTa, 5 Bcerga nobun gesoyek. 0cobeHHO
3@ TO, KaK BbICTPO OHM 3aMeHSIOT t Ha X.

Sl BaM peKoOMeHfYI0 XOAUTb Ha NeKLUK.
Cam s Toxe 6ymy Ha HUX XOLMTb.

tlenMHeﬁHocrb ypaBHeHus Hasbe-CTokca
ABNAETCA OCHOBHOW TPYAHOCTHIO
r’MapoauHaMUKK, He CHUTasa OTCYTCTBUA
AeHer.

+





