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NOBTOPEHME

KBAOPATUYHAS ®YHKLIUS U EE TPADUK
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@ Onpepenenne KBaspaTHIHOH GYHKIMH

Onpeaenenue

OyHKIMg BUJA ) = ax’ + bx + ¢ HasbIBaeTcs KBa/[paTUYHOU
byHKIMeEH, rae a, b, ¢ - 3a/jlaHHble AeUCTBUTE/IbHbIE YUCaa, a#0,
X - JIeiCTBUTEJ/IbHAsA IepeMeHHas.

Hanpumep, cneayromue GyHKIUU ABASIOTCSI KBaJpPaTUIHbIMU
byHKIIMSMU:

y=3x"+2x-1, y=—4x’ —5x, y=6x>-3, y=4x", y=2-x".

¢ I'paduk KBagpaTUYHOU QYHKIUU

1. Tpadukom ¢yHKIUM Yy=ax’+bx+c gaBaseTca KpuBasd,
HasbiBaeMasi mapa6osioit. [paduku GyHKIUN y=4x"—4x+1 U
y =—x"+4x—3 U300paKeHbl Ha pUCYHKaX 1 U 2, COOTBETCTBEHHO.

2. BeTBHU mapa6oJibl y=ax’ +bx+c HaNpaBjeHbl BBepX Npu a >0
(puc. 3) u HanpaBJsieHbl BHU3 NIpU a <0 (pUC. 4) OTHOCUTEJIBHO
OCH OpJMHAT.

3. KoopAauHaTbl y=ax’ +bx+c BepIIMHBI MapaboJibl (xo;yo)

b
BBIYMCJISIOTCS 110 GopMyJiaM: X, =———, ¥, =ax, +bx, +c wiu
5 2a
b” —4ac
Yo=——F .
’ 4a

4. Tlapa6osa y = ax’ +bx+c CMMMeTpUYHA OTHOCUTEJILHO NMPSMOH,
NPOXO/Sller yepes eé BepIIMHY, NapaJjieJIbHOU OCU OPJAUHAT.

5. A6cuuccel Toyek nepeceyeHus: mapaboJibl ¢ 0cbio Ox SIBJSIOTCS
HyJIMU KBaZ[paTUYHOU YHKUUU. [l HaXOXAeHUs HyJeH
KBaJJpaTU4YHON QYHKLUMU TpebyeTCs pelleHUe ypaBHEHUS
ax’ +bx+c=0

6. OpAuHaTa TOYKM NepeceyeHUs rpaduka KBapaTUYHON PYHKIUU
C OCbI0 OpJIMHAT paBHA 3HAaYeHUI0 QYHKLUU B Touke x = 0.

L 4

1. OnpenenvThb HampaBJ/ieHHe BETBeU nmapaboJibl.

Ayig moctpoeHusa rpaduka KBaApaTHYHOM (PyHKIUHU

y = ax’ +bx + ¢ Hy)KHO BbIIO/IHUTD C/IelyIOIIHe JeHCTBUS:

2. HaliTu KoOpJMHAThl BePIIMHBI MapaboJibl y,=ax; +bx, +c

b
dopmysaMu x, ey M y, = ax’+ bx,+ ¢ ¥ OTMETUTb Ha KOOP-

JOUHATHOM MJIOCKOCTH.

3. Haiitu Hynu napa6osbl. Eciv napa6osia He UMeeT HyJel, TO eCThb
ec/Iv He nepecekaeTcs: ¢ ocbio Ox, TO 0OBIYHO YKa3bIBAIOT KaKHe-
J160 ABe TOYKU MapaboJsibl, CAMMETPUYHbIE OTHOCUTEJBHO OCU
cumMeTpuu. HanpuMep, MOXXHO yKas3aTb TOYKHU C KOOpPAMHATaAMHU
0;0)u(2x,; ©).

4. CoeUHUTb MOCTPOEHHBbIE TOYKH MJABHOU KPUBOU (MOXHO
IOCTPOUTD ellé 60JIbllle TOYEK apaboJibl, €CJIM 3TO HEOOXOAUMO).




KBAOAPATUYHOE HEPABEHCTBO

‘ CBoiicTBa KBaJApPaTUYHOU QYHKIUU

1. O61acThb onipejeieHUs:
D(y)= (o).
2. MHO>XeCTBO 3HAYEHUM:
a)ecmn a>0,10 E(y)=[y,;2).
b)ecin a<0,710 E(y)=(-0;y,].
3. Hau6o iblIee 1 HAUMEHbLIEee 3HAYEHUS:
a) ecau g >0, Tonpu x = x, GyHKLHSA JOCTUrAeT CBOEr0 HAUMEHbLIEro 3Ha4eHus], paBHOTO
¥V, = ax; +bx, +c . B 3ToM cay4ae pyHKIUSA He UMeeT Hau6GOIbIIEero 3HaYeH .

b) ecnu a <0 ,To npu X =X, YHKLUUS JOCTUTAET CBOEr0 HAUOOJIbIIEr0 3HAYEHUS], PABHOT'O
2
¥, = ax, +bx, +c. B aTrom ciydyae pyHKIMSA He UMeeT HAaUMeHbIIero 3HaY€eHUSI.

—b+\/5 —b—\/B
— U X _—.

2a 2 2a

b) ecmu D=0, To kBaAgpaTU4yHasd QyHKLUSA UMEET eJUHCTBEHHBIN HOJIb: X = 5,
a

4. Hynu pyHKIun:

a)ecin D> 0, To KBafpaTHyHast yHKLMA UMeeT iBa Pas/IMYHbIX HYJIA: X, =

c) ecnu D <0, To kBaAgpaTu4yHasa GQyHKLUA He UMeeT HyJIe!.
5. UHTepBa/ibl MOHOTOHHOCTH:

a) ecm a >0, To yHKUMA y = ax’ + bx+c yObIBaeT Ha MPOMEKYTKe (—0;X,] U BO3paCTaeT
Ha IPOMEXYyTKe [Xy;0).
2
b) ecim a <0, To yHKIMA ¥ =ax" +bx+¢ Bo3pacTaeT Ha MPOMEXYTKe (—©;X,] 1 y6bIBaeT
Ha IpOMeXyTKe [Xy;0).
Mpumep 1. IycTs faHa KBajpaTHuHasg QYHKIMA y =3x"+3x—6. Hanumure eé cBoiicTBa U

NOCTPOMTE rpadHuK.
Pemenwue.

1. O6nactb onpegenenus: D(y)=(-on;0).

2. Haiiném x, = —%I/I ¥, =—06,75. Tak Kak a =3 >0, To MHOXeCTBO 3HaYeHuit E(y)=[-6,75;»).

1 >

3. CDYHKLU/IH AOCTHIraeT HaWMMEHbIIero 3Ha4YeHHWd IpHU X=—5: PucyHOKs

y=-6,75. DyHKIMs He JOCTUraeT HauOOJIbIIEro 3HaYEeHHUS.

4. D=81>0.CnenoBaTesbHO, PYHKIUSA UMeEET JiBa PA3JIUUHbBIX HYJIA: 2\
x =1 x,=-2.
1 /
5. ¥>0npuxe(-0;-2)U(Leo) uy<0 mpu xe(-2;1). _2\ z - -
6. DyHKLUSA He ABASAETCA HU YETHOW, HU HEYETHOM. :
1 ' y=3x%3x-6
7. @®yHKLMA yObIBaeT Ha IPOMEXYTKe (—oo;——} Y BO3pacTaeT Ha !
|
IPOMEXYyTKe {—5;00] . F'paduk pyHk U npuBej€H HAa PUCYHKe 5. % %3
4




NMNOBTOPEHME

NMPUMEPDI

G Kakas u3 cieayommx QyHKIUN ABAsSETCAI KBaJAPaTUIHOW?

a)y:§x+2 b)y=—x2+5x+1 ) y=x"-x d)y=x

e YeMy paBHO 3HaYeHHe GYHKIUHU y =4x” +7x—5 npu x=-3?

@ Tpy KaKMX 3HAYEHUAX X 3HaUeHHe GyHKIMU ¥ =—3x" +x+1 paBHo -1?
@ TIpy KaKKMX 3HAUEHUAX X onpejiesieHa pYHKIUA y =—5x" + X+ J77

g SIB/ISIETCS JIM HYJIEM YHC/I0 -5 QYHKIUU V= x° —5x7?

@ [TocTpoiiTe rpadpuku GyHKIUM.

a) y=x’ b)y=—x’ ¢)y=3x
d)y=-3x"-5 e)y=x"—2x f)y =-2x"+5x
e HaiiguTe Hynu QyHKIUH.
a) y=2x"+5x+2 b) y=3x"+10x+3 ) y=-2x"+x-5
e Haliiute MHOXXeCTBO 3HaYeHUN QyHKIIMMU.
a)y:x2+2 b)y=(x—4)2—l c)y=(x—5)2+3 d)y:3—4x2
e) y=3x-x’ ) y = 3x+2x g) y=2x"—8x+19 h) y=-3x"-12x+1

e OnpepenuTe 3HaYyeHUe X, IPU KOTOPOM (PYHKIMS NPUHUMAET CBOE HauboJibllee (MU
HauMeHblllee) 3HaueHUe. BblunciuTte 3HaueHre GyHKIUH.

a) y=x"+9x+34 b)y=-9x"—3x+7 ¢) y=—2x"-5x+1
@ [Ipy KakUX 3HaUYeHUSAX t QYHKIUA Y = 2x” —tx+8 He umeer Hysen?
@ TIpy KaKUX 3HAYEHUAX X 3Ha4eHUs QYHKIMU y = 5x° —4x—1 oTpULaTeNbHbI?
@ [IpyHuMaeT 11 GyHKIUA Y = x*+6x+13 OTpHIlaTeJbHble 3HAYEHUS?
@ [puHUMaeT Ju YHKIUSA Y = —x° —4X — 5 M0N0KUTe IbHbIe 3HaYeHHs?

o 2
[loctpoitTe rpaduk yHkuuu ¥y =6x"+7x+1 u mo rpadpuky ykaxuTe Te 3HAYEHHUS X, IPH
KOTOPbIX QYHKIIMS TPUHHUMAET T0JIOKUTE/IbHbIE (COOTBETCTBEHHO, OTPUIIATE/IbHbIE) 3HAYEHUSI.

@ MoctpoiiTe rpadux GyHKuuUH y=-x"+4x—3. [lo rpaduKy YKaKUTe HHTEepPBAJIbI
BO3pacTaHHUA U yObIBAHMUS.

@ [p¥ KaKMX 3HAYEHUsIX x 3Ha4eHUs1 PYHKIMH V=X —22x+27u y =2x" —20x+3 paBHbI?
@ 3anuinTe ypaBHeHHe MapaboJibl, eC/IM U3BECTHO, UTO OHA NMPOXOAUT Yepe3 TouKy (-1; 6), a
To4yKa (1; 2) - e€ BepuiMHa.
o 2
@ HaliiuTe p v q, eciv BepiiHa napaboJsibl Yy = X" + px+¢ HaxoauTcs B Touke A(1; -2).

@ Haiigure a, b, ¢, ecniv BepiiHa nmapa6oJibl y = ax? + bx + ¢ HaxoAuTcsA B Touke M(—1; —7) u
repeceKaeTcs C OCbI0 OpAHUHAT B TouKe N(0; —4).

@ Haiiaute ¢pyHkuuw y = ax’> + bx + ¢, ecsin mapab6oJia mpoxXoAuT 4yepe3 Touku A(1; 4),
B(-1; 10), C(2; 7).




KBAOPATHOE HEPABEHCTBO

KBAOAPATHOE HEPABEHCTBO

Onpeaenenue

Ecsiu B J1IeBOM YyacTHU HepaBeHCTBA HAXOAUTCA KBaJipaTUYHbIM TPEXUJIEH, a B IpyrOd 4acTH -
HOJIb, TO TaKO€ HepaBeHCTBO Ha3blBaeTCs KBaJpaTHbIM (UM HEPAaBEHCTBOM BTOPOM CTeNeHU
OJIHOM epeMeHHON).

HepaBencrBa ax’ +bx+c¢>0, ax’ +bx+c <0, ax’ +bx+c >0, ax’ +bx+c <0 ABAAOTCA KBa-
JpaTUYHBIMH, TPUuéM az0.

PewieHuem HepaeeHCmeda Ha3blBaeTCAd MHOXKEeCTBO 3HaYeHUM HepEMeHHOﬁ, IIpHU KOTOPbIX
JaHHO€ HEPABE€HCTBO CTAHOBHUTCA BEPHBIM YU CJIOBBIM HEPABEHCTBOM.

Pewlumb HepageHcm@E0 00603HavyaeT ONpPe/EUTh BCe €ro pelleHrusl Uiu 060CHOBAThb, YTO
pelieHn ! HeT.

KBazipaTHyHOe ypaBHEHHE MOXKET OBbITh PELIEHO CIEAYIIIUMHU CTOCO6AMU.

Croco6 1. PemieHue KBaJpaTHOTO HEPABEHCTBA IPMBEAEHHEM B CHCTEMY JIMHENHbBIX
HEPaBEeHCTB

(- -

Ecnu ypaBHeHUe ax? + bx + ¢ = 0 uMeeT ABa pa3JIMYHBIX KOPHS, TO MOCJ€ Pa3J0XKeHHUs

JIEBOM 4aCTU Ha MHOXXUTEJNU MOXHO HepeﬁTH K ABYM CUCTEMaM JINHEUHBIX HepaBEHCTB.

Mpumep 1. PemuThb HepaBeHCTBO X° —5x+6<0.
PelueHmue.

Paznoxxum JIEBYIO 4aCTb Ha MHOXKUTEJHU

(x—2)(x—3)<0.

. x—=2>0 x>2 . x—-2<0 x<2
Ciyvaii 1: = = xe(2;3). Curyvai 2: = =>xed
x—-3<0 x<3 x—=3>0 x>3 '
OTBeT: (2; 3).

€ Cnoco6 2. Pemenye KBaApaTHOTO HepaBeHCTBA rpadpuyecKUM CocoGOM.

,Z[J'IH peleHnda KBaZApaTHOTI'O HEpaBEeHCTBaA MOZKHO I[NOCTPOUTDL 3CKH3 I‘pa(l)I/IKa
COOTBETCTBYI-OLL[eﬁ KBaApaTHOﬁ (l)YHKLU/II/I, d 3aTeéM YKa3aTb MNPOMEXYTKH, HaA KOTOPbIX
(1)YHKI.U/IH IIPUHHUMAET HY>KHbI€ 3HAYEHU .

YT0o6bI pEerTb KBaJpaTHOE€ HEPABEHCTBO Fpa(l)l/l‘leCKI/I, HY>XHO BBbIIIOJIHUTb cne,qy}oumﬁ

QJITOPUTM JIeMCTBUM:
1) onpefennTh HanpaBJieHMe BeTBel NapaboJibl;
2) HalTH Hy/11 QYHKLMU (eCJIU OHU €CTh) UJIK YCTAHOBUTDb UX OTCYTCTBUE;
3) mocTpouTh 3CcKU3 rpaduka y = ax*+ bx + ¢;

4) no rpaduKy onpeJieJIMTh MPOMEKYTKH, Ha KOTOPbIX rpaduk GYHKLHUH BBIIIE UJIU HUXKE

OTHOCHUTEJIbHO OCH abCIHCC.




NOBTOPEHMUE

Ve )
PucyHok 1

Mpumep 2. Pemuthb HepaBeHCTBO 2x” —2x —4 > 0 rpadHyecKu.

Pemenue. [loctpoum rpaduk ¢yHkuuu y = 2x* — 2x — 4 (puc. 1).
CrnepBa HaiJ1EM BeplIIMHY NapaboJibl:
2

y b 2 1 I I
P T | L B LR S
N O 2

y=2x22x-4 3aTeM, BBIYUC/IAS AUCKPUMUHAHT D=b*—4ac=4+32=36, HaxoauM

> HYJIU TapaboJibl:
. _~b*VD _2+36 _2+6
2T 24 4 4

Tak kak rpaduk GyHKUMM Ha UHTepBase (—1; 2) pacnosioxeH

& J HIDKE 0CH abCIMCC, a Ha 06/1aCTH (—oo;—l]u[z;oo) -BbIllIe 0CH a6 CIHCC,

TO, IPUHMMAas BO BHUMaHUe HeCTPOrOCTb HepaBeHCTBa, MOJyYUM
peleHue.
OTBeT: (—oo;—l]u[z;oo).

[Ipy pelieHHM HepaBeHCTBAa rpaduyecKUM CIIOCOOOM BOBCE He 00513aT€JbHO HAXOAUTb
KOOP/AUHAThl BepLIMHbI MapaboJibl, a TaKXe OTOOpakaTb Ha rpaduke TOYKHU NepecedeHUs
napaboJisl ¢ ocbio Oy. JlocTaTOYHO ONpe/ieIMTh HYJIM QYHKLMH, HallpaBJieHHe BeTBel napaboJibl
Y IOCTPOUTD 3CKU3 rpadukKa.

€ Cnoco6 3. PemieHye KBaApaTHOro HepaBeHCTBA METOAOM UHTEPBAJIOB

Eciu rpaduk pyHKMM y = f(x) MO’)KHO HAPUCOBATh, HE OTPbIBAs KapaHjalla OT 6yMaru, Ha
WHTepBaJie (a; b), To 3Ta QYHKIUSI Ha3bIBAETCS HEMPEPbIBHOU Ha (a, b).

Hanpumep, pyHknuu y = kx + b, y = ax* + bx + ¢ ABJASAIOTCSA HENPEPBIBHBIMHU B CBOUX 00-
JIACTAX OMpe/ieJIeHHUS.

MbI npUHHMMaeM O HO Ba>KHO€E CBOMCTBO HellpepPbIBHbIX QYHKIUM 6€3 J0Ka3aTe /IbCTBA.

Ecnu pyHK1us f(x) HempepbiBHA Ha HHTepBaJie (a; b) U He o6palaeTcs B HYJib, TO 3HAYE€HU s
GYHKIMU HAa 9TOM UHTEepBaJsie UMEIOT OJMH U TOT e 3HaK, T. €. PYHKI[US COXPaHSIET CBOM 3HAK
Ha 3TOM MHTepBaJle.

O6s1acTh ompejiesieHUs] KBaJIpaTUYHOW PYHKIMKM MOXKHO pa3OHUThb He OoJiee 4yeM Ha TPHU
MHTepBaja (—©; x,), (x; X,), (X,; ), 31eCh X, ¥ X, ~HYJIM KBaJpaTUIHON PyHKuMH, x, < x,. Ha
KaXkKZIOM M3 3TUX UHTEePBAJIOB KBa/ipaTU4HAasl pYHKIMs HelpepbiBHA U He 06pallaeTcs B HYJIb,
T. €. COXpaHsieT CBOM 3HaK. Ha 3TOM M OCHOBaH TaK Ha3blBaeMbId HHTEPBAJIbHbIH METO[]
pelieHus KBaJIpaTHbIX HEPABEHCTB C OZJHOW HEU3BECTHOM.

PaccMoTpuM mnpuUMeHeHHWe WHTEpPBAJbHOrO MeTOoJa TMpPU pelleHUH KBaJpaTHbIX
HEepaBEHCTB.

Cayyain 1. D > 0. B sTtoM ciyyae KBajpaTH4Hass QYHKIUsA HMMEET [JBa HyJd X, U X,
(mpexamoJsiaraeM, 4To x,< x,). OHHU pasfesdawT 06J1acTb ONpejeJeHUss KBaJpaTHYHOU
GyHKIMM Ha TpM 4acTH (—0; X,), (X; X,), (X,; ), IPUYEM B KaXKZOM M3 3TUX NPOMEKYTKOB
3HayeHUsI QYHKIUHU UMEIOT

NOCTOAAHHBIN 3HaK (“+” naum “-").
3HaK 3HaYeHUH KBaJ|paTUYHON PYHKLMHU HAa KaXKJOM M3 M0JyYeHHbIX UHTEPBaJIOB MOXHO
HAUTH pa3HbIMHU CIOCOOAMMU:
1) 3Hak 3HauyeHUd QYHKIMHU y = ax’+bx+c Ha KaXJOM U3 MHTEPBa/oB (-oo; X,), ( X,; )
COBIA/IaeT CO 3HAKOM K03 duUIMeHTa a; 3HAK 3HaYeHUH QyHKIHUHU (X,; X,) IPOTUBOIOJIOKEH
3HaKy K03 dureHTa a;




KBAOAPATHOE HEPABEHCTBO

2) 3HaK 3HaUYeHUU OQYHKIMM MOXXHO ONpPeEeJUTb B «yA0OHON»
TOYKe Ha KaXKJJOM UHTepBaJIe.

3) ¢yHknuio y = ax’ + bx + ¢ MOXHO NpPeACTaBUTb B BHU/JE
y=a(x—x)(x—x,), a 3aTeM HalWTH 3HAKH JIMHEHHBIX MHOXH-
TesIedl Ha KaX/{0OM HHTepBaJe.

Mpumep 3. PemuTh HepaBeHCTBO x° +3x—4<(0 HHTepBaJbHBEIM
METO/[OM.

PemieHue. Pa3iookuM JieBy10 4YaCTb HEPAaBEHCTBA HA MHOXXUTEJIU
(x+4)(x—1) <0
Y HaWJéM eé Hysu: -4 u 1.
OTMe4aeM HaKl/JieHHble TOYKM Ha YWUCJIOBOW MNPAMOW U JeJIMM
YUCJIOBYIO TPSIMyl0 Ha UWHTepBaibl. OmpenesisieM 3HaK (QYHKIUU
y=x?+ 3x - 4 Ha K&KJIOM UHTEepPBaJIE.

n — +
-4 1 X

Tax kak B yCJIOBUU 33/JaHHOT0 IPUMepa CIIpalIMBaeTCs IPOMEXYTOK,
B KOTOpPOM QYHKIMS IPUHUMAET CBOU He MOJIOKUTEe/bHble 3HaYeHUs,
TO peliueHUeM sBJseTcd [-4; 1].

OtBeT: [-4; 1].
Cayyaii 2. I[lycts D = 0. Torga pyHkuus y = ax*+ bx + ¢ obpaijaercs
B HOJIb TOJIbKO B OJJHOH TOYKe X,. ToYKa X, IeJIMT OCb KOOPJUHAT Ha
AiBa MHTepBasa: (-9; x,) U (x,; ). [Ipy Kax[0M x # x 3HaK 3HaYEHUU
KBaJ[paTUYHOH QYHKIUU y = ax’ + bx + ¢ COBIAJaeT CO 3HAKOM
koaddunmenra a (puc. 2, 3).

Cayuaii 3. D < 0. dynknus y = ax’ + bx + ¢ He ©UMeeT HyJIeN.
B aToM ciiy4ae npu Npou3BOJIbHbIX 3HAUEHUAX X 3HaUYeHUs QYHKIUU
NPUHUMAKOT OAMHAKOBBIN 3HAK CO 3HAKOM K03dduIilMeHTa a:
1) ecnua >0, 1o ax’+ bx + ¢ > 0 Bo Bcex 3HaYEHUSX X;
2) ecnua<0,To ax’+ bx + ¢ < 0 BO BceX 3HaUEHHUSIX X.
BajicHo 3Hamb u yMems npumMeHsims caedyroujue hakmowl:

1) mpu a > 0 u D < ( pelmeHHe KaXJOro K3 HEPABEHCTB
ax’>+bx +¢>0 u ax’*+ bx + ¢ =2 0 ecTb MHOXKECTBO BCEX JIeHCTBUTEIbHbIX
yuce (puc. 4);

2) npu a > 0 u D < 0 peleHHWe KaXAOr0 U3 HEPABEHCTB
ax’>+bx +¢<0 u ax*+ bx + ¢ <0 ecTb MHOXKECTBO BCEX JIeHCTBUTEIbHbIX
yuces (puc.4);

3) npu a < 0 u D < 0 pelleHHe KaKIOr0O HU3 HEPABEHCTB
ax*+bx+c>0 u ax*+ bx + ¢>0 ecTb MHOXECTBO BCEX JIeHCTBUTE/IbHBIX YHCeJT
(puc. 5);

4) npu a < 0 u D < 0 pelieHHWe KaKAOTO U3 HEpPABEHCTB
ax’>+bx +¢<0 u ax*+ bx + ¢ <0 ecTb MHOXKECTBO BCEX JIeCTBUTE/bHbIX
quces (puc. 5).
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NOBTOPEHUE

NMPUMEPDI

e Kakue us yucesn 0, -2, 3 y10BJI€TBOPSIOT HEPABEHCTBO — 4x°+5x-5>07?
QPemnTe c/lefiytolIyie HEpaBeHCTBA MPYBEIEHUEM B CUCTEMY JIMHEHHBIX HEPABEHCTB.
a) (x+4)(2x-3)>0 b) x* +10x-11<0
c) (5x—2)(4x+3)<0 d) 2x* —=5x+220

e PaBHOCHJ/IbHBI JIU HEpaBeHCTBA?
2

a) 5x%>2x u 5x > 2 b)3x*<7x*u3x<7 c)x _1>OI/I(X2—.X)(X+1)>O
ePemm‘e HepaBeHCTBa. )
a) x>0 b) 4x* >0 c) x* <0
d) —x* <0 e) X’ +7>0 f) Sx*+11<0
g) —x*=5>0 h) 3x* =2x<0 i) —4x* +11x <0
i) x> =9x+20<0 k) x> =10x+25>0 ) x> +6x-8>0
m) 3x’ —x+2>0 n) —9x” +24x+20> 0 0)-7-(3-x)" >0

e CocTaBbTe Kakoe-HUOY/Ib KBaZ[paTHOE HEPABEHCTBO, PellleHHeM KOTOPOTo ABJIAKTCA 06/1aCTH:
a) (—o0;-3) U (6;0) b) (~00; 0)

@ Haiigute anuHy oTpeska Ha ocu Ox, AAB/AIOLIErocsa pelieHueM HepaBeHcTBa x° +9x < —14 .

e CKOJIbKO LieJIbIX YKCeJl yI0BJeTBOPAIOT HepaBeHCTBY 2x” +7x—15<07?

e Pewure HEpaB€HCTBa UHTE€PBAJIbHbIM ME€TOA0M.

a) x> +5x—6>0 b)—x*+x+2<0 c) x*+3x+7>0 d) x> +3x+7<0
e) 2x>+5x+3>0 f) 6x° —x—-2<0 g) 2x* +5x+9<0  h) 49x>—28x+4<0
c N
PUCYHOK 6 e PemuTe HepaBeHCTBa.
a) 8x* +3x-5>0 b) 5x* —12x+8<0
)
1 c) 49x° —70x+25>0 d) (20" +3x+4)(x+3)20

e) (7+6x—x2)(3x—5)<0
@PGLLII/ITG HepaBeHCTBO rpadUKOM KBaZAPAaTUUHONU QYHKIUH.

a) 2x* +5x-3>0 b) 4x* —9x-90>0

@ Ha pucynke 6 uso6paxkeH rpapuk GyHKIuH y = ax? + bx + ¢. Haiiaure
pelieHUe Ce/lyI0INX HEPABEHCTB.

a) ax’ +bx+c>0 b) ax* +bx+c <0




KBAAPATHOE HEPABEHCTBO

@ HaliguTe cyMMy BceXx 1leJIbIX UMCeJl, Y/I0BJIETBOPSOIIMX HEPABEHCTRY.
x=1 3-2x 3x+x°
+ >

a) 2x* —9x+4<0 b)
4 2 8

C) (5x+7)(x—2) <21x* —11x+3

@ CKOJIBKO 1eJIbIX YU CeJ U3 OTpe3Ka [0;9] YAOBJIETBOPSAIOT HEPABEHCTBY
3x(x—2)-2x(x+4)—-(x-16)<0?

@ Wcnonb3ya rpaduk GyHKIMHE y = —x~ +4x —3, HAWAUTe pelieHHe CleAyIOI1X HepaBeHCTB.

a) —x* +4x-3>0 b) —x* +4x-3>0 c) x*+4x-3<0 d) —x"+4x-3<0
@ TIpy KaKUX 3HaYeHUi a ypaBHeHuUe ax’ +2ax+4 =0 He UMeeT KOpHeii?
@ PemnTe HepaBeHCTBO (x— 1)2 (x*=2)<(x- 1)2 (6—2x).
@ Jana pynkuusa f(x)= (x—l)4 (x+ 1)3 x*. HaliiuTe Bce 3HaY€HUA X, IPU KOTOPIX:

a) f(x)<0 b) f(x)<0 0) f(x)>0 d) £(x)20
@Pemm‘e HepaBeHCTBA:

a) x> —2(b—c¢)x + a*> 0, npu 3TOM a, b, ¢ - CTOPOHBI TPEYTOJIbHUKA;

b) x*> + (a®>+ b*>— ¢*)x + a*b*> 0, Ipu 3TOM a, b, ¢ — CTOPOHBI TPEYTOJbHHUKA.
(19. 30 a’ +12b <0, To pelnTe HepaBeHCTBO 3x° —b < ax.

@ Eciu b > 0,054°, T0 pemmte HepaBeHCTBO 5x° —ax+b > 0.
@ Ecnu b* <4ac v a+c > b, T0 pemnte HepaBeHCTBO ax” +bx+c <0 .

@ [Tpu Kakux 3HAYeHUSIX ¢ rpadUKU GYHKIUNA y = cx*+x + ¢ U y = cx+ | — ¢ He UMEIOT 06IHUX
TO4YeK?

@ llpy Kakux 3Ha4eHMAX p rpaduku GyHKuumi y=px’ —24x+1 u y=12x"-2px—1 He
nepecekarwTcs’?

@l’[pn KaKHX 3HAYEHMSAX d KOPHU ypaBHeHUs x° +3x+a =0 yA0BJeTBOPAT YCIOBHIO
X, X
L+ 22 +1>07?
X %
@ Ipu KaKMX 3HaUeHUAX b KOpHU ypaBHeHUd x° —2bx+b+6=0:
a) OTpULATEJIbHbI; b) nosoxxuTENBHBI; C) UMEIOT pa3Hble 3HAKKU?
@ I[Ipy KaKuX 3HAYEHMSAX d BCe IeMCTBUTEbHbIE YUC/IA YAOBJETBOPAIOT HEPABEHCTBY ?
2 1,
a) x’ —(a+2)x+8a+1>0 b)ﬂx +ax—a+1>0

@ [Ipy KaKKMX 3HAYEHUSIX b HEPABEHCTBO He UMEET pelleHun?

a) x*+2bx+1<0 b) bx* +4bx+5<0 c) bx’ +(2b+3)x+b-120




NMNOBTOPEHMUE

TPUTOHOMETPUYECKME TOXXAECTBA

‘ OcCHOBHBIE TPUTOHOMETPHUYIECKHE TOXKAECTBA

. o cosa .
1. sin*a +cos’a =1 2. tga = , cosoL %0 3. ctga =——, sina #0
coso sinot
l+1g%0 = — 2 ~
4. tga -ctga =1 5.1+1g°a=—7—, cosa #0 6. 1+ctg’oe =———, sina #0
cos‘a sin“o

@ 3Hnauenus cuHyca, KOCHMHyCA, TAHT€HCa U KOTAHTeHCa HEKOTOPhIX YIVIOB

« 0°(0 30° | = a5o | Z 60° [E 90° (E) 180°( 7
(0) z 4 : | 1s0rm)
1
sina 0 - Q ﬁ 1 0
2 2 2
1
cosa 1 é Q — 0 -1
2 2 2
V3 e
tga 0 T 1 \/§ CYILEeCTBYET 0
He \/§ He
ctga CYIIECTBYET \/3 1 ? 0 CyILIECTBYET
‘ 3HaKH CHUHYCa, KOCHUHYCA4, TAHréHca U KOTaHIreHca
PucyHok 1 b
)A}k JA/\ J‘}k
\J "X "X "X
Sino CoSa tgauctga
- J

4 CuHyC, KOCMHYC, TAHT€HC ¥ KOTaHT€HC YIJIOB a M (-a)

1. sin(-a) = —sina

2. cos(—a) =cosa

3. 1g(—a)=—tga

4. ctg(—a)=—ctga




TPUTOHOMETPUYECKUE TOXOECTBA

€ dopmynnl npuBeseHus

Y | L T—-a gva | g | Zia | 22-a | 2244
2 2 2 2
sina cosa cosa sina —sina —coso —cosa —sina sina
cosa sina —sina —coso —cosa —sina sina cosa cosa
g ciga —cliga —ga ga ciga —cliga —ga 1ga
ctga ga —lga —ctga cga ga —iga —ctga ctiga

O6paTuTe BHUMaHHe Ha CJEAYIOUIYI0 3aKOHOMEPHOCTb B GopMy/ax NMpPUBEJEHUS: ec/U
JIONIyCTUTDb O, NPUHaJJIeXaluM | yeTBepTH, TO /14 gI‘JIOB rta, 2r £ a cuHyc, KOCUHYC,
T

T
TaHTeHC, KOTAaHTeHC He MEHSIIOTCS, a /1151 YTJIOB E T, 7 + ¢ cuHyc npeBpallaeTcsi B KOCUHYC,
KOCHUHYC — B CHHYC, TAHT'€HC — B KOTAHT'€HC, KOTAHTEeHC — B TAaHT'eHC. B 06111eM ciy4vae, /11 YIJI0B

nrw ; i
—*ta IPH YETHBIX /1 CHHYC, KOCUHYC, TAHT'€HC, KOTAHI'€HC Heé MEHAITCA; NIPpU HEYETHBIX

n CHUHYC npeBpalaeTcd B KOCHHYC, KOCHHYC — B CHHYC, TAHI'€HC — B KOTAaHI'€HC, KOTAHI'€HC —
B TaHI'€HC. l'[epe,q BHOBb INIOJIY4€HHbBIM BbIPpAXXE€HHWEM CTABUTCA 3HAK 3aJdHHOT'O BbIPpAXXE€HH B

. nr
YeTBepPTH, KOTOPOX NPUHALJIEKHUT YroJl 7 to.

(37 T
HaanMep, Sin| ——o |=—cosa, HOCKOJIbe KOJIMYeCTBO BE€JIMYHUHBI 5 — HeYeTHoe

T o
qH1CJIo, paBHOE 3, yroj — — & NpUHAAJIEXKNUT TPETher YETBEPTH, U 3HAK 3a/IaHHOT' 0 BhIpaXKeHUA

. (37
Sln(_—a OTpHULATEJIEH B 3TOI‘/JI 4YeTBEepPTH. H03TOMy nepea IMnoJiy4€eHHbIM KOCHHYCOM

CTaBUTCS 3HAK MUHYC. ( o
PucyHok 2

IIpumep 1. Brruuciaure .

-

2
a) sin855°= sin(9-90°+45°) = cos45°= %

taly

2 a, s
b) c0s2025°= c0s(22:90°+45°) = — cos45°= —% p: 2

¢) tg1680°= t2(18-90°+60°) = £g60°= /3

J3

d) ctg1200°= ctg(13-90°+30°) = —£g30°= 3




NMNOBTOPEHMUE

€ Popmynsl cioxeHus

1. sin(a + ﬁ) = sinacos B + cosasin 3

3. cos(a + [3) = cosacos B — sinasin 3

tgo+1tgf

5. tg(la+p)=———
g( [3) l-tgatgp
ctgactgp—1

ctga +ctgf

€ Popmynsl ABOIHOrO yI1a

2. sin(a - [3) = sinacos 3 —cosasin 3

4. cos(a - [3) = cosacos B + sinasin B

tgo —tgp
Ctg(a-p)=_"—2
6 g( ﬁ) 1+tgatgp

cteoactg S +1
8. cig(a—f)="S""8L gh

ctgP —ctga

1. sin2a =2sino -cosa

2tga

3. 1820 = 4. ctga =

1-tg’a

2. cos2a =cos* a—sin*a=2cos*a—1=1-2sin’ «

ctg’o—1
2ctga

@ ®Popmynsl npeo6pa3oBaHus CyMMbI U Pa3HOCTH

1. sina +sinf3 =2sina+ﬂ -cosa_ﬁ
2 2
3. cosa+cos B =2cosa+ﬂ -cosa_ﬂ
2 2
5. tga+1tgp :M
cosa-cos 3
7. ctgo +ctgf =M
sina - sin B

2. sina —sin :2sina_ﬁ -cosa+ﬁ
2 2
4. cosa —cos B =—28ina+ﬂ ~sina;ﬂ
6. tga—tgﬂzw
cosa-cos B
8. ctga—ctgﬂ:M
sina - sin 3

€ Popmynsl npeoGpasoBaHud NPOU3Be/ eHUd

1. sino-cos B zé(sin(a+ﬁ)+sin(a—ﬂ))
2. cosa-cos 3 =%(cos(a+ﬂ)+cos(a—ﬂ))

3. sina-sinf3 zé(cos(a—ﬂ)—cos(a+ﬂ))

@ ®opMybl NOHMKEHNs CTENIeHH

1_ Sinza :ﬂ 2 coszazm
2 2

3 4 2Ot_l—cos2oc

18 1+cos2a 4. ctgz(Z:M

1—cos2a




TPUTOHOMETPUYECKUE TOXOECTBA

4 ®opmyJibl IOJIOBUHHOT'O apryMeHTa

1 coszg: 1+ cosa 2 i & 1—cosa
2 2 2 2
a 1-cosa o l+cosa
3.1g° —= 4. ctg® = =
& 2 l+cosa N 2 l-cosa
5 tgg— sina._1-cosa 6 ctgg— sina_l+cosa
' 2 l+cosa sino ' 2 l-cosa sino

. o
€ dopMysbl BRIpaXKeHHUs Sina, cosa, (g yepes tg—

2g % 1-1g* % 2g %
1. sina = 2. coso = 2 3. 1ga =
2 2 2
1+1g I+tg” — 1-1g 2
MPUMEPDI
3 3z .
o Eciu ctga = 3 U 7 <o <21, TO HAUJUTE cosa.
T . .
e Ecnmu tgo=—J/5 u 5 <Qa <7 ,To HalUJUTe sina.
3 . 2sino + Scoso
e Ecnu tga ==, To HallguTe — .
2 3sinot —4cosa
e Ynpocture.
2sina —1 ctga(2sin’ a+tga —cos? 1—sin®
SmEs ) ( e ) AR L L
2cos”a -1 (sina+cosa) sin-o cos o
e Beruucaure.
a) 4cos150° —sin240°—-31g210° b) 2cos135°+1g60° —ctg240°
c) sin300°—3cos135°+2cos210° d) 7g150° —ctg315° + 5sinl35°
@ Beruucaure.
T St Iz
a) tg——2tg—+3tg—— b) 2cos4—ﬂ+sins—7r—cos4—7r
6 3 6
Tr 4r hY/4
c) 200tg3—ﬂ —sinz—ﬂ - cos4—ﬂ d) cig——+2cig——2cos —
2 4 3 6
a YropocTuTe.
1-1g (360°—a)tga cos (90°+a)+sin(90°-a)

g (270°-a)+iga cos (270°—a)+cos (180°+ )




NMNOBTOPEHMUE

@ Ynpocrure.

szn( +ﬂj
b
Y (20 ) (2+2) :
2 2 2 2
e JlokaxkuTe TOXKAeCTBO.

sin(r —2a)— 2sin(72[ —a)

a) =2ctga b)

sin’ (& +a)—cos(32ﬂ+aj

@ Beruucaure.

a) sin(—43°)cos 88°+ cos (—43°)sin88°

a) cos (a — B)—sinasinf

C) sinda cosa —cos da sina

1 3 .
e) —coso +—sina
2 2

2\/5 RY4

cos (?’ﬂ — 2a) +sin (3” + ZaJ
2 2

cos 3—7r+2a + sin 3l—20
2 2

sin’ (a —Zj —cos> Qa +m)

sin‘o

b) sin(a

1-3cos Qa+m) 2

b) cos11°cos19°—sin19°sinl1°

1+1233°tg78°
1g78°—1g33°

|—t0 T 1O
g11g66

T
'8 66 g11

b)

- B)+sin(a+p)

d) cosa cos2a +sin2a sina

Lcosoz—ﬁsinoc
f) \/3 2

@ a) Ecim cosa == 7<a <27, To HalAMTE cos(a+ 4) ,

1
b) Ecnut cosa =——= U m<a <

V3
@ Brruucaure.

a) 6sinl0°cos10°

T o . T
—, TO HAUJHUTE Sin| & +g .

b
sin20° sin22°cos22°cos44°

@ a) Eciu cosa =0,4, To HalauTe cosa .

b) Eciu sina =- 0,7, To HaliauTe cos2a .

C) sin2-| 2sin® = —1
12 24

)



TPUTOHOMETPUYECKUE TOXOECTBA

242 %
@ a) Eciu cosa = T\/_ H— <a <27, To HalguTe sin2o.

. 1 T
b) Eciu sina = g U 5 <a <7, To HaHUAUTeE sin2a.
@ Yupocrure.
,a sin2a
a) 2cos E(COSOC—I) m

@ Ecau tga =-2, To Haugure sina, cos2a, tg2a, ctga.

@ a) Onpenenure 3HaK BhIpakeHust cos123°¢g231°sin312°.

1 7
b) OnpenennTe 3HAK BHIPAKEHUS Sin cos §Ig4ctg5,7 :

%D Cpasuure 5in200° u sin(~200°).
12 5
@MOFYT JIU OBITh COBMECTHO BEPHbI PaBEHCTBA Sina = E U cosa = E ?

@ JIOKa’KUTe TOXKAECTBO.

1Y 1 YV tg3a 1-ctg’3a !
a) | sina+ +| cosa + —(te’a+ctg’a)=7 b)) 21, 1 =
) ( Sinaj ( cosaj (g g ) ) tg’3a—-1 ctg3a

@ YnpocTUTe BbIpaXKeHHe.

1-ctg’ (-a) o 3 sin(o—B)—sin(f-a)
cosa +sin(—a) smo)relg o) b) cos(ae—B)+cos(B—a)

@ Z[OKa)KI/ITe TOXAECTBO.

T
a) sina. + coso = J2 cos (a —_j b) 2sin2acosSa = sinTo. — sin3a.

4
\/7_371

@Haﬁmﬂecosazg; sinf3 =— ik 7<o¢<27z ; 7r<ﬂ<37ﬂ,ec1m cos (o + B).

tga —1gf _ sin(a—p)
tgo+1gf sin(a +ﬂ) '

@ JloKa>KuTe TOX/eCTBO:

) Buiuucnure: sin(—300° )cos (—1350 )tg (—2100 )ctg(—l20°) :

. . ) 2
@ Hanpgure sinacosa, ecnu sina +cos o = 5 .

o . . 1 3
@ Hafigurte sina + cosa, ecny sina cos a = 3 Umr<a< 5




NMNOBTOPEHMUE

APUDOMETUYECKAS NMPOIrPECCHA.
FEOMETPUYECKASA NPOIrPECCUA

& Apudmernueckas nporpeccust

1.4a,,=a,+d, neN;
2. a, :al+(n—1)d , neN;
3. a,=a,+(n—k)d, n,ke N, n>k;

an—l + an+1

4. a,= ,neN:
2
a . +a
5.a,=—"*—"k nkeN,n>k;
2

6. [l wieHoB apudMeTHIECKOH Iporpeccuu {a } umeeMa +a =a, +a, 3pecbn +m =k +1;

7.¢ _lata)n,

" 2
8 S =(2al+(n—1)al)n
.S, 5 .

@ Tleomerpuueckas nporpeccus

1.5, =b9,neN;
2. b,=b-q¢"" neN;
3. b,=bq"" nkeNwu n>k:
4. b>=b, b, nkeN, n>k;

5. /lnd 4IeHOB reOMeTpUYEeCKO# nporpeccuu {b | umeem b -b =b, -b,3n0ecbn +m =k + 1

b(1-g"
6. Snzl(qu).q # 1. Ecau q = 1 To Sn:bl-n;
7.5, =2470 gz1;
n q_l

8. CymMa (Bcex 4/ieHOB) 6€CKOHEUHO yObIBaIOLIel reoMeTPUYeCKON MPOTPECCUU:

b

S = q|<1,q¢0.

)

l-qg




APUODOMETUYECKAYA NMPOIrPECCUA. TEOMETPUYECKAYA NMPOIrPECCUdA

NMPUMEPDI

G HakiguTe BocbMuUieCAThIN YeH apupMeTUIeCKOM IPOrpeccuH, ecau a,=-3ud = 6.

QHOCJIe,ELOBaTe.)IbHOCTb 2, 6, 10, 14, 18, ... cocTtaBisieT apuPpMeTUIYECKYI0 MPOTPECCHUIO.
HanumuTte Gpopmysny eé n-yieHa.

9 B apudmMeTnveckor nporpeccuu:
a) Haimure a, M d, ecnu a, = =35, a,, = 70;

b) naiiqure a,ecna,=2,a, =142;

C) HaWauTe @, ecna,=5,a,=1;

13’

d) maiinure a,, ecmm a,, —a,, =10, a,, = 13.

10’

GECJII/I b,=4wu b, = 6 BreoMeTpuyeCcKoi nporpeccuu, Haiaure b.,.
eEan b, =3 1g = —2 BreoMeTpUIECKOU NPOTPECCUH, HAUAUTE D .

@ B reomeTpuyeCcKoOl MPOrpeccuu:

1 1
a)ecmu b =18, ¢ =, naiigure b,; b)ecm b =—, g = 5 HauzauTe b.;

1
2 )

c)ecnu b, =8, b, =128, HariguTe bwuq; d) ectu b, =-1, g=-1, Haiiaure bwub,.
e Eciun b, = 3, ¢ = 2 B reoMeTpu4ecKoi Nporpeccuu, Haaure S.,.

e Ecin b, = 6, ¢ = 3 B reoMeTpu4ecKon Nporpeccuu, Haugure S,.

1
e B reomeTpuyeckoi nporpeccuu b, =4, g = 5 HaliguTte cymMy e€ nepBbix 10 41eHOB.

@ [lepBbIl 4YJieH TeOMeTpUYECKOW NpPOrpeccuy paBeH 5, mecTod yseH paBeH 1215.
HalguTte eé 3HamMeHaTeJb.

o o 1 . ..
@ B 6eckoHe4YHo y6bIBalolel reoMeTpUYeCcKoi nporpeccuu b, =8, q = 5 Halipure e€é cymmy.
. . . 4
@ Haliiute cyMMy 6ecKOHeYHO yObIBalOlllel reoMeTpUUeCKol nporpeccuu 12, 4, 3

€E) B reomerpuueckoit mporpeccuu:

a) ecnu b =24, b, =36, HaliauTe g; b) ecu by =36, b, =144, naiigure b, ;
b= b= aiire b
C) ecyu b —&, S~ 4374 Hauure b..

@CyMMa 6eCKOHEeYHO yObIBalollel reoMeTpU4ecKoi nporpeccuy pasHa 150.
1 .
Ecnu g = 3 HauzauTe b,.
1 . . .
@ Ecmu b, = 7 S =16 B 6eCKOHEYHO YObIBaIOIIEl TeOMEeTPUYECKOM IIPOrpeccry, HalUANTE .

@ B reomeTpurueckoil QyHKIIUU

a)eciu b, =3, g =5, HaWauTe Sy b) ecu b, =8, b, =4, HaliauTe Sg

C) eciu b =-2, b, =-486, Hauzaure S,.




NMOBTOPEHUE

1 85
@ Eciu g = X Sg = o B reOMeTpPUY€ECKOU IPOTPECcCHH, HauuTe b,.

@ Hanummure popMysy Hax0XK/eHHUA n-0ro 4jeHa apuPpMeTHYeCKON NPOrpecCUy.
a)a =5,a,=-5 b) a,=-3, a, =12 c) a =6, a,=33

@ Ecav 4eTBEPTHIN U 11eCTOU YJieHbl B apudMeTHIeCKON MPOTrpecCuy paBHbI COOTBETCTBEHHO
16 u 19, HalguTE €é nepBbIv YJIEH.

@ HaiiguTe cyMMy nepBbIX 25 HaTypa/IbHbIX YU CEJL.

@2» Ecnu a,*a,=5 u a,= 1 B apudmMeTHIeCKOU nporpeccuu (a,), HakauTe CyMMy eé nepBbIX
JleCSITH YJIEHOB.

®

HauynHas ¢ kakoro HoMmepa Bce 4jieHbl apudMeTHIeCKON NPOorpeccuu 6yyT MOJI0KUTEb-
HbIMH, eciv a, = —20,7,d = 1,8?

Ecmu a,+ a = 20 B apupMeTHyeCcKoi mporpeccuu, Hauaure S, ..
Ecmu a,+ a,= 44, a,— a, = 20 B apudMeTHIECKOH! IPOrpeccuy, Haigure a, .

CyMMa TpeTbero u JeBATOr0 4JeHOB apudMeTHUYeCKOH nporpeccuu paBHa 8. Haiijure
CyMMYy IepBbIX OJMHHA/1IaTH €€ YJIEHOB.

2 > o
Ecnu S, =3n" +n B apudMeTHUeCcKOM Nporpeccuu, HauAuTe a, U d.
Eciub , =4- b v b, = 6 BBO3pacTaIlell reOMeTPUYECKOM IPOrpeccuy, HalguTe b .

b, = 3/2 B reomeTpuueckoii mporpeccuu. Haitjue pou3Be/ieHNe NepBLIX €BATH €é UeHOB.

Eciu §, = 10§, S, = 42%, b, = é B reOMeTPUYECKON IPOrpeccuy, HauJure q.

8
Eciu b, =1u b +b, =90 B reoMeTpU4ECKON POrPECCHH, HAUTUTE g.

Tpu uucna x, y u 12 o6pasyT y6bIBalOLIyI0 TeoMeTpUYecKyr nporpeccuto. Ecau 12
3aMeHUTb Ha 9, TO MoJiyueHHasd TPOMKa uyuces 06pasyeT apuPMeTUYECKYI0 MPOrpecCHlo.
Hanpure x + y.

B reomerpuyeckoit nporpeccun b, -b,-b; =216 u b, = 12. Haligute cyMMy €€ nepBbixX
IIECTH YJIEHOB.

CyMMa BceX 4JIEHOB C HEYETHBIMU HOMepaMHU 6eCKOHEeYHO yObIBalolleld reoMeTpUieCcKon
nporpeccuu paBHa 36. CymMMa Bcex 4/IeHOB C YETHBIMU HOMepaMu paBHa 12. Haupure
3HaMeHaTeJ/lb U BTOPOH 4JIeH 3TOW IPOrpecCrM.

© 6 0 660006 BOO

CyMMa mepBOTO U 4YeTBEPTOrO 4JEHOB OECKOHEYHO yObIBawlLlel reoMeTpUYECKOU
nporpeccuy paBHa 54, cymMa BTOPOTO U TPeThero 4jeHoB paBHa 36. HaliuTe cymMy 3ToM
MIPOTPECCUH.

@ B apudmeTHnueckoit nporpeccuu:

a) HaupuTe S|, ecnM a, = -3, a, - a, = 24; b) HaizuTe S, ecu a, + a, = 20;

ecau S, =28, §,=58.

122 10’

C) HAUgUTE Sy, ecmna, +a,=19; d) HaviguTe S

16’
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MTABA 1. ®YHKLIUN

™ OYHKLMUS. COCOBbI SAAAHUA OYHKLUUN

W OBJIACTb ONPEOENIEHUSI U MHOXXECTBO
3SHAVMEHUM ®OYHKLUUMU

" APUOMETUYECKMUE ONMEPALIUM HALL GYHKUMAMM
W CTIOXKHAS ®YHKLIMS. \ : :
OBPATHAS ®YHKLLUS. MEPUOAUYECKAS OYHKLIUS

CBOMUCTBA ®OYHKLUUM

= OJIEMEHTAPHDBIE NPEOBPA3OBAHMUA
TPAOUKOB OYHKLUMUMN

BAAPATUYMHOE MOAE/IMPOBAHME
s \ ‘



MABA 1. PYHKUUU

OYHKLUMA. CNOCOBbLI SAAAHUA OYHKUMMU

¢ Pysknusa

[Ilpy u3yyeHUM CBSSM MeEXAYy BeJUUYMHAMH, pacCMaTpUBaeMbIMU B IMPUPO/E,
IPOU3BO/ICTBE, SKOHOMUKE W APYTUX 06JIACTAX, 3HAYMTENbHYI0 POJib UTPAET MOHSTHE,
Ha3biBaeMoe QyHKLHEHN.

[lyctb X u Y - yucioBble MHOXecTBa. [IpaBu/io, cTaBsllee B COOTBETCTBUE KaXJ 0l

TOYKe X € X eJUHCTBEHHYIO TOUKY y € Y, Ha3bIBaeTcs PyHKIME.

[IpaBusa, onpefenstone GyHKIMo0, 0603Ha4aTCI OYKBaMU f, g, ... 3anKch ¥ = f(x) 0o3Haua-
€T, YTO MPABUJIO f CONOCTABJSAET TOUYKe X € X TOYKY ¥y € ¥, U B 9TOM C/lyyae roBOPAT, YTO JjaHa
GYHKIMSA f, COMOCTaBJISAIONAs TOYKAaM MHOXKeCTBa X TOYKM MHOXecTBa Y. 3/1ecb x Ha3bIBAeTCs
CBOOOHOM epeMEeHHOM WJIM apryMEHTOM, a Y — 3aBUCMMOU epeMeHHOU uir GyHKuuen. PyHk-
11 f 06bIYHO BhIpaXKaeTcs B BUAe y =/ (x) uiu f(x)

Hixe npuBesieHbl HEKOTOPble QYHKIUU:

Ve )
PucyHok 1

1) aunetinas pyHkyus:y = kx+b

Y Y
X X 2) keadpamuuHas PyHkyusi:y = ax’+bx+c
= ‘n
- . 3) cmenenHas pyHKyus:y = x”"

] il
I - % 4) uppayuoHaavHas gyHkyus: y =3x
- 5) @pynkyus o6pamuoti
k
HpaBI/IJIOfHB]IHETCH [IpaBuJio g He } NPONOPYUOHAILHOCU: V= —
bOYHKLIMER: KaKI0MYy SBJISIeTCS QYHKIUEH:
3/1eMeHTy X MHOXeCTBa X aneMeHTy X EX (3necb k#0)
MIOCTaBJIEH B COOTBETCTBHE MOCTaBJIEHBI B
€/JMHCTBEHHBIH 3/1eMEHT COOTBETCTBHE /IBa oy — | |
Y MHO>XecTBa . sjieMeHTa y,,y,€Y. 6) gﬁyHquI Mody/m. Y=

ITpaBuo, aBiasAwuieecss pyHknuen (f) u
He ABJALLIeecs yHKnuen (g).

- J
¢ Cnoco6bl1 3aaHus QyHKIIMU

@DYHKIMU MOTYT GbITh 3aiaHbl C/IEAYIOLIUMM CIIOCOGAMM:

1. AnHanuTHhyeckud cnoco6 3azaHus ¢yHkuuh. Ecnu ¢(yHKIMS 33JjaHa OJHOW WJIU
HECKOJIbKUMU GOpMyJlaMU, WJM YpPaBHEHUSIMU, TO TOBOPAT, 4YTO 3Ta QYHKIMA 3aZaHa

1 o
aHaJuTUYeCcKd. Hanmpumep, ypaBHeHWE s=20-5/+—¢" [JBWKEHHs MaTepHaJbHOH TOYKHU -
4

Cl)YHKLU/IH, 3aZlaHHaA aHAaJIMTUYE€CKHUM CIIOCOOOM.

2. TabauyHbli croco6 3ajaHuss GYHKLUUHM OOBLIYHO YCTaHABJMBAET B3aUMOCBA3U MEXAY
NepeMeHHbIMU B IPAKTUYeCKUX IKCIIepUMEHTaX.
Hanpumep, exxeHeBHOe M3MeHeHHe TeMIlepaTypbl MOXXHO NPUBECTH B BUJE TabGJIUIbI.




OYHKUUA. CNMOCOBbI 3BA0AHUA OYHKLUUA

3/4echb 4achl CyTOK — CBOOOJHasA NepeMeHHas (TO eCTb apryMeHT), a TeMIlepaTypa — 3aBUCUMas
nepeMeHHas (To eCTb QYHKIUSA).
HepenbHoe usaMmeHeHHWe TeMIiepaTypbl Bo3ayxa B TawmkeHTe 20-26 auBapsa 2022 roaa

Npe/ICTaBJIEHO B CIeIyIOlIel Tab IUIIE.

Yucso 20.01 | 21.01 22.01 23.01 24.01 25.01 26.01
Temneparypa, | [JHéM 13 9 3 4 6 7 8
t°C Houbro -2 -3 -1 -2 -3 -4 -3

3. B HekOTOpbIX NPaKTUUYECKHUX pabOTax 3aBUCUMOCTb MEPEMEHHBIX JAéTcs rpadpUuecKy.
Hanpumep, MecssuHoe U roJloBOe U3MeHeHHe CTOMMOCTH JoJijlapa MO0 OTHOLIEHHUID K CyMYy
MOXKHO BbIPa3uThb rpadpuyecku. 31ech AaThbl ABJASIOTCSI apryMeHTOM, 2 CTOUMMOCTb Jj0J1apa 1o
OTHOLIEHUIO K CYyMy — QYHKIUEM.
~ ~

PucyHok 2

CtoumocTs foJstapa

A
10900
10850 -
10800 -
10750 ; : >
31.12.2021 31.01.2022 JlaTta
N J

4. QyHKIUA MOXeT ObITh 3a/laHa B BU/ie CJIOBECHOI0 onvcaHus. HanpumMmep, B 3aaye: «CeMbs,
cocTosAlas u3 4 4esoBek, ucnoab3yeT 1 kg puca ansa npurotoBsieHus muoBa. CKOJIBKO puca
IOHAZ00UTCS, ec/id NPUAYT 2 TOCTA?» — KOJIMUECTBO pUca ABJAseTcs PYHKLHEN OT KOJMYeCcTBa
Jofei. UHbIMU cJ10BaMU, KOJIMYECTBO JIFOJel — apTyMeHT, a KOJINYeCTBO pyca — QyHKL U,

NMPUMEPDI

e Hanumute B aHa/IUTU4YeCKOM BHUJe QYHKILMIO, 3a/laHHYI CJA0BECHBIM ONHCaHUEM
(HanpuMep, PyHKI M, 3a/jaHHAsA TEKCTOM «BbIYeCTb 5 U3 KBaJipaTa apryMeHTa», UMeeT
CAeAyOUIUN aHAJIUTHYEeCKUH BUA: f(x) = x?-5).

a) yMHOXbTe apTyMeHT Ha 3 ¥ BbIYTHUTE U3 Hero 5;

b) Bo3BeiuTE apryMeHT B KBaJjpaT, a 3aTeM NIpUOABbTeE K pe3yJIbTaTy 2;

C) BbIUTUTe 1 U3 apryMeHTa, a 3aTeM BO3BEIUTE €ro B KBaJpar;

d) npu6aBbTe K apryMeHTy 1, a 3aTeM U3BJIEKUTE U3 HETr0 KBaJipaTHbIN KOPeHb U pa3/iesinuTe
Ha 2.

6 3asaHo TekcToBoe mNpaBuio GpyHKuuuU. Hangurte (a) aHanutuyeckuu, (b) TabGJMYHBIH,
(c) rpadryeckuil BUABI QYHKIIUU.
a) UYTOObI HAWTHU f(x), pa3zesnTe apryMeHT Ha 3, a 3aTeM IpUbaBbTe 3
. 3
b) 4T06bI HAWTH g(x), BEIYTUTE U3 apryMeHTa 4, a 3aTeM YMHOXbTe Ha = ;

¢) nycTb ¢yHk1Usa T(x) - cyMMa HAJIOTOB Ha MPOAYKT, KyIJIEHHbIA 3a X CYMOB. Beruucaure
8% OT 1,eHbl TOBApa, YTOObI HAWTH CYMMY HaJIOTOB Ha NIPOAYKT;

d) nycts ¢pyHknusa V(d) - npaBUJio HaXoX/AeHHUsA 00'b€Ma wapa guameTpoM d. YTo6bl
HAaWTH 06'bEM, yMHOXbTE T Ha TPEThIO CTENlEHb AUAMeTpPa U pa3/ieJiuTe Ha 6.




MABA 1. PYHKUUU

e 3anosiHUTe TabJIUIy 3HAaYeHUH 3aJlaHHON QYHKIMU:

a) flx) = 2(x-1)? b) g(x) = [2x+3].
x (%) x g(x)
-1 -3
0 -2
1 0
2 1
3 3

G BbluncauTe 3HaueHUsA QYHKLUM B 33/laHHbIX apTyMeHTax.

2)/(x) = x*-6 A=3). 13). f10). /]

by = 20 A2, 1), 0, A

o st 006
1-2

O e O N E e Ryt

&) h(x)="4 1(2).h(=2).h(a).h(=x). h(a=2),h(Jx)

5

0 /()= 2 OIS (A la)s (2 (L)
1

o) h(1)=1+ h(=1), h(2), h[lj, h(x—1). hH
t 2 X
e OnpegnenuTe, ABJAAIOTCA JIM 3a/laHHble ypaBHeHUS GQYHKLUSAMU OT IEpeMEHHON X.
a)3x—5y=7 b)3x’-y=5 c) x=)° d) X’ +(y-1) =4
e) 2x—4y* =3 ) 2x?—4)* =3 g) 2xy—5y° =4 h) \Jy-x=5
i) 2|x|+y:0 i) 2x+|y|:O k) x=y’ ) x=y*

@ Kakas u3 cieayromux Tabiun, sBasieTcs PyHKIMeN OT nepeMeHHOH x7

a) b) C)
x
-5 | -12 10| -9 > | o st
9 | 2 1 2
3— | -6 -5 -3
2 31| 5t
11| 2 17| 7 >
-10| -1
6 | 17 3
9— | -10
11 7




OBJIACTb OMPEAENEHUS U MHOXXECTBO 3HAYEHUN ®YHKLIUU

OBJIACTb ONPEAEJIEHUA U

MHOXECTBO 3HAYEHUMA ®OYHKLIUMU

4@ O0GJacTb onpe/ie/ieHUsI U MHOXKECTBO 3HaYeHUH GpyHKIMH

PaccMoTpuM ¢yHKIMIO ¥ = f{x). MHOXX€ECTBO 3/71EMEHTOB, KOTOPble MOXKET IPUHUMATb apTyMeHT
X, Ha3blBaeTcs 06/1acThI0 onpe/iesieHuss QYHKIUM y = f(x). MHO>XeCTBO 3Ha4Y€HUH, KOTOPbIE MOXKET
NPUHUMATh QYHKLUA Y, Ha3bIBa€TCA MHOXECTBOM 3HayeHUH QYHKUMHU y = f{x). OOGBIYHO OHU

o6o3HavatoTca Kak D( f) u E( /), COOTBETCTBEHHO.

TabsiMua 06J1acTH onpe/iesieHUs1 U MHOXKeCTBA 3HAaYeHU HEKOTOPbIX QYyHKIUH:

DYHKLMS O6nacTb onpeaeneHnsi  MHOXECTBO 3Ha4eHWN
1) y=htd D(y)= (o1 +0) E(3)=(~0: +0)
2) y=x D(y)=(-o0;+) E(y)=[0; +o)
3) y=|x D(y)=(-o0s+) E(y)=[0; +)
= D)= (es0)of0rre) | E(r)= (-0 (05 4)
5) y=+x D(y)=[0;+) E(y)=[0; +o)
6) y=%/x D(y)=[0;+0) E(y)=[0; +o0)
N y=ix D(y)= (~eeie0) E(y)=(0: +0)
D=l D(y)=(-ems+2) E(y)=(-e: +2)

[Ipu 1t060M 3HAYEHUHW apTyMeHTa X, He IpUHAa/AJiexalleM 06J1acTu onpejiesieHuss yHKIUHU

v = f(x), byHknusa y = f(x) 6yaeT HeomnpeaeJEHHON, UIU, APYTUMH CJI0BAMH, BbIpaXKeHHE
f(x) He bymeT uMeThb cMblIcaa. Hanpumep, npu x = -1 g QyHKUHUU y = Jx w npu x = 0 g4

k
(IJYHKL[I/II/I Y =—, COOTBETCTBEHHO, I10JIy9aeMbl€ BbIpa*K€HHWA HEe UMEKT CMbICJIA.
X

[Mpumep 1. HaiizuTe 06/1acThb onpeseeHUs QYHKIUU Y = —

X —X

PemeHue. 3HaMeHaTe b pallMOHAJIbHOI'O BhIPaXKeHHS HE MOXKET ObITh PAaBHBIM HYJIIO, T. €.
xX=x#0
x(x - l) #0
x#0 u x#1.

3HAYMT, apryMEHT X He MOXKeT NpUHUMaTh 3HaueHUs 0 u 1. [loaToMy o6s1acTh onpeesieHus

YHKIIMM — MHOXKECTBO BCeX JIeMCTBUTEbHBIX YKces, kpoMe 0 u 1.
OtBet: D(y)=(—0;0)U(0;1)U(l;+w).




MABA 1. PYHKLUU

IIpumep 2. HaiiguTe 061acTh onpejiesieHrss QyHKIIUU Y = \/ﬁ
Pemenue. [lofkopeHHOe BbIpaXKeHUE OTPULLATEIbHBIM ObITh HEe MOXKeT. UHbIMU CcJI0BaMH,
9-x*>0
(3—x)(3+x) >0
-3<x<3,

3HAUUT, apTyMEHT X MOXKeT NPUHUMATh 3HaYeHUS TOJbKO U3 oTpe3Ka [-3; 3].

oteet: D(y)=[-3;3].

. 1
IIpumep 3. Haiigure o6JsacThb onpejeneHUs QYHKLUU y = .
Vx+1

Pemienue. B 3HaMeHaTesie 3aJjaHHOM (QYHKLUUHA HaXOAUTCS BbIpaXKEHUE TOJ
KBa/[paTHbIM KOpPHEM. JTO BbIpaKEHUE He MOXXET ObITb PaBHBIM HYJII0 U OTPULIATEJbHbBIM.
[TosTomy

x+1>0
x>-—1.

3HauuT, 061acTh onpegenerns pynkuun D(y)=(-1).

OtBet: D(y)=(-1;0).

e ~
€ T'padux pyHknun PucyHok 1

Y ¢yHkuuu y = flx) KaXAOMy 3HAa4Ye€HHUI0O X U3 €ero
gk
| MOCTOSIHHbIX yHKUMI |

y=3 S o i
3 A

ob6s1acTy onpepesneHust D(f) COOTBETCTBYET eAUHCTBEHHOE A

3HaueHUe f{x) U3 MHOXKeCTBa 3HadeHUH E(f). B pesynbraTte

Kax/blil aneMeHT x € D( /) onpesensieT B KOOPAMHATHOM |
0 j Tx

MI0CKOCTH OXy eJUHCTBEHHYI TOYKY (x,f(x))- =t /
-4

I'papux hynxyuu f(x)

KOOPZMHATHOM IJIOCKOCTH Oxy, Ha3biBaeTcs rpaduKoM  \_ -

CoBOKYMHOCTb BCex To4ek (x, /(x)), 06pasoBaHHBIX B

byHKI MU ny(X). -~ —

Ha pucynkax 1 1 2 nokasaHbl rpapuKu GyHKIIHIA. PucyHok 2

IIpumep 4. [locTpoiiTe rpaduku caefy0UX GYHKIUNA A

a)y=x by=x  oy=+x Uty

Pemenue. UYTo6bl MOCTPOUTH IPadUKH 3TUX QYHKIUH,

CHa4daJia COCTaBJIdeM Ta6.HI/II.ly HEKOTOPbIX e€ 3HaYeHHM.

3aTeM oTMedyaeM 3TH TOYKH Ha KOOp,C[I/IHaTHOﬁ MNJIOCKOCTH

Y COeIMHsIeM UX MJIaBHOU KPHUBOM.

S I'pagpux hynxyuu f(x) )




OBJIACTb ONPEAENEHUA U MHOXXECTBO 3HAYEHUA ®YHKLUU

-2 —1 —1/2 0 12 1

-8 -1 —1/8 0 1/8 1
4 v A )

8T (2.8)
1 e
Cay
L) L) L) L) 2I L) L) L) ;
“2.-8)

\\ J

0 1/4 1 2 4 9

- 0 1/2 1 2 2 3

CienyeT OTMETUTD, UTO JIJIs TOTO YTOOBI KpUBasi, U300paXk€HHas Ha mockocTyu Oxy, Oblia
rpadukomM dyHKuMM y = f(x), Kakaas npsMasl, napamuienbHas ocd Oy, JOJDKHA [epeceKaThb
JIAaHHYO0 JIMHUIO He 60Jiee YeM B OJTHOM TOUKe.




MABA 1. PYHKLUU

B npoTUBHOM cJiyyae, TO eCTb €CJIM KaKas-To NpsiMasi, napasuiesibHasg ocu Oy, nepeceKkaeT
JlaHHY0 KpUBYIO 60Jiee 4YeM B OJHOM TOUKe, TO 3Ta KpUBasi He MOXKeT ObITh FpapuKOM QYHKIUU.
M3 nYMHUH, NOKa3aHHBIX HA PUCYHKE HUXKe, JUHUU 4) U 6) ABAAI0TCSI rpadukoM QyHKIUH, a
auHud 1), 2), 3) u 5) He aBsAOTCA rpaduKOM QYHKIIMU.

[ \ V ) \
4 1) 42 4 3)
/ \j_\/ §
0 "3 0 }x 0 b;L
K 9 K 5) 0 /—\ 6
DR, \/w
ol v | / ™ ol ~—7 > 0 >
N | | J
MPUMEPDI

Q HaliguTe 06/1aCTh Onpesie/IeHNs] ¥ MHOXKECTBO 3HAYeHUH QYHKIMH.

a) f(x)=3x b)f(x):3x.2£x£6
) f(x)=5x"+2 d) f(x)=5x"+2, 0<x<2
e HaiiguTe o6sacTh onpezeseHUss QyHKLUU.
1(¥)=—5 b) £ (x)=5- ) /(x)= 55
2 x-=3 3x—6 x> -1
d) f(x):ﬁ e) f(1)=+r+1 B g(r)=r+9

g) f(1)=R-1 h) g(x)=7-3x i) f(x)=+-2x

6 YkaxkuTe rpadUK, COOTBETCTBYIOLEN QYHKILMU:

a) f(x)=x" b) f(x)=x° c) f(x)=\/; d) f(x)=]|x|
4 1) 4 2) 4 3) VA 4) Va )
1.. db db db
—|—|—|—4> 1 lv——b A —— 1 . >
0] 1 X 11 X 0] 1 X 0] 1 X
- J




OBJIACTb OMPEQE/IEHUY U MHOXXECTBO 3HAYEHM ®YHKLUUU

G OnpepenuTe, Kakasi U3 3aJlaHHBIX JIMHUU ABJIsIeTCA rpadrUKOM QYyHKILUH.

4 a) YA b) \Jm h /e) JT( f) y h
0 o>_'x 0 % 0 ;
—_
) yﬂL d) o g) /\yI h) 3>
0 X 0 ;x 0 £ 0 3
N j J M /P Y,
e OnpegenvTe, Kakas U3 3aJJaHHBIX IUHUHN He sBJIsIeTCs rpaduKoM QYHKIUH.
‘ . . : . )
a) .ILI}' b) AY C) Ay d) )
'.III. _-__‘_\_-__-_\_ _.________——-
\._\ 7 . E < é
g 1 | T
'
e) (& f) L g 4y h) o
\) x C A \>5 x
N Y

G [TocTpoliTe rpaduku 3a/JaHHBIX QYHKIUH.

a) f(x)=8x—x

b) g()c):x2 -x-20

c) h(x):x3—5x—4

e CocTaBbTe Tab/MIy HEKOTOPbIX 3HaYeHU U 3a/laHHON QYHKIIMU U HAYePTUTE e€ rpaduk.

) ()=
d) r(x) =3x"

b) f(x)=x"-4
e) r( ) 1-x*
h) k(x) —x
)= L
+1

(
G(x)= ||x

t

C) g(x) =

—(x+1)2




MABA 1. PYHKUUU

APUOMETUYECKME ONEPALIUN HALL OYHKUUAMMU

@ Apudpmernyeckue onepanuu Haj GyHKIHMAMH

Haxg JyHKIUMAMM MOXHO BBINOJHATh apudMeTHYecKHe oOlepaluu: CclokKeHue (+),
BblYUTaHUE (-), yYMHOXKeHUe (%), AeseHue (+).

[lycTp ob6JsiacTbio omnpeneseHuss QyHKUMH f(x) W g(x) ABAATCA MHOXecTBa A U B,
cooTBeTCTBeHHO. CyMMoOM 3THUX QYHKUMU B MHOxecTBe A N B Ha3biBaeTcsd QYHKLHUS,
npuHUMarolas 3HayeHue f(x) + g(x) B kaxJoM asieMeHTe x € A N B. Cymma pyHKUUH f(x) U
g(x) obo3HavaeTcd Kak (f + g)(x). 3HauuT,

(f+2)x) =1 (x) +gx).
TakuM ke 06pa3zoM MOXKHO ONpeieJIMTh Pa3HOCTb, YMHOXKeHHe U JiesieHue QYHKLIUH f(x) u g(x):
(f-g)x) = f(x) - g(x)
(fg)(x) = fx)g(x)
fx
(L)L

g g(x)

OGpaTuTe BHUMaHHe!
1. Ecniu A N B=, 3TH onepaljuy He onpezesieHbl.

2. llpu onpenesieHuu AesneHus ABYX GYHKIUM f(x) u g(x) TpebyeTcs, 4Tobbl g(x)#0 A
KaXkJI0ro sjieMeHTa x, B3aToro u3 A N B.

NMPUMEPDI

1
x=2

ug(x)=+x.

Mpumep 1. [lanbt dynkiuu [ (x)=

a) Haitmare dynxmmn (f +g)(x).(f —g)(x).(/g)(x) u

onpeaeJsieHu4.

b) Haiigure snauenus (/+g)(4).(f—g)(4).(/2)(4) u (
(/+8)(x)=/(x)+g(x)=— -+

x—2

(f=g)(x)=f(x)-g(x)=——=—x

x—2

(x) u ux obnactu

(4)-

7\
0~ oy |~
N /

(f8)x) = fx)glx) = Vx

x—2

H(x): f(x)_ 1




APUOMETUYECKUE OMNEPALIUN HAQL DYHKUUNAMU

b) ITockonbky 3HaUeHUE X = 4 NPUHAAIEKUT 00J1aCTH ONpeJiesIeHUs KaXKj0M HOBOU QyHKIIMY,
TO OllpeJiesIeHbl Cleylie 3HaYeHU :

(1 +8)(4)=7(9)+24)= 5 o=

1 3
(f-)(#)=F (4)-2(8)= 55~V =-3
(R)@) =/ ($e(8) = 55 Vo =1
1j4:f(4): L1 ~ N
(g ) g(4) (4-2)v4 4 PucyHok 1
Ilpumep 2. Caoxute rpapudecku GyHKIUU. A
Ha puc. 1. usobpaxkenbl rpaduku QyHKIUN [ U g. F=2E)

[ToctpoliTe rpaduk GyHKUUM f + g, UCHOJb3YS
rpaduryeckoe ClI0XKeHHUe.

Pemenue. M3BecTHO, 4TO rpadpuk QyHKLUUH f
COCTOUT U3 MHOXKeCTBa y=f(x)

{(x, fix)) - x € D(f)}

B IIJIOCKOCTH Oxy To4HO TaK ke MHO>KeCTBO

»
X
{(x, g(x) 1 x € D(g)} \_ )
sBisieTcs TpaduroM GyHKImu g. [log rpaduyeckum
CIoco60M C/lOKeHUs QYHKUMU f u g 1oA- d 2
pasyMeBaeTCsl MHOXeCTBO PucyHok 2
{(x flx) + g(x) : x €D(f) N D(g)}- YA y=(f+2)x)
B atom cayvae asisi opMUpOBaHMS TOYKH S
rpadpuka GyHKuuu f + g oTpe3ok RS ajauHON g y=g(x)
oTpeska PQ craBuTCa Haf 0Tpe3KoM PR. %17 f(x)
MNPUMEPDI 20 o)
€Y Crosxure u BoIYTHTE GYHKIUH. 9 e
X
a) f(x)=5x+1, g(x)=-2x 7 %
b) f(x)=-3x+3, g(x)=—5x+4 N J

c) f(x)=2x+1, g(x)=-5x+3
d) f(x)=-3x"+7x, g(x)=2x+4




MABA 1. PYHKUUU

e YMHOXbTe QYHKIIUH.
a) f(x)=—x", g(x)=-3x+1
b) f(x)=-3x"+3, g(x)=—x
c) f(x)=—x+3, g(x)=5x+6
d) f(x)=—4x+5, g(x)=-3x+1

EDHaiipure (/+2)(x),(f~2)(x).(/2)(x) u (éj(x) ¥ UX 06J1aCTH OTpefie/IeHus.

a) f(x):x, g(x):2x b) f(x):x g(x):\/;

c) f(x)=x2+x g()c):x2 d) f(x):3—x g(x):x -4

e) f(x):S—x, g(x):x2—3x f) f(x):x2+2x g(x):3x2—1
g) f(x)=+25-x", g(x)=vx+3 h) f(x)=+v16-x" g(x)zm
i f(x)=2 g(x)=—" D rE)= g ()=

0 HaiiguTe obsacTh onpeseseHUss GYHKIUU.

a) f(x)=x+V3-x b) f(x)sz_‘/I;—x
&) h(x)=(x—3)4 d) k(x)= J;_Tf

e [Tonb3ysce rpadukamu (puc. 3-4), HauepTuTe rpaduk GyHKUUMU f + g C MOMOLIbI0 MeTo/a
rpadgpuuecKoro cj0KeHHUsl.

Ve N\ Ve N\
PucyHok 3 PucyHok 4
YA A
f
. /\/\
: z s »
0 ‘ > N0 e 4
X




C/TIOXXHA4A, OBPATHAY, NEPUOANYECKAA ®YHKLUUU

C/NTOXXHASA, OBPATHASA, NEPUOAUYECKAA OYHKLUNMU

@ CiaoxHasa pyHKIuA

B pe3ysibTaTe nocjeoBaTe/IbHOTO NPpUMeHeHUS] GYHKIMK 06pa3yr0TCsl HOBble 3aBUCMMOCTH
nepeMeHHbIX. Eciin Ha MHOXecTBe X 3a/jaHa PyHKIMA ¥ = f(x), @ apryMeHT X eCTb QYHKLUS
x = g(t), onpefeséHHas Ha MHOXeCTBe T, TO 3aBUCUMOCTb y = f(g(f)) Ha3bIBaeTCs CJ0KHOU

dyHKLMeH, onpeseIéHHON HAa MHOXecTBe T.
Hanpumep, paccMmoTpuM yHKIUI0 y = 2x*-3x , 3a/JaHHYI0 HA MHOXeCTBe X = (-00;+00), U
dyHkumio x =47, 3azannyo Ha MHOXecTBe T =[0;+0). Torga GyHKuust y = 21 -3V sBnsercs

CJI0KHOU QyHKIUeN QYHKIUA y=2x> —3x ¥ x = JimaT= [0; +°0)-

Mpumep 1. Jlauer pynkuun f(x)=x" n g(x)=x-3.
a) HauauTe cioxHble PyHKIMH f(g(x)) U g(f(x)) U ux obJsIacTH onpeeeHUs;

b) Haiigure f(g(5)) n g(f(7)).

Pemenue. a) CipaBe/I/IMBbI CJIeiyIOlMe paBEeHCTBa:
flg(x)) =f(x—3), no onpejiesieHUIO g;
flg(x)) =(x—3)?, no onpeeseHUIO f;

g(f(x)) = g(x?), no onpezeseHU f;
2(f(x)) =x°-3, mo onpeJieJIeHUIO g.
06e ¢yukiuu f(g(x)) u g(f(x)) UMerOT 06J1aCTh ONpe/ieieHuUs R.

b) B Hali/IeHHBIX CJI0KHBIX QYHKIIMSAX BMECTO X IO/CTABUM 33a/JaHHbIe 3HAUEHUS:

f(g(5)) = (5-3)*=2%2=4, g(f(7)) = 7*— 3 =49 - 3 = 46.

Npumep 2. Eciu ganel ynxuun £ (x) =+/x u g(x)=+2-x, naiiaure cieayiomue dysxuun u
WX 00J1aCTU omnpejeseHus (puc. 1).

a) f(g(x)) b) g(f(x))

¢) f(f(x)) d) g(g(x)) 4 N
PemeHue. PucyHok 1
a) Umeem:

flg(x)) = f(VZ—X)Ho OTIPE/ICIICHHIO &,
f(\/2—x)=\/\/2—x =4/2—x no onpenenenuio f.

O6.1actb onpeziesiendss 2—x >0 g V2 —x ,orcropax < 2.




MABA 1. DYHKLUU

\  TakuM o6pasom, 06/1acThb onpeseseHUs PYHKUHNHU f(g(x))

PucyHok 2
y Y2 —-x ectb MHOXKeCTBO (-0; 2] (puc. 2a).
b) g(f(x)) = g(x/;) 110 ONpeZe/IeHHUIO f,
a) YA
i fg) g(x/;)=\/2—x/; 110 OIIpe/e/IEHHIO g.
T O6.aactb onpezaenenus x >0 aaa \/; O6J1acTh ompe-
11
f—t——t 0?5 —> feneHust 2 —~/x >0 ans \2—+x, orcioga /x <2 wim
x <4.Utak, 0 < x <4 (puc. 2b).
b) VY
c) f(f(x)) =f(\/;) =+Jv/x =4/x 1o onpezenenuio f.
g(fx))

O6s1acTb onpeiesienus [0; +oo) /s ix.

d) g(g(x)) = g(\/2—x) =4/2-+2—-Xx 1o onpejie/IeHUIO g.
s (/2 _ /2 —x 06J1aCTbiO ONpe/ie/IeHNsl ABJISIETCS MHO-

C) »KeCTBO TeX 3HaYeHUH X, A4JId KOTOPbIX
2-2-x20 = 2-x<2 = 0<2-x<4 =
—— —2<—x<2 = 2<x<2,
o7k Wtak, nus g(g(x)) 06J1aCThI0 OTpe/ie/IeHHsI SBJISETCS
i oTpe3ok [-2; 2] (puc. 2d).
4 X . X
g2 Mpumep 3. Haiitu f(g(h(x))), ecu f(x):m,

o

————+>
0] 1 2 3 4x

g(x)=x"nh(x)=x+3.

\_ Y, Pemenmue.
f(g(h(x))) = f(g(x + 3)) 10 onpezie/IeHUIo A,
f(g(h(x))) = f((x+3)10) 110 OIpe/ie/IeHUI0 g,
f(g(h(x))) = % 110 OTIpeieJIEHHIO f.

/1o cux Mop Mbl pacCMaTPUBaJ/IH CJ1y4ad NOCTPOEHUS CJI0KHBIX PYHKIIMN U3 3aJJaHHbIX QYHK-
uii. Ho B MaTeMaTH4YeCKOM aHaJ/IM3€e OYeHb MT0JIE3HO BBIMIOJIHAThL «06paTHOE JIefCTBUE» — YMEThb

BbI/IeJIATh COCTABAAKIINE QYHKIUU U3 CJI0KHBIX. PACCMOTPUM 3TO Ha c/iefylolleM NpruMepe.
ITpumep 4.

Jlana pynkuusa F ( x) = /x + 9 .llpuBesguTe mpuMep GYHKLUMI /U g, A5 KOTOPBIX /= f ( g (x)) :

Pemenue.

MOHO B3SITh QYHKLMH g(x)=x+9 u f(x):(‘/;.Tor,qa f(g(x)):f(x+9)=\4/x+9

10 OTpeJie/IEHUI0 g U f.




CITOXXHA4A, OBPATHAS{, NEPUOONYECKAYA ®YHKUUU

®yHKUMM f M g MOTYT OBITH BbIOpaHBI APYruMHU cnocobamu. Hampumep, f(x)=\/; %

g(x)=\/m,

IIpuMmep 5. [IpuMeHeHUE C/I0KHOU QYHKIMH.

4 DY

KaTep aBMm>xeTcsa napasiesbHO Gepery ¢ IOCTOSTHHOM

PucyHok 3

ckopoctbio 20 km/h. On npowmén nepes Masikom B 12:00
B 5 km ot 6epera.

a) 3anuLIMTe pPAcCTOSAHUE S MEeX/JY MasgKOM U KaTepoM
KaK QYHKILMIO, 3aBUCALLYIO OT pacCTOSIHUA d, NPOIIeHHOT0

katepoM nocse 12:00, To ecTb B BUJE CeAyolleid QyHKIUU:
s=f(d).

b) 3amuuure d B Buse dynknmn d = g(1), 3aBucsmeit
OT BpeMeHH ¢, npouwejuero nocuae 12:00.

¢) Haiigure cnoxuyto dyHkuuo f(g(t)) . YTo o3HavaeT
sTa QyHKIUA?

Pemienue. O6paTtumcs K puc. 3.

a) IlpumenuB Tteopemy Iludaropa, momydum
3aBHCUMOCTb PACCTOSHHSA S OT d C/IeIyI0LMM PaBEHCTBOM:

s=f(d)=V25+d" .
b) [TockosbKy KaTep ABUXKETCS C MOCTOSIHHOM ckopocThbio 20 km/h, To paBeHCTBO
d=g(1)=20t
yCTaHaBJIMBaeT 3aBUCUMOCTb PACCTOSAHUSA d OT f.
c) UTak,

Ag(t))= f(20¢) no onpegenenuio g,

flg(h) = 25+(20t)2 110 onpe/eNeHHUIO f.
Oyukuua f(g(f)) npeacTaBaseT cCO60H pacCTOSHHE MEX/1y KaTEPOM U MasikoM, 3aBUCSIIee OT

BpEeMEHH.

@ O6patHas pyHKIUA

Ecnu ypaBHeHHMe f(x)=y pa3peliMMO OTHOCHTEJbHO X M JJf KaX/Oro y HMeeT
efMHCTBeHHBIH KopeHb £(V), To 3aBucumocts X =g()) HaspiBaeTcs o6paTHOH dyHKIHe

a5 yukuun y = f(x). Bmecro sanucu X =g () no npasuity ucosibayeTcs 3anuch y = g (x).

O6bIYHO OOpaTHAs K Y = f(x) bYHKIMS 3aMCbIBAETCS B BUZIE ) = f’1 (x)




MABA 1. DYHKULUU

IIpumep 1. PaccMmotpum pyHKIM0O y =3x—5. Bolpa3um x yepes y:

+5
3x—5:y:>3x:y+5:>x=y—-
B nocsiejHeM paBeHCTBe, MEHSISI MECTAMU X U ), TOJYYUM QYHKILIUIO
xX+5
3

dTa QyHKLUA ABAAETCA 06paTHOU A1 QYHKIUHA y =3x—35.

y:

3ameuanwue. /I 3aaHHOM GyHKIMK y = f(x) U eé o6paTHO# GyHKIMK y = ' (x) UMeeT

MecTo D(f‘l):E(f) 1 E(f‘l):D(f).
BHumanue! OTMeTUM, YTO ( f (x))_l = m, 37echb (-1) o3HayaeT mokasaTesb CTelneHu. B

sammcu /' (x) yucso (-1) o3HayaeT 06paTHYIO0 QYHKIIMIO, @ He IIOKa3aTeJsIb cTeneHU. B obuieM
-1
ciydae, (f(X)) # /7' (x). Hanmpumep:

_ 5
st dyrkimn f(x)=3x-5 umetor mecro /()= T

5 —
IIpumep 2. HaiiguTte pyHKIMIO, 0OPATHYIO 33JJaHHOM. f( ): x -3

5

Pemenue. [lepenuiiemM QyHKIMIO B BUJlE ) = al

" pelnum €€ OTHOCUTEJIbHO X:

2
_x5—3

YT
2y=x"-3
X =2y+3

x=3/2y+3

Tenmepb NMOMeHseM MeCTaMH x M y: y =x/2x+3. CinefoBaTesbHO, 06paTHass QYHKIUS:

1 )=Y2x+3.

[lpumep 3. Haiinure GyHKLMIO, 06paTHYIO 3aAaHHOM: f(x)= 2x+3

x—1 .

2x+3
Pemenue. Ilepenuuem GpyHKLUIO B BUJE y =

Y pelIuM e€ OTHOCUTEJIbHO X:

_ 2x+3
Cox-1
y-(x—l):2x+3
y—y=2x+3

=2x=y+3




C/TIOXXHA4A, OBPATHA{, NEPUOANYECKAA ®YHKUUU

x~(y—2)=y+3

x=2t3 ; - N
Y= PuUcyHokK 4

+3
Takum o6pasom, /' (x)= al 5" o6paTHas GpYHKIHUL.
x —

IIpumep 4. [locTpoeHue rpadpuka 0GpaTHON QYHKIIMHA

Mo rpaduky dyHkuum f(x)=+x—2 mocrpoiTe
rpaduk GyHKiuK . HamuumuTe aHaJUTUYECKUI BUJ,

GYHKLMU .

Peluenmue.
1. I'paduk PyHKIHU y =+/x—2 NpPUBELEH Ha
pUucyHkKe 4.

2.Tpaduk yHKIUU [~ CTPOUTCA CUMMETPUYECKUM
oTpaxkeHueM rpadpuka QyHKIHUU f OTHOCUTEJNBHO
npAaMon y =x (puc. 4).

3. OyHKIHUA y =+/x—2 pellaeTcsi OTHOCUTEJNbHO X C Y4ETOM TOr0, YTo y > 0:

2=y
x-2=)"
x=y2+2, y=0,
Tenepb MOMeHsieM MeCTaMU X U Y: y=x"+2, x>0,

UTak, o6paTHOM siBJsieTC QYHKIUS f x)= X’ +2,x20.

['padukoM 3TOM HaWAeHHOU o6paTHOU PyHKIMHU [ !(x) ABJsieTCsT paBasi BETBb Mapa6oJibl
y=x"+2 .JT0 BUJHO U3 PUCYHKa 4.

. Ilepnoanyeckue GpyHKnuUu

[lycTb 3agaHa GyHKuusA y = f(x), a D( f) e€ obmacts onpenencHus. OyHKIus y = f(x) Ha3bIBaeTCs
nepuojuueckor QyHKIMeH, eciu cyujecTByeT Takoe 7 # 0, 4yTo A kaxaoro xeD( f):

1) 3Hayenusa x—7 v x+ 7T npuHamIexar D(f),

2) BeimostHeHb! paBeHcTBa f(x—T)=f(x)=f(x+T).
Ecnu yucno T siBAsieTcs epruoioM Nepruoandeckor GyHKUH y = f(x), TO TOrAa AJis J0b0ro
1es0ro n yucao nT Takxke sIBJsSIeTCS €€ epuooM:

f(x-i—nT)zf(x), nez.

HauMeHblINK NON10:KMTENBHBIN Nepuoy T nepuoguveckord GyHKIMU f (X) Ha3bIBaeTcs eé

OCHOBHBIM IIEPHO/IOM.

3HaHUe NepPUOJAUYHOCTH QYHKIUMU IMO0JIe3HO NMPU nocTpoeHUuu eé rpaduka. [Ipu stom
JIOCTAaTOYHO NOCTPOUTH pparMeHT rpadrka nepruoguieckoil GyHKIMU B OAHOM IIEPUO/IE, U 3TOT
¢dparmeHT rpaduka NOBTOPSAETCA B APYTUX IepUOAaX.




MABA 1. DYHKLUU

Hanpumep, Apo6Has yacThb yucaa {x} - PyHK- Ve N\

Mf, CTaBsALlasA B COOTBETCTBUE CBOIO APOOHYIO PucyHok 5

4YaCTb 3aJdHHOMY YHCJY X, ABJA€TCA Nepruogun-

Y,
yecKko¥ pyHKuuen (puc. 5). E€ ocHoBHOU nepuoz
paBeH T, = 1, T.e. (x + 1) € (—o0; +00) /11 IPOU3BOJIL- L
HOTO0 YUCIa X € (—00; +00) y ClIpaBelJIMBO PAaBEHCTBO / // >
{x+1}={x}. 2 -10 1 2 x

Ecau ocHoBHOUN mepuon GyHKUUU y = f(x)

paBeH T, TO OCHOBHBIM NepHOAOM GYHKIUU Y I'padux GyHKIMU y = {x} )

y=kf (ax+b)+c Gyaer uncio T, =|T—°| (a#0).
a

NMPUMEPDI

G HaitanTe 3Ha4eHUst CIOXKHBIXK GyHKIMH, Hcnosib3ys f(x)=2x-3 u g(x)=4-x".

2) f(2(0)) b) £(/(0)) o) £(£(2)) d) 2(2(3))

e) f(g(=2)) Hg(f(=2)) g) f(f(=1)) h)g(g (1))
eHaI‘/’I,zLHTe byukuum f(g(x)), g(f(x)), f(f(x)) n g(g(x)) u ux 061acTb Onpe/eseHus.

a) f(x)=2x+3, g(x)=4x-1 by /(x)=6x-5, g(x)=3

c) f(x):xz, g(x):x+1 d) f(x)=x3+2, g(x):%/;

e) f(x)z%, g(x):2x+4 Df(x):xz, g(x): x-3

g) f(x):|x| g(x):2x+3 h) f(x):4—x g(x):|x+4|

1) f(x)—%, g(x):2x—1 1 f(x)=%, g(x):x —4x

1 2
K ()= g(x)= D /(x)==. ()=

o Haiigure Gynknum, ucnonssys f(x)=3—x n g(x)=x"+1.

a) f(g(x)) b) g (f(x)) ) f(f (%)) d)g (g (x))

e CocTtaBbTe c/10xHY0 QyHKIHUW [ (2 (4 (X))).
a) f(x)zx—l, g(x)zx/;, h(x):x—l

b) f(x)=§, g(x)=x’, h(x)=x>+2




C/TOXXHA4A, OBPATHAY, NEPUOANYECKAA ®YHKUUU

C) f(x)=x4+1, g(x)zx—S, h(x):\/;
d) f(x):\/_,g(x):ﬁ,h(x)zyg

e U3 cnoxkHoMt pyHKMHK Buaa F(x) = f(g(x)) BblAenuTe eé cocTaBasonie QyHKIUU f U g.

2

2) F(x)=(x-9) b) F(x)=x+1 O F()==
d) F(x):ﬁ e) F(x)z‘l—x3‘ f)F(x)=1/1+\/;
@ Haligute dyHKIMIO, 0OpaTHYIO 3a/laHHOM f.
a) f(x)=3x+5 b) f(x)=7-5x o) f(x)=5-4x’
3 1 5
d) f(x)=3x"+8 e) f(x):m f)f(x)=ﬁ
3-4 3 . 2x+5
9 /()= WS (x) =2 b f(x)=
i) f(x)=5+8x k) f(x)=2+3x D f(x)=x", x20
m) f(x):Lz,x>0 n) f(x):4—x2,x20 0) f(x):x2+x’x2_l
x 2
e Haiiaute ¢dyHKIuMI0, 06paTHYI0 3aaHHOM. HapucyiiTe rpaduk dyHkuuu f -'(x), ucnosnb3ys
rpaduk GyHKLUH f.
a) f(x)=3x—6 b) f(x)=16—x2,x20
¢) f(x)=vx+1 d) /(x)=x

Haiigute GyHKLMH, COOTBETCTBYOLUE rpadrKaM, IPUBELEHHBIM Ha PUC. 6, U HAYEPTUTE
rpaduk ux o6paTHON PYHKIMHU:

D/ (x)=x" ) f(x)=1: 3 f(x)=x"
( N\

PUcyHoOK 6

a) b) c)
Y Y yi
L’A 7|0J—x ﬁo_'_'_'_x)
N

e[[oxamHTe, yto ancio T =~/2 sBasercs nepuoZioM GyHKIUU f(x) =5,

>

@ [TokaxkuTe, 4TO cdileayruiue (1)YHKHPIPI He ABJIAIOTCA NIEpUOgUIEeCKUMH.

1
2) S ()= b) f(x) = ——— ) [ ==

x—3 x—2
X’ +2
x> +5x+8

d) f(x)=x>—4 e) f(x)= f) f(x)=Vx+3x-1




MABA 1. PYHKUUU

CBOMCTBA OYHKLUMUMU

@ YéTHble n HeyéTHbIE PYHKIUU

PaccMotpum ¢yHKMio y = f(x), 06J1acTb omnpenesieHUss KoTopou D(f) cUMMeTpHYHa
OTHOCHUTEJIbHO Hyss. Eciaum i mpousBOJIbHOW TOYKM XED(f) BBINOJHEHO pPaBEHCTBO
f(-x) = flx), T0 y = f(x) Ha3bIBaeTca YéTHON PyHKIMeN. [padpuk 4éTHOU QYHKIUU SABASAETCA
CUMMETPHUYHBIM OTHOCUTENBbHO ocu Oy (puc. 1).

Ecnu ps npousBoJibHOrO 3jeMeHTa XED(f) BbIOJIHEHO paBeHCTBO f(-x) = —f(x), To
y = f(x) Ha3bIBaeTcA He4YETHOU PyHKUUen. 'padruk HeYéTHON PYHKIMU SABJIAETCA CUMMeET-

PHUYHBIM OTHOCUTEJIbHO Havasia koopauHat O(0; 0) (puc. 2).

Ec/iu He BbINOJIHEHO HU OJHO U3 [IBYX BblllleyKa3aHHbIX PaBEHCTB, TO PyHKLUA y = f(x) He
SIBJISIeTCS HU YETHOM, HU HeYETHOU QyHKIUEeH.

- "\ [Ipumep 1. IIpoBepbTe GYHKLUIO f(x):2x2 +5 Ha yéT-
PucyHok 1 HOCTb UJIM HEYETHOCTb.
Vi Pewienue.

I I f(—x):2(—x)2+5:2x2+5=f(x),
A=0)7 ) TO €CTh, HOCKOJIBKY f (- x) = f (x), To pyHKIUA [ (x) = 2x*+ 5

—X Q/ X X | aBasieTcss YETHOM.

Ipumep 2. [TpoBepuThb GyHKIMI0O [ (X)=2x"+5x Ha 4éT-
HOCTb UJIM HEYETHOCTD.

S f(x) — yéTHasa PyHKUIUA . Pewienue.
Ve ~ f(—x):2(—x)3+5(—x):—(2x3+5x):—f(x),
PucyHok 2 I TO eCTh f(—x) =—f(x), ciegoBaTeNbHO, f (x) = 2x*+ 5 saABasAeTCA
Y HeYETHOM QYHKIUEH.
[pumep 3. [IpoBepbTe PYHKLUUIO f(x)=2x"+5x" —3x+1 Ha
e f(r) YETHOCTb UJIK HEYETHOCTb.
A—) 0 X Pemenue.
1 ' fEX)=2xP+5CFx)P -3 (x)+1==-2x+5x +3x+ 1=
=(2x*-5x*-3x-1)
f(x) - HeudTHAs yHKIUS B atom cinyvae fl—x) #fix) u fl—x) #—f(x).

[TosToMy 3amanHast PyHKIMS HE SBISAETCS HUA YETHOM, HU HEUETHOM.

2 Bo3pacTtaHue 1 yobiBaHHE QYHKIUHU

[lycte Gynkuusa y = f(x) 3ajana Ha unTepsase (a; b). Ecin nis Beex x , x, €(a, b), yA0BI€TBO-
PAKOLIMX HEPABEHCTBY X < X, BbIIIOJHEHO:

o f(x)<f(x,), oy =fx) Ha3bIBaeTCA BO3pacTaIOLIEH;

X, ), Toy = fix) - yObIBaOLIEH;

(x)> /(%)
e f(x)=f(x,), 0y =f(x) - HeBo3pacTawOLeH;
(%)= /(%)

X, ), Toy = f{x) - HeyObIBatoLel GyHKIMeN HA UHTepBase (a; b).




CBOMWCTBA ®YHKLUUU

Bospacrariue, y6biBarole, HeBo3pacTawlile U HeyObIBawLiue GYHKIUU HA3bIBAIOTCS

MOHOMOHHBIMU PYHKYUSAMU.

L~
PucyHok 3 S(x )< flx,)

Va

' fxy)
fe)

x, bx

1
1
H

X

0] a

1

Bo3pacrawmiasa pyHKnus

&

~

f(x))> flx,)

Yo6biBaomasa GyHKIMs

J

@ Touxu 3KcTpeMyMa U 3KCTPeMyMbl PYHKIUH

e Ecmm:

1) dyuknus f(x) onpeseneHa Ha ©UHTepBase (a; b), KOTo-
pOMy TIPHHAIEKHUT TOUKA X ;

2) HepaBeHCTBO f(x) < f(x,) BbINOJIHEHO BO BCEX TOYKAX X
MHTepBaJa (a; b), OTJIMYHBIX OT X, TO TOYKA X, Ha3blBaeT-
cl TOYKOM MaKcuMyMa pyHKMHM f(x) (puc. 4).

Eciun x, € D(f) TOYKAa MakKCUMyMa QyHKLUUHU f(x), TO
3Ha4yeHue f(x) QyHKIMM Ha3bIBAE€TCA MAKCUMyMa QyHK-
uuu f(x) u o603Havaercsa kak y_ . Utak,

Vo =)

e Ecmm:

1) dyHkuus fx) onpejeneHa Ha UHTepBase (a; b), Ko-
TOPOMY NMPHUHA/JIEXUT TOYKA X,;

2) nepasenctso f (x)> f(x,) BbIMOJIHEHO BO BCex TOU-
Kax X MHTepBaJia (a; b), OTJIMYHBIX OT X,, TO TOYKA X, Ha3bl-
BaeTCs TOYKOM MUMHUMYMa QYyHKIUH f(x) (puUc. 5).

Ecin X, € D(f) - Touka MUHUMyMa QYHKLHUH f(x), TO
3HaveHue f(x,) GyHKIMU Ha3bIBa€TCsl MUHMMyMa QyHK-
uuu f(x) U 0603HaYaeTca Kak y, . . Utak,

Vonin =S,
Touka MakcMMyMa ¥ TOYKa MUHMMYMa QYHKLIMU 06006-

IAI0TCA MOJ, OJIHUM Ha3BaHUEM TOYKOM 3KCTpeMyMa

dyHk1Mu. B cBOIO ouepesib, MAKCUMYM U MUHUMYM QYHK-

PUcyHok 4

s hyHknuu f(x) Ha mHTEpBae (a; b)
X, — TOYKa MaKCUMyMa QyHKIMH;
Ve =SX,) — MaKCUMYM QyHKIHH.

. J
- )
PucyHok 5

J)

|

|

|
f———
Ola x, b \x

it GyHKIUY f(x) Ha uHTepBaie (a; b)

X, — TOYKa MUHMMyMa (yHKIIUH;
Vi =fX,) — MHHEMYM QyHKIAH.

MM 060010 TCS 0/ OJHUM Ha3BaHUEM IKCTPEMYMOM PyHKIHH.




MABA 1. PYHKLUU

IIpumep 4. 'paduk yHKLUH f(x) IpUBEJEH HA PUCYHKe 6.
[TokaxkuTe MPOMEXKYTKHU €€ BO3pacTaHUs U YObIBAaHUS.
Pemenue.

W3 pucyHka onpefiesinM, 4To GyHKIUA f{x) Bo3pacTaer Ha
npomexkyTKax (—oo;—2] u [0; 4] ¥ y6bIBaeT Ha MPOMEXKYTKAX
[-2; 0] n [4;00).

~

PUcyHok 6

NMPUMEPDI

e l'[pOBepre 3aJlaHHbIe (IJYHKI_U/II/I Ha YETHOCTb UJIU HEYETHOCTb.

a) f(x)=x" b) f(x)=x’

c) f(x)=x2+x d) f(x)=x4—4x2
e) f(x)=x—x f) £ (x)=3x"+2x" +1
g f(x)=1-x h)f(x)=x+§

Ha puc. 7 npuBeféH rpaduk pyHkuuu s ob6sactu x > 0. B
o6J1actu x<0 mocTpouTe rpadUK Tak, YTOObI 06pa3oBasICs
rpaduk:

a) 46THOU QYHKIIUU;

b) He4éTHON PYHKIUMU.

4 N\
PucyHok 7
VA
14
0 1 x=
N J

&) Ha pucynke 8 gaubl rpaduku pynkuuit f(x)=x"-4 u g(x)=‘x2 —4‘. O6bACHUTE, KaK

rpaduk QyHKIMHU g osiydaeTcsl U3 rpadpuka QyHKIUH f.

p
PucyHok 8

~




CBOWUCTBA ®YHKLUUU

4 N\
PucyHok 9
GHa puc. 9 nokasaH rpadpuk GyHKLUMHU AJs ob6aacTu x > 0. B 74
obsiactu x<0 mocTpoiTe rpaduk Tak, YTOObI MOJYUUJICA
rpaduk:
a) 4éTHOU QYyHKLMUY; 14
b) HEYETHOH QYHKI[UMU. o =
N J
( N
PucyHok 10
e Jlan rpaduk PyHKIUU f(x) =x"-4x* (puc. 10). y
Hcnosb3ys 3TOT rpaduk, nocTpoiTe rpaduk GyHKIUU A
g(x) = ‘x“ —4x2‘.

e Ha puc. 11 naH rpaduk pyHkiuu /. Ucnosnb3ys ero, onpegennTe:
1) 06J1acTh onpe/ie/ieHUs] U MHOXKeCTBO 3HAaYE€HUH;
2) UHTepBaJibl BO3pacTaHUs U yObIBaHUSA QYHKI UM f-

Cl) y b)
0] 1 5
c) y d)
1
0 %




MABA 1. PYHKUUU

GHOCTpOI‘/’ITe rpaduKu 3aJaHHbIX (QYHKLUH, ONpejesuTe HUX 00JIaCTb OIpejeseHUs HU
MHOECTBO 3HaUY€HUH, HAWAWTe NPUOJIMKEHHbIE IPOMEXXYTKHU BO3pPAaCTaHUS U YObIBAHUS.

a) f(x):xz—Sx b) f(x):x3—4x c) f(x):)c“—16x2

8 JaH rpaduk pynkuuu f (puc. 12). Ucnosb3ys ero, npubJIMKEHHO YKAXKUTE:
1) Bce aKcTpeMaJibHble TOUKU U BCE 3KCTPEMYMBI;
2) UHTepBaJIbl BO3pacTaHUs U yObIBAHUSA QYHKIUH f-

4 a) VA b) VA )
ﬁ ] R AL R
\J of i X N X
PucyHok 12
c) VA d) VA
of', AN\, AJ/\ R
X of 1\ «x
\ J

@ [TocTpoiiTe 3cku3 rpaduka caeAyrInx QyHKIUM:
a) yHKIMA yObIBaeT Ha (—00;3], BO3pacTaeT Ha [3;+oo);

b) pyHKIMsA yObIBAET Ha (—oo;O] U [1;+oo), MOCTOSIHHA Ha [O;l];

¢) yHKIMs YObIBAET Ha (—00;—6], BO3pacTaeT Ha [—6;0] Y IIOCTOSIHHA Ha [O; +oo);

d) dyHKIMs yObIBAET Ha [—5;10], MOCTOsSIHHA Ha [10; +oo) Y IPUHUMaeT HauMeHbllee 3Ha-
YeHUe B TOYKe x = —3.




SJIEMEHTAPHDIE NMPEOBPA30OBAHUA TPAOUKA OYHKLUUA

3NNEMEHTAPHDIE NPEOBPA3OBAHMA IPPAOUKA OYHKLIUUN

@ llepememenne rpapuka GyHKIMA

['paduk 3ajaHHOM GYHKIUU Y = f(X)MOXKET OBbITh epeMellléH B niockocTu Oxy. PaccMoTpum
caefyrouie cBUrK rpaduka GyHKIUU.
1. [lepemenieHue rpaduka GyHKIMHU 110 ocu Ox.
2. [lepemenienure rpaduka GyHKIMU 110 ockd Oy.
3. [lepemerieHue rpadprka GyHKIMU 110 HAPaBJIEHUI0 HEKOTOPOTr'0 BEKTOpA.
1. llepememienue rpadpuka pyHkuuu no ocu Ox Ha x, eJAUHUL, (pHC. 1).
[Ipu saTOM:
a) ecu x>0, To rpaduK nepeMeniaeTca Ha X, AMHHUL] B HallpaBJeHUH 0cH Ox;
b) ecin x,<0, To rpaduk nmepemeraercs Ha |x,| € AMHUL IPOTUB HaNpaBJIeHHUs ocH OX.
[losiy4eHHbIH rpaduK NpeacTaBsAeT C0601 GYHKIUIO y = f(x — X,).

PUCYHOK 1 Ilepemenenue rpadpuka pynkmuu y = f(x) mo ocu Ox \
y y
| |
| |
: :
| | o |
o i S R
@ b X 0] a b /\ % P
a+x, b+x,
a) ['paduk 3amanHOM b) ITpu x >0 rpaduk GyHKIHKH c) Ilpu x <0 rpapux GpyHKuIn
dyrkuan y = f(x) y = f(x—x,) nepemeniaeTcs Ha X, y = f(x) nepememaercs Ha [x |
\ SIMHHUI] HAPaBo. CITMHUIL HAJICBO. J

IIpumep 1. [TocTpoiiTe rpaduk caeaywIUX GYHKIUH, UCTIOIb3Ys rpaduK GYHKIUU f(x) = x2.

a) g(x)z(x+4)2 b) h(x):(x—Z)2
Pemenue.
Kak noka3aHo Ha pwuc. 2,
a) nepeMeiaeM rpadpuk PyHKIMU f Ha 4 eZJMHULBI BJAEBO JJisl TIOCTpOeHUs rpaduka g,
b) nepemeiiaem rpaduk GyHKIMU f Ha 2 eAUHUIIBI BIPABO [Jis MOCTPOoeHUs rpaduka h.

~

PUcyHok 2

1465432,

N




MABA 1. DYHKLUU

2. llepemeienue rpapuka pyHkuuu no ocu Oy Ha y , eJUHUL, (puC. 3).

[Ipu aTOM,

a) ecnu y >0, To rpaduK nepeMelaeTcs Ha y, €JMHMI] [10 HalpaBJieHuIo ocu Oy;

b) ecim y, <0, To rpaduk nepemeraeTcs NpoTUB HanpassieHust ock Oy Ha | y | eaunul (puc. 3).
[losiyyeHHbIH rpaduK npejcTaBiseT C0601 GyHKIHUI0 y =f (x) +y,

C Iepememenue rpadpuka pynkuuu y = f(x) mo ocu Oy \
PucyHok 3 y M
by, Mo \ fb)t 4l
! | I
fl@)+y, [t ,\i fla) i
1 / -
ON BRI 0 L
1/ ! I
flay [ N 1(b)+, |
: X 0 [ a b X
fla)+y,
a) ['paduk 3amanHOIM b) Ipu y >0 rpadux GpynKimu ¢) llpu y <0 rpaduk pyHkuun
¢byukmu y = f(x). y = f(x) nepemernaercs Ha y, y = f(x) nepemernaercs Ha |y, |
SIMHHMI] BBEPX. SIMHHMI] BHU3.
& ™)
PUcyHoK 4

IIpumep 2. [loctpoitTe rpaduk ciaeayromux GyHKIUH, UC-
10J1b3ys1 TpaduK GYHKIMH f(x) = x2:

a) g(x)=x"+3 b) h(x)=x>-2
PemieHue.

a) O6paTUM BHUMaHUe Ha CJeylollee:
g(x) =x"+3 :f(x)+3.

WTak, 4TOO6BI HapUCOBaTh rpaduK PYHKIHUU g TaK, KaK
MI0OKa3aHO Ha pUCYHKe 4, nepeMeliaeM rpaduk GyHKIUU
fBBepx Ha 3 eAUHULIBI.

b) AHanoru4Ho, 4T06HI HApHUCOBATb rPadUK GYHKLUHU
h, nepemenjaeM rpadpuk GyHKIMU [ BHU3 HA 2 €IUHULLBL.

\\

3. llepemenienne rpadpuka GyHKI UM B HANPABJIEHUH BeKTopa P = (X); ), ) (puc. 5).

B 3TOM ciyyae rpaduk GyHKIUU epeMelaeTcs:

a) Ha |x | exMHMI 10 HanpaBJieHHUIO (ec/u |x,>0[) nin npoTUB HanpaseHus (eciu |x,<0]) ocy;
b) Ha |y | eauHuI 10 HanpaBseHuto (ecau|y,>0|) win npoTUB Hanpas/eHus (ecau |y, <0[) ocu.
[TosydyeHHbIN rpaduk npeacTaB/sieT 060U QYHKIUIO ) = f(x—x0)+ Vo -

y R
PucyHok 5
» f(b)+y, \/9
+ A /‘
f(b) Sfla) ybo f\.<i .
f(a) f( )-- ///.//
' @] 7
</
0 | < ola b ) N x




SJIEMEHTAPHDIE NMPEOBPA30OBAHNA TPAOUKA OYHKLUUU

IIpumep 3. [locTpoiiTe rpaduk PyHKIUU - ™\
f(x)=vx-3+4. PUCyHOK 6

PelueHue.

CHayasia nmocTpouM rpaduk GyHKILHUHU y:\/;, );
CaBuHEM ero Ha 3 eZIJUHUIIbI BIIPABO U IOCTPOUM I'padpukK 6
byHKIMU Y = Jx—=3.3arem CIABHHEM 3TOT rpadrK BBEPX z
Ha 4 eAMHUNBl U NOJYYUM rpaduk OYHKIHUU 3
f(x) —Jx-3+4 (puc. 6). 12

@ Cxarue u pactskeHue rpadpuka GyHKIMiA 1

K_l

['paduk 3amanHON GyHKIMM ¥ = f(x) MOKHO AeOpMUPOBATh (CXKAaTh UM PACTAHYTH) B IJIO-

ckocTy Oxy. PaccMOTpUM JiBa BaXKHBIX CJIydasi.

Cay4yau 1. B sToM cnyvae 3aiaHHasA QyHKLUA y = f(x) cTaHOBUTCA y = kf(x) (puc. 7). [Ipu aTom:
a)ecau k >1, To rpaduk pactaruBaetcs k pa3 ot ocu Ox BAoJib ocu Oy;
b) ecin 0<k<1, To rpaduk cxxumaeTtcs k pas no ocu Oy k ocu 0x;
c) ecniu k<0, To rpaduk ¢yHknuu y = kf(x) cumMmetpuueH rpaduky QyHKuuu y = |k|f(x)

OoTHocUTeJibHO ocu Ox.

C IMocTpoenue rpadpuka pynkuuu y = kf(x) w
y y
kf(b) 1-—-----F= A PucyHok 7
e\l

f(6) i ¥ Kf(b) -

fla) L__ i -ﬁ-f(b)

flay” ;o Ha) o

: i -gkf(a) ,
0] a b x - 0l a b x

Caydau 2. B sToM ciyyae 3aiaHHas QyHKLUsA y = f(x) cTaHOBUTCA y = fimx) (puc. 7). [Ipu aTom:
a) ecaiu m>1, To rpaduk cxkumaeTcas m pa3s k ocu Oy no ocu Ox;
b) ectu 0<m<1, To rpaduk pactaruBaeTtcs m pa3 oT ocu Oy no ocu Ox;

c) ecaim m<0, To rpadpuk PyHKUUHU y = f(mx) cuMMeTpuieH rpaduKy GyHKUUU y = f(|m]|x)
OTHOCHTeJIbHO ocu Oy.

TMocrpoenue rpaguka pynkuun y = f(mx) \

PucyHok 8




MABA 1. PYHKLUU

Ilpumep 4. Hapucyiite rpaduku GyHKIUU
g(x)=+-x

Pemenue.

Ha pucynke 9 cnepBa HauepTUM rpadpux GyHK-
wnu ¥ =~/x . 3arem rpaduk dpyrxumm g (x)=v—x
06pasyeTcsd CHMMETPUYHBIM OTPAKEHUEM 3TO-
ro rpa¢uka OTHOCUTENbHO ocU Oy.

ObpaTuTe BHUMaHMe: 06J1aCTh ONpesieseHUs
byHKIMM g(x):\/g COCTOUT U3 MHOXeCTBa

x<0.

Ilpumep 5. IlocTpoiiTe rpaduku cCaeayrOIIUX
byHKU MU, ucnoab3ysa rpaduk PyHKOUU
/(x)=x"na pucynxe 10.

a) g(x)=3x"; b)h(x):%xz.

Pemenmue.

['paduk PyHKLUU g CTPOUTCA NYTEM YMHOXKe-
HUS KOOPAUHATDI y KOK0M TOYKH rpadpuka GyHK-
nuu Ha 3. To ecTb A popMupoBaHUS TpaduKa
byHk1uU g rpaduk GyHKIMHY f HEOOXOAUMO pacTs-
HYTb 10 BepTUKa/u 3 pa3a. [losyyeHHas napabosia
«TOHbIIIEe» 110 CPAaBHEHUIO C UCXOAHOM MapaboJiou.

b) 'paduk PyHKIMM /i CTPOUTCA MYTEM YMHOXKe-
HUS KOOPAMHATHI ) K&XK/10M TOUKU rpaduKa GyHKIUU
f Hag. To ectb A popMUpoBaHusA rpapuka GyHK-
MU 4 rpaduk GYHKLMU f HE06XOAUMO CKaTh B 3
pasa 1o BepTHUKasH K ocH x. [losiydeHHas napaboJia
«TOJIIEe», YeM UCX0/iHas napaboJa (Pucynok 10).
IIpumep 6. Hapucyiite rpaduk GyHKLUU
f(x)=1-2(x-3)".

Pemenmue.

CHauasa ciBUuHeM rpaduk QyHKIUU Y = x°
110 TOPU30HTAJIM Ha 3 eIMHHUILb] BIIPABO U IO-
Jy4uM rpaduk QyHKIUU Y = (x—3)2. 3aTem
CUMMETPUYHO OTHOCUTEJbHO 0cU Ox 0Tpa3uM
3TOT rpaduK, Jajee BBINOJHUM JBYKpaTHOE
pacTskeHWe Y NOoJAy4YUM rpaduk QYHKIUU
y= —2(x - 3)2 . Hakonery ciBuraem sToT rpaduk
BBEpPX Ha OJIHy eiMHULY U popMUpyeM rpadpuk
dynxmuu f(x)=1-2(x— 3)2 (puc. 11).

PucyHok 9

g(x)=\=x 7

PucyHok 10

PucyHok 11




SJIEMEHTAPHbDIE MPEOBPA3OBAHUNA TPPAOUKA OYHKUNU

IIpumep 7. Ha puc. 12 n3o6pakéH rpaduk QyHKIUU Y = f(x). Hcnonb3ys aToT rpaduk, Hapu-
cyiTe rpaduKU CleAyOUIUX QYHKLIUN:

a) v=£(2x); b) y=f(%xj.

( \
y=f(x) PucyHok 12

Pemenue.
a) YMHOXXUB KOOPAUHATY X KOXKJ0M TOUKU HA 2, COKMEM rpaduK GYHKI UM /' B TOPU30HTAJIb-
HOM HanpaBJieHuH (puc. 13).

1
b) YMHOXUB KOOpAMHATY X K01 TOYKU Ha 5+ PACTHHEM rpaduk PyHKI MU f B TOPU30HTAJIb-
HOM HallpaBJieHUHU (puc. 14).

4 o Ny

PucyHok 13 PucyHok 14

' —>
1
Pgh "=
N J
y= f(Zx)
MPUMEPDI
e 3Has rpaduk PyHKIUH f(x), 0OBACHUTE, KAaK MOCTPOUTh rpadPUKU CAeAYIOUUX GYHKIUH.
0= £ ()1 by £(-2) o v=1( 5]
dy=f(x)+4 e)y=f(-x) Dy=3/(x)
@y=—/(x) W=/ () ) y=f(x-5)+2
P y=/s(x+1)-1 kyy=4f(x+1)+3 I) y=7(4x)

m) y=—/(x)+5 n) y=3/(x)-5 0)y=1-/(-x)




MABA 1. DYHKLUU

606'bHCHI/ITe, C MOMOLIbI0 KaKUX Npeobpa3oBaHUM rpapuk QyHKUMU g GopMUpYeETCA U3
rpadrka QyHKLUH f.

a) f()=¥", g(x)=(x+2) b) f ()=x", g(x)=x"+2
0) f(¥)=%, g(x)=(x—4) d) £ ()=, g(x)=x"—4
e) f()=|x, g(x)=|x+2|-2 f) f()=|x], g(x)=|]x-2/+2
g) f()=x, g@)=—Vx+1 hy f()=vx, g@x)=v-x+1
e [TocTpoiiTe rpaduku cienyomux GyHKIUH, HCO0Jb3Ys rpaduK GYHKIHUK y = x°.
a) g(x)=x"+1 b) g(x)z(x—l)2
o) g(x)=—x d) g(x):(x—1)2+3

a [TocTpoiiTe rpaduku ciefyrux GyHKIUH, UCNI0Ib3Ys rPaPpuK QYHKLIUU Y = Jx.
a) g(x)=vx-2 b) g(x)=x+1
) g(x)=vx+2+2 d) g(x)=—x+1

e,ﬂ}lﬂ 3aJJaHHbIX QYHKIIMH HAUAWUTE COOTBETCTBYIOLME rPad KU Ha pUcyHKe 15.

a) y=|x+1| b) y:|x|—1
o) y=|x—1 d) y=—x
N
PucyHok 15
1) ya 2) Ya 3) Va 4) Va
i / \i/ 2 \\/
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@HOCTpoﬁTe rpaduku ciaeayrumux GyHKIUN, cAelaB COOTBETCTBYIOILME MPeoOpa3oBaHUs
Ha rpaduke CTaHAAPTHON QYHKIUH.

a) f(x)=x"+3 b) / (x) =+ +1 0) /(x)=|x|-1
d) f(x)=vx+1 &) f(x)=(x-5) B f(x)=(x+1)
g f(x)=lx+2 h) /(x)=vx-4 i) /(%)=

i ()= oy =4 e

m) y=ix2 n) y=-5Jx 0) y=3[x]
p)yzélxl q y=(x-3)+5 r) y=vx+d-3
5) y=3—%(x—1)2 t) y=2-x+1 ) y=|x+2+2

v) y=2- w) y =¥ a3 x) y=3-2(x-1)"




ANNEMEHTAPHDbIE NMPEOBPA3OBAHUNA TPAOUKA OYHKUUA

e K rpaduky faHHoM GyHKIUM f NPUMEHSIOTCS Npeobpa3oBaHUsl B yKa3aHHOM MocJie0Ba-
TeJIbHOCTU. Hanumute popmysy nmosydeHHOU GyHKIUU.

a) f(x) =x’, mepeMecTuTe eé rpadyK Ha 3 eJUHUIBI BHU3.

b) f(x)=x", mepemecTute eé rpaduk BBepx Ha 5 e[MHHUII,

C) f(x) = \/;, nepemecTuTe eé rpadUK Ha 2 eJUHHUILbI BJIEBO.

d) f(x) =3x, nepeMecTuTe eé rpadUK BIpaBo Ha 1 euHULLY.
(%)

, lepeMecTUTe e€ rpaduK Ha 2 e JTUHUIIbI BJIEBO U Ha 5 eTUHUI] BHUS3.

f) f(x)=|x|, oTpasuB cuMMeTpHuHO eé rpaduK OTHOCHTENLHO OCH AGCIUCC, TepeMecTHTe Ha
4 eMHULBI BIPABO U Ha 3 eJUHUILbI BBEPX.

g) f(X) = i‘/;, OTPa3UB CUMMETPHUYHO €€ rpadpUuK OTHOCHUTENbHO ocu Oy, IepeMeCTUTE BBEPX
Ha 1 eguHULy.

2 .
h) f(x) = X", nepeMecTuTe e€ rpaduK Ha 2 eAMHHUIIbI BJE€BO U OTPA3UTE CUMMETPUYHO OTHO-
cuteabHo ocu Ox.

. 2 o
i) f(X) = X", pacTaHUTe e€ rpadUK 2 pa3a N0 BepTHUKaJ/H, IepeMeCcTUTe Ha 2 eJUHULbl BHU3
Y Ha 3 eIMHULbI BIIPABO.

1
j) f(x)=]|x|, commure eé rpaduk Ha » 70 BepTHKa/H, IepeMecTHTe Ha 1 eguHULy BJIEBO U
Ha 3 eJUHULbI BBEPX.

@ Janbl rpaduku yHkuuii fu g (puc. 16). Haitagute popmMyny GyHKIMHU g, UCTI0J1b3YS1 QYHKIUIO f.
- )

PucyHok 16

a) b) yli%

J)=x




MABA 1. DYHKULUU

e JaHa yHkyusa y = f(x). Hcxopsa u3 pucyHka 17, HailjuTe COOTBETCTBYIOLIME rPadUKH Clie-

AyoIUX QYHKIUN.
a) y=f(x—4)
b) y= f(x)+3

c) y=2f(x+6)

d) y=—7(2x)
_lf(x)

e)y—3

f) y=—/f(x+4)

g) y:f(x—4)+3

h)y=7(=)

PucyHok 17
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NIMHEMHOE U KBAOPATUYHOE MOAE/TUPOBAHUE

JINHEMHOE U KBAAPATUYHOE MOJAEJIUPOBAHME

MaTeMaTHyecKkoe MO/JIeJIMPOBAHUE SIBJISIETCS OCHOBHBIM aHATUTHUYECKUM UHCTPYMEHTOM
M3y4YyeHUs1 IKOHOMUYECKUX ITPOLeCCOB.
PaccMoTpuM cienyoniyio 3ajayy.

3ajzayva 1. Haiiainte Han60J1b11Yy10 TJIyOHMHY, U3 KOTOPOM NMOPIIHEBOM HACOC MOXKET OTKAa4MBaTh
BOZY.
Pemenwue.
Kak u3BecTHO, JjlaBjieHHe BOAHOIO CTOJIOWKA B TpybOe Hacoca BbIYMC/IAETCA 10 GpopMy.Jie
p=pgh-
3necb p = 1000 kg/m? - minoTHOCTb BoAbl, g =10 m/s® - ycKOpeHHe CBOGOJHOTO NaJleHuUs,
h - BbICOTA BOJSHOTO CTOJIOMKA.
[Tocko/1bKY Hacoc pacnoJioXKeH Ha YPOBHE 3eMJIH, TO BbICOTY BOJSIHOI'O CT0J162 MOXKHO
Ha3bIBaTh IJyonHOW. VTak, riiybrHa BoJibl MOXKET ObITh HalZieHa GopMy101
h=_P_
PE

B 1643 roay B onbITax UTaJbsIHCKOTO GU3KKa IBaHxearcTa Toppuyesnay 6bL10 J0Ka3aHo,
4TO JlaBJieHWe BOJSIHOTO CT0JI6a He TpeBbilaeT aTMocpepHoe Aasaenne p, = 100 000 Pa, To

€CTb p < Do HOSTOMy my61/1Ha OTKAa4YMBAHHA BOAbI B IOPIIHEBOM HACOCE HE MOXKET IIPEBLIIIATD
p= P < Po_ 100000 _,
pg pg 1000-10

OTBeT: [lopiiHEeBOM HacoC MOXKeT A00bIBATh BOJY C MAKCUMaJIbHOU IrJ1yO6uHbI 10 M.

/e N
PucyHok 1
[ToBepxHOCTB
3eMJIU
A
I
|
I h
|
i
YpoBeHb ;
N0/ 3€MHBIX BOJ, ,:f
R e I )

[lepeMeHHbIE, BOLIeLINE B 3TY MO/ZeJib, IEPBOT0 MOPSAAKA U BCE YCJIO0BUS B HEW HaI0KEHbI
JIMHEUHBIMU OllepalUsiMHU (C0KEHUEM U YMHOXXEHUEM Ha YMCJI0) 3TUX lepeMeHHbIX. [loaTomy
Takass MoO/JleJib Ha3blBaeTCs JIMHEWMHOM MaTeMaThuecKou Mmojesblo. [Ipouecc npuBeneHuUst
3a/la44 K BUZY IMHEMHOM MO/IeJIM Ha3bIBAeTCs JIMHEWHBIM MOJIEJIMPOBAHUEM.




MABA 1. PYHKLUU

IIpumep 2. YyeHUK BbIOpa KOOPAUHATHYIO MJIOCKOCTh Oxy TaKUM 00Pa3oM, UTO OH MPUHSJ
CBOH JIoM 3a Hayasio koopauHaT 0(0; 0) (puc. 2). 3aTeM BbISICHUJI, UTO IIKOJIA, B KOTOPOW OH
y4uTCA, HaxoguTca B Touke ((4; 3). OH BBIYUC/INJ, YTO OTPe30K NPAMOJMHENHOr0 y4acTKa
JIOPOTH MeX/y JJIOMOM U 11KO0JIoM nepecekaeT ocb Ox B Touke (6; 0) u ock Oy B Touke (0; 4).

M3BecTHO, YTO B LIKOJIE YCTaHOBJIEHA aHTEHHA KOMIAHUU MOOWJIBbHOU CBS3U. YUEHUK
3aMHTEPEeCcOBAJICS HAXOXJEHUEeM TOYKH JOPOTH, B KOTOPOH COTOBBIA TesedoH maccakupa
JIBIDKYLErocs MO Jopore aBTOMOOWJIA OyZAeT Jiyylle BCEro NPUHUMMAThb BOJIHY, U3/1y4aeMylo
AHTEHHOM.

3agaHue. Kak O6bl Bbl pelInJu 3Ty 3a/ja4y?

Pemenue. OuyeBUHO, YTO B OJIMKaMIIEeH K LIKOJIe TOYKEe JOPOrU COTOBbIM TesiepOH UMeeT
HaWIy4YlIui npuém. Jlig pelieHUs1 3TOM 3aZjladd HEOOXOJUMO COCTAaBUTh YpaBHEHUE MPSIMOH,
onuchbIBawlIlel Jopory (AB), U HAUTH KOOpJUHATHI €€ GiMKalllel K KoJe TOYKU. /s aToro
HEe00X0JMMO MPeICTaBUTh CUTyallMI0 rpapUuiecKu (CM. puc. 2).

3aTeM CTPOUTCA ypaBHEHUe IPAMOU, npoxojdinen yepe3 Touku A(6; 0) u B(0; 4). [lia atoro,
o/ CTaBUB KoopAuHaThl ToueK A(6; 0) u B(0; 4) B ypaBHeHHe NpAMOU y = kx+b, cOCTaBJIAOTCA
ypaBHEHUS

0=k6+b
4 =k-0+b
13 HUX HaxoAATCsA KO3 PUIIMEHThI )
b=4, k= 3
UTtak, ypaBHeHUe npsiMol (AB) umMeeT BU/,
——%x+4
y 3 .

PenieHue 3a/1a4u COCTOUT B HAXOX/JeHUU OJvKauiield Touku D(x, y) npsAMoH (AB) Kk Touke
C(4; 3). MaTemMaTnyeckas MOJieJIb 3TOW CUTYALMH 3alIMCbIBAETCA CAey0LUMM 00pa3oM:

F =\J(x—4)* +(y—3)° - min,

2
=——x+4.
4 3

s N
PucyHok 2

S
MaTeMaTUu4yeCKrMe MOJEJH TAKOro THIIAa Ha3bIBAKTCH Keadpamuuﬂbuwu MoaeﬂﬂMu,

IIOTOMY 4YTO NepeMeHHble B 3TOM MOJeJU UMEKT MepBblM U BTOpou mopsafok. [Iponecc
NpuBeleHUsA JAaHHOM 3a/ja4yM K GopMe KBaJpaTUIHOM MOJleJIU Ha3blBaeTCAa K8AdPAMUYHbIM
Mode/luposaHueM.




NIMHEMHOE U KBAOPATUYHOE MOLOE/TMPOBAHUSA

NMPUMEPDI

3anuuuyTe JIMHEWHYIO MO/ZieJIb KaXK/10T0 3a/laHUS:

a) Bel apenioBasiu Besiocumne/ ¢ nepBoHadaibHbIM B3HOCOM 10 000 cymoB u Tapudom 5 000
CYMOB B yac.

b) ABTOMacTepckasi ycTaHOBUJA 6a30Bylo miaty B pa3dMmepe 50 000 cymMOB M mo4yacoBYIO
omaty B pa3Mmepe 15 000 cymos.

c¢) [lnuHa cBeuu 30 cm, ckopocTh ropeHus 1,4 cm B yac.

d) CmenuasucT o NporpaMMHUpPOBaHuI0 6epeT 75 [10/171apoB 3a KOHCY/bTAlUI0 U 35 10J1J1apOB
3a KaK/ bl JOMNOJHUTEAbHbIN Yac.

e) Tekyijas TeMmnepaTtypa coctapjsieT 25 °C, U 0KH/JaeTCsl, YTO HOUbIO OHA OYAEeT CHUXKAThCSA
Ha 2 °C Kak/JbIH yac.

f) Hacesienue kuiiaka coctaBisieT 6791 yesloBeK U €3Kero/HO YMeHbIIaeTCsl Ha 7 YesOBEK.

e OnpepenuTe, Kakoil siBjsieTcs QYHKIUS B JaHHOW TabJjulle - JUHEWHOWU WUJIHU
KBaJ|paTUYHOU.

X 0 1 3 4 6
y 5 10 20 25 35

e Korza mMs4 mofnpbiriBaeT BBEPX U BHU3, BbICOTA, KOTOPYIO OH JJOCTUTAET, MOCTOSHHO
yMeHblaeTcsA. Ha npuBejéHHOM HibKe TabJivlle OKa3aHa BbICOTA MPbIKKA C TeYeHHEM BpEMEHH.
a) Haligute Hanbosiee NoAXOAs1Y0 KBaZJPAaTUUHY0 QYHKIMIO.
b) HaliiuTe MakcUMaJ/IbHYI0 BBICOTY, HA KOTOPYIO MOANPbITUBAET MSIY.
¢) OnpesennTe, Ha KAKOU BbICOTE ObLJI MsY Yepes 2,5 CEKYH/bI.

£ () 2 22 | 24 | 26 3
h(moiim) | 42 | 33 | 26 | 16 2

0 KaMeHb 6polieH ¢ Kpbiy 70-MeTpoBOTo 3/jJaHus], BbICOTA KAMHS KaK QYHKIUsS1 BpeMeHHU
onpeziesieTCsl KBaJpaTUdHoOH yHKIuen A(f)= — 5£+25¢ +70 rjae t BIpaXK€HO B CEKyHJaX, a
BBICOTA yKa3aHa B MeTpax. Yepes CKOJIbKO CeKyH/i KaMeHb YIaAET Ha 3eMJII0?

6 YMujie TpebyeTcs Ha YOOpPKY CBOel KOMHATHI B /iBa pa3a 6oJiblie BpeMeHHU, yeM Yapoc.
Moxuuexpe Ha y6opKy TpebyeTcsa Ha 10 MUHYT 6oJiblie, 4eM Yapoc. B 061ielt cI0’)KHOCTU OHU
TpaTtaAT 90 MUHYT Ha YOOpPKy CBOMX KOMHAT. CKOJIbKO BpEMEHU HYKHO YMHUJe, YTOObI yopaTh
CBOIO KOMHATYy?

JUabIIo HBIPHYJ B MOpe 3a »XeM4yroM. [Jly6MHa ero nmorpykeHus depes t CeKyH[],
coctaBuJia h(t) = -4t* + 4t + 3 MeTpa, t 2 0.
a) Ha kakoil riy6rHBI HAXOAUTCSA KEMYYT?
b) Cko/J1IbKO BpeMeHU HY>KHO /Jluib110/y, YTOOBI JOOBITh KeM4yT?
¢) C kako¥ BBICOTHI HBIPHYJ B BoAy /Jluibuion?

3yJ1aiixo moJsiy4yusia 3aka3 Ha MOUIMB py6ailek. Eciv oHa combET x pyballek 3a OJUH EHbD,
TO 3apa6oTaeT P(x) = -x?+ 20x (TbICSI4) CYMOB.
a) CkoJIbKO py6allieK oHa J0JPKHA CIIUTD, YTOOBI MOJTYYUTh MAaKCUMaJIbHYI0 PUObIIbL?
b) Kakum MoKeT 6bITb €€ Haub0bIINHN J0X0/?

@ B 2005 roay Hacesienue 3apadiuaHa coctaJisiyio okoso 55 000 yesoBek. B To Bpems
HaceJIeHHWe POCJio co cKkopocThio okoJio 2 000 yenoBek B roa. IlocTpoiiTe JIMHENHYIO MO/ Eb,
yTOOBI HAWTU HacesieHUe 3apadiuaHa AJid aboro roga. Kakosa 6b1y1a YHUCIEHHOCTD HaceJIeHUs
3apadumana B 2010 roay? OnpenenTe YUCJIEHHOCTb HacesieHus 3apaduiana B 2025 roay.




MABA 1. PYHKLUU

NMPOEKTHAS PABOTA

JI1o601 rpaduK ymeeT paccKa3blBaTh

Ecau kapTUHKa nepefaéT ThICSAYM CJOB, TO rpaduk
00bSICHSIET XOTS1 Obl HECKOJIbKO mpeaJioxkeHWi. Ha
caMOM Jiesie, rpaduK HHOTZA MOXET MpeJCTaBUThb
CUTyalrio 6bicTpee U 3QpPeKTUBHEE, YEM MHOMXKECTBO
cnoB. PaspyuiMTesbHble nocjaeAcTBUSA Kpaxa (OHJO-
BOoro pblHKa 1929 roza 4éTkKOo BHJAHBI Ha Trpaduke
npombliiieHHoro uHaekca Jloy J»xonca (DJIA). 'azeTsl
TOTO BpeMEHM ONyO6JUKOBAJU Takhe rpaduKd Kak
3pdekTHBIN cnocob6 0O6bICHEHUs, HACKOJbKO ObLI
BeJIMK pa3Mep yuiepba.

He HyXHO C/J0B, 4YTOOBI TMepeAaTb CMBbICI
n300pakeHus puc. 2. /luarpaMmma pacckasbiBaeT Npoc-
Ty10 UCTOpUIO. [Ipon301€N craj, 4ero-To: MOXeT ObITh,
OpoJaX, MNPUObLIM WJIA NPOU3BOJUTEJNBHOCTH - U
OTBETCTBEHHOE JIML0 3TUM O4€Hb 06€CIIOKOEHO.

B aTOM Hcciej0BaTeNbCKOM MPOEKTE Mbl U3YYUM
MCTOPHUH, KOTOpPble PAcCKa3bIBAIOT HaM rpaduky, u, B

CBOIO 04epe/ib, CO3/1aiUM rpaduK, pacCKasblBAOLUMNA HCTOPUIO.

UYmeHue paccka3a no epagpuxky
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1. Ha pucynke 3 u3ob6pakeHbl yeTbipe rpaduka 3aBUCHMOCTH TeMIlepaTypbl OT BpeMeHHU

(HaumHad ¢ 8:00), 32 KOTOPBIMHU CJIEAYIOT TPU UCTOPUH.
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NMPOEKTHAA PABOTA

a) CONoCTaBbTe KaXKAYI0 U3 UCTOPUU C OJHUM U3 rpadUKOB;

b) HamUIIUTE COOTBETCTBYIOILYI0 UCTOPHUIO [/l rpaduka, HE COOTBETCTBYIOLIEr0 HU OJHOU

HUCTOPUHU.
Uctopusa | B mosngenp A jocTtajsa MsCO M3 MOPO3WJKH W IOJIOXKHWJIA HA CTOJ, YTOOBI
1 pasmMopo3uTsk. [Ipuja [oMOH, 1 IPUrOTOBHUIIA €T0 B JYXOBKE.
HUctopusa | YTpoM g fjocTasna MCO U3 MOPO3UJIKU U II0OJI0XKUJIA Ha CTOJI, YTOOBI pa3MOPO3UTh.
2 [Ipuasa [OMOMY, 1 NIPUTOTOBUJIA €T0 B IyXOBKeE.
UcTopust YTpoM 4 focTajia MsCO U3 MOPO3UJIKU U IIOJI0XKUJIA Ha CTOJI, YTOOBI pa3MOPO3UTh.
3p Ho 3a6b11a 06 3TOM M noeJ1a B Kade o opore oMoy ¢ paboTsl. Korja s BepHyJ1ach
JIOMOH, TO MIOJIOKUJIA MSICO 0OPATHO B MOPO3HUJIKY.

2. B 6ere c npenatcTBussMU Ha 100 MeTpoB NpUHAAU [

ydyactve Tpoe 6eryHoB. ['paduk Ha puc. 4 nokaspiBaeT PUcyHok 4
NpPONJIEeHHYI0 JUCTAHIMI0 Kak OQYHKIHWI BpeMeHU

o NS
JUisl Kaxjaoro 6eryHa. OnmuiivTe, 4To rpaduK TOBOPHUT ¥ (mi 48 C
BaM 00 3ToM rouke. Kto eé Bbiurpan? Bce jiu GeryHbl el
fouwny fo ¢uHuina? Kak Bbl fymMaeTe, UTO CAYYUJIOCH CO
criopTcMeHoMm B?

3. CoctraBbTe wucCTOpUIO (0 JIIOOOW CUTYaILMH), — } >
COOTBETCTBYIOILYIO rpagUKy Ha puc. 5. L 20 ”'ﬂ/
( B

PucyHok 5
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» PALIUOHAJIbHDBIE YPABHEHUA

) 3 CUCTEMbI PALIMUOHAJIbHbIX YPABHEHUMA

¥ PALLUOHAIJIbHBIE HEPABEHCTBA
¥ CUCTEMbI PALIMOHAJIbHbIX HEPABEHCTB
MPPALIMOHAIJIbHbIE YPABHEHUA

EMbl UPPALIMOHAJIbHbIX YPABHEHUMA



PALUOHAJIbHbIE YPABHEHUA

PALIMOHAJIbHbBIE YPABHEHMA

4 OcHoBHbI€e onpe/ie/ieHUs U MOHATHA

Onpepenenue

Pagencrso Buaa f (x)=g(x) nasbiaercs ypagHeHuem c 0dHoll HeuzeecmHoli (37echb [
(x) u g(x) dyHKLMH, 3aBUCALHE OT IEPEMEHHOU X).

Eciu npu noscTaHOBKe 3HaUYeHHUs X = ¢ B ypaBHeHUe 06pa3yeTcsl MPaBUJIbHOE YHUCJI0BOE
paBeHCTBO f(a) = g(a), TO 3HaUeHUE a HAa3bIBAETCSI KOPHEM ypasHeHus f(x) = g(x).

Pewiumbs ypagHeHue 03HA4aeT HAUTH BCe eT0 KOPHU UJIM [I0KAa3aTh, YTO HE CYIECTBYeT
HU OoJHOro KOpHs. COBOKYMHOCTb BCeX KOpHEW ypaBHEHHS HAa3bIBAETCS pelleHHeM
YpaBHEHUH.

Eciu He cyumecTByeT HU OJJHOTO 3HAYeHUS HEU3BECTHOIO X, SIBJSIOIIEr0oCs KOPHEM
ypaBHEHUS, TO UCII0JIb3YETCS BhIpAXKEHHUE «YpasHeHuUe He umeem KOPHS» niu «PewleHuem
YPAaB8HeHUS 8/151emcsl NyCmoe MHOMCEC80», KOTOPOe TaK»Ke MOXKHO 3anucaTh Kak x € &.

Mpumep 1. Pemure ypasuenue (x+3)(2x—1)(x—-2)=0,

PemeHnue. [IpaBasg 4acTb 3TOro ypaBHEHHs paBHA HYJIIO, a JieBas 4YacCTb SIBJSETCS
npou3BeJileHreM TPEX BbipakeHUH. [I0CKO/IbKY TPOX3BeieHHe PAaBHO HYJIIO TOJIBKO TOI/a, KOTAA
XOTs1 Obl OJJUH U3 €ro MHOXXUTeEJIEH paBeH HYJI0, TO IPUPABHUBAEM B OTAEJbHOCTH KaXK/bIH
MHOXHTeJb Hy/lbi0: X+3 =0, 2x—1=0, x—2=0. U3 3TUX N0/Jy4eHHbIX YypaBHEHHUH Mbl MOXKEM

onpeJeJIMTh KOPHU YPaBHEHUSA:

OTBeT: x, =-3, x2=%, X, =2.

Mpumep 2. CocTaBbTe ypaBHEHHE, KOPHAMHU KOTOPOro ABsATca 0,-1u 2.

PenreHue. B kauecTBe OTBETOB MOTYT OBbITH AaHbl YPaBHEHHWA pa3HOT0 BHUJA. HanmoMmuHaewM,

YTO MpoCTelliee ypaBHeHUe uMeeT BUJ x(x+ 1)(x—\/§) =0.
ITH YUCJIa TaKXKe MOTYT ObITb KOPHSIMH CJIEIYIOIIEr0 YpaBHEHHUS

(x? +x3)(x—\/§)(x2 +3) =0,
Onpepenenue.

Ecnu Bce kophu ypasHenust [ (x)=g(x) spastorca kopuamu ypasnenus f,(x)=g,(x) u
HA060pOT, BCe KOPHU YPaBHEHUS f, (x) =g (x) ABJIAIOTCA KOPHAMHU ypaBHeHUd f(x) = g(x),
TO €CTb €CJIM UX pelleHUs COBNAJAl0T, TO TaKWe ypaBHEHUS Ha3bIBAlOTCA IKeUBA1€HM-
HbIMU YpABHEHUSMU.

IIpumep 3. [IpoBepbTe 3KBUBAJIEHTHOCTb ypaBHeHUN 3x—6=0un2x—1=3.

Pemenue. YpaBHeHud 3x — 6 = 0 ¥ 2x — | = 3 3KBUBaJIEHTHBI, IIOCKOJIBKY X = 2 ABJIA€TCA
e/IMHCTBEHHBIM KOPHEM KaXXj0r'0 U3 3TUX YPABHEHHUM.

JIo6vle dea ypaeHeHUs, peuleHUeM KOMOPbIX sA8/15eMmcsi nycimoe MHOMCecmaeo,
K6UB8a/1eHMHbL.



MABA 2. PALUNOHAJIbHbIE YPABHEHUY N HEPABEHCTBA. UPPALUMOHAJIbHBIE YPABHEHUA

JKBUBaJIEeHTHbIE ypaBHEHHMSI 0603HAYAIOTCS CEAYIOIUM 06pa3om: 3x—6=0 < 2x—-1=3,
YpaBHeHUEe NepexXoJUT B 9KBUBAJIEHTHOE B CJI€IYIOLIUX CAyYasx:
a) Kor/la Kakoe-HUOY/b cJlaraeMoe ypaBHEHHs IIEPeHOCUTCS U3 OJIHOM ero 4acTH B JIPYTYIO C
NMPOTUBONONOXKHBIM 3HakoM. Hanpumep f (x)=g(x)+1(x)< f(x)—g(x)=1(x).
b) korja 06e yacTy ypaBHEHUS YMHOXKAIOTCSA UM J1eJISATCSA Ha YUCJI0, OTJIMYHOE OT HYJIs.

@ llesble panuoHaIbHbIE ypaBHEHUS

Ecnu dynkumuu /' (x) u g(x) 3aaHbl 1eIbIMU PallHOHATLHBIMH BbIDAXEHUAMH, TO ypaBHeHHe
f(x)=g(x) nasbiBaeTcs 1e/IbIM palMOHALHBIM YPaBHEHHEM.

06J1aCTbI0 ONpe/eNeHHs] TAKOTO yPAaBHEHUS SIBJISETCS MHOMXKECTBO BCEX [eMCTBUTEIbHBIX
qHCcelL.

Onpepaenenue
-1 —2
YpaBHeHue BUja d,x" +ax" +a,x"" +...+a, x+a, =0, a, # 0, HazpIBaeTCA PAYUOHANLHLIM
ypasHeHuem n-0ll cmeneHu cmaHdapmHoezo euda. 31ecb a,, a, ..., 4, K03OOUIHUEHTD, A,
CBOOOHBIH 4sieH, n € N.

-1 o
Ectm a, = 1, To x"+ax" +...+a, ,x+a,=0 HasbpIBaeTCA NPUEEOEHHLIM UYeaAbIM
PAYUOHAIbHLIM ypagHeHUeM n-oli cmeneHu.

M3BeCcTHO, YTO MHOTOYJIEH N -U CTeNIeHU MOXEeT UMeThb He 6oJiee n KOpHEH, c/ieZJoBAaTENbLHO,
KaXkJj0e 1[eJIoe pallMOHAJIbHOE YPABHEHUE N -OU CTeNeHU CTAaHAAPTHOTO BU/IA TaKXKe UMeeT He
60Jiee N KOpHEH.

Teopema. Eciu KOpHUM NpUBEAEHHOTrO L€JIOTO PALlMOHAJIBbHOTO ypaBHEHUs C LeJbIMU

KOB(I)CI)I/ILU/IEHTaMI/I — [eJible 9YH1cCJjla, TO OHU ABJIAIOTCA JEeJINTEJNAMHA CBO60,£[HOI‘0
YJIE€HAa.

Mpumep 4. Pemnte ypaBHeHue x* +2x° =11x" —4x—4.

Pemenue. CHaya/1a NPUBE/EM YpaBHEHHE K CTaHZApTHOMY BUAY x* +2x° —11x* +4x+4=0.

YT0o6bl yOEJUTHCS, YTO 3TO YPaBHEHHE UMEET IieJible KOPHHU, 3aMUILEM AeJTUTETHU CBOOOAHOTO0
uneHa 4: =1, £2, +4 . [logcTaBuB 3TH YKC/Ia B ypaBHEHHUE, ONPEIeIMM, 9TO X, =1 U x, =2 6yayT
KOpPHAMHU ypaBHeHuA. C/ieloBaTeIbHO, MHOTOWIeH x* +2x° —11x” +4x +4 Je/IUTCa Ha MHOTOYJIEH
(x—1)(x—2)=x*—3x+2 6es ocrarka.

X 42x 11 +4x+4 x*=3x+2
Txt =3 28 X +5x+2
5x°—13x* +4x+4
55 —15x* +10x

_2x*—6x+4
2x* —6x+4
0

YpaBHeHHUe nepenuiieM B BUze (x—l)(x—Z)(x2 +5x+ 2) =0 .



PALWUMOHAJIbHbIE YPABHEHUSA

CiefoBaTesIbHO, NTOJIYyYEHHOE YpaBHEHME PABHOCUJIBHO 3aJlaHHOMY. [IpupaBHAB Kax/bl1
MHOXUTeJIb HYJII0, Hal/IéM KOPHU ypaBHEHHUS.
—5+/17

OtBet: x, =1' x,=2, x;,= 5

Mpumep 5. Pemnte ypaBHeHHe x* —5x° +8x° —5x+1=0.

PemeHue. /[aHHOe ypaBHeHUe SIBJIAETCS (CHMMETPUYHBIM) ypaBHEHHEM YETBEPTOI0 MOPsIJ-
Ka. PazzieiuM 06e yacTy ypaBHeHMs Ha x° # 0 M II0JIy4UM PaBHOCUJIbHOE eMy YpaBHEHHE:

1

x’ —5x+8—2+—2:O
X X -

CrpynnupoBas cjaraemble, IpUBeJieM YpaBHEHHE K BUY

1
x +L2—5(x+lj+8=0 . BBesieM 0603HaueHUe x+;=f.
X X

) 1y (1Y, 1 , 1,
Torga t” =|X+— | =x"+2x-—+| — | =x +2+— = X' +—5=1"-2
X X X X X

OTcrofja MOJy4YUM ypaBHeHHe 1 —2-5t+8=0=¢"—5/+6=0. KopHU 3TOro ypaBHEHHUs

t, = 3u fz =3. HOACTaBJIHH 3TH 3HAYEHHA B 0603Haqu1/1e, Mbl BUJUM, YTO pelleHHne 3aJladHHOT'0O

1 1
YpaBHEHUS eCTh 00'be/JUHEHNE PEellIeHUH YpaBHEHUH X +—=2 u x+—=3. Pemas 3Tu ypaBHe-

_3_\/§x_3+\/§ X X
=, X =,

HUS, HaxoAuM X, =1, x, >

s 35 3445

OTBeT: »-"--, x, =

2 ’ 2

IIpumep 6. Pemvte ypaBHeHUe 3x° + 4x* + 4x + 3 = 0.

PemeHue. 3ajlaHHOe ypaBHEHHE sIBJISI€TCS BO3BpPATHBIM (T. €. CO CUMMETPUYHBIMHU
K03 PUIIeHTaMH ) ypaBHEHHUEM TPEThET0 NopsiiKa. JlJisi pellieH sl HY»KHO Pa3J/IoKUTh €ro JIEBYHO
YacTh Ha MHOXKHUTEJIH, U TOT/A MOJIYYUM PaBHOCUJIbHOE eMy YpaBHEHHUE:

3x3+ 1) +4x(x+1)=0
(x+1)(3x*-3x+3+4x)=0
(x +1)(3x2+x+3)=0.

PeriieHWeM MOCJeIHEr0 YpaBHEHUsI SIBJSETCS 0GbeJUHEHHE PENIeHUH CAeAYIOUUX ABYX
ypaBHeHUM x + 1 =0 wu 3x*+x+ 3 =0.

KopeHb nmepBoro ypaBHeHusi X =—1, a BTopoe ypaBHeHHE He UMeeT KOPHEH.

OtrBeT: x =—1.

@ /Ipo6Ho-panuoHa/NbHBIE ypaBHEHHUS

/(%)

YpaBHeHUd, KOTOpble MOXXHO NPUBECTHU K BUAY ( ):0, Ha3bIBAKOTCA OPOGHO-
gl(x

PAayuoOHAAbHbIMU ypagHeHUAMU (3echb f(x) U g(x) — MHOTOYJIEHBI OT IePEMEHHOH X).

/(%)

O6.1acmb onpedesieHUs1 IpOOHO-PALMOHATBHOTO ypPaBHEHUS ( ) =0 cocTouT U3 Bcex
g\ X

3HAYEHUH X , IPU KOTOPbIX g(x) # 0.
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JdTanbl pelieHUus palMOHA/IbHbIX YyPaBHEHUM:
® Bce BblpakeHUs B ypaBHEHUU MEPEHOCATCS B JIEBYIO €0 YacCTh;

® Bce BbIpa*K€HHUA IPUBOJATCA K O6I_ILeMy 3HaMEHAaTeJI1O,
e,
g0

® YpaBHeHUe IPUBOAUTCA K BUAY

® HaxoasATcs HyJIM YHUCIUTES;
® HaxopuTcs o6s1acTh onpesesieHus;

o KOpHHMI/I YPaBHEHHUA ABJIAKTCA HYJIU YUCIIUTEJIA, BXOAALIUE B 006J1aCThb onpegeseHusd.

fix
YTOoO6bI HAUTH pellleHHe PalMOHATBLHOI0 YpaBHEHHUS ( ) =0, nHOra OHO 3aIlIUCbIBAETCH B
g(x)
. f(x) =0
BH/Ie PABHOCUJIbHOW €My CUCTEMBI ( );t 0’ Y pellaeTcsi CUCTeMa.
g(x

[Ipy pelieHUH APOOGHO-pallMOHANBbHBIX YpaBHEHHH B BHJE CHUCTEMbl TpeGoBaHHE, YTOObI

3HaMeHaTeJib He GblJ paBeH HYJIIO, SIBJSIETCA BaXKHbIM. MHaye B HEKOTOPBIX CAy4asX MOTYT
X +x-2

MOSIBUThCSI IOCTOPOHHHE KOpHU. HanpuMep, paccMOTpUM ypaBHeHH e 1 =0,

[IpupaBHUBAaEM YUCIUTEJb HYJIIO U pelllaeM MoJyueHHOe ypaBHEHHE:

¥+x-2=0 > x,=-2,x,=1

3HayeHHe x = | HEU3BECTHOTO He BXOJMT B 00J1aCTh ONpeJie/ieHUsl 3a/JaHHOr0 ypaBHEHHS,

T. €. X = | - MOCTOPOHHHUH KOPEHb.

2x+3

x—1

2x+3=0 2x=-3 x=-1,5
—

x—1#0

Ilpumep 8. HalipuTe KOpHU ypaBHEHUA 0.

Pelienue. {

x#1 x#1

OTBeT: x=-1,5.
4x+4
3(x+2)-3
4x+4=0 dx =—-4 x=-1
= =
3(x+2)-3#0 " [3x+6-3%0

fAcHO, 4TO 3HAYEeHHE X HE MOXKET ObITh paBHO - 1. [loaTomy
OTBeT: x€J.

IIpumep 9. Pemivite ypaBHEeHME:

PemieHue. {
x#—1

—2x-4 x+5
-4 x=2

PemeHnue. [lepeHoCHM BCe BbIpa)KeHUsI B paBEHCTBE B JIEBYIO YaCTh U IPUBOJIUM K 00LIeMY

IMpumep 10. HaligyuTe KOpHU YypaBHEHUS:

3HaMeHaTeJI10.
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+5)(x+2)+2x+4
x+5+2)2c+4:0:>(x )(x2 )+2x 0
x-2 x" -4 x"—4
x2+7x+10+2x+4_x2+9x+14_0
x’—4 x’ -4 '

[IprpaBHUBaEM YHCIUTEJb APOOHO-PALMOHATILHOT'O BbIPAXKEHUS K HYJII0 M HAXO/IUM €ro KOPHU:
X +9x+14=0=x=-2;x=-7.
[IpoBepsieM, He MpeBpaUlalOT JM 3TU KOPHU 3HAMeHaTeJb B HoJib. OOHaApyKHBaeM, YTO
3HaYeHUe x = — 2 SBJISIETCS IOCTOPOHHUM KOPHEM.
OTBeT: x =—7.

Baumanue! [1pu pelieHuH po6HO-palMOHANIBHOTO YPaBHEHUS] TPUPAaBHUBAHUEM YUCIUTEIS
HYJII0 BCET/Ia NPOBepsITe NPUHA/JIEXKHOCTb ero KOpHel 06J1acTH onpesiesieHrs ypaBHeHUs!

(x2 —x—56)(x—3)
Ilpumep 11. Pemivte ypaBHeHUE 5 =0
X +5x+6

PemeHue. /laHHOe ypaBHeHHe sIBJISIeTCS APOOHO-paniMoHa bHbIM. CHavas1a Hal/1éM HYJIM ero
YU CJIUTEJIS:

(x2 —x—56)(x—3)=0:>x=3; X' —x—-56=0

D=(-1) —4-1-(-56)=225=15
1415

X, =x,=8x,=-T7.

[lonyunnu 3 Hysst yucautens x, =8;x,=—7; x, = 3.
HOI[CTaBJISIH OTW HYJIM B 3HAMCHATCJIb, y6e)KI[aCMC$I B TOM, 4YTO OHH HC SMABJISAIOTCA HYJIAMU
3HaMEHAaTesl.

OTBet: x, = 8, x, =7, x, = 3.

IIpumep 12. HaligyuTe KOPpHU YpaBHEHUS.
2 1 4—x

(x-2)(x+2) x(x-2) x(x+2)
PemeHue. HepeHOCI/IM BbIpaX€eHHue N3 npaBoﬁ 4YaCTH YpaBHEHHUA B JIEBYIO 4aCTb
2 1 4—x

(—2)(x+2) x(r—2) x(x+2) "

Y IPUBOJIUM K 001IeMy 3HaMeHaTeJ10:
2x—(x+2)—(4—x)(x—2)
x(x—2)(x+2)

=0.

PackpbiBaeM CKOOKHU B YHCJIUTEJIE U N10Jly4aeM KBaJ[paTHOe YpaBHEHUE:

2x—x—2-4x+x" +8-2x 0= X’ =5x+6 ~0.
x(x—2)(x+2) Bl x(x—2)(x+2)

HaXO,E[I/IM HYJIX YUCJIATEJIA:

X =5x+6=0=D=(-5) -4-6=1, x,, = —x =2 x,=3.

(W)}
N | 1+
f—
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BeluucisieM 3HaueHHe 3HaMeHaTeJJsd B 3TUX Todykax. Tak Kak x = 2 mpeBpallaeT
3HaMeHaTeJib B HOJIb, TO OHO SIBJISI€TCS IOCTOPOHHUM KOopHeM. CieioBaTe/IbHO, YypaBHEHUE
MMeeT OJMH KOpPeHb x = 3.

OTBeT: x = 3.

15

2

Mpumep 13. Pemure ypaBHeHue: x° +x+1=————.
X +x+3

2 o
Pemenue. BBoguM o603HaueHue X~ +x +1=7, nocsie 4yero ypaBHeHHe IPUMET CJIEAYIOLUIUN BUJ;:
15
t+2

[IprHKMasi BO BHUMaHHe ! # —2 , pellluM c/ieiyioliee ypaBHEHHE:
t(t+2)=15
£ +2t-15=0
t,=-5t,=3
[TojicTaB/isAst BMECTO t 3TH 3HAYEHUS], TOJIYYUM YpaBHEeHUs x> + x + 1 = -5 ux? + x + 1 = 3. Pelraem
Ka)KZ0€ U3 HUX I10 OTZAEe/IbHOCTHU:
ypaBHeHue x>+ x + 6 = 0 He uMeeT KOpHeH; ypaBHeHHe x* +x —2 = 0 uMeeT JBa KOpHA X, = —2;
x, = 1. 3TV KOPHU HE ABJIAIOTCA HYJIIMU 3HaMeHaTeJIsl.

OTBet:x, =-2;x, = 1.

PanyoHaibHbIE ypaBHEHMS TAKXKe UCNIOJIb3YIOTCS MIPU pelieHUH TEKCTOBBIX 3a4a4. Hmke
CMOZe/IMPOBAaHbI M pelieHbl B BU/Je pallMOHA/ILHOTO YpaBHEHUs 3aJa4YM O JABUKEHUM U
pao6ore.

3aja4ya Ha AeilcTBUe

BeptoniéT nposieten 120 km no BeTpy v 3aTeM BepHyJics. OH OTPATUJI HA 3TO 6 YaCOB BPEMEHH.
HalizyTe ckopocTb BeTpa, eC/id CKOPOCTh BepToJieTa B 6e3BeTpeHHY0 noroay 45 km/h.

Pemenue. [lyctb x km/h - ckopoctb BeTpa. Torza ckopocTb BepTOJIETa 10 HaNpaBJEHUIO
BeTpa paBHa (45 + x) km/h, a npoTuB HanpaBJsieHUs1 BeTpa paBHa (45 - x) km/h. [lo ycioButo
BEPTOJIET MOTPATUJI BCero 6 4acoB. Eciu pasaennnTs paccTosiHMe Ha KaXKyl0 CKOPOCTb U CJIOKUTh
NOJIy4YeHHOe BpeMs M0JIETA [10 BeTPY U NPOTUB BETPA, TO MOJyYUM 00lijee BpeMs N0JIETa:

120 N 120
45+x 45—x

120 N 120
45+x 45-x

[Tosnyyusioch Apo6HO-palOHa/JIbHOE YpaBHEHHE

—6=0. I[lpuBoauM ero K

O6I.L[€My 3HaMeHaTeJ o

120(45-x)+120(45+x)—6(45+x)(45-x)
(45+x)(45—x)
YI'I[Z)OLLlaeM YUCJ/IUTEJIb U HAXO0UM €ro HYJIN
6x* —1350=0
x> =225

=0
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x, =-15 x, =15

Tak Kak CKOpPOCTb BETpa OTPULIATEbHON (OTHOCUTEILHO CBOET0 HAallPaBJeHUsl) ObITh HE MOXKET,
To x=-15 km/h He aBnseTrca kopHem. Torza uckomasi ckopocTb BeTpa 6yzeT paBHa 15 km/h.
OTtBeT: CkopocTtb BeTpa 15 km/h.

3agaya Ha pa6oTy

/IBa TpakTopucTa BMeCTe BCIaxuBalT noJie 3a 4 aHA. Ecau nmepBbld TPaKTOPHUCT
o6pabaThIBaeT OJJUH 3TO MoOJie Ha 6 AHEeW MeHbllle, YeEM BTOPOU TPAKTOPHUCT, CKOJbKO JHEHN
NOTPeOYeTCs KaXK/A0MY TPAKTOPHUCTY MO OTAEJTbHOCTU?

Pemenue. Ilyctp 1- TpaKTOPUCT BchmauleT moJie 3a x AHeW. Toraa 2-My TPaKTOPUCTY

o o 1 o
TpebyeTcs (x + 6) AHel. 3HAUUT, 1-¥ TPAaKTOPUCT MOXKeT 3a 1 ieHb BCclaxaTh — 4acCThb MOJId, a 2-U
X
1 1

TPaKTOPHUCT BCHAIIeT - 4acTh. [lo ycioBHIo 3a 1 neHb OHU BMecTe 06pabaThIBAOT 4 vactb

noJis. TakuM o6pasom,

; x+6 Z
[Ipeo6pa3yeM 3To ypaBHEHHE B pallMOHAJIbHOE YPaBHEHHE

1 1 1
+

4(x+6)+4x—x(x+6)

=0
4x(x+6)

—x?+2x+24
= =70
4x(x+6)

l'[onyquHoe palMOHaJIbHOE YpaBHEHHWE€ PABHOCHUJIbHO cne,qy}omeﬁ cucremMe

X’ =2x-24=0

4x(x+ 6) #0;
. ) 2+10
Perraem eé p = (_2) _4.(_24): 100; X, = T =x, =6, x,=-4
3HauyeHUe Xx = — 4 He MOXeT ObITb KOPHEM, XOTSl OHO SIBJISIETCS KOPHEM ypaBHEHUs. ITO

CBSI3aHO C TeM, YTO 00/1acTb Ompe/ieJIeHUsI COCTAaBJEHHOr0 YpaBHEHHUS COCTOUT HU3
HeOTpI/ILlaTeJIbeIX 3Ha‘-IeHPIfI HEen3BEeCTHOI'O (AHI/I He MOFYT 6bITb OTpI/IL[aTeJIbeIMI/I). I/ITaK,
xX+6=6+6=12.

OTBeT: 1-1 TPaKTOPUCT BCIALLET I10Jie 3a 6 AHeH, a 2-U TPAKTOPUCT —3ax+6 =6+ 6 =12 AHeu.
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NMPUMEPDI

PemvTe Apo6HO-panioHa/IbHbIe ypaBHeHUA (1-10).

1_2x _,

x x+1

Sx—=7 4x-3
x—3 X

2x 1 4x

x—1 x+1 :x2—1

7
2x+9

—-6=>5x

4 4
_l_
x—2 x+2

3
2

2y-5 3y+2l

e y+5 2y-1

e x+1 9 1

21y 2(x+4) x—1

e x2_2x:x2_2
x—2

15 14

8. 5= 1

X —

3x 2x—1
L - =
x -1 x+1

Pemure Apo6GHO-panioHa/IbHbIEe ypaBHeHu:A (11-30).

1 12 1
@ 2 + 2=
x —12x+36 36—x xX+6

3x-2 x-4 3x7 +1

@ x—1 " x+3 (x—l)(x+3)

x—49 2x+50
® LN,
x+6 x+5

D (x+4)(x"—1)=4x" +24x -

S5x+x°

3 2 1
@ 2 T o=
x —2x+1 1-x 1+x

5

3
(21) XA 6oy
2

xX—

5 15
@ X +x+1=2—
X +x+3

@ X —5x+ 224

x~ —5x

+10=0

4x* +20x

8¢ -3 6 2
@ 2 to s T
4c¢"—-2¢+1 8¢’ +1 2c¢+1

2—3x_i‘ x+1 4

14 x+1 3 2-3x 3

(x+2) -9

x—1

(x=5)=-24

16/

@ 25x-21 _x—4_2x—3
2x*+5x—-12 2x-3 x+4

6 6 3
20,

+ + =7
x-1 (x-D(x-3) 3-x

I 9o
22 (—2)(=3) (+2)(x=7)

20 ¥+2 3x-2_,2
3x-2 x*+2 3

2
@x+1+ X :21
2

X x*+1
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@ x> =3x-1 B x*—2x @ x2—4x—1_x2—3x+1
xP=2x+4 x*-x+1 X =3x+5 x*-2x+2
@ PaccTrossHue Mmexay AByMs npucTtaHsaMu coctapisieT 80 km o peke. Katepy notpeboBaioch

8 yacoB 20 MUHYT, YTOObI MPOUTH OT OJHOM NMPUCTAHHU A0 ApPyrod. HaliauTe ckopocTh KaTepa B
CTosiuel BOJie, eC/IM CKOPOCTb TedyeHUs peku 4 km/h.

@ Ecau aBa pabounx paboTarOT BMECTe, TO OHU BbINOJHAT paboTy 3a 12 gHei. Eciu oauH
M3 HUX BBINOJIHSET MEPBYIO MOJIOBUHY, a 3aTeM OTCTABLIYIO MOJIOBUHY BBINOJIHAET JAPYroM, TO
paboTa 6yzaeT BbINoJIHeHA 3a 25 IHel. 3a CKOJIbKO AHEHN KaXK/[bli pab04YHi BBIIOJIHUT 3Ty paboTYy,
ecJIM OHU OYAyT paboTaThb MO OTAEJbHOCTH?

@ TpaxTtop «benapycb» MoxeT BcnaxaTh 7 ha 3emsu 3a 3 fHs, a Tpaktop «Case» — 17 ha 3a 2 gHs.
B depmepckom xo3siicTBe «Dehqon qudrati» uMerotcs 2 TpakTopa «besapycb» u 1 TpakTop «Case».
Ecay Ty TpakTopbl 6yyT paboTaTh BMECTE, 32 CKOJIbKO JIHEW MOXKHO BcrnaxaThb 237 ha 3emsn?

@ ABTOMO6UJIb IBUTA/ICS cO cKopocThio 120 km/h Ha 80-kuioMeTpOBOM yyacTKe JOPOTH, T/ie
He 6bL10 pazsapa, 70 km/h Ha 35-kunomerpoBoM u 50 km/h Ha 25-ku10MeTpPOBOM y4yacTKax C
pazapamu. Hailiute cpefjHI010 CKOPOCTb aBTOMOOMJISI HA BCEM My TH.

@ PaboTa BbINOJIHAETCA IEPBBIM pab04YMUM B OJMHOYKY 3a @ HEeH, BTOPOU pab04ui BbINOJIHSA-
eT paboTy Ha b [Heii [joJiblile, a TPETHH pa6o4yuil — Ha b JHel GbicTpee. 3a CKOJIbKO JHEH Tpoe
pabo4yux BbINOJIHAT paboTy BMecTe?

@ ['pynna nyTelleCTBEHHUMKOB OTIpaBUJIaCh B IIJIaBaHHUe 10 peKe Ha KaTepe NPOTUB Teye-
HUs. OHU 4OJDKHBI BepHYThCA dyepe3 4 yaca 40 MuHyT. Ec/ii cKOpoCTh KaTepa B CTOsAYel BoJie
12 km/h, a ckopocTb TeyeHus 3 km/h, cko/IbKO KUJIOMETPOB JI0/>KHbI IPOUTH Ny TElIECTBEHHU-
KM OT IPUCTAHU, YTOOBI OHU CMOTJIM OTAOXHYTh 2 Yyaca U BEpHYThCS BOBpeMsi?



MABA 2. PALUNOHAJIbHbIE YPABHEHUY N HEPABEHCTBA. UPPALUMOHAJIbHBIE YPABHEHUA

CUCTEMbI PALIUOHAJIbHbIX YPABHEHUMA

PelneHne cucrem ABYX ypaBHEHI/Iﬁ C ABYMA HEU3BECTHBIMH OCHOBAHO Ha XOpPOIIO
HN3BECTHBIX BaM MeETOAadX, TAKHX KaK aJII‘e6paI/I‘-IECKO€‘ CJIOXKeHHue, MOoACTAHOBKA M 3aMEHa
IepeMeHHbIX. BaMeTI/IM, 9TO BO BCEX BXOAAIINX B CUCTEMY IZ[pO6HO-p{:lI_II/I0HZ:1.}II:>HI:IX BbIPpaXXE€HHAX
3HaM€E€HaTeJIM HE PaBHbI HYJIIO.

& MerToj N0ACTAaHOBKH

3xy =21
IIpumep 1. Peinte cucteMy ypaBHEHU N { ;} | METO/,0M IOJICTAaHOBKH.
x—-8y=-

Pemenue. Y3 BTOporo ypaBHeHus cucteMbl nojsydum x = 8y —1. [loacrasisasa nosyyeHHoe
BbIpa)KEHHE BMECTO X B IEPBOM YPaBHEHUH, [1OJIyYHUM: 3(8y—1)y =21.PemaeM 3T0 ypaBHEHUE.

7

Y= _g;% =1
1T _ _ _ _
[logcraBiss sHayeHus y, = —g,yz— 1 Bx =28y~ 1, naxomum, yrox, =—8,x, =7
7
OTBeT: —8;—§ (7:1).
L2ty =4
IIpumep 2. PeyTe CUCTEMY ypaBHEHUH | , 16 METO/O0M IOJACTAaHOBKH.
X' +y =
Pemenue.
y=4-2x"

x4+(4—2x2)2:16
x'+16—-16x*+4x* =16

5x'—16x* =0
4 4
(537 -16)=0, =x=0x,=—&,x,=——
( ) 1 2 \/g 3 \/g
_ 12 12
= y1_4a V2 _?3 y3=_?

OTBeT: (0;4), (%;—2%}(—%;—2%).

@ MerTop a/Ire6panyecKoro CI0KeHusI

L +y=27
IIpumep 3. Pemnre cucteMy ypaBHEHU U
x—y=3
Pemenune. 06a ypaBHeHUs] B CUCTEME COJiep>KaT HEU3BECTHBIA y C MPOTHUBOMOJIOKHBIMU
koapunreHTaMu. [Ipu c10’)KeHUU 3TUX YpaBHEHU MOJIYYUTCS ypaBHEHHE C OJHUM HEU3BECTHBIM.



CUCTEMbI PALLMOHAIbHbIX YPABHEHUN

2 —
L +y=27

x—-y=3

x*+x=30

2
Peirast kBajjpaTHoe ypaBHeHue x° +x—30=0, moay4uum:

-1-11
xl = =
2
-1+11
X, = =
2
2
HO,ZLCTaBJ'[HH 9TH KOPpHHU BO BTOpPO€ ypaBHEHHE CHUCTEMbl, HAXOAWUM COOTBETCTBYIOLIHUE

3HaYeHMsl HEU3BECTHOroy: y =-9,y =2.
OTtBeT: (—6; -9), (5; 2).

-6

5

IIpumep 4. Pemivte cucTeMy ypaBHeHUH
CJI0KEHMUSI.

Pemenmue.
Ec/iv Mbl yMHOXXMM BTOpOe ypaBHeHMe Ha 3 U 106aBUM ero K IepBOMY ypaBHEHHUIO, TO NOJIyIUM:

X =y =37 +3y" =2,
MEeTO/IOM a/irebpanyecKoro

X —x'y=1

N ¥ =y =3x* +3y’x=-2,
3x* =3x’y =3

¥ =y =3x*y+3x° =1

HpI/IMeHHH (l)OpMYJ'Iy COKpaI_I_[éHHOFO YMHOXEHHWA B JIeBOH 4yacTu IMOJIYy4€HHOI'0 YpaBHEHU A, UMEEM:

(x—y)3=1,
OTcroza nocsie0BaTENbHO MOJYYUM: o
x —xy=1.
x-y=1, y=x-1, y=x-1, (x=1)(x* —x-1)=0,

2 2 =12 2 =3 2 = =
x =x"y=1 X —Xx (x—l):1 x =2x"+1=0 y=x-1
xlzlvxZZ%V)@:%,

_ 15 1-/5

n=0vy, =53=Vvy, ===
OTBeT: (1; 0), (1_2/3; ”;/g), (”;/g; '_f).

& Merto/ 3aMeHBI NepeMEHHBIX

IIpumep 5. Pewinte cucteMy ypaBHEHU M
x+xy+y=11
x’y+xy° =30.

Pemenue. BBoguM 0603HaYeHUS
x+y=a u xy=>
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Toraa cucrema GyzieT BbITJIAZETD TaK:
a+b=11
ab =30

Pewmaa sty cucremy, noayyuMm a, =6, b =5 u a,=5, b,=6. lloacraB/idad 3TH 3HAYeHUA B
00603Ha4Y€eHUSs, MOJYYUM CUCTEMbI YPaBHEHUH:

x+y=6 {x+y:5
xy=35 xy==6

COBOKyrIHOCTb BCEX UX KOpHEﬁ €CTb peleHue I,[LEIHHOI;'I CHUCTEMbI ypaBHeHI/If/'I.

OtBeT: (5;1), (1;5), (2:3), (3;2)-

NMPUMEPDI

PemuTe cucreMy ypaBHEHHH.

y—x"+x=1 4x"—y=2
e x:y_4 a 3x_2y:_1
4x+3y=-1 xy =20
e 2x* =y +11 @ x—4y=2
X' +y’—2xy=1 3x—y=10
e x+y=3 e x* =y =20—xy
x+y=28 x-y =300
e{x2+y2=36 @{x+y:35
Q. 10 SIS
x+y=12 xy =15
11} x+y= ® x’+8y° =35
X'+ =19 X' =2xy+4y’ =7

=
+
N
<
g

1
X +xy+y’ =49 X' +y :E(JC—i-y)2

{ 4
{xz—xy+y2=19 Ay =xty




l+l=5
@
I 1
?4‘7:13
@ x3—y3=61(x—y)
(x+ )(y+1)=12
@ iyt —17(x+y)
xy=2(x+y)
@ o (1+y+y* +3") =160
X (1- y+y2—y3)=—80

CUCTEMbI PALMOHAJIbHbIX YPABHEHUA

®7m

x2
@’
x

Xy =x-y

@ .

x*t+yt :%(x—y)2

3x7y"=4y" +3xy-2=0

2x*y* =3y* +5xy-6=0
@ .. .
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PALIUOHAJIbHbLIE HEPABEHCTBA

PelreHue panuoHa/IbHbIX HEPAaBEHCTB, KaK U pellleHUue palMOHaJIbHbIX YpPaBHEHUH,
MO>XHO BBIIOJIHATH MyTEM NpPUBEJleHUS HepaBeHCTBA K 6oJiee MPOCTOMY PaBHOCUJIbHOMY
HepaBeHCTBY. [Ipy 3TOM co6/1104a10TCsA Caeyoliye paBuJa:

IIpaBuio 1. [Ipov3BOJIbBHBIM 4YJIeH HepaBEHCTBA MOXXHO IepeHeCTHd U3 OJHOW 4acTH
HepaBeHCTBa B JIPYTYIO C IPOTHUBOMNOJIOXXHBIM 3HAKOM.

IIpaBusio 2. 06e yacTh HepaBeHCTBA MOXKHO YMHOXaThb WJIU JIeJINTh Ha OJHO U TO e caMoe
NI0JIOKUTEJIbHOE YUCJIO, IPU 3TOM HEPABEHCTBO He MeHsIeT CBOM 3HaK.

IIpaBuso 3. OGe yacTM HepaBeHCTBAa MOXXHO YMHOXaTb WJIM Pa3/ieIMTh Ha OJHO U
TO K€ caMOe OTpHULATeJbHOe YUCJIO, B 3TOM CJyyae HepaBeHCTBO MeHseT CBOM 3HaK Ha
IPOTUBOIOJIOXKHbIN.

[Ipy penieHUY paliOHAJIbHOI'O HEPAaBEHCTBA MOXKHO UCI0JIb30BaTh Memod UHmMepaa. 10e.

Mpumep 1. Pemute HepaBeHcTBO: (x—1)(x+1)(x=2)>0.

Pemenue. 1. [IpaBasg yacTb HepaBeHCTBA COCTOWUT M3 HYJIfl, IO3TOMY HAaXOJUM HYJH
BbIpa)KeHHs B JiIeBoM yacTtu: X =1, x=-1,x=2,

2. 0OTMe4as 3TU 3Ha4YEeHUSA X Ha YUCJIOBOU OCH, OTIpe/ieJIMM 3HAKHU JIeBOX 4YaCTH HepaBeHCTBa
Ha [0JIy4YeHHbIX UHTepBaJax.

+ +
7 77 =
-1 1 2 X

3. Tak kak JieBasi 4aCThb HepaBeHCTBa 6oJbliIe HYyJid, TO UHTEepBaJibl, OTMEe€4Y€HHbIE C
IMMOJIOXKHUTEJIbHBIM 3HAKOM ABJIAIOTCA peliIeHUEM HepaBEeHCTBA.

OtBeT: x €(—1;1)U(2;0)

Ipumep 2. PemiuTe HepaBeHCTBO: x* —3 < 2x(2x2 —x—2).

Pemenwue. 1. [[aHO neJjioe paiguoHaJibHOE HEPAaBEHCTBO. [[JTH €ro pemeHud nepeHecéM CHa4daJjia
BCe BbIpaxKe€HH B JIEBYIO HaCTb HEpPaBE€HCTBA:

x'—4x’ +2x7 +4x-3<0
2.Haxopda Hynu x, =—1, x, =1 U x; =3 JIeBOU 4aCTH, Pa3JIOKUM €€ Ha MHOXKUTEJIU.
(x=1) (x+1)(x=3)>0
3. OTMe4asd 3TH 3HAYEHHUA HA YUCJIOBOM OCH, YTOUHHMM 3HAKH JIEBOM YaCTH HA IOJIy4YEeHHbIX
UHTepBaJax:

+ - +
V2% & 22
-1 1 3 X

4. TlokasaTesib MHOXUTeNA (X —1) paBeH ABYM (Y4ETHOMY YMCITY), TOSTOMY €ro 3HaK MPH Tepexozie
yepe3 1 Ha YHUCJIOBOM OCU HE MEHSIETCS.

5. Tak kak 3HaK HepaBeHCTBa (>) 60JIbllle UJIU PAaBEH HYJIIO, TO pellleHueM HEpABEHCTBA OYAYT
IPOMEXYTKH, OTMeUYeHHbI€ C N10JI0KUTEeJbHbIM 3HAKOM U yucio 1.

OTBeT: x & (—o0;—1]U [3;+0)U{l}



PALUNOHAJIbHbIE HEPABEHCTBA

@ /poGHo-panuoHa/IbHbIe HEPAaBEeHCTBA

1)y S0y SO, S
g(x) Telx) e g

JIpOOHO-pallMOHA/IbHBIMU HEPABEHCTBaMHU. 371eChb f(x) U g(x) -MHOTO4YJIeHbl OT IEPEMEHHOMH X.

HepaBEHCTBa, INpUBOJAMUMbIE K BUAY <0 , HA3bIBAKOTCA

JTanbl pelleHus JpoOHO-palMOHAIbHbIX HEPABEHCTB:

o HaXO,C[HTCH Hy.)'[l/l YUCJINTEJIA,

o HaXOﬂHTCH HYJIM 3BHAMEHATEJIA,;

@ Ha yncsioBoi ocu 0TMevarTcs Hy M. [Ipy 3TOM 4Kc0Bas 0Cb pa3byBaeTCsl HA UHTEPBAJIbI;
f(x)
g(x)

® HTepBaJibl, 3HAKH (+ WM —) KOTOPbIX COOTBETCTBYIOT 3HAKY (>, > WM <, <) HEPABEHCTRB3,
SIBJISIIOTCS pellleHeM HepaBeHCTBa.

® OTMevawTCcd 3HaKH (+ nJin —) YaCTHOTI' O Ha MMOJIY4€HHbIX HHTEpPBaJiaX;

4
IIpumep 3. Pemnte HepaBeHCTBO: ——Xx <0,
X

PemeHnue.
2
4-x
1. [IpuBOAMM JIEBYIO YACTh K 00111eMYy 3HAMEHATeN0 — < ().
X

2.Haxoaum Hy/iu 4yucaUTeN s ¥ 3HaMeHaTensd x =2, x =-2,x=0.
3. 0TMe4aeM HYJIU HA YUCJIOBOU OCU U OTIpeJiesisieM 3HaKU JIEBOW YaCTH Ha UHTEpBaJiax.

+ - -

-2 0 2 X

HOCKOJIbe 3HAaK HEPABE€HCTBA MEHbIIIE HYJIA, TO MHTE€PBaJibl, OTME€4Y€HHbIE€ C OTPULATEJIbHbIM
3HAKOM ABJIAKOTCA pellieHueM HEPAaBEHCTBA.

OtBeT: x €(-2;0)U(2;00).

x(x+ 2)3
IIpumep 4. PeliviTe HepaBeHCTBO: W >0,
x_

PemreHue.
1. Hynu yucnurens: x=0u x=-2.
2. Honb 3HaMeHaTend: x = 5.

3. OTMeyaeM 3TH 3HAYeHUs HA YUCJIOBOW OCH U ompefiesisieM 3HAKU JIeBOM 4acTH Ha
uHTepBasax. 06paTUM BHUMaHHe Ha BbIpaXKeHUe (x—S) , IOKa3aTeJb KOTOPOTo — YETHOE YUCJIO
(paBHOE 2), MO3TOMY UHTEPBaJIbI, PACIOJIOXKEHHBIE 110 06€ CTOPOHBI OT YMCJIa 5 Ha YHUCTIOBOM OCH,

+ + +

-2 0 5 X

MMEIT OJMHAKOBBIM 3HAK.

Tak Kak 3HaK HepaBeHCTBA 06OJibllle UM PaBEH HYJII, TO NMPOMEXYTKH, OTMeYeHHbIEe C
TIOJIOKUTEJIbHBIM 3HAKOM SIBJISIIOTCSI pellleHUsIMU HEPABEHCTBaA.

OTBeT: x € (—0;—2]U[0;5)U(5;0).
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/(%)

O6paTtuTe BHMMaHue! [Ipy pellleHUH HepaBeHCTB BU/a ( ) <a He HaYMHAHUTeE €ro
glx

pellleHUe C YMHOXeHUsS 00enx yacTel Ha g(x), npexnosaras g(x) # 0. Takue geicTBus
MOT'YT IPUBECTH K HENIPAaBUJIbHOMY peLIeHHUIO.

Hanpumep, nycTb HepaBeHCTBO ;x_i
X+

<5 pellaeTcs YMHOXXeHHeM 06erx yactei Ha (3x+4) B

NpeAnoIoKEHUU (3x+4)#0.

21
_ _ xX>——
2] i ay<s Garay SR 13
Torma {3x+4
X#—— 4
3x#—4 3 ¥*E=2

H306pa)KeHI/Ie l'lOJIy‘-IEHHOﬁ CUCTEMDbI BbITVIAAWUT TAK:

_ 21 ! X
13 3

OTCIO,Z[a MOXHO CAeJlaTb BbIBOJ, YTO pE€II€EHUEM HEPABEHCTBaA ABJAETCA MHOXECTBO

{_21;_4})[_4;@) , KOTOpO€ HeNMPaBHJIbHO.
1373 3

3apanue. PaboTasi caMOCTOATENbHO C HEPAaBEHCTBOM 1lIar 3a LIaroM, Kak 3To ObLJIO C/leJ1aHo B
npeJbIAYIIMX IPUMepax, 06'bICHUTE, I0YEeMY B IOC/IeJHEM IPHUMePeE He MOJIYYUI0Ch MPABUIbHOE
pelieHHe.

NMPUMEPDI

Pemure HepaBeHCTBa

x+4 x—4
— <0 <0
o(x+5)x< e (x—3)x<

5+4x 4—-3x
e—zo ¢’—20
(x—2)(x+1) (x+2)(x—1)
4x+3 4x-3
e 5 ‘3 5
> .5 >

x+2

25-16x7 16—25x7

= 7 50 - >0
eszr4x+4 @ x*—4x+4

e YkaxkuTe HauboJibliee 1eJloe YHCIIO0, YI0BJIETBOPSOIEee HEPABEHCTBY

2x=7 Tx-=2 1—x
+ <3-——
6 3 2

<0
2x+6

@ Haﬁ,ﬂHTe CYMMY BCeX L eJIbIX YK CeJl, YI0BJIETBOPAKIUX HEPABEHCTBY




PALUNOHAJIbHbIE HEPABEHCTBA

@ CKOJIBKO 1es1bIX yuces U3 (-3; 3) y40BJIeTBOPAOT HEPABEHCTBY 1 <1?

X

@ HaﬁﬂHTe Pa3HOCTb MeXAy HaMOOJbIIUM U HAaUMEHbIIUM OTpHULATEJIbHBIMHU 3HA4Ye-

HUAMHU L eJIbIX YHCeJI, BXOAANINX B pellieHHe HepaBEHCTBA

(x+3)(x-5) 50

x+1
2
(x+4)"—8x—-25 S

@ CkoJbKO oeJbIX YHuceJl, BXOAAMWX B pellIeHHe HEPABEHCTBA 2V,

pacrnoJioXKeHbI B oTpeske [-5; 6]7

\9)

6x—1 < 3x—

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

49x% +70x+25
6 Sx

—4x+2 1-2x

<0

x> +3x— 2 3x+l
(x—) -9 3x 12

1 2

2 o + 2 =
2x°=5x 25+10x 25-4x

(x—6)

@ 5 N 6x 50

—-6x+3 1-2x

6x+1<3x+2

4x—-3 2x+1

49x* —70x + 25 <0
@ x* —3x
ax +7x+8 3x+7

(c+1) 9 36

6 2 X
- + >0

®—4x—x2 x> —4x x*-16

4

4 32 3x )
x’ +4x X +64

X —4x’ +16x

4+x

4 >4—x

@@@8@66

(x +2x+4 2x? -Xx

4x* -1 —x’+8 2x +Xx

“xr=2x  x+2x7



MABA 2. PALUMOHAJIbHbIE YPABHEHUY N HEPABEHCTBA. UPPALIUMOHAJIbHBIE YPABHEHUA

CUCTEMbI PALIMOHAJIbHDbLIX HEPABEHCTB

JTanel pelmieHuAa CUCTEM PALlMOHA/IBHBIX HEPABCHCTB:
® PelnaeTcs KaXX/io€ HepaBEHCTBO B OTAE€JIbHOCTH;

@ HaxouTcs o61iiee peliieHHe HepaBeHCTB, BXOASLIHUX B CUCTEMY (3TOT 3TaIl MOXKHO
OCYLeCTBUTb U300pa>KeHUEM Ha UM CJIOBOM OCH).

2
IIpumep 1. Pemute cricTeMy HEpaBEHCTB: =920
2x—-8<0

PemeHue.

{22‘; - {i":j)("*)zo - {iji‘w;*]u[*w) = xe(—oi-3)U[34)

OTBeT: x € (—o0;-3]U[3;4).

2
IIpumep 2. PeminTte cucTeMy HepaBEHCTB { Tx—x"20
xP—6x+5<0

Pemenue.

PemaeM nepBoe HepaBeHCTBO cucteMbl x(7—x)>0.

OTMeyaeM Ha YUCJA0OBOW OocHh HyIU x=0 Mx=7 W ompejessseM 3HAKHA Ha IOJYYEHHBIX
MHTepBaJax.

+
A
0 7 x
PeliaeM BTOpoe HEPaBEHCTBO CUCTEMBI x” —6x +5 < 0.

Hynu paBHbl x = 1 1 x = 5. OTMe4yaeM UX Ha YHCJOBOH OCH U ompejesseM 3HAKU Ha
N0JIyYeHHBbIX UHTEepBaJIax.

I
1 5 x

Haiiném o611y10 yacTb NOJy4eHHbIX pelieHUH. O611as 4acTb COCTOUT M3 3alITPUXOBAHHOIO
Y CBEPXY, U CHU3Y UHTEpBaJa.

otBert: x €(1;5).

(3—2);)(x+2)>0
x =1

IIpumep 3. Pemvte crucTeMy HepaBeHCTB.

1+2x£2
X



CUCTEMbI PALUNMOHAJIbHbIX HEPABEHCTB

PeliaeM nepBoe HEpaBEHCTBO CUCTEMBI
(3-2x)(x+2)
x* -1
OTMeyaeM Ha YMCJIOBOM OCH HYJIU YUCJIUTEA U 3HaMeHaTendx =-2,x=-1,x=1ux=1,5u
onpe/iesisieM 3HAKU Ha MOJTy4EeHHbIX MHTEpPBaJiax.

>0

+ +
2222 222
-2 -1 1 1,5 X

3
PelraeM BTOpoe HEpaBEHCTBO cUCTeMbl 1+2x <—.,
X

[lepeHecéM Bce BbIpa)KeHHUSI B JIEBYID 4aCThb HEpPAaBEHCTBA U NPUBEJEM HUX K 00LIEMY
3HaMeHaTeJIto
2x" +x-3
—F=

0.
X

Hynu yucnutens x = 1 ux = -1,5, 1 06/1aCTh onpesie/ieHUsI COCTOUT U3 BCeX 3HAYEHUH X, J1s
KOTOPBIX x # 0. OTMeyaeM UX Ha YMCJIOBOM OCH U OTIpe/ieisieM 3HAKH Ha M0JyYeHHbIX UHTepBaJslaX.

- — +
V7 772777

-1,5 0 1 X

M306paxkaeM pellieHUs] 000X HEPABEHCTB Ha OJJHOM YHMCJOBOW OCH. PellieHHMeM cHUCTeMbl
SIBJISIeTCSI 001as YaCTh 3TUX PellleHUH.

Otsert: x €(-2;-1,5].

NMPUMEPDI

aHaﬁﬂHTe BCe [eJible YMciia, BXoAdle B pelieHrne CUCTEMbl HEPpABEHCTB.

x—-1 x X X
0,2x>-1 T<§ 1—Z>x X_ZZZ
a)l b) c) d)
—Z>1 x+1 x x—4>1 x—l_|_x—2>1
3 2 75 TS 2

ePeIlII/ITe CUCTEMY HEPABEHCTB.

vl x-2 xo3 5x+7_%x 11>1c2—7
a) | 2 3 4 b) 163 o

1—x>0,5v—4 L SN |

2 3 6

1 4 ~1

2x—-1 x+2 x-8 B+ > x+9_x

+ - 5 >x—1 d 3 2 3
)y 6 3 )15c-2 2x413 x42
2-2x>0,5+0,5 <
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§)) Haitnnre 06s1acTb onpesesieHus BbIPaXeHHs.

a) \(x=3)(x=5) +(1-x)(7-x) b)JS—x

o V(x=2)(x=3) +J(5-x)(6-x)  g) \/x+2

3x+2 J4—x
+
7-2x

M+1Jh+1
+
x—17

e HaliguTe o61acTh onpegeneHust PyHKIUH.

\V3-5x-2x" V=32 +12
a) y=12-3x+/x+2 b) y=——"—"— ¢) y=15-3x+/4+x d y=—""
10x 1-5x

e PemuTe cucTteMy HepaBeHCTB.

2x+1<1 7_3x£2 3x—2<2 x+3 <1
a) x—2 b) 2-5x 0 x—=2 0 3x-1

3x+2>2 2x+1>4 Sx+1 53 2x+522

2x-3 3x-3 4x -5 x—4

e PemnTe cucTeMy HepaBeHCTB.

x> <9
a)
x>0

) 2x*+3x-2<0 12(x+2)-5(5-4x) <2
e
9x’ —6x—8<0

-3(6x—1)—-2x<x

) 3P +7x—6<0
6(x+4)-3(4-3x)<2

. 552 =2x+1<0
2(x+3)-(x—-8)<4

3x-1<0
By,
x°=3x+22>20

o Haf/'I,ZLI/ITe CYMMY BCeX IIeJIbIX YK CeJl, BXOAALIWX B pellieHrne CUCTEMBI.

2 _
9-x >0 wzo
a) X b) X
2x—120 10x-1<0

e Peuiure CUCTEMY HEPABEHCTB.

{&f—sx—2<o
a)

b) 3x°+x+2>0
4-x*>0

x2 <9

x+7 3x+1
+ 20 —Sx*+x-1>0
e) x-5 2 ,
(5-x) <4 x> 8l
| x*=5x+4>0 | x*=9x+14<0
i
2x*=5x+2<0 x*=7x-8<0

(xr=2)(x+3) 25-x* _,
c) x(x+7) d) X

20x > 20 S5x—-10<35

2x*+5x+10>0 q —7x*+5x-2>0
C

x> >16 x* <25

X —6x+8<0 x*=16>0
21, )y

x" =36>0 x =7x+12=20

(x=3)°
)3 (x=3)(x+1)

(x—4)(x+4)<0

K X’ +4x+3<0
2x* +5x<0



NMPPALUNOHAJIbHbIE YPABHEHUA

UPPALIMOHAJbHbIE YPABHEHMSA

B ypaBHeHUsIX V2x—5 =7, 2 \/; +5=8, Jx+3 =-1-x HEU3BECTHbIE HaXOsATCs 10, 3HAKOM
KOpH4A. Takre ypaBHEeHUS HA3bIBAIOTCA UPpPaLMOHAJIbHBIMU YPAaBHEHUAMHU.

JpyruMu npuMepaMu UppaLMOHAJbHBIX YPAaBHEHUU ABJAKTCA, HAallpUMep, YPaBHEHUSA

J2ix=s = 3=x, {(x+1) - {(x-1) =1,

Bo MHorux ciaydasix UppaljMoHa/ibHble YpaBHEHUsS peLIAlTCs NYyTEéM NpPUBeJEHUS K
palMoOHa/bHBIM yPAaBHEHUSM, SBJSIOLUMCSA UX pe3yJbTaTaMu. /i1 3TOro BbINOJIHSIOTCSA
cJleflylolye 3Tanbl:

® YTo6bI Mpeo6pa3oBaTh UPpALMOHAIBHOE YPABHEHHE B PALlUOHA/IBHOE, 00€ YaCTH JAHHOTO
ypaBHEeHUs BO3BOJATCS B HATYPa/IbHYIO CTeNleHb OJIUH UJIM HECKOJIBKO pas.

® PerraeTcs noJiy4yrBlieecsl paljiOHaJIbHOE YpaBHEHUeE.

® YTOYHSAIOTCS IOCTOPOHHUE KOPHHU.

O6pa3oBaHHE MOCTOPOHHUX KOPHEH CBSI3aHO C BO3BEJIEHUEM B CTENEeHb. JTO MOATBEPXKAAETCS
caenymrllerd TeoOpeMoOHu.

Teopema. PemieHue ypaBHeHuUs f, (x) =7 (x) , 00pa30BaHHOTO BO3BEIEHUEM B KBaJIpaT
v 2 2 9 v
o6eux yacTeit ypapuenus f,’(x)= 1, (X), cOCTOUT U3 06beAUHEHUA KOPHEH ypaBHeHH

fi(x)=12(x) £ (x) = =1 (%)

JTa TeopeMa MOKa3bIBaeT, UTO NpPH BO3BEJ€HHWU B KBaJpaT ypaBHEHWS ero KOPHHU He
MCYe3al0T, HA060POT, MOTYT 06PaA30BbLIBATHCS IOCTOPOHHUE KOPHH.

Ec/v B uMppanyoHa/bHOM ypaBHEHHUM Y4acTBYyeT TOJIbKO OAMH KOpeHb, OCTaBJIsieM 3TOT
KOpEeHb B OJJHOM YaCTH YpaBHEHHUs], a OCTaJIbHbI€e YJeHbl ypaBHEHUS [IEPEHOCUM B JIPYTYIO0 YaCTh.
[ToToM 06e yacTH BO3BOJAUM B TaKylO CTeleHb, YTOObI YpaBHeHHe U306aBJIsSJIOCh OT KOPHSA. B
pe3yJsibTaTe GOpMHUpPYeTCs palluOHa/JIbHOEe YpaBHeHHUe. /lajiee HEOOGXOAMMO PEIIUThb N0Jy4eHHOe
ypaBHEHHeE U IIPOBEPUTh, ITOACTAaBUB €ro KOPHU B JJAHHOE UppalMOHa/lbHOe ypaBHeHHUe. Eciu
KaKOW-JIN00 U3 Hal/leHHbIX KOPHEHW He Y0BJIeTBOPSAET 33/laHHOMY YPaBHEHMUIO, TO OH ABJISAETCA
IIOCTOPOHHUM KOpPHEM.

IIpumep 1. Peminte ypaBHeHUE V2x-1=5,

Pemenue.

Bo3BesiéM 06e YacTH ypaBHEHUs B KBaJpaT (x/ﬁ)z =5 .0rcrogax =13.

Tenepb MpOBEPUM, He AIBJSAETCA I 3TOT KOPEHb IOCTOPOHHUM: +/2.13—1 =~/25 = 5 .[losryunsioch
IpaBUJIbHOE PaBEHCTBO.

OTBeT: x = 13.

Mpumep 2. PemnTe ypaBHeHUE v/ x° —x—2 = x — 3.

PemeHue. Bo3e1éM 06e YacTH ypaBHEHMS B KBaApaT x2 - x —2 =x*-6x+ 9. OTcrogax = 2,2,

Tenepb NpoBepUM, He SIBJSIETCS JIM 3TOT KOPEHb MOCTOPOHHUM. B JieBOM 4yacTu ypaBHEHUS
MOJNYYuUM +/2,2°—2,2-2=2,2-3, /0,64 =—-0,8; a B npaBoi 4acTu ypaBHeHusa 2,2 - 3 = -0,8.
[Tony4yusiocs paBeHctso 0,8 = - 0,8, KoTOpoe He BepHO.

TakuM 06pa3oM, KOpeHb 06Pa30BaHHOI0 PALIMOHAILHOT'O YPaBHEHUS SIBJISIETCS IOCTOPOHHUM
KOpHEM /IJI51 33JaHHOT'0 UPPALMOHAJIbHOTO YpaBHeHUs1. 3a/JaHHOe UPPaALMOHA/IbHOE YpaBHEHUE
He UMeeT KOpHEeH.

OtBeT: Q.
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@ PemeHue uppanoHaIbHBIX ypaBHEHUi

I. YpaBHeHue BuJa «/f(x) = g(x) MO>HO pellUTb IPUBeJleHHEeM ero B paBHOCUJIBHYIO

g (x) >0
€My CUCTEMY {f(x) _ g (x)

Mpumep 3. Pemvite ypaBHeHUe \/3x C6x+16=2x—1.

PelieHue.
2 _ _1)?
B —bx 416 =251 = |2% ~oxH16=(2=1),
2x—-120
2x—15=0,
3 6xtl6=dr —dxil ¥ +1 T
2x2>1 —
T2
PemlaeM ypaBHeHHE x> +2x-15=0: xLZ: 24+6 22 = x,=3, x,=5. Tax
1

KakK X = E' TO KOPHEM YpaBHEHUS SABJISIeTCA X = 3.

OTBeT: X = 3.

f(x)>0

g(x)=0
notoM ypaBHeHHe f(x) = 0. O6beJUHEHHE peELIeHUN JBYX MOCJEeJHUX AAET pelleHue

IL. lns1 pemenus ypaBHeHui Buza  / (x)-g(x)=0 pemaror cnepsa CI/ICTeMy{

34aIaHHOI'O YpaBHEHHUA.

IIpumep 4. Peliute ypaBHeHUE (x2 —25)\/6 -2x =0,

PemieHue.
x2—25:0 x1,2:i5

Jtan 1: = = x=-5
6—-2x>0 x<3

Jdran2:6-2x=0 = x=3

OTBeT: x, =-5; x, = 3.

III. YpaBHeHue Bua \/ f (x) = \/ g(x) pelraeTcst NpUBEIEHUEM €T0 B OJIHY U3 CIEAYIOLIHX
CUCTEM:

S ()=g ), S ()=g ),
£()=0 i g(x)=0
Ipumep 5. Pemiute ypaBHeHue Vx+1=+2x-3.
Pemenmue.
x+1=2x-3 x=4
= =x=4
2x-320 x>1,5

OTBeT: x = 4.



NPPALUUNOHAJIbHDbIE YPABHEHUA

Ilpumep 6. Pelunte ypaBHeHUe: VX' +4x =+14—-x .

Pemenue.
Bo3BesiéM B KBaipaT 06€ YaCTU ypaBHEHHUS U PEIlIUM MOJIyYeHHO€e YpaBHEHMUE.

2
(\/x2+4x) :(\/14—x)2 = X +4x=14-x = x,=-7, x, =2

HenocpencrsenHas mpoBepka, T. €. IPOBEPKa MOJICTAHOBKOM ATUX 3HAYEHUH B 3a/laHHOE HUppalto-
HaJbHOE ypaBHEHUE, IOKA3bIBAET, UTO HU OJJHO U3 HUX HE SIBJISETCS IOCTOPOHHUM KOPHEM.

OtBet: x, =7 , x, =2,

IV. Pemenue ypaBHenuit Buzaa 4/ (x)-4/g(x) =0 cocrouT us o6beuHenus pemenui
CUCTEM:

J()=0 g(x)=0
g(x)>0 ! f(x)>0

IIpumep 7. Pemmre ypaBHEHUE: /x> —4 -A/x+5 =0

Pemenue.
2_4=0 x,, =12
1) g S =>x,=-2; x,=2
x+5>20 x>-5
x+5=0
2)y , = x=-5
x —4>0

OTBet: x, =2;x,=-2;x,=-5.

O6saacTtb onpejgesieHud ypaBHEHHUA — 3TO MHOXECTBO BCeEX 3HaYeHUH HEeU3BeCTHOI'o, IIpH
KOTOPBIX BC€ YAaCTHU YPpAaBHEHUA UMEKT CMBbICII. I/IppaLU/IOHaJIbHOG YpaBHEHHE MOXHO pEelINTb
I[MpaBUJIbHO, HE HaXoAA 006J1aCTb. CYTb InocjieAHero OoIurpaeTcd Ha IIPOBEPKY. B HEKOTOPbIX
YPaBHEHHUAX I10JIE3HO HaWTH 06J1aCTh onpeaesieHusd.

HaanMep, MOXeTe CaMOCTOATEJ/IbHO IIPOBEPHUTD, YTO:

3 4 3
1) nHaxoxpaeHue oOmacTU OMpEAENEHUS YpaBHEHUS \/ x +4x-1- 8\/ X' —x = \/ x =1+ 2\/;
JIOCTATOYHO CJIOXKHO U 6ecroJie3Ho (Jydllle BO3BeCTH 06e YacTH ypaBHEHUS B KBaJpaT);

2) pyis pellleHUs YpaBHEHUA \/x2 —x+\/2—x—x2 =+/x -1 JZOCTAaTOYHO HAMTH ero 06JacTh
onpe/eseHUsl.

Mpumep 8. Peumre ypasuenue: V1—x" -Vx* =9 =0,

PemeHue.
Haxoaum o6J1acTh onpejie/ieHUs1 ypaBHEHUS:
1-x*>0, X’ <1, —-1<x<1,
5 = = =
x°=9>0 x°2>9 x<-3,x>3

Tak Kak 06J1aCcTh ONpe/iesIeHHs IIYCTOe MHOXKECTBO, TO YpaBHEHHE HEe UMeEeT KOPHEH.
OTBerT: @.
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Mpumep 9. Pemure ypaBHeHnue V3x+7 —+/x+1=2.

PemieHue.
Bo3BesiéM 06€e YacTy ypaBHEHUsI B KBaJ|par.

(Vax+7 —\/x+1)2 pe
3x+7-2(3x+7)(x+1) +x+1=4
(Bx+7)(x+1) =2x+2

VpaBHeHue +/(3x+7)(x+1) =2x+2 cHOBa BO3BOAMM B KBaZipaT U MOJydaeM:

(3x+7)(x+1)=4x*+8x+4, OTcroma x> —2x—3=0.Ero kopuu X, =-1 x, =3,
[IpoBepUM 3TH KOpHH.
Mpu x=—1 umeem (3(—1)+7 - V=1+1 =2-0=2,

[Ipu x =3 uMeeM J3:3+7 - 3+1 =4-2=2,

3Ha4yuT, 062 KOPHA YI0BJIETBOPAIOT 3aJaHHOMY YpPaBHEHHUIO.

OTBeT: x, =1, x, = 3.

Mpumep 10. Pemnte ypaBHeHHe: ~/3—2x ++/x—7 =5

PemieHue.
HaxoauMm o6J1acTh onpeiesieHUs1 ypaBHEHUs.

3-2x>0
x—=720

x<1,5
= xed
x=7

Tak kak 06J1acTh onpeaesieHud IMyCToe MHOXKeCTBO, TO YPABHEHHE HE UMEET KOpHeIL/'I.

OTBerT: @.

Mpumep 11. Pemure ypaBHeHue ¥25++x+13 -2=0

Pemenmue.

V25+x+13 =2 = 25+x+13=2" = Jx+13=7

Jx+13=7, x+13=7%, x=49-13=36

[IpoBEpHM 3TH KOPHH. 3/25+m={/25+\/5=§/25—+=§/3_=2

3Ha4YUT, HAUJleHHbI KOPEHb y/I0BJIeTBOPSAET 3alaHHOMY YPaBHEHHUIO.

OTBeT: x = 36.

[Ipumep 12. Pe € ypaBHeHHe \/3x+2 +\/ X >
o IHINUT BHEHHU = —.
pumep P X 3x+2 2

PemieHue.



NMPPALUNOHAJIbHbIE YPABHEHUA

3x+2 x 1
1. Ecan BBOJMM 0603HaYeHHE =a, To =—, U ypaBHeHHUEe NPUMET BU/|
X 3x+2 a
5 1
a+—=—. Haxogum ero kKopuu q, =2, a,=— .
a 2 2
. ) 3x+2
2. Tenepb, BMECTO d MO/CTaBJIAA HaWJeHHbIe €€ 3HaYeHUA B =da,HaxoAuM X, =2 U
8 X

X, Z—ﬁ.

OTBeT: x, =2 U x2=—ﬁ.

IIpumep 13. Pemnte ypaBHEeHUE Uxd +4x* +3x=3 =x+1,

Pemrenue.

Ut +4x2+3x-3 =x+1 = x3+4x2+3x—3:(x+1)3 =
=X +4x" +3x-3=x+3x"+3x+1 = x*—-4=0.

X' =4, x,=1%2,

[lpoBepuM 3TH KopHU. [Ipu x =2 MMeeM %/23 14.2243.2-3 =2+1,327 =3,

Mpy x =2 uMeem 3/(—2)3+4-(—2)2+3-(—2)—3 =-2+1,3-1=-1.

OTBeT: x=12.

Mpumep 14. Pemute ypaBHeHue VX' —3x+5+x> =3x+7.

Pemenue.
X2 =3x+5+x7 =3x+7 =X —-3x+5+x>-3x+5-12=0

2
Eciu BBOgMM o06G03HayeHHe VX —3x+5=a, To MOJYYUTCS KBaJpaTHOe ypaBHeHHE

a2+a—12=0.Er0KopHH a =3; a,=-4,
[lpu q =3 umeeM Vx*=3x+5=3, x*-3x+5=9, x*-3x-4=0.Ero KOpHU: x, =4; x, =—1.

[Ipya=-4Tak Kak —4 ¢ [0;00), TOypaBHeHHe VX° —3Xx+5 = - 4 He UMeeT KOpHeil.

OTBet: x, =4; x, = -1.

V. YpaBuenue 4/ /~ (x) = f(x) paBHOCHIBHO HepaBeHCTBY f{x) > 0.

Vpasuenue |/~ (x) =—f (x) paBHOCHIBHO HepaBeHCTBY f(x) < 0.
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NMPUMEPDI

PeruTe ypaBHeHMA.

€ s5x2-10 D Jax-6 =12 € Jio—2x =4
O J-12+7x=x & /x+12+x=0 @ 4+3x=—x
@:-3=V-x O -x=-Vi5-2x @ ~-6=-B-x
© 3x;17:4 @ \/E:% 12 5x4—2=1
E) V5x-3 =ax €D Ja-2x =2Jx-1

B Vx* -3x+1 = V2x-5 M 3x+232x +3x-5=12

(B 3+\3x —8x+14=2x (D Vi5¢ - 7x18=dx

@ VP rx=2-x @ (x> -25)V6—2x =0

D (4-x")V-1-3x =0 D (" -16)(x-3)(x-6)V5-x =0

B (¥ -9x +14)Vx* —9 =0 D -4 3+ =0

) 5x+4 - Jx+3 =1 D Vx-2+1-x=2

D Vx—13+10-x =4 D J(2x-3) =2x-3

LD V3x-2+Vx-1=3 €D 2Vx-2+2=3x+1

P Vx? +77-2¢x* +77-3=0 ) Vx+ix=12

D) Vx+vx—2=1-x €D V¥ +32 =2 +32+3
@x2+5x+4—5\/x2+5x+28:0 @x2+\1x2+2x+8=12—2x
D Vx-2 + Jx-1=+3x-5 €D Vx+2 +Vx+5=12x+11

39 RN @7-x =3



CUCTEMbI UPPALIMOHAJIbHbIX YPABHEHUM

CUCTEMbI UPPALIUOHAJIbHbIX YPABHEHUH

PemeHue cucTeM HppalLMOHaJbHbIX yPaBHEHUW OCHOBAHO Ha MpaBUJax Nepexoja
K PaBHOCHUJBHBIM CUCTEMaM WJIHU CJeACTBUAM. Mcmosib3yroTcss pa3JvuyHble METO/bl
pelieHUs CUCTeMbl MPpPALMOHAJbHbIX YPpaBHEHUU: pa3Jio)KeHHUe Ha MHOXMUTEJH,
HCKJIIDYeHUe TepeMeHHBbIX, aJrebpanyeckoe CJ0XKeHHe, 3aMeHa epeMeHHbIX U AP.

Jx+y =8
5=

IIpumep 1. PeivTte cucTeMy ypaBHEeHUHU {

Pemenmue.
HaxonuM 06./1acTh onpe/iesieHUsl CUCTEMbI ypaBHeHUM: x>0, y >0,
BeeaéM 0603Hadenns Vx =a,\/y =b.

{\/;+\/;=8 @{a+b=8 3{a=8—b j{a=8—b

Jo =7 ab=17 (8—b)b=7

_ 8E£464-28 816 -

PewaeM ypasuenue b’ —8b+7=0, b, = 5 5
4 =8-b = 8-7=1, = a=I

a,=8-b = 8-1=7, = a=T.

npu a, =1, b =7 umeem Ve=1,\y =7.> x=1, y=49.
lpu a,=7,b,=1 umeem Vx=7,Jy =1. x=49, y=1.

IIpoBepum: 1ipu x =1, y =49 umeeM

J1+4/49 =8 :{1+7:8
J49 =7 7=17

x=49,y=1da

{\/EJr\ﬁ:S :{7+1:8
J49 =7

OteeT: (1; 49), (49; 1).

x—y=21
IIpumep 2. Pemivite cucTeMy ypaBHEHUHN {\/— \/— 3
X—4y=

Pemenue.

HaxozauM 06.1acTh olpe/ie/ieHys CUCTeMbl ypaBHEHHUI: x >0, y > 0.

[IpumeHsieM popMy/Iy KOPDOTKOTO YMHOMXEHHUS X — Y = (\/; - \/;)(\/; + \/;) .
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{x—y=21 j%(\/;—\/;)(\/;+\/;)21 . 3(Vr+yfy)=21
Vr—y=3 Jx-y=3 NEENEE

y=4.

+{J¥+J}:7 j{&:s :{x=25
Jx =y =3 Jy=2

25-4=21 21=21
IpoBepum: npu x =25, y=4 umeem

=
J25 -4 =3 5-2=3

OTBeT: (25; 4).

X+y+x+y=20

[Ipumep 3. Pemnte cucTeMy ypaBHEHUM | , =
x +y =136

PemeHue.

CHayvasia peliaeM epBoe ypaBHEHHe CUCTeMbI X + ¥ ++/x+ y =20, Ec/ii BBecTH 0603HaYeHHe
2
JX+y = a,Toobpasyercs kBagpaTHoe ypaBHeHue a” + a—20=0,Takkak \/x+y 20,100 =0 .

_ —1+1480 149

= a1:4,a2:_5,02:4.
2 2

Tak kak —5¢&[0;00)u 4€[0;0), To \Jx+y = 4.0Tcrona x+y=16. CiieoBaTesbHO,

/ - +y=16 x=16-y
{x+y+ x+y =20 3{)6 y :{

X +y? =136 X’ +y* =136 (16— y) +»* =136

2 p—
Pemaem ypaBHeHnue a” + a—20=0, a,

PelraeM ypaBHeHHE (16—)/)2 +y° =136 = »*—16y+60=0.

_16+256-240 16+4

2 2

Mpu y, =10, y, = 6 u3 x+y =16 BbITeKaet x;, = 6, x, =10, KopHu 06pa3oBaHHONU CUCTEMBI
panoHasbHbIX ypaBHeHUH (10;6) u (6;10).

1,2 :y1:10;y2:6'

HpOBepI/IM, ABJIAKOTCA JIM OHHU KOPHAMHA HCXOAHOﬁ CUCTEMBbI UPPAlHMOHAJIbHBIX ypaBHeHHﬁ:

{10+6+\/10+6 —16+4=20

10°+6°=100+36=136

OtBerT: (10; 6), (6; 10).
x+y=28
I[Ipumep 4. Pemyte cucrem aBHEHUU
P P yyp 2/; N i/; 4

PemeHnue.

Haxogum o6J1acTh onpe/iesieHUsI CUCTEMbI YpaBHeHU: xe R,y € R.

0603HaYUM 3/;=a, 3/7 = b. Torpa : x:a3, y=b3-



CUCTEMA UPPALIMOHAJIbHbIX YPABHEHUM

Xx+y=28 a+b =28
=
Ux+3fy=4 a+b=4
(a+b)(a2—ab+b2):28 4(a2—ab+b2):28
= =
a+b=4 a+b=4
a*—ab+b* =17 (a+b) =3ab=17
= =
a+b=4 a+b=4
4> —3ab=17 3ab=9 ab=3
= = =
a+b=4 a+b=4 a+b=4

ab=3

b4 noayyuMm ¢, =1, b =3mn a,=3, b, =1.

M3 cucteMbl ypaBHEHUH {

Ilpu q, =1, b, = 3 umeem %/;:l, %/; =3=>x=1, y=27.

1+27=28
IlpoBepka: x =1,y =27unux =27,y =1 umeem 7
14327 =1+3=4

OtBerT: (1; 27), (27; 1).

3x—yy+2x =1

IIpuMep 5. Pemiute cucTeMy ypaBHEHUH {

y+3x=5
Pemenue. 1) 3x_m:1 N 3x—4y+2x =1
y+3x:5 y:5_3x

:{3x—x/5—3x+2x:1 :{\/5—x=3x—1

2) Pemaem ypaBHeHnue V5 —x =3x—1. Tak kak v5—-x =20, To
1 1
3x-120=3x21= ng = Xxe g;oo )

Bo3Beisi 06e yacTy ypaBHeHHUsA V5 —x =3x—1, mosiy4uM KBaJ[paTHOE ypaBHEHHE.

S—x:(Zvc—l)2 = 5-x=9x"-6x+1= 9x*—5x—-4=0

HaXOAI/IM KOPpHH YpaBHEHMUA.
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5+/25+144  5+13 4

X, = = x,=1,x,=—=

18 18
| 4 11
Tak kak 1 € g; 0 | u ) ¢ 5; oo |.[oaTomy X =1 - KOpeHb ypaBHEHUS.

[lpu x =1 umeem y =2. Urak, napa (1; 2) - KOpeHb 06pa3oBaHHOU cucTeMbl. OcTaércs

POBEPUTH, SIBJSIETCS JIM 3TA [apa KOpHEM ucxoqHou cucrteMbl [lpu x =1 u y =2 umeem:

{34—42+2.=3—JZ:1

’ HOJIy‘II/IJH/ICb [IpaBUJIbHbIE YU CJIOBbIE pPaBE€HCTBA.

2+3-1=5.
OTBerT: (1; 2).

x—=2y+2=2
IIpumep 6. PemiviTe cucTeMy ypaBHEHU U

Pemenue. Vy—2x+11=x—5

U3 Jy—2x+11>20 umeem x—-5>20 = x=>5 wiun xe[S; oo). Tenepb 3aJaHHYIO
CUCTEMY HWppalMOHAJbHbIX ypaBHEHWM NpPUBEAEM B CHUCTEMY pPalMOHAJbHBIX YpaBHEHUU
1ocJie[0BaTebHbIM Pe06pa3oBaHUEM.

2
{ x_2y+2=2, N (ﬂx—2y+2) =4
Jy=2x+11=x-5 (Vy—2xe11) = (x5

{x—2y+2=4, {x—2y=2,
=

y=2x+11=x"-10x+25 y=x"—-8x+14
x=2 -8x+14)=2, {2x2—17x—|—30=0,

= = )
y=x"-8x+14 y=x"-8x+14

17£~4289-240 177

4 4

Pemaem ypasHenne 2x° —17x+30. Ero kopHu X, =

5

5
X, =—, X, =6. [locKoJIbKy — & [5; oo), TO 3TO 3HAYE€HHE X =— MPHUBOJUT K MOCTOPOHHEMY

KOPHIO 3alaHHOM cucTeMel [lpu 6 € [5; oo) umeeM y=6"—8-6+14=2. [IpoBepum Tenepnb

NV6-2-2+2=2,

napy (6; 2), MOJCTaBJIsASl €€ B MCXOAHYIO CHUCTEMY: [onyunnuck
NpaBU/IbHbIE YUCIOBbIE PABEHCTBA . N2-2-6+11=6-5.
OTBer: (6; 2).

\/x+y +\/2x+y+2 =7

IIpumep 7. Peiute cucTeMy ypaBHEHUH
3x+2y=23



CUCTEMbI UPPALIMOHAIbHbIX YPABHEHUN

PemeHue.

BBeast 0603HaveHus1 [X+ )y =a u /2x+ y+2 =>b, obuapyxum, yto a>0 u b>0.

BOSBG,E[H B KBaZ[paT 3THU [iBA PAaBEHCTB4, UMeeM

x+y=a’ ulx+y+2=>b.

+y=a’,
Jx+y=a
2x+y+2=5h"

3x+2y+2=a’+b°

Cn0KuM 3TH paBE€HCTBaA:

YuuTbiBasi BTOpOe ypaBHEHHE 3aJaHHOU cucTeMbl, T. €. 3x+2)y =23, U3 mnocjieaHero

2, 72
paBeHcTBa mosiyduM a” + b~ =25. Takum 06pa3oM, Mbl MO’KEM 3aMEHUTb UCXOAHYI0 CUCTEMY
Ha CJielyI0LIyIo:

\/x+y+\/2x+y+2=7, a+b=17,
3x+2y=23 a’ +b*=25.
KopHsiMU BTOpO# cHCTEMbI ABJISIIOTCA Maphbl (3; 4) 7 (4; 3).
llpu a =3 u b =4 umeem

x+y=3, x+y=9, {x+y:9’
j — =
2x+y+2=4 2x+y+2=16 — [2x+y=14 = ¥ 5,y=4.

llpu a =4 u b =3 umeem
{ x+y=4, {x+y:16, {x+y:16,
= =

= x=-9 y=25.
2x+y+2=9 2x+y=17 ’

2x+y+2=3

UTak, mapsbl (5; 4) U (—9; 25) — CUCTeMbl pallMOHAJIbHbIX YpPaBHEHHUH, SABJIAKLIAXCA
CeICTBUAMMU 3alaHHOM CUCTEMbI MPpPALMOHAIbHBIX ypaBHEHUHU. [lJ11 OKOHYATEJIbHOTO OTBETA
MBI JJOJDKHBI YCTAaHOBUTD, YTO OHU HE AABJIAKTCA NOCTOPOHHUMU KOPHAMU UCXOAHOU CUCTEMBI .

V5+4+2-5+4+2=7,

[Ipu (5; 4) nMeeM { - IIpaBUJIbHbIE YUCTOBble PABEHCTBA;

3.5+42-4=23

J=9+25+,[2-(-9) +25+2 =7,
3.(-9)+2-25=23
OTBeT: (5; 4) u (—9; 25).

NMPUMEPDI

Pemure cucreMy ypaBHEHHM .

Vx =y =4 3Wx -y =8
©- {2\/;+3\/;—18 ¥ {\/}+2\/§—19

— [IpaBUJIbHbIE€ YK CJIOBbIE PABEHCTBA.

Tpu (_9; 25) uMeeM {

%/;_3)/:3 %/;—3-)/:
Ux+3fy =5 Ux+3fy =3



{22/%33 y=-1
a)

23x =33y =—7

Jx +4/y =26
Ga){%“y=6

V6+x-33y+4=-10
a)
43y +4-J6+x =14

JX+y —{Jx—y =8

MABA 2. PALUNOHAJIbHbIE YPABHEHUY N HEPABEHCTBA. UPPALUMOHAJIbHBIE YPABHEHUA

3Rx+23fy =3
b
M 3x =23y =9
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2Wx—2+ 5y +1=8
b)
3Wx—2-25y+1=-2

b){{‘/x+y+‘\‘/x—y—4

\/x+y+\/x—y:10
3

Jx =3y =3=
b) \/; \/; 4
x-y=1

Ix-3fy =2

d
) x-y=27

b y&—x[z—&
) Jr =y =1



3 2\/7 5
y

4x + y—lO

{55
Aff-B
|

_10
3

%ﬁ
S A

4y +5x—Jxy =79

@- 5x—4y+Jxy =81

CUCTEMbI UPPALIMOHAJIbHbIX YPABHEHUN

xy =64

b) {x—y+\/E:20

Ix—3fy=-1
VR i+ =7

4\/24_2\/2:
b) y X

7x +2y =48

-

2_x*=15

9y+2x—\/5=71
b)
2x—-9y+Jxy =73




W MOKA3ATEJ/IbHASl ®YHKLUA
¥ MOKA3ATE/IbHbIE YPABHEHUS
W MOKA3ATEJIbHbIE HEPABEHCTBA

W NMOHATME JIOTAPUDMA. ﬂOfAPMdDMVI‘-IEéKAﬂ DOYHKLUNA

WA TOXXAECTBEHHbIE NMPEOSPA3OBAHUSA JIOTAPUOMUYECKUX
BbIPAYXEHUM

“SJNTOTrAPUOMUNYECKUE YPABHEHUA

TEMbI NMOKASATEJIbHbIX U JIOTAPU®MUYECKHUX
PABHEHUM
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AE NMOKA3Z bHE U JIOTAPUOMUYECKUX
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MOKA3ATEJ/IbHAA ®YHKLUUA

NMOKA3ATEJIbHASA ®YHKLIUA

B nocnenHee BpeMs Bo3/yx 60Jiblie 3arpsi3HsAETCs, U BCE Yallie HabJ/II04aeTCsl NOAbEM MbLJIU C
MOBEPXHOCTH 3eMJIH. /loKa3aHo, YTO C yBeJIMUeHHEeM BbICOThI KOJIMYECTBO MbIIM yMEHbIIAeTCs.
3aBUCUMOCTb KOJIMYECTBA MbLJIU OT BbICOTHI BbIpakaeTcs MokKa3aTesJbHOU ¢yHKuueld. Kpome
TOr0, NOKa3aTeJbHbIMU QYHKIUSIMHU ONUCHIBAIOTCS TaKUE sIBJIEHUS], KaK pa3MHOXKeHH e BUPYCOB
M pacrnaj pa/ji0aKTUBHBIX BELECTB.

Eciu 0603HAaYMTh KOJIMUECTBO NbLIM B €IMHUYHOM 06bEMe BO3/yXa yepes y, a BeJIUUUHY
BBICOTBI — Yepes X, TO TOr/ja 3aBUCUMOCTb KOJIMYECTBA MbLJIU OT BbICOTHI O6y/leT BbIPAXKaThCs
bopmyuioit y = p-e *.31ech p, ¢ - U3BECTHBIE BEJIMYMHBI, Ha3bIBaeMble lTapaMeTPaMH, ¢ — Uppa-

LJMOHaJIbHOE YU CJI0, Ha3dblBaeMoe YyucaoM Jisiepa. Ero npubsim»keHHOe 3Ha4eHUe paBHO 2,7 1.

Jl/1s1 M3yYeHus OKa3aTeIbHbIX GYHKIMIA HY>KHO 3HATH C/IEAYI0OLIME UX CBOWCTBA:
1
Da’=1, a=#0 2)a =a 3)a"-a"=a""

4) Z_'" =a"" 5) (a")" =a™ 6) (ab)' =a"-b"

7)(3 :Z_n’ b#0  8)a"=Xa", a>0,neN,meZ

m m

Kak 1M3BecTHO, MOXXHO paccmMaTpuBaTb CTENIEHU g” C l,leOGHI:IM [I0OKa3aTeJieM

P
n WIH a” C

I,Zlel\/’lCTBI/ITEJIIJHI:IM I[TOKa3aTeJieM p. HpI/I HEKOTOPbIX 3HAY€HHUAX [TOKa3aTeJid p CTECIIEHb a’ MOXeT

1
cTaTh GeccMbIceHHON. Hanpumep, BbipaxkeHHe (—3)2 He MMeeT CMbIC/Ia Ha MHOYXeCTBe JieicT-

1
o

1
3
BUTEJIbHBIX Yuces. Kpome Toro, BeipaxkeHue 0 = — = 0 TaKxe He onpejesneHo. YTo6bI nmpe-

JIOTBPATUTh TaKue CJy4aH, HaKJIablBaeTcs yCJ0BUe a > () Ha OCHOBaHUe a CTENIeHH a” C BeIecCT-
BeHHBIM p. [lockosibKy 17 = 1 a1 11060T0 1eHCTBUTENBHOTO YUCJIa p, CTeNeHb C OCHOBaHUeM 1

He J1JaéT HUKaKOW HOBOM MHPOpMaIMH.
W Tak, Ha OCHOBaHMHU BbILIEU3JI0}KEHHOTO MOKHO C/leJ1aTh CJeAYIOLUH BbIBOJ,

3ak04eHue. YToObI cTeneHb ¢’ C IPOM3BOJIbHBIM BellleCTBEHHBIM [T0Ka3aTeJseM p IPUHU-

MaJia onpeJie/IEHHOe 3HauYeHHe, OCHOBaHHEe JI0/DKHO YA0BJIETBOPATD yCa0BUAM a >0 ua # 1.

PaccMoTpHM BellleCTBEHHOE YHCJIO @, YAOBIETBOpstoliee ycaoBusaM a > 0 u a # 1. OyHkusa BUia
y=a“Ha3blBaeTcd NOKa3aTeJIbHON PpyHKIMeH (10Ka3aTesb CTeNeH! — IepeMeHHas BeJIMYMHA).

[TokasaTesibHast PyHKLMA y = a* 00/1a/]aeT CAeAYIIUMH CBOUCTBaMHU:

® O6s1acTh omnpefiesieHUs] MOKa3aTeJbHOU QYHKLUHMHU y = a* COCTOUT U3 MHOXKECTBa BCeX

JleCTBUTEJIbHbIX YU CEJI: Ve ~
D(y) = (—o0; +o0) PucyHok 1
® MHOXXeCTBO 3HAaYeHUHM MOKa3aTeJbHOU
e =a"
GYHKIUM y = a@° COCTOUT U3 MHOXEeCTBa BCeX I/ ry=a
N0JIOXKUTEJIbHBIX J1eCTBUTEbHBIX YHCEJI: 15 a>1
bS] o
E®y) = (0; +0) 0f x
® [lokasaTenbHass QYHKIUHUA y = a* He I'pagpur noxasamenvhot @ynxyuu
(S

nepecekaeTcd C OCbIo Ox.




MMABA 3. MOKA3ATEJIbHbIE U NOTAPUDMUYECKUE DYHKUUNU

@ [lokazaTesbHasA QyHKIUSA y = a* lepecekaeTcs ¢ ocbio Oy B Touke (0,1).
@ [lokazaTesibHast GYHKIMS He SIBJISIETCS HU IEPUOJUYECKOM, HU YETHOM, HU HEYETHOM.

@ OyHKIMA y= a* yobiBaeT npu a, 0 < a < 1. UHTepBas yobIBaHUS (—0; +0) .

@ OyHKIMA y = a* Bo3pacTaeT Npu a > 1. UHTepBas Bo3pacTaHuUs (—o; +o0).

Mpumep 1. CpaBHUTE (O,I)ﬁ 1.
PelueHue.

PaccMoTpuM pyHKIHIO f(x) = (O,I)X, OCHOBaHHE KOTOPOM 3aKJIIOUEHO MeXy HyJleM U
eauHuLen. [loaToMy oHa - yobiBatomas. Ciie1oBaTeIbHO, (0,1)0 =1(0)> f(\/i) =(0,1)ﬁ:

nockosbKy 0 < ﬁ

OTBeT: (O,l)\/E <.

Y3 ]' : X X
IIpumep 2. Kakue u3 GpyHKUUH yObIBAKOIAS: V = (—j ,y=e,y=2,6"7

2
PeineHue.
; . . [~ N
W3 Tpéx 3aaHHbIX QYHKIMN TOJIbKO y IEPBOM OCHOBA-
Hue exuT Mexkay 0 v 1,a y ocTaJbHBIX OCHOBaHHE 60J1b- PucyHok 2
e 1. [JoaTOMy TOJIbKO NlepBast PyHKIMA — yObIBaOLIaAs.
Y VA
OTBeT: y = (E . 71
L
y=3
J
I[Ipumep 3. [lokaxkuTe, YTO ypaBHeHHEe 3* =5 UMeeT a1 &
e/JUHCTBEHHOE pelleHue. 3+ [
S WEN
PelneHue. T
. . —F— >
[loctpoum rpadpuku GyHKIMHN y=3" U y =5Ha OAHOU 4 24,012 3 X
NJIOCKOCTHU (pHuC. 2).
- J

W3 pucyHkKa BUJHO, 4YTO rpaduKHU NepeceKarwTcs B
e/IMHCTBEHHOM TOYKe. ITUM YCTAaHOBJIEHO, YTO yPAaBHEHHE UMEET eJJMHCTBEHHOE pPellleHUeE.

NMPUMEPDI

GHpI/IBeAI/ITe CBOMCTBA PYHKLUHU U IOCTPOUTE eé rpaduK.
a) y=3" b) y=0,4" c) y=0,8" d) y=1,5"

eHaf/’mHTe MHOeCTBO 3Ha4eHU I PyHKIHH.
1 X
a) y=3" b)yz(zj -1

1 X
c)y=—(§j d)y=4"+2




MOKA3ATEJIbHAA ®YHKLUUA

e CpaBHHTE BbIpaXKEHHH.
3 7? 5 1 1 21
a) (gJ u 1 b) 3,22 u 1 c)0,7° m 0,7° d) 5" u (gj

b) 31—2x/§ .91+\/§ C) 64ﬁ 643\/5 d) (5%)5/3

e YupocTtuTe BblpaKeHUH.

) b) %)

0) xzr_4/x2 6x*" d) yﬁ_y1,5:63/y3ﬁ

5 X
@ Kakue u3 QyHKUuH V= (5) , y=n", y=1,7"Bospacrarwmue?

e [TocTpoiiTe 3cKU3bl TPaPUKOB CAEAYIOIUX QYHKIUM.

a) y=2" by y=-2"" oy=2"1-1
@ YIpocTUTe BbIpaXKeHHUsl.
a2 _p2B | (a”5 —1)(41”5 +al + a”g)
a) @ Py b) PN
5 VT Ly
a’”—b V3 7\ -
N N N d) \/(x +°) ‘(4 ny

a’ +a’b® +b3

e OnpegenuTe, KaKue U3 CAEAYIOLMX ABYX QYHKIMN BO3pacTalolas, a Kakas y6bIBawLias
SR R e

=3V -

(V5-2)

@ HaiijuTe MHOKeCTBO 3Ha4eHUH QYHKIUMU.

& y=(V5-2) . y= L
) r=(\5-2) .y G

. 1 x-1 i ¥
a) y=3""-3 b)y=(5j +2 o y=[2-2 d) y=4"
@ Haliiute HauboJsiblllee U HAUMeHbIlIee 3HaYeHUe QYHKIUU.
sinx ‘sinx‘
1 COSX| 1
a)y=[5j | b) y=4"" 0y =5+3"" d)y{gj -2

@ OnpegenvTe 3HaK MOKa3aTeJisl.
a) 3“=10
HaliiuTe 3HayeHHe BbIpaXKeHHUS.
a) ecsiv 6 = 12, HalauTe 6%

b) ecnint 53 = 4, HaliauTe 5%
c) ecau 12**° = 6, HauauTe 1273

b) 10° =4 00,3 =0,1 d) 0,74 =5




MABA 3. MOKA3ATEJ1IbHbIE U IOTAPUOMUYHECKUE OYHKLUU
m B Kakux c/y4asix BbIIOJIHSAETCS HEPABEHCTBO 3% > 32 7
1 X
@ YcTaHoBHUTE, YTO QYHKIHUA )V :(Ej 06pa3yeT 6eCKOHEYHO yOBbIBAKOIIYI0 reoOMeTPUIECKYIO

nporpeccuro, Korga x ipuHUMaeT HATYpPaJIbHbIE€ 3HAY€HH .

’ l'lpnmel-lel-me nokKa3saTe/JibHOM (l)y}lKl.lHPl B XKXU3HHU

Korga kunsaumui 4alHUK CHUMAIOT C OTHS, OH CHaydaja GbICTPO
OCTBIBAET, a 3aT€M CKOPOCTb OCThIBAHHUS 3aMe/IJISIETCS. ITO CBSA3AHO C TEM,
YTO CKOPOCTb OXJIaX/|eHWs] MPONOPLMOHAJbHA pPa3HULlE MEXAY
TeMIIePaTypor YalHUKA ¥ TeMIIEPAaTypOy BHEIIHEN cpesibl. YeM MeHblile
3Ta pa3HML, TeM MeJJieHHee OCTbiBaeT 4alHUK. Eciu HavanbHas
TeMIlepaTypa YaiHuKa T, a TeMnepaTypa Bosjyxa I, TO TeMnepaTypa
yallHUKa 4yepe3 t CeKyH/] onpe/ieseTcs no ¢opmysne T = (Tl -1, ) e+ 1,
rae k — mocTosHHag.

IIpuMeHeHue B puU3NKe

Korzpa npesmeT cBo60HO NajiaeT B 6€3BO3/AYLIIHOM IPOCTPAHCTBE
(BakyyMe), ero CKOpoCTb yBeJInuuBaeTcs. Jlaxke B BO3lyXe CKOPOCTb
najlaloiiux NpeaMeTOB YBeJUYUBAETCs, HO He MNpeBbIMIAET
onpezeéHHOro 3HauyeHus. Eciiy cusia conpoTuB/eHHs BO3/yxa IPSIMO
MPOTOPIMOHATbHA CKOPOCTHU MaZieHUsI MapalloTUCTa, T. e. ' = kv, To

yepe3 t CEKYH/] ero CKOPOCTb MaJieHus 6yAeT paBHa V = PEN | _gm ,
rJie m — Macca napauloTHUCTa. k
PocT HaceneHus
M3MeHeHUe YHCIEHHOCTU HaceJeHUs B CTPaHe 3a oNpe/ieIEHHbIN

o ki
mepuoj BpeMeHH nokasbiBaercs dopmysnoir N=Ne", rae N, -
YUCJIEHHOCTb HaceJIeHUsI B MOMeHT BpeMeHHU t = 0, a N - YUCJIEHHOCTD

HaceJIeHHWS1 B MOMEHT BPEMEHH t, U, HAKOHEL], k — MOCTOsSIHHAs.

[IpiMeHeHUe B GUOJIOTUHA
3aKOH BOCIPOU3BO/CTBA OPraHUYECKOro MUpa: B 6J1IarONPUATHOU
JIIs. opraHuama cpejie (Y4UCJI0 XMIHUKOB MaJjio, KOJUYECTBO MHUIIU
JIOCTAaTOYHO) >XHMBble OPraHMW3Mbl PAa3MHOXAKTCHA MO 3aKOHY
nokasaresibHOM QpyHKUIMU. HanpuMep, ogHa Myxa NPOU3BOJUT 3a JIETO
8-10'* HOBBIX MMOKOJIEHHUH. X Bec cocTaB i1 6bI HECKOJIBbKO MUJIJIMOHOB

TOHH (@ MMOTOMKH JIBYX MYX MPEBBbICKUJIA 6bI MacCy HallleH IJIaHeThl), U 3aHUMaJId 6b OHU OYeHb
60JIbLIYI0 MJI0LA/1b. EC/TM 6b1 OHU ObLJIM PACIOJIOKEHBI LIENOYKOH, TO JJIMHA 3TOU L[EMOYKHU ObLIa
Obl OOJibllle, YeM paccTossHue OT 3emusH Jo CosHia. OfHAKO Ha/IMYMe B MPUPOZE MHOXKECTBA
’KUBOTHBIX U PAaCTEHUH, ABJISIOIIUXCS €CTECTBEHHBIMU «BparaMu» MyXH, He TI03BOJISIET /10 TaKOU
CTelleH! yBeJIMYUBATh YUCJIEHHOCTh MYX.




NMOKA3ATEJIbHbIE YPABHEHUA

NMOKA3ATEJIbHbIE YPABHEHUA

@ TIlokasaTe/bHBIE ypaBHEHHUSA

YpaBHeHMe, B KOTOPOM HeHW3BeCTHad BeJUYMHA HAXOAUTCA B IOKasaTeJse CTEIeHH,
Ha3bIBaeTCs NOKa3aTeJbHBIM ypaBHeHUeM. Hanpumep, 3* = 9, 4* — 9 = 7, 2¢*1 = 282 gpusrorcst
[IOKAa3aTeJIbHBIMHU YPABHEHHUSIMH.

3HayeHUe HeM3BeCTHOM BeJIMYMHBI, IpeBpaljallee ypaBHEHNE B IPaBUJIbHOE YUCJIEHHOE
pPaBeHCTBO, Ha3bIBaeTCs KOPHEM I10Ka3aTeJIbHOTO YpaBHEHHUS.

4@ Tlokasare/ibHbIE ypaBHEHHUsA ¥ UX pelIeHne

KopHeM ypaBHeHHUSA q* = g” C HEM3BECTHBIM X fIBJIIETCA €ro 3Ha4eHue x = p.
[Ipu pelieHMH NOKa3aTeJbHbIX YPaBHEHUN IPUMEHSETCS CJeiyiollee PaBuJIo:
Ilpu a > 0, a # 1 KOpHU ypaBHEHMA a’¥ = g#™¥) cocroaT m3 KOpHell ypaBHeHUsA

f(x)=g(x).
IIpumep 1. Pemute ypaBHeHue 2°' = 16.

Pemenue.

[lepenuuieM ypaBHeHUe B BuJe 2 ' =24 Tormax— 1 =4. OTcrogax = 5.
OTBeT: x = 5.

Mpumep 2. PemuTe ypaBHeHHe 32* .35 =315
Pewmenwue.

MepenuweM ypaBHeHue B Buge: 3 =3'. Torga x? + 2x = 15 wimn x° +2x—15=0. Kopusmu

3TOr0 KBaJIpaTHOTO YpaBHEHHS ABJSAIOTCA X, =—5;x, =3.

OTBeT: x, =-5; x, =3.

-1
5X

Ilpumep 3. Pewnre ypaBHeHI/Ie(SX+1 )x = P

Pemenue.

llepenumeM ypaBHeHMe B BHje: 5% =52, Torma x’+x=24—x Win x°+2x—-24=0.
KopHaMU 3TOr0o KBaIpaTHOTO ypaBHEHHUS ABIAITCA X, = —4 U x, = 6.

OTBeT: x, =—4 ux,=6.

IIpumep 4. Halipute nponsBejeHre KOpHEN YpaBHEHHUS 6° +36=2"" 127,

PemieHue.

Ucnonb3ysa 12+ :(2.6))‘2 —2¥ .¢", IepenuileM ypaBHeHUEe B BUJeE 6" +36=2"".27.6" u
peliaeM ero.




MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLIUA

6 -2-6 +36=0 =6 =36>x"=2 > x =—+2,x,=+2.

Tenepb HaxoAMM IPOU3BEJEHHE KOPHEH X, - X, = —\/5 . \/_ =-2.
OTBerT: -2.

Mpumep 5. Pemure ypaBHenue 37 =7>",

PemeHnmue.

Tak kak mokasaTesd BbIpaXKeHUU 00erxX 4yacTel ypaBHEHUS OJMHAKOBbI, pa3/ieiuM o6e
YacTH paBeHCTBa Ha 7> M pellMM MoJydyeHHOoe ypaBHeHHe.
)

32x—1 72x—1 3 2x-1 3 2x-1 3 0 1
W:F = 7 =1 = 7 = 7 = 2x-1=0 =>X=E.

OTBeT: x = l
2

IIpumep 6. Halijute cyMMy KOpHeH YpaBHEHUSA 9"2—1 ~36- 3x2—3 +3=0.
PelueHnmue.

llepenuuieM ypaBHeHUE B BUJE
2 2
Lo 230 32 5 0w 97 —12.3" +27=0.
9 27
2
0603Ha4uM 3* =¢ u npu ycaosuum ¢ > () pemrum nosiydeHHOe KBaJpaTHOE ypaBHEHUeE:
?=12t+27=0 = t, =3 t,=9.YaurbiBasi 0603HaYEHHUS], IOJTYIUM
3 =3=3" =3'= x=1= x=-1x,-=1
3929 = 3" =3 = ¥ =2 = x,=—/2 x,=42.

Tenepb MOXXeM HAUTH CYMMY KOpPHEM:

X+ Xy +x3+x4 =—+/2 +2-1+1=0.
OtBerT: 0.
NMPUMEPDI
e PemnTe nokasaTe/ibHble ypaBHEHHUH.
a) 3"-3=81 b) 4°-2" =128 c) 5 -4.5"=25 d)7°-8 =1
, 1 3x
e) 4" =1 f) 0,3*" =0,09 g) 227 =428 h) (Ej =9

1 1 1y 1
i) 27" == j) 400" = — k =— 1) 0,6 =0,6>
i) 3 j) 20 ) ( j )

3) 81




e PemvTe ypaBHeHUH.
1y 1
3" =81 b)|=| =—— 7*
2) ) (2) 004 ©
e) 5 =0 f) 8 =0

1) 27x—15 — 29—4x

2 29x2—8x B i 8x%—29x
6 21

37 71Jx-3 B 5 34x-293
o -3
@257 =0,01(107)

CD 72 +4.7 =347

@ 52x +52x+2 +52x+4 — 651

]) 135—2x — 136x+1

B) 6274 —4.27 +3.2%2 =152

D4 -6-2°+8=0

M 9+33-18=0
256
@ (O’ 25)2 = 2x+3

@D 9-16"+2-12"-32.9"=0

¢E)3-167+2:81" = 5:36°

@ s 612 +11-18 =227

@x2.4\/a+42+x :16.22\/E+x2.22x

g) 36—)( — 33x72

k) 2x2+x—0,5 :4\/5 1) (gj (2) B _ 2

NMOKA3ATEJIbHbIE YPABHEHUA

=49 d) 13" =—169

5] <)

O -

x2-9x
o/ -
Q-
@237 -4.32 =150
D477 -7 =3.7%" =1302
7 -7"=6
D 5.25°-6-5+1=0
) 3 —4.3" 41=0
e 3 —4.32 4320
D o64.9°-84.12°+27-16" =0
4+ +6" =2.9°
@ <37 +3.30 =3 3

2-x
@) o



MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLINA

NMOKA3ATEJ/IbHbIE HEPABEHCTBA

HepaBeHcTBa 4* < 64, 8 + 11 > 75, 272 < 25" 9% < 7* gBIAIOTCS NPUMEPAMU OKa3aTeTbHbIX

HEpaBE€HCTB.

-2 5+3 o
HpH 3TOM, B HEpaBEHCTBE 2x <2 * OCHOBaHMUA ero o6eux yacreu OLHWHAKOBBI (I/I PaBHBI 2).

[loka3aTenbHbIE HEpPaBEHCTBA, B 00€eMx 4acTsax KOTOPbIX HAXO0AATCA CTEelI€eHHU C OJMHAKOBbBIMHU
OCHOBAHHUAMH, pelialoTCA NIPpUBEAEHUEM UX B pAallHOHAJIbHbI€ HEPABEHCTBA.

B cne,qy}omeﬁ TaGJIPIU.e NOKa3aHbl CIIOCOOBI NpuBeAcHUA IMOKa3aTeJ/JIbHbIX HEPABEHCTB C
OAWHAKOBBIMH OCHOBAHHUAMH B pallMOHAJIBHbI€ HEPABEHCTBA.

Bu/ bl MOKa3aTeabHbIX
epaBeHCTB @™ < gg® o’ < g2 PUCE ) a’® > g2
OcHoBaHUe
Mpyu 0<a<l S(x)zg(x) | f(x)>g(x) | S(x)<g(x) | S(x)<g(x)
Mpw a>1 S(x)<g(x) | f(x)<eg(x) | /(x)>g(x) | S(x)2g(x)

IIpumep 1. Penute HepaBeHCTBO 2° >32.
PewmeHue.
IlepenuiiieM HEPaBEHCTBO B BU/E 2 > 2° . Tak Kak 0OCHOBaHHeE GOJIbIIIE eIUHUIIBI, T. €. 2>1, TO x>5.
OTBeT: (5;00).

IIpumep 2. PemiviTe HepaBeHCTBO (ij > E

4 9
PemieHue.

X -2
3
3anuiieM HepaBeHCTBO B BUJe (ZJ > (ZJ .Tak kak 0< Z <1l,T0 Xx<-2.
OTBeT: (—o0;—2].

2
Mpumep 3. PemnTe HepaBeHCTBO. 3% 7 > 37,

Pemenue.
Tak kak ocHOBaHHUe 6OJiblile eJUHUIb], T. €. 3 > 1, TO pellleHUe 33JJaHHOTO HepaBeHCTBA

COCTOUT U3 pellleHHsl HepaBeHCTBa X’ +2x > 3.
x> +2x-3>0, (x+3)(x—l)>0,

+ +

OTBeT: x € (—o0;-3) U(1;+00).

‘ Pewienue HEepPaBEHCTB C pa3HbIMU OCHOBAHUSAMHU

Mpua+b, a>0, a1 u b>0, b=1 nokasarenbHoe Hepasercreo a’ ™ <5’ pemaercs

/(%)
IpUBEJIEHUEM K PABHOCU/IbLHOMY €My HEPABEHCTBY (%) <.




NMPUMEPDI

NMOKA3ATEJIbHbIE HEPABEHCTBA

Pemure HepaBE€HCTBA.

€D 4 >256
€D 7 <49
s <o

@ 10 <0

2x

(9. ] (ljls <36

6

B[] =5
) 13 >-169
@s >0

o)

3

o @

@ [Ipy Kakux HaTypaJIbHBIX N CIIpaBeJIMBO JBOMHOE HepaBeHCTBO 9 < 3"< 797

@ [Ipy KaKMX 3HaUYEeHUAX X PYHKLHMA y = 5° — 5 IPUHUMAET M0JIOKUTeJIbHble 3HaUeHUs?

X X 6 —2x
@HaﬁﬂI/ITe HauboJIbllIee [HeJioe 3Ha4eHue x , yaOBJIETBOPAIOLIEE HEPABEHCTBY (gj (—] > [—) (—] .

3x-1
@ >(5)
27

X+2
@2+ <
16

@6-2"*3 —5.2%244.2>128
@ 10-3"+2-4-10"*2<3+4-3-1 "2

@ (éjsmoﬁ < 27

4 64

1 < 16-2x
@(_J <842

16

€D 0.04°-26-(0,2)" +25<0

€&+ -1027+16<0

3 2 2

2 3 3

@) -
4
e+l
@ (">
—_ > —_—
4 2
@7-3““ +2.3¥3 _5.3%2 <192

@ 5x+2_5x+1>2x+2+2x+4
1) P+2.75
@ (5;) <(5)
25 P (ljm
2

@ 25" —4.5"-5>0
@32x+1+1<4.3x

@ Haiiute cyMMy Bcex LieJIbIX YMCel, yI0BJIETBOPSIOUINX HEPABEHCTBY 38% _ 4. 34% < _3.

@ CKOJIbKO LieJIbIX YU CeJl YI0BJIETBOPAET HEPaBEHCTBY x2 .3 3x+1 <0?




MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLIUA

NMOHATUE NIOTAPUDMA. IOTAPUDOMUYECKASA OYHKLUMA

Jloraprdmbl LIMPOKO KUCIIOJIB3YIOTCS B pa3/IMYHBIX acClleKTax I0BCeHEBHOM KU3HU. Hanpu-
Mep, YTOOBI ONpe/iesIUTh, CKOJbKO BpeMeHU NMoTpedyeTcs, YTOObl OAHKOBCKUM JIelI03UT yBe-
JINYUJICS Ha OlNpe/ieIEHHYI0 cyMMy. Mu sorapudmMuyeckass 3aBUCUMOCTb UCHOJb3YeTCs JJIs
OLIeHKH BBICOTBI TOHA 3BYyKa.

11 TOrO, YTOOBI U3yYUTH JIorapuPmM u jorapuMuyecKyro GQyHKIHMIO, HY>KHO 3HATb:

1) noka3zaTesibHY0 QYHKIIHMIO;

2) CBOWCTBA NOKa3aTeJbHbIX QYHKIHM.

& Tonarue norapudma

IIpumep 1. Peminte ypaBHeHue 3° = 27.
Pemenue.
=3 = x=3.
Otser: x = 3.

Ilpumep 2. Peminte ypaBHeHHUe 2* = 5.

3To YpaBHEHHE UMEET KOPEHD. Ho 3HaueHue aTOrO KOpHA He ABJIAeTCA pallHOHAJIbHBIM. AJIH
BbIpa*K€HHUA KOpHeﬁ ypaBHEHI/Iﬁ TaAaKOI'o BH/ld BB€1€HO IIOHATHE JIOFapI/ICl)Ma. KOpeHb 3a1aHHOTI' O

ypaBHEHHMsl eCTb BeJIMYMHa, 0603HavyaeMas Kak log,5 u HasbiBaeMast siorapudpmMoM 4ucsa 5 1o

OCHOBAHMIO 2. 3HaYMT, KOopeHb x = log 5.

OTBert: x = log,5.

B o6mem ciyyae, KopeHb ypaBHeHus a* = b paBen x = log b.3pecba > 0,a # 1,5 > 0.

OnpejpeseHue
Jlozapugpmom yucaa b no 0CHOBaAHUI0 a HA3bIBAETCs N0OKa3aTesb CTENEHU, B KOTOPbIN

HY>KHO BO3BECTH @, YTOOBI NOJy4YUTh b. JlorapudM umcsaa b o oCHOBaHUIO a (/151 KPaTKOCTH,
Jorapudm b no a) o6o3Hayaerca yepes log b. llpu 3TOM a Ha3bIBae€TCA OCHOBaHUEM
Jiorapudma, b - nogyiorapuPMUIeCKUM BbIpaOXKEHUEM.

Bripaxxenue log, b iyl KpaTKOCTH 0603HavaeTcs yepes lgh v HasbIBaeTCs 1eCATUYHBIM JI0-

rapupmMom.
Bripaxkenue log b asia KpaTKOCTH 0603HayaeTcsa vepes3 Inb v HasbIBaeTCs HaTypasbHbIM

JiorapupmMomM.

Utak, Ilgb=log,,b ulnb=1log,b.

Ecau MNOoACTABUTDb KOPEHb lOgab BMECTO HEM3BECTHOI'O X B YPABHEHHUHU ar= b, TO IMOoJIy49aeTcCd
paBEHCTBO

log, b
a®’=b, (@>0,a#1,b>0)
Ha3bIBaeMO€ OCHOBHbLIM ﬂOZﬂpU(ﬁMU‘lECKllM mos«cdecmaeom.




MOHATUE NOTAPUDPMA. IOTAPUDOMUYHECKAH OYHKLUUNA

IIpumep 3. BoruncavTe 10 onpesesieHUI0 3Ha4eHUs BbIpaXKeHUH.

a) log,32; b) logSé; c)1g100; d)Ine’.
Pemenue.
a) log,32="5;2°=32 b) log3$=—2; 32=%
c)1g100=2;10?=100 d) Ine®=3; e*=¢?

OTBeT: 2) 5; b) -2; ¢) 2; d) 3.

IIpumep 4. BeruncauTtb log,, 32

Peumenue. 3nayeHune BbIpaXKeHUsA MOXKHO HalTH, IPUBE/IA €ro B ypaBHeHHe log , 32=x #
peluas ero:

x 6x 5 5
64°"=32 = 2=2" = 6x=5 = ng
OTBeT:é.
6

IIpumep 5. Boiuuciure 64"°%°, mpuMeHsisi OCHOBHOE JIorTapuPMHUIECKOE TOXKAECTBO.
PemeHue.

643 — (82 )102%83 _ (810g83)2 —32-9
OTBerT: 9.

@ Jlorapudmuyeckas pyHKIUA U eé cBOiicTBa, rpaduK

PaccMoTpuM eCTBUTENIbHOE YUCIO ¢, YA0BJIEeTBOpsolee YCaAoBUAM a > 0 v a # 1. DyHKIusa
BU/JA
y=logx

Ha3bIBaeTcs JJorapuPMuueckor QyHKIMen.

Hanpumep, pyHnkuuu Bugay =logx, y =log, x, y =lgx, y = Inx ABsA10TCA JIorapuPMUIECKMMH
GYyHKIUSAMU. 3

Jlozapugpmuyeckue (yHKyuu 06.1adarwm c/1edyruumu c8olicmeamu:

® 06.1aCTh Onpe/ie/IeHUs JJorapuMUIecKor pyHKIUK y = log X COCTOUT U3 MHOXKECTBA BCeX
MI0JIOXKUTEJIbHBIX JIeICTBUTEBHBIX YUCEJT:

D(y) = (0; +o0).
©® MHOX€eCTBO 3HaYeHUH JIorapuGMUIecKor GpyHKIUH y = log x COCTOUT U3 MHOKECTBa BCeX
MOJIOKUTEJIbHBIX JIeCTBUTEJbHbBIX YHCE:

E(y) = (—0; +o0).

® Jlorapudpmuyeckas GpyHkuus y = log x nepecekaet ocb Ox B TouKe (1;0).

® Jlorapudpmuyeckas GyHKIuUsA y = log x He nmepeceKaeTcst ¢ ocbio Oy.

® Jlorapudmuyeckast GyHKIUs He sBISETCS NepUouyecKou.

@ Jlorapudmuueckass QyHKIMS He SBJISI€TCS HA YETHOU, HU HEYETHOM.

® Oynkuus y = log x y6piBaet npu a, 0<a<l: Unreppan yosisanus (0; +oo).

® OyHkuusa y = log x Bo3pacTaet npu a, a > 1: Uurepsan Bo3pacranus (0; +o).




MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLINA

[lpumep 6. Cpasuure a) log,,7 u log, .8 4 =
b) log 0,28 u log,0,31. PucyHok 1
Pemenwue.

a) Tak kak pynkuusa y =log,x - y :
1

y6biBatomias u 7 < 8, to log, ;7 >log, ;8. i

’ ' 0
y=log,x ’
b) llockosibKy GyHKIMsA y = log, X - W0

Bo3pacrtarowmasa 1 0,28<0,31, To
log, 0,28 <log, 0,31.

I'pagpux nocapupmuueckori gynxyuu
Ipumep 7. Onpenesnnte 06J1aCThb \_ )

onpejesieHUs1 QyHKLIUU

y=log, (x2 —5x+6).
Pemenue. [TogorapudMuyecKkoe BeIpaskeHHe JOKHO GbITh MOJ0XKUTeLHBIM. [103TOMY

X =5x+6>0=(x—-2)(x—-3)>0=xe(-w;2)U(3;0)

OTBeT: D(y)=(—%;2)U(3;x).

Ilpumep 8. HailipuTe obsacTh onpesenenus yHkuuu y =log, (xz —9).

PemeHue.

4—x>0 x<4 950 ; ;
= _ ey .

4-xz1 |x#3 ¥=9>0=xe(=0=3)UB)

OTBeT: D(y)=(-0;-3)U(3;4).

Ilpumep 9. IloctpoiiTe rpaduk PyHKIUH

Ve N\
y=—l+log,(x-1). PUCYHOK 2

PemeHue. A

YkarkeM 06J1aCTh onpejgeseHusd.

x—1>0=x>1 /
CocTaBUM Ta6.f[l/l]_ly HEKOTOPbIX

— N W A

3HaYeHUH. 210 1 2/3 4 5 6 7 8 9 10
i
x|2]3]51°9 2l [Aitiog )
-1 0 1 2 =3
o J

O603Havas HalileHHble TOYKH Ha KOOPJMHATHOM MJIOCKOCTH, IPOBEIEM Uepe3 HUX NIJIaBHY 1O
KpUBYIO (puc. 2).




MOHATUE NOTAPUDPMA. IOTAPUDOMUYHECKAH OYHKLUUA

NMPUMEPDI

o OnpegenuTe, ABASAIOTCA JIU JJaHHble QYHKIIMKA BO3PACTAIOIIMMU UM YOBIBAIOILUMU.

a) y= logo’o75 X b) y= logﬁ X c) y=Igx
2
d) y=log,, x e) y=—log, x fy y=—log, x
e CpaBHuTe. e
a) log, 0,5 u log, 0,35 b) log,, 100 # log,, 101 ) log sz V37 u log 56
4 4

e PacnoJjioxkuTte uynciia B nopdAake Bo3pacCTaHHUA.

a) a=log, 10, b =log, 15, c =log, 20

5 5 5

b) a=log,5, b=log, 3, c=log, 3

4 2

c) a=log, 4, b=log, 6, c=log, 4

6 5 5
a [IpoBepbTe NPaBUIBHOCTb YTBEPKAEHUH, IOACTABJISAS YU CIA.
a)Ecnma>1wub>1, 10 log b>0.
b)Ecin 0<a<1u0<b<1,710logb>0.
¢)Ecmma>1u0<b<1,10logh<O0.

d)Ecm 0<a<1wub>1,10logb<0.

e Kakue U3 TaHHBIX YHCEJT T0JIOKUTETbHbI?

a) a=log,,8 b) b=log, 0,8 c) c=logy,9
d) d =log, 2 e) p=log,, 0,6 f1 zlogm%
8) z =log, ,, 0,001 h) p =log_,; 2022 i) g=log 3

@ IlokaxwuTe, uTo rpaduky GyHKuuit y =log,x n y =10g, X CHMMeTPUYHBI OTHOCHUTE/ILHO

ocH abciucc. 2
0 HalipuTte obsacth onpeseseHUs GyHKLUU.

a)y=logx b) y =log,(x - 1)

c)y =log,(x*~2x - 3) d)y=log,(x*—4)

&)y =lg(3 —x) f)y =—log,(* + 5x - 6)
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e [TocTpoiiTe rpaduk PyHKIUHU.

a)y=logx b) y=log,x c)y=lgx d) y=Inx

2

e HaiiguTe o6sacTh onpesesneHns GyHKIUU.

a) yzlogx2(4—x) b) f(x):logxz (x—=1)++2—x
¢) f(x)=+9—x" +1g(x—1)—x/; d) f(x)=\/x+4+log2(x2—4)

log 6—x
e) f(x): xj/% ) f) V= /2+10g;(3—xi

@ [TocTpoiiTe rpaduk PyHKIUH.

a)y =log,(x—1) b) y =log,(5x + 1) c)y =log,(1-x)
d)y=Igx-3) e)y=log,(3x-2) f)y=1-Inx
g)y=logx—4 h) y=1gx +3 i)y=log(x—-2)-1

@ Bo cKoJIbKMX TOYKaX NepeceKanTcs rpaduku QyHKITUN?

a) y=log,x; y=-x+1 b) y=log, x; y=2x-5 c) y=log, x; y=4x"

2 2

1 . 1y
d) y=log, x; y=2—§x2 e) y=2", y=logysx f)y=(—j; y=log;x

3




TOXXOAECTBEHHOE NMPEOBPA3OBAHUE JIOTAPUDMUYECKUX BbIPAYXEHUI

TOXAECTBEHHOE NPEOBPA3OBAHME
JIOTAPUOMUYECKUX BbIPAXXEHUHA

Cienyrouiye TOX/leCTBEHHbIe IPpe06pa30BaHUs UCIO/Ib3YOTCA IPY BbINOJHEHUU ONlepaliid
Ha/, JIorTapuPMHUYECKUMHU BbIPAXKEHUAMU U UX yIPolleHUH. [Ipeino10KUM, YTO BbIpaXKEHUS B
c1elyIolIMX CBOMCTBAX YA,0BJIETBOPSAIOT YCJIOBUSAM ONpe/ie/IEHHOCTH JlorapudpmMa.

U3 onpeaejgeHud JIOFapI/I(l)Ma BBITEKAIOT ClieAyroIiue ero CBOMCTBA:

1°. log,1=0.
2° log,a=1.
30. alogab :b

4°. Jlorapudm npousBe/ieHus paBeH cyMMe JorapupMoB MHOXKHUTeIeil:
log, (bc)=1log, b+log, c.

5°. JlorapudM 4acTHOT0 paBeH Pa3HOCTH JIOTapUPMOB [1eJIMMOTO U JleJIUTels:
b
log,| — |=log,b—log,c.
c

6°. JlorapudM cTeneHU paBeH NMPOU3BEJEHUID MOKa3aTeJisl CTelNeHW Ha Jiorapudpm
OCHOBaAHHUS:

log, b” = plog,b.

log b
7°. ®opmMyJia nepexozia U3 OJHOrO OCHOBAaHUA B Jipyroe: log, b= 1 B¢ .
og.a
8°. VI3 cBoMCTB 1 1 7 BbITEKaeT paBeHCTBO: log, b= ! .
log, a

9°. U3 cBO#ICTB 7 11 8 BbITEKAET PaBEHCTBO: log , b = %loga b.

10°. M3 cBOMCTB 5 1 8 BbITEKAET paBeHCTBO: log , b” = %loga b.

‘ anomeﬂue MNOoKa3aTeJIbHbIX U JIOI‘apPl(l)MPI‘leCKPIX Bblpa)KeHPlﬁ

MbI MO3HAKOMUJIMCh CO CBOMCTBAMHU Jiorapudma U JorapuPmMuieckoil QyHKIIUH, a TaKKe
CTeNeHU U MOoKaszaTeJbHOU GYHKUHUU. ITU CBOUCTBA UCIOJIb3YIOTCSA AJisl Ipeo6pa3oBaHuUs
JjorapupMUYECKUX U TOKa3aTeJbHbIX BhIpaXKeHUH.

IIpumep 1. Brryuciaure log3 18 + log3 L
PemeHue. >4

1 1 1
log,18 +log,— =10 18.— |=log,—=—1
g3 g354 g3( 54j g33

OTBerT: -1.
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Ilpumep 2. Boruucinre 3log, 8 —2log; 9.
Pemenue.

3log,8 —2log; 9 =3log, 2’ —2log;3* =3-3-log,2-2-2-log;3=9-1-4-1=5
OTBeT: 5.

Mpumep 3. Boruucaute 1(08°
PemeHue.

10M85 =101 -10"° =10-5=50
OtBeT: 50.

Mpumep 4. Beruncaure log, logs §/5
Pemenue.
1

log, log; §5= log, log; 58 = log, (% -logs SJ =log, % =log, 2 =-3log,2=-3

OTBerT: -3.
2 2
Mpumep 5. Boruncaure ploea>8) 31°g9(2+ﬁ) :
PeuieHnue.
210g4(2—\/§)2 +3log9(2+ﬁ) _ 210g (2—~/§)2 +310g32(2+\/§)2 _ 2%~210g2(2—x/§) +3%~21033(2+\/§) _
I s, SR S, SV - Y
OTBerT: 4.
2
Mpumep 6. Boruucure \|5°8° 40, 570¢27,
Pemienue.
2 —lo,
\/510g35 +O 5—log27 z\/5210g53 +(l) logy 7 =\/510g532 +2log27 — /9+7 =\/E=4
’ 2
OTBerT: 4.
IIpumep 7. Brruuciaure L +1g25.
1+1log,5
PemieHnue.
2 2
—Z  41g25= +lg25=— " +1g25= +1g25=
1+log,5 log, 2 +1log, 5 log,(2-5) log,10

=21g2+1g25=1g2* +1g25=1g(4-25)=1g100=2

OTBerT: 2.
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Mpumep 8. Bouncaure 37747

Pemenue. [lpuMeHuM dopMynbl a”" =a”"-a” u a°*" =b. B pesynbraTe NONYyIUM
32+10g32 — 32 '3log32 — 92 — 18-

OTBerT: 18.

HanoMHuMm, 4yTo AelicTBUe, 06paTHOe JlorapuPMHUPOBAHUIO, HAa3bIBAETCS NOTEHLIUPOBAHUEM.
JlpyruMu cjaoBaMH, MPOLECC HaXOX/JeHHWsl HEU3BECTHOTO x M3 ypaBHeHUs log x=b,

Ha3blBaeTCs MOTeHIMpoBaHUeM (3aecb a > 0, a # 1 u b > 0). B aToM ciyyae pe3ysbTaToM
MOTEHIIMPOBAHUA OyJIeT x = a’.
JlokakeM paBeHCTBO
log, ¢ log, a

a=" =c*,
IIUPOKO NPUMeHsieMOe NPU JOKa3aTeJbCTBAaxX MOKa3aTeJbHbIX U JIOTApUPMUUECKHUX
BbIpakKeHUH. 3ech TpebyeTcs BbINoJHEeHUe ycaoBuU a > 0, b > 0, ¢ > 0 u b # 1. llpu
BbITNIOJIHEHUH 3THUX YCJIOBUH BbipaxkeHUs log,a u log,c uMetoT cMbIc1. O4€BU/HO, YTO

log,c log,a = log,a log, c.

[To cBOMCTBY nlogpq = logpq" JiorapudMa U3 nocjaeHero TOXK/AeCTBA BbITEKAET

log, ¢ log, a

log, a®™“ =log, ¢

[ToTeHyUpys ero o6e 4acTH, NOJIYyYUM PaBEHCTBO

log, ¢ logy, a

a =C

. .
Ilpumep 9. Eciu a= smg , To HaiiauTe log, a.

PemeHnue. l

2
1

Vs 1 1 1
a=sin=—= log,a=log,—=log,2'=——log,2=——-1=——
6 24 g42 g, > g2 > >

OTBeT: —l .
2

Npumep 10. Bouncaute logi14+log,14-log, 7-2log3 7,
log,14 +2log, 7

Pemenue.
Pa3/10’K1B YUCIUTEh HA MHOXXUTEJIH, TOJTyYHM:
log5 14 +log,14-log, 7 —2log;7 _(log,14+2log, 7)(log, 14 —log,7)

log,14+2log, 7 log,14 +2log, 7

_ (lo 0g,7) (log, 14 —log, 7)
lo 0g, 7

=log,14-log, 7 :10g2%210g22:1

OTBer: 1.

2
Ipumep 11. YnpocTtuTe BbipaxkeHue fx = log, x? —2log, (4x4) Y HaliuTe ero 3HaueHue mpu x =-2.




MABA 3. MOKA3ATEJ1IbHbIE U JIOTAPUDOMUYHECKUE OYHKLUU
Pemenmue.
TpebyeTtcsa x # 0, 4T0ObI 3aJlaHHOE BbIpaXKeHUe UMeJsio cMbica. 0603HAYUM

2
x
f(x) =log, i 2log, 4x*. Cneayiomue ypaBHeHHs BBITEKAIOT U3 CBOMCTB J0orapu¢pMOB:

2

f(x)= logz‘)%—Zlog4 4x* =log, x° —1Og44—2(log44+10g4 x4) -
=2log, |x|-1-2(1+4log, |x]) =—6log,|x| - 3.
f(-2)=-6log,|-2|-3= —glogz 2-3=-6.

2

X
OTBeT: 3HaueHUe BbIpaXKeHHUsI 10g47— 2log, 4x* mpu x =-2 pasno —6.

Ilpumep 12. Bripasute log,7 4yepes a, eciu log, 112.

Pemenue. .
o 115 log 112 _108/(7-2°) log,7+10g,2* _1+4log,2
S log,98  log, (72 -2) log, 7* +log,2  2+log,2"’
M=a, 1+4log,2=2a+alog, 2,
2+log, 2
4log,2—alog,2=2a-1, (4—a)log,2=2a-1, log, 2 = 2a-1
-a
MPUMEPDI
e HaiijyuTe 3HaueHUs JorapuPpMUUECKUX BbIpaXKEHUH.
a)log,4 b) log,1 c)log,16 d)log,16
e) log,64 f) log,64 g) log,64 h) log 64
e HaliguTe 3HaYeHUs lorapuPMHUUECKHUX BbIparKeHUH.
a) log .25 b) log,,,18 c)log, .4 d) log,,(0,001)
e)log,3 f)1g1000 g) Ine h) g L
100
9 Beryuciure.
3 15
a) log,8+log, 4 b) log, 6+log, 5 c) log,15-log, 6
d) log, 54—-log, 2 e) log,, 75-log,,3 f) log, 9 +log,, 4

3 3
e Kakoe u3 cleJyrmux 41uces He paBHO OCTaJIbHbIM TpeM7

a) m=2log,8—log, 4 b) n=1log, 400-2log, 5

c) p=logs125+log, 5 d) g=Inl12e—In2




TOXXOAECTBEHHOE NMPEOBPA3OBAHMUE JIOTAPUDMUYECKUX BbIPAYXEHUI

eKaKHe U3 4yKces MeHblle 27

a) M =logs100—log, 4

c) P=log,72—log, 2

@ Beruuciure.

a) 3—lg50+%lg25

log,11+log, 23
logg 253

eBquI/ICJH/ITe.

a) 8 110g3 5

d) lzllogll 12

@ BbiuucidTe 3HaueHHe BbIpa*X€HH{A B 3alaHHOM 3HA4Y€HUH d.

a) 3log, a, a= 2cos L.
3 6

e Boeryuciure.

a) log, log; 27
3

@ Brruucaure.

b) N =4log,3-log,9

d) O=log, 16+log4%

b) log, 32 +logs, 2

1 1
e) + .
logg12  logg12
—210g1 3
by4 ¢4
—2logl 2

e)310g\/§2+2 2

b) 3log, a, a= tgz
3 3

b) log, log, J81

a) 2l0g312 - 4log3 2 +log312 + 4log; 2

3log;12 +6log; 2

b) log3 28 + log, 28 -log, 7 — 2log3 7

log, 28+ 2log, 7

log3, 7—2log,; 7-log,; 5—3log;, 7

2(log,s 7-3log; 5)

d) log312 —2log, 12+ 2log; 3 —3log, 3-log, 12 + 4log, 3

log,12-2log, 3

0 log,13+1log, 25
loge, 325

f 1 N 1
logys15  logs15

C)3210g8 27
—210gl3
f) 310g\/a4+4 4

c)4logya,a= tg%

c) log§ log, L

3 125




MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLIUA

Haigute o6sacTb onpeaeseHuss QyHKIIUU

a)y =log,(x+3) b)y = logo,z (x2 —4x)
1
¢y =log,, (2x - gJ d)y =log, (5-3x)
@ Ecnu ogna u3 1000 KopoB B cTafie nmactyxa 6osieeT UHPEKIIMOHHON 60J1e3HbIO, TO 3aBUCHU-

1000—-n
99n )

MOCTb JiHell t 3a60/1eBaeMOCTHU N KOPOB MojeaupyeTcs 1no popmyie t:—S-ln(

HaiiguTe, uepes ckosibko JiHel 3a6osietoT 100, 800, 1000 kopoB. CAesaiiTe BbIBO/] C IOMOILbIO
pucyHka (puc. 1).

/~ N\
A PucyHok 1
70

60
50
40
30
20
10

0 200 400 600 800 1000

@ [TocTpoiiTe rpadpuk QyHKI MM Ha OCHOBE TabJIULI.

1 L
RSN ISR ENENE
y=log2x|—2|—1|0|1|2|3
1 L
S RN
= log, x | 2| 1|0|—1|—2|—3
2
@Haﬁ,uHTe ob6paTHbIe JaHHBIM QYHKIUAM.
a) f(x)=10" b) fix) = log,(x + 1)
o) f(x)=2+e™ d) /(x)=5+log,(x-3)
@ Haligute 3HayeHud a u b.
a)log,b=2 b)log 8=3 c) logh? = 1g4 d) log 36 =2

@HOCTpOﬁTe rpaduku GyHKuMid y =Ine* u y = e™* . OG'BSACHUTE CXO/CTBO U PAa3HULLY.




TOXXAECTBEHHOE NMPEOBPA3OBAHUE JIOTAPUGMUYECKUX BbIPAXXEHUN

@ O6'bsicCHUTE, KaKUe TpeoOpa30BaHUsl BbINIOJHEHbI HaJl, QYHKIIUAMU HA pUC. 2.

(a) b) )
VA
7--
6--
5--
4--
3--
2--
1--
2 1 o
-1
©)
y
7
6
&
4
3
) PUCYHOK 2
1
P
2
3
-4
(& J

4@ IlpumeHeHue JorapupmMuyecKoil GyHKIHUM B )KU3HU

YpoBeHb HHTEHCUBHOCTH 3BYKa

JHeprus, nepeHocuMasi 3ByKOBOM BOJIHOM 3a eJUHUIy BpEMeHHU Yepe3 eUHHUIy MJIO-

11a/i1¥ MOBEPXHOCTH, Ha3blBAaeTCSI MHTEHCUBHOCTHIO 3ByKa. Korzia 3Byk pacnpocTpaHsieTcs

yepes yIpyryo cpeay, co3ZaéTcs U36bITOYHOE JJaBJeHUe [0 CPABHEHUIO C TeM, KOTJja OH He

pacnpocTpaHsieTcsl, YTO Ha3blBaeTCs 3BYKOBbIM JlaBJieHUeM. MHTeHCUBHOCTb 3BYKa 3aBU-

CUT OT aMILJIUTY/|bl 3BYKOBOU BOJIHBI U CBOUCTB cpesibl. UHTEHCUBHOCTb
rPOMKOCTHU 3BYKa U3dMepsieTcs B fenubenax (ab).

[ - VHTeHCHUBHOCTB 3BYKaQ,
IO— OTHOCUTEJIbHAsA MHTEHCUBHOCTb 3BYKa,

L - BbICOTA MHTEHCUBHOCTH 3BYKa. I
L =10log,, T dB

0

VNHTEeHCMBHOCTDb 3BYKa, IlepeZilaBaeMoro cMapTGpoHOM B HAYIIHUKH, MOXKET IMpeBbIIIATH
100 peuubesn. /lns yesoBedeCcKOro yxa 6e30mMacHbIM CYUTAETCSl YPOBEHb 3BYyKa He 6oJee
80 genubes. UpeamMepHO TPOMKOE MPOCIYIIMBAaHHE 3BYyKOB MOXKET NMPUBECTH K MOTEpe WU
MOBPEX/EHUIO CJIyXa.




MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLIUA

NOrAPUOMUYECKMUE YPABHEHMUSA

@ Jlorapudpmmuyeckue ypaBHeHHUs

YpaBHeHHUe, cojJiepxKalliee HEM3BECTHYI B NOJAJI0rapuPMUYECKOM BBIpAXKEHUU WUJU B
OCHOBaHWM, Ha3blBaeTCs Jiorapupmuyeckum ypaBHenueM. Hanpumep, log x = 3, log 625 = 2,
log (x+2) = 2, 1g(2x-2) = lg(x+2) sBasroTCA NpEMeEpamu JorapupMUIECKUX yPaBHEHHH.

3HavyeHHe HeU3BeCTHOW, KOTOpOe MpeBpaljaeT JaHHOe JJorapupMuiecKoe ypaBHeHMe B IIpa-

BHWJIbHO€ PABE€HCTBO, HA3bIBA€TCA KOPHEM 3TOI'O JIOFapI/I(l)MI/I‘{eCKOFO YPpaBHEHHA.

@ Pemenue npocreiimux sorapuPpMUYecKUX ypaBHeHHI

[lpu a > 0, a #1 ypaBHeHnue BuzAa log, x=>b 6ygeT mpocTeHiIuM JorapuPMUIECKUM

b
ypaBHeHHeM. KopHeM 3TOro ypaBHeHUs OyAeT X =da .
Jis perieHust jorapupMUYeCKUX YpaBHEHUN UCII0JIb3YeTCs MPaBUJIO:

[lpu a > 0, a #1 xopHu ypaBHeHus log, f (x)=log, g(x) cocTosT U3 KOpHEH ypaBHEHHS
£ (x)= g (x), ynosneTsopswuux ycaosuto f (x)>0 (uwmm g(x)>0).

Hurke nprBeieHbl IpUMepHI pellleHUs] IorapuPMUIeCKUX YpaBHEHUH.
IIpumep 1. Peimivite ypaBHeHue logs x =—2.

PemieHue.

HpI/I pemieHrn ypaBHEHHUA UCIIOJIb3yEM OllpesieJieHru e norapml)Ma nojg ycjioBuem x > 0

_ 1
logex=-2 =>x=52= y=—
g5 25

1 o o
Tak KaK x = 2— > (), HallJleHHOe 3Ha4yeHHe HEU3BECTHOU Oy/IeT KOPHEM 3a/IaHHOT'0 ypaBHEHUS.
5
1
OTBeT: x =—.
25

Mpumep 2. PemuTe sorapudpmMuyeckoe ypasHeHue log, (x2 —~ 4) =log,(5x-8).

Pemienue.
HaxoauM 06/1acTh omnpe/ieieHus.

= x €(2;0)

x2—4>0:> (x—2)(x+2)>0:> x € (=00;=2) U (2;0)
5x—8>0 5x>8 x>16

Tenepsb pelraeM ypaBHeHHe X —4=5x-8:
X =5x+4=0 = (x-1)(x-4)=0 = x=1,x,=4.

3HavyeHue x = x, = 1 HEM3BECTHOW He NPUHA/JIEIKUT HHTEpBaJy (2;00), a 3HaYeHHue x = x, = 4

npuHaAaexuT. TakuM 06pasoM 3HaYeHue x, = 1 - IOCTOPOHHUMU KOPEHb, X, = 4 — KOPEHb.

OTBeT: x = 4.




JTIOTAPUOMUYECKUE YPABHEHUA

Mpumep 3. PemuTe sorapudMudeckoe ypaBHeHue log: x —3log, x—4=0.

Pemenue.
CHayvaJia 0TMETUM, YTO 00/1aCTh OMNpeJiesieHus 3a/]JaéTcsl HEpaBeHCTBOM x > (), a 3aTeM, BBO/S
o603HaueHue logs x =7, mosyuum

=3t-4=0 > (t+1)(t-4)=0 > 1,=-1, t,=4.
1
3HauuT, log, x=—1 u log; x=4.0Tcloma X, =§=0,2; x, =5 =625.

OTBet: x, = 0,2; x, = 625.

IIpumep 4. Pemmute ypaBHeHue log ,16=2.
PeiueHnmue.
[Ipexxsie yTouHsIEM 06/1aCTh, B KOTOPYIO AOJKHbI BXOAWUTb KOPHU YPaBHEHUSI.

{X_I>O:>{x>12:>xe(l; 2)U(2; =)

x—1#1 X#

[ToToM ucnosib3yeM onpeiesieHue Jorapupma.
log, ,16=2 = (x-1)"=16

Tenepb HaXO0AWM KOPHH IToCJieJHEIro YpaBHEHUA. fAcHo, yToO:
x-1=4 =x =5
x-1=—4 =x,=-3

OTBeT: x=5.

IIpumep 5. Pemnte ypaBHeHue logs log, log7 x = 0.
Pemenwue.
[Ipu pelieHMH ypaBHEHHUS UCIIOJb3yeM oNpe/iesieHue jorapudma.
log210g7x=50 = logy log7x=1 = log7x=21 > x=72=49

OTBeT: x =49.

IIpumep 6. Pelinte ypaBHeHUEe lg(x2 - 3) lgx =0.

PeleHmue.
Haiigém o6s1acTh onpejiesieHUs

x*=3>0, x+\/§ x—\/g >0, X e —oo;—\/g U \/§;+°0,
e R N RN ST

,Z[aJIee Ka)K,Z[bIﬁ 13 MHOXKUTeJel IIpUpPpaBHHUBAEM K HYJIIO U pelllaeM IIOJIYy4€HHbI€ YPDABHEHUA:

log,(¥*=3)=0= ¥ -3=1= ¥ =4 = x,=-2,x,=2,1gx=0 = x,=10" =

x, =1
3
fAcHo, 4TO 3HaUYeHUsA x = —2 U x = | ABJAKTCA NIOCTOPOHHUMU KOPHAMH, a X = 2 — KOPEHb.
OTBeT: x = 2.




MABA 3. MOKA3ATEJIbHbIE U TOTAPUDOMUYECKUE OYHKLIUA

NMPUMEPDI

GPGU_II/ITG J'IOFapI/I(l)MI/I‘{eCKI/Ie YPpaBHEHHUA.
1 5
a)log,x = -3 b) log, 2x=~ 0 lg7 =1

d) loglx:—z e) log3(3x—1):2

4

f) log, (x+3)=2

8) log, x* +log s x=3 h) log,(2x—3)=4 i) log, x—2log, x=9

2
ePemHTe JorapudmMuyecKre ypaBHEHHUSI.

a)log, x =2log,3+4log,, 2
c) log, x +log,x =0
e) log,s(3x+1)=-2
g) log, s (x+30)=-2
i) log, Jx-1=1
k) log, (2x—5)=1log;(20—3x)
m) log (2x” —3x) =2log, x
€ 1g(3x-11)+1g(x-27)=3
@ log, ((x-1)(2x-1))=0

@ log,. (log2 (log, 3x)) =0
€8 (x* - 6x-7)log, (3x—1)=0

@ log; (x + 4) —log; (1 — 2x) =—log; (2x + 3)

@10g3x+logx9:3

P log, x-log, x-log,, x-log, x = %

b) log, (7-8x)=2

d) logz x=9log,,8-3log, 4

f) log,, (x+3)=-1

h) log ; (1-2x)=4

j) log, (x* —4x+3) =log, (3x+21)
1) log, (9x—1) =log,x

n) Ig(2x)=2lg(4x-15)

elogglx—2log3x+51og9x:1,5

@ 3lgr” -1g’x =9

@log3 2x—1 -1

n x+2

€D logZx+3=1log, x’

€D (x* —2x-15)lg(4x-3)=0

M log2x—5log, x =4

@ log,,,7+3log, (x+2)=4

@log5 Vx—=9 +log,v2x—-1=1og,10




CUCTEMbI NOKA3ATEJ/IbHbIX U IOTAPUDMUYECKUX YPABHEHUA

CUCTEMDbI NOKA3ATEJIbHbIX U

JIOTAPUOMUYECKUX YPABHEHUM

& CucreMa nokasaTe/IbHBIX ypaBHEHHI U €€ pelieHue

Cucrema ypaBHeHHﬁ, B KOTOPYIO BXOJAAT YypaBHEHHA C NIOKa3aTE€JIbHbIM BbIPpAXXE€HUEM, HAa3bl-
BaeTCs CUCTEMOM MoKa3aTeJbHbIX ypaBHeHHﬁ. Cucrema noka3saTeJIbHbIX ypaBHEHI/Iﬁ ObIBaeT B
pa3/IM9HBIX (l)opMax. Pelienue KaH(AOﬁ TaKOH CHUCTEeMbI Tpe6yeT HWHAWBUAYAJIbHOT'O IMOAXO0A4.

IIpy 3TOM MIMPOKO MCIOJIb3YTCS CBOMCTBA MOKa3aTeNbHBIX M JIOTapUPMUYECKUX BbIPaXKEH UM,
3x — 9y+1

Mpumep 1. Pemnte cucTemy ’
4y=5-x.

Pemenue.

Bocnosibdyemesi u3 9 =3°. Torpa 3* = 3200 orciona x = 2y+2.Bo BTOPOM ypaBHEHUHU B
CUCTEMe, BMECTO X IOAICTaBJAs 2y + 2, Hal1éM 3HAYEHHE y:

4y=5—(2y+2) = y=%.

Tenepb B PaBEHCTBE X = 2y+ 2 , BMECTO y NoAACTaBUB €ro 3Ha4€Hue, HaﬁﬂéM 3Ha4YeHue

x:2-l+2:>x=3.
2

1
OTBeT: (3; —) )
2

9" =729,
IIpumep 2. Pewiute cucremy

3x—y—1 =1 )

PeineHnue.
Bocnosibayemest 729 =9 u 1=3". Torga

9 =9, x+y=3, x=2,
R T = (2;1).
3 =3 x—y—1=0 y=1

OTBeT: (2; 1).
X =27,
IIpumep 3. Pemiute cuctemy s _ 1
3
PelueHnmue.

W3 ypaBHeHUH cucTeMbl cienyeT, uTo x>0, x#1. CiefoBaTesbHO, BbIpaXKEHHsI B JIEBbIX U
IpaBbIX YaCTSX [IEPBOTO U BTOPOT'0 YpaBHEHUU MOKHO JiorapudMUpoBaTh. Jlorapudpmupyem aTu
BbIpa)KEHUSI 110 OCHOBAHUIO 3 U N0JIy4yaeM cjaefytoliee:

v+l +1 =i
{x = 2:, {log3 X' =log, 27, {(y + 1)10g3 x=3, log, x il {x = 1,
25 _ L = 2y-5 _ 1 s 3 - _
X7 = log, x™ ™ =log, = (2y-5)log, x=~1 (2y—5)-m=—1 y=2.

OTBeT. (3; 2).
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2427 =5,
IIpumep 4. Pemnte cuctemy 24

PemeHwue.
W3 nepBoro ypaBHeHUs HAaxOAYM 3aBUCUMOCTb 2’ =5-2". Y4YUTbIBasd paBeHCTBO 2 =2'.2", u3

BTOPOr'0 YpaBHeHMs Nojay4yuM 2'-2" =4, orcroga 2° (5 - 2*) =4, 1 HaKoHel, I10Jly4YaeM ypaBHeHHe
2°*~5.2" +4=0.Ilonaras ¢ =2" ¥ y4uThIBas 2** = ¢, IOJYYUM KBaJpaTHOEe ypaBHEHHE
t*—5t+4=0.3mecb £ >0.

KopHsIMM 3TOro KBaZipaTHOTO ypaBHeHUs siBasitoTcs 4, =1, ¢, =4, a cooTBeTCTBylOLIHE
3HAUYeHUs] HEU3BECTHBIX X U y OYyAYT:

mpu £, =1: 1=2" = x,=0; 2 =5-2"=4 = y =2;
mpu t, =4:4=2" = x,=2; 27 =5-2"=1,= »,=0,
OtBeT: (0; 2) va (2; 0).

3ameuyanue. [IpyuBesiéHHble Bblllle NPUMepPHl NOKA3blBAlOT, YTO NPU peLIeHUH KaxKA0H
CUCTEeMbI II0Ka3aTe/IbHbIX YPaBHEHUH TpebyeTcss CBOeoOpa3Hbli TBOPUECKHUH MOAXO.

¢ Cucrema rorapudpMuiecKux ypaBHeHHH U eé peleHne

CucreMa, copep:xallias ypaBHeHUs € JorapudMHUUeCKUM Bblpa>keHHeM, Ha3bIBAeTCs CUCTEMOM
JiorapupMuryecKux ypaBHeHUU. CucTeMa JjorapupMUIeCcKUX ypaBHEHUH, KaK U CUCTeMa [T0Ka3a-
TeJIbHbIX ypPaBHEHUH, UMeeT MHOeCTBO BU/I0B. [IpH peleHn KaX0ro U3 HUX IPUMEHAITCS
CBOMCTBA N0Ka3aTeJbHbIX U JIOTapUPMHUYECKUX BhIPAXKEHUH U TPeOYyeTCsl 0COObIN MOAXO/,

2
log, ==L,
IIpumep 5. Pemiure cuctemy \/; 2
log, xy =3

Pemenue.
s TOro 4TOOBI JIorapuPMUYecKre BbIpaXKeHUs B CUCTEMe UMeJIU CMBbICJI, TpebyeTcs pelie-
HUe CelyI0IUX HEPAaBEeHCTB:

2
X

—>0,
N

xy>0 .
2
X
HepaBeHcTBO T >0 cnpaBesJIMBO TOJIBKO B TOM cily4ae, korga ¥y >0 u x # 0. CiefoBaTesbHO,

13 BTOpOro HepaBeHcTBa Xy >0 BbiTekaeT, yTo x>0 u y >0,
Tenepb mpu x>0 u y >0, npumeHss cBo¥cTBa Jorapudma, 3aJJaHHYI0 CUCTEMY MOXHO
3aMHUChIBATh KaK

log, x* ~log, \/_ = %,

log, x+log, y=3

1
= 1
U3 paBenct log, x* = log., x* =log, xu logy /y = log, y* = Zlog3 ¥ cucTteMa 6y/eT UMeTh BU/J




CUCTEMbI NMOKA3ATEJIbHbIX U TIOTAPUDMUYECKUX YPABHEHUA

lo x—llo 1
g3 4 g3y 2’
log, x+log, y =3.

5 5
BbluuTass U3 BTOPOTrO ypaBHEHHUs MepBOE, MOJYYHUM: Zlog3y=5, u3 Hero log,y=2. U3

MOC/Ie[HET0 PaBEeHCTBA BbiTeKaeT, 4YTo y =3 =9. HakoHel, BO BTOPOM ypaBHEHHH, BMECTO Y
MO/ICTaBMB €ro 3Ha4eHHe, HAX0 UM HEU3BECTHOE X :
log, x+log,9=3 = log,x+2=3 = log,x=1 = x=3.

OTBeT: (3; 9).

X' =1000

IIpumep 6. Peiuute cucreMy { | 3
og, x=3.

Pemenue.
[ Toro 4To6bl JorapudMUUecKre BbIpaKeHUs B CUCTeMe UMeJIU CMbICJ, TpebyeTcs

BbINOJIHEHHWE ycaoBuit x>0, x#1, y>0, y=#1.IIposorapudmupyem paBeHCTBO X' =1000
1o ocHoBaHMIO 10:

lgx'® =1g1000 = Igylgx=3.
3aMeHUuM OCHOBaHHUe y JIOI‘apI/I(l)Ma BO BTOPOM YpaBHE€HHWH HA JeCATHYIHOE€ OCHOBAHHUE!:

logyleg—)C = lg_x:3 = lgx=3lgy.
Igy lgy

B pesysibTaTe NoJy4uM ypaBHeHue lg° y =1, Pemmaem ero:

lgy,=-1= y,=10" = yl:%; lgy,=1= y,=10" = y, =10.

3 O .
3 paBEHCTBa lgx = 31gy , 10J1iy4dad 3aBUCUMOCTb X = ) , Hal/JieM COOTBETCTBYIOIie 3HAYEeHUA:

1 I
= = x=——
T 1000

y=10 = x=1000

1 1

OorBet: | ——;— | 1 (1000; 10).
1000 10

log, (x—y)=1,

I[Ipumep 7. Pemiute cucteM
prvep y{ 2.3 =72

Peinenue.
JlJ1s1 TOoro 4TO6KI cUcTeMa 6blya ONpese/IEHHON, HE06X0AMMO, YTOOBI BBINOJIHAJIOCH YCJI0BHE
x—y>0,T.e. x>y.Toraa U3 nepBoro ypaBHeHHUs BbITEKAeT 3aBUCUMOCTD
x—y=2 => y=x-2,
Bo BTOpOM ypaBHEHUU CUCTEMBI, O/CTABJISIS BMECTO ) BhIpaXKeHHUe X — 2, HalJIéM 3HaYeHue
HEeU3BECTHOH X:

2.3 =722 273" =3.72 = 6"=216 = 6'=6" = x=3.

Otcropa y=1.
OtBerT: (3; 1).
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NMPUMEPDI

e PemuTe cucTeMy ypaBHEHUH.

377" =63 9" -3.5" = 372" =972
a) b) c)
3 +7" =16 95" =18 y—x=3
d) 477 =128 ) 3727 =1152 f 27.9" =648
e
57 =1 x+y=5 3" .47 =432
3*.27 = l y.8
9 4757 =6400
&1, h) i
_.3y:3x y+3x—— y—x_
9
e Pemure cucteMy ypaBHeHUH.
{log7 Tx+log, y=2 b) {log2 x—log, y=4 ) log, (x2 + yz) =5
a C
y—5x=2 y—x=6 log, x+log, y=4
2 log, 2x +log, 2l=
d) log, 2x—log,| — |=1 . log, x—log, y=0 f 2
Y log, x+log, y=5 7
4x-y=1 X—y=——
4
e PewmnTe cucreMy ypaBHeHUM.
) 3x_2y :77 b) 3_2x_2x+y=_2 ) 9x_3-2y:3
a x 2 C
3297 _7 5.2 0" —g 9*.2" =18
" lgx(lgx+1gy)=2 3%.25" =5625
lgx—1gy=3 597 =2025
x‘/; =y
e Hangure paccTosHUe MeX/y TOYKaMH, BBIPAXKAIOIIMMU KOPHU CUCTEMBI 5 .
y 4
yoo=x

3°.27 =972,
logﬁ(x—y)=2

eHal?l,qHTe Xy, €CJIY (X; ) - KOpeHb CUCTEMBI

@Haf/i,aHTe x +, ecau (x; y) - KOpEHb CUCTEMBI




JTOTAPUOMUYECKUE HEPABEHCTBA

JIOTAPUOMUYECKUE HEPABEHCTBA

€ JlorapudpmMuyeckue HepaBeHCTBa

[lyctb @ >0 u a #1. Torpa HepaBeHCTBA
log,x<b, log,x>b, log,x<b,6 log,x>b
SIBJISTIOTCS JIorapudMHUYeCKUMU HepaBeHCTBaMU. [Ipy Ux peleHUsIX IPUMeHsSIeTCSI MOHOTOHHOCTD
byHknuu y =log, x.
PaccmoTpuM HepaBeHcTBO log, x <b. PelieHreM 3TOro HepaBeHCTBA SIBJSETCS MHOXXECTBO
3HAYEHU U epeMeHHOH X, IPU KOTOPbIX rpaduk GyHKIUU ¥ =log, x B cucTeMe KoopauHaT Oxy
JIEXKUT HHOKe TIpsiMo y =b .

4 l'eomeTpHuyeckasi MHTEPHpPETALMS PellIeHHsI HEPABEHCTBA N\
PucyHok 1
: Je
L T b /
}::!Oga.x /:
{O<a=]) s sl A
: 5 : -
h y b :
|
|
b
] o \ X
a) Pewenuem nepasencmea b) Pewenuem nepagencmaa
log x<b npu 0 < a <1 aersemcs log x<b npua>1 senaemca
unmepsan (a’; +o) . unmepsan (0; ab).
- J

[IpuBeauTe CaMOCTOATENBHO reoMeTpUYeCcKHe MHTepNpeTaluy pelleHUH HepaBeHCTB
log, x>0, log,x<b, log,x2>b.

4@ Peuenne. jorapupMuYeCcKUX HEPaBEHCTB

Pemenuem Jiorapudmudeckoro HepaBeHcTBa log, f(x)<log, g(x) sBasercs:

pelleHHre CUCTEMBI {f(x) g g(x), npu 0<a<l.
g(x) >0
f)<l).
pelleHue CUCTEeMBbI f(x) -0 npu a>1.

Pemenusa HepaBeHcTB log, f(x) <log, g(x) , log, f(x) > log, g(x) u log, f(x) > log, g(x)

MOXXHO YBU/JIETh B CJIeAyIOlIel Tabiule:
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Bu bl 1ora-
pudMHYeCcKUX

JmeneT=Y Jog, f(x)<log, g(x) | log, f(x)<log, g(x) | log, /(x)>log, g(x) | log, /(x)=1log, g(x)

OcHOBaHue

lpu 0<a <l

{f (x)=2(x) {f(x) > g(x) {f (x)<g(x) {f (x)=g(x)

g(x)>0

Mpu a >1 {f (x)<g(x) {f (x)ig(x) {f (x)>g(x) {f (x)2¢(x)

1
IIpumep 1. Pemnte HepaBeHCTBO logy7 x > — .
PemeHnmue. 3

O6sacTb onpefenenus x > 0. OcHoBaHue 6osiblie 1. U3 onpefenenus sorapudpma:

1
= x>3
10g27x>% — x>273 :>x>\3/27:>x>3{x>0=>x>3=>x€(3;°0).

Bce 3HaYeHHA HEM3BECTHOM U3 3TOTO MHTEpBaJa JieXaT B 06J1aCTH oNpe/ie/IeHHUs.
OTBeT: x €(3; ).

Mpumep 2. Pemute HepaBeHCTBO log s (2x—3)>logg s (x+1).
PelueHnmue.

Y4uTbIBas, 4YTO OCHOBaHUEe MeHbIle 1, MpUBeJEM HEPABEHCTBO K PABHOCUJILHOU €My
CHUCTEME, a 3aTeM pelluM CUCTEMY:

2x—-3<x+1 x<4 x<4
= = =xe(1,54)
2x—=3>0 x>1,5 x>15
OTger: (1,5; 4).

IIpumep 3. PeliviTe HepaBEeHCTBO log% x—13log; x+42>0.
PeineHnmue.

Beeném o6osnadyenue ¢=Ilogyx. Ilpy 3TOM y4uThIBaeM tzzloggx. Torpa mnosyyaem
HepaBeHCTBO

2 —13t+42>0.
HYJII/I JIEBOI71 qyaCTHUu HepaBeHCTBa:
t,=6,t,=17.

OnpejaesiiM 3HaKU BbIpaXKeHHUsI t* =13t +42 ua WHTepBaJax (—oo; 6) (6; 7) U (7; + oo)

TakuM o6pasoM, m6o ¢ <6, 6o ¢>7. Orciona, 6o log, x <6, nmm6o log, x >7. Toraa

x<7° wm x>7" Tpuuumas ycioBue X > 0 momy4nm

xe(0:70]U[77520)

OTBeT: X € (0; 76}U[77;00).




JTIOTAPUDOMUYECKUE HEPABEHCTBA

2
HepaBeHcTBO Buga A-log, x+B-log, x+C <0 pelaeTcs NpUBeJeHMEM ero B KBaJpaTHOe
ypaBHeHWe BBeJleHHeM 0603HaYeHus log x = L.

lpumep 4. PemnTe HepaBeHCTBO log; x —3log, x+2<0.

PemeHue.

O6usacTb onpepenenus x > 0. Beeném obo3nauenue log, x =¢. Toraa nosy4yuTca KBaZpaTHOe
HepaBeHCTBO

*=3t+2<0.

Pemaem ero: (1-1)(1-2)<0, = 1<r<2.
CorsacHo o6o3Havenuto 1<log,x<2 = 3<x<09.

OTBeT: [3,9]

x> +2x+5
) > dx+28.

IIpumep 5. Pemnre HepaBeHCTBO log, (x2 +2x+1
PelueHmue.
[lepenuiieM HepaBeHCTBO KakK

)2(x2 +2x+5)

log, 1 (x+1 >4x+28,

Bo3MOXHbI iBa ciy4ad.

Cayyan 1. O<x+1<1=>-1<x<0

Mpu 5TOM 2(x2 +2x+5)<4x+28 = X2 4+2x+5<2x+14 = X*-9<0 =
X e (—3; 3) . Ho, yautbiBass —1< x <0, 3ak/r049aeM, 94T0 B 3TOM C/ly4yae 3aJJaHHOE HEpaBeH-

CTBO BEPHO IIPU X € (—1; 0).
Cayyam 2. x+1>1=x>0

IIpu 3TOM 2(x2+2x+5)<4x+28 = x*-9>0=> xe(—oo;—3)U(3;+oo).Ho,y'm-

ThiBad X > 0, 3aKJIl04YaeM, YTO B 3TOM CJ1y4yae 3a/laHHOE HEPABEHCTBO BEPHO IIPU X € (3, + OO)

06befuHss CIydan 1 1 2, 0GHApyKUBaeM, YTO 3a[aHHOE HePaBEeHCTBO CIPaBeAIHBO MPH
xe(—l; O)U(3; +oo).

OTBeT: x €(—1;0)U(3; ).
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NMPUMEPDI

e Pemnte HepaBeHCTBa

a) log, x >3 b) log,s x>2 c) log,8>x

d) log, x>3 e) log, x >4 f) log, x > log, 36

h) log, (x—5)>-2
5
k) log, 64 > log, x
5
n) log’,x-9<0

2

g) log, x<log,, 7 i) log;(x+20)<3

j) log, (4x+2)-log,10<0 D log, (5-x7)>1

m) log; (3x—2x2) >0 0) 59507 4
e CKOJIBKO L[eJIbIX YU CEJI YI0BJIETBOPSAIOT HepaBeHCTBY log,(4 —x) —log,7 < 0?

e Pemiure HepaBEeHCTBA.

a) log, (x+6)-log, 9 <log, 2-log, 6 b) log, (x—1) <log, (3x—1)

3 3 3 3

c) log, (2x—4)>1log, (x+1)
3 3

e)lg’x+11-1gx+10<0

g) log, log 5 (x+1)<1

i) log, x> +x>1

d) log, (x2 —5x—6)2—3
2

f) log x—6log, x+8<0
h)2log, (x—2)+310g5 (x—2)<1

5

j) lg(x+2)+1g(x-3)<lgx’

@ Pemiure HepaBEeHCTBA.

2 logo’zs(x2—5x+8)
>1+1gx b) 3 <25

(x+21)

a) Ig10"®

c) log | (6”+1 —36’“) >-2 d) log _, (\/g—2x) >0
NS 5x6

f) VXM < 10x

e) x1+lg«/; <0’1—2

e HaiiuTe oTpunaresbHoe pemeHnye HepaBeHcTBa log ,(x*+2x*+1) > log ,(6x>+ 1).




NPUMEHEHME NMOKA3ATEJIbHbIX U JIOTAPUOMUYECKUX DYHKLIUMA

NMPUMEHEHME NOKA3ATEJIbHbIX U

NIOFTAPUOMUUYECKUX DYHKLIUA

¢ Popmysa C/I0KHBIX NIPOILEHTOB

—

AOI’IYCTI/IM KJ/IMEHT X049€T 3aHATb HEKOTOPYIO CYMMY Q JEeHer. er,C[I/ITOp MOXET HOTpe6OBaTb
norameHud nepBOHaqaanon CYMMEI C l'lpI/I6bIJIbIO P B TedyeHue OHpeﬂejIeHHOFO CpoOKa. 3a CpOK
MOXKHO B34ATb OAWH A€Hb, IBa JHA, ..., OAHY HeJeJ10, ABE He[ieJY, ..., OJWUH MecCAlLl, lBa MeCAlla U
T. O. CJIGAOBaTeJIbHO, CyMMa, KOTOpYIO 3aéMILMK [IOracuT B YKaBBHHbIﬁ nepuoj, COCTaBUT

0=0,+P.

»=L 100%
0

0

B aTom CJiydae BeJIM4YMHa

Ha3bIBaeTCsA NPOYEHMOM No2auleHus1 3aeMHOT0 JJ0JITa.
1. ®opMyJia NpPOCTHIX NPOLEHTOB. Ec/iu NpoueHT p NpUMeHSETCS TOJbKO K B3ATOMY
poary Oy, cyMMa, IpUYMTaIOMAsACs B KOHIE nepBoro CpoKa, 6yzeT

0=0+ 100 O, :( 1OO)QO

p
P=+_.0,=P
=100 %

- 3TO NPUGBLJIb KPEAUTOPA B KOHIEe TEPBOTO CPOKa.
CyMMa JioJira B KOHIlEe BTOPOTO CpoKa Oy/JeT

Q2:Q1+P1:(1+_on _Qo ( 2ij0,

[Ipu atom popmyna

100 100 100

a MpUGBLIb KPeJUTOpaA B KOHIE BTOPOT'0 CpOKa 6yaeT
V4
P = m ) QO (oyeBugHO, uTO P, =2P).

[ToBTOpSISA 3TOT NMpoOIecc n pas, BbIACHAETCS, YTO CyMMa JI0JiTa B KOHIE N-T'0 CPOKa 6yAeT

Qn 2( IOOJQO'

a NpubbLIb KPeAUTOPA B KOHIE 7-TO CPOKA Oy eT
_hp
" 100

[IponeHThI, pacCYMTaHHbIE TAKUM 06pa30M, Ha3bIBAIOTCS HPOCTBIMU NPOLEHTAaMHU, a GopMysia

0, =[ IOO)QO

HasbiBaeTCs POPMY/IOH MPOCTHIX NPOLEHTOB.

-Q, (oueBugHO, uto P, =nP).

2. dopMyJia CJI0KHBIX NPOLEHTOB. [Ipo1eHTbl MOTYT 6bITh PACCYUTAHBI MYTEM JJ06aBJIEHHUS
NpPHUOBLIN, TOJYYEeHHOM 3a KaXKbI{ CPOK, K N0JIydYeHHOMY J10JITy. B KOHIIe mepBoro cpoka cymma

0 =0+ 100 o _( IOOJQO

A0Jira COCTaBUT
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37echb

=0, -0, = 100 )

- NpU6BLIb KpeUTOpa B KOHLE IEPBOr0 CpoOKa.
CyMMa fioira B KOHIe BTOPOTO CpOKa 6yeT

Q=0+ 100Q ( 100]Q1 ( 100) ¥

a NpuObLIb KpeJUTOopa B KOHILe BTOPOTO CpoKa 6yJeT

oo (12 Y
P=0,-0, ((“100} IJQO.

[IoBTOpSASA 3TOT NpOIecC n pas, BbIICHAETCS, YTO CyMMa J10Jira Ha KOHeIl n-ro Cpoka paBHa

0, (Hﬁj Q

a NpubbLIb KpeAHUTOpa Ha KOHEel| n-Iro CpoKa paBHa

P=0,-0,= (”ﬁj -1|0,

HpOHEHTbI, pacCCirUTaHHbIE TAKUM 06p330M HA3bIBAKTCA CJIOKHBIMHU IIPOLEHTAMHU, a

dbopmyna

Ha3bIBaeTCs hopMy 101l C10HCHBIX NPOYEHMO08.

CymecTByeT MHOXeCTBO NpPaKTH4YeCKUX NPUMepoB U NpobJseM, CBA3AaHHBIX C
MCNOJb30BaHUEM NPOCThIX M CJOXHBIX POopMyJa NmpolLeHTOB. B HacTosuee BpeMsa
pacnpocTpaHeHbl TaKue BbIpaXKEHMs, KaK KpeJAUT U UIIOTe4YHbIM Jour. [lpuBesém npumep
pelleHUs 3a/ja4M pacyéTa UIIOTEYHOr 0 J0JITa.

O6BIYHO KpeAUTOPOM BBICTYIIAeT OaHK, a 3aéMIUKOM — KJIHEeHT. BaHKH BbIJAaI0OT KpeJUThI
Ha XUJbE (MIOTeKy), TPAHCIOPTHbIE CpeACTBa MJHM NpeJMeThl JOMallHEro oobuxona
(TeseBU30D, XOJO0AUJIbHUK, MOOUIBbHBIN TeJleQOH U T. /l.) Ha AJIMTebHbIN CPOK 10 HECKOJbKUX
JIET ¥ TPeOyIOT OT KJIMeHTa eXXeMeCAYHOH BhIIJIAThl ONlpe/ie/IEHHONW CYMMBbI KpeJUTa.
IIpumep 1. MoJiogas ceMbs Kynusia KBapTupy HadasibHoOU 1eHo# 360 000 000 cyMoB 1o unoTeke
cpokoM Ha 15 JjieT ¢ rofgoBoi nponeHTHOM cTaBKoU 20%. CKOJIbKO JieHer BEpHETCS B OaHK 3a 15
JieT? HackoJIbKO 3TO BBITOAHO 6aHKY?

PemeHue.

[lepBoHauyanbHas cymMa B 360 000 000 cyMoB Ha 6aHKOBCKOM $13bIKe Ha3bIBAETCSI OCHOBHBIM

poarom. 1 rox coctouT u3 12 MecsneB. TakuM o6pa3oM, KJAHUEHT JOJKEH eXeMeCSIYHO
360 000 000

BO3BpalllaTb 6aHKY OCHOBHOM J0JII B pa3Mepe MTZZ 000 000 cymos. IIpoueHTHI,

Ha4yMCJIeHHbIe B IepBbIM Mecsl] orallleHUs, BBIYUC/IAITCSA CleAylUM 00pa3oM:
2000 1

a, =360 000 000- =6 000 000 cymoB.

100% 12

HUTak, B KOHIle IEPBOT0 Mecslja KJIUEHT JIO/PKEH BEPHYTH B 001IeH CI0KHOCTH
2 000 000+6 000 000 =8 000 000 cymoB.
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[Tocse aToro ocraBuiasics 3a/{0/PKEHHOCTb COCTaBUT
360 000 000—2 000 000 =358 000 000 cymOB
B KoHLIe BTOpOro Mecsla KJIUEHT JOJKEH BEPHYTh U3 OCHOBHOTO AoJira B pa3Mmepe 2 000 000

CyMOB M NIPOLEHTHYI0 CYMMY B pa3Mmepe

0
a, =358000000 - 1200 /o % =5966667 cymos

%
A 06].].(351 CyMMa B KOHII€ BTOPOro Mecdla CoCTaBJIdeT

2 000 000+5 966 667 =7 966 667 cymMoOB.
[locsie onaTel (n — 1)-ro MecAa ocTaHeTC OCHOBHAsA CyMMa
360 000 000—-2 000 000~(n—1) CYMOB.
B koH11e n -ro Mecsna KaueHT maatut 6anky 2 000 000+ a, cymoB. 371ecb a, - MpoLleHTHast CyMMa

n -ro Mecdua, KoTopad BbIYUCJIA€TCA IO Cl)OpMy.JIe

0 100000
4, =(360 000 000—2 000 000+ (n—1))- e L _ (1g1-). 120990 ¢ g - 222
100% 12 3 3
OueBHAHO, 4TO 15 seT cocTosT u3 180 Mecsiyes, moatomy 1 < n < 180. Utak, a, = 6000000

~ 100000

Qigy =

,a cymMa 180 usieHOB apudpMeTHYeCKON MPOrpeccuy paBHa

S0 = % 180 = (6000000 + wj .90 = 543000000 cymos.

WUTak, k1vMeHT Jo/nkeH BepHYTh 6aHKy Bcero 360 000 000+543 000 000=903 000 000 cymos.
[Ipu6bLIb 6aHKa coctaBuT 543 000 000 cymoB.

& PaauoakTuBHBIN pacnaj,

[lepuog nosypacnaza. HekoTopble XUMHUYECKHE 3/1EMEHTHI UCITYCKAIOT 4YaCTUILbI U3 CBOUX
anep. Takre 3J1ieMeHThl Ha3bIBAIOTCA PaJHO0AaKTUBHBIMU 3J1eMeHTaMU, IPOLLeCcC UCITYCKaHUA
YaCcTHUL, U3 KX A/lep Ha3blBaeTCs paJlMOAaKTUBHBIM pacnaZioM. B pe3ysibTaTe pafilu0aKTUBHOTO
pacnazia UCXOLHbIM XMMUYEeCKUH 3JIeMEeHT NIpeBpallaeTcsa B APYIrO¥ XUMHUYECKUU IJIEMEHT.

[lycTb Macca UCXOHOTO XUMUYECKOTO 3JIEMEHTaA paBHA M, a BPeMs, 32 KOTOpOe e€ M0JIOBUHA

m
pacnazaercs, pasHo T,. Torma my = 70 - Macca 3JIeMeHTa, He paclaBIlIerocsi B Te4eHHue BpeMeHH!

t, = T,. IlycTb An1a pacnaza moJoBUHbI Maccbl m, Tpebyercsa Bpems: T,. SIcHO, 9TO moc/ie BpeMeHu

_ m_my
t,= T, + T, Macca HepaclaBILErocss 3JieMeHTa paBHa m, =7=2—2. [lycTb TpebyeTcs BpeMs T,

m m

AJI pacnajia moJIOBUHbI Macchl m,. Jlanee m; =72=—;) - Macca 3JIeMeHTa, He pacliaBLIerocs B
2

Teyenue BpeMenu t,= T + T,+ T, n nyctb Tpebyercsa Bpemsa T, [/ pacna/ia NOJOBUHbI MaCcChl

m,. 3ToT mponecc MOXeT NPoaA0/IXKaTbCA 0ECKOHEYHO.

B pesyibTaTe MHOrOJIETHEroO onbliTa gokasaHo, yto [, =1, =T;=...=T, =T ,=.... Takum
obpa3oM, BpeMs, 3a KOTOpOe pacnaZaeTcsl MOJOBHUHA MAcChl OJHOIO 3JIEMEHTA, ABJISAETCH
NOCTOSTHHOU BEeJIMYMHOMU. JTa BeJIMUMHA Ha3blBaeTCd NMepUOJOM NoJypacnaja 3JieMeHTa U
o6o3HavaeTcs yepe3 T:

T=T=T,=T,=...=T,=T,, =...
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B pe3yJsbTaTe NoJIYy4aloTCAd paBeHCTBaA: T T
tl = 1 = )

t,=T,+T,=2T,
t,=T+T,+T,=3T
t,=T+T,+T;+...+T,=nT.

WTak, Macca ajieMeHTa C HayaJbHOW Maccou m,, HEe pacCllaBIIerocd 3a BpeM#d tn = I’ZT, paBHa
/

n

n

m _ t _n
m, = 2—3 =2"m,. Ec/ii y4ecTb 3/1€Cb, UTO 1 = ?", TO UMeeM paBeHCTBO m, =2 T m,.3Ta popmysa

cipaBeAJiMBa U 4Jis1 IPOHU3BOJIbHOI'O MOMEHTA BPEMEHU L.
!

m(t)=2Tm,.
TakuM o6pa3oM, Macca HepacHnaBIllerocss paJHOaKTUBHOIO 3JieMeHTa fIBJseTCs
N0Ka3aTeJbHOU PYHKLIMEeN BpeEMEHU.

IIpumep 2. B nepBble 8 4acOB aKTUBHOCTb PaZJMOAKTUBHOIO BellleCTBa YMEHbIINW/IACh B 4 pa3a.
Bo cko/IbKO pa3 akTUBHOCTb BellleCTBA YMEHbIIAETCS B TeYEHUE CYTOK?
Pemenue. [lycTb HauasbHasg Macca paccMaTpMBaeMOIO BellecTBa paBHA M, a NMEpUOZ,

m
nosiypacnazia pasen 7. Uepes 8 yacos ero macca coctaBut m(8)=—". YuuTbiBas 3TH JjaHHbIE,
t
nepHoz MoJlypacnaza BelecTBa HaxoA4uTcs o popmyse m(t)=2 " m,.
8 8 8
K S 8 8
m(g):2 Tm, = 70:2 Tm, = 2T =2 = ?:2 = T =4 yaca.

t
Teneps, cHOBa ucnoJsb3ysa Gopmysty m(t) =2 "m, pnat=24 (oquu cyTku = 24 yaca), HaXOIHM,

BO CKOJIBKO pa3 YMCHBIINJIACh aKTUBHOCTDb PAIMOAKTUBHOI'O BEIICCTBA B TCUCHUC CYTOK:

24

m(24)=2 T my =2"m, =0

64
TakuM o06pa3oM, B TeyeHHe CYTOK aKTUBHOCTb PaJiIMOAKTUBHOI'O BellleCTBAa CHUXKAeTCs B
64 pasa.

¥ Hanorua A06aBJIEHHYI0 CTOMMOCTb (coKkpameHHo H/IC)

Bbl 3HaKOMBI ¢ MOHATHEM HaJsora. [I[pousBoguTe/Ib UM UMIIOPTEP TOBapa (ONTOBBIK UJIH
PO3HUYHBIN TOProBeL) J0/HKeH YIJIATUTh HAJIOT € MPOoJaX rocyfapcTBy. Hasor Ha 106aB/ieHHYO
CTOUMOCTB — 3TO HaJIOT, B3UMaeMbIM roCylapCTBOM BO MHOTHUX TOYKax LeMIOYKH MOCTABOK, OT
IPOU3BOAUTEISA 0 PO3HUYHOTO NpoAaBLa. Ha kax/oM aTane HaJ0roM € MpoAaxk obJiaraeTcs
TOJIbBKO Jj06aBJIeHHas K TOBapy CTOMMOCTb. OKOHYaTe/JbHasA CUTyalusl C HaJOTOM C IpOAaX
OCTaéTcs 3a MoTpebuTesieM.

H/IC - 3To HaJsior Ha J00aBJIeHHYI0 CTOMMOCTb NpPHU KaxX/J0d mepejaye ToBapa OT
IIepBOHAYaAJILHOTO [IPOU3BOAUTEJIA IPOJABLLY.

HonyctuMm, ctaBka H/JC 10%. IIpeamnonoxkuM, 4To npejnpuHUMaTesb KyIUJ TOBap Ha
8 000 000 cymos. Torga c Hero yaepxuBaeTtcsa 800 000 cymos (10% ot 8 000 000 cymoB). 3aTem
oH npoaaJs ToT ke ToBap 3a 11 500 000 cymoB. [Ipu aToM emy BoimsiauuBaeTcs 1 150 000 cymoB
(10% ot 11 500 000 cymoB).

Torpa emy npugérca naatutbh H/C B paamepe 1 150 000 - 800 000=350 000 cymoB.




NPUMEHEHME NMOKA3ATEJIbHbIX U TIOTAPUDOMUYECKUX DYHKLUN

NMPUMEPDI

G CKoJIbKO JieHer ceMbsl BepHET 6aHKYy B KOHIle CPOKa, B3fIB IOM HadaJbHOW LleHOU
360 000 000 cym yepes unoteky Ha 20 jieT noz, 18% rozoBbix? Kakyto nNpu6bLIb MOJYYUT OaHK?

HaiigvuTe ca0XHble NpOLEeHTHI no gojary B pasMmepe 5000 gossapoB Ha 3 roja no
ctaBke 8% roZoBbIX.

e Baxup 3aHs1 50 MJIH CyMOB U COTJIACUJICS BbINJIATUTD NMPOLEHTHI o cTtaBkaM 10%,
12% u 14% 3a nepBbIii, BTOPOX U TPETUH I'0J; COOTBETCTBEHHO. HalljuTe 061yt0 cymmMy
Jloyira yepes 3 roja.

e Bksiaguuk BioxkuJa B 6aHK 100 MuUaiMOoHOB cyMoB. B3ameH oH mosyuusa 133,1 MuH
cymoB. bank gaBas 10% rogoBbix. Kak j0/ir0 OH XpaHuUJ leHbI'U B 6aHKe?

e BkJlag4uK nepevyucaua Ha 6aHKOBCKUUM cyeT 26 MJH cyMoB. Yepe3 18 MecseB Ha
ero cyeTy 6b1s10 32 MJIH cyMOB. KakoBa rojjoBasi npoleHTHas cTaBKa?

@y MeHs ecTb 400 gosstapoB. Mol Apyr npejJioKu/ MHe HHBECTUPOBATh B O6aHK. f
MOTY BKJa/JblBaTb MOU cOepexkeHUs B BaJIOTHBIN cueT noj 13% rosoBbIX AU B CYMOBOU
cuét nnox 1% B mecqaw,

a) CKOJIbKO § MOJIy4y Yepe3 roji, eCJIY MNOJI0XKY JleHbI'M Ha BaJIOTHBIN CYET?

6) Kakyo cymMMy [0J1J1apOB 1 MOJIy4y Yyepes rojj, ecjay nepeBejy 3THU JeHbI'U B CyMBbI U
M0JIOXKY Ha CYMOBOM CU€T? YUYUTBhIBalTe KypcC AoJiapa ¥ cyMa. [I[pyHUMaTh, 4T0 MUHGAALUA
coctaBygeT 10% B rog.

e Mypa/ niaTUT Hajior B pa3Mepe 7%, ecyiv mokymnaeT ToBap Ha 10 MUJIJITHOHOB CYMOB.
Ecsiv oH npogacT TOT e ToBap 3a 13 MJIH CyMOB, TO IOTPEeOUTEJb IJIATUT HAJIOT B pa3Mepe
9%. Y3naiTte H/IC, noasiexamui ynaate Mypazaom.

e Ecnu 6usnecmeH npopaaét toBap 3a 7 500 000 cymoB, ¢ Hero 6yJeT B3UMaThCs
HaJIOT ¢ npojax no craBke 12%. PaccuuTaliTe Ha4a/IbHYIO IleHY TOBapa, BKJlO4as HaJIOT,
yIJIadeHHBbIU NpegnpuHuMarTesneM, ecau oH miaatut HJC B pasmepe 180 000 cymos.

e [IpousBoaUTe b 06bSABUI LleHYy cBoero npoaykra 12 000 000 3a ogHy efUHUILLY.
OH npejocTaBuJ ONTOBUKY CKUAKY 30%, a ONTOBUK, B CBOIO Oouyepesib, IpeJOCTaBUJI
pO3HUYHOMY mnpogaBuy ckuaky 20% oT peksamupyeMol LeHbl. Eciu cTtaBka HaJsora
c nmpozax AJda npoaykrta cocrtabasdgeT 10% M po3HHUYHBIM TOpProBel MNPOAAET ero
NoTpe6GUTeNI0 MO0 peKJaMUPYyeMOUW IieHe, HAUAUTe HaJIoT Ha J06aBJEHHYI CTOUMOCTD,
ynJayuBaeMbli ONTOBBIM U PO3HUYHBIM TOPrOBLIAMHU.

@Posﬂmqﬂbn‘/i TOpProBel, MOKylaeT TOBAap y OoNToBOro toprosua Ha cymmy 80 000
CYMOB, 2 y ONTOBUKA y/Jlep>KUBaeTCs HAJOr C NMpoJax no GUKCUMPOBAHHOU cTaBkKe 8%.
Po3HUYHBIA TOproBel, ycTaHaBJAUBaeT LieHYy B padMepe 100 000 cyMoB, U ¢ He€ B3UMaeTCs
NOoTpebUTeNbCKHUIN HAJIOT C MpoJax no Tou ke craBke. Ckosbko HJC niaTUT po3HUYHBIN

TOProBel rocyapcTBy?




T TR E A, SRR ARLALN R

B TPUrOHOMETPUYECKMUE OYHKLUMN.
NMEPUOAMNYMECKME NPOLLECCDI

» OEPATHbBIE TPUTOHOMETPUYECKMUE OYHKLUMN

-r. u

. &€ &

.




TPUTOHOMETPUYECKUE ®YHKLUWNU. NTEPUOOUNYECKUE NMPOLLECCbI

TPUFOHOMETPUUYECKUE ®OYHKLUUM.

NMEPUOAMHECKME NPOLLECCbI

¢ TpuroHomerpuyeckue pyHkuuu. [lepuoguvecKue npoueccol

——

B nmpupojne, TexHHKe, IPOU3BOJCTBE U APYTrUXx chepax CyleCTBYeT MHOXECTBO
MIOBTOPSIIOIUXCS [0 BpeMeHHU COOBITUH U MpolieccoB. HampuMep, BOCX0, COJIHIIA, CMEHA BpeMEH
ro/ia, IBDKEHME MOPILIHS B ZIBUTATe/Ie BHYTPEHHEr0 CrOPAHUS U T. [, TOBTOPSIIOTCS 10 BPEMEHH.
Takue npoiecchl Ha3bIBAKTCH MEPUOAUYECKUMHU MpolieccaMu. [lepuoguueckrue MpoIecchl
OMMCBIBAKOTCSA TPUTOHOMETPUIECKUMU QYHKITUSMHU.

IIpu U3y4eHUM TPUTOHOMEeTPHUYECKUX PYHKIMH TpeOGyeTcsa 3HATh:

1) rpagycHOe u3MepeHue BeJIMYUHBI YIJIa;

2) 60-a yacTb yrya 1° paBHa 1 MuHyTe (0603HayeHue 1'), 60-a9 yacTp 1' paBHa 1 cekyHJe
(o603Havyenue 1"), T. e.

1! _ £ 1" _ 1_’ _ 10
60’ 60 3600

3) pailuaHHYI0 Mepy BEJIMYUHBI YTIJIa;

4) pasiuaH - 6e3pa3MepHasi BeJIMYMHA;

5) dopmysy nepexosa oT paJiJMaHHON Mepbl yIJia K IpajlyCHON Mepe, T. €.

. (180 J
a =|—-a],;
T

6) popmyJty nmepexoza OT rpaZlycoB K paZijiaHaM,

a rad =(ﬂ'a°]md;
Vs

7) dbopMysibl IpUBEEHUS.

/- )
P CHHYC, KOCHHYC, TAHT€HC U KOTaHT'€HC PucyHok 1
yria
B mnaockocTb BBejJeHa JAeKapToBa ¥

cucteMa KoopauHat Oxy. Ha Hel paccMoTpuM
e/JMHUYHYI0 OKPY>KHOCTB (TO eCTb OKPYKHOCTb
C pafuycoM, paBHbIM 1) C leHTPOM B Hayaje
KoopauHat. OTMeTuM TOYKY A = 4 (1; 0). B
OKPY’KHOCTH W3 TOYKH A B HaANpaBJEeHUU
IPOTUB YaCOBOM CTPEJIKH (T. €. B IIOJIOKUTEJIb-

=

HOM HallpaBJIeHWH) NPOBOAYM AYTY AJIMHOM,
paBHOM g, U OTMe4YaeM e€ KOHell yru yepes 4 —
(puc. 1). CornacHo onpefieJIeHUI0 paJjHUaHHOU
Mepbl yria, yron A OA, paBeH o pajjuaHy:

0 — 6enuYUNa yena
uenmpanvhoi oyau A A ,

o =2LA4,04,. N onunoi o y




MABA 4. TPUTOHOMETPUYECKUE OYHKLIUA
Buumanue! Touka A GyneT MMeTb HEKOTOpPble KOOPAMHATBI B MJIOCKOCTH Oxy.
[IpeamnosiokuM, YT0 KOOPJJUHATAMH TOYKH A _Ha IMJI0CKOCTH Oxy ABJISIeTCs apa (x; ).

OnpepeneHue
1) BesinurHa x Ha3bIBaeTCsA KOCHHYCOM yTIJla o U 0003Ha4YaeTcs yepes cosa.
2) BesnurHa y Ha3bIBaeTCsI CHHYCOM yTIJia 0 U 0603HA4YaeTCs Yepes sind.

Y
3) OTHoOIIeHHWe — Ha3bIBAETCS TAHTEHCOM yrjia d 1 o603HavyaeTcs yepes 1ga.

X
X
4) OTHOlIEeHWe — Ha3bIBAETCS KOTAHTEHCOM yIJja o U 06003HAYaETCs Yepes ciga.
y
HWTak, no onpezeneHuo y X
coso. = X, sina =y, go =—, cigo =—, (1)
X y

BaHumaHnue! Eciu BMeCcTO eJUHUYHOM OKPYXHOCTH pacCMaTpUBaTh NMPOU3BOJIbHYIO
OKPY>KHOCTb pajiuyca R, To 06pa3yloTcs paBeHCTBa:
. b% x
) Sll’lOCZX, lga==,6 cgoa=—, (1"
R X Y
AcHO, YTO Ha OKPYXHOCTH MMEKTCA JIMIb JiBa LEHTPaJbHbIX BPALIEHUA TOYKH A, Ha
3a/laHHBIN YT OJI:

X
cosa =—
R

Ilos10kMTE/ILHOE BpallleHue:
BpallleH’e IPOU3BOAUTCH IPOTUB
JIBUXKEHUS 4aCOBOM CTPEJIKU.

OTpuuaTe/bHOE BpalleHue:
BpalleHue IPOU3BOJUTCH 10
JIBIXKEHUI0 YaCOBOM CTPEJIKH.

'S DYHKIUU y = sinx, y = cosx, y = tgx, y = ctgx 1 UX CBOMCTBA, rpapuKu

—

Kaxkz10# To4Ke x YUC/I0BOM 0cH Ox CTaBUM B COOTBETCTBHE TOYKY A €JUHUIHOU OKPYKHOCTH,
06pa3oBaHHY0 BpallleHMeM TOYKHU A Ha yroJ x (ecau x > 0, To BpallleHHe — MOJIOKUTEbHOE,
ecau x < 0, To BpallleHUe — OTpuLlaTebHOe). B 3TOM ciiyyae MOXXHO BBIYUCIUTh 3HAYEHUS COSX,
sinx, tgx, ctgx /Il TOYKU A_Ha OKPYHOCTH. B pesysibTare nojy4yuM GyHKIUH

y =sinx, y = cosx, y = 1gx, y = clgx,
Ha3blBaeMble TPUTOHOMETPUUYECKUMHU QYHKLUSMHU, CONIOCTABJAOLIAE B COOTBETCTBUE YUCITY X
3Ha4YeHUd cosx, sinx, tgx, ctgx, COOTBETCTBEHHO.

It (l)YHKI.lI/II/I ABJIAKOTCA NEPUOAUYIECKHUMHU, T. €. IJId KaxKA0T'0 k € Z BBINOJIHAIOTCA pPaBE€HCTBaA:

f(x+27zk):cos(x+27[k = CosX = f( )
sinx = f( )
=/f(x)

Cclgx = (x) .

)
f(x + 27rk) = sin(x + 27rk)

f(x+27k)=1g(x+27k)=t
f(x + 27rk) = ctg(x + 27zk)




TPUTOHOMETPUYECKUE ®YHKUUNU. NTEPUOOUNYECKUE NMPOLLECCHI

HTak, ocHOBHOH nepuoj QYHKUUA y = cosx U y = sinx paBeH I, = 2w, a OCHOBHOMW NEPHUOJ,
QyHKUMI y = [gx U y = ctgx paBeH T = .
O6s1acTy onpesiesieHUs MU MHOXKeCTBA 3HaYeHUU TPUTOHOMETPHUYeCKUX QYHKIUI:

JUISL y = cosX Uy = Sinx UMeeM D(y) =(—oo; +oo), E(y) =[_1; 1];

JJIS1 Y = tgx UMeeM D(y):(—%+7rk; %+7rkj, keZ, E(y):(—oo; +oo);
pnsiy = cigx umeeM D(y)=(rzk,z(k+1)), keZ; E(y)=(-o;+»).

Oyukuusa y = cosx —4étHas: f (—x)=cos(—x)=cosx = f (x).
OYHKIMU y = sinx, y = (gx, Y = clgX SIBJIAIOTCA HEYETHBIMMU:
S (x)=sin(-x)=-sinx=—f(x),
S (0)=1g(x)=—1gx ==/ (),
J(x)=cig(-x)=—cigx=—f(x).

['paduiku TpUroHoMeTpUYeCKHUX QYHKIIMK OKa3aHbl HA CJeAYIOINX PUCYHKAX.

W3 aTux l"pa(l)I/IKOB CJ1eJyKT Ba>XHbl€ BbIBObI:
7w

1) dyHKkUUMa y = sinx BO3pacTaeT Ha NPOMEXYTKe |:_5,5:|I/I KaXJ0OMy X W3 3TOrO

MPOMEXKYTKA CTABHUT B COOTBETCTBUE €JUHCTBEHHOE 3HAYE€HHUE y U3 OTPE3Ka [—1; 1],

s ) A

i 3
PuUucyHok 2
V=S X
1
o L) 397
2 0 a7 2 297 i
dor| | dw| | T X
. 53 _

¥
v
_ _ _ _ 1 _
| T | X .
P -7 3 0

bq[‘:a'

a |
5
l-1_>|-‘;‘:3"'-' |




MABA 4. TPUTOHOMETPUYECKUE ®YHKLU A

- I
PucyHok 3

| BRI FE |
fy—clg X
£y W 5

b

5 o
[ B =
| S g
I I >
,n%
o J

2) yHKUMA y = cosx yObIBaeT Ha NpoMexyTKe [0; 7] ¥ KaXA0My X U3 3TOr0 IPOMEKYTKa CTABUT
B COOTBETCTBUE €JUHCTBEHHOE 3HaYeHue y U3 oTpe3ka [-1; 1];

T
3) (1)YHKI_II/IH Yy = tgx BO3pacTaeT Ha UHTepBaJie (—__j U KaXXAOMY X U3 3TOI'0O MHTEPBaJia

3
22
CTaBUT B COOTBETCTBHE eIMHCTBEHHOE 3HAaYEHUE Y U3 UHTepBaJia (—00; +00);
4) dyHkumsa y = ctgx yobiBaeT Ha uHTepBase (0; ) U K&XKJOMY X U3 3TOTO UHTEPBaJla CTABUT B
COOTBETCTBHE €IMHCTBEHHOE 3HaYeHUe ) U3 UHTepBaJia (—0o; +00).

OTMeTHM, YTO I[IpHU pElIeHNH NIPUMEPOB HA HAXO0XAEHHE ob6J1acTH onpejgesieHusA B HEKOTOPbIX
CNy4adXx AO0CTATOYHO YKA3aThb T€ TOYKH, B KOTOPbIX (1)YHKL[I/IH He oIpeaeJsieHa.

lpumep 1. HaiiauTte o6s1acThb onpesiesieHUs QYHKLIUU y = Dig (3x—1)-

V4
Pemenue. Tak kak QyHKUUS Yy =1Igx He ompe/esieHa B TOYKax x:5+ﬂn,neZ, TO

T
dyHkiua y =2¢g(3x—1) He onpejesieHa B 3HaYEHHSAX E + 7k aprymenta 3x —1. 370 aiBNeHME

4
o6o03HavaeTcd Tak: 3x —1# — + k- OTcloga x # %+l+ﬂ,n e’

OtBeT: PyHKIMsa y = 2¢g(3x—1) onpe/eseHa BO BCEX TOUKAX X YUCAOBOM MPAMOH, KOTOpPbIe

NOJAYMHAIOTCA YCIOBUAM . £+l+ﬂ ne7-
b

IIpumep 2. HaliiuTe MHOXECTBO 3Ha4YeHUH QYHKLUU y = 2 —%cos(Sx—4) .

Pemenue. [Ipu pelleHWHM ITOro IpUMepa BOCHOJIb3yeMCA CAeLYIOLUM JBOWHBIM
HepaBeHCTBOM.




TPUTOHOMETPUYECKUE ®YHKUUNU. NTEPUOOUNYECKUE MPOLLECCHI

—1<cosx<1 )
CIpaBeJJIMBOTO BO BCeX 3HaYeHHUsAX x. UTak,

—1<cos(5x—4)<1.

1
YMHO>KaeM Bce ero yjeHbl HaA ——.

! < —lcos(Sx—4) < 1
3 3 3
[Ipr6aBuM 2 KO BCceM 4jieHaM M0CJIeJHEero ABOMHOTIO HepaBeHCTBa.
2—l < 2—lcos(5x—4) < 2+l
3 3 3

[Tocne NnpuBeageHud 1MoJy4dYum

2 1 1 2 1
1—<2——cos(5x—4)<2— 1—<y<2—,
352730 (S 4) =25 15 = <23

2 1
OTBeT: MHOXeCTBO 3HaUeHHH 3a/JaHHON PYHKIUHU eCTh OTPE30K [15523} , WU TI0-/IPyTOMY,
E(y)= [13- 21}
O Rt b

Kak U3BeCTHO, eC/IM OCHOBHBIM (HaMMeHbIIMM I0JI0KUTE/IbHBIM) TepruooM dyHkiuu ¥ = f (x)

T
AaBjseTcsd T, To BeJIMYUuHa W AIBJISIETCA OCHOBHBIM NEPUOJ0M QYHKIUU Y = af(kx+b) ,k#0.

Ilpumep 3. HaiinyuTe HaMMeHbLINH [OJIOXKUTE/IbHBIHA EPUOA QYHKLUUH |, 2Sin(§x+7].

Pewmenue. Tak Kak OCHOBHOU nmepuo QYHKIUK Y = Sinx apasierca 1 =27, To
IT_3T_ 327 3n

44 4 2
3
. (4
- OCHOBHOM NepuoJ; PyHKIHMH y = 2szn(§x+7).

. . 3z
OTtBeT: OCHOBHOM NepUo/ 3a/laHHON QYHKLIUHU %

NMPUMEPDI
Q HaiiguTe o6s1acTh onpesesieHUss GYHKIMU.
C2x—1 ] _
a) y =cos3x b) y=sin c) y=sin d) y=sin I=x
zx X+ 5 X+ 3
e) y=1g3x f) y=cig— g y=ig—
X
e HaliiuTe MHOXeCTBO 3HaYeHUN QYyHKIMU.
a) y=—l+cosx b) y=-6sin3xcos3x  ¢) y=2+cosx d) y=-3sin2x+2
1
e) y =>5tgdx f) y=3-4cos5x g)y=—5+§c0sxsinx

e OnpepenuTe YETHOCTb UM HEYETHOCTb QYHKIUM.
a) y =2xtgx b) y=x’-tg’x ) y=tgxsin’ x d) y=1g2x+2sinx
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2 .
+
€) y=x* +1g'x f) y=1gl0|x| g)y=x +cos x h)yzsmx cos x
2 xX+5
e HUcnonb3ys rpadpuk GyHKLUUH y = sinx, IOCTPONTe rpadukK caefyromux GyHKIUHA.
a)y = —sinx b) y = 2sinx c)y =—0,5sinx d)y = |sinx|
. /4
e)y= Sln(x—gj f) y = |sin|x|| g)y =1 +sinx h) y = sin2x
e Ucnosb3ysa rpadpuk QyHKLUHU y = cosx, IOCTPOUTe rpaduK caeAyIOINX QYHKIUM.
a) y =—cosx b) y = 0,5cosx C)y = cos2x d)y = |cosx|
T
e) y=COS(x+Ej f)y = |cos|x|| g)y =2—cosx h) y = cos4x
@ [TocTpoiiTe rpaduk PyHKIUHU.
X 1
a) y=1g2x b) y= cth c) y=2tgx d) y= gctgx‘

e OnpepenvTe YETHOCTb UM HEYETHOCTb QYHKIUM.

2x —sin’
a)y= w b) y = ctg3x + Ssinx C)y = sinSx
X

d)y = 2sin’x e) y = sin’x + sinx f) y = Ssin’x + 2sinx
e Mycts dyukuusa f(x) ompejeneHa Ha uHTepBase (—00;0) :

a) mokaxwure, uro pynkuus f(x)+ f(—x) - uérHasg;

b) nokaxkute, yto pynkuua f(x)— f(—x) - HeuéTHas.

e HaliiuTe HauMeHbLIMH 0J0KUTEIbHBIN TepUoJ QYHKIUH.

a) £ (x) = cos(3x+1) b) f(x)=sin (%— 3) c) f(x)=tg(2x+1)

d) £ (x) = sin2nx e) f(x)=cos3x f) f(x)=tg(4rx-3)
@ HaiiiuTe HauMeHbLIUH OJIOXKHUTEbHbBIN epUo/ 3aJaHHON PYHKIUH [ (x):

a) f(x)=sin37x+tg7x b) f(x)=cosx+2sin(3?x+%j

o)f (x) = ctg(x — 1) — 3sin3x d) f(x)=sin3x+ COS%TX+%tg9?x

@ Mokaxwure, uTo T =—57 sABAsAETCA MepuofoM GyHKiuu [ (x)= sin6x.

@ [lokaxkuTe, uTo T = 7 ABJAAETCSA HEPUOZOM PYHKIIUH f(x) =A+/sin2x+1.

@ Y kako# u3 cjaeAyrIUX PYHKI MU HaUMeHbUIMH M10JI0KUTEIbHbIN 1epUO/, paBeH 7

a)y = sinx b) y = cosx c) y=1gx d) y=cigx

@ [TocTpouiTe rpaduk GyHKLUM.
a) y =|sinx| b) y = |cos x| 0) y=lrgx] d) v =|etg]




OBPATHbIE TPUTOHOMETPUYECKUE ®YHKLUUN U UX CBOUCTBA, TPAOUKU

OBPATHbIE TPUTOHOMETPUYECKME ®OYHKLIMUM N UX

CBOMCTBA, FIPAOUKMU

€ OGpaTHbIe TPUTOHOMeTpUYeCKHe QYHKIUU

—

B nmoBcejHeBHOM M3HU BCTPEUYAKTCA CJAy4yad, KOrjja pa3pylialTcs 3/jaHUs, MOCTHI,
TPaHCIIOPTHBIE CPE/CTBA, 3J1eEKTPOCTAHLIMH, CAMOJIETHI U APYyTHe YCTPOUCTBA, 10/, BO3/,eHCTBUEM
pe30HaHCHBbIX sABJeHUNW. Pe3oHaHCHOe sBJeHUe HabJl0JjaeTcs B pe3y/jbTaTe B3aUMHOU
CUHXPOHM3ALUU EPUOJUYECKUX NPOLeccoB. [ NpeoTBpalleHHs TaKKUX sIBJeHUH He06X0AUMO
3HaTb, IPU KaKUX 3HAYEHHUsIX apryMeHTa TPUTrOHOMeTpuieckrue GyHKIMU IPUHUMAIOT 3apaHee
3a/laHHble 3HaY€eHUs, T. . He0OX0JUMO 3HATh 0OpaTHbIE TPUTOHOMETpUYECKHe QYHKIIUU.

IIpu M3y4YeHNH 06PaTHBIX TPUTOHOMETPUYeCKUX QYHKIUUA TpeGyeTcs 3HATh:

1) nepuogUYHOCTb TPUT'OHOMETPUUECKUX GYHKIUN U UX OCHOBHbIE [TEPUO/bI;

T T
2) Bo3pacTaHue QYHKLHMU y = sinx Ha —5;—} , 1 OHa - B3aUMHO-O/JIHO3HAa4YHasA QYHKIUS
T T
MeX/y OTpe3KaMHu {—E,E} ul-1;1];

3) yobpiBaHre GYHKIMU y = cosx Ha [0; @], © OHa — B3aMMHO-O/{JHO3HAYHasA QYHKIHS MEXKIY
orpe3kamu [0; ] u [-1; 1];

T
4) Bo3pacTaHve QYHKLMH y = fgx Ha (—E;Ej, Y OHA - B3aMMHO-OIHO3HA4HasA QYHKLUSA MEXIY
T
WHTepBaJaMu (—3;—) U (—o0; +00);

5) yobiBaHue QYHKUUH ¥ = ctgx Ha (0; m), 1 OHA — B3aUMHO-0AHO3HA4YHasA QYHKLUA MEXAY
nHTepBasamu (0; ) u (—oo; +00).

¢ QPyHKIUA Y =arcsinx U e€ CBOKCTBA, rpadpuk

——

: T
YpaBHeHUe y = sinx pellaeTcs OJHO3HAYHO OTHOCUTEJIbHO X HAa OTPe3Ke [_E;E} U 3TO

pemieHre MMmeTCcd B BUZe

X = arcsiny. Ve ™\
3TUM paBEHCTBOM ompezieseHa QyHKUUA arcsin PucyHok 1
— apkcuHyc (puc. 1), cTaBslas KaxAo0My 2JIeMEHTY

ye [—1, 1] B COOTBETCTBHUE e,ELHHCTBeHHbIﬁ 3JIEMEHT

T T .
X €| ——;— |. B onpenenénHoM TakuM 06pasoM

COOTBETCTBHUH, €CJZIK apTYMEHT 0003HaYUM qyepe3 x, a

bYHKLMIO — yepe3 ), TO ero MOXKeM MepenucaThb B
c/ieayrolieM Bu/je

Yy = arcsinx.
dyHKLUA y = arcsinx sABJAseTCA 0OpaTHOHU K

bYHKIMUY y = sinx:

sin(arcsinx) =x, x € [-1;1] Ipapuk gynkyuu
T y = arcsinx
arcsin(sinx) =x, x € —E;E - J




MABA 4. TPUTOHOMETPUYECKUE ®YHKLU A

& CaoiicTBa QyHKIMM y = arcsinx:

° D(y)=[-L1];
®E(y)= —%;% ;

® y = grcsinx - Bo3pacTawilasg QyHKLUSA;

. T . T
® HanboJiblIee 3HaYeHUe QYHKLNHN Y = arcsinx paBHO Py a eé HauMeHblllee 3Ha4eHNe PaBHO ) ;
® rpaduk GyHKLUU y = arcsinx IPOXOAUT Yyepe3 Hayal0 KOOpJUHAT;

® y = gresinx - He4€THasa QyHKLUMS, T. €. arcsin(—x) = —arcsinx;
® QyHKIMA y = arcsinx He ABJISAeTCS NepUoAUYeCKOM.

N

IIpumep 1. HalijuTe 3Ha4eHUe BbIpaXKeHUA arcsinT.

3
PelieHnue. HYCTI) arcsin — = x . B aToM CJlydae JaHHO€ 3aZlaHHEe MOXHO MOCTABUTb MHAYe:

NG

. T .
HAWUTH 3HAYE€HHE X U3 MPOMENKYTKaA _E,E , YAOBJIETBOPAKILIEr0 PABEHCTBY Sinx —7.

B3

T T
W3BeCTHO, YTO PaBEHCTBO sinx = — HUMeeT MECTO, Korja X = g . TakuM o6pasom arcsin 7 = g
. T
OTBeT: arcsin— = ?

B Ta6JII/II.le HHXe [TOKa3aHbl HEKOTOPbI€ 3HAY€HUA BbIpaAXKEHUA arcsina

sl B 2L e | L2 B
2 2 2 2 2 2

T T T 74 T 73 74

aresinx | —— | —— | —— | —— 0 — — - -

2 3 4 6 6 4 3 2

@ OyHkuuday =arccosx u eé cBoMcTBa, rpadpuk

—

VpaBHEHHE Y = COSX pellaeTcsl OAHO3HAYHO OTHOCUTEJIBHO X Ha oTpeske [0; T, 1 9TO pelieHue
MUILIETCS B BUJE

X = arccos).

ITUM paBEeHCTBOM ompejiesieHa QYHKIUS arccos — apKKOCUHYC (pUC. 2), cTaBsIlas KaX/oMy
3JIEMEHTY ) € [—1; 1] B COOTBETCTBHE €JUHCTBEHHBIH 3JIEMEHT X € [O; 7 |. B onpeie/IEHHOM TaKUM
06pa3oM COOTBETCTBHUH, €CJIH apIyMEHT 0603HAYMM Yepe3 x, a PYHKIMIO — Yepes y, TO ero MOKeM

IepenucaThb B CJIeIyIoleM BU/Ie:

Y = arccosx.

DyHKUUA y = arccosx ABJIseTCS 00PaTHOM K QYHKILUH Y = COSX.

cos(arccosx) =x, x € [-1;1]

arccos(cosx) =x, x € [0; 1]




OBPATHbIE TPUTOHOMETPUYECKUE ®YHKLIMU U UX CBOUCTBA, TPA®UKU

w —] = / \
_’ CBoyicTBa QYHKIIUM y = arccosx: PUCyHOK 2
* D(3)~[-]
o E(y)=[0;x];

® y = arccosx - yobIBaroLas QyHKIUS;

® HauboJiblllee 3HaYeHUe QYHKIMU ) = arccosx paBHO
7, a e€ HauMeHblilee 3HaYeHHe paBHoO 0;

® rpaduK QYHKIUU y = arccosx MepeceKaeTcs C
ocbio Ox B Touke (1; 0) ¢ abcumccoit x = 1, a ¢ ocbio Oy

T . v
B TOYKeE (O; E] C OpIUHATON y = —;

2 1 x
® )y = grccosx — HU He4€THasl, HU 4éTHasA QyHKLUSL. Tpagux dynxyuu
OjfHako 3/1echb clipaBe/i/IMBO paBEHCTBO y =arccosx
arccos(—x) = t— arccosx;
A\ J

® GYyHKIUS y = arccosx He SIBJISIETCS epUoIUiecKon
(o6/1acTh ONpe/iesieHrs He TeEPUOUYHA).

. 2
IIpumep 2. HaiijuTe 3Ha4eHMe BbIpaXXeHUA arccosT.
Pemenue. Ilyctp WCCOS?:x. B sTOM ciydyae faHHOe 33JjlaHWe MOXHO IIOCTaBUTb IO

J2

JIpyroMy: HaWTH 3Ha4eHUe x U3 npoMexyTKa [0; 7], yI0BJIeTBOPSIOLIETO PABEHCTBY COSX = -

T
I/IBBeCTHO, qyToO paBEHCTBO COSX = — HUMEET MeCTO l'[pI/I X =—":
2
arccos — = —.
2 4

V2 oz
OTBeT: arccos 7 =—

%

B cne,qy}ou_[eﬁ Ta6111/1ue MNpUBEeAEHbI HEKOTOPbIE 3HAYEHHWA BbIPAXXEHUA aArccos Xx.

s | [ B2 L e | L 2B
2 2 2 2 2 2

arccosx T Bl 3n 2n I T I T 0
6 4 3 2 3 4 6

@ QyHKuusA y = arcigx v e€ CBOMCTBA, rpadukK

~—

b

T
YpaBHeHHe Yy = tgx pemiaeTcss OHO3HAaYHO OTHOCUTEJIbHO X HA UHTepBaJie (—Egj , 1 3TO

pelleHue 3alKCbIBAETCA B BU/JE
X = arctgy.

JTUM paBeHCTBOM onpejiesieHa QYHKIUSA arctg — apKTaHreHC (pUc. 3), CTaBAIAs KaXA0MY

o VA
3JIEMEHTY Y G(—OO; +OO) B COOTBeTCTBHE €JUHCTBEHHBLIN 3JIEMEHT X &| ——, — |. B ornpe-

b




MABA 4. TPUTOHOMETPUYECKUE ®YHKLU A

JleJIEHHOM TaKUM 00pa30M COOTBETCTBHH, ECJIM apIYMEHT 0003HAYUM 4epe3 X, a QYHKIMIO — yepe3

¥, TO ero MOXKeM IlepenucaThb B caefytoleil popme:
y = arcitgx.
dyHKLUA y = arctgx ABAsETCSI 00paTHOU K YHKIUHU y = 1gX:
tg(arctgx) =x, x € (-00; +0)
T

arctg(t; =X, xe|—,—|.
g(1gx) ( > 2)

0 dyHKIMA y = arcigx 00J1aJaeT CJAeAyIIUMHA CBOCTBAMM:
- )
® D(y)=(-o0+); PUCYHOK 3
T T
® E(y)=|—555
0)=(-53) ”
® y = arctgx — Bo3pacTarolas QyHKIUS; SRR e e e AR S

T
® (yHKUUSA y = arcigx He JOCTUTAeT Hau- By /
6OJIbIIET0 U HAUMEHbIIIEr0 3HAYEHHUST;

® rpaduk QYHKLUUU y = arctgx
IPOXOJHUT Yepe3 Hauaslo KOOPAUHAT; s

® y = arctgx HedyéTHasA QYHKLUS, T. €.
arctg(—x) = —arctex;
&) & I'pagpuk pynkuyuu y = arctgx
® OyHKIUA y = arctgx He SIBJSIETCS o J
nepuoUYECKOM.

3
IIpumep 3. HaliiuTe 3HaYeHUe BbIpaXKeHUSA arctg(—?J .

3
Pemenwue. [lycTb arctg(—? = X . 3Ha4MT, TpebyeTca HAUTHU 3HAUYEHHE X,

z)_ 3
yYAOBJIETBOPAIOIIEE PABEHCTBY tgx = ———. 13BecTHO, UTO tg e

6 2
3 oz

OTBeT: arctg —7 =——.

6

B Ta61mue NpuBeJleHbl HEKOTOPbIe 3HAa4Y€HU S BbIpaXKeHHS arcig X.

x -3 -1 - 0 ﬁ 1 NE)

3 3

arctgx -

N
w |

i
6

W |
N
(@)
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@ dyuxkuusa y = arccigx U eé cBoicTBa, rpaduK

VYpaBHeHUe y = ctgx pellaeTcsa OJHO- Ve ™\
3HAYHO OTHOCUTEJIbHO X Ha MHTepBaJje PUCYHOK &

(0; m), 1 3TO pelleHUe 3aNKCbIBAETCS B
BU/IE

X = arccigy. Yy

ITUM PaBEHCTBOM Onpe/iesieHa GpyHK- S
UUs arcctg — apKKoTaHreHc (puc. 4), T
CTaBsllasg KaXAoOMy ye(-o0; +) B
COOTBETCTBUE €JUHCTBEHHBIA 3JIEeMEHT T

xe(0; m). B onpengeséHHOM TaKuUM 2
06pa3oM COOTBETCTBUH, €CJIU apryMEeHT
0603HaYUM 4Yepe3 x, a QYHKIHIO - 0

yepes y, TO ero MOXeM IepenucaTh B X
cnenytoiei ¢opme:

y = arcctgx. g I'pagux pynkyuu y = arcctgx )

DyHkuua y = arcctgx ABAgeTCA 00paT-
HOU K QYHKIUU y = ctgx: ctg(arcctgx) =x, x € (-00; +00), arcctg(ctgx) =x, x € (0; x).

‘ dyHKIUsA y = arcctgx 061ajaeT cJIeAyIOIUMA CBOMCTBAMMU:

® D(y)=(—o0;+0);
® D(y)=(0;m);
® ) = grectgx - yobiBawIas GyHKLUS;

® GyHKIHMA y = arccigx He JOCTUTraeT HaubO0JIbIlIero U HAMMeHbLIero 3Ha4yeHus;
® rpaduk GyHKLUM y = arcctgx He TlepeceKaeTcs ¢ ocbio Ox, nepecekaeTcsi € 0cblo Oy B TOUKe

0% C OpAAMHATOM y—E ;
) 2’

® ) = grcctgx — He ABJIIeTCA HU HEYETHOM, HU 4€THOU. Ho, TeM He MeHee, UMeeT MeCTO
arcctg(—x) = w— arcctgx;
GYHKIUA Y = arcctgx He SIBJISIeTCH NepUuoJUieCcKOu.

IlpuMep 4. HaiijuTe 3HaYeHMe BbIpaXKeHUS arcctg\/g .

Pemenue. Ilyctb arcctg\/§ = x. 3HAYUT, TpeOyeTCs HAUTH 3HAYEHHUE X, Y[ OBJEeTBOpsIOIlee

T
PaBEeHCTBY cigx = \/g . U3BecTHO, 4TO Ctgg = \/5 .

OTBeT: arcctg\/_ = % .

B Tabsu1le nprBeieHbl HEKOTOPbIE 3HAYEHUsI BbIPAXKEHUS arcctg X.
3 3
X _\/5 -1 _£ 0 £ 1 \/3

5w 3n 2n
6

arcctgx

N
w

(SR
w3
NP
A




MABA 4. TPUTOHOMETPUYECKUE ®YHKLU A

NMPUMEPDI
c WMeroT /11 cMBICI cllefyIolye BblpaXKeHUA?
T
a) arcsin(\/g -1) b) arcsin(4— J5 ) c) arccos (—?j
d) arccos(\/i ) e) arctg(\/z) f) arcctg(—100)
e Beryuciaure.
) ind b) arcsin (—1) ) arcsin ! d) arcsin0
a) arcsin— - c —
2 7
. 2 1
e) arcsinﬂ f) arcsin —£ g) arccos _Q h) arccos—
2 2 2 2
. . 1
1) arccos 0 j) arccos — K) arccos _ﬁ 1)arctg0
2 2
1
m) arctg(—1) n) arctgﬁ 0) arctg\/§ p)arctgl
q) arctg(—\/g) r) arcctgx/g s) arcctg(—1) t) arcctg%

e Breruuciure.

104575 _;(3“/3)
§(3+\/§) 10+5+/5
2

1+\F—2 1—\ﬁ+2
3 B3 \N3 B

d) arcctg
1_\/74_2 1+\/7_2
33 3 3

b) arccos

| ( AR J
a) arcsin Bl 1+ h

O arctg. 1-22+43) 1
3+\/§ 1+\/§

eBbI‘{I/ICJII/ITe.

a) cos (arctg2) b) sin (arctg7) c) cos (arcsin %)
. . 1

d) ctg(arcth) e) sm(arctgl 1) f) sin| arccos gj

g) cos (ai’CCtg(—4)) h) ctg (arcsin (—0,9)) 1) sin arccos(—%jj

j) ctg (arctg (—1 5)) k) tg (arccos (—O, 3)) 1) ctg| arccos (—%D
6 Beruncaure.

a) cos (2arcsin0, 2) b) sin (2 arccos (—%D c) sin (Zarcctg\/% )

d) ig (2arccos0, 6) e) ig (Zarcsin %) f) cos (2arccos (—O, 8))

g) tg (2arcctg (—3)) h) sin (Zarcsin (-0, 1)) i) g (2arcctg20)




NMPOEKTHAA PABOTA

NMPOEKTHASA PABOTA

IIE CMAETDb B KHHO?

BceM M3BecTHO, 4YTO yIJIOBOW pa3Mep 00'beKTa 3aBUCUT OT €ro YAaJEéHHOCTH OT 3pUTeIs.
YeM fasnblile 06bEKT, TEM MEHbIIIE €r0 YIJIOBOU pa3Mep. YII0BOW pa3Mep onpejiessieTcs YIoM
3peHus, 0/, KOTOPBIM NpeJMeT BUJeH 3PUTEIIO0 LIeJTUKOM.

Ecay Bbl CMOTpUTE Ha KapTUHY Ha CTeHe, KaK JlaJleKO Bbl JOJDKHbl HAaXOAUTBCS, YTOODI
MOJIYYUTh MaKCUMaJbHbIM 0630p? Ec/in KapTUHA BUCUT Bblllle YPOBHA IJ1a3, TO CTATMBAIOIIUN
yTOJI IBHO MaJl, eCJIY Bbl HAXOJUTECh CJUIIKOM OJIM3KO WJIY CIUIIKOM Ja/IeKo, Kak I0Ka3aHo Ha

pucynkax 1 u 2. To xe caMoe TPOUCXOAUT U IIPU BbIOOPE MecTa B KUHOTeATPE.

IIpumep 1. JkpaH B KMHOTeaTpe uMeeT BbicoTy 22 ¢yTa (1 fut = 0,3048 m) u BricoTy 10
¢dyTOoB Ha/ ypoBHEM MoJia. [lepBbIi psj cuieHUM HaXoAUTCSA B 7 PyTax OT 3KpaHa, a pAAbl JpyT
oT Apyra - B 3 dyTax. Bbl pelraete cecTp B psijJ C MaKCMMaJIbHOU BUAMMOCTBIO, TO €CTh TaM, /e
yroJ § sKpaHa B BallleM psi/ie MaKCcMMaJieH. /lonycTruM, Balllu I71a3a HaX0AsATCS Ha BbicoTe 4 pyTa
HaJ, 10JI0M, KaK Ha KapTUHKE, U Bbl CU/IUTE Ha PAaCCTOSHUU X OT 3KpaHa (puc. 1).

6

3aganme 1. JloKaxKuTe, YTO ClpaBeJIMBO paBeHcTBO O = arctg — — arctg —.
X

- )
3aganue 2. Hcnosb3ydTe Qopmyay PucyHok 2
TaHreHCa pPa3HOCTH, YTOOBI IMOJIYYUTDb

pPaBEHCTBO 2

0=arct 22x s [ i
Sy L

3aganue 3. Cuutas 0 Kak GyHKIMIO OT 17 \_9 —
x, moctpoiite eé rpaduk. Ilpu 3TOM peko- el
MEH/yeTC HCIOJb30BaHUEe IPUIOKEHUE 4 _l_
Geogebra. Kakoe 3HaueHMe x MAKCUMU3UPY-

eT 0?7 B kakoM psagy jayyuie cuzetb? Kakon

yroJ 0630pa B 3TOM psify? g ' J




MABA 4. TPUTOHOMETPUYECKUE ®YHKLU A

Ipumep 2. [IpeanosioxkuM, YTO HAYMHAsA C IePBOro psiZa MoJI 3a/1a HAKJIOHEH N0/, YTJIOM o
K TOPU30HTY, a pPACCTOSIHUE MEX/Y PAZlaMU PaBHO 3, JIMHA HAKJIOHA, KaK [I0Ka3aHO Ha pUC. 2,

paBHa x.

3aganmue 4. Vcnonb3yiiTe Gopmysy AJisi KOCUHYCOB, YTOObI BbIBECTHU:

a* + b — 484
0 = arccos :
2ab
34ech
a’ = (7 + xcosoz)2 + (28 - xsina)2
U

b = (7 + xcosoc)2 + (xsina - 6)2 .

3aganue 5. C nomolnbio rpadpuyeckoro npuioxkenuss Geogebra HauepTHUTE 3aBUCUMOCTD 6

OT X U HAWAUTE 3HAYEHHE X, KOTOpOEe MaKCUMHU3UPYeT 0. B kakoM psisy siydine cuzaeTh? Kakoi
yroJj 0630pa B 3TOM psy?

Ve ™\

PucyHok 3




» TPUTOHOMETPUYECKUE YPABHEHUS

' METOAbI PELLEHUS HEKOTOPbIX
TPUrOHOMETPUYECKUX YPABHEHUM

» TPUTOHOMETPUYECKMUE HEPABEHCTBA { %




MABA 5. TPUTOHOMETPUYECKUE YPABHEHUA U HEPABEHCTBA

TPUTOHOMETPUYECKMUE YPABHEHUA

@ Ipocreiimue TpUroHoMeTpuYeckre ypaBHeHUs

Ba)kHO 3HaTh, KOTZa NPOILECCHI, XapaKTepU3yeMble NMEPUOJUUECKUMU PYHKIUSAMU,
NPUHUMAIOT Kakue 3HadyeHUd. /Jsid 3TOro HEOOXOAMMO yMeThb pellaTh NpPOCTeHlIne
TPUTOHOMETPHUYECKUE YPABHEHUS BU/A

sinx=a, cosx=a,lgx=a, cigx=a
C MepUoANYeCKUMU PYHKIUIMU.

YT0oObl HAYYHUTHCS pellaTh NPOCTeNlIMe TPUTOHOMETPUYECKHE YPaBHEHHS, TPeOyeTCsl 3HATh:

1) noHATHe ypaBHEHUS;

2) IOHSITUE KOPHSI YPaBHEHUS; pellleHHWe — 3TO MHOXXECTBO KOpHEN YpaBHEHUS];

3) 6eCKOHEYHOCTb KOPHEN TPUTOHOMETPUYECKUX QYHKLIMH, TIOCKOJIbKY OHU — IEPUOIUYECKUE;

4) ymeTb 0600111aTh U 3aIMChIBATh OECKOHEYHOE MHOKECTBO Hal/IEHHBIX KOPHEH C IOMOILbIO
KpaTKuX GopMyJ1 (B KOTOPbIX JJIs1 KaXK/I0T0 1[eJI0T0 YKUCIa k BbIpakeHUe n = 2k 03HavaeT 4YETHOe
4HCJI0, @ BbIpaXKeHUe n =2k +1 - He4€THOe YUCIIO0).

1 - A
IIpumep 1. Pemivte ypaBHeHUe sinx = 3 PucyHok 1
o1 “h
Pemienue. 3BecTHO, 4TO smg=5. Kpome Toro,
. 1
PaBEHCTBO sznx=§ BBINOJIHAETCS TaKXe MpU Aﬂ_%
5r T
3HaYeHUu —— =r7—--—- (puc. 1). [IoCKOJABKY CHUHYC
6 6 = "
. . 1
SBJSIETCSA MepuoAuYecKor QyHKIMeld C OCHOBHBIM
NnepuosoM 277 , TO AJist J06Or0 1[eJ0T0 1 IPH
T
x=—+27n
6 -1
1 T Sn
xX=|r—-=|+2xn="42xn - J
6 6
- )\

1
Oy/JeT BBIMOJHEHO sinng (puc. 2). 9ty JBa PucyHok 2

3HAYEeHH s MOXKHO 0606IUTH CAeyI0IUM 06pa3oM:
n T
x=(-1) g+7m, neZ.

5—”+27m
6

JleiCTBUTEJ/IbHO, eCJIM 1 YETHO, T. €. K =2k, To

T
nosydyuM X =—+ 277k ; ecau n He4ETHO, TO €CTb J{

n=2k+1To x= Z + 72'(2k + 1). WTaK, nosy4uan

IMOJIHOE pEelIeHune.
e

OTBeT: x=(—l)"%+7m, ner.




TPUTOHOMETPUYECKUE YPABHEHUA

& YpaBHeHus BUAQ sinx =a

—

Eciu a >1 unu a <-1, To ypaBHeHUe sinx = a He uUMeeT KOpHeH. [l03ToMy B TaKuX caydyasix

I[MUIIYT, 9YTO pelieHre YpaBHEHUA Sinx=a COCTOMUT U3 IMyCTOIro MHOKeCTBa @;

Ecin —1<a <1, To pelieHue ypaBHeHHUs, sin x =a COCTOUT U3 3HAYEHUU BHUJA

(x:(—l)" arcsina+nzn,n € Z. )

YacmHuie cayuau.

1) sinx = —1. PemieHre cOCTOUT U3 3HAaYE€HUH apTyMeHTa

x=—%+27m, nel.

2) sinx = 0. 3HaYeHUs

X=nn,nek
COCTaBJISIIOT pelleHue.
3) sinx = 1. MHO>eCTBO 3Ha4Y€eHUU apryMeHTa

x=%+27rn, nez

COCTaBJIdeT pelieHre JaHHOI'O YPaBHEHHA.

¢ YpaBHeHMA BUJA COSX = a

Ecmn a>1 unm a<-1 , TO YypaBHEHHUE COS X =a HEe UMeEeT KOpHeﬁ. HOSTOMy B TaKHUX CJIy4dadx

I[MUIIYT, 4YTO pelieHre YpaBHEHUA €os X =a COCTOMUT M3 IIYCTOI'O MHOXKEeCTBa @;

Ecim—1<a <1, To peuieHuve ypaBHEHUS Sinx = @ COCTOUT U3 3HAYEHUH BUA

( x==xarccosa+2rxn,n € Z. )

YacmHule ciyyau

1) cosx =—1. PelieHre COCTOUT U3 3HAYEHUN HEU3BECTHOU
X=n+2rn, nel,

2) cosx = (. PemieHue COCTOUT U3 COBOKYITHOCTH 3HAaYeHUW HEM3BECTHOMN
X = %+ mn,nel,

3) cosx = 1. PelieHue COCTOUT U3 MHOXKECTBA 3HAYeHHUH HEU3BECTHOMU

x=2nn, nei,
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2
IIpumep 2. Peiivte ypaBHeHUe COS X = -

Pemenue.

2

T T
U3BecTHO, YTO cos—=cos| —— |=—— (puc. 3). [IoCKOJIbBKY KOCHHYC — mepuojuyeckKas
4 2

GyHKIMsA ¢ IepuooM 277, TO paBEHCTBO COSX =—— 6y/eT BbINOJHEHO (puUc. 4) AJisi 110600
3HA4YeHUs apryMeHTa BUJa 2

Vd Vg
X="—427n WK X =——+27n.
4 4
06006112 9TU iBa ypaBHEHUS, [T0JIy4aeM pelleHHe YpaBHEeHHUS.

Vs
OTBeT: x=iz+27m, net.

- ) - )
PucyHok 3 PUcyHok 4

&

- J -

€ YpaBHeHwue BUJA 1gx = a

J11 KaXX/0T0 1eJ10T0 YMCJla h 3HaYeHue
X = arctga + wn
IIepeMeHHOM X fABJIAETCA KOPHEM ypaBHeHHUA. B 3TOM ciiy4dae pelieHHe UMeeT BUJ,

C x=arctga+nn,n € Z. )

4 YpaBHeHHWe BUJA cIgX =a

—

Jl1g KaXK0T0 LeJIoro YUC/Ia 1 3HAaYeHHe
X = arcctga + nn
NepeMeHHOM X SIBJISIETCS KOPHEM YpaBHEHMUS, a pellieHhe UMeeT BU/,

( x=arcctga+nrn,n € Z. )
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IIpumep 3. Pemnte ypaBHeHHe tg(x+%j =—1.

PemieHue.

t (x+£j——1 Sx=-2"Zimn = x=——L2tn
57 7 4 28 '

11z
OoTrBeT: X=——-+71, neZ.
28

3
IIpumep 4. PelivTe ypaBHeHUE ctgjx =3.

Pemenue.
3x 3x 3x & 7 27n
—= — =arcct, \/§+7m —=— X=—+—
iz \/522 g = =t > =g
T 27mn
OTBeT: x=—+—,ne’/.
9 3
NMPUMEPDI
o PemuTte ypaBHeHUe.
. X . T
a) sin2x=1 b) smgz—l c) szn(Zx—;ij
. T . 1
d) 2sin4x=\/§ €) sm(4x—1):—§ f) sznx:E
3 A2
g) sinx=——— h) sindx =1 i) Sin2x = —
2 2
) 3 . 2x . T
1) si Zl=2= sin—=-1 sin| 2x+— =0
i) sm(x+7j > k) 3 1) ( 5}
. (3
m) sin(3x+1):—£ n) sin(—x)=—l 0) sm(—n—szl
2 2 4
@) Peunte ypasnenue.
a) cosgzl b) cos(2x—§j=—l ¢) cos8x =0
11
d) cos3x=1,2 e) ZCOS(X—1)=? f) cosx =

g) cosxz—% h) cosx =-1 i) cos= =——=
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T 1 3x B
i) cos| x—— |== -0 __N2
J) ( 5] > k) cos 1 ) cos4x 5
m) \/§+2cos%:0 n) 1_200S37fo:0 0) cos(:r(x—3))=1
2 3 3 1
p) sinzgxzz q) cos2§x=z r) 2cos(2x—%]+\/§=0
e PeminTe ypaBHeHMe.
) 1 1 b) 18x 1 )t 1
a) Igx=—= =7 C) 1gx =—
& \/g \/g &
T
d) tgx=\/§ e) tgzs_x:_ﬁ f) tg(x+?J:1
g) tg(%(x—l)) =0 h) 1—J§zg27;—x=0 i) 1g9x = 1g45°
2w S
j) 1g6x=1g— k) 3tg| x+=— |+/3=0
3 36
a Pemnre ypaBHeHue.
1
a ctgx:\/§ b) ctgx=—— c) ctgdx =sin0°
) ) clg \/5 )
d) cig(r (2x+3))=cos0° ) \/§+ctg%=0 f) ctg7x=_\/§
T
g) ctg%:l h) crg3x=-/3 i) ctg(Zx—;ij

e HaiijuTe KOpHY YpaBHEHUs B 3a[JaHHOM OTpe3Ke.

a) sin3x = g [0;272'] b) cos3x = g [—ﬂ'ﬂ']
<) fg% = ? [0, 7] d) ctg4x=—1, [-37,;37]
a+l1
e [Ipu KaKHUX 3HAYEHUSIX d BEPHO PABEHCTBO #gx = —1 ?
a—

erI/I KaKHX 3Ha4Y€HUAX a ClIpaBeAJINBO paBE€HCTBO sinx=a+—?
a

6
e [Ipy KaKKUX 3HAYEHUSX d BbINOJHSAETCH PaBEHCTBO 5 cos(2x —3) =a——"7
a

) 4
e [Ipy KaKUX 3HAYEHUSX d HE BBINIOJHSIETCS PABEHCTBO 3 sin (x - 7) =a—— 7
a
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METOAbl PELLEHUA HEKOTOPbDIX

TPUrOHOMETPUYECKUX YPABHEHUH

@ YpaBHeHus, npuBeEHHbIE K KBaJPaTHLIM yPaBHEHUAM

Mpumep 1. Pemnte ypaBHeHue 2sin” x—3sinx+1=0.
PelueHnmue.
JTO KBaZ[paTHOe ypaBHEHHE OTHOCUTEJIbHO Sinx . Ec/iM 0603Ha4YUM Sinx =, TO MOJY4YUM

1
2t -3t+1=0.Erokopuu t, =1, t,= > [logcTaBisis 3TU 3HAaYEHHUSA, Mbl IOJYYUM

1 n
1) sinx =1, x:§+27m, ne”z, 2) sinx:z, x:(—l) -%+7m, neZ.

OTBeT: x=%+27m, x=(—1)n -%+7m, neZ.

Ipumep 2. Pewnte ypasHenue 2¢os’x —Ssinx +1=0.
Pemenue.

3aMeHUB oS X Ha | — sin’x, Mbl OJy4UM
2(1 - sinzx) —5sinx+1=0 wmi 2sin’x + Ssinx —3=0.
BBessi 0603HavYeHre SINX = ), MOJYYUM KBaJIpaTHOE ypaBHEHHe 2y2 +5y—-3=0. Haxonum
_ 1
ero KOpHu ), = -3, Y, ==
[lpu y =—3 noJiyyeHHOE ypaBHEHHE SiNX = —3 He UMEeT pelleHus], TaK Kak —3 < —1 .

[Tpu y:l N0JIy4YeHHOe YpaBHeHHe Sinle MMeeT pellleHue:
2

x=(—1)n arcsin%+7m :(—l)n -%+ﬂ'n, ne/.

OTBeT: x:(—l)n —%+7m, ne/.

IIpumep 3. Peminte ypaBHeHue #gx —2cigx+1=0.
PelueHmue.

3aMeHMUB cfg x Ha

2
! , UMeeM fgx——+1=0. YMHOXas BCe cjaraemMble Ha 1gx,
tg x 1gx

MOJIYYHUM tg°x +tgx —2 =0 . BBe/jéM 0603HaUeHHe fgx =¢ U pellaeM M0JIy4eHHOe KBaJpaTHOe

2
ypaBHeHue t* +t—-2=0 = ¢, =1,1, =-2.
[TopcTaB/isist Hall/leHHbIe 3HaYEeHUsI B 0603HaYeHHEe, 0OHAPYKUM, YTO

Dtgx =1, x=arctgl+zn, ne Z, x=%+7m, ne’/

2)tgx =2, x =—arctg2+nan, ne”Z

p/a
OTBeT: x = 2 +7n, x=-arctg2+nn, ne”Z.
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Mpumep 4. Pemure ypaBHeHue 3sin’ x +5sinxcosx+2cos’ x=0.
PelneHue.

Pa3/ie/IUB ypaBHEHHe M0YJIEHHO Ha cos’ X, HOJyduM 3/g’x +5tgx+2 =0, 0603Havas

1gx =, IPUXOJUM K KBaAPDaTHOMY YPaBHEHHIO 3¢> +5¢+2=(.Ero kopuu f, =-1,
t, = ——. lloacTaByiAs HalZleHHble 3Ha4eHUs B 0603HaYeHHe, 0OHApYX UM, 4TO

Dtgx =-1, x:—%+7rn, nez:

2)tgx = —%, x= —arctg%+7m, ne’z,.

Vd 2
OTBeT: x:—z+7m, x=—arctg§+7m, neZz.

4@ YpaBHeHuda BuAA asinx+bcosx=c

IIpumMmep 5. Pemnte ypaBHeHue 3sinx—2cosx =0.
Pewmennue.
1) PaspenuB o6Ge 4acTU ypaBHeHMs Ha cosX, cocTaBUM ypaBHeHHe 3fgx—2=0. Pemaem

nocjiegHee ypaBHeHHUE

2 2
2) 3tgx—-2=0, = tgx=§, = x:arctg§+7m, neZ.

2
OTBeT: X = arctgg +nn,ne”z

3amevaHnmue. [I[py No4IeHHOM JieJIeHUU ypaBHEeHUS BU/A asinx + bcosx = 0 Ha cosx (MJIU Ha Sinx)
06pasyeTcsl paBHOCUJIbHOE YpPaBHEHUE 33JlaHHOMY (ITOCKOJIbKY paBeHCTBa sinx = 0 u cosx = 0 He
MOTYT OBbITh BbINIOJIHEHBI COBMECTHO).

IIpumep 6. Pemvite ypaBHeHue 2sinx+cosx—2=0_
Pemenue.

. X X ) X L2 X
CoryiacHo popmysiaM Sinx = 28in—cos—, cosXx =cos ——sin" —,
2 2 2 2
L2 X X . X X X .2 X X .2 X
2=2.1=2| sin®Z + cos* 2 |, uMeeM 4sin—cos— + cos*=— sin’ = =2cos> =+ 2sin* =
2 2 2 2 2 2 2

.2 X . X b ) X 2 X
= 3sin" = —4sin=cos—+ cos” — = (). 9TO ypaBHeHHe pa3/eJIUM II04JIEHHO Ha COS 5

2 X X X
Torpa 3tg 5 + 4tg§ +1=0.0603Hayas tga =, IOJIyYUM KBa/JIpaTHOe YpaBHEHHUE

1
3t* + 4t +1=0.Ero xopuu t, ==, t, =1.lloacTaBsis HalljeHHbIE 3HAYEHNUS B
0603HaYeHUe, UMeeM: 3
x 1 1 X 7
1) tg—=§ = x:2arctg§+27m, ne/. 2) tg5=1 = x=5+27m, neZ.

OTBeT: x = %+ 27n, x = 2arctg%+ 2zn, neZ
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Ilpumep 7. PemuTe ypaBHeHue cos X + sinx =1.

Pemenne. PazzenM o6e 4acTu ypaBHerusi Ha v 17 +17 = J2. Toraa
1 1 1

——COSX +—=S8Iinx=——-

J2 V2 V2
1 \/5 V4 T

YuuTbiBas _\/5 5 COSZ = Sl”z, nepenuiieM ypaBHeHHe U PeLIUM ero.

. T T . J2 . ) 2 V4 n T
SIn—cosx +cos—Sinx=— —> Sin| x+— |=— = x+—:(—1) Zian =
4 4 2 4 2 4 4

OTcropa:

IIPU HEYETHBIX /1, T.e. ipu 1 = 2k + 1, umeem X=—§+7r(2k+1):%+27zk, keZ,
IpY YETHBIX 71, T. e.ipu n =2k ,umeem x =27k, ke Z.
OTBerT: x:%+27rk. keZ;, x=2rk, keZ.

‘ YDaBHEHHH, AOINYCKAKIIHE PA3/I0KEHHE€ HA MHOXKHUTEJ/IN

IIpumMmep 8. Pemiute ypaBHeHUe sin9x —sinx = cos S5x.

Pemienue.

. . . 9x—x Ox +x .
Tak Kak sin9x — sinx =2sin 3 cos > =2sindxcosSx,

To 2s5indxcosSx =cos5x = cos 5x(2sin 4x — 1)= 0. lanee kaX/Abli1 MHOXHUTEJb
IIpUpaBHAEM K HYJIIO U pelliUM I10JIy4eHHOe ypaBHEHUe:

1) cosSx =0, x:£+ﬂ, ne”zZ
10 5

2) 2sindx— 1= 0= sindx=—, dx=(-1)"Zvzn nez, x=(-1y Z+™ nez
2 6 24 4
Otset: y= 2 7" =(_1)".£+ﬂ, neZ/.
105 24 4

Ipumep 9. Peiivte ypaBHeHue 25inxcos x + Ssinx +5S5cosx+1=0.

Pemenue.

[Ipeo6pasyem ypaBHeHUE
2sinxcos x + S(Sinx + cosx) +1=0.

Ec/n BBeZléM 0603HaYeHHe SiN X+ COSX =1, To, BO3Be/is 06e 4acTH B KBaZIPaT, 10Jy4UM

(Sinx + COS)C)2 =t* _ sin’ x+cos’ x+2sinxcosx =1> — 2sinxcosx=1>—1.
Ternepb 3ajaHHOE ypaBHEHHeE 3alHIIEM B BU/ie PAllHOHAIBHOT'0 yPABHEHHUS U PELIUM ero:
£ =1+5t+1=0 = £ +5t=0 = t,=-5,¢,=0.

1) llpu ¢ =1, = —5 ypaBHeHUe SinX + cos X = —5 He UMeeT KOPHeM.

2)Ilpu ¢ =t, =0 pemaeM ypaBHeHue sinx+cosx=0 = tgx=-1 = x=-%+7m, neZ .

T
OTBerT: x:—z+7m, ne/Z .
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NMPUMEPDI

Pemvre ypaBHeHUA.

OZCoszx—Scosx+2 =0 ecos2x—cosx—2 =0
e2ctg23x—3ctg3x+l =0 e 1g°x —2tgx =3
62c0s2x+sinx—1=0 @3sin22x+7cos2x—320

e 2cos x =1—~Jcosx 6 sin2x = cos*x — sin*x
€D sinsx= §c0s25x €0 cos* + sin’ g =1
@ 3tg2x—2ctg2x—-1=0 @ 2tgx — ZCtgx =3
@ V3sinx —cosx =0 @ sin2x+cos2x =0
: T T
(15) sin(x+%j+cos(x+%j=0 @\/gsm(x+ﬁj+co{x+aj=0
@ cosx —sinx =1 @ sinx +cosx =~2
@sin§+cos§=—l @x/gsinx+cosx=x/§

@ 3sinx +4cosx =3 @ sin4x +cos4x =4
@ sin2x = cos” 5 X sin® g @ cos2x =2 (cosx —sinx)
@ cos3xcos2x = sin3xsin2x @ sin5xcosdx — cos5xsindx = ?
@ cos9x —cosTx+cos3x—cosx =0 @ cos7Tx + sin8x = cos3x — sin2x
@ sin3x + sin5x = sin4x @ sin2xsinbx = cosxcos3x
@(ZCosx—S)-ctgx:O @(tgx—?’)(cosx—%):O
@ tg3xcosx =0 @ sin2xtgx =0
@ cos2x _0 1-2cos2x _

1+1gx cos2x—2

gx  _ 0 _cosx

sinSx 1—-cos4x

@ |c0s2x—1|—2|0052x+2 =0 @ sin’x+cos'x =1

@ cosx~/sinx =0 @cos3x+2c0sx=0
@sin13x+cos13x=1 @Sin9x = 2sin3x
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TPUFTOHOMETPUYECKME HEPABEHCTBA

[Ipu pemieHUU NPOCTENIIUX TPUTOHOMETPUYECKUX HEPABEHCTB TPe6GyeTcA 3HATh:
1) uTo ocb Oy Ha3bIBAETCS OChI0 CHHYCOB;

2) 4T0 oCcb Ox HAa3bIBAETCS OCbI0 KOCUHYCOB;

3) reoMeTpHUYECKYI0 UHTePIpeTalMI0 OTHOLIEHUH <, <, >, > MeX/y YIJIaMU;

4) 4TO NpPU KaXJ0M 3HaYeHUHU IepEMEHHON X HellpeMEHHO BbINOJIHEHbI

—1<sinx<lu—-1<cosx<1.
[IycTh f(x) 03Ha4YaeT OAHY U3 TPUTOHOMETPUYECKUX QYHKIUU Sinx, cosx, (gx WM ctgx, TO
eCcTh, IyCThb f(x) = sinx, flx) = cosx, fix) = tgx wnu f{x) = ctgx.
Torma nJ/isi HEKOTOPOTO YMCJIA @ NMPOCTEUIIUMH TPUTOHOMETPUYECKUMU HepaBeHCTBaMHU
CUMTAIOTCS HepaBeHCTBa BUJA f(x) < a, fix) <a, fix)>a, fix)>a

¢ PellleHMe HEPABEHCTB sinx <a U sinx<a

——

HpI/I PELIEHNH 3TOI'O HEPABEHCTBA PACCMOTPUM C/ieAYyOlLIre Ciydau 3HAYeHUH a.

1) Ecnu a < -1, To pelileHHeM HepaBeHCTBa sinx < a siBasieTcs J (puc. 1a).

2) Ecnu a > 1, pelieHue HEpABEHCTBA Sinx < a €CTb YUCA0Bas 0Cb (—00; +00) (puc. 1b).
3) Ecnu a < -1, To pellleHHe HepaBeHCTBaA sinx < a siBaseTca < (puc. 1a).

4)Ecau a 2 1, pelieHre HEPABEHCTBA Sinx < d €CTh YUCI0Basi 0Ch (—00; +o0)(puc. 1b).

5) Ecin a = -1, pelieHMeM HepaBeHCTBa sinx < -1 ABJIAETCS MHOXeCTBO, COCTOsIee U3
. . V2
3HAYEHUU NepeMeHHOU X = —5+27m, neZz.

6) Ecnv a = 1, To HepaBeHCTBO sinx < 1 BbINIOJIHEHO BO BCEX TOUYKAX YUCJIOBOU OCU (_oo; +oo),

T
KpoMe Touyek —+ 27tn n € Z .3Ta CUTyalisi MOXKeT ObITh 3allMCaHa TaK:

X e %+27m;%+27r(n+1) , N EZ x¢%+27zn,neZ.

B a)

y )
PucyHok 1 :

L

G J

7) Ilpu —1 < a < 1 pelieHHUeM HepaBeHCTBA sinx < a siBJAsieTcs (pUc. 1¢) MHOXKECTBO TeX
3HauYeHUH epeMeHHON X, /1/11 KOTOPBIX BbINOJHEHbI HEPAaBEHCTBA

€arcsina+(2n—1)7r<x<arcsina+2n7r, neZ. )

8) Ilpu - 1 < a < 1 peumieHWeM HepaBeHCTBA sinx < a sABJseTcA (pUC. 1¢) MHOXKECTBO TeX
3HaYeHUU epeMeHHOM X, [1J1s1 KOTOPBIX BbINOJIHEHBI HEPABEHCTBA

(—arcsina + (2n —1)7[ <x<arcsina+2nr,ne Z)
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Ipumep 1. Pemmre HEpaBEHCTBO sin x < —

Pemnenue.
) 3 . 3
—arcsin —7 + (2n — 1)72' < x<arcsin —7 +2nr,ne”s,

%+(2n—1)7r£x£—%+2n7z,n62,

—2—ﬂ+2nﬂ3x3—§+2n7z,neZ.

OTtBer: [—2%+27m; —%+27m} neZz.

4@ Peulenvie HepaBEeHCTB cosx < a U COSX <

—

1) Eciu a < -1, To peliileHHEM HepaBeHCTBaA cosx < a ABjaseTca O bo‘ladi (puc. 2a).

2)Ecnu a > 1, To penieHreM HepaBeHCTBA cosx < a SIBJISIeTCS BCA YACA0Basi MpsiMasi (—00; +00)
(puc. 2b).

3) Ecin a < -1, To pellieHHeM HEPABEHCTBA cosx < d siBJseTcs & (puc. 2a).
4) Ecny a = -1, To pelieHMeM HEPABEHCTBA cosx < -1 ABJISAETCS MHOXKECTBO TOYeK X = 7 + 27n, n € Z.

5) Ecaiv a = 1, To pelieHUeM HepaBeHCTBa cosx < 1 ABJIAETCA MHOMXECTBO TeX TOYEK X, JJIf
KOTOpBbIX X #27Tn X # 27N.

PemieHue B 3TOM ciyyae MOXeT ObITh 3alMUCAHO TaK: x € (27m; 27z(n + 1)) neZz

6) Eciv a 2 1, To pelieHMeM HepaBeHCTBA cosx < a ABJIAETCA BCA YUC/I0Basd pAMas (—o0; +00)
(puc. 2b).

e

b
PucyHok 2 v 4 ) ¥ A )

1

—

-1 D -1

Yy

-

7) Ecim -1 < a < 1, To peuieHHWeM HEPABEHCTBA COSX < a AABJsAeTCs (PUC. 2C) MHOXKECTBO TeX
3Ha4YeHUU NepeMeHHOU X, [iJI1 KOTOPOU BbINOJIHEHbI HEPABEHCTBA

( arccosa +2an < x < 2w —arccosa + 2w, n € Z. )

8) Eciin -1 <a <1, To pelieHMeM HepaBeHCTBA cosX < d ABJIAETCA (PUC. 2C) MHOXKECTBO TeX
3HAYeHUH epeMeHHOM X, 1J11 KOTOPOM BbINIOJIHEHbI HEPaBeHCTBa

( arccosa +2an < x < 2w —arccosa + 2w, n € Z. )
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1
IIpumep 2. PemivTe HEpaBEeHCTBO COS X < 5

Peienue.
1 1
arccos _E +27mn < x < 2x —arccos —5 +2zn,ne”z,
1 1
7r—arccos5+27m3x327r— ﬂ—arccosz +2nn, ne”Z,
n—%+27rn£x£27r—(7r—%)+2ﬂn, nez,
2—ﬂ+2ﬂnﬁxﬁ4—”+2ﬂn, neZz.
3 3
27 4r
OTBeT: |:?+27Z7’l, ?+27m} ,nez,

4@ PeueHne HepaBeHCTB igx <am fgx<a

——

[Ipu pelmieHrr HEpPaBEeHCTB 1gx < a U Igx <a Lie- - )
JIecoOoOpa3HO HUCIMOJb30BaTh IpadUuk PYyHKIHUU PUCyHOK 3
y = tgx (puc. 3). *

U3 puc. 3 BUAHO, YTO HEpPABEHCTBA Igx < a U
tgx <a crpaBeAJIMBbI IPU 3HAYEHHUSIX X , IS KOTO-
pBIX

Vs T
—5 <x<arctga 1 —5 <x<arctga

COOTBeTCTBeHHO. [locKo/IBKY y = fgx — nepuoguye-
cKasd QYHKLMSA C OCHOBHBIM IEPUOZOM 7T, TO pellle-
HUEeM HepaBeHCTB 1gx < d U {gx <a ABJAITCA MHOXe- g
CTBa BCeX 3HAYEHUU NepEeMEHHOH X, AJI KOTOPBIX, 2

N|§:3.
-

COOTBETCTBEHHO, BbIIIOJIHEHBI HEPABEHCTBA

T
[—5+ﬂ'n<x<arctga+7m, ner, ]

T
[ —5+7rn<x3arctga+7m,nez, ] A

e e e e o mm m mm e mm e e e - - -
L i

|
|
|
|
|
|
|
|
|
|
|
|
W
|
|
|
|
|
|
|
|
|
|
|
I

IIpumep 3. Pemute HEpaBEHCTBO tg% <-I.

Pemenue.
—%+ n < % <arctg(-l)+7zn,neZ

T X /4
——+mn<—<—-——+nn,ne’/
2 4 4

2r+4rn<x<-r+4rn,ne”Z

OTtBeT: (—27r+47m;—7r+47zn], neZz.
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4@ Pelenvie HEPaBEHCTB cfgx <a U ctgx < a

——

[Ipu pelmieHUH HepaBEHCTB cigx < a U cigx < a 1eJ1eco- )
06pasHO UCI0/b30BaTh FPaduK PYHKIHUU y = ctgx (puc. 4). PUCYHOK 4
W3 puc. 4 BUJHO, YTO HEPABEHCTBA cigx < a U cigx < a Y

cripaBeJJIUBBI IPU 3HAYEHUAX X, [JI KOTOPbIX

arcctga <x <mUuarcctga=sx <m,
COOTBETCTBEHHO. [[0CKOJNIBbKY y=ctgx — nepuoarudecKas
OYHKIMS C OCHOBHBIM NEPUOJAOM 7, TO pelleHHeM He- ad

PaBEeHCTB cigx < a U cigx < a SBJIAI0TCA MHOXeCTBa BCeX
3HAaYeHU NepeMEeHHOMU X, I/l KOTOPbIX, COOTBETCTBEHHO,

e
L

BBIIIOJIHEHBI HEPABEHCTBA 7 JT v
( arcctga +an <x<m+mn, n € Z, )
144
(arcctga+7m <x<m+mn, ncl )
- J
x

IIpumep 4. Pemute HEpaBEHCTBO ctgg <—3.

Pemenue.

X Sx X

arcctg(—\/g)+7m<g<7r+7m,neZ = ?+7rn<g<7z+7zn, ne/Z =

257

T+57rn <x<5m+57zn,ne”.

257
OrBer: (T+57rn;57r +5zn |, ne”Z.
4 PenieHne HEKOTOPBIX TPUTOHOMETPHUYECKUX HEPABEHCTB
HepaBeHcTBO Peiienue H3o06paxkeHHne Ha OKPY>KHOCTAX
¥
m—arcsina /:-r\ arcsina
sinx > a arcsina+2rn<x<m—arcsina+2rn, ne”Z ,K ™
1
4 b
! arccos a
cosx > a —arccosa+2nn<x<arccosa+2rn, ne”Z ‘C ! :7;
-| —arccosa




TPUTOHOMETPUYECKUE HEPABEHCTBA

yh
() a
/4 arctga
1gx>a T R
& arctga+7rn<x<5+7rn,nez T
arctga+m
i
yh
a
rectga
cigx > a mn <x< arcctga +wn,ne”Z () ©)r
1 x
arcctga +
. 1
IIpumep 5. Pemute HepaBeHCTBO sinx> —.
2 -~ —
PewmeHue. PucyHok 5
1 VA

[lyctp mnpsMas y=5 nepecekaeT eJUHHUYHYIO

OKPY?>KHOCTb B TOYKaX A U B (puc. 5). 3HaueHus sinx 5_”/1 T
6 5 6
2

JIOJDKHBI JIeXKaT Bbllle 3TOW MPSIMOM, AJisl TOrO YTOOBI B Q y
yIOBJIETBOPATh 3aJJaHHOMY HepaBeHCTBY. PyHKUUSA <
: 1 —1 0 1 x
y=sinx W T0psAMasg y=— IepeceKalwTcsd B TOYKaX,
2

LleHTpaJIbHbIe yIJibl, OTCYUTAHHbIE OT MOJIOKUTEJbHOTO
HanpaBJieHUsT OCU abCLUMCC, KOTOPBhIX COOTBETCTBEHHO

T Sr -1
paBHbl x="— U x=-—. V3 pucyHKa BUJAHO, YTO MPU ‘_ J

6 6

3HA4YE€HHUAX HGpEMeHHOﬁ X, CTPOro 3aK/JIFOYEHHbIX MeX Ay

T Sr
— u ==, 0yZAeT BbIMOJHEHO 3a/laHHOE HEPAaBEHCTBO.

6
T S5r . 1 )

TakuM 06pa3oMm, Ipu < <x< o 6yneT sinx > 5 Tak kak PyHKIMA y=sinx — NepuogudecKas

GYHKIMA C OCHOBHBIM NIEPUOOM 27, 3TO HEPABEHCTBO OCTAETCA BEPHBIM M /IJIl BCEX 3HaYeHUM

nepeMeHHOH, AJ1s1 KOTOPOH

T b4
g+ 2rn < x < ?+ 27n [Js1 KaXK0ro LeJioro 7.

OTBeT: %+27zn<x<5?”+27m,n e/

2

T LT
IIpumep 6. Pemnite HepaBeHCTBO cos x cos—— SN X Sin— > ——.
2

Pemenue. [I[pumenss GpopMyJty A/ KOCUHYCa CyMMbI, yIPoLjaeM JIeByI0 YacTb HEpaBEHCTBa

(3%
cos x+z > -,

2
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2 q 4 b
[IpoBOAMM NPAMYIO X = 5 (puc. 6). Ona ne- A PUcyHOK 6

pecekaeT eJMHUYHYIO OKPYXHOCTb B TOYKaX, COOT-
3z 37 .
BETCTBYIOLIMX 3HA4eHUSAM ——— U —— IlepeMeHHOM
4 4
T
BeJIMYMHBI X+ — . 3HAUUT, IpU BpallleHUH yriaa

3
x+% oT —37” Ao—” T. €. TIpH —3—” gx+£g3_ﬁ

4 4 47 4
). 2
6Y£[eT BBIIIOJIHEHO HEPABEHCTBO cos X+Z >——

T X

2
Tenepb, YYUTbIBAAd NEPUOAHNIHOCTD U MEPUO/

J

KOCHHYCAa, MOJIyYUM

—377[+27m3x+%£37ﬂ+27m neZ?z - —
ju PucyHok 7
—7r+27m£x33+27m neZ.

OTBeT: |:—7Z +27n; %+ 27711}, neZz. 1

IIpumep 7. PemviTe HepaBeHCTBO tg(2x—%) >1.

NG

Pemenue. 13 pucyHka 7 BbITEKaeT, 4TO €CJIU

T
BeJIMYMHA 2Xx —— yAaoBJsieTBOpPAET YCJIOBHUAM 1 1
4 —

‘v

Z32)c—£<£1/1111/15—7Z-£2)c—£<3—7[,
4 4 2 4

TO Torja tg(2x—%j21_ 4 ]

3aMeyaHue. YpaBHeHHe CUHeHN NIPSAMOU

. T S5r
Ha PUCYHKe MOXeT ObITb 3a/JaHO yPaBHEHUSAMH JBYX JIy4er () = Z uQe= T KOTOpBbIE
JOMOJIHAIOT JPYT Apyra 10 NpsAMO. /IBOHOE HEPaBEHCTBO BUA @, < @ < (0, NIPH 3TOM

O3Ha4daeT, 4TOo HepEMEHHbIﬁ yroJsi ¢ MOXeT BpalllaThCAd OT LEeHTPAJbHOI'0 yrja (01 A0

LleHTPaJILHOTO yI/1a ¢, . Heo6XoAMMO yuYUTHIBATh T€ 3HAY€HUsA YIJIOB, B KOTOPBIX TAHT€HC
WJIK KOTAHTeHC He onpe/iesieHbl. OKOHYATe/IbHOE pellleHWe HePaBeHCTBa M0J1y4aeTcs
npr6aBJeHUEM IEPUOJIOB 3TUX QYHKIUH.

BepHeMcs Teneps K pelieHuto npuMepa 7. [Ipubasiisisa nepyuoj v ynpoliast HepaBeHCTBO
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NMPUMEPDI

c Pelinte HepaBeHCTBa.

a) sinx >1 b) sinx>1 c) sinx <1 d) sinx <1
e) sinx > —1 f) sinx > -1 g) sinx < —1 h) sinx <-1
i) sinx > 1,5 j) sinx>-1,2 k) sinx <1,1 ) sinx <2

@) Pemnre Hepasenctsa.

a) cosx > 1 b) cosx > 1 c)cosx <1 d) cosx <1
e) cosx > —1 f) cosx > -1 g) cosx <—1 h) cosx <-1
i) cosx >2 j) cosx >—1,6 k) cosx < 1,4 1) cosx <-1,7

e PeliuTe HepaBeHCTBa.

1 , 3
a) sin2x>0 b) cos3x<0 c) COSXSE d) smx>—7
2
e) COS2x>—— f’)sin3x<£ g) V2 -2sinx>0 h) 2cosx++/3<0
2 2
e PelyTe HepaBeHCTBa.
T T
a) sin(3x——)<0 b) cos(Zx——jSO
4 6
C) cos(2x+%j<—§ d)sin(Zx—%j>—g
e PeminTe HepaBeHCTBa.
a) g 2+ Z >3 b) g 2x—5—ﬂ >0 c) ctg 2w -2 >—£
3 6 4 3
V4 V4 T
ctg| 2x+— |20 ctg| 3x—— <0 _2 <=
d) g( 3j e) g( 3J f)tg(4x 6j_ |

o ) V4 1
@ HaiigjuTe pelieHue HepaBeHCTBa sm(2x+Ej < - B oTpe3ke [0; 7].

a HanpuTe pelieHre HepaBeHCTBA tg[Zx—%) <—+/3 B OTpe3kKe {_%,%}
@ PemnTe HepaBeHCTBa.

a) cos’x — 3cosx <0 b) 2sin*x — Ssinx +3 >0

€) 3cos*x + Tcosx +4<0 d) tg*x —4tgx +3 <0

o Pemure HepaBE€HCTBa

a) cos(.’, sin(x —%D < —g b) sin(cos(x +%D > —%




W CNYYANHDIE COBbITUA
Y ONPEAENEHUS BEPOSSITHOCTU
W OBTOPEHME




CJTYMAMUHDIE COBbITUSA

CNYUYAMUHDIE COBbITUSA

Teopusi BepOATHOCTEH - OJUH U3 OCHOBHBIX pas3/ieJIOB COBpeMEHHOH MaTeMaTHKH.
[IpeiMeTOM TEOpPUH BEPOSITHOCTEN SIBJSIETCS HM3yYeHHE 3aKOHOB CJAy4YallHBIX COOBITHU. Eé
TJIaBHbIE TIOHSATHUS — UCIIbITAHUE U COOBITHE.

[Tos KCIBITAHUEM TOHUMAETCSI BBITTOJTHEHHE OTpeIe/IEHHOr0 KOMIIEKCA YCI0BUM. Pe3ybraT
MCIIbITAHUS HAa3bIBAE€TCsI COGBITUEM.

CoObITHSA OBIBAIOT TPEX TUIIOB: HEBO3MOXKHbBIE (He TPOUCXOAAT HU NPU KaKUX UCIIBITAHUSIX),
AOCTOBEPHbIE (IPOUCXOAAT MPU KAXK/JA0M HUCHBITAHUN) U CIydalHble (MOTYT NPOU30UTH WU
He NMPOU30UTHU B pe3ysbTaTe UCIbITaHUsA). Haubosiee BaXKHOU 3a/jauell sIBJISIETCS BbIYUCTIEHHUE
HOSIBJIEHUS CIY4YalHOT'0 COOBITHUS.

Jlto6ble sIBJIeHUS, IPOUCXOSAIIME 110 3aKOHAM IPUPO/AbI U 0611eCTBA, 3aBUCAT OT CAY4YalHOTO0
co6bITHSA. HEKOTOpbIe U3 HUX MOXKHO Npe/iCKa3aTh, @ HEKOTOPbIE MPUOIMKEHHO OLLEHUBAOTCH:
IIOTOAY, LleHbl, XOPOLIUH YpOKall U HeypoXKal U T. /i, IpeJicKa3aThb CJI0XHO.

B cepenune XVII Beka Takue yuéHble, Kak [lackanb, ®epma, bepHyny, yaensaniu cepbé3Hoe
BHUMaHUe U3YYEHHUI0 HEKOTOPbIX 3aKOHOMEPHOCTEM sIBJIEHUH, HAabJt0/JaeMbIX B a3apTHbIX UT'PaX,
M3y4aJu NpOLEeCcChbl, U B pe3y/bTaTe BHECIU OOJIbLION BKJAJ B CO3JlaHHE HAyKH, Ha3bIBaeMOM
Teopuel BeposiTHOcTel. Teopusi BepOSATHOCTEMN IHUPOKO UCIOJb3YETCsl B pa3/IMYHbIX 06J1aCTHX, B
TOM 4HCJie B 9KOHOMUKE, OM0JIOTUH, MeIULIMHE, CEIbCKOM XO35IMCTBE, TEXHUKE U JPYTHUX OTPAC/ISIX.

HabstoneHue uid sKcnepuMeHTalbHOe M3yYeHHe KaKOro-Ju00 SIBJIEHUSl OCYIleCTBJISETCS
IyTEM MpPOBeJIeHUs ONpe/ieIEHHBIX UCTTBITAHUH.

@ Touarue co6bITHSA

Onpeaenenue. JIto60i pe3ybTaT (MU OC/AEACTBUE) IKCIIEPUMEHTA Ha3bIBAETCSI COObITUEM.
Co6bITHA 0603HAYAIOTCS 3alJIaBHbIMU OYKBaMU JIaTUHCKOTO andaBuTta -4, B, C, ...

B 06bIYHOM KU3HH, MPAKTUYECKOU AESATEJbHOCTU U HAYUYHbIX MCCAEJ0BAHUSX 4YACTO
BCTPEYAIOTCSA 3KCIIEPUMEHTHI U HCNbITAHHUS, Pe3y/bTaThl KOTOPBIX HeJb3sl MpeJcKa3aTh C
MOJIHOU YBEPEHHOCTBIO.

Hanpumep, npu no6pacbiBaHUM MOHETHI HeJb351 € I0JIHOM YBEPEHHOCThIO CKa3aTh, KaKasi
CTOpPOHA BbINA/IeT; HEU3BECTHO NMOMNAaJlaHUe B LieJib MPU BBICTpeJsie; MPU OpocaHUM KyOuKa
HEBO3MOXKHO MpelyraaTh BblNaJieHUe Yuc/ia 6; Hesib3sl peJicKa3aTb HOMEeP BbIMTPBILIHOTO
JIOTeperHoro 6ueTra u T.[.

OnpegesieHue. Co6bITHS, KOTOPbIE 0053aTE/bHO MPOU30M/YyT B pe3y/ibTaTe UCIbITAHMUS,
Ha3bIBAIOTCS JOCTOBEPHBIMU COOBITUAMY M 0OBIYHO 0603Ha4Ya0TCs 6yKBOH ).

Hanmpumep, npu nog6packiBaHUM KOCTH BbIMaZieHHe HOMepa oT 1 70 6; cozieprkaHue He
6osiee ueM 1000 6yYkB y BbIOpAaHHOTO HAyra/i CJIOBa; HACTYIJIEHUE HOUM 3a JHEM U T. [l. — BCE
3TO JIOCTOBEPHBIE COOBITUS.

OnpepgeneHue. CoObITHE, KOTOPOE HE MPOMU30MJET HU B KAKOM HCIBITAHUU, HAa3bIBAETCS
HEBO3MOXXHbIM COOBITHEM M 0GBIYHO 0603HAYAETCSA CUMBOJIOM .
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Hanpumep, /iBa BbIMIpHILIA B OAHOH JIOTEpee, IocaiKa KOCMUYeCcKoro kopabJis Ha CosiHLe U
ero Bo3BpallleHHe, ToJIET caMoJiéTa Ha BbicoTe 20 Km U T. . - HEBO3MOXXHbIE COOBITHS.

OnpepaeneHue. Co6bITHE, KOTOPOE MOXKET MPOU30UTH UJIU HET B pe3y/IbTaTe UCIbITAHUS,
Ha3bIBAETCS CJyYaHHbIM COOBITHEM.

Hanpumep, BeinazieHue rep60BoOM CTOPOHBI IIPY N0J0pPaCcbIBAHMY MOHETHI, NIONIa/laHue B LieJIb
IIpY BbICTpEJIE, BIMTPHILI JIOTEpPEHHOr0 O1JieTa, BblllaJleHHe O4Ka 6 MpU 6POCaHHUU UTPaTbHOU
KOCTH U T. JI. — CJlydalHble COOBITHS.

OnpepeneHue. Eciu HacTyn/ieHUMe OJHOTO COOBITUS UCKJKOYaeT HACTYIJIEHUEe JPYTUX
COGBITUH, TO TaKHe COOBITUS Ha3bIBAIOTCS] HECOBMECTHBIMH.

IIpumep 1. V3 KOpoOKU C AeTaNsIMU B3S1JIU OJIHY AeTasb. [Ipy 3TOM BbIX0/, Ka4eCTBEHHOM JeTalu
HCKJII0YAeT BbIXOJ] HEKAYeCTBEHHOU JileTaii UK HAao60pOoT. COOBITHS «BbIXOJ KaueCTBEHHOMN
JleTaJIn» U «BbIX0/l HEKa4YeCTBEHHOU JleTa/In» IBJSIIOTCS HECOBMECTHBIMHU.

IIpumep 2. Ilpu nojgbpackiBaHUU MOHETHI BblNlaJleHUE opJia (repboBOM CTOPOHbBI) UCKIOYAET
BblNa/leHHe pellKU (CTOPOHBI ¢ [Upoi). COObITHUSA «BbINIaJeHUE OpJia» U «BblNaJleHhe peliKu»
HECOBMECTHBL.

Orlpe,quIeHne. Ecyiu cob6bITUA MOTYT IMIPOHUCXOAUTb HE3ABUCUMO OT HACTYIIJIEHUA APYTHUX,
TO TaKHe COObITHSI HA3bIBalOTCSI COBMECTHBIMU COOBITUSIMU.

HanpuMmep, «BbIILIO COJTHIIE U «/I€Hb XOJI0AHBIN» — COOBITHS, KOTOPbIE MOT'YT MPOUCXOJUTh
COBMECTHO.

Onpeaenenue. CoobITHE, TPe/ICTABJSIONIEE €IMHCTBEHHbBIM HCXO/1 UCIIbITAHUS, HA3bIBAETCS
3JIeMeHTapPHbIM COOBITHEM.

Onpeaesenue. Co6bITHE, KOTOPOE MOXHO Pa3JIOKUThb Ha 3JieMeHTapHbIe COOBITHS,
Ha3bIBaeTCA CJI0KHBIM.

OnpepesnieHue. Eciv HeT 0CHOBaHUM TOBOPUTD O TOM, YTO KaKOE-JIMO0 OJTHO U3 HECKOJIbKUX
COOBITHUN UMeeT GOJIBIIYI0O BO3MOXKHOCTb HACTYIJIEHUS B pE3y/IbTAaTe UCTIbITAHUS, YEM JIPYTHE,
TO TaKHUe COObITHS Ha3bIBAIOTCS PABHOBO3MOXXHBIMH COOBITUSIMU.

Hanpumep, npu no6pacbiBaHUU MOHETHI, BbINAZEHUH OpJia UM PEUIKH, UJIU TPU GPOCAaHUU
WUTPaIbHOM KOCTH BbINa/ileHHe OJJHOTO U3 YHCeJ OT OJHOTO JI0 LIeCTH — BCE 3TO PABHOBO3MOXKHbIE
COOBITHA.

Onpegenenne. Co6bITHEM, IPOTUBOIOIOKHBIM COBLITUIO A, Ha3blBaeTCHa COObITHE A,
COCTOsIIllee B HEHACTYIIJIEHUH COOBITHUS A.

4@ TloHATHE 3aBHCUMBIX M HE3aBHCHMBIX COGBITHIA

—

Onpe,aejlel-me. Ecin HACTYyIlJIEHWE OAHOI'0 U3 AIBYX COOBITHUH HE 3aBUCUT OT HACTYyIlIJIEHUA UJIU

HEHAaCTYIJIEHHUA BTOPOro C06bITI/IH, TO TaKHe COObITHS Ha3bIBAIOTCS HE3aBUCUMBIMM COOBITHUSIMH.

IIpuMmep 3. MoHeTy noA0OpackblBalOT ABaXK/Abl. BEpoATHOCTDb BbINaZleHUs PELIKU NPU NepBOM
6pocke (cobbiTHE A) He 3aBUCUT OT TOTO, BbINAZET JIM pellKa IpyU BTOPOM OGpocKe (COObITHE

B). C npyrou cTopoHbl, BEpOATHOCTDb BBINAJleHUS OpJia BO BTOPOM MCIIBITAHUU He 3aBUCUT OT

pe3y/ibTaTa MepBoro skcrneprMeHTa. TakuMm 06pa3oM, coObITHS A U B HE3aBUCUMBI.
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IIpumep 4. [Ipy 6pocaHUsAX MOHETBI U UTPAJIbHOU KOCTU MYCTh A — COObITHE BbINAAEHUS OPJIa, A

B - BrIazieHWe 4ETHOro o4ka. 37ecb A U B - He3aBHUCHMBbIE COOBITUA.

IIpumep 5. [Ipu 6pocaHuy ABYX UTpaJIbHBIX KOCTEH MYyCThb A — BbIlIaieHUe B [IePBOX KOCTH, a

B - BbIIIaZIEHHUE BO BTOpOI‘/'I KOCTH YETHOT0 04Ka. A U B - He3aBHCHMbIe COOBITHS.
Onpeneﬂel-me. Ecnu nwobbie JABa M3 HECKOJIbKHUX COOBITHH He 3aBHCHMDbI, TO OHH

g \

IIpumep 6. MoHeTy noabdpocuu 3 pasa. [lycts 4, B, C - co- PucyHok 1

Ha3bIBAKOTCA IMMOIIAPHO HE3ABUCHUMbIMHU.

ObITHS MaJIeHUH OpJia B IEPBOM, BTOPOM U TPeThel MOIbIT-
KaX, COOTBETCTBEHHO. fICHO, YTO HUKaKHe JiBa pacCMaTpH-
BaeMbIX COObITHH (T. e. (A u B), (A u C), (B u C)) He3aBUCUMBI.

TakuM o6pazom, cobbiTHs A, B 1 C monapHo He3aBHUCHMBbI.

IIpumep 7. OpHa rpaHb MpPaBUJIBHOTO TeTpasApa
KpacHag, ipyras — KeéJiTas, TpeTbhs — CUHAS, a YeTBepTasd
- B 3TUX TPéX 1jBeTax (puc. 1). [Ipu 6pocanuu TeTpasjpa

BbINa/IeHHE KPACHOI0 I1BETA - 3TO COObITHE A, BbINaJIeHUE

»KEJITOro — cobbITHE B, a BbIIIaJleHHe CUHero — coobiThe C. \_ )

[Ipu 3TOM c06bITUSA A, B 1 C IOoNapHO HE3aBUCUMBI.

Orlpe,quIel-me. Eciu BEPOATHOCTb HACTYIIJIEHHUA OAHOI'O M3 ABYX COOBITHUH 3aBUCHUT OT
HaCTyIlJIEHUA WJIM HEHACTYIIJIEHUd BTOPOIro CO6bITI/IH, TO TaKHe COOBITHUSI Ha3bIBAIOTCS

3dBHUCHMbIMH.

IIpumep 8. B kopobke 80 6esnbix v 20 yépHbIX mapoB. O4WH 1ap BbIHUMAaeTCs Hayraj U He
MOXeT ObITh BO3BpallleH B KOpoOKy. Eciin BbIxoz, 6e/10T0 11apa B IepBOM MONBITKE SABJSAETCSA

co6bITHEM A, TO COOBITHE B BbIX0Ja 6€J10T0 11apa BO BTOPOU MOMBITKE 3aBUCUT OT COOBITHS A.

To ecTb cobbITUA A 11 B 3aBUCUMBL.
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ONMPEAENEHMA BEPOATHOCTMU

[ToHsiTUE «BEPOSITHOCTb» SIBJSETCS OJHHUM W3 TJIaBHBIX MOHSITHU TEOPHUH BEPOSTHOCTEHM.
PaccmoTpum B mpuMepe.

[IpefnosiokuM, 4TO B KOPOOKe JieKaT BlepeMexKy 12 oJMHAaKOBbIX LIAPOB, U3 KOTOPBIX 5
KpacCHbIX, 4 4EpHBIX U 3 6eJbIX. BO3MOXXHOCTB TOT0, YTO BBIHYThIN U3 KOPOOKe 11ap Oy/1eT KpacHbIM
WJIU YEPHBIM, OOJIiblle, YeM BO3MOXHOCTb TOTrO, YTO OH OyZeT 6esbIM. MOXXHO JIM YUCJIEeHHO
M3MEPUTb 3Ty BO3MOXXHOCTb? OKa3bIBaeTCs, MOXHO. JTO YMCJO HA3bIBAETCS BEPOSITHOCTHIO
COOBITHUSA.

TakuM 06pa3oM, BepOSITHOCTb — 3TO YUCJIO, XapaKTepHU3yIolljee BO3MOXKHOCTh HACTYIJIEHUS
COOBITUA.

[TocTaBuM nepef, co60¥ 3a1a4y KOJIMYECTBEHHO ONPe/eJTUTh BEPOITHOCTb TO'0, YTO BHIHYThIN
map 6yzeT KpacHbIM MJIM 4épHBIM. CoObITHEM A cYMTaeM B3ITHe KPAaCHOT0 WJIM 4YEPHOTo 1apa. B
UCIBbITAaHUM (MCIIBITAHUE COCTOUT BO B3ATHH 1l1apa U3 KOPOOKE) KaXK (bl U3 BO3MOXKHbBIX HCXO/I0B,
TO eCThb KaXK/l0e COOBbITHE, KOTOpOEe MOXKET NMPOU30UTH, ABJSETCH 3JIeMEHTAPHBIM COObITHEM.
0603Ha4MM 3/1eMeHTapHble CoObITUsA Yepe3 £, E,, E,, E,, ... B JaHHOM NpuMepe MOTYT IIPOU30MTH
caenyromue 12 sjeMeHTapHbIX coobiTUl: £, E,, E,, E,, E. - BBIHUMaeTCsl KpacHbld map; £, £,
E,, E,- BbIHUMaeTcs Y€pHbIi wap; £, , £, ,, E,,~ BbIHUMaeTca 6eJiblid map.

HeTpyaHO 3aMeTHUTh, YTO 3THU MUCXO/bl ABJAKTCA €AUHCTBEHHO BO3MOXHBIMU (OAVH LIAp

06s13aTe/IbHO BBIHUMAETCS1) U PABHOBO3MOXXHbIMU COOBITUAMU (1Iap BBIHUMAETCS HAyra/, lapbl
O/IMHAKOBbIE U OHU XOPOLIO NepeMellaHbl) .

JdileMeHTapHble COObITHS, TPUBO/SLIME K HACTYIJIEHUIO 0>KMJaeMOT0 COOBITHS, HAa3bIBAKOTCS
6/1aronpUSTCTBYIOIIUMU eMy COOBITUSIMU. B npuMepe ciegytomiue 9 ajieMeHTapHbIX COOBITUN
E,E, E3, E, ES, E6, E, E8, E, siBsA0TCA 6J1IaroNpPUSATCTBYIOUMMH COOBITUSIMH COOBITHIO A (B3THIO
KpacHOTO HWJU 4YépHoro mapa). OTHOIIeHHUe 4YHUCJA 3JeMeHTApPHbIX COOBITHUH,
6/1aroNpUSTCTBYIOIIUX COOBITUIO A K OOLIEMY YMC/IY 3JIeMEeHTapHbIX COOBITUN Ha3bIBaeTCs
BEPOSITHOCTbIO COObITHS A M o6o3Hauyaetcsa P(A). B paccMaTpuBaeMoM NpuMepe Bcero 12
3JIeMEHTapHBIX COOBITHH, 9 U3 KOTOPBIX 6JIATONPUATCTBYIOT COObITUIO A. UTaK, BEpOSITHOCTb
9
12
(BEpOSAATHOCTD) JAéT KOJIMYECTBEHHYIO OLIEHKY BEPOSITHOCTU TOTO, YTO B IOCTABJIEHHOM 3a/iaue

BbIHMMAaETCSI KPAaCHbIN UM YEPHBIH 1Iap.
CyuiecTBYIOT pa3Hble olpejiesieHUs1 BEPOSATHOCTH. JTO KJIAaCCHUYeCKOe, CTaTUCTUYECKOe U

reoMeTpuru4deckoe omnpeaeygeHusd.

TOr0, YTO BbIHYThIH LIAp OYZeT KPaCHbIM UJIU YEPHBIM, paBHA: P(4)=== 3, HailieHHoe yucio

‘ Kiaccuueckoe onpeaeJIeHue BepoATHOCTHU

——

Onpepenenue. BeposmHocmb co6bimuss A - 3TO OTHOULIEHUE YMCJA M COOBITUH,
6/1aronpUATCTBYIOIIMX HACTYNJIEHUIO A, K YUCJIY N BCEBO3MOXKHBIX 3JIeMEHTAapPHbIX COOBITUM
rucnblTaHus. BeposiTHOCTb co6bITHSI A 0603HavaeTcs yepe3 P(A). UTak, no onpeesieHro

p(4)==2.
n
W13 onpezeneHuss BepOATHOCTH BBITEKAIOT CJIeyIOLe CBOKWCTBA.
1. BeposAiTHOCTB AOCTOBEpPHOTro co6bITUs paBHa 1. To ectb P(Q) =1.

JleicTBUTENbHO, €Ci COObITUE JOCTOBEPHO, TO JIOOOW 3JleMeHTapHbIM UCXOJ ONbITA

6J1aronpUsTCTBYET €r0 HACTYILJIEHHUIO. B 3TOM ciiyyae m=n U, cefj0BaTebHO,

m n
P(Q):;:;:l

IIpumep 1. B cocyge 20 mapoB, mpoHyMepoBaHHbIX OT 1 A0 20. OuH 1map 6bLI BBIHYT U3 cOCyZa

Hayra/i. KakoBa BEpOSTHOCTb TOI0, YTO MOPSI/IKOBbIA HOMED 3TOro Liapa He 6oJiblie 20 (coobiTHe A)?
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PemeHue. [lopsiiKoBbIA HOMep JIIOOOT0 K3 IIApOB B cocyAe He nmpeBocxoauTt 20.
CiienoBaTesibHO, KOJIMYECTBO 3JIeMEHTAPHBIX COOBITHUH, 6J1aronpUsATCTBYOLUX HACTYIJIEHUIO
COObITHA A, U KOJIUYECTBO BCEBO3MOXKHBIX 3JIeMEHTAPHBIX COOBITUM paBHbB: m = n = 20 u

m
P(A)=—=1.B 3Tom ciiyyae co6bITHE A SIBJISIETCS JOCTOBEPHBIM.
n

OtBeT: P(A)=1.
2. BepoATHOCTb HEBO3MOKHOT'0O COOBITHSI paBHA HYJIIO, T. €. P(%)=0
JleiCTBUTEJIbHO, €CJIM COOBITUE HE NPOUCXOAUT, HUKAKUe 3JieMeHTapHble COObITHUSA
UCIIBITAaHUA He OYAyT 6JIaronpHUsTCTBOBATb €ro HaCTyMJeHHuI. B atom ciyyae m = 0u n>1
(cymecTByeT XOTs 6bI OZJHO 3J7IEMEHTApHOEe COObITHE B UCIIBITAHUM), CJIeZ0BATEBHO,
m 0
P()=—=—=0.
n n
IIpumep 2. B kopobke 10 mapoB, U3 HUX 4 6esible, OCTa/lbHbIe YépHble. OZMH 1Iap ObLI B3ST U3
3TOM KOpobKU Hayra/l. KakoBa BepOsITHOCTBb TOT0, UTO 3TO — KpacHbIH map (cobbiTe A)?
PemeHue. B 3ToM npuMepe coO6bITHE A 3aKJ/II04YaeTCs BO B3SITUM KpacHOTo 11apa. B kopobke
HEeT KpacHOro Iliapa, M03TOMY YMUCJIO0 m 6JaronpusTCTBYIOUUX COOBITUM K HACTYNJIEHUIO
COOBbITHS A paBHO HYJIIO, T. €. m = (. B onbiTe uMeroTcs Bcero 10 ajieMeHTapHBIX COOBITHH, KaXK/j0€e
13 KOTOPBIX 3aKJII0YAIOTCS BO B3SITUU OJIHOTO LIapa (6e/10ro Uiy YEPHOIo, HO He KPAcHOTO 11apa),

T. e. n=10. UTak, P(A) = m _ 9 — (- BaToM ciy4yae A - HeBO3MOXKHOE COGBITHE.

n n
Otset: P(A)=0.
3. BeposSITHOCTB CJIy4aillHOT'O COOBITHUSA — MOJIOYKUTEIbHOE YUCJI0, 3aK/IIYEéHHOoe Mexkay 0 u 1.
B camoMm fesie, 1vlIb 4YaCTh BCeX 3JeMEHTApPHbIX fIBJIEHUU ONbITA 0JIarONPUATCTBYET
HACTYMJIEHUIO CJAy4aWHOTO COOBITHUS (He SIBJAIOILEr0oCs HEBO3MOXHBIM U JOCTOBEPHBIM

cobbiTueM). B aTom ciyyae 0 <m < n. Torga 0 < n <1 u, cnepoBaTesbHO, 0 < P(A) <lI.
n

TakuM 06pa3oM, BepOSITHOCTb JIDOOTO COOBITUS Y[ OBJETBOPSET CAEAYIOLEMY JABOMHOMY

HepaBEHCTRBY: 0<P(4)<]

IIpumep 3. B memike 12 mapoBs, U3 HUX 3 Gesible, 4 4UépHble U 5 kKpacHble. OAWH AP ObLJI BBIHYT
Hayraj. HaiijuTe BeposATHOCTb TOI'0, YTO BbIHYTbIH 1IAp YepHbIH (COOBITHE A).
Pemenue. KosinuecTBo 6/1aronpusaTCTBYIOLUX 3J€MEHTAPHBIX COOBITUM m = 4, a ob1ee

KOJIMYECTBO 3JIEMEHTAPHbIX COOBITUN N = 12, M03TOMY BEPOSATHOCTb COOBITHUSA A paBHa:

m 4 1
() n 12 3
Otset: P(A)=1 .
3

IIpumep 4. Bbruio npopaHo 2000 soTepeiiHbIX 6UeTOB. U3BECTHO, UTO BbIMIpbIBaeT 1 6GusieT
100 000 cymoB, 4 6usneta no 50 000 cymos, 10 6usetoB no 20 000 cymos, 20 6usietoB o 10 000
cymoB, 165 6unetoB no 5 000 cymos, 400 6usnetoB o 1 000 cyMoB, a ocTasibHble OUIETHI He
MMeIOT BeIMrpblilia. KakoBa BeposTHOCTb BbiUrphbiiia He MeHee 10 000 cyMoB 3a ouH 6ueT?
PemeHue. 31ecb m=1+ 4 + 10 + 20 = 35, n = 2000. [ToTroMy 4yTO B 35 GUIeTax MPHU3bI OoJiee

10 000 cymos. [loaTomMy p(4) = mn_ 1_5 = l

n 45 3

OTtBeT: P(4)=0,0175.
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Teneps, npex/ie 4eM peliaTh caefyolide NpPUMepPh], NPUBEAEM OgHY GOPMYJTY.

B xopo6ke n mapos. M3 Hux n, 6eJible, 1, YEPHbIE, 11, KpaCHbI€ U nk HEThble lapbl. BepoATHOCTD
COOBITHSA A, YTO U3 ITON KOPOOKH B3SITO m IAPOB, U3 HUX m, — 6eJIble, m, — YEPHbIE, m, — KpacHble
Y mk — EJThle Iapbl, BBIYUCASETCS 10 GopMyie:

m my vy ("%
e C

P(A4)=— &
(4) .
IMomuuTe! p =n!=1-2-...-m; A,’,”:n—!; C,’,”:n—!; 0!=1.
(n—m)! m!(n—m)!

IIpumep 5. B kopo6ke 10 mapoB: 6 6esbix U 4 4EpPHBIX. 2 1Iapa ObLIM B3AThl Hayraj. Hailtu
BEPOSAITHOCTb TOT0, YTO 06a L1apa besible.
Pemenue. O611ee KOJIM4eCTBO BOSMOXKHBIX C/Iy4aeB B 3TOH 3a/iaye paBHO

| .
= 120 :i:&:45‘
2181 1.2
A Ko/1M4ecTBO COObITUH, 6JIarONPUATCTBYIOIIUX COOBITHIO A, paBHO
I 4
m=c?.ct =9 4 _
2141 014!

OTcroga P(A) =n-2=1
OTBeT: P(A)z

1
T
Ilpumep 6. B marasuHe paboTaroT 6 MyXYUMH U 4 >KEHIMHbI. 7 4eJIOBEK ObLJIM BbIOpaHbI
cy4alHbIM 060pa3oM Mo HoMepy B Tabesie. HaliiuTe BEpOSATHOCTb TOTO, YTO CPe/IU BbIOPAHHbIX

3 ’KeHIIUHBI.
Pemenue. O611ee KOJIMYECTBO 3/1eMEHTAPHBIX COOBITUM COCTOUT B KOJIMYECTBE BblOOpa 7 U3

10 yesioBeK. OHO BBIYHC/AETCA MO popMmyJie 7 = 170 =w=120. Tenepb Hy:xHO HaliTu

KOJIM4€eCTBO 6JIaI‘Ol'IpI/IHTCTBy1-OIl[I/IX 3JIEMEHTAPHBIX COOBITUM. ITO KOJUYECTBO BbIYHC/SETCS

4 5.6 m_ 60 1
n

paseHcTBoM m = C, - C; = 120 2

T . E = 60. 3HauUT, BEPOSTHOCTb 3TOT'0 COOBITHSA P(A) =
OTBeT: P( A) =

N | —

Ilpumep 7. Ha oaHOM MoJike CTOAT 2 yueOHHUKA [0 MaTeMaTHKe, 2 10 GU3UKe U 2 M0 XUMHU.
KakoBa BEpOATHOCTb TOTO, YTO KHUTH 110 XUMUU HaXOAATCS pAAoM?

Pemenue. HaiiiéM KoJM4eCcTBO BCeX NepPeCcTaHOBOK 6 KHur:n=PF, =6!=1-2-3-4.5-6=720.

Teneps JJ1s1 HOACYETA KOJIMYECTBA [IEPECTAHOBOK BCEX KHUT, TaK, YTOGbI KHUTH 110 XUMHH CTOSLIA
PSIIOM ZIPYT C [PyTOM, CYUTAEM JIBE KHUT'H 10 XUMUH 3a 0fHy. TakuM o06pa3oM Hy>kHo Haiaute
KOJIMYECTBO BCEX MepPeCcTaHOBOK 5 KHHUI. HaxoJUM KOJMYECTBO 3THUX MEPEeCTAHOBOK
P =1-2-3-4-5=120. /IBe KHUI'Y IO XUMUH MOTYT NlepecTaBJIeHbl MeX/y co60ii. KosmdecTBo

nepecTaHoBOK 2 KHUT paBHo P, =2!=1-2=2. Orciojga m =P, - P, =120-2=240. Hrax,

COIVIaCHO KJIaCCUYECKOMY oIlpeieJIEHNI0 BepOATHOCTH,
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OTBeT: P(A) =1,
IIpumep 8. AGOHEHT He MOXEeT BCIIOMHHUTb MoOcjeAHUe TpU LUPpbl NIpu Habope HoMepa
TesiepoHa. Ho oH 3HaeT, yTo 3TH uudphbl pa3Hble. KakoBa BeposTHOCTb HAbpaTh MPaBUIbHBIN
HOMEP CO BCeX NOMbITOK Habopa?

Pemenue. 0603HauuM co6bITHE HAGOpa MPAaBUJIBHOTO HOMepa yepe3 A, a ero BeposiTHOCTb

yepe3 P(A).Tocnenuue Tpu nudpbl MOXKHO Ha6PaTh A130 crnoco6oM. Torza ob1iee KOJM4eCTBO
10!

3JIEMEHTaPHBIX COOLITHH OYIET 5 = A130 =——=8:-9-10=720.
(10-3)!
Homep TenedoHa, KOTOpbIN HileT aboHeMeHT, 6ygeT 1 u3 atux 720. To ectb m = 1. CortacHo
KJIAaCCHYEeCKOMY OIIpe/ie/IeHUI0 BEPOSITHOCTH, P(4)= m_ %
n

OTBeT: P(A):ﬂ:;_

@ CratucTuyeckoe onpe/e/ieHue BepOATHOCTH

OTHoOCHUTebHAsA 49aCTOTa, HapAAay € BepOATHOCTbIO, ABJIAE€TCA OAHHUM H3 IVIAaBHBIX MOHATUHN

TEeOPHU BEPOATHOCTEN.

Onpepesienne. OTHOCUTEIbHASA YacTOTA COOBITHSA — 3TO OTHOIIEHHEe KOJIMYeCTBa UCTIBITAHUH,
B KOTOPBIX HAaCTyNuJo cobbiTHe A, K 06leMy KOJUYeCTBY PpaKTHUYeCKU NPOBEJEHHBIX
ucnbiTaHui. OTHOCUTENbHOE CcOObITUE 0603HavaeTcs yepe3 W(A). Takum obpasowm,
OTHOCHTeJIbHAsA 4acToTa COObITUA A onpejeiseTcs 10 popMyJie

W(A)— W
rfe M - KoJIn4eCcTBO UCIIBITAaHUM, TPYU KOTOPBIX HACTYNUJIO COObITHE A, N — 00611jee KOJIUYeCTBO
NPOBELEHHBIX UCIIBITAHUH.

Onpepenenue. CTaTucTuyeckass BEPOATHOCTb COOBITUA — 3TO OTHOCUTeEJIbHAasl 4acTOTa
JIAaHHOT'0 COOBITUSA MPU 6OJIBILINX KOJUYECTBAX UCIbITAHUH.

ComocTtaBsigq omnpepesieHUs BEepPOATHOCTH U OTHOCUTEJBbHOMU 4YacTOThI, NIPUXOAUM K
cJelyl0IlleMy BbIBOZY: B OIpeJieJIeHUU BEPOATHOCTU He TpebyeTcs, YTOObl MCIObITAaHUA
JleICTBUTE/IbHO IPOBOJMJIUCH, @ B ONIpe/ieJIeHUH OTHOCUTEbHOU 4acTOThI TpebyeTcs, YTOObI
VCNBITAHUA JeUCTBUTEJbHO NMPOBOAUJIUCH. [Ipoiie roBops, BepOATHOCTb BBIYUC/IAAETCH [0
WCIIBITAaHUH, @ OTHOCHTEJIbHAA 4YacTOTa — [10CJIe UCIIBITAHUH.

Ecin M=N, TO eCTb KOJIMYECTBO NPOBEAEHHBIX UCIIBITAHUHA PABHO KOJIMYECTBY MOSABJIEHUHN
COOBITHS, TO 3TO COOBITHE ABJISAETCS JOCTOBEPHBIM.

Eciu M=0, To ecTb B pe3yJsibTaTe 3KCIIEPUMEHTA COObITHE He MPOUCXOAUT HU pasy, TO 3TO

COOBITHE SIBJIIETCS HEBO3MOXKHBIM.

IIpumep 1. CHalinep npousBén no 1eaud 30 BeicTpesoB. Ec/iv n3BeCTHO, 4YTO 23 M3 HUX NONalIU
B MULIEHb, HAUJUTEe OTHOCHUTEbHYIO YaCTOTY MONaJaHus MyJb B MULIEHb.

Peinenue. 23 ny/iv nonasu B LieJib, IO3TOMY KOJIMYECTBO HACTYIJIEHUN cOObITUSA M =23, a 001L1ee

23
KOJIN4eCTBO BbICTpesioB N = 30, H03TOMY OTHOCUTEJIbHAsI YaCTOTa 3TOT0 COObITUS W (A) =

=30"
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23

OTBet: IV (A) = 0

IIpumep 2. HaliguTe OTHOCUTEJbHYI 4YaCTOTy 4YHMCJIa, KpaTHoro 5, cpeau mnepBbix 1000

HaTypaJIbHbIX YHCEJL.

Pemienne. O603HayaeM NOsIBJIEHHE YHMCJA, KPAaTHOro 5, yepe3 A, a ero OTHOCUTEJIbHYIO
yacTtoTy - 4yepe3 W(A). Obuiee KOJMYECTBO NPOBEAEHHBIX HMCObITaHUM paBHO N = 1000, u
KOJINY€eCTBO HaTypaJibHbIX uuces cpeu nepBbix 1000, kpaTHbix 5, paBHO 200. [TosTomy M = 200,
a OTHocuTeJibHas 4yactota W(A4) = 200 = l
1000 5

OTBerT: W(A) =1.

IIpumep 3. B Tabsule JaHbl CBeZleHUs O TYPUCTAX, MPUOBIBIIMX B CTPaHy M3-3a IPaHULbl, U

rpakJjaHax, My TellecTBOBABLIUX 10 TEPPUTOPHUHU CBOEH cTpaHbl (BHYTPEHHUE TYPHUCTDI).

Toxbl KosmmuyecTBO KosmmyecTBO 06111ee KOJIMYECTBO
HMHOCTPAaHHbIX TYPHUCTOB BHYTPEHHHUX TYPHCTOB TYPUCTOB
2018 610 623 403 989 1014612
2019 746 224 348 953 1095177
2020 822 558 316 897 1139 455
2021 774 262 346 103 1120 365
2022 811 314 351028 1162 342
> 3764981 1766970 5531951

HaliiuTe 0OTHOCUTEJ/IbHYIO YaCTOTY YUCJA FPAX/AaH CTPaHbl, COBEPILABIIMX 10€3KU BHYTPU
CTpaHbl B pacCMaTpHUBaeMble TOJbI.

Pemenue. Yepe3z A 0603HaYuM COObITHE OBITb BHYTPEHHUM TypucToMm. KosndecTBo
BHYTPEHHUX TYpUCTOB M =1 766 970 (eCTb KOJIMYECTBO UCHBITAHUN, B KOTOPBIX HACTYIHUJIO
cobbpiTue A). O6buiee kosauyecTBO TypuctoB N = 5 531 951 o3HayaeT obliee KOJUYECTBO

HCIbITaHUU. B 3TOM ciy4dae, M 1766970 104
TN 5531951
OTBeT: W(A)= 0,3194.
‘ I‘eomeTpnquKoe orlpe,aenel-me BGPOHTHOCTH

—

JlaHa o06J1acTh (KYCOK JIMHUHU, MOBEPXHOCTHU WJHU 06bEMa) (), B KOTOPOU BCe TOYKHU

pPaBHOBO3MOXKHbIE. [IyCcTh JOCTOBEPHO NMONalaHUe B Hee TOYKH, 6POIIEHHOH B 3Ty 06J1aCTh.
BeilesiuM M3 3TOM 3aJjaHHOM 06Js1acTU He6OJIbLUIOW y4yacTOK . Hy»KHO omnpeaenuTb

BEPOATHOCTDb IMNONMaAaHUA TOYKH, 6p0H.IeHHOﬁ B o6Js1acTb QQ , B BBIZI€JIEHHYIO o6JsacTh ®.Yem

6oJibllie BblZieJieHHAs: 00J1acTb, TEM 00Jibllle BEPOSATHOCTD MOMaJ[aHUs, a KorJa 06J1acTh w
paBHa o6J1acTU (2, BEpOSITHOCTb IOMNaJaHUsI CTAHOBUTCH JOCTOBEPHBIM COOBITHEM.

CsrenoBaTeNbHO, BEPOSITHOCTh MOMAaJlaHUSA GPOLIEHHOW TOYKH B KYCOK ® MPSAMO
IPOIMOPLMOHA/IbHA pa3Mepy 00JIaCTH @, U €€ cJle/lyeT UHTEPIPETUPOBATH C FeOMETPUYECKON

TOYKHU 3peHHus. B Takux ciydasx yJJOGHO HUCIOJb30BAaTh IeOMeTPUYECKOe OINpejie/leHre
BEPOSITHOCTH.
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Ecnu cobbiTHe InomnagaHud 6pOIJ_IeHHOﬁ TOYKHU B 06s1acTh €2 AOCTOBEPHO, TO BEPOATHOCTb
nomnagaHud 3TOM TOYKHU B KyCOK @, OT,Z[BJIéHHbIﬁ OT 3TOM O6J'IaCTI/I, paBHA OTHOILIEHHUIO pa3dMepa

m(@) KyCKa o K pasmepy m(Q) 06J1acTH Q:
P(4) _me)
m(Q)
34ecb paaMepoM 06J1aCTH MOXeT GbITh JJIMHA, IJIO0Ia/Ab UK 06BEM.

Ecnu B3aTh 3a 061acth QQ oTpe3ok L, a3a 06.1acTh @ Kycok | oTpeska L, To BEpOATHOCTD
TOr0, YTO TOYKA, 6pPOLIEHHAs Ha OTPe30K L, monajéT B KycoK [, HalAéTcsa paBeHCTBOM

P(A):%.

Eciu paccMaTpHUBaTb obsacth () Kak IIOBEPXHOCTDb S, a o6bJslacTb @ Kak INIOBEPXHOCTb §

(exkared B S'), TO BEPOATHOCTb TOTO, YTO TOYKA, GPOIIEHHas: B MOBEPXHOCTb S, MONaZET B
IIOBEPXHOCTb S, BbIYKCAgeTCsA GOpMYya0H

Ecsiu B3aThb 06J1acTh () 332 066EM V', a 061aCcTh @ 3a 06BEM V, TO BEPOATHOCTD MOMAaLAaHUs

TOYKH, 6POLIEHHOM B 06beM V', B 06'bEM V BBIYUCIAETCSA PABEHCTBOM
A4

FGOMeTpI/I‘-IeCKOG onpejesieHrue TaKxXe MOXKeT OBbITh HHTEPIPETUPOBAHO 110 BPEMEHHU. Ecan
COObITHE HEU3OEKHO l'IpOI/IBOI‘/JI,ZléT B Te4YeHHe BPEMEHHU T, TO BE€POATHOCTb TOI'o, 4TO 3TO

COOBbITHE MPOU30UET B TeYeHHE BPEMEHU [, paBHa: Ve I ™)
P(4)=L. PucyHok 1
r / \
Ilpumep 1. Touka GpolileHA B OKPY>KHOCTb pajauyca
R. HalizyTe BepOSATHOCTb TOTO, YTO BbIMaBLIas TOYKa \ /
NonazéT B NpaBUJbHbIN /1 -yrOJbHUK, BIUCAHHbIN B N~
OKPY?>KHOCTb.

Pemenue. Ilycte S(D,) - miouia/ib n-yrojbHHUKA,

S(D) - miomanb OKpyxHocTH (puc. 1). Yepes B,
0003HA4YMM COOBITHE NONAJJaHMS TOUKU B TPAaBUJIbHBIN
1 -yrOJIbHUK, BIMCAaHHBIU B OKPYKHOCTbB. Toraa

2z
n

P(B):S(D,,):n-";-sinzn”:n-sinzn”:sin
" S(D) 7R’ 2 z g

PaccMOTpUM HEKOTOpble YacCTHbIE CJAy4ad 3TOHU 3a/layU.
a) Touka 6pouieHa B OKPY>KHOCTb pasuyca R. HaliiuTe BeposITHOCTb TOr0, YTO BbINaBLIAs
TOYKa NONa/IET B NPABUJIbHBIN TPEYroJIbHUK, BIUCAHHbBIN B OKPY>KHOCTb.

Pemenue. [lyctb S(D;) - miolasb TpeyroabHHUKa, S(D) - IJIOLA/lb OKPYKHOCTH (pHUC. 2),
B, - cobpiTHe nonajaHus TOYKY B IPaBUJIbHBIN TPeYrolbHUK. B 3TOM ciiydae
S(Dy) _3-sin®F 33
S (D) 2 T

b) Touka 6poleHa B OKPY>KHOCTb pajauyca R. HaiijuTe BepOATHOCTb TOTO, YTO BbINaBLIAs

P(B,)= ~0,4137 .

TOYKA MONAaAET B KBa/[paT, BIMCAHHBIM B OKPY>KHOCTb.
Pemenue. [lycte S(D,)— maowane kBagpara, S(D)—1iomasab okpyxHocTH (puc. 3), B, —

coObITHE nomnagaHuAa TOYKHU B KBaZApaT. B sTom cjay4dae




MABA 6. TEOPUY BEPOSAATHOCTEM

, Ve
P(B )=S(D4)=4'Sm2f=£z0,637 PUCYHOK 2 A
! S(D) 27 7 '

c) Touka 6GpolleHa B OKPY>KHOCTb pajuyca
R. HaliauTe BepoATHOCTD TOTO, YTO BbINaBLIasA
TOYKa MNONaZéT BHYTPb MNPaBUJBbHOTO

IeCTUYTOJIbHUKA, BIUCAHHOTO B OKPY>KHOCTb.
Pemenwue. [lycts S(D,) —ola b eCTUYTOJIb-

Ds
HYKa, S(D) —II0Ia/b OKPYHOCTH (pHc. 4), B, —

CcoObITHE nomagaHrud TOYKHU B IECTUYTOJIbHUK.

B aToMm ciyyae
S(D - sin2= a
(Do) _6:siny 33 o erny
S(p) 2z 2z
N J

IIpumep 2. B orpeske L gauHou 30 cm P N
pasMmelaercda oTpe3ok / gauHou 12 cm.
Hanpute BepoATHOCTb TOro, YTO TOYKa,

NOCTaBJeHHass HayraJi B 0O0JIbILION OTpe30K,
NomnaZiéT U B Masibli oTpe3ok. [Ipeanosaraercs,
YTO BEPOSATHOCTH NONAZlaHUs TOYKH B OTPE30K
I npsAIMO MpONOpLMOHAJbHA €ro JJINHEe U He
3aBUCHUT OT €€ PacloJIOKeHUs].

Pemenune. Bri6pomeHHas ToOYKa
JIOCTOBEpPHO MNomnajaeT B OTpe30K L.
Onpenenum BeposATHOCTb P(E) coGbITUS
E - nmomagaHudA TOYKHM B OTpe3O0K I,
pacnoJsiokeHHbIX B L (puc. 5). Ha kapTuHKe
NOKa3aHbl TOJIBKO TpU cay4dad. Ho oTpesok \_ Y,

I MoxeT pacnoJsiaraTbCsi B JIIO6GOW 4YacTu pe ~
L. OpHaKo BO BCeX cCJydasiX BEpPOSTHOCTb

P(Bé):

PucyHok 3

PUcyHoK 4

INPpUHHUMAET OJMHAKOBOE 3HA4YE€HHE, paBHOE

P22
L 30 5

Ilpumep 3. /IBa apyra 3axoTesiM BCTPETUTHCA
Mexy 9 u 10 yacamu. 3apaHee 6b1JI0 OTOBOPEHO,
YTO NMepBbIM NpULIeJUINN 6y/leT XKAAaTh CBOET0
JApyra 15 MmunyT. Ecin pyr He MOSIBUTCS B 3TO
BpeMs, OH MOXeT yUTH. KakoBa BeposITHOCTb
TOTO, YTO 3TH JiBa Jipyra BCTPETATCH, €CJIU OHU
MOTYT NPUHTH B Jito60e BpeMs Mexay 9 u 10
yacaMH, a BpeMsl NPUOLITHUS B JAaHHOE BpeMs
CJIy4allHO U He COTJIaCOBAaHO MEeXy CO60M?




Pemenue. [lycTb BpeMsi NpUOBITHUS MEPBOTO
YyeJIOBeKa paBHO X, a BpeMd IPUOBITUSA BTOPOTO

YyeJIoBeKa paBHO ) . /l11 UX BCTpeuyUr He06X0JUMO
M JO0CTAaTOYHO BBINOJIHEHWE HepaBeHCTBA

|x—y|£15. Bo3pbMéM X M Y Kak AeKapTOBbI
KOOpJMHAThl Ha IJIOCKOCTH, U MyCTb MUHYTHI
- eJMHULbl U3MEPEHHUHN B 3TUX KOOPAWHATHBIX
ocsiXx. BceBO3MOXXHble MOMEHTBI, B KOTOPBIX
MOTYT  BCTPETUTbCA  JApy3bd  (MOABJIEHHE
coobiTust  A), 3TO BCe TOYKHM KBajpara
co crTopoHol 60, OGJuaronpUATCTBYylOLIME
MOMEHTBI — 3TO 3aKpalleHHble TOYKHU KBaJpaTa
(puc. 6).

WTak, corsmacHo reoMeTpu4eckoMy oOIllpefesie-
HUIO BEpOATHOCTH, UCKOMas BEpOATHOCTb paBHaA

OTHOLIEHHIO IJIOIAAH S(Dl) 3aKpalieHHON

YacCTH K IJIOLaZ1 S(D) KBajipara:

BbI4yvc/iuM nJ10Ia u:

S(D)=60%60=3600, u

45><45=1575.

S(D,)=3600-2-

TOI‘Aa HCKOMadA BEpOATHOCTb 6y,£[€T:

P(A)=1575= 7
3600 16

OMPEAOENEHUNA BEPOATHOCTU

Ve )
PucyHok 5
N =12 C B
& : o
i — 3() E—
A Coy=1p P B
@ L L @
i — 3() —
1 =z )
~eff— 7 — 3() —— -
\- J
Vs )
PucyHok 6
IA
>
X
- /




MABA 6. TEOPUY BEPOSAATHOCTEM

3AIAYM

G B notepee 1000 6usetoB. 500 u3 Hux BuIUrpbiliHblie U 500 6e3 BeiUrpbiia. bblao
KyIlJIeHO JiBa 6uJsieTa. KakoBa BEpOSATHOCTb TOT0, YTO 06a 6GUieTa BbIMUTPhILIHbIE?

g MoHeTy nmoabpachiBalOT JBa pa3a. KakoBa BepoOsSATHOCTb TOrO, YTO B 0O0OUX Caydasix
BbINIAZET OpEJ?
e Ha nonkax pasmectusau 20 kHur. KakoBa BepoOsITHOCTb TOTO, UTO ONpeJe/iéHHbIe 5 U3

HUX pa3MecTaTcs psaaoM (cobbiTue A)?

G Bri6packiBaOTCs ABe UrpajibHble KOCTH. CyMMa BbIMABUIUX YKCeJ — 4YETHOe yuco. [Ipu
3TOM HaWJUTe BEPOSITHOCTb TOTO, UYTO XOTS Obl HA OZJHOM M3 KyOWKOB BCer/ja BblnazeT 6.

3 BpocatoT aBe kocTu. HalijuTe BEpOATHOCTb TOr0, YTO CyMMa BbINAaBUIMX YU CEJ paBHa 5,
a UX Npou3BeJieHUe paBHO 4.

@ HanuTte BepoATHOCTB TOTO, YTO IIPU OPOCKE ABYX UTPaAJIbHBIX KOCTEH CyMMa BbINIaBIIMUX
4yuceJs paBHa 7.

e 3a/lyMbIBaeTCsl ABy3HAYHOE YUCJI0 pa3HbIMU nudpamu. Hailjute BepoITHOCTb TOTO, YTO
Hayra/| CKa3aHHOE YHCJI0 OKAXKeTCs 3a[yMaHHbIM YHUCJIOM.

@ B kopo6ke 20 wapoB: 10 yépHbiXx U 10 6enbix. U3 Amuka BeIHY/IM Hayraj, OA4WH LIap.
HaiiiuTe BepoATHOCTD TOTO, YTO 3TOT LWAP 6OblJ: a) 6e/bIM; b) YEpHBIM.

e OTAes1 TEXHUYECKOTO KOHTPOJISA 0OHAPYKUJ1 5 6paKOBaHHBIX KHUT B C/Iy4alHOM NapTUHU U3

100 kHur. HaliiuTe OTHOCUTE/IBHYIO YaCTOTy OpPaKOBaHHBIX KHUT.

@ [To mumeHu 6bL10 pousBesieHo 20 BbICTpesioB. 18 M3 HUX MOpas3uau leab. Haligurte

OTHOCHUTEJIbHYI0 4aCTOTY IOIMIadaHUA B LI€JIb.

@ HpI/I TECTUPOBAHUHU MNAPTHUU NPEeAMETOB OTHOCHTEJ/JIbHAA YaCTOTA IOAHBIX NMPeaAMETOB

cocraBuia 0,9. Eciu Bcero npoBepeno 200 npeMeTOB, HAMJUTe KOJUYECTBO I'OJHBIX IPEJMETOB.

@ Korga 920 »xuTesiei ropojia CIPOCHIIHM, KaK OHU 106UPAIOTCS A0 PaboThl, 0Ka3aJ0Ch, YTO
350 u3 HUX e344T Ha MalluHe, 420 - Ha 061eCTBEHHOM TpaHcnopTe, 80 — Ha Besiocuneie v 70
- nemkoM. Onpeie/INTe OTHOCUTEJIbHYIO YaCTOTY AOOUPAIOLIUX HA PabOTYy:

1) Ha MalKHeE;

2) Ha 001eCTBEHHOM TPAHCIIOPTE;
3) Ha BeJIOCUIIE[IE;

4) neurkom.

@ B okpyxHOCTH pasycoM 20 cm HauyepyeHbl /iBe HelepeceKarliMecs: OKPYy>KHOCTH, O Ha
paauycoMm 5 cm, a apyras paguycom 10 cm. HaiijuTe BEpOATHOCTb TOTO, YTO TOYKA, B3STas

Hayra/i U3HyTPH 60JIbIIEro Kpyra, OKaXKeTcs BHYTPU OJJHOM U3 MEHBUIMX OKPYKHOCTEH.

@ /lBoe npy3ell JOTOBOPU/IMCH BCTPETUTBLCA B omnpezeéHHOM MecTe Mexay 10 u 11 yacamu.

[lepBbid mpuieAmni x4ET BTOporo 20 MUHYT, 3aTeM yXoAuT. HalljuTe BepoSATHOCTb TOTO, YTO

APY3bA BCTPETATCA, €CJIM OHU UMEKT paBHbIE IAHCHI IIPHEXaThb B 3a,anan71 IMPOMEXKYTOK BpEMEHU.




ONPEOEJIEHNA BEPOATHOCTU
@ B pesysibTaTe cu/ibHOTrO ITOpMa TesiepoHHast IMHUS Oblla 060pBaHa Ha paccTosiHUM oT 40 0 70
KWJIOMeTpOB. HaliinTe BepOATHOCTb TOTO, YTO pa3pbIB NPOU30UIET Mexy 50 1 55 KusoMeTpaMu.

@ BHyTpH Kpyra HapucoBaH KBaZpaT. KakoBa BepOATHOCTb TOT0, YTO TOYKQ, IOMEILEHHast BHYTPU

KpyTa, OKa)XeTCsi BHYTPU KBaspaTa?

4 )

MuiieHb nNpeAcTaBJsseT cO60H KOHILIEHTPUYECKUE KPYTH
@ pea HEHTP py PucyHok 7

c paguycamu R, =7, R, =2r, R, =3r, R, =4r. Ecu
JIOCTOBEPHO MOMNaJJaHUE KOIbsl, GPOIIEHHOr0 B MUIIIEHD,
HauJuTe BEPOATHOCTb TOrO, YTO KOMNbE MOMNaféT B

KaXK1y1o 06J1acThb (puc. 7).

@ [Ton6pocuiu iBe KOCTH OAHOBpeMeHHO. HaliuTe BeposiT-

<

HOCTBb TOT'O, YTO CyMMa BbIIIaBIIWUX YK CEJI paBHA IATH. ‘

@B kJsacce 30 yyeHnkoB, 10 U3 HUX XOAAT B KPYKOK .I

MaTeMaTUKHU. B ksacce Hayraja 6blJIM OTOOpaHbI 6

y4eHUKOB. HaliiuTe BepOSATHOCTb TOrO, YTO XOTs Obl Ra
(S J

OJIMH M3 HUX IIOCelaeT MaTeMaTU4YeCKUn KPY?KOK.

@HaﬁauTe BEPOSATHOCTD TOTO, UTO U3 3 CUHUX U 4 3eJIEHBIX IApOB C1y4YallHO BbIOPaHHBIMU

3-M4 mapaMu O0yayT 2 CHHUX U 1 3e/1éHBIN.
@ HaiiauTe BeposTHOCTD BblNa/leHUs] YETHOIO O4YKa NPU OJHOKPATHOM O6pOCKe KOCTH.

@ 26 13 10 000 ap6y30B TpecHy/JIM BO BpeMs TPAaHCHOPTUPOBKU. HaliluTe OTHOCUTENbHYIO

4acTOTY YMCJIa JJONHYBIINUX apOy30B.

@ B kopo6ke 7 6esbIx U 3 4€pHBIX 11apa. HailiuTe BepoATHOCTb TOTO, UTO B3SIThIM HAyra/ 1ap
OKaXkeTcsl 6eJIbIM.

@ AGoHeHT, Habupass HoMep B TesedoHe, 3a0bly1 IBe LMPPHI B KOHIle U HAabpas ux Hayraj,
TOJIBKO 3Hasi, YTO 3TU LUGPHI pasHble. HaliijuTe BepOSATHOCTb TOTO, YTO Oy/leT HabpaH
IpaBUJIbHBINA HOMED.

@ YCTpPOUCTBO COCTOUT M3 5 3/IeMEHTOB, U3 KOTOPBIX 2 HU3HOIIEHbI. [IpU BKJIKYEHUU
YCTPOMCTBA BKJIIOYAIOTCS CIY4YalHBIM 06pa3oM 2 asieMeHTa. HaliiuTe BepoSTHOCTb TOTO, UTO
BKJIIOYEHHBIMH OKXKYTCsI HEU3HOIIIEHHbIE 3JIEMEHTHI.

@ B kopo6ke m 6e/1bIX U n Y€pHBIX 11apoB. U3 KopoOky B3s/1M 0MH ap. Haljute BeposITHOCTb
TOTO, YTO B3SATHIU AP OYAET O6esbIM.

@ Hayzauy BbIGpaHO HaTypasibHOE YK CIIO0, He TpeBocxoasiiee 20. KakoBa BeposATHOCTb TOTO,
YTO 3TO YUCJO KPpaTHO 57




NMOBTOPEHME

®dYHKLUUA U EE CBOUCTBA

o HaiiguTe o6sacTh onpeseseHus GyHKIUM.

x—3 1
= b) y=v3x-x =
f= ) y=3x RN N o
_ (x—1DB—x) B x(x+1) T 2x-3
97 \/ x(4—x) R e S R

e Eciu f{x) = x> u g(x) = 2x—1, Ipy CKOJIbKHUX 3HAYeHUsAX x ©UMeeT MecTo f(g(x)) = g(f(x))?

€ Ecnn fixt1) =2~ 3x +2,70 flr) =?

QECJmf(x):\/x3 -1, yemy paBHO f(%/xz +1j ?

! ?
/()

a Kakue 3HaueHUsl NPUHUMAIOT QYHKIUU?

e Ecin f(x)= I=x , 4YeMy paBHO f(l) +
I1+x X

2x

3
= = [ 2
a) f(x) - b)f(x) Lo 52 c)f(x) x—2+
2_
d)y:—x4+2x2+5 e)yzxz;‘rer9 Dy:\/x2—6x+ll
x°—4x+5
e Kakue us caenyromux GyHKuund 4€THbie?
5x° x(x—2)(x—4) ,
a) y= b) y= o) y=x+|x+1

_ 2’ 0
d)f(x):x3—£ e)y—{ roxs ) y=vx?—6x+11

3
X x,x>0

e Kakue u3 caeaywmux GyHKIUNA HEUETHbIE?

X —-x ’ 0
2y y =3+ 5 b) 7=(0.25)" +(0.25) ) y:{i;;zo

4_2 2
@) y=|x-1 Q) y=" fy=3-x —2x

3x




PALUMNOHAIJIbHbIE YPABHEHUYA

NMOBTOPEHMUE

PemiuTte ypaBHeHus (2-21).

o [Ipu KaKuxX 3HaYeHUsX t ypaBHeHUsA 18x+7=5 u 18x+7+t=5+t paBHOCHUJIbHbI?

e4x2—7x—2 -0

XX —5x+6

x—49 x-50 49 50
+ +

2 x—4 1

@+ 10w
14

-4 x*+2x x*-2x

2_ —
@x 3x+ ch 2 _25
x—2 x -3x

x—2+4(x+1) _s
x+1 x—2

0

1 18 18
20)

2 t =
X +2x-3 x"+2x+2 x"+2x+1

4 9
92+x—z=—

X
2+£=2
x 2x
3 a2 2
ax 3x X 24_0
x+2 X

1 1 3
@i
x—=9 3x—x 2x+6

1 36 x-=5

x 9x—x’ _9—x:

x*—14x-51 3

@ > xXP-x-12  x-4

© 30 13 18x+7

0

xz—l_x2+x+l_ =1
7 e S R
x =3x+2 2x " —6x+1

@ X2 —x _xz—x+2_1

X =x+1 x*—x-2

X+ x40
(x+1)2 9

@ [loe3n 3agepxkasica B nyTu Ha 30 MUHYT. /lyi1 TOro 4TOObI NPUOBITH O PaCNUCaHUIO,
MalIMHUCT Ha oTpe3ke nyTH 80 km yBesnnuus ckopocth Ha 8 km/h. KakoBa ckopocTb noesza
10 pacnucaHui?

MoTopHasa soaka npomsa 28 km no TeyeHUIo pekd M 25 Km mpoTUB TeyeHUd,
3aTpaTUB Ha BeCb NyThb CTOJbKO e BpeMeHH, CKOJbKO €l MOHaJoO6uJI0Ch Obl Ha
npoxoxaeHue 54 km B cTtosiuelt Bozie. OnpeesinTe CKOPOCTh JIOAKU B CTOSIYEHN BOJie, €CJIU
HM3BECTHO, YTO CKOPOCTb TeUeHHUsI peKu paBHa 2 km/h.

Pemute ypaBHeHus (24-38).

x 2 x 3 1+x 6 4 x+1

—t—=—4— — — —

2 x 3 x @ 6 1+x x+1 4
@x—2+x+2:3l ®2x+l N 2x—1=5’2

x+2 x-2 3 2x-1 2x+1

x—1 1-x

x*=2x 2x-1 2 4
D - =3 @D 0

x-—4x




NMOBTOPEHMUE

(< +1)x 10 12 3 6
304 "9 @ T

(362—)c+1)2 9 X

@xz _|_i2_3[x+l]+4:0 ®x4-6x3+10x2—6x+1:0
x X

@ 31(24—5x+ 5—6xj+370=29(17—7x+ 8x+55)

x+1 x+4 x+2 x+3

@ x+3  3-x 2 @ 30 +7—18x_ 13
43> -9 4x* +12x+9 2x-3 -1 xX*+1 x>—x+1
2x+7 3 1 PR
+ = 2x +x —x"+x+2=0
@x2+5x—6 X +9x+18 x+3 @

CUCTEMBI PALIMOHAJIbHBIX YPABHEHUH

Pemnre cucrtemy ypaBHeHur (1-8).

X+y+a=9
Tidoos ar
X 9
o yz 2 e (x+y)x
x =y =3 ——=20
y
2xy—3?x—15 x-1ky+xzy:3
® Q. .,
xy+—=15 + =7
y X+y x-y
f_?’_y_l x y 25
y x 2 —t—=—"
® G IENEE
SRR x*=y*=17
8
4_y+£ 5 x+y=35
@ = B
xy=4 y X 6
Pemure cucrtemy ypaBHeHui (9-13).
2 3 1
+ =—
e 2x-y x-2y 2
<
2 1 1
2x—y x-2y 18
X+y x- 10 0 + > =7
y+_y:_ xX+y Xx—y
@ @
2x° +y* =27 - =]




11 N 18
2x-3y 3x-2y

® 5

3x—2y_2x—3y -

13

PALUNOHAJIbHbIE HEPABEHCTBA

NMOBTOPEHMUE

Pemure HepaBEeHCTBA.

o (—4x+3)(-5x+4)>0
© (x-2) (x-1)(x+7)(x-5)=0
5. (xz—l)(x2+5x+6)(x2—5x+6)£0
S5x+4
e 5 <1
x—4
e x2—9x+14>0

x*+1

@ x—3

>0

@ (3-V10)(2x-7)<0

3x-1 <0

@ X +x+1
2 1
@ x+2<x—3
2 1
19, 43 2x-1
@ x3—5x2+8x—4S0

x—3

3, 14x(2x+3) g (9x-30)(2x+3)

x+1 x—4

@(x—3)2+;>2

x> —6x+9

® (»-16) (x+7)<0
(x+6)*(x—4)
© o

1Y 1
g 2x+— | +2x+—-12<0
X X
3x+2
© 2>
x-3
4 2
@ X 10x +9<O
6—2x

x+3

@)c2+7<

<0

0

(xz—x—Z)2

@ x> +7x-8
2

@ X 2+2X—15S0
3x°+5x-8
3 1

D ——
2—-x x+3
x+1 3 1

D5
x—2

@ 6 < 3 N 7
x—1

>0

x-2 2
-1 x+1 x+2
1) (5x+4)(3x-2) . (3x-2)(x+2)

x+3 1—-x

2x-3

264 46 -10

>5+2J€

CUCTEMbI PAIIMOHAJ/IbHBIX HEPABEHCTB

Pemiure CUCTEMY HEPABEHCTB.

-3x+9<0

6x—1>9—-4x

Q{3—2x<x+16



x—4
P 3(2-3x)+2(3-2x)>x © 5[1_ 4 j_7(2x_3)>0
6<x’—x(x-8) 3x—14_3x—10_07(x+8)<0
L5 20 ’
2x-3 Tx-5
¥ <9 T
e{x+l>0 e Tx-2 5(x-2)
3 —2x> 2

[5x4 4x+l_x+2

4 3 4 X' +5x-6<0
e 4x 6x+2 +6 G{
2 5

g —_— x+320
L 3
13_3—7x+x+1<14_7—8x £_3x—1<2—x_x+1+3
a 10 2 2 @ 3 6 12 2
5(2x—6) 5x—4 3x-1
7(3x-5)+4(17-x)>18-———= x> - =2,5
10 5
) WL Y
4 8 4 2
£_2x—3<2
4 3
, $ <0 5x>2
(12 248 Fares By, —0.3x+4,8<0
X +6x+5>0
k—2x2+17x+1920
2-5x<0 x—4_x+1<x—2_x—3
@< x—=x2>0 @ 3
—4x* —5x+21>0 3—x>2x-10
2—1<3—2(1—2x)
3 T<2x+1<11
3x-5>1-2(1- —
© 1) @ 2 s
1—2x<3(2x—1) Lx-5 x-3
2<2-x<1 E<2n<3
@ x+3<8—x @47
l-x x-4 | 3">2
1<(2)”<3 l<3"<4
3 5

@ ) @ ° .
(Z] <15 2<(§) <10




MPPALUNOHAJIbHbIE YPABHEHUA

NMOBTOPEHMUE

PemuTte ypaBHeHUS.

O i-1=4

€Y Jx=-16

O 7=

€ 1+V/x+3=0

O Ji-4+Jx¥-3=0
D Jx-3+V2x+4=-11

) VX’ -Tx+12=2x-6

@ S+5-x =

D 2Vx+18+4x-3 =15

O Vx—5+1-x=7

D (2-x)x’ —x-20 =12-6x

23 (4x—x2—3)-\/m=0

P Vx+5+x+5=12

€ x5+ +5x-5 =17

@mh/szo

@ \/x—l +\/2x+1zg
2x+1 Vx-1 3

B B-x+Vx-2=(x-7)(x-5)

@ \/x2—3x—4 _ \/x2 —3x—-4

x+2 4—x

@\/x3 +4x-1-8Jx*'—x =+x* —1+2\/)_c

@‘/(x2+8x)2 =x" +8x
O Vx-4Vx-4=2-Jx-4

O/ =3
O/x+1=2

O /< 2x-6Jx9=0
) 2x-1+x-1=1
M) Virdx—x=x-1
@ 2 18x17-2=x
O Va-—x=Vx-7

O Va—x+5+x=3
EYVr+20-Vx-1=3
D) (v —5x+6)42-x =0
@(x—l)-\/zzo

@%/9x+1=1+3x

AP’ +11+Vx" +4 =42

@\/xz—x+\/2—x—x2 =Jx -1

@ J7-5x ++/5x-7 =29

@\/5+2x =10-3%/5+2x
3

@ 2dx—-1-5=

@x2+\/x2+20:22

i

RED6x” + Txd/1+x =24(1+x)
@ (4x2 —Sx)2 =5x—4x’

12 Y .
X X




NMOBTOPEHMUE

®\/5—x+ xX—6=x"+2x @\/x+6\/x—9 +\/x—6\/x—9:6
~ Yt -16+Yx* -8 _
@ > +8Vx-16 +x-8Jx-16 =2Jx-16 (@ =0

CUCTEMbI UPPALIMUOHAIbHbIX YPABHEHUN

PemuTe cucteMy ypaBHEHUH.

Jx+fy =8 o Jw =12
Jxfy =15 Vx+fy=7
a{\/;+\/;=6 o Jx+3y+6=2
x—y=12 2x—y+2 =1
e X y+y\/;=30 @ 3\/;—\/;=8
Jr+y=5 Jx+2y =19
25y+x=100-10,/xy, Xy = 64
@ Jx -y =4, © X—y+Jxy =20
x+y—-1=1 Q{)ﬁy— xy =1
JX—y+2=2y-2 xy=9
@ \/;+\/;=26 @ {/;_,_3),__3
{‘/;+{‘/;=6 xy =38
@ %/;_%/;:3% @ \/;— y=5
xy=1 4/;—4y:1
Sx+3{xy+4y =12 2x—64xy +7y=9
b
®- {3x+2\/5+3y=8 ) {x_4\/5+5y:6
@ ) \/;+\/;:5 b) \/;+ y=4
a
x+y+4\/5=37 x+y—=3xy =1
® xx +12y/x =28 b){x X +27p3x =36
a
8y + 63y =36 27y +9x\[y =28




NMOBTOPEHMUE

IIOKA3ATEJ/IbHBIE YPABHEHUA

o Pewmnre ypaBHeHus.
2) 1024 z ’ ’ ’
d) 4" -4 4472 =49 e) 27" +3.2"1-5.2"+6=0 )5 +3:5"-6-5+10=0

e CkoJIbKO KOpHelM nMeeT ypaBHeHUe 49 +7+1= 577

e HaiiuTe HauGObIIKH KOPEHb ypaBHEHUS 9° —3" 42 =0).

INOKA3ATEJ/IbHBIE HEPABEHCTBA

0 Peliite HepaBeHCTBA.

2 2x2 3y 3 1 3x+4 1
- . - 2x x(3-x)
a) (Ej <2 b) (7) W< ¢) (0,04 >(0.2)
x-1 20
d) 25 +5" >0 e) 3+ > 27 f) 3,2 2 >3232
1

g 77 > T h)0,5** <0,5%" 24222 5
e CKOJIbKO HaTypaJ/IbHbIX YU CeJl Y 0BJIETBOPSIOT HEPABEHCTBY ?

a) g% 5 512 b) 2°7 <16 €) 2% 7>16 d) 0,17 > 0,001
e HaliguTe HauboJblIEE 1IeJI0€e YHCII0, BXOASIEE B pellleHHe.

2 Tx-9 8
a) 2,5 <6,25 b) 1,17 <1,21 ) 0,7°°*>0,343  d) (Ej 2 125

NMOHATUE NOTAPUDMA. TIOTAPUDOMUYECKAA OYHKLUUNA

GFpaQ)HKy KaKo#i QpYHKIMU TOUYKA A(—2; —1) He NIPUHAJJIeXNAT?

1
1) y=log, (_Zj 2) v =log, |x] 3) v =log, [x] 4) y =~log, (-x)
2
e HaiiguTe 06/1acThb onpe/eeHusa GyHKIMH.
a) y=lg(x+2)+1g(3-x) by ¥ =In(x+|x|)

erI/I KakoM x € {2;3;4;5;6} dyHkuua y=log, (x+1) focTUraeT HaHGOIbIIETO 3HAYEHUA?

aKaK MOXHO peo6pasoBath rpaduk pyHkuuu y =10g, x us rpaduxa dynkuuu y =log,x ?
3




NMOBTOPEHMUE

TOXKECTBEHHBIE IPEOBPA30BAHUSA JIOTAPU®MHUYECKUX BBIPAYKEHU I

0 BbrunciuTe 3HaUYeHUE BbIPAXKEHUSL.

5 log,, 2
| log,5-1log,— —
a) log,, V144 b) log, 08; 27 <) log, 8
1
3log, 2 ——log, 64 1 4
d) logll 12 + logS 3 e) ’ % ! f) 8110}353 +2710834 +310379
log, 6 logs6 4log, 2+ glog5 27
1
g) 510g3 log, 125 h) —log, log, \/‘\‘/5
JIOTAPUGMHUYECKHUE YPABHEHHUA
° Pemivte ypaBHeHUS.
1
a) log;x=2 b) log,, x=4 c) log, x=-1 d) log7x=§
3
e PeiritTe ypaBHeHUs.
a) log3x+loglx+2:0 b) 3loglx:10gl9+logl3
3 7 7 7
c) log, (3x—6)=log, (2x-3) d) log, (14—4x)=1log, (2x+2)
e PeluTe ypaBHeHMe.
a) 10g§(x+lj—1=0 b) log? (x2+x)+log1(x2+x):0
X 2 2
2 -218
C) lg x—lgx+1=1g10x d) 10g§x+710g2x+49=10g—x
128
e Peiivte ypaBHeHUS.
a) x5+log2x — i b) 52(log5 2+x) 2 — 5x+10g52
16
c) lg(6255 g r20xsS ) =0 d) x'#? 42" =4

?

eCKOHbKO LeJIbIX KOpHEH uMeeT ypaBHeHue log, (x +4) = -2log, 2

CUCTEMBI ITIOKA3ATEJ/IbHBIX U JIOTAPU®PMHUYECKUX YPABHEHUH

a PemuTe cucTeMy ypaBHEHUH.

3.77-3"=12 37720 =— 2" +2y=1
a C)

N

x _ 2: x-1
77.3" =15 ot y=4 3y—6y> =2

{2x+2y=1 {3~2"+y=13 {3-7*+3Y=12
d) e

3y_6y2:2x—1 22x+1+3y:35 7x.3y=4




NMNOBTOPEHMUE

@)pewnre cucremy ypasHeHuii.

{IOgS(X+y)=1 log, x+log, y=1+1log, 9
a) 1, b){ i
2=l 22 =1024

JIOTAPUPMHUYECKHUE HEPABEHCTBA

o Peuiuvre HepaBEeHCTBA.

a) log, (x+5)<0 b) log, (2-5x)<1 c) log, (x+5)>-1
;
d) log,, (x~3)+2>0 e) log, (2x+3)>log, (x+1) £ log, (x* +x+1)<0
2 2 3
g) log, (13—4x)>2 h) 2log, x—log, 81<2 i) log, (x—1)+log, (x+1)>3
1 1

e CKOJIbKO HAaTypaJIbHBIX YMCeJ MeHbLIE 5 y/I0BJETBOPSIOT HEPABEHCTBY

> H
log,x-2 log,x
e Haiigute cyMMy HaTypaibHbIX YKCeJ, YI0BJIETBOPAIINX HepaBeHCTBY 2log, x —log 125 <17?

G CKOJIBKO HaTypasIbHbIX YK CeJI YI0BJETBOPSIOT HepaBeHcTBy log (3—x) >17?

TPUTOHOMETPHUYECKHUE ®YHKIIUN

o HaiiguTe obsacTh onpeseseHuss GyHKIUU.

1 1 cos x
a) y= b) ¥= Q) y=—
)Y sinx ) cos X )y sinx —2sin’ x
X
d)y_Zcosx—l e) y=cosx+sinx f) y=cosx+ctgx

e HaiiiuTe MHOXKeCTBO 3Ha4eHUH QYHKIUU.
a) y=3cosx—1 b) y=2-sinx c) y=1-2sin’x d) y=2cos’ x-1

9 OnpegennTe YETHOCTD UJIM HEUETHOCTh 33JJaHHON QYHKIIUU.

a)y= szzx b) y = xcosx C) y = sinx + x? d) y = cosx —x*

0 HalijuTe HaMMeHbIIMH T0JIOKUTE/IbHBIN NIEPUOJ, QYHKIUH.

X
a)y=sin§ b)y=cos(3x—-1) c)y=tg2x d) y:COSE
e HaliiuTe HauboJiblllee U HAUMeHbIllee 3HaYeHUs] QYHKIIUHU.
T T
a)y = cos’x — sin'x b) y= COS(X +Zj cos (x —Zj c)y=1-2|sin3x|
@ HaiiguTe Hysu QyHKIMU.

z
a)y=sinx—2 b) y = 2cosx + 1 C) y = xcosx d) y=cos(x+€j




NMOBTOPEHMUE

OBPATHBIE TPUTOHOMETPUYECKHE ®YHKIIUU

o HaiiguTe obs1acTh onpeseseHuss yHKIUU.

a) y =arccos 3 b)y = arcsin(2 + 3x)
C) y=arcsin (3\/; + 2) d) y =arccos—
e CpaBHUTeE.
a) arccos? 7 arcsin(—%j b) arctg(-1) n arccos(—%)
c) arccos V3w aresinl d) arccos (—73} U arcsin%

e HaiijuTe 3HayeHUe BbIpaXKEHUSI.

a) 2arcsin (— ?j +arctg (—1) + arccos g b) arcsin % +4arccos (— Lj +arctg (_\/5 )

V2

1 1
c) arctg (—\/5 ) + arccos (—g} +arccos1 d) arcsinl— ) +arccos (_Ej + 6arctg\/§
e Beryuciaure.
3 1
a) 2arcsin £ +3arcsin| —— b) 2 arccos| — 1 +arcsin ﬁ
2 2 2 2
c) 2arc tgl+3arctg(—?j d) 2arc tg(—l)+3arctg(\/§)

e Brruucaure.

a) sin {arccos ?J b) tg (arccos %j c)1fg (arccos g}

3
d) sin(4arcsinl) e) cos(arcsinl) f) sin (arcsin %J

TPUTOHOMETPUYECKHUE YPABHEHHA U HEPABEHCTBA

e Pemnvte ypaBHeHHe Ha MPOMEXYTKe () < x <360 .

a) sinx=-0,3 b) sinx = 0,15 c) cosx =0,6 d) cosx =—-0,43
e HaiiuTe 3HaYeHUs X, YYUTbIBAsI IPOMEKYTKHU.

a)dsinx +2=0, 0<x<27 b)ctgx—\/§=0,0§x<2ﬂ'

c) 2sin*x + Ssinx=3 0<x<2rx d) c0s2x=—L, 0<x<2m

V2

e PemuTe ypaBHeHHe Ha TpoMexyTke 0 < x <360 .

a) 7—-6¢o0s’ x =Ssinx b) 7 + 2cosx = 8sin’x C) 2sinx — 3cosx = 0

188




NMNOBTOPEHUE

ePeumTe ypaBHEHMUH.
3 3 3

a) sinlOx =—§ b) coleng c) tg10x =\/§ d) CtglOX=T
e PemuTe ypaBHeHHUs.

a) sindxcos3xtg8x =0 b) cos4x = — cos5x C) 1g5x = —tg%
e Pewmnre ypaBHeHuUs.

a) 2sin’x + cosx -2 =10 b) 2sin*x + cosx =0 c) sinxcosx =0
ePeLLmTe ypaBHEHUS.

a) sin’x — 2sinxcosx + cos’x =0 b) 7cos’x — 3sin*x =0

c) cos?2x — 10sin2xcos2x + 21sin’2x =0 d) 8sin’x — cos’>x =0

e Peuivre YpaBHEHHUA HOACTaHOBKOﬁ.

a) cos2x + 1 =2cos*x b) 3cos*xsinx + 1 = 3cos’x + sinx

C) 6cos’x + 6sin’x — 3cosx —3 =0 d) Ssin’xcosx + 6cos’x — 10cosx + 6 =0
QPCLHI/ITG ypaBHEHMUH.

a) cos2x + cosx =0 b) cos3x = 2cos2x — 1

C) 2cos’x = 4sinxcosx — 1 d) cos®x — 3sinxcosx = — 1

@Pemm‘e ypaBHEHHS 3aMeHOH sinx + cosx = t.

a) 2(sinx + cosx) +sin2x +1=0 b) sinx+cosx=1+ sin2x

@ Pewiure YpaBHE€HUA Me€TOJOM OL€HKH.

a) 2sin®x — 3cos®x =5 b) (cos2x — cosdx)* =4 - 4cos?3x
@ PeliMTe ypaBHEHHUS C IOMOIIbIO BBE/JEHUSI BCTIOMOTATEJbHOIO YIJIa.

a) 12cosx — Ssinx =-13 b) sinx + cosx = \/5

@ PemuTte HEepaBEeHCTBa.

2
a) V2 cos2x <1 b) 2sin3x>—1 c) sin(x-i—%) V2

d) cos(x—%jzﬁ e) sin(§—3j<£ f) cos(§+2j<

2 2

IN

@ Pemure HepaBEeHCTBA.

a) sin’*x + 2sinx > 0 b) cos>x — cosx <0




NMOBTOPEHMUE

TEOPHA BEPOATHOCTEM

B notepee 2000 6usnetoB, 400 M3 KOTOPBIX BBIMIpbILIHBIE. HalijuTe BepOATHOCTb TOTO, YTO
TOJIBKO OZIUH U3 [IBYX B3AThIX OMJIETOB OKAXKETCH BHIUTPBILIHBIM.

HaliinuTe BepOATHOCTb TOTO, YTO IPX 6POCAHMHU ABYX KOCTEH CyMMa BbINIaBIIMX OYKOB pPaBHa
7, a Ipou3BeJleHre paBHO 6.

B xop3uHe 7 4épHbIX U 8 GesibIX WIAapoB. BeiHyM ofauH wap. KakoBa BEpOAATHOCTH TOTO,
YTO OH OKa)keTcs: a) 6eJibIM; 6) YEPHBIM?

HaiijuTe BeposSTHOCTb KPaTHOCTU Ha 3 HAyraj B3sITOrO HAaTypaJbHOTO YUCJIA, HE Mpe-
Bocxosero 25.

13 naptuu u3 1000 KHUT, OTOOGPAHHBIX CAyYalHBIM 00PAa30M B U3/aTeJIbCTBE, 7 0Ka3aIHCh
HenpuroAHbIMU. HalijuTe OTHOCHTE/IbHYIO YaCTOTY HENIPUTOJHBIX KHUT.

B kBazpaT BnivcaH Kpyr. Haiute BepoATHOCTb TOTr0, YTO TOYKA, IOMEILEHHAsA B KBaJlpaTe,
OKaXeTCs BHYTPHU Kpyra.

HaliiuTe BeposTHOCTb TOTrO, YTO CyMMa BbINABLIMX YMCeJ NPU OPOCAHUU JBYX KOCTeH
OZJHOBPEMEHHO MeHbllle HIeCTH.

B xopo6ke 11 6esbIx U 9 4épHBIX apoB. HaliiuTe BepOATHOCTD TOTO, YTO 2 U3 4 B3AATHIX
HayTaJ apoB OYAYT OeJIbIMU.

B Kop3uHe 7 KpacHbIX ¥ 13 cuHUX MA4Yeld. HaliaiuTe BepoOATHOCTD TOIO, YTO 2 B3AThIX HAyra/
Ms4a OyyT pa3HOro LBeTa.

B kopoGke 7 6eJibix U 3 YEPHBIX 1Iapa. HalauTe BEpoSATHOCTb TOTO, YTO BBIHYTbIE HAYTa/, U3
Heé 2 1apa OKaXKyTCs pa3HOro LBeTa.

A6oHeHT, Habupast HoMep TesiedpoHa, 3abbl1 TpU UGPHI B KOHIle. HaliiuTe BepoOSATHOCTb
TOTO, YTO NPU Habope udp Hayraj Oy/eT HAbpaH NpaBUJIbHBIA HOMEP.

B kopo6ke 100 sjamnoyek, 10 u3 KOTOpbIX HeucnpaBHbL. HaliuTe BepOATHOCTD TOTO, 4TO 2
JIAMIIOYKH OylyT 6paKOBaHHBIMH, €CJIU B3ITh 4 JTaMIIOYKHU Hayraf,.

HaliauTe BEpOSATHOCTD TOTO, UTO 3 CJy4YallHO BhIOPAHHBIX IAPOB U3 3 CUHUX, 4 KPACHBIX U
5 3e/18HBIX OY/IyT PAa3HOrO IBETa.

Eciu B mapTuu U3Jesdi ¢ OTHOCUTEJNbHOU YyacToTol npurogHoctu 0,8 nmpoBepeHo 250
usgenni, Haiiute KoiM4eCTBO NPUTOAHBIX U3IEJTUM.

B Memike 5 cMHUX M 7 XEJTbIX WapoB. HailjuTe BepoATHOCTb TOTO, YTO JBa CAy4YaliHO
M3BJIEYEHHBIX LIapa OyAyT pa3HOro LBeTa.

B kop3uHe 5 3e/I€HbIX, 7 XKEATBIX U 8 KpacHbIX S16/10K. HaliiuTe BeposITHOCTh TOTO, YTO 3
CJIy4alHO BbIOPAHHBIX s16JI0Ka OyIyT pa3HOro I|BeTa.

B kopo6Ke jiexkaT 6 TPOHyMepOBaHHbIX O/JMHAKOBBIX UTPAJIbHBIX KOCTel. [1o 0jHOM H3B/IeKaOT
Bce KOCTH. HalijuTe BEpOSTHOCTB TOTO, YTO HOMepa U3BJIeYEHHbBIX KOCTEH NOSIBATCS B TOPSI/IKe
yOBbIBaHMUS.

@B Kopob6ke 12 6esbix ¥ 18 kpacHbIX wapoB. HaiijuTe BEpOATHOCTD TOTO, UYTO 3 U3 BbIHYTHIX
4 mapoB 6yAyT KpaCHBbIMHU.

@ B ks1acce 36 yueHUKOB, 13 U3 HUX 3aHUMAIOTCS B IIAaXMaTHOM Kpy»Ke. HaliiuTe BeposiTHOCTh
TOT0, YTO XOTS ObI OZJMH U3 7 Y4€HUKOB M3 3TOT0 KJlacca NoceljaeT IaxMaTHbIN KPYXKOK.
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CBeAeHI/IH O COCTOAHHNH yqe6HnKa, BbIJAHHOI'O B Ape€eHAy

[Nognucek | Cocrosanue | [Noamuch
CocTosiHHE
®. U. 0. Yue6- KJIaCCHO- | y4yebOGHUKaA KJIaCCHO-
Ne YeHHKa HBIN IO, yueGHHKa ro pyKo- | mpHu BOo3Bpa- | ro pyko
y i npu caaue py p p Py
BOAUTES LEHUU BOAUTES
1
2
3
4
5
6
Ta6/iu11a 3aNI0JIHSAAETCS KJIACCHBIM PYKOBOAUTEJ/IEM IPHU Nepeaaydye
y4eOHHKA B apeH/y U BO3BpaTe B KOHLe y4eOHOro roja.
IIpu 3an10JIHEHUHU TAG/INLbI UCNIOJIBb3YIOTCS CAeAyliue
OLl€HOYHbIEe KPUTEPUH:
HoBbiit .
CocTosiHMe yyeOHMKA IPH IePBOU cAayve.
Yy4eOHHUK

O602kKa oeJsia, He OTOpBaHaA OT OCHOBHOM YaCTHU KHUTH.
XOpOH_IO BCe CTPpAaHHUILbI B HAJIMYHWH, HE ITIOPBAHLBI, HA CTPAHHULAX HET
3amnuceu v IMIOMapoK.

0O6J10>KKa He CMATaAa, CJIerKa MCIIa4KaHa, Kpad CTéprI.
y,LIOBJ'IeTBO- Y,E[OBJ'IETBOpI/ITEJ'IbHO BOCCTAHOBJIEH I10JIb30BaTEJIEM. BprBaHHbIe CTPpaHHUIbI
PUTEJIBHO BOCCTAHOBJI€EHBbI, HO HEKOTOpPbI€ CTPAHHUI bl HCHEPYEHDbI.

06J10’KKa HCITavyKaHa, MopBaHa, KOPEIIOK OTOPBaH OT OCHOBHOMW YaCTH KHUTH

HeynosJsieT-
BODH WJIM COBCeM OTCYTCTByeT. CTpaHUIbl IOPBaHbl, HEKOTOPbIX BOOOIIE He XBaTa-
TeJII]):;HO eT, UMeILIHecs] HCYepUYeHbl. YUYeOHUK K JaJbHEeNIIeMY M0JIb30BAaHUIO HE MMPU-

rogeH, BOCCTAaHOBHUTDHb HeJIb34.
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